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MEDI CAL USES OF CARRI ER CONJUGATES OF NON- HUVAN
TNF- PEPTI DES BACKGROUND OF THE | NVENTI ON Fi el d of the
wonventirws The present invention is rel ated topCHAEP2005/005935

fields of nolecular biology, virology, imunology and
medi ci ne. The invention provides, inter alia, a

nodi fied virus-like particle (VLP) conprising: a VLP

and at |east one particular peptide derived froma

pol ypepti de_fromthe TNFsuperfam |y |inked thereto.

The i nvent i SREBIGALIYSES Qs CARRYER GONSUGABES O g
t he nodi fied VLP. NN he invention
are useful in theN(-éBg uc f“@ﬁ@%‘i@ﬁé@ for the
treatment of autoi mune di seases and/ or bone-rel ated
' e d fficiently induce i nmune responses,
éj‘%éggﬁiégﬁga(?ﬁgﬂﬁﬁi M@Nﬁégglonses. Furthernore, the
conmpositions of the invention are particularly useful
to efficiently induce self-specific immne responses

Rigld off thetIhweritiodi cat ed context. Related Art Menbers of
he tunpr necrosis ct TNF) fam | l. key roles
T Dy B B leted o e, b ot srolegitar binas Wyloimmmunology
d niellicRCkBBe afRvenBok. FRIVIRE, iff ARl ORhHHBRd | Pirys-1i °
o munol ogy, 14: 785790 (21002)?9’ T%h%gtedrrgif%srllﬂﬁl pgrticle (VLP)
compristgse Vikerisera leaseonsopaeti¢ulir peptidé derdves! fodm arpidlypeatide from the TNE-

' i 0 and participate.in pathogenic . )
swert IV RLBELLEO P T sREEE UL 508 Bl BELRP RS rduipg e moditia
VLP. Tihd etodifigdeYlIPgtdfohe dhveiNoa 4r8YseRNiA ithdltpRoduRtin of vaccines for the
br eakdown in i mmune tol erance and the devel opnent of
treatmeg OhRHANAHEURR disenses angher hoas relpisd diseasnsiaad t@AETwI’Lerwars:nduce immune

- W [ t rgqul ate hoth and .
respon%@}éféﬁggfa‘??W‘tﬁé err%sﬁgtgsteg.n &aer e o tceonillpnosﬁogxgﬁ tlie mvention are
particuthelyt wseditli tonefifivieatly dindwensdlfsyebifidhinuayna rékpondes Kalthiadthe indicated

Current Opinion in I munol ogy, 14: 783-790 (2002)). It
context. o ysual Iy difficult to induce antibody responses

agai nst self-antigens. One way to inprove the

efficiency of vaccination is to increase the degree of

i veness of the antigen applied. Unlike isolated

rotein i ruses induce and efficient, i ne
MRt B8 e b Enos e e T NER ol o ke BREHingPe Hovgtepment and
functiowioff BeUimnTurkalyktehe(HIMA I i j :
° 10R(gv. | munol :y th: d2_35- W%&%ﬂei ('tjér?%}gﬁgjgholﬁggmmmdogy’ 14:
783796 29020 0 A8 stasbmaesijfypelo these anembrsy ase eomstfal tngodulators of critical

. ' . ' : .h ' .
T A N LY ——

examplehalter@hegalatioh f TNE, @iayf @ntdtife B HRQAABWE ih ¥m®une tolerance and
viruses is the repetitiveness andorder of surface

the devg]lgpmgptég'_ aufgapnupe digsase, shkieps, tfomexquds, FANKT didsienerged with novel

: f i s & .eqular,array of Lt opes,. .
functlol\?\%lﬁlgﬁfegp#a&gxgﬁ t"J]5 gxllcfclrﬁocsegl i ne B*e{a&ﬁg agg ggﬁﬁl@?g 1 tissue destruction
in autoimmunivg|(BMidkas @d Sickhlel, (BaedrenpinndiZinkaniegs! 14: 783-790

| munol . Today 17:553-558 (1996)). This crosslinking
(2002))of surface i nmmunogl obulins on B cells is a strong

agty |, OS] [ . j. ' ces:. cel lircyel e
A ) L SRS L AR LR, one ey
imprové-¢het éficiensy ofi vaediggieneid t@imeddss tier degrbd 6f tepetifivnesd 6f the antigen

. .h .cells, ich.i ) i nd i h f | gM
o BB S et B i e & e om Tl
absencedENELR LA BPar fookP Rgthl éﬁﬁe@itﬁblﬁgl‘—%elpﬁl r a'c{ufngﬁ}l gna Ziﬁiemagel, Ann.,
i nke , n. Rev.

any vacci nati on (Bachmann an nage
Rev. Impwoh d15;:233227933921)0 A1tle8iEh virusésraftensionsistt off fewi goeimnithey are able

. linked to the generation of anti.,-antibodies in
to triggey AT iR ESe eShr g Pigimisclited fempgacats For B-cell responses
it is knbWB RRASRelRuaal HeGRTor {Heetngdgenifity oftvid@bes i Jch% titi
Nod. 185 17851792 (1097))  Thae “Shti gons presented veness and
by a highly organized viral surface are able to induce
strong anti body responses agai nst the antigens. As
i ndi cated, however, the immne systemusually fails to
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use a peptide derived froma protein of the very
speci es which should be vaccinated in order to break
weebds/tidegr ance. To cure human di seases it i s PCI/EP2005/005935
consequently contenpl ated that the vaccines for humans
are conposed of the correspondi ng human protein or
peptide t her eof . BRI EF SUMMARY OF THE | NVENTI ON
we have und.t ha

onder of AP RaY SRR el BARe e S B P EEL BB dirpfevs @ reguler

array ofNépitéisos. tvﬁichneff@fenﬂymraelmepu@w §Iﬁﬁiﬂcymmnﬁ@16bulms don B-cells
hereby in particular

for
(Bachmarnh Zinkemnageln dirignads T @4@ %é%ﬁeéi& 01e99ﬁ§)nﬁhls Crossﬁnkmg of surface
. T erf &Pt
immuno aocl:) ?ﬁg t Inoaﬁnv%e}%f%q%o'gﬁg oﬂr%g r?h ﬁlj@?ﬂﬁgn%l d‘?lrec n% NH&uces cell- -cycle
progreséi(t)t[ phd shegtodupticy ofl §8V aantibodies. fEltrthehesmh &aggmerl Becfells are able to

activate I IPRE PNBSUER KRR 1S & PAIEH B TGN LE oD production in B
cells anﬁglgé; Q{%Yﬁﬁ)g?& Sﬁ% Se P B mBRABE; L ﬁieaé(%‘ﬂ ofihﬁﬁ‘%&%?natl\ﬁ\ﬁ (Bachmann

fied an epi tope particularly usef
and Zinkemagedgdiom aRavo lﬁnmutzdd m@ﬁ3ﬁ@ﬂﬁr(l997)) V1ral structure 1s even l1nked to the

g R L SRSk SOSEE b B0 RO Bt rsponse

pathogeﬁi\lt_'seé iFERr, ORI, 9x nﬁeﬂ°ﬁ5ﬂ%§ﬂ7§ﬁ“ﬁ%ﬁ%@m dn¥igens presented by
ber are, unexpectedly, effective agai nst t'he

a highly eczrgmmd/ withl safaosesiseabloftot indudenstreng @nfibodyl yespquses against the
" ¥resent i nvention thus provides a prophylactic and
antigeny her apeuti ¢ means for the treatnent of autoi mune

A @te ) QORERIrathe dmdivee 3g86m ushialBhfails tdp®eaceoantibodies against self-
admi ni stration of parti cul ar non- human

derived FNPCRSCF PrasAl YY) raniEsns DERSPINAL AOTS SHRFCATAtionsy s isglug to tolerance at
| :
e T GRS e BB AR Stamtenf oy on il T
help m@ndreaRrioietarcar Fyr esluble protknsedreaent ateligh iconcamtmtiomsy or membrane
The preferred. no

proteinsTRFlo B AREFRFRTOPS e Al hesehs guay. ool Bpveyss. Brosl tolerance may

be revelsiH€ 9%32 %@fﬂ%&h $E PrékeR W dHENRB/AHUED Gﬁthe %HH %@Qiﬁtbﬁ hileBly organized
or I dent am no aci d residues

fashion conpleddus Hecjge camict éBaqm@mm@eZmbﬁnagﬁiaAm pRQ}’mbﬂmﬂ@g 15:235-
%z&g ID NGO 1). These prophylactic and therapeutic
270 (19 ositions are able to induce high titers of

R&&htly TNthSa4ref @@aﬂamoﬁgeagaﬁfst §dlf hk@h e defivedarom eigd TISF damily have
humah. As i ndi cated, non-h

been diglpseduper HalQ P5/ASHEL QLIRS IO] QROT693 986 (KO 03/039225. The
Vacmnegl(ﬁgé b(%%{lt i ag)/&g%thﬁﬁﬁéet% ﬁ@a? suc%%%‘% %gr(rille\gm ptr%tems in particular
virus-like paiark ,(VIL@s),nd Uﬂlﬁcﬂ’%ﬁf&ﬁ@@n@ alerivyd lfmm l&&r TNPefoifliycare attached.
anti bodi es in humans. Theref ore non- h
Howevafa wilisaierthaoRgentaitiapalieg 3 GpISsumiei o dgioress f afgecination vaccines
0
conaf 1 PPt BEAGH M PO OL0 sl Eid in moe otls of
disease Qﬁeel mgummgO/ﬂBgiﬂ)yAﬁmaiWal}z, vaccmes contammg proteins or peptides derived

anti - TNF- super fanmi | y: nenber a ..

from magaHB RO BT PGATIAESs G T O O i o Sightion is o
5&6%3 Hesldtye w€ihihte@n order to

useap%m e E‘g?‘?’ﬂéc:%‘ ?Eﬁggegltgig%g%o?&ﬁ?g{rcggr rel ated '
break selifttolatainon. Torbutkdmanolisedseshiatis acvnsc@mﬂwog@ﬁ@ﬂaé%ﬂlat the vaccines

from vacci nati with C r¢tern1nal
for hungi iR RTPOTRE B e PR g S bhimes PR s tepldhfdeot

the invention to a core particle or, preferably to a

VLP, are able to bind to the respective human

TNF- superfam | y-menber. Therefore, the present

i nvention focuses on vaccination strategi es against a

TNF- superfam | ymenber involved in di sease as a

treatment for autoi nmune-di seases and/ or bone-rel ated

di seases. As shown herein, and in particular in

Exanple 1 and 6 vaCC|nat|on mnth C— or N-termnally

—— . pp— - I o a1
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human, the nodified VLP of the invention conprising

(a) avirus like particle (VLP), and (b) at |east one
woamshurms TNF- peptide conprising a peptide segUempe005/005935

honol ogous to anmino acid residues 3 to 8 of the

consensus sequence for the conserved domai n pfam 00229

(SEQ ID NO 1), preferably a 3peptl de sequence

BRIBBISUNMNARY GTRIE BNVENTESNdUes 1 to 8 of the
consensus sequence for the conserved domai n pfam 00229

(SEQ ID NGO 1), nore preferably a peptide sequence
t S 1,1 of e . .
SUTRLRBES: AP i P S BTed it ilpLbosasgn. and i
partlcu(aBE@nhﬂ hi@dide), feleneesr comire "DNEfsﬁpﬁdeMhan&ﬁﬂktéj @né %@Hzﬁ?‘ Gf particular

honol ogous_to am no acid residues 1 to of t
for TNEg 386 BgH%KEe%fe @hledorinhibi fhe bindiasof g remnm blﬁram ONE2wperfamily

erein a) and b) are linked with one
membe&@ﬁ%ﬁ@n&geéé%%‘?el n preferably the autoi nmune di sease
Thus,t Yeechatien reitlatred-ing@aTNF L@psﬁérﬁﬂy-(ﬁﬁbrﬁlie@énshﬁﬁlsmgly provides a
r consi sting of (a) psoriasis; rheunmat oi d
route f% Tgﬁg

epient of sevarl duglag dyrders and dlse@p)es dn aheshemembers of the TNF-
superfa?rﬁfy‘%ﬁ’@ ﬁfvgﬁ}ea arﬁgﬁg( %@Kb’iu@cﬁfn%n% ‘?%gé’els ah{j/%r b&;?e) Selated diseases.

her oscl erosi s aut ol nmune :
Véeuhmerﬁnmﬂler tdhylnﬁwdjaxd emquart(qu)arbomﬁdafnﬁ eacdd@ition wik) non-human

TNEF- sqpﬁf]{%ngegﬁl%@q%% uﬁmﬁ% r(il eg?egfﬁ\?%mgsl S)%grstgm I\G-[cgrminal region
of a TNBLAR& HéknhinSof o(nlé)noﬁﬂﬁﬂan 'Hﬁﬁ-‘s%&%‘ul}( MbmBef hRdeMBLctedly, effective
di sease; (r) periodontitis; (S) periprosthetic

againstoibe eigBestive hampanpkyibyo of tthes TNRsyunerfarmsyy Thiel plasqm invention thus

provu;le(g:I [ éﬁgﬁ%ﬁc‘t c( ?ﬂ%ﬁ? rﬁ{plegl 1% %%%rgé Eor t%lﬁstteg}p\g%xgnéio t%\'gg)gune and/or bone-
related @ﬁ%bi@@ﬁ%&ﬁtﬁs basé&l ofy ZmisSedtont dfSpartiCulANRENBEMAS H?&Lsuperfamﬂy-
present invention further provides for a use of

membe- H%Wﬁﬁ‘dpﬁfﬂ“éas bppnd fo ﬁH@W Rodiels, dn preficularcomanVk BrdiNF-superfamily-

et BRSSO LB RO o SR MEGROR arcs. o

preferretdhnor&hnmamﬁﬁ}ﬁésﬁtbahﬁﬁﬁf-mEmbéIGddﬁ%é-pl‘epduﬁ ofl tkd $BRERo Somprises a
dsel ecte frg:’ m t he ro p c?nsnstlng of _(a)_ psariasis;
pepti e(sssluﬁnﬁ%glﬁmﬂ 89U fq F jdepdea (B A 3 reuduss Gstos’ of Hhe consensus

sequené¥ ﬁt}efh%scor&@ve@%o%%ﬁ Iﬁ%hSOO?,(Z@) gﬁ#ylgfﬂ(ﬂg These prophylactic and
spondylitis; at heroscl er osi aut o
therapeh‘@(p momposltlo(m )arauzthiﬂ; rmunelucmylugh diteliss e fi samnti- INF-sbpﬁﬁtmﬂy-member
ancer bone netastasis; (1) inflammtory
antlbOdbeg\Héﬁva aé%deﬁu%‘?ﬁ nul tiple nyel onm; (n) nyasthenia

Aghiditsed, (11@)1 Hﬁhﬁ%afldﬂshﬁerfefnﬂ)y-ﬁé%%r-d&n@d §i8¢ ffahents coupled to
perlodontal di sease; (r) periodontitis;

a core prsti¢le cars be @@qd@ a@@; abmngg‘fq},y adminisierey mq,ggaghqr |vg‘;h Qlu\)vnhout adjuvant, to

o PR B SO
ThtsfoesTinon! hupmas mﬂ%ﬁlﬁiﬁhﬁwemﬁéﬂd&rﬁfkdﬁ s ddupled EtBer C- or N-
a

dified core particle, and in_particular t he modified

terminal}y o at @rppatisld PaEBP 1t visus-Hke pariele: (\GeP)c erppeapsels, of inducing
highly e01 er aE L PAYE \éﬁééfaﬁﬂ%fn%{gsbga ! %g%ts ?ﬁ{%gal epeﬁlélgcj!éa%abl%noq neutralizing

the fun@tfdﬂ:ebemunmbm) TN(mepeﬁ"amgqun&m ibd6ors €t dembaich a0 ke GSunwanted
amno acid re to 8 of the consensus

etfeot l%dﬁﬁfﬁ&‘é’f fpRich Bl Stration dormi n pf am 00229 (SEQ I D
WQiabt fol{efhar Al Hbdﬁs %@Hérht@& f]f%?lg YERGEHBRRHPEoUS N @rmmally linked
am no acid residues he consensus sequenc
non-hurhgy msmnf‘aenb’snembﬂadmvpdaﬁpwaﬁ tl@eSEthm)IN(fb B) gore particle or,

ot 5524 D TR Bh o i BB bR 530 Y5 sty memer

Thereford)Fth® RisbiteinvetidnR chiddy et ‘J/ééemﬁf?&y? k@4tSgieé a galﬁﬁpi T -superfamily-
Wit h a length of 4, 5 or am no aci d residues,

preferably with a | ength of fr,om4 5 or 6 to 40 am no
acid residues, nore preferably with a length of from
4 5 or 6 to 30 am no aC|d resi dues even nore

.._L_..__ Y r a ~ N e N |
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i nvention. The invention also provides a process for
produci ng the nodified VLPs of the invention. The
woudsfiied3VLPs and conpositions of the inventi 8aTaP2005/005935
useful in the production of vaccines for the treatnent
of aut oi mune-di seases and of bone-rel ated di seases
and as a pharnmaceutical to prévent or cure
membe2Uin@bIved Nig- diss8eses a2 ida@iend O - fufditnBtheliSR&E nd/Bt Hdne-related
. to efficiently induce i mune responses, in particular
diseasegint j body responses. Furthernore, the nodified VLPs and
iyt f ' I.On .ane icularly. fu .
A SOt B i PR P BB e SR Nl R N-teminatly
linked WiNFld-pepitide of i ia@éeibng ot BXpartibulat Neelii@8I®Ntinked TNFo-peptide, to a
i nvention, a TNF-ggptide of the invention is bound to

core pajtigly s prafierably o aNd-Pyigads e gisdadusionyof aptibsdieswhighialso are able to

. or| e nner ... pref gr apl i-el di n ordered and .
vind o DR SR S 8 Bl hg SRR BF G 2R shown
particuldir Gh | BkabPIke V] Vadtthalib witl) @i Ge-tsintiHAIH lifkQf RWNKICPEStide, and in

. particles and VLPs, respectively, can nediate the
particuliy dteagpingily dinkedrRANIeht persidetoa deirg hiyiclsratepiséerabiy to a VLP, leads

L : L QR headi .ahl y.organi zed and .

o e RSB RATIL SRS B e 2 BB R 38" it
human T, REMANRI0Adtibedies ViRR ttirgst TNF&RAd FOXRKPAkdspedtReBNdre potential

VLP, respectively, w thout being bound to any theory,
therapegtigs fou aetoirpmung diseases anchbore-tekateskdisessss, raspeatioplys, ‘

LE . | C nd MLP is for.eign t.0 the host .

TPk Ao WSl AL 5 {5 908 s e mocit

VLP, ofitict it:é2xtibhifor [of picod®ositibA WS tHeciaP@tion\t2 oy theHsiRiMadeRtical composition
iffer fromprior art conjugates, in

of the %&%ﬁﬁﬁaﬁm PISPRAES} Oh P gpedjcasnepi fprzibg teopracnt @f gitoimmune-diseases
and/or BMBPSd-Rised ANkabL, [Tk rt?agﬁﬁ%ﬁti Yseg?e?gragf tahﬁhe?ﬂ&eiugg Nreatment or
on th ? y ¢t “of { He

‘ e surface of the array.I'n one aspe
alternatiivelye atprophyladie tiddEnpepPideraf atthenmonediséases b rheumatoid arthritis,

expressed in a suitable expressi on_host, or, . . .
systemig, Elf s PRAFMAYRTY: o 1 %“E@PEV “fq?cfhéeaéﬁ’d RyEPIg clerosis, diabetes,

autoimmBBO BN Al HKasel &t@?ﬁﬁﬁ&%gl%%aﬁﬁg R&¥idsld BDsbfiiP Ahritis, Preferred bone
expression host suitable for the folding and assenbly

related glisepsre ago peicpporedis | nerigndontise pyifPosthetipesealyss,jhone metastasis, bone

TNE- tLdes of the.invention .. be,chem cal | . o
cancer Sl PEReLE Aselce Mo S <Py PHRSY S CRETPReHR] by biliay
cirthosishen assenbl ed by bindi ng the TNF-pepti de of the

I nvention to the core particle and the VLP,

Thus pact ifudhsy. aspecta they presenteinventinsdpiovides fona methodnef treating an

autoimllk‘ig;f@ ;&Eéleggé o ??ﬂ?g@gg&%ﬁcﬁgﬁﬁg i d%(%li)lig%{eﬂhg t%oﬂﬁt'@éétf‘ %referably to a

VI Trus- ast o
human, ThEneejpfidddéLB fof tHreinyemimt donmpristip(a)va &k fiks hdicle (VLP), and (b) at
1 TNFéglelﬁq%i d the invention is |linked to said ) )
cast ong pepshiungl Th-PFRUCE, comprising & AIPA BRaYPRES hanelpgous to amino acid
residued BYEBRF 8 cohfbndud EGhARE BSRE l%aneBré% d&hﬁﬁ?gﬂaﬁ @Zﬁ%@t(SEQ ID NO:1),

provi des a conposition and also a pharmac
preferalglynp peptideosequenger hemnlpgey té heinwdckd sdidnes @ aBtafcihe, consensus

soquend ! B 35S AN B FEAEIN, g SYREP Lo sty o pepie
sequende B6MBIRHE! ¢&anGab Mdofd redi@udi®] UseHl aFCAE dddlersAs IRGuence for the
invention. In a further aspect, the present inventron

conservgd canepin flam B0220a(THQ dIt i), coreposiotd oreferpblef @ rpmptige sequence

(o] o} L tion sSin a) a virus-|ike .
homolo ol SRRt o, Ok S0 Renise furob 01 the Snserved domain
pfam 00RYEWSEQNID aNO: 1)heheleth &Riafd HYFarBapikedevi®l ohBeinother, and wherein

invention is linked to said viruslike particle, to 'be
preferably dhe ueipumyng diseaspeori higebeneorelated diseasq i s¢lgetehdrom the group

aspect, the present invention provides for a process

for producing a nodified VLP of the invention

conprising (a) providing a virus-like particle; and

(b) providing at | east one TNF-peptide of the

invention; (c) combining said virus-like particle and

——. gp— BN o a1 o - T T
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medi canment for the therapeutic or prophylactic
treat ment of autoi mune-di seases and/ or of

woans/medeat ed di seases. Furthernore, in a stil PCTmPRiwe005935
aspect, the present invention provides for a use of a
nodi fied VLP, the conp03|t|ﬁp or the pharmaceuti cal
conposition of the inventiom either in isolation or

consmthfg 6D pedriaen; \b) theafafyid a@BALS; (J)%u&ﬂﬂ‘e %@Msﬂ‘”{&‘)’ Biabetes; (e)
a conposi tion, vaccine, drug or nedi canent for

Osteopqrﬁ@?aa;@ él?kygﬁsgpwp@adybu&f (%)ua@ﬁmmh@scﬂ, s satoimmelingf hepatitis; (i)

autmmﬂfaﬂs &@rafde@séysé S he C%H&lr ail: Qe ' ”“' %6?831 @gmﬂ‘y

ore, e |n

dlseasep &m) nm]nhpie myAerai;ng@) ﬁ@ﬁﬁhsmh ig@ads; V(b) ﬁij'oadrﬁﬁi%u(ﬁ)%ket’s disease; (q)
reventin nd/ or reducing qr curing
PeflOdoéﬁfil 610 1552 ) dﬁ’e%é’g%%ﬂsez D/DSFIDES Eﬁ @Sie@WétSe ) aplyayosidisofu) primary
t
iy EGORELS R8RS EHIE(8) Sy, ARG SBLARIL 1) i

lupuseadhunMQmEcwnb@bhamuhn$|ne conp03|t|ons in a dose
br eak aut oj The i.nventi aon

f f
i S P L PRI BHPen RroVAER £t Wroiet Fogifed VLP of

the invéRFoReG theah¥nufh@hireRITaREdiEREe R @éatﬁl‘é‘ﬂtl@ bRl difses and/or
aut oi mune- di seases and/ or of bonerel ated di seases or

of bonesyshated fiseases.avhkareid préferablyothe iantoamimme djseasecbrithe bone related disease

is selecﬁ@&n;ffhogry tﬁ% glr&,{f) gﬁtgll%sslls 1§§h gan%% é%s{){sl%s?é @gsﬁggﬁl%gl\ge Lljthrq;'s i(& multiple
sclerosigr g@hylizbetosc @) Wstedpokduay; a@p uhicglasihy - spbﬁd)'ilﬁi%c'(fg) Gtherosclerosis; (h)
enbodlnents the invention provides methods
autmmgpg@, ?thlﬁ@ (1):@}}ip1ﬁ‘gn%hﬁqo1cb@1§@q§g,a(ﬂ] bgre cancer pam (k) bone metastasis;
LS d_di
BTSSR L DI, BEAT Byocmi
(@) Pagetfacrhsdam aq) Ipgridditdl djssase; Qo gerddddntitis;e(s) ‘peprdosthetic osteolysis; (t)
d herein. In related enbodi nents, the

polymyBisntl) BB G TEROBaLY] BFor N FEIRGS: A SBIERFCaiindrome; (o)
Still's d‘is%ﬁééofﬁ%%tbﬂu@ﬁhﬂ?&?théﬁﬁtdsﬂg'a}ﬁ? @%5845@% %ES pectively,

ichT’ead to the pfoducti ol o nti es that
Tb¢ owdified e paranw and mtnaamwﬁreh@mbdlﬁedwiel) db be asebacaoedling to the
eases ,Or ondltlons rel

b
inventich PP g 256 Y S Shsb PBAE e Dedapy WP end ()
at leastm&dptﬁclhﬂe (ThEF-sdptib e bR isaN a\/jﬂebhdél Bgﬁfeﬁé@ﬁ&nbﬁgéust f€amino acid

concep of the |nvent|on namel Yy to use nonhunman
residuesfto B opthedwasarus seauenee efm ﬁhg gonssrindatoraire pfant @I22048EQ ID NO:1),

e R T—

sequena@ofor eE@MIﬂbﬂ@dtdantailﬁpﬁﬁpoﬂ)mS(S@Q TheNONYyewhéeh £hdI® are linked
used to break self-tol erance agalnst t he respective

W“hon?ﬂﬁﬂgﬁily menber in dogs, or a "non-cat" TNF-peptide

QSRR BEDLLIGE ko D IROLLARED e ivenion
consmtsTNFa ;[iqmmdb wvithenteegthiofi 4cabs6 ta bl ammd’ladidafdsﬁiuﬁs preferably with a length
[ the inve on nore nerally relates to
of fromt‘ﬂg sﬁme S a0 §8ﬂdffesrﬁ31¢fﬁelapred@§fe%€f%l¥ HethipigRgihiof omy Y, 5 or 6 to 30
amino 4 @é‘suﬁfékfeJeﬁ'rﬁB@%@fefdﬁl}?%t‘?gﬁdﬁgkth ?: Bm 4 826 %EI{HI? ]ac1d residues,

‘non- human" may subst e term "non-se
again emmemmeﬁerabiwwadea lengtheoft fEtDIm4 r50(vr hitb$ amineaadd residues and even

more B o 8L BERL I B9 S5 i S5 B mor

preferredr Withad Yengt bf fioh Uhe &r b, (o WMBEAnERITREE! febidlss, %dte@ﬁm even more
i nvention are adnministered to an.animal or a human,

preferregdiyeith arlgpetheot; from 4¢dAn0 80 11 amingricihresidnesi ns sal t s,
Tgéjt:&ﬁégqltlﬁg#r%?ﬁ%ﬁ?% \e}?cr(])éc? {ig o él%y l%ivtg% ”&;g?aq‘“ﬂ%mpnse Fa) a core particle
with at teaspari fidsbatacknenpies aed (yak bbbk ttigkalbl anfi@hidlRerntinant with
preparing pharmaceutical conpositions are provided in
nuner ous sources including Rem ngton's Pharmaceuti cal
Sci ences (Gsol, A, ed., Mack Publishing Co. (1990)).
Cbnp03|t|ons of the |nvent|on are sald to be

T n L R

ma%ry bowel

--.
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pepti de coupling reaction (soluble fraction). FIG 2:

Det ection of neutralizing antibodies in mce immunized
woRods/ msa( 4- 23) peptide coupled to Qo capsi dPCHAEP2005/005935

I nhibition of mINFa/ MINFRI interaction. ELISA plates

were coated with 10 ng/m rmgjse TNFa protein and

co-incubated wth serial diTdlions of nouse sera from

at leastl@yle 32coniddatthcRenivhind) l%ﬁl%réih“:ﬁid bitochUSH ARidRhRL @étéhmnant is a non-
Rec%ptor bi ndi ng was detected w th horse raddish

humany ENFsgug @ntlﬁ'lﬁi]e(lﬁ%d E@Pt’élﬁt (hel‘qﬂll:@aﬁﬂi i BNlctpeptRle) of the invention, and

wherelhngﬁui) Cstg!;d %{ta{}#\u%g/ Qt nfmﬁ u?r}% t%él'é)%g rtg?E éérﬁ@%nwn51stlng of (i) an

attachmmtlsrte ubahe'duamlyt hccﬁlﬁfimgﬂbmdl datl btfenQdr ARIEHic SRERmIM8M and (ii) an
day 32 and 0.25 nM human TNRI - hFc fusi on protein.

attac sheretgeiyiocgurme wWih éé{deantwepwm@rtg@nxcad@f:@nnant wherein said
dpﬁf Bith '

R e

antlgenmolr harftiphiia ( det@®)inpetpndi e;axdo updee gartioleQinteaps itdough sa1d association,

i bition of mINFa/ MINFRI, i nteraction._ ELISA pl ates
proferslf 1o’ 55t @B SR 2l AR 60, 8L HOUF ATBY o PIGFSRTednmbodiments of core

1630suii tﬁB t
iSO AR e st b 2D AR i v

bacterlp@l@gg,t BYirys- et pﬂgtwl/agf d &N pbagapn bhctanalgelus ad fiagdila or any other core

s S R AP S R0 B S w
capablvioff fobmig/ 41 obder@ ahdNhrapdditive eddhi F@lﬁ] Chra9- innﬁdégf’da%@e ‘N/ﬁhhthe present

serial dilutions of nobuse sera fromday 35 and
inventigfran TR -hFc fusion protein. Receptor binding vvas

nj ugat ed . . ]
MELSER S, 3R 3610 RO S aBlIRL gy e et
and atalnast (011 ’ﬁNFrpepm;ie eofl fivini e bnWbduhd a0 16 Obeubed according to the
edq to a sid.. A Inhibition of mMINFa/ MmI'NFRI

mven“f”i"rt ﬂn%d@\(egﬂon @L?OSRI%W%‘?Se% RiRgess demperflugingnts mgdiied VLPs of the
i
inventiBRUBR miDE&eH VAt dﬁd%ﬁl&)%?frnbﬁé:gf;@% jxgve‘gﬂﬁéﬁ 81%2@ %1%%3 Speroductlon of

di luti ons of nouse ser
vaccineBNfeR| thia Feedtmsinio of prutdimnmineRésegasoandiofidiong-related diseases and as a

phamGEYE & DB B e T B ST SHTRERPRTRRE diseases, also to
efﬁc1eﬂtlyt et | k- lredporkal e Wl@uﬁpaérﬁ@o%tﬂ%sﬁmg&/ Murthermore, the

human TNFa protein and co-incubat ed seri al

- modifieft V&P gind cgfnma@ens of shef inyemtibany a8 Saztich] 41y Bsefinl toveffidiently induce

S t or. binding was detected
self-sp e&\ﬂ] nﬂgr s({el%? ﬁl%ﬁ‘rtg? ng ge% C(S’H “ttyat ed anti - hFc
Latid jpeshnt nﬂeﬁtloﬁ a GINIPbé}ﬂ@le Qff tHRﬁNéhtl&@ﬁ)sI béléhdt © 4Bore particle and

capsi.d protejn; Proteins were anal ysed on a 12%
VLP, @B@cwlya@r@fp@h{w 1 ouifefed mamnssi prpfvebldi vieblisg anherdered and

RSN . ORTERLE B g s

of the t@wt tpartiolayi an,d viest netpaeﬁvdﬁf cmloﬁledlatebﬂhﬁ dispdyeof tH@i TIF §dptide in a
hihl ]%8 e ri 58 E : Prestalned protein narker
1ghly prdets E%‘F&lf lt’B’ie lélﬁéoz highly joyganized andyepaiitive gntigen array.
FurtherBIo?d, €b a L
e eact |lgﬁm i ﬁgg&ut}% racti g%?ﬁe gﬁtlgﬁg&@é &%iwae and VLP,
reSPeCtWSB@ ]lelzb)lt deptg Heursh éplann ghe@sc maynfupstbdn ﬂdyeprowairrﬁg (Tn)lelper cell

6; Det on netrallz |bod|e
CPItODSp RIS B PRI AR LRSS CL08) U5 S hoa e EvIED (g fore partcte-
TNF- §|aﬁ' And V1tp-
p%ﬁﬂ ol at es me?yﬂcoaft féag aH%?N'ébﬁéEB@é/% Pﬂﬁgﬁegqgﬁag iffer from prior
art COI}W&%@ rm aprItiewat, riou it dughily horsemzail stii¢ture, alimensioss, and in the

ad been inmuni zed with
repemlﬁ%&%f?%%%qt%ﬁ) p p?urﬁégcegggﬁl Bt o Qb capsid in the
absence of Alum (day 35 after first vaccination) and
0. 35 nM nouse RANKhFc fusion protein. Receptor binding
was detected with horse raddi sh peroxi dase conjugated
anti-hFc anti body. B. Inhibition of hRANKL/Ii RANK
|nteract| on. ELI SA pI ates were coated W|th 5 rTg/m

o ~ARNIBZI . T 1
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nodi fi ed nuranyl di peptide. Further adjuvants are

m neral gels such as al um num hydr oxi de, surface
wactisva7ssbst ances such as |ysol ecithin, pluroRCT/EP2005/005935

pol yol s, pol yani ons, peptides, oil enul sions, keyhol e

I i npet henocyani ns, dinitrophenol, and potentially

useful human adjuvants such @S BCG (bacille

Iaherasgeet 6ME iiWentlohl thO TNIERARIIE ro'f lt'l'i@ RIENIHR is %L{ﬁﬁssed in a suitable
adj uvants are al so wel | known in the art. Further

expressa@jl Bodnessynthesizedivhite Bgreons Bar@pl@oandn théy IR respectively, is expressed
e pufiAERT) OO Bl DAL B0 BN R dpRBB S e core it

and theAmymsP&@ﬁaly QIBI-PZﬂeptﬁﬁs ibBﬂmGBhéxﬁQ)’i mAYy BEIcheIcaBY ts$nthesized. The
Al u MF-59, . OM 174, QW 197, OW 294, and Vi rosona
TNF-pepijday pleditnévsaion Thdhendjpssrmblad byrbinfivs henpNFwmeptide of the

inventifh ¥ hE €oRp ahﬁt@é&@t%@#ﬁf‘? ect%!?m(’l ogi cally active

saponin fraction aving adjuvant activity derived
I rap prefgred aantbodimdrtie tiso présedimbmiention tpreeiditbt @ifaa modified VLP

.Saponhari a Li na re kn in the ar or e lLe . .
comprizaB 13 ) S s BEEARS (B) &f Mo pre. TAU-Pentica 91 e imypntion, and
wherei ls&i@ TIE-$3pkilié AfanhSARAIRoh s Mlﬁhéeﬁatot £ a\éﬁ%&zkte ﬁartlcle to be used

met hod of its production is disclosed
accordigg & thpgnvention. 5, 057, 540. Qi | | aJ a saponi n has al so

[ d as_an. adj uvant Scott e .
ng? ?ﬁ'ﬂ% %?}}egt::%}l/ %iﬁm} on prfg s af@mpgﬂéon %ﬁl] algg ﬁWaceut1cal
compoditigh GopaisihgdEy) ltﬁ@tméfcﬁﬁed hﬁ‘)&@ (pfartﬁﬂ@ é&ﬂOYm chée bh&h@gharmaceutical
A preferred derivative is 3 dé-o- acyl at ed

composiieis JR PepHlay [ IFIP%‘iﬁGd ANLRareardi(b) rineogeptabimplBirinacettical carrier, to be
d Further preferred adjuvants are
ase acgesg{gtgl}gem% 0/ 00462 the di sclosure of which is

Iher Birthei mspacpothatmeseny inedntiog Naevideo ey ar phagfaceutical composition,

dvant gﬁgous feature of the gr esent invention is the

preferably g \vacHiRs fOBRRTERY OMPrivREfBdR Mitasrlike partisly end (st deast one TNF-

pept1detdfqhé DKRAbL Bnd SWRReih RailiMENA é of%the %Weﬂﬁ@l@'i{hrﬂéﬁ to said virus-
al ready outl’ined herein or econe apparen

like partlhlest%lm@ﬁd roatding tgthe deedton v acci nes and

h tical coppositions devoid of adjuvants are
T et R P LRaReg Tl S Sl e producing o
modlﬁeﬁﬁvpﬂldﬁlﬁﬁ BwentRAdonthristhoV@§ ptdVedin@ A iRBAHTRLEHIE-GAL (b) providing

OITDOSI tions for treati ng aut oi munedi seases and 0
at least pgg LIV peptidy ofithe srg@gtwmu(r:)eccbvelpmglgob@ubvmuaankapqmvlam said TNF-

pepide3fthe 0ion 104180 AUBBGL R S LEI AL S BTG it g priutr
under cblmhﬂoﬂiﬁtﬂahlelfdjr thedattgnd Bkt betve¥a e VIEB addthe TNF-peptide.
conpositions for treati

phar euti cal n
ABRloBP Y ride ditsssas é%veaﬁan d%‘ro‘ﬂé?ﬁearlé‘p%tséd%ﬁ ipsedusing a modified core
si t:j;0

part1cle ?ﬁez rnté\%ll}isﬁglg Cdé)s Pi; @%‘%ﬁ X ag}eug)gﬁ{%ge, \Wilt®3P least one first
attachmpn’esf.l'e; anl Browdinlgcau ﬂeaslle(ﬁmdiEprEpﬁdiﬁ)uﬁﬁhs imfention with at least one second
J yvan Am no acid |inker: ‘am no acid |inker"
attachmgp stie & ’[férf said, secapd aftachment sije peﬁpg] sqlﬁqtgci: from the group consisting of

t%?:%d Bt Gigd ARy '
© n RASEDS G0 S Sl SRR e )

attachmgmt a@m@mlls p(:celrrlmg withen gaict letapépyide alf ltlwdwemmnpy arRlewherein said

o RS GPLBAARE TR 2 Sy obABCALL o combinin

said corpRtRNARhY sA8 aﬁleﬁMQin@'TNF-b@ﬁtﬁdéU& thd &eh86M wl?é?hﬁ%aﬁ‘lOTNF -peptide
|l inker" as used herein, however, does not ‘i ntend

of the ipygyitipnangtsaid eave pattiohs Hieraeti trduighiceid awsaehtars preferably to form an

f
ordered gié? (lgéh%:tﬁ/l% Xnt%ﬁ %H]% 4 ?0 g‘ec %ﬁ@déaﬁ?clﬁgmg a0 (‘5116 13%:13{%12 n | glma no

preferred enbodlnent of t he present invention. The

ami no acid residues of the amno acid |inker are,
preferably, conposed of naturally occuring anm no acids
or unnatural am no acids known in the art, all-L or
aII-D or n1xtures thereof Fbmever, an am no acid
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i sol ated from human i nmunogl obulin libraries or from
animal s transgenic for one or nore hunman
wonmsnagdedbul i ns and that do not express endogeaomEP2005/005935
i mmunogl obul i ns, as described, for exanmple, in U S
Patent No. 5,939, 598 by Kucher| apati et al.Antigen: As
used herein, the term"anti’ 3% " refers to a nolecule
i€ ﬁﬁﬁﬁ’érﬁhs@éct ktﬁé ﬁﬂas&ﬁliﬂ\%nﬁ&fn ﬁfb\fi’dgs't@loéj irheﬁfodao Tmﬁﬁﬁﬁzahon comprising
recept or gresente by MHC nol ecules. The te
administering b mO@il edsgﬂ héh@lqﬁ?mp@ﬁléloneﬂt Qipesanestical c@nllposmon of the
. ntigen is additionally capable of being
mventl(r%g{é)ognl zedﬁﬁygt he i mune system and/ or bei ng capabl e

Thé mottified V3 Pa the! ﬁ@hp&)smdﬂwmﬁler}ﬁﬁ\ﬂﬁﬁ&%’m@zﬂddﬂ ogRioh Wfahe invention
mPJ response Iead to the activation of B- and/ or
are of upe) %@ﬁ ot @ camfpfhderelFeatipenf ffaataimatunegliseases and/or of
bone- e}lzﬁ@@& a@egertal n cases, the antigen contains or is

|nke to a Th cell epitope and is given in adjuvant.
InAn stilitfugber aspacth theeprosent Mventioe pﬁ;ﬁude@ﬁbﬁ a(Be ofindmodified VLP, the

T-cel | Tglglto es% .The specific r ction referred to .
composiiiy or; B8 RSy icHar SROG omm oF (e igHentgentay the preparation of a
medicaesf ﬁfraf?ﬂeym%f‘a@@ﬁtlc by fﬂhgﬁﬁlyia)éu& r’cre%trﬁ'érg mcfy bt \—’cﬁseaﬁ%st and/or of

manner, wWith its correspondi ng anti body or
bone-relfatﬂ]dxse@emmlmmeom &)$tﬂbfurdnt pdpodi, de pnese'ﬁtﬁs/emtnmmprowdes for a

ot her. anti ens as u
wse of {5 ad tpBriiiof LR PharmGEARET Sofiesfi of the inventon,
either 1ﬁﬁ§dl@ﬁﬁ§or Br ed18bingGorARith I8N a &@ﬁﬂ Rﬁrutﬁe RASIEICHBE of a composition,
TNF- pepti des, are short peptides (4 aa residues,
Vaccmep ﬁ@*ge@rame@cgmgnta@r ﬁh@amuersprqnhyl@hlsmf avtnimnametdiseasesaand of bone-
I 0 Anti geni c
related 1s€a§£%ﬁa%§n? ?&@%@gﬁ‘%ﬁi& el an{}%g‘“{?er%?eﬁéint i genic

Thatforey thamtvention peewidest in patietlat, ovabtiat coMpbéi@OnOWhRA are suitable
en that is specifically recognl zed by either B-

for PreV&Pngg PYHPHSEYERE O BInEbpaEmer BEIsARATI I b bane-ejeipd diseases or

conditi¢i8t RN AR E1oP 5P I AR AR bPYR-LESent V\gfefﬁ?:aﬁ‘?c;l;/ lﬁi@fﬁl&%@é’ LfSeases and
respond to antigenic determ nants by pro Feration and

disorderssmabipﬁsimgeadmmist@“frfgeﬂbovacbmnwdmltmnstmcaldoé@ rsufffeéent to break

medi ation of cellular and/or, hunoral. i pmun
autoimi{Eh; IBF offveion, st P Rider hETh GRS GBK) 67ciiUoRs methods,
respectﬂvél apey { fé%eﬁt‘ih% bed/bi E&mcﬁf@dorsaﬁﬁ{gd aﬁ’tbhﬁ‘xﬁﬁﬂ@ﬁfseé% QRd/or of bone-
ers o t he bi ndi ng of first and second
related é:p@epg@shﬂaemndgqlqnége}pwdtthcprgtOpmearmmabl gndayn neaticuddr inpelsesast as cats or

ogs, 598 ACRDAE  TH CRME RDnd  BSELP iy o

therapegttvatlynat i on thereof, preferably the nat ure of the
assom ation is coval ent. Attachnent Site, First: As
In geqificeprapodiments, S myentiqn provides raethadmn forspreventings ewréng and/or
t r t 0
a enua% %ﬁ tﬁihlugﬁrggglg% %{]%@ﬁhg rl])t@heé I?c{lat%? éf([i% ?Le& Jr éﬁnﬁitlo'hs related thereto
which afd\Epespd iod exadertdte] bmvmhﬂ'lgene @Smdua’SS D@I 'aélé anf[ﬁtﬁlsf b$ Gded herein. In

t h t I t tid
related grﬁ.f)ﬁcglmgg{]sdt Sé;lnggmqncgowge%{ygg}%ldg gorplgfik}ggg Elgg{upg]@gggl responses in
animals"@ldUnal v1cﬁfa1§ Bf@sth@tWefy ROLY R 18 tﬁ@ ?J%lﬁl@ﬁ?!n B LA didsCihat prevent,
or conmpound’ (brotin,”’fl uorescein
cure andyoy et EAte autonatrmlhe-ld[sn&es and of bone related diseases or conditions related
theret gg{l nmet h Isulfon r"gﬁ—,) chem cally
ereto, SIICH 316 £aysed 05 cifetpaid BPGRUEE o car boxy!
T 8dRed 961‘5@111 AN GiMbrs@h@ Wit tHe Bc\/&feﬁf(bff t}ﬁrlﬁ%"éhtloﬁ namely to use non-
uani di n group, histidiny & or a conbi hat i on
human {IF-peiti e$h@f fthe smvmhpactm@m selé&tdleranesc dn elyman beings, can be

R I N S M LN —

to the phffotﬁdds ifehd h’fv&h‘u@i tacbeasdd Bl Bresk s¥1LtdMBsRNMgalilt tHSespective TNF
surface of the core and virus-like particle,

respectively, typically in a repetitive configuration.
In a preferred enbodi ment the first attachnment site is
assom at ed W|th the VLP through at Ieast one coval ent

Y T T oy
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such as thioether, carbon-phosphorus bonds, and the
like. In certain preferred enbodi nents the first
wabkv@chmeat site and the second attachment sit@CaE®2005/005935

i nked through (i) at |east one coval ent bond, or (ii)

at | east one non-peptide bond, preferably through at

| east one coval ent non-peptide bond, and even nore
family phehbéralyl Mogd)r@ughnexeherSTNELNEpH BEBEIABiRORA%he BEtides of the
. hereby further preferably through exclusively )
mventigg ﬁmbgwﬁeﬂlemdmﬁl%mfauo@mms @aaisst te eespestivie TN ifeaily srember in cats.

. J i e : enco S a
s, 3SR P 0] o BIGRIRAGE gt T
peptidesiaf ]lcnhie irﬁgktﬁiqmabt}jredé@dlﬁl&ﬂ@!ﬂﬁ:s in ahfafﬁirﬂitﬁl T, l}!haaﬂéﬂn “non-human” may
refera an, indirect linkage of the at |east one o
be Sub%{lft@g i?ﬁtd%@ngn dlopﬁé{fvil’rfﬁéelthikgoﬁ‘&f"?ﬁa éheetefmr g Hhuman” means “non-
h » L £ LB £ ( typi,cal ly and
R PR AR SRR BRI PEE. e,
Aseweunldobe undstritond by conesaf- diiditkeey skillbinetheedrt, when t@npositions of the
. "linkeq".as used herein.shall not gnly enconpass a . .
imventig 5 AOPIRREHA 0r 1 ABIER 0BG T 565 G Mo Arfepositon. which
containSi dafls, {1 Cadplvan @2k ARG ABSARGEs Ahhidk NIB HesiPdtl® (Ml mproving the
al so, alternatively and preferably, an indirect
efficacy pf Riggremfosition. Bxarhplgs of tnateriplsrsiitable tfachsesintpreparimg aihdrmaceutical

compol{uhe e O SRR LG TERASheBy Ploraggenicatsciences
(Osol, Ar e gvfablt Fulilishiigi O (8990)gast one, preferably one,
het erobi functignal cross-1linker. Coat protein(s): As

Cosmasitiepeioh, the Havensiom arg owid i deeinhaspacalegiedlly pesceptable” if their

.. i ei nls eri . Of . - C bl e..
i BF) b S BOZEL LSRN 5 IR s of
inventiomevillalst edmopitage iara t"terdgiid @iigoefecHovemesunt W, an amount that

referri to .the specific gene product of the coat
pmduc?ﬁao‘?eéfrﬁgg]@f? Ol%lcﬁ_l\"f%feﬁﬂages the term"CP" is used. For
TR @Bﬁb%@sitiéﬂ%%ﬁﬂeeﬁﬂegérﬁ iBRAGPHAY g‘é Iagl‘i’lfiansigt,@%geo%}arigﬁﬂn@clﬁds known

) gene of RNA-phage Qb is referre
in the ayph buteadl nonwally baadipingttecd by ingéctivacindusiap idgéatign, oral administration

co kse the " " as,well as.the Al protein.. The ..
ot Oth%ag@fabﬁeofphg%ﬁﬁl%eggﬂﬁ'gjh@ocqrgpoég}?ﬁés@ay ﬁﬁ?el’i‘i‘%wﬁb E’ﬁ gadministered
intramuSbul&fty, Nnﬁﬁv@loﬂﬁlgpr of ORiRtanebusle AdmPERhA Nof compositions for
. .Likewi se, the VLP Qb coat protei'’n contains mainly
adminigtyatiopjingiude spleraquenttselais .athysiolqgicsl siline) Comengnedus|selutions and
st Sy B o RS V024 P 508 ol oo
vegetabde g budht asoolivePolt,oael gectdbld ergadicuseds Bestehd gy oRGte. Carriers or

,tqg roduct of a synthetic process or the product of a
occlusiyg F%&%&F‘n BF yeaskte inqregsg skinpermenhiify andnhansg anégasi absorption.

" iV "o t . g .
OHae Seimh B Hie B S #ionh vill e Syl BB UEE of gpfigery skl im
light of eftfagistknorm ie fitfeeart, itheefodliveing destriptive afahpistiition andibedlaims.

be the anmount that achieves this selected result, and

such an anmount could be determ ned as a matter of

BROEE DESARIPFIOR'GOTHEGIdSRES N the art. For exanpl e,

an effective anount for treating an i nmune system

deficiency could be that anmount necessary to cause

E ek o TRl fEn R e Db kPR minEtr osponsc

vae@?i%‘s FEROPHRed 6n @N00Y gﬁﬁ-ﬁ'&ggacg}?érmde.sgf? lllﬁ&’ersﬂf{ﬂfbﬁﬁ’cﬁf@dgﬁi)i}ions. The

"sufficient amount. " T ecti‘ve anoun

gel waspgdingd withrConppissic &rilbantBine \Mpiecdleperijhigobmasket proteins are given
factors. as.the. disease.or, condition bejng treated, the
on the B Pl isD R PRI R Sl af, B s ety Lane 1

the subject, and/or the severity of the disease or
condition. One of ordinary skill in the art can
enpirically determ ne the effective anmount of a
particul ar conposition of the present invention

wi t hout necessitating undue experinmentation. Epitope:

A - e -
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termni. TNF-superfam |y nmenber: The term
"TNF-superfam |y nenber" as used herein refers to a
wonoeisaiimesonpri sing a TNF-1i ke domai n. As usedPOEMEERIVS/005935

"TNF-superfam |y nmenber” includes all forns of

TNF- superfam |y nmenbers kno in humans, cats, dog,

moce, rats, eutherians in general, mamml s in general
Prestaif&d pRtdin aSarkdr (NeheEn SRy heasts ugk f ; :

f oulr‘%?it ng nenbe(?IeTNF %g%dr%gg%b%et er n21v %fﬁtgzeg Qﬁ Bﬁmd proten. Lane
3: QB-Id¥EK(dt2A30 npeptid@ . @upligs treavtivn Siimgluble diaction). Lane 4: QB-TNFa(4-23)

..cryst.al |l ogra h rotein is trimeric, each subunit
pept1dec%%@$1§g Fff‘?g{l%é){%]r?bg\;‘rﬁ? HoM-al | el bet a- sandwi ch. The
subunits trinerise via a novel edge-to-face packing of

bet a-sheets. Conparison of the subunit fold with that ‘
E&6. & Hoetegtiant ef neuiralisiag sntbedibsin tntick dinitheénized with mTNFa(4-23)

) e;:J@eli -r&lﬁl " structural notif characteristic of viral
peptid &P%‘rt% $@SIATNE- superfani |y menbers conprise a
I | | cel lular [ n,Qf about 150 .
At SAENOEERACElL e, BPIBL BuRls BRukoot it 10
mouse ANFDHDZAN ahd SERIduBLQ it setiBEJIRAIMHS bY ﬁﬁ)ugcg%g)?é ﬁpngcllje}y 3é2 and 0.25

dat abase CDD (Marchler-Bauer A, et al. (2
nM meteal BFREME ettisivat piosde. Becators bindeg dowedatected with horse raddish

- al | ! | ei.c Acids Res. 31: 383-387).
pemxu%%ér %%?de@tﬁ%“taé}@gd%f the TNF-superfanily generally
Bhdukibaion 6f FEREL/HINIR Nt QRS RAIEIQABHBtes Anctl %gtﬁg with 10 pg/ml

transmenbrane segnent, an extracel lular stalk,
human gNkix gtottinland caifeubatied vesht seaiabdiluticms ofl ammkasers fiwboddy 32 and 0.25

150 ' S.. Sone nenbers djiffer somewhat fromthis .
nM e ISR sty O SRereBlor opdingy Wi, dsiaelca it hese raddish
peroxiddS\erhdateEARDNANRBBAECUl € has three

receptor-interaction sites (between the three

subunits), thus allow ng signal transm ssion by

FIG S lhhfa S St fommeboiain idhmpensad wi rleatPEs) peprice
couple@@%ﬁkéﬁ@' ational cleavage |liberating the

extracel | ul ar domai n. CD27L, CD30L, CD40L, FASL,

Al Tahibttn df hEBIFosmdNFRA intedh@iona PRESA pl@tedevehd RBatkd with 5 pg/ml
nenbrane proteins. LT- al.fgha is a secreted protein.
mouse ANFreRretedty prrkeinsubiedivitd sedalditions of mensasetpfrom day 35 and 0.25

' (g .case_ of LiT-al phalbe cO exes )
o, IR OFQFRLIBE! 650 058 R Blo TR LBN AR L0 HERe masiy
peroxidBseet@tjaittod hiehFNEnSbuasT Bamhhivi ek T So/APRFRY 'Iﬁtgracﬁon: ELISA

Sone fam |y nmenbers can initiate apoptosis by binding
plates wege ceptad adthr & pefmldrenans TNEogfrotst ol dmineubated adibl seribladilutions of

deat:h dgmains. ‘TNE. s rfam rs as used herein
mouse FHR it Arpaind (23 AV R TR Clospe PrvR (Recrpakpinding ves
detected¥&B hore-rh&Bsh EpD&%éinse dehjtihte i BACAnttdd /L, TVEAK,
APRI L, TLI A, A and any ot her pol ypeptide, in which a
TNF-1i ke domain can be identified. Such identification
n,be effected by variou s.knawn.to those skil | ed .
PGy BeRrliSH of oBifalf e S1By0 R i Agts drad cpih mINFe. protein
coupled(tB'CP @égjgi@r otein Blast) accessible on, for exanple,
t he 'webpage of the NCBI under the URL
Ahfistpbitiowved. mEDIFoh TNFRA . ig@ydcBbASELIS Opl@éd were coated with 5 pg/ml
identification can be carried out by using the default
mouse 'El¥ ¢ pigfginggnd; ¢peinppbpiedowih sepial rilutionoefmoeket setvaem=dagd9 and 0.25

=.0n, tiops for .adyanced bl asti,ng. .
M moffSe SRPREGEL e nbRir Eheb % JABRT o Apfbie With horse raddish
peroxidadeaddnfiidate®ll antPAFc &hRA§. Bl Ihifbition| AWTEEBIHEXERY interaction: ELISA
expect = 10, word size = 3, Matrix = Bl osum 62, gap
plates weps teated withst pglod himaaxXT¥Fe ipooteih. an8uwhineulstal with wetidl dilutions of
help to detect a TNF-li ke domain in a queried
pol ypepti de having a TNF-1i ke domain. TNF-superfamly
menbers, as used herein, include TNF-superfam |y
menbers with or without protein nodification, such as
phosphoryl ation, glycosylation or ubiquitination.

B o o

.



10

15

20

25

30

TNF superfamly (SEQID NO 1) with said
TNF-superfam |y nmenber of the other animl. As
woxpisaiimss above, a TNF-peptide conprises a pepCra®2005/005935
sequence corresponding to the abovenenti oned am no
acid residues of the consensys sequence. That is,
out si de of the specified honology region with the
mouseCsBrs A0mdays 88| 4ad 025 £MthundH TNRAGFE 156k H6i8in3 ReeporObinding was
the, consensus sequence) the TNF-peptide may differ
detect gorﬁswﬁé%mea@@%ammggaéedmm- pantikodyl y menber .
Preferably, however, that part of a TNF-peptide that
is outside of the above-specified honology region with
Elve 5 cOosslingust iSRAMEICH:ptids Q| apst pf@¥mt dent i cal ,
more preferably at |east 75% 80% 85% 90% 95% 99%
Igptepeners Gosypsern  dae SPEwolyaprlamidpiepkienden aeducingeconditions. The
s ' I e of the. .
el wag URTHR ik T BREeny, B, MRS SELEE i Tfofer §r0Rins are given
on theriedi cmmging identitichef tpre@inTbmidsodreaindicated oh SBE dRht margin. Lane 1:
preferred TNF-superf am'cllé nenbers are non-hunan

Prestai tein qmag _@{%%Epgml i9ighppelrane 3: glegiyatized 43f& sapsid protein. Lane

s Qp oMK S0 BB eSSl REER LRRABIE BBTRBL Ste & op-
mRANKIIINGS -Rep) pepeiduicdiipling radedes (Joludiefrafipl) de or

attachnment site, the TNF-peptide of the invention is
preferably not followed by that ami no acid residue

i eh . it . . t.h I [
0L R LR bR S 800 8l i BRRRE B 155179
peptidevayuphel e Qi egdidd)A. I @RbHUNNSNIRANIK EABRANK fnteraction. ELISA plates

eukaryotic or prokaryotic expression systens as
were cypied e 1QeghnbmeuseRANKIe prteibl apdaw-iacthasédowithisetial dilutions of a

o B AL BN 8y P VAERL e s
QB capRifd fnOtht aBGkdrick d AIRM (dhy 38%aieP fifk vh&EnatlNn) Bﬁ(ﬁ’b}j%@gn%urﬁ?l%se RANK-

Preferred are fusions between TNF-peptides an
hFc fugpntnedtein. dieceptps bindingapses dstected wile hoasecmsdish qreeoxddase conjugated

R R TR
with 5 L§/nAthunfke RANKIHoMn 8hd So-idéab&aBd ReMYRERL diflfiont ofa serum pool of 4

. coupled or linked via its owmn C-termnus to Its ]feu5| on
mice w@aﬂnh@beeﬂiﬁmumﬁeﬂm%nMKLeﬁéFmb yeptide @ﬁ@hﬂfd&o QP capsid in the
' TNE- tide it tei VLP
s B RS T B 0y UM Lo R MR i ot
Recepté Biadi f . L flfti-hF anti
ecept@l BiAGIRERRE detcbfd Wivh Iﬂﬁsﬁggﬁ%y&o&mse %\!Er@%ﬁ;éedgﬁlalslln% cgantlbody.

Al ternatively TNF-pepti be syn
nmet hods known to the art, in particular by

o e PR RNl TR o “pr eaent i n ¢ he
correspondi ng TNF superfanmi |y nmenber protein. The

epti des maybe nodified by, e.g., phosphorylation, but
: sg defaed ptervise, plb tepbnicakered seientifio teraisf et iheeein have the same

: T i nventd on. Resi.due:. As _used . .. .
meaninfP 84 bl Bnfus b8 b R Slialy Nl IR e 3 Shich g invention
belongsadilthougic bty inktiddp ahd paRiiaBeihiakd@aaivalenstiosd @sbribed herein can

4 ne response:. As used herein, the term"inmune
be used sths fugpiice o desting of 4he, piesnd linyertionethe asplerse metydgrand materials
i ne response leading to the activation or
e her&p%##bggrcgbig%ﬁ of Band/ or T-I|ynphocytes and/or and
antigen presenting cells. In sone instances, however,
the i nmune responses may be of lowintensity and
becone detectable only when using at | east one
substance in accordance with the invention.
"l nmunogeni c" refers to an agent used to stinulate the
i mune systemof a living organism so that one or
nore functions of the i mune systemare increased and
directed towards the i munogeni c agent. A substance
whi ch "enhances"” an i mmune response refers to a

. o o
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spaci al arrangenent of the antigens or antigenic
determnants with respect to the core particle and

woioasgideke particle, respectively. |In one enbedirmenios/005935
of the invention, the repeating pattern may be a
geonetric pattern. Typi cal ?Ed preferred exanpl es of
suitabl e ordered and repetitifveaiitigen or antigenic

l1det er Dofipitonss rays are those which possess strictly
repetitive paracrystalline orders of antigens or

Adhevagenthe tremeraditvant'sas pyeds bareip| ipfass to nopspedife Sbfnulators of the
I 1 a .er ven

s e N

comblqedeWEthathleyV&cirm 8nd aplormbeutical abenmposifidig refPdctively, of the present

r ferablx?to? nanoneters. Pili: As used hereln,
inventipy, may roxide,{qrian qven myye a?h%?é%gmnﬁm IRSP9nSEep fesietyf adjuvants can

be used® E&Eﬁﬁﬁsk indh@le SpIat Yhe ﬁlcefné)%}gﬁ Fc‘%&%’% rr&ej %ﬁv\%ﬁlﬁ%ﬁﬂﬁ?ﬂydmmde and

protei n nononers (e.qg.,
mOdlﬁQﬁr gmmngédlpﬁmdt Jﬂldbclealdjamhts epemirdralegghabtedr @S aluminum hydroxide,
i struct.ur. whj ch .are i volved in
surfacepFlctglgS §Lg)§%§ﬁ%sh <§1 R elyﬁ?lF%ig‘r‘l’?re itur?fflc HRlYUsi Bplyamipps peptides, oil

emulsidiBskeyheld ln‘ﬁ?éﬂ%ﬁwﬁ@ﬁﬁ@&ﬁﬁﬁm phéto® rmﬁeﬂdtéﬂtﬁtﬁ %hﬁm adjuvants
exchanges, and cel[-cell recognition. P,es 0 i'rm

such as B@Gu@gcﬂﬂy @1111&:1@ Guerip gnd CoryRelmapiriim p@mptm |Suchladjuvants are also

el 34T b AL Oy GRS s S psions of

1nvent1<pxh irchele, put - h(btkl@mﬁéd 46, MloopHosHIgy; rﬁl Il@dsﬁlﬁrﬁﬁﬁdiﬁ&ﬁﬂator AdjuVax
t

characterlstlcs simlar to at of pil
1005, (5 boSsdl S0 i 6b5: Hluspnomeals (iAo 13, 00197, OM204,
and Vlbda%'gidéflagﬁgnﬁsuc\l}ﬁ&ugf e;%e:‘ eagi éﬁgﬁﬁg Sllséo&gﬁg hs@%r g el of these

substant¢rat do not form ordered and repetitive arrays that
are identical.to thos of natural pili. Polypepti
AR REoHLY &ty SRR Brnons Y @i aes i) SR fem the bark of
the Sout®f@heri@n TRIEQHIIER SHITRASE ‘Mcﬁfna@@ ihaf 8R, ?811 ple QS21,
IlnearIX i nked by am de bonds [ so known as pept|
also knpyndsQ Ziheyan iriile atufied ﬁattamjfram thhQuillgh Sapdmia Mohna tree and

it’s metg gf 16 gornefr%i élgsggo (? fa& & 2h tU‘LiB %?[tg 5 85’? 540. Quillaja saponin

has alsmmeamwse@as AONGPEMI Ibglsaott eﬁgzagﬁzpm QﬁsAﬁé}%y%pgl Hahfeh., 1985, 77,
peptides with a [ ength of up to and incl udi’n

409. M@?@P@rﬁbllv Z5end detavatives ﬂlefﬂoéﬁ@rlﬁiﬂvw 20be argAimefred derivative is

> ac-RAEHEL AR 8 L ST TG RUSEIAR P, By o

preferred0 aémvalﬁs aarb ddGSEﬁbetU da. WOpoOLpp4eGs, i ﬂfé dischRiiie0®EdwRikh is herein
. r%g{e than 50 ami no acid residues and up to 10000, for
Incorpog ?‘%3%%‘? of this inventi on For t he pur pose of

HB%x?er' Ry Q{i‘\'}dnﬂi%ﬁo@s RLRLE 'of‘t &1&?6 <the h immunagenicty of

pol ypept I d ese terns a Kpr 6SEHy
the modifidil f dora tpativtesodt theeinyehtiere petvled emoﬁhe ym;sénaéeof adjuvants. As already

| ati ons, acet y ati
Ouﬂme(g ﬁb%%ﬂ oPYi g\é{%{‘c %Omﬁn APRATEAL| A ethisp SP%‘E@F&HOHa Rfocseds, vaccines and
pharmaéifiticMRBnipRLYBEPELE 6f adi@RIntiGe nfovidld, ERREEALItdYative or preferred
transl atéd from a designated nucleic acid sequence. It
embodippgytsalesding o g‘@n@maﬁt ed |phamwemah epmpositibnsdfon Qreatmg autoimmune-

dscass 3R A RBASE Sl R SEOGLESy LBl RSB, havig «
superior @ff€y prdfile Binet aijusas M&S&ugé’s1ﬂé1€ff€@§ T t%"@é’%ld" as used herein
roducts generated by proteins or RNA encoded by the
in the %’8&61?“ of previngseandephar@acaisicalesdmpasitiond dpr treaimgpwiomnne -diseases
u r.several

and of IB(K}% relaf el(l:lg?afeséso%&s 319 ﬁ%s' %gis oaéxﬁn\égeu 101'111f conﬁo&a{o&é r1i]i1a‘c are used
essentiallg mﬂledt diueaints, ptelﬁﬁalbl@rvniﬂlout deaétame tmounts lo€ adjuvants.

"treated" or "treating" refer to prophylaxis and/or

therapy of a mammalian animal and in particular a

human bei ng. When used with respect to an autoi nmune

or bone rel at ed (AI or BR) di sease, f or exan‘pl e, t he

o Y o T . - S
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non-replicative and noninfectious since it |acks al
or part of the viral genone, in particular the
woepisilaatsBve and i nfectious conponents of the PCTAIP2005/005935
genone. A virus-like particle in accordance with the
i nvention may contain nucleig acid distinct fromtheir
genone. A typical and pref elPéd enbodi nent of a
Arhinds adil Kignkea AinCtenih® RET WnlenC Or IS jush GeicRS eMiker" within this
..invention is a viral capsid such as the viral capsid
specifigitionnas wigd hstpn rithaasspsigiss thsabNEmentidemefcthe drvention with the second
-Aha Vi hal i d" “capsi d" S .
atachs O S mol Frok AT, plkiel? cofBBRLor BhuraiBERR Ropud Fraghment sie
typicallysskuttioy necsspoBed aobny bmitlo @idtdiduesplafinibls as Aypbteile r¥sidue. The
,and preferab|y, tHj}er | protejn subunits assenble .
term "quping agid, fipker” pspser hergin Fo dopg Bpjciatand dp ymplyathphgick an amino
acid lirkef S6fstiiLetistveB of BRRH GO rEERGE! %\}e\ﬁqf o %‘ﬂfﬂozef?:ﬁd fker consisting of
wherein said structure is, typically, spherical or
amino acifd m¢sadues Foa peterml enbddieentayf shelgresdnt RNAatitwa Jd® antino acid residues
a spheri formof i ahedral symmetry

HBc.Ags have al co . .
of the i e?‘i’r&"lbrﬁ(ﬁgi g P(rgf%’iﬂ?l&c F%FPBOSCQSO’i dalyra] r EF N FBHY acids or
unnatufa amifnB 66 0SRhEGH iR theatt @Y, ¥r GRITP QS ﬁﬂxﬁes\’th&*l%f. However, an amino

.. proteinsubunits resenbling the capsid norphology in
acid lipker sbowesiasf i nodlesdaswithua sidfhiydtyil ngrofip oo telisteingpiesialue is also

Jrcal. assenbl iLle majntaining.a sufficient
encomBERTENEE pEIPRHA, Bt B, FOIRAESGds Skl ¥ C1-C6 ation-
cycloalpgl (G5;1@6)phryd ob gt @aiy0 ﬁhﬁlﬂ&g HOSveW&eeh h@Tifbmto &M 8miRY #Vid linker, a
. "virus-like particle of a acterlophagﬁ" or the term )
linker oqpppripdng prederpblyta €1 LCoplkyl-Rrilomiade (CnCeh ard- e helerparyl- moiety

' [ 0 ' l ] i . .
and Al RIS e urRplbhisn il B 0ol St mvension.
Associatepl batevbén thedFNFpopiidef @tcthe dusentian dr loptinadly tht st@adtattachment site

t he. geng, or. genes_encoding far the replication
and the AP Rt ke RS iabRoPY SKadat feaﬁdmwavaésmq Bpngy were preferably by
way of Bl ithelpRpH@ERdOr genes encoding the protein or

proteins responsible for viral attachment to or entry

Arpmal: tAve ubgsk hereibhitles theii Yenimall is hoednd to hosdede rfor @kample, humans,
conpass virus-l.ike particles of cteriophages, in .

sheep, GRS AR dsPE i SRBH YD e @ode s, ek, rats, mice,
but als®bRBSNENiBkEN, rd}Alds] Yish, iasdts ANELAERI8s. bRl @aFhA9 akeOvertebrates,

nonreplicative and noninfectious virus-like particles
more pisffergedypialsiagpmagaalsypmd efenpnpreiefgaed arimapy ave eittheriatise

RS J . f fu oM the | f-as I f ,180
ASRBRAE 8 LRS! TR A0 AL ORI 88 capatie o
bindingcamgpitoperng antigéni R einsini@l The eghmt ie nd@mato iMbRde fwHdN antibodies and

. phage cgat protein.” A specific exanple is the VLP of
antlgenc&ln%aat BEBERS rihetentl + meliding: winglg-ghain sadibodine Yigat gpreferably the

. (o) . . u y . e

v 8o T Bl S AMSAROL AL G B ol i o
Fab, FabPamb heab)dNnF &i smghgchdio Fve xwifp), single-dlin ahitpdiesd disulfide-linked Fvs

) B S, 3 S, AT B! T b
animal |dﬂg§1‘i }ihé’l%ﬁﬁ@%i?tﬁf andt ﬁﬁnﬁﬂeﬁgG?’l)efetrgﬁly,a% Eﬁtﬁfbﬂkésx%rleyhuman, murine,

. contain Al protein subunits in the capsid asse
rabbit, goatret, gainen piigs cample howse nr thickans Agawsed béreth, Huimes dntibodies include

. herein refers to.the norphel ogi cal. form vVirus. In ..
antibodl§1Evihe; e S 8o SoaBRET Lottt G msnivbefionBn bl diyldantibodies
isolated i@he hin@a Pigdrfhino2idbalif 1Meesagd iflohP AAimals kdGEgEnRS for one or more

{e.g., envelopes, tails, etc.). One, a, or an: Wen
human ppmupeglagulmspad that onopexpregsendegengaeinmpnaghobylins, as described, for

i S ; Least ..onej; or "one or nore,"

exmnp%ﬁ@@%%'%%%@?&??énih iééﬁé%#£€W%Pé?§é|y, t hey mean

"one". As will be clear to those skilled in the art,

certain enbodi nents of the invention involve the use

of reconbi nant nucl eic acid technol ogi es such as

cl oni ng, polynerase chain reaction, the purification

of DNA and RNA, the expression of reconbi nant proteins

o,
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primary billiary cirrhosis. The nodified core particle

or the conposition of the invention conprise, or
weaho@rnadvel y consi st of, (a) a core particl epCama2005/005935

preferably a VLP; and (b) at |east one non-self

peptide, preferably a non-h an pepti de, (TNF-peptide)

conprising a, preferably no ﬁUnan pepti de sequence

Aiigeh:0gOusedtherdii O te3&i "dnti &' diBS 13 atxﬁoléc&é cdpaBle of being bound by
consensus sequence for the conserved donmain pfam O &

an antipasiscen HIngellEpeenioefl&iRanf presensed by dHEenalsacles. The term ‘antigen", as
used hgx%ﬂplaﬁ&ogﬁc a%ggsn"? B! %}11 88%' %%nﬁ%ér? 68 (?CE,}UBIF@E% fﬂ?ﬁ% of being

condensus se ce for conserve
recogn(zSdEQ' 2 iN@nine symme aft/ef ‘@bﬁl@&:e}pameﬂﬂﬁﬁd@ﬁlgsﬁﬂﬁkﬁﬂﬁhmune response

ous to am no acid residues to 11 of said
and/or E%ﬁ%ﬁ%&@%éﬁ%ﬁﬁfeleagﬁa tsthe ﬁCW@nmf &-andfor J-lampapesitese This may,
howevecre ﬂ%ech@to'gpll&gpﬂlscér%ﬁ'&vﬁg &1%'2911: @1‘?'09 ?’1 sdort 8 h]nﬁﬁc? o a Th cell

ai d consensus sequence, erern and are
epltOpa/\ﬁndn isogivem o tadprvanPried entigah mnha&l tf)ne anchqee epopdsl B- and T-cell

R T o B A, S s
f; 13dot, tyPRER r
pre eraBl? : hge et )Ifg’lgﬁK 2 iét?@é%&?%p h%ﬁg 12ts QBrr&ggﬂdlﬁg Bty or TCR

and nObWiih dhe @dlttt@@yoﬁ@hmarméodloé? OIBVGRS odneh mtay bt evolkeel by other antigens.
e T e R .

and thus peefore® TDIFeh&tidbs, are SHvsi Sdptidbs (ASSRNRSILIRY, ?MMW—@ aa res1dues)
. C?QE}IEO? I D. NO 129 or SS DKPVA ANHQAE ( SEQ |
which 3epuligp aé"Squ ANPDjAgPes SELY)I D NO. 131) or

B T T S

to that pertjonost HSHTRASHKRMANYANRENY (EEQitdd D¥OeitHd T~ od T-lpmphocytes. B-
preferred. enbodi nent, the TNF-peptide with the second

Iymphoy{es EFARERYIng tp SRS del8EninaNa TibAHse GEbedignyhercas T-lymphocytes
respon&%;bil'élggfllc ggter&ﬁﬁg%mA (%%@{Waél gklp?ﬁ@feggog‘ﬁn fons critical
for the medigFuinbi/AANI{rSE or Dutioral 1186nidy. t he pepti de

Aﬁ%oﬁfq%g\sggﬁg\éAwANwmmﬁgﬂ%at{%% 1?1%)@61@133@)6 the firgt and second

attachnféﬁphtdéerem@m@ﬁﬁﬁﬁgWé\ﬁPﬁﬁd @%@d'éﬁabﬁeﬂt%ﬁks fhrat is preferably
t he peptide CGGSSRTPSDKPVAHVWANPEAE (SEQ I D NO

by wayt ¢feat peast pee noeperiEzbendAllhe sEorg of th@asa_cg:g@tlomma)abe covalent ionic,
hydropl%b% ﬁ%&l&d oer;%%d C&%P} {1gn ftﬁ]e%ﬁo |pﬁ%b??$ryoﬁp [ g&@%abg)ﬁp association is

covalerithe virus-like parti cI e so as to forman ordered and
repetitive antigen-VLParray. In a further preferred

Adatispetetite testn 65 - used fher%dthﬁr@lfré?eabﬁryt adschmemhsite” refers to an

T f t
clemenf3FiyRSBbb AP0 AR P51 SREPE I8 M R Bk SRR e g e e
peptldequ dlm mvemlo&anaymssocmtel @The ﬁsst ditahmenosie: maﬁbe a@bdtyinph pblypeptide,

f. from4 to 40 ino acid resi s, nore
on amiy BFE B9 § At & AGDRIFO pofra e ogemﬁf%p%mner 2 secondary
metaboﬁf%s' dyl eseon%%!nﬁ MRsi6tiR" hRsRMetn, W tdfindl, ! e Q{HHf r QH%;[al ions,
am no acid residues, evén nore pr §
phenylmethelﬁghfcmyéﬂuqrrm 4r tao chfﬁnlaaﬂyn geaxtivel gresp c$ue1$ asese@mino group, a

f Wi th th of f 20
carbors Qo BRI b B SR heRl o GO 5 B sroup,or o
combinhtiéiRhéreb. TBe 8t ARackElcaht 5iRSis JotRfed, BERALIFRNE pRIEHBE Rhe surface,
with a length of from4 to 16 anm no aci d resSi dues,

of the cegeprriplesu éqi,enaﬁ@rablwllervnals+lécng1aﬁmi¢ Mubmlezlﬁxsb attaphment sites are

T S W ST T —

conﬁguﬁutnbh&hﬁblpy‘efﬁtré@ etnbodingdnd tied fifst aftachnicat kide &Whﬁ@cﬁféd%th the VLP,
residues. Alternatively, the lower limt in the
above-nentioned | ength ranges (4 to 50, 4 to 40, 4 to
30, 4 to 25, 4to 20, 4 to 18, 4to 16, 4 to 14, 4 to
13 and 4 to 12) can preferably be 5 6 7 or 8 an1no

Y e "
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Is a non-feline TNF-peptide and is preferably a

non-feline vertebrate TNF-peptide, nore preferably a
woaomsiietdemne eut heri an TNF- pepti de, even nore pret@EPanbyos93s

a cani ne, human, bovine or nouse TNF-peptide. In a

further preferred enbodi nent _the non-self, and

pref erably non- human, TNF- pelatl de conprises, and

througPaelekabhey coamsit Hosd Olﬁrefs'ﬂaHI? Rhiotlgh SEWASNER: PQITIA@RUSIn a further
to am ng acid reS|dues 10 to 15 of nouse T ha ( SEQ

preferrpdy pppbodimenp(the pfiest eptigshinent fis at| @mreHng@wrang owith, the VLP.
t

AlternHEH, EﬁPé %e?%rg{deéng%ﬂh%&g%ﬁééﬁfsg gﬁ%gg}ggh{jé«ife gﬁ f%f%& A4 to the VLP.

Atwchhlent m@f&ewmﬁ Asnived ihereit, thé‘lﬁhr'ﬁNF"SQe@id ﬁiﬁachﬁlent site" refers to an

deri ved V, ebr at e, prefera
elemew‘%ocgﬂi%# @bﬁy ﬁNE teREAS /A e FVE@B?IF i Wahd élilf‘e first ragiahment site
located Bf tﬁkf 9&%&6 8ﬁ'§h§%bf&%£g§g@'ﬁa’\{1ﬁ%§ﬂ<&p§g d@ regfe%kﬁelg,nglay associate.
The Semaﬂmn’; SITGI\EAIﬁ;te RRRHieplitie ApayBHiAa motefne raadlypeptide, a peptide, a

te romthe u sisting of TNRa, LTa.a
sugar, Btk b (PR nlREC SRl e QLG bR o compound

biotindMhoRANEh, refinde! B6He rﬁﬁoiﬁeftahe KO ARtSA IS0 Piuorid
(lolnFasL CDABL 1]%:DIIBOLg(im BAFF, orlse g%?ﬁ%'f9§a1t pffiuoride), or a

chemicgHy rgactiyassrevp wactofs 4n| BENO gHUBL2 gaBorylQDupon sulfhydryl group, a

hydrox%i:l ﬁ&&p&%ﬁﬁ%&&f gl%r u %18913/'1 S r}p %%ég%b&%ﬂ tznﬁrgof.. In certain

embodBﬂeEEs of theainvestd@r stedagndiedicosmt aﬂtdbﬁm‘EthWﬁiabfdﬁ addeting the TNF-
dified cqore particle _and preferably of the nodified
peptidapp the rysEOR b dorele P TNBPepH@h thes imwBfiag evith ai least one second

oS RUREE T (LS NS QU COREH SRy s o T

peptiddef dsednvention faed e sedoad taimehmént asiter dovaaventinf lmi‘rtltlﬂﬁ‘ for a second
at. nren f. a oi nmune-di seases and of bone-rel ate

attachrgrg ShEe ¥ BRF-patyal Opsie o 19t ARtRali churg};}%tv@ﬁ% the TNF-

peptidd HP'&I&: ﬁﬁ%ﬁtm&é'rﬁedﬁ&ﬁ |Wﬁélﬁfd¥s BPhe HHvRRASE can also comprise an
mul tiple sclérosis, diabetes, psoriasis, psoriatic

"ammoaarcuchhnkar'é rryast henl a gr avis, S drgen's syndronme and

u%e g’le%élg,s g’te&l@r "?a];sgv{zﬁ falsythg ror, f’pkéd é\glll(i%olé herein used

Ry el 16 BAMRE oS 8achh emm el golval ﬁ{ é}{%ﬁ{ &4l li
equwaAAH{VG (SEQ | D %o 34"51C orent he n&gu de AKHLieét h%E it4lEy coupling,
or nonqEV A, e. fp FeipHEIagtis ﬁl}@a@@o’ﬁm Fniseastioas hddmgcn b@@ds olic. Covalent

st SHER, S5 B, AR ARIEAS 0 il st o

such asﬁmtha:g&rb@t—pb&@hom@ ®hdd, sndfthe like Ip %Bttaldq;réﬂéﬁé&dhﬂé@ilments the
or LKPAAHLI G (SEQ I D or
first at‘;quqip@tngp ,@ga Iy@q@gp&é aftaghunqng sﬂgarel@glsedot,hrough (i) at least one covalent

son, HHNEURERIR LOFEIAA AT et AL e
bond, sid evapmpre sped’prabbd througl pxcﬂﬁmvdplr;onqmpadstlﬁmdsﬁ,, artdhBereby further

prefera{%ﬁptttggggl}cggc_ll LKPAA Xg:tnag%y% EQ(bIgEQj 1492111 415_131(ed” as used

herein, W&ﬁ\‘bvhh %héﬁNﬁotP@rﬂ? 'eﬁ’@orhﬁasgﬁrdn‘égﬁhﬁl{a%g‘oﬂ_ﬁb a8 one TNE-peptide and
F-peptlde preferably conprises, or even consists of,

the virgshlékepieauticld duirase. |a@e1(nsmly pdiorefoiblynar mdjeetflovkaps 9f the at least one

TNE-pERIE 4 R oy TF PefiEE e Rmisnndfie e RO ERe[D 1og bessty picatly
and prﬁbrabheb)pﬁﬁhg dﬁleﬁﬁmpﬁi&&éﬁ&'&%%@o@ﬁ&&tio@aﬁ@osslﬂ@er Moreover,
preferred enbodi nent, the TNF-peptlde with t

the ten@ b@h%ﬁ”aﬁs wsechhaspin shall aotentp enensepasyn d1Tae d@l<pgte¢1°etha bt Jpast one first

attachn?e%@%(t)ec‘&i gx)e at é}gt #ﬁr?dr %er A elgl'bél'e‘pgs' 1 e %nysagﬁ preferably,

an inditeoV Hnkdge mfﬂteeaﬂedﬁt pﬁa@ﬁrsd ettahnichesitodid thedt Rast®dne second attachment
particle and in particular of the nodified VLP of the
invention is derived froma vertebrate, and in
particular a eutherian LIGHT pol ypeptide. Such
conJ ugat es are preferably to be used for the

. - o, r o, g, . Y
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even consists of, the peptide VAHLTG (SEQ I D NO 51),

nore preferably said TNF-pepti deconprises, or even
woansiizts3of , the peptide RSVAHLTG (SEQ | D NO B2)Y/E®R005/005935

RKVAHLTG (SEQ I D NO 53) or RRAAHLTG (SEQ I D NO 54) or

KKAAHLTG (SEQ | D NO 55) or RSEKKEPRSVAHLTGNPHSR ( SEQ

I D NO 146) or PSETKKPRSVAFL-PGNPRSR (SEQ I D NG 147) or

site thl’BﬁﬂKREérRké\ﬂ&tUEﬁl@Eﬁﬁ@) (aiﬁcl’ldr&yf\@ﬁibﬁﬁ} and Prefe@bIS TR itk at least one,

ag) nbodi nent, .the, TNF-peptide with the second attachnent
prefer m‘én%éﬁtﬁmbé@w%ﬁbaﬁﬁ@ﬂﬁfefer ably consists of, the

%ept&ﬁéﬁé%@g@%ﬁaﬁgﬁg@@g@gwge@ Pgroteins) of a

bacterlbph@efan rat RN A -pitagt eapabit efiiein ireotpoedted héthimthe tapad akdeambly of the

bacterigib 4 RoTA B e oG i 1 BRY s productof th

t prRin Y& drINA € vCpn r
st S5 1 IO ot G . 0 st gos protc

of the Wépm’@b lggne of BEAmMeQﬁlstrtﬁerraditwﬁsatQﬁJCB" oﬁhemeas the "coat proteins"
for the

of bl peBReT S PPt e b CURSeL, %5 BrL iy o7l Whoaa: Biegcopsid of

Bacten@bh el %B Ss c§ﬂ1§b§éﬂ1 Iﬁalh}ypé{tsthér@ﬁ/fdl‘ ‘%ﬁﬂp§ inSinor SSrhGITRURE W1 protein.
| sease, drgén’s syndrone and

leewwe,ﬁm YE&IQB et @rotmn@ﬁnﬁams ey efp CPdwithe ndimot eaderft o6l protein.

f. bl }
b4 T 50 08 DA S SPTRAET, 05 Slr is
inherert eqtatldiee AAEMIGt6BEQCcHR ﬂ‘ﬂi(ﬂéhs ugBdrierdih el Rbthy pdiudt of a synthetic

TNF- peptj de conpri ses, or even consists of, the
procesgeiihe geodor il aslogSekPIPEPRO 45) or RIAAHVI S (SEQ I D

VIR . L6t S iy SPIBELBle UBR fy n ao

necesstD?QJMhlfﬂc&r(t SEQr¢alizQ 4ABjirat HRRGEIAAENME (A‘i‘sE@fﬂeal\NOaﬂﬁ))mt of the

compoilé %‘Bﬁﬁg\/ IhS ugrtlh@é%%g%a o é‘g% AAl_qui@n amount could be

determMed h9 @)mfer ALLIHIE B}’ﬁ@é‘%@o%@ﬁ@%@ ik #EQr. @ONQ( d)an elffécﬁ've amount

preferred enbodi men the TNF-peptide with the second
for tre@mga@hmmnessysenndﬁfmanse souldrig thwmncpmeme«ceatsﬁry to cause activation of

the iR 8 s F P PRGOS AR e I B Fponse upon

exposul‘eﬂbb&ﬁhh?@m TthReerhNs-alRRyh6kgymadustwigh MERei diéR dnfoRhe"
e and in particular of the nodified VLP of the

Tph%(ﬁ%&@gﬁlmqamgwaé@ﬁ PP F A HAPPHEStEY epeyary Aepending on such factors as
the d1s<9§é toir 8&11#(2{31012?%&1% %?ﬂeagtge %Bﬁc’u ag gh s #lé)rgﬁ?lﬁfé l'igmmls’tered the size of

the subjm:m,wfmlmwhe seferity b€ diecdisent of oonditien.tOeabNBIdinad§ skill in the art can
| at ed dj seases,

. . ayt oj nmune- g}Fseﬁg%ses and of bone-r
emplmﬁlﬂ PRSP eiivraarount of erarigular omnosision of dbeprsseny invention
ith iy hgﬁycﬂf% ease. Wien the TNF- peptide
W ouﬁé&ger [ f\?ed rom ?%@Eﬁmg(gl d TNF-peptide preferably
Eptnpe:isesseddieren,ghe toms'lepitspdfreferdio @aptinaes odAHcOniBioGs portions

of a pobfpé}lg@%l} K}Sé 3%1'135@1& %ﬁp@é@%ﬁ%ﬁ%& Iénl:)eugl(lz?n6 ’ rgPeE”eS)ly a mammal,
and m&@ﬁ&fe‘iﬁlﬁy% a HuiRnPRA b ASH M obFiZeSBER dnRnticb&Pdr a Tvc?eﬂ through its

nmore preferably it conprises, or even consist’s of,

T cell Ipefnmrdle tbcgw:weu afen(IMHG mlemjesmm 'bmnwmmm(esas used herein,

s o B0, o PERTREVAAT SIS, (SR MREEL 8 s o e

responseiTh @fliafiid], 49 EtekNmddeit d§andhbd khéien SegeRe. Eckafl eﬁﬁﬁple Geysen
site conprlses and nore preferably consists of, th

et al. %Vé’ﬁt Nt AerPRaRBE§InAPY SrEPRRASSE REThe Emdanege)m@pplmm " as used

herein, ?seff%anEr gﬁw nenﬁ%ﬁfsant( %5190{15 hf’ na%u%%ge&ﬁ&lly bind its

antigen TaNFdeaparptinaiebp bny hetiroddwéll &downlie tast.i Iedreur@igedific binding excludes
particular of the nodified VLP of the invention is
derived froma vertebrate, and in particular a
eut heri an RANKL pol ypeptide. Such conjugates are
preferably to be used for the rranufacture of a

o - o, g, . o T e T
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164 to 169 of SEQ ID NO 22 (nouse RANKL protein full
l ength), nore preferably am no acid residues 162 to
waaMsafi7EQ | D NO 22, even nore preferably am ROTA®R@S/005935
resi dues 160 to 170 of SEQ ID NO 22, again even nore
preferably am no acid resi d;ﬁls 160 to 171 of SEQID
NO 22, and nost preferably amno acid residues 155 to
non-spacific HinGh® B MNSs 220t hec@ssaﬁ@Qek@u&@cﬁ)seréhcﬁv{gy' I illeTother antigens.
. preferred enbodi nent of the invention the TNF-peptide
Antigegic qpHEP§ROiC N0 necsstariby be iremenegriq. fAiigenicapitapesofantahte be T-cell
. b ¢ ! ti , ! m o
epitop(fof WpRH, & e bV WM T Ahol e Y $yTairecepror wihin the
contexipafl andpld welec@ech conj ugates are preferably to be used
for the manufacture of a nedi canent. for. the treatnent .
Yt RIS ASREIEE SABE0 ARigS 3R 2ppAlal onferawtign sdideis tnique to the
epitopd Rh&GAY! ah Gitobb %Hﬁ@é‘c@bﬁt%aﬁ%ﬂcﬁl‘t 3 of SYSH Sl .Acgﬁ,uefhd, more usually
eryt hemat osi's, ~aut ol nmune t hyroid é)l sease, S drgen's ’
consists phdt sas, aboyioda, i, 7 8, Aot 19rafrsacly ading agigs. If the epitope is an organic

i r.rhosis. When t.he . INF- peptide.i s der.jved from oL, .
molecnf i MRS, BTl SN ERHEDY. LofsrecEtiost ot By TE-peptides of the
inventi6@$hish sreWelictddoRM-i e%@v (SEQ ID NG 111) or

the peptide AAYMRV (SEQ ID NO 112), nore preferably
Fysion: PFugrsphengin, clbaplens edusion” esfels tootls sombiktion e amino acid

sequenﬁ%@%ﬁ&@ﬁﬁé@%’x\-{ﬁg q%g%%ylf%tll\%cr 01}1#{?’% grE)—lfxitagl:e &)%%ihgﬁ)n of their coding
nucleotidSSERHICEYVA Ve QerviDiikidn ¢ SEQCH dNComphSPs inkdindl MEBREE LCehsertion of
enbodi nent, the TNF-peptide with the second attachnent

sequenggs @b didiapRnt uin iRy polppeptide hpip, doridition of fusiometo one of its
terminipepti de CGGE_KSTPSKKSWAYLQ VSKHLN (SEQ ID NO 160). In
a further preferred enbodi nent of the invention the
TN¥Fsypephindy mémbdre The thirdi"@N Fesuperfpaill ingdnebeath ds used herein refers to a
. particul ar he. nodi f | ed P, .0 e invention is
protelng;gmp‘l;lé@gfar Eﬁ%‘égkﬁe(}ql’lgg?.a%%?se rquﬁt‘ fquggqf%rphgl member” includes all
forms SETING- bR fAni 5Bl cRBLMPRRIV IS, halls, CORs, USH 8RicB Bats, eutherians in
preferably to"be used for the nanufacture of a
generalpggingaate im gérsraltadsovell saofmidr apimalst Thenstoneere iof dasfesnding member
and of hone-rel ated di seases,, i,nf | ammat or ow e
TNF h%sI g%e S%@cgﬁxgn tQ !apq.egglgﬁ?% Pg§i9sf6‘n§?técfné rlgmg%//)(gr!ay cryste.tllography. The
proteinl RetHiRdridl Gadlh tshbirit Tonsidih@not B abiNERARY | Kkea-kmmdheeH. VB subunits
. .from4-1BBL, said TNF-peptide preferably conprises, or _
trimerige, /WA acenvsl sdge-torface packingef beta- sty AL qgrgspmofithe supmit fold with

o BRI K 0 A DB e o i
coat proiOINFisSiperdamili enepetipid clanSiEvRAQobdlal PRG-I &Bracdihir domain of

ar. the peptide NTTQQGSPVFAKLLAKNQAS (SEQ ID NO 161). )
about 13 %S@P%% eYtieh) demabuisndasitied rs %ﬁb&%mf@l@o%%%ot REart00207 in the

C -at [ j , pr, r
coserASEAI BB o0 (B SRITIARER, 10 TP il e
database DpfNGmse62) . ddnmia dligntieets”,pNetleicr Adide niexdi 3te r83e¥87). hBurthermore,

. i nyenti the TNE: pepti f the.nodif.ied. core, .
Protemﬁéﬁ\fttﬂ%!ﬁ?%.ﬁmr%nﬁhfg?%%ﬁgyr Bove fhdnpisalinee, {Arpingdongdn, a short
transmérIMBAS bPdn®, He&itMBAILAMIR MRrLRDEBbElar IRE-Iil extracellular domain

particular a eutherian OX40L pol ypeptide. Such
of abowohjutsaiduss. a$eme megreberp [diffar csobeviiet droio ithis tgeneral configuration (see

L oy N SN TR TN A—

(betweddl teethaddl yuthitsh thfé%l@vﬂn%rsiéﬁﬁi thaBsraiRéloh Myl ﬁaﬁ?bp thastering. TNF-
bowel disease. When the TNF-peptide is derived from )

alpha igygyothesized as TN dptenebrpre peatein| whichrthen sadergees pestiranslational

LT L coHEGEPILARYCRER 950 AR, 80, P c1omt.

and TRAILPAIE afiic@r k& Qyp22) membiahepprofetisad/Tyalphi 6 a secreted protein. All
TNF- pepti de conpri ses, or even consists of, the
peptide KGFI LTSQK (SEQ I D NGO 123) or the peptide
RLFI GTSKK (SEQ I D NO 124) or AVTRCEDGQLFI SSYKNEYQ ( SEQ
I D NO 163) or PVTGCEGGRLFI GTSKNEYE (SEQ I D NO. 164).

Y Y Y L - — gp— e -
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LQLNHT (SEQ I D NGO 58), nore preferably said
TNF- pepti de conpri ses, or even consists of, the
woepisitdee¥YAELQLN (SEQ | D NO 59) or TAELQLN ( SE@CTBP2005/005935

NO 60), even nore preferably it conprises, or even

consists of, the peptide TAELQLNL (SEQ I D NO: 61) or

VAELQLNL (SEQ I D NO 62) or VAELQLNH (SEQ I D NG 63) or
these dyRileAEle@Nol SPIRKBbtho{rPh&2id RrN\terbffher® in the case of LT-alpha/beta)

PELHVAELQLNLTDPQKDLT (SEQ ID NO 170). In a preferred
complexgs dhatnaigt recograzerNpy Jhpiri specifict Tecemierss Seefaabin thec AREhguperfamily

ks " ses, and nore preferably consists of, the
'memb%g%‘??r{ég‘m EPHTAELQLNLTVPRKDPT (SEQ ID NO 171) or the

Speret fanhély Gigatierd hiEn Pl AHBQISEIbY HitdiQo kdrdNed deéeptorsy¥@ne of which
e TNF-peptide i.s derived from TWEAK, said

th
have intpgecielar derh slostadsa Y supgFansibs megpbess, ah usesh betgins ingfude: TNFo,

t peptyi HY] . , pr a “
Lo, 1P ERL e A AN B 0k FRBRLY LRI BliRL. and Barr,
CD271RaWEAE, RMRAAHYEYA( BB hdd M3 dtBdr (0lypHIE IR Hi SHEATNP-like domain
NG 79), even nore preferably it conprises, or even ) )
can be é@ﬁﬁl@ﬁgé-sst@h,ld@ﬁ@”wag@t p@bbm@thwwwsws@ knpwcoghyse skilled in

the aﬂ,&%@%@@ﬁ%@%@ %@%%éﬂg@‘f}n lglrast) accessible on, for example,

the wdBKARPRRAWAANTBYHR(ERRES thSEQRILDhNEY//wiww ncbiliimenipiget/BLAST/. Domain
) ..enbodi nent t,hg TNg- peptide with the second_attachment
identifigiion FaEed oxhly HsHe the detauliiefings oiths Blastp proggamm: choose

databafd&P it 450 EHRUATPRIA! R E§8 F?é%? o, ;
T he Bepti de CGGRKARPQ&%F%%@IE\B/5> e‘%% |%Q°£Lzr§}n all organisms,
compodidod-béjed Wi istiche ofiNEhpeptfiltte 5 Bvdesmplextity, raxpediPRI 0, word size = 3,

. sabd TNF-pepti de pref.erably conprises r eve .
Matrin 2Ty bRCo R s e MRSt FRGSED PHTNERSa30 Wb help to detect a
TNF-1iRé 86:8hiakh ¥ gBdiié Jpdpfiat he@ns QMINE-BRS dorBhin€VeEN

consi sts of, the peptide HSVLHLVP (SEQ I D NG 83 or

ToEVsuevpmilgBaembesoag 4ised deousin, rineludep AdNFesupstfymily members with or

g L T T A
MoreoWs) 8f2) tefih TREKQDE:HINE, (nBEDet RISHIGnEGdes04ll splice variants that exist of a

QKHKKKHSVLHLVPVNI TS (SEQ I D NO 177) or
TNF-syrrridgsverpsypinedetiqnedor (ohighy sequegpe hpmologyhetweandhe same TNE-

superfagffgpﬂe%@f of Hﬂﬁr%&p@ﬁ&t iaﬂ%a%%lgﬁﬁ‘ ts ARG iaﬁfstg%ﬁpﬂ%[;éat by genetic

e conprises, and noré pre y consi st’s of9

engineqrery 0 ENESHREHIHKHYHB kb Widh TiSofeSheh I7D%Nidehils) pesfeiably more than

o eptid HKKK@VOVPI I TS (SEQ I D, NO 180).. Wen .

90%, 1z m%rmar@ Sha 30l Y ShtopEs Rreleraly Qe jSaspy P with the
e | A i i t Al C i "

respectwerE%a? %@?@&fa@g% nRmIRY efe GoRpled! § & FN?%E%%%M? member

) or the peptide RAHLT
herein.NO; 97) or the peptide KAHLTI (SEQ ID NO 98) or the

R O AR B PR KR 5 o e

compribifg & popdide rséﬁién@é"’ﬂ@ﬁﬂol@ﬁhs td, 1Bat Tiblin PR bR x\edrPeshBfding to, amino
second attachnent site conprises, and nore preferabl

acid regighes 5{m8 of 1ha $RSPEPE SABICTECIPREKPRABLIPH KKQR PEECHIES (SEQ ID
. Tl P _(.SEQ.I| ] 4)o.
NO:1), eefﬁl]at%ﬁ)ea g@ﬁ%@%@é@;&% B0 9%62?4}@§|sé8{o)8 of the consensus

sequendd\NForpghpt dotlserpe tiomatyl ¥fae0P22% ESEQAD BNRD), Ganei mbferdbly a peptide
( the peptide AVWHLQ (SEQ.ID NO 100) or. the peptide
sequenga/PPIRogSEXYq BN 201d 15sidyssrleteyl biodsald) gpnseisys sequence, even more

E- i d ri . i . .
proferrd s, BRI RoBPIR-BeP s B8 R B JslE plsseid comsemsus
sequentdd NO 103), even nore preferably it conprises, or

even consists of, the peptide TRENQPAVVHLQ (SEQ | D NG

104) or ENQPAVVHLQGQGS (SEQ I D NG 105) or

QPAVWHLQGQGSAI (SEQ I D NO 106) or TGIRENQPAVVHL QGQGSAI

(SEQ ID NO 185). In a preferred enbodi nent, the

TNFpeptide with the second attachnment site conpri ses,

and nore preferably consists of, the peptide

CGGTGTRENQPAVWHLQGQGSAI (SEQ I D NO 186). Wen the

ey —p—
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di seases, preferably of rheumatoid arthritis, systemc
| upus erythematosus and nultiple sclerosis. In a
wouodshiaroepr ef erred enbodi nent of the inventi onPCHAEP2005/005935
TNF- peptide of the nodified core particle and in
particul ar of the nodified XhP, of the invention is
derived froma vertebrate, daid in particular a
/eHémelogans PePRlde iPsich BRplidtewhiSH ¢hd&DRH Y 8 INIT-Superfamily member
preferably to be used for the manufacture of a
of a nirerAlbaHEWL §Brif pHEMAdTIHtlodfe Yise BiietAdatide derbeed from a non-
humanaﬁ@F 9{1%&9&91% e}r ng{eglgoglglsddr) ﬁ"gﬁ‘%g OI;I’ 1%1%}? IQ%IIX ﬁ{?ﬁ%}%fﬁﬂl9 member is a

non-hud{agetﬁaﬁln&hﬁd TN shperAndilyr fb@be Nikkad.§. atloeRbRANKIN br @house TNFa,
the invention the TNF-peptide of the nodified cor

and repsgsenicthesaprrinonagihrasiduas éhat serrespendel SEQED W 1. Eheaehl@mologous

pept1désna\f?n Qgifab% t‘g lée{frfigdahérg{q ﬁy yl(‘f‘ibﬁl?%tn%ieg ﬁ]%dcoklgensus sequence of the

TNF sumfaug]@t @@ﬂb WO evidbbaid ﬂmfbmpﬁsﬁadnlfyanember of the other animal. As
he treatnent of

explaingy %{ i urﬁa?évsa% 9@%&?%;“%3%1 ePoagRredPYEspeading to the above-

menuoﬁ&f 1ﬁ’cp|a¥1dofesidﬂf3§ B Qéﬂse{?&l‘é’eée AReagRat 15N o‘a&ﬁie of the specified
nmbodi ment, the core particle conprises, or

homol@l legtosdwﬂln the @ngemsupsagoersiestign gmofo, acad wsrdns$ 3ato 8 of the consensus

bcer' iLus turefor
sequenﬁ%l he T@'@E@E%’ Iin% qugeé rom, 2 pq}gpqp & t%ag A @ 2’1&3? sgperfamﬂy member.
Preferably, %V\‘e'v&e iR phit OF @ TOIF-PetNA tRAGY ButstleVdfTtAé abRRSIpecified homology
particle or a reconbinant formthereof. Any virus
region jfdhihe consehtissequenessiihef least 8@%@&@&10319 ehare peeferebly at tegsit 75%, 80%,
o | &40,C el.ect S
5%, FBbcIrar 0% B Ghek Foh O BPELRE: B, o pap-supertamily

membet] FoiSBe prdﬁ@wﬂuseswf dtihseriog, thbtie nh@hs@ha‘merptapaanon of a medicament
r habdovi ryses vesicul ar stomatitis virus)
for theprrefﬁmat/ iof @sb@n%%@ordeﬁu% rad; hDFpsupgifamidy apembsrs 5§ non-human
ammhBRYRYN el la virus), orthonyxoviruses
o %g g., Fﬁgérgélgﬂgmea{sb%g%t ken virus, fowl plague
Imsnu]s)casqsplvx;hereamerﬁNquep’&d@ of fiol m@mstidnr ais &Kyprised within a larger

contex: éﬁvagﬁvl{?é gwély%gg{%é Ig@l n’aVI i BchiQd’l%rg(Sf peptigle or attachment

site, th@DPNP RHE&ASE td [iHentich fsefnre%\‘é}ﬂ&' Shot HSIRRNdd b§ tﬁatvérﬁﬂﬂ% acid residue
TobaccCo nosaic virus, Flock House Virus, and human

which fedlomisatrenthe aentextrod t}mm‘lmegbdq/franﬂMhmb I&gcgENF -peptide is derived.

'lﬁ}\%cltﬁlg ﬁtéchgrgﬁ}%% 8@%&{63 hoa 5 ?l?ﬁ gégre%ié% i élﬁ{%quy%%% or prokaryotic
expres88 ktéaP BATBH- peptida GldRe] Blﬁtflﬁrgﬁrﬁi‘y abaghaoh «aeEBerSinino acids or
2, b
bacteri ophage bact er | ophage f2, bacteriophage

proteinppy.gf by f@kléiﬁ’fﬁl folding eexprgspien prj selubldhinginthe TN pea%: or to facilitate
k 7
urlﬁc%ncﬂla%ﬁC her F gi WMI%F nlg{%’é% he-gloﬁ'l\%}éon %I %eﬁéfg n % égﬁ){?d@)and subunit

proteing ejfé\fLEs engapseiy imngichfa ésw,i dri¢Sort Moy :ﬁﬁine emcfsuﬁay) be added N- or C-
en_an ordered and repetitive vir envel

terminzgfygfoem Eapraptidesy gt btelﬁtgrg@rrg@ that dhe pc?l;gﬁle 1S a o? the N-terminus of a
i yel I |
on B 16t b AL L 8 0 G o
Adteehaivalyt gnd peefémblyt tathadh neutlingi ¢feTNE -IEptléd‘SetDOﬂiLﬂDgDﬂlquOteinS of

Vi i BB R S5 M e B AR e 0
peptldé h@lt&%ﬁ%ﬂ)} aer ﬁéptfd@? mdyVEN ki RRedAR @é"n%aﬁmﬁﬂ)d‘é %ﬁ% to the art, in

chment” site. O her genetic manipul ati ons known to
partlcutmd:sfeongampfcéaequal pagtldgesynthcmo&@m peptides vepsveycoitem amino acids

| nventj ve co
which s 1o) FrgsEeg e ETeRbR e TREopedem O SRR pjotgf | eBeptides may
reconbi nant virus through genetic nutation.
Furthernore, the virus used for the present invention
is replication inconpetent due to chem cal or physica
i nactivation or, as indicated, due to | ack of a
repllcatlon conpetent genone. The V|ral proteln

o o N a o —— . p— o o "
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directed to the use of al phaviruses for the expression
of heterol ogous proteins and thedevel opnent of
woassines3 (see U. S. Patent Nos. 5,766, 602; 5, 792T482005/005935
5,739, 026; 5,789,245 and 5, 814, 482). Suitabl e host
cells for viral -based core ticle production are
di scl osed in WO 02/ 056905 6ﬁﬂ%ége 28, line 37, to page
be mod¥fied bpeel?. phdphagtatibs) b tii9 dbedifiatidl WNHE! 88dds for effective
.vectaors into host cells are, furthernore given in
1ﬂ°¢ﬁ83ﬁ6§@9@ thedAveRitp®. 29, | ines 13- 27 Nbreover marmmal i an
Si " ductl L
SFIAF: PRaLEPRERL AL et Sy Rt BEgRAR Bife aflino acid in o
polyppHAAO b&dkbbnoor sp&gdmztﬁ | i nes 28-35. The indicated
ncor porat ed herein by

araqgraphs are ex itly
Ig‘?m‘l’lgf BALE: %quﬁfege rfb? eIy IRIGANG | TESROBES"S Eﬁf?rébﬂoea humoral
Gk -
e A e i By a8 the AR Bbrglieration of B
and/or\iFlyoa/h0g @R s dor pelgatigen piebenting celds.page 34, |ine 13
par a h 00 Moreover, illustrativ Viruses
AR B Bbewl T8 ATl RS HeY Jao! Iplitnisray and become
detectdb® dnlyn Wheh t@idd e ongs GhsChpsRdcd Min VL343 Z%hoﬂxe invention.
. page 34, line 14 to page 35 |ine 13 (paragraph 0097).
Immunagestitieielantoan Agmt aseiotstistudate fie ipithime, systesubbotivingrorganism, so

teri [ fusion protein
that ORJ ? arg(%é% @ﬁl ﬁJér%éo 3% 6@% er IL@F P ge lrgcﬂerfﬁ?)‘wlflg directed towards the
mlmurtolgeme afeitsAusbstatic whiep agithafi®dl' hih @EnR@E eespahdel refe@Stoanéibstance in
onposi ti ons and vacci ne conpositiaons, respectivel
which gp. IRInG FRRERRICOR ObEAYEER gsvatenrey inepsifed pudeviatedn any way with
r I t
the ad%Flgxgb@ ! 5\%%85? g\éhteg fda l'atlveﬁ t}é rto?g%(lﬁgql n?rﬁ?xg g@éplaﬁ% In¥asured without
the ach:itlmmluf:thd swgstﬁ&eher ichia coli, Haenophilus inf I uenzae

Nei sserj a ningitidis, Neisseri opor .hoeag,
IO U GHED e A P EL BB Tadle 1583 dOHEHALE ooy BERF ety or relaed terms
refer t& %S%Wﬁé Eﬁﬁl‘it‘}*gtbr}ﬁ%t aTﬁ%sﬁm1QQnﬁﬂh& fe%géﬂ%@ C(@&nl.()’[flsmg antibodies
pili roteins Suitable for use wth the present
and/or ICﬁkI@lﬁlt Inomuigye buedeastdffestor $8IL ) mgrinsha GrpBamkigere poettivpe. These terms

a0 oGR8, SRR e 1 R 2 b e b

produced C@hielr &t egbshtiaily %1‘ ¥atbe iR BaslinBaFLer dx@npld, | 4 'mammal may be
proteins_are generally processed to remove N-term nal

considergd darbes Bpmapized agpinsf att@g@txmirgendf thérselbulan endvIgr hnmoral immune

spor B8 BSELID I Dl Wl R B By

Najumat erigine Acsx)ﬁMShﬁelﬁnﬂaeateﬂnV'@@mrdl Q)rig@ﬂpﬁféhﬁs as the whole or parts
especti ve f the invention wll generally not have

thereo{aﬁ%nﬁfastyﬁﬂlﬁm ﬁn‘gF?éI:Sfe‘FFtar? prduseddBdaiee. Specific and
| I r €
RIS et BRS04 e

thetennmqmgﬁoﬁﬂthelhamcéoﬂ@ano line 21. Thus, one speci fi c

Xa Ielof plllné%r?]ﬁeln wtablgfor usaf
I\E 5 i B up B I?‘FI feHMo f NGE-DRLYY; ((r@% B&ﬁ‘&erany means
syntheﬁ@@pﬂdt FRZRALRL InorAShRURANY, 8hOferd Hl¥RS ﬁJonEtheqaha oPhlah N
suitable for use with the 1nvention is a pilin having
Qiered rand gepalittyesangigem o¢ agtigenieideiermiBenBamiky: rAposad herein, the term

" ich. s encoded.b ucl ei ¢ aci,d _havi he .
ondere e Rpr iVl R Uy T eliBafiy T afiBHINisHibdo o repeating
pattede’femﬁgéﬂ barli gl cofeidr@finatt, dhaRRRrized BeRkypRRGY hid 9fe%‘erab1y uniform
i ncor porated herein by ref er ence. Agai n, the mat
spacialf %’F%@fl@l@%&db@@@ﬂg@’fswem@qmp dstezinmantsufvith g@?P@I?TaIOI ti,he core particle
n
o iR ERIAOL DR TR, 4R SHERTEE ATESRS AR gpraing pattm
may be a %aoﬁnemcqiaﬁprﬂ ITypical apd Iprefersetbpiniplenst SuliabRbbidefe@rand repetitive
use in the practice of the present invention wl|
generally be able to associate to form ordered and
repetitive antigen arrays. Accordingly, pilin nutants,
| ncI udi ng, for exanpl e, but not limt ed to

g, T L ' o Y 4 " e




10

15

20

25

30

virus particle but which are not pathogenic. In
general, virus-like particles lack the viral genone
wanads/tives ef ore, are noni nfectious. Al so, VviruBeETiER2005/005935

particles can be produced in |arge quantities by
het er ol ogous expressi on and gan be easily purified. In
a preferred enbodi nent, t he 2ot e particle is a

antigenV o1 aifitgbhils defamniraat ﬁ'rayM'a% thoBe Whﬁzh\@dsS@s kiric8 F?éﬁeftﬂtl% Paracrystalline
i's a.reconbi nant V|rus like particle., The s%

orders gf 1l gens O rARHEERG Cstopmimantss prrjerablyoyh wammgm\mf i to 30 nanometers,

el ST PN VoA DQRRNETSED I AL, cen i

preferabt;dz g8 samuetas, aofl farthdrmucre @rafedablyeS @7 gaiognddrot ei n

n be e neere for e ession in a bacul ovirus
Pé (s 8 h U@Fﬂgxfgﬂ dpingylar gae}rgg aRHy hppters to extracellular

s’cructu%c&fi DAk idP CM?SCE&E%)OSB&% rbidfh ﬁﬁ)ﬂHﬁ%ﬁf {ééga,t f‘fnrﬁlo?%ﬁlg) which are

_VI I‘.US pr onot er Opl‘l ate no ons O
organizedgutenardetied aall [repetifive (patt@zrnal Furthek gjlé aof strdwues)wlm are involved in

pocesSSHERES 5 SSRGS R TSSO Bt e ot

enetidé d@e&[deéelf-@éﬂ @é@ ﬁﬁ@h OFix drib1s fietlcRld PSS ﬂio"i’- ili, F1C
8 vectggg tor exanp l e %? Pg |ﬁéluge te)ut5 P

pili, S-pid and H§ Fepilit Addttmalceapmp spf @tleﬁirﬂ§ef<ﬁut belostitis B

P\ﬂug llllﬁ(eSSHJ\l/lEéu?J] Aﬁ/\gsreﬁle%erelgr He I8 II):i]IS e L}lé—é;}(fﬁgmf% e)f s to structures

hav1ng(ch91&5ﬁe)15t1c$l sivelibarsto \that b$ pill éﬁdaébrﬂiptﬁsed 5p ot Indied) @n@%xample of
74, 426), .foot-and-nout h-di sease, virus (Twoney,

a "pﬂuén‘h E BRI 78, Sty formed Ppoo bagerialse Nl prpSsses modified pilin
protem%/‘gﬁa@ Qg no’e(foll\f}fn%trdé%d fﬁﬁﬂf‘f}@t‘&?\feﬁﬁ%}r% ?/rgdg ?xjeﬁg%t{f%g%%ﬁsg of natural pili.

P(olﬁﬁﬂzt)lde Ahesadeheroin, thd tEAG pobitpepiide" VﬁdQ%ef}bﬁﬂa'B)efert tee molecules

compo %1{) litng)fllgnsl Soany %cgéﬁgtégll/egﬂﬁlé@]écp EHS@%{Q égﬁ% (o e o%vn as peptide

bonds)VTﬁéislnG}Q@(egagﬁéﬁQﬁﬂa} chdif o?%n% edige. @Eﬁém@"% ﬁﬁ@&‘?ﬁ" tﬁé*ﬁﬂfentlon are
- phage, GA-phage, AP205-phage and (o-phage
pentapmﬂd@s,s eptlesmberdapeptitics, t dntapeptlasanorcpaptidese decnpeptldes and all

ot 2S00 MBS 08 s LA AP Kl ety

200, agdhenené prdfeablg 1999, afd akticr 900t greBRLRAN0, %Hye%ﬁﬁlt fub®Sr preferably
of Rotavirus, reconbi nant pol ypepti des of Nor wal

75, and,qgaiis morepisFasAblH A0 amng ,@@gtrpaé@esw mlyireatide usscomposed of more than

50 am1§18 %gfﬁ?fe?ig{g% n%ﬁll %’Pf{p i(ﬁ(ﬁ)%; gothPg ?T%fg{gl glgve/rllt} gxal%gr the purpose of

this nweﬁﬁomba prvtdin frotegpeipd iad eSpdbipe'iStlﬂéi bﬂ&sés/ terthS ,aldoereforlro Pkt expression
yoma V|rus reconmbi nant

gés of Pol

modlﬁﬁ&wg %é PR o0 rREidPe EOSRABIRI. pelvgpwitionss acetylauons
ti c r n

phopt AR ASOE, WLLA (i, el SRIEAE D peide is o

necesseprdy Yreguicd efmnmh dléls1gnd\¢ecﬂ-lnuelelc\dcrdjs;:que1meoItbnm;aalso be generated in any

t des nan Papi IIo s, reconbi nant
mannef SRS HrTiedevBiETe M Ophiee Fe Laimep i
SeHIMASH: I&%e@ﬁe&%t@fteﬂleeeﬁaﬁﬁgaﬁb 'réi@ﬁtto B%t&lﬁ? Bhéd#R8 by the host’s
of Ty, reconbi nant ti des of

DNA apé @mﬂyphaﬂnerp@d Wepmteme QI’ AGenqoded by awdlqgsé & OB prendefined as self.
Th l i
In acifil MRS P Pl BBt s sl Bl B Rtpay aso be

conside@éd sé}f, al ternatively consist of, one or nore fragnents
of such pol ypeptides, as well as variants of such

Taeatpsatptisdesed horsin.athe derars Hespippnsh i eat" c Hreatadiras, "teating” refer to
% :-90% 0/
popiy Ry b 254 8010 850 B0 3 e il 0 i, Ve

with resgrgtteespantbBnmine o fmefrelatald AdrdBR nadisdase,Lbe example, the term refers
virus-like particle conprises, preferably consists
essentially of, or alternatively consists of
reconbi nant proteins, or fragnments thereof, of a
RNA-phage Preferably, the RNA—phage |s selected from

o s R T .



10

15

20

25

30

VCBPFR), bacteri ophage GA (SEQ I D NGO 8; GenBank
Accessi on No. NP-040754), bacteriophage SP (SEQ ID
wOlV&11@eBBank Accessi on No. CAA30374 ref erri ngCrmP385/005935
CP and SEQ I D NO 10; Accession No. NP 695026
referring to SP Al protein), bacteri ophage M52 (SEQ I D
NO 11; PIR Accession No. %%PMZ) bact eri ophage M 1
to a pradpAFActib thietmédnt wize) BRI sACHE $8di B RIb T LRBRRL 8D Hevel
P bact eri ophage MXI (SEQ I D NO 13; CGenBank Ac?ggsreﬁ)mlAlorBR
diseaseqs, intlraEomls, dassesesthe fikeliworiths thepdied with devalop an Al or BR or

will sh(%@@g %{@%gée ﬁ%gﬁc Edgég?&g E)Qé% Bl{g%%té?eg é)sp z{] g geﬁm%m( %F che subject

has devehpee ran odha @R RPFdeSEASHDINOAT 46BR, ard rbact oF chphagethe Al or BR
APZ:g EEQ I D NO 28). Furthernore, the Al protein of
Or Prevepd di e, ﬁ%@glg@gor(ngQ ID NO5) or Gterminal truncated
\/fa951ff§ R 23bd e, 'ﬁf&'tbrﬁs"v]agane'iﬁe%@ "to ]asﬁyrﬁlma@l%n%ﬁlgﬁ contains the
fromits Ctermnus nay be incorporated in a ca
modlﬁeaﬂma:rbhtylctﬁ ar@b ircpaticyjarcthe mmhﬁékﬁEPaif Ity pebent invention and which is

L TN N C R T RO S -

convenfigid | B1ihOTovEbiRRed FRu&RS tsoRidhemldRaS iPSahcH %@o Posmon of the
sel f-assenble into cepsrds when expressed 1 n E. [

present(mzmtwskaasmeneqd at @NEdlkV thi8 3totrB7 tl(lelgemp))smdm ef the present
rus-1l.i ke .particl e, showe

inventi GPL A8 e SR BT Pty SRPien G GG e condition. Upon

introdudlic@eten 1kt, 28 nmcfmots 'EEI% ﬁgswleymlﬁune Fdpéielinclhdifle, but not
crystal structure of has been sol ved. The

hmltedctapthedpreémt&nnef %@Oéeguaeé/oefcytqkmeé ca/oprtbe eptivatighi afteytotoxic T

cells, ag{ g r{ P&g&ﬂgf{g dﬁgﬁv ﬁ%lg%][ Tpﬁé‘&mﬁg{cﬁtt%n&lgeﬁ%@rcg?gxy cetllular responses.

Typicallly, 548 frﬁﬁiﬁ?ﬂed d@e (f»)u)tlcleeaﬁjﬂhe dntention, Adaphsfpdtds (tBO M JdiffedVLP of the
t he ca}ggiy 8 coat protein. Capsids or VLPs made
inventiqn, prqte HF e E R@)‘? 8%1“ 8tP€|TF§PH§§P E¥ie Brsicrably\gel-dype response
onW'Wﬁﬁﬁ%ﬁh%§aQQﬁh&%ﬁkﬁgm¥9a di sulfide links to other
>“subunits wthin the capsid, or inconpletely |inked.
Oﬁtmmlb'r; ,thﬁt yicoe d)ﬁ/thﬁm’raetlhmvemﬁmuadcﬁﬁ%aﬂ& intledesudou adjtrgant which
can be Bk %ﬁ a disul fide brld&es t? each ot her mn(ﬂ Pﬂl
n be B B et e ok o rBAGY RIpeP BB AR e EGBEPUREpL the prosent

inventidn- r educi ng SDS- PAGE, bands corresponding to
nmononeric Qb coat protein as well as bands

Vargp-liks parisiang/ kR): Al aserbhearinr the terpeindike @ﬁrtiglﬁ"agﬁts to a structure
I‘CSCmbHIE%%E/:HF ésebgagtb \fédsl{éIgtpe X(Frl gqug}g &ﬁ‘?eﬂ%?‘fq@ E%ci,or(ga‘pgﬁ Wlﬁl the invention is

non-replieéthangid fandfetioudeincearilackNgl SPparttdBkhe ¥l GRAGHE, in particular the
protein _al so shows unusual resrstance to or;enlc

rephcatsver apdningeckaus a@ma@rtrrltSn@f thgefital gemurpra simgllifie pRrichmireaccordance
aj i ;

it oG P08 DL SRR B2 o

embodlmeM db anadtusdildeqetrtitlnén atadvddrict ywidd thenpresampSinkntidhés a viral capsid

hi abi l.it f the capsid, of coa roteiin i s an
such as ife ﬁ’iﬂ; abid o o GPIEeSPp laewrrueuraéterwpfargp 05 RNAphAge. The terms
"viral chfSianbeZ @éa'pﬁﬁ" %qnmﬁhg@ablfﬁseafheramté 8H0mBLBRRSeclifhr assembly

accordance of the pres nvent 1 on. Upon expr essi on
composed oEV1r@1q|>rptem Btdaulmts erypically angpiafenablyethefvigb peidein subunits assemble

. ten sual.l,y re as. we observed . . -
imo a Rty Fogbich AR 02 BB 8o ORI (iTieep) inherpnt repetitve
orgamz@ﬂiorﬁ'wheﬂem Bhidl strfch@dns, 2}%}2@&919’0519%0511&7tﬁula1\/ [EBr RARPIREfhe capsids

roanb coat proteins where the N-term nal nethionine
of RNAyphaggs tor fERe gseheye edsphericalifprn o6 mﬂsahﬂdmj ssmmietty. e ¢rm ' CaPSId-

h t.hi
e soffyf08 RLEYELEE ARG et GHIASL A SBEL B s provin

the present invention. Further preferred virus-Iike
particles of RNA-phages, in particular of Qo, in
accordance of this invention are disclosed in WO
02/ 056905, the disclosure of which is herewith
|ncorporated by reference |n |ts entrrety In

Y 4 a1 T L

o, o
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phage, preferably of nutant coat proteins of the RNA
phages nenti oned above. In one enbodi nent, the nutant
woaads/iprwsei ns are fusion proteins with a TNF- pepiEPad®s/005935

of the invention. In another preferred enbodi nent, the

mut ant coat proteins of the RNA phage have been

nodi fi ed by renoval of at reast one, or alternatively
subum%t reh@ﬂlﬂtngtﬁhe cabM&ltﬁkﬁ'ph@lﬁgﬁ%?ﬂ{éYaBWM Rfindd! Q@&sb tik dBNating from the

addition_of at |east_ one si ne residue by way

Wplcalévng%%%%% fsrembhy while sreipitining| aysuf mentrﬁsrgmtof om and repetitiveness.

BRIy B AJRRE- R SR |84, Ry i or

bacteribpliage! y@i te l‘tﬁm dwémns-ike byaréieldi 6 @n m@Aqt)‘ha%@'aS»\thlé]ﬂ 8s herein used
. g% i ne_residue by way of i1nsertiaon. The deletion
equivalshiiestefent 1oghvigs-Hrhartigls respmbling Mﬂl@%@ p{/a bagteriophage, bemg non
re hcaﬁ%hﬁijﬁ Bh Vv
PGS NS5 B0 i SRR o £ Q404 il oy e repicnn
machm-eme oRNje ;blaatgeephagn, pﬂd ttypicellyr alsd> dacﬂ@ﬂig theagend at Igetfiest &ioding the
irenments of. ine. In another pref

rred
protein, BB fesPp D 51 EG ST REABaEE & & GBI nGedie Tist. This definiton
should@| HoeveRal, | ¥Rb Y efcmdiasi SviasIaR! ifaltldesOfof Bhcterio hages in which the
aIternatlver consi sts of reconbi nant protei
aforempntagwé rgege oh@erastare gill ppesemNAK brastive,i zmglh&gaeef@r,, also leading to non-
Fecombi p nt N$.GompLise,
rephcai"’{f‘ er na | ve?tlougony S ﬁtslogﬁ ?Cct PIGES ) ter natively

\ddh sf M\IA) fph@g&l&oa@ p@dteink SFhB QupAY s@ctardl BEEE fdnd BRURICRsembly of
ID NGO 4, or a mxture of coat proteins having

180 Su‘a‘i‘ﬁlﬁ& d@% Rbéa@ EPR Psote @é@pltlgmb @mmn@fh%@msmdeﬂed to as a
"VLP S’F e | S gi%% g?a 6%1 eav El%n 'ﬂ%‘ ! ?ﬁP&f{ﬁé Thaa Protein. In this

partlcubnr @ﬁﬂr ltl&dVéJﬁ’hoidQﬂmoat pjfotdnln magréfheﬂbe iasseqitiiedaxclisieely from QB CP
Vi I us- |Ik§ particle conprises, consists essentially of
subunitg{geficraiechBY EyRIeysienAL R &C%eememnwsnformimg stop codon
0
precluc@?%al@f eé:'i%sgfé%ﬁf?éé f&ﬁ%& A g%ﬁ{l %lbg%oﬁ?ecsggg seeq{ozlovska T.M,, et
al, Inteis&@htgya?ﬂ yO-05 ,(1296)al dredddaidn‘aﬂjz )Coﬁtahs A9t pfeimnsuBitits@a the capsid
oat proteins. In another preferred enbodi nent, these
assemblyit ant coat proteins have been nodified by removal of
Vi | RftRlle: AR thoh® Mifus RFEGYCas b RY il Y f
sa{ﬁdl tef on of at Sa%t?ﬁ one SI yg(}pﬁereir}{erse?%p% %%\A‘l’a’@ﬂ‘gf’ gical form of
a Vll'uss et Yltm&iwpesﬂittcenmamsweg%omdmund&chhy a@oattin capsid; others have

ei.ns have n_nodi.fi by del etion of at | east
addltloﬁ%érpf}gfeﬁ egeg{%ﬁﬁ%pesoﬁaﬂfjfc dition of at least one

On¢sa,ne ah€WHEHEhDWrNaYor" a1SG ahOfke 504! n thYSdiSQosure, they mean "at
reS|dues are exposed on the surface of the capS|d of
least ongp o (etie qsmenres” ninlegp othgrwing indidated. Wﬂf@hblefx‘{bw sxbah ygiele
Lnes ca also
AU PO e e B ke

use of pero@hfbllﬁanﬂhhdﬁicsacﬁdﬁ deoiuiblapics Qch/ h?&ldﬁﬁ{g Xbl‘}ﬁﬁeﬁa&fc‘éhaﬁrﬁ geaction, the
[1] y S

in ractlce of the i nventi on: E
Purlﬁcaé’ee ?%Dﬁrbj\ apg) RNAgpthy se3tpraspien @oreceylbmas'eerqtgnm@lmp aryotic and

eukaryotg’ce:flg Oetc ( %%% %B&h%)lggggan d‘%l&m% #l lﬂﬁ?@ skél%ﬁrm the art and can be

conveni.eylﬁy &“om@ in $EkYidhed Nbdtpry itettsds imarfualst (6., Smﬁﬁm‘ok,eﬂi et al., eds.,
AT o T R
Cold S@hh@ rEnaboy Y. (2989)S tAushbel ! §C QFJ‘&Y NaL, BLokS %oz%fcols in Molecular

tant Qb coat proteins, which cohprise protein
B IOZOg)h dvhm 1. ailayridn Soag ildc. s(éaﬁ"é)hdélrsleinenﬂab thbbrasonyt ﬂaehrgquw for working

it Bl FAPBATERL 29085 2L, SRR el o0

antibody ALRTHEEh 0 SEQH MO . Ynd Dané 8. Q%B@dzéscuﬂj;as&a%}ﬁ %nuaz Cold
of SEQ ID NG 20; and e) the amino acid sequence of

ID NO 21. The construct i on, expression and
purification of the above i ndi cat ed @ coat proteins,
nut ant Cb coat proteln VLPs and cap3|ds respectively,

VNALN AT A= rses e
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In a further preferred enbodi nent of the present

invention, the virus-like particle conprises, or
wealvermatsBvel y essentially consists of, or PCT/EP2005/005935

alternatively consists of reconbinant nutant coat

proteins, or fragnments thereof, of the RNA-phage

AP205. Assenbl y- conpet ent nut@nt forns of AP205 VLPs,

Springi }MbodeMra‘%&gIQ@oRDS}inﬂgl’ 14r®bs) Nyt (19888 Setschéd WA.PQ mGﬁfde to Protein
line at _amno acid to threonlne may al so be used

Puflﬁwﬂonahéwﬁk akrppel. on& rfé:adﬁm&wl’teém Sandieeadto0y: BeaneneR K., Protein

pur i SRS RS O 1 SISy TR EAR0 Do) e e

adequatele ddscsibed feithe literiiGre? AN 4F OBTh3fe irmdthdrited Bérin byreference.
particular within Exanple 1 and Exanple 2. The
di scl osure of WD 2004/007538, and, in particular,

JExanpl @mﬂ;g@s%n@éﬁm&hgdstf&eﬁﬁ 1;% aﬁﬁﬁhﬁ@l tﬂéép?nse

I ncor porate erein by way t he

ﬂﬁeﬁml@d forthaydelatastto dlie udmeofpthesrmdnﬁedwmatpmmle tahé in partlcular the
ternatively

article conprises.
modifigd S oy s Bt e SERomboStioR ot dbs Fpies s b e permaceutial
compogitith XUkl hvenB6R Mdk %@t pr‘ég ik Q¥feh nﬁxed@ﬁmgﬁta%fe RS treatment of
thereof, of the RNA-p P205 and of reconblnan
autoimpryngretiseagsat ansr of bmﬁsrelajqad disgegeenhe ticement is piefetably a therapeutic

e PR 5 o B B Rl

theumatoidp aithts, Sfstembit elupas | dplhymaesRNtihBitiafRPShSIE Bfsease, multiple
or alternatively caonsists of fragnments of reconbi nant
sclerosysp ghialistest anteynpne denish Aiseasenavigimmybathepatiiseipseriasts or psoriatic
arthrm% I;Igafr_é;gﬁ? ?Bg@;gﬂ@?@ Qé?asgg g@{% é?)ﬁgxtalsﬁ‘t é&?or@ﬁ%ti ﬁar(%é{r%stﬂenc osteolysis,
bone npdqmedsis, bows gacen paih,yPapets dissa:;euﬁmtuﬁle nfyelonea, [Bj@gen’s 8yndrome and
he i vent ion. These fragments nay be generated by

pnn““ﬂ%#@??&ﬁr‘ﬁﬁther internally or at the termni of the
TeRahodiFied @b [BHAsk18dL Ay c&ﬂ?ﬁsﬂﬂfno&ieﬂh@ inventiBh %Bfn‘f)ﬁké’ ‘or alternatively
Insertions in the coat proteln and nutant coat - prodte

consistsedg ehe econy pautislep rad giretzrablyF-ap¥pPi ded db) ehéecasnuan lnlom-rself peptlde

T e T S W P T N

sequen&STHOE bITRBlisStoimihd Gcil YR ikdsBtoBEF the égnsteﬁsﬁrbbﬁ‘@'n'cé for the conserved
AP205 coat proteins, and particles, respectively. The

domainypieg A28t (SERS B NG, prqf@raé)dy apsptideisequenicermajogdue to amino acid
. h
remdue\%ﬁ?ﬁ 82&2% n%cﬁlséfsg? g@%@gt%canetongegv 4%‘3’&}{1@ g%bgﬁe& Qle(%ID NO:1),

more pfdfm‘ab]sf(mpbptldér bejupadet iophdsgduarioashittyadid fesiiddd b 16 OBbS said consensus
i n, coat rotﬁln fragnments and chi neric coat

r
Sequen%'p ShdieKen wescpieBEblu B awetid saqueese; hosrolegaysite apiadié residues 1 to
|
13 of s%?l g?{l%?%ﬁ%tﬁ én@@ efrélh%? B#C?Qg%rlb gﬁﬁk s({ &HE oEé( anot her.
Pf‘eﬂeﬂrechhomﬂelﬂSandgplef@ablﬁemh&ﬁmm @Nfﬂﬁeptiﬂep Iﬁ@hﬂ SI’N Fo comprise, and
Sephar ose CL- 6B and inati o

Taore Hrﬁ%l”g&f co’éi“ﬁe?f ﬁJ@ﬁ tPSH‘édeoN A%XV& K%va l]‘;@i?’llb more preferably they
compné@rotr'e%ﬁ%%e & of us | Ie‘lzgdépg?t\%lﬁ eg%( (ﬁ?@;ﬁD?ﬁO@i%%ﬁ more preferred

Isolate t
they cdnapltlm | arpéraege cAisR0 Sof, Foe peptidp KEVAHY VS (FEQ ID NO:33). Further
trac tr| fugation to |jsolate VLPs of the yeast
preferreduhqrste] ﬂ%&%ﬁnﬂi}\l Berfidlss Fiope AN QomprispeadmoNproferably consist
e
o, SSONSPIASAHYY X 1SRRI KEPLDY e SERISIN Ry anioas
(SEQ bdot eNQxﬂ)Bmges;r haSSh’@ESBK@N@(WVWMR@QEm(&E@HdHD RNO:131) or

sSRTPE ARV EE R AR Q TD e 3 Pe o iV B AN (sEQ 1D NO:191) or

identified and, thus, RNA-phage coat proteins can be
nodi fi ed such thatone or nore reactive amno acid

" residues can be inserted by way of insertion or
substitution. As a consequence, those nodified forns
of bacterlophage coat protelns can al so be used for

o .

o -
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encode proteins used to prepare conpositions of the
present invention. In other enbodi nents, the invention
wouodshieroesd ncl udes conposi ti ons conpri si ng pr ot @CWAEP2005/005935
whi ch conprise, or alternatively consist essentially
of, or alternatively consist _of am no acid sequences
which are at |east 80% B85%2°90% 95% 97% or 99%
SSRTHSIHIL VARV V ANPRA BD{SHG ED A10:194 A6 SEISMPVWVMPHAE (SEQ ID
SEQ I D NOs: 4-21. Proteins suitable for use in the
NO:19p})-esent invention also include Gterninal truncation
t f S C i d- 1 .
Ifsi?ar ﬁ%%ezvfegser%ooéusﬁgs tﬁ@?@gpfe?{égge@?%p eseg nd qu%in%eﬁt éﬁﬁe comprises,
and m@reLpreiatabdm cmaimbﬁ then pepiidie (DGGWBWVIMQSE(Q IBrN@ni 349 or the peptide
acid _se nce shown in any fgng NOs: 4- 21 where 1
CGGKEVPSHVY EQJD N9:29) pr thfsperzﬂde Qi[ﬁPﬁ/eMdXVd‘é\f k&kQ ID NO:135) or
PROVREY o) | g s
the p‘%ﬁﬁé rm na‘F’ éru%catl‘g% nut'gﬁ??gwél I(gﬁgt alliljn the a %§ )}he peptide
CGGSSQNSODKEEASIVISANH@APs|I déSEQxe sID uct NCeB3djur t ber the peptlde

A N R s I

CGGSSRTPQDWH@'WFERE ey b e 285 ret ﬂ«! e CBENKIEAHVVAN

exanpl es of such truncation nmutants’inclu protelns
(SEQ IRbNMDOnP2an ani no aci d sequence shown in any of SEQ ID
NOGs: 4-21 where.l 5 10, 1 14, .15
I & RETEEemhReReBh uriblfeid PEFTRY REhHRiRoINE-Peptide of the
inventib¥ B4 B@lddyto thdeises-Ikd 31086 ad foUfdEa tanYAdeTed and fepwlﬂpbe antigen-VLP-
retain the ability to formcapsids or capsid-Iike
array. by ¢ fether escfemed erpediaenp st anmsslfs and arsferablyrmapsteuman, TNF-peptide
I d
consisty {F oFGERER A RRANE e 16 3 BRSO BhBigbls; it o tongth of
from 4stor S binies aciBuesididseniorel predtrably widk anlbﬁgthrtmﬁxdﬁ 4 to 40 amino acid
pr ot ei ns i ng .an am no aci.d sequence shown_ jn any of
res1duegE@qu aX)I}Q Wi érlgng‘c i g frgm 11 t09 5 13@111113 Za‘mil ICSI(!I_@S again more
Y
prefera@[y \ivftlrln %nflbuxsfg%g%g ﬁ‘%ﬁl fbﬁ) ?O Qﬁﬁf& arcf‘d'%gﬁgiag %gé} g prgfr'ereib%y with a length
of fronthtn @5amide ab@vresideessn evmmvmdprbfemhly h\ethca 1'eagﬂﬂi afufsom 4 to 20 amino

.. Typicall t hes er nj nal nd.C-term fruncati.
acid regi s BN pre WraEEMly Tk adendih ot oY B R armibb e iidlks, even more
preferr6@M&thGr leh@ T FHEUUDHES: andilE abidBEHRN eééﬁrmberprbﬁﬁdb%d @5th a length
conposi tions conprising proteins whi ch conpri se,

of fromytterldeaniinelagidossidiiest cesnsmpte prefeyatdy witbra blng@wfaﬁméﬂ tp 13 amino

woid rRbabul sl REEREToNEL A BEER ALY % Ol nBfkL poig residues.

Altemaiﬁery khecldwet Lngidih it abvvt aftnSionddiength \tgites 0 td $0JSt to 40, 4 to 30, 4 to
cludes nodified core gartlcles preferably nodifi

ed
25,4 tw%‘ﬁaél togfel4 doAPakio e Ado A and 4ée 1 Pecaparpfemibly s 0, 7 or 8 amino acid
residuddl €pared from proteins which form capsids or VLPs,
net hods for preparing these conpositions from
In rdfuvthet) pref@rat enbodimbnintht Sloarsdlf\/hIRls pmferabipmodshuman TNF-peptide

. methods.fo e t hese individual prot
consistg aiaﬁrﬁ? HieBTE & LY pio st siterst Bminsopned and preferably
humeand Wbé 1dea@1§10r€9ﬂr9ﬁga%l ¥ O VAL QI ARihdie, R Boré I?r@ﬂefdb[bg at 2 to 6
i mmunol oglca responses i n indiVviduals using ese
position® s siare preferablytat @ tp A eoeitivns, mxshplre&rably at a)ma4 positions.
enb di ntion provi

P Plstertst eBodar e Sietrestte fesf piESHS0 Sronghugpa, TNF-peptide

consmt@@fléV[féﬁbﬁde kttht 3959180 oBID QT thBioVEkSThABgous self, and preferably
osition of is devoid of an adjuvant. In a furt her
humane’ﬁg%

dreptife. roeretieferablieBiodn 57V hidentingd aven @mp@seifwrablﬁ 85% to 96%
1dent1cglg g@li R esgreﬁrg%lpl ge%{) :‘Vgledge tl%:l] sq ﬁg«%}éﬂa?& 90% & 6390 identical.
virus-like particle, mhereln preferably said
virus-like particle is a reconbi nant virus-1ike
particle. Preferably, the virus-like particle
conprises, or alternatively consist essentially of, or
alternatlvely con3|sts of , reconblnant protelns or

. " o Y o R I A Y T T oy
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thereof. In one further preferred enbodi nent, the
particles used in conpositions of the invention are
woaopased3of a Hepatitis B core protein (HBcAgPCODEP2005/005935
fragment of a HBcAg. In a further enbodi nent, the
particles used in conpositi of the invention are
conposed of a Hepatitis B cdre protein (HBcAg) or a
Ihradgrtbartpreferrad bBGOGing® tHR dhimitto &8 thawdiee humad bkingta dog, a cat, a
to eltﬁpr gé m nate or reduce_the nunber, of free
cow or g RqTE. RECTPIEDIHE Enimel do be fregipd i mhumAn bging. Then, the non-human TNE-
; : 8 I t Leh
PPty A R AP FERUR! TRCRol, T R ™ vonhuman
eutherigy SENF-peptides ievlere suare tpad ferablyea #tlidel tanihg Evd@CcoHB@USNTNF-peptide,

f i ds. . VLP itable f i
ot AR Y3 BT LA L B 3821 s o mmo
TNF-pepitief isedl dddctne INH-HEHIB Und fshéfe?élebly' o nWRiGRing L‘\Ze\l;fe%rate TNF-

..more of the naturally resident cystelne residues
peptidg daereghrefeathblyl @ merechnine sutheriant TNEebeptiddy evrothere prafonably a feline,

agi S| e i ne residue). The HBc .S a
s SG4! SUENE 606Gy FEERASREE) RebbiedhabEo % bgbnsmr .
peptideisraencanfelige TN S8 Qhd By SeRirdbly A ndHIBRe Rirteb®Rd YRESpeptide, more
égf the HBcAg have been identified and their am no
preferagly; gRonsEding guthsrian d NTepentidy, evenineip peefereblytroeamingk hiunen bovine or
mouseiT'Nﬁ-Pﬁ)tﬂE.t- I'n nost instances, conpositions and
vaccl rie conpositions, respectively, of the invention
Inial further prefyeadeembedimgnt the rphaels st pfeGrablefnoa-HiBeAY) TNF-peptide
iéi e, an I—EcAg f.romwhich the N-term nal | eader . )
comprisesy fiehRis GRONY [sEnsiglp 4f.i & peptife seuencehamelnzesisde amien acid residues 10
to 15 dMRbREMNBRpREEED $HONOD); mb Q% 3si
© pﬁoduced'un%gr&?%%ditioné’gkg{gggﬁggﬁggﬁﬁgg%@%%$§%§;8t015’evml
more peafenably anigo RiEd Aggdwis|§ to@raed ahdsy pietereblp masseakid residues 1 to 20.

" Y f . , . E. i
1 8 P Biterg Lo Bhodimieat R M Epsaticbds v o apegeiupis,preferably
a mamhflibRlemes pRIFREHY | £ ctihBGart QQIPPéigMG eBerasi&h hb%rou (cjonsisting of

i nvention, these proteins w eneral ly be expresse
TNFo, kbt LhafB, thasl.NCDgbhi ARIAIL e RANKE eGDEALe4aBRINeOX40L, GITRL and

it I nti gen_nr.ecurso rotei.n i s not ..
BATF, G o WERK: Sy S1F8ar b Bty claafl s o woup consisting of
TNFo,PBT& | dldeBTo) i &h L siRfi t
oLi nventi on, Oc)iqg’sj cgi %egfbges(ggoﬁg{ré I%gﬁp(%gmg{lhﬁgs%l&é %Zﬂé,RANKL’ o
selected hiconh dreerpup reopsisting of &esli, CIHGIPTR30I1 and BAFF, anrdsePecled from the

aoup 8B, P P D T A, DT80 B S B s f e,
LTo/B,4hsL,aT04011 THARZICIFRA0F- 1550, RE01l, A4 HRT, ARPEAERL I ON,

it is in particular réferred to EXanpl e 23, 24, 31 and
Ii5 prefigmred ¢mnledingniie ADNF-pemidesof Kiecmodified norsrpotice end preferably of

i nef eren T resent.invention..als
the moftiel V3 aPpEARCE TF BertyR Tyt G eRkia e iR s Beteg from the group
consistigl 6f @NHa, SUDg tanduL EaeSwh s6HjRatchdhtel pR#Erably St bBused for the
residues. It is known in the art that free cySteine
manufacRis @ dsmedisament fryolhe depaipeny afiprseimmagnecdisensesahnd ofldone-related
: I, : ' ct. o ' fide
discascl SRR of FAERFBI AR bt My S5 ubRg} Bnammatory bow
diseasemetudiigiit istlesosishaliabates, pfariasBxpsgplatic drthiieis! @Faahedi® Rk, Sjorgen's
d in a,co inaHion.therapy wi t h ot her substances, or
syndrome apd- pulfinle sglpraRis et REEerabyPrafiess- nucl eot i des upon

| i.aht. i d .t h .
VBRSBTS Bl e 98 1 9SG SpGPALR IR By s, o
even chmises af, she peptidee AGHIEY Gt (SE) 1D N0e34)i & heimptidd PAHLIG (SEQ ID

t oxi ¢ adduc woul hus be distributed between a )
NO:35)minptep PF%?&@%TQ’YOM pgﬁFeE?Pt\féﬁi EPMPHES 0§ uBYeRy Corsjste afh the peptide
be present at |ow concentration, but reach toxic
| evel s when together. In view of the above, one
advantage to the use of HBcAgs in vacci ne conpositions
whi ch have been nodified to renove naturally resident
cysteine residues is that sites to which toxic species

N oy o o
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the paraneters are set such that the percentage of

identity is calculated over the full length of the
woeb®riemse am no aci d sequence and that gaps i RCT/EP2005/005935

honol ogy of up to 5% of the total nunber of am no acid

residues in the reference ssﬂuence are allowed. The

am no aci d sequences of the<herei nabove nenti oned

KPAAHBYAY (SBQI EDISOBEY R EPAAIIIIS FSEQIE) 039, YG\%nmnb?J preferably it
to each other. Thus, reference to an anm no acid

comprigess jOf gEetb Fongistelaghe, aptidet LKBAAEHY Gt (SEQHIINOGR) whil&PAAHLIG
t S D 2
(SEQ Cqur ??%@?he&a?ﬁlﬁ%fg?ﬁ% rem Whi thd]l sép%} sew a®0.133) or

HLTHGEEKMHLV@YHSKQ r(smnmonzm)ﬁ &q ue pecfesbd Whbiodink® the TNF-
A

peptider gih (hoseseud SiARIORT Gt CORTRS G TTOTEBSTA cgmosts of, the peptide

CGGHKTH@@K#AD@IL ehaRKGRMPBEQSO fthat qRs:1 agj Il 'nthéle peptide

art vvoudhavellttled ICulty review ng bot
CGGH&MH&PAWMESKQ@EQ IDINSEQH)D NO 25 and that of

Pl St S0 e 23, TR, vt comprss, o

even cisi®s bf) ‘t?ﬁe%’@?nd&! @Q@HDEG QS)E‘QQE NUMU% wote e?&QﬂﬂSr'@@ompnses or even
HBc A varlants of Hepatitis B viruses ich infect

consistgjofgtne E@MEIR%AHLIGAC@E@ IDoME4 1)t pote penticle ROAPHIIEE (SEQ ID

oz SPRE L RSB BP AR 8 g T IEEROTRAP 1o o ot

embodingsit,dfhe TN beystale! witlhp ﬂ%S%bnd Aitddharat Pigd yReplided e&l&ﬁh@%jpreferably
be either substituted with another am no acid residue

consistypf, dog Rapéige W@TEENP EEPMH}I@]J%WMSGIQSE@LIQ Ne:143).
I Q@Rﬁért ﬂr%ﬁe Ffb%ﬁnﬁcﬂf of ttl’leoﬂwex&‘fbéldﬂl% S §gpet c}ifethe Wified core
el i m nati on 0 ee cysteine residues red
particlenamibi@rpasticudsir tod' she/\imedﬁietidkl]é oﬁ drepanarnios is derivddnfloth@ diebrate, and

nd a nat es where cross-1jnkin
in partighier g ETEnd TOTa: DA e PLI0S: SIS ORI UEpieS ST GRDIo BE used for the
manufddfir8 WP h8icHBeAYITOhE Gitlafife AT ARGHMunEIEEEE Bnd bR bone-related
anot her enbodi nent of the present Invention, one or
diseasepgpreferapdy ef lﬂneumetslcbmdmtxsfandldmbmpat itis B virus capsid

T R RS s, o

even cOMEROSE,Lthe rp%pmwA\pamee(swngqu@imsmofeeﬁﬁ@é‘rbblyeslayd TNF-peptide
of the invention will contain HBC,’Afg from

COmMPrigesy OF Wiverkicondys o the. rpptidaiVRMARL &3 .(%EQdmesNQ&Q) ons%AHLTGAN

se 35, NERE 0 R LRRLER), T5pglRE” R e e e
VNPAAHATGANS 0 SEQe I eN@n94)i notetANPAAHICTGANAC- (SEQi 1Bl NO:95) or

ocnHEEABEABATEE B 1 A R B B e
pep‘udea&itl‘ii %Ibéqﬁ\‘,?ncpgﬂéhﬁl%ﬁpéiﬁedcc; (ML rb?ld&&t@ ﬁgé%#% Syeglﬁﬁﬁgssoﬂ the peptide

or use int ractice
CGGDQ&SHQANBA@I}HOTGANASE(SEQ #p Nd#5)k r uncat i on nut ant s.

I iy réfeitd SpmbOdhueiy OF s ingsnloncind G pElidersy e magificd core
pamclehfﬁl‘deinkiﬁﬁ[bulﬁ IR YIRAMb AT tVep BF HRIiAVeHidn 1§ BEANRr fréiBGALStebrate, and

suit for use in the practice of the present
in partlpnlxae ntawarnancF@saepcthpmﬁldeOSmimmmgamsm areferablutabe sised for the

manutaghtd, 32 b HAG3A B} B8 R 5 SR eoHHE, By g fone related
disease§ epi@fe@&bli/ rdfrﬂy%féﬁné\l'lﬁ}ﬁfs%rﬁ%uﬁi’@sﬁ digbetdd) auldimnAthe B9roid disease,
30 ., 34, 35 anino acids have been renoved fromthe
autoimigupe hepatitiend Tpiipleselerasim furt her i ncl udes
V@%?’? wlgﬁgggﬂ%% \ﬁ%ﬁ%%cgg &gggsﬁg g%\,rl,[c)loﬁ\le Ig;eft?@ee&telfergbly comprises, or
even c@lsisey 0ftthy @biytides VAHIL TG | (BEQOIS iNd0i5n Y Iﬁf)re preferably said TNF-peptide
alternatively consisting of, am no acid sequences
which are at |east 80% 85% 90% 95% 97% or 99%
identical to the above described truncation nutants.
In certal n enbodl rrents of the |nvent| on, a | ysi ne

. o T~ A



10

15

20

25

30

Conpositions or vaccine conpositions of the invention

may conprise m xtures of different HBcAgs. Thus, these
woasesimeesonposi tions may be conposed of HBCAgECHEPLI¥5/005935

differ in am noacid sequence. For exanple, vaccine

conp03|t|ons coul d be prepar gd conprising a

"wild-type" HBcAg and a moditPi ed HBcAg i n which one or

compriBas[ 6r ehonsicts @f,1ths pepiRie REAVEAHDEENSEQ HY 8):68) & RKVAHLTG (SEQ
del eted, insert ed or subst ituted). Further, preferred

ID N%éb.%%&& QD O it i TR AMEL TGO 6SEQNTIRhNO:SS) or

PSE er el n %ﬁ?gR@E%IﬁWEE@SH{%SW e | nven]g?grSfR (SEQ D

NO:147}01‘3PSEKREERIW@HEYTG&PI‘&R)QSEQﬁDtNOfl%bleInparpﬁmﬂﬁed embodiment, the

TNF-p f th
TNF-porEn¥itBns &R nes i ORI HRY Al o Rrclerably consits of, the

peptideV rG@GPSEKI@*KS\?AHLTM' VRIBQ  Pib atNDERRY) OBE the peptide

coval ent bond. Preferably, the at | east one
CGGPSE’IFKE@&&WL§GW (53Q He Newi¢9)par ticl e and

SRR Sk SR B b e S S SN SBEe e cor

partlcl&éiﬂcinﬁﬁﬁddum Jf ShEmeGITRd PATE, I ligs ﬂWEntRﬁlpifs lgd@ved £:8% «O¥ertebrate, and
conjugate, which is typlcally and preferably an

in partigplge p eytherian r(‘dbég}l, p(plypemldpa§u@r comgigateg sre preferakly to be used for the
ent ate, respective
manufat-gm'r:e }n%ﬁlc ?dg?té 6{re éﬁr I p b t?lygmérheo & iScases %%d oP Pone-related
diseasest Iﬁra&tahly‘:‘ of lrlﬁtstmdtdﬂ& a&hn’u@ @?ﬁtemﬁtelupbsl erhyshimhatoyisMfRmmatory bowel
)\Ean one, TNF-peptide of the invention is bound to the
disease W%’Bﬁi@nﬁé}ﬂd@éheéosc}eé%%ct ively, in an oriented

RIS P S R COAgE i A SSRAL T g, o

even cqrsestepfbthy poptide tAh‘hHVBSBQSE’QFHZpNID Hapsr ofie pls;mden&AHVV)S\ (SEQ ID
NO:442" € boundfg %lpf\lh The. formati.on of a repetitive
Dot PEFEEROPREad nBeRf’élFeC‘b‘QP“tl?eéi O PEIpseRsiyfe(qf; the peptide

QIAA}WISa)(SEngD ORIOUAA! 6r RIRECIY \SEY: Th SNEPRH! %%r%&@ preferably it

ori ent and dirécted as well "as defined bindi ng
compriggist alchmmonsrséscpfe dtei pepligle NFFQIAASTHIS (FHQIDONO: 47) or DPQIAAHVIS

w0 I SEPEFL BeBha b YSPLRIAR45, S BIARENES! Gep masosso o

QRGDEDPQ@NAWVEEANW (BE® ;[DtN@ 15mﬁ@KGD¢BPRMAHm9EASSN (SEQ ID

itive and ﬁan zed structure of he VLPs and

NO: 19®d?rreQI§§ﬂQEPE¥AA YEEA PYR(SEQ &H\l‘éﬂtlgé’bda@l referred embodiment, the
t ™ tid
TR PG 8o UL e Sl )3 05, TAERROR i o e

peptlder@b@QHGDEDP@sAMWV@EAngJ (tS(EQaImi[\@hllSl)or gani zed and

etltlve TNF- pept.j de- VI.P/ core particle arr
Ing s selepred ﬁe@e’fl%qngf of the igventionras T&%p@t»dé@f the modified core

partlcle%{ﬂﬂqg éﬁﬁ%la‘ffofttﬁkemgﬂﬁﬁmLP gy ﬁf%tlh%’tloh I?f d&RlR Psh 'v‘rl\egt?brate, and

viruslike particle conprises at |east one
in partlalﬂala@ lentbatias i TRA Hnpolybentide nSschi abnaitgates aas¢ prafierably to be used for the

manufa?é%%gﬁ%éﬁ:?d&%lﬂtggqr gngéqlaéﬁ%ég}ff l %fr{rwgq%gqlgqeﬁwge%ngnd of bone-related

disease$; %‘@fbﬁﬂalm I‘Bfauxﬁh’t}m?eﬁﬂﬁftfs AGINRN schirb§s ARt aldhh@ld yroid disease.

occurrin he at | east One TNF-peptide; and (11
Whenghe n@ﬁmtlds iig derivad dromt TRAJE csaidt THg _meiptiflc pregerably comprises, or

oven oS58 088 TP RRGI ST NREES) e NGk DEARBFOSe T o,

more pfeferhblo|said SNBifeptili€ ohpiR bt Hes Q@hﬁ&tb of thep¥Rer VAAHITG (SEQ
first attachnent site and the second att ‘achiment  si te,

ID NO:4RY eypre psie Pfermbly b Fympises seyseyen 4ong#s 06 thepepiisle BOKVAAHITG

550 S80S PO RRRINEFSHRTH 88 PRECR AT o (50

ID NOm62) 61 PBRGREPQRVNABHGITRRS (\&E}Q D tNO AL 3). dasd prefiered embodiment,
first attachnent site, and further, the nodified VLP
conprises said TNF peptide with at | east one second
attachnent site being selected fromthegroup
conS|st| ng. of (|) an attachrrent S|te not naturally

' o, oy o ——. gg— g, w
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These include the preferred cross-I|inkers SWVPH
(Pierce), Sulfo-MS, Sulfo-EMSS, Sulfo- GVBS,
weubdsa18l6AB, Sul f o- SMPB, Sul f o- SMCC, SVSB, SI ApamaP2005/005935
ot her cross-linkers available for exanple fromthe
Pi erce Chem cal Conpany (Roa?ford IL, USA) , and
havi ng one functional group“reactive tovvar ds am no

the TNG Frpride ot thesecbtid attachingnt gifeodtinprias,tand éndre Wadfdibly consists of, the
ine residues. The above nentioned cross-1linkers

PePtldeaI ICq?@ng(g{?@KWEH GFTRRD anﬁsgé? bokl aNPek54) eaet i dhe  peptide
AN her l'inkage with the
CGGP cyst ei Ano?ﬁgff 601? cr oss I i nkers suitable in
In Iaefunhacpreﬁeredfemﬁmdlmm erftthomvestiahthe éﬁﬁ&pbptﬁﬂa &fythe eodified core

. .introducti a disul fi l.i nkage bet,
particlefgd BB Cd‘imd%% the,mod %Féan‘g Rf thedoFeniionds e‘ﬁ‘éfidt iereqn@ Wtebrate, and
\éhlp HF&% £1 9y | &€
in paxti¥hbic HRAMARH RIANIGL. L HEBHAE Suek D53e N DrifEraBltVe used for the
manufa_cmrswmm (rmdmame)lt forhéhe etxgagment off ddoinvatiezdiséases ahd tofibone-related

diseaS SRR, i B 5 RCHAYEY bl SRR B, mutipe

myelorSAlCherRadoies, @éﬂﬁﬁi@ﬂkﬁé | RRoBERAGENO imdths, 1@A6t de@Ber pain, peridontal
partners, the excess of one reagent over the other

disease;qnd Rogpt'stditease must Biclreblipeotass. | oni ¢ strength. The

u
G B8 0 SOURL B9l b BRI NI RAP 5 comprises,
or eveﬁ/bﬁhsm’tesﬁe:hé lp\zpmde FARIL TRESEQ) I3 Ndt6DY o eieypdptide BAHLTV (SEQ ID
exper.i men condj tions described above to match the
NO:70} epars é%%ff% tedlipfsaichd Nipentie, cagpiitss) jQryewm caasists of, the peptide
EAQPIEl_An!:_IL}Tfe QéEQﬁIr[]?fI\Ig b%\"@f] SET‘{AP?‘TI%?YS%@?}E@FE‘)'S@)'& ﬁ'@kf%ﬁ'ﬁ%&% gﬁeferably it
comprikes, coupyed consistacbf, stheupeptjdea KPEAQPRAHE T ae$SEQed® NO:73) or

AQPPATIETAY' 3BT e NPTt of | BERATI AT TRAR" Gl 157 dv07e) o
KRSKEEA AlE TINA BT ($EQ! AY INOH78y of @RGRB)@@Q)}GFAHLMIMSI (SEQ ID

-peptide of the invention to the core particle
NO: 76hnb| RMRE@QPF&H@;HNA/@D& (SEQ IDhNQ: 13RI hyaagfrefarred simbediment, the

TNF-peﬁ_%l gbsghec eco %rct];c T glt%?;?p%%%egs r%géltra%gegﬁfe{%biy consists of, the -
peptldeTNl'_C(BGQﬂCﬁQPEAQPFQHLnMMASIn (Shas, ID1 @‘J@H@W?r red the peptide
nbodi nent of the present invention,

CGGRB@?WAHMT@\TA@%I (SRR NQilg8e Oénﬂ}etmtléé coHGAQPFAHLTIN
t nt site is a cysteine residue. In sone
(SEQIENQ&%EEnt s, engineering of an am no acid |inker
I arﬁxﬁh@m prgfearedmﬁlmdmamtetﬁe dos-selfisaral prettesidly alohdmmaN TNF-peptide

Site &ypart t her eof ao the TNF-peptide of the
comprigcsy & PETCTRBY CiSH e A ESPHN SEBFBCH AP geuemmvw acid residues

164 to 16 M
64 0 1SSDEE Ky P FANfhou B 1Bt sy i i
residueTNB2 pe p69 déSEQ hNQ: 2R, ervei o1ore plef@ablgtamied peidtrhgidues 160 to 170 of

SEQ I prfiel el TP B RER i b HOMTA) (ol 7} ABSEQ ID NO:22,
and moBf @eﬁabw BT dc@liresidies 85 loeFalof SBEE) b NO: 2@t1teasﬁnqu NO:3.

conprises, or preferably is, an am no group, and
lem dighaer Ié‘?/féﬁe‘ﬂ grbedmant of éheamfynttqmethﬁ m&&-pemttdaccrfrtbﬁ modified core

part1clesén enél:pf %ﬂ%a?r'bgg [}9 ﬁ*ﬁ%fi‘iﬁrﬁ oﬁ/}gel 1212?1{’[90% Vleﬁ rlnéecf1 frglﬁgat\p ebrate, and

in partllcﬁlaﬁh cafherise CBDLapdl B Sicht ®nfuPaTRE iae pref@hbly to be used for the
roup, .and wherein even

preferably is, a sulfhyd (ﬁg
manufachie jpéra meélrcama%ﬂ {ort the t?@{ra oft auieinpewe-dipgases gnd; of bone-related

dlseaseg,ﬂérgﬁx % er r e @1& ﬁqgthfdﬁ[l sﬁr' {éﬁpé ?.aﬂélg %?%tgélﬁ?t%?lﬁ{?éﬁ?]mune thyroid

diseaset &jergmrssynabm;myemrdﬁistaﬁd pAmast billard ciartekir abl y does
not conprise, a sulfhydryl group, and wherein further
preferably the first attachnent site is not, and again -
preferably does not conprise, a sulfhydryl group of a
cysteine residue The selectlon of the an1no acid

1 . o o a1
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respectively, in an oriented fashion. O her nethods of

bi ndi ng the TNF-peptide of the invention to the core
woaodsiiatwzand the VLP, respectively, include nmechm#s005/005935

wherein the TNF-peptide of the invention is

cross-linked to the core parbicle and the VLP,

respectively, using the carB4di i ni de EDC, and NHS. The

Wi the AN pemfdeti @erivedeirh @DM}[ sall Swmﬁeﬂtideiireferably comprises, or
t hi, ol at ed throqu reaction, exanple with

even cegeists gk thepersidsi %&VtﬁEQTWI\B%éH)d@ the ptspteie AAYMRV (SEQ ID
t b

NO'H%%\J%]B{e d%?e(:)fet?&%ﬁ%grggm ];Fa‘rb'ﬁidg n(?rlllg r{ E%uk)}‘r_%?en hsistieBs Phe peptide

KGAAPSEBIE (SEQYID MO 08)l omthe ptide ISEPWAYLON @EQ D NO: 114) or the

peict S AR RIS v BP0 sbocimens, e

TNF -péﬁtfﬂe WEE RRE kdabhl ﬁﬁaﬁﬁﬁéﬂt%ﬂ%l c)()nﬁﬁfséé’ 3B qndyet ﬁeﬁ-rably con31sts of, the

het er obi functi onal cross-Iinke rrsing a cyst

peptider @aGIIKEHEKIES WA VA VEKEHSN ()fBEQstIﬁ)@dﬁD)tg at | east one

0 NS BRSPS B e A G55 St cor

particleTa¥d B ekt i Of thed@oliRea VI b TR i8R En is I lefom a vertebrate, and
descri bed above. Cptlonally, | ow anpbunts of a reducing

in partigglene eathstipm d+ 1R pplypeptider Such camugstss are grefemablyutot teeysed for the

manufe{Zﬁfr? g)gsac gegﬁzsgtlr\!ﬁp ?cﬁt ﬁlg aea%lﬁenh[\/ct nvglglinlalgtge[ 5!11\%%51%%/} ateltg g é)one—related

diseases, inflambiatatn bbiviodibeass Qﬁdsmhtltﬂﬁfegcléruﬁh (}ﬂéferably %Ifw rheumatlotd arthritis..
Pi erce Chemni ca

ral dehyd DSG PEC]4 BS3,
Wity Fegeridsria defived Bom +OBRoieid KNBaptide preferably compriss,
I f
or xS B RSNB T8N PR IR Lo, BQHER s
NO:116)her iherpeppds LVAQ@N YL (Sh€) IID.INOrlégpetcthe\mbﬁde O AKINQAS (SEQ ID

No:11 8RR, | Metine QOIRAGLNHEr AP 0% o Nis {7l 8t arflle  peptde

NTTQ G@PW%KEE&I%&QA& akEQ 1B Ricpidy IRtLdrerdRel thfbodiment, the TNF-

NF- pept i de hei nventl on expressed as a
peptideswith pheasecand attaghinent ptcotamnprisesrandendredselsable consintt of, the peptide

caon PR PEREL IS tha SRR L8, ST e

If arfukkameRas caboainhdie &f ithe MPAYN2BY FINF-beptidel 6 tﬁ@fﬁﬁ)dlﬁed core

the TNF-peptide of the invention may be first bound t

particlesanddptoatticyias of theampdiified LT @ff tla inwentionds detives fom a vertebrate and
in parttg EIGQ%B%H ﬂgn @‘Xzfdggpoal%e%q{de o?ﬁ h a%l,ﬁl%%% %¥é gf clarngl&hto tblcq:autsed for the
manufactiee ©f raemdrctamehtefcﬁrtﬂe ttreativérd?, ofr @B piathineediyeasy hﬁl of fbone—related
add:% int next(f Alternatlvely, al |  conponents
diseasesrelgEabi SitiemRGIc-aiRits gnd HiBREnTIGR boyeldiscase
, s i

%&élgg? g‘;\ﬁﬁ;ﬁagftlﬁg if rfv%d ff;&ri]ﬁg b?(s@z{ﬁ/ gA'l q‘gﬁ?e{)éﬁggfg %gef%ﬁﬁly comprises, or

even ceuspablof tie feptide RiL&SQ (SEQRdD NO:12@) cotte peptidecFIGTSKI (SEQ ID

012 e SRR S n bl 1 o DB S i T i

compnié’sle off NrepBhiists 2 tﬁehﬁeﬁtfdl\é eRGrNTOK! (S@C? QDeN@'in) Corethe peptide
and t he VLP, respectivel é Al t ernati vel ei t her

RLFIG"IFSEKmﬂSBQ 1D eNPekddpt asr GEDGWHdSEY. YQNFSE@LID dNO:163) or

PrTaQoBREIBIRN A (99 DN SR Raf b roreni

with ther sédenédat@ichieht bite tddEnpiRESPAIN mdé prBfrdblPadsists of, the peptide
espectivel Fusi on may al so be effected by i nsertion

CGGAUWQLH¥SWNE§%| oSHQ 1 ndlRat eNOA6S)a. f dFor edhe peptide
the VLP th
CGGP%@WT age ngﬁﬁgée pr ef e?r ed o °

enbodi nent, the VLP |s the VLP of RNA phage Qb coat
pr ot ei n. Cne or several antigen nolecules, i.e.

TNF- pepti des of the invention, can be attached to one
subunit of the capsid or VLP of RNA phages coat
protelns preferably through the exposed IyS|ne

o o a1 o o o,
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of the VLP of RNA phage coat protein, and in

particular to the VLP of Qb coat protein. Another
weadvantiazage of the VLPs derived from RNA phagesPCS/EPh®5/005935

hi gh expression yield in bacteria that allows

production of large quantiti,es of material at

af f ordabl e cost. Anot her pré erred enbodi nent are VLPs
Iderfuvther prefumrcdusitadipentofiths imenffNAHRYE-pepide of the modified core

ofeins with a TNF-pol tide of the invention. The
lecqugrgf X&g

lélrpar“ﬁréﬂwﬁsfhwoelg"ﬁd of theinyertien Belersied amos vertebrate, and
t
in paﬁ%ﬁ% Sd\/%‘?flgég gﬁéﬁtﬁl X %s ICS?I% l{:?fr‘}rfugg‘rﬁ Ia?eS ‘férhl%’lﬁ 1§ be used for the

manufagtury/ldfsa afedRidAenh doetie mdnblﬁr ebyutbimmpand-dsedsas ahd e;f bone-related

. use o e VLP of RNA Qo coat roteln al | ows
diseasegy, rﬂf%"{?@ﬁ?ghtofLFY%e%r %yg‘ﬁ?rtaéﬁfés » ofheHmRfoid nardBiisi epd Sjorgen's
syndrorhiBe preparation of corrp05| tions of VLPs of RNA phage
coat proteins with a high epitope or antigen density
Veben the IBYF-peptadt isydetiséchomhBAFEasad A\ Fopeptide preferably comprises, or

even BRRUESH: h@cer QLB ISR, BIARCIRS o Aoty grid TNF-peptide.
comprigdd] bgevendensistsyofDee rpepﬁd&gD@LQim)sfl $EQ qu\rbea@mor QACLQLIADS

antrg@n density", as used herein, refers t

(SEQ avbr a %?Q?berorof NTPRNH@QQI&LMDSE@PTWG(SEQW H}n cNO:167)  or

i t a ote
NLRRDRASAIBE5 ) B NE0 i REFLEHALY 5 EF Byl oe Ahe-epie
with theh agmndThMe&lnﬁelnt ity adouprisss, caid: wh@t efteRgald @OHSISRIBE, the peptide

@@ subunlts or _nononers of the VLP,
cooNpREMGREE ST B ofsie RUA phofB:1G8h ther  the  peptide
CGGNERNIR?IDSLQ@IRDSI A @%@ﬁrﬁd@sg&nven“ on. In a further

preferred enbo e Invéntion, the antigen
Vﬂ]@msuht: N Fs-pemrdefmadabieﬂ floet MLQseﬁd HINF- ﬁepmdefﬁ@eferably comprlses or

evn cRERL e h A ACUERN RS (DR YB SRR ST mors o

LQLNHTG(SE({ H§'Nt9'@8) %&e qﬁéﬁn\é@hl &4 Wﬁeﬂtﬁl@%hﬁﬁisﬁ‘%w g?fn consists of,

cross-1inker | ecul'e. In“the i nstance wh

the pepgfle MféﬂeQbNS(@@Q V%NQ;SQ)em THABEQERN(SEE) Ho INSD:68), teweramore preferably

 comld e LA 0 T eBLES A BTN 0 SRR A
(SEQ IBtNO@2g ér VA EINGLEER(SHIRITY INOHE3 péit MPHME@QDN@IVPRKWT (SEQ ID

step. This |l eads to disap gearance of one or several

NO:169qy; RE%VWLTRBQK@ (Sfe IRV Qi 7entlala nrgfenﬁé embodiment, the
T AN o S0y U B P SRS R s  ac
peptidedi QQ@BEHH(DAEIMNI)TUPRK@HWH ASESPesty | 0140: 1yah ovor Wahe  peptide

caorflv At SRR T SRAIBRGHAAES do Mot react with

Wi RE §hNeT- bgﬂ déﬁ §r1\|7édn1{1(&{131“ WHRAKE QURS TNEGR rréﬂ&ee gfae?éraﬁg comprises,

' ysine resi arginines may 'lead to
or evenarmsg‘emfathea;c@tldaéﬁﬂwﬁv (SEQeD NQ:%){ andre prefefably said TNF-peptide

comprfS2FLE8 K8,50E o2 ey QN BALY EIRIS p T pasrvevar

(SEQ 1 KOa19)PreQt i Mot paditabignet Hyﬁ@fiﬁes%rVE\Pe% cOMisis & the peptide

anot her "preferred enbodi nent of resent invention,

| (S8Q pdbt |1\HD§0):o®rer1%1ééIA I¥HE (SEQ ID NO:81) or

ARRADKRIVEN
RARIRREM ARV APREG RIGUBINGIER! GrRERIEMR R vitPora sEo

ID NO€igeprimse sefoadet eérﬁ‘@ddlmehty tROTNBH eﬂfde aRiththe Gedéiddattachment site
sequence sel ect ed fromt he roup

comprigefy a3 merey Prefexablypeesistsyet, 5 e @ptzmc?i)@%&BPBygAIAee@lEVHPRPG

(SEQ r@@ﬁ&ﬁ{r th geﬁﬁe?é@c;g%ﬁfvﬁ%r%ﬁ %Pg)b'@(%%g@j NO:176).

(Lys2-Arg, Lysl6-Arg of SEQ ID I\I021) The
construction, expression and purification of the above
i ndi cated Qo coat proteins, nmutant Qo coat protein
VLPs and capsids, respectively, are described in WO
02/ 056905 In partl cuI ar |s hereby referred to Exanpl e

A~ Y o o oy
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conpatibility of the ow pH buffer with antigen

activity or stability has to be tested. Epitope
wdensitiypedn t he VLP of RNA phage coat protei nsSPCREPR®S/005935

nodul ated by the choice of cross-|inker and ot her

reacti on conditions. For ex the cross-Ilinkers

Sul f o- GBS and SMPH typlcangpaIIOM/reachlng hi gh

Veper thp ANIep&itidg.is Betivedatdm APRIN, sfid ADE- f)éptﬁlka)breferably comprises, or
i nfl uenced by hlgﬂlconcentratlon of reactands, and

even cagsiith of-athe cmpafle L Hle¥ (SEh 112 dNQi82).omere areferablyswis! T&VF-peptide
{
compeR0HE Sl ST Yol LESTEPLRES (AR 0EDS T VP (om0

ID NOd®4), mveh eimure Ppraferably tihecarpiigh, ofr aveancbadists abf, the peptide
tt nme sji.te 1he po |ch it should

KKQH%?@HS (gﬁg?e Eléd b netal ngﬁ%é@r ed K8EQt ollhe NO:86) or
KKK | | R ke

QSW?&WP YBE? ggrlggtge?ga%ugh t hat St\&;l‘l c hin rancg@?%n%\lo 177) or
QKHKﬁﬂﬁQgngWPJNfEﬁ: IGHEQtIDs NCe1). Iy peafemed ambddimenk éhe TNF-peptide

cont ai is avoided, In fur I, . .

with 103G AhhREn® HIE, cobniiP ot aiste: Melelily gongistg pf the peptide
CGGQUH{KREISVIImVPIeTirst er gggQon sy e oko: hﬂ))sel forant ggen  peptide

with its natural ligand is desired. In such

CGGQK&E@@K%M@LVBB\HE&SE@HINQMN site may be

an% et@%‘él% Bgﬁgiltern}g:de ecp frﬁxgleﬂ;@% g%ﬂds i[ﬁé? epegf;lg? ngferably comprises, or

even comlidts affit hgepepvitlié iRAHETIVa(SE@IU Ngavehsor the pé;ﬁi‘dermﬂLTI (SEQ ID
enbodi nents, the TNF(ggstl de of the inventi

NO: 97):%@.@@% o ATHIRASECh 5P NQE8brthe pemde ERHERN 6SBR 1R NO:99) or
P AETIERE Gy 10T PR PAREROEI 8 ot
In a plafmiretirmnbddﬁnemtg thd PNFutmptide syitlr depecbnd/ a’ttychn’fdmt $1te comprises, and

L L IR T

CGGPSI'@EKP@%I @m O:beyy. 10, 20, 40, 80, 120,
180, 210 40, 2 300, '360, 400, 450

WW&NE‘@W&G isisrived oni BRA, saidHENE qeptigeptefertly adprises, or

even cqfpfs FRIRTBetdE Ay VIS RERY ELRR: Pt bR efdt Va0 smQ

NO: 1op)n lhbl% 91%1@1&1@ sdib UWF%HH@%O@lp‘EiSéH}' & @0éh %h&@trs Mbf, the peptide
bi ndi associ ati on, res(gect i vel | eadi ng

QPAVVER DG 5 AW o508 a@mmﬁma&s‘aw ¥ NP1189), o more preferably
it com?ﬁ St foec?\}e& %&%m@ Q)g’lf '&ge ] ne%‘ﬁ(@%\gﬁf? Vfﬁfétp&%tdvﬁj Wo: 104) or
ENQP AVVEHIQ@OGSS (sm md\myl@s;uomeemwmeemmsmhmrNo 106) or

TGTRENHEASIVERRRG D sabee o TS e Ricicsred Srbodrang the TNF-
peptideCREh AoQdosy %ﬁhﬂ%{ﬂé ﬁgéf &gm n§@5 a-ﬁhl &%g&éi@&bﬂ; cdiits of, the peptide

invention is ca ocl at
CGGTGERE@QBAMW/ILQG}QGS&AHQSEQFIDaNO ]t8|693 first att achmsnt

Vi RV Eerilegs et o S okt R entifls Bieiably gomprises, or

even c@ﬁh‘is@s bhethm% neptaMekaf (SE’% IDYER 6 PNod &@ﬁﬂﬂtﬁl\ée@hm{l? (SEQ ID

usi on of an am no aci | i nker cont ai ni an am no
NO: lo@eumO@upmémlelyasalé etV HApeptidea comprisess | 01e cveIt modmstg ofp the peptide

ESCMERTF, SR Entbn: nioE 0D 1 A6 pFREBMEFR o, ' No110) or

KPTVIESUMVEEEUSKSKKE(SEQ Itnmsumsllzm e pife&&&is&hbé&ment the TNF-peptide
pr ef er abl by way of at |east one coval ent bond.

with thﬁ‘r &¢condnt chmﬁ%t A1 rromagises. | ansk &rore arpieraphy  coppists of, the peptide

econd attachnent site.
CGGKFHJ?E urther pW@ggr%N?% t heami no acid

I i nker conprises a sulfliydryl group or a cysteine
residue. In another preferred enbodi nent, the am no
acid linker is cysteine. Sone criteria of selection of
the amno acid linker as well as further preferred
enbodlnents of the an1no aC|d Ilnker accordlng to the

o o .. o o
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exanple for the specific VLP HBcAg, am no acids 79-81

are replaced with a foreign epitope. Thus, fusion, as
woeb@ermeddt o herei nafter, may be effected by i REBMPR@E/005935

of the sequence of the TNFpeptide of the invention

into the sequence of a VLP subunit, by substitution of

part of the sequence of thé -VLP subunit with the

Iaeqfiehes pefertddeenliddinent dftifie dfvehien HVENFIRPHIOHT ¥ Bodified core
co nblnatlon of deletion, substitution or inSertions.

particlerppd gnpartgylar quhe H@étﬁe@e M poisthe invientiomisgisnized frog) 4 vertebrate, and
h fo Vi yi N

i oSO ALY 0 hE VB DAt o e

manufactrer sfeal mcrdlmemh Ifmethectréélnlﬁsm éSamﬁﬁhl(ﬁah@—dlseis@@ and of bone-related

V|ru§¥llke gg ticle ises Qr, alternatively is
diseasesohistreahly of attherpss, 951%) PYecaddmit. In a further
IR HORHHBR Plef@fedt Qﬁoddﬂﬁ&ﬁtdﬂﬁe itVaRLHY | STILIF g)% REL bt G q?odiﬁed core
conprises oralternatively 1s conpose Ry xt tr e
particle hllldnﬂpaﬂl&lLﬁ afithel mOdsﬁealn‘dLB,oof théinventian i\s’LdErlsekb fmn’I #yertebrate, and

e T D
manuf@Hya rﬁfaﬂ eRdiScan®nt FSIUTHR fr@ﬁﬁ@ﬁﬂ 9@&&51&8&1@3&@&@& Yind Qf3one-related

VLP. In those enbodi nents, the proportion of chineric
diseaseg| prefagphlpiof sheymatayd alrthlms‘.?sm@nmlulslsrmyth@eatmsusandﬁmulmﬁle sclerosis.

he
i&-I anki ﬁrgé %&eﬂﬁeg eélg? o HP%% i quge nﬁ@ T]Igg %FBU%? phie modiied core
particleaad of pdriienlsesfube aRdifedt VEP Td\ﬂ'r:tﬁ@ ﬁi\ﬂeﬂ@orpfs defi®ed from a vertebrate, and
invention, fulfilling the requirenments as set out for
in partjcy %ﬁf&ﬁﬁeﬁﬁiﬁegowpeﬁm SWJe‘FﬂfU‘éﬁﬁt%ik?é‘? erefergblyeio be used for the
manufi4@E b 9 n?e% didiElent 26k 9{ e OEmIRAYE Q&t @815@#95“ Bhd Ffbone-related
a VLP, or Internal 1nsertion suc
diseasesge queﬁemé)ly nifo sydtemis e Yipes cayﬂfemahﬂusuﬁwnntat(ﬁcﬂ mlh‘i.tﬁ and Sjorgen's
g A ycine and serine residues are particularly favored
SYRAIOM® no acids to be used in the flanking sequences added

Ih% fubBer NerPRBdntD dRhedtST the Yrﬁi@hﬁ&{‘tﬁeol’ﬂ?ﬁ-pte#t?(fedo%e nﬁod1ﬁed core

d ycine tesidues confer additional flexibil
partlclerrmd i prria¢dar aftiee potidiedi AP, yofdls trbitidnzis rdgneécf from vertebrate, and
in partgcug u%h%r??rne'hggé ﬂx%ggtg(ﬁeo ﬁﬁcﬁétﬂ{lﬁlggtgg %nﬁﬁ%@g{;hl}? 6?] lBe used for the
manufetdﬂﬁe\ﬂfpa lnsedacamﬁdfd)ﬂ ihe tBeabER ANhhtERmYRdSdis€A48d @Rd of bone-related
proteins to either the N-term nus of HBcAg (Neyrinck,
diseases, praferaifly oNgdlamanatery. boweidlfgaﬁe 1163 (1999)) or
Ih Bﬁg 5&%?%? tltlebceor aﬁ% g)g}]ﬂ% L egl%gq{:ng %gn(()yp consisting of, a

virus, G’tmnISnaIEpﬂud rat ﬁfu(:ltlrrelfogis(eddfﬂroﬂﬁbactéﬂal (p'iﬁﬁ)lé kact%phage a virus-like
9833@% and agﬁ preferred enbodi nents of the

Pamclfi» ke Bke pREels: af p Wb cRhageng ral cansids paqﬂchsemg rggpbinant form

t

s IRUSLLRdd L G T BB IRSROIE gy g cor o

structu(@@@jlb@ selbétehad & cax paadd of tha doeptiomgteramples b€ ftablecdruses include

sindi ot P o) imgBIALE P8 Sic i s iy picomaviuses
huben MhiRoCaRise & I |

.o R Boe P07 400 A e (8, Sl Sy e

ThOgOfanJéW-t i Batkerrudiuen Sowlo ptagee Ozlmb,npcviusmhumeal(sg bedpomavirus BK,

ptsonfHG RS P P DAy v, o

and mduith diguslanRes ORtlIQMLS, TGRS B ¢irud, UBIHABcP kAl Rerus, Flock House
usi ng cl assi cal nol ecul ar bi ol ogy technlques

Virus, gehkispagoRapipmayirah ané gesferalityl RN Aaphage.dnactegiopltege QB, bacteriophage

R T T T
bacten@ﬂ@@e AR Neactefiophade1$8 %ﬂ\,tenbﬂhafgthSQ rlﬁfct&ifoﬁﬁﬁgsrﬁd bacteno hage PP7

enbodi nent of the invention e VLP is a VLP of a
phage. The nmj or coat proteins of RNA phages

spont aneously assenble into VLPs upon expression in
bacterl a, and in partl cuI ar in E coI | . Specific
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di splaying the fused epitopes typically requires the
presence of both the Al protein-TNF-peptide fusion and
woOhersw1796® to form a nosaic particle. However, PCT/EP2005/005935
enbodi nments conprising virus-like particles, and
hereby in particular the VLR S of the RNA phage ( coat
protein, which are exclu3|véﬁy conposed of VLP
(for exanplenisées Thislei1nig Bacm@ﬁﬁtmw1%na&5nmm%$dqzm trh@unol. Today 17:553-
i nvention fused thereto, are also within the scope of
558(1@ﬁé)present i nvention. The production of npsaic

r
AR g 55560 4 AE0GE St o vis 0 e
fusion detwednben tonderat tand deepetithiec hirdloédvelps feteis @ddi &) TNTepeptide of the

ice.of. the invention. In the first approach,
inventfp. Alie wvmﬂ? i) cR{oDF HEIFEBPRBE Briiohalagfmen s, wherein
altemaﬂ?éi&@ﬁ%ﬁef@bﬁbl}hﬁleeﬂrﬁf Q%hﬂﬁnpgltet Jé%} lé’ét%%[ﬂg@a? ﬁﬁﬂ% geéﬁilag antigenic

protein fusion having a
detennmanhﬁu aOFeaethee ARl agid resitfue oﬁlchome rIau A fuahtxoembqhment the TNF-

i ST B O S D RABER R R, TR LELAE it
known(t6 klﬁi‘d@Q@ﬂlepérﬁﬁfiyd)e(lﬁﬁmﬁé%vmahé(wns@ﬁm%n of BB endefive éoxﬂgosmons for

(1993)) L I'n anot her approach, the CP gene stop codon
examp} es ltrfﬁ%br ¢ dasirablotogatrichthe r&pls@@cn dbpitrofit mpmbmnhglrus through
ion._is cot rans
sonetidgifafi RIS RAG T8 1R i el B OGRS BofEion incompeten
due to bha@n&hhdﬁlcph}amdl tdaeumioglom a‘sf mﬂi%@ied Céld RNlatls oﬁ@%iﬂicla@d)@competent
the first Ssmd ( Kozl ovska,

genomp. (8P v FFY BEyeisosdeciet fondysion |9 Hhe FINde@mf&eoaﬁ tthe Gpvention, or
alternaﬁ"%jy GhersChttRintlent Bid Youde BHéjFr;/ Bfg%'nﬁégg L8 ERGRLE %%r'u@tu?e Such an

bi ci stronic manner, operative to a prono
orgammd(ﬂmdalspcmteveTsthomre no¢ledes maaﬂgﬂaﬂhnbeﬁganmaﬁbﬁ with spacmgs for the
of Koz I nt vi.r.ol.0 199

ka .t 1
atachnfy O RS by BT Popiies PRIERIBBRICAR Tofe HeFe g VRS of 330 mm,
preferabFy 3-N3&irh £8hd & NERBreAfeRPa 0@ 328 aRd. Bnd Bl‘éﬁi?@l{ bP¢hiftype of fusion

t he cl eaved CP, that is wherein the N-term nal
proteiny@tifhi wanlheini mlﬁﬂllel&v @d)er@i‘ anfherepetittr, TNHpeptatladbhgh¢ dnwention, or

F- n protein..Vectors, an ..
sternal {1y BER it sies vl SOHBLRGT win' S EsPte o oreanization
of the rfaltlvélPlrfaMSrbwﬂn ROl BsusRdtoRBIBEMibd MAhé art MbE fdtGttachment site may

useful in the ﬁﬁactl ce of the invention have been

be or bg @art efeany(ifaiR Prefeing polypeptiveosugarpglynustegide, gontide (amino acid),
( PeGLL] t . the
398 Ay APE S TGO oy BB AEFH St [y sone
specifichlly ettacintheamitiget onéntidericideteinait kadagianwractd aﬁd repetitive antigen
erein residues 3 and 4 of the fr CP havye bee

array. b Lyrsgy 4Gk 15 betyeen the siigg enygigpe grogan oggthe TNF-peptide of the

. . 14_

e S8 SRl SRR AT BN S bt s,
Im@ﬁ(ﬂh@rmmmﬂiernm&ﬁhe prvestéon, shd ame phrtictesis fausaﬂnlelpaﬁtmﬂ]ﬂlawrus and

more s PO G35 e BRI oy S

(Xlong,T NFetf)@PtSdﬂ@fchfZéB"ﬂq SBQ\lgﬂt(!m)bScﬂléb%?%e"r' on f[%nds Bzotechnol 11:18-22
ubstitution into the coat prfotein ha

NA pha
(1993))|, §e@ﬂlka@r@Bﬂ Vigs (ﬁlﬂ@r(ltﬂtr@trgmo Be & Earafb H. anvaerobnoZogm 9:1356-1361

(1 991))321;1]1((3t B8 Lrs W%?? N ngtr cgf fl}Jé)Z%gytfﬁ nltffgo%)sél] @5%9)?)‘@ g e%t 1ved 2onsiderable

attentiopapi hsle(HMﬂdsLlﬁtsed EkpResIdh & eSPBACIoE b & afOR QFidEREnt ﬁrbt%ms (Lundstrom,
TNE- peptides of the invention are fused to the ngj

K., CuréanWdBmf%fthéfph 83783825399 A LidigsirPme Ra w1 Oniy. p@ozpchnol 5:495-500
(1994))(% léandi@xﬁgs%f‘ V%‘iinee&(eq)'eﬁﬁﬁiegp é%{(}él{lt ﬁlﬂﬁber of patents have issued

nstruction and expressi o usi on prote
dlrected rto athbaosd ofi alpsdvinsec tforc did expigsdiensofhhsterol@@ns proteins and the
descri bed (Chackerian, B. et al, Proc. Natl. Acad.
ScWBA 96: 2313-2318 (1999), WD 00/23955). Substitution
of ami no acids 130-136 of BPV-1 LI with a TNF-peptide
of the | nvent| on I eads to a BPV- | LI -TNF pept| de

Y Y "

o o .
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been descri bed (Adans, S.E., et al, Nature 329:68-70
(1987)). So, for exanple, a TNF-peptide of the
wonventi7wa my be fused to p i by inserting a BPeUEeRDS/005935
coding for the TNF-peptide of the invention into the
BanH site of the pMA5620 plasm d (Adans, S.E., et a
Nat ure 329:68-70 (1987)). THe ~cl oni ng of sequences
develo ﬁ@hﬂﬁ“ Va@EinéOfs8é ONS. epaltérﬁwo% 51168,600:85,p0ABEL0; Y8E0TY; 5,789,245 and
eads to expression of fusion protelns conpr|S|ng
5,814,480 n0 acids 1-381 of p i of Tyl -15, fused

Bl byl de S GrE R Fhpd fsh A SRy WD 02706903

on pagb N8 Eliid 3 to Pdgei AW Hho @D, Neheds fop lihttd’dlh@lng Ijﬁlﬁxubleotlde vectors into host
uence, or, substitution of rt [

cells ates fthesmpeagiven &1 AP 02(056R0h 05 Page 8%pleleéf13r%7e Moreover, mammalian
cells a% Eé’c%ﬂ%\h/r%ﬂnl Ih{))% o?ﬁ% tféfﬁlleﬁoddggéﬁ g)géﬁelﬁ g{s\e\g gﬁre"ﬁ]ﬁhb@ %.}‘CO&SC]OSed in
wO 02’0561).5 &y poe, 29,]1&16‘]5128-35'1(:11‘ IieSﬁtdiba&dqfarmg’reph'Eyarp rexpBeitly dncorporated

[OS ‘#1 11) leads to preferred enbodi nents of the
herelnpﬁ\y@pf 6HCTCREft her VLPs suitable for fusion of

FuRe PSR ﬁ@ssoioéNkhﬁrdsgé’ ﬁﬁjédb%"fo? & ad Qre ?Sﬁm fiv the Igresent invention
Retrovirus-1|1ke-particles (WO630523) ang,
includey . b@t areeriot dimitedi to] the@mmdm@&@ed%ﬁi%m@&(%gm on p&@/\@%ahne 5 to page

. Mbsai.c Virus I i.0].. Chem

34, linggty Gipraderh PABGEMOreolsd, BhusPirtveubSla o BUER gy map bepsed as core
particl@ incMié, Bu@ e n')&%nﬁ&dgtg thd 8R3)discldIBe Ko WHD3A39225 8149age 34, line 14

EP002041681 | es of chineric VLPs suitable
to PagQ%lméét(P@égr@th)gg )i nvention are al so t hose descrl bed

N 3 e f P

n o{hel; &h od%\egxg% ugac]tlergellt 1?]12}11 %ngthél do é’mﬁggf%l pﬂ/% 3r a fusion
protein-Which, cohﬁh‘rs| ditheHYadiBrialiiNn b8 subigovticBthetdd¥idtbsed@RPYepare modified

COPV, H'V GAG Tobacco Msaic Virus, Virus-Ilike . .
core pagiidlasc pds cOMPQYLians apd| YRSHHGI ¢ QJ@POSMOWSPE%UV%r pledhe invention.

Bactertgggﬁ nﬁa g’ Bé‘a ﬁgrlc | %‘\QH ggr %l?éﬁﬂ‘% e})’ \%‘E%ébg ?éeé%gﬁalmcaﬁﬂy produced.

Exampustdf pilit petanomeludt pilives prodsed by ilyekanidhancoli, Haemophilus influenzae,

ept.i.des. of the inv tlon be produced
Neisseggp BRI NS IR R LI ee B ooe s bipudemeqs stutzer,
and PséDdShords %zeﬁ%?ﬁ(fsgl TRE afik) QM e RERERIA ilirYBFItEHS suitable for use with
exanpl es hereto have been described in the literature

the preaerd icventipe inghuld thereset Gityin GenBankmsdorts A3000636, AT132364, AF229646,

AF05 @E%CXE@S IEEI 5)2 f'aga 2@9% ti).lg egﬁr@ o(ﬁsciclg(st%g]egg f 3&1&6 %r%slln{:oer%orated herein by

referer®@] ypeptides, e.g. a fusion with GST or DHFR. Such
TNF- peptides of the invention can be produced using
Bacimghpiimproseing are Berstdly pracessed o apmgye N-igrainal tlméler sequences
. e f
prior t(?%)? or?féésflttﬂg g%?gﬁseﬁ?o th%‘%%bﬂggéﬁ'hﬁ C?.Igll%s i:gulqone%t %rfs?—: Sé(ll ed in the art would
recognﬁm &)aﬂt@halppﬂinl gtdiag ,usSdJ ¢b pspdrd eohipstitione ahdgvact:ilﬁe composmons,

ag,. nyc tag_or the constant region of an
rGSPecamlyMalge @%ﬂtw@@eﬂe@y inqt hayadhs ﬂﬁg@ﬁymsem&ﬁ@%%wnce
ngl | heﬂt}:géifefreﬁ %%H}ﬁl\ﬁfés to'ﬂ?ﬂgq\ﬁo%"ﬁ%t dftebiRffol 1& fn¥e 'f)géesgﬂt invention

he 1'nvention can
are d1sske>ped ant WD ﬂZ/OﬁﬁQOﬁeort g@e}ﬂt dineddrtofline&li. dhupyondisgesfic erample of a

i ent i nase. | n anot her a pr o 10
pilin PG g Ak 1ot T5oG, R RULTEBan §-0i % kPl (Genbank roport
AF237M80 10U e: @O SP A feat EOB&’PQHH &AtbbIE Tob B @it RS ﬁﬁfeﬁtlon is a pilin
peptide synthesis Treactions known to a person skilled

havmg nhe ahéncaadid Sf@ﬂﬁm ovhinHowRapk mersirt BO4IRE, whishiisienesided by nucleic
nven r .bi ndi

acid he/w?% gmel nye geoglg? P?qﬂe ger ti‘,étg)%v gh(}teﬁlg%r&wgﬁrt’t r@%’}&B tf%e entire disclosures

of thesRPBEABeRkI 18Portd ABUALFEPOIafd [Réih B! referéBD Aloald thd@ature form of the
TNF-superfam |y using the inventive conpositions

conprising a TNF-peptide of the invention, preferably
a human TNF-peptide of the invention, bound to a core
partlcle and VLP respectlvely, may prOV|de a way of

. . o - - o,
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and/ or of bone-related di seases as well as to a nethod
of treating an autoi mune di sease and/ or a bone
woeb@tiiathedi sease by admi ni stering to a subj ect PCT/EP2005/005935
preferably to a human, the nodified VLP of the
invention. The treatnent is pr ¢ eferably a therapeutic
treatnent or alternatively 3 prophyl actic treatnent.
above Rfa@trcadestoritt Giontdlpenetilseasesretiigbly heursd @d) ?repare compositions and
carthritis, systemclu us erythemat osi s, | ammat ory
vaccing,eqaposiianis egneckiiely; ofi the Bwerligisi s, di abet es
FALP UG o Bt R0 b UL PLUDHe BEEAE L e prescnt invenion
will geneiaﬁyéxeb abils bmsesciateetoabirmapdered iaad rgetiion dﬁﬁgérsarrays Accordingly,
o riprostheti ostel si s, hone netastasis,
pilin m@r%%sp cglécp fcpra y Lgélgggmltﬁgl ite Frﬁpgraw§|aawt%§} the scope of the
presentdhG&itiof. syndr onme and primary billiary cirrhosis. In a
preferred enbodi nent, the TNF-peptide of the nodified
M@h@dqfar preppangpidi andatilus ke troétutes ér mivai 4sivell M Referod methods of

g LT N AL M Y

in WO bZA58905508 Pageor], Ugal s to Bdge 43) Bhepabl y to be used for
the manufacture of a nedi cament for the treat ment of

I oot insiacesi eeapills oarilustliksostruchupaee! di sempesitions and vaccine
) u - .
compoﬁ{lgrﬁﬁ: rr%g%:é’tl\%i ’ o? tVgﬁ‘r gﬁlﬂﬁ%b@?g%ﬁsoﬁm#ﬁe Hf)%log a pilin subunit.
Pili or mﬂwhlcsstﬁmtrdesahﬁtmed piidential subupBOwilbperralylte used.s,
I_g)\é‘fst henia gravis, Sjorgen's syndrong and nultiple
Pbsite, cqrpRasItmer &l His| {pvpaie alspsinciuge acornamsrr@rls and vaccines

| compn%i}f@{ gr gd éﬁl’ﬁ?@i EnBRnRls e'dnYr% Qo %et Gus P @?6\%%‘%@. Possible

core particle and inp ar o
methodsoxfi éﬁpe@sMhR)fdhmdwprefmrﬂeINmmmmsniﬂerf the dnfenton are disclosed in WO

tebrat rt| r a eutherian LIGHT
02/056%(2{%%%@ lm 2% are preferably to be used

Therpilik %rﬁﬁﬂﬁf Aal Lﬁeeﬁi%Ed 350 nfﬁ@'mﬁ%@btﬂeo bf YRe ifVeRBSIBIN a preferred
of "aut oi mune-di seases and of bone-rel ated di seases,

embodlm%ﬁ,eﬁhakﬂtyle@fi onh elWerpeptificart thei inventimdisdirkiodtte she Ipili @r pilus-like
structul%wgt g&,r e%gg 59 'hpﬁg% og :a/:grgfgﬁrgg:rrgtdhegl}li \érﬁcgt}t,la ’t}r%thaectaclnnent site is
an amipar grloup| @f-aOlysinbe namgllyi 66 n\ihfﬂaﬁfrallyh QcuriRNtd @ﬂlﬂ Sand the second
derived froma vertebrate, and in particular
attachment 1ise iarf SEASHIoEppR ML 1 6Ysteine rseasigted atiths ther ENF-peptide of the
inventiGi. efl?er ﬁp.J,tyanPothQ% &gtﬁdat a%m%{;'t 51¥Ea£}1éf ﬂl%hu[lﬁké%f bg a hetero-blfunctlonal
nmedi cament e treatnen aut ol mhune- ease
cross-linket. of bone-rel ated di seases preferably of syst em c
betes [

erh 0Si S, ut oi mune thyroid
VS e R RS 1S B PSRRI R 1815 4 S i rsembling
deicR RS o8 Bhth ?afgﬁ AL vihs-filfEpdrAvE
virs p g TNF- pept i dél o? tﬁ% nodi gl c‘c])r e par eygﬁgrﬂi’lenvual genote
and, thqjafom,@m poninfectious. Abdi Viresdlikg pyrticles catneber pmémierddn large quantities by
ived from a vertebrate in particular a
heterol%gﬁu'%gfgprgﬁs e c3hdieR é‘?)ﬁ?‘&&a r}jSuch conj ugat es are
TPk QkeTeabd ¥mbodilRnt 98 cdie pafthtfe FBNALACHIY $ar@Ele Bwherein the virus-like
nedi canent for thée treat nent of aut oi mune- di seases ]
particleaifd aofecpmbinant vauedide spaatids., The edkéliedbpsfisat cahepnoduesi ¢ LPs using
recombg{aﬂ] le\tl'jAs lé:%hsn\é%g%ma@r 61 sugoﬁ{}gé%%@%()\%hwh ard fréaaacfrl.rml Eth%EIXble to the
public. #Fohexanglk eﬂl@%b&mﬁ'seq@nf:@ bf B&firup eaVesgecst D PrbtdTR Rhn B engineered
the invention e TNF-peptide of the nodified core
for expgripioncines Aaghl @rrﬂrfsaquasaroarveéror fusEgnd gpmmeeriaflypayilaplgebaculovirus
r
vector, hgér{@t I'ﬁghﬁ@gﬁlétogg {S%\é{':ol‘il é’f,ﬁ r@fntofe?,pepﬁlaggﬁggh{é modifications of the
sequenczoty) aliav denaionalplisifage adil the tcodilng sageshct @6 thdéesgulatory sequence. The
manuf acture of a nedi canent for the treatnent of
aut oi mmune- di seases and of bone-rel ated di seases,
preferably of rheumatoid arthritis, multiple sclerosis
and autornnune thyrord dlsease In a further preferred

Y T Y a1 ' —— gp— . = Y a1



10

15

20

25

30

in particular a eutherian OX40L pol ypeptide. Such
conjugates are preferably to be used for the
wormsiiiatdesir e of a nedi canment for the treat ment POT/EP2005/005935
aut oi mune- di seases and of bone-rel ated di seases,
preferably of rheumatoid artfhhritis, inflamuatory bowel
di sease and nultiple scl eroél s. In a further preferred
codingeRbasticaefita vifustda@elopy opn bbl@rprotfehﬁca}_l"lﬁs@ﬁ@bhgﬁe&éd Fdtxpression in a
npdi fied core artlcle and in particular o
bacterighgypresgign yegtor, JPT eREnlhvention is derived froma
r r ut;he
s 7 P R, bt Ot B B AP B, 500 s B vis
(UlricH, et ak hérmaRed d@tl@rlelS@f(lwsmdnemmwﬁmﬁ QWahlr& & cﬁatGE?l@t]60.173 178

B N T T
(Twonfy! Iaf ol | VadPshe S 3: 0608€1519 %Y%Z}J'ﬁorﬂaﬁk Firhy r(ghﬁlﬁé X (6t fal., Science

preferred enmbodiment of the ifivention, the

. 250:1586- ItS&é(lrﬁ?@DfMeu;un@rM mani i £1@iradavesh 8[5’61#166{1463(19%)); ke retroviral

66 BT R b AL Bt e ot o Hopati
B Vlrust(OJV@p)@MlQQ*E) hoeeh ﬁéﬁﬂﬂoﬁﬂaﬁ% (M99 86N ab%xn& BreR8abiS RNA phages

for the manufacture of a nedi canent for e treat nent

such agif-phagsn iGhrrhaga AP2A8 whagaanddPBpbage- r el at ed di seases,
f_ar and ocarditi.s.
Iﬁuﬁ% G%B%%ﬁei eeFlr%egﬂSJ %%n)g’%tsé co érlng,n%re %Fglﬁlve]tyhegsentlally consist
of, or Alrngeely densidt dﬂlﬁcmﬂinﬁmtepblypﬁmdé@fdrlﬁé@lﬁﬂ@ thefeof, being selected -
particular of the nodified VLP, of the invention is
from 1gepigens P%WP%PW@Ft‘ébeﬁtaéﬂm%n@CPmb@amt pelypgptides of Norwalk virus,

1ecom‘tﬁ|;1lrxﬁé1lﬂ gf)g@gg‘&%@% &lg t feg e rrgﬂ%c?lgﬁg lt‘irggst gf F§5teand Mouth Disease

virus, m«zmbmamnpolﬁfpaptidhe otf rrms]me mirue,f readthbinanupalypiiidlas @8 Sindbis virus,
pref erably

N TEN M LR VT T E
recombifdn® PR peptiddy &F f—l@Fbétﬁ%rB Rk k. tgﬁ d; erRod)! ”F&Bm%fnahh Bolypeptides of

i nvention, the peptide of e nmodi fied cor
Tobacagamagseice ang, |n¢c<pmbmmlp@iyp@puddse o:ﬁoﬂldckedﬂdus@ Vaiis,t hecombinant

nvention i s _de d fr.oma_ver ebr
polypel RS, el Aol PRt AR o HaD PP, of bacteriophages,
recombiient Ugayeptides ofr RNey aidhyest Qe&ﬁn&iﬁﬁﬂ &N It)éﬂiﬁles of Ty, recombinant

manuf acture of a medi canent for the treatnent of

polypepfides ohiplacs: se@a@b@aahpplmemdﬁ%ofr @Aawh?@e @nd eegoabinant polypeptides
of QB-}%H %&.ﬁf}?@gﬁ‘uasﬁ%ke;?ﬁhgﬁecnn E{ﬂ@&éﬁ ?%%}919 taﬁ?ﬁﬁ?ﬂi%el Senttleﬁiy consist of,
or altemameéy cenbigndfp dneren inové ﬁfagmehﬂs\(ﬁ“rshd@ @olybblﬁldBNFaspﬁ’@ll iagl6/ariants of
% ified ore particle and in particul ar 0h .
such Pﬁwpﬂ &% F@%P PH]@PPI?W]@?IFP’M 318, @érw@aleﬁ @b Jnﬁaat 80%, 85%, 90%,
95%, 9YE, Ble@%tl&ntﬁﬂ;‘gt the aRd dckd1edE1 V@ltl?ﬂfen%'lcﬁ@r ycbﬁlt
pol ypepti d Such conjugates are prefera Ipy Brep USed
If @pretfd!medmnbmhmbmr dleohrlm-lrkeq:an‘aﬂmmmjﬁrmes tmefei‘dbﬁactomms essentially
a mune- di ses .and of bone-rel ated di se
of, or SleaBitiely YOS oF RGNS mBuielr o Logeens hempp ofh RNA-phage.

Preferablyd @S RO pRXgOReseMct@f Stk ki ohdistne
re eraal??s t hat gt hgér S?JI tcabl e nodi fgl%caé |cgn§sﬂS gr%dog?ag%@ﬁo hage QP; b)

bacteriqphiagh eR bt Rb dencteniophasgs! ific ad)l dastedesinge b6 ; he) ehanteapphage SP; f)

bacteri p%%% Msﬁ @g{)ag{éolp%ﬂ%%m%ﬁ)t g%:gerg\lf)%t hoﬂ/@ﬁ]g 015% ﬁrtu%)hage NL95; k)

bacteridghage s 1) bkawrivpha@PRIE a6d h‘bfbdcttalh@)ﬂé ea@npsinvention in
detail, the sanme will be nore cl.early understood by

In @?%beémé#e%d embodigienbol the Presentnventiongthe Hirng-tike particle comprises,
€ r P
or alteﬂnﬁgl/éfge no I%%Séelﬁl it ct)ipL%% a(fﬁe? 1?&19{ !:clnf%s%%gf Ir%{;)eﬁ{f %11: proteins, or
EXAMPLES Havi ng now fully descri bed t he present
invention in sone detail by way of illustration and
exanpl e for purposes of clarity of understanding, it
will be obvious to one of ordinary skill in theart
that the same can be perfornmed by nodifying or

g,
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nol ecul ar weight with respect to the Qo capsid nononer
are visible, clearly denonstrating the successf ul
wonoesgdenki ng of the nmTNFa(4-23) peptide to tReT@2005/005935
capsid. B. Imunization of mce w th nINFa(4-23)
pepti de coupled to Q capsid_protein. Four female
Bal b/c m ce were immni sed wfth Qb capsid protein
fragmeBRUBERHS, t&f {he @Nﬂi%ﬁe‘ﬁ«%ﬁ%gap ept bidef thEWRNALbAdtMEoTEgOfr, or of the
total protein were diluted in PBS to 200 m and
RNA-bagfedephage B0t aneousl y (100 nl on two ventral sides)
, 6 . Two Im.ce i ved . .
190 S0P et S, £ e R et B Pt v
comprisd, e nlttinativety eonsid chh@tivBe 6f, B2 alteinbide]P cOEE OF coit proteins of RNA
Alum Mce were bled retroorbitally on days 0 and 32,
phagesand sera were anal ysed usi ng nouse TNFa- and human
RINE2L8REGaf bfotdihd R 6 et
eit %eréé\?\ngdtahb nouse TNI‘;:E.‘atg %:Pgt Siogvg%h%n% a&gt}l g? %lgtﬁl%p hage coat
proteinatcompetible evitlr sefl f-ansernblylintga whpsidrbe a PIIaR, ese, iherefdot, doktket preferred
and th i ncubateed wth serially di]uted noyse sera
embodfiiGi G5 ghes BeSER ety BUGIebePAe el Of PEREI T example, can be
expres@BZYEBRBiRyYinl RRRY edrAd LpdPURE xBfes@bh A Yroteins spontaneously
Anti body titers of nouse Sera were cal culated as the
form capeidagd dditianalize théseucapsids Woring ha | iictuge hwith amxinhedent repetitive
tical density at 450 nm The average anti-nouse TNFa
PRrs were 18800 for nice which had been inmunized in

Sgbﬁﬁa@iﬁﬁﬁ&i ofandlks ¥ Bhctéiéhhd B @(Qat%%teﬁis Ghivh cgh boaged to prepare
een i muni zed in the Er esence -of um_ Surprisingly,

compogHigRy, Of Bat Ingentipnt in theTrpat  profenss off RNRKe begtgorhwges such as

RIS S L8, WSPHERARR 0

SEQ IDidtartisAcedssion bat AAWUSE63atfennngiot @ wlNratedn)2Bct@iphhgteR17 (SEQ
oY S at, B P S ot SBALET ARR csion e.

organiz:e)lﬁ

VCBPIRL bl dheeanGiabqdices 119 Niess, eBhRE Wl W't KP-040754),

generatedin"m ce have neutrali'zing activity, In vi
bacterigphage 5§ @FERY3 NO1I; kenBanib dseesaivd NaurBAABNFA sfelringeo ISP CP and

R S T RN Bt A W A

(SEQ IONOe! 1rpIRIA REdshiet NODWEBPM2)hHasG ophEge MIQYESED BNNO:12; GenBank
i ncubated with serial dilutions of a reconbi nant nouse

AccessipgrNp- BAECEG2S0bnbastastophageo M4 (EEQNHEP M8@t13nsmdBank Accession No.
INGERI + hEC. o) LR, ectively. . Bound .nr ot ei
e G 0.0 A, S R BBEAe Racron
bacterisinigt g2 {$BQAM NI, @éﬁBdﬁkd&cceEﬁ’éﬂlNﬁNF%61“?,9be_fct@io@ﬁage PP7 (SEQ
i ni

roteins were found to bind with_a high af ty )
ID NCE s apdshanigriopbagn A0S (I G28hnkirihospee, dhe kb eprotein of

vt B AREY) 18N TATA(C BN RS: K@ SA0E RO S 100. 150 o

180 angfio ravids efr@andtsh Cramihi-angyr bt éncorpavatelhanra caspeassemely of QB coat
. receptars.. ELI SA pl at re therefore coated with |

proteing; @ﬁ%rﬁkbd%eepweﬂg%ﬂf B Hpmrﬁa‘%{e 9 el defft Mt qagpid assembly

will be Ymitdd, i%rﬁ%pto%ﬂgn%aﬁs%%taﬁgnw th serial dilutions of

nouse sera fromday 32 and 0.25 nM nmouse or human
QBNFRE pindteinf iesi twmen fownd ko self-esspmblel ingd yapsRismahengexyfressed in E. coli

(Koo MY bt e 1 T d Ry Dl e ARG okt Wi partile

showed b -iéNaBdRNSpldaallika! dapsi@r Ardctibé Miitted Gatekf bfablymtdhe@ T=3 quasi

bi ndi ng of nobuse TNFa protein to its receptor. i .
symmeryr Fpharpthe crystalstroire af Fhage Qhas heenssieeds She capsid contains 180

. b bit he bi.ndi f, _human TNEa prot ej [ .

copies o MR brlidfy S BR Gl ik plfy s Bl byl by cisusice
bridgesd éGolnEshaminedi, Rt et raly NS tztire 4 it 3-55 54T NFo )y 189dine pd | 0 @emarkable

coupled to Qb capsid can yield antibodi es which are

able to neutralize the interactions of both nobuse and

human TNFa protein with their cognate

receptors. EXAMPLE 2 A. Coupling of feline (f)

—— . pp— A o o L T - s . - Y
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1 ng/mm. The plates were bl ocked and then incubated
wth serially diluted nouse sera fromday 35. Bound
wanvoshotices were detected with enzymati cal |y | abeiErews/ 005935
anti-nouse 1gG anti body. Antibody titers of nobuse sera
were cal cul ated as the average of those dilutions
which led to hal f maxi mal 63 i'cal density at 450 nm
stabilityf e thY efaid of B cbid FRbteiiNERpkidt &F VIR fadd Fonk @écomitifant QB coat
. Which had been i muni zed in the absence of adjuvant =
proteingpgy oaag, hayyevist. sabumitsaiet Hakedoda disulderinks do prher pebunits within the

s 1 pLe Lo F i .
copsi SERENERAN, BT AR DNARSTTRoR B B AP B S apns e
linked vizedivalfide beidpést thasath Athemwdthin GROVLPOThus, mgom\ﬁlt'badhmg‘lﬁdombinant QB

.. received the cine in the presgnce of Alum These )
capsid B%Pa?ﬂ%‘ﬂ’cfﬁlﬁ $1§§-§’4<ﬁ%tbmﬂwﬁ%aw 8RS (R IRnemREs Q-cpgh protein as well

b ! .
o anB SRR P |kl s S DpLEEHE B it froompiet
disulfideelimksdli sohuwits creld pppdaz ianglimer itthodi es e@er @trafiermbail in non-reducing

[ (Zed with fTNFa(,4-23) coypled to Qb capsid were .
SDS-P AL S Ftmiin Al 0 AP S G OBFAH FvRe and denaturing
agents.BUHAsiARY, MeTRe Uik vBd WL TMED sEhictéRENS chhdBirations as high as

receptors. ELISA plates were therefore coated with

30%, apd Guanidipiysiecencenitations TNBighpasot Al oatot affsonihe mtatdlity of the capsid.

. / d.co-icubated wi.th serial dilutions. of .
The high s o, 0 e R0 35 BELAT AR HnARtlocBl Fohi inrticutar, fo
its use TNERInuhZatidn ah® Radvimitioh b fiesReRand HumanBiin dtd@daice of the present
) .receptor to immobilized TNFa protein was detected with
mventiplyr se raddi sh peroxi dase conjugated anti-hFc anti body.
i~ - 1 Bat. al S ' i hi : i KkC :
G PP oo bt Wpacg Dol b, s ety
removedyns ver oloseevedasy NHomninanE&ingn s@Rienting ssateecrtedaina$isl), E. ef al, J.

. i.nhi Ri indi of humanp _TNFa protein to its .
Biol. Cligg, 2?%5?%-@5&&% VP ommasedh fropy Rp a8y profsies whese the N-terminal

thioFiREPAS hbPbRnrBRAbvddIH W 2B o Ribridnkh hilEa( | :
e 10coupl ed to 65 ca%si d can vyi glltfjél g%t i%%ﬁgs&\ﬁ?%%ﬁiﬁéﬂgwmw the
N-termigial engthioningt isadifhee clewed pt greseni ersaled viattih the ssepeaot the present
human TNFa protein with their cognate receptors.

MPLE 3 A. Coupling of nouse TNFa protein to Qo

FEARSY herrel SArAELIIRE Phficlbs ©P RN A iphRgesOfn Bt Eh accordance of
__ cysteine containing linker, a hexahistidine tag and
this invehdomareudiscloseriim &V ONRA 59905 cthe disclsnesygfondichds haewith macorporated

i ds. 78 t0,.233 of the i nmmt tein I D .
by G T R ) R BB e SRl Pepation of VIP
particled fiebnP Qi if dRelok& MEERET § ¥f WO 85/056905y :
chromat ography. A solution containing 1.4 ng/m of )
Furihey Nt hage icpatapoteinsHiEpeslso een fawa @ selisamblospon expression
in o bofIEHPROOGLIAP A" e DO LIMELAN I8 Y, KhMhntas, T e

Dokl. AatieNoubhSESR Y87 abDas55 ¢$98HeAdhing MRItdrQil, Olirdddly MO:288-242 (1989),
) 3.06 /m Qb ca sidze}roteinin_zo mM HEPES, 150 nM
Ni, CZneghy alprotesn Seis S HSA-2A8A A &) Briawtd G Hutles) Aok diih 249:283-297
: . . . . . ]
(1995 FRESIPIHEE otddechudinin Q1B SOy b @, (o seadthrongh
protein afyhiand tth¢ woatGrafio pastei@sAdf A2 Ois rdehtiaRASH kliphréssiaar at2the UGA stop
hour s d 14 rs,.respectiyvely. Sixt of the . .
codon g ey 4 e A arar S&O_@_aé? QU iibipefepahbreingsed in the
inventid istRPoRINSE A8 ATl si@brdt 18, AN dohntRits RNA R6B-th€H8EEhe coat protein of
mouse TNFa protefn and incubated for 4 hours at 150C
RNA phegesciseari BNA diwlisg iprkteing andngteraotsedithribe siam wesp of the ribosomal
... repov, by .2 x 2 h di.alysis at, 4 0C aqgai nst, PBS _.usi.ng
vinding, §EY1 e el S 1k 28 PN aloRSIrRTAT WG HIE LS bycle of the
virus. THe Sqiee 20stRRQrbReIBmeh@NBMihE dhieRRtioh afd &Bowh (Witherell, GW. &
nmouse TNFa protein coupled to Qo capsid. Four fenale
C57B1/6 mce were immuni sed with Q capsid protein
coupled to nouse TNFa protein. Twenty-five ng of total
protein were diluted in PBS to 200 nl and injected

AN~ T Y T T ~

inventi

oy o
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concentration of 5 ng/m, and co-incubated with seri al

di lutions of nobuse sera fromday 49 and 0.25 nM nouse
wonrotsunress3 TNFRI - hFc fusi on protein, respectivePgI/EP2005/005935

Bi ndi ng of receptor to inmmobilized TNFa protein was

detected with horse raddi sh peroxi dase conj ugated

anti-hFc antibody. Fig.4A Shows that all sera

Uhlenbeak) OCt Siodpetdrhyi 287196 {(he8dhi Dith 9 ephl NP UsEL Tea. 271:31839-31845
otein to its receptor. On the contrary, as shown in

r
(1996)% Hhe stgm lope andRNdeimagemetpl for kneim 3o tbetinwolyedian thy vitus assembly
Gol :Nga, 06 NS receptor. These data
(Golm ermn%iiqi"\gt%tg{lhgtﬁbgtr%%ﬁ%%tss%ga\%b "nouse TNFa coupl ed

Ihoa Qurthep gireferrad grheddimantt ob ctlé esrewdnt Glivattenalhe vifis-like particle
neutraljze the interaction @f npuse but not human TNFa

compriseth i AlIHRFH Sh SoPsiFtasisaatial ole 8 pilisrattilmyppnsisls Af recombinant
. . ( _ H H 1 .

poci§P 40 sl WOAA o K B sy By SRS, S compri

alternaHFgIFS;ongis0 esseMiNyChf pHalterRatiwly eantigdofl mutano coatnprosdns of a RNA

phoge, bR T RRBh E B AL bt U e Saergl sbove. In one

embodirBé ! the At ebhioftotetnstir@fusaRidrafeint WtPYFNTSbeptie oBthe invention.
lchanges of 20 %OHESES pH 7dp§ f})r 4 hours aergjd1 12 the invention. In

anothep, pigferedr eprdimienie tye mtt deatipveteing of tenBNa phageddvebeen modified

' [ ' i 1 h HEPES pH 7. 2. and a 5 fold. .
by rem‘?nﬁg%llﬁf4 ag )ﬁ:eéléégﬂgo ?S? %%ét”e%? aty gist %ﬁ?’%@e ﬁs&c}ye{h;(ew%gé stitution, or
by additidnaeihareisist Sint SyHiREEsidRe N 29 oﬂﬁ%ﬁfﬁﬁﬁi‘{;\/ﬁ}erﬁé’[ﬂflelgrﬁ the mutant coat
Cross ing.

| %ug‘gt ed for 2 hours at 16C for_ chem cal )
proteingyf S RO .@Z%aeff bave Beengppdifigd by delstion of alileasy sne, qitaligrnatively at
| . . PRS , ! i tali : . '
et o3 AGRERATE o L 8880 0F LR B Bl ] B3 crion, T
deletiosepabstitugion o aldiforoBatiqst yac tysimemedielugalllowsdelying the degree of
1.reducig conditigﬁ& and .stained wth golcl) ssie to .
couplingg At (hS) 2FQunE o5 SN (R 1idRS B TRnIrREAROLRE i et R Aephages, in
particufdd, 16 @RHeIanBailbFIRREFidehRRtsQf 18 GRciffet N MINF a(ll - 18)
peptide coupled to capsid protein. Ei ght female
IBanasher prifsered embodinmit sbel vinis-likarticlp sothprises er alternatively consists
LR AR Mo b o U il S o, o
RNA-batteddghagh) (gﬁ,t leRibehd anteabilant pideinFlcoffpris¥Oo SMdhatvely consist
.Sides) on day 0, day 14 and day 21. Four mce receive
essentiglhjpofy gt aligiatiyelhensist REcest Bt ateibh hasfing Ay amijoacith sequente of SEQ ID

. ] Lve t VaGeGi in t (S
04, BRERFERRY ofc O S 84T b BOF Pl USRS 3P wn or sk
ID NO35 or amstaisered $EQ MnaA(Q:S emdushdrginmheSe-tdiNiingl methionine is preferably
dgr otein-specific ELI SA. C. ELISA ELISA plates are
cleaved;nat ed either with nouse TNFa protein at a ‘
1§ O 8 AL A bl 8 | clyed andy; i
then i ncugat ed&Ivviet]’?]Hmég{f]%natll ?g%ﬁ@%ﬁt g%%ngblg’f lﬁr?remyggg like particle
comprisesy gofisigisnes@ntidily oBou rudterativélpdioasisaref wedmbinant piotdins of QB, or
enzy.matical | abgl 1 ed anti-nmouse. | gG anti body. ) .
frogmei Misotgy: - VhEPL” dh noGRBPBHS P Eins apetPde oL lERgtively consis
essenti@lke o0 @r OfltekAnRlydicbidistons nihheh Jpedosio ﬁﬁﬁélﬁs”?ﬁ( | fiBther preferred
optical density at 450 nm Anti-nouse TNFa protein
embodimang rtesgr muipah segtauotensdane hserr atodifiddeby resuaval ofi abfeast one lysine
.1 apt i i @s ogni zing the.TNFa protein. D. Detectjon
reSIdueow n‘g%tg rogl Slui) ?ﬁ}%‘ggﬁ’t %g’ i %_dltf%“ bt fﬁﬂ%t het lﬁfée residue'by way of
substiti@tivhi Aleiredveentess Retanhcdbt peotEiaY BavtShbehahd&fiod b% deletion of at least
activity, in vitro binding assays for nouse or human
one lysmqrasidhecs 0k by aggitinn pf at leass peebysips residpedvevaeebipsation.

- ar ' DA e e .
A RGN shiten S B8 SABLEE e kAT B 1y oven. 0
mutants, rfot i ddexpobdd Hireadesidiidsuire agslacdd By hddn®y SmndlsaTBes8ed for the
or human TNFRI - hFc fusion protein. Bound protein is
detected with a horse raddi sh peroxi dase conj ugat ed

anti-hFc anti body. Sera of mce inmunized with
mMINFa(l1-18) coupled to Qb capsid are tested for their

. e gpe—
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B. I nmuni zation of mce with mINFa(9-20) peptide
coupled to Qb capsid protein. Eight female Bal b/c mce
wanesimmeai sed with Qo capsid protein coupl ed POTHER2005/005935

nMINFa( 9- 20) peptide. Twenty-five mcrograns of total

protein are diluted in PBS tQ 200 m and injected

subcut aneously (100 m on two ventral sides) on day O,

presentveddoraithedfdiloRing GBUdoatrpfifeih SRGEMSE 2B EnMBRCY eVLPS4 can, thus, be

er

L. W thout the addition of any adjuvant and the oth
used ingihe grachiewphibe imenyar Q240! (Lyel 3pfegs SEELIRD N D' QRM248" (Asn 10-

. t b el '
Lys, SEOEIBAGSISELOROTRY (U4 KA B54R R BTy MOBFHGS5F (20
NO:20Flah@A (B2 3R (ilyat 2o\rgy Eyskianed SEQNEY NOLM). MDuse id Mmdher preferred
b dg{lotel rghat a concentration of 1 %g/m . The plates are
embodiineit iof iheprasenf Sy entien, $he REusslikep Fle gompriges. Gowdstpewratially of or
e - | . .
altemagffelﬂméb‘ﬁﬁsﬁ_ bR rdcbRIIRY éﬁ?{fegl@lodafggﬂufagg @%%’0&? mgﬁft&n% g\&hlch comprise

_detected with enzynati ti-nbuse
proteing havipg dy aminn adid sgquencasselectfd fon sle grenmofin)athe aning @fidstquence of

he. average of those dil ytj ich led to half.
S50 10N BB rS hek ot o su0p S N: e i sequence of
SEQ IIPNO2DNd) the @frin@h&d RBARMESHE SLQUSMRDSAT; 3L8 &) B amino acid sequence
i nducti on of antibodies recognizing the TNFa protein.

of SEQOID pY:aE+t Thsreonstrpgstiony exiredsing andiiubididatéen dhthe @bove indicated QP coat
. e t] | e enerated.jn mce.have . .
p rotemﬁ’g‘éﬁlﬁa 4 ?F’j’na&gc}? 1{9)8%1 y‘?L ??1 Py F%Psbqsn dPR Cté‘éei%rygref gpscribed in WO
02/0569@19e patichlanrhefd¥yaefeiet @b BExihple 1i8teF abesd@ehioHRd application.
cognfate receptor TNFRI are established. ELISA plates )
T & TPRbsTe PG TG gbedignet @l thay/Mresent imvsugen.othen iyimusrlike particle
{JNFa,.py ' ' it r i l.utions,of ~a .
compifh 1 PRSI Sl Sl {338  Fecombian
proteinBoafn@Pproot eagmérss didrect, evhattinhtha feosmbinaad @rcbins comprise, consist

.per oxi dase conj ugat.ed anti-hFc anti body. Sera of mce
essentlﬁm rfit&nwﬁyﬁ&ﬁgwét( az@)xt%r@lj)é pgéertqgle@ t]é%ggﬁz@uag @B mutants and
the corfeSdREhd A1 ptdigih! ability to inhibit the binding of

mouse or human TNFa protein to its respective
In e dprtlonr. prfargd simbodinant eoft er gpfoert to@nhtion,witteh virus-like particle

.ei.ther use or human TNFa.prot.ein at a.cqncentrati on )
comprigs, B MG LU iRy O oh alemRdyely asisbngl speombinant
proteing} op GelmehisHBIESE, SERNALpRPeder2085 and 0.35 nM nouse or

human receptor fusion protein. Binding of receptor to

TherHA00i geagme pasips sifed matwmetian groteimideaat protbip, ahreplicase and two

g ddish . o
open <306, A4S0 BL  LRT B8l o R A gy et e
playingGorobdTiNRh¢ &a@ditidnoftht hagestiomgime gRIGAIID. | dric®, MOGE). ViR 83:1523-

53 b BBl aTS Bybseriomse ob parIcRRY oh ok IngHoENATARS2, how to

o o o | . .
in RSG5 Sonph s SRR e g end 0o
purificationt theretsf. oVE 20A/D0EI3Y, usd deteby dasmytitia #ikf indrated Hxamples, are
i a#%-infl%mtorg %gents. e PBA/1 m wer e .
neorpofaied, Meteiy OY W, £ 5 ALHTRELS, e Vi Fee ¥% lgmunggepe, and can be
linked %ith TWE Bep@idithiohe 8hv - (Picéi 3 i
. alone ( nzggc)l, and t.heér%ﬁibﬁjqégtgg%%?mfa 8 gﬁi}: ncg)gsatég%sng ki ly%)mg the TNF
peptideg @bl Baenting GBntad inha KPotitige moviereHighpttery are allicaeagainst the so

. 1 wi t.n conpl ete Ereund's j.uvan ter. the ) .
display@ ¥R Bobifle AR Shdentin SRSt e M oML bkt g imvention are
accessitsle go iaferdotiah SvithntiBody mdleeales SOAR iﬁ]ﬁﬁﬁbﬁ&ﬁé.r om0 to 3

was assigned to each |inb according to the degree of
Iy @q dethen gprgiraredwembpdignesh st thed preveintenvetices bt wirushke particle
-Sec . I 0 iQn t erage. ¢lingcal ..
compriSSAMMCRAL| AOELEAY B8RH 2 RS EnSHA At 2bpoinant moten
coat prateiny i fiadments thegbofiTiNha RN 2-PhageaNB265.67 in the group
whi ch had been i mmuni zed with Qb al one. Moreover, 80%
of the m ce receiving Q-niTNFa(4-23) showed no
synptons at all throughout the course of the
experinment, as conpared to only 33% of the mce

rs o o L,
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MRANKL(| 55-174) peptide. Twenty-five m crograns of

total protein were diluted in PBS to 200 nl and
wonpectieg3 subcut aneously (100 mi on two vent r alPCSiE®e®}p/005935

on day 0, day 14 and day 21. Four mce received the

vacci ne without the additi og of any adjuvant and the

other 4 nmice received the V&€€ine in the presence of
ABkiBly Mo ettt Auling thring lf aPnb5 valHsyinRhiddRY APE0 et lvtein with the
_and sera were anal ysed using nouse RANKL-" and human

substityariQL BiobBe fat @ning 8pd Tto Hiregming|mayAalsp decssedenethe practice of the

. . (.the | NKL or. h n .RANKL p ehn.

mveni P38 e 0 et s R WA b P IR S o e

AP205Rdoc5-The rnd nthe hairddatéed fsBe i alLPy att QistReed a0 W002004/007538, and
use, sera from day 35. Bound antibodi es were detec

. . , t ed
therein i\ PATHSHIR) RUIR Erpppledband gmple 2 rbligsdisqlrarant ma9o4/307 538, and,
in puclih 0L £43 TraBOT BELDr IERURALEHIPIAE el by ey of

referenagpt i cal density at 450 nm Anti-nouse RANKL titers
wer 600 far mice,which h been i munized in the )
1, 56 &tk foPr_eg%ﬂf%n‘v GRDOSHHEPTS 4008 SFSTG BRI s vBeshike partcle
compriseRTYPi ABfhativelly Qs RES ”&ﬁxsﬁfshgﬂ W al%@@ﬁ%@”@&ﬁsis@% of a mixture of

anti-human RANKL titefrs of the same sera resulted In
recombgtant RoFAgirgteisndl Gagmertydereofi ofitha R AgbegoAP202@0d afidecombinant

55800,, res tive These..d denon e that
mutant St Hiors 78 BT el £ s K0 asSRRE PGB <ot e 1o
I Yin@hdts pRfértddo @S dihing Noff G0 PRdsé® IRERoR NEheNYiFBdlike particle
_RANKL [I)r otei n equal {s'i'i/ well. D tection of )
comprigesy OF allfesnayelinessendigilascopsistseet, whaltdegtivelye consisih @i feagments of
. | . i . Vi
recombERECEL B 0 SR S ALGERRSAEL M o i AP
RetmenbinatgARP @S rcoatepiotsis frapusatsRAMNAbRNAL AsseRb]liRANKIOVMB'ELP and a
.. establi ?hed. LI S%t es were therefore, coated with
capsid, TeSPREHIYRLY GFe alsp mspiufrydhe BracHgmvth thealrentisnotlépse Hagments may be
W sl [ d
snerf Al SRl ) U el 1S A9 T Sent cou
proteinRAaMechiFelyf Instmionp imothei avat pesgie ahd veitant cBatuprdtan s¢qeience or fusions

s detected with.a horse raddi sh peroxidase :
of a T petifle Shitieniiveich Gnfbf toal DS TR RARME NG eptgih sequence, and
compatiVl®WBINSss¥RbE, fiRdAAVED, BleNiritbt BmBodih@htsadf hRiihYention and lead to
. (0.1-0.5 nM to their respective |ligands. Sera of mce
chimerii fhRE{I5zendt mrQtingRaMKactides, 1dpyctislip quicoipr apsisertions, deletions

[ he ed for thei b | | to inhibit,the .
and sl 1t BROEH selenb i ikt 35 bt Bl Mep bty o a vip
can be det&pfiadd Meeleee@Phitisscopy.! SA pl ates were therefore
coated with either nmouse or human RANKL protein at a

The nedistes fprnesd & theARgporgoat pistpinrorhpigkut S@ewents and chimeric coat
i85 b 1805 LB A0 BRAEE BRI hin s
precipitatapend iof phyificBionditeyy of gelefileption usiag iergrepharssdCRAMNIKLSepharose

protein was _detected wth _horse raddish peroxidase, ) )
CL-ZBac{Wﬁ“a@a% ﬁﬁuéﬁﬁpﬁm@ tGOBBUgALORS frerepk gﬂﬁweﬁwﬁ of lating virus-
like parfiefel BrPRQwil 1R dnd BBG el ek ky isBLb?e HeRGRGiKR fpaRISEVLPs) of

RANKL protein to ifs receptor. Furthernore, as dHown
bacteridphags §.P268, Forhexagmie the nseropoltlacedtsmgatadn toi isebitt N&Ps of the yeast

conaf b8y DAED, EKLPBLOS ) 41, L4 0001 LSCERAY oo

herein ih HdeRtizRs. | On Wi th MRANKL(155-174) peptide coupled to
Qb capsid can yield antibodies which are able to .
Theutcrestal z estrughirg noér severainsROA b besienenhegesanbashubesm  determined

rgtein wigh their t eptors. LE .8
(Cormeff e 1154 KD, 99908 BOOBRERIRE sy e fon, st
exposedfesidaesca tseolduiitifivd @i, S RNBLgHagbos pRGERS PAObEmddifled such that

20 MM HEPES, 150 mM NaCl pH 7.2 is reacted for 60

m nutes at roomtenperature with a 10 fold nol ar
excess of SMPH (SMPH stocksol ution dissolved in DVSO) .
The reaction solution is dialysed at 4 C against two 3

A 1 Y ~ N T IrrNr—esN 11 = o~
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The plates are bl ocked and then incubated wth
serially diluted pools of nobuse sera from day 35.
w8awsd1a9s8i bodi es are detected with enzymati calPCY/EP2005/005935
| abel | ed anti-nouse 1 gG anti body. Antibody titers of
nouse sera are cal cul ated as_the average of those
dilutions which led to hal T %Raxi mal optical density at
one or Affe FictiANAhiB0ALSE rdSRNKS-cdn E&h%rﬁid%gfwéﬁ Bf Bderi®n or substitution. As
denonstrate the induction of antibodies recognized the
a consmme pheseanadifipd forpe ef bagieridphageicoatl nreteing cant 4lbobE ased for the
e i.n._m. hayve
present Gk, HHEL b URAPIERS W, RERCHRRES SrlaBuiFy Wonres (e

coat plmmiﬁﬁ oD babisriephdgANEB, pidériiphayd lRl‘l7j bacté 6¢ if¥,Ebacteriophage GA,
recept or RANK- hFc re establ i she ELI SA
bactefljaﬂ’%s aPECtPHEPAES et 400 a fiet) bag %IPPPP@%M% @R ghsubeugnd to prepare
t r "
oS0 EAY S5 A0 PAUPATE SAES s of e s
1nvent1bm3| on protein. Bound protein is detected with a horse

ddIS er oxi da conjugated anti hFc. anti body.._ Sera ..
O he TR T DA RGPS Atuboe) Ay grdlifigr fgm their wild-
type c&ﬁ)@ébﬁt@rtﬁes‘eeﬁr%t foRbtefnB okl ekdlfyyretteﬁn'tﬁg'al‘aiﬂty th&0orm capsids or

bi ndi ng of nmouse or human RANKL protein to it
capsid-lilse petmqtur@s r é&l@lp,t dhe Evesiom| fattber dneudése r@irmoeltmom adl vaccine

compo%'{ ﬁﬁpggtgve Elfg @gﬁ?ﬁ inc g' }%161%‘(8 ﬁbﬁpghlg%vah form capsids or

capsid-$iRe i ﬁﬂ*ucdjrés,lt 40 %ellOfas ampools Ghr R&SEIn geélithf cOiMpEaNonkS and vaccine
and 0.35 nM nouse or human receptor fusion protein.

compogfipgs, feppestivel dpdigiduabprofaid SPiunits dserhbekprepatst Bich capgositions, and
[ [ 1 A6L r

nucleic etcgddfn'a cmeetrs gﬁ?c}gérééolgg ﬁlj@?egé gf(géﬁansl %H%%V::ntl% %91 W®ithin the scope of

the 1nvEXMIn£vﬁ1aht fezmspifivigd-te pRAGIKS (vhED-fori )capﬁcbi 0rdﬁp§1@-h@@ structures

rotelnAsoI ion of 3.06 capsid
and retﬁflaﬁee%a ity fo sgsogiat rm £ARFida rma@”gﬁlﬂqe FATUCHIESy eact ed

A0n RQuifl e %eﬁhoﬁ Oﬁﬁh&e RBEARE U Wisttibn@ %lrgi fvg{:c%e composmons
mol ar excess of H (SMPH stock sol ution diss
respectDIvBQ)conmmmgeamwms} whichtdoompriss, di altgrsetivedy cédngst essent1ally of, or

atemmafiy S5y o3 vyt PO 4puedocs VBN 9o e BaPTh, B15 807 057 97%, o

99% 1d€hﬁ’day Z(ﬁdfll@fi bﬂd)ttélfwwhi%h Forh€ Brdbbddarddy s Bl HERES aﬁﬂﬂ?er&lt repetitive
and nol ar excess of NMRANKL(160-171) peptid
structuzgy telﬁpftqﬁéfeléfecond attachment site (SEQ I D NO 126

rlfy il ook, R oBEE TS et lioh, AR MRS aneligl s whicn

encodedroteidB udéchﬂoyfﬁblﬁaraboﬂﬁos@@ﬁis S theB&sent ivess. of
precipitation, |ower excess of SVPH and/or peptide are

Iy other coodiraenty rthe dryentign duglasaipelides enimpositpgs comprising proteins,
I - red 0
which ST 6E AR Aol BB o AEARRLAY RORIES amino acid
sequencds wiieh afAdtKbasp 8QYd, B5%E, G0VHOS5T 9o B @9%Bidentical to any of the amino
| muni zatiqQn Of m ' MRANKL(160- 171) peptide
acid SeHBULT OWI@%&@@%% ein. Eight female Balb/c nmice
PR§tEint NEMABIS Sfbr WadeNin Mo PR2EA PRELRIN akBURKR-e! @-t&lﬁﬁnal truncation
MRANKL(160- 171) peptide. Twenty-five m crograns of
mutants of gjotepma)whlch farme caipshdst @ctapsid RS stroctBGd, o VRAs Spemﬁc examples of
I nj_ect ed eous 100 Ml on two.ventr al
sueh g% S SRR i feyne gh i A0 PR eslER T any of SEQ
ID NO¥-20q | wigeril { Qoslt7,t9b eo2pidilui p9) Rl 7amvingdridy ARve B reiBved from the

other 4 mice receive the vaccine in the presence of
C-termjugmlypicaldy. athesds| demeinplobrngatiah | suigntsdayid retain the3ability to form

. 2 & ar l.ysed using nouse RANKL-specific
Capﬂds%ﬁ%%%&%ﬁ%ﬁ?@%[{%ﬁ SA plates are coated either with

nouse RANKL at a concentration of 1 ng/m . The plates
are bl ocked and then incubated with serially diluted
pool s of nobuse sera fromday 35. Bound anti bodies are
detected with enzymatically |abelled anti-nouse |1gG
anti body. Anti body tlters of nouse sera are cal cuI at ed

o " o o " o
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EXAVPLE 10 A. Coupling of nRANKL(161-170) peptide to

Qo capsid protein A solution of 2.8 ng/mM Qo capsid
wonroeisaiimedn 20 mM HEPES, 150 mM NaCl pH 7. 2 waBCTa&Red0s/d05935

for 35 mnutes at roomtenperature with a 20 fold

nol ar excess of SMPH (SMPH st ock solution dissolved in

DVBO) . The reaction sol uti orf\as di al ysed at 4 0C
RgihkRplotdiNsultaBle Tan@eSn dhe p@sdmMidvehEs kb ﬁlc‘fth(N-téimmal truncation
total of 4 hours. The derivatized and dial yzed

mutants qfprotsinswaBichi foew wipsids 20 rpsilEPES ey Spseifis examples of such

vunca ) s SR A ABE L AR S\l Bl s

NOs: 4émdwhe’re ab2s 5d/, Don0,212hadr $5,adr 175mihe acidb hﬁif@@éen removed from the N-

g, ss|ipki gg Uncoupl ed pept| de was renove ﬁ%‘l .

termm% PRIcGHY. t q:sgﬂ\l;gqrgngﬂl twn@t@gdp%pts gvilf r@ﬁamgbe ifHopfarm capsids or
id e Grflcied an additional dialysis of 2 hours at 4C

capst aggl ns(t: 3 1 of the same buffer. Coupled products were
Adligors euoteins aullale SMSugw iy ter yiesamt devegeiburidende N- and C-terminal

tmncatgqei)gﬁfqtq@s p%é%cﬁolag]g gzmasﬂcg %g%{gf hl\éwe tgm%%‘ég? 'ia%Ietl%?cation mutants
1ncludé3§1@'té1ﬁ*§hév@n§ ﬁ?aﬂho%ﬁ)é EuemRV&lodn 1Q %z)f &EQ ﬂ§ N&&S£91 where 1, 2,

| ecul ar weight with respect to the capsi d nonomer
5,7, 9v0é} d2y14%ilB) e I'taminol qm@elmnbwatanmedtﬁ@nsﬂxedég@ﬁunus and 1,2,5,7,

010 53014 R P9yl 0 B ASAGA BB bRl 0B, e .

terminfAiRANKE-final tRhcavaninafntsOwiloretaR Shetatilitt6ifbrm E@pbﬁds or capsid-like

femal e C57B1/6 mce were i nmmuni zed with Qb capsid
Stfucmfﬂ'sotel n coupled to the NMRANKL(161-170) peptide. Fifty
oC (0} PBS
IR ERGRAIP gk LPLIBL RDRNEAE LAY SRSy P, o
alternativelg ©pnaist edseptiflly &ﬂ oaalierﬁBtlver censive o€, dalifdl acid sequences which are at

and_sera re._anal yzed using
teast 8 &8 r&fx 44] 0%07'63/}’>r9r§8e/t1dﬁmécaﬂiEq tya abeve depphedpyngaiion mutants.
TlealR3ni&! ShisORiRMeV ﬁl@dﬁ@&' Sc%ré:‘)%kl& @fegib o 1ﬁed VLPs, and
concentration of 1 ng/mnm. ["at es cke
compositiens am@ub@@cwmpwlml Ia’ﬁpayedj |ftom eobtemns seige fanf cmqmds or VLPs,

methoagﬁ%§,ﬁ%pﬁrglgguﬁag qa%n tyéq)i bogg{ozlﬁ lﬂivc\)len:hr Blle 51?\8&1}% é? ﬂs&ﬁ@ts and VLPs or capsids,
methodd ok RPEPArihb RIS iRdivITRHB Broféh aub@lif, aadlcH! RIEhoksuldd8vhich encode

average of those dilutions which led to half maxi mal
these gpunisl agfk arsthgdsafor4 Sacoiatinghand{ore cligiging nimimnmlegical responses in

N r .195 nonstrat.ing that
mdmdlﬁprrlrnzﬁrlsilln% %CSSEO}\%?§§U%%A(%&E? ﬁ%iqr#%\je%%%%? i de coupled to
Ifdony ieflbd@ithemhtthd dliegSonpBiosites @cgting @opPesifioh bf tRMfVdhtion further

NI RANKL protein. D. Detection of neutralizing
comprigig; o adivvanselnaansither erbodimgn, b Vageins seroapasttionsaf is7dgvoid of an

adJuvaﬁtozrﬁ)gleiiaﬁ%xﬁre%bérﬁlﬁghtdoﬁ he 15@&&1%9 h%rvatc&%N%ﬁl%B%ﬂg%% ichr?lplgses a core

nmouse or’ human
particlé bStheesyeativn, V\eheremethct oore faticdAcohpties, preteribieisaorims-like particle,

whete GREE RPN 18 TS TRGIAIE 1 AfEEURR DR DRPURetile. Preferably, the

— s r
virus-1i%k€ éiaﬁicléj b l\f)ﬂrlr%gscélo%lﬁe@nﬁ%# ﬁfﬁlgﬁﬁ@%ﬁlﬁ%ﬁf ecife o?('%irt%u’%f%}rf] consists of,

recommnant proteinBion diagmeots theeefHh vda RNA-iphageh ptaquebllymﬁmlsiat proteins of RNA

phagesh i’ h Brip 38 pialiaiciih dho s adietror B A0LA Magts fech emino acid are
selecte@ T IR g Mahﬁstling ofA- (af°8ER) i m@ﬁ (BWFﬁﬁﬂtgrelsﬁ SEQ ID NO:4 and

eptide to d protein A solution of

SEQ T8:5pG) SERED 8161 () R0 DMNEEes SHED T Gaith BHOARNO:S; (¢) a

K ey {
mixtur BF SERAT S5 3@& SR cETp ity SRR REREL 01 g Nofia: o seo
ID NOdi3s ¢lo ISEedID NOOMEOm) SHE@ID Q‘P@.ﬂ"b’,o@) SEQID DO:NG:Sardi (@) $EQAD NO:28.
at 4 C against two 3 1lchanges of 20 mM HEPES pH 7.4
for a total of 6 hours. The derivatized and dial yzed
Q solution was mixed with 20 mM HEPES pH 7.4 and a 5
f ol d rml ar excess of mTNFa(lO 19) peptide with the

S e . e N~ 1 R IZAN A £\ NN S\ JAL R N JAR N
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concentration of 1 ng/m . The plates were bl ocked and
then incubated with serially diluted nouse sera from
wdayoszg7osBound anti bodi es were detected with PCI/EP2005/005935
enzymatically | abel ed anti-nouse 1gG anti body.
Anti body titers of nobuse sera were cal cul ated as the
average of those dilutions —#Aich led to hal f maxi nal
Altern@RENC Me AR20binAnArofts stihe VIRR-1A6SREGe 3P tile WREBR composition of
TNFa titers were 24500, while the average anti-human
the 1nv¢muza1 cdrnpniss, weAkeraBOGY, comsiss estentiallst ofave elterhatively consist of mutant

coat pro g}sqogélﬁgﬁt Vi t I glrggﬁlil]?lz ?%%?Néo%}fﬁ%g g§ % g(ﬁﬁ'ﬁ%l tﬂgfggougoconsmtmg of:

(a) bacféﬁ@§ﬁa%-5|\d§@ (BY Bic@éribpﬁ@gﬁﬂd’l’ (&\)Bédcteﬁopﬁﬁgeefﬁ tdpn Olﬁactermphage GA; (e)
neutral i zi ng anti bodies Sera of mce I mmunized wt

bacterippea SP -(Dohactesigphage W%@&m&r@pb% Mddi € ‘ffasterlpnléaae MX1; (i)
ot e 500 L5 15 K005, I PEQLGHBrase AP205

I & lprffextrdéda fentbod Beent, N nm@trmda)aatpr(ﬁem@ nifesmhd dINAnph‘afge have been

and comcubte with ser.i al | utions
mOdlﬁ?ngV rsmomlugé by gxdgitiop g‘ﬁ&%@ﬂﬁd&ﬂ@e 151 byewam%r%'ﬁfﬁmﬂon In
anothe!] %?&reﬁ'\@:n%d&:&eﬁtu fleQRuRAOL AL Erote@h@g%%gd A E%%@:k%ge b8en modified

Tn‘DbI ized TNFa protein and its in Ition
by deleﬁmna)faut deadeomlysiule \m:s:ldluerm“rls,eadt?amm shatdeasb el ysime residue by way of

) .conj ugat ed anti.- hFc EXAI\/PE12A Cou
insertiqpe %nggg ﬁ%ﬂ(sﬁ) Hgﬁgg )Vua% Alth d)é’l @ngg%eglraccg?%fl&tlprotems or
S nopf \ of %Erﬁht C8PSRN l?ig%'fﬁ bP of RNA-
fragmegl\ts %%%%Eg 11%\}(1)AL ﬁlﬁ/ld‘g\la%; é2 \}vas react edApI? ©
phageHPm& es at roomterrperature with 158 ml of a SI\/PFf
ution (50 e reacti n soI tion

1%5] lH?W}(gﬁl}’aﬁtaﬁFgM%eg g}Vﬁg{\gl} \)\Bc %dei BRI 10 es or recombmant forms
thereofP mm@yﬁfeﬁr@a e‘ﬁ%ddﬁﬁentpﬂﬁe %aﬁlcﬁéé‘,rusgd Hpélfnﬁ)c@,ﬁﬂ)n@ #f the invention

hours, respectively. 2. of the derivatized and
are cmdp@ﬁeslzcéoa p@ﬁlSuBucorp pmelm(kIQ@A\gi) oh agapnpgnt of a HBcAg. In a further

embod ttglff Etg#écs&gs% nae l | n%tlgnssoefcté% Gnve{lﬁgﬁl cg&psqs?de of a Hepatitis B

core plotER (HBNQ) 1 la WWI\S&M% Heefithddified to either
in DVSO) and incubated for 2 hours at 150C for

ehmm%,tﬁ@mr%@}cecth@g@m kpﬁéree Geisins| eedpsphge ehab (r]ei‘fﬁ’%cﬁ‘f 5393-5398

(1992)2¥?h$%$&56%x&3€ﬁ%u ch ;e %@ﬁ grllﬁlfsfﬁé %nﬁ%'tﬂ? n%tﬂﬂlly resident

cysteinp rresidlmsaremr ’éleaibdityﬂedssoma’@: a]:ﬂ%)ﬁ‘ﬁ)ﬁammﬂsy Ehngg I\Hbﬁmutgblle for use in

compOﬁlgtgjg{: U c %ﬁﬂ tm‘i?ﬁ‘{eﬁg? sgscrggﬁp(ryl%{n?gl 1{1@%@ Hg&éﬁsn s efc’g%jents thereof,

in whillP r(‘)ﬁé“?fr rﬁ&% Ny ﬁiebﬂa%uraﬁif ?@s‘ic!le)ﬁt @?ﬁ@iﬁ%tréﬁﬁﬁcﬁghév@ ®een either deleted or
successful cross-linking of the OL(2-23) peptide

substittted whith «Qothea psiinh acB] rekidue fé. g.as szrmeocﬁesmu@e W th

3 d l.ed ‘

AR RO BBl SenRlRL B 0 pe R o, LERERBG B e anien

precurddi Préteth. O BRhA-r 0O 150'%63@@43&@%024@ h&@hédﬂ%de@@ﬁd&aﬁf their amino
total protein was diluted in PBS to 200_nl and

acids ssm}e@é@%@resrmybm aviadahle Ity those ekifted nthewst. Je rraskinstinerss pompositions

and VaFaP oo?]lgpflgﬁ{%? srp%nt(flve(ilya%ofgtﬁxg }2\14?%% @G@a&%gared using the processed

form o8 R Bed(iles, I TBOAIS &o@ﬂ%ﬁhh&b@@-ﬁeﬁﬁmﬁﬂbﬁi&r s€quehtSAf the Hepatitis B
ELI SA pl ates vvere coated with nCD40OL protein at a

core antigsR BFRCHESOT BrOtYR has begndemovedd. pl ates were bl ocked and

AR A Bl el B R SEGa hr ce,e

HBcA gn miltegenesdllyy be adxpteasedait i"provessed! gﬁ@rmnl?mbembynple When an E. coli
Antibody titers of nousesgra were cal culated as .,

cxpresgiQR el firpHEEe SRPHHATORG WhPEICRCR (6 PR 28,48 dipd to produce
optical density at 450 nm The average anti-nCD40L
titer on day 42 was 1287. D. Recognition of soluble
nCD40L protein by antibodies To test whether the
anti bodi es generated in mce can bind to soluble
recorrbl nant rrCD40L an in V|tro i nhi b|t| on_assay for

e Y. o o ~ ] Y
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reconbi nantly expressed nmenbrane- bound nCD40L (Hasbold
J . et al (1998) Eur. J. Immunol. 28, 1040-1051), by
wactisviatsss nurine T cells, or by nCD40OL on pur PETE®2005/005935

activated nmurine T cell nenbranes (Hodgkin P. et al
(1996) J. Exp. Med. 184, 277-281). B cell
proliferation is neasured 534651 andard net hods

HBcAgsnefl theiifgentioayheyd pffﬁ&lhé/ VR SR Herhlly Bk %%Eeddéﬁfch that the N-terminal
diluti on assays, (Lyons A.B. and Parish CR 94)

leader ffeﬁlﬁﬁﬁ?élo thad ereadisis i%qore m:gen?mcumor Dyfotclnes nmuicq@u‘r at i on

a‘f %@gﬁ‘; Bié%[ %ﬁfg] %‘n"ﬁ'ﬁg %lpﬁlglciﬁs %e used for the present

1nvent1dmox ;hscnosbch for eihmpw as W 60/60227R Whd ﬁéﬂezy ngpaaﬁémsml@@mples 17 to
?Zt 5 n’CE)4 \% denonstrat ed by an inhibition of

19 and 2k ¢ %raéﬂ’ﬁ kasaniWR 41483208, grddsashiydn prrtientar i Hxensples 670 19,21 to

24, 31 'Eh&ell' ARV Z¢d 0@/@%9@?%%@15@& ag)ﬁﬂ@fo(ﬁd lttlg in rpartlcular referred to

anti bodi es frommce i nmuni ze
E‘iamplﬁrﬁi Bé,cﬁ leandf ¥lo m]hﬂlmnducumdntwmeexpﬂnithyﬁmbrp&a&ﬂ&leﬁﬁhdbﬁ reference.
B cell oI i f.er atﬁgn cul ture r| bed above

pi PﬁeéPmdg"Wflél VdpdRfeHEAS Hanasts v i aV@@ﬁfl’rlae@lﬁSﬁ to delete or
bstitité @ndtd? nbFcOMBEEAM b Graff

SR chr omat ogr aephy EXA Etlezﬁlgte%gﬂepsl |Iﬁgs 1c§)111‘1BV{]rrﬁ/u rul1 ﬁ}ée F 1y that free cysteine

reSldueBAﬂlF@%n‘Eéyerap@ ingmbep of phanaipali sidepreartéons. Ahessl side ozactibns include

s, (Bl LA S0 PERHEUBAPLEDy B, A2 BT 82 e

1nJected enﬁ"emédJ irE avwtdhbidationTthegdpy awBVRith&Oosubsiaabes 99 d’f%’ct Bxidation and
The, reaction solution was dial yzed at 4

reacﬁ%g‘ﬁthn%ttcl%qﬁadé% ugon ezsmgfe@ QN Balds aﬁamm@mp@r@@kt amsﬁc@ generated,
14 L.
espec1aﬁ_l{'| nggd%g{gdéﬁf\g/gﬁﬂ% g qa S@égﬁ%ndé Ptlggbﬁmy %uéllem acids. The
toxic adductdwoirkdnthiis sk ¢1$tﬂbp1ledtliet\m&1fzehﬁﬂitqﬂﬂi1ﬂyﬂﬁf $Pdciés, ZWHi&H individually
5 m of nBAFF(36-55) peptide with the second
may eaé:t %Erﬁﬁeé’ﬁf‘ lowg cone @’qog lNéreafg gox1c levels when together.
LN ENhE GRS Qbh ARRRREEL 16 %fe iti i
1| ncubated for 2 hours ?agt or gLB é(:%ap\@@m@@&nposmons which
have bmndggrﬂliﬁndi ite gemwmz oalptradly qgaﬂemtdefsmme neeudmmit thyt sitesete vghich toxic
sosis g QRS 58, sRRE PSR Bt b e Rost i
numberaﬁ@ﬂlﬁﬁ@éiecbﬂt eflid¥o SDS- pol yacryl am de 99| under
reduci n(g_ conditions. Several bands of increased
r

najerpiin ocopting ridBebe tvatiants ineitatihe c”(apesedmnﬂm qmantice of the
pesr3 g bl e ShARY PEIBOSL SO, SHEGERErapens v

as well @asevethl ]EEB@QW&B dote @Otiganl freciRformarinme, 4r8)didelddtd4n B3 hBank reports

aarRER AR 35 KGO8 b xBiion s nis KERS, ABLS 176 ASES 23 X85286

o] Y08 SRS 30 MU S8t S ATREERLS g, 702

X8529T, S8aIASON XS6B 02,1 3203 WB51937 (8541 5,4UCS Fiai X&52 56 h X863 B, X85296,

rmoss 389 300505 Sy SRR Sep B LY BB RS0 kel xsso

X85319M ABo?@z’wﬂ X8 M KBBES H Arh1aad 44598, 0b03153, AF110999, and

4-53) peptide with the second attachnent sit
M9558f( 1s®oms afsach ofsaiikbl i Ec PRk B EY qemmenﬁmmequences of

i.n for hours at 15C for c
the hereipFnkorfifed BRERTTE roBtptisht HidaPosnavanS e e dgclosed in
WO 01183208nGe SEQf 1BONOY HEPES. ptdrihe? HIEAE varidnBOdli@bRNhrluse in the
X. 14 hours at 4C. Coupl ed products were anal ysed on a
ComPOSIfmﬁ sbthegaygiiony tachvhiwhgedy beniiether wadified goewdinicttp dhesdisclosure of

i s SOLAIAL PR B S BRSBTSl L S W B

denonstrating the successful cross-linking of the
nML.Th(34-53) peptide to the Qo capsi d. EXAMPLE 15

Bi ndi ng of human TNFa to its receptor hTNF-RI can be
inhibited with sera from human subjects i munized with
nWNF(4 23)Cb Hunan vqunteers are |nnun|zed wi th 100

NN o~ o o ~ ] . o o N1
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300 ng nNINF(4-23)Q at days O and day 28. A further
boosting i mmuni zation is given at day 84. Cinical
wehbiscary3wi || be assessed using the psoriasi spargER2@8M05935
severity index (PASI) and the physician gl obal
assessnment (PGA) criteria. i ni cal scores are taken
at baseline and at biweekly /mterval s. Because of the
IR EEHIRY MBferRBI drhbddilnBn@Nthé RAAX-1iKet Borficlet B@inprises, or alternatively
eval uation of clinical efficacy of vaccination wll

consistglpssentigiitad, errrdternagively woasiss of resombinashpreteimag SEQ Hp NO:25.

PP SR 1SS §50RpeAbd B BARRPLAGppence s

least 8@y 85% 298/ 095%Y9 Bl loabbdd ekt tPbnddelt the AbsvedaRbdiciiUsequences, or
to their antibody response. The results show that
a subpeikien| therepfe §29be Hlckarmmed- cay ensianally usigg| kopadeaneppter programs such

e Bt BBl 986080 ELARUP o B0LP SRR AR PR T etrmine
whethey arpastictllee spquenté 5] for (Mtdce 59530 dddnitikalath al refeséncenenino acid sequence,
non- human TNE- tide conpri g.a peptide sequen

the parpigRgToye s SHEh Y W Petseaiaize of ilsaitad calculaisel Qe ihe fulllongth of the
Wsopf

referen%c% E%ﬁfb; 5‘03|\le %%Uéﬁgér: glfﬁe ?%% ltggﬁsaﬁggo;rtﬁ{)l\ggg é)ggl o e/@ AMOURA  umber of

amino aoddsodyesi; the refaience seguenaeese ellezedl to 8 of the ‘

onsensus. ,sequence r the conserved d ' fam 002

SRR ST of e el atiRy R pmra oA it did precursor
are rel 4B DAHSoleAcRBTHRL Tk def@SicdHs an dmlikd dckd ¥siduredf a HBcAg variant

consensus sequence for the conserved domai n pfam 00229

located( atRQpasiauOviirh cerespondys o p paticplab pgsidop epPEQe: B§udhaefers to the
. .140- ' i resi due t. f th .

enino AAFRLAGRUALP' SR B5H FTLAIERG bu elnels appayo seQ 0

NO:25 (B hdidoNgy bijweenttbesei MBEAY varignts by forrtke hidskpstt Wighhenough among

e anot h% for the manufacture of a medi canen

ely r,. of t for .
Hepatifys g avsss theff infrgt Bremmate saifheb aae skiliphimoibe gonuedd dewylittle difficulty
: xS a | S .
w553 3, MRS ) BRLSANP Bl SRS TOLRE U SRS o puricuo
HBcAgvariapt smhidestifying "obrrespopdipgbamani &jd fesidueheunat oi d
rt.hritis; .c.) tiple sclerosjs; d.). diabetes; e. .
EBBaS: tacTydes apfiof Foegrupbia ir ogpyise Tfede variants of
Hepatit® e RO96dseGARhSinfébt) bifdsl UsMFHIE ab 8RRt | ®©mposttions which comprise
aut oi nmune _t hyroid di sease; j.) bone cancer pain; k.
fragmepyisrd thesealdBed g sarianty. Forf thasmHBoAy Woiaels afies bus cthras gr more of the

cysteingu);%si%@gf ﬁ%aﬁbog%igggg% th@%ea}i’(%lg]geg%@esg éoa}.;f(ll %éé Fﬁ%%f OsHpgftuted with another
amino §4i6 eRsdie of d}leR@rpriod ethetriisclusion irPRIctipE @5inP6itiens of the invention.
ost eol ysi s; t.L pol ynyositis; u.? . primary biliar )

Asi disqysiadsaboye,)the sbpingtion offragrqysieine igsiflusy wwgpeas the number of sites
. 1 | ' 1 e: i . . . '

shere SYDAEEnts bl By UBERRn o AR S LM s fning o

lysine Andviigsteine maiddesl NF-thephaimdeot of desighbeting ridBrAg molecules can occur.

Theref%ggiépga%gg}%’g p;\élgg)qtligmbeé? E)g—mgg)l’rg exergifnlvgn?tg;ﬁ? lggg %r:gqg];er %gg%]ge?residues of the
Hepati%si%&ﬂu&%@%y@- pl_‘lp% Qhve BeckBRlRr ORY or lshiAHT tg%ﬁ;arﬁ)%r amino acid

WEAK, APRIL, TLI'A EDA, prefer
residuesel ect ed fromthe group consisting of TNFa, LTa and

LTa/ b, o el ected fromthe group.consi sti. of TRAI.L

1, RO Gpe R | GtRa oS ot GHeh G g OB RS ORS s ietively, of the
inventib@ il c&RM4RHB B feordRehiB\He, C-RrmEill @égéi&ij g._ﬁ._?ﬁﬁﬂﬂ@eacid residues 145-

group consi sting of 4-1BBL, OX40L and LI or or

185 Orsb‘}oeg%% @f fSSESIMIDhN Oy Dubascbesni smavgd ofThasy sdditirmab modified HBcAgs
i3 g B oS5 Ay R B s

wherein said nodified VLP forns an ordered and
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repetitive antigen array. 4. The use of any one of the
preceedi ng clai ns, wherein said VLP (a) and said
wobospepisdde (b) are covalently |inked. 5. ThePaS&EPG05/005935
any one of the preceeding clainms, wherein said
TNF- pepti de of said nodified,VLP consists of a peptide
with a length of from6 to 75 am no acid residues,
Sultabllertﬁﬁaeatahi suwtintshinalutle FBEA 8 fwHer® M £ 100 1502®MIsN90,28%, 45, amino acids
si dues nDre preferably from6 to 40 am no acid
have b?f‘é’srle’a]@%d frgmethp Grispminggef erably from 6 to 30 anino
}%t% s; g@;a %giz)r ug%// gt rgctpcre cif%ﬁ Fé/se t 1%%[%1 %bmgmdr%o -terminal
truncatim utaasi Sm&ﬂ)léitruﬂ'daﬁom&mtaﬁts maMde mdﬂiedmcﬂgﬁﬁ@a@l ng,5,7,9, 10,
whereip said non- hu tide of said
12,14 nlédf“ﬁs bamipopcifsheys ee&re@oy g%&{%ﬂﬁgmﬁr om t he
Fﬁ?tﬁér HBUR%Q %%I@MERT Ve ??a%ihéj ?f tHEHrEselif ﬁ%&ﬁtﬂﬁg}ﬂclﬁﬁe N- and C-
to 8 positions, sti e preferably at to
tennmzpidmnpatmmmummaw Switabde promfationlputars i2hide HBogs whaed, 2, 5,7, 9, 10,

12, 168 7 A e ? 0 R e e £ 315,20, 25,
30, 34, BYFmERD hiide hoFe e GeriBtdfiiel A .rifnidds % to 98 %

‘identical to the npst honol ogous human TNF- pepti de,
Trhsr mvpntedre damhsr B0lwies sogiposifionsy end naceinsr etﬁmpcmﬂl(ylSS Fespectively,

compné’n% %%AO/ %Qgrpgln%ﬁfegg o%&%{s?r}%y%r?gg?@gvﬁeg O/Efsggrﬁ]g ly con51st1ng of, or

alternatmﬂy ebﬁslﬁﬁigd)th@mrﬂ@%&hseﬁﬁﬁlcﬁ§ Pithiicheark 8t RaMeIRE 584, 0%, 95%, 97%,
tide, preferably a eutherian TNF-pepti ‘de, and

or 99%‘9‘*@%@“&‘8@%?@?‘&%@}@& truacatien mptgpisne, bovi ne or nouse
%N’e:artﬁ’iﬂpé hB&mIREto 1ﬁ{qé?ﬁo¥ 41 H§ ?espll\lf &eﬂx'iﬂmgﬁcedginto a HBcAg
he use of any one o e prece lng C
polypeptaded tm mediuimﬂm Hihinp @[ﬁﬂiNlépelﬂrdaror:]fSths l;ln\(a:htlm &f tHeaVlLp of HBcAg. In
nsi.sts of, tide sequence honol ogous or
preferri RIS i abr PALEaosnd 3o SNt repdfisdh VLPs of the
inventib gnd Fé{)ﬁfp%&ﬁghé’ of Qh@%%t1@ﬁ' e&'e rfr eﬁié@‘ctlsﬂlg %gglﬂ%\gfco?ﬁprlsmg, or

SEQ NGO 2, nore preferabl no acl
alternatwﬁlswooms@mot‘ DmN@oza,mcbtl-ﬂM mm b—MB,eﬂdrSébWSE@ mrN@xzs which is

oo 0 B oo B P ST S s
peptldeTlfiﬁui%ﬂfel eﬂﬁn@facﬁiadeqwﬁégloff |Cﬁ? GJIBIFL}}SSGS@(GlyVMQ [O™N@:27) resulting in

vertebrate pol ypeptide, preferabl’y from'an eutherian

the HBsé\2ypelppentide @evw@cthéosequw tshewgrlmﬁm dRsN&EX:26)g Inffurther preferred
embodlyl\g: ?Sé gf;rm Q%rsq‘{;] lr«%rsz\c/h}%ts Mig %‘?g?‘ n%]é@Q 3? SIgQSZéS Arg I,mu‘ca’ced to

serine. Hﬂhﬁ&nvaxltlahédrthkbr&ﬁda&é’s coﬁtﬁ}ibsimﬁﬁ ebmpfikiaf ehabdryespahding polypeptides
aut.oi mmupe di sease or bone related di sease i s sel ected
having fanefpo tagk gFBIERCEOTIOTEL Ihgnor! the hersingbpye mentigngd Hepatitis B core

antlgenrﬁgmquaﬁaﬂt%t Qﬁic}q gﬁo Have a@&férl;o@zgsdyéi}qﬁ()tagfcﬁ gﬂ%a%cmgs)F urther included

ammat ory bowel di sease; stem c
within theystbsnett the irsvenfior) ammldgﬁlﬂo&alrf@Bs@g; makydritd thchgiré cdpiablelof aissociating

to fornggzg@stlesi or l{/'kLP) %ﬁ&%{éﬁl obq, g%}pé %ﬁ%ﬂ% N P@gp}@ﬂogs Thus, the invention

furth Sﬂl@ﬁlﬁ@iﬂ% gitidhy ! VaRlR ¢ u
o R e “ﬁm{%}er‘g.hn L géo_?_ R pgﬁg dlssggdniso ﬁ%%egtgik@y &6mpfising HBcAg

- polypeptidst avhadi! onppriesi slt@teafa,tlvelbrempspﬁcrfdanmecmmqu@fcem@dh[are at least

30,538, $0 QR W10, LR G M s, o

forms oPtERst Brd¥eins Wdch Bade bEBE préSEssed, vlite @R opiats] BirBMove the N-terminal
wherei n sai d TNF- pep Flde of said nodified VLP is

9!
leader sggpense@ng mﬁﬁ@@wﬁh@@‘t&é@ﬁ@t?@te@@ﬁ poI ypeptide for
r eal.lre
oo RO, S0 2onBo B SRRl o By P ERATEMxes of ditferen
HBcAgshEnes, thes@ivatcing wmipwimn@l hegaseoipobanes HBbAg@thh differ in amino
di sease is selected fromthe group consisting of
rheumatoid arthritis and diabetes; or (ii) a
vertebrate FasL pol ypeptide for the manufacture of a
nedlcanent for the treatnent of an aut0|nnune dlsease

o Y Y L .
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aut oi nmune di sease or bone related di sease is sel ected
fromthe group consisting of rheumatoid arthritis,
wabheriossBer osi s, system c | upus eryt hemat 0susPCT/EP2005/005935
i nfl ammat ory bowel disease and S drgen's syndrone; or
(iv) a vertebrate TRAIL pol ypeptide for the
manuf acture of a nedi cament "or the treatment of an
acid sequelmemmecam;se agRcik BmPOLiAohLt@Be PrRAREoMRRIRI & "wild-type"
ai autglnnune di sease or bone related di sease is
HBcAg ane @ Badiica HBHAS g dh Gpcle eng s marg aBkine ﬁ@ldrfﬁﬁldu@ have been altered

(e.g., c%[ettegg 'n‘(ies‘eﬁed 'Eﬂ(" i]ﬂ)ég ltl\?/[gc‘rf)f Egﬁﬁ%éﬁﬁi%%g% npep gltt%%g Iof th invention
are thasarwdfielc prasentolfighl ynexderd nasat ref)aitntef‘@tigéﬁ ali‘ﬂéf?mvh@fenﬁﬂle antigen is a

t ne di sease or a bone rel ated di sease, wherein
TNFT@%‘%‘)EE DIV di sease or bone rel ated disease is

I8 %'f@ﬁlﬁ&‘f)réféﬁg@l Eﬁh%o@lh%'ﬁp of 8 g&ecslehﬂgvéi{tloﬁsﬁﬁ'é'af‘?éag‘t’ one TNF-peptide of
rheumatoid arthritis, osteoporosi's, psofi
the invgntidw isthosind ge rSaldmmmpamcbeEndoﬂmstldie phrﬁda,s&spectwely, by at least one

consiofGhB BRSBE, BTN RSt S AL LS g and i

like paﬁﬁ:@e @éspeltdiely, bg at WSt Shdlcidlett BT, BERLHAHURIRER a non-peptide
preferably consists of, a peptlde sequence

bond l@éméd@ a¢orq particlecl Ny¥ @a}ﬁld@‘@@waf icoigjugdte awiinb 1satypd:ally and preferably

o o5 Rl R DR B2 AR Sy o congne

respect[\@ty cﬂlaegfpi(ﬁlﬂytaﬁd b?&e@bly&@pbﬂlm%rd@% BRudbteGince the at least one,
Si dues 160 to 170 of SEQ ID NO 22, ami no acid
but usy ¥ imRye shapaenes dNFrentide oEGa nvewtiopas baandyid the AR and core particle,

sl 8 8455 85k bt 2R UG LARES g 10, o

preferab]yefrmrabh@n 2a@0s aBdl svefi m&EQ)ﬂe&rM 3nork4thak hB6QUSBNpeptides of the

B Vil 2GR BR eA r i o
particl R3BbctRelyy RARY hAle c&?ﬁgatt@ SRV AR tlyé&ufgd i3 a&w}fd directed as

]ZOI' t he treatnent an ‘aut ol mmine di seas
well ay d¢faed dbindivgzd, attebbmenty r@@p@n@m aifrtheine lefiss eas @NH-peptide of the

. ed .di seas s_sel cted fr the u . .
invenif REETY B Sag pROBRTel: wRERDL re M h e bt dn e ollowing.
Further@doyé, hﬁﬂglp@cfam $nhefdit QidHIY RPetitve AHidco brﬁ%lﬁﬁructure of the VLPs and core
ocardltl s, .Sjorgen’ s syndrone and prinmary biliary
Pamcleé4 Fesprsdively, advantageously ephisibpigs do 4hq @Blitypil Jiselpy |thkeTNarpept1de of
r nt
e g TR 8541100 Lo PRSI Al EEBATT0N 80 orniced
and repﬁhmeeTNFq&pﬂde}M/ corel partidiexeas and cokjogae, rrei@b&(ilely
ease is selec%PS fromthe group consisting

Ir& AR GHRfeHFY RIDoHanent of if-rraseat yvisaiien, the §@T§s@r‘%¥d@i or the virus-
li | drde) Y ]
ke o AL el e NECARSPLE, AN EMBREN Bt one e
peptideofurther aompnmmateleabtsc&mswcmd attéwhnent sitabethgdsehetegiefrom the group

consis R5E S T A I R3Sty SADE L1 e e an

(i) an Eﬁh@ﬂﬂi@h@é& ﬁe[tﬁﬁﬂytdc%urriﬁg'dn'ﬂm}% a?t%e%f 88é Wgeptlde and wherem said
nfl ammatory b di sease; or (iv) a vertebrate

blndlngo@f ﬂ}@eBNFd@pfldqz t@ ﬁbe eereupaticlaras thé varusdidi cpamicle if @ffected through
ssociaf FELAAGTIRC 0B ARebb) R BRhEBERGAChuReBRAE . and e

preferablgniee 4s8bdhtesh Wi Iﬂ&@agl@ af 18a% 6hefbefetidemohlie group
consi sting of rheumatoid arthriti's, system c | upus

Ins pgaip edrdde sPrgfrared] epbediments phdhe pEesenisinvepiion, dhe ghodified VLP
Y. e +C rein
compriB8 519" 1€ oPIASCEHL 85 L et 08 S, B poisioa vip
compriges ahiel TNF meptitle agtent Baatthﬁ’rees@f:oncbﬁtt@hﬁﬂ&ﬂt pitaB€ing aBlcted from the
wher ei npreferably said RNA-phage i s RNA-phage Q,
RNA- phage fr or RNA-phage AP205, and wherein further
preferably said RNA-phage is RNA-phage Q. 16. The use
of cla|n115 mhereln sald reconblnant protelns

I " o s R oy Y o
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(n) SEQID NO 16; and (o) SEQ ID NGO 28. 17. The use

of clains 1 to 15 wherein said reconbi nant proteins
woaogriiss3 or alternatively consist essential | pCOEP25/005935

alternatively consist of nutant coat proteins of RNA

phages, and wherein preferag sai d RNA-phage is

sel ected fromthe group consi’sting of: (a)

group Basi#inic0RN@0en @actnkbht Rae ik nerRaBLourri (Aﬁﬂl the at least one TNF-
bact erjophage fr; (d) bacteriophage GA;

peptide; smd i) @pﬁ)@tg@lugp}t sgte JnaBeieihe peaiting) @/mkyghe a{ @ast one TNF-peptide, and

wherei atﬁ{e gr'éél:og%h h]%klg[ sﬂeh{< &%g%l?gdrf?%p '\gq {hf)ﬁrst attachment site; and

whereihgatferdbdyp ﬁngNPIT)"éptldm dnc[ the WALt 1ﬁtelrzm13 hiagegiA\BZAssdofation to form an
he use of claim 17, wherein said nutant coat proteins
ordere%rané dPRCLNA PHigeRe aﬁax«el’{?é%ﬁg I ther psspciptory 1) threygh & legst one non-
peptld@Boﬂc?aSt one lysine residue by way of substitution;
(11) addition of at |east one |ysine residue by way of
Theygesentiinvemtjon dis¢lpsed ehahodsrofdfinding b detat dewst bys TNE-peptide of the

. residue; anpd/or (] addi ti.on of at_least. one |ysin

inventipf dp GHE B Piles ot Vi Rseiepestivelyons HcHed igrongyiamed gppect of the

inventibAEthR'OGES tﬂﬁ ol FRentidttls®oing & theVoRe paHicleSanl VIKE despectively,
with said F-peptide (b) through at |east one

by wayneh c]@mcald@o@olmjﬂng oypﬂradly @rgiep erahly byfusiigad hstenobufunctmnal Cross-

. f d d V
linker. % ?r\é? terogtf ét},ngﬁ?lél;lll\“:]é sa-ﬁ) ea‘g%@oﬁ%ne}nst o&it:h'l pEe erTetd em%odlments

the het@rd—Bﬂfﬁﬂdmléﬁalt @odslenkét Contains &l fitticial Ledup Whidhidad react with preferred
N-termnus. 21. The use_ of any of the preceding clains

first attaghupedy sitedrisr Mathiihe sideshpincziap graupddysipe yesisbeseb the core particle
and thezs '@’;L@ (}(La%tlilage x%gﬁus @ﬁ nT‘J\"r:esgg&f\}egze aﬁﬁ)a 'fufeﬁé"?‘ rfﬁﬂ&mgg%%rgﬂg which can

t oge not Torma pepti’de havi ng
react V\flt}oarpﬂa:lfm‘md s€ddral, attaciinpdiesite) ztv progﬁtema bésydl(e@)ddadldo 6ibgngineered to be

t oget do.not form a peptide hav ngase ueng
added fe e SF-eg of e AnveHien A epﬁaolﬁi EAOBRYE §‘é2}1@b[§’nﬁ%ﬁ geaction by
reduc’u@ﬁ') hd ﬁﬂkﬁé}g bBihe %L @&Hﬁt‘é {y'i)fb'iﬂ &Qgﬂéﬂf hY @eﬁ@ﬁﬁhﬁ’&ﬂ ROt reactlon of the
core pa‘hdlefor)thCV(DB\Nﬁh tlZcho?.‘S&hnkm’eTbé pmdycmfethtsf reach:mn is an activated core

particl € R 1o crllAE P bR Pt R s Sonliledr PR oross-linker

is remwbelr iy a8l nieebdsi fiedh s Fhet AiMRatiches: &idlydisT N tIReMidddfep, the TNF-
th at | east one second attachnment site, and wherein

peptide af dhedevantian s reaelndwavith b astivaied a@abﬂ, endthisstepds tipicstly called the

coupi 5 oAt 30 BRSO AT AR B o o
step, fous sxumhysle ibyndiblysiso SB‘VE&E}I Eétdl%l’-lﬁﬁnﬁﬁdndl Qﬁ)@ﬁsllhik\éfs ﬁ’@th@)@\ﬂl to the art.
ai d

arra 23. The use of rein
These 3qlden Hisn prefsrred el =1n1§@§ SMPHpﬁpéPI@?bbcM}f%MBsar&dfﬁ BMCS, Sulfo-
GMBSI'SpHB:s1ard s"éﬁ?‘srs‘i\APBegﬁﬁo fswiebesvRBek fs%& dyotﬁ9r' Gold %ﬁéers available

attachnent I'S an am no group I ne resi
for exé’tﬁpleTﬁenuﬂE (Fieramﬁlmfm@ﬂ aCcmnpé&B/ (Rocﬂc’fordy\ﬁh[ ai$A» al a@hd having one
second attachnent site.conpri ses,

re bl a,
Functiogg BFRHRr TR Y0 YT Ao EET RS droTe, M@Pﬂ% #PBP dBtgfive towards

cysteind Hesidg&c and a%b@%tyﬁﬁeﬁecﬁ bfo%s-hﬁke%s sl by & Yén&'h% rbfoatn Zmide bond
cysteine residue. . The use any one clalns

after reagtion} withiibe einine glrodpfanndsat thmetﬂm: annge Wnthetha: systeig. Aamther class of

cross1fEpGioRep B 1EF ppRlrE PRI, MEanfhr il Re afifuction of a

dlsulﬁdieShﬂeage b@ﬁdee@qaé rmF ﬁé;fefd@biméi ARenAGH afd R d03€ paicle or VLP upon
sul fh i ou cysteine residue. SEQJENCE
couphng @é@e 211Q§Sf1 @rééaemngtr@cﬂ@nfblsO@ySSA@IBé@ loragtismple/BPPPnand Sulfo-

LSRG i B s AR e B s v

cross-1iAkOA P influenced by varying experimental conditions such as the concentration of
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<150> US 60/ 575, 827 <151> 2004-06-02 <160> 198 <170>

Patentl n version 3.3 <210> 1 <211> 25 <212> PRT <213>
wanboesfiigdéal sequence <220> <223> first 25 am n®Ca&EPA005/005935

resi dues of the consensus sequence of pfan00229 <400>

1 Lys Pro Ala Ala H's Leu Vag Gy Lys Pro Leu Gy dn

Gy Pro Leu 1 5 10 15 Ser r}'GIu Asn Asp Gy Gy Thr

each oflle R2Actdn pRidrs, Zhe<ddebsx dﬁﬁleﬁ%ég"eht BiRr t5é bdrMbe pH, the temperature
muscul us <4%\%§ 2 Leu Arg Ser Ser Ser Gn Asn Ser Ser
and thigiq sfeength, Thg)degyes OffcgUViRE. 1. 3ha gmegnieli TF-pepkidestat ghe invention

per suglﬁ‘itsv%!f 1 Uco% lbaﬁ NG -Eéﬁ&%ﬁ%&geﬁ%?bg algig&) bﬁsvarymg the

| a Asn Al a eu Al a
expenmsmtal},cmdﬁimns SEsaﬁbed abMad to\fastciitioe Ikhmréiﬁemﬁbﬂ tHe&taca' Mé Solubility of

the TI\E&FI@E 0£¥139 %Sfént%lrmﬁim}icg% {ggltgt?ﬂn%%i %%ﬂll_il?osﬁygp%( ENF- l@gtlde of the
inventi6f & BAAIcihed bR eédhesuﬁﬁfut Téﬂ'd A MoSd Lasky %vh\égl t}fa‘stﬁ)tamed vaccine

Leu Leu Ser Ala Val 5 Lys Ser Pro
wouldplsepmﬁolubrhr gedoingGitye Amuml uf L BNFipgptider «»f]ﬂi@ 111051t1b310per subunit is
benefi 1p Tyr Gu Pro lie Tyr Leu Ay @y Val Phe G n Leu
ey Lys Gy 115 120 125 Asp G n Leu Ser Ala G u Val

Aﬁiidartidalhr vbyed thetholiedf ¥iRdin %ﬁﬁ‘ THNR- ;%?Qdél 39 tﬁé‘@m@xﬂon to the core
n Val Tyr PheGI a Leu 145 15

Partldei%d ﬂmﬁLPBresEqCPﬂelz’mk@lﬂ mmof«az b@meanesudﬂe onghe surface of the core

particl® %%%W%%%ecu@?f \l\:{;@ %?g%e A# ﬁp gﬁgF Ipﬁ'\{K% %f the invention.

Thus, i 8 preferrd embbéinAsn of the Presckd uNe&htlésh atheefirst-hiercBRea?dif>is a lysine

1> 13 12> PRT <213> Bact eri ophage bet a <400>
feﬂd“e@%&z € |Speond aé\ﬂelﬁﬁﬂe%? C‘.W’?mﬁé?fl@@s mgmn&@b@hylengss engineering

of an oi%iRo @M 1¥i&r containing a cysteine residue, as a second attachment site or as a part
thereof, to the TNF-peptide of the invention for coupling to the core particle and VLP,
respectively, may be required. Alternatively, a cysteine may be introduced by addition to the
TNF-peptide of the invention. Alternatively, the cysteine residue may be introduced by chemical
coupling.

In a further preferred embodiment of the present invention, the at least one first attachment
site comprises, or preferably is, an amino group, and wherein even further preferably the first
attachment site is an amino group of a lysine residue.

In another preferred embodiment of the present invention, the at least one second
attachment site comprises, or preferably is, a sulthydryl group, and wherein even further
preferably the second attachment site is a sulfhydryl group of a cysteine residue.

In an even further preferred embodiment of the present invention, the first attachment site
is not, and preferably does not comprise, a sulfhydryl group, and wherein further preferably the
first attachment site is not, and again preferably does not comprise, a sulthydryl group of a
cysteine residue.

The selection of the amino acid linker will be dependent on the nature of the TNF-peptide
of the invention, on its biochemical properties, such as pl, charge distribution and glycosylation.
Typically, flexible amino acid linkers are favored. Preferred embodiments of the amino acid
linker are disclosed in WO 03/039225 on page 60, line 24 to page 61, line 11 (paragraphs 00179

and 00180), which are explicitly incorporated herein by way of reference.
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1510 15 @n Thr Leu Val Leu Asn Pro Arg Gy Val Asn

Pro Thr Asn Gy Val 20 25 30 Ala Ser Leu Ser G n Al a
wohyosAiaeyal Pro Ala Leu Qu Lys Arg Val 35 40prd%/EPR05/005935

Val Ser Val Ser G n Pro Ser Arg Asn Arg Lys Asn Tyr

Lys Val 50 55 60 G n Val Lys He Gn Asn Pro Thr Al a

Cys Thr Ala Asn Gy Ser C,y§65@”7 0O 75 80 Asp Pro Ser

| P
R e iy Ot Ry SRy PRS0 e e

peptldd\r)ﬁ thehimvehtion. sudekDed 1fodm IRANKILa oATA Floe preferredlamiBe mcid linkers are

acca bt w4, foidh: e S Saafisrsbppondngers ot the C-

teﬂmn@ﬁﬁf %'ﬁ%ﬁﬂ@& 6r Bdee tgf"ﬁ?i‘@%ﬁ;ﬁﬁﬁ//gfn ﬁén@rd})’ ﬁX&ﬁH rgl&hey%ll be inserted
betwee@l bullth rantiee aT/JdB anduthasaysteins tar e @gd msemﬂ zﬁ’taohlﬁmt s1te to avoid
y Al a

potentiglfloris HinfPn&e ot R bl lafifis hojs B Rkt Batiofl) e

Rl cySRineQeBidbe ad&ay toNHe PP-ppild -y thBSHveition hAs tg%eﬁﬁ 1ts reduced
60 Val G n Val Lys |ie Gn n Pro Thr Ala Cys Thr

state taggacy witlsdhe @gtemblfgncg@n@}y §ro,sg,-bn]mroorgé]pe vetivatee VAyPg that is a free

cystemg & @Lf?steg%e: r% ’%%?h é%lre 1§Fc§upglﬁas T\/a%s%gbg Thfn the instance

where CBeLbyiﬁéﬁle]:(@ﬁdﬂé.ﬂ) fuﬁutmﬁd fis B\h&m@%&te lielh M exideed Riren, |£@1Uexample if it is
Leu lie Asp Ala lie Asp G n 115 é%o 125 Leu Asn
forming) g dyspfice Eﬂ%ﬁ reductiony of tais Afig! ¢ brydge ayijh <o @T"yf TCEP or B-

O, 4 - Lys Pro Asp Pro Val lie Pro Asp Pro
mercaé?o %ﬁ’gi §$10 Pro Prol45 150 155 160 Gy Thr Gy Lys

Bipding lof i@y ENPrpepfifieofiha ihveatidn o Bercotseparttla a@ll VIIFE Fespectively, by
using @Zbgte'rci) glf¥§q|11o chlsghp g %ggrd{]g)tcb e %S nr'/:\reélg Pr}}%d;%scribed above,
allowsAE(lefﬂl!g' c/if\shﬂqeéﬁglﬁggésptl%baof—% lrﬁ’\?enfﬁlg tbeglel—gd;&elﬁag’ugl@oand the VLP,
respec@@ly,'[ry yan'pmentetl ffaghion. @bem@thpﬂfeoﬂblgd@yh@g\l FApeptide pf the invention

to the 5%8 pﬁxétilfleA%ﬂ}g Ll%;ﬁe\/]g, bre@eﬁtn%slg 1@'@1?1d%%t};%16 véz ﬁeul}gl% %&?—pep’ude of the

1nvent16ﬁﬂs hﬂo@s -Aheddolithe £ore?phitidle anlthe MIP, lxtéS@ecRI\fél}Gu‘ém%' tBe carbodiimide
Asn lie Gu Arg Phe lie Tyr Leu 260 265
e

EDC, wlsN§§r The dNEspeptidg of ke EysniGay mpk@lsade ﬁr@bthl@létemtbmugh reaction,
for ex@h leT\Xffth %l%ﬁp é%ﬁn tHiof4ne. g‘nX ﬁ@#-plebﬁdev%k ¢ ¥nvention, after
p Pro SerSer y y

Trp r g
deprotection if required, may then be coupled to the core particle and the VLP, respectively, as

follows. After separation of the excess thiolation reagent, the TNF-peptide of the invention is
reacted with the core particle and the VLP, respectively, previously activated with a hetero-
bifunctional cross-linker comprising a cysteine reactive moiety, and therefore displaying at least
one or several functional groups, preferably one, reactive towards cysteine residues, to which the
thiolated TNF-peptide of the invention can react, such as described above. Optionally, low
amounts of a reducing agent are included in the reaction mixture. In further methods, the TNF-
peptide of the invention is attached to the core particle and the VLP, respectively, using a homo-
bifunctional cross-linker such as glutaraldehyde, DSG, BM[PEO]s, BS®, (Pierce Chemical
Company, Rockford, IL, USA) or other known homo-bifunctional cross-linkers with functional
groups reactive towards amine groups or carboxyl groups of the core particle and the VLP,
respectively.

Other methods of binding the VLP to a TNF-peptide of the invention include methods
where the core particle and the VLP, respectively, is biotinylated, and the TNF-peptide of the
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290 295 300 Ala |lie Pro Phe Asp Phe Thr Lys Phe Asp
Lys Thr Lys Cys Pro lie 305 310 315 320 A n Ala Vval H
we 2M&El11¥aB Pro Arg Ala 325 <210> 6 <211> 129 <PC2EPRRF/005935
<213> Bacteri ophage R17 <400> 6 Ala Ser Asn Phe Thr
G n Phe Val Leu Val Asn AspSEy Gy Thr Ay 1 5 10 15
Asn Val Thr Val Ala Pro Ser n Phe Ala Asn Ay Val

1nvent16‘1|1 axpretbed ap a 2@epavidth-fisRnIRbteRE lor Afthodl widiéin $8th B TNF-peptides
a Tyr Lys Val Thr Cys Ser _Val 35 40 45 Arg G n Ser

of the 18@%%%@@%6 eayg Partislq gugd the VI respeetivelss avbiotinylatgd) fos@xample as

descnb%@ l1Jr§5 g\;(g rO\/%ﬁZ? M éléﬂ_?gs%g{ 8@% p-EB{Hi X@A‘Pgl eﬁléfn }{1%‘5_' 1@ kst bound to

streptavidin dvirtvidih by lagjusiihg tHel reti®o6 TNFepdpide ﬁlf &wﬁﬁv&%oﬁ&o Eﬁéptawdm such
st 5 5 B2 b B e e s e VL7
respec‘d%legf2 Wi\ sPadtbd if e &% s 2@?);&[13%@1?@%]&%’1%9 c%?on@%ﬁforég} ge mixed in a

11> 130 <212> PRI < phage
"one pdibtreadtian. SétheAﬁgalﬁhec@tw filits, RihereVabolilela fviat o\t Meeptor and of the

s S S o B b e e i,
respectﬁ%[y, 08 ﬂlesﬁNF%%1&eéf tf 'fhx/éhﬁoﬂ_ Mﬁa}i—&/egusgalas H}fdn@’ z_'i‘['ge'é‘tasrfo?’ Binding the
0 45 Val Ser Ser Ala Asn Asn

TNF -pqzmde o @wawer@qm t56heseore Panvizle @dthWinspmtwemh rAI@rmtlvely, either

v 1ol SIS ot S B B ot o i
bindingval thPh@ré3parfible¥mdAhé VW, réspRctiady, %@m@éﬂ}‘é@o@n&@ﬂ filde@ either to the
Val Lys Ala Leu G n Gy Thr 100 105 110 Phe Lys Thr

recepiogy G %hg%ddemeeﬂwlﬁ Frgonnay alpebesliecigdbyprianperten oau,bmnon

Aégag%ejél&? 1%5%&/ &%3%881?&10%5 xﬁ%{l’t Q#&Q pxgs%%\tr megxﬂuo %ﬁe VLP is the

VLP of\éaRNéephe\@l ambin AsioreGhigfedted ehitrod{thgnt,1th VII(P ils&hé\S’mP\@ﬂ RNA phage
Thr Val Val Pro Val Ser Asn Ala Asn Gy Val Ala Qu
QP coatpigtaip 25 30

One or several antigen molecules, i.e. TNF-peptides of the invention, can be attached to
one subunit of the capsid or VLP of RNA phages coat proteins, preferably through the exposed
lysine residues of the VLP of RNA phages, if sterically allowable. A specific feature of the VLP
of the coat protein of RNA phages and in particular of the QB coat protein VLP is thus the
possibility to couple several antigens per subunit. This allows for the generation of a dense
antigen array.

In a preferred embodiment of the invention, the binding and attachment, respectively, of
the at least one TNF-peptide of the invention to the core particle and the virus-like particle,
respectively, is by way of interaction and association, respectively, between at least one first
attachment site of the virus-like particle and at least one second attachment added to the TNF-
peptide of the invention.

VLPs or capsids of Qf coat protein display a defined number of lysine residues on their
surface, with a defined topology with three lysine residues pointing towards the interior of the
capsid and interacting with the RNA, and four other lysine residues exposed to the exterior of the
capsid. These defined properties favor the attachment of antigens to the exterior of the particle,

rather than to the interior of the particle where the lysine residues interact with RNA. VLPs of
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Leu Ser Asn Asn Ser Arg Ser G n Ala Tyr Arg Val Thr

Ala Ser Tyr 35 40 45 Arg Ala Ser Gy Ala Asp Lys Arg
woyeosiiyroedl a lie Lys Leu Qu Val 50 55 60 Pro RyS/EHPR®S5/005935

Val Thr G n Val Val Asn Gy Val Gu Leu Pro Ay Ser 65

70 75 80 Ala Trp Lys Al a Tyr54AIa Ser lie Asp Leu Thr

lie Prolie Phe Ala 85 90 957Ala Thr Asp Asp Val Thr

other RASA Ibhage Deiit pryteirsedlsd-Baverd defed mehbdrF 1380 2RIubd On their surface
al Gy Asn Pro lie Ala Gu Ala lie Ser Ser Gn

anda@ﬁpe@ ol 01’115851%@1@258@%6 Ala 130 <210> 9 <211> 132
%%ﬁer nﬁ fe {mt%ﬁcﬁﬁlgfgh%g @re%g?t<€]ig%t1o%t [M?e fggt aelg %/ﬂ‘ﬁqent site is a

lysine fﬁsihme Bhd/As me@enoﬂa‘la{ttabMeﬂﬁ”Uorﬂ;ﬁmes'l' klﬂﬂﬁ)ﬂgzl /glr@lp(ixya M&teme residue. In

I Leu S
a very ﬁfsege Prcﬁel%l}?&ﬂdl@%ﬁt cg tge %{{%gezrf éévc%ﬁgn,g g 1%31:? r@ttg@l%g@? ,rgr]ge 194 lysine residue

and theTJé’éoﬁéﬁ&tta%ﬁﬁle}{ﬂ's ﬁe@e Redidue. Ser Arg Asn Arg Lys Asn
Phe Lys 50 55 6 Gnlie Lys Leu Gn Asn Pro Thr

IalveryQyrsfetigd emb@dlﬁisqlltsﬂbﬁhmeﬁﬁoﬂ Gh& ENBpeptige Bf the S@vention is bound

i o LA, PO R o S e e
of the ‘g%g ofg{uN%ga%gdéatl&Qt&@ 2nd ?Igp%shgul%s tga tkg L&’L??Sf (@52 goii\%iébtem.

Aﬁzmhdi’ladvmt%ﬂqfrthd y@Ps: Zlmved]i@omm 3128es<2 i IRBH e@&é&sion yield in

vecterif A O] BBt I e e B it Anote
preferrb® QmﬁbdmieﬁtlafEWLI%r Qerived fishy fu¥dh psteinso? RNK pﬁ%& Gy protelns with a
Val 20 25 30 Ala Ser Leu Ser u Ala Ay Ala

TNF-pajyaentidg ofithe Inyentmng Val 35 40 45 Thr Val Ser Val Ala

r 0.5
SRR B B VS (5 A IR Yol e amess o
conjugftes; e}chsdly oWwith 0/aibbl8 Anfiseh &afsityaln ﬂ%ﬁﬁctﬁﬁlg tRetisePbAVLPs of RNA
Phe Ala Asp Val Thr Leu Ser Phe Thr 85 90 95 Ser Tyr

phagessand ‘herebagip motthﬂuthAr@emfathﬁe‘éLlr iof RIN4 phﬁge@ﬁ qoaiuprotein allows

ach1ev%l1§1t 30991 ng}ﬁhlkgi %’B‘]‘L %kgg%@lﬁg ML o L%f ?Ol’ﬁ{%(ﬁltld%s of VLPs
of RN[AlphagH eoak @tbtélﬁsl withl a Righ ePR6peSer arfigén @elym@ danARfeffected by using the

teaching of this application. In a preferred embodiment, the compositions and vaccines of the

or—

invention have an antigen density being from 0.05 to 4.0. The term “antigen density”, as used
herein, refers to the average number of TNF-peptide of the invention which is linked per subunit,
preferably per coat protein, of the VLP, and hereby preferably of the VLP of a RNA phage.
Thus, this value is calculated as an average over all the subunits or monomers of the VLP,
preferably of the VLP of the RNA-phage, in the composition or vaccines of the invention. In a
further preferred embodiment of the invention, the antigen density is, preferably between 0.1 and
4.0. .

As described above, four lysine residues are exposed on the surface of the VLP of QB coat
protein. Typically these residues are derivatized upon reaction with a cross-linker molecule. In
the instance where not all of the exposed lysine residues can be coupled to an antigen, the lysine
residues which have reacted with the cross-linker are leﬁ with a cross-linker molecule attached
to the g-amino group after the derivatization step. This leads to disappearance of one or several
positive charges, which may be detrimental to the solubility and stability of the VLP. By

replacing some of the lysine residues with arginines, as in the disclosed QP coat protein mutants
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130 135 140 Asn Pro Ser Asp Pro Asp Val Pro Val Val

Pro Asp Val Lys Pro Pro 145 150 155 160 Asp Ay Thr
wohyosAneIyr Lys Cys Pro Phe Ala Cys Tyr Arg LedaT/@P005/005935

165 170 175 Ser lie Tyr Gu Val Ay Lys Gu Gy Ser

Pro Asp lie Tyr Gu Arg 180 185 190 Ay Asp GQu Val

Ser Val Thr Phe Asp Tyr Ala-teu GQu Asp Phe Leu 195

descritedMeRAY e predemt the ex&sBivd dapp@rAes oE’pl@snﬁS@ ckAr@eskiflce the arginine
Ser Asp . Tyr Asp 210 215 220 lie Asn Arg Ar

L
residu%% RS geakt ng@y e A&?fe@@@ crpys-linkess AM@raeéal A@fﬂa@z@ntz aBlysine residucs

by arglégr%s éfa)?f I%d;to br e"ﬁng/g%nt%é& a?%é B Q?lgmfggrev%%aﬂﬁ@g for reaction to
the antigee. Pro Qy AI a Phe Gy Ser lie Lys Tyr Leu 260 265

Asn lie G@n Gy Asp Ala Trp_ Leu Asp Leu
Cerfié%aﬁyawomdalyws r%%leg geprerispl %ep bs@rglmes @ gheleeklomng QB coat

o bl S 53, 818 5 5 B3 o e e

1nvent16ﬁ,nth@/\ﬁrd§¥lﬂce%%tia& QZOﬁ‘%ﬁlS@ QoMsibts @sﬁbnflﬁlly ¥&lor Hlterdati®el¥! consists of
e Pro Ser 325 <210> 11 <211> 130 <212> PRT <213>

mutant{dB coatinspiRiag ePrvbrabiy dbese myjpnt capbprotainyeamipise ortaltematively consist

of an afyiffo ¥4 sdciincfe1 SR 530 o Frofdl ¥r AYp (§.'§,1 AT RECD NO:17) by

QB- 249(As@Qanys3QE"Q" D IN®: 188! ¢ 3)592 ()2‘52;(@32{ Aﬁ%%fg@a;e gﬁgpN@ £9) d) QB-251

s Val Thr Cys Ser
(LYS16AX€£ YEQSh W@omwd@ QBFRAPY" (Lars2-ag \IaNSIGArgBﬁ %) B NO:21). The

constrq i sprepin 48! i Sralidh ok SPLe et kot e rutant 0B coa
proteerSDPENEﬁd @p@ldbetésﬂ'éﬂlvbllyeaIdeéséri&deﬁ av809056%95 Ainapa-fhéular is hereby

O%sGIuLeulleVal Lys Ala Mt S@%
referre@lé%Ezwepltd§ Bhovemen{ianedsapplirafions in mqsherrlmseﬂerrgd odiment of the

psnl i, Ay th a3 S, PO ity oo

altemaﬁﬁﬂ@mohglsfdbbf Aleeorhymahte prdEeins Abfa Qf, eorT ifaghettsSeferddfy wherein the
Lys Lys. Gy 1 5 10 15 Asp Val Thr, Leu Asp Leu
recombé@w‘f mr%temﬁ gmé/rgvlswoqa% pregTialhf RSk a@ﬁvla%elzscog@lstvaf a mixture of

either oﬁl;?f %ﬁreafolﬂe%'éné%uﬁlﬂ i 3hdohreBb ¥ APPRoténd Leu G u

A particularly favored method of attachment of antigens to VLPs, and in particular to

VLPs of RNA phage coat pioteins is the linking of a lysine residue present on the surface of the
VLP of RNA phage coat proteins with a cysteine residue naturally present or engineered on the
antigen, i.e. the TNF-peptide of the invention. In order for a cysteine residue to be effective as
second attachment site, a sulfhydryl group must be available for coupling. Thus, a cysteine
residue has to be in its reduced state, that is, a free cysteine or a cysteine residue with a free
sulthydryl group has to be available. In the instant where the cysteine residue to function as
second attachment site is in an oxidized form, for example if it is forming a disulfide bridge,
reduction of this disulfide bridge with e.g. DTT, TCEP or B-mercaptoethanol is required. The
concentration of reductand, and the molar excess of reductant over antigen have to be adjusted
for each antigen. A titration range, starting from concentrations as low as 10 uM or lower, up to
10 to 20 mM or higher reductant if required is tested, and coupling of the antigen to the carrier
assessed. Although low concentrations of reductant are compatible with the coupling reaction as
described in WO 02/056905, higher concentrations inhibit the coupling reaction, as a skilled

artisan would know, in which case the reductant has to be removed by dialysis or gel filtration.
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35 40 45 Val Thr lie Ser Val Ser G n Pro Ser Arg Asn
Arg Lys Asn Tyr Lys 50 55 60 Val Gn Val Lys lie @n
wézmsAnweIhr Ser Cys Thr Ala Ser Gy Thr 65 70rPZH/EBRO§S05935
Asp Pro Ser Val Thr Arg Ser Ala Tyr Ser Asp Val Thr
Phe Ser 85 90 95 Phe Thr '75 Ser Thr Val Gu Gu
Arg Ala Leu Val Arg Thr fO'O 105 110 Leu A n Al a

Advaniageousty thd pH A phd dialyMBtor leQthM?eltloﬁﬂﬂlff%f & lokver 4R 7A§9fbferably 6. The
5 Leu Asn Pro Ala Tyr 130 <210> 13 <211> 133
ComPaQéi%of%hﬁ“ Wy pH-DUBSE Wathi apf Beryectivizy wawwmmsnmtbeﬁ@s@pd_ys

Eér)?t?[&g 48 sglsy%n tth¥E of Ifﬁ\lT‘Aiglﬁg%&ét kso?m% %an/l&l%/e m@uﬁatgl %y the choice of

cross-libker Bnd o'ﬂlmr rasciioB yorkitids. For \éxhmAlea tid ardss-lhnﬁeﬂg Sﬂl‘lib -GMBS and
Al a Val. Pra a Leu Qu Lys 35 40 45 Va
SMPH fyfteqiifafesf reghingPettepigaecensity Aﬁf@rlv,&gﬁatmngls [Ppsitingly influenced by

high ca_ﬂﬂ'enifét‘tﬁ)rﬁgf %c@gdé/ %dqnﬁm?éﬁiaﬁbﬂ Sf t!h@ r%c@i Mﬁgftﬁgg Rbn be used to

controlsbe nwabemfranngglsmnphdao VPs Aff Rl\hes pha@I coﬁhprot%lms Sed ifBfarticular to
5 Phe Thr A n Tyr Ser Thr Asp Gu Gu Arg Ala Leu
VLPs C%(&?I?i\?aﬂjpﬁ?ma u 100 105 110 Leu Lys Ala Leu Leu Ala -

PAOP 181 dBionlefh AdrenAAsR1 dlcdnk 'aﬁadﬁgenfﬁ S%Ef%égné%%hich it should

Leu Asn Pro Ala Tyr 130 <210> 14
be fused igsriBh or @chaplngeginedsd 14900 bazbhmmn Ahas, lths ldchauoﬂ\sﬁ the second

ctachmgh] S5 il s ecraen i i oot st st or any

amino 4¢18 1Ak dantaimilg 2R sHtheVidlavéidad Slﬁrfuﬁﬁéf e%ﬁfodfﬂléhtf‘laﬁ agtllﬁody response
Ala Val Pro Ala Leu Gu Lys Arg 0 45 Val Thr

directedsgt agite dagtinctfignpihg igteractiog siis rpfAhg s@lﬁgnm@n With 11l§y£at15?61 ligand is

des1redE§1 9\%%1\@% gll&/ljltk,gtg%%% o?guaégclxg%stn }tgrn%\é’:@e{/%ﬁﬂc%ﬁ%pg‘[ﬁat it prevents

generatfer oiGnyibS@hEs é’g‘mst\&ﬁ: ﬁq‘@kacﬁbﬁ siteof e rselﬂ'alﬁﬂ%’& v9i@h ﬁ@n&fhfal ligands.
Ser Tyr Ser (1 Au Glu Arg Ala Leu
Isprefeiged gmbo n!ﬁi@h% Frpeptide of |the) inyeation som@pseée%n added single

second|a'tt§cl¥f;i/‘érnt'_%r§tg oé‘laasnll 1@ r Evf‘éﬁa%?ge ﬁge é%)%b%rz(gf %§§01%031 with the first
attachn@ny sit3@nltBs cmcpartlcle and the 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, 150, 180, 210, 240, 270, 300, 360, 400, 450
TNF-peptides of the invention to the core particle and VLP, respectively. 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 example, if the binding and association, respectively, is effected by way
of a lysine- (as the first attachment sité) and cysteine- (as a second attachment site) interaction, it
is ensured, in accordance with this preferred embodiment of the invention, that only one added
cysteine residue per TNF-peptide of the invention is capable of binding and associating,
respectively, with the VLP and the first attachment site of the core particle, respectively.

In some embodiments, engineering of a second attachment site onto the TNF-peptide of the
invention is achieved by the fusion of an amino acid linker containing an amino acid suitable as
second attachment site according to the disclosures of this invention. Therefore, in a preferred
embodiment of the present invention, an amino acid linker is bound to the TNF-peptide,
preferably, by way of at least one covalent bond. Preferably, the amino acid linker comprises, or

alternatively consists of, the second attachment site. In a further preferred embodiment, the
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Asn Asn Pro Tyr Pro Gy Val Pro Asp Ser Pro Asn Val

Lys Pro Pro 145 150 155 160 Ay @y Thr Ay Thr Tyr
wonwsayePro Phe Ala Cys Tyr Arg Arg Gy 165 1POT/EP2005/005935

Gu Leu lie Thr Gu Ala Lys Asp Ay Ala Cys Ala Leu

Tyr Ala Cys 180 185 190 Ay ger Gu Ala Leu Val Gu

Phe Qu Tyr Ala Leu Gu _5 Leu 195 200 205 Ay

RSl Fhiker RingiisRs A Sul AT Rr @ Xyhéig Lr@éid&ﬂfl LatRth ferred
amino ASpr210 %\1155220 lﬂ:%fgry @o% r y ife Q/snArg er preferre

embod(gl/gnt,,ctbﬁ agine aopq lindsgr 1$@g§tqy@qj Spsg cglmlazg"@e];ggigorp_aﬂﬁl\q: amguy acid linker

as well Qg ﬂg@,g %&% x%%{j @%Bdl{}’lﬁ?ﬁ th\ége{Im }ng % oacar@u%ﬁtro the invention

havealPéhﬁyA@dhuSﬁéd&B(ﬁ;eArg Tyr Tyr 260 265 270 Leu Hi s Leu
Glyller;gr Val %LeuAlaGluVal Thr Al a
stfuzféer prsernssh empedimept afthedpyention, the) at| lpest ang Bhgpeptide of the

inventlzﬁgl?s %E%d @ﬁge ?ﬁ{ %)‘%cl%%ﬁed %ggznﬁg-giké@grtf [eh re%gctisf.gr ggg)utlmed above,
a VLP34 @yBdAly3ainatd Gf rat Teast dfad subueit\dasenhblmgAntw SAFLR.€lhus, in again a
325,33 > 15 < 1> 129 <212> PRT <213> ) ..
fuﬂhergg%ﬁegﬁ? 65@38@% 0£4 LveRfio, @%’EN p&%’ﬂéﬁ of iy ingenfiqppis fused to at
least oN@EuﬂtﬁH ofathe ASiis A%B pgﬁéleelny ofi B gr&%ﬂﬁ éépgbﬁQ)f ]b'éuésﬁcc\)@brated into a

hr Val Ala Pro Ser "Asn Phe Al
VLP gafxepatm axhieri¢ Vé.PSmbusie i NAspepSde pmtgnﬁenona n AI a Tyr

V Ser, Val 35 40 45 n.Ser. Ser
R Rn KL ety 7 Preriivenion o 62 ol e yeisg Tai 56 VP subunit
sequenE’é Q)r QM/SﬁM@h t8lethdihhe @I-rbrT(f}FterifﬁﬂlusQﬁ‘th@%lﬂéﬂbuﬁittbrﬁé'tem capable of
Ala 65 70 75 80 Ala Trp Arg Ser Tyr Leu

being mw’p@atpdump FHWLE. Berpinafien, svhpp gefairingg® fagiog pratgins 4 peptide to a

VLP s@%&tﬁg f\%@ﬂ %1%“1%? gncksog t%a%/ubkélﬁ s%#t%n%/ele Eér %eo agé%(sekﬁgx of the peptide
within ltheesubugit AbgueAsH axsee"nc&lpadséce tAd fuslo2OwitR ﬂ?@/T‘NF%@tzda 6f the invention
<211> 128 <212> PRI <213> Bacteri ophage PP7 <400>
being gpthe Prtenmiusrgf thy gusign pelapertie. Y&l fused vig ifs A éFﬂTW?US to the VLP
subunifY 9 Thr Leu 1 5 10 15 Thr Gu He Gn Ser Thr Ala Asp
Arg Gn He Phe Gu Gu Lys Val 20 25 30 Gy Pro Leu
PailonGhyy Alsg Heeaffelicg hyeinsditing AbqueBees dethe ANF-Geptidesof b invention

into a K@fﬁ%&g’g ag/{\./,P%lugu%g %vhgg:rgagc %B‘E%/er su’%{lgit \s{gcliueﬁgg h&segee%lygeleted, that are
further referred to as truncation mutants. Truncation mutants may have N- or C-terminal, or
internal deletions of part of the sequence of the VLP subunit. For example, the specific VLP
HBcAg with, for example, deletion of amino acid residues 79 to 81 is a truncation mutant with
an internal deletion. Fusion of TNF-peptide of the invention to either the N- or C-terminus of the
truncation mutants VLP-subunits also lead to embodiments of the invention. Likewise, fusion of
an epitope into the sequence of the VLP subunit may also be effected by substitution, where for
example for the specific VLP HBcAg, amino acids 79-81 are replaced with a foreign epitope.
Thus, fusion, as referred to hereinafter, may be effected by insertion of the sequence of the TNF-
peptide of the invention into the sequence of a VLP subunit, by substitution of part of the
sequence of the VLP subunit with the sequence of the TNF-peptide of the invention, or by a
combination of deletion, substitution or insertions.

The chimeric TNF-peptide-VLP subunit in general will be capable of self-assembly into a
VLP. VLP displaying epitopes fused to their subunits are also herein referred to as chimeric
VLPs. As indicated, the virus-like particle comprises or alternatively is composed of at least one

VLP subunit. In a further embodiment of the invention, the virus-like particle comprises or
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Val Val Asp Cys Ser Thr Ser Val Cys Gy Gu Leu Pro

Lys Val Arg 65 70 75 80 Tyr Thr G n Val Trp Ser H's
wézmsarosIhr H e Val Ala Asn Ser Thr 85 90 95 @&CwWERR@S5/005935

Ser Arg Lys Ser Leu Tyr Asp Leu Thr Lys Ser Leu Val

Ala 100 105 H O Thr Ser G n Val Gu Asp Leu Val Val

Asn Leu Val Pro Leu Gy Arg>$I5 120 125 <210> 17 <211>

altemaﬂi%‘l 3 1gompdsdd oF 18 ¥k f 1€ LiRmes@ AVEPC QubndA9 nd 212&? chimeric VLP
Yel‘l ophage Qbeta 240 nutant <400> 17 Ala Lys L

subum‘@ ueTHLP\ﬂﬂbumﬂfﬁ nQ’eba\@ng apsantigers f@ey thergtoad padBhy tq_yg called mosaic

n _Ehr Leu n _Pro
particidy e alifpfibus 3o soSifp RnaloR ¢l hicdfentfly GAVLP. In those
embodﬁléhtﬁ'ﬂ@e f)l@boﬂﬁbﬁ oRlchink@le VALR-shiitdlod tdfall VBB sdurde nfdirbe 1, 2, 5, 10,
er Val Ser Gn Pro Ser Arg Asn Arg Lys Asn Tyr
20, 30 Ifl}QS5Q/zﬁ0 50 959695 arhighentys |ie G n Asn Pro Thr Al a

F%fkm% EmQJroaadg? rx‘es%h}/es ?‘ﬁﬁy %Satdgcgd ?({)/ ?I?Qf;ﬁe?ld’atﬁﬂothg q%?lce §£ the TNF-
peptidQ0f Gz iﬂventlm ﬁﬂ;ﬁih@ theThquﬂerpeﬁﬂ; as Gevowtr for AusioPh®lyyeptides of the
inventigrp gb{\gj tq] L(? to}g emslgi q}ﬁl tg glgﬁleg:eﬁotjﬁ %sﬁ%ﬁ%@ \?Ig]{‘y or for internal
1nseﬂ1&§6f SBEI‘PP?t id Waud@ i lHe sekBeteldithd Sbunid b4z VAT (ﬁ%@xﬁ@ and serine

tific Seguence <220> <223> Bacteriophage Q
e51due3%e pmlatdarly:zf@@recl gmivicaadigsstol @t un The fisating laasqulemes added to the

d L li.e 1.5 10
TNF-pede 3 s K Be @Vl repiees iR Baignal g Sibiity, which
may dl%ﬁnﬁﬂ tifY PotSi@fallyléstaBlizidone il ofSFsin® Afovaibn @E@eﬁb@nﬁe@ he sequence
Lys Arg Val 35 40 45 Thr Val Ser Val Ser

ofaVISésuang Asn Arg Lys Asn Tyr Lys Val 50 55 60 GI n VaI

aassﬂgé vdo) X%D%glge p c m@n@m%ﬁx TﬁtPAg 3 %&t@s@ .ﬁs.gxre antigen VLP.

FusmnAprateﬁ@rxo\éaﬂhefr the Nt’temﬁﬁns Bﬂﬁ]ﬁ;@qﬁ@\lé@&n&hrs GthTWan‘BerMed 5:1157-
Gu Arg Ala_Phe Val _Arg Thr G u LeulOQ
1163 (12%9)A|oa lllﬂeglcﬁ’é unué\e sm| gplled rmagpr lrn-@ana@snma@ I}ng?nAﬂ\éIR) have been

descnﬂfg?P@tﬁBerg B. htGlelR, E%Qnt@%oﬁfg@ Fr 8. H@(Z-Bbﬁ))} 0 6%@@?33), and are
preferred embodiments of the invention. Naturally occurring variants of HBcAg with deletions in
the MIR have also been described (Pumpens, P. and Grens, E., Intervirology 44:98-114 (2001),
which is expressly incorporated by reference in their entirety), and fusions to the N- or C-
terminus, as well as insertions at the position of the MIR corresponding to the site of deletion as
compared to a wt HBcAg are further embodiments of the invention. Fusions to the C-terminus
have also been described (Pumpens, P. and Grens, E., Intervirology 44:98-114 (2001)). One
skilled in the art will easily find guidance on how to construct fusion proteins using classical
molecular biology techniques (Sambrook, J.et al., eds., Molecular Cloning, A Laboratory
Manual, 2nd. edition, Cold Spring Habor Laboratory Press, Cold Spring Harbor, N.Y. (1989),
Ho et al., Gene 77:51 (1989)). |

In a further preferred embodiment of the invention, the VLP is a VLP of a RNA phage.
The major coat proteins of RNA phages spontaneously assemble into VLPs upon expression in
bacteria, and in particular in E. coli. Specific examples of bacteriophage coat proteins which can
be used to prepare compositions of the invention include the coat proteins of RNA

bacteriophages such as bacteriophage Qp (SEQ ID NO:4; PIR Database, Accession No.
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<211> 132 <212> PRT <213> Artificial Sequence <220>

<223> Bacteri ophage Q beta 250 nutant <400> 19 Ala Arg
woews@hiweIhr Val Thr Leu Gy Asn lie Gy Arg ABOTEPY005/005935

Lys 1 5 10 15 @ n Thr Leu Val Leu Asn Pro Arg Gy Val

Asn Pro Thr Asn Gy Val g%SO Ala Ser Leu Ser dn

Ala Ay Al a Val ProAIaLeu u Lys Arg Val 35 40 45

VCBPQhfefdaingS61Qp/eP a2aSEE D NO:55@cAknAR) A5 816863 ARdtring t Al
dmr Ly sgVaIQBE\S/O 55 6(%3!n Val Lys lie G n Asn Pro Thr gto QP

proteln)oairal I@féerrpﬂ?hagﬂ fa ($EQ@ IO Ze PIIC/\@C@EIOM\I ¥ GBPER)p Pro

1 oY e s e R0 Yoo L o s s o
QB coaﬁ?@téfﬂ'ﬁ@{c@x pTBt%nQdﬂsﬂr@dﬂs WaBredDEHitbHEs 1Hvd bbRfsed td—@l@ C-terminus of
Ser Pro Leu Leu lie Asp Ala lie Asp G n Leu

a truncm@ﬂ) faraGoiidn AR promnaOﬁ Qf, 0B80ser®I0witkia the Ad>praih kéa/‘bbeen described

ot 2 S0 T, B i v

suppressRn 40 BEA kb c&lioh éﬁéﬁha@sﬁle 339 ]aa50r1§)281z§a gﬂﬂe -EtUavage of the
Leu Val Leu Ash Pro Arg Gy VAl Asn Pro Thr

N-termipg] n@@ll@iﬂﬂ@@s iaken 8de aE@Q]lnSe(Ele@age/ﬁf allﬁ\lytemlmallmeﬂﬁomne before an

40 .45 Thr Val Ser Val
alanine iS55 fing it odfy bzglge §£népr§PneLy§u%} s Bgcy 2. col, and
I iR ,
such is %@ cé@ fobf\i tégﬂg%l(?f?{%@i{? E('Sag P %1 5 C .\%ﬁ 1%%{ oﬁ% Agﬁ%ene, 3’ of the
UGA atnjosr d'gdonﬁérmomahé/ﬂP SiftensiRing which IRisen BhgtA A5 Hatinélatids. Insertion

A T AT R i PR
leads td 688 Ruodinhdrs 8heGhierdiod (kb210vEEh, T2 NASP oY taﬁlvﬁology 39:9-15

130 <210> 21 <211> 132 <212> PRf <213> Artifici al
(1996))séqsuelm of a IPHpeptzE tBainventiapitahe Coebrinas 269 Griermitally truncated

Qp Al éﬁ g@é&iﬂ?‘% %&gﬂ%;:g Rfegerie%se%%g%@\e{raﬁls olthhe 1|r'1$g1r1t1%l yFor examp?e Kozlovska
et al., (Intervirology, 39: 9-15 (1996)) describe QB Al protein fusions where the epitope is fused
at the C-terminus of the QP CP extension truncated at position 19.

As described by Kozlovska et al. (Intervirology, 39:9-15 (1996)), assembly of the particles
displaying the fused epitopes typically requires the presence of both the A1 protein-TNF-peptide
fusion and the wt CP to form a mosaic particle. However, embodiments comprising virus-like
particles, and hereby in particular the VLPs of the RNA phage QB coat protein, which are
exclusively composed of VLP subunits having at least one TNF-peptide of the invention fused
thereto, are also within the scope of the present invention.

The production of mosaic particlés may be effected in a number of ways. Kozlovska ez al.,
Intervirolog, 39:9-15 (1996), describe two methods, which both can be used in the practice of the
invention. In the first approach, efficient display of the fused epitope on the VLPs is mediated by
the expression of the plasmid encoding the QB Al protein fusion having a UGA stop codong
between CP and CP extension in a E. coli strain harboring a plasmid encoding a cloned UGA
suppressor tRNA which leads to translation of the UGA codon into Trp (pISM3001 plasmid
(Smiley B.K., et al., Gene 134:33-40 (1993))). In another approach, the CP gene stop codon is
modified into UAA, and a second plasmid expressing the Al protein-TNF-peptide fusion is
cotransformed. The second plasmid encodes a different antibiotic resistance and the origin of

replication is compatible with the first plasmid (Kozlovska, T. M., et al., Intervirology 39:9-15
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G n Thr Leu Val Leu Asn Pro Arg Gy Val Asn Pro Thr

Asn Jy Val 20 25 30 Ala Ser Leu Ser G n Ala Ay Al a
woabosAnweAl a Leu G u Lys Arg Val 35- 40 45 Thr pYaIEPB®5/005935

Val Ser Gdn Pro Ser Arg Asn Arg Lys Asn Tyr Lys Val 50

55 60 A n Val LyslleGIn Pro Thr Ala Cys Thr Al a

Asn Ay Ser Cys 65 70 75 83 Sp Pro Ser Val Thr Arg

1996)GIn 4 \hird yppAlash ASP Afail thEhA 1 BheteheTNRhgepBide Hsidh J@ fencoded i
( )gnTr SerpThrAs Gu u%mAla Phgep?}al Arg Thr na

bICIS“@%HLaE%PBl eperateely il@k%i H’ a\ma)m@t@r pusl a8 the Jap premgoter s described in
5 120 125 Asn Pro
FIG. 1 Bfegokrlb?s’lﬁeg & 6A>’I"g%’%gjgf%g1§%gfb<9ﬁ‘z> PRT <213> Mis
Ilmasfmmﬂlargnmmerﬁﬁhbﬁﬂ\lmpqﬁi&eg)fﬂmirﬁenﬁdﬂ ¢} iﬁ&pteac'; Y)ét\?\geﬁ amino acid
S r. Le Ser r. G.u 5.10 15 Ay Met Gy, Ser
2 and @W“&H%O? t@a‘ﬂewé CEM? dhagiy, Wi}egﬁﬂpﬁ@ IT%‘é‘EF‘WP%I pptgiopine7s cleaved) of

e G SRS 5 RLERRLRCE Bh 4, T bt s

for con@ﬂgctllge@nd;eypl@smon/af iR qu)pQ PBeteins Gelfasetbling td\lVé,PLamd useful in the

precic i tpe el T M feedioatpWiig P abpior fngagsirigh 1193). n

ifie lerfBcdliment, the sédudn&d of éhed 8 dfl i Hﬁ%r@oﬁ é\%ﬁ rted int
" SpemSer Thr 1Leu € uSéSiérnGS Aspsl%ﬁ?&fgﬂ& Pro iOO 10 1 serted info a

deletiomzgrians of tyestt APyalar gope agig <, wharei residues Sand @qu ﬂm ﬁ( CP have been

G@n Hs lie vVal Gy
deleted\@{‘s"g’rp'%gl' A &k @53 RLAPIDR 2150 135 140 Mot et
FGhion Gfyepfiep esTfrptHeeN-t&Slﬂnélaibrobe@raﬁ B-W¥ighiSoy tl'ié’@od‘_t’rp}otem of RNA
G u 145 150 155 160 Ala G n Pro Phe Ala H's Leu Thr

phage MSe2 asd snbseqnpni mesentationmpiothediisetoepitope oy theGielf- @efvmbled VLP of

i 85 T 08 R0 RS J R 458 G o

inventidis by GilSﬁrtthﬁoﬂ_atbsﬁn@loﬂahtoAhﬂ cd&5prafdth 0MID MMBPpHaLY is also falling
yr. Leu Tyr Ala Asn |lie Cys Phe Arg His H's

unde”geﬁ?oﬁ‘is dngHohr Ser Gy Ser Val Pro Thr Asp Tyr

Iﬂ%?bt%{bnh@dgn%{glgt %qge &Vgn@é’? t% Q’l\%“@;gepﬁglgs %ﬂhe?\{g{r nhXﬁ are fused to a

capsid paBeinsef PaBilGnyvi@ly I8ea mdre dpycifidssmbodimSeyr 16 )TNZEpeptldes of the

' I
I TR R T e N,
Vector£ 8 &&res3fn ﬁss\%n@ for V@ﬁstl%@florﬁﬁﬂd BkPresi®dn bEBPYVEY di36h proteins in a

Pro Asp @ n p Ala
baculovirus/insect cells systems have been descnbed (Chackerian, B. et al., Proc. Natl. Acad.

Sci. US4 96:2373-2378 (1999), WO 00/23955). Substitution of amino acids 130-136 of BPV-1
L1 with a TNF-peptide of the invention leads to a BPV-1 L1-TNF-peptide fusion protein, which
is a preferred embodiment of the invention. Cloning in a baculovirus vector and expression in
baculovirus infected Sf9 cells has been described, and can be used in the practice of the
invention (Chackerian, B. et al, Proc. Natl. Acad. Sci.USA 96:2373-2378 (1999), WO
00/23955). Purification of the assembled particles displaying the fused TNF-peptides of the
invention can be performed in a number of ways, such as for example gel filtration or sucrose
gradient ultracentrifugation (Chackerian, B. et al., Proc. Natl. Acad. Sci.USA 96:2373-2378
(1999), WO 00/23955).

In a further embodiment of the invention, the TNF-peptides of the invention are fused to a
Ty protein capable of being incorporated into a Ty VLP. In a more specific embodiment, the
TNF-peptides of the invention are fused to the pl or capsid protein encoded by the TYA gene
(Roth, I.F., Yeast 16:785-795 (2000)). The yeast retrotransposons Tyl, 2, 3 and 4 have been
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Thr Tyr Phe Gy Ala Phe Lys Val G n Asp H e Asp 305

310 315 <210> 23 <211> 170 <212> PRT <213> artificial
weensanms3 <220> <223> fusi on pol ypepti de: Hi s- Pay/BRRG0E/005935

mat ure nuri ne TNFal pha <400> 23 Met Ay Cys Gy Ay

Gy Hs Hs Hs Hs Hs Hs Gy Ser Leu Arg 1 5 10 15

Ser Ser Ser G n Asn Ser Ser p Lys Pro Val Ala H s

isolate&/é‘]‘om/&zcakkzﬂm%eﬂ EedAsae, MildleGhe rd@dtrdakpbseh TfGHAs besh isolated from
. GQu Trp Leu Ser Arg Ala Asn 35 40 45 Ala Leu Leu
SchlZOﬁecah%gﬁyessy Foubags ZB%@ LR- mid Asndwmpyery e¥Byal'Yeest Seansposable

" P Y, T T ‘ Vi .
eleme&%uq{é ’.’;ﬁeﬁ ;}?Z%u@ﬁGg@l C%léﬁ%roﬁ@lh%oxazjae/Sygﬁ}slg%rgggd%%a%es. Genome
dynami¢s) PraeinLsymilais, tdng Bhargitads., Serl 93y CoRh&pAhg IarBbr MAabBoratory Press

B X i iy
elemen@ ywiiearyd bblé@gé tbycﬁe %{/}%y-@aﬁﬂéyd'f r@t%&ré%ﬁos%ﬁ? \gu\ﬂh isl%lated to plants

lie Tyr Leu
and an@ﬂ 1¢BOViIEEs. ﬂnGhté"WISethp@Im, ﬂwl plApmtd:mualEh) mefm;tsd to as Gag or

i ek S o e B T3 iR v
positiod 4@8,]12@(111%‘:{5 th@ B3 proféinl fhi ‘éb@h’uﬁ%ﬁﬁﬁﬁ@rﬁﬁm £@23> C

termnal |inker <400> 24 dy G (el <210> 25
Fusipn pratgms to pdanprpcters o th%@mreasmg cﬁf spidr fusion4@otein@sn Yeast have

T, y Thr 3
ven RO ASPAIAE, 9 1, Mind RIS TRAFH 580, Tl e
of the i%ventﬁmrm&éa be fuggdAs Q)lLl@umlsaﬂnéﬁxpsea@erﬁg cB@layfbrl_l ﬂdeaTI@Ipe}%tlde of the
Gu Se ro u Hs

inventig i S PAmH] She O e DRHSO40 PIeSeS Aot o Phcelete 329:68-70
e Kt e SN ey RS s v

express&@lgoﬁ@goﬂ@motdgas chanmg amjino ¥atls ASI81 Difip 1 A yllAeLS, ﬁs}td C-terminally
to the imptls B ioPen sDisph APt NUSTEg fsion of TNFpeptides of the

invention, or internal insertion into the p1 sequence, or substitution of part of the p1 sequence is

also meant to fall within the scope of the invention. In particular, insertion of TNF-peptides of
the invention into the Ty sequence between amino acids 30-31, 67-68, 113-114 and 132-133 of
the Ty protein pl (EP0677111) leads to preferred embodiments of the invention.

Further VLPs suitable for fusion of TNF-peptides of the invention are, for example,
Retrovirus-like-particles (W09630523), HIV2 Gag (Kang, Y.C., et al, Biol. Chem. 380:353-364
(1999)), Cowpea Mosaic Virus (Taylor, K.M.et al., Biol. Chem. 380:387-392 (1999)), parvovirus
VP2 VLP (Rueda, P. et al., Virology 263:89-99 (1999)), HBsAg (US 4,722,840, EP0020416B1).

Examples of chimeric VLPs suitable for the pracﬁce of the invention are also those
described in Intervirology 39:1 (1996). Further examples of VLPS contemplated for use in the
invention are: HPV-1, HPV-6, HPV-11, HPV-16, HPV-18, HPV-33, HPV-45, CRPV, COPV,
HIV GAG, Tobacco Mosaic Virus. Virus-like particles of SV-40, Polyomavirus, Adenovirus,
Herpes Simplex Virus, Rotavirus and Norwalk virus have also been made, and chimeric VLPs of
those VLPs are also within the scope of the present invention.

TNF-peptides of the invention can be produced by expression of DNA encoding TNF-
peptide of the invention under the control of a strong promotor. Various examples hereto have

been described in the literature and can be used, possibly after modifications, to express TNF-
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Gu Thr Val Leu Gu Tyr Leu Val Ser Phe Gy Vval Trp H

e Arg Thr 115 120 125 Pro Pro Ala Tyr Arg Pro Pro Asn
wél2e0sAnmedl e Leu Ser Thr Leu Pro 130 135 140 GrQT/HEHRR005/005935

Thr Val Val Arg Arg Arg Asp Arg Gy Arg Ser Pro Arg

Arg 145 150 155 160 Arg Thr Pro Ser Pro Arg Arg Arg

Arg Ser A n Ser Pro Arg Ar?g6 rg 165 170 175 Arg Ser

eptide@fthSaIvertich & ahySRSsiréd Bpdoles, gr3ferdidd ikthtQonkat sRAdion eptides,
B 155 PRI <0135 tepat] the B DR LT niek « Asp {¥Aypepti

e.g- a fusiqn with GRLronYHFRy y Phe Gy Ala Thr Val Gu Leu Leu 1

S chl@Njﬂgp %ﬁe{@@hﬁﬂv%gag% BA%EOCP\.&?d B%ﬁgpkﬁdzﬁﬁ W?;&ular biological

technoléglgs Adpreptha riueleoﬁlieu séﬁﬁﬁénd%r @diig.lfdrllthe ﬁygmBﬁt &Qnt’b’iéie Iis amplified by
i s H s Thr Ala Leu lie Leu

PCR anén1§ E&\Bd 892 BB1G0 @é{?lmp‘a#ﬂaamh&ﬁ ahﬁinﬁtdrne;sag/alne Eiag tag, myc tag
or the thEtalftsxré ie%%f?gthn@%?d%lyc 8 grorﬁ,g’]?; %?gﬂugglg%aﬁl en%r)ﬂk@%’ cégavage site
betweexg @;heg’ENE\Bept_étu of_gbs iPhentidn gm@lth]e taguthleeTN HppptiRleeoftths invieation can be

P TR P N
TNF-pdptiete A Ghd fiveRfion Ra© HA! sgnfﬁéﬁlz@d ¢ PiRy Rid cﬁ‘sﬂl’cﬂnﬁ a\.;gﬂosphorylatlon—
l'ie Leu Ser 130 135 140 Thr Leu Pro Gu Thr Thr I

modificetipn ysigg sigpdard pgpil@‘,syf@mls réactionsknoRpRTo akEsen skllled in the art.

G@dtah%/ éﬁ @)W%&%‘O%SI@ fSB“ gfo’ <t§i Li'riv%kgfin jé%gélcéé&qgég@ging to the
virus- hmpmelrcleoxs@g@ ﬂf&%oﬁﬂﬂﬁ%@ﬁc&ﬂn ﬂrﬁdﬁ%&tlbﬁ Sghihst Member of the
5 10 15 Val

Pro lje Thr Ser Thr Ala Asn Lys lie
TNF-SuiP? amily uaing the veRiversempesions comiprispgra 'ﬁN@ ps@tldgxpathe invention,

ot 540 PR B Bkl o b o v,

respectiSelly, May plomidd & sapofjtrEatmgAlutoiRinnink isseRyeo aﬁil boitd- geleﬁ&i 8isorders.

Inggls iﬁiiﬁ}tﬁerfgg@geacp%dggéml Afethg/%tresgrrlt 1n'\61\eszr?t10(15;I l‘[Jhe TNF%eptlde of the
invention further comprises at least one second attachment site not naturally occurring within
said TNF-peptide of the invention. In a preferred embodiment, said attachment site comprises an
amino acid linker of the invention, preferably a linker sequence of C, CG, GC, GGC or CGG.

Some of the very preferred TNF-peptides of the invention are described in the Examples.
These peptides comprise an N- or C- terminal cysteine residue as a second attachment added for
coupling to VLPs. These very preferred non-self, and preferably non-human, TNF-peptides of
the invention are capable of having a very enhanced immunogenicity when coupled to VLP and
to a core particle, respectively.

In further preferred embodiments of the invention, the TNF-peptide consists of a peptide
with a length of 4 to 8 amino acid residues, preferably with a length of from 4 to 7 amino acid
residues and more preferably with a length of from 4 to 6 amino acid residues, are, furthermore,
capable of overcoming possible safety issues that arise when targeting self-proteins, as shorter
fragment are much more less likely to contain T cell epitopes. Typically, the shorter the peptides,
the safer with respect to T cell activation.

Further preferred members of the TNF superfamily and TNF-peptides of the invention
derived from these molecules may be discovered in the future in species where no sequence
information is available yet. The above-mentioned Blastp search explained in the definition of

the TNF-superfamily memebers can help to identify TNF-domains present in these proteins.
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Thr Val lie Ser Gy Ser Ala Gu Asn Leu Ala Thr Leu

Lys Ala Gu 85 90 95 Trp Qu Thr H's Lys Arg Asn Val
wézmsiihroskeu Phe Ala Ser Ay Asn 100 105 110 APaT@Pg005/005935

Leu Gy Phe Leu Asp Pro Thr Ala Ala lie Val Ser Ser

Asp 115 120 125 Thr Thr Al a éSO <210> 29 <211> 11

<212> PRT <213> artificial ~¢ quence <220> <223> | i nker

T@ﬁ@lﬁ\rdﬂﬁo%‘cﬁzyﬁﬂﬂe Whd Bf thé\mblifldd] cforr@ﬁarﬂ@l'éSﬁldTM'fﬁh&%r the modified
0> 29 Cys. Gy Gy Lys Pro Val Ala H's Val Val

VLP, Gf ‘% inyepten ot ﬂ@mrﬁpqre lozp 9D 8 mmrcamqmﬂfomhe. trgatinght of autOImmune—

d1sease§fe591rlcé§dagcg l?_(ﬁi% elaﬁgdzﬁES%#eQ %8 v&éﬂa %%A}g ac}nlé fo tr'ga%tygs albragtmmmune
disease\ald/oAl aabdnltesre‘iéﬁéd VakasAlty dtinisiesingito alsuBJel;Q p&feraBhOR 8human, the

modlﬁqﬁé\%lﬁ pg’pg}feﬁ Zn{e%@gzé%evgégtﬁggtc :Jﬁalé)rgf;?al@gfae A]Tézzi}geitlc treatment or
alternaéxfea 9 <2§h§ﬁ§é'|:t)1éc; %r?aélzlgﬁgaéiﬁ%zf%ﬂt@ﬁz&ﬁﬁﬁ%a sgé&?é a%r %%%End arthritis,

ystemi.mllupusa eﬂytﬁemﬁﬂzlib 38flar@rhaterd btﬁzﬂeZ>di§E§Ee<2ﬂﬁlhple sclerosis, diabetes,

autmm%lr;% l‘r01 |désegﬁ;qeg g&}g}em;;ﬁ%eo liefpgtzlggrpsgrl Eé(%%@gﬁgtgz gggpig Rreferred bone

related TBskdses Y osi@dpotodih ! pdriontidhtisS BaSB6RetT 880l ysis, bone metastasis, bone
cancer pain, Paget's disease, multiple myeloma, Sjorgen’s syndrome and primary billiary
cirthosis.

In a preferred embodiment, the TNF-peptide of the modified core particle and preferably of
the modified VLP, to be used is derived from a vertebrate polypeptide selected from the group
consisting of TNFa, LTa and LTo/f. Such conjugates are preferably to be used for the
manufacture of a medicament for the treatment of autoimmune-diseases and of bone-related
diseases, preferably of rheumatoid arthritis, systemic lupus erythematosis, inflammatory bowl
disease, multiple sclerosis, diabetes, psoriasis, psoriatic arthritis, myasthenia gravis, Sjorgen's
syndrome and multiple sclerosis, most preferably psoriasis.

In a further preferred embodiment of the invention, the TNF-peptide of the modified core
particle and in particular of the modified VLP of the invention is derived from a vertebrate, and
in particular a eutherian LIGHT polypeptide. Such conjugates are preferably to be used for the
manufacture of a medicament for the treatment of autoimmune-diseases and of bone-related
diseases, preferably of rheumatoid arthritis and diabetes.

In a further preferred embodiment of the invention, the TNF-peptide of the modified core
particle and in particular of the modified VLP of the invention is derived from a vertebrate, and
in particular a eutherian, FasL polypeptide. Such conjugates are preferably to be used for the
manufacture of a medicament for the treatment of autoimmune-diseases and of bone-related
diseases, preferably of systemic lupus erhythimatosis, diabetes, autoimmune thyroid disease,
autoimmune hepatits and multiple sclerosis. .

In a further preferred embodiment of the invention, the TNF-peptide of the modified core
particle and in particular of the modified VLP, of the invention is derived from a vertebrate, and
in particular a eutherian CD40L polypeptide. Such conjugates are preferably to be used for the

manufacture of a medicament for the treatment of autoimmune-diseases and of bone-related
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<223> Peptide <400> 34 Ala Ala H's Leu Val Ay 1 5
<210> 35 <211> 6 <212> PRT <213> artificial sequence
wWe286G4117823> Pepti de <400> 35 Ala Ala Hi s Leu PCE/EBR005M05935
5 <210> 36 <211> 8 <212> PRT <213> artificial sequence
<220><223> Pepti de <400> 36 hys Pro Ala Ala Hi s Leu
Val Ay 1 5 <210> 37 <211>*§ <212> PRT <213>

discasesy prieferabilpbf sequrnsie arRA03, syiddic R%)I@E ieﬂgfﬂﬁﬂﬁﬂﬁisf} Infla¥iSinatory bowel
) Pro Ala Ala His Leu lie Ay 1 5 <210> 38 <211> 9 <212>
diseasepRypreenseyndiomerandjagheressifetive <220> <223> Pept i de

< . H s Le . 0>,.
3t o Bt ey et B il 5,58 e o
particle<@2Bin faeitul aterf T o dFRALELP loy shePhoedloa ié\ldariir&ffrbmual {drebrate, and
. €] 1 5.<210> 40 <211> 6.<212> PRT <213> artjficia
n Paft%]éﬁaﬁ&}@ﬂ% Ha Balypepiided S gryusetesaTs PAgfarappLiolbe psed for the

manufdche G hedicdh@nt fok the treatment of autoimmune-diseases and of bone-related
diseases, preferably of theumatoid arthritis, multiple sclerosis and autoimmune thyroid disease.

In a further preferred embodiment of the invention, the TNF-peptide of the modified core
particle and in particular of the modified VLP of the invention is derived from a vertebrate, and
in particular a eutherian RANKL polypeptide. Such conjugates are preferably to be used for the
manufacture of a medicament for the treatment of autoimmune-diseases and of bone-related
diseases, preferably of rheumatoid arthritis, osteoporosis, psoriasis, psoriatic arthritis, multiple
myeloma, periondontis, periprosthetic osteolysis, bone metasis, bone cancer pain, peridontal
disease and Paget's disease, most preferably psoriasis.

In a further preferred embodiment of the invention, the TNF-peptide of the modified core
particle and in particular of the modified VLP, of the invention is derived from a vertebrate, and
in particular a eutherian CD30L polypeptide. Such conjugates are preferably to be used for the
manufacture of a medicament for the treatment of autoimmune-diseases and of bone-related
diseases, preferably of rheumatoid arthritis, systemic lupus erythematosis, autoimmune thyroid
disease, Sjorgen's syndrome, myocarditis and primary billiary cirrhosis.

In a further preferred embodiment of the invention, the TNF-peptide of the modified core
particle and in particular of the modified VLP, of the invention is derived from a vertebrate, and
in particular a eutherian 4-1BBL polypeptide. Such conjugates are preférably to be used for the
manufacture of a medicament for the treatment of autoimmune-diseases and of bone-related
diseases, inflammatory bowle disease and multiple sclerosis, preferably of rheumatoid arthritis.

In a further preferred embodiment of the invention, the TNF-peptide of the modified core
particle and in particular of the modified VLP, of the invention is derived from a vertebrate, and
in particular a eutherian OX40L polypeptide. Such conjugates are preferably to be used for the
manufacture of a medicament for the treatment of autoimmune-diseases and of bone-related
diseases, preferably of theumatoid arthritis, inflammatory bowel disease and multiple sclerosis.

In a further preferred embodiment of the invention, the TNF-peptide of the modified core
particle and in particular of the modified VLP, of the invention is derived from a vertebrate, and
in particular a eutherian BAFF polypeptide. Such conjugates are preferably to be used for the

manufacture of a medicament for the treatment of autoimmune-diseases and of bone-related
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<211> 8 <212> PRT <213> artificial sequence <220>
<223> Peptide <400> 41 Pro Ala Ala His Leu lie Ay Al a

W 2605421493 42 <211> 8 <212> PRT <213> artifi ci 2CT/EP2005/005935
sequence <220> <223> Peptide <400> 42 Pro Ala Ala Hi s
Leu lie Ay lie 1 5 <210> 43 _<211> 6 <212> PRT <213>
artificial sequence <220> =553> Pepti de <400> 43 Al a

diseasef %ré'f%ﬁab){@'qfl"_sﬁte%@i"c fypas < nftfoste? 1ARuMarcdd ZartHiiSE and Sjsrgen's
<213> artificial sequence <220> <223> Peptide <400> 44
syndromiea Ala His Val Val Ser 1 5 <210> 45 <211> 8 <212> PRT

<213> artifici.al ;sequence .<220><223> Pepti de. <4 .
Tt o Tl SRR oF 1 a5t huo PR i S04 Ge ioditied core
particle@nkPin RfTcutad bithambilftea VLD sfqhe it entiod?i8 des¥&Brom a vertebrate, and

] Peggi e <400> 46 Arg lie Ala Ala Hs Val He Ser 1 5
in partiepipps eythezian GCDAR. polypeptidrTSuc aujugaiqstare praterablyiferheeused for the

manufacfftd of a medicament for the treatment of autoimmune-diseases and of bone-related
diseases, preferably of artherosclerosis and myocarditis.

In a further preferred embodiment of the invention, the TNF-peptide of the modified core
particle and in particular of the modified VLP, of the invention is derived from a vertebrate, and
in particular a eutherian TWEAK polypeptide. Such conjugates are preferably to be used for the
manufacture of a medicament for the treatment of autoimmune-diseases and of bone-related
diseases, preferably of rheumatoid arthritis, systemic lupus erythematosus and multiple sclerosis.

In a further preferred embodiment of the invention, the TNF-peptide of the modified core
particle and in particular of the modified VLP, of the invention is derived from a vertebrate, and
in particular a eutherian APRIL polypeptide. Such conjugates are preferably to be used for the
manufacture of a medicament for the treatment of autoimmune-diseases and of bone-related
diseases, preferably of systemic lupus erythematosus, rheumatoid arthritis and Sjérgen's
syndrome

In a further preferred embodiment of the invention, the TNF-peptide of the modified core
particle and in particular of the modified VLP, of the invention is derived from a vertebrate, and
in particular a eutherian TL1A polypeptide. Such conjugates are preferably to be used for the
manufacture of a medicament for the treatment of autoimmune-diseases and of bone-related
diseases, preferably of inflammatory bowel disease.

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 examples, which are included herewith for purposes of

illustration only and are not intended to be limiting of the invention.
EXAMPLES

Having now fully described the present invention in some detail by way of illustration and

example for purposes of clarity of understanding, it will be obvious to one of ordinary skill in the
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<223> Peptide <400> 47 Asn Pro G n He Ala Ala H s Val

He Ser 1 5 10 <210> 48 <211> 10 <212> PRT <213>
wanboesfiigdéal sequence <220> <223> Pepti de <400>P¢8/ERIPS/005935

Pro Gn He Ala Ala Hs Val He Ser 1 5 10 <210> 49

<211> 10 <212> PRT <213> arg ficial sequence <220>

<223> Peptide <400> 49 Asp P Gn He Ala Ala Hi s Val

art thatVhe s@@& chn belftsorted 5)? rﬁé’dﬁs?i’n% Or SRahgind ¢ ifivehdion within a wide and
<220> <22

artificial sequence > Peptide <400> 50 G u
equivaleabragge of pendafiensafarmpglationg and mée@aframetsrsmnhcm affeging the scope of

the 1nvg§‘%c%1> ogg%% %ﬁeecﬂigglalégé%e@a ﬁe %Olaffflki?‘is, tl‘%g g.ﬁ'%ﬂﬁl%éﬁgc%@org or changes are

intended2d B2 ehlom@ibied RithiakBe sddpd ofk3Ippardedfcigiing] sequence
ﬁ20> <223> Peptide <400> 52 Arg Ser Val Ala H. s Leu
rpu@19atlpn5, poignts and patent agp]gza%ggs prantiopgd un thlS spec1ﬁcat10n are

indicatﬁv eldfithCiedbl SEHIEBE o «ﬁglgﬂe(fﬁlzl:ﬁg aReBLHlEn ﬁﬂ?%eé@brﬁgé}tmns and are
ys Val a Hs Leu T
herein incorporated by reference to the same extent as if each individual publication, patent or

patent application was specifically and individually indicated to be incorporated by reference.

EXAMPLE 1

A. Coupling of murine TNFo(4-23) peptide to Qf capsid protein

A solution of 3 ml of 3.06 mg/ml QP capsid protein in 20 mM HEPES, 150 mM NaCl pH
7.2 was reacted for 60 minutes at room temperature with 99.2 ul of a SMPH solution (65 mM in
DMSO). The reaction solution was dialysed at 4 °C against two 3 1 changes of 20 mM HEPES,
150 mM NaCl pH 7.2 for 4 hours and 14 hours, respectively. Sixty-nine pl of the derivatized and
dialyzed QP solution was mixed with 265.5 pl 20 mM HEPES pH 7.2 and 7.5 pl of mTNFa(4-
23)  peptide with the second attachment site  (SEQ ID  NO:127
CGGSSQNSSDKPVAHVVANHQVE) (23.6 mg/m] in DMSO) and incubated for 2 hours at
15°C for chemical crosslinking. Uncoupled peptide was removed by 2 x 2 h dialysis at 4 °C
against PBS. Coupled products were analysed on a 12 % SDS-polyacrylamide gel under
reducing conditions. The Coomassie stained gel is shown in FIG. 1. Several bands of increased
molecular weight with respect to the QB capsid monomer are visible, clearly demonstrating the

successful cross-linking of the mTNFa(4-23) peptide to the QP capsid.

B. Immunization of mice with mTNFo.(4-23) peptide coupled to Qf capsid protein.

Four female Balb/c mice were immunised with QB capsid protein coupled to the
mTNFa(4-23) peptide. Twenty-five pg of total protein were diluted in PBS to 200 pl and
injected subcutaneously (100 pl on two ventral sides) on day 0, day 16 and day 23. Two mice
received the vaccine without the addition of any adjuvant while the other two received the
vaccine in the presence of Alum. Mice were bled retroorbitally on days 0 and 32, and sera were

analysed using mouse TNFo- and human TNFa-specific ELISA.
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<210> 54 <211> 8 <212> PRT <213> artificial sequence
<220><223> Peptide <400> 54 Arg Arg Ala Ala His Leu
wohoos@iywed 5 <210> 55 <211> 8 <212> PRT <213> PCT/EP2005/005935
artificial sequence <220> <223> Pepti de <400> 55 Lys
Lys Ala Ala His Leu Thr Glyél 5 <210> 56 <211> 6 <212>
PRT <213> artificial sequen d <220> <223> Pepti de
CA0i o6 Ala Gu Leu G n Leu Asn 1 5 <210> 57 <211> 6
<212> PRT <213> artificial sequence <220> <223>
HIdPAI pletes4@Decarted eithe@ with ewpuss iMNFeuprdtain dr fuman INFE8 protein at a

<211> <212> PRT <213> artificial sequence <220> . .
concentrgbign Ogelpf‘gd’éL dhgodlaisg weg k@qkeg@@d@gn Hpeu with serially diluted

o 53380 14,5 5 9B GRS ARpAELER
IgG anfibndil. AntdHPXitel of2hduse7serb2re EARTulat2d 35 tlar bvdragd of those dilutions
which ?e%%lcj) rs!tffema1<x21121f1(a)11>op’[ical density at 450 nm. The average anti-mouse TNFq titers were
18800 for mice which had been immunized in the absence of adjuvant and 16200 for mice which
had been immunized in the presence of Alum. Surprisingly, measurement of anti-human TNFo
titers of the same sera resulted in strikingly similar values, with averages of 17900 and 12900,

respectively. These data demonstrate that immunization with mTNFo(4-23) peptide coupled to

QP yields antibodies which recognize mouse and human TNFaq protein equally well.

D. Detection of neutralizing antibodies

To test whether the antibodies generated in mice have neutralizing activity, in vitro binding
assays for both mouse and human TNFo and their cognate receptors mouse TNFRI and human
TNFRI were established. ELISA plates were therefore coated with 10 pg/ml of either mouse or
human TNFa protein and incubated with serial dilutions of a recombinant mouse TNFRI-hFc
fusion protein or a recombinant human TNFRI-hFc fusion protein, respectively. Bound protein
was detected with a horse raddish peroxidase conjugated anti-hFc antibody. Both TNFRI/hFc
fusion proteins were found to bind with a high affinity (0.1-0.5 nM) to their respective ligands.
Sera of mice immunized with mTNFa(4-23) coupled to QP capsid were then tested for their
ability to inhibit the binding of mouse and human TNFa protein to their reépective receptors.
ELISA plates were therefore coated with either mouse or human TNFo protein at a
concentration of 10 pg/ml, and co-incubated with serial dilutions of mouse sera from day 32 and
0.25 nM mouse or human TNFRI-hFc fusion protein, respectively. Binding of receptor to
immobilized TNFa protein was detected with horse raddish peroxidase conjugated anti-hFc
antibody. Fig.2A shows that all sera inhibited specifically the binding of mouse TNFq, protein to
its receptor. Furthermore, as shown in Fig. 2B, the same sera also inhibited the binding of human
TNFa protein to its cognate receptor with a similar efficacy. These data demonstrate that
immunization with mTNFo(4-23) peptide coupled to QB capsid can yield antibodies which are
able to neutralize the interactions of both mouse and human TNFo protein with their cognate

receptors.
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<223> Peptide <400> 60 Thr Ala Gu Leu Gn Leu Asn 1 5

<210> 61 <211> 8 <212> PRT <213> artificial sequence
wWe28G4117823> Pepti de <400> 61 Thr Ala G u Leu ECW/EP25/005935
Asn Leu 1 5 <210> 62 <211> 8 <212> PRT <213>

artificial sequence <220> <223> Peptide <400> 62 Val

Ala Gu Leu Gn Leu Asn Leu%—5 <210> 63 <211> 8 <212>

PRT <213> artificial seqguence <220><223> Pepti de <400>

63 Val Ala Qu Leu G n Leu Asn Hs 1 5 <210> 64 <211>
BXAWIPPE PRT <213> artificial sequence <220> <223>

L1005 AN b O i 5203,

R T e
7.2 wasRdRed Rept0 gemfddfro6f tMaperdtuge With 25i2splHbfer SMPHGoyutlonS65 mM in
DMSO). The reaction solution was dialysed at 4 °C against two 3 | changes of 20 mM HEPES
pH 7.2 for 4 hours and 14 hours, respectively. Thirty pl of the derivatized and dialyzed QP
solution was mixed with 167.8 ul 20 mM HEPES pH 7.2 and 2.2 pl of fTNFa(4-23) peptide
with the second attachment site (SEQ ID NO:128 CGGSSRTPSDKPVAHVVANPEAE) (23.6
mg/ml in DMSO) and incubated for 2 hours at 15°C for chemical crosslinking. Uncoupled
peptide was removed by 2 x 2h dialysis at 4°C against PBS.

B. Immunization of mice with fTNFo(4-23) peptide coupled to QB' capsid protein.

Six female balb/c mice were immunised with QP capsid protein coupled to the fTNFo(4-
23) peptide. Twenty-five pg of total protein were diluted in PBS to 200 pl and injected
subcutaneously (100 pl on two ventral sides) on day 0, day 14 and day 21. Three mice received
the vaccine without the addition of any adjuvant while the other three received the vaccine in the
presence of Alum. Mice were bled retroorbitally on day 0 and day 35, and sera were analysed

using mouse TNFa- and human TNFa-specific ELISA.

C.ELISA

ELISA plates were coated either with mouse or human TNFa protein at a concentration of
1 pg/ml. The plates were blocked and then incubated with serially diluted mouse sera from day
35. Bound antibodies were detected with enzymatically labelled anti-mouse IgG antibody.
Antibody titers of mouse sera were calculated as the average of those dilutions which led to half
maximal optical density at 450 nm. The average anti-human TNFa titers were 4491 for mice
which had been immunized in the absence of adjuvant and 21538 for mice which had been
immunized in the presence of Alum. Anti-mouse TNFa titers of the same sera were measured to
1470 for mice which had received the vaccine without Alum and 6007 for mice which had
received the vaccine in the presence of Alum. These data demonstrate that immunization with
fTINFo(4-23) peptide coupled to QP yields antibodies which recognize both the mouse and the

human TNFa protein.
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<210> 67 <211> 10 <212> PRT <213> artificial sequence
<220> <223> Peptide <400> 67 Pro G n Lys Val Ala Al a
weéli2eosH1®m6eIhr Ay 1 5 10<210> 68 <211> 10 <212>PEREP2005/005935
<213> artificial sequence <220> <223> Pepti de <400> 68
Pro Gn Arg Val Ala Ala H's Pi_e Thr Gy 1 5 10 <210>
69 <211> 6 <212> PRT <213> g tificial sequence <220>
D IRBectisaptiindatralidiie HfibbdRsAl a His Leu Thr lie 1 5
<210> 70 <211> 6 <212> PRT <213> artificial sequence
Sexoebmice Fumpaizeq quth fHSEHe2 Begoupled 14 @Bmepsmtmewaqastqd for their

ability %o 11%%1% E 1éhe<1112§1§1g g%%g%'zgé%ﬁ lg;gﬁrag aﬂo%uh t%ﬁgudeﬁpe[gpge receptors.

ELISAP Eate%' ekl Sthéi%ﬁ)ré_héodtéde witlP el@eranOise’ 8r Rkdan Aﬁ%rotem at a

<213> artificial sequence <220><223> Peptide <
concenﬁztn@ of Ppg/ndhend\ceritdubateé withhserial dilviioms bf motidd Qera fom day 35 and
0.25 N ]ﬁ’iI-O?lSE:‘,L AE)r S EE%Rlzl‘ﬂ'lzsifuas{otnl {3%0%1?1 ! ressggcl%ﬁzgfye B<1121§1(r)1§ of receptor to
immobilized TNFo protein was detected with horse raddish peroxidase conjugated anti-hFec
antibody. Fig.3A shows that all sera inhibited specifically the binding of mouse TNFo. protein to
its receptor. Furthermore, as shown in Fig. 3B, the same sera also inhibited the binding of human
TNFa protein to its cognate receptor with a similar efficacy. These data demonstrate that
immunization with fTNFa(4-23) peptide coupled to QB capsid can yield antibodies which are
able to neutralize the interactions of both mouse and human TNFa protein with their cognate

receptors.

EXAMPLE 3

A. Coupling of mouse TNFa protein to Qf capsid

A fusion protein consisting of an N-terminal, cysteine containing linker, a hexahistidine tag
and the mature murine TNFo protein (corresponding to amino acids 78 to 233 of the immature
protein) (SEQ ID NO:23) was recombinantly expressed in Escherichia coli and purified to
homogeneity by affinity chromatography. A solution containing 1.4 mg/ml of this protein in 20
mM HEPES, 150 mM NaCl, pH 7.2 was incubated for 60 min at room temperature with an
equimolar amount of TCEP for reduction of the N-terminal cysteine residue. A solution of 500
pul of 3.06 mg/ml QP capsid protein in 20 mM HEPES, 150 mM NaCl pH 7.2 was then reacted
for 60 minutes at room temperature with 4.2 pl of a SMPH solution (65 mM in DMSO). The
reaction solution was dialysed at 4 °C against two 3 1 changes of 20 mM HEPES pH 7.2 for 2
hours and 14 hours, respectively. Sixty pl of the derivatized and dialyzed QP solution was mixed
with 30 ul H,O and 180 pl of the purified and pre-reduced mouse TNFo. protein and incubated
for 4 hours at 15°C for chemical crosslinking. Uncoupled protein was removed by 2 x 2 h
dialysis at 4 °C against PBS using cellulose ester membranes with a molecular weight cutoff of

300.000 Da.
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<223> Paptide <400> 73 Lys Pro Gu Ala G n Pro Phe Ala

Hs Leu Thr lie Asn Ala 1 5 10 <210> 74 <211> 14 <212>
WORM0542148> artificial sequence <220> <223> PepPCUEP2005/005935

<400> 74 Lys Leu GQu Ala Gn Pro Phe Ala His Leu Thr

lie Asn Ala 1 5 10 <210> 75 ,<211> 20 <212> PRT <213>

artificial sequence <220> 2083 Pepti de <400> 75 Lys

S b @y T e i,

Fopi Zem@RTCBlI&>maee wiera ﬁminuﬂﬁqdj @Wlﬂe QﬁZ&fpmquﬁ)&‘m coupled to mouse
Peptj de. <400> 76d n Arg
TNFo pRalely JW40E-fiug; 1enpT (9tal pgqﬁeln ‘serzoiﬂy@dA}naPﬂSatos%QO b @nd injected

subcut%%ouﬁ%ggmz ;% (S’élti’vé)zgem’ﬁ‘i 6%c3iegﬁ-r%2]%%i)?f§ !arjd gayi_l?%. I}dx}?e were bled

retroor@téllwaih d ?r5) a@dl @y 48, 58d Leradwerd ldaly7Bd usidd 3Rouse TNFOL- and human
artificial sequence <220> <223> Pepti de <400> /78 Arg

TNFo-sperifi¢ BLIAA Ala His Tyr Gu Val 1 5 <210> 79 <211> 8
<212> PRT <213> artificial sequence <220>

C. ELISA

ELISA plates were coated either with mouse TNFa or human TNFa protein at a
concentration of 1 pg/ml. The plates were blocked and then incubated with serially diluted
mouse sera from day 49. Bound antibodies were detected with enzymatically labeled anti-mouse
IgG antibody. Antibody titers of mouse sera were calculated as the average of those dilutions
which led to half maximal optical density at 450 nm. The average anti-mouse TNFa. titer was
21940 whereas the average anti-human TNFa titer of the same sera was 160. This demonstrates
that immunization with QB coupled to the complete mouse TNFa protein only leads to the
production of antibodies which are highly specific for mouse TNFa., in contrast to the results

obtained in Example 1 above.

D. Detection of neutralizing antibodies

Sera of mice immunized with mouse TNFa coupled to QBcapsid were then tested for their
ability to inhibit the binding of mouse and human TNFa protein to their respective receptors.
ELISA plates were therefore coated with either mouse or human TNFa protein at a
concentration of 5 ug/ml, and co-incubated with serial dilutions of mouse sera from day 49 and
0.25 nM mouse or human TNFRI-hFc fusion protein, respectively. Binding of receptor to
immobilized TNFa protein was detected with horse raddish peroxidase conjugated anti-hFc
antibody. Fig.4A shows that all sera inhibited specifically the binding of mouse TNFa protein to
its receptor. On the contrary, as shown in Fig. 4B, the same sera did not inhibit the binding of
human TNFa protein to its cognate receptor. These data demonstrate that immunization with
mouse TNFo coupled to Qf capsid can yield antibodies which are able to neutralize the

interaction of mouse but not human TNFo protein with their respective receptors.
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<223> Peptide <400> 79 Ala Ala Hs Tyr Qu Val H's Pro

1 5 <210> 80 <211> 13 <212> PRT <213> artificial
weemsans3 <220> <223> Pepti de <400> 80 Al a Ar grPATMP2008/005935
lie Ala Ala Hs Tyr Gu Val Hs Pro 1 5 10<210> 81

<211> 13 <212> PRT <213> artjficial sequence <220>
<223> Peptide <400> 81 Pro Arg Arg Ala lie Ala Ala Hi s
EAMBLE #al H's Pro 1 5 10 <210> 82 <211> 6 <212> PRT
<213> artificial sequence <220> <223> Pepti de <400> 82
Asdroupling of I FNE (bl 18)peptids te Dfpearsdl povtein 8 <212> PRT
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solution is mixed with 20 mM HEPES pH 7.2 and a 5 fold molar excess of mTNFa(11-18)
peptide with the second attachment site (SEQ ID NO:29: CGGKPVAHVVA) and incubated for
2 hours at 16°C for chemical crosslinking. Uncoupled peptide is removed by 2 x 2 h dialysis at 4
°C against PBS. In case of precipitation, lower excess of SMPH and/or peptide are used.
Coupled products are separated on a 12 % SDS-polyacrylamide gel under reducing conditions

and stained with Coomassie to identify the cross-linking of the mTNFa peptide to the QB capsid.

B. Immunization of mice with mTNF o(11-18) peptide coupled to Qp capsid protein.

Eight female Balb/c mice are immunised with QB capsid protein coupled to the
mTNF o(11-18) peptide. Twenty-five micrograms of total protein are diluted in PBS to 200 pl
and injected subcutaneously (100 pl on two ventral sides) on day 0, day 14 and day 21. Four
mice receive the vaccine without the addition of any adjuvant and the other 4 mice receive the
vaccine in the presence of Alum. Mice are bled retroorbitally on days 0 and 35, and sera are

analysed using mouse TNF o protein-specific ELISA.

C. ELISA

ELISA plates are coated either with mouse TNFa protein at a concentration of 1 pg/mi.
The plates are blocked and then incubated with serially diluted pools of mouse sera from day 35.
Bound antibodies are detected with enzymatically labelled anti-mouse IgG antibody. Antibody
titers of mouse sera are calculated as the average of those dilutions which led to half maximal
optical density at 450 nm. Anti-mouse TNFo protein titers are measured to demonstrate the

induction of antibodies recognizing the TNFa. protein.

D. Detection of neutralizing antibodies
To test whether the antibodies generated in mice have neutralizing activity, in vitro binding
assays for mouse or human TNFo protein with its respective cognate receptor TNFRI are

established. ELISA plates are therefore coated with 10 pg/ml of mouse or human TNFo. protein
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co-mcu}%égzm 2se<rlza:l' ]dTlugorTszc:)LfZ ; pg)o Tof mouse s%{ra iI:‘rorlnCcllay 35 ar?d 0.35 nM mouse or
human receptor fusion protein. Binding of receptor to immobilized TNFo protein and its

inhibition by the sera are detected with horse raddish peroxidase conjugated anti-hFc¢ antibody.

EXAMPLE 5

A. Coupling of mTNFa(9-20) peptide to Qp capsid protein

A solution of 3.06 mg/ml QP capsid protein in 20 mM HEPES, 150 mM NaCl pH 7.2 is
reacted for 60 minutes at room temperature with a 10 fold molar excess of SMPH (SMPH stock
solution dissolved in DMSO). The reaction solution is dialysed at 4 °C against two 3 1 changes of
20 mM HEPES pH 7.2 for 4 hours and 14 hours, respectively. The derivatized and dialyzed QB
solution is mixed with 20 mM HEPES pH 7.2 and a 5 fold molar excess of mTNFa(9-20)
peptide with the second attachment site (SEQ ID NO:30: CGGSDKPVAHVVANHQ) and,
incubated for 2 hours at 16°C for chemical crosslinking. Uncoupled peptide is removed by 2 x 2
h dialysis at 4 °C against PBS. In case of precipitation, lower excess of SMPH and/or peptide are
used. Coupled products are separated on a 12 % SDS-polyacrylamide gel under reducing

conditions and stained with Coomassie to identify the cross-linking of the mTNFa. peptide to the
QP capsid.

B. Immunization of mice with mTNFoa.(9-20) peptide coupled to Qf capsid protein.

Eight female Balb/c mice are immunised with QP capsid protein coupled to the mTNFo(9-
20) peptide. Twenty-five micrograms of total protein are diluted in PBS to 200 !l and injected
subcutaneously (100 pl on two ventral sides) on day 0, day 14 and day 21. Four mice receive the
vaccine without the addition of any adjuvant and the other 4 mice receive the vaccine in the
presence of Alum. Mice are bled retroorbitally on days 0 and 35, and sera are analysed using

mouse TNF o protein-specific ELISA.
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induction of antibodies recognizing the TNFa protein.

D. Detection of neutralizihg antibodies

To test whether the antibodies generated in mice have neutralizing activity, in vitro binding
assays for mouse or human TNFo protein with its respective cognate recéptor TNFRI are
established. ELISA plates are therefore coated with 10 pg/ml of mouse or human TNFa protein
and incubated with serial dilutions of a recombinant mouse or human TNFRI-hFc fusion protein.
Bound protein is detected with a horse raddish peroxidase conjugated anti-hFc antibody. Sera of
mice immunized with mTNFo(9-20) coupled to Qf capsid are tested for their ability to inhibit
the binding of mouse or human TNFa protein to its respective receptor. ELISA plates are
therefore coated with either mouse or human TNFa protein at a concentration of 10 pg/ml, and
co-incubated with serial dilutions of a pool of mouse sera from day 35 and 0.35 nM mouse or
human receptor fusion protein. Binding of receptor to immobilized TNFo protein and its

inhibition by the sera are detected with horse raddish peroxidase conjugated anti-hFc antibody.

EXAMPLE 6

Efficacy of QB-mTNFo(4-23) in collagen-induced arthritis model

The efficacy of QB-mTNFw(4-23) immunization was tested in the murine collagen-
induced arthritis (CIA) model. This model reflects most of the immunological and histological
aspects of human rheumatoid arthritis and is therefore routinely used to assay the efficacy of
anti-inflammatory agents. Male DBA/1 mice were immunized subcutaneously three times (days
0, 14 and 28) with 50 pg of either QB-mTNFa(4-23) (n=15) or QB alone (n=15), and then
injected twice intradermally (days 34 and 55) with 200 pg bovine type II collagen mixed with
complete Freund’s adjuvant. After the second collagen/CFA injection mice were examined on a
regular basis and a clinical score ranging from 0 to 3 was assigned to each limb according to the
degreé of reddening and swelling observed. Three weeks after the second collagen/CFA injection

the average clinical score per limb was 0.04 in the group which had been immunized with Qf3-
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EXAMPLE 7

A. Coupling of mRANKIL(155-174) peptide to QB capsid protein

A solution of 3 ml of 3.06 mg/ml Qp capsid protein in 20 mM HEPES, 150 mM NaCl pH
7.2 was reacted for 60 minutes at room temperature with 25.2 pl of a SMPH solution (65 mM in
DMSO). The reaction solution was dialysed at 4 °C against two 3 1 changes of 20 mM HEPES
pH 7.2 for 4 hours and 14 hours, respectively. Thirty pl of the derivatized and dialyzed Qf
solution was mixed with 167.8 pl 20 mM HEPES pH 7.2 and 2.2 pl of mRANKL(155-174)
peptide with the second attachment site (SEQ ID NO:157: CGGQRGKPEAQPFAHLTINAASI)
(23.6 mg/ml in DMSO) and incubated for 2 hours at 16 °C for chemical crosslinking. Uncoupled
peptide was removed by 2 x 2 h dialysis at 4 °C against PBS. Coupled products were analysed on
a 12 % SDS-polyacrylamide gel under reducing conditions. The Coomassie stained gel is shown
in FIG. 5. Several bands of increased molecular weight with respect to the Qf capsid monomer
are visible, clearly demonstrating the successful cross-linking of the mRANKIL(155-174) peptide
to the Qp capsid.

B. Immunization of mice with mRANKIL/(155-174) peptide coupled to QP capsid
protein.

Eight female Balb/c mice were immunised with QB capsid protein coupled to the
mRANKI(155-174) peptide. Twenty-five micrograms of total protein were diluted in PBS to
200 pl and injected subcutaneously (100 pl on two ventral sides) on day 0, day 14 and day 21.
Four mice received the vaccine without the addition of any adjuvant and the other 4 mice
received the vaccine in the presence of Alum. Mice were bled retroorbitally on days 0 and 35,

and sera were analysed using mouse RANKL- and human RANKL-specific ELISA.

C.ELISA
ELISA plates were coated either with mouse RANKL or human RANKL protein at a
concentration of 1 pg/ml. The plates were blocked and then incubated with serially diluted pools

of mouse sera from day 35. Bound antibodies were detected with enzymatically labelled anti-
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yields antibodies which recognize mouse and human RANKL protein equally well.

D. Detection of neutralizing antibodies

To test whether the antibodies generated in mice have neutralizing activity, in vitro binding
assays for both mouse and human RANKL and their cognate receptors mouse RANK and human
RANK were established. ELISA plates were therefore coated with 10 pg/ml of either mouse or
human RANKL protein and incubated with serial dilutions of a recombinant mouse RANK-hF¢
fusion protein or a recombinant human RANK-hFc fusion protein, respectively. Bound protein
was detected with a horse raddish peroxidase conjugated anti-hFc antibody. Both RANK-hFc
fusion proteins were found to bind with a high affinity (0.1-0.5 nM) to their respective ligands.
Sera of mice immunized with mRANKL(155-174) coupled to QBcapsid were then tested for
their ability to inhibit the binding of mouse and human RANKL protein to their respective
receptors. ELISA plates were therefore coated with either mouse or human RANKL protein at a
concentration of 10 pg/ml, and co-incubated with serial dilutions of a pool of mouse sera from
day 35 and 0.35 nM mouse or human RANK-hFc fusion protein, respectively. Binding of
receptor to immobilized RANKL protein was detected with horse raddish peroxidase conjugated
anti-hFc antibody. Fig. 6A shows that the serum pool inhibited specifically the binding of mouse
RANKL protein to its receptor. Furthermoré, as shown in Fig. 6B, the same serum pool also
inhibited the binding of human RANKL protein to its cognate receptor with a similar efficacy.
These data demonstrate that immunization with mRANKI(155-174) peptide coupled to QB
capsid can yield antibodies which are able to neutralize the interactions of both mouse and

human RANKL protein with their cognate receptors.

EXAMPLE 8

A. Coupling of mRANKIL(162-170) peptide to Qp capsid protein

A solution of 3.06 mg/ml QB capsid protein in 20 mM HEPES, 150 mM NaCl pH 7.2 is
reacted for 60 minutes at room temperature with a 10 fold molar excess of SMPH (SMPH stock
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Coupled products are separated on a 12 % SDS-polyacrylamide gel under reducing conditions
and stained with Coomassie to identify the cross-linking of the mRANKL peptide to the Qf
capsid.

B. Immunization of mice with mRANKIL(162-170) peptide coupled to Qp capsid
protein.

Eight female Balb/c mice are immunised with QB capsid protein coupled to the
mRANKL(162-170) peptide. Twenty-five micrograms of total protein are diluted in PBS to 200
ul and injected subcutaneously (100 pl on two ventral sides) on day 0, day 14 and day 21. Four
mice receive the vaccine without the addition of any adjuvant and the other 4 mice receive the

vaccine in the presence of Alum. Mice are bled retroorbitally on days 0 and 35, and sera are
analysed using mouse RANKL-specific ELISA.

C. ELISA

ELISA plates are coated either with mouse RANKL protein at a concentration of 1 pg/ml.
The plates are blocked and then incubated with serially diluted pools of mouse sera from day 35.
Bound antibodies are detected with enzymatically labelled anti-mouse IgG antibody. Antibody
titers of mouse sera are calculated as the average of those dilutions which led to half maximal
optical density at 450 nm. ‘Anti-mouse RANKL titers are measured to demonstrate the induction

of antibodies recognized the RANKL protein.

D. Detection of neutralizing antibodies

To test whether the antibodies generated in mice have neutralizing activity, in vitro binding
assays for mouse or human RANKL protein with its respective cognate receptor RANK-hFc are
established. ELISA plates are therefore coated with 10 pg/ml of mouse or human
RANKL protein and incubated with serial dilutions of a recombinant mouse or human RANK-

hFc fusion protein. Bound protein is detected with a horse raddish peroxidase conjugated anti-
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conjugated anti-hFc antibody.

EXAMPLE 9

A. Coupling of mRANKL(160-171) peptide to Qf capsid protein

A solution of 3.06 mg/ml QB capsid protein in 20 mM HEPES, 150 mM NaCl pH 7.2 is
reacted for 60 minutes at room temperature with a 10 fold molar excess of SMPH (SMPH stock
solution dissolved in DMSO). The reaction solution is dialysed at 4 °C against two 3 1 changes of
20 mM HEPES pH 7.2 for 4 hours and 14 hours, respectively. The derivatized and dialyzed Qp
solution is mixed with 20 mM HEPES pH 7.2 and a 5 fold molar excess of mRANKIL(160-171)
peptide with the second attachment site (SEQ ID NO:126 CGGEAQPFAHLTINA) and
incubated for 2 hours at 16°C for chemical crosslinking. Uncoupled peptide is removed by 2 x Zh
dialysis at 4°C against PBS. In case of precipitation, lower excess of SMPH and/or peptide are
used. Coupled products are separated on a 12% SDS-polyacrylamide gel under reducing
conditions and stained with Coomassie to identify the cross-linking of the mRANKL peptide to
the QP capsid.

B. Immunization of mice with mRANKL(160-171) peptide coupled to QB capsid
protein.

Eight female Balb/c mice are immunised with QB capsid protein coupled to the
mRANKL(160-171) peptide. Twenty-five micrograms of total protein are diluted in PBS to 200
ul and injected subcutaneously (100 pl on two ventral sides) on day 0, day 14 and day 21. Four
mice receive the vaccine without the addition of any adjuvant and the other 4 mice receive the

vaccine in the presence of Alum. Mice are bled retroorbitally on days 0 and 35, and sera are
analysed using mouse RANKL-specific ELISA.
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D. Detection of neutralizing antibodies

To test whether the antibodies generated in mice have neutralizing activity, in vitro binding
assays for mouse or human RANKL protein with its respective cognate receptor RANK-hFc are
established. ELISA plates are therefore coated with 10 pg/ml of mouse or human
RANKL protein and incubated with serial dilutions of a recombinant mouse or human RANK-
hF¥c fusion protein. Bound protein is detected with a horse raddish peroxidase conjugated anti-
hFc antibody. Sera of mice immunized with mRANKI(160-171) coupled to QB capsid are tested
for their ability to inhibit the binding of mouse or human RANKL protein to its respective
receptor. ELISA plates are therefore coated with either mouse or human RANKL protein at a
concentration of 10 pg/ml, and co-incubated with serial dilutions of a pool of mouse sera from
day 35 and 0.35 nM mouse or human receptor fusion protein. Binding of receptor to immobilized
RANKL protein and its inhibition by the sera are detected with horse raddish peroxidase
conjugated anti-hFc antibody.

EXAMPLE 10

A. Coupling of mRANKIL(161-170) peptide to Qp capsid protein

A solution of 2.8 mg/ml Qf capsid protein in 20 mM HEPES 150 mM NaCl pH 7.2 was
reacted for 35 minutes at room temperature with a 20 fold molar excess of SMPH (SMPH stock
solution dissolved in DMSO). The reaction solution was dialysed at 4 °C against two 5 1 changes
of 20 mM HEPES pH 7.4 for a total of 4 hours. The derivatized and dialyzed QP solution was
mixed with 20 mM HEPES pH 7.4 and a 5 fold molar excess of mRANKL(161-170) peptide
with the second attachment site (CGGAQPFAHLTIN, SEQ ID NO:189) and incubated for 2
hours at 15°C for chemical crosslinking. Uncoupled peptide was removed by overnight dialysis
at 4 °C against 5 1 of 20 mM HEPES pH 7.4 and an additional dialysis of 2 hours at 4°C against
3 1 of the same buffer. Coupled products were separated on a 12% SDS-polyacrylamide gel
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Four female C57Bl/6 mice were immunized with QB capsid protein coupled to the
mRANKIL(161-170) peptide. Fifty micrograms of total protein were diluted in PBS to 200 ul and
injected subcutaneously (100 pl on two ventral sides) on day 0, 14 and 28. Mice were bled
retroorbitally on day 28, and sera were analyzed using mouse RANKL protein-specific ELISA.

C.ELISA

ELISA plates were coated with mouse RANKL protein at a concentration of 1 pg/ml. The
plates were blocked and then incubated with serially diluted mouse sera from day 28. Bound
antibodies were detected with enzymatically labeled anti-mouse IgG antibody. Antibody titers of
mouse sera were calculated as the average of those dilutions which led to half maximal optical
density at 450 nm. The average anti-mouse RANKL titers were 19500, demonstrating that
immunization with mRANKL(161-170) peptide coupled to QP yielded antibodies which
recognize the full-length mRANKL protein.

D. Detection of neutralizing antibodies

Sera of mice immunized with mRANKI(161-170) coupled to QP capsid are tested for
their ability to inhibit the binding of mouse or human RANKL protein to its respective receptor.
ELISA plates are therefore coated with either mouse or human RANKL protein at a
concentration of 10 pg/ml, and co-incubated with serial dilutions of a pool of mouse sera from
day 35 and 0.35 nM mouse or human mRANK-hFc receptor fusion protein. Binding of receptor
to immobilized RANKL protein and its inhibition by the sera are detected with horse raddish

peroxidase conjugated anti-hFc antibody.
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<220> <223> Paptide <400> 136 Cys Gy Gy Ser Ser An
Asn Ser Ser Asp Lys Pro vVal Ala Hs val 1 5 10 15 Vval
waleosAsmedi s A n Ala Gu 20 <210> 137<211> 23 p21EP200R005935

<213> artificial sequence <220> <223> Pepti de <400>

137 Cys Gy Gy Ser Ser Arg Thr Pro Ser Asx Lys Pro

Val Ala His Val 1 5 10 15 v Al a Asn Pro Gn Ala Gu

138 <211> 23 <212> PRT <213> artificial
sequence <220> <223> Peptide <400> 138 Cys Gy Gy Asn

A Copling smTNF (119 peplisle t6€) bapsidcprotkimu |ie 1 5 10
15 Ala As Ser Asp Thr Pro Thr, 20 <210> 139 <21%/I %
A:quzaome Smginl PP icppsid aroteiadn e dcaMBBBES <13hmM NaCl pH 7.2 was

reactmifogt3ig\ldlgi1‘1lL_1|;€'e§(‘23L r&%ﬁﬂﬁe&‘tw i"jgsfﬁf@ %gf’aggx&e é"of‘—%ﬁPﬁGfSrll\/IPH stock

solutiod @issavea id HBISAY TThe Eé’ac‘c’iaﬂ Eéiuﬁ’EH' wa2 ddtysad ti 4 PC |ag:111nst two 3 1 changes
sequence <220> <223> Peptide <400> 14QCys

of 20 VL HFRES DS 7 foria et od Lprpresfg a4 § daird Ghglution was

wined 308 pRRAEBER 10, S5 P RGBT AN B with e

second” ﬁﬁchﬂl%nﬁé‘i%ogEGlD@é 1@2}’ CESKPVABIV AN ahll Snédbyitel&dr 2 hours at

Leu Lys Pro Ala H's Leu
15°C for chem1ca1 crosslinking. Uncoupled peptide was removed by 2 x 2h dialysis at 4°C

against 20 mM HEPES pH 7.4. Coupled products were separated on a 12% SDS-polyacrylamide
gel under reducing conditions and stained with Coomassie to identify the cross-linking of the
mTNFa peptide to the QB capsid. Several bands of increased molecular weight with respect to
the QP capsid monomer were visible, clearly demonstrating the successful cross-linking of the

mTNFo(10-19) peptide to the QP capsid.

B. Immunization of mice with mTNF o(10-19) peptide coupled to Qff capsid protein.

Four female C57Bl/6 mice were immunized with QB capsid protein coupled to the
mTNF a(10-19) peptide. Fifty micrograms of total protein were diluted in PBS to 200 pl and
injected subcutaneously (100 pl on two ventral sides) on day 0, 14 and 28. Mice were bled

retroorbitally on day 28, and sera were analyzed using mouse or human TNF o protein-specific -
ELISA.

C. ELISA

ELISA plates were coated either with mouse or with human TNFa protein at a
concentration of 1 pg/ml. The plates were blocked and then incubated with serially diluted
mouse sera from day 28. Bound antibodies were detected with enzymatically labeled anti-mouse
IgG antibody. Antibody titers of mouse sera were calculated as the average of those dilutions
which led to half maximal optical density at 450 nm. The average anti-mouse TNFa titers were
24500, while the average anti-human TNFa titers were 25000. This demonstrates that
immunization with mTNFa(10-19) peptide coupled to QP yielded antibodies which recognize

both human and mouse TNF« protein equally well.
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15 10 15 Val Gy Tyr Pro Ser Lys G n 20 <210> 142

<211> 20 <212> PRT <213> artificial sequence <220>
we288x1Rept | de <400> 142 A u Thr Asp Leu Asn PPOT@EPR005/005935

Leu Pro Ala Ala His Leu lie Gy Ala 1 5 10 15 Trp Mt

Ser Ay 20 <210> 143 <211> 23 <212> PRT <213>

artificial sequence <220> <28B> Pepti de <400> 143 Cys

A e n Pro Gu Leu Pro Ala Ala
ﬁ- ?eféél}“?“g“}ﬁ'rri‘@%fgﬂé“éb?ﬁ‘ﬂfa Trp Met Ser Gy 20 <210>
844t lihive izl RRR mZABa(0-19)f dqipld @e_QBQ%?ﬁd%@@@‘%ted for their
<223> Peptide <400> 144 Asp G n Arg Ser Hi's n Ala
abilityAoninpby tﬁb hintlig &f motisauTNRe: p@tginAoatsireseptor. ERIA plaiésare therefore
cger. Leu 20 <21%§T 45 <211> 23 <212> P <213> . )
coate Wlltihfql FLIousy QaProte at Qgg%@nrjé%qr} gt 10 480l pad c@gcubated with

i Qi o 5458, 14 B 0AR U2y e e

hFc fustdh pdiele Rdn2ldretdplor®lidimabilizdd TNAbL wegieankits2d@ition by the
ser e Wgh DS ST Py gl B Gh ISPy b s

Ser Arg 20

EXAMPLE 12

A. Coupling of murine (m) CD40L(2-23) peptide to QP capsid protein

A solution of 2.78 ml of 2 mg/m} QP capsid protein in 20 mM HEPES, 150 mM NaCl pH
7.2 was reacted for 30 minutes at room temperature with 158 pl of a SMPH solution (50 mM in
DMSO). The reaction solution was dialyzed at 4 °C against two 3 1 changes of phosphate-
buffered saline, pH 7.2 for 2 hours and 14 hours, respectively. 2.78 ml of the derivatized and
dialyzed QP solution was mixed with 925 pul phosphate-buffered saline pH 7.2 and 794 pl of
mCD40L(2-23) peptide with a second attachment site (SEQ ID NO:151,
CGGQRGDEDPQIAAHVVSEANSN) (23.5 mg/ml in DMSO) and incubated for 2 hours at
15°C for chemical crosslinking. Uncoupled peptide was removed by three 3 I changes of
phosphate-buffered saline, pH 7.2 for 2 x 2 hours and 1 x 14 hours at 4°C. Coupled products
were analysed on a 12% SDS-polyacrylamide gel under reducing conditions. Several bands of

increased molecular weight with respect to the Qf capsid monomer are visible, clearly

demonstrating the successful cross-linking of the mCD40L(2-23) peptide to the QB capsid.

B. Immunization of mice with mCD40L(2-23) peptide coupled to Q capsid protein.

Four female C57BL/6 mice were immunised with QP capsid protein coupled to the
mCD40L(2-23) peptide. 50 pg of total protein was diluted in PBS to 200 pl and injected
subcutaneously (100 pl on two ventral sides) on day 0, day 14 and day 28. Mice were bled
retroorbitally on days 0 and 42, and sera were analysed using mouse CD40L~specific ELISA.

C.ELISA
ELISA plates were coated with mCDA40L, protein at a concentration of 1 pug/ml. The plates
were blocked and then incubated with serially diluted mouse sera from day 42. Bound antibodies

were detected with enzymatically labeled anti-mouse IgG antibody. Antibody titers of mouse
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<210> 147 <211> 20 <212> PRT <213> artificial sequence

<220> <223> Peptide <400> 147Pro Ser G u Thr Lys Lys
wénoesAngeder Val Ala His Leu Thr Gy Asn 1 5 18CtAPR06/005935

Arg Ser Arg 20 <210> 148 <211> 23 <212> PRT <213>

artificial sequence <220> <223> Pepti de <400> 148 Cys

Gy Gy Pro Ser Gu Lys Lys—&u Pro Arg Ser Vval Al a

i - . <210>, .
e k33 0, 45Tl A A R 0 e
at 4504RR23BheRaptdicd anti400D40K fitPyn dak W2Gras 128D, Ser Gl u Thr

Lys Lys Pro Arg Ser Val Ala H's Leu 1 5 10 15 Thr Ay
Asn Pro Arg Ser Arg 20 <210> 150 <211> 20 <212> PRT
2 R3eodHitibl bELFDRGACPAOE profin by anfipedeR! | de <400>
?g%{%él)%ﬁf&r Glfeﬁ%sp Glﬁa %?g%Probéaﬁ Floe %Ia Ala H's
Val tewtawhgther Ghel abtibodi@s IgenatatedAsm nSee odanbidd &2 %6mble recombinant

1<211> 23 <212> PRT <213> ificial uence <220> )
mCD 48 Jlge\éit%'lo élﬁli)a% assay e&, g@%&%vsgsﬁ%ﬁ%&d@% olépsera from mice
immufgized ASith RICDABM21335 Rpfdé WasHinRubmtd, latda 401000 ¥@htio 'with varying
Gu. Ala Asn Ser Asn 20 <210> 152 <211> 20 <212> PRI
concentpatipns Hf spluple rgrombigariyae DA0L, ranging from 0 nM to 150 nM. The mixtures
were transferred to ELISA plates coated with 0.5 pg/ml mCD40L protein and bound antibodies
were detected with enzymatically labeled anti-mouse IgG antibody. Under these conditions, prior
incubation of antibodies with 60 nM soluble mCD40L was sufficient to reduce the subsequent
binding of antibodies to plate-bound mCD40L by a factor of two, as measured by the half
maximal optical density value at 450 nm. This demonstrates that antibodies from mice

immunized with mCD40L(2-23) peptide can bind to both soluble mCD40L and plate-bound
mCD40L. |

E. Test for neutralizing antibodies

Antibodies from mice immunized with mCD40L(2-23) are used to neutralize B cell
proliferation in vitro induced by mouse (m) CD40L/CD40 ligation. B cells are obtained from cell
suspensions of mouse lymphoid organs, including spleen and lymph nodes, and can be further
purified by magnetic bead separation or by cell sorting using a flow cytometer. B cell
proliferation is induced in vitro by standard methods though ligation of B cell mCD40 using a
source of mCD40L and survival factors such as murine IL-4. mCD40L is provided, for example,
by soluble recombinant mCD40L (Craxton et ol (2003) Blood 101, 4464-4471), by
recombinantly expressed membrane-bound mCD40L (Hasbold J. et al (1998) Eur. J. Immunol.
28, 1040-1051), by activated murine T cells, or by mCD40L on purified activated murine T cell
membranes (Hodgkin P. et al (1996) J. Exp. Med. 184, 277-281). B cell proliferation is measured
by standard methods including flow cytometry-based fluorescent dye dilution assays (Lyons
A.B. and Parish C.R. (1994) J. Immunol. Methods 171, 131-137) or by the incorporation of
radioactive or chemically modified DNA base analogues such as P H]-thymidine or 5-bromo-2’-
deoxyuridine. The presence of neutralizing antibodies against mCD40L is demonstrated by an
inhibition of B cell proliferation in the presence of antibodies from mice immunized with

mCD40L(2-23) compared to antibodies from mice immunized with QB alone or antibodies from
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<220> <223> Peptide <400> 152 Pro Arg Gy Gy Arg Pro
Gn Lys Val Ala Ala Hs lie Thr Ay lie 1 5 10 15 Thr
wéngsAneder 20 <210> 153 <211> 20 <212> PRT <BL3EP2005/005935
artificial sequence <220> <223> Pepti de <400> 153 Pro
Arg Gy Arg Arg Pro Gn Arg Val Ala Ala His lie Thr
lie 1 5 10 15 Thr Arg Ar&}—Ser 20 <210> 154 <211>

ummnﬁg’m%eaé‘gnce %ﬁﬁ%@]ﬁbﬂr %&fed athﬁ?f%gﬁ Kftag’epd%scnbed above

either &3 thLeSseM&h of\lag tif¥ purtfiesl Ilg(}i‘ﬁéctﬁ)nll@oll@dmm @bMIﬂ be pidiéin G affinity
g Ser 20 <210> 155 <211> 23 <212> PRT <213>

chromgrpg{aﬁ%, al sequence <220> <223> Peptide <400> 155 Cys
Gy Gy Pro Arg Gy Arg Arg Pro G n Arg Val Ala Al a
Hsliel5 10 15 Thr Gy lie Thr Arg Arg Ser 20 <210>
BEXAMIATH $3 20 <212> PRT <213> artificial sequence <220>
<223> Peptide <400> 156 Arg Arg Gy Lys Pro Gu Al a
PO TRuriNe AnpBARILI6 PAF pentticds/Q Cxpsid Drofelt o Al a

APPtbE o5 E et GBS TRy T FM D 39 mM NeCLpH 72
was reacted for 30 minutes at room temperature with 171 pl of a SMPH solution (50 mM in
DMSO). The reaction solution was dialyzed at 4 °C against three 3 1 changes of phosphate-
buffered saline, pH 7.2 for 2x 2 hours and 1x 14 hours, respectively. 3 ml of the derivatized and
dialyzed Qf solution was mixed with 1 ml phosphate-buffered saline pH 7.2 and 214.5 pl of
mBAFF(36-55) peptide with the second attachment site (SEQ ID NO:138,
CGGNLRNIIQDSLQLIADSDTPT) (24.4 mg/ml in DMSO) and incubated for 2 hours at 15°C
for chemical crosslinking. Uncoupled peptide was removed by three 3 1 changes of phosphate-
buffered saline, pH 7.2 for 2x 2 hours and 1x 14 hours at 4°C. Coupled products were analysed
on a 12% SDS-polyacrylamide gel under reducing conditions. Several bands of increased
molecular weight with respect to the Qf capsid monomer are visible, clearly demonstrating the

successful cross-linking of the mBAFF(36-55) peptide to the QB capsid.

EXAMPLE 14

Coupling of murine (m) LTB(34-53) peptide to Qp capsid protein

A solution of 3 ml of 2 mg/ml QP capsid protein in 20 mM HEPES, 150 mM NaCl pH 7.2
was reacted for 30 minutes at room temperature with 85.8 pl of a SMPH solution (50 mM in
DMSO). The reaction solution was dialyzed at 4 °C against three 3 1 changes of 20 mM HEPES,
pH 7.2 for 2 hours each. 3 ml of the derivatized and dialyzed QP solution was mixed with 993 pl
20 mM HEPES pH 7.2 and 429 ul of mLTR(34-53) peptide with the second attachment site
(SEQ ID NO:143, CGGETDLNPELPAAHLIGAWMSG) (23.4 mg/ml in DMSO) and incubated
for 2 hours at 15°C for chemical crosslinking. Uncoupled peptide was removed by three 3 1
changes of 20 mM HEPES pH 7.2 for 2 x 2 hours and 1 x 14 hours at 4°C. Coupled products
were analysed on a 12% SDS-polyacrylamide gel under reducing conditions. Several bands of
increased molecular weight with respect to the QP capsid monomer are visible, clearly

demonstrating the successful cross-linking of the mLTp(34-53) peptide to the QB capsid.
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Cys Ay Ay Gn Arg Gy Lys Pro Qu Ala Gn Pro Phe

Ala Hs Leu 1 5 10 15 Thr lie Asn Ala Ala Ser lie 20
wWe20BAH11B8<211> 23 <212> PRT <213> artificial seymenms/ 005935

<220> <223> Peptide <400> 158 Cys Gy Gy Arg Arg Ay

Lys Pro Gu Ala An Pro Phe Ala H's Leu 1 5 10 15 Thr

lie Asn Ala Ala Asp lie 20 <@i6> 159 <211> 20 <212>

artificial sequence <220> <223> Pepti de
@%8@2’]1@35@ Lys Ser Thr Pro Ser Lys Lys Ser Trp Al a
Bitidine of Gumavia TNI&Y tol it rkCepkor WINHRI dafUbAsthiBiled Wifle sera from
160 <211> 23 <212> PRT <213> artificial sequence <220>

humag syhjecisdmmupizedpyith mgNRY23IQF Gy Leu Lys Ser Thr

RS  fdtR 818 0pd St AR . 28
later a<@8nd amtrivhizatiah vsRgUBEAME2RQ2 1s<2>EﬁB’mE&DtAIdﬁTN¥ﬂ&pemﬁc antibody
levels ﬁag%As TE;@T%Qéaéoof?@T%?ﬂ(e@S‘fy%A}zgg@ggleg_sghg fglgli 1@@21mz§tlon ELISA
plates ggﬂza%q;so%g htﬁgagzaﬁggaﬁ Jggﬁa RN f&g&g@%ﬁﬁ <G¥dfight and blocked
with tiB M(@IkylgSmenPrS@lpwJIIOCRhé)lﬂb@) lA/ﬂaerL\eashin@ plﬁeélﬁreLﬁmth@d with eight
d11ut1on¥ of %dy SerR £61 fh Eﬁer a further washing step, the secondary anti-human IgG horse-
radish peroxidase conjugate (Jackson ImmunoResearch) is added for 1 h. Bound enzyme is
detected by reaction with o-phenylenediamine (OPD, Fluka) for 4.5 min and was stopped by
addition of sulfuric acid. Optical densities are read in the ELISA reader at 492 nm. The ELISA
shows that vaccination of human subjects with mouse TNF(4-23)Qp induced antibodies which
bind to human TNFo. The assay described in Example 1 is uvsed to show that the binding of
human TNFo, to its receptor hTNF-RI can be inhibited with sera from subjects immunized with

mTNF(4-23)Qp further supporting the cross-reactivity of antibodies induced by vaccination
against mTNF(4-23) to human TNFa protein.

EXAMPLE 17

Treatment of psoriasis with mTNF(4-23)Qp

Patients suffering from moderate to severe plaque psoriasis are immunized with 100 pg or
300 pg mTNF(4-23)QP at days 0 and day 28. A further boosting immunization is given at day
84. Clinical efficacy will be assessed using the psoriasis area and severity index (PASI) and the
physician global assessment (PGA) criteria. Clinical scores are taken at baseline and at biweekly
intervals. Because of the expected variability in antibody ‘titers, the evaluation of clinical efficacy
of vaccination will discrimate the magnitude of the response (PASI score or PGA score) by the
degree of antibody response. Evaluations will be done using antibody titers as a covariate or by
stratification of patients according to their antibody response. The results show that vaccination

with mTNF(4-23)Qp results in reduced clinical scores in plaque psoriasis patients.



<210> 163 <211> 20 <212> PRT <213> artificial sequence
<220> <223> Peptide <400> 163 Ala Val Thr Arg Cys Qu
wops@iywesd n Leu Phe lie Ser Ser Tyr Lys 1 5 18CtAPA®B/005935
Gu Tyr An 20 <210> 164 <211> 20 <212> PRT <213>
artificial sequence <220> <223> Pepti de <400> 164 Pro
Val Thr Gy Cys Gu Gy Gy %9 Leu Phe lie Gy Thr
Ser Lys 1 5 10 15 Asn Gu Tyr du 20 <210> 165<211> 23
<212> PRT <213> artificial sequence <220> <223>
Pepti de <400> 165 Cys Gy Gy Ala Val Thr Arg Cys Gu
CLAIMSp Gy Gn Leu Phe lie Ser 1 5 10 15 Ser Tyr Lys Asn
Gu Tyr An 20 <210> 166 <211> 23 . <212> PRT <213>
artificial sequence <220> <223> Pepti de <400> 166 Cys

: Gy Gy Arg Leu Phe
ﬁéleO%%m%d¥%higﬁﬁ'ﬁﬁlélgﬂﬁlfgs {Rgn AJu Tyr Gu 20 <210>
®Bp7 a2itdsdilRpast?IEVPRTan®13> artificial sequence _<220>

<23> Pepti de <400> Asn. Leu Ar Asnll lie G
hJeast ape epnhpwgn %— Lgldﬁfﬁng’é@mf a5 PRt féewlawerhpmologous to

Pro gihio2@idrédifies B8 8ithe cddenidkddqidite for the conserved domain pfam
00229 (SEQ ID NO:1), preferably a peptide sequence homologous to amino acid

residues 1 to 8 of the consensus sequence for the conserved domain pfam 00229
(SEQ ID NO:1), more preferably a peptide sequence homologous to amino acid
residues 1 to 11 of the consensus sequence for the conserved domain pfam 00229
(SEQ ID NO:1), even more preferably a peptide sequence homologous to amino acid
residues 1 to 13 of the consensus sequence for the conserved domain pfam 00229
(SEQID NO:1),
wherein (a) and (b) are linked with one another,
for the manufacture of a medicament for treatment of autoimmune diseases and/or bone-
related diseases, wherein preferably said autoimmune disease or said bone related disease
is selected from the group consisting of:
a.) psoriasis;
b.) rheumatoid arthritis;
c.) multiple sclerosis;
d.) diabetes;
e.) osteoporosis;
f.) ankylosing spondylitis;
g.) atherosclerosis;
h.) autoimmune hepatitis;
1.) autoimmune thyroid disease;
j-) bone cancer pain;
k.) bone metastasis;
1) inflammatory bowel disease;
m.) multiple myeloma;
n.) myasthenia gravis;

0.) myocarditis;



<213> artificial sequence <220> <223> Pepti de <400>
168Cys Gy Gy Asn Leu Arg Asn lie lie An Asp Cys Leu
wChmslieweBi e 1 5 10 15 Ala Asp Ser Asp Thr Pr oPTIMEP2@5/005935
<210> 169 <211> 20 <212> PRT <213> artificial sequence
<220> <223> Peptide <400> 169 Pro Gu Pro H's Thr Al a
Gu Leu An Leu Asn Leu Thr&&at Pro Arg 1 5 10 15 Lys
Asp I 10> 170 <211> 20 <212> PRT <213>
ot 298 Ss‘,ig%ﬁse%ﬁce <220> <223> Peptide <400> 170 Pro
G u d.pperiddonddhtliisédsa; G u Leu G n Leu Asn Leu Thr Asp
Pro %ln 1510 15 Lys Asp Leu Thr 20 <210> 171 <211>
23 DNPIIOIRRIES 13> artificial sequences <220> <223>

Peptg‘}dﬁerg}ggﬁeﬁl&;gtégy}%isa y Gy Pro Gu Pro His Thr Ala
Gu Lel G n Leu Asn Let Thr 1 5 10 15 Val Pro Arg Lys

Asp tBr polyhmyod@is;i<210> 172<211> 23 <212> PRT <213>
artificial sequence <220> <223> Peptide <400> 172 Cys

primpry AR MY val Ala Gu Leu G n Leu Asn
Leu hpsokiatic 4hdfs;Asp Pro G n Lys Asp Leu Thr 20 <210>
173 <211> 20 <212> PRT <213> artificial sequence <220>
<223%.) PepifEga'ss3ndemey 3

x.) Still's disease;
y.) systemic lupus erythematosus; and

z.) vasculitis.

The use of claim 1 wherein said TNF-peptide is derived from a non-human, vertebrate
polypeptide selected from the group consisting of TNFa, LTa, LToa/p, FasL, CD40L,
TRAIL, RANKL, CD30L, 4-1BBL, OX40L, LIGHT, GITRL and BAFF, CD27L,
TWEAK, APRIL, TL1A, EDA, preferably selected from the group consisting of TNFa,
LToa and LTo/B, or selected from the group consisting of TRAIL and RANKL, or selected
from the group consisting of FasL, CD40L, CD30L and BAFF, or selected from the group
consisting of 4-1BBL, OX40L and LIGHT, or or selected from the group consisting of
LTa, LTa/B, Fasl, CD40L, TRAIL, CD30L, 4-1BBL, OX40L, LIGHT, GITRL and BAFF.

The use of any one of claims 1 to 2, wherein said modified VLP forms an ordered and

repetitive antigen array.

The use of any one of the preceeding claims, wherein said VLP (a) and said TNF-peptide
(b) are covalently linked.

The use of any one of the preceeding claims, wherein said TNF-peptide of said modified
VLP consists of a peptide with a length of from 6 to 75 amino acid residues, preferably
with a length of from 6 to 50 amino acid residues, more preferably from 6 to 40 amino acid
residues, again more preferably from 6 to 30 amino acid residues, even more preferably

from 6 to 25 amino acid residues, even more preferably from 6 to 20 amino acid residues.



10.

Arg Lys Ala Arg Pro Arg Arg Ala lie Ala Ala H s Tyr
Gu Val Hs 15 10 15 Pro Arg Pro Gy 20 <210> 174

We205112@83<212> PRT <213> artificial sequence rRMP2005/005935

<223> Peptide <400> 174 Arg Lys Ala Arg Pro Arg Arg

Ala lie Ala Ala Hs Tyr Qu Val Hs 15 10 15 Pro G n

Pro Gy 20 <210> 175 <211>-83 <212> PRT <213>

"@etlllsf lo%la.%lf oﬁq_gfutﬁgl%gecg?z ggif;]g%%f SNhE? dt | d npﬁ%%%a}izl%%%epnde of said
rhb&ﬁé'd/ IVLP difféﬂ; a3 1610 F?@itloﬂk Frofff Bie Mt RoMoldgyu BursZl UNF-peptide,
176 <211> ,23 <212> PRT <213> art|f|C|aI sequen e
nagrpprefepapby. abg 30 | fBositeDs stily enary prafeipbly §t Ale OLResitiqng, even more

QERCoed & GREHE o BBlfu 04 MR 0° 50,

PRT <213> artificial sequence <220> <223> Pepti de
<400> 177 G n s Hs ys Lys His al L is . »
The psg/of apy gn %ﬂgwc&e@na aipms, (Yhropp, pai @Pnl(@mﬁﬁgpepﬂde of said

0 2 -
5548 LA AT 524t 1) S hepoiEen i ™ pepic

1Bere Prefierabbu8Hi%s td 8 WadveRrmorei prefReablyl 85 %400 95 %l agd Thost preferably

5691595 ideicat 1 22

The use of any one of the preceeding claims, wherein said non-human TNF-peptide is a
vertebrate TNF-peptide, preferably a eutherian TNF-peptide, and even more preferably a

feline, canine, bovine or mouse TNF-peptide, most preferably a mouse TNF-peptide.

The use of any one of the preceeding claims, wherein said non-human TNF-peptide
comprises, or preferably consists of, a peptide sequence homologous or identical to amino
acid residues 13 to 18 of SEQ ID NO:2, preferably to amino acid residues 11 to 18 of SEQ
ID NO:2, more preferably to amino acid residues 11 to 23 of SEQ ID NO:2, still more
preferably to amino acid residues 4 to 23 of SEQ ID NO:2.

The use of any one of the preceeding claims, wherein said TNF-peptide of said modified
VLP is derived from a vertebrate polypeptide, preferably from an eutherian polypeptide,
selected from the group consisting of TNFa, LTa and LTo/p for the manufacture of a
medicament for the treatment of autoimmune diseases or bone related diseases, and
wherein preferably said autoimmune disease or bone related disease is selected from the
group consisting of:

a.) psoriasis;

b.) rheumatoid arthritis;

c.) psoriatic arthritis;

d.) inflammatory bowel disease;

e.) systemic lupus erythematosus;

f.)  ankylosing spondylitis;

g.) Still's disease;

h.) polymyositis;
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<212> PRT <213> artificial sequence <220> <223>
Peptide <400> 179 Cys Ay Gy Gn Lys Hs Lys Lys Lys

wei28058a796¥al Leu His Leu Val 1 5 10 15 Pro Val p&smPRi0&/005935

Thr Ser 20 <210> 180 <211> 22 <212> PRT <213>
artificial sequence <220> <223> Pepti de <400> 180 Cys
Gy Gy An Lys His Lys Lys-88s G n Ser Vval Leu His

S5 10 15 Pro lie Asn lie Thr Ser 20 <210> 181

Leu :

12211‘>>@’§L}Iiltl<ﬂz> PRT <213> artificial sequence <220>

jR23%alaet i de <400> 181 Pro. Pro Arg Gy Lys Pro Arg

@a Hs Ley Thr. lie Lys Lys Gn Thr 1 5 10 15 Pro
109YasBeniHErgYisy 7 <212> PRT <213> artificial sequence

<205 We! 400> ' 182Pro Ser Arg Asp Lys Pro
1L))2/803glo§1%§|§§ylﬁcggﬁl$h§1dl<i e Met Arg Gn Thr 1 5 10 15 Pro
m)10multde sckidsis.20 <212> PRT <213> artificial sequence
<220> <223> Peptide <400> 183 Cys Gy Gy Pro Pro Arg
Gy Lys Pro Arg Ala H's Leu Thr lie Lys 1 5 10 15 Lys

B udd bf RIm20, <KA&einlfdd qﬁﬁ;lgeﬁme<8&1§ﬁis%g%r%?e¥§&y consists of, the
artificial sequence <220> <223> Peptide <400> 184
peptide sequence of SEQ ID NO:2 or SEQ ID NO:129, and further preferably wherein said

TNF-peptide comprises, preferably consists of, SEQ ID NO:129.

The use of any one of claims 1 to 9, wherein said TNF-peptide of said modified VLP is

derived from ‘

(1) a vertebrate LIGHT polypeptide for the manufacture of a medicament for the
treatment of an autoimmune disease or a bone related disease, wherein said
autoimmune disease or bone related disease is selected from the group consisting of
rheumatoid arthritis and diabetes; or

(i) a vertebrate FasL polypeptide for the manufacture of a medicament for the treatment
of an autoimmune disease or a bone related disease, wherein said autoimmune
disease or bone related disease is selected from the group consisting of systemic
lupus erythematosus, diabetes, autoimmune thyroid disease, multiple sclerosis and
autoimmune hepatitis; or

(iii) a vertebrate CD40L polypeptide for the manufacture of a medicament for the
treatment of an autoimmune disease or a bone related disease, wherein said
autoimmune disease or bone related disease is selected from the group consisting of
theumatoid arthritis, atherosclerosis, systemic lupus erythematosus, inflammatory
bowel disease and Sjérgen’s syndrome; or

(iv) a vertebrate TRAIL polypeptide for the manufacture of a medicament for the
treatment of an autoimmune disease or a bone related disease, wherein said
autoimmune disease or bone related disease is selected from the group consisting of
rheumatoid arthritis, multiple sclerosis and autoimmune thyroid disease; or

(v) a vertebrate RANKL polypeptide for the manufacture of a medicament for the
treatment of an autoimmune disease or a bone related disease, wherein said
autoimmune disease or bone related disease is selected from the group consisting of

psoriasis, rheumatoid arthritis, osteoporosis, psoriatic arthritis, periondontis,



G/ys Gy Ay Pro Ser Arg Asp Lys Pro Lys Ala H s Leu

Thr Ilie Met 1 5 10 15 Arg G n Thr Pro 20 <210> 185
We20511263<212> PRT <213> artificial sequence rRRMP2005/005935

<223> Peptide <400> 185 Thr Gy Thr Arg Gu Asn G n

Pro Ala Val Val Hs Leu Gn Gy Gn 15 10 15 Gy Ser

Ala lie 20 <210> 186<211> 2R%212> PRT <213>

ar t 'I%fl%@‘ﬁals%g%%fe%%& cﬁ?gig Ey%e%t :59 %ne 45%3 \?n?lﬁ@e%(&doma bone

H| s daﬂcerlaa&ﬂrﬂﬂz@eﬁdiséaw Gn dy Ser Ala I|e 20 <210>
187 <211> 19 <212> PRT <213> artificial sequence <220>
<223> Peptide <400> 187 Lys Pro Thr Val lie G u Ser

13. ’fﬁé;u%%f N&im 1Y Swhb&i3 A4 E[T\%T ﬁ@&ld@ecré)ir#réeél%gl%ré% ably Sonsists of, a

<210> 188 <211> 2 arti |C|a
=otjde soper@2@tect2RBom e ticdp wﬁﬁ@mlgl%alﬁips ﬁMa@dyesLy@ to 169 of

é}éﬁ f@rﬁggﬁs@%ﬂl& g?léeffiﬁﬂw \éiclzflgéa fg)gl%g%# SImiRo ac:1d residues

162181 BRI s1233p Notzzf i@ a<§§ %ﬁdﬁ&% 168467 76?0%%%Q ID NO:22, amino
Petlde <400> 189 Gy Gy Ala G n Pro Phe Ala Hi s

revidpes 10 fasky 1o @% Ilamaz @9@ angnd acid @es@miwmm of SEQ ID
NO:22, and wherein further preferably said TNF-peptide comprises, and preferably

consists of, SEQ ID NO:3.

14. The use of any one of claims 1-9, wherein said TNF-peptide of said modified VLP is

derived from ,

(1) a vertebrate CD30L polypeptide for the manufacture of a medicament for the
treatment of an autoimmune disease or a bone related disease, wherein said
autoimmune disease or bone related disease is selected from the group consisting of
rheumatoid arthritis, systemic lupus erythematosus, autoimmune thyroid disease,
myocarditis, Sjérgen’s syndrome and primary biliary cirrhosis; or

(i)) a vertebrate 4-1BBL polypeptide for the manufacture of a medicament for the
treatment of an autoimmune disease or a bone related disease, wherein said
autoimmune disease or bone related disease is selected from the group consisting of
rheumatoid arthritis, inflammatory bowel disease and myocarditis; or

(iii) a vertebrate OX40L polypeptide for the manufacture of a medicament for the
treatment of an autoimmune disease or a bone related disease, wherein said
autoimmune disease or bone related disease is selected from the group consisting of
rheumatoid arthritis, multiple sclerosis and inflammatory bowel disease; or

(iv) a vertebrate BAFF polypeptide for the manufacture of a medicament for the
treatment of an autoimmune disease or a bone related disease, wherein said
autoimmune disease or bone related disease is selected from the group consisting of

rheumatoid arthritis, systemic lupus erythematosus and Sjérgen’s syndrome.

15. The use of any one of the preceeding claims, wherein said VLP comprises, or alternatively

consists of, recombinant proteins, or fragments thereof, of a RNA-phage, and wherein
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17.

<213> artificial sequence <220> <223> Pepti de <400>

190 Ala G n Pro Phe Ala H's Leu Thr lie Asn 1 5 10
We20BH119%83 <211> 10 <212> PRT <213> artifi ci al PEEMB2I06/005935

<220> <223> Peptide <400> 191 Ser Lys Pro Val Ala His

Val Val Ala Asn 1 5 10 <210> 192 <211> 13 <212> PRT

<213> artificial sequence <X#0> <223> Peptide <400>

Bl s Ropulis 3 g B, % o8 o RNAMge AP205, and

WhirbihifeHtRdr pPEBRCRIFRROCpiA3s RREQbh 00> 193 Asn
LeurArg ASI’I1§|I6 IrylceIGIn 52% Leu G%% eu lie Ala

Asp Ser 1 5 10 15 Asp Thr Pro Thr 20<210> 194 <211> 20

BEiR o Bt pea i o B 5o aDRoRGs, G plieppgvely consist
éé@éntléll}'ﬂ dfi or \é?ktbm\éﬁk/e BorBEh of &val Grdfeinkr & RINA Ahdgdd 4nd wherein
20 <210> 195 <211> <212> PRT <213> artificj al

Rrefrabhe said 22@>PTQ£€213§>01PE}5% plages bawing 98 agpo geid ap gelpeied from the
e R L EA O
(a) SEQIDNO:4;

(b) amixture of SEQ ID NO:4 and SEQ ID NO:5;

(¢) SEQIDNO:6;

(@ SEQIDNO:7;

(¢) SEQIDNO:8;

() SEQIDNO:9;

(¢) amixture of SEQ ID NO:9 and SEQ ID NO:10;

(h) SEQID NO:11;

() SEQIDNO:12;

(&) SEQIDNO:13;

() SEQIDNO:14;

(m) SEQ ID NO:15;

(n) SEQIDNO:16; and

(0) SEQIDNO:28. -

The use of claims 1 to 15 wherein said recombinant proteins comprise, or alternatively
consist essentially of, or alternatively consist of mutant coat proteins of RNA phages, and
wherein preferably said RNA-phage is selected from the group consisting of:

(a) Dbacteriophage Qp;

(b) Dbacteriophage R17;

(c) Dbacteriophage fr;

(d) Dbacteriophage GA;

(e) Dbacteriophage SP;

(f) bacteriophage MS2;

(g) Dacteriophage M11;

(h) bacteriophage MX1;
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<211> 20 <212> PRT <213> artificial sequence <220>

<223> Peptide <400> 196 G n Lys Gy Asp Gn Asp Pro
wanwsiiieeAl a Ala His Val lie Ser Gu 1 5 10 15r&rapP3®5/005935
Ser Asn 20 <210> 197 <211> 20 <212> PRT <213>

artificial sequence <220> <223> Pepti de<400> 197 G n

Lys Ay Asp G n Asp Pro Arg9‘§'/a‘l Ala Ala Hs Vval lie

Ser vRidridpmod N3, Ala Ser Ser Ser 20 <210> 198 <211>

G SRt PR N 2 Y e sequence <220> <223>
(l?)aptbadterisxplﬂigefz,% Pro Ser Gu Lys Arg Gu Leu Arg Lys

e b%lct%nyf)ﬁagle‘%57;§r{d Gy Lys 1 5 10 15 Pro Asn Ser Arg

(m) bacteriophage AP205.

The use of claim 17, wherein said mutant coat proteins of said RNA phage have been
modified by (i) removal of at least one lysine residue by way of substitution; (ii) addition
of at least one lysine residue by way of substitution; (iii) deletion of at least one lysine

residue; and/or (iv) addition of at least one lysine residue by way of insertion.

. The use of any one of the preceeding claims, wherein said VLP (a) is linked with said

TNF-peptide (b) through at least one non-peptide bond.

The use of any of claims 1 to 18, wherein said TNF-peptide is fused to said VLP, and
wherein preferably said TNF-peptide is fused via its C-terminus to the VLP, or

alternatively via its N-terminus.

The use of any of the preceding claims further comprising an amino acid linker (c)
between said VLP (a) and said TNF-peptide (b), wherein (c) and (b) together do not form a
peptide having a sequence from human TNFa, and wherein preferably (c) and (b) together
do not form a peptide having a sequence from human or mouse TNFa; and wherein

preferably said amino acid linker is selected from the group consisting of:

a.) GGGC;

b.) GGC-CONH2;
c) GG

d.) GC-CONH2;
e.) C;and

f) C-CONH2.

The use of any one of the preceding claims, wherein said modified VLP comprises said
VLP with at least one first attachment site, and wherein said modified VLP comprises said
TNF peptide with at least one second attachment site, and wherein said second attachment

site is capable of association to said first attachment site; and wherein preferably said TNF
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peptide and VLP interact through said association to form an ordered and repetitive antigen

array.

The use of claim 22, wherein said first attachment site comprises, or preferably is, an
amino group, and wherein even further preferably said first attachment site is an amino

group of a lysine residue.

The use of any of claims 22 to 23, wherein said second attachment, site comprises, or

preferably is, a sulfhydryl group, and wherein even further preferably said second

attachment site is a sulfhydryl group of a cysteine residue.

The use of any one of claims 22 to 24, wherein said first attachment site is not, and
preferably does not comprise, a sulfhydryl group, and wherein further preferably said first
attachment site is not, and again preferably does not comprise, a sulfhydryl group of a

cysteine residue.



