-1 - USE OF INTERLEUKIN-1 CONJUGATES LN THE TREATMENT OF DIABETES FIELD OF THE
INVENTION [0001] The present invention is in the fields of medicine, public health, immunology,
molecular biology and virology. The invention provides compositions, pharmaceutical compositions
and vaccines for the treatment, amelioration and / or prophylaxis of diabetes, preferably of type Il
diabetes. The compositions, pharmaceutical compositions and vaccines of the invention comprise a
core particle and an antigen, wherein said antigen comprises an interleukin-1 (IL-1) molecule. When
administeredt8FaRAERHAR LBt 1 R Hirth &R S I8 d BEdniddanibME R hahBEEBREH Tompositions,
and vaccines induce efficient immune responses, in particular antibody responses, wherein typically
and preferably said antibody responlgf:gﬁée %r&ﬁ%g@g@%ﬁl Thus the invention provides methods
of treating, ameliorating or preventing dia é%es, préteraplytype |l diabetes, by way of active
immunizatiGédéigaifist IbretsREVATED BRT [8002]cFypleRdiabetesiSa ohitnitumetabalic disorder
characterizeg) by fheygisena OhBEIOYEEHAAHE G ARIREN inslin secrelion, I

%{.‘%H‘l action or a
combination of both. Although the mechanisms of pancreatic p-cell failure in‘type 2 diabetes are not

fully elucid&REEPoSHERS 3R F4RHIBF AT iRy S0 Hete AT pic ATep B PO iRt ®Sss caused by
repetitive gieRasiexcursionsdysliptentenaadiadipokirtes Gandduesarinflammatenycesponse in
the pancreag f%harggterizceoqn b}i?lé)gaggyt%gpc%%egrgnti%i islet i mune:gellgn[jltration, J3-cell apoptosis,
amyloid de805| smah’glﬂgros@. -l has ‘emerged as a m%%’%e?’c?/rt%ﬁiﬁa’é, W Véﬁnr‘éodﬁfgfég let chemokine
production afrdiadisésimparecriisUiingredustiserehy prealindath:Biddkade bite signalling by

administration.gfecampinant-kid resepterantaganist orneuiraliziag:monaclanal aptibadies has been
shown to improve glyeemic control in animal models of type 2 diabetes (Sauter et al., 2008, Osborn et

al., 2008). ELPHERTE AR FREATSE o s RiBERY patiensteronin et 6B FEmarasAIE -1 receptor
antagonist (kaakinsgdiresilied Thia, dberéasetdbh.gyeeted hasmigldbindevels(alistable seadout for
long term glyce iag nd_improy. -cel ion (Larsen et al., 2007). . SUMMARY..1 a [0002alln a
first aspect%ﬁ?%ﬁl %?&%%égr%%g%ge%%? c%%%é%ilﬁ N C oﬁﬁ%gﬁg: a%%zﬁﬁoﬁs%ﬁﬁ%‘%gﬁﬁde (VLP) with at
least one first attachment site; and (b) at least one antigen with at least one second attachment site;
wherein said at-least one antigen comprisasgan t=h mplecule and wherein (a) and (b) are linked |
through said at least one first and said at |east one second attachment site, for the manufacture of a
medicamenif {3 thé fP&at %%it%%ﬁi%kﬁ’ R BRI AL PR B SHEE T HREeetiard is provided
the use of avecelpendndpeising i compositierrasdefineidhabtve forthenriamfactiise:f a

medicamen ff e eamentohiabelesingn aninak (007cllpa dnydasped, ot fyprovided te

use of a pharmaceutical composition comprising (a) the compaosition as detine ove Or the vaccine

as defined abeeieantrth) B PRANRERRIT Yo e dBtabiet dmnbedisd théetramisfaictsreanfed medicament
for the treatgyeif e didicbeles g Humand0003] Wsdave fonngithatihe gisclased compositions

and vaccines, resioe.cti\gelﬁécqm ri(:%iggaglttelezaesc} pne IL-1 molecule, refera,blly a IL-1 mutein, are not
only capablE SPRTUEAY IRATURE rAEPaHSEE SRinSt - T 8RHE hFRISy A it RIP SHEdldy responses,
but are, furthéimcre, Raphbiewhreursglizidgithesipyesin fibnosiatidr dtivigmefgdd kinavheeten - 2 -
addition, we, have surprisingly found gﬁéﬁ{g ' njzation, with a composition of the disclosure resulted
in the amelic r%?oﬁ’ ofh?he et-induced diabetic%%enoit{ilp%ﬁl\lclln"%mrﬁ%ﬁl model &.péoﬁ% @t at., |
DIABETESaMdl-R% dteg8Blvdiere a6 7y osigiabagky Tinsnotssrationonabinsatie foradifferent 1L-1

molecules icging & skalRfiapales sk Fxamnle Rasuehas sk beRmAlRcuR cf. Bxamples
an )'in animal models of type 2 diabetes (Sauter et al., 2008, Osborr et al,, 2008). Furthermore,

treatment of type 2 diabetes patients with recombinant human IL-1 receptor antagoﬁist
(Axnakinra) resulted in & decrease of giycated haemoglobin levels (a reliable readout for long -

term glycemia} and improved f3-cell function (Larsen et al., 2007).

SUMMARY



[0004] In one embodiment, the disclosure therefore provides a composition for the treatment,
amelioration or prophylaxis of diabetes, preferably of type Il diabetes, wherein said composition
comprises: (a) a core particle with at least one firkd attachment site, wherein said core particle is a
virus-like particle (VLP) or a virus particle, preferably a virus-like particle; and (b) at least one antigen
with at least one second attachment site, wherein the at least one antigen comprises or consists of or
is an IL-1 molecule, preferably selected from the group consisting of IL-1 protein, IL-1 mature
fragment, IL-1 peptide and IL-1 mutein, wherein, (a) and_(b) are linked, preferably covalently linked,
hrougHUIREL lod5 618 ATEFSn Ve BTG L BB PRI P GOREE 1 # forthor
embodiment)the;digglpEKES pEIIESIPTampasiia camprisingatahrevirsislikedparticle (VLP) with at
least one first attachment site; and (b) at Jeast one antigen with at least one second attachment site;
wherein sai®®ht |EHSES AT ESLONSRGOBF SFREAN I FHivlecule and wherein (a) and (b)

are linked thypugh said atlleastenedfiistandspithat ieast-onasesasdaliachinent sitendna preferred
. embodiment said at least one antigen with at I(Falast gne second attacamen site comprises or preferably

consists of HR P Hab RIS LS4 W ATREEE § 1R EORGTEP T SR AR EM BbHiment wherein said

first attachmpenthsitgdslinknd 7 saidseserdatipghymentsie vibdailerstiang egalent bond, wherein
preferably said at least one covalent bond is a non-peptide bond. [0007] In a further preferred
embodimeriisaidat leashdagpartigenciithratidedtionessedancattackmenti site Gonoprigesiospreferably
consists of:_(i) an IL-1 heta molecule, whegein said IL-1 beta molecule i ID NO:165 ar SEQ
0136 SRR S0 15 RO e ) B FT SOhir RSB TR, 2 GHBrGBe ot A

attach ite, and wherein preferably said linker copprises oF prefgrably. consists GGLSEQ ID
N0:17g§8§r£éGC (§Et%%lt§ ?ﬁ%l%@prefer%ﬁly G'CeSCG (SEQ ID N(‘)§188 ; v?/%%?%n ftj)rt er prefterably
said linkerpsscogalently bound to the C-terminus of said IL-1 beta molecule by way of a peptide bond.
[0008] In a further preferred.e g e &ggq,gg egstong ar gg &Wé %I@éﬂ,%(ane second attachment
site consistélé1 f (i;ﬁﬁanc?lfl}gogfg %Qrgofge%u%]e wﬁ% rel}n sai(?IL-llra%pﬁa mo eacule is SEQ ID NO:203 or SEQ

ID NO:210, ﬁkaemﬂyﬁﬁ@ﬂﬁﬂ&@@@mﬁqi@a&ﬁnker, wherein - 3 - said linker comprises said second
attachment site, and wherein preferably said. linker comprises reterabl nsi f GGC (SEQ ID
NO :178) orfg &a(tg)l%éhllﬁa I%%%%g’)gag}g%r{gé%eé 5 %gﬁggﬁ%el\li%ﬁl%%si%%\:\}ﬁe%&r% urther preferably

said linker is covalently bound to the C-terminus of said IL-I alpha molecule by way of a peptide bond.
[0009] 1#B83furiMehprefernd dhertitsobineset! saidpeiitisrikadeativtessresndrtiselike particle of an RNA
bacterigphage, wherginqpreferablyisaid RNA hasterMphage.is bacteriophage 190101 In a further

preferred embodiment only one of said second attachment sites associates with said first attachment
site thriBGYH SR GHEMS R pEHTRI - cOVEIL REEBh T RESURH (P abeioTeseamsca o A type of binding of
said arfiigeatosaichvisis dikedpaticiey whereinsaishoptyronesesond attachment site that associates -
with said first attachment site is a sulfhytiryl group, and wherein said antigen and said virus-like particle
interact through said association to form an ordered and repetitive antigen array. 10011] In a further
embodiment, the disclosure provides a vaccine for the treatment of diabetes, preferably of type Il
diabetes, said vaccine comprising, or alternatively consisting of the composition of the disclosure,
preferably in an effective amount. [0012] In a further embodiment, the disclosure provides a
pharmaceutical composition for the treatment of diabetes, preferably of type Il diabetes, said
pharmaceutical composition comprising: (a) the composition of the disclosure or the vaccine of the
disclosure; and (b) a pharmaceutically acceptable carrier. 10013] In a further embodiment, the
disclosure provides a method of treating diabetes, preferably type Il diabetes, said method comprising
administering an immunologically effective amount of the composition of the disclosure, of the vaccine
of the disclosure, and/or of the pharmaceutical composition of the disclosure to an animal, preferably
to a human. [0014] In a further embodiment, the disclosure provides the use of the composition of the
disclosure, of the vaccine of the disclosure, and/or of the pharmaceutical composition of the disclosure
for the manufacture of a medicament for treatment of diabetes, preferably of type Il diabetes, in an
animal, preferably in a human. DETAILED DESCRIPTION OF THE INVENTION [0015] Unless defined
otherwise, all technical and scientific minis used herein have the same meanings as commonly
understood by one of ordinary skill in the art to which this invention belongs. [0016] Adjuvant: The term
"adjuvant” as used herein refers to non-specific stimulators of the immune response or substances
that allow generation of a depot in the host which when combined with the vaccine or with the
pharmaceutical composition, respectively, may provide WO 2009/109643PCT/EP2009/052639 - 4 -
for an even more enhanced immune response. Preferred adjuvants are complete and incomplete
Freund 's adjuvant, aluminum containing adjuvant, preferably aliminum hydroxide, most preferably
alum, and modified muramyldipeptide. Further preferred adjuvants are mineral gels such as aluminum
hydroxide, surface active substances such as lysolecithin., pluronic polyols, polyanions, peptides, oil
emulsions, keyhole limpet hemocyanins, dinitrophenol, and human adjuvants such as BCG (bacille

Calmette Guerin) and Corynebacterium parvum. Such adjuvants are also well known in the art. Further
adin/ante that can he adminictarad with the compnocitinne nf the invvention inchiide bhiit are not limited



- 6 - the VLP, preferably of the VLP of an RNA bacteriophage, most preferably of RNA bacteriophage
Qp. Multiple first attachment sites are present on the surface, preferably on the outer surface of the
virus-like particle, preferably of the VLP of an RNA bacteriophage, most preferably of the VLP of RNA
bacteriophage QP, typically and preferably in a repetitive configuration. In a preferred embodiment the
first attachment site is associated with the VLP ~tBreugh at least one covalent bond, preferably through

 at least one, peptide,band d:iuiheaomietred ambadiment e frstalashment sigispaturally

occurring with the VLP. Alternatively, in a preferred embodiment the first attachment site is artificially

~ added to tHEVILE Tnteeprardpaa fbbuitisnodie s sizhtde mhantaiteistaggstsarsdshitii said VLP
through fat @@&Iﬁ@g@iﬁ;@l@.@ﬁrmn@buofmmé?@% ImOLﬂ%h)&Iﬁ@ﬁﬁb@ﬂ@ﬂ@l@ﬁ@&v@ﬁ?ﬂuﬂmﬁﬁgm;aid VLP is
a VPL of an RNA bacterio , prefera acteriopha .I urther, preferre

~ embodime ?rs%ﬁ%efﬁ%ttﬁ‘ftﬁagﬁ%%e% %1 gﬁilén e drll?{\l%%ﬁclﬁ couTPe'aE Cé%r?egruég?aag}e? %vﬁ?el}gai {gé?d lysine
residue is stysinaaesid(rd Gkarpdat Pratéiid)preferably of a coat protein of an RNA bacteriophage,
most preferg@iyof RNA bastetiophageiQrsin siuhenrraiered.ambadimentsaid ficst attachment site

is an amino group of a lysine residue of a coat protein of an RNA bacteriophage, wherein preferably
said coat prOSIHFPESHIPRSEEBINBHETE AB Iy BTSSRI 61 ArfiinGRicld SEdEERCEBITSBGHS NO:3. In a
further prefesseshenobactimeani said: st atttichrant sile:is miybinaresidise; wberii-preiarably said

lysine residue is a lysine residue of a. tein, preferably of a coat protein of an RNA
bacteriophdge. Pﬁ%léepl?eafé?guﬁg/&%fpﬁ%%%%@ri%rp%z;g%%scsg%%leapfﬁr?h%t%%?&?ép eePr%B%éﬁoﬁ ment said first
attachmentasil(is 4 lysimaresidoe Oithié legapprorsrméRiNNsat #rophage Gpatles2sieAttachment
Site, Seconghs, Usepherein dhaphsaseissecond atachmentsitesiyeters:da QE‘n@lﬁE%BEﬁNhiCh is

ic

~" naturally occurring with or which is artificially added to the IL-1 molecule and to which the first -

" attach ment%’f@%‘-‘éé%ﬁI?é‘&t?‘?hg’sle%ﬁ’dcaffmte?:{rgi@%ﬁﬁéﬂgk"ﬁwalétgﬁréwﬁ]iﬁé?g}éﬁly is a protein,
a polypeptideqd abpeptite:danpafaisiyacich entvuijaked, polyricledidesa aatfirsd o syathétictpolymer, a
secondary rg%tg?%lliée Qr.con Qllfénd (biotin, fluorescein, retinol, digoxigenin, metal ions,
phenylmethyIfsuFonyI inoride), or a chemically reactive group such as an amino group, a carboxyl
group, a sulfifdty| dredpitarteydediyterdusisaleusmbeimges rouprhistidiayhprenp (e aioeribination
thereof A praferediambedinent@ba-cherisalinsaastivearounberingthesecandatiachment site is a
sulfhydryl group. In a furt ergrei;e_rre | embo in"tl?nt said setcond attachment sitte is a sulfhydryl group,
preferably aogﬁﬁ?ﬁ?a?y TS B Ay M L U T hE te e ST TIRBIEE O Rith &Y 18%%: Bhe second
attachment Bite"maferss thdretoreint e paodrisiruct ivormp tisigivaitl i easlecufranddatlidast one second
attachment gite. JHoweyer 4 pariewar far.a.secpnd.aliashmentsite, whichdsnatnatueally occurring

within the IL-1 molecule, such a construct typically and %referabl WO -
2009/10964$BCVEBIRSTHTEIFY 4 SHIRSF ORI ISER R IRREN ! I R StreFBIetefrett émbodiment
the second gtjadhinent site is associated with the IL-1 molecule through at least one covalent bond,

preferably thyggh 4t Joast one.Reatds honduln a,busher ahodiment. e secpRd Agagment site i

naturally occurring within tse_IL-:L molecule. In another further preferred embodiment, the second
attachment o718 Efeisienany disdee €0 e e ronbrRE e G ratersblyiestiih @ifrkidesiiveeein further

" preferably saigalinkercomprises-phaitermatively consists of a cysteine. Very preferably said linker is
fused to the IL-1 molecule by way of a peptide bond. 10024] Coat protein: The term "coat protein”
rotors o & IV BrofBin BREN S AP o A ST TR Sl RSy G R
bacteriophagecirhichsis: capabilesoftherigabiorporstectiriioeaa Virnisteapsideonia ViR =T eatiproteins are
also known as caReid LARNS:1PEOLG nked: Toetesme Jinkerkaralipkagatasaised higrein, refer o

all possible ways, preferably chemical interactions, by which the at least one first attachment site and
the at least He%éBbrd HREEHTTEH SREECTBRIEE fogiTsroehatfcnfterieeis WekF#e covalent
and non-covaleatinteractions. chypicak exaraplesfoinan-covalent BRerasians aevioakdateractions,
hydrophobic jateractions, or. hydr, , wher valent interactions are based, by way of
example, on@%@a@n“?@éﬁgg gﬂecﬁgags{} e%%ggéet grs gﬁmﬁe@eﬁﬂéﬁ%é%hﬁ)ﬁae fl,grgg? (%ta'“ll-xphosphorus
bonds, carb&nksulfrobomusy uchdds thidetharines ipiitkecdbndbenredeils prefeyreteanmivdiments the
first attachmegpt;site and the second attachment site are linked through at least one covalent bond,
preferably through at least one non-peptide bond, and even more preferably through exclusively
non-peptide BYRU(SF THEtErRToifHIcE PREetREY Fafeth FoV0BGSFSRRIFMHBEOIRF T BIE FT6 A Yirect linkage
of the at leagtranenfiistiaitashment sifemiid thépat leakt-onevaeceandattachniht steldeutsatso,

alternatively ofarably mdi linkay 6 first attachment site_and the at least
one second %ﬁéﬁrmg’?ﬁt?ﬁo@%ﬁﬁéﬁrﬁé&%&kﬂgIgéﬁef%z\,ﬁgﬁg% ﬁ%?géﬂy/ctﬁgfcﬁ{ﬁﬁvcﬁdﬁreferably by

using at least one, preferably one, heterobifunctional cross-linker Thus, in a preferred embodiment
said least one first attachment site and said at least one second attachment site are covalently linked
via least one, preferably exactly one, heterobifunctional cross-linker, wherein preferably said first
attachment site is the amino group of a lysine residue and wherein further preferably said second

attachment site is the sulfhydryl group of a cysteine residue. In other preferred embodiments the first
attachmaent cite and the cerand attachment cite are linked throiriaobh at leact nne cnvvalent hond



NO:64); (b) human IL-I beta 116-269 (SEQ ID NO:165); (c) mouse IL-1 beta 119-269 (SEQ ID NO:66);
(d) mouse IL-1 beta 119-269s (SEQ ID NO: 164); and (e) an amino acid sequence which is at least 80
%, or preferably at least 90 %, more preferably at least 95 %, or most preferably at least 99 % identical
with any one of SEQ ID NO:64, SEQ ID NO:66, SEQ ID NO:164 and SEQ ID NO:165. [0037] IL-1
peptide: The term "IL-1 peptide”, as used herein, selates to a polypeptide comprising a consecutive
stretch of a naturally occurring praotein, wherein said protein is capable of binding the.IL-1 receptor and
oreforably CHnEIEs BB AT A EAt T B0 LR B0 Dol ETo 35, most
preferably XompEsarmipeieeids gt Ghe (BEGEPHYe: M8y el EGGySialRPisNwbi 8apable of

binding theﬁkﬂ&@&g@@@@kst@@ﬂ%@@s%@@ﬁ&gnqalﬁgl$&%fet%9@0£$@glmcébfs RSty 1 alpha
peptide” and "IL-1 beta peptide”, as used herein relate to IL-1 peptides as defined, wheréin said
naturally ocBHhY Broteif e 9f S GioHE BRSSP S P B A Rv5 ik o Rdspectively. Preferred IL-1
peptides argdSBRQ DNE:B2 po- B dDbNDNELOsaf003R ] 4Likd paniein: Thedeii: thedcutaein” as used
herein compkj I I i ] 964 T/EP (052639 - 12 - of any polypeptide
derived froﬁ%ﬁg‘g %c¥{§%%%%%%ﬁ%?§§£gﬁ)§% #%%%%%%ié%%ﬁggg? %%%%%igi%’t%%ﬁbt in, an IL-1 alpha or
an IL-1 betd%Pa@mént, BRI HPRES CBR (LT BétLMEOPS Fagiemtrartitadhgiphastiean IL-1 beta

peptide, whesginpreferaliy saidnalypentideiexhibiisdeducad Binlogicat aclivity ascoppared to the

IL-1 molecyle it is deriv,edlfro .Acfcordin Iy,ngrl alph mu{}eins and IL-1 beta muteins are IL-1

muteins as SRR AHERI-LS FHSbRBAAS 14 Aae e TOnFARETE-0 SToha FOTRELIE S An IL-1 beta
molecule, redpestively oM ppprefertatdibrichetdcrimaeinoared vitbetd fsiteimshderived from IL-1 beta
mature fragentanpislRahaiaman Bttt 3kt 200 RERI N e AenRielared 1L 1 alpha

muteins are derived from IL-1 alpha mature fragments, preferably from human IL-1a119.271 (SEQ ID
NO:63). [OOSR e frEd 1B Ity Raid HisToEEarEivity is less than 80 %, more preferably less
than 60 %, gk poresprefierablyiesmthamdfUnsetllpocieqreferabliiass:than-rQ.Paiefibe biological

activity of the IL-1.molecule it | rived from, wherein further preferably said biolggical activity is
Cetormined 05 TR LA AR o e e G T o S BB i most
preferably seicpsisiom callcdivityierel oreferbladrensefngaly aswascribed in Example 8 B. [0040] In
preferred ILidobgta muteinss:saicbiglegicalsactidily isdossthan.80danoteysiarakly dess than 60 %,
still more preferabI)L/ I?as %htan 40 f%éxb?ti" tr?orelpge{?egablg/ ISS&S1 than 20 % of the l%.iological activity of the
IL-1 beta mEEEIRT s gerved'trom. wheréin pre]“ e?a%y%af R BFeE OeRUIE T8 an IL-1 beta mature
fragment, preferabhgHantzredrb$@en 716G BEQdDr HOYeR)napdhwHeskinufariebpreferably said
biological acfivitys.-getarmineddbe-capacity of said IL-1 beta mutein to induce IL-6 in human

PBMCs, Wheorein maost re erab iaid tl:)itﬁ:odgicad activit\y dis detetlilm(in?g etssegltit?llty as described in
Example 8 éﬁ@é“?’lﬁ%“re B PR I A TR £ LA S8 Gl SShTE G2 965% BRARBY %, more

preferably lezsctiaieB0%os6tiinetbre preferilspdassititan2 dastiblmgrel brefertibhetessithan 20 % of

the biologicakacliating bralahasalesuls s derbresk o werginprEfgsably said IL-1 apha
molecule is an IL-1 alpha mature fragment, preferably human human IL-1 a119.271 (SEQ ID NO:63),

and whereirP PSP AT IBRP LR BiSTSGIear AEVR IS BRI RiFfER Y the ety of said IL-1 alpha
mutein. to inghdce] IL-@ HWmm%M%,tWM@Wm@M@fM@@&id dnmixogmaﬂ @”Gﬂ&/ity is determined
essentially a5 desadoadin Lxampledl d00at FHISPEF RERHSE bl MGHSALE defyed from an

IL-1 mature fragment, wherein the biological activity of said IL-1 mutein is less than 80%, more :
preferably |SSE s 607 the BRHGHEprefapanisrees irairamost dhiffshore prereraligliess than 20 % of
the biologicakahyiek 20QR N84 3REERAZAMARH2639 - 13 - activity of the IL-1 mature fragment said
IL-1 mutein is derived from. Very preferred IL-1 muteins do not exhibit biological activity, wherein
preferably said biological activity is determined essentially as described in Examples 8 B or 11. [0043]

Further preferably, but not negessarly pEstruteiasarsrcapalienafrepaeiically binding an IL-1

receptor. [0044] ositions comprising g.prierred IL-1 mutein. as the sole antigen induce a titer of
antibodies 3&‘83%%@?8&6%%%%% yolg}ﬁmhségtﬁétﬁ_cpf R LS SaR lﬁ_t-fff[fl’r?djtseeig ?Sfﬁai%"& #m, wherein
said titer is attease20iys preferabiyatiedssvoDby stilk mbredprefesablyintle astt6 Gvsistiiimore
preferably afleast,89.74g0d most preferably at least 100 % of the titer obtained with a composition
comprising the IL-1 molecule said IL-1 mutein is derived from as the sole antigen, wherein preferably
said titer is dB&PminEa el as HEsEbet P EXAHTIE Y [DOa5TRAER SHIFB R linto an
animal, compesitiats:cespprising abpraietred: | hidvwhgtadsmtiteinas dheshleanigenmpiuaem titer of
antibodies capaie ol spedizaliynindinodbe dhh bela malsgule o i Bela mulain g, derived from,
wherein prefera ]ﬁ/ said IL-1 beta molecule is an IL-1 beta mature {?ag ent, most Bpe?erai)ly human
IL-111117-259 (SEQ ID NO:64), wherein said titer is at least 20 %, preferably at least 40 %, still more
preferably at least 60 %, still more preferably at least 80 "A and most preferably at least 100 % of the
titer obtained with a composition comprising the IL-1 beta molecule said IL-1 beta mutein is derived
from, preferably said IL-1 beta mature fragment, most preferably said human IL-]j117269 (SEQ ID

NO:64) as the sole antigen, wherein further preferably said titer is determined essentially as described
iNn Evamnle O D TO0OART \When introdiiced into an animal comnocitinne comnricinA 2 nrafarrad 1l 21



WO 2009/109643PCT/EP2009/052639 - 16 - [0053] Very preferred IL-1 alpha muteins comprise or
preferably consist of a polypeptide, wherein the amino acid sequence of said polypeptide differs from
the amino acid sequence of SEQ ID NO:63 in 1 to 10, preferably | to 6, more preferably 1 to 5, still
more preferaiply zhotoidg6still more preferably 1 to 3, still more preferably 1 ra2ranassstpreferably in
exactly 1 amino acid residue(s), wherein preferably said amino acid residue(s) are (i) deleted from said
polypeptide, (ii) inserted into said polypeptide, (iii) exchanged by another amino acid residue, or (iv)
any combin®fiofof (FPtaRS. ST Prars rSIP IS ARG it amh A% 6 REf8raBly consist of a
polypeptideinadigiria thiecamino Apid.sequencewnt saidpolyge pifleds sejedtesh fromlithengroup
consisting of SEQID NO210.0 SECIRNG. 218, 0856 et elairect it mylgfis are L1 beta
muteins, wherein saldni]L-i beta muteins comprise or rnore prefera Iy consist of a olypeptide, wherein

the amino awlirsaguardeibirshisponpeptidedmarsigntids anifre asitrsaiisenes sefdctéd from SEQ
ID NO:49 t0,3hQitihNG 82001 1R 0o BrefRiabic Y Spdpeies preferahiysiie, 4 kslillomonadkeferably 1 to

3, still more preferably 1.to 2, and most preferahly in exactly 1 aminag acid residue(s), wherein
preferably RSR anH“Fé’E? ﬂ%@%né}rgufﬁdaeﬂ% Bdfrom €L %g%%’ﬁﬁg%,(?%r?ﬁtstér%ﬁqﬁio said
polypeptideaiiHiy exchizargetbypanothe Beghindracioty esid aésoor (W) kanytombinationfef ipto (Hi).
Further prefgred,ik+1.peia oUIRINGROMRHSEIR RGN CATRIShARACKARRLIEE whasein the amino

acid sequence of said&(gypeptide differs from an amino acid sequence selected from SEQ ID NO:64,
SEQ ID NOBISES I BREPIAGPEED R0 BA A% S D HiBVHE5  Most preterabRy SEQ ID NO:64,
in 1 to 6, preferabby,| ronbnimeresgrefierably, MD-28, stiviniore prafesablgn-194B, stilt viorepaeferably 1 to

2, and most preferably in.ex mi ' idue(s), wherein preferabl i [ cid

- residue(s) a?%‘tslf)mﬁ{%eétfg& lfg%fncgﬁ %T)%%%t%gearﬁg)%%g?tgg\é\élrl?%%%s%ic% %o@%e%t?gé%(%ﬁ% g?gfh anged by

' another amity%esenresigidy SeTRPethys cormbiaRbrieray o 1) toveryErstetrets 1er Bethitnuteins
comprise orpreferahlyaensisiphapolyRentde, mheseimihe-a ine ACithseae nEeiRfsaie polypeptide
differs from the amtino aCit% Se quceiOanSaEFg%i(I)D, N%%‘a i;{’]cl tooln(ghtpreferably 1 to 6, more preferably Ito
5, stilt more BraTYABR 1104, <t Hore preferably 1163 Stifmore preferably Ito 2, and most -
preferably in08%Zctly 1Aarigem Acidabitkin(d) Whelshiipreferdbhisaitdenitocapitieadibeiags) are (i)
deleted fromsaidRolyRGRLAS, (H) insertadnte @ﬁtda{p%p&@ﬁi@@bm@m%%@mer amino

acid residue, or (iv) any combination of (i) to (iii). Still mare preferred IL-1 beta myteins comprise or

preferably cofiSEof 45pbighelstite, e IESHils atiduihtieridt BFEIH SoPERIHYis selected
from SEQ |BapiBIEL 31 beiBEQUDrNG- H40laninSER |DNG20640 SEQ IBMN:200 1{0055] "derived
from. in the,capietaihe inysaliomdRe exRTESHONA0 ARIR.ACKSeqUeRCRMslh 57 derived from:
another amino acid sequence means that said amino acid WO 20097109643PCT1EP2009/0 26 9 - 17
- sequence FEHeEEHHBRFARATICIF AR RN o Sl SEheh &ast 1 GentetrtrontbadtHatfe exception
of certain mufatioRSrwhiatein saidimgtatitng cral Selgctadfrainvhe groupigansisting: ehé pbamino acid
exchanges, (i) deletions,(iil) insertion d (iv combinati f (i) to. . wherein.preferably said
mutations a?gé‘)gee%%?ggsf%(ma)?ﬁﬁ? flrtwgg %&ﬁ%xgggg%%gag%ﬁ aiﬁggpe%?ogggt&?ﬁgp%?%%%i’alr%éec f%utated amino
acid sequeridet déeivadgeaniva wWiTafeyRdy aftiiflo BTG Qb0 deric& prbTeratsy differanffont $aidwild type

© amino acid $equeREEHR &itokQ.cpreferakivd: (6 tmerepreiesably-l 40ifsstlormorg praierably 1 to 4,
still more prefer bl)é 1to 3} stilg]mor%a ref%%b' | to 2, and most greferabb_ly intgxactly 1 arqino acid
resicue(s). VIHerEST AT S0 SA A ARG S Pe SR 7 Sk ARG R Iy S eH6r Brmino acid, (i)
deleted fronngaichwelldntygresaittineacidp(igyinsensd hvoisaidiwilbltyperseytherite) aat(l.any
combinationyof £f) fo,,.uhergin mastpreferably seigraming.acid ipsiduesiae dhexsbanged by

another amino acid, or (ii) deleted from said wild type amino acid, Deletions of more than one amino
acid residuepréteraos) SEHPYEY 22 BsEN o BFA R R SuutiPu sie ERBrAAHME RFPEERI RS of said wild
type amino agid ‘seguancea.Retttate doamisto deithseguinceamibictr is derived-filamaainidd type amino
acid sequen eferably. has at least.90 %, 91.9 . 93 9%, 94 9 %,/96_% %, 98 %, and
most prefera@ﬁt I% %%%‘9 A lg%p(:?usﬁ%gégit ﬁﬁ‘ﬁ‘ﬁ%ﬁ%‘%ﬁ%@g&s %riﬁ%sa{gi%gas%a&g%ﬁ? [0056]
Similarly, th&"aigpressksnbopigtéirmyapsrsafreHy 21121 Hdhediier bafark-t6la vRtreh Withiedh said mutein
comprises ofprefewbly aoneists b acpolypeptigdesinderaimthexaninonasishsaauanceQf said
polypeptideg{s essentiallé/ idge’ntictaldto that of tthetIL- ma ecu%e it i§1gerived frg with the dexception of
certain mutattSALWREFEH SAfa MU Talions Afe ddiceled o REgroup onsistng o (i @mino acid
exchanges, i} detetionsfofibatrsertionds andu@yy theyepiormbination of (i) to wherein preferably said
mutations arﬁu%@ﬁe%gécmmu(mm@@w eXChanoesRRdHil:galelions s RAItCHakaRM -1 mutein
derived from an IL-1 molecule differs from said IL-1 molecule in 1 to 10, preferably Ito 6, more
preferably 1 to 5, still more preferably 1 to 4, still more preferably 1 to 3, still more preferably | to 2, and
most preferably in exactly 1 amino acid residue(s), wherein preferably said amino acid residue(s) are
(i) exchanged by another amino acid, (ii) deleted from said wild type amino acid, (iii) inserted into said
wild type sequence, and (iv) any combination of (i) to (iii), wherein most preferably said amino acid

residue(s) are (i) exchanged by another amino acid, or (ii) deleted from said wild type amino acid.
Dealatinne nf more than one amino acid recidiie nrefarablvy oceilir ac a deletinn 0of 2 concactitivive otratech



[0067] Virus particle: The term "virus particle" as used herein refers to the morphological form of a
virus. In some virus types it comprises a genome surrounded by a protein capsid; others have
additional structures (e.g., envelopes, tails, etc.). [0068] Virus-like particle (VLP), as used herein,
refers to a n&YPrEBAGALHE or noninfectious, preferably a non-replicative aR§ HBR2M&ER6S virus
particle, or refers to a nonreplicative or non-infectigus, preferably a non-replicative and non-infectious

structure resemblin irus particle, prefer bl?(%a apsid.gf a.,virus. Tge.er n -(;eﬁjpative", as used
nerein. refolt 15 B LARARE D e AL b & et & ot Re RS R WO

2009/109643RGT [EFH20D9/05 26391 2atet ropriiadtiots ] HMisetigateinenéfers tocheibly incapable of
entering the; ogt'cgll Breferablyranvirus-ikeparisledn Rccardancawitheyipyeptigais.pon-replicative
and/or non-infectiqus since it lacks all or part of the viral genome or genome function. In one
embodimert<d S FkED SRRSO APTOBARERSh /Y Br\)??aﬁ;glﬁé?ﬁﬁ?élﬁsé@'been physically or
chemicglly imeﬁ}/a@ﬁciﬁymﬁaﬁgaﬂd Jrﬁo]ie-pmgtepa:hby ”ﬁh\iiﬁm&ﬂﬂgéqaqhsﬂﬁled@ak&@l;btof padt:of the .
replicative apdjpieqlions campangnisebiie Vil gRaam S i ke Rarialn Acgordance with the

invention may €ontaih nucleic acid distinct from their genome. A typical and preferred embodiment of a
virus-like pafiEieing. dicermameciiit tie Presemmmiventioh is-a wedcklspsitretierras thealital capsid of
the correspengisgndits baaieranhage:ceseieraily RNAacterophage,) Diedems Wraheapsid” or
"capsid”, refer 1o a rnacromolecular assembly composedsqf, viral protei bunjts. Typically, there are
60, 120, 160 340500, S50 Abe TS A 458 S ot e BRI oS A erEferably. e
interactionssdilthexsepsdaiiitst dae (NG o atioh ot caipisist dOViINals cdissith likefrlzture with an

inherent repgtifive orgapizatian rnheein saichsitHCIHER 1Sy iRICaIY: SRISHER! REtHbwiakizor example,
the capsids of RNA bacteriophages or HBcAgs have a spherical form of icosahedral symmetry. The

term "capsid k28 ucife ek TS HSBP TS (B Y THEEIGFARIS COrT 4888 Atbiy RofipdSed of viral
protein subusiieressiRQliBgNDel 6apsEEMAPIROIOES, motheraboatdydefinBd lsengaedoutpriating from the
ypical symmeltieal assembiy yalle saialnlog euisiontyieates: ot piies ateRatiiveness. One

common feature of vifus particle and virus-like particle is‘its highly ordered and repetitive arrangement
of its subuni¥BosYTYHEsdikE BB oISIPHRRIA PactERRPHTe: BsWisbdHEFeifs Thé e "virus-like
particle of apsRNA hagigrioRhagecHeiers iecactivss|ike pridicle carprisiagrop preferghhyconsisting
essentially of, or.consleting,of ceal proteins, mulants. gt fiagments thereof, ofan Rilf pacteriophage.
In addition, a virus- ike par icle OF an Fﬁ%&%acteriop age'is resémcbll?ng't sgjstruc Ure 6f an RNA
bacteriophage:Feiyeatrmerecavi a5 IapEIers g a YRR Bae felisisHarecishidie gephieadive and/or
non-ir]lcfehctiouaeﬁyp&safihxriﬁl}gepﬁ&t@ﬁ@w @awaausyli&ﬁynﬁf&%!&ﬂfe,% %ﬁ.&as&?loﬁmag@ é%éa,cking arf least
one of the gepes, preferably all genes, encoding the replication machiner e RNA bacteriophage.
Frther protGD T C T B TSR RO TG s L TR URE QA Br gones
encoding thérordteimomproteimds responsible for viral attachment to or entry into the host. This
definition , hgwayen alsg.eRcompAsses Vi likenaricles.of RNAhaGIGHANRRYR.NWhIch the
aforementioned gene or genes are still present but inactive, and, therefore, also are leading to
non-replicatfE A8 ol - MEEHELLTHTRSRE B AP cie o PEHERNE BE&idophagY. Préffted VLPs
derived fronpdidiyiiagtetiophaties exifibiilicadanbdrahsymmetef-adyconsisioP 18C0us Bimits
(monomers), Prefe r i [ Ic n. cteri on WO
2005/ 1006 A DD 0B L B B il
inactivation S8&i6F 5 biT Vs friseieiion PROPRBIGE RIStk it e Piteat P e4d pRofErEBRP YL genetic
manipulation. [AQ#0lO B RerRANMACH QIR SMOBRsliiAor Qlodibuaie Hisasl indiisisclosure, they
mean "at least one” or “one or more’ unle%snotlse Wifelpdi&?terqd%)oon diahbete - The teiin diabetes

refers to an§ett§/nﬁ)é odfl%ﬂ}é]ﬁ%%gé meftituS: pré Srgnf)e/ %ﬁ’a%le?enéf reters to f)fpe ffiabet ; srgﬁ(é}‘cj)er type Il

diabetes. Mgstupreferabslyndiabetesrefersdotype Hreiabetesinyo07 210Therdohpugitiorny described
herein are Cg&%@iﬁﬁ@ﬂﬂﬂ?lﬁ&&hﬁ”@%ﬂﬁ]@ Q@dﬁﬂﬁ‘dﬂ&r&éﬁ’&iﬁsﬁ%@&@!{%ﬁt éﬁnb%_dﬂréﬁ‘; gpimal or in
human. It has surprisingly been found that immunization with an IL-1 molecule, i.e. with an IL-1 alpha
molecule or WA HEt £ SEMe 5 StE LR LB rBEm, FeSnIPs AT A &5 amelioration
of the diet;i_qﬁefeaﬁldiabl@tﬁaqohenm@rhd Medﬁﬁ'ﬁBMﬁ ﬁi_iﬁezﬁ[@ﬁﬁﬁjﬁcme invenitendhesefore provides
a compositia [or, e teaiment,ameligratian oL R ol digbetes preferahialdyne Il diabetes,

wherein said comiposition comprises: (a) a core particle with at least ohe first attachment site, wherein
said core partierelis eevirlseRE -V PPRkEE Withspdrids Pretélbipatonoduse Paticle; and (b)
at least one @etigeohwith atdeasicone, spaeny sitaghmentsitel whRrain, themd deasteoneaptigen
comprises or consists of an IL-1 molecule, preferably selected from the group consisting of IL-1
protein, IL-1 mature fragment, IL-1 peptide and IL-I mutein, wherein (a) and (b) are covalently linked
through the at least one first and the at least one second attachment site, [0074] In a preferred
embodiment, said composition comprises (a) a virus-like particle (VLP) with at least one first
attachment site; and (b) at least one antigen with at least one second attachment site; wherein said at

least one antigen comprises an IL-1 molecule and wherein (a) and (b) are linked through said at least
one firet and eaid at leact nne carnnd attachment cite In a2 fiirthear nreferrad emhbhondiment caid at leact



[00831 The term "fragment of a recombinant protein” or "fragment of a coat protein” shall further refer
to a polypeptide, which has at least 80 %, preferably at least 90 %, more preferably at least 95 %
amino acid sequence identity with the "fragment of a recombinant p otein" or "fragment of a coat
protein”, respgotivedyioasdefined above and which is preferably capable of@ssembliagssto a virus-like
- particle. [0084] The term 'mutant coat protein” re[egs_ to a polypeptick having an amino acid sequence
derived from the wild type recombinant protein, or coat protein, respectively, wherein the amino acid
sequence istBg 1848t gtehEairefdraby WkTealt 85 Bh OO w98 mREm7 Yosbrggeidertidaito the wild
type s[equermf@iaghmgtag&iméer@ﬁ&raébdya&a& rﬁ&lh‘ .i@aealqka @%g&@r?ﬁehr@gamgikf@é}uttw@@f&emble into a
VLP. [00851 In one preferred.emhodiment, the virus-li igle is a yirus like particle of Hepatitis B
virss. The pRAL AT S HepIURLS TR Ao Rl e ot O FBh RA TG 0013227,
WO 01/85208=&rebin 84/ De0Y 1056965 Ottactenephaats @, | I1Pendysaidblefforblisenin threpiiactice of the
present InvelipR.ae De e diseloseiinubAgR 3429 of0 L0590 00RB N e ferther

odi

preferred em ment of the invention, a lysine residue is introduced into the HBoAg polypeptide, to
mediate the R B PIRSRYRIR R MDA BAE P, qﬁiﬁ%@?@&%%m%ghé}‘v@ﬁs and

com positi_onﬁrefdﬂwedimv@oﬂﬁneanakméﬁwedmmgna HammmismrmglmfmaﬁWMnsisting of,
amino acids ded 01,1349, drAf5 of REANBNO =1, Wil o fed o6} lng.aniigg acids at

positions 79 and 80 are replaced with a peptide having the amino acid sequerice o
Gly-Gly-Lys-Giy- &1y pSEC i RIO4mzD). s shigarticitio i iehatigedakd SEoyD X8 e &EQ ID NO:2.
In further prefessed-embasiments, Hiereystgine-tesiguesaiRosiionsdiandcid @fSHED 1D NO:2, or its
correspondin e eferably 1-144 Or, 1-1 mutated to serine. The invention further
- includes coﬁ%gdgsﬁt%?ﬁg%%%pé?%%g %%%r?ﬁ%f _a%%r(é%g%aé%r? Cﬁ?ﬁ‘?feﬁﬁ%ggin% %Bbgv%rr%’é‘%e%f %%rresponding
' amino acid agrediowat sehbliprertorertiee indhsdesnompasitions andvademediereispeidively,
comprising HBeA GRAlYREPHASS Whish.compruseelallematively consisk ofoaming Agidigequences
which are at leRst 80%, 85%, %(})% 95°{Ip 97% or 99% | egéical to. SEQ ID NO2. [0087] In one

Blﬂi'gé

preferred erMBBEIUARS FIHE FREHRBRC Hh Oi LB infeLPriffed ebodinnent

SR P
2009/10964 3RChiER20091682689s-25moengists eSsdysiiad yeofjiercdliermativelyirc ohsiskNaf,

recombinant,cqal prpIeing, BUARIS &Eﬁ@gm@@é%EEI‘SE@_%&L&‘?SE%N@F?&%}%‘@Q%Q&S Brgferably, the
RNA bacteriophage is selected from th(ﬁégg}ug consisting of: (a) bac erltr)(%gage QP; (b) bacteriophage

R17: (c) bactBHBPRAYLSHIYE} tattetiop A: (8) bbb pnslEes PR R sPhagE MS2: (g)
bacteriophageabkikn( ki hiaatskinp had d/Xds-6h badteriophagadia5;i (o bacteriaphage: i, (1)
bacteriophage B, (1) haaterionpags, PR, 30, Ghhacisionfiage ARZOR-400001,In ene preferred
embodiment ofothg invention, the virus-like particle comprises coat r’otelng, m‘utaﬁ/ts or fragments
thereof, of RIgHaphasfoRRades, wHstemedaigicoabiiote sabhistisEshprataiisnly ©dridists of an
amino acid seguenaearseletad:fieoT theAgsaupepmsistypg of. (a) SEQ ID NO:3 referring to Q3 CP; (b) a

ixture of S o EQJD NO:4 (Q13 Al protein): (c) SEQ ID NQ:5 (R17 capsid protein); (d
SEQ 1D NOB T Laiit SISt (5 S 1D N e KA SR} (RGBT RO (S capsid

protein); (g) & wrixtigrectsf GEQ 1D MO8 kg SEQ Bk QrovivhSE atificiid: :ade 82tbapsidl protein); (i)

- SEQ ID NO:A3 1Ml carsichRroiim:s ()RR MNOHZ Qi cansid proteinitosik QIRMNO:13 (NL95
capsid proteln);ég SEQ ID NO:14 (f2 capsid protein); (m) SEQ ID NO:15 (P137 capsid protein); and
(n) SEQ ID N1 (RIS SRianpt Sidimy O [tibebi i oRE(Srérarrili e tbBaiRsetit bt tHgdhvention, the
VLP is a mommwmtmmmmm or Wﬂﬂiptﬂbyrm@%ﬂaﬁgiﬁirmtﬂaﬂﬁ&m@m@rmﬂn@ (atithsequence,
preferably tu, gin AcIFSCRYBRGEROLECALRICIRS, MBS ) IAAMA(Setaalaian RNA

bacteriophaue. In one very preferréd embodiment; the’VLP comprises or alternatively consists of two
different coat*pTBIEIRLST S RNADIBISACHAEY S HHrINEERE, th S fieieh eEvst Profdine’tomprise or

preferably cepsisf of thamdmifo @oithsaaquence Qiéul, 3« Shiuibkiie: Bhabd GP (Ris4l (SEQ ID
NO:4); or Of (NFAMIAY A REAERoe oL AR RES e NP ANLEE R LA SHRANC:9). [0090)
In preferred em odiments 6f the prgsent mv%rntlgn, UriEke particle comﬁriseg, o Q’ternatively
consists ess&rtinllipof fithatterefative (resdsisme ctifersmbinarmbosat ploteinsuihutaritgronfragments
thereof, of a&&%ﬁ;ﬁ%%ﬁﬁfi@@ﬁ@%%@%@%%f%ﬁ@l& saidENAbaciesionnagesselacird from
bacteriophage QP, bacteriophage fr, bactef[iophage AP205, and bacterigphage GA. [0091] In one

preferred emMBOAMTERTHIEIVED 1S5V B GRRNR HECRETRSHRAGR 612 ik daelertlf ditiétiike particle
of QP showés:ginicosahddratphagedikéicapsid stpusiorenvithaaadiam eteriofi@bgvmweiich T3 quasi
symmetry. The ﬁm@(%@%@ 180 6omies of thascar! RIol&Inwch %Jm@e&m&y&ﬁg pentamers
and hexamers by disulfide bridges (Golmohammadi, K et al., Structure 4:543-5554 (1996)), leading to
a remarkable stability of the Qp capsid. Capsids or VLPs made from recombinant Q13 coat protein
may contain, WO 2009/109643PCT1EP20091052639 - 26 - however, subunits not linked via disulfide
bonds to other subunits within the capsid, or incompletely linked. The capsid or VI..? of QI3 shows
unusual resistance to organic solvents and denaturing agents. Surprisingly, we have observed that

DMSO and acetonitrile concentrations as high as 30 %, and guanidinium concentrations as high as 1
N dno not affect the ctahilitvy 0of the cancid The hiah otahilityr of the cancid ar \/I| P of OP ic an




WO 2009/109643PCT/EP2009/052639 - 27 - of the VLP, and hereby preferably of the VLP of an RNA
bacteriophage. Thus, this value is calculated as an average over all the subunits of the VLP, preferably’
of the VLP of the RNA bacteriophage, in the composition or vaccines of the invention. [0096] VLPs or
capsids of QEZG6e/IEin display a defined number of lysine residues arcthiginzsefacesswith a

defined topology with three lysine residues pomtlng towards the interior of the capsid and interacting
with the RNA, and four other Jysme re5|du §?se to the exterior of the capsid. Preferably, the at
least one fird L PHRERESRe flyém%“Pé eT‘f:lﬁ Poi t‘fﬁ&’?&%’re‘?)teti‘?‘?gsﬁ‘i’?’tﬂé‘t@?te?ﬁﬁ oftHé VLP. In a
further prefesedi@ebodintent saiddirstlattaohpherntlsite imancankinocbgndupatalysineugsisdue of SEQ ID

NO:3. In a fustherpres ?E{&’ed&H?P?Q'Q‘ﬁﬂlh%@'gr&ﬁé&ﬁ%ﬁ?%e@cﬁ% t%tttt%n%m'@t?ew%ﬁu% y one of the
lysine residues in positions 2, 13, 16, 46, 60, 63, and 67 of SE In a further preterred
embodimen®SHETH ST EHA HinHnt ﬁ%l?é%ﬁelﬁﬁmbb@r&%bét 8 % ﬁﬂﬁé%ﬁé%ﬁ&@é‘é of the coat
protein, pretesahty-af §EQ ARING: B, asdhig oate mpm&mtiﬁc%@rﬁhﬁhﬁh%@ﬁﬁ&dwﬂé@r? 1Qp
mutants, of ﬁl/m%’] eXRO er éﬁlp res(l)(I‘JItLJegﬂarOer rep la eVel y an o! meas an.b t}se fotr resent
invention. Thus, | anot r pre erre(f n% 3lmentmtdtn resen mver‘(tlon the Viris-fike artlcle

comprises, é@ﬁéﬁ%@l‘éﬁs@éﬁtﬁﬁlIW}@O’W%Wé?ﬁ@th)é‘i*gﬁﬁ@ﬁsmst@fe#ﬂﬁfént QP coat proteins. Preferably
these mutanpgpat m@@gﬁéﬁgm@giﬁe{@v@ueﬁﬂﬁgyel%ﬁmgigtﬁgapﬁ@gﬂn ggglbgegg{%ﬁg selected from

the group of 240.(SEQ ID NO Q ID NO: 3); (b) QP-243 (SEQ ID NO:17,
Asn10-Lys &f %ilﬁ%‘é?% dONelkS t%éé%‘ﬁ%‘bﬁfé eE’yB%‘%frd”éFé@dﬁﬁWéi’ﬂt%% Qp-251
(SEQ ID NGnt@pbisdbindeg o8 EQSIDAXNOVEP b (eloQip250 ASEQuiD NQ:pad Ipysi2isrg, Lys16-Arg of
SEQ ID NOjgoFjhe Ganstriflion,@XRressias angkp é@%@t&% Qérgte ARGVE MP@%&% utant coat

S

proteins, mutant 13 coat proteln VLPs and capS| respectlve y, are described in WO 02/056905. In
particular isTieFEIREREREA! (5 BRI B e A HEE ks AFPHERIO A {ODOBYIH di3sither
preferred ermlm)ehmemtaﬂﬁdmﬁepfeﬂemtanu&nﬁangmervmsﬂﬂéet REEISILCEO MPRige ook alternatively
consists es%%gt!:%%lg& %Ittae;g%%gv |§)t(§l é; utant cnoa qte n of %%Eor of fra iments thereof,
and the corresponding Al protein.‘In er pr erreg emBo iment, the RISk S parti icle comprises,
or alternatw@#ﬁfé%iﬁgt%t@@%l@ﬁétI}P@fa‘étﬁéﬁ@fn%}t‘ihi@%%éﬁ@étevbﬁwwb@étlmm@nlwm amino acid

sequence SERJDb @Meﬂzxal&e%rpe&@emdbmﬁ@etegsnoe@énge&tprgte@htga%]aﬁgamer RNA
bacterlophaige coat E ote| een shom% (kose{%f as emble u on expression in_a bacterial

host (KastelSR A Sé)ne% Qﬁ‘g SEP (UL OURK %ﬁhﬁﬁ &t 81 "BSKPREE" Nauk SSSR
287:452- 455@(1@8@}$=M¢ﬂrﬁmmhreﬁas Mrﬁtegytamgss@ammm:am@wmwwm Biol.
249:283-29{{L99B)ulh Qﬁ[éﬁul%%ﬁ&l%ﬁ@' sogbigchennaal propesies Ol GAiiNbL L etal.,
Protein Sci. \/¥O 2009/1 43PCT/EP€§09/052639 28 - 5:2485-2493 (1996), Tars, K et al., J.
Mol.Biol. 271075825 STt 55 1 R hc B e (S GHRS S, Mtahnsis - é%%@"ggi“&%ﬁ #ths, L et al. J
Mol. Biol. 244:279:290y {1 984) pdiawéy beentdisdlose tnEdye cfyistal kinchurref SexvBrahRNA
bacteriophagesifian hen deteuniner:cralmaianinagh, ay el v RIHEWEd A3 B3R (I96)). Using

such information, surface exposed residues can be identified and, thus, RNA bactenophage coat
proteins car B sR Gdithsoeb e g Bk aSieHBKE! Sh e Wi doatiane steerds asaahmsThsited by way
of insertion ﬂﬁ@hghsﬁttuﬂmta@mmhafu&xﬂsaaaﬁag@@tﬁﬁhﬁp%hﬁsﬂew@t@;ﬁmﬁ%@@ﬁ@i@Q‘ﬁléiges is their
high expressio Id in bacteria that allows uction of large guan |t| materla t affordable
cogst [oglod’f ne'g‘(‘%? ﬁgleefegr%eegioem atdp men{(’%3 g’%{omggg?tlon %P f%% |n{1/en ﬁtpsﬁéel %t least one
antigen, prefesdbhy SHeacssrternetcaptafdrathignosecondiatachmtitt mt@r%remefemtiwlmhedtmwo and most
preferably %@ﬁ%@%@%@%é@t@%ﬁm iRaleh BRGSO RRKSeR QF &9&5&3&&&@& Hzlymaalecule,
preferably an I ;roteln an IL- lfrpgément a L 1 matéJre fragment anlL-1 tide or an IL-1

mutein, whePStRPET %1 SR Auie acglﬁ B u8r389éﬁhﬁﬁ%?eﬁﬂ?87er%tﬁ FEIRSAE of a
polypeptidesauvtvet einatienernisic acithseqgientel afrsapdgioly pespticte iskidwes &t least B orqdreferably at
east 90 5%, My RIGTRrahnaAl Igashaen6:e e MoteBraaabinal el 3h.and magt preferably 100
We sequence identity with any one of SEQ ID NO:36 to SEQ ID NO:116, SEQ ID NO 130 to SEQ ID
NO:140 and®8t @D N5 983t rs es s RO Hesefo 64 deepd Wﬁ%ﬁﬁ&ep?é?érré%ﬁe?ﬁﬁb@lﬁént said
“antigen compsisasioraansistachanel-jepidle colel@rrived fmpsrorgreisiselected fﬁ@m the group
consisting of; umans nmate dents (d e she f)c cattle; (h) pig; (i)
rabbit; (j) dogtt gf mnctnfé% aé(l?ldt %) TaL M Sgg%ﬁr%lfera%ysal ”i'% i %Lésé‘lﬁ gp b)gdér veé%z O fiumans. In a
very preferré@%’fﬁ@ﬁdﬂmé?ﬂettnéuﬁ_ﬁ&a Rileclieqdya piudrafHbly, meleeumiBustie figrefehably said IL-1
molecule comprisgs-arReiarinsansisisoha aabperiide. wherein theamingagid seguence of said
polypeptide shows at least 80 %, preferably at least 90 %, more preferably at least 95 %, even more
preferably at least 99 % and most preferably 100 % sequence identity with any one of the sequences
selected from the group consisting of SEQ ID NO:36, SEQ ID NO:49, SEQ ID NO:63, SEQ ID NO:64,
any one of SEQ ID NO:67 to 110, and one of SEQ ID NO:130-140, and SEQ ID NO:165. [00102] In a
further preferred embodiment said IL-1 molecule is derived from rat or mouse, preferably mouse,

wherein said IL-1 molecule preferably comprises or even more preferably consists of a polypeptide,
wherain the amino acid ceniience nof ecaid nolvvnentide chowe at leact QN 04 nrefarahlhv/y at laeact ON 04



[00108] In a farther preferred embodiment said IL-1 protein is an is an IL-I beta protein, wherein said
IL-1 beta protein preferably comprises or even more preferably consists of a polypeptide, wherein the
amino acid sequence of said polypeptide shows at least 80 %, preferably at least 90 %, more
preferably at¥emst®h &me@ven more preferably at least 99 % and most praferaidyodds963sequence
identity with any one of the sequences selected frgm the group consisting of SEQ ID NO :49 to SEQ
ID NO:62. Most preferably said IL-1 beta protein is a human IL-1 beta protein, wherein said human
IL-1 beta préfeittdabiiccaripisss mstbtehadprardeably by aeists dsPBolypeptide, wherein the
amino acid sespsentmbisaidipepentidedshows laast 8006iartaierabhnatleashk Yemete preferably
at least 95 %, even more preferably at least 99 % and most preferably. 100% sequence identity with
SEQ 1D NOIS 00 D0 g oAb et e b oot Sh SR L R Baoment,
preferably afith Profairesfragkaenes asd Wheireippsudste thefragpwrbritashwaid sike typistlseafidgment

preferably is,desyed frominalsaqriunasmmeshoraiarabiy.bumas. fyeferablysaiddisdfragment or

said IL-1 mature fragment comprises qr even more. preferably consists of g polypeptide, wherein the
amin acid JLATEH RS PEAH S RS S o B BT s (FeRSTa I8 E SO 0R Hiore
preferably asd@aksni@s @@@Venfmpwfecghgiratmeg%% ANERr200R{1ED6ABRIGTAE R2009/052639 -
31 - and mogfpreisrably 10Q /b RRaHeRCeASAIIYWIH AMGANG PLRFRQARINLLE2:19: SEQ;ID NO:66,

SEQ ID NO:130, and SEQ ID NO:163 to SEQ ID'NO:165. [00110] In a further preferred embodiment
said IL-1 mathf S RAGTRE R TEmaeY fEih Hi5HA Pattl Ragievt, WHErEIH kel §bﬁ1§ PHefife fragment

preferably corpriseubiclogiaataciviysandantie@infiyther saidddist alphamatysfragyment preferably
comprises of n.more preferably,consjsts of a bolypeptide, wherein the,amino acid sequence of said
polypeptide %’f?g)\%%xnit’ IeasI%ty %%ﬁ?%ﬁ’efé@bﬁf agl eCE%? o?lﬁ%repg)ge é%’bl%}ngte Féa%?r@pg%?geven more

' preferably apTefsE808:riebrbat prarkiabi) 160.9% Se qudnei Telerarylwith gy uhedsitoED 1D NO:63

or SEQ ID N apnist rederpblyREQ G 168t 1k00dbidineadku ihrr frafesrad ambadiment said

IL-1 mature fragment is an IL-1 beta mature, fragment, wherejn said IL.-1 be ature fragment
preferably cg%%?is%% B?SFgg?ceﬁhﬁc NS SRd W %%rgfﬁo?uﬂ éresgflé(‘l[-‘?fl ef%enfgfuangﬂ%%lr%e t preferably
comprises oprefresbin brevpreterablyasopmisteveleat polypeptice pwierdin ithevamideasigiseguence of said

polypeptide showsighieastBQoheRIefaHRbY 8f leastiOq.dnMmaraarsigrebbbahledsh-ae:4reven more
preferably at least 99% and most preferably 100 % sequence identity with any one of SEQ ID NO:64,

SEQ ID NOBE™ 4FPSEY IO 50 PTHEED br 8Ty SEQHFNer 8 R e 1R RGIAHEP preferred
embodim'enas‘didziidi&snmpteﬁsaiﬂiklkﬁsﬁepgehgtwmmmﬂm& @gﬁpﬁdeidsmkeiveﬂzﬁﬁﬁm mouse, rat
or human, meslRreaiABl AR Pisistablseld dki PRl SompaBea e sYan mors;preferably

consists of a polypeptide, wherein the amino acid sequence of said polype,pti de shows at least 80 %,
preferably at9dastoremisie Prarabty &t 1eH£ios s Taoel here pratdrapt it feallad 3 and most
preferably 1008 seauenee pegatity Wikbrany oot HEQ: Briak64rtorSEQUD-M:t L1€s{00113] In a
further prefeg%%% ?ghggdf@ nt said IL-1 molecule is an IL-1 mutein, wherein preferably said IL-1 mutein
comprises reduced or moré preferably no biological activity, and wherein further preferably said IL-1
“mutein is caf¥8l@ of-mimding ek i redeptorming faidHowkprefeirs dochibben pampsaid leasmutein

| comprises ogRreferablyicqnsists of-a-polyprplds: whergindheiamineasidseayenea:ofsaid
polypeptide driglers froqa the amino alcid Sequ?nce.of an lé,-l mature fragment.in 1 to 3, more preferably
in 1 to 2, andFSstIrRerBRFH SRRy afin 4R PESATRSIY JoPIATRE offe Brefelftembodiment,
said IL-1 muteir dormgriseb atiivasto ek prafesablyonswintefadaming acidissqlibneerderived from a

wild type aming AGiH,SEAEANC RN SLIR- SRl wlo&&m%s@mql%%?%m&g i beh Dgta amino acid

sequence selected from the group consisting of._ (1) position 3 to 11 of SEQ ID NO:64; (2) position 46
to 56 of sﬂ%‘*ﬂfé:%%%é%%%% P50 bt 1B NSl A IBeHiBIF 3 % E53 of SEQ ID
NO:64; or wheFeithaajteilddypaaminasadid segueneeisdant wlialiphanasing agidnseguience WO
20091109643PCTIE 639 - 32 - selected from the grou nsisting of; osjtion 9 to 20 of
SEQID NO:%%?T%(’(% %%%%%%@ﬁo%%u%%gaé% I%%i%% ?T?n%(%%on%%@g%ﬂfg g?‘éli_%g 1B N0:63; and
(8) position PERHPASFGFHEAIDNIDES: and wherein said at least one mutated amino acid sequence
is characterigadd)y ariamingiasie:exehangs ihenesoufeshpesitians-preferably.iy ane:twe or three
positions, more preferably in one or, tw? positior%s, as compr?red. to said wild 8t_E%)e am&n acid sequence
it is derived frbi ?no%%ﬁe%%e%a?a S8 AL DI R R S N RS s 8 Peh H IS WSt A ized by a
deletion of ottertstfoaetbonsexmitally andine facitly bichaidiovitd tyfermnino speitk setprenperit ¢ derived
from. [001151'1@'%@u@a&er@é&ﬁ&d@mmdliﬂ&egaﬁﬁi@, ILslyudiain compisesidmest gpemutated
amino acid sequence derived from each of said L-1 beta amino acid sequences (1) to (4); or wherein
said IL-1 mutein comprises at most one mutated amino acid sequence derived from each of said IL-1
alpha amino acid sequences (5) to (8). 1001161 In a very preferred embodiment said IL-1 mutein
comprises exactly one of said at least one mutated amino acid sequence, wherein preferably said
exactly one mutated amino acid sequence is derived from a wild type amino acid sequence, wherein

said wild type amino acid sequence is position 143 to 153 of SEQ ID NO:64 or position 143 to 153 of
CTEO ID NO'A2 1001171 In a fiirthear nrefarrad embodiment ecaid at leaact nne Mmiitated amino acid



WO 2009/109643PCT/EP2009/052639 - 34 - N0:64 in 1to 10, 1t09,1t08,Ito 7,1t06,1to5,1to 4,1
to 3, or 1 to 2 amino acid residues. Most preferably, said amino acid sequence differs from the amino
acid sequence of SEQ ID NO:64 in exactly | amino acid residue. In a very preferred embodiment, said
IL-1 beta murr@8MH3Ees or preferably consists of a polypeptide, wherdta¥H@2ibeédid sequence
of said polypeptide is selected from SEQ ID NO:131 to SEQ ID NO: 140 and SEQ ID NO:205 to SEQ
ID NO:209,.whetr.ein ggost r§ferabtl%l said IL%l beta muttein com riges or pr fe({%l% copsists of a
polypeptidei,n\‘/’\%lel?élin R&Emihe ggl&@eaﬁgngeaog%%ﬁ B8I%% de 88k %6 itﬂfO1281 Ina
very preferregcembodinterst asaighlt ¢ovphectdetharidfrefeRably saidribphbetaamutgivalcenprises or
preferably consists of, R 12 NA36:4109129 1} tﬁit@rm&%e%rgff%grsegkﬁmm@éﬂ@& SAdL-1 mutein is

an IL-1 alpha mutein, wherein preferably said IL-I alpha mutein comprises or preferably consists of a
polypeptides UM rETRtHE A RIHEC AR 28 QAR & bREHET SRS ESHRIE differfrRstRE Adfindacid
sequence afabdafditi, NEatE3hily RaclD; haie Delies,Sita hode tHr&:1id1h 2110 40 hiean@erd, t6:¢h amino acid
residues. r ' i | iffers.from t ino-acid sequence of SEQ ID
OB m era AR e
comprise of Prterdill Belicide: dfs o1y plplideciorrsrens therimitolactd wedusriée sfsaiw polypeptide
is soclalectedI B@@dﬁ@@fﬁﬂpﬁﬁf@iﬁt@@ﬁ?&@? @e@l@i?&@ﬂ%ﬁ%%ﬂ&ﬂﬂ% 811&&1\4%%@%18@%} pf(’-‘fe(;abw
said IL-1 alpha muytein comprises or prefer cansists of a polypeptide, wherein the amino aci
sequence O%rg?a”fnﬁ ofi}p%%?; é i& SE Pﬁe%lrgb%ﬁ ﬁ?ﬁtl%%’lﬁ gnvégﬁ}}gp?é?g fed ét %%Sai?ﬁe%t, said IL-1
molecule, ard prestarabiyPaiton 4 aiphecaridtatitycoifiprisesop Hileferailyceo rbistsddf SEQ@:ID NO:210.
[001311 FU%GL% Qaﬁgﬂgﬁqgmmﬁ@iwﬁ@r@é@m@g RORBGSHHNS Plhedpveion qamprising (a)

providing a with at least one first attachment site; (b) providing at least one antigen with at least
one second&ttatiitnEA SR A nereh S did Arttidén coingiics Br Lorurtdor 40 Heet hgRRule,
preferably melhrélbhyrcﬁ&ha,_tgmﬂjaﬁﬂhgimm, I@refjé@ﬂhymniuihmat'urka@gmemlmﬂﬁdb peptide or an
L1 mutein; andy{g) ambalng. stidivhE 804 sald ahieest gag Antgen gl ieast gne second

attachment site to produce said compositiori, wherein said ‘at t one antigen and said VLP are
linked throﬁﬁ“ﬂéﬁﬁ%ﬁ%ﬂﬁ@%@ﬂ?ﬁ‘%ﬁéﬁ%ﬁ&%%ﬂité@ffw@)p%@ﬁ‘e% emBeHirTeREzBieaprovision of
the at least igng gigetrCamPHsiReBEIdt leal: DRGNS nBRithH 3 prRIRIN ¢S adgubuct fRaginent,
preferably an [L-1 mature fragment, said IL-1.peptide or said IL-1 mutei ith the at least one second
Btachment Db 0y eyt aes R et S A0Sk S e,

preferably iFPENGO|LGJEERINPARIHE iRl BebhApfiSERY IMYOtAGE PeSEQ B? NA 14§ is added to

facilitate therpuificAlion PIAGRSS. JMARPIRe AR AGHPA GRS LMD orthologs of
2009/10964; PCT/EP2009/052639 - 35 -.Hjaeg}%d s or IL-1 muteins Wiiz n%ﬁllgnger than 50 amino acids
e

are chemicaly! SYREFBSI9E A 0b%52) TResIw: Th RIS RIS SRRV P with at
least one firstpatiactimshtsitetis linkedctpthemsintigber witfeable astipne: seoandeattachingent site via at
least one pepgige bend.AYeNBIRNEOHRY AR L1l Malpeli, Rigferablyail~k Mulgin-is,in-frame

ligated, either internally or preferably to the N- or the C-terminus to the gehe encoding the coat protein
of the V12. BGEiBRcHa SI8E 58 Brrd eBbeiy iide Ming Ly tnb 4Pbt RS GREME-a mutant coat
protein wheiie paibbf thetiiabprdteinasguencahashetihgeletatdetuchigonsitiais are further referred
to as truncation nts, Trungation.mutants ave N:-.or C-terminal, or internal deletions of part of
the sequenggq}cr)qgﬁ{é%ovg%%ééeﬁlﬁé I%%}E%x%cﬁr%hp ég%\rﬁt eeogpsggfi%%ﬁgj. icsk%\?’%r%ri%aéé%gs%Q-So are
replaced witfcETergighlessiiBp & TRESwsibHabiv &ilr st A Breferabhprerametiebabilispsofadsembly into a
VLP upon exaressionmhigh cancbe-gxaminesidy elactarnicerosteryI00L3 3 KHaaking amino acid

residues may be added to | e distapce be 1 ej reign, epitope. Glycine
and striae rg}'/sci%%%ﬁsai?tem éjr%%@aa%e%vgrgeta %agh%ééafé@s%?&[ gzsgj%ea%ﬁﬁo(t&ngeg’f%%%ﬁéﬁg éfices. Such a
flanking sediléhde Bontérsraldtitio Halflexibiity, snidlvaiayrefenied shrthel ipete il destabilizing effect of

fusing a forgign.sequenas N ihesearence @ha VLP subunit and diminish the interference with the
assembly b{ the presence of the foreign epit?gzjd[%)l%% In other embodiments, the at least one IL-1
ed it

molecule, pt¥RHbRthEeE UGN e He f FRET OF StARFVIFa CBHR prétdiss, for example
to the C-tertrinits pfasteunadlid fonmpbtiie AlproteirofQid,(KozlovakaxiirMiaghat:, intervirology

39:945 (19 XL,or ing inser etween ition 72 and 73 of the CP extension. As another
example, ti?ié%% F pn%g e(%u% g&r%%&%%@rt%’ﬁé% en 3rﬁ|rﬁaou§%%d %Sﬁ%%goﬁ e P%Eﬂ?gding to a IL-I

-Er CP fusiof{rstélis prihi@eetsare pretidamngerass-4or{ 2083y e driaefeiehdy # 142¢an be fused
to the N-terpungl pselwegsamtPshairpinsofthocoaiRiaiginokRNALasteriophag e MSe2 WO
92113081). Alternatively, the IL-1 can be fused to a capsid protein of papilloma virus, preferably to the
major capsid protein Li of bovine papillomavirus type 1 (BPV-1) (Chackerian, B. et al., Proc. Natl. '
Acad. Sci.USA 96:2373-2378 (1999), WO 00/23955). Substitution of amino acids 130-136 of BPV-1 LI

- with an IL-1 is also an embodiment of the invention. Further embodiments of fusing an IL-1 molecule to

coat protein of a virus, or to mutants or fragments thereof, have been disclosed in WO 2004/009124
page 62 line 20 to page 68 line 17. [001351 US 5,698,424 describes a modified coat protein of

hactearinnhane MS<2 ~canahle nf formina 2 cancid whereain the coat nrotein ic modified by an incartinn



1001461. It has been found that IL-1 molecules, in particular IL-1 proteins and IL-1 fragments
comprising at least 100 and up to 300 amino acids, typically and preferably about 140 to 160 amino
acids, and most preferably about 155 amino acids, can be fused to coat protein of bacteriophages,
preferably toseoatgpraieaiss of AP205, while maintaining the ability of the caatT/E38069 0506840 to self
assemble into a VLP. [00147] Given the large sizef IL-I proteins, IL-1 fragments and IL-1 mature
fragments and also for steric reasons, an expression system producing mosaic VLPs comprising
AP205 coat BRoteias fase B anvith o RIEAE B SRS iE kL Srete RcsHBtm AL 8hstructed. In
this systemsggppression:eiie sapEetlBEREn sithesAR2QIHIND esat prptdinNisibty, SHle proper

e M B R s e e

assemble into a mosaic ge of such a system is roteins can be displayed

without intesferifigaltithrefraress sahsidiporipic L Peinls frenravét bPRicbHpoRtic @R PREELL-1 fusion
protein into i@ mogaic YhBristenanding op-thaneve ot SupRiessien, 1R 20ariinldsaxacessed in

E.coll cells already containing a.plasmjid overexpressing a ressor t-RNA. For opal suppression,
plasmid p1§m§5@f§k§mﬂ§§? gé’f&go ,%r@igﬁt’wﬁ{l& g@@‘a) tﬁﬁ%}égge)%%gl&ﬁ%tﬁ%b%?%Spatl%%A) stop
codons and8priidustionbhf Myeephistharprepnrionide P lepitbpés rvdEsoherishisrddil 2Clere 134, 33-40),
which e”CO@@%%&&‘BB@&%@JAB_%NB{)f%%q&@&é@gdtéﬁ%%%ﬂﬁp SRR EAdINIedYGNg:fy s used.

Suppression of amber termination can be increased by use of plasmid pISM579, which overexpresses
a suppressoF VRN PEEEUhiZA G R ASEHERSPEaB SARk troRIRHIRE T Ias WP BT48Mhid pLSM579
was generajeednhpxeisingsthditpditategens. flomtpds MBOD prutith Testristivhoemhd pnefetesise ECORI and
replacing it by.an EcoR] fragment from plasmi Y579 (Qift of IVlC 2 ining an amber
A sopp R B A A (1004
* J. Bacteriol 0t&8T889-859) st differs flbin MisTrabihrelsodRignaes3neiahlupderss SExpression of

the AP205-igigr gl Rriaipha fuision: proteindman Fraplsiav with ambencuppressien(supE or gini)

such as E. cai 09 may. r proportion of AP205-IL-1 fusion proteins with a Gin instead of
Tip nrocucB KA ML QO T AUPHLD KB e e e 1
introduced aifthadmgbiée dlop cowoiorT bl igeaftinhof thepmindritditedrisiaiy divneziyopréodon may

- therefore depend;an the cAMAINAtQRahsURRIGIIRELRNA-QUSrexRESSsRInARA S IRIRL.RIRNOtYPE. As

- described by Miller JH et al. (0983) J. Mol Biog. 164: %—71) and as is well known in the art, the
efficiency oPERHBradsTsi? i EoHEST depRAtie Nt TR ParEaTLr e REicRS SrARE S RIBEHon and the

first base 3' foamrthedtojeedd mt Brespidniiouarhpimperant Eorexamplesistoy epdbnspfoltowed by a

purine base.arg. In %%fh%ﬁ!@%!&%_9@5&%%%%@9&@4@@9%A@&M@I&%%%@g}@@@ﬂgﬁm1@9@ VLPis a

mosaic VLP, wherein said mosaic VLP comprises or preferably consists of at least one gireferably
one, first poRfbEpieE RRE AT fédRroie prefdraBRy BT @@d’ﬁ&cbﬂ%é‘pﬁ@e{"%@?‘é{ﬁﬁ@ d first
polypeptide is@ereepmhinanRhcapsit piotein oMEAMTONragmesEs) tiereofs and whigly gaid second

polypeptide is a tic.fusion.pro uct f L heC mbinant capsid protein, ne . {1, nts WO
AR e S R SR R
molecule. Irpalfpetide.prdkseiadhsniburimieit suipRvstPolyideptieeriderebdmbthaitecaPste protein of
| bacteriophage ARA0%:0EAMuRNLRFaement theraaf oba tdheidreieresigrabreiment,said first

polypeptide is selected from SEQ ID NO:21, SEQ ID NO:22, SE 23, % ferred

embodimenf¥hiF%t T BSH pﬁﬁa ?ssgﬁfﬁxibl%ﬁl: 1‘."1%}‘0%@%0% séog é%tﬁ%léh}éeg %%%5 comprising

an antigen ax@ géneradtyasliseiosed ifTAWO02006/08267 4Adtein tpasticliiar rqseirageaphisi@y of said

publication. gﬂ&&b&%&%@ﬂg&ﬁﬁg&%m imenteaid secondipolvReRtidents afgﬁe%f?qseaﬁ@ product of a
ype

recombinant capsid protein, mutant or fragments thereof, preferably of said first po ptide, with an

IL-1 molecufBoWhatdrtss a1 1o P RTSRRBURS 164t si’to TRESCRMY £ bt TetoMBinERtcapsid
protein, mutgrifeiiragmentsotheied inpneferahyyviatern sminnaciclinkettireayfortheiSa@iEred
embodimenﬁﬁ% Itla-é%‘%s%@éaomprises or preferably consists of 100 to 300 amino acids, typically
and preferably about to 160 amino acids, and most preferably about 155 amino acids. In a very
preferred ent¥Edimént. fremtstarihsicrat Fid AREPBIvpeptideddiseBaitraiednd polyRiabse in said
mosaic VLP isndPidnto HadndRaineably: & biabIL, mestaraliasakly salaomividnte0d 40k sme preferred

embodiment of the present inyention, the. compasition comprises or alternatively consists .essentially of
a virus-like ﬁé?ﬁeéf’gﬂé’vi?ﬁ 5‘%%%&’0% SHPSE 5?%%?%2% S'éi%%eﬂiﬁ%éﬂcf t%cé{%sléna&n %héeiﬁ?fégé]%v%ﬁ% at least one
second attachefresitsiteividlal |dagtone isovaterit Fold mwhersiicpreic by e Zovanéimpiind is a
non-peptide boad:p A piefested.embadiment ol themissant inyentionsinerfirstaltachiment site
comprises, or preferably is, an amino group, preferably the amino group of a lysine residue. In another
preferred embodiment of the present invention, the second attachment site comprises, or preferably is,
a sulfhydryl group, preferably a sulfhydryl group of a cysteine. 1001501 In a very preferred
embodiment of the invention, the at least one first attachment site is an amino group, preferably an
amino group of a lysine residue and the at least one second attachment site is a sulfhydryl group,

preferably a sulfhydryl group of a cysteine. [001511 In one preferred embodiment of the invention, the
anticen ic linked to the \/I P hyv wav of chemical eroceZlinkina tyvynicallyy and nrefarahlvy by 11einAa a



WO 2009/109643PCT/EP2009/052639 -43 - SEQ ID NO:18), Q[3-259 (Lys 2-Mg, Lys16-Arg; SEQ;ID
NO:20) and Qp-251; (Lys16-Arg, SEQ ID NO:19). In a further embodiment, we disclose a Qp mutant
coat protein with one additional lysine residue QP-243 (Asn 10-Lys; SEQ ID NO:17), suitable for
obtaining ev&O§AEMENSIty arrays of antigens. [00162] In one preferred*€Bbeidimessef the
invention, the VLP of an RNA bacteriophage is regpmbinantly produced by a host and wherein said
VLP is essentially free.of.host RNA, preferably host nucleic acids. In one further preferred

em bodimen‘i?lf?a%gc Erﬁ&bgs%ﬁg?uﬁéelp %%ﬁ%?frias%ds %ﬁt%%s?%ﬁéabglfgﬂmgs MBI I8 bound to,
preferably phekegeghintor émclos8d inglthe YigPnchi’a sl flrthérprétamredie mbodiment]the polyanionic
macromolegylejsplyglamic.acid.ardionmelyaseartc acid. [0Q1a3linanother prefergd
embodiment, the composition further comprises at least one immunostimulatory substance bound to,
preferably pARALEFRRFEI®Nhclosed in, the VLP. In a still further preferred embodiment, the
immunostinjtdadyryisubstanedrigadnticlaictaad prefemablyfapAnmast:peaferably enttnmethylated CpG
containing qli %A? i 1641 Essen i LL free of host RNA, preferably host nucleic acids: The
term ",ssen(tiliégllﬁ/ﬁfr eegltg’ﬁ‘?)%t bA\i,l(%rlEéferﬁélalél')% Xct)érst %lﬂlgfgféﬁ c?égq%%gu%%%wﬁe?rel' r,ofiéuf:egr%%tglthe amount

of host RNAL-preféabsresd ipelzicie derers, dbm prisled s urfe fzemewhiel ahdubtteypieally and
preferably ig-lossthans30spionpsefaslyless-than e meamare ayefgrallyJass thand Gjig, even more

preferably less than 8 jig,.even more preferably less than 6 jig, even more preferably less than 4 jig,
most preferRBly eisssa?hjfagﬁlza }Pﬁjaﬁ)é{?%goéfa %?\?L%FWE)%&?%SJT%%W?M ri%gg?o?@%ﬁémaﬁed context,
refers to thevhUst inlpvhichithe MeMistserombih APt PEd SECH [T ditvehtion SEQ I od3: b determining
the amountgt RNA.pligferabi RUESiC eI dRa.Fe kAN LC.Iha B9 lIBthRSISOR MRS RS- dkhe typical and

preferred method to determine the amount of RNA %%ferably nucleic acids, in accordance with the

present invertbiPis BeslribER W%Mﬁié‘?ﬁgﬂ% 69D37787A2. Identical, similar or analogous
conditions dpa3sypieaiiyraxddipiedaably; tusctifondhe detereinationat e amoupt ah BNAe preferably

lei ids,. far.i ti it ising VI:Ps.qther t T ificafi f th
Conttions SuaCAy NoCea o i 8 KeIaos PRGN A AL SRR D i

are wit knowle

nee
value of theEunt® datetnlcd SHSud TR AR Qi pYErably aaueidkstotiohas Ebafsing values
having a dewatiomoic-Es 0% pesterantndaving qepvationmok &%aafthe;indisatlednymeric value.
[001651Host o preferably host nuclejc agids: The term "host RNA, preferahly host nucleic acids” or
the term "h(ﬁt)csatlzs‘{g@&E pmr',cfrecr%ﬁ}i?r %?gtaﬁiec qe{%%éfc?g,n\}\ﬂ ﬁ%i%%%f%r@ Ig%rsﬁg ur?’eﬁfeélél%égdﬂﬁ%%in, refers to
the RNA, orprefeyBRIVThNEI&E SEJISDINA: &Y ardridiRliy NW(D62009/109643PCVEP2009/052639

synthesized qisshememt-dhe RNA: rafsablt RUHeGARHS. BIgyROWEYEYRdg e chamical andlor
physical changes during tgée %%ged re of reducm%orzf $at|ng the abmount of RNAQZEeferably

“nucleic acid%fl%yqﬁ%gﬁ?easr? BrerBrEh N DY WRY B 0k E“H%?H&ds?@rlé%a%ﬁ&@f{ Rize of the
RNA, preferablynubichoranids - hiayebé shaHteisdibr e 1$é candanpstilictureathereob i8BQbe altered.
However, eygrg}. ;;@jwluﬂ& RBINALO% Ry Ieis AGie ﬁ%&:@%@?{%ﬁ;{ A5.005 BWA. ‘%Qgemudeic

acids. 1001661 Methods to determine the amount of RNA an educe the amount o
comprised BYtRRY/EPREEOdk dorEd R ISEh ANl BIophieatisH Hie dt B5rthe stnts B¥signee on
October 5, 2084zbly at Redusingiaeeliminating the asiemy ob hastRNAQarEferably $rwstipucleic,
minimizes %66%0:?% gﬁ}z%tﬁgf[ﬁgell responses, such as inflammatory T cell response and cytotoxic
T cell response, and other unwanted side effects, such as fever, while maintaining strong antibody
-response sp@tfically-hgamisiclL Thel 6om6 71-h pavtidstefesrusbérmsodimentstiis innelmianijsrovides a
method of piapasing thednventive aempasitions:and, \deR.afanRNA bagtarorhagsdhe invention,
wherein said VlB? isfrg.c mbitlﬂar} Iylproduced %y a po t and Wh,e:reig, said VLP js_essentially free of host
RNA, preferdBiy Rost HteEd Kcids S5mprisiig e Steps SF By e BMBRRh 5 o SHREA virus-like
particle (VLR)dwithyp¢riedsisdne fitspritadhinent Sitedbyt arbbsthwhereids samthd/Adicontpigses coat
proteins, vafianis qr ftagments hereaf . pligMNA %C@g%.@%ﬁ&ﬂﬁﬁésmbm gidyyrus-like
particle to said coat proteins, variants of fragments thereof, of said RNA bacteriophage; c) purifying
said coat profifALY MafiaRtRIoP HEY SIS thaTedf s Ye esEmbiing < a8 i Cottdorbidins, variants
or fragmentsctherenijf saidsBiNkelactetapliage 1o pevilbis-likedpainicexwdrareinisaighvisug-like particle
is essentially fret.of host.RNA, preferably host nuclei ids; and e) linki t least one. antigen of the
invention w%ﬁ%ﬁ@%@ﬁ%@ iéggc?ﬁgl §t[ achment %ﬁ"é“ﬁo@ég%q% tgﬁt;?ﬁ%e {‘%&‘ E{Sﬁﬁgﬁ% 'e? further
preferred emipgdimEnt il FedSsehib iR 8P Slpbrified coat proteins, variants or fragments thereof, is
effected in fagagleserceckat fEastonepolyanionic MagomalacueriR0itLiaane aspect. the
invention provides a vaccine for the treatment, amelioration and/or prevention of diabetes, preferably
of type Il diabetes, said vaccine comprising the composition of the invention, preferably in an effective
amount Thus, the invention provides a vaccine for the treatment, amelioration and/or prevention of
diabetes, preferably of type Il diabetes, said vaccine comprising a composition, preferably in an
effective amount, comprising (a) a virus-like particle (VLP) with at least one first attachment site; and

(b) at least one antigen with at least one second attachment site; wherein said at least one antigen
comnricac nr concicte nf an Il -l moleciile and whereain (a2 and (h) are linked throirinh eaid at \ WO




WO 2009/109643PCT/EP2009/052639 - 46 - ethyl oleate. Carriers or occlusive dressings can be used
to increase skin permeability and enhance antigen absorption. [00176]The vaccines of the invention
are said to bg,gphgsmagautically acceptable” if their administration can be.tolgraied My adecipient
individual, preferably by a human. Further, the vaccines of the invention are administered in a
"therapeutically effective amount” (i.e., an amount fat produces a desired physiological effect). The
nature or typeaof imiypedesponsdrismot B limitmertse tor b ibig teckoslrd, Aiithoutdtié intention to
imit the presepbigyshtian oy g lowing meshanialic.explanalion, ng. iy enivgageior might induce

antibodies w ind to IL-1 and thus reduce its concentration and/or interfering with its physiological

or pathologfE4HsAcHBRn [Hod 74P it atindetid nPhife st proRAtrds ArfFaated feamesHisosition for the
treatment, astioratiananssgeevantion ot dabeiesi preferably obiyne: ldinbetesd saigl.

pharmaceutjcal composition, comprising (1) a osition comprising (a) a virus-like particle (VLP) with
at least one‘%?ros(fra %%h?r%éfr)ﬁ@}ae; gﬁ%“%%tﬁéﬁ%ﬂ%%ﬁ%%ﬁ wit %? ‘éeué?g %n%nslfécggaxﬁ%rgﬁachment site;

wherein saiskish pExwHdeanitigenvedniionses olcbrndiis afadrrile lomatedidé ana wiveredts(a) and (b)
aLe linked t'?é@ééﬁhv%@‘ﬂ&@%ﬁ@&%ﬁ@@Iir%t%@%té@%w@?§%@éﬂh @E@@md ¥ ﬁit@;tﬁzﬁhd_(z)l a
phamaaceutically acceptable carrier, e jnvention_ further. provides a pharmaceutica
com positioﬁ%ﬁ%gaﬁ ﬂﬁ%‘?ﬁ%ﬁ%&f i éﬂiﬂ’éﬂb?%’r%&?@’n@&ﬁcipdli\é%é%\és\?ﬁ%?é?%ﬁ‘fype I
diabetes, saigiphavmacetidaticoniposition epirprising () mmvaccmeleseity Vaoeimereonprlsing a
compositiorhgggnﬂqgwgd@)(gtﬁ\éij_us-like particle (VLP) with at least one first attachment site; and (b) at
least one antigen with"at least one second attachment site; wherein said at least one antigen
 comprises dpg}%sigﬁ"iﬁfe&i’?qﬂh%ﬁﬂé&méa&ﬁHWP@W“(%?E’N& by Hre RIkedIRTORIGFFEAM at least one
- first and saigtatileastionesseeand ptachimentsitahad{ 294 phaimadeuticaltyaaeeptalrlefcarrier.
(00179] The nyention furihr pioyics Amediacifor ihe.leaimens, amclioration and .or grevention of
diabetes, pre era(l)b(fg of type W labetes, said method comprlsilrlllg administering a com‘ﬁo& ion, a
vaccine or dighmipahediviieas eowiposttcn Brtrripieafisndélah mvimdl préfa bl whamtman. The
invention fugthpfcRrovicies;  mathaddas the deatioentiamelinraiionandh ok preveptian ofdiabetes,
preferably chi %) :SE di%cl;)etei, g%id-method comprising administering to an animal, preferably to a
human, (i) a first ¢ r‘H’p SEBIY, préferably in an effective amount, wherein said first composition is a
composition Eédrdingredethal ilveénticn wherein sthe bidogobe eutertomprseth by ¥eid firlstcomposition
is an IL-1 befa.molacule, RLeiarabl R NELR0 10k BRI NP Lo ARdstiia 386qR8, composition,

preferably in an effective amaount, wherein said second composition is a composition according to the

invention whérefnthd R YHISIERURS SR HsE By SaRFEEBIRE° o godiforrawig™ wherein
2009/10964&9@%P@QDH105%8%914.6’ulei§sam.1IIL—II ﬁﬂhmﬁa@mﬁﬁbﬁfﬂbﬁgﬁi@pﬁh [\}..92203 or SEQ
ID NO:210. 1001801 Fsnhednuention ipidesra e thadlonihedieaiment. gmeliration and / or

prevention o 3|a2betes, preferably of type Il diabetes, said method comprising administering a
composition & HRARRI RIS ref8raHYy 0 B H U LAirEsH PRSPy (8 a-difa s h ARRIES(VLP) with at
least one firsihsttachmenisiteilandath) s keast creantigataitingt leashane sechediattaghment site;

. wherein sai%%tnlle%sé gne antigen comprises or consists of an IL-1 molecule and wherein (a) and (b)
are linked throug% said at least one first and said at least one second attachment site. [001811 The
invention ful@féi brévieteEaah Ethbdifde therwestrrdatiaineitelatoriandles phevétiorrufrdiabetes,

prefehrably of, el diabetescsaidsmetad ﬁ@i@@ﬂﬁi@&s&ﬂﬁﬁi@iﬁw,@?@l ﬁx&@%?@&éﬁﬁ@s@'%%% ,) pre:lerably

to a human, said vaccine comprising a composition comprisjng (a) a virus-like particle (VLP) with at
least one firél ;ite?ﬁ'm’?&ff’ A ltgtcl’g]ﬁé?%#fé a%ﬁ}geﬁl?/gﬁ% %tlltelés({%'ﬁiggsgg’gh&' ttathment site;
wherein saigrafdebist onie Bntigérhcompasiesiorrdhsistipod amiire mpleculeraftdiihdrem(a) and (b)
are linked throyghysajd,at leastong fites anf saidatleast.one seeond Atachientite,1001821 The

invention further provides a method for the treatment, amelioration and / or prevention of diabetes,
preferably oftypETMEMoBtdES saidshetica'tdhpridity Bifimidge phdituesai@Momposition to
an animal, pxatesablyce arifrtan, sarichplhiainacetitieglicanpesiton-cenpliging {dseabeanposition
comprising (@ K| Vﬂ'gtﬁ-like particle (VLP) with at least one first attachment site; and (b) at least one
antigen with at feast one second attachment site; wherein said at least one antigen comprises or

consists of dAHZI1 Fistbaute g dihelamtcasane (oY abiipikea Thromeiusaiiranmastbreifirst and said

at least Or]:e tﬁﬁ%@ﬂggﬁ%ﬁgﬁm%n&ﬁﬁ@dfﬂﬂd ﬁ%ﬁ@maégamtgfpﬂumﬁgﬁmﬁf@m@@%ﬂ%ﬁ?t The
invention further provides thad for treatment, ameljgration and_ or prevention of djabetes,
oroforably of QR TREHL St ML bsp OGN TR0 Phar B AR Bimpostion o
an animal, preferably to a human, said pharmaceutical composition comprising (1 ) a vaccine, said
vaccine comprising a composition comprising (a) a virus-like particle (VLP) with at least one first
attachment site; and (b) at least one antigen with at least one second attachment site; wherein said at
least one antigen comprises or consists of an IL-1 molecule and wherein (a) and (b) are linked through
said at least one first and said at least one second attachment site; and (2) a pharmaceutically

acceptable carrier. [001841 With respect to the methods of the invention, said composition, said
vacecine and/or eaid nharmaceritical comnocitinon iec adminictarad to eaid animal nrefarahlhv/ to eaid



[001921 In a further preferred embodiment said at least one antigen with at least one second
attachment site consists of (i) an IL-1 beta molecule, wherein said IL-1 beta molecule is SEQ ID
NO:165 or St 1kdsN6951836, preferably SEQ ID NO:736; and (ii) a linker, whengiteaiddigker comprises
said second attachment site, and wherein said linker is covalently bound to the C-terminus of said IL-|
beta molecule by way of a peptide bond, and wherein said linker comprises or preferably consists of
GGC (SEQamN®ef t#8) brl GrE {SEaIDNO1da) ety 4By ¢f bTeEa3roitmeN d:4188), 1001931
In a further pretayer embodinelosait at ieastOneRRgeRbRL leastans:racapdaltaghment site
consists of (j) an lL_-é beta.qﬁle%le,. hge.r ' saiij ILS%B beﬁ molecule is SEQ ID NO:165 or SEQ ID
NO:136, pr é’f‘%’@/ﬁ ﬁ@nﬂﬁ o3I (ot ﬂ?#;éa ITKEr “Wherein said linker comprises said second
attachment Kitd3and: white rerfesaity linkeni eovcatently. boumdueithreeC-telmesiofsaifidtly beta
molecule by, way nq]gqepgggﬁgpnd, and wherein said linker consists of LEHHHHHHGGCG (SEQ ID
NO:219). 1001941 In a further preferred embodiment said at least one antigen with at least one
second attati¥enCSMPIS Y SHEPBHBECPTE RIS 2308228 BrerdrmieeEriier REZ 9. (001951 In
a further prefetsedlee mbadirofaesgichdy leashgrie antigeriaviih aiddasl anekecdadvattaehinent site
comprises qr,preferahly.consi iyan lk-1.al le,.wherein said Il -7 al olecule is
celecied v e B pries said

second attatiihieere stialcehdy whisesint proferdsiysaits fiiddy comnpiiden &r préfetiplyomsists of GGC
(SEQ ID NGyt /8)cp6x66:GdakQ:dP:NGL 18814004 86] In-a futherqiefesesambadiment said at

least one antigen with at least gne second.attachment site consists of (i) an 1L-1 a molecule,
wheron sl e R SRt R DU S RSB AT AL 1> NO.203:
and (i) a linKedSvhBilein iggieliticiemo amprises]s aidrse sitind sattaramie stasites famddwherdidsaid linker

comprises qr praferahl S0siSts GGG (SFEQ IR 18 MGG G SEQ IRNQH88). preferably
GGCG (SEQ ID N0:188). WO 2009/109643PCT/EP2009/052639 - 50 - [00197] In a further preferred

embodiment SAiBR i fkistihe ahtigr it at 4558 6hé Se SHEStaRHTTEM Xitd Cohsists Bt (i) an IL-1
alpha molecmdﬁ;cmlhésez_i_n s;af'u Hetd a}aptma rfmgg@te iﬁo&&@f@aﬁl@ iﬁ@&mﬂs&@lb@ad.\l@m%preferably
SEQ 1D NOsGaR g 4 A ke WharRiR sAjd iner-camRrings s3d,seqpng Allaehmentsie, and
wherein said linkeér is covalently bound to the C-terminus of said IL-1 alpha molecule by way of a
peptide bonl2#rid WhiikmesarIciHRBE B iiptises’ byt arerapsicabisistdsitd B sty ¥NO:178) or
GGCG (SEQutINO:ABE) cprefenably bt (e (REQ-ID-MNOMEEu00E98] In Beturthespraferred
embodiment said at least gne anti ith at least one second atfachment site is any ane of SEQ ID
NS 224 or D58 “yIBE A G TN 2B (OSSO0 EabBa PO USSR 1 - EXAMPLE
| Cloning, exfressiofadPunficatior ohmariaeantizsrnwherdn Lix el 1oefied po280)itehdsnucleotide

sequence engedinganneiacds dddiBZ0iwEmupineslb-la was amplified by PCR from a cDNA library of
TNFa-activated murine macrglgh%es usi%ﬁ%}pc')nu“cleotides IL 1 al(5'-ATATA
hy

GCTAGCCEEIHACREET R ABTE > EBPEEII TR ga%ar?ﬁefgg iL-1 aipha
(5'-ATATATBTRESGCABGT GXRATET BERAGTE FETTATA GAGIS Y SEQ IR NOR8nd kg the same
CDNA ”bra%gﬁvk;hen%ié‘éﬁfétgq{%i SEAUEPEE SRCHAINYAMIAG-AGI0R1 L3720 9:aL e Mung 1hxi3 precursor

was amplified with oligonucleotides 1E1131 ,
(5-ATATATEUSAG 8 CtEC A CRBKCEITEABIACKEELY seey BN zey 4AEME32 (5
-ATATATCNOBAGRHAA foh GAGAL Ak CCAT @EIdAAG 5t SEQ | BN Qo HrdfadbDNA fragments
were digested wijth Whel and A770l..and.cl Linto the expression_vector. dEC | (SEQ ID NO:29)
100200] The e e S b B BT e (2 o
constructed dht#RedsteHs: tprephstosteprinEstatisidcioring siecerlpBaigdbet) ¥inks ensrigéd by
replacing thaﬁ@&p@é@eﬁ@ﬁmmtﬁvﬁm e Ngehandxhehsiteswitbithe gnagaled Aligos )
T L o e R A SRR reaal i sk D

CCGTTTAAACBEIICESHRESTBOTIASBEEEATCCA-3'; SEQ ID NO:31) (annealing in 15 mM TrisHC1
pH 8 buffer)rghlae regyliing plasoig wagdermadpodal:andhaf Ndel violoNBelshal, £mel and Notl

restriction sites in its multiple cloning site. The annealed pair of og%g)s Bainhis6-EK-Nhe-F

(5-GATCCABABENE CnBeALERCEAEEE T ceTCREBREBA G kB ARRGT BETAGCCC-3,
SEQ ID NO@axandBamhise iGNt R i bIbGIRG LGETAOCOC T molecule it is derived
TGTCATCGIC G CAGCARMEEGICET RATRF IRRTRAISISR 5 ERRNQ R the
annealed palir of oligolF- -glrypcmeﬁlnker _
(5-TCGAGG(TGGTGGTGGTGGTTGCGGTTAATAAGTTTAAACGC-3'; SEQ ID NO:34) and
oligo1R-C-glycine-linker (5' -GGCCGCGTTTAAACTTATTA ACCGCAACCACCACCACCAcCCC-3;,
SEQ ID NO:35) were ligated together into the Baml1-Notl digested pMod00 plasmid to obtain
pModEC1, which encodes an N-tenninal hexahistidine tag, an enterokinase cleavage site and a C-ten
inal glycine linker containing one cysteine residue. [002011 The cloning of the above mentioned
fragments into pModEC | gave rise to plasmids pModEC1-His-EK-mIL1 a i 2-220 and

NnModEC1T1-HiccEK-mll 1 12110-2R0 recnectivvelsy Thece nlacecmide encode fiicion nroteine concictinA Nf



[00206] ELISA plates were coated with mouse 1L-113119-269 protein at a concentration of ug/ml. The
plates were blocked and then incubated with serially diluted mouse sera from day 0, 21, and 35.
Bound antibodies were detected with enzymatically labeled anti-mouse IgG antibody. Antibody titers of
mouse sera \yere calculated as the average of those dilutions which led to g,%]% Qé tical density
at 450 nm. The a@g?’a}é%%;nti-mouse IL-113119 269 titer was 1:22262 at da%a anﬂ. 7§ 276 at day

35. This demonstrates that immunization with Q13 tbupled to the mouse 1L-113119-269 protein could
overcome immungiggica telgiante-and piesuceBigiCitenanipodins yhishvecegnisa riesifically

IL-113119 269, D. In yitro neutralizatiqn of IL-111 [002071 Sera Qf mice immunized with .

0P L1618 T I BE WA e L e For B B 6 RBTTo B 5t mouse
IL-113 protemtpitsitiecepmpriSbiSablatypredmethreforatsate thovitheantigemininan e ol of
Ireceptorl-hFe fuSion RIISID A BLancapHalinahd wime%ﬂ%gaggém seriahgliliions of

sera from mice which had been’ immunized either with mouse IL-113i coup%led to Q13 capsid or
with mouse M- S5ER- B9 BB TS cBpidTt £bongTRiFaPHh 6hderit 40 31 §968°Binding of
IL-1_13119-2@9ef€rib@_knmb$khmdsmﬂxﬁaf@meﬁmﬂmﬁclﬁwi én _Waﬁéimwag-d‘et@gat tedtin H)@)%tinyla_lted
ant-mouse lkeld3 ABRhanRY SGEALIRPEIAIHARS ARNUIHBRANCRIRID pitheIATEM Thoe

immunized against murine IL-1f3119-269 inhibited completely the binding of mouse IL-1p119-269 to its
receptor at cBRERIRtIARTIY ST OB Ry hKHE 8UBRR[IBAFHRTTC S0 288 atisin &t ARRTEEPRE-lain-2m
did not show apinhipitosysetfedtie vaanalithernighest concentration used (3.3 %). These data

demonstrate immunization with mouse 1L.-113119-269 coupled.to.Q13 capsid.can.yield antibodies
Which are a0 he R FE 8 AL SR SSE e TT Soh A e ™
2009/109643PESY FEEPHO0M) 05 2530 I NOR2noyivid) neatralizeitichipfol 2p18-100208t Fheieryivo
‘neutralizing capaciyofihe Antibediestigigsdibydmeyaizatinaovih (Humhialibig,2a69 ywasipvestigated
next. Four female balb/c mice were therefore immunized twice at days 0 and 14 with
Q13-mlL-113&If§1§%§’§1}?@ﬂ§hwﬁﬂ@were immunized at the same time with Qp capsid alone. At day
21 all mice wgdedsijediedl mmiraienmeshi witkht pgrfrest|lofpiit9iRGdyiks teaddutenf dhecmiiadmmatory

activity of the igaiedhike 1 31 19:26P: St an TlesRn Agahvped 3 dbebgetandal he relative
increase in the concentration o

conc 1 of the &ga-lnflammatoe/ cytokine IL-6. Q(3-immunized mice showed an
average increB o S SeRIATYL 267 concEitration of 275 0. 81(8Ah), Whadrsusahridisietiftred with

Qp-miL-1131 326 stmyed aszser agssineaase DS PRAS 88,365 Nkt (p-LrOd )kt AlS @®ntrol on

day 28 all micg were injected with 1.1ig miL-la. Thr rs after.injection, mige jmpaunized with Q13
carrier alone 6%83353]1 5#?\?&%%%%%%%&%%&%& é]%gc%%rc'éehtﬂrlaét%ﬁ? %ﬁé%@g& 0? aﬁg Fn\ﬁ\fl) while

mice immuniz8@%WitBOABmisry1IRT MS-85T shevwraanar! iR deeresis Becargog Rassatih3G:30).
These data indicaie ihat the antibodiesmpradaetopBing iz aiamwity QR y:0(3119-269uere able

to neutralize specifically and efficiently % -inflammatory activity of IL-10. EXAMPLE 3 A. Coupling
of mouse IL-Iﬁ%%@é\%@&%{’é F’gé 002091 A solution containing 1.8 mg/ml of the
purified17-270 protein from EXAMPLE (SEQ ID NO:65) in PBS pH 7.2 was incubated for 60 min at

room temperajyieqyith,ap.caunolatamount of [GERIRrmROUcHan: of e bgimnahirysieipe residue.
[002101 A solution'of 6 ml of 2 mgf/ml Qf3 capsid protein in PBS pH 7.2 was then reacted for 60

minutes at rooFAhSEH SRIMSTRAN 158 IUTRERIRP RIS ST (B8 ATPMaRif SEYea% & Féctioh solution
was dialyzed afddin agaiDst tageeR, bictiangrsnot 20 mivhite BES 1bgiabiNafG 11 pHirdfeawet 24
hours. Seventy-five ul of the deriyatized.and dialyzed QI3 solutign was mixed wi 2.ul H20 and 233
ul of the purifié( %ai/r%o br -tr}eeég’(‘:?% %éi&ﬁ%ﬁ %%%i%gﬁéfnsgg ihe eé‘fe: l%é&?ﬁ&rtﬁuﬁoféc for
chemical crosstiakirhUniech shednso S ENSS g eatidersiRefitr StlsneayaipstPBS using
cellulose Fsteésmgmﬁlrzaﬁ%&ggmialda@iefﬁlq_g\ﬁ&hglmdcgﬁsﬁf %i@%a%%%@,[@%&b@%gmduqts ;
were analyzed on a 12% SDS-polyacrylamide gel under reducing conditions. The Coomassie staine
el 5 shown PP S o B PRRREE D R AR CETAF It A TSRt B B0 o
monomer are Vigible; eleafiyceémonstrating teisuceessiil crosssirking ohthemieuse tsitetwnl 7-27C

protein to the QB £ap§idres=or B RIMNZARRROBICWHR Babse b Lakbexidd RFRLein eupled to
013 capsid (QP-mIL-lan7-270) [00212] Five female balb/c mice were immunizéd with

Qp-miL-1ati7-2PORERf Ry SR DEkn WeraiLiLHsH Fa% teseee asibsshectss Yiiclitheously
(100 pl on two wmepital i des) eupslay, @radDdyhabiogmweare hieddairooshitaly aamta @t and 35,
and sera were a d usi ousedL-1la, 17-270- ifi SA. C.ELISA 1 3 plates
were coated wi n%%ﬁ%é%f—%%%%{%?% g%%ﬁ%%r%%xgbc§§n?c%n%F§%%ﬁ of iplﬁ%%)erﬁ .glrh%qélgé’tétsﬁ\f/_v%%ﬁgblocked
and then incubbeigrahil &é¢iallytdimesd PROfgsESera%roritdaycst PrEfEmd 3B By hswes 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 IL-10117-270 titer was 1:9252 at day 21 and 1:736912 at day 35. This
demonstrates that immunization with Qi3 coupled to the mouse IL-1 al17-270 protein could overcome

immunological tolerance and produce high titer antibodies which recognize specifically IL-1 al 17-270
D In vitro neatitralization of |1l 2l1a 002141 [|ara of mice immiinized with Op-ma11 -lai 17-270 were than



injection on a daily basis. The collagen-induced arthritis model was used to compare the efficacy of
Q13-mlL-1a117 270 and Qfi-mlL-1f3 119-269 immunization with daily applications of different doses of .
Kineret(r). Mate DBA/1 mice were immunized subcutaneously three times (days 0, 14 and 28) with 50
,ug of either W-mlIL-1a117-270 (n=8), Q13-mIL-113119-269 (n=8) or Q0 ?89%@4}: ﬁ,%zéﬂ)d then
injected intr&¥BAHARP ¥ day 42 with 200 ng bovine type Il collagen mixed with compléte Freund's
adjuvant. From day 42 on, mice immunized with-Q%3- rn1L-la117-270 and Qfi-inlL-1131i9-269, and
one group %ﬁﬁﬁ%@im&ﬂgaﬁ gﬂ%ﬁ%&%fﬁ)s@&emgod%ydma@@g@g@nael injeatieng of2R0 iPBS, while
three additional W-immunized groups recejved daily. intraperitoneal in'ehctions of ei(rlhr%r. 1Zc'5 ug (n=8),
375 ug (n=8R BB, i) AAESSS 9038 FORA BB EITE AR ATEGRE SR A daily
injection of g7 (R jighKinarsiiaesifipusgizorresponds roughly to a dose of 1.5 mg/kg, which is in the
range of the eeAmpnded stsadions AAVL i WA 19010l Bhinicsrwein apsted on day 63

by intrader ection of ' ovine type Il collagen mixed with incomplete Freund's adjuvant, and
examined owketiil{hbasigoriieWacate et pr XRANi GHFIFRE PBOPTPP OG- FEER after the
second collagendnigsham@ibirunnizetgentrab miceshagear N avaregROCIMNatYendirical score

(as defined in EXAMPLE 2F of W02008/037504A1).0f 3.75 v%/hgll Ql3-mlkqiald (24 0nand
Qfl-m1L-11§91@9°f%rﬁ?ﬂ¥1llﬁﬁr?iz%8rﬁﬁf:%9% go§ egp aﬁ?’/é%g)gnéog%g}%gro %nly 0.81 and 1.%44,eres%2ctively (see

Table 1). Miteotfeatdtmoith B7&5hgyol 875 jindknestoroteasunde e avet 4588cié BPilvdSand 2.63,

respectively, while mice treatediwithi3 o RmeddineratOsrempined Jargely asymnigmati, @aching a
maximal score of only 0.19.1002181 As an a%%itign read%lut %f tgi% i{lgggrpggtgr&r%@gtigg, the hind
ankle thicknBSS I AFHER WA TS A SN B B FE UM BRSTS FOir Weeks atter the secdnd collagen
injection Qpissmtinizet ebtrol(iicEsthonediearcalbrhgeiricssaswiihinarafeiblitertissel 6f 16 %,

while Q13- mil 18642-8A0 mawaiZEd Migs feied Aningsenss ol diAnd O anmilnd A3110-260-
immunized mice showed an increase of 6 %. Mice treated with either 37.5 %%é%]l ?g]ereto
showed an avenerss fisrsesEost s FPEn LIRS RERLER A AhATE Hﬁé%%%%t% | {\g} 'mg KineretO
showed no inggease id Kind @nkiesthiekaess SEQII00219] on @OajusioniBEQUEPNSIHghSTSiNd that

ree nectagsof giher OBl 11 1:310 QL QM-S Arolecad i bestgom the

developmen{% mptoms thandaily injections of Kinerete in amounts corresponding to the

human doseMdé¢en the fh HsihbtimaedoSTORMREAPRChifoN SFHFROTDBTEE MY Sh d8SE of
oAt e e g able it e oase symoioms in
vaccination. WO 2( , -58 - Table 1 clinic sin
collagen-ind &e@&%%’ﬁ%@ﬁ%&%ﬁ%‘ﬁ%%?%g?ﬁ Saa\}gzr%rgienglfr?ilga egg%f%(s ﬁ%?ﬁ%@%ﬁ?gggég;in hind
ankle thicknassyf/@)tilay(63:84@x @ sitst polPBBtids, (POexFHIraEsH B ABIE TP IFH[I447-270

S.0PBS i.p. (290 Migay0:81:8.3¢ @R, 113119-269s.c. + PBS i.p. (200 pd/day) 1.44 6

[6052] Further preferred I1.-1 muteins are IL-1 alpha muteins, wherein said IL-1 alpha
muteins comprise or more preferably consist of a polypeptide, wherein the amino acid
sequence of said polypeptide differs from an amino acid sequence selected from SEQ ID
NO:36 to SEQ ID NO:48 in 1 10 6, preferably ! to 5, more preferably 1 to 4, still more
preferably 1 to 3, still more preferably 1 to 2, and most preferably in exactly 1 amino acid
residue(s), wherein preferably said amino acid residue(s) are (1) deleted from said
polypeptide, (if) inserted into ssid polypeptide, (i) exchanged by another amino acid residue,
or (iv) any combination of (i) to (iil). Further preferred 1L-1 alpha muteins comprise or
preferably consist of 2 polypeptide, wherein the amino acid sequence of said polypeptide
differs from an amino acid sequence selected from SEQ ID NO:63, SEQ ID NO:65, and SEQ
1D NO:163, most preferably SEQ ID NO:63.in 1 10 &, preferably ! to S, more preferably 1 to
4, still more preferably 1 to 3, still more preferably 1 to 2, and most preferably in exactly 1
. amino acid residue(s), wherein preferably said amino acid residue(s) are (1) deleted from said
polypeptide, (if) inserted into said polypeptide, (iii) exchanged by another amino acid residue,

or (iv) any combination of () fo (iii}.



3x QI3 s.c. + Kinerete i.p. (37.5 mg/day) 2.44 13 3x QP sc. + Kineret(r) i.p. (375 mg/day) 2.63 10 3x
QP s.c. + KineretO i.p. (3.75 mg/day) 0.19 0 EXAMPLE 5 A. Cloning, expression, and
purification of virus-like particles consisting of AP205 coat protein genetically fused to mouse(AP20S
IC 1 ntl 17-2%@ 1dedr26643100220] Given the large size of interleukin-lalphecamPiormaiExisreasons, an
expression system producing so called mosaic paicles, comprising AP205 coat proteins fused to
interleukin-lalpha as well as wt coat protein subunits was constructed. In this system, suppression of
the stop cod@i3lieldeariresirpoiln eneaRHIENS HaTEBRtSH b TERIO RO 815 8PP TBHtination yields
the wt AP2Q5,60at REqigine Bathdietring: aiel prisadsimiaheausinibedteantdassemble into a

mosaic virus:li rticle. Two jntermediary, plasmids, 590 and.pARS i AP205 coat
protein genﬁéﬁéﬁa@é%?b@%%@ﬂ rg%gg{s)?r}c%) drﬁx%qfeAI%e am e?‘ﬁiﬁ@ﬁ%??éﬁ%@ﬁaﬁr}%mwz) were
made. A linkestsegoenpeierdadintg 3hetilfipwptide Giybbel- G (BEOIDIRPERY) i asadved
downstream and in;irang,of herenat prateinigena. Kprriand Hindil sitas)weare-addadstar cloning
sequences encoding fareign amino acid sequences at the C-terminus gf the. Gl -%er-ﬁGI amino acid
linker, C-terAINBIAD Q%‘Iﬂ%f%dd&&’t%P%P&E(Pﬁiﬁg‘?’e%ﬁ)t?ﬁg“%%%[&’dc %O%Erré‘%“ﬂﬁé@ E%"E%em NO:117):
AP205 coatoprgteimgenebianibes toden(HiG SA{Kpm2 | prédtined| K -ardpAPBOR (S EQnDisR0:118): AP205
coat protein - s - = HingUl i | 0,aPCR
R385 bRl %9%99 poRRGHRA s indll) ey Q&Q%H%H%o@fsﬂl%ﬁggiﬁg%@éﬁ S

fragment obtaine (Salgonucleot'ld'es p1.44 (5'- NNCCATGGCAAATAAG
SEQ ID NOselertyidngiR e s EirapCER TAGRTFELAPFR TN EA:
TCCCTAAGHAS TAGTATRABACGATAGCIE&: BEQHHDR: NO:IROMwasdigadted withiNeshand Hindlll,

and cloned Intg yector pODLES: which nad beendigesied wilhhe same restiation.spaymes. pOb1SS

- is a vector d&fivEd from P vector. Expression e ¢loned genes in this vector is controlled by

- the tip prometdmalyBB0gifBoeusP eTIFPPors)65PE3%-Seu(kBotbvditd [ NP 4t ®tSERne
137:133-37 (39930: Similaelyraiasmid RAPEI WassansTustedhymianiagaabgal indifE-digested
PCR fragment obtained with otigonucleotide é44, and Ng-40 o .
(5'-GTAAG€*P%%€%%%WA#&‘€%@%P&‘§F RASCAETR S TR ICREATEATNCE T B EQ 1D
NO:121) intpriffegdameivecton 400221 Hesdfuirigedhodird pohyiprytdiddi 1 iFerzd vomurine IL-la
was amp“f'%gi&)}grogg%{&egiﬂ@ﬁmaq GleHisahl mlliaidht; 27 8488 EXAMBICR Jipsing primers
pINC-34 (5'-GG] GAGCGCTAGCCCCTTACAC-3'; SEQ ID NO:122) and p1NC-35 (5'-
GTAAGCTTATBCATHR PesATAT BT ARB P BT TEAT AEES TS SIS N8 T3P iHEh added
Kpn2l and Hingitxestrictian sitesdo the-5fand obndstitespéetivélyn EhewmbtamedsBNfragment was
digested with, Kol and g andclonsd e eele BAREFQ el plasuE gAPSo4 (amber

suppression%, and into vector pAP592, creating plasmid pAP596 (opal suppression), respectively.

[00222] For BXpredsibmest ik IBBEIRNOLHp ity FirARNL-18 DAtierEiehke | coli IM109
cells containingplasmicBISMi5 1908 ptSM3R0k ey ansiormedhvsthprasniidip ARGE4 or pAP596,
respectively. Plasmid pISM579 was generated by excising the trpT ! fe A 3001 with
restriction edo Ou%:‘flege'ipg%i ‘@8%’?—% Fand rep a?:ll'%gggfts 1}(/193%1 %gﬁ? %?gbgﬁését%f?ﬁ%{a%?ﬁ%%péh%(gm (gift of
“Michael Yarpslyoenitdiniiipimsertahis sRiaangpitessor gehmaThiy SR SopEré8dsrdétie is a mutant
. of trpT175 (%@@% Ao idhb1984) & Bactenioh:288:840-959). and-Aiffersfmavtptiatthree positions:
1033, A24 and T35. Five milliliters of LB liquid mediu containi{}%,io t@/{ml%’g&d'&gﬁ antdhelo
ug/mIkananﬁﬂﬁﬁ%r%ﬁﬂéﬁﬁiﬂﬂ?@d‘%‘i’fﬁ%@%ﬁ%@@ﬁ@%&%@ 11BQEREYE $r° 1594 W hithout
shaking. Thephepandddpaciatush SEQSIHiNEA50 X witl M favetliunte brairimge ROatiy/ htampicillin and
10 pig/m1 Kggy me/r%igﬁ-:%%ﬂwP@A?giﬂt;&e%a%vsagighng@ ARSIl GaReSieR by

e

centrifugation. [0022 Is*(1 g, transformed with plasmid pAP594 and containing pISM579) were
lysed by ultrasdeiedtich FRRSid BRSO HiviueHe: METShINF BB ASA SN ECFHEFF8, 0.1 /D
Tween 20). Thelysate-wasslearesh Ry geitiiupationednaisheiceldebricivyéls washeddith lysis buffer.
Pooled supernatant were loaded.on a Sepharose CL-4B column eluted.in T (20.mM
Tris-HC1, 5MM BT ﬁf%%@nﬁ%ﬁ(ﬁ%ﬁ?%ﬁg béngtrlggéﬁc@q of @gfpg%dgr%ﬁotgﬁl}%%%%d?ﬁ]sate and

" wash superrigtannwainecnfirpries By erjerdus gere R o6 HbrResifs: SEPEAED StRidftPPothide stained
gel and UV deleglian)r Ewoneaksi@lutadifam the.cobgmp asdeternimeribyNe3eRAGE:Qr
UV-spectrometric analysis of light scattering at 310 nm. Fractions of the second peak, containing the
capsids, we@ﬁ%%l%‘ﬁsg%ﬁﬁgég ik ' Sepharose CL-6B column, Peak fractions from the CL-6B
cotumne wefegsspledeainelconodntratie usmeta detirifnyettitter thnitApsidon Wltesnns P CO 30000,
Millipore). The protein yas puifieds WL 20090 BARPGE/ ERAA0INE203% H-fsibeciy one
additional round of gel filtration on a CL-4B column, and the resulting peak fractions were pooled and
concentrated on a centrifugal filter unit as above. The buffer was exchanged to 10 rniM Hepes, pH 7.5,
and glycerol was added to a final concentration of 50 %. [00224] Purification of AP205_mIL-lal t7-270
from plasmid pAP596 was performed essentially as described for pAP594 above, with the inclusion of
an additional sucrose gradient purification step after the last CL-4B column. The protein was layered

on a gradient prepared with the following sucrose solutions: 9 ml 36 %, 3 ml 30 %, 6 ml 25 %, 8 ml 20
0 AMlI 104 A ml 1004 and 2 ml BRO4 criernce Eractinne waere identified by | 1N/ enectroceaony and



incubated with serial dilutions of sera from mice which had been immunized either with
AP205_mIL-1a417-270 or with AP205 alone and 100 ng/ml of mouse 1L-la117-270. Binding of WO
2009/109643PCT/EP2009/052639 -61 - miL-1a117_270 to the immobilized
mIL-Ireceptow«B@dusoss protein was detected with a biotinylatcd anti-moRSERE2MAF@BHIY and horse
radish peroxidase conjugated streptavidin. All serg-from mice immunized AP2017-270 inhibited
completely the binding of mouse 1L-1a117-270 to.its receptor at concentrations of 3%0/, whereas son
from mice ifFTRAEZEE SHTIRURPL S TGN SELHEG IR iR SHEE AT ARy Eohd&htration used.
These data slesponstiaiethatinuiomizationimstid AR08 mm Hre batt it d2V@chn yisld emtibodies which are
able to neutialge speclisall s nierRaianalmay e lalalt 249 w}faﬂgsmg%n%fﬂ%vo

neutralization '[00228] The in vivo neutralizing capacity of the antibodies raise
immunizatidHiwithaPpos bl eid PIoEoRaE SrvEstigh ek ERRUP TR BEM A Mide were
therefore imgpuRizedthreactimes engRiSRinbhcanst@@witioNRaDRom i w1d kit 26handifour mice
were immunized at the.same time with AP205 alone. On day.42 all mice werg, injected intravenously
with 1o of TR HL A o Lo A AT R eI Sttty O Tl I tat
7-270, serum saneptessiveiawitiedraiih before &bl h taffesitjssioraRtdnaliyzadBreRe relative

increase in therconcanitatiopaahiie pirrinfiammatery cxiakingl8siARA9 Sy pized:mice showed
an average increase in the serum IL-6 concentr(géi)gn of 12.92 3.95 r}g@%é&vgﬁreas. ice.immunized
.05n

with AP205 SHUTRFR £G4 IS9EPEHo e Pt LGBREG LY ARPESL ABFB AR 0! G 26.01). These
data indicate/thattie aniiddiesgpradinceshidyitdrmpnizationceithdXR265y ddvbitaivt pA70were able to
neutraize speeilisalind.elicient e niRaRRBmRAY GV Sldida.EAMALE A, Cloning and

expression of virus-like particles consisting of AP coat protein genetically fused to mouse
IL-43119 2694p $dsisted fry6aise ey fonpe erEm Aty SRSt ABRb A us-like
particles congistiagefABRORapak proteigenetivaliyfiisedte chofiasie 13l #9566 isteaitied out

essentially as.described for AP205 mIT-1a117-270 in EXAMPLE 5. The. se f mwrine
ek T A AT R e e A e S TINERIR BT inc
interleukin 1tiyetaonusirtgiprisaesscp NG liFec R TeE HGACERGE TeTCECEATFAGREAGCT-3', SEQ
ID NO:192) and, paNG -4l (5o ETAABGTT AGCHRAG AGAGAGATTEC G AT 3 SRQ IR NGik83). These
primers amplify a murine interleukin-1 beta gene with 5 Kpn2T and 3' Hind 11l sites, and encoding
additionally fi¥ & &cid sequence Gly-Gly at the N-terminus of murine interleukin Ibeta. The
obtained mup#Eél 1 Sifrdgiwetie was digestethwithi¢png famda WO 2009/1109643PC T/EF2009/052639 -

62 - Hindlll and clonad i 1he, saMe LesticHQR-Sites IDIQiNe oL BARRIAJARRGLURRIASSION) creating .
plasmid pAP630. E.co/i IM109 containing plasmid pISM 579, prowd(lgg amber suppression, was

transformedAFRHIILEGE HRBPERYYECHRE AT B daR VIR0 Yhn HahiBRiAttahidio

pg/mlkanamysined ererinadil alie ¢ witht iansii gletenl amyatdnd, intubddediatB :Gofer 46 2kdewithout

shaking. The pepared nasiNmIGS fiticd 20x WRMOMarB contalning.ARa/Mampicilin and 10
d incubate %t 3 a

pg/ral kanamycin a >d at 37°C overnight on a'shaker. Cells were harvested by centrifugation.
B. Cloning a#tf exphéusion Sriradliike hartie e Eoidistg BrAPR0 5 s PFo BT R Iy fused to
human IL-113318:289-AR265_deikrtfijio r2e8){0e2 30 Thersedpance-ofibumarintedaikia 1 beta was
amplified from_plasmid pET42T-h1L113]15-269 coding.for human interleukin,1 beta.using primers
pINréI-74 (5 &r%%@é%g[édﬁ”éﬁ%f é]&&’ g(%ir ?a/gl&oéﬁlﬁin&?r&‘?&éfx%é 1&8 53%’@?& pDNO:194)
and pINC-7(SxBFATCCATTAGERAGATACLAAATTIECATEGTE ANGT @:BnsSENErND: 195).
introducing 5. Kpn2hand:3) Mphlloalsie wespactivebhihe.ebtaineddumandlird0fagment was

digested with Kpn2l'and Mph11031 and cloned. in the same restriction sjtes into vector pAP590 (amber
suppressionj’%ﬁﬁ%%&%ﬁ%’ﬂﬁ?ﬂﬁé’4§“ﬁ.%Ifi?]lﬁi%g%ﬁf‘éﬁinm%g&ggrﬁmnﬁléﬁé é*fg &IJ%%%%I ing amber

suppressionjntwasdrains tppmedwitte.plas i 4pA RG4S ionl of (DBdiGuidvirediumowitiheROahy/m1
ampicillin and10 ng/m1 canamicin were Inasulatadwith a.sinale Solany andingubated aia7 C for

16-24 h without shaking. The prepared inoculum was diluted 50x with M9 medium containing 20 ng/m|
ampicillin antiEotYRy/ARETeattn RSIT TS 7Oy Ba R R 2 EiBR afiflgRtioH K SRAIRY. CBilsdvere harvested
by centrifugatipmiofe tapasRizatioR R cRicEwith ARPQEIMBHOAL311.9-262A00231]IFoutfeimale
C3H/HeJ mice were immunized with AP205 miL-113119.269. Twentyfive pg of total protein were
diited m B G5 500 B 1 eI U eu B 0L EEOCLY i G, Sy SR o 4

and day 28. Mige?WEre?bléd YetfeSibitalift 6t Bays 66 14, Ve arkt 35, aAdneerardieralanhlyséd using
ml L'llsllg'%ﬁ%%ggﬁfég EddRPwith the IL-1 molecule said IL-1 mutein is derived from,



D. ELISA [00232] ELISA plates were coated with mouse IL-113119 269 protein at a concentration of 1
ug/ml. The plates were blocked and then incubated with serially diluted mouse sera from days 0, 14,
28, and 35. Bound antibodies were detected with enzymatically labeled anti-mouse 1gG WO
2009/109643RC:HER2839/052639 - 63 - antibody. Antibody titers of mouseTsgrzaneresdalculated as
the average of those dilutions winch lead to half maximal optical density at 450 nm. The average
anti-mouse IL-1 f3119_2609 titer was 1:19000 on day 14, 1:58200 on day 28 and 1:104700 on day 35.
This demori8fi&tesAMaafitURiIdREes RREAISHS FRCEEH PEPoRs Eﬁ%‘iﬂ%\%ﬂ%ﬁ%’% unological
tolerance ang ppdusr Rightiterantiardiestmichreadgnizedspecificatly mouber krt@149 259 E. In
vitro neutraliza&ion of IL-10 [002331 Sera of mice immunized with AP205 mIL-113119 259 are then
tested for tH&ir g%ility to inhibit the binding of mouse IL-1p protein to its receptor. ELISA plates are
therefore cd&®88l witkoaisse siitsirmpate- retEptefkiEdEuSidipistem Aok esncanitrdtion’of 1 ug/ml,

and co-incubaied;with sesia-diltions Rtseraifforspeisadmmunigedieitherabiity of the 1L-1

AP205 m1L-113119-269 or vt\gth AP205 aloptizL nd 100 rlgclml %f n Icr)]llJms.etr% 16r11f3n1f019%? Esinding of
IL-113119- 385 th P iNSbi i d RN R b toaih R TUSIo Brotein 1o detected with a bictinylated
anti-mouse fEtd8iantibaty-drid Brarsplr ddisnpérdiidask édnjtigaield s p@éi\vidm.f_ At Serh from mice
immunized yith AR08, M H-ahi 3195269 Stangly inbibi thebindinanfuneuse dinifl 1191269 to its

receptor, whereas sera from mice immunized with AP205 alone do not show any Inhibitory effect.
These data GEAkERstFatd WAt fitiiRz 8Pl Aspes il {108 588 Paﬁfg}ﬁd%% 8dies which are
able to neutradize: the(intenactior afimpusedisifthd 9radcSriand S redeptoiGed lor VivGadewttalization of
grip [002341_The in vivg neytralizi [ ihodh ' ' jzafi jth

- AP205_m1L-f I@il'llgq{zzgg &Z%%V?sﬁ?gzt?e%%ﬁ% hﬁ(%?%‘g%a e é%%e e'f{fgr%%jgﬂ\j\%’rg%%ﬁgfore

© immunized Breesalriadroniaairen S 24 -bAd 28000th PO ot EeDErnRb-fdt HvEE were
immunized atjibessametimeit-ARA0bialeae san-dess42 albaise swere dpjketediinitaverously with 1
tig of free m1L-113119-269. As readout of the.infl ry actjvity of the injected mlil;1f3119 269,
serum sam pﬁ’é"sw\}\ll/‘e?él ﬁﬁﬁ?&%ﬂ%@%ﬁ’éﬂ &nd @q ngf%e%?gg %‘?\E éf‘q }érﬁ%@%ﬁee f%gr;lt %grgéllgt%\{é increase in
the concentrationuof fiié:pr8sinAamidry ¥ytokinéerbb, ARZOB0 Mphgizeaied shawkdlan increase
of 0.28 ng/m} if. SeLUMLHLn CRNRENIEALoRSHINSIERS SiGEIMMBuRZRdWIT ARRAR sl 11131 19-269
showed no increase at all. These data indicate that the anﬁ&gﬁi{?s ?}roducedﬁbxbimm#qgﬁtion with
AP205_miLMo oo gadfhrb BBt rathrane ShEtHEa SRR TE Proziftiarmatory
activity of ILmjecMéQr200911.09643R GRHEPA0 015268814 81-1 [tdmyntindzatvhvdfemizewith

AP205 hiL-115316,268 (g0a36l Eousiemale calipiaLmise wemmmupizetpiln g,
AP205_hIL-Rl 115-269. Twen't&gve ng of total protein were diluted in PBS to 200 )11 and injected

subcutaneol®§%100 Brdnawo Veriaal shaeeeeh anyen byargnisa firdaliald BREPEPSorbitally on

days 0, 14,28:36h35a0 @ Seraawerenanalyredtusingthuman th 1306 26SxspadifidELESA. | ELISA

(002361 ELISE plates welecopteduwith umai b Pl oo aieial agonsentighionigf 1 no/ml
t

The plates wefé B6tked and then incubated with Seria ly diluted mouse sera from days 0, 14, 28, and
35. Bound arttipttesnwereceiatsatetisvionisipigrmairaahrimelediafticmoinse 56895 Antibody

- titers of mouse sg12 et Galsisted-as theaverageaitroseailions whiskiead to halfisnaximal
optical density at 450 nm. The a\%er%ge anti-human | ;1%31 6298 fiter.was t%39% 0 on gcay 14,
1:58300 on AXPFEERY LBEEA SRR 3P RILGEHEnRraths thaf APIOE_RILATST 18269 induces
high titers oftdreti3dli6-RA6Rnspeciicalatinp dibstincasicen BXAMPLEE Ty ATyt eybréssion and

purification of human }-18116. 269 [00237k The nuclsolids $EAMENES ROCAdNg-BhRRAcids 116-269
of human IL-1f3 (h1L-113116. 269) was amplified by PCR from a cDNA library of hugﬁaﬁn iver tissue

using oligon eSS MARIELHORK TR ESRTAHE OE FEMREERY BN FERRET SCATEES: SEQ ID
NO:124) andutdli2 (5P ATAT AEEHEGAG GBAAGATAGAAAIGCATGBTGAABSISED ID NO:125),
digested with Xhol and eC%aRc% %?BE%G% INQING &*Pression yeciar RET 42T Q1 Q238 Rlasmid

PET-42T(+) wacs]roqong Fucte yr ng the whole region between the 17 promoter and the T7

terminator obpETiorPagsy eeoliagessy in TO28R808 TP heth hrmes Satifis iR BEHRHEIOTEEHERIE the
expressionde eYigevs) l)@fﬂﬁﬁﬁﬁ,stvi@‘sﬁadﬂl%@r}}m&gﬁ§rﬁ&ﬂiﬁﬁ' I iBaltagHE QUiRNG, 19@eesnp y r;]sirr:g a
His-tag and a cysteine containing, linker. In a first step id pET-42a(+) w igested with the
restriction erZyRIES NGEHSRY R‘\l/grﬁfﬁibaécrla%inéma 988’h f%ggrgr%g’nt‘ﬁ}e %%aei(?lt% e@g;j'p%grﬁ%}%% and T7
teiminator cartiposeldaiies GBT-tay, ChigamvoitdisitedsiandMABKRAGAHE Ciéniry sitee ThEdesidual
4972 bp fragment containing heyeelorbackbengief pitrdra)nras isulated anddigatedito the
annealed complementary oligonucleotides 42-1
(5"-TATGGATATCGAATTCAAGCTTCTGCAGCTGCTCGAGTAA TTGAI I AC-3"; SEQ ID NO:126)
and 42-2 (5 ICTAGGTAATC AA11ACTCGA GCAGCTGCAGAAGCTTGAATTCGATATCCA-3"; SEQ
ID NO:127), giving rise to plasmid pET-42S(+). In the second step plasmid pET-42S(+) was linearized
by digestion with WO 2009/109643PCT/EP2009/052639 - 65 - restriction enzymes Xhol and Avrl1,

and ligated to the complementary annealed oligonucleotides42T-1(5
"TOCCACCACCACCACCACCACCACCCTCCTT COCTAATAATAATTCATTAATAC.?- CEO ID NO-



Expression vector mutein sequence (without purification tag) Oligonucleotide pair pET42T-h1L-113116
20 (MD) NI,' 1 J3116-269 (R4D) (SEQ ID NO: 131) R4D-1 (5'-CATATGGATA TCCCTGTAGA
CTCACTGAAC TGCACGCTC-3'; SEQ ID NO: 143); R4D-2 (5' -GAGCGTGCAG TTCAGTGAGT
CTACAGGGHT HibGEATATG-3'; SEQ ID NO: 144) pET42T-hIL-113116.268/ {6} /a52639
hIL-113116,269(L6A) (SEQ1D NO: 132) L6A-1 (5 sGATATCCCTG TACGATCAGC TAACTGCACG
CTCCGGGAC-3 '; SEQ ID NO: 145); L6A-2 (5' -GTCCCGGAGC GTGCAGTTAG 1 CTGATCGTAC
AOOOATAT @egtetpits 4 Moronid) g rupiepide st e se7s 9 rekoest HP i e 588 (TSI (SEQ ID NO:
133) : TIG-4(PisGdAGSATICAGEGCAAGTHERIS PEREGEGCRGACIBRGARC:E;SEQMX NO:147)

JETa2T NI EEAIE 68 IREL A TSRS o P TR NG04 R doch g i
-GAACTGCAE® ETCEBEBRENIBREARBE-3"; SEQ ID NO:149) R11G-2 (5' -GCTGTGAGTC

CCCGAGC a—&é@&&Iﬁgé%ﬁggoh&&@ﬂé%@ﬁﬁﬂ%ﬂ%ﬁé%c%@%ﬂ@@%gﬁscd herein,
h1L-1131166269(D54R (SEQEI;E@NO: 135) D

AR-L (5 - . .
CAAGGACTAKE XANBIKAS @ M‘?&%&ﬁ@g"f@‘&g@% GRS CATPIERRS TRPRYEYT 10BN -2 (5%
CAAGGCCAQAGT GTAT T GOGAL bf ADTH ¢CTTEFCOT TS SEQHH: NPstk52)of units
pET42T'h'L&é@&%%@t@?ﬁ?&“&%@e@&h&%M%@?eé@l%s”f%%@ﬁ%@ NOA36) RaSHsd (Grr 1

GCGGCCAGGATATAACTAAA i CACCATOCAA ii TO TGTC-3' SEQ ID NO:161) D145K-2 (5-
GACACAAATTEERIGETERATHER G ¥ ATee Tefess doot melse) f8tNDIps sjpable of
PET42T-hlLgd0:d6:269-(AERBYrs. Thus, the term “polyanionic macromolecule™ excludes Toll-like

receptors ligands, and excludes substances capable of inducing and/or enhancing an immune
respomse, such as Toll-like receptors ligands, nucleic acids capable of inducing and/or
enhancing an immune response, and lipopolysacchrides (LPS). More preferab.iy the term
“polyznionic macromolecule” as used herein, refers to a molecule that is not capable of
inducing cytokine production. Preferably, polyanionic macromolecules are polyanionic
polypeptides or = anmionic dextrans. In a preferred embodiment said polyanionic
macromolecules are polyaniomic polypeptides, wherein preferably said polyanionic
polypeptides are selected from a group consisting of. (2) polyglutamic acid; (b) polyaspartic
acid; (¢) poly(GluAsp) and (d) any chemical modifications of (2) to (¢). Examples for
chemical modifications include, but are not limited to glycosylations, acetylations, and
phosphbrylations. In & further preferred embodiment said polyanionic macromolecules are
anionic dextrans selected from a group consisting of. (a) dextran sulfate; (b) carboxylmethyl
dextran; (¢) sulfopropyl dextran;(d) methyl sulfonate dextran; and (e) dextrane phosphate.

[0861} Polyaspartic acid: The term “polyaspartic acid” as used herein, refers to a polypeptide
comprising at least 50 %, preferably at least 70 %, more preferably at Jeast 90 %, more
preferably at least 95 %, more preferably at least 99 %, more preferably 100 %, aspartic acid
residues out of the total umber of amine acid residues comprised by said polypeptide. The
aspartic acid residues of said polypeptide are hereby either ali-1., all-D, or mixtures of L- and
D-aspartic acid. Most preferably said polypeptide only comprises L-aspartic acid residues.

[0062] Polyglutamic acid: The term “polyglutarnic acid”, as used herein, refers to a
polypeptide comprising at least 50 %, preferably at least 70 %, more preferably at least 90 %,
more preferably at least 95 %, more preferably at least 99 %, and most preferebly 100 %
glitamic acid residues out of the total number of amino acid residues comprised by said

polypeptide. The glutamic acid residues of said polypeptide are hereby either all-L, all-D, or



ML-1 0116-269 (AEE50'51) (SEQ ID N01137) EE-1 (5%
CATGTCCTTTGTACAAGGAAGTAATGACAAAATACC TGTG-3";, SEQ ID N01153) EE-2 (5' -
CACACJOTA 1111 CITCATTAC | 1ICCTTGTACAAAGGAC ATG-3'; SEQ ID NO:154) WO
2009/10964 8RR R2009/052639 - 67 - pET42T-hIL-16 116.269 , 4 (ASWH}MLMPQ@].].G 269 (A
ggg?éﬂﬁ)o(igg) |SD NOZZl(38) SND-1 (5'- CT1 L_@EACAAGGAGAAGAAAAAATACCTGTGGE:C | 0-3"
1 ND-2 (5'- CAAGGCCACAGGTAIITTTTCTTCTCCITGTACAAAG -3": SEQ ID
NOI50) pETRIcrt L1 SR EH T Pt Moo KA ST PR R S TS5 T a5y
GTGGCCE@C&&%@I@A@&GAAAGCAATCTGTACCTG (SEQ ID NO:139) TCCTG-3"; SEQ ID NO:]

57) 1(636?&:'6@39%% (GluAsp): The term “Poly (GluAsp)” as used herein, refers to a polypeptide
comprising at least 50 %, preferably at least 70 %, more preferably at least 90 % , still more
preferably at least 95 %o, still more preferably at least 99 %, and most preferably 100 %
glutamic acid residues and aspartic acid residues, out of the total number of amino acid
residues comprised by said polypeptide. The glutamic acid molecules and the aspartic acid
molecules are hereby either all-L or al-D or mixtures thereof. Most preferably said
polypeptide only comprises L-glutamic acid residues and L-aspartic acid residues.

[0064] Poiypeptide: The term “polypeptide™ as used herein refers to a molecule composed
of monomers (amino acids) linearly linked by amide bonds (alse known as peptide bonds). It
indicates & molecular chain of amino acids and does ﬁot refer to 2 specific length of the
product. Thus, peptides, dipeptides, tripeptides, oligopeptides and proteins are included within
the definition of polypeptide. Post-transiational modifications of the polypeptide, for example,
glycosylations, acetylations, phosphorylations, and the like are also encompassed.

[0065] The amino acid sequence identity of polypeptides can be determined conventionally
using known computer programs such as the Bestfit program. When using Besifit or any other
sequence alignment program, preferably using Bestfit, to determine whether a particular
sequence is, for instance, 95 % identical to a reference amino acid sequence, the parameters
are set such that the percentage of identity is calculated over the full length of the reference
amino acid sequence and that gaps in homology of up to 5% of the total number of amino acid
residues in the reference sequence are allowed. This aforementioned method in determining
the percentage of identity between polypeptides is applicable to all proteins, polypeptides or a
frapment thereof disclosed in this invention.

[0066) Recombinant VLP: The term “recombinant VLP”, ag used herein, refers to a VLP
that is obtained by a process which comprises at least one step of recombinant DNA
technology.

[0867] Virus particle: The term “virus particle” as used herein refers to the raorphological
form of a virus. In some virus types it comprises a genome surrounded by a protein capsid,
others have additional structures {e.g., envelopes, tails, etc.).

[0068] Virus-like particle (VLP), as used herein, refers to a non-replicative or non-
infectious, preferably a non-replicative and non-infectious virus particle, or refers to a non-
replicative or non-infectious, preferably a non-replicative and nop-infectious structure
resembling a virus perticle, preferably a capsid of a virus. The term “non-replicative”, as used

herein, refers to being incapable of replicating the genome comprised by the VLP. The term



CAGGACAGGTACAGATTGC11 I'CGCTGAGGCCCAAG GCCAC-3; SEQ ID NO: 158)
2ETA2T-hIL-1 p 116-269 11Th-113116-269 QE-1 (5'- (Q126AJE128A) (Q126A/E128A)
GTACATCAGCACCTCTGCAGCAGCAAACATGCCCGT (SEQ ID NO:140) CTTC-3; SEQ ID
NO:159) QF@ ABis110BAGACGGGCATGTTTGCTGCTGCAGAGGTGOIGAF068T#E38"; SEQ ID
NO:160) EXAMPLE 8 A. Biological activity of yyman 1L-10116,269 and human IL-0116469 muteins
in mice 002411 Three female C3H/HeJ mice per group were injected intravenously with 10 ug of either
the wild typerRtnRERHeuY P esaw bty s fobransringerrbla R prcas e bosooplotarfmtiteins of
EXAMPLE { voeytin pafiplen wesedwith drawihbelanaiane adi-afigicinjectionoangnamnabsad for the

relative incrgaseeitirf %gea oonc%p[tg?i n of {hg Bro-in;lagygﬂaet?éxéuc t%igggl[c_&l b@ﬁsﬂ SQOW@HE]nTaUe 3, mice
injected with_rfﬁe wi fype f)ﬁman. -H?%lgig_%@ p%oteln showed an'increase oflﬁ.’fa ng‘7m| in serum
IL-6 concenitkatita:ls\ith viresexebpldon ofwaiytémsaallecrend 62 By DEHR AN er MEo4 6. 269

(K63S/K65Q)s bl inducadssitnilanserym s conaantiatiops as.wilddyng kurpan He-4Q119-269, all
muteins tested.induced lower amounts of IL-6, indicating redyced biglogical activity. - 68 - Table 3:
Biologioal sV SF FUHBHOOPIRPHR RN TS0t D68 R OEH e imuten
Average incrdasi@dnsention Iha comeentrations:8ich dftendnjectiothénr ngimhESR) tyiiedl1 31d 6-269 2.38
0.69 hiL-1 f@é@%@%@é&%@@a@m&lﬂm particle 1n accordance with-the present invention is a

viral capsid such as the viral capsid of the corresponding virus, bacieriophage, preferably

RNA bacteriophage. The terms “viral capsid” or “capsid”, refer to a macromolecular

assembly composed of viral protein subunits. Typically, there are 60, 120, 180, 240, 30¢, 360

and more then 360 viral protein subunits. Typically and preferably, the interactions of these

subunits Iead to the formation of viral capsid or viral-capsid like structure with an inherent

repetitive organization, wherein said structure is, typically, spherical or tubular, For example,

the capsids of RNA bacteriophages or HBcAgs have a spherical form of icosahedral

symmetry. The term ‘“‘capsid-like structure” as used herein, refers to a macromoiecular

assembly composed of viral protein subunits resembling the capsid morphology in the above

defined sense but deviating from the typical symmetrical assembly while maintaining a

sufficient degree of order and repetitiveness. One common feature of virus particle and virus-

like particle is its highly ordered and repetitive arrangement of its subunits.

[(}069] Virus-like particie of an RNA bacteriophage: As used herein, the term “virus-like

particie of an RNA bacteriophage” refers to a virus-like particle comprising, or preferably

consisting essentially of, or consisting of coat proteins, mutants or fragments thereof, of an

RNA bacteriophage. In addition, a virus-like particle of an RNA bacteriophage is resembling

the structure of an RNA bacteriophage Furthermore, a virus-like particle of an RNA

bacteriophage is non replicative and/or non-mnfectious. Typically and preferably a virus-like

particle of an RNA bacteriophage is lacking at least one of the genes, preferably all genes,

encoding the replication machinery of the RNA bacteriophage, Further preferably a virus-like

particle of an RNA bacteriophage is also lacking the gene or genes encoding the protein or

proteins responsible for viral attachment te or entry into the host. This definition , however,

also encompasses virus-like particles of RNA bacteriophages, in which the aforementioned

gene or genes are still present but inactive, and, therefore, also are leading to non-replicative

and/or non-infectious virus-like particles of an RNA bacteriophage. Preferred VLPs derived

from RNA bacteriophapes exhibit icosahedral symmetry and comnsist of 180 subunits

(monomers). Preferred methods to render a virus-like particle of an RNA bacteriophage non



hil-1 0116-269 (L6A) 1.03 0.65 hlL- 113116-269 (T9G)0.82 0.42 101- 113116-269 (RI 10)0.34 0.25
hiL-116-269 (D54R) 3.25 1.67 hiL-1 p116.269 (AEE5,'1) 1.10 0.27 hl16-269 (ASND52-54) 0.13 0.08
h L-1i3116-269 (K63S/K65S) 2.22 1.38 hiL- 1 pi 1 -269 (Q126AfE128A)0.77 0.55 h1L-113116-269
(D145K)1.39 0.26 B. Biological activity of human IL-1[3[16.269 and human IL-Pus-269 muteins in
human PBMEGO89%¥°Eripheral blood mononuclear cells (PBMCs) werefi§{Et8Y i freparinized
blood of a healthy donor by Ficoll density gradiertxentrifugation. 5x105 cells per well were incubated

with titratin amoun ither ' 1L-11.31:1.9- j : man
|L-113119-%8%mﬁ%ﬂté%§&§ t@%ﬁ%ﬁ@%%@r}%@e@ n%ﬁ%ﬁggﬁﬁﬁﬁﬁgﬁmﬁaﬁﬁﬂe cell

culture supdPramIRRASSTIERST 058 beaIGUE BT ARl BICHSEFEAmESiRAK ®Fable 4 shows that with the
exception ofggseinsn)la; bk3h1 626 9HDRAR) ‘and Nita] 53146269 (ka3BAE5E)nueh thigher amounts

of all mutants were necessary to induce the same IL -6 eI i s wild type human IL-113119-269
o . . 1 . ~
indicating a?léeaﬁc?fo%a% %rf%a%%lvcfﬁ?.oﬂ%o actor | Sy%w er‘c%% i%ﬁcfé%{:ga activity was reduced ranged from 13

fold for mutéMHIL-113ibetoe TIRETO] ebassrtbtasier sruters vl dizptamdoadrasatla). -69 -

Table 4: Biokpgicak activityoQf iunaan dleslddl 628 A Baabatsm an b ptdi3 b6, 26 stdtainssim human
PBMC. Protein/mutem Protein / mute in concentration (in ng/ml) required to induce 600 pg/ml IL-6

from humanP8MERSIEF reduction in bioactivity relative to wild type h1L-113116-269 hiL-113116-269 2
[8072] The compositions described herein are capable of inducing or enhancing an immune

responses against IL-1 in an animal or in human. It has surprisingly been found that
immunization with an IL-1 molecule, i.e. with an IL-1 alphe molecule or with an TL-1 beta
molecule, or with a combination of both, resulted in a clear amelioratior of the diet-induced
diabetic phenotype in male C57BL/6 mice.
[0073] The invention therefore provides a composition for the treatment, amelioration or
prophylaxis of diabetes, preferably of type II diabetes, wherein said composition comprises:
(a) a core particle with at least one first attachment site, wherein said core particle 1s a virus-
like particle (VLP) or a virus particle, preferably a virus-like particle; and (b) at least one
antigen with at least one second attachment site, wherein the at least one antigen comprises or
consists of an IL-1 molecule, preferably selected from the group consisting of IL-1 protein,
{L-1 mature fragment, IL-1 peptide and IL-1 mutein, wherein (2) and (b) are covalently linked
through the at least one first and the at least one second attachment site.
[0074] In a preferred embodiment, said composition comprises (&) 2 virus-like particle
{VLP) with at least one first attachment site; and (b) at least one antigen with at least one
econd attachment site; wherein said at least one antigen comprises an IL-1 molecule and
wherein (&) and (b) are linked through said at least one first and said at least one second
attachment site. In a further preferred embodiment said at least one antigen with at feast one
second attachment site comprises or preferably consists of {1} an IL-1 molecule; and (ii) 2
linker, wherein preferably said linker comprises or preferably consists of said second
attachiment site.
[8675] Preferably, said IL-1 molecule is linked to the core particie, so as to form an ordered
and repetitive antigen-VLP array. In preferred embodiments of the invention, at least 20,
preferably at least 30, more preferably at least 60, again more preferably at least 120 and
further more preferably at least 180 IL-1 molecules are linked to the core particie.
[0076] Any virus known in the art having an ordered and repetitive structure may be
selected as & VLP or a virus particle of the invention. [llustrative DNA or RNA viruses, the

coat or capsid protein of which can be used for the preparation of VLPs have been disclosed



7- h1L- 1 [3116-269 (R4D) 333 146 h1L-113116-269 (L6A) 31 14 ML- 113116269(T9G) 79 34

m..4[3116_269 (R11G) 30 13 h1L-1 p 116-269 (D54R) 5 2 h1L-113116 269 (AEE5151) 187 82 hiL-
113116-269 (ASND52-54) 872 381 h1L-113116-269 (K63S/K655) 13 6 hiL-113116-269

(Q126A/E1 zgégﬁ%g%L-ll?:llG-ZGQ (D145K) 386 169 EXAMPLE 9 A.¢zaupiingspishssman IL-1
P1167269 and human IL-10116-269muteins to QP virus-like particles [00243i Chemical cross-linking of
the Wll_d type human 11;113119-269 protein and e human IL-113119 269 muteins of EXAMPLE 7 to
Q13 virus-ligewartiotesoesaperfepaed, esscitiallyasrdesfibod il 2% /AMRIDDIEE, 28, line 4 10
page 31, Ime 4,
[0077] Virus particies or virus-like particles can be produced and purified from virus-
infected cell cultures. The resulting virus particles or virus-iike particies for vaccine purposs
-should be prcfcré.b iy non-rcpkiéativs or non-infectious, more preferably non-replicative and
non-infectious. UV irradiation, chemical treatment, such as with formaldehyde or chloroform,
are the general methods known to skilled person in the art to inactivate virus.
[0078] In one preferred embodiment, the core particie is a virus particle, wherein preferably
said virus particle is a bacteriophage, and wherein further preferably said bacteriophage is an
RNA bacteriophage, and wherein still further preferably said RNA bacteriophage is an RNA
bacteriophage seiected from QB, fr, GA or AP205,
[6679] In one preferred embodiment, the core particleisa VLP. In 2 further preferred
embodiment, the VLP is a recombinant VLP. Almost all commonly known viruses have been
sequenced and are readily available to the public. The gene encoding the coat protein can be
easily identified by a skilled artisan. The preparation of VLPs by recombinantly expressing
the coat protein in & host is within the common knowledge of the artisan.
[0080] In one preferred embodiment, the virus-like particle comprises, o1 alternatively
consists of, recombinant proteins, mutants or fragments thereof, of a virus seiected form the
group consisting of (2) RNA bacteriophages; (b) bacteriophages; (c) Hepatitis B virus,
preferably its capsid protein (Ulrich, et al., Virus Res. 50:141-182 (1998)) or its surface
protein (WO 92/11291); (d) measles virus (Warnes, et al., Gene 160:173-178 (1993)}; (¢)
Sindbis virus; (f) rotavirus (US 5,071,651 and US 5,374,426); (g) foot-and-mouth-disease
virus (Twomey, et al., Vaccine 13:1603 1610, (1995)); (b} Norwalk virus (Jiang, X., et al.,
Science 250:1580 1583 (1990); Matsui, S.M., et al,, J. Clin. Invest. 87:1456 1461 (1991)}; (i)
Alphavirus; (j) retrovirus, preferably its GAG protein (WO 96/30523); (k) retrotransposon Ty,
preferabiy the protein pl; (1) human Papilloma virus (WO 98/15631); (m) Polyoma virus,
preferably BKV; {n) Tobacco mosaic vn"us, and (o) Flock House Virus,
[0681] A VLP comprising more than one species of recombinant protein is generally
referred. in this application, as mosaic VLP. In one embodiment, the VLP is a mosaic VLP,
wherein said mosaic VLP comprises, or consists of, more than one recombinant protein
species, preferably of two different recombinant proteins, most preferably of two different
recombinant capsid proteins, mutants or fragments thereof.
[6682] The term “fragment of a recombinant protein” or the term “fragment of a coat
protein”, as used herein, is defined as & polypeptide, which is at least 70 %, preferably at least
80 %, more preferably at least 90 %, even more preferably at least 95 % of the length of the



B. Immunization of mice with human IL-1R r-116-269 and human

IL-113116-269 muteins coupled to Q13 capsid 1002441 Four female balb/c mice per group were
immunized with Qr3 coupled to either the wild type h1L-113116-269 protein or one of the
hiL-113116v26S0suasiss proteins. Fifty mg of total protein were diluted in BEYRE SN 2 PEnd injected
subcutaneously (100 ul on two ventral sides) on gay 0, 14 and 28. Mice were bled retroorbitally on day

35, and sera were analyzed using ELBAs specific for either.for eiumand ksl 13116269
mutein us@@%‘&'ﬂﬂf@%@@%@gﬁ%ﬁ@f f@ﬁﬁ@é@&o’gﬁ%ﬁg"% %%n?n%%%%%ﬁﬁhe wild type human
|L-1f3116-2@%&@1@&&5@%mmf@msﬁlmam%@af@&f&tmﬁmﬁé‘wwge

hiL-10116- %Aoroatf{&%r he JeSRestive: MLk P A6 268 iR RNt Crehaimtiinebiy] fig/ml. The
and t

plates were blocke | then incubated with serially dijlyted.mouse erasg m d@ﬁ -8 nd
antibodies mméﬁe%h@@vﬁt‘ﬁ’éﬁi??ﬁ%ﬁc‘%l@%%éﬁﬁﬁ%%ﬁ%gﬁ%séu?ﬁé ANt o&?‘“ Ant%%dy titers of mouse
sera were ¢cal Lastheaemnagadf those dilutions which led to half maximal optical density at 450

mu, and are shown,in Table 5. Table 5: QHEH%@@] 9-Awild typsrand mpiisimrsgegific 1gG titers
raised by it iZ AR It ?%fﬁléé%%-m or Q13-hif?131 35-269mutein cg}ines. Vaccine
Average arfiirhidr- 16581 6- 26 9olviigngpe I@j@%éﬁ%%)\%ﬁegggéaﬁfﬁfﬂﬁﬁﬁﬂﬁég mt

ut&in 1gG titer
(BSDz)a %13;3%&59&% 6:26% 25332504 398 L3uuler(Pd dvil $8:h 1462 ER(FRAD) 031 8TOTDIBATS 160666
7947 13-

IL-113116-269(L6A). 120224 7658 89377 17965 -131.16:260 T9GI261249
153716 2248693313%82%&%‘%L‘1)if3ﬂ%-%’§3&r fG"}"i‘?S’s?%z ﬁy\slgézﬁgné%mzéeo 47232
Q13-h1L-113dHrIPFADURY 2608D7ng 2286 YI2e85LE2rGeH98 Qi3-hIL-113116-269(DI 45K) 78365

26983 [0084] The term “mutant coat protein” refers to 'a'pokypcptidc baving an emioo acid sequence
derived from the wild type recombinant protein, or coat protein, respectively, wherein the
arrﬁ'no aﬁd sequence is at least 80 %, preferably at least 85 %, 90 %, 95 %, 97 %, or 99 %
identical to the wild type sequence, and wherein preferably said amino acid sequence retams
the sbility to assemble into 2 VLP. |
[0085] In one preferred embodiment, the virus-like particle is a virus like particle of
Hepatitis B virus. The preparation of Hepatitis B virus-like particles has been disclosed, mter
alia, in WO 00/32227, WO 01/85208 and in WO 01/056905.

Otner variants of HBcAg suitable for use in the practice of the present invention have been
disclosed in page 34-39 of WO 01/056905. |
» '[9086} It one further preferred embodiment of the invention, & lysine residue is infroduced
imto the HBcAg polypeptide, to mediate the linking of IL-1 molecule to the VLP of HBcAg.
in preferred embodiments, VLPs and compositions of the invention are prepered using &
HBcAg comprising, or alternatively consisting of, amino acids 1-144, or 1-149, 1-185 of SEQ
D f\IO:l, which is modified so that the amino acids at positions 79 and 80 are replaced with 2
peptide having the ammnc acid sequence of Gly-Gly-Lys-Gly-Gly (SEQ ID NO:170). Ths
modification changes the SEQ ID NO:1 to SEQ ID NQ:2. In further preferred embodiments,
the cysteine residues at positions 48 and 1 10 of SEQ ID NO:2, or its corresponding
fragments, preferably 1-144 or 1-145, are mutated to serine. The invention further inciudes
compositions comprising Fepamts B core protein mutants having above noted corresponding
amino acid zlterations. The invention further includes compositions and vaccines,
respectively, comprising HBcAg polypeptides which comprise, or alternatively consist of,
amino acid sequences which are at least B0Y%, §85%, 90%, 95%. 97% or 99% identical to SEQ -
IDNOZ.

[0087! In one preferred embodiment of the invention, the virus-like particle comprises,



93241 28856 Q13-h1L- | Pi 16-269 (AEL™) 287625 143835 229862 140169 Q13-1111,1 P116-269
(ASND52-54) 68895 14267 106116 = 25295 Qii-hIL-113116-269(K63S/K65S) 403712 402594
244552 173597 Q13-hlL-113116-269(Q126A/E128A) 195165 71436 170434 86831 [002461
Q13-h1T-1pdipsmadspmunization induced high titers of IgG antibodies apaimsriwiobE3dB86_269.
Moreover, vaccination with either of the Q13-1-1_1£,5-1j1116-269 mutein vaccines induced high 1gG
titers against both the respective hiL-113135_269 mutein used as immunogen, and the wild type
hiL-1131 | §e268tprsseitialiyy of. 20081 $U9BYEIP COPARD 0D IRISDBEY FP2 (BroBDMHEHAL%13116.269

muteins wegg dested;feriieirahikiv iovmbi the birding.efhumana apraipiagoiisdeceptor. ELISA

plates were therefore coated with g recombinant human,.lL:Ireceptorl-hEcfusi | a
concentrati§i B3 G ,cg?fﬂis%gi?m%éée@aﬁéc evﬁl/?t#a ?iggdm?k%aﬁée%%ﬁ?%Egi’e(scr%og%ﬁ%go% c? a"sgera and 100
ng/ml of h1:1@] 16:268 prateii ABintbaytofinhat 33R 60 6B theheimYBRized htrstEPPiia8feccptorl-hFc

eroxitmas B s e
peroxidase conjugated streptavidin. All sera raise galnrgi) f{-hIL-113116-269 mutein vaccines
completely R HRETIRMEY G 06 mP AR §R8B2R L 116-269 tO h1L-1R1 at serum

concentratiqpess} 3 fbof0 92481 Hhebainseseod thetevalsotestedifor ke raability coumisitsieehie
hlL-10116.269-induced secretion of |l - ] glis-Hnan BRMGS were.thereferg prepared as
described irP‘ES?RRﬂSL“%% oéer%g?r?%u k%t&é%{%ﬁhsﬁlgﬁ%gl wild type Bl -113115-260. ek had been
premixed withririsd oy BTN eRRSHE Of fRc SR HASS BRECEHEvE AR SR FIIghtIRE B tion the cell

culture supespUFRESIVES SranalyZedno g resen cextfdirbo TSEoNELNalz ing! GaiatityNstthe sera was
r d as thase dilutign ich | _ imal inhibiti f e iQn; r to all
et compbgh S THE ot et & i e B e B kG 162.60,

direct compé% he Scrum raised against wild type hlL-1133162,69,
the neutralizingditer&pFED $BrA Paisdtayame P 1L DI HOEiI AP\ herE LB Edte d of the

rtT|Spective W%i%éitﬁ@ié@ﬂ?;%@ﬁsaﬁ@i@Wﬂﬂﬁme;t{mﬁﬁﬁﬁwﬁ?@mi aljadprasishawn iQ gableide
all sera raised against la-113116-269 mutcins, 0.inhibit the secretion.of.ILz6.iduced by wi
type h|L-1135F§2%%1§@91 1%%%6&??%??85‘%@%%%@ ﬁérﬁQ%ﬁ%@%@%ﬁfﬁ’%&@af‘%ﬁn@t 13-hiL-1
P116-269 (RIQG) Il9453AsidrseramrnieEQan Q18(f tangid3renD (DHARY. IRl B

Neutralizing titer determined.in sefa QEmigeBHLNZes WithyareusiL-1 beta muteins. Vaccine
Neutralizing |ter%acpc%?f{eg§f%(?gq‘)(5r EL@A ti%]ar againstt\]/vild typeB%IL?llJ(.al?,l;lG-ZGQ) 3-hIL-113116-259

3333 Qft-h11088%1 16 P6FTrTsy sPhodmeninl PersT T8I TBANG ¥hY Bie3%HEhi Jfl‘f??f“%l%g (T9G)

1036 or alternatively consisting of mare than one amino acid sequence, preferably two amino acid
sequences, of coat proteins, mutants or fragments thereof, of an RNA bacteriophage. In one
very preferred embodiment, the VLP comprises or alternatively consists of two different coat
proteins of an RNA bacteridphage, wherein said two different coat proteins comprise or
preferably consist of the amino acid sequence of CP QB (SEQ IDNO: 3) and CP Qf Al (SEQ
1D NO:4); or of the amino acid sequence of CP SP (SEQ ID NO:8) and CP SP Al (S.EQ 1D
NG9
[0090] In preferred embodiments of the present invention, the virus-like particle comprises,
or alternatively consists essentially of, or alternatively consists of recombinant coat proteins,
mutants or fragments thereof, of an RNA bacteriophage, wherein preferably said RNA
bacteriophage is selected from bacteriophage QB, bacteriophage fr, bacteriophage AP203, and
bacteriophage GA.

[6091] In one preferred embodiment, the VLP is a VLP of RNA bacieriophage Qf. The
capsid or virus-iike particle of Qf showes an icosahedral phage-like capsid structure with 2
diameter of 25 nm and T=3 quasi symmetry. The capsid contains 180 copies of the coat
protein, which are linked in covalent pentamers and hexamers by disulfide bridges
(Golmohammadi, R. et al., Structure 4:543-8554 (1996)), leading to 2 remarkable stability of

the QP capsid. Capsids or VLPs made from recombinant Qf coat protein may contain,



QlS-RIL-113116-269 (R11G) 113 Q13-h1L-113116-269 (D54R) 4532 Q13-h1L-113116-269
(.6LEE50'51) 2871 WO 2009/109643PCT/EP2009/052639 - 72 - Qp-hIL-10116-269 (ASND52-54)
1109 Qp-hl1L- 1]3116 269 (K63 S/K65 S) - 3432 QP-hIL-1 P i 16-269 (Q126A1E128A) 1237
QP-hIL-1P1186- %J&éSK) 2369 E. In vivo neutralization of 1L-113 [002 é in Vi eutralizing
capacity of tjﬁgé%tgl §0 ies raised by immunization with Qp coupled-to eitherégv% gtg%%%\{g-sﬂBllG-ZGQ
protein Or to one of the M1,113116-269 muteinsighvestigated. Three female C3H/HeJ mice per
group are theretoss kmrinized thiee: timesianrdaysdddd 4o anbe? Subithid Oxaginfteifhapsaceine. On day
35 all immunized mice are injected intrav sly with 1 jig of free wild type hIL-113116-269. As a
control throd KT I A E I S St Hhe Shrie AEGiih TRELE AR SRSt % OFeie opmt
hiL-1f3115-269.dasatanide reshtse Sufpmsmatprwachivity of ke afabre DMSPpntic080pgriism samples

are withdrawg-jramesiatelyhefare:and, 34 aliardniselicnrad-anahead.fer 106 glalivs ngrease in the

concentration of the pro-inflammatory cytoking IL-6. Whereas naive mice show a strong increase in
serum IL-6 CBhSBRTGHBHLoFERHET e BRSEPITRLOf 201 BPSH69, MiHmdddhinnEStPrR#IPSp coupled
to the wild tyfeenrd Linlfly1i6eRGOTr dteineGn iomonsafileahl vabdiddibb 2GSt nsCiomeh shiow any

incr_easg in_s%gdg%h E:Ggfi%giﬁ?eté@& thatthe injected hlL-11_3116-259 IS _efficiently n_e_utra_llized by the
antibodies induced by the vaccines. EXAMPLE 10 A Cloning, expression and purification of mouse

IL-1a115-270P8%a nFerBer pratend vénteliss Ry Tob2s0 R phstsaentrRese duBrES BHIORY amino acids
115-270 of viigitypsnage iiieatid RV Batiiagedy, R Biftssea Hovary caf (B activated murine

Al L R e et Voo

CATAGAG-3VISEQ RYABRSoftheNA fragment was digested with Nhel and Xhol, and cloned into

- . the expression vector pET42T(), giving rise to the expression plasmid pET42T-mlL-1 ai .] 5-270.

~ [00251] By site directed mutagenesis of the latter plasmid, an expression vector for the mutein miL-lai
15-270 (D14%?{’?%@&5’8%%@F@&’f{?éiﬁﬁ’%ﬁ%ﬁ‘&oﬁi&l’é&i&eﬁ%ﬁ%ﬁﬁéﬁﬂﬁ@@hﬂgﬁ AP205.
(5-GGACTGEGSGBETATEAR AMAMT TEEASAFNECACTGRAGHR SFIDI BoblGidkas)wNGhe
2009/109643PCT/ER2009/052639 - 73.- alph 45K-2 (5 - el g
eTCoAGT AT ATRP R R R PR e KR be oy, ARASTSETRIR BAF RS
Quik-Change{¥yaSiion e argaeing fempssiaciShramipeacl iHamy RSOt iXpRHErRiuCed.
Elérére;soi(()[r)l&méK&u&tMiafmqmgd&wgmw&g;&%%ﬁg%mlamgﬂllﬁwsﬂ?W.@@o%b'fm .
all5- was . performed.as described i : oni xpression and purification
of human 11 TET 1557 BT A FETO | G28 PR (EPAR) bS5 S e e BT B e
encoding amissigoitsitd. 3Ry ket byild typedwian e Itxtasssiotarmdl ifiedbbyi REROframedfP S-activated

human B cell cR¥ibsary. sing, %ﬁ%b‘g&ﬁféﬁ%eﬂ%ﬁ&ﬂ&%Tﬁ@r%tlﬁélﬁﬁ%QAA
TGTGAAATAC AACTTTATG-3';, SEQ ID NO:141) and HIL-4 (5'-ATATATCTCG AGCGCCTGGT

TTTCCAGTAFETEX AREZS Ve Ee (NG I3 S5 eRea Fra grakivt 1 A5 e S WR¥ERmel and Xhol,

and cloned intaithe.expression vector pET42T(+), giving rise to the expression plasmid

PET42T-h1L-{ ggﬁﬂ’ LO%%&%@&/ '% | gﬁgdtﬁnu{z;ﬁgnésis of the latter plasmid, an expression
vector for theﬂr@éggin ILPIa 19-271 014?5K was ceonstrucct:ggl.pﬂss“lgget Sgngﬁ%%n%ocﬁse%%dﬁgﬁ

" halphaD 145 KA {ERENEE et CET MATEACPER ATTHCACKTAY CGRRAA BatFioSREs. D
NO:199) and halpha Bl 48k (2aGechdil ELGAS AMNISEGA MM T AGT CATA MGG eTGECCC-3'

iigttli Eanf/)e{s O??t%agg é?@%%%%g%% %%ﬁ?%%%%ﬁ%f%% gﬁ?g%g#% ﬁ%ﬁ@%&%ﬁiﬁ uman
IL-1a119-271 {ixpti5$6) esnateinl iy asoger ofnve dlasndesdryilvedsistE{ AMBiaE: toE XrAMPLE: ¥ird, Biological
activity of humag.lLglctl] 92 %t dk 18032 MR 14k BOHSHdlin nas been modified by

addition of at least one lysine residue by way of substitution and/or by way of inseriion. The

delenon, substitution or addition of at ieast one lysine residue allows varving 'the degree of

coupiing, i.e. the amount of IL-] molecuies per subunits of the VLP, preferably of the VLP of

an RNA bacteriophage, in particular, to match and tailor the requirements of the vaccine.

[6895] 1o one preferred embodiment, the compositions and x‘récbmcs of the mventon have

an antigen density being from €.5 to 4.0. The term “antigen density”, as used herein, refers t1©

the average number of IL-1 molecules which 18 linked per subunit, preferably per coat protein,



1a11570, and mouse 1L-1a115-270 (0145K) in human PBMC 1002541 PBMC from a healthy donor
(5x105 cells per well) were incubated with titrating amounts of either the wild type human IL-lai 19-271 -
protein, the human IL-lai19-271 (DI 45K) mutein, the wild type mouse IL-lal 15 27n protein, or the
mouse IL-1a115-270 (D145K) mutein. After over night incubation the am wa%pégge cell culture
supcmatant WeLHEEESfAd by Sandwich ELISA as readout of the biological activity of the different
proteins. Table 9 shows that 21 fold higher amouris of the mouse 1L-1a115-270 (D145K) mutein were

required to jndyceihe SAme A arKab-6 8 e carresPeRding sk TRAUSEs kalud 5270 protein.
In the case of the human IL-10.119-27n (D145K mlﬁtﬁ}nﬁ%-fold ignriler t@e%ﬂ?&?@n@ H}g wild type
WO 2009/1 08843 BB EH60556 38 17 ORI SR HIE-Y &1 1 857128 rofein Were réquired. This
demonstratescthasiiats, thaleuworappéitida:od-2¢dinE b4 5i¢) mvensimand the mouse IL-10115_270 (D145K)

mutein haviql@fg%ﬁ@g%g%i%mP5{@59&9&&%&?&gm%%gﬁeemm%wm%@mwﬁ Table 7:

Biological a ype proteins ‘and muteins in human PBMC as determined by IL-6
induction. Prtiisyrinete i fexgeisse dontlhes BER BIRRO DT HSIGUTe R BRERYYEFO R ARGTRIN
concentratiqf feauiresh 1, NFGa SR8 RetmhireKom hEvaasRB M gkl snetisedi haid 5270 (SEQ
ID NO:202) 4.7 mouse IL-10415-270 (Q145K) (SEQ ID NO:204),100 human Il.-1 al19:-271 (SEQ ID
NO.20%) 0 FHGRP 2t ot B ERB AT T RO BB R e b R G 02D
IL-Eu.119-23dipkiugnand belQad0 R (DIUSK)hmblLSe In 21f1hs prdpredembanicnamb e fstaw-270
(B145K) in ’?i&%l&%%%ﬁle Fouy J&%@'grﬁﬁ'% Wise RELEIOYPSNE einjestehinauangrgbiedth 10 ng of
either the wild type human IL-10,119-271 protejn, the human 1|.-1 al 19- 1&5145K§Jneustlenin, the wild
type mouse HIECEIER: 3G Bréfaiizc P e HIdHES AMARIES 0 (DT8R Wl Fhree hours after
injection serysaiasaylpid A (SAA) Masinedsiied IEQERIM@D iNjectsd ricecisrdagawdsbehe bioactivity

of the respective.brotein.. As shown i Moy - A0, (DIAKI mutein dpduced 53 %
less SAA thasﬁl?ifgsé%%gg%%ﬁ |r‘pilg‘\'/(\)’lvxlf?l(Elh g %%ﬁn%%%% IL-12?%§$Q7%8§r(§igein bc 0.05, Student t-test) and
the human |re@inoeprb i SEQCP NOSinviHeh Bsrarss dde die AACTIoAA 't%g %aé’ﬁ"ésponding wild type

human IL-10:dgb9;2 T Rratein, (br wRid0kpideniidesinEhisdeniarsigteyitiathathihestiuman (D
B s e S R T s e e

virus-like particle comprises, consists essentially of, or alternatively consists of mutant QFf
coat proteins. Preferably these mutant coat proteins comprise or alternatively consist of an
amino acid sequence selected from the group of (2) Qp-240 (SEQ ID NO:16, Lysl3-Arg of
SEQ ID NO: 3); (b) QF-243 (SEQ ID NO:17, Asnl0-Lys of SEQ ID NO:3); (¢) QB-250 (SEQ
1D NO:18, Lys2-Arg of SEQ ID NO:3); (d) Qf-251 (SEQ ID NO:19, Lysl6é-Arg of SEQ ID
NO:3); and (e) QB-259 (SEQ ID NO:20, Lys2-Arg, Lysl6-Arg of SEQ ID NO:3). The
construction, expression and purification of the above mdicated QF mutant coat protems,
mutant QP coat protein VLPs and capsids, respectively, are described in WO 02/056905. In
particular is hereby referred to Example 18 of above mentioned application.

[0098] In another preférred embodiment of the present invention, the virus-like particle
comprises, or alternatively consists essentially of, or alternatively consists of mutant coat
protein of Qf, or of fragments thereof, and the corresponding Al protein. In a further
préferred embodiment, the virus-like particle comprises, or alternatively consists essentially
of, or alfernatively consists of mutant coat protein with amino ac1d sequence SEQ ID NO:16,
17, 18, 19, or 20 and the corresponding Al protein.

[0099] Further RNA bacteriophage coat proteins have also been shown to self-assemble
upon expression in a bacterial host (Kasteiein, RA. et al., Gene 23:245-254 (1983},
Kozlovskaya, TM. et al., Dokl. Akad. Nauk SSSR 287:452-455 (1986), Adhin, MR. etal.,
Virclogy 170:238-242 (1989), Priano, C. et al., J. Mol. Biol. 249:283-297 (1993)). In
particular the biological and biochemical properties of GA (N1, CZ., ¢t ai., Protein Sci.



Table_ 8 Biological activity of IL-la wild type proteins and muteins in mice determined by SAA.
Prominimutein Serum SAA concentration (jig/ml) 3 h after protein/mutein injection (SD) mouse IL-1
Ot115-270 (SEQ ID NO:202) 115 32 mouse IL-I (X115-270 (D145K) (SEQ ID NO:204) 55 10 human
IL-Icing:2n (§BQetbyk@s203) 92 20 human IL-1 ans.271 (D145K) (SEQ NONEF2991§-34392 Table 9:
Mouse IL-1 beta and Mouse IL-1 alpha muteins_cgiresponding to preferred human IL-1 beta muteins

(SEQ ID NO:131 to 140 and SEQ ID NO:205 to 209 -1 alph tei ID NO:210
to 218) are Gréste A Eolthh éf B ihitabd a%azt%"ﬁleé ?#?ﬁ%%ﬁg%igﬁgﬁﬁﬁ%ﬁgggg Ed)rth ritis.
Humanhlall, 26X mutetdS samim Acidithanges intiddu Bael. R4S M. AR 11 BI(SEQ ID

NO:164)in qelet 19 OBIaIr {hg, AERANUINAMAIARR RARUSERIRNGK! BEhExshansaiarginine at
position 3 to aspartate 6_ SEQ ID NO: 132) Exchange leucine at position 5 to alanme T9G (SEQ ID
NO: 133) EM&N’Q@&F@%% gt poshigIE oo GRS RITERREGTE RS TER) B CRaiE& St ginine at
position 10 4g,glygineBE4RASEQilnNQ: 1ak) Exshauge aspaitatest positontSsstoargnme D145K
(SEQ ID NO: 136) Exchange aspartate at posiign 14310 lyaiaget ERo0:3hBERIPNP -#37)
insertion or substitution. Another advantage of the VLPs derived from RNA. bacteriophages is
their high expression yield in bacteria that allows production of large quantities of material af
affordable cost.

[00100] Tn one preferred embodiment, the composition of the invention comprises at least one
antigen, preferably one to four, more preferably one to three, still more preferably one to two
and most preferably exactly one antigen, wherein said antigen comprises or consists of an 1L~

1 molecule, preferably an IL-1 protein, an IL-1 fragment, an IL-1 mature fragment, an IL-1
peptide or an IL-1 mutein, wherein said IL-1 moiccule preferably comprises or even more
preferably consists of a polypeptide, wherein the amino acid sequence of said polypeptide
shows at least 80 %, preferably at least 90 %, more preferably at least 95 %, even more
preferably at least 99 % and most preferably 100 % sequence identity with any one of SEQ ID
NO:36 to SEQ ID NO:116, SEQ ID NO:130 to SEQ ID NO:140 and SEQ ID NO:163 to SEQ
IDNO:165.

[06101] In a further preferred embodiment said antigen comprises or consists of an IL-1 -
molecule derived from an organism selected from the group consisting of: (a) humans; (b)
primates; (¢) rodents; (d) horses; (¢) sheep, (£) cat; (g) cattle; () pig; (i) rabbit; (j) dog: (k)
mouse; and (1) rat. Most preferably said IL-1 molecule 1s derived from humans. In a very
preferred embodiment, the IL-1 molecule is & human IL-1 molecule. Further preferably said
TL-1 molecule comprises or preferably consists of a polypeptide, wherein the amino acid
sequence of said polypeptide shows at least 80 %, preferably at least 90 %, more preferably at
least 95 %, ever more preferably at least 99 % and most preferably 100 % sequence identity
with any one of the sequences selected from the group consisting of SEQ 1D NO:36, SEQ ID
NO:49, SEQ ID NO:63, SEQ ID NO:64, any one of SEG ID NO:67 to 110, and one of SEQ
ID NO:130-140, and SEQ ID NO:165.

[00162] In a further preferred embodiment said IL-1 molecuie is derived from rat or mouse,
preferably mouse, wherein said IL-1 molecule preferably comprises or even more preferably
consists of a polypeptide, wherein the amino acid sequence of said polypeptide shows at least
80 %, preferably at least 90 %, more preferably at least 95 %, even more preferably at ieast
99 % and mast preferably 100 % sequence identity with any one of SEQ ID NO:43, SEQID



Delete glutamate, proline at positions 49,50 LSND52-54 (SEQ ID NO: 138) Delete serine, asparagine,
aspartate at positions 51 to 53 1063S(K655 (SEQ ID NO:139) Exchange lysines at positions 62 and
6410 serines Q126A(E128A (SEQ ID NO: 140) Exchange glutamine at position 125 to alanine and
glutamate atyp@sihien ke to alanine K88N (SEQ ID NO:205) Exchange lysieratposisions87 to
asparagine R98Q (SEQ ID NO:206) Exchange qr%n_ine at position 97 to glutame 1(1 O3L (SEQ ID
NO:207) Exchange lysine at position 102 to leuciné LICKK92- 94%.| EQ ID NO:208) Delete lysine,
lysine, lysin®@t49oSkoH3 595 FFREDNYSEGEE NOYouD), EREnAhYE 16uenierat pohier™ to
asparagine N@Vj@@g@g@gg@@ﬂ@@g@g@@&j@@gaﬁsm ibivmanhlL- Ialpha119 -271 muteins Amino

acid chang uced in mou lalpha.115-27 I 202 to o taln
correspondlf?élréﬁ 46 BEARE EI? ato) Séxc&w%ﬁgqé’og%cﬁgrtlastg a pos&e b TR Fsine Li sk
(SEQ ID 14@r2&ﬁa)ﬁm*ﬁﬂgduheﬁn¢l§ﬂm@aﬂp®9ﬁmm Rezteetysind 148Ny SEQ I NOEEXchange

phenylalanrge at, %%lglgfﬂ ;40419 AERAr agINERIGA c&%@&@a&i@leé)fﬁgﬁlm?elwﬁ@a@lyposmn 17 to
alanine 162A (SE 0:214) Exchange tyrosine at position 70 to alanine
comprises or even more preferably consists of a polypeptide, wherein the amino acid

sequence of said polypeptide shows at least 80 %, preferably at least 90 %, more preferably at
feast 95 %, even more preferably at least 99 % and most preferably 100 % sequence identity
with any one of the sequences selected from the group consisting of SEQ 1D NO:36 to 48,
SEQ ID NO:63, SEQ ID NO:63, SEQ ID NO:67 to 88, and SEQ ID NO:165. Specifically
preferred embodiments of IL-1 alpha molecules are human IL-1 alpha molecuies, preferably
human I1-1 alpha proteins, human JL-1 alpha fragments or human 1L-1 alpha mature
fragments, wherein said IL-1 alpha molecules preferably comprise or even more preferably
consist of & polypeptide, wherein the amino acid sequence of said polypeptide shows at lcast
80 Y%, preferably at icast 90 %, more preferably at least 95 %, even more preferably at least
99 % and most preferably 100 % sequence identity with any one of SEQ ID NO:36, SEQ 1D
NO:63, and SEQ ID NO:163, most preferably SEQ ID NO:63,

00184} In a further preferred embodiment said IL-1 molecule is an IL-1 beta molecule,
preferably an IL-1 beta protein, an IL-1 beta fragment, an [L-1 beta mature fragment, an IL-1
beta peptide or an IL-1 beta mutein, wherein said IL-1 beta molecule preferably comprises or
even more preferably consists of a polypeptide , wherein the amino acid sequence of said
polypeptide shows at Jeast 80 %, preferably at least 90 %, more preferably at least 95 %, even
more preferably at least 99 % and most preferably 100 % sequence identity with any one of
the sequences selected from the group consisting of SEQ 1D NO:49 to 62, SEQ ID NOG:64,
SEQ ID NO:66, SEQ ID NO:89 to 116, SEQ ID NO:130 to SEQ ID NO:140, SEQ 1D
NO:164, and SEQ ID NO:165. Specifically preferred embodiments of I1-1 beta molecules are
human IL-1 betz molecules, preferably buman IL-1 beta proteins, human IL-1 beta fragments
or human IL-1 beta mature fragments, wherein said IL-1 beta molecules preferably comprises
or even more preferably consists of a polypeptide, wherein the amino acid sequence of said
polypeptide shows at least 80 Y%, preferably at least 90 %, more preferably at least 95 %, even
more preferably at least 99 % and most preferably 100 % sequence identity with any one of
SEQ ID NO:49, SEQ ID NO:64, SEQ ID NO:130 to SEQ ID NO:140 and SEQ ID NO:165,
most preferably SEQ ID NO:64.

[006165] In a further preferred embodiment said IL-1 molecule is an IL-1 protein, an I1-1

fragment or, preferably, an IL-1 mature fragment, wherein said IL-1 protein, IL-1 fregment or



W107F (SEQ ID NO:215) Exchange tryptophane at position15 to phenylalane , D20V (SEQ ID
NO0:216) Exchange aspartate at position 27th valine LFIL16-18 (SEQ ID 140:217) Delete
phenylalanine, valine, metnionine at positions 23 to 25 AIT0S96-99 (SEQ ID 140:218) Delete
isoleucine, thvecniapgicine, serine at positions 104 to 107 EXAMPLE r2PEReisvediss of
diet-induced type Il diabetes in male C57BL/6 migg (prophylactic setting) 1002561 Male C57BL/6 mice
were immunized on days 0, 14, arid 28 with 50 PS of either QP, Qp-rnlL-1lal 15-270Q, Q[3711111-r
10119-269 Bra *ﬁﬁmrga@f”%tﬁe{@???’oaﬁn‘a’@@ fid BWﬁgfﬁfé%ﬁié F&FRaPoaRY: Ril' MiYE were fed
normal rodemtfehdl, daidinailiKiba ce3436iok&bdapidtein, 4.5 % fat, 4.5 % fiber, 6.5 % ash, 54 %

carbohydra | i izati ' Y IS, dlef rep igh fat diet
(Provimi Kli Ee? ir%%ﬁﬁ%ﬁ%%%%%%ﬁe%@ %@@%‘é?%%ﬁ%g?&ég é/oga\gﬁ%g % (?g%ol%lgﬁates) for half

of the mice i &He BIRAE MBYRHICRE BIhEF RLtR @) R REPt GGl cPRVR R months after
the last immunization spise ied thehigh-datdisiongre ohese(avwriage fiody pneigiil» 4 %g) and showed
elevated fasting glucose levels (Table 10, 0'). 002571 In order to investigate on the diabetic phenotype
o these misk i BPE) AL tEate fos e R by e Ea B e &1 Tngig bocly
weight of Diglitosaumradgiestiizatijhantl ehstel AHRIAG BIBod ghiddsdléNiéielat regular intervals using the

Accucheck RigaehalncesemeierRachebdableska showsthat QRimmutzesmiceaaapluial chow
showed an Initial peak of 29 .5_mg/dée in blood glucose levels after l%f%é‘ulljjtes whjch ;qv{as followed by
i

a sharp droprihdalcsiieEofa i 5 T3re cRERBRGE 160X SRitRTT 08" A€ CPREFESK fevels and
kinetics of thigyiesponsenweie tssentalhcidentical in allsmdyuséygrotigs thathad beentithéintained on

normal Chowréié%%'f? $0LQBYMITHAESE R, on [V fabdiel an e oierhandneaksy 4t higher
g/dl) an

‘levels (367.8 m failed to show a significant decline until 60 mm post-challenge; only thereafter
blood glucodeps g staitbly GUEIEnE ?ﬁﬂ%ﬁ?ﬁ@t W EREP TR R I B SHE TEVEIE Within the 2 hour

observationgesiogenkhisiseyesEWNO K009 103643 PC TUERR00I052630b1Y &aidnipairment in glucose
clearance indicates that obe 3-immuqized rQice.hadéjgvelorp%g a ?i betic% hen WYelcH Obese
g 3 - "‘.1. £ . ﬁj
QP-mIL-Ia—,p&p@?ﬁﬁf—i%&?aonﬁg‘o% }Bq%?rﬁou%l&evdf _ﬁ%@ S iowgﬁ%n |n|t|gp|naf:_ é%slenl%r_ff?l § glucose levels
to --350 mgAdmmwiRsP RIS InTRvse Ry follovpadi By af duselineBtiischis pESUIRHaNT Y RE8se levels that
were consistently doyrer;thaikip-gRese R ImmNnized eRnabmica.M/ben.calstptingdhe area under the
curves resultip%fog the repgaate(% gﬂlgcost? mg;%sy en&entstshoyvng tg%lg/lo, it bec: mes evident, that
obese QP-riitSal> (18 AIEH PSIERSUHR Fiftmmis A IS MEISHRNel ar iR BIavEd §hitose clearance
with respecttiohdB3EsEQiRtmunized control mice (Table 11). Taken together these data show that
Immunizatiofyyiy %%—m}hfé@[}?e%e@ym%@n%%@@i@nmm Rath resuilted inea gleasamelioration
of the diet-induced dlabetlcg ‘enotépe. Table 10: Blood glucose levels (r;nglg l; mean SEM) before and
at different (A& HBiFY Afedr At AGUSHH © SEFHMRS FIBBRST Sht)RP FRIFORE TARLE SRBTE $-¥t&d for a
period of 5 houss-hefaretthe @xperimantNousegroupf 0albh30/ pptice’ 80Wk24' RRHIGHat diet 194.3
18.03424 %regtgfa%g’ﬁa?t'lgaé%& ‘%?gb%e]preferabiy at icast 95 %, even more preferably at least 99 %
and most preferably 100 % sequence identity with any one of the sequences selected from the
group consisting of SEQ 1D NO:49 to SEQ ID NO:62. Most preferably said IL-1 beta protein
is a human IL-1 beta protein, wherein said human IL-1 beta protein preferably comprises or
even more preferably consisis of a polypeptide, wherein the amino acid sequence of said
polypeptide shows least 80 %, preferably at least 90 %, more preferably at least 95 %, even
more preferably at least 99 % and most preferably 100 % sequence 1dentity with SEQ ID
NO:49.
[00109] in a further preferred embodiment said IL-1 molecule is an IL-1 fragment, preferably
an JL-1 mature fragment, and wherein said IL-1 fragment or said IL-1 mature fragment
preferably is derived from mouse or human, most preferably human. Preferably said 1L-1
fragment or said IL-1 mature fragment comprises or even more preferably consists of a

polypeptide, wherein the amino acid sequence of said polypeptide shows at least 80 %,

preferably at least 90 %, more preferably at least 95 %, even more preferably at least 99 %



29.3 350.4 = 31.6 298.5 31.9 250.3 23.3 te-m1L-1alls_270 high fat diet 195.6t 4.5 356.6 1 7.4
324.31.- 21.4 320.6 26.9 303.31 26.6 234.9 19.6 208.6 1 112 QP-mnriPus-zos 200.1-2z 341.91
348.31 313.31 297.61 256.9 234.7= high fat diet 11.6 11.6 27.6 31.2 27.3 22.6 19.0
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and most preferably 100 % sequence identity with any one of SEQ ID NO:63 to SEQ 1D
NQO:66, SEQ ID NO:130, and SEQ IDNO:163 to SEQ ID NO:165.

[60110] In a further preferred embodiment said IL-1 mature fragment is an IL-1 alpha mature
fragment, wherein said IL-1 ‘alpha mature fragment preferably comprises bioiogical activity
and wherein further said IL-1 alpha mature fragment preferably comprises or even more
preferably consists of a polypeptide, wherein the amino acid sequence of said polypeptide
shows at least 80 %, preferably at least 90 %, more preferably at least 95 %, even more
?refcrably at least 99 % and most preferably 100 % sequence identity with any one of SEQ 1D
NO:63 or SEQ ID NO:65, most preferably SEQ ID NO:63.

[60111] In a further preferred embodiment said IL-1 mature fragment is an IL-1 beta mature
fragment, wherein said IL-1 beta mature fragment preferably comprises biological activity
and wherein further said IL-1 beta mature fragment preferably comprises or even more
preferably consists of a polypeptide, wherein the amino acid sequence of said poiypeptide
shows at least §0 %, preferably at least 90 %, more preferably at least 95 %, even more
preferably at least 99 % and most preferably 100 % sequence identity with any one of SEQ ID
NO:64, SEQ ID NO:66, and SEQ ID NO:130, most preferably SEQ 1D NO:64.

[66112] In a further preferred embodiment said IL-1 molecule is an IL-1 peptide, wherein
said IL-1 peptide is derived from mouse, rat or human, most preferably human. Preferably
said IL-1 peptide comprises or even more preferably consists of a polypeptide, wherein the
amino acid sequence of said polypeptide shows at least 80 %, preferably at least 90 %, more
preferably at least 95 %, even more preferably at least 99 % and most preferably 100 %
sequence identity with any one of SEQ ID NO:67 to SEQ ID NO:116.

[60113] In a furtker preferred embodiment said IL-1 molecule is an IL-1 mutein, wherein
preferably said IL-1 mutein comprises reduced or more preferably no biological activity, and
wherein further preferably said 1L-1 mutein is capable of binding the IL-1 receptor. In a
further preferred embodiment said IL-1 mutein comprises or preferably consists of &
polypeptide, wherein the amino acid sequence of said polypeptide differs from the amino acid
sequence of an 1L-1 mature fragment in 1 to 3, more preferably in 1 to 2, and most preferably
in exactly 1 amino acid residue(s).

[66114] In one preferred embodiment, said IL-1 mutein comprises at least one, preferably
one, mutated amino acid sequence derived from a wild type amino acid sequence, wherein
said wild type amino acid sequence is an IL-1 beta amino acid sequence selected from the
group consisting of: (1) position 3 to 11 of SEQ ID NO:64; (2) position 46 to 56 of SEQ ID
NO:64; (3) position 88 to 109 of SEQ ID NO:64; and (4) position 143 to 153 of SEQ ID

NO:64; or wherein said wild type amino acid sequence is an IL-] alpha amino acid sequence
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selected from the group consisting of: (5) position 9 to 20 of SEQ ID NO:63; (6) position 52
to 62 of SEQ ID NO:63; (7) position 94 to 113 of SEQ ID NO:63; and (8) position 143 fo 153
of SEQ ID NO:63; and wherein said at least one mutated amino acid sequence is
characterized by an amino acid exchange in one to four positions, preferably in one, two or
three positions, more prcferably in one or twd positions, as compared to said wild type amine
acid sequence it is derived from; or wherein said at least one mutated amino acid sequence s
characterized by a deletion of one to four consecutive amino acids of said wild type amino
acid sequence it 1s derived from.

[06115] In a further preferred embodiment said IL-1 mutein comprises at most one mutated
amino acid sequence derived from each of said L-1 beta amino acid sequences (1) to {4); or
wherein said 1L-1 mutein comprises at most one mutated amine acid sequence derived from
each of said IL-1 alpha amino acid sequences (5) to (8).

[00116] In a very preferred embodiment said JL-1 mutein comprises exactly one of said at
least one mutated amino acid sequence, wherein preferably said exactly one mutated amino
acid sequence is derived from a wild type amino acid sequence, wherein said wild type amino
acid sequence is position 143 to 153 of SEQ ID NO:64 or position 143 to 153 of SEQ ID
NO:63.

[60117] In a further preferred embodiment said at least one mutated amino acid sequence is
characterized by a deletion of one to three, preferably of one to two, consecutive amino acids
of said wild type amno acid sequence it is derived from.

[00118] In a further preferred embodiment sai.d at least one mutated amino acid sequence 18
characterized by a deletion of exactly one amino acid of said wild type amino acid sequence it
is derived from.

[60119] In a further preferred embodiment said at least one mutated amino acid sequence 1§
derived from = wild type amino acid sequence, wherein said wild type amino acid sequence is
position 143 to 153 of SEQ ID NO:64 or position 143 to 153 of SEQ ID NO:63. Most
preferably said at least one mutated amino acid sequence is derived from position 143 to 153
of SEQ ID NO:64.

[00120] In a further preferred embodiment said at least one mutaied amino acid sequence 13
derived from a wild type amino acid scquence, wherein said wild type amine acid sequence is
position 46 to 56 of SEQ ID NO:64 or position 52 to 62 of SEQ ID NO:63, wherein
preferably said at Jeast one mutated amino acid sequence is characterized by a deletion of one
to four, preferably of two to three, consecutive amino acids of said wild type amino acid
sequence it is derived from. In a very preferred embodiment said IL-1 mutein comprises or

praferably consists of a polypeptide, wherein the amino acid sequence of said polypeptide is
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SEQ 1D NO:137 or SEQ ID NO:138.

[00121] In a further preferred embodiment said at least one mutated amino acid sequence is
derived from a wild type amino acid sequence, wherein said wild type amino acid sequence is
position 88 to 109 of SEQ ID NO:64 or position 94-113 of SEQ ID NO:63, wherein said at
least one mutated amino acid sequence is characterized by the deletion of one to four,
preferably of one to three, more preferably of one to two consecutive amino acids of said wild
type amino acid sequence it is derived from.

[00122] In a further preferred embodiment said at least one mutated amino acid sequence is
characterized by an amino acid exchange in one or two positions, preferably in exactly one
position, as compared to said wild type amino acid sequence it is derived from.

[00123] In a further preferred embodiment said wild type amino acid sequence 1s position 143
to 153 of SEQ ID NQ:64 or position 143 to 153 of SEQ ID NO:63 and said at least one
mutated amino acid sequence is characterized by an aminc acid exchange in one or two
positions, preferably in exactly one position, as compared to said wild type amino acid
sequence, wherein further preferably said exactly one position is position 143 of SEQ 1D
NQ:64 or position 145 of SEQ ID NO:63, wherein still further preferably said amino acid
exchange is an exchange of aspartic acid (ID) to an amino acid selected from the group
consisting of lysine (K), tyrosine (Y), phenylalanine (F), asparagine (N) and arginine (R).
[00124] In a very preferred embodiment said amino acid exchange is an exchange of agpartic
acid {D} to lysine (K. _
[08125) In a further preferred embodiment said wild type amino acid sequence is position 143
to 153 of SEQ ID NO:64 or position 143 to 153 of SEQ ID NO:63 and said at least one
mutated amino acid sequence is characterized by an amino acid exchange in exactly one
position as compared to said wild type amino acid sequence, wherein further preferably said
exactly one position is position 146 of SEQ 1D NO:64 or position 146 of.SEQ ID NO:63,
wherein still further preferably said amino acid exchange 1$ an exchange of phenylalanine (F)
to an amino acid selected from the group consisting of asparagine (N}, glutamine (Q), and
serine (S).

[(0126] In a further preferred embodiment said IL-1 mutein is an IL-1 beta mutein,
preferably a human IL-1 beta mutein, most preferably a human I1.-1 beta mutein selected
from SEQ ID NO:131 to SEQ ID NO:140, most preferably said 1L-1 mutem is SEQ ID
NO:136.

00127} In a further preferred embodiment said IL-1 mutein is an I1-1 beta mutein, wherein
preferably said IL-1 beta mutein comprises or preferably consists of a polypeptide, wherein

the amino acid sequence of said poiypeptide differs from the amino acid sequence of SEQ ID
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ID NO:218, wherein most preferably said IL-1 alpha mutein comprises or preferably consists
of a polypeptide, wherein the amino acid sequence of said polypeptide is SEQ ID NO:210.
[66130] In a very preferréd embodiment, said IL-1 molecule, and preferably said IL-1 alpha
mutein comprises or preferably consists of SEQ ID NO:210.
[66131] Further disclosed is & method of producing the compositions of the invention
comprising (a) providing a VLP with at least one first attachment site; (b) providing at least
one antigen with at least one second attachment site, wherein said antigen comprises or
consists of an TL-1 molecule, preferably an IL-1 protein, an IL-1 fragment, preferably an 1L-1
mature fragment, an IL-1 peptide or an IL-1 muiein; and (¢} combining said VLP and said at
{east one antigen with at least one second attachment site to produce said composition,
wherein said at least one antigen and said VLP are linked through the first and the second
attachment sites. In a preferred embodiment, the provision of the at least one antigen,
comprising said 1L-1 molecule, said IL-1 protein, said IL-1 fragment, preferably an IL-1
mature fragment, said IL-1 peptide or said IL-1 muten, with the at least one second
attachment site is by way of expression, preferably by way of expression in a bacterial
system, preferably in E. coli. Usually a purification tag, such as His tag, Myc tag, Fc tag or
HA tag is added to facilitate the purification process. In another approach particulariy the IL-1



002601 In order to investigate on the diabetic phenotype of the mice on high fat diet an oral glucose
tolerance test was perfoimed by administering a dose of 2 mg / g body weight of D-glucose
intragastrically and determining blood glucose levels at regular intervals using the Accu-check blood
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protein and foreign epitope. Glycine and serine residues are particularly favored amino acids
to be used in the flanking sequences. Such a flanking sequence confers additional flexibility,
which may diminish the potential destabilizing effect of fusing a foreign sequence into the
sequence of & VLP subunit and diminish the interference with the assembly by the presence of
the foreign epitope.
[60134] In other embodiments, the at ieast one [L-1 moiecule, preferably the IL-1 mutein can
be fused to a number of other viral coﬁt proteins, for exampie to the C-terminus of a truncated
form- of the Al protem of QB (Kozlovska, T. M., et al,, Intervirology 39:9-15 (1996)), or
being inserted between position 72 and 73 of the CP extension. As another example, the IL-1
moleculs can be inserted between amino acid 2 and 3 of the fr CP, leading to 2 I1-1-fr CP
fusion protein (Pushko P. et al., Prot. Eng. 6:883-891 (1993)). Furthermore, IL-1 can be fused
to the N-terminal protuberant f-hairpin of the coat protein of RNA bacteriophage MS-2 (WO
92/13081). Alternatively, the IL-1 can be fused to a capsid protein of papillome wvirus,
preferably to the major capsid protein L1 of bovine papilliomavirus type 1 (BPV-1)
(Chackerian, B, et al,, Proc. Natl. Acad. Sci.USA 96:2373-2378 (1999}, WO 00/23935).
Substitution of ammo acids 130-136 of BPV-1 L1 with an IL-1 is aiso an embodiment of the
invention. Further embodiments of fusing an IL-1 molecule to coat profein of & virus, or to
mutants or fragments thereof, have been disciosed in WO 2004/009124 page €2 line 20 1o
page 68 line 17. ,
[00135] US 5,698,424 describes a modified coat protein of bacteriophage MS-2 capable of
forming a capsid, wherein the coat protein is modified by an insertion of a cysteine residue

into the N-terminal hairpin region, and by replacement of each of the cysteine residues located
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externaj to the N-terminal hairpin region by a non-cysteine amino acid residue. The inserted
cysteine may then be iinked directly to a desired molecular species to be presented such as an
epitope or an antigenic protein.
[00136] We note, however, that the presence of an exposed free cysteine residue in the capsid
may lead to oligomerization of capsids by way of disulfide bridge formation. Moreover,
attachment between capsids and antigenic proteins by way of disulfide bonds are labile, in
particular, to sulfhydryl-moiety containing molecules, and are, furthermore, less stable in
serum than, for example, thioether attachments (Martin FI. and Papahadjopouios D. (1982)
Irreversible Coupling of Immunoglobulin Fragments to Preformed Vesicles. J. Biol. Chem.
257: 286-288).

[08137] Therefore, in a further very preferred embodiment of the present invention, the
association or linkage of the VLP and the at least one antigen comprising or consisting of the
IL-1 molecule, does not comprise a disulfide bond. In a further preferred embodiment the at
least one second attachment comprise, or preferably is, a sulfhydryl group. Moreover, in again
a very preferred embodiment of the present invention, the association or linkage of the VLP
and the at least one antigen does not comprise a sulphur-suiphur bond. Further preferably, the
at least one second attachment comprise, or preferably is, a sulthydryl group. In a further very
preferred embodiment, said at least one first attachment site is not or does not comprise a
sulfhydryl group. In again a further very preferred embodiment, said at east one firsi
attachment site is not or does not comprise a sulfhydryl group of a cysﬁeine.

[60138] In a further preferred embodiment said at least one first attachment comprises an
amino group and said second attachment comprises a sulfhydryl group.

[60139] In a further preferred embodiment, said first attachment is an amino group and said
second attachment site is a sulfhydryl group. In a still further preferred embodiment, said first
attachment is an amino group of a lysine residue, and said second attachment site is a
sulfhydryl group of a cysteine residue,

[00140] In a further preferred embodiment only one of said second attachment sites
associates with said first attachment site through at least one non-peptide covalent bond
leading to a single and uniform type of binding of said antigen to said core particle, preferably
to said virus-like particle, wherein said only one second attachment site that associates with
said first attachment site is a sulfhydry! group, and wherein said antigen and said core
particle, preferably said virus-like particle, interact through said association to form an
ordered and repetitive antigen array, and wherein further preferably said first attachment site
is an amino group of a lysine residue.

[60141] In a further preferred embodiment said virus-iike particie comprises, essentiaily
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in an animaknerddie use of clalm 1, wherein said diabetes is type Il diabetes. 3.The use of claim 1 or 2,

wherein Sal?ﬁ%qm L prcfcrred embodiment said virus-like particle comprises, essentially
consists of, or alternarively consists of, recombinant coat proteins, mutants or fragments
thereof, of an RNA bacteriophage, wherein preferably said RNA bacteriophage is selected
from the group consisting of: (a) bacteriophage AP203; (b) bacteriophage fr; and (c)
bacteriophage GA; and wherein said at least one antigen is fused to the N- or the C- terminus,
preferably to the C-terminus, of said recombinant coat proteins, mutants or fragments thereof,
and wherein further preferably said at least one antigen comprises or preferably consists of 2
polypeptide, wherein the amino acid sequence of said polypeptide is SEQ ID NO:136 or SEQ
ID NC:210, preferably SEQ ID NO:136.
[00143] in a further preferred embodiment an IL-1 molecule, preferably an IL-1 protein,
more preferably an IL-]1 marure fragment, still more preferably an IL-1 mature fragment
comprising or consisting of amino acid sequenced SEQ ID NO:63 to SEQ ID NO:66, most
preferably SEQ ID NO:63 or SEQ ID NO:64, is fused to either the N- or the C-terminus,
preferably the C-terminus, of 2 coat protein, mutant or fragments thereof, of RNA
bacteriophage AP205.
[00144] in a very preferred embodiment said virus-like particle comprises, essentially
comsists of, or alternatively consists of, recombmamt coat proteins, mmtants or fragments
thereof, of bacteriophage AP205, wherein said at least-one antigen is fused to the C- termins
of said recombinant coat proteins, mutants or fragments thereof, and wheremn said at least one
antigen comprises or preferably consists of a polypeptide, wherein the amino acid sequence of
said polypeptide is SEQ ID NO:136 or SEQ ID NO:210, preferably SEQ ID NO:136.
[08145] VLPs comprising fusion proteins of coat protein of bacteriophage AP205 with an
antigen are generally disclosed in W0O2006/032674A1

In one further preferred embodiment, the fusion protein further comprises & hnker,

wherein said linker is fused fo the coat protein, fragments or mutants thereof, of AP205 and
the IL-1 moiecule. In a further preferred embodiment said IL-1 molecule is fused to the C-
terminus of said céaf: protein, fragments or mutants thereof, of AP205 via said linker.
[00146} 1t has been found that IL-1 molecules, in particuler IL-1 proteins and IL-1 fragments
comprising at least 100 and up to 300 amino acids, typically and preferably about 140 to 160
amino acids, and most preferably about 1353 azm'n:o acids, can be fused to coat protein of

bacteriophages, preferably to coat protein of AP205, while maintaining the ability of the coat



4.The use of any one of claims 1 to 3, wherein said IL-1 molecule is selected from the group consisting
of: (a) IL-1 mutein; (b) IL-1 protein; (c) IL-1 mature fragment; (d) IL-1 fragment; and (e) 1L-1 peptide.
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IL-1 beta molecule consistin lg of an amino acid sequence selected from the grou conS|st|ng of: (a)

human IL-| BERPPE 968 (SE T NOSEP P RdMRNGIRsHsR 11 8- 396 ERESI NG 468): (c) mouse
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~"to 8, wherein sal 1 molecule i1s an | beta mutein,
: Minion, F.C. {1993) Enhanced readthrough of opal {UGA) stop codons and production of

Mycoplasma pneumoniae Pl epitopes in Escherichia coli. Gene 134, 33-40), which encodes a
suppressor t-RNA recognizing the opal stop codon and introducing Trp is used. Suppression
of amber termination can be increased by use of plasmid pISM579, which overexpresses a
suppressor t-RINA recognizing the amber stop codon and introducing Trp as well. Plasmid
pISM579 was generated by excising the trpT176 gene from pISM3001 with restriction
endonuclease EcoRl-and replacing it by an EcoRl fragment from plasmid pMY 579 {gift of
Michae! Yarus) containing an amber t-RNA suppressor gene. This t-RNA suppressor gene is
a mutant of irpT175 (Raftery’ LA. Et al. (1984) J. Bacteriol. 158:849-859), and differs from
trpT at three positions: (G33, A24 and T335. Expression of the AP205-interleukin-1alpha fusion
protein in an E.colf strain with amber suppression (supE or ginV) such as E. coli IM109 may
generate a proportion of AP205-IL-] fusion proteins with a Gin instead of Trp introduced at
the amber stop codon, in addition to AP205-1L-1 fusion proteins with a Trp introduced at the
amber stop codon.The identity of the amino acid translated at the stop codon may therefore
depend on the combination of suppressor t-RNA overexpressed, and sirain phenotype. As
described by Miller JH et al. ((1983) }. Mol. Biol. 164: 59-71) and as is well known in the art,
the efficiency of suppression is context dependent. In particular, the codon 3’ of the stop
codon and the first base 3° from the stop codorn are particularly important. For example, stop
codons followed by a purine base are in general well suppressed.

[66148] Thus, in a preferred embodiment said VLP is 2 mosaic VLP, wherein said mosaic
VLP comprises or preferably consists of at least one, preferably one, first polypeptide and of
at ieast one, preferably one, second polypeptide, wherein said first polypeptide is a
recombinant capsid protein, mutant or fragments thereo'f; and wherein said second

polypeptide is a genetic fusion product of a recombinant capsid protein, mutant or fragments



81b 10. The use of claim 9, wherein said IL-1 beta mutein comprises a polypeptide, wherein the amino
acid sequence of said polypeptide differs from the amino acid sequence of SEQ ID NO:64 in 1to 4
amino acid residues. 11. The use of claim 9, wherein said IL-1 beta mutein consists of a polypeptide,
wherein the gnsineagisksequence of said polypeptide differs from the amiroramdissezesnce of SEQ ID
NO:64 in 1 to 4 amino acid residues. 12. The use-gf claim 9, wherein said IL-1 beta mutein comprises
a polypeptide, wherein the amino acid sequence of said polypeptide is selected from SEQ ID NO:131
to SEQ ID NsT#fo Bipigr S DA o 5818 DD 09 L 3o les B of Bishisr ot in said IL-1
beta muteingongisten0fai IRly peptdeidvhereinthehamine acigrsrgueeetaisrigpabpentide is
selected from SEQ ID NO:13 SEQ.ID NO:140 and S D NO:205.10 D NQ;209. 14. The
use of claimagr,n 3% er%ﬁnﬁg%?lcf ‘i% %%’%E%uatgﬁwﬁ%gn? 6??%%%‘%%%%%%3%%%&@%%% l‘za?ﬁ%’r%ea%:S"ld sequence

of said polypepticé pSESEIDINOMRE!, 1BEThBUBE 3Ecl &RV VA Elp. Saick Ivetybetfamiedein consists
of a polypeptige,qwher siti theaminRaeid segdenseet saidipelvpepiideris.a 5 QN @ibge. 16. The use
of any one of claims 1 to 15, wherein said at least one anti 4&1 %I a?t qne second attachment
site comprisES i &8 Iﬁglaﬁ%ggnn%fe&ﬁ%ﬁ}&e%ﬁ*é% dlﬁ_-Tg§£?§/ St ggfé is BETH'Rio™165 or 82
SEQ ID NO1k36rand i pdsinkerplivhgreiinsafdriek eredomp sbe daichseced st attaofyparidsite, and
whereln said inKELSRMRIRER QLA PP EARRINS.AE Gl BEQURING LIBKARGGREG (SEQ 1D

NO:188) 17. The use of any one of claims 1 to 15, wherein said at least one antigen with at least one

second attaFATERDSE BEh &St almTp i i ivtd Imb el wrdiairsgid i1 sestolscule is SEQ
ID NO:165 qu:SER b NQ:tasiand fijiarinkesnaheraisisaidtinkeneaimprises it seaent attachment
site, and wherein said_linker comprises GGC (SEQ ID NQ:178) or GGCG (S NO:188). 18. The
56 of any OB AR AT I Do T DB Chl BB ATS R0, THR D The use o
any one of ctaimEst6 wo TR apnssftlaldsy LotfprigerecetGtsEdy Bl gy 2gothe use of any
one of claims3640 dB . Mherainsaithlinker Gensists abaCGE 4RER RN 1882 brThdise of any

one of claims 16 to 20, Where%]r sal_dgﬁg{?l%covaken%i

goun to.%he C-%er inus of said ]l_-1 beta
molecule by WAS P &ptTe BoHi o (1EPOrRRS 6R & Bt S4InET opgly,p\%ﬁl relf ¥4id at least one

antigen withmatskeaStLre ifeicont latiedhabént  Site 65l anysopeioftBE €0t KOs 220 to 223. 82a 23. The
use of any ORgQbCidigs grﬁ%%%% WheaiRsRd @t I53sHPRR aRtiden vl 3 8RS e Secand

attachment site is SEQ | :220. 24. The use of any one of claims 1 to 4, wherein said IL-1 molecule

is an IL-1 algHeiwble pEsmpreiig B rerirsdiy oo Erdamg b ehlsahtmoiatiaieehtign d%selected from
the group cansistincgdEstaddeumdasd vtk iphad b8 2¢do(d BEQIRMND:63Yi{la) lhssnar thvhlaipha 119-271

(SEQ D NOyga) 0, mavse bl A7:210(SE0 NG 02 and @han amig agd sequence

0, O ferably at least 90 %, more preferably at least 95 %, or most preferably at
least 99 % i@EFRFCEFHWRHHIS) DRetdT TEABICEIeSEEPIIFN O PEICaP IS E QI BIND 2030:25. The use

of any one of,¢limsylite Anh@4rouperrinsaid ibsikimolecus s dietalphadauein ovhgrein

preferably said IL-1 alpha mutein comprises or preferably consists o ol ti«%% wherein the amino
Beid seauendE TSRS Hs RGeS A A Cararatof SR TONEES in 1 o 4
amino acid resfdubly, andlwhiotainfoheeptefsrably said IL-1 alpha mutein comprises or preferably

consists of g pAkHaRtdervhereitheRminAsitseuaRce ofsaidpalypeptide.igselecied from SEQ
ID NO:210 to SEQ ID NO:218, and wherein still fiirthﬁogreferabl said, IL-1 alpha mutein comprises or

preferably c&HEI<IRIBe PGy PeStraRy AR EPLRD SRR idASa CauEARE 1BF BLIFESHESER is SEQ ID
NO:210. 26.afihemise ofcdny ahikaivlaimsg, bideds it o Eby duyieneiny séidcatitéast one antigen with at

| 'n‘i"gls;:url‘g isée EQQ%E‘%%?%%%&E Sopsisisaf dpankhalphadnalecls: whesainsaid b alpha
way of chemical cross- linking, typically and preferably by usizlg & heterobifunctional cross-

linker. In preferred embodiments, the hetere-bifunctional cross-linker contains a functional
group which can react with the preferred first artachment sites, preferably with the amino
group, more preferably with the amino groups of lysine residue(s) of the VLP, and a further
functional group which can react with the preferred second attachment site, i.e. a sulthydryl
group, preferably of cysteine(s) residue inherent of, or artificially added to the IL-1 molecule,
and optionally aiso made available for reaction by reduction. Several hetero-bifunctional

cross-linkers are known to the art. These include the preferred cross-linkers SMPH (Pierce),



83 SEQ ID NO:210, preferably SEQ ID NO:203; and (ii) a linker, wherein said linker comprises said
second attachment site, and wherein said linker comprises or preferably consists of GGC (SEQ ID
NO:178) or GGCG (SEQ ID NO:188), preferably GGCG (SEQ ID NO:188); wherein preferably said
linker is covedenibydnaung to the C-tetininus of said IL-1 alpha molecule bya¥apzita/sestide bond. 27.
The use of any one of claims 1 to 4, or 24 to 26, wherein said at least one antigen with at least one

second attachment site is any one of SEQ ID NOs 224 or 225, and wherein gﬁgrabl said at least
one antigerPWih\dBlosat g et obiel Rrat et Speis Bew i N Bo sy s&'6Pany one of the

preceding claimsgwherein saiskvikus-ike papicieismevirs-likeatiohofiar RdApbacterdophage. 29.
The use of claim 28 wherein said RNA bacteriophage is sel rQ isting of: (a)
bacteriopha%énfﬁfg?\%lﬁ?cblg%%legfgbl%é%agfxp ggm?;c? ggt%‘r%ﬁ%%%%ﬁ?%%}%% Egﬂgue?r?c?f)%h%g]e GAL 30.
The use of tleimi28ihétdiarais RisAbeisterrIbRa & Halirkeis fHagadco JampHanRe®f any one of

the preceding,glaims, yeRerainisaigvirus-ikenbarinle semntisRscegambinant cRAtNISiRIAS, mutants or
fragments thereof, of an RNA b cteyios&)h%?e , 83a 3t2. Tl]e use Iogkany one ofithel.ﬁlvq_ig@} to 30,
wherein saiff Yiis- K8 AHIEHER0m BHise s FeEBMBIHARY B8af 1Sroteing of an RNA bacteriophage. 33. The
use of any exnteofithercaimskicthSGrudie BMRIAId Airubdikdaparicleoesbietiallyitonsiststef recombinant
coat proteing, of an RNAaCielioRhAge. 34,56, Uae ek A AR FLBE SR LR 30muberein said

virus-like particle consists of recombinant coat proteins of an RNA bacteriophage. 35. The use of any

one of the predédirbrieninandvitereht SaRP RINRAIBREEHTID YRSk LERE e PRERS TRETS S consisting of:
(a) bacteriophage, (243 haceriephagenAR205 fophkaateriophage fr; and (d) bacteriophage GA. 36.
The use of of the.preceding.claims, wherein said r abinan j prise SEQ ID
- NO:3. 37. T@u%ﬁé’fa ?ft%ggoﬁﬁgdﬁ%ccé’, fﬁvg §P§Pr%ssﬁ%)v g?iﬁﬂ%%%&%%ﬁ?@ﬁ%%tems consist
- of SEQ ID Nigks: 38 2 Thishgsproftapy SRROSTERE fraadisast Rl AR aiifsdid fitse2taBhment site is

linked to said $eaqnd AHRGNREREBIE MARISASHANE, GONAENIRDRE:B4BBrTdeaise afdaim 38,
broceing CEAE e EEITISE SHATREN Has COHAGas & Nareiat & o 9 group
‘preferably amadind gicuprairafiysiesdd [iThe tsewbiamg ookt préesdiglciitaiinWherein said

second attachment §itgCOMRPISES i OfRIeferahhhis: @ stlibNdr SrouppRIsiaraRinassuydry! group of
a cysteine. 42. The use of any gne of the precedlrég cla‘ms, wherein said flrl%aétéafhmentfjs an amino

group and WHEHERT SRRSELS Ftd AR nEPs R & FGASaRrs & BFERY of the
preceding claigsyadieteinhsaithfirshatiaefmehtistadiaminogieypotet lisiosjand Bakisecond

attachment siteis 8 SUIRYSY GIqUR, 01 QUSISITE 44, Fe Se 0l Aok ohie piecedingeciaims, wherein

said first attichment site IS not a sulthy rgl group, or wherein said linkage of said virus-like particle and
said at leastoBherEitigR W6 SEHEE LoRpHEE FeaEupENSEhEpmprises, or alternatively conststs

of, the second attachment site. In & further preferred embodiment, the linker comprises a
sulfhydryl group, preferably of a cysteine residue. In another preferr_ed embodiment, the
amino acid linker is a cysteine residue.

[00153] The selection of a linker will be dependent on the nature of the IL~1 molecuie, on its
biochemical properties, such as p, charge distribution and glycosylation. In general, flexible
amino acid linkers are favored. In a further preferred embodiment of the present invention, the
linker consists of amino acids, wherein further preferably the linker consists of at least one
and at most 23, preferably at most 20, more preferably at most 15 amino acids. In an again
preferred embodiment of the invention, the amino acid linker conteins 1 to 10 amino acids.
Preferred embodiments of the linker are selected from the group consisting of: (a) CGG (SEQ
1D NO:171); (b) N-terminal gamma 1-linker, preferably CGDKTHTSPP (SEQ ID NO:172);
(¢) N-termina] gammae 3-linker, preferably CGGPKPSTPPGSSGGAP(SEQ ID NO:173); (d)
Ig hinge regions; (¢) N-terminal glycine linkers, preferably GCGGGG (SEQ ID NO:174); (f)
(GC(G)n with n=0-12 and k=0-5 (SEQ 1D NO:175); (gj N-terminal glycine-serine linkers,
preferably (GGGG8)n, n=1-3 (SEQ ID NO:176) with one further cysteine; (h)



45. The use of any of the preceding claims, wherein only one of said second attachment sites
associates with said first attachment site through at least one non-peptide covalent bond leading to a
single and uniform type of binding of said antigen to said virus-like particle, wherein said only one
second attaclwensitesihat associates with said first attachment site is a soifimpdogb/igsoesp, and
wherein said antigen and said virus-like particle injgract through said association to form an ordered
and repetitive antigen array. 46. The use of any of claims 1 to 37, wherein said first attachment site is

linked to said B EHLERR eI SER BB ie XS on & EbV A P toF v réiR §5id E8vatEnt bond is a
peptide bongsEmdwhereaingpreteralgy saith visEslike panticte)camrisesn8daassentidtlyconsists of, or

alternatively g&gr%%\slv Trﬁgg%gga "i‘bpf\%%'ﬁ'@) ;m@a@_g%‘gﬁggi%gg@_ggsﬁﬁ%gf of-an.RNA

bacteriopha%e, an erein said at'least one antigen'is fused to t or the C- terminus of said

recombinanPKBST Profesaxsimtiiahis OvERAGMEVes!therdar. Grerpipsiugecdciameae pifsetdin said RNA
Eacteriopﬂa@@;gc}i%g‘(%‘%gbfmmh@%gw%?ﬂ@t@jﬁ%ﬁ ﬁ%b@f@&@b@@@g@@ﬁﬁ%:&@mﬁ) o

acteriophage fr; and (c) bacteriophage an referably sai \ bacteriophage is
bacteriophagét‘?&rﬁﬁﬁlﬁgﬁ%?@rﬁé’%fs%nggéhV%ﬁﬁ@%@ggﬁgncﬁi}rn% ggﬁgeﬂ%%al' % Igétét %lﬁe antigen
with said at feabstraye:secantl(eitahie GBI (o€ Ginwitisesdalliikers wheldity el limkdr comprises
said second agachipenisite apg whereinmaid-inkenisRssasiateddoisaid aniigen Byay.of one

peptide bond. 49. Use of a vaccine comprising the composition of any one of the preceding claims for
the manufadeirengt & tie dichmeletly Ihardstmettorrabetaesy ahmimaiisn, Hhirlge%r claim 49,
wherein saiddliabetes shpenlisdisieteschbduidhe use of claim 49 or 50, wherein said animal is a

human. 52. of any,one of claims 49 to 51, wherein said vacei nsj f mposition of
any one of %Ilfli:fnsg ?1?‘: 8%5%%.‘% res Sgceoé lgﬁy}%ﬁg So}n&arl%w%%%g:ég @%%%ﬁér%?r%gfﬁgc%rrﬁ%%%ition IS
present in apoafféringe: MBI rSAITRNE Se@of ACBRETOPERIMSIAD B 5T BBh by RIKg & first

com pgsitionq@t@@@ﬂléﬂ?m @f{ﬁ@ﬁﬁg@mgueﬁnwaegghiaﬂsfi%ﬁaaslg@@mgaﬂQEQsm gmr;zgﬁﬁtion
according to_any one of claims 1 to 48, and wherein t -1 molecule ¢ id first
composition'i ﬁl?fi?%ré?g ?H%I%%Wg?tﬁraé%%\%?@ifbgﬁff ROWHE glrn E‘ESW%ES Qn@ 85a (i) a
second comp6sition ppteferablysineiimipééctve lmoURGRRERIPERIds &6dn87soR{PositioRls a

composition;aceereing 1o aRyong:ef elaims ida.A8@neuheren iheth-Jmelegulecaroprised by said
second composition is an IL-1 alpha molecule Preferably SEQ ID NO:203 or SEI%ID_NO:Zlo. 55. The

use of any HBIGHERIMEHS th B4, CUFrEREIS S b EERIS a3t GFLh Riaht 58, Usgof a
pharmaceuticahtompositiernicomgprsingi(@piheilt bmpasitionbefvany bilslaimsnd teid8mdthe vaccine of

any one of claims 49 10 53304 (B) fRhaImaceHically aeceRiRbl. cAtislion e maryfacture of a
medicament for the treatment of type li diabetes in a human. P1085PCOOMS1 SEQ ID 520:1 HEc - |
- SEQENCEam"Sq'm in the coupling reaction. In a farther preferred embodiment said linker further

comprises a His-tag. A very preferred linker comprises or preferably consists of
LEHHHHHHGGC (SEQ 1D NO:201) or LEHHHHHHGGCG (SEQ ID-NO:ZES’), preferably
the linker consists of LEHHHHHHGGCG (SEQ ID NO:219).

[60155] Linking of the antigen with at least one second attachment site to the VLP by using 2
hetero-bifunctional cross-linker according to the preferred methods described above, allows
coupling of the IL-1 moleéule to the VLP in an oriented fashion. Other methods of linking the
antigen with at least one second attachment site o the VLP include methods wherein the 111
molecule is cross-linked to the VLP, using the carbodiimide EDC, and NHS. The 1L-1
molecule may also be first thiolated through reaction, for example with SATA, SATP or
iminothiolane. The antigen with at least one second attachment site after deprotection if
required, may then be coupled to the VLP as follows. After separation of the excess thiolation
reagent, the antigen with at least one second atiachment site is reacted with the VLP,
previously activated with a hetero-bifunctional cross-linker comprising a cysteine reactive
moiety, and therefore displaying at least one or several functional groups reactive towards

cysteine residues, to which the thiolated antigen with at least one second attachment site can



MDIDPYKEFG ATVELLSFLP SDFSTPSVPDL LDTASALYRE ALESPEHOSP HHTALRGAIL 60
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react, such as described above. Optionally, low amounts of 2 reducing agent are included in
the reaction mixture. In further methods, the antigen with at least one second attachment site
is attached to the VLP, using a homo-bifunctional cross-linker such as glutaraldehyde, DSG,
BMI[PEO}4, BS3, (Pierce) or other known homo-bifunctional cross-tmkers with. functional
groups reactive towards amine groups or carboxyl groups of the VLP.
[60156] In other embodiments of the present invention, the composition comprises or
alternatively consists essentially of & virus-like particle linked to antigen with at least one
second attachment sitevia chemical interactions, wherem at least one of these interactions is
not a covalent bond.
[80157] Linking of the VLP to the antigen with at least one second attachment site can be
effected by biotinylating the VLP and expressing the IL-1 molecule as 2 streptavidin-fusion
protein.
[60158] One or several antigen molecules, 1.2, IL-1 molecules, can be attached to one subunit
of the VLP, preferably of RNA bacteriophage coat proteins, preferably through the exposed

- lysine residues of the coat proteins of RNA bacteriophage VLP, if sterically allowable. A
specific feature of the VLPs of RNA bacteriophage and in particular of the QBcoat protein
VLP is thus the possibility to couple several antigens per subunit. This allows for the
generation of a dense antigen 'ara:'ay.
F0G159] In very preferred embodiments of the invention, the antigen with at least one second
attachment siteis linked via a cysteine residue, having been added to either the N-terminus or
the C-terminus of, or a natural cysteine residue within an IL-1 molecule, to lysine residues of
cost proteins of the VLPs of RNA bacteriophage, and in particular to the coat protein of QB.
[00160] As described above, four Iysine residues are exposed on the surface of the VLP of
QB coat protein. Typically and preferably these residues ars derivatized upon reaction with a
cross-linker moiecule. 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 left
with & cross-linker molecule attached to the e-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 regidues with arginines, as
in the disciosed Q8 coat protein mutants, we prevent the excessive disappearance of positive
charges since the arginine residues do not react with the preferred cross-linkers. Moreover,
replacement of lysine residues by arginine residues may lead to more defined antigen arrays,
as fewer sites are available for reaction to the antigen.
[08161] Accordingly, exposed lysine residues were replaced by arginines in the foliowing QB
coat protein nutants: QB-240 (Lys13-Arg; SEQ ID NO:16), Qp-250 (Lys 2-Arg, Lys13-Arg;



60 GWGDLMTLAT WNGTNLEDGG KGGSRDLVVS EVILTNVGLEF RQLLWFKISC, LTFGRETVLE
120 YLVSEAVWIR TETAYRPPNA PILSTLPETT VVRRRERGRS PRRRTPSPRR RRSQSPRERR 190
SQSDESQC 198 SEQ ID NO:3 Qbeta CP  AKLFTVTLGN IGKDGYQTLV LNPRGVNPTN
GVASTSOAGS MAki#RVIV SVSOPSRNRK 60 NYKVQVKIQN P1ACTHANGSGdARR Y TEQAYA
DVTFSETQYS TDEFRAFVRI ELAAISASPL e

SEQ ID NO:18), Qp-259 (Lys 2-Arg, Lysi6-Axg, SEQ ID NO:20) and QB-251; (Lysl6-Arg,
SEQ ID NO:19). In a further embodiment, we disclose a Qf mutant coat protein with one
additional lysine residue QB-243 (Asn 10-Lys; SEQ ID NQ:17), suitable for obtaining even
higher density arrays of anfigens, |

[60162] In one preferred embodiment of the invention, the VLP of an RNA bacteriophage is
recombinantly produced by a hest and wherein said VLP is essentially free of host RNA,
preferably host nucleic acids. In one further preferred embodiment, the composition further
comprises &t least one polyanionic macromoliecuie bound to, preferably packaged in or
enclosed in, the VLP. In a gtilt further preferred embodiment, the polyanionic macromolecule
is polyglutamic acid and/or polyaspartic acid.

[066163] In another preferred embodiment, the composition further comprises at least one
immuncstimulatcfy substance bound to, preferably packaged in or enclosed in, the VLP. Ina
still further preferred embodiment, the immunostimulatory substance is a nucleic acid,
preferably DNA, most preferably an unmethylated CpG containing oligonucieotide.

f60164]  Essentially free of host RNA, preferably host nucleic acids: The term “essentially
free o_f host RNA, preferably host nucleic acids” as used herein, refers to the amount of host
RNA, preferably host nucleic acids, comprised by the VLP, which amount typically and
preferably 1s less than 30 ug, preferably lesé than 20 pg, more preferably less than 10 pg,
even more preferably less than 8 ng, even more preferably less than 6 ug, even mors
preferably less than 4 ug, most preferably less than 2 pg, per mg of the VLP. Host, as used
within the afore-mentioned context, refers to the host in which the VLP is recombinantly
produced. Conventionz! methods of determining the amount of RNA, preferably nucleic
acids, are knmown to the skilled person in the art. The typical and preferred method to
determune the amount of RINA, preferably nucleic acids, mn accordence with the present
imvention is described in Example 17 of WO2006/037787A2. Tdentical, similar or analogous
conditions are, typically and preferably, used for the determination of the amount of RNA,
preferably mucleic acids, for inventive compositions comprising VLPs other than QB. The
modifications of the conditions eventually needed are within the knowledge of the skilled
person in the art. The numeric value of the amounts determined should typically and
preferably be understood as comprising valﬁes having & deviation of £ 10%, preferably
having a deviation of + 5%, of the indicated numeric value,

[66165] Host RNA, preferabiy hest nucleic acids: The term “host RNA, preferably host
nucleic acids” or the term “host RNA, preferably host nucleic acids, with secondary

structure”, as used herein, refers to the RNA, or preferably nucleic acids, that are originally
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synthesized by the host. The RINA, preferably nucleic acids, may, however, undergo chemical
and/or physical changes during the procedure of reducing ot eliminating the amount of RNA,
preferably mucleic acids, typically and preferably by way of the inventive methods, for
example, the size of the RNA, preferably nucleic acids, may be shortened or the secondary
structure thereof may be altered. However, even such resuliing RNA or nucleic acids is still
considered as host RNA, or host micleic acids.

[60166] Methods to determine the amount of RN‘A and to reduce the amount of RNA

comprised by the VLP have disclosed in US provisional application filed by the same
assignee on Qctober 5, 2004,

Reducing or climinating the amount of host RNA, preferably host nucleic,
minimizes or reduces unwanted T cell responses, such as inflammatory T cell response and
cytotoxic T cell response, and other unwanted side effects, such as fever, while maintaining
strong antibody response specifically against IL-1.

[086167] Inone preferred embodiment, this invention provides a method of preparing the
inventive compositions and VLP of an RNA bacteriophage the invention, wherein said VLP 18
recombinantly produced by 2 host and wherein said VLP is essentially free of host RNA,
preferably host nucleic acids, comprising the steps of: a) recombinantly producing a virus-like
particle (VLP) with at least one first aftachment site by 2 host, wherein said VLP COMPTISES
coat proteins, variants or fragments thereof, of 2 RNA bacteriopbage; b) disassembling said
virus-like pariicle to said coat proteins, variants or fragments thereof, of said RNA
bacteriophage; ¢) purifying said coat proteins, variants or fragments thereof; d) reassembiing
said purified coat proteins, variants or fragments thereof, of said RNA bacteriophage 10 &
virus-like particte, wherein said virus-like particle is essentially free of host RNA, preferably
nost nuclsic acids; and ¢) linking at least one antigen of the inventior with at least one second
attachment site 1o said VLP obtained from step d). In a further preferred embodiment, the
reassembling of said purified coat proteins, variants or fragments thereof, is effected in the
presence of at least one polyanionic macromolecule.

[00168! In one aspect, the invention provides a vaccine for the treatment, amelioration
and/or prevention of diabetes, preferably of type Il diabetes, said vaccine comprising the
composition of the invention, preferably in an ffective amount. Thus, the invention provides
a vaccine for the treatment, amelioration and/or prevention of diabetes, preferably of typs Il
diabeteé, seid vaccine comprising & compositior, preferably in an gffective ‘amount,
comprising (a) & virus-like particle (VLP) with at least one first attachment site; and (b) at
jeast one antigen with at least one second attachment site; wherein said at least one antigen

comprises or consists of an 1L-1 molecule and wherein (2) and (b) are linked through seid &t
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least one first and said at least one second attachment site.

[00169]  An effective amount of a composition of the invention is an amount which is
capable of inducing an immune response in the treated subject, preferably in a human, and
which preferably results in a therapeutic or prophylactic effect in diabetes, preferably m type
I1 diabetes.

[00176] In a preferred embodiment, said vaccine comprises (i) 2 first compaosition,
preferably in an effective amount, wherein said first composition is a2 composition according
to the invention wherein the IL-1 molecule comprised by said first composition 1s an 1i-1
beta molecule, preferably SEQ ID NO:136 or SEQ ID NO:165; and (if) 2 second composition,
preferably in an effective amount, wherein said second composition is a composition
according to the invention wherein the IL-1 molecule comprised by said second composition
is an IL-1 alpha molecule, preferably SEQ ID NO:203 or SEQ ID NO:210.

[00171} In one preferred embodiment, the IL-1 molecule which is linked to the VLP in the
composition contained in the vaccine may be of animal, preferably mammal or human origin.
In preferred embodiments, the IL-1 of the invention is of human, bovine, dog, cat, mouse, rat,
pig or horse origin. |

{00172]  Inone embodiment, the vaccine further comprises at least one adjuvant.

[08173]  An advantageous feature of the present invention is the high immunogenicity of
the composition, even in the absence of adjuvants. Therefore, in a preferred embodiment, the
vaceine composition is devoid of adjuvant. The absence of an adjuvant, furthermore,
minimizes the occurrence of unwanted inflammatory T-cell responses representing a safety
concern in the vaccination against self antigens, Thus, the administration of the vaccine of the
invention to a patient will preferably occur without administering at least one adjuvant to the
same patient prior to, simultancously or after the administration of the vaccine.

[00174] However, when an adjuvant is administered, the administration of the at least one
adjuvant may hereby occur prior to, simultaneously or after the administration of the
inventive composition or of the vaccine.

{00175] When the composition and/or the vaccine of the invention is administered to an
individual, it may be in a form which contains salts, buffers, adjuvants, or other substances
which are desirable for improving the efficacy of the conjugate. Examples of materials
suitable for use in preparation of vaccines or pharmaceutical compositions are provided in
numerous sources including Remington’s Pharmaceutical Sciences (Osol, A, ed., Mack
Publishing Co., (1990)). This includes sterile aqueous (e.g., physiological salme) or non-
aqueous solutions and suspensions. Examples of non-agueous solvents are propylene glycol,

polyethylene glycol, vegetable oils such as olive oil, and injectable organic esters such as
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ethyl oleate, Carriers or occlusive dressings can be used to increase skin permeability and
enhance antigen absorption.
[08176]  The vaccines of the invention are said to be “pharmaceutically acceptable® if their
administration can be tolerated by a recipient individual, preferably by a human. Further, the
- vaccines of the invention are administered in a "therapeutically effective amount” (ic., an
amount that produces a desired physiological effect). The nature or type of immune response
is not & limiting factor of this disclosure. Without the intention to limit the present invention
by the following mechanistic explanation, the inventive vaccine might induce antibodies
which bind to IL-1 and thus reduce its concentration and/or interfering with its physiological
or pathological function.
[00177] The invention therefore provides a pharmaceutical composition for the treatment,
amelioration and/or prevention of diabetes, preferably of type 11 diabetes, said pharmaceutical
composition comprising (1) a composition compriging (a) a virus-like particle (VLP) with at
Ieast one first attachment site; and (b) at least one antigen with at least one second attachment
site; wherein said at least one antigen comprises or consists of an 1L-1 molecule and wherein
{(a) and (b) are linked through said at least one first and said at least one second attachment
site; and (2) a pharmaceutically acceptable carrier.
106178] The invention further provides a pharmaceutical composition for the treatment,
amelioration and/or prevention of diabetes, preferably of type II diabetes, said pharmaceutical
composition comprising (1) a vaccine, said vaccine comprising a composition comprising (&)
a virus-like particle (VLP) with af least one first attachment site; and {b) at least one antigen
with at ieast one second attachment site, wherein said at least one antigen comprises or
consists of an 1L-1 molecule and wherein (a) and (b) are linked through said at least one first
and said at least one second attachment site; and (2) a pharmaceutically acceptable carrier,
106179} The invention further provides a method for the treatment, amelioration and / or
prevention of diabetes, preferably of type II diabetes, said method comprising administering a
composition, a vaccine or a pharmaceutical composition of the invention to an animal,
preferably to a2 human, The invention further provides a method for the treatment,
amelioration and / or prevention of diabetes, preferably of type 1I diabetes, said method
comprising administering to an animal, preferably.to a human, (i) a first composition,
preferably i an effective amount, wherem said fizst composition is a composition according
fo the inve.ntion wherein the IL-1 molecule comprised by said first composition is an IL-1
beta moiecule, preferably SEQ ID NO:136 or SEQ ID NO:165; and (il) a second composition,
preferably in an effective amount, wherein said second composition is a composition

according to the invention wherein the IL-1 molecule comprised by said second composition
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is an JL-1 alpha molecule, preferably SEQ 1D WNO:203 or SEQ ID NO:210.

[60180] Thus, the invention provides a method for the treatment, amelioration and / or
prevention of diabetes, preferably of type II diabetes, said method comprising administering a
composition. to an animal, preferably to a human, said comprising (a) a virus-kke particle
(VLP) with at least one first attachment site; and (b) at least one antigen with &t least one
second attachment site; wherein said at least one antigen comprises or consists of an 1L-1
molecule and wherein (a) and (b) are linked through said at least one first and said at least one
second attachment site.

[00181] The invention further provides a method for the treatment, amelioration and / or
prevention of diabetes, preferably of type II diabetes, said method comprising administering a
vaccine to an animal, preferably to a human, said vaccine comprising & composition
comprising (a) a virus-like particle (VL.P) with at least one first attachment site; and (b) at
least one antigen with at least one second attachment site; wherein said at least one antigen
comprises or consists of an IL-1 molecule and wherein (a) and (b) are linked through said at
least one first and said at least one second attachment site.

[06182] The invention further provides a method for the treatment, amelioration and / or
prevention of diabetes, preferably of type Il diabetes, said method comprising administering a
pharmaceutical composition to an animal, preferably to a human, said pharmaceuntical
composition comprising (1) & composition comprising (a) a virus-like particle (VLP) with at
least one first attachment site; and (b) at least one antigen with at least one second attachment
site; wherem said at least one antigen comprises or consists of an IL-1 molecule and wherein
(a) and (b) are linked through said at lcast one first and said at least one second attachment
site; and {2) a pharmaceutically acceptabie carrier.

60183} The invention further provides a method for the treatment, amelioration and / or
prevention of diabetes, preferably of type Il diabetes, said method comprising administering a
pharmaceutical composition to an animal, preferably to a humen, said pharmaceutical
composition comprising (1) a vaccine, said vaccine comprising a composition comprising (a)
a virus-like particle (VLP) with at least one first attachment site; and (b) at least one antigen
with at least one second attachment site; wherein said at least one antigen comprises or
consists of an IL-1 molecule and wherein (a) and (b) are linked through said at least one first
and said at least one second attachment site; and (2} a pharmaceutically acceptable carrier.
[00184] With respect to the methods of the invention, said composition, said vaccine and/or
said pharmaceutical composition is administered to said animal, preferably to said human, in
an immunologically effective amount,

{00185] In further preferred embodiments said animal is 2 mammal, preferably selected from
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cat, sheep, pig, horse, cattle, dog, rat, mouse, and, most preferably, human.

[00186] In one embodiment, the compositions, vaccines and/or pharmaceutical
compositions are administered to said animal, preferably to said human by injection, infusion,
inhalation, oral administration, or other suitable physical methods. In a preferred embodiment,
the compositions, vaccines and/or pharmaceutical compositions are administered to said
anirnal, preferably to said human, intramuscularly, intravenously, transmucosally,
transdermally, intranasally, intraperitoneally, subcutaneously, or directly into the lymphe
node.

[66187] A further aspect of the mvention is the use of the compositions, the vaccines and/or
of the pharmaceutical compositions described herein for the treatment, amelioration and/or
prevention of diabetes, preferably of type 1l diabetes. In more detail, the invention provides
for the use of a composition for the treatment, amelioration and/or prevention of diabetes,
preferably of typé IIldiabetes, said composition comprising: (a} a virus-Hke particle (VLP)
with at least one first attachment site; and (b) at lcast one antigen with at least one second
attachment site; wherein said at least one antigen comprises or consists of an IL-1 molecule
and wherein () and {b) are linked through said at least one first and said at least one second
attachment stte.

60188} A further aspect of the invention is the use of the compositions, the vaccines and/or
of the pharmaceutical compositions described herein for the manufacture of a medicament for
the treatment, amelioration and/or prevention of diabetes, preferably of type Il diabetes. In
more detail, the invention provides for the use of a composition for the manufacture of a
medicament for the treatment, amelioration and/or prevention of diabetes, preferably of type
11 diabetes, said composition comprising: (2} a virus-like particie (VL.P) with at icast one first
attachmment site; and (b) af least one antigen with at least one second attachment site; wherein
said at least one antigen comprises or consists of an IL-1 molecule and wherein (2) and (b) are
linked through said at least one first and said at least one second attachment site.

[06G189] Itis to be understood that all technical features and embodiments described herein, in
particuiar those described for the compositions of the invention, may be applied to all aspects
of the invention, especially to the vaccine, pharmaceutical compositions, methods and uses,
alone or in any possible combination. In this context it is explicitly underlined that the
following embodiments of said at least one antigen with at least one second attachment site
are specifically preferred.

[66190] In a further preferred embodiment said at least one antigen with at least one second
attachment site comprises or preferably consists of (i) an IL-1 beta moiecuie, wherein said IL-

1 beta molecule is selected from any ong of SEQ ID NO:163, and SEQ ID NOs 131 to 140;
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and (ii) a linker, wherein said linker comprises said second attachment site, and wherein
preferably said linker comprises or preferably consists of GGC (SEQ ID NO:178) or GGCG
{SEQ ID NO:188).

{00191} In a further preferred embodiment said at least one antigen with at least one second
attachment site consists of (i} an IL-1 beta molecule, wherein said IL-1 beta molecule is SEQ
ID NO:165 or SEQ ID NO:136, preferably SEQ ID NO:136; and (if) a linker, wherein said
linker comprises said second attachment site, and wherein said linker comprises or preferably
consists of GGC (SEQ ID NO:178) or GGCG (SEQ ID NO:188), preferably GGCG (SEQ ID
NO:188),

[00192] In 2 further preferred embodiment said atf least one antigen with at least one second
attachment site consists of (1) an IL-1 béta molecule, wherein said IL-1 beta molecule is SEQ
I NO:165 or SEQ ID NO:136, preferably SEQ ID NO:136; and (i1) a linker, wherein said
linker comprises said second attachment site, and wherein said linker is covalently bound to
the C-terminus of said IL-1 beta molecule by way of a peptide bond, and wherein said linker
comprises or preferably consists of GGC (SEQ ID NO:178) or GGCG (SEQ ID NO:188),
preferably of GGCG (SEQ 1D NO:188).

[00193] In a further preferred embodiment said at least one antigen with at least one second
attachment site consists of (i} an IL-1 beta molecule, wherein said IL-1 beta molecule is SEQ
ID NO:163 or SEQ ID NO:136, preferably SEQ ID NO:136; and (ii) a linker, wherein said
linker comprises said second attachment site, and wherein said linker is covalently bound to
the C-terminus of said IL-1 beta molecule by way of a peptide bond, and wherein said lnker
consists of LEHHHHHHGGCG (SEQ ID NO:219).

[06194] In & further preferred embodiment said at icast one antigen with at least one second
attachment site is any one of SEQ ID NOs 220 to 223, preferably SEQ 1D NO:220.

{00195] In a further preferred embodiment said at least one antigen with at least one second
attachment site comprises or preferably consists of () an IL-1 alpha molecule, wherein said
1L-1 alpha molecule is selected from any one of SEQ ID NOs 203 to 218; and (if) a linker,
wherein said linker comprises said second attachment site, and wherein preferably said linker
comprises or preferably consists of GGC (SEQ ID NO:178) or GGCG (SEQ ID NO:188).

" {00196] In a further preferred embodiment said at least one antigen with at least one second
attachment site consists of (i} an IL-1 alpha molecule, wherein said IL-1 alpha molecule is
SEQ ID NO:203 or SEQ ID NO:210, preferably SEQ ID NO:203; and (ii) a linker, wherein
said linker comprises said second attachment site, and wherein said linker comprises or
preferably consists of GGC (SEQ ID NO:178) or GGCG (SEQ ID NO:188), preferably
GGCG (SEQ ID NO:188).
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attachment site is any one of SBQ ID NQOs 224 or 225 preferabiy SEQ ID NQO:224,
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| and 1182 (5-ATATATCTCGAGGGAAGACACAGATTCCATGGTGAAG-3;
SEQ ID NO: 27). Both DNA fragments were digested with Nhel and Xkhol, and cloned into
the expression vector pModECT (SEQ ID NO:29)
[00200] The vector pModEC! (SEQ ID NO:29) is a derivative of pET22b(+) (Novagen Inc.),
and was constructed in two steps. In a first step the multiple cloning site of pET22b(+) was
changed ‘by replacing the original sequence between the Ndel and Xhol sites with the
annealed  oligos  primerMCS-1F  (5’-TATGGATCCGGCTAGCGCTCGAGGGTTTA
AACGGCGGCCGCAT-3"; SEQ ID NO:30) and primerMCS-1R (5°-TCGAATGCGGCCG
CCGTTTAAACCCTCGAGCGCTAGCCGGATCCA-3"; SEQ ID NQO:31) (amnealing in
15 mM TrisHCl pH & buffer). The resulting plasmid was termed pMod00, and had Ndel,
BamHI, Nhel, Xhol, Pmel and Notl restriction sites in its multiple cloning site. The annealed
pair of oligos Bamhis6-EK-Nhe-F  (5’-GATCCACACCACCACCACCACCACGG
TTCTGGTGACGACGATGACAAAGCGCTAGCCC-3’; SEQ ID NO:32) and Bamhis6-

EKNhe-R (5’-TCGAGGGCTAGCGCTTTGTCATCGTCGTCACCAGAACCGTGGT
GCGTGGTGGTGGTGTG-3"; SEQ ID NO:33) and the annealed pair of oligolF-C-glycine-
finker (5"-TCGAGGOGTGGTGGTGGTGGTTGCGGTTAATAAGTTITAAACGC-3,

SEQIDNO:34) and  oligelR-C-glycine-linker  (5’-GGCCGCGTTTAAACTTATTA
ACCGCAACCACCACCACCACCC-3"; SEQ 1D NO:35) were ligated together into the
BamHI-Notl digested pMod00 plasmid to obtain pModEC], which encodes an N-terminal
hexahistidine tag, an enterokinase cleavage site and a C-terminal glycine linker contaiming
one cysteine residue.

[00201] The cloning of the above mentioned fragments into pModECT gave rise to plasmids
pModEC1-His-EK-mlLlay 17270 and pModEC-His-EK-mlL 1119060, respectively. These
plasmids encode fusion proteins consisting of an N-terminal His-tag, an enterokinase cleavage

site, the mature murine [L-1a or IL-1f, respectively, and a C-terminal cysteine-containing
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gatggcgccce aagagiores£ogccacggg240 gectgecacc atacccacgce cgaaacagge gigaigaggccgaagtgge
gagcccegatc300 tteccecateg gtgatgtcgg cgatatagge gggagcaacc gcacctgtgg cgccggtgat360 gccggcecacg

atgcgtccgg cgtagaggat cgagatctcg atcccgegas attaatacga420 ctcactatag gggaattgtg agcggstaac
aattccoctc tHpkriAHa Hictith aE4BU i tigRabey ayarstisatathgstoay Adadcatedubawdarggt
tctggtgacySdhacaaidrcas-agessiagerCledanonte: ategiadipa dlacoatiag GragilaratQ socggccgca
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ggcgaatgggrBe acgegeiiy tageggtychytteagigeyo CagyigiggicgditangdymagsdigategBlo ctacactige

cagegececta gepRGogsts %‘EI%%%EBECﬁ&‘%ﬁﬂ@&%C&%%QQ&Q}}&%%?&&9%%‘%8&%%09&9&&&5@% ategggggcet
ccctttaggg ttccgatt7ta966 gtgctttacg gcacctcgac cccaaaaaac ttgattaggg tgatggttca cgtagtgggc1020

catcgecctg Atdgatbitticyesedigsatigiyogdlgriedegtic innatagey 080 gattotgitcthaddidda acaacactca
accctatctc ggiataitel Jtigaitiatl 1) Ragqgalilt agaalliceacsialigglaaqasalan 9eigatipg:,

caaaaatttal200 acgcgaattt taacaaaata ttaacgttta caatttcagg tgccactttt aaatg1260 tgcgoggasc

cectatttgt tteAtdid Bathcaf? é‘é‘ﬁ%a?ﬁ?a@é&&@f&ﬁ@é&fg2’6@&@5&‘%&8@%@ WQite 5244t attgaaaaag
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cag aaacgctrg{gltg@%%%% FRIRNGCIS A3 %@%ﬁ%&{g@%%@%&t@%%@ 016926199 fgtcaacage

ggtaagatcc ttgagagitt Icgccocgaa gaacgtittc1560 cadtgatgag cacttttaaa gitctgctat gtggegeggt attatccegt
- attgacgceg 1556 e andatichlidtc chcdtalicniiisttdkigan tifdchy Jhriingtactieas 1880 cagtcacaga

aaagcatctt agggatpgeatgaBsgisaagaditalgenagtgeigread 40-iangeaigag-tgatageachgeggccaact
tacttctgac aacgatcgga ggaccgaaggl800 agctaaccgc ttttttgcac aacatggggg atcatgtaac tcgccttgat

cgttgggaaclsb0 cggagctgaa tgaagccata ccaaacgacg agcgtgacac cacgatgcct gcagcaatggl920
caacaacgtt gcgcaaacta ttaactggcg aactacttac totagcttcc cggcaacaat1980

EXAMPLE 2
A. Coupling of mouse TL-1B119-269 to Qp virus-like particles

[60202] A solution contaiming 1.3 mg/ml of the purified murine 1T-1f110260 protein from
EXAMPLE ] (SEQ ID NO:66) in PBS pH 7.2 was incubated for 60 min at room temperature
with an equimolar amount of TCEP for reduction of the C-terminal cysteine residue.

{06203] A solution of 6 ml of 2 mg/ml Qp capsid protein in PBS pH 7.2 was then reacted for
60 min at room temperature with 131 pl of a SMPH solution (65 mM in DMSO). The
reaction solation was dialysed at 4 °C against three 3 | changes of 20 mM HEPES, 150 mM
NaCl pH 7.2 over 24 hours. Seventy-five ul of the derivatized and dialyzed Qf solution was
mixed with 117 pi H,O and 308 ul of the purified and pre-reduced mouse IL-1B110260 protein
and incubated over night at 13°C for chemical crosslinking. Uncoupled protein was removed
by tangential flow fiitration against PBS using cellulose ester membranes with 4 molecular
weight cutoff of 300.000 Da.

{60204] Coupled products were analyzed 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 Q capsid monomer are visible, clearly demonstrating

the successful cross-linking of the mouse I1-1[3110.260 protein to the QP capsid.



taatagactg gatggaggcg gataaagttg caggaccact tctgcgcetcg geccttccgg2040 ctggcetggtt tattgctgat
aaatctggag coggtgagcg tgggtctcge ggtatcattg2100 cagcactggg geccagatggt aagracctocc gtatcgtagt
tatctacacg acggggagtc2160 aggcaactat ggatgaacga aatagacaga tcgctgagat aggtgcectca

ctgattaagc22i@atiggi@ast gtcagaccaa gtttactcat atatacttta gattgattta aaacfieglid2®,Hagtitaa
aaggatctag gtgaagatcc tttttgataa tctcatgacc aaaatcecett2340 aacgtgagtt ttcgttccac tgagcegtcag
accccgtaga aaagatcaaa ggatettott2400 gagatccttt ttttctgcgce gtaatctgct gattgcaaac aaaaaaacca

ccgctaccag2460 uggtgBittmmytesiinn ebairagotharaseBrifocgaatinastggedica2520 gcagagegea
gataccaaat actgtccttc tagtgtagee gtagifaghies (GAR 28R, Agapctetgt agcaccgect acatacctey
ctctgctaat cctgttacca gtggct%ct92640 ccagtggcga taagtcgtgt cttaccgggt tggactcaag acgatagtta

ccggataagg OV iy sgerte Gathigaise g gtigtiyeretacd cath el eaddortgg d§EEY HASH 26612760
acaccgaact gagalaeeta:nagsaigagetataadaregcacsargrihecraravenetat,.daaauecuds caggtatecy

gtaagcggca gggtoggaac, aggagagegce acgagggage2880 ttccaggggg aaacgcectgq tatctttata gtectgtogg
gtttcgccac cf@f@ﬁﬁgfbaééﬁﬁsga’& g%ﬁq‘itaf‘éz?‘t c %@BG%&%’@ Y?@?’:ﬁﬁ&%ﬁa%l]c g¥tadcaacg3000

cggccttttt acggtiecigvgeGlidigeCug@actitige ICadhlgite ditedtigeuiBOO0 tatccectga ttctgtggat aaccgtatta
ccgcctttga gtgagcetgat accgectcgec3120 gcagccgaac gaccgagcge agcgagtcag tgagcgagga agcggaagag
cgcctgatgc3180 ggtattttct ccttacgcat ctgtgcggta tttcacaccg catatatggt gcactctcag3240 tacaatctgc
tctuatgceg catagttaag ccagtataca ctcecgetate gctadgid®e3300 tgggtcatgg ctgegeecceg acacceccca

acacccgcty pRaeereeis AGNeCta3 360 IosIeCREYLACAgsHaCAEACAMIC Yigaceqis,copggagcty
catgtgtcag3420 ag%gttcac cgtcatcacc gaaacgcgcg agg%ézagctgc taaagctc atcagcgtgg3480 tcgtgaagcg

attcacagat gt&Geclge fatcyeedicientbrghtaRies Yo iraatr gitatedarerss sttcfipmalisiy cgggecatgt
taagggcggt tittactgid680nggCacigcdigeslecat-glarggga0a tisiaitea fogagaiaatigaiasenatg 3660
aaacgagagaagjtgbagggt%an%gg&gggggtgp% algalg %‘%aa?‘g%%?g@gt te?ﬁggg\?e%%ze? ?%%tgstggggt%taaacaact |

{ >tcag g g

ggcggtatgg atgcggeggg accagagaaa aatcac gtcaatgcc agcgc taatacagat gtaggtgttc
cacagggtag tbigdeiedid8 ro-cotgcyditgt dgsitt co dahreatdhtgytyacagytioyoty dettbegegtittccagactt3900
Cacgaaacac,ggeaaseoaa gascalirabgioiiasts.299t69raga.6aliiocagA900, 6ROSANIGAS, Epacaticg

ctcgcegtate ggtgattcat tctgctaacce agtaaggcaa4020 cccecgecage ctagecgggt cctcaacgac aggageacga
tcatgcgeac é@g@@@@@éﬁ@g@use IL-1B119260 protein could overcome immunological tolerance and

produce high titer antibodies which recognize specifically TL-1B115.260.

D. In vitro neutralization of IL-1§
[0267] Sera of mice immunized with QB-miIL-1B110.06¢ (SEQ ID NO:66) were then tested
for their ability to inhibit the binding of mouse IL-1f protein to its receptor, ELISA plates
were  therefore coated with a recombinant mlL-lreceptorl-hFc fusion protein at a
concentration of 1 pg/ml, and co-incubated with serial dilutions of sera from mice which had
been immunized either with mouse IL-1B150960 coupled to QP capsid or with mouse IL-1ayy7.
210 coupled to QP capsid and 100 ng/ml of mouse IL-1115.260. Binding of ¥L-1B;10.2¢9 to the
immobilized mIL-1receptorl-hFc fusion protein was detected with a biotinylated anti-mouse
IL-1f antibody and horse redish peroxidase conjugated streptavidin. All sera from mice
immunized against murine 1L~1B115.60 inhibited completely the binding of mouse TL-15,16.26¢
to its receptor at concentrations of 20.4 %, whereas sera from mice immunized against mouse
IL-1ay)7.270 did not show any inhibitory effect even at the highest concentration used (3.3 %).
These data demonstrate that immunization with mouse IL-1B110.060 coupled to QP capsid can
yield antibodies which are able to ncutralize the interaction of mouse TL-1B1;0060 and its

receptor.



gécatgccgg cgataatggc ctgcttctcg ccgaaacgtt tggtggcggg accagtgacg4140 aaggcttgag cgagggcegtg
caagattccg aataccgcaa gcgacaggcc gatcatcgtc4200 P 1085PC90 /I'S! -4-- gcgctccagce gaaageggte
ctcgccgaaa acgacccaga gcgcetgeegg cacctgtcct4260 acgagttgca tgataaagaa gacagtcata agtEcggega

cgatagtcat g6eecaegees320 caccggaagg agctgactgg gttgaaggct ctcaaggopatgagiesasasy
tcccggtgec4300 taatgagtga gctaacttac attaattgeg tigcgcetcgce tgeccgcttt ccagtcgggad440 aacctgtegt

gccagctgea ttaatgaatc ggccaacgeg cggggagagg cgotitgegt4500 attgggegec agggtggtit ttettttcac
cagtgagacg ggcgacagct gattgccctt4380ncrcegeetyglicatitmagfdgal §ttgcagcaa geggtccacg ctggtttgee

ceageaggcyfzikpade it luaaniod Uaaceucau0aleiantal seaci'elhsaalalenantpeg otatcecact

accgagatat ccgcaccaac gcgcagoccg gactoggtaa tggcgcegceat4 740 tgegcceage gecatctgat cgttggcaac
cagcatcgca Higghacgartoerteigtagondaeatiigra by iigansucbogirtatggoase dagtegectt

ccegticege4gap {aiegaciaa.alligpiias 0agigaoaia HIRlNREAd.ACABGEAIEE HFAJATICHGIYAR cgagacagaa
cttaatgggc cccé%ctaa_cagi cgct%atttgc tggtgaccca atgcgaccag4880 atgctccacg cccagtcgceg taccgtcttc

atgggagaaadt&apstg b@%{j@ﬁo&f&&@‘gﬁ@&@%&@&%%%&%dg@%b tj‘caygcagott
ccacagcaat}0Q geeataciggiteniasagsy dairatcaatigaicascdod aigacorai-as0aeagaagek00 attgtgcacc
gccgotttac aggcttogac geegcticgt tetaccatcq acaccaccacs5220 getggcacce agttgatcgg cgcgagattt
aatcgccgeg ag‘c%gﬁfﬁ%c%}ga%% fcg&5tgB2 ﬁrc%%d& aéb‘éealgféﬁaﬁﬁdfbg’%ﬁﬁ%%%tﬁ% %@é&%g&% tgtttgceeg
ccagttgttg53datgeeacacy @ tigy fadtdl Battcageiaicgeeatcgeaigaticeacit citoesgigthd@8rtitcgcagaa
acgtggctgg ectggttcac cacacgg a ctgat aagagacacc5960 ggcatactet geg54.7. BSEQ ID NO:30
primerMCS%th%?élég}[gggu%c%agggcthgggéigig} %‘%gg%llce:%eﬁéénglggéngg?fg S%B%b%ﬁgg%l‘? HAMEMCS-1R
tcgaatgcgg eegjred atpsuegTiogascotrcfgy atSctUBSE Q1D KD 82:BamhibecEkyNfelF gatccacace
- accaccaccapeAGHGUcHagtaacaasy AlgACIAagR-ACIRUFCLRE &E@%ﬁg e 33 Bambistigihe-R
ot t tttgto atcgtcgt t ggtgcjtggtg gtggtgt

cgagagea %E(l:rgri%; a ogeashcé}%vg . a%aégggggeai?lgga%seg% gg#ugngigwg c%%cgen rations of 40.24 4 8.06 ng/ml,
while mice immunized with QB-mIL-1B1:9.260 showed an increase of 57.98  29.92 ng/ml
(p=0.30). These data indicate that the antibodies produced by immunization with QB-mIL-
1B119260 Were able to neutralize specificaltly and efficiently the pro-inflammatory activity of

TL-1R.

EXAMPLE 3
A. Coupling of mouse IL-1at11727 to QP virus-like particles

{80269] A solution containing 1.8 mg/ml of the purified 1L-10;,7.270 protein from EXAMPLE
1 (SEQ 1D NO:65) in PBS pH 7.2 was incubated for 60 min at room temperature with an
equirnolar amount of TCEP for reduction of the C-terminal cysteine resicdue.

100218 A solution of 6 ml of 2 mg/ml QB capsid protein in PBS pH 7.2 was then reacted for
60 minutes at room temperature with 131 ul of a SMPH solution (65 mM in DMSO). The
reaction solution was dialyzed at 4 °C against three 3 | changes of 20 mM HEPES, 150 mM
NaCl pH 7.2 over 24 hours. Seventy-five pl of the derivatized and dialyzed Qf solution was
mixed with 192 ul HyO and 233 pl of the purified and pre-reduced mouse IL-1aty17.270 protein
and incubated over night at 15°C for chemical crosslinking. Uncoupled protein was removed
by tangential flow filtration against PBS using cellulose ester membranes with a molecular
weight cutoff of 300,000 Da,

[00211] Coupled products were analyzed on a 12 % SDS-polyacrylamide gel under reducing
conditions. The Coomassie stained gel is shown in Fig. 2. Several bands of increased
molecular weight with respect to the Qff capsid monomer are visible, clearly demonstrating

the successful cross-linking of the mouse 1L-1a4 1727 protein to the QB capsid.



SEO ID NO:34 oligol1F-C-glycine-linker tcgagggtgg.tggtggtggt tgcggttaat aagtttaaac gc42 SEQ ID
NO:35 oligo1R-C-glycine-linker ggccgcgttt aaacttatta accgcaacca ccaccaccac cc42 SEQ ID 110:36
HIL-1 alpha MAIN:POPPED IANCYSENEE CASSIDY-11,SL NOKSPIEVSY GPLEFGGMDO
SVSLSISETS60 #i9kdotzKES MVVVAINGKYV IKKRRISLSO SITDDDLEAIRNR RS
PASSPFSELS120 NVKYNFMRII KYEFILNDAL N\%fllRANDQ YLTAAALIFSL DEAVKFDMA

YKSSKDDAKI180 TVILAISKIQ LYVIAQDEDE, PVILKEMPEI PKTITGSETN LLAFWETHGT
KNYFTSVANA290 NIFIATK{8DY WVCLAGGPPS ITDFF5ILENQ A271 SEQ ID 110:37 IL-1 alpha

Macaca MAKVPDMEER 1t ¥ EERQSSIPELRE ﬁQﬁﬁE%EPV«ﬁMnQE’ GCMDC
SVSISISEIS60 KTSKLTFE8QS MVVVSTNGKYV LKKARLSISQ SITDENLEAI ANDSEEEIIK

PRSAPFSFLS120 =YENTA'S =FILM Q& i (@B LrAquiENL DFAVKFFMGA YISSKDDIKV180

IEATRE D vy e AR TT O b LG T T L FED
. , ; -1 alpha Equus
LKNCYSENEHVSEET ‘li*é%l gg%@@?&é@%%‘ﬁ%ﬁ%ﬁﬁéﬂ%@%ﬁé% R ERERIFEES
VVLVAANGTed) KK AALISIHN QI TEDBL Fat ANDPEEEGHRPRIVAY NEQELE0 M YENEMAIV
NHOCTINDAL NQSVI DTgs%fg)@LATAAlNNéCD%%ngMG AYISEADSQL180 PVTLAISKTA

IFSESAQNEDE PVLLKEMPDT PKTKBETNL LFEWEALIGSK NYEKSVAAPK29.0 LFIATKQGKL

VHPARGQFSI TDFOILDNQF270 SEQ ID 110:39 IL-1 alpha Ovis MAKVADIFFD LKNCYSENED
ESSEIDELSIC NTESFYDASY EPLAADEMNKEMSIGATSFTS60 =A:LSE:KEN VWVMMTANGKI
IKKRALSLN¢ %D“P%EAEANCTFEEHK PASILEYSFQS120 NVKYNFMRVI HUCILNEAL
NECIADMI ITARTUEN LEEAYRED IR RPUSPEDS R al AAA SIS PEABNEDE
PVLIKEMP I TigRHll KRN sLARWEKE GBI VEKSIA b AK 4RI FHAT 0 Y UMASSRRS|

TDFQILEKZ&% II?L%Q%% QB3 ibddies eretets it o \./e'\r/ilz\gfma I#:g;f{(yl 1%%'&%5 !ﬁ%:rl;;lr%se 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 IL-lou17.07 titer
was 1:9252 at day 21 and 1:736912 at day 35. This demonstrates that immunization with QB
coupled to the mouse 1L-lay7p7 protein could overcome immunological tolerance and

produce high titer antibodies which recognize specifically 1L-1ot17.270.

D. In vitro neutralization of IL-1o;
[60214] Sera of mice immunized with QB-mIL-1c 1727 were then tested for their ability to
inhibit the binding of mouse IL-1a protein to its receptor. ELISA plates were therefore coated
with a recombinant mIL-1receptori-hFc¢ fusion protein at a concentration of 1 ng/mi, and co-
mcubated with serial dilutions of sera from mice which had been immunized either with
mouse IL-1at17.70 coupled to QP capsid or with mouse 1L-1f110.260 coupled to QB capsid and
5 ng/ml of mouse IL-1a1727. Binding of IL-10417.27% to the immobilized mTL-1receptorl-hFe
fusion protein was detected with a biotinylated anti-mouse IL-1a antibody and horse radish
peroxidase conjugated streptavidin. All sera from mice immunized against murine IL~1017.270
inhibited completely the binding of mouse 1L-10,17.27 to its receptor at concentrations of
= 0.4%, whereas sera from mice immunized against mouse IL-1B;0060 did not show a
significant inhibitory effect even at the highest concentration used (3.3 %). Thesc data
demonstrate that immuynization with mouse IL-laiy7a7 coupled to QP capsid can vield
antibodies which are able to neutralize specifically the interaction of mouse IL-1cti17.070 and

its receptor.



FLTADDLEAI ANEVEEETMK ARSVAPNEYS 120 SEKYNYOKII ESQFILNDNL SGSVIRKAGG
KYLAAAALQN LDDAVKFDMG AYTSKEDSEL 180 EVTIERISKTR LEVS202NEDE DVLLKEMPET
PKTIRDETNI, LEFWERSGSK NYEKSVA111,810 240 LIALATOPEQL VEMARGLPSV TDFQILETOS
270 SEQ ID N@xidoHedeatpha Bos MAKVPDLEED LKNCYSENED YSSRIDEHMuNQIGSFYDASY
EPLREDQMNK FMSLDTSETS 60 KTSKINFKEN 171/81VAASGKI *,FUME:281,NQ FITDDDLEAI
ANNTEEETIK ERSAHYSFQS 120 YVKYNEHRVIEQECILNDAL NQSITRDMSG

E. In vive neutralization of HL-1a
[668215] The in vivo neutralizing capacity of the antibodies raised by immunization with Qf-
mll~1ou %270 was investigated next. Four female balb/c mice were therefore immunized twice
at days 0 and 14 with QB-mlL-1017.270 and four mice were immunized at the same time with
QB capsid alone, At day 21 all mice were injected intravenously with 1 pg free TL-loy7.07.
As readout of the inflammatory activity of the injected IL-lau;r70, serum samples were
analysed 3 h after injection for the relative increase in the conceniration of the pro-
inflammatory cytokine 1L-6. Qp-immunized mice showed an average increase in the serum
11.-6 concentration of 8.16 £ 2.33 ng/ml, whereas mice immunized with QB-mIL-1cts17270
showed an average increase of only 0.15 + 0.27 ng/ml (p=0.0005). As a control on day 28 all
mice were injected with 1 pg miL-18. Three hours after injection mice immunized with Q8
carrier alone showed an average increase in serum IL-6 concentrations of 9.52 + 7.33 ng/ml,
while mice immunized with QB-mIL-lay,7.270 showed an increase of 21.46 = 27.36 ng/mi
(p=0.43). These data indicate that the anttbodies produced by immunization with Qf-mIL-
1o 1770 were able to neutralize specificalty and efficiently the pro-inflammatory activity of

IL-lo.

EXAMPLE 4
Comparison of QB-mIL-1a17.270 and QB-mIL-1Byys.260 immunization to Kineret®
treatment in a mouse meodel of rheumatoid arthritis
[00216] Kineret® (Anakinra, Amgen) is a recombinant version of the human TL-1 receptor
antagonist, which is approved for the treatment of human rheumatoid arthritis. In order to
reach a clinical benefit, relatively high amounts (100 mg) have to be applied via subcutaneous
injection on a daily basis. The collagen-induced arthritis model was used to compare the
efficacy of QB-mIL-lat17.07 and QP-mlL-1P110.2¢0 immunization with daily applications of
different doses of Kineret®. Male DBA/] mice were immunized subcutaneously three times
{days G, 14 and 28) with 50 ng of either QP-mlIL-1oty 17070 (=8}, QB-mIL-1f119.060 (n=8) or
Qp alone (n=32), and then injected intradermally on day 42 with 200 ug bovine type 11
collagen mixed with complete Freund’s adjuvant. From day 42 on, mice immunized with Qf-
mIL-1ot17.270 and QB-mIL-1B119040, and one group of Qf-immunized mice (n=8) received
daily intraperitoneal injections of 200 ul PBS, while three additional QB~immunized groups

received daily intraperitoneal injections of either 37.5 ug (a=8)}, 375 pg (n=8), or 3.75 mg



PYLTATTLYIN LEEAVIIZDMV AllVSEEDISQL 180 PVTLRISKTQ LEVSAQATEDE PVLLKEMPET
PKIIKDETNI, LFFWEKEGSM DYFIKSVARPK 240 LFIATKQEKL VHMASGAPSI TDFQILEK 268
SEQ ID NO:42 IL-1 alpha Sus  MAKVPDLFED LKNCYSENEE YSSDIDHINL NQKSEYDASY
EPLPCDGM BMRLSTSKTS 60 KTSRLNFKDS VWMAAANGKI LKKRRSENRGHRRBLEAI
ANDTEEEIIK PRSAITYSFQS 120 NMITINFMRVI 1111QCILNDAR NQSIIRDPSG QYLVIAAVLDN

LDEAVKFDMA ATINNDDSQL, 180 PVTLRISETR LETSAQICEDE PVILKELPET
(n=8) Kineret®. A daily injection of 37.5 ug Kineret® per mouse corresponds roughly to a

dose of 1.5 mg/kg, which is in the range of the recommended efficacious amount for humans
{100 mg). All mice were boosted on day 63 by intradermal injection of 200 pg bovine type II
collagen mixed with incomplete Freund’s adjuvant, and examined on a daily basis for the
development of arthritis symptoms.

[(66217] Four weeks after the second collagen injection, Qfi-immunized control mice showed
an average cumulative clinical score (as defined in EXAMPLE 2F of W02008/037504A1) of
3.75, while QB-mIL~fou17.270- and QB-mIL-1B110260-immunized mice showed average scores
of only 0.81 and 1.44, respectively (see Table 1). Mice treated with 37.5 g or 375 ug
Kinerct® reached an average score of 2.44 and 2.63, respectively, while mice treated with
3.75 mg Kineret® remained largely asymptomatic, reaching a maximal score of only 0.19,
100218] As an additional readout of the inflammatory reaction, the hind ankle thickness of aill
animals was measured on a regular basis, Four weeks after the second collagen injection Qp-
immunized control mice showed an average increase in hind ankle thickness of 16 %, while
QB—nﬁL-Idlly_zqowimmunized mice showed an increase of 2% and QB-mlIL-1B119.260-
immunized mice showed an increase of 6 %. Mice treated with either 37.5 ngor 375 ug
Kineret® showed an average increase of 13 % and 10 %, respectively, while mice treated
with 3.75 mg Kineret® showed no increase in hind ankle thickness at all,

[00219] In conclusion we surprisingly found that three injections of either QB-mIL-1ati17-270
or QB-mIL-1PB110.260 protected mice better from the development of arthritis symptoms than
daily injections of Kineret® in amounts corresponding to the human dose or even the ten-fold
human dose. Only application of the 100-fold human dose of Kineret® showed an increased

benefit with respect to Qﬁ~mIL~ lay 17270 OF Qﬁ-IDlL— 1 B1 19260 Vaccination.



PKITIKDETSL IFFWEKHGNM DYEKSAAPPK 2640 LIVATROEKL VHMAPGLPSV IDEINLENQS
270 SEQ ID NO:43 IL-I alpha Oryctolagus MAKVPDLIPED LKNGESENEE YSSAIDIITSL
NCKSFYDASY EPLHEDCMNK VVSLSTSETS 60 VSPNLTFQEN VVAVTASGKI LKKRIVESIINQ
DIIDVDLETNWSEdEBK PFISVPYTEQR 120 NMRYKYLRII KQEFTLNgfEMNESEETSE
QYLPAAELQN LGDAVKEDMG VYMTSKEDSI 18Q LPVTLEJSQT PLEVSACNED EPVILKEMPE

TPRIITDSES DILFFWETQG NKNYEKSAAN 240 POLFIATKPE HLVEMARCIP SMTDPOIS
Tabie 1: clinical disease symptoms in collagen-induced arthritis model.

Treatment ~average clinical | Average increase in
| score day 91 hiﬁd ankie thickness
(%) day 63-91
3x QB s.c. + PBS i.p. (200 ul/day) 3.75 16
3x QB-mlL-1ctii7.270 8.c. + PBS Lp. (200 pl/day) 0.81 2
3x QB-miL-1B110269 5.¢. + PBS 1.p. (200 pliday) 1.44 6
3x Qf s.c. + Kineret® i.p. (37.5 pg/day) 2.44 13
3x QB s.c. + Kineret® ip. (375 pg/day) 2.063 10
3x QP s.c. + Kineret® 1.p. (3.75 mg/day) 0.1% 0
EXAMPLE 5

- A, Cloning, expression, and purification of virus-like particles consisting of AP205 coat
protein genetically fused o mouse IL-1017.276 (AP205 mTL-10t117.270)
[00220] Given the large size of interleukin-lalpha and for steric reasons, an expression
system producing so calied mosaic p.articles, comprising AP203 coat proteins fused to
interleukin-lalpha as well as wt coat protein subunits was constructed. In this system,
suppression of the stop codon yields the AP205-interleukin-1alpha coat protein fusion, while
proper termination yields the wt AP205 coat protem. Both proteins are produced
simultaneously in the cell and assemble into a mosaic virus-like particle, Two intermediary
plasmids, pAP590 and pAPS592, encoding the AP203 coat protein gene terminated by the
suppressor codons TAG (amber, pAPS590) or TGA (opal, pAP392) were made. A linker
sequence encoding the tripeptide Gly-Ser-Gly (SEQ ID NO:189) was added downstream and
in frame of the coat protein gene, Kpn2I and HindIlf sites were added for cloning sequences
encoding foreign amine acid sequences at the C-terminus of the Gly-Ser-Gly amino acid
linker, C-terminal fo the AP205 coat protein. The resulting constructs were: AP390 (SEQ ID
' NO:117): AP205 coat protein gene — amber codon — GSG(Kpn2l ~ ITindlil); and AP592
(SEQ 1D NO:118): AP205 coat protein gene — opal co.don — GSG(Kpn2I — HindHI). For
construction of plasmid pAP590, 2 PCR fragment obtained with oligonucleotides pi.44 (5'-
NNCCATGGCAAATAAGCCAATGCAACCG-3"; SEQ ID NO:119) and pINC-36 (5'-
GTAAGCTTAGATGCATTATCCGGA TCCCTAAGCAGTAGTATCAGACGATACG-3;
SEQ ID NO:120) was digested with Ncol and HindlIll, and cloned into vector pQbl85, which
had been digested with the same restriction enzymes, pQb1835 is a vector derived from pGEM

vector. Expression of the cloned genes in this vector is controlled by the mp promoter



268 SEQ ID NO0:44 IL-1 alpha Canis MAKVDDLFED LIKNCYSENFT1 YSSEIDELSI NQKSFYDMSC
DPINEDGMSI, STSETSKITSQ 60 LTEKENVVVV AANGKILKKR RISTSWITD DDIEGIANDT
EEVIMKPRSY AYNEHNNEKY 120 NYTRIT8SCP TTNENINGST VACITGGIIIYIN TAATQNIDA

VKFTOMGAT#S Rlniddede/ TT 180 TSKTRLEVSA CNEDEPVIT,K EMPETRK{ 1B G JNIATINE
REGSKEYEKS VAQEKTFTAT 240 QERKLVEM,_AI?QC—EQPSITDPRL LETQP 265 SEQ ID HO:45 IL-1-

alpha Mus '
(Koziovska, T. M. et al, Gene 137:133-37 (1993)). Similarly, plasmid pAP592 was

constructed by cloning a Neol/HindIH-digested PCR fragment obtained with oligonucleotides
pld4 and pINC-40 (5’-GTAAGCTTAGATGCATTATCCGGATCCTCAAGCAGTAGTA
TCAGACGATACG-3’; SEQ ID NO:121) into the same vector.

[80221] The sequence encoding amino acids 117-270 of murine [L-1a was amplified by PCR
from plasmid pModECI-His-EK-mILI¢y 17270 (see EXAMPLE 1), using primers pINC-34
(5°-GGTCCGGAGCGCTAGCCCCTTACAC-3"; SEQ ID NO:122) and pINC-35 (5'-
GTAAGCTTATGCATTATGATATCTGGAAGTCTGTCATAGA-3", SEQ ID NO:123),
which added Kpn2l and HindIIT restriction sites to the 5 and 3° ends, respectively. The
obtained DNA fragment was digested with Kpn2] and HindIIT and cloned into both vector
PAP590, creating plasmid pAP594 (amber suppression), and into vector pAPS92, creating
plasmid pAP396 (opal suppression), respectively. _

[00222] For expression of mosaic AP205 VLPs displaying murine IL-1a on their surface,
E.coli JM109 cells containing plasmid pISM 579 or pISM 3G01 were transformed with
plasmid pAP594 or pAP596, respectively. Plasmid pISMS79 was generated by excising the
trpT176 gene from pISM3001 with restriction endonuclease EcoRI and replacing it by an
EcoRl fragment frém plasmid pMY 579 (gift of Michael Yarus) containing an amber t-RNA
suppressor gene. This t-RNA suppressof gene is a mutant of trpT175 (Raftery LA. Et al.
(1984) J. Bacteriol. 158:849-839), and differs from trpT at three positions: G33, A24 and T35.
Five milliliters of LB liquid medium containing 20 ug/ml ampicillin and 10 ng/ml kanamycin
were inoculated with a single colony, and incubated at 37 °C for 16-24 h without shaking. The
prepared inoculum was diluted 50 x with M9 medium containing 20 ug/ml ampicillin and 10
pg/ml Kanamyein and incubated at 37. “C overnight on a shaker. Cells were harvested by
centrifugation. _

[00223] Celis (1 g, transformed with plasmid pAP594 and confﬁining pISM379) were lysed
by ultrasonication in lysis buffer (20 mM Tris-HCI, gmM EDTA, [50 mM NaCl, pH 7.8,
0.1 % Tween 20). The lysate was cleared by centrifugation, and the cell debris were washed
with lysis buffer. Pooled supernatant were loaded on a Sepharose CL-4B column eluted in
TEN buffer (20 mM Tris-HCL, 5SmM EDTA, 150 mM NaCl, pH 7.8). The presence of capsids
in the cleared lysate and wash supemnatant was confirmed by agarose gel electrophoresis (1 %
TAE, ¢thidium bromide stained gel and UV detection). Two peaks etuted from the column as
determined by SDS-PAGE or UV-spectromefric analysis of light scattering at 310 nm.
Fractions of the second peak, containing the capsids, were pooled and loaded on a Sepharose
CL-6B ¢olumn, Peak fractions from the CL-6B columne were pooled and concentrated using

a centrifuga! filter unit (Amicon Ultra 15 MWCO 30000, Millipore). The protein was purified



MAKVPDLEED IKATCYSENED ITSSAIEHLST, NQKSFYDASY GSLFIETGTDO) EVSHIRTSETS 60
KNISNFTEKES RVTVSATSSN GKILKKFIRLS FSETFTEDDL OISITHELEET INENAPYTY 120
QSDLRYKLYIK IVROKEVMND SLNQINQDV DKHYLSITWL NDLQQEVKFD MYAYSSGGIDD 180
SKYPVTLKIS&2:evGAQG EDQPVLLKEL PETPKLITGS ETDLIFFWKgck/2RiGishEE 3 S'A 240
AYPELFIATK EC/SAW-HAAG TP3.1,1'1'13E013 _ 270 SEQ ID NO0:46 IL-1 alpha Rattus

MAKVPDLFED LKNCYSENEE YSSAIDHLSL NQ S2CIDASY GSIBENCTDK FVSTRTSETS
further by one additional round of gel filtration on a CL-4B column, and the resulting peak

fractions were pooled and concentrated on a centrifugal filter unit as above. The buffer was
exchanged to 10 mM Hepes, pH 7.5, and glycerol was added to a final concentration of 50 %.
[00224] Purification of AP205_mll-layrz70 from plasmid pAP396 was performed
essentially as described for pAP594 above, with the inclusion of an additional sucrose
gradient purification step after the last CL-4B colummn. The protein was layered on & gradient
prepared with the following sucrose solutions: 9 ml 36 %, 3 ml 30 %, 6 mi 25 %, 8 ml 20 %,
6ml 15%, 6 ml 10 % and 3 mi 5% sucrose. Fractions were identified by UV spectroscopy,
and pooled fractions containing the capsids were concentrated on a centrifugal filter unit as
above, and the buffer exchanged to 10 mM Hepes, pH 7.5. Glycerol was finally added to a

final concentration of 50 %.

B. Immanization of mice with AP205_miIL-lo17.27
[08225] Four female balb/c mice were immunized with AP205 -mlL-1ey17070. Twentyfive
ug of total protein were diluted in PBS to 200 p! and injected subcutaneously (100 ul on two
ventral sides) on day 0, day 14, and day 28. Mice were bled retroorbitally on days 0, 14, 28

and 35, and sera were analyzed using mouse TL-1a 7 290-specific ELISA.

C. ELISA
[00226] ELISA plates were coated with mouse IL-loui7270 protein at a concentration of
i ug/ml. The plates were blocked and then incubated with serially diluted mouse sera from
days 14, 28 and 35. Bound antibodies were detected with enzymatically labeled anti-mouse
IgG antibody. Aatibody titers of mouse sera were calculated as the average of those ditutions
which led to half maximal optical density at 450 nm. The average anti-mouse IL-10yy7.27¢ titer
was 1:4412 at day 14, 1:27955 on day 28 and 1:34824 on day 35. This demonstrates that
immunization with AP205_mlIL-10;7.270 could overcome imm‘unoidgical tolerance and -

produce high titer antibodies which recognize specifically IL-1ot1v.270.

D. In vitro neutralization of IL-ia
[08227] Sera of mice immunized with AP205_mil-lay7.290 were tested for their ability to
inhibit the binding of mouse IL-la protein to its receptor, ELISA plates were therefore coated
with a recombinant mlL-1receptor]-hFc fusion protein at a concentration of 1 ug/ml, and co-
incubated with serial dilutions of sera from mice which had been immunized either with

AP205_miL-10uy 17270 or with AP205 alone and 100 ng/m] of mouse IL-1d,17.27¢. Binding of



60 KMSTFTFKES EVVVSATSNK GKILKKREIS, FNUFTEDDI, EATAHDTEET ICPESAPHSE 120
QNITLRYKLIA IVKQEFIMND SLIT2NIYVDM DRIILKAASL NDLQIEVKFD MYAYSSGGDD 180
SKYPVTLKVS NTQLEVSACG PDKPVILKEI PETPKLITGS EYDLIFFWEK INSKNYFTSA 240

AFPELLIATKVEQBONHELARG LESMIDFQIS 270 SEQ ID 140:47 IL-1 alphey&aiikisasse
KNCYSENEED SSSIDHISLN QKSFYHVY114G PLHEGGMIXITS VSLSISETSK TSKITEKESM 60

VVVATNGKVI, KKR:87481,SO ITDDDLEAIA NDSEEETIKA RSAPECELSN VKYNFMRITK 120
mll-la17.270 to the immobilized mIL-1receptor]-hFc fusion protein was detected with a

biotinylated anti-mouse IL-1a antibody and horse radish peroxidase conjugated streptavidin.
All sera from mice immunized AP205_mIL~1l017207 inhibited completely the binding of
mouse 1L-layi7z90 to its receptor at concentrations of > 3.3 %, whercas sera from mice
immunized with AP205 did not show a significant inhibitory effect at any concentration used.
These data demonstrate that immunization with AP205_mIL-lai7.070 can yield antibodies

which are able to neutralize specifically the interaction of mouse IL-16t;37.079 with its receptor.

E. In vivo neutralization of IL-1¢
{06228] The in vivo neutralizing capacity of the antibodies raised by immunization with
AP205_mlIl-log17070 was investigated next. Four female balb/c mice were therefore
immunized three times on days 0, 14, and 28 with AP205_mIL-10y;7.07 and four mice were
immunized at the same time with AP205 alone. On day 42 all mice were injected
intravenously with 1 pg of free murine IL-1¢ti17.270. As readout of the inflammatory activity
of the injected IL-101117.0m, serum samples were withdrawn before and 3 h after injection and
analyzed for the relative increase in the concentration of the pro-inflammatory cytokine IL-6.
AP205~immunized mice showed an average increase in the serum IL-6 concentration of
12.92 £ 3.95 ng/ml, whereas mice immunized with AP205_mll-le 997 showed an average
increase of only 0.06 + 0.05 ng/mi (p < 0.01). These data indicate that the antibodies produced
by immunization with AP205_miIL-Iatir270 were able to neutralize specifically and

cfficiently the pro-inflammatory activity of IL-1c.

EXAMPLE 6
A. Cloning and expression of virus-like particles consisting of AP205 coat protein
genetically fused to mouse H.~15110.260 (AP205_mEL-11:9.260)
[60229] Cloning, expression and purification of virus-like particles consisting of AP205 coat
protein genetically fused to mouse IL-1B119.265 is carried out essentially as described for
AP205_mlL-logire7e in EXAMPLE 5. The sequence of murine interleukin 1 beta was
amplificd from plasmid pModEC1-His-EK-mlL 1815260 coding for murine interleukin 1 beta
using primers pINC-75 (5’-GATCCGGAGGTGGTGTCCCCATTAGACAGCT-3", SEQ ID
NO:192) and pINC-77 (5°-GTAAGCTTAGGAAGACACAGATTCCAT-3', SEQ ID
NO:193). These primers amplify a murine interleukin-1 beta gene with 5° Kpn21 and 3° Hind
ITF sites, and encoding additionally the amino acid sequence Gly-Gly at the N-terminus of

murine interleukin lbeta. The obtained mur-IL-1p fragment was digested with Kpr2J and



NEFILNDALN QSTIRANDQY LTAAALENLD EA 152 SEQ ID 140:48 hiL-1 alpha Cavia
FEDLKNCYSE NEEYASAIDE LSLNQIISFYD TNIMPLEENR VDEPVSPNEY ENSEESNFTL 60
EFISSDSSAVV LTSABGEVAK KRPLSI,NQTN SNEDLEALAN DSEEEIIEEW SVPYSFQSNI, 120
KEKYORSIKi 006 IdAMHQ SLIRESNGQH LKAMHV17DRK HEVKFDIRG X MabAdRIRPV 180
ILKISKTQLY VCAQEEGQPV LAKE 204 SEQ I_I36£\|9:49 hiL-1 beta 11AEVPELASE

811vLAYYSGNED DEFFEADGPK
HindIll and cloned in the same restriction sites into vector pAP590 (amber suppression)

creating plasmid pAP630. E.coli IM109 containing plasmid pISM 579, providing amber
suppression, was transformed with plasmid pAP630. 5 mlof LB liquid medium with 20 pg/ml
ampiciilin and10 pg/mi kanamycin were inoculated with a single colony, and incubated at 37
°C for 16-24 h without shaking. The prepared inoculum was diluted 50x with M9 medium
containing 20pg/ml ampicillin and 10 pg/mi kanamycin and incubated at 37 °C overnight on a

shaker. Cells were harvested by centrifugation.

B. Cloning and expression of virus-like particles consisting of AP205 coat protein
genetically fused to human IL.-18;16.260 (AP265_hIT-1B;16.2¢9)
[060236] The sequence of human interleukin 1 beta was amplified from plasmid pET42T-hiL-
1B116269 coding for human interieukin 1 beta using primers pINC-74 (5°- GA TCC GGA GGT
GOT GCC CCT GTA CGA TCA CTG AAC TG -3°, SEQ ID NO:194) and pINC-76 (5'-
GTATGCATTAGGAAGACACAAATTGCATGOTGAAGTC-3, SEQ 1D NO:195),
introducing a 5° Kpn2/ and 3’ Mphj'f 031 site, respectively. The obtained human-iL-18
fragment was digested with Kpn2/ and Mph1703] and cloned in the same restriét’ion sites mto
vector pAPSQO (amber suppression) creating plasmid pAP649. E.coli IM109 containing
plasmid pISM 579 (providing amber suppression), was transformed with plasmid pAP649. 5
m! of LB liquid medium with 20 pg/ml ampicillin and10 pg/ml canamicin were inoculated
with a single colony, and incubated at 37 °C for 16-24 h without shaking. The prepared
inoculum was diluted 50x with M9 medium containing 20 ug/ml ampicillin end 10 ug/m}
kanamycin and incubated at 37 °C overnight on a shaker, Cells were harvested by

centrifugation.

C. Immunization of mice with AP205 mIL-1B1:060
[00231] Four female C3H/HeJ mice were immunized with AP205_mIL-18;;0550, Twentyfive
ug of total protein were diluted in PBS to 200 pl and injected subcutaneously (100 ul on two
ventral sides) on day 0, day 14, and day 28. Mice were bled retroorbitally on days 0, 14, 28
and 35, and sera were analyzed using mIL-10,19069-8pecific ELISA.

D. ELISA
[00232] ELISA plates were coated with mouse IL-1B11s.26s protein at a concentration of 1
ug/ml. The plates were blocked and then incubated with serially diluted mouse sera from days

0, 14, 28, and 335. Bound antibodies were detected with enzymatically labeled anti-mouse 1gG



ONKCSFODLD LCIPLDGGIQL RISDEHYSKG 60 FRQAASVVVA MDKLRKPILVP CPOTEQENEL
STFFPFIFEE EPIEFDTION EAYVEDAPVR 120 STNCTIRDSQ QKSIVMSGPY ELKALELOGQ
DMEQQVVESM SEVIDGEESND KIPVALGLKE 180 KNLYLSGVLK DDKPIALQIES VDPKITYPKKK

MEKRECTERg fidiNiEFES AQFPNWYEST 240 SQAENMPVEL GGTKGGRRRIGIAINVSS
269 SEQ ID 140:50 IL-1 beta Pan  MLVIVIPOTEQ ENDLSTEETE' ITEEEPIFFE, TWENEAYVHD

AEVITSTNCTI, RDSQQKSLVAI 60 SGICIELKALETLQGQDMEQQV VESMSIVQGE
antibody. Antibody titers of mouse sera were calculated as the average of those dilutions

which lt'ea“d_ to half maximal optical density at 450 nm. The average anti-mouse 1L-1B)16.260
titer was 1:19000 on day 14, 1:58200 on day 28 and 1:104700 on day 35. This demonstrates
that immunization with AP205_mlIL-1B115.250 could overcome immunological tolerance and

produce high fiter antibodies which recognize specifically mouse IL-1B;10.260

E. In vitro neutralization of IL-1B
[08233] Sera of mice immunized with AP205_mIL-1B1)0.50 are then tested for their ability to
inhibit the binding of mouse IL-1f protein to its receptor. ELISA plates are therefore coated
with a recombinant mIL- Ireceptor]-hFc fusion protein at a concentration of 1 pg/mi, and co-
incubated with serial dilutions of sera from mice immunized either with AP205_mIL-1B10.60
or with AP205 alone, and 100 ng/ml of mouse IL-1B;15.260. Binding of 1L-1B 10260 to the
immobilized miL-1receptorl-hFc fusion protein is detected with a biotinylated anti-mouse IL-
IB antibody and horse radish peroxidase conjugated streptavidin. All sera from mice
immunized with AP205_mlL-1B11956s strongly inhibit the binding of mouse 1L-1B;19.260 10 its
receptor, whereas sera from mice immunized with AP205 alone do not show any inhibitory
effect. These data demonstrate that immunization with AP205 mil-181006 can yield

antibodies which are able to neutralize the interaction of mouse 11~1p, 19-265 and its receptor.

F. In vivo neutralization of IL-1B
[00234] The in vivo neutralizing capacity of the antibodies raised by immunization with
AP205 mlIL-1B1,02¢0 were investigated next. Four female C3H/Hel mice were therefore
immunized three times on days 0, 14, and 28 with AP205_mlIL-18115960 and four mice were
immunized at the same time with AP205 alone. On day 42 all mice were injected
intravenously with 1 pg of free mIT-15110.060. As readout of the inflammatory activity of the
injected miL-1B192¢0, serum samples were withdrawn before and 3 h after injection and
analysed for the relative increase in the concentration of the pro-inflammatory cytokine I1-6.
AP205~immunized mice showed an increase of 0.28 ng/ml in serum 11-6 concentrations,
whereas mice immunized with AP205_mIL-15110.26s showed no increase at all. These data
indicate that the antibodies produced by immunization with AP205 mIL-1B110.260 were able fo

neutralize specifically and efficiently the pro-inflammatory activity of IL-1.



ESNDKIPVAL GLKEKNLYLS CVLKDDKETL 120 QLESVDPKNY PKKKMEKREV FNKLEINNKL
ETTISAQFPNW YISTSQAENM PVCAGGTKGG 180 ODITDFTMOF YES 193 P1085PCOOTSI -6--
SEQ ID NO:51 IL-l beta Macaca MAEVRELASE MMAYYSGNED DLIBETVDGRK QMKCSFULD
ECTELGGGIQ. XMty NEG 60 FRQAVSETVA MEKLRKMLVP CRQIEERN RS TiBFIFEE
EPVELDTRNN DACVHDARVR 120 SIMCIIRLAQLKSLVMSGRY ELKALREQGQ DLEQQVVESM

SEVQGEESEDD KIPVALGLKA 180
H. Immunization of mice with AP205 hIL-1f116260

[00235] Four female C3H/HeJ mice were immunized with AP205_hI1.-1B1)6.260, Twentyfive
ug of total protein were diluted in PBS to 200 pl and injected subcutaneously (100 pl on two
ventral sides) on days 0, 14, and 28. Mice were bled retroorbitally on days 0, 14, 28 and 35,

and sera were analyzed using human 1L-1B116.26s-specific ELISA.

L ELISA

[66236] ELISA plates were coated with human IL-1B)16.260 protein at a concentration of 1
ug/ml. The plates were blocked and then incubated with serially diluted mouse sera from days
0, 14,28, and 35. 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 lead to half maximal optical density at 450 nm. The average anti-human TL-1B116.260
titer was 1:39600 on day 14, 1:58300 on day 28 and 1:65600 on day 35. This demonstrates
that AP205_hIL-1P16.260 induces high titers of hiL-181;4.260-specific antibodies in mice.

EXAMPLE 7
A. Cloning, expression and purification of human 1-1B;;626

[60237] The nucleotide sequence encoding amino acids 116-269 of human 1L-1f (hiL-1P1s.
269) was amplified by PCR from a cDNA library of human liver tissue using oligonucleotides
HIL-1 {5’- ATATATGATATCCCTGTACGATCACTGAACTGCACG-3’; SEQ ID NG:124)
and HIL-2 (5’~ATATATCTCGAGGGAAGACA CAAATTGCATGGTGAAG-3"; SEQ ID
NO:125), digested with Xhol and EcoRV and cloned into the expression vector pET42T(+).

[00238] Plasmid pET-42T(+) was constructed by replacing the whole region between the T7
promoter and the T7 terminator of pET-42a(+) (Novagen) in two steps by new linker
sequences, which facilitate the expression of a protein of interest as a fusion with a C-terminal
tag (SEQ ID NO:190) comprising a His-tag and & cysteine containing linker, In a first step
plasmid pET-42a(+) was digested with the restriction enzymes Ndel and Avril, liberating a
958 bp fragment between the T7 promoter-and T7 terminator composed of a GST-tag, S-tag,
two His-tags and the multiple cloning site, The residual 4972 bp fragment containing the
vector backbone of pET-42a(+) was isolated and ligated to the annealed complementary
oligonucleotides 42-1 (5-TATGGATATCGAATTCAAGCTTCTGCAGCTGCTCGAGTAA
TTGATTAC-3";, SEQ ID NO:126) and 42-2 (5-CTAGGTAATC AATTACTCGA
GCAGCTGCAGAAGCTTGAATTCGATATCCA-3", SEQ ID NO:127), giving rise to
plasmid pET-428(+). In the second step plasmid pET-42S(+) was linearized by digestion with



KNLYLSCVLK DEMPTLQLES VDPKNYPKKK MFKRFVFENKI FINKEL:BEES AQFPNWEIST 240
SQAENMPVFL GGERGGNIT DFTMQFVSS 269 SEQ ID NO:52 IL-I beta Oryctolagus
MATVDDETSE MMAYESGNEN DIMDMADGPN YMKSCFULD LCCPDEGIQL RISCQRYNKS 60

FRQVLSVVVidd Jaltd f38d6AVP CPQAPMEDGL RTFFSLIFEE EPVLCNTWRDPAASLECDAVRS 120
LECRLDDAQQ KSLVINGTEE LKALHLNAEN -121429VVESMS FVQGKESNDK IPVALGIERG14 180

NLYLSCVMKD DKPITQLESYV DPNRYPIEKKM E¥RFVFNKIE IKDKLEFESA OFPNWEISTS 240
QTEYMPVPREGNNSCGBQYDE DM ERY SS:11, and ligated to the complementary annealed

oligonucleotides 427-1 (5-TCGAGCACCACCACCACCACCACGGTGGTT
GCTAATAATAATTGATTAATAC-3; SEQ ID NO:128) and 4272 (5~
CTAGGTATTAATCAATTATTATTAGCAACCACCGTGGTGGTGGTGGTGGTGC-3";
SEQ ID NO:129), resulting in plasmid pET-42T(+).

[00239] The cloning of the above mentioned fragment hIL-1B11c060 into pET-42T(+) gave
rise to plasmid pET42T-hIL-1B;16.260. This plasmid encodes a fusion protein corresponding to
the mature human IL-1p and a His-tag and a C-terminal cysteine-containing linker (GGC,
SEQ ID NO:178). Thus, the fusion protein consists of SEQ ID NO:190 C-terminally fused to
SEQ 1D NO:165. The original alanine residue at position 117 of human IL-18 was changed to
isoleucin in this fusion protein. Expression and purification of the human TL-~1B116.260 protein

was performed essentially as described for the murine mIL1B110.60 protein in EXAMPLE 1.

B Cloning, expression and purification of human ¥L-1B 16260 muteins
[00240] By site directed mutagenesis of the plasmid pET42T-hIL-1Byi6260, expression
vectors for ten different mutant human IL-1B114.260 fusion proteins were constructed. To this
aim the Quik-Change® Site directed mutagenesis kit (Stratagene) was used according to the
manufacturer’s instructions. The expression vectors for these mutant TL-18110.069 proteins are
listed in Table 2 together with the oligonucleotide pairs used for their construction,
Expression and purification of the different human IL-1B115.260 muteins was performed as

described in EXAMPLE 1.



268 SEQ ID 670:53 IL-1 beta Mus MATVPELNCE MPPFDSDEND LFFEEEDGPQK MKGCFQTEDL
GCPDESIQLQ ISQQHINKSF 60 RQAVSLIVAV EKLWOLPVSF PNTFQDEDMS TFFSFIFEEE
FILCDSWDDD DIDLLVCDVPI 120 RQLBYRIMDE QQKSLVLSDP YELMALBLNG QNINQQVIFS
MSEE700E P&l A6/RveAs GLK 180 GKNLYLSCVM KDGEPTLOLE SVDRBK@¥ P isvEKRIVENK
LEVKSKVEFE SALFPNINYIS 240 TSCAEBKP\{WF6%C_5EINSGQDII DFTMESVSS 269 SEQ ID 670:54

" IL-1 beta Rattus ) , ) )
Table Z: Overview over IL-1 muteins, expression vectors and oligonucleotides used for their

construction.

Expression vector

mutein sequence
(without

purification tag)

Oligonucleotide pair

PET42T-WIL-1f 116260
(R4D)

hIL-1 ﬁl]6—269 (R4D)
(SEQ ID NO:131)

RAD-1 (5°-CATATGGATA TCCCTGTAGA

"CTCACTGAAC TGCACGCTC-3; SEQ D NQO:143);

R4AD-2 (5"-GAGCGTGCAG TTCAGTGAGT
CTACAGGGAT ATCCATATG-3"; SEQ ID NO: 144}

pET‘iQT—h}L- 15 116-769
(L6A)

hIL-3B1se.209 (LOA)
(SEQID NO:132)

LOA-1 {(5-GATATCCCTG TACGATCAGC
TAACTGCACG CTCCGGGAC-3%; SEQ ID NO: 145);
LoA-2 (5°-GTCCCGGAGC GTGCAGTTAG
CTGATCGTAC AGGGATATC-37; SEQ ID NO: 146)

PETA2T- L1051 1.260
(T9G)

hIE-181 16260 (TOG)
{SEQ ID NO:133)

T9G-1 (5-GTACGATCAC TGAACTGCGG
TCTCCGGGAC TCACAGEC-3"; SEQ ID NO:147)
T9G-2 (8°-GCTGTGAGTC CCGGAGACCG
CAGTTCAGTG ATCGTAC-3"; SEQ ID NO:148)

pET42T‘hIL-1B 116-269
R11G)

hIL-1B 115269 (R11G)
(SEQ ID NO:134)

RIIG-1 (3 -GAACTGCACG CTCGGGGACT CACAGL-3;
SEQ ID'NO:149)
R11G-2 (5"-GCTGTGAGTC CCCGAGCGTG CAGTTC-3";
SEQ ID NO:150)

pET42T-hIL- 1 B 116-262
(D54R)

B 116260 {D34R)
(SEQ IDN(O:135

D34R-1 (57
CAAGGAGAAGAAAGTAATCGCAAAATACCTGTGGC
CTTG-3"; SEQ ID NO:151

D54R-2 (5°-
CAAGGUCACAGGTATTTTGCGATTACTTITCTICTCCT
TG-3"; SEQ H NOx152)

PETAZT-RIL- 1B 6260
(D145K)

BIL-1D116060 (D145K)
(SEQ ID NO: 136}

DI45K-1 (5~
GCGGCCAGGATATAACTAAATTCACCATGCAATTTG
TGTC-3’; SEQ I NO:161)

DI45K.2 (5°
GACACAAATTGCATGGTGAATTTAGTTATATCCTGG
CCGC-3"; SEQ ID NO:162)

pET42T-hIL- (115260
( AEESU,S 1 )

hZL' J B 116-269
( AEES(),S{)
(SEQ ID NO:137)

EE-1 (5
CATGTCCTTTGTACAAGGAAGTAATGACAAAATACC
TGTG-3"; SEQ ID NO:153)

EE-2 (5"
CACAGGTATTTTGTCATTACTICCTTGTACAAAGGAC
ATG-3%; SEQ ID NO:154)




MATVPEINCE IAAFDSEEND LFFEADRPQK IKSCEQAIOL GCPDESIQLQ ISSOHLDES 60
RKAVSLIVAV EKLWOLPMSC DMSFQDFDPS TFFSFIFEEE PETGESWEDE DELVCDVPIR 120
SLBCRLRDEO QKCLVLSDPC ELKALMLNGQ NISQQVVESM SFVQGETSND KIPVAIGLKG 180
LNLYLSCVM&ECGiDRTdsQIDES VDPKQYPKINK MEKREVENKI EVKTKV REESrAFMARNWEIST 240
SQAEHRPVFL GNSNGRDIVD FTMEPVSS 2686§I§Q ID 670:55 IL-1 beta Equus MAAVPDTSDM

MTYCSCNEND LETEDDCPWS MKGSFQPIDDL

PETAXT-HIL- 1B a0 | BIL-1Prsenss SND-1 (5" )
" (ASND) (ASNDH CTTTGTACAAGGAGAAGAAAAAATACCTGTGGCCTT |
(SEQIDNO:138) | G3'; SEQ IDNO:155)
SND-2 (5°-

CAAGGCCACAGGTATTTTTTCTTCTCCTTGTACAAAG
~3"; SEQ ID NO: 156}

PETA2T- WL 1P iszes | BIL-1B1ro26s K63655.1 (5-
(K63S/KE5S) (K63S/K65S) GTGGCCTTGGGCCTCAGCGAAAGCAATCTGTACCTG
(SEQIDNO:139) | TCCTG-3’; SEQ ID NO:157)
K63655-2 (5’

CAGGACAGGTACAGATTGCTTTCGCTGAGGCCCAAG
GCCAC-37; SEQ 1D NO:158)

PET42T-WL-1B 16000 | L1136 QE-1 (5-
(QI26A/E128A) (QI26A/E128A) GTACATCAGCACCTCTGCAGCAGCAAACATGCOCGT
(SEQ ID NO:140) CTTC-3’; SEQ ID NO:159)
QE-2 (5'-

GAAGACGGGCATGTTTGCTGCTGCAGAGGTGCTGAT
GTAC-3"; SEQ ID NO:160)

EXAMPLE §

A. Biological activity of human IL-1B16.260 and human IL-1B;16.260 muteins in mice
[00241] Three female C3H/Hel mice per group were injected intravenously with 10 ug of
cither the wild type human TL-181y5.065 protein or one of the human IL~1B119.260 protein
muteins of EXAMPLE 7. Serum samples were withdrawn before and 3 h after injection and
analysed for the relative increase in the concentration of the pro-inflammatory cytokine IL-6.
As shown in Table 3, mice injected with the wild type human I1-1B 1526 protein showed an
increase of 2.38 ng/ml in serum I1-6 concentrations. With the exception of muteins hiL- [Bi1s
265 (D54R) and hlL-1B 16265 (K638/K658), which induced similar serum I1L-6 concentrations
as wild type human IL-1B115.260, 2li muteins tested induced lower amounts of 1L-6, indicating

reduced biological activity,



SEMCNGGIQL ORSBOLYNKT 60 FKBVVSIIVA MEKLKKIPVP CSQAPODDIL RSLFSVIFEE
EPILCDNWED DYVCDAAVBS 120 VNCRERDIER KSLVISGACE LOAVHINGEN INQQVVECMS
FVQGEEETDK IPVALGLKEK 180 NIMISCGMKD 4114PETQLETV DPNTYPKRKM EKRFVFNKME
IKQNVEFE Séd/byiNMEESIS 240 QAEKKPVEIG NVRGGRDIJID FIMEITSA ERAH8BEQID 670:56 IL-I
beta Fells  MAP/1414E1SE MMAYYSDEND LFEEADGPEK MKGSLQNLSB SFLGDEGIQL

QISHQPDNKS 60 ISRBAVSVIVA MEKLMKISFA (élSULODEET KSLFCCIFEE
Tabie 3: Biological activity of human IT.-18,;6.269 and human IL-1B;6.260 muteins in mice.

Profein/mutein _Averagg increase in serum IL-6 |
R i‘.coﬁcentraﬁons 3 h after injection .
n ng/mi (£SD)
hI1-1B116.260 238069
RIL-1P116060 (RAD) 0.16=003
hIL-1B116.260 (LOA) 1.03 £0.65
hIL-1B1 16260 (T9G) 0.82 = 0.42
hIL-1B116.260 (R11G) 0.34+0.25
BIL~ 1 1e.06 (D34R) 3052167
hIL-1B1 15260 (AEE™1) 1.10 =027
hIL-1B115.200 (ASND™%) 0.13=0.08
| hTL-1B116.260 (K63S/K65S) 222138
hIL-1B115.060 (Q126A/E128A) 0.77 £0.55
hIL~1B116.260 (D145K) - 1.39+026

B. Biological activity of human IL-18116.260 and human IL-1B1y6.260 muteins in human
PBMC

[40242] Peripheral blood monomuclear cells (PBMCs) were isolated from heparinized blood
of a healthy donor by Ficoll density gradient centrifugation. 5x10° cells per well were
incubated with titrating amounts of either the wild type human IL-1B119.2¢0 protein or one of
the human IL-1f110.260 muteins of EXAMPLE 7. After over night incubation the amount of
IL-6 in the cell culture supernatant was measured as readout of the biological activity. Table 4
shows that with the exception of muteins hL-18115260 {D54R) and hIL-1B:6.260
(K63S/K65S), much higher amounts of all mutants were necessary to induce the same 1L-6
secretion as wild type human IL-1B119.265, indicating a reduction in bioactivity. The factor by
which biological activity was reduced ranged from 13 fold for mutein hIL-1B11526 (R11G) to
381 fold for mutein hIL-1B;14.260 (ASND %,



EPIICDTWDD GFVCDAAIQS 120 DYTFRDISQ KSLVLSGSYE LRALMLNGQN MNQQVVERMS
FVHGEENSKK IPVVLCIKKN 180 NLYLSCVMKD GKPILQLEML DPKVYNKKKM EKRFVFNKTE
INSNVEFFSS OFPNWEISTS 240 QAFEMPVFIG NTKGGQDITD FIMESAS 267 SEQ ID 670:571L-1
beta Sus  MAMRREGAKE VMANNGDNNN DLIABLADGPK EMKCRIONER: BRéskmb¥6ss1Q
LQISHOLCNE 60 SSRPMVSVIV AKEEPMNPS§.%\{_VC,DDDPKS IESSVFEEEP IVLEKBANGF

LCDATINIQSYV 120 DCKLQDKDEK ALVLAGPHEL KALELLKGDL KREVVECNSF
Tabie 4: Biological activity of human [L~1[16.260 and human IL-181,6.260 mutcing in human

PBMC.

Protein/mutein | Protein / mutein {Fold reduction in
concentration {in ng/ml) | bioactivity  relative to
required to induce 600  wild type hIL-1B 116260
pg/ml I1L-6 from human
PBMC |

hIL-1B1s6.a60 2 -/

hiL-1B116.260 (RAD) 333 146

hIL-1B 115260 (LGA) 31 14

hl1L-1B 115260 (19G) 79 34

hIL-1B115.260 (R11G) 30 i3

hIL-1B115.260 (D34R) 5 2

hIL-1B 115260 (AEE™ 1) 187 82

BIL-1B1 16260 (ASND %) 872 381

hIL-1B115.260 (KE3S/K65S) 13 6

hIL-1B116.260 (Q126A/E128A) 94 41

WL~ 1P 115260 (D145K) 386 169

EXAMPLE 9

A. Coupling of human [L-1B6.26s and human TL-1B116.260 muteins to Qf virus-like
particles
106243} Chemical cross-linking of the wild type human 1L-1B119060 protein and the human
IL-1P; 19260 muteins of EXAMPLE 7 to Qf virus-like particles was performed essentially ag
described in EXAMPLE 2A.

B. Immunizatien of mice with human IL-1B116.26s and human 11-1B116.260 muteins
coupled to Qf capsid
[06244] Four female balb/c mice per group were immunized with Qp coupled to either the
wild type h1l-1B16060 protein or one of the hil-1B16260 mutein proteins, Fifty ug 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 35, and sera were analyzed

using ELISAs specific for either for the respective human 1L-18,5.240 mutein used as



VQGDDSDEDBI PVTLGIKGKN 180 LYLSCVMKDD TPTLQLEDVD PKSYPKRDNE KREVEYKTEI
KNRVEFESAL YPNWEISISS 240 AEQKPVFLGN SKGRQDITDE TMEVLSP 264 SEQ ID 670:58
IL-I beta Cavia MAAVPELSSE VTAYBSDENE LETEVDGPMK MUCITEDFDL CSLDEGIKLQ

ISHOBENKSk 4@ EMSLIVAV EKIMKKLAPC TWAFQDDDIM PLLRFIpERERN 443 IMVDEE
YESDTPVPSR 120 NCITBDIQBK RLVLSDRCEL KALELNGDNL NRQVVESMSF VQGERSDNKM

PVKLGIMGKK- 180 LYLSCVMKDG KPVLQLESVD GKQYPKKKME KRFVFNKITS
tmmunogen, or the wild type human IL-1B,16.26v protein.

CELISA
[66245] ELISA plates wére coated etther with the wild type hIL-1B116:260 protein or the
respective hIL41B115~259 mutein at a concentration of 1 ug/ml. The plates were blocked and
then incubated with serially diluted mouse sera from day 35. 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, and are shown in Table 5,

Table 5: Anti- hIl-1B1;6060 (wild type and mutein)-specific IgG titers raised by

tmmunization with QB-hIL-1f11s.260 o1 Qf-hIL~18115.260 mutein vaccines.

Average anti-hIL-1B;16.2¢0

Average anti-hIL-1B1¢.255

Vaccing
wild type IgG titer (+SD) mutein IgG titer (=8D)
QP-hIL-1B136260 253325 + 184813 -
Qp-hIL-18116.060 (R4DD) 231879 + 115475 160666+ 79478
QB-hIL-1B116.260 (1.6A) 120224 £ 7658 RO377 £ 17965

QB-hIL-1B116.260 (TIG)

261249 + 153716

224809 £ 131823

QB-hIL-1B116260 (R11G) 278342 = 50296 279290 47232
QB-hIL-1B116.260 (D54R) 269807 £ 122351 206516 = 90098
QB-hIL-1P; 16260 (D145K) 78365 + 26983 93241 £ 28856

QS-hIL-— 1 ﬁ] 16-269 (AEESU’SE)

287625 £ 143835

229862 + 140169

QP-hIL-1B116.260 (ASND*%

68895 £+ 14267

106116 = 25295

QB-hIL-1B116.260 (K63S/K658)

403712 £ 402594

244552 £ 173597

QP-hIL-1B116.260 (Q126A/EI28A)

195165 = 71436

170434 + 86831

[00246] QP-hIL-18;16.26s-immunization induced high titers of IgG antibodies against hiL-
1B116.269. Moreover, vaccination with either of the QB-hIL-1B1145.260 mutein vaccines induced
high 1gG titers against both the respective hIL-1B;15.260 mutein used as immunogen, and the

wild type hIL-1B;6.260 protein.

D. In vitro neutralization of human IL-1B

[00247] Sera of mice immunized with Qff coupled to either wild type hIL-1B)15.060 protein or



KSTVETESAQ FPNWYISTSQ 240 AEEKPVFLGN NNGODIIDEK LELVSS 266 SEQ ID 670:59 IL-I
beta Bos MATVPEPINE MNLAYYSDENE LLFEADDPKQ MKSGICELDL GSMGDGNIQL
(EISBQFYNES 60 FROVSVIVA MEKLIENSAYA FEEFEDDDLMS ILSFIFFEEP VIEETSSDEF

LCDAPVQSIigd26h&15b§PREQKS LVLASPCVLK ALHILSQEMN REVVFEM3h a0z EERDNKIP
VALGIKDKUL 180 YLSOVKKGDT PITQLEEVDP KVYPKRNMEK RFVFYKTEIK NEVEFESVLY

PNWEINTSQI 240 FERPVELGHF RSG1EDITDE 1M ETLSE
to one of the h1L-1B15.260 muteins were tested for their ability to inhibit the binding of human

IL~1 protein to its receptor. ELISA plates were therefore coated with a recombinant human
IL-1receptor]l-hFc fusion protein at a concentration of 1 pg/ml, and co-incubated with serial
dilutions of the above mentioned sera and 100 ng/ml of ATL~1B; 15260 protein. Binding of hIL-
1116260 to the immobilized human TL-1receptorl-hFe fusion protein was detected with a
biotinylated anti-human 1L-1f antibody and horse radish peroxidase conjugated stroptavidin.
All sera raised against QB-hIL-18116260 mutein vaccines completely inhibited the binding of
100 ng/ml wild type hlL-1B116260t0 hIL-1RI at serum concentrations > 3.3 %.

[00248} The same sera were also tested for their ability to inhibit the hiL-1B11s260-induced
secretion of 1L-6 from human cells. Human PBMCs were therefore prepared as described in
EXAMPLE 8B and incubated with 10 ng/ml wild type hIL-1B;1626s, which had been
premixed with titrating concentrations of the sera described above. Afier over night
incubation the cell culture supernatants were analyzed for the presence of IL-6. The
neutralizing capacity of the sera was expressed as those dilutions which lead to half maximal
inhibition of 1L-6 secretion. In order to allow a direct comparison to the neutralizing capacity
of the serum raised against wild type hIL-1B16260, the neutralizing titers of all sera raised
against hil-1[; 6 260 muteins were corrected for the respective ELISA titers measured against
wild type hiL~1f155.200 (see Table 5). As shown in Table 6 all scra raised against hil-1B 116260
muteins were able to inhibit the secretion of 11-6 induced by wild type hIL-1B16.260. The
neutralizing titers ranged from 1:113 for sera raised against QP-hIL-1B116.260 (R11G) to
1:4532 for scra raised against QB-hiL-1B; 6266 (DS4R). '

Table 6: Neutralizing titer determined in sera of mice immunized with various IL-1 beta

mateins,
Neutralizing titer (corrected for ELISA titer
Vaceine against wild type hiL-1B116.260)

QB-hIL-1B1:6.260 3333

QB-hIL-1B1)6 260 (R4D) 2150

QB-hIL-1B116.265 (LOA) 2062

QP-hIL-1B116.260 (T9G) 1036

QPB-bIL-18116260 (R11G) 113

QB-hIL-1B1 16260 (D54R) 4532

QB-hIL-1B1 16260 (AEE™") 2871




266 SEQ ID 670:60 IL-1 beta Ovis MAIVPEPINE VMAYYSDENE LLFEVDGPK16 MKSCTQIEEDL
GSMGDGNIQL OISBNETYNKS 60 FROVSVIVA MEKLRSRAYE EVERDDDLRS ILSFIFEEEP
VIETISSDEL LCDAAVQSVK 120 CKLQDREQKS LVLDSPCVLK ALHLPSQEMS FEVVFCMSFV
QGEERDNIK} Vb BKNL 180 YLSCVKKGDI IMITQLEKVDP KVY PKRMMES&HEYRY KTEIK
NTVEFESVLY PNWEISTSQL 240 EEKPVFLGR:F,/,E&_GGODITDER METLSP 266 SEQ ID 670:61
IL-1 beta Gallus

QB-hIL-1B116.260 (ASND™*™% 1109
| QB-hIL-1B115260 (K63S/KESS) o 3432
QP-IL-1B1re e (Q1Z0A/EIZ8A) — 1237

QB-hIL-1B116.260 (D145K) 2369

E. In vive neutralization of TL-1B
[06249] The in vivo neutralizing capacity of the antibodies raised by immunization with Qp
coupled to either wild type hIL-1Bi16.299 protem or to one of the hIL-18;15.060 muteins is
investigated. Three female C3H/Hel) mice per group are therefore immunized three times on
days 0, 14, and 28 with 50 ug of either vaceine, On day 35 all immunized mice are injected
intravenously with 1 pg of free wild type hIL-1P116.269. As a control three naive mice are
injected at the same time with the same amount of wild type hIL-1B1;6.265. As readout of the
inflammatory activity of the injected hIL-1[1 16260, serum samples are withdrawn immediately
before and 3 h after injection and analysed for the relative increase in the concentration of the
pro-inflammatory cytokine IL-6. Whereas naive mice show a strong increase in serwm 1L-6
concentrations 3b after injection of hIL-18116.269, all mice immunized with QB coupled to the
wild type bIL-1B116.260 protein or fo one of the hIL-1B115.260 muteins do not show any increase
in serum IL-6, mdicating that the injected h1L-1P1 6260 -is efficiently neutralized by the

antibodies induced by the vaccines.

EXAMPLE 10
A Cloning, expression and purification of monse IL~Io35.27 and mouse IL-1y15.7
(D145K)

[00250] The nucleotide sequence encoding amino acids 115-270 of wild type murine IL-1o
was amplified by PCR from & library of TNFo-activated murine macrophages using
oligonucleotides  IL1aiC  (5-ATATATCATA  TGTCTGCCCC  TTACACCTAC
CAGAGTG-3": SEQ ID NO:196) and ILla2 (5-ATATATCTCG AGTGATATCT
GGAAGTCTGT CATAGAG-3°; SEQ ID NO:25). The DNA fragment was digested with
Nhel and Xhol, and cloned into the expression vector pET42T(+), giving rise to the
expression plasmid pET42T-mil -1 15.27.

{00251] By site directed mutagenesis of the latter plasmid, an expression vector for the
mutein miL-Toy 5070 (D145K) was constructed. Using the oligonucleotide pair alphaD 145K-
1: (5’-GGACTGCCCTCTATGACAAAATTCCAGATATCACTCGAG-3; SEQ 1D NO:197)



P1085PC(101PSI MAFVPDIDVI ESSSLSEEFT AGPSCIALQA XPRLDSEHTI VDVQVIVRKG
RGARSFARAAGO VIVITAMIALI RRPRSRDFAD SDISALIFEEV EEPVTFORIA SSEACARAFR
YIRSQSFDIF120 DINQKCFVLE SETQLVALSI QGASSSQAVTI INIALARARG PAGSAGTGQM

AVALAIKGYKI30dsAMSSVMSGT EPTIMIDEAD VIAIDIDSVEL TRFIFYR#P%EJE%%&E%? S
AAFTGWFICT240 SIQPRQFVCI INORDQVNIA TAKISCR267 SEQ ID NO:62 IL-1 beta Canis

GPGGSNVECC CNINHSSIN DEGIQTQVSH QICKASIRHF VSVINALFAL KKAGROVIQEG0
DDIASIRIAFIFEBERKIC AT OXDMENS BT VIEMBCK TR {SHAGASR SAFIRAIR] NER0

GENVNKAYPSEQIDAIRER L A0 10 ETLLSNYISHNEME IEXEEIND ALNOSURAN

SNITAAAIR NIDEAVKFDM G YKSSK DAB0 RIIVILRISK FOry IPKTITCSE
TNIAFFWE FRUBIRNYF TSYAT 20 FAPIF A PR DIRRTIGL A C GRS MDES AL FiNQA B8 BEQ D

110:64 hiL-10eiaddd:269 ARNARSINET RDSRQISIVM SFAY FHAWHLOEQDREQQY
VASMSFVQGF ASNDKIPVAL60 GLKEKNLALS CVIKDDKFAL QLESVDPKNY FKKAMEKREV

ANYIEINNKI EFESAQFPNW120 YISTSOAENM FVFIGGINGG QPITDFTMQF VSS153 SEQ ID

110:65 mlL- latpmdi;ﬁ\gzz@p%amE&@ﬁ&ﬁmmwm&m&%ﬂﬁwﬁf&@gﬁ
VMNDSINQTT YQDVDKAALS60 T|W|NDLQQA§\Q MYAYSS GGDDSKYAVA LKISDSOLEV

SAOGEDQPVL LKELPETPAL120 TIGSETAIIF( NSKNA ETSAAYPELF IATKEQSRVE
LARGLASMI®ZE2D B 1200088 MOG] 83 @@ dDidd 6c6ls iik-Abetahidi 269 11628 10113880

SGDDEAKALAR P}Bﬁ\lﬁg@gg@ AERQRKSIRMA RAYELKALEL NEGSQINING Z%%%%FS MSEVQGAP

SADKIRVALC ITIG VMKDSIT'I;&g LESVDPRQYA 1111111121 SONRIEYKSKVA
FASAEFPNARPRtSEslRE HIBVIRD ENASE B HARFMEBVSISHEC 66 G CEB S8 S EALID 110:67
hiL-1 alpha 8ALFOPDAVMMIK ASERE LINDER2 18 5QaHA 1110:68 il Alralpha®ids0 LaRBCATEGSEQ ID 110:69

hiL-1 alpha %4(%%5%'%%‘8%&%5%% Do %ﬂl%ﬁe%‘g g%ggm%%t was digested with

Nhel end Xhol, and cloned into the expression vector pET42T(+), giving tisc to the
expression plasmid pET42T-h1L-10415.271.

[00253] By site directed mutagenesis of the latter plasmid, an expression vector for the
rutein ML-Tou o0 (D145K) was constructed. Using the oligonucleotide pair halphaD145K-
1 {5°-GGGCCACCCT CTATCACTAA ATTTCAGATA CTGGAAAACC-3: SEQ 1D
NO:199) and halphaD145K-2 (5’-GGTTTTCCAG TATCTGAAAT TTAGTGATAG
AGGGTGGCCC-3%; SEQ ID NO:200) and the Quik-Change® Site directed mutagenesis kit
(Stratagene), the D145K mutation was introduced. Expression and purification of wild type
human IL-la097 and the human IL-10y10271 (D145K) mutein was performed as described

in EXAMPLE 1.

EXAMPLE 11
A. Biological activity of human IL-1ct130.375, human IL-10419.27 (D145K), mouse IL-
laiiszre, and mouse I-30is.2m (D145K) in human PBMC
[00254] PBMC fom a healthy donor (5x10° cells per well) were incubated with titrating
amounts of either the wild type human IL-1c 027 protein, the human IL-loy 957, (D145K)
mutein, the wild type mouse TL~1c15.970 protein, or the mouse IL-1ct 15270 (D145K) mutein.
After over night incubation the amount of IL-6 in the cell culture supernatant was measured
by Sandwich ELISA as readout of the biological activity of the different proteins. Table 9
shows that 21 fold higher amounts of the mouse IL-10115.270 (D145K) mutein were required to
induce the same amount of IL-6 as the corresponding wild type mouse IL-105.7 protein. In

the case of the human IL-1a119271 (D145K) mutein 46-fold higher amounts than the wild type



NDALNQSIIR AN12 SEQ ID 110:71 hIL-1 alpha 035-044 TAAALMNLDE10 SEQ ID 110:72 hIL-1
alpha 035-046 TAAAIHNIDE AV12 SEQ ID 110:73 hIL-1 alpha 045-054 AVEFDRIGAYK10 SEQ ID
110:74 hiL-1 alpha 052 062 AYKSSKDDAK 111 SEQ ID 110:75 hIL-1 alpha 055-084 SSKDDAKIIV
ILRISKTOLY“%J% )QPV L SEQ ID 110:76 hiL-1 alpha 063-075 VILR%@I%&DX%I?% oEQ ID
110:77 hIL-1 a 063 084 VILRISATQL AVIAQDEDOP VI22 SEQ ID 110:78 hiL a 069-089
TQLYVTAORE DQPITILKEMP20 SEQ ID 110: 791 alpha 082-102 P1085PCVOTS1 -8--
PVILKEMPELRTIFSGZEIN p2dtchtrtDol@:80THs dedlipha A8 A0 EMPRRKGTIT 165M;, 14 SEQ ID

NO:81 hiL.- 1S&elgg)orgn%tég%.nléﬂg%%géwtJ0511 s210 {(D145K) mutein have reduced bioactivity in

haman cells as compared to their wild type counterparts.

Table 7: Biological activity of IL-1a. wild type proteins and muteins in human PBMC as

determined by 11.-6 induction.

Protein/mutein {expressed with SEQ ID | Protein/mutein concentration required to induce
NO:201 as C-terminal tag) 600 pg/m! IL-6 from human PBMC {(ng/ml)
mouse TL-1aty15.970
4.7
(SEQ ID NO:202)
motse 1L-1 Ol115.270
100
(D143K) (SEQ ID NO:204)
human IL-1 115271 0.8
(SEQ ID NO:203) '
human IL-1ot119071 (D145K) 37
(SEQ ID NO:210)

B. Biological activity of human IL-10l110.271, human JL-Iotie2m (DI45K), mouse [L-1ous.
770 protein, and mouse ¥.-10115270 (D145K) in mice
[66255] Four female Balb/c mice per group were injected intravenously with 10 ng of either
the wild type human IL-1a1527; protein, the human IL-1c19.07) (D145K) mutein, the wild
type mouse IL-1aysom protein, or the mouse IL-1ay1s.9m (D145K) mutein. Three hours after
injection serum amyloid A (SAA) was measured in serum of injected mice as readout of the
bioactivity of the respective protein. As shown in Table 8 the mouse IL-10415.07¢ (D145K)
mutein induced 53 % less SAA than the corresponding wild type mouse TL-1a;;597 protein
(p < 0.05, Student r-test) and the human IL-Toe.0m (DMSK} mutein induced 67% less SAA
than the corresponding wild type human IL-Taui0001 protein (p < 0.001 Student stest). This
demonstrates that both the human IL-1¢ty 057 (D145K) mutein and the mouse IL-Tayysame
(D145K) mutein have reduced bioactivity in mice when compared to their wild type

counterparts.



12 SEQ ID NO:82 hIL-1 alpha 093-113 AKTITGSETN LIFFWFTHGT K SEQ. ID NO:83 hiL-1 alpha
097-106 GSETNLIFFW 10 SEQ ID NO:84 hiL-1 alpha 123-134 LIDIATKQDYW VC 12 SEQ ID
NO:85 hiL-1 alpha 124-136 FIATKQDYWV CIA SEQ ID NO:86 hiL-1 alpha 125-142 IETKQDYWVC
LAGGPEST ySFEfasRM;87 hiL-1 alpha 129-133

PCT/EP2009/052639
—75 -
Table 8: Biological activity of IL-1a. wild type proteins and muteins in mice determined by
SAA,
) _ Serum SAA concentration (ug/mi) 3 h after
Protein/mutein
protein/mutein injection (=SD)

mouse [L-Tazis27

115432
(SEQ ID NO:202)
mouse IL-Taisor (D145K)

35+ 10
(SEQ ID NO:204)
buman IL-1a55.0m

92+20
(SEQ ID NO:203)
human IL"I(XUQQ?{ (Di45K) (SEQ D

312

NO:210)

Table 9: Mouse IL-1 beta and Mouse IL-1 alpha muteins corresponding to preferred human
IL-1 beta muteins (SEQ ID NO:131 to 140 and SEQ ID NO:205 to 209) and human IL.-]
alpha muteins (SEQ ID NO:210 to 218) are created according to this table and tested in the

mouse model of theumatoid arthritis.

Human hil-1beta

muteiis

116-269

Amine acid changes introduced in mouse IL-Ibeta 119-269 (SEQ
ID N63:164) in order to obtain the corresponding mutation

R4D (SEQ ID NC:131)

Exchange argmine at position 3 to aspartate

L6A (SEQ ID NO: 132}

Exchange leucine at position 5 1o alanine

TG (SEO ID NO:133)

Exchange arginine at position 8 to glycine

RIIG(SEQ ID NO:134)

Exchange arginine af position 10 to glycine

D34R (SEQ ID NO:135)

Exchange aspartate at positicn 33 to arginime

D145K (SEQ ID NO:136)

Exchange aspartate at position 143 to lysine

AEES0,51 (SEQ ID NO:137)

Delete plutamate, proline at positicns 49,50

A5 8NDS2-54 (SEQ TD NO:138)

Delete serine, asparagine, aspartate at positions 51 to 53

K638/K655 (SEQ ID NO:139)

Exchange lysines at positions 62 and 64 io serines

Q126A/E128A (SEQ 1D NG:140)

Exchange glutamine at position 125 to alanine and ghitamate at

position. 127 to alanine

KE8N (SEQ ID NO:205)

Exchange lysine at position 87 to asparagine

R98Q (SEQ ID NO:206) Exchange arginine at position 97 to glutamme
KI103L (SEQ ID NO:207) Exchange lysime at position 102 to leucine
AKKK92-94 {SEQ ID NO:208) Delete lysine, Iysine, lysine at positions 91 to 93
LI0N (SEQ ID NO:209) Exchange leucine at position 9 to asparagine




KQDIKI SEQ ID NO:88 hiL-1 alpha 147-153 QIIESQA SEQ ID 240:89 hiL-1 beta APVRSL SEQ ID
240:90 hIL-1 beta 001-006 001-012 APVFISINCTL RD 12 SEQ ID 240:91 hiL-1 beta 006-015
INCTIRDSQQ 10 SEQ ID 240:92 hiL-1 beta 011-022 RDSQQKSIVM SG 12 SEQ ID 240:93 hiL-1

beta 027-038,KANQRPM FQ

PCT/EP2069/052639
— 76 —
Human  hIL-lalpha  119-271 | Amine acid changes introduced in moeuse IL-Talpha 115270 (SEQ
muteing. ID NO:262) in order to obtain corresponding mutation
D145K(SEQ ID NO:210) Exchange aspartate at positior 153 to ysine
L18BK (SEQID NO:211) Exchange methionine at position 25 to lysine
F146N (SEQ ID NO:212) Exchange phenylalanine at position 154 to asparagine
RIGA (SEQ IDN(:213) Exchange fysine at position 17 to alanine
[62A (SEQ IDNO:214) Exchange tyrosine at position 70 to alanine
WI07F (SEQ ID NO:215) Exchange tryptopharne af position 115 to phenylslanine
D20V (SEQ ID NQO:216) Exchange aspartate at position 27 to valine
AFIL16-18 (SEQ ID NO:217) Delete phenylalanine, valine, methioning at positions 23 1o 25
AITGE96-99 (SEQ ID NO:218) Delete isoleucine, threonine, glycine, serine at positions 104 to 107

EXAMPLE 12
Amelioration of diet-induced type I diabetes in
malie C57BL/6 mice (prophylactic setting)
{00256] Maie C57BL/6 mice were immunized on days 0, 14, and 28 with 50 pg of either QB,
QP-mIL-loti 15370, Q8-mIL-1B)10.260 oF a mixture of 50 pug QB-mlL-las270 and 50 ug QB-
mlL-1B (n=16 per group). All mice were fed normal rodent chow (Provimi Kliba no. 3436;
18.5 % protein, 4.5 % fat, 4.5 % fiber, 6.5 % ash, 54 % carbohydrates) during the
immunization peﬁod. On day 35 this diet was replaced by a high fat diet (Provimi Kliba no.
2127:23.9 % protein, 35 % fat, 4.9 % fiber, 5 % ash, 23.2 % carbohydrates) for half of the
~ mice of each group (n=8) while the other half (n=8) was kept on normal chow. Five months
after the last immunization mice fed the high-fat diet were obese (average body weight > 43
g) and showed elevated fasting glucose levels (Table 10, 0).
[00257] In order to investigate on the diabetic phenotype of these mice an oral glucose
tolerance test was performed by administering a dose of 2mg/g body weight of D-glucose
intragastrically and determining blood glucose levels at regular intervals using the Accu-
check blood glucose meter (Roche). Table 10 shows that QB-immunized mice on normal
chow showed an initial peak of 291.5 mg/dl in blood glucose levels after 15 minutes which
was followed by a sharp drop and a complete return to pre-challenge levels within 90 minutes,
The peak levels and kinetics of this response were essentiaily identical in all mouse groups
that had been maintained on normal chow (Table' 10). QP-immunized mice on high fat diet on
the other-hand peaked at higher levels (367.9 mg/dl) and failed to show a significant decline
until 60 min post-challenge; only thereafter blood glucose levels started to decrease, without

however returning to baseline levels within the 2 hour observation period. This severe



SEQ ID 240:94 hiL-1 beta 027-040 KALHLOGODM FQQV 14 SEQ ID 240:95 hiL-1 beta 039-048
QVVIKSMSFVQ 10 SEQ ID 240:96 hiL-1 beta 046-056 SINEGEESNDK | SEQ ID 240:97 hiL-1 beta
049-080 GFESSDKIPV AIGLKEKNLY ISCVIKEALKP TL 32 SEQ ID 240:98 hiL-1 beta 058-070

VALGIKEKN{fe 2900856340 240:99 hiL-1 beta 058-080 VALGIKEKNI YISEYIERRGDE,
- 77—
impairment in glucose clearance indicates that obese QB-immunized mice had developed a
diabetic phenotype. Obese Qf-miL-1a-, QB-mlL-1B-, or double immunized mice showed an
initial increase in blood glicose levels to ~350 mg/dl, which was immediately followed by a
sustained decline, resulting in glucose levels that were consistently lower than in obese Qf-
immunized control mice. When calculating the arca under the curves resulting form the
repeated ghicose measurements shown in table 10, it becomes evident, that obese QB-mil.-
la-, QB-miL-1B-, or double immunized mice manifested an improved glucose clearance with
respect to obese Qf-immunized control mice (Table 11). Taken together these data show that
immunization with QB-mlL-la or QB-mil-1f or a combination of both resulted in a clear

amelioration of the diet-induced diabetic phenotype.

Table 16: Blood glucose levels (mg/dl; mean + SEM) before and at different time points after
intragastric administration of 2mg/g glucose. {Mice were fasted for a period of 5 hours before

the experiment)

Mouse gronp o 15 KM 45° 60’ 90" 1200
QB 19435 13424 13679+ 13569 §3504% | 2985+ | 2303+
high fat diet 8.0 20.9 283 20.3 31.6 31.9 23.3
QB-mEL-10h150% 1956 + | 3566 = 13243 = {3206 = | 3033 £ 2349 = [ 20846 =+
high fat diet. 4.5 7.4 214 26.9 26.6 19.6 13.2
QB-mIL-1By50.26 2001 | 341.9% | 3483+ |313.3% | 2976+ | 2569 | 2347+
high fat diet 11.6 11.6 27.6 312 27.3 22.6 19.0
QB-mIL-104 15296/ QR-mIL~1[1 1060 1906+ | 337.9% | 3099+ | 2843= | 281.6% |240.6= | 221.0=
high fat diet 10.4 27.1 442 47.6 458 40.8 37.3
Qp 1544 12015+ § 2106 §193.6+ | 1833 | 1405+ | 1340z
nrormal chow 3.5 14.7 10.0 7.2 6.2 4.7 4.7
QB-mIL-1035 27 171.65 | 2974+ | 2304+ [ 203.0+¢ | 192.6¢ 158,04 136,44
rormal chow ‘ 4.8 12.6 10.9 114 11.7 8.5 6.2
QB-mIL-13410.260 158.6= [ 3123 | 229.0+ | 1883k | 17262 | 1458+ 1 134.0=
normal chow 3.6 6.8 10.8 4.4 4.9 7.6 38

QB-mIL-10y 1570/ QP-mIL-1B 1g0e | 1524% | 283.62 | 2203 | 188.5% | 187.862 | 149,12 | 131.5%
normal chow 44 8.4 11.3 11.1 9.0 8.6 6.9




23 SEQ ID 240:100 hiL-1 beta 066-085 KNLYISCVLK DDKPTICIES V 21 SEQ ID 240:101 hiL-1 beta
078-097 PTLQIESVDP KNYPKISFMEK 20 P108SPOKI /PSI SEQ ID N0:102 hIL-1 beta 083-095
ESVDPKNYPK KKM SEQ ID N0:103 hiL-1 beta 088-099 KNYPKKXMEK RE SEQ ID NO:104 hiL-1
beta 092- 10 4SKMESRFVF SEQ ID NO:105 hiL-1 beta 092-109 KIKMEBKTEMR bRk EEK SEQ ID
NO:106 hiL-1 beta 120-133 WYISISOAEN MPVF 2EQ ID 140:107 hiL-1 beta 121-135 YORMOAFER
PVIAAG SEQ ID 140:108 hiL-1 beta 122-143 ISTADRENME 8E10088000 DT22 SEQ ID 140:109
hiL-1 beta 1P&0katl CARNK PSR4 N iAG U tieeh ibitebta 1247 -WBE2r MQEVE SYSE@DE40:111 mIL-1

beta 001-01&;, the consecutive. ghicose measurements represented in Table 10 was calculated for each

individual mouse. Group means of AUC are expressed with SEM.

Mouse group Normal chow High fat diet
Qp ) 4120 £ 460 14746 + 2262
QB-miL-10t15.37% 6104 + 2313 10184 £ {800
QB-mIL-1B110.260 4276 = 419 10450 = 1609
QB-miL-loyssm/QB-mIL-1B 1006 | #464 %531 9500 + 3382
EXAMPLE 13

Amelioration of diet-induced type II diabetes in male C57BL/6 mice

{00258] The DNA sequence encoding amino acids 119-269 of mouse IL-1p wag amplified by
PCR from ¢DNA of TNFa-activated murine macrophages using oligonucleotides ILIBETA-3
(5"-ATATATGATATCCCCATTAGACAGCTGCACTACAGG-3; SEQ ID NO:226) and
ILIBETA-2 5-ATATATCTCGAGGGAAGACACAGATTCCATGGTGAAG-3"; SEQ ID
NO:227) and cloned into the vector pET42T (EXAMPLE 7). The resulting plasmid pET42T-
nﬂL-1ﬁ11.9-269 encodes the mature mouse IL~1 protein fused to a hexahistidine tag and a
cystemne containing finker at the C-terminus. Due to the infroduction of the EcoRV restriction
site the valine residue at the N-terminus of mouse IL-1p is substituted by a short N-terminal
extension consisting of three amino acids (MDI). By site directed mutagenesis of the plasmid
pET42T-mIL-1$116-269, an expression vector was constructed which encodes the murine
version of the human IL-1p mutein hIL—IBI 16-269 (D145K) (SEQ ID NO:136) with the C-
terminal tag of SEQ ID NO:201, namely mIL-15116-269 (D145K) (SEQ ID NO:228), The
mutation was introduced using the Quik-Change® Site directed mutagenesis kit (Stratagene)
and the oligonucleotides D143K-1 (5°-CAGTGGTCAG GACATAATTA AATTCACCAT
GGAATCTGTGTC-3"; SEQ-1D:229) and DI43K-2 (5'-GACACAGATT CCATGGTGAA
TTTAATTATG TCCTGACCACTG-37; SEQ ID N(:230). Expression and purification of the
mutem miL-13116-269 (D145K) was performed as described in EXAMPLE 1 and coupling
to QP was performed as described in EXAMPLE 2.

[00259] Groups of male CS57BL/6 mice (8 wecks of age, n=8) were immunized
subcutaneously on days 0, 14, 28, 42, and 147 with 50 pg of either QB or QB-mIL-13119-269
(D1435K). Starting with day 0, one half of the mice (n = 16) was put on a high fat diet
(Provimi Kliba no. 2127: 23.9 % protein, 35 % fat, 4.9 % fiber, 5 % ash, 23.2 %

carbohydrates), while the other haif (n = 16) was maintained on normal diet (Provimi Kliba



VPIROLEYRI, RD12 SEQ ID 140:112 mlL-1 beta 027-040 KALKINGONI 14640814 SEQ ID 140:113
mIL-1 beta 121-135 FISTSOAEAKIif SEQ ID 140:114 rIL-1 beta 066-085 NLYEACVMKD
GIETLOLFSV20 SEQ ID 140:115 riL-1 beta 078-097 PITOLESVDE YOYEKKKMFET20 SEQ ID
140:116 riL-ksaetacd a4 3 ISTSCAEHIIP 881014320140 IV22 SEQ ID 149:1#-68R943 Atggcaaata
agccaatgca accgatcaca tctacagcaa ataaaattgt gtggicggat60 ccaactagtt tatcaactaa allot 030700

agtctgttaa gccaacgtgt taaagttagt120 atagccgaac tgaataatgt ttcaggtcaa tatgtatctg tttataagceg
tcatgcacct189-adaechgadgngetgiychg AtdéclgidiciBnatgécyasitgth darasbohscatogboaghauhgtgatt

cagggtcage ﬁﬁa@@a%&gngcmt@ggmgamm@%m@ﬁ@@ aracaiRangioacasactelisycoage
ggcaacgccg gt ttgaccct3p0 ac ctat tatcgt ctact gattagggat coggataatg
catctaagct4i"% Eg%gééé? (%%?)Wf 8 ﬁ@ggg’ még gtﬁ gi%%?a tcgatcaca tctacagcaa ataaaattagt
gtggteggat6Ul&&ﬁﬁdtcgftﬁwat@MIgéﬁﬁucaigcaldgtmgﬂa@gm@azf@egMaaagmwt&Q&atagmgaac

toaataalgt UgRQIcARIBINAIKIO N IaRgGRIG aARE AR BaARR0URa0. 0196800 9@@?&‘%‘0 attatgccga
atgaaaacca atccattcgc240 acagtgattt cagggtcagc égé\aactt gctaccttaa aagcagaatg ggaaactcac300

aaacgtaacg HYeRssda f‘%‘lf&%‘t‘ﬁ%@’@‘b&ﬁ‘ﬁ%ﬁ%é RS HEBE &%E@fﬁ%@l&étﬁ’éﬁﬁjéﬁ%@%
tgatactact gettgaghadkCegoatanigcatetaqgothaf) #2e mm&@@&&&lﬁh@vcﬁﬁ@ Ha 120

pINC-36 gtaggiiag alacalale,Cogalr o A95RAIANE I97aeaala 6952, SFQ ID NOUZL pING-40
decline until 60 mir post-challenge; only thereafter blood glucose levels staried to decrease,
without however returning to baseline levels within the 2 hour observation period. This severe
impairment in glucose clearance indicates that obese Qf-immunized mice had developed a
diabetic phenotype. Obese QP-mll~-14119-269(D145K)~-immunized mice showed an initial
increase in blood glucose levels to 318.6 mg/dl, which was immediately followed by a
sustained decline, resulting in glucose levels that were consistently lower than in obese Qp-
immunized control mice. Two hours after challenge blood glucose levels had returned to pre-
chailenge levels in these mice. When calculating the area under the curves resulting form the
repeated ghicose measurements shown in Table 13, it becomes cvident, that obese QB-miL-
13119-269 (D145K)-immunized mice manifested an improved glucose clearance with respect
1o _obese Qf-immunized control mice (Table 14), Taken together these data show that
immunization with QB-mIL-18119-269 (D145K) resulted in a clear amelioration of the diet-

induced diabetic phenotype.

Table 12: Average body weights and fasting blood glucose levels after 5 hours fasting (means

= SEM).
Average body weight (g} Fasting bleed glucose levels
(mg/dly
QB high fat diet 47.16+£2.24 1859+ 463
QB-mIL-1B110.16o(D145K) high fat diet § 51.0821.23 154.0 = 4.2
QB normal chow 36.95+0.97 148.4 £ 6.5
QB-mIL-1B115.166(D145K) normal chow | 36.23x1.30 147.0%= 3.1




gtaagottag atgcattatc cggatcotca agcagtagta tcagacgata52 SEQ ID NO:122 pINC-34 ggtccggagc
gctagcccct tacac SEQ ID NO:123 pINC-35 gtaagottat gcattatgat atctggaaat ctgteataga SEQ ID
NO:124 HIL-1 atatatgata tccctgtacg atcactgaac tgcacg36 SEQ ID NO:125 HIL-2 atatatctog
agggaagaca tgaagS? SEQ ID 160:126 42-1 tatggatatc gaatt

gctogagtaa tfﬁ?&@lﬁ% Q ID 160:127 42-2 ctaggtaate apitactcga gcagct%%g?%%ﬁ%gcg % SEQ ID
160:128 425-1 tcgagcacca ccaccaccac cacggtggtdgetaataata attgattaat ac52 SEQ ID 160:129 425-2
ctaggtatta afamsétast Biiagcaaee-A6cgiggigdligtiaogERD D25t Gd 2 Nidrd3kk hihe};djﬁﬁiaaﬁ% -269
MDIPIIRSIENG ﬂEEE §§KSL VMS%\%%I%I@A 10 OOME%I%? ESMSFW %%DKIPV%
ALGLKEKN BRETE MERRE ﬁl%eﬁﬁﬂ FP120
NNYISISSA@GNMWGGIK GGSDIIDEIM QEVSSLEHHE SIIDGGGL1.66 SEQ ID 160:131 hIL-1 beta
116-269(RELM QR'SE:YWM)‘:LK {ELCQ q;q)w\n:tggnvw SNSRYO

S]l_(EEI:SEI\ISDA?'éEéSO II_\\LC L:/\E:/\!\\: L\II :SC‘V’L jlgls.gl\:é 3—; ,IE\J gr.gls I% “BOSS\I\ VI315\8 :i:\l _226.1 '_'l:

120 NWEISTSCAE NMAVEIGGIK GGSD DEIVXI COEM (%l E%% :13p hit-1
beta 116-2BY8 EAPMIDIPVRSANC TILEDSSOKSE VMSEPYELRA 180000034E0 D234E8518E3411
CEESNDK 3 BLRNED : K%%‘ME‘KF@HSWW\ KYEARIN
61ESE834 FEX GG : EQ ID 1601133
beta 116-26 3-6GHR StV KA OEP2000ES '
GEESNDKIPVCO ALGIAIEINNLY LSGVLKDDIKP EO05E8710P34 NYTKKKMEKR FVFNKIEINN
KLEFESAQHEMES AN GVt S P VRRIGERS S O AI5E MISHESSTSS S 1BFUBrE134 hiL-1

beta 116-268(31 1Q) MBIEMRSHNG:T IGRERAKS L YMSBRYE TKALPAONTOMEIRVAME SMSFINC

{. GEESNDKIPYth?duaI mouse. Group means of AUC are expressed with SEM. Peaks below baseline were

excluded form the analysis.

Mouse group AUC
QB high fat 11060 + 1895
Q-mlL-10 10.266({ D145K) high fat 7375 % 539




ALGLKEKNLY ISOVIKDDKP 2I00E370014 NYEKKKMEKR FVFNKIEINN KLEFESAQFP120
NNYISTSQAP NMPVITOGGET GGQDITDFEM QFVSS1.55 SEQ ID 160:135 hiL-1 beta
116-269(D54R) MDIPVP5SLNC TIRDSNKSI VM§GPSELKA LOLOTENMEQ QVVESMSEVQ
GEESNRKIPV60 ALGIKEKNLY ISCVIKDDYP ILQLESVDPK NYPLIKKMEKR FVFNKIEINN
KLEFESAGHP120 NWEISTSQAE NMPVEIGGITI CGQDITDFIM SEVSS155 SEQ ID 160:136 hiL-1
beta 116-269(D145K) MDIPVRSLNG ELRDSQQKSL VMSGPSELKA LOLQGQDMEQ QVIIFSMSEVQ
GEESNDKIPV50 ALGIKEKNLY LEGVIKDDKP [INLESVDDK NYPKKKMEKK FVFNKIEINN
KIEFFBAQEPS 26 NWEPSSISARTNVIENBELCIGTK GOIQDILIKETM QINNIS155 SEQ ID 50:137 hiL-1

beta 116-209(D EEH I MDIRVR RN, HAROSROKSHXMSRYENKADE1200034E0
QVVESMSEVQ GSNDKIPVAL60 GLKEKNLYLS CVLKDOKPIL QI4ESVDRKNY PKKKMDKREV

FNXIEINNKDEFFSaoFPR wrEzon piibss et orp Siovid PYe MMt PVEIGGTKGG WITDFINENT

VSS153 SEQL D155 Ii‘éﬁsﬂ-o%@@r&f%%r@éb%%a§%p%ﬁ4i MRIEVR AINGALRRIQQUBL) are
VMSGPYFLKA LELQO005IE0 OVVESMSFVQ GEEKIPVALG60 LKEKNLYLSC VLKDDKPILQ

LESVDPKNr ik Y/t rIEnnKe s KoEsranpne Socrar SBacENfmb s GCAKGGQ

DITDFTMCEY §5152, SERUD.H1 QA% Mok etan L 1o-ARK BRSHRAS HMRIRNRSLNC TIaDSQQKSL
VMSGPYFLIKA LFILQGQDMEO OVVESMSFVQ GEESNDKIPV60 ALGLSESNLY LSCVLKDDKP

TIQLFSVDF54 NYPKKKMEKR FVENKIEINN KLEFESAQFP120 NWEISTSQAP NMPVFLGGTK

CCODJTDFM QEVSRIam I E HHL0: 140 kel Relpd B8 Q126A/E128A) MDIFERSLNC
TLEDSQQKSL VMSEDYELKA IHNIQGQDMEQ QVATSMSFVF4 GEESNAKIPV60 ALGLKEKNLY

LSCVLKDDKP TIQLESVDP14 NYINUFKMEKR FVFNKIEINN KLEFESAQFP120 NWPISTSAAA

NMDVELGGH GGRITRFIM.QFVESLES SEQ IR 10: ik HiL -3 atatatcata tgctgageaa tgtgaaatac
aacttt39 SEQ ID 110:142 HIL-4 atatatctcg agcgcctggt tttccagtat ctgaaag SEQ 1D 110:143 R4D-1

catatggata tccctgtaga ctcactgaac tgcacqctc SEQ ID 110:144 R4D-2
4. The use of any one of claims 1 to 3, wherein said IL-1 molecule is selected from the group

consisting of’

(a) IL-1 mutein;

{b) IL-1 protein;

{c) IL-1 mature fragment;
(d) IL-1 fragment; and
(e) IL-1 peptide.

5. The use of any one of claims 1 to 4, wherein said IL-1 molecule is an IL-1 beta molecule
comprising an amino acid sequence selected from the group consisting of:
(a) human IL-1 beta 117-269 (SEQ ID NO:64);
(b) human IL-1 beta 116-269 (SEQ ID NO:163),
(¢) mouse IL-1 beta 119-269s (SEQ ID NO:164); and
(d) an amino acid sequence which is at least 95 % identical with any one of SEQ ID

NO:64, SEQ ID NO:165, or SEQ ID NO:164.



gagcgtgcag ttcagtgagt ctacagggat atccatatg29 SEQ ID 110:145 L6A-1 gatatccctg tacgatcagc
taactgcacg ctccgggac39 SEQ ID 110:146 L6A-2 gtccoggagc gtgcagttag ctgatcgtac agggatatc39 SEQ
ID 110:147 T9G-1 gtacgatcac tgaactgcgg tctccgggac tcacage37 SEQ ID 110:148 T9G-2 ctgtgagtc
ccggagaccg cagttcagtg atcgtac37 SEQ ID 110:149 RilG-1 gaactgcacg ctoggggact cacagc26 SEQ ID
110:150 R11G-2 gctgtgagtc cccgagegtg cagttc26 SEQ ID 110:151 D54R-1 caaggagaag aaggtaatcg

caaaaacct ageeitgsR ShE: I tiio? BIR%2R00c6a¢21081akIdE gatippite HEAWRpEMLD
110:153 EE-1 catgtccttt gtacaaggag gtaatgacaa aatacctgtg40 SEQ ID 110:154 EE-2 cacaggtatt

ttgtcattac ttexstypaciagaygasamacs! SEoemelskdes sy SND heeircadiihabaaa aaatacctgt

ggcctgg37 ng ID,A1Q:3456 SMPr2coa9 ﬁﬂg@%{,ﬂt cttctccttg tacaaag37 SEQ ID 110:157
K63655-1 gtggccttgg gcctcagcga aagcaatctg tacctgtect g41 P1085PCO00 /PS1 -12- SEQ ID NO:158

K63658-2 ciygadasrradadaretel HedeRyEgERabytealc4] SEQ ID NO:159 QE-1 gtacatcag
acctctgcag gagcagagal HeGoiEHrAQ 36Q dRAR3168 447 and |

(d) an amino acid sequence which is at least 99 % identical with any one of SEQ ID

NO:64, SEQ ID NO:165, or SEQ ID NO:164.

7. The use of any one of claims 1 to 4, wherein said IL-1 molecule is an IL-1 beta molecule
consisting of an amino acid sequence selected from the group consisting of’
{a) human IL-1 beta 117-269 (SEQ 1D NO:64);
(b) human IL-1 beta 116-269 (SEQ ID NO:165);
(¢) mouse IL-1 beta 119-269s (SEQ ID NO:164); and
(d) an amino acid sequence which is at least 95 % identical with any one of SEQ ID

NO:64, SEQ ID NO:165, or SEQ ID NO:164.

8.  The use of any one of claims 1 to 4, wherein said IL-1 molecule is an 1L-1 beta molecule
consisting of an amino acid sequence selected from the group consisting of?
() human IL-1 beta 117-269 (SEQ ID NO:64);
(b} human IL-1 beta 116-269 (SEQ ID NO:165);
(¢) mouse IL-1 beta 119-269s (SEQ ID NO:164); and
(d) an amino acid sequence which is at least 99 % identical with any one of SEQ ID

NO:64, SEQ ID NO:165, or SEQ ID NO:164.

9.  The use of any one of claims 1 to 8, wherein said IL-1 molecule is an IL-1 beta mutein,



gaagacgggc atgtttgctg ctgcagaggt gctgatgtac40 SEQ ID NO:161 D145K-1 goggccagga tataactaaa
ttcaccatgc aatttgtgtc40 SEQ ID NO:162 D145K-2 gacacaaatt gcatggtgaa tttagttata tcctggccgc90 SEQ
ID NO:163 miL-1 alpha 117-270 without tag PYTYQSDLRY FILUCLVROJEF VMNDSLNQTI
YQINDKAYLS TINTENDLQGE VKFDMYAYSS60 MGDFSKYPVT IKISDSQLEV SAIIGEDQPVL
LKELPETEKL IIGNETDLIF FWKSINSKNY120 FTSAAYPELF IATKEQSRVE LARGLPSMID FQIS154
SEQ IByNO64, 1l 1 pasta d 19-269 without tag BIRTERYRIER DEOOKSL VLS DPKEISAUEL
NGQNINQQV1 FSMSFVQGEP SNDKIEVALG60 LKGKNLYLSC VMKDG Q LESVDPKQYP
KKKNEKRRB®mN Kt waseve HEg A PrpRenided i Sorehk enim aNhsao s T FERERY S
S19611 SEQIRNQ:165 hlk71.heta L1640 without tag MDIPVRSLNC ILTINSQQKSL
VMSGPICELLKA LIELOGNMEQ QVVESMSEVQ GEESNDKIPV60 ALGLKEKNLY LSCVLKDDKP
ILOLESVDPK NYPKKKMEKR FVFNKIEINN KLEFESAQFP120 NWEISTSQAE NMFVFLGEFEK
GSQDITTFHM QEVpian GEQILNQ:ASerintasienkin i FeCoRiAl Pe éd\é@é&é@é—,l%@&%tﬁ
DKSKEREEKT ILVSSANEID VRPCPLNPNE MKGTITWYKD60 DSKTPV Q ASRINQHKEK -
LWFVPAKVEDSGEYSea RN SRR IS Ak VER EPN Lo oraien Ak RIB VAR B GL
VCPYMEFRKNENNELEKLOW YKDCKRLLLD NINFSGVEDR180 LIVMNINEEKH RGNYTCEASY
TYLGKQYPIT RVIEFITLEE NKETRPVIVS PANETMEVDL240 GSQIQIICNV IDSQLSDIAYW
KWNGSVIDED DPVLGEDYYS VENPANKRRS TLITVLNISE300 IESRFEKBPF TCFAKNIEGI
DAANIQLMYR VINFQINIMIE (G TV C SRR KIEKRE ORI X RDIS S REIGERAS e
DGKFIDAYIL YEKTVGEGST SDCDIFVFKV ITEIVIFKQCG420 YKLFTYGRDD YVGEDIVEVI
NENVKKSRRINT |#5R Epgenrs v e Isbp @ Favimssirrus s QY E Kbty EFRVP
ESIKFIKQKEASAIRW, ib@x@)?ﬁ@§%@ﬁleN‘@)%§.HME|V54o QPRSPSSKEQ LLSPATKEKI
CREARVPLG569 SEQ ID NO0:167 interleukin 1 receptor, type Il MLRINVLVMG VSAFTLOADA
ATGAARSCRE RGREYKREFR LEGEPVALRO PQVPYWLWASG60 VSPRINLIKH KNDSARTVPG

EIM=MWAQD.GaLYYILEH-©) @Hé@ﬂ%@ﬁtﬂ%e%a%&%'%é&%%'Ef-Bé{(ﬁﬁL\k BiARMRERYRIQ
TICELSTSGVI VCPDINEFIR DKIDVELOY XDSLLINKON180 EKELSVEGIT FILVEDVALE

DAGYERCYirAMEGEOmMFT RS ERIKKPRIKEE TTPenced SepkSEeAS) Want rpdiR 1P

FLGIGIPLIEZMUYWHANDTIH HSAYPGSRY TEGRRREYSE300 NNENYIEVPL IFDPVTREDL
HMDFKCVVEN IELSEQTLRIT VKSASSTEL'SW GIVLAPLSLA360 |

14. The use of claim 9, wherein said TL-1 beta mutein comprises a polypeptide, wherein the

amino acid sequence of said polypeptide is SEQ ID NO:136.

15. The use of claim 9, wherein said IL-1 beta mutein consists of a polypeptide, wherein the

amino acid sequence of said polypeptide is SEQ ID NO:136.

16. The use of any one of claims 1 to 15, wherein said at least one antigen with at least one
second attachment site comprises:

(1)  anIL-1 beta molecule, wherein said IL-1 beta molecule is SEQ ID NO:165 or



FLVIEGGINMH RCKHRTGKA DCLIVLWPRII QDFIDSYPK398 SEQ ID NO:168 interleukin 1 receptor,
type | (mouse) MENEKIVELGL ICLMVPILSL EIDVCIEYPN QINLIMESVNE IDIRKCPLTP
NKRERGDIIIW60 YKNDSKTPIS ADRDSRIZQQ,NEHLWFVFAK VEDSGYYNCI VENSTYCLKT
KVIVTVLEND120 FGEGYSTQAT EPQRLHIAGD GSLWILINYISY FKDENNELPE VQWYKNCKPL
ILLENVSFEGV180 KDKLIVRLIVA EEHRGDY1CR MSY1TRGKQY PVERVIQPIT IDENKRDRPV
ILSPRNETIE24O(§%IE#T]§ %g%cawTGUSTL VYWKWNGSE1 EWNDPEILAED YQFVEBPSTK
KKIELLITTLN300 ISENKSQFYR YPEECVVKNT NIFESAHVEME IINEVRDEKNY LIGGFIILTA
IFIVICVCINKB60aVEKSEMNIEW Y RIDSOBE FnigrikaSEd KENBIavathrm| sBE GSPSBEDIFV
FKLLPEVLEG42&S£E§1¥ %W@é@%@&éﬁﬁﬁamw@%@éég@%‘ﬂﬂm GENMALQS
SEECIAINNA460 LIQEG KITTLECERIGDYE T PDSIQFIK QINIGVICWSG DEQERPONAK
TRFWKNLRYQ5GRERQPAGMESPLS KIEFILILDPV RDTKEKLPAA IHILPLG576 SEQ ID N0:169
interleukin 1 receptor, type Il (mouse) MFILLVLVTG VSAFTTPTVV ILEGEVSESPI SEKFTINIGD
NCQFEGREFK SELPLEGEPV60 VIRCPLAPHS DISSSSESEL TWSKLDSSQL IIRDEPRMWE
KGNILWILPA VQQDSGINIC120 TERNASECEQ MSVELKVESEN TEASLPHVSY LOISALSTIG
LIEVCPD I S SNARGKIONA0 NS GALLDS GHKEEL SAGM KTRILIGNTS MEPAGY BRCV
MIFTYNGQEY NITRNIELRV240 KGITTEPIPV IISPLETIPA SLGSFLEIVPC KVFLGIGTSS
NTIVWWIABRSHF] SAXHERE SO0 RMTEGIEEBQY SENDENYVEV STEIFDPVTRE DLITIDEKCVA
SNPRSSQSLI TIYHEY SSIETRASINSRARK SV Y GAINMRRRCKEROGITGKERLBT0
DNODEPSSPN410 P1085PC00 /PS1 - 13 - SEQ ID NO:170 peptide GGICGG SEQ ID NO:171 linker
CGG GGG SEQ Ib NMbiBp2 siker CGDKTHISPP CGDKTATSPP10 SEQ ID 110:173 linker

CGGPKPSH?);’ ComRGARRGE PP SRRl kR0 RN e LRGRGE G & 6666

SEQ ID 110:175 linker DOG GCS;
linker comprises GGC (SEQ ID NO:178) or GGCG (SEQ ID NO:188).

18. The use of any one of claims 16 or 17, wherein said 1L-1 beta molecule 1s SEQ ID

NO:136.

19. The use of any one of claims 16 to 18, wherein said linker comprises GGCG (SEQ 1D
NO:188).

20. The use of any one of claims 16 to I8, wherein said linker consists of GGCG (SEQ ID
NO:188).

"~ 21.  The use of any one of claims 16 to 20, wherein said linker is covalently bound to the C-

terminus of said IL-1 beta molecule by way of a peptide bond.

22. The use of any one of claims 1 to 21, wherein said at least one antigen with at least one

second attachment site is any one of SEQ ID NGs 220 to 223.



SEQ ID N0:176 linker GGGGS GGGGS SEQ ID 110:177 linker GCGSGGGGS GCGSGGGGS SEQ
ID 110:178 linker GGC GGC3 SEQ ID 110:179 linker GGC-NH2 GGC SEQ ID 110:180 linker
PKTATSPPGG SEQ ID 110:181 linker PKPSTPRGSSGGAPGGCG PKPSTPPGSS GGAPGGCG
SEQ ID 110:182 linker GGGGCG GGGGCG SEQ ID 110:183 linker DOG (2) GCG SEQ ID 110:184
linker SGGGG SGGGG SEQ ID 110:185 linker GSGGGGSGCG SEQ ID 110:186 linker GGKKGC

GCIKKGC $EQ,ID I 184 ke GEKKRS COGIEKG GREQ 1R N 88INken (G RLGHE SEQ

ID 110:189 linker GSG GSG3 SEQ ID 110:190 His-Tag with Linker LEESHAHAGG C P1085PC00
IPSI -14- SE@G@M@@i@q&tﬁ@@@&é&b@%é&@gtgagaccc attagacagc t31

24, The use of any one of claims 1 to 4, wherein said IL-1 molecule is an IL-1 alpha molecule
comprising or preferably consisting of an amino acid sequence selected from the group
consisting of:

(a} human IL-1 alpha 119-271 (SEQ ID NO:63);

(b) human IL-1 alpha 119-271 (SEQ ID NO:203);

(¢} mouse IL-1 alpha 117-270 (SEQ ID NO:163); and

(d) an amino acid sequence which is at least 80 %, or preferably at least 90 %, more
preferably at least 95 %, or most preferably at least 99 % identical with any one of
SEQ ID NO:63, SEQ ID NO:163, or SEQ ID NO:203.

25. The use of any one of claims I to 4 or 24, wherein said 1L-1 molecule is an ]L-1 alpha
mutein, wherein preferably said IL-1 alpha mutein comprises or preferably consists of a
polypeptide, wherein the amino acid sequence of said polypeptide differs from the amino
acid sequence of SEQ ID NO:63 in 1 to 4 amino acid residues, and wherein further
preferably said 1L-1 alpha mutein comprises or preferably consists of a polypeptide,
wherein the amino acid sequence of said polypeptide is selected from SEQ I NO:210 to
SEQ ID NO:218, and wherein still further preferably said IL-1 alpha mutein comprises or
preferably consists of a polypeptide, wherein the amino acid sequence of said polypeptide

is SEQ ID NO:216.

26. The use of any one of claims 1 to 4, 24 or 25, wherein said at least one antigen with at
least one second attachment site consists of

(i) anIL-1 alpha molecule, wherein said IL-1 alpha molecule 1s SEQ 1D NO:203 or



SEQ ID 140:193 pl140-77 gtaagcttag gaagacacag attccat27 SEQ ID 140:194 pl140-74 gatgaggagg
tggtgoccct gtacgatcac tgaactg37 SEQ ID 140:195 pINC-76 gtatgcatta ggaagacaca aattgcatgg
tgaagtc37 SEQ ID 140:196 ILlalC atatatcata tgtetgoccc ttacacctac cagagtg37 SEQ ID 140:197
alphaD145Y-1 ggactgccct ctatgacaaa attccagata tcactcgag39 SEQ ID 140:198 alphaD145K-2
ctcgagtgat atctggaatt ttgtcataga gggcagtcc39 SEQ ID 140:199 halphaD145K-1 gggccaccct ctatoactaa

atttcagata ctgqag%cﬁgﬁ%%gip}g%%g%@@zwggg ggifticcag tatctgaaat ttagtgagag

agggtggcecc4d70 Histag-GGC [Ellll_llEllEGG 011 SEQ ID 140:202 miL-1 alpha
115-270 withiout tgritS AVTYENQRSD lirvikdomptive Qi FRIMN BSchneent $180ROkibRIESTPWLNEN7

N A S TRE At oY Rl (b it ORRTO B IS R Bt SLUGEER TD

LIFEWKSINS12 SAAY KEQS RVALARGLPS MIFFQIS157 SEQ 1D 140:203 hiL-1
alpha 119-271 withBG EagNMASKVpeienb RIGCGEE BN ® K NOS A NPQMLTAAAL HYLDEAVKET

MGAYKSSKIDBSD AUTVILRIS KFALY (TA0RRORYHSEM PEIRSTHES ETNLERWET

11GTKNYETESV120 APPITTRIATK QDYWVFLAGG PFSITDFQII ENQA154 SEQ ID 140:204 milL-1
alpha 115-2mo{B1dsky) BSAR ¥ PYOSOIPRYKLMITIMR QKFVMNESLN OTTYQDVDKE
YLSTTWILNDL QC1EVKI7DMYA60 ICSAGGDASKY PIADAKISFSQ AFVSAWEDQ PVLLKEIPET
PKLITGSETD LIFFWKSTNS120 KNYETSAITYP ELFIATKEQS RVHLARGLPS MTKEQ1S157 SEQ
ID 1402205 Hhe Liserh 41602628 1) MATRVASINIOTIRDSOONS TS Greyatigen with at

LITLQGQDYEQ QVVYSMSEYS GEESNDKIPYE0 AL GLIRKN Y ESOMAKDOISD TIQTESYRPN

WYPKKKMEKR FVFENKIEINK KTDDESAQFP120 NWYISTSQAD NMPVFLGGTK GGQIIMTDETM
QEVSS15518&@4py1 40006 lhist bhenlizer260iRGdesst one second attachment site is SEQ ID

NO:224.

28. The use of any one of the preceding claims, wherein said viras-like particle is a virus-like

particle of an RNA bacteriophage.

29. The use of claim 28 wherein said RNA bacteriophage is selected from the group consisting
of:
(a) bacteriophage Qf;
(b) bacteriophage AP205;
(¢} bacteriophage fr; and
(d) bacteriophage GA,

30. The use of claim 28, wherein said RNA bacteriophage 1s bacteriophage Qp.

31. The use of any one of the preceding claims, wherein said virus-like particle comprises

recombinant coat proteins, mutants or fragments thereof, of an RNA bacteriophage.



MDIPATRSITIG TIRDSQQNST7 VMSGPYFAIMA LALIQGQDMEQ QVTAFSMSITVQ
GEESNDKIPV60 AIGLKEYNLY ISCVLADDKA TLQIMQVDP19 NYIPTIKKMDKQ FVFNKTFMNN
KLEFFSAQFP120 NWYCISTSQAE NMPTFTGGIK GGNITDFTM QEVSS155 SEQ ID 140:207 hiL-1
beta 116-269(K103L) MDIPTIRSINC TLRDSQQASE VMSGPYFLKA LIILIQGODMEQ
057F5FSMSFVQ GEESNDKIPV60 AITATKDKNLY IMOVTADDKA TTQLESVDPK NYPKKKMD1911
FVFNIMFINN KLEFESAQFP120 KWYTATSTQAE NMPVFIGGIK GGC1DITASFTM UTTSS155 SEQ
ID 140:208 hiL-1 beta 116-269(Rkkk92-94) MDIPVASIINC TLREASQQNSL VMSGPMFILKA
LIFLOWQDMEQ@\WIMSH BB BEEBNDBKIPYEIARGEKEKNidy iselkE DDKACT POPESYDPK
DAPMEKRI;V%%%I}I&\A% g&@ﬁgﬂg@/@g& -(;I;'E)%%%_ENMP VFLGGTIAGGQ OITDFTMQED?7
55152 SEQ T 140300 hil X btk T16.260(L 10N MBIEBIRSLNC TNRDSQUSL VMSGPFELNA
LEILQGQDMEQ 022115915120 GEESNDKIFTI60 ALGAKEMNLY ASCVLKDDKP TLQLESVDPK
NYPKIKMESR FYENKTEINN K EEESAQER1E0 MWYISES AR NMEVILC B GOQRITRET
01255155 P1085BC00/BST <15 SEQTD NO:210 HIL-1 alpha 119-271%014 K) MLSNVEYNFM
RIIKY EFILN-DA1sKQ SitRANRD@Y tapd prateBNAVIEARIKE Daiempk@8YDD60 AKITVILPAS
KTQLYVTAET EDQPVLLKEM PEIPKTITGS ETIMAFFWET HGTKNYFTSV120 AHPNLFIATE
QDYWVCIAGG FASITKFOIL ENQA154 SEQ ID 120:211 hiL-1 alpha 119-271(L18K) MISNVITYREM
RIIKEBRIEN[BALRNGQS | HRA NB QY HRATIEALS HNEeDHA wkEpin Al E8SKIBD eerdgsTaamsis of
K1Q1KVTA/%Q E@Q&Y&%‘?&\(&%B‘?Qﬁ@tﬁy&kﬁﬁ ET SGTKNYFTSV120 AHPNLFIATK
QDYWVCLACTS PBSITITTP2IL ENOA154 SEQ ID NO:212 hiL-1 alpha 119-271(F146N)
MIRNVKYNFM RIIKEEFILN DALNQSIIPA NDQYATAAAL HNLDEAVEFD MGAYKATKDD60
AK'TVL%R'%C% 9&@%@%@ QfQﬁ’é’#éEé}ﬁf%EéﬁﬁhE' EMS ENGLRNVE L RENMGREE TSM 204
AAPNITIATE ODYWVCIAGG PPSITDNQII ENQA154 SEQ ID 510:213 hiL-1 alpha 119-271(F10A)
MLSNVICY KEM hf ighoEF RasBRLNTGSIIPA NDQYLTAAAL HNLDEAVKFD MGAYKSSKDD60
AKlTVl|M|S{§TQ5H%C9B%EBPVLLEEM PEIPKTITGS ETNLLFTWET SGTKNYFTSV120

7 QDYWVCLA

AHPNLFIA PPSITDROPIL ENQA154 SEQ ID 510:214 hiL-1 alpha 119-271(162A)
(b) bacteriophage AP205;

(¢) Dbacteriophage fr; and
{(d) bacteriophage GA.

36. The use of any one of the preceding claims, wherein said recombinant coat proteins

comprise SEQ ID NO:3.

37. 'The use of any one of the preceding claims, wherein said recombinant coat proteins

consist of SEQ ID NO:3.

38. The use of any one of the preceding claims, wherein said first attachment site is linked to

said second attachment site via at least one covalent bond.



MESNGTENFM RIIKEEPTIIN DALR2SIIRA NDQYLTAAAL SNIKEAVKFD MGAYKSSKDD60
AKATVIIRIS KTQLYVTAQD EDQPVILKEM PEIPKTIIGS ETNLIFEWET EGITNYFITV120
ASTNIFIATK ODYWVCLAGG PPSITDFQIL ENQA154 SEQ ID 510:215 hiL-1 alpha 119-271(W107F)
MLSNVKYNEM RIIKYETIIN DAINOSIIRA NDQYIKAAAL HNLDEAVKFD MGAYKSSEDD60
ANITVILRIS KTQLYVTACT EDQPVIAKEM PEIPKITIIGS ETNIAFFEET HGTENYFTSV120
AHPNLFIATK QDYWVCLAGG PPSIADFECIL EMQA154 SEQ ID 510:216 hiL-1 alpha 119-271(020V)
MLSNWAYNFM RIIKEEFI1IN VALNQSIIKA NDQYLTAAAL HNIDEAVKFD MGAYKSSKDD60
AKATYH. RIEh Ty NACHAD B Dlminsnt M PERKT EviSeaThont FryverRcTR YEEsv120
ARPNLFIATK QDYWVCLAGG PPSITDFQII ENQA154 SEQ ID NO:217 hiL-1 alpha
119-271(rFIL16-18) RITNVKYNFM RILEYENDAL NQSIIRANDQ YLTAAALHNL DEAVKFDMGA

Y KSSED DARIE 0T WHLRIG KR T v PACH PR QL. REbrPR| s TG Sl p aoE WE [TIFises.

ENYFTSVASEIZ0 M HATHORY WG AGGERS TDRRIENQAJSEQ 1D 510:218 hil-1 alpha
119-271(rITG§96-99 LSNVKYR IKEEFIIN DALNQSITPA'NDQYLTAAAL SNLDEAVKFD
MGAYKSSKDDG60 AKITVILRIS ETQLYNTAQD EDQPVLIKEM PEIPETEINL LFFWETAGTE

NYTTSYAHRNI1ZO LEMIKORYWVGEAGGER R TRERILENQATS0REQI G 1Ml ixagH00

LEADISHIETGG CG12 SEQ ID 510:220 hiL-1 béta 116-269(D145K) with LEHHHHHHGGCG-tag
MDIPVRSLNOPIARDS QRS MsERYEA grrnuisMED GUERMSIow GEESIBRIPV60
ALGLKEKNLY LSCVLKDDKP TLQIESVDPE NYPKKKMEKR FVENEIEINN ELEFESAQFP120
NWEISTSQAE NMPVFLGAIA CGQDITKFTM QFVSSLEHSE FAKHCCCG167 SEQ ID 510:221 hiL-1
beta 148-2666D 146 KY with @6 OEthsgPHBIRVRARNGT: IFRESOOKS fIvElePIE ik AS RAGEEDMEQ

QUVESHSEYQ, SR SHDKIPYE0 MG EKMLTSE WROBIE I AARSVERK NYPEKKMEKR
FVENKIEINN KLEFESAQFP120 NWEISTAQAE NMPVFLGGI GONITKFTM Q1KSS0000159 SEQ

ID 510:222 hiL-1 beta 116-269(D145K) with GGC-tag MDIPVRSANC TLRDSQQKSL VMSGPYELKA
LHIQGRQDMEQR &%’Fﬁ%%ﬁ@ﬁ@% Qﬁl&Y%ﬁMﬁﬁi‘fﬂ%&é&M&ﬁM%ﬁin
QDITKFTM

NYPKKKMEKR FVFENKIEINN KITTESAQFP120 NWEISTSQAE NMPVFLGGIK GG
QFVSSGGGisgsEndpesl spows! pitachpent $161psgulity ot eorpgiMeyMVRSANC 11RDSQMNSI
VMSGRYELKA IRLQGQDMEQ QVIPFSMSFVQ GEESNDKIPV60

44. The use of any of the preceding claims, wherein said first attachment site is not a
sulfhydryl group, or wherein said linkage of said virus-like particle and said at least one

antigen, does not comprise a disulfide bond.

45. The use of any of the preceding claims, wherein only one of said second attachment sites
associates with said first attachment site through at least one non-peptide covalent bond
leading to a single and uniform type of binding of said antigen to said virus-like particle,
wherein said only one second attachment site that associates with said first attachment site
is a sulfhydryl group, and wherein said antigen and said virus-like particle interact through

said association to form an ordered and repetitive antigen array.

46. The use of any of claims 1 to 37, wherein said first attachment site is linked to said second
attachment site via at least one covalent bond, wherein said covalent bond is a peptide

bond; and wherein preferably said virus-like particle comprises,



ALGIKEKNIY LSCVIKDDKP TIQLESVDPE NYRKKKMEKR EMENKIEINN EIEFESAQFP120
NWEISTSQAE NMPVFAGGIK GGDMITDFTM OPVSSCFIGG159 P1085PCO00 feS1 -16-
MISNVKYNEM ROIKYEFIIII DALNOSTIRA NDLgﬁ:gAAAL HNIDEAVYWD MGAMKGSKDD60
AKITVILMIS KTOTYVIAQD EDQPVILKEM PEIPKTITGS EINIIFFWET MITKNYFTSV120
AMPNIFIATK QDYWVCLAGG PPSITDFOIl ENQAGGCG158 SEQ ID NO:225 hIL-1 alpha 119-271
(D145K) ( ithe Gy Y F | WYL TAAAL
HNLDEAGKES DR SRERO5as AR TR b A R
ETHLIEFWEIWK&W&W@OMHPWW@@YWN@EW@@M IFasP oIt EN@RGTIEEd 58 SEQ
ID 110:226 | C | 271 2
atatatctog aggjtg%%}gigc%it%ﬁa@égggggg%?ag?ggﬁ%%%@zggﬁ%I ﬂlﬁ Elgsa I.?Lnl%a%ég %E%glﬁg&s
MDIPIROLNMRIBRDEQQKSI VISDPIELKA LEINGONINQ QVIFSMSFVO GEPSNEWIPV60
ALGLKGKNLY ISCVMKDSTP ILOLESVDPK 0146KKKMEKR FVFNKIEVKS KVEFESAEHT120
NWHISTSQAF MKPVFLCNNS GODIIKFTME SVSSLEHHHE HHGGC165 SEQ ID 110:229 D143K-1
cagtggt@ag Gheataatel adtoacéat gdmacnggi§ RN SEQRIh280 B 1sbiiedydeanatist geaygtgaa

tttaattatg tc%t&%(i:&%:gtgﬁz
{a) bacteriophage AP205;




48.

49.

50.

51.

52.

53.

54.
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(b} bacteriophage fr; and
(c) Tacteriophage GA,
and wherein preferably said RNA bacteriophage is bacteriophage AP205.

The use of any of the preceding claim, wherein said at least one antigen with said at least
one second attachment site further comprises a linker, wherein said linker comprises said
second attachment site, and wherein said linker is associated to said antigen by way of one

peptide bond.

Use of a vaccine comprising the composition of any one of the preceding claims for the

manufacture of a medicament for the treatment of diabetes in an animal.
The use of claim 49, wherein said diabetes is type 11 diabetes.
The use of claim 49 or 50, wherein said animal is a human.

The use of any one of claims 49 to 51, wherein said vaccine consists of the composition of

any one of claims 1 to 48.

The use of any one of claims 49 to 52, wherein said composition is present in an effective

amount.

The use of any one of claims 49 to 53, comprising

(i)  a first composition, preferably in an effective amount, wherein said first composition
1s a composition according to any one of claims 1 to 48, and wherein the IL-1
molecule comprised by said first composition is an IL-1 beta molecule, preferably

SEQ ID NO:136 or SEQ ID NO:165; and



85a

(ii)  asecond composition, preferably in an effective amount, wherein said second
composition is a composition according to any one of claims 1 to 48, and wherein
the TL-1 molecule comprised by said second composition is an IL-1 alpha molecule,

preferably SEQ ID NO:203 or SEQ ID NO:210.

55. The use of any one of claims 49 to 54, wherein said vaccine 18 devoid of an adjuvant.

56. Use of a pharmaceutical composition comprising
(a) the composition of any of claims 1 to 48 or the vaccine of any one of claims
49 to 55; and
(b) apharmaceutically acceptable carrier

for the manufacture of a medicament for the treatment of type II diabetes in a human.



