-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 fheygisencn olibiperolyeemia UG B Asiactive insuin secrgliannsulin action or a
combination of both. Although the mechanisms of pancreatic p-celf 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%sae rgﬁi%[}i islet i mune:gellgn[jltration, J3-cell apoptosis,
amyloid de805| smah’glﬂgros@. -l has ‘emerged as a Mas e?’c?/rt%ﬁi%&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 j:ﬂ% and said at |east one second attachment site, for the manufacture of a
ent

medicameni fOPth& TPE AN BF GiARI8E T BR BRI A FOBT SRt SO JSoBEE e is provided
the use of avaceipewdndpeising the compositiorssodefineirabave forthennamibactise:nf a

medicament g Heamau o fabeteainan aniak (8907Clp2 i asperl, Ysre g provided e

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

as defined aeieieantrth) B PRANRERARITCHIY o e dBtabRet imnbeated. Metabolic stress caused

by repetitive glucose excursions, dyshpidemia and adipokines can induce an inflammatory
response in the pancreas characterized by lecal cytokine secretion, 1slet immune-cell
mfiltration, f-cell apoptosis, amyloid deposits and fibrosis. IL~1B has emerged as & master
cytokine, which regulates islet chémokine production and causes impaired insulin production
and P-cell death, Blockade of IL-1 signalling By adounistration of rccombinairt 1L-1 receptor
antagonist or neutralizing monoclonal antibodies has been shown to improve glycemic control
in animal models of type 2 diabetes (Sauter et al., 2008, Osborn et al.,, 2008), Furthermore,
treatment of type 2 diabetes patients with recombinant human IL-1 receptor antagoﬁist
(Anakinra) resulted in & decrease of giycated haemoglobin levels (a relisble readout for long -

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

SUMMARY



for the manufacture of a medicament for the treatment of type Il diabetes in a human. [0003] We have
found that the disclosed compositions and vaccines, respectively, comprising at least one IL-1
molecule, preferably a IL-1 mutein, are not only dapable of inducing immune responses against IL-1,
and hereby in particular antibody responses, but are, furthermore, capable of neutralizing the
pro-inflammatory activity of rl -l in vivo. In - 2 - addition, we have surprisingly found active
immunization with a composition of the disclosure resulted in the amelioration of the diet-induced
diabetic phenotype in.a mouse model %fp Syrwit et at., DIABETES, Vol. 37, 1988, 1163-1167) of
diabeMIUIRls oUBerAIGARTRIS AYAEE RIP ATHEVGE 15 o EORE TR TSP 8ipha molecules (cf
Example 9)@s wekiass!likt batecraoiechlesifofaHuamplesit? aretilak{0804ktni one embodiment, the
disclosure therefore provides a comﬁgsiti%n for the treatment, ameligration or prophylaxis of diabetes,

preferably ¢Plypé!iaRBBIR LA At D ST BRPIREY: W a core particle with at least one
first attachment-sitesahgrrinsaid eafeacieleis e wifus-likenpasticle Hvd-Rhere Visy sHeafiickes
. preferably a virus-like particle; and (b) at_least one antigen with at least one second attachment site,
wherein the BKRHEF S éﬁf}g‘]éﬁeﬁgrﬁﬁ?ié&t 6‘P§Sﬁ GEHPYS éﬁcﬂf}% HHOFOLUTBL Pieferably selected
from the greypeonsistingtofd bk preteimibai fmaby e diagerent dlalepaptide anghidi-1 mutein, wherein
(a) and (b) are linked, preferably covalently linked, through the at least one first and the at least one
seconfbafzEichmedntasiteod08bactnthduriberemieddiraent, dfie disclosurenpriniidet acomppsisision
comprising(a) a virus-like particle. (VLP) with at.least ong first attachment. site; and (b) at least one
atioP LT BT CEGOE A L ATSRECREN o i ARt A Bl B coniots
of ori L-1 mplecule. and wherein (a) an . linked.thr h?}?'!gggl ne fi nd said at
least jn(fg?]siec on %ttgac 1r@‘er?itsg%t]((:aet.’ I#]H g{%rgfe%r“é%>k ggfngbé%%mgésg; é)l:l% east %%%%%?tig%%{%% least
one secamhiattgchment site comprises or preferably consists of (i) an IL-1 molecule; and (ii) a linker.
(00061 In a furthey Prstetfed; smboriment Whersin e h iLet AllogbmenLRIe sk d to said second
attachment Site via at [east one covalent bond, wherein preferably 'said at ledst one covalent bond is a
non-peptideond. joedvchuacilivrecepefelredrambodiment said at least one antigen with at least one

second attachment site.comprises or.prefer Nsists of: ()an | leg yherein said IL-1
beta molecﬁPgr%%q%%?fg grl g%@“ﬁ t%1 6%) p?e%e?abﬁ} fg %gklgga}?%@é?a%%%ﬂ%nker, wherein

said linker comprises said second attachment site, and wherein preferably said linker comprises or
preferdbfitdondists of BEOS EQ dB:-NG:d 78 prsEGE G4 SECHKD, N6pt88)ipreferably GGCG (SEQ ID
NO:188); whetein furthes preferably.said Fﬂf&fab’iPﬁQ‘Iﬁl?“ﬂthﬂuﬁg i ihe CJgrpipys of said IL-1 beta
molecule by way of a peptide bond. [0008] In a further preferred embodiment said at least one antigen

with at TESERE BT FHTERHRN STt TEEER &f BYHAP - HisHs THRsetic hitrein said IL-1 alpha
molecuigtig:Siof, |EANE): 261 3meuiSHREntD i) @A fuetesably SIcGHIDING:203: aneh (iifa linker, wherein -
3 - said linker comprises said second attachment site, and wherein preferably said linker comprises or
preferably consists of GGC (SEQ ID NO :178) or COCCI (SEQ ID NO: 188), preferably GGCG (SEQ
ID NO:188); wherein further preferably said linker is covalently bound to the C-terminus of said IL-I
alpha molecule by way of a peptide bond. [0009] In a further preferred embodiment said virus-like
particle is a virus-like particle of an RNA bacteriophage, wherein preferably said RNA bacterMphage is
bacteriophage [0010] 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 virus-like particle, wherein said only one
second 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 1l 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
immiine recnnnece nr cithetancac that allow adenaration of a denot in the hoet which when ecomhbined



10019] Specific binding (antibody / antigen): Within this application, antibodies are defined WO
2009/109643PCT/EP2009/052639 - 5 - to be specifically binding if they bind to the antigen with a
binding affinity (Ka) of 106 WI or greater, preferably 107 WI or greater, more preferably 108 M-1 or
greater, and most preferably 109 N41 or greater. The affinity of an antibody can be readily determined
by one of ordinary skill in the art (for example by Seatch ard analysis, by ELISA or by Biacore

- analysis). [Q020}Sreoificcinging il thuhlladitecantanizAhe inferassiapheiwesma Jeceripr and a

receptor ligand can be characterized by biophysical methods generally known in the art, including, for
 example, EEfSibrERicaRslngigaiel As fictrdsrsduiiaistie paaetynssBapEBIEORSgeCiFéally binding
an IL-1 receptef whemthabindingaffinityofa)iet saighilsAdarsaid il meepianiswat least 105 WI,
preferably at least 106 WI, more preferably at least 107 1\44, still more preferably. at least 1081\e, and
" most preferdb af???&éﬂé‘&%ﬁ%%ﬁﬁ%%ﬁzp%#e%b ?/%18%5‘11‘_1?51@#(:%%? % Saxgnaﬁ_‘i}%f }é'léeﬁﬁﬁr from mouse
or human, mestplrefecali{ Bramales Furtde3preferably, said IL-1 receptor comprises or more preferably
consists of gy eneof the seanences GERIR NQ: A6 RER IR:NQLA%MRstRiglgrably said IL-1

receptor comprises or preferably consists of any one of the sequences SEQ ID NO:166 and SEQ 1D
NO: 167. (R jAEEBRiEANHE RIS A eiaRIP PR S5 citioh JA8NGEed HRTETH: 1Ak to all
possible waysratefatablysehemigal datepasiions;hywbiehoiwdmalecilasiasrdoinestiogather. Chemical

?“teraCt?O”ScL?é:'ﬁ‘a%%{%%‘sf%'%ClEté%ﬁ% %gr@éc‘ié’ ?t&”%e{a%-ﬁ%i_og%ﬂr%‘é%% %@g 'eosf.iﬁ{er%%%‘é;"a'e”t

Interactions are‘ionic interactions, yaropnonic Interactions or ydroge onds, wnereas covalent
interactions:atdib asisdsiypavaiash exdnplessopreseatartboriisestisk: astester thsthidezpssphoester,
amide, peptige. sarhon:phosigus Ropds, garbansuliunbopds sushasdbiosthess Ofmide bonds.

-~ [0022] Attachment Site, First: As used herein, the phrase "first attachment site" refers to an element

" which is naﬁ?FﬁW%%ﬁf&g}’WWﬁﬁﬁﬁmﬁ?%%%W%ﬁ tﬁ%’%ﬁ%%ﬁﬁﬁ?%@éﬁﬁ%ﬁ@ge, or which
is artificiallyaaddedroihied/ hRRfqrefetatdistdst et Probarh RN A bacteriofimged dnrcitduhich the
second attag&rg&g}lggg E@%Qgﬂénked. The first attachment site preferably is a protein, a polypeptide,
an amino acid, a peptidae, a sugar, a polynucleotide, a natural or synthetic polymer, a secondary
metabolite d$&EM pountir{biotinbdhioreis dsidisplagrs| Puig et gepirposietariomssing (2) a virus-like
phenylmethfy;l]&%itplmﬂmmﬁﬁa 13@@&{@%&@&&%&&@%%@9;@@;&%&&3@@ laaagﬁovgfpun,e@spsrboxyl
group, a sulfhydryl group, a roxyl.group, a guanidinyl group, histidinyl group, or a combination
thoreof. A FTETHAR LPRETTR L L B RiAA Ty FEACHVeBRUD HaTRE Wi P Btachitelt site is the
amino grouflef amlaminerdoideprieferadsly Of Wrsifiakhd thprefbryad gntsedintentssaid finst ittachment
site is the appino,grouRaf advaingresidue, wherrin preferably saiddysine jesidueis adysine residue
which is naturally occurring with said VLP, preferably with said VLP of an RNA bacteriophage. The first

attachment $#t& PSIGESRBHERIPIER O THRISH YD SR prerersisiy On'trhe ButePalifitest wo
2009/10964@5’@7&{3&9200_9/052639 -6 - thg VLP, preferably of the VLP of an RNA bacteriophage, most
preferably of R hagieriephage Op. Millile st attachiment stes e esenb A0 pe. syrface.

the o 0

preferably o uter surface of the virus-like particle, preferably of the VLP of an RNA
bacteriophagfsonicse prateyaiiy Bf féctA PusCRINEH Zertispsage WP mihicaly sndastersrably in a
' repetitive configration: i adrefprrd.embodiment the first attachment site is associated with the VLP,

through at least one coyalent bond, preferably thro at least one peptide bond. In a further preferred
emiotimen R Tir Gt ASERFBAESHE T RPN DAY ) o A BTGVl T preferred

embodimentithe:fiest attachnentssitepisianiifigiedthsadded (o thdlVL Bstinnavjprefervédrembodiment the first

attachment site | ' At QYL tr 510 X referably through at
least one peﬁﬁt?délé @?E@Sﬁ%@ﬁe?g@%*@q&iﬁ; {Q/EP%%%‘};‘!? %ﬁ%&%ﬁﬁgggﬁgfgﬁﬁg&of RNA

bacteriophad @ g furHEr Brefal it emisumts it Said FfeR AttECRMHETY SH&-i&th &' B#RfHD group of a
lysine residugsrwhierein saitdysingresiduerisaabisiesesiddesofa cRatiprateiny prefexally of a coat
protein of a erigpha ost.pr _ RNA bacteriophage, Qp. In.a further preferred

em bodimen?és,%a%ﬁfigr)s%t& Qtt{g%% rﬁggﬁi&éﬁg I&g%ﬁ&:ﬁgﬁg gg’o%r? gj Iyglg?\”(re% Fésgl%%?o?rgf%%a p?a&#ein of an
RNA bacteridptragesondiertirbpreferatyly Saiteost prescihebirprisedconip afambly cormists of the
amino acid sgguence of SEQ ID NO:3. In a further preferred embodiment said first attachment site is a
lysine residue, wherein preferably said I)ésine residue is a lysine residue of a coat protein, preferably of
a coat protelPaN RNABSERET 5T FL GRCR BRI 16 AR O PR AR EE D st BB SIFP Afurther
preferred erahedimantisaid fitst attaphmeEpt sitghisradising resiciie widthe-cagthprotesnot RNA
bacteriopha ) A Site, : erein, the.phrase "second attachment
site” refers t%%%%ém%%%ﬁi%ﬁ@%gﬁ érl\t;‘; ggeggrr%ﬁ% %l&?re%]v %ﬁzfsa%‘%tl }Elaéﬁyl/ﬁ{ ad gnd 10 the IL-1
molecule and to which the first attachment site may be linked. The second attachment site of the IL-1
molecule preferably is a protein, a polypeptide, a peptide, an amino acid, a sugar, a polynucleMide, a
natural or synthetic polymer, a secondary metabolite or compound (biotin, fluorescein, retinol,
digoxigenin, metal ions, phenylmethylsulfonylfinoride), or a chemically reactive group such as an
amino group, a carboxyl group, a sulfhydryl group, a hydroxyl group, a guanidinyl group, histidinyl
aroiin or a combinatinn thearenf A nrefarred embodiment of a chemicallyvy reactivie aroirnin heina the



WO 2009/109643PCT/EP2009/052639 - 10 - 100 % sequence identity with any one of the sequences
selected from the group consisting of SEQ ID NO:49 to SEQ ID NO:62, SEQ ID NO:64, SEQ ID NO:6'.
SEQ ID NO:89 to SEQ ID NO:116, SEQ ID NO:130 to SEQ ID NO: 140, SEQ ID NO:164, and SEQ ID
NO: 165. A specifically preferred embodiment of IL-1 beta is human IL-1 beta 117-269 (SEQ ID
NO:64). [0032] IL-1 protein: The term "IL-1 protein",-as used herein, refers to a naturally occurring
protein, wherein %bamino acid sequence of said naturally occurring protein,shows at least 80 %,
preferably af f%als 8/%m iore Sﬁgfesr%cgiif aaf%%%% OSo/feévaélff rﬁ’éﬁée%reqléetr% ﬁ@%t%%gl "% and most
preferably X0om4ssequeriseatieronswithidpyorieRdd B QD RID 86 SEGED NDNGE2! &.wherein said

naturally ocg&f&'@slf@@b@i@w@bmﬁ pindipgeihe Ihalneecepignapdnialeiably compreiges biological
activity. The term " L-1gorote_in", as used herein, preferably refers to a naturally occurring protein,
wherein the’3MinG S&il-SETRACS B said FRRGENFOREUFINGHOtaM SHoisSt least 80 %, preferably at
least 90 %, o008 pheiciably atleast ObWdewenadorepratenabliciatieastiQ9ile patdcmostpreferably 100
% sequencedentity. with.any. ene.of SEQ 1D NO:36 19, 3K {f) 0,62 and wherejn said naturally
occurring pr%té%rtg IS %%%ga%?e’ of t%n’é)l%g the I%i recept%cri ar%) %r%'\lee}gé%%/t%%or%}gé s“e@!5 biological activity.
Typically al@%3fefetmpliLther it rTEC L BRAGIIIAS UBEPhe it ot dttedlsnoresiiaturally
occurring peaieitatihereinsaigkpreteinssapeblerohbinging. thedi nbaseptor Andisorppsises biological
activity, and wherein further said protein comprises or alternatively consists of a polypeptide, wherein
the armino AEH G &R Br S DDAt e B (REnt G0, BETGR (HORRaDIy S NG 50, more
preferably avhesst 95 %nlpvensarore gratenalslyiattedast@8idsardhrmid fiptefercihy: 6B6ssequence
identity with,giy, are 0f SEQUIDNQ:36.10 SEQIRNOA2. Acsardingiy g eimi el aloha protein”
relates to an IL-f‘Lg‘rﬁ? ein comprising or alternatively consisting of a polypeptide, wherein the amino
acid sequere®BFER BRI SHEWERRIBLSHEEEM 2Prdterably at least 90 %, more preferably at
least 95 %, puen) Mase preferabiy.ahloasiO8Mhandrostpieieablnlfe dasequenssidentity with any
one of SEQ ID.NO;36 to SEQ | 0:48, whereas the term "Il -1 beta protein’.relates to an IL-1 protein
| 03810 SEQDN I b proteinreles P
L referabl e I tiabejes, saig' vaccing comprising, or alterpatively . consisting o1 the .

comprising Br aﬁferﬁa‘%w&y consisting of a polﬁ/'peﬁl%ﬁfe, v§herem e amino acid-sequence of said
polypeptide showstian ebde8ospreferipip itaastiootys mmeteipreferably at least 95 %, even more
preferably afglaast 99 Yaame: Boslpkeierbi:de: X sauue ncadantitiwitbranyeneafiREQ ID NO:49
to SEQ ID NO:62. [tO(%33JbIL-1 fra m_gpt: tThe tﬁ\r "IL-1 fr%gr'gent", a%u?ed herein, relates to a

. treamment of digbetes, preferanly of t . fﬂgﬂ:} S, Sa1 armaccufical composition L :
polypeptide comprising a consecutive streteh of Rt protein. wherein said polypeptide is at least
50, preferablyratrieast(A08; rmostyreiaidblyiatifsestor 56 smie eidivstirclengtind (pically and preferably

said IL-1 fragmentis@tamest30d.maradpreferably at most 250, and most preferably at most 200

amino acids in length. Typically and preferably, IL-1 fragments ar o.
2000710064980 /£ B3 OHRIE R0t T ASAUCPE UG B e ARG A Breterably
comprises biglofidabatiivigid Actordliagiy;ithe tdrmsstitng alpharfiragnsenityanitictivekibetatfragment”

relate_ to an Uﬂi‘r&@ﬂz%ﬂioﬂ%ﬂﬁ@%@s@lo‘é\ﬂ?&rﬁiEh@%@di'né]opfﬁ)é%&@cl%sﬁﬂs,' Lsd/@Bhadrotein or an IL-1 b(_ata
protein, respectively. 100341 IL-1 mature fragment: The term "IL-1 mature fragment”, as used herein,

relates to a RETCASEHeA CAmRarirr i e sy st ey el braiRr B ecS iR ¥ituration product of an
IL-1 protei.n Jeaprdinglyyrthe &m&iﬂnt,ﬁmIMMmreﬁdagM'cﬁm E:Hmﬂokie‘ba. «mija:wre fragment", as
used herein felaie, [0 Ul VAL FagmeRISas dafinedr WSraInaIdilr LRSS IS ARl--1 alpha

protein or an IL-1 beta protein, respectively. Preferred embodiments of IL-1 alpha mature fragments
are SEQ ID KBS NOMBE ] SEIIHRG P58 retidfiboBirtanty of itrt Beta mature
fragments ageEQ HNQisd, SEQ4BNDI66mSEQ ID NO:130, SEQ ID NO:164, and SEQ ID NO:165.
[0035] Preferred IL-1 alpha mature fragments comprise or preferably consist of an amino acid
sequence selected from the group consisting of: (a) human IL-1 alpha 119-271 (SEQ ID NO:63); (b)

mouse IL-1 alpha 117-270 (SELA DA B5EKey mopse fLriiglpheiTiar0s (SEQ ID NO: 163); and (e)

an amino aci quence which js at least 80 %,. ot preferably atJeast 90 %, more preferably at least 95
b, ot oot HHLIS A S0 Satr B Tl e MO ETRIGSY e T DS and SEQ
ID NO:163. {8086} Rrafgrreticimmbetaundnsrecttaymentys cotipriseiol preferabiy consistidaf an amino
acid sequeqﬁgeﬁggﬁcggggggm the group consisting of: (a) human IL-1 beta 117-269 (SEQ ID 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 E?Mhl@%é%t(é@d% NE164); 2 AT PR ARG SoRPLERRcE W RS Ut least 80 %,
or preferablyatiteasi O YansarespretetablyatlipastOxicaranostpreferabls atdeast 98:46 identical

with any one obemE%%‘J,I%l%O:64 SEQ 1D NO:66, SEQ.ID,NO:164 and SE i*!r%)l NO:165.V[8937] IL-1

peptide: The term "Ll p'egt\lf ceq}fl%lg use reaiﬁ?ar(é?a?ecg t°8‘§p88 ’3}%%6%?88 conﬁbr%%arg consecutive
stretch of a naturally occurring protein, wherein said protein is capable of binding the IL-1 receptor and
preferably comprises biological activity, wherein said polypeptide is 4 to 49, preferably 6 to 35, most
preferably 10 to 25 amino acids in length. The IL-1 peptide may be, but typically is not, capable of
binding the IL-1 receptor and typically has no biological activity. Accordingly, the terms "IL-1 alpha

peptide” and "IL-1 beta peptide”, as used herein relate to IL-1 peptides as defined, wherein said
natirirallyy ocecrirrina nroteain iec an Il -1 alnbha nrotein or an 1l -1 heata nrotein recnectivielyy Prafarred 11 -1




- 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 necessarily, IL-1 muteins are
capable of spextficatiysbinding an IL-1 receptor. [0044] Compositions congurisirgapriessed IL-1 mutein
as the sole antigen induce a titer of antibodies capable of specifically binding the IL-1 molecule said
IL-1 mutein is derived from, wherein said titer is at least 20 A, preferably at least 40 %, still more
preferably dPTe&t SIS AGFEHITEraM dETRaRiesd orird MUY BHSféranty BF East™00 % of the
titer obtaineidcsithl@-cornpasiiondonmprisingthentl - tomeiaay|eagpickit,- lpmfeliyis deniwee from as the

sole antigen, wherein prefera id titer is_determi essenti -descri [ le 9 D.
[0045] Wheqﬁ'yfiﬁ 0 %cglc? ?Intgré)flné%%f?méﬁébn%%%jé%%%%gonlflﬁjr%ﬁ%g}aé %?é%rrgggﬁ% %[egt%%r%!&ein as the
sole antigertdivdaee ardiliefhrtlciidsieabapiest Spemidalyupitding tiesTbsrstashibletule said IL-1
beta muteinjis,gierived fFarbvhersia Breferabhs saiddsibetamolacR s, andidideta.mature
fragment, rral}ost preferab(%fhu an L:—Il?lﬁl7!-25'9. SEQ 1D Q;%‘%GW ersin s |det;£|ge|rdgeat least 20 %,
preferably LRIy RGPS préferd ‘ilnaﬂidl}eaﬁs”i1 Yo &hiPmor abrle era ya? easlfmgo "A and
most preferaitsly Gitrieabtcd80:90 i thetitsrcb btdimed twithcaatonmpobilivrroomptising thaufthet beta

molecule sajgh |1 beta muteinisiderivadfom. Resfisrekinsdiddl whhelamaike tagmst most
preferably said human IL-]j117269 (SEQ ID NO:64) as the sole antigen, wherein further Ereferably said

titer is deteriEd LssitPARFAEEE HBEY BRIt Er [M‘B‘]’Wh@%nt%&éeo@ﬁtb an animal,

com positiortsmqmcismgxa:prefﬁﬁeq&rﬁ)alpﬁaﬁm ugain His_l,tmm@,a@meampet_nmef @d@ten@f antibodie_s
capable of Sa%ec'fmggggg'ggfnglg&ja%a%ke@m eaie R had aleg fulelis dervegiiom, wherein

- preferably sarl 11 olecule is an 1L-1 alpha mature fragmegt, _mostﬂpreferably_ human IL-1 a,
' 19-271 (SETD 10 83\rihetestiBedctifdrad Wierd a Sop s 0r)  tprdteralii B asts 469 "dimore
preferably ag:b@ast60%6misilmarapraferablyatdpashBVoandmostpsiarabihaiieastd00 % of the
titer obtained with a comp sitjtonlc%orrtlg)risiarglgjm% ILLdl T:al|c():pgt moolecrgle said IL-1 alpha mutein is derived
from, prefer8BlY ¥aid 10-T afpha Thature fragment, most preferaphy said human IL-1 an 9-271 (SEQ ID
NO:63)as tHédle antigeerwhensin fisrttio ths eferaishtisend titersivdensinidedpgdentiaitipas described
in Example 9, IR047 1Aty Rrefereddhsdaputein)isdrelbakipitaimavherginsaigbigipgical activity
is less than 80 %, more preferably less than 60 %, still ore_Preferany less than 40 %, still more

preferably 688 #En 28 G5SF 175 Bio i cHIPARIIRY bf (e LTINS e cille & dekivaH WM Wherein

further prefergbbjesaicbbindogicanactivity sedetetminediby thelcaasity epsalid oM@lucing 2
2009/109643PCTIER2009I0B2639 714 - Il Pyicinde iagise il umenBBMGS, pherein MOST

preferably said biological activity is determined essentially as described in Example 8 B, and wherein
additionally ¥sHIHJSHIBREEBIpHSIn G &R BOVERF prafdiFe 4k # hititeih 8 Hecette YrtgERcThduce a titer
Sf antig(;di%dﬁmh e wfispariticalty d;tmetiﬁgptt)lfmﬂ%migel@u%@md ﬁgg}lﬁgeﬁl?ﬂﬁdaﬂe&nfwﬂ%iln is |
erived from, wherein sajd tterls at least 0, JEeiera [aeast 0, SHLNOre preteraply at least
60 %, still m%‘r)éeﬁ)?f%)r%sb y aatn east é%fg/jang ?ﬁ%stlp?e?g_rgg% gt east 1%8 %%fat%e t%eﬁco.gtained with a
compositiontedntiisrigigthevill Prefeteellacselid Ve Breferred By silsedireigraamRFed¥#bnitas the sole
- antigen, ;Nh%Bf&ﬂﬂﬁ@@ﬂb%@&dﬁim@ﬁ@mmﬁmﬂaﬁﬁf&ﬁk@?&ﬁ%@%ﬁBr@@tﬁﬁﬂﬁi&|D- 100481
Very preferred are IL- teins derived from (i) an IL-1 protein, preferably from SEQ ID NO:36 to SEQ
1D G52 o) I R ARy O RrPTL S HSR AGEIe P Etet B BT AR, oag SFE 1D
NO:63 to SE@IBNCIEE:SEQDNO =80 Hrd SEQ RN 63Ny SEQ tDING:1680100491 IL-1
muteins usefill i e, comext qf %%&@V@%%%@@Y@ﬁ@?@rgﬁﬁ&ﬂpﬁg nﬁgr@@@esmaa@ @l,.{1988) J.
Biochem. 104:837-840; Getu-ke et al. (1990) The Journal of Biological Chemistry 265(11):5922-5925;
Conca et al 6§81 PPRENHEHRY of BIoAB gieSrE Relbisly! 288(0%) 11 A9 Bieessiaoirarisd: tHoo1) PNAS
88:2658-2662mXuron-at at. (£82):Bidcham sifyr 8l t6632:6638; IGuinethetvalys(EROBIrEe. J. Biochem 21
oo ST e Blasheltial 3 e SAUMANG (hARA) Jou ek pLisgcerror
Research 12@@):%@9%2;%%%% (1593)0The Joulrlna?l QleioIo%icaI éhem%str'y 2%8. 3?9771-9779;
and SimoncEitict1G94)eCrotethEnsTessiDely 10050 pRTRTerret I A Trfsterrsriompiie dipreferably
consist of a palpeptide, whereinitbaaminq.asisseruanca Otsaidpolypaptide:diiers dresn the amino
acid sequence of an IL-_1aprioteinl, nii-1 fragmen&nan IL-1 mature (f:r%all’ggrgeng of an.lL-1 peptide in 1 to
10, preferabfy/S IS RIEVE BretarinIy 118 B S mat ST raterdbry R e iare préterably 1 to 3, still
more preferabhysiate! 2oafadnmiest phaferatylytig extettpitopmino acid residue(s), wherein preferably said
amino acid rggidye ). M.eeletadiHom ﬁaaqz;eﬁjymmig%@pm%ﬁﬁg inte &ald pelygartide, (iil)
exchanged by another amino acid residue, or (Iv) any combination of (i) to  In a preferred
embodiment, said amino acid residues are in one consecutive stretch. Further preferred IL-1 muteins
comprise or preferably consist of a polypeptide, wherein the amino acid sequence of said polypeptide
differs from the amino acid sequence of an IL-1 protein, an IL-1 fragment, or an IL-1 mature fragment,
preferably of an IL-1 mature fragment, in 1 to 10, preferably 1 to 6. more preferably 1 to 5, still more

preferably 1 to 4, still more preferably 1 to 3, still more preferably 1 to 2, and most preferably in exactly
1 aminn acid WO 20001 100RARPCTI1EP2NNAT1NE2ARR0 - 15 - raciAdiialcl wherain nrefarahhvs ecaid



sequence is essentially identical with the amino acid sequence it is derived from, with the exception of
certain mutations, wherein said mutations are selected from the group consisting of (i) amino acid
exchanges, (ii) deletions, (iii) insertions, and (iv) any combination of (i) to wherein preferably said
mutations ar&@eetedsiom (i) amino acid exchanges and (ii) deletions. IR{FaF&eIdES26#utated amino
acid sequence derived from a wild type amino acig sequence preferably differs from said wild type

amino acid sequence in,1.to 10 ferably 1 to 6, more preferably 1 to 5, still. moreqpreferably 1 to 4,
still more prté)?gq?asg?ﬁl C%%}?lgé?%%ﬁée relﬂéxrté)bttllile Iaﬁ/)gI ,nan(tlg rﬁ%&%ﬁ%ﬁ%ﬁ%& )0(g§: lﬁ\f amino acid
residue(s), wiareiprprefbralil ¥al dramirior aniderprsittcrdiz ) B ) eatrirrge by smotfrertamino acid, (ii)
deleted fromsajg wild,tyRe amingiacide (b ingsstgd-into.saltwilgiyRe SRcHERC  randt (v any
combination of (i) to ~ wherein most preferably said amino acid residue(s) are (i) exchanged by
another amifg LIS B (F GE1ERE PorrEF Wild Kibe WrhinS ASPOERSABE ¥ Hidre than one amino
acid residugqiosiergpdyi ficoitrdag:dlteletitn ofasponsethitive stietch Bt amine ackresiddes of said wild
'ype amino Acid SPRURNCE: WIHIRIREATUNG Acld seguance AChIs.Agved fom, ayild ype amino
acid sequence preferably has at least 90 %, 91 %, 92 Vo, 93 %, 94 %, 95 %, 96 %, 97 %, 98 %, and
most preferiistydgeRscyonnl sEfiiehes Rrsatry i sald Witd fpecatninseasitedes Gerrtés [0056]
Similarly, therexpresgionmtein denveesfiomwhih-hmaleaietkefersie amaibein, wbeggin said mutein

comprises referably consists ef a,polypeptide, whe e_amino acid seguence of said
polypeptideqéaeé%g%ﬁéﬁya? gﬁig& g th%rtxgefr %ﬁg ﬁt_’-liaﬁ%cs) eclle s denvet réiﬁl?‘fi%/]ﬁca?tégéxception of
certain mutatibmoresrefeiblsaidarutiions. ané selbctsthtomaiieagrdlip\EGrshsting rtfiaimino acid
exchanges, 4if} deletioBsfiD dpsertionspandénycombinationafid Ao wbareinpreferably said
mutations areﬂselected from g) amino acid exchanges and ")[—% letions. In %artlcular, ?Q]IL-l mutein
derived fror &R fdfetite TFRRISTHROMPELIRE (% TIHGICEEIE AT Y (5185 5reférabiy i3 e fnore '
preferably ]s@qx@&‘silsﬁ@té m@fg@@ﬂﬁﬁ@dﬁb@iiltﬁﬁm@@i@mﬂy iaf0 &—Wﬂcap@ecmr@é&&bly I to 2, and
most prefergbly in exactly L anyng agid residun(s). whersihRieferably.said #1ng peid residue(s) are

(i) exchanged by another amino acid, (i) deleted from said wild type amino acid, (iii) inserted into said
wild type se&ﬁ%ﬁce@%ﬁﬁaﬁﬁﬁ Ay demBinatieraTdl) $6 (APFORREIRINAh S8t SFEIBRIEHR] #ino acid
residue(s) agesipiexehangeaby-aciethen nmnaaeid, Br(hideleteadiansaid wiltdype=aisino acid.
Deletions Of%hn%% t %pcpneogsmin uggidﬂ{%‘scin ue r%fqg%lgi L.oceur as.a de{eti%g %fxg c stdﬁgutive stretch
of amino acid residues of the IL-1 molecule said -1 mutein 1s defiveq from. A mutein derived from a
wild type anifocaigenigentend et/ IHe8cHp 16 akY WOPYebG1insrgoys, @Igdrogandnigs, 0, 96 %, 97
%, 98 A, andimest preferabiv-atieast Dl saquenceridenti: with.shedh-lonuelacyles said IL-1 mutein is
derived from WOhZO 9/1_09643CI;>CT/E[P2009 052 39H 18 -, L?%S?l minol%c_%i% eéchar‘gge; the
expression ﬁ%eiﬁé’ SRS ceﬁa%ngneer’e?g?é dt% fie’ekena g?ﬁlﬁ APEMIND acio residue ins céitain position
of an aminothicidhsequenide twpdny other amino acid residue. (00581 Agonistic effect/biological activity
of the IL-1: Thpierms.diolaoical activitys qrdhiologicallyiaclives-as:uagchhergin-withesgect to 1L-1
refer to the ability of the IL-1 molecule to induce the productign of IL-6 after systernical administration
into animal<'FFERErsPigP A% BHUTARY BN SIEL e X imeleshls e sietbey gol‘bfgﬁ?a%ivity of the
IL-1 molecuteds:ashegapant/tich dbiityficaindudedhe proifepratiesioftiihymdeyids(Eppsraral., Cytokine
9(3):149-15 1 .1 T.he e inar C j .14-22 (1989), or
BaRih R Qe hhdielper sl tyanagleRp %gyr%ge%'@% bya%kégls%e%éa%%@

the ability to In tfre production o rom M064 or I . asc . Immunol.
155:4719-4FP5NEGOR) 08 fivekTEs tsPERTElo Bt AnC arib it IR 8184 1M PRINSIZESER. 1-6-2-7
(2000)), or thevpredustion:pélk gofiamn EL ddnamomaeisd SIMametald didmmaneksdethods

84(1-2):85-94&1 83. 1, 9r the abiltity to inhibit t e%owtg offge h [?/an meI%nomehcell Iirtle A375 (Nakai
et al., Biochem: Bidp f/%g.eﬁ%’s.%oamrlﬁasﬁ. ST Ylsf %né’ %ﬁ#c ’eorli/ %Jr(é eénr%(i?lﬁ’ e terin biological
activity of argitull sweblecule oniam fretpmutaiirefegsor thesedipatity s36em Lhydooripersitiors comprising
said IL-| molecule o $aidy Lk IS B N duE e dhifiiftiumaR £ BMG sewbetsin.prglarafly said IL-|
molecule or said IL-1 mutein is the sole antigen in said IL-1 composition, and wherein most preferably
said biologiGAFRERN TEHE SRSt Hs 06 3§ AT BERCHISS B EXAINSTE™ B oBIPPaekaged: The
term "packapgetttbdyudacsiner&imnnetdesto thdstaterokadpbtyanieticimadtomdie erleopeian
mmunostinyaanstibsiances A HIARRIR Q.Y B TSISHN. RAGkRgRd andipdhireln includes
binding that may be covallenf, e.g., by chemically coupling, or non-covalent, e.g., ionic interactions,
hydrophobid#HETaCaewE 1y Hitgwib Qré@?éi’d”ﬁﬁb?@ﬁéﬂgrﬁ%%ﬁﬁ%?%ﬁéri%ﬁ’hﬁgf‘pg@ﬁaged" refers
to the enclosemgnketcpadiialapealosemeniiioba Mo lyanienigmasraaolesule bythenMide oThus, the
polyanionic macromolecule or immunostimulatory substances can be enclosed by the VLP without the
existence of an actual binding, in particular of a covalent binding. In preferred embodiments, the at
least one polyanionic macromolecule or immunostimulatory substances is packaged into the VLP,
most preferably in a non-covalent manner. Methods for packaging polyanionic macromolecules such
as polyglutamic acid into VLPs, and in particular into VLPs of RNA bacteriophages, are disclosed in
W02006/037787. Reference is made in particular to Example 4 of W02006/037787. Methods for

Nnackaocina immiinoctimiilatary cirithetancece nreafarahlyy immiinoctimiilataryy, niicleie acide and maoct



"non-infectious”, as used herein, refers to being incapable of entering the host cell. Preferably a
virus-like particle in accordance with the invention is non-replicative and/or non-infectious since it lacks
all or part of the viral genome or genome function. In one embodiment, a virus-like particle is a virus
particle, in wkigh:thevirakgenome has been physically or chemically inactivateghoby/piegdly and more
~ preferably a virus-like particle lacks all or part of ghbe replicative and infectious components of the viral
genome. A virus-like particle in accordance with the invention may contain nucleic acid distinct from
their genom&cAyBiceieird réfethed ErbatiftehPdf 2apiaamkepariie MeisedidahdeWith the
pre?entbilnvemﬁagidﬁ@g\_éi@.Q@@ﬁigesmga aﬁmaeﬂrat&a%&&&ﬁh&mergﬁme,qmeym@omlfféterlior)hage,
preferably RNA bacteriophage. The terms, "viral capsid.’ or "capsid” r.to a rngcromolecular
assembly composed of \{}Di!r?la %FS "e[]ilge uagﬁ%ﬁspr#ﬁrpﬁcglf?f,tﬁ? e\r@“afgf’éd %@%)baféeﬁm%e 306360 and
more than 3pGwiralyprotéinSubwiiBN Ry pictipringepsichatiyl thenihpesbotdnsiof thesétisabunits lead
to the formatign:ef viial ¢rR9idohvirahtapsichliie stuGiueWith an Dherenkrensiitive prganization,

wherein said structure is, typlcall}/, spherical or tubular For example, t e,cag;ids of RNA

le, th
bacteriophadfB8UsP BBRAGL haE S SRR AL FF AN OIS SR AL AT SURRTRINS PPRE TRARHShsid-like
structurg" asms’eddd@mﬁmdieiens me_zﬂmaatmmtoieomIgteassmnmwnomqsgngWthhprmm subunits
resembling thFapsid, motpfieleguin. s ARaYaeined setRePutARvaing.fiomdbe yacal

symmetrical assembly while maintaining a sufficient degree of order and repetitiveness. One common

feature of virieFplrtdieanetrbodiRepapsdiessi Qire MR b dete aFtedrapbatide Al dhigeshent of its
subunits. [0Q6RRirs-tike partick ofrafa-RINABacie HORhAGR: Asugesbher/iNurthestarmr wigus-like

particle of an RNA pacteriopphage” refers to.a virus:like particle compgising, referably consisting

- essentially oaf,%%tc%gl&snls@n‘g%af%%g %?%%’e?ﬁ%ﬁe?%yﬁ fnﬁ%‘? r%%{?“‘ﬁ“éﬁc%%?gg%eg?, %%é%l‘%ﬁ%b%‘gteriophage.

" In addition, arvhesnike padtiale stzphRNASHadtdriophageiswesembking the dteuetimsiofaid RNA
bacter}op?agﬁs@fy_aﬁﬁﬁw@a M%@@slgli?e ra@gtisdgicEE@geuf%yﬁf@%%ﬁ?rFi{ﬂ&f@g@ﬁ%&%g@ﬂig@ifj&/ekand/?rl t
non-infectious. Typically and preferably a virus-like. particle of an acteriophage is lacking at leas
one of the g&HEE BrasJ1Y BW%E‘?]%%O m%&t‘iﬂ@?@%ﬁ idR HLERThET %T%E’%ﬁlﬁﬂ?ﬁtcteriophage.
Furthe_r prefem'ah*f‘ysga?iaulsﬂ@ prrticle aham Rk pé&ﬂasiophag@fsoélsodaqk@ﬂgmhé geRalor genes
encoding the Rigisih AL.PHAEIRS SRIBABRINESO0 A AIIACHMERLIS, Gr BRI IR ALG NpshThis

definition , however, also encompasses Virus-like partic RNA bacteriophages, in which the
aforementioABARgelfadotegurRis 41k TP fre S EodRifadiffee affgfametefoie diisdtaraide 88ing to
non-replicatiue:eneharshor-infetitauddricusdikappeietadofaaniRMNArbagie iophage rfi@iesred VLPs
derived from R bacteri xiQti'p hedral.symmetry.and consist of 180 units
(monomer:)"fl E’%é%rﬁ%q ’r%%’?ﬁmﬁ t%of%e%de%% ﬁ%&iﬂ(%%%ﬁ%‘?ﬁjgﬁgﬁ ﬁq&% r&%r%%ﬁi%f?on WO

2009/10964 3EtTrERen GGroB6 Sy theorrsipiid Ao arssr sish rfetisimestbyip iy aibainehemical
inactivation, shigh-a$ thd M ifadistiaT iemaldehydedreatment, typically and preferably by genetic
manipulatio 70] One, a, Qr an; when the terms "one”, "a", or,"an" are used in this disclosure, they
mean "at le gté %9 e‘“l‘cggr21 %%%n%(sﬂrﬁ&ggoﬁ?\ile‘é%ug erwise tﬁlcd?c%at’%ed.sﬁff} (fféil%. ﬁg}%nst:sﬁeﬂfe‘ﬁ% diabetes
refers to anyitygechiutisbebést isetitus! P referably ditheteshicliers 4uifippaly dioétiestand/ol type ||

- diabetes. Moglipraferably diabetessafers.iaivreddiahelesndQ0721 The compasitions described

herein are capable of indycing or enhancing an immune responses against IL-1 in an animal or in
ﬁ‘ﬁ?n

human. It hal%tird reHR DREFRIthE thBTOTHMN AR RBERGiA RIPTEe hamegieciie Wil dn IL-1 alpha
molecul_e or mmm,wmlacmmw&hmmmbdmﬁaw mﬁdmﬂi@utmteﬁb@zai clﬁarnamelioraﬁon
of the diet-ingyced diapeliciPRERODARS INMNAG, &5 AR-HG-iAR AR/ 3hTNs Invention. thergfore provides

a composition for the treatment, amelioration or prophylaxis of dla%etes, preferab%y of type Il diabetes,
wherein said CoHpFERBrFEBntP 8L () gr%%}?‘»e"’p%rgﬂ@’lvﬁfﬁ“ét fe&sfiie TP uttacRYABrY Site, wherein
said core pagiiele, is agiuigrike gadiclevbiiBylorawirusrpartigebpreiarabita virusjikeparticle; and (b)
at least one ?r%@ﬁ% vI\{gth at least ane se gf@d atl}aggme t ssitgd v‘\‘{ha%%e'n tq&\ af least Hi‘e fn{igen :
comprises or CONSISte of an IL-1 molécu e, p%cfepra F)}gse acted rom eegrosu?:)lts:gnsélls ?ﬁé‘vof IL-1
protein, |L-1#sature frdgrharraferecpephcémaent il pscapihatiptiorein (49 aradsithatercavatently linked
through the atdeastona firstiandihe at least noesecondaitashmentiteul00idl napgterred
embodiment, said composition ¢o prises%(ﬁ) a virus-like particle (VLP) wijth at least one first
attachment SRESRFABYSPISESt 8%1 G Sith HETBHES AU S Kt ch ARl SR Herein said at
least one ankigemormondesamitntsitgoléoutecand whierdin fiap aneh (b pasehiickedtthrdughisaid at least
one first and,said atIRASLARG.3e6RRd ALAEhMERESIE; la M}l@wg@{g{&ﬂm%@s@wd at least
one antigen with at least one second attachment site comprises or pretéerably consists of (i) an IL-1
molecule; and (ii) a linker, wherein preferably said linker comprises or preferably consists of said
second attachment site. [00751 Preferably, said IL-1 molecule is linked to the core particle, 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 IRO IL-1 molecules are linked to the core particle. [00761 Any virus known in
thea art havina an nrderad and reneatitivie etriictiire mav he calected ac a \/lI P ar a viriie narticle nf the



[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”, respegtdehitasitiefined above and which is preferably capable cf@Egsemdsiiengdsto a virus-like
particle. [0084] The term 'mutant coat protein” refefs to a polypeptick having an amino acid sequence
derived from the wild t %e recombipant protein, or coat protein, respectively, wherein the amino acid
sequence i ga%(fr@% %, br %&gbh}naﬁ%tgg{ BEISET G FROYE I o BROY S HEEHE 1D the wild
type sequensecate wihidrein ipréferddlyls dicraghinolacichsequetioe betdins dhexslbilityotelassemble into a

VLP. [00853In,05g preferrad.emiogdimant %xﬁﬂﬁgﬁg%@aggaﬁdza&éfmn@ks%eo?sf 161G, 9f Hepatitis B

virus. The preparation of Hepatitis B virus-like particles has been disclosed, inter alia, in WO 00/32227,

WO 01/85208 4rtsn iR 023086008 lestie rliatamter ot ihse g Sued i ied imsatininssspadtice of the
present invetica-Ravetbaendiselnsed 40 pageB4-39 EWORI/ABEIOH0SHIk I one-further

preferred embodiment of.the.invention. a lysine residue js introduced into.the, HBoAg polypeptide, to
T eciato the T oI T R R e PR e
compositiorigigflienifaptible declbrepalediasingzy plidcaridobaprising, or alternatively consisting of,
amino acidgded A4 @ulpidOnIri8Ref S5Q RN rirwhichsmedifisdse.ihal the.amingsacids at

positions 79 and 80 are.replaced with tide having the amino acid sequence of =
Gly-Gly-Lys‘iLé%?‘-‘@K/" f]fs‘ Nio) ﬁﬁ%ﬁs%%%%i%%%ﬁ&%@% freSer Rt 6 %E0 1D NO:2.
In further prefemedeahiodamentsankie cysiéidt Cesidussiat positiohe 48 andrkibOoftGEQ ID NO:2, or its
correspondiygIRoments: refRraRldildd & drldd- ate.quaRshio-paripey s dpenion further

includes compositions comprising Hepatitis B core protein mutants having above noted corresponding
amino acid BIRETEbbhe e WERGI P MM fEd s apo StioHe dmrvatsimt hra festively,
comprising biBoAcgraalypepiiae siwhiehdemprisehar akeriadivielyresivsistrefu@minalagidsequences
which are at JeRst 80%, 859 %, 95%, 97% or 99% identical tog SEQ ID NO2. [0087] In one
preferred er%w %%ﬁﬁ%%oﬁégﬁ%%%tifﬁlﬁ% \ﬁ?ﬁ@l}ﬁse g(grtic%ncog\r’}%ﬂggﬁuﬁ%om are lomie
2009/109643FTHEP2dVdeERE3INITECHprnRIskidseEEN RN Of hercalteprdtively oritistsaef,
recombinantgeat proteinssrexapts or fragmentsterach af aplRNAhacieripphage. Rigferably, the
RNA bacterioegpg eai%se_l cte?ll frorg@th{ﬁ1 gcrogérpo iséin% of: (a) bt cteriophage, QP; (h) bacteriophage
RL7: (0) badlaHSr A0 T LS PR B o DSBS et ety Bamiar g M2 (o)
bacteriophaggati prefhirisheteridphate s (iyirabeyio phagedNho Stk batteriophaye 42; (1)
bacteriophagia BRF:dfp bagistioRhassiBRRA: AnddRLhAGISHaPbagsAR295, 10081 i one preferred

embodiment of the invention, t@e irus-like particle comprises coat proteins, mutants or fragments
thereof, of RRECHAIOpITAGE ?’\}\\gﬁ%}%}?ﬁ@ TS RS R P BPRERHE S Rs S B B P @dHEELs of an
amino acid segughcesetesied foomitheigroup onsistingaoff (&) £ kB3 IhNDsCaratdrming Q3 CP; (b) a
mixture of ); d I : : tein):. (¢ LR R17 capsid protein); (d)
SEQ ID Ng%%ﬁl%é%gé%p?gge%%% Qé%%n%((lg\l%%gig %%%?éﬁg%ge%é%% %I%%l 1DHN%Q%:C(%P capsid
protein): (g)BrgktOfE 5 S B BIRIERS SFFSED HioNDdher SEO IS Reernd qrdmeripsia protein); (i)
SEQ ID NOtisbpt ikteapgidiprateine(), SRR Y Qydida( 4 dicapsidpyafeini f: = 4R NO:13 (NL95
capsid protein), (D SEQ 1D NO:14 (f2 capsid protein),.(m) SEQ ID.NO:15 (P137 capsid protein); and
(n) SEQ ID RT%%H% IFA%%O%%B% %%)t%amf%% T Téwué”plPeFSPFgfdneemb“@ (Pﬁ%llé%etnf)fsgheqﬁg\s/tention, the
VLP is a mosgiérviLamashrmptisisgot saitbth leivetpcimeistng et thencondeathitiokadidisequence,
preferably twasapingReidiseaMances. ofEaahpiataing Mlameorfragments-thareald ghan RNA
bacteriophaue. Lr;{’one veri{] referred emboc%img,rslt, the VLP comprises or alternatively consists of two
0 a :

different codt BrotEHs Ef KBS B S Ha &SR EFE S 47 iR e L 85 RSt R omprise or
preferably censist efidberamintcasidhiseglnée oG Q13 (SEQUDMOLS) lanaEP (2E3-Al (SEQ ID
NO:4); or of b6 aminesacidsaalERae.af GR Bl (REQIRNG:S-a00 &P PGSR R NO:9). [0090]

In preferred embodiments of the present invention, the virus-like particle comprises, or a?ternatively

consists essEitifR A0 BrRITLERFEINS SIECBFetlo s gttt BSRINS Riihs ERAusFRST ragments
“thereof, of gndRNAIpasieritphagsivaheseitideraterbly maicdvBiNAbreteriopbsasdstsalesied from
bacteriopha P, bagterio e fr, hacteriophage AP205, and bacteriophage GA, [0091] In one
preferred em 0 wﬁregnfq,lgt gn@ﬁ i%ﬂgdﬁé’i 8?}&%%? %%t%?ig%%g @%?’ﬁ‘}ﬁe% p%%l Eorb J\;/‘il lﬁ%’-like particle
of QP showestaribéodasarsr ghsiefe-Riteee dpsidlstrrcmresevoithy.avitiamenino o8 finkanthB=3 quasi_
symmetry. HiereapsigeantaipsakBcopies aidhrcoatnrotein, whisham lnkgdincovalent 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



the invention and leads to other preferred embodiments of the invention. WO 2004/007538 describes,
in particular in Example 1 and Example 2, how to obtain VLP comprising AP205 coat proteins, and
hereby in particular the expression and the purification thereof. AP205 VLPs are highly immunogenic,
and can be Imiceghuyithsifae antigen to typically and preferably generate vagemeemostaets displaying
the IL-1 molecule oriented in a repetitive manner. [9094] In one preferred embodiment, the VLP
comprises, essentially consists of, or alternatively consists of a mutant coat protein of a virus,
prefrrably of & BIRATRIE R SHHEYE WRer et B At doab ibésnHis®ésh modified by removal of
at least one jyEige residuesbyiniay’ ofsustitiion dandionskhycway of deletipndshanatiier preferred
embodiment, the VLP compris, essentially consists_of, Or alternativel nsists pof utant coat
orotein of & B DR B e N SR St ot SEE SEVHEE e
modified by Bdaitierrallstdedskvnadysidciresid aenbyisvaho fenghd tittiroremsitotiyoaliyaot insertion.
The deletion,supistitution @ addition ot at lpast-aRe lysinesiasiduerallonsvaipgtbe.degree of
coupling, i.e, the a{nou?nt%f %1-1 molﬁ?u esger subunits o&itge YLP, preferably of the VLP of an RNA
bacterioplaaIé‘ea,Rﬁe SHAICTTRP B TAFER HHE Rifd TR P Ar S EntS HY P UHEEHE BT one
preferred ersbédimientpthistcompediyons apdonacsindscolihefimthentorichad embodimigenadensity being
from 0.5 to 4,0k Theeite. Gigendanaiivly Brdisrihere i elRes o e Ay srAUEAUMReLOf 1L-L

molecules which is linked per subunit, preferably per coat protein,

2009/10964 90 EHITBDHEIOIET S <951y SR AR TaHAURFRIFplEksraB Bk Ty PEESPan RNA
bacteriophageziiuisathisoiaduesisceatcisiated @5 @h Average-mveriall thelsubuniiglopde\&:P, preferably
of the VLP of the RNA bacteriophage, in,th mposition or.vacgines of the invention. J0096] VLPs or

- capsids of d:f%}%gg'\lbrgte%ag i%%%%/g’a %}g%inogdc%a?ﬁ et om?/lseiiﬁécﬁefgll’ Les c[)}r_llnﬁsfgir g%?gésé?%vith a

* defined topdiB&s hithatiire€ tydiie redinidy b dinting o ward sttt drranibroafitie epaiditertlinteracting
}Nith the RfNémaﬁchéwg)Qﬂaemw@?séaaipuﬂ&a@@p@%ﬂp@s&@@@g{&ra@ﬁtﬁ%m@@%@ol&;{ﬁ&@ﬁ@bly, the at
east one first. attachment site is a lysine resjdue, pointing to or being on the exteriar of the VLP. In a
further prefe‘?’rlgldn e(f\r%)osa?ﬁﬁ:e efé?éﬁd'r}/??% & aéAhS Oéh%gﬁeo?s?%ﬁ %P%Fﬁo“g%%ecﬁf]ﬁﬁy%i?ﬁé"? Sidfue of SEQ ID
NO:3. In a fortferipreberre ehboldim erse saidkimst batdchmenprsitesis tHe aminofgrolspsobany one of the
lysine residugs:if.RASHIGNTE cddext B 4RH0 19 3R0E G4i0h SERQUPNEL3 & furherpiglerred

embodiment said first attachment site is_.the amino group of any one of the lysine residues of the coat
protein, preférbKPEP SEON N RITER e BAPYLR A0 thEeRasisiMsr i epsial f508Y] Qp
mutants, of mdﬁchwkms@dﬂsuﬁm@s}whes @negm@lﬂdeddmyaw@mﬁa_‘mbeims@ﬁei@r_Ikhmpre_sent
invention. Thig.in @ﬂﬂﬁth%%_%%ﬁé@ﬁéﬁg AmRodinentQkine REGSEN G OB G MikySs ke Rarticle

comprises, consists essentially of, or alternatively consists of mutant QP coat proteins. Preferably

these mutariPddatBroteinareBmphies dicalferfiliery esfsdiorantamit s sediezeStlected from
the group off@h@p:idd VSERABRMNQidGrd 8 13nkig RESEQHRNG 3} MIDBP-R43:(§RRED NO:17,
Asnl10-Lys %1%5?)@%\‘89 ); (€) Q13-250 (SEQ ID NO:18, Lys2-Arg of SEQ ID NO:3); (d) Qp-251
(SEQ ID NO:19; Lys16-Arg of SEQ ID NO:3); and (e) Qp-259 (SEQ ID NO:20, Lys2-Arg, Lys16-Arg of
' SEQ ID NOHP2The/unmstrgetibricexpre igion antipedifdation sfitrciabdpddndicarsedr® iesiutant coat

| proteins, muant@d3 coatRrRtRINOLRSIaNECRpSIdemIRSReStuRL aredasciibed maVQ:02/056905. In

particular is hereby referred to Example 18 of above mentioned application. [0098] In another
preferred en{;ﬂ% wﬁ@ﬁ‘ﬁoﬁ?{@l t?egé‘r:r?ﬁ V\?éhtloo%n,afﬂiél‘{/iraﬁégli@ggﬁ?ﬁ'cl BYTHPrisBs, FoP M RAtively

consists essentiainof; sndhematvelydensiststf mutantapat proteirad @pdossolragments thereof,
and the corrgsponging, ArROtRIR-2 thaherRrelsrssempadimant. (e yitys:ike Raricle comprises,

or alternatively consists essentially of, or alternatively consists of mutant coat protein with amino acid
sequence SEGHET NS, 7S 1800 RO & aftr e eBireiBithitg Arpétans 665 ttther RNA
bacteriophage lagkproteinsihavedisanbedn Showintacsalfasseambirivipomexpressiordila bacterial
host (Kastelein, RA. et al. n :245-254 (1! Kozloyskaya, TM..et al., Dokl. Akad. Nauk SSSR
26745528 (PR S ARG BB & e R O T i e B o o
249:283-29 F0usysethvhkifi bk vsatBiblogical and biochemical properties of GA (Ni, CZ., et al.,
Protein Sci. [W£3120006:QPAAGRGTEPA009(05253%: 1128 h&2488- 2493 ¢1RA6) s TAipeit Rt al., J.
Mol.Biol. 271:759-773 1,9958% d C}fft gPushko tF.’. et al., Prat. Eng. 6:883-891 1993%1,%21615, Letal. J
Mol. Biol. 244"278-550) (£ 3?@(15%% ot GRELRGTHR Sy Sutlictlire Drseterst RNA
bacteriophagksdstesitydery deveirlinedd Solmdtinhighadicac BtrafrSinuctspecitisud:55%¢1396)). Using
such informagion,spface:expased residuenicapaidentifiediand. thus. RINARARIGIGRPRAgE coat
proteins can be modified such that one or more reactive amino acid residues can be inserted by way
of 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 at affordable
cost. [00100] In 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 IL-1 molecule,
nrafarahlvy an Il -1 nrotein an |l -1 franment an Il -1 matiire franment an Il -1 neantide or an |l -1



N0:46, SEQ ID NO:53, SEQ ID NO:54, SEQ ID NO:65, SEQ ID NO:66, any one of SEQ ID NO:111 to
SEQ ID NO:116, SEQ ID NO:163, and SEQ ID NO:164. [00103] In a further preferred embodiment '
said IL-1 molecule is an IL-1 alpha molecule, preferably an IL-1 alpha protein, an IL-7 alpha fragment,
an IL-I alpha¥fatefel#pagiment, an IL-1 alpha peptide or an IL-1 alpha mufGi/Eyhensn2e3id IL-1 alpha
molecule preferably comprises or even more preferably consists of a polypeptide, wherein the-amino
acid sequence otf SaiglJ)O' %)(? tide shows at |least 80 0/gg,.‘g)referabl at least 90, %, mor? referably at
least 95 %, BUBHNHiobs Jraratas ) Ari8a0¢ 89 S¢S THILt BrafaPadiy 108 RAGTERES iddtitity with any
one of the Sequentes:selectaddromctiie lgf capticoMidting DIV S BRI DidE86, terd 8y1$EQad NO:63, SEQ
ID NO:65, SEQIE: MQ:6T10, 88,1388 SEQARNQISE. Shesifisalupreiater.smbedipgats of IL-l alpha

molecules are human |L-I alpha molecules, preferably human IL-1"alpha proteins, human IL-1 alpha
fragments G B ERIELT CaRSFEPRRUTS AT RS WHEReiR el ¥ &ipmesisettiéshrfterably
comprise okeveriareretefekablyp consisb ntarpalype pide pyetessin the aminsvacidisesuyence of said

polypeptide, X % ly a % re.pr f ly-at least 95 %, even more
preferably a? itet%\gﬁt%Q%E)tp %ﬂgéﬁ%ggt%%e e[i?a%)yl? ’%é%q%tggqlﬁ%rg] ce%el? gﬁiﬁ?%%ﬁ%aﬁ%%%% SEQ ID NO:36,

SEQ ID NO#3%anH-SE0 i RGeS Idbt bratitatty Semy NO-63 21 0sios1cin gfertter preferred

fem bodimermlx}%i@h}beétﬂwke@a?ﬂmmmmm Eeg?ieﬁw%mgﬁquﬁ?f%ﬁﬁé Lhb-hetR REstemyan IL-1 geta
ragment, an IL-l heta mature fragment, an IL-1 beta pepfide or an IL-1 heta mutein, wherein said IL-1
beta molecélé ﬁﬁe %r%blff/lsctzéﬁéfi%%%?fg%er#%3treﬁzﬁ?;te?§$élﬁlflvggr%?§?sp6? %{%&yapteﬁ%%\gg, Vherein the
amino acid sequengectsfadid po Rppeptideshontyar ldasty8096f frefetablycastéastio e thmore
preferably agrb%@%gés%%%\f%@@mwm@w?@%tﬁ%,%wﬁgr@@sﬁm&% Iy 9@ fagequence

identity with any one of the sequences selected from the group consisting of SEQ ID NO:49 to 62,
SEQ ID NO'B%. BRI 65, S EOI0 RO G to 11, 8E® 1BNE0estito SEEH Rig™40, SEQ ID
NO:164, anpk&&@ijz[}erﬂ:@:%&Meti]ﬁmw,ﬂieﬂeﬁmgirembﬁdirnmtsedfdgﬁhbetarmﬁds@ﬁﬂ&&& are human
IL-1 beta mﬁ%%&%ﬁé&@%&% 'aiJ%Aﬁ%}?%&%@{&ﬁg'Qﬁaggl%}géllké,lx&%%ﬁr%%@%% grpuman IL-1

beta mature fragments, wherein said IL-1 béta molecules pre y comprises or even more
preferably G§fiiaes of aipsnipeptide shonsrdilkard hrnimerBeib B e len & o sene petiievide shows at
Ieast 80 %, lﬁﬁfeif?bj)é@hleﬁsé OR MyRaelpiefarabhhatieasi-9%Ybevarvmerdpwiably at least 99 %
and most preferably. 100.% sequence identity. with,any one of SEQ | : ID, :64, SEQ ID
G130 to SHAE KOG SHSEG A THE. KB BRIy BETS NG 10008] I 4 furter
preferred eMbd@irEntSEAld N NOmflcebE s IBWNO-148rendiREQN NOLg e REQri D stsiably, an IL-1
mature fragment:-whereidesaidd Lad Reataineill wsiragment afqWor2009/L096 43R5 hEPZ0091052639

- 30 - IL-1 mature fragment preferably are capable of bjnding to the IL-1 receptor and, still more
oreforably, BAUABHAR) Blob ERERA RS S BSOS e e SPorerEs Ebodiment
said IL-1 motgebikeoiSbariiis- o proién, rerhpieimd didther rpfotéiy preferablyidopiptlisgsvy.even more
preferably q@@ﬁtsfeflaa@wl%ﬁ&%w*ﬂ@r@%thﬁﬁnyaﬂaame%@ﬂu%C&&I@aﬁmygﬁp}i9@ shows at

least 80%, preferably at least 90 %, more preferably at least 95 %, even more preferably at least 99 %
and most prEFSrBRFY BESte &g dEHCERRL PGt uith ﬁ@%@%f’@ﬁdﬁﬁ RthaBay S EEmeNO:62.
[00107] In arfirthihpreterded @nbodiatdnat saidii <bpreiei isaaiimbalghacprokeiny whegein said IL-1.
alpha protein preferably comprises or even, more preferably consists.of a polypeptide, wherein the
amino acid %rle ; ?118% ggﬁ}seéll ptgfygté%ldéc&rgs&g eégcfeggysﬁig%? e élr%eblsécg\ﬁegs eggéﬁ/o, pr?iore
preferably atrfégeigsiokagh /h morerp rasirably gt keasPDbos andnrrestpretelablyie®0?¥s 'sequence

identity with,amy@nerekthesesuencesselesiad from the areupEeRsistingoLBRQ KA @:36 to SEQ ID

NO:48. Most preferably said Il -1 al rotein i u L-1 al rotej erein said human IL-1
alpha prote%%?e?%?%%ﬁé%%%p%%]leg %Jg)?ea\getﬁ %nér(])ég @r@ggﬁé’ gér@@ﬁ“‘] §§§pg%%v@&6 \?v??erein the .
amino acid §BQuenBe 88 said Py pe piids showsy atiiealy 8GR0 qireferabiyeat tddbt Das more

preferably af leasii93 #8ven o mraisHablyat least 99 % and most preferably 100 % sequence
identity with SE% ID NO:36. [00108] In a farther preferred embodiment said IL-I protein is an is an IL-I

beta proteid Miéréf SERE I 6EE pRS (S prerarRER Lok ShEUEN HdrbBre 4 consists of a
polypeptidehadigreiftithe aminel deit seswiante bbsaidpolype ptide ishowsnat | gashse, %,-preferably at
least 90 %, . more. preferably at least 95 %, even more preferably at least 99.% and most preferably 100
% sequencg%}ge%ﬁilg%ﬂﬁ%ﬁ%/ %enae o?%t H’é %%% %sl}l% é’ rs% Sﬁ?&vﬁgr%"ﬁ%%“ﬁaﬁ E} %:noﬁglgffﬁél%?SEQ ID NO
149 to SEQ TDeNO:BE. B8t isté ferabhysaidad-robeer o tdivis a kefndh' i prebethlpsotes wherein said
human IL-1dpeta pretairpraler abl aamprisesahedenmaigyaiefarblycansisisofarralypeptide,
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 identity with SEQ ID NO:49. [00109] In a further preferred embodiment said IL-1 molecule is
an IL-1 fragment, preferably an IL-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

IL-1 fragment or said IL-1 mature fragment comprises or even more preferably consists of a
nolvvnentide whereain the aminn acid ceadirience nf ecaid nolvvnentide chowe at leact QN 04 nNnrefarahlhv/ at



[001201 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 46 to 56
of SEQ ID NO:64 or position 52 to 62 of SEQ ID NO:63, wherein preferably said at least one mutated
amino acid seguengeasssgharacterized by a deletion of one to four, preferaiolyEfawpoadiree,
consecutive amino acids of said wild type amino agid sequence it is derived from. In a very preferred
embodiment said IL-1 mutein comprises or preferably consists of a polypeptide, wherein the amino
acid sequen®8 Grsaigse st IE 2R er2008P TIE TSR IREEsS OEYR WISIEREIID NO:137 or
SEQ ID NOsE3Si00d 28 kirsadunthsopefepedreMOadirsent Bal@bie aSpe Nl tatedS#Qino acid

sequence i ived, fr ild tyne agy id. sequ rej i i : inQ acid
sequence é[gg\gljf%gr?’%?%%%%gg&%gﬁg?gge%F;{%oggt@%ﬂggsﬁé?b%%édégﬂfgﬁ@%?W%erein said at
least one mueidcednirricaeitesdbydisiee d5lEnhbaieterizarbiltidealttiotP8i oFe 1B Mkt Preferably of
one to thfe%ﬁ@remt@f%e@al& PhORSOIND HORSETULVE-AMRGAcigsOb saidiwilth typeamino acid
sequence it is derived from. [00122; IOH a further Qref.grretd e[E’bodiment sa;:gl}.at‘ east one mutated
amino acid BT nEesTE R AEER ASH 5 R S ith & KR B RN T B S 6w Boditihs, preferably
in exactly ofe HositibrevasacdeapHeth tansaigreiictypet drmin85ddid seqmercpréfisbizrigylesd from. [00123]
In a further %@Zﬁgﬁg%ﬁ%@@mwwg é@’élgel{xlxgﬁdé}mé&‘%%%?G%@W%@W‘%&éﬁd@ﬁ% of SEQ

ID NO:64 or position 143 to 153 of SEQ | :63 and said at least one mutated amino acid sequence
is charactenY@d@ by arariht e B EhARYE R SIS RiBpBsfonLdnetiedbny TRFEXELHRF one position,
as compareg-éfranid avitghiypebanpigicabeitwgqTan earwiierein duithie npusde iaibtins arefexsigtly one
position is position 145 of SEQ 1D NO'64.of posilion 145.0f SEQ,ID.NO:63, whereln, st (urther

- preferably SAid amino acid exc ange’is an exchange o? aspartic acid (D) to an amino acid selected

" from the groupvEBHSISHISH SRySiAelge) ,%VOQJW@(“P?}’ phisagi AhHineE praspatagiteNy and arginine
(R). [00124L\navpeyrisiaskes smbogimait saichaaineracish exchange: Banexairageef aspartie acid

(D) to lysine 0 In a ferred, embodiment said wild type amino acid seqguence is
position 14?%&@3&@@3 #@%&@%ﬁﬁ%ﬁ%@‘%a ‘ggaol?r E@c B and s(fg?g%a least one
mutated amidicdoadidgseguBnteriseptvarantepizéably anrapnive el esdhantéin Exaetlly omwé position as

- compared t%é?éﬁmqu{a/%@mm@ Aodiseauenaenwhareirfunther psaferabinsaid exasthione position

- is position 146 of SEQ ID NO:64 or position 1 %.of SEQ ID NO:63, wheyein still f rt%}er.plr ferably said
amino acid SRABNYRTERPIMRRETYE SRR ISR E) W SRR L ESTRESERAATEER the group
co_nsisting oiza:@p_a,ragi rvehéidn @mumé $Q)ciandrgeineo(S{0RE26Y m@iﬁtgﬁfamﬂexﬁept'eid, embodiment
said IL-1 mylgin iz ap &mg%@d@éﬁtg&so&?z@f@f&gﬁe LipaR.lsLaela Rpein,Jeashpiefgrably a human
IL-1 beta mutein selected from SEQ ID NO:131 t0 SEQ ID NO:140, most preferably said IL-1 mutein is
SEQ ID NO36: Tooa prrrbltariser Sieterrees epwsourivaits atdenst P ot rogpielieBlita mutein,
wherein prefexaily-gaidd rdedataniuteicce pBiseIDNreterabcmsisis Diszaalypeptite, wherein
the amino acid seque of said, pal tglcl djff L eg m th 2 m‘i)g ' RERU QID WO
2009110964 5P TEPEOGTBE IS 85%_ it N‘b?%if e %)”irptf S %%%%%gsf%t’g}&e@fﬁlég% Ito 4, 1103,
or 1 to 2 amiabersiddresidicrsin: Mesprefarablirsigcamins heichasgidnetodifiets\#Entehe amino acid
Eequence ohREUL NR:BAIn 'fo@xaﬁﬁyﬁ:@mm ?@iﬁmisjdue,.déaea wery prefermed.emhodiment, said | 1%-1

eta mutein comprises or preferably consists of a polypeptide, w in ni I guence o
caid polyperTaTR CEE RO BEOER TS SN HG! Shb AR LS 1 NG 305 to S0 1D
NO:209, whaizitt melst-prefideablyrs didl 1L -Yebetaotantenlasmprisesibriprefesiabbpmpngistof a
DO'yPeptide'awe!?%i,@(lﬁ%z@mm‘gcﬁfajQ&ﬁ%ﬁ@&%ﬁéﬁj%pgmsmgﬁsﬁé&@d&m&%&@@1281 Ina
[ -

very preferred embodiment, said IL-1 molecule, and preferably said IL-1 beta mutein, Comprises or
preferably c8M&&oPSES (1> NBIYY 10156 P41 R¥ThEFPrERb&l BaAShAdifreAFEaRPit -1 mutein is
an IL-1 alphgramutein anbaromopreierakhpachbly I alphaamutein ideniprises oy prefef 451y Ebnsists of a
polypeptide, wherei |R0.acid sequence of said polypeptide differs from the amino acid
sequence oﬂ%ﬁ@%@@fﬁ%ﬁ% 10,1t09,1to 8,1to 7,1t0 6, Ito 5, Ito 4, 1 to 3, or 1 to 2 amino acid

residues. Md&¥3HefEraofremrrariidatid el degrerdifar S reInMasaitiie aeit RYMeHER of SEQ ID
NO:63 in exastly-kinfin@:aeciddesigdeeniofauvery: piaiered embosgimentsadddt ik atnbatsoitein

comprise or preferably consist of a pol idc, wherein the amino acid sequence of.said.polypeptide
s selected AL oI SIIG BB T NG 10 MER TN ST RSB preferably
said IL-1 alppafemilgisdoiipisésgorepreferabhp sohdistsiot appdlypptidemasei&in thé mefno acid
sequence of said. pplvpeptideds SEE RN ALH081304n Averyrrsferied embadinent, said IL-1
molecule, and preferably said IL-1 alpha mutein comprises or preferably consists of SEQ ID NO:210.
[001311 Further disclosed is a 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 IL-1 molecule,
preferably an IL-1 protein, an IL-I fragment, preferably an IL-1 mature fragment, an IL-I peptide or an

IL-1 mutein; and (c) combining said VLP and said at least one antigen with at least one second
attachmaent cite to nrodiice eaid combponcitinn wherain eaid at leact nne anticnen and <aid \/l P area



into the N-terminal hairpin region, and by replacement of each of the cysteine residues located WO
2009/109643PCITEP2009/052639 - 36 - external to the N-terminal hairpin region by a non-cysteine
amino acid residue. The inserted cysteine may then be linked directly to a desired molecular species
to be presented ¥WphidstAn epitope or an antigenic protein. [00136] We nbta;Essannsestaat the
presence of an exposed free cysteine residue in_the_capsid may lead to oligomerization of capsids by
way of disulfide_bridge.fqi illatio oreover, attachment between capsids and antigenic proteins by
way of disuﬁ?@%bge‘o gg%ag%é‘ﬁ%% parERid a?fl%ofc%’ﬁrﬁﬁyaﬁf%% Veﬁ?@gﬂfﬁﬁn}?ﬁﬁoﬁi&é@ﬁ‘i@gfyand are,
furthermoreAtessisighlghin semanilthan)ifor éxammple, dhiodther atachpremts (Mactitv Bk &nd
PapahadJoW&Paﬁ&%@rr@ﬁa@p@i@@ynI%gwmnﬁgho*m@ bragmeptstq,Prefgrmed
'Vesicles. J. Biol. Chem. 257: 286-288). [00137] Therefore, in a further very preferred embodiment of
the presentAFRIERtGEFHESEsociation or linkage of the VLP and the at Least one antigen comprising or
consisting diitize] |LHL- molecs|&:goas: Mok campiisd andisw!fidghomd abrusfuithes peeficrred.embodiment

the at least gne se chment gomprise, or. preferably is, a sulthydryl group. Moreover, in again a
very preferrIg‘d ?eﬁl oé%?ﬁgﬁ%o%e%%sgﬁ %ﬁ%%lht%oé,nt tgrégg’sg%ﬁgﬁgi g%ﬁﬁ%nep o?%ce?&f‘ig and the at

least one artigePr¢ils AoEdRgbriseeagtp hll-Sulharbows. el predeablybetrersatisast one

second attaghypent cempdaenpspreieralyris. ansulfhy dagnarayps | Badurthaiuary iefarred
embodiment, said at | sEo first attachm te is not or does .nqt comprise a sulthydryl group. In

i
again a further very pre t'érraé%%él Bodinen ﬁ;ar}(?j SRS BnE st SR 5‘(:?‘?%%???%&81%%8* does not
comprise a suUlfrydiyhymouproffapysitine: {301 38 INQ:a3f ke P idfehredndnsbadimertd $&id at least one
first attachment.comiprizasan: 281 0. JiRUPRRd Said serAnd.Aashmam camprses /SWEhydryl group.

1001391 Ina furthergpreferred embodiment, said first attachment is an amino group and said second
attachment 38 10 & dﬂ%&%@é?o]ﬂf? llﬁ4aa§ﬁlﬁﬁ9ﬂ%f(q&éfgrred embodiment, said first attachment is'an
amino groupess ysiferrabidieaiahd saidsfepmnanattachmisatosipecisrassufbydiybgraupefa cysteine

residue, [00]140] | I ' ly 9 of sajd second aftachment sites
associates Q%ﬁ%f?lgé]ilg}#s%%%%%wﬁgﬁ%?g t%gé%ﬁﬁi?%gg; < %g%%nni-%g&%?‘ea %g\é/a%gn@b%% leading to a
single and GHiFGAH & esiRdihgBhsaid anfideR T Bali e parmaesplefbrnhy td Sdidvirus-like
particle, whegein saidenhs predsesendatiachmen)siedhatiassoniaias with saidfirshatiaghment site is
a sulfhydryl. groyn,.and wherein said antigen,and said cor. rticle, preferably said virus-like particle,
interact thrc}g%ﬁ%@a@i assoBiation oier‘ﬁq%%]o?dgrgl %ﬁr 1?%&%% tfi\}e% 5%“& en g?%atﬁﬁa% Hl‘tfvaﬁ%rein further
preferably saie frSEQHRINREhtSifR 10 B &find YLOLEP fx 1¢sine residue. [001411 In a further

preferred enqpaggimentsaid virusdikenparicie campy i&ﬁﬁpﬁﬁ%pgﬁlh@m\ﬂlpcansist of an amino
2009/109643PCT/EP200§/05§?39 - 37 - consists of, or ?jé?rnativelé Tz%{nsists of,_ recombinant coat

proteins, mAtShIEBF GRS tHoRrdBs U GeaEs e Rl 4Bl rEnan FattéidpHage Wherein said at
least one aMigén)isHusedatolthé Mtaorith2o€ (SEMM IE o Gaiddecombibanteoat paste{SEQMutants or
fragments ﬂﬂﬁﬁ@_@fd&?aﬁmm@ﬁyﬁ@@{am@%@ﬁmw@%ﬁasqcv{twaa'%ﬁm@fé%e quapsises,

essentially consists of, or alternatively consists of, recombinant coat proteins, mutants or fragments
thereof, of AWPESRIE BalctsHBPREGE MhErah préterabiy %é?@lﬁlﬂ%"&fﬁ%i@l&ﬁé&ﬁﬁg%i%s@éﬁf’éﬂ from the
group consigtitg-ofy (a)ibactoricphagesARZD 5 {hbacterionhage #1,aED (D) bavieriopiage GA; and’
wherein saiﬁgﬁ@@% allﬂ)tiﬁ%r:lll]sjfused 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 ah¥Eh démpriggisisr Preferabilednristisioh spoadepridi, witreir thepalviersideid sequence
of said polypaptisiens SERsHL M #2803 EQHING 2Arpieiambly SEQIPNOH36:,{001431 In a

further preferred embadiment an IL-1 molecule, preferably an IL-1 protein, more preferably an IL-1
mature fragcr:raﬁ?aar(la'[}‘,e srgf}tﬁbrlﬁié]rlnlegﬁ%fglré f)?cgﬁt?f-af?}r?a%?%aﬁgggﬁfg%rﬁlﬁi}i’ﬁlﬁ@] 8 E8RsiRHE5f amino acid
sequence_d SEQARrNOI6 wtsmg@miﬁsﬁm%snp@teeﬁmbl_s EQdRIN@ifB:0idSEQAPINO:64, is
fused to elﬂﬁettLe.IN?egﬁ&@enggﬁ%@ﬁw%y@afgqpky&h%a sHRIDIMSRF AEOAL Protgin, mufant or

0

fragments thereaof, NA bacteriophage AP205. 1001441 In a very referred embodiment said
virus-like pd?BMR ¥ O OL REEBIHRIKT R oheiete Rt Dot atkistivent iSRHC re8mbinant coat
proteins, mtents:piidsagmentsl thekeofraftbactétiophage A RR Ak imdiereirsaickat ieast-@ne antigen is
fused lo the. S feRMRNR Ot RIS camBInANL eepLRIPIPiRS, MuaRa.orraamanisherspl) and wherein
said at least one a%ﬁgen comprises or pFe?erab y consists of'a pcl)ll’ypéjptl e, Wherein'the amino acid
sequence oPFAFHHRPERHIRNS SER 1BUND MB616r SEQ ID NO:210, preferably SEQ ID NO:136.
1001451 Vikpgomprisingdusion pretens pheeat iotein olhacieriophage AR20BWithap antigen are
generally disclosed in W02006/032674A.1. In one further preferred embodiment, the fusion
protein further comprises a linker, wherein said linker is fused to the coat protein, fragments or mutants
thereof, of AP205 and the IL-1 molecule. In a further preferred embodiment said IL-1 molecule is fused
to the C-terminus of said coat protein, fragments or mutants thereof, of AP205 via said Linker.
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
acide and moct nrefarabhlyvy aboiit 158 aminn acide can he fiiced tno ~roat nrotein nf bacterinnhaneac



1001491 In one preferred embodiment of the present invention, the composition comprises or
alternatively consists essentially of a virus-like particle with at least one first attachment site linked to at
least one antigen,withsaljeast one second attachment site via at least ongcpylenthopd, wherein
preferably the covalent bond is a non-peptide bond. In a preferred embodiment of the present
invention, the first attachment site comprises, or“r}ljeferably is, an amino group, preferably the amino
group of a lysing pesidereidindanodt éoprefelied residvotiimeitreblith&quwesdnt imigintions:thie-second
attachment,ailg cOmRNSeR: ALAIEIRARS: A suiud areup. Pfaralivaeulfydrg.aiup of a

cysteine. 1001501 In a veé)f( referred embpodiment of the invention, the at least one first attachment
site is an a8 §Foap 2priferaiNanTatnint hrbiip BIRidsiaTetidueaAR e e BERsE second
attachment sitevis assulthy erybgraipsprajesakbna stfydnd oroupetairysteineriRaksdd. In one
preferred embodiment of the invention, the antigen is linked ta the VLP by way of chemical
CroseInkin BT rid ST A B i) b BATL S o TS ES iEar i Bt Sfhec
embodimertisidtine pteiids bifuAetionalferassuinker copitaimekdgactvmal droupwhivieleariereact with the

loreferlredf ﬁir%gé&a@ag@%h)sgﬁﬂ@fngémgmf @f?ﬂl@_%@dﬁﬁm&b@g@d@fﬁﬁﬂ%‘ﬂd yyith Heﬁ;] aLnino
groups of lysine residue(s) of the , and a fur unctjgpal gr ich can react with the
preferred séRGHY gﬁ%f"ﬁﬁeﬂ’?&?@? eﬁoénsr}ﬁlffﬁ%F f(g%’dfjﬁ? @%W}%&&%@%B@Wg ithié inherent of,
or artificiallyaiptid editarther¢lddrimol éeutellahdipiptionally Gisowemadeaiailalylé dor remetioh By reduction.
Several hetglro_-biftgg%giﬁ@@&%% s-linkers are known to the art. These include the preferred
cross-linkers gﬁﬁ’PH (Pierce), WO 2009/109643PCT/EP2009/052639 -40 - Sulfo-MBS, Sulfo-EMCS,

- Sulfo-GMB 8 8ifolsrrdsrist oSttt sstirb inreies! asiisity 8 iasaidrother cRoEsPHFkEYavailable for

- example fromihiePieree Ghemicalronipamssana Rgvingnaduneionst igresuptieactive tdwards amino
groups and gne.functignal. group yeactive towards.sulthyd roups. T hove mentioned
cros.s-linkerts‘I:)L?nlﬁ1 g% % %ﬁ%{gt?opﬁﬁ oe? gr:l artnr%?e eﬁgé%g%ﬁgrecr{i(gﬁ’ovﬁ%vﬁhnt erz% an g}%eégr%i Saé%nd a thioether
linkage withbirlegieipeiryivgroispsmmesbp ibtcieishitseligaieterbptamcaondicerBss-inkepis
succinimidygefde (naleinidoprrpinaamigpliexaneaieiSMRR) AnRher£lass eferessinkers suitable
in'the practice of the. igenti?nsi%c-haracterized by the introduction of a disulfide linkage between the
IL-1 molecul® AT E VT B BSSn coupling. Preferred cross-linkers belonging to this class include, for
example, SPB# AN SulfoeCIER DR Perte)s[00152pincacpreferrad erivsodinetit “thercomposition of
the inventio, flucther, cQmpises A, inkighold gdrher rieterresd embadimantsaidat leashone antigen

with said at least one second attachment site further comprises a linker, wherein said linker comprises

said secondAtt4chmBfitRRESAY WRERSIR S ST Fike PReaRESEEed & Soid hdish BPHEY of one
p_eptide bonﬁ;ﬁabWh&i@I@@rbwm%saMiﬁ rkeilLid @qystehae: _Eaghnme@r@edb@si&mmqﬂmtach ment
site onto the | mojegples aghigved.fy e.agsqgialionlalinker, prefsiahlvcopiiping at least one

amino acid résidue suitable as second attachment site according to the dis%%)sures of this invention.
Therefore, iHGCTPERSHRY BfBEITHE R T bredetit IV&Ttidh miker & HssueridtPid the IL-1
molecule bywhayinfatdeasiionsceomdlenibgnd, prafeyablystyraide astanalpeefacably-ane peptide

. bond. Prefegab% lteh éinker comprises, or alternatively consists of, the second attachment site. In a

further prefer’r{ea pem odiment, the linker comprises a sulfhydryi group, preferably of a eysteine residue.

In another pr&¥éttednerritioreich8nt, tebamin aeidaia ke prEd\asing iedwudiaoBl 58 Mhe selection of
ar:inker éf_vi“ B?ﬂ%%%%}%ﬁﬂé@%%@?ﬁo@é ﬁh@éﬂab?ym;@iﬁﬁ&ﬁ%ﬂoﬂ, i&ﬁ_ébliﬂsza%aie@?wm@gﬂﬁi@ SI;chhas pi,
charge distribution and glycosylation. In general, flexible amino acid.linkers are favored. In a further
preferred erBodifldht 8t W&‘&F&%&‘?ﬁ%g’ﬁﬁ%ﬁ%éﬁ &r%l]ﬁg fs'of ﬁh"&%ﬁag% WA further
preferably threclinkiely corkistd ciizkleastone ana dt.rhodtR5mprete falgiycat, mogt:28y nhorepreferably at
most 15 amipo, acifls, I an again peelgired empodiment.ohbe.nvantionidhe AP agidHinker

contains 1 to 10 amino acids. Preferred embodiments of the linker aré selected from the group
consisting of* (7Ewsd SEBE BrNeT 21148 AR AMGEMIR AU ARETS BRterss ) B DK THTSPP
(SEQ ID NGshé)h (epi-pestatnay gainrmiaidzliakertiptigferatblyrtibéd PKRSE PP 6 SBEMAPHEQ ID
NO:173); (d%}li% hitimeg regions; (e) N-terminal glycine linkers, preferably GCGGGG (SEQ ID NO:174);
() (G)kC(G)n With n=0-12 and (SEQ ID NO: 175); (g) N-terminal glycine-serine linkers, preferably
(GGGGS)n,[A4LI3 (SR IDaROHAS) Withtehe firtsared stamen (hy | were fragment, wherein
20091109643PGER2000(052638id 4L r 4GS (CUN(EM (BCSESHPWithBR1c3s k86 M=0-10, 1=0-2

inker,profblaty DRYATSPEETSES WOMB0Y () CHar AP ared SR ercbly

PKPSTPPGSSGGAPGGCG (SEQ ID NO: 181); (n) C-terminal glycine linkers, preferably GGGGCG
(SEQ ID NO:182)); (0) (G)nC(G)k with n=0-12 and k=0-5 (SEQ ID NO:183); (p) C-terminal
glycine-serine linkers, preferably (SGGGG)n n=1-3 (SEQ ID NO:184) with one further cysteine; (q)
(G)M(S)1(0000S)n(G)oC(G)k with n=0-3, k=0-5, m=0-10, 1=0-2, and 0=0-8 (SEQ ID NO: 185). In a
further preferred embodiment the linker is added to the N-terminus of the IL-1 molecule. In another

preferred embodiment of the invention, the linker is added to the C-terminus of IL-1 molecule. [00154]
Prafarred linkare acrcordina to thic invventinn are alvveine linkeare (CYn fiirther caontaininAa a cvetaine



[00163] In another preferred embodiment, the composition further comprises at least one
immunostimulatory substance bound to, preferably packaged in or enclosed in, the VLP. In a still
further prefegyeth@mbreliment, the immunostimulatory substance is a nuclaigagigdopseierably DNA,
most preferably an unmethylated CpG contalnlng gllgonucleotlde [001641 Essentially free of host

RNA, preferably host nucleic acids: The term " ssentlally free of host RNA, preferably host nucleic
acids" as uSEtVHERS e S e rsamA M EEEHbSE RNAD ﬁré?@@@l%@sf\fmcmea@@@dompnsed by
therLF;l V\/lhiﬁ&b%m@éi%lo%yaiﬁﬁtb/m@g&@?@&%ism&?%e@a@@ @ﬁ@f%{ailag{ds}tsmg%l} 20 phg ngore
preferably lass than ven e an 8 jig, even more preferably less than 6 jig,
even more %?é%?%?ye Ziiyi’;ﬁri)r%s pre aek§ }I;Sssqt ian 2 jig, per mg of the VLP. Host, as used
within the af@ﬂé?»ﬁnmﬁmedrc&mém vefery t@%@h@ﬂtmm ih-Whictethe a7¢_Paistpbrohspivainthliproduced.
Conventiong{dag%?gcjﬁ ﬂgglg@)rlmmmg the amount of RNA, preferably nucleic acids, are known to the
skilled person in the art. The typical and preferred method to determine the amount of RNA, preferably
nucleic acidd! thgmaﬂewwlﬁ%e%%ﬁﬁ%%&m&tﬁ}ééeﬁﬁesalﬁﬁ%w@iez%fw of
W020061037AABIHAR claq:laﬂéloal;pswﬁﬂalﬂpbxamame ls-conditorsadd] typinatiy antbprefdrahly, used for
the determin t| noft A clei for |nv iilons

AR, i 5‘% SPES%EW gg Q‘E clgie, d&zﬂ%m? ah Rt §§ e

comprising VLPS other tha € mo catlo e conditions eventu y needed aré within the

knowledge Wﬂﬁé"éklﬂ@@ﬁﬁ@%cﬁﬁ iﬁ%ﬁﬂq%ﬂa& aThEptimsiie e beféUnioahticdéteghitseishould
typically andRrefesailsenundRraiagdhasicompising s\@llﬂss having:adaviativenols tk @Y%, preferably

having a deV|at|on 03[\ 5%, of th$ indicated nymeric value q[ 651Host F @E @ref(—? tgy host nucleic
acids: The (B he eﬁﬁ,&mpre e¥a% S RAE (’:nacfcig YEmT™ per erably host
nucleic acidgi0dfth %wnd@@wmmem @mtnsbdmeme$ﬁi¢eﬁe¥mwmwef©rrpﬁdﬁeﬁabtvﬂnuclelc acids,
that are originally MR 2Q0HUAOBAIRE Y EHB200ARAR3upIhesIsed RN th e Nesk Fhe RNA,

preferably nuclelc acids, may, however, under%o chemical andlor. physical charsj%es during the

procedure dISEdORIRY BBt AkAG R Sm ot ?%ﬁéﬁ&%r‘@f&rsmﬁﬁer&?éya&% thbﬁa%fﬂy and

preferably bywdaylofithe invéntive metho dseforrexamgplerdfze:siy rafithel RINR\, -pref@EbIYNucleic _acids,

may be ShOK?%’;‘lﬁi gfh%sgaon%@w at@ggstt% &h g&?&%%’&’%&@%ﬁ% Hapgyer %fc?r%&ygp resulting
leic aci

RNA or nuc s Is still considered as host RNA, or host nucleic acids. 10 1661 ethods to
determine tii@%Rfbtmtiat RIuRPEHerab Yed licat @%ﬂéﬁf@uﬁ?%@mﬁ%ﬁﬁﬁ%d%%k@ e Bttfave disclosed
in US provisinalapplisatien.piedidy ibesane assigneesn OaebRr oi2004, beta nidedueing or

eliminating tge arggunt of t}oratbﬁ %Ef[ ferably host %%:/‘!f%t(:okr:(]:lnl %sva (rgesdag ces uQV\#r)techell

responses, SUC‘H as |n mato response an resp nse, an er unwanted

side effects 18ucha$SRYED wHldtdintdini s teirsantbodin ré{:}‘ﬁ%s@@p’@b ﬁc&fﬂgl' dgainst IL-1.

1001671 In @gg@ﬁg@&%@m@g@;@&me@mw@ tiamprovides a method of preparlng the inventive
composmons gE of anFE% %bacter e the invention, wherein sai Lf s rec mbinantly
produced bJ ést Rl g}ff\?ﬁ é’ﬁ%%fy“ﬁ%%ﬁ%@%%ﬁ&r g\#ﬂy RBEE nucleic

acids, compmsing théhstepsaofge) nebmmbmam[yambotbm rigrablirossiike fpattjchenitigR)anlthl at least one
first attach Siig1by2 Q@éhv‘{hﬁga%ﬂ‘ ARHGVEREQNPHSES GRALRIQIeINSLNAERDS Qr ffagments

thereof, of a RNA bacteriopha disassembling said virus-like particle t0 said coat rotelns

variants or fRRFRERLE detedr 2 %’F@éﬁ@ﬁ&%@%%&@@ﬁﬁ?ﬁﬁrw dhid Coneprote Q%Dvarlants or
fragments thabessf, dahmssambdmgsaalléqaumled podtpatetrisssyaianisKir iagnpesasbheseof, of said
RNA bacteri lo I| &/ to &wrgfg Ilkzep%qncl %aip gn (\)/é u:;;el éﬁt}?a@"f ﬁg&gengﬁl eytfret of host
RNA, prefera Ty ost nucleic nkln at least one antl en of the mvention Wlth at least one
second attaehi#iaed Si@ toaApIm Mﬁ@ﬁgmﬁn%téﬁlﬁyﬁ IRARvherplefdridthemBediment, the

realtssemblin&ﬁ&eﬁaﬁ%@%m%asgaé?milehng,pMQM&Q%dfgﬁ;gﬁn%&gtt{a@@@ﬁ&&ss@ﬁqﬁﬁgni mthe preser}ce of
at least one oya olecule. 1001681|n on pect nvention pr vides a vaccine for
the treatme 2#%@8?&%%%11 % Vertion Bt tiabatd %i‘é?é?g%i‘y st?%%tff%f’ BSPE%aid vaccine
comprising M@eumﬂp@@ﬁwmlhﬁdtheﬁmrem&d) preferably in an effective amount Thus, the invention
provides a viggehie fordhe eaiment ameliarationandipr preveniian of diabsies, REgleRARIY of type Il

diabetes, said vaccine comprising a composition, preferably in an effective amount, comprising (a) a
virus-like paﬁﬁfl@m&mﬁwraﬂ e BRe sy B e Iﬁef%afmba I‘éé%%ﬂé%tﬁé@ﬁ with at least
one second attachaient sitessnthereintsaittiat tesisteaeaantige afabaprises peerisisisatan IL-|
molecule ang Whegl%%g dgafmh g;e}e%gﬂ;réléﬁdbt&%og&llﬁ |vcil a'is\dN 20013/%r e%%P% 10I%P2909/052639 -
45 - Least onen%'rst sal east one secon attac ment S|te1TF(% S3/1 gﬁe ctive 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 in type Il diabetes. [001701In a preferred embodiment, said vaccine
comprises () a first composition, preferably in an effective amount, wherein said first composition is a
composition according to the invention wherein the IL-1 molecule comprised by said first composition
is an IL-1 beta molecule, preferably SEQ ID 140:136 or SEQ ID 140:165; and (ii) a second

comnncitinn nrafarahhvy in an effectinvie amoirint whereain eaid cecond compocitinn 1€ 2 comna<itinn



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 be "pharmaceutically acceptable" if their administration can be tolerated by a recipient
individual, preferabl human. Further, the vaccines of the invention ar ﬁ,g ini gﬁ% a
"therapeuticam?) ezﬂg%%%/xg%mount" (i.e., an amount that produces a desired% yé?g%%%?:éa e#]ect). The
nature or type of immune response is not a limiting ¥ctor of this disclosure, Without the intention to
limit the present inventian batbe following.meciraniatic, exatanatians:the.inentiveivagsipgonight induce
antibodies which bind to IL-1 and thus reduce,its concentration and/qr interferin Wigéiits siological
or pathologi@ﬁflmcﬁo#twdi]cﬁ%tﬁﬁ?érﬁodﬁ i}grg?o}ré [‘f??‘(%’\‘ﬂ gsglagph%xlr(?n‘g%eeru ica célr%%ggition for the
treatment, anvetiorsitions apoifoisppeessdhtiony pfafiatsdtéls; ipmferalahtof tojscttigiabotucs sditr of
pharmaceuticaeompostion 99&9%&@@#9@3%9@%@%%&9@%&1@ {@y Frdrtesike padicle (VLP) with

at least one first attachment site; and at least one antigen with at least one second attachment site;

wherein saidORERSE A RtEHC SHHHE D AL SRS of a R AR RIS a iy Wh&RLi eSS and (b)
are linked thiaufrbiiek ke asttonelfinsirandeaidiat de kst ie s enbndsatiadtmben tisitest 4001 %2) a
phamaaceuticaliy eeeRiahle CRITIeLIaREh thinuarian s piaddas apfpumaceulisa
composition for the treatment, amelioration and/or prevention of diabetes, preférably of type I
diabetes, saithirHatEiNfdaleBhRIoSRicH €0 %@@%ﬁ&fﬁé‘?@a‘iﬂ‘ﬂ%&ﬁnb‘ fg a
composition eynRESG; @iaiddais-Hikepasticte. (VLP) with at least one first attachment site; and (b) at

least one ant ith at least one second attachment site; Wz; rei id at least gne.antigen
comprises or@gdlqssyivstge(g? Ao ﬁﬁ?e%% %Svh%ré‘l’ﬁa(a 65% iﬁ?rgﬁé{j}|iﬁﬁé‘%‘%ﬁ?€% a%ﬁi% at least one

first and said S&EaBt B S coobalid GRENERL sitdiihroot?) e acernidaty meteptasianeairier.
[00179] The igeee&gagt ﬁﬁﬁhsﬁ?meefme method fantBedrasigeest, amelioraitnnanshh aiEprayention of
diabetes, pre eraﬁ%of%n Il diabetes, said method comprising administering a composition, a
vaccine or a phanfrale 'Q&Pc@%?%ition of the invention to an animal, preferably to a human. The

invention furt}ﬁwml:ﬂc&smmmmdcﬁm ﬁlmethneam&_mt mﬁet_ie_réﬁi@ntmnd iimpfemnﬁmifw&diabetes,
preferably of &xg&g%ﬁ%yﬁi?%m;&g&%ﬁlp{m%cm@@99Jpaeq @yag%hpﬁ%mwto a

human, (i) a first compaosition, preferably in an effective amount, wherein said first composition is a
composition F¥eaiAY foherusiEyeRtidAwh et the FOIEHTBIRL GIE 2bhThs By s P& efhposition
is an IL-I betagheigsuiexqareferabls SELEDNDaL 36 31 SEQAID M QsE63 68D Aliyén e8nrdosamposition,
preferably in an effective amount, wherein said sec ition is a gompositign according to the
vention whoTERETE Y ARCTLEATE S Had by e ScOhc oo N LE o WD, Camti

2009/109643RIPH: BiroboHOSp6 30 8749-8 1§ ArBrum anpHA bl dewreal e Raeamp SkeAr N G203 or SEQ
ID NO:210. 1095300 dhusnihieiruention pravidescanathes fenbheiirsatment ameliorationand / or -

prevention of diabetes, pr é rably of type | 'aé;etes, said method comprising administering a
composition tog’é?loﬁ?ﬁ?ﬁéllg ?é@é&w%egﬁﬁé h*said 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 gpiagst @Na-ARHGEN GRMBISESRLEOBSHIFARAD hatidhets At whereiRikakand (b)

are linked through said at least one first and Said at least one second attachment site. [001811 The
invention furth@PBPode seaREmRla Tt R RERitR HETEmEREY Atfo APHRRI B prveRto A didtabetes, |
preferably of typadindinlietesrpaienmethnd eampsi Siagradminstaringeractinada apafitasl preferably

to a human, said,vaccine comprising a compositi mprisi a Virus=|ik rticle (VLP) with at
least one first %"u%éﬁ?ﬁ%%’i‘%‘?féﬁ n§ 0%) Sﬁﬁglagf Sﬁ%%%%agﬁowjt%t&a?tﬁggesF%eﬁg%ﬁe%gr%qétst%\gﬁ]rcr%eent site;
wherein said aptiefgrabbin farfigehreerpIEEEaby Borsialy dfaamng erifTeREMS afd AR Bl and (b)

are linked thropgh said akieast nedirstand saltkaldenshona: sReppdatiachinansite. idQ0kE21 The
invention further provides @ method for the tr%a:tment, agrg&ior tion and./ or prevention of diabetes,

preferably of S REMFe{EE SSRIRIRSFROHPBATING ARDHTREMTY LA RIRRMESPBiihSsition to
an animal, preféiadly ¢pwizombenbaitopirs st enticalccohTpo Sitis REOmMPRS FI{dJua cORMETSition
comprising (a) @, Mirusslike-particle LvlR)k with atdeashane st attachbieniciliseald Ghatipast one

antigen with at least one second attachment site; wherein said at least one antigen comprises or

consists of an REARACIBHERRS ARSI ROEP TIN5} HresI TRBHRABTION 85 HANRRSE MMt and said
at least one segppertathmeagsie; and (2) b pharatagenticatheacteptdatelCar iemfoGtgtint he
invention furthey praviges a:method ot te.rsalment, ameliogianand.orpreentien of iahstes
preferably of type ﬁ diabetes, Sald method co prlsmga ministering a pharmaceutical composition to
an animal, prefesefbighly & Wuimsitl Bwrs preieidabeufical EBATROSINGH TapipHsMgHY) vare ! 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



WO 2009/109643PCT/EP2009/052639 - 49 - 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). [001911 In a further preferred embodiment said at
least one antigen with at least one second attachment site consists of (i) %HJTEE' ?&}é g%)ecule,
wherein said¥L29H8%¥Molecule is SEQ ID NO:165 or SEQ ID NO:136, pré era%y % D NO:136;
and (ii) a linker, wherein said linker comprises saidsecond attachment site, and wherein said linker

comprises oL pelerabitgaRsists ol GO GSEQIR NAHL IBIALGEES (FERIRNG:ISRpreferably
GGCG (SEb 0:788). (001921 In"a further Preferred embodiment shaid at least rilzﬁ%(i\ntigen with at
ol

least one seebAEPAY FESAAND AL RO P AR (1114 BREATSFSISL AR RFRATETS 280 T Y Beta molecule

is SEQ ID N6 argrcSikhiboblor. (86, (Hieferably SEQ ID NO:736; and (ii) a linker, wherein said linker

comprises i socang atachment is, AR WIRIEI SeRLi0kelds so/alEmboboy e Cerminus
eta mo

of said IL-I ecule by way of a peptide bond, and wherein said linker comprises or preferably
consists of GBS ISECHHNEcd 78)6rE O SEw idOABHS, Frarembit EEEYEED ID
NO:188), 1091934 #a futhes Ry ted ENDoRiMentapitatilza8D oneoARYEN Wikt aiddast one
second attachment sjte consists of (i).an,IL- a molecul [ oW le is SEQ
1D NO:165 0P SEGTB KO 30 BILICHAER B 1o Mo Ta S ) okt hrciy Sad Toker
comprises shid 3estihthattacbivrebysites, arfcdvnereiaserebinieriactovhidnt) Bt A% C-telminus
of said IL-1 %@m%@&é@ﬁg way eliaPertideherd)ans whersisisaisdinkeneonsiptaiof(ii)
LEHHHHHHGGCG (SEQ | NO:2192. gl{g),OlQ 1 Igi urthertlg)rlgferred e bggi en(}trga\iélé%t east one
antigen with BiTEsS{Bn &L EBRE BHAENHEPSREEARY SRE ST SESIBNOS 220 10 223, preferably
SEQ ID NO:226hif203061 (Inta it ferpre ferfedesribd dinteins sairaisteagrefse blitigerisimtheat least one

second attachment site compri referabincnsisisiolotDpapille & alpbhadmoleculioubrrein said
L nioha mSE AR AR RS ARLpIRIgRR %L%d’\% 5{2132 0

ected from any one of SEQ ID 3 to 218; and (ji).a linker, wherein said

linker compr@é@%ﬁd%@%@élﬁﬁ%ﬁﬁ%ﬁ@ﬁ&@?ﬁ% ﬁ’ﬁr%?é%%ﬁpgg%%égf@ém%ﬁéegg or
preferably cqpgists ) GEA ¢ShQAstP MY BEU IO GOG(SEQ) IyND: 4885 J00198Yth SEfrther
preferred embodiw i ast.o igen with, t attay tesd nsists of (i)
an IL-1 alphggﬁ%gggé}é?%ggﬁdﬁ?gd%ﬁqﬁélp a’i\t{xﬁ%l‘égc% e |51§2%ﬁ%%%90%?%$%%%%@|\%210
preferably SEQ:68: NO:ROW, arrdotipa lirikey, WHersaicsdily triker sohBrEaE et et dhd stthchment
(ST ID NO L) bl COCG (2R 1D NOLS) WO 200911096430 C TR 2009/082630 - 50

EQ ID NO:188), prefera ID NO:188). W _.34. 0% - 50 -
[00197] In a ?ﬁfﬁf@?‘ﬁ?&?@rr&’ b St %Er?t g?dﬁa?ﬁgstaghdergsﬁ%ag él)wart% ﬁ%gétggr%g) %gfc%?l(fd
attachment siteyponsist<iofiieardlint ahphaohtetidte | reinesd by EIPEPBREMOISHIIRSISEQ ID
NO:203 or SEQ.ID NQ: 210, pisfekably $ER 1D NO:203; and (i) a linker, wherein said linker comprises
said second attachment site, and wherein said linker is covalently bound to Iheacc‘-ﬁ?r[rlr]iqu,gaof said IL-1
alpha molecUH}) werrBraPEiptae Bﬁhﬂ’}‘ﬁﬁﬂ%\ﬂ&%ﬁlsﬁ%ﬂﬁﬁ%%ﬁm“ﬁrlgglsnc;'r Preferably consists of
GGC (SEQ I:N@:id 78 piids GG {SERHBNDc 288 picfaralylyenfi GCOGSEDABND® £88). [00198] In
a further preferred embadiment said.at aptigen wi ne|sacondatachment site is
any one of SE%BFBCRI sS%ﬁ) {g?%%ﬁc_%ré;&g%b%} %Eﬁ ?g%%%{%é %%%k@ %Q
2009/109643MCBfEP SHIDIBEDE36R- 181 1ESAHETE PCIdRing 8K PEESER At D drifitAtBR™Sf murine
ILlair-no and YesAL31:19-269 {A0129): Tresuleotide saquanceefsanling anintydcais il F270 of
murine IL-la was amplified by PCR fram a cDNA library. of TNFa-activat [ Jphages using
oligonucleotid&id? a]”% r—%i’,&rrﬁ PII%&%@C&&%a&é\%ﬁ&g%@c%@é%%ﬁﬁr?ggg Q;%aEQ ID
NO:24) and |bclaReATATATET 0O AG TS XIATETGEE ARG TET BT SRS HidEEYD NO:25).
Using the same cRNA, liRkary» e weteotidei seaurneeehcading amina aeitsihi :263iet tie murine

IL-1f3 precursor was amplified with oligonucleotides 1E1131 . X : .
(5'-ATATATG@ﬁ%@@@é@éﬁ*ﬁ&éﬂ&%@%ﬁéﬁ'&@é\e@% HIEHTRS S BAGHS (5
ATATATCTGEACGHAA BAGCACAGAETE CATEGTEATE- B BEGISIODZY - BotdONA fragments

{9y §Q@Oi9ﬂz%ﬁéﬂt&th% BXPIasSIan YeSWLRMaEGh(SEQ ID NO:29)

were digesteqwg_\{\é?eg%g%éz
[00200] The vector pModECT (S :29) is a derivative of pET22b(+) (N en In ?)and was

' %}{EQ ID NC f _ ya 8
constructed irftwBlSrep PRGNSt step-tHa eidte Eekis g §ﬂé’d§%€ﬁgﬁt2 W%g gﬁ hge
replacing the griginatiseaiance, hatvweemitferNuetandnthohsitessiitt theratnéated! dlfgosaid
primerMCS-1F (5 '-TATGGATCCGGCTA GCT ; ) : : v, SEQ ID
e e
CCGTTTAAAGCOREGAGEBTTAGOEGEBATCCA-3"; SEQ ID NO:31) (annealing in 15 mM TrisHC1
pH 8 buffer). The resulting plasmid was termed pMod00, and had Ndel, Nhel, Xhol, Pmel and Notl
restriction sites in its multiple cloning site. The annealed pair of oligos Bainhis6-EK-Nhe-F
(5'-GATCCACACCACCACCACCACCACGG TTCTGGTGACGACGATGACAAAGCGCTAGCCC-3;
SEQ ID NO:32) and Bamhis6- EIGNhe-R (5 '-TCGAGGGCTAOCOCTI
TGTCATCGTCGTCACCAGAACCGTGGT GGTGGTGGTGGTGTG-3'; SEQ ID NO:33) and the

anneaalad nair of nlinN1E-C-calvieinelinkear



[00202] A solution containing 1.3 mg/ml of the purified murine 1L-113119-269 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. [002031 A solution of 6 ml of 2
mg/ml QP capgishpresedasin PBS pH 7.2 was then reacted for 60 mm at rewrvEenegessieae with 131 gl
of a SMPH solution (65 mM in HMSO). The rea(__:t'ﬁcgp_solution was dialysed at 4 C against three 3 |
changes of 20 mM HEPES, 150 mM NaCl pH 7.2 over 24 hours. Seventy-five )1.1 of the derivatized
and dialyzeW53B Strutivierees Micdr R inysemerisher SOHTrYY tre e aiasidseduced

mouse IL-Ipj19-268piptein.arddneubated.avesinightiat dibe-farehmmisdheresskiakiagdhcoupled

protein was ved by tangential flow filtration against PBS, using.c ter, ranes with a
molcouiar wHOHESIR oF 200 B8 D5 000 oL AT e ana o s 1
SDS-polyactyiéthidergpietindely retuisird conditsrisrablie lCo sntadsne Stapferryslirsesheivn in Fig. .

Several bangds;of ingreased malesularweightwith respeckio a3 eansiddmenorasr are visible,
clearly demonstrating the,successfu[,Qrc})esjé-linkira%of,gk; rr‘[;]ousIg%L-ll%llQ-ZGQ r telndto the Qi3
capsid. WOSRRIA56U SBEFEB 66 RB ISR B LB iRt 2RABRIST MR\t Tholse
IL-113119-269ipy aiginoobipiedito QB waisid(@psmit 1t B0 1269)i{06 205} Fiveofaprisderbalb/c mice
were immuniz ith OP-rnlk - - 06).:Fifty fig.Qf iptal pretein.were diluted in
PBS to 200U %%%%fﬁ:‘t%%%t%%%@f@é%%&%%@ SE%I%I%% %‘gﬁt{%ﬁsideﬁ) on ngy g%d daSy 21. Mice
were bled retieReBifsiy 6n @asPeorstRad R QM SR W SERAR 264 1ing mouse
IL-113n9_2¢syrspedifigiet pehorGdELISAHO0R Q] L1 Séplaiemyeieeonatad With reusecihs113119-269
protein at a concentration of ug/ml, The plates were blocked and then incub Wit ially diluted

- mouse sera‘ffom day 0. 21 ,pé%%r%@f %nﬁplnsg Ogﬁat%%ﬁf)égg%gg’rg %cé%é%%% %%ﬁ%eﬁigcr%\g&%%gﬁgbeled

- anti-mouse $gic rotitsotgs Aitirodtitsrsren SIS ecarrRc st Gl SEEd thd @derageFss those
dilutions whighnledstorhalfraximnalippiicaldensityatAnd N 1 haipverageraiinouse kil 13119_269
titer was 1:22262 at day 21 and 1.309276 atfda% 35. This geqwonstragesdtlha'itf!mlgﬁjrxlﬁi%%'_gic%] with Q13
coupled to tRETHBLEETPL 139 Fo 885 R Za0l BUEIaEine ifmtnbISg Eaftistance aihd produce
high titer antiedeti¢sywhichrrecogizesspetiieal ()| =131 om268, OLpeNitde. fiduimsiizstiom of 1L-111
1002071 Ser;gf g MIUNZSAWLDLQP Ml Qht9s268 (SR IR DOWBOIweEs hendesfed for their
ability to inhibit the’ binding of mouse IL-113 protein to its receptor, ELISA plates were therefore coated
with a recorfbfiiant vithen relsprSr I ELFUIBH IO FEMMLS @dﬁ&@ﬁﬁ’é‘f@ﬁ%ﬁ%@ﬁﬂ%&?& “-incubated
with serial dilutiens of seradraid migenwbighdiaddigeepiniendifiize dreither amihoaodsedisdE3i 9-269
coupled to Qi gansid. i meree edabNoE0aaypeddn i canpdiantd Al ngem! of mouse

IL-1 3119-2 nding of 1C-113119-269 to the immobilized mlE-IreC(-:;%torl-hFc fusion protein was
detected withPNSIo iy e EieraB SELIRTS BAtBoHYP Anbreidlirh dish BRI Ronjligated

streptavidin sAlkSerafEom ey mmenizedagajnstenurine:d 2 1434 12 6a-fahilited sampletely the
binding of mouse IL-1p119-269 to its receptor at concentrations. of 2.0,4 9 r ra,from mice
murzect A B e i Bap e e IS Bl Dot h WIEARERR:
 concentratiopplygepkif®. SidopsThdsetelsai delmsntdateichmauhzaneh warROIAE I4r3119-269
. coupled to ngﬁ%?goﬁ%){{ﬁ%@@i hodigswhich-asgahle foneutsalizectheiniesastisnnfynouse
'IL-113119_269 and. its receptor. WO ,2009/109643PCT/EPZOEQéSSZPBQ £‘§4d-'ﬁjtz' I viv%[neutralization
of IL-113 1082681 °T ARINRABHetRFEHEINY EEPSAR oF IR ShibSHES RS By it zation with
(glum-1131 k2B Auitase investigtie maﬁ.mMém_@,MEd@w&tm@@Qmmreﬁlmmrﬁzec_i twice at
days 0 and %élwn!}hr%%%eﬁﬁ&%léa}&iﬁ%&r}%efﬁmb@'sz%vygegsne%ewp%% the.same fime with Qp

capsid alone. At day 21 all mice were injected intravenously with 1 jig free [L-Ip119-269, As readout of
the inflammafsFr st erticliffpartr it 195498 JeuTdB RIRISHOIRS HRRe ARSI after
injection for the relativedrerease ifotheesansaniratiendaf ithe fatoiofigopmatofyi oytking:iLb6.
Q(3-immunized mice showed an average, increase in the I ' 01 0.61 ng/ml,
whereas micaél?rtnperﬁﬁlﬁ}%né) With” %u-%]?lr_- Vl)SaHQC% 'S %J\l}lvéﬁ@r?% a&g?a%%ﬂﬁ:%g)gg%féﬁg %.11 0.30
ng/ml (p-0.08tAS BicBAteom tayr PS-EIrFhIECORSHE ipfjectely Dok 4ciity MTE It T HBEAGGH after
injection micg immunized with faAicariae alans,sh ORG IR VBrages IS IEAND) | MBmITS HO 6
concentrations of 40.24 8.06 ng/ml, while mice immunized with Q13-mIL-113119 269 showed an
increase of 37.6% Z%‘&é‘?%‘?&ﬁﬁ) %@8%90)_ These data indicate that the antibodies produced by
immunizatiofest QRerividl @11 9-26Shweratabilefotinedtratitiensgecificatissiandeafioiaatiycite
pro-nflammatary, ¢ty plbal XM PG R AnGabRINCO IRV R Abslail Lekdai 2 s Tike
particles 1002091 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 temperature with an equirnolar amount of
TCEP for reduction of the C-terminal cysteine residue. [002101 A solution of 6 ml of 2 mg/m1 Qf3
capsid protein in PBS pH 7.2 was then reacted for 60 minutes at room temperature with 131 pl of a
SMPH solution (65 mM in HMSO). The reaction solution was dialyzed at 4 C against three 3 1

changes of 20 mM HEPES, 150 mM NaC1 pH 7.2 over 24 hours. Seventy-five ul of the derivatized
and dialvized OI2 ecalittion wac mived with 192 11l H20 and 222 11l of the niirified and nre-radiiced



100213] ELISA plates were coated with mouse IL-1all7_270 protein at a concentration of 1 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 wersgaliculeted as the average of those dilutions which led t&¢REHEXHZA3Bptical density
at 450 nm. The average anti-mouse IL-10117-27Q #iter was 1:9252 at day 21 and 1:736912 at day 35.
This demonstrates that immunization with Qi3 coupled t¢ the mouse. IL-1 al17-270 protein could '
overcome iRFATARAG ESPIBRMBAIEEUSAL B dDC ATt AHE ARG B S ARTOF efﬁ?fﬁhg%gs%%ciﬁcally IL-1
al 17-270 Desleeptilsn sfeuttalizatiationt,| e ¢002iMrSeraof anicedonm tinize bk witmQoandtingai 17-270
were then tester fanhelalitelainibliibs Aindinalmanselda Rgtelilsdesepial, ELISA

plates were t re coated with a recombinant miL-lreceptort-hF¢ fusSion protein at a concentration of

1 ug/ml, andii TrhetbariaimtseihreriatmstT $ar8 o Phiteamie  Had Be@mEHitAtiiZed either with
mouse IL-1Q61k#:220:coiHplania. Qpieapsieias With meuse: Iicipdil 8:269 enipipd daiRdpacapsid and 5
ng/ml of mouse IL-lai 17-270. Binding of IL-1 7-270.t0 the immobilized mil.-Irec -hFc fusion
protein was ‘Gatet eearé\;l ﬁ%;y bc}gﬁeﬁﬁllg gabgqutﬁ;r%%} & M-l antibot ueé}ﬁ%lﬂ(?rtsoehlrné fs%g%‘ieﬁgiidase
conjugated striepanddinicriblydrsofporihices inrfrrhiet tadabibumurivreftibiteld éotib i@ty the binding
of mouse IL;1.al17-370 10 ks receRikattPRESAAlaNS A Qi Whergas Resa rRieaNge immunized
against mouse IL-113119.269 did not show a significant inhibitory. f{ecgéven gt the#igﬂgst
concentraticAitEBH 3 A0sF I HIEL & 8 AP HOATSR %ﬁ@?ﬂ’ﬁf ﬁlﬁ?ﬂ%ﬁé%t BhARRE ST At 17-270
coupled to Qfpcapsid ca jiglchantidddiestvicd ane atﬂeetmaa@_udréﬁﬁkmpemﬁmﬂyﬂhé (ii)lferactipn of
mouse IL-1 a7, #1006 Lia Findi YRR LalaNan Al it MA02IoL TR n vivo

neutralizing capacity of the antibodies raised by immunization with Qfim1L-1ct417_270 was
investigated*Aexe! FefthfEBatBit Hilt SR PRI TS B TR MR ibamRE A8 45 14 with
Q13-mliL-1ctddu? FRRAMIIOMCIIGE MEIEiINBILNIBac aliihessantedimeiithiQi3idapsif alone. At day
21 all mice wege plected muzvenously Wil 1 lpaulige i amui Anrepiout ol infiammatory

r :
.. . 1
activity of theinj serum samples were analysed 3 ter injection tor t

e relative
increase in thipeconve ptateT et Prehiflaen A TP ByfoRihed P26 GR- i itliiz8 o mie"showed an
average incegage dp the,serusy hrfeancanisaion of §:1@238gimk whereasimics:immnenized with
Q13-mlL-1a117-270 showed an average increase of only 0.15 0.27 rig/ml (p=0.0005). As a control on
day 28 all miel §§8¥&"fiected with 1 ng mIL-10 Three hours after injection mice immunized with (g3
carrier along®isévetiraitidwctagairssaasérintse demvid-Baonrdéntraiesleol 862 @ 88wigiml, while mice
immunized with W-mils-1addy -afH showegd anngreasesqf c?f%é@iv?%%@é)%ﬁéﬁ(ﬂ%@e%ﬁ%hese data
-m

indicate that the antibodies produced by immunization with Q1 117-270 Wer? able to

neutralize eSS AT SHLIBATY DS FHTERHRATOR SRt 8T AL EXARBIES Emparison of

Q3-miL-1lawd27andH 131 fheld33119:2 69 dnrmiunizadiontodbineire tén) troattentan scimoese model of

rheumatoid gififie 4302 EEAKINGIER (AnakinG Aasnl 98 secamb AN XeIsIon ofdhe human IL-1
&which is ap ment of

receptor antagonist, foved for the treat uman rheumatoid arthritis. In"order to

reach a clinieay pERftRI&6VRIPHigh BRGIRMEEETI My haw s e splstd Beaubtatiitous injection
on a daily basig -Ihe:gelagenintusedsarthitiscmoagel was vsed compare dhe effinseyu.of |
Q13-miL-1a 270 and Qfi-mIL-1f3.119-269 jmmunizati ith dail ications of different doses of
Kineret(r). I\/%éjférﬁ %?far‘%% %’v?@?eﬁoﬁlr%ﬁnllggj dé%%%%%r? olpl?%}g); et Fnﬁeg%%l](%%)t/%go,“g? and 28) with 50
,ug of either Meferdbls1 A1 72 0nfor=By e QB o £1 811 92691 ¢fre8) bi QG advhe(FrBIFraidd then
injected intraglermaity pu.day 42t 200 ndaenineptyre. i sallageninixed withicomniate;Freund's
adjuvant. From day 42 on, mice immunized. with Q"ﬂt% rill-lall7-270 and Qfi-inll.-1131i9-269, and
one group of EHRSHH B BRR iR G28) T G iTRie Wall g ThiAh &b e s  AMRRHSHs BFLBERFPRS, while
three additional Midmitiunieed@raupsinecaived dambiiraniecpeﬁt@nedﬁihjwoﬁmhsnafs_em&r@ﬁﬁ ug (n=8),
375 ug (-8l 478 16 WO 20909C4RE J/EP200RIDRGI:8 Ty (T MIUINGISHh daly

injection of ineret(r) per mouseé corresponds roughly to a dose of 1.5 mg/kg, which is in the
range of the VEEGHhEREE P efi CARRGI9E A Gt 1BFhERA ZHECL BB g MM Ne s BB S8 ted on day 63
by intradermadjiniecsioncef20Qiig hevine typmil oollagendnbrkwith incompletel Freundisiadjuvant, and
examined on a.dail sis for the.development of ritis symptoms. [00217] Four weeks after the
second collaléedﬁrllﬁjéég%?ﬁ Of -|nt1er1nnﬁﬁ%e r}%"ﬁﬂ&ﬁé@%ﬁ&%&“ an average 1”renj% éi%@glaésli?\tlcal score
(as defined ikEXRNIP BE 280D 0081 3% SO LA DESHI7Senii k- Q1B e s pacratty 27 Ocasind
Qfl-m1L-1134d.9-262-immunizediceSnonvad Auer agescormsah anly-RR%and 1.44, respectively (see
Table 1). Mice treated with 37.5 jig or 375 jig KineretO reached an average score of 2.44 and 2.63,
respectively, while mice treated with 3.75 mg-KineretO remained largely asymptomatic, reaching a
maximal score of only 0.19. 1002181 As an additional readout of the inflammatory reaction, the hind
ankle thickness of all animals was measured on a regular basis. Four weeks after the second collagen
injection Qpimmunized control mice showed an average increase in hind ankle thickness of 16 %,
while Q13-m1L-16612-220-immunized mice showed an increase of 2% and 013-m1L-113119-269-

immiinized mire chowed an increace Nnf R 04 Mice treated with aithear 27 B 1100 or R75 110 Kinarat



[00219] In conclusion we surprisingly found that three injections of either Q3-miL-lai 17_270 or
0O3-m1L-1 0119-269 protected mice better from the development of arthritis symptoms than daily
injections of Kinerete in amounts corresponding to the human dose or even the ten-fold human dose.
Only applicai@mafiiwsi®0-fold human dose of Kineret(r) showed an increasedbexfié3vith respect to
Qp-m1L-lal 1i-270 or Qfl-m1L-1(3119-269 vaccipation. WO 2009/109643PCT/EP2009/052639 -58 -
Table 1: clinical disease symptoms in collagen-induced arthritis model, Treatment average clinical
score day IDURTErAGTIACFELSEIATER Pa ARSIk AREL (O F35ER5 1B (I & MBS p. (200
mi/day) 3.75016n3% QLBrthudal k-2 % SHRRRSE p (20 milday)Rr8d 1 3xyQ@Remibdiybl8119-269s.c. +

PBS i.p. (200 jjgg/day) 1.44 6 3x QI3 s.c. + Kinerete i.p. (37.5 mg/day) 2.44 13 3x QP sc. + Kineret(r)

i.p. (375 mgfaayy 2.63 10 3x QP s.c. + Kineret0 i.p. (3.75 mg/day) 0.19 0

[0058] Agonistic effect/biological activity of the IL-1: The terms “biological activity” or
“biologically active” as used herein with respect 1o IL-1 refer to the ability of the 1L~
molecule to induce the production of IL-6 after systemical administration into animals,
preferably as outlined in Example 2 E. and in Example 3 E. By biological activity of the IL-1
molecule is also meant the ability to induce the proliferation of thymocytes (Epps et al.,
Cytokine 9(3):149-156 (1997), D10.G4.1 T helper cells (Orencole and Dinarelio, Cytokine
1(1):14-22 (1989), or the ability to induce the production of IL-6 from MG64 or HaCaT cells
(Boraschi et al,, J. Immunol. 155:4719-4725 (1995) or fibroblasts (Dinarello et al., Current
Protocols in Immunology 6.2.1-6-2-7 (2000)), or the production of IL-2 from EL-4 thymoma
cells (Simon et al., J. Immunol, Methods 84(1-2):85-94 (1985)), or the ability to inhibit the
growth of the human melanoma cell line A375 (Nakai et al., Biochem. Biophys. Res.
Commun. 154:1189-1196 (1988)). Very preferably, the term biological activity of an IL-1
molecule or an IL-1 mutein refers to the capacity of an TL-1 composition comprising said IL-1
molecule or said TL-1 mutein to induce IL-6 in human PBMCs, wherein preferably said I1-1
molecule or said TL-1 mutein is the sole antigen in said IL-1 composition, and wherein most
preferably said biological activity is determined essentially as described in Example § B.

[0659] Packaged: The term “packaged” as used herein refers to the state of a pofyanionic
macromolecule or of an immunostimulatory substances in relation to the VLP. The ferm
“packaged” as used herein includes binding that may be covalent, e.g, by chemically
coupling, or non-covalent, e.g., ionic interactions, hydrophobic interactions, hydrogen bonds,
ete. In a preferred embodiment the term “packaged” refers to the enclosement, or partial
enciosement, of a polyanionic macromolecule by the VLP. Thus, the polyanionic
macromolecule or immunostimulatory substances can be enclosed by the VLP without the
existence of an actual binding, in particular of a covalent binding. In preferred embodiments,
the at least one polyamionic macromolecule or immunostimulatory substances is packaged
into the VLP, most preferably in a non-covalent manner. Methods for packaging polyanionic
macromolecules such as polygiutamic acid into VLPs, and in particular into VLPs of RNA
bacteriophaggs, are disclosed in W02006/037787. Reference is made in particular to Example
4 of W02006/037787. Methods for packaging immunostimulatory substances, preferably
immunostimulatory nucleic acids, and most preferably unmethylated CpG-containing
oligomicleotides into a VLP are described in WO2003/024481A2. In case said

immunostimulatory substances is nucleic acid, preferably a DNA, and most preferably an



EXAMPLE 5 A. Cloning, expression, and purification of virus-like particles consisting of AP205 coat
protein genetically fused to mouse(AP20S IC 1 ntl 17-270-117-270, 100220] Given the large size of
interleukin-lalpha and for steric reasons, an expression system producing so called mosaic particles,
comprising ARz pgaatproteins fused to interleukin-lalpha as well as wt cuatproteinsalbunits was
constructed. In this system, suppression of the stop codon yields the AP205-interleukin-lalpha coat
protein fusion, while proper termination yields the wt AP205 coat protein. Both proteins are produced

simultaneo SR YIHEE AP ErraBEBBIR SIENNE BORHTs A VTS MRS IsaiEe iswdeh el Tdgial plasmids,

PAP590 andpAR 582 ensning the-ARZhisoaipeigingene tesninairdbpireshppeessor codons
TAG (ambey, 90) or TGA (opal, pAP592) were made, A linker sequence encading the tripeptide
Sly-Sor- O L0 N B A6 M A e Sy oy A el o
and Hindill $itesplesrel dddd MO2¥ofiigSeguences encoding foreign amino acid sequences at the

C-terminus fhfﬁm ﬁigﬁ@ﬁ@%&%&%@%@' ﬁfﬁg%nﬁi‘ﬁ?&wﬁ@rhig e HRASR LoatniQiein-dihe resulting
constructs were: AP590 (Su#EﬁQq\jllg,r\{iO::}l,?): APlZO%rgoagtﬁgro ei%gene - ambg{.%;odon - GS?(KanI -
FlindIll); an&KB587 (BRieS A" BYARYS T8 Y prat i‘ﬁ’%% IBhArEoden GG pN21 - Hindll).
For construatignief glagmidaREeR, o RER fragmeiy cbtened witholigonuaedticesiphitd (5'-
NNCCATG %6#;- tita %p%%?%ﬁ%ﬁ'ﬁoi%% 5 NQrél%g)fca&gipJMgﬁQs@The term

GTAAGCT ,&GATGCA ATCCGGA TCCCTAAGCAGTAGTATCAGACGATACG-3'; SEQ ID NO:120)
was digeste PUFERINES B HMRAHE atl Biehda o vEEt P pB s i rieh ﬁa’&Pbé@??fE}?gé ted with the
same restrigiar.enzimes: RREISS. sy eatosderiwaitom pGEbyeetor: Expressiani-okehe cloned
genes in this vector is cantrolled by.the tip promoter, WQ.2009/109643PCT/EP2009/052639 - 59 -
P o R e O e e A ey
cloning a Neestpbtis | Budiges e ER fraptere nigbesineer \Fith astiforireidatitfe 1008 ARHIP1NC-40
(5-GTAAGGTEAGA TR GATHA TCRRGARE GRS N SCAGTAGTA T EAGASBATAGR-34-SEQ ID
NO:121) into the same vector. 11‘;002211 Théscif uenc encodi%c}lﬂgm'no atcids 1%4_7-27 pofpurine IL-la
was amplifie8BYBER FERMREHE phoHECISHIRERRMING TRE705ERE EXRMBPE'T) “Lising primers
pINC-34 (5'i6EEGCGBRBCEETAGC CECTPAC AGQYBLIGEQIBCNO2R)eantp PNE-BB1(5'-
GTAAGCTTATEGATTATCATATCTEGAACTETETCATAGA ZuSERUR NO: 133huiiop added
Kpn2l and HindlII restriction sites to the 5' and 3' ends, respectively, The obtained BNA fragment was

digested witRasERILElE HiFA1 PRHATRSHe PRIB BOT ve B BRPBEE @At I SRR AP 594 (amber
SuUppressionoi@pehifitd ¥RGIOERARRR? 2 greatingrsiasmidtpA PG (apal sugpr dssiohjsrespectively.
[00222] For expression of.m [ y P L isplayi I ine k- i , £.coli IM109
cells contai nﬁﬁg S@sﬁ?ﬁ%}g&%’g 7%9%0 r(%'gl)g1 % 3%%%@% r%)( %@%@%ﬁﬂr&e%#véﬁhqglﬁgn %%%%%92@ or pAP596,
respectivelyciPraisalianpraivaposwag yenStitats bipeXtndiet theeipTY PO Yen &N ISMEbO1 with
restriction epdopucioaseEaaR! ardseplasing ithyameaoR|dragmertomalasmicRM¥E79 (gift of

Michael Yarns) containing an amher t-RNA suppressor e, This t-RNA ressor gene is a mutant
of trpT175 (ﬁg?f@?ydtﬁ’ﬁag%clgﬁeggﬁﬁa ac ﬁg%fg}ég.é) J@S‘&",%ﬁdﬁ%@fi%rﬁ%ﬁx egt%ﬁ?ee positions:
033, A24 andtF85; EivelfnitititerdeafriB(fdooidbivicuiiomrcolemaieingngd Getigrrimasmapisiiiatand 10
ug/mikanamygin yefie,inociilated withearsinglecolanyaandincubated at 324G ol hyg4dnwithout

shaking. The prepared inoculum was diluted 50 x with M9 mediu contain\iyg 20 tig/mt ampicillin and

d :
10 pig/m1 KETERHEH Hntrihclfodtel U7 CooVEITight OnBOEhaKEP CRII & watd e 98 by
centrifugatiogp{&@223} Gall9{Lg nivansfokmbly withagl 481HidnpAPE9&abig ¢ohtainingrptSME79) were
ysed by ultrasonicalioninlysin, PHITRII0 I S HEA: BN ERTE, 450 BMNAGRHT8. 01 /D

Tween 20). The ysate was cleared by centrifugation, and the cell debris were washed with lysis buffer.

Pooled supexpartneieresiiiseetisan Robepridoys trchpetbiidihletiide f TERMSSRER(209MM
Tris-HC1, 5mMsER A5 aa:Natsly phit fdhpdhrqresenapaicapsifsn tha alaaied lysate and

wash super t yas confirmed. by, rose gel electrophoresis (1 % TAE. ethidilum hromide stained
gel and UV eé% i%\‘%.g 36%‘1533 lcsi" eﬁ%ﬁ%m ﬁg%%%ﬁ%% ggﬁdétg(?m%eegd ‘ef;e?Dé?%T&gE or
UV-spectromelyicrinalysipositight sesittdrfgratfa2oinph lerrhétidngnef tmeciesdndtpeakdedntaining the
capsids, werg poglegl.and leadrd gnoa Sepharasriel BRL0I0M9, Reaklachers:hionmohe,CL-6B

cotumne were pogled and concentrated using a centrifugal filter unit (Amicon Ultra, 15 MWCO 30000,

Millipore). TEEBBtehT {ASIUHSY WA2BG0/TH8RT 3P CTED 2600536562 86 SfutheP By one
additional ropuighef:gel filiragionmia aclGlrediBucohfivaid angibeidesultingcpeakifractidnswererpooled 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
%, 6 ml 15%, 6 ml 10% and 3 ml 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
hiiffear evehanoed to 10 nalM Henee nH 7 B Chvvearnl wace finallvy added to a2 final concantratinn of GO



mlL-1a117_ 270 to the immobilized mliL-Ireceptorl-hFc fusion protein was detected with a biotinylatcd
anti-mouse IL-la antibody and horse radish peroxidase conjugated streptavidin. All sera from mice
immunized AP2017-270 inhibited completely the binding of mouse 1L-1a117-270 to its receptor at
concentratiow®afi@/96savhereas son from mice immunized with AP205 &fdFAdranazessignificant
inhibitory effect at any concentration used. Thesergata demonstrate that immunization with AP205
mlL-1a117-270 can yield antibodies which are able to Qﬁutraége ecifécallxithe interactjon of mouse
IL-lair 270 WK #ESEEdntaRd B BHAT it oSt B BT iR 8 1b0® S VRS helitralizing capacity of
the antibodigstsaisediby-ittwaunization with AP205_mlL-1a117-270 was investigated next. Four female
balble mice,eig fgretore mmunized hisg agean days, Qald-ancr2Ril ARAORpRIL-1a117.270
e

and four mi{: were immuniz. d at the same time W|tL1 AP205 alone. On daﬁgi.42u all mice were injected
intravenoustyTwtisneRy RSl TnurrETrblai9es 70 AsretduteBingtiahith 4o a8ty of the
injected IL-}addr£12 70,1881 um Hamplesoneeokitidyawnchefoserandd hafterdiebljondartd analyzed for
the relative increase in the, oncer&t[;{';,lstlorla.l é)fa (t:tllﬂe 1pro-lnflam{noqlgg@( %ﬁ?@u@%ﬂ&'@f%ﬁ%@é%mun'zed

mice showed 54 &F: greeﬁh%:l?%é%e m?ﬁret Sérum TL-6 ecsc’)r?tl:len'gratlon of 12.92 3.95 ng/m1, whereas mice
immunized withuaPe5rised b1 stid1Topperskiewdy alvavieagi imeteades 3poily 030810.68%g/ml (p <
0.01). Thesg, dataindicate. theantibgdigs pradusechbyimmyBizationnthAR206- I -1a117-270
were able to neutralize specifically and efficiently the pro-in ambr%gltoré/. ctgv'%sof IL-la. EXAMPLE 6 A.
Cloning andPeXPrRSGIGH S FURIRSkE BAPALISS WS RSy BF AP 08 Eo4t protem genetically fused to
mouse IL-4m]_26913@_&5%2ﬁ5ﬂmlm&@tﬂ@@ﬁﬂﬁt{ﬂpm@f@ﬂmg?@@ﬁe%mﬂ@ﬂ& ;ﬁw_me&@on of _
virus-tike patfigies, sonsisting ofAPA0.soahRIaRInGEReical.user b RONSSilk 1ial1 9259 Is carried
out essentlaﬂy as described for AP205 mIT-1a117-270 in EXAMPLE 5. The segge ce.of murine

* interleukin TnSisgnas e ARB A DI R PR GIE CRHVERIRIL £ BRFP288% D& hE for murine
interleukin L,hetausing, PEIMess APy, (b HAICCHOABGCEGME PHTEEGCATIRGATAGCT-3', SEQ
ID NO:192) and p1NC-7 '-GTAAGCTTA T - Q :193). These
primers am 6%?@5%%%?%% Prg)t&%)ﬁlﬁleh-lo %é%%%ﬁ?@vﬁ@g{ﬁéﬁb%ggggéﬁ%% ?ﬁesﬁée%%%g% ncoding
additionally gheerviitioraciccsiuiivan R GRGHAheN HerHihEs denfumEntseukin Ibeta. The
obtained mygdksi 13ifragmentwas, digesiashwiih fKrndl-pneks\ W RO/ H064 SRCIMER2009/052639 -
62 - Hindlll and cloned in the same restriction %teg %iﬁ\l(ect% %5%9&(61@95‘?&5&%%@0%%9n) creating
plasmid pAPE36 KBRS/ FIRPEES RBREETRIAY piasTid BISM 579, providing amber suppression, was
transformedswithplashpupARG8gaBnirofediiguith edehitfinh Wity onbey WiArAp I &HE10
pg/mikanamyginwere inpgulated vwith, assingla colapkrand incabatedsab 35, fak duadehwithout
shaking. The prepared inoculum was diluted 50x with M9 Eediug] Cfﬂﬂtflinit %?QEQJQJ%TQC”"” and 10
pg/ral kananyfcift SRR ifeLBARCET R CI0IEPHIIT GH A RISAREFT O8I WEPE REAVESTET By Centrifugation.
B. Cloning agndiexprassinmmef virisdikepanticleslognsiSting 6¥.AP 205t atpietedh ageneticdlly fused to
human IL-113316 269 (AP20 -Ifiji 9 ) T eql | kip 1 beta was
amplified fro??lsipéllci;lcssryﬁnl?1 é?ﬁ%ﬁ%ﬁﬁ%%ﬁ%%ﬁgﬁ rglgl %c%?ﬁ%@%ﬁﬁ%%%ﬁ% nggprimers
pINC-74 (5 G ATCESCRITHT BOTECECT TS TATRERICA ¢ PERACPYBPSISES 4D NO:194)

. and pINC-76{5mGTATGEAEHAG GAAGACAGAAATTGCATGGTGAAGTC-3, SEQ ID NO: 195).
introducing a 5' Kpn2l and 3'.M 3l.site, respectivel ohtai 1 -10.f ent was
digested with’&$h2 aﬁﬁcwﬁﬁﬁaﬁbgﬁgﬁdﬁ 8I%F1{3d %Cct’ gé 13%41&1—3%51%%%%%%? %rt%of%/se]%%r@%\gwo (amber
suppressionjteteativigaples mdap AP ess. sl SRS tohtEifingrplAsmia SIS Pe Yo foViting amber
suppression), Wasfransformed with plasmid pAP649. 5 ml of LB liquid medium with 20 ng/m1
ampicillin and10 ng/m1 canamicin were inoculated \fViIh a sigggle colorgé/ﬁﬁagg}&n&%b%{oelg %ta?? C for
16-24 h withB#6Zhaking. PRHE BrdBarsTinSEHUPTWAS didtES BUX With Mg meditint containing 20 ng/ml
ampicillin anghd® stg/milukdnamycivirandrins ubaiedrie 37 Srovernightoded khakeet@etipukre harvested
by centrifugatjon, %Vgggg}ggigaqg%&f[ggi% With, APR05.:M L 1,13119-269 100231] Four female
C3H/HeJ mice were immunized with AP205_mIL-113119.269. Twentyfive pgilof totallprotein were

diluted in PBAEBDOY RS iRfetfea SUbEIETebEaN (i uF B i A BRIFATRICRE) 0N dV0, day 14,
and day 28. Misgiwelebledvetionibitall andays @nldf8andiss, mndcere vwere anatyzed using
mIL-113119-269-specific ELIS%.

Teplicailve of non-miectious, preferably a non-replicative and non-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



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
2009/10964 $RC:niERROG9/052639 - 63 - antibody. Antibody titers of mouse seracereesiculated as
the average of those dilutions winch lead to half gaximal 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 demondWAtBEEHAYS AR UPHZ AGETPWIRFFA B2 shiveanatia ebengire Siadsiartoiesithunological
tolerance andproduceshigh titacaniibrdieswhichvesgniza.spesifieally mousacl-i0dia259 E. In
viro neurraligation.of 110 1992334, Seia of mice mmunieed with 205 L1311, 260 are then
tested for thair abi Ity 1§ inhibit the bin infol% mousgeﬁ}]}p protein to its receptor. Lié‘ﬁublates are
therefore caiktepewitls & revom iphbagie-nin wirsheptorkrFeHoRib AP resal P Rsiddnersirationvf 1 ug/ml,
and co-incufgted withserialidilions.ef serafam Mige diprunized eifber Withy part of the
AP205_m1L-113119;ﬁ$9 %r with AP205 alone, and 100 ng/m| of mcig(se 1L- f31{1969d Binding of
IL-113119- 389 £ e MG BIRS RSP B G HEL #5961 protBi 1 RtEitkd AR E BiStiny lated
anti-mouse ¥#1 18 amtirody ang konsenradisgerperakidasectdnjugdted streptavislifvpidiiserd from mice
mmunized yi AR08, BihL:L12119:269 Sanaly 1D RINGING 21 MoUs ol 269 o s

receptor, whereas sera from mice immunized with AP205 alone do not show any inhibitory effect.

These data BemBHEG et BAEHIZABHA MHitharsE Iriing piYY YsEiaries PLimpdies which are
able to neutralizetthe-ibieraetionmoftrassetaiiftaf8d 260 apghiigTeegpton k. iRavivadiattEalization of
grip [002341 The in vivo neutralizing capacity of the antjbodies rais [ izatjon.with

AR205, w1 SR e e TR B, B S e
immunized #feaeiagtold Y a3l oralgingHl g swirPRER0B e farably 9ho BoeaEfeLR friees were

immunized gighgsamedine with.AR205alanep QnEay:- 42 alkmioe wereniniesiadintiamenously with 1
tig of free m1L-113119-269. As readout of the ianammanrﬁ/ act'#vity I:?f the ir}jec{:ed mIL-1f3119 269,
serum sampieE s 8 KAt BEFEPS 4RGSR SRSy MAH O RAY SHAY SR For e FaMRIe increase in
the concentiiatioapsifithef pRdtinfleavimatdngeytwkilBdbe. KP205-iphmigaizBdomideisheivdchan increase
of 0.28 ng/ngl in,RerurhiL -G concentmionsihereagmica immpinizedwith ARZO3Mikedii31 19-269

showed no increase at all. These data indicate that the antibodies produced by immunization with

AP205_mIL2PPERoeormee iFe S Aishe ke it AP E SrEmeany Mrd st cRase ine gdinAtRifnatory
activity of ILd&@aM@&OBWIﬁ%ﬂ@@MEB@O@@?@&ZﬁmMH Iﬁmi@tiemfmiﬁmmﬁh
AP205—h'L'&%ﬁ’f&é&&%%i%@%@ EQ&J%%%%J&&QWEL%%%& %%{ﬁém%ﬂés{r%%@%d virus
AP205_hIL-113115-269. Twentyfive ng of total protein were diluted in PBS to 200 )11 and injected
subcutaneoliShPEIEEs i BhbiefdvaAtral sRISSPHIATE DL TRENAAEID SUMTEE were bled retroorbitally on
days 0, 14,38eand 35vane seranrie dnalyzed usiRgdmmanidl vldBné20MmspesificmllRa. | ELISA
1002361 ELISA plates were,coaieduith buman - A30-809 protein. a1 a concenation,of 1 ng/mi.
The plates ware BIScked and then mcubated wit seriartﬁy ifu eg mousepsérag‘rron?c?ays , 14, 28, and
35. Bound avilisitie s swateidie tecte ot 2/nseatceiityciab elahain tnitgsengChantibedyprAntibody
titers of moygesesaiese.calehiladAs dheavarage-ahidhese dilutienswbishleaddohelfmaximal
optical density at 450 nm, The average anti-human IL-113116-269 %iter was 1:39600 on day 14,

1:58300 on WaySTHHRY Pe¥b00 0h BERS3BP ArRR HERTTRL P atd s TFEE KB U5 HE 121 £3179869 induces
high_tite_rs oﬁdfdtbrﬂ)ﬂz&‘gelﬁ-ﬂﬁgfswmiﬁ@anﬂfwdiasinfmim. EXAMPL T ﬁe@@hﬁr@@wlﬁs_sion and
purification 8211%&8?[]8‘&%1%@&%%%9%&%%@%31&!&3 HelEQlIdR: SRAHEDER LOFORINA pANRRBCIdS 116-269

of human IL=1f3'(h1L-113116. 269) was amplified by PCR from a cDNA fibrary of human liver tissue
using oligorkIERBHEBS B {50 ALEATCHA T OGO R AR A TORET IR e GOREaks: SEQ 1D
NO:124) angdabilic2{anARNAT BbipeAGE SAALINCAHEARHA ol GRATLL ARG DR ID NO:125),
digested with Xhol and EcqRY and cloned into the expression vec ET42T(). [00238] Plasmid

DT AT () A R RS B et b S o R e R e e 7
terminator ofpETPaesjeENGVAdER Nt iiNes Ste S by agwriinkeescguetick showiehmiaribrae the
expression gf.a Rratgit fdterestas adusiopwitha Greminaltagd REE N1 6q0prising a
His-tag and a cysteine Eﬁontaining linker. In a firsf st I?mid_pET-4%g(+ wg;gqi %d with the
restriction eAXYMESKEEICHAY AUHT HisePatiTya §§Q§T§% GRHEIP By S Thes Eg? &t and T7
teiminator cémpoREd obztGBiktacy Sxiayi twoskligitalgsyamdetie mndltiosisioningiSiteuttingsresidual
4972 bp fragment containiaghe.uasionPascidpne:alnkd #2alit)was iselalgdanddigateg to 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-



002401 By site directed mutagenesis of the plasmid pET42T-111L-11366-269, expression vectors for
ten different mutant human IL-Ipi, 6_269 fusion proteins were constructed. To this aim the
Quik-Change(r) Site directed mutagenesis kit (Stratagene) was used according to the manufacturer's
instructions. The expression vectors for these mutant IL-113119 253 proteins are listed in Table 2
together witMBE&Wig8Midéleotide pairs used for their construction. ExpresSioh S BrifitEtion of the
different human IL-113116-269 muteins was perfatihed as described in EXAMPLE 1. WO

2009110964300 FAR2A2ARL100:s ARG A OURRMRM AUElkidaMUIR & CXRiRRalap,yectors and

oligonucleoﬁ%})es used for their construction. Expression vector mutein sequence (without purification
tag) OligonJerewirssysairearasrrely 54 P SHPUBY KA1 BAHBISE8Y(RAD) (SEQ ID NO: 131)
R4D-1 (5'-CATAT CGATA FGEGTETASART GACT GAAE BECGAGEE TR GeQ@4DNB:y143); R4D-2
(5' -GAGCGTGCAG TTCAGTGAGT CTACAGGGAT ATCCATATG-3'; SEQ ID NO: 144) _
pET42T-h||f-’ﬁ§ﬁ%.e§gé’?E6%) ﬁi’f-‘ff%‘ﬁe,‘?g’ﬁfl_%e%ﬂ("’ésﬁ i‘.%aﬁ 1 132) L6A-1 (5' -GATATCCCTG
TACGATCABCITAAGTBeRCBOToGixbaAcErs sSEatyNOoL tishpteencdims. Bttt GAGe

GTGCAGT ThGck GTEATCGRAGCIARRRATAGGy3s BRQURNOLidh) RETE2Tbiks 141166269 (TIG)
hIL-113i,62269(T9G) (SEQ iD NO: 133) : T9G-1 (5.-GTACGATCAC TGAACTGCOG TCTCCGGGAC

TCACAGC-3PSEEf5')0:147) T90-2 (5-GCTGTGAGTC CCGGAGACCG CAGTTCAGTG
ATCGTAC-3003H QTR N@iehd)REdesaibed 1131 26 @@eh{RATGIANS D1 S1IGPBOHRMIBY (SEQ ID

NO:134) RI 1Q-1 (2. GAMGTESACH GliPRP GALEACR Gl-JunkibIP N 1BRRELC-2 (5

-GCTGTGAGTC CCC AGCGTG_ CAGTTC-3'; SEQ ID N._O:150) pET4 T-QILt&la%}'%ﬁ.Fggta(D54R)

h1L-113116B0B9REEHR) (ST B Ne° 3ty BEaRiH: g 11 alphe molecule or wi

CAAGGACIASIGARBAG TAAT CEIGAAAATAGE. TGTEG @ CTiFE a8l IBE@ADoRB: tid-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
attachment 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



D54R-2 (5% CAAGGCCACACTGTATITTGCGALL. ACT11CTTCTCCT TG-3"; SEQ ID NO: 152)
PET42T-hIL-10116-269 (D145K) hiL-113116469 (DI 45K) (SEQ ID NO: 136) DI45K-1 (5'- 1
GCGGCCAGGATATAACTAAA li. CACCATOCAA ii TO TGTC-3"; SEQ ID NO:161) D145K-2 (5'-

GACACAAA%%@&%IQQ&TGAATTTAGTTATATCCTGG 000C-3'; SEQ ID NQihb@Nno/a52639
PET42T-hl 69 (AEE5J1) ML-1 0116-269 (AEE50'51) (SEQ ID NO:137) EE-1 (5%
CATGTCCTTTGTACAAGGAAGTAATGACAAAATACC TGTG-3"; SEQ ID NO:153) EE-2 (5' -

CACACJOTAWDHIInCITRAT ¢aGdet CE TRSTADABARSAC, ATG- 132853@ oD R 284

2009/109643P'%;[(EhRI g09/052639 67 - pET42T-hIL-16 116.269 , 4 (ASND5-4) ML-113116_269 (A

SND5244) 0:138) SND-1 (5'- CT1 | GTACAAGGAGAAGAAAA TA C '
SEQ ID NOHBE)] Virus pa:rtxcies or v1(rus like particles can be produced and p TGTGGCC | 0-3"

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 protemns, 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 a 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



SND-2 (5- CAAGGCCACAGGTALITTTTCTTCTCCTTGTACAAAG -3 S |
-3" SEQ ID NO:156) pET42T-EIL-
16 66-269 111-113116-269 K6365S-1 (5 - (K63 S/K655) (1(63871(655) ° P .

GTGGCCETGGGCCTCAGCGAAAGCAATCTGTACCTG (SEQ ID NO:139

TCCTG-3; SEQ ID NO:
57) 1(6366% 20(8209%6GAGGACAGGTACAGATTGC11 ICGCTGAGGC E&z"?%’&séﬁ?&-sg SEQ ID]

0 IS T AL Lo Lt 0 1 SRR 0 15 (o1asielon) ol Lo
NO:159) wild-type recombinant protein, Or coat protem, mspcc&vé%’?%&%ﬁl@r }J?&Qér%?yT%s%Q 1D

capability of forming a VLP. Preferably, the fragment is obtained by at least one mternal
deletion, at least one truncation or &t least one combination thereof. Further preferably, the
fragment is obtained by at most 5, 4, 3 or 2 interna! deletions, by at most 2 truncations or by
exactily one combination thereof. .
[6083] The term “fragment of 2 recombinant protein® or “fragment of 2 coat protein” shall
further refer to a polypeptide, which has at least 80 %, preferably at least 90 %, more
preferably at ieast 95 % amino acid seguence identity w:th the “fragment of a recombinant
protein” or “fragment of & coat protein®, respectively, as defined above and which is
preferably capable of assembiing nto a virus-like particie.
[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 acid 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 paﬁicle 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, & tysine 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 copsisting of, mino acids 1-144, or 1-149, 1-185 of SEQ
1D 'NO:1, 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 R0%, 85%, 90%, 95%, 57% or 9%% identical to SEQ
IDNOZ.

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



QE-2 (5'- GAAGACGGGCATGTTTGCTGCTGCAGAGGTGCTGAT GTAC-3'; SEQ ID NO:160)
EXAMPLE 8 A. Biological activity of human IL-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 type huggnidis1§304P-269 protein or one of the human IL-43119-269xurptesongtziens of
EXAMPLE 7. Serum samples were withdrawn be%{g 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 witkotisstwitebeypaiLrhanT RISISIEY S8 isHDRINTSHINERFHPIERREE S BUE Ryfhl in serum
IL-6 concenirations; Withther exGeRionat BpigiRs brdtriBl1 i 2604 Dok ping MEsdiBdiE6.269

(K63S/K65S), which induced similay um 1L-6 concentrations.as wild typ : 19-269, all
muteins tes@'@é“iﬁ&ﬁ%ﬁ’%%ﬁ’t“é‘f'%?r@g rg?ﬁ‘f'%’,plr? ﬁ:rgﬁ’%%fé Giced %%%%é%ﬁéﬁ%%&*hjdg 61 Table 3:
Biological ativity eiteioyangh (10:1 (:5-Dywternp hagan &7 :1 (01 2360008 MShs(H he ' Tghimutein
Average i”%ﬁqsgaé%&&i&}&%@mn RiBBsI3d1 RfLeR NS GHR-BpRAIbISP)AlribpRA16-269 2.38
0.69 hiL- | fal16-269 (R4D) 0.160.03 h1L-1 01 6-§§§ (L(;éé).% 0.65 hiL- 113116-269 (T9G)0.82
0.42 101- 1RBT1EEs erarhegs Bakd, 383 PRESHEE 38R 3.25 1.67

[0088] In one preferred embodiment of the invention, the virus-like particie comprises coat
proteins, mutants or fragments thereof, of RNA bacteriophages, wherein said coat proteins
comprise or preferably consists of an amino acid sequence selected from the group consisting
of (a) SEQ ID NO:3 referring to Qf CP; (b) a mixture of SEQ ID NO:3 and SEQ 1D NO:A4
(Qp Al protcili); (c) SEQ 1D NO:5 (R17 capsid protein); (d) SEQ ID NO:6 ( fr capsid
protein); (e) SEQ ID NO:7 (GA capsid protein); (f) SEQ ID NO:§ (SP bapsid protein); (g) a
mixture of SEQ ID NO:8 and SEQ ID NO:9; (h) SEQ ID NO:10 (MS2 capsid protein); (i}
SEQ ID NO:11 (M11 capsid protein); (j) SEQ ID NO:12 (MX1 capsid protein); (k) SEQ 1D
NO:13 (NL95 capsid protein); (1) SEQ 1D NO:14 (f2 capsid protein); (m) SEQ ID NO:13
(PP7 capsid protein); and (n) SEQ ID NO:21 (AP205 capsid protein).

[0089] In one preferred embodiment of the invention, the VLP is a mosaic VLP comprising
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,



hiL-1 p116.269 (AEE5,'1) 1.10 0.27 hl16-269 (ASND52-54) 0.13 0.08 h L-1i3116-269 (K63S/K65S)
2.221.38hiL- 1 pi1-269 (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 PBMC [00242] Peripheral
blood monorwﬁlggorgﬁ I&:(PBMCS) were isolated from heparinized blood of, folelploly by Ficoll
density gradient centrifugation. 5x105 cells per well were incubated with titrating amounts of either the
wild type human IL-113119-269 protein or one of thé-human 1L-113119-269 muteins of EXAMPLE 7.
After over nighidnel batinnstheabeuntef Histifadhsoaell tilbiker ttbefRatanhwagdnepsidiad as readout

of the biological actjvity.. agl shows th it xception of muteins hiL-113116-269 (D54R) and
hiL-1131 6-%%55 fﬁ(gégﬂ% (,arr%cuglépﬁlggﬂre?gﬁr‘né%u s%ﬁ‘é’lﬁ%’:ﬁ an%sre v?f“ég‘%raémr;f:e(?e%r a?f/ct%oli%’ltﬁ%e the same
IL-6 secreticmadanithtype Fasman Surplisinpdv2 83, hrdicatisgraad dustibMibb mactivispritiddactor by

which biologigal ActMify:Was: sadierdsanaesl Hem b fold doraudainb sl 13118 G6RELO) to 381
fold for mutein h1L-10116-269 (ASND52-54). -69 - Table 4: Blollc\))?é%al activity. of human

IL-113116-266 SRR AfEReI P2R%S1 18 588 bR oh R FREFIPENED Bty uIgRmREREn / mute in
concentratiofedims ¢drpdjtiadais &t ic neducetitipgiind Hndvitesindivman iREalFald nedactian in

bioactivity relatiye. o wildype sk L3146-269 hiL-113116-269 2 7- hiL- 1 [3116-269 (R4D) 333 146
h1L-113116-269 (L6A |

[0092] Further preferred virus-iike particies of RNA bacteriophages, in particular of RNA
bacteriophage QF and RNA bacteriophage f, are disclosed in WO 02/056905.
| In particular, Example 18 of WO 02/056905 provides a detailed description of the preparation of
VLPs of RNA bacteriophage Q8. ) ‘

[0093] In another preferred embodiment, the VLP is 2 VLP of RNA bacteriophage AP205.
Assembiy-competent mutant forms of APZOS VLPs, including AP205 coat proiein with the
substitution of proline at amine acid 5 to threonine or , AP203 coat protein with the
substitution of asparagine to agpartic acid at amino acid 14 inay aiso be used in the practice of
the invention and leads to other preferred embodiments of the invention. WO 2004/007538
describes, in particular in Exampie 1 and Example 2, how to obtain VLP comprising AP205
coat proteins, and bereby in particuiar the expression and the purification thereof.
AP205 VLPs are highly immunogenic, and can be linked with the antigen to typically and
preferably generate vaccine constructs displaying the IL-1 molecule oriented in a repetitive
manner. | 4

{0094] In one preferved embodiment, the VLP comprises, essentially consists of, or
alternatively comnsists of 2 moutant coat protein of a virus, preferably of an RNA bacteriophage,
wherein the mutent coat protein has been modified by removal of at least one lysine residue
by way of substitution end/or by way of deletion. In another preferred embodiment, the VLP
comprises, essentially consists of, or alternatively consists of a mutant coat protein of & virus,
preferably an RNA bacteriopbage, wheremn said mutant coat proiein has 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 mvenuon 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,



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/E128A) 94 41 h1L-113116-269 (D145K) 386 169

EXAMPLE 9 A. Coupling of human IL-1 P116-269 and human IL-10116- i virus-like
particles [0094B7EH ??ﬁgél cross-linking of the wild type human 11;11311 g%]ﬁéﬂg‘ég?é’%%“gﬁﬂ the human

IL-11:_%119._269 muteins of EXAMPLE 7 to Q13 viiis-like particles was performed essentially as
described '%ﬁwlﬁl;%g'ﬁereby preferably of the VLP of an RNA bacteriophage. Thus, this value is

calculated as an average over alt the subunits of the VLP, preferabiy of the VLP of the RNA
bacteriophage, in the composition or vaccines of the invention.

[6096] VLPs or capsids of QB coat protein display a defined number of lysine residues on
their surface, with a defined topology with three lysine residues pointing towards the interior
of the capsid and interacting with the RNA, and four other fysine residues exposed to the
exterior of the capsid. Preferably, the at least one first attachment site is a lysine residue,
pointing to or being on the exterior of the VLP. In a further preferred embodiment said first
attachment site is an amino group of a lysine residue of SEQ ID NO:3. In a further preferred
embodiment said first attachment site is the amino group of any one of the Iysine residues in
positions 2, 13, 16, 46, 60, 63, and 67 of SEQ ID NO:3. In a further preferred embodiment
said first attachment site is the amino group of any one of the lysine residues of the coat
protein, preferably of SEQ ID NO:3, which are exposed to the exterior of the capsid.

[6097] QP mutants, of which exposed lysine residues are replaced by arginines can be used
for the present invention. Thus, in another preferred embodiment of the present invention, the
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 QB, or of fragments thereof, and the corresponding Al protein. In & 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 (Kastelein, 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.



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-113116sR6S:enenesasproteins. Fifty mg of total protein were diluted in PEBEEYIE%44nd injected
subcutaneously (100 ul on two ventral sides) on day 0, 14 and 28. Mice were bled retroorbitally on day

35, and sera were analyzed using ELBAs specific for either spectjv, nJ]L-113116269
mutein usedf #S W2 @%(5@6%%%’%‘?‘&@9g@%éi‘b%éf%%’%*%éﬁf%%gggﬁfo r’%ﬁ\\?\” dL%/pe human
IL-1f3116-269 meotein. G8RRSA 00925 LiBidSAcptatésine Ridotéd BiP: Wit4hdwi dape

hiL-10116-269 protein or the respagtiye BIL LR 6 200unteinALaCancantiationatddio/ml. The

plates were gl%ci(ed and ﬁ1en incubated with serially diluted mouse sera from day 35. Bound

antibodies Werangetaetadi itrreAzy HatiEaly1atée aﬂﬁ9ﬁ?bu§@%é‘l%ﬁﬁ%ﬁ§??’%’%ﬁﬁg {fiters of mouse

sera were cglcatedsas dheaveragesitiosediutionRwvhibitiedthpalfnaximaiopticaltdensity at 450
mu, and are shown in Table 5. Table 5; Anti- hil -1131. 9 (wild, tvpe and.muisin)zspgcific 19G titers
raised by irﬁ?ﬂ%ﬁgﬁ%ﬁl With 8&?—%&9&315&1&%‘30&8?%f:é?dﬂ%l(_g}i‘%\?%ﬁzggmutein v.a?cciﬁes, Vaccine
Average aniisattiof 01 3&260iowildtpge gE anestSDNAVERsGE HAt o FIbY PBCEEOMASESIN 19G titer

(+SD) Q13-lk-113116:269,273325 vAB4S LA 21343 MHakhidd 36260 (RAB}RITTAerkil 51 75 160666
79478 Q13-hIL-1T3116-269(L6A) 120224 7658 89377 17965 Wh1L-1f3116-269(T9G) 261249

153716 224809¢Pk1%53 Qp-hIL-113116-269 (RI 1G) 278342 -- 50296 279290 47232
[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 1L-1 fragment, an IL-1 mature fragment, an 1L-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



Q13-h1L-113116-269(D54R) 269807 122351 206516 - 90998 Qi3-hIL-113116-269(DI 45K) 78365
26983 93241 28856 Q13-h1L- | Pi 16-269 (AEL"") 287625 143835 229862 140169 Q13-1111,1
P116-269 (ASND52-54) 68895 14267 106116 = 25295 Qii-hlL-113116-269(K63S/K65S) 403712
402594 244368 +30030841913-h1L-113116-269(Q126A/E128A) 195165 72436:8x048<k86831
[002461 Q13-h1T-1p116-269-immunization indu_c%i_high titers of IgG antibodies against
hIL113136_269. Moreover, vaccination with either of the Q13-1-111L-1f1116-269 mutein vaccines
induced high'§y¢5tiBRIRGAREEHER TR e citRIRING:£31 350 3B iTkifY s88 s* iniinogen, and

the wild typeghly;1138HcE B 6P A ROWONINY 1O9643PETHER2409/052639 - 71 - to one of the
hiL-1f3116.269 %uaifeblns were te?ted or thejr aetT)lltll%EoIﬂr]ublt Ehe blndlng} f human rotein to its

3
receptor. EL/SA %Wétg R TS B N4 T8 O A R AT - CapESHEAES fusion

protein at a peficeniratidin: bilphagimisiangh db-incnbafeatwith, sedbt dillplie mabtf tHeagibeve #hentioned
sera and 100 ng/m}, ot.Q k10116269 Bﬁﬂtﬁiﬂu@é@,dmretd\@kﬁ@%lQrﬁé%ggbaérp{wapiuz}ed human
u

IL-Ireccptorl-hFc fusion protein was detected with a bjotinylated anti-human IL- 113 antihody and horse
radish peroXieE8s ol §atR A etreRfefFrdy AR REFE ki SaRP HPamst O RIS 131 782550 4 ltein vaccines
completely inhikited dhaibirdipepafd 00 wghmikwildotypefit-4pit 16R&P IO fort Rt fatabbreim

concentratigns %. [002481 T m rayere, t i abill inhibit the
1L 10116.268 AU SEe b P B e el Bt e e

rom human cells. Human PBMCs were therefore prepared as

described inEk ANPRES B2 FE MeREATHEECRRATID Hiy/ FIPWIIABHY AR I FE1E DES 30N had been
premixed wigh titiafing eangeotratiansgf thesaradescrbed, ahe s Aienayar pightitation the cell

culture supernatants wet .anat%/z%?_l_ff) [ ihe prasence of |6, T, gl.naiﬁgali%ig&g%par%%a%g the sera was
expressed a2 58 TROLSRS A sty RS Ra s RRBiton St & Sscration. Ty order to allow a

direct compéarisen i6-thelpbutratizing bapacity-of telschumrmaisedraguirst Wil afpeametat33162,69,

the ”eUFfa”Zé%%rHEﬁ_g ohalseradraisediagaingt Allesl i3t 16203 MMIRins WereRu preleskier the |
respective HASA titers treasured against wild type blL-1 P136 269 (see Tahle %)J‘{.‘R'Asihown in Table 6
all sera rais@araaaﬂﬁgtnabﬁ@i%%mma?f&we%@%m"f&%ﬁﬂ?bﬁ%w@@é?éﬁaﬁ t 2% 'fitfuced by wild
type hiL-113%0 % &26901] heiesub@bizing titersicandee fromn 43 11,3 fon sena patdedtéagainstsQ13-hiL-1

P116-269 (%L/Ceﬁéégt) ég;%%%gpa%ﬁg@gr@g%g%%i%59@%71@&5}%%@(3 (DR TSUe B!

Neutralizing titer ed In sera of mice immunized with various 1L-1 beta muteins. Vaccine

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



Neutralizing titer (corrected for ELISA titer against wild type hiL-113116-269) Q13-hlL-113116-259
3333 Qft-h1L-113116-269 (R4D) 2150 Q13-hIL-113116-269 (L6A) 2062 Qft-hIL-1133 i 6-269 (T9G)
1036 Q13-RIL-113116-269 (R11G) 113 Q13-h1L-113116-269 (D54R) 4532 Q13-h1L-113116-269
(.6LEE5S0'51w28iats/ 184 2009/109643PCT/EP2009/052639 - 72 - Qp-hILUIHBRERABND52-54)
1109 Qp-hlL- 1[3116 269 (K63 S/K65 S) - 3432 @P-hIL-1 P i 16-269 (Q126A1E128A) 1237
QP-hIL-1P116-269 (D 1 45K) 2369 E. In vivo neutralization of IL-113 [00249] The in vivo neutralizing
capacity of thd AFHBE AR S BRI ATH2RRNA itPEpcBUBR ) BtREPWBE PR 113116-269
protein Or terefainf theidbhA k3146268 iriielngidsimwestygated. Three female C3H/HeJ mice per
group are egelRr S RHRIRSHRIRE UmsnaRfaeGrld ANdaR Wilh 50 pdlaiienyagene. On day
35 all immunized 'mice are Injected intravenously with 1 jig of free wild type hiL-113116-269. As a
control thre&aitalbel e Ak Hieds s iies SahevfmBRRRTHE s lkherBIfOURT DPHBCR}{SE
hlL-lf3hl(}5w2«§&eﬁsh.r§@g@wa@fdm@&eﬂmmai@mggéyﬂye%m injectediil,-ApLl6 RG] 8grum samples
are withdrawn immediatel fore an after injectio analysed for the relative increase in the
conce ntrati? r61] g’l‘n f‘ﬂaerep%e-?%}{ﬂg& ﬁ[]rg aobr%/gé%ﬁ’r% ROJ%E. W#é?gps%%gés %néjl ce's énv?/bépg?rf(%r]dg% Encrease in
serum IL-6 ¢ohestratioasightinferigecterpoP RPN M 16 toBedl Migédmmunized with Qp coupled

to the wild tygg ¢} bl 0a 6269 Ruotgin AbiaRAEsAkNE Niks:did3d o A-269mRiRE:0RaRtishow any
increase in serum IL-6, indicating that the injected h1L-113116-259 is ?gi&cli)?ntly neutraljzed by the

antibodies iﬁﬂf}é&dlbﬁlﬂ% VARiSiReRre erabiy Comprises or even mors pre y 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 the sequences selected from the
group consisting of SEQ 1D NO:36 to SEQ ID NO:48. Most preferably said IL-1 alpha
protein is a human I11-1 alpha protein, wherein said human IL-1 alpha 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
least 95 %, even more preferably at feast 99 % and most prcferabljr 100 % scquence identity
with SEQ ID NO:36.

[00108] In a further preferred embodiment said IL-1 protein is an is an IL-1 beta protein,
wherein said IL-1 bete 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 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 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 %



EXAMPLE 10 A Cloning, expression and purification of mouse IL-1a115-270 and mouse IL-Icciis-no
(0145K) [002501 The nucleotide sequence encoding amino acids 115-270 of wild type murine IL-]a
was amplified by PCR from a library of TNFa-activated murine macrophages using oligonucleotides IL
| al C .-ATATAT €8sTsEBTCTGCCCC TTACACCTAC CAGAGTG-3": SEECIZERG0188)pand 1L1a2
(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 BIAsAd pEFEP AL sfayenesrgerbnsiiispLitegrectdd Lﬁ%@%é@i&)@t latter
plasmid, amexeve ssionveniorinataeprBinmilsdab BQ@ 10 R14&K) was constructed. Using the

e
'.CTCGAG TRATAT G TaGna TG tATACAEOaATTEEby comamir Noogod)atdthe

Quik-Changg()\Site dirested nnHagengsis: ki {Sitatagens) ptae RulAsprulationwasnHinkoduced.
- Expression and purification of wild g)ge ouse 1L-10415-270 and the mute'ggp&)usle IL-

al15-270(D PEBRT RS PETS &Y %c?iﬁ"éshoe TR EXARPLE B eiRiAG” eXprdssion a%-hdé purification
of human |Lsteds19- Rkt ik pmedaryd b O 1sk8t 29 L{0h4BK)FI0252] THeanuticotidecsenoesnce

encoding anying acids 119-374; of wildstypehimaniisla wasamplified i RER flamsabR§-activated
human B cell cDNA I|brar§ USI%% oligonucleaqtides H1L-3 (5'-ATATATCATA TGCTGAGCAA

TGTGAAATHECARCERY S8 MRS 2RISR (5-ATATATCTCG AGCGCCTGGT
TTTCCAGTATI OT GAAAG HSER DM IARY. SEheiDN Afragriephiwas digistetkwiteNiel and Xhol,

and cloned into theexgressionv clor PETAZ (% #Iil\éiﬁ s rﬁglé?%%)ﬁﬁggﬁlg[&&%%@vity

¥
pET42T-h1L-alganlef§’-§v fc[’(ﬁlosf y site directed mutagenesis atter plasmid, an expression

vector for thendnwbeirein futthen sepiAl(obas ryaus Eeasrutral Ui CHerERgdALERSRE pair
halphaD1454 1R QGGG EAGE Gliyed A C AL AA N T GAATAdudGCARA SO SEQ 1D
NO:199) an%halpha(gl?'ség-g (SI-(E?IETTIé%'?\gOIﬁTCOTrgA}e cljgb]'jl'%_ ;’g@%ﬁo\a C{:A‘\]GGG{;GGCCC-?;
SEQ ID NO¥8Yj dhdifie Ouik-CREHgEH site directed Mutdgenesis kit (Stratagene), the D145K
mutation wasdfitradiyeddasE Xp e ssioncanetqiemficatidn’ofsqilchtppéchitimaibl key @84 9f320dRd the human

IL-1a119-273{R148H) putejnivasirerfimed asdesarbeein EXAMBLEJ.s EXAMPLE 11 A. Biological
activity of human 1L-Ict119 271, human IL-1,an9.272§(|%C415K) mouse IL- 1a1157,t§é a%d mouse
1

1L-1a115-2 P 16 e S heresr a0 aepsnl sp ffﬁﬂ?glﬁeﬁlﬁwldﬂrfbeﬁ’f OB CENS per well)
were incubatgd with gipatingsaleroudtéoh eithse the erild:type mosnareitrdely8:274. Prefeirhithe human

ILlarlo-271 () A2K) Dle 0. diie WG Vo oS bl S0 ALy pLINE. Bk Bl a1 15-270

5
2K .
(D145K) mutein. After over night incubation the amount of IL-6 in the cell culture supcmatant was

measured b%%%%ﬁ?%%@%%&ﬂﬁpgﬂﬂﬁ%ﬁbﬁ%§8t%it9r6ﬁe‘fh@yd?ﬂl§i‘”’éﬁ??)r%té‘?ﬁ§ Table 9
shows that 21 feldhigheeameunis.ofiheomauseiixlal 16370 (B 145 mytefarutarel tequired to

induce the same amaunt of IL-6 as the ing . wi ouse IL-1 15-270 protein. In the case
of the humaﬁeﬂ“_}?fﬁ?i%%’-t%r‘{v ﬂ%%cr%%%ﬁ??é@ggﬁ%&g%%?ﬁﬁ%%ihan the wild type WO -
2009/10964BBTIFIER2(08165 263ored 4m brshiaant aih lr-d 27al gsrdecin avdke ravtsad wirn

demonstrates fakRoth 4 Aumam |botan? FaRdAsiosmuirinang Hiemeuse: Le30318,270 (D145K)

mutein have reduced bioactivity in human cells as compared to their wild type counterparts. Table 7:
Biological aCtNAEy B A RISHHE GHORS BRI HE T i AR PEAIE S HEERIar By 1L 6
induction. Prateinfmtitindéxpressed witai GHQIIDautein comprises or preferably consists of a

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



NO:201 as C-terminal tag) Protein/mutein concentration required to induce 600 pg/ml IL-6 from human
PBMC (ng/ml) mouse IL-1a115270 (SEQ ID NO:202) 4.7 mouse 1L-10415-270 (D145K) (SEQ ID
NO:204) 100 human IL-1 al19-271 (SEQ ID NO:203) 0.8 human IL-1 ct:19-271 (D145K) (SEQ ID
NO:210) 37 8o Biodagsead activity of human IL-Eu.119-271, human IL-104ACGEZPRDHSK), mouse
IL-1a115 270protein, and mouse IL-law-270 (B149K) in mice [00255] Four female Balb/c mice per

group were injected intravenously with 10 ng_of either the wild t%/%e human IL-10,119-271 protein, the
human IL-138letgbiyany e Axpep SRR HISHRE APRREE bifse®i L PB4 1B DA arbRe e sBiPhe mouse IL-lai
i5.270 (D1 45K) srsEimpTRCeEehou D afier Hajection ESEoniBniyais AdSHApsitas m8asuidd in serum of

injected mic readoyt of the bioactivity of the, respect in. As.shown;i 8.the mouse
IL-1a125.2'f§ ?%ﬁf;% rLfgL(jst)géri iﬁ%c“é%‘:% éﬂ%gsggsz%ﬁth% t%@?&%e%%ggd%é? V\r}if %li)% rﬁouse IL-1 al
15-270 proteiar{pieized by Sntaine @ik rabiien o HRAin &h w1 1595 prefrPAS FOPM IR induced 67%
less SAA thap.the GasreSReRdINGWIE tRaheimas btk 2ddparatednsthl w09k Sident t-test).

This demonstrates that both the human (D 145K) méjzgiln and the {no%ise IL-1a115-270 QD%451C)

mutein havé PadEEaBiISa AN Th TR W EH EhiiFated 18 theirwild ﬁr)nemct:}oalih rpar §
2009/109643PGHER2MGYAEREBY o7 1He Table SoBislsiicamintivitiosilsd wild typeamdreins and

muteins in rg&g@sg(ﬁ}g{éyiipgqigyvél%nf’rominimutein 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-J (X115-270
(D145K) (qu N@e}f@j})qf)grefmed embodiment said IL-1 rhutein comprises at most one mutate

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



10 human IL-Icing:2n (SEQ ID NO:203) 92 20 human IL-1 ans.271 (D145K) (SEQ ID NO:210) 31 2
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-1 alpha muteins (SEQ ID
NO:210 to 2189 asevateated according to this table and tested in the mouse-meelsbotshsumatoid
arthritis. Humanh1al16-269 muteMS Amino acid ¢changes introduced in mouse IL-theta 119-269 (SEQ
ID NO:164)in order to obtain the corresponding mutation R4D (SEQ ID NO:1 31) Exchange arginine at
position 3 toSEEpEtaIfs 136.ar SEGUDING3% 32) Exchange leucine at position 5 to alanme T9G (SEQ ID
NO: 133) Exghenge.asdining @t pasitienSlaiyeing RILESEQIRNNO:ARM)Exchangeaxginine at

position 10 to glycine D54R (SEQ ID NQO:, 135) Exchange aspartate at position. 53 to arginme D145K
(S2Q 1D NG BRSSO RE B S T Bt LLEB0 BI1SE0 TOWO! D7) Delets
glutamate, pradinenstfpositbaSSARSD MENGS2-BIBE QHD! NG SESB) DR e setinmi beparagine,

aspartate at,pasifions, i 534063 HKEAR(SEQIRNR:139) Fxehaggedysines Al Rogitions 62 and

6410 serines . . ' L
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



Q12§A(E128A (SEQ ID NO: 140) Exchange glutamine at position 125 to alanine and glutamate at
position 127 to alanine K88N (SEQ ID NO:205) Exchange lysine at position 87 to asparagine R98Q
I(SI'EQ ID NO:206) Exchange arginine at position 97 to glutame 1(1 O3L (SEQ ID NO:207) Exchange
ysine at position 102 to leucine LICKK92-94 (SEQ ID NO:208) Delete lysine, lysine, lysine at positions
91 to 93 LEGY¢ @EEPE*NO:209) Exchange leueine at position 9 to aspar%%?ﬁ%mowgémg
2009/109643PCTIEP2009/052639 - 76 - Humanhik-talphall9-271 muteins Amino acid changes
introduced i use IL-lalph - (SEQ I :202) 4 | | i

OUS! 13145124 Q (SEQ 1D NQ:302) 4n prder toobtaip ceyrespandiag mutation
D145K(SE§fg N8:£f%)?%xchange‘aspa‘rtate‘at position 153 to lysine Li 8K (SEQ ID 140:211)
Exchange rivsiishibedopdeitio 2546 RamerdsAare STy ﬁ@?’?i@)%‘hﬁﬁ&éeﬂﬁgﬁ?l%én me at

position 154tmagparaging RBdRdy(SERiNO:RLR): Exchangeptysinedatpbsitioend 34id dlahine 162A

(SEQID N%:e%gf 4 ul%ég hc%rr]r%%stgsroosijnp%e?érgﬁjc'fit!}%tr;szs stgfa Lagi(ﬁ%eptide; wherein the amino acid
sequence of said polypeptide is selected from SEQ 1D NG:131 to SEQ ID NO:140 and SEQ
ID NO:205 to SEQ ID NQ:209, wherein most preferabiy said IL-1 beta mutein comprises ot
preferably consists of a polypeptide, wherein the amino acid sequence of said polypeptide is
SEQ ID NO:136.
[60128] In a very preferred embodiment, said IL-1 molecule, and preferably said 11.~1 beta
mutein, comprises or preferably consists of SEQ ID NO:136.
[60129] In a further preferred embodiment said 111 mutein is an JL-1 alpha mutein, wheremn
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
NO63inlto10,1109,. 118 107, lto6,1to5 lto4,Ito3 orlto 2 amino acid
residues. Mast preferably said amino acid sequence differs from the amino acid sequence of
SEQ ID NO:63 in exactly 1 amino acid residue. In a very preferred embodiment said 1L-1
alpha mutein comprise or preferably consist of a polypeptide, wherein the amino acid
sequence of said polypeptide is selected from the group consisting of SEQ ID NO:210 to SEQ
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.
[60130] 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



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, thgepRipg@kGine, serine at positions 104 to 107 EXAMPLE 1%Amelioralien el
diet-induced type Il diabetes in male C57BL/6 mice %prophylactlc setting) 1002561 Male C57BL/6 mice

were immunized on days 0, 14, arid 28 with 50 ps of &ither QP, Qp-rnlL-1al 15-270, Q[3711111-r
10119-269 oemiduixturs. of eigy $5P0tolenr3054i050 Rmto- 146 @rs tiepantroyp)hesikedice were fed

normal rodeyyyghewm (Rravimisliba a&&ﬁﬁl@nl%ét%% Rﬁ%ﬂﬂaé Indotlp 400 f1Rel: 624800, 54 %

carbohydrates) during the immunization period. On day 35 this diet was replaced by a high fat diet
(Provimi Khlﬁ&%@%&?‘%@l%dﬁ?&éﬁ%mm@taﬁ lgahomsrcang rghmentsisy WaHdfNiARtes) for half
of the mice gtpaeh alm(ned) wmﬁﬂgaromeﬁ hatfiées8) wakkbit an Inarahehnws Fivéamonths after
the last immunization mice fed the h| er obe e yerage b weight > 4 d showed
elevated fasrﬁg%g ucosa | gtwil %’arb?e% &E% In oraer to mv‘é%ﬁ%%%r%he 3§lt?gtlcpphenotype

of these micecah mmr:grl@éé&@‘@%ran@ertémmcbéﬁmﬁ%#e%%ﬂﬁ%@ﬁe%m%@s@féwFﬁglug body

weight of D- %B%%ﬁe'ﬂi&a&lé‘ﬁ%%&‘é aﬁwn@}wwp&e gmqaﬁ&ﬁey&iﬁea&éeﬁuf@éemwv@lﬁ using the
Accucheck t:%%%g é;lucose met bIe 10 shows that _fmmunlzed mice on nglwal chow

showed an i PRI 716? ood%ﬁ[ﬁ?&g%“f’&g}%‘% min esuvt\%l% Sllowed by
a sharp drophang é:wmqnﬂterrmtmltdemmaﬂgﬂg@fm&sm@@lmnm@tﬂmeﬁgeakﬂemeIs and
Kinetics of thigr %@9@&@%@&%@@%@1@@&@4 HoaloauseigierRedhatha-hegrdpaintrined on

normal chow (Table P-immunized mice on high fat diet on the other hand peaked at higher

levels (367. Qﬁﬁg‘?ﬂl)’%ﬁ‘iﬁﬁﬂéﬁ gt %ﬁlf#&%ﬁ?ﬁ%lﬁfﬁfﬁﬂ%@ WHAOSE RARFFEEBIY thereafter
blood glucoswm&emw&mae@rammﬁmﬁmwever returning to baseline levels within the 2 hour

observation et Thia s6yeis, V102098110981 CIERAANRI00260% L fmRATEDLn olucose

clearance in |mmun|ze ve ope a dla etic phenotype. Obese
QP-miL-la-, @pirin and Soreraemiphs. ﬁmﬁﬁzﬂ@é Fﬁ?éévéﬁ@iﬁlé“@ 4R MTHERiFEY dasersd BIBE Hideose levels

to --350 mg/dd, whisa wasd ARasiailifllovad iy ﬁmﬁ@mde«ae@w@fef@aauﬁmm glsasise levels that
were consistently lower than.in bese |l %lrMed Co %“f% Wheg calculating the e area under the
curves resultf?f&fvf&m% 1?55’55 Eipéﬁf@ose Measureite §c§how T &BTE S, SthEtshes evident, that
obese QP-mI&dqup@iﬁmﬂmqbomdm;ﬁbiennmhﬂhzadmﬁmmanifﬂém@mwmmm&msefclearance
with respect t&@ gwunlzed control mice (Table 11). Taken together these data show that
immunization W|th Oci- mI -la or QP-mIL-1f3 or a combination of both resulted in a clear amelioration
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at different tirpe ﬁﬂﬁﬂitﬁo&ft&ﬂﬂb&f@@ﬁ&ﬁtcaﬂmﬁmtmoﬁoimg{@gi ucted -thMtcomwsaresfastedddr a
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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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consists of, or alternatively comsists of, recombinant coat proteins, mutanis or fragments
thereof, of a virus, preferably of an RNA bacteriophage, wherein said at jeast one antigen is
fused to the N- or the C- terminus of said recombinant coat proteins, mutants or fragmens
thereof.
[00142] In a further preferred embodiment said virus-like particle comprises, cssentially
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 e very preferred embodiment said virus-like particle comprises, essentialiy
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
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protein to self assemble into a VLP.

[00147} Given the large size of [L-1 proteins, 1L-1 fragments and IL-1 mature fragments and
also for steric reasons, an expression system producing mosaic VLPs comprising AP2035 coat
proteins fused to an IL-1 molecule as well as wt coat protein subunits was constructed. In thig
system, suppression of the stop codon yields the AP205-IL-1 coat protein fusion, while proper
termination yields the wt AP203 coat protein, Both proteins are produced simultanecusly in
the cell and assemble into a mesaic VLP. The advantage of such a system is that large
proteins can be dispiayed without interfering with the assembly of the VLP, As the level of
incorporation of AP205-1L-1 fusion protein into the mosaic VLP is depending on the level of
suppression, AP205-IL-1 is expressed in  E.coli cells already containing a plasmid
overexpressing a suppressor t-RNA. For opal suppression, plasmid pISM3001 (Smiley, B.K.,
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
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thereof, preferably of said first polypeptide, with an IL-1 molecule. In a further preferred
embodiment said first polypeptide is a recombinant capsid protein of bactériophage AP205 or
a mutant or fragment thereof. In a further preferred embodiment said first polypeptide is
selected from SEQ ID NO:21, SEQ ID NO:22, SEQ ID NO:Z?. In a very preferred
embodiment said first polypeptide is SEQ ID NO:21. Mosaic VLPs of bacteriophage AP205
comprising an antigen are generally disclosed in WO2006/032674A1, in particular in
paragraph 107 of said publication. In a further preferred embodiment said second polypeptide
is a genetic fusion product of a recombinant capsid protein, mutant or fragments thereof,
preferably of said first polypeptide, with an IL-1 molecule, wherein said IL-1 molecule 18
fused to the C-terminus of said recombinant capsid protein, mutant or fragments thereof,
preferably via an amino acid linker. In a further preferred embodiment said IL-1 molecule
comprises or preferably consists of 100 to 300 ammno acids, typically and preferably about
140 to 160 amino acids, and most preferably about 1535 amino acids. In a very preferred
embodiment, the molar ratio of said first polypeptide and said second polypeptide in said
mosaic VLP s 10:1 to 3:1, preferably 8:1 to 6:1, most preferably about 7:1.
[06149] In one preferred embodiment of the present invention, the composition comprises or
alternatively consists essentially of a virus-like parficle with at Jeast one first attachment site
linked to at least one antigen with at least one second attachment site via at least one covalent
bond, wherein preferably the covalent bond is a non-peptide bond. In a preferred embodiment
of the present invention, the first attachment 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.
[00156] In & 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.
[00151] in one preferred embodiment of the invention, the antigen is linked to the VLP by
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),
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1002581 Theybhbesesysence encoding amino acids 119-269 of mouse |lr¢TBrueis/ainpified by PCR
from cDNA of TNFa-activated murine macrophaggs using oligonucleotides IL1IBETA-3
(5-ATATATGATATCCCCATIAGACAGCTGCACTACAGG-3; SEQ ID NO:226) and IL1BETA-2

5 ATATATEHOMES CTANBACA SHEATERT AHECTSRABLE-SSEE - BuNeSYE S anPEoned into the
vector pET42A (EXAMPL:EsOinddhe feslatiadoplasmislpEod 20nPlirdd T1EhZ260Cencedesatile mature
mouse IL-1,p protein fused to a hexahistidine tag and stej ining ki -terminus.
D 1o the TR B R BT R B mouse
IL-1J3 is sulostitdtestBiyyérghapu-talminvexemsiont ¢ srasistinkeor hrsedaini s agias ). By site
directed mujagenesis afiheplasnigiEd 42T ol R34 6-2658R BXRIESSIER HeGiomy@si constructed
which encodes the murine verg'?(g,] of the %umagg,bl{:% m&Jtein\ f_]{L-ll?;l 16-269 (D1A45K), (SEQ ID
NO:136) wiﬁs%cl%hmaﬁ&é t SEO IBFRIE TISTCNSHER LR 11 695695 45K (SEQ ID
NO:228). Thauriniasipnpivasiintsicuoed uSHgRhe GuikiChaheey’ Site dirdotsdwitabageniasis kit
(Stratagene) aelihe Alopsleoldes RIAK LS EAGIRATICAC BAGATMIIAMETCACCAT
GGAATCT EI' TC-3"; SEQ-1D:229) and D143K-2 (5-GACACAGATT CCATGGTGAA TTTAATTATG
TCCTGACHEETFEeSE BRI BB $ArEL ko A ST BLTRESHBF SRR IR £ 47931 16-269
(D145K) wasperfornedas destihed SuEXAMSIIE [ Badgoupling to (213 was performed as described
in EXAMPLE 21002591 Groups of male C57BL/6 mjce (8 e ' nized

: subcutane.oE):~"§§/5%chaa"ily)%r egfri%fo%%% fné’:ﬁg Af%%ﬁ%%?‘%%g%ﬁ’e%}ﬁéggg %rfﬁ(]gl%grr\r%,ﬁ¥1 %ﬁg_%g

- (D145K). Stemkierg Wity oprefeartrhfefiatispRice{A ot 16)Shvelks pitisrr il it #iskapP A36imi Kliba no.
2127: 23.9 % RIQtSINREI0 Jat. (-0 S ipr s b1askr, 202 %6 satahysrias)iswhiiei thewmther half (n =
16) was maintained on normal diet (Provimi Kliba WO 2009 Oz? A3P T/EPZPOQIOSZ%%Q -79 - no.

3436: 18.5 HHTISH 5 6 HHRFE GRIRBLICHS BeULHT L P 08 AT drates) Thioughbut the
‘experiment. haftdraeigiberdmnthsfenibly feddthekhigh Afay g Enziobedes (@heragabatieiedght > 45 g)
and showed, eleyated fasiing glucose levsls tTahle, 42 £02601 inerdekigipnestigate.pa the diabetic

phenotype of the mice on high fat diet an oral glucose tolerance test was perfoimed by agministering a
dose of 2 m&?sb%ﬁé?%?é}%rﬁ?@?g?ﬁ%@é iR A ay Th &8 BEEPRIRG Bﬁ%é‘dc (Tﬁu(%%%(glevels at
regular intertalswisin@theredureheckpnidad globsdimetes{RocheyTaiterl B solws: that
QP-immunizeg. hiee origh fahdietpeaked,al a1 f.a malc A0 minesAlterimesanand failed to

show a sign?ﬁcant decline until 60 min post-challenge; only thereafter blood glucose levels started to

decrease, WitHoltHEWYERTERNHIAGIRALREEMIB Ve Fead RhtRi IR SRt U RS HAHOFP PEASd. This
severe impaimentisplisesasleaarceindicatesihatehpaaORrimmuhiZedmiceraiddeveloped a
diabetic phen . Obese O13-mll -1[3119-269(D145K)-immuniz i d an igjtial increase
in blood gluéB%%ﬁ(e?Vg%r% J%egé lf%%ﬁjﬁ%ﬁi%ﬁewgé ?ﬁﬁéﬁlggﬁgfé?/%gﬁfv%ﬁ %3 7ggélgj\é\slc?ai'ned decline,
resulting in glutoeseiteimie tharwgiacspdistently lower than in obese Qf3- immunized control mice.

- Two hours afjgi ghatengrbiaosk aluaesetave!adpasiratenad tenpeeschallengenlaxals isnthese mice.
‘When calculating the area under the curves resylting form the eé)eaﬁt d IPcose e sugFments shown
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amelioration o iet-induced diabetic phenotype. Table 12: Average ,body_weilghts and fasting blood
glucose leveladaHaPISirouPsfastig (rmsindd STV PraFRRg 8 B Wweigiiqgyics 1 an agen

FastingbloodghaseseigtlEment of the invention, the amino acid linker contains 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)



(mg/dl) (xi high fat diet 47.16 2.24 185.9 6.3 OP-mIE-lPIic.269(.D145K) high fat diet 51.08 1.23 194.0
4.2 co normal chow 36.95 0.97 148.4 6.5 QII-mlL-1pi0.269(1)1451K) normal chow 36.23 1.30 147.0
3.1 WO 2009/109643PCT/EP2009/052639 - 80 - Table 13: Blood glucose levels (mg/dl; mean SEM)
before and atvdifferenistisae points after intragastric administration of 2mg/ergiscoss dstice were fasted
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(GkCOMSHGGEGS)n with n=0-3, k=0-5, m=0-10, 1=0-2 (SEQ 1D NO:177); (1) GGC

(SEQ ID NO:178); (k) GGC-NH2 (SEQ ID NO:179); () C-terminal gamma I-linker,

preferably DKTHTSPPCG (SEQ ID NO:180); (m) C-terminal gamma 3-linker, preferably

PKPSTPPGSSGGAPGGCG (SEQ ID NO:181); {n) C-terminal glycine linkers, preferably

GGGGCG (SEQ ID NO:182)); (0) (GnC(G)k with n=0-12 and k=0-5 (SEQ ID NO:183); (p)

C-termina! glycine-serine linkers, preferably (SGGGG)n n=1-3 (SEQ 1D NO:184) with one

further cysteine; (q) (G)m(S)HGGGGSM(GoC(G)k with n=0-3, k=0-5, m=0-10, 1=0-2, and

0=0-8 (SEQ 1D NO:185). In a further preferred embodiment the linker is added to the N-

terminus of the IL-1 molecule. In another preferred embodiment of the invention, the linker is

added to the C-terminus of IL-1 molecule.

[68154] Preferred linkers according to this invention are glycine linkers (G)n further

containing a cysteine residue as second attachment site, such as N-terminal glycine linker

(GCGGGG, SEQ ID NO:174) and C-terminal giycine Iinker (GGGGCG, SEQ ID NO:182).

Further preferred embodiments are Cutsrmiﬂal glycine-tysine linker (GGKKGC, SEQ ID

NQ:186) and N-terminal glycine-tysine linker (CGKKGG, SEQ ID NO:187), GGCG (SEQ

ID NO:188) and GGC (SEQ ID NO:178) or GGC-NH2 (SEQ ID NO:1798, “NH2Z” stands for

amidation) Hnkers at the C-terminus of the peptide or CGG (SEQ IIj NO:171) at its N-

ternminus. In general, glycine residues will be inserted between bulky amino acids and the

cysteine to be used as second attachment site, to avoid potential steric hindrance of the bulkier

amino acid in the coupling reaction. In a further 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:ZESJ), 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, aliows

coupling of the IL-1 molecule 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
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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;



318.6 290.0 =278.6=280.1 218.4 199.4= high fat diet 4.2 18.3 15.7 12.510.4 7.8 7.5 Table 14:
Glucose clearance in immunized mice. The area under the curve (AUC) resulting from the consecutive
glucose measurements represented in Table 2 was calculated for each individual mouse. Group
means of AUgcasaeidaressed with SEM. Peaks below baseline were excligdeghiargnthgsanalysis.
Mouse groupAUC Qp high fat11060 1895 (20-1P1¢1K13LI:-113t 1i-260145K) high tat7375 539

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



81 CLAIMS Use of a composition comprising: (a) a virus-like particle (VLP) with at least one first
attachment s!te; and (b) _at least one antigen with at least one second attachment site; wherein said at
least one antlggn comprises an IL-1 molecule and wherein (a) and (b) are linked thI’Ol,J h said at least
one first angygpisheideast one second attachment site, for the manufacturBF AU AR ent for the

treatment of diabetes in an animal. 2.The use of ¢lgim 1, wherein said di ' '
: . 2. \ , ein said diabetes is
3.The use of claim 1 or 2, wherein said animal i? R e g

use ¢ _ a hyman..4.The use jms 1 to 3
\lllxihereln saitmibesizebRychidests SR B Hr BT &8&%%%%%951%‘6%5 czg‘%ﬁr%%%%{%%ﬁ%ﬂfﬁl p(r)otéin' (c)
Wk—}le rgﬁtl;;%ﬁ@&@@;ﬁ}fé%} Hggkjra?mgma andtdéyrd ofrsdepidor 5iPNasise BeampEReidttzims 1 to 4
- ule is.an IL- i) [ { '
the aroup GEREEIRL B 1 ROIGe T Dot s T (oD I N (o man g peth 116.265.
(ShEQ ID N@x&fi5Y, (@} Wt&amm@@m‘{@ﬁ@fﬁ%‘%&ﬁ;ﬂ%ﬁ% ShBhino acid sequence
\év1 ;CQ ITShit L%%%g%ggrﬁg&ﬁg %a%wq&ﬁyzigwcﬁﬁsaﬁnl RN QeBr BN oY @u¢ish, asidS BGHD 140:164.
T C e of claim 0 4,.wherein said IL-1 molecule i IL-I bet
comprising Wﬁﬂﬁ&é@&ﬁ%ﬁ Esiélosme élg%eél ?Ff?fgn the group (:onsistinglysoafl:n (@) hurengr;n Ol-ectl)“e?a
L=

ﬁg-ggg (SESQIBINON oDy toutnammiing HetatEBERIS £ P NS W8S Rt RBE e eta
"e09s (Sc%gggscmg‘%@ﬁﬂd have disclosed in US provisional application filed by the same

assignee on Qctober 5, 2004, i

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



(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 ID NO:64); (b) human IL-I beta 116-269 (§%%@ﬂ 95} ); (C) mouse
IL-1 beta |19‘1%§°£9(§E63|D 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; ¢ SEQ ID NO:164. 8.The use of any one of claims 1

to 4, whereip spidd k-1 meleculs isantbbdsiametepiagansisting of an amino acid sequence

lected from th isting of: IL-| beta 117-269 (SEQ ID NO:64); (b) h IL-1
peta 116-200SEQ 15 NS (RO Le Lo B 16 BE ST RO, A an ar

3 an amino
acid sequeneeahichiistatiteast @O dnidentiosiowittha tig o obBREQIENO:6 1 SRGD 8O:165, or

SEQ ID NO: 164, 9. Fheyise afiany 0ne.f SlaingstdmPreiRarginsaigdbetmplesuisyisapii-1 beta

mutein, 81b 10. The use€ of claim 9, wherein said IL-1 beta mutein comprises a polypeptide, wherein
the amino a&&@&‘ﬁence of said polypeptide differs from the amino acid sequence of SEQ ID NO:64 in
1 to 4 amingmambyesiduesrdridrtbensedihetaimQd wheieincsaigikel Kota fmsteimeonsists of a

polvbeptide.whefclp b aiine ady sequanss.oLsaid pabmeptie:Aliers om e amlagecd

sequence of § In 1to 4 amino acid residues. 12. The use of claim 9, wherein said IL-1

beta muteintechsgrsasien pepep b whareirrtitccammrisschy seddErersrssitrpdielitide is selected
from SEQ IBMNIRLI SEQINEIAD R0d BRQIEHNOI0E ¢6; SEQiTD NaRDQnisitbe, use of claim

9, wherein said IL_% beta mufein consists qf a polype ttiﬁge wherein the amino ci% equgnce of said
. : 4 cor

polypeptide RYLST&REA#BnS fi'—_cfjvl‘baﬁ&ﬁ%lwt%gfi%d% ﬁ%"ﬁé‘é‘ﬂ%"%&% 1B NS gs to SEQ ID
NO:209. 14.adttedisetofelginedioyvdraingaid i1 Imskter o goainrtismhpyisss 6N prerwfierein the
amino acid sequanee;of saideelyReeiids is SR RO 36525 1Bheaiseof claim 9, wherein said IL-1
beta mutein consists of a polypeptide, wherein the amino acig Sziglifni&?f %ai%életyfpgﬁ:%ge is SEQ ID
NO:136. 16. 1% Use Jt WRPEHESE SRIAYR 1% TiH PRI AT S B '8 lgen with at least one
second attachmgittRite:canmrdisesh(iyanibe-bdyetashaolesularvibabdimsaicil of batanmoletule is SEQ
ID NO: 165 qr 82 SEQ ID NO:136:and (ji),2doketwhereinr saiddnescomerisrssaid second
attachment smg, and wherein said linker comprises or preferably consists of GGC (SEQ ID NO:178) or
GGCG (SEQPNOSESEE.

{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, i 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.

[60174] However, when an adjuvant is administered, the admiristration 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



17. The use of any one of claims 1 to 15, wherein 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; and (ii) a linker, wherein said linker comprises said second attachment
site, and wheveingsigdimker comprises GGC (SEQ ID NO:178) or GGCGHSE£p 1809sNE¢E88). 18. The
use of any one of claims 16 or 17, wherein said IL¢1 beta molecule is SEQ ID NO: 136. 19. The use of
any one of claims 16 to 18 wherein said linker comprises GGCG (SEQ ID NO:188). 20. The use of any
one of clainf$YbalsH® GHFErs A LerlUiket etirEs b e CCG PSR Ry peg)eshilitTHaduse of any
one of claimgk@do20:svhBigimisaid linker is covalently bound to the C-terminus of said IL-1 beta
molecule by, f a.peptide bond,.22. The use of any one of claims. 1 to 21, wherein said at least one
antigen witt Aot OHE CSA0A SLeANaR LS ReEY B PRF SRS S YS 255 B2a 23. The
use of any adengfsoitimsantbe2dicusdraine seidiant aedvdnd. antijerhiwith abiesst Gmwghsedond
attachment §ite;is SEQLIDNG 20244 hBeUsg ¢h anuang ol laisd 4a 4 Wbsrein said,IL-1 molecule

is an IL-1 alpha molecule comprising or. preferably consisting of an amino acid sequence selected from
the group cARSISHHERLP Y FRiASHTTEL PRSI 18- 57T Ees A3 RRPBIPS(B) FUMAR PP Sfoha 119-271
(SEQ ID NGs203}; fojitmp tiseol of thlpliac b2 RS Qhdstorid 6 3) ;1 awidtbd )panreantivengioid sequence

which 1s at Ieash B iew gt iaLokARL ALIRAALAG b R Rreerahly ALIAR R JO L aSL preferably at
e f NO:63, SEQ ID SEQ

least 99 % identical with any one of SEQ ID :63, NO:163, or SEQ ID NO:203. 25. The use

of any one SftéRimaItadlalorns Ay mestish EafanerE AvGTeeRAO TSR Frme afBhaswhrsiplogipdrein
preferably saigdinologipiasmatiéain comprises or preferably consists of a polypeptide, wherein the amino
acid seque id polypeptide differs from the amino acid sequence of DNO:63inlto4

- amino acid e@ﬁﬁi@%ﬁg é\?\/{)ﬁ%%e%ﬁe%%rotﬁe?rﬁ‘r"e%rg ga%%ﬂf% agl%%ap ?ﬁﬁ %Ifnf%cl)%r%p%ﬁ%aetgmo?tbreferably

~ consists of apBiypaptided whsrsmtbrecadittei et degbbide ot Shitkputypuptitkein gelgstedd from SEQ
ID NO:210 tgymfilbh Maigddhand whersisisill dinpesipiaigrabh.said alialnha mugineomprises or

preferably consists of a polypeptide, wherein the amino acid sequence of said polypeptide is SEQ ID
NO:210. ze!ﬂ?ﬁ@%&%%ﬁ%ﬁ%ﬁ%ﬁ 8%%%1% ﬁi@ﬁ#f&eo%%%’@}@ﬁ%e&giaﬂaﬁ%ag@ Bt Ehien with at
least one sedenuiattackaeritlsite gorsistenafofijpainci o1 calpirs mitle ¢lié mulrenéimshichdkeik alpha
molecule is SEQJRNLA09.0%:7,SEQID NAZAQ. pielerabl SEQUDNQLZN anchfiba lnker

in

wherein sai er comprises said Second attachment site, and wherein said linker comprises or

preferably cHifsiétd Gf HBEPEEGIBDNEF LMD OFEECG (SEQ ID NO:188), preferably GGCG (SEQ ID
NO:188); whereis] refdrablyisaititinkesris chvatestybawndda toeE-tlinins of saiddek alpha

molecule b f. | . 27.Th e of ne,of clain to 4. or 24 to 26, wherein said
u yawgyo%tlgrpa%ﬁ}bﬁglg{?&%og oflla@ei%}? tpPefé‘t@M%‘ioF eqﬁgagegés, 8 %%%%a%gg%v ! :

at least one antigen with at least one second attachment site’is any one ‘ot N 24 or 225,
and whereirf PrERSHEYI P QAT ERILA S E TR BRTHEhIRE AL TSRO SOBBRA ERELCMPBHESH® is SEQ ID
NO:224. 284 Thesuse efany onEPohilie precedingrelaimssinerein. said (virusrike parigle-s a virus-like
particle of an RNA ba?teriopha?(?. g9. The use of %Iaim 28.wherein said RNA bacteriophage is

I &rio| ?ﬁt or

selected from t ggi?%suf)) tonsis né oaf?}t%))mgasé érlopﬁgé%sfé B bat ear?ggﬁ%gcé’%]f 5
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



(c) bacteriophage fr; and (d) bacteriophage GAL 30. The use of claim 28, wherein said RNA
bacteriophage is bacteriophage Q. 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

bacteriophageyo 8@a/adshhe use of any one of the claims 1 to 30, wherein,ggidpippisslikg;particle
comprises recombinant coat proteins of an RNA b gteriophage. 33. The use of any one of the claims 1

to 30, wherein said virus-like particle essentially cohsists of recombinant coat proteins of an RNA
bacteriophadea28H.-Thbisecdfcalty rorferdiyfE €S Q26330 Shfidiedsaid. virus-like particle consists of

recombinantigeaaproteinsiafial-RNA Ractadorhags. 3 %o e HsgAtanyAReRkiNg praceding claims,

wherein said RNA bacteriophage is selected from the group consisting of; (a) bacteriophage (213; (b)
bacteriophad& AP0 °{fBacte SRR e S @ehEtet b Rabeds Amprs nhadndd s one of the
preceding claimgo sithereinasaicime;omiiinaht coatiprateins:coraphisangEe) DvINE:BkS3Fartitie use of any
one of the pr, i la ' [ iInant gaat. proteins consist of SEQ 1D NO:3. 38. The
use of any one o t%% Eﬁ%ﬁ%ﬁgﬁ%ﬁ%ﬁﬁ?‘%&ignﬁt rg? aﬁgg%ﬁoenﬁtasnl?eg% ﬁvﬁf(}ég{ 5 Shfd second
attachment SRECHAEEEESTHE CHYAIRAIBEIM. |88 30¢ THELAR SR RIMAN BB oRiEsaih aald-at least one

covalent bongois @iBeAdpaRkde bpad @0s: T naeaerebanysa0e:0fdheRreseding slaims.wherein said
first attachmecrétt}tskg%ﬁcg%g?g% or preferably is, an amino group, preferably an amino group of a
lysine. 41. The Use of any one of the preceding claims, wherein said second attachment site
comprises, dfpéférislynsedisuftarbiryborodps prafahablioa balfroptnghgreuplsfratioysteineo42. The use

of any one ofthepisceting slaimsibereinysaid st attachmenhis asLaming grauRand wherein said
second attachment site is a sulf )érdg %gi{&ug)% 43, The use of any of the preceding claims, wherein said
i )

first attachm&HEEatCathiAB §itu L RHEER S8 oHG A SRS BitE ROTRRAHGBIryl group of
a cysteine. 4dbrihsiuséphamyolith@gprieceding claiting: wherein Said:firstatiackiraeniisits is not a
sulfhydryl groy wherel idli id virus:-li ti n id at least one.antigen, does
not comprise a%i(gl{ﬁfide ggrr?'g@%t.lgrﬁggggeggg%g{%l‘%ﬁ%%%%é |§§eéﬂ?§n%,dvﬁ/ﬁgsr%?ﬁeoarﬁy}g§ﬁe of said
second attacdSHBHTsSifssosisratsvitinearauis sodivdhemniefi sné (hregdiniad dasugheaiion-peptide
covalent bone:ieatimydome single iandapifersadypec-aihbinging of said antigen to said virus-like particle,

wherein sai second attachment site that gssociates with said first attachment site is a
sulfhydryl g?&%yéﬁ%%v?/ﬁ%\?ee%g Oga%aﬁgﬁ%igéoﬁ Iégr? asg}l %g/?r%gqﬁ&epgrqa%nfhfgﬁglé? {ﬁtrl&ﬁgaﬁgsg?& association
to form an ofdeyetiem el & pstitivereintigbneatray ud aliites Lisel ofeding ofwlainis doBBianherein said first

attachment site-is dinkachiesaidsaaond atashmentsiteiaaldeash,ong coMalemtbond,wherein said
covalent bond is a R}eogtide bond; @\Fd wherein preferahly said virus-like particle comprises, 84a
o ;

S SV HETRRLVET, BRSO PSR A Bt BFoRRTHE VAR Bt Fagments

essentially CONSISES
thereof, of aleRNADbactetopivagtsEnehw/ivreireshichatitiast eib aritigennis fused toathendht or the C-

terminus of sgid geambingant LAt RLCLRIRS, TUMANLS Y Tagmente. e 89t s lecuie 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



47. The use of claim 46, wherein said RNA bacteriophage is selected from the group consisting of: (a)
bacteriophage AP205; 85 (b) bacteriophage fr; and (c) bacteriophage GA, and wherein preferably said
RNA bacteriophage is bacteriophage AP205. 48. The use of any of the preceding claim, wherein said
at least one antigeawsdasaid at least one second attachment site further worgirisegosetiszker, wherein
said linker comprises said second attachment sitg,cand wherein said linker is associated to said

antigen by way of one peptide bond. 49. Use of a vaccine comprising the composition of any one of
the precedifithlAPAsPIEr ipfecnTaRf 4Bty Fal IR PRetibamEIfST #38 thiEMent of diabetes in an animal.

50. The useqafisiim 49 owherein said giabetes dsiypsithdiabeiesds 1a ddeusehahelaimA49 or 50,

wherein said animalls a.luman 52. The.4ss,of fvons, of £1aims, 490,54 wiherelnsald vaceine
consists of fie omposition gfnany one of claims 110 48. B3. The Use of any one (‘ﬁncﬂlalmé 49 to 52,

wherein saithsdetipositidadisipitsaprinatteffoeible ahvportmshothéuiserdtzed conedsnethims 49 to 53,
comprising {ia fisshegmRositiennfrefprablyHn-an effeetive.Aakmts Whetainsaiddirst carposition is a
composition according to e{ny one of claims 1 tq 48, and wherejn the IL-]1§moIecuIe co_m@rised by said
first compodiiBis AT Bets mBidc e BlefcPAERSEETD NB 158 B SE BT IBE: and 85a (ii)
a second compdsitiotly.pieferaislyiniamedffectssd nnyobmtaveherizinosaldsdgomth chm basition is a
composition agcording to any one of claims 1 to 48, and 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. 55. The
use of any ¢ Bflchafiitdrgter s iira R Eaid e difeos et ST S G VART S8 21 of a
pharmaceuti¢al cpmpasitinnempsisingr(@)ithabaimpasitian okaryefelainslotaiés adtbe vaccine of

e o st p R DA TR R SRl

- SEQENCHOE BT et 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;



'MDIDPYKEFG ATVELLSFLP SDFSTPSVPDL LDTASALYRE ALESPEHOSP HHTALRGAIL 60
SWGELMTLAT WVGNNIFIDPA SRDLVVNYVN TNMGLEIRQL IMERISCINE GKFTVLFYIN 120
SEGVWIRTFT AKEPPNAPIL STLPETTVVR PRDRGRSPER REPSPRFERS QSPERADSQS 180

RESQC  18b3Mef9/1096a20:2 HBCc mutant PCT/EP2009/052639
~ 49 .

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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[00197] In & 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 1D NO:210, preferably SEQ ID NO:203; and (if) a linker, wherein
said linker comprises said second attachment site, and wherein said wIinker is covalently bound
to the C-terminus of said IL-1 alpha molecule by way of & peptide bond, and wherein said
linker comprises or preferably consists of GGC (SEQ ID NO:178) or GGCG (SEQ ID
NQ:188), preferably of GGCG (SEQ ID NO:188),
[00198] In a further preferred embodimeﬁt said at least one antigen with at least one second
attachment site is any one of SEQ ID NOs 224 or 225, preferably SEQ ID NO:224,
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EXAMPLE 1
Cleoning, expression and purification of murine 111017270 and 1L-1B1350.260

[0319%] The nucleotide sequence encoding amino acids 117-270 of murine [L-lo was
amplified by PCR from a ¢cDNA library of TNFg-activated murine macrophages using
oligonucleotides 1L 1al (5’-ATATATGCTAGCCCCTTACACCTACCAGAGTGATTTG-3;
SEQIDNO:24) and IL1o2 (5-ATATATCTCGAGTGATATCTGGAAGTCTGTCATA
GAG-3"; SEQ ID NO:25). Using the same ¢cDNA library, the n‘uc}eotidé sequence encoding
amino acids 119-269 of the murine IL-1§ precursor was amplified with oligonucleotides
1L181 (5°-ATATATGCTAGCCCCCATTAGACAGCTGCACTACAGG-3’; SEQ 1D NO:26)
and 1ip2 (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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linker (GGGGGCG, SEQ ID NO:28). For expression, Escherichia coli BL21 cells harbouring

either plasmid were grown at 37°C to an OD at 600 nm of 1.0 and then induced by addition of

isopropyl-f-D-thiogalactopyranoside at a concentration of 1| mM, Bacteria were grown for 4

more hours at 37°C, harvested by centrifugation and resuspended in 80 mi lysis buffer (10

mM Na;HPOy, 30 mM NaCl, pH 7.0). Cells were then disrupted by sonication and cellular

DNA and RNA were digested by 30 min incubation at room temperature with 64 ul 2 M

MgCl, and 10pl Benzonase. Cellular debris was removed by centrifugation (S534 rotor,

20000 rpm, 4 °C, 60 min), and the cleared lysate was applied to a Ni*-NTA agarose column

- (Qiagen, Hilden, Germany). After extensive washing of the column with washing buffer (50

mM NaH,POy, 300 mM NaCl, 20 mM Imidazol, pH 8.0} the proteins were eluted with elution

buffer (50 mM NaH;PO4, 300 mM NaCl, 200 mM Imidazol, pH 8.0). Purified proteins were

diatysed against PBS pH 7.2, flash-frozen in liquid nitrogen and stored at -80°C until further

use,

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.
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B. Immunization of mice with mouse IL-1B110.26 protein coupled
to Qp capsid (QB-mIL-1PB110.260)
[00205] Five female balb/c mice were immunized with QB-mIL-1B119.260 (SEQ ID NO:66).
Fifty ug of total protein were diluted in PBS to 200 pl and injected subcutaneously (100 ul on
two ventral sides) on day 0 and day 21. Mice were bled retroorbitally on day 0, 21, and 33,

and scra were analyzed using mouse [L-1010.260-8pecific ELISA,

C. ELISA
[00266] ELISA plates were coated with mouse IL-1B1;0060 protein at a concentration of 1
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 were calculated as the average of those dilutions
which led to half maximal optical density at 450 nm. The average anti-mouse IL-15;,9.060 titer
was 1:22262 at day 21 and 1:309276 at day 35. This demonstrates that fimmunization with Qp
coupled to the mouse IL-1P110060 protein could overcome immunelogical 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.
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E. In vive neutralization of 1L-1B

[00208] The in vivo neutraiizing capacity of the antibodies raised by immunization with Qf-
mif~18119260 was investigated next. Four female balb/c mice were therefore immunized twice
at days 0 and 14 with QB-mIL~1f110.260 and four mice were immunized at the same time with
Qp capsid alone. At day 21 all mice were mjected intravenously with 1 pg free TL-153110.265.
As readout of the inflammatory activity of the injected 11-1B110260, Scrum samples were
analysed 3 h after injection for the relative increase in the concentration of the pro-
nflammatory cytokine 1L-6. QB-immunized mice showed an average increase in the serum
IL-6 concentration of 1.01 + 0.61 ng/ml, whereas mice immunized with QB-mIL-1B;10.260
showed an average increase of only 0,11 £ 0.30 ng/ml (p=0.04). As a control on day 28 all
mice were injected with 1 pg mIL-la. Three hours after injection mice immunized with QP
carrier alone showed an average increase in serum IL-6 concentrations of 40.24 4 8.06 ng/mi,
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.
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B. Immunization of mice with mouse IL-1c17.27 protein conpled
to QB capsid (QB-mIL-1a117.270) |
[00212] Five female balb/c mice were immunized with QB-mIL-1017.07, Fifty ug of total
protein were diluted in PBS to 200 pl and injected subcutaneously (100 ul on two ventral
sides) on day 0 and day 21. Mice were bled retroorbitally on day 0, 21, and 335, and sera were

analyzed using mouse IL-1ay17.070-specific ELISA.

C. ELiSA
[66213] ELISA plates were coated with mouse IL-loy o270 protein at 2 concentration of 1
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 were calculated as the average of those dilutions
which led to half maximal optical density at 450 nm. The average anti-mouse 1L-1o 1707 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-10t 17270 and

its receptor.
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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
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(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.



SEQID 520:12 14141  MAKIQAITTS GIGKNGDVEL SEMPRGVNPT NGVAALSFAG AVPALEKRVT
ISVSQEDSRNR 60 KNYKVQVKIQ MPTSCTASGT CDPSVTASAY ADVDFSFTDY STDEFRAINR
TFIXALLAPP 120 MLIDAIDNAN PAY 133 P1085PC(10/PS|-2 - SEQ ID N0O:13 NL95

MARLNKVT kfoGlieRAdeNWL TLIRRGVMPT NGVASLSEAG AVPALEKRYVITMPM 6 EeisNRGO
KNYKVQIKLQ NPTACTKDAC DPSVIRSGSR DV[ISETMS TERERALIRT ELAALIKDDL120

IVDAILMILNP AYWAALLAAS R0001411RYPG VEDSPNVKPP GGIGTYRCPE ACYRRGELIT180
EAKDGACAI2pIA b Al G EEaynrEnHn OGN EERMMDORIISROAEIETHRR CRGNGYVDLE240

ASVMQSDEYMiksls AYDVIIKM OPPGINDSPRY Y LEILMEGY NDLAE VAR SMGMYIFEWT300
DSKSPQLPILI FTRENRIINGP VOIVIVIPSL330 ‘ score day 91 hiﬁd anke thickness '
(%) day 63-91

3x QB s.c. + PBS i.p. (200 ul/day) 3.75 16

3x QF-mIL-1ayi72708.c. + PBS ip. (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) 2.63 10

3x Qp s.c. + Kineret® 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 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



SEQ ID NO:14 f2 ASNEQIIALV NDGEITGYVIV APSNEANGVA EWISSNSRSO AYKTICSVRQ
SSAQNREITI60 KVEVPKVAIQ TVGGVELPVA AWRSYLNLEL TIPIFAINSD CELIVKAMQG
LLKDGNPIPS120 AIAANSGIY129 SEQ ID N0:15 657 MSKTIVLSVG EAIRTLIIQ STADRQIFEE
KVGPLVGRLRIHFERANGA KTAYRVNLKLE60 DQADVVDGST SVCGELRKMZ YRV SHDVI
IVANSTEASR KSLYDLTAISL VAISQVFDIN120 VNLVPLGR128 SEQ ID N0:16 Qbeta-240
AKLEIVILGN IGRDGKQTLV LNRRGVNEIN GVASESQAGA VPALEKRVTV SVSQRSRNRK60
NYKVOY IQIKrAaciANGEC DESYVIRDK YA DBTHSEIGYS JIDEERAENRIIELAILL AGRL 120

G ASIOA R B B b v
DVIES ETQY"Q%/E‘S@?%R@R‘;E é?@%%%@%ﬁ%%L RPAPESTSES 1y 8o E ¢BEta-250
ARLE11111LCHGASISHIATCHE Y SIIRIRCYNIR INIGVAS 18D AGHDALERRVTV SYSQRSMNRK60
NYKVQUVKI ﬁiﬁ@ﬂ@bégé&e'%ﬁc%}{ﬁ AASNIPEIYS TDEERAEVRT E'—@ﬁ%—é—@? 120

LIDAIDQLNP AY132 SEQ 12 1100:19 Qbeta-251 ARLEIVIRIGN IGRBGRGTE NIPIN
GVASLSOAGPRERE RV SVSH ERMRK S0 MY K¢ QOFKADN BT ACTANGSEBRBUTROKYA

DVTESETQ@(&@E&%@%\@E@@LA@@M@&%@&LA@% NB wé.%%zéEQd'D RR0:20 @beta-259
AGA VPALEKRVTV §VSQPS NRK60

ARLETVILGN.IG TIV LNPRGVNIPIN GVASLS

MYKVQVKI Egﬁgﬁf%&{%&%&@@?ﬁ%ﬁ% THEARAEVES BPAAQ: RSP 120

LIDAIDOLNPYH1BZSEPID 160 RibdB20S AdiddN KBy QPiTe ST AMKIYVWGD RIRUSTH: She

SLLITORV%@Jﬁ%YM%ﬁ&tYyéﬁﬁl&%E%ﬁ%pﬂl and HindIII 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 pISMS579}) were fysed
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



KPEGGADALIV IMPNENOSIR TVISGSAEML AILKAEWETE KRNVDPIRAS GNAGLGFLDP120
TAAIVSSDIT A7: 31 SEQ ID 100:22 AP205 55T MANKTMQPIT STANKIVWSD PIRLSTIFSA
SLLRQRVKVG IAILLNMVSGQ YVSVYKRPAP60 KREGCADACYV IMPNENOSIR TVISGSAENL
ATLKAEWE Rg<BNNBTHEAS GNAGLGELDP120 TAAIVSSDTT A131 SEQrHbch9iR3¢AP205 N14D
MANKPMQP1T STADKIVWSD PTRLSTTTISA §%§QRVKITGLMNVSGQ YVSVYKRPAPG0
KEEGCADACYV IMPNENOSIR TVISGSAENI. ATLKAEWETHVDTLFAS GNAGLGELDP220
TAAIVSSDTurtper 3y Seadtiiony: sound afpishidiation etaddabcbttareetaed Abmrp tetintgBASEQ ID

100:25 ILialphaatalatcicelegigataietgaaratelol catagagd fifak QniP.1060:28 inteesaﬁata@gctla y
gccceccatta gacagctgca cta 37 P PCOOMS] - 3 - SEQ ID :28 cystein cantaining linker
G o0 TN HRRS R A Ay e e el 2
ctccgggceget®ididatguteataocgdgde fytnigeho caticdatgy téiterygd get Ri0gaegetedZ0rteedttatgc

té?actctc
gactcclgea UagaRadra aeeeaslatagdiiaag 96 sataAgeac! B COGG0GFIL AYHRRIPILY Galdcaagga
gatggcgccc aacagtoccc ¢ gccac% fcé%%;cacc atacccacgc cgaaacaagc gctcatgagc ccgaagtggc

" 40 ]
gagcccgatc 8§ e Bt ity b5 disiadgtBrduyealbe eker s fregec gatyataberceggecacy
atgcgtccgy pgingapgah dgaitcion aiceagogasiaitaaacgad?( cieaoHaumiosonitgiglageggstaac
aattccocte t%q%aﬁa&tétﬁ%ﬁfg%é@? 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



tttaagaagg agatatacat atggatccac accaccacca ccaccacggt tctggtgacg540 acgatgacas agcgctagcc
ctcgagggtg gtggtggtgg ttgcggttaa caagtttaaa600 cgcggecgcea tgcaccacca ccaccaccac tgagatccgg
ctgctaacaa agcccgaaag660 gaagctgagt tggctgctge caccgcetgag caataactag Cataacccct tggggcectct720
aaacgggtot tgegggeitiditgetgaaa ggaggaacta tatccggatt ggcgaatggg780 aggageeaigirgeggcgca
ttaagcgcgg cgggtgtggt ggttacgege agegtgaccg840 glacacttgc cagcgeccta gegeecgcete ctttegotit
cttcecttee ttictcgeca900 cgticgeegg ctttcceegt caageictaa atcgggggct cectttaggg ttccgatyta960
gtgctttacg g deecOdiadnae iganad gy thatgpthEgthgten graopovestcgtosty atdacggtt
tttcgecctt tgaﬁglﬁgg@e&itm%{&etm@%%%oaﬂﬁq{&%%&%ﬂ?%‘ﬂ%@&&ﬂ&gﬁﬁ% gigdgic ggtetattet
tttgatttat1140 aagggatttt gccgatttcg gectattggt taaaaaatga gctgatttaa caaaaatttal200 acgcgaattt
taacaaaata l‘f%é@”ﬁtg%%@ﬁl}@%’éﬁétﬁﬂ%% ég’@Ha‘éf’g17%01Pgéﬁﬁij@&%ééé{ﬁﬁlﬁgtﬁwhmfaaatacattc

aaatatgtat cegateatgald20 gasantaacseigalannrio cicanlaat Al0aRaaag:0a20a8 Q@Egnﬂ%@étcaaimfo
atttccgtgt cgcccttatt cectiftt geattttg ccttcctgtt fitgctcacc1440 cagaaacgct ggtgaaagta aaagatgctg
aagatcagtt gléngr{lé’%%acé"’ 5@9%?@0%@3@%@8&%%% & Bfé@&g%%{ @E‘f&%@ ﬁfﬁfccﬁ@%?&g@?ﬂfié‘@%ocgaa
gaacgttttc156eadigadgmyrcacitithasi gitcigetatogtggtgsBot Attalcdegl aftgaagecylh20 ggsaagagcea
actcggtcge cgeajacac cagaa tqgacttagt tactcacl68Q cagtcacaga aaageatctt acggatggea
tgacagtaag agéeftlttdgfgg% %g%lg?ggz%g%ﬁﬁlt%aggg g%g‘g%ﬁéﬁ%&’gg@é%%%czgﬁéf7?&%[%&585305536atcgga
ggaccgaaggl800 agctaaccgc ttttttgcac aacatggggg atcatgtaac tcgccttgat cgttgggaacl860 cggagctgaa

tgaagccata ccaaacgacg agcgtgacac gagoatacsl draesaaiogln 29, caacaacgtt gcgcaaacta ttaactggeg
aactacttac totagcttcc cggcaacaat1980 taatagactg gatggaggcg gataaagttg caggaccact tctgcgcteg

goccttcegg2 MG BRG J Lo PR g CHy AT A8 6788 S8 DGty 1 greted Oy éaremépion0efigeactggg
gccagatggt aap@Eceilicd glatcgtagt aciagase @@ggggagiﬁ?&lﬁ@l@-@@ﬁﬁ@-%%@%@Qﬁ@gﬁ&@tagacaga;

taact gtcagaccaa gtttactcat atatacttta gattgattta
etz B es e (ARPSE L) B8 BRFLERAAAR FHRTET SRR e

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



tttaatttaa aaggatctag gtgaagatcc tttttgataa tctcatgacc aaaatccctt2340 aacgtgagtt ttcgttccac tgagcgtcag
accccgtaga aaagatcaaa ggatettott2400 gagatccttt ttttctgcgce gtaatctgct gattgcaaac aaaaaaacca
ccgctaccag2460 uggtggtttg tttgccggat caagagctac caactotttt tccgaaggta actggcttca2520 gcagagcgca

gataccaaat agigtegiia dagtgtagec gtagttagge caccacttca2580 agaactctgt ageacsgsmhasacctcy
ctctgctaat cctgttacca gtggcetgctg2640 ccagtggcga taagtcgtgt cttaccgggt tggactcaag acgatagtta

ccggataagg2700 cgcageggtc gggctgaacg gggggctcgt gcacacagec cagcttggag cgaacgacct2760
acaccgaact Hagataentackngdgiy dgcseang agsitislipogotacytit cotyastiffa2820gaaagystiga caggtatccg
gtaagcggcacggg&ggg@@&m@gﬁ@mﬁgg@ﬁgg@éﬁ@lgqgggﬁgglgsq@ag:g};%gg,{ﬁ[@ttg%gegtcctgtogg

gtttcgccac ctctgacttg2940 agcgicgatt ttigtgatgc fcgtcaggqg ggcggagcct atggaaaaac gccagcaacg3000
cggccttttt acﬂ’é’%ﬁ%?&ﬂtﬁ%f%’k%é& Citt 8%5’6%?%@%%%@%&@@6@%68@%@%%@53 accgtatta
ccgectitga gigagutiateaddgatogcedtaggragocgracigategagesosagegagtcag! igagegagga agcggaagag

cgcetgatgc3d8Q,0q@Ratiie CRHAGIGALGI0MRY 9%%5@8@%%9%%@%%&%&%%%@ 40 iacRatctgc
tctuatgccg catagttaag ccagtataca ctccgctatc gctacgtgac3300 tgggtcatg% (%gf{éccccg acaccccca
g

a

acacccgcty SEYEGEECH %f%bﬁﬂ?ﬂ@’t@%é@dd&&%@@dﬁ‘%ﬁj@% (&) el oy gagcty
catgtgtcag 342k agQtiticaa chisatearieygaaacgngiog . aggcagctge ggtaaagctc atcagegtgg3480 tcgtgaagceg
attcacagat gtctgcctgt tcatccgegt ccagctcgtt gagtttctcc3510 agaagcgtta atgtctggct tctgataaag cgggccatgt
taagggcggt tttttcctgt3600 ttggtcactg atgcctcegt gtaaggggga tttetgttca tgggggtaat gataccgatg3660

aaacgagaga ggBt§deedregathegygtsianefatyagida gt epsinting abah 200 cotigpgelgtp gtaaacaact
ggcggtaigg atgeggegyy aeraganpananis aaiaag 3750 goicaalens agegaiicy) jpatacagat gtaggtgtte

cacagggtag ccagcagcat3840 cctgcgatge agatccggaa cataatggtg cagggcgctg actcccgegt ttccagactt3900
Cacgaaacaé%éﬁg aﬁ%é%ﬁ%%ﬁf%&‘ﬁ?@%%ﬁg P@&cﬁ@%\agﬁijf%ﬁ g’ﬁ 'Sﬁaﬁ)egaﬂ?& teacgttcg

ctcgcgtate gifigaticabitigdtatonagtaagygtanl b wiceghicagoitayregygitchaadgas aggagcacga

tcatgegeac Geateggace4OPBTA 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



gccatgccgg 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 geRecas6estd20 caccggaagg agctgactgg gttgaaggct ctcaagggep 1agieBagsso
tcccggtgec4300 taatgagtga gctaacttac attaattgeg ttgecgcetcgce tgeccgcttt ccagtcgggad440 aacctgtegt

gccagctgea ttaatgaatc ggccaacgeg cggggagagg ¢dgtitgegt4500 attgggegec agggtggtit ttcttttcac
cagtgagacg géibgdcatyetiyaitgdenttdb60waceycotyy cebigagdga ¢itgoagaranfchgtcdiogontggtttgcc
ccagcaggcadizf Aaanacigtilaalngtad; iaacaacas: a3RIARCALOAACIOISH, GARAICIRGHBRO gtatcceact

accgagatat ccgcaccaac gegcagocceg gactoggtad tggcgegceatd 740 tgegeceagc geeate g”at cgttggcaac -
cagcatcgca BiggiacsP toectentdsb0tag catttc Brgatttyitd dtber €ayasc iy damrmeaiesgectt
ceegticcge4ghpiiatagaaiganalitgalion 9agioagala Halgecee: ceatceagatasRdARIeAaI9 2 coagacagaa
cttaatgggc ccgctaacag cgcgatttge tggtgaccca atgcgaccag4880 atgctccacg ceccagtegeg taccgtette
atgggagaaa'a gg?fégfé fﬁggt B 30 by GtRR AL SHea ity ruta el Besgaacattagty caggcagott
ccacagcaat5100 ggcatcctgg tcatccagcg gatagtcaar gatcagccca ctgacgegtt gcgcgagaag5100 attgtgcacc
gccgotttac aggcttogac gccgcttegt tctgg%%(ig Oaﬁaccaﬁ%%%?nzztort%&tﬁ;gcaccc agttgatcgg cgcgagattt

eUtra 0
aatcgccgeg acaatttgcg acggegegtg5280 cagggccaga ctggaggidg ‘Caacgccaat cagcaacgac tgtttgeccg

ccagttgttg53402Ed carachyitg gyannged atidaBid Tgotatidh cogattodactestid 6ogbgiS4dittttegcagaa
acgtaqetog gaiagiRasAAFACIYNAR.AMagiaal 139993caseR B0 GACRIAN L ORIRATE SRQID NO:30
primerMCS-1F tatggatccg gctagcgctc gagggtttaa acggcg%ccg cat43 SE@ lesqtﬁl(.r) { primerMCS-1R
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.



tcgaatgcgg ccgecegttta aaccctcgag cgctageecgg atccads SEQ ID NO:32 Bamhis6-EK-Nhe-F gatccacacc
accaccacca ccacggttct ggtgacgacg atgacaaagc gctagccc58 SEQ ID NO:33 Bamhis6-EK-Nhe-R
tcgagggcta gcgatttgto atcgtcgtca ccagaaccgt ggtgcejtggtg gtggtgtg58 SEO ID NO:34

oligolF-C-glyeneninkeeisgagggtgg.tggtggtggt tgcggttaat aagtttaaac gc4»eEerandia:éh
oligo1R-C-glycine-linker ggccgcgttt aaacttatta acc gaacca ccaccaccac cc42 SEQ ID 110:36 HIL-1

alpha MAIN:POPPED IANCYSENEE CASSIDY-11,SL NOKSPIEVSY GPLEFGGMDO
SVSLSISETS60 KISKLIFKEE- - Nmmrwhastioxsl mgRAIBASIS IDEBbLEAI ANDSEFFISK

PASSPFSE{gpii) NMK%MELM&Hﬁ%?ﬁk%&imgﬁlﬁéb@@&%%ﬁ%@% Q%%IZE&@NA
YKSSKDDAKI180 TVILAISKIQ LYVIAQDEDE, PVILKEMPEI PKTITGSETN LLAFWETHGT

KNYFTSVARSSSBPEsinrsn dinsidt RESaris i prbsictd oripirressdy (B4 pbezrtwe-1 alpha

Macaca MAKMPDNESBLINGY SE MEED HGS KA SlkdYQISH¥Y &Y G R bHEGE MG,
SVSISISEIS6 KTSKLTFL:IS%dQJ MVVVST G@\A LKKARLSI SITDENLEAI ANDSEEEIIK
= 1

PRSAPFSFIS170 EPENTASSEIMENG RESOBETAAAERNL DFAVKFFMGA YISSKDDIKV180
PVILRISKIQ LEVSAQDFDQ PVLLKEMPEI NKTITGSETN PLEFWETHGT KNYFISVALIiP290
NIFIATKEDN WVCLAKGLPS ITDFOILENQ A374;SEQ ID NO:38 IL-1 alpha Equus MAKVPDLFED
LKNCYSENED YSSEIDELSL TOKSPYDASY DPLPEDCMDT EMSLSTSETS60 KILSKLNIFFES
VVLVAANGREIR EARYSPIRES pirEppiet ATANDREEG )R PRIVEYNEQ STXTNTFHOINEMAIV

NHOCTINDALMNQBMART W QAT AN IR MG AY IBEAPRQALL 8% RYTLASKTA
IFSESAQNE@IEF%\IQLL &APDT PKTIKDETNL LFFWEALIGSK NYEKSVAAPK29.0 LFIATKQGKL

VHPARGQ BAE59 68 RU T D5 Fied A RE S St KA P A R IRNEYSENED
 ESSEIDEL $HEINTE SEYRAS VHEPLAADEMMIK FVISLDTSEESE 01 Ak SEHE N MMIANGK|

|KKRALSLM&R@H&%@%%@I&&&EF&%U& ﬁﬁéﬁgLEﬁ?é: 81?11%1% 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



NVKYNFMRVI HUCILNEAL NECIIADMISG PYITAATLIEN LEEAVKFDMV AYVSFEDSQL180
AVILA'S= ISVSAQNEDE PVLIKEMPIT PKIIKDETNL LAFWEKEGSM DYEKSVAHAK240 LFIATKEKL
VIIMASGPPSI TDFQILEK266 PI085PCO00 /PSI -5 - KTPQLTLIIKS VVMVAANGKI laKERLSLNQ

FLTADDLEAWRNEMESEEMK ARSVAPNEYS 120 SEKYNYOKIlI ESQFILNRNL-SGa¥IREAGG
KYLAAAALQN LDDAVKFDMG AYTSKEDSEL 180 EVTIERISKTR LEVS202NEDE DVLLKEMPET

PKTIRDETNI, LEFWER8GSK NYEKSVA111,810 %540 LIALATOPEQL VEMARGLPSV TDFQILETOS
270 SEQ IDR6DADL 4ralphs Bol and Avrll, 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.



MAKVPDLEED LKNCYSENED YSSEIDHINL NQKSFYDASY EPLREDQMNK FMSLDTSETS 60

KTSKINFKEN 171/81VAASGKI ', FUME:281,NQ FITDDDLEAI ANNTEEETIK ERSAHYSFQS 120

YVKYNEHRVI EQECILNDAL NQSITRDMSG PYLTATTLYIN LEEAVII7TDMV AIIVSEEDISQL 180

PVTLRISKT@4EMSAGHT EDE PVLLKEMPET PKIIKDETNI, LFFWEKEG&N/ ¥ doleSNARPK 240
LFIATKQEKL VHMASGAPSI TDFQILEK 268 §E§Q_ID NO:42 IL-1 alpha Sus

Table 2: 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)




MAKVPDLFED LKNCYSENEE YSSDIDHINL NQKSEYDASY EPLPCDGMDK EMPLSTSKTS 60
KTSRLNFKDS VVMAAANGKI LKKRRISLNQ FITDDDLEAI ANDTEEEIK PRSAITYSFQS 120
NMITINFMRVI 1111QCILNDAR NQSIIRDPSG QYLVIAAVLDN LDEAVKFDMA ATINNDDSQL, 180
PVTLRISETRVOES®AQRWCEDE PVILKELPET PKITIKDETSL IFFWEKHGNM BB EARFPK 2640
LIVATROEKL VHMAPGLPSV IDEINLENQS ZZ%,?_EQ ID NO:43 IL-I alpha Oryctolagus

PETA2T-HIL- (P 1ranee | HIL-1P1ieaes SND-1(5-
T (ASNDYH (ASND™ CTTTGTACAAGGAGAAGAAAAAATACCTGTGGCCTT |
(SEQ IDNO:138) | G-3'; SEQ ID NO: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,



MAKVPDLIPED LKNGESENEE YSSAIDIITSL NCKSFYDASY EPLHEDCMNK VVSLSTSETS 60
VSPNLTFQEN VVAVTASGKI LKKRIVESIINQ DIIDVDLETN VSDPEEGIIK PFISVPYTEQR 120
NMRYKYLRII KQEFTLNDAL NQSIVRETSE QYLPAAELQN LGDAVKEDMG VYMTSKEDSI 180
LPVTLEJSQ%®LiadBAGNED EPVILKEMPE TPRIITDSES DILFFWETQGMNKMYGHSAAN 240
POLFIATKPE HLVEMARCIP SMTDPOIS 268 SEQ ID N0:44 IL-1 alpha Canis

Tabie 3: Biological activity of human IT.-18,;6.269 and human IL-1B;6.260 muteins in mice.

Profein/mutein Average 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
BIT~1B1 6000 (D4R 395L 167
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) - 139026

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 %,



MAKVDDLFED LIKNCYSENFT1 YSSEIDELSI NQKSFYDMSC DPINEDGMSI, STSETSKITSQ 60
LTEKENVVVV AANGKILKKR RISTSWITD DDIEGIANDT EEVIMKPRSV AYNEHNNEKY 120
NYTRIT8SCP TTNENINGST VACITGGIIIYIN TAATQNIDA VKFTOMGATTS EDSKLAVTT 180
TSKTRLEVS#HECHiERERYIT, K EMPETPKTIR DETNITATINE REGSKEY BKS/MévabsbbsbAT 240
QERKLVEMAR GQPSITDPRL LETQP 265 SE_%éQ HO:45 IL-1 alpha Mus

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



MAKVPDLEED IKATCYSENED ITSSAIEHLST, NQKSFYDASY GSLFIETGTDO) EVSHIRTSETS 60
KNISNFTEKES RVTVSATSSN GKILKKFIRLS FSETFTEDDL OISITHELEET INENAPYTY 120
QSDLRYKLYIK IVROKEVMND SLNQINQDV DKHYLSITWL NDLQQEVKFD MYAYSSGGIDD 180
SKYPVTLKISB S YsaAQG EDQPVLLKEL PETPKLITGS ETDLIFFWK&-d/&giahEEES'A 240
AYPELFIATK EC/SAW-HAAG TP3.1,1'1'13E013 702]0 SEQ ID NO:46 IL-1 alpha Rattus

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



MAKVPDLFED LKNCYSENEE YSSAIDHLSL NQRS2CIDASY GSIBENCTDK FVSTRTSETS 60
KMSTFTFKES EVVVSATSNK GKILKKREIS, FNUFTEDDI, EATAHDTEET ICPESAPHSE 120
QNITLRYKLIA IVKQEFIMND SLIT2NIYVDM DRIILKAASL NDLQIEVKFD MYAYSSGGDD 180
SKYPVTLKVad:healkisdéA\CG PDKPVILKEI PETPKLITGS EYDLIFFWEK INGSNadRESAR:240

AFPELLIATK EQSQVIELARG LESMIDFQIS 2391S_EQ ID 140:47 IL-1 alpha Gorilla
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-1f115.200 (see Table 5). As shown in Table 6 all sera raised against hiL-1B114.260
muteins were able to inhibit the secretion of 11.-6 nduced by wild type hIL-1B115260. 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




KNCYSENEED SSSIDHISLN QKSFYHVY114G PLHEGGMIXITS VSLSISETSK TSKITEKESM 60
VVVATNGKYVI, KKR:87481,SO ITDDDLEAIA NDSEEETIKA RSAPECELSN VKYNFMRITK 120
NEFILNDALN QSTIRANDQY LTAAALENLD EA 152 SEQ ID 140:48 hiIL-1 alpha Cavia
FEDLKNCY Sk MoE0862AIDE LSLNQIISFYD TNIMPLEENR VDEPVSPNRY/ENGEFNEFTL 60
EFISSDSSAVV LTSABGEVAK KRPLSI,NQTN §I§|§PLEALAN DSEEEIIEEW SVPYSFQSNI, 120
KEKYORSIKK GAVITDAMHQ SLIRESNGQH

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)



LKAMHV17DRK HEVKFDIDGY VSTATRIRPV 180 ILKISKTQLY VCAQEEGQPV LAKE 204 SEQ ID
NO:49 hiL-1 beta 11AEVPELASE 811vLAYYSGNED DEFFEADGPK ONKCSFODLD
LCIPLDGGIQL RISDEHYSKG 60 FRQAASVVVA MDKLRKPILVP CPOTEQENEL STFFPFIFEE

EPIEFDTION:8A¥dEIAPVR 120 STNCTIRDSQ QKSIVMSGPY ELKAL%&Q@ME@QVVESM
SEVIDGEESND KIPVALGLKE 180 KNLYLSGVLK73DDKPIALQIES VDPKITYPKKK
alphaD145K-2 (§*-CTCGAGTGATATCTGGAATTTITGTCATAGAGGGCAGTCC-3"; SEQ
1D NO:198) and the Quik-Change® Site directed mutagenesis kit (Stratagene), the D 145K
mutation was introduced. Expression and purification of wild type mouse IL-10.y15.270 and the

muteinmouse H-1ou15270 (D145K) was performed as described in EXAMPLE 1.

B Cloning, expression and purification of haman IL-1019.21 and human IL-10ty10.0m
(D145K)

[00252] The nucleotide sequence encoding amino acids 119-271 of wild type human IL-1c
was amplified by PCR from a LPS-activated human B cell cDNA library using
oligonucleotides ~ HIL-3  (5’-ATATATCATA  TGCTGAGCAA  TGTGAAATAC
AACTTTATG-3", SEQ ID NO:141) and HIL-4 (5-ATATATCTCG AGCGCCTGGT
TTTCCAGTAT CTGAAAG-3; SEQ 1D NO:142). The DNA fragment 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
mutein hIT-louy 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



MEKRECTENKI EINNKLEFES AQFP-NWYEST 240 SQAENMPVEL GGTKGGQDIT DICIAINVSS
269 SEQ ID 140:50 IL-1 beta Pan  MLVIVIPOTFQ ENDLSTEETE' ITEEEPIFFE, TWENEAYVHD
AEVITSTNCTI, RDSQQKSLVAI 60 SGICIELKALEI LQGQDMEQQV VESMSIVQGE ESNDKIPVAL

GLKEKNLY L LHILMSRPKETL 120 QLESVDPKNY PKKKMEKREV FNKLWM%O@'&Q“%@QFPNW
YISTSQAENM PVCAGGTKGG 180 ODITDFTMOF YES

humen IL-1og1e.27 protein were required. This demonstrates that both the human I1L-laty19.07
(D145K) mutein and the mouse IL-1c1s.20 (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.



193 P1085PCOOQTSI -6-- SEQ ID NO:51 IL-| beta Macaca MAEVRELASE MMAYYSGNED
DLIBETVDGRK QMKCSFULD ECTELGGGIQL QISEEHYNEG 60 FRQAVSETVA MEKLRKMLVP
CRQIECDNDL STLIPFIFEE EPVELDTRNN DACVHDARVR 120 SIMCIIRLAQ LKSLVMSGRY

ELKALREQG{Dds M YESM SEVQGEESEDD KIPVALGLKA 180 KNLyLSCVIK DEMPTLQLES
VDPKNYPKKK MFKRFVFENKI FINKEL:BEES AQEJI;NWEIST 240

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 IL-Tai50m

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

35+ 10
(SEQ ID NO:204)
human IL-1et10.0m

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

31+£2

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




SQAENMPVFL GGERGGNIT DFTMQFVSS 269 SEQ ID NO:52 IL-I beta Oryctolagus
MATVDDETSE MMAYESGNEN DIMDMADGPN YMKSCFULD LCCPDEGIQL RISCQRYNKS 60
FRQVLSVVVA LEKLRQKAVP CPQAPMEDGL RTFEFSLIFEE EPVLCNTWDD YSLECDAVRS 120
LECRLDDAQR Kb YINGTEE LKALHLNAEN -121429VVESMS FVQGKESNREIRWALGIERG14 180
NLYLSCVMKD DKPITQLESV DPNRYPIEKKM EKRFVFNKIE IKDKLEFESA OFPNWEISTS 240
QTEYMPVFLG NNSGGQDLID FSMEFVSS ~ ~ 7°~

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(O:213) Exchange fysine at position 17 to alanine

I62A (SEQ IDNO:214) Exchange tyrosing at position 70 to alanine

WI07E (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



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
MSEE700ERgY fkel¥ALGLK 180 GKNLYLSCVM KDGEPTLOLE SVDPKBKE SMEKRIVENK
LEVKSKVEFE SALFPNINYIS 240 TSCAEBKPVFFII__fGEINSGQDII DFTMESVSS

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




269 SEQ ID 670:54 IL-1 beta Rattus MATVPEINCE IAAFDSEEND LFFEADRPQK IKSCEQAIOL
GCPDESIQLQ ISSOHLDES 60 RKAVSLIVAV EKLWOLPMSC DMSFQDFDPS TFFSFIFEEE
PETGESWEDE DELVCDVPIR 120 SLBCRLRDEO QKCLVLSDPC ELKALMLNGQ NISQQVVESM
SFVQGETSRkg kBN ilée- KG 180 LNLYLSCVMK CGTFTLOIDES VDPKQY PN MEKREVENKI
EVKTKVEFES AQFPNWEIST 240 SQAEHRPVEI_?SCiNSNGRDIVD FTMEPVSS

Table 11: Glucose clearance in immunized mice. The area under the curve (AUC) resulting
from the consecutive.glicose 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



268 SEQ ID 670:55 IL-1 beta EQuus  MAAVPDTSDM MTYCSCNEND LETEDDCPWS
MKGSFQPIDDL SEMCNGGIQL ORSBOLYNKT 60 FKBVVSIIVA MEKLKKIPVP CSQAPODDIL
RSLFSVIFEE EPILCDNWED DYVCDAAVBS 120 VNCRERDIER KSLVISGACE LOAVHINGEN
INQQVVECMzphMetabkizi TDK IPVALGLKEK 180 NIMISCGMKD 4114P By BMNd YPKRKM
EKRFVFNKME IKQNVEFESA MYPNWMISIS 24_1_0753_AEKKPVEIG NVRGGRDIJD FIMEITSA
no. 3436: 18.5 % protein, 4.5 % fat, 4.5 % fiber, 6.5 % ash, 54 % carbohydrates) throughout
the experiment. After eight months mice fed the high-fat diet were obese (average body
weight > 45 g) and showed elevated fasting glucose levels (Table 12).
[00260] In order to investigate on the diabetic phenotype of the mice on high fat diet an oral
glucose tolerance test was performed by administering a dose of 2 mg / ¢ body weight of D-
glucose intragastrically and determining blood glucose levels at regular intervals using the
Accu-check blood glucose meter (Roche). Table 13 shows that QB-immunized mice on high
fat diet peaked at 318.5 mg/dl 30 minutes after injection and failed to show a significant
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-RUL-18110.060( 145K high fat diet 51.08£1.23 194.0+ 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




268 SEQ ID 670:56 IL-I beta Fells MAP/1414E1SE MMAYYSDEND LFFEADGPEK MKGSLQNLSB
SFLGDEGIQL QISHQPDNKS 60 ISRBAVSVIVA MEKLMKISFA CSULODEET KSLFCCIFEE
EPIICDTWDD GFVCDAAIQS 120 DYTFRDISQ KSLVLSGSYE LRALMLNGQOQN MNQQVVERMS

FVHGEENS@%%EV%\LR%FKN 180 NLYLSCVMKD GKPILQLEML DPKVYE@%MO@%@E J:NKTE
INSNVEFFS E’g STS 240 QAFEMPVFIG NTKGGQDITD FIMES
— 80 —
Table 13: Blood glucose leveis (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 group o s 3 45 60” 96° 124
QB 185.9 + | 3151 =] 3185 £ 305.5% | 3168 & { 238.4% | 2201 =
high fat diet 6.3 15.5 23.1 24.4 335 21.8 15.3
QB-miL-1B;5926(D145K) 194.0 £ {3186+ [ 2900+ | 2786+ | 2801 + | 2184 £ | 199.4%
high fat diet 4.2 18.3 15.7 12,5 10.4 7.8 7.5

Table 14: Giucose clearance in immunized mice. The area under the curve (AUC) resulting
from the consecutive glucose measurements represented in Table 2 was calculated for each

individual 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




267 SEQ ID 670:57IL-1 beta Sus  MATVPFE1AKE VMANNGDNNN DLIABLADGPK EMKCRIONLD
SPLGDGSIQ LQISHOLCNE 60 SSRPMVSVIV AKEEPMNPSS OVVC,DDDPKS IESSVFEEEP
IVLEKBANGF LCDATINIQSV 120 DCKLQDKDE ALVLAGPHEL KALELLKGDL KREVVECNSF
VQGDDSDEDBI PVTLGIKGKN 180 LYLSCVMKDD TPTLQLEDVD PKSYPKRDNE KREVEYKTEI
KNRVEFEE8AE YPNWEISISS 240 AEQKPVFLGN SKGRQDITDE TMEVLSP

1.  Use of a composition comprising:
(a) avirus-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 first and said at least one second attachment site,

for the manufacture of a medicament for the treatment of diabetes in an animal.
2. The use of claim 1, wherein said diabetes is type II diabetes.
3.  The use of claim 1 or 2, wherein said animal is a human.

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;
(¢) 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.



264 SEQ ID 670:58 IL-I beta Cavia MAAVPELSSE VTAYBSDENE LETEVDGPMK MUCITEDFDL
CSLDEGIKLQ ISHQBENKSF 6C: RQTVSLIVAV EKIMKKLAPC TWAFQDDDIM PLLRFIFEEE
PIVCDTWDEE YESDTPVPSR 120 NCITBDIQBK;RLVLSDRCEL KALELNGDNL NRQVVESMSF
VQGERSDNKM PVKLGIMGKK- 180 LYLSCVMKDG KPVLQLESVD GKQYPKKKME KRFVFENKITS
KSTVETESAQ FPNWYISTSQ 240 AEEKPVFLGN NNGODIIDEK LELVSS

6.  The use of any one of claims 1 to 4, wherein said [L-1 molecule is an 1L-1 beta molecule
comprising an amino acid sequence selected from the group consisting of:
(2) 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.

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,



266 SEQ ID 670:59 IL-l beta Bos MATVPEPINE MNLAYYSDENE LLFEADDPKQ MKSGICELDL
GSMGDGNIQL (EISBQFYNES 60 FROVSVIVA MEKLIENSAYA FEEFEDDDLMS ILSFIFFEEP
VIEETSSDEF LCDAPVQSIK 120 CKLQDREQKS {,VLASPCVLK ALHILSQEMN REVVFCMSITT
OGEERDNKIP VALGIKDKUL 180 YLSOVKKGDT PITQLEEVDP KVYPKRNMEK RFVFYKTEIK
NEVEFESVLY PNWEINTSQI 240 FERPVELGHF RSG1EDITDER METLSE

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 1 to 4 amino acid residues.

11. The use of claim 9, wherein said IL-1 beta mutein consists of a polypeptide, wherein the
amino acid sequence of said polypeptide differs from the amino acid sequence of SEQ ID

NQO:64 in 1.to 4 aminoe acid residues.

12.  The use of 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
NO:140 and SEQ ID NO:205 to SEQ ID NO:209.

13. The use of claim 9, wherein said IL-1 beta mutein consists of a polypeptide, wherein the
amino acid sequence of said polypeptide is selected from SEQ ID NO:131 to SEQ ID
NO:140 and SEQ ID NO:205 to SEQ 1D NO:209.

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



266 SEQ ID 670:60 IL-1 beta Ovis MAIVPEPINE VMAYYSDENE LLFEVDGPK16 MKSCTQIEEDL
GSMGDGNIQL OISBNETYNKS 60 FROVSVIVA MEKLRSRAYE EVERDDDLRS ILSFIFEEEP
VIETISSDEL LCDAAVQSVK 120 CKLQDREQK$4 VLDSPCVLK ALHLPSQEMS FEVVFCMSFV
QGEERDNKIP VALGIRDKNL 180 YLSCVKKGDI IMITQLEKVDP KVYPKRNMEK RFVFYKTEIK
NTVEFESVLY PNWEISTSQL 240 EEKPVFLGRF RGGODITDER METLSP

SEQ ID NO:136; and

(il alinker, 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)

17. The use of any one of claims 1 to 15, wherein 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 1s SEQ ID NO:165 or SEQ
ID NO:136; and
(ii)  alinker, wherein said linker comprises said second attachment site, and wherein said

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.



266 SEQ ID 670:61 IL-1 beta Gallus P1085PC(101PSI MAFVPDIDVI ESSSLSEEFT AGPSCIALQA
XPRLDSEHTI VDVQVIVRKG RGARSFARAAGO VIVITAMIALI RRPRSRDFAD SDISALIFEEV
EEPVTFORIA SSEACARAFR YIRSQSFDIF120 BINQKCFVLE SETQLVALSI QGASSSQAVTI
INIALARARG PAGSAGTGQM AVALAIKGYK180 LAMSCVMSGT EPTIMIDEAD VIAIDIDSVEL
TRFIFYRLDS PIDGITRFAS AAFTGWFICT240 SIQPRQFVCI INORDQVNIA TAKISCR267 SEQ ID

NO:62,1 -1 bgia Capts,GPGEINYREE CHINMHSRINREGIRI QUSH QIGNAS R YSUINALEAL

KKAGROVIQE60 DDIASIRIAT FEEEPTICAT DADNFMSDAA MQSVDCKLQD ISHAYIVISN
SAFIRAIRINGROGHERN A1 SEGWIR MBANRIL-1 alpha 119-271 LSNVKYNFMR IIKYEFILND

ALNOSHRAN, SN AAGIRNIREAYKE DN, GALRAKRRAP RIMU-RESK JQEMV AR lecule

DQPIIITKAMP EIPKTITCSE TNIAFFWEIN GIKNYFTSVAL.20 HPNIFIATKQ DARTGLACGP
PSITDF5AL®NOAESE30S PG Hmebho GwHsting dtan apips PARNARSINCTIRDS GO S1vgroup
SGAYELKALE LOQGQRPREQQV VASMSFVQGF ASNDKIPVAL60 GLKEKNLALS CVIKDDKFAL
QLESVDPKNY FKKAMEKREV ANYIEINNKI EFESAQFPNW120 YISTSOAENM FVFIGGINGG
QPITDFTMGF vBSn83I5EQ M a 11065/ MibHAIRMNG 930 MDPREASSEG SCDDDDKALA

RYTYQSDI ng Khwgﬁap@ng%y\@g@ YRRYBIAALS60 TIWINDLQQA VIIIIDMYAYSS

GGDDSKYAVA LKISDSOLEV SAOGEDQPVL LKELPETPAL120 TIGSETAIIF FMKSINSKNA
ETSAAYPE(SF |ATrREOBRVENIARGH-ASMASQ501843:308061€0 MCG183 SEQ ID 110:66

mlL'Ibeta]'l&D269an 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



110281013880 SGDDEAKALA PIRQLHARAR DEQQKSIRMA DAYELKALHL NGQNINQQVI6O0
FSMSFVQGAP SADKIRVALC ITIGKNIALSC VMKDSITTIQ LESVDPRQYA 111111112142272120
NKIEVKSKVA FASAEFPNWY ISTSQAEHKR VIRDGNASGQD IIAFTMESVS SLEGGGGGCG180
SEQ ID 110:67 hIL-1 alpha 009-020 MIMIKAEFEL ND12 SEQ ID 110:68 hiL-1 alpha 010-015 RIIKAE6
SEQ ID 110:69 hIL-1 alpha 014-023 YEFILNDALN10 SEQ ID 110:70 hIL-1 alpha 019-030

NDALNQSIIR Ah%@%%@ﬁ@ééﬁé%%@g@g&%&ﬁ&T%ﬁLMNLDElO SEQ ID 110:72 hiL-1

alpha 035-046 TAAAIHNIDE AVI2 SE 110:73 hiL-1 alpha 045-054 AVEFDRIGAYK10 SEQ ID
110:74 hiL-{ilprelioBer06Rer K8 B DA KAMDSEFIT $d@Td diltchngpha 955108 gSKDDAKIIV

LRISKTOLY VIAQBERQPY. by SFQIB HOZaN L alohe 4SS TS ERISKTON Y T8 D

110:77 hIL-1 alpha 84 VILRISATQL AVIAQDEDOP VI22 SE 10:78 hiL-1 alpha 069-089
TQLYVTAORE DQPRIIDREMEER), sy 107Oh (BHQIPhN Q2302 P1085PCVOTS1

wherein preferably said linker is covalently bound to the C-terminus of said IL-1 alpha

molecule by way of a peptide bond.

27. The use of any one of claims 1 fo 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
preferably said at least one antigen with at least 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.



-8-- PVILKEMPEI PKTITSSFIN 21 SEQ ID NO:80 hIL-1 alpha 087-100 EMPEIPKTIT GSM' 14 SEQ
ID NO:81 hiL-1 alpha 093-104 KTITGSETNL IF 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 83a

32. The use of any one of the claims 1 to 30, wherein said virus-like particle comprises

recombinant coat proteins of an RNA bacteriophage.

33. The use of any one of the claims 1 to 30, wherein said virus-like particle essentially

consists of recombinant coat proteins of an RNA bacteriophage.

34, The use of any one of the claims 1 to 30, wherein said virus-like particle consists of

recombinant coat proteins of an RNA bacteriophage.

35. The use of any one of the preceding claims, wherein said RNA bacteriophage is selected
from the group consisting of:
{a) Dbacteriophage Qp;
(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.



123-134 LIDIATKQDYW VC 12 SEQ ID NO:85 hiL-1 alpha 124-136 FIATKQDYWV CIA SEQ ID
NO:86 hiIL-1 alpha 125-142 IETKQDYWVC LAGGPEST SEQ ID NO:87 hlL-1 alpha 129-133
KQDIKI SEQ ID NO:88 hIL-1 alpha 147-153 QIIESQA

84
39. The use of claim 38, wherein said at least one covalent bond is a non-peptide bond.

40. The use of any one of the preceding claims, wherein said first attachment site comprises,

or preferably is, an amino group, preferably an amino group of a lysine.

41. The use of any one of the preceding claims, wherein said second attachment site

comprises, or preferably is, a sulfhydryl group, preferably a sulthydryl group of a cysteine.

42. The use of any one of the preceding claims, wherein said first attachment is an amino

group and wherein said second attachment site is a sulthydryl group.

43. The use of any of the preceding claims, wherein said first attachment is an amino group of

a lysine, and said second attachment site is a sulthydryl group of a cysteine.

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,



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 bet§49127-038 KAINIQGQDM FQ SEQ ID 240:94 hiL-1
beta 027-040

essentially consists of, or alternatively consists of, recombinant coat proteins, mutants or
fragments thereof, of an RNA bacteriophage, and wherein said at least one antigen is fused
to the N- or the C- terminus of said recombinant coat proteins, mutants or fragments

thereof.

47. The use of claim 46, wherein said RNA bacteriophage is selected from the group
consisting of:

{a) bacteriophage AP205;



KALHLOGODM FQQV 14 SEQ ID 240:95 hiL-1 beta 039-048 QVVIKSMSFVQ 10 SEQ ID 240:96
hiL-1 beta 046-056 SINEGEESNDK I SEQ ID 240:97 hiL-1 beta 049-080 GFESSDKIPV
AIGLKEKNLY ISCVIKEALKP TL 32 SEQ ID 240:98 hiL-1 beta 058-070 VALGIKEKNI ELS SEQ ID
240:99 hiIL-1 beta 058-080 VALGIKEKNI YISCVLEDDK DTI

48.

49.

50.

51.

52.

53.

54.

(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



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 Q§f8-099 KNYPKKXMEK RE SEQ ID NO:104 hIL-1
beta 092-101 KKKMEKRFVF SEQ ID NO:105 hiIL-1 beta 092-109 KIIKMEKTIFVF lan:LEEK SEQ ID
NO:106 hiL-1 beta 120-133 WYISISOAEN MPVF SEQ ID 140:107 hIL-1 beta 121-135 YORMOAFER

PVIAAG SEQ\ID 160308 Al 881 LaertdB P AR RRNNE 8RIA08R89%R 42 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.



SEQ ID 140:109 hiL-1 beta 126-131 OAENMP SEQ ID 140:110 hiIL-1 beta 147-152 IMQFVES7 SEQ
ID 140:111"HH"P4EYa 001-012 VPIROLEYRI, RD12 SEQ ID 140:112 miL-1 beta 027-040
KALKINGONI 14640814 SEQ ID 140:113 miL- TBéta 121-135 FISTSOAEAKif SEQ ID 140:114 riL-1
beta 066-085 NLYEACVMKD GIETLOLFSYVZOSEQID40:115 riL-1 beta 078-097 PITOLESVDE
YOYEKKKMBE{EZIQJSLE@JD 140:116 rIL-1 beta 122-143 ISTSCAEHIIP 881014320140 1V22 SEQ ID
140:117 APS9 aataua ecaat gat@a@aswga@agmaﬁataaaattg%gtggtcggat60 ccaactagtt
tatcaactaa afléi.0 acgtot; 120 atagc

0700748 i&qﬁ%@“ﬁd&a&g adgitagtiof siagccoaac fgaataatgt tcaggtcaa
tatgtatctg tttetaagceg tcatgcacct180 aaaccggaag gttgtgcaga tgcctgtgtc attstgccga atgaaaacca
atccattcgcz40 qgatg;g@tgggarglggltgagc cgaaaacttg gctaccttaa aagcagaatg ggaaactcac300 aaacgtaacg
ttgacacact ottecgegage ggea mgmgamtsw'amg&ggcta tcgtatcgtc tgatactact gattagggat

coggataatg??%?@%ﬁaﬁﬁ?@@ﬁéﬁm 140,118 AES92 Afg(cdaataagecadtgea accgatcaca ictacagcaa

ataaaattagtgtgeteggat60 ccaactcgtt tatcaactac attttcagca agtctgttac geccaacgtgt taaagttggt120
atagccgaagtgaataatgt ticaggtcaa tatgtatctg tttataagcg tcctgcacct180 aaaccggaag gttgtgcaga

tgcatgtgtc attatgocga atgaaaaccaaiccattoge2A4f: veaexrvtv svsopsruRk 60
WYRVOVEION BFTACTANGSC DPSVTRQAYA OVTFSETRYS TLDEDRAFVRT BLARL 1 120
LIDAIDQLNE AY 132
SEQ ID WO:4 Qbeta Al
MAALETVTLG NIGKDGKOTL VINPRGVNPT NOVASLIOAC RVEPALEKRVT V3IVIGPIRNR 60
ENYKVOVEIQ NPTACTANGS CDPSVIRQAY ADVIFSIT(Y STDEERATVE TELAALLASP 120
LLADALDQLN PAYWTLLIAG GGBGSKPLPY IPBRPPIDPEF GTGRYTUPFR IN}LFEVYFP 1&¢
PTRNRPWEIY NAVELOPREF DVAIKDILON TXWRDWDSRL SYTITRGORG DATY 24C
LATDQAMRDG XYDIREGKEP GAFGNIERFTI YIKSTNAYCS LEDIAAYHAD LVIVC.Tp“D 3380
SSCCGAIPFDY TKIDKTKCPT QAVIVVPRA 329
SEQ ID WO:5 R17
RSNFTQIVLV NDGGTGNVIV APSNFANGVA EWISSNSRIQ AYKVTCSVRO SSAQNREYTI 60
EVEVPEVATQ TVGGVELPVA AWRSYINMEL TIPIFATNSD CELIVEAMOG LLEDGNPIES 120
RIARNSGIY 129
SEQ ID NO:& fr
MASNFEZFVL VINGGTGDVE VAPSNFANGYV ABWISSNSRS QAYEVTCSVR OSSANNRKYT &0
VEVEVPEVAT QVOQGGVELPY AAWRSYMNME LTIPVFPATND DCRLIVEALY GIFKTGHNPRPIA 120
TATAANSGTY 130
SEQ ID NO:7 GA
MATLR3IFVLY DNGGTGNVTV VPVSNANGVA EWLINNSRS() AYEVTASYRA SCGADKREKYAI 60
KLEVPEIVIQ VVNGVELPGE AWKAYASIDL TIPIFAATDD VIVISKSLAG LPEVGKPIAE 120
AISSOSGTYA 136
SEQ ID NO:8 5P
MAKLNQVTLS KIGENGDQTL TLTPRCVNET WGVASLESEAS AVPALDKRVI VIVAQPSRNR 60
ENTEVQIKLO NPTACTRDAC DRPSVIRSAFA DVTLIETSYS TDEERALIRY ELARLLADEL 120
IVOATDNLNE AY 132
SEQ ID WO:9 Sp Al
AKLNQVTLSK IGENGDQRTLT LTPRGVNPTN GVASLSEAGA VPALEERVIV SVAQFSENRK a0
NEEVOIKLON PTACTRDACD PESVIRZARALD VILBITSYST DERRALIRTE LAALLADPLT 129
VRAIDNLNPA YWARLIVAZE GOGONFSDED VPVVEDVEFPE DGTGRYKCPF ACYRLGEIVE 18¢
VGEEGSPOLY ERGDEVIVTE DYATLEDFLGN TNWRNWDORL SDYDIANRRR CRGNGYIDLD 2490
ATAMQSDDFYV LESGRYGVREV KFPGAFPGSIK YLLNIO W LDLISEVTAYR SYGMVIGEWT 300
DEKSPOLPTD FTOINSANCE VOQTVIIIPS 329
SEQ ID NO:10 MSZ
MASNETQEVL VDNGGTGDVT VAPSNFANGY AZWISSNSRS DAYKVTCSVE QSIAQNRKYT 60
LEVEVPEVAT QTVGGVLLEPY AAWRSYLNME LTTIPIFATNS DURLIVHAMO GLLEDGNPIP 120
SAETARNSGTY 130

SEQ ID WO:11 M1:

MARLOAITLS GIGKKGDVIL DLNPRGVNPT NGVAALEZEAG AVPALEKRVT ISVSQPSRNR 6
KNYEVQVKIQ NPTSCTASGT CDPSVTRSAY SDVTFSTTOY STVEERALVRE THELOALLADE 120
MLVNATDWLN PAY 33

SEQ ID NO:12 MX1

MAXLQAITLE GIGENGDVIL NINPRGVNPT NGVAALIZEAG AVPALERRVT ISVSQP3RNR 60
ENYRVOVELD WEBTSCTAZGT CDPIVTR3AY ADVIFSETHY STOERRALVR TELRALLADE 120
MLIDAIDNLN PAY 133



acagtgattt cagggtcagc cgaaaacttg gctaccttaa aagcagaatg ggaaactcac300 aaacgtaacg ttgacacact
cttcgcgagchygferae §etg gtttgggttt ccttgaccct360 actgcggcta tcgtatcgte tgatactact gettgaggat ccggataatg
catctaagct420 421 P11185PC00 /1181 -10- SEQ2ID NO:120 pINC-36 gtaagcttag atgcattatc
cggatccctaagcaytégte’ i€adracgata cgs2 SEQ ID NO:121 pINC-40 gtaagottag atgcattatc cggatcotca
oniaaa B sas SE O N 125 BING 34 016 bbdale ttingeccei tacac SEQ 1D NO'123
PINC-35 graghotat qeetalyst atclyganat ceataes BB 1B 024 HIL-Lptatatgata toccigtacg
atcactgaac@@@eg@&&&éﬂm NOE25 HiL - atatatecieg-agggaagaca caaattgeat ggtgaag37 SEQ ID
160:126 42-Ttatggatatc"gaatiCaage tictgc goo_ gctogagtaa ttgattac45 SEQID 160:127 42-2
ctaggtaate apitastega gcagctgcatcgatatccaSO SEQ ID 160:128 425-1 tcgagcacca ccaccaccac
cacggtggto;@g%{gg;g%&g%ﬁ Ja«ttaat;{&g% SEQ&B;EL@@K&\?@%Q??@H@gtaﬂa atcaattatt attagcaacc
accgtggtgo-tggtgatggt go% SEGID NO:130 hit-1"beta 116-269 MDIPIIRSIENG fIEDSQQKSL
VMSGPYE %m%@%S%EQ ISSIVESMSFWE GEESNDKIPV60 ALGLKEKNLY LSCVIKDDKP

SIS N B Rt - :

TLCINSV KREMENKIENNKEEFESAQFR120u: 1. 60
DQADVVDCST SVCGELPKVR YTQVWSHDVY IVANSTEASR KSLYDLTKSL VATSQVEDLY 120
VNLVPLGR 128

SEQ ID NO:16 Qbeta-Z40

ARLETVTLGN TGRODCROTLY LWPRCVNPTIW GVASIL3QAGA VIRALEKRVTV SVSQPSRNRK &0
NYRVOVKION PTACTANGSC DPSVITROEYA DVIFIFINYS TDEERAFVRT ELAALLASPL 124
LIDAIDQINE AY 132

SEQ ID NO:17 Qbeta-243

AKLETVTLGE IGKDGKOTLYV LNPRGVNPTN GVASLSQACGRE VPALEKRVIV SVSDPIRNRK 60
NYRVOVEION PTACTANGSC DPSVTROEYA DVTFSFTOYS TDEERAFVRT ELAALLASPL 120
LIDAIDOLNE AY 132

SEQ ID NO:1§ Qbeta-250

ARLETVTILON ICRDCKOTLV LNPRCVNPTN CVASLSQACA VEALERREVIV SVSQPSRNREK 60
NYEVOQVELON PTACTANGSC DPSVIRQKYA DVIFSETOYS TPREERAFVRT ELAATIASPL 120
LIDAIDOLNP AY 132

SEQ ID NO:19 Cbeta-251

ARLETVTLGN ICGRDCGKOTLV LNPRCGVNPIN GVASLSQAGA VPALEKAVITV SVSQPSRNRK ¢
WYRVOVEION PTACTANGSC DEIVIRQEYA DVIFIETQYS TDERRAFVRT ELAATLASPL 1726
LIDAIDQLNP AY 132

SEQ ID NO:20 Qbeta-259

ARLETVTLGN TGKDGROTLYV LNPRGVNPTN GVADLSQAGA VPALRXRVIV SVSQOPSRNRK &0
NYRVOVEIQN PTACTANGSC DPSVTROEYA DVTEIFTOYS TDEERAFVRT ELARLLASPL 120
LIDALDOLNE AY 132

SEQ ID NO:21 RP205

MANEPMOPIT STANKIVWSD PTRLSTTISA SLLEQRVEVG IARLNNVIZD YVSVYKRPAD 60
K2ZGCADACY TMPNENCGSTR TVISGIAENI, ATLKAZWERTE XRNVIDTLFAS GRAGLGFLDE 120
TAATYRIDTT A 131

SEQ ID NQO:22 AP20E PLT

MANKTMOETT STANKIVWID PTRLEITTF3A SLLRORVEVE IARILNNVIGSQ YVIVYKRPAP 60
KRPRGCCADACY IMPNENDRSIR IVISGSAERNL ATLKAEWETN KRENVDTLFAS GNASLGFLDP 120
TRAIVIIBTIT A 131

SEQ ID NO:23 APZ05 NI4D

MARNKPMOQPIT STADRIVWSD PTRLATTIESA ZLLRGEVEVG IARLMNNVIGEQ YVIVYKRPAP 60
KEPEGCADACY IMPNENQSTR TVISGSAENY ATLKAEWETH KRNVDILTAS GNAGLGFLDE 126
TAATVEEDTT A 131

SEQ ID NO:24 ILialphal
atataltgetes gooocitaca cctaccagag tgatttng 37

SEQ ID MNO:25 ILlalphaZ
atatatctey agtgatatcol ggasgtctgt catagag 37

SEQ ID NO:26 ILbetal

atatatygelts geoccocatts gacagoigca clacagy 37

SEQ ID N0:27 ILbstaZ
atatatctcg agguaadaca cagattccat ggtgaag 37



NNYISISSAE NMPVETGGIK GGSDIIDEIM QEVSSLEHHE SIIDGGG1.66 SEQ ID 160:131 hiL-1 beta
116-269(RABAIBIBYDSPNC TLPDSQQRSE VNSGP4PELKA LIELQGQDNEQ IIVVYSMSRVO
GKESNDKIPV60 ALGLKEKNLY ISCVLKDDKP I.Q1,ESVDPK NPKKKMPKR FETE KIEINN
K1EFESAGQRPI2ONWEIS FSCAENMPVERGEI GGSDITDEIM COEVSS155 SEQ ID 160:132 hit-1
beta 116-269{L6A) MDIPVRSANC TILEDSSOKSL VMSGPYELKA 180000034E0 0234E8518E34I1
CEESNDKIRV50 KL GLKEKNLY 1SCV3KO0KP LLINEDISVDPK NYPKKKMEKR FVFNKIEINN
61E8E83400TT20 NIWEISTSOAE NMBVELCIGT X GEUITOPEM: 01735155 SEQ ID 160:133 hiL-1
beta 116-269(T9G) MDIPVRS-ENGGLRDSOOKSL YMSGPTELKA OEP2000E14E0 QV7E31451562
GEESNDKIEVEE ALGIATENNLEY. IEGUIKEDIKE E005E8/H0B34 NY TKKKMEKR FVFNKIEINN
KLEFESAQFP126"NVIVISTSOAE NMPVFIGEEKGGODI IDFEVFSEVSSE5 SEQ ID 160:134 hiL-1
beta 116-268{8110) MDIEVRSIING TG SEMMSGPYELKA LPAIONTOMFQ QVVESMSFINC
GEESNDKIPY80ALGLKERNLYISOVIKDDKP 21008370014 NYEKKKMEKR FVFNKIEINN
KLEFESAQFR120:NNVISTSQARNMPYITOGGET: GGQDITDEEM QFVSS1.55 SEQ ID 160:135 hiL-1
beta 116-263{D54R) MOIBYPESENE TIRDSNKSI VMSGPSELKALOLOTENMEQ QVVESMSEVQ
GEESNRKIPVEQ ALGIKEKNL Y- 1SCVIKDDYPILQLESVDPK NYPEIKKMEKR FVFNKIEINN
KLEFESAQRBIZ0NWESTSGAE NMPVEIGGITI CGOBI TDRIM-SEVSST55 SEQ ID 160:136 hiL-1
beta 116-269(D 145K} MDIPYRSENG ELRDSOOKSIEVMSCPSELKA LOLGGQDMEQ QVIIFSMSEVQ

el A elsTolalorWe cgococCLt Tgacgy GLCCACGLLY

GEESN DI@RMB@AL@K@&J&I LYad-EGVI CRAIINEESYDBKNYPKKKMEKK FVFNKIEINN

s

KIEFFSAQEPI20 NWEISTSORE NMEITELCIGTK BOIQDILKETM QINNIS155 SEQ 1D 50:137 hiL-1

(ex=gll

beta 116-269¢

PEESO;5L) MDIRVRLEIENG: HARD SQOKSE YMEGRYELKA081000034E0

QVVESMSEVQ GSKBKIPVALBO BLKEKRLE VLS CVLKDOKHIL BI4ESVDRKNY PKKKMDKREV

FNXIEINNKL:EFFS AQFPNW 1202 P1e85PCOO/PSFIcecsa atgat tace 1500
rocgaactigga, toheracage ggtaagatcc tigagagiilt togooocgaa gaacygtitic 1560
caatgatgag cacttttaaa gitotgetat gtggegoogt attatccocogt attgacgocy 1620
ggcaagagoa acteggtoge cgoatacact attctoagae Lgacliggit gagtactcac 1680
cagtcacaga aaagcatctil acggatgges tgacagtasag ageattatge agigetgoca 1740
raaccatgag tgataacach goggocazct tactictgesc sacgaicgga ggaccgaagg 1800
agctaaccogo thtittgeac aacatggugg atcatghaac togoctigat cgtigggaac 1860
cggagotgaa Lgsagecata cozaacgacy ageglgacac cacgatgoot goagoaatygy 1520
caacaasgtt gogcaaacta T gog aactacttec Letageotteco cggoaacaatl 1989
taatagacty gatggaggoyg gataaagutg caggaccachl tolgegelcyg goooitoogyg 2040
ctggotggtt tattgetgat asatciggag cocggtgagoyg tgggtotego ggtatcatid 2100
cagoactggg gecagatggt aagooctocc gtatogtaght tatctacacg acggggagtc 2160
aggoractat ggetgsacga aatagacada Logotgagat aggtgoctcos ctgattaageo 2220
attggtaact gicagacoaa ghitactcat atatactita gatigatita aaacttcatt 22580
tttaatttas azggatctag ghigzagatco ttirtgataa tchcatgaco azaatcooett 2340
aacghgagit ficgttocac Lgagogicad a azmagaicaan ggatetiont 2400
gagatootit Tt tgoge graatobget gettgcaasc aamaaaacca cogotacoag 2460
cggtgghitg titgecggat cesagageotac caactetttt tcocgaaggta actggettca 2520
goagagogea gatacczaal actgteoctic tagtgtagce gtagtitzgge faccacttca 2580
égaaCECtgt agoacocgoct acatacotog ctotgotast cobgtiacca glggetgoeig 2640
ccagtggege taagtogtgt cttaccgggt tggacicaag ac agita ccggataagy 2700
cgcagogyte gggotgascy ggogyttogh goacacagoo cagoittggag cgaacgacct 2740
agacegaact gagataccoha o tatgagaaag cgocacgoebt cococgaaggga 2820

a ggaloggasc dggayagcyge acgagggage 2880

5 grtcotgtogg gtilcogocac chetgactty 2340

toglcaggey googgagoct atggaanaac gocagraacy 3000

acagy 3 gootittge:s ggeoottitge tcacatguio tttooctgegt 3060

tatcooctgs ttotghggat tta cogoottlge ghgagolgat acogoetogoo 3120
goagcogaac gascgagcge agodagicag tgagogaggs agoggaagag cgootgatgo 31440
ggtattitet cottacgoat cigigoggta hihtoacacog catatalggt goactcltoag 3240
tacaatctgs totgatgeogy catagtisag ccaghtataca cteegotate gotacgtgac 3300
tgggteatgg ctgogoooy acaccocgoca acacccgotg acgegeoetg acgggettgt 3368
ctgoicoogg catcogotta cagacaagot ghtgaccgtol cogggagetg catgtgtoagy 34240
aggttticac cgtcatcacc gasacgogey adggcagotge ggtadagotc avtcagegted 3480
teogtgragoyg attcacs ctgooctgt teatcegogt ccagetegtt gagittotes 3540
agaageghta atgletgget tgataaag cgggocalgt taagggegyt titticoigt 3600
ttggteactg atgooctccat ghaaggugga tttelgttcs tgggggtaal gataccgatg 366l
azacgagage ggatgoebcac gatacgggtt actgatgatyg aacatgeocog gilactggas 3720
cgttgtoagy gtaaacaact ggcggtatgg atgcggcyggy accagagaas satcactlag 3780
ggtcaatgee agegettogt taatacagat gtaggtgtte cacagggiag ccagcagest 3840
cetgegatge agatooggaa cataatggtg cagggogoty actioogegt ttocagacti 3800
cacgasacac ggasscogas gaccattost gtogtigotc aggtcogcaga cgttiigoad 3960
cagragtoge ttoacgitcg ctogegtate gghtgatteoat ftolgotaace agiaaggoas &0 20
coccgocage ctageogggt cocicaacgac aggagcacga toaltgogoac CCogrggggec 4080
gocatgeogg ogetaatygge ctgotteoteg cogazacgtt Lggiggeggg acoagigacy 4114
aaggctigag cgaggucotg caagattocg aataccogcaa gogacaggoc gatcatogio 4200



YISTSQUNM PVFIGGTKGG WITDFINENT VSS153 SEQ ID 110:138 hiL-1 beta
116-269(DEHFSEH) MDIPVRSINC TLRDSQQKSL VMSGPYFLKA LELQO005IE0 OVVESMSFVQ
GEEKIPVALG60 LKEKNLYLSC VLKDDKPILQT_ SVDPKNYP KKKMEKRFVF NKIEINNKLE

FESAQFPIYYY120 ISTSCAENMPYELGTA
116- 269(K6&&%§%&E§M@¢w§3h§@c¢ -.

AL
agLoat

[Slajeinls eistezsnlstes ol

FIMCEYSS152

“SEQ ID 110:139 hiL-1 beta

QOKSEMMSGRYELIKA LFILQGQDMEO OVVESMSFVQ

GEESNDKIBVGEOALGLSESNLY TSEVLKDOKE TIQEESYDESE NYPKKKMEKR FVFNKIEINN

KLEFESAGFPI20-=NWEISTS

beta 116-269{0126ATEL28A)

QVATSM S‘FVFQFEGEE%WE

c goceatotaa

FVENKIEINN:KEEFESAQER

tttccagtat ctgaaag

110:144 RADIZHAHEE

tacgatcagc:ta
g‘ﬁ% ED,L@;;L

agggatatcﬁ
T9G-2 ctgt@@@é@?@?@gm?

ggcatactct gog

‘NMPYFEGET K CCOBITDRIM-O

FVSS165 SEQ ID 110:140 hiL-1

%%EEEEQ@EE*”“EQ%@K%%EDYEM IHNIQGQDMEQ

Caac Cad

NWEISTSAAA RIMDVELGEIK 66

1011

Sleplor:tel

f cracadddar alecatagZ9 SEQ

B@TSE <HD-1:30: ﬂ.ﬁ@%@@ﬁa—@z%@t@

ayuh upt“ Cg o

9G-1 gtacgaicad ‘igzaaeté
W@?@égtgjﬁqgﬁaww

ged asgdt aagagacace

SEQ ID NO:30 primerMCS~1F

<

tatggatoecy gotagcgot

gagggttiaa acgg cat

SEQ ID NO:31 primerMCS-IR

tegaatgogy cogocgttta

aacoctogad cgotagoeds atooa

SEQ ID NC:32 Bamhisé-EXK-Nhe-F

gatccacacss aCCactacca

ccacggttct ggtgacgacyg atgacaaags

gotageoe

SEQ ID NO:33 Bamhis&-ER-Nhe-R

togagggeta gegeortigto

atcgtcgtea ccagaacogt gotggtggte gbagiyhtg

SEQ ID NO:34 oligolF-C-glycine-linker

togagggtgy tggtggtagt

tgcgotieat aagtttameac gco

SEQ ID NG:35 oligolR-C-glycine-linker

gguogogttt agacttatia

SEQ ID NO:30 HIL-1
MBXVPDMFED LENCYSENEE
KTSELTFRES MVVVATNGKY
NVKYNEMRII KYEFILNDAL
TVIIRISKTQ LYVTAQDEDD
FLFIATKODY WVCLAGGPES

BCCgCantca Ccaclhacoac o

alpha
DSSSIDHLEL
LRERRLSLSG
NOSIIRANDG YLTAABLHNL
PVLLKEMPET PRTITGSETH
ITDFCTILENG A

HORSFYEVSY GPLE
SITDODIEAT

SVSLETSRTS
B OPRSSPFSILE
YRSSEDDAKT

KNYTTSVARD

DE AVKEW“CA
LLFFWETHCET

SEQ ID NO:37 IL-1 alpha Macaca

MAKVPDMFED LEKNCYSENEE
KTSKLTEFRQ3 MVVVITNGEV
NMIYHFIRII KHEFILNDTL
PYVILRISKTY LYVSAQDEDD
NLFIATKEDN WVCLAKGLPS

DSSSIBHLEL WORZFYDVIY
LEXRRLSLSQ SITDNNLEAI
NOTIIRANDG HLTAAATHNL
PVLLKEMPEI NRTITGSETN
ITDFQILENG A

GPLEEGCMDO
ANDSEREIIE
DEAVEFIMGA
FLEFWETHGT

SVSLSISEIS
PHISAPISFLE
YTSSKDDTREY
KNYPISVAHP

SEQ ID NO:38 IL-1 alpha Equus

MAKVPDLFED LENCYSENED
KISKLNFTHES VVILVAANGKT
NIRYNFMRIV WIQCTLWNDAL
PVTLRISKIR LFVSAQNEDE
LFIATEQGRL VHMARGLQPII

YSSETDHLGL
LEKRRLSLNG
NOEVIRDIAG
PYLLEEMPDT
TOEQILLDNGE

TORSEYDASY
FITNDDLEAZ
QYLATHAT NN
PETIKDETWL

DPLFRLCMDT
ANDPEEGTIIR
LDDAVEFDMG
LYFWRRHGSK

FMELSTEETDS
PREVHYNEQS
AYTSEEDSQL
NYFKSVAEPK

SEQ ID NO:39 IL-I alpha Ovis

MARVPDLYED LKNCYSENED
KISRLBFKEN VVMMTANGKI
NVEYNFMRVI HQECILNDAL
PVTLRISKTQ LEVSAQNEDE
LFIATKQEKL VEMASGEPPSI

YSSEIDHLSL NQESEFYDASY
LEKRRELSLINC FPITDDDLEAT
NGSTIRDMIG PYLTARTLNN L:
PVLLKEMPET PKIIKDETNL uffWLKn(qM
TLEQILEX

FPLREDEMINK

FMILDTIRTS
PRSAHYSEQS
BYVSEREDSQL
DY FEIVARPE

SEQ ID N0G:40 IL-1 alpha Felis

MAEVPDLEED LENCYSENEE

YTSSEIDHLTL NQASFYDASY DPLEEDCTDE FMSPSTIETS

1D 110149 Ril

P%?%”MGE%EWW%%%KB@K@C?IQLESVDP14 NYINUFKMEKR
1
1101141 HIES ATERICATA eI GAGEAR ToGApiAtaT AaIfRY SEQ)

-5 E@&D&i@&d@fﬁ%&é’&q@@i

Lcaagkit?tqa

QDITDEIM QFVSS155 SEQ ID
0:142 FL-4 atatatctcg agcgcectggt

gaatzaat@@@tgcta@amcactga;a@ tgcacqctc SEQ ID

ID 110145 L6A-1 gatatccetg

ggagc gtgcagttag ctgatcgtac
¢gggac tcmach? SEQ ID 110:148

Cid

5473

43

42
42

60
i20
180
240
271

60
120
186
240
271

60
120
180
240
270

60
120
180
240
268



gaactgcacg ctoggggact cacagc26 SEQ ID 110:150 R11G-2 gctgtgagtc cccgagcegtg cagttc26 SEQ ID
110:151 DE#EFFR4RGgagaag aaggtaatcy caaaatacct gtggecttg39 SEQ ID 110:152 D54R-2
aaggccaca ggtattttgc gattactttc ttc000 SEQ ID 110:153 EE-1 catgtccttt gtacaaggag gtaatgacaa
aatacctgtg4f S 100,184,552 cacagdtatt frgicatiag, teEordt daaggatatg4.0 SEQ ID 110:155
SND-1 ctttg tana& &\aaata@ctgrggcngg@?é@é@ 4181356 SND+<2 caaggccaca ggtatttttt
cttcteettg tacaa %6 D116 157K63655-1 gtggcecttgg gectcagega adgéaatetg tacctgtect g41
P1085PC0&QDSJINQ2-ISEQ IELNGE: 358 K63658-2 caggacaggt acagattgct ttcgctgagg cccaaggcca c4]

SEQ ID NQ:139.QF-1.tacatcant. decteldcag tAgradaral gitegiifiedo SEQ ID NO:160 QE-2

gaagacggg@m@mgctgﬁctggagaggt’gmg MCA&SE@JiE}wN@v%iD®145K lagoggccagga tataactaaa
ttcaccatgc aattigigtc4l,.SEQID NG 162 D145K=2 ‘§acacaaatt jtatgotgaa tidgttata tcctggccgcQO

SEQ ID NO:42 IL-1 alpha Sus

MARVEDLFED LENCYSENEE YSSDIDELSL NQRSFYDASY EPLPGLDGMDE FMPLSTSXTS 60
KTSRLNFKDS VVMAAANGEI LKKRRLSLNG FITDDDLEAI ANDTEEEIIK PRSATYSFQS 126
NMEYNFMRVI NHEQCILNDAR NQSIJIRDPSC CYLMAAVINK LDEAVEFDMA AYTSNDDSGL 180
PYTLRISETR LFVSAQNEDE PVLLXELPET PRKUIKDETSL LFFWEKHGNM DYFESAAHZPK 240
LFTATROEKL WHAMAPGLFSY TDFQIZENQS 276

SEQ ID W0:43 IL-1 alpha Orvctolagus

MAKVRPDLEFED LEKNCEFSENEE YSSATDHLSL NOKSEYDASY ERPLHEEDCMNK VVSLSTIERTS &0
VEPNLTFOEN VVAVTASCKI LKKRRLSLN( FITDVDLETK VSDPEEGITYE PRSVEYTFQR 124
NMRYKYLARII KQEPTLWDAL NQSLVRDTSD OYLRAAPLON LGDAVEFDME VYMIZKEDSI 1840
LPVTLRISQT PLEVSAONED EFPVLLKEMPE TPRIITLSES DILFFRETQC NKNYFKSAAN 240
POLFIATKPE HLVEMARGLP SMEDFCQLIS 268

SEQ ID NO:44 IL-1 alpha Canis

MAKVPOLFED LENCYSENEE YSSEIDHLSL VQKS“Y“VS“ DRPLHEDCMSL, STIERISKISQ 55
LTTKENVVVY BANGEILKKR RLSLSCFITD DDLEGIANDT EBRVIMKPRSY AYNFHNWEKY 124
NYTRYTTHSOF TTNTNT.NQST WROTGENYTM ThhTQNTDﬁA VEFNMGEAYTS FNSKTPVTTR T80
TSKTRLEVEA CNEDEPVLLK EMPETPETIR DETNTLFFWE RHG3SKEYFKS VAQPKULETAT 240
DERKLVHMAR GQEPIITDFRL LETQP 265

SEQ ID NO:43% IL-1 alpha Mus

MAKVPDLERED LENCYSENED YSSAIDHLI:L NQX3FYDRASY G3LHETCTDD FVILRISETS 60
KMBNFTFKES RVIVSATSEN GRILAKRELS FBETFTRDDL Q3ITHDLEET IQBRSAPYTY 120
u%JLPVKLMK LVROKFVMND SINQTIYQDV DEHYLSTTWL NDLQQEVEED MYAYSIGGLD 180

TLKIS DEQLFVSAQG EDQPVLLERL PRTPKLITGS ETDLIFFWKS INSENYFISA 240
LEIATE EQSRVHLARG LPSMIDFQIS 270

SEC ID NO:46 IL-1 alpha Rattus

MARKVEDLFRD LENCYSENRL YSSAIDHLSL NOESPYDRASY GSLEHENCTDK FPVSLRTSETS &0
KMSTETFRES RYVVSATSENE GKILEEKRRLE FNGP IOPRSAPHEE 120
ONNLRYKLIR IVKQEFIMND SLNQNEYVDN DRIHL(AAST Nzug]“VKFD MYAYSSGGEDD 189
SKYPVTLKVS NTOLFVSAQG EDKPVLLEET PETPKLITGS RTDLIFFWEE INSKNYFTSA 240
AFPELLIATH BOSOVHLARG LPSMIDFQIS ) 270
SEQ ID NO:47 IL-1 alpha Gorilla

KNCYSENEED SSSIDHLSLN QKSFYSVTYG PLERGCMDDS VSLSISETSE TSKLTFKESM 60
VVVATNGEVL KKRRLSLOQS TTLRDDLEAIZ NDSEELTIKP R3APEFSFLSN VKYNFMRITEK 120
NEFILNDALN QSIIRANDOY LTAAATENLD EA 152
S5EQ ID NO:48 hIL~1 alpha Cavia

FREDLENCYSE KuDYASATIDH LSLHNQKSEFYD TWNYDELHENR VOEPVYSENPY ENSERSNTTI 8
EDSSDSSAVV LTSAEGEVLE KRRLSLNOTM SKEDLEATAN DSEERIIEPW SVPYSFOSNL 120
KFKYORSIKK GAVITDAME(Q SLIRESNGQE LXAMHVVDRK HEVKFDIDGY VSTATRIRDY LAG
TLKISKTQLY VCAQERGRPV LLKE 204
SEQ ID NG:49 hiIL-1 beta

MARVPELASE MMAYYSGNED DLFFEADGPK OMRCSFODLD LOPLDGSIGL RISDEHYSRG &0
FROABRSVVVE MDKLREMLVE CPQTFQRENDY STFFPTIFEE RRIFFDIWDN EAYVEDADVR 120
SILMNCTLRDSG OKSLVMSGRY ELKALBLQGE DMEQOVVESM SIVQGEESKD KIPVALGLEE 180
KNLYL3CVLX DDEPTLOLES VDPENYPKKX MEKRFVFNKI EINNKLEFES AQFPNWYIST 240
SQOARENMPVEL GGTKGGEDIT DFTMOFVSS 269
SEQ ID NO:50 IL-1 beta Pan

MIWECPQIFQ BNDLITERPE YPREEEPIFFD TWENEAYVHD APVRASINCTL RDSQOKASLVM 60
SGPYELKALH LQGQDMEQCV VESMSFVOGE ESNDEIPVAL GLERKNLYLS COVLKDDKETL 120
QLESVDPENY PEKEMEKRFV FNEIBINNEDL EFESAQFPNW YISTSQAENM PVELGGTKGS 180

ODITDFTMOE V5SS 183



SEQ ID NO:163 miL-1 alpha 117-270 without tag PYTYQSDLRY FILUCLVROJEF VMNDSLNQTI
YQINDKAYHSTEITENDLQGE VKFDMYAYSS60 MGDFSKYPVT IKISDSQLEV SAIIGEDQPVL
LKELPETEKL IIGNETDLIF FWKSINSKNY120 F¥SAAYPELF IATKEQSRVE LARGLPSMID FQIS154
SEQ ID NOEeZ LT bl 119269 without tag PIRTERYRIER DEQQKSLVLS DPKELKALEL
NGQN|NQ@ME&WE‘E&Z@GEB@SMMlEvffiﬁé:gozmékhﬁﬁé&i /MKDGIHTLO LESVDPKQYP
KKKNEKREVE NKTEVKSKYE C S AR EENWY 120 ISTSQAEHKE.VEIGNNSGQD ITDFTMESVS

S19611 SEQHD-NO:165:hil-+1 beta:16-269 without tag MDIPVRSLNC ILTINSQQKSL

VMSGPICEL LKA | IELOGNMEQ QVVESMSEVQ GEESNDKIPV60 ALGLKEKNLY LSCVLKDDKP
ILOLESVD%Rﬁ%ﬁE&I%&ENﬁ ANKLEFESAQFR120NWEISTSQAE NMFVFLGEFEK
GSQDITTETM QFY 35133 R EQIDNO 106 jierEukit T receptar, fype | MKYLIRLICE IALLISSLEA
DKSKEREEKTHMSSANED VRPCRENENEMKGHTWYKD60 DSKTPVSTEQ ASRINQHKEK
LWFVPAKVED SEBYYEVVRN'ESYCLRIKIS AKEVENEPNL120 CYNAQALFKQ NLPVAGDGGL
VCPYMEFEKN EMVELEKL QWY KRCKPLLLD NINFSGVEDR180 LIVMNINEEKH RGNYTCEASY
TYLGKQYRIT RVIEFITL EENRETREVIVS PANETNMEVDL 240 GS0IQICNY IDSQLSDIAYW
KWNGSVIBEB DRVEGEDYY S VENPANKRRS ThAT VAN SE300:t= SRFEKBPF TCFAKNIEGI
DAANIQLIYRAYIRFEIRANIG TC T VAR TSV R WK ER360°-1DVEWY RDZ'GYDFLIETRAS
DGKFIDAYIL YEKTVGEGST SDCDIFVFKV ITEIVIFKQCG420 YKLFTYGRDD YVGEDIVEV]
NENVKKSRRUTHVRETSS FSWRSGSSEE OTAMINAINQ480 DGIKVVIMEL EKIQEYETEMP
ESIKFIKQKEGAIRWMEGHRT QGROSARERE WKNYRYHMERSE OPRSHSSKEQ LLSPATKEKI
CREARVPLGSEY SECQID NO 167 rterleukii 1t ecepior, type IEMERINVLYMG VSAFTLOADA
ATGAARSCRERGREVKRERRL:EGEPVALRO POVPYWLWASG0 VSPRINLIKH KNDSARTVPG
EIM:MWA%Q GA V\élip%ﬁ? ENSGINVCTI RN. ASYCDKMS120 IELRVFENTD AFLPFISYTIQ
TICELSTSGY. EER DKIDVEL QY. XRSLIINKON180.EKEL SVEGE FILVEDVALE

LNCRDI
DAGYERCYLT EAMEGOOINITTRSHEL RIKK RKEETTEVH240 SELKTISASE GSRLTIPCKV

FLGIGIPLIE2 MEWWIANDTHoHESAYR GGRVGE GRROQEYSE300-NNENYIEVPL IFDPVTREDL

HMDFKCWENTELSEOTLRIT'VKSASSTELSW GIVLAPLSLA360 268
SEQ ID NO:56 IL-1 beta Felis
MAPVRELTEE MMAYYSDEND LFFEADGPER MRGSLGNLSE SFLGDEGICGL (QIZHCQPDINEKS 60
WRBAVIVIVE MERLEKIZFA CIQPLODEDL KSLFCCIFEE EPRPIICDTWDD GEFV [0S 120
ODYTFRDIZH KSLVLSGEYE LRALELNGON MNQOVVERME FVEGEENSEER IDPVVLCIEHN 18C
WLYLSCVMKD CGEOTLOLEML DPRVYPKEERM ERRFVENKTE IKGNVEFESS QFPENWYISTS 240
DAZEMPVELG NTEGGQDITD FIMESAS 267

SEQ ID NO:57 1L-1 beta Sus

MATVPRERPAKE VMANNGDNNN DLLFEADGER EMKCRTONLD L3PLGDGSIL LOIZHOLORE G0
SSRPMVSVIV AKEEPMNPSS QVVCDDDPKE IFSSEVEFEREP IVLEKEANGFE LCDATPVWQSV 120
DCRLGEKDER ALVLAGPREL KALHILLEGDL KREVVECMSE VOGDDSDDKI PVILGIKGENW 180
LYLSCVMEDD TPTLQLEDVD PKSYFKRDME KREVEYKTEI KNRVEFESAL YPNWYISISQ 240
ARQKPVELGN SKGRODITDE TMEVLSPE 267

SEQ ID NO:58 IL-1 beta Cavia

MABRVPELSSE VIAYASDENE LEFEVOGPNK MOYCFQDRDL CSLDEGIKLO ISHQHFNESE o0
ROTVSLIVAV EELAEKELAFC TWARQDDDLR PLLPFIFEEE PIVCDTWDEE YEZDTPVESR 12¢
NCTLADIOAK RLVLSDPCREL KATHLNGDNL NROVY Y VDGERSDNKM PVALGLKGEN LB
LYLSCVMEDG KPVLOLESVD GKQYFKKEME KRFVINKITS KESTVEFLRSAD FPNWYISTSQ 240

AEERPVILGN NNGQDIIDFXK LELV3S 266

SEQ ID NO:59 IL-1 beta Bos
MATVPEPINE MMAYYSDENE LLFEADDPK(G MESCIQBLDL GSMGDGNIGL (QISHGFYNKS 60

FRGVVSVIVA MEXLRNSAYA EVFHDEDLRS ILSFIFEREP VIFRTSSDEFR LCDAPVOSIK 120
CRLOQDREQRE LVLASPCVLK ALHLLEQEMN REVVECMSEY QGEERDNEKIP VALGIHDENL 180
YLECVEEGET PTLOLEEVDP EVYPKRNMER REVEYRTEIXK NIVEFESVLY PNRYISTSQT 244
ERRFVFLGHAT RGGQDITDFR METLSP 266

SEQ ID NO:60 IL-1 beta Ovis

MATVPERPINE VMAYYSDEINE LLFEVDGPKQ MESCTQHLDL GSMGDGNIQL QISHOLYNKS 60
FROVYIVIVA MEEKLRIRAYE EVFRDDDLRS ILSIIFLEEP VIFETSSDEL LCDAAV(OSVE 120
CELODREQKS LVLDSPOVLE ALHLPSQEMS REVVECMSEY QGREERDNKIF VALGIRDENL 180
YLECVRXGDT PTLQLEEVIDP KVYPRRNMEXK RFVFYKTEIR NTVEFESVLY PNWYISTS(I 240
EERPVELGREF RGGOLITOFR MDTLSPR 2606

SEQ ID NO:6l IL-~1 beta Gallus



FLVIEGGINMH RCKHRTGKA DCLIVLWPRII QDFIDSYPK398 SEQ ID NO:168 interleukin 1 receptor,
type | (modS¥fMEREKIVELGL ICLMVPILSL EIDVCIEYPN QINLIMESVNE IDIRKCPLTP
NKRERGDIIIW60 YKNDSKTPIS ADRDSRI3QG, NEHLWFVFAK VEDSGYYNCI VENSTYCLKT
KVIVTVLERDI20 FGEGYSTOAT EPORIIIAGD GSLWILINYISY FKDENNELPE VQWYKNCKPL
ILLENVSFEGY:180 KDKLIMRENA EEHRGDY¥ACRMSYITRGKQY. PVERVIQPIT IDENKRDRPV
ILSPRNETIEZAG ADLISENQLE CRVT CUSTE VYWKWRGSET EWNDPE{LAED YQFVEBPSTK
KKIELLITTLN300 ISENKSQFYR YPEECVVKNT NIFESAHVEME IINEVRDEKNY LIGGFIILTA
IFIVICVCINK36D WE@E{WW&@@;SJ@%FJH% KASEGKENDA YIL YPKILGE GSFSDLDIFV
FKLLPEVLEGAZ0 ObGYKIFING-ADD LEAGEEA ¢ EININENVEK S FERLIIEVRD MGGENWLGQS
SEECIAINNAZAEO LIQEGIKIITT LELEKIODYE TIMPDSIQFIK QINIGVICWSG DEQERPONAK
TREWKNLRY Q590 MPAQINESRLSIKIERILILDPYV RDTKEKLPAA IHILPLG576 SEQ ID NO:169
mterleukm%%é‘éf% *Aé;ﬂ; @@@EKF JM@%@WNR@WSWW@WW ILEGEFVSESPI SEKFTINIGD
NCQFEGREEK - SELPE V60 MIRCRLAPHS DISSSSESEL TWSKLDSSOL IIIRDEPRMWE
KGNILWILPA VQODSGINIC120 TERNASECEQ MSVELKVESEN TEASLPHVSY LOISALSTIG
L|EVCPD|§§§@4&NA@EJ§@E@ WY RGALDK-GNKEFLSAGM-KTRILISNTS MEDAGYERCV
MlFTYNGNwmmtEm@lVEAgg%%TtewwwWLEE\*FFPAF%@“S@LE|VP1@€ KVFLGIGTSS
NTIVWWIANSTEISAAVER G300 RVTEGLEBQY SENDENYVEV STEIFDPVTRE DLITIDEKCVA
SNPRSSQ@EIIWIWE&/SSI—IIBB@S&MSIEAQAPLS LIILVVGAIN MRRECKERAG KTYGLEKLRT
DNODEPSSPNALD JFL0E5RCOIRE - 15 SEJIBNG170:eRtile GGIEGG SEQ ID NO:171 linker
CGG GGG SEQID 140:172'|ifker CGDRTHISPPEGDKTATSPPI0 SEQID 110:173 linker
CGGPKPSTPPGSSGGAP

SEQ ID NO:66 mIL-lbetallf-269

MDFBHHHHBRG SGDDDDFALA PIRQLAYRLR DEQQRSLVLIE DPYELRALHL WOONINQOVI [
FSMSFVOGEF SWDKIPVALG LKGENLYLSC VMADGTETLQ LESVDOPRQYE KEEMDKREVE Las
NEIEVRSEVE FESARFPNWY ISTSQAREKP VELGNNSGLD IIDETHMESVS SLEGHGHGUG 180

SEQ ID NC:67 hIL-1 alipha 002-020
MRIIRYEEILL ND 12

SEQ ID NC:68 hIL-1 alpha 010-015
RITKYE ’ 6

SEQ ID NO:69 hiL-1 alpha 014-023
YEFILNDALY 10

SEQ ID WO:70 hIL-1 alpha 019-030
NDALNQSTIR AN 12

SEQ ID NO:71 hIL-1 alpha 035-044
TAAALHNLDE ic

SEQ ID NO:72 hIL-1 alpha 035-04¢
TERALENLDE AV iz

SEQ ID NO:73 hIL-1 alpha 045-0%4
AVKFOMGAYR 10

SEQ ID NO:74 hIL-1 alpha 052-062
AYKSSKDDAK I 11

SEQ ID NO:75 hIL-1 alpha 055-084
SSKDDAKITV ILRISKTQLY VTAQDEDQPY L 31

SEQ ID NC:76 hIL-1 alpha 063-073
VILRISKTQL YVT 12

SEQ ID NO:77 hIL-1 alpha 063-084
VIDLRISKTQL YVIAQDEDQP VL 2z

SEQ ID NG:78 hIL-1 alpha 069-089
TOLYVTACDE DOQPVLLEEMP 20

SEQ ID NO:79 hIL-1 alpha 082-102



OGGPKPSTAPGSSGGAP17 SEQ ID N0:174 linker GCGGGG CC 6666 SEQ ID 110:175 linker DOG
GCS; SEGIR L 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
PKTATSPPGE SEG D 116° 181 linker PKPSTPPGSSGGAPGGCG PKPSTPPGSS GGAPGGCG
SEQ ID 119182 linkes GEGGCE G&BGRG SEQ ID 110:183 linker DOG (2) GCG SEQ ID 110:184
linker SGGBESGGEG SEQ ID 110:185 linker GSGGGGSGCG SEQ ID 1%0:186 linker GGKKGC
GCIKKGC,SEQ IR 1:10:187 linkar, GGKKGG COGKKGG SEQ ID 110:188 linker GGCG

ETITGBETNL LE 12

SEQ ID NO:82 hIL~1 alpha 093-113
PETITGSETN LLFFWETHGT X 21

SEQ. ID NO:83 hiL-1 alpha 097-106
GSETNLLFER i

SEQ ID NO:84 hIL~-1 alpha 123-134
LPIATEQDYW VC 12

SEQ ID WO:853 hiIL-1 alpha 124-136
FIATEQDYAV CLA 13

SEQ ID W0:86 hllL-1 alpha 125-142
TATKQDYWVC LAGGPEST 18

SEQ ID NG:87 hIL-1 alpha 122-133
KGDYW 5

SEQ ID NO:88 hiL-1 alpha 147-153
QILENQA 7

SEQ ID NO:82 hIL-1 beta 001-006
APVRST,

L))

SEQ ID NO:90 hIL-1 beta 001-012
RPVESLNCTL RD iz

SEQ ID NO:91 hIL-1 beta 006-015
LNCTLRDSOO 10

SEQ ID NO:%2 hiL-1 beta 011-022
ROBQUKELYM 86 12

SEQ ID WMO:93 hIL-1 beta 027-038
KALHLOGODM EQ 12

SEQ ID N0O:24 hIL-1 beta 027-040
KALALQGODM EQOV 14

SEQ ID NO:%5 hIL-1 beta 0395-048
OVVEFSMSFVD 15

SEQ ID NO:96 hIL~1 beta 046-050
FYQGRESNDE I i1

SEQ ID NC:987 hIL-1 beta $49-080
GCERSNDKIPV ALGLKEKRLY LSCVIKDDKP TL 32

SEQ ID NO:98 hilL-1 beta 058-070
VALGLKEKNL YLS 13

SEQ ID WQ:%29 hIL-1 beta C38-080
VALGLKEKNL YLSCVLEDDK BTL 23

SEQ ID NG:100 hIL-1 beta 066-085
KNLYLSCVLE DDEDTLQLES V 21

SEQ ID NO:101 hIL-1 beta 078-097
PTLGLESVDE RNYPKEKRMEK 20



GGCG SEQ ID 110:189 linker GSG GSG3 SEQ ID 110:190 His-Tag with Linker LEESHAHAGG C
P1085PCOU%WSIM#AL SEQ ID NO:192 pl140-75 gatccggagg tggtgagaccc attagacagc t31 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 IL E%S@%@%%ﬁé%%ahtﬁté]tg%e&&%géggc%tac cagagtg37 SEQ ID 140:197 alphaD145Y-1 ggactgccct
ctatgacaaa attccagata tcactcgag39 SEQ ID 140:198 alphaD145K-2 ctcgagtgat atctggaatt ttgtcataga
gggcagtcc38SER D 1401199 FaiphaBT4BK-1 gggecaccct ctatoactaa atttcagata ctggaaaacc40 SEQ
ID 140:200 halphaD145K-2 ggttttccag tatctgaaat ttagtgagag agggtggccc470 SEG( ID 140:201
Histag-GGELERITEIIEFIEGG-011°SEC 1D 140:202 milL-1 alpha 115-270 without tag

MSAITYTYOSD LRYKLMYLVE QKTDIMNDSLN 011173020KII MISTPWLNEN7 QQEVYFDYMAG0

SEQ ID NO:105 hlL-1 beta 092-109
KEXMEXREVE NKIETNNE 18

SEQ ID NO:106 hiL-1 beta 120-133
WYISTSQAEN MPVF 14

SEQ ID NO:i07 hilL-1 beta 121-135
YISTYOAENM PVELG 15

SEQ ID NO:108 hiIL-1 beta 122-143
ISTEQARNME VELOGTRGE) DI 22

SEQ ID NC:109 hIL-1 beta 126-131
OAENMP I

SEQ ID NO:110 hIL-1 beta 147-152
TMOFVIS 7

SEQ ID WO:111 mIL-1 beta 001-012
YPIRQLEYRL RD 12

SEQ . ID NO:112 mIL-1 beta 027-040C
KALHLNGONT NQOV 14

SEQ ID NO:113 mIL-1 beta 121-135
YISTSOAEHK PVFLG 1

en

SEQ ID NOC:114 rIL-1 beta 066-085
NLYL3CVMKD GIPTLOLESV 20

SEQ ID N(O:115 rIL~1 beta 078-097
PTLOLESVDE KQYPKKEMEK 20

SEQ ID WO:116 rIL-1 beta 122-143
ISTSUABHRE VELGNSNGRD IV 22

SEQ ID NO:117 AP3S0

atggceaata agococaatgoa accgatcaca totacageoma atamaatigl gtggtocggat a0
ccaacicogli tetcaactac attttcageca aghictgita Taaagtiggl LZd
atageegaac Lgaalaat T Looctgeacct 1840
asacocggang gttgtgcaga t attatgooga atgaasacca atccattoge 240
acagtgattt cagggicage cgasaacttg gotaccttaa zagoegaaty ggaaactcac 306
asacgtaacg tigacacact cttcgcgage ggcaacgeeg ghtttgggttt cocitgaccet 364
actgoggets togtatogie tgatactact goettagggat coggataatyg catotaagor 120
t 421
SEQ ID NO:118 APSSZ

atggoaaala agccaalgeoa accgatcaca Lolacagoaa ataaaaliglt giggtoeggat 60
ccaacicgil tatcaaciac attttcagca agtictgtiac gocaacgigl taaagtiggt 120
atagccecgaac tgastmatglt Ctceggicaa tefgtatctg Lttataagey toctgcocaecct 180
agsaccggaay gttgtgcaga tgocoigigic atlatgocges atgaasacca atccattoge 244
acagtgattt cagggtcage cgazasclig gotacottas aageagaaly guaaacicac 300
asacgtaacg ttgacacact cttogogagce ggcascgccg Jtttggottt cottgaccct 360
actgcecggeta togtategts tgatactact gottgaggat ccggatasty catcLaagot 420
t £2]

SEQ ID NO:11% pl.44

nnccatggoa astaagccaa tgcaaccg 28



SATSGGDDSKY PVTLIDISDSO LEVSAQGEDQ PVIAKELPET PKLITGSETD LIFEWKSINS120
KNYFTSARYEPFR PSATKEQS RVALARGLPS MIFFQIS157 SEQ ID 140:203 hiL-1 alpha 119-271
without tag MASKVKINFM RIIKYEEILN DALNQS4TPA NPQMLTAAAL HYLDEAVKET
MGAYKSSKIDD60 AKITVILRIS KTQLYVTAQD EDQPVLLKEM PEIPKTITGS ETNILEFWET
11GTKNYETESVI20 APPITTEIATK QDYWVELAGG PESITDFQI ENQAL54 SEQ ID 140:204 miL-1
alpha 115-270(D145K) DSAPYTYQSD TRYKLMITIMR QKFVMNESLN OTTYQDVDKE
YLSTTWILNBL QEIEVKITOMYA60 ICSAGGDASKY PIADAKISFSQ AFVSAWEDQ PVLLKEIPET
PKLITGSETD LIFFWKSTNS120 KNYETSAITYP ELFIATKEQS RVHLARGLPS MTKEQ1S157 SEQ
ID 140:205°HiL 22 B8td 2F181569(K8814) MATIPMASINT TIRDSQQNST VMSGPYTTIAA
LITLQGQDMEG QVVYSMSFVO GEESNDKIPV60 ALGLKDKNLY LSOVAKDOI6D TIQTESVDPN

WY PKKKMEKRFPENKIEINK KTDDESAQFP120 NWYISTSQAD NMPVFLGGTK GGQIIMTDETM
QEVSS158"8§EQ D $40:208 KiC-1"béta“116-260(R98Q) MDIPATRSITIG TIRDSQQNST7

VMSGPY FAIM Lt IQGQDMEQ QVTAFSMSITVQ GEESNDKIPV60 AIGLKEYNLY ISCVLADDKA
TLQIMQVDPTIRY IPTIRKNIDKO EVENKTEMNN KLEFFSAQFP120 NWYEISTSQAE NMPTFTGGIK
GGNITDFEM QEWSS15658ES ID 140:207 hiL-1 beta 116-269(K103L) MDIPTIRSINC TLRDSQQAST
VMSGPY FEKA LI | QGODME® 057F5ESMSFVQ GEESNDKIPV60 AITATKDKNLY IMOVTADDKA
TTQLESVRRKNYBKKKMD1911 FVFNIMFINN KLEFESAQFP120 KWYTATSTQAE NMPVFIGGIK
GGC1DITASERM U TI8S155 SEQ4D140:208+IL:d:beta 116-269(Rkkk92:94) MDIPVASIINC
TLREASQQNSL YMSGPMEILKA LIFLOWQDMEQ QVVMSHISFVQ GEESNDKIPV60 ALGLKEKNLY
LSCVLEDDKR TTQLESYDPK:-DAPMEKREVE:NKIEINNKLE FESAQFPNWY120 ISTSQAENMP
VFLGGTIAGG OIE)I'_E)FT%(QED? SS152 SEQ ID 140:209 hiL-1 beta 116-269(L1ON) MDIEDIRSLNC
TNRDSQUSE VMSGBEELNA LELQGQDMEQ.022115915120 GEESNDKIETI60 ALGAKEMNLY
ASCVLKDDKP TLQLESVDPK NYPKKKMEKR FVENKTEINN KLEFESAQFP120 NWYISTSQAE

NMFVFLG;&%@@ pffﬁ‘éj-m—gl&@gl%cgthtqc Tggtoggtggt go 52

SEQ ID NUO:ri30 hIL-1 beta 116-269

MDIPVRSLNC TLROSQOKSL VMSGPYELKA LHLQGODMEQ QUVESMSEV( GEESNDRIPV 60
ALGLEERNLY LSCVLKDDKP TLOLESVDPK WYPKEKMERR FVINKIEINN KLEFRSAQIP 120
NWYISTSQAE MMPVELGGETE GGQDITDETM QIVISLIERHN HHEGGT 166

SEQ ID MO:131 hIL-1 beta 116-26%(R4AD)

MDIPVDSLNC TLRDSQOKSL VMSGPYELKA LALDGODMEQ QVVESMIEV(Q GELSNDKIPY 60
ALGLEBYNLY LICVLEDDER TLOLEZVDPE NYPKEKXMEER FVENEIRINN KLLFESAQFY 120
NWYISTSQAR. NMPVFLGGTE GGQDITDFIM QFVES 133

SEQ ID NO:132 hIL-1 beta 116-263 (L6A)

MDIPVESANC TLRDSQOKSL VMSCEPYRLEKA LHELQGQDMEQ QVVESMSEV( GEERSNDRIRY 50
ALGLEEENLY LSCVLEDDEP TLOLESVDPE NYPRREMEER FVENKIEINN KLEFESAQFD 12C
NWYISTSOAL NMPVELGETK GGQDITDETM QFVSS 155

3EQ ID NO:133 hIL-1 beta 116-269{T9G)

MDYPVRSLNC GLRDSCQOKSL VMSGPYELEA LELOQGDDMED QVVEPEMSFVO GEESNDEIPV [y
ALCLEERENLY LI3CVLEKDDKP TLOLESVIPK NYPEEEMBEKR FVFNKIEINN KLEFESAQEP 120
WWYISTIQAE NMPVELGGTK GGQUDITDFTM QFV3S 153

SEQ ID NO:134 hIL-1 beta 116-269(R11G)

MDIPVERESLNC TLGDSQRKSL VMSGPYRLXA LELQCODMED QVVFIMSFV] GEESNDKIPV 603
ALCLEEKNLY LSCVLEDDER TLOLESVDRE NYRPKKEMEER FVFHEIRINN KLEFE3AQTT 120
NWYISTSQAR NMPVILGGTE GGQDITDETM (QFVES 155

5EQ ID NO:135 hiIL-1 beta 116-268(D534R)

MLIPVRSLNC TLRDSQUKIL VMSGPYELEA LELDGODMEQG QVVFIMSTV(Q GEESNREIPY 60
ALGLKERNLY LBCVLEDDEP TLOLESVIOPK NYPKERMEKE FVENEIEINN KLEFESAQFP 120
NWYISTIQAY NMPVFLGGTK GGOLDITDRTM QFVES 155

SEQ ID NO:136 hIL-1 beta 116-262(D1435K)

MDIPVRSLNG TLROSOOXSL VMSGPYELEA LALOGODMED OVVFSMSFVO CRESNDEIDY 60
ALGLEEXNLY LSCVLKDDKP TLOLESVDPK NYPKEKMEKR FVFNEIETNN KLEFESAQFE 12C
NWYISTS0AE NMEVELGGTY GGODITKETM QFVSS 155

SEQ ID NWG:1237 hil-1 beta 116-262(DEESD, 51}
MPIPVRESLNC TLRDSQQRSL VMSGPYELKA LELQGQDMEQ QVVFSMSEVD GSNDKIPVAL 60
SLEEENLYLS CVIEDDEPTL QLESVDPRNY PRRKMEKRFV FNRIEINNKL EFESACQFPNW 126



P1085PC00 /PS1 -15-- SEQ ID NO:210 hiL-1 alpha 119-271(D145K) MLSNVEYNFM RIIKYEFILN
DALNQSIIRSROGPELTAAAL BNIMEAVKFD MGAYKSSYDD60 AKITVILPAS KTQLYVTAET
EDQPVLLKEM PEIPKTITGS ETIMAFFWET HGTKNYFTSV120 AHPNLFIATE QDYWVCIAGG
FASITKFOISENRDATSASED fBF T20:21FhiL-1 alpha 119-271(L18K) MISNVITYREM RIIKEEFIEN
DALNQSIIRA NDQYLTATRAL KHINLBEAVKFRLMGAYESSKDD60 AKITVILIFIS KIQ1KVTAQD
EDQPVITAKENPEIPKTITESETNULE TWETSGTKNYFET SV120-AHPNLFIATK QDYWVCLACTS
PPSITITTRAL ENOAIBA SEQUTI N 22 AL~ Alpha 19271 (FT46N) MIRNVKYNFM RIIKEEFILN
DALNQSIIPA NDQYATAAAL HNLDEAVEFD MGAYKATKDD60 AKITVIARIS KTQLYVTADA
SDQPVLKEM PEIPKITIEMS EINELETWEL DEMCNYETSV120 AAPNITIATE QDYWVCLAGG
PPSITDNQILENQAL541SEQ 1D:51:0:218 hit:tralphardd9n271(EL0A) MLSNVICYNFM AIIKYEFILN
DALNOSIPANBOYITARAL EINLBEAVKED MGAYKSSKDD60 AKITVIIMIS KTQLYVTAQD
EDQPVLLEEM PERKEI FGS: ETNL LET\WE ToSGTKNMETSV120 AHPNLFIATIT QDYWVCLAGG
PPSITDRQPH/ENORISASE QD 510- 214 APHA 1192274(162A) MESNGTENFM RIKEEPTIIN
DALR2SIIRANDRQ@Y L AAAL: SNHCEAYKFD MGAYKSSKDD60 AKATVIIRIS KTQLYVTAQD
EDQPVILKEM PEIPKTIIGS ETNLIFEWET EGITNYFITV120 ASTNIFIATK ODYWVCLAGG
PPSITDFQILENQALR4.SEQ 10 510:215hlksl;alpha 119-271(W107F) MLSNVKYNEM RIIKYETIIN
DAINOSIIRA NDQYIKAAA1 HNLDEAVKFD MGAYKSSEDD60 ANITVILRIS KTQLYVTACT
EDQPVIAKEM PEIPKTIGS ETNIAREEET HGTENYFTSV120 AHPNLFIATK QDYWVCLAGG
PPSIADFECIL EMQA154 SEQ ID 510:216 hiL-1 alpha 119-271(020V) MLSNWAYNFM RIIKEEFI1N
VALNQSIIKA NDOYLTAAAL HNIDEAVKED MGAYKSSKDD60 AKATVILR]S KTQINVTAQD

EDQPVIAMEM PEIPKTIEMS ETNLLFFWEI HGETNYFTSV120
SEQ ID NO:144 R4D-Z
gagoegtgoay Lteagtgagt ctacagggat atccatatg 39

SEQ ID NO:145 L6A-1

gatatcooty Lacgatcago Laactgoacg stoogggas 39

SEQ ID NO:146 L6A-2

ghtceceguags ghgcagttag ctgategtac agggatatc 39

SEQ ID NO:147 TOG-1
gtacgatcar tgeactgegy Lotoocggoac toacago 37

S5EQ ID NO:148 TO9G-2
grtgtgagbe coggagacoy Ccagitoagig atogiac 37

SEQ ID NG:149 RLIG-1

gaactgeacy ctogygggact cacago 26
3EQ ID NC:150 R11G-2
geigtgagtc cococgagegtyg cagitc 26

SEQ ID NO:151 D54R-1

caaggagaay aaagtaatog camaatacot glggoettg 30

SEQ ID NO:152 DH4R-Z

caaggocaca ggtattttge gattacttiic ttotcocityg 34

SEQ 1D NO:153 EE-1

catgrecttt gtacasggaa gtaatgacas astacoiglg 40

SEQ ID WO:154 EE-Z

cacaggtatt ttgtcecatiac tlcooitgtac asaggacatg 44

S3EQ ID NO:155 SND-1
ctitgtaces ggagaagoda aaatacctgl ggootig 37

SEQ ID NO:156 SND-2

caaggeocaca ggtattiitt citctoctig tacasag 37

SEQ ID WO:157 Keé3658-1

gtgogootigyg goctcagegs aageaaltohlg tacctgrtoct ¢ 41



ARPNLFIATK QDYWVCLAGG PPSITDFQII ENQA154 SEQ ID NO:217 hiL-1 alpha
119-271(rAI0EBABPRITNVKYNFM RILEYENDAL NQSIIRANDQ YLTAAALHNL DEAVKFDMGA
YKSSEDDAKI60 TVILRISKTQ LYVTAQDEDQ PYILKEMPFI PATITGSEIN LIFFWEINTDI
ENYFTSVASPI20NLFIATKODY WVCLAGGPPS ITDDDILENQ A151 SEQ ID 510:218 hiL-1 alpha
119-271(rI TEBY609) W SKVK VREW RIFREEEIIN DALNQSIIPA NDQYLTAAAL SNLDEAVKFD
MGAYKSSKDDSGAKITVH-RIS ETQLYNTAQD EDQPVLIKEM PEIPETEINL LFFWETAGTE
NYTTSVAHPRT20 LEIATKODYW VCLAGEPPSI TDFQILENQA150 SEQ B 510:219 Histag-000
LEADISHIETGS 66120SEQ ID 510:220 hiL-1 beta 116-269(D145K) with LEHHHHHHGGCG-tag
MDIPVRSENG FIARDSOOKSEVMSGRYELKA LELQGQDMEQ QVVERMSFVQ. GEESNDKIPV60
ALGLKEKNLY :SEVLKDRKR TLQIESVDPE NYPKKKMEKR FVFNEIEINN ELEFESAQFP120
NWEISTS QAENMPYELGAIA CEQDRITKETM:QFVSSLEHSE FAKHCCCG167 SEQ ID 510:221 hiL-1
beta 116-269(D145K) with GGCG-tag MDIRVRALNC ILRDSQQKS1 VMSGPIELKA IRAQGQDMEQ
QVVESMSEVQ.GEESNRKIPVEO.AIGLKEKNLY ITSCVIRDDKP ILQADSVERK NYPEKKMEKR
FVFNKIEINN KLEFESAQFP120 NWEISTAQAE NMPVFELGGIR GGONITKFTM Q1KSS0000159 SEQ
ID 510:222Z AL, beta 1526 IAEK) With. GGC-tag MDIPYRSANC TLRRSQQKSL VMSGPYELKA
LHIQGQDMES OV VESMSEVE GEESNDKIPVE0ALGAK EKNEY 'SCVLKDDKP TIQLESVDPK
NYPKKKME%%%%W@N’%%@%A%#PQO NWEISTSQAE NMPVFLGGIK GGQDITKFTM
QFVSSGGEL58 SEQHD8161283 hiLi3-Bétari 16263 with GGCG-tag MDIPVRSANC 11RDSQMNSI
VMSGRYELKA IRL QERDMED. QUIRF SMSEVQ GEESKNDKIPVEQALGIKEKNIY LSCVIKDDKP

TIQLESVDPERYRKKKMEKR EMENKIEINN EIEFESAQFP120 NWEISTSQAE NMPVFAGGIK
GGDMITDEIM ORY.SRCHIGG129, R1083PG00,1651 ;16-

MDIPVRSLNG TLRDSQUKSL VMSGPYRLRA LBELOGOUDMEQ DVVESMEEV(E GRESNDRIDPY Gl
ALGLEEENLY LACVLKDDRP TLOLESVDPK WYPKKKMEKR FPVINKIEINN KLEFESAQEP 1240
NWYISTGOAE NMPVELGGTK GAQDITDETM QFVSS 155

SEQ ID NC:166 interleukin 1 receptor, type I

MEVLLRLICE YALLTISSLEA DECKEREEXD TLVSSANEID VRPCPLNPNE HKGTITWYRD 60
DEKTEVETED ASRIZQHKEK LWEVPAXVED SGHAYYCVVREN SSYCLRIKIS AKFVENEPNL 120
CYNAQAIFKD NLPVAGDGGL VCRYMEFFEN DNNELPELOW YRDCHPLILD WIHFSGVEDR 180
LIVMNVAERH RGNYTCHASY TYLGEQYPIT RVIEIITLEE NKPTRPVIVS BANETMEVDL 240
G3QIQLICNV TGQLSDIAYW KWHGSVIDED DPVLGEDYYS VEINPAWERRS TLITVLWISE 300U
TESREYKAPF TOFAKNTEGI DAAYIQLIYFP VINFOKHMIG ICVELTVIIV CSVFIYHIFK 360
IDIVLWYRDS CYDFLPIKAS DEXTYDRATIL YPHEIVGEGST SDCDRDIFVEKY LRPEVIREKQCS 420
YRLFIYGRDD YVGEDIVEVI NENVEKSRRL IIILVRETSES FSWLGGSSEE QIAMYNALVE 483
DEIKVVILEL EKIQDYEKMP ZSIKFIKQRHE GALIRWSGDYT OQGPOSAKTRE WENVRYHMBY 540
DRRIPSSKEQ LLSPATEERL (REAHIVPLG 569

SEQ ID NO:167 interleukin 1 receptor, type LI
MLRLYVLVMG VSAFTLOPAR HTGRARSCRE RGREYEKREFR LEGEPVALRC DOVPYWLWAS &0

LTHH KNDSARTVEG EMAAQD G O EDSGEYVOTT RNASYODEMS 126
ID AFLPFISYRQ STSGVL VCED 'R ODETIVEIQWY X : 1RO
" HLLVHDVALR DAGYYROVLT TRSIELRIKK KF 240
SPLKTISASL GSRLTIPCKV FLOTGTELTT MLEWTANDTH IESAYPGGRV TEGPROREYSE 300
NNENYIEVPL IFDPVIREDL EMDFXKCVVEN TLSFQTLRIT VKERSSTESW GIVLAPLSLA 360
FLVLGOIWME RRCKHRTGKA DOLIVLWPHR QDFLSYPR 398
SEQ ID NO:168 interleukin 1 recephor, type I (mouse)
MENMEVLIGL ICIMVPLLSL EIDVOTEYPN QTVLFLSVNE TDIRKCPLTP NKMEGDTIIW &0
YXWDSKTPIS ADRDSRINGD NEHLWFVEAK VEDSGYYYOI VRNSTYCLKT KVIVIVLEND 120
PGLCY $TQAYT FPORLHIAGD GSLVCEYVSY FHEDENNELPE VOWYKNCKEL LLONVSFFGV 180
EDELLVENVA EEERGDY1CR MSYTFRGROY PVIRVIQPIT IDENKRDREY ILSPRNETIS 240
ADPGIMIGLI CNVIGOESDL VYIWEKWNGSEL EWNDPFLAED YQFVEHPSTK RKYTLITTLN 300
TSEVKSOFYR YPFICVVENT NIFESABVOL IYPVPDFKNY LIGGFILLTA TIVOCVCIYK 360
VFEVDIVLWY RESCSGFLES KASDGKTYDA YILYPXTLGE GSFSDLDTFV FELLEEVLEG 420
OFGYRLFIYG RDDYVGEDTI EVINENVEKS G i MGGFSWLGNS SERQIAIYNA 480
LIOEGIKIVL LELEKIQDYR KMPDSIOQFIK CRAG DFQERFOSAK TRFWENLRY( 540
MPAQRRSPLS KHRLLTLDEV RDTKEKLPAA THLPLG 576
SEQ ID NO:169 interieukin 1 receptor, type II (mouse)
MFITLVLVIG VSAFTTPTVV HIGKVSESPI LSEKPTVHGI NCOFRGREFK SELELEGEPV 60
VIRCPLAPHS DISSSSHSFL TWSKLDSSOL IPRDEPRMWY KGNILWILPA VOQDSGTYIC 120
TTREASECEQ MAVELEVFEN TEASLPHVSY LOISALSITG LLVCPDLKEF IZSWADGHIQ 180
WYXKGAILLDE GNAEFLSAGD PTRLLISNTS MDDAGYYARCV MIYFTYNGOEY NITRNIELRV 240
KOTTTEPIPY IISPLETIPA SLGSRLIVPC KVFLGTGTSS NTIVAWLANS TFISAAYPRG 300
RVIECLHEQY SERDENYVEV SLIFDPVTRE DLHTDFECVA SNPRSSQSLE TTVEEVSSTE 260

SWETALAPLS LIILVVGAIW MRRRCKRRAG KTYGLTKLRT ORQDFESSPN 410



MISNVKYNEM ROIKYEFIIII DALNOSTIRA NDULTAAAL HNIDEAVYWD MGAMKGSKDDG60
AKITVILMISHTONRYIAQD EDQPVILKEM PEIPKTITGS EINIIFFWET MITKNYFTSV120
AMPNIFIATK QDYWVCLAGG PPSITDFOII EN’dAGGCGlSS SEQ ID NO:225 hiL-1 alpha 119-271
(D145K) (SEQ ID NO:204) with GGCG-tag MIMYVKYNFM RIIKYEFILN DAINQSIIRA NDOYLTAAAL
HNLDEAOKED MEAYK$8KB1560 AKITVITARTS KTQIIIVIAQD EDOPVIIIEM PEIPKTITGS
ETHLIEFWET HGTKNYETSV120 AHPNLFIATK ODYWNCLAGG PPSITKPOII ENQAGGCG158 SEQ
ID 110:226° L1 BETA-3 atatatgatafocccattag acagcetgeac tacagg36 SEQ ID 110:227 IL1BETA-2
atatatctog agggaagaca cagattccat ggtgaag37 SEQ ID N0:228 miL-1 beta 116-269 (D145K)
MDIPIROLRY RISRDEQOKS{VISEPHEERA LEINGONINQ QVIFSMSFVO GEPSNEWIPV60
ALGLKGKRLY TSCVMKDSTP ILOLESVDPK 0146KKKMEKR FVENKIEVKS KVEFESAEHT120
NWHISTS@AFMKRVELCNNS GORIHKEPMESSAMSSLEHHHE HHGGC165 SEQ ID 110:229 D143K-1
cagtggtcag gatataatta’dattcaccat ggaatctgtg Sc42 SEQ ID 110:230 D143K:2 gacacagatt ccatggtgaa
tttaattatg togtgaccac:tg42:inker GCGGGE '
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SEQ ID M0O:175 linker GCG
SEQ ID NO:176 linker GGGGS
GEGGS !

SEQ ID NO:177 linker GCGSGGGGES

GCOSGEGES 9

SEQ ID NC:178 linker GGC
GEC 3

SEQ ID NC:179 linker GGC-NHZ
GGG

Ced

SEQ ID WN0:180 linker
DETHRTSPPCG 10

SEQ ID NO:181 linker PKPSTPPGSSGGAPGGCG
PEESTPPGSS GGAPGGCG 18

SEQ ID W0:182 linker GGGGCG
GGGGCG

=28

SEQ ID NO:183 linker GCG (2}

GCG 3

SEQ ID N0:184 linker SGGGG
leleleld 3

SEQ ID WC:185 linker
G35GGEIECS ) 10

SEQ ID MNG:188 linker GGKEGC
GGEKEC &

SEQ ID M0:187 linker CGEKGG
CGKKGG &

SEQ ID NO:188 linker GGCG
G3CG 4

SEQ ID NO:18¢% linker GSG
GG 2

SEQ ID NO:120 His-Tag with Linker
LEAEBARAGE © it

SEQ ID NO:191 MOG peptide
MEVGWYRSPF SRVVELYRNG K 21
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SEQ ID N0:193 pINC-77

gtaagcttayg gasgacacag attccat

SEQ ID NO:184 pINC-74
gatcocgoagyg tggtgococt gtacgatcac tgaactg

SEQ ID NO:1935 pINC-76
gtatgeatta ggaagacaca aatlgealgyg tgaagtc

S5EQ ID NG:19%6 ILlalc

atatatcats tgtctgococoe ttacacctec cegagig

SEQ 'ID NO:197 alphaDl45K-1

ggactgeoct ctatgacasa alticcagata tcactcgs
g gag

SEQ ID NO:198 alphaDl45K-2
ctocgagtagat atctggaatt ttgtecataga gggcagtos

SEQ ID NO:19%9 halphaDl45K-1

gggecaccet ctatecactas attlcagata ctggaaazsce

SEQ ID NC:200 halphabDl43K-2

ggttttecag tatcigaast titaglyatag agggtggooo
> J

SEQ ID WO:201 Histag-GGC
LEHAHBARGG C

SEQ ID NO:202 milL-1 alpha 115-270 without tag
MSAPYTYQSD LRYKLMKLVR QKFVMNDSLN QUIYQDVDKE YLSTTWLNDL
¥Y33GGDDSKY PVTLKISDSO LEVSAOGEDD PVILKELPET PRLITGSETD
KNYFTSARYD ELFIATKEOS RVHLARGLPS MTDF(IS

SEQ ID WO:203 hIL-1 alpha 119-271 without tag
MLSNVEYNFM RITKYEFILY DALNQSITRA NBQYLTARAL HNLDEAVEED
VILRIS KIQLYVTAQD EDOPVLLEEM PEIPKTITGS ETNLLEFWET
AEPNLEFIATE GDYWVCLAGE PRSITDFQIL ENGA

EQ ID NO:204 mIL-1 alpha 115-270(D145K)
DSAPYTYOSD LEYKLMKLVE QEFVMNDSLY QTIYQDVDKH YLSTTWLNDL
Y5SGGDOSKY PVILKISDSD LFVSAQGEDG PVLLKELPET PKLITSSETD
KNYFTSRAYP ELFIATKEQS RVHLARGLPS MTKFQIS

SEQ ID NO:205% hIL-1 beta 116-269%9(K88N)
MDIPVRSINGC TLRUSOCKSL VMAGPYELKA LELOGODMEQ QVVFSMSEVY
ALGLKEKNLY ILSCVLEDDKP TLOLESVDEN NYFKEXKMEKR FVENKIEINN
NWYISTSQAR NMPVELGGTK GGRDITDEFTM QFVES

SEQ ID NO:1206 hIL-1 beta 116-269(R38Q}
MDIBVRSLNGC TLRDSQQKSL VMSCPYELKA LELQGODMEQ QVVFSMSFVY
BLGLKEXNLY LSCVLEDDKP TLOLESVDPR NYPKKRMEKQ FVFNKITTNN
NWYISTSOAE NMPVFLGGTK GGUDITDFTM QFVSS

SEQ ID MN0:207 hIL-1 beta 116-2Z69{K1C03L)
MDIPVRELNC TLRDSQOKSL VMSGPYELKA LHLOGODMEQ QVVESMSFV(Q
ALGLEEKNLY L3CVIKDDKP TLOLESVDIPK WYPHKKMEKR FVENLIGINN
NWYISTAQAR NMPVFLGGTE GGODITDFTH QFVSS

SEQ ID WO:208 hIL-1 betz 116-269(Rkkk32-84}
MDIPVRSLNC TLRDSQQXST, VMSGPYELKA QGODMEG QVVESMBEVQ
ALGLKEKNLY LSCVLKDDKP TLOLESVDPK NYPMEXRIVE NKIRINNKLE
1STSOAERMP VFLGGTHGGQ DITDETMOFY 35

SEQ ID NO:20% hIL-1 beta 116-269(L10N)
MDIPVRSLNC TWRDSQQKSL VMSGPYELKA LHLOGQDMEQ QVVFSMBEV(
ALGLEERNLY LSCVLKDDKF TLOLESVDPK NYPKKEMEKR FVFNKIE
NWYISTSQAE NMPVFLGGTK GGODITDFTM QFVSS

QOEVERDMYA
LIFFWESING

MGAYKESELD
BGTENYETBV

QQEVEKFIMYR
IL.IFFWKSING

GEEBNDEIFV
KLEFESAQF®

GEESNDEIPY
KLEFESAQFP

GRESNDEIRV
KLEFESAQEP

GEESNDEIPV
FESAQEFREWY

GRESNDEIFY
KLETLSAQER

27
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SEQ 1D NO:21C hIL~1 alpha 119-271(DL145K)

MLSWVEYNFM RIIXYEFILY DALNQSIIRA WDOQYLTAAAL HWLDEAVEFD MGAYKSSKDD
AKITVILRIS KTQLYVTAQD EDQPVL M PEIPKTITGS ETWLLFEFWET HGTENYFISV
ABRPNLIIATK QDYWVCLAGES PPSITREFOIL ENGA

SEQ ID NQ:211 hIL-1 alpha 119-271 (L18K)

MLSNVEYNFM RIIKYEFIKN DALNQSIIRA NDOYLTAARAL ENLDEAVEFD MGAYKSSXDD
BRITVILRIS KTQLYVTAQD EZDOPVLLKEM PEIPKTITGS ETNLLFFWET HGTHNYFISV
ARHPNLFIATE QDYWVCLAGG PFSITOF(RIL ENQA

SEQ ID NO:212 hlL-1 alpha 119-271 (F146N)
MLSNVKYNEM RIIKYEFILN DALNQSITRA NDQYLTAAARL HNLDEAVKED MG
BKITVILRIS KTQLYVTAGD EDQPVEILKEM PLIPKIITGS ETNLLFIWELD RBGTHNYFISV
AEPNLFIATE QDYWVCLAGG PPIITDNQIL ENQA

SEQ ID NO:213 hilL-1 alpha 112-271(R10A)

MLSNVEYNFM AIIKYEFILN DALNOSIIRA NDOYLTARAL HNLDEAVEFD MGAYKSSKDD
ARTTVILRIS KTQLYVTAQD EDQPVLLKEM PEIPKTITGS ETNLLFFWET RGTRNYFTSV
AHPNLEIATE QDYWVCIAGS PPSITDFGIL BNQGA

SEQ ID NG:214 hIL-1 alpha 119-271(I623)

MLENVKYNFM RITXYEFIIN DALNOSIIRAE NDOYLTARAL HENLDEAVEFD MGAYKSSEDD
AKATVILRIS KTQLYVTAQD EZLQOPVLLKEM PEIPKTITGS ETNLLFFWET RBETKKYFISV
AHPNLFIATK QDYWVCLAGC PPSITDFQIL ENQA

SEQ ID NO:215 hIL-1 alpha 119-271{(Wil7E)

MLESNVEYNFM RIIKYEFPILN DALNQSITRA NDOYLTARAL HWLDEAVEFD MGAYKSSEDD
BKITVILRIS KTQLYVIAQD EDQPVLLKEM PEIPKTITGS ETN HGTKNYFTEV
ARPNLIIATK QDYWVCLAGE PPIITDEQIL A

SEQ ID NO:216 hil-1 alpha 119-271(D20V)

MLSNVKYNEM RITKYRFILN VALNQSIIRA NDCYLTARAT HWLDEAVEKFD MGAYKSSKDD
ARITVILRIZ KTQLYVTAQD EDGPVLLKEM PEIPHTITGS ETNLLEFWET HGTKNYFISV
AHPNLETATE ODYWVCLAGG PPSITDFQIL BNQA

SEQ ID NO:217 hIL-1 alpha 119-271(rFIL16-18)

RRENVKYNFM RITKYENDAL NQSIIRANDG YLTAAALANL DEAVKFDMGA YKSSKDDAKI
TYILRISKTQ LYVTAQDEDG PVLLEEMPEI PRTITGSETN LLFTWETHGT KNYFTSVARE
NLFIATZ(DY WVCLAGGPPS ITDFQILENQ A

SEQ ID NC:218 hIL-1 alpha 119-271(rITGS96-99)

MLSNVKYNFY RIIKYEFILN DALNQSIIRA NDQYLTAARYL HNLDEAVKEFD MGAYXSSEDD
AKITVILRIS KTQLYVTAQD EDQFVILKEZM PEIPKTETNL LFFWETHCTK NYETSVAHPN
LEIATKODYW VCLAGGPPSI TDFQILENQA

SEQ ID N0:219 Histag-GGC

LEAHHHEHGG CG

SEQ ID NO:220 hIL-1 beta 116-269(D143K) with LEHHHHHHGGCG-tag

MDIPVRSLNC TLEDSOQXSL VMSGPYRLKA LELRDGODMEQ QVVESMSEV( GEEZSNDKIPV
ALGLEEENLY LSCVLKDDEP TLOLESVIPE NYPREKEMEER EVEFNEIEZINN KLEFESADEE
NHYISTSGAE RMPVFLGGTK GGQDITHEETM QFVISLEHHE HHHGGCG

SEQ ID NO:221 hIL-1 beta 116-269(D145K} with GGCG-tag
MDTPVRSLNC TLRDSOCKSL VMSSPYRLKA LHLOCODMEQ QVVFSMSFV) GEESNDKIPV
ALGLKEKNLY L3CVIKDDKP TLOLESVDPK NYPKKEMEKR FVFNKIEINN KLEFESAQFP
NWYISTSOAR NMPVELGGIH GGODITKRIM QFVSSGGUG

3EQ ID NO:222 hIL~1 beta 116-269(D143K) with GGC-tag
MODIPVRILNC TLRDSQOKSL VMSGPYELKA LHELQGQDMEQ QVVESMIEV(Q GEESNDEIPY
ALGLEERNLY LSCVLKDDER TLOLESVOPK NYPKREMEKR FVEN INN KLEFESAQEP
NWYTSTSUAE NMPVELGGTE GGOLITEETM QFVISGEE

SEQ ID N0:223 hIL-1 beta 11€-269 with GGCG-tag
MDIPVARSLNC TLRDSQOKSL VMBGPYELKA LALQGODMEQ QVVFSMSFVQ GERSNDEIPV
BLGLEEKNLY LSCYLKDDKE TLOLESVDPR NYSKKKMEKR FVFNKIEINN KLEFESAQFP
NWYISTSQAR WMPVFLGGTK GGRDITDFTM QFVSSGGIG
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SEQ ID N0:224 hIL-1 alpha 119-271 (SEQ ID NO:203) with GGCG-tag
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MLENVEYNFM RIIKYREFILN DALNGSITRA NDRYLTAAAL RWLDEAVEFD MEAYESSKDD 60
AKITVILRIS RTQLYVTAQD EDQPVLLKEM PRIPETITGS BEINLLFFWET HETKNYFTSV 120
ANPNLEFIATE QDYWVCLAGG PPEITDFOIL ENDAGGCG 158

SEQ ID NO:225 hIL-1 alpha 119-271 (DI145K} (SEQ ID NO:204) with GGCG-tag
MLSNVEKYNFM RITKYEFILN DALNQZIIRA NDQVLTAAARL ENLDERVKFD MGAYKSSKDD &0
AKITVILRIS KTQLYVTAQD EDQPVLLKEM PEIPKTITGS ETNLLETWET HGTKNYETIV 1ap
AHPNLFIATK ODYWVCLAGG PPSITRFGIL ENQAGGCSH 358

SEQ ID NO:226 IL1BETA-3
atatatgata tococcattag acaget

SEQ ID NO:227 TLIBETA-Z
atalatoueg agggeagaca cagatlocalt goltygaag 37

SEQ ID NO:228 mlIL-1 beta 116-26% (D145K)

MDIPIROLEY RLEDEQQESL VLIDPYELEA LELNGONING OVIFSMSTVD GERPSNDKIDY 50
ALGLEGENLY L3CVMEDGTP TLOLESVDPK QYPKEEMEKR FVFNKIEVES KVEFESALEP 120
NWYISTSQAE BEPVFLGNNS GRDIIKETME HEGGC 1gb
SEQ ID NO:229 bl43K-~1

cagtggtcayg gacatasita mattcaccat ggaatoigig oo 1z

SEQ ID NO:230 DL43K-2

gacacagatt ccatggigaa Citmattatg tooctgaccac g a2



