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In one aspect, this disclosure features an isolated protein including an cytokine
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25  for example, receptor binding features, surface features, p strands, and loops from at
least two parental cytokines domains.

In some embodiments, the cytokine domain binds to IL-1RI and includes receptor
binding features from different parental cytokine domains, e.g., from a receptor agonist
and a receptor antagonist (such as IL-1p and IL-1Ra, or IL-1a and IL-1Ra), from IL-1B

30 and IL-1a, or from all three of IL-1Ra, IL-1a and IL-1Ra. The receptor binding features
can correspond to residues, segments, or regions in Sites A and B. With respect to such
residues, segments, and regions corresponding to Sites A and B, in the context of IL-1
(IL-1B, IL-1a, and IL-1Ra), see the definitions further below.
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25  cytokine domain at one or more positions in the domain that impair interaction with a
cytokine secondary receptor (e.g., IL-1RAcP). For example, the second parental
cytokine domain is IL-1Ra. In some embodiments, the cytokine domain includes one or
more Site C and/or D segments (e.g., C1, D1, D2, D3, D4, and/or D5) from IL-1Ra, or
sequences at least 80, 85, 88, 90, 92, 95, or 100% identical to such segments. For

30  example, the cytokine domain includes (i) a Site C residues that are at least 60, 70, 80,
85, 88, 90, 92, 95, 98, or 100% identical to corresponding residues in IL-1Ra, (ii) Site D
residues that are at least 60, 70, 80, 85, 88, 90, 92, 95, 98, or 100% identical to
corresponding residues in IL-1Ra, (iii) a C1 segment that is at least 70, 75, 80, 85, 88,
90, 92, 95, 98, or 100% identical to corresponding residues in IL-1Ra; or (iv) a D2
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a second segment of 20-45, 20-40, 25-40, or 25-35 amino acids (e.g., 25, 26, 27, 28, 29,

30, 31, 32, 33, 34, or 35), each identical (or at least 80, 85, 88, 90, 92, 95, or 98%
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In some embodiments, the domain includes a segment having an N-terminus at a

position within five, four, three, two, or one amino acids of amino acid 42 of SEQ ID

30  NO:1 and a C-terminus within five, four, three, two, or one amino acids of amino acid
120 of SEQ ID NO:1, and/or a segment having an N-terminus at a position within five,
four, three, two, or one amino acids of amino acid 121 of SEQ ID NO:1 and a C-terminus
within five, four, three, two, or one amino acids of amino acid 145 of SEQ ID NO:1.



25t o0 corresponding loop froman IL-1 antagonist, e.g., |L-1Ra. In
sone enbodi nents, the cytokine domain includes sequences that are at | east
80, 85, 880200201883 95, or 100% identical to one, two, PoTas2010/0439b% of
beta strands 132, 133, 610 and 611 of IL-1Ra. In sone enbodi nents, the

cyt oki ne domai n includes sequences that are at |east 80, 85, 88, 90, 92,
95, or 100%identical to one, two, three, or all of 134, 30136, 137, and

138 of 11-113 I to 134, 135,. 6,, 137, .and,.138 11-113. I n some
embod mema pRbedPeRE fesbinainifa e hia A b e Bt 1Rkt end gr eat or
tA ggnvgg 12151479@:,cc&’amgqas |Ll®@ii(%'%d@121€0aeé cdllectiveiynn I@std% 8652?88 @?92@5 SBRIO .

: 0 0 r 3.
In sone 65&%%?’5"33&"980@9?99}? e e Sdnﬁogga ibe BRER; Gl nt that
is great mseufwseaaen&é froRDIL-Péytokifie LA SHaIErECRY., hoariigo0s PesitensNg- VA1,
R11- M36, ' N102-D145, or Y121- D145 of SEQ ID NO 1. Generally, the cytokine
domaith i $el€9%a8ural Iy occurring. It differs from human 51L-1 fam |y

gyt Oglone donmainmdEmb&eHABIts Ethe icktokidie ldeAiirt iIRAINAESBon ) Bwo, 9IQree%5mo8@of 75, 70,
5

andr or 1 BefalopestueRese bR Dy oL BB ke (98 B0 sasi 30,

40, 45, ROEERBSEQAD Nid:10) GHVIDINTKTRY L ANN QL AG Y YQGRINVAILEEX(SEQADP! €, the

o The N qﬁ&ﬂéﬁﬁq?’%?&ﬁ%ﬂaf‘x&iﬁéﬁaﬂ%ﬁ%ﬁw?@@m §BR be
bet ween mDNQO%)IaiﬂVﬁrls@quertc@s btlebdi3s@ras, 88985 %2) aB;198] eral0obOidkhtichRe, theet ween

40-80% i dentical to i13. and 45- 80‘V i denti cal | L- 1Ra; between 45-72%
] e nforatoG Ip $ame R bpairg s [0 A (e SOBRI ol iges AL D 7e orpee

: ggm: ggbf th@fdubwﬂqgl%equghc@a wg;EIE@NuﬁmsEth N1 ARKK KR KIRFE (B 5@1[;2%

i denti ca\hot% )i E”%FS“@%&%@E%%N%%%H%E@@ﬁEﬁDﬁms%P 72%
dent ] ool o L e o LT e e o e
chi nkti cé%lc#éaé% 935’233 58{%,@%?{'0& Oéﬁﬁﬁifﬁ%ﬂq cal toIL-1 a gﬁd 35-85%
dent cal 1o 1L R e F ot Pt oa 2, Bl B0,

i dent i calcoPDatelat{gast 8@ E5nERP0U82.8Pr deiveiidentic do Ferraspanding losps diom
i denti caby 101 gﬁ’t‘a?o&ﬁae gost Wﬁﬁn I@Qorzgg%bg&me'nfsabné Br ﬂnbre]oraall%?%eg[%lg%()%

identical to béet ween - 72% i denti cal -1 a and
i dent i caPSRcoPEBZ athBmﬁdDme@&lem%Q @6n8%, 94l 92, c95L Dﬁ 1@0% iegntichl 80% i dent i cal

to | 1'?0rre%§o#cﬁﬁ%@%@ ﬁ§m7a2c%f rgﬁpﬁ_' Fﬁbllkgy%kmé%oﬁ@ fign tch7 ﬁd tical to

lL-1 hect ersfro L-1Ra, and
bi nds toparlaetaQ@rt@crmaima’rlsuwnslt elmllactoude BoR2 BSBB,eB&BQamd/BdE)BBI bepd For

Lo 1 Ra) HGPE,aes avore AE Aleas RS moBE SR e SanBRPdal Setth oSy sov
i dent i cagg fopoo? resrBN1dds enacdl o sbehl&ps fFom aﬁ*@mbsmsttmm@rmn Irs between
40- 95% 40-90% or 45-85% i dentical to |L-1Ra. The domain can al so be

bet ween 2U0®sTPodineytsyfherP 14613 bupinatinast80183.88 P9 X2y Palari80%geantieal such

as ljs 1 @&?reégddar%ﬂa%p#ram%ﬁe 1EAHRAGHRR L ., 1L 11ga CYt OKi ne domai n i ncl udes:
at |east 40, 4
In some embodiments, the cytokine domain includes sequences that are at least

80, 85, 88, 90, 92, 95, or 100% identical to one, two, three, or all of beta strands 2, 3,

B10 and 11 of IL-1Ra. In some embodiments, the cytokine domain includes sequences
that are at least 80, 85, 88, 90, 92, 95, or 100% identical to one, two, three, or all of 4,
30  PB6, 7, and B8 of IL-1B, or to B4, B5, B6, p7, and B8 of IL-1p.
In some embodiments, the cytokine domain does not contain a segment that is
greater than 80, 85, 90, 95, or 100% identical to amino acids 146-G59, A55-G59, A55-
V83, 160-V83, N84-D95, 146-S110, V49-S110, or 146-G118 of SEQ ID NO:3. In some



65, 70, 75, 80 or 85% am no acids froma first parental cytokine domain
that is an agonist of cytokine signaling. In sone enbodi nents, the
cyt oki ne wormizn1b®ws greater amno acid identity (e.g., &CTItSa&i1/08599310, 15,
or 20% greater) to a receptor agonist (such as IL-113 or IL-1a) than to a
receptor antagonist (lIL-1Ra), but functions as an antagoni st of IL 1 R. In
some enbodi ments, the cytokine domain is conpletely chlnerlc each
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acids in the Gen@nany Meacﬁtaskixm doreainfis hdtamapaalyrdcatrriayt kdiffees frtGdidneians. For
exanpl e, rotel binds to, |l a ng by
the. Focelit g yBKRE BRI, o eRitlohieJes et 468 &t 89 & Sfaptn
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B L e L
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signaling by IL-1 p wth an that 1s less than that of IL-1Ra, e.g., at
| east 10bete@en 40-880ertivalto |QOBrandé15t85Q°/nld8nmﬁﬂimn1tRa betveeeoyicoldshe domai n
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t hanyglx 1929§,|de?=1'{_’|&al)fé-ILQT[flanc%fi-G@%“iderﬁfcaﬁB]rl_Q‘l ﬁaSOrlbetween 68-759) i§&HTRal to

enbodlrrents he cytoki ne domain binds to IL-1RlL wth a better affinity
(e.g., kbm?éirand:&§4 affd/idantigaldd dwRa.d Feseraimte, de claltnen@ ﬁlamalnls:ambs or |L-1Ra.

e R R et e
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bet ween %é)groxl mat el 12%-_ 40- 170, or 148- 160, or 150- d%g,[fi‘»%?zm no acids

in | engt % @%ﬂ@a'et t\é/eeri % 7 rigericalto Jis 3o @nd p3E0Ty s in

I engi. Iym%b{vveetn% ORIt WORSadd 53-06%1 |dér9rca|3té IL- QRalt?etw?veéﬁ é@nds and
is stably f I n sone enbodi nents, the cytokine domain has a Tm of at

| east 3@%4@%“2@ to H4] o a6¢ 5388%6dentis2l togk-1 Ragbetsgen 66,728identicaboC, as
descri be & .can. f r
A N L s R
unti | atidbetst todB;1R20, 51, 55, 57, 58, or 59C. For exanple, it has a Tm

o oot P85 ha sk A AR P iR bty 1, 1,
| L- 1%a aredépior wmlelmpludlnga Pty aod/ogBitaD dhalfdc&zrlstld:ofra ea¢a1raﬁy ecdunéngdomai n can
e or TRehOR pl Sl RS e e R i ROED BB IR 1S,
7-10C gr @@,t%r amdwamtud:mmzrmfmfm hlmami_- gharhdinL-t Ral Fpr ataneple,ahe domaiatis on of
about betmgen 40-95%, 40-90% or 45-85% identical to IL-1Ra. The domain can also be

between 40-95%, 40-90% or 45-85% to an IL-1 family cytokine agonist, such as IL-1¢, or

30 IL-1B. In some embodiments, the cytokine domain includes: at least 40, 45, 50, 55, 60,
65, 70, 75, 80 or 85% amino acids from a first parental cytokine domain that is an
agonist of cytokine signaling.



10The protein can include other features described herein. In

anot her aspect, the disclosure features an isolated protein that includes a
chi meri ¢ wD-201mamioBy cyt oki ne domai n. Exanpl es of |L-1 egralszeie/ofiznes |y
menbers include IL-1a, IL-113, IL-1Ra, IL-18, IL-1F5, IL-1F6, |L-1F7,

| L-1F8, 1L-1F9, IL-1F10, and IL-33. The cytoki ne domain can include a
receptor binding region of one of the foregoing 15cytokines or a protein
sequence that incl ude | enent s nor e ch ¢ r exanpl e,
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identical to the first IL-1 famly cytokine at at |east 50, 60, 70 80, 90,

100, 1511 0IL- i respenspeI pPOIERs 9eancE-9-5 2l epasenteadions gf 1heo/8 BRI o 1 ami | y
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cyt oki neog/ml 5uch amie acrelioldi assay desdridved Hieraim)i vathdami@ioA of tesk thies1 Gt 5062405t t wo,

t hree, r ontin Si X,
Lo ofo Pl SRR P ABNTER o S5 Bl SRR M R e, =

i denti tyoftlb 1Rar; eqt, dt E@st 160, &50°/8&;we87 90, 92, 94, 95, 96, 97, 98, or 99%

i den tyto) rrespod e nts, .of a first ILlfa t oki ne and
ol 4 g an RoeRan Al RE AR B Re gl iy o 3% bR oki ne-at
10r emai nlbet@rpﬁmnty thanonelof thenearemblonytakanet dontdies. clhisoeiel embaimeénts,ithel udes 4,

5, 6, or_ 7 se nt.s [ ei dj,acent, seqdnme f diff rent ar ent al
L5 ¢ an RS TR R o IR R E AL e R 208 &Y, Bor [P B Bl PEE Bhsfiormai n i s
| ocat ed ihan&0pe410, deo,alr 59qoM eltexampte, heeassnciatmi absistant tamnigd grebreom a

Ll ARSEHEY R IRE A o! e RSB Ro AR  petBhE SR
segnent of 108t 6k 885 br 6010° 56501,. 65, 70, or 75 amino acids in length from
IL-113, (i1) fA some embodiments, the cytokine domain binds to IL-1RI with a better affinity
(e.g., lower Kp) and/or a slower dissociation rate than IL-1p or IL-1Ra. For example, the
cytokine domain can bind to IL-1RI with a dissociation constant less than or equal to that
of IL-1Ra and/or with an association constant greater or equal to that of IL-1p.
30 The cytokine domain can be between approximately 120-180, 140-170, or 148-
160, or 150-156 amino acids in length. In some embodiments, the domain is 152 or 153
amino acids in length. Typically the domain includes at least 10, 11, or 12 B-strands,

and is stably folded. In some embodiments, the cytokine domain has a Tm of at least



segnent of at least 15, 20, 25 amino acids in length fromlIL-1Ra; and (iii)
anot her segnent of at |east 15, 20, 25 amno acids in length fromlL-1Ra.

| n one emvodnreANn5203t he di sconti nuous segnents includes PeTIUSAEI/043995 1-6 and
45-61, (ii) 1-6 and 86-95, (iii) 45-61 and 86-95, (iv) 1-6 and 148-153, (v)
45-61 and i48- 20153, or (vi) 86-95 and 148-153, according to the nunbering
of such positions in IL-1p. The three discontinuous segnents fromthe first

IL-1 fam ]y, cytoki an i ncl yd . Q... Fesidues 120, nd 141- 153,
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For exarrISfnl segrrents Al and A2 are identical to corresponding
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correspondi ng 8 dues I segnent s
that ar ethe@rcblﬂ:cctdn\sgetwg att ILH@akt 1 BAnd 85,1 RE8 In Shth&@2malim&8, thefirst and

second IL-1 family cytokines are selected from the group consisting of IL-1F5, IL-1F6,
30 IL-1F7, and IL-1F8. In another embodiment, the first IL-1 family cytokine is selected

from the group of agonists and the second is selected from the group of antagonists. In

some embodiments, the chimeric domain includes fewer than 120, 110, 100, 90, or 80

contiguous amino acids from the same parental cytokine domain.



25100% i dentical to corresponding residues in IL-1Ra; (iii) Bl, B2, and B3
segnents that are collectively at | east 80%identical to correspondi ng
resi dues wo 2b12/qip®3or IL-la; (iv) a Site A region that PESTAIS201¢A3$39980, 85,
88, 90, 92, 95, 98, or 100%identical to corresponding residues in |IL-1Ra;
(v) a Site Bregion is at |least 80, 85, 88, 90, 92, 95, 98, or 100%to
corresponding residues in IL-1[3 or IL-la; (vi) a Site C and/or Site D
30residues that are at.least 5 60, , 70, 80 5..8 0,,9 5, 98, or
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human cedjcbraamGenenreaémyodumbet thelhghirh o donmdin MCtlﬁieiasiegstainengvd)y)riHLeelofp e.g.,
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In another aspect, this disclosure features an isolated IL-1 inhibitor including a IL-
30 1 family cytokine domain that binds to IL-1RI. For example, the IL-1 inhibitor includes
one or more features above or elsewhere herein. In some embodiments, the cytokine
domain includes: (a) amino acids identical to IL-1Ra at the following positions ARG11,
SER13, GLN14, GLN15, GLU25, LYS27, LEU29, HIS30, LEU31, GLN32, GLY33,
GLN34, ASP35, MET36, GLN38, GLN39, ALA127, GLU128, ASN129, MET130, and



substitutions. The am no acid sequence can include at least 1, 2, 3, 4, or
5 substitutions, e.g., conservative substitutions. Al so provided are
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acid sequence of PO1, P02, PO3, PO4, P05, P06, or P07, or a sequence in
Exanpl e el seywhere here in.which the alanlne at Nt nus is
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host disease (GVHD). In still other enbodi nents, the disorder is uveitis.
In still another aspect, the disclosure features a nethod of inhibiting
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can bind to IL-1R1 to cells responsive to IL-1 or to a subject. Cenerally,
the protein is provided in an anount 20effective to inhibit IL-1 activity
associated with the cells or in the subject. The protein can be contacted
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In another aspect, the disclosure provides an isolated protein that includes an

amino acid sequence at least 80, 82, 85, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98,
99% or 100% identical to a sequence disclosed herein, e.g., a sequence listed in Table 4

30 or Example 1, e.g., the amino acid sequence of P01, P02, P03, P04, P05, P06, or P07,
or a sequence in Example 1, 5, 6, or elsewhere herein. In some embodiments, the
amino acid sequence includes at least one substitution, insertion, or deletion. The
amino acid sequence can include fewer than 15, 12, 11,10, 9, 8, 7, 6, 5, 4, 3, or 2 non-
conservative substitutions or fewer than 15, 12, 11,10, 9, 8, 7, 6, 5, 4, 3, or 2 total
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Ref erence is nade herein to various regions, segnents, and residues in IL-1
famly cytokines in relation to Sites A, B, C, and D. The | ocation of such
resi dues,weegrens®3 and regions in the sequence of hunalCIrIUS20118439$EQ | D
NO 1) and correspondi ng positions are provided below and in Fig. 1. 25Site
A. Site Aresidues in 1L-1 p include: ARGL1, SERI 3, GLN14, G.N15, SER21,
GLU25, LY527, LEU29, H S30, LEU31, GLN32, G.Y33, G_N34, A5P35 I\/ET36
GLuU128, ASN and correspondjng re id
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segnent sThepotdiecarliavk ath¢rdkatoesidestibedriendier é1 some embocﬁmbettheSr te C
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hown 171 o, "t 350G Sierl el s BRERg PiFigoRaf Belflec B ML bl A
IL-1 13 tleamdidGatidd aaircSEQY p&mvddliorm aihd cgmknnesipmmm depcaleghientis, €.9.,@t her
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37-41 of SEQ

of SEQ 1 b No 1 Spre A e S RATER R SO TR o e 6% ° <20 1 b
NO 1), amdreereDEptoeigineing agemis desgibadinagin suth as dréteinIbil-idiRlesfa SEQ | D NO 1)
dertl 11 CUREBcBr TR ok T Coroubatal b At Pa T R st 8RRte & B
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sequences ShOVr\{nanioﬂre'r:Iagr;‘oecét1 the disclosure features a method of modulating an immune or

inflammatory response in a subject. The method can include administering a

composition that includes a receptor binding agent described herein to a subject in an

30 amount effective to modulate the immune or inflammatory response in the subject.
In another aspect, the disclosure features a method of treating an IL-1 mediated
disorder in a subject. The method includes administering a composition that includes a
protein that can bind to IL-1Rl, e.g., a receptor binding agent described herein, to the

subject. For example, the disorder can be an autoimmune disorder, e.g., rheumatoid
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The ami no acid sequence of IL-i13 (human) as referenced herein is: 30
APVRSLNCTL RDSQQKSL VMSGPYEL KAL HL QGQDVEQQVVFSVSFVQGEESNDKI P

VAL GL KEKNV 828001 K0BKPTL QL ESVDPKNYPKKKVEKRFVENKI EI NNKL EF BER@IS2011/045995

PNWYI STSQAENVPVFLGGTKGGQDI TDFTMQFVSS (SEQ I D NO 1). The amino acid
sequence of IL-1a (human) as referenced herein is: SAPFSFLSNVKYNFMVRI |
KYEFI LNDALNQS || RANDQYLTAAALH NLDEAVKFDMGAYKS

SKDDAKI TVI LRI SKTOLYVTA /L L KEMPEI, PKTI TGSETNLLFEVWETHGT F

SvALPN PR S BCT S TLREHE e R EDAFTO B AU aci d
sequencesmindl/litis LBehdelisi spigroas, dreihédramaety beweidisease, asthma, vasculitis, or
RPSGRKSSK! FRI V| TFYLRN VAGY NVNL EEKL.DVVPI EPHALFL ..

S M SR SRS L CIIEk R DB E SRR PPN Rt At paatedalaeaion, 9.

GIFL CTAMEABER\SHTE B DE MBS RYEIGED ((SE@<Ulh NEp@)deniTdigbdies)maizheimef's, | L- 1a,
and | L-1Ra as used  herei q. refe[?.céﬂ%.the res&eclt tﬁ\’/% ture teins. 10The p
Sheett T ored, SeR ATtk BrtlodRis ATKP B hlsrd TRiSSTEREYI T ow ng
sequenceluntingdnés dis&iveedr Parkihddh's SE€adeD THE digordidr-chRanldoIe(h CBPSQCRASLoop

I[ |§_2113 (REQclR ¥R i é’in%i%’lmés% BR ot R o ther biddrlr dsclibed heleritl 32 13-17 18-22

In another aspect, the disclosure features a method of treating an IL-1 mediated

ocular disorder in a subject. The method can include administering a composition that

10 includes a protein that can bind to IL-1Rl, e.g., a receptor binding agent described
herein, to the subject. For example, the composition is an ophthalmic composition that
is administered topically to an eye of the subject or surrounding region. In one
embodiment, the disorder is a dry eye disorder. In some embodiments, the subject does
not exhibit manifestations of systemic autoimmune disease. In some embodiments, the

15 subject has Sjégren's syndrome. In some embodiments, the subject has graft-versus-
host disease (GVHD). In still other embodiments, the disorder is uveitis.

In still another aspect, the disclosure features a method of inhibiting IL-1 activity.
The method includes contacting a receptor binding agent that can bind to IL-1RI to cells
responsive to IL-1 or to a subject. Generally, the protein is provided in an amount

20  effective to inhibit IL-1 activity associated with the cells or in the subject. The protein can
be contacted to cells from a subject ex vivo.

In another aspect, this disclosure features an isolated nucleic acid that includes
one or more sequences encoding the proteins described herein or a nucleic acid
disclosed herein (e.g., in Table 5), a sequence that hybridizes to such nucleic acid, or

25 thatis at 80, 82, 85, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99% or 100% identical
to such nucleic acid. Exemplary hybridizing sequences can be at least 200, 300, 400,
420, or 450 nucleotides in length, e.g., between 420-480 nucleotides in length. The
nucleic acid can also include other features disclosed herein.

Also featured is a recombinant host cell that includes a nucleic acid that includes

30  one or more sequences encoding the proteins described herein and a polypeptide chain
thereof. A receptor binding agent can be produced by a method that includes
maintaining the host cell under conditions that permit expression of the receptor binding
agent, and optionally recovering the receptor binding agent, e.g., from cells or media
associated with the host cell. For example, the receptor binding agent can be purified

13
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from lysate from the cells. The purified receptor binding agent can be formulated, e.g.,
with one or more of an excipient, a stabilizer, and a buffer.

Also featured is a method of providing a chimeric protein domain. The method
includes identifying at least two parental proteins having a common fold (e.g., a first

5 parental protein and a second parental protein), locating at least two segments within the
first parental protein and constructing a nucleic acid that has a sequence encoding a
chimeric amino acid sequence that includes the two segments from the first parental
protein and residues that are predominantly from the second parental protein at
remaining positions. The domain can be a domain that is largely composed of B-sheets,

10 or adomain that is largely composed of a-helices, or a domain that has a combination of
such elements. For example, the domain can have the fold of a cytokine. The first and
second parental proteins can be related by homology, e.g., between 10-40% amino acid
identity. In some embodiments the segments from the first protein are located within a
single folded protein domain, and the chimeric amino acid sequence includes a form of

15 the folded protein domain that is non-identical to the corresponding domain in the first
and second parental protein. In some embodiments, the two parental protein have
different functional properties, and the chimeric domain can have properties of one or
both of the parental proteins. In some embodiments, the chimeric domain has one
binding interface from the first parental protein, and another binding interface from the

20  second parental protein.

Reference is made herein to various regions, segments, and residues in IL-1
family cytokines in relation to Sites A, B, C, and D. The location of such residues,
segments, and regions in the sequence of human IL-1p (SEQ ID NO:1) and
corresponding positions are provided below and in Fig. 1:

25 Site A. Site A residues in IL-1p include: ARG11, SER13, GLN14, GLN15,
SER21, GLU25, LYS27, LEU29, HIS30, LEU31, GLN32, GLY33, GLN34, ASP35,
MET36, GLU128, ASN129, and MET130, and corresponding residues of other IL1
cytokine family members (referred to herein as “Site A residues”). In certain contexts,
particularly in connection with IL-1B, reference is made to “extended Site A residues”

30  which include Site A residues as well as GLN149, and PHE150, and corresponding
residues of other IL1 cytokine family members. In addition, it is possible to define a “Site
A region” as shown in Fig. 4, including for example an A1 segment (corresponding in IL-
1B to 11-36 of SEQ ID NO:1) and an A2 segment (corresponding in IL-1p to 125-131 of

SEQ ID NO:1), and corresponding segments in other IL1 cytokine family members.
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Site B. Site B residues in IL-1p include: ALA1, PRO2, ARG4, GLN48, GLU51,
ASN53, ILE56, LYS92, LYS93, LYS94, LYS103, GLU105, and ASN108, and
corresponding residues of other IL1 cytokine family members (referred to herein as “Site
B residues”). In certain contexts, particularly in connection with IL-183, reference is made

5 to “extended Site B residues” which include Site B residues as well as PHE46 and
SER152 which are outside the Site B region in Fig. 4. In addition, it is possible to define
a “Site B region” as shown in Fig. 4, including for example a B1 segment (corresponding
in IL-1B to 1-5 of SEQ ID NO:1), a B2 segment (corresponding in IL-1p to 48-56 of SEQ
ID NO:1), and a B3 segment (corresponding in IL-1p to 92-98 of SEQ ID NO:1), and
10 corresponding segments in other IL1 cytokine family members.

Site C. Site C residues in IL-1p include: ILE104, ILE106, ASN107, LYS109,
GLU111, THR137, LYS138, GLY139, GLY140, GLN141, THR144, and ASP145 and
corresponding residues of other IL1 cytokine family members (referred to herein as “Site
C residues”). In addition, it is possible to define a “Site C region” as shown in Fig. 4,

15 including for example a C1 segment (corresponding in IL-1p to 136-145 of SEQ ID
NO:1), and corresponding segments in other IL1 cytokine family members.

Site D. Site D residues in IL-1p include: LEUSG, THR9, LYS63, GLU64, LYS65,
and ASN66 and corresponding residues of other IL1 cytokine family members (referred
to herein as “Site D residues”). In addition, it is possible to define a “Site D region” as

20  shown in Fig. 4, including, for example, a D1 segment (corresponding in IL-1p to 6-9 of
SEQ ID NO:1), a D2 segment (corresponding in IL-1p to 37-41 of SEQ ID NO:1), and a
D3 segment (corresponding in IL-1p to 63-66 of SEQ ID NO:1), a D4 segment
(corresponding in IL-1p to 86-91 of SEQ ID NO:1), and a D5 segment (corresponding in
IL-1PB to 150-153 of SEQ ID NO:1) and corresponding segments in other IL1 cytokine
25  family members.

Further identification of the location of residues and regions for Sites A, B, C, and
D can be found by alignment of the cytokine in question to the sequences shown in
FiG. 4.

The amino acid sequence of IL-1B (human) as referenced herein is:

30 APVRSLNCTLRDSQQKSLVMSGPYELKALHLQGQDMEQQVVFSMSFVQGEESNDKIP
VALGLKEKNLYLSCVLKDDKPTLQLESVDPKNYPKKKMEKRFVFNKIEINNKLEFESAQF
PNWYISTSQAENMPVFLGGTKGGQDITDFTMQFVSS (SEQ ID NO:1).
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The amino acid sequence of IL-1a (human) as referenced herein is:
SAPFSFLSNVKYNFMRIIKYEFILNDALNQSIIRANDQYLTAAALHNLDEAVKFDMGAYKS
SKDDAKITVILRISKTQLYVTAQDEDQPVLLKEMPEIPKTITGSETNLLFFWETHGTKNYF
TSVAHPNLFIATKQDYWVCLAGGPPSITDFQILENQA (SEQ ID NO:2).

5 The amino acid sequence of IL-1Ra (human) as referenced herein is:
RPSGRKSSKMQAFRIWDVNQKTFYLRNNQLVAGYLQGPNVNLEEKIDVVPIEPHALFL
GIHGGKMCLSCVKSGDETRLQLEAVNITDLSENRKQDKRFAFIRSDSGPTTSFESAACP
GWFLCTAMEADQPVSLTNMPDEGVMVTKFYFQED (SEQ ID NO:3). The terms IL-1,

IL-1a, and IL-1Ra as used herein refer to the respective mature proteins.

10 The B sheets referenced herein and shown in FIG. 4 refer to the following
sequences:
Table 1
Sheet IL-1B (SEQ | IL-1Ra (SEQ | Loop IL-18 (SEQ | IL-1Ra (SEQ
ID NO:1) ID NO:3) ID NO:1) ID NO:3)

B1 6-12 11-17 B1p2 13-17 18-22
B2 18-21 23-26 B2B3 22-24 27-28
B3 25-28 29-32 B3p4 29-41 33-45
B4 42-46 46-50 B4B5 47-56 51-54
B5 57-62 55-60 B5B6 63-66 61-64
36 67-70 65-68 Bep7 71-80 69-78
B7 81-83 79-81 B7B8 84-99 82-98
B8 100-105 99-104 B8p9 106-109 105-108
B9 110-114 109-113 B9B10 115-120 114-119
B10 121-123 120-122 B10p11 124-130 123-129
B11 131-135 130-134 B11p12 136-145 135-145
B12 146-150 146-150

Calculations of “homology” or “sequence identity” between two sequences (the
15 terms are used interchangeably herein) are performed as follows. The sequences are
aligned according to the alignments provided herein, or, in the absence of an appropriate
alignment, the optimal alignment determined as the best score using the Needleman and
Wunsch algorithm as implemented in the Needle algorithm of the EMBOSS package
using a Blosum 62 scoring matrix with a gap penalty of 10, and a gap extend penalty of
20 1. See Needleman, S. B. and Wunsch, C. D. (1970) J. Mol. Biol. 48, 443-453; Kruskal,
J. B. (1983) An overview of sequence comparison In D. Sankoff and J. B. Kruskal, (ed.),
Time warps, string edits and macromolecules: the theory and practice of sequence
comparison, pp. 1-44 Addison Wesley, and tools available from the European
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Cal cul ations of "honol ogy" or "sequence identity" between two sequences
(the 15terns are used interchangeably herein) are perfornmed as follows. The
sequencesweaner2alis®aed according to the alignments provi @ed/usesi@ionyoodbr, in

t he absence of an appropriate alignnment, the optinmal alignnment determ ned
as the best score using the Needl eman and Winsch al gorithm as i npl enent ed
in the Needle algorithmof the EMBOSS package using a Bl osum 62 scoring

mat ri x th.a t 0 xtend penalty of_.201. See
Necdl emponginiits REM Lafibride LR ByBASE TREEoo a0 b 538h4 s 5

Kr uskal , Ogen Boft\(/%wte%oomemlxze@vembl s/&qvlelndeurc@emmubisse,n(G) pp. [27686mkoff and
. B. Krus stri dlts | ecul es: the
theory aﬂ@%ﬂét&?% ats@&d&ﬁ\é e%'c?r‘r\ﬁgﬁlﬁg’ Sﬁi"%”‘i\%@%& sl ey, and

t ool s avlamd /aélhleos‘srapentblrteorﬁmlmpqmdoc Ricodlof O’hmtmmsadmnsetsnduetser ﬁa‘d@d:tldiedge UK)
EIVBC%S te Eur opgan_ Mol ecl;EJi ar.t.Bi olo Ie?&g So tware Suite cgq&h Rice, P.
et al®, ACOTPPRAUGYS AMERELIROSPBS O BICRYC B8 'O@ﬁeﬁ??d‘%?\%ﬁ BRI i ne at
http:/ / waposition iachekrsTemjuehesisassipied by thel satdexarinoiacairdsidue or nucleotide
http://enb ss..open- bi 0. org /W, k'@/ Apgdrgfcz: Needl e, Tt}g amlno aci dc%eﬁibagues or
nucl eot i teeSA" %%W@@p"c?ﬁ PRY" W% STEONEIHUF A thesEe Brolgies st 19881 s t i ons
ar e t henatthatyisitidn éMmd&mep@slamlrwnclmommlﬂzlén ast |elemm¢nseqm|$almaup| ed by the
same am ng. aci d resi %Ct nucl eot.i

COL.I ndln osition in the
second SBQURAE R RGP TR BRdrhe bRy BERRBHARNBET | on (as used
her eim aanmenees id adunomunloethe raenkekr bf identidat gbsutlomseqanevjadyelmé séqueaoesno acid or
nucl ei ¢ aci,d " honmol %T{Sj The Percent |denft { 2 E two 10sequences
s ot unks PORTBRCEREE v eptis PP BiE sk Riblelesd R4 Bie sl it et "sequences.
To det er saquencas, bepotsltimeisiczlmardblteﬂ tobeaxﬂwtlsmfu’esmnoéal|tmlaeleastone<anan<gr oup of
reference$ eauences, gmﬁ hqon i S caonsi der eE ta be ifd ntical if it is
i dent i cafC'¢ 8L AFOTEROPIBREOUHHY AN¥;0Fe T MOTe 8t P& SRR ﬁ%e\i%‘g?ti on in any one
or nore eéqueheesgrwmrasbea:tetbestenteegsmmarﬁ@asresWrtrbgloaspxmntltytcmnlkiests of
segngnt s tur ons |de e 15ca ulate col l ectively
For B “salorfabd ot iy o Al Fefvpess STsh Y B due BB AR e tent 1
Pr ovi dedldbemyeln are sequences that are at |east 80, 82, 85, 87, 88, 89, 90,
91, 92, 93, 9 %Id nt i s, di.scl osed
herein. As uséﬁ’vﬁépgl Efein ?rﬁ eﬁ@??ﬁesé'g?%@é%ﬁ tr%g ?%% gg’tj@ggst%&gisi gnat e
t he posi 82,@3, 64, 95086, 937rreepore&9f>/d|deamaﬂtoeeeqneacqscd|3thspdihds«eumf interest with

tide. nlsthe one

|l cat ed by 45T GiRah PeiPEY il Gonrsiio e Sod REgRale RE poSiibm & U
her e2n, #amamineravid tegillue dh apslyplesmee ofiingdresttwithngepexy tccarederenomns” descri bes
bybr i i 2RO RS, BradioBRieCeRE B RS BRES A E P iR o
Bi ol ogy, (eJphiFig\)l ey & Sons, N.
As used herein, the term “hybridizes under high stringency conditions” describes
conditions for hybridization and washing. Guidance for performing hybridization
25  reactions can be found in Current Protocols in Molecular Biology, John Wiley & Sons, N.
Y. (1989), 6.3.1-6.3.6, which is incorporated by reference. Aqueous and nonaqueous
methods are described in that reference and either can be used. High stringency
hybridization conditions include hybridization in 6X SSC at about 45°C, followed by one
or more washes in 0.2X SSC, 0.1% SDS at 65°C, or substantially similar conditions.
30  Provided herein are isolated nucleic acids that contain sequences that hybridize under
high stringency conditions to nucleic acids encoding amino acid sequences disclosed
herein and to the nucleic acids disclosed herein, e.g., in Example 1.
Naturally occurring proteins referenced herein specifically include the human

form of such protein, and also forms from other mammalian species.
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Y. (1989), 6.3.1-6.3.6, which is incorporated by reference. Aqueous and
nonaqueous net hods are described in that reference and either can be used.
Hi gh striwgencyo16a0Bri di zati on conditions include hybri diPgaftisomn1iomso8X SSC at
about 45C, followed by one or nore washes in 0.2X SSC, 0.1% SDS at 65C, or
substantially simlar conditions. 30 Provided herein are isolated nucleic
acids that contain sequences that hybridize under high stringency

conditions to,nuclei c acids en din m NQ _aci uences di.sc].osed herein
and to the nudf BreTscpaTsARLEHE A HaRE and RybIsHRH PR GG pE e e

Nat ur al | gredesuporared byrrefeednes foredfllguepused. herei n speci fi caI I y i ncl ude the
human form of such protein, and also fornms from other nammal i an speci es.

Al'l patents, published patent applications, and published references cited
herei n are incorporat edBREFRESCRIRHONF aHE DRAWINGS. BRI EF DESCRI PTI ON OF
THE DRAWNGS 5FIG 1 is a graphic of the structure of PO4 as determ ned
fromaX-ray crlst alid agrappiciof trbastaictutéef B¢ abhdeternaihed emd(resy from I L-1Ra are

gy, ovafidfesioBE THE pBERR BB TR A 487 il e RoThl n bound

to the evhbmmdddmlaremumﬁmnoﬂ_ ﬂiJEBhoth.rnlgrRy.. In PO5, IL- 1Ra re5| dues are

depicted in bac and 1[ 3 10r.esi d icted i FIG 3
depi cts nodel dgm:%bre [Vﬁar cgladgo#qiomﬁ ‘j: roig a't%l exéfﬁae'tw?& cted
in bl ackdaﬁ@inloth%én IIeSRAURPOB! - RDicsidads hie dv&mdt&j in bekrapdel-1gepi cts the
prot ei ns: POl FI G  3A), PQ3 (FI G 3B), P4 (FIG 30) PO5 (FIG 3D), PO7

Ido 3Eiesioyps atsdeniqieEn WI¥E. " FI G 4 provides an alignment of several human

-1 fam |y cpiepBidegists mwa&&&m&&b@.m Jw)mchllL—ﬂP@ ré§Ele| dlelebidled | L- 1Ra
(SEQIDNOB) 11-:33 (SEQ ID NGO 4), 1L-36Ra (SE IL-36a (SEQ ID

NO 6), IR W@”@'%@BFWN@SB@ dgpigtediin whije- ( Brgne 'N@PQ}S thS@QQ*@'H%‘ P Q1ef erenced
in the texd NEreod s . SP)A864 (Fid. &E) Upeer & b) albd)ﬂ{m@ J any PG@{SF%
[ 3- sheets and 1 oops betmeen such sheets are 1 den is' a

listing of thElGam%myI@@ua@ afigamenicd sgyerpUIUNIBEG 1 flamﬂmcmymew@ BS%E@Ol

i st u I

| i st!é1ng @N?h@ Igﬂopn Eg![gNse U@% g@@%’“@%% (%%C%@% NO

: i sting (FEQ HNas)nkh-260 ($EEUWN@OE€) Hl]ESGB&Q?E(CEBQ\I(DD N(ﬁdZD)SByI(%IED IBE | fs
i sting am u P Se s from

L 118% 8D SehMenRyBRicnBaM e S alerdn 8 BT uh e a0 2l I 6 1o an

iEmStgeI of ae&f%lloﬁDﬁ-sﬂééEa_ﬁGHocﬁ)l@@étv{i@n@g@ﬁgh@étyaﬁe'ilﬂ'@htﬁi‘édOf pr ot ei nzpurk ified from
. coli ce S _exXx essli.n or I hadl n S.

Tl ooul ar e, e SR LBl B imine 2caipeatenal o 430 BNSD. Foer She

ol e.afzml g@ AWRtGNbf the ko édl@@@qubn@éldf 802 (3B Im0:(8) arm 5C ighdisting oftaé er i al

purifie

ifi by cat on exch p ane . materi al
e B T T R SO
sequence of P04 (SEQ ID NO:20). FiG. 5E is a listing of the amino acid sequence of
P05 (SEQ ID NO:21). Segments from IL-1p are shown in bold italics. See also

Example 1 below.

QJQJQJU)

25 FiG. 6 is an image of an SDS-PAGE gel showing exemplary samples of protein
purified from E. coli cells expressing receptor binding agents. The 15 and 20 kDa
molecular weight markers are indicated at left. Lanes are as follows: molecular weight
marker (lane 1 and 6), extract (lanes 2 and 7), material purified by cation exchange
chromatography (lanes 3 and 8), material additionally purified by anion exchange

30 chromatography (lanes 4 and 9), and reduced samples of such material (lanes 5 and
10). Lanes 2-5 are of P05 purification, and Lanes 6-10 are of P04 purification. See also
Example 2.
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30chr omat ography (lanes 4 and 9), and reduced sanples of such materi al
(lanes 5 and 10). Lanes 2-5 are of PO5 purification, and Lanes 6-10 are of
PO4 puri fwoabizme203ee al so Exanpl e 2. FIG 7A i eCa/usadip+mng
acconpanyi ng bar graph showing the ability of the P06, P07, and POl
proteins to agoni ze signaling relative to IL-1p and a negative control, [3-
gl ucur oni dase (GUS) prot ein. FIG 7B is a graph depicting antagoni sm of

I L-1p at vari onc ntrations depi cting
| L-1p ant agont En7hyF EE Ra etk eefyie 34 g agoveone s BrPe 208, ne

t agged), P@ﬂ&nﬁlmqqorbnemtsltdag@wuieagg@mg rélatve to-1-RB ahd atriegaveesednok pof 0 1
ng/m IL-1p humane Fl G is a graph depicting IL-1p antagoni sm by

| ysat es %'H?HFSP'H?% GlR) a&i@‘@tﬂ‘ RS t§fa @@@h dﬁ(’)@'”%‘é&gqﬁ@ﬁ” ot Pes, and

I L-1Ra '%rbﬂ@llﬂﬁﬁ%&%ﬁtr%or@b’yﬁtﬁ/m I L-113 (human) and using estimtes of
the concentration of protein’in the 10respective |ysates. FIG 9

cont & ns graphis. 8A isPRrapatdepichiogdlnt antademegm loly MEBi(Bexa Imstndumttaggect)ed soI ubI e
| L- 1R1 f

(F1 G ockb tfanBubiefbeBl Ped diia-hisidhe (58 30t 14k hHs blesthod W)

t her mal ﬁlerl@frnlrlhﬂlﬁc(human I IRA.RRB |sld_gr31[>}$de|:ﬂ6t31,g IP@B,antdgancnRblysatesiescri bed in
Ex | B d t t f th h

e 1 opdontdinif uhiageEe oy RS B PP B By fPod kbimog “Hid Eideindis RESPHAS! i ng

score SEM.asgiesit-ep (Hmdr) @ﬂd®§mgle@tlmhl@e@fﬂ@c@ﬁcéh%tlﬁ@bﬂ@@temern taye of two
i ndependent st u?ll es, on days 0, 3, 7, 9, and 11 for mce in a dry eye
model0  TIRSPRAVE ¥S8HESi ved no treatnent (n = 18), 2010 my/m PO5 (n=19), or

1. 25x]c PBS, thE|fc;v9EIt)zbn>tbms(gl?agthﬁBPRoﬁett@Fh@Mag;pmdin@axﬁrﬁatusé &f ididotizkd (
S|gn||ca P ive to vehicle as fo and ' (P <
5. 005) | Solibte - i guPlon'ip Riel Aok HaRr e e R (Rin o) POATES Blar at ¢
experi megiqd gdj@y]m@ggmean corneal staining score SEMof the cornea per eye,
on days 0, 3 and 11 for mce in a dry eye nodel. The mce received

no treatment F&- }Oé)s aggrapgﬂepglf_mg,@ﬁrr@aléiepatugq;keapf ILt tRargl 1B, RO iF94: ser um
al bupg n érMSﬁds éé‘d?slé?lbed o E>é'aQn /7”1F|<P%B(dé ?s thé%gétlvékﬁst'd@ﬂbé%i%%f the

statistical cance of relative nuri né serum al bumn as
fol | ows: gﬁapbm G01@%) and ° (P < 0.0005). FIG 11Cis a bar graph

i ncludi ng datpgl piafg §S?rt§?§|5h Wvﬁn%ﬁ Le%é‘% Ldrhénl @feﬂlﬁfé&é % SEM 9§%

cycl osporine enul sion % same experinent as FI G
Ast er i skigsgibydiveeaseeisstaining picihp caingairer @m]@féwéﬂnqmsnfﬂ%ltétthﬂé Q@)days

Restasi sgrg, 72, {ipf ﬁoiW?mlce |ﬁ B o)?(y@ @%Belar’fq‘le*rﬁkl’ée Qé?:é/ee 8 2dment (n £/18) FIG 12A

depi cts theé Structure of

sta hic structure | ack) of
bt Suer |GMETOPE BoRPutitichodES. henapia + 20, Asfaistareicaa tatston
i T ustr akiggificance of PO5 relative to vehicle as follows: * (P < 0.05) and ** (P < 0.005).
FiG. 11B is a bar graph representing data from a separate experiment showing
mean corneal staining score + SEM of the cornea per eye, on days 0, 3, 7, 9, and 11 for
mice in a dry eye model. The mice received no treatment (n = 8), 1.25x PBS vehicle (n
25  =8), 10 mg/ml murine serum albumin (MSA) (n = 8), or 10 mg/ml P05 (n=9). Asterisks
indicate statistical significance of P05 relative to murine serum albumin as follows: * (P <
0.05) and ™ (P < 0.0005).
Fig. 11C is a bar graph including data for mice that were treated with Restasis®
(0.05% cyclosporine emulsion) (n = 8) in the same experiment as FIG. 11B. Asterisks
30 indicate statistical significance of P05 relative to Restasis® as follows: ** (P < 0.005) and
*** (P < 0.0005).
FiG. 12A depicts the structure of the X-ray crystallographic structure (black) of
P04 overlaid on a computed model (gray) of its structure. FIG. 12B illustrates
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interactions between K64 and E39 of PO4; FIG 12C illustrates interactions
between the C-term nal residues 0149 and S152 with K40 and R9 of PO.

DETAI LED WBaSCR/®@d10eON 5The I1L-1 fam |y of cytokines incl edeassevouzbs
menbers, all having a conmon 3- trefoil fold conprised of six 3-strands
that forma 3-barrel capped by another six 3-strands. The primary
structures of the human and ot her mammal i an forns of these cytoki nes are

known. An ex st ruGt ur I| sever al ily
renber s TEFGG BPeBh K6 ANt gl EROTFR, 6 ERIACS hiePiTols pEbeeR R ¢ fe 1L 1
fold is OheginiyalpésididsaQ149anee® t520umitHaiK40 ehceRef Bo4.r om di f ferent nmenbers can
be conbined to provide proteins that agoni ze or antagoni ze cyt oki ne

signaling. Exanples of these -nSA d B hi meri c cyt oki ne domai ns
that include, for exanple, V\Igé@éﬁ‘ %égé tﬁ'ﬁ?@ or surface residues from
one cytokine in caont f anot C Kin cyt oki ne consensus
cequéhce ¢ hulha BEFiEbisS SheRneSRRLARS S e D hE A SRe8T BT ccept o

i nt er act irgrgil fold €smprisedofl ik fpesteitis tHat lormadBlodirreldaplséd B another six pd L-1 fami |y
cyt oki nes can Lnclude at | east two pri rrarg recept or |nteract|on sites,

r ef er r edSt@9gs T8E PEMAgiycEregoighe QP’F‘@B a er@aﬁ?@aliaﬁ\mmﬁéﬁt ¥€cont acts to
the pri n@jiykises £&ikAewh e AR RkEMplad; dructurdi-diGfhrhent! o sbRaldre®anaf -1l tamilfra and

I L-113, for exanple, the tvvo 20proteins differ substantially with respect
to sitesMBMRRES BSEQMMINIHGtT1 L- 1Ra nakes fewer receptor contacts in Site B

thaniSite A We have didotid¥@, heHAkL, tHidthd -1 f@loﬂ@ﬁ@h@';ﬂaétl@ GOPpStiE AT
functi onal chi meric_cytoki ne domains that jnclude a Site A derived from one

cyt oki ne®'amgnis fon diff ey egbmenoars ;RS 50 t@ﬁ'%‘ﬂﬁ’%%mteﬂ%thﬁi WAEiYy of the

IL-1 fol %té@émé@tmé@mhgOEx%p@sbame@éwcﬁém@ﬁ@muerehmfen@wyt@kinee donai ns
to antagoni ze |L- In addition, IL-1 famly t oki nes can

gnal in
i ncl ude %3'5%3'@%‘8}“9 rigE %@)‘?'e’ltWPQFHIﬂr?B‘?Q@?Qt%QrSqrfécérr‘?%ﬂ-‘qsér % te C and

Site D, whblahe rtge bmeit\wdnotnera@@dw@r@r@@i/wn@éﬁr@g@wssé@quarmé fg be
determ nati ve of a cp%okl ne''s abil interact wt S secondar

0
cyt okl neCTRRUNGAAY Ntragy ocquyTi '”atPI‘/’HﬁPU@P%W%W%?Q“@”@”%W'B@' @?’3 D
r esi duesu_tf@mnp@wékmbSSOreceptor ant agoni sts (such as IL-1Ra) can inpart
ant agoni sti c @thtl es.. Chinmeric cytokine domai ns can pbe constructed that

i ncl ude one o 'Y&Vtoéi”?%&aw”&W&e@t RS RVemEMSYY FRSERIOT Interadlipgritess (such
asdl L-1 &fﬁfbéﬂittﬁlas]islté)ﬁi armiiéﬁé Ba'$|téé-A3an6®@rlét|WoI@@t|ﬂgE6ﬂﬂb§tb t<§ ﬂriécd'r\mfat?y I( L- 1Ea)
an one oOr (0] (0] es from or an IS sSuc as
WD 2012/ M@?@%W@S&ﬁiﬂ%@gﬁﬁ the cagen'. i A@é@:ﬂéﬁ yfor ?’Eam@g ﬁB%E’I'Cbl eto
prodace grodig@iférisubYiaftidlnQvitiaBEidet tosifes AMRIUD BuGHEH asILIIR hakksXadet hat

includes Site B residu ro n | L-1 agonist. Exenplary conbinations are
al so pr ofACERIAr ?Wtﬁ%lr‘ege? %g]a@ﬁteao\ ‘Tabl e 2

We have found that it is possible to construct functional chimeric cytokine

domains that include a Site A derived from one cytokine and a Site B derived from
another cytokine. The plasticity of the IL-1 fold permits construction of a variety of
25  chimeric cytokine domains to antagonize IL-1 signaling.

In addition, IL-1 family cytokines can include two secondary receptor interaction
sites, referred to as Site C and Site D, which are involved in agonism and/or antagonism,
and can be determinative of a cytokine’s ability to interact with its secondary cytokine
receptor (e.g., IL-1RAcCP). Inclusion of Site C and/or Site D residues from natural

30  receptor antagonists (such as IL-1Ra) can impart antagonistic properties. Chimeric
cytokine domains can be constructed that include one or both of Sites A and B from one
or more IL-1 agonists (such as IL-1p and IL-1a) and/or an IL-1 receptor antagonist (such
as IL-1Ra) and one or both of Sites C and D from an IL-1 receptor antagonist (such as
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A B c D 1. IL-16 or 1la IL-16 or 1la IL-1 Ra IL-16 or 1la 2. | L-16 or 1la
|L-16 or 1la IL-16 or l1la |IL-1Ra 3. IL-16 or 1a IL-16 or 1la IL-1 Ra IL-1Ra
4. WO 2012/016203 PCT/US2011/045995

IL-1Ra). Accordingly, it is possible to produce a chimeric cytokine domain that
antagonizes signaling and that includes Site B residues from an IL-1 agonist.
Exemplary combinations are also provided in Table 2 below:

5 Table?2
A B C D
1. IL-1B or 1o IL-1B or 1 IL-1Ra IL-1B or 1o
2. IL-1B or 1o IL-1B or 1o IL-1B or 1o IL-1Ra
3. IL-1B or 1o IL-1B or 1o IL-1Ra IL-1Ra
4. IL-1Ra IL-1B or 1o IL-1Ra IL-1B or 1o
5. IL-1Ra IL-1B or 1ot IL-1B or 1o IL-1Ra
6. IL-1Ra IL-1B or 1o IL-1Ra IL-1Ra

The source sequences can be identical to the human sequences for the identified
cytokine domains or can contain mutations relative to the human sequences, e.g., such
that they are at least 70%, 75%, 80%, 85%, 90%, 95% or more identical to the human

10 sequences in each respective region, e.g., they can include one or more segments from
each region.

Sources for Site A residues and Site B residues can be chosen to maximize
affinity for the primary receptor. For example, to bind IL-1Rl, Site A residues can be
derived from IL-1Ra, and Site B residues can be derived from IL-1.

15 A chimeric cytokine domain can have the ability to bind an IL-1 family receptor,
e.g., human IL-1RI with a Kp of less than 10®, 10°, or 10, e.g., a Kp within 10 or 100
fold that of a natural receptor ligand (e.g., IL-1B, IL-1a, or IL-1Ra) under the same
conditions or less than that of a natural ligand (e.g., IL-1B, IL-1a, or IL-1Ra) under the
same conditions. Moreover, in certain embodiments, the chimeric cytokine domain

20  binds with a Ky less than, a Ko, faster than, or a K, slower than at least one of its
parental cytokine domains.

Chimeric cytokine domains that bind to IL-1 family receptor and which antagonize
receptor signaling can be used as receptor binding agents, e.g., to treat disorders
mediated by IL-1 family cytokine signaling as described below. For example, in some

25  embodiments, the chimeric cytokine domain binds to IL-1RI and antagonizes IL-1
signaling. For example, it has an ICs, of less than 100, 10, 1, 0.6, or 0.3 nM.

In certain embodiments, the cytokine domain can be at least 40, 45, or 50%
identical, but less than completely identical, e.g., less than 95, 90, 85, or 80% identical to
a first IL-1 family cytokine domain. At the same time, the cytokine domain can also be at
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IL-1Ra IL-16 or l1a IL-1 Ra IL-16 or 1a 5. |IL-1Ra IL-16 or la IL-16 or la
IL-1Ra 6. IL-1Ra IL-16 or la IL-1 Ra IL-1Ra The source seguences
can be i deotoralic10e t he human sequences for the identifiped/usgaiokisves domai ns
or can contain nutations relative to the human sequences, e.d., such that
they are at least 70% 75% 80% 85% 90% 95%or nore identical to the
human 105equences in each respective region e.g., they can include one or

Tor e, SSORELD, ETHAHE B e v o PRSP SRRl B, S
exanpl e, 85, corlaowidderhircél tBla seBbha ILA1 feemlydjy&ﬂmeaimntmn d€tie MedarfdwmhdiJleRa and
o, R PR g Bt FRTsoh e B el B PP o
wth a KRsoi_-1 f@ﬁﬁlybht@hmé@o&aml&nﬁ)e @Tadcﬁnsl@e gellg1p oﬁILNBc Wvﬂié‘reﬁe fh@ or 100
nder® { hEEcOa-E M S AT o1 BAA R0 AR (71 1T RnG (6.9, 1 L- 1
p, IL-1a, or Inlsolfagmbstieents & 16a180C88)40f 9193, 95My7e98/@9,, of TOO%E bt N
embodi rrE|Lg]cgss|t|ontér\}v(?th% thg?:{/tloﬁlne)é%r%lém eavcei(%rﬁréaproperty that, at each such position, the
amino acid present is either identical to the first IL-1 family cytokine domain or to the
second IL-1 family cytokine domain (or both if the first and second IL-1 family cytokine
10 are identical at the particular position). Where 100% of the amino acid positions in the
cytokine domain have this property, the domain is a complete chimera of two cytokines.
Chimeric cytokine domains can also be made from more than two cytokines and can
also have mutations relative to its parental cytokines (e.g., one or more particular
positions where the amino acid present differs from the corresponding amino acid in
15 each of its parental cytokines).

Cytokine domains can have Site A, B, C, and D residues from different IL-1
cytokine domains, and likewise can have Site A, B, C, and D regions from different IL-1
cytokine domains

SITE A. For example, in certain embodiments, a cytokine domain

20 includes residues from a receptor antagonist (e.g., IL-1Ra) or an agonist at at least 5,
10, 12, 15, 16, 17, or 18 of the Site A residues identified above, or at at least 5, 10, 12,
15, 16, 17, 18, 19, or 20 of the extended Site A residues identified above, or
conservative substitutions of such residues, or at least 50, 65, 75, 80, 90, 95, or 100% of
such residues. In some embodiments, the cytokine domain includes residues that are at

25 least 70, 75, 80, 85, 88, 90, 92, 95, or 100% identical to segments A1, A2, or A1+A2 in a
receptor antagonist (e.g., IL-1Ra) or an agonist (e.g., IL-1p or IL-1a).

In certain embodiments, a cytokine domain includes residues identical to an IL-1
agonist (e.g., IL-1P residues) at at least 5, 10, 12, 15, 16, 17, or 18 of the Site A residues
identified herein, or at least 5, 10, 12, 15, 16, 17, or 18 of the extended Site A residues

30 identified above, or conservative substitutions of such residues, or at least 50, 65, 75,
80, 90, 95, or 100% of such residues.

SITE B. In certain embodiments, a cytokine domain includes residues identical
to an IL-1 agonist (e.g., IL-1p or IL-1a residues) at at least 2, 3, 5, 8, 9, 10, 11, 12, 13,

14, or 15 of the Site B residues identified herein, or conservative substitutions of such
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20binds wth a KD |l ess than, a K' faster than, or a KO slower than at | east
one of its parental cytokine domains. Chi meric cytokine domai ns that
bi nd to IWweXofzzrtsioy recept or and whi ch ant agoni ze r ecepPor/tsegnakionsy can be
used as receptor binding agents, e.g., to treat disorders nediated by IL-1
famly cytokine signaling as described bel ow For exanple, in sone

25enbodi nents, the chineric cytokine domain binds to |IL-1Rl and ant agoni zes

IL-1 signaling. For e i an f ss tha 100 1 1, 0.6,
br 0. 5 SRRIBY or BR{eaSTRTRE 75, e AR Reh: 10090 aEluch FoRoies” Qo Adh oiiedte o
| east 40imehls, thay cyididhe dendin mludebmésudimsmtmameaulmt 25,80, eema, ea)92,e.g.,
| ess t hap. 95, ,. .85, r 80%id t cyt.oki ne
bomei i 56, 102 ideitealth seomenE BN, e rms ) Bet Bidhe b, Bl BFEE 1S us
g(r) Sg%imn_ggcﬂblgn@ugoduftqsgt hlanBQOI‘Lpi@)tely identical, e.g. d | ess thﬁn f95
5 or lcal . to a secon 1 ne do in, The 1 rst
o dobond | LSITE G SEhtat Sbedimgaias fiekne Jompbdecledis oSe9ss Bemicalnr t o
each ot hgra reteptorxaagdrest (&.8¢ ILf- nRatre%ueb) éﬁéfltle%]aét %y:ts mksgellﬂfaga:c 10, _Clldilbr bet aE_
er eas e secon amly CytOKI ne

agonist (e.g., JL-1 p or |L-1

domain ¢ O%Eee?'t?é@ﬁidéi?s %ﬂé@%%@w cgnseryglivggylpstitutions of Sy some

enbosli rren@tsraiu?@torlae@‘aétﬁit):aESﬁS 83090 %2,1?]@% ,of t@ﬁch REidu8s, |n%t%mepéma§w% 01;] theh
pOSI | oONsS W e OKI ne onal n ave e eacC Suc
Doet L1 o, e ol e Bnee T e R Bar S al RS 0. ¥, nbo i ol - 2
fam {y CYGO%Ild%aeltl@mIf@ih@ segmiedt Chén &eeepdr bhtadodignelgy, ICyRaki ne domal n (or
both if the fjrst and secon re 1dentical at the

Darti bul ar - polt BB EMRIRE s J5 P RTR Soma s e S PR PRSP
cyt oki nemdﬁm@ﬂahpmphdﬂu SmPIoCRR ()., N/I@lebrdlérﬁiltﬁebés@orﬁéﬂfﬁés@b@dlﬁ@tmfa of two

cyt oki ne ki ne do can a made fr no t han two
oYt okl netHEne BESEG XIS A ORI GR 81 Brierals TH1E0 BRACHBaNAEt oki nos
(e.g., om®, @tﬁh@@bﬁtmﬁédrte%pbr&fng)mmm”ISof\@E]IEDNhfﬂ it FOnoRCAdidi® BRFRNT

am no acid. in 15each of its parental

dlffersfr Qndln
Cyt ofd neagd. Sueh &s & RasEchmine a0 daPnlye Anniagbingpoa isy SerreseonRafD | esi dues
from di f ASPeq8 ofl SEQ IDWDK] i @J@ﬁmésmmsmgoémmvw@smuﬁgam&e& inetfer B, C,
o e BE ok oA S o BAl reied o TR RRATELE,
ant agoni gid 4ctotdingly kuidian toa nan-aa@meguau@ausalpté @@ﬁist actiiliQ.and2an b, 16, 17,
or 18 of ustergieto%bnfer éntaggﬁlsdt}éepsroéeqﬁm Ig\cc%(rjdlﬁg Yy, In certaln gmbgl |m|e(ra1t%sg ngn- 10, 12,
15,
20  acidic amino acid, such as a basic amino acid (e.g., Lys or Arg) or a hydrophobic amino
acid, is located at the position corresponding to ASP145 of SEQ ID NO:1.
SITE D. In certain embodiments, a cytokine domain includes residues identical
to a receptor antagonist (e.g., IL-1Ra residues) at at least one, two, three, four, five, or
six of the Site D residues identified herein, or a conservative substitution of such residue,
25  oratleast 50, 65, 75, 80, 90, 95, or 100% of such residues. In some embodiments, the
cytokine domain includes residues that are at least 50, 65, 75, 80, 90, 95, or 100%
identical to segments D1, D2, D3, D4, D5, D1+D2, D1+D2+D3, and combinations
thereof in a receptor antagonist (e.g., IL-1Ra).
Several residues in IL-1p contact or are in proximity with IL-1Rl, for example:
30 ALA1, PRO2, VAL3, ARG4, LEU6, ARG11, SER13, GLN14, GLN15, GLU25, LYS27,
LEU29, HIS30, LEU31, GLN32, GLY33, GLN34, ASP35, MET36, GLN38, GLN39,
PHE46, GLN48, GLU51, SER52, ASN53, LYS55, ILE56, PRO57, LYS92, LYS93,
LYS94, LYS103, GLU105, ASN108, ALA127, GLU128, ASN129, MET 130, GLN141,
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16, 17, 18, 19, or 20 of the extended Site A residues identified above, or
conservative substitutions of such residues, or at |east 50, 65, 75, 80,
90, 95, owo20Mwiefo3such residues. In sonme enbodi ments, wPha/usgaiokiives domai n
i ncl udes residues that are at 25l east 70, 75, 80, 85, 88, 90, 92, 95, or
100% i dentical to segnents Ai, A2, or Al +A2 in a receptor antagoni st
(e.g., IL-1Ra) or an agonist (e.g., IL-1 p or IL-1 a). In certain

enbodi ne i ne de sidues..identi.cal to an [ L-1

Soon st BLR1S: FHE 26, AR SRS, I} Jdﬁ&on%ﬁgetdess'gnfaon I Sitpg as fgsclibed o1 19 o
the Si tfabbﬁeembdu@aidlﬂenam beemsheedalnm twmrsdewet SefaahdSet 20, 12, 15, 16, 17,

or 18 of the extende i.ite A resi 0 I of. servatlve
substituti onsg)éefmé]%&efésr?ﬂﬁlé%s in & Lfgfncfuéjlﬁsgﬂé‘d %%@?&H Gégﬁg or 100%
of Isugh Geiz_sl,g_efsszz, LEUt29, HIB3E; L&_u:hr,lmm&aﬁnysm‘r&mgnemsvssawégg@kl nE ilomai n

i ncludes _re | 0 a - S or a

rosi duosLERS dt e LA 27 B e AciTod g A ot Badiiay ano sphrssstpingine S 1 e
B re;l dul%%lwéﬁ{ﬁclbtﬁérel{i 1|"t§lltcﬂd|rfefamrl ﬁ@nwyaExtammtwésﬂue@n&We such

resl dues or a eas

78, oof suc ues.
some enbBIERRtRpSet ﬁ%s'@iﬂscﬁadﬁss' ‘dﬁ?a‘iV'FF'” %é\naa%%m? 8@‘98&59%%{” tﬁﬁgﬂﬁ Ieast
70, 75, Sfictfs, E§§mpl3ﬂﬁ s&% re%ueé)fn m%%dlwym_mlngzs@gmmaBlLELBZ B3,
B1+B2, Bl1+B3 agoni s , IL-113

or IL-1afH é@lq{@‘@ GIW%eﬁEBﬁ% Wl%@S'LEgg{PﬁQ 8nJaY$|§3 ncl udes

resi PbJeSLYSthL'Y@SBrbStQL@ 659%%N1@8 @DNW'P’I—% 5()earQi SEM—S@B% écﬁ‘ﬁésﬁb‘@cﬁﬂg at at
| east 2, 3, of the Site C residues

i dent i f | ©§iHeS i q{herdk 1&%@‘&3\@?’%"3&@% i EU?”Q%’SS%? rgsidues igsludRies, or at

| east SO0inihfstior Set 8Pesi@lfds M réQQL/éswatkﬁNﬂfAnb@ﬁérﬂéJSﬁthelf&e@&ﬁ@|rﬂHPQWBm”t S,
t he cytoki ne domain includes residues that "are at | east 65, 75, 80, 90,

or 1010088YcHEnt Ineariairembedivenisen eyioking damaiadegidas Ibﬁﬁag%ﬂm@tat@éle@st
IL-1Ra) . 5 16, 17, 18016850 3} Q} Sf’ﬁ%@@e'ﬁ% d dsherf¥ib@boR. q?@@:‘télnca“ i ncl ude,

for exanpl’e, one Or nore o Ic amno acid (e.g., Met or Ile) at
t he posi embedimenises pyinbinaglomalanM®56 Ibf1 PSEEHUEs N@t keasbiS,dohydriephdbi c,

e.g an,&ldsp i I . r 0S|

correspon(glégggr?%é@f %P%?&I g@a@ﬁ@%&fgﬁ%\{%d Irggﬁ%%e@“gpgl?rﬁengsmﬁng{o%@am d, such

as a basdamaiminotudesilld 1p eesidueslay at leastAiSg) 6,att7, i B.el @B dri Arof dhoer exdemamadi ng t o
9B’ ES ondi.ng thereto

' ot her SPi ot oot ebaiinees: naone cobRaoeRAE PoSTAR A Y. 1o
recrui t meast 18 16Lt71 RACH, 2aner zaacafqh@lemhdeormét@trlegulué@ a non-acidic residue
L Ay A kTR S N R T
having sequences derived from two or more |L-1 cytokine family members. Examples of
such variants include chimeric domains based on IL-1p and IL-1Ra. For example, the
variants can include one or more amino acid residues from Set 1 of IL-1Ra (e.g., all Set
1 residues from IL-1Ra) and one or more amino acid residues from Set 2 of IL-1p (e.g.,
25  all Set 2 residues from IL-1B).
Exemplary chimeric proteins are predominantly (e.g., at least 50, 60, 70, 75, 78,
80, 82, 84, 86, 88, 90, 92, 94, 96, 97, 98, 99, or 100%) identical to IL-1p at the following
amino acids positions (i.e., based on correspondence to these positions in IL-1pB):
residues 1-8, 42-120, and 141-153 of SEQ ID NO:1; residues 1-6, 45-61, 86-95, and
30 148-153 of SEQ ID NO:1; and residues 1-10, 37-125, and 131-153 of SEQ ID NO:1.
The remaining residues can be predominantly (e.g., at least 50, 60, 70, 75, 78,
80, 82, 84, 86, 88, 90, 92, 94, 96, 97, 98, 99, or 100%) identical to IL-1Ra. For example,
the following amino acid positions can be predominantly identical to IL-1Ra:

24



20acidic amno acid, such as a basic amno acid (e.g., Lys or Arg) or a
hydr ophobi ¢ am no acid, is |ocated at the position corresponding to ASP145
of SEQ | DVBIQ012/016203 SITE D. In certain enbodi nents, &CEgtsekiloes9dg9dMai n

i ncludes residues identical to a receptor antagonist (e.g., IL-1Ra

resi dues) at at |east one, two, three, four, five, or six of the Site D
residues identified herein, or a conservative substitution of such residue,

embod nelf0oes AR O RECHD MO fdiaed #, 22 ah T B2 sER: 5o,

65, 75, RONO9Dandresidoes 1086tandentiicalof SeCslegwents D1, D2, D3, D4, D5, Di

+D2, D1+D2+D3 t f t t i

Lo ire) | SeveldtnpincsiontinenSiie sSKER camaings BAER & r IAatH I =
R, for sxmyeleo E&Qtloﬁs%ad&f%ﬁto ke acid |t|orlrs'5@ﬁ|48%8 oPHRIB anglN14,
GLN15 GLU25 LY52 LEU29, H 530, LEU3 GLN32, G.Y33, G_N34, 5P35

MVET36  CE-Eadie eiipidee dospginés pregdemmantty, o, atdeast 50, 605 XB375, 7§53 82) 8456

PRO57, L % S30%, 128, ASNI129,
VET130, CONEAL s PRty o Seras s OhG Bn 5K Gosi gnat 1 on

into sites asindesiein asekpdiments, the Bsking demaindscledgs aideast as5i% Ped drft o two
Seri, CRPyeS o oyt EMRpdilYnaiph g iche P b gy, Do i, N
GLN34, ABP3binchEFSEsidbeSiodB8cal @ IN3TE atAloAitidi’s cdﬂ:dﬂﬂ)aﬂdmg\tii\ﬂ,%pr M5 080, and
GLNl i in other IL-1 cytokine famly nenbers.
Ext ehdeng%chFgégRPﬂgsﬁ‘%ﬁ{c r(]ngEﬂ?'eracti on Set 1 residues and residues

wi t hi n 4 Angshreeneincdmibduiménis.eteicyigkine dbomainliddiidiest atleatsti8 €9, 1Exﬁa’rm1|2ary Set 2
e e R
GLU105, 8@@149840@-NbﬂaxarﬂbrELBiﬂcluaé@re%IaBé%eﬂﬂfbl t?d)lrl_rﬁﬁaﬂ%dulnaﬁb é&ﬁésdues in

other IL-1 cytokine ded Set resi dues incl
i nt er act PYKINSEIE 34y %sq &%@ oé.ﬂPOHE%%ICa'tWSS @i'—pﬁﬂ nsﬁR%g'ﬁN%Ygﬁf”t'h%F’@ ;0r egoi ng

in the 13dBrrbswcture. In certain enbodi ments, a cytokine domain includes
IL-1 p residues at at l|least 15, 16, 17, 18, 9 20, or 21 of the Set 1
resi dues i dentiqeriaiy epRAsiMents the fytakine dsmaingBelidrstieashbc8it/oRi HerdBmai n

i ncl udes,dsleuds Riehfsdl BHE St Rt p%%ltlbr?@éérre%éon% tolgb- 95Jr§f SEQIDAb:1 2for OF 22 of

the Set 2 residues 1dentified above. I n sone enbodi nents, a cytokine domain
i ncl udesexample.3t indudeRresidues identicahtot LS, at pesitiars, corgsparslingio,oner @10bf  t he

ext ended f u nbodi ments, a cytoki ne domain incl udes
IL-1 p r%@fH ueé%f L%g% E?S%%{én?g%% 17, 18, 19, 20, or 21 of the extended

Set 2 residuek. ceztantermodmemta,rthg cythkine damaipenclsees aiseast Be‘héppoﬁi bi ndi ng

agent in S u f L-1
cyt oki ne'%’rsa 8? e %)Po IL%%%S§8% gﬁfe%égﬁcﬁ@ddtroe%ﬁt L&rgr{(tﬁﬁ% mali(lgrc domai ns
based onexdmpgle, pt iacldddd rediBaes Eentuc@xmnrpl 1@, at pbsitiorar doamrbpo remy uorambum, one or

nor e am aC| u IL-1Ra (e.g., all Set 1 residues
froml L- "i )'eea% 114%0EE|561E’@ a&ﬁﬁﬁ#@% d residues fromSet 2 of IL-1 p
(e.g., 25all ﬁiEdertamre?ﬁbddiuﬁéntértb@bi/tbkliheidbmam does noEmellniﬁéarwrechmmatm

pr ot ei ns are predoni nant 78, 80, 82, 84,

a t 50 75
b af togorgamorge o HrbY sy 1y, FEbamplesdie POion G AN b at Lhe

f0| | oW NgropBiB Uk a8 % tP@Sink] TRE atdmdic at lﬂﬂﬁ&&élt%ﬂ c@%é&ﬁﬂﬁ?%ﬁ%ﬁ? ih hese
p03|t|ons in1L-113 ) : residues 1-8, 42-120, and 141-153 of SEQ ID NO 1;

r esi dues/L1lfscanyzack poaigst aymthes aepmaticd8 or8ryPiPham@ ess i Severhd r esi dues
1-10, 37z1Baaim2RR ot Blsitrt P{acob@ingo NP1 A numbering).

In certain embodiments, the cytokine domain does not include an aromatic at the
30  position corresponding to CYS8 in IL-1B. For example, this position can be an amino
acid other than phenylalanine, or other than an aromatic. For example, it can be
cysteine, valine, serine, threonine or alanine. This position is located near other bulky
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The remai ning residues can be predomnantly (e.g., at |east 50, 60, 70, 75,
78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 97, 98, 99, or 100% identical to
| L- 1Ra. PwO 2eramiod, the foll ow ng am no acid positionsPCRAUSHE1/045995
predom nantly identical to IL-1Ra: residues 9-41 and 121-140 of SEQ ID
NG 1; residues 7-44, 62-85, and 96-147 of SEQ I D NO1l; and residues 11-36
and 126-130 of SEQ I D NO 1. In certain enbodi nents, the cytokine

domain is jdentical to - t ast 2, 4 10, or tions in
St on e Ugn i e Mg s le B 48,6280 B4 1B pitherio) SReaRY, "™ ho
cyt oki nen@l@mmr@elwp@sﬂ&d@rs B8 Mdrldy1488arg bulk@tedi®ast 50, 60, 70, 75, 78 80,
82, 84, 86, 88, 2b % i deptical to a cytokine

other than | L'”lce{)ta'” em °d'm?’HSé@?PﬁPH”%Hﬁ%‘&I”H@‘HE@ES qttl\%asé YORN®" fIRRI n

i ncl udesregidube ®htichl totL- fRa & pofitioRs c&rés@&hdihl@&) 3086 bf SBQ |Dchb h ét.gp afit
p05|t|ons carrespondin

to, 1-8 of S | udes
Posi oo RrSidie: Shio cavan regtesilnicy  UOEN CERURNGTRL oFa exambly, ST 5
of : 10 NhébytoRR@ZionMﬁcL:ﬁcluééﬁt,le@mdoLﬂJM 16, 18, 19,120, eeraaig, @mzadommts the
cyt oki ne _domai n, i pclu

Y Suacresuas fealica b 1Al rf?ﬁﬁ't%%wreoﬁegn%g Foegﬁﬁﬁafl 55011@1 naTsThe; SEQ 1D

NO 1. Fogyteximd®braainichn iakelinigse 4 Badicl®iude fid guaitioh @otrbspbnBingtto N85 bt | ons
correspog%@ggl\iﬁ 3, 4, 5 6, 7 or 8 of: PHE46, G.N48, G.U51, 5ER52, A5N53,
LY555 land PRO57. In certain enbodi nents, the cytokine

domaign i ncl udescetthinl @@sddirbent§, the cyt8km8dom@mmcm@ersi @h;@mtérdi@raciopalthé olL-1p
at positions correspondltgg,1 to 86-9 For exanple, it

| ncI ude PN APEESPYRNNG aIA{OOof|II|__1§aﬁd(Jay[s "ﬁo’fglt'?q %l%@f@%&%ﬁﬂ]@ﬂe to one,
or gldsstdAliess: Qf) drgmite atlth\@&%ltloﬁ%rrleg&%ﬂmgaghﬂr@@frll—a'ﬁ%n@@ﬁgrhfﬁ%”t s, the

cytoklne domai n i ncl udes at | eas residues identical to
| L i 13 aat theppsiliameorspordpdiodring4? of IL48; asBonic) [gEiQe |aUHG®O§ItIOF@orr@s¢arrpl e,

wo. "or BEREBARH  1IRANY SBinq S ube posiforlar BB TR SIS E SRR M 0O
the tfytokl ne ﬁlmma;itokmi@dsrnamtcahratslogntéucae athemfnulnglvat sukfwséﬁe;m?stdbesl be an
o ommt 1 cloehid e NER 4 Posals SobeesBandilidlo, AR Rio- Al BRl BhPuE B nai ng 1 o
THR147 |sevlethésuqmesaderpmaIMoa@AD@PVSrQSE@dD NOddnat i c (3 g., tryptophan)
11 -
unber ngy. 1| 1 ERPEI B0 R r LSRRk SRl B IeN faofBs Hot® Pt ude an

aromat i c1§t20t be, 220p8Sirtd4aesicuds idsftizaniong-1B@t YSionisitolresdorothg toBargsexanpl e,
this (gomft%g&#[gmie an am no acid other than phenyl al ani ne, or other than
an af anple, it can be cysteine, valine, serine, threonine or

al ani ne. Thi sine#id émibodimehteciat egtoriaadopialieinciotkdane srafbrdwtthe fordwingul arly
VeTad ang NETLIE (SRRSO 4 0L oL PUTRED) ROl B ShGERY delBl o]
enbodi MERO46) tK‘tel\/IDKRO(SEQE‘I DORO®I7N ainaq»thQF@E@els\lo #8)N ene 8 Mmoredsf theven
' es dues@hé?ﬁ.gg' §8! ah foulr 57 H AR R 1 RIB%s; ADVERRAREDS K8.48) & He SEQ 1D
25 (SEQ ID NO:49), and KFYMQF (SEQ ID NO:48); one or more of the following (e.g., all
four of) RSLAFR (SEQ ID NO:45), EEKFSM (SEQ ID NO:50), RFVFIR (SEQ ID NO:51),
and VTKFTM (SEQ ID NO:52); one or more of the following (e.g., all four of) RSLAFR
(SEQ ID NO:45), EEKFSM (SEQ ID NO:50), FESAAC (SEQ ID NO:53), and VTKFTM
(SEQ ID NO:54); or one or more of the following (e.g., all four of) LNCRIW (SEQ ID
30 NO:55), EEKFSM (SEQ ID NO:50), PNWFLC (SEQ ID NO:56), and KFYMQF (SEQ ID
NO:48).
Chimeric proteins can be used for a variety of purposes. For example, they can
be used to increase or decrease receptor signaling activity, to detect cells expressing
receptors, or to purify cells or proteins to which they bind.
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5l east five, six, or seven residues identical to YLQGPNV (SEQ I D NGO 43).

For exanple, the cytokine domain includes at |east 10, 12, 14, 16, 18, 19,
20, 21, 22028R/01803 25, or 26 residues identical to |L-PRa/usoposisdws ons
corresponding to 11-36 of SEQ ID NO 1. The cytoki ne domain can al so include
a basic residue at the position corresponding to 145 of SEQ ID NO 1. 10In
certain enbodi nents, the cytokine domain includes: (a) gI ut am c acid at the

D b neSEOTARER o AR b R i o B AA

corres pomdimgretp'roJ bé&nCExahtmelp baldW Hduheidd®edslioie @@mma@@ytf@mhées pondi ng
to A nl49 of gﬁ‘&é g{ éigllysme at the position corres- ponding to
V41 of |99mains @9?’?1%9 18igaalhgsi ti on corresponding to Ser152 of IL-1 [3
. 15The cyt okpge vmrraond@raamahcs@ddsrtﬁﬂe@ct@gmbnisemﬁ ILE R4 corfdspBndifg o Or seven
| et amborcopal2 ypigs (eBo St Sh 4360 £ 2 F BEG B Redstibes ( se0i b
NG 44) . remammglfouk Qe@ﬁéﬁtgtramanhgdlmmlsmetm domAkhae7demNahmel udes at

| east 10, 12 16, 18, 19, 2 or 24 residues identical to

IL-1 p afcigokomilloiB (ke d&Fdornting aﬂ@%@ﬂizmozms feroll-HRaGbout 77% In some
o no. acig iyl ¥hesy aiERole R lp If\redee o dboRtodPale  puBe iR o2,
( SEQ | D aid<4ig) 01mdm¢er(esgmplan/ N@m@dls@ﬂwdmrq gﬂ@Olagldscma:t@re one or
f | of | DVSFV
e D kEshey R 28 (oo b el bt B SRR PUB B AR o VoY
nore of Ubetltf/iﬁrlboﬂoi lhgf(@dgL;1Ral | four of) RSLAFR (SEQ | D NO 45), EEKFSM
SEQ I D NO 50),,, REVF SEQ |. | D NO -
bor e of the f EPFollhg 07 Hogen ingigdas e spHMedE R | SER isRabohand ieer o
(SEQ I D NﬁinB(h)c;dsHESMEal@&H@GDWaMB 58Y Seaid-WFKETTH SESED ND: :N(anﬁétbue or one or
f the. fol | CRI W.( SE No55 EEKFSM
(S£0 1D febaitfo eRbadtes T B tho e i e Peves P g

Chi ngy i Cadidfr&rh MS- 18 dab e 5553 8dkrtiey) aadwes afinb &idPErAASERa é&szfut %%rrpl e, they
can be used to increase or decrease receptor signaling act|V|ty to detect

cells ex'ﬁ?@tﬁlé)i ng receptors, or to purify cells or proteins to which they

bi nd. pP&®ethd PO3 amamlmudefs tWB's@meﬁts%bhpk_LfF%@B?F&bﬂﬁdlﬁ @t are based
on 1L-113 and |L-Ra a | ow and i nclude the

f ol | owi ngmERAGSISAS! ?cyxség.aﬁa G a0 Ry SEaL 'Qg'}JQrSz ang fherregiaiing thgp

P1. The EQn&ipdméM 11 ﬁ?' W@ﬁalltmé%SWH% o4 Qméé-an%ﬁéaﬁﬂé%ﬁﬂ@n@ ng to
5am no aci ds Al al2-Val4a8, 11e60- Val83, and Asp95- EQ ID NG 3, and

t he ?Cérraﬁabphfgmf/e!ﬂenﬁfébmf@bammrﬁciq_s-fm”— tﬁi@mout g‘l%éﬁqn@ty ).domai n has 74 of
153 am no aci ﬁ§4fTﬁémb#gféﬂaﬁqaﬂﬂhﬁes‘%ﬁ/o/osbgﬁeﬁktf%)n ROfRaldFrABbiiingfd ds from

| L-1Ra (about 77% i dent ercent a up to greater than 100%
because amingrasisls Aa12akis46 aaéu%@ 1|4rLyPM5 ainefF tllHé\+O ax@%harejﬂ@n@géhrﬁg

f':_s‘i:qoseé’e rfed f? rll? 1 gmcﬂ/@raﬂc Q%&Qﬁ‘aﬁncﬁﬁ ﬁaéLP&AP&SI%rSVMnQQE|H§ﬁUm k-+gp and
a an ccor gly contribute to the percent
(about 68% |dent|ty ) and 89 amino acids from IL- 1Ra (about 58% identity).
25 P05. The P05 domain includes two segments from IL-1Ra corresponding to
amino acids Arg14-Lys45 and Phe120-Tyr147 of SEQ ID NO:3, and the remaining three
segments from IL-1B. Overall, the P05 domain has 108 of 153 amino acids from IL-1B
(about 70% identity) and 85 amino acids from IL-1Ra (about 55% identity).
Other chimeric proteins can be similarly constructed. For example, chimeric
30  proteins can be made between IL-1a and IL-1Ra, e.g., specifically domains including the
identified segments of IL-1Ra in combination with corresponding residues from IL-1o

rather than IL-1p for each of the above examples.
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ary

2 1o actHas—Argia—Lys45—and— hn*ﬁ” gﬁ’jfy ot
| X Y. M e
R o oo S MG 115, | SR e
fAIa\(A)RO/n. dentityya Bple, chi ppdval prot oins—can
j BBt ei ns |80 be wade bet
Asn':(%m ficall y gankis ;iaﬂﬁj_udiﬁlt he identjfi
with cort@ i i fromll-1 a
diyst(ee above expffil es. D 201256816203PCT/ US20
#lndls and Subst@$nitions Prot ¢idNsequences, s
faludeh be variegase.g., by naki ne or nor
Cande) vat i ve suppto; lat i ons can
dtiafides i n functasmglrElsn@ioary |@mservative 5s
nlet(he f ol | owi ng| leabVad; matable 3 |@u gi nal Exenpl
phe; leu
Leu (L) norleucine; ile; val; ile
met; ala; phe
Lys (K) arg; gln; asn arg
Met (M) leu; phe; ile leu
Phe (F) leu; val; ile; ala; tyr | leu
Pro (P) ala ala
Ser (S) thr thr
Thr (T) ser ser
Trp (W) tyr; phe tyr
Tyr (Y) trp; phe; thr; ser phe
Val (V) ile; leu; met; phe; ala

leu; norleucine

Substitutions can be chosen based on their potential effect on (a) backbone

structure in the vicinity of the substitution, for example, a sheet or helical conformation,

10

(b) the charge or hydrophobicity of the molecule at the target site, or (c) the volume and

branching of the side chain. Amino acid residues can be classified based on side-chain

properties: (1) hydrophobic: norleucine, met, ala, val, leu, ile;(2) neutral hydrophilic: cys,

ser, thr; asn; gln; (3) acidic: asp, glu; (4) basic: his, lys, arg; (5) residues that affect

backbone conformation: gly, pro; and (6) aromatic: trp, tyr, phe.

15

Non-conservative substitutions can include substituting a member of one of these

classes for a member of a different class. Conservative substitutions can include

substituting a member of one of these classes for another member of the same class.
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Furt her

Specific Substitutions Ala (A) val; leu; ile val Arg (R lys; gin;

asn lys Asn (N) gin; his; lys; arg gin Asp (D) glu glu Cys (C ser ser Gn
(0) asn aw0202016Hp asp asp PCT/US2011/045995
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The significance of a particular residue can also be evaluated in the context of
the hydropathic index for the amino acid. Each amino acid has been assigned a
hydropathic index on the basis of its hydrophobicity and charge characteristics:
isoleucine (+4.5); valine (+4.2); leucine (+3.8); phenylalanine (+2.8); cysteine (+2.5);
methionine (+1.9); alanine (+1.8); glycine (-0.4); threonine (-0.7); serine (-0.8);
tryptophan (-0.9); tyrosine (-1.3); proline (-1.6); histidine (-3.2); glutamate (-3.5);
glutamine (-3.5); aspartate (-3.5); asparagine (-3.5); lysine (-3.9); and arginine (-4.5).
For a discussion of the hydropathic amino acid index and its significance see, for
example, Kyte et al., 1982, J. Mol. Biol. 157:105-131.

The sequence of a protein can be varied by any method, including oligonucleo-
tide-mediated (site-directed) mutagenesis, (Carter et al., Nucl. Acids Res.,13:4331,
1986; Zoller et al., Nucl. Acids Res., 10:6487, 1987), cassette mutagenesis (Wells et al.,
Gene, 34:315, 1985), restriction selection mutagenesis (Wells et al., Philos. Trans. R.
Soc. London, 317:415, 1986), and PCR mutagenesis. See also In Vitro Mutagenesis
Protocols: Third Edition, Braman (ed.), Humana Press, (2010) ISBN: 1607616513 and
PCR Cloning Protocols: From Molecular Cloning to Genetic Engineering, Chen and
Janes (ed.), Humana Press, (2002) ISBN: 0896039730.

Scanning amino acid analysis can be employed to evaluate one or more amino
acids along a contiguous sequence. The method can involve mutating each or nearly
each amino acid in a region to a particular amino acid, e.g., to a relatively small, neutral
amino acid such as alanine, serine, or valine. Alanine is typically chosen because it
eliminates the side-chain beyond the beta-carbon and is less likely to alter the main-
chain conformation of the variant (Cunningham and Wells, Science, 244: 1081-1085,
1989). It is also the most common amino acid and is frequently found in both buried and
exposed positions (Creighton, The Proteins, (W. H. Freeman & Co., N.Y.); Chothia, J.
Mol. Biol., 150:1, 1976). The scanning process can also be adapted to make more
marked changes, e.g., charged residues can be changed to residues of the opposite
charge, residues with short side chains can be replaced with ones with bulk side chains.
For example, arginine scanning is an approach that can be used instead of or in addition
to alanine scanning. The scanning can be applied to each residue in a region or to
residues of a particular property, e.g., residues at or near the surface of a protein or
likely to be at or near the surface of the protein.

The structure of a protein, one of its domains, or a complex involving the protein
can be modeled, e.g., by performing homology based modeling, energy minimization
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Gy (G pro; ala ala Hs (H asn; gln; lys; arg arg Ile (1) leu; val; net;
ala; phe; leu leu Leu (L) norleucine; ile; val; net; ala; phe ile Lys (K
arq; On; wenomvogeddt (M |eu; phe; ile leu Phe (F) |eu; pealus2eihessoas a; tyr
leu Pro (P)
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and/or other modeling using known solved structures. Such methods include: Accelrys
Software Inc., Discovery Studio®, Release 3.0, San Diego: Accelrys Software Inc.,
2010, AMBER™ modeling software (Case et al. (2005) J. Computat. Chem. 26, 1668-
1688 and Case et al. (2010), AMBER 11, University of California, San Francisco, CA
USA) and CHARMM™ modeling software (Molecular Simulations Inc.). See also
generally Baker and Sali, Science 294(5540):93-6, 2001). The structure can also be
determined directly, e.g., using X-ray crystallography and/or NMR spectroscopy.

Exemplary PDB structures describing the structure of IL-1 family cytokines
include: 111B, 1ILR, 1IRA, 1ITB, 2I1B, 2ILA, 2KLL, 4I1B, 511B, 6I1B, 711B, 8I11B, 9ILB,
and 1MD6 (available by http from www.pdb.org from RCSB-Rutgers, Piscataway NJ,
USA, and from the National Library of Medicine (Bethesda, MD, USA)). For example,
the structures of IL-1B alone and in complex with the receptor IL-1RI have been solved.
See e.g., Finzel et al. (1989) J. Mol. Biol. 209: 779-791, PDB 1ITB, and Vigers et al.
(1997) Nature 386: 190-194. The structure of IL-1Ra with IL-1RI has also been solved.
See, e.g., PDB 1IRA and Schreuder et al., (1997) Nature 386: 194-200.

Homology modeling can be assisted by alignment of sequences, e.g., using
computer software such as Basic Local Alignment Search Tool (BLAST), PSI-BLAST,
PHI-BLAST, WU-BLAST-2, and/or MEGABLAST. See Altschul et al., 1990, J. Mol. Biol.
215, 403-410; Altschul et al., 1996, Methods in Enzymology 266, 460-480; and Karlin et
al., 1993, PNAS USA 90, 5873-5787. Additional algorithms for aligning macromolecules
(amino acid sequences and nucleic acid sequences) include FASTA (Pearson, 1995,
Protein Science 4, 1145-1160), ClustalW (Higgin et al., 1996, Methods Enzymol. 266,
383-402), DbClustal (Thompson et al., 2000, Nucl. Acids Res. 28, 2910-2926), and the
Molecular Operating Environment (Chemical Computing Group, Montreal, Quebec
Canada H3A 2R7). In addition, the algorithm of Myers and Miller (Myers & Miller,
CABIOS 4, 11-17, 1988) which is incorporated into the ALIGN program (version 2.0) of
the GCG sequence alignment software package can be used.

A consensus sequence for IL-1p and IL-1Ra can be obtained by comparing the
two sequences and identifying residues that are identical or that are highly conserved. A
chimeric cytokine domain described herein can have at least 60, 70, 80, 90, 95, or 100%
of such identical residues or highly conserved residues. An exemplary consensus
sequences is: DXXQKXg g L-AXXLQGX15.25) LG X7, LSCVXXXDXXXLQLEXVX e
g KXXKRFXFX10;FESAXXPXWXXXTXXXXXXPVXLX 5. GXXXTXFXXQ (SEQ ID
NO:57), where X is independently any amino acid and the subscripted number or range
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ala ala Ser (S) thr thr Thr (T) ser ser Trp (W tyr; phe tyr Tyr (Y) trp;
phe; thr; ser phe Vval (V) ile; leu; met; phe; |eu; norleucine ala

Subst i t utwonsi2zmamoBe chosen based on their potential efPettuseniayobhackbone
structure in the vicinity of the substitution, for exanple, a sheet or
helical conformation, 10(b) the charge or hydrophobicity of the nolecul e at
the target site, or (c) the volune and branching of the side chain. Am no

acid resii 9ueeﬁ can be cl 9e5r15i f_i Ed Ibaesrjed t%ﬂ'nsig%e- ?hgi n.pL errt iCes: 1), .
nydr ophoBithS THBPTEY Eetroee . A TGy BRnd oL oy sarBRERE PSR v SBhi 1 -
CYys, serleasit80, 76,30, 90j 98, of 3p0%addeditity. todlspcorgbnsus(sbubme (@hehsisX | ys, arg;
(5) rest e el Bl @b SRba RAKAOBER R GPL-RBhell Bl oBRTe(©) aromatic:
identified in like manner.
5 Further variants of an IL-1 cytokine family member can be made and evaluated
using a display-based system or other library based screening. For example, the protein
variants can be displayed or expressed and evaluated for ability to bind to a receptor for
the IL-1 cytokine family member. For example, variants of IL-1pB, IL-1Ra, or a cytokine
domain described herein can be evaluated for ability to bind to the soluble extracellular
10 domain of IL-1RI. A general description of display-based systems include the following:
for cell display, Chao et al. Nat Protoc. 2006;1(2):755-68; Colby et al. Methods
Enzymol. 2004;388:348-58; Boder et al., Methods Enzymol. 2000;328:430-44), for
phage display (e.g., Viti et al., Methods Enzymol. 2000;326:480-505 and Smith (1985)
Science 228:1315-1317), and for ribosome display (e.g., Mattheakis et al. (1994) Proc.
15 Natl. Acad. Sci. USA 91:9022 and Hanes et al. (2000) Nat Biotechnol. 18:1287-92;
Hanes et al. (2000) Methods Enzymol. 328:404-30; and Schaffitzel et al. (1999) J
Immunol Methods. 231(1-2):119-3.
Although many embodiments herein are exemplified using human IL-1 cytokine
sequences as parental domains, other sequences can be used. Numerous other IL-1
20  cytokines, e.g., from other species, are known and available and can be found in public
databases such as Entrez (the National Library of Medicine, Bethesda MD) and EBI-
EMBL (Hinxton, Cambridge UK). Examples of such sequences from the UNIPROT
database (available at UniProt.org and see The UniProt Consortium, Nucleic Acids Res.
D142-D148 (2010)), include the following:

Protein Accession Numbers

IL-10x P01583, P01582, P16598, P08831, Q28385, Q28579, 046612, P48089,
P18430, P04822, P46647, 046613, Q3HWU1, P79161, Q60480,
P79340

IL-1B P01584, P10749, Q28386, P09428, P14628, P21621, Q63264, P41687,

P48090, Q9YGDS3, P26889, Q2MH07, Q28292, Q9WVG1, P46648,
P79182, P51493, Q865X8

IL-1Ra P18510, P25085, 018999, P26890, P25086, Q9GMZ4, Q9BEHO,
077482, Q866R8, Q29056
IL-1RlI Q02955, P14778, P13504

IL-1RACP Q9NPH3, Q61730, P59822, Q63621

25

31
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30  One, two, or all three such cysteines can be substituted with another amino acid, e.g., an
uncharged amino acid such as alanine or serine.
An IL-1 family cytokine domain, including the chimeric cytokine domains
described herein, can also be cyclically permutated. For example, a C-terminal segment
from the domain can be repositioned so that it is N-terminal to the original N-terminus
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p, IL-1Ra, or a cytokine domajn descrl bed herein can be evaluated for

abi | ity SQn@NsAr yasianiseot fymapidemains: el iqdomain gehreng OpMorg cansi@nt A gener al

descri pt §&aifé cah §@|o%¥te6a\$ﬁ#mﬁﬁé$6te®1ferhﬂ€dlwmetr@® &'leQiM d'dent.or cell
di spl ay, Chao_et al. Nat Protoc. 2006; 1(2);: 755-6 Col by et al. Methods

Enzyfol . 2004F%§‘8m§'11189§'8beBe@é}edé'fonéf"”yS Pﬁd@]‘ﬁ“@ﬁ%@?%‘l” eSpJFP™28: 430- 44) ,

for phageurias Bhtbod( . suc‘ﬂés‘arﬁént@bd ofMBE NES, IGBZNEBB; 0rd§8R saBhpds0- 505 and
Smith (1985) Sci en?:e gz -1317 yand IR%? riﬁgosggrre di g%l ay F?a g.

Mat t heaki98 &FalgD ?r1|gb(|4)|”l°F‘6@X3'_“LB|Rla e Femompin igeludes @ACQUENSE FOMAY Hanes

etal . (290Rb d¥rfreBuoé @Pﬁtﬂfh‘t ﬁoéfﬁonléﬁsb’z@%r f"?ﬁ‘ﬁ‘%omﬁtp@!;ltlor( RRIZAD, tyRk&0dS
Enzynol . 328: 404- 30; and fitzel_ etal, (199 P | mmunol  Met hods.
231(1- 2) cam@xygtermmus of the Fc domain. An Fc domain general

y includes two constant

30 domains, a CH2 domain and a CH3 domain, and optionally includes a CH4 domain.
Antibodies with substitutions in an Fc region thereof and increased serum half- lives are
also described in WO00/42072, WO 02/060919; Shields et al., J. Biol. Chem. 276:6591-
6604 (2001); Hinton, J. Biol. Chem. 279:6213-6216 (2004)). Numbering of the residues

in an IgG heavy chain is that of the EU index as in Kabat et al., Sequences of Proteins of
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Al t hough many enbodi nents herein are exenplified using human IL-1 cytokine
sequences as parental domai ns, other sequences can be used. Nunerous ot her
| L-1 20cywokbnredde208. g., from ot her species, are known amdTasaéiliaises and can
be found in public databases such as Entrez (the National Library of

Medi ci ne, Bet hesda MD) and EBI EMBL ( H nxton, Canbridge UK). Exanpl es of
such sequences fromthe UNI PROT dat abase (available at Uni Prot.org and see

100! ot nutagticd et B d e HeaT Socp B MOTs a8 st saratdice Yo as s

028385, maaﬂmenﬂgtaﬁtha huR%808Q7 Emmaedymwz P46647, 046613, QBHV\Ul
P79161, 06048 P79 40 |L 113 PO P10749 8386,, P09428
b9 1651 06326l e ETOHIMBitat tseD B 50 HBE e UORA YOS SERI Deg cL

P46648, &bBE\;hldﬂEﬁék@SsesQBG&K&erm hiR&life L&Sdéscribed, 482, in RESP&ent 018999

20050, | E79090, SHEHES: «HER m2S8 o 20050 b ) 9@%@&&%:75%. .
descri beembedimientscthe epitsme isriadiwoden anlFstregioh itren & foses@rthe rateptr bamdingcyt oki ne
domains that are able to bind to IL-1 RI. For exanple, position 15 of SEQ
ID NO 1 "(‘% Tesponding to position 20 of SEQ ID NO 3) can be Met or Asn.
Posi tion 30 ok dsie@nhdaddhaerit, 4 cameps pindthgregehbingloged a eerudvaliodmiBEQ | D NO 3)
can be G"sé’o[uence, or a portion of such sequence that binds to the FcRn receptor, or a sequence
10 which binds to serum albumin, e.g., human serum albumin. For example, certain

peptides bind to serum albumin can be associated with the receptor binding agent, e.g.,

the sequence DICLPRWGCLW (SEQ ID NO:22). See also, Dennis et al. J. Biol. Chem.

277:35035-35043 (2002).

Receptor binding agents can be modified to include a sequence that increases

15  the size and stability of the agent, e.g., a sequence described in W02008/155134 or
WQ02009/023270. Such sequences can be generally biologically inactive, e.g., it does
not modulate signaling mediated by IL-1 cytokine family members. A variety of
stabilizing polypeptide sequences can be used, e.g., sequences rich in glycine and/or
serine, as well as other amino acids such as glutamate, aspartate, alanine or proline.

20  For example, sequences can be designed to have at least 30, 40, 50, 60, 70, 80, 90 or
100% glycine and/or serine residues. In some embodiments, the combined length of
stabilizing polypeptide sequences that are attached to a protein can be at least 20, 25,
35, 50, 60, 70, 80, 90, 100, 120, 140, 160, 180, 200, 250, 300, 350, 400, 500, 600, 700,
800, 900 or more than 1000 or 2000 amino acids. Stabilizing sequences can be, for

25  example, fused to a biologically active polypeptide, for example to the N- or C-terminus
of the receptor binding agent. Fusion of stabilizing sequences can result in a significant
increase in the hydrodynamic radius of the fusion protein relative to the unmodified
protein, which can be detected by ultracentrifugation, size exclusion chromatography, or
light scattering, for example. In some embodiments, stabilizing sequences to contain

30 few or none of the following amino acids: cysteine (to avoid disulfide formation and
oxidation), methionine (to avoid oxidation), asparagine and glutamine (to avoid
desamidation) and aspartate. Stabilizing sequences can be designed to contain proline

residues that tend to reduce sensitivity to proteolytic degradation.
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S5His, Trp, or Met. Addi ti onal exenplary variants of IL-1p and IL-1Ra
i ncl ude those described in Boraschi et al. (1996) Frontiers in Bioscience:
A Jour nalwerdiiiszoaal Li brary 1, d270-308, Evans et al. PCT/USBII0I0459CHem ,
270: 11477 (1995) and G eenfeder et al., J. Biol. Chem, 270:22460 (1995).
For exanple, variants of IL-1 13 include R1 1G Rl 1A, Ql5H, E105G 10and
T147G See, e.g., Evans et al. Variants of IL-1Ra include W6Y, QOM QQRON,

Y34G, YSQHE!YSﬂg Y34M Y147G Y147H, Y147M K145D, H54P, V185, Ti 08K,
Cl116F, . Y147G H54P, H541, and others in Evans et al. and

Greenf eder et Thd interdctioBiodh. reﬁwnb,lnom@agiéﬁﬂé@d (sl 28gets cdn by boklyeel ubimgri N can
i ncl ude a r esi ﬁlue i de @ e} e of the fo ﬁgm ng ositions. A
cyt oki ne YotHPR'CERRMF Lt H‘&'P%"é ei%’gp'ree@?ad@mdt‘i”f’?seﬁa?’ﬁg% S t he

f or egoi ngndnurm‘cecplt&rrmh resmnce@mn)dlmemmlary@eu binding assdynusittriiatiioon, | L-1
faml étok can_incl.ude. o e un aired c One or

n es
ror e, e BORIEHo B kot s We8e red TR P cy A Rty Bel g e n be
mut at ed t1998not her amino acid, e.g., an uncharged am no acid such as
al ani ne or serjpe. JFor e 01 ,incl.u S s at 03|t|ons 67, 70,
e ol o5 PSS Ry ?faC&%An?%S?@m o REaRC S ch "Cyst o) nes
can be sintesadtions edreul tirhe anmwmecrutwbenmga:wdthelrgeractantsumlaag@d tleeri no aci d
such as al ani r serj 02 i.ncl stel 0 |t|o 67, 70, 116,
ond 155 BroSate BindtduMees, ifcdiBe of A phmee R B 1 R o808 S ! hee ean be
substad t usledatink lof treatheactivaindee oftighd neer the suaax:aJ(mehwtgauormmbmenmoﬂ such as

| P03 i ncl 70, 116, and 122 of
SEQ 251 D TR eragCofSany- Fie EiERe R eP LAY e Knati tut ea

with anoddstectalalmsnmaﬁmjhd:h ate (heasared wsEnandjeatioarf neal-imiedesadtiohs bstwakeani ne or

d d 12 f,., SEQ I D
o 20, oA er /b fbAS cbB ey aiBeltbeg’ IR calle PN,
anot her &988)8ueacalPlasmgns Spmngan&/bﬁagg@jolanﬂemndﬂrdammh te91ahaali Qkeror

i . i t t SEQ I D NGO 21.

SoonE SR dPEaY St 4, 5% Fr R Rt SR Bt B M At Rine not hor
am no ac:cedoureegprovmﬁ byrBjAamrgerdeamlmmlaa@ (Wppsald, swecmnaanArm?gEIRffr :j n<ranEl e
An |L-1 fa oki in U|n mer,i.c c
asort ot Br § HeR RN SH/IBERC 1A Ehalfie) SoH Fanrth (6 P Al a8
Cterm nmtera@gnﬁMrefa_rtmm tur:ntemteg?mnemngﬂggltyr@rmpmcrmr:l;yqnﬁgwloabtgbhse of t iers1er .
N- t t ot or,l. gi. na
conpr | 51 AEeEnE IR LR A ek PuTRaroR RS e FoaRbPeRgkeb S ne
IC_- t Ezcm ?d(bmsmgergntr)e extiaeeltuey o{oer{aﬁfgfgL?M)fbasl&grmeaﬂrmmsnb@wapmdalt Ied bgl ?
i nker (e abou i ,
Lho o EdtmBlen ShsERRaD Satlalalt "Ea I b EREI T4 T r REET ettt or
t he changenM EDFdy; dD05% Tweson®). eQihed metrads thdt e notitelypan 8PRfoan aldodbe
pernutatlon can e.g., a flexible loop such as such

i_n
as the [%%e [3’9 (%"be.a?urgrﬁqfﬁnga%ncgif '%'g’rrespondl ng to 71-80 of SEQ I D NG 3) or
the [37-[ 38 | méppmatorgfromdiindiy asshgscarobe esgaotogirovidd an 8cktuedie ahd §E&ht-D NO 3) .
S odi nents,.a re t or,. bi ndj.ng_agen scribed herei e.g., a 10
el o BV pReRE TR GLHR dRBRA cisteRRL BN K e BB s has a
nol ecul afe. gxeh(cgfahdlmgfwortthabmﬂmg 025 re&fbiorZﬁjdlri@BagehBto a)rar@ebofBUcliaaﬂaMn I n sone
enbodi rrents he rece nd t as. aqmol e ar vvel ater than
T8 o Do e 8 oBaiElifgenl GEleNg ARG ARt RuRBS el e A3
bi ndi ng Iagas&d toaievelnpIsuukﬁur@téwmtyptelampwnpsj(ts,AFpoIFpnexampIe),rthemlnenmér;dTer| C
conmponen for ex nt.s wh ch. no
phar macorg HEr Bl ERE oo 3Tl BL BAleih R e et RGPl e
30 areference or parent protein. Variant amino acids at given positions can be identified
that correlate with particular binding parameters, e.g., high affinity and slow K. This
information can be combined with structural modeling (e.g., using homology modeling,
energy minimization, or structure determination by x-ray crystallography or NMR).
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protein may include other nodifications, e.g., post-translational or
synthetic nodifications. In certain enbodi nents, the receptor binding agent
is not glwoasylatmd. | n other enbodi nents, the receptor Poira2eng/oagyent

i ncludes at | east one glycosylation. For exanple, receptor binding agents
descri bed herein can include additional 20domains and features. For
exanpl e, a receptor binding agent can be fused, directly or indirectly, to

a dommin of a nt i bod e| n n E one or nore
Sonotant GomaPrelSte g Moty afigfliencss b8 pidtes eBombine M BEARE Ton b
hurman doegai inslude tagarsumtilefcmiouhfwaaan dolrranastﬁhzaﬂ'diree@ aiéhB.Gnag;rmydTagone or
nor e conﬁtant ocate

Fecept or TR AETE BN S adt SRR Eah FR SRR e HoR Bisel 1 abl e
i mmnogl motdumsw(sueh gs IL- fRIoamc|LhiRaP) at bk @ayduced in recsmbinaaisfoambgant i body of

the | . su t

examil o PR, By ROFRLS GhisEed Sl o &M, g b Rl oo e o
about poSigtoedm SylsRI2Gecaptorforotginaloan be frasiobilizeu |F?rtI®QBD%cote)sytsl’EIn aag.boxyl

t erm nus of t he cdo Fc_.dommi ener a Iudst onst ant
Sodonm nesheus L RETRe Riagehiscal GRRI e BRG tar rastile 4 S e 01 G
donai n. l@@tsﬂwcﬂlcénsth\thdsmbmtortomdrmgs in an Fc region thereof and increased
serum hal f- |ives are al so described in WO00/42072, WD 02/060919; Shields
et al. éelllﬁiaphcti 6:6591- 6604 (2001); Hinton, J. Biol. Chem

279: 62 thbering of the residues in an |1 gG heavy chain is

t hat 1®f the ELNG iy oheecepiokbipeing @geas to fupetiQreareseRipr @tageisis can be

| mrunol OQJa‘FL?eltechét ulﬁ%toell%rag'ecfgss}?zu%i Ex tlhsﬁgééﬂblﬁ% av te D1 RIL99L) wit h

reference to t nbering o human I'gGl EU ant |boz erein.
one enboihivdian by 4 reeeript inding agemg Sayerat exenilai assaysder ldgaetivity are

recept Ord&cFIGéd“ﬂ %%ééPiP@t M NNdINGE ?%él?@ro'hfé dau%s%fsum @?hc‘i rlgfe, as

descri bed, e.g., Pat ent 55, etie et . Ann. Rev.

| munol . prl?guqt@g-aﬁ%@/s( a%@ﬁ)bltlonrpf%'ﬁb'%'ﬁﬁ@@l ments, the epitope is include in
F

an Fg; region fihade dye Ip\éE;?Qséag Fh@%bﬂuﬁF&%Ir% Jﬁé@“‘i‘ﬁ% ﬁ%@rﬂtlsbe\}a{hé?&?for its

enbod|nenp. a recep to 1 ndi ag ent” 1 nclu um n sequence, Or
a porti oabiliy thmblbltéleqﬁu@mwatddaelease]dtslLt&aermélumRrﬁlbmdﬁ@;ﬁt dnhibigen af kLequence

10whi ch bi F | e,
L0nT G50SR4 Ao IR ERATMAEUEAA, il TP
bi ndi ng mgbnﬂL-1m@iat?d hcz;t:lhvﬂgequggm:?eDEtg@_ﬁFﬂdEEkéM/(eﬁiE@eztdﬁbbmrthareﬁeet :’ilnso

De { . J, B em

roont s caln Yol pRills 16T MoFBdk T B H et “DRR M ew 2R 508 MeorhBOL e ang
st ab2d i t Brieffy, hlhrearaWGS henan tlbrablaetqméﬁ@@ #dé@bﬂ?beMamassW)ZQOBSAﬁrﬁbM or
WD2009/ 02327 t

'L does Garns s iRas e RafRy Bl s di ek Fratte Wil BdleRlobts 1€ erber o O
var ihe_t % @lbegtlt)ﬁllgnglzg }ag?ntpamlbmoepolsdé)eﬂeqneeqsmbg?qh@any ?nwr:gmﬁ}/vgb 190 pg/Serapﬂences
rich i

ot ama B 5% PBSe e i fifed SadiTanar SRl Bl EMET b Rle BBt an be

desi gnedsttrﬂJlﬁtéMthﬂtlL|1§af’rTne %Qrouﬁl.@ ofﬁ_OG r&18asedln e86h gi¥lp of rd&8dealsyigi ne and/ or
serine residues. t he conbi ned | en th of tab|I|2|ng

poI ypept 'in&és%r%@]tlgﬂgéﬁ ”t ﬁgthgé éltéﬁgaépéﬂ?qﬂamgeﬁ, FgpeiliA Aeast 20,

Controls that can be used include buffer alone, IL-1Ra, and antlbodles to IL 1B.

Efficacy of a receptor binding agent can also be evaluated in vivo. An exemplary
assay is described in Economides et al., Nature Med., 9:47-52 (2003). Briefly, mice are
injected intraperitoneally with titrated doses of the receptor binding agent and controls.

30  Twenty-four hours after injection, mice are injected subcutaneously with recombinant
human IL-1p at a dose of 1 ug/kg. Two hours after injection of the IL-1p (peak IL-6

response time), mice are sacrificed, and blood is collected and processed for serum.
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35, 50, 60, 70, 80, 90, 100, 120, 140, 160, 180, 200, 250, 300, 350, 400,
500, 600, 700, 800, 900 or nore than 1000 or 2000 am no acids. Stabilizing
sequenceswoaniae208or 25exanpl e, fused to a biol ogi cal | pyCaatSemea/045995

pol ypeptide, for exanple to the NN or C-term nus of the receptor binding
agent. Fusion of stabilizing sequences can result in a significant increase
in the hydrodynam c radius of the fusion protein relative to the unnodi fi ed
protei n, swhi ch n_be detect |trace trlfu atl n, i on

Ch onat o3P ABH-S B Fistiosaied Pu Prisd. ar S i P e e BrarEan o

st abi | i zihegatkeofue1aEsedten mcaxbammer&ﬁlfmvnalrsenﬂneo ULf-G udétectbdhd comtmogs. am no

aci ds: cystei to avoid dIS formati.on_a an t hi oni ne
(Lo avor o oxi BT BT AU msead e 15 hat RT3 es bt BRI Al on) "and
aspar t at and iBtlabé bh anogxmehypgtesmeaand acutesphiined sy cont ain proline
residues that tend to reduce sensitivity to proteol ytic degradati on.

Bi ndigg $ion The interaction of a receptor binding agent and its
targets nal yzed using any suitable approach, including for exanple

r adi o- i munoaBsegpsor kirding m&'ﬂéﬁ eRy @%@r@ygcedebv&@mssw@en rﬂ@g‘rh'ﬂﬁnt Beinance

Compe i (1 TR PR G PROE AR ARSI AP Sng BB e R o5 (1005,

SPR or Bthemiicdshnthesisnt eractl on Analysis (BIA) can detect b| ospeC| fic

[t eract ] ons, k4 ¢cgh bigfResiiohl biAdte RRAL bage ANy, GNAREab Rt ENAnLS,

Changes in the nmass at ing surface (indicative o event)
of tHe BemogingR iegeriPt blnwng@aemtémzm beoingertad inteca fepfigaita vapéonf@rdé@meﬁ on i ght

near thefo?@&ﬁr@%?or“@&nd&etvb sQB%@BIW%HQBES#%@8&0Prln§§ ﬁgﬁé‘%@ce (S

PR)). The c es inth ractivity generate a detectable s whi ch
are rreasﬂlp@é ca&smidnur%as@n@ne,cﬁhag@@ld phage g%@mq onsthpeauierdMeishl ogi cal

nol ecul e I et her,
Tobs: 'SP AR Rt 13 MBS BulSe RO RSt LRI o oL

Anal . Chigtn theyegiopina variefp of Sogesires rexam%ap@epmate@ﬁtrﬂptlomruct Bi ol .

5:698- 70 d C Off
(Up pgo;al a&%@ﬁdé éél{é@ Céﬁ%@lgngﬁ%e&mggm%grr%alﬂl?@l cr?gp trégstﬁR(g[%gtgl%% @%Channel

SPR can lgstios an @UéQﬂﬁ@aﬂ@rh QCP@'HQ nugleisragis segHeNGeratedAaPPtaptate in terms of
ki neti csyc&fdn Wetc)br%mﬁeﬁrﬁité géﬁéréﬂ ¥%$IU&‘5né S‘remb'l%%f%ﬁ dr@fﬂ%f%pl@éﬁlﬁ' ng
affinities of a receptor bin

for a cy t oki ne rece
extracel PRg @rrmgr@dnwﬁerrge(r@man entipsceralemer p arastoldoRad A t@nscprlpilsmn can be

masuredte%fnagorsgé%éjgﬁg@r approxi mately physiol ogi cal conditions, e.g., 10
mM HEPES pH 7 0O mMM NaCl, 3 nM EDTA, 0.005% Tween-20. O her net hods

t hat2do not r Emg/rqsﬁptspnndlag agpaignaebe; igduced gcombiganiyeitiesindselaionduind
affinityggh g{/ ﬂIsﬁEﬁﬂttb%'ﬂe of I &biteh B FERAKS 6@ L siHALD b Qe RO E8itde

accurate an uanti -
or purlflcatlon moiety, and a label. The receptor binding agent can include the pro

domain of an interleukin-1 family member, e.g., which subsequently can be removed by
proteolytic processing.

25 For bacterial expression, the receptor binding agent can be produced with or
without a signal sequence. For example, it can be produced within cells so that it
accumulates in inclusion bodies, or in the soluble fraction. It can also be secreted, e.g.,
by addition of a prokaryotic signal sequence, e.g., an appropriate leader sequence such
as from alkaline phosphatase, penicillinase, or heat-stable enterotoxin Il. Exemplary

30  bacterial host cells for expression include any transformable E. coli K-12 strain (such as
E. coliBL21, C600, ATCC 23724; E. coliHB101 NRRLB-11371, ATCC-33694; E. coli
MM294 ATCC-33625; E. coliW3110 ATCC-27325), strains of B. subtilis, Pseudomonas,
and other bacilli. Proteins produced in bacterial systems will typically lack glycosylation.
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25t ative neasure of the equilibriumdissociation constant (KD), and kinetic
paraneters (e.g., Ko, and Ko) for the binding of a receptor binding agent
to a targw0D.208uab2odat a can be used to conpare different POTASedINB®4599Ar get s,
and conditions. This information can al so be used to devel op
structure-activity relationships (SAR). For exanple, the kinetic and

equi l'i bri um bi ndi ng parameters of variant proteins can be conpared to the
paranmeters of. 30 a referenc ar ent otein. Varjant no_aci ds at

B ven: pobfeerdnal dn Fomg riRrT TR arbiohp PP adEe R ek e bR Rela A ndi ng
par amet esubstantiglly, frdd @‘Iglw:béylandnye@rtdreelaﬁ‘quKoéyﬁatlo?ﬂmnailﬂdaﬁmmta on can be
conbi ned_wi t h Istr Ct:h %el i Ing (e.g., using honol ogy nodeling, energy

i ni mi zal PEW28p PG 8t°8 m nat i on by x-ray crystall ography or NWVR).
Pr ot ei ns usethﬁe)recemat blatimggtgerﬁtfoanibteiea@resaadbmmasdbcsacteilregecorrbi nant form
and c nchude ta suita Fe for ficatio m[[ﬂ)ag :Pz%tlons, ,
FLAG a é”‘t”&ygce 8??&5@% FHeorap fo’ﬁt’%e 1% F’af-‘ﬁe hi P A 6‘?{’3

Extr acel Forl wlasmnpmessmnpﬂwerrecmmrctmnmg)a@nm sar{ algc be @soduced inRtlaceluretlyldc- 1 RACP)

b d [ by 5 i : i i al
Coect cBf rereiog, 8 g, ZRERIN feisy r¥Rch ot 0% SbRp Pt ebar ih&dRdert 0
Sol ubl ehSecmwptMyq@salhe:;@tg/vemmybes formel bt theexdid phospieatBécNeade, sytbeen e. g.,
using c i nclu

Ui n o neBRal Shoddlyasiatddt 9EP B2 178 buBlishSa uhdro oy 1 B el Riiad 5P

Act i t yesessis, mibdirhaliaalsignat yeomxbncemaay be ubedidi dvgciegperdtion tob tHelproteinpn as

receptor_anta onl ts can b eval uat ed iinacell b assay. For
exanpl o, ST gL s faRtes ) Se R HepP Rt s n b e W07 o ndi ng
agent . Smaleaatnraﬂasea:rptoay &aasrsamerfnanvdlttﬁe gceptor bipdiag agdetsmnideed i n Bor aschi

Sesayes, BduiHErs Pt tasaifal v i RHK RO TR emeE S onnftars SulL %t he

ability pto@nfaac_eptor bi ndi ng agent is evaI uated for its ability to inhibit

lL-1 sti rrulgt d rel ease g | L-6 from hunan fllbl‘Ob| sts. Inhibition of IL-
1p- std nul at ed %‘Et%RFeﬁ@OP@P S108ING,YeRIRESCRURN @ NusleicAqdseduencaingh t he agent's

ability érﬁhblémhbl\/éctbﬂ-tojremdteﬁhQ:de@ﬁhto\fé taledtad Mbst@eu@a‘s@hl @qgénddsetrassay are
descri bed | i narel |l o et al Current Protocaols

Di
65 1 6 ogel Rnopisliar GivpdklY ahaRcierin Yrast, andooses. ob $1HT B TeREHRLAR IPBah®urman
i br obl ashsmicAEPE2 OSkitabiklior MBEGRAS ndativb/BAMeAs . ShaDRASHRI 6@ lsuency i n

mul ti-well El ates. Cells are treated vmth titrated doses of the receptor
bi ndi ng Bi@hle fanypash Rn¢ ypdousewial Qriginse(SY48sRejYRITR-1afeRUs Y 8M OWBPN) 100 pg/

of ldg 1 grelRefulBrRIBMGVEELoRS intridmimblidrAdensd. agent and/or controls. Negative
control cells_are not stinulated with IL-1 p, The anpunts of |IL-6 rel eased

in each groupE¥iressigarchclering geqtgrSéM&&P@@'%ﬁ%ctaﬁ gepe gr mRMSA kit (e.g.
BD Phar nTy1g@ selbEInkdenBs kaksie prbtéins Wi a) @h‘f@rrr@élﬁaﬁ&@tb HBBiol& orsgskri ncl ude’

buffer alone, IL-1Ra, and anti bodies to I L-1 Ef ficacy of a
r ecept or OBNAE Bg 2BREHIN, ASAMKFIR INBIEOE AL AF &jrchllopv@ CORPIERERD] ary assay is
descri beghyoftobitie aeficiResqbudt as thBIRKEMNREr in aha T)kggoé”r) c) Sigpsf Iy, mce

are injected intraperitoneal |y with titrated doses of the receptor binding
agent® angfitiEiutins nd@raitabls rem cPmMpaimaedia 189 thejaseeieareding Bealatiee i nj ect ed

subcut angRbskYe VMr@acﬂlﬁmwﬁt&tkéwaﬁéhléd-a\ﬂallﬁblétfor&n%ﬁﬁhéﬁ célisj &g/ kg. Two
hour s after injection of the |L-1 (peak 1L-6 responsetlrre mce are

sacri fi cedFRaidhnidiaa dnastoPHER G %eeﬁ%@wtqto'ﬂ Bith aegell ipe SuchisaL- 6
level s at:aoaéeﬂamemémeﬁhh%tFﬁgemvtprb@étb@'ahu 9rbp(ag@tea%s@@h@rweatb«9d based on
the ratio of IL-6_detected in_exper ntal animal serumto IL-6 detected in
cont r ol sUrlaub et al., Proc. Natl. Acad. Sci. USA 77 4216(1980)
30 Expression and cloning vectors usually contain a promoter operably linked to the

nucleic acid sequence encoding the receptor binding agent to direct mRNA synthesis.

Exemplary promoters suitable for use with prokaryotic hosts include the B-lactamase and

lactose promoter systems (Chang et al., Nature, 275:615 (1978); Goeddel et al., Nature,

281:544 (1979)), alkaline phosphatase, a tryptophan (trp) promoter system (Goeddel,

38



O her exenplary assays for IL-1 activity in vivo are described in Boraschi
et al. and include an anorexia, hypoglycem a, and neutrophilia assay.

5Pr oduct iw 2012/016203 Recept or bi ndi ng agents can be prodeceaskyrioxpessi on
i n reconbi nant host cells, but also by other nethods such as in vitro
transcription and translation and chem cal synthesis. For cellular
expression, one or nore nucleic acids (e.g., cDNA or genomc DNA)
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a vari et yequiengs. o‘crmiv‘r‘ pslymEm*seeyaeml @n asmhsa)medabedrmeeamressuomof a nucleic
sites can, be,engi neer estriction
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r I N e | | ON or. npr e

e ancer Nafaghh ¥ BlagkdiTBhed SPaiaBR ol EVEl s aRe TR S B d88cEence.

20T|het r eemmme sluclmdeastgrsagemie usey nbeoqﬂmmhmezdthrmmmmm)amw yne BLAEIDE3N

i sol ati on

| so b usi on to on ent uch as a
s onal  sBnasirelt BB tiaihBh, e fotlamBof 1 nintER g MR N 37 e o
receqt or Omendella;gmagd'rm ca@be used ndedé IDESpysmgdnsrai 38331f BaR, HMXHA7UHeuki n- 1
famly whi.ch subsequently can be renoved by proteol ytic
pr ocessi ﬁvae%%‘?lg}c(ﬁ% %qjlﬁgpa%rggp?ggg@oq%{srpﬁe recept or bindi ng agent can be
produced wthEmmplanyrmorhomrsﬁogusé witle gegest cells ifrcudestharporaoterd focdn be produced
W t hin cel

Fract onhpridielite sinsed TARRRAELA 3L § B Por ol ERoaBh b Ritkloe e -
S|hgnal sgigeodyticesnzemegs (Hews apprhbmgg?lfrgztymn?meime $—}a>fi"mcasef rf)g} al kal i ne
Sobalt or BREneBER. BT el srdbd SR AR By BRP A s R bR e £ voi

K-12 st rdehyd(dgenhseasheﬁ)klmlel p)Bh\%le d@&)ﬁoxyhﬁ@ﬁbk&&ﬁldfrucﬁ)klmel gIhiEbb@élG
NRRLB- 11374 hA{F[ 8 E {e inase Qbh P t er
ATCC- 273’%%‘33!0 a r’%ﬁ"ﬁ‘if ?ﬁ A p¥ﬁ’l¥? | Kinasep %fo%‘iwg y’é‘?ﬁf BE%ort Sgé?l li.

Pr ot ei nsmpumldacaed have becddelitioabl atlyantags ofl\llrdldsctlgtmncrmlntrylIddamjkgrg\lrv‘ghcOsy| ation.
Accordin one enb dlne e r.ece r bindin e descri bed
hor ol n ofurttionS, BRFTRER SPRHIEE proh G ERY Bk rrameer oS Mraeol et at i on
nodi 20 cadlehydsogehase mtdcamnmrCpadnﬂaph(mphairayetmetatkcﬂhubnelffrmworngmtasr bi ndi ng
agent can be etﬂ?ioessait %I at sttcell e.g., 5 Saccharomyces

cerevi si a8PO'8E 8ﬁ%?6§9 3%%% g 'Q—rlhnseu or Pichia pastoris. For
yeast expr essExp’resﬁdsreofrralNAtecmcocﬂ]ngldlragapagemndlrtgaagmlt Erombectomiduced

intracel | ul arl secretio u t he .ve se | eader or
o phat el Bbs RS ER G Nes Jorbrnnifi. B ot R RN AL TR RS o1 ey or
the aci dg@iwmmﬂvasseslsmatias ,polyomah&ru@ adahmnmamsmml asol&mmplnaw | bandler ( EP
362, 79§%ﬁ?|shelp4vAgs aL cféﬁe |an%1e4r |r rge @@V Smam’rallan
signd s hEes ag B Y4t 6“%.?’ CHe98 QY AR O MP pﬁf% iius €l h as

si gnal s8imian¥ess 40 (BN4Rron beltepmbgqmemnamieahamfprbMetaarmg ptheraetimt ed speci es,
as well as viral secret Orﬁbl eaders rnat |é{eh¥%l}t he Fecept or bi ndi ng

agent ca‘ﬁr°H‘é’t%r°68[]é"e‘ﬁ‘“\’RP9 %‘”&F%matSFmﬁ” r&ml& REUFH= 1 fani| y menber,

e.g., anHeterdegows prdmdtepsystamslcaraaleo be used, e.g., promoters responsive to
tetracycline. See Urlinger, S., et al. (2000) Proc. Natl. Acad. Sci. USA 97(14):7963—
30  7968. Transcription can also be driven by an enhancer sequence, located in cis or
trans. Exemplary mammalian enhancer sequences include those for globin, elastase,
albumin, a-fetoprotein, and insulin. Additional examples include the SV40 enhancer on
the late side of the replication origin (bp 100-270), the cytomegalovirus early promoter
enhancer, the polyoma enhancer on the late side of the replication origin, and
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15Bot h expression and cloning vectors contain a nucleic acid sequence that
enabl es the vector to replicate in one or nore selected host cells. Such
sequencesweaneinvmbiosknown for a variety of bacteria, yea®Cl/isea@iwiivases. The
origin of replication fromthe plasm d pBR322 is suitable for nost

G am negative bacteria; the 211 plasmd origin is suitable for yeast; and
various viral origins (5v40, polyoma, adenovirus, VSV or BPV) 20are useful
for cloning vectors in ljan cells. . . ressi gn and. cl_oni ng

vect or o TORCYER SHrBakerar 18 cobfbef Mo Bgsnlocs miadb St gl Bftof & BT L on
genes enpabe cpding eequentd &dr tfeueceptof Binding apsititabuds pefaably licatddes amiteot her

t oxi ns, ﬁf'% harEEi cillin, neonycin, nethotrexate, or tetracycline, (b)

conpl enment L6t %’Bﬂtieff deficiencies (such as the URA3 marker in

Sacchar onyceskxproessidreyecsarppbyd dSetikiatyoti@hosiceits (ois, fondi, megedt] glhte from

conpl ex nedi e.g.. th ene epncoding D-al ani ne racenpse for Bacilli.
Var | dus AUPREPUTAor ekt IS PR Gt mideliibond e oan g6 oot of

t hym di nseduienessenecBstzy tathdtermisation of teamsgripiot iaad fodstdbilaingehé niRN¥e (such as
a CHO cel] Jine) deficient in DHER activity, epared_an ropagat ed as
desort beRvay ppaiH 4 oBmang RIRE bt ¥ SRERRARS B SRR G0}
30EX pr essigmns ahdulcdrgnticrog vival GINKssoruINAY. yThesatregionsacoptaimti@eotiaiper abl y | i nked
to the nucl ei ci d .sequence_ encodi the re t or bindi ng..age to direct
RN oy niiedirls PRIGHBRIPS Pavaiay B gyt BIFE Bt RSP ot ¢ host s
i ncl wde mRdAencadingnias eecapidr biadingegept: dimetexpresyivh epstof Bagaoatclade , Nat ur e,
275: 615 (1978); GCoeddel et al Nat ure, 281:544 (1979)), alkaline

phosphat 53 orter'g/t{)cfnécpﬁ%ﬂﬁ‘eﬁf?sbj pronot er system (CGoeddel, Nucl eic Acids
Res., 8:4057 THORQEptoERNGiGg Agent, caaratsotydexptegsedimineed cells; k.casSfoloe t ac

t B t al,,. P w Acad. i.. USA 80:21-2 1983)).
B oot o 84 breee i 1Bpa b PAS TG SRR, AdRliond PR R B 1t o1 y
| ocat ed Stpressidbalegtors aresaqilarie &omThétrdgen) blfy Mecramtoginss CarsbzalrC Al 4®A.be used
to d#' ve_expressi i

e

n of a nucl eic Sacid coding sequence placed_under control
of t I TIRRGRRP:PRaBa 8ot i Ao et B8 1) e REATRS Efls - PR b st o
NJ, USA) calniietosthameldlian odgig.ajsoasaylies emploged.i Bxddoplag eimblseraligh bdsicell TBO53
avai lable from Lcal s, and US.5 693, 4 e .. such vectors
con be e R Re Rt T SRt & ARt s By HR TR e R AS ol T s
t o produCell p3:07%i1931e Laells, @3 1207aalis, 303@8lls ATLC GCLO.63), Ghineze haimstdr cel |
culture. 10 cells lines th ed..i ncl.ude I ns, of B834,
LR " LA LT et TR AREBLRIRICE SR Ty B SRS a7 fEERA
Exengd ar gelijine migtiesdsfrérothaibeican tieeyeemtkey idhey celldined®/ t (A QU GRLt7®) asf or 3-
phosphogl ycer a ' e i t et .. i@l Che 2@5?5: 2073 (1980))
b *of ner SR B (LVARS, hLY" ERIRY JloBeer. thoiR ShiablEinad 167 1,
(1968) ; inobdwirdy DNIA RO e sliamycelld RavidBéen(de3¢8)ad (Kauinhara K. énabage,
gl yceral de - 3- pho de oge , hexoki nase, pyruvate
decar boxg?agégﬁ"ﬂﬂ%@ﬂﬁc’g%m?’@%%é% 35@9305& 6- phosphate isonerase, and
pyruvat e ki naStil othktraetheds vpttarsy aye assét celiosmtablefonadaptatidudo tlee and have t he
addi ti onal .advant age, of .transcription controlled rowt h, condi tions.
Bar oo SH e PRI R R Py efetnBR AN Bl B MR MO Lo
20dehydr CpeimgsA L2aboratwy Wianoalr Ohied Ex., Sambrqok @s ph éddz9eColoSmihg dtabaynei n, and
enzynes gesponsihpl ) and gal actose utilization. Expression of
MRNA enc%ﬁﬁsg’g@gbﬁé;%e%fgﬁqgéﬁﬁ)g agent fromvectors in
Once expressed in cells, receptor binding agents can be recovered from culture
medium, inclusion bodies, or cell lysates. Cells can be disrupted by various physical or
30 chemical means, such as freeze-thaw cycling, sonication, mechanical disruption, or cell
lysing agents (e.g., detergents).
Receptor binding agents can be purified from other cell proteins or polypeptides
that can be found in cell lysates or in the cell medium. Various methods of protein
purification may be employed and such methods are known in the art and described for
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manmal i an host cells can controlled, for exanple, by pronoters obtained
fromthe genones of viruses such as pol yona virus, adenovirus (such as
Adenovi r w02p12/taexdne 25papi |l | oma virus, avian sarcona PCTAS2011/045995
cytonegal ovirus, a retrovirus, hepatitis-B virus and Siman Virus 40
(5Vv40), from heterol ogous mammual i an pronoters, e.g., the actin pronoter or
an i nmunogl obul i n pronoter, and from heat-shock pronoters. Heterol ogous

t t | X \ . Q. i .t
DT ooy cPTaENE BERS TR Er MethOas R By ooy AEITO A RERRE AR Osci . Lsa
97( 14) : 7PGEicalsiE $GiRciplBs and Graqice Bprivger-Ebiay, ewdyérk €200y (18BNenhancer
SR 1HIRERE). ERebbRn d P Rien SRR n JREB A BRRST G R b FREL T o
Add: _ti otn@tchaw@mm_ _Iersm;i efthﬁ%uélprzd;:gﬂaﬁ?meemrd@mt ell-tm__CI; hbrolntdt@grapr@eorofilidahe

| catl on ori.al n -, ne oVI L uUs r ronot er
iy OFah QE e R 3318 St b B LR R B i R R B o o or i i
and_ adenmhtoumngmhf?m;?ﬁsipitigm;@alﬁiamiem usia?, fbe?fm;jle;aiap:qadex @Wg; peedior ?t a

t ! ' 0 codi ng _sequence r recepnt or bi ndi agent,
o | s seaRasis ob Bl foi0vB LoR BRGNS pisi as 18, PETSRRR oy o2
vect or IS mﬁmlicmeiatmmw?id t:) blgmséplitlopé#taggéglemﬁts, offtma;w;?joteir: fmfacdlumpd; with )
5 , unan 0 nucl eat ed .cel..l S I, 0 er nu |,.Cce ar o anl sns can
ohoo conyatt® daartls 8 BociRy@hdficaof sio et Brfsfiteten ihithe fiesBlPr 0: f on and
fo;I saabbih@jingra??mtheAmRifkati&mmtr&mmwm@wdeaa eorabimation of tay diffeeddlt @nfr om t he 5
and, o0ccasl ona

3't u?r’]#ra sl ated reqgi ons of eukaryoti fOI viral DNAs or
CDNAs.  TREDENefTgRetoaety S1ens 1t O SeTAtL AL BaMas O ptbaLan Bloped by
pol yadenghiat extHangg oerotratagnaghyeouvite eerss.aReckppartinding adertihearlifoéiedencodi ng
hore + n oo eifnfk By o A HheRRAO RoKEE bR R gL el &S0 The '
eég\rs _el_ssBesteim inr?EHerzlgido!irtsgnte,.tge,rechﬁ)r@mdSi@%gb eoEiIn!:Isdeseagur,ifidaﬁa}nng]otelmet

- m syst.em i al .ex acul.ovi rus expr.essi.an vectors are
P 1o Sorh B b e ptatd Ak rEER) e B R BRI RAD Toshe
receplt orclhbr:mldio:ggapm]gem? caabeaalbmwdug rmwws?@oﬁenlyﬂ%de$n cgl I Ex Folr f
exa e, ce i nes of mm i an, origi SO e e oyed, es o
rammal | an_hos PN GAFTaNOe FEIONFI AR TR 2sede el 7 aron BRbaJ0% PRl el T s
ATCC CRlechAigds. oA hromhat th dtgSmol8le}s bated e HiffereGt@y s,
gT3 cel | CSVA‘?}:Ié gCLeuiI%e&CHi na:acs)%rlaﬁa):rrss?g: ovmr0 %é\iﬁ;‘%a? cel | s,terH?La ?gfl s,S
and BHK DolYERT fig OB Gialge TG BOIeHIES AR A B? LeptioAsRaae Paeb iR ved 1 r om
t he Zf r i maaptgr biedingagkety flonmdetbyr forrhd of Susk pfd¥ding. ATCC CCL 70) as descri bed by
McMahan et al NBOC 10: 2 i shed neth

't roduct ng- CRACTREL At paToRue Pk AR heT o BaBF e DB R e A, = 3.
Lar ge Scatienid/anoationersufpbrits fSuthrometogt&dy, Ampnicl&E8angeStulstituettsencludet hods,
vect o oB e teiElnens) bRl SRR A Bk BT .
G oni ng: grdups bOatidnar subistitatemts indibde darbdxymetayiiCbiplsuéivetayl.(SEE asligprofol d
RAE T T T Y T T me——
i ncl usi oDEBDMES?, Odi-28 CM-I2yzalt @H-52CGek lasaitahie foem dVistmph &, KVaidsioheus
physi cal Kgrqt, U.K). SEPHADEX™ and other cross-linked ion exchangers are also known. For
example, DEAE-, QAE-, CM-, and SP-SEPHADEX™ and DEAE-, Q-, CM- and S-
SEPHAROSE™ and SEPHAROSE™ Fast Flow are available from Pharmacia AB.
30 DEAE and CM derivatized ethylene glycol-methacrylate copolymer such as
TOYOPEARL DEAE-650S or M and TOYOPEARL CM-650S or M are available from
Toso Haas Co. (Philadelphia, PA, USA).
A cation exchange surface is an ion exchange surface with covalently bound

negatively charged ligands, and which thus has free cations for exchange with cations in
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30chem cal means, such as freeze-thaw cycling, sonication, mechanical

di sruption, or cell lysing agents (e.g., detergents). Receptor binding
agent s cawmoke1zpusioBi ed from ot her cell proteins or polypeptisdes/osdvas can be
found in cell lysates or in the cell nmedium Various nmethods of protein

purification may be enployed and such nethods are known in the art and
described for exanple in Deutscher, Methods in Enzynol ogy, 182 (1990); and
Scopes, Prot
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ani oni ¢ protedraini tbarelemtai@pwhHesalfomng:lbwmmbmgaramw nAditedals suaxadhsatig ¢o
substituents include diethylam no t.h quat rnary am noethyl (QAE)
and quat ersary B el Py R Rl st tehae iRl BRUBSY BMeBE Y

car boxy nedftey lex¢Haue stapl é@etdepénc(n’f@)n trewddsopd 6yl lpH2{0Sondugtivig phtate (P) and
sul fonate ésgt Cel I ul ose ion exchange resins such as DE23, DE32, DES5Z,

CM 23, AP3%'%and w52 are available from Watman Ltd. (Mai dst one, Kent,
U. K) 20 SEPHADEXTédepiunt biridivey agenbsant be stivexd! in arnvaeiziyvdsgletiensaineludingavdieown.  For

SEPrnROETM JiP SeF et ionty BLePPRN RS R L S rsoim Sl ne.
30DEAE a8, £ddiuencetate aHad 7etddilrarzeeigteysto K- mebd]amrapbmteplddp‘olsymem such as
Toso Haaloe (PR SAMDATIECAR S pegeonals b S S RMEbE o Bl dE, 1 ace i <
an i on epldBd)geccnaté pEd.8yHidlidmead &iit hlynd]xmmld Grmg{stldmelpyl &darigieithd | gands,
and yhi cf ot DRl BRoddheR G360 LSl A onBESHREE 64, 'BaiGAt dddsndid 7.0,

sodium phosphate pH 7.3, sodium phosphate pH 7.7, imidazole pH 6.5, imidazole pH

6.8, imidazole pH 7.2, Tris pH 7.0, Tris pH 7.5, Tris pH 7.7. Buffering agents can be

present, e.g., at a concentration of about 1-100mM, 5-50mM, 10-50mM, or 5-25 mM.

The solution can further include a salt such as NaCl (e.g., 50 mM, 150 mM, or 250 mM,

30  and ranges therebetween), arginine (e.g., at about 1%, 2%, 3%, 4%, 5%, 7.5%, and

ranges therebetween), sucrose (e.g., at about 1%, 2%, 3%, 4%, 5%, 7.5%, 8.5%, 10%,

15%, and ranges therebetween), and/or glycerol (e.g., at about 0.5%, 1%, 2%, 3%, 4%,

5%, 7.5%, 8.5%, 10%, 15%, and ranges therebetween).
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a solution in contact wwth the surface. Exenplary surfaces include cation
exchange resins, such as those wherein the coval ently bound groups are

car boxyl awe 20r2/asdoBonat e. Commrerci al |y avail abl e cati onPexaisang®439esi ns

i ncl ude CMC-cel | ul ose, SP-SephadexTM and Fast S- SepharoseTM ( Phar maci a) .
5An ani on exchange surface is an ion exchange surface with coval ently bound
positively charged groups, such as quaternary am no groups. An exenplary
ani on exchange, surface i s an ani on exchange resin, such. as DEAE cgel | ul ose,
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acetate . lum acetate p , sodl um acetate p .5, succinate pH
5.2, suctimberAA§15/E, Peikinckimer.dValam BIA doRki nate pH 5.8, histidine pH
5.7, histidi nmafydaﬁco%aim%u B cBninindl $1dcbiBPLRTRo SoefAdh i Phosphat e
pH 6.5, sodi um phosphate pH 6. 7, sodi um phosphate_ 7.0, “sodi um phosphate pH
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present, e.g., at a concentration of about 1-100 5-50mV "10- 50nMM or
5-25 mM ( -§BLG0 i i @xglvsionrhigieperfar@poerelicyidseliremsiggrarky (NatlPLG. g., 50 mv
150 "M QfeaQ(haBA iR BREmafyRsshyt BSLRREIWSRD)ay i8FiZhidnMRads&pBctrorétnabout
1% 2% r ange% t er%ﬁ%t weer?) ., sucrose (e.g., Blaty. about 1% 20%g 3% 3% 4% O
/ and 4% NBRSPray iopizEion nEassEpedr®ustryl Hrymesay RhtFatiehigass sprsiremetivieen)
and/ or  gkyfeERhy (oRizltion Abs@BMtrofeYl SEHI-MEtand ALDMS% 7. 5% 8.5% 10%
15% and ranges’ t herebet ween) . . . o
20 In several embodiments, the N-terminal region of a receptor binding agent
includes sequences identical to peptides from the N-terminal region of IL-1p, for
example, the peptide APVRS (SEQ ID NO:58). Recombinant cells (particularly E. coli
cells) expressing such proteins can produce intact protein as well as other isoforms,
including the des-Ala isoform and an isoform with an additional methionine (e.g., N-
25 terminal to Ala1). Receptor binding agents that include a proline at amino acid position 2
(where the N terminal residue is at position 1) can be susceptible to cleavage by E. coli
proteases, such as aminopeptidase P which has cleavage specificity for X-PRO. This
cleavage can remove the N-terminal amino acid. For example, P03, P04, and P05 have
a proline at position 2. The intact forms of P03, P04, and P05 are 153 amino acids in
30 length and begin with alanine whereas the des-Ala species are 152 amino acids in
length and begin with proline.
Analytical techniques such as those above can be used to distinguish between
intact forms and other forms, e.g., a des-Ala species. An analytical exemplary technique
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The receptor binding agent can be present in the conposition in an anount
of at least 50 ng, 100 ny, 500 ng, 1 g, 5 g, 10g, or nore. Analytical

Met hods WwWo=b120b303prot ei ns (HOP) refer to proteins in aCprispanasioven t hat
differ froma 5 receptor binding agent, and for exanple are endogenous
proteins of the host cell fromwhich the receptor binding agent was
prepared, typically E. coil proteins. Preferably, host cell proteins are
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exanpl e, %Fﬁ;@&ﬂkhﬂﬁa&@ﬁtg@ﬁgﬁéﬁ%dd%&@%&nt oR@fé%g‘Pérn%Tr ek&hbig, thgarticularly

E. coil expressi proteins can produce intact protein as well
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X- PRO. is cleava can renove t e N-term am no aci For exanpl e,

P03, POX4Drugieelmery tﬁemwmﬁm téopicop d¥illiamer Wilkima Sublighges (1999)SRY: P03,
PO4, andygXiaogy£) %Bb@?d}%ﬁﬁa%k'dﬁpﬁgs 1 fbaﬁlﬁQﬂB@m M ddd (ol ne wher eas

t he des- &em es ar am no aci e In Wlt proline.

Anal yti c@SBNe Hr3g0eeX) stieteim éormbigsien anddelivern Msdlajly agd H@Stéﬁts(leﬁﬁbw sh

bet ween jofyatHdah Carg 1 9pRL b810a7040T o0, - @ des-A a species. An
anal ytical exenplary technique s XCHPLC.  For exanpl e, PO5 can be

eval ¢t ed usi AGEEPRIr HISkIRATPALY( APhAmAcEytiaat 2omPeshieus lyRicalPabeasit | Onumber
054993) &g éée?@fahobgé 45 95Xyl 6o ggf%lﬂévan icallPlée BERISaf B, qval vat ed

by 04 reversed-phase (RP)-HPLC on-line wth nass spectronmetry. |ntact P05
has t heotast betie omysy 0’[9117"1(1!@9 gomposdion dr shejeiyactiveinsotan is \er@mpepsibian. The

des-Al a gReCLRS bb%o%ﬁr%atvﬁm'&ea& ﬂ&@é%e?fa%e bt é?oBﬂneQ@Ho?ééthEPa” the

mass of the 1 ntact POS. Da reduction in mass rresponds to renoval
of a si neyriiedjagiiverrroteins; g@earelated or unrelated protein. In some embodlments the

25  composition can contain the receptor binding agent at a concentration of between about
0.001 — 10%, e.g., 0.001 — 0.1%, 0.01 — 1%, or 0.1% - 10%.

Accordingly, also featured herein are purified and isolated forms of the agents
described herein. The term “isolated” refers to material that is removed from its original
environment (e.g., the cells or materials from which the receptor binding agent is

30 produced). Pharmaceutical compositions can be substantially free of pyrogenic
materials, substantially free of nucleic acids, and/or substantially free of cellular enzymes
and components, such as polymerases, ribosomal proteins, and chaperone proteins.
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Phar maceuti cal Conpositions A receptor binding agent can be fornul ated as
a pharmaceutical conposition. 10Typically, the conposition is sterile and
i ncl udes woeowoimmse of a buffer, a pharnaceutically aceepiisbéig/ossbi, and
an excipient or stabilizer. For exanple, the conposition can be an agueous
conposition. A receptor binding agent described herein can be fornmul ated
according to standard nethods for a biologic. See e.g., Gennaro (ed.),
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with one or a combination of ingredients enumerated above, as required, followed by

filtered sterilization. Generally, dispersions are prepared by incorporating an agent

described herein into a sterile vehicle that contains a basic dispersion medium and the

required other ingredients from those enumerated above. In the case of sterile powders

30  for the preparation of sterile injectable solutions, the preferred methods of preparation

are vacuum drying and freeze-drying that yields a powder of an agent described herein

plus any additional desired ingredient from a previously sterile-filtered solution thereof.

The proper fluidity of a solution can be maintained, for example, by the use of a coating

such as lecithin, by the maintenance of the required particle size in the case of
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15and solid dosage forns, such as liquid solutions (e.g., injectable and
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See generally e.g., Sustained and Controlled Release Drug Delivery Systems, J.R.
Robinson, ed., Marcel Dekker, Inc., New York, 1978.
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In certain enbodi nents, the receptor binding agent may be prepared with a
carrier that will protect the conpound against rapid release. It may be
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m croencapsul ated del i very 30system Bi odegradabl e, bioconpatible polyners
can be used, such as ethylene vinyl acetate, polyan hydrides, polyglycolic
acid, collagen, polyorthoesters, and polylactic acid. See generally e.g.,

Sust ai neg !and tCo&t roll ed Rel ease Drug Delivery Systems, J.R Robinson, ed.,
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implants, REQSIES pumps, hypodermic needles, and needleless hypodermic injection

devices. The device can include, e.g., one or more housings for storing pharmaceutical

compositions, and can be configured to deliver unit doses of the receptor binding agent,

and optionally a second agent. The doses can be fixed doses, i.e., physically discrete

units suited as unitary dosages for the subjects to be treated; each unit can contain a

30  predetermined quantity of receptor binding agent calculated to produce the desired
therapeutic effect in association with a pharmaceutical carrier and optionally in
association with another agent.
In some embodiments, to treat a disorder described herein, a receptor binding

agent can be administered to the subject having the disorder in an amount and for a time
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therapeutic effect in association with a pharmaceutical carrier and
optionally in association with another agent. I n sonme enbodi nents,
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cytokines inplicated in infectious responses as well as in inflamuatory
di sease, TjdafheRisNnd rheumatoid arthritis. Increased IL-1 production has

A receptor binding agent such as one that binds to IL-1RI and that antagonizes

25  IL-1 signaling, can be used to treat an “IL-1 mediated disorder,” which includes any
disease or medical condition that is (i) caused at least in part by IL-1 agonism, (i) is
associated with elevated levels or activity of an IL-1 signaling component (such as IL-1q,
IL-1pB, or IL-1RI) or elevated IL-1 signaling, and/or (iii) is ameliorated by decreasing IL-1
activity. IL-1 mediated disorders include acute and chronic disorders, including

30  autoimmune disorders and inflammatory disorders. IL-1 mediated disorders include
systemic and non-systemic disorders. It is well established that IL-1a and IL-13 are
potent pro-inflammatory cytokines implicated in infectious responses as well as in
inflammatory disease, including rheumatoid arthritis. Increased IL-1 production has
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been observed in patients with several autoi nmune disorders, ischema, and
various cancers, therefore inplicating IL-1 in these and rel ated di seases.
See al so woneralib33Si s and Snmith, The IL-1 fam|ly: regeCatuses 10i59%imunity,
Nat ure Revi ews | mrunol ogy, doi: 10.1038/nri 2691 (2010). 5The term "treat"”
refers to the adm nistration of an agent described herein to a subject,
e.g., a patient, in an anount, nmanner, and/or node effective to irrprove a
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(RA)is a chronlc systemic autoimmune inflammatory disease that affects the synovial
membrane in joints and which damages articular cartilage. The pathogenesis of RA is

30 T lymphocyte dependent and can include the production of autoantibodies known as
rheumatoid factors. Complexes of rheumatoid factor and antigen can form and
accumulate in joint fluid and blood, inducing the infiltration of lymphocytes, neutrophils,
and monocytes into the synovium. Joints are typically affected in a symmetrical pattern,

but extra-articular disease may also occur, e.g., causing pulmonary fibrosis, vasculitis,
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10and joint aches, and stiffness. Miuscle and joint stiffness are usually
nost notable in the norning and after periods of inactivity. During flares,
j oi nts frwquertdigzobecone red, swollen, painful, and ten@#er/USganaoutimbiy as a
consequence of synovitis. Scal es useful for assessing RA and synptons of RA
i nclude the Rheumatoid Arthritis Severity Scal e (RASS;, Bardwell et al.,
(2002) Rheumat ol ogy 41(1):38-45), SF-36 Arthritis Specific 15Health I ndex
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The subject can also be administered methotrexate. The subject can be
administered one or more other DMARDS (disease modifying anti-rheumatic drugs), a
corticosteroid, and/or a non-steroidal anti-inflammatory. Still other drugs which can be

30  co-administered with a receptor binding agent include inhibitors of CD28 (e.g., CTLA4-
lg), inhibitors of RANKL, IFNy, IL-6, IL-8, and IL-17. Inhibitors include antibodies to such
mediators, soluble receptors specific for such mediators, and/or antibodies to receptors
for such mediators.
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without spondylitis and inflammatory asymmetric arthritis. Subjects may also have
ocular inflammation (see below).
Scleroderma. A receptor binding agent can be used to treat scleroderma or

systemic sclerosis. Scleroderma is characterized by induration of the skin which may be
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are available including spontaneous models: rats (BUF and BB rats) and chickens
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30 Diabetic & Metabolic disorders. A receptor binding agent can be used to treat
a diabetic disorder such as juvenile onset diabetes (including autoimmune diabetes
mellitus and insulin-dependent types of diabetes) and maturity onset diabetes (including
non-insulin dependent and obesity-mediated diabetes), type | diabetes and type Il
diabetes. For example, type | diabetes mellitus or insulin-dependent diabetes is
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gener's, granu IS n choenl ei n- pur pura. e receptor
bi ndi ng Q&g‘?ﬁ’ rﬁ%fgﬁo%‘a P%@fﬁ?ﬁeg ‘grﬂb‘?)gﬁnea@% ally, e.g., to reduce risk
of such car di Dieageent aithdi reegsier binding agér incibize dimdlibiasing bherev@atidgt or bi ndi ng

SR L e L E A
myocar di ghinopHtiay, Kidney transplaa fejedtiohiintiabaiogdtiehise olseitl-ntkexdted indulirhe
pen-inf arregsltsta%g,c efahrdd rieﬁéll fgiﬁJlrcla,svx’/hi&xiEs%ﬂdr%a{]ygoet arl]s%ogiiatze% v(vllIh 5rgteeinuria and

hypertension.

Gastrointestinal Disorders. Receptor binding agents described herein can be
30  used to treat a inflammatory gastrointestinal disorder, including for example coeliac
disease, Crohn's disease, ulcerative colitis, idiopathic gastroparesis pancreatitis
including chronic pancreatitis, acute pancreatitis, inflammatory bowel disease and ulcers

including gastric and duodenal ulcers.
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5infarct zone. A receptor binding agent described herein can be

adm ni stered to reduce danmage caused by myocardi al infarction. For exanple,
t he recepwvonrotrinaiong agent can be adm ni stered a subj ecPCERUS2013/083995 1 sk f or
a nyocardial infarction, or a subject who has experienced a nyocardi al
infarction, particularly an acute nyocardial infarction, e.g., within the
last 2, 4, 6, 12, 24, or 48 hours. The agent can be adm nistered in

10conbi nation wi th ot ents C he arlnadasplrln

A receptor bi Rrinaly AForBER" 4 tesorlar HEAd pafotten SoIRRIL AL A, 3 sehnoi «

henor r hag@mohagdidenae! maedcatedab;aiLm [ Exemp{arymdﬁ@fary dvitbagesahatean dgsoci at ed

ith | di | IL-1p h
been | ofedled KEREE Rl dRahe st e B MBr e G EhbRTene Sdobutr 1P ey
( Rot hwel bronghitis), pulmbnat/ ajvedlaNbrot&ad|id, BleonhtBribdiced2M@0mopdthe angcept or

R e R A D e T AT T
recept or plhjmndanyglba@wﬁpulnwmaa,i mcdmasw, oystdéﬂrqsrsopbl}dgenbcmﬂhlhlauonen dhe t o

d d d h h
i aor Gor WnAREY Bottd 150 Pk BiseHhsid (AT NR A6 SRR BUifantih! 0 SVC0
subjdact o\»{a@ellses aid ashtrsm fllmrbtlalémngrrdmear has? gfruoera@rmcﬂifantsclreac&mo:ud’teheb acr:zp(;[cr)]rnm g
| OV ar even
oror P h B8 oSy ShorBer ARG AL O Rk YRRl of SBE B0 BiBaad 20 ML oy

ot hero canndludmgaebldasios|£\oealtwor®ersaodmmohags Csilevsintor imilahcaslitens ub- ar achnoi d

henorrhage),. e.g...,. within the | ast 24. or hour s,

comt our fesheiafelin Bha b LBFuuR30 i edvils Siemfiioand Pl ey system
can 25al disedse mcrhecM@dosmammha pmeumpmarldtapamomjlragmfldmsisr afed herein. Such
di sorders incl u? | oner ul.one FIHIS anlqdig aut oi.

ol oner ul DREREEEVY PEUBIASHE RABISYS 2 Digledtiisd dpRlbsinliE ety repopse

gl orer ul maemnbéIrsatedeomnglarrgcetpmrlbnﬁohngagms wi t h haenol yt| C st rept ococci or
ot her_ i nfecti Qus ate rena

! ool ol omenh o EeBISR s et e BRI il et R ERaGR e R Ben of

ant i bodypmeer‘ﬁeaﬂIepmrpdrhord)grenumdaametéarlmauy yssm im emaabody; ingolecreedtioéthedi rectly
asareslt of roducti on of au A sor%’cells agai nst
renal Pga@oacorﬁm Te Rﬁt%%gege?%wf"’eﬁ ete?és'atsa%%? CYY8F anti bodi es
and/ or |mmphagn$mm>dmphmd téis d{lsnlenagfthélaisemfeamntreaﬂdseqeeragmom:t ot her,
non-r enal an en Thus .ot h ne nedi at di sea es that result in the
formatt aepleeRant oo i sk AT PEl TRt EMicIT AR R b dRie TR oi'scnse

as an ibygiheeetelbigpex| ae. Bot h d| rect and indirect inmune nechani sns result

i ssues w th CHCUFVERRRE et ch | ERbor B REhaR R BBl " o

pr ogr essusea tb dreaem ahrdfoaasautae disdededn ohun]mfy auchiad ao&iclambanysmsmmﬂae mechani sns

can be inpvol ved en receptor binding

agent  catPrands SiMpbdie e BREG doetsiny RRl B csrebre et {oGERN

conpl i catamypigaiidrsrof ermmptyeyy- psalsasbrgeay lischemizdireeatfasiorainfliry) \heart disepse, c

cardj onmygpathy).,, incl udi mcsndro ol ated .wi th. exposure to

envi Fonnnpdndeiartieie i lerdeten sl Mg ans BHETRL® ar i se from

i nf | ammamyocarditis BMVlﬂa(ngAobhrldwddImarWaIIUrei|halUd|hgeatir$>ntcd1eaHtfahJa¢ icongeégtive

absor pti nction can he treated ncItHded Ln E%EI ications are
&

chol el i tﬁ%?aégﬁgurﬁg@w%a{%ﬁ %“%‘RH RSP BR8N P ReEE P rsosks t""¥Y'¢nes) and
t he r ecuoratec earofid altelyddallddr aggicplastid peduedued psileat nnybnad;nalsscﬁémla Heft

condi t1 oRg ot eGP SRR B dPar B n AR o MBSl e P oSt 2 @
pr ostat i teviceanBaytaudisiphepomshatthronbdpphlebitis, vasculitis mcludmg Kawasaki's
vasculitis, veno-occlusive disease, giant cell arteritis, Wegener's granulomatosis, and
Schoenlein-Henoch purpura. The receptor binding agent can also be provided
prophylactically, e.g., to reduce risk of such cardiovascular disorder. In some
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15 and conplications of henodi alysis. A receptor binding agent can al so be
used to treat chronic pain conditions, such as chronic pelvic pain,

i ncl udi ngwolwomiie20pr ost atiti s/ pel vic pain syndrone, andPpodiS2tua/opsvs c pai n.
Hemat ol ogi ¢ and Oncol ogi ¢ Di sorders. A receptor binding agent descri bed
herein can be used to treat various forns of cancer, including acute

nmyel ogenous 20l eukem a, chroni c nyel ogenous | eukem a, Epstein-Barr

virus-positiye nasgpharyngeal .carcinoma, .gljo col.on t omach, prostate,
Fenal cerToodiTelie TR MErap P Adem G s oA RAIPT 8o and NSOLG).
i ncl udi ngthesclerosass ¢c raalued rislathleesof.a, fati gue, astheni a, paraneopl astic
syndrone of cachexi,a, and hypercal.cema. See, e.qg.. Voropnov et al. (2003)
PRAS 100: 2645 5 b880RE Tans B s 1o A Pi AP RPEsTA MYSREbEH e, | 25and
car ci nonitiatLadopasic adk deathlirciheqrs-iffamt ngweargiacellbr @astdigpheaize dtite squanous
cell carcingma are also treatable. Regarding.the role of 1L~ i,n certain
oo Sl A gBiHior el sbtn g5 Bed e A b€ Risicstd pdloit ¢ Fonal
cancer s damnhgeleaussd phogeahrdzhintectiong &3 ekamplanibe recepidribiralirdatgent car ci nona,

| eukemi incl udi ng acut e el ogenous | eukem.a, .chr.onic | ogenous

| euken 2b¢ RYBMAEH B LTE s BRI s B R SRl H nE 3 BB i . and
hai ry ceétperiendeeim myocrtiarinfaedtiog neantic udslyvdrt dcutemgstardianefaadioaf ¢.g., pot ent i al |
i ncl udi ng..mul t i pl I C be treated with the receptor binding
agents. LNt Bst2 U, 524 08 i) TG gGenErabe ANl M 14”100
A r etept comiinat@dinngthaghert ageats, akckidingee.as @dparin dnceadpiranem as and henat ol ogi ¢
di sorders, ingludi chroni c 1 diopathic neutropeni a nem a of chronic
i sease. ~apl At HEP LG Sdenl FERRS Bp Gl FER SRy PR, TP opat hi o
t hr omboclydéropernige, peadptusand orlbTain ibjoryo abddi iofldrhmatitroasgooipesa withpair pur a,

nyel odyspl asti c dropes_(including refractor ma, refractory anem a
W en e oY AR O LR, B AR R T B bett T ER8RY  act ory
gne {n aI WhéhoiaHgamation iﬁéﬁo&ia}dld Wimﬁjklé A8 ok @M InjurfiyRbBve D ﬂ\D.SJi.,E‘e{t ay,erfinsd

met apl asja;. an C C vasoccl usive crisis. . . . ut oi nmune

monolyt | 25AE A e3hranaRs T ey SRRCRNGR Sersan e, pchifisigedt rsRes Soch

henogl Obinﬂ&rhir@ti@r&gnd%uthlimmﬁtiM@ﬁ@@f ia'tesgrntv)ilﬂfisammd 'ilb:adw@sw Xla. rlgact with
anti gens ressed on the surface of r ood, ce and in sone, cases

ot her b AU THeg SreRlp RIED Bosi SR pisoBE FRTY HRE Ao Rl o BHES of t he
renoval dk éflasiediebideroghs/drGeimtregtionedssscidted vaiArsLE AR BiderE F atek8mblesi S
and/ or A Fc-receptor - nedi at ed nechani,sns, . I n aut oi nmupe t hr onbocyt openi a
i ncl udi ngetHr REHRGANE CHY PHAARINISLEAD ARYRISST Wy ISt S5K For'itaosrtrrt?g%’ﬁnopeni ain
ot hego cl isthaait es&it! bthaScar@ibadselial e s ! orecidntdifagitaav@ht @aeiasadsba result of
ei ther anti bod | ement at to pl at bsequent renoval

by conpl SRENIOY e ARt ubiec} BER propxmBn bR e BRITSRE P e
r ecept or othkingHrdigvageant eeam, @l=sierhertagdid dveat @uetas a ssbajephsidhavi ng or at
| ymphopr BFTOETEEIA0 SR et Aef % RRoti 46 Tibhobl ast L | euken a. hai ry
cel | | eukem aGenito@inaty landRetial Didord&NiGisorpemsiop iy gdnitduraelry sysydrpiaans,
AT T AT S R O
hi st i ocyglometwsrdparss, iddudidy dltsimtheagemerdiohbpiaitispgamersdnephlityaeona,
exposure to toxins or glomerulonephritis secondary to infections with haemolytic
streptococci or other infectious agents. Immune mediated renal diseases, including
glomerulonephritis and tubulointerstitial nephritis, are the result of antibody or T
30 lymphocyte mediated injury to renal tissue either directly as a result of the production of
autoreactive antibodies or T cells against renal antigens or indirectly as a result of the
deposition of antibodies and/or immune complexes in the kidney that are reactive
against other, non-renal antigens. Thus other immune-mediated diseases that result in

the formation of immune-complexes can also induce immune mediated renal disease as
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acute lynphatic | eukem as, T gamma | ynphoproliferative di sease, cutaneous B
cell |ynphoma, cutaneous T cell |ynphoma (i.e., nycosis fungoi des) and
Sezary sywonomaiéidepati ¢ Di sorders. The receptor bi ndi ngCagsnaeg/ogiost! osed
herein are al so 25useful for treating conditions of the liver such as
hepatitis, including acute alcoholic hepatitis, acute drug-induced or viral
hepatitis, hepatitis A, B and C, sclerosing cholangitis, hepatic sinusoid
epitheliu and inflammtion of the.liver due tq unknown causes. Hearing

B sor der §1 meiEed Bt B h alteglant 0 ige! i m At T ERHERY *GF sor dor s

30t hat i inflahmatdng egspbogsd thaspradukeshieducas esimisizvelapedniin tréna issuesalithl L- 1

expr essi on. ItS ch difsor.ders i.nclrﬁde cochl ear nerve-assogci at e]-q .@eari ng | oss
that is 'EeﬁBLFdﬁPrgcaS PRAAM MRS AN I} B PnEiReS b S BEO R "§ 1l rmuine
heari ng Beothdhunidesdliadteebulsyimtrumeemeohdnisingl caa toeditvaeed iatha ehdhayeaasis df sor der
oftergdasFo.ci ated with hearing | oss. Bone Di sorders. Non-arthritic
di sorder €985t he bones and joints and also treatable with the receptor

bi ndi ng agent A releptoribrethgwyeat can dibo be e@sedivtess acemiobyahome any itsi sor der s of
t he bone_or joint steocl ast disorders that .|ead .to hone |oss, such as but
ot 1+ m eidieal EraiealiitBE ed8he . 0l Rl e e A BEr BB e eopor o

50st eoar tdrdiotyspatpg)r incllidingi uréricrsyadiotienggsociatedatith dxposieaitmgnvimoninests) and

prosthesjs. | ogsening, after joint replac nt (generally.asspciated with an
" nf T amma o8y FRGD 3nanh stieh, Coupicaly ™ Bafarse S BIAAMERE R ost eol ysi s,
Anyl o d falbddersall fhat fiehds to dltleeatior dregtbsarptlyve ghotign age aks bdaesatddoed her ei n
can be used to.treat primary anyloidesis angd.the secondary amyl ol dosis that
" char abEUAPEn LR bl BRI PRt b ARG SR B R S case.
secondar fpile eacitstarespand thiedoairssnc®oivhidelishizasis amikchaindoahiotithiasiss Fastheci at ed
anyl oi dosi s... L n.addition, _receptor binding agents can be used.to treat
Aot r optireition? R FaL b Bpalel 3 p RN rBRRY i BiodBue B Bsy i nson s
di sease. indlhding bdhige ps@saticarypalti®phy, moabacteriad proatatitin aofl chggiceyadtatitisand

anyl pi ds_t hat can.trigger inflamypatory responses.. 15Neurol ogi,ca | sorders.
Rove it or 21 g Auta f SeinarRlyeBy s Stral R0 BESH BRI R PEh and
denyel i netiromg pdinseaditisngysuthas clephic pelvanshing érdlyxivey edrome prosteitis/psiviens,
including_.multiple sc]erosis;.,idi.opathic denyelinating pol yneuropathy or
o 1| ai Rl Prsr DR A R ReG B S [ nf 1 ammatory. denel | natt ng

pol yneur opat hilemahdegicdingloDuieolegiarRisbrlerev Adedeptdrdvirelirmagent desonbed basi s

and resujt in nerve aggﬁ%n%tel i.natf' on_as a resu caused to

rel e use varjo cancer 't'Of (agen%gel u
ol i goden}?ﬁ 88)&33 o IBHOY 1PEEY PSR ’l'ﬂﬁ:utdi'rl%aec c'er 895 ¥4 sease
i ndugt i oleukemdiaj chrohiv eny€ldggnpusoeyitedsia, EBpdtdin{Baer \drob-@ositivendsaphaiyhdeal a
rel apsi ng- ri%m' tat i“n caoyrse. or eh chr a(r)[i C ﬁélor?g[lfecss\i/.v«?aﬁ&ur se. CL%girons contain
infiltrat®s"3fpy'e EIT VAR VF&?& eyf i At e 2 VBN A 81 1s and
i nfiltraluhggamse (HPhages NSTDEY, imcllging bametr-assaniated bachexiadiatigimant cel | type
at | esi ons, Tge ;Srr%c{%%@i sm ofmol g%%ﬂer}dragg%t e cagl I ide§tg and V%trjobnso\e/quent
denyel i nat I GHHREHIEPIRAEWY RS & GIREN'S 259 MNRRHEESTE defuel:
et al. (2003) PNAS 100:2645-2650. Solid tumors, including sarcoma, osteosarcoma,
25  and carcinoma, such as adenocarcinoma (for example, breast cancer) and squamous
cell carcinoma are also treatable. Regarding the role of IL-1B in certain tumors, see e.g.,
Krelin et al. (2007) Cancer Res. 67:1062-1071. Additional cancers include esophogeal
cancer, gastric cancer, gall bladder carcinoma, leukemia, including acute myelogenous
leukemia, chronic myelogenous leukemia, myeloid leukemia, chronic or acute
30  lymphoblastic leukemia and hairy cell leukemia. Other malignancies with invasive
metastatic potential, including multiple myeloma, can be treated with the receptor
binding agents. See, e.g., Lust et al. (2009) Mayo Clin Proc 84(2):114-122.
A receptor binding agent can also be used to treat anemias and hematologic
disorders, including chronic idiopathic neutropenia, anemia of chronic disease, aplastic
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Myopat hi es. Receptor binding agents can be used to treat nyopathies
associated with inflammati on and autoi nmunity. Idiopathic inflammatory
nyopat hi esoizncueioag der mat omyositis, polynyositis and ®Chasg01anesds sor der s
of chronic nuscle 30inflanmati on of unknown etiology resulting in nuscle
weakness. Muscle injury/inflammation is often symmetric and progressive.
Aut oanti bodi es are associated with nost forns. These nyositis-specific
autoantibodLesmarg dire nction of onents,
u

ct ed inst and.inhibit the fu
ot o neS et RS FROGT S aBR Rl s R oo thRuhrotBBeybBSE Bplta fHIP S
Di sor der throrbatiedlepinbocytbpeticngurpgen inydiesgspldstid sivedremps ¢acluding ifedidrp treat a
vasculitis disorder, e.q.. systeni,c vasculitis. Syst.em.c vasculitis
! nel udes® BBISHECtPly J0RTH Wit 8GR rg DRSS rapy Femim Il eafesng
subsequebitistd atrgetotycanzhta dith escsk dlasty iahrans®rrhit®on) mmyelofibrosis/myeloid

i schem a/ necr osi s/ eg@ner@ti on Itc1 tissues supplied by the 5 affected
vessel s THFPAENEIAP RS V%ﬁfﬁcﬂ%?ﬁﬁ%f'i on in sone cases. Vasculitides can
al so occur asAatoseaomtaeryollEsaramiarimsemeqiaaeytdeentd, kad paroxysaali nf | anmat ory

medi at ed_di, seases such as rheumatoid arthritis. .system.c sclerosis, etc.,
par t 1 cul 94 RAT e el Rt ekt 2o e 3R RS rvine

conpl exesantighhs egsressddron the spifaceasfyed plode oelts (das audante sasgs other blvobude:
system c_necrotj.zi vasculitis: polyarteritis nodos |l ergic angiitis
and or anch RO 82 fEbiarys aBgasiibsle ot RfRRY: Aot Y bReintol o
gr alntddomadaned sellésa(imbcgvhpafmemghédi?eu%is&ér@/ormmNFbammK -maltiajiladji é i des )

i ncl ude: _nucocut anequs . node syndrone (M or  Kawasaki's disease),

| ol at e ERETAE I AT LB L Bo S e bR TSR e ey ane
(Buer ger ad idirs@as@pdiated throtrdnoeptosenia oy atherzilinigalvseittingst plateleThe pat hogeni ¢
15mechani sm 8f' ntrheseavascrul i tirs dlit spri%ers IS b%I g:evelg tQ agteacﬁjrgi rtr(:)ari |y due
to the d&poFIaUsTEN oSt IS AT LEIRp ROy PRCQRISpETY PI® and
subsequepitteistsland subseqiieramemondl apramnpleynenelypioNSBCEI dr IF€)-recepto AbEMDated
corrp{serrerrﬁt activation, or both. CAPS. A receptor binding agent can be used
to treat Sdmb%“%i sorder, i.e., CIASl Associated Periodic Syndronmes. CAPS
i ncl udes t hr eehgmeeptocbiaging ageriscan 2¥ammnadmihis@nsdto dvbjdctsslyirgorlattislanmat or y

Di sorder, ( NOM D), ckle-Wells Syndrome (MAB) . and Fam | i al. | d
At o nf | SR e e U B YalomR0Rs B Praflis ™S 01 30,
Fel dmannsyeidrahe (AFE), dnodic furphGolaetic [@dkekBig; 120, ceMkaaig, ekoale et al . 2002
Arthriti eum 46: 3340- 3348 S are inherjted in an gutosonmal dom nant
mmnner PRI BERiR CasEhe BT et e RSk iERoule St adk Bt ot ot o
conmpanentell2paphdrhe fSliiculdrdymplscong Burlitt's Wngerod, &psteimzBare vieangdsitivetThat
regul at es Itlhe r?crﬁi \ﬂ;t %oﬁf casrpaseé_il. }Yiut at i ons c'wﬁ cl ASle I R’ai}ﬂ}% i ncr eased
product i %‘ﬂ ¥priemy, Mgt ﬁ%’?%uoén% %‘8 Béi - (i o0 %%S&L?@HEG% i"]"evi ch et
al . 2002acuigp tyajphatid lelkahinenpyymmadyrogisodr dlderptivdisddsencudiinentig tBecgiihas e
reactants in the lLiver uch as C-reactive .protein ( and serum anyl oi d
A CSnn) . Tptape el T Mo B o Lo sl ARt AR Bl s e
spectrum of Hepatic Disorders. The receptor binding agents disclosed herein are also
25 useful for treating conditions of the liver such as hepatitis, including acute alcoholic
hepatitis, acute drug-induced or viral hepatitis, hepatitis A, B and C, sclerosing
cholangitis, hepatic sinusoid epithelium, and inflammation of the liver due to unknown
causes.
Hearing Disorders. Receptor binding agents can also be used to treat disorders
30 thatinvolve hearing loss and that are associated with abnormal IL-1 expression. Such
disorders include cochlear nerve-associated hearing loss that is thought to result from an
autoimmune process, €.g., autoimmune hearing loss, Méniere's syndrome and

cholesteatoma, a middle ear disorder often associated with hearing loss.
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clinical severity. NOMD is the nost seriously disabling, MA5 sonmewhat | ess
so and FCAS is the | east severe. CAPS di sorders have several overl apping

f eat ur es woaoizdswddual s can have uni que const el | at i ons Pofi/use@no43908
synptons. Features common to all these conditions include fevers,
urticaria-like rash, arthritis or arthralgia, nyalgia, nalaise, and
conjunctivitis. In NOM D, chronic aseptic neningitis may lead to

t al tardgtion. t h ti.ent ffer. disfi i d
oS 1 e o GobE il S PR SRt o o BB b B "9 o
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at frequent]y. nges i.n _di ibution and intensity.. Patients ma
sttt nespeag o detigforbastibed eltPtiaii s AEPTsessds g o
f r equent affer giistaeplade mémy b @iatally sssoeizted avitdlampniEmembteadretporrsenalwebai | ure due
to chronjg i flamn%ti oa and overproduction of acute phase reactants

3¢l is}) ety OgpP

(particu e§/p icc,é'BPISPt 95t 95¥Si’1sg agent can be adm nistered to a

subj ect havi ngmy(dt DisdidBrs. ofurthéASherecdpiagbingind sgenisalescribegdrodiy pan
associated w th D._MAS, or FCAS .In addjtion recept or, bi ndi ng agent
can be 10BHICHOJeE) ey s s eE R oReS S TR I e selesY o g
peri odi cofssandusomditions, includiblp Alrhtioler'gidiselhseli seoomhiang realtiveearayididosifi ndi ng
agent can be used to treat, a dermatoloqgical disorder. such as.an

o T armmppy s Sfiabs; ST b A Ekiurd B ERos, IF hiklir. BB BIMSe i at e

ski n di sagents canbeesttb eyt Amgotrabdic [atergdSolkerasd (G\LSAdtltingoalk debed,mune or

i mmune- nedi at ed skin. di sease including bullous skin 20di seases, erythena
ot or B PGSR AsErSonasp tisedSed ettt BRI KRl b SRR SR o
genesi s ahyloids ¢inatican TrigggnipHamyiatrgdeqmpodssst . Psoriasis is a T

| ynphocyt e- medi at ed .i nflammptory disegse,. Lesions contain infiltrates of T
ooyt oo Nellaieit et RETRYS Kelial e B tund 84l Sl 80 Bt i

neut r ophnéwsoinfaldmatienatd dersyslidetirgy difedsbe obthierveotralrand pespmeatieavees t hat can
be treated, 25i ncllu e ac nlt hol| yti.c. isiﬁs S iInCLiﬁg(pji nlg Dar i et\r' s di sease,

ker at osi G EHARG QU 'Rﬁsﬁgﬁﬁ’ P d?é%’?‘?’%'_”a PRECULRATY Bhal di sor der s
i ncl ude: Gaitlaie;Baaesyndosas aad caloajgddiznraste gt gemyaihatmguslysieorophinlyi s, bul | ous
penphi goid. burn ecz t hema, i ncluding erythems .nultiforme and

or yt herma TRACCTE0sR o5 P BLetlol Ve A AL SRS P56 A SR W PR ammat oy ski n
di sezse, démydiieatiqn @naiggsult iohéamadegdaused toolpodesdrasged arto omjetin binedtiyusn

30der mat 0sj,.s, of | surface

e B 08D BB oR B T AR A Sk
syndr onegithed eretapsing-csitting copiseor babirania progeespivé asurse. pesicrsaingain pyoder ma
A L A
agents maclopbageseCDat Ttlyrsplveyieetard therpreddnidutnticetytypedit fsase) That opi ¢ .
Sf[ biw It 'gn?a(_:hé:n?s% B BligBGENREL b Ren G HA4 LRehGord daH HilRgn HHRRhGw di opathi e

but is likely T lymphocyte driven.

Myopathies. Receptor binding agents can be used to treat myopathies
associated with inflammation and autoimmunity. Idiopathic inflammatory myopathies
including dermatomyositis, polymyositis and others are disorders of chronic muscle
30 inflammation of unknown etiology resulting in muscle weakness. Muscle
injury/inflammation is often symmetric and progressive. Autoantibodies are associated
with most forms. These myositis-specific autoantibodies are directed against and inhibit

the function of components, proteins and RNA's, involved in protein synthesis.
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food hypeweenvitis2odty, allergic 5conjunctivitis (see al eoThSR@wp43nd
urticaria. These diseases are frequently nediated by T | ynphocyte induced
i nfl ammati on, |gE nediated-inflammation, or both. Asthma is a
chronic condition involving the respiratory systemin which the airway
occasional ly gonstI w th exceazi ve

i ct. i nfl d, is.lined
amoont o of  mugeueiRords AT oG abed Fgh < EIREIRRL S ey
be tri ggeead Tagcdlitic disbfien ags aagstemposscditis 0 Sgstemivvasonlitemadest i mul ant  (or
Shoc, SondSBREanER % o L8V RAB) Bhpu SR 0EE BIREELT such
la)mjs \é\heezi/esgeltswmn‘rtngeslss ingsc?em?t/ﬂfectraéiez&t hgehbwﬁgmasﬁssga@fdumﬂu?bym? fA rtecept olr
i ndi ent, can_be yse reat a ma..and can be for,nmu or topica
o pul moR PR pt it Ao P GRS R ot VAT Rt er ol 1y
15'br_r anfp?lﬁ@$e¢drae S s@tcm?dmyotee'rontdr qumatdgﬁnmer_dmmulne-iramrrinmsmyeheqtlat'edf a
ect that is ou 0 _under, is.undergoin or_is coverin rom a
ronen! afibetsessuebas el M e fits, e ShRR picCipah ity el dFRe Ao Lt ¢
yejrlgag_titpaisaafbo%ral@@édwiﬁret‘re;jerﬂmm?if peasee aﬁc@vfbi@)l E)es. ?_re T Iyrrpho;:yt e- dependent ;
i bition of . cyte function is aneliorative. rnea .
tranopl antati Breedty B d e dndy 3nl ke lE okebihds bRt an be
anmel imr atasdulitig: polpatanitia hodddah akergie @agitisranbignahugmatgsing polyangitsept or bi ndi ng
agent c be al so _used to jtlr eaF1 corrEJrirgati ons resu tiianlgcﬁfrotm. olid organ
transpl a CRENG T 9ran %ma@s'ﬁeé{?‘f’,mf‘ﬂ? 9 ELIQP'H, RISyAEY '3 5a(FU g transpl ant
ai rwayI ohlidcb@m}PU@g@scuhtiobphmfuder aim?ﬂdman@usilquhgpﬁddegpybmmaxmum\ot : r bed
t apts. | nfectious S ) . recept.or,. bi ndi,n ent.s_descri be
horor n aRbRanal M) e b BT TR vastiifls: SSAES HioBadE WIBmBRERIZe no- el o1 a
and schi stlic=ans ﬁjesgeib'ediiselase)_reemitqumnlﬁbggnecrotithgswnulim?r'lgmwatrlmdmtceri aIOI or
t : erc Sl I,ncl udi.n nonary. e S| S:..an
oneaon; Beanses RLbPse vascuEdiorpdtiie i ieded t B sy § forie B8PSR | uenza
ib_nf gpt i oof imn}[imbglbbqltrihmmao. tlas?ra@mmel msélfvallﬁne@ggsmbghhmcmoh bf ar|1 r gpept or
i ndi ng agen re inherit. er i c fever .sy.ndr one i ncludin
Pam 1o PRER el BRSSP ookl REiTaoR Bty foat o 1 over
syndronme and CTAPSr éceptptor biadiog agedapdeiusdd to syatch OARS d(sbRIPS)e,, and
Adul t - t..Still! i hnj t ! d d fi i
o veor 11T a1 Adsociated B S ol S ies het¥BRAiPE pe Rt haPREsNY | o
adgj i st Ne@thtald)rtse;sMb]tiepﬁtemdrg_raﬂd‘?a;terﬂbitsbmbt W@MImeudSsir\]M?IsGyndﬂorrEe g nt t ge
ect. ex e j ect can have a r a oci ated or
oot ot ca M) 8 Paiay Cof AYShfishmeRy, Bl FePedrGREE Wil al 4 2R0 v or o
5The r ecHptirer29t301eB0%g Falganans etials 200bAa hidureiGeneanil 1he8-26&d\Ksentijevdett etocul ar
di d sl di.. | ar .0 fecti t.h f t.h ,
't Dt oP AR SR R B RET  CaP SR e B ek o Bl AP Bl Py
part by maneertvaihnarspoeadie actandlial pattern. CIAS emvﬁleemmf%neptcﬁein t:bmpomﬂt_zli_L
t he, sur e

ai sortior o e ot Ekses  F oHel b s FEP Rt BRI SRS et e o
caspase 1. Mutations in CIAS1 lead to increased production of IL-1 and numerous
pathological consequences (Aksentijevich et al. 2002 supra). IL-1 strongly induces the
production of acute phase reactants in the liver, such as C-reactive protein (CRP) and
serum amyloid A (SAA).

30 CAPS disorders share common clinical features and present as a spectrum of
clinical severity. NOMID is the most seriously disabling, MWS somewhat less so and
FCAS is the least severe. CAPS disorders have several overlapping features and

individuals can have unique constellations of signs and symptoms. Features common to
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erythema multiforme and erythema multiforme bullosum (Stevens-Johnson syndrome),
inflammatory skin disease, lichen planus, linear IgA bullous disease (chronic bullous
30 dermatosis of childhood), loss of skin elasticity, mucosal surface ulcers, including gastric
ulcers, neutrophilic dermatitis (Sweet's syndrome), dermatomyositis, pityriasis rubra
pilaris, psoriasis, pyoderma gangrenosum, multicentric reticulohistiocytosis, and toxic

epidermal necrolysis. Other skin related conditions treatable by receptor binding agents
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Infectious Dlseases. The receptor binding agents described herein are useful
25  for treating protozoal diseases, including malaria and schistosomiasis and to treat
erythema nodosum leprosum; bacterial or viral meningitis; tuberculosis, including
pulmonary tuberculosis; and pneumonitis secondary to a bacterial or viral infection
including influenza infection and infectious mononucleosis.
Also treatable with a receptor binding agent are inherited periodic fever
30  syndromes, including familial Mediterranean fever, hyperimmunoglobulin D and periodic
fever syndrome and TNF-receptor associated periodic syndromes (TRAPS), and Adult-
onset Still's disease, Schnitzler's syndrome, and fibrosing alveolitis.
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systemic autoimmune disorder.

30 A receptor binding agent can also be used to treat other disorders affecting the
surface of the eye, such as the cornea. Such disorders include corneal ocular surface
inflammatory conditions, corneal neovascularization, keratitis, including peripheral

ulcerative keratitis and microbial keratitis. The receptor binding agent can be used to

62
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i nfl ammat ory rders such as . dr Cor ne ajinin exi st even

Wit hont et i e RED R A B bn@Yfims AR ALoc BN RS oK' s onco,

such as most @rthe@irisptheghiaryi liddy, and the choroid. Chronic forms may be associated with
systemic autoimmune disease, e.g., Behcet’'s syndrome, ankylosing spondylitis, juvenile

30  rheumatoid arthritis, Reiter's syndrome, and inflammatory bowel disease. In anterior
uveitis, inflammation is primarily in the iris (also iritis). Anterior uveitis can affect subjects

who have systemic autoimmune disease, but also subjects who do not have systemic
autoimmune disease. Intermediate uveitis involves inflammation of the anterior vitreous,

peripheral retina, and ciliary body, often with little anterior or chorioretinal inflammation.
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5Corneal staining is highly correlated with ocular disconfort in many,

t hough not all patients; in general corneal staining is associated with
hi gh scorwe 20r/1bm®30SDI, as descri bed above. For cor nealPCTiusorie®e®ohn
stai ning, saline-noistened fluorescein strips or 1% sodi um fl uorescein
solution are used to stain the tear film The entire cornea is then
exam ned using slit-lanmp evaluation with a yellow barrier filter (#12
Watten)_and ¢ blue, illum ngtion. raded o rdrngto
Uhe. Oct oPal BiaFEREes s HPTHEIAy BRI, e Fye PlaPetelldstind e PES6Y

epi t hel i ad)stelmareaems tm/olvee&te uveal thaect epd bhmhnlelthéaettdrorararmfrs tah;e refetrbarto

surface. ti st ai n| n d. t he. usi ng

s sam nés GrEaAS ShBreRo AL B dah he R R e b el el Rei ol bt 1 on i s
used to amtarrmnmrteedrtme ﬂtrdampees"ie:l formentpahpebvenl yezes)j Airsdepioabinglingi ni ng i s
eval ted re 30 .se n mnutes later.. Using white
1 ght® of SR ErabE SPRIEERRSE & 3Pty h TR A I GRS Biro GPene nasa
and t enpSeahblsoew. Ursal evall (2009)i Molngs i15:1542 085D arsd Trititvdod FOsff abr @0&@)hena.

Schi rmer Tes test is performed in the presence and in the
absence 9? %i@% ﬂg‘éégqé?g%?ac. ng a narrow filter-paper strip (5 x 3 5mm
strip of Zovvtmtsmre éthdfﬂodrmbmera pexppto) bindinglagentnit esedio teadt adebjgaichavifg s t est

is conduct r 00 entI clos ) hls/her eyes
ittt geitaish B BoSiEbtecab R ARurTR BN, A et ahufi DR B BEL The
t ear 1d r o applict tamaxlly mrmeeuyeam;ectm a.df, QWamtrdailyMr@ra/rcwdtsystentrcdﬂas been

renmoved fLromt hg eye ar front a ball-point pen at
preci sel ©¢iS% ﬁlsaﬁteggl: Eéﬁ%ﬁ%ﬁ@ﬁ%‘ IW&‘[‘POHP '@tﬂsgﬂ 1‘@\? asured by the length
in mllinmeterA ré&sphatirtdig agent pesmbed deleln@nﬂoenadmmhremredhsmt)t ®00é¢ tol0 nm or

| ess for, the Schj r.te ut anest hesia and 5 s for the
Soni r ror VYU SrREh TSRats nine e hn SR GPNERDE A RTe el g, M relethange
from baseiin raddrtrordltbaa@attlcarpbe‘demmred drfeodylt;o the eyeroerrsmmvtcomy obftheaayeocul ar
i nfl OE%‘F order %SCI‘I bed, her ﬁ Forgﬁ gons &d Vet hods for
Pul ar@r MR 1€ IBRTH et S BISRAFREPPEGEReT BEFCHEY of HulPSt ed f or
i nhal at odgscabedbdlew. node of pul nonary delivery, e.g., to admnister the
agent to a tissue of the respiratory tract, e.g., the upper and |ower
respi rat Pombiaashs aﬂ'@mettm(gefoe@g‘rm iRk that can be used to deliver
agents es include dry Bomder i nhal ers
(DPI's), meterédhfdé@ec f%malaé@@ qum'@)‘g éﬁ@cmlh'ﬁ@@%genm% erelgliveeedfoed t o
del i ver fBE:%Péd?ﬁmE| B 8.cAd6 dmih B Aich A Pl iF 64 fofpramoﬂﬁmem 8r fdf sper si on.
Typically MJ's inc freon or ot relati vefO vapor pressure
propd | almplqrﬁettonr 806 &40 B ROEION ghambrs @f Beteyerdr ithet Qprtlrrt@tlvai§a¢ rHfgfly tract
upon act r t he
P tmsgé b?r?bé’tieﬁ\)éfeodﬁé(ﬁgcir% ?%é]nctjr%?aér Wﬁerﬂ% rﬁuléﬁ@qﬁf Hula¥ defleYy %

i nspi rat or orts o o introduce cament. in'a dry
powder f@eAPIPLLINAIBT lAgARLan Ib@blﬁ%eﬁéﬂtso P m0al %P b ¥n 8 -Oadr@0-5%e be

I nhal ed pys5_npay.t b B9-5008). ﬂi%t& 13, 5t ride SiRAtidh! u-EHgy hitafficbe stored
|nalyoPh|I|ze orm (e.g., roomtenperature reconstituted in

sol ut i onfognulgiion i§ aralird qg[qcﬁy]to tDP ege tncpgingdaricg! apelicajien yo e eyelifgsordur i ng
liqupgd vg Ifatéﬁ In?d"th%rspaé{% g}arlaé X%@%\éﬁwenttﬁé @Qe@allja%'th@éyém@mrﬁ@' medi um are

al so possible delivery se and ot her ds can
ophthalmic formulatlon can be designed to mix readily wrth the Iacrrmal fluids and spread

over the surfaces of the cornea and conjunctiva. With the usual technique of
administration, the major portion of the drug is deposited in the lower fornix. Capillarity,
diffusional forces, and the blinking reflex drive incorporation of the drug in the precorneal
30 film from which it penetrates into and through the cornea.
Ophthalmic formulations can also include one or more other agents, e.g., an anti-
inflammatory steroid such as rimexolone, loteprednol, medrysone and hydrocortisone, or
a non-steroidal anti-inflammatory. For example, the steroid can be present at a

64



be used to deliver receptor binding agent. For exanple, the agent is
delivered in a dosage unit formof at |east about 0.02, 0.1, 0.5, 1, 1.5,
2, 5, 10,wQp12406206r 50 ng/ puff or nore. The receptor biPAEIUSQIAYEIWS May be
conveniently delivered in the formof an 15aerosol spray presentation from
pressurized packs or a nebulizer, with the use of a suitable propellant,
e.g., dichlorodifluoronethane, trichlorofl uoronethane,
dielilorotetrafluar l,i,ang, carbon dioxide or other. suitable gas. In the
Case of SRl 83014 0%, RS Safedlittlin o Thrgeia PifseRy on 2 by
provi di ngkaanplé the rdoepide bindia agentit erecshlpativetageficpshd feamaatbrecar t ri dges for
use in an inhal ey or i.nsufflator, nay be 20 fP mflllated caontai ni ng a powder
mx of the reliprsRuplioanSeiudtndsr airs sbihE BB cRRoBetCh as
| act ose surfagtamlss ionidity aigbetspauffers; lpeesesvativém coisberd gpaniscosity.buildingddi tion to
the formul a ed.For. unf or mul ai)gd rg?egé{.or rl?i di 89 ent, other materials such
as 100% - o OB A9°HIT PH P AI3PE AU AR P@g&cﬂ@mf' Ohftroe t he
del i ;/er?:/)than r}iaitl,mal_etltzariso|’r*Foo'é>|<etrh||@eb,fmmt:nm:_haﬂéI elfloﬁntez,gocﬂiommmllcfltiedmsgmsph 'Idrmlr_ bi ndi ng
agent . rticle size can als e varied t. congr et her deliver is
(o The | Sleide, el Rers gt sHBpLEN Ry ol S HEET o A B T the s ze
range of adprdpriate tomitity 0r.g.]1 Physiblogical tordciigaobieityisgehts cdn bdraddeahieanand upper
respiratory tracts respectively. livyer ers suc urfactants can
e used eBblieRiBrL RS S piioaRy oldbdudph ARGy 4L PafdsT s erai 1y
conpuund havi Tige fryidtieptan also mcidd Guifedisditalole i aphihalmicidelivgpy.ofod es
absorption . of a.drug by interacting with an interface bet nt
o st ppaed kad iludd oR¥ ok Mokt 85128 Blnpidn s | Ch eSS BPEEOPE severa
r easons, acetge, sadihu citraten sodiupaiotate bebarighaidyee aharges angH resdetdaliyamdef
phosphoor JEer aaato or exibeBrlrBtle Rl i etece Whshdon ASeBRta T oyt chol i ne
di pal m t wigtin (HaRRA6Ye ahoH 6d-pBposphats-dgl gl ycerol (DPPG; hexadecanol ; fatty
acids; polyethylene glycol (PEG); palyoxyethylene-9-; auryl .ether: palmtic
201 15 of ai & abio Byl G brcH 2 PRLIRSR PG et BeuBig ooy .
pol oxonetreatimgrdoy épnditatitns, thei formagatain;can dmdiidesayehtd tolpeatids stoyt-texapol ; and
phosphol i pids. 5Alsao featured herein are antibodies that.specifically
Feconn 2iohel. g aarPRuad WS RCIEHEP ece Rl 4Bt uEE: hPRHsR Skl 6, Such
ant i bodi esanpiefphoepidlipidl carrzrs dvhich aclotié pee bcmdonphosphelpidsi) van be usery
parental, cyt oki ne mai n. .Fpr_examle,..a ecific anptibody can hind to an
bo! tope. PP rer B ABel ke BHEE Bt faifa 888 shinke Aoty 87 8r M3l ey a
cyt ok0 netearscamricre iehdicpamandraibl mytindts sech ds0MNses Biaturdlet dAIDeh Lates;, Ync., A
receptor-)lgié#%hn agent can b rovid (El to a.s g'_e t b el iveri a nucleic
aci d t hal X &t e S bes i e Lriten daf stk Fina e dige i Al ik anpl o,
a gucl ei nXm@}mr?ﬁ?memmmmw_ oS bn@opi{imap;eaepﬁsorvalﬁbmelﬁoén@@@ﬁ?pAD@; be pl aced
under contral of .tr rip ntr equences. .and. pesi ned in . a
nucl ei ¢ RoYuEap T} BOYth e Fies o Bogpholia Fhtiel npllpns 1ol ar
viral vetibes distiosddidd)nd800)5639alS 418861638] 85,0710 &8%, 2 726 s9iG aatl &$ vi r al
vect%)rs.S}a/Z%Egés can be in the formof a plasmd or linear nolecule, e.g.,
ear™” '

ali stranded DNA. The delivered nucleic acid can be designed to
be i ncor por at € fonholatitrecaredissrinchitie otter camgetndsahat,aceaga Juldricamtrdregr at e i nt o

can be. qelgs aa B, dRet et visroSuaBrTbars it TSt c A BRoRRISTy [ n ¢ he

cel | . glycerol, propylene glycol, ethylene glycol; polymeric polyols, such as polyethylene
glycol, various polymers of the cellulose family: hydroxypropylmethyl cellulose (“HPMC”),

30  carboxy methylcellulose sodium, hydroxy propylcellulose (“HPC”), dextrans, such as

dextran 70; water soluble proteins, such as gelatin; and vinyl polymers, such as polyvinyl
alcohol, polyvinylpyrrolidone, povidone and carbomers, such as carbomer 934P,
carbomer 941; carbomer 940, carbomer 974P. Still additional examples include
polysaccharides, such as hyaluronic acid and its salts and chondroitin sulfate and its
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Transcriptional control sequences can be engineered to provide transient or
constitutive expression. Transient control can include control regul ated by
an exogerwo0egan03 e.g., by using transcriptional resp@asasSediemeiws for
transcription factors responsive to exogenous agents (e.g., a steroid

hor nrone or FK506) or 25environnmental signals. Expression of genes provided
on the delivered nucleic acid can be evaluated, e.g., by detection of the

protein en code t he usin nt i podi by detection of the

D O B 1T o ATl B S FERRE, O L1

is generlaétbvyetemgo aeecked so that transcripti onal and transl ational

regul atory a 30 ropri at sitipned relative to the cading

Sequence Tor {RoloTBURRTErIErhagtad Bhe gl rAEetts ik Bl i AR

initiat edittaad at&t&tatqad droppér drastar sen ot an@d ube droppbes. reeUbinmuigtiomessage. The

nucl ei ¢ ac can include transcri ona nd t ory

ol & ¢ Beke SBRaLRBITBRbANRR R, LD RupT bRl P ienfR FonlaidiRhg, L,

sequenceetunngmsleucEaemelayy prepemmleenndmleenmsonmnbdﬂam chibrotbutegoki t es,

transcri tio stari) g ences Itra slat eq § ﬁrh Iand stop

sequence®?g] %deé:mjfém §mige: B ensBrc?l’%rPc?é% enI’R oY ?he expression

vect or negetatedclisodingddiidic am@,landlpfe)mmmnuﬁnn axaomh be incudkdit ant egrati ng
ast.one or two

expre33|on vect.ors the 4, 0N, vect or can n at
sequenceaNE g LoD PR ey i Bhe RASES SolefatpRid expr ese on
consto uctontdi hueg |anbe@ta*tb|mtgng/a@etrmlthamyst@ree getrfesst efgréservatispecThid ¢ | ocus in
t he host ceIII ?{ﬁ setl%ecti nr%g t.he . alfﬁ%)ro%o te honol ogous sequence for
i ncl usi ofﬁ’”PHa CYE B %rtﬁm 455 3p 0e%;ratl ng vectors are well known
in the art. 1OEmeerhhapackadmyobe usdd txz@meqrrslongmd coeactotian ogdhalmicsi ons of
human ad noviruses such a enetic nent s
necessar By RIS ET ey & (ien BlesBErs s0rd8d Rl uS BBl B e
exanpl e, mtsémthtortbglsopsercoanr in&enoefmmdAae«:bptdr&mgmmmmmaytmsofbert her
nodi fied to a [es n _casset.te co or.the receptor-binding
Soent® - 1edefoRiraR by M DI PERoDRc SR < ik Breb il BesS 1SR BRERE e
| enti vi raith treodomeam Iaaretyecupi aaring ahieldctratie v Bifueios oaithe dieg creffeerddiy Pawl i uk
et al. (%ﬁ % (i 8 and Inten et al. (2002) PNAS 99: 14380 and
i ncl ude 1'% 8%10 ec nodeficiency virus (e.g., H V-1, H V-2),
feline i rrrrunoeleéoetptc&rbmdmg atgmt il w)so =i daliggred bmmmﬂueﬁje:geeobcomjumuma( Sly),
bovi ne i.mmﬁodelfh enclét vi rus, (.Bl Véetd ré eg@intﬁe i nf e(g gug. nem a Vvirus
20( EI AV) PR o NAOTBYEU ALY RIS ICPREEHE® SRYFNERP L He safe, e.g.,
by szparpadsage theughstbesties argkinesth¢ eygby sigate diffdsipal The)imirmulae@acat e vectors
and by renderin tr s.replica ecti he re n
ot eot 1 VRS B ISR UA AR ool bRt a5 Shbertie TotialiReeiB 88 of .
hel per vmouspasrtermrpambagi‘ﬂr@ayeltd> délmeethetagest wribacitiary doby dpoesd, dAdot ocol s

i ect:n 25ce||s invitro

for prody |ng onb | rpses a%&i %
i U5 ThE GORRDRY ek 868 ot RE o oMt hisP ool s © n wol ecul ar
B| ol ogy, AusuWkth redpeciMio otey eyd and eitisr Jurface eliserdénd IsubjetisgaAbe@valabtes, (1989),
Sect j.ons 9r'1 10_9'r14or%q(1t pﬁrwistandr%r I aﬁpr@g o Yo nu?. Sia Trlle & etroviral
vect ot cATNY RT Bifio™ ol ik aflowinh 2R Sethise e oS Ll Pliiang Mg
r ecept or (G Ditlicogneagemt corguricatdl s{@ining, raptitio Setafmdrteést. a retroviral export
el ement, opti PR bcﬁ/lar SR DiSedszIRGE S(‘E)Sndlﬁs an1t2 gem qzjéstlon alremﬂ 5T and
provides a rapid assessment of the symptoms of ocular irritation consistent with ocular
surface inflammatory disorders, including DES, and their impact on vision-related
30 functioning. See e.g. Ocul Immunol Inflamm. 2007 Sep-Oct;15(5):389-93. The 12 items
of the OSDI questionnaire are graded on a scale of 0 to 4. Scores are derived based on
responses to provide an OSDI score on a scale of 0 to 100, with higher scores
representing greater disability. A negative change from baseline indicates an

improvement in vision-related function and the ocular inflammatory disorders.
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30a locus control region (LCR) or other transcriptional insulator sequence
and a right (3') retroviral LTR Retroviral vectors can further contain a
central pabyepurdiem3tract (cPPT) or DNA flap to increaseP¢iruskotioss®ps and
transduction efficiency. The nucleic acid containing a sequence
encodi ng a receptor-binding agent can be delivered to any appropriate
target cells, e.g., ex vivo or in vivo. Exenplary target cells include

i al | | h || || s d f Th
ool el 6 aci d §8rﬁe§'”§‘r@° eidictfel Shin o, SO RN pEPiels esash el oo
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Chor ai o CoyBR S BRET Bup AR R fisBhmtdSa b Brudf ety body,

cel | s of pitkats; et gemetal oorneawtanmgasassloarhwdemtmlglmectdrss ofthé SDIj 4 eous body
or cells,of ens epithelium,.Delivery. nmethods

i ncl ude, d%SCBEeOG?%‘EVFovFPF ﬁ?mFﬂ'aw@HSSﬂ” Sé?d'?é?x%\?a Wﬁf%‘@f".“&ﬂf‘*“%@gt”m or

t ransf or n%tsodrmnvxiludnesmleassmdsn are asesd forsnah thantewi filin. [Tihp @stirees st #hem Ng

I d h
ol e o aemiebangSiiems e il Yl PN ot enr coBlf ecti ng.
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| nvestig uaqs 8:2159-2172; Smith-Arica, J. R and Bartlett, J. S. (2001)

Curr. ?‘Eﬂ o Rep. 3:43-49; and Lee, H C et al. (2000) Nature 408: 483-8.
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menber s "y TheRABRAREY ctbet FEASTRARE R PRREFELS obsdtand ey 7p) o
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15ant agoni ze | L-12 nedi ated signaling. I n anot her enbodi nent, the
second agent is an |IL-23 antagonist. Exenplary |IL-23 antagonists incl ude:
agents (swohloe#1e2vi bodi es and ot her bi ndi ng proteins) Proatwuskéma439051L-23
(i ncluding pl9 and p40) and which antagoni ze |L-23 nedi ated signaling;
agents (such as antibodi es and ot her binding proteins) that bind to one or
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emul sion, A hooster injection of collagen in_inconpplete adjuvapt is given
21 dlys 2TPES SPrY R TAIRn i messileR Pagks el adror e i BELSE 8% of mmine

r es pons esuitadieqedpalipot) eigrrdishicradiflmsromiethane glitldgefuordMEanppi nt s can be
scored far.arthritis,..inflammtjon annus, . rtil dama and bone
oo ot 1SRGl Reyinfh, SRR e S 3R hed. T B 0 T el s can
be scor epreasurizetl kewsol, Grerdpsugs Lbit mag bt eletesmofeddytpnoviding a vaive de telivend
erythema_of one digit.or joint; 2=edepma and erythem of joints; 3=edena
o orye PR Em A, bt RS pfTBS IR B0 81 HhRF P P8 Y BR ¢ O e
and 2i gi tosmulatzcaoptamingla bywasrkyix @ the reteqdttrebiddiag kb ent and adeftableipbwdef t he
linmb. The score for.each i 4.8 summed and recorded as the,.arthritic index
(A" ¢ or Baseateft ab MRS sl e BTER R ARG e W ARIRLUBHE | Seu"f or
t hese anirmtlhtd arunfeemulated receptor ivbding phent Stherrostesals Exgleas n@&0th ZIPRG | er gi
encephal o Liti E) is a usefu rine el, for multiple sclerosis. A
ocent or Oier SurBcibisichn o8 e Glapinel WA Phof e spliRe A EPeERR S H0° 1" ol
medi at edfoautiatednuynefoimsiatateecediar zodiey aged. Partitlecsitd canasobeoariec] tear cel |

i nfl %“ma &')n?r%l \i‘\‘/ﬁ'&hgru cli)eﬁiegrulg% th%%Wcaerldrrﬁ%E)('arorgs&Iatc?r))? rggt. 'ﬁorteQaGmBI%%érﬁclzles

in the size range of 1-5 microns or 10-50 microns can be used for the lower and upper

respiratory tracts respectively.
Delivery enhancers such as surfactants can be used to further enhance

pulmonary delivery. A surfactant is generally a compound having a hydrophilic and
30 lipophilic moiety, which promotes absorption of a drug by interacting with an interface

between two immiscible phases. Surfactants are useful in the dry particles for several

reasons, e.g., reduction of particle agglomeration and reduction of macrophage

phagocytosis. Surfactants are well known in the art and include phosphoglycerides,

e.g., phosphatidylcholines, L-alpha-phosphatidylcholine dipalmitoyl (DPPC) and
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nervous system (See, for exanple, Bolton, C., 1995 Miltiple Sclerosis,
143.) Exenplary protocols can be found in Current Protocols in I mmnol ogy,
Unit 15. Iwendi2llG6®3 Coligan et al. (eds.), John WI ey &PEmrus2oiliie399ivbdel s
are al so available for nyelin 25di sease in which oligodendrocytes or
Schwann cells are grafted into the central nervous system for exanple, as
described in Duncan et al., 1997, Mdlec. Md. Today, 554-561.

Allograft. Are tor bjnding agent can .be evaluated in a Lprl  nodel for
ki ot P RER LEterdl (SRERD): RSB 1A £V PRV SRy oPg AP SIPERY; 1

al | ogr af poly®jyettyieaa-9;saung @étra gehirific Acidebleis,aclhie kgreitaTtrioates(Spad 85);
killer-effector. T cells. See, for a e, .Current Protocols 30in

munol o9ySotRpte! sORect B paainas oI Bug a5 ey 68 Forig e V8 RSs, 1 ne.
O her tramsphaspholipijsecti on nodel s can al so be used. See, e.g., Tinubu et
al ., 1994, J.,| ol .., 4330-4338. . I BD and Colitis Mdels . An

xemil ary’ modBE0 TR PEiaied7) dhde InalFRasiCal SCodied R B EoHRine
CD45Rb- hdgrhain elebaibet desdier Fedexamp&Clsitinatibodise @refergntiallyibiranio aedhirakric J

Phar macol, Sci . I2009t Jun; 110%):,{189- gl and t he use of trafnsaqﬁ. ic IL-10
def i ci enfO '8 &eIAGE 0 gy parentdl Gulogine gomain, Far exdNBlgy PPy, aNtipeg can

10. 1002/ bihd 1242 5@itop2Qifl)inclodes ssjnndtivarebeseanpsaynyent dbimt a Srshpatehtaenpl oys
dextran SE| fate qs1odi umd( DS% to. induce acute colitis. For example, colitis
can be i PERIEGANHA BPCNARATAIRAI NN ®at i on of 5% (wt/vol) DSS (nol ecul ar rmss
30-40 kDa; | ON Bi onedicals, Aurora, OH) in drinking water ad |ibitum
SynptbnsNueleig AcidPelivar t hi s treat nent bl oody di arrhea, weight |oss, col on
shorteni ng an Al } £ ikt e i t.] - 51 nduced
colitis is chgrrgecé?)g?@neoﬁ*giﬁ@& 0 %%"Fto&diéﬁlﬂié‘épﬁj}e %;tl Btyrgsthél%ﬁﬁo% Hlilrb_rlﬁ‘l{)?mqrat ory
cel | s i nthet enpedpaiancthaapexsessahe igaertar apeny peeraxasiole, afngelgic asid/pt
damage, i tal I - Heh r to devel op due
to a tox?é(;t]%eeﬁ ?%%Mg%'ﬁégéké&%bﬂgﬁ’gg}%%%ﬁ%m an‘gsﬁilcﬁf) aegg@rﬂﬁ‘ljgfl s of lam na
propri a GNScEPEANECopioRaGHerIes ENAdPFtiangshia qulm@amr. osgene geliyery, Hassan
et als PLES &I vezttl elaf %@iﬁ(a“f&&%%lu@e)ﬁoﬁyﬁ SRS &r MRg-s. A
receptor binding agent caﬁ e eva?uat ed In a nouse nodel for dry eye

di sease. ?ﬁoyla@ﬁe‘/'r@ Yeaks. Maeteesdcanrpenn é@_ fiegm Qﬁb@lﬂsmgrdg‘eﬁhwe@plﬂ@ne-@f,

scopol am figedR e B 8RaRYRASNRN The ch¥Fed hifeit B eah beldeEn &l gonment
chanmbers. By way of a specific exanple, normal healthy 6 to 10 weeks ol d
femal e 0BYBPPGIeH Bt thageneme ptilledaroetcalaca. o integyate hyto Hrnaenemsuef te&posur e
to dry 2 PN VR ; i t o The,.chanber has
L ow 1 o1 2 e B R o T g R G i 11 ow
(15 %0 t edelivaiyril@ddts ani@nedaudinintihe 6fber at ure (about 22C). The nice placed in
Lhe chamber afgnglohsie8hl sbhidhost eAPbaBhfedr8d taBiobidk afigienser et i on.
Sust ai ned-rel ease transdernmal scopol am ne patches can be obtained from
Novar t i scqnstiiwya exaeseion. oaesiedgontiolean ingsmiecaonirel ragyricdPy2Bt o t he

depi | at egy J¥efsttiden?le dri ' g adr! ori®
p é&éﬂ@eﬁoﬁsaé enfle.d G;gﬁﬁt’r{gfré(nﬁﬁ fRHAT %Pgﬁn%%néggg?ﬂggﬁirg%ﬂggj%@ﬂ dry eye in

control | ed envi ronmental er an% scopol al
a rel at i \REtOsSHIPEPONFIYE 19 EXxageRAURBIERIB d10- 2-stergighoymonmer i) or | ed

enviéé)nngrm,%hm%h%\[}k]gﬁmg_an be prepared as described in Barbino et al.,

I nvest. Ophthal. Vis. Sci., 46: 2766-2711(2005), and enables control of air
f1ow, hum di t pxprasficn efgeseapiavidled3oNhe delvgredyrliciihacid catbe gvaldatgds of dry
eye, €. e g IBY JRIHO B (A8 proddin CALSRY By theBEnd BS54, bndBARERSRAUSOUS t ear
producti%%, tB\_%hi cﬁKl%s enngg%lln decreg}s}edairr]l Sﬁ%l_en?és%wm Sry eye; b)

cor neal ¢eteefioasd 1emENA. Aigng'sigi RGR iog Narthern kybrigizationr Abaideligreciscieiamge;

and genepgd iQRIHeRAY Bhgin8&@B1sBakdt YAnscriptional and translational regulatory DNA are

30  appropriately positioned relative to the coding sequence for the receptor-binding agent

such that transcription is initiated and that protein is translated from the resulting
message. The nucleic acid can include transcriptional and translational regulatory

nucleic acid sequences from mammalian cells, particularly humans. Such sequences
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Cotton Thread Test: Tear production can be neasured with cotton thread
test, inpregnated with phenol red (Zone-Quick, Lacrinedics, Eastsound,
Wash.). UnOep122016mgni fyi ng fl uorescent | anp, the threadPC3/Usedid/owidonh

jewel er forceps and placed in the lateral cantus of the conjunctival fornix
of the right eye for 30 or 60 seconds. The tear 5distance in mmis read
under a m croscope using the scale of a hemacytoneter. Cor neal

Fl uorescein , Staining: ,Corneal flyorescei.n, staini can.be eval uat ed by

appl yi ng g% oPrOBIRIT Regpalness TG A BiNRS S Ra T I R &fFor

conj unct secalensas; trahsldtivmakbstart amd etopaeneendes, axbanhaacerr abtivaatel 1t | anp

bi om croscope using cobalt blue light 3 mnutes after the fluorescein
instillatiy"“Punct uate staini ng is recorded in a masked 10f ashi on using a
st andar di zed INadddoioal thEeepilegsibn vedter rblEinclude additignas winemtof Fé-exafple, each of

t he gve ar eas ti n which.the corteal surface E)as beerﬂ di Yi?deg. Di e%ﬁnosti C
and (& helP" (IELaINY PRIGSSIO8 Y SRR oS RLeHONdES I PAL FOHRP & IF3L Y Weed to
det ect | $edlBicesthamncegqisao therhasetdlsgaoptee 8., nking these xpessajph@monstumt.
exanpl e, _the,  agent can be |abeled 15directly or. indjrect with a noiety
That 1 o T EisErSRh PRy iy bR 2Rerads e ot m B hasTehh budbbrudef®' o

epi t ope, agprogridte homelsgeund sqojuehes for (slusionas thgrneetor.f Constestsiot inpegodtign) . The
agent can li)e cont nple or to cells to determine if the receptor

; ctor élgged 8 e 3 .
i s preselfCR AHYCLM LN F the cells, e.g., using standard
i mrurbl ot t i nExermpranyraoieh onrat sexors dnclueirzyodtifiehwvarsioas sfahunida #Jenoviruses
radi oi nmunoass fl.uorescence energy transfer, 20Western hlot, and
i her o SR &S Wit R ERRAF pBRBER e ) BnelIST) Hledal g
agent cavivahswe leenliraimeled! Farexampld, e Eetegidn can Endmaded and thergetione a
subj ect. The ect .can be inmaged, e.q., b VR or .ofher to raphi c
reans. o S HBPERb IR s frop et pale P a BB el PR A B o suc
as 1311, adgehti n, 1231 99nmlC, 32P, 1251, 3H, u and 188Rh, fluorescent |abels
such, as 25fl uorescei n _and h(%?arri. n | e i C resonance, active
Tabel®, posi t PRV eI SREp i b NG BPERLYRCE o
t onogr aphgrtiliREENjvirabaties arecdetibedibynPawi@rkset aU¢200HS Scieacd £94:p368ard
enzymati c_marker C erqxidase or phosphatase. .The agent can be
abol ed (PR ehal ODPEENAS sBTH38h EA8 ftloel Bl 1 iR BB i e EF  ommgnet i
or super yiarsgerg idviic H\W2),délinerimraunibtigficidnice vird2(Fl s piatisreimmidd dedic eqpdyor
bi ndi ng age n alsg be used to puri cell s whi.ch express.the receptor
Lo it et a1 e e ranotiSfided RS ek, BB i g BB ARSI coupl ed
t o azo i nfEAY). | Trede yapipar dan(be @nstrudemeand endiesaisd tr beasafe] eigmbyrat ri x) and
contacted to .cells V\D.%OlZ/ 0 6203PCT/C}JSZI§)1]T/ 04599{5
Separating the essential genes (e.g., gag and pol) onto separate vectors and by
rendering retrovirus replication defective. The replication defective retrovirus is then
packaged into virions through the use of a helper virus or a packaging cell line, by
standard techniques. Protocols for producing recombinant retroviruses and for infecting
25  cells in vitro or in vivo with such viruses can be found in Current Protocols in Molecular
Biology, Ausubel, F. M. et al. (eds.) Greene Publishing Associates, (1989), Sections
9.10-9.14 and other standard laboratory manuals. The retroviral vector can include, in
addition to sequences for expressing a receptor-binding agent, a left (5') retroviral LTR; a
retroviral export element, optionally a reverse response element (RRE); a promoter, and
30 alocus control region (LCR) or other transcriptional insulator sequence and a right (3')
retroviral LTR. Retroviral vectors can further contain a central polypurine tract (cPPT) or
DNA flap to increase viral titers and transduction efficiency.
The nucleic acid containing a sequence encoding a receptor-binding agent can
be delivered to any appropriate target cells, e.g., ex vivo or in vivo. Exemplary target
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whi ch may express the receptor. The support can be washed, e.g., with a
physi ol ogi cal buffer, and the cells can be recovered fromthe support.

A recept owoknrediltszg3agent can al so be used to purify sol ebirastanmesss t he
receptor to which it binds. For exanple, sanples containing the soluble
receptor can be 5contacted to i nmobilized receptor binding agent and then,
e.g., after washing, can be recovered fromthe immbi | i zed agent.

ThefoIIo n-limti exa further ill str e ments of the
e onti ors AR no el e R sl BlradiisellS 28 S8 SR e diele o e
encodu ngactudi\earpb@tiellwesedmttérgbhﬁelIaraismlaaemi ditls dgusRCes., chﬂteedepanMeﬂ'&lbes 4
re constr ET, vect or mot er
et v PENEne B et Hie tdbriieRieht b 5tRhing SL el B Sulheulih S8doe oo,
EMD Chelpagzal dﬂ blsélmwn ThE, @ foot de Bekeh adideainph esotbér codi ng
gequ ces % aser dp sed for;ud?‘)?c' S| onb(\i;}me olv?deﬁ:lrmn“ T%lghre 5. Table 4
WS%‘ ar§™ ?f? eé‘? fdd g8t Y‘%eﬁ%? cPH5 &B 9&@6 1l cells, cells o
;é\F/EISV\DVIWé'EEMt mwﬁwéﬁﬁwgﬂﬁgrwwgﬁeEWWbﬁvgﬁwg_ﬁMf VL
VPOEO MR AIHR R aER. 568 2 b beoh (R ﬁbﬁlﬁ?ﬁﬁfﬂw}hﬁ%ﬁe@%\v =
DVSFVQGEo ESNIst ﬁVAtu@obEMﬂr @W&S@Eé'rﬁl,@r EMBEII&NMPI@KKMEMHHUMF NKI NNKL
SFE SAACPGV\FL D(fthS ITNI\/PDE C[a\/ I f l\/[g:V§ f0
very methods'include, e.g.; refroviral infect enowral inféction,

10 transformation with plasmids, transformation with liposomes containing exogenous

nucleic acid, biolistic nucleic acid delivery (e.g., loading the nucleic acid onto gold or
other metal particles and shooting or injecting into the cells), adeno-associated virus
infection and Epstein-Barr virus infection. Delivery can be into cells or tissue by any
method including needle injection, hypospray, electroporation, or a gene gun.

15 Other methods for gene delivery can be found in, e.g., Kay, M. A. (1997) Chest
111(6 Supp.):138S-142S; Ferry, N. and Heard, J. M. (1998) Hum. Gene Ther. 9:1975-
81; Shiratory, Y. et al. (1999) Liver 19:265-74; Oka, K. et al. (2000) Curr. Opin. Lipidol.
11:179-86; Thule, P. M. and Liu, J. M. (2000) Gene Ther. 7:1744-52; Yang, N. S. (1992)
Crit. Rev. Biotechnol. 12:335-56; Alt, M. (1995) J. Hepatol. 23:746-58; Brody, S. L. and

20  Crystal, R. G. (1994) Ann. N.Y. Acad. Sci. 716:90-101; Strayer, D. S. (1999) Expert
Opin. Investig. Drugs 8:2159-2172; Smith-Arica, J. R. and Bartlett, J. S. (2001) Curr.
Cardiol. Rep. 3:43-49; and Lee, H. C. et al. (2000) Nature 408:483-8.

Exemplary Second Agents

25 A receptor binding agent described herein can be administered with a second
agent. The two agents can be co-administered, or administered separately, e.g., using
different regimes. Exemplary second agents include an anti-inflammatory agent.

In one embodiment, the second agent is an |IL-17 antagonist (encompassing antagonists
of all IL-17 family members, e.g., antagonists of IL-17A, IL-17F, IL-17B, IL-17C, IL-17D,

30 and IL-17E). Exemplary IL-17 antagonists include: agents (such as antibodies and other
binding proteins) that bind to IL-17 (including IL-17A, IL-17F, IL-17B, IL-17C, IL-17D, and
IL-17E) and which antagonize |IL-17 mediated signaling; agents (such as antibodies and
other binding proteins) that bind to one or more receptors for IL-17, such as IL-17RA and
IL-17RC and which antagonize IL-17 mediated signaling; agents (such as antibodies and
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APVRS LAFRI WDVNQKTFYLRNNQLVAGYLQGPNVNLEEKF SMSFVQGE ESNDKI PVALGLKEKNLYL
SCVLKDDKPTLQLE SVDPKNYPKKKMEKRF VF | RS DS GPTT SFESAACPGWL CTAMEADQPVSL
TNVPDEGVMVOKBIR/INGIYS S 19 PO4 APVRS LAFRI WDVNCQKTFYL RNNQRUAGSRQEBSIdE. EEKF
SVBFVQGE ESNDKI PVALGLKEKNLYL SCVLKDDKPTLQLE SVDPKNYPKKKMEKRF VFNKI E |
NNKLEFE SAACPGWFL CTAVEADQPVS L TNWPDE GVMWTKFT MQFVS S 20 WO

2012/ 016203PCT/ US2011/ 045995 P05 APVRS LNCRI WDVNQKTFYLRNNQLVAGYL QGPNVNLEEKF

O T T S R R PR IR G op T &
APVRSL NCIUBOBWNEECT FEYLRAMNOL- VAR QAPNVEQVAAA M VQBEZRZ3nd which antagonize
IL-17 mediated signaling; and agents such as soluble receptors that include one or more
of soluble extracellular domains of IL-17RA and IL-17RC and which antagonize IL-17
5 mediated signaling.
In another embodiment, the second agent is an IL-12 antagonist. Exemplary IL-
12 antagonists include: agents (such as antibodies and other binding proteins) that bind
to IL-12 (including p35 and p40) and which antagonize IL-12 mediated signaling; agents
(such as antibodies and other binding proteins) that bind to one or more receptors for IL-
10 12, such as IL-12RB1 or IL-12RB2 and which antagonize IL-12 mediated signaling;
agents (such as antibodies and other binding proteins) that bind to a complex containing
p35, p40 and at least one receptor subunit, e.g., IL-12RB1 or IL-12RB2 and which
antagonize IL-12 mediated signaling; and agents such as soluble receptors that include
one or more of soluble extracellular domains of IL-12RB1 or IL-12RB2 and which
15 antagonize IL-12 mediated signaling.
In another embodiment, the second agent is an IL-23 antagonist. Exemplary IL-
23 antagonists include: agents (such as antibodies and other binding proteins) that bind
to IL-23 (including p19 and p40) and which antagonize IL-23 mediated signaling; agents
(such as antibodies and other binding proteins) that bind to one or more receptors for IL-
20 23, such as IL-12Rp1 or IL-23R and which antagonize IL-23 mediated signaling; agents
(such as antibodies and other binding proteins) that bind to a complex containing p19,
p40 and at least one receptor subunit, e.g., IL-12RpB1 or IL-23R and which antagonize IL-
23 mediated signaling; and agents such as soluble receptors that include one or more of
soluble extracellular domains of IL-12RB1 or IL-23R and which antagonize IL-23
25  mediated signaling.
Exemplary antibodies to IL-23 have been described. See e.g., Beyer et al., J.
Mol. Biol. (2008), doi:10.1016/j.jmb.2008.08.001.

Animal Models
A receptor binding agent can be evaluated in an animal model for human
30 disease, e.g., a human autoimmune and/or human inflammatory disease. The agent
can have specificity for the corresponding target protein in the animal.
Rheumatoid Arthritis Models. A receptor binding agent can be evaluated in an
animal model of rheumatoid arthritis, e.g., the collagen-induced arthritis (CIA) model.
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ESNDKI PVALGLKEKNLYL SCVLKDDKPTLQLESVDPKNYPKKKMEKRF

VFNKI EI NNKLEFESAQFPNWYI S T SMEADQPVFL GGTKGEQD | TDF TM QFVSS P07 APVRS
LNCRI \DVNER EBMVROMNGL VAGYL QGPNVNLEEKF SMSFVQGE 24 ESNDKIPRVAISBUHEHINDS L
SCVLKDDKPTLQLESVDPKNYPKKKVEKRF

VFNKI El NNKL EFESAQFPNWFL CTAMEADQPVSLTNMPDEGQDI  TDFT MFVS S

See, for example, Mcindoe et al., 1999, Proc. Natl. Acad. Sci. USA, 96:2210-2214;
Issekutz, A. C. et al., Immunology (1996) 88:569; and Current Protocols in Immunology,
Unit 15.5, Coligan et al. (eds.), John Wiley & Sons, Inc. The model is produced by the
immunization of susceptible strains of rat/mice with native type Il collagen. Collagen is

5 emulsified in Complete Freund's Adjuvant (CFA) and injected intradermally (100 ug
collagen:100 pg CFA/mouse) at the base of the tail. Control mice are injected
intradermally with 0.05 ml of distilled water/CFA emulsion. A booster injection of
collagen in incomplete adjuvant is given 21 days after the initial immunization. Disease
is due to an autoimmune response induced upon immunization with collagen.

10 The joints can be scored for arthritis, inflammation, pannus, cartilage damage
and bone resorption using a defined scale. For example the severity of arthritis can be
scored as follows: 0=no visible effects of arthritis; 1=edema and erythema of one digit or
joint; 2=edema and erythema of two joints; 3=edema and erythema of more than two
joint; 4=severe arthritis of the entire paw and digits, accompanied by ankylosis of the

15 ankle and deformity of the limb. The score for each limb is summed and recorded as the
arthritic index (Al) for each individual animal. Other scoring schemes can also be used
for these and other criteria.

Multiple Sclerosis. Experimental allergic encephalomyelitis (EAE) is a useful
murine model for multiple sclerosis. A receptor binding agent can be evaluated in the

20 EAE model. EAE is a T cell mediated autoimmune disorder characterized by T cell and

mononuclear cell inflammation and subsequent demyelination of axons in the central
nervous system. (See, for example, Bolton, C., 1995, Multiple Sclerosis, 143.)
Exemplary protocols can be found in Current Protocols in Immunology, Unit 15.1 and

15.2; Coligan et al. (eds.), John Wiley & Sons, Inc. Models are also available for myelin

25 disease in which oligodendrocytes or Schwann cells are grafted into the central nervous
system, for example, as described in Duncan et al., 1997, Molec. Med. Today, 554-561.

Allograft. A receptor binding agent can be evaluated in an animal model for skin

allograft rejection, e.g., using murine tail-skin grafts. Skin allograft rejection is mediated
by T cells, helper T cells and killer-effector T cells. See, for example, Current Protocols

30 in Immunology, Unit 4.4; Coligan et al. (eds.), 1995, John Wiley & Sons, Inc. Other
transplant rejection models can also be used. See, e.g., Tinubu et al., 1994, J.
Immunol., 4330-4338.
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Exenpl ary nucl ei ¢ aci d sequences encodi ng the above proteins are listed in
Table 5. In sone enbodi nents, the nucleic acid sequence further includes an
ATG pri orwbaotdaecfodr st nucl eotide |isted bel ow. |In sonePemusdéim®mis; t he
nucl eic acid sequence further 5includes a stop codon (such as TAA, TAG or
TGA) after the last nucleotide listed below Table 5 Nucleic acids
encodi ng exenplary chineric proteins SEQ I D NO P01 GCACC TGTACGAT CACT
GGCC TT CA JIGIT GA TC, TATC . TGA CTAGIT GC
TGGATACT TaOA R ZRECRIHT MARSEr T AL K AR BT RO PO b (R R AEACAA
GAAAGT AAthe GAEAABATAC BB RBThigKCElls Tiraneised to SCAT niE¥eAF e AGAHIrard efAICT GI' CC
TGTGT CT GA \ TGGA : . :
COCAGT TR R AR PPAC A NI Ok R PO AN 94RT998i5 L0 BSlFient P cacacace
GGCC CCASe&AG., GAdBRTet BIL, IGA&shmBovisl DG MOT 1GA0CCAEdT2 TPEET2010%T YETanstiseAGCGAT
GGAAGC TGACCA CA T CA TA CAT GGI. CAC CAAATT
G TAG ATSXEIITY TS FTESE) BPPIRES BT Py 2l ST (RO T CREFCLECET CAGAAT
CT GCGATEDr lexaniphGCANEA cai’be THIUEAD @ MSAGHRNGARSICAIBE TOAGT (WBol] OSSTACT
TGCAA AAATGT T GATAGATGTGTIC TT . GTACAAGGA! GAAAGTAAT
CrcanmanRE e s 44 NN DR Celan litian X iR oty Ao B T CARGT
CT GGT GASyrapteASCASNgITtDABGEs Tré&fid eBOMAGHYTdiGATE2, GERyMIBAS, COREGhortening
CAAAGAAGAAGAT T TT GIC TT. GAAATCAAT £ GC TGAGIT TT
GAGT CT 28 L G MERTA 8 7P o 0B R oA PO SN P CREIE B oot
CAGCO T KisicloghaTydy afiltraliorCHGameeaely s intTheGaQiinaARddTa, With ACngYbidGCAAT TT
GI GT CT_TC C 26 2012/ 016203PCT/ US2011/ 0459 PQ3, CCACC TGTACGAT CACT
GO0C TT BRSO e A A AL, RN Gy T e EP A AL RAGTT oG
TGGATACTto euABSGAET ALXICHTEGAAGTDIDGAARAAARETTUM @nd Gy PAAGICYtdSTE df Tamina
GTACAAGGAGAA GTAAT  GAl C Gl TT Cr GGAWC
TCTACCT O G G AT ER PN CEEA G AR Con R TR CERAMAAAT TACT
CAAAGAACRILCSADBEAZMNATEGAE; S T):48B68TT CATC CGCT CAGACAGC GGCC CCAC CAC CAGTIT
TT GAGT CT GCCCO%%;CC‘IQCT GCGAT GCTGAS
AT CACCARTRICE P BIREESe RO ARR R PR ARGy G CT TC
27 PO4 GOAETBOASETIACY ESHSETICATNAT ETERBA THELEAADCAGAAEA UBEITaddoUSATC
TGAGGAACAA AGIT CC TGGATACT TGCAAGGACC AAATGTCAATT TAGAA Gr TC TC
CATGTC GRS AR R AR AR e U RAT RE TSP e RPN o7
CAAGGAAAA DTS . TN AGL 6 €0ddBic@EampIBANSEAT] Gad AR CCAICT EaIAAEIShARA
GAGTGTA . T TA GAT \CCGAT TT GTC TT
CAACAAGRT AT AT RHCSRELHRRRIC 10 REY SRR 00sur o oY
CCT CERCCCevTr b e MG BChGAlEA ST ARG TR aABEACIR amber has low relative
CAGCCT TAT, T ATT AT . T Gl GT CT TC C
76 P05 AP TR AT O ROKEARE - O R AT AR RENIRETBCT TG TATC
TGAGGAACAHS A STASTatuEC ab IBRPACTT TTHECARESEACED ANNECHEMBETare AGRAGRMMANGT TC TC
CATGTC CT., TT GTACAA W?.T CAA.AATAW TT GECC CT
CAACCAANENSREORAVAC T R T RaNGopPERRTS
GAGT GT AGHiEh 6S@an/As/ bt iR rGAARGARIGAB BATEENANAGEEEAB Ui oA Gafth is applied
CAA! T TCAAT TGGAAT TT. GAGILCT CC.
ACTTAOOORATR BEH AT CR CACHEEAT RS TRRTNER GAreHEI AT AT G T
GACGAAGGEYTr o Enialdh HGfkie r GAAAddp damMiAE protucEAddveld digey&Tn ETelditveGhort

period of time (about 2-4 days). The controlled environmental chamber can be prepared

as described in Barbino et al., Invest. Ophthal. Vis. Sci., 46: 2766-2711 (2005), and

enables control of air flow, humidity, and temperature.

30 Mice can be monitored for signs of dry eye, e.g., by performing: a) cotton thread
test to measure aqueous tear production, which is generally decreased in patients with
dry eye; b) corneal fluorescein staining which is a marker of corneal surface damage;

and general ophthalmic examination.
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29 P06 GCACCTGTACGATCACTGAACTGCACGCTCTGGGATGT TAACCAGAAGA CCT TC TATC
TGAGGAACAACCAACTAGIT GC TGGATACT TGCAAGGACC AAAT GI' C GAGCAACAAGT GGTI GT TC
TC CAT GMWOQCh2Ii6183 ACAAGGAGAA GAAAGTAAT GACAAAATAC CT GPCEESDITN4X98C CT
CAAGGAAAAGAATC TGTACCTGI CCTGCGT GT TGAAAGATGATAAGCCCACTCTACAGCTGGA
GAGTGTAGATC CCAAAAAT TACC CAAAGAAGAAGATGGAAAAGCGAT TT GIC TT
CAACAAGATAGAAATCAATAACAAGC TGGAAT TT GAGT CT GC CC AGI TC CC CAAC T GGTACAT

CAGCAC CT C TAT. cC AC CACC GIrL CTIT CC T C.CAAA
CAGOATATAACT CHT TORE (AT TEANT O oGP 2L CHEAR o thieatt 3t
2012/ 01 6ia{3&yrbtddSAGHL pih b BRI Zone-Quick, Lacrimedics, Eastsound, Wash.). Under a

CP:(CJ:'T' _%A% ¥ W%‘W%%%ps3§nd placed in the

AAAT GT CAATEFII AGARSAARSGEDhURCIDAT (SFECHT the TREAEEGAA® or 60 seconds. The tear

G A A SR SIS et

GAGT GT AGAT CCCB4MRAITHIAEe SNSRI A GO FiigaMAddkes$aiT tdining can be evaluated by

STGTCTTW%T Té%é&f,% éﬁ@mmriorconjunctival sac of
CAGCCT CALeA) e ATRE ! AT hTiEHEEo pd TSy obaChGEGHRICC The

proteins can inclyde a range of different residues from|L-113 and |L-1Ra
P01 ke A M B e Testletiin i eb el SanBagS A0 EIe0iEA Tashal pos. ¢ ha
]g:yt OKJ'I Eeflaéﬁ)iﬁﬂg(@igg(aaéﬂamV@ze‘tﬁnPgit%%a][Bﬁd !ﬂ@ﬂatef(_l\mﬂ)\d drédig@ speiein 25 015 é@cﬂwladues
rom - - ecause . u er m no Cl [esS] dues are conserve
between THEE it SigRal oA ke taautatemas DR shidzge 1+ dent |ty o 1L 1p and
to IL-1Ra can be greater than 100% ) Table 6 |[L-113 residues |IL-1RA

r esi duesDipongbtic gnd @ther Used L-1[3 "V | L-1R A P06 130 62 152

A receptor binding agent described herein can be used to detect IL-1R1 in a

sample, or cells expressing such a receptor. For example, the agent can be labeled

15 directly or indirectly with a moiety that is a label or produces a signal, e.g., an enzyme, a
radiolabel, an epitope, or a fluorescent protein (such as green fluorescent protein). The
agent can be contacted to a sample or to cells to determine if the receptor is present in
the sample or on the cells, e.g., using standard immunoblotting, immunofluorescence,
enzyme immunoassay (ElA), radioimmunoassay (RIA), fluorescence energy transfer,

20  Western blot, and other diagnostic and detection techniques.

The receptor binding agent can also be labeled for in vivo detection and
administered to a subject. The subject can be imaged, e.g., by NMR or other
tomographic means. For example, the binding agent can be labeled with a radiolabel
such as "®'I, ""'In, |, #*™Tc, ¥P, %%, °H, “C, and "®°Rh, fluorescent labels such as

25  fluorescein and rhodamine, nuclear magnetic resonance active labels, positron emitting
isotopes detectable by a positron emission tomography ("PET") scanner,
chemiluminescers such as luciferin, and enzymatic markers such as peroxidase or
phosphatase. The agent can be labeled with a contrast agent such as paramagnetic
agents and ferromagnetic or superparamagnetic (which primarily alter T2 response)

30 A receptor binding agent can also be used to purify cells which express the
receptor to which it binds. For example, the receptor binding agent can be coupled to an
immobilized support (e.g., magnetic beads or a column matrix) and contacted to cells
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which may express the receptor. The support can be washed, e.g., with a physiological
buffer, and the cells can be recovered from the support.
A receptor binding agent can also be used to purify soluble forms of the receptor
to which it binds. For example, samples containing the soluble receptor can be
5 contacted to immobilized receptor binding agent and then, e.g., after washing, can be

recovered from the immobilized agent.

The following non-limiting examples further illustrate embodiments of the
inventions described herein.
10
Examples

Example 1
Nucleic acids encoding the proteins with the amino acid sequences listed in

Table 4 (below) were constructed in a pET vector containing a T7 promoter and

15 ampicillin (pET31 series) or kanamycin resistance genes (pET28 series) (EMD
Chemicals, Gibbstown NJ, USA), and expressed. Examples of coding sequences that
can be used for expression are provided in Table 5.

Table 4

Exemplary chimeric proteins SEQID
NO:

PO1 APVRSLAFRIWDVNQKTFYLRNNQLVAGYLQGPNVNLEEKIDVSEVQGE | 17
ESNDKIPVALGIHGGKMCLSCVKSGDETRLOLEAVDPKNYPKKKMDKRE
AFIRSDSGPTTSFESAACPGWFLCTAMEADQPVSLTNMPDEGVMVTKEY
MQFVSS

P02 APVRSLAFRIWDVNQKTFYLRNNQLVAGYLQGPNVNLEEKIDVSFVQGE | 18
ESNDKIPVALGIHGGKMCLSCVKSGDETRLOLEAVDPKNYPKKKMEKRE
VENKIEINNKLSFESAACPGWFLCTAMEADQPVSLTNMPDEGVMVTKEY
MQFVSS

P03 APVRSLAFRIWDVNQKTFYLRNNQLVAGYLQGPNVNLEEKFSMSFVQGE | 19
ESNDKIPVALGLKEKNLYLSCVLKDDKPTLQLESVDPKNYPKKKMEKRF
VEFIRSDSGPTTSFESAACPGWFLCTAMEADQPVSLTNMPDEGVMVTKET
MQFVSS

P04 APVRSLAFRIWDVNQKTFYLRNNQLVAGYLQGPNVNLEEKFSMSFVQGE | 20
ESNDKIPVALGLKEKNLYLSCVLKDDKPTLQLESVDPKNYPKKKMEKRF
VENKIEINNKLEFESAACPGWFLCTAMEADQPVSLTNMPDEGVMVTKET
MQFVSS
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99 153 61.4 64.7 P02 85 108 153 55.6 70.6 POl 74 119 153 48.4 77.8 Exanple
2 10Proteins that contain a hexa-histidine tag were expressed in E. coil
cel | s BL2WODRES)016208ai n by i nduction with 1 nM | PTG at 3PCrfuseoid/oess in LB
broth nmedia. The cells were lysed in 20-50 MM Tris, 0.5 MNaCl, 2.5 nM
EDTA, 0.1% Triton X-100, pH 8.0. Lysates were subjected to | MAC

chromat ography using a H Trap(r) pre-packed colum (GE Healthcare,

Pi scat apway—NF—USA—TFheprotein—was—toaded+n20M-1I5—sediumphoesphat e,
0.5 M NakD5 10 m\ﬂPinEQS@EQRJIV@?W@HTFYHRMHV@IGYLQGPWF@IKESéaFWQEh 200 mM
i m dazo| e, 20 nMVASBHiLERR At eSCOLEPOVFNACHE pFPPANY PBRFHEFRE [l ut ed pfotein
was di a] yzed ex D@j e’y dg: LG &ReF F PEE CBIESPREY Vs B BAES VBT R TH| 7. 4,
concentrated usi SR Amicon Utra(r) (10K) filter, and stored at 4 o]
-80C. | pog  PriotreirasnbackingxarbexardiatiydbsentRewetaspusds ijled by ipn
exchange chr omatesymaphyal &Koot et v maxrpud L §eb iy PrkeRvEXGhange
chr omat pgr aphy.| UFR&AEENNKLEFESAQFPNWYISTSMEADQPVFLGGTKGGQDITDF TM

QFVSS

P07 APVRSLNCRIWDVNQKTFYLRNNQLVAGYLQGPNVNLEEKFSMSFVQGE | 24

ESNDKIPVALGLKEKNLYLSCVLKDDKPTLQLESVDPKNYPKKKMEKRF

VENKIEINNKLEFESAQFPNWFLCTAMEADQPVSLTNMPDEGQDITDET

MQFVSS

Exemplary nucleic acid sequences encoding the above proteins are listed in Table 5. In
some embodiments, the nucleic acid sequence further includes an ATG prior to the first
nucleotide listed below. In some embodiments, the nucleic acid sequence further
includes a stop codon (such as TAA, TAG, or TGA) after the last nucleotide listed below.

Table 5

SEQID
NO:

25

Nucleic acids encoding exemplary chimeric proteins

GCACCTGTACGATCACTGGCCTTCAGAATCTGGGATGTTAACCAGAAGA
CCTITCTATCTGAGGAACAACCAACTAGTTGCTGGATACTTGCAAGGACC
AAATGTCAATTTAGAAGAAAAGATAGATGTGTCCTITIGTACAAGGAGAA
GAAAGTAATGACAAAATACCTGTIGGCCTTGGGCATCCATGGAGGGAAGA
TGTGCCTGTCCTGTIGTCAAGTCTGGTGATGAGACCAGACTCCAGCTGGA
GGCAGTTGATCCCAAAAATTACCCAAAGAAGAAGATGGACAAGCGCTTIC
GCCTTCATCCGCTCAGACAGCGGCCCCACCACCAGTTTITGAGTCTGCCG
CCTGCCCCGGTTGGTTCCTCTGCACAGCGATGGAAGCTGACCAGCCCGT
CAGCCTCACCAATATGCCTGACGAAGGCGTCATGGTCACCAAATTCTAC
ATGCAATTTGTGICTTICC

PO1

GCACCTGTACGATCACTGGCCTTCAGAATCTGGGATGTTAACCAGAAGA | 26
CCTITCTATCTGAGGAACAACCAACTAGTTGCTGGATACTTGCAAGGACC
AAATGTCAATTTAGAAGAAAAGATAGATGTGTCCTITIGTACAAGGAGAA
GAAAGTAATGACAAAATACCTGTIGGCCTTGGGCATCCATGGAGGGAAGA
TGTGCCTGTCCTGTIGTCAAGTCTGGTGATGAGACCAGACTCCAGCTGGA
GGCAGTTGATCCCAAAAATTACCCAAAGAAGAAGATGGAAAAGCGATTT
GTICTTCAACAAGATAGAAATCAATAACAAGCTGAGTTTITGAGTCTGCCG
CCTGCCCCGGTTGGTTCCTCTGCACAGCGATGGAAGCTGACCAGCCCGT
CAGCCTCACCAATATGCCTGACGAAGGCGTCATGGTCACCAAATTCTAC

ATGCAATTTGTGICTTICC

P02
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fromexpressing cells was applied to a G gaCapSTM col unmm (Tosoh Bi osci ence

LLC, King of Prussia, PA USA) at

| ow pH (approximately pH 5.5) in the

absence ovO=alZ01630sonductivity approximately 1 nS/cm. Pha/usediamsomns t hen
eluted by a pH gradient (Buffer A = 10 mMacetic acid, pH5.5; Buffer B =

20 MM Tris pH 8).

A5 mM fraction containing the eluted protein was then

diluted with 5 mM of H20 and 5 m of 20 MM Tris pH 8) and then applied to
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Example 2

10 Proteins that contain a hexa-histidine tag were expressed in E. coli cells

BL21(DES) strain by induction with 1 mM IPTG at 37°C for 3 hours in LB broth media.
The cells were lysed in 20-50 mM Tris, 0.5 M NaCl, 2.5 mM EDTA, 0.1% Triton X-100,
pH 8.0. Lysates were subjected to IMAC chromatography using a HiTrap® pre-packed

column (GE Healthcare, Piscataway NJ, USA). The protein was loaded in 20 mM

15

sodium phosphate, 0.5 M NaCl 10 mM imidazole, pH 7.4 buffer. It was eluted with 200

mM imidazole, 20 mM sodium phosphate, 0.5 M NaCl pH 7.4 buffer. Eluted protein was

dialyzed extensively against PBS, 0.1% Polysorbate 80, pH 7.4, concentrated using an
Amicon Ultra® (10K filter, and stored at 4° or -80°C.
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The bi nding properties of proteins for soluble reconbi nant human |IL-1R1
(corresponding to the extracellular domain of IL-1Rl) were eval uated using
surface Msplasymmosesonance with a Reichert SR7000DC DuaCTaisanmnahs9SPR
system Binding was eval uated in phosphate buffered saline with 0.005%
Tween 20. IL-1 p was observed to have a KD of between 8-9 nMand a

di ssoci ation constant (Kd) of between 2-3 x 10-3 -1 s , and in another

experinment a i ﬁ] l\/h fn §soc atl()ﬁ cg@nstant of 1.3-1.5 x 106
M 1s-1, and a d’%@%@F‘é{FQS SXSHISIAAE RANG R MUFORY 100 CHNPey 10-3 s-1. See
F| g 9A chrbmatogtadh9 1 POB6 piratein vmsLmnlmwi bhuo&lmhafgea&matagnaphy KiLysatd cs as
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Soont 2 Rl B T E G a7 BB AR
(S-1)o KDwaptihlyked ktdndively agaid€ia .28 PBS0.9% RWEBN® &0 dr 1.25X PBS lacking
TWEEN® and stored. See Fig. 6. P03 and P04 proteins were purified using similar
methods.
Cells expressing P05 were also grown in TEKNOVAT™ Terrific Broth with animal
free soytone (# T7660) supplemented with 10 g/L glucose, 10 mM MgSQO.,, trace
15 elements (1 mg/ml TEKNOVA™ 1000X Trace Elements, #T1001), and antibiotic in a
Sartorius 2L BIOSTAT™ A+ and were induced at OD 35-40 with 1 mM IPTG for about 6
hours. Cells are grown at 37°C with 30% dissolved oxygen at pH 7.0, and agitation at
200-800 rpm with oxygen sparge at 2L/min. Cells are fed 9 g glucose/L/hr when glucose
is depleted as detected by a pH increase. Feed is reduced to 6 g glucose/L/hr when the
20  pH decreases (about 2.5 hrs after induction).
Cells were collected and lysed in lysis buffer (20 mM Tris, 10 mM EDTA, 0.1%
Triton, pH 8.0; 20 mM Tris, 10 mM EDTA, 0.1% Triton, pH 7.0; 50 mM MOPS, 10 mM
EDTA, 0.1% Triton, pH 6.5; or 50 mM MOPS, 10 mM EDTA, 0.1% Triton, pH 6.0).
Lysate is loaded onto Poros XS® cation ion exchange media (Life Technologies Corp.,
25  Carlsbad CA USA) at pH 5.3 and 3 mS/cm (35 mg product per ml column resin).
In an exemplary procedure, P05 protein is eluted by a step to pH 7.0 using buffer
containing 100 mM MOPS 25 mM NaCl pH 7.0. The first eluting peak was discarded,
and the second eluting peak was collected in pools and contained P05 protein. Early
pools are enriched for intact P05 protein relative to a des-Ala species. This eluted
30  material is then flowed over CaptoQ™ anion exchange resin. The flow through, which
contains intact P05 protein, is collected.
In another exemplary procedure, the media is washed with 100 mM MOPS 20
mM NaCl pH 6.0. P05 protein is eluted by a step to pH 6.0 using buffer containing 100
mM MOPS 50-58 mM NaCl pH 6.0. The first eluting peak was separated from
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2010 IL-1Ra 2.01 x 105 Nes-1 6.58x 10-5s-1 326 POl 4.93 x 104 Nes-1 2.32 X
10-5s-1 470 PO2 3.39 x 104 Nes-1 2.16 x 10-5s-1 636 PO3 4.1 x 106 Nes-1 1.2
X 10-3 s-w0o292/@e$33. 00 x i0 Ms 5.14 x 10-4s-1 1714 POS5PCT/US2011/045995

subsequent peaks and contained intact P05 protein. This eluted material is then flowed
over CaptoQ™ anion exchange resin. The flow through, which contains intact P05
protein, is collected.

Example 3
5 The proteins or supernatants containing the proteins were evaluated in a cell-

based assay for IL-1 activity. HEK-Blue™ IL-1p responsive cells were used to monitor

IL-1B activity (available from InvivoGen Inc., San Diego CA, USA). These cells include a
SEAP reporter gene under the control of the IFN-B minimal promoter fused to five NF-xB
and five AP-1 binding sites. IL-1p engagement of IL-1 receptors on the cell surface lead

10 to NF-xB activation and SEAP production. The SEAP report can be detected, e.g.,
using QUANTI-Blue™ (InvivoGen Inc., San Diego CA, USA) and spectrophotometric
analysis. A HEK-Blue IL-1p cell suspension was prepared from cells cultured to 70-80%
confluence. The resuspended cells were adjusted to ~330,000 cells/ml in fresh growth
medium (DMEM, 4.5 g/l glucose, 2 mM L-Glutamine, 10% (v/v) heat-inactivated fetal

15 bovine serum (30 min at 56°C), 50 U/ml penicillin, 50 ug/ml streptomycin, 100 pg/ml
NormocinT).

Reagents were added to wells of a flat-bottom 96-well cell culture plate: 10 pl of
IL-1B at 20 ng/ml, 1 pl of the agent of interest and 30 ul of cell culture medium to a final
volume of 50 pl. Positive and negative controls samples were prepared in parallel.

20  Then 150 pl of HEK-Blue IL-1p cell suspension (~50,000 cells) was added to each well
and the plate was cultured overnight at 37°C in 5% CO, tissue culture incubator.
Generally the final IL-1p concentration (in the 200 pl final volume) was 0.1 ng/ml. IL-1B
activity was evaluated the next day (12-15 hours later). Prior to quantitation, the
QUANTI-Blue™ reagent was prepared according to the manufacturer’s instructions. A

25 flat bottomed 96-well assay plate was prepared in which 150 ul of QUANTI-Blue™
solution was added to each well. 50 pl of conditioned media from the wells of the 96 well
tissue culture plate was added to each well of the assay plate. The plate was incubated
at 37°C for approximately 15-20 minutes. SEAP levels were then measured using a
spectrophotometer at 620-655 nm.

30 Results. As shown in FIG. 7A, in this assay, the P06 protein behaved as an
IL-1RI agonist, the P07 protein behaved as a partial agonist, and the P01 protein failed
to agonize. In fact, the PO1 protein behaved as an antagonist when assayed in the

presence of IL-1B. FIG. 7B shows antagonism of IL-1B activity by PO1 at a range of IL-1
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3.47 x 106 Nes-1 4.15 x 10-5s-1 12 P06 4.8 x 106 Nes-1 1.7 x 10-3 s-1 410
PO7 1.58 x 104 Nes-1 1.46 x 10-3 s-1 92553 Exanple 5 Additional exenplary
chi meri c wD-2014mamoBy proteins al so i nclude the foll owi n@CTRB2011/045995
APVRSLAFRI WDVNQKTFYL RNNQL VAGYL QGPNVNL EEKFSMSFVQG SEQ | D

EESNDKI PVAL GLKEKNL YL SCVLKDDKPTLQLESVDPKNYPKKKMEK NO 32

RFVFNKI El NNKLEFESAQZPN\/\FLCT AVEADQPVSL TNVPDEGYMWT KFYMQFVSS P09

APVRSQAFRI V| VAGYL Nl,.,\IH:_E SNVEFV S 1D . )
EEaNDR! PRI KR e R By T B SRR B R FER Schmiagonism increased
RFVFNKI EviNNIRIcFefaERd Wﬁﬂa@valewmf spéidtviSoRththing

APVRSLAF VNQ(TFYL RNNQLVAGYL QGPNVNLEEKI DVSFVQG SEQ | D
EESNDKI JGLKEKNL YL SCVLKDDKPTL QLESVDPKNYPKKKMVEK NO. 34

RFVENKI EI' NNKLErd=5ARNVEL, GCOAMBAOGRMSEAMNNEDEESNMItalfdnV2HV I delility. See

éﬁéﬁ%i%ﬁ“%“%ﬁi S ENTREBKI T (e BEURANRRRI RN B0ED noml. POS was

RFEVENKI EebiNG - &ii A8 B ICTAN A ASsay VP WaSVVdbasvaddh igve any
detectable agonistic activity even at the highest concentrations tested, 1 mg/ml. P01,
P02, P03, P04, and P05 also inhibited IL-1p induced IL-6 expression in MG-63 cells, a
human osteosarcoma cell line that is responsive to IL-1B. In a murine model of dry eye

10  disease, hexa-histidine tagged P05 was observed to have biological activity. See also

Example 8 below regarding untagged P05.

Example 4
The binding properties of proteins for soluble recombinant human IL-1RI
(corresponding to the extracellular domain of IL-1RI) were evaluated using surface
15 plasmon resonance with a Reichert SR7000DC Dual Channel SPR system. Binding
was evaluated in phosphate buffered saline with 0.005% Tween 20. IL-1p was observed
to have a Kp of between 8-9 nM and a dissociation constant (Kq) of between 2-3 x 10°
s, and in another experiment a K; of about 2 nM, an association constant of 1.3-1.5 x
10° M's™", and a dissociation constant (Kq) of about 2.9-3.0 x 10°s™. See Fig. 9A. The
20 P01 protein bound with similar association kinetics as IL-10, but did not dissociate during
of the dissociation phase of the binding experiment (about 180 seconds). Thus, the P01
protein bound to IL-1RI with a greater affinity than did IL-1p under similar conditions.
Binding of IL-1Ra was observed to have a Ky of about 0.33 nM, an association
constant (K,) of about 2 x 10° M's™", and a dissociation constant (K) of about 6.6x 10
25 . See Fig. 9B. Chimeric cytokine domains P01, P02, P03, P04, and P05 were
observed to have K; ranging from about 12-1700 pM, an association constant (K,)
ranging from about 3 x 10* M's"to 3 x 10° M's™, and a dissociation constant (Kq)
ranging from about 2 x 10 to 1x 10° s™. See for example Fig. 9C and 9D and Table 7
below.
30
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P12 APVRSLNCRI VWDVNQKTFYLRNNQLVAGYL QGPNVNL EEKFSMSFVQG SEQ | D

EESNDKI PVALGLKEKNL YL SCVLKDDKPTLQLESVDPKNYPKKKMEK NO 36

RFVENKI ElI'wibikh BAREeAcHPNW-L CTAMEADQPVSL TNVPDEGYVWT  KFTMOFYE$/USBM3/045995
APVRSLAFRI WDVNQKTFYL RNNQL VAGYLQGPNVNLEEKFSMSFVQG SEQ | D

EESNDKI PVALGLKEKNL YL SCVLKDDKPTLQLESVDPKNYPKKKMEK NO. 37

RFVFNKI ElI NNKLEFESAQFPNWFL CTAMEADQPVSL TNMPDEGYWT KFYFQED P14

yNQKTFYLRNNQLVACNLCEPNVNLEEKFSNBFVQG SEQ I D

APVRSLNgﬁﬂﬁD

EESNDKI KEKNLYLSCVLKDDKPTLCLESVDPKNYPKKKNEK NO 38

REVENKI Epidhéth. EFESAQFPNYFL CTIRNERROPVSL TNVPDERVRSZ) KFYFIED Ko (pM) The
pol ypeptH-de—belowis—atechi ara Lhﬂb inc!:_;uan ot !eaiB 6mn seq
fromI L™ and at | east ﬁﬁ% QQQWE fro%I?L 1
SAPFSFL ENFNHl|KYthlwgyNgnbﬁmp§NNg VAg@ggﬁﬁNgN SEQTD 326

L EEKFDMGAYKSSKDDAKI TV | R SKTQL YVTACDEDQPVL L KENPEL P NQL 39
KT|TGSETRQLFFMETHGTKNYFT%V%HPMQﬁNE$KwEADQﬁ9%BﬂQﬁmD EGYWTKFYUPENQA 5
Exanpl e ACITCH g L oPRFaated | i c| dorai n be
construgfed by |inkinglt gikﬁgrﬁggﬂs to %hg gﬂfﬁfﬂln s of the nolec
usi ng a| PO%ker sequence aﬁld s 80°dTe | ng |a név?*d@atsl on for eac;';‘900f t he
term ni [pEpr—proterns ndvg blég Lﬁnm Eh er Pj"f&ﬂ Pttt P, the ket
can be pefween five to ut seven amno atids. re erred
| ocat i onB0% or 10nem1ternﬂh47aﬁ@6NHsfoops b ohl Face apay from2t he
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to 84-9pPof SEQ ID NO 1). 1 5B<armfm§sbf such48ixrisar | y| per mugasb3l L- 1
Chi rreri dUIIDlI IIO ; IIL’I Ude

DKPTLQLESVDPKNYPKKKNEKRFVFNKIEINNKLEFESAQFPNMFLCTANEADQPVSLTNNPDE
GVMVTKFYMOFVSSGGESGCGEESAPVRSL NCRI WDVNQKT FYL RNNQL VAGY L QGPNVNL EEKFSMS
KEKNLYLSCVLKD (SEQ I D NG 40) and 20
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EESNDKIPVALGLKEKNLYLSCVLKDDKPTLQLESVDPKNYPKKKMEK NO:33
RFVFNKIEINNKLEFESAQFPNWFLCTAMEADQPVSLTNMPDEGVMVT
KFYMQFVSS

P10 APVRSLAFRIWDVNQKTFYLRNNQLVAGYLQGPNVNLEEKIDVSEVQG SEQ ID
EESNDKIPVALGLKEKNLYLSCVLKDDKPTLQLESVDPKNYPKKKMEK  NO:34
RFVFNKIEINNKLEFESAQFPNWFLCTAMEADQPVSLTNMPDEGVMVT
KFYMQFVSS

P11 APVRSLNCRIWDVNQKTFYLRNNQLVAGYLQGPNVNLEEKIDVSEFVQG SEQ ID
EESNDKIPVALGLKEKNLYLSCVLKDDKPTLQLESVDPKNYPKKKMEK  NO:35
RFVFNKIEINNKLEFESAQFPNWFLCTAMEADQPVSLTNMPDEGVMVT
KFYMQFVSS

P12 APVRSLNCRIWDVNQKTFYLRNNQLVAGYLQGPNVNLEEKFSMSEVQG SEQ ID
EESNDKIPVALGLKEKNLYLSCVLKDDKPTLQLESVDPKNYPKKKMEK NO:36

REVEFNKIEINNKLEFESAQFPNWFLCTAMEADQPVSLTNMPDEGVMVT
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Sci ences, 991707-1720. Fl uorescence neasurenents were nonitored using an
Agi | ent Mk3005 QPCR nachine as the tenperature was increased from25C to
95C at a wete12afiéb@ per mnute. Melting tenperature (TnPCYAISa®I/0¥FIDE
derived fromthe maxi ma value of the first derivative of the fluorescence
transition. The proteins P03, PO, and PO5 10 were observed to have an
onset of unfol di ng of greater t han 50C and as hi gh as 59C and Tm of

greater than 59 an 64C es 8 bel ow

FIG 10APE 10 BiEsl GP@ ;tj %QEC) E“P%I%Ra5648

| L- 1135641 PO ﬁ aboit 4 degrees
hi gher than nkkydd an IL 1 p an ex i |ts an onset 0 unfoI di ng about 3

degr ees hi gher than m L- 1Ra and about 10 degrees higher than IL-1 p. P03

and P05 E?{e ap 8 Rt by LRAnEegE e dbeReEr A fYhk- 1Racand 1L-1 p
and exhi bi t apronsetrahcurRtidiiRgvakottrhbidegheesyiughek t kanspl L- 1Ra and
about 18 degr eesriu ghenkt hers AdrriwpL.c2viEcarpbeT@vriiiavivivired PO5 (| acki ng a

hexa- hi sti di nBFYEH)D was prepared in 1.25x PBS and tested in a nurine nodel
of dry eye disease. In this nodel, female C57BU6 mice 6 to 10 weeks of age
from Jackson Tadpolgeaptidebelowos hichimearid dbnain thatweluges at laast dwd segméerds di ng

room w th ’8 I)zggangl ea¥wlé@9 'ehtéfroWﬂ_rﬂggl food suppl enent, and envirodry
e

envi ronnen pre-screened for fluorescein staining on Day
0. For fluorescein staining, freshly made fluorescein dilut ed |n WFI H20 at

10 ng/ m. wasg %ﬁ%ﬁﬁqﬂ@I&Efﬂmﬁxﬁ%% &0 gst’ ‘%y 8-13
mnutes aftefg hEkE ST TOY ERT NBIR. v§ERH dﬁﬂLﬁﬂEﬁﬁE y'iﬁBU§9 | uorescent
di ssecti ng nkcreseepeLrucicdatier sdad g Lwasve aeefdedyuwsh ng t he

st andar di zededNatviTeRal LEyen | nstitute (NE |I) grading systemof 0-3 for each

of the five areas into which the corneal surface has been divided (score
range 0-15/eye). Using a teaching bridge, tw masked scorers evaluated m ce

at the sppBnple® to gi ve a single collective score for each eye. Mce with
scores or each e (out of a maximl score of 15) were placed in a 5dry

eye chanber (é@%tﬂ WWFW%HH‘”B@WS@%@'”&W be cappttugtedlyy inkipades Non day 1

and wer eicfRinds & M8 E-teiminis Sf %@ﬂ&@éul@%uh@ﬁ lihk& eqUERR A, éet&tlgqanewmnt
(except for exam nation). On 3, mce were scored again and random zed

i nto trelgeationtfogeanh the termigi. t@rpmtwn@éagn@tqmmlwd@@/edémn Hatie o likgr such
t hat eaCl‘én@ﬂQ;%n%fe b‘et\ké%nge‘gﬁ%ﬂ?%é,fé%ﬁpéﬁévgﬁtaﬁh% L06s. SBEFer Rt b RSy ©

score. Begrnning on
10 new termini are in loops which face away from the receptors, such as the p6-p7 loop

(e.g., amino acids corresponding to 71-80 of SEQ ID NO:1) or the B7-p8 loop (e.g.,
amino acids corresponding to 84-99 of SEQ ID NO:1).
Examples of such circularly permuted IL-1 chimeric domains include:

15 DKPTLQOLESVDPKNYPKKKMEKRFVENKIEINNKLEFESAQFPNWFLCTAMEADQPVSLTNMPDE
GVMVTKFYMQFVSSGGSGGGSAPVRSLNCRIWDVNQKTEFYLRNNQLVAGYLQGPNVNLEEKE SMS
FVOQGEESNDKIPVALGLKEKNLYLSCVLKD (SEQ ID NO:40)

and
20
NYPKKKMEKREVFNKIEINNKLEFESAQFPNWFLCTAMEADQPVSLTNMPDEGVMVTKFYMQFVS

SGGSGGGSAPVRSLNCRIWDVNQKTEFYLRNNQLVAGYLQGPNVNLEEKFSMSEVQGEESNDKIPV
ALGLKEKNLYLSCVLKDDKPTLQLESVDPK (SEQ ID NO:41)
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10r andom zation, mce were topically adm nistered PO5 or vehicle (1.25X
PBS) in an eye drop at 31..1L/eye BID frequency. M ce were exam ned and
scored orwOayr/0i6209, and 11 for corneal fluorescein staPoirng2@as/ogwstri bed
above. Scorers were blinded as to the treatnent groups during the course of
the experinent. FIG 1 [Ais a bar graph of nean corneal staining score
SEM at day 0, 3, 7, 9, 15and 11 for mce fromtwo identical experinents
under thE foI|| ing bid treatnments: no treatnent, vehicle (1.25X PBS), and
10 rrg/m—g%—%% 10 nmg/ M PO5 significantly reduced corneal staining on
days 7, 9 anErolémsDPOfe lFE{)4FPpsrrErmefRa ganétﬁlbﬁyﬁngRE Qwallmapwéré)yreparree%mctp :) gn
in corne S.a rve s as_l.ow as

Roconi rarepree il ate Bs). BT 7o o1 By i e B0 Ve BBt neal

st ?Im ni gnglQBWPRh)?oraﬁ éfdil')e ﬂiﬁldl@dgenASA;?Bw\ﬂﬂ 500 dlﬁ{t@n ot tHeBstodkeneéhtegionof 10

ngy ecific sed on conparison to ne serum

al burm n ?’Pfyva"ﬁ%e‘gm ferent pganrwg gy W& seEn tnpigawg}jn#’h%| ne serum
al bumi n $&BAYes! 89 ardE720 Medresdedice Aithstifetmentd were Mdnitbldiing arPAGilenes

statistically significant relative to 10 ng/m nurine serum al bum n. As
25shown M3 Qf?/ %Bdna%%ﬁ?ﬁh?t%@erﬂ%e )ﬁ’ﬁ%&‘c&ﬁ?ﬁﬁﬁr@ﬂ‘ #5000 §5% el ¥ pori ne
[ n_an OPRR!JH fififb! ReRMatERSEARES (1. haluhl 8RATe VRS 0RIANE AilufRA VAR

stai ning, no ef was observed 5% cycl osporine ophthalmc
emul si onofatheélfstdquwé«ofdhefﬂwemcragranﬂka@ groteMisc lE’IOé 81®B0has been
devel ppe d

BLR( 3)\53@160({?8%{1\/%82?’%@ %ﬂ%ﬁ%{ﬂaﬁn&ﬁg@ gtl onghé?vxg‘?oz@ |ne érjg%g a
statistiaa Tg]efsgrgateofhaeﬁﬁeﬁﬁ),mmandiﬁma%ésmté)@@ sharwrain Table &b)élowand The

opti mzep C?SIR t{f;%ns were perforned on an internediate scale (10 niL

col um) . e product is extracted by mcrofluidization in a lysis
buf fer consi sTamg8of 20 MM Tris at pH 7.0 with 10 mM EDTA added. The
clarlfledlysate adjustedto_la ] ivity of 3 nS/cm
The condi tioned dee ati on exchange
resin) with a 2 @si dence ti
5col um. The col d1ﬂ18| s washed witHR equilibration uffer to renove unbound
species. A secon wash at pH 6.0 8Ad 3 nS/cmis |ﬁp| enented to renove a
popul ati on of rrg ities. The pro@gct is eluted &f pH 6.0 and 6.6 nS/cm A
product rel ated 8cies is el uted®at pH 6.0 and P9.4 nB/cm The colum is
cleaned with a hi gh salt buffer and NaOH. 10P05 is a 17 kDa protein with a
pl ofs 6. 58. The4 Rhs 8Fr, ke |éj§&nﬁ|4®e§%§'hﬁjhefﬁ1aﬁ n$|L31fP4§1 ard ILaHNdYexhpRe! ved by
anal ytical weak cati on exchange chromat ograph This species is likely to

be a produenseypf aiplHeabor R desrpeabighes thgn fT‘tﬂuﬁlBalaﬁd Ebokttdlq degrers Hgheki es can
be i dent gpe%g PL+ ods.
Chr omat o!g;]fragghl E)y Pﬂ?gﬁg glggwa{lé‘%régg béatllés)gtgaéjstg?e a r{:IE?TOSgﬁﬂnrﬁied%pep?r{c}'(ﬁst yrene-

IL-1B and exhibit an onset of unfolding about 11 degrees higher than mIL-1Ra and about
18 degrees higher than IL-1p.

20 Example 8
Purified P05 (lacking a hexa-histidine tag) was prepared in 1.25x PBS and tested

in @ murine model of dry eye disease. In this model, female C57BL/6 mice 6 to 10
weeks of age from Jackson Laboratories (acclimated 1 to 2 weeks in an animal holding
room with 230% relative humidity, hydrogel food supplement, and envirodry environment
25  enrichment) were pre-screened for fluorescein staining on Day 0. For fluorescein

staining, freshly made fluorescein diluted in WFI H,O at 10 mg/mL was administered at
0.4 uL to each eye. Approximately 8-13 minutes after administration, eyes were scored
using an Olympus fluorescent dissecting microscope. Punctuate staining was recorded
using the standardized National Eye Institute (NEI) grading system of 0-3 for each of the

85



15di vi nyl benzene) bead with a nomnal 50 jirn particle size. The

chromat ographic matri x has sul fopropyl surface chem stry and was desi gned
to tol erave 2ei2net0ed | evel s of salt during binding. ThePPOMSSMP0{IIE
4404339, Life Technol ogies) material was procured as a bulk slurry and
packed into a 5x50 mm Tricorn colum (ON 28-4064-09, GE Healthcare) with a
final colum volune of 1 nL (5 cm bed height) or into a 10x150 nm 20Tricorn

col um ( 28- 40 6, . GE Hea acke a final nme .of 10.5 niL
(23" 0 o ERe P gen 1 ot A HashRRr Bided Gedri o GLIPRI i 11 M 11 o
wat er voUsingarteahidgybridfe, tmeandskel ecolesd ¢vailigidd mizetdére snd\iielo give 2 M NaCOH
(madefromas f 10 M NaOH) was added to titrate the buffer.

k solu 0
Af ter pr%B%?&f’@%:ﬁve a?qreiﬁif%? §¥Swere filtered through 0.2 jirn 25PES bottle
top filters. Mide vitH stockscOn threhtiv ey (due ala marierd score e 1 Pevdrompieddat ar oom

t enper at re 20: 25 XS Buf f ers uilibration buffer - 10 nmM
ear D o evb s ATH A YA PR LA SRR e B TR B EREL 2 aceti ¢
acid anday WéregnmﬁtahMIm ﬂesrcltarﬁerlduflrhgathe cobesefdf trad expldrimeat ('éxé?emmi t he final
conducti vit 30CEX wash buf f 22 mM NaCl
g by Snmdhy oMl 5. isRate SE3hd Ao Eng ot LB R R EPRE
1.28 g O\f\ntm\laﬁbm)eﬂcdlgroﬁp bMidee/ﬂere'Fdamiofrmmd suahltkmseth ¢ade & 4 @5 mizeihadd) and
t he final condu r?é g g :g ctguff,[frer - 100 mMM MOPS
wi th 118%RHPREEE B&?r&%ad]?fae%%”& &eglk?ﬂﬁ@?’} Y 289 5 g of MOPS
sodi um santomaatior§ n96e gerf topladlly aIRmmlbteoéd Bos brevehicldh @ .25X0BBS piH anasyye5. 7- 6. 6
(as desired) tg (Ij_/ Ilh'frnal con ct|V}t OF1]2 4 WSW trrllcgﬂjuffer -
10 mv ac%rtoP@ HEYRTH "SIRFNR M e lE™ D a&H’Eﬁ BRFGRN PS5y Padihl T acet i c
acid andfoit&&rngaldbol’%é‘émrs@nnllg af desdribed abdee Soorab\/\{el‘éwaﬁjea astated t he final
conducti yvi t nB ysate r.epar ation. The pH of the |lysate
vas ad] LTl Rg SO S eRPE O P A B & mmde by mixing 11.5 i o
gl aci al acet i EicatiAliseebarlgraph biuhéar corfidad staiing saone weSEM bt dat®®, 7p9,a fi nal
pH o sso utio n 10or ert avoid
Pocald 2ot LI pieclr B b bRl RGostine s Ui 135 Brand BRI imbfs Ml os.
The | oadtremmeni, aéhutler(ﬂzﬁ)emsaxmﬂomgm (1943 Pas. e&hfth(‘DEngmlﬂcathly f ed- bat ch
bi or eact or xt.racti,on uct from.t
vert or meaybitleordet sEHHASEH AR Plo, B 1P RIS pbi BB, i e Rl bath®
extract Was retuctibreitt doneal starmdmhawalsqohéerﬁamﬁﬂcmssstals o b 0Q mgmer

ut.ed extract nat -20C in

(typi cal 1115d|Iu_'on.Th. 1 sfro
a7 b PRcREe g P8 MRS oo AP Shu et Se iR oo
terrpmat'mrtlaaeamdwaﬂ mtodalt ed to pH 5.3 using 200 nM acetic acid at pH 4.5.
Smal | adj ust addi tion, of | L1 Q wat er
when needed oS ShowT e bl the aflael§f R MBAT £34 MEcrab PRty o'
concent redrhpmusoh te 10 mggﬁleumemJ;rl@Eﬁltnmun in the aamervebicfel eo efldot waeademas
sterile fil hrouhaO N f.i The 2 It d | oad was
used t heV g%mn@zrp rggrlrb %eégmea(!‘bumm %MISA Iatlvetto véhicle, andﬂtﬁ Lt'oP 76
mg/ml P05 was statistically significant relative to 10 mg/ml murine serum albumin. As
25  shown in Fig. 11C, 10 mg/ml P05 was also compared to 0.05% cyclosporine in an
ophthalmic emulsion (Restasis®). Whereas P05 reduced corneal staining, no effect was

observed for the 0.05% cyclosporine ophthalmic emulsion after ~1 week of bid dosing.

Example 9
A capture step has been developed for the purification of P05 produced by

30 fermentation in BLR(DE3) E. coli cells. The elution conditions were defined through a
statistical design of experiment approach (DOE) on a 1 mL column. The optimized

conditions were performed on an intermediate scale (10 mL column).
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Host Cell Protein Determ nation. The host cell protein (HCP) |evels were
determ ned by an enzyne-linked i nmunosorbent assay (ELISA) kit specific for
an E. coiwoexpras®don system (CN F410, Cygnus Technol ogiPre€s)us20ihe4i9pdt ocol
supplied with the kit was foll owed exactly. Sanples to be assayed for HCP

| evel s were diluted using sanple 25diluent (CN 1028, Cygnus Technol ogi es)
wth a mnimumdilution of 10x. Sanples were typically run at two dilutions
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20  Tricorn column (CN 28-4064-16, GE Healthcare) packed to a final volume of 10.5 mL
(13.4 cm bed height).
Buffers. All buffers were prepared with MilliQ water volumetrically. To reach the
desired pH, either 10 N HCl or 1 M NaOH (made from a stock solution of 10 M NaOH)
was added to titrate the buffer. After preparation, all buffers were filtered through 0.2 pm
25  PES bottle top filters. All pH and conductivity measurements were performed at room
temperature (~ 20-25°C).
PorosXS Buffers: CEX equilibration buffer — 10 mM acetic acid (HoAC) with 21
mM NaCl made by adding 0.57 mL of glacial acetic acid and 2.44 g of NaCl per L of
buffer. The final pH was 5.3 and the final conductivity was 3 mS/cm.
30 CEX wash buffer — 100 mM MOPS with 22 mM NaCl made by adding 19.5 g of
MOPS free acid, 1.5 g of MOPS sodium salt, and 1.28 g of NaCl per L of buffer. The
final pH was 5.7-6.6 (as desired) and the final conductivity was 3 mS/cm.
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Load 40 Conditioned |lysate, 3 nS/cm pH 5.3 Wash #1 5-10 10 nM HoAC + 21 nM
NaCl pH 5.3 Wash #2 9-10 100 nM MOPS + 22 nM NaCl pH 6.0 (3 nS/cm) El ution
#1 30 100wolbhiMIR&03 22 nM NaCl pH 6.0 (3 B/ cn) bl ended Pairtus2@040389 100 niv
MOPS + 118 mM NaCl pH 6.0 Elution #2 6 100 mM MOPS + 118 mM NaCl pH 6.0
Strip 5-6 10 mM HoOAC + 3M NaCl pH 5.3 C ean

CEX elution buffer — 100 mM MOPS with 118 mM NaCl made by adding 19.5 g
of MOPS free acid, 1.5 g of MOPS sodium salt, and 6.93 g of NaCl per L of buffer. The
final pH was 5.7-6.6 (as desired) and the final conductivity was 12.4 mS/cm.

CEX strip buffer — 10 mM acetic acid with 3 M NaCl made by adding 0.57 mL of

5 glacial acetic acid and 175 g of NaCl per L of buffer. The final pH was 5.3 and the final
conductivity was 188 mS/cm.

Lysate preparation. The pH of the lysate was adjusted using 200 mM acetic
acid at pH 4.5 made by mixing 11.5 mL of glacial acetic acid per L of buffer. The
solution was titrated to a final pH of 4.5 using 1 M NaOH. This solution was used in

10 order to avoid localized precipitation due to low pH of concentrated or strong acids.

The load material for these experiments was an extract from a 2 L fed-batch
bioreactor run. The extraction of the product from the cell pellet was performed using 20
mM Tris at pH 7.0 with 10 mM EDTA added. The fresh extract was diluted to a
conductivity of 3 mS/cm with MilliQ water (typically 1:1-1.5 dilution). The diluted extract

15 was frozen at -20°C in 41 mL aliquots. To prepare the load, an aliquot was thawed at
room temperature and titrated to pH 5.3 using 200 mM acetic acid at pH 4.5. Small
adjustments in conductivity were made by addition of MilliQ water when needed after
titration. Finally, the load was diluted 2.5x to a concentration of ~1.7 g/L using CEX
equilibration buffer. The load was sterile filtered through a 0.8/0.2 um filter. The

20  conditioned load was used the same day as prepared.

Host Cell Protein Determination. The host cell protein (HCP) levels were
determined by an enzyme-linked immunosorbent assay (ELISA) kit specific for an E. coli
expression system (CN F410, Cygnus Technologies). The protocol supplied with the kit
was followed exactly. Samples to be assayed for HCP levels were diluted using sample

25  diluent (CN 1028, Cygnus Technologies) with a minimum dilution of 10x. Samples were
typically run at two dilutions and plated in duplicate for each dilution. The level of HCP is
represented in terms of parts per million (ppm) or ng-HCP/mg-product.

SDS-PAGE Analysis. For purity analysis by sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE), either 1 mmx10 well or 1 mmx15 well

30  NuPAGE 4-12% BisTris gels (CN NP0322Box and NP0323Box, respectively, Invitrogen)
are used. The running buffer is 1x MES SDS running buffer prepared from a 20x
concentration (CN NP0002, Invitrogen). Novex sharp prestained protein standards (CN
57318, Invitrogen) are used as molecular weight indicators. Samples for analysis were

prepared by dilution with MilliQ water to a final volume of 30 uL and 10 uL of 4x Lithium
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on an AKTA Explorer 100 chromatography system. A 10 mL PorosXS column was

wor k

packed. Material was loaded at 40 mg of PO5/ml, or can be loaded at 25-30 mg of
P05/ml. The chromatography method is summarized in Table 9. The residence time
was held constant during loading and elution steps at 2 min. Mock elution pools were

15  made and assayed for product recovery, HCP level, and % intact protein. A total of 2
runs were completed on the 10 mL column with %B at 30% and 35% at pH 6.0.

Table 9
Step Column volumes (CV) Buffer
Equilibration 10 10 mM HoAC + 21 mM NaCl pH 5.3
Load 40 Conditioned lysate, 3 mS/cm pH 5.3
Wash #1 5-10 10 mM HoAC + 21 mM NaCl pH 5.3
Wash #2 9-10 100 mM MOPS Tnzsicr:]n';ﬂ NaCl pH 6.0 (3
100 mM MOPS + 22 mM NaCl pH 6.0 (3
Elution #1 30 mS/cm) blended with 30-35% 100 mM
MOPS + 118 mM NaCl pH 6.0
Elution #2 6 100 mM MOPS + 118 mM NaCl pH 6.0
Strip 5-6 10 mM HoAC + 3 M NaCl pH 5.3
Clean 20 1 M NaOH
Ne“(t@gf;“on 10 100 mM MOPS + 118 mM NaCl pH 6.0
Re-equilibration 20 10 mM HoAC + 21 mM NaCl pH 5.3
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P212121 a, b, ¢ (A 44.5, 46.4, 64.8 90, 90, 90 Wwavelength (A) 0.9787
Resolution (A) 50.0 - 1.47 (1.52 - 1.47) Rnmerge 0.039(0.56) I/al 37.7
(2.9) Compbepermase®3(% 99.8 (100) Redundancy PCT/US2011/045995

10

15

20

Wash #2 results in a peak comprised mainly of impurities. Elutions #1 with 30%
and 35% B result in >95% pure product by SDS-PAGE analysis. The salt concentration
of Wash #2 can be increased by a small amount to remove the shoulder on the elution
peak.

Example 10

P04 was purified, and diffraction quality crystals were grown in 25% PEG1500,
0.1 M PCB (pH 4.0) at 20°C. The protein crystallized in the space group P2,2,2,, with
typical unit cell dimensions of a = 44.5, b = 46.4, ¢ = 64.8. The crystals diffracted to high
resolution, and a dataset extending to 1.47 A was collected at the Advanced Photon
Source, beamline LS-CAT 211ID-F (Chicago IL, USA). The X-ray structure of P04 was
solved by molecular replacement using a model incorporating the relevant portions of
known IL-1p and IL-1Ra structures from PDB structures 11TB and 1IRA (Vigers et al.,
(1997) Nature 386: 190-194 and Schreuder et al., (1997) Nature 386: 194-200). The
final model was refined to a Ryo«/Riee 0f 17.6%/20.4% and contains one P04 molecule
(140 residues) and 98 water molecules (Table 10). P04 residues 1-2, 48-49 and 85-93

were not visible in the electron density and are missing in the final model.

Table 10

Crystallographic Data Collection and Refinement Statistics

Data Collection Statistics

Space group P2,2,2;
Cell dimensions
a,b,c(A) 44.5,46.4,64.8
a,B,v(9) . 90, 90, 90
Wavelength (A) 0.9787
Resolution (A) 50.0 - 1.47 (1.52 - 1.47)
Rrerge 0.039(0.56)
l/ol 37.7 (2.9)
Completeness (%) 99.8 (100)
Redundancy 6 (5.9)
Refinement Statistics
Resolution (A) 28.64 —1.47 (1.53 — 1.47)
No. of reflections 22926
Ruork/Riree 17.6/20.4
Average B (A) . 22.3
Rmsd bond lengths (A) 0.007
Rmsd bond angles (°) 1.137

Numbers in parentheses correspond to highest resolution shell
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6(5.9) Refinenent Statistics Resol ution (A) 28.64 - 1.47 (1.53 - 1.47)
No. of reflections 22926 Rwork/Rfree 17.6/20.4 Average B (A) 22.3 Rmsd
bond | engvb=012A)16208. 007 Rnsd bond angl es (c) PCT/US2011/045995

Rmerge= 2 hk [Ei | li - <I> | /Eili]
Rwork = Ehkl I Fobs | - | FcaIC "/Ehkl | Fobs | where Fobs and Fcalc are the observed and

calculated structure factors
Riee Was calculated from a subset of reflections (5%) not used for refinement.

The P04 crystal structure has a fold similar to that predicted by the modeling. A
view of this structure is shown in FIG. 1. An overlay of the two structures is shown in FIG.
12A. The RMSD for backbone carbons was 1.41 A and 1.09 A for the IL-1p and IL-1Ra
segments versus the same residues on the respective parent molecules. P04 has at

10  least one unique salt bridge and two unique hydrogen bonds that involve an interaction
between a residue derived from IL-1p and a counterpart derived from IL-1Ra: (i) Glu39-
Lys64 (Glu39 from IL-1RA; Lys64 from IL-1PB) as shown in FIG. 12B, (ii) Arg9-GIn149
(Arg9 from IL-1RA; GIn149 from IL-1B) as shown in Fic. 12C and (iii) Ser152-Lys40
(Ser152 from IL-1RA; Lys50 from IL-1B) as shown in Fic. 12C. These unique

15 interactions can explain P04’s increased thermal stability as these interactions are
absent in the IL-1p and IL-1Ra structures. The residues involved in these interactions

are also present in P03 and P05, proteins that likewise have increased thermal stability.

Other embodiments are within the scope of the following claims.
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1.137 20Nunbers in parentheses correspond to highest resolution shell WO
2012/ 016203PCT/ US2011/ 045995 Rner ge =hkl [ i i <I>/Z Rwrk = hkl 11 Fobs
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simlar to that predicted by the nodeling. A view of this structure is
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fromJL-1 as own in.E 12B, (j.,) Arg9-Gln149 (Arg9 fr [ L- 1RA;

G i it Baf Y BubRh e e il s (EHfbpondind et a ik s
from | L- LRAfanily €pkinepand L- 1[ 3) as shown in FIG 12C. These uni que

15i nteractions, can _explajn PA' s . increased er stability, as. these

"ot oract: one SERSpERbR feont Bt HETRTERES ot MERRL e B sida oY 1R P cves

i nvol vedhasattldéeess 80%ordneinaatidddentity te aadosiesporerendegnenPOBa sswdnB05,1 famidt ei ns
that |ikew,se have increased thermal stability. Qher enbodi nents are

W t hin t‘f‘?@o@&%pe of the following clains. What is clained is: 1. An
isolated protein that conprises a chineric interleukin-1 (IL-1) famly

S5 ahi no acr ae" SRSl Sk Rbal? el b dhu R RRRP o HEVHORRE Bt o oo
Cor r esposeléngd femraGrodp candistirgtofll-1p, If.awd, hiyd tytRKiI ne, and

3. The protein of claim 2 wherein the first IL-1 family cytokine is IL-1B and the

15 second IL-1 family cytokine is IL-1Ra.

4. The protein of claim 2 wherein the protein binds to IL1 receptor | and inhibits
IL-1 receptor | activity.

20 5. The protein of claim 2 wherein the first segment of the cytokine domain has
length at least 20 or 30 amino acids and is identical to a corresponding segment of
IL-1P.

6. The protein of claim 2 wherein the cytokine domain comprises Site A residues
25 that are at least 80% identical to corresponding residues in IL-1Ra and Site B residues

that are at least 80% identical to corresponding residues in IL-1p.

7. The protein of claim 3 wherein the cytokine domain includes (a) amino acids
identical to IL-1Ra at the following positions ARG11, SER13, GLN14, GLN15, GLU25,
30 LYS27, LEU29, HIS30, LEU31, GLN32, GLY33, GLN34, ASP35, MET36, GLN38,
GLN39, ALA127, GLU128, ASN129, MET130, and GLN141 (according to the numbering
of IL-1B) and
(b) amino acids identical to IL-1P at the following positions: ALA1, PRO2, VALS,
ARG4, LEU6, PHE46, GLN48, GLU51, SER52, ASN53, LYS55, ILE56, PRO57, LYS92,
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at | east a second segnent of the domain is at |least 20 amno acids in
| ength and has at | east 80% am no acid identity to a correspondi ng segnment

of a secowo 2bi2/aiéfoam |y cytoki ne. 10 2. The pr ot ecm/uskoialoaions 1
wherein the first and second IL-1 famly cytokines are selected fromthe
group consisting of IL-1 p, IL-1 a, and IL-1Ra. 3. The protein

of claim2 wherein the first IL-1 famly cytokine is IL-1 p and the

Losenonc s d (! P TR B oo, o B S gl =7
activi t yto tR®humbbengosfat-apn of claim 2 wherein the first segment of the

cytoki ne domain has length at | east 20 or 30 amno acids and is identical
to a correspondi ng segnment of IL-1 p. 6. The protein of claim2

wherein the cgt Ukeé pmta@m@amc@mméieﬁeme%mmédoﬁﬁ.rdctﬁﬁpr?s@bfsa@u@rc@s #at| east
80% i dentical to correspond |ng%e5| dues in |L-1 and Site B residues that

are a I@&é@erﬁ'ﬁ%tf’%?@t%t@ﬁﬂs Be Pl @apd R ﬁb“—r@ geIequANges. thatpre 7.

The prot ﬁbﬁlndaftoodé@é Q{l{a’?ndg/%g ?e b7 BRd B¥bPkL{pe domai n includes (a) am no acids
identical to IL-1Ra at the follow ng positions ARGL1l, SERI 3, G.N14, G.N15,

GLU25, 30LY527, LEU29, H 530, LEU31, G.N32, G.Y33, G_N34, ASP35, MET36,

nanber i ng of L1 G o 2 Gegone el o B P BRBSIIONTS o0 tne

f ol | ow nangEipiRdotps abd Alllead?ROZ; ideiklica) toATRGEspdridug) lodphdEdem IIGLR48, GLUS1,
SER52, ASN53, LYS55, |ILE56, PRO57, LY592, LYS93, LYS94, LYS103, GLULO05,
ASN108, GL.N149, PHE150, and SER152 (according to the nunbering of IL-1 p).
8. The prot ei .oThepaigin 2f Mﬁier:EWhertehethewmkinaeiodmimctdmmtseplat least twequences

t hat 5ar ntlcal to 133 Q, and
sequencedsoiipoafoc@alardyiil A6 0amifndepg i Hctiey SorgigerhA o1 |

p. to rBspethite poredsponding sedraents Romhierigi N one or nore of the 31132,

[ 32] 33, [38[39, [ 310[ 311, and [311[ 312 | oops are at |east 90% i denti cal to
correspondi ng | oops fromlL-1Ra. 10 10. The protein of claim?2

wher e n the cyf.oRhdGrotMTBi dlaifOTIWhEEm tAé tweaiStoritwiol sep@idntnareus segnent s
of length at |east 20 anmino acids that are at |east 90%identical to

respect i PBNYEt IPIERRATHY HiECTERSHRBADS SEIBAAF [0 18- 1P1511. The protein of claim

10 wherein the two discontinuous segnents are

12. The protein of claim 10 wherein the two discontinuous segments are
between 25-40 amino acids in length.
20
13. The protein of claims 10, 11, or 12, wherein amino acids not in the two
discontinuous segments are at least 90% identical to IL-1Ra.

14. The protein of claim 2 wherein the protein consists of a single polypeptide
25  chain that is 150-160 amino acids in length.

15. The protein of claim 2 wherein the cytokine domain is identical to the first
IL-1 family cytokine at at least 50 positions and is identical to the second IL-1 family
cytokine at at least 50 positions.
30
16. The protein of claim 2 wherein at least residues 11-41 and 120-147
(according to IL-1p numbering) are collectively at least 90% identical to corresponding
residues in IL-1Ra.
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identical to respective correspondi ng segnents fromlL-1[3. 12. The
protein of claim10 wherein the two di sconti nuous segnents are between

25- 40 amwo 2acvadse203n | ength. 20 13. The protein eCTalsadim®40; 11, or
12, wherein amno acids not in the two discontinuous segnents are at |east
90% i dentical to IL-1Ra. 14. The protein of claim2 wherein the
protein consists of a single polypeptide 25chain that is 150-160 am no
acids in |length. 15. The protein of claim2 wherein the cytokine

dormain is identical to the first IL-1 famly cytokine at at |east 50
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50 p03|t ons. r ot el rein at a

Fes! dues SBOIIR - 1 puraas noh et Py D192t B rdhAlER P 5PN EaR | ect i vel y
at | east 3ffes femtipcal to corresponding residues in IL-1Ra. 17. The
protein of claim3 \/\herel n at |east residues 1-6, 45-61 and 148- 153
(according to IL-1 p nunbering) are collectively at |east 90%identical to

cor r espondi ng14 ephdlpRteih b dléumls Wher%m at least rés&juelhes POt BnPi4d:hed m 3
wherein at | east residues 1-8 120, and 148- 153r§accord| ng to IL-1[3

nunber i n@rceifingdell- &wmbqerwgéﬁrq @}ﬂg@tlvgty%tﬂewém@%a@e igalde eprsespondineg

resi duesrepslaub%_ nl”_11% 1019. The protein of claim3 wherein the cytokine
domain is east '80% i dentical to P01, P02, P03, PO, or PO5. 20.
The protein of claim19 wherein the cytokine donain is at |east 90%

' de d cal to P&th[] Ogl%telrll:)gfadalﬁ%WhQFG tﬂ ¥‘g’§‘5§o90°. in %Jatl %Q&%dafpgl%ﬂ{(%ém cl aim

erein the'c e donain” 1'a” at Ica 2, PO3,

or UM, P02, P03 P04, or205.The protein of clain121 wherei n the cytoki ne
dorral nis identical to P01, P02, 20or PO3. 23. The protein of claim
21 wherein the cytokine domain is identical to PO4. 24. The
protei n of cl20.nixpeten ei ¢clairthtd wierekithe cylokmé nomainiislehleastl0% deP@Bl 25

25. The prep.ei | erein the cytokine domai n has greater
t her nnst%bﬂ1i’¥362’?$1%3ﬁ Pl?)ﬁneigp@]and | L- 1Ra. 26. The protein of

claith 2 wherein the cytokine domain has a Tmat |east 2 30degrees greater

th IL-1 I dh
pr g?el n hag an 1%'%90 I es'réoﬁ%%{rr? %&Zher}ﬂ%?%@% ﬁfjghal&d%laoFg?t%e{ Figﬂt atleo. 1
ng/ m) it ROIcEORLPRE, POhgerdfisng assay.

22. The protein of claim 21 wherein the cytokine domain is identical to P01, P02,
20 or P03.

23. The protein of claim 21 wherein the cytokine domain is identical to P04.

24. The protein of claim 21 wherein the cytokine domain is identical to P05.
25

25. The protein of claim 2 wherein the cytokine domain has greater

thermostability than IL-1p and IL-1Ra.

26. The protein of claim 2 wherein the cytokine domain has a T, at least 2

30  degrees greater than IL-1p and IL-1Ra.

27. The protein of claim 3 wherein the protein has an IC50 less than 10 ng/ml for

inhibition of IL-1B (at 0.1 ng/ml) in a cellular signaling assay.

94



28. The protein of claim3 wherein the protein binds to IL-1R1 with a
hi gher affinity KD, a slower dissociation rate, and/or a faster association
rate t harwbunmmibios1lRa. 529. The protein of clai m3 whereirustig/oeigpdki ne

domai n conprises one or nore of the following: (a) Site A- i. Site A
residues that are at |east 80% identical to corresponding residues in a
first parental cytokine domain; 10ii. Extended Site A residues that are at

| east 80% i deptical to.corres esi ent al cytoki ne
dormi e i1 & ERep bRt AR MR OB R R B - B BB rar o
cor r espoaitihingKB eg siewesdisdoctatibn ratt, sar@rd fabtec yésokiatien cherthian; huaran

iv. a Si ﬁ‘?ﬁ region that is at | east 80%identical to correspondi ng regions

of 15a f a'parent al cytokine domain; (b) Site B: i. Site B residues that
are at |east 80%identical to corresponding residues in a second par ent al

cyt oki ne doma'%%; I teﬂﬂed ii f]e Bt%es d es that are at |east 80%

i dentical to CBM@EE%& Y24 TS F GGk 08 S8R RN S 08?19613%% donai n;
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cor r{adspondl ng r eslll d@ggr%ﬁ%rﬁ@'éugﬁ}a&t@ﬁ f"t)le a@b@ '88?“0% ttoe B residues that
are at | east 80%1dembrreadontimgcreslmmoradlrﬂg)armalwmmleraiohiarﬂ,m, IL-l1a, or
'L-1Ra, and wher ?1'1 nSIE hE sgg(:])rggllwtg A|1Santc):|eﬁté/\§1apare aﬁeastgg %I e%%alll to IL-1Ra.
corresponding segments of a first parental cytokine domain; or
iv. a Site A region that is at least 80% identical to corresponding regions of
15 a first parental cytokine domain;

(b) Site B:
i. Site B residues that are at least 80% identical to corresponding residues

in a second parental cytokine domain;
ii. Extended Site B residues that are at least 80% identical to
20 corresponding residues in a second parental cytokine domain;
iii. ~Site B segments B1, B2, and B3 that are at least 80% identical to
corresponding segments of a second parental cytokine domain; or
iv. a Site B region that is at least 80% identical to corresponding regions of
a second parental cytokine domain.

25
30. An isolated IL-1 inhibitor comprising an IL-1 family cytokine domain that
binds to IL-1RI and comprises
(i) 2 C1 segment that is at least 70% identical to corresponding residues in
IL-1Ra, and
30 (i) Site A or Site B residues that are at least 80% identical to corresponding

residues in IL-1B, IL-1a, or IL-1Ra, and
wherein the domain is between 40% - 90% identical to IL-1Ra.

31. The IL-1 inhibitor of claim 30 wherein the C1 segment is at least 80%
35 identical to corresponding residues in IL-1Ra.
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31. The IL-1 inhibitor of claim30 wherein the O segnent is at | east 80%
35identical to corresponding residues in IL-1Ra. WD

2012/ 016 296RCR/WEAG11/ 045995 32. The IL-1 inhibitor of clparmS3a@umeei n the
Cl segnment is identical to corresponding residues in IL-1Ra. 533.The IL-1

i nhibitor of claim30 wherein the D2 segnent is at |east 80% i dentical to

correspondi ng residues in |IL-1Ra. 34. The IL-1 inhibitor of claim 30
wherein the Al and A2 segnents are collectively at |least 80%identical to
correspondi ng residues in IL-1Ra. 35. The IL-1 inhibitor of
clai m 30 wherg2.n tTiee BH inBbitoasftldd HagreeinshaCe sagmbetds ideBfiC4al tadenti cal to
correspondi ng r(]sesi du%ﬁ; in IlLLfF.i 13. 36. The IL-1 inhibitor of claim 30
that i nhfBITEOSG FRESNGS BT p. 37. The IL-1 inhibitor of claim
30 that binds to IL-1R1L with an affinity of less than 1 nM 38. An

i sol at ed receptor bindi rotein.that conprises: 20(a). amn i ds
dond cal to vi- 1RSI ReRi: Flho SR BRsedme M TodS AL anas,
GLU25, Lideatital iokdd2@spdiidbdresidbbSih, ILGRN32, G.Y33, G.N34, ASP35, MET36,
GLN38, G_LN39, ALAl 27, GLU128, ASN129, MET130, and GLN141 (according to the
nunbering of IL-1 p) and (b) amno acids identical to IL-1[3

at the foll owdhg poOise tL-DimbibitéildiclailRR0Avhevdih3he RS aARBR, sebfadbts dP6IE4A6, CGLN4S,
GLU51, SER52 SN53 55, I LES6, PRO57. LYS92 .LYS LYS94, LYS103,
G0, SRR 2ok 807aeel6g 1O SR ReATEs PSR I ng o ¢ he hurber i ng of
I L-11d 3) . 39. The protein of claim38 that is a chinmera of IL-1 p

8nﬁ4gl_‘£ﬁgé §$5'I L_'lihe_L\L)Lf-lPinh;Bﬂgr rc é[ir%iéb V\%cergih ienb?’,8Bé, %%Ei B%Os Fnie%?ssare at

least 80% identical to corresponding residues in IL-1.

36. The IL-1 inhibitor of claim 30 that inhibits signaling by IL-1p.
15
37. The IL-1 inhibitor of claim 30 that binds to IL-1RI with an affinity of less
than 1 nM.

38. An isolated receptor binding protein that comprises:

20 (a) amino acids identical to IL-1Ra at the following positions ARG11, SER13,
GLN14, GLN15, GLU25, LYS27, LEU29, HIS30, LEU31, GLN32, GLY33, GLN34,
ASP35, MET36, GLN38, GLN39, ALA127, GLU128, ASN129, MET 130, and GLN141
(according to the numbering of IL-1B) and

(b) amino acids identical to IL-1P at the following positions: ALA1, PRO2, VALS,

25 ARG4, LEU6, PHE46, GLN48, GLU51, SER52, ASN53, LYS55, ILE56, PRO57, LYS92,
LYS93, LYS94, LYS103, GLU105, ASN108, GLN149, PHE150, and SER152 (according
to the numbering of IL-1p).

39. The protein of claim 38 that is a chimera of IL-1p and IL-1Ra.

30
40. The protein of claim 38 that comprises GIn48-Asn53 of IL-1pB.

96



WO 2012/ 016203PCT/ US2011/ 045995 41. The protein of claim38 that is

at least 50%identical to a cytokine other than IL-1 [3 . 42. The
protei n oVvochw/arsB8 t hat conprises residues identical t®CTISI1A85995
5positions corresponding to Alai, Pro2, Val3, Arg4 and Leu6. 43. The

protein of claim38 that conprises at |east 15 residues identical to IL-1p
at positions corresponding to 45-61 of IL-1 p (SEQ ID NO 1). 1044. The

protein of clajm38 that .conpr.i I e |den|ca o lL-1p
at positions %ereﬁb%ﬂr(?}er%o %@@%‘F afﬁait%)}éééﬂf% i Blne 45. The
protei n pandl-apm 38 that conprises at |east 5 residues i dentl cal to IL-i13
at positions corresponding to 148-153 of IL-113 (SEQID NO 1). 15

46. The protein of claim38 wherein the am no acid positions correspondi ng

to residues 14236 qngprbidn éﬁ@a&ﬁ@@fﬁbﬂédﬁﬁbﬂs@s PR id¥Atidal t@TLe1[péﬁd0m nant |y

identical to IL-1Ra. 2047 The protein cl aim 38 wherein the am no acid
posi tg on%o%t&”ﬁﬁﬁmnﬁ@gtt%%sgm?eya@ A4 Lep6. 140 (according to SEQ I D
NO 1) are predominantly identical to IL-1Ra. 48. A

phar maceut i cal corqgoa tion conprisin protein according to an

25cl ai ns 1- 4743 he pigtein of ¢lajpy %‘Ihagwmt%%ﬁ least 18 rigBeS PPW%@@H sing a
prot el n RCALEWcaRohOcdEBhaiRY B M6t ofil.1 @R Moot hal mi ¢ pharmaceuti cal
conposition conprising a proteln according to any of clainms 1-47.

Si. The pharmaceutical conposition of claim48 that is aqueous and

conpyd ses theyprotgin t%"ten‘?‘of:&&ﬁ%trh?fédﬁ%r%fes%ﬁe regrdggslld'en%f 52.
Use of a conposition accor ding to claim48 to a subject nodul ate an

i mmune ok~ 1hdtipesitianoegraspending to 3¢9 0kILbPEGEQ BEEO:1se of a conposition
according to claim48 to treat a subject who has or at risk for a systemc
aut oi mune di sorder. 54. Use of a conposition according to claim48
to treat a su#f.ect Thehproteds obelaint 3§ ihgkcdnapriseh atileasidi isidues ideniical tol 0

IL-1P at positions corresponding to 148-153 of IL-1p (SEQ ID NO:1).

15
46. The protein of claim 38 wherein the amino acid positions corresponding to
residues 11-36 and 126-130 (according to SEQ ID NO:1) are predominantly identical to
IL-1Ra.
20 47. The protein of claim 38 wherein the amino acid positions corresponding to

residues 9-41 and 121-140 (according to SEQ ID NO:1) are predominantly identical to
IL-1Ra.

48. A pharmaceutical composition comprising a protein according to any of
25  claims 1-47.

49. A topical pharmaceutical composition comprising a protein according to any
of claims 1-47.

30 50. An ophthalmic pharmaceutical composition comprising a protein according to
any of claims 1-47.

51. The pharmaceutical composition of claim 48 that is aqueous and comprises
the protein at a concentration of between 0.001 — 5%.
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55. Use of a conposition according to claim48 to treat a subject having or
at risk for dry eye disease or allergic conjunctivitis. 56. An
i sol at ed woche/mémdi d conpri sing a sequence encodi ng t heCprust@il43995 any
150f clainms 1 to 47. 57. An isolated nucleic acid vector conprising
a sequence encoding the protein of any of clains 1 to 47, wherein the
sequence is operably linked to a transcription control sequence. 20

58. A reconbi nant host cell conprising a reconbinant nucl eic acid encoding
the protein of any of clains 1 to 47. 59. The host cell of claim58
that is an E.5zZ.dide diasdongekition 26cording &dclaifn a8 tohasubgéct v modulategaa

reconbi nant protein, the nmethod.conprising culturing the host cell of claim
58 under{% ?ri"(ﬂ?éﬁmﬂtgfy rﬁapcmsg '%Q%B@E%tr on of the reconbi nant protein,;
purifying the reconbinant protein fromcell lysate or cell nedia; and

30foryrul ating_t he reconbinant protein for.adginistration,t subj ect .

51, i 2ol at st BrbPE Fobaar Ry Birduh i 8 9 B! § ety WBo PR BRRC Gorrmi
conpri si ngk fat a bgsshictamoitinamemisordssus segnents of | ength at | east six amno
acids and having at |east 80%identity to corresponding segnents of a first
IL-1 fam |y cytokine and conprising amno acids predom nantly froma second
IL-1 fam |y cy4.oks@mef satomeraitioni aogoqaog tb ictaira 48 to treat a subfctt whbdapiootei n of
claim 61I,. V\{nerei n &2(? %ﬁconti nuous segnents conpri ses 5residues 1-6 and
45-61, 109 'QhieERAd e, 4ng 86-95, 1-6 and 148-153, 45-61 and 148- 153,
or 8695 and 148-153, according to the nunbering of such positions in

I L-1] 3. 63. The protein of clajm erein. th rotein conprises
hr ee di scont FSiuYE SR GHIERRL R ATERG naip AGTB AP A TEHEH Yo R FLle T

cor r esporisk fogdiyeyseiteas®dr dlleegit corgondtikitid01 fam |y cytoki ne, and those
segnments include residues 1-8, 42-120, and 141-153. 64. The protein
of claim®6l wherein the protein conprises four discontinuous segnents

havi ng am no 5&i As isothted nudeic bad chmpesing acequeasp@ndodigy egretetnsof@hyt he

firsg IL fllf.arri1lt§ 9ytoki ne, and those segnments include residues 1-6, 45-61,
86-95, afidA%8-'1 if' " 15 65. The protein of claim®6l wherein the
protein conprises three discontinuous segnents having am no acids identical

to those in correspaondi egnents of the first IL 1 fam]l t oki.ne, and
those segrent 57 AR FQRed Bt 858y Sate! el  hedyends oA Y BT

pr ot ei n offanylcdiclaingsl 1 W4T, evherdih ¢hepsanjuence is Dpechbitlinked ta atradeeripgond | L- 1
famly c&%mkine at the remai ni ng positions. 67. The protein of
cl ai m 61°UNEr &HBHE or nore of the borders of the discontinuous segnent s
are 2mcated at positions wherein the first and second IL-1 famly

25¢yt oki nes hgé/.eAtcheom %t RO %&'ngﬁs'ing a recombinant nucleic acid encoding the

protein of any of claims 1 to 47.

59. The host cell of claim 58 that is an E. coli host cell.

25
60. A method of preparing a recombinant protein, the method comprising
culturing the host cell of claim 58 under conditions that permit expression of the
recombinant protein;
purifying the recombinant protein from cell lysate or cell media; and
30 formulating the recombinant protein for administration to a subject.

61. An isolated protein comprising a chimeric IL-1 family cytokine domain
comprising at least two discontinuous segments of length at least six amino acids and
having at least 80% identity to corresponding segments of a first IL-1 family cytokine and
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68. The protein of claim®6l wherein the protein is identical to the first
IL-1 famly cytokine at at |east 50 positions and is identical to the
second | lwo0 2bemi1b3p3cyt oki ne at at | east 50 positions. 30CT/US2011/06995 The
protein of claim®6l wherein the first and second IL-1 fam |y cytokines are
selected fromthe group consisting of IL-1 p, IL-1 a, and IL-1Ra.

70. The protein of claim®69 wherein the first IL-1 famly cytokine is IL-1
13 and tgc?mgr%?n%néjmilnlé _a%idfs %%Jo%ir?e}/nttlg lfrlorrhea Isgcolnlc'i_l I}-lﬁamily cytokine at remaining

positions.

62. The protein of claim 61, wherein the discontinuous segments comprises
5 residues 1-6 and 45-61, 1-6 and 86-95, 45-61 and 86-95, 1-6 and 148-153, 45-61 and
148-153, or 86-95 and 148-153, according to the numbering of such positions in IL-1(.

63. The protein of claim 61 wherein the protein comprises three discontinuous
segments having amino acids identical to those in corresponding segments of the first IL
10 1 family cytokine, and those segments include residues 1-8, 42-120, and 141-153.

64. The protein of claim 61 wherein the protein comprises four discontinuous
segments having amino acids identical to those in corresponding segments of the first IL
1 family cytokine, and those segments include residues 1-6, 45-61, 86-95, and 148-153.

15
65. The protein of claim 61 wherein the protein comprises three discontinuous
segments having amino acids identical to those in corresponding segments of the first IL
1 family cytokine, and those segments include residues 1-10, 37-125, and 131-153.
20 66. The protein of claim 61 wherein the protein is identical to the second IL-1

family cytokine at the remaining positions.

67. The protein of claim 61 wherein one or more of the borders of the
discontinuous segments are located at positions wherein the first and second IL-1 family
25  cytokines have the same amino acids.

68. The protein of claim 61 wherein the protein is identical to the first IL-1 family
cytokine at at least 50 positions and is identical to the second IL-1 family cytokine at at
least 50 positions.

30
69. The protein of claim 61 wherein the first and second IL-1 family cytokines are

selected from the group consisting of IL-1B, IL-1a, and IL-1Ra.
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70. The protein of claim 69 wherein the first IL-1 family cytokine is IL-18 and the
second IL-1 family cytokine is IL-1Ra.
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