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[0001] This invention relates generally to IL-12p40 proteins, including
fusion proteins contal ning |L- 1240 nodi fi ed to i nprove thel r stability. In
particular, the IINT Sl REANTS } HRAROMEY S TABIEJiYeol ytic site
in the region of 5 Lys260 and Ar9261 in the p40 subuni t. Background of the

I nvention [0002] Interleukin-12 (1L-12) is an inflammatory cytokine that is
produced i Fiekskpbtheeinventionecti on by a variety of cells of the i mune

(ol onbo anbO8tH e RRBARY it £™eeS nelefll S wrdapRE bR it iof ™! ' ©

155-168) . Idrofdndtemairiiy tLMEﬁwnhb@uheMéﬁnpr@vé&ﬁeuabtawuty hi patienretthen of
the innate and adaptive arns of the i mune system acting on T-cells and

natural Ki ||Le1r2p(4ﬂrgrotmms ef th@nnmmtiqsgremm/% prateelytic site infhe rggianef y of

cyt ot oxi n of other inflammatory cytokines,
especi al ?cy Lr H?Eﬁf‘%\ddﬁr@%? 'ﬁgﬁ??aB%ﬁ%@FI L-12 is a heterodineric nolecul e
conposed of an a-chain (the p35 15 subunit, 1L-12p35) and a B-chain (the p40

subunit, 1L-12p40) covalently |linked by a d| sulfide bridge to formthe
bi ol ogi cal |§a@i@grqmd7qf thealnvendioddi ner. Anino acid sequences of |1L-12p35 and

| L- 12p40 o YRS ' 1 (SEQ
ID NO 1) arld @?Wﬂ? r)‘eéﬂ‘é '“hk’"&ﬁ?tgbgﬁw% :bﬁeﬁ‘%gﬂ%ﬁ 23) is
a disul fi daebﬁodwtb uheécmbﬂcbyr@vanemifeeué ef e imnased systemairmmci:ngl L-12, in

that it has the same 13. chain |L-12p40 as | L-12 but a unlgue a chain (the

p19 subunl tphagacyts ceffs, Bopsliseane @@tl\ated dendriic cqllmfﬁ‘«@iqrpbo 8pd Trinshigss) . Li ke
IL-12, f@ogg F@Q@Hﬂ@%b}‘ Mhaﬁé’& lg%v%ﬁlsl %g njy; th_‘?é \;ﬂ'ﬁédéﬁ“ c cells,

and is beI SRV eT ved | recrui acti on of a range

of infl aﬁnﬁéﬁehtléleridéur\(rhédmtmghh@ir&érachbﬂ@@ﬂie |hﬁmen9|ﬁd Bﬁdptnve’zé)r%‘us 86thk05) . 25
The am no acid sequence of |L-23p19 of a mature hunman -23 is depicted in

Fi gure 3 ( SPOWIE Rstem. aFDO@QPﬂJFeﬁ'STﬁ%BaW"'%"Q"((Ni‘é@ﬁﬁ eefma@Ptb'@ 8y
subuni ts 1 PPREaEend BTG RoE WEBARE 2R e pRcRIAGh of Bihc? P10 ©
| L- 12p35 orinfihmA*Ad8 @ltoxinesasspeetally WieRORH-PIIBRE3: 2PCT/ EP2006/ 012301
[0003] IL-12 is a heterodimeric molecule composed of an a-chain (the p35
15 subunit, IL-12p35) and a R-chain (the p40 subunit, IL-12p40) covalently linked by
a disulfide bridge to form the biologically active 74 kDa heterodimer. Amino acid

sequences of IL-12p35 and IL-12p40 of a mature (wild-type) human [L-12 are
depicted in Figures 1 (SEQ ID NO:1) and 2 (SEQ ID NO:2), respectively.
[0004] Interleukin-23 (IL-23) is a disulfide-bridged heterodimeric molecule
20 closely related to IL-12, in that it has the same B chain IL-12p40 as IL-12, but a
unique a chain (the p19 subunit, IL-23p19) (Oppmann et al., (2000), Immunity,
13: 715-725). Like IL-12, IL-23 is produced by phagocytic cells and activated
dendritic cells, and is believed to be involved in the recruitment and activation of a
range of inflammatory cells (Langrish et al., (2004) Immunol. Rev., 202: 96-105).
25 The amino acid sequence of IL-23p19 of a mature human IL-23 is depicted in
Figure 3 (SEQ ID NO:3).
[0005] For immune cells to secrete biologically active IL-12 or IL-23
heterodimers, concomitant expression of the a. and B subunits in the same cell is

required. Secretion by immune cells of the IL-12p35 or IL-23p19 alone has not
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been obsewwvedy7/mbsseas cells that produce2the biol ogi cabty/Eeredosweshl- 12 or
| L- 23 heterodi mer secrete the p40 subunit in free formin 10 to 100-fold
excess over the heterodi mer (D Andrea at at (1992), J. Exp. I\/Ed

176: 1387- 98phe&ppBBEWeE! whbreds2thatl REHOLS Yhe 31319876‘5@%%5% I ’12aoqqf_t2 on, it

has been observed in the nouse 5 that, even in t unit,
cell's may ph@'@t@@mrlseoretgitlmpw sabuiit i free fiitpyia 1otooth Oveoid (ekbws/@vatthél

ﬁ;?oﬁ)eﬁn SRR ENEE Eed ] B ko9 ik 1781 A8 LABCOPBTENB il ar r ay
(Gat el oy o ol 11508 i Pt an R SRRt W FRHIS been

denonst r at ethat,ceveanvie the pbsemte ahan o Sulummt cellsi may prédiseoa bm‘glééﬂﬁy adigection

of IFN-y an tlvtlo f ef f ceIIs such as CD8+ 1-cell's and NK
cells (Br un@‘a 2‘?‘“; ‘5@%’) @W%? &l R 4), Negroseieneeg029: 783).result of its

denonstrate it tT(Hg)‘Ij | i ni cal
trials as aﬁml@@]mmnot herraeggﬁét:élltcnt %%dedr#en%’%sn? %‘%%eﬁ%lﬁ%# %Eggl%%egééwa“ ety
of cancer s fonikmemotagiedl re¢is@oice to @ broad Gaayest patisogens, 48 WeliZis feo! | ob et al .

2000 678-92; and Hurt tal . (2001 .
tncol | 52: 1403 ”r?t%ﬂwmmcaéh@pue%@Eﬁorsc@iaa&%z‘ééézrm9 S, Reicor

(2000 ””’35“%8’. S e D F 3R 3 O DR e SRIERLodBRFuAGS (o0

product i on twindrtactivitg babedapon m@tnaummm of IFN-¢ @htaRé lactistlodesk édtor
bi ol ogically active, heterodineric requi res the concurrent expression

of both theg%l A% CR8d T'Eeliszﬁﬂ‘d)N’?ﬁQ B;W@i!ﬁu@t alg (t393), J.ifoep. Me, pT8:i f i ed

r econbi nant n ¥ of he r resulting
from pr ot eol %}ﬁg%l é%\r/é;%g &nf t%é@@% éﬁﬁfeﬁd%ﬂ @3’%@%‘?’ Hggﬁ{ ﬂ%ﬁﬂ@” The 25
i nst abi | i t ytesfed |h€hUrhar12||mcalltha@%ﬁmminnné’mér&bém:crd t ¥&t tRE ARaBiBNI 6F 1 1S
productlon and, clinical use as a .therapeutic ent erefore, there 1s a

need i n '£he? Wqe yaety g caverrs{Aldnpehan{1997) ,1QlfbrCafLCGZﬁe&1,r3 #09%1That yi el d

a honogene e tp r t va ry of the
Tnvent Lon Tobgef bR BANCIE CaGhRAE, SRR A GUARATBEan BB Lubuni <<
(p40 30 varGanes)l. @hicok, 82a7e1 0oy sdraddichhéer, COBRAREeE, vatibA chnesr, | L- 12
p40 proteins. In thesg% variants, the C-term nal region, which is

normal |y se'H&IW 8 Hiyatphoness sadsscn Eﬂg@)e@/fomamerpdaﬁcwls;(tee et
cl eavage, P\ Wﬁm@%ﬂi 1tg)3§g%3r@ge resistant to digestion by
CI fica

pr ot eases. varian f the invention include engi neered
am no aebd [ano'ar at Foni;l_ﬂﬂ armezaapmmmt.on@ftrmdretconmmm proeircinges esedlly

ggéem: glg er Eﬁldl q;ggblo?cf) acal y ac lvgoﬁétgrorgarlﬁgntc rf]c?rmv%aapés &%Oéoer:crd?relnpm nogent ¢

expression of both the a subunit and IL-12p40 in the producing cell line. The
purified recombinant protein, however, exhibits a degree of heterogeneity
resulting from proteolytic cleavage in the C-terminal region of the IL-12p40. The

25 instability of the IL-12 or IL-23 protein can give rise to problems in its production
and clinical use as a therapeutic agent. Therefore, there is a need in the art for
improved recombinant IL-12 or IL-23 variants that yield a homogeneous protein
more resistant to proteolytic cleavage.

Summary of the Invention

[0008]  The invention provides variants of human IL-12 p40 subunits (p40
30  variants) which have improved stability compared to wild-type IL-12 p40 proteins.
In these p40 variants, the C-terminal region, which is normally sensitive to



5 responsee 2007/dheu3Bns. As a result, p40-variants of theprmeendsomrshave
i nproved properties as therapeutic agents over wild-type IL-12p40 proteins
with regard to their production, formrulation, and pharmacoki neti cs.

[ 0009] Accor gy 1Vtic & J i | var i f a
uman 1L 12080 s HBag. TR Ten S D SRmBrE st ol i AR & Moo
85% 10 i denpiotgasaist HSpecifidallys p4@ vararets of thel RpdAticBindiutdd enginderieddmifgs an
am no acid al.teration at one,or nore positions corresponding to residues
258-266 of AdHAETHARSAN the ?'n(ﬁglegitﬁ %ﬁ@o@ﬁr@ﬂ@@%@f petentialvenel on are

based, in péﬁi?opé%ﬁhﬁﬂcé\ﬂ@rn%ﬂéfﬂe%rfaﬂ?‘bhcﬁging%%r@@%ﬂ%@oﬁfr@ﬁgggpﬁﬁ%qy

alterations according to the invention have the p
renovi ng 5t heespoosewinyburnans.t AsketesalinpAy saténtaof theindegtsii hald fhprbiegor di ng
to the inventiofriti t he, ,an no aci d ?Iteratj(g_ns to one or nore positions

cor r espondi RPPEGIESERT HigEePaIEis agants ayenuidriyna iotapaOspnsiaing withgegardio

| nser t1 ons. drReNeEtiora Wit SHdlisHdrcbRABYENat repl ace basic anino
acids with non-basic amino acids can be used to Create variants according to

_theI 28 i nvel®0D%n. P@mm_nqinglypblrone:zﬁm, th8 imagritiantprovities he/eiriarenfbguufmmy ]

i ncl ude one, 0 no. a substitutio osi tions selected fromthe
group consi %f%gﬂgﬁf%@é‘g‘ Y@r@\ii,Wg@ﬂﬁgﬁﬁgﬁlarﬁy@g@;,leﬁ}@ﬁym, Asp265,
and A" 0266, idSHAlY Al 8WiRClyBeHunfira - PASIE BB diinaif AhdShadbis h dinb I nat i on

to induce the 25 structural and/or function anges descri ove. For
exanpl e, t heltandtiomat ane ot aroremositisns aoerespendingdo residees 258266@mf matuee of t he

follow ng s | tut, ' 58Gln, ..Ser 259 .. LYS260Al 3, Lys260Asn,
Lys260GLn, m%gﬁt‘?%@r géé%%ﬁ“a‘?mﬁ%ﬂ@i‘i§Bfaﬁ‘%r'a‘é%ihﬂﬁ‘r?'% g3 part. Qa3 ser
and/ or - Lys24dideriatibA ®a] dhamiitba g RRE TR & allePSticHaRsddotdihl 90 thei | tion
Lys260. The 30 substitution may replace Lys260 leot?ﬁ a ngdr?bgggiﬂ?:émeﬂg&aci d,
for exanpl ehava e particular henelit ofirgmovingtthe prateblytic siie ibehseém LgsRBO aod t o
Lys260 may R{Q?,éﬁ at Ser259 and Arg261. Particularly, sonme D3 variants of the
invention in porate substitutions Ser259Asp, Lys260Asn, and Arg261Thr. In

a further efggooli memiccordfy MY iRvERDIT, 4RCANRRZ 06/ dhbratbhsiB o b of the
i nvention incorporate substitutions Ser259Asp, Lys260Asn, Arg261Thr and

ys2bacy. Tl g oo o i ssbeuatony o
Y, i J | s | | S S ,
A gzorthr, DRaE s MeRhvern SRS B R bhs S FE58 bR Shina s

[0013] I n otwith nendiedicamirod acidotdh g Used theréateaniiafts acorBinyab Rt
i ncl udi ng_ a substitution replacing Lys260 alternatively iIncltdes further
[

substit 3Pi JR¥eMMOTone or nore of Lys258, Ser259, Arg261, Lys263, and Lys264.
E%ZE)S( gT;' e[gg% 9582&),55??%‘5??53 vafafts ofahé HVentiBs In?adye%cfu%% Shst r'ntolrjetz ons
amino acid substitutions at positions selected from the group consisting of
Lys258, Ser259, Lys260, Arg261, Lys263, Lys 264, Asp265, and Arg266. Such
amino acid alterations can be used singly or in combination to induce the
25 structural and/or functional changes described above. For example, the D3
variant can incorporate one, two, three, four or more of the following substitutions:
Lys258Gin, Ser259Asp, Lys260Ala, Lys260Asn, Lys260GIn, Lys260Gly,
Arg261Ala, Arg261Asp, Arg261Thr, Lys263Gly, Lys263Ser, and/or Lys264Gly.
[0012] In some embodiments, the substitution is a position Lys260. The
30 substitution may replace Lys260 with a non-basic amino acid, for example, Ala,
Asn, Gln, or Gly. Further substitutions in addition to Lys260 may occur at Ser259
and Arg261. Particularly, some D3 variants of the invention incorporate

substitutions Ser259Asp, Lys260Asn, and Arg261Thr. In a further embodiment,



10 Lys260Gbnpo7ArgRa6lAsp, and optional | y-Lys263Ser and Lye2640y/01430014] | n
further enbodinents, in addition to substitutions at Ser259, Lys260, and
Arg261, one or nore of residues corresponding to Lys263, Lys264, Asp265, and

[\&iri ' [ ' : r 63,
Ly9264, "Acpaes et nts s e B oI Shb o R0l Bustode a1 &

15 further ArgafdiTineand Lt)/ﬁéGéGl;sMhilethionsﬂy delﬁﬂﬁg [L)gszw_aa@?@bgfea{\ﬂ,

ti Iy, S2 and _Asp26 e deleted. O her variants o e
ioﬁvleg{] ?onyi ﬁt%?‘ﬁg‘%&m%géu\fﬁﬁ“? 19? frtﬁ‘n'g"@étf%'@ﬁgiﬂor g SHOALHtIONS §962.59ﬁ3,p2,gg d
Lys264G vy, FORsho THie [ [ q n ys ,
Ag;265 a%d %ry% 266|.n' J[Rg%il%ﬁ]'ﬁl"?%m "9%%@{%' g?is"tgoo e@{'i%%‘g’ gk%lfegn n the art
t hat p405vafBp2B% and 20 active portions thereof that incorporate a D3

Sritarly, (EVED pBelirerane s BCRsHPOdAInE Recabpncn B0 EBinraiisleingio
variant (I Lakdpy@utientéepladhg§?yav6o ‘Qitéﬁia'ﬁvél?‘?néiﬁ&’%ﬂf?{hﬁg Qﬁké_:tﬁﬁ&ﬁé one "€

invention further enconpasses fusion proterns including TL-: variants of
t he i nvent i @hmaneloblysaSs: Pes2bSdirga6t rlom26Beand bys26hnBosexarpplef ireoné5

i i . -1L- Ki ti i th of .
ant body, oLy AOT A atgihnse o A det e gartion thersolt
p40 var ignt | {4602 VAIG2BANSD, él!;(zgf)ﬂéﬁal E)}é?%é@?alﬁﬁgp%@{(ﬂ&he i nvention. The

invention further enconpasses fuslon proteins inc ng 23 variants of
the inventiB814ind d4n fsthanenskbodiotests, im additibe tgsobstitotiors st $ev@50f Lpspeont | body

i s L= i i i f. 100171l
Aot hat aspald AR BlvhRere SaeSiud carisstionfian o Buset has2ehcteiany of
the D3 varim%ﬁm@awélé%swrﬂnbﬂ%na%k@ BodirRBAkt bhé%?gﬂ&ﬁe'&ltyézeﬁ the WO

2007/ 076933- 5PCT/ EP2006/ 012301 i nvention. The I nventlon further“enconpasses
a cell, e.glys284pPsrRapP§AntArgRa6, areratibstiuted withta mombasieiamiaoiatid.[ B8] The

T2 a9 iler BB I STt teiatysap s oSy 2 abianadye & o
moi eties. [ ORPIBIdhd/AbpZBBaRedeldfRe Othek I3 T4NH bPheNh Pt SinBERPaE of
HSING TN . bstitutions Ser250Asp, Lys260Asn, Arg264Thr, and Lys264Gly, and optionally,
deletion of residues corresponding to Lys263, Asp265 and Arg 266.
[0015] It will be understood by those skilled in the art that p40 variants and
20 active portions thereof that incorporate a D3 variant as described herein are
within the scope of the invention. Similarly, IL-12 proteins and active portions
thereof that contain a p40 variant (IL-12 variants) also are within the scope of the
invention. The invention further encompasses fusion proteins including IL-12
variants of the invention and a moiety selected from the group consisting of an
25 antibody moiety, a non-IL-12 cytokine, or an active portion thereof.
[0016] Similarly, IL-23 proteins and active portions thereof that contain a p40
variant (IL-23 variants) also are within the scope of the invention. The invention
further encompasses fusion proteins including IL-23 variants of the invention and
a moiety selected from the group consisting of an antibody moiety, a non-IL-23
30 cytokine, or an active portion thereof.
[0017] In another aspect, the invention relates to a nucleic acid that encodes
any of the D3 variants, p40 variants, IL-12 variants, and IL-23 variants of the



vari ants wb 2bdv7émyenti on and the nucl eicsaci ds encodi ngcsameooshorsoexanpl e,
the invention enconpasses a method of treating a patient that includes
adm nistering to the patient a therapeutically effective amount of a p40

f T
for eqoi ng. Hnarastterhe e RoRfuMbtroX bt stk 8 FEbrnelAE | as (he
i nventi on iinskiding swdH a becleir acitiul | y undertshood fro[n t he flol ![O\;VI ?g fllgu'ra\es,
i pti d r e invention relate
Vari ant  of WRTRL- 13M80VeRiORoALR dedthires BEHOCR ! s SUp D3aar e P05
onpri ses
sequence | datidrky Y driatd dr L0 R aNY had sy BAQGIES R TRdsE O

an ami no acl ‘eration a one or nore posi resi dues
at p05|t|50nm023&5266 of the parent mature human | L-12 p40. A corresponding

vari ant, in the a ter t|on elimnates, the protease site 20between
Lys260 and 2%161 |nxe EbB%QQh@dPY%{HP" Rﬁﬁ)é'ﬂéﬁﬁ“?th@dﬁpf BsiRgItbR is a

bstitut er ration
Pe e Subst 1 rrnt@offeShlftion dnd Bid AIAGR I SR saifle” P B @ e
Lys263, andlnugsmﬂnenaﬁnpamsraeermtmti t)gtrtsafatlrngaamt)gtladlitethgtS ?&M@s?dngﬁggsﬁrﬁf t he
foll b titug ecte S n S a
Lys2600n, - By B8 eben: & tySabnuicAl eBstusayioun gba pibar aRboHOBswEny. A

correspqgdi i hR giant, wherein the substitution is at |east at
posi ti ogBLyg'gaﬁ% Wgwg%g% 6PCT/ EP2006/ 012301 A cor respondi ng

vari ant, whi@020n t H'@es‘olmolmgtarmmthepfmsaankiaajveneagescnfahe thvgntibnas
(r;?nebsm ¢ ame as?r(\:' ?lr'i’venia (l)r(Ia ?tgel? rgrtngree 'il)? ﬂﬁdg%?&')ds }rbrr:wgthgffol'la(\l)m%ngAsn an
figures, description, and claims.
[0021] In summary the invention relates to:

15 o A variant of an IL-12 p40 D3 domain, wherein the variant has at least 85%
sequence identity with a wild-type human IL-12 p40 D3 domain and
comprises an amino acid alteration at one or more positions corresponding
to residues at positions 258-266 of the parent mature human IL-12 p40.

A corresponding variant, wherein the alteration eliminates the protease site

20 between Lys260 and Arg261.

e A corresponding variant, wherein the alteration is a substitution or a
deletion.

» A corresponding variant, wherein the alteration is a substitution selected
from the group consisting of Lys258, Lys260, Lys263, and Lys264.

25 A corresponding variant, wherein one or more of the following amino acid
substitutions are selected:
Lys258Gin,
Lys260Ala, Lys260Asn, Lys260GIn, Lys260Gly,
Lys263Gly, Lys263Ser, and

30 Lys264Gly.

¢ A corresponding corresponding variant, wherein the substitution is at least
at position Lys260.



A correspeodiimg7essi ant, wherein the variant further corpriepe®comsoor Snore
substitutions at positions Ser259, Arg261 or Arg 266. A correspondi ng
variant, wherein the substitutions are Ser259 and Arg261. A correspondi ng

i i J i Ser 259 .Lys260Asn, and Arg261Thr.
A correspondi g DSATEREETILRIRERRE oflieEiths SLheRuiet FeRlaeeoa beskamBDy . o A
correspondi ng vaadiamith 3Merdiasid sniMeacianesiesteld %o He E&pf&ﬂs@fﬁﬂodrfgs 263

and Asp265 are deleted. A correspondi ng vari ant, vvhergl n one or
resi dues correspbladifeg, Gi.IPdIB3, Lys264, Asp 265, and Arg266 are del eted.

A di iant, further conprisi one o re of the
I5subst i tutiofs AEPIECEINYNG varRet dRiIbA yASeryriBer Copesaes ongenes, Asp
265, andsAr9266,mwf@sebaammscar;;%ﬂmdsmsgrkmzm'o,ggﬂgg%ﬁeam d residue is

repl aced by a non-basic am no acid. corre ng vari ant further
conpri si ng one ol cepiespendisgivatant nehe2einghe substittitioms hheSgrasgmambAR) 28t ng

of : Lys258, Ser259, Arg26 Lys263 and Lys264, A correspondi ng variant,
! Jhadipa gt Be subey :

wherei n the sdbstiCHES ['99‘2 ?l'_,nt f AEE?"E’L?E?Z @@ﬁs?ﬁsﬁ?ﬁ
Ar g261Asp, Lys260AGR! HRS POGSE hrvari ant, further conprising the
substitutions LysyZ638er 25and Lys264dy. A correspondi ng vari ant,

speci fical | y eonfrcosiesgonding variant, further comprising the substitution Lys264Gly.
10 e A corresponding variant, wherein further one or both of the residues
Lys263 and Asp265 are deleted.
* A corresponding variant, wherein one or more residues corresponding to
Lys263, Lys264, Asp 265, and Arg266 are deleted.
e A corresponding variant, further comprising one or more of the
15 substitutions selected from the group consisting of:
Lys263, Lys264, Asp 265, and Arg266,
wherein the corresponding original amino acid residue is replaced by a
non-basic amino acid.
» A corresponding variant further comprising one or more substitutions
20 selected from the group consisting of:
Lys258, Ser259, Arg261, Lys263 and Lys264.
e A corresponding variant, wherein the substitutions are
Lys258GlIn, Ser259Asp, Lys260GIn, and Arg261Asp,
* A corresponding variant, further comprising the substitutions Lys263Ser
25 and Lys264Gly.
A corresponding variant, specifically comprising
(i) the following substitutions:  Ser259Asp, Lys260Asn, and Arg261Thr,

and
(ii) the following deletions: Lys263, Lys264 and Asp265,
30 wherein said positions are related to the unmodified wild-type molecule,

thus forming the sequence track Lys — Asp — Asn — Thr - Glu — Arg at
positions 258 — 263 of the variant.



(i) the fwbhowimep3substitutions: Ser 259Aspy Lys260Asn, ardTAPgR6ALTH301 and

(ii) the follow ng deletions:Lys263, Lys264 and Asp265,

30 wherein said

positions are related to the unnodified wild-type nolecule, thus formng the

sequence track L i - = AL, positions 258 - 263 of
thg vari ant. V\ngz(%%/ %313 - glang%ﬁ)}e&g%f%c/‘%@égﬂﬁb A correspondi ng vari ant,
speci fical ly confiy itke fajlowing shbstitotionsm n@aam,maaeAer@%sm, and
Lys260Asn, Arg261Thr and Lys264ay,and (ii ) é&gﬁ&fl I'owi ng del etions: Lys263

and Asp265, S5wherein said positions are Lp

o the unnodi fasd wil d-type

mol ecul e, thus fﬁi%[ﬂé‘ﬂ)llb%@&@l\éﬁ&ﬁ@. trac{f_'ysé%§ahd ogsVh - BE - Gu - ay -

Arg at positions 258 - 264 of the varian

correspondi ng vari ant,

conpri si Aig t he fwhewm sgidspasitionsarecetated yoE8GIModifed MiAtigpe ySABEGHN

Arg261Asp, iothus fqQrmn he sequence track: G n-
e ys - g s TodiA8she Seaachoge

- Asp - Gu -

Asp_- Gn
Of Lffe D8R AR — TAr cdplues EhndiAig

variant, conpri sainsbdititths 258 Q\Q'quoqug%éhémt_i ons: Lys258Gln, Ser259Asg,
v

Lys260Gln, Arg261Asp Lys263Ser LysZ264

thus form ng the sequence track:

G n- Asp - G nm -Akgprespehding Vaeiant, @pnidsisingy thedollewingtsubsstulibRs- 265 of the

variant. An IL-12 ei r.afra t thereof, containing the variant as
descri bed above 'a¥ﬁ?%r§ |Bv\£éf2§§A§2Lb@%&L§4 m9264 Asp

fragnent thereof,

cont ai nijgg the v@isadimidg tﬁé%%%ﬁnger ﬁ?@ggag?%gg_%s_%@_f@ﬁ}Qnygr_cttygi n

conprising a variant, or an |L-
— Arg at positions 258 — 265 of the variant.

* A corresponding variant, comprising the following substitutions:
Lys258GiIn, Ser259Asp, Lys260GIn, Arg261Asp, Lys263Ser, Lys264Gly,
thus forming the sequence track: GIn — Asp — Gin — Asp — Glu — Ser— Gly

15 — Arg at positions 258 — 265 of the variant.

* An IL-12 protein, or a fragment thereof, containing the variant as described

above and below.

e An IL-23 protein, or a fragment thereof, containing the variant as

described above and below.

20 * Afusion protein comprising a variant, or an IL-12 or IL-23 protein as

described , and an antibody or an active portion thereof.

* A corresponding fusion protein, wherein said variant or said protein is

fused to the C-terminus of said antibody or antibody portion, preferably to

the Fc-portion of said antibody, wherein said antibody targets tumor
25 antigens, such as KS (EpCam) or 14.18, or receptors that are
overexpressed on tumor tissue, such as HER2 or EGFR or VEGFR.

e A nucleic acid or DNA molecule encoding a variant, or an IL-12 or IL-23

protein, or a fusion protein as described above or below.

e An expression vector comprising said nucleic acid.

30 * A host cell producing a variant or an IL-12 or IL-23 protein or a fusion

protein as described.

e A pharmaceutical composition suitable for the treatment of IL-12 or IL-23

triggered diseases comprising in an pharmacologically effective amount a



descri bedvo 2eawb7eus3ant i body or an active gortion thereobcr/Ef2@entsspondi ng
fusion protein, wherein said variant or said protein is fused to the
C-terminus of said antibody or antibody portion, preferably to the

- [ i & i bad [ i d i ets tumor 25anti gens,
Guch as kS ( Epcarg il 4Rt MEZR ol R g B brosBE PRl tER SHRR s
tissue, such as viRhtar IEGRRML-28560RIN, dptionellgitsgeatsédyith aDNA ol ecul e

encoding a variant, or an |L-12 or |L-23 protein, or a fusion protein as
descr i bgd above B?afﬁawilcaﬁha%s@wwgicarflerétlu@nt eensipienthgr vathamdthet | ei ¢

id. 30 A host i AL i r -1 I L-23 protein or a
?ﬁ!si on protein ag#%f&%#%ggéi%ﬁe&\ﬁlg%ﬁguﬁsuﬁ%g&nbmlég%?rgmgﬁg ‘e for the
t tments of leL- AZiserofldai® hamagritied] sHrigasifsn 6PRPEHEMNG ddin
pLS?macol ogically effecti VE anount Ia WO g%%?/ 076933- 8PCT/ EPZ%%%?%iE%rOl

variant, an I|L-19edpapufasturgofegpadicamensfaribe tieatmentesfrcanoepor shng such a

variant or |L-12 P in, optionally together with a
phar maceuti cal | yalsa)[(@'cdé'b)"tuﬁgldgéécgas%fi er diluent or excipient, or with other

phar macol ogi cal |y effective drugs in a combination therapy reginmen. 5 A use
of said phaérr,a? utical. conposition or its effective conponents for the
manuf act ur e2Hf geﬁéﬂﬂt}&ﬁe‘h ti\eolb"ﬁ"ﬁ'é‘gsr eat ment of cancer or an autoi mrune

matur e At nig022q” Fiael e gt 18 AR Bfind foi SapRhbe St ie i SRR, 164 o
mature (wi | thetpGBegubumiof blmdtrd RREQ-fyPeNRuan %Oﬁz?ﬁa;mwrgrm%gdep' cts the

mat ure amino acid sequence of the 13 chain, i. . p40 su uni-t,.pf a
mat ure (wi | B023be) Fightar? depicts thepmtur amirg) acideeauen@8of ther espionde.ng to

Cor r espond! G 40 STV Bha "3uars telcPybeh humerbes £ &k B N@B) Damain Lye260
and Arg261 bagtbrrespordingtdisdsitions 211-306 (SEQ ID NO:26), is italicized, and the

15 peptide fragment corresponding to positions 258-266 is underlined (SEQ ID
NO:5), with Lys260 and Arg261 highlighted in bold.

[0024] Figure 3 depicts the mature amino acid sequence of the o chain, i.e.,
the p19 subunit, of a mature (wild-type) human IL-23 (SEQ ID NO:3).
[0025] Figure 4A shows the SDS-PAGE gel for several purified batches of

20 human IL-12 produced as antibody fusion proteins (lanes 1 - 8), while Figure 4B
shows the SDS-PAGE gel for several purified batches of human IL-23 produced
as antibody fusion proteins (lanes 1 - 3). The IL-12p35 and IL-23p19 subunit is
covalently attached to the antibody heavy chain. The 6kD band is indicated by an
arrow. Molecular weights (kD) are indicated for the markers (lane M).

25 [0026]  Figure 5 depicts the amino acid sequence of the C-terminal peptide
fragment of mature (wild-type) human IL-12p40 subunit. The fragment starts at
Arg261 (SEQ ID NO:4).

[0027]  Figure 6 depicts the amino acid sequence of a peptide fragment
corresponding to positions 258-266 of a mature (wild-type) human IL-12p40

30 subunit (SEQ ID NO:5).

[0028]  Figures 7.1 and 7.2 depict an amino acid sequence alignment of IL-
12p40 subunits from various mammals including human, baboon (Papio anubis),
rhesus monkey (Macaca mulatta), mangabey (Cercocebus torquatos), dog (Canis



[ 0024] Fi guoeo@/depscts the mature ami no_agid sequence obcrheasohsin, i.e.,
the pl9 subunit, of a mature (wild-type) human IL-23 (SEQ I D NO 3).
[ 0025] Fi gure 4A shows the SDS- PAGE gel for several purified batches of 20

h | L- 1255 ' Ji - ile Fi
28 shows ¢ R EArT e LRIk (EYulk SamalRs), ial8as %cre[ﬁ%%ﬁov“v‘l’?g% OHrE
e Lty e e aride); OB (o oD W e 6kD
Su | S,C a (6] e antl po eav chnal n. e
band !Os indg‘rl’g%'%bﬂé?a@ﬁ%é‘%?@wy h Sg%fdﬁ/fﬁS%F@tHﬁéuak@f éum%%!gd%w f]?r th he
k | 2 t
Gt orm nal Do) ok SRR Sigb G nRBRS), Tt (s Ao gk SR TRG TR ¢+ °
The fragﬁen? Mis aussubas). AT be éwo @Bfiqo labidsOnbold [ndcste Ehle]prcﬁecﬁyﬁiemeet/égé he

am no acid gquence of a peptide fragnment correspondi ng to positions
258- 266 of ehature (wi | d-type) human |L-12p40 30 subunit (SEQ I D NO 5).

0028] F 1 anubi
| 0028] Fi gur g#23). 1 gl LagiisTheHnAGiRRy f%ﬁﬁ?ﬁfﬁboon 5

12p40 subunits fromvarious mamal s 1 nc apl o anubi s) ,
rhesus nonk@§r mﬁ%@éQVﬁmOiaan’t&)turemgabély-mﬁé@(subebm(sSEQrIMOtﬁ)) ,Thtog (Cani s
WO 2007/ 076 P EP2 06/ 0 Ql famliar's), cat (Fel/is catus), horse
( Equus cabaﬁg’}ﬁg?&e&% SIS é%PB‘%%' ow (Bos Taurus), goat (Capra hircus),

sheep (Qgi s[oasoles) Figlaero dé}ﬁbté%ﬁe@n@iﬁb%}d sé’@ae‘ﬁ\?etﬁff f\%rfeéfnl E?‘gf’érl- obUbal i s),

hamst er (Mesocricetus auratus), guinea pig ( Ia porc co ton rat
(Si gnodon higreinias p40vat of Rmaturs Momar §i-d2p30 sabdnittsEa B NOLR). iiscu/ us) .

The two am&e ﬁg%%ﬁc%e&”gﬁggél nﬁléi te the proteolytic cleavage site.

[ 0029] Fi gure sequence of a variant, referred to

herein as pwoyil, OfFlgﬂljrgaltOJd&)lbl@rfﬁéahhné%B eﬁ%ﬁﬂbb&%ﬁ%ﬁawr&ﬁ]@dt grne

engi neered sequence 1s underlined. io Eh ure e amno acid
sequence of hereimas aAPY3r eff @ maddret lumen 8i-n2p40 pabumt SEQan‘ﬂOLB)e Theran

10311 A gur & e Ed BB R S ERTa s equence of & varl ant, referred 1o
herein as p@oy3, OfF|gljr€Hlt1Ud@plﬂlsﬁﬁé ahlind 3Bt exinBe bf 6BERahD rbfer®d toThe |'s
engi neered sequence 1 s underlined
herein as p40V4, of a mature human IL- -12p40 subunit (SEQ ID NO:9). The
engineered sequence is underlined.
[0033] Figure 12 depicts the amino acid sequence of a variant, referred herein
20 as p40V5, of a mature human IL-12p40 subunit (SEQ ID NO:10). The alteration
is underlined.
[0034] Figure 13 depicts the amino acid sequence of a variant, referred herein
as p40V6, of a mature human IL-12p40 subunit (SEQ ID NO:11). The alterations
are underlined.
25 [0035) Figure 14 depicts the amino acid sequence of a variant, referred herein
as p40V7, of a mature human IL-12p40 subunit (SEQ ID NO:12). The alteration
is underlined.
[0036]  Figure 15 depicts the amino acid sequence of a variant, referred herein
as p40V8, of a mature human IL-12p40 subunit (SEQ ID NO:13). The alteration
30 is underlined.
[0037] Figure 16 depicts the amino acid sequence of a variant, referred herein
as p40V9, of a mature human IL-12p40 subunit (SEQ ID NO:14). The alteration
is underlined.



[ 0032] Fi guoeodb7espi cts the anino acid segyence of a vaecamroeisored to
herein as p40v4, of a mature human |L-12p40 subunit (SEQ ID NO 9). The
engi neered sequence i s underlined. [0033]Figure 12 depicts the am no acid

f i a r . rei. . ~Qf & _mature human.

T 12p0 sulbadt ( Ry ERAES e B S BN E of R TS AR gur e
13 depi ct's ahpdavt Ooofex imbtsreduenae Il6fi 2p40 subait (SEQfIBrNOE 5)e MienalaFatdd Ve,
of a mature, hu%, | L- 12p40 subunit (SEQ ID NG 1i). The alterations are

under | i ned. 'S38 Figure 14 depicts the anmino acid sequence of a Vﬁeri (ilgt ,
o h or a8, 2 R4T e OlpeTe MBI A0 VAL RGN 10
sequence sof amp¢@y il hrof,a meterertadnive ttsil Bp40 subsnip@B@ IDAjOa FYRITHee human
I[(%ogfé?gﬁ?%'@%{'wg’g% ‘Ié’%?Nfg‘é‘i? hnggi SI tsg(rqﬁtelngg 219 Iasv:;]?g:lltl, nregi‘ erred
i . . ' 4) .. The
i torati on [N gor g UCRTRS PRt sPHRE B p05Hd b bhdPhatgur e 17
depi ct's t he(vdlartype pbunhasdbi@pdé sabuaitBEQaID NO:2f)erred herein as p40v1o0, of
Cindor 1 ned. [0P8Hs] FIGPOIEeRIES 6e SUckis arihsehuencs sta senibetionusleose ant
B ey pner o, R herth 8 PRV S\ AR AUBRNE 0 o
aci d sequenard pAQ\d2i Tpet\ity2 fragmeahghborhphssest o e frdgment ihtludpeddragibini t
(SEQ 1D NG (%%1)(:!érlined) encoding SEQ ID NO:17. This is followed by a linker sequence
(lower case), and subsequently, a V2 fragment including a region (underlined)
encoding SEQ ID NO:18.
15 [0042] Figure 21 depicts the nucleic acid sequence of a synthetic nucleotide
fragment, referred to herein as V3V4, encoding portions of p40 variants p40V3
and p40V4. The V3V4 fragment encompasses a V3 fragment including a region
(underlined) encoding SEQ ID NO:19. This is followed by a linker sequence
(lower case), and subsequently, a V4 fragment including a region (underlined)
20 encoding SEQ ID NO:20.
[0043]  Figure 22 depicts the nucleic acid sequence of a synthetic nucleotide
fragment, referred herein as V5V6, encoding portions of p40 variants p40V5 and
p40V6. The V5V6 fragment encompasses a V5 fragment including a codon
substitution (underlined) encoding Arg261Ala. This is followed by a linker
25 sequence (lower case), and subsequently, a V6 fragment including codon
substitutions (underlined) encoding Lys260Ala and Arg261Ala.
[0044]  Figure 23 depicts the nucleic acid sequence of a synthetic nucleotide
fragment, referred herein as V7V8, encoding portions of p40 variants p40V7 and
p40V8. The V7V8 fragment encompasses a V7 fragment including a codon
30  substitution (underlined) encoding Lys260Ala. This is followed by a linker
sequence (lower case), and subsequently, a V8 fragment including a codon
substitution (underlined) encoding Lys260Gly.



[ 0041] Fi guoeo@@7ekspi cts the nucleic acid spquence of a symEredoso1zuc] eoti de
io fragnent, referred to herein as V1V2, encodi ng portions of p40 variants
p40V1 and p40V2. The V1V2 fragment enconpasses a V1 fragment including a

region (undgphsnedrifieod lg%\ﬁ%@térl?ﬂ}\?v}% aﬂ%\y%ldrﬁalfaﬂll InthO Ml@od nker

sequence (| ower case and subsequent fragnment |ng region
(underl i neﬁUWOGwMQOBEeﬂSI transfeated with wmﬂ@mmmwmnzpm vhgamtgcl ei c

de, f to h
ove, “ensod oY ReTE B S hites bhGUEERPABEY ok wikhShiadhen
enconpassesclgnés(d, fb?@ﬂ“%ﬁbh umbaﬂownan N M@W@ OVSd%nc?g 5004 NoergEQ 1 D

NO 19. This is followed by a |Inker sequence case d su sequently,
a V4 fragnetestadacThgiamgwapaieigitoihe Lbﬂi’@kd)fomnedZMlﬁpé@dhakm@EthﬁnlﬁD 20.

0043] Fi gur nucl ei ¢ acid sequence of a synthetic nucl eotide
1[ragn’}3ntg @?éﬁ?@é‘fi‘?é‘@%& V5V6, encoding portions of p40 variants p40V5
and p40Ve. Bb¢6]V5V@|§dré@E§Hov@§'ﬁ@®BSSERGEg}éﬁf&ﬁﬁﬁfﬂ%‘ﬂ&l |%:11glfd’éibﬁ1gr&teﬁ1|%d0n

substitution (underl I ned) encodi ng Arg261Al This is™f owed i nker

25 sequenceCcqNtaipng l@"é%@ﬂar&ﬁ@@t(ﬂsgﬁ@éam?)\lﬁh M@;Mr agg’gﬁx p4 0N, (L)pgﬂ402@7|:|<303?2 ’s
n
Gopt ct st h B AN Wi RS ROEARAEH-o4° TR dnier Bostra brnd repiagnata the

r ef err edo hefiugion 6t ¥etwasIc o™ m:u@@ytﬂe%mﬁ cﬁénrpé% MR pang d@ﬂ@‘é%d%ﬁé’ p40Vva.

The V7Vv8 fragment enconpasses a V7 fragment including a co
subst i t ut i JAWEn AN PRREdgPEsents thg anjibody Jight. chin. sThe 6kiDa baed was rotl i nker

f don
Substi st oetBEtean Bhy i BIBSTRC e rdfeind BAGRRIp08 Bo doiedufar O
- PCT/ EPZOOMQIQBMM%émﬁBdéoﬁﬁeIrﬁalfkewﬁﬂél% M)bl ot with a polyclonal

anti - hu-p40 anti body. Su ernatants of cells transfected with wild-type
| L- 12p4opanl<90117_1 12p mrega% Rarmacpkinetie deta obantdwdydt 12 fusies peotems an

e T e AN e e e
cl eaved | L1f2pitd pratsins)@dmihisteredantrdvenguelyt (| ane p40 wt).
[0048]  Figure 27A shows pharmacokinetic data of antibody-1L12 fusion
proteins containing p40 variants p40V1-p40V4 compared to antibody-(wild-type)-
IL12 fusion proteins (panel A) and Figure 27B shows pharmacokinetic data of
20 ahtibody-lL12 fusion proteins containing p40 variants p40V5 - p40V8 compared
to antibody-(wild-type)-IL 12 fusion proteins (panel B), administered
subcutaneously.
[0049]  Figure 28 is an IL-12p40 variant having mutations outside the D3
region of the protein.
25
Detailed Description of the Invention
[0050]  The invention describes variants of the cytokine interleukin-12 (IL-12)
p40 subunit which have improved stability compared with the wild-type protein. In
these variants, a region of the p40 subunit which is normally unstructured and
30 sensitive to proteolytic cleavage is mutated to be more resistant to proteolytic
cleavage. This region, in domain D3, is near the C-terminus of the p40 subunit,
encompassing a polypeptide stretch corresponding to amino acids 258-266 in
mature human p40 (p40(258-266)).



[ 0046] Fi guoeo@m7ed3ows t he SDS- PAGE gel f£or2anti body- 1L12CcTus@e/opr3of ei ns
contai ning p40 variants p40Vvl, p40v2, p40V3, p40Vv4, p40Vs, p40ve, p4ovy,
p40Vv8, and wild type p40 (lanes 1-9). The upper nost nain band represents

the io fusi osEr ot ditfe et Aerns s elseslkoRBBN¥NCARIMIT dnd BEiRfR Subuni ¢,

and the |ower main band represents the antibody |ight chain. kDa band
was not det béeraukim28Al-33). tthe23 bastvasubiritsy i asubpnibt el Fisandetkedbt | ane 5.

i . i i . k . 100471Fi
% shows. phay SIS EARe) TEE PR 11,3508 He TG Hedh {701 Hierereont ai ni ng
p40 vari ant gafeHYf ILP42YAD sabldt 8 ikevass | Bshts OMHEL LY RS0 éd%ﬁmf. usi on

proteins, adm nistered iInt ravenouslty. 100481Fi gure 27A sl ows phar macoki neti c
data of 4nt (0882l - 11n2ne@sneraliasscofrembadimaints, mpepsronoe inatetons40%1 - p40V4

278 shows pRIDHESKITRME P ReL A BotrkEhanige & Soha.ePaenmtbe BRE 206 ©
cont ai ni ng RAQlinviRBiAIMeSCIPARGR site) 4Mich mq{mﬁéﬁ?4b%oﬁ%"st}_99rf’§(/)g£fgﬁe' etype)-1L12

fusion proteins (panel B), adm nistered subcutaneously. Figure 28 is
an | L- 12p4ob&tueeartysigiang Aglgfli dnfurtharsnleodiments3 spegifiomuthtioheape ot ei n.

i ; L ptien of . i 00501The i | O escri bes
variants of Miaoes? b Bl B Fheadne dehesste otk Babi T have
i mprovedost sthidtutey lacimoaiechspechof fhe invértiony B RErebated ng?]ty}%ée variants, a

region of the p40 subunit which is normally unstructured sensitive to
pr ot eol yt i ca¢didenallyeareradictaddle awibmakingtheariginaared regipn of ¢us pao c

i W=Yol] i n.. i i ; the C.t i f the 0
subuni . entiourtiafirihoddhic YEBE Sxifiler i bl ARLSHLARME s Snameerge: s
258- 266 in meaiorm ef thermd subunitete (cho8er &S hvoid tNOC I iyn(b??)%?adeé?nat may oo

- PCT/ EP2006/ 012301 [ 0051] The I L-12p40 subunit is also a nponent s

the cytoki nRe FefagNzedanPoigntial T-zel epitopergintiman® subunits, the a subunit
JRALE R T N R S
the | L- 23pdéminebacid residues 258-266 by a variety of mechanisms. For example, in one
embodiment, a mutation or mutations are introduced by substitution of one amino
acid residue for another. In a further embodiment, a mutation or mutations are
introduced by deletion of one or more residues of the p40 subunit. In yet another
20 embodiment, a mutation or mutations are introduced by insertion of one or more
amino acid residues into the p40 subunit.
[0054] In one embodiment, the p40 variants of the invention are contained in
protein compositions such as IL-12 proteins, IL-12 fusion proteins, IL-23 proteins,
IL-23 fusion proteins or p40 homodimers. For example, in one embodiment, an
25 IL-12 protein contains a p35 subunit and a p40 variant according to the invention.
In another embodiment, the IL-23 protein contains a p19 subunit and p40 variant
according to the invention. In a further embodiment, a fusion protein contains an
antibody portion fused to IL-12 containing an IL-12p40 variant. In an even further
embodiment, a fusion protein contains an antibody portion fused to IL-23
30 containing an IL-12p40 variant. In a further embodiment, the antibody portion of
the fusion protein is an intact antibody, an Fc region, an sc-Fv, an antigen binding

portion of an antibody, or an active fragment of an antibody. In yet another



5 [0052] Imoane/gener al cl ass of enbodi nent$,- one or nor eCTEP06OMIAT €
introduced into the region of p40 corresponding to am no acid residues
258-266 to elimnate the cl eavage site, which in human p40 corresponds to
the site beiyg Gmlréfﬁzé%ff'f&?' t8 S ccobding 6 e m&%d'n%ﬁme &

nut ati ons are |6ntroduce n ﬁg regl}onét%{ @ysrm ||ng éear@raaféega nor e
tightly f ol \dathnd fuzaditotan ronln12rostriverlLeZpeytokiot drleetivepertianatherddie

i d d | ki h
el oanred WSS 1 07 alfiaher et i e ety artein chDRsttions BT SATRN aci d
substituti %bﬂth@mﬁmmgmer.ﬁ%%rp Jef@mgq%r%wgmgghgﬂ% ;fggfa‘?qmce”

avoid the creation of peptides that nmay be recogni ze

epi t opessi ncartaapendingSW]BOGE] Motein | d'mmsnnwdmparmonoduwﬂm mu_-QBq)rol%@nsan of
p40 corresp nding to am acid re e 8-266 b vari et mechani sns.
For exanpl € Fﬁo'%ﬁ@ t@ﬁﬁ%‘ pA'di ‘ﬁiﬂ't‘h ﬁﬁ%gaﬁnﬁﬁﬁs Tilbris \aran %&QSM‘&P by
substi tuti o, gh m@eréamwsasuﬂt 5@%%%@% Veliftpoved'pfopeiids'ad embod ment,
a nmutation or mJt ations are introduced or nore residues
of the p40 thetapeutic agenysawnhmegardrtoz?beleptmﬂ:chantfprmutahbatandn or nutations
are mtroduged t% kns?rtl on of one or nore amno acid residues into the p40
subuni t REYSHbodi nent, the p40 variants of the invention are

cont ai nqg lﬂ«}ongot ewaqeﬂn&sémbeaﬁnéiﬂcmuﬁa%.ohbté%mé)rm2 am'u(#jp Aéidf usi on

pr ot ei ns, proteins, IL-23 fusion proteins or I mers. For
exanpl e, i rSesueneatasaiinteotucedrowtside tha 1 - p2p4(l(258<2ﬁ6t)aegwnanﬂ&ﬁatmbllw t and a

40 vari ant r.di ng i nventl t odi ne

Br otein con ?@g'ﬁg tg 6'153586%% ?0%?51‘5’ gb’iopr Oa[#)u“gb fq?bqqa qagrheh@ttrpﬁy@ |on

In a furthessewheds MBAE DRIEMBIPS |er102pworhrﬁpéﬁrﬁb@%t?du@aahh ption fused
to IL-12 containing an |L-12p40 variant. In an even further e rrent a

fusi on prot@@maeentrarexamplerdtiguwedds, sepidton feqeedce ofalp42)35tﬂmmdmiﬂla-nﬁ| ng an

fusi on o7 ocpries alfrafebd il B o RIBCSH T SRbpencRioSide WréeBlRs 228, gen
bi ndi ng porltésiy ef a/a2e08), Past, NI ARRAJASEL UBA, rmnems 1’16@r’thé%bh¥é?ﬁ’é/of' n yet
anot her WD 2007/ 076933- 13 - PCI7 EPZ006/ 012301 enbodi nent, a fusion protein

accor di ng tWhich@re ineaiperated by refee&wcaheremtqm vagiouaresidues avhich avay be

Furt hor - aspbPRes MTE LA RED B pBEIReBRR beFrb HE EReobamizhn one o

the p40 varFattier, bbcddme thevanid @mémmaaciy@fwgfru@turr@ur &med\ﬁsl Ifndv&rfe than
ot ei n. in conparison with IL-12 or

the 5 corresponding Wl d-t r
| L- 23 prBt e@})@@ntﬁ &%ﬂﬁ%%ﬂ%ﬁ%&%ﬁdhg@@mrﬁs ofiwhich ararl ants or

| L-23 vari i ven n have
i oved pricapbRBed By ErAEncE nBRAN ) SRE AEsiliics SYRHM el s UM IBE: on
fornul ati orp@slulpll‘ratwmm’e p85 isabunit 6f [LOODELd kndw f4lédtidh EHIREN MBEdtions

mut ati ons t 2p40 am no aci d sequence are introduced outside the

IL-1 2p40( ﬁ'ﬁﬁot oM fie\fﬂfaw@allwcméw94e@y§ualéaf¢ldene[m1rambwnemfm n of
| L- 12p40. Ss:jéﬂhmrﬂ'\%aéd ons can be introduced el sewhere in the D3 domai n of
| L-12p40 and can be introduced in the other domains. For exanple, Fi gure 28,
depi ct s 2a sequence of a p40 subunit of IL-12 15 that has alterations in the
am no acid l§euenc out I!]de of resi dues 258-266. Leong etal., (2003), Proc.
Nat|. Acad.=2S&l NARANEG CRAVAGRPIOGUR contents of which are incorporated
by referenc rei t t e
" 15 pao aernd acTedBR oI oot Rl At hab ek PAEA) Subul

is susceptible to a specific proteolytic cleavage event, and on novel experimental

results defining the cleavage site. It was found that a purified recombinant IL-12
30 protein, produced in NS/0 cells as described in Example 2, consistently exhibited
a degree of heterogeneity when the recombinant protein was separated by

electrophoresis on an SDS-PAGE gel under reducing conditions, clearly visible

as an additional protein band of approximately 6 kD molecular weight. A similar



Furt her, wecarasstshe t hree di mensi onal criust-al struct ur ecofepbdosH2340 i S
known 20 (Yoon et al., (2000), EMBO J. 19:3530-3541, the contents of which
are incorporated by reference herein), and residues essential to the

i nteracti oy RknidiRnRFSs AddeTo ré’&otrﬁblhgﬁt 3B sidpiR tThe islillustiatéd f K 9\%

selection of other nutations that wll not destroy functionality of the p40
subuni t ar & wbichrshowsbihe %DSd?}%GEfgdlfdm $eVIe|naItpu§|fledtbatdESE(EftMm$mH.t-l13n of the

I d 00 t t th b t t hat
Che- | L2 12p4D38a0ah00 AL LeA Piat e dorap Qe eRPang B bEryERE o aubly
event, and fggioAQrsleirixperi mental results defining the cleavage site. It was

found that a purified reconbinant I1L-12 30 protein, produced in NS/0 cells
as descr§ bd@038) Exahplf.‘@ntammant;wes enrifigd @xdiitsianeigozaitk gequense Was er ogenei ty

ge under BTG ah A i REEERRG Y, A e ER L0 RAGREPN WB0: o n band
of appr oxi ngdRleVcé ok BhaTe e aHInal 4BRingRb achy Fadgmbar of tHO 1200 H40 6e8aA;t itddif,

- PCT/ EP2006/ 012301 observation was nmade for rteconbinant |L-23 protein. This

i s illustraengratedmygpiotealytichéleavagrbstweaes LSBR6Pa0H Ayglof dFlmér&EQd@r ified

By r oduced e PaBRF pEs hysdB0 M R2bs cERetrEl BRI RRpIGe” (7"

purifi edoangegpite aamevauemecbfmqmmovmﬁdsimttaé%?@ﬁ SuRdUABREY theagedvagexanmpl e
3, and was found to correspond t he sequence of the C—term nal 46 am no

aci d fragnesite (of KEBKREKKDRp4 (FiguriBiSEQIBN®:5) yérase 4ved6dnng Ase! wre c

cl eavage b et ween
Lys260 andqhwgg%ijl_' ég%’g(@r éq&é%azﬁ'lsgﬁgy%e\?ﬁ I?;%(]j ?gwﬁr’fg p%&%ngrﬁ%e of
basi c am nocaenmiaai ple;ithj@ fr@@‘nem mmamndnxwvélbﬁtlybe@a@@l@dsmtrethe rest of

(... KSKREKKDR. re 6- SEQ NO 5) where Lys260 and Arg261 are

i ndi cat ed i HEHR40 o%UbUF-'IHV\El?&"Q it ﬁ'ﬁéﬁ}mt"@ r@fnqyélthg r@?@mﬂebewféﬂﬁﬁ% byforibebuni t
the Cterm non-coval ently associated with the
rest of E{E eﬂg’lﬁas@%hﬁﬁ%k@gmad‘weﬂfi cult to renove the resulting

het erogeneity by further 15 purification of the reconbinant protein. L-1
2p40 protein _[0059] The mat ure human p40 subunit is a 306 am no acid protein

resenbl i ng ass | cytokine O receptor, conposed of domains D1, D2
and D3. Thegdbgicl e i !y)ﬁ)e B, [
fibronecti ﬁl tgyd Wagﬁ%%'ir%ﬁgﬁgg‘ &i'm ac?% ﬁﬁg@frﬂ%@éb#r@&em%%&@ﬁgf rom

1211 to S30@soﬂ]bte class oytekinerD matafpter Iaﬁnwmsédioiaomhﬁh§0bul2tandSD3hCFWe in

Fi gure 2. eamnqa se or t in Figure 2 in

o o 30, o lemets sie GietuSst LH260 987 AF g ip WEm S e fiBraneptin tvie Il rran
I'L-12 het er@&hﬁﬁrof(%oé’rﬂlrﬁ)t?a{j‘s eﬁ&%%wé@t X ioh roﬂrﬁl21?)§§§)3‘r¢‘§) gfortion of

a loop within the region o uman p nls not
resol ved. V¥eduanceosimaiige thunian thellmwmsubhemwshown #sBigussl2r §diecarainion

and may coriid SaaeRcs GRS FES ShBn R SIGBPyanATEROBDNA BIRIEER) SeRbLCt Uy o
al i gnment  ofrykfAfo RPHICSRAQURHETUARE huhl#MLM 2 RéteRddimer (Yoon et al. (2000),
25 EMBO J., 19: 3530-41) a portion of a loop within the region of human p40(258-
266) of the D3 domain is not resolved. Without wishing to be bound by theory,
unresolved regions in crystal structures are often an indication of flexible,
unstructured loops, and may constitute target sites for proteolysis.
[0060] A primary structure alignment of the mature p40 subunit from a variety
30 of mammalian species is shown in Figures 7.1 and 7.2, including human; the
primates baboon, rhesus monkey and mangabey; dog; cat; horse; pig; the
ruminants cow, goat, sheep, deer, water buffalo; and the rodents hamster, guinea
pig, cotton rat, rat and mouse. In the alignment the region around p40(258-266)



30 of mamnwal@n7epseci es is shown in Figdres 7.1 and 7. 2pcirmebadiongohuman;
the primates baboon, rhesus nonkey and mangabey; dog; cat; horse; pig; the
rum nants cow, goat, sheep, deer, water buffalo; and the rodents hanster,

gui nea pi g, exnibitosedusnce ariadiliy, 'PatBculafPwith fedbdd 3 ' nd
p40( 258- 266g WO 2007/ 076933- TyS - PCT/ EF}SOOGI 0%30%%1?@?8%8%% é?dJ

vari abi | i t ySOTp&SPreigsanpiably tumipastsethe seguenselisaborter, Badtin otHeas) suchias sone
Speci es, noj um uence is shorter, and.,in others uch as
i ﬁ rodents, 'h?ﬁégrs“rg’qEﬂe&ng‘ge&@mcégﬁ@%ﬁ%sﬁgf@ggsr%?)’ %@ﬁ?‘@i?ﬁ aﬁd'g%@t'f‘%l ﬁl nsert.
In many spewmiagg spebiesdineedipigedamiotif c@@éém@m&agp @Hmmdﬁzﬁsomﬁl s

5 conserved, either identically or exhibiti n%B . am no acids. These
speci es PncFUHENRsHisHhet isleaticallyseroexdibiting twalbiasici amiootanids. s peeseespéaied udi ng,

but t lim tO,. , . d.sh . ..Co tly,

ht r oduci ngSieae cbrieltGrefiab coier ) e Bt BREGES RERiciReaR T 12040

cor r espondi ligitédto, dise Hoese, 266, %ﬁét, @ig, indegheel: mf’é%q‘ijgﬁfl%%ﬁo&ur@hgaﬂés to
p40 ma

nmut ati ons taught 10 herein with respect to human - 4 y prove useful
i n reduci ngP'oNO Mwtgtiansptthetresiont ofnastkisnag d-d2padcotrespondihg 12p40 at t he

K260R261 cl i Hnai.ple, according to the invention, it

i s possi bl e%?}(@%sg% gt -??_6 %gg'j%']a\bg"'ﬁgﬁt%ftﬁgﬁrg %E%qoé’ssqpﬁﬁ?talt'%ﬁ WSosi tivel y
char ged 1di pegreirdeitioésgect fo hamags o4O phvERs k- 28dGeiKg BPR261 in a
human or ot qer, het er ol ogous organi sm However, in practicing the invention,

it is inporlANatiegd REAtEOlHE ClaayAse PhRORdUmAnDIL-12p4Patibeik260RREer al | y | ead
to anti - p400|§5\;é'rﬁtéo§f1{ees when adm ni stered to humans. More broadly, it is not
optimal to admmister p40 from one species to another. In addition, the

potential o006 i olrsprincipley oty @ne o, i fs BEsdIBLS KIS galdyc! caved
i s general I\}/ unknown. In addition, p40 subunits from one species y not
function i n"aIe6¢t e 3 seeries thal lngks a gositivelyshepgest dipeptid®nyotifi t h subunits

such as,p3 Qr S ' ign with receptor subunits. 25
Vart ant TL-GosioRdise otk s SR B ko h BB 5 a3t GO FBF hotrpRHeUs L. 12p40
prot ei ns widrganistrat Howsven i peadBBindatsiinveritiah, it RPERaH: P hbid that Asnused
herein, the ter mf"D3 (\éﬂ;l nt" refers to a D3 domain of a human p40 subunit
of, for ex(;?\‘ﬂ‘%',‘ Qrms10f 16 14n40xwill geaerally leas toantinpde antibadiessihbral t er at i ons
as conpare iVadtd dodt Ty 1 riant” |s. used einto
refer to adahctrﬁ%ﬁngt%%g téﬁﬁllﬁs.olpﬁre% g'ﬁdygbgﬁg? z]gt ¥€{'"f§|nt ra4rﬂ'-"2s§‘?r Qéhefﬁo'ﬁ‘ut ations
in the D3 dureaspeciés ® anathprOlnsadulitivr, tlo:@pbwnﬂbmr@ria&s\h%rni-m%ankh@ term
"IL-12 variant".i sed herein to refer to a human IL-12 protel WO
2007/ 07693 FUDYgItS b B@@@Bﬁ'@i‘%@ﬁaﬁ%tSagen%ﬂsaurM@MrIgnaadditiam_epmper m"IL-23
vart ant " 1 ssubefls frehPbRe sBetith Hay AotfuREHBHin' drictreistcRls] eftRSF & i M P40

of assembly with subunits such as p35 or p19, or at the step of interaction with

receptor subunits.

25 Variant I1L-12p40 proteins

[0062]  The invention provides for variant IL-12p40 proteins with mutations in
the D3 domain that improve stability. As used herein, the term “D3 variant” refers
to a D3 domain of a human p40 subunit of, for example, IL-12 or IL-23, having
one or more amino acid alterations as compared to wild-type D3. The term ‘p40

30 variant” is used herein to refer to a human p40 subunit of, for example, IL-12 or
IL-23, with mutations in the D3 domain, i.e., a p40 subunit containing a D3

variant. The term “IL-12 variant” is used herein to refer to a human IL-12 protein



10063] Acomodievg 7633 one enbodi ment of the l1éwvention, therO¥/rdervaionsof a p40
variant has at |east 70% or nore sequence identity with the D3 donai n of
wild- 5 type IL-12p40. In a further enbodinent, the D3 donain of a p40

vari ant hascarttaingasa plb%uannDTﬁemuHDQ@ Vet is\usetitHeréinao PBrefesai n of
w | d-type IL 12%}@_@55 et anot her enbodi nent, the D3 domain of a p40

variant hash4pa '%Poﬁﬁ"éngé‘cﬂf’@n‘é@ﬂf@entl ty with the D3 domain of

Var i ant " nas 00 ca i Bifa 10 e BB EBROR B Hienybl i R RERIp B hedle,

83% or nor evarmnt aasladeda&ast 80% or mope sequency ideatiytwilbieoD3 @ohtain OF wal- | east
86% or nore, 3:2 §ait 87‘V or more, or at |least 88%or nore, or at |east
89% or nor etypg,lL PAELdR anH 8r embpdiment, the P2 demain o ap4Rvtasianbhasiat | east

92% or nor g 7 | east
95% or nor e,eagl; %’;6 4@@2'{9 %’q}é‘ or errr@%@ty gfrthgbel easémgé}b/afq&"dggrpg “‘0{2 b | east
15 98% or nioryet another dnmtamhm%%tbe Deodemaitesfta p40 vatidntiHae 4i3edstrayon de

o anot her enbodi mrent of the invention,

wild-type IL-12 0 cco di n

the anmino a@PHF g%‘ﬂf!'fé{f@e' h@%?é drmainef wildynes iL- YapaQwhilsria fedhgrence
identity w f In a
further enb%rglb Er)rgimém% L‘t@e?‘} g%ﬁﬁgpgf;?g“gga%ﬁ%&o Izlggs{ \?éJrrllr?a(r}]'f% ﬁggt at | east
75% or ror eleaetq&@%(mr rmalenbrr Yy lesist 83 Y%her raote)or at ladss eq%amcmocé OTeit le st

Pt 8509 oL B Pl B S50 G s Bl o o o st o

sequence of BPé‘H%tYéd [0} idne t i t he
am no acid rgequerﬁce of ﬂg [ﬁgr ngF%%kﬂ%%&gO/ﬁgpp{edﬂét% %@%@Pt@(}rmat

| east 82% oor atdeast 3% ar marasor s3e@st 93P roe mare, at at least 98%%ranorHbe at or  at
| east 85% r_at lLea 864 nor e, st 87% or nore, or at
| east 88% gﬁaﬁi% o&modrte Péﬁiﬁe%gﬁ%rorrmp@ OBF’“%& i§2§t°r90%%r°rrﬁ§ll%33tor at
| east 91% oggRWrenor ofht le%%ﬁgg%zgf’rﬁbré%éﬁtlty%trﬂfhe' [9§%ngagr(§%?6vu&‘?¥ﬁe |Lgr at

| east 94% or nore, or at |east 95% or nore, “or at | east r at
| east 30 97%pA0.nore, or at Ieast 98% or nore, or at |east 99%or nore

identity wi uenc f ture wld-t | L-12p40. 100651To
determ ne t QG{Jer czﬁ’:g% etg ﬁ@gﬁaf'ﬁé’#ﬁ%"ﬁ’@mogéﬁﬁéﬁ‘@@@ acithe
sequences asezq@nblm(é&ﬁwmmtmb ot (EERR 70 908" %Pé’@é r(d%*laentlt?%?& n be WO
2007/ 076933- 17 -PCT/ EP2006/ 012301 i ntroduced i n the sequence- o irst

ami no aci d ¥BH\9e#Ue Seavenis Phmatuieivgidriype Iwil1pdd. sleca)fumtherremboalundnt the

th f f
he nunter J1moREid SBhve REN0N Y4 vaNERD AT RS BEG s s'@%a%ns/é‘?cﬁ‘an&”t? -
(# of i dentwitithepawirio ame/stequehcé#opﬁmannéIwundowﬁétlm@wé 1992t ar‘néth%
sequences bei ng conpared are of unequal |engt the shortér of the sequences

i s used to @BPRAIMEE hRAMIBOACIHeAwENCEOf0RIQ Variant hHSeatdlmﬁr&(ﬂP/mat e of

Pat homat | T auehse TRE wing BMIEA SER feiledod os R dRoR B Rerdition s, °
al gori t hm uwhilé mefdrtﬁer eMbedﬂrﬂemgmhérarﬁmB atid S8KUESTRAUS \/§néma%' étor I thm
of Karlin e?g%i(:hu' 1990@@Proc Nat|. Acad. Sci. LE%ON 2264- 68,

modi f i e&5 |OF ANGYEe Ot ﬁh&%(qggg)e PF atleast 83% or more, or at least
84% or more, or at least 85% or more, or at least 86% or more, or at least 87% or

more, or at least 88% or more, or at least 89% or more, or at least 90% or more,

or at least 91% or more, or at least 92% or more, or at least 93% or more, or at

least 94% or more, or at least 95% or more, or at least 96% or more, or at least
30 97% or more, or at least 98% or more, or at least 99% or more identity with the

amino acid sequence of mature wild-type IL-12p40.

[0065]  To determine the percent identity between two amino acid sequences,

the sequences are aligned for optimal comparison purposes (e.g., gaps can be



Nat | . Acaslo 28€107643SA, 90: 5873-77. Such an algorithmis poteprp@salsoiinto the
NBLAST and XBLAST prograns of Altschul et”at, (1990) J. Md. Biol., 215:403-
10. BLAST nucl eotide searches can be perfor med with the NBLAST program 15

scor e=100, rdl engt h=12. BLAST tei n searches can he perforned wlth t he
Souaer pr odBRiUEREIEE Sealisnty obh Tl ahing Hoit %?qve@&sffeagai'ma Htor
conpari son p, ﬁl—#e% b elthoAl t schul

et al., (199@; acl\?%léggcgﬁﬁglg%‘g Res-e[lg]%ﬁ Zg?ﬁ%‘ﬂ%‘gg&%ﬁl éeelr?l‘]e(ﬂt |tW|Ozi ng BLAST

and Gapped $BigusTices isya aumctioniof toie haoiber p&rdmﬂcalrmsatfortsfﬂxares bydhe ve prograns

nvent fon prOUEHERS Be  d RANIY CarSLERN i 2AsRP0sRolBl €T PRAROPRNGISS ¢ ne

prot eol y§i c1(0)eanescfubfcOS bup@bdr S8l 78 df ﬁwm
amno acid at )p03| ti oenSé]Iu $260 | g nmut at ed. a%@ %% '%'g@@??ﬁc e i ment,
Lys260 is regslugpees id use tq\dﬁtemmdharﬁ)tabnambar oi\msmwm cTﬁédatarmmai-nds

b, Yaer " a1 PEr e iGent) Beni&lh widBealites tan sa Be gschtonlisfied ihod ' |

ei ther Al a,mAgiema#iRl algosithid U, Gn, Gy, Ile, Leu, Mt, Phe, Pro, Ser, Thr,
Trp, Tyr, or Val. In an alternate enbodi ment, Lys260 is replaced with
sel enocyste[ioﬂﬁﬁl Exénmlkbmdimmamplemtagmmnmtmbalgonﬂm ubzed foeftiheaced by

th 3 3 14,
To06811 40 artmer g RiceHPas e SiadRnttor Ko oy soptl (1SR
enbodi ment , NAY.AcGHL Scb USA! 8F.2d6ME8) ndstlifidtPas hﬁﬁbﬂin%ﬁd‘ﬂltéﬁﬁuﬁ 1593) PP&%WF” €,
in one enbodi ment, Arg26l is re%&%ced with Ala, Asn, Cys,

Asp,
Gy, Ile, Nuil.cer SraddSA, 9858 /7EF&tmﬂ'6arm@m1Lhmesuncnmqrawdemtm Ser,

I ne e e AT A xal ASTBbl 868! RuSRt: 12080 4300, . SH0EEE "

anot her am 1B BLASTa|&dtesdatctieDedeBe barforRed With tﬁ@qxlé@AST r@grfa t her
enbodi ment, Lys260 and Arg261 are nutated. For exanple, in ne yodi ment

Lys260 ahd sqog%ho%w@rd@@lth-é@ aBle/aSmtrateahsnafehemambeeparﬁbrmdrw:uxmqol ed,

Lys260 is r e and 6 re Iaced
wiyt h eit her%gg?%ﬁb%@? ifk’?glﬁgﬂoﬂf’@g%m %TQ/QF’ aé’?\§§ A[—@HB { Ef 5220 and
Arg261 havecdmwlsro@pdnﬁpeée@ﬁé}iﬁw Bmsnrccameiam&ba aﬁﬁ%ﬂbrib@d Fifh QUS Ije? and
18. 10 [0069] I n addi tion, s260 and Ar 261 are deleted in one e di nment
whi | e |n a 3l Mmmm 8(1401388P34003s S'hen tmhzmgamgﬂ'szao and
Arg261 Ml iant.ts created in which one
or nore of { gégpg%wa’%%g mﬁnéﬂ%q]t B%W%ﬁ Vb?dﬁSp%(ft'vﬁrFﬁ?%'@m§ each
repl acedoby(eagleBEAsa'nanm)Nm_m gldancbyaugéﬂ)odl ment, one or nore of Lys258,

Ser 259, 15 Lys260, Arg261, 263, Lys264, or Ar9266 is each replaced by a
non- basi c ) acffljon‘FGIm nkthe Wvéﬁﬁoléﬁ{ﬁ)’dﬂ%d% varigstzs®nitainingmraced

with Gn. | t 9 C her
erbodi ment S5 00 2L PSR proRRiARo b By g S REBele VSR Ro 2P ARy

enbodi ment InADTg:Z@inDdlmam meeﬂnmbtdud%apoéﬂ‘wn Dys28D0is rhikatR!, APH{RE

enbodi ment, Lys263 LS repl aced 20 Ser . a further enbodi nent, Lys264 is

repl aced bysF@ij'c &M B’eéﬁﬂd(ﬁzﬁg@ rema@%wlth@ napbagie@mine iecd. nNoadBSicAs N,
Th di 3 d 4
epl aced by a4 IRl e ampd SA0 a8 A S LBl 05t o

Lys264 are Félae:,FPmeBbac'Eﬁ Dyp, Sfeyr, MIGBOrre&ampté iLyel260 ik feplate@Mthhsiher
enbodi nment , 258 Seé¥259 L 260 Ar 261, 25 Lys263, and L¥5264 are
repl aced byA S”ﬁéﬁo $ G'!&sé n, &ly, Usﬁh e et R dtiov ey, Thr, Trp, Tyr, or

Val. In an alternate embodiment, Lys260 is replaced with selenocysteine.

Examples of D3 variants where Lys260 has been replaced by another amino acid
30 are shown in Figures 12, 13, 14, 15, 16, and 18.

[0068} In another embodiment, Arg261 is mutated. For example, in one

embodiment, Arg 261 is replaced with any non-basic amino acid. For example, in

one embodiment, Arg261 is replaced with Ala, Asn, Asp, Cys, Glu, Gin, Gly, lle,



[ 007111 n wohwher3szenbodi ment, a D3 vari 1s created poTwPrRL@B/OOXIE1 OF NOre
of Ser259, Lys260, and Arg261 are each replaced by another ‘amno acid. In a
further enbodi ment, one or nore of Ser259, Lys260, and Arg261 are each 30

replaced b - i i N0 i e, Ln one enbadi nent, Ser 259,
Lyo260,  and- G458 PRB. Pré et 18 o L) oA lntan SRRl SEBBHIRRY: ' {00721 1 n
anot her emba@2681$ replisad Kith SetcHvdysleitis? 6BxaplésASt TS arirfls Qdfehe negb@ced by
anot her am no acid. For exanple, in one enbodi nent, Lys258, WO 2007/076933-

19 - PCT/ EP2treperr» mplacgd by gnothes 2810n0 aaid axeghewndndigurels 12 Badédany a

are cach ot anafistheg dnbaTRRETYs Tl and AR e iRy, o emifEer O
enbodi nest , orfiee@bodinhy260s268 926 Arglel sies@drh @ipfadednbitt afothyr Affino A6, Thr,
and Ay reslpectlvely. nqiﬁet a 5 further enbodi nent, Ser259, r;IBySZGO’ Arg261

|
and Lys264 Bereexasmplad cdysAPOAs peplased withreithgh $IG Alar Aspeert Glyeand Agbitds

and Argzo1 SPRRES N St A" fsn,d M, SRCRIES of PRRECERI wodf B0t >
Lys263, LysA@260anmd AcBahaechain @iptibedBOatBeM e beids Hiid REolvA iRe bound by

t heory, deletions are believed to have to the effect of reducing the
conf or mat i onEaHrEs Bxapd '8ty of the p40(258-266) region, thus reducing the

ability of Lys = A 26 i p i t hat al | ows

cl eavagel8by[t0tB ﬁ%l re e\g/g@{hgé‘r I&égggegn&rﬁ@%ﬁoérg?deff%@gmgﬁ%@g@f%ﬁﬁ{epﬁmmm nor e
of Lys258, ines £bDer byrbdliment, @AGIMINbYRAEB, inbortetbBetwisA6E260ranty A6 11 S
deleted. 15 10074]1n a further enbodinent, a D3 variant is created in which

one or nor el0870]Ly s 63 futherembodisisndsa Dsyvasiagh secreategeinaviigh opgoraneiepl e, in

[ya203,  Lysdors a8 oReeh byt b £ RPRo Rl L ARG R GEBRE ™"
Lys264, andby\ap@ifbr aminalatiet dd oaecemisgdiaeed dne omeofs ohiDyjs25808eb2BY, C ani no

20 acids. In further enbodi nent, Lys263, Lys264, Asp265, and Arg266 are
del et ed.!5| nL¥§%169r AF&G%#%%@MS?%W I2HE% eaeh [gRjaees by permubagiep265 or

Ar g266 i 3 WAt - . i
Fenl aced: by s peid"For &xaRicin BRe Sniodiibht Fys 24 Ricped it Bl B
Lys260, andarfoth@6dmbodimeri| 8es2b9y réplacedsiith Aspd Thhanctesisenbodigdentwhi | e

Lys263, Lys?26 nd 25 Asp26 re deleted. In a further enmbodi ment, Ser 259,
L5260, and Va26004 replacedpta dar Gy ASpOT/aR. 15AduMhe SREpRBISIASAR o

Y75, o SRt A T PO, Ecafahe) o) Lisabd g o

20 Ser. In a further embodiment, Lys264 is replaced by Gly. In one embodiment,
Arg266 is replaced with Gin, Asp, Asn, or Thr. In a further embodiment, Lys263
and Lys264 are replaced each replaced by another amino acid. For example, in
one embodiment Lys263 and Lys264 are each replaced by Ser and Gly
respectively. In yet another embodiment, Lys258, Ser259, Lys260, Arg261,

25 Lys263, and Lys264 are replaced by GIn, Asp, GIn, Asp, Ser and Gly
respectively.
[0071] In a further embodiment, a D3 variant is created in which one or more
of Ser259, Lys260, and Arg261 are each replaced by another amino acid. In a
further embodiment, one or more of Ser259, Lys260, and Arg261 are each

30 replaced by a non-basic amino acid. For example, in one embodiment, Ser259,
Lys260, and Arg261 are replaced by Asp, Asn, and Thr respectively.
[0072]  In another embodiment, Lys258, Ser259, Lys260, and Arg261 are each
replaced by another amino acid. For example, in one embodiment, Lys258,



that theyweveinmh7emeati ng novel T-cell epijtppes. Methodspto/Erpabyesopept i de
30 sequences for their potential to create 1l-cell epitopes are well known in
the art (see, ., U S. Patent Application Publication No. 2003/0153043;

(see. e.g., U.: _ 3
Nt ur o 81 otRtRoe 1Z80s 8 P2y Palie S reblacdly S Niie o et i
| L- 129400 252 Bholiment, AN SLHERT 42060 P KRZAACAG XM Yoppasasd by the

sequence KDNTER (SEQ I D I n other words, Ser259, Lys260, and Arg261
were repl adeld, BppASH), andrAsmraspestivelss bbatfwwrﬁmmdlmqnys%@zﬁgwm, and

the-var | antDeORaH Y424 8 rabaBed B9 b, Ao POk BPGTo N rESRe kel T B rgur e
8. [0076} | rfugthet treboeimhert] SerE50, LR26®AIEDE6¢ apfl Lysnes atd rdpl2eddbPA8p266) i s
repl aced by the sequence KDNTEGR ?SE_Q | D NO 18). In other words, Ser259,
Lys260, and\¥hgdwi1anieldy raspestrly pyhikskys28sn and ASPRARP are setatedy & yetnni | e

Lys263, Lys e W Lesidue 10
sﬁch that t e[hr]esu |@§%§é§é’%¢5§' l—?%%@%@ﬂdﬁ@%@?%ggxbﬁéﬁ'ﬁ%@@.‘\gﬁt is
KDNTEGR.  Thisri, emidl Thrirgspéctivapd Wvhilerliye63] lsysdtdyvand AspRe8rage Yeldt€®77] I n yet
anot her enbodi nent, the sequence of human | L-12p40(258-266) is replaced by
t he sequend@OwQDEW{mUESE%"P@tWP@PPdIW thepeys dalstiass arg bekigyvedderhaye, I
Lys260, .an r ' e _ r ctively,
suoh thdl e eHeEtphiRdBoinEhe KeRiaihational fifhiidych 1 ERRo SR A0t TERRT | ¢
FUrther ombogt mont s L he seatence of - hUMa |- 12p40( 258 566y (s, 1epl aced by
urther e i ment, e sequence of human |L- - |

the sequen '%@%@@9@ PYSHS Tetpvant Prtease %Fﬁ@%g%m%nee gnesle PREYr
Lys260, Ar y;%%@ , d o i ASP,
S)ér, and G‘?@@geegtL ctlgéﬁ%@u%%%ﬁé?’%gsﬂ’(;elé%ﬁ%t%i%hlgpéslzee’qqdzﬁgg% ﬁ%Arrg(?gé te

258- 266 i s d@€IBHSCDR. The resulting | L-12p40 variant is shown in Figure 11.
i.ant is, contained within an |L-12p40

Cobuni t o7 BTG KEA s SheT aBbedmentys RSNAHBNi5 (REIRS In NP ORBARIMaTRat o
I'L-12p40  of Lys263, Lys264, Asp265, or Arg266 is deleted. For example, in one
embodiment, Lys263 and Asp265 are deleted, while in another embodiment,
Lys263, Lys264, and Asp265 are deleted. In another embodiment, Lys263,
Lys264, and Asp265 are deleted and replaced by one or more non-basic amino
20 acids. In a further embodiment, Lys263, Lys264, Asp265, and Arg266 are
deleted. In a further embodiment, one or more of Lys263, Lys264, Asp265 or
Arg266 is deleted, while one or more of Ser259, Lys260, or Arg261 is replaced by
another amino acid. For example, in one embodiment, Ser259, Lys260, and
Arg261 are replaced by Asp, Asn, and Thr respectively while Lys263, Lys264 and
25 Asp265 are deleted. In a further embodiment, Ser259, Lys260, and Arg261 are
replaced by Asp, Asn, and Thr respectively while Lys263, Lys264, Asp265, and
Arg266 are deleted.
[0075] In other embodiments, the amino acid substitutions are selected such
that they avoid creating novel T-cell epitopes. Methods to analyze peptide
30 sequences for their potential to create T-cell epitopes are well known in the art
(see, e.g., U.S. Patent Application Publication No. 2003/0153043; International
Publication No. WO 00/034317; and Sturniolo ef al. (1999), Nature Biotech., 17:
555-61). In one embodiment, the sequence of human IL-12p40(258-266) is



25 subuniwocomaéasng a D3 variant has atz20east 10% act peirtep2006/0013€1
enbodi nent, at |east 20%in another enbodi nent, at |east 30% i n anot her
enbodi ment, at |least 50% activity in another enbodi nent, at |east 70%

activity i nreniandcbby mmsmumce KRNTERASEQ FONB 7Y IrVoIh'ér Mpadiegergphodi nent,
not her embodi ment, at |east 90% activity In
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enbod: rent . L2 B LWL AR Tle adbidddih haPHERLIhb SehleBEE 5T 0o

activity i nrea;rdumzﬁsésammmeamnamus KM'EEIBOUW&ékuMhQ YL-1Rp&0 VHFiAREE
enbodi nent at | ea f 408% activity in another enbodinent, at |east 500%
activity PCT/ EP2006/ 012301 21 in another enbodi ment, or

t
bi o 33?25@???’3?% I e TOSLdRce SO AR A58 bBR I i
| L- 12p40 vareipdanesl b;{mmqmcemmrmﬂ/(m@lnmas\i Drit 3bem bmerrfmgjgeg?tseﬁzsg
TR . A

i t
Do el oy TEREIen] 883 28! et hardhed bl Banatn: o Sheroemebesinatile pao
h dg r 2 A o 3 fu3|on
proteins. [t 52%‘ k285 Abre R Bnd HPlada bol, iy residde
het er odHﬂerSunlmt‘snasthe r@fﬁukmgesemnjenpelfmpe;ﬁsldj%zﬁg@eglaﬁ,m ?%ﬁ%ﬁ/%g, chglen o
nsists o
;hogﬁerpBg/s;‘g@bﬁgG@ﬁgt\ereﬁ?gh 1tzﬁgolvﬁf'§'3t 'ﬁf@PW@r'ng: U"ﬁzﬂ) het er odi mer
consi sts_of jgepar a‘lﬁyépéﬂcﬁﬁQF éﬁlﬁoﬁﬁﬁéﬂsthe@é@%ﬂ% oYﬁ nlﬂgledp'ngﬁq]slﬁ?%l] o

pl19/variant p40 heterodi ner consists of a Gt
anot her aspédepleted iy tha\sequeme QEXQPBRKKDHR (SEQIII}N@ fggsu.q)omyrq,p@ug,, t he

t t of an anti body
o1 ety - Us e R LYsre aégcf‘!\w%%ﬂd@e”r’ﬁé'rrée %étbwaéme@pt @, lla_ndﬁsn usi on
t i t ves,
POt o [ He° eapellEn, SBRK A ANE Posullif sEdduRetio rbaBub BER G he VAFARE

anot her enbé@la@ﬁlElﬂ{DRhél'hmmnttlngdL Womlanhlsrmm/\nﬂh Fl?ur%nﬂ)azgr | Eytlgkl ne.

[0082] 1 1" arlBP PGy 20bBJuar SRRSO FATE PerFeauEntRiPt hemaRLIZpAB(Es265 is

pr f.t g:)gy ;D hi@g{dfea%ﬁtﬂé'éé@;ueﬁéé eI QBESASRISERND ReS¥oOhDtHePloRf T Of an

Lys258, Ser259, Lys260, Arg261, Lys263, and Lys264 were replaced by Gin,

20 Asp, GIn, Asp, Ser, and Gly respectively such that the resulting sequence from
residue 258-266 is QDQDESGDR. The resulting IL-12p40 variant is shown in
Figure 11.

[0079] In a further embodiment, a D3 variant is contained within an IL-12p40
subunit or active portion thereof. By active portions, it is meant that an IL-12p40

25 subunit containing a D3 variant has at least 10% activity in one embodiment, at
least 20% in another embodiment, at least 30% in another embodiment, at least
50% activity in another embodiment, at least 70% activity in another embodiment
at least 75% activity in another embodiment, at least 80% activity in another
embodiment, at least 90% activity in another embodiment, at least 95% activity in

30 another embodiment, at least 99% activity in a further embodiment, at least 100%
activity in another embodiment, at least 150% activity in a further embodiment, at
least 200% activity in another embodiment, at least 300% activity in a further

embodiment, at least 400% activity in another embodiment, at least 500% activity



25 Usef ulwenvimoehss noi et i es include ones at target thectler2@chuwsoon
protein to the tunor environnent, for ex le to the tunor cells thensel ves,
or to the necrotic core of a tunor or to the supporting stoma. In another

enbodi nent of the inve (&l on, the fusian partner i s anot her cytokine. Useful
cyt oki nes i'RANGHET 5RO menbAr atileast Q0P astivity in ppother gAebadimest, iBo Nucl ei ¢
aci ds enco iﬁgp%a viar e invention,
nucl ei ¢ amdd encogltﬁéh%y@?)%'kgg%gytg FP&#‘H&E};} g—g@égpirﬁ(&{aéﬁof the invention
are contenpl ated. Nucleic acids WD 2007/076933- 22 - PCT/ EP2006/ 012301
encodi ng p40 variants of the invention can be constructed, for exanple,
using DNA techniques famliar to those skilled in the art. Exenplary
procedures can be found in Exanple 1. 100841Fi gure 19 depicts the nucleic
aci d sequence encoding mature human 5 |L-12p40 subunit. Figures 20-22 depict
synt heti ¢ nemtens icdetdiniag ie12s40 eariansodi ng exenpl ary nutations found in p40
variants of the i n éLoréIQéBet hods of Treatnent Using p40 Variants

L

100851The p%sQlar i J@rapts may & 'ﬁtfe@l&%m%arqt@nmnm@l@%smor
IL-23 10 A t e | as
i mmunot herpapéﬁ% Pﬁwgggiﬁé - ?%p,ﬁo péQ?M?f%sﬁdg OIBQC%Qﬁ?bﬁ% b;rto 3@ ﬂé;%v rollégt% ygof
cancers, babatlincludere- tﬁpﬂaﬁk?'erpf]&wubmndlm&rsmmmand ‘Ml-ﬂg fOéth]Epfdiéglly ahei ns.

F ts of the invention can be used, preferably as a
et er odirerLidd ‘ﬁsbgqﬁﬁs'%@"?‘ﬁ@&t JeinecsheaheLe wtm., > lofZnot T ted
to renal C a5 I Sl i d T-cel |

| ynphoma, and gasné;ﬁ a juvant ITS&%@%&#S’S @@ﬁ%@o'ygﬁh vari an s can al so be
used as parAlteshativeiy,Ghp40-12pifilvariant pdOrrederodineTidrkisteoparsegi¢e. g., a TH 1
response assqci ated with an a sease zo Administratijon

{50861 Bot h TaueptiiEoaie T aicthet GER4EL af e BN Taly 24 ChrreREPAdvent  on
can be inc kUi flo

i i st 1t Sl MIBEr DN o SPERAE DIV REPSOERARS, ABEMERIYR 1003,

f usi on ps ot i Hvaramt pi40i hejemdirner ddnsists ioAatsirgid palypeatidachain. cal | y- accept abl e
carrier.

[0081] In another aspect of the invention, as part of an IL-12 fusion protein,
the IL-12 fusion partner can be an antibody moiety or part of an antibody moiety.
Useful antibody moieties inciude ones that target the IL-12 fusion protein to the
tumor environment, for example to the tumor cells themselves, or to the necrotic

20 core of a tumor or to the supporting stroma. In another embodiment of the
invention, the fusion partner is another cytokine. Useful cytokines include, but
are not limited to, IL-2, IL-7, and IL-15.
[0082]  In another aspect of the invention, as part of an IL-23 fusion protein,
the IL-23 fusion partner can be an antibody moiety or part of an antibody moiety.

25 Useful antibody moieties include ones that target the IL-23 fusion protein to the
tumor environment, for example to the tumor cells themselves, or to the necrotic
core of a tumor or to the supporting stroma. In another embodiment of the
invention, the fusion partner is another cytokine. Useful cytokines include, but
are not limited to, IL-2, IL-7, and IL-15.

30

Nucleic acids encoding p40 variants

[0083] In a further aspect of the invention, nucleic acids encoding polypeptides

containing p40 variants of the invention are contemplated. Nucleic acids
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to include any and all solvents, dispersion nedia, coatings, antibacterial
and antifungal agents, isotonic and absorption delaying agents, and the

|1 ke, compaghéddingiptl valRantmefars it 1R edtdtRitted 16 eipfndlb, SURY medi @
and agents for %ggr maceutical |y active substances is well known' I'n the art.
30 100871A PR} iesbelavuesdamdianiad thaseoskillsid intibe ianlv dinaroplansprloceduteat eth he be
conpati bl e y Ny i ded route of adm nistration. Exanples of routes of
adm ni strat r&ghei'htﬁ(gwlggrent eral, e.g., intravenous, intradermal,

subcut aneoufosaey al Rigure. 19 dafiatsathaikleid haNSERERE hirg! cosal ,
and rectal WO 2007/ 076933_-@@3 - PCT/ EP2006/ 84%%301 %%h‘leﬁ?@gr%?tyhé\ﬁn ol uti ons
or suspefsi bn$ZRAGsUBWIIL PRigerRs?GR2 depict siiethetit nucteotide dragaresi forappl i cat i on

can incl ude ; ' - a sterile dilyent such as water for

i nj ection, %'2'1 | ﬁ@é’égﬁgﬁp%w@ﬁ@?fgﬁ@m éﬁy@{'ﬁﬁ&?ﬁﬁsv@m ioN. gl yceri ne,
propyl ene glycol or other synthetic solvents; antibacterial agents such 5 as
benzyl al copol o hy arabens; antioxidants such as ascorbic acid or
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The parenteral 10 preparation can be enclosed in angoul_es, di sposabl e
syringes or MAHPPHELARFILIE ageats syah@sder thedeeatmenpphawide vadelgstdedicemyent s

t hat t ai i -2 i .S | f th
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seri ous ness‘ngge ealgPRkALancerinshiding butotiiiteddp renalicaswer,\caloranandssi ng

d, t ' 0 f IL-1 i.ant of th
vent | on, O eriRcdiicer. fpR0Ah addT b Romacbaf s bV Bt catesr 1 o

about 10 nyvaaginesdypdlevaiantscdaplscabusedad paktofabsat/p20 Mehcdidaytd N case of
i njection, or, abo 0.5 20 /kg/ da,gH The dose can be adm ni stered once or
1% (8. et

several tin€dugsid |Hddespap JEFBRRSRassasiated avith rpagieimmiinghe
doctor's opdigbade) For an antibody-I1L-12 fusion protein or antibody-1L23
fusion protein cgntaining a | L-12p40 variant of the invention, it is
general |y advi sable to adm ni ster between about 0.001 to about 1 ny/kg body
wei ght {Bgr a .gbqut 0.002 to about 0.5 ng/kg/day in case of 25 injection,
or about™ 0. f é‘y The dose can be adm nistered once or twice per 2, 3
or 4 week poossd. BeePIdhPYatignishe - e dan ' S e di sease and
t he doct orﬂg o(gi ni on. [009.0]a,6|\s?)eb?'sgg1wf'ﬁr\1/t§h ?@E&Q%ﬁ?ﬁ‘?ﬁﬁgf’esfr‘ﬁel'j'gPPat ed by
the fol | owiGaj s inporprateslinkxaphhenaémsival eorhpositionisuigalsle fyar i ant s of human
| L- 12p40 subuni [ 00 ucl ei c .aci ds encodi ng p40 variants of the

i nventi on, %ﬁ"'ﬁiﬁiﬁt'bﬂl %HCNFFWH%'WWH'CEEBOWPSE@WWN@B.aﬁt a3 fusien e
const r uct edhratdimgosfadfg af IDN2 JAanpl lackbticd- LLled in the
art. In es;bence, a DNAHgZassette, encgg?%gpia?ﬁégsg{éﬁwt%%gﬁgaﬁg%ggh?é' f@gi on
enconpadsi repadhrergin, heteravipharmaceutically-acceptable carrier” is intended to include

any and all solvents, dispersion media, coatings, antibacterial and antifungal
agents, isotonic and absorption delaying agents, and the like, compatible with
pharmaceutical administration. The use of such media and agents for

—

pharmaceutically active substances is well known in the art.

30 [0087] A pharmaceutical composition of the invention is formulated to be
compatible with its intended route of administration. Examples of routes of
administration include parenteral, e.g., intravenous, intradermal, subcutaneous,
oral (e.g., inhalation), transdermal (topical), transmucosal, and rectal



5 resi duesoand/t7biss is bracketed by conveyy ent restrictPOWEPRESSH]12308S
synt hesi zed de novo (Bl ue Heron Biotechnology, Bothell, WA), and substituted
for the corresponding fragnent of w ld-type sequence contained in an

parent o, STABRGLER "SR RPN IR R ParBiden RiREE. o 1t ype)
human |'L- IdubtapHecuglapplitaticn sawimeiide thedol@vihg comtmnsd: @nstBHiRSTueht

encodi ng the p40 variants were thus obtained. [0092]In particular, the
nucl ei ¢ aci ¥hedfcwataidopinipetionnselinesautian, éixgé pds.nalyethylensiglyses, A cl oni ng

ect or carry,ong: pa . HV, t hesj zed as a
\éonti guous %*’%’gu’n&h?’ y‘}a"éﬁéﬂ%gﬁg%wﬁﬁf%ﬁéﬁﬁg%'(’%sd%@/tﬁﬁ%@%aﬁﬁnﬁw | and
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expressi on @%ﬁéﬁ%%ugz%gga%re |%F%’ ‘}'ﬁg‘gﬁgﬁ’r@f{’ﬁat‘éﬁ@‘?‘gﬁﬂﬁ §f0(£3@e gauféH"CEnVOfWu I
and 20 Pvu tbnicitFeacklasfgoaiura thioridet st desgrobe O HNSaPBE adj RSB IR dcitenés cal
approach was used to generate nucleic acids encodi ng p40V5 and p40Ve6,
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Sca | di gestOP®H wadgdicamenis that cantaindbt@ variants, K123 vayiasts, & pdd variagisent )
or with Bbs.d:.ak ; rad.j )| d Bbs, | (for
Va) cassett%c,thgé@%g'@?ﬁve y@ggﬁ%ﬁﬁgﬁhéfgﬁ%}t'ﬁg%g 140% B ocBdng |
Bbs | di gesthedineouritessies acobating th iGastige fdloh of tHainetivanidigs Bbs |
restriction enzyne the recaognition and cleavage sequences are separate, and

t hus sedden@889confdninisyation dppe depsrds op dhe Bady weightiof the paljenjeribeat e

O T et SFRUSAESS SPE dibeae D ARARYIF Wba St REapHD CARR RS, S then

respect i vel gnd thetdodtivés epipicrs sFamexanasie] for BNGEA20vdrantof tHePih@ehtigialtiign usi ng
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generate cell |ines expressjng. p40 o variants of the invention (see U S
Patent No. 6,B35CBaBsNess R REISsa6e anghibe siosiors apimiAn & e ABGHTTgOpdio-12

vari ants io8l ' ; i : ; ] he . re
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25 injection, or about 0.1 mg/kg/day. The dose can be administered once or twice

per 2, 3 or 4 week period, according to the nature and seriousness of the disease
and the doctor's opinion.
[0090]  Aspects of invention are further illustrated by the following examples.

30 Examples

Example 1: Cloning of variants of human IL-12p40 subunits
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antibody-1L-12 fusion protein expressing cell lines with p40 variants of the
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C-term nal ragnent I'S nor reso e i ntact
p40 speci esvehrbantmwew #lusaibtaipkdretic conditions (see ar row poi nting to band

I 1 sent f th t ted (| 2-9 d
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[ 0099] Ant i boO sion proteins cofitalinin 40 variants were purified
fromcell o(oBHM%/@uﬁwrthaslaed ass ccmttgmauslénagmem lasishoas |szsgarecQO Wa:ﬁ e| n A

a1 11 ed arfiRERE) WELEOH OF ad FSe: EdRis S5 167 Bbst) 6ouraled 26 Erafe. hao
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R A e Pt e S T R
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20 Pwu i/ Eco Rl fragments obtained from NC-p40.

[0093]  An identical approach was used to generate nucleic acids encoding
p40V5 and p40V6, starting with the synthesized sequence shown in Figure 21,
and to generate nucleic acids encoding p40V7 and p40V8, starting with the
synthesized sequence shown in Figure 23.

25 [0094]  Similarly, to generate nucleic acids encoding p40V3 and p40V4, the
plasmid (pBHV3V4) carrying the synthesized sequence shown in Figure 22, was
digested with EcoR | / Bbs | / Sca | (the Sca | digestion was included to eliminate
the similarly sized V4 fragment), or with Bbs | alone, generating an EcoR | / Bbs |
(for V3) and a Bbs | (for V4) cassette, respectively, each with ends compatible

30 with the EcoR | / Bbs | digested expression plasmid pNC-p40. Note that for the
Bbs | restriction enzyme the recognition and cleavage sequences are separate,
and thus sequences containing multiple Bbs | recognition sites may generate
different, sequence-specific overhangs. The V3 and V4 cassettes were then gel



found thavo 2vetietshe exception of the sampl e of the antpbwdy2doesimm protein
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ED50 (ng/ mfa an@)%g 6@(\‘3 ¢ followed. For example, the fusion protein DI-NHS-
IL12p40V1 was obtained by further transfecting the cell line expressing p40V1
20 with a second plasmid, pdHL10lambdaDI-NHS-p35, which encodes the NHS76
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antibody, wherein the C-terminus of the heavy chain constant region is connected
to the N-terminus of the IL-12 p35 subunit. The expression plasmid
pdHL10lambda is a derivative of pdHL7, wherein the encoded light chain
constant domain is a lambda chain. The cells were selected on a methotrexate-

25 containing medium, and stable transfectants expressing the antibody fusion
proteins were cloned by standard methods.

Example 3: Purification and characterization of p40 variants
[0098]  To characterize the integrity of p40 variants p40V1, p40V2, p40V3, and
30 p40V4 (SEQ ID NO:6-9), spent cell culture media from duplicate transiently

transfected NS-0 cells expressing these variants were collected, and processed
for a Western blot with a polyclonal anti-hu-p40 antibody, shown in Figure 24.
The control wild-type p40 subunit was included as a control (lane 1). it was found



R&D | L- 12v0.206%/006432 Ab-1L12 0.43 0.21 Ab- é%lZ V1 1.11 Or&9/ERbeokkiBov2 1. 09
0.32 Ab-11,12 V3 1.09 0.21 Ab-1112 V4 1A4 0.48 Exp |1

that the cleaved species lacking the C-terminal 6 kDa fragment, which is normally
well-resolved from the intact p40 species by these electrophoretic conditions (see
arrow pointing to band in lane 1), was not present in any of the variants tested
(lanes 2-9), and only intact p40 could be detected. Thus, the tested p40 variants

5 were resistant to a proteolytic activity present during protein expression.
[0099]  Antibody fusion proteins containing IL-12p40 variants were purified
from cell culture supernatant using standard techniques based on Protein A
capture (see U.S. Patent No. 6,838,260).
[00100] SDS-PAGE gel of the purified antibody fusion proteins from NS-0

10 stable clones of the p40 variants given in SEQ ID NOS:6-13 (lanes 1 — 8) and of
the non-mutated control (lane 9) is shown in Figure 25. The middle of the three
major bands represents the non-cleaved p40 subunit, with the faint band slightly
above indicating more glycosylated species. The upper most main band
represents the fusion protein between the antibody heavy chain and the p35

15 subunit, and the lower main band represents the antibody light chain. It was
found that, with the exception of the sample of the antibody fusion protein
containing IL-12p40V5, the 6 kDa band was not present. For IL-12p40VS5, a
residual 6 kDa band was observed (lane 5).

20 Example 4. Characterization of a proteolytic cleavage site in the wild-type IL-
12p40 subunit
[00101]  The identity of the contaminating approximately 6 kDa protein fragment
was determined by standard methods. Briefly, purified DI-NHS-IL12 protein was
denatured and reduced in a buffered 6 M guanidine / 1 mM DTT solution at 55°C,

25 and subjected to reverse phase HPLC separation over a Vydac C4 column with a
10% to 90% acetonitrile gradient. The fraction corresponding to the unidentified
peptide species was collected, dried and re-suspended to run on an SDS-PAGE
gel confirming that it corresponded to the 6 kDa fragment, and to determine the
sequence of the peptide by N-terminal sequencing. The sequencing analysis

30 revealed a peptide with the sequence REKKDRVFTD, which corresponds to a
sequence in the mature (wild-type) human IL-12p40 subunit beginning at Arg261.

Example 5: Bioactivity of IL-12 proteins containing p40 variants
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[00102]  Bioactivity of IL-12 proteins containing p40 variants was measured by
induction of IFNy from human PBMC. The antibody fusion proteins Ab-IL-12
containing variants p40V1 to p40V8 were compared to Ab-IL-12 with wild-type
p40 and a recombinant human IL-12 protein.

[00103]  The IFNy induction assay was performed essentially as described in
Gately et al. (1995), Current Protocols in Immunology, Section 6.16.4, and
Kobayashi et al. (1989), J. Exp Med., 170: 827-845. PBMCs were cultured with
PHA-P for 3 days and then 25 IU/ml of hu IL-2 (R&D Systems, Minneapolis MN)
was added for an additional 24 hours. The cells were washed, 20 1U/m! of IL-2
was added to all cells, followed by addition of IL-12 fusion proteins, with a series
of two-fold dilution starting at 20 ng/ml (in terms of relative mass contribution of
IL-12 to the molecule). Twenty-four hours later, the concentration of IFNy was
measured by ELISA using antibody pairs purchased from R&D Systems.
[00104] The results of two separate experiments using PBMCs from different
donors are summarized Table 1.

Table 1: Bioactivity of Ab-IL12 variants in a IFNy induction assay.

IFNy Induction
Protein ED50 (ng/ml)
AVG (n=3) SD
Expl
R&DIL-12 0.04 0.02
Ab-IL12 0.43 0.21
Ab-IL12 V1 1.11 0.59
Ab-IL12 V2 1.09 0.32
Ab-IL12 V3 1.09 0.21
Ab-IL12 V4 1.44 0.48
Exp Il
R&DIL-12 0.05 0.03
Ab-IL12 0.53 0.42
Ab-IL12 V1 1.53 0.58
Ab-IL12 V4 1.79* 0.80
Ab-IL12 V5 0.58 0.39
Ab-IL12 V6 1.63 1.46
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i ntravenous| y adni ni stered E otein. It was found t

wi | d-type c§RbpigHefamibianto tesesktipgdiin thre adsBﬂeﬂ}ngLeBlnmlcerﬁn?? 222?| variants
o bven ohe R ) IR lecRl o AN g B A R T
hal f-1ife ofortéining thervabiahtson MMBgRI00, PBBVBNES®) 4, 3MNVE IpABUB! ¥40V7 and
p40V8 in a volume of 0.2 ml, either intravenously in the tail vein or
15 subcutaneously. At various time points up to 24 hours and up to 96 hours,
respectively, small volumes of blood was taken by retro-orbital bleeding and
collected in heparin-coated tubes to prevent clotting. After centrifugation to
remove cells, the plasma was assayed by capture with anti-human IgG H&L
antisera and detection with an anti-human IL-12 antibody. Results were
20 normalized to the initial concentration in the plasma of each mouse taken within
30 seconds after injection (t = 0). Figure 26 is a compilation of representative
experiments assessing the pharmacokinetics of intravenously administered
protein. It was found that compared to the wild-type control protein, antibody-iL-
12 fusion proteins containing variants p40V1 and p40V2, p40V3, p40V4, as well
25 as p40V6, had significantly improved pharmacokinetic values. Particularly, it was
found that the half-life of the distribution phase (alpha phase) approximately
doubled, and correspondingly the AUC of the variant proteins approximately
doubled as well. However, the elimination phase (beta phase) of all Ab-IL-12
fusion proteins remained substantially similar. These results were consistent with
30 the pharmacokinetics of these proteins when administered to the mouse
subcutaneously Figure 27, panel A, shows a comparison of wild-type Ab-IL12
with Ab-IL12 variants containing p40 V1, p40 V2, p40 V3, and p40 V4, and panel
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i bed. 105]In. an alternative treatnment strategy, a patient with
g(rj\elzﬁ(r:;gse fo[ R\e p:lt!ent. rl1\lon-steror}dal anti-inflammatory drugs, for example Naproxen™,

are also prescribed. Treatment cycles are repeated about once every three
weeks.
[0104] A patient with hormone-refractory breast cancer is treated by drip
infusion with an antibody-IL12 fusion protein containing IL-12p40 variant. Non-
20  steroidal anti-inflammatory drugs, for example Naproxen™ are also prescribed.
[0105] In an alternative treatment strategy, a patient with advanced
hormone-refractory prostate cancer or advanced hormone-refractory breast
cancer is treated with antibody-IL12 fusion protein containing an IL-12p40 variant
about once every three weeks, in combination with an IL-2-containing
25 immunocytokine such as KS-IL2. These two agents may be co-administered by
drip infusion. Prior to the treatment, the patient is dosed with an
immunostimulatory amount of cyclophosphamide. Non-steroidal anti-
inflammatory drugs, for example Naproxen™ are also prescribed.
[0106] A patient with rheumatoid arthritis is treated with an Fc-p40 fusion
30 protein, in which the p40 subunit is an IL-12p40 variant, about once every two
weeks at a dose of about 8 mg/kg, with administration by drip infusion.
Progression of joint destruction is found to be significantly inhibited by

monotherapy, even when compared to disease-modifying anti-rheumatic drugs.
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acid deletion or substitution at one or nore positions corresponding

to residyes aAvaﬁsntmﬁiaﬁ%cé’:ﬁﬁnﬂhg&h@sﬂb@tﬁnﬁor{mswzsgmn 4260K&n, and
p40, said i%ég'hl on or substitution elimnates the protease site

bet ween @'ﬁ Bnd Arg261, wherein the variant conprises
substitutions at |east at positions Lys260, 3er259 and Arg261, 2, A

vari ant pf cl i ot 4 E | ;
LysZGOAsCﬂ antglv,%}%gt 1T r‘;TII 2. ﬂﬁth&g??giﬂﬁgf]g tgfsas:ﬁ%%glﬁﬂ? ?ﬁ%?“%grrpri si ng

the substitution Lys264dy. 4. A variant of claim3 wherein further
one or HWbth dh varentefsigioes wharesuzher pae6botir of thelresidues 5. A

vari ant one or nore residues corresponding
to Lys26 ys{é é@ﬁsﬁgggfé%gﬁ%EArgZ% are deleted. 6. A variant of
claim1 or 2, further conprising one or nore of the substitutions

sel ect ed.f r o varanfrafughaiconor2, whgreih dnes@a8ord yaifiibs dorssdpbndihgrio
265, and ArLqg26 erei e co ondi n r| gi nal am no acid

resi duecL §§85 3&"{2% 22% r@dérggagrﬁrﬁge 7. Avariant of claim
6, conprising the substl tutions Lys258Gln, Ser259Asp, Lys260G n, and

Arg261As 8, /A vafiandf it h &irm, ?urtﬁéﬂcfohginsw@ﬁé%k ﬁ%r&hﬁthe substltutlons
substitutions Lys263Ser and Ly $264 A variant of claiml

conpr i sis¢Pted fiometheogTosig W%ﬁjwﬂtqfthb‘ﬁ?ﬁ%sl-ﬁ@ﬁ@BbMﬁ‘l AspRifnand Argaes,
Ar9261Th) e @Rfthe corresponding original amine acid residue is replaced by a non-basic

amino acid.

7. A variant of claim 6, comprising the substitutions Lys258GIn, Ser268Asp,
Lys260Gin, and Arg2681Asp

8. A variant of claim 7, further comprising the substitutions Lys263Ser and
Lys264Gly.

9, A varfant of claim 1, comprising

(i) the following substitutions:  Ser258Agp, Lys260Asn, and Arg261Thr, and
(il the following deletions: Lys263, Lys264 and Asp265,

wherein said positions are related to the unmodified wild-type molecuie,

thus forming the sequence track Lys - — Asn — Thr — Glu — Arg at positions 258
— 263 of the variant.



(ii) the follow ng deletions:Lys263, Lys264 and Asp265, wherein said
positions are related to the unnodified wild-type nol ecule, thus
formng the sequence track Lys - Aso -_,Asn - Thr - Qu - Arg at
positions 258 - 263 of the variant -"3%1'10.A variant of claiml,

conpri si (4 A OW, Ng substitutions: Ser259Asp, Lys260Asn,
ArgZ61Thﬂ? arf%%@%@(i&og{%iﬁh%' g‘W’W“'f’ﬂe fol |l ow ng del etions:Lys263 and
Asp265, (Bhitecfoliowitigdsubadititionas serﬁggmt.ggbaunénh%@%f ?ﬁﬁ' Lys264Gly,

wi | d-type fecule, thus form ng the Sequencé Trac
Au -21/a%% g at positions 258 - 264 of the variant. 11.A variant of

claim 1,z ISl fal.l owin AN : Lys25801n,
Ser259As(gm%§ég%®%nééT%#d%lAsQ Q?’E%@f%’h&#‘shggghe sequence track: dn
-Asp - @hge?ﬁlﬂpobmn? d:?wetatd]’_sfmmb 10 :difiM%filﬂflﬁla? Aftfle@flat he

vari ant. varjant of claim1, conprising the follow_ng

subst i t (RUSRIMING thasseqyen %@Hﬁf&?@ﬁﬁlﬁlﬂﬁrﬁﬂh.@&tﬁgﬁwr,
Lys2649ydshionsiamail D4 it gapance track: Gn -8ag - An -ASP - Gu -
Ser- ffiy- Amat positions 258 -265 of the variant. 13.A |L-12

protein, or a fragnent thereof, containing the variant of any of the
claims f1. 1A varam af claim hresreprising theafdlpwingssubstiidionst . cont ai ni ng

the vari 3ebsgb Yo 88a459 vs2600in, Arg261Asp,
thus forming the sequence track: Gln —~ Asp — GlIn — Asp - Glu ~ Lys ~ Lys — Arg at
positions 268 — 265 of the variant.

12.  Avariant of claim 1, comprising the following substitutions:

Lys258GIn, Ser259Asp, Lys260Gin, Arg261Asp, Lys263Ser, Lys264Gly,

thus forming the sequence track: Gln — Asp ~ Gln — Asp ~ Glu — Ser— Gly — Arg at
positions 258 — 265 of the variant.

13, AIL-12 protein, or a fragment thereof, containing the variant of any of the
claims 1 - 12.

4. AlL-23 profein, or a fragment thereof, cantaining the variant of any of the
claims 1 - 12.

15.  Afusion protein comprising a variant of any one of claims 1 — 12, or a protein
of claim 13 or 14, and an antibody or an active portion theraof,

16.  Afusion protein of claim 15, wherein said variant or said protein is fused to the
C-terminus of said antibody or antlbody portion,

17. A nucleic acid encoding a variant according to any one of claims 1- 12, ora
protein of claim 13 or 14, or a fusion protein of claim 15 or 16.

18.  An expression vector comprising the nuclelc acid of claim 17.



claims 1 - 12. 15. A fusion protein conprising a variant of any one of
claims 1 - 12, or a protein of claim13 or 14, and an anti body or an
active portion thereof. 16. A fusion Q%?teln of claim15, wherein said
variant or said proteln is fused to tHe C-term nus of said antibody
or antib dy %tlon nuclelq acid epcoding a variant accaording
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vari ant expcessidmyedctor ahglamel®f clains 1 - 12 or a protein of claim
13 or 14, or a fusion protein of claim15 or 16 conprising the
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fusion praotein of any of the c|ains tionally together with

a phar nefe@em'péatlenryofa%@éaf s eabag ﬂBeT‘ianp@@nel liogemarpwlﬂrha 21. Use of
a phar f manuf acture of a
nedi cagzb(h%%'bﬁg%cgﬂs r ea#heérﬁae g%rrgég@g?%gorr ée?r‘f'é%?‘o i mmune di sease.
21, Use of a pharmaceutical composition of claim 20 for the manufacture of a
medicament for the treatment of cancer or an autoimmune disease.
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