HUMAN ONCOSTATI N M ANTI BODI ES AND METHODS OF USE Field of the Invention
The presnni- i muunnti nn ral atne +n A hitnmn anti hnadvy ~anahl A Af nAant ral i -:i ng
t he bi ol

receptors on hunman cells, and uses. Background ot the Invention

Oncostatin M (OSM is a 28kDa nmultifunctional nmenber of the IL-6 famly of
cyt oki nes secreted by nonocytes, macrophages, neutrophils and activated
T-1ynphocytes (Tanaka & Myajinma, Rev Physiol Bi ochem Pharmacol 149: 39-53,
2003) . Prot eol ygUMAN @NEQUSTATEY M AR TIBODIES AND MEKIBODS dihesgecr et ed OSM
yields the fully active formof OSM 209 am no acids | ength having two
N-1inked glycosylation sites. OSM belongs to the IL-6 famly of cytokines
that includes (IL-6, IL-11, |eukema inhibitory factor (LIF),

car di ot r ophi nFie]d efi the Brwenti@ut ot r ophi ¢ factor (CNTF) and cardi otrophin-1like
cytokine (CLC)) which share a .co n receptor supunit 130 protein. In
humans, OSM si gnal SheHesSHgRV e a@ﬁt%%ﬁ‘@?%’o‘i"ﬁé‘?‘g’ RRbls %’?i ng of gpl30 and
the LI FRa suby@iutaligh g@%ﬁ%g@ma&ik}&%%%ﬁeabwﬁwa@aﬁnMlﬁn@iﬁgw ast to the other
cyt oki nes of the IL-gG famly, OSM binds gpl30 directly and in the absence
of any additi B}EPraHe FsPRIPE OB bumen ¢disra8d 8fFor (Gearing et al ., Science 255:
1434- 1437, 1992). Foll ow ng OSM binding to gpl130, OSMR[ 3 or LIFRa are
recruited to Baskaraun ¢fthefrentien, si gnal'i ng conplex (Msley et al., J Biol

Chem 271: 32635- 32643 9 Ccllvatlon ei. ther receptar, results in
signaling via the %\W%%‘%@P()poasth@v%?/%%agnﬁ%@ Iéun(% Ongﬁ.n?m er@?%’le Hc'ﬁem 272:

157:30- 15764, wﬁlgz)of cytokines %B};Meﬂﬁy mopdmmdnmbp;pgisj I}Eub?phﬂ@hh(fk QI i n’.rrune|.
systemorigin_and, cause 0O sprea ripution of its signaling
receptors, it? lggtegggﬁmﬁﬁ%gﬁ? Qa&%‘%gﬁyeﬁ“’%ﬁa f‘é%}fsf”é’wﬁf bgi cal activities,
i ncl udi ng cel Phr@hownsin4p e300, Pldedlyat cdewgt agiticadody-fegmbat i on of

extracel | ul ar trix conmposition. As its nane jnplies, .oncostatin Mis
associ ated wi Pﬂﬁﬁﬁ%%@ré@dﬁﬂ%%ég%@gy a?—’ﬁﬁé‘?ﬁ@r?f@f\[ﬁ%og A1 % vol ved in early
events in inf leﬁ%ﬂﬂﬁf&ﬂhyWﬁ—linﬁ&@@%&o@ﬁ@ﬁﬂn%it@@tMM)béloh@&ditH&:thGJ del eterious
condi tions, such as pulnonary fibrosis. Thus, there is a need to provide
human ant i bodf@dlyspegirkings thyringhides L dsih-¢ hiskewiagnhibitesy kacty (FEdept or

si gnaling (gpdaQioabaiak | dehy RMRSHoPhIMIAGER (BNTRPIndRLRGIHPRInaRtLI bodi es can
exert a clinically useful cytotoxic, cytostatic, or inmunonodul atory

ef fects on gpiBokiaxEridashigh slearg & conguppvisreptapsubmmE, RAERPIAaN n The
present inventi Vil i-ndi : t I capabl e of

bl ocki ng acti b?@?lggég%@ssﬁlﬁg%gﬁ%r? %b%gget%&%ksg&ﬁlgg%#% iogigd associ at ed
with OSM and GSMIBRaditngitoegdp end thaOSVERE submnibnincenttast totthesghees, or or gans
in a host subject.. Am.n id.s nces of,.exenpl ar bi ndi.ng nonocl onal
ant  bodi es- ar B BrBTIRLE i el i B et BB e g o

expr essi on i nagy dudgiondehdmbridrebootid emreeeptdr (Ghein@BMInvniende@dsl 1484t | bodi es of
the invention fi i.to n the surfa f i ch, when engaged
by an ant i bod}%gf 193 FollBing @ﬁ}“cﬁ%d%%%%ﬁoe@g?“%ﬁ%%%&i on with the
retl\:/eR|[ot or ﬁorrpwaﬁmb@tmrrﬁ b]ﬁigﬁiagﬂﬂﬁgislf@am@?x (gﬁ@&lBQetaanqlfBioFBaengrdgpl30 and
OSVR[ 3, there revent i igand ligatign driven sjignaling an ownst r eam
bi ol ogi cal ac?é/\)BtZ&S'&Mg%%ﬂeiéEbaé‘é’% Og?“ ﬁ@c‘?pmfé?ﬁl,tg‘r‘i‘ Sl Y3 ol at ed

anti body reactj.VRKWTAT painesy GaMix atael NpaziAg hesa0tisgen 199mdi ng ability
of a nonocl onal antibody conprising an antigen binding domai n conprising
am no acid 3eqUenC@@Mﬁ§p@@ﬁceﬂ@ﬁﬁ1@%%y$E@ dfniNGBe sybBmldtionl @lae or at
specified positions of FRL-CDRl-FR2- CDR2-FR3 as set forth in SEQ I D NGs:
1-3, a CDR3 abeqreysrod dunridesrispd deiabytiomgbits stenalge serqptats, it B3s Beat ant i gen

bi ndi ng domai Rs6QABY Ivith RYarid'® B0hif6Lifal SEARRICASIuGRg 8&f erb@t h i n SEQ I D NGs:
23-26 alone or at specified positions as set fort%l in SEQ I D NGs: 5-8 and
vari ants t her egplatigigeyaldordopaent aptiegdstoad! pytraceplarmagss  19-22. In a
speci fic enbodi fiont he human OSM bi ndi ng anti body conprises a variable
domain selected Trom SEQ I D NO 49-55. | n anot her enbodi ment of the

i nvention, the nongchonale idlitLAdSsRiiNoH i09:HNBd f5n bs@geds full length 19G
structures, have constant domains derived from human 1gG constant domai ns
or specific varcesstss HomeraoPSHrsialse mvelsedingarly enentspeinflaomatnesd es in a
phar maceuti cal preparation to prevent binding of OSMto cells displaying
OSM r ecept or components. In another enbodinment, the binding domains are
configured as anti body fragnments for use as a ther apeutic nol ecul e capabl e
of prevent binding of OSMto cells displaying OSMreceptor conponents. In
one aspect of the invention, there is provided a pharnmaceutically

acceptabl e fornul ation, delivery system or kit or a nmethod of treating
oncostatin Mrelated conditions conprising one or nore of the OSM bi ndi ng
domai ns of the invention such as but not limted to 13-28 and 30-46 and
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BRI EF DESCRI PTI ON OF THE SEVERAL VI EW5 OF THE DRAW NG Figure 1 shows the
germin pl X
coat pr

FRl- m.l_ LI B V4 NS Lo LI I\ “Uuvuwwul uil Ilu L v \JI—\{ 1 1N\ - J \ - - I \A1v . Uy,

| GHV3-23, and 3 = I GHV5-51) followed by a variable |ength, varlgated H CDR3
region, and a J-region (FR4, SEQ ID NG 4); and each of the LV domuins
consi st of a yatkRgh ERRl: ERRICRRE B3 6C Al fguilgnSEQ | D N0 5-8
(5=IGKV139?%12 eGSR R (o O S A9 ) it 8 ol @ova- 1
(B3)) foll ome&b@ylsaT@R@erse%mﬁrmplwdsE@mwnN@d@ snml%for bungl | owed by a
J-regi on (FRAOSREQOLR. N EhHBndfelh180 GerfRe Pl chigusiase- response of
t he CHO cell -gerl ved ?eco%%(mngarreltéphun%?l a% cyno%ﬁqg%ﬁsvermnkey oncostatin M
i n suppr essi ngigml dlockiag antibodicotana3Tta sinieadlly lusclaleymterdu redstiic, Br dU
incorporation- t t he presence of vehicle
only. Figure 1:iinsorﬁ[(Eabrdgg@a ES%nr%g%(ﬁ%Bg%g %‘?Sof the anti body M1,
conprised of the L180 (SEQ I D NO 53) and H17 (SEQ ID NGO 54) variable
domai ns to relieve OSM supPSUBMARY OF TBEINYENIAON f er ati on where OSM was
present at a concefifJ M}ﬁ‘és‘eﬁtrln\%%n&adﬁ%ms O@/Ig)ﬂ{a?ngSm'oﬁocfl’on%PénlﬁBlew aph showi ng
the effect of M4, , M69 at 20 ji g/ I n Increasing

35504- upt ake, capable o bloekieg aqﬂﬁt&lﬁ%@g@wtwwle@mcy@w kigaptiNgiss s, above t he

| evel observed b&at&&‘%nﬁl%f‘vf‘é}%]é’éM%ﬂIdﬁ.%qgéfe %Pﬂltéﬁ\%k‘?oﬁoﬁ Qals”t%@u pgicicific

i sotype anti body was a contr in co- tires of human chon rocytes in

al gi nate beadgrgaminla,dm&mubmnr ophages! capabisef okengday ISMindBY  Fi gure 4A
is a graph in the..do e se. of n st pSTAT3 in
NLE cel 1o whEPDSHRPbBE R e plERATFBiep e LTS M Bh T bR PR qure 28
is a graph shewresglohl'rreabds't ¢dllt Yonefor trioee afilid G ymdiddlobd amﬂmlreabf ze the pSTAT3

signal in the_,pres i gu . dBaresatter pl ots
Showing the alBURCTBI depns & (e PaatResie PETSMEET 0% HiefrE e b ot

i ndi vi dual m egaafbbeéy ofthaink eiige, mplteherml\ﬂcmmdltmdnhn Wﬁth\t‘hetrh@ptor pr et r eat nent
with the indicated concentration of1 M7 1 dmﬁ% g (51 $€M§Ed B are

gr aphs show nCPHREYRPLIAT &8 lé‘ﬁf?lﬂli’ FoRPLVE O‘Prngpé/J monkeys
after intravemcRys plofdntdl llgbeﬂlﬂlgaﬁ&ﬁdﬁt%n@1@)1&1&1@ﬁh@ﬂ&ifﬂsﬁr&drﬂﬂloﬁfglc& mg/ Kg M1 or
an Fc variant of M/1. DETAI LED DESCRI PTI ON OF THE | NVENTI ON Al

publ i cati ons, 2$"W&¥udi ng but not linited to patents and patent applications,

cited in thls specificatiopn are herein jncorporated by reference as though
fully set forth. ABBT®OTAPT GREVEERNL Hooe e Suibay ’&P‘HUﬁ]Wﬁﬂl%W

conpl ement ar i pgmd @r aﬂin@gherﬁiﬂg&fbm %:ﬂ)ﬂﬁé@f’ﬁlﬁﬂ%cﬁl&ﬁl ameksy (Macaca
fascicul ari s); = di abeti ¢ _nephr opat CD = extracel lul'ar domain; FR =
framework: H SOREAE ABRAlgEN bv@mgﬂwﬁt@pﬁpﬂﬁ%ﬁmmaﬁﬁﬁwn%tafh?eitt. s: L =

light chain; !rcgtmnsmum&b&byhtsmoné/abmp&m@%gﬂals oRPRI ROstyY FIEM =
oncostatin M = osteoarthritis; Ighate buffered saline; RA =

rheumat oi d ar @Wtﬁpﬁ as\gpt fﬁl”th/alrS%I[éNQSghﬁ has WHGan\slérbb’r&EQemweavy chain,
Definitions her & n NN eTo £ ol e anti bodi es
and any anti ge %?égla{g%??roagner? el%)?i an ?élgep Sy %Illlsﬂfglt erée%)C Thus, the

anti body i ncl @ﬁﬂlgglcams spirfottk imSkSR 1) &oxsi Zer@:dmealrm spgcifred poitloss ashat  conpri ses
at | east a_potdiaih RISERy ABUROOL ORI, MRLSE s CORS B BB Btlot | m ted
to, at |east one conp ntarity determning’reg heavy or

| i ght chai n oby aEQu@amt 19+22d iIm g sypoiticicotvodinenie dic humam@avg/bmdhag n or |ight
chain vari abl e_r. ain _or t region, a

B
framework (FRJ tb@%’( Bomprls?savar%blgp??%lﬁS?lﬁcet?(gtg?m%%§ I\Cr(ﬁe@ts ‘one portion of a
bi ndi ng protein i can or at {o.an anti of the present
i nvention. The te\rl\frqna'nf’i%1 i béf&men &:"ﬂgrltnﬁ %OH ARty n(%l aélgg%dépass anti bodi es,
di gestion fr agmémgﬁomsmemeﬂlaeﬂﬂlpmgth Ig%tmctdrevdrawﬁfﬁnstaﬁthiemnﬁ i ncl udi ng
anti body m netics onpris i ons of a i bodies that mmc the
ot ructur e anaroes SeRn S ehsBRl dassiy o§ oot @i Berte gt Cor por ti on
tEereo;, i ncl u@umﬂ}?tapglte M&u&s?ﬂﬂp}&hﬁ@ﬂeﬁn@mg&pdgatm&df) pedines and fragnents
t her eof Funct ragments . ude en- bi ndi n ra nts to a
pr esel ect ed th?la’é‘go @g&ﬁﬁlc@g ‘iﬂffp ﬁ\ﬂ FRIGhEWTRON %olﬁﬁggg%’fd within the
term"antigen binding portion" of an antibody include (i) a Fab fragnent, a
nonoval ent fragnent consisting of the VL, VH CL and CH, donmins; (ii) a
F(ab')2 fragnent, a bival ent fragnent %orrpri sing two Fab fragnments |inked
by a disulfide bridge at the hinge region; (iii) a Fd fragnent consisting
of the VH and CH, domains; (iv) a Fv fragnent consisting of the VL and VH
dormai ns of a single armof an antibody, (v) a dAb fragnent (Ward et al.,
(1989) Nature 341:544-546), which consists of a VH domain; and (vi) an
| sol at ed corrpl errent ar| ty det er m n| ng regl on (CDR) Fur t her nor e, al t hough
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Fr anewor k or FRl 4 re5| dues are those vari abI e dOITB.I n resi dues ot her than

and brac’ ~othia
and Lesk a |l oop
by show ng the expansion at specified residues denoted by the small letter

notations, e.g., 30a, 30b, 30c, etc. Mire recently, a universal nunbering
system has been devel oped and wi dely adopted, international |mnoGeneTics
i nformation syst&fkd:, the Bﬁﬂlg Gbﬁﬁh@ﬂ@ corﬁﬁgu?eld -as 2fbady NiherfiCofiscRes.

33: D593- D597). Her ei n, are ref erredytomterms of both the
amino acid semﬁé@peﬁemq*@ule@ee?ﬂviedﬁpwwrmbnldm@fﬂ%ﬁto @Hs heavy chain by
sequential nuRGLYRIOSArcEfor cbAfidchRNn e dbite: SFHRSnWibhMdhig structure of
t he i mmunogl obulin Variabl e domain I's conserved between species and present
in structur esp@aldleedph@mp@utlwly@sqen@bhdme&atlng dslreare pstenhat kigpiggn vari abl e
domai n sequen - %5 Zhrewor k

resi dues and glfgg]o?gggéal%ggnd{antaﬁ%}a hi gglﬁn %1% I'El?lo |egoql&lsfé% in grafting
and repl acenefit QﬂMGDRlngelsmdmeefﬂlc orventiomsndigls dbuldt hismited t001r$e28sap,1é0| es into an
acceptor fra nt dy. The term "maturation”
is applied tggad\%ec({ rqnﬁ rov1?t?(il}'yasn€%|ﬂ?5(@;3?[ V%Jﬁ)abl e region for the
purpose of altering the properties of the polypeptide. As is known in the
art and descr BRIBFHRHSSGRIPTAONDOHE THUSBEERAL YHSWS I INTHEDRAWING egi on
sequences tha TRA ant i bodi es
achi eve high gg‘rh?gll%y aﬁllgf:%pec e%:l%? ﬁjcesalﬁgag)redc%%lgg%sf:}gtelﬂ%?ig%ess of somatic
mut ati on. Thi QISpiamd@sspIXaoatlpwterlmwlat@deaCh ofiht HY damgesraongistpén al | el

sel ection and Yald s i ' niAg ence integrity
of each anti bo‘ldyg%%&alﬁﬁl @*ﬁ%@?lﬁgeﬂy@r%&}rd&?h%e g%@? 2?& n the present
case, a hunman]GHAW1i6Batly IGMNBI28, ad BaniciHgs-af)ffolhavted byra varilblojehyts) cal

raking di ract S8 aRGEERerhen] S G e LD, Vi S Reher “Thel evel

of the codi ngLyepuanseomistotavmrivgatalii e¢Pa 11BR2cCPRL-FRG asavbdihdroar i es f or

sel ection of c pr t erei refers to an
oncostatin M Egﬁy}ﬁg\gﬁ% g%or 1@&%@?&%6} Pde[éiﬂ)\&pﬁ g’i% dagd?%g sequence
encodi ng the @Bzvﬂ)mhygp:elmﬂxdel (BYIRMoWEMy SCDR8 awoecdn@to SHQ IhROohuMaN osm
gene (CGene 5008 erm itope" neans a protein determ nant
capabl e of sp%c‘}‘ihf‘ihds Bﬁ“ﬁd?%‘g‘/%bre&i’na{ﬁ%b%&lDﬁﬁr {Ypes usual | y consi st of
chem cal ly active surface groupl ngs of 4 cul es, such as no aci ds or

sugar side chEigHEe 2hé 4@l afyhedasesresprast pf the PROSs e Eﬁier inagt r yct ur al
characteristi ﬁ%a@@d%ﬁdmcﬂ@@ ReGkdy dhebitamod 1&&1@5@%@ préfifefafion §ONf or mat i onal
and nonconformati onal epitopes are distinguished in that the binding to the
fornmer but nof3tHe2 Fﬁlstaéfneﬁ%“qdd’éftmfiﬁ I?W@OW@gé?fk@r@fih@éﬁ%@lﬁrl ng sol vents.

As used herei @@ntﬂggnrtggd&gén&@oﬁvlgﬁcgloﬁ@ocI ation constant, specifically, the
anti body KD for a predeterm ned antigen, and is a neasure of affinity of

the antibody ﬁ@ur@zﬁeeacgrﬁﬁhcshmfng%eabmtgbfvﬁé Eﬁtmbaymntdo%%&sof%ve a KD of
10-8 Mor less, nore prefera ess and even nore preferably

10-10 M or |_e§é80 SER %@e@étﬁdﬁﬂﬁéﬁﬁ%ml\@eﬁ“)"m@l? eempngeatlicss KD is KA,
f[he_ associ at|l @@M:Q\g?lte% ofw_StSQ %llf&ta% witre 05131 @asgnrresellftaataas used herein,
is intended to ref to the diss C|at|on rate of articul ar

ant i body- ant i gengeitratier eic2 igml. The "1(D' is the ratio of the rate of

di ssociation (k2), also called the "off-rate (koff)" to the rate of
associ ati on rEl&lrﬂ(@)a C@iun'fwaphaﬂthe\’v(nlgdhe 6)ffe'Ct ofMist, MDD, MGheind M@®/ak1 or kof f

kon and is ex t hat the
smal | er the KEé E?Eie sl'?[ ?rg%sr%u %t?] Lpr cfmﬁ %EISHQM‘ISGIQBE%%O%W&%EM (or 1
m' croM indi c&trel&smmbvebthclthvdg)be@mdandd abeendOC amtialy amMVherﬂie: terms
"monocl onal anti be Ly Of T u ¢l OQV%Laac%r'och\é SAmRo qtl gn" as used herein
refer toaprepapflon ofyp ol ecdr es ot S|nge 01 ecul ar

conposi tion. Ahdmirogtoinalgisind bdada:landdmnipmmatnophiagdq @phtdy of sacrsiimpgl e bi ndi ng
specificity aQSMaffi nity for a particular epitope. The term al so includes
"r econbi nant body"” and "reconbi nant nonocl onal anti body" as all

anti bodi es are prepared, expressed, created or isolated by reconbi nant
nmeans, such as (a) antibodies isolated froman aninmal or a hybri dona
prepared by the fusion of antibody secreting animal cells and an fusion
partner, (b) antibodies isolated from3 host cell transfornmed to expr ess
the anti body, e.g., froma transfectoma, (c) antibodies isolated froma
reconbi nant, conbinatorial human or ot her species antibody library, and (d)
anti bodi es prepared, expressed, created or isolated by any other neans that
[ nvoI ve splicing of i m*runogl obulin gene sequences to other DNA sequences.
An |sol at ed anti body, ~as used here| n, |s |ntended to ref er to an ant| body
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receptor (FcR) on a cell. There are a nunber of Fc receptors which are
SpeCi fl c fAar Aiffarnant Al acene Af aAanti hAadwy i nAal nidil nAa | A { A

recept or

receptors). Binding of antibody to Fc receptors on cell surfaces triggers a
nunber of inportant and diverse biological responses including engulfnment
and destruction of antibody- coated particles, clearance of inmune

conpl exes, | ygigarOia &Y &BAOYsh&OAE B dbR' GRInsC o husalR DI bBklae@! | s (cal | ed
ant i body- dependent cel |l -nmedi ated cytotoxicity ADCC), release of

. Or .
i nfl anmat ory RSEAEY BrNHLBFellsavher the PGsas fomttio b aprretimarelyi igtilogl obul i n
production. The term "pol ypeptide" means a nol ecul e that conprises am no

aci d resi duesFigurg#B issyeraphsbpwing sharbHy pothe ativedy MOl ypequtplips thesmal |

pol ypepti des g&rAe$sitdhatne egﬁk@&gp&ygpogﬁy be referred to as "peptides."
Pol ypepti des nay al so be referred as “proteins.” Overview The present

i nvention proyjges sal@BaL MRS pBRRAGL B A RN 9 20AANRUI@] Zi NG the

bi ol ogi cal activity of OSM proteins and Cl eavage products. In particul ar,

t he OSM bi ndi h@Bhdestedfin thy gerpmad pdinadnabmeceabipiechaldenst vtk OS8Aptst ndi ng t o
130 or prever i of 130. In
gp P V?ﬂ% o@ﬁm&g@gﬁ&%ﬁl théinﬁBQte&’EonQQNB*aPPXf E’FB%HF gp

ei ther case, e 1nvention Is capable o ocki'ng GSM dri ven
gp130 recept Ok &NN & hs ERQSRNAE Vgt icOft R atisl AV hdsinbeen reported
to lead to ove#ﬁpro ué??%ﬁmo q%%ﬁ?ﬁgen Ey |6r08 5§tsoin % vgriety of

pat hol ogi cal eorn@igoss bnkeyetftalintra@iogdAeo28bBHneoB4BE- 25, 2006; Huang et
al. J Cell Bi - : - - operties denonstrate the
potenti al thegﬁggur%%&égﬁﬁéggg%?ﬂé%ggﬁ%g?%ﬁgéﬁgﬁﬁbr RA, OA and for fibrotic
i ndi cations such as idiopathic pulnonary fibrosis (I PF) and diabetic
nephropat hy (DN). TheDRUARMERINSINETRONIAE (THEEWENEBPNAccessi on No. NP
065391) is a pre- pPEALRAlYRERthdRdifg P 0] MRAGH PoehaldRghh (SEQ ID NO 11),
having a signal pepthe025 qﬁ?no}é%ﬁgsg?n ieng?ﬁeanacgﬁproteolytic cl eavage
site between prdicaisas cighinghid srgBicatian drghegeis awpwowttddyatieiencdwvi ng fi ve
cysteine resi 1 wo internal disulfides between residues 31 to
152 and 74 toql%g%é’%%tg%ttﬁad JC, et al. J Biol Chem 1991 May 15; 266
(14):8940-5). two potential N-linked glycosylation sites at

resi dues 100 gﬁgﬁ%ﬁgﬁhgnd when produced in eukaryotic cells, the protein is
gl ycosyl at ed. BShe- bR BMIhasin2CIDR e ofiplchitydriy detthm @i réiien; 105. The
sequence of c&go OSM protein was not available in the Public domai n

al t hough an a @hﬁﬁ@ﬂ”ﬁ@ﬁﬁﬂf%ﬁ?bH%@*?aﬁ%ﬂﬁﬁﬁﬁédDNéﬁ%ﬁﬁ1?or an 1867 bp nRNA
(NCBI No. XM Q@hiad48p cioerdcuddiihinomondih; FRNOfrah&cbrianef-bsagdence

(NW 001095169) existed. To obtain the cyno OSM sequence, &NA was i sol ated
from cyno PBMPTaninierHiiaburmongasaninis: lampiehfohaia: lRrommuPpslopditA by RT- PCR and
sequenced. ThgRradi &k RHalth@RRl 2050 Heoldtf 0! 6Red,eauENEePBSEQ | D NO 12)
was found to be 99.6% i dentical to the predicted Macaca mull ata (Rhesus)

sequence, 92%haehntt rferadsakinee RAumdquiasNdartbrites; Y Lseyerabledighind 41%
identical to . s i sequence as disclosed in applicants
copendi ng appF@%&?ﬁ%nq?{ﬁ%%H%ﬁ&?%ﬁmhb_ 12/ 648430). Therefore, the
present invenplh.ARtibgs di rected toward the identification of hunman derived
OSM bi ndi ng Mabs capabl e of inhibiting downstream biologic activity

r g_S:J! ting from OSMb@séaflgrf@miﬁﬂjaﬁii@a?i’ inlaPlldéﬂ%dMlzﬁﬁiBbdlesidhﬂ awafﬁig%aé rl\]/; bi t hp Be
ability to; restore proliferation of cells in the presence o i nhi bi t
OSM dri ven chBidPdyeacyag? sasle eBin Berephy Fias cdhg PRt InelERSPY matrix in
tissue expl anpgieci®bd fepli@ohMindthsiadilZ@adoMpaaRandanh p&Thidd 3f fhosphoryl ati on
in human lung fibroblasts and prevent OSM i nduced cytokine rel ease. 1.
Conposi ti on ofMEmnogkbRipEglegsletsheh ashybRt ligyfed to, at leashorogMm neut ral i zi ng

anti body of tRgnhBK&MdBetbtniffle AldidnRedR) Bh@-ﬁe%m Rink ShaitPhrQQlkeAnd OF
interferes with at |east one Céilact]V|py or 'receptor binding, in
vitro, in sitbindingpeition ghedold hamy dhaasr Hight chrip ryiable regipmahgee, | nduce, or
agoni ze OSM act.i Vi i Lndi 1] i.pding mmc the
downst r eam ef ? ﬁéﬁ%@%ﬁ%ﬁ%@?%Eé%@ggga%g&%%q%égg{é’ggtq %}F Q(%rﬂlgﬂn particul ar
gp130 i nt er acthicesnf,wi 2tHea®8Ne potivh oAs baidggarottinangduenibe mcorportddost cel | . A
sui table OSM neutralizing anti body, specified portion, or variant can al so,
optionally, affect at |east one OSM activity or function, such as but not
limted to; RNA, DNA or protein synthe%is; protein rel ease; cel

activation, proliferation or differentiation; antibody secretion; OSM
receptor signaling;, OSMcl eavage; OSM bi ndi ng, OSM or gpl130 i nducti on,

synt hesis or secretion. The present invention is based upon the

di scovery of anti-human OSM nonocl onal anti bodi es capabl e of inhibiting
gpl30 signaling after OSM binding or LIFR recruitnment by OSM Anti body

o —~ 1 e .
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5 inhibits OSMdriven chondrocyte degradation of intra- artlcular (joint)
n,-atrlx Iv\ i A~ A sl A A ~fF £ Al AmE ]l mmrak Al A~ MAORMND AAammAanm A Ak 'TAT3
phosphor

Cyt Oki ne I vl vUuo o “r L w1 J_y‘)t A2 BB I 4 witen 1 \/Ilu\/ vvi L 11 NAIVE 10 I vo. L | (A RAVAY II\/r
aspect of the invention, the structural features of the antibodies

exhi biting sone or all of the above referenced biological activity as
descri bed her gjihaPifibody bR frbLh iddontibheTHVBRS: ‘%ﬁ& paisqeirﬂ@e% Mb5 and M1

bi ndi ng domains, are used to create structurally ated human anti - OSM
anti bodi es t hi¥ended ticAceapapeasbodipredigesiion ﬁéﬁﬁ?ﬂ%ﬁ@ﬁe‘w@yomnw@ ant i bodi es
of the invent w&mms%g;gbfaﬁclg%lﬁgaln@)oapm%\dc MR BRRE bhiGAL 4y, one or mor e
CDR regi ons of Mbb such as speci residues of SEQID NGO 1 and
8) can be conwmﬁ@dw$é@bﬂ@ﬂﬁﬁnﬁﬁyﬁWﬁ@hﬂwﬁbwﬁwh@ﬁﬁhMﬁ$aﬁe%@ﬁk@¥@@hons and
CDRs such as ao

reconbi nantl yen |%£%P§%n&ﬁ%§§%f§%Pﬁggé antlEQ%@%§@%?8?ﬂ%a?ﬁ§gﬁ%ion.

I n one enbodiﬂmhﬁ%ymmethmﬂﬁbﬁdumemmﬁagheusmvbminmgmhauéngﬁegsemuences,

i ncludi ng FR1 . (SE GVH5- 51 ( SEQ
IDNO 3), wh& ae‘i’resep it t&‘rg""rtmrB’é?‘”Fpe ﬁBE@"@T %“ encé’e %‘:58? ‘éi%‘?%hﬁ the group
consi sting of teﬁE@ﬂti@eMdﬁ@p&rﬁan'eofpneﬁMynmlddla(al)EJBEbﬁﬂ?gindnt an of SEQ I D NO

1 or 3, while stil taining the i1 f he bod bi nd OsSM
(e.qg., conser V&PP\? %mgﬁﬁg???ﬂg§%ﬁ%§§ﬁ%ﬁtg¥ﬁﬁﬁaﬁﬁwi' 1%eé())%nbodinent, t he
engi neer ed an¥F{aboUstagmmnt, la&n\fawﬂipﬂsgﬁbnoéorﬁmen@rmwalefr@%tstlhﬁédlagre for

exanpl e, 90% 8% or 9 5@6|den 1.C o the CDRs |ist in SEQ I D NGs:
13-22 or the G’é}‘lf &%E?%d/%fﬁti?e gy 1)@?#%{9 AgBIEs) S IREE Oié‘le\?“ I n
addition to SCHPHMﬂ&lhsﬁ@ﬂvﬁQF@ﬁém&lﬂ%ﬂ@ﬂﬁﬁge&thWVLla@&iVH&ionﬁHﬁbf@S those

descri bed above, may be selected for their retentjon of other functional
properties ofS%&@Pﬂ%ﬁf%§mBP“Wh@0Pﬁééﬁ@g@ﬁ“(gﬁgﬁﬁéh WHE)ABIUS ty to inhibit

bi ndi ng of OSWipspt£ich v@ﬁc}peoﬁéle@ymHmmﬁﬁacandt(bg@e%lateg GP130 positive
cells to, which binding would result in suppression of proliferation of the
GP130 positi veoreRpmentyryy getgigining region i RRp eropdltheyghithodioes of the
 nventi on CangfigiheStdrd Rieh g GRMARN of B s SAMRes, fhpndard ELI SA
2. Ceneration M neut r %IZIng Ant i bodi es neutral 1 zi ng anti body
exhi biting theand@spmedd uping eecombinang n@ﬁ@ds,ubmmsmhe»@émbﬁuthatemabﬂfér ein by M,

M6, MD, MLO, M8, Mp9,
Mr1, and MB3 g%ﬁﬁ?P§?%$N%%§“%2é$0%§h&?%qgnémﬁﬁgﬂ?ﬁg‘B?ﬁq%%%% ﬁges as

speci fi ed whi ehfogompnosdent melebilby ngwif asamekorhkis FSEQRVD sNGSe., Bird 3, 8, and
havi ng CDRs of a varlety of

t echni ques. '”§%g%é y%?e§%§é%gnﬁggnéﬁu&@hmgF6ﬁ§%gﬁm%§ﬂﬁgx

ant i bodi es ofSmheSAmwéﬁﬂ?G&B)dhmmmngen@nm&ﬁﬁe@meaeﬁkwenmnaBMRmof residues
51-227 of SEQ nucl ej.c codi.n guence t erefore can be
dsed to i mmnrsarishyulh R yBi S I EHRUY TEHERE G S °f he

i nvention dir e@tboyty frigrhdns dﬂ@sﬁtalﬁwusiﬂgeo@whna&ete@lﬁnlqweeamvﬂgm tiysevent i ng, or
aneliorating dise ynat o of di sease SSOCIated W th the production
of OSM ﬁ ]?Jﬁén g’ﬁﬁ cﬁr‘r‘ﬂé]%ﬁnfs%ﬁfﬁ’n%ree%?@ﬁﬁ o5 W R ¢t he human
antibody is s@lafdadart (40t antPRAGE CoRERELY, libMIRE 6f ddratoRbagecaapr i ses human
i rmunogl obul i n %enes and the library ex&yesses human antlbody bi ndi ng

domai ns as, fB¥eddxsigsndor aafigey bndinggapabiffyapd Hreedising cpppntiona! Fabs, or sone
ot her ConStrU%hﬁéf@sQFHéeﬂgo Bkl 8A QR cdiNRAIuhRE @ﬁﬁlin@%é’% K@lch@B! e regions
(Vaughan et 1o al ure Biotechnol ogy 14: 305 314 (1996): Sheets et al.

Pl TAS (USA) 9516 ¢smpga@zughioigyry:is the @%bolrhlraﬁbcwlﬁmé?ﬂal Antigesdy. B ol .

227: 381 (1991L1brd¥9’5éié1aﬁ%lk3;& ot JM6|1B10$U%0)29%@1§55%3§) (1991)). Human

monocl onal ant1 bodi es of the iInvention can al $0 be prepared using phage

di spl ay net hods fOﬁxﬁ&%ﬁﬁﬂbﬁﬂmhh?%aﬁé&Emﬁ&néﬂﬁ%yh&&HMPﬂngBHB%” genes. Such
phage di splay nethods for isolating human anti bodi es are established in the
art. See for bynysriable (ge®n aprnegrid RpduesHf apantipody thet pagBIMB4n oand 5, 571, 698

to Ladner et 5, Dower et

o U'S, pat e RE e REuE g A by MC reon BB of e T R
U. S. Patent Nosmarblg@88biya3of aBliBRly cadprisctinbdalaciBirsidess365) B81i8pes@4582, 915 and
6,593,081 to Giffiths et al. Phage clones are selected by and identified
through a nulti-step procedure known as bi opanni ng. Biopanning is carried
out by incubating phage displaying pro?ein |l igand variants (a phage displ ay
library) with a target, renoving unbound phage by a washi ng techni que, and
specifically eluting the bound phage. The el uted phage are optionally
anplified before being taken through additional cycles of binding and
optional anplification that enriches the pool of specific sequences in
favor of those phage clones bearlng antlbody fragnents that dlsplay t he

1 . Y R v AL 2+ ey e e e e
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constructed on four VL and three VH domai ns encoded by known |GV and | &J
germ i ne <enienrac crl art ad haced nn t he freanmiencv whirh tha ceniianres have
been obs I
sources. Ilhe VH, | Msl nonmenclature, selected are |1 GHVLI-bY (SEQ I NU 1),

| GHV3-23 (SEQ ID NO 2), or I1GHV5-51 (SEQ ID NO 3). The diversity in the
VH desi gn produces heavy chains with variable | ength sequence in the CDR3

region with | hmtﬂ-@@Rd'?,\sers%i(L;cnmiaﬁa 9¢k1§7 'thCﬂ(Rﬁa léf D i FreRiR2 whi ch

t
remain at a const ant eggth. Framewor k f our R44)|k i s held constant anobng
al | menbers oflom#a and b3y (H-CORD).156-04CH-GYR2\pd 85-103 G/DRSY#gthe | engt h = 98,
CDR1 = 31-35, ,(IXRnfn vHiaBR SRl VREEN VY] %@éﬁ%@@ﬁés B K21 SWRQA
PGQGLEWMGX2 | X3X4X5X6GTANY AQKFQGRVTI TADESTSTAY MELSSLRSED TAVYYCAR ( SEQ
| D NO. 1) WePwteinspfilimewungogirdl hirtenest, Hh EdsPuklip Headth S¢pvics Nagtigral W X3 may be |

TGva 2an01 Lo of gt e Na Shndoilfe ERuRERE by RbaYPos
SCAASGFTFS X206 i3 WidRDAs PERTIEW/SXA2 (DB X6X2IGXBEBY i tADBMKGRETI SRDNSKNTLY
LQNSLIAED TSRS 0 s8R0 O AR e 5 T D2 S
X5 may be S, Nbfilkiaarof\¥2-5XGand@y-10¢€ (FY3) ifbthe@eawgrch@in vXidabieagonién & or D; and -8 X

my be S or G, Vk 5-51%0 th = 98 = 31-35, . CDR2 = 50- 66

EVQLVOSGAE VKR?ﬁél%%E@ @%&Wé&#x‘iwgv&/h@%@gﬁ\%ﬁﬁ@@m DSX6TRY

SPSFQGVTI  SARKSL ST AYerlteMBRUKASR ohAMEIEAR {sSEfQohidalN@uctdkes. Where in the 551

library, Xi be S, of T, X2 be .S or G X3 may be | or R X4 may

by D or Y; XrSTF %ﬁ?wﬁg %NBR#"%;@SI%Sﬁﬁ{E Vﬁlgﬁle ‘if’.maﬂl Epdusotherithapandyn havi ng

(11 residues) braV¥akd &Vﬁyi&?ve(rﬁmréé%ﬂy@hﬁhmb@ﬁﬁi;@@@ﬂl df@hodeh 4@ t he above
e

sequences to forma conpl ete heavy chain variable region. The HCDRL and
H CDR2 posi ti bfk Birainiowicaunt dHtrstees r dic mber direydat Norloske det er mi ned by
1) diversity ivwafs ik bQRndeNASpectd réhdukf 8GMRAGY tfauid 14y contact with
antigen in antibody-antigen conpl exes of known Structure (A magro J Ml
Recogni t . 17: 189tations, e.20ta) 30bTHe. eipi Morareretiyiamsisreynugbetipngsisimect ed

posi tions waspgdef.ef &@v@ﬁﬂeap%d#)idé{?%%tédpin&%{a%ﬁﬂ%m%ho@%ﬂems acids that are

nost frequently observed 1 n human rearranged V genes; 3) am no acids
predicted to bdormagern QYSWeﬁ@ﬁIMGTgI(Ieanweetgg#ﬁQi Nuph Acads Rass33:BHRB-4)

bi ochem cal aﬁggﬂi ophysi cal properties of am no acids that contribute to
antigen recognition. The library incorporates diversity in the CDR3

of the VH (H3) m mckin r ! Fﬁﬂ] i j (Shi et al.
2010 supra) as sh?{v\n&%‘{g’e (e)vbv%&%ql\/ﬁtekg{igoq\l}\g%?ﬂggt e ﬁ@%ﬁ%%ﬁi;th is between 7
and 14 resi duesenspendtht hea@DRBithof thevight G060 ylvhmaby vequeethl e regi ons, ami no
aci ds_gl yci ”en&.@,en%”dA k ”';o'égti&qf/*)of%%%ﬂ sSAHGI 'eXtm‘éw?u‘?Qoﬁrﬂea" positions. In
addition, aspartic aci D) 1s frequently used in position 95 and tyrosine
(Y) is frequemhynogivboliiedariabletdhmajposcdnsans] prveeedpaegs bixepresgnoini cal regi on
of the J segnent. Am no, acid henyl al ani ne (F spart.i cid (D and
Cyrosine () BRsEf ALeL oG Be il B8 Temtbisy TR plde B con

posi tions. Si pg@etcheseondogitd stanrtrdiféaures €DReand Sragicvdd radidiles anpport to

H CDR3 and are | ess accessihle .to antigen and/or. to surface of. 1gG am no
aci ds_pheny! alEiTHAY HEET G doRROrSaas: Paf IPoralipe BUSFEIGICEE! asparti o

aci d at posit COR #88ued Mdni MnQmbAEbBins PPSctsh@ies 1ftd aMeecepthi xed. Thus, the
sequence of Fgorrmula | is inserted between SEQ ID NOS: 1, 2, or 3 and SEQ ID
NO 4 to creat@mgveddione H@icglly. ahuppn enjiedx+0) m(F)DY- (1) Where: (D) = Asp
(D) and Ay (G righ position.,. (N)n = Ala (A).and Ay (G. rich position, n
=3-7. (0)m= Ala (R yngiept (32@P&lﬁw)dlrﬁfte%ghaﬁ,gesr%aqa ibodsry = The Phe
(F) dom nant pasiblelr®flon for the puMREd SUSeNY thé fRSerfEs SR Jdipeplids. @RCONPass
pairings with fixed or diversified |ight chains derived also fromthe human
gernl i ne repeistiopyain thp akt pad drsedsd heretiy lifgeanmbeed ppgtiens|in §§tV-chai n | i brary
VLkappa genes {kKa Kées @lat Bn impRQ LecogHfionofla Oln mthrre, 1tI6aik928 and after
Schaebl e & Zachau, 1993 Biol Chem Hoppe Seyl er 374: 1001-1022) are A27

(1 GKV3-20*01) achBye hjgafimity pad snecificgy by RYS1eEsind procesh of @IRL¢ | GKV1- 39* 01)
where the gene nane in parentheses are the presuned correspondi ng | MGT
gene. The Fabs are displayed on pl X via expression of a dicistronic vector
wherein the VH CHL domain is fused to the coat protein sequence and the

VL- CLkappa or VL- CLlanbda is expr essefl as a free pol ypepti de which
self-associates with the VHCHL. The CDR regions are underlined. Light Chain
Vari abl e Library based on Vkappa (VK) gernline genes 012; | GKV1-39*01,

| GKV1D- 39*01 Length = 88; CDRl = 24-34, CDR2 = 50-56
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DI QMTrQSPSS LSASVGDRVT | TCRASQSI S X1IX2X3NWYQKP GKAPKLLI YX4  ASSLQSGVPS
RFSGSGS(<TN ETI TI QK1 (P FNEATVYC (QFN TN NOY RY TR 1 (K\V/2-11*01 1 ennth = 88,

CDRL = YQOKP
GQAPRLLI YX4 ASNRATG PA RFSGSGSGTD FTLTI SSLEP EDFAVYYC (SEQ ID NO 6) A27,

| &KV3-20*01, Length = 89, CDRL = 24-35, CDR2 = 51-57 EIVLTQSPGT LSLSPGERAT
L SCRASQSVX1X2X3X4LAWQQK PGQAPRLLI Y X5ASSRATG P DRFSGSGSGT DFTLTI SRLE

PEDFAVYYC ( SEQuldRoMNOrhid proBids c%%ﬂmat\élﬂn%mré)%hm bsdd sdié@ibn kgt h = 94,
CDRL = 24-40, CDR2 = 56-62 DI VMIQS PDS LAVSLGERAT | NCKSSQSVL X1SSNNX2NX3LA

WQQKPGQPP KL [aratd ASTRicESOVP DRIFSCN SESGFRIFLSE integgy QAERYANNDARE (SEQ | D NO
8) The glYehsh thae fby Pe@l@%%&%%b{)iésegl tﬂg\%‘e&'nf)&%e,fa ﬁm@ﬁ%ﬂtiﬁldgigf,' abl e region
l'e el ow S

scaffold are sunmari zed i'h Ta ere the am no aci

si ngl e- | et t er wdddenharcingsaftinigne & bophyeicad peraingter $ush a$ sobybildy bove at t he

speci fied post] ; [ ' bl & t Position 012 ( SEQ

IDNO 5) L6 %éég%ﬁT%g R%fagtg} s E%O%Eé%fglﬁ% 8%@%&% NO 8) 1 30 X1
“maturation” is typically performed at the level of the coding sequence and can

be achieved by creating sublibraries for selection of the enhanced property.

As used herein “OSM” refers to an oncostatin M polypeptide or
polynucleotide comprising a coding sequence encoding the OSM polypeptide.
Human OSM is the product of the human osm gene (Gene 5008).

The term "epitope" means a protein determinant capable of specitic
binding to an antibody. Epitopes usually consist of chemically active surface
groupings of molecules, such as amino acids or sugar side chains and usually
have specific three-dimensional structural characteristics, as well as specific
charge characteristics. Conformational and nonconformational epitopes are
distinguished in that the binding to the former but not the latter is lost in the

presence of denaturing solvents.

As used herein, Kp refers to the dissociation constant, specifically, the
antibody Kp for a predetermined antigen, and is a measure of affinity of the
antibody for a specific target. High affinity antibodies have a Kp of 10® M or
less, more preferably 10° M or less and even more preferably 107 M or less,
for a predetermined antigen. The reciprocal of Kp is K4, the association
constant. The term "kg;s" or "kp," or “kq” as used herein, is intended to refer to
the dissociation rate of a particular antibody-antigen interaction. The "Kp" is
the ratio of the rate of dissociation (k), also called the “off-rate (ko) to the
rate of association rate (k;) or “on-rate (ko,).” Thus, Kp equals ko/k; or Kegr / kon
and is expressed as a molar concentration (M). It follows that the smaller the
Kp, the stronger the binding. Thus, a K, of 10°° M (or 1 microM) indicates
weak binding compared to 10° M (or 1nM).

The terms "monoclonal antibody" or "monoclonal antibody
composition" as used herein refer to a preparation of antibody molecules of

single molecular composition. A monoclonal antibody composition displays a
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single binding specificity and affinity for a particular epitope. The term also
includes "recombinant antibody" and “recombinant monoclonal antibody” as all
antibodies are prepared, expressed, created or isolated by recombinant means,
such as (a) antibodies isolated from an animal or a hybridoma prepared by the
fusion of antibody secreting animal cells and an fusion partner, (b) antibodies
isolated from a host cell transformed to express the antibody, e.g., from a
transfectoma, (c) antibodies isolated from a recombinant, combinatorial human
or other species antibody library, and (d) antibodies prepared, expressed,
created or isolated by any other means that involve splicing of immunoglobulin
gene sequences to other DNA sequences. An "isolated antibody," as used
herein, is intended to refer to an antibody which is substantially free of other
antibodies having different antigenic specificities. An isolated antibody that
specifically binds to an epitope, isoform or variant of human OSM may,
however, have cross-reactivity to other related antigens, e.g., from other species
(e.g., OSM species homologs). Moreover, an isolated antibody may be
substantially free of other cellular material and/or chemicals. In one
embodiment of the invention, a combination of "isolated"” monoclonal
antibodies having different specificities are combined in a well defined

composition.

" oces

As used herein, "specific binding," “immunospecific binding” and
“binds immunospecifically” refers to antibody binding to a predetermined
antigen. Typically, the antibody binds with a dissociation constant (Kp) of 107
M or less, and binds to the predetermined antigen with a Kp that is at least
twofold less than its Kp for binding to a non-specific antigen (e.g., BSA, casein,
or any other specified polypeptide) other than the predetermined antigen. The
phrases "an antibody recognizing an antigen" and "an antibody specific for an
antigen" are used interchangeably herein with the term "an antibody which
binds specifically to an antigen." As used herein “highly specific” binding

means that the relative Ky of the antibody for the specific target epitope is at

least 10-fold less than the Kp for binding that antibody to other ligands.

As used herein, "type" refers to the antibody class (e.g., IgA, IgE, IgM

or IgG) that is encoded by heavy chain constant region genes. Some antibody


ip-temp
Rectangle


X2 KTNE 31 X2 SNKDG X2 NSKD X3 SNRADH N 32 X3 YHNDWF X3 YWDFH X4 YFHQSEK
X3 YFHNWDAS SAV

classes further encompass subclasses or “isotypes” which are also encoded by
the heavy chain constant regions (e.g., [gG1, 1gG2, IgG3 and IgG4). Antibodies
may befurther decorated by oligosaccharides linked to the protein at specitic
residues within the constant region domains which further enhance biological
functions of the antibody. For example, in human antibody isotypes IgG1, IgG3
and to a lesser extent, IgG2, display effector functions as do murine 1gG2a

antibodies.

By “eftector” functions or “effector positive” is meant that the antibody
comprises domains distinct from the antigen specific binding domains capable
of interacting with receptors or other blood components such as complement,
leading to, for example, the recruitment of macrophages and events leading to
destruction of cells bound by the antigen binding domains of the antibody.
Antibodies have several effector functions mediated by binding of effector
molecules. For example, binding of the C1 component of complement to
antibodies activates the complement system. Activation of complement is
important in the opsonisation and lysis of cell pathogens. The activation of
complement stimulates the inflammatory response and may also be involved in
autoimmune hypersensitivity. Further, antibodies bind to cells via the Fc
region, with a Fc receptor site on the antibody Fc region binding to a Fc
receptor (FcR) on a cell. There are a number of Fc receptors which are specific
for different classes of antibody, including IgG (gamma receptors), IgE (eta
receptors), IgA (alpha receptors) and IgM (mu receptors). Binding of antibody
to Fc receptors on cell surfaces triggers a number of important and diverse
biological responses including engulfment and destruction of antibody- coated
particles, clearance of immune complexes, lysis of antibody- coated target cells
by killer cells (called antibody-dependent cell-mediated cytotoxicity, or
ADCC), release of inflammatory mediators, placental transfer and control of

immunoglobulin production.

The term “polypeptide” means a molecule that comprises amino acid
residues linked by a peptide bond to form a polypeptide. Small polypeptides of
less than 50 amino acids may be referred to as “peptides.” Polypeptides may

also be referred as “proteins.”
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SAN 2 50 X4 FYTNKA X4 ADKGY X5 ADGS X4 WSRDYA DG FTN The

VL Cm3 in all nf tha |i hrari ne hac envinn raci Aiine vwharain +tha fi ret tV\D
resi dues t
resi due YU 1O MLV IL (11 Uy 1) [RV7] L /W LU OLYULIIVL LU T LONUILTUD e

QX1 X2X3X4PX5T (SEQ ID NO 9), where varigation are as in the table bel ow
and at the residue positions are according to Kabat. WD 2012/051111 Table

2. Overview

The present invention provides isolated Mabs capable of binding and
neutralizing the biological activity of OSM proteins and cleavage products. In
particular, the OSM binding mAbs of the invention are able to block OSM
binding to gp130 or prevent the recruitment of LIFRa or OSMRb by OSM
bound gp130. In either case, the OSM mAb of the invention is capable of
blocking OSM driven gp130 receptor signaling.

Phosphorylation of STAT3 has been reported to lead to over-production
of collagen by fibroblasts in a variety of pathological contexts (Lim et al.
Oncogene 23(39): 5416-25, 2006; Huang et al. J Cell Biochem 81(1): 102-13,
2001). These properties demonstrate the potential therapeutic value of these
antibodies for RA, OA and for fibrotic indications such as idiopathic pulmonary

fibrosis (IPF) and diabetic nephropathy (DN).

The human OSM gene product, OSM (NCBI Accession No.
NP _065391) is a pre-pro-polypeptide 252 amino acids in length (SEQ ID NO:
11), having a signal peptide 25 amino acids in length and a proteolytic cleavage
site between residues 234 and 235. It is a secreted protein having five cysteine
residues forming two internal disulfides between residues 31 to 152 and 74 to
192 (Kallestad JC, et al. J Biol Chem. 1991 May 15; 266 (14):8940-5). There
are two potential N-linked glycosylation sites at residues 100 and 217, and
when produced in eukaryotic cells, the protein is glycosylated. The human

OSM has a free sulthydryl at residue 105.

The sequence of cyno OSM protein was not available in the public
domain although an automated computationally generated record for an 1867 bp
mRNA (NCBI No. XM _001110148) derived from an annotated genomic
sequence (NW_001095169) existed. To obtain the cyno OSM sequence, RNA
was isolated from cyno PBMC and the gene was then amplified from this cDNA
by RT-PCR and sequenced. The predicted translation of the cloned sequence
(SEQ ID NO: 12) was found to be 99.6% identical to the predicted Macaca
mullata (Rhesus) sequence, 92% identical to the human OSM protein sequence,
and 41% identical to the mouse OSM protein sequence as disclosed in

applicants copending application (U.S. Serial No. 12/648430).
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Therefore, the present invention is directed toward the identification of
human derived OSM-binding Mabs capable of inhibiting downstream biologic
activity resulting from OSM bound gp130 signaling and wherein the Mabs
exhibit the ability to;

restore proliferation of cells in the presence of OSM, inhibit OSM-driven

chondrocyte degradation of intra-articular (joint) matrix in tissue explants,

efficiently neutralize OSM-dependent STAT3 phosphorylation in human lung

fibroblasts and prevent OSM induced cytokine release.

1. Composition of an Antibody of the Invention

An OSM-neutralizing antibody of the invention is an antibody that
inhibits, blocks, or interferes with at least one OSM activity or OSM receptor
binding, in vitro, in situ and/or in vivo and does not promote, stimulate, induce,
or agonize OSM activity or ligand binding nor does antibody binding mimic the
downstream effects of OSM-driven ligation of OSM receptors, in particular
gp130 interaction with OSM, such as signal transduction in a host cell. A
suitable OSM-neutralizing antibody, specified portion, or variant can also,
optionally, affect at least one OSM activity or function, such as but not limited
to; RNA, DNA or protein synthesis; protein release; cell activation, proliferation
or differentiation; antibody secretion; OSM receptor signaling; OSM cleavage;

OSM binding, OSM or gp130 induction, synthesis or secretion.

The present invention is based upon the discovery of anti-human
OSM monoclonal antibodies capable of inhibiting gp130 signaling after
OSM binding or LIFR recruitment by OSM. Antibody binding domains
in the form of a Fab library displayed on filamentous phage particles
linked to the pIX coat protein (see WO29085462A1 and further
described hereinbelow) were selected for the ability to bind OSM. A
competition assay using gp130 was used to distinguish those Fabs that,
when bound to OSM, prevented OSM from binding gpl30.
Alternatively, Fabs were able to prevent LIFR recruitment to gpl30
binding when bound to OSM. A cell-based (A375, human melanoma

cell) assay was used to identity several candidate antibodies capable of
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FI YHNDKGRE RHNSL YNDSHI FKG YNDSHI FKG X3 93 STHNDRG NDKR SNTDGHR SNTDGHR X4
94 TYLVF " =~~~ — T T oo m mn nmm e

As the v y in a
particul ar residue I ocation wthin a hypervariable |oop or CDR can be
described as follows using the residue nunbering as defined in Al-Lazikani
B, Lesk AM Chothia C, 1997(Standard conformations for the canonical

structures of iﬂhmm&o%m@ﬁieuﬁ&d pSTNEL Bli@ltior E80SR2 &xp?ékShe nb@t this system
the changes in |l ength of the hypervariable | oops are accommodated by the
desi gnati on of¢lsubpositions a, b, c, etc. for a given residue. A
framework 4 (FR4) segnent such as JK4, FGQGTKVEIK ( SEQ ID NO 10) was used
to forma conpl et eTiUPEM-bindine anghedies dpagribabhescip aegossize al least twaah af f i ni ty

for diverse ppgfigh Rofddk BEHI'I\%/SEAE]\%;%&% &f thithat © Wb AAaSn, BRRQASHRNSt rated in

initial selections. or an integrated maturation process for

i mprovi ng bi neddidpnebdispererE 0§ mabink sgey OV sp f thietageofingof VH di versity
or, alternati . di i m - i fi i cconpl i shed
1si ng the. veoh Bbdiet b B Sl B b B o B B et o
described i n The, exafresienesbpyifichticnar themptilasly thandgigtdonmmeiprovidedd combi ned

wth what it wn in.the .art. nat i v.e_ Sources 0 M bi.ndi ng
munogh obul i HERg b M dusus BBV B A PCan BRMGTRE
char act eri st i esamffot ekctinnnemoié beldaules basedhd@sdireut@izingesctieide or bi ndi ng
fragnments sourced from i mmunogl obulin dormains formed by a nunber of

met hods, i ncl udi nglntdne embodiment, the anti-human OSM antibody, has a binding region

comprising a light chain variable (VL) or heavy chain variable (VH) region
comprising the amino acid sequence as shown in SEQ ID NO: 49-55, and which
antibody or binding portion thereof immunospecifically binds OSM. In another
embodiment of the invention, comprising a heavy chain comprising SEQ ID
NO: 54 or 55 an antigen binding portion thereof, binds to OSM protein and,
additionally, has the specitied functional properties of antibodies of the

invention, such as:
1. binds human OSM with a Kp, of less than 100 pM
2. binds cyno OSM with a Kp of less than 500 pM

3. Is capable of restoring proliferation of A375-S2 cells in the presence of

2 ng/ml human OSM by 90% of the level in the absence of OSM,

4. TIs capable of restoring proliferation of A375-S2 cells in the presence of

2 ng/ml cyno OSM by 90% of the level in the absence of OSM,

5. inhibits OSM-driven chondrocyte degradation of intra-articular (joint)

matrix in tissue explants,

6. efficiently neutralizes OSM-dependent STAT3 phosphorylation in
normal human lung fibroblasts (NHLF), or

7. blocks cytokine release after systemic challenge with OSM in mice.

In another aspect of the invention, the structural features of the

antibodies exhibiting some or all of the above referenced biological activity as
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standard somatic cell hybridization techni que (hybridonma nethod) of Kohler
and M | ra- ~ - [ 1" N\T7CN\ Nlad viv A~ NCEr. AN I va + i lairlav i Al mam it A A ~ m..,\." Or

ot her a| is

i mmuni zed as described herein to elicit |ynphocytes that produce or are
capabl e of producing anti bodies that will specifically bind to the protein
used for inmunization. Alternatively, |ynphocytes may be i nmunized in
vitro. Lynphogyt&sedtafsh ﬁ{demfﬁdﬁf’eglai/\"tﬁeh\/léﬁé%t'eﬁgﬂaat&lealsMSS%HW@ sui tabl e
fusing agent, such as ene glycol, to forma hybridoma cel

( Godi ng, anobtnéwaldomﬁm@wrse%w anarerﬁémetrleélya%edvhwmaee OS)p. 59- 103
(Academ c Pr e§1§t1bo&1%§@1)1t)retam at least'%ﬂe %M’l(ﬁﬁpﬁr@ﬁérfyzdf it aﬂﬂﬂdd@é@@ft}f&an al so be
optionally generated I mruni zation of a transgenic animal (e.g., nouse,
rat, hanster, Hh@ﬁKMUﬂe a%@nﬁ@ﬂe%3$%dNﬁﬁ@%ﬁmﬁeﬁbcaﬁaEMGﬂ®€DBroducrng a

repertoire of i r known in the
art. Cells thé% pro ce éﬂﬂh?sﬁdg%?gggﬁ%gﬁﬁﬁggg Iﬁggﬁﬁég’%%ed from such
ani mal s and |nmﬂmMahmzednmemhg%@bhﬁ&ﬂhewmémhmmﬁamsw@hra§mmhednethods

descri bed her s Alter (Wi |bo di ng se may be
cloned, intro uce S%§I§U§¢ :ﬁébgg%?()mea %&Hﬂnﬁpgmoﬁrgﬁé ect a host

cell for expregﬁmmnﬁamﬂMmsmhamﬂmmmﬁbdkhﬁ%&ahw@mﬂy.by nmet hods taught herein
and those known in the art. The use of transgenic mce carrying human
i mmunogl obul i n (Igmtmeemb&hmEMemea@ﬁbdkim@hemm&ﬁguhaﬁhhﬂ“ﬂn@mé@e for the

agai nst & var Ry nr Niar bt bl KRR &L BRA LT or whi ch the

nor mal human (SHQIIBENSN 38}, eicieth dndloemard redidien Bemg DR sekkcted from thiS5569825,

US6300129 and 1994, Natur 68 856- G een 1994 ture Genet.
7:13-21; Geef®R COIEISJ%\%ﬁR%? ﬁ%?f%iégémeﬁfﬁse%ﬁhe ‘E’EQE PRE4oRet SEQnber g, N and
Huszar, D., 199%0:hnk 3, W@k still idainak thelagllﬁﬁoigtﬁe arfbedeiolbapedsM (et., al .
U86713610 Bruggemann, M et al., 1991, Eur. J. |nmmunol. 21: 1323- 1326;
Fishwild, D efusgNativesgegtulingy. Asr%tleelrrﬁaranott% cgpgdimgrly ihepbndez, M et al .,
1997, Nat. GCeB@linceled aﬁﬁ&‘dﬂt% bE:88Fosed-of ond 39 Fore]CDR SMMHMRE, forVEL hods
231:11-23; Yang, X et al X999 Cancer Res. 59:1236- 1243; Brii ggemann,

M and Taussi §NIg 90%CRF%: 98T 55 ’@?@@H]ﬁ@lthe @PRSEIAEE SEQIP7: Tom zuka et

al . \W0204347&hys. 11 GNHOGERARYST L OOl QR ? j NOM@yichy m ce can be
di srupted or deleted to elimnate the capacr the animal to produce

ZB“ bodi 9]5 enc?gedlnt%ﬁd?&@f&%ﬁgy% E%Q%Mléﬁgﬁgé}l%& érRiFJBod&sOE‘{RCg%fﬁﬁ))se suchbas
geni x, Inc reenon dar ex an Jose l'i can be
engaged to prévﬁﬂexﬁbﬁﬁhﬂahbtﬁ@ﬂﬁ@ébﬁm@eﬁ$@amaﬁémﬁ§ﬁﬂﬁﬂ@@lected anti gen
usi ng technol 8?%561@@5 HEREEJIREDr BRMMSntion, such aﬂh@%ﬁ‘ﬂi@%%lﬂi bd?&lk peptides for
be” per o1 mod. OSMhgomyorauL e BcHhrTe; CBLATP@S e%m%m protein
e perforne pro&myor aige@radgctingr @Hive [ protein
P otei n, or proelEnREk R e AT b IS Gthe By (S
extracts, or,inwva he case of an inmmuni zation, the antigen can be forned de
novo in the aninmal's body from nucleic acids encoding said antigen or a
portion thereof Hmnmmmaumkmwamedxhucﬁéwdmamﬁ@sumbethed@mammnginvention
a1 cati on RSO SUE S SABHALEL 8RS ner eor | as wel 1 -known i n i he. art
DNA encodi ng t he nonocl onal antibodies is readily isolated and sequenced
usi ng nmet hods known in the art (e.g., by using oligonucl eotide probes that

are capable o i.ndi n RENH e Ngs, encodi ng the heavy and |ight
chai ns of hungﬁggﬁtm%gﬁé reg Iwua?ﬁ%W%QHQENE ybridoma is produced, such

cell's can serve aSA@MJﬂE&f‘ah@ﬁlgw%d}%}&nblﬁtgtﬁé p&tby BlbXotivitpi Ng di spl ay
t echni ques wherein the coding sequence and the translati on product are

| i nked, such 8RschHBgeSSMPHf %byMSSM%M%WPaM%é\Mi AE3sMiS4cti on of the
bi nder and t hgrsRUGHSi 6 AR5, MueSMEPINibs, 860, A1 SndA g0 sk BEHon, the

anti body coding regions fromthe phage can be isol ated and Used to generate
whol e ant i bodhesy chaie puidighgcirimssaucaedsiab srficdisd whichzayppoieibe likfewi red anti gen
bi ndi ng fragnent, and expressed in any desired host, including mammlian
cells, insect cells, plant cells, yeast, and bacteria Human Anti bodi es
The invention further provi des hunan |nnunoglobulrns (or anti bodies) which
bi nd hunan OSM These antibodi es can al’so be characterized as engi neered or
adapted. The i munogl obul i ns have vari abl e region(s) substantially froma
human germnml i ne i mmunogl obulin and include directed variations in residues
known to participate in antigen recognition, e.g. the CDRs of Kabat or the
hypervari abl e | oops as structurally defined. The constant region(s), if
present are also substantrally fronta hunan |nnunoglobulrn The hunan

....... " I/ r o, o, A~ 1 .
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Because of the degeneracy of the code, a variety of nucleic acid sequences

wWll encnde earh i miinnnl nhitlin am nn arid cemienrea The deciread nurel gjc
acid seq )r by
PCR ITU'[ aUUIIUDI O VI all cal 11 <l M1 Cpalr cu vail il alit vl LIIT UCDOlI I TU

pol ynucl eotide. All nucleic acids encoding the antibodies described in this
application are expressly included in the invention. The vari abl e
segnents of hegRByaRg sbedm\somositgcglmﬁsmgmsl&@@ ROY: AL typically
linked to at | east a portion of hunman i rmunogl obul i n const ant region. The

anti body wi | | 3¢4hea bs gseerpted b)ghtvare%a@fﬁe@ﬁwuweavy chai n constant regions.
The heavy chain constant region usually includes CHl, hin CH2, CH3, and,
someti mes, CH4 don]ﬁllaﬁgtheﬂqﬁé’oﬁm?ﬁhﬂﬁﬁplt%dloé%d%‘ﬁeé@%ﬁie%@tg oy type of
const ant dormiﬂ'\‘z@ntfo‘ho 1n% Lags Rfivany AIPG}QQ(SlddeE‘g 99’) &EBE%M Nbggl gD, 19gA
and 1gE, and any subclass (isotype), including IgQd G3 and | g&A.
When it is desi#eutleidreid qadingtseavianicAberetare: P@dnylmmmnmnvm@ywzmcic activity,
t he constant go omai n and the
class is typi gla r@? B%dﬁ%v@éeindlgﬁ% ch@%egt ox?lgﬁ %ﬁcﬁgmctﬂ@;ﬁéss'@ﬁotétﬂgdea rable, the
const ant dorrapurpmy)f beatof, griventigRr Uhdwtmgldee&slnawmmnmftdwb@sdy may
conpri se Sequ?ﬁﬁ&ﬁe&wﬂﬁ% c?dhl%no% dc%{iﬁ/[d ass or isotype. . Nucl ei c

ead

aci ds encodi ng humani ze vy chain variable regions, optionally
| i nked to constant ns&k t r i tors. The |i ght
and heavy chains clgnO%ge&Q(?dcl)?\leJ%na %1 e&gﬁfléd%6961§¥]$fh§§%ﬁt% Htlbo%esm on vectors.
The DNA segrremlex:t@lrfmmdaplgageﬂtmarpogzlheﬂemlhatphaghaompmas buroper abI y linked to

cont rol sequences | {1 xpr sﬂg fn. v ector @] tb%s Sithe expression of
i munogl obul i A" %?03%05’8 S s PRl RO S QRGO 2 & o gnal
sequence, a pﬂ@:ﬁﬂhﬁds, foaaxaaqﬂmsmglre,chﬁmdnt&otiirea(ssm)g eptﬂabsj of @it dladr | on sequence
(see Queen et al g Nat.| .. Acad, SA 8@ 10022 (%B %

90/ 07861; Co 8?“5511“6"12’} m%%’i?&or“‘ﬁ?&ge % S8y resiis Eheughy flu%orporat ed
herein by ref gl Nage Blateﬂh@ldgyemogswab%) ShdetsRuilPPIRS)(USA) Met hods of

Usi ng an Anti - OSM_Ant scribed in detail below the present

od
i nvention demdn8ty’ élég (1(9,%})' H%Qﬂe%lfoé’al %%@F%@MO&@?%&&? el (Hg?/ll)ng t he
vari abl e domainsksQk alw,Md\YsBloWZZW%IMﬁ Hithan nReblonPshtibdlies ofM62, MB3,
M65, M6, M67, MB8, M9, Mr1l, and 3 bind overl appi ng epitopes on OSM and
di splay in vi thednsRagiornako bf pisposhrsiiiees ﬁhﬁéa}a@ﬁfgﬂst fpisgreemingni fi cant | vy,
the reactivi tlﬁbﬁﬁest&%u&% Reh@dMPbS, el uder pﬁ%@ dRBiaY nfeholiOfor
dose- dependent I?/ bl ock OSM i nt eractl on with reduce OSM signaling in
t he presence &P ag@g_lgmlanra@abs@eesw\ﬂs@bhmdattb@iarpr&eufpreqxampan& A375 cells,
prevent macr OPQ&@&‘?\I&H %‘%994&3' 'L%dérﬁlcs\’é‘? %gltcl %ﬂﬁ@r &quygtlba(?&? or r educe

cyt oki ne rel ease by properties o

monocl onal aanbddi2é§0&gndj%§§® 7b7efa Dawer bieal pPes BatentiNpsen 94598 atl¢he anti bodi es
or antigen bi [ f r erapeutic and
prophyl actic 5322?9 &F%ﬁ){ Etha? %n:_%i prgelsaééﬁfl%g%(%&qggs&%%gpg’d conditions in
humans and anbj584.331; 6555 313; ﬁﬁgéﬁw ald 6,148e8Witd Griffohqatiake adm ni stering a

t herapeutically or prophylactically effective amount of one or nore

nonocl onal anti bodP}age donantd &géntebbmdlhdqigeﬂtifagﬂem@ acn‘lultihEppr esent

I nventl on, or ra(‘)necf%re kl’lOW ¥1S80 annjin HIO 3.1’11’111’1 1, C 16(} outIB 11’10 gatmg E;: espeCt ra Of

bi ndi ng and bPo Icoglc aC|V|Hj) f§ (i egp§ PI'e bf/ ct™o Begexhlbltlnga
condition in Mplahnmmmhga\ndwnan& (kplmga dtsplahavlar}pashtﬂm]tmgetpal sequel ae,

such as i nmmunol ogi cal orders or r. growt h. and asis. Any active
Form of the. ARHR R PSSR SR S R PR a0 CRNAE EE a5
fragments. boundlﬁhegeeméoéhyted pllmge anrtophedile ampsed Rfee bampakibl e wn t h the

reci pient species s respaonse to the MAbs does not result
in an unaccept™#ig) 2 Eﬁa?ltal eweéafalelﬁw a%?ﬁtlofe?lﬁglplﬂ%lcﬁnﬁﬂH’é‘&e“éﬁh‘?sﬁ%ne r esponse
to the MAbs lBmﬂbﬁqﬁ&ﬁb@&hmu%b&i%ﬁb%f&ﬂ ﬁﬂhgéﬁ&ﬁgb&ﬁmg@ﬁhkhyt sone
secondary functions, such as bindin c receptors of the subject and
activation of TAZSDiRalksRIay Hhe bqstrbnaf? Tegeto ﬂeeotawétpﬁét@fesetfﬁél PEt§et cel |

popul ati on USM&%&M Mokl bEnQlarCHhALRMNLR, ARGHARY SFBesT ticRYrdRY be
engineered to by limted or devoid of these secondary effector functions in
order to preserve the target cell populatlon Treat nent of individuals may
conprise the adm nistration of a therapeutically effective anobunt of the
anti bodi es of the present invention. THe antibodi es can be provided in a
kit as described bel ow. The antibodies can be used or adm nistered as a

m xture, for exanple, in equal amounts, or individually, provided in
sequence, or administered all at once. In providing a patient with

anti bodies, or fragments thereof, capable of binding to OSM or an anti body
capable of protectlng agalnst OSM |n a reC|p|ent patient, the dosage of

-, . o " - o
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OSM is known to be up-regulated in a variety of disease states that involve
infl ammeti nn and hac heaen i mlicatead in divercee hinl nnircal rnl ac i nel ydij ng
bone for

inflammation. Particular indications are discussed bel ow. Indications

The present inventors have denonstrated that OSM nedi ates cartil age
destruction and shown that OSM causes chondrocyte degradation in .
infra-articul aipaRddiythd SIS bR UENRXPH PR SenciBMAloROsIBhARPDHRA CYt Oki ne

rel ease, such as TNFa, which is able to pronote collagen rel ease from
cartilage as shibaahagg virionCawston et al (1998, Arthritis and Rheumatism

41(10) 1760-1771) and that presently an antibody exenplified as M/1 bi nding
dormains is caﬁébéﬁﬁbﬁﬂbLﬁﬁklng system c cytokine rel ease. An anti body of
the present invention; M5, M4, M9, and M/1 denpnstrated the ability to

i ncrease proteoglﬂ@éﬁpg?ﬂﬁ%@%¥@ﬁ@%0%&%&@%6ﬂﬁﬁ@é“@ﬁ%ﬁﬂﬁb%@@&?é%-cu!ture
system above FReiEYShiphSalol Me EHRRSEOE frofln ARCABMARRFALL ant i body.

The present inventors have further denonstrated that adm ni stration of a
netjt rk al i si ng MvtlBl(E_ERﬂré%ﬂ-j%oélQ/l0_«:3WQ%9§854ﬁ%h§1i1(bH-jva¢:§ Np-rﬂgfﬁijgfoosg/l ﬂg i VlerF]’ o
cytokine and gheng i, VO S = J: n : - 10,
interferon ga%na-in ﬁ?ﬁ%gﬁggﬁgﬁﬁﬂ1§“%%éogggsﬁg@?f%hdﬁgﬁﬁfe ég?okine B10, is
a protein thatunm lgGrraqsnés demcddad lymankgerngXElgtesg éitwarfeSwéscC not i f

chenoki ne 10 Q%E% 0) . noatiri f | es, such as
chermattractig%S d%eﬁ%H%%i%%g?ﬁ%%?ggﬁgﬂgéﬁgﬁgg%ﬁﬁ¥%gﬂﬁgggY?%%ﬁgnd dendritic
cells, and pr geotlinoseqoéncds eikled hakdee on dre frequanng ehivdltheadeq@eatdsdaveKC, now known

as chenoki ne (C X: C not i ligand 1 (C ), . smal | cyt oki ne bel ongi ng
T the OXC chRBPHE Rt prerfbd hydeh S ool SRt e T ogene.  GRon,
Neut r ophi | - acThy s, MGPmoimendatdre ( MABed hredGE VTRA9aBBQEDINOME)N st i nmul ati ng

activity, alp = huma i in.is.encoded by the CXCL1
gene. CXCL1 iB%%§g§§?¥§éHBéﬁhggPBBﬁﬂﬁégﬁ%%@éﬁ$§%ﬂﬁksT ré%%ﬁ@?ﬂelial cells,
and has neut r gRVH d&hgrmatucésartanthaig Withivhifable length sdja&RE @i thg t 0 the present
invention there is therefore grovided the use of an antibo%é or anti body
fragment sel eEPEd regigfhvith Emipbdisetnity pavsionyg, thad ¢ Diand HBRA\E3 VB4, MBS,
VB2, MB3, MB5whMiGemdWRdia MaGtaniMoQih. Wimovaid iVBRHFR4S DB IIRDMEAEt Ur e of a
medi canent for the treatment or prophylaxis of an articul ar proteoglycan
degradati ve dp@ersdl @%‘P?T%%ftb%ltﬂ@@é(r(gﬁ&ilpih@: “n inflammatory arthropathy or
inflammatory disorder. A particular use of an antagonist of OSMis in the
nmanuf act ur e oﬁqﬁ6ﬁé@ﬁ83#§%91téﬁﬁﬁ%ﬁgﬁﬂj@RIFééﬁ%eC@ F28€8 rel ease from
cartilage. The_ invention further provides a nethod for the treatnment or

prophyl axi s ofV&H’ PHrHanetory Var t Aritpat iy SoP i mel it ory di sor der
conpri si ng adezocstiendng ramx.effechivyverarmootvaf T2oehTanaant i body whi ch

bl ocks OSM binding to gpl30 to a patient suffering fromsuch a disorder.
An anti body OME?ﬁ§L$ﬂV%ﬁPW3ﬁCﬁBy(g%%éD?%Ié)preparation for the treatnent of
pro-inflammtory proce in which OSMdirectly or indirectly, such as

t hrough t he r@ﬂé&%glé?%é%W¥§ﬁﬁ%ﬂ%??rQyFBQK%@g%?Kégﬁ% § bt hd8enesi s in

ti ssues or orgapsr RSREGhRDE Vor adde, S bb F ba0gs, and joints. Such

pat hol ogi es include osteoarthritis, rheunmatoid arthritis, psoriatic
arthritis, ankyosiicenseardytiidis= ogeusepathizs @rhegpakhy, reactive
arthritis, rotator cuff tear arthropathy, rheunatic fever, Reiter's
syndrome, progrVesBEVEsE YSIOPEGELRT| TSI TR K yxXbiva@ y cirrhosis,

penphi gus, pe 1.O0I necroti zi a |1t ia gravis, nultiple
scl erosi s, |ug§§§§@¢&ﬁgn§§8§§§§§§3E§n§§§Y¢¢%§ﬂ%g%@ﬁ%@@@#?, gr anul omat osi s,
vasculitis, pepnicias aneivaak CNSEQ mb ot ory di sorder, antigen-anti body
conpl ex nedi ated di seases, autoi nmune haenvol ytic anem a, Hashinoto's
thyroiditis, (RWeH e SEARRaryReMAIKE S D8 XNEF PNE.mBIRMEGILenepritis,

dermat omyositis, chronic active hepatitis, celiac disease, autolimune
conpl i cat i ons™8¥ bAPESH; X¢ FapRY > Galitof O Ksmay hgS A4dt 8ol Lo BrE bade,

endot oxeni a 0K §eRQ; K, SRHYK S(OF BRS| B mayhe PHEGOr nore of the synptons of
sepsis and ot her types of acute and chronic inflammtion. Those patients
who are nore particularly able to benefit fromthe nethod of the invention
are those suffering frominfection by E. coli, Haenophilus influenza B,

Nei sseria meningitides, staphyl ococci, or pneunococci. Patients at risk for
sepsi s include those suffering from buns, wounds, renal or hepat i c
failure, trauma, burns, imunoconprom sed (H V), hematopoietic neopl asi as,
mul tiple nyel oma, Castlenman's di sease or cardi ac nyxona. O her
conditions that are associated with OSM and anenable to treatnment or
preventative therapy with the antibodies of the invention include fibrotic
di sease such as pulnonary fibrosis, diabetic nephropathy, idiopathic

. o M
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WD 2012/ 051111PCT/ US2011/ 055606 Sequence Table SEQ | D Descri pti on SEQUENCE
AND FEATURFS NOY 1 Human |1 GHV1- 69*01 OO VOSGAF VKKPGSSVKV SCKASGGTFS
SYX3I SW/ SSLRSED
TAVYYCAR vnere X3 1S Aor G X2 1S Gor w X2 may be | or b, X3 may be P or
A, Xs may be | or Y and X3 may be F or N. 2 Human | GHV3- 23*01 EVQLLESGGG
LVQPGGSLRL SCAASGFTFS X3YX3MX3W/RQA PGKGLEW/SX3 | XsX3X, GX STYY ADSVKGRFTI
SRONSKNTLY  LOINELBARE SIRYYG: Whar epi3 mysshenfo Do of T, X2 may be A
G or W X2 may be 5 or H X2 may by’'V, AL, Nor G Xs may be 5 N K or W X6
may be Y, 5, GEOOLWSGAE VKKPGESLKI SCKGSGYSFT X;YWIX,WVRQM

PGKGLEWMGX3 IX;PXsDSXsTRY SPSFOGQVTI SADKSISTAY

LQWSSLKASD TAMYYCAR (SEQID NO: 3)

Where in the 551 library, X; may be S, N, or T; X, may be S or G; X3 may be I
or R; X4y may by D or Y; Xsmay be G or S; Xsmay be D or Y.

A FR4 or JH region having (11 residues), WGQGTLVTVSS (SEQ ID
NO: 4), has been joined to the above sequences to form a complete heavy chain

variable region.

The H-CDR1 and H-CDR2 positions that were targeted for
diversification were determined by 1) diversity in germline genes; and 2)
frequency found in contact with antigen in antibody-antigen complexes of
known structure (Almagro J Mol Recognit.17:132-143, 2004). The amino acid
diversity at the selected positions was determined by 1) usage in germline; 2)
amino acids that are most frequently observed in human rearranged V genes; 3)
amino acids predicted to be result from single base somatic mutations; and 4)
biochemical and biophysical properties of amino acids that contribute to antigen

recognition.

The library incorporates diversity in the CDR3 of the VH (H3)
mimicking the repertoire of human antibodies (Shi et al. 2010 supra) as shown
below (FORMULA I) where the final length is between 7 and 14 residues.
Among the CDR3 of over 5000 human variable regions, amino acids glycine
(G) and alanine (A) are frequently used in all positions. In addition, aspartic
acid (D) is frequently used in position 95 and tyrosine (Y) is frequently encoded
in the positions preceding the canonical region of the J segment. Amino acids
phenylalanine (F), aspartic acid (D) and tyrosine (Y) predominate at positions
99-101 used in IgGs at these positions. Since these positions often serve as
structural support to H-CDR3 and are less accessible to antigen and/or to
surface of IgG, amino acids phenylalanine plus leucine (50/50 ratio) at position
99, aspartic acid at position 100 and tyrosine at position 101 were fixed. Thus,

the sequence of Formula I is inserted between SEQ ID NOS: 1, 2, or 3 and SEQ
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X, may be 5 or D X, may be 5 or G 3 Human | GHV5- 51*01 EVQLVQSGAE
VKKPGESLKI QOKEREYRET XRIVW XAN/ROM PCKA F\WKIEX? | X PXeNQX TRY QPREY-M\/T]|

SADKSI ST ) e 5 or
G X2 may be | or R X2 may by Dor Y; Xs may be Gor 5; X, nay be Dor Y 4
Human JH WGQGTLVTVSS 5 Human | GKV1- 39*01(012) DI QMTQSPSS LSASVGEDRVT
| TCRASOSI X3 X3X3LNWYQKP GKAPKLLI YX ASSLOSGVPS RFSGSGSGID FTLTI SSLQP
EDFATYYC Wher ¢p X3): 08Y clRfe AcolblefVvggor R X2 may be D, G K, N, or 5; X3nay be
ADFHNS5S5W V,or Y; X my be ADFGKNT,or Y. 6 | &KV3-11(L6)
El VLTQSPAT LSLSPGERAT LSCRASOSV X3X3X3LAWYQKP GQAPRLLI YX ASNRATA PA
RFSGSGSGTD FTLTI SSLEP -(D)-(Nn(N+O)m(F)DY- (D)

Where:

(D) = Asp (D) and Gly (G) rich position.

(N)n = Ala (A) and Gly (G) rich position, n =3-7.

(O)m= Ala (A), Gly (G) and Y (Tyr) rich in, m= 1-4.

(F) = The Phe (F) dominant position.

Various versions of the library encompass pairings with fixed or
diversified light chains derived also from the human germline repertoire. In the
present invention, the four light-chain library VL. genes (Kawasaki et al.
2001. Eur J Immunol 31: 1017-1028 and after Schaeble & Zachau, 1993 Biol
Chem Hoppe Seyler 374: 1001-1022) are A27 (IGKV3-20*01), B3 (IGKV4-
1*01), L6 (IGKV3-11*01), and O12 (IGKV1-39*01) where the gene name in
parentheses are the presumed corresponding IMGT gene. The Fabs are
displayed on pIX via expression of a dicistronic vector wherein the VH-CH1
domain is fused to the coat protein sequence and the VL-CLkappa or VL-
CLlambda is expressed as a free polypeptide which self-associates with the VH-
CHI. The CDR regions are underlined.

Light Chain Variable Library based on Vkappa (Vk) germline genes

012 ; IGKV1-39*01, IGKV1D-39*01 Length = 88; CDR1 = 24-34, CDR2 =
50-56

DIOMTQSPSS LSASVGDRVT ITCRASQSIS X XoX3NWYQOKP
GKAPKLLIYX, ASSLQSGVPS RESGSGSGTD FTLTISSLOP EDFATYYC
(SEQ ID NO: 5)

L6, IGKV3-11*01 Length = 88, CDR1 =24-34, CDR2 = 50-56

FIVLTQSPAT LSLSPGERAT LSCRASQSV XlzzzgﬁY/\TYQQKP
GOAPRLLIYX, ASNRATGIPA RESGSGSGTD FTLTISSLEP EDFAVYYC
(SEQ ID NO: 6)

A27,1GKV3-20*01, Length =89, CDR1 =24-35, CDR2 = 51-57
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EDFAVYYC Were X3 may be A, D, N, Ror 5 X2 may be D, K N, or 5;X3may be
A, D, F, H, NNR Wanr VX2 nvAav he A DK GE T nar NI 7 Himan | (GK\/2. 20( A27)

El VLTQSP rap
DRFSGSGSGT DFTLTI SRLE ~ PEDFAVYYC Wiere X3 may be D, N, 5, R or T; X2 nay be
N,5 or R X2 may be AADH N5 0or R X2 may be E, F, H K Q5,o0r Y;Xs may be
A D Gor S 8 Human | GKV4- 1*01(B3) DI VMIQSPDS LAVSLGERAT | NCKSSOSVL
X3SSNNX3NX3LAEIVW@3@G@%RS|§|QERX?( Mﬁ@%@»{?ﬂ@ﬁ%ﬁ%@ﬁﬁﬂ | SSLQAEDVA
VYYC Where X3 X H 5, 0or Y, X2 may bé K,'N, or T; X3may be

A D F, H N, 5, WE&F R(RLTX%Y ri‘aﬁ_%zﬂb@@ @W&ﬁGéGTgDW_TWLE PEDFAVYYC

(SEQ ID NO: 7)

B3, DPK24, VKIVKlobeck; IGKV4-1*01 Length =94, CDR1 = 24-40, CDR2
=56-62

DIVMTQSPDS LAVSLGERAT INCKSSQSVL X1SSNNX,NX;LA

WYQOKPGOPP KLLIYX,ASTR ESGVPDRFSG SGSGTDEFTLT

ISSLQAEDVA VYYC (SEQID NO: 8)

The diversity at the specified positions for each variable region scaffold
are summarized in Table 1 below where the amino acids single-letter code is
used and is present in the alternative at the specified postions as shown in Fig.

1.

Table 1.
CDR Kabat 012 L6 A27 B3
Position (SEQ ID NO: (SEQ IDNO: | (SEQIDNO: | (SEQ ID NO: 8)
5) 6) 7
1 30 X1 SRNAD X1 SRNAD | X, SRNTD L
30a - - X5 SNR X1 YSHFA
30e - - -
30f X5 KTNE
31 X5 SNKDG X5 NSKD X3 SNRADH N
32 X3 YHNDWF X3 YWDFH | X4, YFHQSEK X3 YEFHNWDAS
SAV SAN
2 50 X4 FYTNKA X4 ADKGY | X5 ADGS X4 WSRDYA
DG FTN

The VL CDR3 in all of the libraries has seven residues wherein the first
two residues are glutamine (Gln, Q) and the residue corresponding to Kabat
residue 95 is proline (Pro, P). For L-CDR3 the sequence corresponds to
QOQX 1 XoX5X4PX5T (SEQ ID NO: 9), where varigation are as in the table below

and at the residue positions are according to Kabat.
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formul a QOX3X3X3X3PXsT Wiere X3 may be A D, F, H P,5 0r Y; X2 may be
DE GH! KNRTAar V-XRrmv ha N G HK NK T nar R X2 mv ha F I |

or Y as

AAl GSCSKEYRVLLGOLOKOTDLMODTSRLLDPYI Rl OGLDVPKLR EHCR
ERPGAFPSEETL RGLGRRGFLOTLNATL GCVLHRLADL EORLPKAO DLER
SGLNI EDLEKLQVARPNI LGLRNNI YCVAQLLDNSDTAEPTKAGRG WO
2012/ 051111PCF4yS2011/ 055606

Res- Kabat 012 L6 A27 B3
idue CDR3
Position

X 91 SAYHPD RYSGF YSHA YSHA
X, 92 FIYHNDKGRE RHNSL  YNDSHIFKG YNDSHIFKG
X3 93 STHNDRG NDKR SNTDGHR SNTDGHR
X4 94 TYLVFSRGPI WA TYLVFAS TYLVFAS
X5 96 LWRFYIN WYFLIR WYFLIR WYFLIR

As the variable sequence varies in length from gene to gene, diversity in
a particular residue location within a hypervariable loop or CDR can be
described as follows using the residue numbering as defined in Al-Lazikani B,
Lesk AM, Chothia C, 1997(Standard conformations for the canonical structures
of immunoglobulins. J Mol Biol 273: 927-948). In this system, the changes in
length of the hypervariable loops are accommodated by the designation of

subpositions a, b, ¢, etc. for a given residue.

A framework 4 (FR4) segment such as JK4, FGOGTKVEIK (SEQ ID

NO: 10) was used to form a complete human light chain variable region.

Fab affinity for diverse protein targets from 0.2 to 20 nM has been

demonstrated in initial selections.

Methods for an integrated maturation process for improving binding
parameters consisting of reshuffling VL or VH diversity or, alternatively,
directed or limited VL modification are accomplished using the vectors and
primers designed and used for the libraries as described in the referenced

publication, as taught herein, and combined with what it known in the art.

Alternative Sources of OSM-binding Immunoglobulin Domains

OSM binding antibodies with the characteristics of the human Mabs
disclosed herein may be made or binding fragments sourced from

immunoglobulin domains formed by a number of methods, including the
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ASOP PTPTPASDAFORKL EGCRFLHGYHRFMHSVGRVFSKWGESPNRSRR HS PH

@LRKG/PI‘TI‘I‘\I‘\(“I‘\I/N/I‘\I RATOOYAANN PP 19 MNaivnAl/ AN laAan~aA~n £ AamnAal Al Al AN MAORA nve oAt AL -

AAMGSCSK

ESPGAFPSEETLRGLGRRGFLQTLNATLGRVLHRLADL EQHLPKAQ DLER
SGLNI EDLEKLQVARPNVLGLRNNI YCVAQLLDNSDMITEPTKAGRG TPQP
PTPTPTSDVFQRKLEGCSFL RGYHRFMHSVGRVFSKWEESPNRSRR HS PH

QAL RKGVRRTRPSEH(NRLIMRRG L &y %ﬁdﬂz@n&ﬂw&@ﬁé m&&ﬁ’a ditflod$ otk énibk  CDRL SYW'S
15 H135 HCDR1 SYWG 16 H2 HCDR2 A I P 17 H14 & H17 H

and Milstein (1975) Nature 256:495. In the hybrldoma method a mouse or

other appropriate host animal, such as a hamster or macaque monkey, is

immunized as described herein to elicit lymphocytes that produce or are capable

of producing antibodies that will specifically bind to the protein used for

immunization. Alternatively, lymphocytes may be immunized in vitro.

Lymphocytes then are fused with myeloma cells using a suitable fusing agent,

such as polyethylene glycol, to form a hybridoma cell (Goding, Monoclonal
Antibodies: Principles and Practice, pp.59-103 (Academic Press, 1986)).

An OSM-neutralizing antibody can also be optionally generated by
immunization of a transgenic animal (e.g., mouse, rat, hamster, non-human
primate, and the like) capable of producing a repertoire of human antibodies, as
described herein and/or as known in the art. Cells that produce a human anti-
OSM antibody can be isolated from such animals and immortalized using
suitable methods, such as the methods described herein. Alternatively, the
antibody coding sequences may be cloned, introduced into a suitable vector, and
used to transfect a host cell for expression and isolation of the antibody by

methods taught herein and those known in the art.

The use of transgenic mice carrying human immunoglobulin (Ig) loci in
their germline configuration provide for the isolation of high affinity fully
human monoclonal antibodies directed against a variety of targets including
human self antigens for which the normal human immune system is tolerant
(Lonberg, N. et al., US5569825, US6300129 and 1994, Nature 368:856-9;
Green, L. et al., 1994, Nature Genet. 7:13-21; Green, L. & Jakobovits, 1998,
Exp. Med. 188:483-95; Lonberg, N and Huszar, D., 1995, Int. Rev. Immunol.
13:65-93; Kucherlapati, et al. US6713610; Bruggemann, M. et al., 1991, Eur. J.
Immunol. 21:1323- 1326; Fishwild, D. et al., 1996, Nat. Biotechnol. 14:845-
851; Mendez, M. et al., 1997, Nat. Genet. 15:146-156; Green, L., 1999, J.
Immunol. Methods 231:11-23; Yang, X. et al., 1999, Cancer Res. 59:1236-
1243; Briiggemann, M. and Taussig, M J., Curr. Opin. Biotechnol. 8:455-458,
1997; Tomizuka et al. W002043478). The endogenous immunoglobulin loci in

such mice can be disrupted or deleted to eliminate the capacity of the animal to
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CDR2 |1 YPGDSYTRYSPSFQG 18 H135 H CDR2 || YPGDSDTRYSPSFQG 19 H2 H- CDR3
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25 L111 L-CDR1 KSSQSVLASSNNNNFLA 26 B3 L- CDR2 WASTRES 27

produce antibodies encoded by endogenous genes. In addition, companies, such
as Abgenix, Inc. (Freemont, Calif.) and Medarex (San Jose, Calif.) can be
engaged to provide human antibodies directed against a selected antigen using

technology as described above.

Preparation of polypeptides for use as target ligands in panning
strategies and as immunogenic antigens can be performed using any suitable
technique, such as recombinant protein production. The target ligand or
fragment thereof in the form of purified protein, or protein mixtures including
whole cells or cell or tissue extracts, or, in the case of an immunization, the
antigen can be formed de novo in the animal’s body from nucleic acids

encoding said antigen or a portion thereof.

The isolated nucleic acids of the present invention can be made using (a)
recombinant methods, (b) synthetic techniques, (¢) purification techniques, or
combinations thereof, as well-known in the art. DNA encoding the monoclonal
antibodies is readily isolated and sequenced using methods known in the art
(e.g., by using oligonucleotide probes that are capable of binding specifically to
genes encoding the heavy and light chains of human antibody regions). Where
a hybridoma is produced, such cells can serve as a source of such DNA.
Alternatively, using display techniques wherein the coding sequence and the
translation product are linked, such as phage or ribosomal display libraries, the
selection of the binder and the nucleic acid is simplified. After phage selection,
the antibody coding regions from the phage can be isolated and used to generate
whole antibodies, including human antibodies, or any other desired antigen
binding fragment, and expressed in any desired host, including mammalian

cells, insect cells, plant cells, yeast, and bacteria.

Human Antibodies

The invention further provides human immunoglobulins (or antibodies)
which bind human OSM. These antibodies can also be characterized as
engineered or adapted. The immunoglobulins have variable region(s)
substantially from a human germline immunoglobulin and include directed
variations in residues known to participate in antigen recognition, e.g. the CDRs

of Kabat or the hypervariable loops as structurally defined. The constant
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B3 L-CDR3 QQYYSTPL 28 L2 L-CDR3 QQSFSFPI 29 L-CDR3 consensus
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KSSQSVLYSGGNGNYLA 35 L176- CDR1 KSSQSVLGSWGNGHYLA 36 L177- CDR1
KSSQSVLSSNGNHNYLA

region(s), if present, are also substantially from a human immunoglobulin. The
human antibodies exhibit Kp, for OSM of at least about 10° M (1 microM),
about 10" M (100 nM), 10 M (1 nM), or less. To affect a change in affinity,
e.g., improve affinity or reduce Kp, of the human antibody for OSM,

substitutions in either the CDR residues or other residues may be made.

The source for production of human antibody which binds to OSM is
preferably the sequences provide herein as the variable regions, frameworks
and/or CDRs, noted as SEQ ID NO: 13-55 identified as capable of binding
human OSM and cross-reacting with cynomolgous monkey OSM using a

repertoire of human derived Fab displayed on filamentous phage particles.

The substitution of any of the CDRs into any human variable domain
framework is most likely to result in retention of their correct spatial orientation
if the human variable domain framework adopts the same or similar
conformation to the parent variable framework from which the CDRs
originated. The heavy and light chain variable framework regions to be paired
in the final Mab can be derived from the same or different human antibody
sequences. The human antibody sequences can be the sequences of naturally
occurring human antibodies, be derived from human germline immunoglobulin
sequences, or can be consensus sequences of several human antibody and/or

germline sequences.

Suitable human antibody sequences are identified by computer
comparisons of the amino acid sequences of the mouse variable regions with the
sequences of known human antibodies. The comparison is performed

separately for heavy and light chains but the principles are similar for each.

With regard to the empirical method, it has been found to be particularly
convenient to create a library of variant sequences that can be screened for the
desired activity, binding affinity or specificity. One format for creation of such
a library of variants is a phage display vector. Alternatively, variants can be
generated using alternate and known methods for randomizing or variegating a
nucleic acid sequence encoding the targeted residues within the variable

domain.
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Another method of determining whether further substitutions are
required, and the selection of amino acid residues for substitution, can be
accomplished using computer modeling. Computer hardware and software for
producing three-dimensional images of immunoglobulin molecules are widely
available. In general, molecular models are produced starting from solved
structures for immunoglobulin chains or domains thercof. The chains to be
modeled are compared for amino acid sequence similarity with chains or
domains of solved three dimensional structures, and the chains or domains
showing the greatest sequence similarity is/are selected as starting points for
construction of the molecular model. The solved starting structures are
modified to allow for differences between the actual amino acids in the
immunoglobulin chains or domains being modeled, and those in the starting
structure. The modified structures are then assembled into a composite
immunoglobulin. Finally, the model is refined by energy minimization and by
verifying that all atoms are within appropriate distances from one another and

that bond lengths and angles are within chemically acceptable limits.

Because of the degeneracy of the code, a variety of nucleic acid
sequences will encode each immunoglobulin amino acid sequence. The desired
nucleic acid sequences can be produced by de nova solid-phase DNA synthesis
or by PCR mutagenesis of an earlier prepared variant of the desired
polynucleotide. All nucleic acids encoding the antibodies described in this

application are expressly included in the invention.

The variable segments of human antibodies produced as described
herein are typically linked to at least a portion of a human immunoglobulin
constant region. The antibody will contain both light chain and heavy chain
constant regions. The heavy chain constant region usually includes CH1, hinge,

CH2, CH3, and, sometimes, CH4 domains.

The human antibodies may comprise any type of constant domains from
any class of antibody, including IgM, IgG, IgD, IgA and IgE, and any subclass
(isotype), including IgG1, 1gG2, IgG3 and IgG4. When it is desired that the
humanized antibody exhibit cytotoxic activity, the constant domain is usually a

complement-fixing constant domain and the class is typically IgG;. When such
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DI VMIQSFLUSLAVOLGERAT T INUADDUD VL OORWEINININY LAV LAKF

GQPPKLLI YKASTRESGVPDRFSGSGSGTDFTLTI SSLQAEDVAVY YCOOYYSTPL 50 L178
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GQPPKLLI YSASTRESoyEDRESESESGT DEY ETRSSE SEEPVAY Fomomoy H-rppe ggss(o1 85
DI VMIQSPDSLAVSL TI NCKSSOSVL SSGENVNYL AW QQKP

GQPPKLLI YWASTRE PDRFSGSGSGTDFTLTI SSLQAEDVAVY  YCOOYYTTPL
Nucleic acids encoding humanized light and heavy chain variable

regions, optionally linked to constant regions, are inserted into expression
vectors. The light and heavy chains can be cloned in the same or different
expression vectors. The DNA segments encoding immunoglobulin chains are
operably linked to control sequences in the expression vector(s) that ensure the
expression of immunoglobulin polypeptides. Such control sequences include a
signal sequence, a promoter, an enhancer, and a transcription termination
sequence (see Queen et al., Proc. Natl. Acad. Sci. USA 86, 10029 (1989); WO
90/07861; Co et al., J. Immunol. 148, 1149 (1992), which are incorporated

herein by reference in their entirety for all purposes).

3. Methods of Using an Anti-OSM Antibody

As described in detail below, the present invention demonstrates that
isolated monoclonal antibodies having the variable domains of M5, M6, M9,
M10, M42, M45, M53, M54, M55, M62, M63, M65, M66, M67, M68, M69,
M71, and M83 bind overlapping epitopes on OSM and display in vitro and/or in
vivo OSM inhibiting activities. Significantly, the reactivity of the selected
MADs includes the ability to dose-dependently block OSM interaction with
gp130, reduce OSM signaling in the presence of gp130, reduce OSM-stimulated
proliferation of A375 cells, prevent macrophage-stimulated chondrocyte

collagen production, or reduce cytokine release by OSM in vivo.

Given the properties of the monoclonal antibodies as described in the
present invention, the antibodies or antigen binding fragments thereof are
suitable both as therapeutic and prophylactic agents for treating or preventing

OSM-associated conditions in humans and animals.

In general, use will comprise administering a therapeutically or
prophylactically effective amount of one or more monoclonal antibodies or
antigen binding fragments of the present invention, or an antibody or molecule
selected to have similar spectra of binding and biologic activity, to a susceptible

subject or one exhibiting a condition in which OSM activity is known to have
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reference t e foll owm ng specif non-limting exanples. EXAVPLE 1:

REAGENTS AND ASBayds. Any actlm @érhetaaﬂ@éwé@t bedgnipipaicd.dndndineFabsm bi ndi ng
anti bodi es, consEhyplMpfendUmaN and Cyno OSM were generated for mammal i an
cel | expression. Hurran OSM (NP 065391 encoded by NM 020530) is a 252 am no

acid precursor profersedl. itbhudbaldhled LOGhIbARE Leh etk RLALE Podl 227 am no
acids (SEQ ID NGO 11), IS a proprotein further processed into the

more fully ac@uwéhmum@uﬁ@mﬁmonéﬁmrﬁhﬁ bl docs not regut lnmmcmthNA was

ordered from Qr %@ﬁaﬁ@aﬁd\wﬁm %@é% %‘Mﬂumn& F]& tgﬁ[:e OSM from t he

Oi Gene cl one was anpl i a signa petl rrurlne | gGl) was
i ntroduced al ewbgec Th@d\dhémdntﬂmstetedgnafy@xhlpit@@rm wcmdaryfﬁumatohmucahnd an Avi Tag

(SEQ 1D NO. il 81Kl L SOk BERLSLRRLOHAOH A8 oIyl L o1 vias

chosen to avoid ran ySi ne Fesi dues present in
the vicinity ofor@s depiles ﬁamatrg@neli/\pdplulanemeqmmm&olync or cytoOgironol gous nonkey

OSM was cl oned from PBMC s RNA u uper scri | first strand
synthosi 5. sysCEHITITSPE PSRENY *% SalsEH e PhEEOIGh RHA PHEFCPCR anpl | 11 ed

usi ng t he UTRsq@bhdiey Sfedrs figiogchsfin oddeit th @rdieri@ime Qopdt selippntdoas descri bed in
U S. Patent Application Serial No. 12/648430. The expressed full-length
protein is shown iT]reSE@lﬂdi)ilNﬁzidﬁaZS Mﬂi}td’bniﬂﬂi@eﬂlbeammﬁ:klraﬁtﬁidﬂae formrepresented
by 184 resi du ‘i" A PrecErsoE(? ﬁiature f.ornms of_human and
Cyno OSM were F‘E’scé cetfestiygeeoyg sor, Pes U PURTSHY TRYRHYhr e

met hodol ogi es anﬂSb@lei tieipeiaded R€4 kivhd dle@&lt@& btlbR. PhebRiIbBGicVEmdet ested in the
A375-52 cell proliferation and pSTAT3

used or administered as a mixture, for example, in equal amounts, or

individually, provided in sequence, or administered all at once. In providing a

patient with antibodies, or fragments thereof, capable of binding to OSM, or an

antibody capable of protecting against OSM in a recipient patient, the dosage of

administered agent will vary depending upon such factors as the patient's age,

weight, height, sex, general medical condition, previous medical history, etc.

In a similar approach, another therapeutic use of the monoclonal
antibodies of the present invention is the active immunization of a patient using
an anti-idiotypic antibody raised against one of the present monoclonal
antibodies. Immunization with an anti-idiotype which mimics the structure of
the epitope could elicit an active anti-OSM response (Linthicum, D. S. and
Farid, N. R., Anti-idiotypes, Receptors, and Molecular Mimicry (1988), pp 1-5
and 285-300).

Likewise, active immunization can be induced by administering one or
more antigenic and/or immunogenic epitopes as a component of a vaccine.
Vaccination could be performed orally or parenterally in amounts sufficient to
enable the recipient to generate protective antibodies against this biologically

functional region, prophylactically or therapeutically. The host can be actively
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signaling assays using as control E. coli derived comercially avail able

hurran wl\/‘ [ DON CQurect nne MNat N~ 270K NNA ANMhhe \NhAar A A ~nnt r nl
ant i body was
used. Chemcal Biotinylation Reconbi nant human OSM was bi ot1 nyl at ed

usi ng NHS-ester chem stry (EZ-Link Sulfo-NHS-LC-Biotinylation Kit, Pierce,
#21435) targeting am ne residues on the cytokine. The biotin-coupling
reaction was ﬁatmmeaevdtﬂtﬁé arfh ]gtawaﬁmtageat bagidefif § p&e ?di'&}’a fhgreofol e of
biotin per nole of antig latter minimzes the | oss of binding and
functi onal acthe\pﬁttgdematleodétmfmrngf theaertidonineerenrapeinongidafnot he protein
popul ati on. UpgR<6aiiagt th%grlgﬂlaltﬂ?gteﬂl%étﬂeh&rban bOSAdRA A Bk AR PuUr i Tied from
the free biotin reagent resid | eavi ng groups umg(% Zeba Desalt Spin
Col ums i ncl ud%eblonyhtetlhleu@ th¢ mn&hpmﬂwmlmmitedtfpmy@fanep Kueh (Pi erce).

Appr oxi mat el y 8009 HABA assay
(Pierce Bioti h Qgﬁ{l? %J;‘tﬁtagé‘%rmﬁ"tl ?(9#% l@g;ﬂ%\ﬁa@% %‘?QlYe‘? arglej-rqggt he | evel of
biotin incor pbur@qacw;rpwtﬁlmnr toruﬁuplamedAlampraoi)dis that &t ysebridorrtindse of bi otin per
nmol e of human OSM esmclu@c ros1 g)ts For asBlar@c was_ LRJ%%% t(i verify both
streptavidin Borﬁpﬁ i ng an PL% = HQBCS‘? r’?s, Eat RGC87 -GP) binding
for the bioti dgfhanm thmrﬁifeAhemmte@totﬂaamdrfeamttsdmh}uwenﬂa}t Hsratsedni otinyl at ed

h OSM bound i | I that of th
el od orabg, MBhSe ity 8 COSH Ryt apRklidy drbliniadtial,” " She 1
resi due Avi TaghefdsSliiRoFHMAMAd FWR) thd SIp€d 10 ahleheShdteirnas pSitide hidfecule

bi oti n-acceptor kinetics as the endogenous BirA substrate BCCP (Beckett et.
al. 1999, ProfePhd 8 %nce). When tethered to a protein of interest the

Avi Tag, havi ng one_accept | ysi residue, wll bi nyl ated at only
one posi {1 o, RecolBi HARE PSS BF SRy g e bERBITi cal 1y i 1
vitro using bh@tihtBnded & & dpiotluaﬁseecapadn Eﬂﬁ@%ﬂhﬁn eRbIR kefiakhtyo avai | abl e from
Avidity. The bjotinylate no OSM was purijfied using nonoval ent

streptavidin atf?qtﬁndyctwesteﬁplutnteorofe}al oy they@S Me@@?eéi%mamrei n was
assessed by S%hﬁ@% ANgh RS HRE G belhendiBoy ASBRYp(fita8Y efedBivot | N
QJantltatl on #28005) was used to neasure the level of biotin

i ncor por at i onaMQHItCle PR cthe EduEiopobsinRienat if thsiesagsl reuPf bi oti n per nol e of
cyno OSM An %ﬁtstamt BT Dl bR t&%tf@enmanﬂaﬁée ffh Y Rhspdnke bOL N
streptavidin coupling (g, -Fc chimera binding for the biotinylated
protein. Cct eRefrma@at@mh@ @hmtﬁdtlplha&tnhwmaﬁmde}te@lywnésmvtsaound gp130
with a profil tarting
Tt or Ll Sol [ R e e R AL Bl @by nhehiikehnfihed By ARABIAGE O (R
NEUTRAVI DI NTmoBliss@#sapipkes eénéﬁwmmym@logit:@d sirg'ntfl'maﬂt ifigy predsnetieswts at ed human
OSM or cyno M te r t t 4C, bl ocking and
washi ng, 1: 1(%%1 d(!ieltec ancgﬁﬁe?%g?éﬁ S”J,19 OﬂaqgeEp ?tlen?rom each round of
panni ng were ?‘HQ uti B8R d age was det ect ed wlth an HRP-conj ugat ed
nonocl onal sp , the ML3 phage ITB.] or coat protein (GE

oo theere, G (rochs SRR kol BB YT BB PR, el ey

i nstrunent. bmdmg Etragmrty os syreeiding ng‘latnfs themehf‘aardlnnalse(t:toan@surwascqueer f or med
usi ng secret edffec u anc lfalbs H s prot ell (fsﬂc‘i’r&' mammial rnatants. Bacteri al
super nat ants, const ai nl?t §8Fu°n$ Oﬁa%ntgll prot PR TSy carry out

bi ndi ng i n andizgidS4 rﬁ@mtmh&dulaeanéat Mﬁmﬁarh[elpmratee&hé MNaidenceGétor No. 437111)

wer e coated wlthl nlL she ti F CH1) antib e Bindin
Site, oo o oD B A oY ShEoTHp Py ORY o1 ot o5 wer e
washed and bI oﬁdeﬁdex&&stlgbsmdrﬂwttﬁdp@mt R ¢rlon prpRIcnahibd feront ai ni ng

Fab-H s protein) was added and allo ncubate for 1 hour at room
t enper at ure WPHU B T dreaigidt E?@St st eliSiesériaa chd!SBICotEHY| at ed human

or Cyno OSM 2ghinM, Viﬁﬁan@ﬁtdz%d(nbﬁ}n'ﬁlhﬁe aARRE wcedcriﬁa@ﬁerelﬁfﬁsﬁfg allcBQUhe at room
tenperature, SA- HRP (I'nvitrogen, Cat. No. 43-4323) was added and

cheni | um nescOM Huibadt ¢fdhe Rgieps IBEFHHBQ as above. It was cal cul ated that

primary binding ELI SA screening with human OSM at a concentration of 20 nM
woul d al | ow t he de@%MtIFbli‘PV@ftO@FdPté%“WethnaWﬁlW pf discasertaiqsdhah anonol ar
affinity range. Epitope Binning Epi tope binning is a conpetition

assay perforned in order to group the MAbs on the basis of binding
characteristics performed using human C gGl converted mAbs and the

commer ci al anti body, MAB29, which is known to be an OSMR[ 3/ LI FRa
recruitnment-bl ocker (R-blocker). To each well of a 384-well multi-array
plate (Meso Scal e Discovery (MsSD), L25XA-4) was added 2.5 ug/ml anti-hunman
Fc (Jackson | nmuno, 709- 005-149) in phosphate buffered saline (PBS) pH7.4
(Si gmma, P3813) The pI ate was |ncubat ed at 4C over ni ght then bI ocked W|th

ry e M o r - ~OS A
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and biotinylated OSM was added to each well of the 384 nulti-array plate
and shal | hr.
The pl ai , idin
sul fo TAG (MSD, R32Ad-S) and shaken (level 6 on a titer plate shaker) at
roomtenperature for 30mn The plate was washed three tinmes and to each
well was added read buffer T diluted 1:4 with distilled water (MSD,

R92TC 1) . Then%@t»,elﬂyaf@narﬁe@%ms@&nm lé%quiveﬁ& bRt roles The data was
interpreted on the basis of the signal attained for a test mAb in the
presence of binstidingbaretprasinviatiagrolcewapion ¢glestate! prtaksepdin@ieixi mum si gnal )
together wi t higfifindlioN dhoifcli@hfhlont RELALLARIGE- 4 Tol d reduction in

maxi mum si gnal ). Epitope conpetition was assigned when the value in the
presence of apg@apglii Ng Mb was within three standard deviations of the

val ue of that Tromself conpetition. A375 cells A375 cells (ATCC,
CRL-1619) are a huﬁ?e’br@s@httlﬂ\eelnlo?s 18k herﬂ&i{stré(@&ithfa{ @@Mrmédwm%ﬂggel anons.
A375-52 cells (ATCC, 1872, a subline of CRL1 sensitive to IL-1) are
cul tured in coepheioa agdelwmthe@% Mﬁpﬂrmy@ﬁ\@graﬂaﬂ@lbm suppl enent ed
with 10% FBS & e No. 431080) and
sub-cul tured \%\ﬁgﬁ%gal%%lg){r;gﬂé%gf &g%%cggﬁﬁrg%{g?f l?egfgfe?sbe four days in a
1: 20 sub- cul t suob ap ANFo. WIASYE-aBR tQelomoRroolligea rdtaso frohBpdildek ne or por at i on)
Assay The reduc n e I I tion b ) nonol gus
nonkey OSM WagIh t‘r?élgo u]:e% gt;(/) ﬁ@%c%rtﬁggawg%&t%aﬁﬁm ZYI( m&I Efnzl escent

ELI SA. Oncost atd t]hatMrafseldl}msanpbcmily|ef<anIatﬂedlas M*?lfoh]elmgsmﬁlaﬁiz 1sInam§3rhe nmel anona
cell line (Zar%1 tO%83197 9 tg%d fhh t pe was used to
eval uate the 3 ‘%0-6“&5&9310 PNWEAT ‘F?’S%d*““ Yall! esl%r%@% mveﬁ“ Hti body

di scovery. A3RG53264eVb% aM&NHlIdﬁlmmﬁsanﬂaédlelabllﬂ'yfb5ﬁbréasSﬁ1trb&oglybatnure flasks (BD
Fal con 35- 5001 hl n . DVEM bco 11995) +10% FBS &G bco 1 +1% Pen/ Strep
(G bco 15140) SHths J= PAceRyEtshondey Bepcaltie gpiemabpya b ‘W Slber week.

To performthe tpé g&sbﬁ(eroaﬁﬁgsw@saﬁc afi®ollyp Wwere trypsinized (0.25% G bco
25200) to renmove themfromthe T150 flasks and then plated at a density of
2000 cel | s/ wel | i nThRescitrigventbBs Mt g thof déﬂio&@ﬂ‘atéﬁ@hﬁ@dﬁlﬁﬁkt@h@{ﬁ& (BD Fal con

353948) in 200 [EL of S/ Pen- Strep. Aft averni i ncubati on at
3700/ 95% 02 - %Lﬂsakrﬁg a&% II@&PQ %eé%’%‘a“éi nblelbpéé”g%rlwth 180 [EL of
fresh nedia. AySEaRadtBeRbiahErcwas iRLRBAEK WL IPSONhaikeedb-ah] of the test
solutions at 10X the final concentrations. Fromthis plate, 20 [EL was
transferred t8¢kercsrEsipea Al ¢ kpgor gmalldpdueibly ertekined Jeldr at e t he

appropriate expedii Iﬁﬁﬂh%mg&ﬂgbﬂcb@éasoy IE@eﬁcewgéﬂerqe@t 2lmggndition was tested
intriplicate. In any eri ment which evaluated neutralization, the

anti body and Mt@tlprﬁc WeDeCKRELD hascen shbulsd o seyerabioles.saeast hour bei ng
added to. cel | ShontRraPh A G mIRLcGicl o REUDF e, Rk AfiOGhndhfig, - 576 CO2 Tor

an additional 72 hours. At t _ Chem [um nesScent Br
Prol i ferati oncéls] B4 pfrRagive o1 TEe0adEg01 Yo andsthgliat €abls ned. nOWH@OBIﬂdEJ I abel i ng

reagent was a he - en renoved,
and 100 [ EL o?lgeﬁg)ﬁn%é{:[}?lcgﬁ& lgg'anggégﬁt g?ggs m-léﬂfc?{gﬁ%]@ @@éﬁéﬁl n at room
t enper at ur e t e (ST didnhingd@nityetnatwed paavcbuilﬁ)@alﬂﬁLGRﬁl bnoogeran®ROBr dU- PCD

sol ution was ded, . Af ter. 0 nper at ur | ate was washed
wth PBS- Tweeﬁl(glltr h%(.‘r)iﬁmfalt—_lfg%rfog)eglu Q‘?‘&%?g% m |(%na( etrﬁrsfttl)m atlIggntl fic 37069)
was added to eaftyyspHa. (Mlsaim m)eﬁelmmstSpﬁokeermsree(adedjb\y thg CX@dr ki n El mer
\ﬁctor3instrurren{j L Ea ex |nents ]\g\ere do\r}%.toﬂete m ne the
dose- r esponse&9F tHE HF“I’I‘B’Iﬁ’ésg b?éﬁ??rg ey s P Sl AT nant human
and cynonol gouss i¥eiddyl cant@stRtannaddkvityy suppressing proliferation. Osm was
tested froma starting concentration of 100 ng/m with 1 to 5 dilutions to
a final concentr at Aefrdihg @.tR24dsehghvdntioPeRaihetcdit pfiobidemthehsdocsfol iferation
was cal cul at ed corrp%{ ed to cells treat g{?gw th vehicle The results

of such an exfeFitihe Oraﬁllgb‘?ﬁg%ﬁmie?fsﬁeﬂ o ghe gigup Ma, M évrhﬂ%tlon of human

or cyno Oncoshabi R4b] NiS3, NS, 8sSediich a6 M6s, M%OMWSM@SIM@QMﬁdUCH on in
BrdU i ncor poratijon. The ‘ant roI iferative actj vi t%nof human and cynonol gous

monkey Oncost &td M4/ the Pﬁmfmfﬁgﬁ?%%%emﬁaé@drea WHoePremelagiet ent  of
anti-proliferative activity and on the EC50 of the effect. Based on
t hese experinents, a concentration of 2ng/ml of Oncostastin Mwas used to
eval uate and conpare anti-Oncostatin M’ant i bodi es because this
concentration inhibited proliferation approximtely 80% giving a | arge

w ndow in which to determ ne anti body dose responses. A full dose-range of
anti body was evaluated in the presence of 2 ng/m of human or cyno
Oncostatin M In addition, an isotype control was included in the

exper| rrent at the h| ghest concentratl on of ant| -Oncostatl n M ant i body used

o 11" T Y |
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Affinity Measurenment by Surface Plasnon Resonance (Biacore) The
b| nd| ng Affiniti ne \wnra maciirad Ticei nAa Cuirf arnAa DI aernmmmn DAacnnancn /QDR) W t h
a Bi acor , , , ] )
constructs as described. A biosensor surface was prepared by coupling
anti-1gG Fc anti body m xture of anti-Muse (Jackson, Cat. No. 315-005-046)
and anti-Human (Jackson, Cat. No.109-005-098) to the carboxynethyl at ed
dextran SurfaG%rpjmé%lla@?ﬂ’(ffeo%Wcﬂl &c%kéﬂﬁ@\re%lsegs%tsucm osBRrhBH044) using the

[

manuf acturer's instr ons for am ne-coupling chem stry. Approximately

19, 000 RU (regﬁ@ngetqwrtﬂyypadwqmﬂmmwraﬁtspdow\mfelarm@m zed in each of
four flow cellg, oIﬁ?oﬂ‘(bWHéﬁtﬁé‘ﬁ%dfa{Eﬁﬂé §fa\"ﬁ5cﬁca%:'hf RBpi&A & rgRile | N T uNNi ng

buf fer (DPBS + 0g005% P20 + 3nM EDTA). Seri diluti ons Human and Cyno OSM
ECD fr om 100nMltagerorelpaszripgnpearelags: ébemedltlon furthenprieyidoud method Msthet 200 RU of

mAb were capt |l ow cell 1 was
used as refer g%aglge@{}rr? gglg&%ﬁgﬁgﬂ g?rﬁl&}%%g a&aﬁlgp%gfﬁgé%%go three-mnute

i nj ection (assoeidatdoonriphaséhinsferiagtn gifetiat arb@npdf suringn fnoibéywed by 10

m nutes of buf SSQCI atl has e c sur face ,was

regener at ed b fthEl biocgmbgﬁlb"f ]?Lg8t0§8 tgalpﬁﬁegél(t: L|1f?)err11sl ?)TP i 5351 n‘I%Ig ?&?504 (Sigma,
Cat. No. 7961) at e c S sed using
t he Bl Aeval uati on gg?‘fﬂib()dy Oﬂge mvemlo?l_@na rug%dolﬁ% %%n%ﬁ{g?fo et% t: ref erence
subtraction obfprbenﬂmtrmtmsarqwrsﬁmmdC@ddm&@tlyacmdmg:ﬂwmdcw ves generated

by buffer inj m t he eferenc subtract ed urves far analyte
% ecti ons. | KietER kB el DrBRRHE Gate el pes PSR AR S bi ndi ng
nmodel wi th gl ebakarfkickpeciihein s sMii, 1dn@s, a@d ¢dintsABuchpsthblepes tnelideé N t he f or mat

of Ka (On-rate Of-rate) and KD (affinity nstant EXAMPLE 2:
SELECTI ON OF @%‘?\ﬂag N%Pﬂi@“‘lﬁ §)art%r1tls, PYH tl%l%rﬂﬁd\?oan SERs B %‘Ti)ﬂ‘r“é’ri es have been
descri bed Shi n@iropakhic srttMpattBl Rhct39 ditBdh; @%0or AF1& aMRORABH462A1; U. S. Ser.
No. 12/546850; and herein .above are desi gnated 169, 323 and 551 which
references t hECHBALR/ CEHaRFiCHURATGS, FOERES CoXHEMS SKOBES M miged: | GHVL- 69
(SEQ I D NG 1pilialy@iMRn’ 3pdnphdul, BeMphicaill, ne@fotlkl@wés'cﬁ;t(sslﬁ%sk@nﬂo 3) in IMaT
nonmencl ature. The three heavy-chal n ?l brary framewor ks are conbined with
four |ight - ch&fais) mblrlalﬁyclwn&ﬂwsmélrWR%polmyosemsaes@lctofsm (SEQ I D NO.
) (B3 Vil SEQUB A b Bons bl @G A SERIBANG 7)), and
012 (1 GKV1-39%01 (SEQ f he I'ibraries, the Fabs V-regions are
conpl et ed by @mt@eec@@hlbpdbnoropleemgdlﬂte@d@WSQSqulnmmphaesmwl@E@maD NO 4 in
the heavy chalj t ns. The heavy chain
CDR3 is of varﬁla%b e I?ﬁ hlg?rom%gﬁgreggﬁ% %ﬂgg r|‘§1§arrf)l es of the conplete
V-regions for gba@tulcbneplnrarsydeametoslhmm FholHE getive hepatitin yelirerdedasand CDR r egi ons
shown accor di n a i I t h | splay hits
were identifieé O%nsq?ur? %gﬁlﬂlf%pgl}sﬁ@ %bgva“%ﬁﬁlﬁglés“gtrgl‘r éncglos(Mlg%P Kglg%ﬁun’an OSM  The
Fab- pl X phageelmﬂoapbmyl drisiptiashek (wpsie), mamaedrmm ofghemyomtdmslods@dmhunan OSM

(R&D Systens, o tur taV| din (SA
boads {1 met s 1 Bimerahs 5t he SR SRRl TR R R SRR ol | o
phage sel ecti pzl&t1é1i\bﬁtykfﬂoleatﬂ(}ieﬁ|ﬁaﬂbmrtye méhbd by inkagionasrthayg sufféeing 248:
161-176, Hunmana Pr Oq(: Q ﬁgrleflé é&bﬂugotl ted hunman. %M was added to
t he phage |i braM’ th"l’?&’ty S BEsmopH ﬁs‘iﬁ‘ﬁd%er’i‘}nﬁﬁ ®d beads, to a
final concent g@piyeodd, ot PReurddcadtd P'aﬂ&ﬁmfr@ldf(fr@épsfb iktoude thdsé h gentl e
rotation. Blocked SA beads were added and. i ncubated for 15 mnutes to

capture bi oti Mffeangdondvmi VALYl phixgatic friue.Haymat e | v- capt ur ed

phage/ ant i genip@achceApRhfsed @By WRsk@shortit heBphasits, thuldp1&nyebmiBST and once
with 1 m TBS. Followﬁﬂr?g re‘(n\%va) of theflf@%TBSvépshy of

exponent i al | yCgrlsipngdivate ecprdacrseogragene, Cat. No. 200123) was added and
i ncubated at 37C for 30 minutes wi thout shaking. Infected bacteria were
spread on LB/ Agar 9thes anditigaethalaee 3spesiagd voiy BeMiaed pmeppplegPat es ( Teknova,
Cat. No. L580ﬂ)¢atﬁ@1§lo¥ﬁ&%}ﬁét§7@ t}Q:Ya%EfQ\hﬂmﬁe ﬁ{tlbo)?c?l Of%%h@é’nhaill incRYAS were
scraped and gl ycero|l stocks prepared [15% glycerol/ Carbenicillin (100

j tglmi)/ 2xY1] fibistic disepsesiches p@m@larsr@bmephaetlon%@pﬁ@% idiepshid- r ound

panning, 25 m of 2xYT/Carbenicillin (100 jig/ m) was inoculated with 25 jd
of bacterial glycerol stock and grown at 37C until an 0D600 of roughly 0.5.
Hel per phage VCSML3 (Stratagene, Cat. No. 200251) was added to the culture
at a nmultiplicity of infection of appr2(§xi mately 10:1 and incubation was
carried out for 30 mnutes at 37C wi t hout shaking. The bacteria was spun
down and the pellet resuspended in induction nedia (2xYT/ Carb/Kan/| PTG and
grown at 30C overnight. Phage was precipitated with 2% PEG 0. 25M NaCl
(final concentrations) and re-suspended in 2 ml of PBS. First-round phage
was stored at 4C and used to carry out second round pann| ng. The pann| ng

e o A N~
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(1) conpetitive binding to identify epitope groups or "bins", (2) affinity
measur enent s hv surface Pl asmn resonance (Riacorel. and () ahilitv to

bl ock pS - - . usi ng
the manmal i an cell produced (gl ycosyl ated) human and cyno proteins as
described in Exanple 1. Results The data for the affinity measurenments for
a subset of the nmAbs selected on the basis of their ranking relative to
control NABZQ?UI(IB PBRIsRNB A tehft cRfosis, and cirrhosith&nb@SUhdisatieh fdrhge bi nni ng
assay showed that Mb, M6 and MP conpeted with each other but not with
MAB295. MLO dptiRnébegies el thei inteniiBR o the Tisaigent o pre vaties ohpeccalivo shown by t he

PSTAT3 assay [,An AR ofWGHkLQAEr Ul fodl &A8Ks Of 9gpl30 signaling. Therefore,
it follows thgtnl\/[L(()) is akR {)ocker Oan% kllat Mb, M6 and MB bl ock OSM bi ndi ng

to gpl30 (B-blyQekaLiSdion and Dosifde target affinity for a therapeutic |ead was
dictated by the need to conpete decisively the OSM gpl30 interaction whose

affinity (KD has pRepdBashcerol O ReyaRphAXRLeLyObMMuTiaRel or e, a
target affinity for OSM of 100 pMor |ower KD was desired.

Neut ral i zi ng MbedyvByhichss pigtbraly arf asyeahs phosphatOSNEQgs seBae rmisedact i on

bl ockers, plu MET, Lk ] i . to produce
derivates that§ah|\r§é%21 tlt ’eagI\%gggﬁﬁ%%%\gdﬁﬂ&blbﬁgagﬁrgﬂﬁ%%&% Slr“/%g%% g‘ﬁapeuti C

candi dat e. |t uwasesarvedtuintiaberm|suitkbdi foephapmagsetidal ot veseringmlyse, bi nd cynonol gus
nonkey OSM wi .af £init thin fivefald that r _human, OSM (KD of 500
pM or |ess). %‘ﬂ%&%bn%?félseﬁ%tio}c{)engbo hﬁuﬁr%flzﬁ]?%&&tlﬁcé&yd%%ﬁlil%g af%g@ {hﬁ'ese four Mabs
wer e found t oaccepnlds @rtufacon. Sintabjoeclhidavandaimgr formgldtionhaclosipaofr s desi gnat ed
as shown in Taﬁ)ﬂl eh4. Tat%l.e 4. ll\{ab HC Li bﬁ)ar}/ HC ID.‘SCGl IfD 1I\/[LO 169 H2 L2
M6 551 otner human proteis, €.g., human Serum aloumin, are describe , 10T €Xamplc,

in e.g. Remington: The Science and Practice of Pharmacy, 21st Edition, Troy,
D.B. ed., Lipincott Williams and Wilkins, Philadelphia, PA 2006, Part 5,
Pharmaceutical Manufacturing pp 691-1092, See especially pp. 958-989.

The OSM-neutralizing antibody in either the stable or preserved
formulations or solutions described herein, can be administered to a patient in
accordance with the present invention via a variety of delivery methods
including intravenous (I.V.); intramusclular (I.M.); subcutaneously (S.C.);
transdermal; pulmonary; transmucosal; using a formulation in an implant,
osmotic pump, cartridge, micropump; or other means appreciated by the skilled

artisan, as well-known in the art.

For example, site specific administration may be to body compartment
or cavity such as intrarticular, intrabronchial, intraabdominal, intracapsular,
intracartilaginous, intracavitary, intracelial, intracelebellar,
intracerebroventricular, intracolic, intracervical, intragastric, intrahepatic,
intramyocardial, intraosteal, intrapelvic, intrapericardiac, intraperitoneal,
intrapleural, intraprostatic, intrapulmonary, intrarectal, intrarenal, intraretinal,
intraspinal, intrasynovial, intrathoracic, intrauterine, intravesical, intralesional,

vaginal, rectal, buccal, sublingual, intranasal, or transdermal means.

In general, if administering a systemic dose of the antibody, it is

desirable to provide the recipient with a dosage of antibody which is in the
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H14 L12 MP 551 H17 1CGKV4-1 (B3) Mb 551 H135 L111 The conpl ete

Var I abl e ryAni nn cnniinnArne rnnarmricn thn Aaarmd | nAa enmiinnArnce 11iend + A ~Ar eat e

t he phag d
resi dUES mat Cri Lre urirmut dt ea pdar ert geriniire 1rest aues. AS N &

2012/ 051111PCT/ US2011/ 055606 such, each V-region is conprised of the
designated CDR1L and CDR2 within the scaffold designated as SEQ ID NO 1-3

or 58 Tol | ovage Iy oPER{ TABKE 10 A0k 1o A9k 55 ok i APz ghai n var | abl e

region, respectively ( or the ) foll onwed by a

J-region as SEgkeD qﬁ@g Worugtker HY wedavipOadien Wig/keeonekeNangkg for the

Iight chain. 3ghlgeSs0 Rof 108 SR sGH I iy GIdg wakde: bt CDR3 SEQ
work(SEQ 1D NO © D Nol‘%_yké hilE; gre 2
recipient), although a lower or higher dosage may be administered. Of course,

suitable dosages of an antagonist of the present invention will vary, depending
upon factors such as the disease or disorder to be treated, the route of
administration and the age and weight of the individual to be treated and the
nature of the antagonist. Without being bound by any particular dosages, it is
believed that for instance for parenteral administration, a daily dosage of from
0.01 to 20 mg/kg of an antibody (or other large molecule) of the present
invention (usually present as part of a pharmaceutical composition as indicated

above) may be suitable for treating a typical adult.

The treatment may be given in a single dose schedule, or preferably a
multiple dose schedule in which a primary course of treatment may be with 1-
10 separate doses, followed by other doses given at subsequent time intervals
required to maintain and or reinforce the response, for example, at 1-4 months
for a second dose, and if needed, a subsequent dose(s) after several months.
Examples of suitable treatment schedules include: (i) 0, I month and 6 months,
(i1) 0, 7 days and 1 month, (iii) 0 and 1 month, (iv) 0 and 6 months, or other
schedules sufficient to elicit the desired responses expected to reduce disease

symptoms, or reduce severity of disease.

The antibodies of the present invention may be used alone or in
combination with immunosuppressive agents such as steroids (prednisone etc.),
cyclophosphamide, cyclosporin A or a purine analogue (e.g. methotrexate, 6-
mercaptopurine, or the like), or antibodies such as an anti-lymphocyte antigen
antibody, an anti-leukocyte antigen antibody, a TNF antagonist e.g. an anti-TNF
antibody or TNF inhibitor e.g. soluble TNF receptor, or agents such as NSAIDs

or other cytokine inhibitors.
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Sequence Table

SEQ ID Description SEQUENCE AND FEATURES
NO:
1 Human IGHV1-

QVOLVQSGAE VKKPGSSVKV SCKASGGTFS SYX ISWVROQA
69%01 PGQGLEWMGX,_IX X X X GTANY AQKFQGRVTI TADESTSTAY
MELSSLRSED TAVYYCAR

Where X, 1is A or G, X, is G or W, X, may be I
or §,X, may be P or A, X, may be I or Y and X,
may be F or N.

2 Human IGHV3- EVQLLESGGG LVQPGGSLRL SCAASGFTFS X,YX MX WVRQA
PGKGLEWVSX, IX X X GX STYY ADSVKGRFTI SRDNSKNTLY
23%01 LOMNSLRAED TAVYYCAK

Where X, may be S, D, N, or T; X, may be A, G,
or W; X,may be S or H; X, may by V, A, N or G;
X, may be S, N, K or W; X, may be Y, S, G, or Q;
X. may be S or D; X, may be S or G

3 Human IGHVS= | gyorvoSGAE VKKPGESLKI SCKGSGYSFT X YWIX WVRQM
51%01 PGKGLEWMGX, IX PX.DSX TRY SPSFQGQVTI SADKSISTAY
LOWSSLKASD TAMYYCAR

Where X, may be S, N, or T; X, may be S or G; X,
may be I or R; X, may by D or Y; X, may be G or
S; X may be D or Y

4 Human JH WGQGTLVTVSS
5 Human LGKV1- DIQMTQSPSS LSASVGDRVT ITCRASQSI X, X X LNWYQQKP
GKAPKLLIYX, ASSLQSGVPS RFSGSGSGTD FTLTISSLQP
3901 (012) EDFATYYC

Where X may be A, D, N, S, or R; X, may be D,
G, K, N, or S; X,may be A, D, F, H, N, S, W,
V, or ¥Y; X, may be A, D, F, G, XK, N, T, or Y.
6 IGKV3-11 (Lb6) EIVLTQSPAT LSLSPGERAT LSCRASQSV X X X LAWYQQKP
GQAPRLLIYX, ASNRATGIPA RFSGSGSGTD FTLTISSLEP

EDFAVYYC

Where X, may be A, D, N, R or S; X, may be D,

K, N, or s; X,may be A, D, F, H, N, S, W, or
Y; X, may be A, D, K, G, F, T or N.

7 Human LGKV3- EIVLTQSPGT LSLSPGERAT LSCX X X X,SVS SSYLAWYQQK
PGQAPRLLIY X ASSRATGIP DRFSGSGSGT DFTLTISRLE
20 (az27) PEDFAVYYC

Where X may be D, N,
or R; X, may be A, D,
E, F, H, K, Q, S, or

S, Ror T; X, may be N, S,
H, N, S, or R; X, may be
Y; X, may be A, D, G, or

4 5

S.
8 Human IGKV4- DIVMTQSPDS LAVSLGERAT INCKSSQSVL X SSNNX NX LA
WYQQKPGQPP KLLIYX,ASTR ESGVPDRFSG SGSGTDFTLT

1=01 (B3) ISSLQAEDVA VYYC

Where X, may be A, F, H, S, or Y; X, may be E,
K, N, or T; X,may be A, D, F, H, N, S, W, or
Y; X, may be A, D, S, W or Y.

9 L-CDR3 QOX X X X, PX T
Where X, may be A, D, F, H, P, S, or Y; X, may
formula be D, E, G, H, I, X, N, R, T or Y; X, may be

D, G, H, XK, N, §, T, or R; X, may be F, I, L,
N, R, W or Y as defined in Table 2.

10 JK4 FGQGTKVEIK
11 human OSM AATGSCSKEYRVIILGOLOKQOTDIMODTSRLLDPYTRIQGLDVPKLR
EHCR
protein ERPGAFPSEETLRGLGRRGEFLOTILNATLGCVLHRLADLEQRTL.PKAQ
DLER
sequence

SGLNIEDLEKLOMARPNILGLRNNIYCMAQLLDNSDTAEPTKAGRG
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17 GSVFEAYFDY 20 H17 5-51(3) SYWS 14 |1 YPGESYTRYSPSFQG 17 VPVSPAYLDY 21

H135 5-51(3) SYWG 15

region F
where Xi

= A X2

G X3 I,

I 1 YPADSDTRYSPSFOG 18 (GFGASYI DY 22

X4 =P, X5 =1,

The HC vari

and X6 Fwith an add

abl e
o1
i tional

mutation in HCDR2. The HC fromlibrary 551 (H14, H17, and H135) conprise

FR1- CDR1- FR2- CDR2- FR3 derived from SEQ ID NO 3 where, Xi =S, X2 = S or G
X3 = X4 =Y,[X6 = Gand X6 = Y pksdo. Each of the four HC were conpri sed of
a unique CDRB (SEQ (D NCs: 19-22) Fadilns YFFEVGREY | D
NO CDR2 SEQ|ID NO| CDR3 SEQ ID QALRKGVRRTRPSRKGKRLMTRGQLPR
12 Cyno (Macaca AAMGSCSKEYRMLLGQLQKQTDLMQDTSRLLDPY IRIQGLDIPKLR
EHCR
fascicularis) ESPGAFPSEETLRGLGRRGFLOTLNATLGRVLHRLADLEQHLPKAQ
. DLER
OSM protein SGLNIEDLEKLQMARPNVL.GLRNNIYCMAQLLDNSDMTEPTKAGRG
TPQP
PTPTPTSDVFQRKLEGCSFLRGYHRFMHSVGRVFSKWGESPNRSRR
HSPH
QALRKGVRRTRPSRKGNRLMPRGQLPR
13 H2 H-CDR1 SYAIS
14 H14 & H17 H- SYWIS
CDR1
15 H135 H-CDR1 SYWIG
16 H2 H-CDR2 GIIPIFGNANYAQKFQG
17 H14 & H17 H- IIYPGDSYTRYSPSFQG
CDR2
18 H135 H-CDR2 IIYPGDSDTRYSPSFQG
19 H2 H-CDR3 YGAKGLLDY
20 H14 H-CDR3 GSVFEAYFDY
21 H17 H-CDR3 VPVSPAYLDY
22 H135 H-CDR3 GFGASYLDY
23 B3 & L2 L- | KSSQSVLYSSNNKNYLA
CDR1
24 L12 L-CDR1 KSSQSVLSSSNNENWLA
25 L111 L-CDR1 KSSQSVLASSNNNNFLA
26 B3 L-CDR2 WASTRES
27 B3 L-CDR3 QQYYSTPL
28 L2 L-CDR3 QQSFSFPI
29 L-CDR3 00- (SY) - (FY) -S- (FT) -PLT
consensus
30 L171-CDR1 KSSQSVLSSGNNGNYLA
31 L172-CDR1 KSSQSVLSSGSNHNYLA
32 L173-CDR1 KSSQSVLSSRGNNNYLA
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NO,

(SEQ I D

23 WASTR™™ =7

NO: ) | GKV4-1 (B3) B3(8) KSSQSVLYSSNNKNYLA
33 L174-CDR1 KSSQSVLGSWGNDNYLA
34 L175-CDR1 KSSQSVLYSGGNGNYLA
35 L176-CDR1 KSSQSVLGSWGNGHYLA
36 L177-CDR1 KSSQSVLSSNGNHNYLA
37 L178-CDR1 KSSQSVLSSDGNHNYLA
38 L180-CDR1 KSSQSVLGSSSNINFLA
39 L182-CDR1 KSSQSVLGSGDNRNYLA
40 L1184 & L1866 KSSQSVLGSGYNRNYLA
L-CDR1
41 L192 L-CDR1 KSSQSVLGSWHNDNYLA
42 L-CDR2 KASTRES
43 L180-CDR2 SASTRES
44 L182-CDR2 NASTRES
45 L175-CDR3 QQYSTTPLT
46 L180-CDR3 QQYFSTPIT
47 Reselected L- QQY-(F,Y)-STP-(L,I)-T
CDR3
consensus
48 H- FR1-CDRI1- EVQLVQSGAEVKKPGESLKISCKGSGYSFTSYWISWVROMPGKGLE
WMGIIYPGDSYTRYSPSFOGOQVTISADKSISTAYLOQWSSLKASDTA
FR2-CDR2-FR3 MYYC
49 L173 DIVMTQSPDSLAVSLGERATINCKSSQSVLSSRGNNNYTLAWYQQKP
GQPPKLLIYKASTRESGVPDRFSGSGSGTDFTLTISSLQAEDVAVY
YCOOYYSTPL
50 L178 DIVMTQSPDSLAVSLGERATINCKSSQSVLSSDGNHNYLAWYQQKP
GQPPKLLIYKASTRESGVPDRFSGSGSGTDFTLTISSLQAEDVAVY
YCOQYYSTPL
51 L1180 DIVMTQSPDSLAVSLGERATINCKSSQSVLGSSSNINFLAWYQQKP
GQPPKLLIYSASTRESGVPDRFEFSGSGSGTDFTLTISSLQAEDVAVY
YCOQYESTDPI
52 L185 DIVMTQSPDSLAVSLGERATINCKSSQSVLSSGGNWNYLAWYQQKP
GQPPKLLIYWASTRESGVPDRFSGSGSGTDFTLTISSLQAEDVAVY
YCOQYYTTPL
53 L186 DIVMTQSPDSLAVSLGERATINCKSSQSVLSSGSNRNYLAWYQQKP
GQPPKLLIYWASTRESGVPDRFSGSGSGTDFTLTISSLQAEDVAVY
YCOOYYSTPL
54 H14 EVQLVQSGAEVKKPGESLKISCKGSGYSFTSYWISWVROMPGKGLE
WMGIIYPGDSYTRYSPSFOGOQVTISADKSISTAYLOQWSSLKASDTA
MYYCARGSVFEAYFDY
55 H17 EVQLVQSGAEVKKPGESLKISCKGSGYSFTSYWISWVROMPGKGLE
WMGIIYPGDSYTRYSPSFOGQVTISADKSISTAYLOQWSSLKASDTA
MYYCARVPVSPAYIDY
56 AviTag GLNDIFEAQKIEWHE
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QQYYSTPL 27 L2 B3(8) KSSQSVLYSSNNKNYLA 23 WASTRES 26 QQSFSFPI 28 L12 B3(8)

KSS@VLQQQI\II\IEI\M\II A 24 \AANCTDLCEC 22 mMwWwvVvaeTDI 27 1111 D27 Q\ wCaC\/ I\QQI\II\II\II\IFLA 25

WASTRES ___ ... - e~ ——__1 Fabs

<= -

all derive fromthe B3 library ‘and include the curated gernilne seqguence
represented in the | MaT database as | GKV4-1 (B3) which was used as a
starting sequence for the library diversification as described herein and
ref erenced publications. Three of the four |ight chains had differences in
CDR1 and had identical H CDR2. A consensus sequence for the four selected

LC vari abl e FRi GRRY iRRndaRA1 nbRDedeschivarwiil RPred fe Niowdhgvherein X1 is
Y, S, or A, X2 is K, E, or NN X3is Y, Wor F, and X4 is always W
specific, non-limiting examples.
EXAMPLE 1: REAGENTS AND ASSAYS
In order to select and characterize OSM-binding antibodies, constructs
of human and Cyno OSM were generated for mammalian cell expression.
Human OSM (NP 065391 encoded by NM_020530) is a 252 amino acid
precursor processed into a full-length secreted protein of 227 amino acids (SEQ
ID NO: 11), which is a proprotein further processed into the more fully active
mature form, amino acids, 1- 184, Human OSM ¢DNA was ordered from
OriGene (Cat. No. SC121421) and the ORF of human OSM from the OriGene
clone was amplified by PCR and a signal peptide (murine IgG1) was introduced
along witha hexa-His tag for protein purification and an AviTag (SEQ ID NO:
56) for site-directed protein biotinylation. The latter was chosen to avoid
random chemical biotinylation of lysine residues present in the vicinity of OSM

intereaction with receptors.

Cynomolgous monkey OSM was cloned from cyno PBMC’s RNA using
Superscript 111 first strand synthesis system (InVitrogen) to obtain the cDNA
and then PCR amplified using the UTR primers designed from the human OSM
sequence as described in U.S. Patent Application Serial No. 12/648430. The
expressed full-length protein is shown in SEQ ID NO: 12 with the cleaved,
active form represented by 184 residues, 51 -227.

Precursor and mature forms of human and Cyno OSM were expressed in
HEK 293 and purified using standard methodologies. The functional activities
of the proteins were tested in the A375-S2 cell proliferation and pSTAT3

signaling assays using as control E. coli derived commercially available human

OSM (R&D Systems, Cat. No. 295-OM).
Mabs

Where a control antibody was used, a human IgG1 isotype antibody
designated CNTO6234 was used.
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Two uni que CDR3 sequences were identified. The L-CDR3 can be represented by
a consenc<iie crniicanece (QRFO 1IN NOY 20 ranrecanted hv tha farmil a

QQ(SY , '
V-regi on pairings, OSMV6, OSMM6, OSMMD and OSMMLO, described in Exanple 3

were chosen for light chain reselection in order to inprove affinity. To
affinity mature | arge nunbers of antibodies fromprimary selections in an

efficient andcgmgigigﬁ}j@,‘ﬁgﬁnner, an "in-line" maturation process described
in Shi et al I 0 385-396, 2010 and W09085462A1 and U.S. Ser.

No. 12/546850 was pi&Sehbinhhk H&EﬂaﬁbsM R8s Mblﬂ}@ﬂé&&ﬁlg(}m@-@&té&%&hﬁ%c' fic clones
obtained in initial rounds of selection were conbined with |libraries of the

cor r espondi ng(Eﬂ_L%zﬂlfmeS Fa-Riplinyladign &ty Risrcpai 20430 dpreetinggmél (SEQ |1 D NO!

8) . Thr ?e%dﬂ@s%n th@&ﬁ&lén?csTlﬂ‘@l&@tu‘%&@hﬁgrea&i’b‘ﬁ&é%'oﬁt%fz@&fo}@ library used
in the prinmary selections as source of diverse VL ¢ and two

addi tional |i bugstlabslingesiiciened oberseuolonf laomra@énml%ﬁanty@nﬂwlam%e

Recogni 2010 TSSO Ah A RHIOH L o L TR AE ) e’ on ¢ hose
resi dues most Cd>m1bdetb9abt1¢ngbé theproteingdpilatidnh éJhon ndinplgtiar ofttheercscioget  pr ot ei n
also called s i 1] n e Vkappa

| i ght chai ns Bﬁ%mt iy %Bﬁ%e f{gn?tllr%l %g(églt% llgtg%g%h%ggre%@%(})@ﬁvsm%?mugnt acts _
cent ered arounsing E@aﬂyqsﬂv&nn ebluenk owpeedim theEXhadk swfocmsm and Lesk which

differ slight ependi ng .upan whet her the tar LS a tein, a peptide,
or a snall E¥O s t?%lgl:(%g%mg%mﬁé)p{%gn%y Irgﬁé)rozp]%ggm&géﬁat GV finity

mat ur ati on, V\/ﬁeb&r&TthHlABa B8R PletdaBastin ledtadbﬁKh,g#ZlSh@S)d\tasﬁﬁb‘dery phase,
Li brary 2 " SDRM focuseg hased on the SERH ues and focused
diversity, ant RRRUELS eY%HEI‘BPr’i“k‘é‘&"rP?rB?(a’r o “ﬁ‘ée ARRPEMASE Mfpans any

amno acid phiég cqrbﬁmﬁtp@ﬂnslefamurg@r@smt e @dfet&*nsNNﬁelﬁH(ForteBIO) wiabl e 7
sumari zes the diversity in Libraries and 3. During anlaysis of the

final 1ibraryUscddmEer{rPiB S%Wédlv\/éwhp%i@mgpflﬁ%ac (b SyelFras. $ot Noart of t he

original desi gm @Pﬂb&iﬁﬁg fd&‘@l{eeoﬂ)tﬂfy[a%l{ﬁ&éina@ct@t RQARSEAMRNGBWRd thahe synt hesis
met hod. For |ibrary synt hesi zed usi ng di nucl eoti des, these am no acids

were: S (posi bioaﬁylat%#umap Q%@pvmdosplé@mthaewf@i)%ﬁgw%hldsmal tPW (posi ti on

32), TV (posi EHaP&ftﬁ@ﬂnlaﬂeleﬁ@faﬁlntg'n%?er%?) D (position 93), and F (position
96). Table 7. brary CDR™Position 1 2 3 Seq- Kabat

In Vitro Targeted Biotinylation

The 15 residue AviTag (GLNDIFEAQKIEWHE) (SEQ ID NO: 56) has
similar biotin-acceptor kinetics as the endogenous BirA substrate BCCP
(Beckett et. al. 1999, Protein Science). When tethered to a protein of interest
the AviTag, having one acceptor lysine residue, will be biotinylated at only one
position. Recombinant Cyno OSM was biotinylated site-specifically in vitro
using biotin-protein ligase and reagents commercially available from Avidity.
The biotinylated Cyno OSM was purified using monovalent streptavidin affinity
resin. The quality of the resulting protein was assessed by SDS-PAGE and
SEC-HPLC. The HABA assay (Pierce Biotin Quantitation Kit, #28005) was
used to measure the level of biotin incorporation, which indicated
approximately one mole of biotin per mole of cyno OSM. An Octet instrument
(FortéBIO) was used to verity both streptavidin coupling and gp130-Fc chimera
binding for the biotinylated protein. Octet measurements showed that

biotinylated Cyno OSM bound gp130 with a profile essentially identical to that
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of the unlabeled starting material.

Solid Phase Immunoassays

Initial phage-Fab panning using NEUTRAVIDIN™ ELISA plates
(Pierce) coated with 2 pg/ml biotinylated human OSM or cyno OSM in TBS.
After overnight incubation at 4°C, blocking and washing, 1:100 dilutions of
polyclonal phage pools from each round of panning were added. Bound phage
was detected with an HRP-conjugated monoclonal specific for pVIII, the M13
phage major coat protein (GE Healthcare, Cat. No. 27-9421-01), followed by
addition of chemiluminescent substrate POD (Roche, Cat. No.11582950001),

and read on a PerkinElmer instrument.

Primary screening of individual clones was performed using secreted
soluble Fab-His protein from E. coli supernatants. Bacterial supernatants,
containing soluble Fab-His protein, were used to carry out binding in an ELISA
formats. Black MaxiSorp plates (Nunc, Cat. No. 437111) were coated with 1
pg/ml sheep anti-human Fd (CH1) antibody (The Binding Site, Cat. No. PC075)
and incubated at 4°C overnight. After the plates were washed and blocked, 50
ul undiluted bacterial supernatant (containing Fab-His protein) was added and
allowed to incubate for 1 hour at room temperature with gentle shaking. Plates
were washed and biotinylated human or Cyno OSM 20 nM was added to the
captured Fabs. After 1 hour at room temperature, SA-HRP (Invitrogen, Cat. No.
43-4323) was added and chemiluminescent detection carried out as above. It
was calculated that primary binding ELISA screening with human OSM at a
concentration of 20 nM would allow the detection of clones with affinities in

the nanomolar affinity range.

Epitope Binning

Epitope binning is a competition assay performed in order to group the
MADbs on the basis of binding characteristics performed using human IgG1
converted mAbs and the commercial antibody, MAB29, which is known to be
an OSMR/LIFRa recruitment-blocker (R-blocker).

To each well of a 384-well multi-array plate (Meso Scale Discovery

(MSD), L25XA-4) was added 2.5 pg/ml anti-human Fc (Jackson Immuno, 709-
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005-149) in phosphate buftered saline (PBS) pH7.4 (Sigma, P3813). The plate
was incubated at 4 C overnight then blocked with 50u1 of MSD blocker A at
room temperature for lhr. The 384 multi-array plate was washed three times
(PBS pH7.4, 0.05% Tween 20 (Scytek, PBT010) and to each well was added a
1.0 pg/ml solution of test mAb followed by shaking at level 6 on a titer plate

shaker at room temperature for lhr. The plate was washed three times as before.

In parallel, a Sug/ml solution of a competing mAb and 1pg/ml
biotinylated OSM (R&D Systems, 295-OM-010/CF) were combined in a
separate 96-well plate (COSTAR, 3357) in MSD assay buffer (1:3 of block
buffer with PBS pH7.4, 0.05% Tween 20) and shaken at level 3 on a titer plate
shaker at room temperature for lhr. The pre-complex of competing antibody
and biotinylated OSM was added to each well of the 384 multi-array plate and
shaken (level 6 on a titer plate shaker) at room temperature for 1hr. The plate
was washed three times and to each well was added streptavidin sulfo TAG
(MSD, R32Ad-S) and shaken (level 6 on a titer plate shaker) at room
temperature for 30min. The plate was washed three times and to each well was
added read buffer T diluted 1:4 with distilled water (MSD, R92TC-1). The plate

was read on an MSD S6000 instrument.

The data was interpreted on the basis of the signal attained for a test
mAb in the presence of biotinylated OSM with no competing mAb present
(maximum signal) together with the signal from self competition (2-4 fold
reduction in maximum signal). Epitope competition was assigned when the
value in the presence of a competing mAb was within three standard deviations

of the value of that from self competition.
A375 cells

A375 cells (ATCC; CRL-1619) are a human epithelia cell derived from
malignant melanoma. A375-S2 cells (ATCC; CRL-1872, a subline of CRL-
1619 sensitive to IL-1) are cultured in complete growth medium
(DMEM/GlutaMax-I, Gibco) supplemented with 10% FBS (Gibco) in T-175
culture flasks (Corning; Cat. No. 431080) and sub-cultured when approximately

80% confluent every three to four days in a 1:20 sub-culture ratio.
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A375-S2 Cell Proliferation (BrdU-Incorporation) Assay

The reduction in A375-S2 cells proliferation by human or Cynomolgus
monkey OSM was measured by BrdU-incorporation using a chemiluminescent
ELISA. Oncostatin M reduces proliferation in the A375-S2 human melanoma
cell line (Zarling et al. PNAS 83:9739-9743). This cell line was used to
evaluate the anti-oncostatin M antibodies at all stages of antibody discovery.
A375-82 cells were maintained in T-150 tissue culture flasks (BD Falcon 35-
5001) in DMEM (Gibco 11995) +10% FBS (Gibco 16140) +1% Pen/Strep
(Gibco 15140) at 370C in 95% 02 — 5% CO2 and split 1:10 twice per week.

To perform the proliferation assay, cells were trypsinized (0.25%, Gibco
25200) to remove them from the T150 flasks and then plated at a density of
2000 cells/well in the inner 48 wells of black TC-coated plates (BD Falcon
353948) in 200 uL of DMEM/FBS/Pen-Strep. After overnight incubation at
370C/95% 02 — 5% CO2, the media was removed and replaced with 180 pL of
fresh media. A separate plate was prepared which contained all of the test
solutions at 10X the final concentrations. From this plate, 20 uL was
transferred to the corresponding well in the cell plate to generate the appropriate
experimental conditions. Each experimental condition was tested in triplicate.
In any experiment which evaluated neutralization, the antibody and Oncostatin
M were incubated together for at least 1 hour being added to cells. The plates
were then incubated at 370C/95% O2 — 5% CO2 for an additional 72 hours. At
this time the Chemiluminescent BrdU Cell Proliferation ELISA (Roche
11669915001) was performed. The BrdU labeling reagent was added to the
culture for 4 hours. The media was then removed, and 100 pL of fix solution
was added to each well. After 30 min at room temperature the solution was
removed and 100 pL/well of anti-BrdU-POD solution was added. After 2 hours
at room temperature, the plate was washed with PBS-Tween and 100 pL of
Super Signal Pico (Thermo Scientific 37069) was added to each well.

Luminescence was then read using a Perkin Elmer Victor3 instrument.

Initial experiments were done to determine the dose-response of the in-
house generated CHO cell-derived recombinant human and cynomolgous

monkey oncostatin M in suppressing proliferation. Osm was tested from a
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FYRWL X Fab-Hi s protein was prepared fromthird-round panni ng out puts
and nmonor! nnal EFah-Hi e FIl QRAce aml nvad tn identifv individinal hite with

hi gher b

concentrations ot biotinylated human antigen were used I n these ranking

ELI SAs: 2 nMand 0.2 nM The binding signal for each parental clone was set
as 100% There were 22 hits fromthe affinity maturation of M6 and M
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Based on these experiments, a concentration of 2ng/ml of Oncostastin M
was used to evaluate and compare anti-Oncostatin M antibodies because this
concentration inhibited proliferation approximately 80%, giving a large window
in which to determine antibody dose responses. A full dose-range of antibody
was evaluated in the presence of 2 ng/ml of human or cyno Oncostatin M. In
addition, an isotype control was included in the experiment at the highest
concentration of anti-Oncostatin M antibody used. The assay window was
defined by the difference between untreated control wells (maximum
proliferation) and wells incubated with 2ng/ml Oncostatin M alone (minimum
proliferation) and the percent neutralization at any concentration of antibody

was defined within this window.

pSTATS3 signaling using A375-S2 Phospho-STAT3 Assay

OSM inhibits the growth of A375-S2 cells by binding cell surface
receptor gp130 and inducing receptor heterodimerization with OSMRJ to
initiate an intracellular signaling cascade that includes activation
(phosphorylation) of the signaling molecule STAT3 (Kortylewski et al.,
Oncogene 18: 3742-3753, 1999). Disruption of STAT3 signaling abolishes
OSM growth inhibition of A375-S2 cells, demonstrating that STAT3 activation
is a key step in OSM signaling (Heinrich et al., Biochem. J. 374: 1-20, 2003).
STAT3 phosphorylation in A375-S2 cells has been shown to be OSM
concentration dependent and commercial kits are available to measure it in
stimulated cells. Neutralization of OSM-induced STAT3 phosphorylation in

A375-S2 cells was chosen as a primary screening assay for Mabs candidates.

For antibody neutralization of OSM-induced STAT3 phosphorylation
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A375-82 cells are seeded into 96-well tissue culture plates (Corning; Cat. No.
3596) at 25,000 cells/well in 200ul in complete growth media and incubated for
24 hours. Cells are treated with a solution containing 5 ng/ml human OSM
(recombinant, mammalian-cell derived, OSMNI1-1) which has been pre-
incubated for 3 hours at room temperature with 1:5 serially diluted experimental
mADb starting at 10 ug/ml. Controls include untreated cells, stimulated cells (5
ng/ml OSM only) and a hIgG1 isotype control mAb. All treatments are

performed in triplicate unless otherwise noted.

Analysis of pSTAT3 content is carried out using the Phospho-STAT3
Whole-Cell Lysate Kit (MSD; Cat. No. K150DID-1, Lot No. K0010570)
following the manufacturer’s protocol. Briefly, the cells are treated in a 200
ul/well volume for 10 minutes; treatment solutions are removed and 50ul of cell
MSD lysis buffer is added via multichannel pipette. The plate is placed on an
orbital shaker (at 300 RPM) for 5 minutes. Thereafter, 30 ul of each lysate is
transferred to the MSD phospho-STAT3 96-well plate. The plate is sealed and
placed on an orbital shaker (at 300 RPM) for 1 h at room temperature, washed
three times with 150 ul of MSD wash buffer, and 25ul of secondary detection
antibody conjugate (anti-pSTAT3-Ru(bpy)32+) added to each well, again
sealed and incubated on an orbital shaker (at 300 RPM) for 1 h at room
temperature. The plate is washed as previously and 150ul of MSD read buffer
(tripropylamine solution) is added to each well. The plate is read on an MSD

SECTOR Imager 6000 instrument,

Full EC50 dose-response curves for inline matured, parental and control

mAbs were obtained and plotted as normalized percent pSTAT3 signal.

Affinity Measurement by Surface Plasmon Resonance (Biacore)

The binding affinities were measured using Surface Plasmon Resonance
(SPR) with a Biacore 3000 optical biosensor (Biacore) using human or Cyno
OSM constructs as described. A biosensor surface was prepared by coupling
anti-IgG Fc antibody mixture of anti-Mouse (Jackson, Cat. No. 315-005-046)
and anti-Human (Jackson, Cat. No.109-005-098) to the carboxymethylated
dextran surface of a CM-5 chip (Biacore, Cat. No. BR-1000-14) using the

manufacturer’s instructions for amine-coupling chemistry. Approximately
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19,000 RU (response units) of anti-OSM antibody were immobilized in each of
four flow cells. The kinetic experiments were performed at 25°C in running
buffer (DPBS + 0.005% P20 + 3mM EDTA). Serial dilutions Human and Cyno
OSM ECD from 100nM to 0.412nM were prepared in running buffer. About
200 RU of mAb were captured on flow cells 2 to 4 of the sensor chip. Flow cell
1 was used as reference surface. Capture of mAb was followed by a three-
minute injection (association phase) of antigen at 50 ul/min, followed by 10
minutes of buffer flow (dissociation phase). The chip surface was regenerated
by two pulses of 18-second injections of 100 mM H3PO4 (Sigma, Cat. No.
7961) at 50 ul/min.

The collected data was processed using the BIAevaluation software
(Biacore, version 3.2). First, double reference subtraction of the data was
performed by subtracting the curves generated by bufter injection from the
reference-subtracted curves for analyte injections. Kinetic analysis of the data
was performed using 1:1 binding model with global fit. The result for each mAb
was reported in the format of Ka (On-rate), Kd (Off-rate) and Ky, (affinity

constant).

EXAMPLE 2: SELECTION OF OSM BINDING FABS

The de novo Fab-pIX libraries have been described Shi et al. J Mol Biol
397:385-396, 2010; WO09085462A1; U.S. Ser. No. 12/546850; and herein
above are designated 169, 323 and 551 which references the heavy-chain human
germline framework being used: IGHV1-69 (SEQ ID NO: 1), IGHV3-23 (SEQ
ID NO: 2), or IGHV5-51(SEQ ID NO: 3) in IMGT nomenclature. The three
heavy-chain library frameworks are combined with four light-chain library
VLiappa frameworks: A27 (IGKV3-20%01 (SEQ ID NO: 5)), B3 (IGKV4-1*01
(SEQ ID NO: 6)), L6 (IGKV3-11*01(SEQ ID NO: 7)), and O12 (IGKV1-39*01
(SEQ ID NO: 8)). In the libraries, the Fabs V-regions are completed by the
addition of a J-region (FR4) comprising SEQ ID NO: 4 in the heavy chains and
SEQ ID NO: 10 in the light chains. The heavy chain CDR3 is of variable length
from 7-14 residues. Examples of the complete V-regions for each library are

shown in Fig. 1 and numbered and CDR regions shown according to Kabat.

The initial set of anti-OSM phage display hits were identified using
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commercially available aglycosylated human OSM. The Fab-pIX phage display
libraries were panned using biotinylated human OSM (R&D Systems, Cat. No.
295-OM) capture on paramagnetic Streptavidin (SA) beads (Invitrogen, Cat.
No. 112.05D) following a published protocol for phage selection (Marks and
Bradbury, Antibody Engineering, Vol. 248: 161-176, Humana Press, 2004).
Brietly, biotinylated human OSM was added to the phage libraries that had been
pre-absorbed on unconjugated beads, to a final concentration of 100 nM and
incubated for 1 hour with gentle rotation. Blocked SA beads were added and
incubated for 15 minutes to capture biotinylated OSM with bound phage. The
magnetically-captured phage/antigen/bead complex was washed 5 times with 1
ml of TBST and once with 1 ml TBS. Following removal of the final TBS
wash, 1 ml of exponentially growing TG1 cells (Stratagene, Cat. No. 200123)
was added and incubated at 37°C for 30 minutes without shaking. Infected
bacteria were spread on LB/Agar (1% Glucose/100 ng/ml Carbenicillin) plates
(Teknova, Cat. No. L.5804) and incubated overnight at 37°C. Bacterial lawns
were scraped and glycerol stocks prepared [15% glycerol/ Carbenicillin (100
ng/ml)/2xYT] and stored at -80°C. To prepare phage for second-round panning,
25 ml of 2xYT/Carbenicillin (100 ng/ml) was inoculated with 25 pl of bacterial
glycerol stock and grown at 37°C until an OD600 of roughly 0.5. Helper phage
VCSM13 (Stratagene, Cat. No. 200251) was added to the culture at a
multiplicity of infection of approximately 10:1 and incubation was carried out
for 30 minutes at 37°C without shaking. The bacteria was spun down and the
pellet resuspended in induction media (2xYT/Carb/Kan/IPTG) and grown at
30°C overnight. Phage was precipitated with 2% PEG/0.25M NaCl (final
concentrations) and re-suspended in 2 ml of PBS. First-round phage was stored
at 4°C and used to carry out second-round panning. The panning parameters
were: Round 1, 100 nM antigen, 1 hour incubation at room temperature, 5x
washes with TBST followed by 1x wash with TBS; Round 2, 10 nM antigen, 1
hour incubation at room temperature, 10x washes with TBST/1x wash with
TBS; and Round 3, 1 nM antigen, 16 hour (overnight) incubation at 4°C, 10x
washes with TBST/1x wash with TBS.

Success was monitored using an ELISA where Fabs were captured with

an anti-human Fd (CH1) antibody and biotinylated human OSM was added at
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20 nM and bound OSM was detected with SA-HRP.

Thirty (30) unique heavy chain-light chain pairings as displayed Fabs
were identified that were shown to cross react with Cyno OSM by ELISA. The
heavy chains represented sequences from the 169 (IGHV1-69 derived) and 551
(IGHV5-51 derived) libraries and were combined with light chain variable
regions representing all four of the library germline origins (A27, B3, L6, and
012).

EXAMPLE 3: CHARACTERIZATION OF OSM BINDING MABS
The four-helix bundle architecture OSM is characterized by four o

helical segments designated A, B, C and D linked by relatively unstructured
loops. OSM interacts with gp130 via an surface located in helices A and C (Site
IT) which was determined to include contact by amino acid residues Q16, Q20,
G120, N123, N124 of SEQ ID NO: 1 (Deller et al. Structure 8(8): 863-874,
2000; Liu et al. Int. J. Mol. Med. 23: 161-172, 2009). The surface responsible
for OSM interaction with OSMR[} and LIFRa (Site III) is believed to be largely
defined by residues located in helix D (Deller et al. ibid).

It was the objective to select high aftinity binders to OSM capable of
preventing OSM driven gp130 signaling either through the prevention of OSM
binding to gp130 (Site II or B-blocker) or prevention of OSM bound gp130
recruitment of the LIFRa or OSMRb (Site III or R-blocker).

Of the 30 initially selected OSM-binding Fabs, 29 were cloned into
vectors for conversion to full-length human IgG1 Mabs. The characterization
assays were
(1) competitive binding to identify epitope groups or “bins”, (2) affinity
measurements by surface Plasmon resonance (Biacore), and (3) ability to block
pSTATS3 signaling. All screens and assays have been carried out using the
mammalian cell produced (glycosylated) human and cyno proteins as described

in Example 1.
Results

The data for the affinity measurements for a subset of the mAbs selected

on the basis of their ranking relative to control MAB295 (R&D Systems) in the

43


ip-temp
Rectangle


2 72 4 Ra N 124 1

7 NMR7 H17

pSTAT3 and ELISA binding assays is shown in Table 3.

Table 3. Affinity of select subset of anti-OSM first round mAbs.

117 A AN 2 0

3.29 0 023 0.2 Me5 H17 L174 8.59 5.45 0.064 6.42 3.40 0.053 0.8 Mc6 H17
L175 3.2n 2 20 n Nn71

Binding to Human OSM Binding to cyno OSM Kp ratio
ka (1/Ms) kd (1/s) ka kd (1/s) Cyno/
a s s s no
mAb KD (nM) (1/Ms)
10”4 10”-4 10%-4 | KD (nM) | Human
10”4
MAB295 118.00 21.70 1.85 70.95 | 141.00 19.75 10.70
M2 54.57 9.03 1.66 50.23 67.40 13.50 8.10

M22

10.20

3.57

3.52

9.43

101.00

107.00

30.40

M21

30.00

12.55

4.17

31.80

14.30

4.50

M7 8.24 1.08 1.31 8.49 0.37 0.43 0.30
M3 39.85 1.75 0.44 41.95 1.20 0.29 0.70
M19 7.89 0.26 0.34 7.70 2.43 3.15 9.40
M25 8.19 5.09 6.21 9.45 71.70 75.80 12.20
M24 No

Weak Binding NA
M8 4.71 0.33 0.70 4.98 0.31 0.62 0.90
M4 Weak Weak NA
M20 16.60 7.43 4.48 15.30 16.20 10.60 2.40

M17 2.78 0.45 1.61 2.90 0.77 2.64 1.60
M11 8.64 8,32 9.63 19.65 10.70 5.46 0.60
M27 6.39 34.95 55.50 Weak NA
No
M18
Weak binding NA
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The results of the binning assay showed that M5, M6 and M9 competed

with each other but not with MAB295. M10 did compete with MAB295.
These four mAbs were also shown by the pSTAT3 assay to be functional
neutralizers of gp130 signaling. Therefore, it follows that M10 is a R-blocker
and that M5, M6 and M9 block OSM binding to gp130 (B-blockers).

The target affinity for a therapeutic lead was dictated by the need to
compete decisively the OSM-gp130 interaction whose affinity (Kp) has been
measured to be approximately 1 nM. Therefore, a target affinity for OSM of

100 pM or lower Ky, was desired.

Neutralizing MAbs M5, M6 and M9, found to be OSM-gp130
interaction blockers, plus M10 were chosen for inline maturation in order to
produce derivates that met the 100 pM affinity requirement for a therapeutic

candidate. It was an additional desired property that mAbs bind cynomolgus

monkey OSM with an affinity within fivefold that for human OSM (Kp, of 500

pM or less).

The compositions of the binding domains for these four Mabs were

found to represent four unique heavy and light chain pairs designated as shown

in Table 4.

Table 4.
Mab | HC Library HCID LCID
M10 169 H2 L2
M6 551 H14 L12
M9 551 H17 IGKV4-1 (B3)
M5 551 HI135 L111

The complete variable region sequences comprise the germline

sequences used to create the phage library as described herein above and,

therefore, the fixed residues match the unmutated parent germline residues. As
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such, each V-region is comprised of the designated CDR1 and CDR2 within the
scaffold designated as SEQ ID NO: 1-3 or 5-8; followed by CDR3 (Table 3 and
4) and for the light chain variable region, respectively (Table 5 for LC and
Table 6 for the HC) followed by a J-region as SEQ ID NO: 4 for the heavy
chain and SEQ ID NO: 10 for the light chain.
Table 5.
VH ID Frame- H-CDR1 | sEQ | H-CDR2 SEQ | H-CDR3 SEQ
work (SEQ 1D ID 1D
1D NO:) NO NO NO
H2 1-69 (1) SYAIS 13 GITPTIFGNANYAQKFQG 16 YGAKGLLDY 19
H14 5-51 (3) SYWIS 14 IIYPGDSYTRYSPSFQG 17 GSVFEAYFDY 20
H17 5-51 (3) SYWIS 14 IIYPGDSYTRYSPSFQG 17 VPVSPAYLDY 21
H135 5-51 (3) SYWIG 15 IIYPGDSDRTRYSPSFQG 18 GFGASYLDY 22
The HC variable region H2 comprises the FR1-CDR 1-FR2-CDR2-FR3 derived
from SEQ ID NO: 1 where X; =A, X0 =G, Xs=[, X4=P,X5=1, and X¢=F
with an additional mutation in H-CDR2. The HC from library 551 (H14, H17,
and H135) comprise FR1-CDR1-FR2-CDR2-FR3 derived from SEQ ID NO: 3
where, X; =S, X =SorG, X5=1, X4=Y,X5=Gand X¢ =Y or D. Each of
the four HC were comprised of a unique CDR3 (SEQ ID NOS: 19-22).
Table 6.
VL ID Frame-work | CDR1 SEQ ID | CDR2 SEQ CDR3 SEQ
NO: ID ID
(SEQ ID
NO: NO:
NO:)

IGKV4-1 B3 (8) KSSQSVLYSSNNKNYLA 23 WASTRES 26 QQYYSTPL 27

(B3)

L2 B3 (8) KSSQSVLYSSNNKNYLA 23 WASTRES 26 QQSFSFPI 28
L12 B3 (8) KSSQSVLSSSNNENWLA 24 WASTRES 26 QQYYSTPL 27
L111 B3 (8) KSSQSVLASSNNNNFLA 25 WASTRES 26 QQYYSTPL 27

The LC variable regions of the selected Fabs all derive from the B3

library and include the curated germline sequence represented in the IMGT
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database as IGKV4-1 (B3) which was used as a starting sequence for the library
diversification as described herein and referenced publications. Three of the
four light chains had differences in CDR1 and had identical H-CDR2. A
consensus sequence for the four selected LC variable FR1-CDR1-FR2-CDR2-
FR3 derived from SEQ ID NO: 8 wherein X;is Y, S, or A; X, is K, E, or N; X3
is Y, W or F; and X4 is always W,

Two unique CDR3 sequences were identified. The L-CDR3 can be
represented by a consensus sequence (SEQ ID NO: 29) represented by the
formula Q-Q-(S,Y)-(F,Y)-S-(F,T)-PLT.

EXAMPLE 4. AFFINITY RESELECTION

The four V-region pairings, OSMMS5, OSMM6, OSMM?9 and
OSMMI10, described in Example 3 were chosen for light chain reselection in
order to improve affinity. To affinity mature large numbers of antibodies from
primary selections in an efficient and expeditious manner, an “in-line”
maturation process described in Shi et al. J Mol Biol 397:385-396, 2010 and
WO009085462A1 and U.S. Ser. No. 12/546850 was used. In brief, the Vy
regions of antigen-specific clones obtained in initial rounds of selection were
combined with libraries of the corresponding Vi scaffold, in this case the B3

based V-region (SEQ ID NO: 8).

Three new libraries were created, one using the Vi, library used in the
primary selections as source of diverse Vi chains, and two additional libraries
designed based on a recent analysis of the antigen-antibody complexes of
known structure (Raghuanthan et al., J. Mol. Recognit, 2010). Residues were
selected for diversification based on those residues most likely to be involved in
the binding of the target protein also called specificity determining residue
usage (SDRU). In the Vkappa light chains this has been determined to be three
regions of contacts centered around the hypevariable loops as defined by
Chothia and Lesk which differ slightly depending upon whether the target is a
protein, a peptide, or a small hapten. Table 5 shows the Vy, libraries used for
affinity maturation, where B3 is the same library used during the discovery
phase, Library 2 “SDRM focused” is based on the SDRU residues and focused

diversity, and NNK is a randomized library. In the table, “X”’ means any amino
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acid plus one stop codon generated by a NNK mix.

Table 7 summarizes the diversity in Libraries 1, 2 and 3. During
anlaysis of the final library, some amino acids were identified that were not part
of the original design and thus were introduced as a consequence of the
synthesis method. For library 2, synthesized using dinucleotides, these amino
acids were: S (position 30c), T (position 30d), EK (position 30f), IW (position
32), TV (position 50), I (position 92), D (position 93), and F (position 96).

Table 7.
Library
CDR Position 1 2 3
uzl‘l’?i;l Kabat pIXB3denovo SDRM focused SDRM NNK

L1 30 30 L L L
31 30a YSHFA RNDGHSY X

32 30b S S S

33 30c S RNDGHWSY X

34 30d N RNDGHSTY X

35 30e N N N

36 30f KTNE EKRNDGHWY X

37 31 N N N

38 32 YFIINWDAS IRNDWY X

L2 56 50 WSRDYA YWNKTV X
L3 97 91 YSHA SYGH X
98 92 YNDSHIFKG ISYGN X

99 93 SNTDGHR DSTER X

100 94 TYLVFAS YSHT X

102 96 WYFLIR FYRWL X

Fab-His protein was prepared from third-round panning outputs and
monoclonal Fab-His ELISAs employed to identify individual hits with higher
binding signal than the corresponding parental Fab. Two concentrations of
biotinylated human antigen were used in these ranking ELISAs: 2 nM and 0.2
nM. The binding signal for each parental clone was set as 100%. There were 22

hits from the affinity maturation of M6 and M9 showing up to a 9-fold (900%)
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improved binding when compared to the parental Fab comprising the original

heavy and light chain V-regions. Some of these new pairings of heavy and light

chains were chosen for further evaluation.

The affinity (Kp) of inline matured mAbs for human and cynomolgus
monkey OSM compared to that of MAB295 control and parental mAbs M6 and

M9 are summarized in Table 8 and the CDR composition of those mAbs shown

in Table 9. In some cases, a LCV was paired with both H14 and H17. Certain

mAbs that were designated candidate therapeutic leads on the basis of their

biophysical properties and functional potencies are highlighted in gray.

Table 8.

In-line Matured

Anti-OSM mAbs

Affinity for Human OSM

Affinity for Cyno OSM

mAb

Heavy
Chain
ID

Light
Chain
ID

On-rate
ka (1/Ms)
1074

Off-rate
kd (1/s)
10*-4

Affinity
KD
(nM)

On-rate
ka (1/Ms)
1074

Off-rate
kd (1/s)
1074

Affinity
KD
(nM)

Cyno/
Human
Ratio

MAB295

11.80

217

1.85

7.10

14.10

19.75

10.70

M6

H14

L12

1.68

21.20

1.260

1.85

30.70

1.660

1.3

M42

H14

L173

2.88

13.90

0.484

2.65

13.70

0.516

1.1

M45

H14

L176

4.68

6.73

0.144

3.80

6.03

0.159

1.1

M53

H14

L184

1.83

3.92

0.214

1.84

2.71

0.147

0.7

M9 H17 B3 0.60 8.54 1.420 0.65 5.83 0.898 0.6
M62 H17 L171 2.62 4.82 0.184 2.85 6.19 0.217 1.2
M63 H17 L172 4.22 4.89 0.116 4.50 4.36 0.097 0.8

M66 H17 L175 3.20 2.29 0.071 3.73 4.59 0.124 1.7
M67 H17 L176 6.40 3.39 0.053 5.24 1.80 0.034 0.6
M68 H17 L177 343 2.55 0.064 4.35 212 0.049 0.8

49


ip-temp
Rectangle


H14 L182 KSSQSVLGSGDNRNYLA 39 NASTRES 44 QQYYSTPLT 27 H14 L186

KSSQSVL(
WASTRES

YLA 40
YSTPLT

M83 H17 L192 4.66 1.94 0.042 4.67 1.39 0.030 0.7

Table 9. LC-CDR Table for Higher Aftinity Mabs

PAIRED | VL 1D L-CDR1 SEQ | L-CDR2 SEQ | L-CDR3 SEQ
VH ID D 1D 1D

NO: NO: NO:
H17 IGKV4-1 [ KSSQSVLYSSNNKNYLA | 23 WASTRES 26 | QQYYSTPLT | 27
(B3)

H14 L12 KSSQSVLSSSNNENWLA | 24 WASTRES 26 | QQYYSTPLT | 27
H17 L171 KSSQSVLSSGNNGNYLA | 30 KASTRES 42 | QOYYSTPLT | 27
H17 L172 KSSQSVLSSGSNHNYLA | 31 KASTRES 42 | QOYYSTPLT | 27
H14/7 | L173 KSSQSVLSSRGNNNYLA | 32 KASTRES 42 | QOYYSTPLT | 27
H17 L174 KSSQSVLGSWGNDNYLA | 33 KASTRES 42 | QOYYSTPLT | 27
H17 L175 KSSQSVLYSGGNGNYLA | 34 KASTRES 42 | QOYSTTPLT | 45
H14/7 | L176 KSSQSVLGSWGNGHYLA | 35 KASTRES 42 | QOYYSTPLT | 27
H17 L177 KSSQSVLSSNGNHNYLA | 36 KASTRES 42 | QOYYSTPLT | 27
H17 L178 KSSQSVLSSDGNHNYLA | 37 KASTRES 42 | QOYYSTPLT | 27
H17 L180 KSSQSVLGSSSNINFLA | 38 SASTRES 43 | QOYFSTPIT | 46
H14 L182 KSSQSVLGSGDNRNYLA | 39 NASTRES 44 | QOYYSTPLT | 27
H14 L186 KSSQSVLGSGYNRNYLA | 40 KASTRES 42 | QOYYSTPLT | 27
H14 L184 KSSQSVLGSGYNRNYLA | 40 WASTRES 26 | QQYYSTPLT | 27
H17 L192 KSSQSVLGSWHNDNYLA | 41 KASTRES 42 | QOYYSTPLT | 27

The LC-CDR3 diversity Q-Q-(S,Y)~(F,Y)-S~(F,T)-PLT (SEQ ID NO:

29) in the selected candidates was reduced, and the consensus sequence for the
re-selected high affinity LC-CDR3 is represented as QQY-(F,Y)-STP-(L,I)-T
(SEQ ID NO: 47).
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inthe s or the
re-sel ec ) -T
(SEQ ID NO 47). For the re-selected mAbs, the VH of H14 and H17

share a common FR1- CDR1- FR2- CDR2- FR3 which is given by SEQ ID NO 48 and
conprising SEQ ID NO 14 (CDR1) and SEQ ID NG 17 (CDR2). Ability to Reduce

Human and Cyno A37Rs 9% (CRbkctl] Rlabl @AV HONH14 and HP7 §¥A M@hfndahe i n-1ine
mat ured anti bodi es, dose-responses were conducted starting at 5 pg/ml or 1

pg/m with 1 FRISTRI-ERI-GRE2dRwhieh b 20618y SEQIDOWOREE a9g comprisingspect i vel v .
NeUtra"Zat'OQEQMDNM}1M%0E%9$®uhﬂafhﬂﬂkﬁ1¥§: k$) the concentration of the

antibody is increased, the anti-proliferative effect of both human and

cynonol gous m@hWtO%Q&tmﬂHﬁ Maic§nH8YYS8b iR ProlifdificlOSe- r esponse curves
were cal cul ated using data fromihree separate experinents with human (open

synbol s) and cynompl aakk HORKEY rfahapafibsAEDabScDhRAs kAL n M Table 10
summarizes the ICso (wth 95% confidence intervals) of Mb5, M4, M9 and

M71 agai nst heerdrctehelargys efrfolayolier Inerikkbyyitioh o difittions dawimaI081a or Ant i body

hos 1o 70 b et "glspesé&%a%)lﬁgﬁ/%%’foﬂb%%ﬂfg PR FRE2P. s R0 o tavs. 1
MBO 44.6 32. 7thccot@®@n@ati of the 37tikpdy as i6Qcdsed, the anti-proliferative effect of

both human and cynomolgous monkey Oncostatin M is neutralized. The dose-

response curves were calculated using data from three separate experiments
with human (open symbols) and cynomologous monkey (closed symbols)
Oncostatin M. Table 10 summarizes the ICso (with 95% confidence intervals)
of M55, M64, M69 and M71 against human and cynomolgous monkey
Oncostatin M.

Table 10

Human OSM Cyno OSM
Antibody

ICso

95% C.1. ICso (ng/ml) | 95% C.I.

(ng/ml)
M55 54.5 42510 70.0 | 884 67.8t0 115.2
Mo64 162.4 125.7t0 210 |321.1 272.6 to 378.1
M69 44.6 32.7t060.9 |50.81 37.4 10 69.1
M71 21.9 16.9t028.4 |39.67 31.2t050.4

Human gpl130 Competition

Competition experiments were carried out between the anti-OSM mAbs
chosen for inline maturation plus the selected new binders from the table above
and Human gp130 using Surface Plasmon Resonance (SPR) with a Biacore

3000 optical biosensor (Biacore) as described in Example 1.
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for inli ove
and Human gpl130 using Surface Plasnon Resonance (SPR) with a Biacore 3000
optical biosensor (Biacore) as described in Exanple 1. The bi osensor

surface was prepared by coupling each test mAb to the carboxynet hyl at ed

dextran surface Ole%@éeféso’EEUrﬁcc(@h@&%a%dt@%ﬁlg -2 800st kAL fqhd OWi ng t he

manuf acturer's instructions. Approxi natel -15,000 RU res onse units)
of each test ﬁ%bowﬁlﬂa#ﬁ%ﬁqﬁlnzséﬁaqer?fé@415%11%(B@P?Tﬁn‘éﬁf BR-¥ 9T14 | ow cel | s.

Conpeti tion expek :gecﬂé ﬁaﬂ%ﬁée@ur@resr &%{éﬁ&h@%&&&h@iWi%o%f er
( DPBS+0. 005% P20 + . Human OSM (1 n-house, - 1) was diluted to

30 nM i n runniegpossfungs) Oén@hlt%jt @éfoefebrmmrsomlllzedurnmedhe @stmmﬂmt e&s over each of
the flow cell g whtl cb]@*@@z'(.gétﬁl%g g%%pmeﬁﬁhl\x}aese\%e%Fﬂ S@M GRRhyre there was

a three-mnute injection (associ el ther a conpeting mAb or
human gp130- Foufétr (BBBSHIMTG4 P2Hne 8 nidy EDJTA) dlurhdngS Nldinsleoed, &XSMMl-phase) for 3

m nutes. The ener al 2+, Se d | ses of 100
mv H3PO4 ( Si gﬁﬂwgscdﬁﬂfd%g% {m*:‘?gmﬁl Frt am?’rlléectt\cl)dul)t% tl/m %’a?éﬂlglﬁe{re processed
usi ng Bl Aeval vedricath & dfetfivar @llv @ith iimmoBiliZed(BA Bdoileyingumst OSMhe sensor gr ans
were aligned u ectlo of .h oS n Ievels (RU) for
Paran” SV cohFRtT HEHR JPreg B PR @R byHse & VIBE ' bi ndl ng (R
when a conpet tdi@pdiAl nb @Pilden EEl 3048 at moaﬂ\ﬁealmabyamff@vwsurface i ndi cat es
there is no c?c{lgetltlonﬁs\r%éhthe i b|||ze%ptest rrAba VIC versa.

Fl owcel | ( Fcfdissgqigtion ph rPinyaye %Clﬁlbf% e‘ﬁ%‘i’?éenﬂ‘i‘ée 8rtW9 fital sanpl e

rows of Tabl esetand ulses ofl\&)mgyowslgmloamsmattso Genpeathe with the
commerci al anti bo é MAB295 which i s known not to conpete wi th gpl 30 bi nding

to 0SM The redlsFe ﬁéﬁ‘ﬁﬁ’sﬁfﬁ”&?sédb}?m% RAvalpian seftyarenridnde assays showed

that Mb4, Mb5piMefe f RN M dra GO TPRLE dt o g@%ﬂorgﬁjh%glaﬁ@smr OSM ant i gen
(Table 11). WD 2012/ 051111PCTT US2011/ 055 l'e 11. Hunman gp130

Conpetition Mihelyteegbicdingilayals €RVbtd hwsOSMBmeneﬁgg et 2p ROFcConpet i ti on
Sanpl e M2 (FClbreYBdhrddaCa kisMRbifditRUYkdheh ECahpdYig 00 dr MBS £EGH MO (Fc3)

injected over an OSM surface indicates there is no competition with the
immobilized test mAb and vice versa. Flow-cell (Fcl, etc.) immobilized mAbs

appear along the horizontal sample rows of Table 10.

M2 was previously shown to compete with the commercial antibody
MAB295 which is known not to compete with gp130 binding to OSM. The
results demonstrate of the competition binding assays showed that M54, M55,
M64, M69 and M71 compete with human gp130-Fc for OSM antigen (Table
11).
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Table 11. Human gp130 Competition Matured Candidate Lead mAbs.

Binding Level (RU) Competition
Sample M2 M54 M69 M71 M2 M54 M69 M71
(Fcl) (Fc2) (Fc3) (Fc4) (Fcl) (Fc2) (Fc3) (Fc4)
Buffer -57 31 35 51
gé??gﬁ;c 319 17 20 29 No Yes Yes Yes
MAB295 -83 2903 2390 1989 Yes No No No
M6 985 11 16 19 No Yes Yes Yes
M54 1765 14 21 33 No Yes Yes Yes
M55 1417 14 21 35 No Yes Yes Yes
M64 1758 12 20 36 No Yes Yes Yes
M69 1243 13 17 21 No Yes Yes Yes
M71 1194 -1 23 32 No Yes Yes Yes
M2 =73 3246 2483 2055 Yes No No No
gé??gﬁ;c 310 19 25 34 No Yes Yes Yes
Buffer -52 35 37 55
Binding Level (RU) Competition
Sample M2 M55 M64 M2 M55 M64
(Fcl) (Fc2) (Fc3) (Fcl) (Fc2) (Fc3)
Buffer -54 50 30
gé??gf;c 251 25 18 No Yes Yes
MAB295 -80 2950 1948 Yes No No
M6 926 36 33 No Yes Yes
M54 1634 19 16 No Yes Yes
M55 1316 21 19 No Yes Yes
M64 1665 20 22 No Yes Yes
M69 1148 17 11 No Yes Yes
M71 1127 22 17 No Yes Yes
M2 -74 3474 2203 Yes No No
ngluﬁ)a_“Fc 248 26 20 No Yes Yes
Buffer -47 60 38

Ability to block pSTAT3 in A375 cells

The calculated EC50 values for pSTAT3 inhibition performed in A375
cells in the presence or absence of 5 ng/ml hOSM for M6 and M9 and in-line

matured variants of these Mabs, are shown in Table 12.
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Table 12. pSTATS3 inhibition

mAb 1D EC50 (ng/ml) 93% Confidence Curve Fit R?
Intervals
M65 29.5 24.35t0 35.82 0.9921
M67 37.7 30.93 to 45.92 0.9905
M45 50.0 42.45 to 58.91 0.9931
M83 71.2 59.59 to 85.05 0.9908
MAB295 721 46.91 to 110.7 0.9848
M54 78.5 66.11 to 93.23 0.9930
M63 88.2 58.55 t0 132.9 0.9819
M64 97.1 77.01t0 1224 0.9902
M68 126.9 107.2 to 150.1 0.9924
M69 141.7 115.1to0 174.5 0.9914
M66 152.7 111.1 to 209.8 0.9833
M71 159.6 128.3 to 198.5 0.9885
M55 181.6 153.0 to 215.6 0.9869
M42 191.3 93.67 to 390.7 0.9607
M62 233.5 206.4 to 264.1 0.9947
M53 236.6 196.3 to 285.2 0.9859
M6 650.3 241.7 to 1750 0.9540
M9 1218.0 352.8 to 4208 0.9614
M85 - 0.4454
IL13 - 0.3438

EXAMPLE 5. BIOLOGIC ACTIVITY
Macrophage-Chondrocyte Co-Culture Assay

M71 was evaluated in a macrophage-chondrocyte co-culture system.
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Differentiated macrophages are known to produce Oncostatin M (Hasegawa et
al. Rheumatology 38:612-617, 1999). OSM can decrease the synthesis of the
highly-sulfated proteoglycan aggrecan (GAG) that makes up a significant

portion of the cartilage matrix.

The anti-human Oncostatin M antibodies were discovered using
recombinant HEK-generated His-Avi tagged human and cynomolgous monkey
Oncostatin M and the activity of these antibodies was evaluated using these
molecules as well as bacterial-derived recombinant human Oncostatin M from
R&D Systems (295-OM). None of these are identical to native endogenous
human Oncostatin M, either because of the his-avi tag (HEK-generated Osm) or
the lack of glycosylation (bacterial recombinant Osm). Macrophages are known
to secrete Oncostatin M (Grove et al., J Lipid Res 32:1889-97, 1991) and
oncostatin M decreases proteoglycan synthesis in human chondrocytes (Sanchez
et al. OA and Cart. 12:810-10, 2004). Thus, a macrophage-chondrocyte co-
culture system was used to determine the ability of the anti-human Oncostatin
M antibodies to neutralize endogenous, or native, human Oncostatin M.

Brietly, single alginate beads containing 40,000 normal human articular
chondrocytes were cultured for 72 hours in the presence of differentiated human
macrophages. These experiments were conducted in the presence of a dose-
range of anti-Oncostatin M antibody. At the end of the experiment,

proteoglycan synthesis was measured by the incorporation of radioactive SO,

CD 14+ peripheral blood monocytes were obtained from AllCells. The
monocytes were cultured on 48-well plates at 2.5 x 105 cells/well in 0.5 mls of
macrophage medium (RPMI + Glutamine with 10% heat inactivated FBS, 1%
NEAA and 1% Pen-Strep). The cells were treated with 100ng/ml of
macrophage-colony stimulating factor (M-CSF). After 48 hours the media was
replaced to remove non-adherent cells. On day 6, the M-CSF containing
macrophage medium was replaced with macrophage medium without M-CSF.
On Day 8, the macrophage medium was replaced with chondrocyte medium
(50% Ham’s F-12/50% DMEM with 10% fetal calf serum) and a single alginate
bead chondrocyte culture (Articular Engineering #CDD-H-2200) was added to

each well. The aliquots of conditioned macrophage medium were reserved and
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stored at -80° C for analysis of Oncostatin M levels using the R&D Systems
Human Oncostatin M DuoSet (DY295).

The alginate bead-macrophage co-cultures were maintained in the
presence of either 20 ng/ml of anti-human Oncostatin M antibodies (M64, M71,
MS55, M69) or in the presence of a dose-range (5 pg/ml to 0.00076 pg/ml; 1 to 3
dilutions) of antibody (M71 and M55). In addition, human IgG1 isotype control
(CNTO6234) was included on the plate at the highest concentration of anti-
oncostatin M antibody tested. Other controls were chondrocytes only (no co-
culture) and chondrocytes in the presence of 2 ng/ml human Oncostatin M. In
addition, wells containing macrophages only were maintained in order to
measure Oncostatin M production. After 72 hours of co-culture, 10 pCi/ml
radioactive 35S04 (Perkin-Elmer NEX041H002MC) was added to each well

for an additional 20 hours.

Incorporation of *°SO,4 was measured using the CPC precipitation
technique (MP Blomedicals (#190177). After 20 hours of incubation with
3380, the labeled media was removed and each bead was washed twice with
DPBS with Ca and Mg. After the second wash, 200ul of citrate buffer (150
mM NacCl, 55 mM NaCitrate, ph 6.8) was added to each bead. The plates were
incubated for 10 to 15 min at 370C until the beads were dissolved. A 100ul
aliquot from each well was transferred to a Millipore Multiscreen 96-well filter
plate prewetted with 1% CPC and then 10 pl of 10% CPC was added to each
well for 5 minutes. Vacuum was then applied to the plate until the filters were
dry. Each well was then washed 2 times with 200 pl of 1% CPC and vacuum
was applied each time until the filters were dry. The plastic bottom was then
removed from the plate and replaced with a sealer (Perkin Elmer #6005185).
Scintillation fluid (50 pl, Perkin Elmer #6013621) was added to each well and a
plate sealer was applied to the top of the plate. The plate was then counted on a

Top Count reader.

At 20 pg/ml, M64, M71, M55, and M69 increased proteoglycan
synthesis above the level observed in the absence of antibody while the isotype
control had no effect (Fig. 3). In a separate experiment, M71 dose-dependently

increased proteoglycan synthesis to the level exhibited by chondrocytes alone
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(defined as 100% neutralization), with an EC50 of 30 ng/ml and the isotype
control had no effect. These data demonstrate that macrophage-derived Osm
decreases proteoglycan synthesis in the co-cultured chondrocytes and that the

anti-human Oncostatin M antibodies neutralize native Oncostatin M.

Human Lung Fibroblast Phospho-STAT3 Assay

OSM induces proliferation and collagen production in normal human
lung fibroblasts (Scaffidi et al., Br. J. Pharmacol 136: 793-801, 2002). Over-
production of collagen by fibroblasts is a key feature of a number of
pathological conditions (Lim et al. Oncogene 23(39): 5416-25, 2006; Huang et
al. J Cell Biochem 81(1): 102-13, 2001). Oncostatin M receptor signaling
activates the JAK-STAT pathway and phosphorylation of STAT3 is an early
event in the signaling pathway (Auguste et al. (1997) Signaling of Type 11
Oncostatin M Receptor. J Biol Chem 272:15760-15764). The ability of
Oncostatin M to generate pSTAT3 was determined in normal human lung
fibroblasts (NHLF) using the R&D Systems human/mouse pSTAT3 Duoset
(DYC4607-5). This assay was then used to determine the ability of M55 and
M71 to neutralize Oncostatin M signaling.

These experiments were carried out using NHLF from Lonza (CC-2512)
grown in Lonza proprictary FGM-2 (CC-3132) media. Brietly, the cells were
plated at 25,000 cells/well in FGM-2 and cultured for 24 hours. The cells were
then treated with Oncostatin M or antibody plus Oncostatin M for 10 minutes.
In order to avoid temperature dependent eftects during this 10 minute
incubation, all of the solutions used to prepare the treatments were pre-warmed
and maintained at 370 C. After the 10 minute treatment, media was aspirated
away and replaced with complete lysis buffer. The lysis bufter (pH= 7.2)
consisted of 1% NP-40, 1% sodium deoxycholate, 0.1% SDS, 0.15M NaCl and
0.01M sodium phosphate and was stored at 4° C. At the time of use, complete
lysis buffer was prepared by adding 1 tablet of Protease Inhibitor Cocktail
(Roche, 11836153001) and 110 pLL HALT phosphatase inhibitor (Thermo
Scientific 78420) to 11 mls of lysis buffer. After the 10 minute lysis step, the
resulting lysate was ready for pSTAT3 detection.
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To determine the Oncostatin M dose-response, NHLF cells were treated
with a dose-range of OSM (100 ng/ml to 0.024 ng/ml w/ 1 to 4 dilutions,
triplicate wells). A dilution plate was prepared in pre-warmed PBS + 1% BSA
in which the concentration of Osm in each well was 10X higher than the final
concentration needed for treatment, with media-only wells included as untreated
controls. The media was completely removed from the culture plate and
replaced with 180 pl of pre-warmed FGM-2. A timer was started for 10
minutes and then 20 pl was transferred from each well in the dilution plate to
the corresponding well in the culture plate. After 10 minutes, the treatment
solutions in the cell plate were completely removed by aspiration and replaced
with 100 ul of complete lysis buffer. To minimize differences in incubation
time, the lysis buffer was added to wells in the same order as the treatments.
The assay plate was then placed on a shaker for 10 minutes. After shaking, the
lysates were either frozen at -800C for later testing or transferred directly to an
ELISA plate coated with anti-pSTAT3. The ELISA (R&D Systems
human/mouse pSTAT3 Duoset) was carried out according to the manufacturer’s
instructions with the exceptions that 1) only 90 pl of lysate or standard was
added to each well and 2) SuperSignal Pico (ThermoScientific 37069) was used
as the HRP substrate. The ELISA plate was read for luminescence on a Victor3

plate reader.

To evaluate the ability of the M55 and M71 to neutralize OSM signaling
in NHLFs, the cells were treated with a dose-range of anti-OSM antibody
(triplicate wells, 500 ng/ml to 0.005 ng/ml with 1-10 dilutions or 50 ng/ml to
1.563 ng/ml with 1 to 2 dilutions) in the presence of 2 ng/ml human Osm. A
dilution plate was prepared in PBS for the antibody dose-response treatment at
20X the final concentration, with wells included for the isotype control (at the
highest concentration of the anti-OSM antibody) as well as with no antibody for
both the untreated control and the cells treated only with OSM. Human
oncostatin M was prepared separately at 40 ng/ml (20X the final concentration)
in FGM-2. The 20X antibody and OSM solutions were mixed in equal volumes
in the dilution plate to generate 10X treatment solutions and the plate was
incubated for 1 hour at 370C to allow OSM to bind to the antibody. After 1

hour, the media was removed from the culture plate and replaced with 180 ul of

58


ip-temp
Rectangle


22 No Yes Yes
3474 2203 Yes

M9 1148 17 11 No Yes Yes M/l 1127 22 17 No Yes Yes

No No Himan an130- Fe

pre-warmed FGM-2. A timer was started for 10 minutes and 20 pl was
transferred from each well in the dilution plate to the corresponding well in the
culture plate. After 10 minutes, the solutions in the cell plate were completely
removed by aspiration and replaced with 100 pl of complete lysis buffer. To
minimize differences in incubation time, the lysis buffer was added to wells in
the same order as the treatments. The assay plate was then placed on a shaker
for 10 minutes. After shaking, the lysates were either frozen at -800C for later
testing or transferred directly to an ELISA plate coated with anti-pSTAT3. The
ELISA (R&D Systems human/mouse pSTAT3 Duoset) was carried out
according to the manufacturer’s instructions with the exceptions that 1) only 90
ul of lysate or standard was added to each well and 2) SuperSignal Pico
(ThermoScientific 37069) was used as the HRP substrate. The ELISA plate

was read for luminescence on a Victor3 plate reader.

Human Oncostatin M increased pSTAT3 in NHLF cells with an EC50
of approximately Ing/ml. An example of an Oncostatin M dose response is
provided in Figure 4A. For this example, the EC50 was 0.90 ng/ml with a 95%
confidence interval from 0.70 to 1.17 ng/ml. The ability of the anti-oncostatin
M antibodies to neutralize was determined in the presence of 2 ng/ml of
Oncostatin M and all of the data were normalized to the luminescence in the
presence of 2ng/ml OSM with no antibody present. Figure 4B shows the dose-
dependent neutralization of OSM-induced STAT3 phosphorylation by M71. As
the concentration of M71 is increased, the extent of STAT3 phosphorylation
decreases. The dose- response curve was calculated from data from six separate
experiments and the calculated IC50 for M71 was 8.9 ng/ml with a 95%

confidence interval from 6.9 to 11.6 ng/ml.

EXAMPLE 6: IN VIVO ACTIVITY
M71 was evaluated for its ability to block the production of cytokines in
vivo after systemic administration human Oncostatin M. Intraperitoneal
injection of human Oncostatin M increases levels of certain serum cytokines,
presumably through and interaction with the murine leukemia inhibitory factor

receptor.

Systemic (i.p.) administration of human oncostastin M to mice was
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developed as a model to evaluate the ability of the anti-oncostatin M
monoclonal antibodies to neutralize in an in vivo setting. Mice were injected
i.p. with 10 pg of human Oncostatin M in 200 pl of PBS or PBS vehicle control.
After 1 hour the mice were anesthetized with CO2 and blood was collected by
terminal cardiac puncture. The individual blood samples were allowed to clot
on ice for 20 min and then spun at 3500rpm for 10-15 minutes. Serum samples
were kept frozen until analyzed, as per the manufacturer’s instructions, with the
Milliplex Murine MAP Cytokine/Chemokine Multiplex (32) Panel. Analysis of
the samples demonstrated that, compared to vehicle control, human Oncostatin
M significantly increased serum levels of murine KC, IP-10, MCP-1, IL-6 and
eotaxin, with no effect on the other cytokines in the panel. These data
demonstrate that injection of human Oncostatin M induces cytokine release,
presumably through an interaction with the murine leukemia inhibitory factor
receptor (Richards et al. J Immunol. 159:2431-37, 1997; Lindberg et al., Mol
Cell Biol 18:3357-3367, 1988) that can be used to test the ability of the anti-

Oncostatin M antibodies to neutralize in vivo.

M71 and M55 were evaluated in the mouse systemic administration
model. Briefly, mice were dosed subcutaneously with M71 or M55 (human
IgG1 anti-human Osm at 20, 2.0 or 0.2 mg/kg), CNTO6234 (hulgG1 isotype
control, 20 mg/kg) or PBS in a volume of 10 pl/g. After 24 hours, each mouse
was then injected i.p. with either 10 pg of in-house generated CHO cell-derived
recombinant human oncostatin M in PBS (Sigma D8357) w/ 0.1% mouse serum
albumin (Sigma A3559) or with PBS-MSA vehicle control alone (200 pL total
volume). After 1 hour the mice were anesthetized with CO2 and blood was
collected by terminal cardiac puncture. The individual blood samples were
allowed to clot on ice for 20 min and then spun at 3500rpm for 10-15 minutes.
Serum samples were kept frozen until analyzed using the Milliplex Murine
MAP Cytokine/Chemokine Multiplex (32) Panel. Serum samples were

analyzed as per the manufacturer’s instructions.

Human oncostatin M induced significant (unpaired Student’s t-test)
increases in the serum levels of five of the cytokines detected by the kit:

eotaxin, IL-6, IP-10, KC and MCP-1. Pre-dosing with the isotype control
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CNTO6234 at 20 mg/kg had no effect on oncostatin M-induced cytokine
release. However, pre-dosing with M71 significantly reduced serum levels of
IP-10, MCP-1, IL-6 and eotaxin at 2.0 and 20 mg/kg and KC at 20 mg/kg.
There was no eftect on any of the cytokines at 0.2 mg/kg of M71. The eftect of
M71 and the isotype control on IP-10 and MCP-1 are shown in Figure 5A and
B, respectively. Less robust neutralization was observed with M55 as
neutralization at both 20 and 2.0 mg/kg was seen only with IP-10. Serum levels
of IL-6, eotaxin and MCP-1 were reduced at 20 mg/kg M55 but no reduction in
KC levels were seen at any dose of M55. These data demonstrate the ability of
the anti-Oncostatin M antibodies to neutralize the biological effects of

exogenous human oncostatin M in the murine systemic administration model.

IP-10, interferon gamma-induced protein 10 kDa or small-inducible
cytokine B10, is a protein that in humans is encoded by the CXCL10 gene (C-
X-C motif chemokine 10 (CXCL10). CXCL10 has been attributed to several
roles, such as chemoattraction for monocytes/macrophages, T cells, NK cells,
and dendritic cells, and promotion of T cell adhesion to endothelial cells. KC,
now known as chemokine (C-X-C motif) ligand 1 (CXCL1), is a small cytokine
belonging to the CXC chemokine family that was previously called GRO1
oncogene, GROa, Neutrophil-activating protein 3 (NAP-3) and melanoma
growth stimulating activity, alpha (MSGA-a). In humans, this protein is
encoded by the CXCL1 gene. CXCLI1 is expressed by macrophages, neutrophils

and epithelial cells, and has neutrophil chemoattractant activity.

EXAMPLE 7. CO-CRYSTALLOGRAPHY
A Fab fragment comprising the V-regions H17 (SEQ ID NO: 51) and
L180 (SEQ ID NO: 55) was crystallized with human OSM (SEQ ID NO: 10)
residues 26-212.

OSM shares its four-helix bundle three-dimensional structure with other
members of the gp130 cytokine family. The four-helix bundle architecture is
characterized by four o helical segments designated A (residues 10-37), B
(residues 67-90), C (residues 105-131) and D (residues 159-185) linked by
relatively unstructured loops. OSM interacts with gp130 via an epitope termed

Site IT which includes amino acid residues (Q16, Q20, G120, N123, N124)
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located in helices A and C (Deller et al. Structure 8(8): 863-874, 2000; Liu et al.
Inmt. J. Mol. Med. 23: 161-172, 2009). Site I11, the epitope responsible for OSM
interaction with OSMRJ and LIFRa, is believed to be largely defined by
residues located in helix D (Deller et al. Structure 8(8): 863-874, 2000),

Crysta]lization

Crystallization of the complex was performed by the sitting-drop vapor-
diffusion method at 20°C using the Oryx4 protein crystallization robot (Douglas
Instruments), dispensing equal volumes of 0.2 pL protein complex (10.95
mg/mL) and 0.2 pL reservoir solution. Multiple crystallization screens were
performed. The majority of droplets remained clear, reflecting the high
solubility of the complex. Crystals were obtained from 0.1 M MES pH 6.5, 2.4

M ammeonium sulfate and 0.1 M Tris pH 8.5, 3.5 M sodium formate,

Result of Crystal Structure Solution

The OSM residues in contact with H17/1.180 Fab constitute the binding
epitope. The antibody residues in contact with OSM constitute the binding
paratope. All six CDRs of the two variable domains are involved in OSM
binding. Residues in contact are given in Table 13 and shown in Figure 5. The
long CDR-L1, together with the CDRs of the heavy chain variable region H1,
form a valley-like antigen binding site with a small ridge at the bottom (Figure
4C, left panel). Upon binding, the two sides of the valley embrace the OSM
four-helix bundle along helices A and C with the bottom ridge binding in
between the two helices (Figure 4C, right panel). The antibody and antigen
binding interface buries 2,514 A2 of solvent accessible surface (1225 A2 for Ab
and 1298 A2 for Ag). Although there are a number of éhargedfresidues at the
interface, there is no charge-charge pairing, suggesting vdw and H-bonding play

the most important roles in antibody and antigen interactions.
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233.5 206.4 to 264.1 0.9947 Mb3 236.6 196.3 to 285.2 0.9859 Ms 650.3 241.7
to 175 -~ "7°° "7 "718.0 352.8 to 4208 0.9614 M85 - 0 "7 """ " 7438
EXAMPL | \CTI VI TY Macr ophage- Chondr ocyt e Co: 71
was eval uated in a macrophage-chondrocyte co-culture s,......

Differenti ated nmacrophages are known to produce Oncostatin M (Hasegawa et
al . Rheumat ol ogy 38:612-617, 1999). OSM can decrease the synthesis of the
hi ghl y-sul f at ggypipt eogl ycan aggrecan (GAG that makes up a significant
portion of the cartilage matrix. The anti-human Oncostatin M

ant i bodi es were diggqgvered usi ngzgg;gqy‘oi nant HEKsgemgg@ted H s-Avi tagged
human and cynonolgous nmonkey Oncostatin Mand the activity of these

anti bodi es was evalg@t ed using thasgogrol ecul es as wel |l as bacterial -derived
reconbi nant hunman costatin Mfrom R&D Systens (295-0M . None of these are
i dentical to nativ&l@idogenous hurd¥ Oncostatin M35%ESher because of the
hi s-avi tag (HEK-g rated Gs ack of glycosylation (bacteri al
reconbi nant Gsm). g&?rophagesggalr’gﬁﬂ%mlto secrete Oncostatin M (G ove et
al., J Lipid Res 3222889-97, 1991) and oncostatin NBflecreases proteogl ycan
synthesi s in human ondr o e al. OCAgpd Cart. 12:810-10,
2004). Thus, a macrLg?)hage- %%g(ﬁélrlg?%@qtg}(gjl ture s;}?’?em was used to
determ ne the abil X¢y of the anti-hunman OncostatinS8anti bodies to
neutralize endogenrtibg%, or native, human Oncost abiﬂcsll\]é:z g&i efly, single

al gi nate beads cont@aini ng 40, 000 normal human articul"ar chondrocytes were
cultured for 72 hoarg in the presence of differens3zasgl hunman nmacr ophages.
These experinents %e conducted in the presencs gf 3ﬁelgg?t%se-range of
anti-Oncostatin M i body. At the end of the e 8 M , proteogl ycan
synthesis was neaswgpeed by the incorporation of ragliv@ackegve SO4. 35 CD
14+ peripheral bl ood_nonocytes were obtained fromAl | Cells. The nonocytes
were cultured on 48el | plates at 2.5 x 105 cel IsS%I1 in 0.5 ms of

macr ophage nedium (BM + G utam pggwi th 10% heat inactivated FBS, 1% NEAA
and 1% Pen-Strep). The cells were treated with loon(I:;/mL of

macr ophage- col ony EtQomul ating factor (M CSF). AftefI¥B hours the nedia was
repl aced to renovegppn-adherent yaelgs On day 6, the M CSF containing

macr ophage nmedi um was repl aced with macrophage nedi um wi t hout M CSF. On Day
8, the macrophage kel um was repl aced with chondrB¥y829 medi um (50% Ham s

F- 12/ 50% DVEM wi t hoif)% fetal cal fygerum) and a single al ginate bead
chondrocyte culturé (Articular Englneering #CDD-H 2200) was added to each
wel | . The aliquot sMdi3 condi ti d¥édR#aEIGphage nedi umlWere reserved and

P116 W33, Y52
N117 W33, V101, S102
L119 Y52, D55
G120 T30, Y52

* The distance cutoffs are 3.3 A for H bonds (highlighted in bold) and
3.9 A for vdw contacts.

The H17/L180 Fab thus contacts OSM at residues previously shown to be
contacted by gp130; Q20 and G120, and along the A and C helices.

EXAMPLE 8: PHARMACOKINETICS
OSM is a soluble target associated with the inflammatory

processes as opposed to a cell-surface displayed target on a cell. The nature of a
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stored at -80 C for analysis of Oncostatin M| evels using the R& Systens

Human (honetatin M MvoSet (DY295). The al gi nat e head-mrranhane
co-cul t itained in the presence of either
anti-human Oncostatin M anti bodies (M4, M1, M5, MBY) or 1n Lne presence

of a dose-range (5 jig/m to 0.00076 jig/m; 1 to 3 dilutions) of antibody
(M71 and Mb5). In addition, human I gGl isotype control (CNT06234) was

i ncl uded on tbamrrlatera; aémﬁrrrﬁlghhatraaﬁge%rbgaﬁgtd@wasu@raﬁaﬁd oncostatin M
anti body tested. O her controls were chondrocytes only (no co-culture) and
chondrocyt es Péfliitiellphavingriad colompinggp Hus hedpredicbs puppss al | n addi ti on,
wel | s cont ai nig,BREPRAAARS (MY RS eserﬂ@rngwerﬁaagorag%&ﬁrg hopdreasur e
Oncostatin M proguctr on. After ours of "co-culture

radi oacti ve 39SomutfienkéoniomtingesltcEX0R DHBORMC) was added to each weII for an
addi tional 20 hours. Incorporation of SO435was neasured using the CPC
preci pi tation techhitegrrefcMroBIPOsiEel. @ ahstaiiedeovi7and pasisenceo thyour s of

i ncubation w ch bead was
washed tu e il bisd Weh AR ER T & (RS FIONEAAR B8CT *2001AL of
citrate buffelh¢rdfoe, aFiNd@iain Eﬁflmgwnmlal@ed rfindy fqpttheeBatalagcepidded t o each
bead. The pl ageiﬂ re i ncubated for 10 to 15 mn at 370C until the beads
wer e di ssol ve "1001A1 aliquot fromeach well was transferred to a
MI1lipore Miultiscr r t %,CPC and then
10 [El of 10% CPC gggg agﬁ}e}ﬁ‘l tprémlusﬁ' 4K r%&f h?izgnﬁr“egﬁe@ﬁne@%t%m was t hen
applied to thNopT(ﬂt)éO(l)nnnbmb1hﬁ1oﬁ1rW1ﬂldﬁés34ﬁ/a§US 7AT {826, BHOR0MENI33asa t hen washed

2 times with 20 % CPC until the
iltors vero Ay imndyitbrgBRf ot eat i ARl FREAr DRI Dt o and
replaced wit hteahrﬁqi&ls.ETfhf(sE’ﬁﬁd(Mlabsl,:.MﬂEI’an#ﬁfmﬁlgﬁz)sre cSﬁipﬁlﬁed lid @dndeva 1l uid (50
[El, Perkin El mer #60136 1%Jrinwas fadded to eagaﬁ wel | g a Ighate seal er was
applied to t h&HUYaSPYSad cyppared orResigFagedn §“le@1€’“ Fobfit'ed "B a Top Count
reader. At 20pfithgen , M64, M/1, M5, and MB9 increased proteoglycan
synt hesi s above the | evel observed in the absence of anti body while the
i sotype contraksadgad no effect (Fig. 3). In a separate experinent, M1
dose-dependent |y increased proteoglycan synthesis to the | evel exhibited by
chondrocyt es al oneM(deihd Med LaswdQ08mpatd sidd-byzatié drhe AW LD an EC50 of 30
ng/ M and the @g@tﬂz@g control had no effect Tgese data denonstrate that
macr ophage- dePj ﬁfsa}écpgs&srég’oﬁsf%f”&?gqv?e%rﬁd OREREST in the co-cul tured
chondrocytes gafdedthaibn bhEp@m, iwilhunBs dsastabooody @nhi badi es neutral i ze
native Oncostatin M Hupan Lung Fi brobl ast Phosphq- STAT3 Asss?g OSM
O ung

i nduces prol i FRCERTAEAN ahbre el rhagsewpﬁﬁaaw& fobtheserintiendig CHIRS
fibroblasts ( Mﬁﬂ"@%ﬁt re@ﬂectlve%r hadno AR RGO lelﬂl%f Z%Q%I%Q%umglpoz)

Over production of col |'agen by fibroblasts is a g feature of a nunber of
pat hol ogi cal QQMFH@P(M\SO1Ph1brrpeﬂlfea¢t10nol$@6’d\4ﬁea@%@ 1S @mpiichs,  2006; Huang

et al. J Ol | nSiarAm e or AiesidihviaPD ki QAR Aldsaik LaReRLOT ST gnaling
activates the JAK- STAT pat hway and phosphoryl ation of STAT3 i1s an early
event in the 8il§ga8l i ng pat hway (Auguste et al. (1997) Signali ng of Type Il
Oncostatin M Receptor. J Biol Chem 272:15760-15764). The ability of
Oncostatin Mto geMét aneMgEEATSepaemprsedinthneuse Aystrieadminisiraienl ung
fibroblasts ( ) E!fgram T, oset
(DYC4607-5) . %jlh‘g %ILSIIS gl\}\staeg%trﬁét%efés{% &Eﬂ%o eterm nesat ﬂé@f}.? %J of Mb5 and
M/1 to neutralges. (Dmgdg’b ANTOM38 ilgrgli | mgtypecontrol Il})]ggé(g)g)@jﬁl}@&%é?.\ts wer e
carried out u NHLE fr 2812 in Lonza proprietary

FGM 2 (CC-313§§qﬁ[%ae n“"lé"rof‘mrr“%e §raS 2t %\1&909}‘?8 A9 00 cel s/ wel |
in FGW 2 and pugtArftﬁdmlonrsze@cHnmuuse wthlQedtc&ll 1lpswwh|eehdrrhepgbfmatoe£b wth
Oncostatin Mor anti cOosS atrn M f or In order to
avord ¢ emer atF BT e er BEOTb bt R Hur M HEBS Silubar  on, Cal
of the sol uti D835Ys€0. 1P/Omprm|@arueldlwwmﬁ(ﬁgmmasﬂ)wmhplas gk med and

mai nt ai ned at ter e 10 nut e t nedi a was aspirated
away and repl a%e‘ge&?nfrﬂ QQ egf%%qvgluﬁ]ﬁ? f‘é %B“lhﬁgrl‘?vb‘ﬁ?fer (pH= 7.2)
consi sted of 1% NP-40, 1% sodi um deoxychol ate, 0.1% SDS, 0.15M NaCl and

0. 01M sodi um phosphate and was stored at 4 C. At the tine of use, conplete
| ysis buffer was prepared by adding 1 tablet of Protease |Inhibitor Cocktail
(Roche, 11836153001) and 110 [EL HALT 6r‘J‘hosphat ase inhibitor (Therno
Scientific 78420) to 11 ms of lysis buffer. After the 10 mnute lysis
step, the resulting |lysate was ready for pSTAT3 detection. To
determ ne the Oncostatin M dose-response, NHLF cells were treated with a
dose-range of OSM (100 ng/m to 0.024 ng/m w 1 to 4 dilutions, triplicate
wells) A dr I utron pI ate was prepared in pre- warrred PBS + 1%BSA | n whi ch
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A Fab fragnment conprising the V-regions H17 (SEQ ID NO 51) and L180 (SEQ
I D NO 5K wac rrvuectg|]jzed with human OSM (SEQ I D NO. 10) residues 26-212.
OSM shar 1el i x bundl e three-dinmensional str

menbers of the gpl30 cytokine famly. The four-helix bundle architecture is
characterized by four a helical segnents designated A (residues 10-37), B
(residues 67-90), C (residues 105-131) and D (residues 159-185) Iinked by
rel atively ungtdiehAst §Gth!@Nshd bidMWaRLENREH Dy WrithaORIA MinduAD epitope
termed Site Il which includes am no acid residues (g%gé_CQO, G120, N123,
N124) | ocat edh¢ fdfyéduplddeodmamples werepdpyved togfot gp icedpr Wanigrad §eB) - 863- 874,
2000; Liu et L B400rdm M110-1¥8Gny1€3 ekl sahios wePObt frdch Gnfill | . t he epi tope
responsi bl e f%&nésM Lﬁ#%raction Sﬁth ESNﬁ%'ané LIFRa,TE? believed to be

| ar gel y def i nerhlyypd peirg acwston Melkipesd niuningeiu]tiple® comedtingef egadaal . Struct ure
8(8): 863-874 ( k| i ) - I I t he conpl ex
was perforneds6%9¥2%1%ﬁ1¥?%gL P%%&vggSP93?%95§¥§%Q§Q?ﬁ%§h§?”%gc using the
Oryx4 pr ot ei nayrgfcdd dyrkineoelease botucqdbyughas oheystatinMe il syevedbstpensi ng equal
vol umes of 0. 7t1|31n8 leLi/§ne%?r%%e%xongo]s%ti%%—r@{ucr:g‘d) ?n%egélggsgs\%ihvr% r sol ution.
Mul tiple crystallization Screens were perfornedy($he maj ority of droplets
remai ned cl eanpparcatf difctenerg it preeroy gheffiodeytbi | ity of the conplex. Crystals
were obtained from0.1 MMS pH 6.5, 2.4 Manmmoniumsulfate and 0.1 M Tris
pH 8.5, 3.5 Mhadhtukifeor Artlesis Result of Crystal Structure Sol ution

The OSM residues in contact with H14/L180 Fab constitute the binding

epi tope. The anti bbdyseruveshalitles of M7¢ and Bt DA tvbreCBpaodstd iant e t he bi ndi ng
paratope. Al six CDRs of the two variabl e.domins, are i.nvolved in OSM

b ng. Resi et renteatnui e phou R SRR T i AR, H ure 5.
The | ong CDR- lolal of 0Qetnbablgend Moikaes £ddRksalodted idchavys @Banm3)wadi abl e regi on
HL, forma valley-like antjgen.binding site with a small ridge at the
bot £ om (Fi gur 8URESIOPEEY- Bt VO B R g kel D RIS ¢ he val | ey
errtd)r acg tge @Meﬁﬁtﬂm@ﬁklgia%% tha@ﬂhya\ﬁa% @ﬁgedm(alt b&‘e@SO&a}%ﬂ@lcﬁd\ﬁhﬁlﬂei hle) bot th om
ridge binding in between the two heljices (Figure 4 right panel). The

ant i body and XAt #eR abl HY Sgrrs ek Pdeh iy and 9 dagsilg 2 4h 6o 12018/ ent

accessi bl e sunpagesdhddp. AduhForfheandpdP9S el A-8AGL unl bdligeigh there are

a nunber of charges residues at the interface, there is no charge-charge
pai ring, sugg@stivasy Ioaly imHy serBordar Agerplingd usine anB5SA aRiBRizEhE rol es in

antibody and g/%mmoammy 4R Tor th¥ it e Bkddchy gﬁi%l%l. Hhe OSM VH (HL7)
PCT/ US2011/ 055606 VL (L180)" Q16 Y32, RO98 K19 Y105 Y55, E61 @O0 S31,
P100, V101 Dbiptinylated capture antibody was an anti-idotype antibody raised against M71

(mouse anti-M71). The detection antibody was ruthenium-labeled anti-human

IgG and the readout was MesoScale Discovery chemiluminescence.

The results of the study are shown in Figures 6A and B. Fig.6A shows
the plots from the i.v. dosing where the serum half-life of M71 was 15.21 +/-
3.0 days and the half-life of M71 L/S was 29.4 +/- 2.3 days. Similar results
were obtained from s.c. dosing (Fig. 6B) with a serum half-life of 15.4 +/- 4
days for M71 and 32.0 +/- 5.9 days for M71 L/S.

The results showed that M71 L/S t ¥ increased about two-fold as
compared to M71.
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Claims

1. An isolated antibody that specifically binds to human oncostatin M, which blocks the interaction between human
oncostatin M and gp130 and which comprises:

2. The

(i) alight chain variable region amino acid sequence of SEQ ID NO:51 and a heavy chain variable region
amino acid sequence of SEQ ID NO:55;
(ii) a light chain variable region amino acid sequence of SEQ ID NO:49 and a heavy chain variable region
amino acid sequence of SEQ ID NO:55;
(iii) a light chain variable region amino acid sequence of SEQ ID NO:50 and a heavy chain variable region
amino acid sequence of SEQ ID NO:55;
(iv) a light chain variable region amino acid sequence of SEQ ID NO:52 and a heavy chain variable region
amino acid sequence of SEQ ID NO:54;
(v) alight chain variable region amino acid sequence of SEQ ID NO:53 and a heavy chain variable region
amino acid sequence of SEQ ID NO:54;
(vi) a light chain variable region amino acid sequence of SEQ ID NO:49 and a heavy chain variable region
amino acid sequence of SEQ ID NO:54;

(vii) a light chain variable region comprising CDRs 1, 2 and 3 of SEQ ID NOs: 30, 42 and 27 in an IGKV4-

1(B3) framework and a heavy chain variable region amino acid sequence of SEQ ID NO:55;

(viii) a light chain variable region comprising CDRs 1, 2 and 3 of SEQ ID NOs: 31, 42 and 27 in an IGKV4-

1(B3) framework and a heavy chain variable region amino acid sequence of SEQ ID NO:55;

(ix) a light chain variable region comprising CDRs 1, 2 and 3 of SEQ ID NOs: 33, 42 and 27 in an IGKV4-

1(B3) framework and a heavy chain variable region amino acid sequence of SEQ ID NO:55;

(x) a light chain variable region comprising CDRs 1, 2 and 3 of SEQ ID NOs: 34, 42 and 45 in an IGKV4-

1(B3) framework and a heavy chain variable region amino acid sequence of SEQ ID NO:55;

(xi) a light chain variable region comprising CDRs 1, 2 and 3 of SEQ ID NOs: 35, 42 and 27 in an IGKV4-

1(B3) framework and a heavy chain variable region amino acid sequence of SEQ ID NO:55;

(xii) a light chain variable region comprising CDRs 1, 2 and 3 of SEQ ID NOs: 36, 42 and 27 in an IGKV4-

1(B3) framework and a heavy chain variable region amino acid sequence of SEQ ID NO:55;

(xiii) a light chain variable region comprising CDRs 1, 2 and 3 of SEQ ID NOs: 41, 42 and 27 in an IGKV4-

1(B3) framework and a heavy chain variable region amino acid sequence of SEQ ID NO:55;

(xiv)a light chain variable region comprising CDRs 1, 2 and 3 of SEQ ID NOs: 35, 42 and 27 in an IGKV4-

1(B3) framework and a heavy chain variable region amino acid sequence of SEQ ID NO:54; or

(xv) a light chain variable region comprising CDRs 1, 2 and 3 of SEQ ID NOs: 40, 26 and 27 in an IGKV4-

1(B3) framework and a heavy chain variable region amino acid sequence of SEQ ID NO:54.

isolated antibody of claim 1, wherein the antibody comprises a light chain variable region amino acid

sequence of SEQ ID NO: 51 and a heavy chain variable region amino acid sequence SEQ ID NO: 55.

3. The

isolated antibody of claim 1, wherein the antibody comprises a light chain variable region amino acid

sequence of SEQ ID NO: 53 and a heavy chain variable region amino acid sequence SEQ ID NO: 54.

4. An isolated antibody according to any of claims 1-3, further comprising a human heavy chain constant region

selected from the group consisting of IgAl, IgA2, IgD, IgE, IgG1, 1gG2, IgG3, 1gG4, and IgM.

5. The

6. The

isolated antibody of claim 4, wherein the constant region comprises a human IgG isotype.
isolated antibody of claim 5, wherein

(i) theisotype is IgG1; or

(i) the constant region is mutated to enhance the affinity of the antibody to the neonatal receptor (FCRn) as
compared to an antibody with the wild-type IgG1 constant domain sequence, such as wherein the constant
region is mutated at positions 428 and 434, wherein the numbering is according to the Kabat EU numbering,
for example wherein the mutations are M428L and N434S, wherein the numbering is according to the Kabat

EU numbering.
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7. An antigen binding fragment of any of the antibodies of claims 1-6, optionally wherein said fragment is selected
from the group consisting of a Fab, Fab’, Fd, F(ab)2, and ScFv.

8. A pharmaceutical composition comprising an isolated antibody or antigen binding fragment of the antibody
according to any of claims 1-7 and a pharmaceutically acceptable excipient or carrier.

9. The composition of claim 8 for use in therapy.

10. An isolated polynucleotide encoding the heavy chain and light chain of the therapeutic antibody or antigen binding
fragment thereof of any of claims 1-7.

11. A stably transformed or transfected recombinant host cell comprising the isolated polynucleotide of claim 10.

12. A stably transformed or transfected recombinant host cell comprising:
(i) a polynucleotide encoding the light chain variable amino acid sequence of SEQ ID NO: 53 and a second
polynucleotide encoding the heavy chain variable amino acid sequence of SEQ ID NO: 54; or

(i) a polynucleotide encoding the light chain variable amino acid sequence of SEQ ID NO: 51 and a second
polynucleotide encoding the heavy chain variable amino acid sequence of SEQ ID NO: 55;

optionally wherein said cell is mammalian, for example wherein said cell is CHO.

13. A process for the manufacture of an antibody, comprising the steps of culturing a host cell of claim 11 or claim 12
and recovering the antibody from the cell.
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