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20 | BRIEF SUMMARY OF THE INVENTION
[0004] In one aspect, the invention provides anti-GM-CSF antibodies, e.g., humaneered
- amiibodies, and methods of using such antibodies for the treatment of diseases for which it is
desirable to inhibit GM-CSF receptor signaling. Thus, in some embodiments, the invention
provides an anti-GM-CSF antibody, comprising a héavy chain vaﬁa’ble region that comprises
25  a CDR3 binding specificity determinant RQRFPY (SEQ 1D NO:12) or RDRFPY (SEQ ID
NO:13), a J segment, and a V-segment, wherein the J-segment comprises at feast 93% identity to
human JH4 (YFDYWGQGTLVTVSS; SEQ ID NO:14) and the V-segment comprises at least
9G% identity to a human germ line VHI 1-02 or VHI 1-03 sequence; or a heavy chain variable
region that comprises a CDR3 binding specificity determinant comprising RQRFEPY (SEQ ID
30 NO:12). Insome embodiments, the J segment comprises YFDYWGQGTLVTVSS (SEQ 1D
NO:14). In some embodiments, the CDR3 comprises RORFPYYFDY (SEQ ID NO:15) or
RDRFPYYFDY (SEQ ID NO:16). In some embodiments, the heavy chain variable region



be human germane Viii. In sonme enbodi nents, the anti body conprises a heavy
chain variable region CDRL or CDR2, or both CDR1L and CDR2, as shown in a VH
region set forth 5 in Figure 1. In sone enbodi nents, an anti body of the

i nvention as WOW&eYHENt that has a VH V-segnent sequenc”éTTé[ﬁéW}“/?‘ﬁS]Fi gure
1. In some enbodi ments, an anti body of the invention conprises a VH that
has the sequence of VH#1l, VH#2, VH#3, VH#4, or VH#5 set forth in Figure 1.
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segnment - that has at |east 95% identity to the VICH A27 V-segnent sequence
as shown iWUFEu#Ee 1. In sone enbodinents, the VL region has the sequence
of VK#1, VK#2, VK#3, or VK#4 set forth i%Fi gur e 1. [ Oggl Ln sone
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anal ysis perforned at 37C. Thus, in sonme enbodinents, the antibodies of the
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anti body  @fe sthendeny&mtd oNk ayka: 3Qdiresqed Akl pFigat € that is at least 2 to
3-fold slower than a reference chineric ¢19/2 nonocl onal antibody assayed

~ under theﬁ@@ére 5QAdE LhSmerRUbn RASod HUhaReantibiate, itsat Bis 4 ©askio- 10 ti nes
greater than that of the reference anti %g%glgi nn utvr al i zi ng CSF activity
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constant region iis a kappa |light chain 5 haying a sequence s forth in SEQ
D NG 10,0 s TGO HOHES BA-HHE 385 TP PRETHOGHEI BhohE Eheavy
chai msconstantyieal 0ls Asn 8k F05M orienerSEQ el INGM. | Th some bhdtimehgizn kappa
constant region having a _cg‘g}uence aagﬁset i ort h .t'%)n SE(B. 1.D '\:lag CJE}% talgd a heavy
chai n and® i QACSERA Rsrtcipiee * FIayi BROLRIB &Y R 8P A SITIHECR B EAY 1 i ght
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most preferably less than 107 5. In some embodiments, an antibody of the mvention has a

30 dissociation rate that is at least 2 to 3-foid slower than a reference chimeric ¢19/2 monocional
antibody assayed under the same conditions, but has a potency that is at least 6-10 times
greater than that of the reference antibody in neutralizing GM-CSF activity 1 2 celi-based

assay that measures GM-CSF activity.



JO foll owi ng conbi nati ons fromthe sequences set forth in Figure 1: a)
VH#2, VK#3; b) VH#Ll, VKA3; c) VH#3, VK#1; d) V11#4. VK#3; e) VH#4, VK#4; f)
VH#4, VK#2; VH#S5, VK#1, h) VH#S5, VICH2; i) VH#3, VK#4, or | 3,
VL#3). One og‘)%WWMWII recogni ze that antibodies of ;t%%gmgﬁﬂ\(};e’%‘tl?\égﬁ can be
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ant i - Gvt CRRloattis dbodingisons Wit tHe-s8Reme SEQIArD iNTizut9; 2\WHIF21VEE3:D) BB D NO 20;
VKI I A27 _=.SE 1. Fi NG (eV¥og \b | (A)
or Ab2 (B) %?echfgé%%ghﬁg%ﬁ %F’acgﬁﬂﬁ%ﬁi‘g}é%%anﬂn\gﬂéﬂgr\{g#%m S atb’gg%ﬂ()Bi acore
3000) . Abh) s, AFZ2we Vet ed) Y RMLIF3 Fdined byl Mohitosanie iBodi es

| oD | 260 O 116, B AGOLaf DL Ricclbh ELELE0L: EONGERLISL 0TS A1 vOW CSF wer e
injected over fhe "Surtace as in Icated. Gopbal fit analysis was carried out
assuni ng ‘&e®ddsel forthiefigee il dnconipeign SR kecingditNar e. [ 0012] Figure 3.

Bi ndi ng of Abl and Ab2 to glycosyl ated and non-gl ycosyl ated Gw CSF. Bi ndi ng
to gl yToskped]edn@vpCsibadigpnisets fasomshTEs 2 Y8 EBRIsE S RoGISfcosyl at ed

W CSF €X Qt{de\?;?r%dioh Bniso oG9 _Lé.qué’x‘@é, @?ﬁ;@ﬂé% pediday.e BlhSAerRepsesent ati ve

results froma single experiment are shown (exp 1). Two-fold dilutions of

Abl and /;;{aa?gzt %gﬁmnazrgﬁec&ﬁggﬂgén% BRE ReAPRkh Qb G8fene0ated. vel | s.

Each poi presents nean standard error for tripljcate, determ nations.
Si gnoi dal digsarevie Whick hipdesimblerte by @iy~ Bf FSHPSS %ﬁ’rnﬁ EETEF Ebhpad) .
[0013] Fi GUbRiy4s 2SR 8E ihk hebedfk LBAnde TRNstiaald Ntgehicntdang eticiAbl and Ab2 to
a shared epitope. ELISA plates coated with 50 hn‘%{l\@vel l ofi re%%nbi nant GVt CSF
ver e $nc BEtEd e FRPHIEESCRABTR PAY SERETH ERET B0 AT RS ™ A0l or i sot ype
control aptikedydrodingatbey cbiiholBudivbpalionyl disede, A&pathBi ot i nyl at ed

ti body pindi ing. t Ldi n-1 ) F ' te.
e T s

poi nt r epschart-genm@atiabetat andard error for triplicate determ nations.
Si gnoi dal curve fit was perforned using Prism5.0 Software (G aphpad).
[ 0014] Figure 5. Inhibi BRE ISCERTESH-OVHEUE ERAWNESexpr essi on. Vari ous

anount s i ;N Ihth n -,and i ncubat ed
with wﬁ@glggﬁfgtslreﬁ Qgrrb\?%q%%éé%ﬁagy JVP E 83 lgﬁealg(r)gtze:)& a]?dn?b(%fégg%ﬁgrg g supemat ant
was det epqrerreslolptEINSAF antibodies. VHI 1-02 = SEQ ID NO:19; VHI 1-03 = SEQ ID

NO:26; VKIH AZ7 =8EQ ID NO:21.

[0011] Figure 2. Binding of GM-CSF to Abl (A) orAb2 (B) determined by surface
plasmon resonance analysis at 37°C (Biacore 3000). Abl and AbZ2 were captured on anti Fab
polyclonal antibodies immobilized on the Biacore chip. Different concentrations of GM-CSF
were injected over the surface as indicated. Global fit analysis was carried out assuming a

30 i:1 interaction using Scrubber? software.

[0012] Figure 3. Binding of Ab! and AbZ to glycosylated and non-glycosylated GM-CSF.
~ Binding to glycosylated GM-CSF expressed from human 293 cells or non-~glycosylated GM-

-
>



DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0015] As used herein, an "anti body"
refers to a protein functionally defined as a binding protein and
structurally defined as conprising an am no acid sequence that is

recogni zed by 20 one of skill as being derived fromthe fra r egi on of
an i mmunogl obtf A&HEHdi ng gene of an animal that producgg%ggﬁliggﬁés. An
anti body can consi st of one or nore pol ypeptides substantially encoded by

i mrunogl obyglSk BxgeseSn 8 cdirveg rentsnabyiEi motrotrahtpivegesnisTomThgnglecogni zed

i mmunogl obul i n _genes, i ncl] ude the o AR :
epsi | on ana’mﬁﬂm%gﬁ%etsa%‘?m ¢e§%®0rﬁ”§é¥ﬁ@§?§%‘§ \%ep%q fjlaarfs n}{?’:k?aétd 25i nhﬁr?gﬁ%%?obul in

vari abl e r egicaplgeresM-C$Qtted hailndiags point reeiehts egams seiderierrok®@ppa or

| anbda. Heavy chains. are classifie : -Alpha,s delit.a,. or epsilon,
which in tfﬁpﬁc ‘?eiteﬁ’gmflﬁﬁoé]s'i Wﬁgalicggﬁ%?ﬁrgc assnle}?usfl%g@@gl\/l I'gA. 1 gD and

| gE, respegaddsmghd). [0016] A typical inmmunogl obulin (antibody) structural
unit is known to conprise a tetramer. Each tetraner is conposed of two
i dentical paiys Piurpol gaeptiiserciaidsoneatiy Pading F0AHaui AG2 brishided ght

(about 25 1¢l)) and one "heavy' chajn bout, .50- | _ i nus of
each chai nPders r?gég%p{;‘ﬁf F%f’f)ﬁi%é%f’be%in 0 ?raeﬁ%rﬁ}t’g%é’(&? g%f’(ﬁgéggw%%(g&gﬂm no

aci ds pri magibhgyconddGr- 20648 13480 BRCT AUSA08911041984! antlsppnisidticewitbr ant i gen
recognition. The tenis variable |ight. chai.n i -heayy chain
(VH) ref er"Upl RpReEad; t%éﬁfil(fiy lﬁtg‘é@glbcqfli?/alimﬁésl?" %%qsgp%%??%s\é dg%%gdf{; he term
"ant i bagdy"coafigiis eCorhetigbmicabiading RCIMAEF vantforbidd YA far d&gri8itsdBY. Hgachr et ai n

bi ndi ng specificity. For ex le, there are . a Ther q. ] terized
ant i body EHOP’é{ﬁJ?E?ﬁ‘E%S m'glaﬁlitss}a'“%%ﬁ AR TRY Ca{;lﬁaed(?petse’lrn[r%R i gg“s%lg;ngérﬁgrﬁvgé Ehgggé:

C- t ef r ui Nglerfbitneti RengPsut §Ddefkirak@gemai)n t he hinge region to produce
F(ab')2, a dinmer of Fab which itself is a light chain joined to VHCl-11 by
a di sul fi depiapneiguikhe HGek)Ro Ny -(3F-inddod B8 undesioni Veliwemdptricors to break

the disulfide lLinkage .in the hjnge regipp.thereb Kol Fabl) 2
aimer 1 nt 6% ek e B NGRS ML RRRGIME LA R E S Lo
of theshi nge I1egb@Red Beahe d0ufeunstament ahs dommenef gLV E. Paul , ed., Raven

Press, N Y. (1993), for a nore detail ed description of other antibody
fragnents). Wile various anti body fragnents are defined in terns of the

fragnents can be synt hEr i eENGh BB Sl T Y ERB o nant. DNA
met _h0d0| ognisr Gshedwt fﬁédeﬂnyan Ehitsdytraerstten mo‘t@mfdnbtdxghyﬂg gie@geci%edbirhifmge i ncl udes
SR T I T AR R
20  one of skill as being derived from the framework region of an immunoglobulin-encoding
gene of an animal that produces antibodies. An antibody can consist of one or more
polypeptides substantially encoded by immunoglobulin genes or fragments of
immunoglobulin genes. The recognized immunoglobulin genes include the kappa, lambda,
alpha, gamma, delta, epsilon and mu constant region genes, as well as myriad
25 immunoglobulin variable region genes. Light chains are classified as either kappa or lambda.

Heavy chains are classified as gamma, mu, alpha, delta, or epsilon, which in turn define the

immunoglobulin classes, IgG, IgM, IgA, IgD and IgE, respectively.

[0016] A typical immunoglobulin (antibody) structural unit is known to comprise a
tetramer. Rach tetramer is composed of two identical pairs of polypeptide chains, each pair
30  having one “light" (about 25 kD) and one "heavy" chain (about 50-70 kD). The N-terminus

of each chain defines a variable region of about 100 to 110 or more amino acids primarily



[ 0018] Anti bodies as used here also include various VH VL pair formats,
including single chain antibodies (antibodies that exist as a single
pol ypeptide chain), e.g., single chain Fy antibodies (sFy or scFv), in
which a varia and a variable light region are | her
(directly or ?Jﬁ’r%{}é? ggs peptide linker) to forma conti nurgdt}rs}%goc{)}ﬁ/ﬁ)"q%}t de
The single 20 chain Fv anti body is a covalently |linked VHV] that nmay be
expressed frespmsilniucingico: medgditioncThedizmg VVHbieéh%f §jain ¥k i"?iﬁibEé]ﬁ%i’é'n ces

th di l'i nk
Fuuston, ot ol (b B Rt LR R e 5289, 1063) . whi| & the

and V. are ected t ach. as eptl 96 Rotnd R&iVH and Vj
domai ns asé@g%gt gheﬁgrﬁn cagva én%s e }%%engir%% ggdalagcanO f e in another
fragnment f oinding spectficas &rzmmmtﬁereche@asztmew q>fzve<d1 dﬁvae@wd?nfib@mer fragnents

can al sQ be gen u5| i e

oot oi g of S5 AbRen S Sl e AL ARE, R R AR PR an al so

i ncl ude di anhé biogh m@oramd)rqrﬁum Eﬂalt']Zb@@imesof Fap @b Jitsgfiisja Biglli cban pineg e

i nvention cl t

canel i ds. %hflce F aé‘ degbaqn%nﬁ%% )glngg%%:wgl&% ﬁé@m%}é&?&nﬁ? %g%gﬁ d does

not have tdnsﬁiﬁderﬁakmehydm@m“;@bagmnlthﬁt@wa@meﬁmg the (Fpp"a dipgito efali n, t he region

in the heavy chain that nged to

hydr ophi | i cxam noﬁ]éecﬁg‘ r]?%ls%l gﬁsg:}/slerﬁ%% a8 Vﬁéj' ﬂagtmfc}%hﬁ}gﬁééggmq%gav -chain

di mer E@Gsi«xaaldenwl e\ yd Bt Pagl, edArRtﬂV@dﬁ?S’éstYoﬂﬁQ%)equﬁ mofredetailed ent

i nvention addi || I I d

nanobodi es&(gmé’ lono Gthe¥ %([)E%{;}’ﬁ %’se:? gﬁo@%&%b% a%ﬂ%%ﬁ@%}gﬁ ‘Slf{netg%giéngggl?) 2857,

2004). [ Ofexzrﬁ]ofﬁrs dtgeebnrméaremract anyjbadeging ¥ skl vél} eppresiatiba FeebB@HLaT AT i abl e

regl on do mrp; LR, Thhamrwork 2,
CDR2, andn%htgﬁsgz\?bgf%k% %?“Brﬁ e laﬁt@&gﬁﬁ@:@%&gﬁﬁw whi ch segnents are

added to tthe ‘Wslegrkng usaéhaewh@@cm@mié figgmerengifgrjedrsed bohe t he heavy chain

and |ight chak 1) Jf%&glloférbn op%!hgﬂzc-:@ugﬁé becBnbhel @MNA Abiidioghs” V- segnent

as used herein refers to e regiron of the V-reg| on (heavy or light chain)

that is e d,b i abl e

ogi o enddes ﬁb%&s%fgﬁ%%%% SRR e AR JEIRLR SR

i nvent i on chiihentBodegeiitodidtift etxisea:s”lasgme R@h@ﬁﬁlC‘\?&Mﬂé}aFé sleglt ORIy defined as
eXt endi ng t&%ggggﬁﬁl s%pxgt Suv%%z VanL@Ql%:’law A y@a@ﬁb[@ﬁé}ﬁ'r@oﬁ%oh@ﬂ m

"11- segneﬁ? rsto sequence of the variabl & regi on encoded
conpri si ngogath@- (Hasaly nathrQigh & pmd@fzm@r)@aﬁ@mmn@m@uwmemrﬁeeﬁ%w% us

‘] - S egeEN tchéu? FE A ggcﬁqs Q Xo@f&nﬂ%@@ %QgDRAt Eha%g %ﬂ%css&cp@(a?ﬂz]l nhSidgad herein,

nplementari ty-determning Tegion fefers to the three
15 hy per varichbing Vive gfidovis encwdeva@muezhm ﬁ@ﬁ&t’le@ Rty gplomehBy # BFFdef r amewor k”

regions e%&%&%h% ﬁﬁ&?@’ FJ}%‘O 'ézgzhtor&nﬁafhﬁ@aaysﬁwm 8Y8E7934¥s6, 169l 9Nsie The CDRs
are primaril espons for inding to an epitope of an antigen. The CDRs

of each c lrbalVrm aad & eypspeEEcle] Ly etlopsraginglepolige hatgifo Ve FHdY iCORBINS nunber ed
sequent i agg % lﬁé tdol:}ge&f)prﬂﬂaﬁbd&yfcg{ VS 2 RIkr 358m @k SPmt sk & | Y

identifie hain”in which the particul ar is |ocated. Thus, for
exanmpke, éislgﬂdﬁwab@BRQFYédSF@célt}@dﬁPﬁﬂ%WavaW hpeacgbtaifr Bet he heavy chain

of the an{) bR Yant @C]’YM&%&%@ ﬁk Lothiste £r0MRE or WMIRERBSs BbtMbed AR disSiad ManRL from

the variabl e domain ight chain of the antibody in which it is
f ound. [Oﬁfztﬂﬁ]odth@m%qM@ésim@flquﬁéaﬁ‘@%ﬁﬁ\%‘i"l@“ﬁisegl ons of different |ight or

heavy chains are
10019] Antibodies of the invention also include heavy chain dimers, such as antibodies

from camelids. Since the Vi region of a heavy chain dimer IgG in a camelid does not have to
30  make hydrophobic interactions with a light chain, the region in the heavy chain that normally
contacts a light chain is changed to hydrophilic armino acid residues in a camelid. Vy domains

of heavy-chain dimer IgGs are called VHH domains. Antibodies for use in the current



relatively conserved within a species. The framework regi on of an anti body,
‘that is the 25conbi ned franework regions of the constituent |ight and heavy
chains, serves to position and aligi the CDRs in three dinmensional space.
[0024] The am no acid sequences of the CDRs and franework regions can be
det er m ned usPMRGW4?#*Sus wel | known definitions in the dt/V& g™ abat ,
Chot hia, international |InmlunoCGeneTics database (BV1GT), and AbM (see, e.g.,
Johnson et ialentonsuipitianallChotdic singo lesky atidgies (GAhonnéanokdaicrares for the

hyper var i atgfgtg%ﬁgfi 051%50 of ;1 A %_%Q%Iggﬁ%ﬂj MRy, Biol. 196, 901-917; Chothia

C et al., ntormations of 1 mmunogl obul1n hypervari abl e regions.

Nat ure 342, 7-883: othi.a C. et .al., 19 t U ritaLre of the
naman vi- 1 10080 &apice o T gioat iGran 7550 SHTMEIHE oo ERTE Bl

J. Mol . Bi ol tikQ8ifmen® A3 fbmewotdel, CR | Brascwefrk ArtPRYBRne brabiewbrkd, miltdisgare al so
described in_the foll ow ng. iz et al. he. int i

o Gine FRAS Haar s SE Rl rdity e s Wiy y NEppst DAL ARL or

Lef ranc, M rd2rradghicdnt of the hiaviy @haiabriddigad chhinMrgiGe e éuriat-adase. Nucl ei ¢

Aci ds Res. n 51.29(1),207-9(2001),: I : . t - i gen

i nteracti oﬂ‘i@ref‘fb%’f)%cé i{ngﬁ y%r%%sasélﬁe elre%i%%% tl% Hperg %‘g%%?@gﬁ%@?@a EnlL Bi oL,
262(5), 73Rehl 4mir() HROB enceaadibMaV tgems. dihaVyseBneat of MaheavAchan vaBeble ragia, 86,
9268-9272 (1989).: i I \ I . 2 ' - 15 991);
Peder sen e%nc ‘?eS%Fhwr%n@%%géga aﬁdﬁ%?&g?\ig@é?é@g% : eegu%nt?&glj;],sé%g%t er nber g
M J. E. 1¢ eded)the IRYhotiinvaSiveciimés Rfiedi a extoninglkéd o FROnipverBREy Press,

Oxford, 141-172 1996). 10[ 00251 "Epitope" or "antigenic detem nane refers
to a site PN AnitdeRit,ehavincti-agmaitielody abisdgicndEpi§ tepesbangibe f or med
both from conti guous. am acids or no ti am_n i J.uxt aposed by
tertiary f%ll:‘b‘{eﬂgorﬁ?“sﬁlgﬁr(g BPRa Rpop 83%?53 ?)ra ?fg%%% ?‘é’m%gﬁ%nl%énﬁgijs&%gr%ﬁno aci ds
are typi cak kyotattaian@dmomgobpisipeet 0 denat uri ng sol vents whereas epitopes
footled by tertiary folding are typically lost on treatnment with denaturing
sol vent s. Ap2i5epivk@perdiy picalidnyeniafichdedesinaly rbgastCIR)" atfids wokeathusual |y, at

| east 5 or, 8-10. am no aci

ds i.n.a, unigue tial confaoi mation, t hods of
det er mMi*ni NYPEHEE Iregé%flb?%f}iaﬁﬁh%fmt%&pf %gg%uri %%T?JW 51,9 T %%nseef’r}gmr‘rlﬁ eedf] X- T ay
cryst al | ogsapyhend hadichenskutni regoc] @b CRRgaeprcirigsepanid: foSee, e. g.,

Epi t ope i ng Protocol in.I\/btJﬁ n l,ecul ar_ Bi. Q 66, d enn
E. Morri Z/%P’%Blg?i%%ﬁt?pez@faﬁﬁﬁ%ﬁen’r %’ efrasrﬁﬂ\'(%hnc ing estg%lg%lg’?%flmtre;é {ﬁ%‘“{ erm nant "
or "BSD' &@RIESEDREnt TERS0ntekdtredabqichiglly clartimg fitord thy Mrtinomisrafleresisco t he
m ni mum cont i guUous,..or,. Ngn- cant i u I id. sequensg Wt hi.n a COR
regi on neg@écfgﬂfe ! ‘rﬁdéé&e‘*’r‘%ﬁ‘ﬁi‘“n‘gfﬂ?‘h%eﬁl ﬁg'?aﬁg%spg’mc Icity Sl(g%0 an ant 1 body. 1In
t he cunr e GDRAeRtdcard intthevariable dumibohdle hgvs pleai §4thd ayibetbtierwhichdnt s resi de
within a portign or th l.] ~1 engt f AR mIs A eRGES: 9fin Lhge heavy and
i ght cha?cﬁléla’o‘ﬁE “THhe? ghﬁthl){gd@t.he RRENLE " fgft cilin bl e

antibody in which it is found.

[0023] The sequences of the framework regions of different light or heavy chains are

relatively conserved within a species. The framework region of an antibody, that is the

25  combined framework regions of the constituent light and heavy chains, serves to position and

align the CDRs in three dimensional space.

[0024] The amino acid sequences of the CDRé and framework regions can be determined
using various well known definitions in the art, e.g., Kabat, Chothia, international
ImMunoGeneTics database (IMGT), and AbM (see, e.g., Johnson et al,, supra; Chothia &
30  Lesk, 1987, Canonical structures for the hypervariable regions of immunoglobulins, ./ Mol.
Biol 196, 901-917; Chothia C. et al., 1989, Conformations of immunoglobulin hypervariable
regions. Nature 342, 877-883; Chothia C. et al., 1992, structural repertoire of the human VH

G



2510027] As used herein, "anti-GwCSF antibody" or "Gw CSF anti body" are
used-interchangeably to refer to an anti body that binds to Gw CSF and
inhibits GWCSF receptor activity. Such antibodies nay be identified using
any nunber of_art-recqognized assays that assess GW CSF Ringdi Ahshor
function. For 8)?%{)%? gg bi ndi ng assays such as ELI SA assa;g‘sqtS a{/ nmeasure the

i nhi bition of GW CSF bi ndi n% to the al ha recept or subu?g 5ay be used. 30
Cel | - based seewmayd. ok BoWVZEs 9?@&%6’&1%31 Hat-i rfolBach 4 7d¢8ays whi ch

determ ne mﬁmflgﬁs%f fiioPf fggnﬁglﬁﬁgﬂeQﬁtefso @es@ﬂ'@@%ﬁhgﬁﬂﬁﬁd@nkulﬁeﬂdi iN@E i n
response to a limting anount Gwvt CSF re also_conveni entle))y oned

as are ass&ysnt@mdtonﬁé@MPﬂéG%@ﬁﬂﬁahﬁfe N%fﬁ‘kﬁﬁé* Prodirctrorr! (@0

pr oductiong.4n.| ﬁ\f%}pﬁﬂé@ hOintMidtoha: ﬁfﬂﬁ%@eﬁeﬁ&&ﬁ?&%ﬂse%uc%@ﬁaﬂﬁ%@l}m
neutraI|2| ng anti body" refers to an anti body that binds to (%l and

i nhi bi t§ sigHA) 2 @QGIﬂrMac@aqﬂesWeé@&Péwm@Fﬂ fifFRcHPRSs PRt A Y%Sranéavr CSF'

toits Bre el 1, 9?9% ey terivaesopbagerCol ony
Stinul at i n%ﬁghgglte tO}{O%%%A%] J%Oﬂjg’z%?j j@;@(ﬁ 5. 74 ( i ;

refers to a nat ur al | OCC]E I
gl ycopr ot edeednbd HJSPHtgér%é$—987%ﬂp$9i)d¥m15‘6>rf’él§[ %%O%F %y’ﬁﬁl’é%l% 6\%. ght of

appr oxi matfibéﬁ 2%15);@1 ot bﬁlen’}}z'u%%mo&si 11196 anBosledd Ryesa: gemestdraieag d. B t hi n t he
cyt oki ne clust'er on human ch ronosone 5, The sequence _of H}g@ggumn gene and

10prot ei n @f.d FefeiwSiruchive Prdistien ©xfd Uai ey Rtk Ao s i dha ence, and a
C-term nal receptor binding domain (Rasko and Gough In The Cytokine
Handbotik, mozﬂhdﬁame" at"agtfgenindetgatinant PRES 40 a RSHTYS PRIZEE Souithalyes
349- 369) . anlg@og;y%q %@ﬁé&%éhﬁ&d%@ﬁ BE® chiBigibu¥iah@o defdls bhddncdfighdie

e

i nt erl eukins am no acid sequences are not simlar. GWCSF is
pr oduced |amm<ewp:t§m@<éapp@?dé?ymmﬁéf01@fig P A EBTSPehioaret 5778 CHKIEEEAt i n t he

hemopoi eti g}, 2 \é}ert%{%@@rretﬁﬂgi cﬁ‘itexi?&weﬁ@@Jn@ﬂﬁ%&c@@en&fwﬂefbﬁé &mepdsi on. Gwv CSF
is able to stinmulate production of neutrophilic granul ocytes,

macr ophagdermegd g taviate & dratia Fﬁwﬂﬁémﬁﬁ’éﬁ@ﬁﬁ}ﬁ’@émg’cﬂeﬁﬁ}‘% P bohe nmar r ow

celI's ;and . gf%})e% chgﬂ%/ %ﬁd&m 1 QBRI e Sua®08i 1BAPHLI 8-co4Binb esdfinem f et al
l'iver progenitor ce GW CSF can al so stinulate sone fUFCtI onal

activiti esmigne mﬂ%hcenfgm@ﬁml otigthads %ﬁﬁe%’%%iﬂﬁ‘aﬁégnfa‘fﬂ?“f’%ﬂ Bt apopt osi s of

granul Ocyyﬁ‘fud@nﬂr Ffapph@ag%%smﬂ%r%%d ToRndneibat hedest hlla@{etiblf&;diaﬁ(&:om ation
constant” or "affini

brevi at ed refers tq th ciation rate
const ant (SIS@GmtEPﬁ%)M%HPng’é‘ﬁOW IPH@Q@%’S&’I‘&I{?‘?“@HB@?@ ?8%‘%?53%“% ti med

M), Equi ki lEH](fbg_lﬁOCI ation constants can be neasured using any known
met hod in the art he anti bodi es of the present invention are high

affinify bPosh &Sy, SHEh: AR @SerhaMe” ar MENTOVAa hestin afefcbibdi wf et t er
(1 ess)bt hZ‘WZ gout 1%“ nM 3%55 oft%; better than ahout 500 25 M or better

t han abouturSo! iNesien HéTe o HBHIBYM SOENeHs OpRUSTHREYCESBHAN AR FHAFVEi s
per f or med at; 34%r ;é?féﬁ neddaSPREI SRR SBObBding RRcifEBl) dadiagsboal. hhie:

i nvention have an affinity (‘as. measured using surfacegpl asnon. resonance),

of |ess tHAFNEOVEHNPD, (YeghiaEny bindiag srerAR A IRTIRIDES Bifde SAMENAINT8LE t han 10

pM &Q%Mené\tﬂo?tﬂ@@%@@ lARAbSthe BédvARd HEMEGEE oDhe titodyivent i on has a
sl ow di ssociation rate 30with a dissociation rate constant (kd) determ ned

by supf acﬁ'ﬂmlasﬂp&eé £SARaNee cAnekY Shifhodl" or "GM-CSF antibody" are used
| interchangeably to refer to an antibody that binds to GM-CSF and inhibits GM-CSF receptor
activity. Such antibodies may be identified using any number of art-recognized assays that
assess GM-CSF binding and/or function. For example, binding assays such as ELISA assays
that measure the inhibition of GM-CSF binding to the alpha receptor subunif may be used.
30  Cell-based assays for GM-CSF receptor signaling, such as assays which determine the rate of
proliferation of a GM-CSF-dependent cell line in response to a Himiting amount of GM-CSF,

-1



37C for the nonoval ent interaction with GWCSE | ess than approxi mately 104
preferably less than 5 x 10-5 sd and nost preferably |l ess than 10-5 sd. WD
2009/ 134805P T/ U52009/ 041981 [0032] As used herein, "humani zed anti body
refers to an W&nglsgpul in molecule in CDRs from a donog.antiRasysare
grafted onto hunan framework sequences. Humani zed anti bodi es may al so
conpri se residues of donor origin in the framework sequences. The humani zed
anti body care Afoenesivpiy @@31@@&4aéa@taSS&ySp%?tﬁeaﬂ%Pn%fmfﬁPgﬁﬂo HrRiSEPSbul i n
Sconstant regipn., IR Aed,aRt IRodies dBysud) so conpri se residues which are

found neithér 1n’the recipient antibody nor in the inported CDR or

framewor k n NI, ZALIHOM . SAbol® DEk O LIBGBLYSI Rd bRt Raska-dgrown i n
the art (eigﬁl,gfe\]%%gssedggggl .I, Nat ur e 33??%2’2-?525;, _19%%1; R echmann et at,

Nat ur e 332:82B4BRTsigmiBSsy theFNoeyRrfoentoraer nigyisdindge3 M-S 10 4536, 1988) ;
Presta, ;Curr.. .Qp. Struct Bi ol . 2:593-596, 1992; U. S. Patent No. 4,816, 567),
10 i ncl udi ng Rechni ques such as "superhumani zi ng" anti bodies (Tan et al.,

J. | nmunot - 1119, 2002 o &SF I ok Stifulatint AeleNEglcsat . Mot

| mrunot 43&@%43%3 ﬁﬁgg?relgh%}r%ggﬁ&yeto%g&ﬁ F_’r%gi% 1Natalu.$§ Acad.n&_}Sci SA 91:
969, 1994) reffrd@33imaA nithuianeerad thyarmrpisiodyith intemigdiadiiedetdsdvipsit s i nvention
refers to an, engin TR AP | B90Yrn RAKLARG: & hidadi efdchkei ty of a
ref erence %ﬁl?@%&g&g{&ggﬁgﬁaneéﬁ%ﬂ'IQ%Santi body f or use&??lée{ahig i nvention has
an i nmunogvahiultieryiine clubter antiamat onpmapsesierdi dibpratauensy oethe Bugdrdeheddf r om a

donor | frmu ]gr%%%noa?g%z%o%. ]f){%kr%%hll s aAR- 180k P OYa1 kS neHNBAS €L Bthind Yecd:RbNi NY a

1
DNA sequence encodi ng a Ing specificity determnant (BSD) fromthe CDR3
regi on of tihdinhéeman GhaiorngdGonglelnr Bieep dokine Hmdbesbad To keI | segnent

seauence and, @y |Gl \Ghath 5% BER 6000 B8 (el 8hERKGaARLLRRAYsikQua human

VL segnent sequence. ' ers to a CDR3-FR4 region, or a portion of
this regi on thdaf thereeiiatiéss, Hibnaige spiae pof epPoeIHP ATHY" S ity
det er mi na&h—o&#ﬁ{ :ﬁfr%gnsgﬁ)na rgl?nb@r SRR or %1(6% présefllifl iHBkmEssent i al

a CDR3

bi ndi ng specificity determ nant of 33 (which refers to any region
smal | ef5 t heamirermeenCBR3t pavaheraloreser nflspmating SHeehi v eble P B pFesent in the
V region of , ans ANt At hhitc bR BEHIRMLEM thd heeRnlRofe hRSWYhEHAI N
regi on), (C)grro ot %er Peg%nlsw%{‘a CDI%& 25FI§4 %@ﬁat confer the bindi ng
speci fi ci toplogfes Fomépes aprew eafe Pty SUet s Tl iohiRHEd rgloBIFe " ovi ded
in US pat egl,; @RPhbL LD U ER 420 01N Qi R0 8ORSR AR A R iR s RAkehie
application publication no. 20060134098. [0034]. A "human" anti body as used
herei n encomplsgesat araiPhages B IR FEASRIEP! SFUMAOESERd M4LCREETS as” human
nmonocl onal antibodies that are obtained using known 30techni ques. [0035]
The t @m 'I#A0F | The whve fiequlibtiumidisrociasPe FEER L5 “Por T BAECOHH EYST © aci d or
protein, g dissociation rate constant (kq, time™") divided by the association rate constant (ke time™

M. Equilibrium dissociation constants can be measured using any known method in the

art. The antibodies of the present invention are high affinity antibodies. Such antibodies

have a monovalent affinity better (less) than about 10 nM, and often better than about 500

25  pM or better than about 50 pM as determined by surface plasmon resonance analysis
performed at 37°C, Thus, in some erﬁbodimenis, the antibodies of the invention have an

affinity (as measured using surface plasmon resonance), of less than 50 pM, typicaily less

than about 25 pM, or even Jess than 10 pM.

[0031] In seme embodiments, an anti-GM-CSF of the invention has 2 slow dissociation rate
30 with a dissociation rate constant (kd) determined by surface plasmon resonance analysis at
37°C for the monovalent interaction with GM-CSF less than approximately 107 s,

preferably less than 5 x 107 57 and most preferably less than 10757



indicates that the nucleic acid or protein conprises two or nore
subsequences that are not normally found in the sanme relationship to each
other in nature. For instance, the nucleic acid is typically reconbinantly
produced, havj J more sequences, e.g., fromunrelg ar ranged
to make a new {»?an \t!yggﬁal nucleic acid. Simlarly, a hybrlﬁﬁgﬁ(ggf&q?\mref ers
to two or nore subsequences that are not normally found in the sane

rel ati onshil§3eb eéackedditedy ”@rmmﬂ@taml@odY[ gd3sl aFRETEReabe i RgEHIHENnt © when
used with refer £l ontourAH LBEGorRSilenchd, QiRiMize@ Vector,

i ndi cates t %ffoh%eg%oé]l%fgm ucl eﬁia% amogo protein o? vqu?nc?r has been nodified
by the i nt ruéhodics ony elfo @ntpelﬁcenemﬁ@geﬁ@nﬁwwi@f%ﬂ:ﬁr?ﬂne@wﬂﬁe@teé?% ok t he

al teration,g | GmAGkd: @Lst PEOIEH B a sk DRbutdRbeel | 1s derived
froma cel %%&rsggkébogxd’%%hﬁc,mg%& , I‘EC(%FTb]I nanai 13ce| Ig&gxpress genes t hat
are not 5f ouwrdtawi rehipm Hbreanirat pvdodinonay BeoiPBiPREATEYd s Fch rredeimd galtier or
express nagye regl?s[égtsmtalg&% A & o Flﬁ&%@dsﬁ)}@molﬂsyse@ﬁfd%és SiFhanitRRET
expressed Or not “express d at By the term "reconbi nant nucl ei ¢ acid"
herein is n@dﬁtpeﬁmmeélﬂanamﬁfﬁodsckn@‘m indbe 3t fear demeps prelvNes 32 A2 géheral , by

t he mani pul gl R@o}%ﬂaﬂ@‘éﬂiew&uﬁe@ﬁvzz%w ,19355'%910%5%{&16@@%52@%34“
endonucl eases, In a orm not nor nal found in nature. In this nanne r,

150per abl ylfl3|6nw§bl3@ﬁ=tadﬁ?ﬂfrf é?pemucéé”@ﬂle%é@sﬁiﬁsw&éhﬁjév%ﬂf FRusS 4ROk 0l at ed

nucl ei ¢, ac @udlhgte@m} Jgﬁ?@tfchfaé)rsgﬁer}gﬁnaﬁﬁir%xgﬁt%&'eé)@aﬂ@ﬁﬂOJf hatedebn vitro by
i gating ec s that are not nornal|l [O#l !ﬂ%are bot h consi der ed
myhp

r econbi nantilﬁﬁooﬁmd purpbeias” ¢ Sy f¢ent? lght P 8% t hat once

a recombi ngnt qnuel eig, aglg A5, edesand okeiipégoduced into a host cell or
organism 1t - wll repl i cat'e non-reconbinantly, i.e., using the in vivo

cel | ul ar n@&ﬂl‘] NE{ %08 ndnQ grgzbg i tl?eeéo teﬁta:}flﬁﬁé’ ink&&Bn fe@eré’éo%@nﬁ@é@fe@m ations;
however, s nucl er ¢ aci ds, ;amgl) uced reconbi nantl| %@?al t hough
Py

subsequenthuyan @ylihoci:ah@@hgrﬁdnndﬂwe o B yelerapcs aglitiofdy. &ohrsnageset r econbi nant
for t hl% pu! g&@&igsforq}cse Inm?ln% gxﬁ@h'h%nan M&Q&ﬂuﬁn nfiechiB aRMRIRRiRLAt ein" is a
u |

protein nmade ing reco nant techniques, i.e., through the expre55| on of
a recombi meqvenmsiieidoiare donasindePet ina Fapigallyp 51 ey 1y Hemahicide by

"speci fi C%%;%g(a@ﬁ\b@@éqﬁ&tcé g&ha@l% Diindsy sﬂ&;ﬁﬁﬂy aak:i-RadypeD) renesi dheal 1y (or

sel ectively) Inmunoreactive w en referring to a protein or peptide,

refers toregids ofdhatgayedeniod Wﬁmﬁf@ﬁ@eﬁﬁ@%ﬁﬂ Beenp i shgacnt EFQPWée #id%t ein of
I nterest. jLay hhg (ﬁj}@tﬁgﬁ 6k tﬁclpfb@reh&vﬁlﬂgéd%% a hid@arPt d-BRE shjubsls. Bo the

antigen o |nterest }g GWCSF, with an affinity that is at |east
100-f 8Pd BBEDE erefarnign GIE-BR4 ieaiowrﬁ@m@flﬁéﬁhwa{?ﬁ%%ﬁgmd@éffé@@@ﬁ The terns

"identi calg..itPeh Gflakng shA@R idtermihddt TBR{EONIE% b CORILNIC:, QUDND( £
pol ypeptide (or  nucleic acid) sequences, refer to.two_ or nore sequences or
subsequen&®dy spential binding specificity etermmant of a CDR3 (which refers to any region
smalier than the CDR3 that confers binding specificity when present in the V region of an
antibody), the D segment (with regard to a heavy chain region}, or other regions of CDR3-
25 FRA4 that confer the binding specificity of a reference antibody. Methods for humaneering are
provided in US patent application publication no. 20050255552 and US patent application

publication no. 20060134098.

[0034] A "human" antibody as used herein encompasses humanized and humaneered
antibodies, as well as human monoclonal antibodies that are obtained using known

30  techniques.

[0035] The term “hybrid” when used with reference to portions of a nucleic acid or protein,

indicates that the nucleic acid or protein comprises two or more subsequences that are not



are the sane or have a specified percentage of am no acid residues (or

nucl eotides) that are WD 2009/ 134805PCT/ US2009/ 041981 the sane (i.e.,
about 60%identity, preferably 70% 75% 80% 85% 90% 91% 92% 93% 94%
95% 96% 97(%@092%%% %?Oo or higher identity over a specified redgion, when
conpared and all gnea ‘or maxi mum correspondence over a conparison w ndow or

desi gnated regi on) as neasured using a BLAST or BLAST 2.0 sequence .
conpar i son ratgdlyifeuwden (e stmdekauiskip BpurhaBerar §atdss £97 DS h dIeaRF e ey

manual ali : i | I reoebhiencANGR 415t8) . Such
A ?%g}?‘r@g}rﬁﬂ ) %rbmwﬁwl@}w_c)%@@m Exefuoncd VT Mebursdiiie)

sequences ar sal d t e "substantially identical." "Substantially

i denti cal " geemaemses icahdis aine fadégsegigereds MY HERETHBIETT GRS nd/ or

addi tions, @s Well ;33:4beSeunbNA nddANRBYRID fnihi QRS re@dnW b A Juagural |y

occurring, e.g., polynorphic or allelic variants, and man-nade variants. As

descri béed bepadwe the preferred al gorithnms can account 10 for gaps and the

i ke. Preferably, protein sequence identity exists over a region that is at

| east abouf0026] afibaternatreehsbinant’ gt wred with naserengsr f ¢ abFly ooveliccidegi on t hat

IS 50- 100 IO .o?‘%éc\%?, igdiéa@esltﬁ?glh Qeii, Qlei&Y gcrid,tpﬂﬁeﬂl 9{‘\%1*8; Qs RePhOdiGE by 100391

A "conparison W ndow"”, as used herein, i1ncludes reference to a segment of

one of t hethainttvenctioh o ohttérgiaprs nprde¢ adiberpreleings the @liqratipmof Haalyyp Bepec

consi sting, typi Ly of 00 2QchRd bR 890 s0 Haldkd YrRBAW, 128mbRagbout 200,

nor e usual fcli/(y%bpgﬁ%lh‘l%gﬁdttggeg oﬁtge'%‘%‘é in av\hi_g% a sequence marly gle conpared to

a 1 ef elencells equengencothat iend dmed mifhindhe wHve GRETGOBHSAPOSTE PoRScHTer t he

two Sequen&g%ssaﬂa%v?giﬂemg afe &h%rggg%no%iQQQ&e%gd,%&ﬂ@}[@&Eed(& n§€quences for

conparison are well-known in the art. fimal alignment of sequences for

conpar i sonespamschet dorititbe e “recabinapynueiss ACEC AFreRETIBFBYEICEICSHE t hm of Smith

& Wt er man, . in WL B o Re 288y hd R8AbuiakOh M¥hutiBE 0070 Q@yg al i gnnent

al gorit hmnoor% : Mjégﬁ%g%ﬁl Jg%\?\%n%cﬁ, ’%{1 Mol . IIf%iaol . 4§: 44% (19’70),gby the search

for sim | awhmyeravet gdnéupenrss e fgm 1gpamalpdged e o AEagSet  USA

85: 2444 ( ](%gé?ﬂy Iimfzag%%m*ﬁet%ﬁﬂ &l AR LB AHENS, ifladeseicatigoniatihes (GAP,

BESTFI T, PASTA, and TFASTA in the Wsconsin CGenetics Software Package,

Geneti cs Compyt & exgrestipn Va5 ogpedineiroryy. isafnedP 6 imolsapls Mah R8Pt manual

al i gnment and. NiSHA 2leDSREEhRRISBRbindRSodhe plHbLEMMiPORGR! B id N

Mol ecul ar Bi ol ogy (Ausubel et al., eds. 1995 suppl ement)). 100401 Preferred

exanpl es ohdafigukhetients & ReRmtaret yelelegpidds Fade BErer i  pereet! Yequence

i dent Ity %%nﬁﬁgfﬂ%@?@pﬁéa@ ﬂoﬁrréc%%binﬁkﬁiyyﬁ@., dshe tﬂ-}'ﬁﬁ%@aﬂ}lzﬁhﬁ_&ﬁn@%y Of the

al gorithnms, which are described in A'tschul et at, NHC. Aci ds Res.

25: 3389- 3403 cellgipy thamig vAre SaRRRiateps; hpweven sugigiucigic gpids gace papsy (1990) .

BLAST and BbAShadiDaidlo8otiaetquaptiy Rpliieedpan asstdientdese kitbatsid@herein, to

det ati ni ne percent sequence identity for thg} nycl ei ¢ aci ds. gnflféjgro.t ei ns of
()

the i nventscombnaH dorBhaRTROSH G Yramicidh SIS0t | G LEGIEREs) Sided s

def aul t's g M0fEHeB@Hb W tcQfighds, | @NneX@eet atjreBiot B a @fonthanMiblcicN=- 4 and a
conmpari son of both strands. For am no acid sequences, the BLASTP program
uses as defiédl dBic¥IRBIE ength of 3, and expectation (E) of 10, and the
BLOSUMG2 scoring matrix (see Heni koff & Henikoff, Proc. Natl. Acad. Set.
USA 885 108987)( 1 asq)[‘spgmfie éor eByCUYFlY Bndse ih@canibedyRr (eycislly (P Mes,
N=-4, andgf.camPahhee824ivOaln” $h&ABising to a protein or peptide, refers to a binding

reaction where the antibody binds to the protein of interest. In the context of this invention,

the antibody binds to the antigen of interest, e.g., GM-CSF, with an affinity that is at least
100-fold better than its affinity for other antigens.

30 [0038] The terms “identical” or percent “identity,” in the context of two or more
polypeptide {or nucleic acid} sequences, refer to two or more sequences or subsequences that

are the same or have a specified percentage of amino acid residues (or nucleotides) that are
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[0041] The terns isolated,” "purified," or "biologically pure"” refer to
'material that is 5substantially or essentially free from conponents that
normal |y acconpany it as found in its native state. Purity and honpbgeneity

are typically,det 0%?}1616(1 using anal ytical chem stry tectg,@lr;ﬂ,gﬁ,%,@wéh as
pol yacryl am de gel ectrophoresis or high performance i C]UI d

chromat ography. A protein that is the predom nant i e e in a
prepar at i oficissnsiibsttant $0& idpntisu prafarady 7OPhe Ve P Ei?u/?e |%§ '9293%&(@

embodi ment §,.depot 9@%@7@& 98o;PERL %k ﬁgﬂérY&ﬁnt}QKférSﬁp&c@ﬁeﬁSSgaﬂi; wad:ﬂ qompmzed band in
an electro ?mretlc gel. Pre erably, it means that.the %{Otﬁ‘l @ | east
t

85% pur e, moir@gmdéﬁe’n%rﬂ}ma@fquwéfﬂc@?;‘@?d BGPTRPArSARVIRERY OhiapRy | east

99% pur e. Qg%%& AL BETBST RN} Pfuchcd RRIPaticS! a;gaﬂmmsmxmtdefamt are_used
i nter changeaﬁl Rerein to refer to a pol ynmer of %Irlr?}sno acid resgg:%gs The

terms appl yarmtaﬂﬁ%m@élb@loﬁo@rwﬁwwa NIMCEWHBﬂ§u REHE" BRY (6 resi due

I's an arti &;!abcdn%é%]@ﬁ@qﬁ%e%@ﬁéﬂ Gidab ba- GBS PPditIE. naStthaimlau/y 150ccurring
am no acid as to naturally occurri gqg am no ackﬁ Oﬁ# L84 t hose
cont ai ni ngidemigilf kestencessileuiadudenrguier-ha DFEAC P BRY P AR K d

pol ymer. £ 0043} 1,1 uﬁs@ﬁlqbnsae'@v%@ 8 Ghkalty 8fclimgl Q. Ndlitoadtiyorati€lier ri ng and
synt hetic am no aci as well as am no acid, ana rr%i% ?i an no_aci d

m netics ttwagnts, @nftmﬁlémldéfP vAvRBp.| 4 derREPHAY PP 9 RATR0 aci ds.

Naturally 1%?%3%5 Lld e R @ef@%ﬂ)l | Srdbif sdhare 1cﬁﬂ@@@ﬁdtsbwrfah@1@emmwlezﬁcode as
wel | as those am no acids that ‘are later nodified, quo’w%ydr OXV P al i ne, :
car boxyg| mbaWMIWId@lrplﬁ@%}bﬁb@éﬁelpFFéera%ﬁP%aé?ﬁ“&]“tgﬁé 0gs rerers to

conmpounds lk%gmh&%%e;tt}@}eﬁmfgﬁ%ﬁ chem cal structure as a naturally
occurring amno acid, e.g., an a carbon that is bound to a hydrogen, a

car boxyl gh%régt ha‘%ﬁl L0 gilirQiHQ” 48043 88, ﬂElQﬂ@,reereﬂze,to hesmssrdf 0es of

norl eucin i oni he sul f oxi de, mnethioni ne neth ﬁ»pf opi um %h anal ogs
may have 2Bemditer eftoRigyOBUISIiQE sglectehBIm HiFEToHE) OB gi‘ﬁ% PR BBt 4

backbope ’609%114112%9&1? sb Reaps A0 BASE Gsusierioasd 0036 tihsat lﬂUen mmna s@mmcal ly
occurring anino Amno acid mnetics refers % g e ca noﬁs Rounds t hat
have a st rrur@thqrcemmhaifO|ageﬁﬁefi?eéﬁféﬁ?ceforf%sﬁrﬁ‘én%?féP GBI CAI"OSt T Uct ur e of

an am no }% tq'"ﬁ %En(gep%te oEﬁ&BQﬁ;J ﬂg&ds iMBHoak bﬁ/alfrgﬂmaumaiequ@bésyommgmspmg am no

acid. [00 0 aci e referr erein comonl
known t hr www@rvnsmwﬁﬁbé’ﬁ%me}@hweﬁh@d SS%‘?“‘F“@F‘F "ngyrh% faﬂ%?é%:%%n%té%ded by d

the TUPAGC, é g?qu&?ﬂarﬁtﬁb o NOIRIAGE AtaHier Lovarsai, om) A)dmtlﬂéwt Rd&3 (1981 kewi se,

may be ref t hei'r connDn cC g kR 100451
" Cons e?tIOvathy\ﬁ@l WWﬁll@@G&b@lg‘éﬁW& F’@E%(te% ’hJI Igfr"?l %?)Ol gc |489g®%)nucl eic

acid sequ %QQY%%BMW fohsik @8R8 Glettod oPPdakdos W }'aipmamaqrer Naatﬂchdséqdéiﬂic es,

C o e le R oy rebag i o B bLETRoMEL Fo Aisterh o encode

FASTA, and TFASTA in the Wisconsin Genetics Software Package, Genetics Computer
Group, 575 Science Dr., Madison, WI), or by manual alignment and visual inspection (sce,

25  e.g., Current Protocols in Molecular Biology (Ausubel et al,, eds. 1995 supplement)).

[0040] Preferred examples of algorithms that are suitabie for determining percent seguence
identity aﬁd sequence similarity include the BLAST and BLAST 2.0 algorithms, which are
described in Altschul e al., Nuc. Acids Res. 25:3389-3402 (1977) and Altschul et al., J. Mol
Biol. 215:403-410 (1990). BLAST and BLAST 2.0 are used, with the parameters described
30 herein, to determine percent sequence identity for the nucleic acids and proteins of the
invention. The BLASTN prograr (for nucleotide sequences) uses as defaults a wordiength
(W) of 11, an expectation (E} of 10, M=3, N=-4 and a comparison of both strands. For amino
acid sequences, the BLASTP program uses as defaults a wordlength of 3, and expectation (E)
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acid sequences, or where the nucleic acid does not encode an am no acid
-seqtjgnce, to Sessentially identical or associated, e.g., naturally
contiguous, sequences. Because of the degeneracy of the genetic code, a
| ar ge nmb f f [ [ [ [ [ [
For i not ance, N UBtbhs GOA, GO0 GO and D all encodd (HEVAM RS aci d
al ani ne. Thus, at every position where an alanine is specified by a codon
the codon cefriOlrad &letRISAME wndisesriofscet Henlodt & sspbati ige dbdotredd¥ser i bed
wi thout al tae) oo done 8nGPUEdm AOaHAk YRERI:ARo, SN Mucliecsaghd variations
are "silent variations,"™ which are one species of conservatively nodified
~variati ons:COEm@F?ynniMfeit@n@ci d sequence herein which encodes a pol ypepti de
al so describes silent variations of the nucleic acid. One of skill wll
recogni ze tihedl]i Mheertaliimvicwiit guteddan fbicloden i mred rrgcP elacradhd i except
A L Ru BN S PP GA0ADL AL IELALODL A Pc A T o |
a
funlcti onal Ingtivedieint iPogily amd hergegersityAcciopidiliyglelprmioéd wingginglainel %Wisa'v%/ons of a
nucl ei ¢ aci.d,whi ch ! ' ISe d LA ‘ cri bed
sequence th?cﬁmﬁtéegﬁuec%{ag ?%%ﬁ@”@%g‘gg%%} E%QF%%{)J%?%H I%tf%mlﬁégtc@l\lmﬁ tﬁﬁ respect to
aplt i.la| pr olsrosegeepinesh pro0O4BEE ivihe podarhms snreictrstqUE AEEDITAYHES of  ski | |
wil I recognize, b gt At Yhduah Susli fUbhoRsosiala! ians LihigRes 1o a
nucl ei c am‘clP,% pep?rp?i}é,e p\(;fllhypept e, or pr ot eion séerﬁieenceS 1a/hgtiach %%g%l?ir S,
aﬂds orlOge;ieft essantEilnghabaadime desirebhoretia ed nBlcferiy. cleptaagdaidhe MAFERAS aci ds in
t he encode i y i .} [ v
oded, SLALBNGE. I3 BREE YAk ¥l rd B "fird e
al t_elr ation tr es ug}»ﬁ?);ﬁ?% t%ﬁprgﬁgsﬁ uetg%tgﬁgop%ﬁr an ar];rlri Sﬁgmgﬁbﬁ%aﬂwg%éﬁleém cally
simlar am ,aci.d. nservat i We. titution.t : éggg [ ion
matrices ?@1@ Zjasi@ﬁ%hﬁfgwggﬁ%ﬁ’ né)%é{ﬁa%c%%do gﬁ% aglplrlﬁ%?g?é}gﬁﬁ no gg&ﬂgg t(gr e well
kngwnd in ti‘né:rac:rat;(pjolﬁumhf faomseq:idaftSidV@l Vhertseif dppdy o amirgriesl palvecrsin light i on to
an 0 not _exc e 2Pl hi I: 1Nt i (oY} d
O b R A S S
:anlcj: 2 %as(: i gﬁcm}fg ampnéfiggﬁs el (@A)o, nafrl\a}hfion@n(i@)a;mizg acAEPrAYIErS st epnfap)ing
. § RaL- A8 inShHhamiAg k. 4) Arginine (R),
IISKSI nle I(K)_; "@fl(‘%%?ew negr{%?‘l,l Eyelf({::irﬁg%L), I\}E??llgﬂ%li ne (M, Valine (V); 6)
enyl al an B, . Tyrosine (. T ; ;qéﬁ‘eﬁ-" : - reoni ne
(T); and 8‘)08%}&%’? F\eé%/] ( 8}1 fm 1%1 ;lll)egerrﬁ %glg%%w?ghei@ggfgg%g. , i%)rgiguiﬂg ﬁ%lgsﬁ:{@ Protei ns
(1984)). Wi 208irb34POE R 062000/204 1o®etids thay funglductnbrly [0 e Prurhe
invention relates & ti by LG uid he Bl deli B GV CSF and
are ant agoonclgsrgs‘%e%?] %%S&%%éﬁoécn{}%%%esapoﬁ%?i s%he\rllgéi ab g}ér‘gtné%{clgr\l/; with a
Blr gpetrj?g(rj a@?égfas ﬁmhqsy&agw)gmﬂam hatrse hioF madifigg e dydoxyisdiiiehces. | n
. red SHRogh S € S SAHRNGEd bk of At kfapghye of the
I nvention Ccorrp ' Ses ~t’ﬁl‘é a%%% asg?lé sequence. -PY (SSEC(?)%{%OD NG 12 gr RDRFPY
(SEQ | D NGhelBjne bfirechBBdal struGDRIES 2 eeHsH) SEsTmBRRIRS2CKNRE - 4T DEET il et e
ddi T1 onal ek L ey ¢ T RS St S8 5 Fh sequ
Tvpi cal | v notléyeine, methionine sulfoxide, methionine methyl sulfonium. Such analogs may have quence.
yp Y,

25  modified R groups (e.g., norleucine) or modified peptide backbones, but retain the same basic
chemical structure as a naturally occurring amino acid. Amino acid mimetics refers to
chemical compounds that have a structure that is different from the general chemical

structure of an amino acid, but that functions similarly to a naturally occurring amino acid.

[0044] Amino acids may be referred to herein by either their commonly known three letter
30  symbols or by the one-letter symbols recommended by the IUPAC-TUR Biochemical
Nomenclature Commission. Nucleotides, likewise, may be referred to by their commonly

accepied single-letter codes.
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portion of the CDR3 excluding the BSD and the conplete FR4 are conprised of
‘human 10 genii-line sequences. In sone enbodi nents, the CDR3-FR4 sequence
excluding the BSD differs fromhuman gent-line sequences by not nore than 2
am no acids on each chain. In sone enbodi nents, the J- se&qg& ises a
human germ i n& szégéléﬁ% Human gennline sequences can b %@?@nﬂﬁ%d for
exanpl e, through the pubI icly available international | m\/UnoGeneTl Cs

dat abase ( EW43T) é}odsembsazs\em()d)ﬁedWel&m;ﬁi’rdpd\?ﬁséfeb%ﬁmé? agih gabnygreg-acid

15cpe. cam ag. uk) Veos SEQURAG vl ERSIiLQI e consi sts
of 51 heavy tiaf eﬁ Wgtgres Jg%ﬂﬁ%ﬁ%ﬁ%ﬂm %%@dgftﬁle\f-egegmnt 5. }gnd 71 2, li ght

chain V- segrlaﬁmtsrpfersakthn@ rackiotagids WIC@G@EQG igertietlion ey idsHpATERS | n

addi tion, there are sta AMeSc 0T RS o0 o188, - Segrent s,
but the corzi‘f’ PBUTT6h "o Ejtr%%lgllelhc\%’?l&é%?%stoetce Structural qf:ill versity of the

gernal i ge zﬁhemﬁaﬂigndemmmhorlamtmﬂw,Eain&fﬂrﬁélY§@tﬁh§é%e°§q‘é?ﬂceéi Betittrett fifem | i ne

V-segment genes ar Mrﬂ@i’éf@ &@E@Q@&e
provi ded by “§He” t %‘M@;c (? %%gqginﬁgréﬁﬁiﬂﬁgogﬁﬁlhgﬁw 1 Uni ted

Ki ngdom ( se®st fabtsios. (Emtdaiaapeeiﬂw abdons G992GCE, Gl apg EFU a@?’?c e?’%m Tom i nson

et al., 1993 i 8 a codb938e colloMdn Bi ol
264: 220- 235315 ’%%‘f“bo ahnt%ﬁjggggwgk%@g%m{;é llég%cgtreg ir[r%(r;us as {(::Iegcrlnbed

herein can bde)elteeedpo esgedof the prokmngiot beloay destiibad yoheud akrrae disicarodey st ens or
in the § ell g[ezpepucri]é gj&F’l}{ nu%%ﬁaawdq}aﬁ%o%y&]@ @R nBERRnk AR &8 laleSone kBRI An

anti bo& i'n the invention can be in any forniat. For
exanpl e, i mnssmwelmg@dlfwémrsﬂﬂOJtlShé*?Vamf\Wéié‘GW‘éé‘?ﬁuﬁl@e Qefé’t‘iﬁ‘ﬁl“é’teé‘“ﬁiﬁi? body

i ncl udi ng QaBitifne ofthel HibRR &@ngh@msknﬁgixlq&ogﬂ&e can be a
f ragnment olrmlgé)? ?é/egan%o\?%&gk&gﬂggn% élt résoantel body ’ F(ab") 2,

F
scFv, Fv, tntiacstanglogtede pashgodontin baeskic %Fu%ﬁﬁ?‘%?@t %U%aﬁﬁlﬁ%ﬁfr‘é?a"iy &nel i d
i bod iy ah
ant 1 body. \{E @ggﬁ%@an%tﬁ?@%%;m HyHeanyy Laai fbsuﬂ:ﬁe;ﬁﬁxl) Anheavy

chain of ah ody of the invention come ses a heavKf chain
V-1 egi b tvanodiferge viskls: fupsionalligmiipR) mel cgttenfrgcordingly, often silentNaripigys

heavy- chai Qn%le%ceag{ﬁes%chse%%b‘gggﬁ AR ik %h}flﬂit FRLa&GERREd kdddedobR2th r&pfdRB)
2) a CDRH3 region conprisin he am no acid sequence R(Q D) RFPY (SEQ I D
NO 22) the expression product but not with respect to actual probe sequences.

[0046] As to amino acid sequences, one of skill will recognize that individual substitutions,
deletions or additions to a nucleic acid, peptide, polypeptide, or protein sequence which

20  alters, adds or deletes a single amino acid or a small percentage of amino acids in the encoded
sequence is a “c'onsérvatively modified variant” where the alteration results in the substitution
of an amino acid with a chemically similar amino acid. Conservative substitution tables and
substitution matrices such as BLOSUM providing functionally similar amino acids are well
known in the art. Such conservatively modified variants are in addition to and do not exclude

25  polymorphic variants, interspecies homologs, and alleles of the invention. Typical
conservative substitutions for one another include: 1) Alanine (A), Glycine (G); 2) Aspartic
acid (D), Glutamic acid (E); 3) Asparagine (N), Glutamine (Q); 4) Arginine (R), Lysine (K);
5) Isoleucine (1), Leucine (L), Methionine (M), Valine (V); 6) Phenylalanine (F), Tyrosine
(Y, Tryptophan (WY; 7} Serine (S), Threonine (T); and &) Cysteine (C), Methionine (M) (see,

30 e.g., Creighton, Proteins (1984}).
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3) a FR4 contributed by a human genn-line |-gene segnent. Exanples of
V- segnent sequences that support binding to GWCSF in conbination with a

CDR3- FR4 segn%gt2 dwechrsi bed above together with a conpl enent arK VL region
are shown in FPJufE 1. The V-segments can be, e.g., froMaHeaUWkan wviii

subcl ass. In sonme enbodi nents, the V-segnent is a human VHL sub-cl ass
segnent that haslmrddugivndegree of am no-acid sequence identity, e.g., at

| east 80% 85% or 90% or greater identity, to the germline segnent VIlI

1- 02 or VHI00647]03Thelifveatirre b adintfBiics that hied Wit étpeiinigiid GBI-SShyndeé nor e
than 15 residues f -02.or. VIl 1-03. and preferahl.y not re than 7
ool duos. 350085 P SN Era EdtaES ORI BHOT Rt i H RGNt on | s
provi ded bMegithidrRar bbm-13ik 83, and V1 4equaicdd Inbrdddih gendinges nthd RED segnent, or
a sequence that h hi.gh degree. of. am.no-acid sequence identity to a
hunan gor Mo P EETEAT S RO o B BRBGOT FHETSSs PhE 0SB BHE™rs a human
gerniine . ﬂ%éliﬁl’&s(@%@ﬁﬁ@:-l2)[09%@?3;2'_(%}?%%3_ : 3)a4r§éﬁs@ﬂ%bkﬁﬁé>l1%ﬁélyﬁ@@&%khat are

derived froma human S-segnent. ypi cal'ly, the CDRH3-FR4 sequence
excl udi ng jhinz] BSlanhidd erseiddy 2RGknMEEn tihaN 12 BED #6m3Ghiel 51 the OPRA ahyman
genii-line J i cal enbodi e_J-segnent se%uences in

-segnent. Int nts, th (

CDRE3 are aﬁ?‘ﬁﬂﬁ‘a?ﬁéu@’éﬁéﬂ%‘f%g&f@ﬁ%ﬂefﬁgﬁcgg? R S HaTTC SPOFRES i n some
ng)Zdi nentpsfzgoh Iaem@DBlﬁs-eEBAdﬁtf@@'eA@smemF icsxﬁﬁleiterrem&%};@@ﬂs? %het edhlli gﬁn

rm |ipe gene segnent. An_exe c i nation . an
sequeﬁges gpige ueﬁ%as-e%oiﬁfﬂegﬁwﬁﬁr&g%%@/@ﬁﬂgﬁwﬁncﬁﬁéfff@sfﬁs P&BPH bol d and
human ger @iffetsRon8hER@ERAL-lidd ddudneSivHeSmat thad2deiihd Neton BRI hain. In
R( Q D) RFPYYFD X LVT%?E 30 h0055_ | n.sone enbodj nent s, éﬁ'ﬁn’] anti body of the
i nvent i on*EBHPLL® 5- §° SETMEAt cOPRYTSS LA STTEHES T HEIE T U PR ee At | east
91% _92;%_) 0:3Uenc A bQS&Tm&&Wl gfo%%\x}a%%ﬁ?ug@% pﬁblicljaﬁ%]i;lﬁﬂfﬁiﬂt&\}ia&ioﬁa@ t he Con
eiiii-li se . - -03; or.to one.of the V-segnments of the
UH | WO 2009 ESAEORRETSEE0 ) SR S8 I PabiBE SHOMHS HeH GIFET such as a
V- segi@®ent ceetmizonkof VHEL, VHE2, VH#3, VH#4, or VH#5. [0056] In sone
enbodi nents, the V-segnent of the VH region has a CDRI and/or CDR2 as shown

i n Fi gur e[o#49) FOrme @¥AMPLemiANY aRin b dipebird BBsikNY LNt Hea¥y draY hayenad CDRI t hat

has the sequence 5GYYMH (SEQ I D NO 24) or NYY1LI (SEQ ID NO 25); or a CDR2
t hat has :{%hgléakﬁéhg-éegmems, and 31 A Iight cliain V-segments, making a total of 3,621

germline V-region pairs. In addition, there are stable alielic variants for most of these V-
segments, but the contribution of these variants to the structural diversity of the germline

20.  repertoire is limited. The sequences of all human germ-line V-segment genes are known and
can be accessed in the V-base database, provided by the MRC Centre for Protein
Engineering, Cambridge, United Kingdom (see, also Chothia et al., 1992, J Mol Biol
227:776-798; Tomlinson et al., 1995, EMBO J 14:4628-4638,; and Wiliiams et al., 1996, J
Mol Biol 264:220-232). |

25  [0050] Antibodies or antibodies fragments as described herein can be expressed in
prokaryotic or eukaryotic microbial systems or in the cells of higher eukaryotes such as

mammalian cells,

[0051]  An antibody that is employed in thezinvcntion can be in any format. For example,

in some embodiments, the antibody can be a complets agtibody including & constant region,
30  e.g., 2 human constant region, or can be a fragment or derivative of a complete antibody, e.g.,

a Fab, Fab’, F(ab’},, scFv, Fv, or a single domain antibody, such as a nanobody or a camelid

antibody.
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WLNPNSGGTNYAQKFQG (SEQ | D NG 26) or W NAGNGNTKYSQKFQG (SEQ I D NO 27).
[0057] In particular enbodi nents, an anti body has both a COR |1 and a CDR2
fromone of the VH region V-segnents shown in Figure 1 and a CDR3 that
conpri ses R( QWD) RPERY:s(SEQ | D NO 22), e.d., RDRFPYYFDY (SEQ/IPoNO41936) or
RQRFPYYFDY (SEQ ID NO 15). Thus, in sone enbodi nents, an 10anti- G\ CSF

anti body of,;t he 'E%%n%'fggg may for exanple, have a CDR3-FR4 that has the
sequence R(LY D) RESYOF LVTVSS (SEQ I D NO. 23) and a CDRI and/or CDR2 as
shown in Fi 1. 0058] 058 B0 She 1By Mibd 891,85 QfeAR- ant i body
of the i nvé%?gn%hggiyfgggﬂférpﬁlg?ﬁhas a %ﬂmﬁdi nglspeeéi fi cipt ySdef%?m nant
R( Q D) RFPY ch:BEQ -k DoNBri22)nprises CRRELIdwingwiendytfran gennl i ne VH1L segnment or a

CDR1 from a hum i g k. i X E6PR1 and 15
CDR2 are from huipak%g{glglrh %fgﬁe& Mise%gargrgn %’g%glﬁ?g% gﬁgﬁ[ﬂc}o%%ch l'i ght

chai n of afRanti-GW CSF anti body of the invention conprises at |ight-chain

V-region that cogpyisess Lhen ERLHOW RYashe MBNeSuendd R UBRRPY (g Ekaizn)
V- segnent sequengigagé@g?rprlg&s? ng DER)I&\g CDaRli- FRZ-%:%I%- FFES 20 2) (a CDRL3 region

conpri sing the sBqudoeniEhdedby FNRanegegl-linCGRERRSPLTN-SEQ | D NO 28) or
QUFNKSPLT £ 2EBidsare q%gat-seq%m%s ERAGRNAN S EIOS U8k M e J- gene

segnent . The I_Olreéii’on conprises e r a anbda or a Vkappa V-segnent.
An exanpl eCHR3&RVkeppat Seoiied ckove gethesUpFor osbmaniang Vi reesrtihatt on with a
conpl e?@”tﬁrgxre\{“ﬂ?.g'_sggnérﬁs %ﬁ@g,%v.,%g: hPnEL AR bubc[806PLo-dhe VL region
CDR3 sequence conprises a |-segnent derived sequence. In_typical

enbodi ment sybaiheend, e freanes eguiamee Yl SulCHRs Jegret fhathes € R dagree I segnent

used for FRdo I0HSeqube i REGNENE G o S0P HNROGHARA LikallBif el tethe B0t mOre

than 2 amino aci rom appa germine V-segnent and J-segnent
sequences. lineregme VEH didi arafitisl-023 01 sires TOREBoERY thedgicgmericifirs $e%tt he BSD

and the COMp.al6 13 WIRded #8h, 981 TLdzNe vaSNeo P EAMRILra» ID6ITRbB N PRRLauSs FRA

conbi nati ons appa chalns are shown below in i

2009/ 1348 I'$520R9L0 D& T BL OB 1, L2561 E & prbi iR reRechEd Ci ty
deter n%nar%?g)ﬂ ls{ﬁ%\%ggis?\q%%%lgﬁf%ngn 153?1?1 sequlences arper Jnde?l i ned: CDR3
JH3, JH4, TH5 or JH6 gene germline segment, or a sequence that has a high degree of amino-

acid sequence identity to a human germline JH segment. In some embodiments, the J

segment is & hurman germline JH4 sequence.

[0054] The CDRH3 also comprises sequences that are denived from a human J-segment.

.20 Typically, the CDRH3-FR4 sequence excluding the BSD differs by not more than 2 amino
acids from a human germ-line J-segment. n typical embodiments, the J-segment sequences
in CDRH3 are from the same J-segment used for the FR4 seguences. Thus, in some
embodiments, the CDRH3-FR4 region comprises the BSD and a complete human JH4 germ-
line gene segment. An exemplary combination of CDRE3 and FR4 sequences is shown

25 below (SEQ ID NO:23), in which the BSD is in bold and human germ-line J-segment JH4

residues are underlined:

COR3
R(Q/D) RFPYYFDYWGQGTLVTVES

30 [0055] In some embodiments, an antibody of the invention comprises a V-segment that has
at least 90% identity, or at least 91%, 92% 93%, 94%, 95%, 96%, 97%, 98%, $9%, or 100%
identity to the germ-line segment VH 1-02 or VEH1-03; or to one of the V-segments of the Vi



QQFNRSPLTFGGCTKVEI K (SEQ I D NGO 29) 5 QOFNKSPLTFGGG TKVEI K (SEQ | D NO 30)
[ 0061] The Vkappa segnents are typically of the VKIII sub-class. In sone
enbodi ments, the segnents have at | east 80% sequence identity to a hunan
germine VKI | WOSHiheR4#8%, e.g., at |least 80% identity to PREUFUMEAIGErm i m
VICI 1 A27 sequence. |In sonme enbodi nents, the 10 Vkappa segnent may differ
by not nor g.gihanndd #eSiueie SudhhoIV\NKithdABtioh Bf GHRBIVISITDUHENBIHAAS, of he VL
regi on V-seqnent of an antibody of the invention has at |east 85%identity,
or at |east¥'90% 91% 92% 93% 94% 95% 96% 97% 98% 99% or 100%
identity to the human kappa V-segnent sequence of a VL region shown in
Figure 1, flB956kkmseplcembediypenis Seyregnensedifefoiasion hayrgPRIiRd or CRAGAS shayyn iyk# 4.
15[ 0062] | nispie bbb RERLSiboNE i iSRAMRMay Phvd €M) mi@e MOshasca CORI
and/ or CDR2 as shown in Fqlﬁgu For exa Iye, an _anti body of the invention
Q

re 1.
may havé a @ORIHYBEYEARE:H oRRSGEVEINVA F BB 3 has theRABERFGSNLA ( SEQ
I'D NO 32); ohvesdo _ @@E@%@Mﬁ@ﬁ@qh_@n@ﬁ@mm@%&b oN@arnt i cul ar
av

enbodi ments, an anti - CSF anti body of the invention may e a CDR1 and a

CDR2 in a conhination as shown in _one of the V-se nts of the regi ons
set forth fqu?ﬁi 5B EET FPRNETES Wog%‘ifﬁéﬁ%%&?ﬁb@dgﬁ&z%@é‘é’nﬁ%ﬁwyﬁ rﬁﬁ%,
e.g., the CDEgnamayhobe ifQQRENKSRE TCHSER! lcbn e R/ TOR FIQQENREPND20SER. | D NO. 28) .

In sone e [ _ %Fﬁ@% : ,%npfise an ER4 .region that
is FGGGT K\TE?)%%%E& 6§@§%l%h , an %%Q&% )'ankfuf’llonosair/le 8@019 ﬁnéegtls’ -

i nvent iton, aréia@i\_/ltf@ﬁpmtibs@,ﬂf the grventigyompy ib!fféﬁf@ﬂﬂl?}%aﬁ?@wﬁﬁﬂmﬁlm@wme the VL
regl ons ShﬁWD}g@PWWGbC@E@T@SS@E@HE%Q@%HQ@D‘Rh‘@ﬁdld{ 8 pREFIKVEL KigoEQ | D
NO 34). 25 . Preparation of GWt CSF anti bodi es [ 0064] An anti body of the

i nvention aBye; CONRLL SGnHmds, 1 B re¥iohbr LEQB0Sy YlfdinyifHtnas Witishs Me##4, or
VH#S as shO\Nan %H%Frhg%%é&% ! n’ sogr{aeglgnbodi ment,” an aiﬁfi‘blodyasof t he

i nvent i on meybiedmpreriEety drigmapnt RUEDIFEPY EFF ORI OAY 2 COBR#OM 2 WS cerptine W T44- 4
as shown ip. Fig g% ?g%m RSO 26 BRARLIPRY S in A% Aokady hhasmacHr r.egi on
VH#1L, VH#ZS, VH#3, - or VH#5 as shown in Figure. 1; and a VL regi on VK#1,
VK#2, NK#3 DR} aryipa hymas powding RHEPGEICE!S1. [ 0065] An anti body may be tested
to confirmthat the antibody retains the activity of antagoni zi ng GW CSF
activity. Ihe adtiggehiiss activity can be determ ned using any nunber of
endpoi nts, including proliferation assays. Anti-GWCSF antibodi es may be
eval uat ed [eEP9hg Adlight riuibdan eiti-G8sa§iS attrady elgbersen@vn cprisena g rehamor
exanpl e, cell-based as : E.t.eceptor signaling, such as assays
whi ch det §fr e al?l(éomﬁjarf%%ytg Eogé‘g%/%lé%a%tlg'on'of a G\t CSF-dependent cell |ine
i n r espongetnmendighi-shatn Yrgesmepiaguepfos GVRESHIE B eCEBAVERT -JR35 used. The

" human ,TF-1 c line is suitable for L Besuch i Vo SEE, i-nner et
o ™" 28009 SeRRLS iR R el MR o INRHER, SAr SR T S
di sease forQWANERPLT (SE MesOridbl e to inhibit GW CSF preferably retains at

| east abou % tiind DY 9 0% 95% or 100% of the
: vufth by §3%h ind P%en8Q%e20% 0 0
ant agoni s %@% %/cfng{/ 5 E’he ant bodl;ll1 chl?rer %@86019/ 2, e.g., W03/068920,

whi ch hasThdeL segivk abhpriseegibons Vismbihe arbippas NoRgerbnal Sstiivddy LMLV1102

Vkappa sequence that supports binding in combination with a complementary Vy-region is

25 provided in Figure 1.

[0060] The V| region CDR3 sequence comprises a J-segment derived sequence. In typical
embodiments, the J-segment sequences in CDRIL3 are from the same J-segment used for
FR4. Thus, the sequence in some embodiments may differ by not more than 2 amino acids
from human kappa germ-line V-segment and J-segment sequences. In some embodiments,
20 the CDRL3-FR4 region comprises the BSD and the complete human JK4 germline gene
segment. Exemplary CDRL3-FR4 combinations for kappa chains are shown below in which
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10 and the CDRs, as defined by Kabat: CDRHLDYNIH (SEQ I D NO 35) CDRH2

YI APYSGGTGYNQEFKN ( SEQ | D NGO 36) CDRH3RDRFPYYFDY (SEQ | D NO 16) CDRL

| KASQNVGSNVA SE%I D NO 37) 15CDRL2SASYRSG (SEQ I D NG 38) CDRL3QOFNRSPLT
(SEQ I D NO 28§V.02i 66645 A high-affinity antibody may be i 8eHVH1°¢4%65i ng

wel | known assays to determi ne binding activity and affinity. Such

t echni ques thawinime cfkdtBlbiadisayscidsitywietdmasnths stdivmgn tad esdikdaeqens:s titvat

enpl oy surfagel.IgI asnon resonance or interferonetry. For exanple, 20
affinities EaA B8 det ermi ned by biol ayer interferometry using a ForteBio
(Mountai n Viey,; CA) Cctet biosensor. An antibody of the invention typically

bi nds with uﬂ%ﬁkﬁfﬁﬁdé’fﬁ\tfﬁﬁé qubm(%ycosyl ated and non-gycosyl ated from

of GW CSF. dp ARG B8Ok Mgntion conpete with c19/2 for
binding to CSF.” The abi | ItIy Sg' ?nwdg'é )lnbody descri bed herein to bl ock or

conpet e W idpegil 9t iphpbidaahengark ity 286SFRImdicates i Rak ehpediasit body
binds to the sane epitope c19/2 or to an epitope that iv%ﬂillﬁjse to, e.g.,
over | appi n§e SHRASHRYE B HEGIe CHERcS LeHBURG PR %@PI%?W FREPS2fBodi nent s
an anti bogyledesns idbady REhehls @ es-1inAVK BN I 7RQEYENED IP$0nE citBodmVins angd VL
regi on_conbi nati on as shown in the tab&gé{grpviged in Figure 1, can be used

as a réf er EhEee HATEBTHY FE IewEgE e iCia %Wﬁﬂntﬁ’m conpet es for
E! ng! ng t]?er@\ﬂd%%ﬁts, ﬁe@%&gi@g‘tfjg@@@ﬁ% 6%@@%@3538?@6'hiv@ntﬁ?&@i@@éakt@ﬁ%ﬁl)ydi nhi bi t

Inarng or. a rererence %ntleo A |0 |On||;l er once Tl OytO
The anci qeHoi PRtICEP By Y4t T okt B8 boughty 0. ST S ataPaocs o
60% gr d75°/flil\/gzﬁli|ﬂ5dto(@fﬁet}ﬁ1ﬁxaﬁka}i}ia V-eastuab@idiceI YV, irfeidheoph @sBRGe 10fr t he test
ant i body. n

y. assays can be enp ,{;ﬁgﬂ% aﬁ S Qi le ng, including ELISA,
as wel | asP*8TRErha¥sagEont §?¥8FF-C§1§1L %o %? - OF ‘
15 J06062] Insome embodiments, the V-segment of the V; region has a CDR1 and/or CDR2 as shown in Figure
1. For example, an antibody of the invention may have a CDR1 sequence of RASQSVGTNVA‘ (SEQID
NO:31) or RASQSIGSNLA (SEQ ID NO:32); or a CDR2 sequence STSSRAT (SEQ 1D NO:33).

0663} In particular embediments, an anti-GM-CSF antibody of the invention may have a CDRI and
a CDRZ2 in a combination as shown in one of the V-segments of the V regions set forth in Figure 1

20 and a CDR3 sequence that comprises FNK or FNR, e.g, the CDR3 rmay be QQFNKSPLT (SEQ ID
NO:18) or QQFNRSPLT {SEQ ID NO:28). In some embodiments, such a GM-CSF antibody may
comprise an FR4 region that is FGGGTKVEIK (SEQ ID NO:34). Thus, an anti-GM-CSF antibody of
the invention, can comprise, e.g., both the CDR1 and CDR2 from one of the Vi regions shown in

Figure 1 and a CDR3-FR4 region that is FGGGTKVEIK (SEQ D NO:34).

25 TV, Preparation of GM-CSF antibodies

{00641 An antibody of the invention may comprise any of the Vyregions VH#L, VH#H2,
VH#3, VH#4, or VH#S as shown in Figure 1. In some embodiment, an antibody of the
invention may comprise any of the Vy regions VEK#1, VEK#2, VE#3, or VK#4 as shown in
Figure 1. In some embodiments, the antibody has a Vyregion VH#1, VEH#2, VH#3, VH#4,
30  or VH#5 as shown in Figure 1; and a Vi region VE#1, VK#2, VE#3, or VKi#4 as shown in

Figure 1.

[0065] An antibody may be tested to confirm that the antibody retains the activity of

antagonizing GM-CSF activity. The antagonist activity can be determined using any number
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[ 0068] Methods for the isolation of antibodies with V-regi on sequences
close to human germline sequences have previously been described (US
patent applicghipg B4Rl i cation nos. 20050255552 and 20060 gg%awﬁptibody
libraries may be expressed in a suitable host cell including ian

cells, yeast cells or prokaryotic cells. For expression in sonme cel
Ssyst ens, Af GIBMEE BdsinecREoER LSt r SRUCMICAE “ifhedics Ty bs AR di r ect

secretion hgn% he nﬁﬁsgéz%@ géséﬁltﬁa& ﬁ?&@@lﬂbsﬁ\%@&dl 8§ eXHb1D) BeIBBEELLEM s kgrom

bacterial cells such as E.” coli with or without a signal peptide. Met hods
for signal OMSSF setiasiapings sahts 5%y VRERGHERILC B B8 ¢ Pf‘éﬁ‘ﬁ?“‘“&ro@ 2descri bed

in US pat egy. @ﬁﬁhéﬁéﬁ&&@&u@&@?&@%@ﬁé% 2 (2082 hkmben e Bes-ake, R M&fEubi ndi ng

anti body, one of H-regl ons of the invention, 10e.g., shown in Figure
1, is ci)rrbil%d’f%wa%ﬁé 1Fll fipets Witapls JpTaHis IDGRCh Hetshay SAE FSINCT&! ¢, shown i n

Figure 1, apghaxpiessed LR 8M6d0fhatis B&iﬂ%fere@fto frod: MR S ask Roravisahi it @bl e
expression system Thus the anti body be expressed as a scFkFv, Fab, Fab'

(cont ai ni répsiEadls PRt SEY dbul nr?femlmg@a@%ﬁlféﬁ@éyut SYear 3t astEPOR e by

di -sul fi deso@@@@i%wm; L, RetweeRsdine i RESr e 8BSt o2 Fab;
nol ecul es), whol e i munogl obulin or truncated imunoglobulin or as a fusion

15pr ot ei n WRC %(%W%%é‘@%tﬁ%“’@ﬁfméﬁﬁfi@a”?@@tsloé thssaqusgaproclapt HEpodvidie02 he host

cell of bh@%f@ﬂs%deﬁl%h\&m ne residue may optionally be present at the:
N-term nus, for _exanple, in poI g%%tl des produced in signal-less expression

systens. . Each ofDRAé VHDONRGHANE &ti%ed herein may be paired with each of

the Vr, regionschaugenerat gy &G e ok GREr@ mjglhj@pgi%. Exenpl ary conbi nati ons
of heavy and Ilaht chains are shown in the tabl e in Figure 1. 20[0070] The

anti bodi es of thERHAVenRPBEPY XAPEI(PEGWP &G %ecept or activation, e.g., by

i nhi biting G\ GShrbi ndi mg@ﬁm\y@@mj @¥woang exhibit high af fini ty
bi ndi ng to G\ CSF, e. n sone enbodi nents, the anti body has a
a

di ssoéfation condRbht oﬁAﬁﬁ%E(im%é}p%séc or less. Not to be bound by

theory, an antidbogy: W t bhoangispye(sith §$Q0i3t.i on constant provides inproved
t herapeutic benefit. For exanple, an antibody of the invention that has a

25t hr ee- f glogh)s| OnRE- aﬁ'irﬁiyraﬁﬁl%dS/ k}@p bgﬂd%aaedgglggwﬁﬁﬁrl&vrl&siy@kcﬂd%ﬁmpot ent

Gwvt CSF neut raI i zi ng activi based assay such as 11-8
product i opfiBSEIVE gd ﬂf@efémﬁp@ zaqmquw%jideﬁﬁlﬁéééﬁaé%ﬁsw Begirgduced using

any nunbeaet&fhn@m %Sér@ﬁoﬁ ﬁfa@é@mﬂdﬂ@&s@%ﬂ@oﬂ%ﬁe@ﬁﬁﬁﬁr y@lkemm@ad eukaryotic
expr ession_s sone enbodi nent S, t he express| on syst emils a

manmetd arpfEdf ?s Cé&ber %@éwd by GOl nisT ERIEP BRE SRR BB (HFPUaipEy WAT- Many such

30syst ensc gy Goribdeindoravai dndibbs df BRMnEMaTRYSitaly bSid PhiheiSilar hinePRodi Ments in
whi ch an anti body conprises both_a reg| on, the VH and VE

regi ons Ay B %CO@Qﬁ?de@éié’ﬂnﬁé’?%&a‘ﬁdgP’l’i‘gj)IfZ;I"gggfor in ad scistronic

expression unit, .or under the control of dlfferent pronDters I n ot her

enbodi medP&71 tﬁéflﬁﬂqlﬁéﬁéthwn‘ie%qncfﬁmﬁﬁt?%Cé%(%?%ég’éwgd%p%@gpgheat e vectors.

A VH or VLijiRedi:0 ot iHesehbed-Rar 8otk FBym@pk vamak by f&@mﬁﬂ%ﬁ cad1ret hi oni ne
at - the N-termnus. {0072] An anti body of the invention na produced in

any rd b &0F grdigags ﬁ%ﬁ t&e apthody a]nﬁbto the same epitope ¢19/2 or to an ep1t0pe that is close
to, e.g., overlapping, with the epifope that is bound by ¢19/2. In other embodiments an

antibody described herein, e.g., an antibody comprising a Vy and V| region combination as
shown in the table provided in Figure 1, can be used as a reference antibody for assessing
whether another antibody competes for binding to GM-CSF. A test antibody is considered to

30  competitively inhibit binding of a reference antibody, if binding of the reference antibody to
the antigen is reduced by at least 30%, usually at least about 40%, 50%, 60% or 75%, and
often by at least about 90%, in the presence of the test antibody, Many assays can be

employed to assess binding, including ELISA, as well as other assays, such as immunoblots.
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5as a Fab, a Fab', a F(al:02, a scFv, or a dAB. An antibody of the
-invention can also include a human constant region. The constant regi on of
the |ight chain may be a human kappa or |anbda constant region. The heavy
chai n const ant ion is often a gamma chain constant r or,.exanpl e,
a ganme-1, ga g“ #¥amma- 3, or gammma-4 constant regi on(?’gllw%zc()’{)9&“@3‘E)8‘Ia

enbodi ments, the antibody may be an I gA 10[0073] In sonme enbodi ments of

t he ‘i nvent ijuas) tfﬂethadktszbndzyolhfhmmégntomdlesewglv A seqnaER clogkiedumaR  VK#4 of
Figure 1, is conb h a 0% 5O B1iGtion EQ | D NO
105t o Tor PR aBHGE B PORC L QPR TIS Pk shERRR fyBidhuen RE | e

i nventi on, z(odsezs\ﬁlz"yb;raeglzo(msmM@&}Mb@ydlbrﬂmma:gmﬁmreiwé@h%%“&%hle]P%b?ean Any
suitable ganma-1 f al e sicheas, bikgidiidldnptoype. 15Thus,
in some errBlﬁg"E H’tag“mal’??eyg?‘lty P%? Sorspb&%%t% haangxg toal | ot pe_constant
regi on, s e. gysiernSRQidnk) phleddkban bchratrochlaai Aty - @HBJGH%T@th’GC‘:fS‘FWWF% VF142,

VF11#3, VI-1#4, I #5 re. 1 PR S, astd g lgplqg (;}ody has
a VL sel ec'?’g‘acefuil@?ﬁ“?ﬂlz Agl@f %ﬁm %#?C&ﬁ%@ﬁﬁg?gl 5u1r e .as n particul ar
embodi rrentsmhduheq@m pdpaidky Metoda fixaspal-lengrainn of ayivoy %@T@@ﬁ fPHrth in SEQ

D NGO 10, nd a ain.co an g as set forth in SEQ ID NO 11,
20 where t & aﬁee 8‘%%‘@ e 2 g?‘ﬁ%%ﬁ@%@ regions conprise one of the

fol | ow ng conbi t| ons fr : c erbiond) VHA2,
VK#3; b) gvﬁ%@l &%@gﬁw%}? a@%‘?%p%@i“ %”@Wiggvgﬁgg a5 8%7 &\?ﬁ@%g E@K% %) VH#4,
VK#2, o) V¥ SshoWh @tgurd), iMbd#Einc KR ond/biBs VMIHbps of thy )HVW%#Q . gvns#@yn [ 00751

| mbodi ti bod
can' bo 25CONETa 88 TORRBITRY CLbraa & TG " aaT e Ry enE Hror

(PEGYI at i Orfus i aS@foldiinay bympmseﬁ@s pmﬁwm m (emttanmgdn rahfinoglopédini n vi vo .
Exanpl es of PEGyl ation of antiho Vi t et al.
Pl at el et s MisgegopencepHipb(s &ﬁ"”’é@rﬁy@{ ﬁ’ﬁ%; hﬂ“@@ mgt cen ﬂﬁqungﬁ Seﬁ@%ngser
70:1126, g%o ﬁafbo&oﬁ&iéﬁ]tﬁho%ﬁ%gi&ﬂdﬂ b u@ﬁ&l@ﬁmﬁﬁ)@bhuhnmhw fasiBi Ot ech.
17: 780, 1999; and Hunphreys, et al., Protein

30[ 0078] mnot@onrea@@ﬁ@iﬁﬁﬁﬁﬁf%wp‘#@%ﬂei%‘a?fé%mfgftg? Wk ‘f%éﬁ%’ f’%’ﬁz‘%{} éQ in the

formof a Falonild 8@k May dﬁtl&ﬂé'ﬂ!v b F;@%hat kﬂeghtcnﬁﬁu&t ﬁfoﬂ e&argﬁaeﬁ adlegpbdesf usi on

of a VL-region to human kappa or nbda cg Eya (!Ehther c,{())nstant

regi on rra;pr@ecqsisreagm%%es%ﬁs?rqswgwweﬁéu Freh gbiRE érfegl?‘?f ped hereimmay

2009/ 1348%@f?%lm%%gp&{t%%émhé’@'g@ﬁérat@ﬁ%dl(EMFEQ? anabdrcarprmammmst ant region

is used in conbination wth Vkappa vari atlgl b 856_ nd a | anbda const ant
i #ri°

region is combigatipns of bgao aafglt <haps ﬁf)Fhé’Wr“érb
the Fab' is a Fd' fragnent generated a Vs i on_of the

re
i nventZlon [#0§0h uerenibeisy of H“&ll%veémﬁléW¥GPA:§§%ch’é‘ﬁf&éw@&n %lgh &first
const ant (r@fﬂlﬁng GM-CSF binding to the receptor, and exhibit high affinity binding to GM-CSF,

he heavy chai n of

e.g., 500 pM. Tn some embodiments, the antibody has a dissociation constant of about 107
per sec or less. Not to be bound by theory, an antibody with a slower dissociation constant
~ provides improved therapeutic benefit. For example, an antibody of the invention that has a
25 three-fold slower offirate than ¢19/2, produced a 10-fold more potent GM-CSF neutralizing

activity, e.g., in a cell-based assay such as II.-8 production (see, e.g., ,Example 2).

[0071] Antibodies may be produced using any number of expression systems, including
both prokaryotic and eukaryotic expression systems. In some embodiments, the expression
system is a mammalian cell expression, such as a CHO cell expression systerm. Many such
30  systems are widely available from commercial suppliers. In embodiments in which an
antibody comprises both a Vi and Vi region, the Vi and Vi regions may be expressed using

a single vector, e.g., in & discistronic expression umit, or under the control of different
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5domai n and hi nge regi on. The heavy chain constant region sequences can be
fromany of the i nmunogl obulin classes, but is often froman I gG and may
be from an IgG lg&, 1g& or 1g&A. The Fab antibodi es of the invention
may al so be h rld sequences, e.gd., a hinge sequence nay, n.one

i mrunogl obul i ﬁ’oszﬁ‘lf?”&ﬂé’%?ss and the CH domain may be from (t}g[s]g@g@ég :
sub-cl ass. 10V. Adnministration of anti-GWCSF antibodies for the treatnment
of di seasegrimomhi BhieEMESRih@tsatht dnged V. £EOT 8y Phexireahtsingncraiado provi des
met hods of treating a.patient fha eas81v IRk NG VLS len Whi ch
it is desirabfe f‘ OﬁhlLBegtonéé/td&%f—Lgad %ilse\llrﬁn%k}% e.on p which GVCSE is a

t her apeuti ovtefged . | n sonme enbodi ments, such a patient has a chronic
inflammatory 15di sease, e.g., arthritis, e.g., rheunmatoid arthritis,
psoriatic apghyi tﬂ,tzannbaﬂj(yﬂtﬁeinm@ﬁspﬁmﬂw prodised jnume ninheerjoffoopats, rickidangt hriti s,
and ot her i nf |l ammat or i.seases of e, ] oi gg@m % dg seases
e.qg., uPceratfth?Edi |(§’,)2’®5 ho's? easen%%a?’réfq%é 819%% R 5
enteritis, hameh @htthf Fepf@n The taretastntgoropalidiight ¢hafnlrammtadmyladkgm dErs of t he
respirator ystem such st h adul t r ir £SS,pyndr one,
allergic r%ﬁ“‘?ﬂdﬁ Fstagi f?ﬁ‘%ﬁf%eacvhngdﬁ? RS i ﬁsgggré%%mﬁhﬁ%%%ry di sease,
hyper sensi trdgvdnt Yr blungleh geases, ganers pinsot- asxrgmmﬂt4|camm weyndinsdkses of
the skin, in di nsg psorl SSI S scIIeroderma and i nflammuatory der mat oses
such as ecsBRImgESH i gL & ticaria, and pruritis; disorders

i nvol vi ng i nfl anmatl on of the nt ral .and per nervo m
i ncl udilhg HY7# pt“éo‘g‘“c?rél?weéﬁs P& glaélﬁf/beoﬁynétr? A P Iyggﬁﬁ%@t hy,

Gui | | ai n- Bapse, @Wmemgzﬂehr1@nmbmdsuftharmanwmwmtammongeg SEQ D
25pol yneuro at hgc neuriod engr.ati ve di seases such as Al zheiner's
di sease. f{‘:‘)‘t”h f CMEPEMREOPY di seases can be treated using the

met hods of the i nventiaon. Thes i ncl ude % rc On CQ §1H§J§/ﬁ healqngrgglgs
i mune- medi®{48d p&at srghod gl ° @ednvent(ﬁ o DRFTET RS g &
spondyl oar { ks-Rpatbdias  Adndiidiseases! Mtotypamnmacctesqen,a;bheascmﬁfewpwe

i nfl anmat ory conponent such as systemnic | er osi fl ammat ory
myopat ht esT L@]‘Bé?”é‘?t‘“%boé’;?’t?ﬁfsoﬁﬁm% ﬁ hatvm‘éanzaalrl%tg[i) dp% g%t'%t? h)gt%) ditis,

gout, oti timsg Isen; UNGhites & W%,sel&tmﬁdrﬁ VBl SaHHED VEds) B BeheBES é?lglyfndr one,

hepat obi | di titl
ganal onat olls "SRR e B BTBarG A Rge S WA EEDES Mot

the patie m;K#mgrl dultf 1, )ammtﬂoem ethiddiiowita gie |ant]lhsp|dy hisg Itah;ea wasteit oagascs bar

system V u er tor di se and

chronic c B@’%go Iﬁﬁ?tal hvéflc}gal F%nr?l?ag{er?% 'I[?g4 Slép y g (gg%g?sﬁare

descrified, wierdkhe hdafty tcdmrtrghs@s:amszaﬁmlmglphe@mﬁsd el ﬂelfolwemgcqonvematlﬁz@ h

Edi ti on, AWl I medisents, a

pat i ent t\r/f%p @BSW‘?%@S it fﬁggnbﬁgum ? gcg}ﬁﬁie%ﬁtﬁ\}\h\?%ﬁ%ﬁ cont ri but es

to tunor o;)waecezt#:sgelmtgr &R, f)éijﬂl,,V&%i«utgbVHﬁél'\Gﬁﬂ PeVREMVE#21 ) some

enbodl rrent\%ﬁﬂg }7%3‘% %#36%,%5 wi th an anti body of the invention has, or is
o : . Sy

ri sk of due to ischemc injury to the
S?Lg'r oscr R o] a%%%?e?@ Bbbdmies taoiarpaht Srar B SRR boay of
the inge ntcb@ﬂgalthﬂ&o a@t}féﬂﬁolebtﬂe,moemhgkdnmmog (PEé}yparpn)ecmscrpm@ﬁlu@@h With
provide an extended half-life in vivo . Examples of PEGylation of antibody fragments are
provided in Knight et ol. Platelets 15:409, 2004 (for abciximab); Pedley et al., Br. J. Cancer
70:1126, 1994 (for an anti-CEA antibody); Chapman ef al., Nature Biotech. 17:780, 1999;

and Humphreys, ef al., Protein Eng. Des. 20 227,2007}.

30 [0076] Insome embodiments, the antibodies of the invention are in the form of a Fab'
fragment. A full-length light chain is generated by fusion of a Vi-region to human kappa or

lambda constant region. Either constant region may be used for any light chain; however, in
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10an anti body of the invention has Al zheiner's disease. In sone

.enbodi nents, a patient treated wth an anti body of the invention has
osteopenia, e.g., osteoporosis. In sonme enbodi ments, a patient treated with
an anti body of the invention has thronbocytopenia purpura. In sone

enbodi ments, WREYP4#4$Ent has Type | or Type Il di abet es POt 1951

enbodi nents, a patient may have nore than one di sease in which GMCSF is a
t her apeut i gyplat @kigaimen.; aﬁ{appﬁcoﬁﬁiﬂtmionﬁﬁ%eﬁlmmhmum@ dVearphrarkbls and

heart failure, or osteoporosis.an rth etc. [0079] The
met hods of T8 g BAPFBP NPT ES Eﬁ’f& iiqglt\g?qq%aad Vﬁ?larbé%flte% DIZEM CSF anti body as

a pharmaceutical conposition to a patient in a th eut i effective
F‘Fg y

amount usi Y73 dBks hegvyrekgin nete S’ isaide rpgpent $EE OO rfégé%‘) The

conposi ti of,.GARRE %&%‘}é&ﬁ%&%or%%n%goﬁ Beqienéad, th@HYst edﬁnsdﬁu{gﬂdpl ivery
systenms. One or nore physiol ogl cally acceptabl e excipients or carriers can

al so besi ndbudednd innaemw% RS Y 6 Fo5Fia F%%SGWP% A TP S BB e

formul at i Ogﬁm Eiobif did éia@seE hﬁtﬂ%ﬁ&?@ém mmwsﬂd%aﬂe&r&@mmmgﬁeﬂg@gwn The
Sci ence and Pra

tice of Pharmacy, 21st Editi % Cgﬁl | adel :
Li ppi ncot t 1 [Thafig" @flw41¢€| af g BN PHoRIPe Rk ﬂ‘?e“@\s/l‘%%r—aaliéﬁl body is
provi ded i Qo2 -SOkUL b0 bid idlthodio¥ulih Bitealss @i BT baid5patbt énin ssuch as a
sterile |soton|c aqueous solution for injection. The antibody is dissolved

or suspend@éf@&tﬁsab@@iﬁt abl e concentration in an acceptable carrier. In some
embodi ments the carrier is aqueous, e.g., water, 6 saline 1phos hat e buffered

sal i nel0 an¥. t he Admigistritien @ﬁﬁ?ﬂc@%@%ﬂ%ﬂtwleé&ﬁtg? freainent otAisFaShEY maceut i cal

subst ances_psy l@s@qga 1.9-@pproxi mat e physi ol ogi cal conditions, such as pH
adj usting and buffering agents, tonicity adjusting agents, 30and the like.

[0081] The, B%@r "ﬁ%%%%ﬁtﬁ)ﬁ'am‘&?{?@faé%a&%@ oPfredife a b AUANHLQRAS Alli€eaaddmi ni stered to

a patient, S osteopenta, asthma, rheunatoid

arthritis,inpsong @M- GS%mtthlth it isgesighiR {4 @%lb’rﬁ&M CSPariYi 44 & “igh 811 e
i di opat hi o Ehrfﬂe%aggutzc@egééf %%ﬁl@%mb&ﬂﬁ&@ﬁns&:hla"ﬂaﬂ&t 854 drenahOsisatorpear t

failure, car di ac mage, e.g., following a heart, attack, throngocytopenla
pUr purks, oliscdicabet ity b gafheameigistarBURs proniait aihgtis grevionnesponddidy " partial |y

arrest the,d} 58601 M%%t SRRl intmdb8easRsa0dNE [ucRMRhiRab RS, An

anount adequate tO acco his is defined as a 5'thera eutl gally
ef f ecti ve difeses.". gA“iChféid%?p?é’mlﬁ» @éﬂhw dspaediorges Budemesiditt ¥ e

~ gluten-sensitive enteropathy; inflammatory disorders of the respiratory system, such as

asthma, adult respiratory distress syndrome, allergic rhinitis, silicosis, chronic obstructive

20 pulmonary disease, hypersensitivity lung discases, bronchiectasis; inflammatory diseases of
the skin, including psoriasis, scleroderma, and inflammatory dermatoses such as eczema,
atopic dermatitis, urticaria, and pruritis; disorders involving inflammation of the central and
peripheral nervous system, including multiple sclerosis, idiopathic demyelinating
polyneuropathy, Guillain-Barre syndrome, chronic inflammatory demyelinating

25  polyneuropathy, and neurodegenerative diseases such as Alzheimer's disease. Various other
inflammatory diseases can be treated using the methods of the invention. These include
systemic lupus erythematosis, immune-mediated renal disease, e.g., glomerulonephritis, and
spondyloarthropathies; and discases with an undesirable chronic inflammatory component
such as systemic sclerosis, idiopathic inflammatory myopathies, Sjogren's syndrome,

30  vasculifis, sarcoidosis, thyroiditis, gout, otitis, conjunctivitis, sinusitis, sarcoidosis, Behcet's
syndrome, hepatobiliary diseases such as hepatitis, primary biliary cirrhosis, granulomatous

hepatitis, and sclerosing cholangitis. In some embodiments, the patient has inflammation
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nonitoring a patient's response to therapy. Typical benchmarks indicative
of a.therapeutically effective dose include anelioration of synptons of the
di sease in the patient. Anpunts effective for this use wll depend upon t he
severity of the disease and the general state of the patient's he

i ncl udi ng ot h&° ¥RE#5PS such as age, weight, gender, 106{’&]?{%?‘@?’?ﬂi’%lon
route, etc. Single or nultiple administrations of the anti body may be

adni ni ster e@iloei&rgeﬁydi}ng tmmarﬁhﬁagdmmeeranm’arﬁqueqﬂenmilaxamatpe'qiiﬁeaseﬁinelndb

tol erated sufficient
quantity of’}i’ﬁ’ﬁ& Sl grf#@ﬁ%"ﬁ fisg 5\%9’%@ C?Ii% \O/rmf§E { rea a%}?#quegt%eent

100821 The dantibdaody., mymtsen a(ﬂﬁhdﬂplsicéﬁled‘nﬂﬂ\@dmméoﬂthﬁd]@gmfﬁl&san,ie{)ﬁ Wi th ot her
t herapies t e di.sease intere The can be
admi ni st er 8% é‘?f({rﬁw “rP ¥ S¢S %IO%II’I PR E{é%ntgrgggd’s%ﬂ Q‘bﬁnﬁgg Ellgéejyl ncl udi ng
but not sl i gant@dn tvhich mM gy natshuts ubuout aneausseli growihns cglitamyoipid

adm i ot er BHCBY~ | REURT PRETGRS APAR" cearor ot aRESR LB IRh B arit )y
be stored atriskOf igh MiluteNe g1 @reith Bcliesnd mmtea@mwam@abysw el a5t i on for

injection at 4C and is diluted in eith 9%.s@gi um
chlori de fSfefHjisat flﬁ?fm%rg%r% :?%gcr%?rs 1Sr 311? ?%Tﬂé %ng‘gotdﬁx(y&sgé F%ﬁt cThgi ant i body
i's adm ni sen ﬁclanlnyodymf Iflﬁ\ll@«r&ﬁ)ﬂ![sl hamisﬂsmaorin ey e odinotyr setioft tpathbwith at a dose

ofbet yeen, 0,210 A0, 1ul | LGS, SUNATER Sk, ARL] RO 1 S

adni ni St er &d™ PR Ve a period etween 15 ni nutes
and 2 hourtﬁeatetllwiiﬁtanlajhtxb@ﬂjfleﬂ’th@mb@ﬂnmmst?ﬂﬂ@h@, aginiskiopereat ilopompy ocedure s

2oV U L AReRS, DL SebOLOR L Dun HOBHE IRGudase aplmpkipady | s chosen

in order tGBPEVFES BIFELTIVE™T era atient an n the range
of |ess th:a]r»pu&t hngﬁd«gniﬁdnhgenweahgh&uentdlaaﬁm@tl ozgw%ﬂmget@oéysqml ght or in the

range L g, -2:8.Rer, é@gl%aﬂ%g@mg  dilecdf8ich BpL Bk 1S, haRagyd - 10

ng/ kg or appr oxi mat pati ent dose may be repeated
at an prrta?rgcrt;eagea;@@eﬂtmeqdnemizeawcmdrﬂmvse@h@ﬁﬁtf%’émr arrpgeoléﬁ*i@s@ Pér day to
once ever ethr&?‘ mgl ... dependi ng on the pharmacoki netics of the antibody
(e.g., haI}?ufn T antlbody in the circulation) and the

phar macod t fect of
Phe ant 1 baly) “TRERERRE ol athenmatn S 2bl M ng - ORE PRI BBl 01 Bt
7 and aboutph@madayis! andpaitibh bodyatide$i ndciapentiepbatiedivbenpbpsiohte per week
and once %"‘%@m%m%}?@m&e forflﬁ%&r[%g{ ﬁ%ﬁ&@@%ﬁém ?iu%?é@%@%hﬁte@qw ni stered

appr oxi mat'e regio or VL region of the
i nventoon usedy aahxs@y dioirgsddivigsystinsg fos bi mors pprripesendly a@éﬁ*ta@?@fﬁﬂl@fs t he VH

and/or Vr, re D, TRY bfp %Cf{ﬂﬁgadin \}%rcoﬁlb!\)imio%@‘ korg%glyi%hﬁulatﬁ)ﬁc Ruigsiedet ecti on of

GMCSFIevecfsma patient. regi on of the invention nay al so be
used, e. gfqrmtﬂaﬂqnsdohmemam preqedt 19_11:@1’[1@'0@13 tound in Remington: The Science and

Practice of Pharmacy, 21st Edition, Philadelphia, PA. Lippincott Williams & Wilkins, 2005.

[0080] The anti-GM-CSF antibody is provided in a solution suitable for injection into the
25  patient such as a sterile isotonic aqueous solution for injection. The antibody is dissolved or
suspended at a suitable concentration in anAacceptable carrier. In some embodiments the
carrier is aqueous, e.g., water, saline, phosphate huffered saline, and the like. The
compositions may contain auxillary pharmaceutical substances as required to approximate
physiological conditions, such as pH adjusting and buffering agents, tonicity adjusting agents,

30  and the iike.

[0081] The pharmaceutical compositions of the invention are administered to a patient, e.g.,

a patient that has osteopenia, asthma, rheumatoid arthrifis, psoriatic arthiritis, ankylosing
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EXAMPLES Exanple |I. identification of engineered human anti-Gwvi CSF V
regions. 10100861 Humaneering was perforned as described in US patent
application publication no. 20050255552. Epitope-focused libraries were
constructed from human V-segnment |ibrary sequences |i ”k%gr}(@zoﬁbm- - FR4
regi on contai Wpﬁa’wégﬂbsequences in CDRE13 and CDRL3 together w th human
germline J-segnent sequences. For the heavy chain, human germline JH4
sequence wasondgled, janailf aliopethe drhugint p@arasitishysamicdearrevibgas e hedquence
was used. 15] 0087]. Full -] en - { -p}mr@@/@}di&bmg:
-restrict eéﬁi#‘ﬁr %ag%}a%%a}ngg%g]ggif lé)g’%glt%%%%ﬁ%ﬁ%ggb I ngigr?lg to reconbi nant
human GW CSfan ditvent shifficlent te ngrelot at\eaktapysially irtasaihy digeese ersuaptaes &f hase for

constructign of "cassette! |i ' GLiGHish iUt enta appl i cation
publ i cat i oﬁw?ﬁ%‘? anfd%éﬁl&%]ifgg . P‘%%‘lﬁgﬁ%ﬁ%‘?gé’payt of t he nurine c19/2

V- segnent wasajcniidailpbifsctivedlsat edthbypeatitallyefegpive flos iffeitra@glidhces. Two types
of cassettes were const. : se&t LS nfQhadd8aVakappa chains were
made by br " 61e0nﬁ%ﬁp3ﬁlcp{1£%\%)r atﬁél%ﬁlgepo ' 5n élequagnces1 %/vi.thi n the framework 2
region. | nitthpstivaly effetonteentiudapdeliotidd bEsyriviarrpidieslistse & 15 PSP es were
constructed for 1 e-h%'r'P@- : i LpdrSQE Y&ty BB BisMuk AARR: dehdracasset t es
whi ch supp‘glrnfnéncis %t?eﬁt Yena g“&é@?@%@%ﬁer% rIlstdenti flyed bylscél ony- Iélef trabi ndi ng
assay and sank@te paientsdirig, poluding pthirtfyctira sl psige, THBMEREBpa human
"frontyend. and “ni dol el 28 caSSELLSS Mehirkitss or hOGRIRE mMbebr | dge PCR to
recons%@uc?dmém'?ﬂﬁtln}&gﬂ%%h%tﬁ g}?glappa r giaon t hat sup orteg@G\%SF bi ndi ng
activity. deniserdigendi Fethsdisharsnd SpEieaty 2 FeiTrbES 8dcY hBaPs Ehd

V- kappa regi,ons, Lat nﬁﬂ-ﬂﬁ%ﬁrﬁviﬁ% 0GlieAGerk QuAAHTRR VEOBEsT LA88] B ndi ng
activity was detefmned by surtface plasnon'resonance (spr) analysis.

Bi ot i nyl at«@c@ehyC8R thiapatealpt ured on a streptavi di n-coated CVb bi osensor
chip. 30 Humaneered Fab fragments expressed fromE, coil were diluted to a
starting dosregntThatitdndomaBee umitisicrtdalond HEPESIbiRgDHNoNgCherag e ony/ nl. BSA
and 0_.1%05% P20, at..pH 7.4, Each Fab was diluted 4 tinmes using a 3-fold

dilution s,ug?'i €S and each concentration was tested twice at 37C to determn ne

t he bi ndi jnetics.with the differept.. LEveant i . The data
fromall UfpsL Shs bl dapd SpfplRaBRim SopE b Mok LRy Sy L B8RS Ton
const ant s routs incliiegrphiaylihiten egrenowntub-COREBF IVrnegiinsT B SHER i n
Boure 1 5, EADLE SnofiRhiahl atnoly dh/IIBRARRLSM: (M banbaipnt iaRdy [ 0089

Thi s exanpli e evaluates ndi ng actrvity and bi ol O(%I cal potency of a
humaneer edxamntliry Givb@SRerauthé Poidtydyi maydbesred-ah 4d e/ made i 1IF HFORBRPEITPON to a
chimerjc |LgQ k antibody . d DM Ll Q08 9RSmf 6. 9Msbdigm MoUSE
ant i bc%gy ﬁ%ﬁﬁ@cﬁ%(%fgrel }é{;m{g@?%)céﬁg\\,fwﬂ ItZSact c;r_s 3: 159,r, 19%_10). ,,g\bl is a

hur naneer edotidgGbkingrtidnogy toagmimssttiae ESpatieny Hep antibody is administered by

intravenous infusion over the course of 1 hour at a dose of between 0.2 and 10 mg/kg. In

other embodiments, the antibody is administered by intravenous infusion over a period of

between 15 minutes and 2 hours. In still other embodiments, the administration procedure 13

25  via sub-cutaneous bolus injection.

[0084] The dose of antibody is chosen in order to provide effective therapy for the patient
and is in the range of less than 0.1 mg/kg body weight to about 25 mg/kg body weight or in
the range 1 mg— 2 g per patient. Preferably the dose 1s in the range 1 ~ 10 mg/kg or
approximately 50 mg — 1000 mg / patient. The dose may be repeated at an appropriate

30  frequency which may be in the range once per day to once every three months, depending on
the pharmacokinetics of the antibody (e.g:, half-life of the antibody in the circulation) and the
phazmacodynarm"c response (e.g., the duration of the therapeutic effect of the antibody). In
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10i dentical constant regions to Ab2. Surface plasmon resonance analysis of
‘bi ndi ng of human GMCST to Ab | and Ab2 10090] Surface Pl asnmon resonance
?Eal _ys![s vvaf usedfto corrpa&e bi ndi ng ki netics and nonoval ent affinities for
he interaction of Ab | and Ab2 with glycosylated human . ' a
Bi acore 3000 ‘?R%?O?/ﬁlsrér\g[ﬁt. Abl or Ab2 was captured onto the %@3@82% p
surface 15 using polyclonal anti-human F(abl)2. dycosylated reconmbi nant
E_u ma? GV CSnexhndissed, the o leiih X Bewet] Dojasands téé dayp andAmaPsiye
Inetic copstants wer Ler 089, deb .l dnROSRENI8RLHEXR b RS neRe Fi gure
2 and Tabl gosirbg.lsnia %%rdg’g%l%t sgr[slhgw tﬁa%r%cﬁ CSF!%Jlﬂ)tgci)unclt to Ab2 and X(gﬁlj W tﬂ
conpar abl ethremivedy ®ntmaiddred apyrokimatehy @iceRPerinffent . However, Ab | had a
two-fold slower "on-rate" than Ab2, but an "off-rate" that was
gp |tor oxi maél Q)Pyslt hi &g +éednchin@0sV oweion oTtb fngerttion Kiayatsp be BBAST AIFEROSHE 37C
eterm pe romthe surface.pla n 1iSs1 L | 2,
associ at i off"EEHs 8%?“{"1@5‘:: &ai"gsﬁ‘%‘??ﬁ‘{ﬁ %ﬁﬁ%@%ﬂ?ﬁ%@%r%@?&éﬁ%@%ﬁéﬁ?ﬁ ed
gfg |6 ni tyo(ddﬁf)ctia’fﬁ@hm.leveﬁean(i Miatl A Y Qoi(6: kjiop eDhe Bvpntiap maapisabe 20 x 10
: x 105 2.2 x 10-5 7.20 .0-6 30.5 25.1 100911 GV CSF is naturall
gl ycosyl at‘égad’ﬁtg"ﬁoo?rﬁéqﬁ?fﬂi%h{(% gigoﬁi@ *0-1inked glycosyl ation sites d

EXAMPLES

Example 1. Identification of enginecred human anti-GM-CSF V regions,

10 [0086] Humaneering was performed as described in US patent application publication no.
20050255552. Epitope-focused libraries were constructed from human V.-segment library
sequences linked to a CDR3-FR4 region cbntaining BSD sequences in CDRH3 and CDRL3
together with human germ-line J-segment sequences. For the heavy chain, human germ-iine

JH4 sequence was used and for the light chain, human germ-line JK4 sequence was used.

[0087] Full-length Humaneered V-regions from a Vhi -restricted library were setected that
supported binding to recombinant human GM-CSF. The “full-length” V-kappa Library was

used as a base for construction of “cassette” libraries as described in US patent application

15

publication no. 20060134098, in which only part of the murine ¢19/2 V-segment was
initially replaced by a library of human sequences. Two types of cassettes were constructed.

20 Cassettes for the V-kappa chains were made by bridge PCR with overlapping common

sequences within the framework 2 region. In this way “front-end” and “middle” human
cassette libraries were constructed for the human V-kappa I isotype. Human V-kappa III
cassettes which supported binding to GM-CSF were identified by colony-iift binding assay
and ranked according to affinity in ELISA. The V-kappa human “front-end” and “middle”

25 cassettes were fused together by bridge PCR to reconstruct a fully human V-kappa region that

supported GM-CSF binding acfivity. The Humaneered Fabs thus consist of Humaneered V-

heavy and V-kappa regions that support binding to human GM-CSF.

[0088] Binding activity was determined by surface plasmon resonance (spr} analysis.
Biotinylated GM-CSF was captured on a streptavidin-coated CM5 biosensor chip.
Humaneered Fab fragments expressed from . coli were diluted to a starting concentration of

30
30 nM in 10 mM HEPES, 150 mM NaCl, 0.1 mg/mi BSA and 0.005% P20 at pH 7.4. Each
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25 al though gl ycosylation is not required for biological activity. In order

to determ ne whether GwW CSF gl ycosyl ation affects the binding of Abl or
?bZ,dFPE ant i bodi es mergmfonpared in an ELI SA using recomnbi nant GVt CSF from
wo different sources; CSF expressed in E. colt (non-glyco

GM CSF expr es¥€3"Prigi-human 293 gells (glycosylatedg. Tﬁgﬁx@@@xmg&gd)_and
2009/ 134805PCDU52009/ 041981 results in Figure 3 and Table 2 showed t hat

bot h alnt i badh e&s binwid: whyaeiay b atfed danitn sog kytosly taret 2@ GSFests tice

equi val ent activities. The .two antibodi es .also : Lat

val uee i n e sCasdgnedgy R Elar ot BF o P B e S T
to human Guk@Sbnf dlampet wWoracisfifess Brlobsisow cees! tetiBraviatietcdpytar.| SA. Bi nding to
reconbi nant Gvt CSF from hunman 293 cells (gl ycosylated) or fromE coi

(non- gl ycosybasiedhumascReuei-Ghness fremdsae shodepefigeal. experi ments.
Experiment | is shown in Figure 5. Non-glycosylated (exp 1)

Non- gl ycosykahadr ( 8¥duaddn & Meosydaldedh@xrnidodb2 400 pM 433 pM 387pM Abl

[0089] This cxample evaluates the binding activity and biological potency of a humaneered
anti-GM-CSE antibédy in a cell-based assay in comparison fo a chimeric IgGlk aniibody
(Ab2) having variable regions from the mouse antibody LMM102 (Nice ef al., Growth
Factors 3: 159; 1990). Abl is a humaneered IgG1k antibody against GM-CSF having

10 identical constant regions to Ab2.
Surface plasmon resonance analysis of binding of human GM-CSF to Abl and 4b2

[0090}  Surface Plasmon resonance analysis was used to compare binding kinetics and

monovalent affinities for the interaction of Abl and Ab2 with glycosylated human GM-CSF

using a Biacore 3000 instrument. Ab1 or Ab2 was captured onto the Biacore chip surface
15 using potycional anti-human F(ab’)2. Glycosylated recombinant human GM-CSF expressed
from human 293 cells was used as the analyte. Kinetic constants were determined in 2
independent experiments (see Figure 2 and Table 1). The results show that GM-CSF bound
to Ab2 and Abl with comparable monovalent affinity in this experiment. However, Abl had

a two-fold slower “on-rate” than Ab2, but an “off-rate” that was approximately three-fold

20 slower.

Table 1: Kinetic constants af 37°C determined from the surface plasmon resenance analysis in Figure
2: association constant (k,), dissociation constant (ky) and calcuiated affinity (KD) are shown.

| j ke (M's™) ka(s™) KD (pM)
7.20x 10° 22x 107 30.5
2.86x 10° 7.20x 10°° 251

’ Ab2
Abl

}

[0091] GM-CSF is naturally glycosylated at both N-linked and O-linked glycosylation sites
25  although glycosylation is not required for biological activity. In order to determine whether
GM-CSF glycosylation affects the binding of Abl or Ab2, the antibodies were compared in
an ELISA using recombinant GM-CSF from two different sources; GM-CSF expressed in £,

coli (non-glycosylated) and GM-CSF expressed from human 293 cells (glycosylated). The
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Bi oti nyl ated Ab2 was prepared using known techniques. Biotinylation did not
af fect  bi ndi nYO3f"Ap%t 0 GM CSF as deternmined by ELISA %T/Ulsﬁ’é‘”%i‘é‘g‘éy, Ab2
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sane epit opempAdiie EOgpPatedn mivssagf f ectively for binding to GMCSF t han Ab2,
consistent with the slower dissociation kinetics for Abl when conpared Wi th
Ab2 by 20sutfiar suphasFORC Rsananeestnal ysi © huNeuiv-aBT fat vonifefenGV CSF
activity byouAbl deartlnadbh2 ELBB92ndiAr vetcbmbrsedMdsEdypmflopani@iitdlal i zati on of

GM CSF act (ahicbsylatsdior BapEoyé thorelyevdiuare dbegityifenlvpoleney! s THecassay
_maasurﬁs Ef@ﬂ@@é#étﬂiﬂb‘ﬁﬂf}fl%wy cells induced with GMCSF. |L-8 secreted
into the culture svpe*rmft T 16 hours

25i nduction with 9.5 ng Wﬂm}c&% & rtlgﬂvé@&g%%ﬁc‘g %OSIQ%% A conpari son of
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i nhi bi ted GV CSF &8t vi y @bt £ b \f'{é@\?M{ har A2 kYEA ¢onparing | C50
(Table 3). WD 2009/ 134805PCT/ US2009/ 1141981 TabI e 3. Conparison of 1050
for inhibition of GWCSF induced IL-8 expression. Data fromthree

i ndependent experinents shomm in Figure 5 and nmean 1C0 are expressed in

ng/ m and nM Experinent Ab2 g
10 [0092]  Abl is a humaneered an‘a ody that was derived from the mouse variable regions

U

- L

present in Ab2. Abl was tested for overlapping epitope specificity (Ab2) by competition
ELISA.

[0093] Biotinylated Ab2 was prepared using known techniques. Biotinylation did not
affect binding of Ab2 to GM-CSF as determined by ELISA. In the assay, Ab2 or Abl was
15 added in varying concentrations with a fixed amount of biotinylated Ab2. Detection of
biotinylated Ab2 was assayed in the presence of unlabeled Ab or Abl competitor (Figure 4).
Both Abl and Ab2 competed with biotinylated Ab2 for binding to .GM-CSF, thus indicating
binding to the same epitope. Abl competed more effectively for binding to GM-CSF than

Ab2, consistent with the slower dissociation kinetics for Abl when compared with Ab2 by

20 surface plasmon resonance analysis.
Neutralization of GM-CSF acrivity by Abl and Ab2

[0094] A cell based assay for neutralization of GM-CSF activity was employed to evaluate
biological potency. The assay measures IL-8 secretion from U937 cells induced with GM-

CSF. 11.-8 secreted into the culture supernatant is determined by ELISA after 16 hours

25  induction with 0.5 ng/ml . cofi-derived GM-CSF.

10095] A comparison of the neutralizing activity of Abl and Ab2 in this assay is shown in a

representative assay in Figure 5. In three independent experiments, Abl inhibited GM-CSF
activity more effectively than Ab2 when comparing IC50 (Table 3).

26



Ab2 (nM Abl

2.2 20.7

0. 14 Mean

(ng/ 0 Abl

WO 2009/134805

(nM A 363 2.4 31.3 0.21 B 514 3.4 92.5 0.62 C 343

PCT/US2009/6419812

Table 3. Comparison of IC50 for inhibition of GM-CSF induced IL-8 expression. Data from three
independent experiments shown in Figure 5 and mean ICs, are expressed in ng/ml and nM,

—‘Experiment Ab2 (ng/ml) Ab2 (nM) Abl (ng/ml) Ab1 (nM)
A 363 2.4 313 (.21
B 514 34 92.5 0.62
C 343 2.2 20.7 0.14
Mean 407 2.7 48.2 0.32 |
Sunmmnary

The humaneered Ab1 bound to GM-CSF with a calculated equilibrium binding constant (KD)
of 25 pM. Ab2 bound to GM-CSF with a KD of 30.5 pM. Ab2 showed a two-fold higher
association constant (k,) than Ab1 for GM-CSF while Abl showed three-fold slower
dissociation kinetics (kg) than Ab2. Ab2 and Abl showed similar binding activity for
glycosylated and non-glycosylated GM-CSF in an antigen-binding ELISA. A competitioh
10  ELISA confirmed that both antibodies competed for the same epitope; Abl showed higher
competitive binding activity than Ab2. In addition, Ab1 showed higher GM-CSF

neutralization activity than Ab2 in a GM-CSF-induced I1.-8 induction assay.

15 ]0096] Although the foregoing invention has been described in some detail by way of
illustration and example for purposes of clarity of understanding, it will be readily apparent to
one of ordinary skill in the art in light of the teachings of this invention that certain changes

and modifications may be made thereto without departing from the spirit or scope of the
appended claims.

20 [0097] Al publications, accession numbers, patents, and patent appHcations cited in this

specification are herein incorporated by reference as if each was specifically and wndividually

indicated te be incorporated by reference.
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407 2.7 48.2 0.32 Sunmmary 5 The humaneered Ab | bound to GMCSF with a
cal cul ated equilibrium binding constant (D) of 25 pM Ab2 bound to Gw CSF
with a KD of 30.5 pM Ab2 showed a two-fold higher association constant
(ka) than Ab | for GMWCSF while Ab | showed three-fold slo ciation
ki netics (kd) WhAKNAHYS Ab2 and Ab | showed sinilar bi nd'i)(nTétsééfﬁf”?%%]y f or
gl ycosyl ated and non-gl ycosylated G CSF i n an antltgen bi ndi ng ELI SA. A
conpet i ti onEskpElry SA regnd segmedet ¢fantifVHC ShujtBodice st o yet®®: for the sane
epitope; Ab I showed hi gher conpetitive binding activity than Ab2. In

addi tion, AEgGmshowediégheurdVt CSF neutralization activity than Ab2 in a
GWt CSF-i nduced |1 L-8 induction assay. 15100961 Although the foregoing

i nventi on h@sQbeencdesgKiPbad VK SSEnes GERRIIAY \BYHHEYR @AP GOGLEWMET VERPTANd

apparent {SBRBRRORFaPRErFT O AP HRL AR Ao YR DR o o

this i ngentdonrtyarscertain changes and nodifications may be nade thereto
wi t hout departing fromthe spirit or scope of the appended clains. 20[0097]
Al'l publications, accession nunbers, patents, and patent applications cited

in this spegid iEaLIDVIRRZErierei)n i ncorporated by reference as if each was
specifically and individually indicated to be incorporated by reference.

VWO 2009/ 134RQFRERISROVOKBE A8 L VSEXASIVSFTNVIVIHRER QAP GRRUBWOEEVBIAG

| ???/a-V%AGgE L '%gb O@dg' ;gi%%e %g%&%@%&ﬁgﬁwwﬁﬁpf?%%é)

GGTNYAQKFQERMTMIRIIESI STAYMELSRLR SDDTAVYYCVRRDRFPYYFDYW 5 GQGTLVTVSS SEQ | D
NO 2 (MI1#2, Figure 1)

SEQ ID NO:3 (VH#3, Figure 1)

QVQLVQSGAEVKKPGASVKVSCKASGYSFTNYY THWVRQAPGQRLEWMGWINAG
NGNTKYSQKFQGRVAITRDTSASTAYMELSSLRSEDTAVYYCARRQRFPYYFDYWG

15 QGTLVTVSS

SEQ ID NO:4 (VH#4, Figare 1}

QVQLVQSGAEVEKPGASVKVSCKASGYSFTNYYIHWVRQAP GOQRLEWMGWINAG
NGNTKYSQKFQGRVAITRDTSASTAYMELSSLRSEDTAVYYCVRRQRFPYYFDYWG

20  QGTLVTVSS

SEQ ID NQO:5 (VH#5, Figure 1)

OVQLVQSGAEVKKPGASVKVSCKASGYSFTNYYIHWVRQAPGQRLEWMGWINAG
NGNTKYSQKFQGRVTITRDTSASTAYMELSSLRSEDTAVYYCVRRQRFPYYFDYWG

25 QGTLVTVSS
Exemplary Vi region sequences of anti-GM-CSF antibodies of the invention:

SEQ ID NO:6 (VK#1, Figure 1)

BIVLTQSPATLSVSPGERATLSCRASQSVGTNVAWYQQKPGQAPRVLIYSTSSRATGI
30  TDRFSGSGSGTDFTLTISRLEPEDFAVYYCQQFNRSPLTFGGGTKVEIK
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QVQL VQSGAEVKKPGASVKVSCKASGYSETNYYTHWRQAPGQRL EWVGW NAG
NGNTKYSQKFQGRVAI TRDTSASTAYMEL SSLRSEDTAVYYCARRDRFPYYFDYWG 10 QGTLVTVSS SEQ
IDNO 3 (VI1#3, Figure 1)

QVQLVQSGAEVI CKPGASVKVSCKASGYSFTNYYTHW/RQAPGORL EWVGBW NAG (
NGNTKYSQKFQGRYA HRETEAS TAYMEL SSLRSEDTAVYYCARRQRFPYYFDYWS 15 2 8EH N vss sEQ
ID NO.4 (VII#4, Figure 1)

QVQLVQSGAEVI CKPGASVKVSCKASGYSFTNYYTHWRQAPGORL EWVGW NAG

NGNTKYSQKF : VEL SSLRSEDTAVYYCVRRQRFPYYFDYWG 20 QGTLVTVSS SEQ
ID NO 5 (v%%ﬂ %Bgiﬁéé“g g

NENTIY SOKE I T SRS AP By ST
NGWKYS@F@@%&&A A %%@%W WEEE TS5 Hyss
Exenpl ary VbRASGISOBGISGUENSRSEDEDRAY I YCRIESK SPRMTFGOGITEYEN e i nvention: SEQ
ID NO. 6 (VIC/41, Figure 1)

El VETQSRATL SVSRGERATESCRASQSVGTNVAWQQKPGQARRVLI YSTSSRATG 30 TDRFSGSGS
GTDFTLTI SReEREDFAWYCHBNRG TFGGGTKVELK  SEQ ID NO 7 (VI C#2, Figure 1)

El VETQSPATL SVSPGERATESCRASQSVGTNVAWYQQKPGQAPRVLI YS TS SRATG  TDRFSGSGS
GTDFTLTI SRERERFMNYCQRBNKERITT TGS VKT 5 VEEQQKDGNA PR LVKEBSSRA TtifTe 1)

El VETQSPATLSVSPGERATES W TG T DRFSGSGS

GTDFTLTI m@@ﬁﬁﬁéﬁ@%@éﬁgﬁa@% F@@Eﬁ%ﬁ@s VI C#4, Figure 1)

El VETQSPATL SVSPGERATESCRASQSI GSNLAWQQKPGQAPRVLI YSTSSRATG T

DRFSGSGSGTDFTLTI SRL. EPEDFAVYYCQQFNKSPLTFGGGTKVEI K 15 SEQ | D NO 10 Exenpl ary
@fwgghe

kappa ¢6nsPERIPREGIN PPSDEQLKS GTASWC
LENNT YPREASWOMOADNAL QSSNSERESL AR ASQSIGSNLAW YQQKPGQAPRVLIYSTSSRATGIT

ncavy chai HRESHSPRREDR Dol ShLEAER oL ypaa Ve peehe ROt AT Bxerplary

15  SEQ ID NO:10 Exemplary kappa constant region

RTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVT
EQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

SEQ ID NO:11 Exemplary heavy chain constant region, f-alletype:

20  ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVL
QSSGLYSLSSVVTVPSSSLGTQTYICNVNHEKPSNTEKVDKRY! EPKSCDETHTCPPCPAP
ELLGGPSVFLFPPKPKDTLMISRTPEVITCVVVDVSHEDPEVKFNWYVDGVEVHNAKT
KPREEQYNSTYRWSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREP
QVYTLP'PSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGS-

25  FFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK.



20 AS TKGP SVFPLAP S SKSTSGGTAALGCLVI CDYEP EPVTVS WNSGALTS GVHTFPAVL
QSSAYSLSSWTVPSSSLGTQTYI CNVNEMPSNTKVDKRVEPKSCDKTEI TCPPCPAP
ELLGGPSVFLEPPI CPKDTLM SRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVI NAKT MCSLLP
KPREEQYNSTYRVVSVETVLHQDWENGKEY! CCKVSNKALPAPTEKTI SKAKGQPREP
QVYTLPPSREEMIKNQVSLTCLVKGFYP SDI AVEVESNGQPENNYKTTPPVLDSDGS 25
FFLYSKETVDKSRWQQGNVESCSVMHEALTQKSLSLSPGK  WHAT S CLAIMED |I'S: An isol ated

anti-Gwégﬁggﬁgﬁgggggg%ﬁggyrising: a Vthat has a CDRL having a
sequenc ‘ 1 25), a CDR2 having a sequence W NAGNGNTKYSQKFQG
(SEQ ID NO 27), and a CDR3 having a sequence RQRFPYYFDY (SEQ I D NO 16);
and a VL that has. aving a sequence RASQSVGTNVA (SEQ I D

NO 31) dr RAéégﬁégﬁﬂ&n?é%g&éﬁﬁ%ﬁﬁﬁﬁy1é%?ﬁﬁﬁ%%'having a sequence STSSRAT (SEQ
ID NG 33), apd;antiR3 na¥RNGadfing 8HARES: QORVKSREED (RO H, NOk®) or
QQFNRSPLT (SEQ I D NO . 28). 2.The antibody of claim1l, wherein the J segnent
conpri sésvINEDYWEOETL WSS N SEDKN D Qo @4) (SEQ ID NOrRe). and # bOWRA lofvirglai m 1,

wherein _the Vi L i V-se nt sequence froma VH regi on VH#3
( SEQ | Ds‘ﬁ&%e&@ﬁgg%{@?#@i\)@?yﬁ %5 (SEQ ID NO5). 4. The anti body
LN, s DM b b pomemsat T S5 POEY, i
Wherel n RS SSRGS OB aa0) & (ORDAT s s enort FSshaSEOgD The

ant i bod cl.aj i k€ . QQFNKSPLT (SEQ I D
G 18y - e e R R R e en CoRt has ¢ he

sequenc &(RASCBIGSNIN (SEQL2B).NO: 32) . 8. The antibody of claim1, wherein
the VL region CDR3 conprises QQFNRSPLT (SEQ I1) NO 28). 9. The anti body of
claim8, wherein the Vi, region CDRI has the sequence RASQSVGINVA (SEQ I D

NG 31). 2, The antibody of claim |, wherein the J segment comprises
YEDYWGQGTLVTVSS (SEQ 1D NO:14).

3, The antibody of claim 1, wherein the Vi region comprises a V-segment sequence
from a Vy region VH#3 (SEQ 1D NO:3), VH#4 (SEQ 1D NO:4), or VH#5 (SEQ ID

NO:5).

4. The antibody of claim 1, wherein the Vy; has the sequence of VH#3 (SEQ 1D
NO:3), VH#4 (SEQ ID NO:4), or VHAS (SEQ ID NO:5).

5. The antibody of claim 1, wherein the antibody comprises a human germline JK4

region.

6. The antibody of claim 1, wherein the Vy region CDR3 comprises QQFNKSPLT
(SEQ ID NO:18).

7. The antibody of claim 6, wherein the Vi region CDRI has the sequence
RASQSIGSNLA (SEQ ID NO:32).
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10. The anti body of claim1l, wherein the Vi, region conprises a V segnent
sequence froma VL region VIC# | (SEQ ID NO 6), VK#2 (SEQ ID NGO 7), VK#3
(SEQID NO8), or VK#4 (SEQ ID NO 9). 11. The antibody of cl &G#HllP wherein
the VI, region has the sequence of VK#1 (SEQ ID NO 6), VK#2 (SEQ ID NO7),
VIC#3 (SEQ ID NGO 8), or VK#4 (SEQ ID NGO 9). 12. The anti body of claim 1,
wherein the antibody is an IgG 13. The anti body of claim 12, wherein the
anti body conprises a heavy chain constant region having the am no acid
sequence set forth in SEQID NO 11 14. The antibody of claim1, wherein

t he ant iSbody Tdenprbsbsaldkappavherahthedhaiepioo SR AR MpagisdPQRERBAYTt he ani no
acid squﬁgﬁé‘sﬁt 5orth in SEQID NO 10. 15. The antibody of claim1,
wherein ﬁ? ég”on or the VL region, or both the VH and V1 regi on am no

aci d sequences conprise a nethionine at the N-term nus. 16. The anti body
of claim1, wherein the antibody conprises a VIl region having a sequence
of V14#3 % SEQIhpandasly of gl § sEgreiphre 1 4ygion CRNREmRSUBEQINERRO 5) and a VL
regi on haw ATRRGUES BhWK#l, (SEQ I D NO 6), VK#2 (SEQ ID NO 7), VK#3
(SEQ I D hKIgg, or VK§4 ?éE D %KIQ). 17. The anti body of claim 16, wherein
the antibody is an 1gG 18. The antibody of claim 17, wherein the antibody

conprises a heavy.chain constant regi having the amj no acid sequence set
forth iﬁaSEQt}lf)a %If?c%@iﬂﬂh&ha’r‘ﬂf} %83@ 18$”E|¢§iﬂﬁfli%‘-‘,ﬂ%%%?lﬁ SERENSNT | body

conpri sesnfs KaRRAA e (Shaiih Konst art2 (SBHAM havi)n IIHNOG)d
sequence set ?orth in SéQ ?b htzq?b. ( D R@)NIKBTSEQIDNGS);
or VK#4 (SEQ ID NO:9).

1. The antibody of claim 1, wherein the Vi, region has the sequence of VK#1 (SEQ
ID NO:6), VK#2 (SEQ ID NO:7), VK#3 (SEQ ID NO:8), or VK#4 (SEQ 1D NO:9).

12. The antibody of claim 1, wherein the antibody is an IgG.

13, The antibody of claim 12, wherein the antibody comprises a heavy chain constant

region having the amino acid sequence set forth in SEQ ID NO:11

14. The antibody of claim 1, wherein the antibody comprises a kappa light chain

constant region having the amino acid sequence set forth in SEQ 1D NO:10.

15. The antibody of claim 1, wherein the Vs region or the Vi region, or both the Vy

and Vy region amino acid sequences comprise a methionine at the N-terminus.

16.  The antibody of claim 1, wherein the antibody comprises a Vi region having a
sequence of VH#3 (SEQ ID NO:3), VH#4 (SEQ ID NO:4), or VH#5 (SEQ ID NO:5) and
a Vi region having a sequence of VK#1 (SEQ ID NO:6), VK#2 (SEQ ID NO:7), VK#3
(SEQ ID NO:8), or VK#4 (SEQ ID NO:9).
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20. The anti body of claim11, wherein the antibody has: a heavy chain
and a light chain variable region conbination selected fromthe group
consisting of: a) VH#4 (SEQ ID NO 4), VK#1 (SEQ ID NO 6); b) VJi+#4 @SEQ | D
NO 4), VK#2 (SEQ ID NG 7); c) VH#4 (SEQ ID NG 4), VK#3 (SEQ ID N08"")

VH#4 (SEQ ID NO 4), VK#4 (SEQID NO9); e) VI-1#5 (SEQ ID NO5), VI C#l
(SEQID NGO 6); 0 VH#5 (SEQ ID NO5), VK#2 (SEQID NGO 7); g) VH#5 (SEQ ID
NO 5), VK#3 (SEQ ID NO 8); and h) VH#5 (SEQ ID NO5), VK44 (SEQ ID NO9).

21. The antibody of claim 20, wherein the heavy chain variable region is

VI - 1#4 (ISEQ |®0M@Ih9dya¢fopialﬁeld vdletei Higiantibedyi labhég@egi on is VK#1 (SEQ I D
NG 6). 22. The anti body of claim20, wherein the heavy chain variabl e region
is VH#4 (SEQ ID NO 4) and the light chain variable region is VK#2 (SEQ ID
NO 7). 23. Thetanbiibadyofafaiel &, mh2in whenebdailyt denfieayy hehigi daakhabe regi on
is VH#4 (SEQ I D 4) .and the light chain variable region is VK#3 (SEQ I D
NO 8). re&ign hayjpe W@%ﬁﬂﬁcléﬁe%%ea??ﬁe?@f[%égé? o t¥&lheavy chain variabl e
region is VH#4 (SEQ ID NO 4) and the light chain variable region is VK#4
(SEQ ID NO9). 25. The antibody of claim20, wherein the heavy chain

vari abl 9r egildn aiisbods#8 c{e8BQ 6L BhM@irbhe anbadyesolipgists Thagipa lighr ¢labl e regi on
is VIC#HL

chain v§P’ig i%?éeql%ggd[ § @eﬁwgﬁgéﬁ%g%%l%&%ﬁwgﬁ;?nt C:r P:g?/)e/
region is VIC#2 (SEQ ID NG 7).
20.  The antibody of claim 1, wherein the antibody has:
a heavy chain and a light chain variable region combination selected from the
group consisting of:
a) VH#4 (SEQ ID NO:4), VK#1 (SEQ ID NO:6);
b) VH#4 (SEQ ID NO:4), VK#2 (SEQ ID NO:7);
c) VH#4 (SEQ ID NO:4), VK#3 (SEQ ID NO:8);
d) VH#4 (SEQ 1D NO:4), VK#4 (SEQ ID NO:9);
e} VH#5 (SEQ ID NO:5), VK#1 (SEQ ID NO:6);
£y VH#S (SEQ ID NO:5), VK#2 (SEQ ID NO:7);
g) VH#5 (SEQ ID NO:5), VK#3 (SEQ ID NO:8); and
h) VH#S (SEQ [D NO:5), VK#4 {(SEQ ID NO:9),

21, The antibody of claim 20, wherein the heavy chain variable region is VH#4 (SEQ
iD NO:4) and the light chain variable region is VK#1 (SEQ ID NO:6).

22, The antibody of claim 20, wherein the heavy chain variable region is VH#4 (SEQ
[D NO:4) and the light chain variable region is VK#2 (SEQ ID NO:7).

23, The antibody of claim 20, wherein the heavy chain variable region is VH#4 (SEQ
ID NO:4) and the light chain variable region is VK#3 (SEQ ID NO:8).
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27. The antibody of claim 20, wherein the heavy chain variable region is
VH#5 (SEQ ID NO'5) and the light chain variable region is VI CO ( SEGLLD

NGO 8). 28. The anti body of claim 20, wherein the heavy chain variable
region is VHA5 (SEQ ID NO 5) and the light chain variable region is VKg4
(SEQ ID NO9). 29. The antibody of claim 20, wherein the anti body

conpri ses a heavy chain constant regi on having the am no acid sequence set
forth in SEQID NGO 11. 30. The antibody of claim 29, wherein the antibody
conprises a kappa light chain constant region having the am no acid
sequenc@4.set Thoatttboidn 0 SE@N DONGherg®. the Bavy Ahainsariabledegon is- \GVHESE@Nt | body

ani po. ath g et et ARG s E T R 0 PEine 27 SEQ 1D MO 3
SEQ Il NG 4, or SEQID NO 5. 32. The isolated antibody of claim 31

wherein the anti body conprises the VH region set forth_in SEQ ID NO 5.
33. The2§-sol ?ﬁbwﬂ@ﬁdy pbelpiny £0 cvhgreindhe hissy ehaintvadabiptsdeny Coimrides the VH

291 on S o1 APUSEALR M oy ey BOkGUBdyany | body of el ai m 31

wherein rises regi hin SEQID NG 3 35.
The isol ated anti body of claim 31 wherein the anti body conprlses t he VE,
regi on

i f h in SEQ.|D 2 36Th | d bod wh
the. ant Fhoay RSHSIPLEE TG U Ve on by SRR e Nero R e e (B Mheretn

ID NO:5) and the light chain variable region is VK#2 (SEQ ID NO:7).

27, The antibody of claim 20, wherein the heavy chain variable region is VH#5 (SEQ
ID NO:5) and the light chain variable region is VK#3 (SEQ ID NO:8).

28.  The antibody of claim 20, wherein the heavy chain variable region is VH#S (SEQ
1D NO:5}) and the light chain variable region is VK#4 (SEQ 1D NO:9).

29, The antibody of claim 20, wherein the antibody comprises a heavy chain constant

region having the amino acid sequence set forth in SEQ ID NO:11.

30. The antibody of claim 29, wherein the antibody comprises a kappa light chain

constant region having the amino acid sequence set forth in SEQ [D NO:10.

31. An isolated anti-GM-CSF antibody comprising a Vy region and a V| region,
wherein the Vi region has the amino acid sequence set forth in SEQ ID NO:1, SEQ ID
NO:2, SEQ IDNO:3, SEQ ID NO:4, or SEQ ID NO:5.

32. The isolated antibody of claim 31 wherein the antibody comprises the Vy region

set forth in SEQ 1D NO:5.
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33,  The isolated antibody of claim 31 wherein the antibody comprises the Vi region

set forth in SEQ ID NO:4.

34. The isolated antibody of claim 31 wherein the antibody comprises the Vy region

set forth in SEQ ID NO:3.

35. The isolated antibody of claim 31 wherein the antibody comprises the Vy region

set forth in SEQ ID NO:2.

36.  Theisolated antibody of elaim 31 wherein the antibody comprises the Vg region

set forth in SEQ 1D NO:1.



