10

15

20

25

-1- Anti-GW CSF Antibodies and Uses Therefor 5
BACKGROUND OF THE | NVENTI ON G anul ocyt e- macr ophage
colony stinulating factor, GWCSF, was originally
identi- fied as a henopoietic growh factor. It is
produced by a nunber of cell types including

| ynphocytes, nonocytes, endothelial cells, fibroblasts

and sonme nalignant cells (Metcalf 10 et al., 1986;
C ark and Kanen, 1987; Hart el-al., 1988; Metcalf et
al., 1986). In addition to having a function of

grow h stinulation and differentiation on henopoietic
precursor cells, GWCSF al so was di scovered as having
a variety of effects on cells of the imune system
expressing the GV CSF receptor (for review see:
Ham | ton, 2002; de G oot et al., 1998). The nost

i nportant of these functions is the activation of
nmonocyt es, nMEANRGMAESH Antibddips and|Usey Theréfor sever al

i mmune and i nflammatory processes (Gasson et al.,
1990b; Gasson et al., 1990a; Hart et al., 1988;

re GMCSF is a nononeric
Bmwlé@b@’%ﬁmﬁ@% th two glycosylation
sites. The variable degree of glycosylation results in
a nol ecul ar wei ght range between | 4kDa and 35kDa.
NorG@hieepté mdcsplage cSio)ig @ﬁﬁﬁhﬁ&iﬂg f4bICOM SEBRY wsBrigifially identi-
activity 1n 20 vitro (Cebon et al., 1990). The . _
fiesh 952 Aeinopeistieigrovthalagtor.slt df proinagiFby avwanhed of cpl tyegs- including

IY[SI%ﬁggg?ﬁs, E%ééi%'gftregl e%?%@%l;jqeﬂ%,hébq Vlg§t'_§ g’éﬁﬁ F%g F%Ili%glngltgc%ﬁs (Metcalf

et2l.[M988: Alakahd Kan@h9198V; Thet v ak, 19988 Mutewld dt ahp1986)eln addition to
interleukin-2 and in- terleukin-4. GWCSF exerts its,
haying afusetionaef igrewth Himyation apd wditferentigtionepn gemopoietic precursor
. ) ¢ S )
oA SGMEEREM 4 e AR g £ s B BRES, B oo immune
syseaeeippessing@he GRF-CYF mxpptos@ooreviaveseen Hamdltag [2002; de Groot et al.,

surface of nyeloid _cells and endothelial cglls,
19980 Theamesyimhersnt o these Muaghionss e dtelion o FRROGyAgs Pacrophages
angiﬁ RIBEytes HPMPS‘E ¢finfifne 3ind thARRMatoMp pPotRERs Y (Gas@InP&aal., 1990b;

pet &. The al pha subunit 1 nparts Tigand specificity
Gasson bi aldd 99@yHagretwal.t HO88aRapepaat etallf 1992y ( Gearing et
al ., 1989; Gasson et al., 1986). The beta -2- subunit .
i s Matyes GM-CSEis ameonomesic prateitofsl 24-amina @eids it Hrasglycosylation

P AL FOEB B o B S e O g v
14kdranaidi 35k D Non-glycosylated and glycosylated GM-CSF show similar activity in
vitro (Cebon et al., 1990). The crystallographic analysis of GM-CSF revealed a barrel-

shaped structure composed of four short alpha helices (Diederichs et al., 1991). The over-
all folding is similar to other growth factors like growth hormone, interleukin-2 and in-
terleukin-4.

GM-CSF exerts its biological activity by binding to its receptor (Kastelein and Sha-
nafelt, 1993; Sisson and Dinarello, 1988). The most important sites of GM-CSF receptor
(GM-CSF-R) expression are on the cell surface of myeloid cells and endothelial cells,
whereas lymphocytes are GM-CSF-R negative. The native receptor is composed of at
least two subunits, alpha and beta. The alpha subunit imparts ligand specificity and binds
GM-CSF with nanomolar affinity (Gearing et al., 1989; Gasson et al., 1986). The beta
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conpl ex with piconolar binding affinity (Hayashida et
al ., 1990). The binding domains on GW CSF for the
receptor have been mapped: G CSF interacts with the
beta subunit 5 of its receptor via a very restricted
region in the first al pha helix of GW CSF (Shanafelt
et al., 1991b; Shanafelt et al., 1991a; Lopez et al.,
1991). Binding to the al pha-2ubunit could be mapped

subif 1§ 350 bar 4r R s bkl ok elings oo Bl inplggs qngh in asso-

c1attlbﬁ vﬁﬁ{ HeONIRTSE fb%kptbﬁhlbh@gub@ﬁt%g GNBICBY) 1&4dsdb the formation of a
Formation of the GWCSF trineric rece tor

comples! with pisedwlarchindiog adiin (amstita coah, 1890p| Bie binding domains

onSSHPESE Bk GRSSRHGR afl plet! Aot BFHESE i8lerd RCwiAthTAT subuni
of Rb esRpRt vilvd Va9 Sésft@éte@réghdiﬂlﬁﬂh@ﬂfh NBhBhelﬁx BAGIM-CSF (Shanafelt et

Ieadlngtotranscrl - tion % c-fos and c-ju
al. A9 1habhanafalisetiahi 9% h@n@e@ abylﬁt & Biadingdo tﬁhmalph@ﬁubumt could

be%&?pqu‘gqgtt%g? a e%{%gﬁ*’%llgﬁ) : taa??%g}dg | %ﬂostjommg helices

C aidoD)drid tb sheadasboxyeapona itail f GPI-CER¢Bawar ¢tadpil 9).
functions exerted by IL-3, IL-5 and G# 15 CSF (for
r eFoematoaaf thkeGH-QSF temesic. r¢cepm 8pmplegdeadsfto ¢im adtiyation of com-

plegcisglmg% I et I %sg\éﬁtv% vgﬂg lrrgolcl (:()Bletb? gf\%gsgéﬁ“?mnaﬁes, %hc Ras, Raf,

thOMAP Hrﬁﬂé‘@bﬁééﬁhﬁﬁ&ﬂhﬂo@i@el MG ARPARONFk BN €in I GsadiRStod@anscrip-
well as neutrophl I's and eosi nophils becone acti vat ed

tiopyof Gvnysre-faseand ¢funy Adtivetien jsemaiabeingpcedybyidhe beta subunit of the

»recl%ﬁ{c(:)r? Q@gghaﬁ% gheigeb) RfSmyfig 61 X1 9895 ad 0 g, PISBHE AR Shared beta

expression nd i'nct eased e€xpress

sulinitciglalsoadhyamiidle forlthe ol a@tappingr fanetinsrexerfted by IL-3, IL-5 and GM-
CC-chenoki nes, The Iattg in turn, leads to
CSF{Eoraguiey seredeforoet 6t als 199} ammat ory cell's into
|nfla dtlS Chantr I 990; Ham |.ton,.. .
) OOPa GOz 5 BefRop oot S1d Sitstentiian stiUiafibg Aetyisg, GM-CSF
fuﬂdﬁ@h& E%@cﬁﬂy at a,préiﬁﬂ&mﬂa%}? Z;yfékm%' Macﬂo%ﬁ@ escaiﬂr}ﬁo@dcytes as well

CGonez- Canbronero et al Oten,
as mtt;&hlleﬂed eesinephilscdiecome yctivated bie G34-GIE, rremlm in the release of

i nf | nul atin
o) FAFTBA 5 PRl LA EblS, Bt ngpresion
and theeaR@d exgiréssivn d@ct:ll adh@lod-tﬁﬁemlbé oﬁx’@@&ptbﬂ@ doea@eechemokines. The
oxi dati ve burst (Kaufman et al 1989; Rap

ort et
latigr, in tug deads t@W@S@eésChPﬁHO&éts ?ﬂ)mﬂamamrﬁfqeﬁm@omﬁamed tissue
Ya S u 0
(Cl{x%x%rya& el 2990 Rlabifogl MG Gis Bt Akl 01 1984 OBarlglet al., 1998;
Hatdhgett 419r1983yt Lopeafedt alyrbd 86, Chiehg ey, . 200!11; Goirez«luhnbronero et al.,
u tor di s- .eases like r, toid

20855, bReni QVERRT cxiils i1 e oiavBesEE WS heksRRpnaatory stimulating
factlirS BRE BthePEROkASS 81 LPS, e.g. neutrophils treated w1th GM-CSF in combination
with e.g. LPS will show increased oxidative burst (Kaufman et al., 1989; Rapoport et al,,
1992).

GM-CSF as target for anti-inflammatory therapy:

Due to its diverse activating functions in the immune system, GM-CSF can be con-
sidered as a target for anti-inflammatory therapy. Chronic and acute inflammatory dis-

eases like rheumatoid arthritis (RA), multiple sclerosis (MS), Crohn’s disease, psoriasis,
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-3- asthma, atopic dermatitis or shock may wel |
benefit fromthe bl ocking of GW CSF activ- ity and
subsequent reduction of harnful activities of Gw CSF
responsive cells (Hamlton, 1993; Zhang et al., 1998;
Ham | ton, 2002). Arthritis: 5 Several groups showed
that GWCSF, as well as its receptor, are present in
the synovial joint of arthrisis patients

g}"‘"}/’ %%"%%%T?‘“S RE gﬂ“?"f“dﬁ%? I%‘S?“)‘(’éﬂﬁeftéé%fﬂé‘%elglsﬂg‘mgb to%” UMECSF activ-
1t36m1§ﬁ1b§écﬁfeﬁﬁre&ﬁctfolﬁ%f'ﬁahﬂﬁﬂ’ a@ivitidd $f GMLOSF F&?bﬁﬁ&é cells (Hamilton,

treated with Gw CSF f neutropenia in F
I%néhwt(akb%b&agu’é@n,@m@ 1989) or after

chenot herapy (de Vries et al., 1991). 10 First hints

on A1 of Ul ness of anti bodi es bl ocki ng GV CSF f or

t h Evérg tg@{;}%g@pwe@ tﬁ%{é“ @ﬁ?gse@guggeﬁ? ligqeepiggr} \élre\llgggent in the
sy@ﬂkl int ¥ arth¥@OPatien {rbSGabis; é{/gp’%fﬁ éﬁg{/\% gﬁ NPRY Haworth et

t hat neutraI|2|ng ant i d| es to
al eﬂB?bh@d@tmmlly,oGN&@&F wasl slhewn &0 thuse tilasestof eheumatoid arthritis in

I t reductj on of sea
B LT B B o Bhcener o 1,
1989 Pt 4ffek LREmGREEaPy 0 Vies 4l $1091)0f di Sease i n

initially affected Iinmbs or progression to other

| i Fixst hifieoe tler asefislvessadf @itibedics bidckiiy GM-CS@\Ifo@SEe treatment of
fromwhich the p chl ents wth rheumatoid
a“ém“f‘ﬁf’ ¢ dTogm mguse, imyyive studies (Qﬂmbs}lyet al-s ¥ Camnbeel et al., 1998;
fai t 0 [
Co?gc(rjkﬁ (?!e 20(5]') ﬁéécg‘%%aﬁygte;ég}% eg ﬁg)éﬂﬁ&n—%f fhat ﬁeﬁtmizpﬂ&t aritibodies to GM-
CSﬁ)simwsde:fﬁcmml o obbages;indued aethiitio model. Biodking of GM-CSF led to a
eci neutrophi | s and .nacrophages are abundant in

red IG5 0B isH1sF oV ST B HrORE ARG TR ar e GG And proges-
sionbfldiRaSYinGNitidlly BAEctOE BMbI t&??ﬂ)g&’&s %ﬁ 6 6indf Gmpst h the

degree of erosion in RAjoints erin et al., 1996;

BuThert#é selerdll effec¥7an alRGM-CSPRBRPy FHdtn W}ﬁclﬂhér ients with
of a variety of other pr0| nf | anmat ory q;ﬁ()k' nes an

rhmthé a&bmlgpamthg)ﬂpﬂr inflammatorypdisenses ¢awd benefiz02 by

tructive processes 25

ta ﬁ‘f? I}ﬂé@’ebgﬁ ‘?a %ftg’eg&fihgﬂhd@% BRCANSE: ( Babi or, 2000) .

b%)a;)heag a%c lvntécfx} %x’ﬁio %Lfmoé?:%'%%ngl dend;}tets,l r%acropLages and neutro-
phﬂs/ rmpeasw aeytropBilk %& kgest a8 a%aﬂddmﬂts%dwal% and mem-

expr essi on an novi ocyt es
“’{‘A{ i’fgﬁ" 6“3@‘%?&3 Imber | H} the sygoyium D@s eaneshovgy tieemelate with the

degi’bé B Rrosion in RA joints (Mulherin et al., 1996; Burmester et al., 1997). Macro-

phages are the source of a variety of other proinflammatory cytokines and matrix de-

grading proteases. Production of H,O, by neutrophils is part of the destructive processes
taking place in the arthritic joints (Babior, 2000).

b) the differentiation of myeloid dendritic cells (DCs) and activation of syno-
vial DCs (= synoviocytes). GM-CSF upregulates and maintains HLA' class II expression
on DCs and RA synoviocytes (Alvaro-Gracia JM et al., 1991). DCs are instructed within
the joint to acquire functions associated with the selective activation of inflammatory T-

cells. Specific HLA-DR alleles have been linked to susceptibility to RA, and activation of
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the joint to acquire functions associated with the

sel ective activation of inflanmatory T 30 cells.

Specific HLA-DR al l el es have been linked to

susceptibility to RA, and activation of .4- T-cells

via antigen presentation of DC's may play a cruci al

role in this type of imune disease (Santiago-Schwarz

et at., 2001). I\/UItipIe ScIeHosis In nmultiple

S er05|s el eva CSE_co late with ..
T-55jls g anfeencprsidiion & T Bay plira trupiaLféie 3 Gyt of immune

gglag}qs eSch%Jaa-ze@é?OiQ)O‘iﬂ)nd GV CSF-/- mice fail to

evel op

|sease in the rodel system for MBS,
expailtipRScirogisicephal onyel itis, EAE (McQualter et
al ., 2001). Asthma: In asthma, I ncreased anounts of
GMIrfCHtultiple &ﬁerolsu;n glelated lbvebsoffGMeCSE dofrBlats with thdactivg phase of

M| Comteget abr 108 MckavelG et 2D e GMIESRA $0iE Sail to develop
dléggée‘%ltﬁé‘moﬂel g@ﬁnsfdr MS$ N erimar edckﬁaﬁdloxﬁi'éllﬂé' BAFS(NMEQualter et

ferentiati frompro- genitor I's int
al.ePMpophils, ii) it stinmulates their functional
activation, and iii) it pro- longs the survival of
eodisthepii s in the lung (Broide et al., 1992;
Yapashjta et al 2002 u tion of
Sy PelBmeo ciEasch BTN of OMSF it TG 4P Raye bigh reported (Broide
@'f@feﬁe 19N 3k agé dathe! ek |e¥mﬁ(ﬁa}ﬁ‘1§eéré QledhRddbs Gfiiéh GM-CSF in
he use ulness of anti-Gwv utralizing antibodi es
symgy Muﬁltlh@rlealtmvﬁwaqtﬁ natlmdeaysf Dt stimulates thet diffarentiatien from pro-
m.ni strati sledto
et iy casaits. o 15 Pop R Beif BicRBusichiobion epd i it pro-
lo@%c{h@hﬁml bnédsaophils i @8 | ?@ﬁﬂbfe@aﬁtlm Yag{deki}a etldl,, 2002).

di fferent nouse nodel dependent inflanmmati on of
Tmhsedw@nmfahﬁsmlwabof mlrmbwwﬁamq azaivaycsrbyoblockmg GM-CSF

_l’y tom% o_ré’j},el*. o é f 25 ss?'flnﬁsts] f r%'ﬁs@l\/f-égf" x%%}[ragkmgt antibodies

ce honozygous
aéi fafth@t ﬂﬂv@r mrwh@ayt for Meinestas thl@rthe atlinfnibtadtiongof such anti-

fac- tor (Gw CSF) gene devel op normally and show, no
bogigr ded 5>e$1gwﬁswt. rsﬁu%mnrférﬁawdwgngswg@vww and giry@yjigflamma-
uogg I}Q“QI 2 . GMt CSF- def i _CI ent mce are
cral'l'y’ healthy and fertile, all devel op a

di maqﬁﬁé&ﬁdm\saﬁﬂioaél ePSLRpendent BiflafBhation of the lung could be re-
di srupted and reduced
duced by application of anti-GM-CSF antibody 22E9 in the mouse (Bozinovski et al.,

2003).
Toxic effects:

Mice homozygous for a disrupted granulocyte/macrophage colony-stimulating fac-
tor (GM-CSF) gene develop normally and show no major perturbation of hematopoiesis
up to 12 weeks of age. While most GM-CSF-deficient mice are superficially healthy and
fertile, all develop a disorganized vascular extracellular matrix with disrupted and reduced
collagen bundles and abnormal lungs with impaired pulmonary surfactant clearance and
reduced resistance to microbial pathogens in the lung. Features of the latter pathology
resemble the human disorder pulmonary alveolar proteinosis (PAP). GM-CSF does not
seem to be essential for the maintenance of normal levels of the major types of mature

hematopoietic cells and their precursors in blood, marrow, and spleen. However, they
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col I agen bundl es and abnormal |ungs with inpaired

pul nonary surfactant clearance and reduced resistance
to mcrobial pathogens in the |ung. Features of the

| atter pathology resenble the human di sorder

pul monary al veol ar proteinosis (PAP). GW CSF does not
30 seemto be essential for the maintenance of nornal

| evel s of the major types of-Smture hematopoietic

e|r recursor n 00 nmar,r o nd
impfipes OVEGHEVRs bBingegrseatl, o, sral vatpssr e imeny, pulmonary
h?ﬁ%ﬁi@&' &d fop Ees&%ﬁ@ ko l&ﬁpﬁfe%ﬁoﬂ @Sﬁﬁhl@? €€£1t 1994“ DEndfet al., 1994;
ysi 0 resi stance to | ocal infection

qur& etral. ei}gét Sémbata qtga;z; 2008 )aRerentlyy agtrong aspodiatiomio€ putoeantibodies

to SCSER B PAR PR g Tiordlly smpiatds GHRLSRsetiFs BbicBflies in the

pagidgeidsianeH P AP hﬁrﬁ{umaﬁ F%Q@Eesé oS Atitghs AeRhB@AtE that GM-CSF
inthe 5 &thogenesn s_of PAP in humans. Toget her,

hag négéw@itr@ ipgegWatoryehputaciant bommasa\m@#veqhﬁsmacrophage innate
lm?r[tgltel 9 r?tﬂeriuﬁo%$$rﬂfeh 2665 fﬂﬁé tmﬁ%%ét?sioﬁz Uchida
and a age 1 nnaté unctlons
etm@doan@téxaom‘etal d1gg9)al ., 2002; Trapnell and
Whitsett, 2002; Uchida et at., 2004; Kitanura et at.,
19%5gh titel'rsgtbf auteaatibodits Mdﬂmkiiltg)mtieriiym GM-MSFclkamg)een described

. L v CSF have -heen ients

in REFR iUt RUFRUEET? #0s. THRSSRIURNY ti Lot e, B St Autoimmune
heﬁbm&iaf&rhe%ap@sdﬁm&wmamgl @ffeétﬁeloébd"&féftm?ﬁ@l bbrrelates” (Meager et
deficiencies or "other obvious clinical correl ates"

al.( Mer et al., 1999). The compound E21R, a nodified
formof GW CSE_that antagoni zes the_ function of

awvlbseompgund, E2HR 4/ modified form of GRS thatgtaggnizesithe function of
f
ORSKIAI AU Oy Y gD 8 Bhna AR L0 gond sy
profile in cagef patichtsd@lvestet ah, 2000l d be noni tored cl osel Y,
other side effects are not expected when applying an
anﬂ"lhug\apmﬁ‘rqm ethcah;ng fSocticn, wmch shoaad bb aelindtoretbelosady, other side
rom no

W th F tralizing
R o RO BR i B e S fh‘ifaé’ “EP 0499161
Al Sdgseh Pge%“%?d‘?}?@lég%{ %‘9&%%5— “é’%’(“a%’ el %\P]%l GM- CSF neutrahzmg

i miuni Za sequen
fudtionthiaeé been ghaeravetl For emrmlé;‘l\ER?@F%le rA héctsmabe‘s, art daﬁlbody gener-

W{@g&ﬂ a S(;rllugé S@@ol%é%%@grtpggqgg@qﬁ igh is denved from a
G@@ﬁﬁﬁuﬂ@hﬁ&ec@%&)ﬁg&&%ﬂs@& & hdilod Qf ﬁ?év@atxdﬁqminammal in

a GW'CSF-1 nhi bi t anmount of an i mmunogl obul i n.
neédbWeerenf, ant adesinahle [ebfdgt 06 GM-CSF, which comprises administering to said

mammal a GM-CSF-inhibiting amount of an immunoglobulin. However, that antibody is

a murine antibody, rendering it unsuitable for human administration.

Additionally, WO 03/068920 discloses an inhibitory chimeric mouse/human IgG1
antibody. Antibodies that contain non-human sequences are likely to elicit an immune
response in the human patient and are not appropriate for the therapeutic administration.
For instance, in diseases where long-term treatment is required (e.g. chronic inflammatory
diseases like rheumatoid arthritis, asthma and multiple sclerosis), continued administra-
tion of a non-human therapeutic agent increases the likelihood of a severe inflammatory

reaction and the production of human antibodies that may neutralize the therapeutic agent.




a murine antibody, rendering it unsuitable for human
adm nistration. 25 Additionally, WO 03/068920

di scl oses an inhibitory chineric nouse/ human | gQd.
anti body. Antibodies that contain non-human sequences
are likely to elicit an immune response in the human
patient and are not appropriate for the therapeutic
adm ni stration. For i nstaneé,- i n di seases where

|t KaprreRpeniiie Deal b il e B g5 Gll-EoF anibody therapy

the%‘% ISH‘%%ﬁ B?e&rfﬂr HuRlaB BELEVOSSE ntitodis vAUE B gh iRty tHaBeffectively

a non- human therapeutic agent increases the
bldck ikt GVOESFEOEMRCSE resoptarifiteraatien. dxdditionally; it svoulthbe aduantageous

roduction of n _apt.i bodi es th
t Sméer St PO iR g0t R s shent gy MR, 8 ppt Mbre non-
ubdaf spcRtin BRIERS tedt thbReffRaky mAMikcdFband iDewy mdwisapy
there is a high need for human anti-Gw CSF anti bodi es

W The pregéntdhvdniioh satisties tlﬁfsf: and bthet Meedslbygicotviding fully highly effi-
GVt CSH GVt CSE receptor i nter [ % ditional ly, it
CcaGips @tl&%%&@ﬁ@@@ﬁ% Wb(‘ L ESCS‘g%d B#loWor e ant i bodi es
that can cross-react with GV CSF of one or nore non- 5
human species in order to test their efficacy in
ani mal - based in vivo nodels. The present invention
satisfies these and ot her needs by providing fully
highly effi- cacious anti-Gw CSF anti bodi es, which are
descri bed below. -7 SUWMMARY OF THE INVENTION It is an
object of the invention to provide human and humani zed
anti bodies that can effectively block the
GWt CSF/ GWt CSF receptor interaction. It is another
obj ect of the invention to provide antibodies that are
safe for human 5 administration. It is also an object
of the present invention to provide nethods for
treating disease or and/or conditions associated with
the presence of GW CSF by using one or nore anti -
bodi es of the invention. These and ot her objects of
the invention are nore fully described herein. 10 In
one aspect, the invention provides an antigen-bi ndi ng
region that is specific for human GV CSF, where the
i sol ated human or humani zed anti body or functiona
frag- nent thereof is able (i) to block interaction of
0.5 g/m human GMCSF with the al pha
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chain of human GWt CSF receptor expressed on about
2x105 CHO-KI cells by at |east 50% under the
following conditions: (a) the concentration of the
human GW CSF recep 15 tor al pha chain expressed on the
CHO Kl cells is simlar to the concentration of human
GWVt CSF receptor al pha chain expressed on about 2x105
CHO GVRa#1l cells, and (b) ihe concentration of the

i sol ated_human _or humani zed anti body or functional

f r agmenSUMNEARY; O STHEO‘MTW and (||) to

tral 0. = .
1t picbieeRat sy ehioRd arovde giman sl nimanied Siibpgiss that can
effé@ﬂu‘fh@ bivaR tH@éM-@'SFK?WCSP%&ép@Y@Rm%&&JCl1 an d/ or
reference anti body MAB215. As used herein, a "TF-1

pr of isfabter @Bjedt 6 Yhe inventitef ionwdvids dntiBodies Mt are safe for human
essentially as described in Exanple 5B. The skill ed

adypiniRieationa n obt ain CHO- Kl cells expreSS| ng hunan
CSF rece ha chai.n at concentrat,i
j 15 S0 3 %ﬁ‘ %ﬁ% nrqsgnte‘mm@&éa PERYids Bisihosl fe treating disease

or %@o%ﬁnscﬁkeéat@d’ Wit th@?&éégnctehﬁ Ne@ski Ib?g“é ing! $hé H8fore anti-

25 The invention addit] ona prov s an
bodms Ioﬁtmdnmmm dihesaarahotherbbgects dfdty 1rmentuf>mmtmmeeﬁllly described
h anti body fragnment that contains an antigen-bi nding
®F&%i on as di sclosed herein. Such an antibody or

fungf '089 %pe{g{ ?ﬁé‘ﬁl%nﬁ&eﬁr%f eSBY g@h%lﬂdxﬁ%r%%% that is g)eciﬁc for

ant irgen- ng region “that con

hudﬁﬂl GIVBGSanBE@ ﬂh@ id6dated Thurdds), orl Bumdrizedl antibldy dr7fun&60nal frag-
51 or,52; the antigen-binding regio

m%ﬁmmftlh eiale. (wcqol}aeclewtw@mnzofr@ B/ mare Wiih the alpha
ch?ﬁ%ﬂw g%} CS%Zrecégzt %?ﬂprcs]s@d og\ bont’ 2x 1P Cﬁ&K?Qxllé%y at least

and |ng region also
50&©nhdzer nhafolldwiRtond tom: (zt)etbe cdnmdnﬂratmﬁili@ thé) hNﬁianEGMlG:SF recep-

torph Shoin AkpIEREY OB thF TR} els i Simaita o 1Rt ePRsAirARGH of human

GMO@Slalrece%Ebraalth Rafd e»g;&r%ea R Aot B 0E AMWBLOMRE#11 cells, and
vari abl e"heavy chain depicted in SEQ ID NO 11, 12,

(b)u&e cgnqengrgtlom_af the 'Isola_tgd huaman pohumaniz téhody or Q.gwtlonal fragment

s e D GV TR

hféfamsw wlmrhnde& méaet ﬁdlead mﬂ Iesmuéﬁm _38fere°n%e a.?rt‘ibody BVD2-
21@&11 .agéAq»r mfmnmantémdamlf umsm@cd herein, @e‘Té’nl prafifiation assay”

is ggﬁnegiBasqggl %%Sgﬁft‘%& @Bg\%}}beg %n E%élﬁ:g?et %%3 41"he:3s'§<'1lle%f3 worker can

obtuit OBEKI detls fégplfeeﬂhg) huﬁhhﬁ @ME@SEﬂaﬁégﬂbﬂa@ha ch4ibRt a concentration
regi on depicted in 31

sirafat tgghat 3ehichy 5 expREssEbon g’ CHOCAMRAAIGela Ry Toflowing the
tedcHiHgh bRRAed herein.

The invention additionally provides an isolated human or humanized antibody or

functional antibody fragment that contains an antigen-binding region as disclosed herein.

Such an antibody or functional fragment thereof may contain an antigen-binding region

- that contains an H-CDR3 region depicted in SEQ ID NO: 11, 12, 13, 14, 15, 16, 17, 18,

19, 20, 49, 50, 51 or 52; the antigen-binding region may further include an H-CDR2 re-
gion depicted in SEQ ID NO: 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 49, 50, 51 or 52; and
the antigen-binding region also may contain an H-CDR1 region depicted in SEQ ID NO:
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to fragnment thereof may contain an antigen-bi nding
region that contains a variable light chain depicted
in SEQID NO 31, 32, 33, 34, 35, 36, 37, 38, 39, 40,
58, 59, 60 or 61. Peptide variants of the sequences
di scl osed herein are al so enbraced by the pres ent

i nvention. Accordingly, the invention includes
anti - GwW CSF anti bodi es havin@-a heavy chai n am no

RS ESTEER, R) SH SEBA nsin
fra%ﬁféh? fiReedf r}néE&rthn’\Q aﬂtg"gen—’b?ndxﬂé regléln the® cordinsly varleﬂ)le heavy

or at | east 80 perce

chmeoﬂwmt@i imoﬁBQd@/NQ: ltlhé:'l,d:ﬂ? Medboks 17ilBn19, d@R50 51 or 52.

sughd GRECSERpSGRC poftocbiot e Ypyerkbn ey efain A pehspinding re-
gié ﬁa@éﬂdtalmFCBRB'r@?@h QepibRYIIASER 1D BIO: 3ahaR3334Nss, 36, 37,

aci d sequence with | east 60 percent %B%uence
38 320, 5%, 591. filher @DRhe egi!gm§7md1t1& regien Ry dpphercgrlyde an L-CDR2

RO R e R E

and Qﬁ'&ﬁ%@nfﬁ@hg’ Bgibm alsb fm'c@QBntai‘@ anASChRhregivn @chbm SEQ ID

i ons icted in_ SE 31, 32, 3 4, 35
N(g:73,1,§g,6 £§4 3p 36587, 3961@ §$ 59160 %6]ar§ch&a>angbocfyﬁg functional

S T Sl e Ropafbone i e i

chéin depicesdtin\GEQID NG:B], B2,B3)84t35, 46,351 A8 3H, $0, 5859n@or 61.
be, or may contain, an antigen-binding region that
behReptidé mariamts ofthntsreeum%dla@losedd@wn lpesalhe emibraced jgg the pres-

i nvent,i on,al s rel at ed 10|s I
ent iratipRo ACetipedy B prensan ngfRuBhERiTATCUF diibldics having o
hed¥y} bl%l'i‘ aRinthdlg séfhed warth: a IBMO (féfcehu sRjeAcdidentity in the CDR
anti body or a functional anti - ragnment that s

regipeewith Ghtf GPRavess deggted in Sﬁ@:ﬂé 25kydénte 1Pay7, 18, 19,
SET528 2,05 S e A . s

WIggme,@SDRZg lsggié;ﬁbtzgin SEQAD N0: 4], BZl 18, 14?,, 153 16917,118, 19, 20, 49,
or or a cleic se

501 Bhtorrizb Fuitherinc bR e i GGy i dies TRV B by chain amino

ac??eéfﬁgﬁﬁ%l %ﬂﬁnat l%g&y 605 bt s@éueﬁgglélé-ﬂn%)m _ll_lae €DRregions with the

44, 45, . nucl el ¢
CIaRIIdgmnsgdtﬁpuﬂaubudSEQ DENDabl S2, B@,h?t“ 3hattm 33t 3&,n39 40, 58, 59, 60 or

B R g P
giony degﬁxed%% SEBIDA: 1, 30,3%H34, T 36587, 35639;r4o5§8 391;600r 61.

nucl el ¢ aci d sequence "t hat hybrldlzes under high

st r i Qg enEdodyCsirtié invention mayhe andgi (erga,nlgﬁh)' whilteaardargibody frag-

SEQ I D NO. 21 22, 23, 24, 25, 26, % ?
ment may be a Fab or scFv, for example. An mventwe antibody Iragment, accordingly,

oot

may be, or may contain, an antigen-binding region that behaves in one or more ways as
described herein.

The invention also is related to isolated nucleic acid sequences, each of which can
encode an antigen-binding region of a human or humanized antibody or a functional anti-
body fragment that is specific for GM-CSF. Such a nucleic acid sequence may encode a
variable heavy chain of an isolated human or humanized antibody or functional fragment
thereof comprising SEQIDNO: 1,2, 3,4,5,6,7, 8,9, 10, 44, 45, 46, 47 or 48, or a nu-
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30, 53, 54, 55, 56 or 57. The nucleic acid sequence

m ght encode an anti gen-binding regi on of a human or
humani zed anti body or a functional antibody fragnent
that is specific for human G 1o CSF, where the

anti body or functional fragnent thereof is able (i) to
bl ock interaction of 0.5 4g/mM human GW CSF with the
al pha chai n of human GW CSF .reecept or expressed on
2x105 CHO- Kl cells by at | east, 50% under the faollow n

cleioaeidtseauence that hyRedizen vader highystriggensy condifions e the cortiplemen-

| ' ' Kl e
U oL SPGB PAsR  r Fm te
acidanight encode pheariable Ngle chaimsefen isolatd HimahSorGhithdaiAd#htibody or

FuRgORGIGPAERY tBF1E0F FBERSIE SEQHD NSict > EPedents ndbodts 28, 29
30%5%?%?&%@?% ogré?n&{clléi% a OIP is@éﬁé@ﬁa@ﬁy@id@?&:sﬁﬂﬁ@? }ﬁiggtstnngency

r ation assay with a
cohditiens toi the complimeatazy str@8DoA8EQED NO=, 2Be23,24e 2826 27, 28, 29,

apti o VD2-21C11 and/or reference anti body MAB215.
30[\5%I£'r ggl’zf%icﬁ Tof the invention are suitable for

rec i.na I o . h ' w1 on.

ol BB R0 SHElebBEmigh hcode  arfigeh Bl B! 5a buman or
huihiZed @gtibedeonh fulcionahustitody rfraghenh tieeds spedifis foi inhan GM-

be bacterial_or eukar%(ot ic cells. Conpositions of the .
CSFaythors b Anijodseon Suationsl RBIBLBEIPE Soiblf o hplogk interaction of
0.?& Al huirfdn éﬂlf-cs’ﬁh%ith&ﬂé Q&)’hg Qhaih%r}ﬁﬁ@ﬁle@M-@S@%_@?t& expressed

phdrmaceut| cal conposition containing an 1nventive
onadx10bCEIO-Kdr cellsroyt atdeast 5a% iruded yhef fohlgmimg yomditions: (a) the concen-

RS L N PSE R AT A G35t e AP G ot

sirRi14Teb MRd cdiRentritidiAd S Mngh GMVEOSTScHiorcAPt EN expressed on 2x10°
associated wth the undesired preséence of Gw CSF or

CHW@¥Raé k b celissandy(by 8id ennc@nutionof lsaid iselated ihwmantas humanized an-

G5 5 iR Shshhe bR Hah, MRS AMERERL 25 nem
hubRIGHROSRINS B prolVRRkio Sy WD affeabtoftvd-fdle %»ga,g ICs value

contenplated herein. Such a disorder or condition

than thbreferenemantitody BND212 Cdil sedlorreferende antibode YB3l W
arthritis, multiple sclerosis, Crohn's disease, |
psorVueleie acids of the, inxensisincare svitable for seenmebins groductign. Thus, the

. H n_or h i ' i . cti | .
i R 3B B SE0d QDALMY BB s oauence o
inengisf.- Sueh tobktve] lemiight et baetetiabor eukesotic celbcaca) GV CSF,

as determ ned by solution equilibriumtitration ) )
( SEQampusitioms of Ehe vehtidremay iborused farytherapeutic or prophylactic appli-

cations. The invention, therefore, includes a pharmaceutical composition containing an

inventive antibody (or functional antibody fragment) and a pharmaceutically acceptable
carrier or excipient therefor. In a related aspect, the invention provides a method for
treating a disorder or condition associated with the undesired presence of GM-CSF or
GM-CSF expressing cells. Such method contains the steps of administering to a subject
in need thereof an effective amount of the pharmaceutical composition that contains an
inventive antibody as described or contemplated herein. Such a disorder or condition
might be an inflammatory disease, such as rheumatoid arthritis, multiple sclerosis,

Crohn’s disease, psoriasis, asthma, atopic dermatitis and shock.




1 BRIEF DESCRIPTION OF THE FI GURES Figure |a

provi des nucl ei c acid sequences of various novel
“antibody variable heavy chain regions. Figure Ib

provi des am no acid sequences of various novel

anti body variable heavy 5 chain regions. CDR regions

HCDRI, HCDR2 and HCDR3 are designated fromN to C

term nus in bol df ace. FigureHEa provi des nucleic acid

iﬁgi nces 3H§nar|ous ?BatlbOd yﬁriabkgﬁ%%%géﬂyggpﬁmﬂﬂ

m\f%n&?fd 9%%%&1&%'\%%@% X@dﬁl&%@\ﬁn@%&%%,% determined

I ons regli ons
by delsuugm aqwﬂbﬁmmmtfétxon GSET), and/oi TEE praliféreficif sssay. Fi gure
3 provides am no acid sequences of variable heavy
chai n regi ons of consen- sus-based HUCAL(r) anti body
mast er gene sequences. CDR regi ons HCDRI, HCDR2 and
HCDR3 are designated fromN to Ctermnus in boldface
(SEQ ID NO 41). 15 Figure 4 provides amno acid
sequences of variable Iight chain regi ons of consen-
sus-based HUCAL(r) anti body master gene sequences. CDR
regions LCDRI, LCDR2 and LCDR3 are designated from N
to Ctermnus in boldface (SEQ ID NO 42). Figure 5
provi des an exanple of a DNA sequence of
PMORPH(r) X9 _MOR03929 FH expression vector (SEQ I D NO
43). 20 Figure 6 provides expression |evel of Gw CSF
receptor al pha, as determ ned by FACS anal ysis using
the G\t CSF receptor al pha specific anti body MAB 1006.
CHO GWRa#l1l (solid Iine) is shown in conparison to
CHO Kl (dotted line). The x-axis rep- resents the
rel ative fluorescence value (RFL), neasured in FL2
channel; the y-axis repre- sents cell count. 12
DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present
i nvention i's based on the discovery of novel
anti bodies that are specific to or have a high
affinity for GWw CSF and possess one or nore other
novel properties.
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Preferably, an antibody of the invention can deliver a
t herapeutic benefit to a subject. The 5 anti bodi es of-
‘the invention, which nay be hunman or hunmani zed, can be
used in many contexts, which are, nore fully

descri bed herein. A "human" antibody or functiona
human anti body fragnent is hereby defined as one that
is not chineric (e.g., not “Hlimani zed") and not from

huran ant P&‘J@ﬁﬂ‘%ﬁ@pﬁﬁk&%ﬂ&?ﬁ&i@@%ﬁ@ﬁ? can be
0 HEE 14 BT Al U EAEea ArSHO RO MU riable heavy

chbmrregmnsas an anti body having a sequence derived, in
whole or in part, in silico fromsynthetic sequences
t h&iguae éb paadescaminkacahsdqyences of vimawmdve hamtitadyi vasidile heavy

se-_quenc In, silij ' of n ti.bod
chigadHEe CPRrieBisHEHCIRLr BoP Rt B re denignait from N- to C-
teriAgihdoldiceanal yzi ng a dat abase of human anti body or
anti body fragnent 15 sequences and devising a
poFigued R peovidguanisic utidl seqidi@ed bEvARIUS mAMtRAMddy variable light
therefrom Anot her exanpl e of a human anti body or
ch F‘ﬂﬁ%&lP’éﬁwal anti body fragnment is one that is en- coded
a nucleic., CIdlSOl edfrom library tibod‘ )
o3 EThe 26 PoFviA G A<g8 SCHERSE O AHOHS PO ATOBUY Fghable light
chﬁiﬁ%@ﬁoﬁ’d" @DR i‘é@ﬂin‘é‘iﬂ@ﬁ? anJDR@ &'i\deLCfERB pd Hés?énated from N-to C-
source) humani zed anti body" or functional
ternumnb@uifmw body fragnent is defined 20 herein as
one that i's (gl) derived froma non-human source (e.g
Freares § oo vadespmiogeidcsequensas of yaripbleheavy shain regions @f consen-

M AP A R g O KIBREREER Fcma

HCDRB s desi 5@%&% N- edCaeRpud BIdREE BEQ IBINOL 4B,
constant domain is derived froma human origin or

(i FigureCDigraviddst atlinovdeid s¢quehdes of GlaRableflighl ehaviarrbg;bhe of consen-
domain are § roma non-human origin, while one or

sus-pasge FBIS Ado ﬁ%ﬂ@ﬂym@t@raﬁepﬁlm@emm@%mgw HGR&H . LCDR2 and
LGIiR:Qéu%d@ n&t@&geﬁ{‘ﬁt?d“é t&%ﬁﬁ{m f?xﬁl%)sﬂglﬁko jyan

orig use rern, an an

Sp?f‘g’ufd cakly $@vides S a?xpecé{dnfplé o/ fo?r £ THKC f!~:equence of
cal é&eco%nl zes" an antigen (here, GWCSF) if such
MORN3929 1 IH ¢xpression vester (BEQ HDEN 43)ch
&J gen and one or nore reference antigen(s), since .
BiFRg 0 gpRtides exnrgssion fyel ob CM-G¥istscepter atpbe, as determined by

FArcfsi g.sepy gglag%é YoMLESFE rée ? ﬁlgxgaggge%m{ g@@@gﬁw@ﬁfba CHO-

fer- ence is
GMRa#Hllr@bhd Hne¢)ds showmin tempdresoavo ICHQ-KAf (dotted dine). bBhky x-axis rep-

to dis 13 . .
resents %e reila%ve fluorescence value (RFL), measured in FL2 channel; the y-axis repre-

sents cell count.
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crimnate between the antigen of interest and an
unrel ated antigen, as determ ned, for ex- anple, in
accordance with one of the follow ng nmethods. Such
nmet hods conprise, but are not l[imted to Western
blots, ELISA-, RIA-,ECL-, IRVA-tests and peptide
scans. For exanple, a standard ELI SA assay can be
carried out. The scoring nmayldbe carried out by 5

ai i hor ser FIRThEE BERCmir Py SR ERECINYERIONY o

% e SEAIGTABRE T Bk oF e ARG AR SR Yol g ecic
to Bﬂha@@ih@i aﬂﬁ&itbi gbﬂCEM(Z(S?hagla;bos\wSS roaaairlmm)a other ndvel properties.
typi cal posjtive react

oD, n be 1 OD..This ..
Profaiahl, %en%hqdmfébrc@vs&sqn caf ﬂ@iéY%@dwg%/fPB‘%‘t'&aPﬁnB@ thgsgbject. The
I [
anf%llglgi;‘?s]}?t; {ht% lqven-ﬁ%g 9@1'1(%]% nggkg{/%@?%ﬂgﬂlﬁgf%lgéasrbﬁgqg used in many
contekis), which a&mmg:eﬁullytdaxcrﬂwdhereuf about three to five
unre- |lated antigens, such as m |k powder, BSA,

t rAnélflmem”rarmbOdY] er finicgionaldwanasy antlbggjeéragrr@nb isberalgy defined as

ot h «
o bl Gt il Sond e Ul P wholg o i part
no%ﬁ&aﬁ's@éﬁké’ Pxelnﬁhﬁﬂ atifodgen (fanctionkll &ttibadg fitgatent asn be derived

ref erence points, tg bet ween GVt CSF and 1L3, |L5,
from_auman1qy ean ba csythgtisghymamantibody| A “syplagticr hyman armbody

o B SRS ST AR Bt SIS i, i

froﬁ’ms% KBétic Seq@endds fthatr e tbaskahon tise analysigodkaowh heaGSmtibody se-
e- tween one or nBre key . no aci d resi dues 81
quenqest cl??e%lh@ﬁ dgsign Of 7 hEMAR SNHbRYY Shduese o5 agmegto ezgof can be

sl 67 Sulpl 'y LS GHAE b MHERY bty g

sedightesl gid db‘gzﬁngc& pblypefftale sequerse batilezsirg thaedﬁafc)btalacdj therefrom.
I ncludes all. conventionally kno

an n
AnotheE exgmBle ¢ raa'Q‘HBﬂi @QW?BP'&S Cpiong "ﬁ’f’&ﬁgﬁag’?’%‘g’s one that is en-
coll& by faq{uc?eri‘c @&H' oA fRyHH of hritidody eRYudnves 6f hﬁ&dn origin
as a ragnent of an anti- body/i munogl obul'in (le g.
(i.& amich ibeary dgingrbasdd emaritipoylics Fken fromua humen eatura source)

ant i gen- bi ndi ng gi on ntigen-hindjin
of Aa%hlaﬁmnmﬁjyn@wyc 27| WF%OIP@MWegr@t@Pg gt is defined

%E&rl&?er gﬁp 33 d%g'v&g{“‘r Sh é’ﬁoxf"ﬂmﬂﬁ" s e, % £tran @ic mouse which
regi ons, however, he vari abl e
betirk lactispavoldgous frginanes systemy Iwinnlmmx)bodw i5 based toara hmtmegeprmlme se-
anti gen. bhndl ng, ,such . as b ov . di n ffo d

VRS Brerica e theeriabledogiain s Graivag fPuyf ghn-htiman origin
vedHdiR a%ﬁhﬁn irfloeGii YCOR -didfie®fwherein the

antﬁ?kg@%ogxr%tlagglé%xﬁ%llnféé? VL) chain ano(lﬁ% t %he(io)gc of é{?he

CDRs ofitheevarishley dorupin arhfram amanehysnast erigiy, ywhilgi ons rcingre frame-

works ofd %Sva%a&% d1bc1)n7an? ];reVLf human origin and the constant domain (1f any) is of

human origin.

As used herein, an antibody “binds specifically to,” is “specific to/for” or “specifi-
cally recognizes” an antigen (here, GM-CSF) if such antibody is able to discriminate be-
tween such antigen and one or more reference antigen(s), since binding specificity is not
an absolute, but a relative property. In its most general form (and when no defined refer-

ence is mentioned), “specific binding” is referring to the ability of the antibody to dis-
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30 and 4 to 111 of VH, and particularly preferred are
- the conplete VL and VH chains (amno acid positions 1
to 109 of VL and 1 to 113 of VH, nunbering according
to WO 97/08320). A preferred class of imunogl obulins

for use in the present inventionis IgG -14-
"Functional fragnents" of the invention include the
domain of a F(ab')2 fragrrent- 13a Fab fragnent, scFv or

e Rl PR T el FEURSAYbbr efga, for ex
an$p1€1Gh GcddRdante SH &e\@&h@fml@»\sﬁmemwrswmh@ohﬁ @:hhpnse, but are
chai n variabl e domains. The F(ab')2 or Fab

nob hgitrdeip W eslerm bR IELAS A, bbb IRNMA ey ged pRgtide scans. For
xsRpfEL A PRACEL S sy o bk BBt i Scding 36l be carried out by

standidndolendevelopatend ¢¢. g vedodapynantibodyonith harseradivh padyide and tet-
library _that is based on am ng_acid sequences that

rapgihyl b@@#ﬂlﬂ@wghbxﬂm&e@iequedf)aﬂaleerﬁ%!@adnbsﬁrtaﬁmeﬁ? g scored by
th%?ﬁt%l b t%afgy eXalip! Qeﬁt'ﬁﬂlrﬁ% 61%2)?(%] ! Back gjrcﬁlfn (thgatﬂ/@%&ﬂon) may

an an sequehce’i s
beb§.120B); typinagl positivenbmastiommdyubarl ©&yUEis aseanscthe dlfference posi-

e o RSP eSSBS R A ity

peieﬁigﬂn%cf‘ By 'u§m§' r{r% %&1&@1@ @éi%fi:n%@ %@%&Be EutaziBI@eotlctﬁ%hp fiffee {Pfive unre-

lated entigens, mebss stilkgiowded,. BSAr;tmsfemm the dike. ( 2001)
254:67; and U.S. Pat ent No. 6,300,064 issued to
Kn&spieven spacific binding Rlsp arAY rgfes 1o ﬂ'@cﬂbp‘éiyé’lf ag asybody to discrimi-

s SRR e A0 L B AL ER B o s
as'réfeten@e ﬁ@ihtsQWgnEetW%m SAECSH amddL@nIH& Ibadilesy of M-O8F. Addition-
i nvention: "antibody nos." or "MOR' 03684, 04251,

allygBspgcifig diming’hmpg relatoty theability 94 a0 2ntibady;fo disatiminate between
dl%é a.rggoqqgs g%?géu%glc'?%7 dﬁfe‘ijergdd%éﬁmsm R3¢ JFeM- CSF, or be-

resents an anti varil a heav regi on

tweal bas poaird ey am&‘:E@chﬁ) r&ﬁl‘lueb or (sPiiehésSE i oNeid tdsidues of GM-
rotein) and a variable light region corresponding to
QID NO 21 (DNA)/SEQ ID NO 31 (protein). MOR0O4251

o7V 5 s U AR o R 9 B e

lﬁh ih8 c1ad® Iem A M MAE| w BElagoth asd figludes all
Og}%E%ID g’ﬂ(ﬁ' g(DI\I%\ %bl rgl’%g E[ngg’;lu(proteléler?)%@(p @ludes 2

copEFRIRgally k@w@@éﬁb@,dl@m% Hepgmegtsathgreef.aif) efunctional frag-
meht2'of &f %ﬁ%&}/?i'iﬁrﬁﬁt%g‘&uhn hereby is defined as a fragment of an anti-

body/immunoglobulin (e.g., a variable region of an IgG) that retains the antigen-binding

region. An “antigen-binding region” of an antibody typically is found in one or more
hypervariable region(s) of an antibody, i.e., the CDR-1, -2, and/or -3 regions; however,
the variable “framework” regions can also play an important role in antigen binding, such
as by providing a scaffold for the CDRs. Preferably, the “antigen-binding region” com-
prises at least amino acid residues 4 to 103 of the variable light (VL) chain and 5 to 109
of the variable heavy (VH) chain, more preferably amino acid residues 3 to 107 of VL
and 4 to 111 of VH, and particularly preferred are the complete VL and VH chains
(amino acid positions 1 to 109 of VL and 1 to 113 of VH; numbering according to WO

97/08320). A preferred class of immunoglobulins for use in the present invention is IgG.
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ing to SEQID NO 3 (DNA)/SEQ ID NO 13 (protein) and
a variable light region corre- sponding to SEQ | D NO
23 (DNA)/SEQ I D NO 33 (protein). MOR04252 represents
an antibody having a variabl e heavy region
corresponding to SEQ ID NO 4 (DNA)/SEQ ID 30 NO 14
(protein) and a variable |ight region corresponding to
SEQ ID NO 24 -15- (DNA)/SEQ4D NO 34 (protein).

R PAREIS R N PR e, « o

frabfeNOscRbof pumstracts )compﬂsmg singld mirhendglafhlinregiable domains or sin-

lq reaia 331?& SelReRGeeS agr R SEGS@E?@ %l%orasmgle light

HEBIEH KT SR il

remey the intormelspdaddisgphide uﬁaa)cﬂuﬁmsIWt Ry m)ems&@ Ci and Cy do-
NO 36 (protein). MORO4302 represents an anti body
m%%%l ng a variabl e heavy regl on corresponding to SEQ ID

37 Bl ) iy e

thdt @s bﬁi@d o%ﬁrﬁﬁbQich gehueldeRdded Bave beunedesined am siisbiahd dyicoded by
having a vari abl e heavy region cor io respondin

nugleio 4CE§15Nd)at @e(smhﬁrl%lz erentriy [n giliegrdseignpf %@tﬁody sequence is

B R 5 S PSR PR Bl s o
peplﬁdeas‘u‘quhwgl)/ﬁhmz:)gW%Eaia‘lt%obtahieg tlmaﬁrqm; ggiemlwgs for demggmng and ob-
taip Bt ol icp-arRicc SeAeT |aéeNFC‘??S§HPe‘£ SM bherage s‘gfe%?af]'%@f ¢l I Mol.
BlﬁEgéddB) 2%1572&:469%)(/1 SEQrdN M%ﬁao(i@r&bﬁl)niﬂ SERAA5E. Patent

esents ah antibody having a 15 vari abl’e heavy
Nd ég?o(lﬂ;ﬂééorsmmslmnﬁnmlk ef @EQvhich N@rebyoare rina@pemied) pyskderence in
20 (protein) and a variable |ight region
thed’o?‘?“é%‘?fondu ng to SEQ ID NO 30 or 57 (DNA)/SEQ I|D NO
40 (protein). MOR0O3682 represents an anti body having a
vari abl e heavy region corresponding to SEQ ID NO 44
(DNA)/ SEQ I D NO 49 (protein) and a variable |ight

G ghngto SEQ ID NO 53 (DNA)/SEQ I D NO

A[{ggﬂi{%rot elﬁn; MOR04283 20 represents an anti body

" having a vari abl e heavy region corresponding to SEQ ID
NO 45 (DNA)/SEQ ID NO. 50 (protein) and a variable

| i gmougbgutotﬂuscdmuwpb mefference as Brde to thevfollosving reprgsentative anti-

ol P b F504 307 0 D760 2t o, oo

0480, NA30%,0043501404 3550433 7NOB 6831 0428104297 andr04842. MOR03684 rep-
req\égrq:agryblgtemgq hlt\g;lr?g@o&rfa%;g ﬁ?a%ngég?o% E:grress%onémg to SE?(% ID NO: 1
(DNA)/SEQ ID NO: 11 (protein) and a variable light region corresponding to SEQ ID
NO: 21 (DNA)/SEQ ID NO: 31 (protein). MORO04251 represents an antibody having a
variable heavy region corresponding to SEQ ID NO: 2 (DNA)/SEQ ID NO: 12 (protein)
and a variable light region corresponding to SEQ ID NO: 22 (DNA)/SEQ ID NO: 32
(protein). MOR03929 represents an antibody having a variable heavy region correspond-
ing to SEQ ID NO: 3 (DNA)/SEQ ID NO: 13 (protein) and a variable light region corre-
sponding to SEQ ID NO: 23 (DNA)/SEQ ID NO: 33 (protein). MOR04252 represents an
antibody having a variable heavy region corresponding to SEQ ID NO: 4 (DNA)/SEQ ID

NO: 14 (protein) and a variable light region corresponding to SEQ ID NO:24
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25 (protein). MOR04342 represents an anti body having a
vari abl e heavy region correspond- ing to SEQ ID NO 47
(DNA)/ SEQ I D NO 52 (protein) and a variable |ight
region corre- sponding to SEQ 1D NO 56 (DNA)/SEQ ID
NO 61 (protein). In one aspect, the invention

provi des anti bodi es havi ng an anti gen-bi ndi ng regi on
that can bind specifically td5er has a high affinity

AV NG S BB OBH il P Y e  varibe
heb ¥y ?églbreaﬁﬁres'b@ﬁdmw t6 'BEQ B KO SHOTJNH)/SEQOID N, 15 (protem) and a
fragment). ~An inventive anti bod antl en-bin

vane@liedtght 1egioearrespansing &QaﬁEQ.IRj /R HDaTﬂO 35 (protein).

t . f
S PR P RS0 g Sl o5
IDLNEn 66(DNM\)/SEQrIIE NBHIH@totBﬂh? and arvaeidblarighanégit dowesponding to
that bind t wth an affinit f less than .
SE(D 3D b 26 NDNAISE QTS ND-of 6 erpioy)) MBRO4AEH seppapnts an antibody

f i .
haUM\g ?{%&#ﬁ%&%%?gl&%&%&gﬂogh {BISERIIB r}‘%@p”’ Wl)/gfhg@ NO: 17
(pfoweinpad @ntariablei lght yregibn E@hesﬁdndgrgemt SEQTELNG: 27 (DNA)/SEQ D
B 554D DITTE R o R G 5o oo
re%&h ?@% RESIH NG SENA %léi R0: 98 (Bfote x?’iﬂdtd %able hght region

brium Titration anal ysi's:

com'esztintg)ttbySEQfItiND &8 BEMNAPYSEQIDr NOVERtiete{npMVM (NEO4354 repre-
b8 355 SR ) B A8 3800, 0 o
(DNA)/SEQ ID NO: 19 (protein) and a variable light region corresponding to SEQ ID
NO: 29 (DNA)/SEQ ID NO: 39 (protein). MORO04357 represents an antibody having a
variable heavy region corresponding to SEQ ID NO: 10 or 48 (DNA)/SEQ ID NO: 20
(protein) and a variable light region corresponding to SEQ ID NO: 30 or 57 (DNA)/SEQ
ID NO: 40 (protein). MOR03682 represents an antibody having a variable heavy region
corresponding to SEQ ID NO: 44 (DNA)/SEQ ID NO: 49 (protein) and a variable light
region corresponding to SEQ ID NO: 53 (DNA)/SEQ ID NO: 58 (protein). MOR04283
represents an antibody having a variable heavy region corresponding to SEQ ID NO: 45
(DNAY/SEQ ID NO: 50 (protein) and a variable light region corresponding to SEQ ID
NO: 54 (DNA)/SEQ ID NO: 59 (protein). MOR04297 represents an antibody having a
variable heavy region corresponding to SEQ ID NO: 46 (DNA)/SEQ ID NO: 51 (protein)
and a variable ‘light region corresponding to SEQ ID NO: 55 (DNA)/SEQ ID NO: 60
(protein). MOR04342 represents an antibody having a variable heavy region correspond-
ing to SEQ ID NO: 47 (DNA)/SEQ ID NO: 52 (protein) and a variable light region corre-

sponding to SEQ ID NO: 56 (DNA)/SEQ ID NO: 61 (protein).

In one aspect, the invention provides antibodies having an antigen-binding region
that can bind specifically to or has a high affinity for GM-CSF. An antibody is said to
have a “high affinity” for an antigen if the affinity measurement is at least 100 nM

(monovalent affinity of Fab fragment). An inventive antibody or antigen-binding region
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4350 19 1.1 4354 21 2.8 4357 7 0.4 3682 nd 11406
4283 nd 113 4297 nd 49.2 4342 nd 4.9 "nd": not
determined 5 Wth reference to Table 1, the affinity
of MOR03684, 04251, 03929, 04252, 04357, 04290,

04302, 04350 and 04354 was neasured by surface plasnon
resonance (Biacore) on imobilized reconbi nant

GW CSF. The Fab format of 684, 04251, 03929,

303
- prefe ﬁl%clag b th}o GHRESF vﬂﬁ?’&?%fgﬂﬂf‘ oPaltit 143¢ dndh l%rﬂl\h,id 1tn(7>€b prefera-

nonoval en frnity range ween about 6420 an
blypieks than bsut BEMN pamdstillawraprsferatdye tess trantdbeut 30 nM. Further pre-

det er mi natj on, of. .t he fipities b ol utj.on
feresgh e P bashe et bind i, OGP, 1Pk g FITERY QL JFS5 Harb 2bopg 4 M, and
e ; f
o e S T B g e P b ey of the
invehtion againdt iGV-QSE heayals gbaus 18 0edvian lcpMs@nonmweleny affinity of Fab
wi th _humans and at | east one other species, which may
frag@ent)r odent species or a non-human primate. The non-

15 n _pr.i.mate can _be.rhesus. I od j :

e TRUF 1 PRV U 8F <R ofpephetile FRBEUES of b inven
tioA! ad B@SIMIABE by Odiefice PBHISTesdmhceXBiapdre) aadrSodutiva Hquilibrium

greater flexibility and benefits over known
Titzation-(BRT C@Rl¥s: i bodi es, for purposes of conducting in

vivo studies in nultiple species with the sane

anti body. Preferably, an antibody of the invention not

only is able to bind to GMWCSF, but 5 also is able to

bl ock the interaction of human GW CSF with the al pha

chain of human GW CSF receptor expressed on CHO Kl

cells by at |east 25% .preferably by at |east 50%

nore preferably by at [east 60% nore preferably by at

| east 70% preferably by at |east 85% and nost

preferably by at |east 100% In a preferred

enbodi nent, an antibody of the invention is able to

bl ock interaction of 0.5 gg/m human GWCSF with the

al pha

D
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15

10 chain of human GW CSF receptor expressed on about
2x105 CHO Kl cells by at |east 50% under the

foll owi ng conditions: the concentration of the human
GWt CSF receptor al pha chain expressed on the CHO KI
cells is simlar to the concentration of human GW CSF
receptor al pha chain expressed on about 2x105

CHO GVRa#1ll cells, and the ed@- centration of the

i nventive anti body g‘b .In this regard,
the skilled worker tﬁh‘a #%H'ﬁ’%éﬁéfﬁ}’ %S | s expressing
human GW CSF receptor al pha at a concentration

simlar to that which | Bigepr€ssed onSEput 2x105
CHO GVRa#ll cells by e g by tr

ansfecting a
popul ation of CHO- Kl cel]'s h a suit- | e
expr essi on veMEOR anodl%(l@d)CSF rjgéyipgﬁ) al pha to
generate d|ff—emrmnﬂegﬁﬂ)‘i—i—n'emm g
defined |l evel s F receptor_al pha; then, ‘the stable

cell lines are 2625111a| yzed in 'P‘-(ACS anal ysi s7 4o

det er mi ne GVWESF3586 ks evel s ac-
cording to the p?o ocol esse .IIy as de I"bed in
Exanpl e 3C, a ce#BORi ne that b¥fresses hudds GV CSF
receptor al pha aé § concentratign simlar t hat

whi ch is express 8 Z about 28405 CHO | cells

is identified by4@68paring theSﬁredi an fI uor egcence

val ue (MFL) of s transf ect ls to MFL val ue
set forth in Exa%gpg 3C. As UEZ% 25 herei Pf‘al cell
line is ;Jlefitned Agsexp{essi ng @/LtCS\I;Ihr e(r:]eptpq al pha 3t
a concentration i.mlar a ich is.expresse
on about 2x105 &VRa#11 cel{ZE" 't the V22 val ue of
the transfected ggkl7 |ine does mot deviate ¢y nore
than a two-fold factor fromthe Ml value far the
CHO- GMRa#11 ceI | 3882set forth nd Exanpl e 13406

Furt her nore, Q%%?body of th@gi nvention ijg3able to

neutralize human CSF in a TF-1 prolifération
assay wWith a | owd297C50 val ue nélan the ref492nce

anti body BVD2- 2 and/ or 15, prefer an at

| east five-fold %gégr | C50 Vg/pﬁ nore pr ef%%bl y -19-
with an at |east 10-fold lower 1CSO value than the
reference anti body BVD2-21Cl1 and/or MAB215, nore

pr &hdY albdtydetérinkinad at | east 15-fold | ower |1C50 val ue
than the reference antibody BVD2-21Cl1l and/ or MAB215,
nore preferably with an at |east 20-fold | ower IC50
val ue than the reference _anti bodb BvD2-21C11 and/

VARt referspes ?r% Lths affinifyof MRR3684 LdpS B@20404252, 04357,
04{2%4/3 ?@ﬁgﬂ@ 64%3 ev@eﬁem E.\Pe{c}eny%ut?aﬁk ﬁ&ﬂ%’mﬁ‘é%a%&@halacore)

n at
onSifhrhabitizédomeombinaax G&H-L@SR Hehe Fdbeformfat o€ MOR03684, 04251, 03929,

04252, 04357, 04290, 04302, 04350 and 04354 exhibit a monovalent affinity range be-
tween about 6420 and 7 pM.

The Fab format was also used for the determination of the affinities by solution
equilibrium titration (SET). The right column of Table 1 denotes the binding strength of
between about 16000 and 0.4 pM of the MORs in this method.

An antibody of the invention preferably is species cross-reactive with humans and at

least one other species, which may be a rodent species or a non-human primate. The non-

human primate can be rhesus. The rodent species can be rat. An antibody that is cross
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ant i body BVD2-21C11 and/or MAB215, nore preferably
with an at |east 100-fold |ower [|C50 value than the
ref erence anti body BVD2-21C | and/or MAB215 and nost
prefera- bly with an at |east 120-fold | ower 1C50
val ue than the reference anti body BvVD2-21C 11 10
and/ or MAB215. Peptide Variants Antibodies of the
invention are not limted t-ol&he speci fic peptide

RS55G5 T AR b s
beﬁeﬁt? q@lomca&x MIESRUntiBbEES, IS RPRS of @Gf{(ﬁiﬁlhgningﬁ studies

aval Ie te ogles and refer ences, the ski
mmmttipéc specles with thokane entfhodpar e, t est and utilize
functional variants of the antibodjies disclosed

hePrsferablyhpn antapgstyeed @pulngmtlnatnov aalwaﬁtab igybing tordM-CSF, but

o OO-ESE DA, o B o e

GMIGSFErec@f)tot' hﬁplﬁﬁ@ﬂ&m CHO-&1t ¢adis. byAst leastd29%, pleferably by at least
context, "abil to hlock the nter%::tl gn of

50%smore pqu%ra’allyd}i/aatclﬁaaﬁt 40% mase PrstRrely cRtdfsh 0% w&%&f aply by at
leagtu agﬁ' %o},s??x%’fé?&ﬁlg bhr%tt 1 sPE0% pr§?retf8'réﬂ"e dimeM, G@ntibody
ANt 1 DO y O e I nvent

A variant can inc ude for
of eheainpérionds abletto hdbmbk mtwactlbas»f ats hged thuorae GM-EBEvith the alpha

com rity determning, regjo
ch Ry R GBS e O PP ROORTDy GHO-K el by at least
SO%Oﬁ?qu/ﬂE’é)?dlfo'vﬁﬁ‘g c¥hditions/ ithe BorRERtdtida STolb eGfin GM-CSF receptor
sclosed herein. To better illustrate 25 this

alphe whaiptexpmessedionf thel @é&-ilidt ¢Qﬂﬁ infiméilar togbe gorgentration ef human GM-

Csivuspor uilin SR EEPte SRERET ol G Eelig nd the con-

cex&&h@i@ﬁ%fﬂfﬁh@émﬁz@%ﬁ%ﬁy idapBitpgand a variabl e region
, the latter of which “is in each case nmade up

of 1rf A reghtd; e skitfedaworkeh b@ﬁobtamem}soace delliBepreskitez human GM-
antigen- binding site is formed one of rmreegDRs 5
CSFetecenier siph3 aga éwsceptr@twrumﬂﬁét%ﬁ%wwdﬁ expressed Ry phqut 2x10

CH@GRG# PERIY o GA by R RYAY 2 BAPHEN bF CHIG RI%dIR with a suit-

antigen g one of nore am no
abRGix@ression deadr encodifgdDBM3CSFRecaptyirailphat ﬂoegwhl'altd different stable cell

Y O L
eS8y 00 DR Ot e Sy v

cording wrtbe fpoetoead ressantiadnas desgribedbin Brample 3Gs vegelli ling taﬁﬁexpresses
COWng?recep or agpsha at aaccgacgrﬁ&n%gss (18 to! BafRRRRGE I&f)ressed on

about 2x10° CHO-GMRa#11 cells is identified by comparing the median fluorescence
value (MFL) of such transfected cells to the MFL value set forth in Example 3C. As used

herein, a cell line is defined as expressing GM-CSF receptor alpha at a concentration
“similar” to that which is expressed on about 2x10° CHO-GMRa#11 cells” if the MFL
value of the transfected cell line does not deviate by more than a two-fold factor from the
MFL value for the CHO-GMRa#11 cell as set forth in Example 3C.

Furthermore, an antibody of the invention is able to neutralize human GM-CSF in a
TF-1 proliferation assay with a lower ICso value than the reference antibody BVD2-

21C11 and/or MAB215, preferably an at least five-fold lower ICso value, more preferably
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respondi ng consensus or "master gene" sequences (as
described in U S. Patent No. 6,300,064): -21- Table
2a: VU Sequences mh YY YY YY YY YY 4 YY n y amum 4a
ua u > tl 6 K6 66 < a u uu xXx uux xx Vrv 3 #3 33
33 3% #3 33333 ' "~mww mww w www d as V
Vir) WWWVnY Vsm C>Vaas as 00 as 0 00
m3 33 33 33 33 33 3 33 33 W9u~x LL rv UW W YU W

withany Teesh §0-4efd Tgver Wian VaJug thapyBis Fferioe aptppe B 9T 11 andror
MXBYly ﬁ{o}é Me%r%ly \Mtﬁ/an at Teagt W-fﬁg lgﬁelafbsg(i/ahet ih\ﬁn the reference

>> >> a Wru nr mu
anﬁ/bbdy\,BYlDZ\oQI\m I and/onMABNSnmampmfmthawam ap at ieast>20-rf01d lower

IC50 value' agdthe CI)‘C e%nge (ejuallngody BYD2 lv(‘?ll and/or 1@9«1%(21%0 more preferably

‘with an at least 30-fold lower ICsq value than the reference antibody BVD2-21C11 and/or

MAB215, more preferably with an at least 50-fold lower ICso value than the reference
antibody BVD2-21C11 and/or MAB215, more preferably with an at least 100-fold lower
ICso value than the reference antibody BVD2-21C11 and/or MAB215 and most prefera-
bly with an at least 120-fold lower ICso value than the reference antibody BVD2-21C11
and/or MAB215.

Peptide Variants

Antibodies of the invention are not limited to the specific peptide sequences pro-
vided herein. Rather, the invention also embodies variants of these polypeptides. With
reference to the instant disclosure and conventionally available technologies and refer-
ences, the skilled worker will be able to prepare, test and utilize functional variants of the
antibodies disclosed herein, while appreciating that variants having the ability to block the
interaction of GM-CSF to the alpha chain of the GM-CSF receptor fall within the scope
of the present invention. As used in this context, “ability to block the interaction of GM-
CSF to the alpha chain of the GM-CSF receptor” means a functional characteristic as-
cribed to an anti-GM-CSF antibody of the invention.

A variant can include, for example, an antibody that has at least one altered com-
plementarity determining region (CDR) (hyper-variable) and/or framework (FR) (vari-
able) domain/position, vis-a-vis a peptide sequence disclosed herein. To better illustrate

this concept, a brief description of antibody structure follows.

An antibody is composed of two peptide chains, each containing one (light chain) or
three (heavy chain) constant domains and a variable region (VL, VH), the latter of which
is in each case made up of four FR regions and three interspaced CDRs. The antigen-
binding site is formed by one or more CDRs, yet the FR regions provide the structural
framework for the CDRs and can also play an important role in antigen binding. By al-
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<V >ryry JO000=01221 SO01ONOO Z=_3% _9
8?9 9 ryd 9: NS a as -25- The original HuCAL(r)
mast er genes have been constructed with their
authentic N-termni, e.g. VL |lanbda 3 contains the
am no acids "SY" at position 1 and 2; and VH3 contains
the amino acid "E" at position 1. During construction
of the HUCAL(r) Fab libraries, jin- cluding the HuCAL
GOLD(r) library, the first tws2&m no acids have been
changed to "DI " in the VL | anbda 3 chain; and the
first amno anged to "Q" in the VH3
chain. The SE%PFQE I%i‘g{rh cq;n use the data in Tables
2a and 2b to design peptide variants that are wthin
the scope of the present invention. It is preferred
that variants are constructed by changi ng am no acids

wi thin e.qQrs avarl-aﬂt m ght al so
have ong |oe 1€ WD-TE"a’l‘tPr(—‘v’ri"ﬂa Fegions. Wth
referen to a Cohpdrd 5on o1 fhelnavel-antibodies to
each othgr .. . candrdate TesTues thatwcah“' be changed

i ncl ude ggpesalduefquﬂ at-51 of tHe - Variabl e |ight
and e.g. ré‘3| dués; 37 Jof “56 pi.the wariabl e heavy

chai ns of| MORD425d, ssi nee wbhese_arﬂai’. ph3| tions of

vari ance |wiss-a-wi s &ath ot‘héﬂu é\ltq;@tg,gns al so may be
made in (the {r anpwark. rwegi ons. ﬁor’—‘-éxanpl e, a peptide
FR domaijn mght De altered: v S a 15

)i i m i ne
sequencell Vf t of the novel
ant i bodijgs & ol or  "naster
gene" sd@uenc ®can be changed
i ncl ude & g, e variable
light chgl n-o ; and e.g.
resi duesygSs, g e | G { astiePravy chain of
MOR04251F¢copp & 200 VIS uuerna¢|vel y°, 20 t he
ski | I ed worker- ceul o~ rreckee the sanp gfalysis by
conpari ng|the 7anf o agi’d. séduences -di scl osed herein
to known| $equences. of <the same class<of<such
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anpl e, the procedure descri bed by Knappik et al.
(2000), and U. S. Patent No. 6,300,064 issued to
Knappi k et al. Furthernore, variants nay be obtai ned
by using one MOR as starting point for optimza- 25
tion by diversifying one or nore am no acid residues
in the MOR, preferably amno acid residues in one or
nmore CDRs, and by screening t2§e resulting collection
of anti body vari- ants for variants with inproved
Thprowgﬂfal HaCAIPambstetipares hape béenrcoastricseddivith t}mnf authéritiorN-termini,
g:ogﬂ,o a\ﬁ_pngrgt%pgﬁggm%g d, ?#S?’%S@c;sgtlo&f gf aJ\llé' VH3 contains
oS epb | I ®
Ao nEoP*’%NA% ETAPAE COYRUIBRST UL PACAL Fay orres, i
cluiingihe HuG AL GOLNF libearithe digst te/oiamindk acids havaatbeen changed to “DI”

in B8 Y bdpePif ) CHRA ARG Moo mipR i hog DoEhACeneRd 1o in the VEE3

chawerall nol ecular structure of an antibody peptide
sequence described herein. Gven the properties of the \
[ C : [ '

TR P B0 RS PR OB, SHBELRAL A0y

withih el dcopé ofithe present inveatieer itas iprefersedothint varidntnare’ conmatyucted by

ch%fglgga gxfexyxof v I%ﬁﬁlﬁ&%%ﬁ%@%?ﬁ)%ggﬁ%% ggfagt%\{xnvln?grhlt ta}/so have one or

mdt¥ %ﬁgﬂea 'f}ahfev&afk rﬁgiéﬁsorwlﬂﬂ%fe%me it atcbh@aﬂﬁmiemefnow@leanubodles

resi dues 1 nvolved. For exanple, (a) nonpol ar
to em}mtbq:rhmdu)ateamsmeamad cari be-thadgedhinghidee, 2. Irw@uqsw or 51 of the
val,i n al an

vap?s@ﬁpggﬁpgﬁn e%ﬁ'as rﬁ ﬂg%ygbag)ﬁ%ﬂ)eaﬁgﬁ ?IEF of M)ORO425 1, since

the3BaROpAHidhS df%hm \ﬁb—iﬁdm BachSithérN CAltdrii 31§ may be made in the
cystelne, tyrosine, asparagine, and gluta m ne;

fram%mrk vegignse rﬁnrg@ampbagm@pn@nﬁ  dlomeinmight évleméir@red( whete there s a
d (d tivel
I ﬁ@gae’ies‘ gfxpgr%,?g%aggfna@ﬂe S%SP g ag pzelr ?legaalc?lg Z\nd
i e o e S e B S s
“nlggtlef pfR s@&ue?ﬂd@ Séahaw*a&dreéfaﬁesoenst @aﬁaocter@fangaﬁﬁmuae d §1§kidues 27,

ty to di srup helices. SIm y, certain
50a0ri Hoofathe dzriabled rghashahanf MOR04251 eompared ég NVIP& and e.g. residues

5345 854 b g ar AR Sor bl &L Mty

thé/ ﬁhllé@woﬂ&? toul8 ¥hdkeahe BAAE whAY$19 b @ombiiiMks tHeeamino acid sequences
ypt ophan and threonine are nore commpnly found in

dw(cszsgql bereutoskswmssequpReer 06 theswmendassafisark ipptibedies, using, for ex-
an@?e”?ﬁea pgduré‘gg c?{t))%{i b S R 11896‘&10{)506% gg&gﬁjﬁg' Patbif 198: 6,300,064

erre S fay
isshed tmmxlgamllps

Furthermore, variants may be obtained by using one MOR as starting point for optimiza-
tion by diversifying one or more amino acid residues in the MOR, preferably amino acid
residues in one or more CDRs, and by screening the resulting collection of antibody vari-
ants for variants with improved properties. Particularly preferred is diversification of one
or more amino acid residues in CDR-3 of VL, CDR-3 of VH, CDR-1 of VL and/or CDR-
2 of VH. Diversification can be done by synthesizing a collection of DNA molecules

using trinucleotide mutagenesis (TRIM) technology (Virnekis et al., 1994).
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20 (i) Sand T; (ii) Pand G and (iii) A V, L and I.
G ven the known genetic code, and re- conbi nant and
synthetic DNA techni ques, the skilled scientist
readily can construct DNAs encodi ng the conservative
amno acid variants. As used herein, "sequence
identity" between two pol ypeptide sequences, indicates
the percentage of amno acidggihat are identical
bet ween the sequences. "Sequence ho- 25 nol ogy",
ConservatistectniineApidriGiangge of ami no acids that either
are identical or that represent conservative an no

aci,d substitutions, Preferr i
B OR hRy B S0 SRIRE B SR ROMARRF sl o
an'#8b&AE gftid%t sehf@fe dRedfibedthegeins efiwenthy prapertiesasftthe individual
70% or g % still nore preferably at | east ??%J/ gnd .
amiws acigs; sowe apfionabsubisagionowil beregogniard Bithgkllsgaresker. Amino

| s _have a .seq k0 e ' :
R S8t GG 135 HEPER AP BuBul gy al BE 0B Q0P iblarl, on the
bafiS % sirdilaritPNA podrite Utlesge fsolubility Nieiroplmbiditye hydmpbilicity, and/or
invention al so rel at eg tq tqe nol ecul es t hat
the:araphipathic nahire 96ty 1651dugsipvg ntion. These sequences

inglude, Qut are not limted.to, those I lLeg . 3
Fr P ool A b i SR TR IRt S, o
letgﬂﬁe, IVAKRA! %:%ﬁne,r Shéilalaring, t ©EbtéghahNand afietdivné; (b) polar neutral
I'scl osed herein, but also include variants thereof.
aniboAacids inohude glyecinensering, thraaine; eYsteing TEOSHSs aTRAREING pnd gluta-

reference to their physi erli Ldds :
mifgie) @poge S thasesd R} SRingBleRBiLhAF shdlnine, sine, ppd pistidine;
aniPd E@ﬁtibﬁg%&ﬁkeﬁ%adidﬁyﬁnﬁm adids inelyde ewpartic aoid, arsli glommic acid.

DNA i s” doubl e stranded, its equi V&m or hopnol oB,,. d bro-
Substrtrgommwauy maycherpade within gTERPS @ Jedditjqn, giigipe and pro
. Wi e [ ivGld: Z 2 : imi-
infyrpgy P gl R Slotpebast B e A A7cA M Giteices. Simi
lardy Retpini dhigio Cleidsg suchf ascalamihe,i aysteineh jdncing] methionine, glutamic acid,

techni ques, can he ,used to differentiate ammn .o
glafaminen histiding apd timnq ngirporgtcpmqﬁ)é&oxpg! 1gtoég%é<%§,%leavalme, iso-
leR@id !pg\{ejxlg%laﬁ'h@,bﬁ%%sﬁxg gzg’tﬁpﬁﬁpﬁﬁ‘d [19686HiA¢ B MYfcommonly found in

condi ns see, r et al., 1989 (Sanbrook, J.,
B-pleated sheetE. Glfcingnstrinbnaspaitic, acid, gsp@egine)\prd e are commonly

Cl oni ng: | abor at or aual i r : .
rounyb i i, ,SuPe Sroris WPy ey B PRidscly O B folching aroues
) afd T; (iD998nd Syaubeli) AF-V,M and Br 6iven the knévn gealiv, colle, and re-

E., More, D. D, _Sedman, J. G, ;: tJ;, J. A c§‘1
coptbinast and sysihstic’ PR dgchinisies. cive Tl Sejpatidtfeadily can construct
DR %ﬁégd‘%g e U RS¥vatiNe WmiRS Kcid RV | ey and Sons) .

As used herein, "sequence identity" between two polypeptide sequences, indicates
the percentage of amino acids that are identical between the sequences. "Sequence ho-
mology", indicates the percentage of amino acids that either are identical or that represent
conservative amino acid substitutions. Preferred polypeptide sequences of the invention
have a sequence identity in the CDR regions of at least 60%, more preferably, at least
70% or 80%, still more preferably at least 90% and most preferably at least 95%. Pre-
ferred antibodies also have a sequence homology in the CDR regions of at least 80%,

more preferably 90% and most preferably 95%.
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Structural simlarity between two pol ynucl eoti de

. sequences can be expressed as a function of

"stri-ngency" of the conditions under which the two
sequences Wi ll hybridize 20 with one another. As used
herein, the term"stringency"” refers to the extent
that the con ditions disfavor hybridization. Stringent
condi tions strongly disfavor 5hybridization, and only
the nost structurally rel ateg nol ecul es wi Il hybridize

DNA mokcalkesbfithre inmebstiolsuch con- ditions. Conversely,
non stringent conditions favor hybridi zation of

ules di s | esser ree o ruct ur al
Fertie Sufeatinv By Atk el B3 PRI REeHorabliGptacin antibody of
th&linvRafidrY, THése%@cTu!iéﬂcé‘sI Rigludle! buttdiensttliméd 2 those DNA molecules set
rel ationships of two nucleic acid sequences. The

fofthlin Bigures laand|2at i onshi ps are useful in correlati ng
hybri di zati ogn and rel at edness is the nel

i ndNArpeleeules of Bre igventionare nganﬁltg(ggg g;g) squenc;ﬁnd;sclosed herein,
o L0, I o PRy e
refewﬁee I‘cc;3 diéau’lnp}@rsﬁhg?ﬁ?ehmﬁs% hﬁbrtdizatrgﬂB “THE. skilled) workef Will recognize

= 0gi.0 ere t n re t
DAk Y i somplsmag e i TN A Abhle ssgnded, it
equivaftnt Uﬁﬁéﬁﬂag olflsﬂ%Hﬂcl&@%Eﬁr it{YatistteRBni E\i@sr ak la]sQNﬁll be recog-

con- centrati nic stren t enper at probe
nizddzthatchybritizetion esreocar vfithdes rthan 140% bondplementauity. However, given

ap?) dr o e ?% ggﬁan@gﬁxg%ﬂ{yiga ée%ﬂmqégsr |F%|h gttils%crlJ to differentiate
an%{)rf &W& qubRYs TIRBE bALHEIR Srudt @AY BlaRARRE t§ia d@a;aaﬂmt pRobe. For
|

sence of agents that disrupt hydrogen bon

gw@d@lce wégaeding suchygsingitidng see S@mbrmlwcah, r1989v(>9qsmbrgels J., Fritsch, E.

8 Ao L RSl RSP AR ot o Hror

Ldb@faﬂ&ty Pf@@éeto‘kpsghh% msbéramm) anf A YIBEl @haaatwgﬁ (Ausubel, F. M.,
Stringency is_usually controlled at this sta

Brgit, s RPEwB, RelipMadre, Br 0., Besman, dhOotSmieey, & Haub, K. eds
(lgﬁﬁgp ?{lﬂ% rf%gﬂo%?f)ﬁﬂ MAIXC\H@IWS@%& %&va\{)ﬂik Rt Wan and Sons)

gonucl eo e probes are used.

re y i
S BTN PRSPl o s

functivspefc'sfringeney”r ofethe cmﬂmo&;%endmwu@i thettwel sequgm ivgH hybridize

' t y ’ f
W@éf’h? E.‘?-fgﬁ e%nﬁ?%j}fgﬁ , ﬁﬁé Ilﬁrm ggqq“lgrgﬁg% reler n%( ! OH’§ e%rtegxt'ihat the con-
ditiesiisfaVhehforidigatidagdr Sieingént cehditienisiséngly disfavor hybridization, and

only the most structurally related molecules will hybridize to one another under such con-

ditions. Conversely, non-stringent conditions favor hybridization of molecules displaying
a lesser degree of structural relatedness. Hybridization stringency, therefore, directly cor-
relates with the structural relationships of two nucleic acid sequences. The following re-
lationships are useful in correlating hybridization and relatedness (where Ty, is the melt-

ing temperature of a nucleic acid duplex):

a. Tm=69.3 + 0.41(G+C)%

b. The Ty, of a duplex DNA decreases by 1°C with every increase of

1% in the number of mismatched base pairs.
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is lower, a |lower tenperature may be chosen. Low
stringency binding tenperatures are between about 25C __.
and 40C. Medium stringency is between at |east about
40C to less 20 than about 65C. High stringency is at
| east about 65C. Second, the excess probe is renoved
by washing. It is at this phase that nore strin- gent
conditions usually are applieg.. Hence, it is this
"washi ng" stage that is nost inpor- tant in

determ ning rel atedness via hybridizati on. Washi ng
solutions typically contain _|ower salt
concentrdilon§Tmbne(5ﬁsnpﬂ§ﬁﬁoamﬂ2Hh1strlngency

solution contains 2 25 and 0. 1%

st ri ngency vvas‘ﬁh?BPﬁflan Z@Eﬁfﬁﬁl“ﬁ‘éc ftFFé‘g%lﬂf\’?‘é{Pé&l“tl?ﬁ‘%
ionic strength) of less than about 0.2X SSC, with a
preferred stringent solution containing about 0.1X

SS% blidfza hgﬂ.@ﬁ"{ng@% aaﬁﬁ&fdna&ﬁgalw fa@to}’sa i %t\f/hég ]pgerrall DNA con-

strlngenC|es ar sane as cussed
cehmtrmh eni¢ stféresthyasmpagtae) probosize laad theypiesaick ofiagents which dis-

B i 5 Rl R 1 B concnr
HFRRER Rbic SOUERTIDcnllelRulclggbbe Py 5 B0 B ol diRe of agents
thatmisrpptehxdrogembm:n@ nHybndlzatmn typidaly ds aerfornnall imctwoephases: the
oy e e SastoR PG Ef’n"ﬁgiﬁiyfﬁ{%ﬂi g and
= e, YACH LGRS, S PR Sl gpcicions v

ing) Aybridizationp eS tringéncysis dewdllyi doattoned &f this FAgS By &E&mg the tempera—
nol ecul es (froman nRNA per 5 spective) are those
tuqqa\F@r htghwéraaen%%wnmms iepsaly b;t“@pn pexs ands @@"C inless short
I 90 I
(<22 BEoulh brftles aFPied Rl By A sirion com-
prtséu%El\ESGpDé%J ISéIS (ﬁéd)dnh&dt'ah soletion ahdni@0i p@ @i Inonspecific carrier

ui valent, Variants ,10_It is_ recoqgni zed t vari ants
ng &m%}% & 65 $5eteR aédsqp@kéaﬂwt aﬁl@)cgﬁt Soue; mgny different,
yet funeGNBIBe ivfafe?lf %ﬂffe itidnS SRR, SWhtRake H@éﬁ'epgf %elatedness
construc as conpeeysynt etic DNAs. Metho

is bfvdrca éqw¢r>lemymahss imEyrhg clioseo nDoWeanmmgbasy ibindimg tqmm:gatures are

be%fée r210 t{x}bﬁg& d{b5gsgg?41§rﬁts dr%% ayrsﬁﬁn\é}\g ?va{ :l:lb%kl)xlt 50°C to less
thdnlb3dd 65°07 HighRRINPEnS} isAb st ab6li 6526, may be
synt hesi zed and assenbled in a fashion 15 first

r e Secdneld theyextéws paoise 1etrembvedby Waghing3i Blis atARis3h@sethdt more strin-
et al section 8. 2.

19 see so Au
g copions Seyall s BPOIEdo| Hensp ot S B nel Rlage A Bipt impor-
tarlt 88 {deter iR relatedness via hybridization. Washing solutions typically contain

lower salt concentrations. One exemplary medium stringency solution contains 2X SSC
and 0.1% SDS. A high stringency wash solution contains the equivalent (in ionic
strength) of less than about 0.2X SSC, with a preferred stringent solution containing about
0.1X SSC. The temperatures associated with various stringencies are the same as dis-
cussed above for "binding." The washing solution also typically is replaced a number of
times during washing. For example, typical high stringency washing conditions comprise

washing twice for 30 minutes at 55° C and three times for 15 minutes at 60° C.




10

15

20

25

sites engineered at the 5° and 3' ends of the gene to
facilitate cloning into an appropriate vector. As

i ndi cated, a nmethod of generating variants is to start

with one of the DNAs dis- 20 closed herein and then to
conduct site-directed nutagenesis. See Ausubel et al.,
supra, chapter 8, Supplenent 37 (1997). In a typical
method, a target DNA is clongg into a sin-

gl e-stranded DNA bact eri ophage vehi cl e.

Si ngterdiighynkiepreBivA invention imlelds ancleivydoid nholdcaled that thiybridize to

an ol i gonucl eotide containing th esired nucl eofi de .
thempleenles ehies forthrineFiganes lélaéﬁirg% Paffeg ?@w HHBeEY binding and washing
coﬁéﬁlpb&e Svl/l{egg.sﬁ n'ixbﬁicd ﬁib@écﬁlcgt &RBGE 9n PRRBSAY Dr_ functional fragment

Imtroduced into a host. 25 Some of the resulting
thgresfdawingwrbpertienasidesctibed basin: Rtefered molesléscranaan weRNA per-

confirnmed usi se Ci n addi tiqn i ous

e e s o S SR o1 s R B G 504 B et
0 Ragab dt! ' identity with

b BEfeale JppaB BOSL BRAFROI i 1edk® 9517 HE BRI lo WaBiee Jdentity
onaofl theiDNAanelecuendesciibed hereimai | abl e for generating

such nmutants. 30 Reconbi nant DNA constructs and

expressi on The present invention further provides

reconbi nant DNA constructs conprising one or nore of

the nucl eotjde sequences of the present invention. The
Fuynctionefhnlgwivelsnt VetigRE  of the present invention are
used in connection wth a vector, such as a plasmd, 5

h . W o : :
Pm?lgg ﬁ&gn&@&‘gfat QhariXits 8F DRSS hileculddiRoVied Rerdin¥¥h be constructed

e encodi ng an anti body of the inventionis ]
in isenseeal tdifferefwaym cButexkagwire theyymae be corttimet¢ding completely synthetic

chni que ri bed in, Sanbropk et,al.... . n
DRGSUBHER SRR R RERNE Bibufbi Sl P dmAlitan e sou
1508cROtigoe e CRidely aviviableesSezeAusidbeng, alf,eckornOlllg Supplement 21

synt hesi zers. See, for exanple, the technigues

(1989 c rOwslppring eligonuclentidssenay be sgmiiesizes) and pgspanbled, iy a fashion
ed. r [ .50 .r b

oy K aon O Ml A o 2091 ool .,

supr) Settivi 8.20fSynkieeticrDN Ak ippeferably are alepighed evithi ¢dnvenient restriction

.expression vectors that are capabl e qf expressi.ng the .

siteppnginrerest atghe Seand 3 pende of the %‘g‘ettﬂ 33% @&fd@&%ﬂﬁk{‘ an appropriate

Veya@ vector may further conprise regul atory sequences,
I'ncluding a pronoter operably linked to the open

r el iRGichiedN® nletHd) of goneratifif variant®is thostry Mtithedne of the DNAs dis-
conprise a sel ectabl e marker sequence. Specific

closed theecin ond & toaemdpetasitesditectedonytagenegisal Seeahusibghst al., supra,
ch?ﬁtlclrg &%Lg%ﬁegn%xgggﬁgé%@ 8% t%l&ﬁ%&ﬁédz P thfge.{ PREA §€oned into a sin-
gle-stranded DNA bacteriophage vehicle. Single-stranded DNA is isolated and hybrid-
ized with an oligonucleotide containing the desired nucleotide alteration(s). The com-
plementary strand is synthesized and the double stranded phage is introduced into a host.
Some of the resulting progeny will contain the desired mutant, which can be confirmed
using DNA sequencing. In addition, various methods are available that increase the prob-
ability that the progeny phage will be the desired mutant. These methods are well known

to those in the field and kits are commercially available for generating such mutants.
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guences. The present invention further provides host
cells containing at | east one of the DNAs of the
present invention. The host cell can be virtually any
cell for which expres- 20 sion vectors are avail abl e.
It may be, for exanple, a higher eukaryotic host cell

such as a mammalian cell, a | ower eukaryotic host
cell, such as a yeast cell p§0§ prokaryotic cell
such as a bacterial cell. Iniroduction of the

RecombiiintDNAconstruces andrexprdskienhost cel |l can be
ef fected by cal ci um phosphate transfection, DEAF,

dextran nedi ated transfection, elec- oration or ..
pha§e p;qqugdpye@,t,log guxggglpéq\pgqs rgpﬁpl@g@tg#ﬁ%ggpmucts comprising one
¢ 6P e MiceBHIO qubies Qﬁﬂfe%&ht fASEntdhe THeEédmisihast constructs

y Inserting a structural sequence encodi n(_:iba )
of dthe i pres¢nprintestiont arg eusedrinvearmestion: avitheat yesty) sugloras a plasmid,

i nitiation and . term.nation, si | s in.operaple .
ORI Opag SL BT YOIk PR D D Ad N A BGT UF SRR pgfoody of the
imygnhknisfiﬂ,ger&g[mri se one or nore phenotypic sel ectable
markers and an origin of replication to ensure

MRiTRE @AGKIE @neihey Yepraducehdy teéhnilpms rdebirihedtin Sambrook et al,
rovide anplification vvithi,nihe hﬁ‘} Sui t abl e .
1989, sk dsuliE] Kb gl 196 Aljomaivebmals HIVA sedirageEmay g chemically

syﬁﬂgéi%duésix%,‘ E{)fh&)&taané)lggkgiﬁeﬁkéré gEé’, 5} SRHAPIEN 1RO thckAigueY described

Species w a Pseudononas, Streptonyces,
in OucoNUCBEaPIDE SHovreesis .(1984; Gaiti, ad., IR Poess, Qulordle whiely is incorpo-

rat% ig'ggegeé'egqag;: }tgeernggg ngfgt% ?éﬁrﬁggaggécgé?iﬁéqtgc%ﬁg&@gg bgﬁ@ee gnvention are
coltipriséd Wﬁhleﬁgfegéian Qfctb3Rhat Ged !_:zgﬁbﬁ%fi expfssihg € RNA and/or protein

conmer cl a aval | abl e plasm ds typically containing
preduetseafitbe eficodhd DRA(S).k cterimay Aythee eeraprijearaylatory sequences,

. ((AT.CC 37017). Fol . t.ransfor i nt

indiadioe adremplr pPERBh IS S Ve TRAURE Eng Y’ SeAvector may

fuRY BRIprRL @ seRtlabRanskeysequbifes Specifie dnipiatdortred bacserial secretory
de-repressed/i nduced by appropriate

) \ ans (e.qg., )

signelspalseamay ebes reapired forceffigient fransiafinm: ofotppertedjgrget jgee coding se-
are cultured for an additional period. Cells are

uﬂ}cpers'cal |y harvested by centrifu- gation, disrupted by

Ph)ﬁ’g@kseﬂ{ HERLA FurthEAPovidRE thdsh ell SoMthinfie &1 LSt one of the

extr retal ne for further purification. 15 In
DNiAs tof theapresans freventiom  fiberbest coll cax be avirsuadly apg el fer whieh expres-
sio%eve%(tjo\{'g Q.rtea gﬁéﬁle.y ItSrr?éy be, for example, a higher eukaryotic host cell, such as a
mammalian cell, a lower eukaryotic host cell, such as a yeast cell or a prokaryotic cell,
such as a bacterial cell. Introduction of the recombinant construct into the host cell can be
effected by calcium phosphate transfection, DEAE, dextran mediated transfection, elec-

troporation or phage infection.

Bacterial Expression

Useful expression vectors for bacterial use are constructed by inserting a structural
DNA sequence encoding a desired protein together with suitable translation initiation and

termination signals in operable reading phase with a functional promoter. The vector will
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| ected dependi ng upon the use intended for the protein
bei ng expressed. For exanple, when a large quantity
of such a protein is to be produced, for the
generation of antibodies or to screen peptide
l'ibraries, for exanple, vectors which direct the
expression of high levels of fusion protein products
that are readily purified nag be desirable. 20
Ther apeutic Methods Theraped ¢ nethods invol ve
cof FsEbid & r‘n&g: ﬁlﬁn??éié@e?e%ﬁabléha&%@ﬁ afll ah lofi ?{r{ & kpﬁ’catlon to ensure
erapeuti cal |l ctive ampunt of an an
mamuenampl ot the 'haptdrhzmd rf dasirable, t\ provide aamniré‘wan@la iwithin the host.

oD DU R fPE T ortiag I ccolf RE TG s, Salmonela
tyﬁt&ﬁﬁ&}nvﬁ{d’ VA ARK spelfes! HitRmOhk! @ﬁeﬁ@%ﬂm@%@%@ﬁﬁwces and
Its receptor in a treated area of a subject- éi ther as
Staphylargt@isdose or according to a nultiple dose regimen,
al one or in conbination wth other agents whi ch ads
t o Bapterial Yestaramaybeofor sxamplpebasteriophags-« plasmidy oF phggeayd-based.

Tl‘ﬁge g&h%xjﬁ%aﬁ WhiaH 2 g%l%@tk\%% 5{1}@-5(@ Q@l l?acteya? oﬁgﬂl @fcrtegﬁ@a\f on derived

n or non Sus) .

froid comercihilp adyilable plasmidsvigpicaliy comtgiming)elements of the well known
co-adm ni stered with ments, .and jin

clomag 386505 PERS2Ar HodyS i dht HolISRATS bansiBmmAaBaS! Acitable host
strgffxaﬂﬁ Céowﬂpof?tﬂ& B ¥rairt@Ynth P?o AR déﬁQfeﬁﬁt}t Qh@&lected promoter is

oxi n or |0|sotope 0 potentla further
del-mplremdbndxmfeﬁ |byaapprop51aﬁmeam (egt, nmw{metﬁimﬁ ot chemichlinduction)

AR T e —
gaﬁlﬁﬁ’r(ﬁﬁ% RdVy fHRdl o bKeRRifa mieads Chridahé resultingGude extract retained

particufarly 'suitable for treatment with an ant i body
fonfurlhbrepurlﬁ/ccanpnons are inflama- tory diseases such as
rheumatoid arthritis (RA), nmultiple sclerosi

, ohn's
di de &g@tenglswsterm%sﬁ gumbert peXPIEssion; YeckRss aaY bt g"%@mageously se-
le(%g eé%i&%Tlgpcfn it usgglx elﬂgen&s ﬁ? the ?&th%ggé_ §5g%rrg(;|§§§ For example,
wiért &lﬁgeeqqanﬁsecrﬁ Subhl \aqm«bmxms nmbe pedbcedniibrethe generation of antibodies

oréggégagtghq%ggéedwg?aggg, %@p%? gﬁo?térs w@ggﬁ% gvo Cal {éﬁ{x of high
lewg gﬂﬁéfoh%@ﬂbﬁ&u@éjfﬁa{‘h@r&fdﬂz p‘%ﬁ@&"m etdébiréblaeans

an‘vary, depending on the type o di sor der
bei ng treated. Possible adm nistration routes i ncl ude
parenteral (e.g., intranus

Therapeutic Methods

Therapeutic methods involve administering to a subject in need of treatment a
therapeutically effective amount of an antibody contemplated by the invention. A "thera-
peutically effective” amount hereby is defined as the amount of an antibody that is of suf-
ficient quantity to effectively block the interaction between GM-CSF and its receptor in a
treated area of a subject—either as a single dose or according to a multiple dose regimen,
alone or in combination with other agents, which leads to the alleviation of an adverse
condition, yet which amount is toxicologically tolerable. The subject may be a human or

non-human animal (e.g., rat or rhesus).
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15 cul ar, intravenous, intraarterial, intraperitoneal,

or subcutaneous), intrapul nonary and intranasal, and,

if desired for |ocal inmunosuppressive treatnent,

intral esional admni- stration. In addition, an

anti body of the invention m ght be adm nistered by

pul se infu- sion, with, e.g., declining doses of the

anti body. Preferably, the d_og ng is given by injec-

tions, nost preferably intravénous or subcutaneous

| njA@Cdritibody ofl elﬁenﬁbmﬂ migharbe ummdhﬁini&teetdwwithtlhwwn medicaments

admnistration is ief qr._chr é{ftleda unt to tibod
and oIS iRl rtibody, BHahigiel branpdils O Repigple, on antibody

cm?lﬁ dt?k\/?% a%}f%ed: V%Qh‘iﬂ’imtﬁ% iP¥B radiBisStope % pobtially furt}_ll_er increase

et her other drugs are adm nistered
effidacy.l ed artisan will recognize that the route of
adm nistration will vary dependi ng on _the disorder o
cofftie invsntivoaniibodies pan e U%f ay atherapguiic Phérdaapgée’ftlcctap[ {n a vari-

etyzg s?tglta QNS v@?«% gﬁ\{l IcthnI; ﬂﬁlélrﬁgééﬁlblypa{p}(&géﬁ 6tdf§un@.‘:ﬁ9sro§jdé?9 and condi-

tioRS phrtieulagly spaiblefér wdanheanttwith an !amsbodlymftthe ﬂfventﬂonsmre inflamma-
stration, and the nature on%Ae di so

toryrciSeeses Suich 96 Kb HBEE RADAMHBBIETERS, (b disease, pso-
rag, delind oA C Beraific 8 olf ST S PHARWRCEUTI AL

S 6 &otmbdkifti ﬁéi f -
Aﬁtl’gﬁ%ggﬁnf Beggigg?&ggﬁlgad?%rggs,o;ﬁﬁngé&ﬁtlmc l?iné?% o€l for use in ac

cormg@e) withithe psqseml mmaiqnymaﬂ se derngrated in ragcoawentlonal manner using

onF g& E‘r@?g P gs@alggféeﬁ fﬁgc%tﬂ{@\égeﬁa?@ §§5 Mél#leﬁﬁpe&ﬂj ﬂ)ozigcdf the inven-

txoiEQ:)éh Bk hiimifsterRd bYeing stitatde m¢ahd) vhic dmd&ryy&lebeﬂdmg\m thre type of
the -33- art and found in the fore oi nﬂ@reeference

diserdar dging matedaeP@sém Admidstiatipn |f9‘i‘tﬁ§;111° Seppnteral (.., intramus-

et AT SRR, ok PR BSE gy an
m@dfﬁﬁzﬂsaﬁﬂ 1b)desifb"dl for dogat limnivnpeeppiressive d'raagnbl}mphmdx;siceml admini-
nonoc en- dothelial cells,. fibr %ast s .and

Strﬁfé@n-g\}l{aﬁ@dlt@@m,l a anfibady of ey itiom gt b cBRISICE DY Rulse info-
sidn! {Ef, b %2 cﬁ@l)fmpg d8§8§'o%fﬁé’ tfboﬁgdﬁfeférﬁ’ol& ”ﬁi@‘%lo@i'hg GNgwe:n by injec-

VI sua pOSSI cunu- atl on of
tions, diokf @refedablyi ftagendus er pwhqumeousl injedtions,r dependingain part on

st 36 SRS T pHERPY SruPBal L0y EheiS B st will de-

peRd Il 4 vaﬂx@tyeéic fa)ct(fré YREL a6 Y climibal $ymehaBeipht o€ the individual,
atonms, etc.” Procedures for acconplishing such |a

whegher gheadeugseice administered. (The skilled artisan mmrewameéhet. the, route of
bodi Lgb
adgpnyShtigt i Yoy Qe h olsRRRY RPsoricor e 3HRRAY

( 1?)%@&1“1#5 Q%eraﬁeutically effective amount of the novel polypeptide, according

to this invention, largely will depend on particular patient characteristics, route of admini-

stration, and the nature of the disorder being treated. General guidance can be found, for
example, in the publications of the International Conference on Harmonisation and in
REMINGTON'S PHARMACEUTICAL SCIENCES, chapters 27 and 28, pp. 484-528 (18th ed.,
Alfonso R. Gennaro, Ed., Easton, Pa.: Mack Pub. Co., 1990). More specifically, deter-
mining a therapeutically effective amount will depend on such factors as toxicity and effi-

cacy of the medicament. Toxicity may be determined using methods well known in the
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C. et al., Invest. Radiol, 20:693-700 (1985)), and
Khaw, B. A et al., Science 209:295-297 (1980)). 15
The detection of foci of such detectably | abel ed
anti bodi es m ght be indicative of a site of
i nfl ammation, for exanple. In one enbodi nent, this
exam nation is done by re- noving sanples of tissue or
bl ood and i ncubati ng such saggles in the presence of
the detectably |abeled antibddies. In a preferred
arCAMRS e the%‘%e?oﬁ)%cr@ﬁkéﬁé@s.' Bffitafma bé defiiminddMARIZUR; the same
manner through the use of magnetic i mging, :
guidanoe Dgrompingtion wdth the otethodgidaspribed below in tg@BtcamnVS-be
enpl oyed in nmonitoring the success of treatnent of
di seases, where pres- ence or absence of GMCSF is a
rel evant indicator. The invention also contenpl ates
the use of an anti- GW CSF anti body, as descri bed
Dingnestic Methods agnostics in an ex vivo set- ting. 25
Ther apeuti ¢ And Di agnostic Conpositions The anti bodies
?L q(mgcsxf BSEredsEY B VhRGusCRN @Eesf RERM It 19&@6@5&&@' riShocytes, en-

[
nown nethods to prepare pharnaceuti Cal usef u i
dothwlipbeslls Gbmblasteans sorag madighdrd dellef thusean anti GMHCHF antibody of

ok A A B BFLL A G RRE RSB o ositesccume

1afiG£EPERRCSFaATdifferent84tuéd B a SatichabirethieRigalde an antibody can be de-
their fornulation are -34- described, for exanple, |n, e

tectably Nubetd, Shopgirtiomgofaadiosotepesatiinity dabelsi(sucnes biptig, avidin,

Ce . a . : oy

16} Qe anf bl pyaPRARs Bns, o6 Prictlacelpr ackdishing such l-

beﬁﬁg’ﬁﬁs\ivélil Riowhitd il aﬁ’”‘ Oﬁnieﬁlf@@_libatmnaof]f?uﬁbsdieaiﬂ diagnostic imaging
such conpositions wi con-_tajn an e tiye

are rovisveddhy Wessman, AR Lok Guiai Nerthrmere ?%ﬁég'éﬂg TRHE)), Unger, E.
. on. ) . : . os

CLENETH 0 290 iE R 8, TR, S 20920527

(1980)hul ated to give controlled-rel ease of the active
conpound. Controlled-rel ease preparations, may.

be L.
ac fihevdstectinn ofi foritof suchs detegtablz|lghalgdsantibgdies mpight b ndicative of a
.absorb ant|.- tijhody. . t I oy .
sy ation. b gl R cnltAURERY 1y RSO & done by re
mOvias QMRS Wfakss(d of bivodrgdeinpubayiagtsacts samplegdnithe presence of the
aci ds,wgol y 10 vi.nyl, pyrgolidone ‘

degactablelebeled pntibediestd Hgd gmbogineng, this technique is done in a non-
i ARG Aty ktc2Bch a diagnos-
o APIUIRE BAGE  3 1left AARS BuoRi b g
tionesthmals betmployedrip aartifodngithe sucdess afdrestmentaif disshessswhere pres-
enég %} ggsren g of tﬂh-%é?e}shaogelév%n &"&%a%?&r. H?ee inq}éh 160 Ao contemplates the

use of an anti- GM-CSF antibody, as described herein for diagnostics in an ex vivo set-

ting.

Therapeutic And Diagnostic Compositions

The antibodies of the present invention can be formulated according to known
methods to prepare pharmaceutically useful compositions, wherein an antibody of the
invention (including any functional fragment thereof) is combined in a mixture with a

pharmaceutically acceptable carrier vehicle. Suitable vehicles and their formulation are
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of action by controlled rel ease preparations is to
i ncorporate anti-GW CSF antibody into particles of a
polynmeric material such as pol yesters, polyan no
aci ds, hydrogels, 15 poly(lactic acid) or ethylene
vi nyl acetate copol yners. Alternatively, instead of
i ncorpo- rating these agents into polymeric particles,
it is possible to entrap the £ materials in m-
crocapsul es prepared, for gnple by coacervation
dedceibbd fod @Kamd Slebih RBMW&@N'S&PHMAGWH‘ICALZSIHENDES (fl8th ed., Alfonso

y
. Gotmimdufovan b I po byl

ac b?eC@o% Usfifon SFEPR b ¥ftotive QmiflstrRlohObid! co mons will con-
bsftun B Io} st ipegitio

Ivery or exanpl e OSOFTES

‘ talmaarefmﬁeé amoum of Oﬁmf smove of tlutamutﬂmdtqscnfethg: pmsdnt mventmn, to-

nanocapsul es or croerru ons. Such techni ques are
ge@FéM‘B%“PWCREWPﬁ g’r"i “maceut i cal Sci ences

ﬁ{mggg | CO ??%}Qﬁ?%&n%;%&atggggu élg‘%)?g%%ﬂfgpﬁ%%%g%t%%ghe active

| coﬂboﬁxﬁf‘t CoMPoIRdirblchisel (2 8parhtid¥uhat beosthidved thrﬁugﬁﬁlleci@e o polymers

be presented in_ 25 unit dosage form

to awpplewr absorb antiuGM-C$Esantibady. aTh%P@lHQMeg Iﬁieb}‘ﬁf&d%’dbe exercised
SZIE%;?Q;%%E&&& Hll?{ogxgégpcglﬁés aHﬁYe #&5&t§%‘3§bly£ﬁlﬂ§ alRs, poly-

v1ri}‘ll,u E?ﬂ&ll&(ﬁi&t Gtigdencaingl-aeetatep ma]nylcélbnlmj atuboyymagthyicellulose, or
suc

proigiaines SuE LR IReViORGentTaan S TAROTRGFUSH Bhelels BE thods of
1nd%9%\g§fiox{ {noérfﬂ:lf tgrcoﬁﬁ’&siﬂ chtll | Rﬁbﬂ%ﬁﬂbsﬁ?ﬁ%&ﬁ@é fo é’(ﬁﬁ‘o@ lt}?e duration
rogen-tree water ore use.
of aomrgoby bom'(sllegayl,easef preiparatiam, is ltxe up:ms;x)eate edt11GMaC§E@nt1body into
i spense e h
PGS BN TEBSRAL) Fihg 5T HROTESIRY PN, RS, Bydrogels

pol}’@ﬁcf?@ﬁ&?) 315éth5'ﬁ)ie fvﬁfyla@éﬁﬁ@bcﬁ)&ﬁﬁ&’s' Seteiidtively0linstead of incorpo-

[fasti c , Such as a blister pack. The pack or dis-
ratpegthese mﬂtsaetqmmeﬂm‘immt éipasyiblentet entep ithese magerials in mi-

RS T 5 b i M5 R otmer
zaférg 'Iﬁrenéﬁaﬁnﬁl@ | Iyt ﬁly@dwmd@enc@' rgel‘atlhct-mltrobii}sules and
I nvention, -36-. EXAMPLES Exanp

Gener
POMW&WYGWWI?}E)&ml‘ffP%aP&H]teF’bﬁélPeég"?]lVoﬁﬁ {theo im%i@)mg delivery sys-
r%,lfgt( E)zarﬁﬁlp,rlﬂx&éorﬁes, albumin microspheres, microemulsions, nanoparticles, and

nanocapsules or in macroemulsions. Such techniques are disclosed in Remington's Phar-

maceutical Sciences (1980).

The compounds may be formulated for parenteral administration by injection, e.g.,
by bolus injection or continuous infusion. Formulations for injection may be presented in
unit dosage form, e.g,, in ampules, or in multi-dose containers, with an added preserva-
tive. The compositions may take such forms as suspensions, solutions or emulsions in
oily or aqueous vehicles, and may contain formulatory agents such as suspending, stabi-
lizing and/or dispersing agents. Alternatively, the active ingredient may be in powder

form for constitution with a suitable vehicle, e.g., sterile pyrogen-free water, before use.

The compositions may, if desired, be presented in a pack or dispenser device, which

may contain one or more unit dosage forms containing the active ingredient. The pack




A. Phagem d rescue, phage anplification and

purification HUCAL GOLD(r) library was anplified in

2xYT nmedi um containing 34 g/m chloram phenicol and 1

% gl ucose (2xYT-CG . After hel per phage infection

(VCSML3) at an OD600 of 0.5 (30 mn at 37C w t hout

shaking; 30 mn at 37C shaking at 250 rpm, cells '..

to were spun down (4120 g; 53 n; 4C), resuspended in

2xYT / 34 .tg/m chloranphenitol / 50 g/m kananycin / :
mdy. %Mhm@omsgmwm orvastic Jbil, suich 23 @ blisragask Wadhe pack or dis-

PEG, precipitated fromthe supern tant, resuspended in
PemdP"‘E?)HW femrapara%bsmmw agpinisis

|f| et wee d s.conduct ed
b eakos rther 1jistalu i Teleithce foter Wa@%w‘fﬂng xamples,
w}hm ﬁ@tiﬁgn&‘!cftﬁ iRhdtabladd) AERE, At dinkt ﬁiquvéi‘ﬁfbﬁ LB-agar 15
suppl emented with 1 % of gl ucose and 34 g/ of
chl or anpheni col . After overnight |ncubat|on at 30C
col onies were scraped off and used to inocul ate
2xYT-CG until an OD600nm of 0.5 was reached and
hel per phage added as descri bed above. B. Panni ngs
with HUCAL GOLD(r) 20 For the selection of antibodies
recogni zi ng human G\ CSF several panning strategies
were applied. In summary, HuCAL GOLD(r)
anti body- phages were divided into three pools
conprising different VH master genes. These pools were
i ndividual ly subjected to either a) a solid phase
panni ng on biotinylated human Gw CSF protein (custom
made by R&D Systens, M nneapolis, MN) directly coated
on neutravidin coated 96wel| plates 25 (Pierce,
Rockford, IL) as solid support for three rounds or b)
a solution panning on bi- otinylated human Gw CSF
protein captured onto streptavidin coated Dynabeads
(Dynal, Gslo, Norway) for three rounds. In detail,
for panning on imobilized biotinylated GV CSF, wells
of the neutravidin plate were washed three tines with
300 pl PBS. The antigen was diluted to a concentra
-37- tion of 3 g/m (200 nM in PBS and 0.1 m was
coated per well for 2h at roomtenpera- ture. After
two washing steps with 300 | PBS the wells were
i ncubated with bl ocking buffer containing 2x
Chem bl ocker (Chem con, Temecula, CA) diluted 1:1 in
PBS. Prior to the selections, 100 | of HuCAL GOLD(r)
phages were pre-adsorbed in 1001 5 bl ocking buffer
contai ning 0.4l 25% Tween20 for 0.5 h at RT. Bl ocked
phages were
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transferred in 1001 aliquots to wells of a neutravidin
plate for 0.5 hat RT. This step was repeated tw ce
for pre-absorption. After washing (2x 3001 PBS) of the
coated and bl ocked neutravidin mcrotiter plate, 0.1
m of the pre-adsorbed phages were added to the coated
wells and incubated for 1.5 h at 10 RT shaki ng
gently. This incubation was g%ﬂ'l owed by 10 wash cycl es
with PBS / 0.05% Tween20 at . Bound phages were
el uted by adding 12041 oEXOMPYIESIT in 10 MM Tris pH
8.0 per well for 10 mn at RT. The el uate was renoved
and added to 14 m E. coli TA grown to an OD600, m of
0.6-0.8. Wells were additionally washed with 2001 PBS
Exansple Hi: sGemérativo of1Bumas GMeCSEdspegificoantieodiey from [the HuCAL
jJnfection of E. coli was allowed for 45 m n at
Ggmwm shaking. Additionally, 200 I of TA cells
grown to an OD6oonm of 0.6-0.8 were added to the
selection wells for 45 mnutes at 37C wi t hout shaking.
These TG 1 cells were added to the 14nl culture
al r eaBhagentidirescng, pliage pmplification andipurificadione| ut i on
step. After centrifugation for 10 mn at 5000rpm the
HUCAL eGOBD®piirast wasiemplifiet in 26¥T smélﬁ)urpemd’aahmg] 34 pg/ml chloram-

phRieahanchd TovibRsg e YA CGD e Irbrad ey o figh (VCSMI3) at an

B Min\et F7°Cashakriag a8nsio , cell
Oﬁ??rp?p fébmtgbgég%tg%@gqgvgaﬂ%hé second andgtah pm), cells

were spuisdaén G20 b aninydi, meusrpgndnédn 25 Ydr J4aesiml éhllormghemcol /

SOty kenriin o OEREMAERG e ety BV BTt 27° Phgges were PEC-

prédipitated Fffb%g@hd\@ﬁﬁérﬂitﬁlﬁ $é§hb%@lﬁéd in ABB 1 20 I‘Valglycerolnamm atored at
thlrd round of sel ection ages were submttedto

-samnhasm ampbﬁeqmdqemwwnm ropRds v as FAndHcied 28 gellows: mid-
0.

OB BB Tt nf Chari bSO it SERRE BAh sl RcX DR LB agar
supPlefieftedt with .1 %X ofeglabosghagie3H p@/mDos nhlomnpihemc;ob dAfter] overnight
W th 2xChemi bl ocker sol u- ti 003. gpg_ eﬁln%!g 0..05% CG 1
inquhatian @t AR, spdemiet warer ssrancd off ofjlateiey T-CG until an

Bhosds wer e
Oﬁﬁogwmngégrred%ﬁggnmg&ﬁ/%fggc g%l Eppeﬁl:‘izlilz)e}rapﬁ,g ? ﬁ'bes and
501 of Dynabeads M 280 were added for another 30mn
for preadsorption. -38- Beads were renpoved using a

magnet i c device Al'iquots of 1501 of
phadé<P W@gstﬁgh&a%‘ggh?to neutravi din plates for
further preadsorption as in round 1

For the selection of antibodies recognizing human GM-CSF several panning strategies

were applied. In summary, HuCAL GOLD® antibody-phages were divided into three
pools comprising different VH master genes. These pools were individually subjected to
either a) a solid phase panning on biotinylated human GM-CSF protein (custom made by
R&D Systems, Minneapolis, MN) directly coated on neutravidin coated 96well plates
(Pierce, Rockford, IL) as solid support for three rounds or b) a solution panning on bi-
otinylated human GM-CSF protein captured onto streptavidin coated Dynabeads (Dynal,
Oslo, Norway) for three rounds.

In detail, for panning on immobilized biotinylated GM-CSF, wells of the neutravidin

plate were washed three times with 300 ul PBS. The antigen was diluted to a concentra-
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and 2 (see above). 5 For the solution panning using

bi oti nyl ated GW CSF coupl ed to Dynabeads the foll ow ng
protocol was applied: 1.5 m Eppendorf tubes were

bl ocked with 1.5 m 2xChem bl ocker diluted 1:1 with
PBS over night at 4C 200l streptavidin coated

magneti ¢ beads (Dyna- beads M 280; Dynal) were washed
Ix with 200 | PBS and resuspzii}ded in 200 |

1xChem bl ocker (diluted in I'x’PBS). Bl ocking of beads

tioAF 30EY/AP (J08ChNID iPPBE 286 0edm] Wak bbered parewelhf@iBh dttrodiq.tempera-
Phages diluted 1 n SO0l PBS for each panning condition

turge rAdftertivpcnashing,stepo with,300aHi BBS theewells wenminepkated with blocking
RT. (: o i o
ool a2 e BRI, D458 098 1 im P

magneti c beads e.a bl.ocked phages, and, .
Priohd it SUCTBRSH0Gih ChEReAD GOLBS HeeEs e BEasBbed in 100
; ini VIS, tic o gel iaf R Boaked ph

OGEEE PR Al 15,02 TR0 04 R D phags e

trahsfierred! irt H0Cu1 abiquits ¢e kisls ofip aeutrayidin plate &5 brat Rels This step was
repeated on 50.1 bl.ocked beads for 30 min. Then, 200

re itWISe O BEatPSREUCPSE was added to bl ocked phages in
a new  blocked 1.5 m _tube apd |ncu ed for..1 h at. RT

A ipshisg 26 S00u0RBS of the Porteb and PloEERdEev gl din FrigrRbteF plate, 0.1
b .

ml mﬂg g%‘%%&f@é%e;%lag?s S/Rg&rhcﬁéﬁ‘% 13 dhRESvERCndaREubated for 1.5 h at

i ncu on a rotator. Phage bound to
Rbishaking| gently. AHiCSRcuhation hease follavedbybil 0| wash wcyclemewith PBS/

netjc ads were collected with a magneti c
0'@2@&?&%"&§ﬁator. (Dynal MPC-E). Beads vvgre t hen
washed 7x in PBS/Q.05% T [ fo f.al l.owe
B eyt o b S TE T e LSS 0 B 5.0 pe
fr. ' 300);
ERETRE KIC TREABEC i MARASHOLIRA 00 00891 £01 oo
an[DakeastD.6wrE Weltowert additionhldy wasjredtwith 380l RIBS and this solution
separ at or. an superpnat ant, was ed.,to 14 of .a .
wap st padedsd o L Bl Ehges Megr cidacialt BpS SlgEa 4% 45 min at
3786 Al fh o Sk e A degd Rty OT0eL M TG R QBls BRSretetan BBGonm of 0.6-0.8

containing addi tional Tenpved phage was added to the
wetrd atledEto thel seletton weallistfor 5 mingites gt 3216 Withoyhshaking dhese TG-1

Omn 00Q0r t bacteri al :
cefigufispafadony PR nfird Shth Bt TS pifeS S53he gt clution
stepd Aficp | Rh@Fu@itidni o€ 10 ahRdat 5080 Ing the dac@flfl pelletd omteesach resus-

were then scraped fromthe plates and phages were )
pendest inciD0nh 3 Xmedinen plated GH2AEEGS Bga RIS and insybate evernight

at gﬁg(?r]ﬁyfbn deghb%%%%@éd glfeorn{ B8 piabd i OphRA WeRPreSfhed and ampli-

fied as described above.

The second and third rounds of selection were performed in an identical way to the first
round of selection with the only difference that the washing conditions after binding of
phage were more stringent. Additionally, in the third round of selection, phages were
submitted to an additional preadsorption step on streptavidin-coated beads (Dynabeads
M-280; Dynal). Eppendorf tubes were blocked with Chemiblocker solution by incubation
for 30 min at RT. Of each phage pool 0.3ml were mixed 1:1 with 2xChemiblocker solu-
tion containing 0.05% Tween20 and incubated for 1h at RT in the blocked Eppendorf
tubes on a rotator. Blocked phages were then transferred to newly blocked Eppendorf
tubes and 50p] of Dynabeads M-280 were added for another 30min for preadsorption.
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formed according to the protocol of the first round
except for increasing the stringency of the washing
procedure. 5 C. Subcloning of selected Fab fragnents
and expression of soluble Fab frag- nents The Fab

encodi ng inserts of the selected HuCAL GOLD(r)

phagem ds were subcloned into the expression vector
PMORPH(r) X9 Fab_FH (Fig 5) g%f acilitate rapid

expression of sol uble Fab. e DNA of the selected

Beadomese mﬁoxcﬁdgmngd miagietibddvieen(D b NMPCiE)e Adisyrotsoof 150ul of

cuttlng out t Fab d AV
LGRS A JCTLFATS iS4 TPHESY O R IAta foF TE SF§adspBG 2g in round 1

anarg%égrabg RPH(r) X9_Fab_FH. Fabs expressed in these
vectors arry two C-ternminal tags (FLAGTM and 6xHi s,
respectively) for detection and purifica- tion. 15 D
M croexpression of HuC‘AL CﬂD(r) Fab anti bodies in E

A S sAALEEN Pt Sy ot
pr(% %%dsl % s ] 'pr)El?ddrf ﬁibe?bv@?eeblﬁél&ﬁ%'ﬂh NS hPBxChemiblocker

medi um per wel rovvn over ni ght at
dilged.1: Bwhthd?B%aw right at E°@o:£00u¢ atrcmawe wepoate maagnetie beafs (Dyna-

oo 60 S SR W SR A, PSR i 200

1xCheiflodRf ediluied Rati R PEY). :m&ksxliga Bf beadst waDPerfgrmedninapreblocked
m - croplate shaker until the cultures were slightl

tuheg rayiery n(ghizat44?ﬁ2 SBhages ﬁllawd@éQQM BBS o cachrpannifies gordition were
miEFE SOTAP A ) FF T P T o), tbpion of

h&%dcs:Maﬁ ;%af@rrﬁéd magtozl 59 jilagfebleoked Sneptbalﬂadmagnmmlt@bds were added to
sha |ng at 4 rpm 25 CGeneration of whole
tha plosked Phesis 2o PeRbeLEH 126 20aEH AR B S1TREGH pALES seppration of

beQAsaglﬁsalgﬁgnétlcﬁ% %U lﬁgﬂal g@’l‘@ﬁ%{rﬁﬂﬁa l_éugemrgéc&ntb@flhﬁ) was trans-

fereahtoad new Qplcﬁ:ksd ug:’erdndl grsa;izsyr;moarwas rcpﬂamdaareﬂO jubblotked beads for

303ire A 0 M ieny s BN R SR po ook Ghiges ip @ new

blc@k@&’q fs §11 MibeeindSaéubatedSfor Elrlﬁhﬁ’ll'?ron(asﬁﬁat@( a0p!,8 o?)blocked strepta-
Expression of HuCAL(r) GOLD Fab anti bodies .in

v1cEn nnagnf:tuah@dp werd adsied ito paghaanping RagoPogt #pd incagated 19 min at RT
ond %’tgt%g pl){age Wﬁl (t(r) )l?(g&lfﬁge&: %Mrbglg’aﬁd Ctﬁérl‘:ﬁ)ré’\%rﬁ)%hlzed to the

magnetic beads were collected with a magnetic particle separator (Dynal MPC-E). Beads
were then washed 7x in PBS/0.05% Tween using a rotator, followed by washing another
three times with PBS. Elution of phage from the Dynabeads was performed adding 300 pl
20mM DTT in 10mM Tris/HCI pH8 to each tube for 10 min. Dynabeads were removed
by the magnetic particle separator and the supernatant was added to 14ml of a E.coli TG-1
culture grown to ODggonm of 0.6-0.8. Beads were then washed once with 200ul PBS and
PBS containing additional rerhoved phage was added to the 14 ml E.coli TG-1 culture.

After centrifugation for 10 min at 5000rpm, the bacterial pellets were each resuspended in
500ul 2xYT medium, plated on 2xYT-CG agar plates and incubated overnight at 30°C.
Colonies were then scraped from the plates and phages were rescued and amplified as

described above.
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ried out in shaker flask cultures with 1 1 of 2xYT
medi um suppl enented with 34 .ig/m 5 chl oranphenicol .
After induction with 0.5 MM I PTG cells were grown at
22C for 16 h. Wole cell extracts of cell pellets were
prepared by French Press and Fab fragnents iso- |ated
by ni ckel / NTA chronmat ography (Q agen, Hil den,
Germany). Concentrations vverg determ ned by
UV- spectrophot onetry (Krebs ? , 2001). 10 Exanple
Thé: sebéiRindrnd thexdt roand6f ﬂx@l\doﬁﬁiﬁnmﬁmngim lamtlhjalawide@lvBESF was per-
extracts of individual E. coif clones gselected b
om/@cwéimg torfhel Proiogal 9f the finst round exce fén%\fﬁaﬁf"g}%ét? %S}ngmy of
ris (BioVeris Mseries(r) 384 analyzer)
oroéémgé&wgdent ify clones encodi ng hG\ CSF specific
Fabs. 15 A Enzyne Linked | nmmunosorbent Assay (ELI SA)
Techni ques Human reconbi nant bi oti nyl at ed GMCSF (R&D
Systens) was coated at 1.5 |
NeutG-aWiheloning of seleeted lfabafrégmfeets "l exprRiompf sgluble Fab frag-
m gtlng of antigen the wells were bl ocked with PBS /
5 % Tween (PBS-T) with 1% BSA for 1 hat RT. After

Tqu\:ﬁ-sagif@g {3% Er?se'p%g} %1% sV\fgg‘ﬁt{éd EF%{AIGS% LD eb%?g,%&’xpd?%}ef %gggloned into
th@@MpEsdioh th&oM?M@RBBI@X%BaHJﬂBQFﬂgOS) fo FacititateTrapibrexpression of
detectlon of t rimary _antibodies, the.fo

sowmmrvxeaawb ofthe sclgeied cloggyWas digested ailtpal and EcoRL, thereby
cuﬁhos 2@008{?1@ fﬁ%&&nggmﬁ‘f\fvgkﬁmusgﬂ F)dg and cloned into the

Xb4 @Ea&Rt &Sgwteﬂ NR10P pR@RHH@K}?. Fabr FHheF ahstee:prasmd mc these vectors

AP- conj ugat es fluorogeni c subsirates |ike AttoPhos
cafriRolocy-tevatinal ta gy (I%Ie‘gﬁf"d%6¥%18t FRSPeOtively Py é?tF‘b‘Hg‘ e purifica-
i t he manufacturer. Between all incubation steps, the

%l 1s of the nmicrotiter pl ate were washed with PBS-T

three tinmes and three tines after the final incubation

with secondary anti body Fl uorescence was neasured in

a TECAN Spectraf| uor _pl ate readg

41- B, . .
El e Micrepxpression of HRCARGRED, slﬁabo%&fé‘z?%a?srfailﬁg”"
anal ysis for detection of GWCSF binding Fab in .
Slhglsa:blmne@d abgained after wclonmgamoad\/lé)ﬂdﬂ%%&m@bi&l were used to in-
t ection .of nd| n ' S| ' : o
ocs e e stepler T Eini Ao Bl kyifind 18 L 2myvicm126 Gia
&hﬁMe drswill 2R& )o&ﬁﬁghtsatﬁmby 3qr1Bfodkehi "sG-lEmambeculture was

tney, Oxfordshire, To this end, BEL 0
trzmeemddo anewateslc 06:3ve s otz Ha Cyn‘fﬂ%@é%#} BebxiGivo.1% o

(nfnelger well. Microtiter plates were incubated at 30°C shaking at 400 rpm on a mi-
croplate shaker until the cultures were slightly turbid (~2-4 hrs) with an ODgoonm 0f 0.5.

To these expression plates, 20 pl 2xYT/Cm/ 3mM IPTG were added per well (end con-
centration 0.5 mM IPTG), sealed with a gas-permeable tape and incubated overnight at
30°C shaking at 400 rpm.

Generation of whole cell lysates (BEL extracts)

To each well of the expression plates, 40 ul BEL buffer (2xBBS/EDTA: 24.7 g/l boric
acid, 18.7 g NaCl/l, 1.49 g EDTA/], pH8) was added containing 2.5 mg/ml lysozyme and
incubated for 1 h at 22°C on a microtiter plate shaker (400 rpm). BEL extracts were used
for binding analysis by ELISA or a BioVeris M-series® 384 analyzer (see Example 2).
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(PBS/ 0, 05%ween20/ 0. 598SA) for use in BioVeris
screening. Biotinylated G CSF (R&D Systens) was
coupl ed to streptavidin coated paramagnetic beads,
Dynabeads (Dy- nal), at a concentration of 0.1g/m.
Per well of a 96 or 384 well plate 25 or 15| of a 10
1: 25 dilution of the Dynabead-stock sol uti on was used.
Beads were washed three tinegyp.w th assay buffer

bef ore adding biotinylated GWCSF for 30 mn at RT on
a shaker. Beads were then washed three tines with
assay buffer and finally resuspended in fresh assay
buf fR[ExpessiornefnCAISHG 0L Babaotibpdigsin Eucoléand purification
| abel | ed using the BV-tags (BioVeris Europe, Wtney,

Exprdssiof DTPaB fraghents BatsdeddsoORPHENY bbdly Kk 2GdE delisowas car-
the 15 G\t CSF coupl ed beads at a _congentration of

ried it i shaker dpsk enljurgerithd Ligfe2xY Bamedypm sypplegentgd with.44 ng/ml
et _ . . "

oA RS BRIGlIRD ST R SRR BByt r 10,

Whfle @ell 3Rttacte bl cell pelietawere preppet by Fedngh P28ssamd Fab fodgments iso-

th G\ coupl ed beads, pl us anti - Fab- BV-tags'" .

tatad i Risk NG (B togTb s O FHds, GiFCRRN, oRpgpirations were
Waley tbg,q;{; ole I Fjoaki ng device. The

de{p: a’fﬂe}g wer e%gﬁal zggl 20 in ng%%g’\/eri bs( l\/?SERI ES(r) 384

Anal yzer. After sequence anal ysis seventy-four (74)
uni que clones were identified that showed suf-

ficient tyong bi.ndj i gnal : noil.se.rati o greater
Exapiple 2o [dentificaipugt BENESF ikt SRR | T oe

cl ones were expressed, purifjed and vve{;e tested in
BEIyextracsned] indiyidupk E. eodi @?n%esﬁt?mﬂrabﬂt‘h%ﬁ Qe MeRtioned panning strate-
. S HIRy i OS Chp B G _
i EE BB Y ELIFAE HR AP AL TEnE MRSSSH DR it o) in order to
idemmify clofdd &fRbdimgthGMeCSE spraificdber mi ned to the

followi ng ana- |lytes: rat and nouse GV CSF, human

IL-3, human IL-4,, human IL-5,, human |IL-13,, -42-

human M CSF (all from Peprotech, London, UK). This was

f ' t
P oo SRR QLRGN Bt DUR Aty WLISETRIMNG,

Bi acore, . Sweden. ' 0 | .
ey S AE BT RGP ER (R sy 38 ed ot 1.5 pg/ml in
PE@tto ANtutravidireinidrotiier plarb fér Ira@®ient specific); 809/ m

5 10nM acetate buffer, pH4 on all 4 flow cells, using

Afedraodang o ERGEIINTha Well§ wed Blotied WHEPBS /0,05 & Tileen (PBBLT) with
cells Z2=4 specific GW CSF Fabs S 20p1 of 500nM Fab at a
1% BSAr ford h at RT. After washing of the wells with PBS-T BEL-extract, purified Hu-

CAL® Fab or control IgGs were diluted in PBS, added to the wells and incubated for 1 h

at RT. For detection of the primary antibodies, the following secondary antibodies were
applied: alkaline phospatase (AP)-conjugated AffiniPure F(ab’), fragment, goat anti-
human, -anti-mouse or -anti-rat IgG (Jackson Immuno Research). For the detection of
AP-conjugates fluorogenic substrates like AttoPhos (Roche) were used according to the
instructions by the manufacturer. Between all incubation steps, the wells of the microtiter
plate were washed with PBS-T three times and three times after the final incubation with

secondary antibody. Fluorescence was measured in a TECAN Spectrafluor plate reader.
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of 51/m, 300-400RU) were captured. After capturing
of the specific Fab, buffer was injected, to

determ ne the dissociation of anti-Fab/Fab

interaction. In a following cycle, the analyte growth
factor was injected (20l, flow rate 201/ mn) at a
concentration range 1o between 15 and 2000nM for the
deternmination of the specific signal. Afterwards the
achi eved buffer sensogram waglmanual |y subtracted from

th fi Af t t.he .f | l.] .
L he kbR gs e YeRY o M oble ARk o atecion
ant 'o’f'@fL@ﬁ HRaiB I Iysbsidi ng MORO3684 and
MOR0O3682 were tested and were specific for hunman
B

1e§ﬁh0E\Béblﬁlly§5tesf (BEDExgaas)s binding whs mialyzetian BioVeais MSSERIES® 384

nmple_3:. ldentifjcatiagn of ant uman GwW CSF Fab
A@Y?&F]%Ilﬁtv@§s’t$i§9p?’ﬁmt’é?3b Quferfshyg, m{ger acti on bet ween

GW CSF and the Gw CSF recege or alpha 74 different
Tchibi4 @8FBEpeaxitiaccwan dilbied iab deagh] :50 ap@ meaximpldy: d d9O0P ip gssay buffer

b, e T A e A B s s e con

(REEDS Sgﬁt@ﬁw) Whae coupled fcitieptavidis costed pﬁkamaghm egs,, Dyriabeads (Dy-
one

e GomaEa b e Bl af Ao 594 Wellames Ty 15 wl of a
éegg% Fof t&% F(?- f@ck 5bfuitofl RHsHRES. %@atcﬁ Were washed three times

I han I ne expressing t al pha chain
with atdag a¥fer GoFort exdjigobiotihylated eGWFCSF fioo |30 mimiat 8T on a shaker.

S e P e T T B et et
%\f Satfer'. %ﬁpfx‘ﬂ{maﬁ m%gﬁi‘ﬁm%) whRitidnplia 1fulel @kRg the BV-tag™
Ze i ng

aln was ana to reduction in cell
(Bio Gerisf Empe,owlmbn @xfordshire, BKESThis sespndary antidedy wes added to the

PR e e . ORI T 55, 00w o

6(8\4% HHGteé'EEI%Q&m $de@AbOYe)TTTR Cli rmb@sslon aii]ldlrhsumnammg Fab an-
Macaca nulatta GWMW CSF full -1eng

ut(o@easammlwaem@ks af@.96 gvifd eeibplaiseand, sequﬁlé givz & g5yl Sul of the
T W
ORPESE RIS Yebqd BERRATIFRRY S SUBMAS) e ARAL) iadied o

cabR 3@l nd ifdibatédApr 2BabREqmenplate shhking Bbiicedbhe plhios axgre analyzed
into_the_eukar expression vector pcDNA3. 1 (+)

in@ BigV; FfléWE&i’ég I3§§/ “Iyi el di ng pcDNA- macGw CSF.
The cDNA of human GW CSF ( Genbank accessi on num

After sequence analysis seventy-four (74) unique clones were identified that showed suf-
ficiently strong binding (signal:noise ratio greater than 10:1 in ELISA or 50:1 in Bio-

Veris). These clones were expressed, purified and were tested in functional assays.

C. Determination of the molecular specificity and species crossreactivity of
selected anti-hGM-CSF Fabs.

Crossreactivity of the anti-hGM-CSF antibodies was determined to the following ana-

lytes: rat and mouse GM-CSF, human IL-3, human IL-4, , human IL-5, , human IL-13,,
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10 ber NP_000749 ) was cloned by RT-PCR technique from

RNA i solated froml x i 0e7 TF- 1 cells using the

RNeasy kit from Q agen (Hilden, Gernany). Reverse

transcription was performed with the Superscriptll

kit using random hexaners (G bco) foll owed anplifica-

tion of the GW CSF cDNA by PCR The obtai ned

PCR- product was cloned into expres- sion vector

pcDNA3. 1(+) vyi el di ng pcDNA-t##3 CSF. 15 HEK293 cel | s

. ; , . .

hdh SLCSHRU U PebbRRR, BN, DK i BaE pEtoash Hbapture set-up

by SGifac plashien rebonhatd BiaddBé\B000] fbppeada, Swedenht ai ni ng t he
secreted re- conbi nant macaca or human GW CSF was

CM8 e@ (Bfhcbred 8wedeH) Wilre to@BE et 5000-60BOR UndditidF (abR(Didnova, Af-
G\t CSF dependent proliferation of TF-1 cells by |

fingmure RN Fragnpsit éemsAu‘é-iﬂtgnﬁuiﬁﬁi B(ab)raEregmentyispssiific); 80ug/ml

OB 3 S o it BAE S B BENES amine coupin
ch&hRHPSOhIR ow Q@l‘l@ﬂ}é})eMM@SMS 32811 of BOOAMCEAY 4t a flowrate
were” washed twice wth RPM 1640 nedi um (10% FCS) an

of Shielimk é@@éﬂlogﬂl)awr@ :m@pm@cbtAﬁﬂﬁ cgptuping of 3he SE‘iﬂiﬁ%}:ﬁP’ gl#fef was
. .5 . £l at.. . cel L..cul .
injeie gt i hy S8 Y A 2 il I Rlaying ey,

thePiialyte grovih dhesr) wad infectedg20j], foor rteQBul/m)in)fatta amicentration range
bodies (200ng/m. - 200 g/m  diluted in RPM 1640

befpisan by aabAReR! fisrthe dRiegminatipn ofgheisRecifig el Afprwards the
i ' Bually , i€ ohkNAlfter each

BT b bRl Aghks 8 Lottt e

cygle othe flewatells wetdfegemdratod withn)00wdd Hld8ubed i ncu-
bating TF-1 cells at a final GW CSF of concentration

Sevén GNP Ati-hGM-OSE aritibedizd dhdluding IAOBN368% add FOR03682 were
100% i nhibition of TF-1 prolifer

[ db .
testad anch ere GRPIE orfapant GI-RSE Apd SHIDREBIRA feyan et (e quker cytoki-

ne% ﬁre 5%%&&%{ ggﬂ%r@ 9&%%%{5%%3? 'ﬂjé(%%@_@ GBled sighf at Cross reac-

n-rncuba wth 5% In
tivityno ehitiGMecCS8hanmber. Cell 44 vitality was neasured by
adding MIT or XTT reagent (Roche, Mannheim Germany)
according to the manufacturer's reconmendati on.
Overall 19 Fab were identified that showed
significant inhibition of TF-1 proliferation. The
bi nders MOR0O3682, MOR03684 and MOR03929 showed

o 3 il SRS P s s
infeRAdtiun Betweat GMICSF ahd theGM-GSF ogeptoradphd-abs was

not strong enough to determ ne an | C50 dose, because
full inhibition could not be

74 different hGM-CSF specific antibodies which were selected from the HuCAL GOLD®
library were tested for the potency to inhibit the interaction between hGM-CSF and its

receptor. The interaction was tested in two ways, (i) one being a proliferation assay using
the GM-CSF dependent TF-1 cell line (Kitamura et al., 1989) and (ii) the other being a
FACS analysis with a recombinant CHO cell line expressing the alpha chain of the GM-
CSF receptor. In the TF-1 proliferation assay, the ability of the anti-GM-CSF antibodies
to block the interaction of GM-CSF with the endogenous GM-CSF receptor consisting of

the alpha and beta chain was analyzed leading to reduction in cell proliferation. In the
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achi eved. I n conparison, nonoclonal antibodies
BvD2- 21C11 (BD Bi osci ences Pharm ingen; Cat#554503)
and MAB215 (R&D Systens; Cat#MAB215) were able to
fully in- hibit TF-1 proliferation. 10 Additionally,
bi ndi ng of MOR03682 and MOR03684 to native human
GMICSF was tested in the TF-1 proliferation assay.
I nstead of adding purified hygan reconbi nant GW CSF
to the TF-1 cells a supernatant of 5637 cells (DSMZ
FACS aésa¢ tBE)spedifit inkibitivheofthkei interachionthetv@dnOSM-i(8Foandh éhe alpha
medi um was used. From a, dose response curve conpari ng

chaipof the GM-COFreceptIasHetimMngdan GV CSFE wi th di f f er ent

dilutions of the 5637 supernatant it 15 was determ ned
that the nmediumcontained - 5 ng/m of native human
A.@lonalng. arfdl/expressiomofnatacannaluttt aad IRvam GMECEE ant

VIR TR e A
sy%gﬁge?gwge%;@%\hheegfégﬁé’ﬂe%ﬁﬂ IGnbIPf RERhsBur¥eGehBRY Y &8l cloned into

conp eriment wt'h reconbl nant hiuman
th PERSTeripMARS 68x01(Sttatdghns 6aIoltah (4, BISAPs Subsequernitlycthe cDNA was

human CSE. Fab 20 MOR03929 ed.in thi
clapedapto Rircrkaria S EREaoTy BAIRS; {08 rkBer Pefstey, UK)
yiéi¥nEPeDNIS- M REMCSH ThERDNA bf Rifikh GMASP(Gerdaak ¥ccession num-
| nstead of addi ngwfurlﬂed human GWMWCSF to the TF-1

ber MP|_80Q749)pwasclonast boR TtRGR dechhigue dkomHRRRY Bsolased Fomnkil 0e7 TF-

secrete re I hant. ma CSF 0L Q e ' .
! GO S TR GRS R RR, HRb BBl B s
pefBAASEwWItHESBus@SiriMikitusinidRhdeh ditkartherls (Gibco) ifelldvsl amplifica-
presence of supernatant from untransfected HEK293

tionefi the GMERIRC H@eby R ride ob&qjqaqﬂePQ:Braggqh?qq gvasiedoned into expres-
oG DA e BTRARIORFESY 1 21! orent
HEK293 ¢41B wadittimsiehtly randfectod ivtht theseomdipressioanieafonertspectively us-
1n%$@ﬂ%§éﬁ$§%ﬁgm}%lfggﬁ§aw - i~ ondlgm %&a&?x&a&% secreted re-
e O s Mg

cells was significantly reduced. 45 MOR03682 and

SRS SR ER 5o SARGE TR LBy ame s

Bl 0S¥ aB8E uliiyBlindit 0 id@aé-PGMUCSIM CSF 1 ecept or

al pha by anti-nhGwW CSF . .
TF-1 (Kitamura et al., 1989) cells were grown according to the provider’s protocol
(DSMZ, Braunschweig, Germany; DSMZ No. ACC 334). TF-1 cells were washed twice
with RPMI1640 medium (10% FCS) and then seeded at a concentration of 2 x 10°
cells/ml in 50pl per well of a flat bottom 96well cell culture dish. Human recombinant
GM-CSF (“Leucomax”, ESSEX Pharma, Miinchen) at 0.5ng/ml and HuCAL® Fab anti-
bodies (200ng/mi — 200 pg/mi diluted in RPMI1640 medium, 10% FCS) were mixed for
30 min and 50pl of the mix was added to the TF-1 cells, so that the final concentration of
GM-CSF was 0.25ng/ml. Maximal cell proliferation (0% inhibition) was measured incu-
bating TF-1 cells at a final GM-CSF of concentration of 0.25ng/ml, without the addition
of antibody. 100% inhibition of TF-1 proliferation was measured by omitting GM-CSF
from the assay and keeping the cells in RPMI1640 medium (10% FCS) only. TF1 cells
were then incubated for 72 hours at 37°C with 5% CO; in a humidified chamber. Cell




10

15

20

25

30

5 Fabs In order to test binding of GWCSF to a cell

surface expressed G\t CSF receptor al pha chain the

cDNA was cloned into an expression vector and stably
transfected into CHO Kl cells (DSMZ ACC 110). 10

Coning of a stable CHOK 1 cell line expressing the
al pha chain of the GwWwCSF receptor The cDNA of the
human GW CSF recept or al pha. ghai n (Genbank accessi on
nunber M4445) was cl oned by RT-PCR technique fraom

vitRlitX Waomeasuted rbwmddmé/ﬂ”l”rrm KEBlrmenm@MQe,t Manpheig \Germany)

e T Sy, OTBARLEE iy s, i

shdf\lvéd M&u‘fﬁaﬁtﬁﬁﬂi@ﬁldﬁ&)ﬁlﬁﬂ DrélifeRgion. Th'EJ”h‘in&B\/k WROE@X%QM@RO%M
| pha chain cDNA was then, anplified usi

and (MOME\%Q showed §en3§tenth,}g@RH:rb {,dEL:cell prohtgeratlon of greater than

R T R At v rv v

noP@BoﬁQ ambugh ty i detedfine anr Ity ddosaf bech@eOhyl udthibitionasould not be

aclg;e%eidgtﬂg?:oyrpargsogi gggggllggﬁl qz;g@pgi:p_l bc\%gl EFE;@BdBloscwnces Pharm-
1n%elnn&'a{#’5gg%?§l) a%ﬁ'Wc a(t | On@gﬁe%géﬂmfﬂ W8 aBRB fully in-

e di gested’vector
hJIan’IiFHCiRobfeMMt the fragnents were Ilgat ed and

addiforely i o MGRUSEEY hd QKB3R5 Flipe WA GM-CSF s

t s‘?écﬁﬂ%é‘frl?ol rofifcpAtisiydsSay DSt HACHT 286i0E POATIBY hurban F&onbinant GM-
ec | ones B‘KIA1 ) - GW CSFRal phaa) cg%?gllned the full e

CSFetoghé) TFQBceﬂls raeﬁupmmmfri&% eels (RSMKNS BMAC 36)hak secrete native

o GHESE o HCaRGEA WP Babd. Fidfh DR ignsq BV lparing e
effeﬁtaéﬁfe@&hblﬁﬁntQﬁﬁﬁeﬁm OR1-€SFrwidn dtf&réiﬁ%lwmsl afethe 6637 supernatant it
6-wel|l plate and incubated with

was otenmined thatcthe o gontamed eod ngrRE I“B‘i"%‘?‘“’t’ﬂbGM'CSF By pre-

AL 307 Ryl R B S oR362 o

M@R@BB&L‘F té%iﬁgndlzfgltoﬂ M?mhwam MSBI tolthe OFk! celist wanblogked so that
er

thq FRRBIRE P Selsvas SRUSEICETRIPLY 19 (I FERETIEGi gy eEaEghant humn

IMUR0 42984 SNERR3685 | BuPlbifdClh Hafhe M@ GM-CSF. Fab
tesﬁed % 46- CSFR 3a8%h§uexb|cl)re33| ora1l by FACS s :

MORAB Y29 wasipotrigstediini this dsgp@. MAB1006 ( Cheni con | nter -
Additionally, the cross reactivity to macaca GM-CSF was tested in the TF-1 proliferation
assay. Instead of adding purified human GM-CSF to the TF-1 cells a supernatant of trans-

fected HEK293 cells that secrete recombinant macaca GM-CSF into the medium was

used.

TF-1 cells proliferated in the presence of macaca GM-CSF containing supernatant but not
in the presence of supernatant from untransfected HEK293 cells. From a dose response
curve comparing the effect of recombinant human GM-CSF with different dilutions of the
HEK-293 medium it was determined that the medium of the transfected cells contained
~2pg/ml macaca GM-CSF. By preincubation of the macaca GM-CSF supernatant with
anti-human GM-CSF Fab MOR03682 or MOR03684 the binding of macaca GM-CSF to
the TF-1 cells was blocked so that the viability of cells was significantly reduced.
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national, Tenecula, CA) as primary anti body at a
concentration of 1.sg/m and (R-PE- Affini Pure (Fab')?2
CGoat - anti - nouse-1gG (Di anova) as secondary anti body at
a 1:200 di- lution. Primary and secondary anti bodi es
were incubated with the cells for I'h sequen 5 tially,
while cells were washed in FACS buffer (PBS, 3%CS)
bet ween these steps. Fluo- rdscence of stained cells

S ntified | he FL2 channel using a FACSCal i
M&@?g&a Q'BLJY’&R‘%&%MH%@E QLOSTIERaEhYe Vit cagaral yg\gDCSF Fab
MORWE26s ﬁ}i ﬁl,ggAgg j he highest median fluores-

| ntensrt medi an

cent fl uorescence val ue (ML
val ue) of 157 was determined for 1 o CHO GVRa# 11

CBlodsing) ot ¢ i heltn p the CNBCS Fepspor phe by aptiRGM-CSF

FARding to cells, anti bod| es at increasi ng
concentrations (Olto 100 .tg/m) were
In madérrto uesithéntling ©f GVI<EShd atceld:l 5 @SRP(@S@@!SM CSHreceptor alpha

( PBS/ 39%-BS/ NaN30 059  f
chi thg AN s R e P PREEOD YRRt A GBsifef into CHO-
KEsisyDsMz e 1{0fl ge Nunc) with 1- 5 x 105 cell's per
wel | .- 2x10E5 CHO-GVRa#l 1 cells were taken up in 50| of

the anti- body/ G\t CSF cont ai ni ng FACS -buffer and
Clo % b f( reh hin ?ﬁljeg‘saﬂ' ﬁ{lagg aiéhgréhgﬁ \;@J@QA L8 eceptor

ThehyDNer vf fiid huinah ebeCUCSE treegpiarvalghd chiiR @cpbanleac@ssion number
Phar m ngen) whi ch_has been_ diluted_1:400Q in FACS
Mgif45a was cigned by RTricR, feahnigye from N isolatgd fromydx Hisg TF-1 cells

ol FE UG ok dent il (PRAEP SRR Bt tBhactifion uas per
forned ﬁh’lﬁ tﬁd Snmersompdé kit ensmgtramkmﬁ he)aimers? (({3&900)1 The GI\(/jI-CSF-receptor
FA cal i r (Becton nson 0. val ues were deter
%?W&P%Ad’ﬁﬁsttﬁ%n YRl ? é‘@ WiBg PEeE ned usi ng
5 %ﬁ@@ﬁﬁ%lﬁfsssW@&%@Rfrbw@cﬂ@cppfdcmcqo@%érmmmcc

regression curve fit. Fab anti bodi es MORO3
anflOR03684 and MOR03929 showed significant i nh| bi t| on of

3%{%&3 fgﬁgﬁ?ﬁ%ﬁ?ﬁé@ﬁﬁ afﬁ@?ﬁﬁ%{ Ur atl on

THef PGR! R&étRa fidkieBYa picingd 6£ ~eXS0bpn@Richl waDMgestsd with EcoRI and
BamHI (New England BioLabs). The expression vector pcDNA3.1(+) (Invitrogen, Pais-
ley, UK) was digested with the same enzymes. After purification of the digested vector

Uus]

[ Z]

and PCR product, the fragments were ligated and transformed by electroporation into
E.coli DH10B cells. Correct clones were identified after preparation of plasmid DNA and
sequencing. Correct clones (pcDNA3.1(+)-GM-CSFRalpha) contained the full length
human GM-CSF receptor alpha cDNA.

CHO-K1 cells were grown according to the provider’s protocol (DSZM, Braunschweig,
Germany; DSMZ No. ACC 110). For transfection cells were grown to 80% confluence in
a 6-well plate and incubated with Spg DNA of pcDNA3.1(+)-GM-CSFRalpha mixed
with 10ul of the Lipofectamine 2000 reagent (Invitrogen). After 48h cells were fed with
Img/ml G418 (Gibco) and after another 24h medium was replaced with such containing
2mg/ml G418. After two weeks single cells were seeded into wells of a 96-well culture

dish. Single clones were grown up and 5x10° cells of each clone were tested for GM-
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settes A. Generation of affinity maturation Fab
libraries and pannings 5 In order to increase the
affinity and inhibitory activity of the anti-Gw CSF
Fab fragnments clones MOR03682, MOR03684 and MOR03929
were subjected to affinity maturation. In this
regard, CDR regions were optimzed by cassette

mut agenesi s using trinucl eot#@le directed nutagenesis

. al : t . .
Bl o RS ieltnBl Al BTV B CAERicon e
naGois, Pémbdiga,tOAYEs pihRy ahtibddynasa esimkeytzaibn 301 ghileand (R-PE-
i B o hoVR BB b i AR 120

Th L] owi [ i i}
lut,ggg gglma%y\" %lgcg F%@bﬁ&%&%ﬁggkk ORFe f#ﬁbﬁé@mﬁﬂhe U3AE f6:01h sequen

ment s rom expressi on

tiaNl9 Civhile BVISRRIE WaXBddin FACSbutfec(PRE d%HAY) tatvpdeaghesedteps. Fluo-
vector (US  6,753,136). _Then

J A t ifferent str |.es
respence efpyinedicalls wat quantified Hleﬂ‘ﬁfl’\ﬁfgrﬁqwmjﬁ%ﬁm&# %A%%g%g‘“ system
‘ parental Fabs. First, one phage anti body
(ngt(éxlljliél?ggr@)'was generated where the L-CDR3 of each
Ameng lieatlonssammatyretl et GH0aGMRed 1 showedfthe highestduedian fluores-
| apbda, | i ght chain, CDR3 sequenc In.a,sec 0N .
con RS T MERRAMOBS e a0t (AT B P TS7oRss fetempined for

cHO-GRRah fydk fepavy chain  CDR2 sequences. 20 Affinity
maturation | rbraries were generated by transform ng

t he gji versified clones into E coli TOP1OF

, YSIS £ (G SEF | 4 M?&ﬂr%-sed on CHO-
GMER#3682 were pool ed and both HCDR2 |ibraries

derived from MOR0O3684 and MOR03682 vvere,pooéged [ le
Pridreo ladding3o saHls.antibrgies pt incesapiag cgasenirations G il were

wer g kept ar al: in el ' r oged
Sl SR BRI OIS, ERIPLELRACS e
(PBS/3%FBS/NDV;0[050eor Bdmibsat®ISent i al |y as described in

AULSIRMREMEE POHToRhGL I BML AT IAER DB o 668 A Bge Nunc) with 1-
5 &?}?)ggﬁlﬂb‘g%'ML ang Oblfﬂnéf{%(}l\ﬂ%ﬁqtéeﬁﬁ weke {alen Bp AN Sdul of the anti-

ding Fa ates 30 For the detection of
bd@yIGIFFCSF rvintanifia FAGS it end iincubated gt 4°Cy St B Cabls| were then

G 856 i R A SRR GEP b R Rl
sufzégta%fiﬁ (BDEBiotddnces PRAYiAkY vaficties Wekb diluied 16E40MNipI RACS buffer.
After 1h incubation at 4°C cells were washed twice with FACS buffer, resuspended in
1001 of FACS buffer and binding of biotinylated GM-CSF was measured via FL2 fluo-
rescence intensity of cells in FACScalibur (Becton Dickinson). ICso values were deter-
mined from the dose response curves obtained using GraphPad Prism v3.03 software ap-
plying a non-linear regression curve fit.

Fab antibodies MOR03682, MOR03684 and MOR03929 showed significant inhibition of
GM-CSF binding to the cell surface expressed GM-CSF receptor alpha.
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48- Fabs with the highest ECL val ues were purified and
subjected to affinity nmeasurenent by solution
equilibriumtitration (SET, Haenel et al, 2005) and
surface plasnon resonance (Biacore) (see Exanple 4D)
5 C. X-cloning of inproved VL (L-CDR3) with inproved
VH (H-CDR2) For a further inprovenent of affinity the
i ndependently optim zed H CDOB2.and L-CDR3 from
mat ured Fabs which were derived fromthe sanme parental
Example 45cAffiniymatiration of sslested; Fah by sepwise, exehange of CDR cas-
se#gsobabi ity that this combination would lead to a
urther gain of affinity (Yang et al., 1995; Schier
et al., 1996; Chen et al., 1999). This procedure,

called io X-¢lqnin was l.jed for binders that were
A@?W@GO# Psﬁﬁjtl&_w mafusian Kapdphra Pannngs Faps wi t h

| . .
in FRERYFrGL  JRHRS PO i ITMAEILIS b g
cldnes tMORB682,i MORA36B4 and gJMOROBAZH svetexbati¢@pdhko affinity maturation.

In Hﬁlg %%?%D%fq?ﬁng S’&eli'g gg;g{j%%t %fméa}%g&te%%ﬁt%rgsﬁelé?sgfsiﬁgo trinucleotide
- Yo H - . f . . t b t . )
dirkefel ARG oS viRkk e 41, Fligoi Naki"@fv%b%oeﬁbzdg?. '\%ﬁgirgiséoﬁialyms re

VH donor VL donor after X-cloning

veleR0® aRquivsRIwRedogyoReeen the ¥DRG4dGhe KnRe pasatal clones analyzed.
4357 , MOR03682,, MORO4

3, o O e R G S Pl s

MOROBESINNIORDS6SS artf MORDIDQOr ect VL to the respective
H CDR2 i nproved vect or backbone. Tabl e 2a and 2b show

Thehf@llwir{gz igfle descripesothei protosaliusedclor Epb pptimigatiopat Fahefragments
ARG RS, P L o B Bor s
6, 334136).bThen) thid differeni stfatéSET wetnspplivd taoptimistheaffinity and effi-
caly of the parental Fabs. ©

First, one phage antibody Fab library was generated where the L-CDR3 of each parental
was replaced by a repertoire of individual lambda light chain CDR3 sequences. In a sec-
ond library the H-CDR2 region was replaced by a repertoire of individual heavy chain
CDR2 sequences.

Affinity maturation libraries were generated by transforming the diversified clones into E.
coli TOP10F’ (Invitrogen). Phages were prepared as described in Example 1A. Both L-
CDRS3 libraries of MOR03684 and MOR03682 were pooled and both H-CDR2 libraries
derived from MOR03684 and MOR03682 were pooled, while the L-CDR3 and H-CDR2
libraries derived from MOR03929 were kept separately during the selection procedure.
Pannings were performed on biotinylated GM-CSF in solution for three rounds essentially

as described in Example1B and applying more stringent selection conditions.

B. Electrochemiluminescene (BioVeris) based binding analysis for detection of im-
proved GM-CSF binding Fab in lysates

For the detection of GM-CSF binding Fab antibodies in E. coli lysates (BEL extracts),
binding was analyzed in the BioVeris M-384 SERIES® Workstation (BioVeris Europe,
Witney, Oxforfshire, UK) essentially as described in Example 2B.
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25 For Ko determ nation, nononer fractions (at | east
90% nononer content, analyzed by analytical SEC,
Super dex75, Amersham Pharnmaci a) of Fab were used.

El ectrochem I u -49- m nescence (ECL) based affinity
determination in solution and data eval uation were
basi- cally perforned as descri bed by Haenel et al.,
2005: A constant anount of FHg. was equi l[ibrated with

di fferent concentrations (serial 5" dilutions). of
Fabsvith thevhigissst EChnaluesests pritiedamst IR tgtagibamsgsurement by
solB{’l qn gq%% t&f&%@n \%tlg :Yf]d)en Oé#%’@ggg a@@rsﬁﬁﬁ& pPlaffibh tesonance
(BiaBbre)/gee Exdmiple@®) Wt ney, - forfshire, UK) | abel ed

anti-human (Fab)'2 (Di anova) was added and i ncubated
for 15 - 30 mn. Subsequently, the concentration of

C. P e R Y R CHR (i fieo gl VL (RICPRRI M0 2

Fofs frtitta mprowembntfofiaffieity tee 1adiepen@83 optimizedd<PRR end L-CDR3

otgg ﬁﬁg@ ,Fiahg nwléltéclthggzgeoﬁ&y . IE ?tﬁ]% élgxg 3{%‘1’%&4‘ o"[q?ﬁ"eo vage combined,
be@%‘?ﬁ& fl{ewg@s’%@ ﬁsﬁdﬂlﬁf'tﬁﬁ tfn@ lcotnBfaliah ok Rad to a further gain of

eterm ne are"shown in table 4. 15
affidityi (Yaogak Ialy w%eScmesaFaladamsCﬂtynmgl 999+ Taig pepredyre, called

G Dol SR B3R M S TP et Bt MoRosss

as ERRPWRE $aploved affthiticsMvile-iaarifiet droptbdthGhe $1-CPRY amidthe d.-CDR3

ooy s e AcenroBiehed O Epmstarng Bhelediars chpih (KbrSPbgesement
ﬁo&}l_é)g&%j; q)]% &zz%d%léﬁ t&@h ;052 mxz?ed%.@c%ﬂ%r clone.

"Fueen 20 was Used as
runni ng buffer Fab was applied in concentration
series of 6.3 - 200 nMat a flowrate of 20 |/ mn.
Associ ati on phase was set to 60 s and di ssoci ati on
phase to 120 s (pg&ﬁmﬁlﬁ-cﬁfnmg‘&lﬁﬁnﬁa@mS (affinity
optimzed). In order to tor di Qqnmcg‘%ﬁlag{} nhncdpF -
over I onger riod, the | owi ng giyed Fa
basi ¢ gi” accopﬁ"ﬁm’f oD a<v{‘9 nogt (I2edX-chosing used
Fab _V.\aS-—a-p-p-l—l-e’“ & Ye €€ i
flow|rate was bPR?%m.LOO I and dis R%q%gfl: ation
phas ¢ MQRrROSZO0 MOBOR2OD s 39'9@‘5‘25 S)asi s| MP!

0

of f-fates det efryhpredssind of assaymofiMiist i ons
affimities for{ the Eabs e _estinated  which-are

show vidkebédd! €| Wioro&8s ThRI s10k4286 f i ni tider0asR2
anti {hGwt CSF Habs determ ne¢d by Bi acorje and sol ution
equi I'Tb-

For the resulting 4 Fabs the VL and VH was sequenced to confirm transfer of the correct
VL to the respective H-CDR2 improved vector backbone. Table 2a and 2b show the VH
and VL protein sequences of all derivatives of MOR03929 and 3682, which are listed in

table 3.

D. Determination of picomolar affinities using Solution Equilibrium Titra-
tion (SET) and surface plasmon resonance (Biacore)
For Kp determination, monomer fractions (at least 90% monomer content, analyzed by

analytical SEC; Superdex75, Amersham Pharmacia) of Fab were used. Electrochemilu-
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riumtitration (SET) Biacore SET MORO Kn (pM Kn (P
3684 6420 16000 4251 70 7.4 3929 4260 2000 4302 174
63.5 4287 nd 17.9 4252 55 6 4290 122 11.1 4350 19
1.1 4354 21 2.8 4357 7 0.4 3682 nd 11406 4283 nd
113 4297 nd 49.2 4342 nd 4.9 5 E. Determ nation of
affinities to rat Gw CSF using Sol ution Equilibrium
Titra- tion (SET) Affinity dggermnation to rat Gv CSF
was done essentially as described in Exanple 4D  using
minesce@ (ESIL)(Regt affiash detwsmimatioy iresalwticyoingt dagmevalgatioagvere basi-

cally, pgHGAE £5 desesign o Hapndio oty 2005 s Bl gnount of Fab was

quigi?)iédr%%; m@f ctllbﬁéggil%%m&tﬁﬁﬁ smg fist" m&&‘?ﬁ cwgﬁman GM-CSF (Leu-

cont cscliom iotinyid S GH-GRF| RAIndysemsDspupled o paramag:
oot HiiQ

nei PR ol DG, Ok BELHEEE U POk, iy, O

fox%Hifé' UK )dasehd ﬁhﬁhmbb '8 (PR Va)blazcidded asdb igubamed for 15 - 30
fornmed as described above (Exanple 3C) 5 _usin

Pe
mm Swanuqrglam the Qﬁncmtmtxonwfatr@auw&was mtf&ﬁd bﬁa%hgietecﬁon
usmg a% g%ﬁlfigm ?gpanalyzer (BioVeris Europe).

In accordance with Friguet et al., 1985, care was taken to avoid significant equilibrium

shift to solid phase during detection.

Using the assay conditions described above affinities for the Fabs were determined, which

are shown in table 4.

Additionally kinetic SPR analysis was performed on an F1 chip (Biacore, Sweden) which
was coated with a density of ~100 RU recombinant human GM-CSF (Peprotech) in 10
mM Na-acetate pH 4.5 using standard EDC-NHS amine coupling chemistry. A respective
amount of HSA was immobilized on the reference flow cell. PBS (136 mM NaCl, 2.7
mM KCl, 10 mM Na;HPOy, 1.76 mM KH,PO4 pH 7.4) + 0.005 % Tween 20 was used as
running buffer. Fab was applied in concentration series of 6.3 — 200 nM at a flow rate of
20 pl/min. Association phase was set to 60 s and dissociation phase to 120 s (parental) or
up to 600 s (affinity optimized). In order to monitor dissociation phase over a longer pe-
riod, the following conditions, basically according to Drake et al., (2004) were used: Fab
was applied in a single concentration of 200 nM; flow rate was set to 100 pl/min and dis-
sociation phase to 6000 - 18.000 s. On the basis of the off-rates determined under these

assay conditions affinities for the Fabs were estimated, which are shown in table 4.
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GVRa#11 cells (0% i nhibition) was neasured by

i ncubating cells at a final GWCSF concentration of

0.5.sg/mM of biotinylated GW CSF, wi thout the addition

of antibody. 100% i nhibition of Gw CSF bi ndi ng was

measured by omtting G CSF fromthe assay. |C50

val ues were determ ned fromthe dose response curves

obt ai ned using GraphPad to-P9Fsmv3.03 software

appl ying a non-l|i. r essi,Qn _cury Lt. Fab i 1.h -
Toblie s Atiniies R et S Babedrempely Bidrors, AL pifliph cauitb-
. : Gs were analyzed. Table 5 summarizes the
n‘#@ﬁ%@f@es obtained in these assays. The % inhibition

achi eved at an anti body goncentrati on 5g/m is also

given in table 5. 15 Ta#‘@cgrel C50 vab of

anti-hGvt CSF~Fabs i n receptor rnhibition assay 10RO#

4251 4357 435 425 4290 4 3929

Mab215 21Cl11 %gm 53an2L 26 24 7?;&2@7 24_>400 35

no fit* 9 /o inhBBB&i on at 56420~ 100% - 16800750 - 75%

- 75% - 75% - 75% - 5%y - 25% - 60% 7450% - 100% 7_'3body *Nno

si gnoi dal dose reSponse curve could be fitted in this

case -52- This a3939 qualita#26@ly showed2008t the

Fabs obtained fr ffinity rati on an cl oni ng

prevent GV CSF fggkﬂbi ndi ng {Tglﬂlfhe Gl\/LCSFd?ge('?eptor

al pha chain and 4@gf7efore retadned the bl bt ng

mechani sm of thei4? aar ent al Fagﬁ. The assay eded to

be perfornmed 5 w R%a concentration of 35nM 0.5 g/m)
bi oti nyl ated Gw g360i n order {1@2obtain a slfd nificant
signal in FACS. '4l'.ggrefore 17.5 QM Fab (or 8 715 nM | gG
is theoretical | y4e@ded to bl b8k 50% of t htlGw CSF,
thus setting a | ysisy for deterpination of IZPo val ues.
B. Inhibition of QW CSF dependept proliferation of
TF-1 by anti-hGWAB8E 10 Fabs uding human CSF TF-1
proliferati omasgggowas perf orffgd as desqriigggy in
Exanpl e 3B. Fab vvit% improved affinities and the
parental Fabs as4®831 as nonochdnal referedds | gGs
were anal yzed. | val ues wepg det erm neggfyomthe
dose response curvés obtained using G aphPad Prism
v3.03 software a@di4® ng a non-hidnear regres4i%n curve
fit. Tabl e 6-sumrartzes—the+€50—15—vatues—obt ai ned
in these assays.

E. Determination of affinities to rat GM-CSF using Solution Equilibrium Titra-
tion (SET)

Affinity determination to rat GM-CSF was done essentially as described in Example 4D
using rat-GM-CSF (Peprotech) as analyte in solution instead of human GM-CSF. Affini-
ties were calculated according to Haenel ef al (2005). In this assay affinity of Fab

MORO04357 to rat GM-CSF was determined to be KD = 1.0 nM.




Table 6: 1C50 values of anti-hGwW CSF Fabs and contr ol
119G in TF-1 proliferation assay r ¢ - r FONb h N
v 116 M' 'r OOOTGI MON n OMO NNV

prp pPNo MO- ~ON ~NNni VO N~p O Mhrr Nc
aa Gi NaEE I _Ua'ON~tAd .D~WNUvVv wQ
UwE

-51-

Example 5: Characterization of optimized anti-human GM-CSF Fabs that inhibit

the interaction between GM-CSF and the GM-CSF receptor alpha chain

A. GM-CSF receptor alpha binding assay

The GM-CSF receptor binding assay was performed as described above (Example 3C)
5 using 0.5pg/ml (35nM) of biotinylated GM-CSF. Maximal binding of GM-CSF to CHO-

GMRa#11 cells (0% inhibition) was measured by incubating cells at a final GM-CSF

concentration of 0.5pg/ml of biotinylated GM-CSF, without the addition of antibody.

100% inhibition of GM-CSF binding was measured by omitting GM-CSF from the assay.

ICso values were determined from the dose response curves obtained using GraphPad
10 Prism v3.03 software applying a non-linear regression curve fit.

Fabs with improved affinities, the parental Fabs and monoclonal reference IgGs were

analyzed. Table 5 summarizes the IC50 values obtained in these assays. The % inhibition

achieved at an antibody concentration of 5pg/ml is also given in table 5.

15  Table 5: ICso values of anti-hGM-CSF Fabs in receptor inhibition assay

ORO# 4251 4357 4354 4350 4252 4287 4290 4302 3684 3929 |Mab215 21C11
[Cso (nM) 53 26 | 26 24 26 | 25 | 27 24 |>400| 35 | no fit* 9
% inhibition|
at 5pug/ml~100%|~75% |~75% [ ~75% | ~75% | ~75% |~T75% | ~75% [~25% |~60%| ~50% ~100%
antibody

*no sigmoidal dose response curve could be fitted in this case
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-54- In another set of experinents |1C50 values in the
TF-1 proliferation assay were determ ned for the
parental Fab MOR03682, its affinity matured
derivatives MOR04283, MOR04297 and the x-cloned
variant MOR04342. Table 7 summarizes the |1 C50 val ues
obtai ned in these assays. 5 Table 7: 1C50 val ues of
anti -hGW CSF Fabs in TF-1 pra@l< ferati on assay 10RO#
4342 4283 4297 3682 C50 80 17293 13975 >200000 These
experinments denonstrated the |arge inprovenents
Thigaksag wpdlitativelgoshowatl itbat the thabs abfainedt fyomt affindy umatwiation and X-

d X-cl.onj F pl e, 7 350, . .
s OB Bon o B BT R S3RSbp apdortr
retagfédttﬂ@i)focﬁﬂé %&hi&@%}%ﬂ&%ﬁaﬁaﬁmeﬂhé BRap feede@n6 be performed
VD2-21C11 and Mab215 15 anpl e 6: Conversion of

witth/BRO1GSiTration bliAanM (G pglybiotinylagdneMpSFrinzdenole drain a sig-

..Fa S ces for r | i | .
s BN CSC ik ro YRS 06 Rt SR ety e
to bYbekFoABRAE TM-COF, thadspainigadligR fer duxdrhaasioiofI€sovalues.

changi ng codon usage, GC content, etc.)

GeneOptim zer TM software from Geneart (Regens- burg,

Ger 2 R fi t L% .

o IR ER M REbErA AR TR oG- CF
Cerpshistus{ebemah GM-CSBr neny) and cl oned into

TF-S ggcgbfg%le%taﬁ\/agﬁﬁ@st g&%ﬁge.ﬁ:ggi n_crig)gg gxgg‘&gncxﬁ;ﬁg ?“taE %5]181 improved
affinidtieS hhd fhe AUERSSs Wil dsemaideldnal DR rerde BIRWRelehalyzed. ICs)

respectiv sequence. 30 -55- B. Coning of Fab )
valhdsROe8 Metarmimedhfrominthegi@ise fresponse eurdes giBpingd prsings GoaphPad Prism

o 0L RIS TR TS EP s, e 1
valie¥idbtaand ihithdt agdagins (VL) were subcloned fromthe
CR '

pPCR- Scri pt vectofrs 5 (Exanpleba) into the the
PMORPH(r)2_h_Ig vector series for human 1gG.

e A U —

serted into pMorph2_h Igdf master vector cut with the
same restriction enzymes. This vec- tor already
contai ned a human gamma 1 constant region. The
resulting expression plasmd




was termed pMorph2 h_I gGlf MOR04357_co.
Codon-optim zed VL of MOR04357 was io0 isolated from
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Thi s vector al-

regi on.
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10 1g@ against rat reconbi nant Gt CSF was det er m ned
to be 130 pM Exanple 7: Characterization of MOR04357
g3 derived fromoptimzed anti-hunman GW CSF Fabs 15
A. Inhibition of GW CSF dependent proliferation of
TF-1 by anti-bGWCSF 19gGs using human and rhesus

GV CSF TF-1 proliferation as éy was performed as

{ & det d f
i R Py ol RS b g i
pererstalofubl MORD36BL5H6; affihify matzed dervatives MORO@@3;‘M&RO4297 and the

-clége%o\%%ég MOHESIE EAb)F 7 5ummiadeey o Ko “Plagh BRGIEH 1 efbosavs.

fit. Table 8 summarizes the I C50 val ues obtained in

these assays. Three different variants of GV CSF were
Tables dCigvalues of asts-hGMIGSFsFabg in TEdoprpliferationtassayman

GMCSF at a concentration of 0.25 ng/m, produced in

E. coli , secondly, culture supernatant from HEK293
whi ch peen (gl ent Iy ghgpnstlectgorw tih 3682
pc DNA- Wg&%F 25 (see Bxanple 3A)l containing

r econb!mpﬁyman @& CSH ani7298i r dj y,13876 t Jr £200000

Supern tant f rlom HEK293 Ce! ! S \"A‘hi Vh ha\vle ann

ol

transiently transfected wi th pcDNA- macGvt CSF (see
Exanpl e 3A), containing reconbi nant nmacaca mnul atta
(rhesus) GWCSF. For TF-1 prolif- erat
Thesfmsmmmngﬁgéﬁi Haﬂlameém%w@"%@&%@vﬁ‘? %@lse (‘-SalBPS after affinity
Fexathpié/C 'Onlﬁd}tm@sii F- 1010R04354 show
matgreal% 5‘{&“@%@ © | fg(gl%?%%gs conpar ed
>20K)0ﬁzild ixﬂp@v&ﬂ) ICgowal@smmparect tioethelie fpareathl d’d@&@ﬁ?ﬁl%and) exceed the po-
q ig reconbi nant human GVt CSF
tencp’erd%‘é@%l'zl F\:lﬂiaé@ll\’li b2Fapl e 8: 1C50 val ues of MOR04357
I gG and control 1gGs in TF-1 proliferation assay -57-
| C50 (pM human human nmacaca Gw CSF Gw CSF G\t CSF
(E.coli) (11EK293) (HEK293) MOR04357 Igd 48 11 15
21C | 68 144 1 5 625 5 0 Thi s experiment
EX%%&S@”&?‘?%@Q%@%P A a@ﬁpg\%/ed in 1C50

val ues after affinity

A. Gene optimization of Fab DNA sequences for expression in mammalian expression

systems.

To optimize DNA of the VH and VL of MOR04357 for mammalian gene expression (e.g.
changing codon usage, GC content, etc.) GeneOptimizer™ software from Geneart (Regens-
burg, Germany ) was utilized to define such optimized VH and VL DNA sequences, which
were gene synthesized at Geneart (Regensburg, Germany) and cloned into pPCR-Script vec-
tors yielding 055906pPCR-Script and 055907pPCR-Script . SEQ ID NO: 48 shows the re-
spective VH sequence, while SEQ ID NO: 57 shows the respective VL sequence.
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maturati on and X-cl oning where preserved after
conversion fromFab to Igd@ format. 1g@ MOR04357
shows >2000f ol d i nproved | C50 val ues conpared to Fab
MOR03929 and ex- 5 ceeds the potency of BV D2-21 C 11
and Mab215. References: Alvaro-Gacia JM Zvaifler
NJ, Brown CB, Kaushansky K, -2d Firestein GS. (1991).

o FaB v 6§ AlaI TG 1%expVbssi

B. GRAREIT FEMORIBST B Mt FECH Ry shBIIE0 xplbssion,
cyt e- macr ophage col ony-stinmulating factor production
and gene expression in rheumatoid arthritis and its

In ok&GUb ¥kpREs Bl ldngth maduhsdIBbuline@g)) vasatiladonmirnfrapmentd of the gene
| mmunol ~ 146, 3365- 3371. Babior, B. &%@o% ﬁ’ﬁagg&)ﬁt §3;
optimizedohaaat(Vvl andrlight chains §Vie averpsubcipned from the -Script vectors

Bonf Lal.d. T . T 2 ..
GBSl SO B 1 Ay BP0l g 205k otz
VH tJTeVIaR043 57 prdsneslated frbme0s 06 pPCR Scrips vin NEelVBpl digestion and in-

I mmunol 105, 342-350. Bozinovskj, S., Jones,J.., .
sert@binge pMophR_h_IeSHif mastst vegigpyt with ayeﬁa{negﬁgpxcuon enzymes. This vec-

S . ) i r . .
o (9SSR LT g TP 13822088 upresion lsi
was! ®vifed plMdrph2 e lgG bf MAR043570¢0. GlbdeFoptimized p¥lesafi MOR04357 was

. .of TLR- 4. Am J_Physiol, Lung Ce | _Physiol. 20 . .
isolated; dfEom, WS%HapﬁéBémtn,‘%as lﬁefjgg’f’)‘ éﬁﬁsg‘r?f‘on@?ﬁ g/inserted into
r ?d%gffé ly W @ith BRQRe Rbtkidtib®enBYmes. This vector al-
pM@lg}‘?-u —géla{shggéice 0 rg?catﬁfocm;ite .rracroephagef nff . )
readyotantyined ianhhrasn dgmbdec constant tegiosi fThe rpsulting ¢ixpeassion. plasmid was
J C.in . lnvest .88, -1053. Broide,D. H , Paine, MM,
te“%ﬁ‘oPME#‘b—E@@“ﬁ?dé—Mé%gé ®OE0si nophi | s express
interleukin 5 and granul ocyte

macr ophage- col ony-stinmul ating factor nRNA at sites of

allergic inflanmation in 25 asthmatics. J Clin Invest
@0, Trahsient/Bxpression apdPyrification. of Human 19G

Kaush K., (1994) . j hg, of h 0] :
EukBROE R SO RS Pt He P SOl SR heavy and light
chaln&:§r@STonN@citr IDNAD €ehl Wik Gredsupbnataay as harvested from 3 to 7 days post

macrophage- col ony-stinul ati ng-factor-receptor

tranafegtien. s Benadjustingrthg pHi of desrpepstang tost. B gpd steride filtepgion, the solution

o SHEAE Ty ey FORATI B b MBEREIC Pl I or MatSee

SURBE Grateilthcai) oBuffers exdHangee was performedotok hor Balticacco’s PBS (pH 7.2,

thritis? Arthriti -1 , .
Inviatrrogerrx)I anldssammets vLeI:rE: Istsérill:éhfelﬂer:?eé ?0,2 5pm). §40RO4357 IgG1 was dialysed against

1 x Dulbcecco’s PBS (pH 6,5, Invitrogen). Purity of IgG was analysed under denaturing, re-

ducing conditions in SDS-PAGE or by using Agilent BioAnalyzer and in native state by SE-
HPLC.

D. Determination of picomolar affinities using Solution Equilibrium Titration (SET)

For Kp determination, monomer fractions (at least 90% monomer content, analyzed by
analytical SEC; Superdex75, Amersham Pharmacia) of IgG1 were used. Electrochemilumi-
nescence (ECL) based affinity determination in solution and data evaluation were basically

performed as described by Haenel et al., 2005 and as described in Example4B. The Kp val-
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5 Campbel I ,1.K., Bendele, A, Smth,D. A, and

Ham lton,J. AL (1997). G anul ocyte-macrophage col ony
stimulating factor exacerbates collagen induced
arthritis in m ce. Ann Rheum Dis 56, 364- 368.

Can'pbel l,I1.K., Rich,MJ., Bischof,R J., Dunn, AR,

Gail,D, and Hani | ton, J. A, '(5§998) Pro- 10 tection

[ 9 Rd} F was determined to be 1.1
uey, £} m@ﬁs@o 5 AL ooy OM.CSE was e

pMleficient mce. J I munol 161 3639 3644.
Carrieri,P.B., Provitera,V., De Rosa,T., Tartaglia, G,
CGorga, F., and Perella, O (1998). Profile of
cerebrospi nal fluid and serum cytokines in pati ents
with relapsing-remtting nmultiple scle- 15 rosis:
EQDettrminatiowiof hffidities toatat GMiUSF ysmgrﬁolmmﬁqﬂdthﬂ“m Titration
| mmunot oxi col . 20, 373-382. Cebon,J., Nicola, NA.,
) M, Gardner, L, Denpsey P.J. Layton J. E.
Dti hrsen U, But- gess,A ., N.ce,

( 19‘9ﬁﬁlfwcéemmlmwéo mh@%ﬁ&éewsst dorel e&?‘?"ﬁ'@ : S%mﬁegﬁp Example
[gﬁgﬁé‘ f@}y@{]e$§r(§§?mﬁﬁca %r g%gtgmlﬁéél’ut&éﬂ E}ﬁ’%é%fdg&f human dGM -.CSF. Af-

ﬁ:ﬁﬁésdwl@(ﬁ Q:awhla%(ékﬂﬁﬁbrdn@ wthmgytteal (ZODS)adﬂmdﬁagelug &proth;z MORO04357
stinmul ating factor s both HLA- e ion and
Ig6y tagningigaiicsompinant éﬁ&gmﬁteﬁﬁﬂﬁéﬁgw‘&%kl ne 2,
60-67. Chen Y., Wesmann C., Fuh G, Li B.,
Christinger H W McKay P, de \Vos A M, Lowman H B
Exa(nlﬂ@gb- Ghlaeadterimtiom oA MORO435TokgGih dexivechfroze) optimized anti-human
anti- VEOF antibody: crystal structure of an affinity-
MESEKalSed Fab in conpl ex W|th ant| gen. J Mol Biol.

293 865-81. Cheng, S. S., Lai, Lukacs, N W, and

Kunkel , S. L. (2001). Granul 0 te rmcrophage col on .
st | Aullnhibitior aftGM-GSF égmmiyeeg peofiferation gfghr-1 by anti-hGM-CSF

neutr ils. 184. 30 dark,S. C

and gggﬁ “ﬁ?“g(Jll ag#ﬁﬁgshuman ﬁgﬁat opoi etic

col ony- stl mul at i ng factors. Sci- ence 236, 1229-1237.

Cook, A. D. , BralneE l,, ..K, R ch J
TF Ao lifeiAion. aesax DBOBST ForimegRaerried e&%@ﬁé%dm’g@&” was ana-
lyzca{ %h{ﬁél ﬁ% ?Ttgréc? 1S Sbntdt xﬂPﬁdc‘?&Qy rdference IgGs were analyzed. ICso values

ophage col ony- stinulating factor
wex(eca\ét&sﬁﬂed fremuthe elose tespanse Aun@SFbitainedhusing Gaaphflad Prisse v3.03 soft-
o o £ e R DR o o otine

in tREQUs &k OfhrRE afffRédtvatiants of GM-CSF were used in this assay: Firstly, recombi-
nant human GM-CSF at a concentration of 0.25 ng/ml, produced in E.coli , secondly, culture
supernatant from HEK293 which have been transiently transfected with pcDNA-huGM-CSF
(see Example 3A), containing recombinant human GM-CSF and thirdly, culture supernatant
from HEK293 cells which have been transiently transfected with pcDNA-macGM-CSF (see
Example 3A), containing recombinant macaca mulatta (thesus) GM-CSF. For TF-1 prolif-
eration assays the HEK293 culture supernatants were used as a source of the respective GM-
CSF in such dilutions that TF-1 cells showed a similar proliferation as compared to prolifera-
tion given at the defined concentration of 0.25 ng/ml purified recombinant human GM-CSF

produced in E.coli.

Table 8: ICsq values of MOR04357 IgG and control 1gGs in TF-1 proliferation assay
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with the alpha chain of human GM-CSF receptor expressed on about 2x 10° CHO-K1
cells by at least 50% under the following conditions: (2) the concentration of said
human GM-CSF receptor alpha chain expressed on said CHO-K1 cells is similar to the
concentration of human GM-CSF receptor alpha chain expressed on about 2x 10° CHO-
GMRa#l1l cells, and (b)the concentration of said isolated human or humanized
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1.

1, 2, 3, 15, or 16, or the antigen-binding region of
any one of clains 3 to 14, wherein said hunan or
humani zed anti body or functi ohBt fragnent thereof, or
said antigen- binding region, is able to neutrallze
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antlbody fragnent. 19. The human or humani zed anti body
according to any one of clainms 1, 2, 15, 16, or 17,

Vi Qﬁhgeﬁ-bﬁmt\giégm%Qhaﬁs \éﬁédiﬁ’@fcﬁ hbﬁ@ﬁ)GMf@EFl vﬂﬁclﬁcé‘rﬂﬁiﬁ@s an H-
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TG hengton FRECRL T BNy 115 Kotdel 5116. A 1. 19, 20, 49, 50,51
zﬁggence conprising SEQI11) NO 1, 2, 3, 4, 5, 6, 7,

, 10, 44, 45, 46, 47 or 48, or (ii) a nucleic acid
sequence that hybridizes wunder high stringency

conditions to the conplenentary strand of SEQ I D NO
TThe2ntigen-Binding region dccoffiin®to Aim 4 4urtiey coﬁa@nsmg an rH«&DR’J region
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chain of a human or humani zed anti body or a functi onal
anti body fragnent that is encoded by (i) a nucleic
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anti gen-bi nding region of a human or hunmani zed
anti body or a functional antibody fragnment according

A SRR Iedion B3 et Cﬁgkﬁmaﬁ'égﬁ(f?ﬁ Seh gpmrises an L-

%‘DI@3 region dpick&l inlSEQIDAC0031, BRI 33,3495, 38, 37,254, 99, 40, 58, 59, 60
guence that hybridi zes undéer high stringency

ditions to the conplenentary strand of SEQ I D NO
2, 6, 8,9, 10, 47 or 48. 24. The nucleic acid sequence
according to claim 22, which conprises (i) SEQ ID NO
- i i i O ai ( | o
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22, 26, 28, 29, 30,

The antigen-binding region according to claim 9, further comprising an L-CDR1 region

depicted in SEQ ID NO: 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 58, 59, 60 or 61.

The antigen-binding region according to claim 10, which comprises a variable light
chain depicted in SEQ ID NO: 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 58, 59, 60 or 61.
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13.

14.

15.

16.

17.

18.

19.

56 or 57. 25. A nucleic acid sequence that. encodes an

anti gen-bi nding region of a human or hunmani zed

anti body or a functional antrbpdy fragment, conprising

(i) SEQIDNO 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 44, 45,

4 48. 0 Lo : |.gi .C ' e . -
o g anling dosich, thaf i ik ter o2 by BNELSE, Wi comprises 2
deayy ehantaaryo stidaseduaice 3a@ng Dt 106 6@, peRenBseqldencs, idéntity in the

Tang:. 9, 10, .44 , 46, A7 .or 48 rejin.said. . .

RRiseeigropith e ons fdpiEd i SFRHEROT Lot 1t 15. 16, 17,

f1gr 1 uwmaao Gd, €66r 526. A nucl ei ¢ acid sequence that

encodes an anti'gen-bi ndi ng regi on of a human or

humani zed anti body or a functional antibody fragnent,

conprising SEQ ID NO 21, 22, 23, 24, 25, 26, 27, 28,

2o aigigensinding reghm thateis gpecific for humiap GMrLSH, avhichaedrprises a light
e t, i dl U r i tri G .
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condi t1ons npl €étrentary stran

- 2dgio@2wiiR3he CDR REjorRGlep2itd iRSEQE ND; 3532, 33, 34535, 36, 37, 38,

el n id antibody or functional fragnent
?‘?egééy’]gé d&p%%qf ic for human GV CSF. 27. A vector
conprising a nucleic acid sequence according to any
one of clains 22 to 26. 28. A cell conprising a
e lafli g HLBIABNGBgibR abdodifly &/ clad® 12 bR 3 CRhereiRGERI dhfidhce identity
to clarm 28, wherein said cell is bacterial or
éundeasbBY percg®. A phar maceutical conposition
conprising a human or humani zed anti body or
functional fragnent according to any one of clains 1

acceptabl'e Carriér or e
phtigaelsiading cedior ofgnysnt iob dlaihs Btai4n 30 for treating a
di sorder or condition associated with the undesired
presence of GW CSF. 32. The pharmaceutical conposition
%cg{di ng tig’ | aim 31, wherein said disqgrder or

R dUMagrAnidody, apGordingnt #BY Pnglicl clatms 133, orls, wherein the human
Bﬁ%d@qw’syrﬁﬁéti&ﬂiﬁpﬁ%ﬁb@dy according to claim 32,
wherein sald inflammatory ® di sease is taken fromthe
list of rheumatoid arthritis, multiple sclerosis,
Crohn's di sease, psoriasis, asthma, atopic dermatitis
ahe human lor humanized antibody or functional fragment thereof of any one of claims

4o h%g}aﬁg?r hmadiZed ]a%ti%% I%Ib ﬁ’%ﬁﬁ%tnﬁlg ?@égo@?d@eéaéﬁ%{% leé/omprising the

1,2,3, 15 or 16., ot the antigen-binding region of any one of claims 3 to 14, wherein
said human or humanized antibody or functional fragment thereof, or said antigen-
binding region, is able to neutralize 0.25 ng/ml human GM-CSF in a TF-1 proliferation
assay with an at least 10-fold lower ICsy value than the reference antibody MAB215
and/or BVD2-21Cl11.

The functional antibody fragment according to any one of claims 1, 2, 3, 15 or 17 which

is a Fab or scFV antibody fragment.

The human or humanized antibody according to any one of claims 1, 2, 15, 16, or 17,
which is an IgG.
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22.

23.
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A variable heavy chain of a human or humanized antibody or a functional antibody

. fragment that is encoded by (i) a nucleic acid sequence comprising SEQ ID NO: 1, 2, 3,

4,5,6,7,8,9, 10, 44, 45, 46, 47 or 48, or (ii) a nucleic acid sequence that hybridizes
under high stringency conditions to the complementary strand of SEQ ID NO: 1,2,3,4,
5, 6,7, 8,9, 10, 44, 45, 46, 47 or 48, wherein said antibody or functional fragment
thereof is specific for human GM-CSF.

A variable light chain of a human or humanized antibody or a functional antibody
fragment that is encoded by (i) 2 nucleic acid sequence compriéing SEQ ID NO: 21, 22, |
23, 24, 25, 26, 27, 28, 29, 30, 53, 54, 55, 56 or 57, or (ii) a nucleic acid sequence that
hybridizes under high stringency conditions to the complementary strand of SEQ ID
NO: 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 53, 54, 35, 56 or 57, wherein said antibody or

functional fragment thereof is specific for human GM-CSF.

A nucleic acid sequence that encodes an antigen-binding region of a human or

humanized antibody or a functional antibody fragment according to claims 1 to 3.

The nucleic acid sequence according to claim 22, which comprises (i) SEQ ID NO: 2, 6,
8, 9, 10, 47 or 48 or (ii) a nucleic acid sequence that hybridizes under high stringency
conditions to the complementary strand of SEQ ID NO: 2, 6, 8,9, 10,47 or 48.

The nucleic acid sequence according to claim 22, which comprises (i) SEQ ID NO: 22,
26, 28, 29, 30, 56 or 57 or (ii) a nucleic acid sequence that hybridizes under high
stringency conditions to the complementary strand of SEQ ID NO: 22, 26, 28, 29, 30,
56 or 57. ‘

A nucleic acid sequence that encodes an antigen-binding region of a human or
humanized antibody or a functional antibody fragment, comprising (i) SEQ ID NO: 1,
2, 3, 4, 5; 6, 7, 8, 9, 10, 44, 45, 46, 47 or 48, or (ii} a nucleic acid sequence that
hybridizes under high stringency conditions to the complementary strand of SEQ ID
NO:1,2,3,4,5,6,7,8,9, 10, 44, 45, 46, 47 or 48, wherein said antibody or functional
fragment thereof is specific for human GM-CSF.
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32.

33.
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A nucleic acid sequence that encodes an antigen-binding region of a human or
humanized antibody or a functional antibody fragment, comprising SEQ ID NO: 21, 22,
23, 24, 25, 26, 27, 28, 29, 30, 53, 54, 55, 56 or 57 or (ii) a nucleic acid sequence that
hybridizes under high stringency éonditions to the complementary strand of SEQ ID
NO: 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 53, 54, 55, 56 or 57 wherein said antibody or
functional fragment thereof is specific for human GM-CSF.

A vector comprising a nucleic acid sequence according to any one of claims 22 to 26.
A cell comprising a vector according to claim 27.
The cell according to claim 28, wherein said cell is bacterial or eukaryotic.

A pharmaceutical composition comprising a human or humanized antibody or
functional fragment according to any one of claims 1 to 3, 15, 16, 17, 18 or 19 and a -

pharmaceutically acceptable carrier or excipient therefor.

The pharmaceutical composition of claim 30 for treating a disorder or condition

associated with the undesired presence of GM-CSF.

The pharmaceutical composition according to claim 31, wherein said disorder or

condition is an inflammatory disease.

The pharmaceutical composition according to claim 32, wherein said inflammatory
disease is taken from the list of rheumatoid arthritis, multiple sclerosis, Crohn’s disease,

psoriasis, asthma, atopic dermatitis and shock.




