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"% MONOCLONAL ANTIBODY This invention relates to nonocl onal anti eRR%&Es? B>
speci.-fic far the receptor for human granul ocyte-macrophage col ony
stimulating factor (hGMW CSF), and to conpositions and nmethods utili zing
t hese anti bodi es. Background and Prior Art G anul ocyte-nmacrophage
colony-stinmulating factor (GWCSF) is a growh and differentiation factor
for a variety of haenoppoi eti c ¥ORQERORAL AMIriLBOor¥ncl udi ng those for
neut r ophil s, nmacrophages, eosinophils, negakaryocytes and erythroid cells)
and can also functionally activate mature neutrophils, eosinophils and
macr ophages (1-4). ATbig imyensdonomelstes\toSrRoacelonedgkntibdaiardi ated

through t hededigireiian e Pddepitolt ﬂ:ﬁ.&i&cd ' A eceptors.
These recept(ars consj st ofea ) ecidf% r(;‘%aé al n %ﬁ%ﬁiﬁ?&"j@gg’%‘fm I%hed as

WO 91/ 0206%5F a%ing faat (AR GSRA--a ferdh ity compd i towon
[err]-chai anaviicthdas fesalifzi80F THade RintdHadiEa, Wi th detectable affinity,
and - - o _

Background and Prior Art

- : S
Granulocyte-macrophage colony-stimulating factor

(GM-CSP) is a growth and differentiation factor for a
variety of haemopoietic progenitor cells (including those
for neutrophils, macrophages, eosinophilg, megakaryocytes
and érythioid cells) and can also functionally activate
mature neutrpphils, eosinophils and macrophages (1-4). a1l
of the actions'of GM-CSF are thought to be mediated through
. the interaction of GM-CSF witﬁ specific cell surface
receptors. Thesé reéeptors consist of a specific a~chain
(PCT/AUS0/00342, publighed as WO 91/02063) (5), which binds
GM~CSF with loﬁ-affihity, and a common f-chain, which by
itself does not bind GM~-CSF with detectable affinity, and
is shared by the a-dhaips for the interleukin-3 and

intexleukin~5 receptors (6,7). The a-B complex generates
high-affinity binding sites for GM-CSF, and is required for
cell sigmalling (8).. However, the mechanism of convefsion
of the low affinity'receptor to high affinity is not vyet
understood. |

_Sihbé'murine models of excess GM~CSF production
(5,10) have.inﬂicagéd that a variety of Qisease states can
result from over-production of GM-CSF and consequent
macrophage accumulation, and since climical triala.of_GM-
CSF have indicated that some diseaéé states can be
exacerbated by the action of GM-CSF (11), we believe that
antibodies thét inhibit GM-CSF action may have clinic;l
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¢is shared by the a-chains for the interleukin-3 and interleukin-5 receptors
(6,7). The [err]-[err] conplex generates high-affinity binding sites for
GWCSF, and is required for cell signalling (8). However, the nechani sm of
conversion of the low affinity receptor,to high affinity is not yet
understood. Since nurine nodels of excess GW CSF production (9, 10) have

i ndi cat ed qBaligyvar Mekdofhbr(li €468 S&PELSL AL SHd16{@MONREeREQJuUCT i ON
of GwW CSF ﬁ%gscgnsequent nacr ophage accunul ation, and since clinical trials
F e

of GV CS PRY BRP¥R PRER €BnROBFeRHEMCSE Keeenters cdadctbat ed by
the actionrabpoiaCEb GilEsFVByDBLoEYLeidtodNiPO0ES whabel ORI £y G CSF

action may_have_clipi cal - 2. ytyility. Moreover, since several human

nyel oi d Ieﬁ?&gnFﬁglﬁgégeﬁesﬂugao#ﬁ Eé?ﬂ O FRRRYRAS Geekpentecpedls and to
proliferation or to target leukaemlc cells for antibody-
‘mediated killing. Finally we believe that identification

of the antibody epitope dn the GM-CSF receptor a-chain
recognized by neutralizing antibody'wiil'aia in the design
of selective peptide and non?peptide.antﬁgdnisﬁs of GM-CSF
action. o '

We have generated a ﬁanel of monoclonal
antibodies that specifically recognize thé human GM-CSF
receptor a-chain, and one of these inhibits the capacity of
GM-CSF to bind to its cellular receptor and to biologically
gtimulate cells that bear GM-CSF receptors. Surprisingly,
this inhibition occurs on cells that bear either the o-
chain of the receptor alome (FD-AS5 cellsj. or which beér

the high-affinity a-B complex (AML 193 cells, human bone
marrow cells).

Summagg of the'Inyehtioﬁ
| According to a first aspect, the invention
provides monoclonal antibodies specific for hGM-CSF
receptor, which antibodies have the ability to inhibit the
bio;ogical_activity of hGM—CSF. Preferably'the ﬁonoclonal
antibodies of the inveﬁtiop are able to bind to both the
high affinity and to the low-affinity GM~CSF receptor.

In a preferied embodiment, the monoclonal g
antibody is kI—ZB?-l?-A. _

Accoxding to'a second aspect, the'inwention'
provides h&bridoma cell lines prpduding these monoclonal
antibodies.



"vrespond to GWMWCSF by proliferation (12-16), we believe that such antibodies
coul d be used to suppress |eukaem c cell proliferation or to target
| eukaem c cells for antibody- nmediated killing. Finally we believe that
identification of the antibody epitope o, the GW CSF receptor [err]-chain
recogni zed by neutralizing antibody will "aid in the design of selective

peptide and non- pepti gRxcHrATY It & hicH asbedt!, ehe VavRAtggenerated a

panel of nonocl orgll anti bodi es  that specifically recognize the human GV CSF

receptor a- ARAvRdes Fhnrargutin connaaitiions COTPRIAING SHM@ACRMAL bi nd
to its cell dryiyeDeHddiordihd &I tlddifviscH, Blthdaescy hat bear

GVt CSF receptors. Surpyisingly, this _inhibition occurs on cells that bear
ei ther the mqﬁ‘ﬁ{?%ﬁéﬁﬁm%m% cells), or which bear the
high-affinity [err]-[ iddoxainy @6 @ \¥oultd epett ¥Mthe GRR-JHIINY Cel | s).
SUMRrY Of e Ve e {SE o aeskrich be Wrvat iy of 'a Gu-com | O
dependént_ condicion, compri_sing the si:ep of "adxninistering

to a patient in need of such treatment an effective amount

of a monoclopal antibody according to the invention,
optionally together with a pharmaceutically-acceptable
_carrier. It is contemplated that methods of treatment

either by suppréssion of Ieukaemic ée_ll.proliferation, or

by targeting of leukaenmic celis for 'ahtibody-mediated

killing are within the sc1¢pe of the inventiom. This method

of the invenﬁion :!.s_applicable to both aci;t:e and chronic
myeloid leukaemia, and to other leukaemias which are
influenced by GM-CSF. ,

_ In a particularly preferréd eﬁbodiment, the
-method of the inventior provides a method of ;niti.gat:ion of
the side-eff.eci:s of treatment with GM-CSF, -com'prising the
step of administering to a patient in need of such
treatment an effective amount of a monoclonal antibody of
the invez;tidn,_ optionally togéther with a pharmaceutically-
acceptable _cax;;:ier. '

. Ima -fu.rﬁher aspéét.. the inirention provides a
method of sc_".reening_ of selective ant'agdnis'ts to GM—.CSF,
comprising the '_Btep-' of utilizing an antibody of the
invem:io;i to identif-y the specific_ep.itope on GM~CSF"
receptor recognised by said antibody, and testing putative
antagonisté of GM-CSF action for ability to bind to said
epitope. The antagonists may be either peptides, or non-
peptide molecules. |

,'Usihg the methods described herein, screening of

a relatively small number of hybridoma clomes revealed 15



' ¢ provi des nonocl onal anti bodies specific for hGwW CSF receptor, which
anti bodi es have the ability to inhibit the biological activity of hGw CSF.
Preferably the nmonocl onal antibodies of the invention . are able to bind to
both the high affinity and to the lowaffinity GWCSF receptor. In a
preferred embodi ment, the nonoclonal aftibody is Kl-2B7-17-A. According to

7 S20ond Balaisedd S INRlt U OH da ILLdOIR el e procueing
provi des woarapiandl axnyinsdy ibavdng0 dphivieery EBBLCL6pakgadiiskody
carr er REERAEA Y WP Fetiaets. " AeRAnbuRE bS] Fbe%5: b ovi ded a
met hod of Bawimgrdihe gfequidMCPpecific activity can be produced at
high frequency, and it is considered that the skilled
pérson.would readily be able to utilise the methods
described herein in order to produce neutraliging
monoclonal antibodies. '
Similarly, methods for producing “"humanised=
forms ©of monoclonal antibédies. or for p;bducing antigen-
‘binding fragments of monoclonal antibodies, by the use of
genetic engineéring techniques are well-known in the ‘art.
Thus such humanised forms or antigen-binding fragments are

also to be clearly understood to be within the gcope of the
invention. '

Detailed Description of the Invention

The invention will now be described by way of
refexrence only to the following non-limiting examples, and
to the accompanying~draﬁings, in which.

 Figure 1 ghows the results oflimmuncdepletion
assaye in which the ability of monoclonal antibodies to
deplete goluﬁilized bGM-CSF receptor a-chain £rom solution
was tested; o o
.Figﬁre 2'summarises results of immunoflurcescence
detection of hGM—cSF receptor o-chain on FDAS cells:
Figure 3 shows xesults of direct binding
inhibition studies, showing dose-dependent inhibition by a
representative ancibod? of the invention of binding of GM-
CSF to receptox; |
?igﬁre 4 shows suppression of specific binding of
GM-CSF to-receptois by the antibody of the invention;
Figure 5 shows that only one of the five
monoclonal antibodies tésted had the ability to direcﬁly
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need of s

condition, conprising the step of admnistering to a patient

uch treatnment an effective anount of a nonoclonal antibody

according to the invention, optionally together with a
pharmaceutical | y-accepteable carrier. kt is contenplated that nethods of

treat nent

ei ther by suppression of |eukaemc cell proliferation, or by
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need of such treat nBdguxe ébf ehbwsecerpesponiiing neeoctnaad pnbehody of the
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i nventi on,
In a furt

her aspect
dissociation rates of bxnd:ng of an antibody of the

invention to hGM~CSF receptor.

Figure 8 shows inhibitiqn.by an antibody of the
invention of colony formation hy.human bone marrow cells in
response to hGM-CSF; |

F;gure 9 shows that this inhibition is dose-
dependent;

_Figute 10 illustrates the ability of an antibody
of the invention to inhibit growth in vitro of an heM-CSF
dependent cell line; and _

Fxgure 11 shows 1nh;b1tmon of Btlmulatzon by hGM-
CSF of a cell line transfected with hCM-CSF receptor a-
chain.

In the follow:ng examples, the inwention is

- described in detail with reference to monocloual antibody

prcdnced by the hybridoma cell line I-2B7-17-A. A sample
of this hybridoma cell line was depos1ted under the
Budapest Treaty in the Public¢ Health Laborato:y Service

Centre for applied Micrcbiolcgy and Research 'European

Collection of Animal Cell_Cultures, Po:tcn Down, Salisbury,
Wiltshire, SP4 0JG, U.K. on 23 September 1992, under
Acceeslon Numbexr 92092317.

. Abbreviations used here;n are as follows:

DME Dulbecco’s modified Eagle 8 medium
FCS | foetal calf serun

PITC -~ Fluorescein isothiocyanate

GM-CSF _ granuloéyte-macrophage colony

stimulating factor
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*met hod of screening of selective antagonists to GWCSF, conprising the step
of utilizing an antibody of the invention to identify the specific epitope
on GW CSF receptor recogni sed by said anti body, .and testing putative

ant agoni sts of GM CSF action for abilisty to bind to said epitope. The

ant agoni sts may be either peptides, or non- peptide nolecules. Using the
met hods descri bed FERM-3 scredntaygcellulax|aihemign sneléculiebrr of

hybridoma clones regygalsed 15 sﬁgggdggei%%%gmowgﬂe surprisingly
I'tor |

produced a nonocl onal anti body having I nhi 'y activity against
hi gh- af f &k Phahecgelleddnes refierred bei horginl anesPudiedyt he required

speci f1 ¢ sReliddtite O3k i asliuar rilviiudly! Heauessya ARdckp | S consi der ed
that the _skilled person would readily be able to utilize the nethods
descri be&iﬁ'&r@rtﬁ‘ €r order to produce neutralising -

‘Example 1 = Hz' bridoma Production
In initial studiea, mouse FDC-Pl cells
transfected with the human GM-CSF receptor a-chain (FDaS
cells) (17) were injected into syngeneic BALB/c recipients,
in the expectation that this would result in more specific
-immune responses. No successful fusions resulted with this
protocbl. Since our prior observations had shown that
allogeneic responses énhanced the immune response to othex
cell 'siu:face antigens, we immunized CBA/J niice with
allogenic FDAS cells. The mice rec;eived weekly
intraparitcneal "inje,ct:i.ons of é-3x1_07 viable FDAS cells for
_ four weeks, and sera were asgayed in the .immunodepletion
assay (see b'el'dw) . The mice were then rested for at least
four weeks before a final immunization. Four days after
this f£inal boost the animals were killed by cervical
dislocation a.n.d't:'.he_ spleens remo_ve&. Single cell
suspensions were j:reparéd and washed in serum-free
Dulbecco’s modified Eagle’s medium (DME). The spleen cells
were fused with NS-1 ﬁ&elpma-cells in the presence of 50%
(w/v) polyethylene glycol 4000 (Boehringer-Mannheim) (18).
The cells were gently resuspended in DME/15%
(v/v) foetal calf ‘serum (FCS) 10% (v/v). conditioned ﬁedium
from the P33D18 macrophage cell line (as a source of
interleukin-6), and cultured in 96 well Falcon microwell
flat bottom trays at 2x10° cells per well. The cells were
fed with a standard selective medium containing
hypoxanthine, aminopterin and thymidine (HAT medium) after

overnight culture, and thereafter every three days. After



nonocl onal antibodies. Simlarly, methods for producing "humani sed" forns
of nonocl onal antibodies, or for producing antigen- binding fragnents of
monocl onal antibodies, by the use of genetic engineering techniques are
wel | -known in the art. Thus such hunanifed forns or antigen-binding
fragnents are also to be clearly . understood to be mﬁthin the scope of the
i nventi on.70ek agdP4, L 0 now be
descri bed by_way of Egég%%nce #%p:iﬁ%éﬁ §i$+%ghé%?%o ?$ gﬂeﬁaﬁples
and to the* é% 13 nad y?ﬁaeaaQMﬁngs Wt:ﬁvhﬁ:ﬁﬁstgmrﬁon.sﬂwm;nghe resul ts of

i mmunodepl etion assays in which the ability of nonoclonal antibodies to

depl ete solubil|zed hGw CSF rece-tor a- chaln fron1so|ut|on was tested;
Figure 2. resul t==k L QH | DG OmY mestion of hGW CSF
receptor [&fr] - chai naem¥iDAo Geldss -Flcﬂé!if &m&em gy Of di rect
bi ndi n -
g Immnnofluorescence.. i
| COS 7 cells (ATCC CRL $589) were electroporated
_with,expresgioﬁ,plaamidﬁ'gncoding the a~chain of the human

GM-CSF receptor (S) or the cell surface molecule ICAM-1
(19). aftexr threg déjﬁjthe ceIls_weré barvested, washed
-and analyzed with candidate hybridoma supernateants by
“indirect immunofluorescence. Briefly, 10% cells were
incubated with S0 ul of culture supernatan; for.ao min at
4°C. ﬁhe cells were'washed, resuspeanded in an appropriate
dilution of FITC;(Faba)' ffagments of sheep aﬁti;mouse
immnoglobulin antibody (FITC SAMIg) (DDAF, Silenus),
_held on ice for 30 min at 4°c. The cells were washed and
then flxed in 1% formalin 1n.phosphate-buf£ered saline
(PBS). The. samples were examined by fluorescence
nicroscopy and 35 putative positives (GMR‘ ICAM™)
-identified from a total of 390 wells. The cells from these
wells were expanded to generate further supernatants for
testing and to-brq#ide cells for recloning and’

| drycp:eservatioﬁ. Fifteenlclbnes remaiﬁed positive by
immunofiuo:escencg and were further selected by scxeening
in immunodehletion assays (see below).

(b) Immunodegletion Assaxs.
. €o8 7 cells that had been electroporated with the
human GM—CSP receptor archaln CDNA in the CDMB8 vector 72
hours previously were lysed, and membranes purified as
previously described (20). The membranes were extracted
~ with 1% Triton X-100, centrifuged at 200,000g for 15 min
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‘i nhi bition studies, show ng dose-dependent inhibition by a representative
anti body of the invention of binding of GW# CSF to receptor; Figure 4 shows
suppressi on of “specific binding of GWCSF to receptors by the antibody of
the invention; Figure 5 shows that onlg one of the five nonocl onal

anti bodies tested had the ability to directly I nhi bit binding of. hGW CSF
t 0 sol ubi #hrdecthecevpespatinyrettineh@s sebibilizEd AR sdamh©es,t 0
determ nea'g_g thdi ng affinity of an antibody of the invention to hGw CSF
receptor; FI'guie*eb shows correspondi ng Scatchard plots; Figure 7 shows the

et fon T hias oMbt ssasigiian il WARNS Neqpapdy of Lhe
t he ‘preincubated with hybridoma supernmatant (100 pl), sheep
anti-mouse immunoglobulin (100 Wl of a 1/100 dilution) and
proceih—G Séphaxjos'e (100 pul of a 1/S suspension) in a £inal
volume of 400;:.1' of ‘Hepes-buffered (20 mM, DPH 7.4) RPMI
wedium containing 10% (v/v) foetal calf serum for 60 nin at
23°C with rotation.  Tubes were then centrifuged at 14,000
g _for- 10 séc and the supernatants recovered.

_ Supernatants (50 pul aliquots) were incubated with
1257 _human GM~CSF (10 pl, ~200,000 cpm, specific
radiocactivity 30,000 cpm/ng)  in duplicate, with or without
unlabelled human c.u-{c.ér__ (10 p1 of 50 ug/ml) and
_concanavalin -A—Sephai:ose 43 (30 Ul of a 1/4 suspension in
0.1M sodium acetate buffer DPH 6.0), for 60 min at 23°C with
rotatioﬁ._ The incubati:on mixture was then layered over 180
Ml of foetal calf serum in small centrifuge tubes,
centrifuged at 14,000 g for 10 sec and the pellet removed
by cutting the tube wif.h a gcalpel blade. Specific b:'.nding
in these pellets was calculated as the binding (cpm)
wiﬁhout'unlébelled_cu—csf hinus-the biﬂding in the presence
of unlabelled GM-CSF. S

The pfé_sence- of monoclonal antibody against the

human GM-CSF rec_eptor,'a—ch;iin was detected by the ability
of the appropriaté -hybridoma supernﬁtant_ to deplete soluble
human GM-CSF receﬁt:or a-chain in the preiﬁcﬁbation step :
(relative to contiol hybridoma supernatam:' or antibody), as
revealed Sy a reduct:ion in the specific binding of 1%°1-

human GM-CSF detected in the subsequent incubation.
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“«invention of colony formati on by hunman bone marrow cells in response to
hGW CSF; Figure 9 shows that this inhibition is dose- dependent; Figure 10
illustrates the ability of an anti body of the invention to inhibit growh
in vitro of an hGW CSF dependent cell |gne; and Figure 11 shows inhibition
of stinulation by hGW CSF of a cell line transfected wth. hGw CSF .

recept or Examgie 3|n the RitéckhiBindimgmiatsibition Memdyon i s described in

detail wi'th referencg to oclonal antibody produced by the hybridoma cell
line KI-2B7-17-A A Ea%ﬁhgfif*e%mmﬂa%% ERFEPEOM LOBR2ERpESPt ed under
t he Budap r ' e ' I t | tre for -
hopl od M epobi Sehbe1BnbiaBtbofly B2 LonkiRBsd SijesBlldl, (28" i),

Cul tures, ’riémt-hummmu-ssgi. ghor u1, WRoshooe, ciaby, Odkd ¢hifcafavaddinSQpt enber
1992, under Accession Nunber 92092317. . .
- Sepharose 4B (30 pl of a 1/4 suspension) with or without s

unlabelled human GM-CSF (10 pl of 50 Wl/ml), in a total

volume of 110 Ul of 0.1M NaAcetate buffer pH §.0 were
incubated at 23°C for 60 min with rotation, and specific
binding was determined as described above.

Example 4 " . Isotm.' e Determination of Monoclonal
' Antibodies |

Supernatants from positive hybridéma clones were
isotyped ﬁsing the 2Amersham Isotyping Kit (Ametsham,
Buckinghamshire; England). Monoclonal antibody KI-287-

“17a, 'alp;;g with '-'s_,e_va__z'a"l. other inonocloﬁals. was found to be
of the IgG2a type. o '

Exgmple § | mrificét;on 6:" Monoclonal Antibodies
Ipdi.vj.dual hybridoma cell lines were expanded to

10 litres of culture volume and the supernmatants harvested
and cdncentrated 16 -fbld. The concentrated supernatants
were loaded on to a protein-A-Sepharose CL-4B column (S ml)
(Phaz"macia, 'Uﬁpéél_a, éwéden) , and tﬁ_e column was washeéd
exten_sively _Grit_h bhosplia‘.:e (20 oM, pH 7.4) buffered o.isu
.salin'e (PBS) until the absorbance at 280 nm was negligible.
The column was then eluted with 0.1¥ glycine HCl buffer pH

. 3.0 and fractions colleé:ted into 1/10 volume of 1.0M Tris i
HC1 pH 8. The é,lﬁates were- concentrated. é.:;.d dialvzed
extensively ég_a_inst PBS before use. '
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“+Abbrevi ati ons used herein are as foll ows: DVE Dul becco' s nodi fi ed

Eagl e' s nmedi um FCS foetal calf serumFITC Fl uor escei n
i sot hi ocyanate Gw CSF granul ocyt e- nacrophage colony stimulating factor
| CzZ-1 I ntercel |l ul ar adhesi on nol ecul e-1 SAM g Sheep anti - nouse
i munogl obulin All of the cell lines *®ferred to herein are publicly

avai | abl ggy 6e been R T%\u 9-“2' t)i ggsgpﬁeg |{| th§| |£§ a&gre Exanple 1
Hybri do on In =SS = ansf ect ed

wi th the human wahqmlomwhdias(ﬁw_ rafiojodimptadr eithj ected into
syngenei G2BALE nd £ Ghp AN Snod {4 1BAGE' BokdRnhighdeNbeliyy d result in

nore speci f
descrihed previously (21), or by the use of **5r-Bolton-
Hunter reagent (22). Monoclonal antibody KI-2B7-17-A only -
-re:aine_d. binding activity when iodinated using the Bolton-
Hunter reagent, so direct 5inﬁing studies were performed
with this form of the iodinated antibody (speéifir_:.

radiocactivity 50,000 cpm/ng).

Examgie 7 Immunodepletion Studies | _

Figure 1 shows the capacity of randomly selected
hybridoma supernmatants to deplete solubilized buman GM-CSF
receptor a-chain from solution. After lmmunodepletion, the
solution was tested for residual specific binding of **1-
buman Gli-csé. ' M_éan epecific cpm bound and standard
deviation are shown by the horizontal line and error bar in

- Figure 1 for solutions that had not been immunodepleted.
Most .hyhrié.oma supernatants did not reduce the specific
binding, but supernatantﬁs' 37, 38 and 56 clearly caused a
marked reduct:.on in s-pec:.f:.c binding, indxcat:.ng that they
contained ant:.bodies that could recognize the human GM~CSF
.receptor a-chaz.n.. In addition the serum from immunized
mouse number 8 also contained antibodies which recogmized
the receptor. This agsay allowed the identification of
five purified monoclonal antibodies (RKI-3G9-25-1, KI-3G3~
14-15, KI-2B7-17-A, K3-2E9-4-1 and K3-2C7-16-1), each
derived from double cloned hybridoma cell lines that

- recognized the bhuman GM-CSF receptor a—éhai;i.
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t mmune responses. No successful fusions resulted wth this protocol. Since
our prior observations had shown that all ogeneic responses enhanced the

i mmune response to other cell surface antigens, we imunized CBA/J mce
with allogenic FDAS cells. The mce retegived weekly intraperitoneal

i njections _of 2-3x10[err] viabl e FDA5 cel I's for four weeks and sera were
assayed in odepl| NS ’,‘-; Dekechaon Do HENSE G Fhen rested

for at |east four weeks be 2] zatl.Qn r ds after this
final boost the aninals wefk%r ol chaq@“'gh 3 on and the spl eens
renmoved. Single cel Irmraslahwwmqommr eedldmd (AF9hedbuen npr um free
Dul becco' Sﬂg}_cgé IE&? PI\@%? T en col e fused with
NS-1 nyel onma ce#s in the- $esence )o vpe&e;l y # navftgl ycol 4000
( Boehr i ngerfluarersencd 1@ovqmmxmma;emumu@pmm| n DVE/ 15%
(v/iv) foetgl, rf:Fé Yo 9 %&%i&g fro he P33D18
macr ophage ce :{l ne l(Jeia%'ga so%%égﬁ)#%tlgﬂ}gu& E an h 96
wel | Fal cosubiieetwd |to £low cytometry (solid line, unfilled). The
positive control, im_i_:l.,ca.t_ed in black, shows flucrescence
with a;m:i.'—i!;b antibodies. The dotted profile represents

fluorescence of cells treated with FITC-SAMIg in the
absence of test antibody. '

Examg_‘le 9 Direct Binding Inhibition Studies
' Figure 3 shows that when inonoclonal antibody KI-
2B7-17-A was lc':o-incubate_d with solubilized human GM~CSF
receptor a—chain'and 12"‘lz-huzt\a.n GM-CSF (with no prior
':mmunodepletion atep) s the antibody d:.rectly interfered
_ with %51-GM-CSF binding to the receptor, as evidenced by
the dose-dependent: :.nhihxt::.on of the amount of 1251-GM-CSF
: bound to the receptor which was observed.
This ant:.body also complet:ely suppressed specific
binding of ¥°1-eGM-CSF to GM-CSF Teceptors on cells of the
-'HJ:.GD promyelocytic 1eukaem:.c cell 1ine, which had been
induced to diff.erent:.ate by exposure to 1%
' dmethylsulphox:.de for 5 days. as shown in Figure 4.
' _ Wh.en KI-2B7-17-A antibody (10pg/ml) was co-
incubated with the cells and '*5I-human GM~CSF (0-10° cpm,
0-3 ng/ml) it xeduced the ~s_pecific ‘h:.nd:mg (filled squares)
to tﬁe pame extent as unlabelled human GM-CSF (5 Hg/ml) ‘
(open circle). ' , |
Figure 5. éhows that _monoclona_i antibody KI-2B7-
17-A was unique amongst the_ five purified monoclonal -

antibodies directed against the ‘human GM~-CSF receptor. a-
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"« flat bottomtrays at 2x10[err] cells per well. The cells were fed with a

standard sel ecti ve nmedi um cont ai ni ng hypoxant hi ne, am nopterin and
t hym di ne (HAT nedium after overnight culture, and thereafter every three

days. After 7 7-14 days, devel opi n? hybri doma cl ones were observed in
the wells and supernatants were harvested for testing. Exanple 2

Scr eeni ng giadly PrisdlofRad DHESiAetly :.nhﬁﬁfﬂéés % e0hiGF G G hasy

Transfect gnts by | munof | uor'éescence. 7 cell's (ATCC CRL 9589) Were

el ect ropoaﬂi“’&f‘ T pre 2o Hbighizad d?m-ng paggdested thoft t he
human GV GSF-287ZeDt ok i—éao;ﬁa;ééae £oldigud o?aJ el e 19) - After
three days the cells were rvest ed, vvash anal yzed wth candi date

hybri doma ZRRRRPFRF Mrebain | whielecks |#nmio¢qdjcrrem HHndiidg. Mbigells
were was confirmed by showing that only unlabelled KI-2B7-17-A,

and not the other four monoclonal a.ntib_odie_s, cculd compete
for the direct binding of !*5I-KI-2B7-17-A to human GM-CSF

receptor c-chain expressed on COS cells (Figure 5).

Example 10 - Direct: Binding of RI-287-17-A to Human
' GM-CSF Receptor '

In oxder to demonstrate the direct binding of the
KI-2B7-17-A antibody to human GM-CSF receptor and determine
its binding affinity. the antibody was jiodinated using 351
Bolton-Hunter reagent. Increasing amounts of 135S RI-2B7~
'17-a were incubated with U937 human monocytic cells (ATCC
CRL 1593) as a source of natural high-affinity buman G-

- CSF receptor, or with COS cells transfected with human
GM-CSF receptor a-cha.:.n, and specific b:.nding was
determined as the difference in cpm bound in the presence
or absence of unlabeled KI-2B7-17-A (12 pg/ml). Figure 6a
shows the binding isotherms generated at 49C, and their
transformation into Scatchard plots (20) is shown in PFigure -
6b. The binding affinity of the antibody to U937 cell GM-
CSF receptor was characterized by an equilibrium
dispociation -constant (K,) of 1.35 nM and 2500 sites/cell.
This compares to a K, of 0.41 nM and site number of 1500
sites/cell for :‘?SI-human GM-CSF on the same cells (date not

shown) . A similar affinicy of hinding of the antibody to

transfected COS cells was deternu.ned (Xp=3.15 nM), although

a much hzgher number of receptors was detected

(490,000/ce11). The g80lid line in panel B of Figure €b is

the same as that in panel a, 'drawn. to the }same scale forx
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{ncubated with 50 [err]l of culture supernatant for 30 mn at 40[err]C. The
cells were washed, resuspended in an appropriate dilution of

FITC (Fab[err])"' fragments of sheep anti-nouse i nmunogl obulin anti body
(FITC SAM g) (DDAF, Silenus), and held ¥% ice for 30 mn at 4[err]C. The
cells were washed and then fixed in 1%T0rnalin in phosphate-buffered

Dt ative poEn A il dy MK rbel adBRIEST EBRBL BRERIRAL 00,0
wel I's. The BT +%7+x shaias ayived [50%Ehibizdodedtt begweenae 1-ur jiying
o A At aied Mnd A Y W e 5SS o "B JA0 o1 cscence
and were further sel emmmmmemwmmddmkeewnmaiw@ee
ol ot 1 opor at GTTFTHET AT T AL ARPRERY Shneat. fubee Bde. Scanrane cove
vector 72 hemredisn ememsllyyvm&sli:;&s@ itmd:amenblfaaeswzﬂélt&b&d @s_previously
described (404 rd0§ SF"RLASS MR YK 37 'E%n the receptor (Figure

7). In Part A of this. fzgure, U937 cells (2.2x10° per

point) were incubated Wit:.h 125I--K:[-:!B’l 17-a antibody

(500,000 cpm/SO ulﬁpoznt) for at least 1 hr at 4°C. The
cells were then- rap:.dly washed and resuSpended in binding
medium containing 20 pg/mil of unlabeled antibody. At the
indicated time points aliquots of cells were removed, and
the-apee%fic#llg-bouhd-radiogc:iviuy :emaining determined
as described for 'oéher fi,giu:es. koee Was determined from
the plot in Figure 7A as 0.002 min™ (k,g=1n 2/tl). In
Part B the same number of U937 cells and **I-KI~287-17-3
antibody wgfe mixed, and aliquots removed'at the indicated
times at 4°C to'de;ermine'specifically_bound radiocactivity
(B). The datatwere'extrapolated to determine the amount
bound at'infinite time (Be), and the data plotted as
1n[Be/(Be-Bt)]-versué-ﬁime._ The slope of the line is

koo [Antibody) +k,e, 80 since the concentration of *?5I-KI-
2B7-17-A was knowa, k., could be calculated as

3.1x10° M* min™. The slow dissociation rate of the
antibody (0.002 min™) makes it usefnl as an inhibitor of
the GM-CSF receptor..,

Eample 11 | 'Inhihir;idri of 'lthe Biological Action of GM-
. csF by MonoclonalAntibody KI-287-17-A
Honoclonal antibody KI-2B7~17-A (filled squares),

but not the 1sotype matched monoclonal ant:.body KI-3G3-14-

15 (open circles), which was obtained from a similar fusion
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‘with 1% Triton X-100, centrifuged at 200,000g for 15 nmin and the
supernatant retained as solubilized G\ CSF receptor a-chawin. Solubilized

supernatant (100 [err]l), sheep anti-nouse inmmunoglobulin (100 [err]l of a

1/ 100 di | utamh)alsusl Pecsiikds IH HESG 1 spensi on) in
a final volung of 4 04 erﬁ | of Hepes- buf %ggﬁ%%hﬁﬁegﬁ%%&&#ﬁedi um
cont ai ni ng %’ﬁ//(ﬁ R4 Finches)ye ek Blestoninhabit3FeRPp® wit h

rotation. Hdmsatise $1e0 Mt iﬁd&eq,a&trovlcg?ﬁngggﬁuigtggcbgngHt
al'rq |

he
t ant C fed.” Supernatants (50 [err ots) wer Bfat ed
oTh Lo o] IR B e g d B culkwresods vakFacfERbEre Badi oacti vity
30, 000 n ' b G iaf O\ b hugan CSF (10
Corr] | of o Ly Ay AR n Mdlontt LaRBLLRIR Eanihi PUT ReTor of o 174

suspensi on ‘.q‘q_:matxon induced by up to 1500 U/ml of GM-CSF when
cu_ltures were scored at day 7. A gimilar but less marked

inhibition wae seen when cultures were scored at day 14.
Figure 9 shows that the inhibition of colony formation
(stimulated by 400 U/ml of GﬁQCSF) 'was dépendent on the
dose of antibody KI-"ZB7-'17—_A,' with 50% inhibition occurring
at about 1 Hg/ml and ueé.rly. complete inhibition occurring
at about 10 pg/ml.
. Figju;e 10 shows that antibody KI-2B7-17-A also
inhibited t:h'e' growth in vitro of the human GM-CSF~dependent
acute monocytic :‘Leukaemia cell line AMI-183 (ATCC CRL
9589), as asseséed by the inbibition of incorporation of
3H-methyl~thmidine into cellular DNA. 50% inhibi:tion
again. occurred at 1 pug/ml of antibody, and nearly complete .
inhibition of GM-CSF-stimulated ‘growth occurred at 10-100
pg/ml. The solid line with a filled square and error bars
represents incqiporation inte cells in the absence of added
antibody, while the solid line with oj:en square and error
bars represents incorporation in the absence of GM-CSF. No
signficént inhibition-was observed with the isotype-matched
antibody KI-3G9-251 (closed circles)

Fi.naliy Figure 11 shéws that 'antibody KI~-2B7-17-
A inhibited the growth 'J'.n vitro in semisolid agar cultures' #
of the FD-A5 cells (mouse FDC-P1 cells tramsfected with
human GM-CSF receptor &-chain) stimulated by human GM~CSF,
as assgessed by _éolony formation and -c'o'lony size. again -5095
inhibition occurred at about 1 jg/ml, and nearly compiete

inhibition occurred by 10 fg/ml. In the figure only the



0. 1M sodi um acetate buffer pH 6.0), for 60 mn at 23[err]C wth rotation
The i ncubation m xture was then | ayered over 180 [err]l of foetal calf
serumin small centrifuge tubes, centrifuged at 14,000 g for 10 sec and the
pell et renoved by cutting the tube with asscal pel blade. Specific binding
in these pel al cullated as the binding (cpm w thout unl abelled

GMt CSF mi n_uséfﬁgsﬁ?ﬁaiﬂﬁiﬁﬂ shimplated cabore Utha hgd1 £ %&%F The presence
of nonocl oneﬁsémrbos&oaﬂaiaféht%m(gan CSF-receptor a- o PwaaM-

det ected by é%i of the appr opri% %immrhmtmsé@ depl ete
sol ubl e hunman -GV TR 118 rdntiisdy iy (i @At | on. st ep
(relative t RRbR7T YIS By WRT nt, or anti body), ds &Fed by a
reduction in the specific binding 'O%ﬁﬁ%@%n GVt CSF detected in the
subsequent i ncubation, Exanple 3 Direct Binding Inhibition Assays.

References cited herein e 1 |
- _ R are listed :
_following pages. : ' R o e
. I x_e:_tu be clearly understood that the inventio
in its general aspects is not limit ;

» ne: _ ed to the speci :
_det:a:.,l_s refexred to hereinabove. o e



B

'Sol ubi l'i zed human GW CSF receptor a-chain (50 31), nonocl onal antibody or
hybri doma supernatant (10 [err]l), [err]l-human GWCSF (10 [err]l, -200, 000
cpm, and Concanavalin A- Sepharose 4B (30 [err]l of a 1/4 suspension) w-th
or without unlabelled human GM CSF (10 [enrd!| of 50 [err]l/m), in a total
volume of 110 [err]l of 0.1 M NaAcetate buffer pH 6.0 were incubated at

23[err] C for BREFEBRENmESh rotation, and specific. binding was determ ned as
descri bed aboye. %%%‘ 4 - I sotype Determ nation of Monocl onal
Ant i bodi es Supérna - r &n posi tive hybridoma cl ones were isotyped using

t he Anersham | sot yftheg néliachAxe" gbatroBueki BUSaasRé1Eg~ ENgl and).

Monocl onal anti bo |- 2B7- ,17A, .al o with_several other nonocl onals, was
found to be of th% Igéf?BtZ’% F‘E%&#pﬁgess' Canmbpidge; Mrs%n $988&bnocl onal
Anti bodi es | nd2vi Gealghhy br.MioamdcHitollaper.nere expanded to 10 litres of

culture volune ang g?e sapernat ant s—hgarve's ed and, concentrated 16-fold. TFhe
concentrated superAarRm rophage colony~stimulating factor. In

'Colox';y—stimulat'mg. factors: molecular and cellular
biology.* (Dexter, T.M., Garland, J.M. and Testa,
N.G., eds). . | |

Marcel Dekker Inc., N.¥., 1990 111f153

3. Gass'on. J.C. _ .
*Molecular 'bhya_‘iolo_gy of granulocyte-macrophage
cdlonye_sti.mulating' fak:tor' | |
Blood, 1991 77 1131-1145. .

4. Crosiexr, P.S., Garnick, M.B. and Clark, S.C. -
Granuloéyte—macrqphage'. colony-stimulating factor. In
*Human Cytqk":'_.nes: Handbook for'B_asic and Clinical
Research.” (;ggarwé_I, B.B., Gutt':e:mé‘n._. J.U., eds).
Blackwell, Oxford, 1992 238-252. |

5. Gearing, D.P., King, J.A., Gough, N.M. & Nicola, N.A.
'Exp:';:esaion clonin;}' of a receptor for human.
granﬁlocyte-macrophag.e' colony-stimilating factoxr"
EMEO J., 1989 8 3667-3676. -

6. Ritamura, ., Sato, N., Arai, K. and Miyajima, A.
“Expression cloning of the human IL-3 receptor cDNA
reveals a shared beta subunit for the human IL-3 and
GM-~-CSF -ra_éebtofs" | |
Cell, 1991 66 1165-1184.

7. Tavernier, .fr.} ‘Devos, R., Cormelis, S., Tuypens, T
Van der Heyden, J., Fiers, W. and Plaetinck, G.

"A human high _&fﬁinit:f interleukin-5 receptor (ILSR)

.r i

is composed of an ILS-specific alpha cha_iin and a beta
chain shared with the receptor for GM-CSF"
Cell, 1991 66 117S-1184. |
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"were loaded on to a protein-A- Sepharose CL-4B colum (5 nl) (Pharnaci a,
Uppsal a, Sweden), and the columm was washed extensively wth phosphate (20
mM pH 7.4) buffered 0.15M saline (PBS) until the absorbance at 280 nm was
negl i gi bl e. The colum was then eluted W/th 0. 1M glycine HO buffer pH 3.0
and fracti g éected into 1/10 volunme of 1.OMTris HO pH 8. The el uates
were conce Tat U ARt afye Hevsehiday iy, SpkarakipBR pef¥elotae. T., 10
Exanple 6 Afail] akabehangigdjdppcA onal Antibodi es Monocl ona

T LA AL Al e 45 kg™ '

[err]l-Bolton- thmn&oegagemacféﬁhagékwwnﬁny%ﬁtiﬁﬂlduxﬁgIﬁaéggfl7 -A only

o di rect binci FEReil b2 CRFEenes| REGES Sibdelh Tadodea "By et S0
AYC2B cDRA is a suhunit of the murlne GM~-CSF receptoxr"
Proc. Natl. Acad. Sci. (Usa), 1951 88 5082~5086

9._-Lang, R. A., Metcalf, D.. Cuthbertson, R. A., Lyons, I

Stanley, E.. Kelso, A., Kannourakis, G.,
Williamson. D. J., Klintworth, G K., Gonda, T.J. and
Dunn, .P. R. '

-f

'Transgenic mice expressxng a hemopoietlc growth
factor gene (GM-CSF) develop accumulations of
macrophages, blindness, and a fatal éyndrome of tissue
damage"
Cell, 1987 51 675- 686.

10. abhnaon, G. R., Gonda, T.J., Metcalf, D., Haribaran,
I,K. and Cory, S.
"A lethal myeloproliferative syndrome in mice
t:anéplanted with bone marrow cells infected with a

retrovirus-expressing_Qranulocyte—macrophége colony
stimnlating-factof' |
EMBO J., 1989 8 441-448.
11. Grant, S.M. and Heel, R. C. .
"Recombinant grannlocyte—macrOphage colony-stlmulatlng
factor (rGM—CSF)- A review of its pharmacologzcal
properties and prospectlve role in the management of
myelqsuppréssion; '
Drugs, 1992 43 516~560. o {
12. Begley, C. G.. ‘Metcalf, D. and Nicola, N.A.
"Primary human myeloid leukenia cells: comparative
responsiveness to proliferative stimulation by GM~CSF ~
or G-CSF and membrane expression of CSF receptors”
Leukemia, 1989 1 1-4. '



*wWwth this formof the iodinated anti body (specific radioactivity 50,000
cpnm ng). Exanple 7 | mmunodepl etion Studies Figure 1 shows the
capacity of randomy sel ected hybridoma supernatants to deplete solubilized
human GW CSF receptor [err]-chain from solk@tion. After immunodepletion, the
solution was tested for residual specific binding of [err]l- human GW CSF.
Mean speci fi CtpriBHFRand. Bt artRlRs ddvi atferFRann s fown Wpene Pos i zont al

line and error bavagﬁeﬂ oKl cadafSdpsenl ipns. t hat had not been
I mmunodepl et ed. é%ﬁ bridoma supernatants did not reduce the specific
bi ndi ng, but super % t& oF rego &%F‘E‘aﬁﬁ%@fh pEekEferatiani on

in specific bindieg, claibeahid oo ins iﬂuahﬂﬁéﬂﬂ&émﬁbfﬁﬁ Podi @giddhal~coul d
recogni ze the hugaﬂ%§§¢g§ rg&idhg [err]-chain. 'In addition the serumfrom
| muni zed nouse 28< 4874P3mt i bodi es whi ch recogni zed the
receptor. Thié. aRGENembs PVelal hewdsigntd fd C,atctmz@f $i¢e, PeEhdy
nonocl onal antlbodles (Kj 3@@-25-1, KI-3G3- 14-15, KI-2§7 17-A, ~ 2E9- 4 1
and K3-2C7-16- 1) % H :Lnde.n, M. D. and Mccmlloch, B.A. .
“Binding of” iodinated recombinant human GM-CSF to the .
blast cells of acute myelohlastlc leukemla"
Leukem;a, 1988 2 211-215. '
15. Onetto-Pothier, N., Aumont, K., Haman, A., Bigras, C
Wwong, G.G., Clark, S.C., De Lé&an, A. and Hoang, T.
“Charxacterization of GMFCSF receptor on the blast
cella of acute myeloblastic leukemia®
Blood, 1990 75 59-66.
16. Baldwin, G;c.. Gasson, J.C., Raufman, S.E., Quan,
$.G., Williams, R.E., Avalos, B.R., Gazdar, A.F.,
Golde, D.W. and Di Pergio, J.F.

-7’

"ncnhematopozetic tumor cells express functional GM-
CSF receptors'

Blood, 1989 73 1033-1037.

17. Metcalf, D., Nicola, N.A., Gearing, D.P. and Gough,

NLM, o |

'Low~affiﬂity-placentaaderived receptorsfor human
graﬁulocyfefmacrophage cblony—stimulating factor c¢an
deliver a prolife:ativé signal to murine hemopoietic
cells" _ | , :
Proc. Natl. acad. Sci. (USA), 1990 8 4670-4674.

18. Réhler, G. and Milstein, c. |
"Derivation of specific antibody-producing tissue
cuiture.and tumor iines_by cell fusion® '
Bur. J. Immunol., 1976 6 511-519.
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*derived from double cloned hybridoma cell lines that recognized the human
GWVt CSF receptor [err]-chain. Exanple 8 | mmunol ogi cal Detection of
Human GWt CSF Receptor [err]-chain in FDA5 Cells Figure 2 shows that FDA5
cells (17), but not. parental FDC-Pl1 (FDQ),cells (17), showed significant
fl uorescence above background when staiTed with the nonocl onal anti bodies

Kl - 2B7- 17- Aganck¢ Al n | e d flgw cyconetr solid-
o3 %1%%55 4.4 'm-grc?g%t'rgi?j'i n |c§%§8" e -»

line, unfilled). ‘posi‘tive i n"bl ack, shows
fl uorescence w'tHFAht ian{aihesdicndiigandTiof AFa-dd peBohbmelogpusseily S

fl uorescence Ofcn‘eeléieaﬂle%&% g&%&;&;ﬁﬁ%%gnﬂg"absence of test

anti body. Exanple rect I'tiron Studies Figure 3 shows
t hat when nonodadwge akIMoB31K16242827L7- A was co-i ncubated with

sol ubi I'i zegohuiRd?4,C8F.A. anad caxry, D.
"Aff:l.nii:y conversion of red;apt:ors for colony-
stimulating factors: properties of solubilized
receptors” = | _
Growth Factors, 1992 § 119-129.
'21. Nicola, N.A. and Metcalf, D.
*Binding, inﬁéma]_.ization and degradation of *3°1-
multipo-t.eﬁtia'l c'olqny-stimulating factor (interleukin-
3) by FDCP-1 cells® |
Growth Factors, 1988 1 29-39.
22. Bolton, A.E. and Hunter, W.M. |
"The labeling of proteins to high .specific
radio_actiirit;'ies by conjugation to a **°I-containing
- : acylating agent: apﬁlié’at:ion to the radiocimmunocassay.
Biochem. J., 1973 133 529-539.



‘receptor [err] chaln and i ]I-hunan GWCSF (wth no prior

i mmunodepl &his §he ee I body directly interfered wwth [err]|-Gw CSF
binding to th evi denced by the dose- dependent i nhibition of

t he anmount of bound to the rec ﬁ e —pes—ehlserved. This
anti body al so corrpl eteI y suppressed 8Be0| fi cf d Hg‘ H%eﬂﬁ@l GM CSF to
GM CSF receptors on cells of the HL60 promyelacyt iEPLAGADaeni ¢ jcel | |ine,

whi ch hasktees i nduced to differentiate by exposure to I%
dlnethyloquHOX|de for 5 days, as shown in Fiqure 4. Wen Kl-2B7-17-A

ant i bodyt 1 10[ er r | f* MPIRQEAoRAE antihedive SRATicH foZe BPmag §4-66H | - hunan
GVt CSF (Padébeor] (hmcsearegémér),t sﬁﬂlmmysmﬁg: Hrandi ng (filled

squar es) t r] ) (open
circle) aﬂ%i%f é@”f ﬁ’f rrﬂo{ln%)ﬂP aW&?AﬁgsféP éf%[’ uni que
anmongst ﬂﬁafeﬂfwelbeﬁirf hednymb?be otmlbmﬂ. ity diadth diheedtigh affimsity he human
GVt CSF r&8&PE8! ehkCibh-asfinity GM-CSF receptor.

2. A moncclonal ant:body according to Claim 1, said
antibody hav;ng the ability to inhibit the binding of &M~
CSF. to the hzgh—affznlty hGM-CSF receptor

3. Monoclonal antibody KI-2B7—17-A.

4. A fragment or derivative of a monoclonal antibody
according to any ome of Claims 1 to 3, hav;ng the ability
to inhibit the biological activity of GM-CSF. .

5. A monoclonal antibody according to any one of
Claims 1 to 4, or a biologically active fragment or
derivative thereocf, produced by genetic engineering
methods. '

6. . A therapeutic composition comprising a monoclonal
antibody according to any one of Claimsg 1 to 3, or a
fragment or derivative according to Claim 4 or Claim 5.

7. A hybridoma cell 1ine_prqducing an antibody
according to any one of Claims 1 to 5.
8. Hybridoma cell line XKI- 237-17-A, as deposited in

the European Collection of Animal .Cell Cultures om 23
.September 1992.under Accession Numbexr 92092317.

9. A method of treatment of a G¥~CSF dependent
condition, comprising the step of administering to a
patient in need of such treatment an effective amount of an
antibody, antibody fragment or antibody derivative
‘according to any one of Claims 1 to 5, opticnally together
with a pharmaceutically-acceptable carrier.

10. A method of treatment according to Claim 9,
wherein the dieease to be treated is selected from acute or
chronic myeloid leukaemia, or 6ther leukaemias which are
influenced by GM-CSF.

11. A method of mitigation of the side-effects of .
treatment with GM-CSF, comprising the step of adminigtering

A
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'+ 12 chain, in that it directly inhibited the bi nd| ng of [err]l- human GwW CSF

to solublllzed receptor. This suggested tH togni zed a
uni que epitope on the GV CSF receptor [err]i- N hvol ved in:
GM CSF bi nding. This was confirmed by spowing thBEPhMEQ unl apel | ed

Kl - 2B7-17-A, and not the -other four nonocl onal anti bodi€s, coul d -conpete
for the diteest prwihmy if dend |dE ISuckBirbathend maf%%é eI

err]-chai %B#L Direct
[BI nd% ng Tg&K@%B -17- él? % d&/ﬁ%ﬁ%@ce%}’ ?E? Egaﬁeragfév&g%gﬁstrate t he
di rect b| RESRF BT Heo WWQP&%%(%%%um#lm@SF together and
det er m newiith ki shdienadd el dan 1y cepitadiIdy cwesieedi nated using [err]|

Poeubar e ' Cos ek LSRR, o et Sebbva om0, KL
natural hiG¥+C8E margpro.sta:g Giie step of utilising an antibody,
antibody £ragment or antlbody derivative accoxding to any
- ome of Claims 1 to 5 to idemtify the specific epitope on
the GM-CSF xeceptor recoénised by said antibody or antibody
derlvat:.ve, and- testing putat:.ve antagonists of GM-CSF
action for the ability: to bind to said ep:.tope and :.nh:.b:.t
the biologlcal activity of GM-—CSF.
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* CSF receptor, or with COS cells transfected with human GwW CSF recept or
a-chain, and specific binding was determ ned as the difference in cpm bound
in the presence or absence of unl abeled KI-2B7-17-A (12 [err]g/m ). Figure
6a shows the binding isotherns generated at 4[err]C, and their
transformation into scatchard plots {283 t+s shown in Figure 6b. The
bi nding affinity of the antibody to W37 cell GW CSF receptor was
characterized by an equilibriumdissociation constant (Klerr]) of 1.35 nM
and 2500 sites/cell. This conpares ®BSEREFErr] of 0.41 nMand site nunber
of 1500 sites/cell for [err]l-human GW CSF on the sane cells (data not

shown). A simlar affinity of bihdi Af t_Jigaﬁg body to transfected CCS
cells was determ ned (K[err] =5 . ar tHougti-a nmuch hi gher nunber of

receptors was detected (490,000/cell). The solid line in panel B of Figure
6b is the sane as that in panel A drawn to the sane scale for

The invention relates to monoclonal antibodies specific for
the receptor for human granulocyte-macrophage colony
stimulating factor (hGM-CSF). The antibodies inhibit the
bilogical activity of HGS-CSF. Methods and compositions
for treatment of GM-CSF dependent condition, and methods
for screening of selective antagonists to GM-CSF, are also
disclosed and claimed.

(No figure)



*13 conparative purposes. Wth these affinity constants KI- 2B7-17-A should
give 50% inhibition at between 0.1-1 [err]g/m, and this accords with the
observations in exanple 11. We further characterized the direct binding of
[err]I-KI-2B7-17-A anti body to natural human GVt CSF receptor on W937 cells
by neasuring its rate of association (k[err]) and rate of dissociation
(k[err]) fromthe receptor (Figure 7). In Part A of this figure, U937
cells (2.2x10[err] per point) were incubated with [err]I-KI-2B7-17-A
ant i body (500,000 cpm’ 50 [err]l/ ) at least 1 hr at 4C. The cells
were tHen rapidly washed and resugp *gn bi ndi ng nedi um cont ai ni ng 20
[err]g/ M. of unlabel ed anti body. At ndi cated tinme points aliquots of
cells were renoved, and the specifically bound radioactivity remaining
determ ned as described for other figures. k[ferr] was determ ned fromthe
plot in Figure 7A as 0.002 min[err](k[err]=1n 2/t1/2). 1In Part B the sane
nunber of WI937 cells and [err]I-KI-ZB7 17-A ti body were m xed, and allquots
renmoved at the indicaged
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‘times at 4[err]C to determ ne specifically bound radioactivity (B[err]).
The data were extrapolated to determ ne the anmpbunt bound at infinite tine
(Be), and the data plotted as 1n[Be/(Be-Bt)] versus time. The slope of the
line is k[err][Antibody +k[err], so since the concentration of [err]I-KI-
2B7-17- A was known, k[err] could be calculated as 3.1x10[err] Mmn[err].
The sl ow dissociation rate of the anti body (0.002 mn[err]) makes it useful
as an inhibitor of the GWCSF r rrple 11 Inhibition of the

Bi ol ogi cal Action,of GW CSF byEN nti body KI-2B7-17-A Monocl onal
anti body KI-2B7-17-A (filled squares) ut not the isotype matched

monocl onal anti body KlI-3G3-14- 15 (open circles), which was obtained froma

simlar fusion 14 and al so recogni zes the human G CSF
receptor[err] chai n, nor: :
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‘saline (closed circles), was able to inhibit colony formation from human
bone marrow cells stinmulated by human GM CSF in sem solid agar cultures in
vitro (Figure 8). At 10 [err]g/m, KI-2B7-17-A al nost conpletely inhibited
colony formation induced by up to 1500 Um of GW CSF when cultures were
scored at day 7. A sinilar but |ess marked inhibition was seen when
cultures were scored at day 14. @r\?‘ ws that the inhibition of

col ony formation (stl mul at ed by 4 CSF) was dependent on the
dose of ;antibody KI-2B7-17-A, with 50% i-nhibition occurring at about 1
[err]g/m and nearly conplete inhibition occurring at about 10 [err]g/nl.
Figure 10 shows that antibody KI-2B7-17-A also inhibited the growth in
vitro of the human GW CSF- depgndent acute.m)n /tic |l eukaem a cell line
AML- 193 ( ATCC CRL 9589) ag2 tbition of incorporation of
3H net hyl -t hym di:ne i G50 cel | ition again. occurred at 1
[err]g/ M of antlbody- .and ne ion of GW CSF-sti nmul at ed

growt h occurred at _104'10_0 100
£
S
'c .
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Terr]g/m. The solid Iine with a filled square and error bars represents

i ncorporation into cells in the absence of added anti body, while the solid
line with open square and error bars represents incorporation in the
absence of GWCSF. No signficant inhibition was observed with the

i sot ype-mat ched anti body KI-3@-2S1 (closed circles) Finally Figure 11
shows that antibody KI-2B7-17- A MIKIE he growh in vitro in semsolid
agar cultures of the FD-A5 cells ®us 2Pl cells transfected with hunman
GW CSF-receptor [err]-chain) stinmulated by human GW CSF, as assessed by
colony formati on and col ony size.. Again 50% i nhi bition occurred at -about 1
[err]g/m, and nearly conplete inhibition occurred by 10 [err]g/m. In the

figure only thes exckss col oni es stinul ated above the saline gont rol by
GW CSF are shpyn, wil%frsaline addition indicated by cl osed circles,
Kl - 303- 14- 15 an)‘gi body by open circles, and Kl- .
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2B7-17-A anti body by closed triangles. References cited herein are |listed

on the following pages. It will be clearly understood that the invention in
its general aspects is not limted to the specific. details referred to:
her ei nabove. 16 REFERENCES 1. WMetcalf, .D. "The nol ecul ar control of

bl ood cells" Harvard University . ri dge, Mass. 1988 2. Gough, N.M
and Nicola, N A G anulocyte- mc?ﬁ&e‘cﬁony-sti mul ating factor. In
"Col ony-stimulating factors: nol eCul ar ang cel lul ar biology." (Dexter,
T.M, Garland, J.M and 1‘E§sta, N.G, eds).
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‘Marcel Dekker Inc., N Y.:, 1990 111-153 3. Gasson, J.C. "Ml ecul ar

physi ol ogy of granul ocyte-macrophage col ony-stinmulating factor" Blood, 1991
77 1131-1145. 4. Crosier, P.S- @Grnick, MB. and Cark, S. C

G anul ocyt e- macr opbage col ony-stinulating factor. In "Human Cyt oki nes:
Handbook for Basic and C'ini cal h i (Aggarwal, B. B, Gutternman,
J.U., eds). Blackwell, Q(ford 19 ‘8 Gearing, D.P., King, J. A,
Gough, N.M & Nicola, N._A "Expression cl on| ng of a receptor for human

gr anul ocyt e- macr ophage |col ony-st-l mul at rng—factor~~—&30 J., 1989 8
3667-3676. 6. Kitanurd, .Sato, R A ArgigzK and Myajim, A
"Expression cloning 0’t‘he hurran I L-3 receptor cDNA reveal s a shared beta
subunit for the human I 1991 66 1165-1184.
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7. Tavernier, J., Devos, R, Cornelis, S., Tuypens, T., Van der Heyden,
J., Fiers, W and Plaetinck, G "A human high affinity interleukin-5
receptor (IL5R) 'is conposed of an |IL5-specific al pha chain and a beta chain
shared with the receptor for GWCSF" Cell, 1991 66 1175-1184. 17 8.
Kitamura, T., Hayashida, K., Sakamaki, K., Yokota, T., Arai, K and
Mjajim, A "Reconstitution of f tiwa eceptor for human L :
gr anul ocyt e- macr ophage col ony-sti nal¥ati tor (GMCSF): evidence tha
the protein encoded. by the AIC2B cDNA is a subunit of the nmurine Gw CSF
receptor” Proc. Natl. Acad. Sci. (USA), 1991 88 5082-5086. 9. Lang, R A,
Metcal f, D., Cuthbertson, R A, Lyons, |., Stanley, E. ., Kelso, A, :
Kannour akis, G, o
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m ce expressing a henopoietic growh factor gene (GW CSF) devel op
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t ranspl anted with bone marrow cel :Té KW@ wth a retrovirus expressing
gr anul ocyt e- macr ophage col ony sti at ctor" EMBO J. , 1989 8 441-448.
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col ony- stl mul ating factor (rGM CSF) : A review of its pharnacol ogi cal
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Drugs, 1992 43 516-560. 12. Begley, C G, Mtcalf, D. and Nicola, N A
“Primary human nyel oid | eukem a cells: conparative responsiveness to
proliferative stimnmulation by G CSF. .or G CSF and nenbrane expression of
CSF receptors” Leukem a, 1989 1 1-4. 13. Giffin, J.D., Young, D.,
Herrmann, F., w per, D., Wagner, K and Sabbat h, K. D. Effects of

reconbi nant human GMCSF on proli f%\)la cl onogenic cells in acute -
nmyel obl astic | eukem a" Bl ood., 1986 %67° w1453. 14. Kel |l eher, C. A, Wng,
G G, dark, S C., -‘Schendel, PF., M nden, M D. and McCul | och, E A

"Bi ndi ng of i odjnat ed reconbl nant “human GV CSF to the bl ast celI's of acute
nmyel obl astic | euk/e\m a" Leu 11-215. _

Day 7 { ' . -
| Cé omes B Day 14 Coloniesx

100~
f‘or{nal - Saline

80~ o

| KI-3C3-14.
60— C3 14-15

40—

KI-ZB7-1 7-A |

: -4
93 187 375 750 1500 o 93 187 373 750
1501

GM CSF (U/mh

Fiaure 8
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"Nonhenat opoi etic tunmor cells express functional GW CSF receptors" Blood,
1989 73 1033-1037. 17. Metcalf, D., Nicola, NA, Gearing. D.P. and Gough,
N.M. "Lowaffinity placenta-derived receptorsfor human

granul ocyt e- macr ophage col ony-stinulating factor can deliver a
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Derivation of specific antibody-producing tissue culture and tunor |ines by
cell fusion" Eur. J. Imunol., 1976 6 511-519. 19 19. Sinmmons, D.

Makgoba. MW and Seed, B. "ICAM an adhesion |igand of. LFA-1, is

honol ogous to the neural cell adhesion nol ecule NCAM' Nature, 1976 331
624-627. 20. Nicola, N A and-Cary,. D.- "Affinity conversion of receptors
for colony- stinulating factors: F"p tj! f solubilized receptors"-
Growt h Factors, 1992 6 119-129. 21% *Nic® &, %\ A and Metcal f, D. "Binding,
internalization and degradation of [err]l- multipotential '
colony-stimulating factor. (interl eukin- -
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3) by FDCP-1 cells" G owh Factors, 1988 1 29-39. 22. Bolton, A E and
Hunter, WM "The | abeling of proteins to high specific radioactivities by
conjugation to a [err]l-containing acylating agent: application to the

radi oi nmunoassay. Biochem J., 1973 133 529-5309. - 20- -CLAIM5 1.

A nonocl onal antibody specific for human GW CSF receptor (hGWCSF
receptor), said antibody having the- aiz: ' _mhl bit the biological
activity of hGw CSF; and. said anti bod * ' to bind to.both the hlgh;
affinity and to the lowaffinity GwCSF receptor and said antlbody havi ng -

the ability to inhibit the b| nd| ng of GMCSF to the hlgh affinity hGMCSF
receptor. . _ : , .
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to 3, or

rmnoc onal ant i body B¢ to any ang of Cains |1
bi ol ogical ly -aet—r*e—f-rﬁ’ﬁge_u derivati ve thereof,

engi neeri ng net hods. 5. A therapeutic conposij

o)

a

r o@uredT bysyer
i on conprisin

Sji t
monocl onalcraniydody according to daim1l or ai m Zi O a fTagremnt

derivative according to aim3 or laim4. 6.

A hybri doma cel

et

P
d

or

produci ng an antibody according to any one of Clainms 1 to 4. 7.

Th05029-4 3to5

an SheetHaS anti body Kl-2B7-17-A. 3. A f ragrrent or
nocI onal antibody according to djf I;Q

hi bt MSQB bEP] ogi cal activity of m-fi 1 SHER

having

i ne

Hybri domalcel | AimenkiclzBrll 20k ikadye fostgreent mx ieiElvaptua Col | ection of
Am L Celé&xeqlt%%fr e%P%%lzf%.cS%xermﬁﬁar;w-@W%eéﬁﬁ?éf PhRGUpRer 92092317.

treatment of a GVt CSF dependenf condition,

effective g@uRhi®5t8" to inhibit the biological activity of hGM-

CSF.

2. A monoclonal antibody, fragment or derivative as

claimed in claim 1, said antibody, fragment or derivative

being able to bind to both the high-affinity and to the

— low-affinity hGM-CSF receptor.

3. A monoclonal antibody, fragment or derivative as
claimed in claim 1 or 2 having the ability to inhibit the

binding of GM-CSF to the high-affinity hGM-CSF receptor.

4. Monoclonal antibody KI-2B7-17-A or fragment or

derivative thereof having the ability to inhibit the

biological activity of hGM-CSF. -

5. A monoclonal antibody, fragment or derivative as

claimed in any one of claims 1 to 4 produced by genetic

engineering methods.

6. A therapeutic composition comprising a monoclonal

antibody, fragment or derivative as defi_nedz'"'in any one of

claims 1 to 5 together with at least one
pharmaceutically-acceptable carrier. -_" '

7. A hybridoma cell line producing an antlbody as
defined in any one of claims 1 to 5.7

8. Hybridoma cell line KI-2B7-17-A, as deposited in the

European Collection of Animal Cell Cultures on 23
September 1992 under Accession Number 92092317.

9. The use of an ant:.body, fragment or der:.vat:.ve

as

conpri sing
t he st ep oleceptarivesaig ENERAAY enftrageRle PHIAYTETREL BaL hawtngn
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anti body, antibody fTaGSHEEDHASNBEBOdY derivativie [according TG any one of
Cainms 1 to 4, optignal |l ygtmgetpher Wit h a pharmadeyti gal hys ptabl e
carrier. 9. ¥ﬂe%h94ﬂb+~%ﬁeafﬂ%nt accordingito CI;Fn?gﬁ? wherein the
di sease to be treated is sel ected fr@hacute or dhriom-e—myetor-e-+F efikaen a,
or other | eukaem as.which are influenced by Gw CSF. 10. A nefhod of
mtigation of the side-effects of treatment with GV CSF, conprisifiyg the
step of defiinetiedingny @te taf £ltnent o ﬁeé@rotheuphepaaatﬁnmi ef fective
amount ofgag égHﬂ@aﬁéné”Edébebéi QtGﬁtcgﬁtagggﬁﬁgﬁElVatlve accordi ng
to any one of claims 1 to 4, optionally toget a
pharnaceGPPéaﬁﬂﬁmacceptabIe carrier. 11. A net hod of screening of

sel ective antagonists to GW CSF, conprising the step of utilising an
antibodyio '

S jﬁhﬂJﬁJﬁﬁJﬁ”wi £l

The use as claimed in claim 9 wherein the GM-CSF
dependent condition is acute or chronic myeloid leukaemia
or another leukaemia which is. influenced by GM-CSF.

11. The use of an antibody, fragment or derivative as.
defined in any one of claims 1 to S for the preparation
of a medicament for treating the side-effects of
treatment with GM-CSF.

12. A method of screening of selective antagonists to
GM-CSF, cowmprising the step of utilising an antibody,
fragment or derivative as defined in any one of claims 1
to 5, to identify the specific epitope on the GM-CSF
réceptor recognised by said antibody, fragment'or
derivative and testing putative antagonists of GM-CSF
action for the ability to bind to said epltope and
inhibit the biological activity of GM-CSF.
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anti body fragnment or antibody derivative accordi ng_R ARRT ,;;’;' ims 1
to 5 to identify the specific epitope on the GW CSFF Brrecoym sed by
sai.d anti body or antibody derivative, and testing putative antagongsfts of,
GVt CSF action for the ability to bind T02%aid epitppp &AFERHEBIt |t he
bi ol ogi cal activity of GW CSF.

CLAIMS

1. A monoclonal antibody specific for human GM-CSF

receptor (hGM-CSF receptor), said antibody having the
ability to inhibit the biological activity of hGM-CSF, and
said antibody being able to bind to both the high affinity
and to the low-affinity GM-CSF receptor and said antibody
having the ability to inhibit the binding of GM-CSF to the
high-affinity hGM-CSF receptor.
2. Monoclonal antibody KI-2B7-17-A.
3. A fragment or derivative of a monoclonal antibody
according to Claim 1 or Claim 2, having the ability to
inhibit the biological activity of GM-CSF.
4. A monoclonal antibody according to any one of
Claims 1 to 3, or a biologically active fragment or
derivative thereof, produced by genetic engineering
methods.
5. A therapeutic composition comprising a monoclonal
antibody according to Claim 1 or Claim 2, or a fragment or
derivative according to Claim 3 or Claim 4.
6. A hybridoma cell line producing an antibody
according to any one of Claims 1 to 4.
7. Hybridoma cell line KI-2B7-17-2a, as deposited in
the European Collection of Animal Cell Cultures on 23
September 1992 under Accession Number 92092317.
8. A method of treatment of a GM-CSF dependent
ccndiﬁion, comprising the step of administering to a
patient in need of such treatment an effective amount of an
antibody, antibody fragment or antibody derivative
according to any one of Claims 1 to 4, optionally together
with a pharmaceutically-acceptable carrier.
9. A method of treatment according to Claim 8,
wherein the disease to be treated is selected from acute or
- chronic myeloid leukaemia, or other leukaemias which are
influenced by GM-CSF.
10. - A method of mitigation of the side-effects of
treatment with GM-CSF, comprising the step of adminstering
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to a patient in need of such treatment-an-—effective-amount
of an antibody, antibody fragment or antibody derivative
according to any one of claims 1 to 4, optionally together
with a pharmaceutically-acceptable carrier.

11. A method of screening of selective antagonisgts to
GM-CSF, comprising the step of utilising an antibody,
antibody fragment or antibody derivative according to any
one of Claime 1 to 5 to identify the specific epitobe on
the GM-CSF receptor recognised by gaid antibody or antibody
derivative, and testing putative antagonists of GM-~CSF
action for the ability to bind to said epitope and inhibit
the biological activity of GM-CSF.
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