IM@QSVENENTS | N GRANULOCYTE- MACROPHAGE COLONY- STI MULATI NG FACTOR
RECEPTOR AND)" DERI VATI VES THERE OF The present inventiomimretiat&s'
general ly to human reconbi nant and synthetic granul ocyt e-macr ophage ﬁoJony
stinmulating factor (GW CSF) receptor and to bi ochem cal and/or bIO|6ng
equi val ents, honol ogues or derivatives thereof. These nol ecul es are usefél
inter alia in the preparation of therapgeutics and diagnostics and in the
generation of agonlsts and antagonlsts mnth respect to the blndlng ofg

SRR ON ( e 8 ting

fact or (Gwcsg)ng?lg it BalcioR ?ﬁ vy ?ﬂ gEfRflf% q&t;@. iﬁé@ or whi ch
regul ates the pr T& %%; rentratron an unctional actrvity of
cells of the neutrophil, eosinophil and nonocyte/ nacrophage series

(revi ened |nIWH(mﬂé,pﬂ@@éntaﬂdvéhugbnaﬂdl&teslgenéﬁsnly %b| bamkar cl ones

encodi n G\ CSF
have begng}géé gﬂ lé‘g%&%r Slnﬁje%g# %%q}ug':éwggtwég& ?h% namd% syst ens
(Metcal f epmuig&inmmm dGCMaICSE)og@cent®y @nshade® biigchemigahl trial s
i n pati enhadyblrh b3 ciddital iquivNRMHS! iHond 1TRfud o rde&fiemsiwéb Mor st yn

et al, 198 anlnal eri nent s dclinic trJaI Gwvt CSF has

been fount%Eeg&e t“g‘etﬁer Eﬁlﬁq“ﬁfpﬁ &R & fa‘ﬂbr%ﬁ’tgﬁ%séﬁl% Tls and

eosi nophi preparatilcane tthexapett igrs |anch phicgnoss iafs tdred ln the
generation of agonists and antagonists with respect to the
binding of GM-CSF to its receptor.

Granulocyte-macrophage colony-stimulating factor
(GM—-CSF) is a glycoprotein growth and differentiation
factor which regulates the proliferation, differentiation
and functional activity of cells of the neutrophil,
eosinophil and monocyte/macrophage series (reviewed in
Metcalf, 1984, and Gough and Nicola, 1989). Molecular
clones encoding murine (Gough et el, 1984) and human (Wong
et _al, 1985) GM-CSF have been isolated, and recombinant
protein tested in animal model systems (Metcalf et _al;
1987, Donahue et al, 1986) and in phase I/II clinical
trials in patients with a variety of haemopoietic disorders
(reviewed in Morstyn et al, 1989). 1In both animal
experiments and clinical trials, GM-CSF has been found to
elevate circulating levels of monocytes, neutrophils and

eosinophils; to enhance the functional capacities of the
circulating cells; and to enhance the rate of haemopoietic
recovery following chemotherapy and/or bone marrow
transplantation (Gough and Nicola, 1989; Morstyn et al,
1989).

In both murine and human systems, autoradiographic
analyses have indicated that GM-CSF receptors are present
in low numbers (a few hundred pex cell) on cells within the
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citrcul at | ng cells; and to enhance the rate of haenopoietic recovery
foll ow ng chenot herapy and/ or bone marrow transpl antati on (Gough and
Ni col a, 1989; Morstyn et al, 1989). In both nmurine and human

systens, autoradi ographi c anal yses have indicated that GwW CSF receptors are
present in |ow nunbers (a few hundred per cell) on cells within the

2 nonocyte, neutrophil and eosinophil 2ineages (N cola, 1987; Di Persio et
al, 1988). However, functional GW CSF receptors have al so been detected on
non- haenoFRaGYtec|teutrephiiiant @rroinrRlia  Hdeagesn QUf9IRy 1947

19:3.'9) : (égﬁj_ig@%il%Igﬂ@gﬁrmwgggqﬂwe&éﬁﬁsﬂﬁmtl SDHEL tEMeFeSDr ned si mV\ZPkCOS
cells cita Bal dwm.,n et : s tem er
and Bur ges<e{aRERyS Jé?‘é%t%iﬁs%%e%i%t}%‘ﬁ?%i?? %?lﬁ)qﬁ %%LE"S %g% éand | ow
affinity (dékls] mholudimg)endeehrebial oplle (Busseline €803ks)19BPdcted a
single reCﬁRiPi-Eéﬁﬁsl&flg KEhde Bidtha | FeiDel yE@nasd SEe4D-0PaNs bbgReal fini ty

receptors have been desclibed on hae ojetic d helial cells (Klerr]
about 30pMjLPERRSEYS cfehts ¢ %t%uggg‘ﬁ‘ﬂ% ’ i@gg,'Park et al, 1986b),
but a receptor of |ower affinity has been described on COS cells (Cocita
Bal dw n et al, 1981%) "chlen Mﬂ@rs%%&sﬁmker and Burgess (1885)
detected both high-affinity (Kp about 30pM) and low-
affinity (Kp about 1lnM) receptors, while Park et al (1986a)
detected a single receptor class of Kp 1-3nM. In the human
system, only high-affinity receptors have been described on
haemopdietic and endothelial cells (Kp about 30pM) (Gasson
et al, 1986; Bussolino et_al, 1989; Park et al, 1986b), but
a receptor of lower affinity has been described on COS
cells (Cocita Baldwin et al, 1989). In the murine system,
the GM~CSF receptor(s) recognize only GM-CSF, although they
_ can be indirectly down-modulated by interleukin-3 and other
agents (Walker et al, 1985; Nicola, 1987).

Because most of the biological effects of GM~CSF
are observed at biccmolar concentrations (Metcalf, 1984),
and because we have found that high-affinity receptors are
preferentially internalized, Gough and Nicola, 1983), it is
not clear whether low-affinity receptors are biologically
functional. In the murine system at 37°C (Walker et al,
1985) and in the human system at 4°C or 37°C (Elliott gt
al, 1989; Lopez et _al, 1989; Park et al, 1989), Multi-CSF
(interleukin-3) can down-modulate GM-CSF receptors on some
nypes of hemopoietic cells, but it is not clear whethex
this is mediated by different receptor subclasses or by
receptor-receptor interactions (Gearing et al, 1989; Elliot
et al, 1989; Lopez et _al, 1989).

GM-CSF was originally defined by its ability to
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the GV CSF receptor(s) recogni ze only Gw CSF, although they can be
indirectly down-nodul ated by interleukin-3 and other agents (\Wal ker et, al,
1985; N cola, 1987). Because nost of the biological effects of
GWt CSF are observed at piconolar concentrations (Metcalf, 1984), and
because we have found that high-affinity receptors are preferentially
internalized, Gough and Nicola, 1989)gz it is not clear whether lowaffinity
receptors are biologically functional. In the nurine systemat 37[err]C
(Wl ker sdimdlatdd8bhe apgol Pf&het DORBOE SyBaRGLBEYELEnatEophagé[err] C

Elliott 89. t : rk.e I |t - CSF
(it er | RIAIENEEE CaLbRl Buf | nfke d2ldne 9 (rPhod' pedoid) aplilicbliy
hermppoi dihat ctt |@anpalsetst-impdate| the prelhferanioni efnpyprgead oy

di ff er erdex e et ObtRePCcChachopoLety LeR60GEE- (RECBALE kB! @ngChibeny (Cearing
at_a!, 19%§; E*#IOt e% aLh 1989"%?832093 %h’ 1gﬁg)latter includ%P¢CSF was
ori gi nal T8 £F+HheChyPRsPAGRPPPY gin.
3 sti nulbumean heope ohatreout Lobroblgstaul osyeogenicophagompr cgddi t or cell s,
but or &1 {£6enkhd 4! bPaAsLCEANE; ABRA' 8811 Rihe! (pEARAR! 88 34 MUl ale the

el I's of other p c

proliferation of progenitor c aenopol et Mnedges (Metcal f
et al, 19%%8) anbtmean| smatlnerlhacABpénemacestiglinesndCraitar i ncl ude

Baldwin et _al, 1989), human endothelial cells (Bussolino et
al, 1989) and human placental cells (Wegmann et _al, 1989).
In addition, GM~CSF stimulates human endothelial cell
migration (Bussolino et al, 1989), the proliferation and
function of human ostecoblast-like cells in vitro (Evans et
2l, 1589) and improves the growth of murine placental cells
in vivo (Wegmann et _al, 1989). '

In view of these biological results, it is apparent
- that the GM-CSF receptors detected on these cells are -
functional, despite the fact that only high affinity
receptors were detected on the endothelial cells, whereas
only low affinity receptors were detected on the
fibroblasts and placéntal membranes .

On haemopoietic cells, low affinity hGM-CSF
receptors were distinquishec: by a rapid rate of ligand
dissociation and poor internalization at 37°C, whereas high
affinity receptors displayed a much slower rate of ligand
dissociation, and were efficiently internalized. 1In
addition to this complexity, two types of high affinity
hGM~-CSF receptor have been described on some but not all
normal haemopoietic cells and cell lines. One type
recognizes only hGM-CSF and is the only type of GM-CSF
receptor on human neutrophils, while the ot' "r type
apparentiy recognizes hGM-CSF and h-IL-3 with nearly equal
affinity, and represents 80% of GM-CSF receptors on



human bone marrow fi brobl asts, osteogenic sarcoma cell |ines and a breast
carcinoma cell line (Dedhar et al, 1988), human snmall cell carcinoma cell
lines (Cocita Baldwin et al, 1989), human endothelial cells (Bussolino et
al, 1989) and human pl acental cells (Wegmann et al, 1989). In addition,

GVt CSF stinmul ates human endothelial cell mgration (Bussolino et al, 1989),
the proliferation and function of hungn osteoblast-like cells in vitro
(Evans et al, 1989) and inproves the growh of nurine placental cells in

vivo (Wepmimophibd  (IOPO2.et al, 1989) 0 VReripfotHEIR, bintvgical results,

it is a[%?é : 3\ e [ e ese cells are
function ,éiééép?% %€§s$§%%§¥%£?gd€%§eﬁF%§;aﬁ%?%i€§s%2%%% ors were
det ect eARFFFHeedntBrRk| 28lake| 1883 hhereas only low affinity receptors were
detected on the fibroblasts and pl acental menbranes. On
haenopoi etic cel].s,_.l.ow affinity hGW CSE receptqrs were distinqujshe by a
rapid rate of | igd&?&laﬁ's§5&s§t RN W’ﬁ‘ﬂ?eé’f LT is&gﬁs% étr]c
wher eas molgcaldr nweyghtcEprothe dispinge@MaCalcheséptuer ofit 819000i gand
di ssoci aty Angy L Ci Lpt ajhge difio hi s ,
conplex?{j?ﬂ¥3o ty&géﬁggéﬁ%bhfg #Yn??yfagﬂbggE??%%gpég 2 évgggggh'described
on sonme W19 obhe| PuRaR EeCRRERBBPLeFBLRE| ¥8igh has| beenes. One type
recogni zest imayed Gk OSF, 000 (Dibsesos! grtype 0888 CSF receptor on human
neut rophi | s, whigse.t he.ot her t apparentl.y. rec [, Z¢ G CSE and h-1L-3
witn nearly equ59ﬁ3¥¥ﬁﬂﬁﬁ??“%ﬁﬁpﬁﬁﬁ$é§§ﬁﬁgr ooqukfggghﬁﬁ%ﬁﬁpﬁpé on

have been deduced, the receptor has not hitherto been

isolated .oxr purified.

SUMMARY OF THE INVENTION

In accordance with the present invention, there is
- provided a gene encoding the human GM-CSF receptor. The -
expression of this gene provides a quantity of recombinant
receptor heretofore unavailable, thereby permitting inter
alia the development of receptor therapeutics, diagnostics,
agonists and antagonists,.and the like. |

Accordingly, the first aspect of the present
invention relates to human recombinant or synthetic GM-CSF
receptor and its derivatives, including that portion of the
receptor comprising its soluble (non-membrane associated)
region that has the capacity to bind GM-CSF.

A second aspect of the present invention relates to
antibodies that recognise human recombinant or synthetic
GM-CSF receptor (and its derivatives), and which are
useful in the detection and/or purification of these
molecules.

This Sheet Has Been Replaced




-4- eosi nophils (Lopez et al., 1989). Reciprocally, IL-3- specific or
cross-reactive receptors have al so been described (Park et al., 1989).
Finally, cross-linking experinments have suggested a nol ecul ar wei ght for
the nurine GVt CSF receptor of 51,000 (Wal ker and Burgess, 1985) or 130, 000
(Park et al, 1986a), while the human receptor nol ecul ar wei ght has been
estimated at 84,000 (Di Persio et al, 1988). Al t hough sone of the
properties of GW CSF receptor have been deduced, the receptor has not

hitherto been i gokaligt Qs QEIEEthe t QNNQB
| NVENTI ON In accordaﬁ?@ W t prfggghtﬁﬁ%ﬁgﬁl(m1 ere |s provi ded

a puri f MAAYARTIRG Hae P ﬁ%?éﬂﬁf?%d?g 3r bH E%%%lE?Pﬁﬂ BﬁcgpﬁQFe

st r andedviBNA, agionid €s sor amotealgdiids 5 DHIA GdeSF\IA whi ch each conprises a
nucl eoti de sequence whi ch encodes, or is conplenentary to a nucleotide
sequence whi ch encodes, human GW¢CSF receptor or a derivative thereof
capabl e of bi ndiPnd oWt 2@ReCSF Ofs fihe @WesSMY dawisrdrianei ng defi ned as a

gl ycosyladptempl 4085 Y& Of¥tRd@ Jo BT ©£8ALRAGROUSE nckecskeremaaéam ng, inits
entirety,, an_extracel |l ul ar gonaln

domai n
“htraoyiireRtee £5°r ey End 1A perETCRTRE R RURRD  pPYaRHG
radi oactadmeiyistbaticn G eSkdanagmalvafi apseffiective ampd.ibi odi ng bei ng

compet ed-d imbinst B! Lot Rl (ST Tber CaEERELANL! 1ERI RebUTRRGM.CSF gene

provides a quantity of reco nant recegtor eretof ore unavail abl e, thereby
per i t t iIQRE | FrEeh @?Faoghbnue%%pmﬁv gtipgctheopPrehifgpatires,

di agnostdiﬁfeﬁéﬂﬂistSoﬁndraﬁﬁﬁaﬂﬂbﬁhi agbdvabeohi €. cM-csrAccordingly, the
First aspecl Plel88-BLESSPive cells in the mammal, which method
comprises t = administration to said mammal of an effective
amount of recombinant or synthetic GM-CSF receptor or its
derivative for a time and under conditions sufficient to
reduce the amount of non-bound GM-CSF. An effective amount
can readily be determined by.routine experiment, as can the
- most effective and/or convenient route of administration, -
such as intravenous, intramuscular, subcutaneous, or oral.
Slow release formulations may be advantageous for specific
purposes. Preferably the mammal and the origin of the GM-
CSF receptor are homologous, and even more preferably the
homologous system is human.

A fifth aspect of the present invention, provides a
method for diagnosing cancers and/or other GM-CSF related
diseases composed of or associated with GM-CSF-stimulation-
sensitive cells in a mammal, said method comprising the
detection of GM-CSF receptor or aberrations thereof. 1In
this aspect, the invention also extends to kits for such
diagnostic purposes. For example, diagnostic kits for
assays utilizing radioimmunoassays, fluorescent
immunoassay, or ELISA are specifically contemplated.

A sixth aspect of the present invention relates to
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invention.relates to reconbi nant or synthetic human GW CSF receptor or a
derivative thereof capable of binding human GW CSF, essentially free of

ot her proteins, said GW CSF receptor being defined as a glycosyl ated or

ungl ycosyl at ed protei naceous nolecule conprising, inits entirety, an
extracel |l ul ar domain, a transnenbrane -5-
domain, and an intracytoplasmc tail ,and being capable of specifically

bi ndi ng radi oactively | abell ed GwW CSF or derivatives thereof sai d bi ndi ng

bei ng cemaetad o Kk ARal ook Qo PP Hutall Y6 ddie L udeg 4, thi s

aspect qf the |nvqﬁ#cw1are t hose ng t por tion o e receptor
conpri sitfy T &Ry W%lfﬁ%@q dgientnent MR Gehe
capaci t £SFo delete@dMidiSieases. A second aspect of the present invention
relates to anti bodi es that recogni se human reconbi nant or synthetic GwW CSF
receptor (and its derivatives) as hereinbefore defined, and which are
useful in the détéé??ﬁﬁhaﬁépgﬁtpefltheaLnUﬁnbionhzeeanebecolasGM— The

bi ndi ngc@;fsj-!a\éﬁlaéx& lﬂéeni‘cﬁﬂdi:él%&d:él@?%ﬁ!ﬁ e RhEy afgRel wi th agoni sts

or anta St tors of the present I nvention may
be used%%lrﬂfu"?il tho"lf%ﬁt‘?If efa‘f‘?’rﬁ;& S SMAGSRF daeds@rin a manml

and in paomesid ar a human, by the administration to sald mammal of an
ef fective anmount of reconbinant or synthetic GW CSF receptor or its
derivative. One_such nethod involves nodul ating the proliferation,

di ff erenti ati on®Br eLGhEh 8ARECRcPEVRhRoANYENLiPTSFelates to a

method of screening a cDNA library for a cDNA fragment
encoding GM-CSF receptor, comprising the steps of:

constructing a cDNA library,

preparing cDNA fragments therefroum,

transfecting said fragments into mammalian host
cells,

incubating said transfected cells with labelled GM- -
CSF,

identifying populations of transfected cells
binding said labelled GM-CSF,

preparing clones of host cells transformed with
cDNA fragments able to cause mammalian host cells
to bind labelled GM-CSF, and

isolating said clones.

ERIEF DESCRIPTION OF THE FIGURES

The present invention is further described by way
of reference only to the following figures, in which:

Figure 1 shows saturation binding isotherms and
Scatchard analysis of 125I-hGM-CSF binding to
A. HL60 cells after incubation in 1.25% (w/v) DMSO
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stinmulation-sensitive cells in the mammual, which nethod conprises the

adm ni strat-ion to said nammal of an effective anpbunt of reconbi nant or
synthetic GW CSF receptor of its derivative for a tinme and under conditions
sufficient to reduce the anmount of non-bound GVt CSF. An effective anount
can readily be determ ned by routine experinent, as can the nost effective
and/ or conveni ent route of adm nistragion, such as intravenous,

i ntramuscul ar, subcutaneous, or oral. Slow release formnulations nay be
advant ageous for spesfis dqaypaars. Preferably the mammal and the origin of

the G\ CSF recept or {ﬁg&) n_nore referably t he honol ogous
systemis humanIg Iﬂﬁ} c] alsi p“ei &ﬁ&'ﬁhgl Ef’ah'\/entlon provi des a
met hod cﬁngéﬁbra§¥%9 |ﬂﬁ%@hﬁ??@ﬁeﬁoﬁLﬁgecéhlshpenlngn03|8ené a GVt CSF
rel at ed fhcebsted 'watRBiHBreasing concentrations of 1251-?FM s¥ 6-

i

t tact bi ol | I d
el 0 486, 890 TholiER, e FBefina; cpLicRBRASAATRA ol ecuIO(ra "a
reconblnanﬂlce¢tlEDnYameaagredchmmedmheemyeafaereceﬁbrmﬁﬁgaﬁﬁo&ya&hetiC
Ladi h f
G CSF 16685 010y A" ABLbER 0L L h9eDROLADY EASNERL LUSIRE! oS

her ei nbef or e de |ng etectin or me
aspect, ¢¥BS)n¥entfen a§§6t§kﬁﬁﬁd§n§6Y§P§softhgaehbdndgnGSdacapamposes

For exangh®wn dhAgepfieathkbeforer ogsagyeruibsadbnatiagll OrhbMMuNoassays,

quorescggmpﬁg@yggg§ig¥d RigﬁLl§ﬁdaigw-affinity binding components
for undissociated cells are shown as solid lines.
In (B), 40 pl of human placental membrane suspension,
prepared as in Example 1, were incubated with increasing
concentrations of 1251-hGM-CSF at 20°C for 1 hour and
specific binding subjected to Scatchard transformation is
shown in the lower part of panel (B).

-~ Figure 2 shows the binding specificity of hGM-CSF -
and h~IL-3 receptors on human placental membranes.
Membranes (40 pl) were incubated in duplicate with 1257.
hGM~cSF (200,000 cpm in 110 pl HRF) with or without
unlabelled hGM-CSF (500 ng) or h-IL-3 (100 ng) for 1 hour
at 20°C. Similarly, 40 pl membranes were incubated with
125I—h—IL—3 (220,000 cpm in 110 ul HRF) with or without
the same amounts of unlabelled hGM-CSF or IL-3 as above.
Total binding to each membrane preparatlon (mean * range)
is shown.

Figure 3 shows the detection and specificity of

hGM-CSF receptors transfected to COS-7 cells.

(a) Phc omicrograph of the cell autoradiograph
showing the single clearly positive cell
detected in 1.5x106 COS~7 cells transfected
with Pool 138 of the cDNA library (the COS cell
covered by autoradiographic grains);
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specifically contenpl at ed. A fourth aspect of the present invention
relates to the use of reconbinant or synthetic human GWt CSF receptor or an
anti body or antigen binding fragnent thereof as herei nbefore defined in the
manuf acture of a medi canent for the treatnment of GW CSF rel ated di seases.

A fifth aspect of the invention relates to a GW CSF-dependent haenopoi etic
cell line into which a low affinity geceptor for a heterol ogous Gw CSF has
been cl oned. A sixth aspect of the invention relates to a nethod of
screening a cDNA | ithagnyfiocatioaDRAQ{r agnent encodi ng Gv CSF recept or,

T agment &t her ohror 1 a2 s (31 Pac (BHGELPEaPnr nib R B PRERE, 00"

fragnents there m_ trans ing s nto nmanmma host s
celI's, incubating shiyerindtietted cells with |abelled GWCSF, identifying
popul ations of tepnsaekt £dele! L31bnhdAhbgosabd dagehhed GVt CSF, preparing

cl ones of host cell f W.th fragnepnts ahle tqQ cause
manmal i an host Ce||§“fé§%§h§&?§§%|?édcﬁﬁ?%Eﬁefgﬁdgrgaﬁ FFHESSHF&hCIones.
BRI EF DESCRI PTI ON GF puEe FhGMRESF recepterpclenat (chounet pGMRIL38fHurt her

descri bed by way ofan&f ehegbatedl witR 2hR 1B5rONERIcEFgUres, in which:
Figure 1 shows saturation_ binding fsot%erns angﬂggag%ﬁgrd anal ysi s of

[err]1-hGW CSF bi ndragntdication Xifeo cells after incubation in 1.25%
(w/'v) DWMSO (d) As for (c) except that cells were also

incubated with 20 nM unlabelled hGM-CSF. Note
dramatic reduction in autoradiographic grains.

(e) Specificity of the placental hGM-CSF receptor
transfected to COS-7 cells. COS~7 cells
transfected 48 hours earlier with the pure
clone (pGMR138) were assayed in duplicate for
their ability to bind 1251-hGM-CSF in the
absence or presence of 100 ng unlabelled hGM~

- CSF, h-IL~3, murine GM—-CSF, human G~CSF or -

human IL-6 (mean + range). Transfected cells
(30,000 per point) were incubated for 1 hour at
20°C in HRF containing 20 mM EDTA and 100 ug/ml
chondroitin sulphate and }23T-hGM-CSF (70,000
cpm in 100 pl).

Figure 4 shows saturation and competition binding
analysis of the placental hGM-CSF receptor transfected to
CO0S-7 cells. COS-7 cells (33,000 per point) transfected 48
hours earlier with the pure clone (pGMR138) were incubated
with increasing concentrations of 125y hGu-CSF (200,000
cpm) (Panel A) or a constant amount of 1251-hGM-CSF and
increasing concentrations of unlabelled hGM-CSF or h-IL-3
(Panel B) in a constant volume of 85 ul HRF/20 mM EDTA/100
ug/ml chondroitin sulphate at 20°C for 1.5 hours. 1In Panel
A, total binding, non-specific binding and specific binding
are shown with Scatchard transformation of the specific



7° for 5 days and B. purified human pl acent al

nmenbr anes. In (A), 5x10[err] DVMSO-treated HL60 cells per point were

i ncubated with increasing concentrations of [err]I-hCMCSF at 4[err]C for
3 hours and specific cell-associated radi oactivity neasured i medi ately
after centrifugation or after 10 mn incubation in 1 m phosphate

buf fered saline (PBS) at 4[err]C. SBatchard anal yses of these binding
data ar hown under eath before or after dissociation. The

conput efb’tfé %ad?ﬁ'@hs Yo rRdeEneakh:y BnnBangl cBapbatalsbinding

undi ssocisatshbwrl is the tsppam panéd| i WithngGatchiPd(Brand@okpiatlibnof hunan

pl acent alg nEHDT S0 SESP P LG Sdo{._gpgﬁg‘]gﬁlaﬁ&ﬁn Exappl e 1, were iIncubated

Wi th increasing concentratio [erT *20[err] C for 1 hour
and speci fic binding subjected to Scatchard transformation is shown in

the | ower part G'fxgnmels (sa)ows aﬂaqwsqéoﬁ@n@dzﬁlb' L SABc {4 ci ty of
hGw CSF é eceR S O hﬂgg acené ranes. nbr anes
(40 [errcﬁ) Were In % %Oﬁu‘bﬁ‘ %"gf?ﬁt? ’ﬁ'ﬁo cel i) and op200, 000
cpmin mx[reﬁeqtedrﬂms-mtd:emsw using SDSHpabpaded] SEAHESH a500 ng) or

noubat &1 v et I 89950 %%mc%*%ia.’ﬁ’*ﬁ@%%%% thoor
wi t hout hgte %%VT% rFP%S%f"%?ﬁ aneed cpen QW OSF while- SnaSrabkseE— Tot al

bi ndi ng &,0 7eam14 nErdisfec fud [RosH 7 %im%réaiw@a ei‘ SIRUN. 1n
Fi gure :g[ %ﬁ%ect |8n apd sgeﬁl fici t 2& receptors
transfec o H as ior "Eﬁ? r?]B Erogrﬁph@?f‘cﬁﬁe cel l
aut or adigdgréapt. Tracks C andslhoweng wtmhwngdrﬁtnd:ﬂﬁrla foAi tive cell
det ect etals&acﬁa@ﬂﬁri pE&! LS e g th Pool 138
of the B |brar l%x] p% ﬁ% L8 FEAEGE efbgd ~affinity binding,
are as for C and D except that 20 nM unlabelled

hGM—CSI-‘ was included during the binding reaction. In each

case 1 mM DSS was used for cross-linking (15 min on ice).

Tracks E~J represent transfected COS cells allowed to bind

_ 1251-hGM—CSF and then cross-linked with E, OmM; F, 0.01 -

mM; G, 0.05 mM; H, 0.1 mM, I, 0.5 mM and J, 1 mM DSS for 15

min on ice. Gel electrophoresis was on 10% (w/v) SDS gels

(A-D) or 8% (w/v) SDS gels (E-J) and autoradiographs were

exposed for 4 weeks (A-D) or 2 days (E-J). Molecular

weight markers (Pharmacia and BioRad) are shown.

Figure 6(A) represents a restriction endonuclease
Cleavage map of the insert cDNAs of pGMR138 and pGMR29.
Boxes represent open reading frames. The hatched and
filled regions represent the signal sequence and
transmembrane region of the GM~CSF-R coding region,
respectively. The stippled box represents the upstream
open reading frame.

Figure 6(B) shows the combined nucleoctide sequence
and deduced amino acid sequence of the insert cDNAs of
PGMR138 and pGMR29. Numbers at the right margin indicate



cover ed by aut or adi ographi c grains);
8 magni fi cation X20.

under dark field i1l um nation.
i1lum nation of a cel

(b) Same as (a) but photographed

(c) Dark field
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Figure 7 is a hydrophobicity plot of the hGM-CSF
receptor sequence according to the method of Hopp and Woods
(1983) (span length=15). Note the two hydrophobic regions
corresponding to the signal sequence and transmembrane

domain, respectively.

Figure 8 is a photograph showing the detection of

the human GM-CSF receptor transcript.

A. RNA from the following sources was probed for

_ hGM-CSF receptor transcripts by Northern blot

analysis as described in Example l: CEM cells
(Track 1l); HepG2 cells (Track 2); HL60 cells
(Tracks 3 and 4); HL60 cells cultured at 5x10°
cells/ml with 100ng/ml TPA for 3 days (Track
5). The positions of the 28S and 18S rRNA
molecules are indicated. On other gels, RNA
size standards (BRL) wexre also included.
Exposure time of the autoradiograph: 5 days.
B. RNA from the following sources was probed for
hGM-CSF receptor transcripts by PCR-based
amplification of ¢DNA as described in Example
l: U937 cells (Track l); AML193 cells (Track
2); HL60O cells (Tracks 5 and 6); CEM cells
(Track 7); Raji cells (Track 8); Hep G2 cells

(Track 9); Hela cells (Track 10).
and ll contained the following negative

Tracks 3, 4

controls: "RNA blank“ from no cells, carried

-,



Fgure 4 shows saturation and conpetition binding analysis of the placental

h&W CSF receptor transfected to COS-7 cells.

COs-7 cells (33,000 per

poi nt)

transfected 48 hours earlier with the pure clone (pGVRL38) were incubated
Wi th increasing concentrations of [err]l-hGWCSF (200,000 cpm (Panel A) or

a constant anount of [err]l-hGw CSF and i ncreasing concentrations of

unl abel l ed hGW CSF or h-1L-3 (Panel B1in a constant volunme of 85 [err]l
HRF/ 20 nM EDTA/ 100
I n Panel

bi ndi ng are shown WRNA Jeai wjhdﬁms&mrdmm @yrifhddies S RAd fdfrine

9 binding data sho , t ot al blndlng IS shown in
t he upper panel, \%dég 'dr}:t #‘Forna I'on of the specific binding

hour s.

dat a shown underneath

A

Cr 0ss- I|nk|ng ohl

transfe
tracks

ol

rr gglﬂ chondroitin sul phate at 20[err]C for 1.

iR gYHNRSkR @td PR meantians sFga0i

Figure 5 shows anal ysis of chem ca

eII esi

@V*cié%”m’ﬁedné)ra ﬁ\ﬁ&tafaﬁr@%rophorand on

5

s. In

_feﬁfggs %F§ §§Fé38¥ Vtg]g§9g°ﬁhFﬁ°ERG8rﬁere used per

poi nt vWAdxnara@xésksr&-xdenﬁxtﬂédtnamagethedsiﬁﬁﬁé getterwere used per

poi nt .

| dbraabs

s;f0
at 2 nM Track§gésgﬁglggbﬂag¥6 %PQWF?E

out 10 min dissociation in

PBS to renpve |aw_aﬁﬁhﬁngqﬁ,ﬂﬁ,ﬁ%ignment. Boxes represent coding

regions. The hatched and solid boxes represent
signal sequences and transmembrane regions,
respectively. The positions of four conserved
cysteine residues (.) and a conserved
tryptophan residue (W) are indicated by
vertical lines. The stippled box represents the
“WS-WS" box. Sequences are aligned via the
first conserved cysteine residue.

Details of Sequence Alignment: Reference
positions (*) are marked above the sequence (i-
vii) and correspond to the following amino acid
numbers of each sequence (numbers in brackets
refer to positions (i)-(vii), respedtively):
hGMR (126, 136, 165, 178, 236, 294, 331i, hIL6R
(121, 132, 165, 176, 233, 250, 374), mEPOR. (52,
62, 90, 106, 165, 219, NH), hIL2R (36, 46, 60,
74, 126, 182, NH) and rPRLR (31, 41, 70, 81,
146, 199, NH). NH: no homology; Cons:
consensus sequence based on haemopoietic
receptor sequences. Except in the consensus,
dots indicate variable spacing and dashes
indicate gaps introduced to align the
sequences.

Figure 10 shows viral integration and transcripts
in hGM-R-FD cells.

rs at 4ferr]Cwith [err]l-hGwCSF

1 n



and A and B are as for C and D except that 20 nM unl abell ed hGW CSF was
i-ncl uded during the binding reaction. In each case 1 mM DSS was used for
cross-linking (15 min on ice). Tracks E-J represent transfected CCOS cells
allowed to bind [err]l-hGWCSF and then cross-linked with E, OmM F, 0.01
m G 0.05 MM H 0.1 mM I, 0.5 MMand J, 1 nMDSS for 15 mn on ice. Gel
el ectrophoresis was on 10% (wv) SDSigels (A-D) or 8% (wv) SDS gels (E-J)
and aut or adi ographs were exposed for 4 weeks (A-D) or 2 days (E-J).

Mol ecul ar wei gh{ ajyaPhar £ roRh&DCaTIla cald sBi(ekadk 3¢ HEMWR~FD Fi gure

6(A) represents ar t jon gengonyel e Iea g p 4Qf e insert cDNAs
of pGVR138 and pGNRgibhngés Pep?esg%t qaén&réaéa gzggaﬁéé. dt ched and
filled regions reprégenﬁzvhé 3|§ﬁal §eq§§nc§7aﬁadt Bnd kaapkan@—-289i on of

the GV CSF- R codi nganeghGN-R-gBpedibnesl 21,Tha .33, pphedshoxpirapresents the

upstream open readi Rans. gyr, ) h t he conbi ned
nucl eot i de sequenceagné g?&cgg gﬁﬁhgla§3 %tgaﬁgﬁ 5i %Wshg 8Fnsert cDNAs of
pGVR138 and pGVR29. digieiséses mithh@sti ghandapyiobednoraheM-R

10 positions of nuck uil;e&saa% QER I DA IHE EXaRpIRIYENCRokef ¢hd O the
am no acid sequence, 3t%hxgprks i ndi cat e
mmon p fragment derived from within the

hGM-R viral construct

: (b) Total cytoplasmic RNA from FDC-Pl cells (track
1) and hGM-R-FD clones 21.13, 21.15, 21.17,
21.21, 21.22, 21.23, 21.7, 21.8, 21.10 and
21.11 (tracks 2-11) was probed for viral hGM-R
transcripts as described in Example 1. The
major species is 5.5 Kb in length and
corresponds to the full-léngth unspliced viral
transcript.

Figure 11 illustrates the responsiveness of cells
from cloned hGMR-FD cell lines to proliferative stimulation
by recombinant m- or hGM~CSF. Lines maintained in human
GM-CSF exhibit a similar content of clonogenic cells with
both stimuli (eg. clone 54), whereas in lines maintained in
n+hGM-CSF (eg. clone 21) murine-responsive clonogenic cells
are more frequent than human-responsive cells. For both
types of cell line, clonogenic cells are less responsive to
human than to murine GM-CSF.

Figure 12 shows saturation binding analysis and
Scatchard transformation of 125-hGM-CSF binding to hGM-R-
FD cell clones.

A, B : clone 21 maintained in h+mGM-CSF, 2x106

cells per point; .

C, D : clone 50 maintained in hGM-CSF only; 0.8x106

cells per point.



potential N-glycosylation sites (Asn-X-Ser/Thr). The overlined regions

i'ndi cate the presuned signal peptide and transnenbrane region,

respectively. The sets of six asterisks identify possible poly(A) addition
signals. The poly(A) tail in clone 138 was 61 nucl eoti des | ong.

Figure 7 is a hydrophobicity plot of the hGH CSF receptor sequence
according to the nethod of Hopp and Mpods (1983) (span |ength=15). Note the
two hydrophobi c regions corresponding to the signal sequence and

t r ans mebRR@ C ddnai Apecdfpechindling curves wiEhgunergaising pinotagsaph

showi ngof W@?LEGHLQQFOfad&& mmrn fa\Adfrf Aféecm@rsééééﬁé%w _ receptAor

RNA fro foll
transcr?%%gggﬁrﬂﬁffﬂg &é c4€2nBEE"E t§ﬁ§F§§F§a§§°&§SSPPEed in Exanple 1:
CEM celKp=4nM, 4,000 tébepkot;lcebb620retlenéT2mckna)KDHBﬁﬁ cells

(Tracksyg @@g #& 298 et HhBdedtgox10[ err] cells/mM wth
100ng/ m TPA forceﬁ%gyg % E e?502 5). The positions of the 28S and
18S r RNA nDIecuIes are indicated. On other gels, RNA

si ze standar ds Hiffdde VIS i Hlystddtdsidgeh J.nternalzza@.(&ﬁ)sé'f el25se of the

or obed 198 CBF b3ufld’ Bo, boueReFp EAgHE) 35, BRUCF GHOPEF SERVBASEE

anpl i f i RGMTRNFBfctong 538 deddsi fddwer Exawplleat 37°C. Thel fol®id cel | s

T k 3 | || 5 d 6
éEk?geléélJ£Wkéa b&eh! paihtathed in: a m; tu%iTraCEQEEE. §nGG§Q§§?ﬂ and 6);

i
(Track @7 c@ELﬁh&%FI§h%T}&EﬁefoﬁadT#86Rsm3ln ained in hGH‘SﬁJ 11 cont ai ned
the foloémkyng Thgaturees show the vaeittaba: ofRMA1DI gdlefakeom no cells,

Carr'edassocxated and internalized radioactivity with time, after
addition of 123I-hGM-CSF, determined as described {Nicola

et al, 1988); the lines through the experimental points

(means of duplicate tubes) were fitted by computer as

described by Nicola et_al (1988). For clone 33, 1.9x106

_ Cells were used per point and the 1251-heM-CSF -

concentration was 13nM, and for clone 53, 1.8x106 cells

were used per point and the 1251-hGM-CSF concentration was
o 13nM.

DETAILED DESCRIPTION OF THE INVENTION.

The following abbreviations are used herein:

h,mGM~CSF human or murine granulocyte-macrophage
colony-stimulating factor

G—-CSF granulocyte colony-stimulating factor

muiti-CSF mﬁltipotential colony stimulating factor

IL-2 interleukin-2

HRF Hepes buffered (10 mM, pH 7.4) RPMI

medium containing 10% v/v foetal calf

sexXrum
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t-hrough cDNA synt hesis and PCR reactions; HL60 RNA not subj ected
to cDNA synt hesis; and nurine 160T cells, respectively.

Figure 9 depicts the alignnent of the sequence of the hGw CSF-receptor with
other growth factor receptors. Amino acids are identified using the single

| etter abbreviations standard in the art. A.  Schematic of
Al ignnent: Boxes represent coding 14 regions The hatched and
sol id boxes pr esent i g ences and transnenbr ane
r egi ons, PhS respecPlegpyé%?h g#b &35 our conser ved
cysteine reEPddes ([err]) &N@y&eoandeamene tetraacetita yetisbhan resi due (W
are indicatg@sby fogggglgghflb %§m'The stippl ed box represents the
"WE-W5" box gquences are ,ali via_t first conserved
cystei ne r edtdde. pint ﬂﬁpkénoﬁ Sequence Alignment: Reference
posi tions (fIL-&re marked ahmmerubekiﬁqwence (i- vii) and
correspond f the follow n gq&g nunbers of each sequence
(nunbers in racke ¢ ngﬁr 38 positions (i)-(vii),
respecti vel PRL PCORacti®, 136, 165, 178, 236, 294, 331i, hlL6R
(121, 132, 365, 176, 233, 28Ghan374), NMEPOR (52, 62, 90, 106,
165, 219, NH), hlIL2R (36, 46, 60, 74, 126, 182, NH) and rPRLR
(31, 41, 70™781, MUEASE 199, NH). NH. no honol ogy; Cons:

r- rat

LIF leukaemia inhibitory factor

PCR polymerase chain reaction

ORF open reading frane

h~GM-R human receptor foxr GM~-CSF

h-GM~-R-FD FDC-P1 cells transfected with hGM-R

IL2R IL-2 receptor (B chain)

ILeR IL-6 receptor

GMR, GM-CSF-R GM-CSF receptor

Kp equilibrium dissociation constant

EPOR EPO receptor

PRLR PRL receptor

SDS ' sodium dodecyl sulphate

SsC standard saline citrate

dNTP deoxynucleoside triphosphate

DSS disuccinimidyl suberate

By "GM-CSF receptor” is meant a glycosylated or
unglycosylated proteinaceous (i.e. amino acid containing)
molecule comprising, in its entirety} an extracellular
domain, a transmembrane domain and an intracytoplasmic
tail. The receptor molecule is capable of specifically
binding radicactively labelled GM-CSF or derivatives
thereof, said binding being defined inter alja as being
competed for by unlabelled GM-CSF.
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gonsensus sequence based on haenopoietic receptor sequences.

Except in the consensus, dots indicate variable spacing and
dashes i ndi cate gaps introduced to align the

sequences. Figure 10 shows viral integration and transcripts in
hGW R- FD cel | s. - 12 (a) DNA
fromFDC-P1 cells (track 1), hGN@R—FgS clones 1, 6, 8, 10, 11
13, 21, 24, 33, 34, 49, 50," 52, 53, 54, 55, 56, 57 and 58

(tracks 2-2 " nd.h - es .21 A3, 21.15. .21.17,
55 1. B presqupinepR EuIERE R 6ReELE0e° 8 nhe % cAbcbivatd, |
and probRE ¥pIlyeRsrlated polypeptidenteieqgylegeswitbeor withomyl e 1. Note
t he other aﬁﬁmatad%Kbécfxlégn?QF- depiugy,f peddced Byt he

C

hGVt R vi ral nstryct b) Total,cytoplasmc RNA from FDC-Pl cells
(track  TecoRBLAbhE henns  sneh’he) Byohne’ b15a4i0n; ofga SENR
21.21, 2molecude. escoding, the. Beceprdd amdits derivati®e Lht macks 2-11)
was probggniehryhtd e Bsi ‘trapsari f I Exanpl e
1" he. apprObriat eRpttBsion vectar LRoTRR FErge Ty gpading tidhe
cor r espoRB3aF4VEhEOf Bl PFPBAYER  uABBFPERA1pEr he resultant
recombinant expression vector into a suitable host and
growing said host under conditions appropriate for the
expression and, if necessary, transportation of the
recombinant receptor or its derivative from said host, and
then purifying the recombinant receptor or derivative.

By "GM-CSF-stimulation-sensitive cell" is meant a cell
carrying a receptor to which GM-CSF can bind thereby
causing the stimulation of proliferation or functional
activation of that cell, as hereinbefore described. The
term "bind" in relation to GM-CSF and its receptor is used
in its broadest sense, and means any association between
GM-CSF and its receptor, and particularly in relation to
cell-bound receptor, sufficient to induce the stimulation
of proliferation or functional activation of the cell on
which the receptor is located. "Non-bound GM-CSF*
generally means circulating GM-CSF.

By "substantial amino acid homology” is meant molecules
having a sequence homology of approximately 75% or more,
preferzbly greater than or equal to 85% and even more
preferably greater than or equal to 90-95%.

"Cancer" 1s used in its broadest sense, and includes
cancers, tumours and leukaemias en masse or as indivicual
cells. "Aberrations” of bound GM-CSF receptor ox its
nucleotide sequence is used to mean any alteration in amino

acid and/or nucleotide sequence detectable by analysis of
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transcript. Figure 11 illustrates the responsiveness of cells from
cloned hGVR-FD cell lines to proliferative stimulation by reconbinant m or
hGw CSF. Lines maintained in human G\t CSF exhibit a simlar content of

cl onogenic celis with both stimuli (eg. clone 54), whereas in |ines

mai nt ai ned in mhGwW CSF (eg. clone 21) nurine-responsive clonogenic cells

are nore frequent than hunan-responsh%e cells. For both types of cell Iine,
clonogenic cells are | ess responsive ™o human than to murine GW CSF.
Fi gure khes e it e tHoiib I dUl & Ch A e tetbs ek, SeGit 1g ansg or mation of

125- hGW.CSFE_binding to_h R PDQ cell.clanes. A ._clone 21
mai nt ai M J?’r#’t?ﬁ‘k%’tﬁ?“%ﬁ)‘[ e%‘]‘cc’rdfngoﬁé'eﬁ SHGEH G maY C, D:
cl one 5S@antiaitraiaredlter@MGECSH | ecepdxd dletedtable as dwiimg pee point.

13 Aa i L | el %Y ' j [ f
[err}]l- r%\‘/%(%:&a dg%%n‘gs% ﬁdi% ;‘?ﬁ q%%%%%ﬁr%f or ma ]_is%én)s. The

Scat chaf®ayepisdf RRTRFRCY FRNTGERlated \BY [LhR PTeredt otyertioRor ¢l one
21 and K[ err]=6nM

General techniques for cloning and expressing cDNA are
well known in the art, and can be found, for example, in
Maniatis et al (1982). For the purposes of exemplification
only, the present invention is described with reference to
the ¢cDNA encoding a hGM-CSF receptor ‘expressed in COS~7
cells employing the COS cell expression vector nH3M (Aruffo
and Seed, 1987). This is done with the understanding that
the present invention includes within its scope cDNA

encoding hGM-CSF receptor expressed in any vector and/or
host. For example, it would be a matter of routine
experimentation for a person skilled in the art to place
the subject cDNA into a prokaryotic expression vector and -
express same in bacteria, such as Escherichia coli,
Bacillus sp. or Pseudomonas species. By routine
manipulation, the ¢DNA can be expressed in eukaryotic cells
such as yeasts, fungi, insect cell lines, mammalian cell
lines other than COS cells, or plant cells. By known
methods, the cDNA can also be transferred into germ line or
somatic cells to form transgenic animals.

The present invention extends to single or double
stranded DNA, cDNA or mRNA wherein at least one nucleotide
strand thereof encodes, or is complementary to, a
nucleotide strand which encodes human GM-CSF receptor or
its derivatives, and to any vectoxr, expression or

otherwise, containing same, including viral vectors.

In a preferred embodiment, the invention provides a
recombinant DNA molecule comprising a gene encoding the
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20, 000 receptors/cell for clone 50. Figure 13 illustrates the
l-nternalization of [err]l- hGW CSF bound to hGWR-FD cl one 33 cells (upper
curve) or hGWR-FD clone 53 cells (lower curve) at 37[err]C. The forner
cells had been maintained in a mxture of nmurine and human GVt CSF whil e the
| atter had been maintained in hGWCSF only. The curves show the variation
of cell surface- associated and inter qllzed radi oactivity with tine, after
addition of [err]l-hGw CSF, determ ned’as described (Nicola et al, 1988);

the line 10 4 fgg§) wer e
fitted bﬁuhg Etg%r J&?&Hﬁ ﬁ?ﬂiié éokfa et 2 %08 d&@t‘ﬂT one 33,
1.9x10[ e PFC@eﬁn§ ?u %ﬂ&?ﬁrﬂa %ﬁ% RS Shcent rat i on
was 13nMidemt iftyr w:lﬂn&aﬁm ﬁeéhgiﬂi:era:}d odlich vmateaj.mechmdrem rdneaxnd t he

[err]l-h R qﬁﬁ#t ##h ﬂé%ﬁﬁ o) HE

| NVENTI O%Mn ot’ OW n evi at [ -o% are usgﬁtﬁn ﬁaﬂ-

h, MGV CSRoW-af fiahity éFH'rﬁﬁIf rfféerg%wo@gﬂf URan JPiF . said gene

col ony- sthéﬂﬂgatdg&émpy A inked>£&ha romotergram&@cpﬁ@fémW sdidul ating
factor It| pot ent qﬁt |nuJat|ng factor IL-2
| Drer! cuRdiFPertige: conptiidt PSh B Ae TN HadReY 41912V B0,

nediun1camwmamanpﬁinevdwméunla#n@aaﬁ intracellular domaiges um

Although the sequence presented in Fiqure 6B refers
specifically to the low-affinity GM-CSF receptor, the
evidence presented herein indicates that the low affinity
GM~CSF receptor itself forms a component cf the high-
affinity GM-CSF receptor, which may be a multimer of the
low-affinity GM-CSF receptor. The high-affinity GM-CSF
receptor is therefore specifically included in the scope of
the present invention.

In accordance with a particularly preferred embodiment
of the present invention, there is provided the GM-CSF
receptor molecule having the amino acid sequence shown in
Figure 6B. This molecule is a 400 amino acid polypeptide
with a molecular weight of approximately 45,000, having a
single hydrophobic transmembrane domain, a glycosylated
extracellular domain and a short (54 amino acid)
intracytoplasmic tail. The ligand-binding domain (23-3189)
contains eleven cysteine residues. The subject receptor
does not contain a tyrosine kinase domain, and does not
show homology with members of the immunoglobulin gene
superfamily, but does share sequence homology with
receptors of other haemopoietic growth factors such as
huwan IL-6, erythropoietin and IL-2 (g-chain). This GM-CSF
receptor shows a single class of binding affinity (Kp=2-
8nM), with specificity for GM-CSF but not IL-3.



4  PBS phosphat e buffered saline EDTA et hyl ene

di am ne tetraacetic acid FCS foetal calf serum |IL-3
interleukin-3° [IL-6 i nterl eukin-6 EPO

eryt hropoi etin PRL prol actin h- human

muri ne r- rat LIF | eukaem a i nhibitory factor
PCR pol ynmerase chain react.ion ORF open reading
frane h- G R human recept or&or Gw CsF h- G R- FD FDC- P1

cells transiecigdughiBEMR cnd Lgﬁpacuc-% of %%{réﬁgegﬁﬁz&%d( %&Fﬁ' ")

| L6R ecept or rece Klerr]
eqU|I|tN?{ﬁnEﬁs§85FEFP8ﬁ goﬁgygnﬁequ@pggaencodlng tEPCFFEEEBPSr PRLR

PRL recemtlrcul€DSs shown in FigurentBodeiny mothbdsewhiShCare well
Standard%ééiﬁffsﬁéﬁrahe maflifa1s which af&0K¥RHEIGOSLIE1 b RNOgRNate  DSS

di succi ni m dyl_  suberate
deschbed herein.

Given the aforementioned amino acid sequence and
biochemical properties, the present invention includes
within its scope a synthetic GM-CSF receptor molecule
prepared by the chemical addition of amino acids by
established techniques and in a sequence as established
herein. .The invention further includes recombinant or
synthetic derivatives of GM-CSF receptor carrying single or
multiple amino acid substitutions, deletions and/ox
additions to any or all of the aforementioned regions or
domains of the receptor molecules. Such derivatives may be
functional (i.e. biological) equivalents with respect to
their ability to bind to GM-CSF or its derivatives, and/or -
may exhibit substantial amino acid homology to the
aforementioned GM-CSF receptor amino acid sequence. One
preferred derivative of GM-CSF receptor comprises all or
part of the extracellular domain (soluble portion).
Derivatives also include any or all of the receptor
molecule in glycosylated or unglycosylated form. Depending
upon the expression system and host employed, for example,
the recombinant receptor may or may not be glycosylated.
Both glycosylated and unglycosylated forms of the
recombinant ox synthetic GM-CSF receptor or its derivatives
are within the scope ¢of the present invention.

Functionally active derivatives or equivalents of the GM-
CSF receptor can readily be identified using the methods
described herein.

The invention is also directed jinter alia to the cDNA
encoding a GM-CSF receptcr as hereinbefore defined. The -



By "G\ CSF receptor” is neant a glycosylated or ungl ycosyl at ed

pr ot ei naceous (i.e. amno acid containing) nolecule conprising, inits
entirety, an extracellular domain, a transnmenbrane donmai n and an
intracytoplasmic tail. The receptor nolecule is capable of specifically
bi ndi ng radi oactively |abelled GWCSF or derivatives thereof, said binding
being defined inter alia as bei ng con&t ed for by unl abel | ed G\ CSF.

Izljéecon’olnant C%E &gt is meant a gl ycaqsyl ated or
unglyco§%? cTOPBFYPERt PdBURBPRELFR, 2RARANER FPPHBUL"ofH Prﬁkéﬁblated

nol ecul €Bh¢ egcopei df) ther ptesedtbynventibnnintlodess colah as by the
|lgal'C"Bé%;@aﬁ?“és”@%%%&hﬁgeQiﬁeiagokhﬁuiﬁiﬁﬁéo Eﬁeb%id@?r'vat've into an

approprlate eXgI’GSSIOI’l vector In cor;{aﬁ readi n I’QI’T'E relative to a
o

pr omot erSUPRELEREAPRG 1t A€ F@%BP?aﬁPS/EEo AOnEx FRdadiye ﬁﬁbt into a
sui t abl eabosémend igned n@Nﬂaséqhenteundsnchodémtwamiveppmmmweﬁcbddw t he

eXPr ess! Phle it s b RACESHALLochEBASRRILALLANOR! abl atAYLY Mrdspeptor or

its derivative from sai Uri £yi ng the reconblna r'ecept or
or deriv@dfheas a GMES FGWFespigFlﬁﬁFEUFBE- §dngile ¢ awltinle ARHMO a cel

carryi nga@idesapseitt ivhisGh delle€ibneaant/og additipneau TRy grltent

St'nU|ati89eg lgrogﬁs%r%%E%ﬁpgssegn%F Bﬁﬁ!carrylng a nucleotide
sequence substantially homologous to the subject nucleotide
sequence, i.e. carrying at least 75% homology, preferably
B0-85% homology and even more preferably greater than 90-
95% homology. Methods for producing such derivatives, for
example by site-directed mutagenesis, random mutagenesis,
or enzymatic cleavage and/or ligation of the nucleic acid,
are well known in the art, as are methods for determining
whether the thus-modified nucleic acid has significant
homology to the subject sequence, for example by

— hybridization.

The present invention further includes molecules such
as polypeptides fused to the GM-CSF receptor or its
derivatives, or nucleotide sequences contiguous to GM-CSF
receptor-encoding sequences. For example, and not by way
of linitation, it may be desirable to produce a fusion
protein comprising GM-CSF receptor or its derivative and an
amino acid sequence from another polypeptide or protein,
examples of the latter, especially pxokaryotic systems,
being enzymes such as f8-galactosidase, phosphatase, urease
and the like. Most fusion proteins are formed by the
expression of a recombinant gene in which two coding
sequences have been joined together such that their reading
frames are in phase. Alternatively, polypeptides can be
linked in vitro by chemical means. All such fusion ox
hybrid derivatives of GM-CSF receptor or the respective



activation of that cell, as hereinbefore described. The term "bind" in
relation to GWCSF and its receptor is used in its broadest sense, and
means any associ ation between GWCSF and its receptor, and particularly in
relation to cell-bound receptor, sufficient to induce the stinulation of
proliferation or functional activation of the cell on which the receptor is
| ocat ed. "Non-bound GW CSF" general | ypgreans circul ati ng Gw CSF. By
"substantial am no acid honol ogy"” is nmeant nol ecul es having a sequence
honol ogyenfodiopg cnacheet ¥ d€58equenves, ape cércdlpasge&aberth8an or equal to

85%)andé@@gbﬁgwfh5@ feLably greater than or equal to 90-95%
"Cancer"™ is used In ﬁts groadest sense, and includes cancers, tunopurs and

| eukaem as en masse or as indivirdual cells. "Aberrations"” of bound Gw CSF
receptor or its nucleotide sequence is used to nean any alteration in am no

acid and/ or o ' detect abl e by _anal ysis_of . t he
re;pective %%%ﬁ+§§%$g%aggg§?g?§PnegﬁeF8?°£?a¥BF8Y1§95h§8FPﬂP29PP6n st udi es.
Accor di Y, sunthetie GM-CSHayeeentarnand derévatiiehé CShereofpinr

det ect abhef B DehBIgEaAntL LY’ 88rb¥nbN@evEEophehbeo BV £5F LREAPIAQT OF its

n I n .
encod (%eceptor therapeutics and diagnostics.

Accordingly, another aspect of the invention
contemplates a method for modulating the proliferation or
functional activation of GM-CSF-stimulation-sensitive cells
in a mammal which method comprises the administration to
said mammal of an effective amount of GM-CSF receptor or
its derivative for a time and under conditions sufficient
to reduce the amount of non-bound GM-CSF. The subject
method is predicated on the binding of GM-CSF circulating
in the body to soluble receptor before the lymphokine can -
bind to the cell-bound receptor, thereby reducing the
amount of GM~CSF available for binding to GM-CSF-
stimulation-sensitive cells.

The invention extends to the use of the entire
! recombinant or synthetic GM-CSF receptor or its derivative
in the modulation of proliferation or functional activation
of GM-CSF-stimulation-sensitive cells, but preferably the
soluble or extracellular domain is used.

This method is particularly useful in treating disease
states such as myeioid leukaemias where the leukaemic cells
express GM-CSF receptors (Young and Griffin, 1986). Many
types of myeloid leukaemia cells, for example, cannot
undergo proliferation in vitro unless exogenous colony
stimulating factors are available (Metcalf, 1984).
Accordingly, recombinant or synthetic GM-CSF receptor or



nucl eoti de sequence contenpl ated by the present invention. Gener al
techni ques for cloning and expressing cDNA are well known in the art, and
can be found, for exanple, in Maniatis et al (1982). For the purposes of
exenplification only, the present invention is described with reference to
t he cDNA encodi ng a hGw CSF receptor expressed in COS-7 cells enploying the
COS call expression vector nH3M (Aruffg and Seed, 1987). This is done with
t he understanding that the present inv ﬁtion includes within its scope cDNA

encodi ng DV §eF1 ERESRELS aallia% e eld! ;%nwi\e%cn.&plamw dgost. For exanpl e,

it would r. a_pergﬁp killed in the
g%ﬂdéé'ﬁ or and

be a patter of routine experiime I Q
art to pl SLECERBLING; G CHBATGhERS SOOIPStRHoF
express shatten bactelilabounch Gi-0SFC hrexdeptca .coThe Batijdats meythoad
Pseudono pe¢LES [ %E?E I i?aap ressed in
eukar yot P@E%%I ?gggug sg'}sétr %gstesi‘,% néllrklic?tr? ec stcgﬁ %%ggaﬂman cel l
li nes ot hﬁ?x@-ﬁaﬁféést@elq%,OV&r‘}ﬂré’tﬁ“q,téquE o EMAASE Nt dd atHERIDNA can

al so be thaaelesystemst QIaRigNdt RA 0N IBFRIchnIn 2t @lf,0nImgg)ansgeni c
ani mal s. The present invention extends to single or doubl'e stranded
DNA, cDNA or nRNA wherein at |east one nucleotide strand thereof encodes,
or i s conpl effbat present dnwerteioin delen rexttends dlv arduidexd leswmar@t CSF

receptor B&rjtfiéuisgl;ﬁatxﬂdf%lcﬁ[ﬂ leh tBBodiRE Oho PENRBIIHhtO00t her v se,
cont ai ni ng sane, .1 ncludi rig viral vectors. referred enbodi nent,

I
the i nvenB¥BRhgLdG GG ré‘aﬁﬁﬁ%PWMMa@r}é’%ri Y a gene

encodi ng dfetibodies are particularly useful in purifying GM-CSF
receptors and for quantitating the same. The subject
invention also extends to antibodies (monoclenal or
polyclonal) against said first antibodies for the purposes
of assaying plasma, serum or body fluids, cell surfaces or
cell extracts for the presence of GM-CSF receptors. One or
other of the aforementioned antibodies may be labelled with
a reporter molecule for use, for example, in sandwich -
assays. Methods for production and screening of polyclonal
and monoclonal antibodies, optionally including the use of
adjuvants, methods for labelling such antibodies with
radicactive, fluorescent, or chemical labels, and methods
of immunoassay, such as radioimmunoassay, fluorescent
immunoassay, and enzyme-linked immuncassay (ELISA), and
coupling of antibodies to solid supports to form
immunocadsorbents, are routine in the art.

Furthermore, the recombinant or synthetic GM-CSF
receptors can be used in developing agonists and
antagonists to augment or reduce binding of GM-CSF to its
cell-bound receptors. For example, a transfected cell line
bearing recombinant GM-CSF receptors may be used to screer
compounds for such activities. The present invention
extends to the use of such agonists or antagonists in the
treatment of disease states caused by excessive or



17 human lowaffinity Gw CSF receptor, or a honol ogue thereof which
encodes a pol ypeptide having a | east 75% sequence identity with said
receptor and which retains at | east one- tenth of the relative binding
affinity of the native human | owaffinity Gw CSF receptor for human GV CSF,
sai d gene being operably linked to a pronoter. Mre preferably said

pol ypepti de conprises an extracell ul domai n, a transnenbrane donmain, and
an intracellul ar domain. AIthough t he sequence presented in Figure 6B

refers | fd.cal t it : Vglence

pr esent é'gi%ﬁieéfefﬁ%ﬁr%dj%%igféﬁﬁféﬂe# o%@%%%%@%iﬁgafﬁﬁi tsel f
forms a SSomforidtiafiiqonesenghtivg iGat 8. GRASHRIE AT THIGh nmay be a
mul ti {rerarm‘agdﬁdnfy\faiéimité ]ynﬁvtlkfﬂ:ly esAiffing fox REwitiddiai ty GV CSFt
receptor.j.s 0 [ e resen

I nventi ofr#agrﬁé}leéfn"%g%%r antegﬁﬁl%nﬁ%%% gﬁé;}&f)arslg%roré;%léﬁg% I ment of
t he presentsynthefiorchenieal i compon whicclonasioe aarrenedob¥cul e

havi ng tdie Edeacid ROGREAS uSIYVbitdngue Hibellis gl esrl€sis a 400
am no acid poI%Peptlde wi th a nol ecul ar wei ght of approxi mately 45, 000,
havi ng &0 & hyf HHBRFEST t ansnenbrane domai n, a gl ycosyl at ed

extracel lul ar domain and a short (54 am no acid) intracytoplasmc tail. The
Iigand-bindiﬂg ﬁ%@@éﬂt(zﬁﬁéﬁglon also extends to the use of GM~-CSF

or its derivatives in the manufacture of a medicament for

the treatment of GM-CSF-related diseases. Such diseases

include cancers, tumors and leukaemias caused by or

associated with GM-CSF~-stimulation-sensitive cells.

Another aspect of the present invention extends to the
use of recombinant or synthetic GM-CSF receptor or
derivatives thereof, and particularly tc nucleotide
~ sequences encoding same, in the diagnosis of cancers -

composed of, or associated with, GM~CSF-stimulation-

sensitive cells by detecting cell-bound GM-CSF receptors or
aberrations thereof, or nucleotide sequences encoding same,

in said cancer cells. ' '

In accordance with the present invention, the
functional, low-affinity hGM-CSF receptor has been cloned
from placenta, and it has been shown that it recognizes
only GM-CSF and not interleukin-3. This receptor, when
transfected into COS cells, shows nearly identical low
affinity to, and the same specificity as the receptor on
placental membranes. Moreover, like the low affinity hGM-
CSF receptor on haemopoietic cells, the transfected
receptor is characterized by a rapid ligand dissociation
rate (Ty1,/2=5 min) and poor internalization (approximately
10-20% after 2 hours at.37°C).
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cont ai ns el even cystei ne residues. The subject receptor does not contain a

t'yr osi ne ki nase domai n,
i mmunogl obul i n gene superfamly,

receptors of other haenopoietic growmh factors such as human |L-6,

erythropoietin and |IL-2 (8-chain).

and does not show honol ogy with nenbers of the
but does share sequence honology with

This GW CSF receptor shows a single

class of binding affinity (Klerr]=2- 80nM, with specificity for G\ CSF but
not |L-3. 18 It is wel
the capaci tBueth@emspas aki bhedni iint Feégurer 8,t cheopstiunddbna obNEosequence

encodi NG Jdie {188 OPL 0L queliPh PG UhBoBSx EHRLALY \cBhOUEGAP  HSLRG et hods

are wel |

and are readi Iy aval able as

Wt hin

whi ch

descri bexRGRPEORS £or GM-EPFenliné,PEYERERPPAREANAAPACIRGRd (85quence and
bi ochemc_qeém %§§é5€1VEM9,paaaeﬁhel 8¥aekkeNinNwhighs threet bifn i ts scope a

synt heti

|._add f
ani no acﬁaﬁs%yreségPﬁ fg%ﬁggonghﬁFqﬁgéggﬁégﬁngétgggﬁgEgg‘gg egtabf:gﬂeg

her ei n.
derivat|

substltutlons

ﬂémepuwrntypesturrheselﬁohudeysmego#brnanﬂﬂssu whighhodight

et1ons_and trons to any or

af or emeriBheaithgrond the t&f@nﬁﬁ’ﬁ§eé¥‘et residues: 9f F\‘BPeEE‘I"@s Such
deri vat i ¥gSepbyrbassotiatedowdlch( ithe. patakdgiecdmnutkpgilobudins deintain espect

to

structure (Yamasaki et al, 1988).

Trp236 is conserved, and in three of the receptors is
adjacent to an Arg residue. A further homology between all
four receptor sequences is found just N-terminal of the
transmembrane domain (Figure 9). The consensus sequence
starting at position 294 of the GM-CSF receptor (the "WS-
WS" box) is found in all four receptors. The position of
this sequence is close to the transmembrane domain in three
of the receptors (for GM-CSF, erythropoietin and IL-2 (g~
chain)), but is further away in the IL-6 receptor.

A string based on the "WS-WS" box (VKXRXX(g.11)WSXWS)
was used to search the most up-to-date database (Protein
Research Foundation, Japan; April 1989), and a region
homologous to this string was found in the rat prolactin
receptor (rPRL receptor; Boutin et _al, 1988) Jjust N-

terminal to its transmembrane domain (Figure 9).
Strikingly, all four of the extracellular cysteine residues
1n the rPRL receptor, as well as a Lys-Trp doublet, are
found in approximately the same relative positions as those
of the four haemopoietic receptors (Flgure 9A). The rPRL
receptor also has a transmembrane cysteine residue (Boutin
et al, 1988), but the transmembrane sequence is not
homologous to the hGM-CSF receptor. By contrast, the “WS-

WS box is not found in a close relative of the prolactin

gjé/]L,C§E E.EEEQLEBa&ﬁr aggagpﬁaaal Bofls, %I h‘b&' eoamfaeaci d
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their ability to bind to GWCSF or its derivatives, and/or may exhi bit
substantial am no acid honol ogy to the af orenenti oned G\t CSF r ecept or

am no aci d sequence. One preferred derivative of Gw CSF receptor
conprises all or part of the extracellular domain (soluble portion).
Derivatives also include any or all of the receptor nmol ecul e in

gl ycosyl ated or ungl ycosyl ated f.orm <gpendi ng upon the expression system
and host enployed, for exanple, t he reconbi nant receptor nmay or nay not

be gl yccne)dqmd: tlli’@t@r@d.rynonafﬁbﬂd receptdt Y COSYA@ e 4Df NEIBB) | he
recomnbi W‘u}; :?yé‘{rtx‘éé ?\%e 0 ﬁEESBtE%nPé?été?%&éﬂc?téuﬁf g Wthin

the scope 0 Fesen errvalives or
equi val éfittsh ?h%rE¢Qi#CtlEEFE¢éE§9¥o(Be%hlmeQﬁLik bt988ent i ThedhG¥irng t he

net hods csplepaéepesr Neh€éréfore appedPs t6VBEla OfemSer! 69 &lihewted inter
aliatot C¥£ as. herei nbefore defined. The

F to
19 C[»Uf%ﬁ%ﬁﬁl%gsgﬁ9ﬂﬁg|agﬁl8é Eﬁﬁﬁ@ﬁggggﬂﬁmﬁa?YPfﬁEEE%P%EF The scope of
the presdefineddnyithei setudésfidblAirdeepyars véescribgd ngbeveg(t.er nultiple

nucl eot | giew Sees] | hHELeNSmuslghe! 885 ARALS! (BOCRALAYSAE! Bbkie Lo Lhe

af orement i oned CDNA sefuence. derivatlves may’ enco e entire Gv CSF
receptorr?ﬁﬁﬁﬁﬁF%)or derivatives thereof, such as a GW CSF receptor
carrying single or multiple am no

In the GM-CSF receptor mRNA, there is a short 22 codon
ORF prior to the long ORF encoding the GM-CSF receptor.
Interestingly, such short ORFs are also found 5’ of the
main receptor coding region in the DNA sequences for the
human IL-6 receptor (Yamasaki et al, 1988), the murine IL-1
receptor (Sims et al, 1988) and the human IL-2 receptor o
and B-chains (Nikaido et _al, 1984; Hatekeyama et _al, 1989)
and might act, if translated, to depress the translation of

—~ the main receptor coding regions. Such a mechanism might -
partly explain the low levels of expression of these
receptors in normal cell types.
The present invention is further described by way of
reference only to the following non-limiting éxamples:

EXAMPLE 1
MATERIALS AND METHODS

The following materials or methods were employed
in subseguent exanples. Biological starting materials
referred to herein are known in the art.

A cDNA library derived from poly-A+ selected human
placental RNA, constructed in the COS cell expression
vector mH3M (Aruffo and Seed, 1987) and consisting of



acid substitutions, deletions and/or additions. The present invention also
enconpasses a cDNA carrying a nucl eotide sequence substantially honol ogous
to the subject nucleotide sequence, i.e. carrying at |east 75% honol ogy,
preferably 80-85% honol ogy and even nore preferably greater than 90- 95%
honol ogy. Met hods for producing such derivatives, for exanple by
site-directed nutagenesis, random nutggenesis, or enzymatic cleavage and/or
ligation of the nucleic acid, are well known in the art, as are nethods for
determ napgruhmaeélyhexubésmaépénadnnucn.enesacwdshpsongedf byabir .honol ogy

to the sgbjggéﬁe?ﬁg ?gaung é}é¥/4§€% eguzabhggo esUFA§he pr esent

I nvention fur es suc ed to the
G\ CSF réEEF?GFmBFeﬂVS1@erF&QPF§e§erGrPFHéPES?lHE §€&H€ﬁ€€§l€8ht|guous to
GVt CSF rrcepsevpsneedilsy SodtdmeeTheorinoafooe poalsd odt by way of

| t at [ '

Qv cor + BRREPiE el SHA0 BBy . BEeBarifol hReREeL ) stiRE S T,
pol ypept Mipiprepr OiNai fropx @ashe wass qmﬂfzﬁqtéd ingiee GO/17y geldi&Eaibt i ¢
systens, eﬁ%ﬁgoﬁ%ﬁﬁ%ﬁuc%ﬁ%ﬂl‘iﬁ by .%lﬁ?ﬁ edsdasee1nBospha %@?ﬂ, urease and

the like usi o roteins are forned Vo the expr.essj on
r econbi nRRPSEbBA&e™ ‘-Wrﬁoe(ﬂ? 4 &R IdRR R betUdRDs “Héi?r‘ii tﬁ‘bc?aq‘bbet her
such thamihhpep ™A NP gyaramsd aﬂa.]t]recpfmsexceﬁdﬁqar réa e y Cepdls/pept i des

can be 1 “kedglgﬁ\eggg%r ece%p%fn Coa'ﬁi?ag% et d¢ 3oty UndyPrid

derivatiVves o ectiv
125uFD (t.=8.2-10. Smsec), returned to Lce for 5 min and

finally cultured in 2ml Dulbecco’s modified Eagle’s medium
(DME) containing 10% (v/v) foetal calf serum (FCS) in glass
slide-based flaskettes (Lab-Tek, Nunc Inc., Naperville,
USA). These conditions led to a 15-20% transfection
frequency in surviving COS-7 cells as assessed by control
transfections of ICAM/CDM8 (Simmons et _al, 1987) labelled

- with a radioiodinated anti-ICAM monoclonal antibody W-CAM-1 -
(Boyd et _al, 1988). After 48 hours, the medium was removed
and the transfected monolayers assessed for binding of
radioiodinated human GM-CSF (4-8x10° cpm of 1251-GM-CSF
(1-2nM) in 1ml Hepes buffered RPMl medium pH7.2/iO% FCS)
for 60 min at 20°C. The monolayers were washed twice in
medium, fixed in 2.5% (w/v) glutaraldehyde/PBS and dipped
in 1% (w/v) gelatine as described (Nicola and Metcalf,
1985). The slides were dipped in Kodak NTB2 photographic
emulsion at 42°C and exposed in the dark for 48 hours at
4°C in light-proof boxes containing dessicant. Slides were
developed for 3 min in Xodak D19 developer (40g/500ml
water), and rinsed in water and fixed for 3 min in Agfa

(T

G433C fixer before staining in 10% filtered Giemsa stain in
water. Slides wuire screened at 10-20x magnification and
two positive pools (#29 and #138) were selected.
Corresponding glycerol stocks of E.coli transfoxrmants were

partitioned into smaller pools until single cDNA clones



20 encodi ng nucl eoti de sequences are enconpassed by the present invention. .
The present invention, therefore, provides reconbi nant and synthetic GW CSF
receptor and derivatives thereof in sufficient quantity for the devel opnent
of, for exanple, receptor therapeutics and di agnosti cs. Accordi ngly,
anot her aspect of the invention contenplates a nethod for nodul ating the
proliferation or functional activatioggof GW CSF-stimulation-sensitive
cells in a mamual which nmethod conprises the adm nistration to said mamral
of an ef apréi ve amusel COE-GVcQIA s aveMigia F23 t-pvleygvahe¥e for a time and
under COQQ%%E%Q& sufficient to reduce the anmount of non-bound GW CSF. The
subj ect nethod I'S predicated on the binding of GWCSF circulating in the
body to sol uble receptor before the | ynphokine can bind to the cell-bound

receptorgeégghegﬁg[gQgﬁﬁ@gnghe anount of GW CSF avail able for binding to
G\t CSF- stinul at1on-sensitive cells. The invention extends to the use
of the entire reconbinant or synthetic GW CSF receptor or its derivative in
t he nodul at The dnsentls fagrdtvaxricors finmtosrmahl £fradgneaerdts af aflones 29

GVt CSF- st | QR+3ERSH |l t I
extracel %txlgglrlggo%%f% LS _us,l\gg.‘.e%e_ lr&?Tl#isB %ﬁ%ﬁs%ga%ﬁ%C? ﬁef ul in
t r eat i ngthps@ideosyachain derpdnardian aethaddfangem&teale fl%m(hem c

cells using modified T7 polymerase (Tabor and Richardson, 1987;
Sequenase, USB) and primers internal to subcloned segments.
Ambiguities were resolved using dITP. Primers
corresponding to some of these subclones were used to
extend the sequence to adjacent segments. Both strands of
clone 138 were sequenced in their entirety (average gel
characters per contig character=4.87). All subcloning
boundarjes were resequenced on full-length clones. The
mMRNA-synonymous strand of clone 29 was completely

~ sequenced, and ambiguities resolved using oligonucleotides -
on the opposite strand.

Analysis of RNA and DNA (Northern and Southern Blotting)

Cytoplasmic polyadenylated RNA (approximately 1l.5ug),
prepared essentially as described by Gough (1988), was
fractionated on 1% (w/vj agarose gels containing 20mM
morpholinopropane sulphonic acid, SmM sodium acetate, 1mM
EDTA (pH 7.0), plus 6% (v/v) formaldehyde, and transferred
to nitrocellulose. Prior to hybridization, filters
containing RNA were soaked in 2xSSC containing 0.2% (w/v)
Ficoll, 0.2% (w/v) polyvinylpyrollidone, 0.2% (w/v) bovine
serum albumin, 2mM sodium pyrophosphate, lmM ATP, 30
50ug/ml denatured salmon sperm DNA and 50ug/ml E. coli tRNA
at 6§7°C for several hours. Hybridization was performed in
the same buffer plus 0.1% (w/v) SDS at 67°C. The
hybridization probe was the gel-purified 1300bp Xhol-EcoRY



express GV CSF receptors (Young and Giffin, 1986). Many types of nyel oid

. eukaem a cells, for exanple, cannot undergo proliferation in vitro unless
exogenous colony stimulating factors are avail able (Metcal f, 1984).

Accordi ngly, reconbinant or synthetic Gw CSF receptor or

21 its derivatives admnistered in vivo will bind to circulating G CSP and
t hus conpete for binding of the latter7to cell bound GwW CSF receptor. The
subj ect nethod will also assist as therapeutic agents in abrogating the

t oxi c effwdment ovannpngdehei Bn ehd GyE CEBNAotadnien pEMRA3B ,nodel syst ens
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for the gﬁ@éggggogia CSF receptors. One or other of the aforenentioned
anti bodi es may be led with a reporter nolecule for use, for exanple,

I n sandw ch assays. N@thods for producti.on and screeni ng of polyclonal and
nmonocl onal Wehi pgdiaddiquonisi efahligh molletiuian weight gfenomic DNA

were digested with PstI, electrophoresed in 0.8% agarose

gels and transferred to nitrocellulose. Conditions for
hybridization and washing were as described above for RNA
analysis. The hybridization probe was the gel-purified

786bp Kpn-EcoRI fragment spanning the 3’ end of the hGM-CSF
receptor coding region, radiolabelled to a specific

activity of approximately 2-4x108 cpm/ug by nick-

translation and included in the hybridizations at

approximately 2x107 cpm/ml. -

RNA detection using the polymerase chain reaction

RNA (approx lug) was subjected to first strand CDNA
synthesis in a 20yl reaction containing 50mM Tris-Cl (pH
8.3 at 42°C), 20mM KC1l, 10mM MgCl,, SmM dithiothreitol, 1lmM
o =wach dNTP, 20ug/ml oligo-dT;5 and 20 units AMV reverse
trunscriptase (Boehringer Mannheim) for 40 minutes at 42°C.
After completion of first-strand synthesis, the reaction
was diluted to 100 ul with distilled water and 5 ul used
for each PCR (polymerase chain reaction). Polymerase chain
reactions contained 200 puM of each dANTP, 1 uM of each
specific primer, buffer as supplied in the GeneAmp kit
(Cetus Corp., USA) and 1.25 units Tag polymerase in a
volume of 50 ul. The primers used -for PCR were 5’'~
CTTCTCTCTAGACCAGCA (position 131-147) and 5'-
ACATGGGTTCCTGAGTC (position 676-660) defining a 530bp



adj uvants, nmethods for |abelling such antibodies with radi oactive,
f.luorescent, or chem cal |abels, and nethods of imunoassay, such as

radi oi munoassay, fluorescent inmmunoassay, and.enzyne-linked i mrunoassay
(ELI SA), and coupling of antibodies to solid supports to form

| mmunoadsor bents, are routine in the art. Furt hernore, the reconbi nant
or synthetic GW CSF receptors can bezgsed in devel opi ng agoni sts and

ant agoni sts to augnent or reduce binding of GMCSF to its cell-bound

recept ofgagRentexaffplee PCR treactfion ednskitionsnarerear 2ngineagnididtast GV CSF
recept 0bS pfiRY ale 68984 130 G G]N 712 Fd2 @'yci‘é%h i3l Yeldkh- The present

i nventi on extends to’‘t e use qf such agoni sts or tagpnlsts In the
t r eat meFLISE ~Fetugs DNy é‘?’@s‘“@&u@d’lﬁf fcé’é’sﬁ%"oP
22 i nsuiehictiient warsoldletraidphioxeisdd) rhivouyhl aadi.i2kat(wov )olagadose

CSF-st | Rélataln%n t%%%%éer\é% P‘éol %Ltﬁ%%glquﬁ.own&l%%r %E%gonl sts include

nat ur al occurring or wel | as ot her
naturalPFQMMQHMGM%$QM'hﬂhﬂ#ﬂﬂﬂqgtﬂﬂg Wﬂﬁhﬂﬁnﬁﬁnﬂﬁﬁﬂrhhﬁd:ﬁhmwF be screened
by the aher &58x3 IBEGGn Fridke Riaithe el-HitimedOt.CRby eoNze cells as a

mar ker . insert of pGMR138, radiolabelled to a specific activity of
approximately 109 cpm/ug by random priming and included in

the hybridization at approximately 2x107 cpm/ml.

Radioligands

Purified, recombinant human or mouse GM-CSF produced in
non—-glycosylated form in E. coli (Delamarter et_al, 1985)
was radioiodinated by the modified iodine monochloride
method of Nicola et al (1988); briefly, 2 ug of protein (2

- Hl) was incubated with lmCi Na125I(New England Nuclear,
Dreieich, W. Germany) in 40 ul of 0.2M Na phosphate buffer
PH 7.2 containing 0.2% (w/v) Tween 20. Iodine monochloride
(0.03mM in 2M NaCl) was added in two lots of 3 ul and 6 ul
while vortex-mixing the solution. The reaction mixture was
passed through a column of Sephadex G-25M (Pharmacia,
Uppsala, Sweden) to separate macromolecular radioactivity
from free iodine (Hilton et al, 1989). 2125I-hGM-CSF was
100% bindable (Calvo et_al, 1983) and displayed a specific
radioactivity of 20,000-40,000 cpm/ng by the self-
displacement analysis of Calvo et _al(1983). 1251 -meM~CSF
had specifiec radioactivity 120,000 cpm/ng and bindability
40-50%. Unlabelled and labelled (specific radioactivity
40,000 cpm/ng) human IL-3 was purchased from Amersham
{Buckinghamshire, England).

Binding Experiments
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The present invention also extends to the use of GWCSF or its derivatives
.n the manufacture of a nedicanment for the treatnment of GV CSF-rel at ed

di seases. Such di seases include cancers, tunors and | eukaem as caused by or
associated with GwW CSF-stinul ati on-sensitive cells. Anot her aspect of
the present invention extends to the use of reconbinant or synthetic GW CSF
receptor or derivatives thereof, and2garticularly to nucl eotide sequences
encodi ng sanme, in the diagnosis of cancers conposed of, or associated with,
GMt CSF- st i HIL&N iamlls eqsown vEored | dapy ifivt BME| mgdiuil/ 1®uRAS GVt CSF

recept olefila i gai.iﬁ'élﬁbﬁ&ffoémeéhfy%ﬁﬂéhgﬁiasquéee_eﬁegﬂsgehaaasarre, in

sai d cancer_celd s. accordance w present vent t he
functi ol 3% &8%4743P Hé\/#’(‘lsr—ﬂ?%%%p(b‘ﬁ“"’ﬁasp%einfl:l%‘htge??%nggvécent a,
and it hesiiween(thpveont@ininagredg(vzeys HoeyalbMe&EE sadumo(HRE)er | euki n- 3.

attinty Ty PR dides| 6F 18] dork LhRubRced WER EALFLabERE | O 1OV
Terbr an@PRGRHEARIONT | RE LEATTBGMaFFF A0 ZREVVIEH 9t SRR Ton
haenopoigilgbeEld&, haMecsF apef sghpdatesept oori 8 hbaract ecaz®d by a rapid
[ L9an LLRE RRLS RS LhzpehrbyRic R’ Bhsiak fabkad

calf serum and centrifuged for 5 min at 700 g in small

plastic centrifuge tubes and the cell pellet removed by

cutting the tube with a scalpel blade. Cell-associated and

free radioactivity were separately determined by counting

duplicate tubes in a gamma-counter. Transfected COS-7

cells were harvested 48-72 hours after transfection by

removing the supernatant and incubating the adherent cells

in 40mM EDTA in HR containing 200 ug/ml chondroitin

sulphate, and incubating at 37°C for a further 40 min.

~ (Padmanabhan et al, 1988). The detached and disaggregated -

cells were centrifuged at 700 g for 5min and resuspended in

HRF with or without 20 nM EDTA and 100 pg/ml chondroitin

sulphate. Saturation binding isotherms or competition

experihents were performed as for HL60 cells. Human

placental membranes were prepared from fresh term placentas

essentially as described by Yeung et al (1987), with 6g of

placenta yielding 4 ml of membrane suspension. For each

binding point, 40 ul of membrane suspension was mixed with

40 pul HRF and increasing concentrations of 1251 _nhGM-CSF

with or without excess unlabelled hGM-CSF (0.3 uM). After

1 hour incubation at 20°C the membranes were centrifuged at

30,0009 for 5 minutes, the supernatant removed with a fine

Pasteur pipette and membrane pellets and supernatants

counted separately in a gamma-counter.

Saturation binding of 1257 hGM-CSF to hGM-R-FD cells and
Scatchard transformations were performed as described



23 Furthernore, as shown in Figure 9, the positions of four cysteine
resi dues are approxinmately conserved in the receptors for GWCSF, |L-6,
erythropoietin and IL-2 ([err]- chain) respectively, and the context in
which three of these residues are found is identical between the four
receptor types. These four cysteine residues, which mght formpairs of

I ntra-chain di sul phide bonds, do not 3@oi ncide with either of the two
cysteine residues of the IL-6 receptor associated with the putative

i Munogladmite n mmntimmmqwathMf ethxylat 1288]. CrosSTp236 is

gonfﬁrvqxﬁ; t%‘feﬁeﬁicl:%i“eréééﬁﬂéfétsbysm@ﬁJ-@@?n&n&Oo?rmﬂﬂﬁcgkdue A
ur er onol 0 etween a r.re or sequences.,!| S

Nt er i 2 M q%%£t¥%ﬁ§ﬂ@ﬂ5?éﬂ%uﬂ%%d$ % ea%dﬁggggﬁéeéequence
starti ngytwaliser i @b &04( 1985 he mw:':eanepbathnhbmwfv@ BIR) is found
0 all TR 39 6E O P Swed "By PREAALAY eiméalafsgﬂyeaeeob@ I RESepokhe

transne omal n ee o e recept ors % er thI’OpOI etin
and | L- 2ixternalizabion)studies swere RRFLQrmed; ﬁtt HBel tadicatedt or . A

string @&e%g,qﬂr%ﬂgo A ¥\ B0 P51 2 Hoxh GRS (Endl HNeSaM)a mwmn}&e&ear CBBtghe
nost t o-date rotei n Resear o] Lon 1 ,
o o P i SR RO bEbLRG: BE| AhE' SrPrasiaRbaloBRLALL TnidaRe er Bl | 989

receptorlQ&Eﬁ&.receptor Boutin et al, 1988) just N- termnal to its
transmenbrane domain (Figure 9). Strikingly, all four of the extracellular
cysteine residues in the rPRL receptor, as well as a Lys-Trp doublet, are
found i rs el ative posi‘tions as those of the four
haenopoi etic receptors (Flgure 9A). The rPRL receptor also has a

transnenbrag naX7 Ee %elasiL%%%.EQQUtﬁg cells in solution was
performed at 4°C as described above, and the cell pellets
resuspended in 1 ml of ice-cold Na phosphate buffered
(20mM, pH 7.2) saline (0.15M). Disuccinimidyl suberate
(Sigma, Missouri, USA) in anhydrous acetonitrile (10 ul)

- was immediately added to give a final concentration of 0- -
imM, and the cells incubated for 15 minutes on ice before
centrifuging the cell pellet at 13,000 g for 1 minute. The
cell pellet was treated with DNAase in the presence of
'protease inhibitors and prepared for sodium dodecyl
sulphate polyacrylamide gel electrophoresis as described
(Nicola and Peterson, 1586).

Analysis of Binding Data

Specific binding was determined as the difference
between binding in the absence or presence of excess
unlabelled hGM-CSF. Specifically bound cpm were convexrted
to molar concentrations using the specific radioactivity of
1257-GM-CSF determined by self-displacement analysis.
Curve-fitting of the binding data was performed using the
LIGAND program of Munson and Rodbard (1980) before
conversicn to the Scatchard transformation. Two binding



et al,

relative of the prolactin

1988), but the transnehbrane sequence i s not honol ogous to the
RGWt CSF receptor. By contrast, the "W5- W5' box is not found in a cl.ose

receptor, the growth hornone receptor (Leung et al,1988), which in
regi ons shares 75-100% sequence simlarity wiwth the prolactin receptor
et al, 1988). The hGw CSF gfﬁeptor therefore appears to be a

(Boutin
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of a new subset of growth an
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ot her

ifferentiation factor receptors,

gRte' FliSolpe 1ckd LAlpPLY HERRAY te0 cReo e s (O o G CSF
6 ignik icams: |1§‘P&'°§I‘Ft9r P58 - 03d o AVERF & indng vy encodi ng

€sk .receptor. Interestingly, such short ORFs are al so found

5" of

the main receptor coding region in the DKA sequences for the human IL-6
r (Yanasakl et aI 1988) t he nurlne IL 1 receptor (Sinms et al,

recepto

1988) aiato LD
ana et al , 1989) and n1ght act if translated, to depress t he

Hat ekey

SR B OVHEYSs (Ni kai do et al,

transl ati on of the

partly eprAalln' ke rTY@Wﬁ e&ﬂ%‘ 3t COdltéag‘s‘T%% Otrfql hess((;\‘b’fé(;1 JED#C%%S* ;Snm nmo?:]ntal

cell ty

PEMR2Bhe ppregsorad mweiﬂsmhesi fhenedar, dﬁ:rhfmﬁé)mﬁ%fth@
Xhol site of pJZzen2(SVNeo), a derivative of the retroviral

vector pMPZen (Johnson gt _al, 1989) in which a multiple
cloning site has replaced the single Xhol site of pMPZen,
and a 1.7kbp neomycin-resistance expression cassette (the
BamHI-EcoRI fragment of pDol (Korman et al, 1987), blunt-
ended and ligated to Clal linkers) was inserted into the
Clal site (J. Chang, 0. Bernard and K. Klingler,
unpublished data). y2 packaging cells (Mann et al, 1983)
were electroporated with pJZen2(SVNeo)-hGM-R DNA as
previously described (Johnson et al, 1989), and
transfectants were selected 2 days later using 400ug/ml of
antibiotic G418 (Geneticin, Sigma). G4lB8-resistant 2
clones were selected for high surface expression of hGM-R
by bindlng of 1251-hGM-CSF. Retroviral titres of receptor-
positive y2 clones were tested by polybrene-mediated
infection of NIH3T3 fibroblasts (Cepko et_al, 1984). "The
clone selected for further work (¥2-GMR) had a titre of
1.2x10% viral particles/ml.

Derivation of Infected FDC-Pl_Cell L.ines

Adherent ¥ 2-GMR cells (3x106 per 75¢cm2 flask) were
irradiated (35 Gy), and co-cultured with 10® FDC-P1 cells
{(Dexter et al, 1980) in 20 ml Dulbecco’s Modified Eagle'’s
Medium (DMEM) wlth 10% foetal calf serum (FCS) and 10%
pokeweed-mitogen stimulated spleen cell conditioned medium.

Washed supernatant cells from 48 hour cocultures were

1984



d

reference only to the followi ng non-limting exanples:

EXAMPLE 1 MATERI ALS AND METHODS The foll ow ng
materials or nethods were enployed in subsequent exanpl es. Biol ogical
starting materials referred to herein are known in the art. A cDNA

i brary derived from pol y- A+ sel ected human placental RNA, constructed in
the COS cell expression vector nH3M gAruffo and Seed, 1987) and consisting

of 25 approximately 5x10[err]
i ndependeitudethesn ager-edivedtbya Mend tySaetl J0hssskcluSel titener al

Ho t I | ) db
spi ta éfq/g};%ﬁ%g Lﬁfls 'd?ées\s(ﬂdﬁﬁr/&&l g@mw@e Ro@iced by

transforn1ng sortlgg hem 1 nto 1H$OO|S of approxi mately

2x10[erﬁ°ﬂh¥ﬂﬁ%&°QuRﬁpﬁ% rAAYST obGub %ﬁ PRREfr om each was
transf ede’eb idpingEh Encm*d:sr hja@laﬂu@«mﬂ 250-100 Bl:eJeId; yinlsbzé&0[err] COS-7

cells i&ﬁ““&f%fiét, fewer clones had developed in cultures
stimulated by hGM-CSF; these were dispersed in morphology,
and most contained only 10-30 cells. Individual clones
growing in cultures stimulated by hGM-CSF were removed
using a micropipette, and cloned cell lines established and
maintained in 1 ml cultures of DMEM with 20% FCS containing
either 6x10° U/ml hGM-CSF (12 lines) or 6x103 U/ml hGM-CSF
plus 103 U/ml mGM-CSF (36 lines). Subcloning of individual
cell lines was performed by growing colonies in agar medium
cultures of 200 cells/ml then removing individual colonies
after 7 days of incubation and continuing culture of these
colonies in suspension.

- Agar Cultures -

These were performed in 35mm plastic Petri dishes (Nunc,
Adelaide) using lml of agar medium (DMEM with final
éoncentrations of 20% FCS and 0.3% agar) (Metcalf, 1984)
and 300 cultured cells.

The stimuli used for colony formation were purified
recombinant mGM-~CSF (specific activity 3x10g U/mg protein)
or purified recombinant hGM-CSF (specific activity 108 U/mg
protein) produced as nonglycosylated derivatives in E.coli.
These were included as 0.lml volumes during preparation of
the agar cultures, and serial twofold dilutions were
performed using 5% FCS in 0.95% saline. Mean cell numbers
in 7-day colonies were determined by pooling 30-50
sequential colonies.
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phosphat e-buffered saline pH7.3 (PBS) were mxed with 20[err]|l m niprep DNA-
(3[err]g) and chilled on ice for 5 mn. Cells were electroporated in 0.4cm
gap cuvettes at 300V and 125[err]FD (t[err]=8.2-10.5msec), returned to ice
for 5 mn and finally cultured in 2m Dul becco’'s nodified Eagle's nmedium
(DMVE) containing 10% (v/v) foetal calf serum (FCS) in glass slide-based

fl askettes (Lab-Tek, Nunc Inc., Napersas |l e, USA). These conditions led to a
15-20% transfection frequency in surviving COS-7 cells as assessed hy

control transfections of | CAM CONBXAMPRED2S et al, 1987) labelled with a
r adi oi odi nated anti -1 CAM nonocl onal anti body WCAM 1 (Boyd et al, 1988).
After 48 hours, [ ' ) t ed ponol ayers
assessed f or2SHhSHeedR pf i : hEHRL T t4=oxtorert] cpm of

[err]l-GWCSF (1- ZnM in 1n1 Hepes buffered RPM rredl um pH7 2/ 10% FCS) for

60 m n at S e di fixed in
iy W/V)Zﬂfut ar&f%lﬂéﬁnyﬂehaxﬂé %’Sggdﬁﬁéﬂﬁé/ri%& hggegﬁ ggmg? ixed in
(Nlcolahm9$4ﬂ34xﬂ9w g ﬁS?ltfhEMstﬁeSeﬁﬁPE°HFp gHei ACKBaERING

phot ogr afixam %ﬁélmﬁw%éﬂs} Cpairlagyphamdni myeIheidaléukaemde hours at

4[err] C in Jigh f S e SLLges e vel oped
for 3 mcr?rjl"'hs %}iﬂi tt‘%% hlg‘gégl }?%ghﬁgbgn{féhﬁégfnfc Eé fr%?@éd ?% wat er and
fixed f &0 ABAG ih) A gfﬁlqn33C5hPW§rt @f§FE“§P§FHFnbiﬂﬁlﬁg%}FPFngEU G ensa
stain i mavefer . £5% i HeB1vpeR-esreanatiaig b Zﬁx—s’mgran$atnam mnu t wo

oF E coltot ARFIFRRNES HPECPaRFLA N ar, it S Bmilor -asal 4D 1 single

cDNA cl cifgsethylsulphoxide (DMSO) Transformation of th;s data by
the method of Scatchard (1949) after curve-fitting using
the LIGAND program of Munson and Rodbard (1980) indicated
that two, rather than one, binding sites were required to
fit the data (p<0.05), with the high affinity receptors
(40/cell) having a Kp of 46pM and the low affinity
receptors (130/cell) having a Kp of 2.9nM. After allowing
the same cells to dissociate bound GM-CSF for 10 minutes at
4°C and determining the remaining bound 1251 _heM-CSF on
the cells, only high affinity binding sites could be
detected (Fig 1A). This indicates that the low affinity
receptors display a more rapid rate of ligand dissociation
than do high affinity réceptors. This may explain thg
failure of other investigatcss (Gasson et _al, 1988; Park et
2l, 1986b; Kelleher et al, 1988) to detect the low affinity
receptors, since the subject binding procedure involves a
rapid, single-step separation of cell-bound from free
ligand. These authors described a single affinity class of
GM~CSF receptors, having Kp of 20-600 pM, on human
haemopoietic cells.

sSpecific binding of hGM-CSF to purified human placental
cell membranes was also detected (Fig 1B), but this binding
was to a single class of low-affinity receptor (3x10°



26 able to cause COS-7 cells to bind [err]l-Gw CSF were obtained. :
Sequenci ng Strat egy The inserts and various internal fragnments of

cl ones 29 and 138 were subcloned into ML3 vectors and sequenced by the
di deoxy chain term nation nethod (Sanger et al, 1977) using nodified T7
pol ymerase (Tabor and Ri chardson, 1987; Sequenase, USB) and priners

i nternal to subcloned segnents. Anbi% ities were resol ved using dl TP.
Primers corresponding to sone of these subclones were used to extend the

seqyenceré&ézggﬁgp,@ SEACBRES th sigynds e ahditn lPlaoeitaEegMenced in
their entire

average gel characters per conti h C =4 .87). A
subclanQﬁftﬁ%kl F?Esg %r?és JuERTRE efﬂ?¥Y|€%§E§§€|%ﬁés?°$h§“
MRNA- sy rmmy3o(Rigt 2 pnd Mbérebwer, 28cwhaiLecdnpeeceptyrs cveracdeteghead
anbi gui t | I | ' epiidesyon the opposite strand.
Analysiéhgﬁnaﬁigaﬁggfgéﬁ?gbg%ﬁg?ﬁﬂgﬁd?gégt%érn Bl otting Cytopl asm ¢
pol yadenyl ated RNA (approximately 1.5[err]g), prepared essentially as
descri bed by Gough (1988), wat fractionated on 1% (w v) agarose gels
cont ai ni ng 20rr1\/|rmrpho|inopropaneE l E nbc acid, 5nmM sodi um acetate, 1nM
EDTA (pH 7.0), plus 6% (v/v) fornaé%%ﬁygeT and transferred to
nitrocellulose. Prior to hybridization, filters containing RNA were soaked

i n 2xSSC cont aphbREng: AKu( WxhireBisddnl ofOHdManWEW-CBE! Recapkpy ol | i done,
0.2% (w v) bovine .

In order to clone the GM-CSF receptor, an expression
screening strategy was employed in simian COS cells. The
low abundance of the GM-CSF receptor in all cell sources so
far examined necessitated the screening of large cDNA
libraries and consequent sensitive detection of positive
transfected cells. The detection procedure we have adopted
involves binding 125I-nGM-CSF to transfected COS cells

~ grown on glass microscope slides, followed by direct -
autoradiography. This screening approach has two major
advantages over previous receptor cloning procedures which
used radioiodinated ligand as their detection tool (Sims et
al, 1§88; D’Andrea et al, 1989). First, this procedure is '
extremely sensitive, since single clones could be detected
from pools of 2x10% clones {c.f. 1 in 103, D’Andrea et _al,
1989; 1 in 350, Sims et _al, 1988). Secondly, the procedure
allows easy identification of artefacts due to non-specific
binding, which would otherwise have made identification of
a single GM-CSF-receptor positive cell on a slide

containing approximately 106 negative COS cells impossible.

A human placental cDNA library of approximately 5x108
independent recombinants in a COS cell expression vector
(Aruffo and Seed, 1987) was sub-fractionated into 500 pools
of approximately 2x10% clones each, and DNA from each pool
was separately transfected into 1.5x10° COS cells. by



serum al bum n, 2nM sodi um pyrophosphate, 1mM ATP, 30 50[err]g/ m denatured
sal nron sperm DNA and 50[err]g/m E. coli tRNA at 67[err]C for several
hours. Hybridization was perforned in the sane buffer plus 0.1% (w v) SDS
at 67[err]C The hybri di zati on probe was the gel -purified 1300bp

Xhol - EcoRl 27 fragnment panning the
5" end of cDNA clone pGWR138, radiolapglled to a specific activity of

approximately 10[err] cpm pg by random prim ng (Fei nberg and Vogel st ei n,
1983) ar&iéd@i-é@@ﬂatibﬁhe 'huéréélzétdvﬁﬂeaéuaﬁﬁi-éal ura&.-euys ol em ni .

Filters re d extens xSS % DS at 67[err]C and
finally 9 Wag’éfge%t %’7? pr gﬁ&lgsl}a |S3g H Ten [err]g
al i quot szaricéng:hatrDbewf rgﬁn gﬁﬁorﬂﬂpmm@%ﬁ' kd fixedpst|,

ol Ct ORi cefén! ds Bl g2 0ges dophoROgrhphtc! sbadion macel | Ul ose,
anal ysi 2 H%shV%FFd va:-\u BHeﬂrBBQ Mglf'?rguaé‘ﬁypﬁf‘m é‘(?dl;%bp Kpn- EcoRl

f r agmnentmixmeoscopgitchtlg’; poditiveheelln @8Fer ddemitdif iegdibyy thayi on,
radi ol a S ' r ox 1 r
cprﬂ[erﬁi‘é%gn céf ?rﬁghﬁsﬁ% 6§Eh§h2i¥ ﬁfrfﬁggd | E??tﬁg{dhy rll@c% giasﬂ o]ns at
appr oxi m%l? EQI@FE@F’} &¥Rl gAVe rise to 1 or 2 positive cel

(pools 29 and 138) (Figure 3). One of these pools (138)
was partitioned into smaller pools (20 pools of 1500
recombinants then 60 pools of 80 recombinants and finally
200 single clones), with autoradiographic screening at each
stage, until a single cDNA clone was obtained which could
transfer high capacity 125I1-hGM-CSF-binding to COS

cells. PFollowing three rounds of selection in COS cells,
the individual cDNA clone in a second positive pool of DNA
(pool 29) was ultimately identified as coding for the GM-
CSF receptor by colony hybridization with the 1l.8Kbp insert -
of clone pGMR138. Plasmids encoding the cDNA inserts oOf
clones 29 and 138 were designated pGMR29 and pGMR138
respectively.

EXAMPLE 4

Analysis of Cloned GM~-CSF Receptor

The binding of [1251]hGM—CSF to the transfected
receptor on COS cells was specific, since it could be
competed for by unlabelled hGM-CSF but not by murine GM~-CSF
(which has no activity on human cells), or by human IL-3,
G-CSF or 1L-6 (Fig. 3).

The binding characteristics of the cloned GM-CSF



RNA "det ecti on using the polynerase chain reaction RNA (approx | pg) was
subjected to first strand cDNA synthesis in a 20[err]1 reaction containing
50mM Tris-C (pH 8.3 at 42[err]C), 20mM KC1, 10nM MgCl[err], 5nM
dithiothreitol, 1mMo each dNTP, 20[err]g/m oligo-dT15 and 20 units AW
reverse trsnscriptase (Boehringer Mannheim for 40 mnutes at 42[err]C
After conpletion of first-strand syn%ge5|s the reaction was diluted to 100
[err]l with distilled water and 5 [eTr]l used for each PCR (polynerase

chain r e Q%H% t ¢2ahaireeded0Rd &g M of each
dNTP, 1€€£%?98* §ggg§EE&§EC|f EFﬁg? hﬁ@% e?agéfsu plled I n.the GeneAnp

ki t (Ce?ﬁ%lﬁbPﬁe SPORN & F}gQé unFW?'Fé&“ﬁBFﬁﬁ@r&%@ 109, 37S) f 50
[err]|.fabelpP mﬁnsn—csed IBDndPﬁR ver ershs £ETTET CTOT AGRLBAGDA 2P8€i ti on

131 147 6 fsi 530bp
Ln8Rdad Séﬁéé react =G concﬁd?‘u Q3 id QA% @Qa) 11713 W

fragnen ons, wer e: 94 err]C, 2 mn at
65[err] ssowntapnmomqa@tf&r )t |and 6004 k’ﬁeﬁeﬂi us DNA
t her mal cgyal.er IMcWﬁﬁﬂt,OfuﬂdﬁrERdmbmw csld se loac 100 e ldse d through a

0,
or ehybr FEPBBR RS (HaTod SSHE Anir el e St Oy BefEd® % on
probe was thesgebq&kwdbnﬁﬁnmxﬁ&xpnﬂmﬂﬁ to 7X1 cells/point).
Autoradiographic analyses indicated that only about 20% of
the transfected cells were receptor positive (reflecting
the transfection efficiency), so that. positively
transfected cells probably displayed about 3x106 receptors
per cell, compared with a reported value of 1700 receptors
per cell for untransfected COS cells (Cocita Baldwin et al,
1989). Displacement of 1251-hGM-CSF by unlabelled hGM-CSF
also demonstrated only a single class of receptor with
Kp=5.8nM, and this binding was not displaced by unlabelled
— hIL-3 (Fig 4B). The similar binding affinities observed -
when labelled or unlabelled hGM-CSF was varied indicates
that iodination did not significantly alter the binding
affinity of hGM-CSF for this receptor. In several
different experiments binding of 1257-hgM-CSF to
transfected COS cells was determined in suspension (in
binding medium with or without 20mM EDTA and 100 ug/ml
chondroitin sulphate to prevent cell aggregation), or on
adherent cells. The apparent Kp varied from 4 to 8nM,
indicating that neither calcium nor adherence significantly
altered the binding characteristics of the transfected
receptor.

EXAMP

Molecular Size
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i-nsert of pGVR138, radiolabelled to a specific activity of approxi mately
10[err] cpm[err]g by randomprimng and i ncluded in the hybridization at
approxi mately 2x107 cpm m . Radi ol i cands Purified, reconbinant human
or nouse GW CSF produced in non-glycosylated formin E. coli (Delamarter et
al, 1985) was radioi odi nated by the nodified iodine nonochl oride nmethod of
Nicola et al (1988); briefly, 2 [err]§7of protein (2 [err]l) was incubated
with InC Na[err]l (New England Nucl ear, Dreieich, W Gernmany) in 40 [err]]

of 0.2M Na phaspBabeuhui @k zaHoF 2HeOHGM-RisRg r@c%%t(:‘ﬁ/ vh ENEEN clld odi ne
nonochl ori _and 6

[err]| whAR t%BPFgﬁcﬁﬁglﬁggtﬁ81§8|ﬁPF aet?ﬁglpggoPVoﬁgﬁF% %}é%&%& Shassed
t hr ough hinkingnwithSdikadeintmislyl( Bubexatied PSS)pLFLg, SIwed®®) to separate

nmacr onol a t f I @di N It e 1989
T o Shp aRret gy %g%bgsngn&mw%t adl,nasel), | Mhecticlarl 259).

ahl e | vo et al | S%Ea gIS®03y
speC|f|chﬁHP686tPF|F%‘ . G0 ARBTPHSMEY 5 ﬁléﬁbnent
anal ysi s:natCah:weseumw&)m{ elrzrfqn-umwm m:d=‘s!|'s)e@@m) cgaveli dnCcti vity

120, 000 rrl gz}gla (@on_dﬁ? %ht Yok OQ@JQ‘&Q l%ng %glpﬁ | ed (specific
radi oact hunman was ase om Amrer sham
(Bucklngdaﬁsnc#étlEmgH Migh or mrithows Baw ¥§Y binding,
respectively - see Fig 1), a major cross—-linked band of Mr
100,000 and a minor cross—linked band of Mr 95,000
(representing receptors of Mr 85,000-and 80,000,
respectively) were seen; these may represent different
glycosylation variants of a single binding subunit. Cross-
linking of 1257 hGM-CSF to the transfected receptor on COS
cells gave a major band of similar molecular weight
(90,000-110,000), although it was somewhat broadexr than
that seen on HL-60 cells, possibly reflecting more variable
— glycosylation. Similar cross~linking gels run under -
reducing conditions gave the same cross-—linked receptor
molecular weight, indicating that the mature receptor was
not comprised of disulphide~linked subunits.

EXAMPLE 6

Sequence Analysisg

The inserts of clones 29 and 138 were subcloned and
sequenced by standard techniques. 1In the composite
sequence shown in Fig.6, clone 29 is represented by
nucleotides 1-1709 and clone 138 by nucleotides 7-1807.
The two sequences are otherwlse identical, except for a
single silent base difference (G -> A) in clone 29 at
position 1148. Each sequence encodes a large open reading



29 HL60 cells grown for 5 days in DME nedi um 10% FCS cont ai ni ng "1. 25%
(w'v) dinethyl sul phoxide were resuspended at 5x10[err] cells/50 [err]l in
Hepes (10nmM pH 7.2) buffered RPM nedium (HR) containing 10% (v/v) foetal
calf serum (HRF). Fifty [err]l aliquots of cells were incubated with

I ncreasi ng concentrations of [err]l-hGWCSF (0-2nM wth or w thout

unl abel l ed hGM CSF (0. 3[err]m at 4[ggr]C for 4 hours. Cell suspensions
were then | ayered over 180 [err]1 chilled foetal calf serumand centrifuged
for 5 m(orat) m:.ga iIgE Y00 |anfilres tdai dxenpredadpsd- thibes shukt eREabf pel | et

renoved t t C and free
r adi oactﬁla@‘ ere s%gar%%éd{}f%r%ﬁ?\%ﬁy c%én‘?l ng ‘{(ﬁ, I cajt'%{-?‘g%es in a
ganma- c AeRcng Thrarsg e"eﬁ ew @OTontexy whigh ‘F&‘F’O%@W%S’Iei@ heRirshef t er

t r ansf eq;d,;gqa,{gbg tﬁm- Sfehe Dotien | g5 ¢ fer deherent cel |'s

i n 40mM EDTA | n HR co chondr. ol qu and

i ncubat iHFSR 9% gﬁ% 'q[ %OS]ﬁ?Jﬂte’f F¢%}mana ‘Pga‘s 1988). The

det achedneml:h.a:h:mggpmlemmms mtwcbnt rThe ghairge QUD lgewrns 5m n and

resuspquﬂ%l 1D SREsWhdd S{gNdi tf@er@é Ghidcanss 199 afind Ja8iashondroitin
e

sul phat at urat 1 on | n | SOf etifion, experi S were
per f or mARA LB} ‘F-Efﬁ)ﬂégf ‘ﬁrs'ﬁ%n‘f‘lé?ng‘bﬁ% T Satn Vve?‘élgegtar ed from
fresh t ethe phmerﬁaprmhmtb;awgmmrdeenrwheu typieahgsegnal (1987), with

6g of p%%yéf%g{,%%ﬂegf %qbﬁéﬂfnéuspggé on. For each binding

poi nt, rane su pension“was mxed with 40 [err]|l HRF and
I ncreasing concentrations of [err]l-hGWCSF with or w thout excess

unl abel | ed gt ﬁ&die?éd[svs]%mﬁf ﬁeﬁ.?lmhﬁutel eRuberi eacaptd@f esr] C the
R T N T
count ed sppeoaimayely halfintbhecolzneecof the receptor observed by

cross linking of 1257-hGM-CSF to HL60 cells and to COS-7

cells transfected with clone pGMR138 (Figure 5). This
difference between the predicted size of the core receptor
polypeptide and the mature receptor on cells is probably -
due to thé attachment of carbohydrate to the 1l potential
N-linked glycosylation sites in the putative 297 amino acid
extracellular domain, since we have shown that the mature
receptor does not contain disulphide-linked subunits. A
hydrophobicity plot (Figure 7) suggests that a stretch of

27 uncharged amino acids extending from Gly320 to Phe346

(Figure 6) represents a transmembrane domain. This

putative transmembrane domain is followed by a 554 amino

acid intracellular domain which begins with a short stretch

of basic amino acids, a feature common to the cytosolic

face, next to the membrane-spanning segments, of many
transmembrane proteins. The 54 amino acid intracellular

domain of the GM~CSF receptor shares no apparent homology

with that of the IL6-R.

In the 3‘’—untranslated region of the GM-CSF-receptor
mRNA there is a sequence element homologous to the "Alu‘



Saturatlon binding of [err]I-hGWCSF to hGWR-FD cel |l s and Scatchard
transformations were perforned as descri bed

30 above, using an incubation tinme of Ihr at 20[err]C Cross- nDduIatlon
of hGWt CSF receptors by mGwW CSF and of nulti-CSF or mGw CSF receptors by

hGwt CSF was perfornmed as described by Wal ker et al (1985), with

prei ncubation tinme of 30 mn at 37[ed8) C foll owed by binding tinmes of 3hr
at O[err]C. Receptor internalization studies were perforned at the

i ndi cat dauwidiy arf rzapefnkt bfe [ekenentoM XSFidues 1423 d80al0ePe WRAFDzed by

curve fiddiddpPfa %Wé njalopotméshmﬁobaneﬁeagelﬂﬂ&c and

Cr | d |1
sofafloléﬁﬁgﬁé?iﬁﬁ%%d ?r5$%ﬁr s g%%% #ﬁ %Lagﬁ anaggﬁggbefllgellets
reSuspemﬁﬁhnxnﬂ_sdgnalsczmmedzaﬂeﬁmhpspnattobuheePQQY(éoﬁwplpH 7.2) saline

(0.15M Q%ﬁ%g imdyl suberate (Sigma, Mssouri, USA) in anhydrous
aceton|t9 ﬁ 10 err]I) was i medi ately added to give a final

concentration of O- and the cells incubated for 15 m nutes on ice
before The predlcted GM-CSF binding extracellular domain (amino

acids 23-319) contains eleven cysteine residues, but these
do not appear to form disulphide loops characteristic of
receptors of the immunoglobulin superfamily (Sims et ail,
1988; Yamasaki et _al, 1988). The short intracellular domain
(54 amino acids) may serve a role in signal transduction.
This domain has no apparent sequence homology with the
catalytic domain of any growth factor receptor known to be
a tyrosine kinase (Hanks et al, 1988). However, direct
comparison of the GM~CSF receptor with that of the human
IL-6 receptor (Yamasaki et al, 1988) revealed significant
homology (Fig. 9). The positions of four cysteine residues
are approximately conserved (GM-CSF~R Cjz6,C136-C165/C178
vs. IL6-R Cy23,C3132,Cig5s C176) and these do not coincide
with the two cysteine residues (C4q7 and Cgg) of the IL-6
receptor assoclated with the immunoglobulin-like doma<n
(Yamasaki et _al, 1988). Furthermore, there are patch-s of
homology in the intracellular domain (Fig. 9) and a perhaps
surprising similarity between the transmembrane domains of
the two receptors (GM-CSF-R L33~ L3go Vvs. IL6-R L374-L3gg).
including in each case the transmembrane cysteine residue.
The particular conservation of residues in the

transmembrane regions may suggest a common ability to
associate with other transmembrane proteins or lipids in
their respective membranes. Indeed, a similarly placed
cysteine residue in the transmembrane region of the Semliki
Forest virus El spike protein, corfesponding to the middle
of the inner leaflet of the membrane, has been shown to be
a site of palmitoylation (Schmidt et al, 1588). However,
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centrifuging the cell pellet at 13,000 g for 1 mnute. The cell pellet was
treated with DNAase in the presence of protease inhibitors and prepared for

sodi um dodecyl sul phate pol yacryl am de gel el ectrophoresis as descri bed

(Ni col a and Peterson, 1986). Anal ysi s of Binding Data Specific

bi ndi ng was determ ned as the difference between binding in the absence or
presence of excess unl abell ed hGw CSRpo Specifically bound cpm were
converted to nolar concentrations using the specific radioactivity of

[err] |- k& Shosipt boni afdehy setfanesiptaneneysteine ysesid@rrvelativeng of
the bin &g%lggtgu 108" { RhOR e 4iSé NGt  PRe LSHDEL RS OpFapT&feMiag oByand
Rodbard (19 efore conversion to_the %Sa%ghardbt ansf o tpon.” Two

bi ndi ng R3gg (IL6-R) and K347 (GM-CSF-R)) diffexrs, eEV?gnfﬁﬁg Pe used only
i f the fiécéptbdbe, dadbaifashisgresidaat ky Fupcoviedalpyeer] 0. 05) over the one

bi nding 81 €cLikar1y PLARUSLERD 200mSE) BELYOR BL£BEMLREREbLAVERYS

each receptor.

The extracellular domain of the hGM-CSF receptor shows
homology not only to that of the IL-6 receptor but also to
those ¢f the receptors for erythropoietin (D’'Andrea et al,
1989), interleukin-2 (Hatekeyama et _al, 1989), rat
prolactin (Boutin et al, 1988) interleukin-4 (Mosley et al,
1989) ana interleukin~3 (Itoh et _al, 1990). The regions of
homology include the four cysteine residues mentioned above

and a short amino acid sequence centred around the sequence
Trp-Ser-X-Trp-Ser near the transmembrane region (Fig. 9).

Prior to the long ORF encoding the GM-CSF receptor is a
short ORF. This potentially encodes a polypeptide,
although since its initiation methionine is in a context
unrelated to the consensus sequence for good translation
initiation (see above) this reading frame may not be
translated (Kozak, 1986). Such short ORFs 5' of the main
receptor coding region are found in the hIL6é receptor cDNA
(Yamasaki et _al, 1988), and one of these (25 nucleotides
upstream) in fact begins with a methionine codon in a
context that is stronger than that which was assigned to
begin the hILS§ receptor precursor. This suggests that
these short ORFs might act to depress the translation of
the main receptor coding regions.

EXAMPLE 7



A 1. 7kbp Xhol fragment containing the insert cDNA of pGVR29, prepared as
descri bed herein, was inserted into the Xhol site of pJZen2(SVNeo), a
derivative of the retroviral vector pMPZen (Johnson et al, 1989) in which a
multiple cloning site has replaced the single Xhol site of pMPZen, and a

1. 7kbp neonyci n-resi stance expressi cassette (the BanHl - EcCoRl fragnent of
pDol (Korman et al, 1987), blunt- ended and ligated to Clal |inkers) was

inserted into the Cl alpid t ckF tdr Beinsg¢eippnd K Klingler,

unpubl i shed dat a). [-err|2 packaging cells (Mann et al, 1983) were

el ectroporated with pJZen2(SVNeo)-hGW R DNA as previously descri bed
(Johnson efiafe tbsoyDNANGlEngnPRERIIG Yagedsodaites £Fom Gaysagt er usi ng

400[ er rp pAGEn A1 a8bNAI 2ibeasd] BweCragtoa Whethe¥br @bt8mREal stant 2 cl ones
were sel ected for.higg sgbtacg expression of HGN¥R b bkndlng of
[err] | -TERF CERONFELIO P, AP1F| FFBRSEFIPECBBP0PISSoBFFPFR &M 12 cl ones were
t est ed hyepopobetie- aedilst kuownf sot expressNtHeTSM-COFoegepsofCepko et al,
1984). The clone selected for further work ([err]2-GVWR) had a titre of
1.2x10[err] viral particles/m ., Derivation of Infected FDC-Pl Cell Lines
Adher ent [éPFPQEENRbGQFI§“P§§f6feﬂﬁr9peFlﬁbc@FérFFW%%%%@ théte B3 r adi at ed
(35 Gy)60andlls, cwhichedre khokfl eor pxpPeskl high-af fifdtyecMics® , 1980) in
20 m ' LE agl §" i : i4:h :10%.f ogt.g),, cal f serum
( FCS) e?']n%g%é%r%b'lyg%%ég% t§ ogéﬁkg’t A as?'. ?&i’% ygr’fwgteqll%%or?g‘l ?ll@nhed medi um
Washed SHpEREGREH: teelthe P 48 pEgbecdtFecksed e whereas CEM

T-lymphoblastoid cells and HepG2 hepatocellular carcinoma

cells contain no detectable transcript hybridizing with

this probe (tracks 1 and 2).

Owing to the low abundance of this RNA species, a more
sensitive survey of RNA from various haemopoietic and non-
haemopoietic cells was undertaken, using PCR-based
amplification of cDNA corresponding to various RNAs. Such
analyses (e.g. Fig 8B) revealed the presence of GM~CSF
receptor transcripts in a variety of human myeloid cell
lines, including HL-60, U937 and AML193, but not in CEM T-
lymphoid, Raji Burkitt lymphoma nor Hep G2 hepatic cells.
Interestingly we have found that HeLa cells also display
GM~CSF receptors, and have transcripts corresponding to
this cDNA clone (Figure 8B).
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32 cultured in agar-nediumat a density of 300 cells/mM wth either
10[err] UmM of nGW CSF, 6x10[err] UmM of hGm CSF, or a conbination of
both. After 3 days' incubation, clones devel oping in nGwW CSF had achieved
50-100 cells in size. In contrast, fewer clones had devel oped in cultures
stinmul ated by hGwt CSF; these were dlzﬁersed i n norphol ogy, and nost
contained only 10-30 cells. Individu clones growing in cultures
stinmulated by hGw CSF were renoved using a mcropipette, and cl oned cel

| i nes established and maintained in 1 m cultures of DVEMw th 20% FCS
containing either 6x10[err] U nl EBXBMPSE B12 |ines) or 6x10[err] Umn

hGW CSF plus 10[err] U m nEW¢CSF (36 lines). Subcloning of individual cel
i nes was perforne- b , yres of 200

cells/m thentRERSS ¥ S .y’ gbati on and
conti nui ng culture of these colonies in suspen5|on Aaar Cul tures

These were :m‘gy_%%tfl Qi £ NfumAY i ey usi ng
I of a ar 5&% flnaﬁ 3 centr t1qons of 20% FCS and 0. 3%

agar) ( F@&ITP aP%kBalarﬁ? Heo dgscxibgdcapoye, is IRfFaduGRd | "‘Hé%oafor
col ony f iHEtHed GMMISF idpdridetitr aemopodet ieGidelIF 1(3gme (FOC-BLY i vity

A0 e 1 LT PRSI el 1SR s OSSR st © activity
phenotype but can nevertheless transmit the biological

signals required for cell proliferation.

The mﬁrine FDC-Pl haemopoietic cell line used does not
proliferate in cultures containing 105 Units/ml of hGM-CSF,
and no cells survive in such cultures. In four separate
cocultivation experiments with 2 cells producing the hGM-
CSF receptor retrovirus, 0.3 to 1% of FDC-Pl cells were
able to proliferate clonally in agar cultures stimulated by
hGM-CSF. Cloned cell lines (hGM-R-FD lines) were developed
from individual colonies and maintained using either a high
concentration of hGM-CSF, or a mixture of mGM-CSF with a
lower concentration of hGM-CSF.

Southern blot analysis of DNA from 19 such hGM-R-FD
lines (Figure 10a, tracks 2-20) revealad the presence of a
single viral integrant in each clone, except clone 57 in
which two integrants were evident. (track 19). With the
exception of ciones 50 and 52, which are potentially
siblings (tracks 13 and 14), the viral integration sites
differed in each cloned line, as revealed by the different
sizes of hybridizing DNA fragments, confirming the
independent clonal origin of each line.
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protein) produced as nongl ycosyl ated derivatives in E.coli. These were

I ncl uded as 0. 1ml vol unmes during preparation of the agar cultures, and
serial twofold dilutions were perforned using 5% FCS in 0.95% sal i ne. Mean
cell nunmbers in 7-day col onies were determ ned by pooling 30-50 sequenti al
col oni es.

EXAVPLE 2 Det ecti on of High and4@om/Affinity GWVt CSF Receptors

I n accordance with the nmethods described herein, both high and low affinity
GW CSF receptors were detected on human bone marrow cells, prinmary hunman
myel oi d | eukaenic cells and the huBARMBEBn§el ocytic | eukaem c cell Iine,

HL- 60 (Fig. 1). Fig 1A shows the saturation binding isothermat 4[err]C

for [err]l-hGw CSF blndlng to HL 60 ceII t hat had been Jdnduced to
differentiate for 384§ ' SEXeR R '

curve-fitting using the LI GAND progran1of NUnson'and.Rodbard.(1980)
i ndicated that two, rather than one, binding sites were required to fit the

data (p<0. 053t iﬁrﬁ9tﬁéYﬁ|Qﬁt&FfFHPt?SFéPéﬁFBF§“F4@ﬁu§43 &Y a Klerr]
of 46pM anghéde Lowombhir@tiye analysis of 19 of these lines, chosen

at random, revealed distinctive differences between the two
types of lines in their behaviour in clonal cultures
(Figure 11).

The ﬁarental FDC-P1 cell line usually exhibits a cloning
efficiency in agar-medium of 60-100% when stimulated by
mGM-CSF, forming large, tight, colonies. hGM-R-FD lines
maintained in hGM-CSF usually exhibited lower clonogenic
potential (42+17%), and total colony numbers were similar
in cultures stimulated by h or mGM-CSF (Figure 11). The
colonies characteristically had an irregular shape or were
wholly dispersed, and maximal colony size was relatively
small. Colony size was typically 2-4 times larger in
parallel cultures stimulated by mGM~CSF. (For nine cell
lines, mean colony size with mGM-CSF was 530+340 cells,
versus 2404110 with hGM-CSF).

When hGM-R-FD cell lines maintained in murine plus human
GM~CSF were stimulated by hGM-CSF, the frequency of
clonogenic cells was even lower (15115%) than that of lines
maintained in hGM-CSF alone, although the morphology of the
colonies was similar. With increasing duration of
maintenance in the mixture of m-aGM-CSF, a progressive fall
occurred in the frequency of clonogenic cells responsive to
hGM~CSF alone. 1In sharp contrast, when cells of these
lines were stimulated by mGM-CSF, the frequency of
clonogenic cells was much higher (96121%). The morphology
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receptors (130/cell) having a Klerr] of 2.9nM After allow ng the sane
cells to dissociate bound GWCSF for 10 mnutes at 4[err] C and determ ni ng
the remai ning bound [err]1-hGWCSF on the cells, only high affinity binding
sites could be detected (Fig 1A). This indicates that the low affinity
receptors display a nore rapid rate of ligand dissociation than do high
affinity receptors. This may explain t4% failure of other investigators
(Gasson et -al, ,1988; Park et al, 1986b; Keh ﬁ et al, 1988) to_detect the
| ow af fi nﬂ"? Bi2epPor $heseneelrpées FPEErORPAdthGSE: Ofe BRFET SRR a
rapid, singleeitlsp aaﬂaltanblrenwab aehbrbhothdnf ltemfbrldedlufgm:énc‘éhese aut hors

d bed I f
20: 600 DML SRR e Saeep e o R oL s s aERPEY b g MARCRE 4, O 1

purifi ed ﬁaﬁaﬁeﬁl 5&1&{ &Im@él meFBn5P3R8Y \ﬁ&?ealwéﬁ-hdm W8Sy 1B), but
this bi ndpLpgowas0l @el 1% ,NFlestisadyoafl soowithf heM~csracept or (3x10[err]
34 receptors/ng placenta, Klerr] 4.6M. The human placental GW CSF
receptor appeared to recognize only hGwWCSF and not h- IL-3 (Fig 2).
Moreover, no hlL-3 receptors were detected on human pl acental nenbranes

(Fig 2). EXAMPLE 1

Responsiveness to GM-CSF of Lines Maintained in
Human versus Human plus Murine GM-CSF

The aose—response curves of hGM-R-FD lines responding to
stimulation by h or mGM-CSF indicated that responsiveness
to hGM-CSF was 500-1000-fold lower than to mGM-CSF (Figqure
11, Table 1). Cell lines grown using hGM-CSF were twofold
more responsive to hGM-CSF than cell lines maintained in a
mixture of m+hGM-CSF, although both types exhibited a ' -
similar responsiveness to mGM-CSF (Figure 11, Table 1).
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EXAMPLE 3 Cl-oni ng and Expression of Human GVt CSF Recept or I n
order to clone the G\ CSF receptor, an expression screening strategy was
enployed in siman COS cells. The | ow abundance of the GW CSF receptor in
all cell sources so far exam ned necessitated the screening of |arge cDNA
|'i braries and consequent sensitive deégction of positive transfected cells.
The detection procedure we have adopt I nvol ves binding [err]l-hGWCSF to
transfechad, 05 celd 3 anQun ;L RedpontivedaedPe S d1dfea iM-guaeh by direct
aut or adi mieﬁt% %ﬁi%ﬁfﬂdﬂ&ﬁ%?o@i%@s or\RIuikRrO G BEEN taages over

pr evi ous ThegePtapadidy td Witkre tuimds \@M-gsrused radi oi odi nated |igand as
their detection tool (Sins et al., 1988. D Andrea et al,. 1989) First, this
procedure is extrenely sensitive, since single clo coul d be detected

f rom pool s Ldme2Neo| er rYnigsoMesdas fto Stipulata ], Arrdiweant G- 1989; 1

in 350, SiS¥ et al, 1988). Sepondky, t he procedure all oyws eas N:
i dentification of artetd] t’%a%ﬁml( M;#ﬁﬁﬁllc bigzgé,S 'c¥ woul d
ot herwi se have made i de_rﬂq}ﬁ i on of 51 e Gvi =Tec ‘fﬁ% positive

cell on a—stHde—contatt T apPPToXT ettt Y 66 ricgat A bCJS_C'E"_'-S_'rTrDUSSi bl e.
A human acent ' Y, sl eTgeny p 5x10[err] independent
reco'rrbinlﬂ fﬁ%hfﬂe X 1ee fﬁs' 25 Aruffo and Seed, 1987) was
sub-fractionated into 500 ppepls of appi@xagmtel y 2x10[ e1z]ogbones each
and DNA from egch pool waszgeparately 2020060 ected into 12p280[err] COS

cells by 33 30 10,000 . 7,700
34 30 18,000 6,700

11 . 30 20,000 17,200

6" 15 20,000 7,600

24 20 20,000 14,100

13 15 - 6,900

10 40 40,000 15,800

8 15 40,000 600

Maintained in Human GM-CSF Alone

54 . 20 10,000 9,300
53 20 10,000 9,000
58 7 7,000 11,800
43 20 19,000 73,400
50 15 <5,000 ‘ 14,200
55 15 10,000 12,200
56 60 30,000 10,100
52 50 7,000 239,600
57 20 8,000 15,700

Control ¥FDC-Pl Cells

15 - 0
15 -
15 -

Three hundred cells were added to duplicate cultures
containing increasing twofold concentrations of mouse orx
human GM-CSF. Colony counts were performed on day 7 and
GM~-CSF concentration stimulating 50% maximal colggx numbers
determined from each titration curve. Binding of I 6
labeled human GM-CSF determined in parallel using 5x10
cells.
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35 electroporation. The cells were cultured for 48 hours on gl ass slides,

I ncubated with a relatively high concentration of [err]l-hGW CSF
(approximately 2nM, fixed and then dipped in |Iiquid photographic enul sion.
The slides were devel oped and individually exam ned m croscopical ly;
positive cells were identified by the presence of autoradi ographic grains.
O the first 250 pools screened, two d&ve rise to 1 or 2 positive cells
(pools 29 and 138) (Figure 3). One of these pools (138) was partitioned
into smaller pools (20 pools of 15¥@MELEJL nants then 60 pools of 80
reconbi nants and flnaIIy 200 single clones) wi t h aut or adi ogr aphi c
screening a . . \5§ﬂe@em@5ch could
transfer hfFgf : g 1 OW ng three
rounds of selection in COS cells, the individual CDNA clone |n a second

posi tive pool of d@ﬁéﬁﬁl AVnaB haM-R-Fa @masﬂw&rélm@@s@@dfﬂg for the
GVt "CSF recepto

¢ol on bri.di.z on, thlnb t of cl one
pGVR138. ?#%éﬁ18§9éﬁ&53|ﬁé Fﬁ@céghﬁ ﬁhge of ¢ ones 98 38 wer e
desi gnat ampﬂvﬁzalandfpmmshpwspeetxgnelfycant binding, there was

EXAMPLE 4., nsiderable variadi%sl $nOtnel aredntVo€SkhReceinding (Table
1). Clones maintained continuously in hGM-CSF alone showed
higher average levels of bindlng than clones maintained in
a mixture of hGM-CSF and mGM-CSF (Table 1).

:Despite the variation in binding of 1251-hGM-CSF to
different hGM-R-FD clones, saturation binding analysis and
Scatchard transformation of the binding data showed similar
binding affinities (slopes of the Scatchard transformation,
Kp=4-6nM) for all clones examined (Figure 12). This
binding affinity was of a single low~-affinity class and was
the same as for receptors on human placental membranes,
transfected COS-7 cells, and retrovirally-infected 2
clones.

The binding of hGM-CSF at concentrations up to 1
pg/ml to the transfected receptor in hGM-R-FD clones for 30
min at 37°C did not affect the subsequent binding of 1257
mGM~-CSF to the native mGM-CSF receptor co-expressed on
these cells. Similarly, the binding of mGM-CSF or mMalti-
CSF at concentrations up to 0.5 ug/ml to their native
receptors on hGM-R-FD cells at 37°C did not affect the
subsequent binding of 1257-.hGM-CSF to the transfected hGM-
CSF receptor.

When 1231-hGM-CSF was incubated with hGM-R-FD cells
at 37°C it rapidly associated with cell surface GM-CSF
receptors and was then slowly internalized into the cells-
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The b| nding of [[err]I]hGWCSF to the transfected receptor on 00s cel I's was
speC|f|c since it could be conpeted for by unlabelled hGw CSF but not by
murine GVt CSF (whi ch has no activity on human cells), or by human IL-3,
GCSF or IL-6 (Fig. 3). The bi nding characteristics of the cloned
Gwvt CSF 36 receptor (clone 138;
Exanpl e 3) when transfected to cos cetls are shown in Fig 4. The saturation

bi ndi ng éﬁﬁtﬂﬁéﬁlﬁgr ak%r i L-ﬂlteQ%@Et%HdﬂﬂeE@cEr %@ifee%ts%‘én' J%n' s at

20[ err] wi th an equ
d|5500|a}¢%ﬂtéﬁﬂ§t§ﬁF GﬁmﬁRgﬁPI&ﬁ&nGGOmGGDtPéBGStdPS“b@F’&Qﬁ‘cﬁ§lcontrast

unt r ansf geigdx€0b3gel | mo@ﬁav@@s thkl inteznaleeaedon tateeaddostunbeshoved

[ b | 3 104
Col 1 s po ity ER, FaFsitote, (a1 waE) b168UEEhT BEMEREEP SaIPCL0 | 00 of
t he tranékecpeéoéalménmeﬂe h@%e%@oh“@%%|¥#®% ?$%¥$eé¥en§ P%émﬁﬂanéfection

efficiengpa, oaOobE%tpa.ewsudm\t@ GLM-CSES keek go&@ oh oAl edlixp! ayed about

?)égg%te(r):k x €5e é% e.rl 1 #aﬁgf@gar eg g% reported val ue of 1700

5 (Cocita Baldwin et al,
1989). Di splacenent of [err]l-hGw CSF by unlabelled hGw CSF

After retrovirally-mediated transfection of murine
haemopoietic FDC-Pl cells with a cDNA encoding the low-
affinity human placental GM-CSF receptor, cell-surface hGM-
CSF receptors were displayed at a level of 104-10° per cell
as a sinéle binding class of low affinity (XKp=4-6nM).
Despite careful analysis, no high-affinity binding was
detected, yet the transfected cells could internalize the
hGM-CSF receptor (albeit at a rate 10 times slower than for
endogencus mGM-CSF receptors), and acquired the capacity to
proliferate in response to hGM-CSF. The guantitative
responsiveness of hGM-R-FD cells to hGM-CSF was 500-1000-
fold lower than to mGM-CSF, but determination of the
binding constants suggests that occupied hGM-CSF or mGM~CSF
receptors might be equally efficient in transducing
proliferative signals in murine FDC-Pl cells. Firstly, the
transfected hGM-CSF receptor binds hGM~-CSF with a 100-fold
lower affinity (Xp=5nM) than that of the endogenous high-
affinity receptor for mGM-CSF (Kp=50pM) (Walker and
Burgess, 1985). Secondly, the 10-fold slower
internalization rate of occupied hGM-CSF receptors compared
to occupied mGM-CSF receptors at 37°C implies that the
apparent steady-state "affinity constants® will differ by a
further factor of 10 (Nicola et al, 1988).




al so denonstrated only a single class of receptor with Kl err]=5.8nM and
this binding was not displaced by unlabelled hlL-3 (Fig 4B). The sinilar
bi nding affinities observed when | abelled or unl abell ed hGwW CSF was vari ed
i ndicates that iodination did not significantly alter the binding affinity
of hGWCSF for this receptor. In several different experinments binding of
[err]1-hGW CSF to transfected COS cel #8 was determined in suspension (in

bi ndi ng mediumw th or without 20npM E IA g d 100 [err]g/m chondroitin
sul phate to prevent cell aggregatFéﬁ¥£L§+—gn adherent cells. The apparent

KD varied from4 to 8nM indicating that neither cal cium nor adherence

significantly altered tBgohlhedbRIoENRERELALLSELSS1RESt e transfected
receptor.

Mol ecul ar Si ze 37 The nol ecul ar
size of the hGW AhRlysdepbér cohohliés gebwa findmt h@MsReEDedelDS1inkks was

(Fig 5 Uity SHERP diidied il Sohl i S B Hop i e 255
of cells responsive only to mGM-CSF and a minor population
responsive to hGM-CSF; this latter population rapidly
diminished if colonies were grown for one week using only
mGM~-CSF. Colonies grown from cell lines maintained using
hGM~CSF alone retained a stable content of clonogenic cells
responding to either type of GM~CSF.

Cells from nine sublines derived from mGM-CSF-
stimulated lines and maintained exclusively in mGM-CSF
usually formed colonies only when stimulated by mGM-CSF
(cloning efficiency 6B+24%), and the colonies formed werxe
of uniformly large size. Cells from 13 sublines, also
derived from m+hGM-CSF~stimulated cultures but then
maintained in human GM-CSF, formed relatively small numbers
of colonies (cloning efficiency 37125%) of medium size in
cultures stimulated by h or mGM~CSF, with maintenance of
the characteristic 2 to 4-fold size difference between the
two types of colony.

In tests on six cloned sublines derived from hGM-
CSF-stimulated lines and maintained in hGM-CSF, 50+26% of
the clonogenic cells were able to form colonies in cultures
containing 800 ng/ml antibiotic G418. In contrast,
clonogenic cells from six cloned sublines maintained using
mMGM-CSF were uniformly unable to form colonies in the
presence of G418. This suggested that transcription of the
inserted neomycin resistance gene was not maintained when

cells were stimulated solely by mGM-CSF.
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v eceptor on HL-60 cells had an approxi mte M of 85,000, so that
cross-linking with [err]l-hGw CSF (M =15,000) gave an M of 100, 000. Both
before and after rapid ligand dissociation (with or without low affinity

bi ndi ng, respectively - see Fig 1), a major cross-linked band of M 100, 000
and a m nor cross-linked band of M 95,000 (representing receptors of M

85, 000 and 80, 000, respectively) wer e48een; these may represent di fferent

gl ycosyl ation variants of a single binding subunit. Cross- ki ng of
[err]1-hGw CSF t%PWFQGFPahé?éc?331Y§&§pPSrDHﬁ éESmCQIF§r¢§§e° Hﬁﬁ%? band

of siml espmileecgsdxwlwlagm Hukh 0002 Sdh K063 |, sxablmagmf tpmisasyewhat
br oader Ens éﬁiéﬂ‘éﬂaés' E%if’s S BB undgéﬁee éﬂ&oHPéﬁtVéhhab|e

gl ycosyl Cr 0SS u0|qg condi tions
gave thecsume!m @is-ﬂ»hﬁhkl&ﬂ'r%c‘eﬁsﬁ# %F%‘.ﬁ‘ﬂ’&? WRrgrainkainadi f§9chat the

Mat ur e r QGeRi, Al MRS, NStadldPl1-SET) Pfc&hﬁi&z@i\h@ethe nkefmchbderieation
EXAMPLE © uence Ana

t f
cl ones 28fatdheEss 1ines s ARTRHEY %h% eﬁﬁgﬁfgﬁngyﬁt?%ﬂﬁér%f?eeﬂﬁ?aquo I n
t he conposidpesteipencend suggest ing. that| the 2acksof cpethehGMdCEF

nuct oot | dahlsold A%l ChiRoaddf Y SECLED! | desrdcd®Ren-dbe 1o Sequences

are ot her except a single sjlent base difference (G ->

A in d(ﬁﬁ?%ﬂﬁ?ﬁsrﬂﬁ$t¥%ﬁ §E§8t°E%€ﬁss%ﬁuEhEe EGHcBIEEREYFYFhe open reading

RNA from six sublines maintained with mGM-CSF
contained no detectable hGM~R viral transcripts (Figure
10B, trecks 2-7), compared with abundant hGM-R viral
transcripts evident in sublines maintained with hGM-CSF
(tracks 8-11 and other data not shown), suggesting that the
alteration in such cells was at the transcriptional ox
immediately post-transcriptional level.

Thus the behaviour of cloned hGM-R-FD cell lines
differed, depending on whether they were maintained in hGM-
CSF alone or a mixture of hGM-CSF and mGM~CSF. The former
cell lines maintained a stable phenotype with equal ]
clonogenicity in hGM~-CSF or mGM-CSF, but clonogenicity was
significantly lower than for cell lines maintained in mGM-
CSF. The cell lines maintained in a mixture of mGM-CSF and
a low concentratlon of hGM-CSF showed a progressive loss of
cells able to respond to stimulation by hGM-CSF.

The behaviour of cell lines maintained in hGM-CSF
was not influenced by the site of viral integration. The
selection pressure exerted by culture with hGM-CSF alone
maintained a2 constant level of expression of both viral
genes (hGM-CSF-R and neoR), receptor expression and
quantitative responsiveness to hGM-CSF. However, the low
clonogenicity and colony size exhibited by these cells



8 - (ORF) frame of 400 am no acids preceded by a short ORF of 22 am no
aci ds. The net hi oni ne codon beginning the larger reading franme is in a
cont ext which corresponds well to the consensus sequence (RCCATGG for
translation initiation sites (Kozak, 1987), while the shorter ORF begins
wi th a nethionine codon in poor context. The |arge ORF begins with a
presuned signal peptide sequence of 20 am no acids, and residue Qu23 is

assigned to the first amno acid of the mature groteln by conparlson W th
typi cal SRE@AFtREpthBccOpEinygEssPeBSTRAYARDNHELFRAN 14D6F. maintajpned
pred|ctednSRBMaUSHOOacpdoqahyreeGmbCSEatenaﬁtmbstSrQabbubabedebm have a

| ecul t 0f43,Z2 h i, th
fecept of PSRSEE: Otn* EndsdnptibElord Ao bR kEch1Se Bs® TR IS €,
Cos- 7 ce%FEEFFEEéPéUté§5ﬁ|PFOéﬁéﬁ§a§GMR199tFPt@G#eaBP covﬂﬁsnﬁq e ence
bet ween Eégcﬁéadet%db%béﬁeﬁk Eh&tﬁ&ée1heﬁGHPQBFDOEMBQD ofigthdrhe mature

receptor on cells is obably dye tq t t rrbohydrate to the
11 pot en¥RH SRAEAARES S & @8§§W§ﬁFoﬁ% FP@?i Heﬁhgagtﬁé%Fbg' ani no acid
ext racel maliatadoed Ain shncgrnseMGQeoéhmﬂMfCBitohﬂy-naﬁﬂc@ isadsyitanredioes not

contain iaﬁagpah%ﬂdﬂ.laad t%‘étilin Wi%a1A; Mmhohw kpledlsidd Y¥ e 7)
suggests_that a stretch of 27 uncharg ani nd aci.ds & tending from d y320

to Phe34BOtPi §GMsCEF reseRson and FERGSa e SddPEch PPRTESHHR I e
t ransnenmavagerdowdith iinchelasingd tiyea ivb4vdniure. The reasons for

the relatively high frequency at which the viral genes were
turned oﬁf are unclear, but this clearly did not depend on
viral integration site. Indeed, suppression of retroviral
expression has been observed in a variety of different
cells, including murine haemopoietic cells (Chang et _al,
1987; Magli et_al, 1987; Emerman and Temin, 1984); the SV40
early region promoter, used in the present construct to
drive the neomycin resistance gene, has been shown to be
particularly sensitive to trans- and cis—acting negative
regulatory factors (Chang et _al, 1987; Magli et al, 1987;
Emerman and Temin, 1984; Gorman et _al, 1985; Williams et
al, 1986). '

The observation that the human placental GM-CSF
receptor stimulated the proliferation of murine
haemopoietic FDC-Pl cells lends support to the suggestion
that this receptor subunit may form a component of the
human GM~CSF receptor on haemopoietic cells. It also
demonstrates that a low affinity GM-CSF receptor of non-
hasmopoietic origin can transduce proliferative signals and
be internalized in a haemopoietic cell, in a ligand-
dependent manner, in the absence of any high-affinity
binding component. Indeed, since biological responsiveness
of the transfected FDC-Pl cells was almost the same to m or
hGM-CSF on a receptor-occupied basis, this further suggests



*a_ci.'d i ntracel lul ar domai n which begins with a short stretch of basic amnino
acids, a feature common to the cytosolic face, next to the

menbr ane- spanni ng segnents, of nmany transmenbrane proteins. The 54 am no
acid intracellular domain of the GwW CSF receptor shares no apparent

honol ogy with that of the IL6-R In the 3'-untransl ated regi on of the
GVt CSF-receptor nRNA there is a sequeﬁ?:e el enrent honol ogous to the "Al u”

39 fam |y _of repet.iti .el enent resi 93 t _ohdch make up
appr oxi n&%@lty %f%fl‘i%é%?ﬂ%n%é“ ?1’51%%&?\]%%?%@%%\:}3 %&%}n&%) %2). Furt her
downst r execERticrsamayt ke fdighly sanssied) gnd Shatrgthat®@ I prior to the
poly A t @idndthiciiiE Righ affitityradivdiag G4 ti nsbrenexesacel | ul ar
dormain (am no acidg 23-319) onta|Q§ el even cysielne éegﬁg s, but these do
not apped™TEIH rﬁ%tﬁ ﬁﬁ't[ﬁ‘ll%é NS Ch SR |’Zﬁ% BT reteptors of the

i Munogl dndreasupshd arsdporGivenass of hogepoiewitakseklisate 1988). The

short i ntJ,acal {4 ﬁgggg LA AGRGEES) MYVrSeh¥€ider Ol e in signa
transduc%{ on. 250 onal n{%agﬁ}lo a1{) arent. sequence ho:erlogyO}/:vi th the

catal yti AIFARBTROHE SRS oviIe (Rt LAVRLGIRG MAERFATHLs

cointernalization of the introduced hGM-CSF receptor with
endogenous mGM-CSF or Multi-CSF receptors were excluded.

Despite the conservation of signalling between
human and murine GM-CSF receptors, there is no functional
conservétion in the GM-CSF-binding domain, and there was no
conversion of the hGM-CSF receptor to a high-affinity
receptor by interaction with the mouse cells that displayed
high~affinity mGM-CSF receptors. The relationship of the
cloned low-affinity hGM-CSF receptor to high-affinity GM-
CSF receptors remains unclear. It is still possible that
high-affinity GM-CSF receptors are unrelated to the low-
affinity hGM-CSF receptor. However, if, as we have
postulated, the low affinity subunit can be converted to a
high-affinity reéeptor by interaction with an "adaptor”
subunit, then this interaction seems not to occur across
these species.

A wide variety of potential therapeutic, diagnostic
and preparative applications of GM-CSF receptors of this
invention is envisaged, including, but not limited to, the
following:

1. Inhibition of the growth of GM-CSF dependent myeloid
leukaemias.



a tyrosine kinase (Hanks et al, 1988). However, direct conparison of the
GVt CSF receptor with that of the human IL-6 receptor (Yamasaki et al, 1988)
reveal ed significant honology (Fig. 9). The positions of four cysteine

resi dues are approximately conserved (GWCSF-R (C[err], Cerr], (err],
Cerr] vs. IL6-R Jerr], (err], (err], Cerr]), and these do not coincide
wth the two cysteine residues ((Cerr§2and Cferr]) of the IL-6 receptor
associated with the i mmunogl obulin-1ike doma in (Yanmasaki et al, 1988).
Furt her nér-e, Triegtamente qfapeitdendis wheohaye bearheviendassd Mitdy @bmai n
(Fig. 9) andggoerhaps surprising simlarity between the transmenbrane
domai ns of the two receptors (GMWCSF-R L[err]- L[err] vs. IL6-R
L[err]-L[err]), including in each case the transnmenbrane cysteine residue.
The parti3cul &rocednsrestinent off asiechsss sidg-reagtbdonenn et iggsHns my
suggest a coggyéfygAdtdhjdg§§sociate Wi th other transnmenbrane proteins or
lipids in their respective nenbranes. Indeed, a simlarly placed cysteine
residue in the transnenbrane region of the Semiki Forest virus El spike
protein, 4c0r rreorull REE teydtemin dot Aafall lGM-a8Rerldwsld ein @atientenbr ane,

nas been SNO dip e o ind A LA 56NV £ o By 1989).

However , position of the
i ntranenbr anee\WPATHRYFe residue relative to the putative inner face of the
menbrane (represented by R388 (IL6-R) and Klerr] (GWCSF-R)) differs

bet ween the two, receptors,.so if this residue is, functjonally, aor
g1 Reduction © Lnfﬁammatory response in patients 31&%

chronic infections (eg. pulmonary fungal infections,
listeriosis, tuberculosis, acute respiratory distress
syndrome), autoimmune reactions or inappropriate GM-CSF
production.

6. Classification of myeloid leukaemias for stratification
for outcome and selection for therapy. —~

7. Detection of aberrant expression of GM-CSF-R in tumours
to allow selection of patients to receive combination
therapy with GM-CSF and chemotherapy (exclusion of
cancers with GM-CSF-R) (eq. lung, breast and bladder
cancer, myeloid leukaemias).

8. Screening of patients with capacity to respond to GM-
CSF in aplastic anaemias and congenital neutropaenias.

9. Identification of disease states mediated by autoimmune
anti-GM-CSF-R antibodies (eg. autoimmune
nevtropaenias).

10. Preparation of affinity matrices to allow rapid
purification of GM-CSF for clinical studies and
therapeutic use.



structurally inmportant it may.play a different role for each receptor.

The extracel lul ar donmain of the hGW CSF receptor shows honol ogy not only to
that of the IL-6 receptor but also to those of .the receptors for
erythropoietin (D Andrea et al, 1989),ggnterl eukin-2 (Hatekeyama et al,
1989), rat prolactin (Boutin et al, 1988) interleukin-4 (Msley et al,

1989) and interleukin-3 (Itoh et al, 1990). The regi ons of honol ogy include
t he four cyisteiSereassinwest npotennibal abgosiand andhentaganias taciod Btfuence
centred around gdwe seaueRce Trp-Ser-X-Trp-Ser near the transnenbrane region
(Fig. 9). ‘Prior to the I ong ORF encoding the GW CSF receptor is a
short ORF. This potentially encodes a pol ypeptide, although since its
initiation n&t hPoespacatsonnofi annibatiiasr ahatiadtt ahkhhGHoCSMRUL G apIience
for good translgiégn-%nitiation (see above) this reading frame may not be
transl ated (Kozak, Y 6). Such short ORFs 5' of the main receptor coding
region are found i n #heifienbifécapion apdAQueIRRdSAaRiios: of) cizxusgiatiamd one
of these (25 nucl eoti degounpteeaf)ckr-kact begins with a nethionine codon

in a context that is stron%er.than t hat mhiih 2@5 assi.gned to begin the

hi L6 receptor precur8or SCTRFBIBEGHREES™: 5L 1th §§'§Wﬁﬁgqﬁﬂﬂ?lﬁiﬂﬂraET to

depress the transl ati ontbexepg nmai n receptor codi ng regions.

EXAMPLE 7 c. evaluating marrow reserve in pre-treatment
patients,

d. determining pharmacokinetics of GM~CSF~R in

clinical trials of GM-CSF-R.

13. Preparation of anti-idiotypic antibodies to mimic the
action of GM-CSF for use in therapy and in lowering
systemic lipid levels.

14. Preparation of nucleic acid probes for identification of™
aberrant GM-CSF receptor genes in disorders such as
myeloid leukaemia.

Although these applications are listed with reference to
hGM-CSF, it will be apparent to the person skilled in the
art that corresponding veterinary diagnostic, therapeutic
and preparative applications of appropriate animal GM~-CSF-Rs
arz within the scope of the invention.

References cited herein are listed on the following
pages.

It will be clearly understood that the invention .n its
general aspects is not limited to the specific details



11 . The G\t CSF Recept or Transcri pt Since the cDNA cl one
pGVR138 was isolated froma human placental cDNA |ibrary, we tested whether
or not MRNA corresponding to this transcript was al so present in

haenopoi etic cells known to express the G\ CSF receptor. Nort hern bl ot
analysis (e.g. Fig. 8A) revealed that HL- 60 cells, which are known to
express high-affinity Gw CSF receptosd, contain a 2.1kb transcri pt
hybri di zing at high stringency to the pGRML38 probe (tracks 3-5), whereas
CEM T- | yrpfbedstei Hexeinabeyel: Hop&2 hepat ocel | ul ar carcinona cells contain
no detectable transcript hybridizing with this probe (tracks 1 and 2).
Onmng to the | ow abundance of this RNA species, a nore sensitive survey of
RNA from vari ous haenopoi etic and non- haenopoietic cells was undertaken,
usi ng PCR-based anplification of REEEREN§HSspondi ng to various RNAs. Such
anal yses (e.g. Fig 8B) revealed the presence of GW CSF receptor transcripts
in a variety of human nyeI0|d cell lines, including HL-60, 37_and AM_193,
but not tn CEM PFYiifmdid, Se&5- §UrKﬁ@@7Iynﬁﬁ&%&i&%gl*ﬁﬁiéﬁlﬁ§%é+c cell's.
Interestingly wyusag, EQHHQSMﬁHBSHGLa cells also display GW CSF receptors,
and have transcripts corresponding to this cDNA clone (Figure 8B).
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42 EXAMPLE 8 | nt roduction of hGW CSF
Receptor into Murine Cells When the cloned lowaffinity receptor for
human GW CSF from pl acental cells, described above, is introduced into a
muri ne G\t CSF- dependent haenopoietic cell line (FDC-P1l) using a retroviral
vector, it retains its lowaffinity phenotype but can nevertheless transmt
t he biological signals required for cePl proliferation. The muri ne
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Sout hern bl ot analysis of DNA from 19 such hGWR-FD li-nes (Figure 10a,
tracks 2-20) revealed the presence of a single viral integrant in each

cl one, except clone 57 in which two integrants were evident (track 19).
Wth the exception of clones 50 and 52, which are potentially siblings
(tracks 13 and 14), the viral integration sites differed in each cloned
line, as revealed by the different si3fes of hybridizing DNA fragnents,
confirmng -the |nd%B§ndent clonal__origin of each line.
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MGWk CSF, forming large, tight, colonies. hGWR-FD | ines maintained in

hGW CSF usual |y exhi bited | ower cl onogenic potential (4217%, and total

col ony nunbers were simlar in cultures stinulated by h or mGw CSP (Fi gure
11). The colonies characteristically had an irregular shape or were wholly

di spersed, and maxi mal colony size was relatively small. Colony size was
typically 2-4 times larger in paralle$7cultures stinul ated by nGvt CSF.

(For nine cell 1jnes, colony size with nma@w CSF was 530[ err] 340 cel | s,
versus 240[err] £ v :{?%4 CSF) . Wien hGW R-FD cel |l |ines maintained

in nurine plus human GV CSF were stinulated by hGW CSF, the frequency of
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*hGMt CSF receptors (k[err]) was slower in hGWR-FD cells (k[err], =00042
mn[err]) than on human HL60 cells (k[err]=0.061nmi n[err] ) and on occupied

murine GVt CSF receptors on FDC-Pl cells (k[err]O Ni col a et
al, 1988). After retrovirall yggedi at ed li)ﬁﬂ mllm'lﬂml]ml muri ne
haenDp0|et|c FDC-P1 cells wth a cDNA encodi ng t OW-L a1 Aty human

pl acental GW CSF receptor, cell-surface hGW CSF receptors were displayed

at a |l evel coaiMg:err]-10[err] per cell as a single binding class of |ow

s det et JoETRE Yo AL T Sellit ol Srol T8 e gy Lp " "

receptor (al belqoneﬁl%tzm é’f_L(FJtﬂ% %qnms}edc AR f stownkR) R4 AHVPREK

receptors), and:xﬁmwrr@mewmﬁnﬁ%dmpm@w o letﬁflaé@tide r@é@@eﬁeetamch

hGw CSF. The quant atlve r.espon3| vene of hGMR F[# t $e iy was
500- 1000- 1ol d FHRISTnFF 156 ARIGREnFArY, 50 4 el a0ty tﬁ%qB ﬂ‘ang
constants suggednxchrﬁncmﬁgsunhnh&ﬁ)GH&ﬂSRNreﬁ5D1§¥ireceptors m ght be

equal |y eff4 cient f i r P
COTLL AT, Mg DL gh B R S, TSRS

100-fol d Iomer %ﬁqmrﬁ?% %*Q%Pr?°§ﬁﬁﬁt%ﬂﬁu9§ ngle ferandedcRifs Aryhle
affinity receptotrdndedDRESFCHIO-00D NN W keli amdpBisgesa, nilB@8epride
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t he apparent ste@eleatide 89§$¢h¢?ywhtﬁht%nﬁgde$wIhumﬂﬂfG¥-§§FarﬁGﬁPN9¢

factor of 10 (NbgOhapELbcRémidf88dnd/or biological equivalent, homologue
or dexivative thereof.

3. A nucleic¢ acid according to Claim 1 or Claim 2, wherein
said nucleic acid is a cDNA.

4. A nucleic acid according to Claim 1, Claims 2 or Claim
3, wherein said biochemical ands/oxr biological
equivalent, homologue or derivative has substantial
amino acid homology with naturally occurring GM-CSF -
receptorx.

5. A nucleic acid according to Claim ¢ wherein said amino
acid homology is 75% or greater.

6. A nucleic acid according to any one of Claims 1 to 5
wherein the nucleic acid is a DNA and comprises a
nucleotide sequence as set out in Figure 6B.

7. A nucleic acid according to any one of Claims 1 to 6
which additionally comprises a furthexr nucleic acid
sequence contiguous to the sequence encoding human
GM-CSF receptor.

8. A nucleic acid according to any one of Claims 1 to 7
wherein said GM-CSF receptor comprises an extracellular
domain which has the capacity to bind GM-CSF.

9. A recombinant DNA molecule comprising a gene encoding
the human low-affinity GM~CSF receptor, or a homolague
thereof which encodes a polypeptide having at least 75%
sequence identity with said receptor and which retains
at least one-tenth of the relative binding affinity of
the native human low-affinity GM-CSF recepteor for human

GM-CSF.
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48 EXAMPLE 12 Evol ution of

Recl oned Subl i nes Anal ysi s of col onies ﬁ-FD cell
i nes usi ng mthGw CSF showed themto cgntain a iﬂ of cells
responsive only to nGw CSF and a ninorsaopulati responst ve t & hGw CSF;
this latter population rapidly dimnished if colonies were grown for one
week Usi ngn 0T V- 8EMOSRantObRR! 8166048 htagrashly lddeaaTR Ak usi ng

hGwt CSF al one retained .a stable content o enlc ceI S respondlng to
ei ther type o?°§XP€BEL °°mprls€BPI§“fF6ﬁFﬁcﬁa 3t Ved from

nGwvt CSF- stinutanemetbnaaeaddmaahntahdednexmhmmceﬂhnmarlﬂaﬂdﬁiiusually

formed COiPn'ﬁSrQEB?ﬁb%SHtsbhﬂuh\@ﬁ%@ulﬂé H@&o Frﬂ(% 1'82'(51911% fq (\dr.er}.rcl?'alqrom

68+24% , and the colonies fornmed were of uni e slI Ze
13 sublines, &Ps¥hBERLBcEafAoAPRENER eBPralila IAred (NG & GFIRRtaTen

nai nt ai neti2 i nahplasmElt 68F repaicam liee veicitea! wmﬂisimmrm@ﬁeiwlm&s

(cloning effigie 59 I_U | ul turges stimul at
nGvt CSF, wi t hg%rala%%éeﬁgﬁc{% %Bf%g‘ a@égé'%rllhs%t :\10 e tag % I?%ﬁ@ﬁql‘f’ erence
bet ween the thAt medeculec gcopyrding to Claim %efidpisn M ox|Qkasidnsubl i nes

derived fromh CSF-stinul ated |ines and mai ntai ned i n hGw CSF,
50[err]266%of the cl ono enlc l1s were able to forn1co|on|es I n cultures
cont ai ni ng>80# F&FRW% EAPPrising, i mpgleic acid as defined

in any one of Claxms 1 to 8.

14. A recombinant cell according to Claim 13 which is a
prokaryotic cell.

15. A recombinant cell according to Claim 13 which is a
eukaryotic cell.

16. A eukaryotic cell according to Claim 15 selected from
the group consisting of mammalian, yeast, insect, fungal
and plant cells.

17. A eukaryotic cell according to Claim 15 which is a
simian COS cell.

18. A eukaryotic cell according to Claim 15 which is a
haemopoietic cell, wherein the nucleic acid encodes a
low-affinity receptor for a heterologous GM-CSF.

19. A eukaryotic cell according to Claim 18 which is a
GM-CSF dependent haemopoietic cell.

20. Recombinant or synthetic GM-CSF receptor or a
biochemical and/or biological equivalent, homologue ox
derivative thereof, substantially free of other
proteins. '

21l. Recombinant or synthetic GM-CSF receptor according to
Claim 20, wherein said biocchemical and/or biological
equivalent, homologue or derivative has substantial
amino acid homology with naturally occurring GM-CSF
receptor.

22. Recombinant or synthetic GM~-CSF receptor according to
Claim 21, wherein said amino acid homology is 75% or
greater.

23. A recombinant or synthetic GM-CSF receptor according to

Claim 20 which comprises an amino acild sequence as set
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cl onogenic cells fromsix cloned sublines naintained usi ng nGW CSF wer e
uniformy unable to formcolonies in the presence of (A18. This suggested

that transcription of the inserted neomnycin resi u t
mai nt ai ned when cells were stinul ated €&l ely by H'"ﬁ"m fm)
49 Sout hern bl ot analysis of DNA froma serles of

CSF-responsi ve and human- re$€0n3|ve sublines of primry I|ne 21 reveal ed
that in all <UbtIPheE*BotH tHe content and context of the hGVR viral

i nt egr ant24werk reconbinzot (@y. synghetid¢08M-CBAckec2ptdr) accomfliing g t he
common derivajy O;?nofeé EE‘eéfaiiﬁEe% QSSBbt@hkégoiﬁs hVQhQ‘?LBh Bir@eedinC Yy

properties, suggestln%%% | ack of F résponsi veness and
di spl ay of ce?l hyb¥+dcB*RERATSF receptors was not due to | oss of the hGWR

construct25. RecombifdWtfopmsghkhetlbi GHSCBE reakepedrwackonr@inGSkccont ai ned

no det ect abl e, AGMAR Vieak LERDSShi BbS 24F1 e eI AB Ll HAEKS e’ dre iR €

wi t h abundant ViTa ranscri pts_evi ent i n sublines maintal wi th
hGW CSF (t r acRemBrigesnghet AEEraacalisfrsAemain vhdehs hiagg theat t he
alteration |nc§ygalgglh5 pagdagmt-bgrt.ranscriptional or i mredi ately

post - traqurlgtlggglrgggptor produced by a recombinant cell as
defined in any one of Claims 13 to 19.

27. A pharmaceutical composition comprising a recombinant or
synthetic GM-CSF receptor according to any one of Claims
20 to 26, and a pharmaceutically-acceptable carrier or
diluent.

28. An antibody or an antigen~-binding fragment thereof which
specifically binds a recombinant or synthetic GM-CSF
receptor according to any one of Claims 20 to 26.

29. A pharmaceutical composition comprising an antibody or
an antigen-binding fragment therec¢f according to Claim
28, and a pharmaceutically-acceptable carrier or
diluent.

30. A method of treatment of a GM-CSF related disease in a
mammal, comprising the steps of administering to said
mammal an effective amount of recombinant or synthetic
GM~-CSF receptor or its derivative, as defined in.any one
of Claims 20 to 26.

31. A method of treatment of a GM-CSF related disease in a
mammal, comprising the steps of administering to said
mammal an effective amount of an antibody or
antigen-binding fragment thereof , as defined in Claim
28.

32. A method for modulating the proliferation,
differentiation or functional activation of
GM-CSF-stimulation~sensitive cells in a mammal,
comprising the step of administering to said mammal an
effective amount of GM-CSF receptor or its derivative
for a time and under conditions sufficient to reduce the
arnount of non-bound GM-CSF.
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Thus the behavi our .of cloned hGWR-FD cell |ines differed, depending on
whet her they were maintained in hGWw CSF al on Ilamllmm)wﬁumn hGw CSF and
MG CSF. The former cell lines maintaipggd a sﬁlﬁl th equal

cl onogenicity in hGwW CSF or mGW CSF, but clonogenfcity "was significantly

| ower than for cell lines naintained in nGW CSF. The cell |ines nmintained
in a mxtige mme&b@Sannﬂoaulamxagnenat p&bi].QIﬂeQEtIiGM CSF shovved a

brogressi ve |95g:0 cells gkl g 1 o LespaNdyt @RLIULAL! O

The behavi our nes” nal n aine enced by the
site of viral stmegampnnsermetseeesﬁléﬁ pﬂeésmﬂmﬂer tc@tmmsemq Ukl wi t h

?% CSCgFalqonegﬂapn%@ aaﬁllﬁltgeaﬂagt tbe%ahdoingmrletasﬂt @trﬁfcds.ow athdgn e genes
an neo C or l,essl FJ ntrtatl v Ies nSI veness
v Cor  Fofnet, enehBSAE, BF BbiERR: Ry aang S Ramt Fhedrariy

these cells defined in Claim 28. 50 suggested the

cont i nuoug, geRerathan Wl idghbles B Ul AMIRdr TGS el ouanY, cel IS

t hat had Tost responsiveness Sence of any
stinulus, theBemgall s cPmpEGELagbihe §5€PpPS cont@atind & drigane % coul d
not be rescueBiblogtieadqfeaidculft sadd mafdl(Skeithirs jHh e Gk Was

ContLrTe0 o SR o <" EHREES AU B D o L€ 15 s
defined in any one of Claims 1 to 11, and detecting the
thus-formed product.

35. A method of diagnosis of a GM-CSF related disease in a
mammal, comprising the step of contacting a tissue or
biological fluid of said mammal, either in vitro or in
vivo, with a recombinant cell as defined in any one of
Claims 13 to 19, and detecting the thus-formed product.

36. A method of diagnosis of a GM-CSF related disease in a
mammal, comprising the step of contacting a tissue or
biological fluid of said mammal, either in vitro or in
vivo, with a recombinant or synthetic GM-CSF receptor as
defined in any one of Claims 20 to 26, and detecting the
thus-formed product.

37. A method of diagnosis of a GM-CSF related disease in a
mammal, comprising the step of contacting a tissue or
biological fluid of said mammal, either in vitro or in
vive, with an antibody or antigen-binding fragment
thereof as defined in Claim 28 and detecting the
thus-formed product.

38. A method of diagnosis according to any one of Claims 34
to 37, wherein said GM-CSF related disease is a cancer,
tumour or leukaemia caused by or associated with cells
sensitive to stimulation by GM-CSF.

39. A methoc of screening a cDNA library for a c¢DNA fragment
encoding GM-CSF receptor, comprising the steps of:

(a) constructing a cDNA library,

(b) preparing cDNA fragments therefrom,

(¢) transfecting said fragments into mammalian host
cells,
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Tines maintained their viral inserts, but expressi CSF
receptor and neoR genes declined progressivel ymmggug&@m‘mmam ng time
in culture. The reasons for the relatigely high? i at which the
viral genes were turned off are unclear, but this clearly did not depend on
viral integration site. Indeed, suppression of retroviral expression has
been observed in atduriveybatingfsaidntradsfectedcrallfgwitihi Aabelled
haenopoi eti c @eldsr(Chang et al, 1987, Magli et.al, 1987, Emerman and

Tem n, 1984); the SV40 ear|y.region pr ter, used_in_the_ prese construct
to drive the neonyt$h +§§?§¥£§t€g98ﬁ§?9%§§°35eﬂ sgﬁﬁﬂs%scﬁgdng?hfhlarly
sensitive to himhsngasdidi 3akelliag B¥gAEFve regul atory factors (Chang et
al, 1987; Magli et9 é% 7pﬂ-g§Z£iE§E§rﬁgﬂe§nngﬁ&& c&284; +EahERe refedhes +1985;
e
t

Wllians et al_ .1 . observationlthat th% huqgn pl acent a
GV CSF receptThNa gneRys: ARG, 5P FRRER BATBRALAAR RESHa&RIPSi &9 ¢ FDC- P
cells | ends swiudrlabelléé 6MgQssi andthat this receptor subunit may forma

conponent of the h ; 8C on haenopoietic cells. It also
denonstrates that g£§§%§g$§?§?§§ g@%ﬁéﬁ'receptqr of non- haenopoi etic
ori gin c#P ¢ rbmsaunethed| pfeparpeainnghaFbNandibaamt &oxal; An a

haenopoi etic gehdmehf Bnkbd2ng- cHEPSRIRBEPFROBRSI comprite mPIML &t&ipany
high-affinity gLndlng conponent. | ndeed, since biological responsiveness of
the transfect®H*FDC-P1 cells was al nost the same to mor hGW CSF on a

receptor-occupi ed basi senshtiractinghar conggddibsary,

(b) preparing cDNA fragments therefrom, and

(c) transfecting said fragments into mammalian host
cells,

the improvement comprising the steps of

(d) incubating the transfected cells formed in step
{c) with labelled GM~CSF,

(e) identifying populations of transfected cells

- binding said labelled GM~CSF,

(£) preparing clones of host cells transformed with
cDNA fragments able to cause mammzlian host cells to
bind labelled GM-CSF, and '

(g) isolating said clones.

41. A process for production of GM-CSF receptor comprising
the steps of culturing a recombinant cell according to
any one of Claims 13 to 19 in a suitable nutrient
medium, and recovering GM-CSF receptor.

42. A method of preparing a DNA sequence encoding GM-CSF
receptor, comprising the steps of:

(a) providing a cDNA library from a source which
expresses GM-CSF receptor;

(b) preparing cDNA fragments therefrom;

{¢) transfecting said fragments into heost cells,

(d) identifying host cells which express GM-CSF
receptor, -

(@) recovering the host cells which express GM-CSF
receptoxr, and
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t hat the signalling conponents of both h and nG\W CSF receptors may be
hi ghly conserved, and that the main function of high affi niM airunits
iru and to

m ght be solely to increase the rate o% receptorsl“ H EI H
i ncrease the responsiveness of haenopo Btic cell Ll
concentrations of GWCSF. Alternative interpretations of the data involving

I nteraction or coi r sd&ti R t hn d r.wth
endogenous nmGw CSF(rhf)fra fl\/%élztf CSFQr@t(I:%p?%r)s %\ggeﬂgggl EgggggeEgg%%%DéLsnpi te
t he conservatS% of€%i gnal | i ng bet ween human and nurine GV CSF receptors,

there is 4l umcdtilood| acomseingt tonclaimhe2 GhGohibhndikeg ddnaiis, and there

was no conversj Qn. %gﬂ@ F t hihgh-af fkni.t y ,.ecept or by
i nteraction vﬁ%&% Jr’r%lel;s c_eﬁsm%ﬁg§8d‘lgép¢:§§e hlggﬁ-%ahlfqﬁ'fr%/ﬁorfﬂw CSF
r ecept or $#4 THe NeLRed AGEPEAERAt e anynede| of- GLailmst p9HhGMOGCSR 2 exept or to

hi gh-af finit mﬁhﬁ&&ueﬁe@heréumnniﬁﬁaﬂ?ckgaaer&behs £2bkl huRssSi bl e t hat
high-affinity GV CSF receptors are unrelated to the low affinity hGw CSF
recept or. Hom, ent#- as we have postul ated, the low affinity subunit can

be converd®d Rlasmid ghcHR1B8i ay herephbefobyei de€daeti.on with an "adaptor”
subunit, ghenpi ﬁiangﬁﬁg%lgﬁeﬁggﬁnggkoﬁg agggbegc.ross these speci es.

A w de varl et%q of pot rapeutic, diagnostic and preparative
appl i cat iths @l ine hetsBrEPsass herpanbafese; ésfigednvi saged, i ncl uding,
but not 1481 tRdnéthodhéf screening of compounds for ability to

augment or reduce binding of GM-CSF, comprising the
steps of contacting a cell line bearing recombinant
GM-CSF receptors with GM-CSF labelled with a detectable
marker, in the presence of compound to be tested, and
measuring whether binding of GM-CSF to the transfected
cells is augmented or reduced compared to binding of a
reference compound.

49. A method according to Claim 48 wherein the cell line is
hGM-R~FD.

50. An animal possessing a recombinant cell as defined in
Claim 15 or Claim 18.

51.- A nucleic acid probe whose sequence is comprised within
the seqQquence set out in Figure 6B, or is complementary
thereto. .

52. A nucleic acid sequence encoding GM-CSF receptor, a
method of obtaining said nucleic acid sequence, and
vectors and hosts comprising said nucleic acid sequence,
substantially as hereinbefore described with reference
to the examples and drawings.

53. GM-CSF receptor, antibodies directed therete, and
pharmaceutical compositions and methods of treatment
utilizing said receptor or antibodies, substantially as
hereinbefore described with reference to the examples
and drawings.
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-fol | ow ng: 1. Inhibition of the growth of GW CSF dependent nyel oid

| eukaem as. 52 2. Treatnent of

pati ents who have been overdosed with Gw CSF. 3. Local treatnent of
adverse side-reactions in patients recei ving Gwvt CSF. 4. Control of
systemic or local GWCSF levels in patieht ~ W th over-exuberant or

| nappropriate inflammatory responses. 5. Reduction of inflammatory
response in patients with chroni G ddifHd4 ons (eg. pul nonary fungal

i nf ecti ons, | isteriosis, tuberculosis, acute respiratory distress
syndrone), autoi nmune reactions or inappropriate Gw CSF producti on.

IMPROVEMENTS IN GRANULOCYTE-MACROPHAGE COLONY-STIMULATING
FACTOR RECEPTOR AND DERIVATIVES THEREOF.

The invention provides a recombinant or synthetic receptor
for granulocyte-macrophage colony-stimulating factor (GM-
CSF) and Dbiochemical and/or Dbiological equivalents,
homologues, or derivatives thereof. The GM-CSF receptor is
useful inter alia in treatment and diagnosis of GM-CSF
related diseases, and in screening of agonists and
antagonists of binding of GM-CSF to its cell-bound
receptors. The invention further provides nucleic acid
sequences encoding GM-CSF receptor, recombinant DNA
molecules comprising these sequences, and transformed hosts
carrying the recombinant DNA molecules, as well as
antibodies directed against GM-CSF receptor, and
pharmaceutical compositions comprising either the GM-CSF
receptor or antibody thereto.

(Figure 6B)



6. Classification of nyeloid | eukaem as for stratification for outcone

and sel ection for therapy. 7. Detection of aberrant expression of
GW CSF-R in tunours to allow selection of patients to receive
combi nati on t herapy with GwW CSF and chenot herapy (excl usion of
cancers with GWCSF-R) (eg. lung, breast_and bl adder cancer, nyeloid
| eukaem as) . 8. Screening of pati ent\g!h/\,ith capacity to respond to GW-
CSF in apl astic anaen as and congenital neutropaeni as. 9. ldentification
of disease states nediated by autoi mune anti - G\ CSP-R anti bodi es (eg
aut oi nmune neu reporrarl mof—af-frmty-—mat eSSt
al | ow rapi d".“c p@lF—l‘fl cation of GMCSF for clipittal studies
t herapeutic Hse. sok 53 13¥~ Screeni ng of
pot enti al ag&nl st s} and ant agoni st CSF actio
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12. Preparation of antibodies against the hGMCSF-R to bé used in:

a. identification and quantitation of circulating sol ubl e
Gwt CSF- R, b. screening marrow cells for evaluation prior to
t her apy c. evaluating marrow reserve in pre-treatnent
patients, d. determ ni ng pzj nyracoki netics of GMCSF-R in
clinical trials of Gw CSF-R eparation of anti-idiotypic antibodies
to mmc the action of GMCSF for use in therapy and in | owering
systemc lipid |evels. 14. Preparation of nucleic acid probes for
i dentification of Mepr ant GV CSF receptor genes in disorders such as
nyel oi d | eukaem a. Al t hough t hese _Fppl ications are listed with
reference to hGMCSF, it wll ppar.g o the person skilled in the art
that correspondi ng veteri pary|di agnost]i c, fherapeutic and preparative
applications of approprjate api mall GUCSF-Rs are within the scope of the
i nventi on. Referet¥cgs cifted |herdin afe listed on the foll ow ng pages.
It will be clearly undersf{oodthat] thgq invention in its general aspects is
not limted to the specifijc de¢taills ‘
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ATCCAAATTCAGCAAGGGAGGGTACCGCTGCTCAGAATITCTCCTCTTTCATCTACAATEEGGATTTAATGAACTGTACC 560
140 160
TrpAlaargGlyProThrAlafroArgAspValGlnTyrPheleuTyrIleargasnSerlysArgargargblulilearg
TGGGCGAGGEGTCCGACGECCCCCCCTEACCTCCAGTATTTITTCTACATACGAAACTCAAAGAGAAGGAGCSAGATCCG 640
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CysProTyrTyrIleGlnAspSerGlyThrisValGlyCysHisLeuAspasnleuSerGlyLleuThrSerarghasnTy:
GTGTCCTTATTACATACAAGACTCACGAACCCATGCTGGGATGTCACCTGGATAACCTGTCAGGATTAACGTCTCGLAATT 720
23 ] 200
PheleuValasnGlyThrSerArgClulleGlyIleGinPhePheAspSerLeuleuAspThrlyslysIleGluarg
ACTTICTGGTI AACGGAACCAGCCGAGAAATTIGGCATCCAATTCTTIGATTCACTTTTGGACACAAAGAAARTAGAACGA  BOO
- 220 £33 FE% 240 -~
PheasnProProSerasnValThrValargCysasnThrThrHisCvsleuValargTeplysGlaProargThrTyrCln
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. 260
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300 £ 13 320
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w

derivative thereof capable of binding human G\ CSF, said GVt CSF recept or
bei ng defined as a gl ycosyl ated or ungl ycosyl ated protei naceous nol ecul e
conprising, inits entirety, an extracellular domain, a transmenbrane
domain, and an intracytoplasmc tail and being capable of specifically

bi ndi ng radi oactively | abelled GW C3#/ior derivatives thereof, said binding
bei ng conpeted for by unlabell ed Gv CSF. 2. A nucleic acid according to
Caim1l, wherein said derivative has at |east 75% am no acid honol ogy with

natural |y occurring [GWCSF TECEptor. 3. A nucrerc acid according to
Caim1 or claim20 Fwer ein the nucleic acid is a DNA andCégner3des a
nucl eoti de sequence Which is as set out in Figure 6B or which has at |Jast
75% honol ogy with saj d sequence of Figure 6B. 4. A nucleic acid
according to any onefof Clains 1 to 3 which additionally conprises a
further nucleic acid ence Qontiguous to the sequence encodi ng humaph Gwv
CSF receptorm™_ 5. L, hucl ey id according to any one of Clains 1 to}4
wherei n sai d S CSF flecept or conpri extracel | ul ar domai n whi ch hps
the capacity %@ bi nd|{Gw CSF
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- 63 - 6. A rq@BmﬁEMaﬁNtT BTl ecul e conpr i si ng Zalgssnigtiemc patiedg ! atchpred .4,

GM CSF recept dr Tas the lari no aci d sequenceZagiassis) out piged Fgur pagsB, v
or a honol ogué ereff U@WV ndodes a pol ypept i.d& Dawiingspt ndgedss.. (65pbgead .....
' # the sai

t

sequence ident}t feceptor. 7. :(Alracarit nanp.detlA .nl ecllie.
a

a transnenbrani domai n, and an_ihtracel lular do IﬂﬂEaC§1R§§

according to C pepti de conptising an extracel l'ul ar_domaﬁ n,
o) Sml..:f T

replicabl e vectter—eomrTSL N clLei ¢, aci eF A—aiy—ehe o Clains
1 to 5 or recombdiHant Sn@*@%?eé—gc%%wi gag?z)'(} gléﬁigrgf:‘a&l"é/i'mt}‘. 379, A
reconbi nant celdpsonpid stngcrossicteact ace drasegebirsetiave adypocomeesf C ai ns

1to 5, | [ toclaim6 or claim?7.
© 5 oo nERATELNG0 PErLecyl ¢ apgerg ng

10. A reconbi nant c@L ( which is a siman COS cell
11. A reconbi nant cdlinakkvr diress ol OMal ny Jevbethmeats haseopoigasst askld |

wherein the nuglgio 3t f FOLORESESr M EREPRRE1 £8T Gt - PEFELRIRG0s @Y CSF.
51,000 (Walker and Burgess, 1985) or 130,000 (Park et

al, 1986a), while the human receptor molecular weight
has been estimated at 84,000 (DiPersio et _al, 1988).

Although some of the properties of GM-CSF receptor
have been deduced, the receptor has not hitherto been
isolated or purified.

—~ SUMMARY OF THE INVENTION

In accordance with the present invention, there is
provided a purified nucleic acid selected from the group
consisting of single stranded DNA, double stranded DNA,
cDNA and RNA which each comprises a nucleotide sequence
which encodes, or is complementary to a nucleotide
sequence which encodes, human GM-CSF receptor or a
derivative thereof capable of binding human GM-CSF, said
GM~-CSF receptor being defined as a glycosylated or
unglycosylated proteinaceous molecule comprising, in its
entirety, an extracellular domain, a transmembrane
domain, and an intracytoplasmic tail and being capable
of specifically binding radicactively labelled GM-CSF or
derivatives thereof, said binding being competed for by
unlabelled GM-CSF. The expression of this human GM-CSF
gene provides a quantity of recombinant receptor
heretofore unavailable, thereby permitting intexr alia
the development of receptor therapeutics, diagnostics,
agonists and antagonists, and the like.

Accordingly, the first aspect of the present
invention relates to recombinant or synthetic human GM-
CSF receptor or a derivative thereof capable of binding
human GM-CSF, essentially free of other proteins, said
GM-CSF receptor being defined as a glycosylated or
unglycosylated proteinaceous molecule comprising, in its

entirety, an extracellular domain, a transmembrane



12. A reconbinant cell according to Caim 11 which i|sREPIAHOEVENT fffERdENt
haenopoi etic cell. 13. Reconbi nant or synthetic hymgm GWCSF recept pr or
a derivative thereof capable of binding human GW CSH, |es qqAﬁ@L|g7f e¢ of
ot her proteins, said GW CSF receptor being defined gs ja Elycosy ated or
ungl ycosyl at ed protei naceous nol ecul e conprissing, in i%s—ept++ety—an
extracel lul ar domain, a transmenbrane domai n, and arn
REPLACEMENT SHEET . : 6 i ntracy. T C I.ng
capabl e of specEﬁ"@d‘lr’I’y a}ﬂ%cﬁrhglrftarﬁcéfgtccfl?ivaéﬁn&l a%ée)ﬂ g%h%\)? L {;O?«;an%‘ie

derivatives theogofspesaifil dailig rigl rivkimy waodiped el ¥ol y byabal abdl Gd CSH GSF.

14. Reconbi nant .or .synt.heti ¢,human. GVt CSF .r ec r rdi Caim 13,

wherein said def:1 ie\ﬁtviy#éwﬁfsctﬁeﬁeeogfs’t Sﬁi’“’fg a %%Prgi%g%‘gﬁo%@ge&ﬁ? h fﬁ’&t Pal | y

occurring Gv CSEnlebsitled GM-TRF A rEmoidatangs cincjudadt in GYiESEspecspt or
of the invention are those including that portion of the

receptor comprising its soluble (non-membrane
associated) region that has the capacity to bind GM-CSF.

A second aspect of the present invention relates to
antibodies that recognise human recombinant or synthetic
GM-CSF receptor (and its derivatives) as hereinbefore
defined, and which are useful in the detection and/or

~ purification of these molecules.

The binding of GM-CSF to its cell-bound receptor
may be modulated with agonists or antagonists of GM-CSF.

The receptors of the present invention may be used
in a method of treatment of GM-CSF related diseases in a
mammal, and in particular a human, by the administration
to said mammal of an effective amount of recombinant or
synthetic GM-CSF receptor or its derivative. One such
method involves modulating the proliferation,
differentiation or functional activation of GM-CSF-
stimulation-sensitive cells in the mammal, which method
comprises the administration to said mammal of an
effective amount of recombinant or synthetic GM-CSF
receptor of its derivative for a time and under
conditions sufficient to reduce the amount of non-bound
GM-CSF. An effective amount can readily be determined
by routine experiment, as can the most effective and/or
convenient route of administration, such as intravenous,
intramuscular, subcutaneous, or oral. Slow release
formulations may be advantageous for specific purposes.
Preferably the mammal and the origin of the GM-CSF
receptor are homologous, and even more preferably the
homologous system is human.

A third aspect of the present invention, provides a
method of generating information for use in the

diagnosis of a GM-CSF related disease in a mammal,
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with an al d} am no

_ _ REPLACEMENT SHEET
according to Caim13 which conprises any of th

out in Figure 6B or which has at |east 75% honollogy w
aci d sequence of Figure 6B. 16. A reconbi nant |o s@ﬂﬂA“ﬁ -CSF
receptor according to any one of Clains 13 to 1 ichis a fus oh protein
or a hybrid protein. 17. Recombi nant or -synthetic GVt CSF recept pr
according to any one of Claims 13 to 16, wherei bt or

h | t
T8 G ?%Ftrﬁcipto s eh M s L 2 REEe SR bIOVRAGRY o
Clains 9 to 12. fluigl oxh sgid beayadr, dm amtnm,n -Wi phli agnific hghenacideoeof

whi ch antibody Q& brgRil: RECHJI1GRIE bl&%&@@fﬁﬁ%ﬂé@ia eoiym%

GW CSF receptor according to _any one of ‘Tai'ms 1

phar maceuti cal EYfPosi t'ﬂogl‘?c@é@pr ies (e iy igeasHbi erang Yot helyhe hell i ESEM CSF
recept or accordlraaeb@oa%xoa% A tSRIRB o3 érpcxgeril%élfg@lﬁ@tfiﬁggx}{eﬁﬁ an

anti gen-bi ndi ng fragnent thereof according to
g gthergeof as hereinbefore dé%lned and detecting the thus-

formed product. 1In this aspect, the invention also

extends to kits for such diagnostic purposes. For
example, diagnostic kits for assays utilizing radio-
immunoassays, fluorescent immunoassay, or ELISA are
specifically contemplated.

— A fourth aspect of the present invention relates to
the use of recombinant or synthetic human GM-CSF
receptor or an antibody or antigen binding fragment
thereof as hereinbefore defined in the manufacture of a
medicament for the treatment of GM-CSF related diseases.

A fifth aspect of the invention relates to a GM-
CSF-dependent haemopoietic cell line into which a low-
affinity receptor for a heterologous GM-CSF has been
cloned.

A sixth aspect of the invention relates to a method
of screening a cDNA library for a cDNA fragment encoding
GM-CSF receptor, comprising the steps of:

constructing a cDNA library, preparing cDNA
fragments therefrom, transfecting said fragments into
mammalian hosts cells, incubating said transfected cells
with labelled GM-CSF, identifying populations of
transfected cells binding said labelled GM-CSF,
preparing clones of host cells transformed with cDNA
fragments able to cause mammalian host cells to bind
labelled GM-CSF, and isolating said clones.

BRIEF DESCRIPTION OF THE FIGURES

The present invention is further described by way
of reference only to the following figures, in which:

Figure 1 shows saturation binding isotherms and
Scatchard analysis of !2°I-hGM-CSF binding to

A. HL6&0 cells after incubation in 1.25% (w/v) DMSO



- 65 -  21. Use of {r BERuASiFmdnt @irESyht hetic GV CSF receptor or its
derivative, as defiged Th any ome Clains 13 to 18, or of an antibody or
antigen-binding fra nPnt1RQ@#§q§? defined in daim19 for the manufacture
of a nmedi canent for juge nent of a GV CSF rel at ed di seases.

22. Use of GW CSF r ¢ceépt-ot—=af—itls d=r vattve2or an anti body or
antigen-binding fragnent thereof as defined in Caim19 for the manufacture

of a conpositio M odut-at+ny the proliferat i on
or functional a t|6&a§t of GWk CSF-sti nul ati on-sensi tI “mwﬂ“mﬂ“ﬁrmm

23. A nethod of generat| ng information for use in the*di &gnésis of &

rel ated di sease i mmal , conprising the step of contacting a tlssue or
bi ol ogi cal fl ui L3itet

id nannal invitro, with a nucleic acid or
reconbi nant DNA nol ecule as defined in any one of Clainms 1 to 7, a

reconbi nant cel |, as de il t
synthetic G oSt recg\p[ﬁ ééie?’{Wclcérﬁ.ec Acfd aéé‘?e@té@ %%omathécg&@u@an or

one o aims 13
anti body or antC@@$ﬂﬁﬁﬂn9u?ﬁ %Kﬂﬁ%ﬁ QQ%#Q%%dé%Nﬁef@ﬁBélﬁnséF§P9ﬁ§9 ﬁd

SO IR n eadd-cofiorbed AUSLELECRGHE BE
r econbi nant DNA ec e as | nedeaf n acnéﬁ%ﬂe %f d ai s ‘i’ quence

7
reconbi nant cel Mhaﬁﬂ'deﬁﬂmﬁfn GhylpriewRlenentdry £8 20ug eotide
sequence which encodes, human GM-CSF receptor or a

derivative thereof capable of binding human GM-CSF, said
GM-CSF receptor being defined as a glycosylated or

~ unglycosylated proteinaceous molecule comprising, in its
entirety, an extracellular domain, a transmembrane
domain, and an intracytoplasmic tail and being capable
of specifically binding radioactively labelled GM-CSF or
derivatives thereof, said binding being competed for by
unlabelled GM-CSF.

2. A nucleic acid according to Claim 1, wherein said
derivative has at least 75% amino acid homology with

naturally occurring GM-CSF receptor.

3. A nucleic acid according to Claim 1 or claim 2,
wherein the nucleic acid is a DNA and comprises a
nucleotide sequence which is as set out in Figure 6B oxr
which has at least 75% homology with said sequence of
Figure 6B.

4. A nucleic acid according to any one of Claims 1 to
3 which additionally comprises a further nucleic acid
sequence contiguous to the sequence encoding human GM-
CSF receptor.

5. A nucleic acid according to any one of Claims 1 to
4 wherein said GM-CSF receptor comprises an
extracellular domain which has the capacity to bind GM-
CSF.



reconbi nant or synthetic GW CSF receptor as defined in any one of Clains 13
to 18, or an antibody or antigen- binding fragne Dm@eof as defined in

Claim19 in the preparation of a conmposition for ﬁf”wgoms of a
GW CSF rel ated di sease in a manmal . 25. A neth aim 23 or

use according to claim 24, wherein said @3 GSF rel ated d| sease is a cancer,
tunour or | eukaem a caused by or aSSOCIated wth
- 66- cells sensitiv nul.ati on 26

A method of <treenfnfe8g° ap b &%ﬁ]@?mpé&Slng 2t9%8%ent encodi ng
GVt CSF receptmcd@ﬂigia hamdnGNMGSEF receptor Ivaciept dras stidef amédoas a

glycosylated or. gn% ¥883¥Eaggd§§trgggllu ar%ﬁﬁkng§oq§ nglﬁgM%goéggpr|S|ng

inits entirét omai n franshe ne domain
and an thereaxfrahythpbasmiest ai podypdpdiinde da@\abm@ of $paskfi’oél |y
bi ndi ng radi oac r t her eof

sai d bi ndi ng % C%%%S%%nkﬁggﬁgk?g by urtl:lh%b ﬁdﬁ%d \@ééé/ﬁéor GWvt CSF, conpri si ng
the steps of: (a) constructing a cDNA |ibrary,

7. A recombinant DNA molecule according to Claim 6,
said polypeptide comprising an extracellular domain, a

transmembrane domain, and an intracellular domain.

8. A plasmid or replicable vector comprising a nucleic

- acid as defined in any one of Claims 1 to 5 or
recombinant DNA molecule according to Claim 6 or Claim
7.

9. A recombinant cell comprising a nucleic acid as
defined in any one of Claims 1 to 5, or a recombinant

DNA molecule according to claim 6 or claim 7.

10. A recombinant cell according to Claim 9 which is a

simian COS cell.

11. A recombinant cell according to Claim 9 which is a
haemopoietic cell, wherein the nucleic acid encodes a

receptor for a heterologous GM-CSF.

12. A recouwbinant cell according to Claim 11 which is a
GM-CSF dependent haemopoietic cell.

13. Recombinant or synthetic human GM-CSF receptor or a
derivative thereof capable of binaing human GM-CSF,
essentially free of other proteins, said GM-CSF receptor
being defined as a glycosylated or unglycosylated
proteinaceous molecule comprising, in its entirety, an

extracellular domain, a transmembrane domain, and an

REPLACEMENT SHEET
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transfecting

(b) " preparing c \frggﬁw_ﬁ%%éff om :
( i ncubat i ng

said fragnents intdq mammal i an host [cel | s,

c)

d)
said transfected cdl lis wiit Ay Wpelil ¢d G CSF, | 'Wﬁi““‘ying
popul ati ons of transflected cells ml\m “‘“\éa elled
G+ CSF, )y ing clone$ of hosth St t reanst or ned
with cDNA fragnents] able to cause magmal i an host cells

to bind | abell - - - | ' Ld; gl
? "A'process T aP BPONSCRLONTSF Ghdsenbbaing U160 SRGE MRSy,

27. A process for pr ron of onpri sing
steps of cul turbagdangesadiionentivedly labelled GMAEHref nge¥bvahyvese of

Aainms 9 to 12 LReae34,t @Rl binding beir}gﬁ rdsite @l £57 BPduAEEBYEN LAY

Gwt CSF receptor. 28. Anmet hod of preparing a seqguence
encoding G  GM-CSF. (CSF receptor wherein said GW CSF receptor .is
defined as a glycosyl ated or ungl ycosyl at ed protei naceous

nol ecul e conprising, inits entirety, an extracellular domain, a

transnmenbr ane déftai nRESRILARAY O\ BBHINRIG T HURdn {f-CSF receptopej ng

capabl e of spechtieaidingpitddicng imdizoaciHad i said derivaebekl REsCYCSF or
derivatives thereof, said binding, . _
least 75% amino acid homology with naturally occurring

GM-CSF receptor.

15. A recombinant or synthetic GM-CSF receptor

- according to Claim 13 which comprises any of the amino
acid sequences set out in Figure 6B or which has at
least 75% homology with any said amino acid sequence of
Figure 6B.

16. A recombinant or synthetic;GM—CSF receptor
according to any one of Claims 13 to 15 which is a
fusion protein or a hybrid protein.

17. Recombinant or synthetic GM-CSF receptor according
to any one of Claims 13 to 16, wherein said GM-CSF
receptor comprises the extracellular domain which has
the capacity to bind GM-CSF.

18. GM-CSF receptor produced by a recombinant cell as
defined in any one of Claims 9 to 12.

19. An antibody or an antigen-binding fragment thereof
which antibody or fragment specifically binds a
recombinant or synthetic GM-CSF receptor according to
any one of Claims 13 to 18.

20. A pharmaceutical composition comprising a
recombinant or synthetic GM-CSF receptor according to
any one of Claims 13 to 18, or an antibody or an

antigen-binding fragment thereof according to Claim 19.



bei ng conpeted f ery unl\,@q % G\A CSF, conprising the steps of:
(a) providing a T]i source which expresses Gw CSF

receptor; ) preparl ng CDNA fragnments ther H lm )
transfecting sai r ahrred® V9% o] hpst cel | s; HI , I ” “MJ' ,I‘E host
cell's which expré¢ss GW CSF_ re,eptor - 65 - (e) recoveW|n§ the host
cells which expr ss Gh@CSF ‘eceptor{ and recovering DNA fromthe

host cells recové d_according to
Claim 28 in whiddh stQEP(ﬂﬁ F%CombL%g?é % oﬁ¥n59e?ﬁ8 ﬁgfhg SFBPLh

30. A nethod aciagy diewivat any, oae @éfﬁladnEnZEny28neODf Cladms n3which t he
CDNA library is derived_from hunman

s pGVR138
and pGVR29 as deti il Th BatptEP Y Oﬁe?gghgen blngi%%Cel 2 %%“rgr?ce11 hGW R- FD
as defined in Btpopdef 8abedefimed in GBaih Wet fiod thesocweeerfianduofe c:efrm)unds
for ability to ment red ce_b C
steps of cont aé‘fef%c%n%%tflg?¥n earlﬁggrggg%fn%%fgg\/l %ngﬁl rece oC%s
with GV CSF | ahkildemlsest h a detectabl e marker, in the presence of
conpound to be tested, and

22. Use of GM-CSF receptor or its derivative or an
antibody or antigen-binding fragment thereof as defined
in Claim 19 for the manufacture of a composition for use
in modulating the proliferation, differentiation or

— functional activation of GM-CSF-stimulation-sensitive

cells in a mammal.

23. A method of generating information for use in the
diagnosis of a GM-CSF related disease in a mammal,
comprising the step of contacting a tissue or biological
fluid or said mammal, in vitxyro, with a nucleic acid or
recombinant DNA molecule as defined in any one of Claims
1 to 7, a recombinant cell as defined in any one of
Claims 9 to 12, a recombinant or synthetic GM-CSF
receptor as defined in any one of Claims 13 to 18, or an
antibody or antigen-binding fragment thereof as defined

in Claim 19 and detecting the thus-formed product.

24. Use of a nucleic acid or recombinant DNA molecule
as defined in any one of Claims 1 to 7, a recombinant
cell as defined in any one of Claims 9 to 12, a
recombinant or synthetic GM-CSF receptor as defined in
any one of Claims 13 to 18, or an antibody or antigen-
binding fragment thereof as defined in Claim 19 in the
preparation of a composition for use in the diagnosis of

a GM-CSF related disease in a mammal.

25. A method according to Claim 23 or use according to
claim 24, wherein said GM-CSF related disease is a

cancer, tumour or leukaemia caused by or associated with



measuri ng whet her binding of GWCSF to the transfected cells is
augnented or reduced conpared to binding of a ref erence conpound,

wherein said GW CSF receptor is defined as a gl ycosmmﬁﬁwﬂ"” ulll IIIL
ungl ycosyl at ed prot ei naceous nol ecul e conprising, il r Jlan
extracel lul ar domai n, a transmenbrane domaigg -and an © LR st

-67a - I ntracytoplasmc tail and being capable of specifically binding

radi oactively | abell ed G\t CSF or derivatiyes ther ,Eﬁ@id bi ndi ng bein

conpet ed for byC%ht AbEPTEHCENFCSR. SE1842 lﬁgtﬁgdggéébrding to ClaimBBg

mhe{e!n thedcell line is hGMR-FD as defined in Exanple 8 herein. 35. A

nucl ei ¢ acid probe 0se,sequence i S conpri.s 1 thin. .t et out
g. mgowsFé n?grﬁcfﬁgpégg.a %%ﬁ% flﬂ%aﬁ?’ﬁﬁHQ§W&ﬁm§

in Figure GB,(ﬁ is 1

fragment encoding GM-CSF receptor wherein said GM-CSF
receptor is defined as a glycosylated or unglycosylated
proteinaceous molecule comprising, in its entirety, an
extracellular domain, a transmembrane domain, and an
intracytoplasmic tail and being capable of specifically
binding radioactively labelled GM-CSF or derivatives
thereof, said binding being competed for by unlabelled

GM-CSF, comprising the steps of:

(a) constructing a cDNA library,
(b) preparing cDNA fragments therefrom,
(c)

REPLACE: ~ “VEET | -
| - "1 1(d) incubating said transfected cells with

transfecting said fragments into mammalian
host cells, '

!
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(e)

(£)

labelled GM-CSF,
identifying populations of transfected cells
binding said labelled GM-CSF,

preparing clones of host cells transformed

with cDNA fragments able to cause mammalian
host cells to bind labelled GM-CSF,

isclating said clones.

and

27. A process for production of GM-CSF receptor

comprising the steps of culturing a recombinent cell
according to any one of Claims 9 to 12 in a suitable
nutrient medium, and recovering GM-CSF receptor.

28.

CSF receptor wherein said GM-CSF receptor is defined as

A method of preparing a DNA seguence encoding GM-

a glycosylated or unglycosylated proteinaceous molecule

comprising, in its entirety, an extracellular domain, a

transmembrane domain, and an intracytoplasmic tail and
being capable of specifically binding radiocactively

labelled GM-CSF or derivatives thereof, said binding



A

being competed for by unlabelled GM-CSF, comprising the
steps of:

(a) providing a cDNA library from a source which
expresses GM-CSF receptor;

(b) preparing cDNA fragments therefrom;

(c) transfecting said fragments into host cells;

(d) identifying host cells which express GM-CSF

receptor;

(e) recovering the host cells which express GM-CSF
eceptor, and

f} recovering DNA from the host cells recovered
tn step (e).

29. A method according to Claim 28 in which step (4) is
carried out by the method of Claim 26.

30. A method according to any one of Claims 26, 28, or
29, in which the cDNA library is derived from human
placenta.

31. Plasmids pGMR138 and pGMR2S as defined in Example 3
herein.

32. Cell line hGM-R-FD as defined in Example 8 herein.

33. A method of screening of compounds for ability to
augment or reduce binding of GM-CSF, comprising the
steps of contacting a cell line bearing recombinant GM-
CSF receptors with GM-CSF labelled with a detectable
marker, in the presence of compound to be tested, and
measuring whether binding of GM-CSF to the transfected
cells is augmented or reduced compared to binding of a
reference compound, wherein said GM-CSF receptor is
defined as a glycosylated or unglycosylated
proteinaceous molecule comprising, in its entirety, an

extracellular domain, a transmembrane domain, and an
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intracytoplasmic tail and being capable of specifically
binding radicactively labelled GM-CSF or derivatives
thereof, said binding being competed for by unlabelled
GM-CSF.

34. A method according to Claim 33 wherein the cell

line is hGM-R-FD as defined in Example 8 herein.

35 . A nucleic acid probe whose sequence is comprised
within the sequence set out in Figure 6B, or is

complementary thereto.
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