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agonist antibodies and screening method therefor SLATED APPLICATION s ,
Thos application claims priority to U.S. Provisional Application Serial No
6Q/p83,575, filed an Apri130, 1998. BACKGROUND OF THE INVENTION The process
by which blood cells grow, divide and differentiate in the bone marrow is
called hematopoiesis (Dexter, T. M., and Spooneer) E., Annu. Rev. Cell
Biol., 3: 423, 1987). There are many different types of blood cells that
belong to distinct cell Iineages. Each of the various blood cell types
arises from pluripotent stem cells that are able to  undergo self renewal,
or give rise to progenitor cells that yield all of the different mature
cell types. Three general 15 classes of cells are produced in viva: red
blood cells (erythrocytes), platelets, and white blood cells (leukocytes),
the vast majority of the latter being involved iz~ host immune dtfense.'~
Proliferation and differentiatiaon of hernatopoietic precursor cells are
regulated by a family of eytokines, including colaz~y-stimulating factors
{CSFs) zo and interleukins (Arai, iC.-L, et al, Annu. Rev. Hiochem. 1990,
59:783-836). At _ Ieast four cytolcines are involved in production of
neutrophils and macrophages, that is, interleukin,-3 (IL-3),
granulocyte/macrophage colony-stimulating factor (GM-CSF), granulacyte
colony-stimulating factor (G-CSF) and macrophagestirnulatiz~g factor
(M-CSF). Arnang them, Cr-CSF woxks specifically ozt cells 25 restricted to
the neutrophilic granulocyte lineage (l~emetri, Cr. I?., arid Griffin, J. -
~_, Blood, 1991, 78: 2 Q91-2808). The principal biological effect of G-G5)~
irt vivo . , is to increase the proliferation and differentiation of
neutrophils from comcndtted progenitors (Gohen, A. M., Proc. Natl. Acad.
Sci. USA, 1987, 84. 2484-2488). GCSF also potentiates the migration,
survival and function of mazurc ncutrophils, IIBOIIIOIRIONIDIN   WO
~9/SS73S PCTNS99/09466 2 3 a o c T 2ao~ including increasing phagocytic
activity and antimicrobial killing (Crawford, L, et al.) N. Engl. J. Med-,
1991, 325: lb4-170, Moore, M-A.S., Annu. Rev. Immunol. 1991, 9: 159). This
physiologic process serves as the foundation for critical host , defense
systems and occurs on a large scale irr viva. ~ ' 5 The half life of a
commercial form of recombinant human G-CSF (1d'eupagen~, Amgen, Inc.) in
viva is only 3-5 hours, and it has to be administrated daily to maintain
the threshold level of G-CSF required for stimulating neutrophil generation
(Physician's Desk Reference, 53`i, 1999, 532537). The rnajar side effects
of recombinant human G-CSF ("rhG-CSF") therapy at higher dosage is bone
pain, presumably due to the transient high level of rhCrCSF in viva
immediately following injection; however, this is less frequcnl in patients
receiving lower doses of rhCr-CSl~. Various means are under investigation
to prolong the in vivo half life of rhCx-CSF, including conjugation with
polyethylene glycol (PEG). However, a 15 recent report indicates the PEG
conjugates had considerably lower activity than the unmodified proteins
with an inverse correlation between molecular weight of the 1~EG moieties
conjugated to the protein and activity in vitro. See Bowen S., et al, Exp.
Hemat., 1999, 27: 425-432. Moreover, data Exam animal studies indicates
that the rhCr-CSF conjugated with PEG extends the half life to 1 to 3 days,
but not 2o beyond that. In contrast to PEG conjugated rhG-CSF) the in vivo
half life of monoclonal antibodies ("mAbs") is around 2-3 weeks, dependent
upon the antibody isotype. It is anticipated that a single injection of an
agonist antibody against human G-CSF receptor will provide G-CSF-Iike
activity for several 25 weeks. Thus, patients with chemotherapy and severe
chronic neutrapenia would potentially bcntfit from less frequent hospital
visits due to the prolonged biological activity of agonist naAbs.
Additionally, sustained levels of the agonist , , antibody in the blood
circulation would continue to stimulate the proliferation and
differentiation of neutrophilic progenitor, therefore exhibit higher
potency,   WO 94155735 ~CT/rJS99/09466 3 a o~T ~oa~ resulting in lower dose
usage and possibly fewer side effects than Neupogen~ or other rhG-CSF
derivatives. Various actions of G-CSF are triggered by the binding of
G-CSF, through its two discrete binding sites, to its receptors, fanning a
1:2 ligand/receptors 5 complex. The G-CSF receptor, expressed an the
progenitor cells of neutrophlic granulacytes arid on mature corxunitted
cells) belongs to the supexfamily of cytokinelhematopoietic receptors.
Although the majority oaf family members, including the receptors far the
interleultins from intcrteukin-2 (IL-2) to I~.-7 arid
granulocyte-macrophage colony-stimulating factor (GM-CSF), are activated l
o through the formation of heterameric complexes composing a, Vii, and
sometimes even y subunits, G-CSF receptor protein, consisting of a single
chain polypeptide, is believed to form a homodirrieric complex upon ligand
biziding (Fukunaga, R., et al., J. $io. Chem.) 1990, Q65: I4008).
Flomodimerization of the G-CSF receptor has been shown to be essenfiial l 5
far signal trnnsduction ('Wells, J. A., and Vas) A. M., Anna. Rev.
Biachem_,1996, 65: 609). T'he G-CSF receptor does not contain en intrinsic
protein lcinase domain although tyrosine ltinasc activity seems to be
essential to transductian of the GCS)~ signal. The signal from G-CSF
receptor activatiod through G-CSF induced receptor homodimerizadon is
mediated by noncovaient binding of various tyrosine Icinases, e.g. JAI~1
and ~AYC2 (Barge, It M. 'Y., et al, Hlood, 1996, 87: 2148-2153), and
thereafter the phospharylation of transcription fa~ctdrs Stats such ` as
Stat3 and StatS (Tian, S-S., et al, Blood,1994, 84: 176U-1764; Watowich, S.
S., et al., Annu. Rev Cell Dev. Biol., 1996,I2: 91; Dong F., et al, J.
Irrirriunot., 199$, 161: 65U3-6509). These tyrosine lcitiases play an
essential role for G-CSF 25 receptor phosphorylation and Stat activation in
response to G-CSl~ (Tian S-S. et al blood, 1996, $ 8: 4435-4444; Shimoda,
K.,et al., Blood, 1997,94: 597-604). lrxecpt for G-CSl~ receptor, the
functions of the receptors for erythropoietiri ("EPO"), gro~uvth hormone
("GH"), pralactin receptor ("FRL.") and thrombopoictm ("TPQ") also appear
to be triggered by ligand-induced receptor   



WO 99I55735 PC'f/r1S99109466 4 ~ o a c T zaoz homodimeri2atian, resulting
in phospharylation of a specific set of kinascs (Yaussaufian, H., ct al.
Blood, 1993, 81: 2223; Alexander, W.S., et al EMHO, 1995, 14: Q569; Iieldin
C.H., Cell) 1995, $3: Z 13). Therefore, the screening methods disclosed in
the invention, which are used td screen for G-CSF receptor 5 agonists based
on their ability to cause signal transduction an homodimerizatior~ and
proliferation of receptor-bearing cells, can also be used to screen for
agonists against these other receptors. SUMMARY OF THE ~NV~NT~faN: ' The
invention relates to interactive agox~ist molecules to the G-CSF 10
receptor and other hnmodimeric cytoklne receptors, which, by binding to or
interacting with such receptors, play the same biological roles as the
ligands do. The invention includes agonistic molecules capable of binding
to, or interactixrg with two cytokir~e receptor proteins) and more
preferably) the two same cytokine receptor proteins) for example, two G-CSF
receptor proteins. These agonistic 15 molecules include whole antibody
molecules, both polyclonal and monoclonal, as well as modified or derived
forms thereof, including immunoglobulin fragments IilGe Fab, scFv and
bivalent F(ab'y~, and homologues or analogues thereof capable of exerting
tlxe same or a similar agonist efftet as the native G-CSF. The agonist
antibodies and fragmenrs can be animal-derived, human-mouse chimeric, 2o
humanized, DeImmunisedTM ar fully from human. In a preferred embodimeAt,
G-CSF receptor agonists stimulate growth , andfor differentiation of cells
expressing the G-CSF receptor. This can be accomplished by binding to the
extraeeIlular damair~ of the G-CSF receptor, dimerizing the G-CSf receptor
andlor activating phosphorylation of kinases 25 associated with the G-CSF
receptor. These cells expressing the G-CSF receptor generally camptise
primitive stemlprogenitor hematopoietic cells and thus the agonists w111
promote primitive b,ematopoietic cells to differentiate and/or _ ,
proliferate leading to a repopulatian of neutrophilic granulocyte lineage
cells.   3 0 0 ~~T 2002 Another aspect of the invention relates to a method
for screening for holxxodimeric cytokine receptor agonists, for example the
G-CSF receptor agonist antibodies, using au in vitro cell-based assay
system. As described below, cells can be transfected with the GCSF
receptor, or the portion of the Gr-CSF receptor which is activated upon
binding the agonist, and then the cells can be monitored for its
proliferation in tlxe presence of the agonist molecule. The invention also
includes the use of such agonists, including agonists antibodies, for both
diagnostic purposes and therapeutic applications. The hybridomas producing
exemplary agonist antibodies, designated mAb 163-93 and mA.b 174-74-11 were
deposited o~n 29 April 1999 at the American Type Culture Collection, 10801
University Blvd., Manassas, VA 20110-2209 ("ATCC"), under Accession Nas_
HB-12699 and HB-12700, respectively. The hybridoma cell lines producing
monoclonal antibodies which have GCSF receptor agonist activity have been
deposited at the AT~C under Accession No. HB12524, Accordingly, in a first
embodiment of the irxvention there is provided an agonist antibody that
specifically bin~tts to or interacts with human G-CSF receptor to stimulate
cell proliferation and differentiation, or a binding fragment, az~aLogue,
or homologue thereof. According to a second embvdixnezyt there is provided
an agonist antibody that specifically binds to or interacts with he~az~aun
G-GSF receptor and dimerizes the receptor or activates phosphorylation of
kinases associated with the receptor to stimulate cell proliferation and di
ffexerttiation, or a binding fragment, analogue, ox homologue thereof.
According to a third embadiznent there is provided an agonist antibody
according to the first or second embodiment wherein the antibody is a
monoclonal antibody, or fragment, homologue or analogue thereof. According
to a fourth embodiment there is provided an agonist antibody which is
mAb163-93 or mAb174-74-11 According to a fifth embodiment there is provided
a hybxidoma cell line that produces an agonist monoclonal antibody, oz'
fragment, homologue, or analogue thereof of the first, secan~d ar third
embodiment. According to a sixth en'rbodirnent there is provided a DNA
sequence encoding an aganist antibody, or a fragment, homologue, or
analogue thereof of the first, second or third embodiment. According to a
seventh embodiment there is provided a gene delivery system ~.....-,.wr;
ainn a TIlvTA ronwa~na a~nnrr~irw tn the eivlh FmhnrlimPnt   Sa 3 a o c T
2aa2 According to an eighth embodiment there is provided a gene delivery
system including one or more DNA sequences encoding one or mare of the
amino acid sequences shown in SEQ ID N'OS:15 through Z6. According to a
ninth embodiment there is provided a method of screening a molecule for
G-CSF agonist activity comprising determining if the molecule can stimulate
the proliferation of Cr-CSF-dependent cells. According to a tenth
embodiment there is provided a method of high throughput screening for an
~n~tibody having G-CSp' agonist activity comprising constructing a
GCSF-responsive cell line, capable of e~cpressing a reporter gene, under
the control of a GCSF-responsive promoter and measuring enzymatic
activities or fluorescence densities in the cells after stir~xulation by
the antibody to be tested. According to an eleventh embodiment there is
provided a method far detecting the human Cx-CSF receptor immunologieally
by means of an antibody according to any one of the first to third
embodinr~ents. According to a twelfth embodiment there is provided a method
for irnmunolagical detectlou of a cell expressing the human G-CSp' receptor
on the cell surface by means of an antibody according to any one of the
first to third embodiments. According to a thirteenth embodiment there is
provided a rr~ethod for detecting a~~d determining a soluble human Cx-CSF
receptor immunologieally by means of an antibody acGarding to any oz~e of
the first to third embodiments. According to a fourteenth embodiment there
is provided an agonist antibody according to any of the first to third
embodiments when used for treatment of neutropenia. According to a
fifteenth embodiment there is provided a composition comprisiz~,g at least
one agonist antibody according to any one of the first to third embodiments
and a physiologically acceptable carrier, diluent, and/or excipientt,
According to a si~cteenth embodimeztt there is provided use of an agonist
antibody according to the first, second or third embodiment for preparation
of a medicament for treatment of neutropenia. Accordl~g to a seventeenth
embodiment there is provided use of a DN'A sequence of the sixth embodiment
for the preparation of a medicaznen~t far treatment of r~eutropenia.
According to an eighteenth embodiment there is provided use of a gene
delivery system of the seventh embodiment for the preparation of a
medicazx~ent for treatment of neutropenia.   3 0 ocT zoaz According to a
ninteenth e~nnbodimez~t there is provided a medicament prepared according
to any of the sixteenth, seventeenth or eighteenth embodixraents. brief
laescriptivn of the Drawings Fig. lA shows that the proliferation at' the
parental mouse cell 32D-c123 is stimulated only by rmIL-3, but not by
rhG-CSF (R&D Bivsystems), as deternaaned by an 



MTT assay. Fig, 1B shows that after 32D-c123 was transfected with the
full-length of the human G-CSF receptoz', the proliferation of the
transfectant D4 cehs can be stimulated by rmIl,-3 end rhCr-CSF, separately,
as determined by an TVITT assay. Fig. 1C shows that the ~~i-thymidine
uptake by the t<ansfectant D.4 cells increases in a concentration-dependent
manner when growing in the media containing rmlLr3, or rhCrCSF, but not the
control rnAb. Fig. 2 shaves tyrosine phosphorylation of JAKI kinase in the
full-length humazt GCSF receptor transfected D~4 cells induced by rhGr-CSF.
The same tyrosine phosphorylation of TAKI kinase can not be detected in the
parental cells 32D-c123, even  in the presence of rhG-CSF (RBcD
Hiosystems). As the positive control, the human CrCSh-responsive cells
AMA.-l93 (ATCC No. CRL-95t10   'CVO 9915y5 PCTIUS99109466 3 0 0 C T 2002
expressing the endogenous human G-CSF receptor also shows that the tyrosine
plaosphorylatian of 7AK1 kinase is induced by stimulation of rhG-CSF. IT':
ImmunOpreCipitation with the antibodies as indicated m the figure. Blot:
detection with HR.P-conjugated antibodies as indicated. Anti-pTyr:
anti-phosphotymsin,e ` s antibody 4G10 (Upstate Biotechnology, Lake Placid,
Ir1"Y). FIG_ 3 shows the binding of rnAb163-93 to G-CSF receptor/rgG4(Fc)
ehimeric protein by E~,XSA. The humac~ G-CSF reeeptor/IgG4(1^c) was caught
by goal anti-human XgG(Fc) antibody coated on the Inamulon 2 plate. The
binding of the mouse antibody mAb 163-93 to the human G-CSF
receptorIIgG4(Fc) chimeric 1o protein was detected by binding of the goat
ac,ti,rnouse IgG(Fc) antibody conjugated with horseradish peroxidase F'IG_
4A shows that the binding percentage of mAb163-93, but not of the
isotype-matched control tnAb G3-519, to the full-length human G-CSF
receptor transfected xxxouse cells D4 increases in the
concentration-dependent manner by 15 FRCS analysis. FIG. 4B shows that the
mAb 163-93 specifically binds to mouse cells D4 expressing full-length
human G-CSF receptor, but not to its parental cells 3~b-c123 as indicated
by cell bound percentages. hxG_ SA and SB show the proliferation of human
G-CSF receptor transfected mouse cells 1~4 stimulated by various mouse
monoclonal agonist 2o antibodies, including z~Ab163-93 and mAb174-7i4-11,
as measured by an MTT assay. The isotype-matched ~n.Ab G3-519 against
HIV-gpt120, and rhG-CSF' (R&I7~ Biosystems) were set as the negative and
positive controls. FIG. SC shows that a panel of monoclonal antibodies,
including m.Ab163 93 and tnAb174-74-11, can stimulate the proliferation of
the human G-CSF' ? 5 zeceptor transfeeted mouse cells D4, as indicated by
the increase of 3H-thymidine , ittcorparatian. FIGS. 6A and 6B show
tyrosine phosphorylation of kinase 1AI~2 (fiIG. 6A) and trarasc:ripuonal
factor Stat3 (FIG. 6B) in the human G-CSF receptor   WO 99155935
F'G'fIrJS991U9466 ~ a oc-r Zooz aansfected mouse cells D4 stimulated by
cytokines rmIL-3, rhG-CSF, and the agonist antibody mAb163-93. FIGS. 7A and
78 show a quantitative assay for stimulating granulocyte coloay~formation
from human bane marrow: FIG. 7A: rhG-CSF' and mouse 5 rnAb 163-93 ('The
eon~trol mAb G3-S 19 is isatype-matched with mAb 163-93) and FIG. 7B: other
mouse agonist mAbs, FIG. 8 shows neutmphilic granulocyte colony formation
firam human bone marrow stimulated by: 8A: isotype-matched control mAb
G3-5I9; 8H: rhG-CSF (RBcD Biasystems); 8C: monoclanai agonist antibody
mAb163-93: 8D: Morphology of cells picked up from the colony in 8C, after
cell staining. FIG. 9 shows that the mouse mAb163-93 can stimulate
granulocyte colony formation fitom chimpanzee bone marrow izt a
concentration-dependent manner. FIG. 10 shows neutraphilic granulocyte
colony formation from chimpanzee bane marrow stimulated by: 10A:
isotype-matclxed monoclonal t5 antibody G3-519 at the concentration of 50
nM: 10B: rhG-CSF (R&D Biosystems) at the concentration of 0.5 nM; 10C.
monoclonal agonist antibody nlA,b 163-93 at the concen~ativn of 5 nM; 1 OD:
Morphology of cells picked froze the colony in C, after cell staining. FrG.
1 i shows that the agonist mAb 153-93 against human G-CSk' zeceptor 20
stimulates the proliferation of manse cells NFS60 expressing endogenous
mouse f ~ Cr-CSF receptor. SUMMARY UF'I'~E SEQUENCE r,ISTING SEQ ~ NOS. 1
to 6 represent various primers used in cloning the G-CSF receptor. 25 SEQ
ID NOS. 7 to 14 represent various primers used in cloning variable regions
oftwo agonist antibodies of the invention.   WO 99155935 PGTNS99I09468  1 ~
0 0 C ~ ZOOZ SEA ID NCS_ 15 to 26 represent the amimo acid sequences of the
Cblt.s (both light and heavy chains) of two agorist antibodies of the
invention.  SE(~ ID N0. 27 represents the amino acid sequence of the
extracelluiar domain of human G-CSF receptor. s IvIAHING AND US>rNG TIC
INY>~ ~ITI01~1: 1. Producing the Agonists of ttte Invention The C'r-CSfi
receptor agoz~ists described herein preferably target epitopes within the
extracellular domain of the G-CSF receptor. Exemplary agonists include the
monoclonal antibodies produced by the hybridoma cell lines 163-93 ' to and
174-74-11. 



Monoclonal agoxiist antibodies of the invention can be produced by
immunization and fusion (see Example 4 below), or from isolated
lyzxrphocytes using EBV txaasformation, or through human G-CSF receptor
transfected insect or mammalian cells. The agonist antibodies are
preferably chimeric, i s DelriamunisedTM, humanized or human antibodies for
clinical use. Such antibodies can reduce inrrnu~nogeriicity and thus avoid
human anti-mouse antibody (I4AMA) response It is preferable that the
antibody be rgG4, xgG2, or other genetically mutated IgCr or XgM which does
not augment antibody-dependent cellular cytotoxicity (S.M. Canfield and
S.h. Morrison) J. Exp Med., 1991. 173: zo 1483-1491) and complement
nclediated cytolysis (Y.~u et al., J. Biol. Chem., 1994: 269: 3468-3474;
V.~.. Pulito et al., (l Immunvl., 199b; 156: 284Q-2850). 1 Chirneric
antibodies are produced by recombinant 1-J1'~A processes well known in the
art, and have animal variable regions arad human constant regions.
Humanized antibodies have a greater degree of human peptide sequences than
do 2s chimeric antibodies. izt a humanized antibody, only tJne
eornplementarity determining regions (CDRs) which are responsible for
antigen binding and speeif city are animal derived and have an anrtino acid
sequence corresponding to the animal antibody, and substantially a11 of the
remaining portions of the   WU 99/55735 ~ PGTIU$99109466 9 3 D 0 C T ~~9~
molecule (except, in some cases, small portions of the fi~amework regions
within the variable region) are hunxan derived and correspond in amino acid
sequence to a human antibody. See L. R.ieehmann et al., Nature, 1988; 332:
323,327; G. Winter, United State.r Patent Na. 5,225,539; C. Queen et al.,
U.S. patent nurzxber 5 5,530,101. DeItrurrunisedTM antibodies art
antibodies in which the potential T and B cell epitopes have been
eliminated, as described in Inteznational Patent Application
PCTIGB98/a1~73. 'therefore, their imrraunogenicity in humans is expected to
be substantially reduced when they are applied in vivo. 1 o Human
antibodies can be made several different ways, ineludiztg by use of human
immunoglobulin expression libraries (Srratagene Corp., La JolIa,
California) to produce fragments of human antibodies {'Vn, 'V~, Fv, Fd,
~'ab, yr (~'ab')z), and using these figments to construct whole human
antibodies using ccehniques similar to those for producing chimerie
antibodies. Human antibodies i 5 can also be produced in transgenic mice
with a human immunoglobulin genome. Such mice are available from Abgenix,
Ine., Freraaont, California, and Medarex, Inc., Annandale, New Jersey. A!I
of the wholly and partially human antibodies are Iess inamunogenic than
wholly murine mAbs. Hivalent fxagnaents, also suitable for use in the 2o
invention, arc also less immuriagenic. All these types of antibadits are
therefore less likely to evoke ari immunogenic response in humans.
Consequently, they are better suited for in vivo admirustratioa in humans
thaw whole anima! antibodies, especially when repeated or long-term
administration is necessary, as is predicted for the agonist antibodies of
the invention. 25 An alternative to administering antibodies to the patitnt
is to generate agonist antibodies endogenously through gene therapy
techniques. DNA sequences encoding the agonist antibadies or their
fragments, derivatives, or analogs, can be delivered in vivo using standard
vectors in gene therapy, including the adenovirus) AA'V or a retrovirus, or
by a non-vector delivery system. The   WO 99!5573S PGTNS99l09466 10 3 0 o c
T zooz sustained expression of the agonist antibodies, or their fragments,
derivative, or analogues rnay have additional advantages far clinical
treatment of chronic neutropenia, The aganist molecules described herein
also include small molecules, such 5 as peptides and organic compounds that
specifically bind to or interact with the GCSF receptor, resulting in its
homodinnerization arid activation. Such small nriolecules rx~ay also
exhibit reduced immunogenicity. The extracellular domain of the human G-CSC
receptor (used for generating antibodies against the human G-CS>; receptor
in the invention) carx be t o generated using molecular recombinant DNA
technology well known in the art. , 'file extracellular domain extends from
nun;ibers 1-603 of the amino acid residues of mature human G-CSf receptor,
starting from its N-terminus (SEQ Il~ N0:27). See, e.g., U.S. Patent Nos_
S,589,456; 5,422,248; 5,574,13b. However, a portion of the extracellular
dainain of the human G-CSF receptor, in purified or partially t5 purified
form, can also be used as the immuixogen. This extracelluIar domain of the
human G-CSF receptor cart be directly used as the immunogen to imuxiunize
animals) e.g. mice, or it can first be fused with a carrier molecule to
increase its i~ununogenicity prior to immunisation. Suitable carrier
molecules include peptides, e.g., 'xag, Flag, leueine-zip, or a zo protein)
e.g., glutathione-S-transferasc (CrST), allca.line phosphatase (AP), intein
or a constant region of an immunoglobulin (as was used to rnalce the
agonist , r antibodies described below). 'fhe carrier molecule can be
conjugated to the G CSh by recombinant DNA techniques. In addition to
enhancing the inununogen,icity, such, chimeric fusion proteins containing
the extzacellular 25 domain of the G-CSF receptor can also facilitate the
puriiacation of the antigen, where affinity chromatography is used. The
17NA fragrxrents encoding these antigens containing the extracellular
domain of the G-CSF receptor can be placed , into expression vectors, which
are then transfected into Host cells such as E) toll) yeast, insect cells,
and mammalian cells, including simian CaS cells, Chinese   WO 99/35735
PGTJUS49!09466 !1 ~ o o c T ~oaz hamster Ovary (CHO) cehs, or myeloma
cells. The antigens pr4duced by this procedure can then be purified by
techtvques well known in the art. Suitable immunagens include mutants of
the native or~wild-type G-CSl~ receptor extracellular domain, with
substitutions) deletions or insertions, whether 5 generated arnficially or
naturally occturing. Cells expressing G-CSF receptor or its analogs can
also be used as the immunogens. Such ceps include primary human cells and
cell lines such as AML-193, huz~nao or mouse cells (or, 



optionally, insect cells using baculovirus as an expression vector)
trarrsfected with vectors for expressing the full-length, or a part of the
G-CSF receptor, ox a 10 chimeric protein containing the extracellular
domain of the G-CSF receptor (Takhashi, T., et al., J, liial Chem. 1996)
271: I7555-17560). To generate agonist antibodies against G~CSF receptor
(polyclonal or m,or~oclonal), the immunogens described herein can be used
for ixZUtxuaizirrg rodents (e, g, zniee, rats, hamsters and guinea pigs) or
other mammals, including i s rabbits, goats, sheep, non-human primates, or
transgettic mice expressing human immunoglobulins or severe combined
immunodeficient (SLID) mice transplanted with human 13 lyr~nphocytes or
human bone marrow) through the procedures well known in the art.
Hybridornas can be generated by conventional procedures by fusing B
lymphocytes i&om the irnrnunized animals with rnyeloma cells (e.g. zo Sp2/0
acrd NSO), as described by G. ICohler aid C, Milsteiur (Mature, 197a 256:
495-497). Antibodies against the G-GSF receptor can also be generated by
screening recombinant single-chain Fv or Fab libraries fiom human B
lymphocyte or ltuzxtan bone marrow in plaage display systems (Hoogenboom
and Winter, J. Mol. Biol., 1991, 227:381; Marks et ai. J. Mol. Biol., 1991,
22~: 58I)_ z5 The selection of antibodies specific to the G-CSF receptor
can be performed by conventiongl enzyme-linked immunosorbent assay (ELISA)
method, such as dizect and indirect sandwich assays, in which the antigen,
or preferably a G-CSF receptorlIgG4(Fe) chirrreric protein, is coated
directly or indirectly, on the plates. Such binding of antibody mAb163-93
to the chimeric   wo 99~ss~3s riermsgg~ogas6 ' `2 3 a o ~ T ~oaz protein,
as detected by )~LISA, is shown in Fig.3. A competitive EL~SA may be used
to identify antibodies whose epitopes are close to, or overlay with those
of the ligand (Current protocols in molecular biology, ed. Ausubel, ~', M.
et aI, published by Wiley Interseience,1996). , ` 5 The rhG-CSf' (R&1~
Biosystems, Minneapolis, M1V) may be used in a competitive I~LISA after the
G-CSF receptor/IgG4(Fc) chimeric protein is, directly or indirectly, coated
on the ELxSA plates. The binding of antibodies to the G-CSF receptor can be
determined by addition of the second anti-mouse antibody, such as the goat
anti-mouse antibody. The second anti-mouse antibody `o may be conjugated
with various compounds and proteins for detection, including horseradish
peroxidase. 'fhe binding specificity of the antibodies to the human Cr-CSF
receptor expressed on the surface of cells, such as the transfectant mouse
cells D4 described hereafter, can be determined by FACS analysis (Example
6). As shown 15 ira >~ ig. 4A, the marine monoclonal antibody mAb 163-93
specifically binds to the mouse transfectant cells 1~4 expressing the human
G-CSf receptor, but not the control mAb. Moreover, mAb 163-93 specifically
binds to the D4 cells expressing the human G-CSF receptor, bus not to its
parental cells 3ZD-c123 (Fig. 4B). The screening method far G-CSF receptor
agoziists by in vitro cell~based 2o biological function assays is also
included in the invention. For large scale screening of agonists, one such
approach involves constructing a Cx-CSC'- ~ responsive eetl line such as
NFS60 into which a construct of the cassette for expressing a reporter gene
under the control of the promoter of G-CSF-responsive genes was integrated
(Schindler, C. and Darnell, J. E., Anna. Rev. Biochem_, 25 1995) 64: 621 ).
The reporter used herein can be lueiferase, or -galactosidase, green
fluorescence protein or dihydzofolate reductase (Pelletier, J. N., et al.,
Proc. Natl. Acad. Set. USA) 1998, 95: 4290). By measuring eozyznatic
activities or , . fluorescence densities in the cells after stimulation,
the agonists against the G-CSl~ receptor can be selected by high-throughput
screening.   WO 99/55735 PGTNS991094b6 '3 3 o a cT 2a02 'The in vitro
cell-based biological function assays for agonists, including agonist
antibodies, should also include an in vitro tell proliferation assay. As
one of tlae preferred embodiments in the invention, a mouse cell line D4
expressing full-length human G-CSF receptor was constructed and used far
screening agonist s antibodies in large scale) which was combined with an
MTT-based colorimetric assay. TJae colorimetric assay system using MTT is
designed for the speetrophotometric quantification of cell growth in
response to cytokines aztd their agonists rwithout the use of radioacvtive
isotopes. The parental mouse cell lines, such as BaF3 and FDC-P1, or
preferably 32D-c123 in the Example 7 of the Invention, are mIL-3 dependent
and suitable as host cells for expression of the full-length of the human
G-CSF receptor (Hapel, A. 3., tt al, Slood, 1984, 64' 786-790). After
transfection with a vector in which the expression of full-length huxnao
G-CSF receptor is under the control of the constitutive hCMV promoter, and
following selection, the transfectants, such as D4, also become responsive
to t 5 G-CSF, as demonstrated by an MTT assay and a 3H-thymidine uptake
assay, described in Example 7 below and spawn in Fig. 1. The
phosphorylation bf the tyrosine kinase JAICI in the rraouse transfectant
cell line D4 is induced by rhG-CSl~ (R&D Biosysterxis)) in the same manner
as the human cell line AML-193 expressing endogenous human G-CSF receptor
(Fig. 2). 20 ,A.s described in Exarrtple 7, using the human G-CSF receptor
transfeeted mouse cell line D4 combined with the MTT assay greatly
facilitates tlxe screening process t - for agonists, and particularly, for
agaz~ist antibodies. This screening method can also employ native
G-CSF-depez~der<t human cell lines, such as AML-193, manse cell lines
expressing human G-CSF receptor mutants, or chinn~erie proteins zs
including the extraceliular domain of human G-CSF receptor fused with the
intracellular domain of another cytokine receptor, such as the
erythropoietin receptor (G~Idsmith, M.A., et al, Froc. Natl. Acad. Sci.
't~SA 1998, 95: 70067011) or the Fas receptor (Takahashi, T. et al., J.
Biol Chem., I996, 271: 1755517560). r   WD 9915593S PCTNS99109466 '4 ~ ~
acr ~oo~ A granulocyte colony-fo~ning assay using human bone marrow can
also be used for screening aganist antibodies of the invention. Morebver,
this assay can also be used for determining the potency, effioacy and
specificity of agonist antibodies to stimulate the proliferation and
differentiation of neutrophlic 'granulocytes from ' 5 human bone marrow,
and its species cross-reactivity to non-human primates. The results horn
this assay show that the agonist antibodies of the invention act as
recombinant human G-CSF and specifically stiznuiate differentiation and
proliferation of neutrophilic granulocytes from human bone marrow in a
concentration-dependent manner. Furthermore, the agonist antibody mAb163-93
a 0 shows efficacy in this assay essentially the same as that of rhG-CSF
(fig. 7). Further, tk~e cells picked up from the colonies stimulated by the
agonist mAb fratx~ human bone marrow display typical neutrophil morphology
(Fig. SD). It should be understood that rhG-CSF, after injection, is
rapidly cleared from the circulatioxa in vivo) primarily via the kideny,
resulting in its short-duration pham~.acolagical 1 s effects (Tanaica)
l:T.) et al, J. Phaz~acol. Exp. They. 1989, 251: 1198-1203; Laytoxa, 



J.E.) et al, Blood, 1989, 74. 1303-1307). On, the other hand, in the
granulocyte colony-fozrning assay described in the invention rhG-CS>r
exhibits sustained activity to stimulate proliferation and differentiation
of neutrapl~ils from human bone marrow, compared with that in viva due to
lack of such clearance 20 txAechanisr~n. It can be anticipated that the
potency of the agonist antibody mAb163-93, due to its long half life in
vivo, to stimulate neutrophil proliferation and differentiation will be
equal to, and even higher than that of rhG-CSF, as f suggested by
comparison of long-half Pegylated human growth lxarmoae and human growth
hormone (Clark, R., et al, J. Bio. Cberta., 1996, 2'71: 21969-21977). 2s
Using the foregoing screening techniques) a panel of monoclonal agonist
antibodies, including mAb363-93 aztd mAbl74-74-x 1, was generated against
the human G-CSF receptor. The agonist antibody ntAb163-93, acting as the "
recombinant human G-CSF, activates G-CSF receptor, induces the tyrosine ,
phosphorylation of JAT~ kinases (Fig. 6A) left hand panels where
phosphorylation 30 is detected by aztti-pTyr antibody) and trar~scziptional
factors (Fig. 6B, left hand   WQ 99I55735 YGTNS99/M,lA66 !5 panels where
phaspharylation is detected by anti-pTyr antibody)_ Several aganist
antibodies in the panel of antibodies generated in the invention were
shaven to stimulate the proliferation of G-CSF responsive cells in virro
(Fig. SA-C). The mAb 163-93 was shown to bind specifically to the G-CSF
receptor an the cell 5 surface (pigs. 4A and 413). Moreavsr, these human
G-CSF receptor agonist antibodies specifically stimulate neutraphiIic
granulocyte colony formation from human bone marrow, which is a further
indication of their in vivo efficacy. (Figs. 7A, 7B and 8A-C). This is the
first instance of monoclonal antibodies stimulating neutrophilic
granulacyte colony formation from human bone marrow The species
cross-reactivity of the human G-CSF receptor monist antibodies was also
determined using a granulocyte colony-forming assay. These human G-CSF
receptor aganist antibodies, such as m.Ab 163-93, were shown to
specifically stimulate the proliferation and differentiation of
neutraphilic granulacytes from various zxan-human primate bone tnarrows to
varying de~ees 15 (Table 1 below). The number of granulacyte colony
formation stimulated by the aganist antibody mAb 163-93 from chimpanzee
bone marrow increases in a concentration-dependent manner (Fig, 9). The
results from, cell staining show the specificity of this agonist mAb for
stimulating the proliferation arid differentiation of zteutrophiis from
chir~npanzee bone marrow (Fig. 10). This type of species 2o crassreactivity
assay can be used to select the appropriate animal model for prectinical
studies. Table 1. Neutrophilic granulocyte colony formation from non-human
primate bone marrow Nan-human primaterhG-CSp (0_5
nM)mAbl63-93Chimpanzee686Z (5 nM)Rhesus Monkey4341 (SO nM)Cynomolgus
Monkey7040 (50 nM)Baboon363 (50 nM)   WO 99155735 PCTIUS99109466 16 ~ a o c
~r 2oa~ The oregaing demonstrates that bivalent agonist antibodies are
capable of activating the G-CSF receptor, i.e., they are capable of
cross-linking the G-CSf receptors In a fashion. that mimics the ability of
G-CSf to form a complex a~,d ' 5 activate tlxe receptor. Furthermore,
rnanovalent parts of antibodies such as scFv and Fab, which onl~r hind to
one receptor molecule, could be used as antagonists to compete with G-CSF,
for applications as described below. ~. Usiag the Agonists of the
)(nvention F~ecombinant human G-CSF was among the first cytokines to be
prepared 1 o by recombinant DN?v technology and is successfully applied in
therapy. This cytokine is widely used to reduce the incidence of infection
associated with a variety of congenic and iatragenic neutropenia. To date,
five disease indications for rixG-CSF treatment have been approved by the
United States FDA: (1) cancer patients receiving myelosupressive
chezxaotherapy; (2) patietxts with Acute 15 Myeloid Leukemia induction ox
consolidation chemotherapy; (3) cancer patients receiving bone marrow
transplants; (4) cancer patients with peripheral blood progenitor cell
collection and therapy; and (S) patients with severe chronic neut<apenia
(Physican's Desk Reference, 53`d editiau, 1999, 532-537). The unique
;Functional specificity of the rhG-CSF on the proliferation and 2o
differentiation of the neurrophilic granulacyte lineage also makes it
useful in other disease indications, including for HIV patients, patients
with the systemic inflammatory response syndrome (SIRS) and sepsis, and
patients with diabetic aot infection and other infectious diseases (Miles,
S. A.) et al, Blood 1990, 75: 2137-2l42; Kuritzkes, D. R., et al, AIDS
1998, 12: 65-74; Weiss, lvl, et al, Bloab 25 1999) 93: 4Z5-439; Lancet
1997, 350: 855-859; DeresinslCi, S. C., et al, Infect. Med. 1998, 15:
85b-70). _ The human C~-CSF receptor agonists and antibodies disclosed
herein, - acting as rhG-CSF, activate the G-CSF receptor and stimulate the
proliferation of G-CSF responsive cells through their specific binding to
the G-CSf receptor an '    WO 99I55735 Z"CTIUS9~109466 I? the cell surface,
through the mechanism of inducing the tyrosine phosphorylation of JA,1C
kinases and transcriptional factors. Furthermore, the human G-CSF receptor
agonist antibodies specifically stimulate neutrophilie grariuloeyte colony
farmatiaz~ from human bone marrow, as does the rhG-CSF. Therefore the human
s ~-CSF receptor agonists and antibodies disclosed herein, are generally
expected to be useful in all of the same therapeutic applications as
rhCs-CSf. Moreover, the longer half life and in vivo stability of the
agon.ist aatibadies provides significant potential advantages over rhG-CSF
fortherapeutic treatment.. The aganists and agonist antibodies of the
invention can be administrated in an appropriate pharmaceutical formulation
by a variety of routes, including, but not limited to, by intramuscular,
inuaperitoneal and subcutanous injection. '1"lte dosages can be determined
by extrapolation from animal models and by routine experimentation during
clinical trials. These agonists and axxtibodies of the invention are also
useful far the 15 affinity purification of G-CSF receptor from recombinant
cell cuhure or from the natural source. General affinity purification
techniques are well laaawn. izt the art, and any of these may be used for
this purpose. The antibodies of the invention react immunologically with
the soluble extracehular domaia of the G-CSF receptor and cells expressing
G-CSF receptor 20 on their surface. Hence, the present invention also
provides a method for _ immunologically detecting and determinitzg
existence of the G-CSF receptor izt its soluble form, and/or on the cell
surface, usizzg imtnunological methods well known in the art. Moreover, the
monovalent fragments of the aganist antibodies such as Fab and seFv, and
derivatives thereof rnay act as antagonists to prevent G 2s CSF from
interacting with the G-CSF receptor by competition, and therefore . inhibit
floe biological function of the G-CSF, which may be useful in the treatment
of certain turr~ors aad cancers. Normal, abnornxal or mutated receptor
structure or receptor expression cars also be determined by using
antibodies disclosed herein  



WQ 99155735 PCTNS99/09466 3 a a ~-r zoos through immunoreactivity studies.
The results can be useful for the diagnostic and treatment purposes.
Example 1. Cloning of the extracellular portion of human G-CSF receptor ,
protein: s The cloning of the G-CSF receptor protein was performed as
follows. One ng of human bone marrow cDNA (Clontech, Palo Alto, CA) was
used as the teaaaplate in the PCR. It was added to 100 pl of a reaction
mixture, which included the primers: AAG TGG TGC TAT GGC AAG GCT G (SEQ ID
NO: I); and CAC TCC AGC TGT GCC CAG G'rC TT (SEQ ID NO: 2), at a final
concentration of i o 500 nM_ These primers are known to be homologous to
the 5' and 3' ends of cDNA encoding the extraeellular portion of the human
G-CSF recepto. The reaction eozrditions were as follows: I minute at 94C;
30 sets- at 62C; 3 minutes at 72C; repeat far 40 cycles. A TINA fragment
resulting from the PCR (about I.6 kb) was isolated from 15 the agarose gel,
according to the protocol from BIOI OI Inc. (Vista, CA), axed then inserted
into a TA cloning vector (invitrogen, Carlsbad, CA), yielding the
recombinant plasmid pTl-11. The DNA. sequence of this lnsext was determined
by sequencing bath strands of this insert using a DNA sequencing kit from
United States Biochemical (Cleveland, Ohio)- The DNA fragment encoding the
2o extracellular portion of the human Cx-CSF receptor (using the sequence
as defined by ~'ukunaga, It_ et al., Proc. Nat'l Acad. Sci. USA, 1990,
$7:8702) in pTl-I 1 was f . digested with EcoRl, and the ends were failed
in by Klenow fragment. This was then inserted into the plasmid pFc 1
containing IgG4(Fc) encoded cDNA, which was digested with ?Cbal. The ends
were filled in by Kleztvw fiagment, yielding 25 the plasmid pFT1-9. Tl~e
DNA fragment encoding the extraeellular portion of human Cr-CSF receptor
and IgCr4(Fc) iz~ ph'T1-9 was digested with Asel and  HincXX, filled in by
Klenow fragment, and then inserted into mammalian . . expression vecter
pcDNA3 (Invttrogen). This vector was digested with EcoRV and HincII, and
then filled in by Klenaw Fragment, yielding the plasrnid pCGC23,   WO
99/~~7~5 PCTI1,1S99J09466 ' g 3 U 0 C'f 2002 in which the expression of the
extracellular portion of human G-CSFRIIgG4(Fc) is under the control of the
hCll~V promoter. Example 2, Expression of the extracellular portion of
bG-CSp'l~gC4(Fc) chiuieric protein in tnamrnaalian cells: 5 NSQ cells were
transfected with linearized pCGC23 as follows. 4 x 14' log-phase NSO cells
were harvested and resuspended in 0.8 ml IMDM medium supplemented with 2%
FHS. After incubation with 10 pg of linearized plasmid DNA for 10 minutes
on iee, the cell mixture was subjected to electroporation at 200 volt$ and
960 p.F, using a BioRad apparatus. After 20 minutes on ice, 100 ~l ~o of
the diluted cell suspension was added to each well of about twenty 96-well
plates. Two days later, another 100 ~,l of the same IMDM medium but
containing G41$ (Gibco 91ZL,, Gaithersburg, MI7) was added into each well
to make the i'mal concentration of G418 at 0.8mg/zx~l_ After 10 days,
culture supernatants were withdrawn for screeni,~ng far the expression of
the extracellular portion of human ` r 5 G-CSF receptorIIgG4(Fc) fusion
protein by ELISA, as fohows. The wells of Imxrxulon 2 plates (Dynateck~
Laboratories, Chantilly, VA) were coated with 50 E.~,1 of anti-human
IgG(Fe) antibody at a concentration of 1 ~glml, and incubated overnight at
room temperature. After the coating solution was removed by flicking the
plates) 200 p.l of >3LOTTd (5% non-fat dry milk in 20 PHS) were added to
each well at room temperature to block non-spee~c bindings. . 4ne hour
later, the wells were washed with PBST buffer (PBS containing 0.05% Tween
20). fifty tx~icroliters of culture supexaatant from each well in the
transfection plates were collected and mixed with 50 ~1 of BLOTTO, and then
added to individual wells of the microplates_ After one hour of incubation
at room 25 temperature, the wells were washed with PBST) The bound
extracehular human G-CSF reeeptorIIgG4(Fc) fusion protein was detected by
reaction with horseradish peroxidase conjugated with goat anti~b~umar~ XgG
(1rh-L) (Jackson ImmunoResearch Laboratories, Vest Grove) PA), which was
diluted at 1:2000 in $1'fOT'I`Q. heroxidase substrate solution containing
0.I% 3,3' S,5' tetramethyl   Wp 99~SST35 PCTNS99109466 20 3 o a c T ~oa2
benzidine (Sigm ., St. Louis, MO) and 0-0003% hydrogen peroxide (Sigma)
were added to each well for color development and left far 30 minutes. The
reactiozt  was terminated by addition of 50 pI of 0.2 M H2S4a per well. The
OD4~~570 reading of the reaction mixture was measured with a Bio~'ek IrLISA
Reader 5 {BiaTek Instruments, Winooski, YT). The transfectants with high
OD4so-s~o re~irlg were picked up arid single cell cloning was performed by
the Limiting dilution method. The same ELISA and detection as described ~
the foregoing paragraph were done to further identify the high producer
cell line expressing the fusion protein comprising the extracellular 10
portion of the human G-CSF'receptor and the TgG4(fc) ehimerie proteirf
Example 3. Purification of the extraeellular portion of human G
CSFRlIgG4(Fc) chimeric protein: Gne liter of the culture supexoaaaat from
the transfectant eehs expressing the extracellular portion of the human
G-CSFlt/IgG(Fc) chimeric protein was t 5 collected and the cb6xxteric
protein was purred from the supernatant by Prosep-A affinity
chromatography, according to the manufacturer's instruction (Etdpreeessing
Inc.) 1?rincetozi, N~. The protein was urkher purified on a goat
anti-hunnau IgG(Fe) affcnity column. The purity of this chimeric protein
was determined by bath Sf3s-fAG~ and immunoblot. 20 Example 4: Hybridomx
generation: BAx.Blc mice (Harlan, Houston) TX) wcre injected subcutaneously
with 50 Itg of the purified fusion protein consisting of the extracellrzlar
portion of human G-CSF receptor arid IgG4(Fc) in complete Freund's
adjuvattt (;c3ifico Laboratozies, Detroit) MI) and in 200 pl of
phosphate-buffered saline (PBS) 



as p7.4). The mice were boosted crafter 2 and 4 weeks with the same amount
of the fusion protein in incomplete Freund's adjuvant. Then two weeks later
and three days prior to sacrifice, the mice were given a fatal boost i.p.
Thcir spleen cells ' were fused with Sp210 myeloma cells. 5 x lOs of the
Sp210 and 5 x I0a spleen   WO 99I55735 PCTlU599109466 2l ~ a o c r ~ooz
cells were fused in a medium containing 50% polyethylene glycol (MW I450)
(Kodak, Rochester, NY) and 5% dimethylsulfoxide (Sigma, St, Lauis) MO). The
cells were then adjusted to the concentration of S x 104 spleen cells per
200 pl suspension in Iscove medium (Gibco HRL, Gaithersburg, MD),
supplemented 5 with 5% FBS, 100 urritslml of penicillin, 100 pglml of
Streptomycin, O.I mM hypoxanthine, 0.4 ~M aminopterin, and 16 wM thymidine.
Two hundred rnicroliters of the cell suspension were added to each well of
one hundred mieroplates. After about ten days, culture supernatants were
withdrawn for screez~iug by using in vitro cell proliferation assay as
described in Example 7. 10 Example S. Cloning of the cDIYA encoding
full-length human G-CSF receptor: The total RNA froze the human cell line
AML-193 (ATCC catalog No. CRL-9589) was prepared by the Ultraspec-3 RNA
isolation kit, according to the manufacturer's procedure (Biotex
Laboratories Inc., Houston, TX). Ten t s rnierograms of the total RNA firom
the AML-I 93 cell line were used as the template for synthesis of the first
strand of cDNA in the reverse transcription reaction, aceordi~ng to the
manufac'turer's protocol (Gibco BRL, Gaithersberg, MD). To amplify the cDNA
encoring the C-terminal half of the human G-CSF receptor, pCR was conducted
in 50 ul of reaction mixture containig two primers: 2o Nhel: CCC CCC CAG
CGC TACT CAA TAG CAA CAA GrAC CTG GAG G E (S1JQ ID NO: 3); and R10: GGA
A'T'r' CC~' AGA AGC TCC CCA GCG CCT CC (SEQ ID NO: 4), usizxg the first
strand of cDNA obtained as the template. The reaction eanditions were as
follows: 94C for 1 minute; 60C for 1 minute, and 72C for 3 minutes for 40
cycles. The PCR product was cloned into the cloning 25 nectar pUC 19
digested with Srnal, yielding the plasmid pC3. To create a new enzymatic
cleavage site Nhel at the end of the cDNA fragment encoding the Nterminal
half of the human G-CSF receptor, two primers were used in the PCIt
reaction, using the plasmid pCGC23 DNA as the template. These primers were
T7P: AAT ACG AC'X' CAC TAT AG (SlQ Xri NO: 5); and Nhe2: AGG TCT   wo
~~~ss~~s pcr~s~9iog4ss ' zz ~ 0 OGT 2002 TGT TGC TAT TGC TAG CGC TGG GGG
GGC CCA GCr (SEQ ID NO: 6). The DNA fragment encoding N-terminal half of
human G-CSF reeeptar from this PCR reaction was cloned into the vector
pCR-Blunt (Invitragen, carlshad, CA), yielding the plasmid pBl2. To
assemble the full length of human G-CSF receptor v 5 DNA) the DNA fragment
of the G-CSF receptor N-terminal half from the plasmid ' pB 12 was inserted
into the plasmid pC3 digested with Nhe 1 and HincII, yielding the plasmid
pCB 1. The cDNA fragment encoding full-length of human G-CSF receptor was
inserted into the mamrxxalian expression plasmid pcDN,A.3 (Invitrogen,
Carlsbad, CA), yielding the plasmid pCGF4. l0 )Example 6, Establishing and
elnaractet'izatiQn of C'x-C$1~'-dependent mouse and human cell lines: The
human full-lerxgth G-CSF receptor expressing plasmid pCGF4, after
lineariang with BspC 1 digestioxi, wes transfected into mouse cell line
32D-c123, or human cell line TF-1 (A'X'CC, VA) by electroporatiorr as
described above ~ 1 s Example 2. The tran.sfectants 'were selected by
growth in the RPMI 1640 supplied with 10% FBS, G418 at 0.8 mg/ml and mIL-3
at 1 ng/ml, or human GM-CSF at 1 nglml (l~,&D Systems, Minneapollis, Ml~,
and further selected by an MTT assay using RPMI medium with 10% FBS, G418
at O.d rug/ml and rhG-CSF at 1 ngJml (R&D Systems) as described in Example
7. The transfectants whose growth was z0 stimulated by human G-CSF were
further subjected to single cell cloning by the limiting dilution method
The proliferation dependence upon human G-CSF of both the human and mouse
transfectants, which contain the full-length huxnan G-CSF receptor
expression plasmid, was deterniizied by growing these transfectants in the
25 presence or in the absence of human G-CSF, human GM-CSF or mouse IL-3,
as a . described in Example 7. The proliferation dependence of the
transfectauts upara these cytolcines wvas monitored using the MTT assay and
the sH-thymidine uptake assay as described in example 7.   WO 9915573S
~C'fNS99I09466 23 3 0 p E T 2002 The transfectants expressing human G-CSFR
on the cell membrane surface were confirmed by FACS analysis. After washing
with PBS plus 1 BSA) 50 1 of the puxifled monoclonal antibody was added to
the transfectant cells at a fugal concentratiact of 5 pg/ml. The cell
mixtures were incubated on ice s for 30 minutes and shaken every l5
minutes. After washing with cold pHS three times, goat anti--mouse
1gG[F(ab')i] conjugated with FITC was added at a I:50 d.ilutipn to the
transfectant cells arid incubated for 30 rnir~uteS on ice_ After washing
three tinges with cold PHS, the cells were fined with 1 paraformaldehyde
overtaight. '1~he cell binding percentage of traasfectant cells t0 with
these mAbs was analyzed by 1"ACS analysis. Example 7. rn vitro cell
proliferation assays; The IvITT-based colorimetric assay (te Boekhorst
P'.A., et al., Leukemia 1993, 7:1637-44) was used to screen and determine
the ability of agonist antibodies to stimulate the proliferation of human
G-CSF receptor traxlsfected l5 mouse ar human cell lines. The transfectant
cells pre-growing in RPMI medium containing 10% FBS and 1 n,g/ml of mIL-3
were washed with RPMI with 10% FBS three times to remove mIL-3, then plated
at 2-5 x 10'lwell in RI'IvII with 10% FBS. The supernatants from the
hybriboma plates, or purified antibodies, were added into each well. After
three days of incubation, ten microliters of MTf 20 (2.5 mglaxrl in PBS,
l3oehringer-Maimheinx Biochemical) was added into each well_ After six
hours of incubati4n, I00 p.l of salubilizing soiutioa containiztg ' 10% SDS
xnd 0.01 N ICI were added to lyse cells, and the plates were izicubated
overnight. The proliferation of these Gr-GSF-dependent cells stimulated by
the agonist antibodies can be monitored by reading at pD~~.s~. In the MTx
assay to 2s determine the agonist activities of purified antibodies, the
rhG-CSF and antibodies were diluted in series of 2-fold dilutions in
duplicate or in triplicate. 



The ability of these agonist antibodies to stimulate hG-CSF receptor
transfectant cells can also be determined using a 3H-thyaxidine uptake
assay. After washing three times with cytoltine-free medium containing 10%
FBS, 1-2 x   24 ~ o o ~ ~ Zo~~ 104 transfectant cells (SO ~l/well) were
c~caixed with various concentrations of mIL ~, rhG-CSF (R&cD Biosystems))
hybridoma culture supernatants or purified antibodies in 96-well plates
containing RPMI 1640 and 10% dialysed FBS. Ont pCi of ~H-thymidine
(specific activity: 6.7 Cilmmol, New England Nuclear) ' mixed with 50 ul of
tkte same medium was then added to each well. A~f~er 48 hours incubation,
the cells were harvested by a cell harvester (Skatron, VA) and 5~-thymidine
uptake in triplicate was measured by a liquid scintillation analyser
(Packard) XZ,.). Example 8. Purification of human G-CS)i receptor abonist
monoclonal antibodies: The antibodies getaerated from the hybridomas were
purified by Prosep-A affinity c)aromatography) according to the
manufacturer's instruction (Bioproeessing Inc., Princeton, h1J). The purity
of the human G-CSk'It, agonist antibodies was checked usi~xg SDS-PAGE and
Westetm blot. Two of thc; Mabs purified were designed as ro,Abl63-93 and
m.Ab174-74-l I Example 9, Bone marrow colony-forming assay: About 10 ml of
human bone marrow cells from healthy volunteers were collected and
subjected to hicoll-Paque separation, according to the standard method.
T'he cells in the interface were carefully harvested with Pasteur
pipetting, suspended with thzee volumes of IMDM and 2% FHS, and then,
centrifuged far 5 minutes at 400g. Use of this procedure gives a final
marrow cell suspension that is enriched 2-4 fold in the content of
primitive cells, because the more mature and denser myeloid cells are
removed with the red blood cells. To determine the specificity of these
huznao Cr-CSp'~ agonist antibodies, a granulocyte colony forming assay is
perfotzned according to the protocol provided by the mat~ufaeturer
(StemCell Technologies Ir~G., Varteouver, Canada). To quantitatively
measure the potency and efficacy of agonist antibodies to stimulate
neutrophlic granulocyte colony fornxation fratx~ human or chimpanzee bone
nxarxows, a series of different concerttratians of agonist antibodies or
rhG-CSF   w~ 99155y3s pGTNS~roQ4s6 ~ a o c T Zooz was applied in duplicate
izt this assay. As shown in Figs. 7 and 9, the agouist antibody mAb163-93,
like rhG-CSF (RBcD Biosystems), stimulates the neutrophilic granuiocyte
colony formation from human and chimpanzee bone marrow in a
concentration-dependent mariner. The results frotxl cell staining shave s
the specificity of this agonist mAb to stimulate the proliferation and
differentiation of neutrophils from human and chimpanzee bone xnarraw
(Figs. 8 and 10). Example l0. Tyrosine pttasphorylaiaon asssy: Tyrosine
phosphorylation induced by cytokin.es and the agonist antibodies t o were
analyzed as follows. About 2 x 10' cells in log-phase was collected and
starved in serum-free 1~'MI medium far four hours after washing three times
with serum-free medium. The starved cells were stimulated with mlh-3,
rhG-CSF (lt&D Biosystems) ar the agonast mAb at a final concentration of
2.6 nM for 15 txxinutes, and then harvested by Centrifugation. The cells
were lysed in 0.5 ml a~f ~s lysis bufiFer (54 mN Tris.HCl, pH 7.5 I 150 mM
NaCI I 1% (r~oUval) Triton ~C-I00 1 mM EDTA with the addition of 1 mM
Na~Y04, 1 ~Ivx pepstatin) SO ~M 3,4,dichloroisoepunmarin, 1 txtM
phenymethylsulfanyl fluoride, 1 tnM 1, 10phenanthroline, leupeptin (10
p,g/ml) and apratonin (10 pg/ml). After incubation on ice for 30 minutes,
the lysates were cleared by centrifugation far 15 minutes at 20 14,000 rpm.
For immttnoprecipitation, rabbit polyclonal antibodies against JAI~1, JAK2,
or Stab (Upstate Biotechnology, Lake Placid) NY) were added into the clear
lysates and incubated for two hours at 4C. Then 50 pl of protein A beads
(Gibeo B12L,) were added into each lysate and incubation was continued at
4C for two hours. Following incubation, the beads were washed three times
with the 25 lysis buffer and suspended in 35 gel of Laemmli's saxuple
buffer (62.5 mM Tris: pH 7.6, 2% SDS, 10% glycerol, and 5%
2-mercaptoethanol). The suspension was heated at 95C for 5 minutes and
electrophoresed on 4%-7.5% SDS-PAGB. After blotting, the blocked filters
were incubated with HRP-conjugated mouse monoclonal anti-phosphotyrosine
azttibody 4G14 (Upstate Biotechnology)   WO 99155?3S PC'KYUS99109466 Z6 3 a
o c r ~ao2 overnight at 4C, according to the protocol from the
manufacturer. After washing with FBS and F8S with 0.05% Tween, 20) the
filters were detected with SuperSignal Substrate kit (Pierce. Roekford,
IL), according to the manufacturer's instruction. The nitrocellulose f
lters were reprobed with th,e antibodies and a v s second antibody
conjugated with tlxe horseradish peroxidase (HRP) as indicated. example
I,l. Cloning and analyzing L~NA fragunents encoding variable regions of
agonist antibodies from l~ybridama cells: Total 1<LNA was prepared from
hybridozna cells producing agonist antibodies, and used as the templates in
the 1tT-PCR reaction as described ixr 1o Example 1. The primers used izl
tIaese PCR reactions are listed in SECT I17 NOS: 7 _ i to 14 below. The
I7NA fragments generated from hCR reactions were cloned into a cloning
vector pClt-Blunt (rnvitrogen), then analyzed using automatic DNA sequencer
Genetic Analyzer 310 (PE Applied Biosyscems, k'oster City, CA) according to
the manufacturer's insuuction. The individual recombixtant plasntids 15
from two separate RT-PCR reactions were analyzed to confirm the DNA
sequences of the heavy and light chain variable regions were from the
agonist antibodies. The DNA sequences of primers used for cloning variable
regions: zo Prirraers for cloning mAb163-93 variable regions: For light
chain: 5':MK~7: ATG Gf'xC WTC AAG AxG GACt TCA CAK WYY CWG G ( 



(SEQ ID NO: 7) 3': MYG: ACT GGA TGG TCyG GAA GAT !GG (SEQ II~ NO: 8) z5 For
heavy chaun: 5': MHV9: ATG GMT' TGG GTG TGG AMC TTG CTA TTC CTG ~  (SEQ ID
NO: 9) 3': MHCGI: CAG '1"GG ATA GAC AGA TGG GGG (S'EQ ID NO: 10)  30
Primers for cloning rnAb174-74-11:   WO 99155735 fCTNS99/094d6 ~ o a c r
zoos For light chant: 5': MIC'VSvATG GAT TTW CAG GTG CAG ATT WTC AGC T'TC
(SEQ ID NO; 11 ) 3': MICC: ACT GGA TGG TGG GAA GAT GG 5 (SEQ ID NO; 12) For
heavy chain: 5': MHV4: ATG 1~AC TTT GGG YTC AGC TTG RTT T (SEQ I17 NO I3)
to 3': MHCG2a,: CAG TGG ATA GAG CCrA TGG GGC (SEQ ID NO: l4) Tkte
complementa~rity derermiaing regians of the variable regions of these
antibodies were shown to have the following sequer~oes: is mAb163-93 (IgGI
subclass), variable region heavy chain CDR sequences: CDR1: Asn Tyr Gly Met
Asn {SEQ XD N0: 15) CDR2: Trp Ile Asn Thr Tyr Thr Gly Glu Pro Thr xyr Ala
Gly Asp Phe Lys Gly (SEQ ID NO: 16) C,l?R3: Glu Gly Phe Tyr Gty Gly His Pra
Gly Phe Asp Tyr (SEQ ID NO. zo 17) mAb163-93 variable regior< light chain
CDIt) sequences: f CDR1: Lys Ser Ser Gln Ser Leu Leu Ser Ser Arg Thr Arg
Jrys Asn Tyr Leu Ala (SEQ ID NO: 1$) zs CDR2: Trp Ala Ser Thr Arg Glu Ser
(SEQ I17 NO: 19) CDR3: Lys Gln Ser Tyr Asn Leu Arg Thr (SEQ ID NO: 20)
rxxAb174-74-11 {IgG2a subclass) variable region heavy chain CDR sequences:
3o CDRI: Ser Tyr Ala. Met Ser (SEQ ID NO: 2I) CDR2: Gly Ile Ser Ser Gly GIy
Ser Tyr Ser Tyr Tyr Pro Gly Thr Ltu Lys Giy (SEQ ID NO: zz)   WO 9915i735
PCIYrJS49/09466 ' ~ o o c ~r zooz CDIt3- talu Ala Tyr Asn Asn Tyr Aslr Ala
Leu Asp Tyr (SEQ ID N0: 23) ~z,A.b174-'74-11 variable region light chain
CDR sequences: CDR1: Arg Ala Ser Ser Ser VaI Thr Tyr VaI His (SEQ ID NO:
24) 5 CI~R2: Ala Thr Sec Asn Leu Ala Ser (SEQ ID NO: 2~) CDR3: Glxy Gln Trp
Thr Ser Asn Pro Phe Thr (SEQ ID NO: 26) It should be understood that the
terms, expressions, examples, and embodiments described above are exemplary
only arid not limiting, that the scope 10 of the invention is delirxed in
the claims which follow) and includes all equivalents of the inventions set
forth in the clairrxs.   ~ o ocT 2a~~ The claims defining the ir~wention
are as follows; 1. Ara agonist antibody that specif catty binds to or
interacts with human G-CSF receptor to stimulate cell proliferation and
differentiation, or a binding fragment, analogue, or homologue thereof. 2.
An agonist antibody that specifically binds to or interacts with htunan
G-CSF receptor and dxz~terizes the receptor or activates phosphoiylation of
kinases associated with the receptor to stimulate cell proliferation and
difl~erentiation, or a binding fragment, analogue, or homologue thereof. 3.
The agonist antibody of claim 1 or 2, whereaz~ the antibody stimulates
proliferation and differentiation of neutraphils or their progenitor cells.
4. The agonist antibody according to any one of claims 1 to 3, wherein the
antibody interacts with the extracellular portion of human G-CSF receptor.
5. The aganist antibody according to any ore of claims 1 to 4, whez-ein
said human Cr-CSF receptor is a native human G-CSF receptor, or its mutants
with substitutions, insertions or deletions. 6. The agonist antibody
according to claim 5, wherein the mutant is a functional variant of a
native G-CSF receptor. 7. The agonist antibody according to any one of
claims 1 to 6, wherein the antibody interacts at a region between amino
acid residues 1-603 (SEA ID N0:27) of the Cr-CSF receptor. $. The agonist
antibody according to any one of claims 1 to 7, whereirA the antibody is a
xnanoclonal antibody, or firagment, homologue or analogue thereof. 9. The
agonist antibody according to claizu 8, wherein the antibody is F(ab)'2,
Fab or scFv. 



10. An agonist antibody which is mAb 163-93 ar mAb T 74-74-I 1. 11. The
agonist antibody according to any one of claims 1 to 9, wherein the
antibody binds to the same epitope as either the monoclonal antibody mAb
163-93 or z'nAb 174-74-11) 12. The monoclonal agonist antibody mAb163-93 of
claim 10, which belongs to lgCr1 subclass, wherein the CDRs of the variable
region heavy chain include ore or more of the (allowing amino acid
sequences: CDRI : Asn Tyr G1y Met Asn {Sl?~ ID N0:16)   0 3 o a c T zaoz
CDR2: Trp Ile Asn Thr Tyr Thr Gly Glu Pro Thr Tyr Ala Gly Asp phe Lys GIy
(SEQ ID N4:lb) CDR3 ; Glu Gly Phe Tyr Gly Gly His Pro Gly Phe Asp Tyr (SEQ
ID N0:17) or the Cl!~Rs of the variable region light chain including one or
mote of the following amino acid sequences: CDRI: Lys Ser Sex GIn Ser Leu
Leu Ser Ser Arg Thr Arg Lys Asn Tyr Leu Ala (SEQ fD NQ:1$) CDR2: Trp Ala
Ser Thr Arg Glu Ser (SEQ ID NO: 19) CDiZ3: Lys Gln Ser Tyr Asn Leu Arg Thr
(SEQ ID N0:20) I3. The monoclonal agonist antibody mAb 163-93 of claixxt
10, which belongs to the IgCr1 subclass, wherein the CDRs of the heavy
chain variable region and the CDRs of the light chain variable region each
include at least one of the amino acid sequences listed in claim 12 fax the
respective heavy and light chains. 14. The monoclonal agonist antibody znAb
174-7~L-11 of claim 10, which belongs to IgG2a subclass, wherein the CDRS
of the variable region heavy chain include one of more of the following
amino acid sequences: CDRI: Ser Tyr Ala Met Ser {SEQ ID N'0:21) CDR2: Gly
Ile Ser Ser G1y Gly Ser Tyr Ser Tyr Tyr Pra Gly Thx Leu Lys Gly (SEQ ID
N0:22) CDR3: Glu Ala Tyx Asn Asn Tyr Asp Ala Leu Asp Tyr {SEA ID NQ:23) or
CDRS of the light elaain variable regiaz~ include one or more of the
following amino acid seduenees: CDR1: Arg Ala Sex Ser Ser Val T>ar Tyr Val
His (SEQ ID N0:24) CDR2: Ala Thr Ser Asn Leu Ala Ser (SEQ ID N0:25) CDR3 :
Glzt Gln Trp Thr Ser Asn Pro Phe Thr (S1JQ )D N0:26). 15. The monoclonal
agonist antibody mAb 174-74-11 of claim 10, which belongs to IgG2a
subclass, wherein the CDRs of the heavy chain variable region and the CDRs
of the light chain variable region each include at least one of the ammo
acid sequences listed in claim 14 for the respective heavy and Iight
chains. 16. The agonist antibody according to any one of claims 1 to 15,
capable of stimulating the proliferatio~a of human or mouse cells
expressing the human G-CSF receptor as determined in an in vitro
proliferation assay. 17. A hybridoma cell lime that produces an aganist
monoclonal antibody, or fragment, homologue, or analogue thereof as de$ned
in any ante of claims 1 to 16.   31 ~ o o c T Zoaz 18. The hybridoma cell
line of claim 17 which is hybridoma cell lme 1~3-93 or 174-74-11. 19. A
17NA sequence encoding an agonist antibody, or a fragment, homologue, ar
analogue thereof, as defined in amy one of claims 1 to 16. 20. A gene
delivery system including a DNA sequence encoding ail agonist antibody,
fragnnent, homologue, or analogue thereof of any one of claims 1 to 1 G.
21. A gene delivery system including the DNA sequence of claim 19. 22. A
gene delivery system including one or more DNA sequences encoding oz~e ar
more of the amino acid sequences shown in SEQ ID NOS:15 through 26. 23. The
gene delivery system according to any one of claims 20 to 22, wherein said
systEm includes a viral vector, plasmid, or a non-vector delivery system.
24. A method of screening a molecule for G-CSF agonist activity comprising
determining if the znalecule can stimulate the proliferation of
G-CSF-dependent cells. 25. The method of claim 24 comprising an in vitro
assay. 26. The method of claim, 24 or 25, wherein the assay method 1s an
MTT-based calorimetric assay or an 3~T-thymidine uptake assay using cells
expressing G-CSF receptor. 27. The method according to any one of claiz~.s
24 to 26, wherein the G-CSFdependent cells express proteins, or fragments
thereof,, having the sequence o~F the extracellular domain, or part
thereof, of the G-CSF receptor on the cell membrane surface. 2$. A method
of high throughput screening for a~r~ antibody having G-CSF agonist
a,etivity comprising constructing a G-GSk'-responsive cell line, capable of
expressing a reporter gene under the control of a G-CSF-responsive promoter
and measuring enzymatic activities or fluorescence densities in the cells
after stimulation by the antibody to be tested. 29. The method o~ claim 28,
wherein the assay includes a colorinaetric assay system or an uptake assay
using cells expressing G-CSF receptor. 30. The method of claim 28, wherein
the construct includes the sequence of the extracellular domain o~`the
G-CSF receptor, 31, The method of claim 28, wherein the G-CSF-responsive
cell lxz~e is NFSbO. 



~ o ~ c-r 2aaZ 32 32. The rnethad of claim 28, wherein the reporter gene is
selected from the group consisting of lucifezase, p-galactosidase, ~reen~
huorescent protein and dihydrofolate reductase. 33. The method of claim 29,
wherein the colorixnetxiG assay system includes measuring the reduction of
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyhtetrazoliurra bxamide (MTT). 34.
A, method for detecting the human ~-CSF receptor immunologically by means
of an antibody according to any ane of claims 1 to 16. 35. A method for
immunological detection of a cell expressing human Cr-CSC' receptor on the
cell surface by means of an antibody according to any one of clams 1 to 16.
36. A method for detecting and determining a soluble human G-CSF receptor
izz~zuunoIogically by means of an antibody according to any one of claims 1
to 16. 37. An agonist antibody according to any of claims 1 to 16 when used
for treatment of neutropenia. 3 8 . A composition comprising at least o~,e
agonist antibody according to any one of claims 1 to 16 and a
physiologically acceptable carrier, diluent, andlox e~ccipient. 39. Use of
an agonist antibody according to any one of claims 1 to 16 for preparation
of a medicament for treatment of neutropenia. 40. Use of a DNA) sequence
according to claim 19 for the preparation of a medicament for treatment of
neutrvpenia_ 41. Use of a gene delivery system according to any one of
claims 20 to 23 for preparation of a medicament for treatment of
net~traper~ia. 42. A, nxedicam,ent prepared according to any one of claims
39 to 41.   ~ a a c T ~oaZ WC7 9915'S735 PCT/US99/09466 1 SEQL1'SNCE
LIS'frNG <110a 8aofu Ni Bix~. N.C. Sun Cecily R.Y. 8un <IZOa G-CSF receptor
agani,et d~0.Cibodies and screenitlg method therefor <130> 98-3 ?150a
60/083,575 c151. I999-04-30 <IGOa 27 e170? FastSEq for Windows vGr9ion 3.0
?210x 1 e211? z2 <212x DNA <2i3> Astifieial seqttercce r400> 7. aagcggtgct
atggcaaggc tg Z2 <25.0> 2 _ <211a 23 <212a DNA <213a Artificial seq~tenoe
<400a 2 cactGCagct gtgcccaggt ctt 23 e210> 3 <Z11> 37 <212a DNR <213
Artificial 9equenc~ <400y 3 cccccccagc gctagcaata geaaGaagac ctggagg 37
<210x 4 <211a 29 i212? DNA   wo 99~ss73s ~ o o ~-r zooz PCT1US99109468 2
<21.3a Artificial sequence c40ps 4 ggaattccta gaagctcccc agcgcctec 29 c210>
5 <211x 17 <222a DNA <213s Artificial Sequence a220> <223a maus~ <400s 5
aataegattc actatag 17 e210 6 s2lZ> 38 <212a DNA <213x Artificial sequencE
~40os 6 



aggtettgte gctattgcta gegeeggggg ggcecagg 3e a210 7 s2115 31 _ a212> DNA _
<213 ~ mou.se <400s 7 aGgggcwtca agatggagte aeakwyytwg g 31 <210a 8 cZll>
20 <27.2> DNA <27,3a. mouse <A00> 8 actggatggz gggaagaC~gg . 20 <210y <211a
30 a212r pNA <213y mouse   r WO 99155'J3 3 <400> 9 dtggmttggg tgtggamcLt
gGtattcctg 30 c210> lp <211> 21 'c 212 a DNA <213> mouse <4p0> 10
cagtggatag acagatgggg g 21 <210> 11 <211a 30 c212 > t7NR <213> mousy e400a
11 dtggatttwC dggtgcagaC twtcagcttc 30 <21p> 12 t211> Z4 a212 bNA c213
mouse i400> 12 actggatggt gggaagatgg 20 <2l0> 13 cZll> 25 <212v DN'A <213v
mougG c400> 13 atgra~tttg ggytcagctt grttG 25 ~z~.o~ 14 <211s 21 c27.2? DNA
<213 v mo~caa <400a 14 oagtggaCag accgatgggg c ~x <zla> 15 3 o a ~ T ~aoz
~`CTNS99109468   wa ~~iss~s a <a11> s <212 PAT c2I3n mouse <400> 15 A8n
fiyr Gly MG~ Asn 1 5 ~ o o c T Zo~2 PC'CIUSQglp~466 <210r 1& <211n 17 <212>
pRT < 213 ~ trioli 9 a <400x 16 Txp rle Asn Thr fiyr Thr Gky Glu Fro Thx
'ryx Ala Gly Aap Phe lays i s 10 15 Gly <210a 17 c211 12 62L23 PRT a2~,3x
mouse <4a0> 17 Glu Gly Phe xyr Gly Gly His Pro Gly Phe Asp Tyr 1 5 1a c210
1$ < 2I1 > 1'7 _ <212a PRT <Z13 mouse <400x 18 Lys Ser Ser Gln Sex Leu Leu
Saz' Ser Ark Thr Arg Lys Asn Tyr heu 1 5 10 7.5 Ala eZlO> 19 <211a 7 c2L2s
PRT <213a mouse <400 ~.9 Txp Ala Ser 2~hr Arg Glu Ser 1 S <210> 20 <x11> a
3 a o c T 2aa2 WCJ 99!5S'135 FC~`IUS9910~466 5
txl2~BLi.'~c213ymduse<400s2dLys G1n SerTyr Asn Leu Arg
Thr150210yZ1a211>5a27,2}PRTc213>ritOttse ~400~ 21 



Ser Tyr F.la MeL Ser 1 5 e210x 22 c211? 17 <2J,2> P1~T e213 > rrtouse ?400s
22 Gly Ile Ser Set Gly Gly Sex' Tyr Sex' Tyr Tyx Pro 61y Thr Leu Lys 7, 5
10 15 Gly Q210> 23 <21l> 7.1 c212> P12T <213 mousy. r400 23 Glu Ala Tyr
Asri Asn Tyr Asp Ala Leu Asp Tyr 1 5 10 <210> 24 02I7,> 10 <212> pRT <213 >
motlee <400> 24 Arg Ala SGr Ser S~r Val xh~: Tyr Val his 1 5 10 a210> 25
~ a o c fi 2a2 WO 99l55735 PCTIU599/49466 6
<27.1>7<212yP1ZT<213>mouse<400725Alaxhr 5erAsn T,euAla
Sex,15<210>26<21~,~9<212>pRT<213>mouse,<400a 26GlnGln TrpThr SerAsn Pxa Fhe
Thr15<210>27<211a603<212>PRT<213}human<400>27Gl.ualu CysGly Hisxle Sex Val
&er AlaFro IleValHieLei GIy151oZ5AspQro IleThr Ala5er Cys Ile Ile LysGln
hsnCysSerHis Leu202530AspPro G7,uPro GlriIIe Leu Trp Arg LeuGly
AlaGluLeuGly Pro35404'SGlyGly AsgGln GlnArg Leu Ser Asp GlyThr GlnGluSexI1e
i1e505560xhrLeu ProHis LeuAsn His Thr Gl.r~ Alaphe LeuSerCy$Cys
Leu65707580AanTrp GlyAsa SerLeu Gln xle Leu AspGln ValGluLeuArg
,fi,7.aB59095GlyTyr Pxo9ro AlaIle Pro His Aen LeuSex CysLeuMetAsn
Leu100105110'ThrThr SerSer Leuzle Cys Gln Trp aluPxo GlyPr4GluTl~.r
Ais11,5?.20125LeuPr4 ThrSer PheThr Leu Lys SCr PhaLys 5erAx'gGlyA8n Cys1.3
01351.4 0GlriThx GZnGly AspSEx Ile Leu Asp Cy9Va7. ProT~ysAspGly
Gln1451S0155160SerHis CysCy5 I1epro Arg Lys Fi~,s LeuLeu LeuTyrGlnAsn
Metl65170175GlyIle TrpVa,l GlnAla Glu Asn Rla LouG1y ThrSerMetSet
pxo1801B5190   ' . ' ' . . < ~ ' ` 3 0 OCT ADZ WO 9p155935 7 PCTfU5991094b6
Gln ~.eu Cys Leu Asp Pra Met Asp Val Val Lys Leu G1u pro Pro MeC l95 Z00
2a5 Leu Arg xhr Met Asp l~ro Sex pro Glu Ala Ala Pto Pro Gln Ala Gly 2i0
215 220 Cys Leu Gln Leu G~e Trp Glu Pro T7Cp Gln Pro Gly Leu His Ile Asn
225 230 Z35 240 Gl~s Lys Cys Glu Leu Axg His I,ys Pro alri Arg Gly Glu Ala
Ser filZ7 245 25b 255 Ala Leu Val Gly Pro Leu Pro Leu Glu Rla Leu Gla Tyr
Glu Leu Cys '260 265 27o Gly Leu Leu pro Ala Thr xl,la Tyr Thr Leu Gln Ile
Axg Cys YIG Arg Z75 2B0 285 Trp pr~3 Leu Pro Gly His T1^p Ser Asp Trp Ser
Pro ser Leu Glu Leu 294 Z95 300 Arg Thr xhr Glu Arg Ala Pro Thr Val Arg Leu
A5p Thr Trp Trp Arg 305 31D 3Z5 3Z0 Gln Axg Gln Leu Asp Pro Axg Thr Val Gln
Leu Phe Trp Lys Pro val 325 330 335 Pro Leu Glu Glu Asp Ser Gly Arg rle Gln
Gly Tyr Vsl val Ser xtp 340 345 350 Arg Pro Ser Gly Gln Ala Gly Ala Ile Leu
Pro Leu Cys A8r1 Thr Thr 355 360 365 Glu Leu 5er Cys ~'hr Phe His Leu Pro
Ser Glu Ald Gln Glu Val Ala 37a 37S 380 Leu val Ala Tyr Asn Ser Ala G1y xhr
Ser Arg Pxo Thr pxo Val Val 3B5 390 395 400 Phe Ser Glu Sex Arg Gly Pro Ala
Leu Thr Axg Leu His Ald MeC Ala 40S 410 4l5 Arg Asp Pr4 His Ser Leu xL~ Val
Gly TYp Glu pxo Pro Asn PrQ Trp ` ~ 420 4Z5 430 Pro Gln Gly 'iyx Val Xle
Glu xxp Gly Leu Gly Pro Pro Ser Ala Ser 435 440 44S Asn Ser Asn Lys Thx Trp
Arg Met Glu Glii R9n Gly Axg Ala Thr f3ly 45b 455 460 Phe Leu Leu Lys GIu
Asn Ile A7rg Pro phe Gln Leu err Glu Ile Ile 465 470 475 480 Val Thr pro
Leu Tyr Gln Asp Thr Met c3ly pro Ser Glri His VaZ Tyr 4B5 490 495 xlla 'ryr
Sex Gln Glu Met Ala Pro Se7C His Ala P7:o Glu LW,t His Leu S00 SOS 510 Lys
His Zle Gly Lys Thr Trp A7,a Gln Leu Glt1 Trp Val Pro Glu Pro 51S 520 SZ5
Pxo ~l.u Leu Gly Lys Ser Pro I,eu Thr Fiis Tyr Thr r7,e phe Trp TY~r 530
S35 549 Asn Ala Gln Aaa Gln Ser Phe Sex Ala Zle Leu Asn Ala Ser Ser Arg 545
55b 555 56d Gly Phe Val Leu His Gly Leu Glu Pro Ala Ser Leu Tyr His Ile
H~,s 565 570 S75   WO 99f55735 8 3 ~ 0 C T 2002 PCTIUS99109466 Leu Met A13
Al.a Ser Gln Ala Gly A7.d Thr Asn Ses T'hr Val L~:u Thr S8d SB5 590 f Leu
Met.Thx Leu Thr pro Glu Gly Ser Glu Leu 595 604  .A@.AYe.AH
.A.Ah@.AFs.A&.A,.A .A,.A .A .AA@ .A,y.Al.A.ASl .A.AYL.A.AY .Af5y.A,
.ALr.Af5 
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ca]ca]ca]ca]ca]ca]ca!]4jJv=BN@I^{vqlgb\W]]]caV]ca]ca]ca]ca]ca]ca]ca]ca]caU]
ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c8a]ca]ca!^>MP
61   W
Sbq{uojd^Xlgb\W]]]U]caU]caU]ca]caU]caU]ca]caU]ca]c6a]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]c6a]ca]ca]caV]ca]ca]c8a]ca]ca
#6PV\bj}{upje_ZTojd^Xlgb\U]ca]caU]ca]caU]ca]caU]ca]caU]caU]ca]caU]ca]caU]ca
]caU]ca]caU]ca]c8a]ca]caU]ca]caU]ca]caU]caU]caU]ca]ca]caU]ca(@CK_gs{upke`[U
ojd^Xlgb\UU]ca]ca]caU]ca]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]c
aU]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca]caU]ca
)Dbw4>i|wqlga\Vojd^Xlgb\UUU]ca]caU]ca]ca]c
aV]ca]ca]caU]ca]c6a]ca]caU]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca
]caU]ca]caU]ca]ca"DFHNQv  *5;>{uoid^XSojd^Xlg]caU]caU]ca]caU]caU]caU]ca
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