;e3e' [/ $&& <**I B/ 6x/ T/ wa ~Q ssr3s *166166* . ~ o o cT Zooz G CSF receptor

agoni st anti bodi es and screeni ng net hod Hﬂﬂm TED APPLI CATION s ,
Thos application clains priority to U S. ’ lu "mm Application Serial No
GROY

6Q p83, 575, fi ri 130, 1998. BACK OF THE | NVENTI cess
by whi ch bl ood‘“§§?’5§§’€f’ow, Gl vide and i frersme s o En the bo%’gr%??%&vpi s
cal l ed hemat opoi esis (Dexter, T. M, and Spooneer) E., Annu. Rev. Cell
Biol., 3: 423, 1987). There are many different types of blo | 1's that
belong to distinct cell lineages. Each of the vari o@ﬂbﬁ@o types
arises frompluripotent stemcells that are able to wundergo self renewal,
or give riset itor.cells that vi «al | - ; ture
cell types. Th?%'&ﬁﬁg?ﬁ?pﬁ%r &@s@gg adﬂ'@hﬁlg& grngi B&ggﬁ@ie%éﬁﬁ%\%ega red-

bl cod cells (erythrocytes), platelet %@g g/ni te blood cells (Ieukocytes),
the vast majority of the latter bei n}hie Med iz~ host immune dtfense.' ~
Proliferation and differentiatiaon of hernatopoietic precursor cells are
regul ated by a fam |y of eytokines, including colaz~y-stinulating factors
{CSFs) zo and REBLATEBUAPREICATHPN: i C.-L, et al, Annu. Rev. Hi ochem 1990,
59:783-836). At _ least four cytolcines are involved in_production of

neut rophi | $ and na&ihéﬂmmgmipntci‘;@tm priority fq Hed. Pegiisionab Applicaton Serial No.

gr anul ocyt e/ =54 4 ting factor (G CSF), granul acyte

col ony-sti nul ai:l @3@2&%&‘?@5%%% macr ophagestirnul ati z~g factor
(MCSF). Arnang them Cr-CSF woxks specifically ozt cells 25 restricted to
t he neutrophi | BACHGRQUNDYOF THRENYENTIOMNetri, C. |?2., arid Giffin, J. -
~_, Blood, 1991, 78: 2 Q1-2808). The principal biological effect of GG5)~
irt vivo . , is to Thaqreaseby hvéigr blopd aelly grow, aivdde g ditfenentiate] iorthef

hils, f ] LL:0b . VA . pNag d.
So | OBA Rog oM FEREY GleEhaRERkRl; ERIFT: M ald spidiltr, £ Hans, A8
survival and fRewCeldBiaf, 3n#23r188Nc (Rherspne meny diffennt yerrpicipg ¢glls thap

~9/ SS73S PCT 466 . ~ 4 ' ' ' : ytic
activity and ot apretelifpficl FRALOLAE WARUBTLATHSGREIAY D,
1991, 325: | b4pliriidtent/stane cell4 haf are Abkeuto Radergd aslfirepewal] 991giveonse %®) . Thi s
physi ol ogi c pr # as j e QR -5l fense
Cyat ems. and oo oyt BN i Stk 48, G HEBREGAR rhltne Sph 8, THIS e ©7
commer ci al 15 orafaseds af ecltxdre pedtcadunaivo GreSplogd clls (padmertes)pigtatets. land . ) in

viva is only 3- ur | kDl i i ntain
the threshold ‘Ivel\t/egﬁo fc?ﬁg%ﬁl( Er’cé’g%?’rté% v?sgrﬁagﬁtﬂuoﬁgée?fﬁggrngﬁ% >(é’ﬁ’tﬁﬁlle&rglllener ation
(Physi ci an' s DeskimRafnerdefease,*-53" i, 1999, 532537). The rnajar side effects
of reconbi nant human G CSF ("rhG CSF") therapy at higher dosage is bone

pai n, presumably dlfeoliferatitre and adidferentiatising Af |hematopeietie Hrpasor j ¢¢lly | apy

i medi ately f i i.ngect i gn. \ £ DI SIS ed: ; fpy patients
recei ving | om%h'g%vgggyo ta?ﬂ%ro?&f @&%%a@?gﬁég r‘r:gghg Sg@gaﬁi%ga‘r}#ﬂ\k/%g}? gation

t o prol ong2t heandrinteileukinsalafral) Kilo etfal,rArdu. Ber BipehemudPHQ Vo83 fdari 6h with

ol yet hyl ene g . &s L d e PEG
onj ugat es hage%ggésulrggg é@t)nlcsi/ \(I)ﬁmg‘ﬁ{'%?c R}?‘%l{/c%ts ﬁgg} n%‘ﬁ@%?lsn%glld ?‘?‘ggﬁéﬁé)ét?ei ns
with an inver sthatcisy ingérieukinsd I081-3)e eranuisicptemagrophegeg brlomf-stinmalatingERCOD et i es

conjugated to tein and activit.y | i € 0 , al , Exp.
Hemat ., 1999, W"%&g g@?‘.ﬂoﬁ)g? ec(‘)aﬂ\if"é1 :Shéjﬁagnéx%%ggégen(%ﬁs%ineﬁgrc}pﬁ%%ecat es

that the rhCr-dOshiging)fagat 6d-CG8R)h RBGE thean ds-QShewsrks fpécifically onicefly 3 days,

R N e AL

upon the anti bDdBldodptaPe7s: V9 1-2808Nt Tied prixtciel! binkgical effenifG-CSFdevivon of an

agoni st anti body agai ns huquén G CSH Lecept il | i = j ke
activity for slé\%%?'%fe%&\ﬁé’é eratipn and %a i ,ﬁ’?g‘ﬂxftnﬁu cc{?gﬁn%)ﬁﬁglr%)@ﬁg%% severe
chroni ¢ neut r apregenitossqQGbknpAt Biathrad. NatbAead Béi. U6 AN 983 s84: 24 8412488). Gospi t al

hroni ¢ (Gbiténpat b Naubassd St D58t S8as8 '
i 5 onal 1y, SHEERP RelRrave THBURE sy epd hublof BP Bkl RAGRRILS, o

circulation would continue to stinulate the proliferation and
differentiation of neutrophilic progenitor, therefore exhibit higher
pot ency, WO 94155735 ~CT/rJS99/ 09466 3 a o~T ~oa~ resulting in | ower dose

usage and possibly fewer side effects than Neupﬁmﬂmwﬁwuumwmﬁr r hG CSF
derivatives. Various actions of GCSF are trigg i ndi ng of

G CSF, through its two discrete binding sites, to itoopeceptors, fanning a
1:2 ligand/receptors 5 conplex. The G CSF receptor, expressed an the
progenitor cells,of neutrophlic granultacytes arid on mature corxunitted

cel-l's) belongs.to the supexfanily of cytokinel hematopoietic. receptors. . )
Al though the majority oaf famly menbers, including the receptors far the




WD 991 55735 PC f/r1S99109466 4 ~ o a ¢ T zaoz honodi neri 2ati an, resulting

i n phospharyl ation of a specific set of kinascs (Yaussaufian, H, ct al.

Bl ood, 1993, 81: 2223; Al exander, WS., et al EMHO, 1995, 14: ®69; lieldin

C H, Cell) 19%%¢espkr3sZ 13). Therefore, the screening methodspéissbps@s i N *

the invention, which are used td screen for G CSF receptor 5 agonists based

on their ability to cause signal transduction an honodi nerizati or~ and

proliferation of receptor-bearing cells, “an al S%ﬁ%—i ﬂivﬁm reen for

agoni sts agai nst these other receptors. SUMVARY bsé faN. ' The

invention relates to interactive agox~i st nolecules to the G CSF 10

receptor and Otiﬁﬂﬁdih HRedaERE ipﬁagﬁy)&mlabﬁnétyraadenﬂrmibmbilal/\killhigi(Chgalrt"Mdnﬂimght 0 or

interacting with su recept or nme hi gical _roles_as. the

li gands do. Theli NvERek 6%&«:@&@%6%?@0ﬁ"g"%%&ﬁq’e@%&w %“’6‘*“& ndi ng

to, or interactyosy . Wisbjl THIE pRysidddid procdse eaindsak therfoliatio fonmeiticad hest .

preferably) the two sane cytokine receptor proteins) for exanple, two G CSF:

receptor prot eid§iensersystemnsAg8 AFAS QO 1 ERTALTIIPRS i ncl ude whol e anti body

nol ecul es, both polﬁglon | .and_nonocl onal | as. erived
B

, | di fied
forms theredf, incl FirRb GRRHMESES r@%ﬁeﬁf?c?rp%ﬁ%ﬁF ‘B},lae’%ccggsgnd

bi val ent F(ab’ )(Ncuﬁdﬁ@n@wm}n@aﬂ%c.?rmaﬂ% qgussy e mecds, aadakl kasofo exerting
tIxe same or a simlar agonist efftet as the native G CSE. The eﬂg%ni st
anti bodi es and admiristeated dedln tbemaiteiparheqdireshald lewsl nefh GrbBE ercaisfel¥c, 20

humani zed, Del mﬁmg%&&hﬁlﬁﬂ%ﬂg‘{“ﬁﬁhws Dedk ReffegiLrs8ed) @oborh meAt

G CSF receptor ‘agoni sts stinu , andfor differentiation of cells
expr essi ng t he S37ESFhe waisntsise effaty of reeombiranhbaeanF-CSRahECHi hiiergyt o t he
extraeel | ul gr W ag Yol ELER6I9 'due & B brhutfsidd® hizh Gever E8MGL ecept or
andl or acti]\elbat :jdﬁg hro%p 8‘% k}leoé)ﬁ gﬁﬁ’dd;r_gkiﬁnaQQSCZS associ a_t%d W th the G CSF
receptor. TheseCel4 sivexipmesipiaty folloeving @Brtiore depesr, Hisnisrless| feawenigai se

primtive Stemﬁ%ﬁ&g@ﬂ:ic&%n ENBLRPRI, *hidgcgp‘l | s and thus the agonists wlll
pronote primti‘ve b, ematopolretic cells to differentiate and/or _ |,

proliferate |eading Wifligh LRAPHE FhidMvekdaRbl fORblohd thedfmamy RANGR Jfi neage
cells. 300 ~T 2 Anot her “aspect of the invention relates to a method
for screening frof-GoA, ircliling conjugation yitbepelztbpens, elygb FRE:, Hosevdxanpl e t he
G CSF recepf.or ' ' ' ' ' 5idEablG QblePRABORy aanay
system As ﬁesc@%&gﬁkgﬁg\%ﬁg Q?Eg%dng%a?ggﬁggdéﬁlt ed \?vithet he %SF
receptor, or tithe pupedifind pfoteitsewity aCBrerpRestlagen WtvEs meleailer ‘_U%I&‘éd’fupon

bi nding the agqgj Bbg n@&gﬁésm%@-ggﬁgd t?ﬁ{eel pzotgiﬁﬂnﬁ’ﬁctmH\Qﬁ-&dSEeOBQWénSS., et

proliferation in Xe presen oni st nol ecule. The invention al so

i ncl udes t he usa, Bp. Hgoiat. atp9Ri 27t 425-433c Marpevgr 438 fosy asirgs spudisgitadicates o1 pot h
di agnosti c pur | | i P baald i By h9est fyeoduci ng
exenpl ary agonﬁg?ﬁgen ?ﬁ%?géﬁﬁgﬁﬁat edbﬁﬁfs%{gg?gyﬂ?ﬁgym.%glm- 74-11 were
deposi ted o2n Agyppithet. 1999 at the American Type Culture Collection, 10801
University Blvd., Manassas, VA 20110-2209 ("ATCC'), under Accession Nas_

HB- 12699 and HB- 12700, centmse de i RES yeonpgated G- Gvathe e fn Vl"iong’élfﬁ'?%cﬂ?ci ng ; -
nonocl onal anti i [We AR AP \VCIM @ u S A YT Yok o] K {sStdeperibnti fiponh@ée been
deposited at th@%ﬁaﬁ%g&%cgs‘si OE lIilo. HBl%%gf&g\ccog%i ngl yﬁ,’b,i n a first
enbodi nent of tandibpdyisetypeont isiatiepates hatoy Fingle injertion oF A2 A2 iABERRAYt hat
specifically bins r clodge A e s8R & t bergdt | mul at e
cell proli ferat%gfﬁggggﬁéﬁf?eq%n%e?%?ow (Ii)sf(na bi ndi ng °f_r‘§§%n?f sazEaLogue,

or honol ogu#s t heeaksf Thag qaticitnyith shemothesapyand peyeer ShuLs pewmpeda Vouldr ovi ded
an agoni st anti . i fJ I L ad : cide N t ! ~az~aun -
G GSF receptor gﬁ%ﬁﬁl@ﬁ@gg?{oﬁ(@gcﬁ la‘lcb)drE %’rsblg(l:?f] %‘it gzger Sér:mtge #5%‘9?%& on of v
ki nases associ abielbgisal detivitg of agvist wAbs.oAdditipnallut sustaiped lepely OT thegemi8Bn and di- .
ffexerttiation, i,ndi f I bedmgof . )
According to a %l}q‘lii ?@’ %ﬁ’ﬁgh@%gﬁ%g&gu@gﬁﬁ@%\gg é@i&éﬂn?gggg(?gﬁagnti body
accordi ng to thdiffeientationr of encomophilich priiesmitor, Whreefere nexhitdt Jigheh RUEFY a

nonocl onal anti bady, or fragnent, honol ogue or anal ogue thereof. According
to a fourth enbodi nent there is provided an agoni st anti body which is
MAb163-93 or mMAb174-74-11 According to a fifth enbodi nent there is provided
a hybxidoma cell |ine that produces an agoni st nonocl onal antibody, oz
fragnent, honol ogue, or anal ogue thereof of the first, secan~d ar third
enbodi ment. According to a sixth en'rbodirnent there is provided a DNA
sequence encodi ng an agani st anti body, or a fragnent, honol ogue, or

anal ogue thereof of the first, second or third enbodi nent. According to a
sevent h enbodi nent there is provided a gene delivery system~..... -, W

ainn a TIIvTA ronwa~na a~nnrr~'rw-tn the eivlh.FrhnrlinPnt~ Sa 3-a 0 c T -
2aa2 According to an eighth enbodinent there is provided a gene delivery

e . RN I A o




MIT 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 stinmulated by rm|,-3 end rhCr-CSF, separately,
as” det erm ned TT assay. Fig. 1C shows that the ~~i-t 1 din

upt ake by the B&gﬁg’f%¥ ant D.4 cells increases in a concentraP%—g%fé“Eeﬁﬁdent
manner when growing in the nedia containing rm Lr3, or rhCrCSF, but not the
control rnAb. Fig. 2 shaves tyrosi ne phosphorylatio f latktpase in the

3 0 oxfc?

full-1ength humazt GCSF receptor transfected D~4 ce y rhG - CSF.
The sane tyrosine phosphorylation of TAKI kinase can not be detected in the

parental cells ég‘ﬁ % v G Geh
Hi osystens). Gl ogif)‘t”lsrv(gog%gér?gr%{;@pﬁﬁgﬁhumnﬂé%ﬁres %5?8 e ceI S
ANA. -1 93 (ATCC diber iBRCSFdetivatives.CVO 9915y5 PCTI US99109466 3 0 0 C T 2002

expressing the endogenous human G CSF receptor also shows that the tyrosine
pl aosphoryl at i an of Valdus hmtmsdG£SMmmc®9b$mcmmg oG4ISE; Heo@sF. | T :

I mmunQpr eCi pi t t t h Bl ot :
detection with 9\&0 \éqos%l&e Qﬁd@@ sh?l’bgalae%‘? ﬁ%‘gggg]‘ bAﬁ gr,r DS

ant i - phosphat y neinmglex. Tha GrﬁSPomdgptﬂG&:Q:r«(sk@sdraMe prgemm lenldd cfggqunt:ptﬂe: Pl aci d,
Ir1"Y). FIG_ 3sho i ndin Frece ou/r (Fc)
ehi neric prot elglmﬁ'ilo%i °“rﬁ‘é ﬁn‘ﬁ’@mAgcgéﬂ%r ebgféﬁ Gﬁ‘(fg caught
by goal anti - humaktﬁégﬁﬁﬁeapoaﬁe ireefiors o Allthauphnthe hmjbxttamﬂ familz mbmbas The

bi ndi ng of the youse anti bod do_the h

recept or | | g4 ( F&f “@HF%F&“H gﬁ%ﬂ%}‘% @(}j@%@?‘&d‘ﬂt E‘q’gﬂf fﬁﬁ& h? #e goat
ac, tlh rnoua e Ig@éﬁah b&cymhh&tewgewmnmatxmdtamg gfghgtg qegad:ssh ae][ axuﬁxiaﬁe

4A shows that the g perc 163- 93, but not t he

oty pe- it he kR 5 ORI S8 bt gmepn PR FPEPSHIh I RGO s
receptor transf&gh9QdupiikdUseseeed teilC c6RBARG b § h 1 id
concentrati on- depezdlent manner @gﬁtopﬂml?scécana gS|s ’{?ec mnpof‘tr%?\)/g%hat t he
mb 163- 93 specisibelieyrd (p formasomedimstie eorerle wpondigenddhindiag (Fykenagn. R.esigt h
human G CSF r ecgplaiiy, didin. qﬁg b&s.i1hGogpar ental cells 3~b-c123 as indicated
by cell bound percentages. SA and SB show the proliferation of human

G CSF receptor transigtidfeRHSEoCaE '(ﬁcéﬂecéﬁtbmﬂs %E&Pst#&%n"t@rb'e%énﬁﬂuse
nonocl onal agoni st 20 anti bodies, 1 nclud wﬁn{g -93 and mAb174-7i 4-11,

as measur ediSby @ sigmrf &aefsiaytxont%llﬁ,sloﬁyﬁed @e‘héét Aﬂ“%l?“’-@%ﬂlsmfﬂadﬁ%st
HI V- gpt 120, andgg: fa@ )CH SCBétL?cceﬁsmﬂcﬁ@sam%ﬁ gm%tcﬁ efnl ndaealaﬁgaxge and

positive controls. ows that a panel nmonocl onal ant ies,

i ncl udi ng m Ab1athoush tragine kinsse activity saemsctabessseniial 4o éwmecwfn theGat i on of
the human G CSFCS?sx? a?te%ms@tmtfto%\%teﬁ Fe@eﬁ&%ﬁvdﬁ% lt.lﬁ'o Gf\\?SF irx‘tq &:@t ed by
the increase of 3H K dine , ittcorparatian. FIGS

tyrosi ne phosptFGF%PFcat esredimenigations ds 1mgdigteq tby) @nce‘ﬁ)kﬂan‘ljn@lﬂ&r#s(YRIFQ“@uonaI
factor Statf (Fkfasin®Rinakdd, Egeﬁh@lnﬁﬂi FAESRARCRPMTY. Tt}s/e\Q Biéa o138, 87:

F'G flrJS991WU0466 ~ a oc- 00z aansfected mouse cel I st’i mul ated by
cytokines rm L-34 srzh@)(BFd msm@ﬁerm,eﬁgmhpetat@hpfmwmf%orgémm@ 7A and

78 show a quantjgt : _aShi i e rnatl on
{Fom hunan bancnar St SEBatiah -5 Ll A, ORS00 G0, 8.7
eon~trol mAb GPISIJWUSRPE&R}'PGV@PGH@QG,MM ﬁmgliﬁg—ﬁbﬂ)hamdnﬁl,@t”% ot her
muse agoni st NS gsfd- @509§I o7 éaégergx%gtké‘ﬁ%takés %19{ %Hués%mﬁ o!8N¥%. gﬁfﬂm“ on

firam human bone narrow s mat c contr
G3-519; 8H:25r hGB%Ef@RB@DDrBlﬂagystdeSmym@@ﬂn mmmﬁ-@@ﬁﬁr ign Sdnet dody

mMAb163-93: 8D A . 8C, aft
cel I staining. %@W@@ﬁy 49]5%.&%{4 ﬁmoﬁnggggymggg ‘?g?gggéggﬁo Inat e e
granul ocyte col ony feegRt iggn éb&?”‘r&'@% 2%9%9&% gt & HeZ téts for

coheentrati on- dependent manner hows neutraphi anul ocyte

col ony fornmati cﬂmwemi“rﬁ?&)hk @eovwrh hormaie ('Yt Prnth melttyr (“RBIA”) and
o 108 The CarPRBRRRATETPDR A R LB Sl bl IR RORAGNY @R 0 0

nonocl onal agoni st anti body nl A b 163-93 at the concen~ativn of 5 nM 1 OD:
Mor phol ogy of cells picked froze the colony in C after cell staining. FrG
1 i shows that the agonist mAb 153-93 agai nst human G CSk' zeceptor 20
stinmulates the proliferation of nmanse cells NFS60 expressing endogenous
nouse f ~ Cr-CSF receptor. SUWARY UF' |'~E SEQUENCE r, | STING SEQ ~ NCS. 1
to 6 represent various priners used in cloning the G CSF receptor. 25 SEQ
ID NOS. 7 to 14 represent various prinmers used in cloning variable regions
of two agoni st antibodi es of the invention. - WO 99155935 PGINS99l 09468 1 ~
0 0 C~ ZOOZ'SEA ID NCS_ 15 to 26 represent the-ami no acid sequences of the
Cblt S (both Ilght and heavy chalns) of tmo agorlst antlbodles of the

T T o . Y .




Monocl onal agoxiist anti bodies of the invention can be produced by

i mmuni zation and fusion (see Exanple 4 below), or fromisol at ed

| yzxr phocyt es using EBV txaasformation, or through human G CSF receptor
transfected insect or mammalian cells. The agonist antibodies are .
preferably chi /5515 5 Del ri amuni sedTM  humani zed or human JKI7YSBUES f or
clinical use. Such antibodies can reduce inrrnu~nogeriicity and thus avoid
human anti-nouse anti body (14AMA) response It is preferable that the

anti body be rg&4, xg&, or other genetically nutat ego(gmﬂ-[oggngM whi ch does
not augnent anti body-dependent cellular cytotoxicit . ield and

el edi at ed oyt oPguilRealiy, bsiling b bhoffod fiin iRl JBERCHRRE,

V.~ . Pulito et (¥bussoufitn, IHoetrall Blood 98193, 8562222841 28156)W.SL, Gl rEMBOC .

anti bodi es are e onby,.n "omA oC in the
art, and have aﬁ{)%ﬂg\/%ﬁéﬁe@&? ?éhbn Chai%%%ﬁ&h%gi)boﬁ%g%’{g’\ﬁé%isgrggn%
Humani zed ant i begiheds disslesed irgthe atventiohe ghivh aof usad mascrgapfor GeCSE gqreeptoes t han

do 2s chimeric antibadies. |zt humani zed anti body., only tJne . .

eor npl enent ar i t?g‘ifés?sg?aﬁ‘?cﬁ?%ﬁ‘e‘f é@ﬁllﬁnga?mgnagﬁ?%ﬁu 8 °f‘e}i°ﬁ6°r‘il§’i’?ﬂzeau?rbr

anti gen bi ndi ngaghgrohfeebi ofietdptartrarigi ls, caeslsy beluetddo ber¢en fon agonists no aci d
sequence corres onding to the ani mal anti body, and substantially all of the
remai ni ng por t i BEASHeSEpLher RIS, 55735 ~ PGTI U$99109466 9 3 DO C T ~~9-~
nol ecul e (excep i portions of the fi~amework regions
within the vari éMﬁ%ﬁﬁﬁMﬁ&%Nderi ved and correspond in amno acid
sequence tQ a human antibody. S L, R.i.eehmann._.et ) ture, -] . 332:
323,327; G Wnter, Ui 'e§" f‘a'fega.?ers fgaf“éﬁ?&l\’l%.agg?’ﬁtzgl%ieﬁl,csl\%? %ge(é‘n t al.,

U. S. patent 1our gacbgisr indSethd0hdriddimExd tyrokine recepfsM varith, bind baslingr to or -
anti bodies in which the.potential T and B cell. epit s haye..been

o1l ninat od, | as BRGEEPE S4B S e Eork e GF Bt bitfBRp R4 U, 185 do

PCTI GB98/ al~73. Th¢ hremiocarifcludel @idnistioTniciesnteg eapablet of bindihgne s intsraetipgect ed to

be substantially.reduced when they are applied in vivo. 1 o Hu .
ant i bodi es can é’éti’ﬁ’ﬁ?j@'tg DefeaPPLef, %f’%‘r“‘“érﬁ’g\%%%?mrcﬁaeq\{%dﬁezf‘ﬁo Weucggoq%tfe human
i mrunogl obul i N axpReSsbeihs) fobreRirhpls, Wor GaTSFyenepidoppteinsl aTHEE lagonistic

California) to produce fr ts qof .hunpn antibodje ‘Vn, 'V~ FEv, Fd,
b, Oyt (Lt oPREE ARG Frufhoof HEREHEE bbB Rk Bab A manSelondy frar
anti bodi es usi ngelt @e Rddifide 9r dériveld Eomisahdrafs meluding fmadine glopulirhiragemdnes

anti bodi es. Hu tihodies, i, 5 n, al be, produced in transgenic mce
Sth o human | R0 BBy e iR s e e R a0t ks AR SRR o x,
| ne., Freraaont of &atting @e¥ame of B dinkkiel agadist effRR€ as thARBRROIGICSE. N agediistey. Al |
of the wholly and. pg,rti al.l'y human ant%bodi e gar.e I e]Es)s i narrunogﬁani ¢ than
whol I'y nurine nidHodiey \Anfl o HReTRenty, 28 “s,a“éﬁ’é' CBYfid R PPUs ETEDE e 00
invention, afC Bifishide® IelintiiticéErdp fully fdld hinhgse types of antibadits are

therefore less likely to evoke ari inmunogenic response in humans.
Consequent |y, they ames pRIféRE dibiodRgknt, 0G-GSF MteptorashBnists bdila@agrowthhumans,

t haw whol e ani ma! . anti bodi es, especially._when re ted or | -term

adni ni stration 4% ?,s@a?%}',‘ma’g ¢ Sm*&‘&%&%@% {i'r@ﬁé“ég'&ﬁi s%l'grfﬁpblﬁdi es of
the invention. g&ofplishbd & NHAdINE té ChedehiiabtIBdL doaGirn of ithe &-ESF tracdptve, pati t nt
is to generate agon) st ant] bodi es endo nous,I%/_ t hrou h!%ene t?ﬁ‘r??pg

t echni ques. DNAYSR¥gZEH B %ﬁéBcﬁeﬁﬁ“‘t‘h@%&éoﬂ‘% “nﬁnl?}}"ﬁ&ﬂ atiggy of ERgses

fragnents, deri yabdimeBwitR thedGsEUBcep®AN Thesedelld #@kasing the/ GUCSR!fchgorSt andar d
vectors in gene therapy, including the adenovirus) AA'V or a retrqvirus, or.:
by a non-vect or BERSFAIY SPIPPE§Rs PN VE Htem/progsniter Bempatepqietienedlls) 394685 18 3 0 o ¢

T zooz sust ai negydiicl 0I5 HOmOE HiRitRe Otnfatopaietié RS 68, dfferddtifler akd@gmeEnt's,
derivative, or analogues rnay have additional  advantages far c]inical

treatment of chPOWEEHEMIRgWETPROPUlrHen efggnrephilicgranuincite lingagestlied herein

al so include small nol ecules, such 5 as peptides and organi ¢ conpounds t hat
specifically bind to or interact with the GCSF receptor, resulting in its
honodi nneri zation arid activation. Such small nriolecules rx~ay al so

exhi bit reduced i munogenicity. The extracellular domain of the human G CSC
receptor (used for generating antibodi es agai nst the human G CS>; receptor
in the invention) carx be t o generated using nol ecul ar reconbi nant DNA

technol ogy well known in the art. , 'file extracellular domain extends from
nun; i bers 1-603 of the am no acid residues of mature human G CSf receptor,
starting fromits N-termnus (SEQ II|l~ NO:27). See, e.g., U S. Patent Nos_

S, 589, 456; 5, 422,248; 5,574,13b, However, a portion of the extracellul ar
dai nain of the human G CSF receptor, in purified or partially t5 purified
form can also be used as the imuixogen. This extracellular domain of the
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optionally, insect cells using bacul ovirus as an expression vector)

trarrsfected wwth vectors for expressing the full-length, or a part of the
G CSF receptor, ox a 10 chineric protein containing the extracellul ar
domain of the G CSF receptor (Takhashi, T., et al., J, liial Chem 1996)

271: 17555-17560). To generate agoni st anti bodi es agai tpm[?zcept or
(polyclonal or mor~oclonal), the inmunggens describe e be used
for ixZUtxuaizirrg rodents (e, g, zniee, rats, hansters and gui nea pigs) or
ot her mammal s Anbthet astiengof the imanhon selatgin 8 methvsicfor seroening ﬁ@r?hqmdme@%, or

t o : : . ;

o ac et Pk TP AERnae: [ e E RSP bdditor Hag Y Sl ChadfEu i an

E;gandbonﬁ, ﬁ%rcelgl)baﬁélf &B@thygfbgl pAQd@dtib@BbeMlBhJ cellls (m:imbé traigéfecftect with tlIIBe G-
r1aornas _can e enerat € copv, | ONn ogceaur es usi .ng.

| mbhocyt COF tarmtamar feartion Sbesohoat tonnton MRRRar arivased peotthiding the < o/

acrd NSO) agé}ﬁstdﬁﬁmehetﬁc RENGead 68 MdBitod ofits rdlifegition i vhé presenckBfah@56:

495-497). Anti bodi es agai nst the G GSF receptor can al so be generated by
scr eeni ngagaugmpoleeide. singl e-chain Fv or Fab libraries fiomhuman B

I h t ; | S0l VSt 1

and Wt er, o Tk fehbn ARESHlRI W 42 B PR R dhEE BTN HABAIAOIT,
22~: 58l forzbotihagebte purpesesf arsinthieipdites applisstidnse The bybridonasrpiodespg or
can be performed by conventiongl.en il 'm t | SA
met hod, psﬁ’éﬁn&gryﬁ%&,s? m\gﬁ’é)dieﬁd%lﬁwéé%%@ﬁ%ds aystg??%ﬁgﬂ?c%&? ?llg}yoas&% gen?
or preferahlao Aptl GSP9 rae ke tianériqeAT ype) Calire rCaltectionr KR89 nUniversgp diled.,

directly or indirectl]y, J>) f.esS. ,Such bi.ndj i 3-93
to the chm%s- 8&05%&%@952 ‘?‘fé&n)sélﬁq%‘dg%cgsmon 5}88 }gébﬁgbéf'%%az ‘pfotein,
as dgt ect f%i‘.p@&hv)alg‘—:jﬁ?a hi\;\\%‘icﬁ)hm/ulli lmeEipgodimingl raomqeiinial hmﬁadﬂies?ﬂﬁnhya&te(}ﬁsed
to identi anti bodi es, whose epi topes, are ¢l ose t or .overl a t ose
of the |i§§$ﬁdemmrrv@ﬁmsbmvawﬁgeb nispasiien a Al o yndg, .°°)§F§%\A§P?H£~", M
et al, pul;bi_;gld]ed by Wley Interseience,1996). , = 5 The rhG CSf' (R&l~

Bi osyst ens, nneapolis, MLV) may be used in a conpetitive |~LISA after the
G CSF r ecept oAceepainghs )inch firss rembogineang jof the; invgntiery thepe &y pioied sk 28pnist oat ed
on the EL i, ndi : j [ an be
dot er i neATEy R seliifglty BilaRd B bk E uth hESEESpUb Al 0 ¢
ant i - nouseelhmprolifothyion Tind didfcoantiaten, i orn binding: fragownt, “amalagyeber bemploghe ed
wth vari g}llje%c?orrpounds and proteins for detection, including horseradish
per oxi dase. he binding specificity of the antibodies to the human Cr- CSF
receptor expr dssedimgn td lhesesond @mbodimenelthare is yrbvided taheagonist siaboedynthabouse

cells D4 descrihed.hereaft.e an. det ' FACS.anal ysi Exanpl e
6. As. sholitesty, b 6ty ot Runkh T-ER 3t Blon B WBRRAE RO R
SpeCic fi cakbk mcﬁirmle)b ph@phb@rl]mmsﬁ kilnlammmwmd odth ﬁheﬁqﬁﬂp t® SHnmtatd ]Icoell hlulman
G CSf receptor, .but t.. the control . mAb. A Moreover 63-93 specifically
bi nds to PHifpsatipn W‘Q&&WE?MWP@%WD&&P&%& fnogqucﬁt&ﬁr Dits
parental cel | ac3¢idirplid% thirtd SmbdBInent Derdis wﬂdmn@ohgdaﬁtWOdﬁﬁﬁthQ@pt or

agoziists by in vitro cell~based 20 bi ol ogi c&l0 function a saf/s i.s also

i ncl uded the B¢ omoesend grmbadimentayherem: Hee aatthody s 17y Deaqnoaﬁm datibodynersych
approach i o} E'APEMTQ%\Q afSC - ~ responsive eetl line such as
NFS60 i nt ﬁéﬂeﬁﬁﬁgﬁco struct of t .eec(;:fz?sset_te for expressing a reporter gene
under the contogprdig tche fprinembedimenGhasHs peapidad iy agqisiantinady Whickds at ed
( Schi ndl ermAl?lGB- %1%56;'3%&—’74-‘111 E., Anna. Rev. Biochem, 25 1995) 64: 621 ).
The reporter use erein can be |ueiferase, or -galactosidase, green

fl uorescence pyootelimg ¢o adfifthdembcliment thertuist pewideRed [hybridoma XellNline ¢hatal . |
Proc. Natl. Acad. Set.. USA) 199 5:,.4290) . By neasuring_eozyznal,i c

oL vi ©erishicdsan AgbriseaBloctaah ity ed Hematt RERPURLE R REPERE Iefeos

t he agoni sif theafirdi, §&doutl loe tHrdSvhbodiaegpt or can be sel ected by hi gh-t hroughput
screeni ng. WD 99/ 55735 PGINS991094bg '3. 3 o, T 2 '"The in vitro

cel | -based bi AASERR (6 & seh GRORLTERE e s yrided & DR Acteaurig Deesipedn

ant i bodi es,gasiBOMthoalSEr 4 BakMest, RABmbboub,! sroaraRighe RE@EM 6 Mk iR, 36cad or AS
one of tlag_ ‘gref erred enbodinents in the invention, a nouse cell line D4
expr essi nghirdpmbpdiggth human G CSF receptor was constructed and used far
scr eeni ng agory Dedeith bRbb@@R: B §9 prbViddl WoSerROBRIvRAH sydkdd an
MIT- based col %ﬁ%trjrrgt%rl?gé aats)gaf?al TJae cg?ori metri (? a}slsay system us%thNrI'T is
desi gned fror~tihe ~sda¥droptrotronetrdics tukncivh eabrbmeof cell growth in
response to cytokines aztd their agonists rw thout the use of radioacvtive
i sotopes. The parental nouse cell lines, such as BaF3 and FDC-P1, or
preferably 32D-c123 in the Exanple 7 of the Invention, are mL-3 dependent
and suitable as host cells for expression of the full-length of the hunman
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J.E.) et al, Blood, 1989, 74. 1303-1307). On, the other hand, in the
granul ocyte col ony-fozrning assay described in the invention rhG CS>r
exhibits sustained activity to stinulate proliferation and differentiation
of neutrapl~ils from human bone marrow, conmpared with that in viva due to
| ack of such cl earance 20 txAechanisr~n. It can be anticipated that the

potency of the agonist antibody mAb163-93, due to its farpnf e i n
vivo, to stimulate neutrophil prolifera%don and di ffersmmmrzngI be
equal to, and gven.higher ta% Of g:%j {4 SUBGRSHaH t
conpari son of 4‘68&5‘-‘%3? Be F}Q‘I é@eé(ﬂﬂrrlgﬂ{ gﬁf)vw pf@?mae&éﬁdaﬂqﬁgsg%% h
hor none ( Gh@tiking Bne ofinodd DNA sefiienceCrmotimg, ont 99610120 7the apinG acid sERURNCEs2s
Usi ng the foregoing screen te i ques) a panel of nonocl onal agoni st
ant i bodi ehoWRdR §§&4§) N%B%&%gg%d mAbl 74-74-x 1, was generated agai nst
the human G C%ccb?cﬁﬁ%tstera nHiR @aidéntathired ixdproviddd ] 6 neod aaft sovepnig he "
reconbi nant human G CSF, actiyvates G CSF r,epepaor, | nduchhthe Losi ne ,
t

) {
phosphor yIraeleee ofor JGICSK | agaaist achyify CSRPriswE; dpigpingie, & w{g?lggule can

phosphor yl at i ISt (=2 ideRtladligant i body) and trar~scziptional
factors ( I—S?%{&%Eﬁ%l %r?ltlféﬁgéﬁg &@V%Egg%géddeﬁt e

: 5735 YGINS99/ M | A66, ! nel s ere
phasphar yl at i oAcdosding te @t tenthgmbodimens there An Preyadsd 2 methed 8? hgﬁ@aﬁr‘%’ﬂmﬂt

ti bodies in th | .. i.Do ¥ g ]
Shaven t o STeoAinEaR Ararebar RpiRE &t ERFAGREAENAR Y Loistdy SiHsROMCL &
(Fig. SA- QISE-Féponsive ddABLES camblesdfowpressing i meposior gére, vadenthe eontrad oba CaF

receptor ap_the cell 5 surfac iqs. 4 . r Qan
G CSF recegs%wresagww%%?wﬁi@@@g&?@@gﬁ? é&g‘%“i‘??u ﬁ@"ﬁ%ﬁ‘%‘%ﬁﬁ%ﬁa
Tl cat i o oy (Lo, T B and. B 0. This. ia. the
first instanceAerdipgde s ﬁ%vc’ghﬁ@(?éiﬂéé't éq%lr?ﬂ?l g?yiﬂad ﬁég?tﬁ%%ﬁriqc&edmg brd
granul acyt | @r daBlot YR EIFEiEINR By Rdads 6B &k antibdily seeringsto any one

cr oss-reacﬁﬁ%?%?ﬁ%e htqr;‘gn G&Bi% Irn%czpt orsrmni st adrllityi bodi es was al so
det er ni nedofitbe fitst s GidrAmbodimeteol ony- formi ng assay. These human G CSF
receptor agani ,&Eco%{ﬁh% hed t%lftt?f{fil?b&%eﬁﬂ e 6 Bralided R RIACNP ithunological

specifically stinulafe the pro eration and differentiation of

neut r aphi | deteaicarndlaseiltexpressingrthediinaansG-GEhrerentenop terrellsuparebY memsdls o

varyi ng de=ees. . | acyte col ony
formation & ?’?ﬂ#g?' é%;%gé/lﬁ% #eggjg%\rgosf ttgéﬁts%gg@fﬁ %0'%%%?53 from chi npanzee
bone marrow i nAseadieg to a thirteanth embodinenh thtepisptevidedramsgiod for geteoiing aide

Sl at 1 ripbmnge g 1 e PR O CF GpPBF uiblsRialy By @B ek fodyT

chi r ~npanzggohiifetoamyrone of Biefirstlto third émbodipertsof speci es 20 crassreactivity

assay can be used to select the approptiate.ani mal nodel fo ct il gAl
studi es. Tabl efAgeor tpoﬁhfquftﬁerﬁ&a%hd@brﬁ}?g @STeoh'ﬂ/pfoG'f‘%gt fa%n"’[%‘o S%ar}{gﬁé(ﬁﬁrran
pri mate boRe fBis QYT thd fiRNtolthirdeinbbditactifapvitdd sed for treatment of neutropenia.

nM mAbl 63- 93Chi npanzee686Z (5 nmesus M)nflt%élgiél é_?o nl\/giC\énormll%us
Monkey7040 ( 50Aatgrdiagde addftpepbembopimenhthese yyovigede-pPJageitian sgEPHENE AL o ¢
~r 20a-~ Thf‘ea&f&%%aﬂisﬂﬁm@%&&ai htanbionslo¥ike AERRS HirdBinbbdidieas mdea
capabl e of activating the CSF receptor, i.e., they are capable of

cross- | i nkpysialogicgilyGgiceptable samicr dilent, Mmddoricyaipiahat minics the ability of
G CSf to form I t ; ' # i
Fnanoval ent . paneEotaftet f uonts eooini@t ek, BpARERURS of bblotibcRiBody |
one recept a¢cordihg tailtte, firsguiecortdeonthird exsboditnen don prepanation efpsemedigaraent doicsr,
for appli c?ti onsh&s descri.bed bel ow. ~. Usiag the Agonists of the

) (nvent i onRAEERHRS 1FRH n G CSF was anong the first cytokines to be
prepared 1 o bwceqampttonostvendéith embbdiaiengtheenis provided assof aDNA apqiciesl in
therapy. This cytokine is wdely used.to yeduge the_incidence.of .infection
associ at edohshesixgh QEPP@W“%‘MW@‘M%‘Hf‘ﬁ%?d’é‘?ﬁ%éorﬁéﬁgrpgﬁ@ﬁpﬁ?& 8'% ate,
five disease i Adk&AldgoRSad eightebits daodimantthmatis peovéddicese apprenedelivery he
United States FDA: ( cancer pati ent‘sher ecei Vj ngq}n%el su resPi ve £
chezxaot hefyasgm of the sayenthrsmbodiineny fag theprapalingy of e W&@mﬂa%‘mﬁ%ﬁ oX
consol i dat i (%gggot herapy; (3) cancer patients receiving bone marrow

t ranspl ant s?lﬂf cancer patients with peripheral blood progenitor cell
collection and therapy; and (S) patients with severe chroni c neut <apeni a
(Physican's Desk Reference, 53°d editiau, 1999, 532-537). The uni que

; Functional specificity of the rhG CSF on the proliferation and 20
differentiation of the neurrophilic granulacyte |lineage al so makes it

useful in other disease indications, including for HV patients, patients
with the systemc inflammtory response syndrome (SIRS) and sepsis, and
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WD 99155735 PCTNS99/ 09466 3 a a ~-r zoos through i nmunoreactivity studies.
The results can be useful for the diagnostic and treatnent purposes.
Exanple 1. Coning of the extracellular portion of human G CSF receptor ,
protein: s The cloning of the G CSF receptor protein was perfornmed as

foll ows. One ng of human bone marrow cDNA (Cl ontech, Palo Alto, CA) was

used as the teaaaplate in the PCR It was added to 100 0 r i on
m xture, which included the priners: %TGG TGC TAT G(QQAQWSEQID
NO 1); and CAGcE6Ei I(ﬁfnt&@rth %@o@uﬁ&ﬂﬁa&%@%&ﬁdé@a %ﬂad @Ogo fred

concentration of i o NM_ These prinmers are Known
the 5' andagror@ingo any @ﬁhﬁsrétce@té}» fRyeniRentb gt ﬁlsb@ﬁmblearb0§anttntbn of the human

G CSF recepto. The reaction m nute at 94C;
30 sets- at 62C; 3 m nutes at tg{i);etsre eaﬁ?ﬁw%@fv@bgf A TI NA fragnent

resul ting fronFigel 2GRopabtbat the @rdlif?ratim; df sibk apeentslr prouts ck:heBliQalZﬁses gel ,

di t h t ed
Mhto a TA SuhiifeeRisRh BERp RS xqw%mgé%bs%ws%@ gt By
reconbi nanMPT asay.d pTl-11. The DNA. sequence of this | nsext was determ ned
b [ t t DNA kit f
Oni tod St at oo BitodRaPRatat ShesAADaHE) EHh s Ionid vRAbt Rag ABAR AiBoBRE { ho
20 extracels- QSB&ed@ﬁfo&‘l tﬁé' pwhférbﬁommﬁ@ tr@fstéé‘éﬁu m&% Qhn bl MGIEHE%)@S@ g%“ce

as defined b et al,, Proc. Acad.
$7:8702) i AM rhG-pSE, mgmielwaﬂg@wedhymhﬁ'smsayand the ends were fail ed

by Ki f
contai ni ng. | gCATEey hows Y rE boRRihe SREkAY 4R tinlSlaR9E forh Rbfacs i, o
were filled CPYFPGEWW%WMEMT a@mftwheyu gowWinggn #8: media pbraigiming w13, or riiG-~e

DNA fragme i aeel lular portion of human Cr-CSF receptor
and 1gCr 4(g§§?%%qpﬂ‘gf%ﬁg°l%é6dl gested with Asel and Hi ncXX filled in by

Kl enow f ragmanFi,g arsﬂowmerrosmssphdsphonym:on mﬁthKllllanase in tigxfullclRfgth hutRat@r

pcDNA3 (1 n rq Th| ect W nd Hi ncII and
then fill e %’%B%gfe ?_c:f% r@rin é’I'l N ‘& €¥1e hﬁggﬁm dT e tyreaipe

99/ ~~7~5 Pﬁﬂdsﬂ:hd@ﬁﬁdﬁ)%ﬁﬁxfl lane&e \dad) na tie 28€ted h WQ'p@ﬂnHI'%eWPIB-%FZ?:OQVéﬁf the
extracel | uJ portl on %ICQE 2@; FRI | G4( Fc) js under the control of the
hd | ~V pr oWD EEQB iQys Sl hés dbg pesitiyq eanivol,fbe human &F-

bG CSp' | ~9CSFE€S)JOﬁﬁV¢Ih£l’SIMEmqwj['q(]lebn@mb) an cells: 5 NSQ cells were
transfected with linearized pC3C23 as follows. 4 x 14" |og-phase NSO cells
wer e harvested and resuspended in 0.8 m | MDM nedi um suppl enented with 2%

FHS. After incubation with 10 pg of linearized plasm d DNA for 10 m nutes
on iee, the cell mxture was subjected to electroporation at 200 volt$ and

960 p.F, using a BioRad apparatus. After 20 mnutes on ice, 100 ~I ~o of
the diluted cell suspension was added to each well of about twenty 96-well
pl ates. Two days | ater, another 100 ~,1 of the sanme | MDM nedi um but

contai ning (41%$ (G bco 91ZL,, Gaithersburg, M7) was added into each well
to make the i"mal concentration of G418 at 0.8ng/zx~l _ After 10 days,

cul ture supernatants were withdrawn for screeni,~ng far the expression of
the extracellular portion of human = r 5 G CSF receptorIIgG4(Fc) f usi on
protein by ELISA, as fohows. The wells of Inxrxulon 2 plates (Dynateck~
Laboratories, Chantilly, VA) were coated with 50 E.~, 1 of anti-human

| gG(Fe) antibody at a concentration of 1 ~glm, and incubated overni ght at
roomtenperature. After the coating solution was renoved by flicking the
pl ates) 200 p.l of >3LOTTd (5% non-fat dry mlk in 20 PHS) were added to

each well at roomtenperature to bl ock non-spee~c bindings. . 4ne hour
| ater, the wells were washed with PBST buffer (PBS containing 0.05% Tween
20). fifty tx~icroliters of culture supexaatant fromeach well in the

transfection plates were collected and m xed with 50 ~1 of BLOITO, and then
added to individual wells of the mcroplates_ After one hour of incubation
at room 25 tenperature, the wells were washed with PBST) The bound
extracehul ar human G CSF reeeptorl | g&4(Fc) fusion protein was detected by
reaction with horseradi sh peroxi dase conjugated with goat anti~b~umar~ XgG
(1rh-L) (Jackson I munoResearch Laboratories, Vest Gove) PA), which was
diluted at 1:2000 in $1'fOI'1 " Q heroxi dase substrate sol ution containing
0.1% 3,3 S,5 tetranethyl W 99~SST35 PCTNS99109466 20 3 o0 a ¢ T ~oa2
benzidine (Sigm., St. Louis, M) and 0-0003% hydrogen peroxi de (Si gm)
were added to each well for col or devel opnent and left far 30 m nutes. The
reactiozt was termnated by addition of 50 pl of 0.2 M H2S4a per well. The
OD4~~570 reading of the reaction m xture was neasured with a Bio~"ek IrLISA
Reader 5 {B| aTek Instrurrents Wnooskl, YT). The transfect ants W|th h| gh
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as p7.4). The mce were boosted crafter 2 and 4 weeks with the sane anount
of the fusion protein in inconplete Freund' s adjuvant. Then two weeks | ater
and three days prior to sacrifice, the mce were given a fatal boost i.p.
Thecir spleen cells ' were fused with Sp210 nyeloma cells. 5 x 1 Os of the
Sp210 and 5 x MAME8P8en WD 99155735 PCTI U599109466 21 ~ a TFTEUSYYES
cells were fused in a nedium cont ai ni ng 50% pol yet hyl ene gl ycol (MN 1 450)

(Kodak, Rochester, NY) and 5% di et hyl sulsf oxi de (' Si ggagjbp.rmz) MO). The

cells were then adjusted to the concentration of S xJl ells per
200 pl suspension in Iscove medium (G bco HRL, Gaithersburg, M),

I ted 5 t h. 5% FBS,, 100 t I
ST et omyci n, * GHYE SRsERp s IO CRF JhceBER o e kel UL
Two hundred r _nlpﬁésphd;rlyamnodf JAK] Gixlake Eumpmdlhynsumﬂmoadofeda&ﬁséacﬂ’ wel | of -
o e e o o Rngh e pdfion GRS HvbaR A Heeareih Indiiuny RRE AL ARLE or @

‘o ce pro atl oh assay as
described in EMﬂmHRP-ZonﬁiQatEdaﬂ@HcﬂwSas(ﬁxdimadg Ahtx-q:m;a' abi-Yhosphatymsing

L‘&'L: ib%”?kﬁa@“gﬁv o0 Cenpe %a%c}n@a SOLRIPRN N Che 0 (raspec 3 RNA
oo K SCORHg ol . SR ABSIea R Sk IBan (1, om

the AML-1 93 cehimerit peoteang EI8a. amehhmmemFamptomfagwmhmimum byhe first

Rmntac tur or SOBIBLEI (e GEL RS R AR AR AR e Td " BB  ho - coNa

encoring the Ctiehbissahtibsdyf mab)d3bos rbumﬁlmesrmmmgmmcmnconduct ed

in 50 ul of reaction mxture containpi priners: : CAG
CGC TACT CAA TRESER AW e Aletselce @ré‘@t@ge} \éﬁi §25‘Q"“?‘b“’ﬁ6 r&kgn%&m GGA
ATr' CC' AGRofikateiGhitiohorséradistfefodigas. SEQ | D NO 4), usizxg the first

strand of cDNA obtained as the tenplate. The reaction eanditions were as

follows: 94C for 1 Fimuiﬁ,shcﬁ@ﬁhﬁtahe Binding ptreentagechf ARAL 493 Sburinouditthe f or 40

@ gested wi th SeREeERharongoU RGeS RN b Fedul el e R P o

cl eavage site Nhﬁéfec@éd b= BAls T4 draPHALIagRRI iRRRpeidag nlrmehbp! i nal

ngit im;nf hﬁémﬁ Gan(ﬁ;'}sygES:n %&%@E@%@%W@Gﬁ%‘? ﬁ.’gg“ ht% P‘ig:“:?tﬁrs wer e

S Por-s g oages erg i Bed ““%ﬂ%@?&mﬁﬂ%‘%%&m%“%
~~~$S~~S pCr~s 0Q4ss

GGC CCA GCr (sé%br‘%\‘?ém%‘fmdrh%“%“’r‘ encodl ng N-term nal hal f of
human G CSF reeepta ct h tor
pCR-Blunt (lInvit ragéﬁé ggzr % 5&430& e |dé$l fr\r%gé 0“1 asm despéBI cc}ﬁ@?

assenbl e t he f whahsfbereyintousé chllsTidd &ﬂﬁ&d bgerfatxous moEscD‘dé()ocldnel Bpdhist r agnent
of the G CSE recetor N-ternmn sm d i nserted
into the pl&snmi®dupessy L‘é%m%!b%‘%%?drlmxhyﬁ‘ﬁw r%ag.}rglah ml asni d
pCB 1. The cDNAséayag'[mﬂisoeﬁﬁQﬁhtdEwdfmlMa GBeS‘l@t igamist HHM@tIGGCBB BERFor was, |
inserted into t nr xxal i.an _ex A3 (I'nvitrogen, ‘

Car | sbad, CA), ’i°f‘P@*“E‘H‘°é"f?F"a %s&ﬁ%%%@%eap@p?ﬂ 1% Establishing and
| Y i d Th
hunan 1 ul | -1 erxgtn SRS AR 8 Bonlith %Fa“%"g L pablases: The

| i neari ang wit f93B&rde]Mﬂﬂg€stlllo>can stimsleter tha ghrelifemtion rofahenbumm &&LBF| i ne

32D-c123, of, human cell Jin 1 el ectr L. ,as
described &8ové® CPTIE'E"E{M@O?E c’f"&fb{ a&hﬁdéﬁﬂ@étbg SR Sf’@?@‘réwd‘é‘ by o
growh in the Ritdkpotdiibn. supplied with 10% FBS, G418 at 0.8 ng/mM and mL-3

at 1 ng/m, or human GMCSF at 1 nglm (I~ & Systens, M nneapollis, M ~,

and further sel ect e#IGS. 6A Mﬁmﬂwmm@hmrﬂmidhwmmummﬂ%(ﬁm, 418

? ‘?hg '[lrjga?f e%n{ngcimcgg’éat&nl a%go\ﬂéﬁgﬁf rrul Bt ed%byg%u%ﬁgﬁpégég r\/\E/)(;?gpl ©

further subjected to single cell cloning by the limting dilution nethod
The proliferation dependence upon human G CSF of both the human and nouse
transfectants, which contain the full-Iength huxnan G CSF receptor
expression plasmd, was deterniizied by growing these transfectants in the
25 presence or in the absence of human G CSF, human GMt CSF or nouse |L-3,
as a . described in Exanple 7. The proliferati on dependence of the
transfectauts upara these cytol cines was nonitored using the MIT assay and
the sH thym di ne uptake assay as described in exanple 7. WO 9915573S
~C fNS991 09466 23 3 0 p E T 2002 The transfectants expressing human G CSFR
on the cell nenbrane surface-were confirnmed by.FACS anal ysis. After washing
W|th PBS plus 1 BSA) 50 1 of the pumfled rmnocl onal ant| body was added to

e e —— e ..




The ability of these agonist antibodies to stinulate hG CSF receptor
transfectant cells can al so be determ ned using a 3Hthyaxi di ne uptake
assay. After washing three tinmes with cytoltine-free medi um containing 10%
FBS, 1-2 x 24 ~ ~ ~ Zo~~ 104 transfectant cells (SO ~I/

c~caixed with \ygl????ffg”concentratl ons of mL ~, rhG CSF (R&D ﬁ@%"é’ Jr?g))
hybri doma cul ture supernatants or purified antibodies in 96-well plates
containing RPM 1640 and 10% di al ysed FBS. Ont pC of E}fgl

(specific activity: 6.7 ClInmmol, New Engl and Nucl ear) 3‘6"0 m% 50 ul of
tkte sanme nediumwas then added to each well. A~f~er 48 hours incubati on,
the cells were Bataesh G oBICo itk ¥ Pbndidleatians, ¥O-C8Rdakt tichym di ne
uptake in triplicate was neasured E)y aliquidscintillation anal yser
(Packard) Xz, . )agohixtamibedy8mAPLA3-43. cat i on of human G CS)i receptor aboni st
nonocl onal anti bodi es: The anti bodi es getaerated fromthe hybri domas wer e
purified by Prosep- A166f 7Aiand 78 showh BARLEASNG Pssar: &5 rstimypting grapulocyte

manuf acturer’s ! th&ﬁe@oaknamlrm FI 1A CRIR0sF hhd) moddae purity
of the human Géeﬁ‘& fp%%ggméﬂ’ ant1 bodi es was checked usi ~x? SDS- PACE and
West et m bl ofs. 'EnAbtﬁB-QZhCL'hclmwsolpnAb 60 d9 ikisetypremptghied ithsmA 1 6P A3 and

m Abl174-74-1 a 9, Bane col ony-form ng assay: About 10 m of
human bone rrarr 2@! %eﬁ?%uﬁ?ﬁ%’mEﬁ%\gvol unteers were coll ected and

subj ected to hicoll q AafRVEiH8nt BrhitnStai f@hsh B&khod.

T he cells in the H#Dé Fg’é@%&%@ﬂé‘gr Yﬁa‘t:rvgsted Wlnth Past eur

pi petting, suspemded mulatedltwe&Avstumema@ ed oivlamab 8- 96 8BamS-O8En,
centrifuged far € ) g js UL LPkILES A g‘]j nal
marrow cel | suspamsi om SY%&%% gg%gnﬁocﬁcg%iﬁg-%a?gtl l%t% he content of
_primtive cal | Mohhohgy ef ¢dlle pivkedumfzarm ths cahayde&%eﬁerﬁyléstéinmgea s are
renoved with the red blood cells. To deternmine the s eCIfICI of these
huznao Cr-CSp' ~ agorﬁlﬁt 9 alwsithatitesmotse grAdi 6F-82 ganest rPld¥say is
perfotzned accogding o qnt)t'@nB 9 e rROW S QOQ)Snt;alﬂ& H?cn&'éxﬁ‘ﬁ{aﬂﬁ &!

(StenCel | Technol'ogies ouver nada uantitatively
nmeasure the potency wpd ¢hfl %my r&{mﬁg‘g Sérmﬁ:mcy@o@bﬁx%ytﬁarﬁkh&ﬂ“ abe

neut rophlic granul ocyté col ony fornx rat x~ human or chi npanzee bone
nxar xows, a serdhbupafzesiitohe manowe stiredated bt 1805 dptyagasicked amanopisatles or
rhG CSF w99 @SS 22t CofT 56AE: WeeD:aPRid-edri (R&DP! i cate
izt this assa E&Zggdyovm il\% fﬁ@%@u’cm n,ot he agow st anti bodymrrAb163 93,
li ke rhG CSF (F&@E)’SED@QwSE@m)me@ﬁl%?faQ 2 MG Bvpecions! peugy et cyt e
colony formati Hﬁﬁ@cﬁﬂ%ﬁ%ﬁh el@”ﬂ!ofﬁ%lﬁ)gy\’of &&118 picked from
concentration- epen ent mari ner e results frotxl cell staining shave s
t he specificitythofolony in Gpduat esll staxting. o stinulate the proliferation and
differentiation of neutrophils from human and chi npanzee bone xnarraw

(Figs. 8 and 10). ExEfipll bshagvs thay thsswpristinAbkod1dd asainst hwmemkGL3F reemiessi ne
phosphoryl on I QPSRAGAres] HbRadhemolse0 Ver €
anal yzed a?df olﬁdg\gl}gﬁgigl 3% @x&@%&,ﬂ@ségelfsn | og- phaseng\?\é/;ls %:E(g‘l I ec'f)ec(la and
Starved in ser uin@§RmegptorM nedi um far four hours after washing three times
with serumfree nmedium The starved ceIIs vvere stinmulated with nm h-3,

rhG CSF (It&D BFUNMMARW OFFHE SEQIPEVELISEINGt a final concentration of
2.6 nMfor 15 txxi nut es and theg harvested Centri Eq@?t' o&leﬂ%‘eﬁ cells
were lysed in 0.5 m SEQADNOS.\Idp& represeptyerio Wsr‘?-‘ieé 150 M
NaCl | 1% (r~oUggdphoelriton ~G 100 1 nmM EDTA with the addltlon of 1 nmM
Na~Y04, 1 ~lvx pepstatin) SO ~M 3, 4, di chl oroi soepunmarin, 1 txtM

phenynet hyl gyl fanyl §kganiNes. ﬁt&We%vcsela@pﬁﬁﬁﬁ@hﬁE@hﬂséﬂem diginge piriable( 10
p,g/m) and apratonin (10 pg/nm ) i_ncubation on ice for 30 m nutes,
the'lysates weregomnsaf e agpnieeantibodifgathedhvepsd- 15 mi nutes at 20 14, 000 rpm
For imttnoprecipitation, rabbit polyclonal antibodies against JAl ~1, JAK2,
or Stab (Upstate Biot echnol ogy, Lake Placid) NY) were added into the clear
| ysates and i ncubated for two hours at 4C. Then 50 pl of protein A beads
(G beo B12L,) were added into each |ysate and incubation was continued at
4C for two hours. Follow ng incubation, the beads were washed three tines
with the 25 |ysis buffer and suspended in 35 gel of Laemmi's saxuple
buffer (62.5 MM Tris: pH 7.6, 2% SDS, 10% gl ycerol, and 5%

2- mer capt oet hanol ). The suspensi on was heated at 95C for 5 m nutes and

el ect rophoresed on 4% 7.5% SDS- PAGB. After blotting, the blocked filters
were i ncubated with HRP-conjugated nouse nonocl onal anti-phosphotyrosine
azttibody 4Gl4 (Upstate Bi otechnol ogy) WO 99155?3S PC KYUS99109466 Z6 3 a
o.c T.~ao2 overnight at 4C, according to the protocol -fromthe

manuf acturer. After vvashl ng W|th FBS and F8S W|th 0 05% Tween 20) the

L N T 1 T . a -~ 1. r




(SEQID NGO 7) 3': MYG ACT GGA TGG TCyG GAA GAT !'GG (SEQ Il ~ NO 8) z5 For
heavy chaun: 5': MHV9: ATG GMI' TGG GIG TGG AMC TTG CTA TTC CTG ~ (SEQ ID
NO 9) 3': MHCA: CAG '1"GG ATA GAC AGA TGG GGG (S EQ ID NGO 10) 30
Primers for cloning rnAbl74-74-11: WO 99155735 fCTNS99/094d6 ~ o a c r
zoos For |ight c\ﬁaﬁw 3573 . M C VSVATG GAT TTW CAG GTG CAG ATT WPCTNSE/0¥6§C
(SEQID NGO 11 ) 3': MCC ACT GGA TGG TGG GAA GAT GG 5 (SEQ ID NO 12) For
heavy chain: 5 : MiV4: ATG 1~AC TTT GGG YRC AGC TTG RTT T (SEQ I 17 NO 13)
to 3': MHCRa,: CAG TGG ATA GAG CCrA TGG G&C (SEQ I D ﬁ)g sz%@Z
conplenmenta~rity dererm aing regians of the variable ese

SUbclass) . vartabl o R B0 M9 % pf riprikng SR lastl e TR MR S
Asn {SEQ XD NO: (bbdh HighRid hEayy chaifs)A$ twoldgoniEyanubbdieddfithéInwektion. Thr xyr Al a

Gy Asp Phe Lys Gy (SEQ ID NO 16) CI?R3: Gu Gy Phe Tyr Gy Ay His Pra
Ay Phe Asp Tyr (SEQSHY) NDNQ @7képresaiis k68 afithovarid sdglenceadfi the extragglitlachai n

CDIt) sequences: L Ser A n Ser Leu Leu Ser Ser Arg Thr Arg
Jrys Asn Tyr Leud%%‘%%'%mﬁﬁmm CDR2: Trp Ala Ser Thr Arg GQu Ser
(SEQ 117 NO 19) &]@5 T3 u Arg Thr (SEQ I D NO 20)
rxxAbl74-74- 1% @Gh‘@ é@&ﬁ%’@?&@on heavy chai n CDR sequences:
30 CDRI: Ser Tyr AIa t.Ser (S I :GyIIeSer Ser Ay Ay
Ser Tyr Ser Tyr Tyr ﬁrgﬁ'&’v‘%‘ﬁ' Egﬂmﬁtsgpae%% ID NO z2z) WO 9915i 735
PCl Yr JS49/ 09466 ' n_Tyr Aslr Al a
Leu Asp Tyr (SEQ ID ﬁ%@ @g)s ; récgﬁtob%%ﬁs%ﬁés 'z?!re?eé%%gféﬁg@?' A%gf g’HPP &hai n
CDR sequences Coittiin tie gxitdcalvBerdoBmain SE rthe/&3-CIR rredeptor.VaExddnslaySkfonis NO

'2I'ﬁz ge? Asn Pr oal&-ﬁrlmﬁﬁ?g??@é% ‘JPEQ’&@ﬁ?g?F‘idt(’ hq’c# {ga I}!@snc?on)éaem %fﬁ%?ﬁi ReTr g

terms, expredsiomd17¢€X4tpl es, and enbodi nents descri bed above are exenplary
only arid not limting, that the scope 10 of the invention is delirxed in
the clainms which fol INwioclenal dganisudnidhodies doihieviavenios @in bheproducedittiyons set

forth in the cla 1%?& Ih ntlon
are as follows; ?{HE au%lb(a)?ﬁ)fsugga-ﬁ%g ng@hzgkaspém ?I {Agd%cpﬁglsphf’
interacts with hu‘mrEHy @@Esforemmm.@r ﬂummhmﬂndﬁ@%debepmrdkm&naﬂnmctand
differentiation,gor a tP i e er.eof

An agoni st anti body t speC| f| ?g F‘?Q?in?g&g?s |arr\ e thﬁ% Féﬂg’ﬁf‘man

G CSF recept or alhdmdumse@f"; demadifel meclapﬂanr amibodizs | foat eimlcﬂloaahm $ucht i on of
ki nases associ at receptor ft | at e eII roliferatjon an

di fl ~erentiati ona%ﬂ%c\r%easrlﬁ"tl 3 ng’mfl’%ﬁ ﬁy %@u aﬁ)éd ?’8‘6“(5’@“{ h%ge

The agoni st ant |be*d4Abfesp¢me mItJJscpref&-abluhhatethzantiﬂméya:atngmwgm|asm$taﬁres
proliferation a r e on r h|| or their. ..progenitor cells.
4. The agoni st Q%Pmo%}ﬁ/ LT daifh ?@"a‘ﬁ dbﬁ@“? Ot FUEPTRT fmt“godfs‘%ﬁﬂ’éifrgl n the
anti body i nt er acdeHuiw ct)dnotbvkiatye(stt\uacmﬁlcldlad S:)nrMmi‘s‘ome Epreeds; OBH: nekept or.
5. The agani st cord ny ,0 ez-ein

sai d hunan Cg]gtg Bgﬁé 36\% 3& F\?@ %ﬁrﬂﬁ’l Cékﬂ“e?fe t’d? 5438{'\,&["5‘ mitants
with substitutiokb$4: 269533168430118%11: Fatitoadt bIQNS ImmunoI NEP9EODIE: 284@0E5MD.0dY :

according to claim5, wherein the nutant is a functional variant of a
nati ve G CSF recept OIC]mﬁencThmbcagesnaretprcahtcd)bﬂyecamhhmh DA praeyses vellof

clains 1 to 6, the a bod Leracts at af on be en. am no
acid residues 1%%(@ 7)‘%(5I %%rw@gf'—‘ c@"ﬁ? “o Ea\r'\xﬁ.ﬁegwgaom st
ant i body accor dlhﬁgnmedrayhlwﬂms hwfvccal @camr dégiee of huritdiepeptiddséduenaatihchady i s a

| onal ant f hono) | thereof . .9. Th
Sgoni st _ant i Bocyr s, BiRgbS e, BB R a0 SO ) o,

Fab or scFv. determining regions (CDRs) which are responsible for antigen binding and

-*D

specificity are animal derived and have an amino acid sequence corresponding to

the animal antibody, and substantially all of the remaining portions of the



10. An agoni st antibody which is mAb 163-93 ar mAb T 74-74-1 1. 11. The
agoni st anti body according to any one of clains 1 to 9, wherein the

anti body binds to the sane epitope as either the nonocl onal antibody mAb
163-93 or z'nAb 174-74-11) 12. The nonocl onal agoni st anti body mAbl163-93 of
clai m 10, whi cCWOB¥5¥gs to | gCr 1 subcl ass, wherein the CDRs ofcYR20Yf¢ apl e
regi on heavy chain include ore or nore of the (allowng amno acid
sequences: CDRI : Asn Tyr Gly Met Asn {Sh?~ 1D NO: 16) 03 o0acT zaoz

CDR2: Trp Ile Asn Thr Tyr Thr Ay Qu Pro Thr Tyr Alzagg@ﬁpz%% Lys Gy
(SEQ 1D Nd:Ib) CODR3 ; Qu Gy Phe Tyr Ay Gy Hs Pro e Tyr (SEQ

I D NO:17) or the C!~Rs of the vari abl | |4 (e j;0g one or
mote of the foMOlEHAFGRING SQUFE F2EETY ]céog-:gb%&f{ld?egﬁégg‘ggﬁrk nggﬁéelwﬁhger Leu
geu Sﬁr Ser gr gm'ls;lgﬁabgysa )ipuemmnmﬁeﬂé\gd agdao(reﬁ@xd‘iﬁ dignd 8yid GBRENCETPp Al ah
er Thr Ar u Ser | D i ) WK n ) . Arg Thr
(SEQ I D N0:920) EIW%&M%%@@M}%“;%% ?\%’ogéfk %\}ég S%n %ﬂfﬂ?cltf‘ai gxt
10, which bel Omtef,%?tb&gﬂaﬂe@%@wbml 8,925,538 €. Queer ereal CIORS. mitent hembrzavy

chain variable region and the CDRs of the light chain variable region each
include at Pead8PIGM¥.of the anmino acid sequences listed in claim12 fax the

respective heavy and |ight chains. 14. The nonqcl onal .agopi st i hody znAb
174-7~L- 11 of cl ai nPelpumupisedTy %P%@%“Fé“ﬁ?‘b‘t%i ‘%ﬁ”@‘éﬁ%a‘é‘g%%ﬂ@?lefg‘ﬁ ﬁe CDRS
of the variabl gy eagit%&gﬁ@éy bedt elindifiddidgs Qiageridbd NIV En@inatibeal f Paterawi ng

am no aci d sequences: :

Ser Tyr Al a Mt Ser.n%ﬁE ID,N'O:é}%1 CDR2: dy
Ile Ser Ser Glypglioatise PCTYGBR&N 47y, Therefpreq thetrn ingmpundgenicily, o Sligansggn | p
NO: 22) CDR3: @ g AfPreluedAntRnAhey de@apphis®intiio. { SEA 1D NQ 23) or
CDRS of the Iiﬁﬁngﬂg éoa%u%é}}uéﬁfre regi az~ isra'l{cl uacri)epﬂgne or nore of the
foll ow ng gﬁi no aci f,, SEMRSESs caaldmadts@veidi Aiffrent Saiys,Sacludiag bifasrof Tyr Val
His (SEQ ID NO:24) CDR2: Ala Thr Ser Asn Leu Al a Ser gsgg | D Wﬁ% CDR3
Gzt Gn Trp Thamgerimamoglobulim expressipns) lietesies (pratagene | £0rBe, Lo Q%) onal
agoni st ant i bogh; rddii efth AF Wurh@n aMdbioates Fwl 0V SFH, Fd, §ER aor
subcl ass, V\/nergl%ln t ag]tééré g%ﬁaﬁ{g lE\t%'aavy chain va}&{lggl e region.and. t he CDRs
of the |ight ciBabiyand using theetyfragment ip FoRsPUeievhple bumap agikodys S ammo
aci d_sequences Johghd sl hluBlelfbr bRiduliie chiRRAE GhiBoaicae HnaARE bRl
chains. 16. The agonist antibody according to any one of céabjelgqs 1 to 15,
capabl e of $ti wa altd bgprofeced inirnsgenie FEcWER iR Igmupeglehulngepame.

expressing the shl&ﬂ&ﬁ&%&%m&ﬁ@%@hb@@iﬂ%&r Fleftet, | Chlifgimia) avd Medarex,

proliferation assay. A hybridoma cell |1 nme that produces an agani st
monocl onal ant iliedymeasiale Nawdessey- honol ogue, or anal ogue thereof as de$ned
in any ante of clainms 1 to 16. : hybridoma cel |

31 ~_?%CTZa.18 Iheh
line of ol aim 17 whibefitse ngBly anigamially Hpen p0agiss dre {ess impupquedity
17NA sequence %OQM]% ?ﬂnﬁg%&t Pl 0 BagnRhits Aalkd aglEsé fohasolimdgiee, ar
anal ogue thereof, as defined in any one of clains 1 t?_ 18'.1.ﬁ 20.. A gene
del i very sy#t erinventon, aierisodesnmmyppemifc AL RSt MRE of ik fgxfﬂéﬁﬁftg’ffody,

fragnnent, ho CvoR 2 REMHENJgRRiE fRbok imMymAIRe Conseuantlys tityare 1 G
£1. A gene derﬁ%/sgr%ag/&s)tvgm i ncl udi r_l%at he?DNA seguen‘%ﬁ of ¢l ai m 22. A

ing t 19,
gene delivery Spteramitidnfor irvivg 2dminigRtion inohisigms g an 8{3?1??3‘68'2% ar
more of the ameegbcﬁﬁ'y dhee Sr 1SRG Wmi AmBERkakiBh NORiclBaity) 0N GredRed 23. The
gene delivery system according to any one of clainms 20 to 22, wherein said
syst Em i ncl udedforthe pgonist ansibpdies ofghaii¥emiiongr o non-vector delivery system

24. A nethod of screening a nolecule for G CSE agogﬂ: st _activj tg cor&pri si ng

determini ngSif the Pmailternstize doadwimsienng: antibadien i Hier BAERT b o penera

G CSF- dependent | S p1 2B, T, fa¢ @foughabéhe2 thefFPidchhigfesan DNAVI tr o0

assay. 26. The %gﬁﬁogn%%ﬁgfa%}ﬁloﬁ%{g_o? 25,%grei n the assay nethod 1s an

MIT- based cal ordegusnedscenseding tar agapis-aptibedien a7 Hein FRERE B SEY 2 NEPnE cel | s

eXpressing G CoafoGt SR Rl delifdred Vv WHKrAEAVeGbAR Lo Brap)Snchldisd al 2~ 5
e

24 to 26, whereln dependent cells express proteins, or f ment s
thereof ,, havi rige ademovitusu dE 00 2 Fetrdidrg,Qry Bic & RPRIVEFOGHEER, *“Y(W"mpa|r”l€Ji

t hereof, of the G CSF receptor on the cell nenbrane surface. 2$%$. A nethod
of high throughput screening for a~r~ anti body having G CSF agoni st
a,etivity conprising constructing a G GSk'-responsive cell |ine, capable of
expressing a reporter gene under the control of a G CSF-responsive pronoter
and neasuring enzymatic activities or fluorescence densities in the cells
after stimulation by the antibody to be tested. 29. The nethod o~ claim 28,
wherein the assay includes a colorinaetric assay systemor an uptake assay
using cells expressing G CSF receptor. 30. The nethod of claim28, wherein
the construct includes the sequence of the extracellul ar-domain o~"the

G CSF receptor, 31, The nethod of claim 28, wherein the G CSF-responsive

A I~ o~



~ 0 ~ Cc-r 2aaZ 32 32. The rnethad of claim28, wherein the reporter gene is
sel ected fromthe group consisting of |ucifezase, p-gal actosidase, ~reen~
huorescent protein and di hydrofol ate reductase. 33. The nmethod of claim 29,
wherein the col ori xnetxi G assay system i ncludes neasuring the reduction ‘of
3- (4, 5-di met hyweWh¥/g5238 - 2- yl ) - 2, 5-di phenyht etrazol i urra bxam @€TUNMPOP46634. -
A, nmethod for detecting the human ~-CSF receptor inmunol ogically by neans
of an antibody according to any ane of cl,aims 1 to 16. 35. A nethod for
i mrunol ogi cal detection of a cell expressing hunman (%ﬂ:ﬁelrzgg tor on the
cell surface by neans of an antibody according to any o f m 1 to 16.
36. A nmethod for detecting and determ ning a soluble human, G CSF recept or
i zz~zuunol ogi caHstained expreanien of therpeanist EhgAistc POMEK HEsIE SN EryAYeofr ¢l ai ns 1
to 16. 37. An bad 3t hRRIYBGGRT Qv 8Yclitficat | Rbfifeni df Thidhivvhen used,
for treatnent o eut_Pgagem a. 3 8. Aconposition conprising at |east o~, e
agoni st ant i boapap@eR.di ng to any one of clains 1 to 16 and a
physi ol ogically acceptable carrier, diluent, andl ox e~cci ientﬂ. 39. Use of
an agoni st ant i bodyThecagonist molepwesdnyorihed hegeinalsgjipplude Sf“@“ffg’l?ca s’ﬁl‘é’par ation
of a nedic n s 1T ;%Egc ki i S@egquence
accordi ng ?%E C%saéeﬂ]{ui% “ﬁg? ecg;fngg‘g#agg@ gﬁﬁg‘fﬁ C%S%é%ﬁgfmﬁ%etﬁﬁ‘t?rm tMF eat ment of
neut rvpeni a_ 4CSF Weeeptstr, zesylting inelts omgdimprzatinn ped Aelyaignt oSushyseilk of
claims 20 10 23 fancPREpataLiinm: RbudeMikagmReky for (reatment of

. A Tnxe

net ~t raper ~i a. I cam ent prepared according to any one of clains
39 to 41. ~aa - OfohiirS 62 St P Gl dO &-08F 6B ceptorERsdd INCE

LI'S frNG <110a 8ao€IlPENie?giZcf}~é\ﬁ . 'CSun Cecily R Y. 8un ?‘szoa@é CSF recept o
agani , et d~0. Ciinsriting antilepdies ageinstithyhumanHE& St Hrgertopin thy yent) §amhs

60/ 083, 575,£15 i AQ1eshiE R cobifidnt BN A ah Ry REU YhaOHSthY @i on 3.0
?210x 1 ezlél:? %?eég%%(s%%\&gf§?3> ,&st}”?i ei al seqtter}{:ce r400> 7. aagcggt gct
at ggcaaggc tg Zhe epmceiula domaj exgerpls frapmunberd 603 10 shepgming peid sesidies -t enoe

O 2 L U AN e s 5

c gcaata g}eaaGaagac ct ggagg 37
<210x 4 <21la 8,2l ARSDRAent Nus- 598% 422,648 5,57f,13% o OPENRLUSRIH 0468 2

<21.3a Artifici JRdHh CLE SRBAGE GE iRl GJ patify 29 c210> |
5 <211x 17 <22é§h§&9§§9§1§: i‘?@?ﬁf’g,ﬂ% Sequen%l:e aglgoi <g§§a m':lct‘jjs~l EY4OOS 5

aat aegat t ¢ lact pudipd Fms 220 alBo b hied a8 hedPmRROPMNA <213x Artificial sequencE
~400s 6

This extracellular domain of the human G-CSF receptor can be directly
used as the immunogen to immunize animals, e.g. mice, or it can first be fused
with a carrier molecule to increase its immunogenicity prior to immunization.
Suitable carrier molecules include peptides, e.g., Tag, Flag, leucine-zip, or a

20  protein, e.g., glutathione-S-transferase (GST), alkaline phosphatase (AP), intein or
a constant region of an immunoglobulin (as was used to make the agonist
antibodies described below). The carrier molecule can be conjugated to the G-
CSF by recombinant DNA techniques. In addition to enhancing the
immunogenicity, such chimeric fusion proteins containing the extracellular

25  domain of the G-CSF receptor can also facilitate the purification of the antigen,
where affinity chromatography is used. The DNA fragments encoding these
antigens co'ntaining the extracellular domain of the G-CSF receptor can be placed
into expression vectors, which are then transfected into host cells such as E, coli,

yeast, insect cells, and mammalian cells, including simian COS cells, Chinese
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optionally, insect cells using baculovirus as an expression vector) transfected with
vectors for expressing the full-length, or a part of the G-CSF receptor, or a

10 chimeric protein containing the extracellular domain of the G-CSF receptor
(Takhashi, T., et al., J. Biol Chem. 1996, 271: 17555-17560).

To generate agonist antibodies against G-CSF receptor (polyclonal or
monoclonal), the immunogens described herein can be used for immunizing
rodents (e.g. mice, rats, hamsters and guinea pigs) or other mammals, including

15  rabbits, goats, sheep, non-human primates, or transgenic mice expressing human
irnmunoglobulins or severe combined immunodeficient (SCID) mice transplanted
with human B lymphocytes or human bone marrow, through the procedures well
known in the art. Hybridomas can be generated by conventonal procedures by
fusing B lymphocytes from the immunized animals with myeloma cells (e.g

20  Sp2/0 and NS0), as described by G. Kohler and C, Milstein (Nature, 1975, 256:
495-497). Antibodies against the G-CSF receptor can also be generated by
screening recombinant single-chain Fv or Fab libraries from human B lymphocyte
or human bone marrow in phage display systems (Hoogenboom and Winter, J.
Mol. Biol., 1991, 227:381; Marks et al. J. Mol. Biol,, 1991, 222: 581).

25 The selection of antibodies specific to the G-CSF receptor can be
performed by conventional enzyme-linked immunosorbent assay (ELISA)
method, such as direct and indirect sandwich assays, in which the antigen, or
preferably a G-CSF receptot/IgG4(Fc) chimeric protein, is coated directly or
indirectly, on the plates. Such binding of antibody mAb163-93 to the chimeric
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fluorescence densities in the cells after stimulation, the agonists against the G-CSF
receptor can be selected by high-throughput screening.
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[gyxggsex?t%{l\(/m-dcpcn e/gtvma\iln%cr( )F urthe(r)m/gm tﬁg agonls(g antibody mAbl163-93

shows efficacy in this assay essentially the same as that of thG-CSF (Fig. 7).
Further, the cells picked up from the colonies stimulated by the agonist mAb from
human bone marrow display typical neutrophil morphology (Fig. 8D). It should
be understood that thG-CSF, after injection, is rapidly cleared from the circulation
in vivo, primarily via the kideny, resulting in its short-duration pharmacological
effects (Tanaka, H., et al, J. Pharmacol. Exp. Ther. 1989, 251: 1198-1203; Layton,
LE., et al, Blood, 1989, 74: 1303-1307). On the other hand, in the granulocyte
colony-forming assay described in the invention rhG-CSF exhibits sustained
activity to stimulate proliferation and differentiation of neutrophils from human
bone marrow, compared with that in vive due to lack of such clearance
mechanism. It can be anticipated that the potéency 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
suggested by comparison of long-half Pegylated human growth hormone and
human growth hormone (Clark, R., et al, J. Bio. Chem., 1996, 271: 21969-21977).

Using the foregoing screening techniques, a panel of monoclonal agonist
antibodies, including mAb163-93 and mAb174-74-11, was generated against the
human G-CSF receptor. The agonist antibody mAbl163-93, acting as the
recombinant human G-CSF, activates G-CSF receptor, induces the tyrosine
phosphorylation of JAX kinases (Fig. 6A, left hand panels where phosphorylation
is detected by anti-pTyr antibody) and transcriptional factors (Fig. 6B, left hand
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%WOU-F& () - chlﬁdi@aﬁfn}; kb w, 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 granulocyte colony formation from human bone marrow

10 ’f‘he species cross-reactivity of the human G-CSF receptor agonist
antibodies was also determined using a granulocyte colony—formihg assay. These
human G-CSF receptor agonist antibodies, such as mAb163-93, were shown to
specifically stimulate the proliferation and differentiation of neutrophilic
granulocytes from various non-human primate bone marrows to varying degrees

15  (Table 1 below). The number of granulocyie colony formation stimulated by the
agonist antibody mAb163-93 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 stimtlating the proliferation and differentiation
of neutrophils from chimpanzee bone marrow (Fig. 10). This type of species

20 crossreactivity assay can be used to select the appropriate animal model for

preclinical studies.

Table 1. Neutrophilic granulocyte colony formation from non-human primate

bone marrow

Non-human primate thG-CSF (0.5 nM) mAb163-93
Chimpanzee 68 62 (5 nM)
Rhesus Monkey 43 41 (50 nM)
Cynomolgus Monkey 70 40 (50 nM)
Baboon 36 3 (50 nM)
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Recombinant human G-CSF was among the first cytokines to be prepared

10 by recombinant DNA 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 iatrogenic neutropenia. To date, five disease indications

for thG-CSF weatment have been approved by the United States FDA: (1) cancer

patients receiving myelosupressive chemotherapy; (2) patients with Acute

15 Myeloid Leukemia induction or consolidation ¢hemotherapy; (3) cancer patients

receiving bone marrow transplants; (4) cancer patients with peripheral blood

progenitor cell collection and therapy; and (5) patients with severe chronic

neutropenia (Physican’s Desk Reference, 53 edition, 1999, 532-537). The

unique functional specificity of the rhG-CSF on the proliferation and

20 differentiation of the neutrophilic granulocyte 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

foot infection and other infectious diseases (Miles, S. A, et al, Blood 1990, 75:

2137-2142; Kuritzkes, D. R., et al, AIDS 1998, 12: §5-74; Weiss, M. et al, Bloob

25 1999, 93: 425-439; Lancet 1997, 350: 855-859; Deresinski, S. C., et al, Infect.
Med. 1998, 15: 856-70).

The human G-CSF receptor agonists and antibodies disclosed herein,
acting as rhG-CSF, activate the G-CSF receptor and stimulate the proliferation of
G-C8F responsive cells through their specific binding to the G-CSF receptor on
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dosages can be determined by extrapolation from animal models and by routine

experimentation during clinical trials.

These agonists and antibodies of the invenvion are also useful for the
affinity purification of G-CSF receptor from recombinant cell culture or from the
natural source. General affinity purification techniques are well known in the art,

and any of these may be used for this purpose.

The antibodies of the invention react immunologically with the soluble
extracellular domain of the G-CSF receptor and cells expressing G-CSF receptor
on their surface. Hence, the present invention also provides a method for
immunologically detecting and determining existence of the G-CSF receptor in its
soluble form, and/or on the cell surface, using immunological methods well
known in the art. Moreover, the monovalent fragments of the agonist antibodi‘es
such as Fab and scFv, and derivatives thereof may act as antagonists to prevent G-
CSF from interacting with the G-CSF receptor by competition, and therefore
inhibit the biological function of the G-CSF, which may be useful in the treatment
of certain tumors and cancers. Normal, abnormal or mutated receptor structure or

receptor expression can also be determined by using antibodies disclosed herein
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reaction conditions were as follows: 1 minute at 94°C; 30 secs. at 62°C; 3 minutes

at 72°C; repeat for 40 cycles.

A DNA fragment resulting from the PCR (about 1.6 kb) was isolated from

15 the agarose gel, according to the protocol from BIOI01 Inc. (Vista, CA), and then
inserted into a TA cloning vector (Invitrogen, Carlsbad, CA), yielding the
recombinant plasmid pT1-11. The DNA. sequence of this insert was determined

by sequencing both srands of this insert using a DNA sequencing kit from United
States Biochemical (Cleveland, Ohio). The DNA fragment encoding the

20  extracellular portion of the human G-CSF receptor (using the sequence as defined
by Fukunaga, R. et al., Proc. Nat'l Acad. Sci. USA, 1990, 87:8702) in pT1-1] was
digested with EcoR1, and the ends were filled in by Klenow fragment. This was

then inserted into the plasmid pFcl containing IgG4(Fc) encaoded cDNA, which

was digested with Xbal. The ends were filled in by Kienow fragment, yielding

25  the plasmid pFT1-9. The DNA fragment encoding the extracellular portion of
human G-CSF receptor and IgG4(Fc) in pFT1-9 was digested with Asel and
Hincll, filled in by Klenow fragment, and then inserted into mammalian
expression vecter pcDNA3 (Invitrogen). This vector was digested with EcoRV

and Hincll, and then filled in by Klenow fragment, yielding the plasmid pCGC23,
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t" @+10% 2[ & () eoncentration of G418 at 0.8mg/ml. After 10 days, culture supematants were
withdrawn for screening for the expression of the extracellular portion of human
15  G-CSF receptor/IgG4(Fc) fusion protein by ELISA, as follows.

The wells of Immulon 2 plates (Dynatech Laboratories, Chantilly, VA)

were coated with 50 pl of anti-human IgG(Fc) antibody at a concentration of 1
pg/ml, and incubated overnight at room temperature. After the coating solution

was removed by flicking the plates, 200 pl of BLOTTO (5% non-fat dry milk in

20  PBS) were added to each well at room temperature to block non-specific bindings.
6 - One hour later, the wells were washed with PBST buffer (PBS containing 0.05%
Tween 20). Fifty microliters of culture supernatant from each well in the
transfection plates were collected and mixed with 50 ul of BLOTYO, and then
added to individual wells of the microplates. Afier one hour of incubation at room

25  temperature, the wells were washed with PBST, The bound extracellular human
G-CSF receptor/IgG4(Fc) fusion protein was detected by reaction with
horseradish peroxidase conjugated with goat anti-human IgG (H+L) (Jackson
ImmunoResearch Laboratories, West Grove, PA), which was diluted at 1:2000 in
BLOTTO. Peroxidase substrate solution containing 0.1% 3,3’ 5,5' tewramethyl
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5 (BioTek Instruments, Winooski, VT).

The transfectants with high ODjs0.579 reading were picked up and single
cell cloning was performed by the limiting dilution method. The same ELISA and
detection as described in the foregoing paragraph were done to further identify the
high producer cell line exprc‘sssing the fusion protein comprising the extracellular

10 portion of the human G-CSF receptor and the IgG4(Fc) chimeric protein.

Example 3. Purification of the extracellular portion of human G-
CSFR/gG4(Fc) chimeric protein:

One liter of the culture supemarant from the transfectant cells expressing

the extracellular portion of the human G-CSFR/IgG(Fc) chimeric protein was

15 collected and the chimeric protein was purified from the supematant by Prosep-A

affinity chromatography, according to the manufacturer’s instruction

(Bioprecessing Inc., Princeton, NJ). The protein was further purified on a goat

anti-human IgG(Fc) affinity column. The purity of this chimeric protein was
determined by both SDS-PAGE and immunoblot,

20 Example 4: Hybridoma generation:

BALB/c mice (Harlan, Houston, TX) were injected subcutancously with

50 pg of the purified fusion protein consisting of the extracellular portion of
human G-CSF receptor and IgG4(Fc) in complete Freund’s adjuvant (Difico
Laboratories, Detroit, MI) and in 200 pl of phosphate-buffered saline (PBS,

25 pH7.4). The mice were boosted after 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 final boost i.p. Their spleen cells

were fused with Sp2/0 myeloma cells. 5 x 10* of the S$p2/0 and 5 x 10* spleen
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cells were fused in a medium containing 50% polyethylene glycol (MW 1450)
(Kodak, Rochester, NY) and 5% dimethylsulfoxide (Sigma, St, Louis, MO). The
cells were then adjusted to the concentration of § x 10* spleen celis per 200 pl
suspension in Iscove medium (Gibco BRL, Gaithersburg, MD), supplemented
5  with 5% FBS, 100 units/ml of penicillin, 100 pg/ml of Streptomycin, 0.1 mM
hypoxanthine, 0.4 uM aminopterin, and 16 pM thymidine. Two hundred
microliters of the cell suspension were added to each well of one hundred
microplates. After about ten days, culture supematants were withdrawn for

screening by using in vitro cell proliferation assay as described in Example 7.

10 Example 5. Cloning of the ¢cDNA encoding full-length human G-CSF

receptor:

The total RNA from 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

15 micrograms of the total RNA from the AML-193 cell line were used as the

template for synthesis of the first strand of cDNA in the reverse transcription

reaction, according to the manufacturer’s protocol (Gibco BRL, Gaithersberg,

MD). To amplify the cDNA enconing the C-terminal half of the human G-CSF

receptor, PCR was conducted in 50 pl of reaction mixture containig two primers:

20 Nhel: CCC CCC CAG CGC TAG CAA TAG CAA CAA GAC CTG GAG G

¢ (SEQ ID NO: 3); and R10: GGA ATT CCT AGA AGC TCC CCA GCG CCT CC
‘ (SEQ ID NO: 4), using the first strand of cDNA obtained as the template. The
reaction conditions were as follows: 94°C for 1 minute; 60°C for 1 minute, and

72°C for 3 minutes for 40 cycles. The PCR product was cloned into the cloning

25 vector pUC19 digested with Smal, yielding the plasmid pC3. To create a new

enzymatic cleavage site Nhel at the end of the cDNA fragment encoding the N-

terminal half of the human G-CSF receptor, two primers were used in the PCR

reaction, using the plasmid pCGC23 DNA as the template. These primers were

T7P: AAT ACG ACT CAC TAT AG (SEQ ID NO: 5); and Nhe2: AGG TCT
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TGT TGC TAT TGC TAG CGC TGG GGG GGC CCA GG (SEQ ID NOQ: 6).
The DNA fragment encoding N-terminal half of human G-CSF receptor from this
PCR reaction was cloned into the vector pCR-Blunt (Invitrogen, carlsbad, CA),
yielding the plasmud pB12. To assemble the full length of human G-CSF receptor

5 DNA, the DNA fragment of the G-CSF receptor N-terminal half from the plasmid
pB12 was inserted into the plasmid pC3 digested with Nhel and Hincll, yielding
the plasmid pCB1. The ¢cDNA fragment encoding full-length of human G-CSF
receptor was inserted into the mammalian expression plasmid pcDNA3
(Invitrogen, Carlsbad, CA), yielding the plasmid pCGF4.

10 Example 6. Establishing and characterization of G-CSF-dependent mouse

and human cell lines:

The human full-length G-CSF recepror expressing plasmid pCGF4, after
linearizing with BspC1 digestion, was transfected into mouse cell line 32D-cl23,
or human cell line TF-1 (ATCC, VA) by electroporation as described above in  +
15 Example 2. The transfectants 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
ng/ml (R&D Systems, Minneapollis, MN), and further selected by an MTT assay
using RPMI medium with 10% FBS, G418 at 0.6 mg/ml and rhG-CSF at | ng/ml
(R&D Systemns) as described in Example 7. The transfectants whose growth was
20  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
mous¢ transfectants, which contain the full-length human G-CSF receptor
expression plasmid, was determined by growing these transfectants in the

25  presence or in the absence of human G-CSF, human GM-CSF or mouse IL-3, as
described in Example 7. The proliferation dependence of the transfectants upon
these cytokines was monitored using the MTT assay and the YH-thymidine uptake

assay as described in Example 7.
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The transfectants expressing human G-CSFR on the cell membrane
surface were confinned by FACS analysis. Afier washing with PBS plus 1%
BSA, 50 1 of the purified monoclonal antibody was added to the transfectant
cells at a final concentration of 5 pug/ml. The cell mixtures wcr; incubated an ice
5  for 30 minutes and shaken every 15 minutes. After washing with cold PBS three
times, goat anti-mouse IgG[F(ab');] conjugated with FITC was added at a 1:50
dilution to the transfectant cells and incubated for 30 minutes on ice. After
washing three times with cold PBS, the cells were fixed with I %
paraformaldehyde ovemight. The cell binding percentage of transfectant cells

10 with these mAbs was analyzed by FACS analysis.

Example 7. In vitro cell proliferation assays:

The MTT-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 transfected

15 mouse or human cell lines. The transfectant cells pre-growing in RPMI medium

containing 10% FBS and | ng/ml of mIL-3 were washed with RPMI with 10%

FBS three times to remove miIL-3, then plated at 2-5 x 10%well in RPMI with

10% FBS. The supemnatants from the hybriboma plates, or purified antibodies,

were added into each well, After three days of incubation, ten microliters of MTT

20 (2.5 mg/ml in PBS, Boehringer-Maimheim Biochemical) was added into each

well. After six hours of incubation, 100 pl of solubilizing solution containing

{ 10% SDS and 0.01 N HCl were added to lyse cells, and the plates were incubated

ovemight. The proliferation of these G-CSF-dependent cells stimulated by the

agonist antibodies can be monitored by reading at ODsgg.g50. In the MTT assay to

25  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 *H-thymidine uptake assay.
After washing three times with cytokine-free medium containing 10% FBS, 1-2 x
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10* transfectant cells (50 pl/well) were mixed with various concentrations of mIL-
3, thG-CSF (R&D Biosystems), hybridoma culture superpatants or purified
antibodies in 96-well plates containing RPMI 1640 and 10% dialysed FBS. One
uCi of *H-thymidine (specific activity: 6.7 Ci/mmol, New England Nuclear)
mixed with 50 pl of the same medium was then added to each well. After 48
hours incubation, the cells were harvested by a cell harvester (Skatron, VA) and
YH-thymidine uptake in triplicate was measured by a liquid scintillation analyser
(Packard, [L.).

Example 8. Purification of human G-CSF receptor agonist monoclonal

antibodies:

The antibodjes generated from the hybridomas were purified by Prosep-A
affinity chromatography, according to the manufacturer's instruction
(Bioprocessing Inc., Princeton, NJ). The purity of the human G-CSFR agonist
antibodies was checked using SDS-PAGE and Western blot. Two of the Mabs
purified were designed as mAb163-93 and mAb174-74-11

Example 9, Bone marrow colony-forming assay:

About 10 ml of human bone marrow cells from healthy volunteers were
collected and subjected to Ficoll-Paque separation, according to the standard
method. The cells in the interface were carefully harvested with Pasteur pipetting,
suspended with three volumes of IMDM and 2% FBS, and then centrifuged for 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 human G-CSFR agonist antibodies, a granulocyte colony
forming assay is performed according to the protocol provided by the
manufacturer (StemCell Technologies Inc., Vancouver, Canada). To
quantitatively measure the potency and efficacy of agonist antibodies to stimulate
neutrophlic granulocyte colony formation from human or chimpanzee bone

marrows, a series of different concentrations of agonist antibodies or rhG-CSF
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was applied in duplicate in this assay. As shown in Figs. 7 and 9, the agonist
antibody mAb163-93, like rhG-CSF (R&D Biosystems), stimulates the
neutrophilic granulocyte colony formation from human and chimpanzee bone
marrow in a concentration-dependent manner. The results from cell staining show

5 the specificity of this agonist mAb to stimulate the proliferation and
differentiation of neutrophils from hutman and chimpanzee bone marrow (Figs. 8
and10).

Example 10. Tyrosine phosphoerylation assay:

Tyrosine phosphorylation induced by cytokines and the agonist antibodies

10 were analyzed as follows. About 2 X 107 cells in log-phase was collected and
starved in serum-free RPMI medium for four hours after washing three times with
serum-free medium. The starved cells were stimulated with mlIL-3, thG-CSF
(R&D Biosystems) or the agonist mAb at a final concentration of 2.6 nM for 15
minutes, and then harvested by centrifugation. The cells were lysed in 0.5 ml of

15 lysis buffer (50 mN Tris.HC, pH 7.5 / 150 mM NaCl / 1% (vol/vol) Triton X-100
/ 1 M EDTA with the addition of 1 mM Na3VQ,, 1 uM pepstatin, 50 uM
3,4,dichloroisocpunmarin, ! mM phenymethylsuifonyl fluoride, 1 mM 1, 10-
phenanthroline, leupeptin (10 pg/ml) and aprotonin (10 ug/ml). After incubation

on ice for 30 minutes, the lysates were cleared by centrifugation for 15 minwtes at

20 14,000 rpm. For immunoprecipitation, rabbit polyclonal antibodies against JAK1,
JAK2, or Stat3 (Upstate Biotechnology, Lake Placid, NY) were added into the

3 clear lysates and incubated for two hours at 4°C. Then 50 pl of protein A beads
(Gibeo BRL) were added into each lysate and incubation was continued at 4°C for

two hours. Following incubation, the beads were washed three times with the

25 lysis buffer and suspended in 35 pl of Lacmmli's sample buffer (62.5 mM Tris:
pH 7.6, 2% SDS, 10% glycerol, and 5% 2-mercaptoethanal). The suspension was
heated at 95°C for 5 minutes and electrophoresed on 4%-7.5% SDS-PAGE. After
blotting, the blocked filters were incubated with HRP-conjugated mouse
monoclonal anti-phosphotyrosine antibody 4G10 (Upstate Biotechnology)
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ovemight at 4°C, according to the protocol from the manufacturer. Afier washing
with PBS and PBS with 0.05% Tween 20, the filters were detected with
SuperSignal Substrate kit (Pierce. Rockford, IL), according to the manufacturer’s
instruction. The nitrocellulose filters were reprobed with the antibodies and a
second antibody conjugated with the horseradish peroxidase (HRP) as indicated.

Example 11. Cloning and analyzing DNA fragments encoding variable

regions of agonist antibodies from hybridoma cells:

Total RNA was prepared from hybridoma cells producing agomist
amtibodies, and used as the templates in the RT-PCR reaction as described in
Example 1. The primers used in these PCR reactions are listed in SEQ ID NOS: 7
to 14 below. The DNA fragments generated from PCR reactions were cloned into
a cloning vector pCR-Blunt (Invitrogen), then analyzed using automatic DNA
sequencer Genetic Analyzer 310 (PE Applied Biosystems, Foster City, CA)
according to the manufacturer’s insuuction. The individual recombinant plasmids
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:

Primers for clomng mAb163-93 variable regions:

For light chain:
5" :MKV7: ATG GGC WTC AAG ATG GAG TCA CAK WYY CWG G
(SEQIDNO: 7)
3 MKC: ACT GGA TGG TGG GAA GAT GG (SEQ ID NO: 8)

For heavy chain:
: MHV9: ATG GMT TGG GTG TGG AMC TTG CTA. TTC CTG
(SEQ ID NO: 9)
3" MHCG1: CAG TGG ATA GAC AGA TGG GGG (SEQ ID NO: 10)

Primers for cloning mAb174-74-11:

%3
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For light chain:
5: MKV35:ATG GAT TTW CAG GTG CAG ATT WTC AGC TTC
(SEQID NO: 11)
3": MKC: ACT GGA TGG TGG GAA GAT GG

5 (SEQIDNO: 12)
For heavy chain:
5': MHV4: ATG RAC TIT GGG YTC AGC TTG RTT T (SEQ ID NO:
13)
10 3': MHCG2a: CAG TGG ATA GAC CGA TGG GGC (SEQ ID NO: 14)

The complementarity determmmg tegions of the variable regions of thege

antibodies were shown to have the following sequences:

15 mAb163-93 (IgG1 subclass), variable region heavy chain CDR sequenccs
CDRI: Asn Tyr Gly Met Asn (SEQ ID NO: 15)
CDR2: Trp lle Asn Thr Tyr Thr Gly Glu Pro Thr Tyr Ala Gly Asp Phe Lys
Gly (SEQ ID NO: 16)
CDR3: Glu Gly Phe Tyr Gly Gly His Pro Gly Phe Asp Tyr (SEQ ID NO:
20 17

mAb163-93 variable region light chain CDR sequences:
CDRI1: Lys Ser Ser GIn Ser Leu Leu Ser Ser Arg Thr Arg Lys Asn Tyr
[ Leu Ala (SEQ ID NO: 18)
25 CDR2: Trp Ala Ser Thr Arg Glu Ser (SEQ ID NO: 19)
CDR3: Lys Gln Ser Tyr Asn Leu Arg Thr (SEQ ID NO: 20)

mAb174-74-11 (1gG2a subclass) variable region heavy chain CDR
sequences:

30 CDR1: Ser Tyr Ala Met Ser (SEQ ID NO: 21)
CDR2: Gly Ile Ser Ser Gly Gly Ser Tyr Ser Tyr Tyt Pro Gly Thr Leu Lys
Gly (SEQ ID NQ: 22)
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CDR3: Glu Ala Tyr Asn Asn Tyr Asp Ala Leu Asp Tyr (SEQ ID NO: 23)

mAb174-74-11 variable region light chain CDR sequences:

CDRI1: Arg Ala Ser Ser Ser Val Thr Tyr Val His (SEQ 1D NO: 24)
5 CDR2: Ala Thr Ser Asn Leu Ala Ser (SEQ ID NO: 25)

CDR3: Gln 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 and not limiting, that the scope
10 of the invention is defined in the claims which follow, and includes all equivalents

of the inventions set forth in the claims.
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The claims defining the invention are as follows:

1.  An agonist antibody that specifically 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 human G-CSF
receptor and dimetizes the receptor or activates phosphorylation of kinases associated
with the receptor to stimulate cell prolifcration and differentiation, or a binding fragment,
analogue, or homologue thereof.

3. The agonist antibody of claim 1 or 2, wherein the antibody stimulates
proliferation and differentiation of neutrophils 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 agonist antibody according to any one of claims 1 to 4, wherein said
human G-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 (SEQ ID NO:27) of the
G-CSF receptor.

8. The agonist antibody according to any one of claims 1 to 7, wherein the
antibody is 2 monoclonal antibody, or fragment, homologue or analogue thereof.

9.  The agonist antibody according to claim 8, wherein the antibody 15 F(ab)’s,
Fab or scFv.

10. An agonist antibody which is mAb163-93 or mAb174-74-11.

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 mAb163-93 or
mAb174-74-11.

12. The monoclonal agonist antibody mAb163-93 of claim 10, which belongs to
IgG1 subclass, wherein the CDRs of the variable region heavy chain include one or more
of the following amino acid sequences:

CDR1: Asn Tyr Gly Met Asn (SEQ ID NO:15)
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CDR2: Trp Ile Asn Thr Tyr Thr Gly Glu Pro Thr Tyr Ala Gly Asp Phe Lys Gly
(SEQ ID NO:16)

CDR3; Glu Gly Phe Tyr Gly Gly His Pro Gly Phe Asp Tyr (SEQ ID NO:17)

or the CDRs of the variable region light chain including one or mote of the
following amino acid sequences:

CDRI1: Lys Ser Ser GIn Ser Leu Leu Ser Ser Arg Thr Arg Lys Asn Tyr Leu Ala
(SEQ ID NO:18)

CDR2: Trp Ala Ser Thr Arg Glu Ser (SEQ ID NO: 19)

CDR3: Lys Gln Ser Tyr Asn Leu Arg Thr (SEQ ID NO:20)

13. The monoclonal agonist antibody mAb 163-93 of claim 10, which belongs to
the 1gG31 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 for the respective heavy and light chains.

14. The monoclonal agonist antibody mAb174-74-11 of claim 10, which belongs
to IgG2a subclass, wherein the CDRs of the variable region heavy chain include one or
more of the following amino acid sequences:

CDR1: Ser Tyr Ala Met Ser (SEQ ID NO:21)

CDR2: Gly Ile Ser Ser Gly Gly Ser Tyr Ser Tyr Tyr Pro Gly Thr Leu Lys Gly (SEQ
ID NQ:22)

CDR3: Glu Ala Tyr Asn Asn Tyr Asp Ala Leu Asp Tyr (SEQ ID NO:23)

or CDRs of the light chain variable region include one or more of the following
amino acid sequences:

CDRI1: Arg Ala Ser Ser Ser Val Thr Tyr Val His (SEQ ID NQ:24)

CDR2: Ala Thr Ser Asn Leu Ala Ser (SEQ ID NO:25)

CDR3: Gln Gln Trp Thr Ser Asn Pro Phe Thr (SEQ ID NO:26).

15. The monoclonal agonist antibody mAb 174-74-11 of claim 10, which belongs
ta 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 amino acid sequences listed
in claim 14 for the respective heavy and light chains.

16. The agonist antibody according to any one of claims 1 to 15, capable of
stimulating the proliferation of human or mouse cells expressing the human G-CSF
receptor as determined in an in vitro proliferation assay.

17. A hybridoma cell line that produces an agonist monoclonal antibody, or
fragment, homologue, or analogue thereof as defined in any one of claims 1 to 16.
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18. The hybridoma ceil line of claim 17 which is hybridoma cell line 163-93 or
174-74-11.

19. A DNA sequence encoding an agonist antibody, or a fragment, homologue, or
analogue thereof, as defined in any one of claims 1 to 16.

20. A gene delivery system including a DNA sequence encoding an agonist
antibody, fragment, homologue, or analogue thereof of any one of claims 1 to 16.

21. A gene delivery system including the DNA sequence of claim 19.

22. A gene delivery system including one or more DNA. sequences encoding one
or 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 molecule 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 is an MTT-based
colorimetric assay or an *H-thymidine uptake assay using cells expressing G-CSF
receptor.

27. The method according to any one of claims 24 to 26, wherein the G-CSF-
dependent cells express proteins, or fragments thereof, having the sequence of the
extracellular domain, or part thereof, of the G-CSF receptor on the cell membrane
surface.

28. A method of high throughput screening for an antibody having G-CSF agonist
activity comprising constructing a G-CSF-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 of claim 28, wherein the assay includes a colorimetric 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 of the G-CSF receptor,

31, The method of claim 28, wherein the G-CSF-responsive cell line is NFS60.
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32. The method of claim 28, wherein the reporter gene is selected from the group
consisting of luciferase, P-galactosidase, green fluorescent protein and dihydrofolate
reductase.

33. The method of claim 29, wherein the colorimetric assay system includes
measuring the reduction of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium
bromide (MTT).

34. A method for detecting the human G-CSF receptor immunologically by
means of an antibody according to any one of claims 1 to 16.

35. A method for immunological detection of a cell expressing human G-CSF
receptor on the cell surface by means of an antibody according to any one of claims 1 to
16.

36. A method for detecting and determining a soluble human G-CSF receptor
immunologically 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.

38. A composition comprising at least one agonist antibody according to any one
of claims 1 to 16 and a physiologically acceptable carrier, diluent, and/or excipient.

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 neutropenia-

41. Use of a gene delivery system according to any one of claims 20 to 23 for
preparation of a medicament for treatment of neutropenia.

42, A medicament prepared according to any one of claims 39 to 41.
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WQ 99/55735 PCT/US99/09466

SEQUENCE LISTING

<110> Baofu Ni
Bill N.C. Sun
Cecily R.Y¥Y, Sun

<120» G-CSF receptor agonist antibodies and
screening method charafor

«130> 98-3

<150» 6Q/083,575
«151> 1998-04-30

<lé0x> 27
<170> FastSEQ for Windows Version 3.0

210> 1

<211~ 22

£212> DNA

<213> Artificial seguence

<400 ]
aagcggtgct akbtggcaagge tg
22

«210> 2

<21l» 23

<212> DNA

«213> Artificial sequence

<4005 2
cacteccagot gtgocaaggt ctt
23

<210> 3

<211s 37

<212> DNA

<213» Artificial sequence
‘ ¢400» 3

cccceacage gotagceaata gcaacaagac ctggagd
37

<210 4
«211~> 29
%212> DNA
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WO 99/55735 PCT/US99/09466

€213» Artificial sequence

<400> ¢
ggaattccta gaagctccee agegcctec
29

210> 5

211% 17

<212> DNA

<213> Artificial Segquence

220>
223> mouse

<400> S
aatacgacce actatag
17

<210~ &

<21l 38

212> DNA

<2)3> Artificial sequence

<400» &
aggrectgtc gatattgeta gegerggggy ggcccagg
kY:)

<210> 7
211> 31
«212> DNA
<213> mouse

<400> 7
atgggewtca agatggagtc acakwyycewg g
ER]

<210> 8
<211 20
«212» DNA
<213» mouse

<400> 8
actggatggt gggaagatgy .
20

<210 9
<21l> 30
<212> DNA
<213> mouse
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<400> 9
atggmtbggg tgtggamctc getattoctg
30

210> 10
<21ll> 21
<212> DNA
€213 mouse

<400> 10
cagtggatag acagatgggg g
21

<210> 11
<221> 30
<212> DNA
<213 mouse

<400~ 11
atggatrctwe aggtgcagat twtcagoote
30

<210> 12
€211> 20
«212> DNA
213> mouse

<400> 12
actggatggt gggaagatqg
20

<210> 13
211> 25
<212> DNA
<213> mousge

400> 13
atgractttg ggytcagctt grtee
28
<210> 14
<211 21
<212> DNA
" <213> mouae
<400> 14
cagtggatag accgatgggy ¢
21

<210> 15
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«21l» §
«212» PRT
<313x mouse

<400> 1S
Agn Tyr Gly Mec Asn
1 5
<210> 16
211> 17
<212» PRT

<213s mouse

400> 16
Typ Ile Asn Thr Tyr Thr Gly Glu Pro Thz TY¥ Ala Gly Asp Phe Lys
1 -] 10 1$
Gly
<210 17
¢211s> 12
<212> PRT
¢213> mouse
<400> 17
Glu Gly Phe Tyr Gly Gly His Pro Gly Phe Asp Tyr
1 s 10
<210> 18
<211> 17
¢212> PRT
<213 mouse
«400= 18
Lys Ser Ser Gln Ser Leu Leu Ser Ser Arg Thr Arg Lys Asn Tyr Leu
1 5 10 15
Ala
«210> 18
<211>» 7
<212» PRT
. <213 mouse
<400> 19
Trp Ala Ser Thr ARrg Glu Ser
1 3
<210> 29
«211> 8
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«213>» PRY
213> mouse

<400~ 20
Lys Gln Ser Tyr Asn Leu Arg Thr
1 5

210> 21
211> §
<2)12> PRT
<213% mouse

<400> 21
Ser Tyr Ala Met Ser
1 S

<210 22
<211 17
<212> PRT
<213> mouse

<400 22
Gly Ile Ser Ser Gly Gly ser Tyr Sexr Tyr Tyx Pro Gly Thr Leu Lys
1 5 10 15
Gly

<210> 23
<21l1l> 11
<212 PRT
<213» mouse

<400> 23
Glu Ala Tyr Asn Asn Tyr Asp Ala Leu Asp Tyr
1 S 10

<210> 24
<211> 10
<212>» PRT
<213 mouvae

<4005 24
Arg Ala Ser Ser Ser Val Thx Tyr val His
1 5 10

=210>» 25
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<211=» 7
<212> PRT
<213> mousa

<400 285
Ala Thr Ser Asn Leu Ala Ser
1 S

<210> 26
<211> 9
<212> PRT
<213> mouse

<400> 26
Gln Gln Trp Thr Ser Asn Pra Phe Thr
1 ]
<210» 27
<211> 6§03
<212 PRT

<213> human

<400 27
Glu Glu Cys Gly His Tle Ser Val Ser Ala Pro Ile Val His Ley Gly
1 g lo 15
Agp Pre Ile Thr Ala Ser Cys Ile Ile Lys Gln Asn Cys Ser His Leu
20 25 3o
ASp Pro Glu Pro Glu Ile Leu Trp Arg Leu Gly Ala Glu Leu Gly Pro
35 40 45
Gly Gly Arg Gln Gln Arg Leu Ser Asp Gly Thr Glm Glu Ser Ile Ile
50 55 60
Thr Leu Pro His Leu Asn Hig Thr Gln Ala Phe Leu Ser Cys Cys Lay
€5 70 75 80
Asn Trp Gly Asn Ser Leu Gln Ile Leu Asp Gln Val Glu Leu Arg Ala
85 80 9s
Gly Tyr Pro Pro Ala Ile Pro His Aan Lay Ser Cys Leu Met Asn Leu
100 105 110
Thr Thr Ser Ser teu Ile Cys Gln Trp Glu Pro Gly Pro Glu Thr His
115 220 125
Leu Pre Thy Ser Phe Thr Leu Lys Ser Phe Lys Ser Arg @ly Rsn Cys
., 130 135 140
Gln' Thr Gln Gly Asp Ser Ile Leu Asp Cys Val Pro Lys Asp Gly Gln
145 150 155 160
Ser His Cys Cys Ile Pro Arg Lys His Leu Leu Leu Tyr Gln Asn Met
165 170 175
Gly Ile Trp Val Gln Ala Glu Asu Ala Leu Gly Thr Ser Met Ser fro
180 185 190

RE
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Gln
Leu
Cys
225
Glin
Ala
Gly
Trp
Arg
3os
Gln

Pro

Glu
Leu

38s
Phe

Pro
Asn
FPhe
465
Val
Ala
Lys
Pro
Asn

545
Gly

Leu
Arg
210
Leay
Lys
Leu
Leu
Pro

29¢
Thr

Arg
Leu
Pro
Leu
370
Val
Ser
Agp
Gln
Ser
450
Ley

Thr

His
élu
530
Rla

Fhe

Cys
198
Thr

Gln

Val
Leu
275
Leu
Thr
Gln
Glu
Ser
ass5
Ser
Ala
Glu
Pro
Gly
438
Asn
Leu
Pro
Ser
Ile
515
Leu

Gln

vVal

Leu
Mer
Leu
Glu

Gly

‘260

Pro
Pro
Glu
Leu
Glu
340
Gly
Cys
Tyr
Sex
His
420
Tyx
Lys
Lys
Leu
Gln
500
Gly
Gly

Asn

Leu

Asp

Asp

Leu
245
Pro
Ala
Gly
Arg
Asp
325
Asp
Gln
Thr
Asn
Arg
405
Ser
vVal
Thr

Glu

Tyr
485
Glu
Lys
Lys
Gln

His
565

Pro
Pro
Trp
230
Axryg
Leun
Thr
His
Ala
10
Pro
Ser
Ala
Phe
Ser
390
Gly
Leu
{le
Trp
Asn
470
Gln
Met
Thr
Ser
Ser

550
Gly

Met
Ser
218§
Glu
Hig
Pra
Ala
Tzp
298
Pra
Arg
Gly
Gly
His
a7s
Ala
Pro
Trp
Glu
Arg
455
Ile
Asp
Ala
Trp
PFro
535
Phe

Leu

Asp
200
Pro
Prao
Lys
Leu
280
Ser
Thr
Thr
Arg
Ala
150
Leu
Gly
Ala
Val
Txp
440
Met
ALy
Thr
Pro
Ala
520
lLag
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Glu

val
Glu
Trp
Pro
Glu
265
Thr
Asp
Val
Val
Ile
345
Yle
Pro
Thyr
Leu
Gly
425
Gly
Glu
Prao
Met
Sapr
508
Gln
Thr
Ala

Pro

val
Ala
Gln
aln
250
Ala

Leu

Tro

Arg

Gln

Ser

Thr
410

Trp
Leu
Gln
Phe
Gly
4?0
His
Ley
His
Ile

Ala
570

Lys
Ala
Pro
238
Arg
Leu
Gln
Sayr
Leu
315
Leu
Gly
Pro
Glu
Arg
395
Arg
Glu
Gly
Asn
Gln
475
Pro
Ala
Glu
Tyxr
Leu

555
Ser

t
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Leu
Pro
220
Gly
Gly
Glo
Ile
Pro
300
Asp
Phe
Tyr
Leu
Ala
380
Pro
Leu
Pro
Pro
Gly
460
Leu
Ser
Pro
Trp
Thr
540
Asn

Leu

Glu
205
Pro
Leu
Glu
Tyr
Arg
285
Sar
Thr
Trp
Val

Cys
365
Gln
Thx
His
Pro
Pro
445
Arg
Tyr
Gln
Glu
Val
5258
Ile

Ala

Pro
Gln
Hisg
Ala

Glu
270

Cys
Leu
Trp
Lys
val
350
Asn
Glu
Pro
Ala
Asn
430
Ser
Ala
Glu
His
Ley
510
Pro
Phe

Ser

His

Pro
Al
Ile
Ser
285
Leu
h Y
Glu
Trp
Pro
335
Ser
Thr
val
Val
Met
415
Pro
Ala
Thr
Ile
Val
495
His
Glu
Trp
Ser

Ile
875
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Mag
Gly

Asn
240

Cys
Arg
Leu

320
val

Trp
Thr
Ala
Val

400
Ala

Trp
Ser
Gly
Ile
480
Leu
Pro
Thr
Arg

560
Hig
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