,€3e]NNQ Q'R*] 6] T] BACKGROUND OF THE I NVENTI ON Granul ocyte C(r? aﬂg 2003
stimulat i ng fact a pharmaceutically active protei lt!lh

regul ates proli flm lu‘ﬂmmwn“fserentl ation, and functional activation of

neut rophi lic granul ogytes (Metcal rsBleenenArss’ (1986); Yan) et al. Blood
84(3): 795-799 (1994) ensr nger, mﬂl(ll) 31S8-3163 (1993);
Roberts, et al.) Expt'l Hematol ogy 22: 11561163 (1994); Neben) et al. Bl ood
81(7): 196Q- ﬁm bilize stemand precursor cells from
bone mrrom Mﬂ)ents whose granul ocytes have been

depl eted by chenmotherapy, or as a prelude to bone marrow transpiaats. U S

Patent No. S, 214,132 discloses a nutein of human GCSF which differs from
native hGCSF at Groulpestoalony stulgtingsfactos GLEF)iscs ehrmracentigallyr agtive preteinye

Cospoct | vorpieh fagpleliS  Brbfection” JyirpiaRon, . Albopdl il 8"&31%@‘5?““&%9
1037111 { 1haubend (msaae BRod7257E(1989; 79606t T ODdd A9 199

reported a derivative of am no aci ds_wen repl aced at |ve

posi ti ons densinger,xt al Ril‘??élmﬂéé:ﬂdﬁs 61‘53r(li32§§FR°mcﬁ;§h5Wéthmg‘ﬁ@EY§ Heldirh
F
ol 1o 1 0 tiEs, (g e eray ol Rivh: JOB0H0GLITHAN, "EESE 4t Mol S %‘ﬁmn

GCSF whi ch peichifser cells fiom batiei mardwGindHs asedy asiréat pattents) whose 4rantilotytesi Kive deein 147
wher e insteag of, thhe tive GCSF amm. no acids %teln has i nstead Al a,
Thr) Tyr) AFpjftedby shemathezapy, osas a preluds ta hong BR-ents of U S. Patent
Nos. 5,214,132 and 5,218,092 are incorporated herein by reference. The

bi oavail ability of protein therapeutics such as GCSF is often limted by
short pl asma haIU‘SIHateatHn(ﬁ,%lﬂskiardtsi:lbiidsiatt;m@m qf homen & SFeghich differs fiom native

preventing iJTum ¢l.i nisc o] u ot her eut.k c..prot.ei ns
have shown ﬂ%a&%“?ﬂsﬂr ?b"h Et 7‘“299 E’%\?é?@% %%%eﬂﬁ‘g? iaﬂ%s' pﬁénutcm
protein to laspsteddBila, %ﬁﬁyﬁwhﬁ&hﬂsﬁ&ﬁv&'y@@é aléd?ﬁ@ga, dt)aR] Bidkheyn. ‘Bléphsls

| i nki ng nmoi ety _coval ent | {pél;ound tQ bo protein_and the

PEG
conj ugat ed Resohemman 199 301 KEBNs b Rkabe, 58k fRload 2501288 1193@4@7 rlri 1990))

t ]
(1560 ;' Dol ‘SEoRRAR et of sioC SR, B ihich Bl Ao bl Hi Bbyicond 6 the -
Syst ens, 9:Erdingl k&8 of rhﬁ@SIKatheh shissived thigher Epecific acnﬁt)&hﬂrUntaZQhﬂiOSEIm nonye

St abi 111y,  RAE bep b S prouia e e, 1S, b 2 6 i sioses o

i ncreased sgiief 6f'h‘i%¥n buwesrmemmﬁ &oﬁi | Habivk RGOS aha&siuohs i a3 1der45%a& o4h
cl earance, reduced i munogenicit d antigenicity, and educed toxicity.

PEG GCSF cowpvgm nﬁmerrgnm £cs emn%wd;cmwwemm msrpedéénmga'ﬁve. Mg, B¢t s

Eur opean Patoh Ab e 1Esekdhein, THE b BEILS Prel MR Vs pf o w5213 e
Control | ed Reb@nm&diiﬁteuﬁy?reﬁa?&cé 1994); and Sat ake-Ishi kawa, et al., Cell

Structure and Function, 17:157-160 (1992)). EP 0 401 384 al so di scl oses
PEGy| at ed GSF obt ai ned via activation of PEG with Nhydroxysuccinyli m de.

The activated in iR

698. EP 0 721 958 di scrﬁéﬁeﬂsﬁg’@gerl Vg&ﬁgeﬁﬁ%ﬁuﬁ] I's t%n%@%%@bfshg%a
protei n. Mehaffifd end\uaentiidhy i pmtaasnedegﬁadamm peaventingFakiatued cligeal cmit.mmed
by reductiv n W t.h hi IarPGS Y OF THE | NVENTI ON
Accor di ngl y%nfdﬁ ‘?fy?}g '?‘8’397“&' dmﬁgﬂfg? QEE“H’ tigs, Dy be Quercome
conj ugat e oforjhigati cgﬁkbtcﬂﬂ ha, 31MhA8 polyeth9lend gl k& eariQEJ Q\Allnk
Conpared to un{r?r%dlng ° ﬁlﬁ%écSF wrp'to ygu? “a gg@ r?t a():?ltgﬁ) ing
conj ugat e ha@lﬁhcwﬂmﬂabemd:mrbemlt@tmmgmhad'fheIPEﬁe and pl asma resi dence tine,
decreased cl earance, and increased granul opoietic activity in vivo. In

addi tion) conpared with PEG GCSF conjugates, the conjugate of this

invention has sugggi mﬁmrcagugaapbmorecﬂepmw ibeén sh&VAeto X Shiniealy WeShES
are di sclosed in European tent Publication No. EP 0 335 423; European

Pat ent Publ iPEQPETUSS (N@danE'P' d., 4o Bioggq andy Fempaiibg Delymers; 55343 (W?ﬂ)dbﬂﬂé%\ﬁéra}

t he conj uga t

conj ugat oo, GugeAdhdel §rpofic 1ty Bafld oAl 020 (1909, fnd KA, WGRfeed Drug
tongl asting, high granul opoietic activity in vivo at a | ow dosage. 2 2 8
JUL Q003 WO 001 4 0/ 01264 A preferred GCSF of this invention is a
GCSF nmutein, w n@ﬁﬁmgﬂa“mhl es equi vhl ent or superior to native GCSF and
has the sanme use S . The nutein has the same am no acid sequence as
GCSE except at p03|t|‘6°r'15§ 1, 3, 4) 5 and |7, where instead of the native
GCSF ami no acids) the nutein has instead Ala, Thr) Tyr, Arg, and Ser
respectively (GCSF Mutein) (See 5 Figure 1). This nutein is disclosed in U
S. Patent No. 5 214 132, which is |ncor por at ed herer n by ref erence. _The
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physi ol ogical activity conparable to unnodified GCSF, which acéinﬂ\;im r}'ﬁg
represent the sanme as) nore than, or a fraction of the corresp i 3
activity of unnodified GCSF. n represents the nunber of ethyl ene oxide
residues in the PEG unit. A single PEG subunit of OCH=CH2 has a .5 )
nmol ecul ar wei ght of about 44 daltons. mrepresents the nunber of PEG units
attached to the GCSF nol ecule. A conjugate of this invention nmay have one,
two, three, four, five or six PEG 5 2 8 JUL 2003 WD 001 44785

PCT/ USO0/ 01264 units per nol ecule of GCSF. Thus, the nol ecul ar wei ght of

t he conjugate (excluding the nol ecul ar wei ght of the GCSF) depends on the
numbers n &slivery Systems, 1898 @993). vemorfz 12® tre BSB) physichlcandgthermal njtabjlitye i n
whi ch each PEG.unit .has an 5.average mol ecul.ar wei ght of fr.om about,B 18,

i1 odal t on$FIIR AEAINS Suseeptiily fo REYpERe Ersdation. mcarasech rolthiliv. FPRER v iyay e
of 450 to 4RilatRipORMLIifR0arl BEMdakEdAEICardnde, MRiiEd3d SRhLNIBELRIFY En&‘%ﬁti%’%ﬂic%‘j%@ge
nol ecul ar wei ght "of about 20 kil odaltons. mmay have a value of T) 2, 3) 4,
or 5. A prdedueeddtgxigity.s 1-4, and an especially preferred mis 2. The

nol ecul ar wei ght range of the PEG portion of the conjugates of this
invention is fromabout 18 kil odaltons (n20, m=1) to about 10 125

ki1 odal tons ( n=PEG-GUEEbonjWses hivitdifféranstadurtOthad heabsiugiité 6F B ihventigebre

from1l to 4, the nolecular weight (anhig of the PEG portion of the

conj ugat es disclased in Eunapean PatentiPublication N EB10 33§ 4R31 Byiropoen RatentPublicationNp, EPo
about 97 ki (=550, . |30 (el v qﬁl k ]El'ﬁ“aai
nunber rreandsﬂﬂﬁjasth?&%"'l@w ?h?lhnigdopgégeggggeﬁ% 3?3}%)’21%‘]61? %gtﬁﬁu eFilsas ef
det ermi ned dyCeld Byadtiire afdFurktiod, 171 5RL60@8IR)). ques. 15 In a preferred
conjugate nis 450 to 490 and mis 1-4, in which case the nol ecul ar wei ght
range of the PEG portion of the conjugates is fromabout 20 kil odaltons
(n=450; mMF1EP @ 60hB}AIbIs8 Glisclobes RBGylawsl GAB®btained )via petivation b PEGr wite N-ed

conj ugate nyj g b Lo idhermelattPES GHiARA ik Ao MRLBEY!RTUSST ght
range of thg;'dé’ﬁég‘%g%‘?f“%ﬁgﬁggﬁ@a{ggﬁj ugggigs S ?rom albou? 37 20 kil odal tons

(n420) to aB®ut698.8ER |73 58 dissusses-soémiyativenKawhish b thearefoired GC8F prtein.
conj ugat e nyj AL ) terthi i ML E 6V raductil ght
range of t hé"‘%‘ﬁéﬁ%om gﬁﬁgﬁgﬁgk’%grﬁheggtﬁg}sw?g@ lmwaﬁﬁ?ﬁ@oﬁkﬁ odal t ons
(mi50) to abbulatiargwigi highiuoleanas PEG=490) . R namy be any |ower al kyl,. by which
is meant an al kyl group having fromone to six 25 carbon atons such as

nmet hyl, ethyl) isopropyl, etc. Branched al kyls are included. A preferred

al kyl is WEMé:&m he natural or reconbi nant protein)
preferably : any conventional source such as tissues)
protein synthesis, cell culture with natural or 30 reconbinant cells. Any

protein having the acgtivity, of GCSF, such as_nuteins or otherwwse 6, 2 8
JUL 2003 WD 00l 4&?%3%7{ 'ESWF@MG&& H%Flh“éz PELisicgvatives pEGERE o Fh% saniugate of

Cbt ai ni g anls in¥ ekl HAgadFnsie I ROGHE Sen@ploeCOMDI Nant sources is wel |
known (See, for exanple U S. Patent Nos. 4,810,643, and 5 g 32,341, the
contents of which are incorporated herein by reference). A preferred GCSF

i t i i t ith,. t ei d. d i U.S. ., Pat t .
SoR1 3955 'S Fne ipaRfo Beshaif BONF 1. BRR HEREK p PE ihehea) if, Fonfusap s
activity, bynVifiirédied SirddRting halfifd AACHAHR refidenkd tine! Gecrdasdl MedtHW inEGmbreased

activity) as determ ned by various assays known in the axt. In particular,
t he conj ugat@anylopoietis activitrie vive, Inadditigrspmpered with\PESSGOSEwanibgeteshthesonjugaty

con] gato oat B BBhion iseroBidh SRRMERRGE sibbic, o mEGRS bopblglen e
the assays distosedirElrspean/PatearPublication NooEP 0 385 423;.Eurdiian Pitbat/Publicdtion NocEP

(1991) 19:2767-2743; Yamasaki et al., 3. Biochem (1994) 115: 814-819; and
Neben, et al® ,ZO‘B%‘B@@ iR divengat al.odhid. Hewevssnhe geniugase of thisyinventionihas g difkrentd

by coval ent JphBkad f 1 15 0r onk Ol
reagent of tgr?lg for ﬁnﬁﬁam%l%@% éﬂ%&ﬁ%ﬁ%@ﬁ%@#%g i e%cﬁp&%%@g‘g}%méﬁ g
may be obt ai kghgbligh granalopoieviadctivizy hodw)at atovodalagey t o known 24 procedures
(See U.S. Patent No. 5,672,662, the contents of which are hereby
incorporated by reference), nis the sane as in fornula | above) and is

sel ected to produce a conjugate of the desired nol ecul ar weight. Such
reagents in which nis from450 to 490 (MM20 kDa) are preferred. O her

mol ecul ar wei ghts may be obtained by varyind n for the PEG al cohol starting

materials for the reagent of Formula Il, by conventional nethods. The SPA
reagent of formula Il 25 in nolecular weights of S, 10, 15 and 20 kDa may
be obtai ned from Shearwater Polynmers) Inc. (Huntsville) Al abam). 7 2 8

JUL 2003 WD 00/ 44785 PCTI USO0/ 01264 The reagent of forrmula Il may be
conjugated to GCSE by conventional nethods. Linkage is via an am de bond.

Y p— e



10 Z, 8 ~u~ zao~ WO 00/ 44785 PCT/ US00/ 01264 7. Thi o-uret hanezbig\bﬁr [Hgi S
pegyl ati on reagent structure can been seen in Figure 2-F. The 02 he
PEG used in %@ioﬁlr ggent was 20kDa. 5 The followi ng reagents Wereﬂ})rovi ded
by Kyowa Hak 3@@ Co.) Ltd. Tokyo, Japan): 1) G CSF mut iGTRAGI%Y cCskF
Mut ei n) GCSF Mutein conjugated to a branched net hoxy pol yet hyl ene gl ycol -
(m PEG reagent conprising of 2 mPEG chains of either 6 or 12 kDa

(PEG GABA- NHS, see Fig. 2A) GCSF Mutein conjugated to 5 and | CkDa i near,
esterlam de 1 10 m PEG reagent (see Fig. 2B). m PEG Succi ni m dyl propionic
aci d-NHS (PEG SPA) reagents having nol ecul ar weights of 5, 10 15 and 20kDa
wer e purchased fA preferrShEEEHaf tis iPadnyiorels 8, GGIumttsinj Whieh hdd prbparees egeralengor

Rothe) | nc:SIBETOr PR SR 57 L e 0 156 B 1CSE BB Ui S e SE)° SoRAPEG

ur et hane |1 f i 2 i }
oha Dokba <egfinet SGOE BhosiRs Fisf, s7hd 17, W bl A E IR ARG o GOSEhmink)
Wi th an aveacidye thel tvteinf ha8 -idsBad vilasTiob T, g, éndoBer DEipestinaelyntGESE iMutkin) (Sex.

| vi tai nyi . Fig. 2G .. R ti i .20. The fact .
o o e s Bl shoh BT P BRSNS 0 e et 58 i o
a reaction,byiefepéneé.€i N to PEG reagent nolar ratio, and 5) protein

concentration. By controlling one or nore of these factors, one can direct
the reaction towards produci ng predom nantly nono-, di-) tri-, etc. PEG

conj ugat es. For :q) . ) L5 : r r mer's
SPA PEG 5000 (N 'ﬁﬁ?@@z@%@ ia%ﬁ%ﬁ‘*ncﬁcﬁé"}) aFéﬁSQ‘H?*ﬁ%“?ﬁ!“%ﬂ?@% hg)f" erlriXJer ature
4C) for nono- and 25 di-PEG and roomtenperature for tri-PEG 3) tine of
reactilon for nono-PEG 30 minutes; for di- and tri-PEG 4 hours and 4)
protein to reagent nolar ratio of 1: 30.0For_al |l reagents, the optinal
reaction conditions tfjo prooduce the desijfed PEG speci es were de";]ern‘i ned

i ndi vidually. They arje LT AR @ Ta i L& term hated by

aci di fying the reactifon ‘e%‘lf'érb)aﬁﬁzlévégzﬁﬁ at -~0C. 1? 2 s ~u~ 200 WO
00/ 44785 PCT/ US00/ 01264 Separating Modified amd Free GCSF Mutein fromthe
Reaction M xture (Sul fopropyl (SP) Cation Exchange) S The reaction m xture,
cont ai nigg approximately Smg protein, was diluted 10 to 20-fold with water
and the pH adjusted to 4.5 with glacial acetic acid. The diluted sanple was
then applied to glsppm?ﬁthislhwepm)dcdmlfmﬁioﬁs ﬁh@ﬁﬁmcﬂihﬂijﬁgﬁiesbwhcﬁéigﬁndlﬁlh‘dan
Separ ati ons i_bbst own) New Jersey) col um, ich was equilibrated wt

| OrVl anmoni h’rr?‘gg&“&‘t“@,g"éF‘I”A‘?@Wmﬁ%‘éMB@GS‘P?fhgent and reaction
byproducts were renoved in the flowthrough. The nodified 10 GCSF Miutei n was
eluted with a step gradient using 0.1 SMNaC 1 in the equilibration buffer.
The unnodi fi ed GUBrcdujugatenf thisiinventiog hesitht [same vies an GESE. Jn pprtighlat, titk comjugate

O SM NaC. 1 i he. equi libratj buffer.. The separ at ed F MiteinyP

conj uga?% mxt e °§t’ér‘i’sf=_€’??‘l°! TRt RRUGH h""€1°s .3_513‘,“%%%"% ‘Ef“s?‘iﬂ';g&d by
frozen,at - ZR¥mothérafyiiiase pRIidEas bek AW RinsPite inthEEéme WA GIEFSS used-to treat
Protein Determnatjon Protein concentrations of the purified GCSF Mitein

PEG conj ugathese genditionst dlomeyrsdthgsoniysate ofithis inyantion hes impmsed properties ingluding

solution. 2 - t‘%ﬂ\%?v RT Yol i :Fr@gs j 15%
pol yacryl am%%%g?éFs 0 ?@%%%%gﬁﬁépwgég%{gmgar |eﬁ§é8{é ) ’Hu%g‘?“?% ucing
condi tions,according to Laenm i, Nature 227:680 685, 1970. 25 Percent

Conposi tj,on et erainat i e _percent conposition of each species (nono-,
di-) tri&b) BES PIION, % LHE BIQURGAE \t ei n- PEG conj ugat e reaction mi xtures
was determned fromthe densitonetric neasurenments of Coomassie

bl ue- st ai ned SDS- PAGE gels (see Table 2). 12 2 0 JUL 2003 WO 001 44785
PCTI US00/ 01 ¥égnredt er nPrimaiyStructure s GCRMutein GCSE Mut ei n PEG coni uQat es The
total mass of PEG subsii d.in vario eparatj ons was erm ned fr

t he average PEG nol ecz.i’%l&?&&gfrﬂ’ﬁ??s % ‘#ﬁ?‘?@?ﬁ\ ‘Hﬁé QP" ﬁ‘ﬁﬁﬁ?gﬁgﬁ’ ?‘f?g“ms 1’?’%]'
conj ugates (nono) di &} #nd 17) wher@dsséhd 6P G2 RkiO€ GOSRAfiMd &cids) Bel rhilit¥in Hab nstead
nunber of PEG nol ecul es attached) and the percent conposition based on
densi torft ti c neasur eddhtldrn dyT.dsennsSeereppegivalY.ai ned SDS- PAGE. The tot al
PEG mass of a particular preparation is the sumof its individual PEG
masses. The individual PEG nass is calculated fromthe foll ow ng equation:
PEG nmass = PEG MW x # PEG nol ecul es x % Conposition 10 where PEG MW -
5) 1,0) 20 IcDa, etc. # PEG Molecules = 1, 2, 3 for nono, di, tri,
respectively. Mass spectronetry (MALD - TOFU has al so been used in the total
PEG -mass 15 detetm aatioa. In this instance, the nmass spectrum ~ al |l owed
the identification and the determ nation of the nol ecul ar wei ght of

i ndi vi dual PEG conjugates. The PEG MW attached to each PEG conjugate is
the total MW of individual PEG conjugates mnus the MW of GCSF Miutein (_
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20 for, storage. The strong cation exchange separation nethod ha? bﬁgp‘ 2003
scaled-up to a 30ng scale for the 20kDa SPA (am de) and 20kDa u gt e

conj ugat es. /rl_‘)é guantitative recoveries are obtained with this

procedur e. %@é&. ion and PEG Mass 25 The percent conposit iF&T/UOBEG nass
results are sunmarized in Table 2. In our experience, in the case of high
M W PEG conjugates (e.g. 20kDa SPA di PEG and 12 kDa GABA), identifying
PEG speci es based upon el ectrophorectic nobility to determ ne the
conposition of a reaction mxture is not very reliable. In order to

determ ne the PEG mass, and 30 identification of high MW and highly

subst i t ut edifEQ: c onjRegplation Reagemsrbi nati on of SDS 14 2 8 JUL 2003 WD

00l 44785 PCT/ US00/ 01264 PACE, SP-HPLC and MALDI - TOF- MS anal yses are
needed. However, nonopegyi ated and PEG conj ugates derived fromlow MW PEG
reagents (& .Sk 5,?,5% } f fd ! hrRaEHA t Rekh;
respecti veq:é%g%ACEDe%Po I rﬂg@@é&%ﬁ%?&c@ﬁiéﬁ?&glémwl néiaFﬁgyLﬂ,&iEQ{rgét huo{g,bmgl 1
EU ng of endot oxi n vehsiotgtafil¢ fod PEG radckioPEdkemnj ugat es except the one

derived _fromurethang reagenqt, _In this P oij,4ogat e, endot oxin was
detected only after ‘ﬁ?‘\*‘ﬁ{lr@ﬁ?‘ﬂﬁ“}?&g %@rﬁghgned that this is not due to
contam nation duri nogghiludticaBubflr-a0hM AR ASQER, pragzown material in
this sanple may have caused an inhibition in the LAL assay) at higher

protei n concentrati oRutieyoBuffess:(lut i 0A5MNaGlansauijibrtiombeffesubsequent | y
diluting the inhibitory material, L 0X} esult was observed.
Bioactivity 15 In vitro and i ni\/i v@'smé‘é{ ?’n\?elqﬁxﬁiggahgﬁhgffr GCSF Mut ei n PEG
conjugates are listed in Table 2. Generally, an inverse relationship
between the_ in vitro_activity and the deg}ree of subsjtution) as well as the

MW oflh h&Fipped: ar PEGGGSFSMutemActiyity oadiay Safteps Ringledpieption n in vivo

activity is observedgW h YR SS | «0f hst.l e,g.@s?E I"$ ¢

al so observed by ot hgérﬂsl&l%lsgt akgé~lnggc Msﬁ% Iga{f/fgwgstuﬁgaiﬁ?ebwl rééé%}%gqﬁzn%xg
17(3):157-60, 1992.) peglytatadsGEBE tMuitainezbnjugates;t drethe Hifth day fallomdng) adminisahtibicG
mol ecul es to the pol ypeptide packbone of F _Mitein prodyces sone farm of
conf or mat i onal phapgé@‘%!@ﬂm&ﬁ@?@él yedt 1@ ?ct%cé%?opﬂ"f’ﬁ’é ?‘?Hseragﬂwéﬁfs
thus [owering bindi nEcrﬁétBlei!cilYand|l&l@@ﬂb@i&éﬁnﬂaﬁ&dﬁb§‘%¢¥e€b&f&ﬂx@ﬂ;tthc resulting
incubation time of the in vitro assay is probably insuffcient to reach peak
activitld On the ot hesuttophilipountsevern standasdizedstayvehinlerdoptoli for eachiexperimgnt. Data
(days) and is term nated sever days el ,the injection of the drug. This
| onger incubation ti glawncrgg%feﬁgtkaew iﬁﬁ% qfﬁg}lg%gcggr%xﬂrcm ating half life
of the PEG GCSF Mutei n) conpensate for any loss in binding affinity due to

pegyl ation. _The end-result is attainnment of paximumin vivo bjoactivity.
Anot her hypBiEreESi s | dnorsese ipEMNceoynty as @; funguion f i BEG mass {kBa)owy ypidgfed urea
injected into mce. ki ¢ i | i P ge QAR sPUtBddant S
sonmehow continual |y élgk %@?ﬁaﬁg}‘ ﬁe{gléegﬁgf%#ﬁtgggﬁ ?lm ng&gléﬁgcssrﬁgeai negwrgler?ée%gie
of mi nu2@ anounts of PMN+0.2XZ8FVBIOSI nForl Sonjugated thafe NGO ud® @8gettt PAAN=0.157
PCT/ US00/ 01264 whi Ché\?ﬁﬁgﬁgts for the maintenance and enhancenent of in
vivo activity. However, " prodrug hypot hesis does not explain the
observed base line in vivo activity) 7 days after the initial dosing. The

prodrug nmechanismis unlikely because the am de bond between the protein
and PEG is Figmsite andPBGICCH MuteincAetiviydn Bay hafiena Singlejectior Mt ei n PEG

conj ugates studied, t N A ciivitjes.of GA- s 1P 0
ur et hane and 36kDa ur% acnec%sbﬁwg/rtsg éqxcgnHe céﬁi"ftga #ﬁg@ﬁ*@i%“g zr%ézg'fg léPqP%e
prepar akbons (See Fi qpegylatéd GCEFTfutein eonjughtes(drethelskventh day fatlowiny aimiisstion)

between the MW of the PEG nol ecule and an increased in vivo activity.is
observed. This is il |r&§w§¥°éd'wnpblge¢ éa"B&"WFfec?ai tedn c Caliss IPWW%%&HFS

are expresed as a fu j 7 : i1, A ) r

| i nked PEG conj ugat eg.gﬁkgg gggﬁféggﬁlaa?l%saérgggrgﬁé@%g ’ g?féj&éslﬁg ntcgt?ﬂ:h%E%%ts
Conj ugat es 15 After cwerefstandarizad tavehicle abntréiefor eachusxperimentc Haata Shown represent
bi ol ogi cal properties_ and dg_lég%d?vel,o nment issues anong the 15 PEG

conj ugates, the threelEMFERTE ol f TUFHRT 8B uation are: 1 ) P-12GA-1, 2)
20kDa SHBf and 3) 20kDa urethane. The 20kDa SPA-derived nono, di and tri PEG
conjugates present in the SP-purified reaction mxture, were evaluated in a
Head-t o- head 20 conparsion which showed that all three naintai ned high
granul opoi etic activity in female ' C57BL/gd mce for 5 days with a single
dose of 25.2~cg (Table 3 and Figure 4). In contrast, daily doses of the
unnodi fied GCSF Mutein were needed to maintain simlar activities (data not
shown). In all but two cases (20kDa SPA and P-12GA-1)) in vivo activity
returned to normal levels on day 7 after the initial dosing of the mce
(Figure ~. Both the 20kDa SPA and P-12GA 25 1 conjugates exhibited

S o - o, o o o
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Figure 9: Murine PBSC Mobilization Colony Assay
Figure 10: = Murine PBSC Mobilization Colony Assay
Figure 11:  Murine PBSC Mobilization Colony Assay

DETAILED DESCRIPTION OF THE INVENTION

The claimed invention is a physiologically active PEG-GCSF conjugate having the
formula

o]

) 1

[ RO(C"*:CF&O)nCHzCHz-ON'rj

®

m

where G is a granulocyte colony stimulating factor less the amino groups thereof which
participate in an amide bond with a polyethylene glycol moiety as shown in formula I, R is lower

alkyl, n is an integer of from 420 to 550, and m is an integer from 1 to 5.

The numbers n and m are selected such that the resulting conjugate of Formula I has a
physiological activity comparable to unmodified GCSF, which activity may represent the same
as, more than, or a fraction of the corresponding activity of unmodified GCSF. n represents the
number of ethylene oxide residues in the PEG unit. A single PEG subunit of OCH,CH, has a
molecular weight of about 44 daltons. m represents the number of PEG units attached to the

GCSF molecule. A conjugate of this invention may have one, two, three, four, five or six PEG
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n may have a value of 420 to 550, producing a conjugate in which each PEG unit has an
5 average molecular weight of from about 18 kilodaltons to about 25 kilodaltons per PEG unit.
Preferably, n has a value of 450 to 490, producing a conjugate in which each PEG unit has an
average molecular weight of about 20 kilodaltons. m may have a value of I, 2, 3, 4,0r 5. A
preferred m is 1-4, and an especially preferred m is 2. The molecular weight range of the PEG
portion of the conjugates of this invention is from about 18 kilodaltons (n=420, m=1) to about
10 125 kilodaltons (n=550, m=5). When n is from 420 to 550 and m is an integer from 1 to 4, the
molecular weight range of the PEG portion of the conjugates of this invention is from about 18
kilodaltons (n=420, m=1) to about 97 kilodaltons (n=550; m=4). A molecular weight of “about™
a certain number means that it is within a reasonable range of that number as determined by
conventional analytical techniques.
15
In a preferred conjugate n is 450 to 490 and m is 1-4, in which case the molecular weight
range of the PEG portion of the conjugates is from about 20 kilodaltons (n=450; m=1) to about
86 kilodaltons (n=490; m=4). In another preferred conjugate n is 420 to 550 and m is 2, in which
case the molecular weight range of the PEG portion of the conjugates is from about 37
20  kilodaltons (n=420) to about 48 kilodaltons (n=550). In an especially preferred conjugate n is
450 to 490 and m is 2, in which case the molecular weight range of the PEG portion of the
conjugates is from about 40 kilodaltons (n=450) to about 43 kilodaltons (n=490).

R may be any lower alkyl, by which is meant an alkyl group having from one to six

25  carbon atoms such as methyl, ethyl, isopropyl, etc. Branched alkyls are included. A preferred
alkyl is methyl.

By GCSF is meant the natural or recombinant protein, preferably human, as obtained
from any conventional source such as tissues, protein synthesis, cell culture with nawral or

30 recombinant cells. Any protein having the activity of GCSF, such as muteins or otherwise
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Coniusated to rhG CSF Mutein Modification of GCSF mutein with 20 | cDa

met hoxy- PEG succi ni mi dyl propionic acid 5 (SPA) was perfornmed as foll ows.
PEG reagent was dissolved in distilled water at a concentration of -200
ng/ M and added ,to the G CSF nut.ein solution.q('}-- m%in nmol ar ratio
of from 4 MPAHiFdErofeing it FCAMPEETe RP INAH I RUBIE KO 3B P B OFtRAS
at 4C t0 Bl i?RellRbd (8de, Riflesafnpe UAL PhBR NV, 910,041 Canfi 825321 1) th k@il
acetic acid was added to stop the reaction. Pegyl ated G_CSIE Mutein (al so
referred tof whickR@Gncomposatecdhranein by referenpe;. r & prefemed GEDF agnivgare fis @epnjugate with'

10 excess R ent.,..an I Gl tel d buffer conponents present
during the G@ﬁﬁ%g‘&ggﬁsgn%dﬁélg‘gw%%&}e%t;rzgg’ég]prot ei n, N-hydroxysucci ni m de

and pol get hyl ene gl ycol -carboxylic acf d' are produced as reaction

byproducts. PEGG was purifjed using canon exchange_ chronat ography foll owed
by ultrafiltratFBaphysiplogicaldy ective seniegaterffgendsi han{SGREs agtivitycly whigh iempany

ith 20 ~ ' 4 LoR Witk a i ' i.d
or adi ont_scnn i Rk Cor ot oESH sk e ek 7L B Rl 30
Subsequent the, arul Inrpaftictilay, aei conjugkitedf thisrinventdon havs GCSEdctivitycasrshowh batie dbilery
PEGG to -4.0. ny/ d t the buff 0 dj tate) 50 mM
codi um ohi & FREPSRI cainto GBS KRNy RETBHE CRSG: SHTH RELAY Fof CrAesah icod
out under tdbRrkiARd by BRAA welﬁm%qbw%&xgﬂakMs !dgﬁrxﬁéﬁlga?@;tﬁg@%?%sl:

chr omat ogr aphy, an I's has denonstrated the reproducibility o
mut ei n pegyisand, eh ak,daun.tBharmacdl Fhere (PP b 1952767 23 E3; i Yamasaks ctandnBiochtred(1694)oe

reproduci bl,e.idy ,rdins 0 2 fi = yi el d) under the follow ng
opti nt un céﬁﬁ@r‘aﬁ@zﬂ%ﬁfbﬁv‘i%&d&@é?ﬁﬁﬁg{’io of 4 to 6:1; pH-7.5, 4G,
20 hours. The average percent 25 conposition of the m xture of PEGG s was
determ ned to be 21.7% nmono- PEGG (%RSD = 16.6), 60.3% di - PEGG (%RSD =6. 63)
15. 1% t r i - Pihecoppeaeref Foymuladds progysedey eovaipmdinkegrspf-o GCSF) with astngoinimidy
Tabl e 4. 2 2 A > 35 PCTNS00/ 01264 Tabl e 4: Cation
Exchangle5 A é?pfélga%g%qg#%%efg%?&corrposi tion of Mono, D, Tri, and
Tetra_ PEGG in Five PEGG Syntheses and Purification Runs Run

Nunber Mono- PEGG (%RSD, Five determ nations) )y - PEGG (%RSD, Five

determ nations) Tri - PEGG (%RSD, Five dgjerm i ons) Tetra- PEGG (YRSD, Five
determ nations) 121. 9% (8. 0} 60. 3% ( 2. 2)[[L5. 1% ( 272N2. 7% (4. 7) 227. 5%
(2.3}54.4% (1.0) 15. 7%@(@){@&. é%d-ﬂzci%b, B%-f/. 1) 65. 5% (0. 6) 14, 3% (6.6) 2. 0%
(9.3}421. 7% (2.7)60.1% (1.70) 12780 (0.55) 3. 5% ( 519.2% (1.8)61. 3%

(0.9)15. 7% (3.7)3.8% (4.5) Aver aged21. 7% ( 16. 6)¥60. 3%
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bl ood "stent cells: where there is snoke, is there fire? ''Experi nental
Hemat ol ogy 23: 293 (1995). Follow ng stinulation of PBSC) the nobilized
cells are harvested by |eukapheresis and cPyopreserved until such tine as
they are needed. Current clinical protocols call for repeated collection of
PBSC concentrates by | eukapheresis foll owi ng standard hi gh-dose
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with growmh factors, sonetines |lasting two weeks or nore. Bragger, W
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1. A physiologically active conjugate having the formula Ol mwherein Gis
a granul ocyte colony stinulating factor | ess the am no group or groups

t her eof whi ch f Snrifitiommethods sutheagecation xchapge ghrorhatbgraphygingy de used ot Separate
the conjugate, R is |ower kyl; n..s an integer fnm 420 to 550: and ~mis
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claim2 wherein mis an integer troml to 4 The conjugate of claimi4
wherein mis 2. 6. The conjugate of claim1l wherein the granul ocyte col ony
stinmulating factor is GCSF Miutei n having t8he sequence shown in Figure 1. 7.
The conjugate of claim1l wherein nis tom450 to 490. 8. The conjugate of
claim1l wherein mis an integer froml1l to 4. 9. The conjugate of claim$8
wherein mis 2. 27 2 8 JUL 2003 10. The conjugate of claim 1l wherein the
granul ocyte colony stimulating factor is GCSF Miutei n having the sequence
shown in Figure 1. 11. The conjugate of claim 1) which has a | onger
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6. Urethane Linker
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PEG tnass PEG M. W X # PEG molecules x % Composition
where

PEG M.W.‘- 5, 1.0, 20 kDa, etc.

# PEG Molecules = 1, 2, 3 for mono, di, tri, respectively.

—
o

Mass spectrometry (MALDI-TOF) has also been used in the total PEG mass
15 determination. In this instance, the mass spectrum allowed the identification and the
determination of the molecular weight of individual PEG conjugates. The PEG M.W. attached
to each PEG conjugate is the total M.W. of individual PEG conjugates minus the M.W. of GCSF
Mutein (18.9kDa). These values mulitiplied by % composition, yield individual PEG masses;

their sum is the total PEG mass.

20
}
Both methods have been utilized for determining the PEG masses of various preparation.
The results are summarized in Table 2.
Determination of Endotoxin Levels
25 Endotoxin levels were determined using the LAL method, according to the

manufacturer’s instructions (Associates of Cape Cod, Inc., Woods Hople, Massachusetts).
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Generally, results indicate that less reactive reagents, such as the urea linker, require
higher pH, temperature, and protein:reagent molar ratio, as well as longer reaction time, to obtain

the desired amount of conjugation (see Tables 1 and 2).

Separation of Modified and Free GCSF Mutein from the Reaction Mixture

A typical elution profile is shown in Figure 4. In addition to cation exchange
chromatography, additional steps such as gel permeation chromatography may be required to
remove trace contaminants and endotoxin, and to perform buffer exchange of the final product
for storage. The strong cation exchange separation method has been scaled-up to a 30mg scale
for the 20kDa SPA (amide) and 20kDa urethane conjugates. Nearly quantitative recoveries are
obtained with this procedure.

% Composition and PEG Mass

The percent composition and PEG mass results are summarized in Table 2. In our
experience, in the case of high M.W. PEG conjugates (e.g. 20kDa SPA diPEG and 12 kDa
GABA), identifying PEG species based upon electrophorectic mobility to determine the %
composition of a reaction mixture is not very reliable. In order to determine the PEG mass, and

identification of high M.W. and highly substituted PEG conjugates, a combination of SDS-
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109" & () Pery coriaas ' 0a} S8 e
Tooar & () T8 COTpERgved FOHIoR Mw, PEGTRR (el Skl Ga Bel derfifet ity
109" & () ake?uatélﬁ%ih&e(xr)redp&nvt(S%S EAGEptdﬁlele%l & ()-/#3K: " &

T10%" & () -/~~~ ~?2,& T10%& T 10%"& ()-/& 10%" & () - /& “10%" & ()-/&
“10%" & ()-/& 10" & () -/ & T 10WM" & () -/ ~~~~~~~ @& “109%& 109" & ()-/&
0%1'&5()17,‘:{3“03&/%\'&() /& 10%" & () - /& 10%" & () - /)#3K ~~~~~~~ ~C &
T10% C 10%h" & 0 )-/#3K " & T10%"& ()-/& 10%"& ()-/& 10%"& ()-/&
T10%h" & () -/~ L, & "10%" & ()-/& " 10%m" & ()-/& " 10%" & ()-/#3K "~ &
T10% & () -/ & % &. -/~(~%\’?&‘10‘V %‘?%} 'A< &.
Tovhr & ()1 ok A AL ol 21 Frlih o oot g et of 26 Clgpgares
T10%" & () a&%’ﬁKﬂxe&nc Berided Srom ufe&aan&f!lﬁ’gex& (n M&PEG%J%&) edd&toxm was detected
109" & ()-/+-./3dD, & T10%& "~ 10%h" & (3 /& " 109" #3K: °
only after dilution. It has been confirmed that this is not due to contaxmnatmn during dilution
10 and therefore some unknown material in this sample may have caused an inhibition in the LAL
assay, at higher protein concentration. Upon dilution of the sample, and subsequently diluting
the inhibitory material, a positive endotoxin result was observed.
Bioactivity

15
‘ In vitro and in vivo bioactivities of all GCSF Mutein PEG conjugates are listed in Table
2. Generally, an inverse relationship between the in vitro activity and the degree of subsitution,
as well as the M.W. of the PEG, are observed. In contrast, an enhancement in in vivo activity is
observed with increasing M.W. of the substituted PEG. This is also observed by others (Satako-
20  Ishikawa, et al, Cell Struct Funct. 17(3):157-60, 1992.). It is postulated that the chemical
attachment of PEG molecules to the polypeptide backbone of GCSF Mutein produces some form
of conformational changes which adversely affect receptor/ligand interactions thus lowering
binding affinity. In addition, the relatively short incubation time of the in vitro assay is probably
insufficient to reach peak activity. On the other hand, the in vivo assay in mice is much longer
25  (days) and is terminated several days after the injection of the drug. This longer incubation time,
combined with the increased circulating half-life of the PEG-GCSF Mutein, compensate for any
loss in binding affinity due to pegylation. The end-result is attainment of maximum in vivo
bioactivity. Another hypothesis is that PEG-GCSF Mutein is acting as a prodrug when injected
into mice. In this situation, the PEG moiety of PEG-GCSF Mutein is somehow continually

30 being cleaved off, resulting in a sustained release of minute amounts of free GCSF Mutein,
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&0() - OD8 Overall, a direct relationship between the M.W. of the PEG molecule and an increased in

vivo activity is observed. This is illustrated in Figure 5, where the increase in PMN counts are

expresed as a function of the total PEG mass in amide (SPA) and urea linked PEG conjugates.

Selection and Characteristics of GCSF Mutein PEG Conjugates

After careful evaluation of the conjugation chemistry, biological properties and drug
development issues among the 15 PEG conjugates, the three chosen for further evaluation are: 1)
P-12GA-1, 2) 20kDa SPA and 3) 20kDa urethane. The 20kDa SPA-derived mono, di and triPEG
conjugates present in the SP-purified reaction mixture, were evaluated in a Head-to-head
comparsion which showed that all three maintained high granulopoietic activity in female
C57BL/6J mice for 5 days with a single dose of 25.2pg (Table 3 and Figure 4). In contrast, daily
doses of the unmodified GCSF Mutein were needed to maintain similar activities (data not
shown). In all but two cases (20kDa SPA and P-12GA-1), in vivo activity retumed to normal
levels on day 7 after the initial dosing of the mice (Figure 6). Both the 20kDa SPA and P-12GA-
1 conjugates exhibited increased activity at the lower dosage of 8.4ug and returned to normal
levels on day 7 (see Table 3). The percent composition data (Table 3) indicates that both the
20kDa SPA and P-12GA-1 preparations contain approximately 50% dimer and the remaining
50% is distributed between monomer and trimer. The 20kDa urcthane reagent produces
predominantly mono-PEG under the experimental conditions used (see Table 3). The in vitro

activity of all PEG conjugates evaluated, including the predominantly monomeric urethane
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the 20kDa urethane linker preparations exhibited good in vivo activity profiles. The 20kDa PEG-

10 GCSF Mutein exhibited the best overall properties, including economics of production.
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Table 3. Composition, PEG Mass, Pegylated Sites and Bioactivity Data of the Three Lead Molecules
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On day 5 and day 7 following initiation of dosing, venous blood samples were taken and differential leuko

Female C57BL/6J mice were administered 8.4 or 25.2ug of either ND-28 daily or a single dose of PEG co
analysis was performed.

*Based on Densitometric measurements of Coomassie-stained SDS-PAGE

*+Determined by MALDI TOF MS
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~7.5. At the end of the reaction, glacial acetic acid was added to stop the reaction. Pegylated

GCSF Mutein (also referred to as PEGG) was then purified from residual unmodified mutein,

'10  excess PEG reagent, and other impurities and buffer components present during the modification.
Along with pegylated protein, N-hydroxysuccinimide and polyethylene glycol-carboxylic acid
are produced as reaction byproducts. ' \

i’EGG was purified using cation exchange chromatography followed by ultrafiltration.

15  The cation exchange column was loaded and washed with 20 mM sodium acetate, pH 4.0.
Elution with a linear sodium chloride gradient separated PEGG from all other components in the
reaction mixture. Subsequently, ultrafiltration/diafiltration was used to concentrate the PEGG to

~4.0 mg/mL and to change the buffer to 20 mM sodium acetate, 50 mM sodium chloride, pH 6.0.

20 Five pegylations and purification runs carried out under the conditions listed above were
analyzed using cation exchange chromatography, and this has demonstrated the reproducibility
of the G-CSF mutein pegylation reaction. The pegylation reaction was demonstrated to be
reproducible in runs up to 2.5 g (final PEGG yield) under the following optimum conditions:
20kDa-SPA-PEG:mutein ratio of 4 to 6:1; pH ~7.5, 4°C, 20 hours. The average percent

25 composition of the mixture of PEGG's was determined to be 21.7% mono-PEGG (%RSD =
16.6), 60.3% di-PEGG (%RSD =6.6), 15.1% wi-PEGG (%RSD=4.0), and 2.9% tetra-PEGG
(%RSD=26.1), as shown in Table 4.
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D8 27.5% (2.3) 54.4% (1.0) 15.7% (0.8) 2.4% (1.2)

3 18.2% (7.1) 65.5% (0.6) 14.3% (6.6) 2.0% (9.3)

4 21.7% (2.7) 60.1% (1.0) 14.8% (0.5) 3.5% (Q9)

5 19.2% (1.8) 61.3% (0.9) 15.7% (3.7) 3.8% (4.5)

Averaged 21.7% (16.6) | 60.3% (6.6) 15.1%(4.0)- 2.9%(26.1)

Composition
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Mobilization of hematopoietic stem and progenitor cell subpopulations from the marrow to the

) blood of mice following cyclophosphamide and/or granulocyte colony-stimulating factor. Blood
10 \_8_1_: 1960 (1993). The recruitment of peripheral blood stem cells (PBSC) can help shorten
hematopoietic recovery in patients witl; chemoﬁxerpay-induced bone marrow hypoplasia or thost;
undergoing other myeloablative treatments. Roberts, AW and Metcalf, D: Granulocyte colony-
stimulating factor induces selective elevations of progenitor cells in the peripheral blood of mice.
—Experimental Hematology 22: 1156 (1994). Both growth factors and chemotherapeutic drugs
15  have been used to stimulate mobilization. Bodine, D: Mobilization of peripheral blood "stem"
cells: where there is smoke, is there fire? “Experimental Hematology 23: 293 (1995).
Following stimulation of PBSC, the mobilized cells are harvested by leukapheresis and
cryopreserved until such time as they are needed. Current clinical protocols call for repeated
collection of PBSC concentrates by leukapheresis following standard high-dose chemotherapy
, (CHT) and repeated daily dosing or continuous infusion thh growth factors, sometimes lasting
two weeks or more. Brugger, W, Bross, K, Frisch, J, Dem, P, Weber, B, Mertelsmann, R and
Kanz, L: Mobilization of peripheral blood progenitor cells by sequential administration of
Interleukin-3  and  granulocyte-macrophage  colony-stimulating  factor  following
polychemotherapy with etoposide, ifosfamide, and cisplatin. ﬁfdod 79: 1193 (1992). The
S studies described below were performed with two mouse models of PBSC mobilization, the first
in normal mice, and the second in a chemotherapy model. The experiments demonstrate the
increased efficacy of pegylated G-CSF Mutein in accordance with this invention (PEGG), as
compared to NEUPOGEN (G-CSF), to effect mobilization of stem cells. The superiority of the

pegylated mutein in a significamily reduced and more efficient dosing regimen is clearly
30 established as well.
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included G-CSF- and cyclophosphamide (Cytoxan)-induced mobilization, as well as a

combination treatment using both CHT and the cytokine.

10
Materials and Methods: 6- to 10-week-old female C57BL/6J mice, purchased from The

Jackson Laboratory, were used in all experiments. The mice were injected IP on day -1 with
either 200 mg/kg Cytoxan, or phosphate buffered saline (PBS) vehicle. On day 0, the animals
were injected SC with 0.1 ml of either NEUPOGEN (GCSF), PEGG (20 kD SPA-linked
15  pegylated mutein, Lot #P20W3), or PBS vehicle containing 1% normal mouse serum. Mice
receiving Neupogen were given daily injections of the same dose, while all other mice received
vehicle. On the day of sacrifice, peripheral blood was collected from the retroorbital sinus of
anesthetized mice into EDTA-containing tubes. For each group, a small volume of pooled whole
blood was added to triplicate 35mm? tissue culture dishes containing 1000 U/ml recombinant
20 mouse (rm) Interleukin-3, 100 ng/ml rm stem cell factor, and 1000 U/ml rm Interleukin-6, in a
toal of 1 ml RPMI 1640 medium supplemented with 15% fetal bovine serum and 0.35% and
0.35% Difco agar. The solidified agar cultures were incubated for one week at 37°C in a

humidified 5% CO, in air atmosphere. Colonies were enumerated using a stereo dissecting
microscope under dark field illumination.
25

Results: In the first study shown, normal mice received daily injections of 25 pg/mouse
NEUPOGEN on days 0 - 5, or a single injection of 25 pg/mouse PEGG on day 0. Mice were
sacrificed on days 3 - 7. As seen in Figure 7, mobilization as demonstrated by colony formation
was significantly increased in NEUPOGEN-injected mice on days 3 and 4, but gradually began

30 to return to baseline levels by day 5 (despitt NEUPOGEN injections through day 5). Mice
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109% ™" & (e QR8 da])'roto{,b with & )gia%% return to baseline levels on subsequent days. Both the
- NEUPOGEN and PEGG groups peaked on day 5, demonstrating highly elevated colony
1v | numbers. However, the Cytoxan + PEGG values remained very significantly elevated over those
in the Cytoxan + NEUPOGEN group through days 6 and 7. Figure 9 demonstrates the

synergistic effect of combination therapy over that of Cytoxan or G-CSF alone.

A second study is shown in Figures 10 and 11. Normal mice receiving daily injections of
15 a lower; 3. pg/mouse dose of NEUPOGEN for 10 consecutive days demonstrated a relatively low
level of "multiphasic" mobilization throughout the time course examined. Animals injected with
a single 3 pg/mouse dose of PEGG displayed approximately five times that number of mobilized -
progenitors in the peripheral circulation by day 4, although the effect was single burst which was
essentially over within 6 days.
on
In Cytoxan-injected mice, a single dose of 3 pg/mouse PEGG induced roughly an
equivalent amount of PBSC mobilization as 30 pg/mouse of NEUPOGEN injected in 10 daily
doses of 3 pg/day (Fig. 11). Both groups peaked in mobilization of progenitors on day 5, and the
magnitude of the peaks was identical. The only difference appeared to be a slightly longer
5  lingering effect of NEUPOGEN. The numbers of colonies in the CHT model were 4 - 10 times

higher than those in the normal mouse model.
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10% "' & (D8 10% "' & ()-0D8 10% "' & ()-0D8 10% "' & ()-0D8 10% "' & () - 0D8
10% "' & ()-0 x\@tXD8 10% "' & ()-0D8 10% "' & ()-0D8 10% "' & () - 0D8

10% "' & ()-OkcPk iq pT8D8 109% "' &D8 10% "' & ()-0&D8 10% "' & () - 0&D8
10% "' & ()-08&D8 10% "' & ()-0D8 10% "' & ()-0D8 10% "' & ()-0D8

10% "' & seEBmE 096 "' &D8 10% "' & ()-0&D8 10% "' & ()-0&D8 10% "' & () - 0D8
10% "' & ()-0D8 10% "' & ()-0D8 10% "' & ()-0D8 10% "' & () - OxX<t pT8D8
10% "' &D8 109% "' & ()-0D8 109% "' & ()-0D8 10% "' & ()- OKkcPKk iq #$Y%&()*kCBD8
10908 10% "' &.() - ObEhyYaicalfy oo dhavic thd 1B 10% ' & () 008

10% "' & ()-0D8 109% ""& ()-0D8 109 " & ()-0*/ 01347kK3D8 10908 10% "' & (D8
10% "' & ()-0D8 10% "' & ()-0D8 1(d6 "' & ()-0D8 10% "' & ()-0D8 10% "' & () - 0D8
10% "' & ()-0789: ; £x\ @KD8 109% "' | (]-0D8 10% "' & ()- 0908 10% "' & () - 0D8

10% "' & () - OkcPk '%55?&@%&5 10% "' & (- 0D8'110% "' & () - 00D8
10% "' & ()-00D8 109% ” "& ()-0D8-10% "' & ()-0D8

10% "' & () - OPQRSTUt gk+D8D8 109% "' & {)n OD8 109% "' & ()-00D8 109D8
10% "' & () - 0D8

N wherein G is a granulocyte colony stimulating factor less the amino group or
groups thereof which form an amide linkage with a polyethylene glycol moiety in
the conjugate; R is lower alkyl; n is an integer from 420 to 550; and ‘m is an
integer from 1 to 5.

2. The conjugate of claim 1 wherein R is methyl.
3. The conjugate of claim 2 wherein n is from 450 to 490.
4. The conjugate of claim 2 wherein m is an integer from 1 to 4.

) s. The conjugate of claim 4 wherein m is 2.

6. The conjugate of claim 1 wherein the granulocyte colony stimulating factor is
GCSF Mutein having the sequence shown in Figure 1.

7. The conjugate of claim 1 wherein n is from 450 to 490.
8. The conjugate of claim 1 wherein m is an integer from 1 to 4.

9. The conjugate of claim 8 whereinm is 2.
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10% "' & ()-0D8 10%"' & ()-0D8 10% "' & ()-0D8 10% "' & ()- OU\""Xf’é\ﬁE%
10% "' & ()-0D8 10% "' & ()-0"D8 10% "' & ()-0D8 10% "' & ()- OkcPk 3
Z[\~ " abpT8D8 10% "' &D8 10% "' & ()-0&D8 10% "' & ()-0&D8 10% "' & () 0&D8
10% ™ & ()-0D8 10% "' & ()-0D8 10% "' & ()-0D8 10% "' & () - Obcdef gt pT8D8
10% "' &D8 10% "' & ()-0&D8 10% "' & ()-0&D8 10% "' & ()-0D8 10% "' & ()-0D8 -
10% "' & ()-0D8 10% "' & ()-0D8 10% "' & () - Oghi moxX< pD8 10% "' & () - 0D8

10% "' & ()-0D8 10% "' & ()-0D8 10% "' & ()-OkcPk iq oprvx~dDD8 10% "' & ()-0D8
D8 10% "' & ()-0D8 10% "' & ()-0D8 10% "’ & ()-0D8 10% "' & ()-0D8

10% "' & ()-0D8 10% "' & ()-01 P010% D8 10% "' & ()-0D8 10% "' & ()-0D8

10% "' & () - oBB 10Be"cogjugate @bglaimy ok whegein the granylgoyte ceéow-semlatmg factor is

10% "' & () - 0kCB1 109% "' & () - 0D8

10% "' & 8 0D8 1%9‘8 %%?‘?ﬁ?fﬁgﬂg%ﬁgﬁé& %00853*’ &@&01 & () - 0xX< f<)D8
10% "' & ()-0D8 10% "' & ()-0D8 10% "' & () OkcPk ig D8 10%"' & ()-0gG+10D8
10% "' & () - 00D8 10% "' & ()-0D8 10% "' & ()-0D8 10% " &@é) 0D8 10% "' & ()-0D8
10% "' & () - 10Bke cogjugye @Smmwmebea% dpngereriyoplay Bifs andgreaterGmg

10% "' & 0D8 10%,

10% "' & 8 ot x<059/10 é"&%ﬁﬁ%o%é%‘%"( Bﬁe%%gﬁdi?gf?{’%?ﬁg@ﬁ%gmgﬂ‘?om Pk

i q gG710D8 10D8 I1éiDshyls@iffulatifs faptofiD8 10% "' & ()-0D8 10% "' & () - 0D8
10% "' & ()-0D8 109% "' & ()-0D8 10% "' & ()- Ogk/ 10D8 10% "' & () - 0D8
10% "' & ()-0D8 10% "' & ()-0D8 10% "' & ()-0D8 10% "' & ()-0D8 10% "' & () - 0D8

12.  The conjugate of claim 11, wherein the granulocyte colony stimulating factor is
GCSF Mutein having the sequence shown in Figure 1.

13. A physiologically active conjugate having the formula

o)

[ untcw.,cw»!—w}———s !

m

wherein R is methyl; n is an integer from 450 to 490; m is 2; and G is GCSF
Mutein having the sequence shown in Figure 1 less the amino groups thereof
which form an amide linkage with a polyethylene glycol moiety in the conjugate.

14. A composition comprising physiologically active conjugates having the formula

o

) .

1

m
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10% "' & ()-0@gD8 10% "' & ()-OkcPk iq D8 10% "' & ()-0D8 10% "
109" & ()-0I L, D8 DB 10% "' & ()-0D8 10%" & ()-O0D8 10% "' & ()- o J0E°2003

10% "' & ()-0D8 10% "' & ()-0D8 10% "' & ()-0D8 10% "' & ()-0 kO D8 D8

10% "' & ()-0D8 10% "' & ()-0D8 10% "' & ()-0D8 10% "' & ()-00D8 10% "' & () - 0D8
10% "' & ()-0(D8 10% "' & ()-0"#$9%& kCBD8 D8 10% "' & ()-0D8 10% "' & ()-0D8™
10% "' & ()-0D8 10% "' & ()-0D8 10% "' & ()-0D8 10% "' & () - 0D8

109% "' & ()-0' ()*+, x\ @kOD8 10% "' & ()-0D8 10% "' & ()-0D8 10% "' & () - OkcPk
iq D8 10% "' & ()-0, -/ 01345 PAD8 109% D8 10%"'&'() OD8 10% "' & ()-0D8

109%"* & ()-0D8 109 "' & ()-0D8 109" & 0% "
10% "' & () - 05678 ef%tﬁen T e A 1%3 g@%&)'st@[%m@}gewr less

10% "' & ()-0D8 1084 ", Oy 0%rre, 0;
<20 @ o8 109 1 ZHRC (i g s ndrtol Wi, 5 7 5 b e L o
i g DIKLNPQYgK+DD&oly@hylens! glycob BBiety0 b tHeStqnjugd@EBR 1i004ath &f (ﬂ)e Odfugates is

10% "' & ()-0D8 10% "' & %" & ()- 0% " At X+DD8
10% "' & 8 0D8 10‘&%%‘& Yﬂ’ét"( c%“‘l "9%65’“165%“1‘6&“‘? %’5“;668'“‘%“
10% "' & ()-0D8 1086m 480 {)55008 eAh%¥ thefohj g&es R0 indbdehadAlly A0 Wrepedirdm 1058
10% "' & ()-0D8 10% "' & ()-0D8 10% "' & ()-OkcPK iq i) kI mhwxt T 10% "' D8

102/ " & ()-08&D8 1ﬂ<>)§x$ 'pareentageDef qommm&wh)mgm?{sm% frm&:l shtmo Toonty-fige () - 0D8
10% 10 & ()~ 008 10%cenft ol pRRLAAdE bt R ner D ROt ¥ ) Plicy-si

percent; the percentage of conjugates where m is 3 is from twelve to sixteen

percent; and the percentage of conjugates where m is 4 is up to five percent.
15.  The composition of claim 14, wherein R is methyl in each of the conjugates.

16.  The composition of claim 14, wherein n and R are the same in each of the

conjugates,
17.  The composition of claim 14 wherein n is from 450 to 490.

18.  The composition of claim 14 where in each of the conjugates the granulocyte:

colony stimulating factor is GCSF Mutein having the sequence shown in Figure 1.

19. The composition according to claim 1 wherein R is methyl; n in each of the
conjugates is the same and is an integer from 450 to 490; G is GCSF Mutein having
the sequence shown in Figure 1 less the amino groups thereof which form an amide
linkage with a polyethylene glycol moiety in the conjugate; in each of the conjugates
m is independently an integer from 1 to 4; the percentage of conjugates where mis 1
is from eighteen to twenty-five percent; the percentage of conjugates where mis 2 is
from fifty to sixty-six percent; the percentage of conjugates where m is 3 is from
twelve to sixteen percent; and the percentage of conjugates where m is 4 is up to five
percent.
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