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POLYETHYLENE GLYCOL- G CSF CONJUGATE TECHNI CAL FI ELD

The present invention relates to a three-branched
WEHBSOMWEF conj ugat e. BACKGROUND ART Col ony stPOIIKRR2I0GH04908

factor(CSF). as a glycoprotein acting on production,

di vision and activity of hematopoietic cell, is

classified into granul ocyte golony stinulating

factor (G CSF). macrophage col ony stimulating

factor (M CSF).,. granul ocyte-nmacrophage col on

stimul atin§ HKM@QLY%%'F'QgF&?Ngd%TEH ng

factor(multi-CSF), etc. It is known that G CSF

i ncreases rel easing of matured neutrophils into

peri pheral blood by fd#CHNM AbgFiEIdducti on and

divi si f t hili t. ho mar.r ow,
R E S TBRAGR STRE et pliernpea el et seeveT b
neutrophils; represents an anti body dependent cell

nmedi ated cytotoxicity; generates superoxides; and
i ncreases reactivity BASIKGSROIMNPoAREt i ¢ factor. Human

ar sihdul ating factor (hG CSF .
0SB T T o SR AT S i . o
activit§ DI heshavploietietcell is ciagsifid%8 o gfﬂﬁuroesil@%id??mimulating factor(G-CSF).
0]

hG CSF(rhG CSF) was produced by cl oni ng gene from ‘
macropRpgq sHpmy yigklagng fadei MceBF). erandemtermagroghage syopa stimulating

Lesi E. . Ln clinical
fac R €SP L b Colob St i FE MmN G, N or i ma

of protein w thout glycosylation, produced in
Escherichi a col |, d Il enograstimw th glycosyl atian, .
pr dlit EBOVR B ﬁrﬁ cé‘?qr?as?snreé%?é@go& Defure nRereptds into peripheral

bloo&! thyn ifé@l'itlab{n% MGfeRbn hAd QiR 3¢ rﬂeﬂir@ﬁﬂiﬁé gﬁ’e t (%r bone marrow;
~ nore a day for decreasing |eukocyte because r F
induggssa splaigoeitticdaetatiyohy oictipitamamtired)i reatrogifse atpreJemiss an  antibody

e E R LY BRSSO Sk R rscivity s
chemydgic-faqbtibl e pol yner, thereby devel oping the drug to
have a | ong duration of activity and

Human granulocyte colony stimulating factor(hG-CSF) was firstly separated from
bladder carcinoma cell line 5637 by Welt ef al. in 1985, and recombinant hG-CSF(rhG-CSF)
was produced by cloning of gene from ¢cDNA library of a cancer cell by Nagata et «l.. Souza
et al. in 1986. rhG-CSF currently used in clinical trials is filgrastim binding methionine at N-
terminal of protein without glycosylation, produced in Escherichia coli, and lenograstim with

glycosylation, produced in animal cell.

In case of using rhG-CSF clinically, rhG-CSF has to be administrated once or more a day for
decreasing leukocyte because rhG-CSF has a short duration of pharmacological effect. Thus.
many studies have been conducted to increase a half-life of circulation of rhG-CSF using
water-soluble polymer, thereby developing the drug to have a long duration of activity and

high stability, and decreasing the frequency of administration.

And, polyethylene glycol in the water-soluble polymer is strongly hydrophilic, and can

increase solubility at the time of bonding with protein for treatment. Also. polyethylene
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high stability, and decreasing the frequency of

adm ni stration. And, polyethylene glycol in the
wowriene®ael ubl e pol ymer is strongly hydrophil i CPCER&2@81004908

increase solubility at the tine of bonding with

protein for treatnment. Al so, polyethyleneglycol is

effective for increasing thesnol ecul ar anount of

protei n bonded thereto with maintaining main

bi ol o cal hgnctl ons sy zyne act

glyc?letseﬁ US| Wﬁreasl*ﬂ%st %dpglgf gréﬁl@u@q 9t@rotglgngonded thereto. with

manﬁlﬁﬁfn%arﬁgmtthgloﬁichi RALIOR Qkh kKl dALYme 8t i6T {RClkLRbYbinding.  Thus.
prot €ct protern from proteol ytic enzyme to deconpose

polytthalepe glysohcarTirsresfoihe, ﬁlnahgvn of kidinexs andeéfepigeaty protect protein from
duct ed to find out f.. b Qt
proteo?{/}lc enzgln);: etf) I%?f 0SE thengriolteol){ nghengf%{e %ﬁc'ang sHRhe% hea'vg bgé(n conducted

ng p 51y gcause |

to fiad\oud tragiB/ifg® n{élt}ﬁidgrﬁf oelieby Wagopgloshylean ,glychD be@a@e it has the
the stability and circul ation time of protein,
advage® 46 ST UFHLABYRIA| SPeMPOKERe dRCTPRTEE Smlht@%@s@sculaﬂon time of

prot%?ﬂd%@%ﬁ& o HaR g ﬁ]yd a preparing nethod thereof

erein e conju have bi ol ogi cal activities and
are in the form of b| nd| ng a bioconpatibility polyner
to thiol of cystejine residue of GCSF, in th | ar .
KorgagthagenpNoy R0 igefose CORLHES S RIS FFEa | thereof. wherein the

conjg%aze%lb et ?ol{gglgésl%rcmlt%%%aﬂare Bithe SR %?bﬁlaﬁ‘lg%t)&hﬂﬁatlblllt) polymer

oes not formdi sulfide bond
to thiol (BfCSFStdise medidudb @f doHgpamt thd nivl@- Csio pédbptmlymhre G-CSF to

s FESAFELE, 3L 18 DR A POl CE e AR g 5p whe

doed hétt fo?m ARALdESKAMS 8n tELE FFONY HEat 85ndiAgEitalRhYG-CSF receptor the
aggregate to bind a PEGto ga/stel ne residues of G CSF,

conjpgatﬁalgmg b saaiginst iegidue has aadrevhdk Hhabitatacsil ggglferatlon effect for
neutrod)%r e1sal it ongpgdb(tec%yte%(hgheeg?%l %l?% *n%;%e@[ﬁ%&egégrggﬁe to é) rbd a PEG to

cystéthé l"e%fdu|e§ bAGLOSF fiohasaddibaivahtagd ihaga balV amountKdrSEsh should be added

Patent No. 0507796 di scl osed PEG honodi mer %o j ugat es
to thej eIV pERtG IHPEIVERE B8l aggragaten don s3fekseriae addt rgj%%quoremoved by

ultragnt%tﬁ)% r#}ﬁmwatua%inf\ﬁv n vivo of polypeptide.

ticu scribed that the honodi ner binds an
am no group of lycine residues of bioactive

Korqa@lsfy peptl\}ofl :%);r@%a‘)tﬁ\ég 1 g%ﬁj%ﬁ%{%g ?r@g:(:?g;njhgatlesng&gmg a blgﬁ)gical active
polypeptide and a PEG, to increase the half-life in vivo of polypeptide. Particularly. it
described that the homodimer binds an amino group of lycine residues of bioactive
polypeptide of two molecules to a PEG to increase the residual time and sustain biological
activities for a long time. But, the conjugates have less activity than mono-PEG conjugates
because of conjugation of excessive PEGs and physicochemical and biological characteristics

of the conjugates are not uniform because of non-specific conjugation.

And. the method of binding rhG-CSF to linear SCM-MPEG(Succinimidyl carboxymethyl
ester of methoxy PEG) is known. The mono-PEG-G-CSF conjugates prepared by the
method have 3 types of position isomers modified at N-terminal, lycine 35. and lycine 45
residues. Particularly, the conjugate modified at lycine 35 has a disadvantage leaving PEGs

from the conjugate (Korean Patent No. 0248111. United State Patent No. 5.824.784).
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activities for a long tinme. But, the conjugates have
| ess activity than nono- PEG conj ugates because of
w@eoslgmd: on of excessive PEGs and physi cochenmPCEKR2006/004908
bi ol ogi cal characteristics of the conjugates are not
uni f orm because of non-specific conjugation. And. the
met hod of binding rhG CSF to;linear
SCM MPEG Succi ni mi dyl car boxynet hyl ester of nethoxy
PEG is known. The nono- PEG G CSF conj ugat es prepared
by the nethod have 3 types of position isoners
Unit&iodfkt I'eeq’a tNP.%.er . §Fb74 | %ﬁ&l[]?ed&scon gtegyf)lf nﬁigéél a linear SC-
residues. Particularly, the conjugate nodifie at
PEG{ppbjerte/|8fe flasolaN-disaduwadd agrbohaaviongenebEsorhbioatigrhelpha interferon.
conj ugate (Korean Patent. No. 02481 11. United State .
The entpgstesnepnsst ghgovatay copiugats &f ardhasis; e jg-amino group of lycine
residRes ot lin@ftrdH. 3CInA86 Ara P I BRnATcyDhRdirBdd@s! &EA{ amino group of
SCPEGE pol yethyl ene glycol - N-succini m de carbonate) to
histidjen eesrduieo ribitntoei conjughteh havan e disadvamage havie® RE (g dtwn the conjugate
consi st .of coval ent .. copj ugat e f urethane bond at
beca‘ésﬁéﬁﬁ Wgtlﬁpgﬁﬁncg?feq@ﬂ%wﬁ é‘% %Eag?eof i nterferon, a-anino
group of N-term nal cystaine residues, and an am no

group of histidine residues. But. the conjugates have
Compolysawdditeay eolyetyleng gbros by ermelkeulaionpiehhark 2t Ay~ 25.000

th t hane d of ' _ : ;
s 55 DTPRGHFOT, R RN D AL SR i
main€@finiaP ehalir dctiO0Rs, Ale.tODthiddIbidogcalitivd@gioas bf pioteih ko peptide.

in binding many |inear high nolecules to protein or
peptide, with maintaining their activities, due to

L 1p | Q99082 LisABEddY Eorlj G QSN Pl AL&bRnAAG PEG of a lyci
Kore%}épﬁa?eg)g .Nngjrzgg?lé:?gglthl%%éng? Jg%%409? 1éi\lgscl osed . o y'cme
skeletad njtrugate so lgkmed ravgmbirtation kitFhacingdfeREG ofheacdmjegates have a merit to

ske| | structure to gene.recpnbination al.pha "
preva Pt BPBPIneHAR 1 Ohy ALl HA) o ARy PPVt VBB rolsgdar weieht
of PEG O (RANHA (RO 1ih&ar PHG bedddid SvPfindab PET&igNto @ﬁﬂ%ﬂé&béﬁ of interferon.
timés the nol ecul ar wei ght of PEG by that of the

But. thertearbrpidend @ESusm hoviydrolyzssrto pE@ebthrdn fo5 safekpenypgor for reacting

art.of interferon. But, the 7 n d Pl
undef i) soib Fign B @il wnetToobi PRGRE LG R RPgRPstrcture s
two lreahé pehddndlete BEGal kal i condi ti on because the
t wo- branched PEG having a |ycine skeletal structure

has two urethane bonds in the PEG
Generally. it is known that biological activity, durability, etc. of conjugates of binding a PEG

to gene recombination protein is dependent on size and part modified in the PEG. But. it has
not been known yet whether a size of PEG in conjugates binding PEG and rhG-CSF affects
biological activities of a protein. Therefore, there has been a need in the art to overcome the
disadvantages of the known method through controlling a size of PEG and binding to various
skeletal structures of PEG not to decrease bioactivities of G-CSF and to increase the stability

of binding parts.
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Generally, it is known that biological activity,

durability, etc. of conjugates of binding a PEGto
wW@ens/06ennbi nati on protein is dependent on siPET/KRA06/004908

part nodified in the PEG But. it has not been known

yet whether a size of PEG in conjugates binding PEG

and rhG CSF affects biological activities of a

protein. Therefore, there has been a need in the art

to overcone the disadvantagﬁs of the known net hod

t hrough cont r ol PIY{gLQSURFe O8t TBEANYENTION ng to

vari ous skeletal structures of PEG not to decrease

bi oactivities of GCSF and to increase the stability

SFEGHNIICd. PROBLEMSCLOSURE OF THE | NVENTI ON TECHNI CAL

PROBLEM The. obj ect of the present invention is t
G G e dbr oAb O pr By 18N Brgi a7 IR bedapelyethylene
, JChoatEs nj iLD&k 2 efdrBE -CSF.
D P Cob RO DA A8 BANKIPEEOSRd G.CS
havingi lugle sfability esd sdmGoC8or¢ haac@i@sFobhd. HEGaG-ESISF and PEG-G-CSF
.copjugates.knpwn jin the art: a prep tion method o .
coni ek KR i ARE o wipatioRaPelisingt e SinEo R pgymaceutica
comploBigiof RBBtainlRCHNIs&AL. SOLUTI ON To achi eve the above
obj ect, the present invention provides three-branched
pol yet hyl ene gl ycol (PEG) - G CSF conj ugat es conj ugat ed
bet ween t hree-branched PEG derivatives and GCSF. The
present invention also provides a nethod of preparing
tTEEBNICIC SO PH®CSF conj ugat es conpri si ng
conj ugati Zﬁibragched PEG derivatiyves an

g thr G CSF.
Trictqhiesdht Tt s %P@ée%e%vfla%%pwﬁafhfﬁ%g{%lﬁ@ polyethylene
glyc@RPSELCGN cgrg{@zftéssé JR8 CANLHDH:ESbrahliRdPPES &kkivatives and G-

I nvention al provi des a nethod of treating
CSF.neutropeni a, preventing neutropenia, or facilitating

i ncrease of the nunber of neutrophil at the tine of

hemat opoi etic stemcell nobilization to periphera

bl qd RRINNERAEAPLRS I Foul&M G&thod bAPRPhARA G branched PEG-G-
CSF conjugates comprising conjugating three-branched PEG derivatives and G-CSF.

The present invention also provides a pharmaceutical composition comprising the

conjugates.

The present invention also provides a method of treating neutropenia. preventing
neutropenia. or facilitating increase of the number of neutrophil at the time of hematopoietic
stem cell mobilization to peripheral blood and hematopoietic stem cell transplatation,

comprising administrating the conjugate of the present invention as an effective ingredient.
The present invention is explained in detail below.
Three-branched PEG-G-CSF conjugates of the present invention may be prepared by

conjugating three-branched polyethylene glycol(PEG), represented by the following general

formula(1):
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conprising adm nistrating the conjugate of the present
invention as an effective ingredient. The present

w0 poogsioen i s expl ained in detail bel ow. Thr eePGT/EKReIV6/6404908
PEG G CSF conj ugates of the present invention may be
prepared by conjugating three-branched pol yethyl ene
gl ycol (PEG, represented by {he follow ng general
formul a(l): H2CO( CH2CH20) n- Z- Y- G CSF | HCO( CH
2CH20) mCH3 H2COQ(CH 2CH20) n CH3 (D wherein, n is an
I ngye 1 000.. is an integer of 10 to 1, 000;
z %%QF%Egﬁg;%Fﬂ&éiggg CH2)s as a linker of G CSF
and PEG wherein S is an integer of 1 to 6; Y is an
amyg cﬂgpgc cqg@ygy conbi ning NH functional group in
G CSF and "a functi onal group of PEG derivative. The
PER.J85C agel.nol ecul ar weight of from 200 to
45,aogﬂdgﬁggﬁgn“prgferably(hron120,000 to 45, 000
dal tons, nore preferably from 23,000 to 43, 000
dal tons. Because a nedicinally effective tine can be
ch qged according to an average nol ecul ar wei ght of
ﬁg% t'he aver age nol ecul ar wei ght of PEG used in the
pt Bs@nhtepdrvdttbarnodan be changed, dependi ng on the
time required for treatnment. The nethod of preparing
tRigen Piegse A PEFY: csF conj ugat e conpri sing

con s Qrirerasd REGIdRE HoELYRS afPEG GHerein S is an
S?Q%Kgﬁ%¥g§é%?ﬁﬁhventloﬁs?ssexﬁlained in dgtai

integer of 1 to 6;
Y is an amide bond formed by combining NH, functional group in G-CSF and a

functional group of PEG derivative.

The PEG has an average molecular weight of from 200 to 45,000 daltons. preferably
from 20,000 to 45,000 daltons, more preferably from 23,000 to 43,000 daltons. Because a
medicinally effective time can be changed according to an average molecular weight of PEG,
the average molecular weight of PEG used in the present invention can be changed. depending

on the time required for treatment.

The method of preparing three-branched PEG-G-CSF conjugate comprising conjugating
three-branched PEG derivatives and G-CSF of the present invention is explained in detail

below.

The three-branched PEG-G-CSF conjugates of general formula (1) are prepared by
forming a covalent bond between three-branched PEG derivative of the following general
formula (2) and G-CSF wherein PEG has an average molecular weight of from 200 to 45,000
daltons. preferably from 20.000 to 45,000 daltons, more preferably from23.000 to 43.000

daltons:
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bel ow. The three-branched PEG G CSF conj ugat es of
general fornmula (1) are prepared by form ng a coval ent
whood/owoneen t hree- branched PEG derivative of PETIER2006/004908
foll owi ng general forrmula (2) and G CSF wherein PEG
has an average nol ecul ar wei ght of from 200 to 45, 000
dal tons, preferably from 20,00 to 45, 000 daltons,
nore preferably fron23, 000 to 43. 000 dal tons: (2)
wherein, nis an integer of 1 to 1,000; mis an
integer of 10 to 1,000; Zig (CH2)s or (CH2)sNHCO CH
2)s as a linker of GKSF ang, PEG wherein S is an
integer of 1 to 6; ang the f tional group which can

C Iy OEEHCHSR), - Wit NC prept-pf ns Jand pepti des cont ai ni ng

G C$F 1s N-hydrosucci ni m de. Thr ee- branched PEG
degy i t present i/vention activate high
no gé(gf%ps‘ﬁgg?hgd}g} anched s®ructure in which three

Lgﬂ%ﬁ%@%ﬂﬁ&%m eceptive high nolecules are

three OH (hydroxy) (gegions in the
gl ycerol skeletal structure are polynerized with
et hyl ene glycol unit nol ecul es and the end of one
region is activated as a functional group. The other
WIEY- r egi ons except for the activated region are

siRshlihidb&hiw tbh goenomet hoxy. to prevent additional
reacti ons. When the above branched PEG derivatives are

pnepanm gdeger he1&1ozbOYE: each |i near PEG can be

t d f t hod i t e
P (o4 0 OPLXAROM, 5L 00, AR 000 8 G v S i n

intedePY¥ENtJ ®n@an be used as PEG derivatives, '20 with the

functional group chemically reacting wth for otgi n a(?d ..
p@gtfp@éi’onkhg@ﬁpiwhugfhéanag}ie_mlwg react with proteins and peptides containing

G-CSF is N-hydrosuccinimide.

Three-branched PEG derivatives of the present invention activate high molecules having
branched structure in which three linear biological receptive high molecules are combined. All
of three OH (hydroxy) regions in the glycerol skeletal structure are polymerized with ethylene
glycol unit molecules, and the end of one region is activated as a functional group. The other
two regions except for the activated region are substituted with monomethoxy. to pre?ent
additional reactions. When the above branched PEG derivatives are prepared. the size of

each linear PEG can be controlled freely by a method known in the art.

Three-branched PEG derivatives in the present invention can be used as PEG derivatives.
with the functional group chemically reacting with protein and peptide, known in the art. PEG
derivatives of general formula (2) (with N-hydroxysuccinaimde) are preferable in terms of

yield of the conjugate of the present invention.

The G-CSF in the present invention can be separated from mammalian organism or
synthesized by a method known in the art such as gDNA cloning, cDNA cloning, etc. And, the

G-CSF can be commercialized in the market.
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derivatives of general formula (2) (wth
N- hydr oxysucci nai nde) are preferable in terns of yield
w@boosleroennj ugat e of the present invention. ThRCTEKE3H6/004908

in the present invention can be separated from
manmal i an organi sm or synthesized by a nmethod known in
the art such as gDNA cl oningy cDNA cloning, etc. And.
the G CSF can be comercialized in the market. And. the
coval ent bond between G CSF and the three-branched PEG
derivatives can be fornmed at a | ow tenperature. The
reagld, ek dovaRRMIHAREVRY QEHMGdaRE B8ec-BARHBPEG derivatives can
prepared three-branched PEG G CSF conj ugates can be

be fopmed a1 2 vbignperattrhothekmastioniis CQmeleﬁdtby@ddmga@ldlSh@d the prepared

e 100 LSRR SASRPIF RS B R e o

the pleri§&itidnanéthed bhﬁ@@t&ﬁ(ﬂf@@ﬁ%g&i&lﬁlerl vat ive is fr om 1:
0.5 to 1. 50. A preferable nolar ratio of the GCSF to
the threebranched PEG derivative is from1l: 0.5 to 1:

ggbﬁg }Lilgs%n{ ggfe%{t'ﬁ% thfrea'm&? ORE SGHGIF tﬁg I't_F %@@tl% fhe tPree -branched

credse i o of polyet ene gl yco
PEGtderitvhigveGs@im i1S Oisner eaded A preéerpiile seaibr nanve)lﬁtlneoﬁr @$E o the three-

provi des a. pharmaceutical conposition for t 0
branghegvBHE] 491 By R IO Akt by, dobrESednaifid Gpanats EFG-G-CSF

conjl.’t_%&pﬁ'dgf}e ddfsct eared rbt l?egh)(r\lelﬁ Edl%‘the G-CSF is increased.

rticu a |n|cal trrals u5|ng e conj ugat e of
t he present |nvent|on as an effective showed that the

nunmher of neuctr.o ecre sed nd the s t .

wor B Fra) dBV B SB Y 81T § GPaGTSEAsEL ERUORACT G reatine or
prevédtB@tyBiPtomy 64use$ b§ ARE&REsed hﬁﬂﬁtd}fé{e@l@fuﬁﬂtldha&' ®tfe@fed immunologic

therapy; infective di seases caused by bacteria, virus

funcuerd fRerdedarhot Hivical rifislst nsiee dhe sarjagate diishsspgseaigegntion as an
effechive & ted C[h en%dnﬁ&e?g‘jnﬁgeucggﬁ]l%? SS&%F&QGS A Me{hg symptoms were

hron I'C neu or geria

relleddcﬁﬁﬁﬁﬁﬁr(ﬂ&dsﬁﬁ O¥eRGALAUsed o aetfaﬂmleﬁt, SLS:}iir’lfﬁ;t mercallrﬁﬂdherapy or
by decreased henmatopoi etic function or decreased

radiafiefn theyaByi B1feqivetdisasesr %aqs%tbwolg%iﬁr@ VHYs efd pungum Qher infective
dlsea%QsenH{s&%E?p%uge%r bg g&gtlgu n91r nctﬁcl:dtﬂ Fcaagé}? such as severe chronic

utro ent a cause aStIC syn
neutnmpumamndrileakmuseﬂ ghyatapldma:zes canmah lay agznngeﬁa)rt atample, symptoms
caused by decreased hematopoietic function or decreased immunologic function are
neutropenia caused by cancer chemotherapy for blood tumor or solid cancer. neutropenia

caused by myelodysplastic syndrome, neutropenia caused by aplastic anemia. congenital

idiopathic neutropenia, and neutropenia caused from treating human immunodeficiency virus.

The composition can be composed of PEG-G-CSF conjugates of the present invention or
pharmaceutically acceptable diluent, antiseptics. solubilizer, emulsifier, adjuvant, and/or

carrier.

The compositions of the present invention can be formulated to injection agent. capsule.
tablet, liquid drug, pill. ointment. oculentum, collyrium, transdermal absorptive agent, paste.

cataplasm, aerosols, etc.
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I di opat hi ¢ neutropenia, and neutropenia caused from

treating human i mmunodeficiency virus. The conposition
wa@2amseroennposed of PEG G CSF conj ugat es of t hBCPKE@G6i04908

i nvention or pharmaceutically acceptabl e diluent,

antiseptics, solubilizer, enulsifier, adjuvant, and/or

carrier. The conpositions of sthe present invention can

be formul ated to injection agent, capsul e, tablet,

gﬁs g% Fﬁg‘%ivﬁﬁk’é*}%&\é%tﬁtvggyu : fasl{‘n}% ég §:c]: %/@irq]uuné (preferably. 5~50
u g)sg\;n(as%es Fiu%tsﬁoﬁ]‘ %B? ~§sd(9§f% o\fe(iv g&}faglr%gq{e e%réégsgla%)d to an adult.

geneﬁl’l@ filohe 1dEMT GeHERrd SieRl. Thiis.- R0 feivefddsadeSot MBY PMermaceutical
adn1n|strated to an adult. generall froml1lto 7 tines

comgos\;\;ggko thg lmeseﬁqq@vgftfoél(ﬁap\}@ tssidied by atkmgwn admmlstratlon amount of
G-CRRSTSERL Gy RO 80 B BRRERSE bRy dosae o
phar@a%ﬂﬁc&lﬂd}nﬂooﬁnioﬁmltmpm&ng hiventiorPing bs eﬁhéch btigenerally once a week.
resent jnvention. The effective dosage of
and gﬁa‘wﬁﬁ)@émowén beAdpuRistaied opee PhEapy dasat dayywitkingndaily effective
dosaf®¥an Eg varied but generally once a week. and the
conposition can be adm ni strated once or many tinmes a
day within a daily effecthe dosage range. The
I exa | es are int dto urther illustrate
¢ e R SFHDRIRR FiinaAEE el Eibbp B e PRagiienton. and th
scopé B‘Fﬁfé Xr@s'én! &v&ﬁbn‘t@h@tﬂgf%gdécptot& rhi®d Beteb ﬁ{é?% wé}n any
DVANTAGEQUS EFFECTS The t hree-branc
conj ugates of the present invention are nore
pharmaceutically stable than |inear- or two-branched
PEG G CSF conjugates in the aspect of |eaving PEGs

fAWAHEﬁA@—EﬁESCEmFElgmes and form ng the aggregates
of conj ugat es. t he conjugates of the present

i heritiyes ré%ﬁhe@)ef’ﬁs}e@ Wik heswmugatai of oWl PEcspr amveskign arc more
phan%gcséﬁt?i%%lw gg%lﬁ;t%}?ﬁ&%ageéﬁ%%ﬁg%g%g@ quj %&gﬁ &ﬁﬁ;@@%%g Ihe aspect of

1eaving Ao frorarPRG-G-06F poagigaks kind &ntriuﬁg”lthba@gtelg@teebf e@ijBgates. And.

. conti nl11 us production of neutrophilia
the conjugates of the present invention can be used without addmonal separations of position

isomers because the conjugates consist of position isomers with similar activities. And. the
composition of the present invention has the effects of continuous production of neutrophilias

and increased in-vivo half-life.

DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic drawing illustrating the analytic results of a mixture formed to
prepare conjugates of three-branched PEG having MW 23,000Da and G-CSF according to

Example 1. by size-exclusion high performance liquid chromatography.
Fig. 2 is a schematic drawing illustrating the analytic results of a mixture formed to
prepare conjugates of three-branched PEG having MW 43,000Da and G-CSF according to

Example 2, by size-exclusion high performance liquid chromatography.

Fig. 3 is a schematic drawing illustrating the analytic results of a mixture formed to
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and increased in-vivo half-life. DESCRI PTION CF THE
DRAWNGS Fig. 1 is a schematic drawing illustrating

W bh@sasmbytic results of a mixture formed to pPPEPER2006/004908
conj ugat es of three-branched PEG havi ng MV 23, 000Da
and G CSF according to Exanple 1. by size-exclusion
hi gh performance |iquid chrogatography. Fig. 2 is a
schematic drawing illustrating the anal ytic results of

a mxture formed _to prepare conb@aates of
prepare ceyugtghehiinsapEECHRYInggMMN U-8V9do rrd GrieSicaesgrding to Comparative

T SR T

schemati c dramﬁng iIIustratlng the analytic results of

gt I P DOOBI RN BE e LB B A 16 <L TE B P Pties of mono

three%ﬁ@eﬁ HEGRY. CSFZ&5rfaiated Slefhtaltii HroRahE QRNRRE @ IHGHIpHk 1. by size-
chromat ography. Fig. 4 is a schematic draw ng

exclusidnyggh aerferganbeligudichtonmtogsplivt s of the purities of
nmono t hree-branched PEG G CSF conj ugat es separ at ed
fromthe mxture of Exanple 1. b\ sizeexcl usion high

%f SrifRNGBembGd idehveiRg OMBiREARRRY andti @ rdBultsS of the purities of mono
ematic drawing illustrating the analytic results of

threetbfé“%lﬁdl&ﬁ@@ SﬁFnﬁﬁwgawaeS@pw@ﬁcﬁﬁ@a the@igiugsef Example 2. by size-
excl &R Mgﬁﬁ,&%%& ﬁ'ﬁg Cf] *{2 xture of Exanple 2. by

Si zeeXclusion per i qui d chr omat ogr aphy.
Fig. 6is a schenatlc dramnng |Ilustrat|ng t he
anal ytic results of the purities of npno

PES B iegrhemplig dfayng é%wrétlé%l th aAlY o ol 0F dheopurities of mono
lineapP aGat sy gorf]:'?f%{fng ds%g%rategxr(ﬁﬁ ?d% Bt i0f @ompgﬂmve Example 1, by size-

nance ronatograp y. Fig. 'S
emﬂmmhem@hpaﬁdm&mmﬂgqmﬂkhsﬁmnmgmgnthe analytlc results of
nono t hree-branched PEG G CSF conj ugat es separ at ed
fromthe mxture of Exanple 1, by Matri x-Assi sted

Ligigen 1@%5&'11@&1h@d" dfa&ﬂhg @mds@ﬁtlﬁwneﬂ_ﬁa red$Sof mono three-branched
Spectronetry. Fig. I's a schematic draw ng

PEGi({Gpdt ¢(aumgvgests¢garat¢é|fqu ¢hg pextutesofolfxample 1. by Matrix-Assisted Laser
Desorgtlonelomzaﬁon ﬁaALDI-TOF) Mass Spectrometry.

Fig. 8 is a schematic drawing illustrating the analytic results of mono three-branched
PEG-G-CSF conjugates separated from the mixture of Example 2. by Matrix-Assisted Laser
Desorption Ionization (MALDI-TOF) Mass Spectrometry.

Fig. 9 is a schematic drawing illustrating the analytic results of mono linear PEG-G-CSF
conjugates separated from the mixture of Comparative Example 1, by Matrix-Assisted Laser

Desorption lonization (MALDI-TOF) Mass Spectrometry.
Fig. 10 is a schematic drawing illustrating the analytic results of the position isomers
comprising mono three-branched PEG-G-CSF conjugates separated from the mixture of

Example 1, by ion exchange chromatography.

Fig. 11 is a schematic drawing illustrating the analytic results of biological activity of the
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PEG G CSF conj ugates separated fromthe m xture of
Exanpl e 2, by Matri x-Assi sted Laser Desorption

wo o0vsmetodON (MALDI - TOF) Mass Spectronetry. Fi gpCBKR2008/004908
schematic drawing illustrating the analytic results of
nono | i near PEG G CSF conjugates separated fromthe
m xture of Conparative Exanpbe 1, by Mtri x-Assi sted
Laser Desorption lonization (MALDI-TCF) Mass

posmS elcs:ct) rgrrsT% n¥0nt0 thl%e ?ncth%d %E%f&e(?’glt: o?m?%ﬁg\g gl%arated from the mixture

l'ustrati he "ana Ic resul
of EXaffpel Saccondig i Bxperibiantat Axaaploriabe h&dnHE&l &f ESperimental Example
conj ugates separated fromthe m xture of Exanple 1, by
2. jon exchange chromatography. Fig. 11 is a schenmatic
drawng illustrating the analytic results of
bi ol ogi cal acti\it\ of theposition isonmers of nono
tM(HEEMGIMNUdSN’EKE)N} CSF conjugates separated fromthe

m xt ure of ord 0 eri rent A

Esiatamale 3> 155 o G GRS Rr AEA AT EEEMRFS K3 000 Da)
G-CSER W NMENTI ON <Exanpl e 1> Preparation of

thr ee ranched pol yet hyl ene gl ycol (PEG MW 23.000 Da) -

G(D$E ozfcrhﬁu@&F ¢onH Anghasn. (oG LasH WasdHyatad pHEr ph8.Eand 50 mM of

was | t ed d.5
SOdl%r é’) éatebupflg?r r a n\émntlJPl?ﬁ H% Zgngzprﬁf ﬂ-lr?w'l)ranc e%an%%% d having N-
hydrBESQuétaninite (Nmfd&&gsyrau@rcuapdm and MemelesNar wtippiof 2Ba@Njaltons was

and the nol ecul ar wei ght of 23.000 daltons was added
added ¢ theesobsiontin de malar Krsionef| thS-¢ Y i Grres-brapcheddtEG to 1:0.75. And. the

r chegd P, -1 7 t I
ol IR Al B S g o
to mﬂ&dlhél goluO&HOS arkdCby didutivikeitl bteriteodmtilladma:tbi @ Atithebyhe volume of

iluting with sterile distilled t er. of s the
the selﬂt@ﬁe Sher.ge BT o1 Rt oS SRt b ﬁ%&@&l% exchange

chrofgﬁtr()gﬁa}gtﬁgg?g%ﬁ (A;ne Ac@é’vB(f&E c@éﬁ{@n% 20mM of socgum acetate

am Phar Bi ot ec equal 1 ze
(pHA)t bufZ&mibiofiors oatidu [hrea:bltaath}ad( BEIZB G)CS&ﬁchbejugst@I whs anarated The
and th

mixtiRavi SGPES QR PRECt T SNL F%P%(a)’g i Roradify GBI { &lorideqvacy)
The GRNGLHAALIOM-BAhed PEG edli arogihligr inde{iNaChoanched PEG-G-CSF

conjugates was confirmed by HPLC and SDS-PAGE. And, di- or more (tri-. tetra-...) three-
branched PEG-G-CSF conjugates, unreacted G-CSF remaining after the reaction, etc. were
excluded. And, the eluates were concentrated and sterilized-filtered to obtain the mono-three-
branched PEG-G-CSF conjugate in which a G-CSF and a three-branched PEG (MW
23,000Da) are conjugated (or called as mono-three-branched PEG-G-CSF conjugate).

It was confirmed that the reaction mixture consisted of 35.4% of mono-three-branched
PEG-G-CSF conjugate(mono-PEG-G-CSF conjugate), about 59.4% of G-CSF unmodified by
PEG, and the others [di-three-branched PEG-G-CSF conjugate(di-PEG-G-CSF conjugate).
and N-hydroxysuccinimide(NHS)], by a size-exclusion high performance chromatography
(see Fig. 1, wherein 1 and 2 represent di-PEG-G-CSF conjugate, 3 represents mono-PEG-G-
CSF conjugate, 4 represents G-CSF unmodified by PEG, and 5 represents NHS leaving from
three-brarched PEG). And, the purity of mono-three-branched PEG-G-CSF separated from the

mixture was measured by size-exclusion high performance liquid chromatography (see Fig. 4.
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The nolar ratio of three-branched PEGto G CSF in the
t hr ee- branched PEG G CSF conj ugates was confirmed by
woiRg0e002 SDS- PAGE. And, di- or nore (tri-, tePCEHKR2005/004908

t hreebranched PEG G CSF conj ugates, unreacted G CSF

remai ning after the reaction, etc. were excluded. And,
the eluates were concentratgg and sterilized-filtered
to obtain the nono-threebranched PEG G CSF conj ugat e

in which a GCSF and a three-branched PEG ( MV

whergig @oggﬁfsegﬂtse @@,ﬁ%g@g CoRusE a@dldgg represents mono-PEG-G-CSF

conj L%g alﬂﬁ e etPE E&garp @hps BaSO %éﬁgaxteﬁ) bs}Jt o 3%% gssi% /ed laser

i rnmed e reaC Ifon m xturé consi
desomflommﬁzdtﬂ@hemdaﬁﬁﬁlghf{mm BGOEPmass spectrometry (see. Flg 7: the analytic

resul@%pgghﬁéggfqnége%%%%l: ;i:og; m@zﬂ gﬁ?&% gr?d 4t(lJ{e position isomers

were [s8parhf %? darign @Q&angﬁ's@' Soaly QAR Y S @WPE@@)@FO confirm that

conj ugate) and N hydr oxysucm ni m de( NHS
the rsilqecomcatlusqoemohugci)mpemf eanWcﬁﬁ%nﬂ%g(S@pH{Ag(é@b And. it was
wherein 1 and 2 re

conﬁEIB%(]i HE’EF%C}I I??S}t'é)ﬁrlé%?{tl?s yCI(SIn?ﬁ Ségerlmez{lt for biological

activit @f@a%ﬁ%n@l@%ﬁqm@dlﬂgl epb by PEG and 5 represents
HS | eaving fromthree-brarched PEG . And. the purity

of nono-three-branched PEG G CSF separated fromthe
ure neasu | | [
B PR P A SRR E Lol gy 5000 Do
G-CS2E c@pigssnt s d| PEG G CSF conjugate, and 3 represents
@%ﬁi&%gfcﬁsgﬂsg% ugé\};ag%legg? aﬂégg wrglf%tcralljtle w1th plgglg a\/\% 50 mM of
sodive S BbRLd Oﬂ{fifeqmsgﬁlttlogn “T'ﬁ@n of fidl%ht)f Mi-&. brE@ednm with N-

spectronetry (see alytic result of
hydrcbmoemrhrrﬁle{Nmnmmatﬁlﬁ(}miamﬁncbmewawlérmlW)Qf 43H0 daltons was

he position isomers were se ch
adde 43t SN 1OGTERE DM SPEGPT GOREE Yo LS TENTEREE TEG © 1
0.75 tlklﬁd ki BIdRh &?scﬂlr%i’lshtt 400 o8 ORI SAAROME ot on 3339 stopped by
10% (see. Fig. 10). And. it was confirmed that each

addn}gols(}(mMmﬂIt@rte rmetkasha/@rhytlcm phl Haiﬂdé?dtqllwlﬂgl withstarje distilled water of
5 tmlleggtﬁ,g nflg:lté)gf gcﬁybl ol %qd aacﬁtt\gr\él \t;XsP Bg?(g fn %g’s%%phg%se Fast Flow
catloférkrég%aﬂ% adh%?ﬁ?o@@bb{ﬁf(hﬁieﬁﬁhﬁmgph’a‘rﬂiaméHE&CMN 43uAioed Bd)h 20mM of
sodium aceta%e(()gﬂﬂ %? b%sffer solution, and three-branched PEG-G-CSF conjugate was
separated therefrom. The mixture was fractioned by using 0 ~ 1M of concentration gradient
of sodium chloride(NaCl). The molar ratio of three-branched PEG to G-CSF in the three-
branched PEG-G-CSF conjugates was confirmed by HPLC and SDS-PAGE. And di- or
more (tri, tetra...)-three-branched PEG-G-CSF conjugates, unreacted G-CSF remaining after
the reaction, etc. were excluded. And. the eluates were concentrated and sterilized-filtered to
obtain the mono-three-branched PEG-G-CSF conjugate in which a G-CSF and a three-
branched PEG (MW 43,000Da) are conjugated(or called as mono-three-branched PEG-G-CSF

conjugate).

It was confirmed that the mixture of the reaction consisted of 18.7% of mono-three-
branched PEG-G-CSF conjugate (mono-PEG-G-CSF conjugate), about 40.1% of G-CSF
unmodified by PEG. and the others [di-three-branched PEG-G-CSF conjugate(di-PEG-G-CSF
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10 mg of rhG CSF (Dong-A Pharm Co., Ltd.) was

filtrated with pH8.5 and 50 mM of sodi um borate buffer
wa@eisnemm Then, 17.2nmg of three-branched PEG BET/HKR2006/004908

Nhydr oxysucci ni nde (NOF corporation, Japan) and the

nol ecul ar wei ght of 43,000 daltons was added to the

solution to make the nolar ratio of the rhG CSF : the

t hree-branced PEGto 1: 0.75. And. the sol ution was

r.red at for 90m n reac
conifelsiiedrly SakiinySodilite B o WakSPEra st fiep, pryrormance
chrortﬂlata’gdaphy @td Bid. Y Whérbinst Q’épﬂeﬁerﬁlsl gi-PEGed-&H @bnj@fatd. 3 represents
imes the solution volune. And, the m xture was

mOﬂ?ﬁE@rﬁe@SF fomipgase sy bawressst G enmedified ke Kk e And. the purity
of %BBQH%%G%%‘?&P 1 GG égﬁnge gﬁ?{e'éaﬁg@ E{u %?tme Wﬁ %éﬂ%gl%d by size-

aceta sol u i on,
excluaivoh high gerforamadeell URECh GnGEbgran)j (sgatFeg V@Svl%@ﬁrlat@desents oligo-

rom The m xture fractioned by usin
PEG&?‘%%‘&H% ngﬁs%? ShPrGrGECRl GkeAt rindel %&esysms mono-PEG-
G-C STlhec gale)f %BH oth@f nkﬁgcﬁ%r by,aReh e\gaspﬁﬁagd}e&} @Fmétﬂgt BQisted laser

t hreebranched PEG G CSF conj tgates was confir ned
desompp@ﬁgn@t@@g;@@fhght(M@LDI-d]OE)nmags @pqctromee“yr(xe Fig. 8: the analytic

resulpdsahe ekt ARG i Rt gh TGt era <

excl uded. And, the el uates were concentr at ed and
sterilized-filtered to obtain the nono-three-branched
PEQwpaspiveo Kixamale 1Pn Prapatgion o digsarapelyethylene glycol (PEG MW

ebr h (MV 43, 000Da) are conj ugat ed(or
1006&?%%@% ug%% ee- branched PEG G CSF conjugate). It

WS m@adtf thGRESF t bahg-AhBhdiinx 0ar, €Ltaf) Wd@&ilt’r@t&dtmﬂﬂpHS 5 and 50 mM of
consi st gd of 18.7% of nobno-t hr eebr anched PEG G CS

sodivgp forria PRl Bl pEAY. esig shilingt 0 iAo Raesinimde (NOF
corp&’g@i: TP By it ﬁngﬁesgégg@g drh8 @bNBiSns was added to the solution to

I -t'hree-branc
makct:thﬁjmxgalt (idiof BisGhG-CSFc oy llu@at BEG tarid 0.75. And, the solution was stirred

ot 4 oMb o A0 fetapaphye pieaedE g dgng JRBRS AIICL o make the

solutf(ﬁf‘ﬂﬂ?ﬂ%ﬂﬁ by Wi ufFSWih GRIF 1€ @1 AN Ster 3f 5 BRI #RYobution volume.  And.
nono- PEG- G CSF conj ugate, and 4 represents G CSF

the mmtowi fiaednpyttddE@®) . SPABehhatdse Em;nlflywotatlon exchange chromatography
(Amer#nl%?% rz\%glggr Chegb%gyalgegsggﬁeg@@ og sodlum acetate(pH4 0) bufter

solution, and linear-branched PEG-G-CSF conjugate was separated therefrom. The mixture
was fractioned by using 0 ~ 1M of concentration gradient of sodium chloride(NaCl). The
molar ratio of linear PEG to G-CSF in the linear PEG-G-CSF conjugate was confirmed by
HPLC and SDS-PAGE. And, di- or more (tri, tetra...)-linear PEG-G-CSF conjugates.
unreacted G-CSF remaining after the reaction, etc. were excluded. And, the eluates were
concentrated and sterilized-filtered to obtain the mono-linear PEG-G-CSF conjugate in which
a G-CSF and a linear PEG(MW 13.000Da) are conjugated(or called as mono-linear PEG-G-
CSF conjngate).

It was confirmed that the mixture of the reaction consisted of 45.6% of mono-linear
PEG-G-CSF conjugate(mono-PEG-G-CSF conjugate), about 45.9% of G-CSF unmodified by
PEG. and the others [di-linear PEG-G-CSF conjugate(di-PEG-G-CSF conjugate). and N-
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hi gh performance |iquid chromatography (see Fig. 5,
wherein 1 represents oligo- PEG G CSF conjugate. 2
wo epsee®nt s di - PEG G CSF conjugate, and 3 reprBGERR2006/004908
nono- PEGG- CSF conj ugate), and the nol ecul ar wei ght
was neasured by matrix assisted |aser
desorption/ionization tinme-qf-flight(MVALDI - TOF) nass
spectronetry (see. Fig. 8; t he anal ytic result of
nono-t hr ee- branched PEG G CSF MALDI - TOF/ MS)
hydr%@éwarlavqlw@hw|aes12f>emh§|§§rfagh BH %fnan%@ﬁiamatography (see Fig.

) LU0 PGP AR, 000 Bl 69,0, oo

reprev@ss fmohb+PA(@d-GRF htomld@atS ani4 Sébredb’htst-ﬂﬂf i unmddified by PEG) And.
buffer solution l'i ne PEG W t h

And, 5. 2
the pNpifyRirBRYRs libearTiransaed Rigk- @%?%%%9@{ fr%ﬁ%)ﬂ%&? Ygmeasured by
0 t
R
oligot i@« -OBEG onfugite. 0 r@iﬁeseAn;cdl H%CBGBHWDQW%W&SS gprgseetd mono-PEG-

-GS DT e A0S ST BB PP Rptr e

was Hdabirbd B WintdiriS tR8ikte8 1dictt ddsbfionasBratRi BmbloTEEghIMIALDI-TOF)
solution volune. And, the m xture was inputted in

massSpe@apicaryoses. Fas©).Fl ow cati on exchange chromat ogr aphy
( Amer sham Phar maci a Bi otech) equalized with 201M of
sodi um acet at e(pH4. 0) buffer solution, and
| «O&apakitdRC BRAMPRG2E BFpacdioh ugaligeabapolsethglent edycol (PEG MW
therefrom The m xture was fractioned by using 0 ~ I M
20.00 DeloHdetit ?%P%?ﬁesgr adl ent of sodi um chl ori de(Nad ).
T r | PEA Gt
P@ec-ir—l1 gjd(ggchg%IJb glg);at AWas con i’rL&g'&%aﬁlghL%d angl pHBSUnd 50 mM of
sodiuBDBoPRAGRuffénsblutibn. and thar & Ofrtgr of linet PG haying iNdadroxysuccinimde

NoFES S oo Secel S0 G S AR S v e
soluti’éﬁ‘lrtg n‘fé?&(iﬁ@hfo@ér‘?gtl(aﬂfjthg ﬁG'éSIZ efeflineheprrd b 9: @bgﬂ)\ﬁd the solution

he nono-11 near PEG G CSF conjugate i n which
was andedaat 14i “Getr OPERGK. M/th&e@@@)lna)fasaﬂt@md iy uddingdOOmM aif KL to make

the sgﬁmon p?l ! ng%y CF Etmg w1!(:h gtenieucgs 11Fe)d water of 5 times the solution volume.

(U8

LI

Then, the mixture was inputted in SP-Sepharose Fast Flow cation exchange chromatography
(Amersham Pharmacia Biotech) equalized with 20mM of sodium acetate(pH4.0) buffer
solution, and linear-branched PEG-G-CSF conjugate was separated therefrom. The mixture
was fractioned by using 0 ~ 1M of concentration gradient of sodium chloride (NaCl). The
molar ratio of linear PEG to G-CSF in the linear PEG-G-CSF conjugate was confirmed by
HPLC and SDS-PAGE. And, di- or more(tri, tetra...)-linear PEG-G-CSF conjugates.
unreacted G-CSF remaining after the reaction, etc. were excluded. And, the eluates were
concentrated and sterilized-filtered to obtain the mono-linear PEG-G-CSF conjugate in which
a G-CSF and a a linear PEG(MW 20,000Da are conjugated(or called as mono-linear PEG-G-
CSF conjugate).

<Comparative Example 3> Preparation of two-branched polyethylene glycol (PEG
MW 20.000 Da. lycine skeletal structure)-G-CSF conjugates
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It was confirned that the m xture of the reaction
consi sted of 45.6% of nono-I|inear PEG G CSF
w@e oovsigmd e ( nono- PEG G- CSF conj ugat e), about 45PCP&K&R006/004908
G CSF unnodi fied by PEG and the others [di-I|inear
PEG G CSF conj ugat e(di - PEG G CSF conj ugate), and
Nhydr oxysucci ni mi de(NHS)]. bwp a si ze-excl usion high
per f ormance chromat ography (see Fig. 3. wherein 1

o8 PRSP SER i, s (Bpmut IS A TRLE Bk gpana s0 it of

soduﬁ‘{ﬁnlbldﬁﬂ?é ebufftd sdlukieRr enantisenG-Chhg UBFDEIJ-bRHcHd REQ . having N-
And. the purity of nono-linear- branched PEG- G- CSF

hydrgwgpgp e(IN@lﬁﬂft RES A aduthe m@lscraweigbidohy0.000 daltons was added to
the S?Ll,gtg)-n'e:qé;lj.l‘lglgé’ ﬁ&hﬁoﬁp r&ﬁrEP e Ekq“dhg 1&%@5@;6@9%% And. the

repr esen

solutt@npvgsireed & 4 €pfor SOHis. d'TheHE@:t(anCﬁEs ﬁ@ppedga@ztaeldufg 100mM of HCL
represents mono- PEGG  CSF co 4 represents

nj u and
to makecle SomHoM i é&rﬁyby@é)tlngawaﬁ F%é‘ ipRlas wrteral gHMSsatde solution
voluﬁﬁ%as uiied, e MRk BARSInpuREd liAs ?lzarose Fast Flow cation exchange

desorption/ioni zation time-of-f MALDI - TOF) nass
chrospwgrapbyet(Aynefsoe Phagmadi. Bqé)cnfp)ar@uaN/RdEmﬁpl 20BM of sodium

scetape 0 e SetspoBo i b inbe S JEHic sbreopistt. s separated
therdfRaE. "TheQRixturk tths) frid@endd b "u@ihg(d) wirhp opl:'&c%n@fﬁﬂ)n%}aﬁ'i%t of sodium

of sodi um borate buffer solutiron, and t 8.0nmg o
chlonideidat DPEE: hwldrratioNofhipar- bt)aygluedd?lﬁﬁ hale- ((‘ &E}m the two- branched PEG-G-

cskSREREN Aot BRANDy FHC 85 SBSIRGET AL oot Wlra... o
branéleddi PEQIGIUSF edHmdatds, untchered IMEBF REfidifg hiteO thébreadish, etc. were

the solution was stirred at 4 OC for 90mn The
eXChFdéécﬁpént}\ﬁééu%?Soﬁﬁ@cpoﬁyefé@éﬁdn@‘dlﬁﬁﬁlmeéfﬁ‘}ﬁl@_d topohigirehe mono-two-

W ; Rl ' 2
orangRE, Y o B0 e el GE Gl B bEPEAR Prgiaw 20,0000
are cohagatedtou callodas monodlincadPEG-GR-SFephbgugass. Fast Fl ow
cati on exchange chromat ography (Amer sham Phar nmaci a

Bi ot ech) equalized with 20" of sodi um acet at e( pH4. 0)
buehRipar i EQRm WQ>|I"1'3 5‘[‘1@* %?Q%dorgr{%@é@'p%’:et%ene glycol (PEG

conjugate was se ar at ed rom The m xture
MWTZOaQQO@mgd/ebyle sisdletgl s(Brubt\Alreij{Qﬁfcmgu@tqson gradi ent of

SP(Sj Imugng) l(?&bga)(gng gl)harm 80 Ltd.) was filtrated with pH8.5 and 50 mM of
sodium borate buffer solution. And, 8.0mg of two-branched PEG having N-
hydroxysuccinimde(NOF, Japan) and the molecular weight of 20,000 daltons was added to the
solution to make the molar ratio of the rhG-CSF : the linear PEG to 1: 0.75. The solution was
stirred at 4 °C for 90min.  And, the reaction was stopped by adding 100mM of HCL to make
the solutinn pH 4 and by diluting with sterile distilled water of 5 times the solution volume.
Then, the mixture was inputted in SP-Sepharose Fast Flow cation exchange chromatography
(Amersham Pharmacia Biotech) equalized with 20mM of sodium acetate(pH4.0) buffer
solution, and linear-branched PEG-G-CSF conjugate was separated therefrom. The mixture
was fractioned by using 0 ~ 1M of concentration gradient of sodium chloride(NaCl). The
molar ratio of two-branched PEG to G-CSF in the two-branched PEG-G-CSF conjugate was
confirmed by HPLC and SDS-PAGE. And. di- or more(tri, tetra...)-two branched PEG-G-

CSF conjugates. unreacted G-CSF remaining after the reaction. etc. were excluded. And. the
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nolar ratio of linear PEGto GCSF in the |inear

PEG G CSF conjugate was confirnmed by HPLC and
wEDBsPser And, di- or nore(tri, tetra...)-I|i NREI/KR2006/004908

PEG G CSF conj ugates. unreacted G CSF remai ning after

the reaction, etc. were excluded. And, the eluates

were concentrated and steriljszed-filtered to obtain

t he nono-1linear PEG G CSF conjugate in which a G CSF
eluatgggyegg%glgéq%%{ggr qE e%/gvnlgz%éq%g% ?(ggP%g’ngl%?%%Sg-g\gg-branched PEG-G-
CSF ToRfIRAkah WHcHX BIRSE ard a W E MRS pE@?NF\M@D%@BEP%@ conjugated(or

pol'yet hyl ene gl ycol (PEG MAN 20.000 Da. 1ycine skel et al
calledtap owmarledeaPSFG € 6ilj eopaites)0 ng of r hG CSF( Dong- A

Pharm Co.. Ltd.) was filtrated wth pH8.5 and 50 nM

of sodium borate buffer solution, and then 9. 1ng of

t wOohiparsiadE Ritepass Pee P h YRS hiiHTESpoINak Y Rhe glycol-G-CSF

USA) a{ﬁd t he n?lﬁgcul ar V\%i ght of 20.000 dgétgﬁsywasgy
conjugitischinding heNgeiminaloa-atronoredeeluehe nol ar ratio of the

+ol6% G5 ot S Gesrpisd RaOn TS homi e siridiin pTaaPaient o 0248111,
and ShRPPSEicDar@f o9 s29RM ot HGktHo a%h@ﬂ}t/ H@scﬁgéd"fs}aggolms.

4 and by diluting with sterile distilled water o

times the solution volune. Then, the m xture was

[ tt i n. SP- Se rose Fast . Fl t] xch e .

By PR anke e Ak Rbo BRe QB Gl S pt ma-csr
wereWtitfed AQME 0And Bdikés melet at e( pH4. 0) buffer sol ution,

and | i near-branched PEG G CSF conj ugate was separ at ed

t plelinshr grethoRbiohiexdtyline aheeolimiieE) Pdey dpfNakgarnySe) waspdded to the

1Ge L10 radi ent. of sodi um chl ori de .
soluffn, SHRAERA S8l DAL Bl Hion B VDG EHgPR g or et o
makd e folatieheH Phid GoSHI o) wiglktserhadisaied iware by tinfds Ghe solution

and SDS- PAGE. And, di-_ or nore(tri, tetra...)-two
volupgeandihss PEGNEXESE vasnjnpyteddn dmoepliresg bpstgrow cation exchange

L4L00 1. ORy: . x¢l:ude d :
nofTRLA00 SRR EERRLAOBIORLE BRI
acetatepHBt0AI buffeh sohmioo; tvdbtiaceriesh BEGPEESFC8Bnjougane vas separated

[ F - h P 2
e S I Sgh0m BLSIERES PERIY 20, 00050 e
CthﬁMNHgBt Rhd. the cluates were concentrated and sterilized-filtered to obtain the mono-
mPEG-G-CSF conjugate in which a G-CSF and a two-branched PEG(MW 20.000Da) are

conjugated(or called as mono-linear PEG-G-CSF conjugate).

<Comparative Example 6> Preparation of mono-methoxypolyethylene glycol-G-CSF

conjugates binding at thiol group of cysteine residue of G-CSF

The title conjugate was prepared by a method described in Korean Patent No. 0508358.

The method as briefly described is as follows.

1 mg of rhG-CSF(Dong-A Pharm. Co.. Ltd.) was added to ImL of sodium phosphate
buffer solution(0.1M) having pH8.5. and 52.6mg of polyethylene glycol maleimide(NOF.
Japan) was added to the solution. And, the solution was stirred for 1h at room temperature.

Then. PEG derivatives remaining after the reaction were removed from the solution by
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<Conpar ative Exanple 4> Preparation of two-branched
pol yet hyl ene gl ycol (PEG MW 20,000 Da, glyerine
W@ k@BO6@N2 st ruct ure) - G CSF conj ugates 10 ng of PCT/KR2006/004908
rhG CSF(Dong-A Pharm Co., Ltd.) was filtrated with
pH3.5 and 50 nmM of sodi um borate buffer solution. And,
8. 0nmg of two-branched PEG hayi ng Nhydroxysucci ni nde(
NCOF, Japan) and the nol ecul ar wei ght of 20, 000 daI tons
was added to the solution to nmake the nol a

r tl
centrfi Thisress. U Hle e e BRI ops cQneeBTatp ol oA lered to

obtalit\@?ex%hé Bﬁ%@g; bsPeofia at@om n. And, the reaction was
st opped by addi ng 10 of HCL to nmake the sol ution pH

4 and by diluting W|th sterile distilled water of 5

e Rt AP gD s ar T B SRy the conugates
prepa@&[QJ@%OQ{dQB@YesGHTﬁ%%B%Hd%&aF nmaci a Biotech) equalized
with 20mM of sodi um acet ate(pH4. 0) buffer sol ution,

and |inear-branched PEG G CSF conjugate was separat ed
therefrom The m xture was fractioned by using 0 ~ I M
of concentration gradi ent of sodium chloride(Nad).

HExperiméntaBEkdmpfe I:anblyao chgaatRinft mos{oaSkorhérstofighree-branched
t wo- branched PEG G CSF conj ugate was confirnmed by HPLC
PEG‘QT@S{;ESHPA@S And. di- or nore(tri. tetra J)-two

EG.,GCS r eact
8RR SPE LB AT LSARAAS . ERianl. 1 gy oot v o
CatIOIti QQ@ljlaH@E e‘(@SH‘("%ﬁ@lyﬁQ'&Gﬁlmﬁ(gp-%d\/lanﬂOSbﬁgégbZl@ﬁdeitﬁ eBRA of sodium
to obtain the nbno-two-branched PEG conjugate in

acetawtb@ﬁﬂer@feélﬁ‘e‘.lloatrdll@d Widi- Pacialc irstic RE@()WCQ@a@om)OmrS@mer of the

ugat ed al | sm)ollne
conjugg ﬁg “gagt @&atg%gwpl gﬁ%ﬁ \% (Eggrﬁ,pe}cgta%b ’p%l ; gt%l:olr% was confirmed that
the rafNF-caEH POXYRPIsyRENY BHE 5gby oals: @m&ecp@ ugat es
bi nding at NNterm nal a-am no residue The title
conj ugate was prepared by a nmethod descri bed |n Kor ean

w&%taeﬁi§#‘§% 2>aﬂ9algj§r't% té)?ﬁ))l/ égltsc%lr Ig%fvg ]%osmon isomers of

threeftohdohes PEOGMS B torgoghitesm phosphat e cont ai ni ng 20mM
O NaCNBH 3, and 5nmg/ Ml of rhG CSF were stirred at 4
0C. And, 5 tines nol

Relative Biological activities of position isomers of three-branched PEG-G-CSF
conjugates of Example 1 were measured by using that of G-CSF.

NFS-60 cell strain cultured at growth RPMI 1640 containing 10% FBS and 1ng/ml of
rmIL-3 was washed 3 times with test RPMI 1640 containing 5% FBS. And, the cell strain was
divided into 100ml(2x10” cells/ml) at 96 well plate. Then the sample was diluted with test
medium to prepare a sample of 200ng/ml, and 9 more samples of 200ng/ml by 5 times
gradient, and the samples were divided into 3 wells, each 100ml, per concentration in 96well

plates containing the cell solutions.

Each well was cultured at 37 C and 5% CO, incubator for 48hs, 40 ul of MTS was
added to each well. After 2hs, an absorbance of the sample was measured at 490nm by an
ELISA reader. ECs, was calculated by a dose response curve and a linear regression analysis
of point comprised straight line of a standard curve, and the activities of position isomers were

determined (see. Fig.11). The three-branched PEG-G-CSF conjugates of the present
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of |inear nethoxyl pol yethyl ene gl ycol (nPEG
al dehyde( Nektar, USA) was added to the solution, which
wor®smssionr ed for 10hs. The reacti on was st oppePCTHKR2006/004908
addi ng 100 of HCL to nake the solution pH 4 and by
diluting with sterile distilled water of 5 tinmes the
solution volunme. Then, the mxture was inputted in
SP- Sephar ose Fast Fl ow cati on exchange chromat ography
( Amer sham Phar maci a Bi ot ech) equallzed wi th 20mM of
mve@tm bweaggqltéqrécwr@*aﬁggf%ml %roP‘E}tVl”é‘?“? gﬁat is. 1t 1S not necessary to
E e
e B h LS P PR S AT S URERARTRe tppe-branched
PEGo(ﬁ GS:Fﬂc(mjiJgametﬂ arthgpade@nnveitiosadé aompdded raf defNg@ky with uniformed
the eluates were concentrated and
am“§¥§rlllzed filtered to obtain the nononPEG G CSF
conjugate in which a G CSF and a two-branched PEG MV
20, 000Da) are conjugated(or called as nono-Ili near
PEG G CSF conj ugat e). <Con'par ative Exanpl e 6>

CoRRB0 R AR Eae 3 R R e R e bRE g peo-o-csr

conj@fatds CSF The title conjugate was prepared by a nethod
descri bed in Korean Patent No. 0508358. The nethod as
briefly described is as follows. 1 ng of

% ﬁé{: ‘1‘@9&%@%@%%@%@1&1 %:}Ie? 8(%1 Wﬂﬁ&‘?mﬁc%uk Elhdggt G-CSF. the
PEG&(ﬁldSSHFchﬁi]m}gacﬁs g dixyeipheyl, ene tigd I}EGLG-I@SFeudm@a(eN@:Example 2. into test
rts (SREnEHei BT BEcPHRi2 Poo A it Bt HFiEhisTh AT pRting them in the
amow.?{r?go'rf;]ylt@g%élgec‘r rﬁ{s[ﬁ?é B&g seﬁﬁﬁlgg WE& glg\mg& 'fr%ﬂq mg&?[s agmlﬁd Omin. lhr.

ol uti on bycentricon 3

2hr. 8le 4RO BLE, 110Rr, Wasy, QaiGe BEd 3t fthydllass, fmhj/é éﬁ(ﬂ?&dﬁstﬁ&etﬂhe injection.
to obtain the nono- NMPEG G- CSF conj ugate. The property
And glhg cpRernHrateIsotfi BaIG-6eF spniugateade shepepwle BisErIgUasd abiyely analyzed

o BB RO 8 SR AR e

separation of p05|t|on i soners of three- branched

Pﬁl% l?al??t';e fnob a% ehe PEG-G-CSF conjugates of Example 1 and Example 2 was
increased 3 times and 10.8, respectively, compared with that of G-CSF, and the areas under
the concentration time curve in blood of the conjugates of Example 1 and Example 2 were also
increased by 7.6 times and 23.4 times, respectively, compared with that of G-CSF [Table 1 :
Pharmacokinetics test of the three-branched PEG-G-CSF conjugates and G-CSF at
rat(Sprague Dawley rat)]. It was confirmed by this test that pharmacokinetics of PEG-G-CSF

conjugate is dependent on a size of PEG.

[Table 1]
rhG-CSF Example 1 | Example 2
Cmax (hr) 1383.2 1676.8 1710.6
Tmax (hr) 1.5 12 36
T}/z (hr) 2.9 8.7 31.2
AUC(ng*hr/ml) | 6246.9 47420.3 146196.1
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100/ig of Mono-three-branched PEG G CSF conj ugat es of
Exanple 1 was input to a cation exchange resin
wW@p@B6G062 col unm( SP-5WP. TOSOH) equal i zed w t hP@BERRR@6/004908
sodi um acetate buffer(pH 4.0, controlled with glacial
acetic acid), and each position isonmer of the
conj ugates was separated by 100mM of sodi um acetate
buffer, pH 7.8). It was confirmed that the ratio of
e%ch osition isomer is about 54% 33% 10% (see, Fig.
10)he B3R it Bie abvnighle have isdplewingsreapingsogi cal
agt L Vit it ' of three-branched
Pg%éﬁcr{égﬁ)c%%?ﬁgg%@s (é(;)r[:\ttg ﬁ@gﬁ)& ol ogi cal activities of
pOBiak i maxinsonesreenttationr ee- br anched PEG G CSF

cqnj ugat es. of a}n'pl e 1 were neasured by using that of
ﬁ@sﬁﬂmﬁg.oeéla@w strain cultured at growth RPM 1640
CRUCALANHIAOK EBR epnslidNEhEtuQE rmM L-3 W s washed 3
times with test RPM 1640 containing 5% FBS. And, the

cell strain was divided into 100m (2x10 : cells/m) at

et §og) EpameRae SRETE B CoidRyria Befihsly il EE5F comuaes
on leSARR IPES sqfond N @nfdgakky 5 times gradient, and the

s%l es were divided into 3 wells, each 100m , per
cHe Gt samugaesogietampesat @sd conndiGammgrative emples 2. 3. and 4

e R e A T C A EIOR v o
time WRIrd andi{ 3 & by p&ers@@-pﬁ@s%oﬁi%ﬁ-%gﬁ”o%aﬁcg FiRRTPLE MW raphy. to estimate

neasured at 490nm by an ELI SA reader. EC50 was
the degiieeupleaving Y Eéisdusaesketadg) otrsetuvaimwdecatat veeiglitnemd branched types of
PEGT €9r ession anal ysis of point conprised straight Iine

of a standard curve, and the activities of position

i soners were determned (see. Fig. 11). The

t hr ee- hranched PEG G CSF conj ugates of the

pie &enthbtv s nslcktalh sectprss i the olsayisgnRlEGs heagiiried sast] dlequently in

i: Vi t1s, Jthd ot necessary_ t ve .
ComBRAYC Eiffels 7 Bng By AT [V B RS I e RaTCE R goniueates
of Exmoplese drkle2t fide Cobipanche & xRhpld4 (Rkugenjidig atese@fy tHi@ those of

present invention_are congosed_ of conjugates w th )
Compgiatysy emples 7 g9d 3 £Eable 2: Comparison of generation rates of G-CSF in PEG-G-

CSF conjugates having various PEG skeletal structures). This test confirmed that the three-
branched PEG-G-CSF conjugate is more stable than the linear-, two-branched PEG-G-CSF
conjugates, and the conjugate with a glycerol skeletal structure is more stable than the

conjugates with a lycine skeletal structure.

[Table 2]
Example 1 xample 2 Comparative omparative omparative
Example 2 Example 3 Example 4
J(generation 0.44 0.34 5.59 1.36 0.54
rate,%/day)

<Experimental Example 5> Stability test to the three-branched PEG-G-CSF conjugates

against forming aggregations according to a skeletal structure of PEG and a type of binding

PEG to G-CSF
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Experi mental Exanpl e 3> Pharnmacoki netics test of the

t hr ee- branched PEG G CSF conj ugates The
w@b@sswoerlynam ¢ test was conducted to inject PCI/KR2006/004908

hypodermi cal ly each of G CSF. the PEG G CSF conj ugates

of Exanple 1, and the PEG G CSF conjugates of Exanple

2. into test rats (Sprague Daw ey) which had 240 ~

26Qg of body wei ghts. After injecting themin the
ag/ﬁ)llf!xg grangg’e[dﬁ?lirda @Cgfhgorﬁ]{xgaqd 5 r@(la%ﬁ)ﬁwelr eﬁ[}ono PEG-G-CSF
conjddite %mom%ﬁtlvelgﬂﬁmplegay ,anddayRavigdaysimif ayslec Bgtangicht to the

6days, and 7days, after the injection. And. the
COHJW@EEWWIQrisanéfdlffﬁrén@@@rralc,sanftugeafr@@ thecemiegaie apEsample 1: and
I
mon B B S anihLAE e PRArUAR, Dplls SORKEE SERASF bipgine wvpe from
the dmaj Ugalei (ﬁfeEXzﬁmﬂilé dodeieftestbd tPEEasarESRbL DI ugahasfoarhing aggregations.
mple 1 and Exanple 2 was increased 3 tines and

Eachlf@lraole Mag 5@%%%? O%nﬁ@r@e sphvent efiihe sypples oo emnged 3 times

with 1?6%%/1 %33 (S)HJOTPQ dte ul%%f %%)r%g é\%tfg %E]Jt Ex%ﬁip [ve in blo

sz'mwé(?s weérlesdgposued at
37T Ret pAYGHs. ba)ﬁdﬁo@mﬁﬂidf?%f aARGregatich bf MRS codjGSRACHAY @h¥lyzed by size-
conpared with that of G

F[Table 1 :
exchiBnar gk pkﬁfmateincslit;eiﬁtchnfmatthgap}i}r ee- branched PEG G CSF
conjugates and G CSF at rat(Sprague Dawley rat)]. It
was confirmed by this test that pharnmacokinetics of
PG Gnéipkis GeRilidaat ﬁ)rrhﬁigdspﬁﬁdﬁ‘g%reééﬂoﬁ @br%?en@fthzft’Erg’ono PEG-G-CSF
[ Tabl e 1] *The abbrevi ations in the above tabl e have
conmgaée @UEXWIQQ h@éamsm gisbiliTyraxthe wipest obleadag ﬁEﬁﬁaxarrmfwmed the least
a L1 9 oncentrati.on 2:
ggreegatlﬂ{l n(g{aﬁ &n hgleperrfi ?I}:_\ %&to glggg?gaﬂ%rcowﬂgates according to a skeletal
strucBRBGEME@tah@MN HylpEBfBIidiBe PHEX Re 1IG-UBRY. allok-2FI0-6-d8F conjugates of
Stability test of the three-branched PEG G CSF
Comparafivgydtxemplas 1 eadinesimeEEG having Hbe somf utheaced skeletal structure as

PEGs in Example 1, and using the same binding type to Example 1, as well as the conjugate of

Example 1, formed some aggregation. However, mono-PEG-G-CSF conjugates of
Comparative Example 3 using PEG having different skeletal structure from PEGs in Example
1 (although using the same binding type as Example 1) formed much aggregation. And. mono-
PEG-G-CSF conjugates of Comparative Example 5 using PEG having different skeletal
structure from PEGs in Example 1 and using the different binding type from Example 1

formed 2 times or more of aggregation, compared with the conjugates of Example 1.

[Table 3]
sample Example 1 | Comparativ | Comparative | Comparative | Comparative
e Example 2 | Example 3 Example 4 Example 5
Generation | 6.81 7.89 50.5 7.91 15.3
rate(%o)

In conclusion, mono-three-branched PEG-G-CSF conjugate of Example 1 is most stable
in both leaving PEGs from the conjugates and forming aggregation. That is. this
advantageous effect is from different skeletal structures between branched PEG and branched

PEG used in the present invention.
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PEG G CSF conj ugates of Exanples 1 and 2.
Conparative Exanples 2. 3. and 4 were deposited under
w@kbog/oemo2 37 C for 7days, and the aspects of |BEWKRQV06/004908

PEGs in length of tine were anal yzed by reversed-phase

hi gh- performance |iquid chromatography, to estimate

the degrees of |eaving PEGs,gn a skeletal structure,

nol ecul ar wei ghts, and branched types of PEG In the

PEG s skeletal structure, the |eaving PEG occurred

nost frequently in Conparative Exanple 2 using |inear

Siapsr AL Exhibic B3NN oL AR RUCARL daR g Pra-G-ost
conjuge s af ardmakbmbtgl td ndiicht dmosei-@ihconghciat isveenfmiampkds 2

and 3 (Table 2 : Conparison of generation rates of

G CSF in PEG GCSF conjugates having various PEG

N&li@pall wblifedieheslivitibict hesd-tk@NbiahfRd PIHEIGIINF conjugates of

t hreebranched PEG G CSF conjugate is nore stable than ,
Exantiie 1l inmewrmPEGhmethoan pobgtpaeRIgsh)-ohphigenagategrpd Comparative

t he conj,ugate. wi t.h. a gl vcerol skel r [.S:
el S PP 3 P Bkt Sl T LU ey om
conj L%Qafe'd Gfubhempl ablvére ZksavEd pET howset @bddbtantieh 2 anti-cancer agent was
Stability test to the three-branched PEG G CSF
admigishplgdat es agai nst form ng aggregati ons according to a
skeletal structure of PEG and a type of binding PEG to
G CSFMono t hree-branched PEG G CSF conj ugat e of
BExarpBRF L) offo2( ~PEGe GvEiSFadaimisgadde wath COOpapkei v an anti-cancer
Exanples 2 and 4, having a simlar nolecul wei ght to
ageni(gxelepbaprigande)de desrgasg|the Aumbgy of ey 0L 4 81 ol
SAAMCHUY 8r the QBB 6P PkMARES Ol (X 88Hh&ates ofaNEN SR e Examples 5
PE%%&@LF conjmffggtg of Co@par ati ve%énéa%l e0 5 haﬁ\}s;?nge rAmpIes
and @i Wasr edmirstratidrgubgusecbngm oive, congigave ofoussampl eGiCSE  was
were tested to sure stabilities jnst formng .
admi 5t TS P EaC SRIRBIReT JELSE JF et By sOBtiP gy amount 1
mg/keNEhs alide Mok Wdi€ csiddeRices opar e, Bx3aggrd®. 3, 1088 1%idaRs, and the
0O of phosphate buffer solution having pH7. And, )
total mhmosesngd] leskaggtecandepusiopkitl were measured by automatic hemocyte measuring

instrument (HEMAVET 850, Drew Scientific Ltd., UK). The periods that started the

and

recovery of neutrophils decreased by an anti-cancer agent and the times required for the
recovery of neutrophil, in the conjugate of Example 1 and the conjugates of Comparative
Examples 5 and 6 were similar. However, the time reaching the maximum number of
neutrophil in the conjugate of Example 1 was about 12hs faster than those of the conjugates of
Comparative Examples 5 and 6. The area under the increased neutrophil count-time
curve(AU-NC) of the conjugate of Example 1 was largest (Table 4: Neutrophil proliferation
activities assay of PEG-G-CSF conjugates at animal model to which an anti-cancer medicine

is administrated). Therefore, it was confirmed that mono-three-branched PEG-G-CSF

conjugate has a rapid effect of Neutrophil proliferation.

[Table 4]
G-CSF | Example 1 | Comparative | Comparative
Example 5 | Example 6
Increase of neutrophil T 2 days |2 days 2 days 2 days
Recovery time of neutrophil* | 4.5 days | 4.5 days 4.5 days 4.5 days
neutrophil peak 6 days 5.5 days 6 days 6 days
AU-NC(x10’ cells-day/L) 24.4 54.0 52.1 34.6




37 C for 14 days, and formation of aggregation of the
conj ugat es was anal yzed by si zeexcl usi on hi gh

w@eooBoswence | i qui d chromat ography. The anal ysSPGI/KR2006/004908

results of form ng of the aggregation represent that

nono- PEG- G CSF conj ugate of Exanple 1 had nost

stability in the aspect of I|»xaving PEGs, and forned

the | east aggregation (Table 3: Generation rates of
aggregation conjugates according to a skel etal

structure of PEG and a type of binding PEG to G CSF).
MonanREGT feuedbhit @Nbe/Bietcasedoffieadmati dfative oEX atddl @ 2

and 4 using PEG having the sanme gl ycerol skeletal

st:rliveus eead IHEGEMiT oExmmpbenditrophd aftsi adninfserasamef an anti-cancer

medib.i nding type to Exanple 1, as well as the conjugate of

B&nple 1, fornmed some aggregation. However.

nono- PEG G CSF conj ugat es of Conparative Exanple 3
usi ng PEG having different skeletal structure from
PEGs in Exanple 1 (although using the sane binding
type as Exanple 1) fornmed nuch aggregati on. And. nono-
PEG G CSF conj ugat es of Conparative Exanple 5 using
PEG having different skeletal structure fromPEGs in
Exanple 1 and using the different binding type from
Exanple 1 fornmed 2 tines or nore of aggregation
conpared with the conjugates of Exanple 1. [Table 3]

I n concl usi on, nono-three-branched PEG G CSF conj ugate
of Exanple 1 is nost stable in both |eaving PEG from
the conjugates and form ng aggregation. That is. this
advant ageous effect is fromdifferent skeletal
structures between branched PEG and branched PEG used
in the present invention.Experinental Exanple 6>

Neut rophil proliferation activities assay of PEG G CSF
conj ugates at animal nodel to which an anti-cancer

medi cine is adm nistrated. Neutrophil proliferation
activities of nono-three-branched PEG G CSF conj ugat es
of Exanple 1. nono- nPEG net hoxy pol yet hyl ene

gl ycol ) - G CSF conj ugat es of Conparative Exanples 5 and
6 having different binding type and different

nol ecul ar wei ght fromthe
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conj ugates of Exanple 2 were assayed by nouse nodel to
whi ch an anti-cancer agent was adm ni strated.
woL@eHB0DFE ) of 20 ~ 25g were adnini strated w t PCRER2006/004908
ng/ kg of an anti-cancer agent(cycl ophosphanide) to
decrease the nunber of neutrophil for 2days. And, each
of the conjugate of Exanple ;5 and the conjugates of
Conpar ati ve Exanples 5 and 6 was adni ni strated
subcut aneously once, 1ng/ kg per nouse, and G CSF was
adm nistrated 8 tines by 0.125 ng/ kg per nouse to make
the total admnis [ The m ce
bl oods were col | eﬁlzgsgtﬁ%@ﬁwgcgﬁigﬁg 6, 7, 8, 9,
10 and 12 days, and the total nunoers of |eukocyte and

neut r ophi.| r Sur by aut omati.c_henocyte, :
% T PR | RERE TG B ER 810, ofy by BEENt fiyeption are more
phartahébuticMly) stabRetHARI iRdE Shako-BtAchad PE@G[@W\&%B}(%Q(%% ein terms of

neutrophils decreased by an anti-cancer agent an
leavipg fE&sr fsepniH& e G-EBF chejugatep wed forofingdatagershites of porjhgates.  And.

e GETHOZbE R BRGSOV LGPl gpgpions o posiion
isomtRebetane the ash)ufided Osi¥RST fAEPOIHIBAEE0RErs RALHE §iaRAE hetivities.  And.
the conjugate of Exanple 1 was about 12hs faster than ‘
the ¢qpaRasitsm ©h ethe opriesriht iBEemfonCharp dhatafpets EqbppnidruoS gprgduction of
T ihcreased neutrophil count-tine
nemrggtru\]/-1 2%%%{ ﬁ%e%{%?ﬁ{\ Hﬁe%ﬁlba#jﬂﬁ%at e of Exanple 1 was | argest
(Tabl e 4: Neutrophil proliferation activities assay of
PEG G CSF conj ugates at aninmal nodel to which an
anti-cancer nedicine is adm nistrated). Therefore, it
was confirnmed that nono-three-branched PEG G CSF
conjugate has a rapid effect of Neutrophi
proliferation. [Table 4 ]t : Tinme for neutrophil to be
increased after adm nistration of a medicine * : Tine
to reach |,000/mm 3 or nore of neutrophil after
adm ni stration of an anti-cancer nedicine.1 1
| NDUSTRI AL APPLI CABI LI TY



The three-branched PEG G CSF conj ugates of the present
i nvention are nore pharmaceutically stable than

WO 20v8a6000Dr t wo- branched PEG G CSF conj ugat es POI/K&2605/004908
of | eaving PEGs from PEG G CSF conj ugates and form ng
t he aggregates of conjugates. And. the conjugates of
the present invention can besused w thout additi onal
separations of position isoners because the conjugates

consi st of the position isonmers with simlar
actWﬁﬁ?é%.CLAMEpﬂé’conpositi on of the present

invention has the effects of continuous production of
neutrophilias and increased in vivo half-life. WHAT IS

1. TheterbieEEhadP EQ-G-THF eenfugatnoff ¢ fIPHGYBe@SReebigrmykit(é):of
the follow ng general formula ( 1) :

Hlt%cﬂ#@hﬁg\nz&-‘c—@@l: | HOO{ CH2CH20) 1n CHB
}-%' cHeCHR CH3 ( 1) in which a bonding ratio of
t Hr ee- branched pol yet hyl ene gl ycol (PEG and G CSF is

H?LD@H},QH;&D)}“Cde PEG has an average nol ecul ar wei ght
oft from 200 to 45. 000 daltons. wherein, n is an

H.& @, @i, Q) 1GH:1, 000; mis an integer of 10 to 1, 000;
Zis (CH2)s or (CH2)SNHQO{CH2)S as a |linker of G CSF

e B o e OBl b eRsnlr ) 3 s 1

(GoFRl 2Rsh BEGUAS hh 80&heh01Bulaf wREG Sk dd 20D Y& 42000 Bltons.
conjugate of Claim1, wherein the PEG has an average

nol ecul ar wei ght of from

wherein,

n is an integer of 1 to 1,000;

m is an integer of 10 to 1.000;

7 is (CHy)s or (CH,)sNHCO(CHy,)s as a linker of G-CSF and PEG wherein S is an integer
of 1 to 6;

Y is an amide bond formed by combining NH; functional group in G-CSF and a functional

gro1p of PEG derivative

2. The conjugate of Claim 1, wherein the PEG has an average molecular weight of from

20,000 to 45,000 daltons.

3. The conjugate of Claim 1, wherein the PEG has an average molecular weight of from

23.000 to 43,000 daltons.

4. A method of preparing three-branched PEG-G-CSF conjugate of the general formula (1) of
Claim 1 comprising forming a covalent bond of three-branched PEG derivative of the
following general formula (2) and G-CSF wherein PEG(polyethylene glycol) has an average
molecular weight of from 200 to 45,000 daltons;
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20.000 to 45,000 daltons. 3. The conjugate of Claim1.
wherein the PEG has an average nol ecul ar wei ght of

w0 c@s0@®9D00 to 43,000 daltons. 4. A nethod of PCT/KR2006/004908
preparing three-branched PEG G CSF conjugate of the
general formula ( 1) of aim1l conprising formng a
coval ent bond of three-branched PEG derivative of the
foll owi ng general formula (2) and G CSF wherein
PEQ pol yet hyl ene gl ycol) has an average nol ecul ar
wei ght of from 200 to 45,00 daltons;(2) wherein, nis
an integer of 1 togpl,000;w5 mis an integer of 10 to

1,000; Zis (Ch 2)gj or ( NHCO(CH2) s as a |inker of
HeE OEH G, PR~wiher @ -AOS-Ns an integer of 1 to 6; and
the functional group whic n chemcally react with

HCoeH)e eppti des cont/ai ning GCSF is
%dr‘ésu g’i’"ﬁi rF}lgde. 10 59 The nethod of C aim 4,

g(gi.pcy.h@)'{ﬁéﬁ has an average nol ecul ar wei ght of
from 2 ,0(30 0 35, 000 daltons. 6.(2The nethod of Caim

4, wherein the PEG has an average nol ecul ar wei ght of
from23,000 | d to 45,000 daltons. 7. The nethod of

thIeai m 4, wherein the nolar ratio of GCSF to
tH'se- br anched PEG derivative is from1: 0.5 to 1: 50.

n i2h fhtegbhef meg hodo.of Claim 7, wherein the nolar ratio
of GCSF to three branched PEG derivative in the
m s@gdeieett 9fdOntp 009 0.5 to 1: 5.

Z is (CH>)s or (CH2)sNHCO(CH,)s as a linker of G-CSF and PEG wherein S is an integer
of 1 to 6; and
the functional group which can chemically react with proteins and peptides containing G-

CSF is N-hydrosuccinimide.

5. The method of Claim 4, wherein the PEG has an average molecular weight of from 20.000
to 45,000 daltons.

6. The method of Claim 4, wherein the PEG has an average molecular weight of from 23.000
to 45,000 daltons.

7. The method of Claim 4, wherein the molar ratio of G-CSF to three-branched PEG derivative
is from 1: 0.5 to 1: 50.

8. The method of Claim 7, wherein the molar ratio of G-CSF to three branched PEG derivative

in the reaction is from 1: 0.5to 1: 5.
9. A pharmaceutical composition for treating or preventing symptoms caused by decreased
hematopoietic function and decreased immunologic function. comprising the conjugate of

any of claim 1, 2 or 3 as effective ingredient.

10. The pharmaceutical composition of claim 9. wherein the symptoms caused by decreased
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9. A pharmaceutical conposition for treating or
preventing synptons caused by decreased hemat opoietic
wo e and decreased i mmunol ogi ¢ functi on, PCT/KR2006/004908
conprising the conjugate of 25 any of claiml1, 2 or 3
as effective ingredient. 10. The pharnmaceutica
conposition of claim9. whernein the synptons caused by
decr easedhemat opoi eti ¢ function and decreased
I mmunol ogi ¢ function are solid cancer,, neutrqpenia .
hernaggce@thogdr@aﬁ@ and deesipter dmapnoleRih [sEoR @xppolid cancer. neutropenia
caul S b\ o&%@é@ck?e%ﬁﬁ%a@ td BRI QAN R 25k tfopedia a0 5 b?' myelodysplastic
neut?openla caused Dby aplastic anem a, congenita )
syridedraq addutropareal caged riyaasladicnanehriapeamigenicd ugiedatbic neutropenia. and
treating human i nmupodefj ciency .virus.. 1. A method of
neWTOpER I S1SFAY iSRS B BVBARGRGCIAE FEBeni a, or
facilitating increase of the nunber of neutrophil at
the time of hematopoietic stemcell nobilizatjon to
11. pendtipheofiredsingottusmperianut opoing tietrepeain. @& |fcilitating increase of the

oSS P BT SRR PR R41 Gh AP v o
and H%%b@i@{ie stem cell transplatation. comprising administrating the conjugate of any

of claim 1. 2 or 3 as an effective ingredient.



