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WO 2008/0611002PCT/KR22006/004908 POLYETHYLENE
GLYCOL-G-CSE CONJUGATE TECHNICAL FIELD The present
invention relates to a three-branched PEG-G-CSF corthwate.

VBARKROGROUND ART Colony stimulating factor(CSF),RAE &R2006/004908
glycopmtein acting on production. division, and activity of hematopoietic
cell, is classified into granulocyte colony stimulating factor(G-CSF).
macrophage colony stimulating factof(M-CSF), granulocyte-macrophage
colony stimulating Ofactor(OM-CSF), multi colony stimulating

factor(multi-C 8P BT HYLENEKRb YK tHaf GCEBE GOATHe &dekEreleasing of

matured neutrophils into peripheral blood by facilitating production and
division of' neutrophilic precgrﬁgwﬁ%ﬁpg%g w: induces a phagocytic
activity by activating matured rieutrophils;r sents an antibody
15déperederitiveihinediated oytotoxiditynhdedatate S sifieroxjdess.and
increases reactivity against chemotactic factor. Human granulocyte

colony stimulating factor(hG-CSF) was firstly separated from bladder
carcinoma cell line 5637 by S BOAYYB85RANd recombinant

hG-czsni(m@ltfaa)ngascw@dlssm@y @I{aiafmz@mgﬁnsﬁfwarggmwb&?meﬁ. and
a cancer cell by Nagata.et al... Souza el al. in 1986. rhG-CSF currently

e S L B R lnanu s g o o-cs)
magrerbhavithout giycositatitre;prdtG6Ed igrdEstherichiacephagncblony stimulating

iadeRearRB Wik OYERSAHRN PIPEUERG I ARkRal gell. 25In case of using

rhG-CSF clinically, rhG-CSF hasto be administrated once or more a day
for decreasing leukocyte because rhG-CSF has a short duration of

pharmacaiegicatiaffesic Ihusroaanyrsieidies bavaheen candpaledd@ peripheral
bloingrgasf(g1 ‘?ﬁ?a lg—lifergié:ci{icgl%ti%n liigpoG-C F utsin%i vater-soluble polymer,
thereby ‘developing the trugto KAV BIShd HUIFSREH P KEHR, ShPPigHmarTow:
indstessility plasdedticresisiniy the feyatneynohadiinistration; Mp@sents an antibody

deg&g%%ﬂmgﬁ%@%é%f@%rates superoxides; and increases reactivity against

chemotactic factor.

Human granulocyte colony stimulating factor(hG-CSF) was firstly separated from
bladder carcinoma cell line 5637 by Welt ef ¢l in 1985, and recombinant hG-CSF(rhG-CSF)
was produced by cloning of gene from cDNA library of a cancer cell by Nagata er «/.. 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, thG-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 rthG-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. polyethvlene
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glycol is effective for increasing the molecular amount of protein bonded
thereto. with maintaining main biological functions such as enzyme activity
and receptor binding. Thus. polyethylene glycol can decrease the filtration
Vit KIefi)8nd effectively protect protein from proteolytic effzy/ik2es/004908
decompose the protein. Therefore, many studies have been conducted to
find out modifying methods of proteinz by using polyethylene glycol

because it has the advantages to prevent protein decomposition, increase
| th? sta gg{‘ and circulation time of Prorlein, and decgease,in&muﬁpog?}r%icit it
eV RArEas PSRt Nb. BEEEEs Ui S Aol At L LRI Bre8a iy HistHod !
mathereiof, whierkinl¢he foonjugateshmvarhivlogitaliactivitiescand birelimzthel hus.
poz(c%i'i%}19&9@9&8QCQrPJQGI%Q}Q%@%WaHBJyB@%&Q%J?'%@EHX&K%’&%%%@P%&% from

SF, in‘the molar ratio of the polymer: G-CSF to stoichiornetrica
Progeglyt i enZimsiét SSRPTPCSBRE BIAE the! E5EtiiiTe M8ERAGP A SERIRIKucted
to daesnoklanm disulide hosnds:ite(-SSEsigamain dipneho g Ras Wik (e GShus the
recegtor. the conju%ate u n(gnthe.c steine resi%l\Je h%

advanjades to nrevent Iy ic 0silI0n.. INCtease the sta ﬁl? darna}iWQ%%ll(a't%%t tiltrsne of
ActoEl prolﬂreraﬁoﬁ) SHEL 15T ngu%rophll iSfitte. nd, fie

ecause
pratonjegates i etiatehzaggregate to bind a PEG to cysteine residues of
G-CSE. it has a disadvantage that a small amount of SDS should be
added to the conjugate to prevent the aggregation for safekeeping and the
KospysPigat fion 89k by dinriefind a8 o aardiniRtFRIEIURRS YoKferherein the
colf@ignt Ne. 0R047194 diselaseshP ESrhamasimenaanidgairs Hpdinglia polymer
bjological active polypepti a PEG, to increase the half-life in viv.
© 3B Shetia B TSRy e GeCeTdd ke T Rorbtitiel indls B anfiag® ©
stogrioopofifpding. 7esidueprefdnbactive Polypegtite of twomolaicgles to@ESF which
0B e lReTEasE dbesissidyal ime andhsHs ain hioloalal AR NES ol Bpror. the

long time. But, the conjugates have less activity than mono-PEG .
CORYRRgAIEE IBhEXAGRE ST UGatoATRY BBkl EPrete diiefiferation effect for
ne@fysitoshemicalrandhiglegital ehniaateristiesdithe conjygrtes BrRINOPEG o

uniform.because af.non-specific conjugation. And, the met f bindin
S s B R
to thethoXyRE®) i drrovihe Piserpaono-PEGGLePmeonjugatédprepansapyed by
uldbgiddf methadihayg3dypes 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
K dPate phidla. 02480 T 1o d nitesk QtatesRatantier So8R4al@4)indMDa biological active
008/060002PCT/KR2006/004908 United State Patent No. 5,951 974 o
PR EorEtes B Biiciv e SCPER O Ry LS Paftulary. i
degflybed-Nhgudbinimide Gaxsohiats) o genetestnibinativaizdprraifvesrferopioactive
polkRecaRiHgatescapsiatofb coyaient caniugates afurethane Bandidbin biological
s-amino group of lycine residues of interferon, a-amino group of

achy et (taline réli RS CHBeAT Ao Grot U hidtRime S ey niugates
be Butetbecconigaies havese disadisamagrylearingiREGadraniohieal characteristics

. oné'ugate, becaus% thef ureghane bqnd of conjugates are unstable.
of the om]uﬁrltes are unt om] € ane 0 nﬁn-SgFﬂ conjuga 1()r}. .
ommonly used linear polyethylene glycol has a molecular weight of
about 1.000- 25.000 daltons, but has a limitation in binding many linear
Adighmalesyles fo, prateinies peptide;nith sraintainitgdheinActivities dien eyl
to limited bIO|O%IQa| active regions of protein and %ggtlde.‘ Korean Patent
<300 06 28297 didcibséd Euhjtigatt¥ iR Btwb otantheepEdEpaed by the

md}i@Behave 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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skeletal structure to gene recombination alpha interferon. The conjugates

have a merit to |1 5 prevent PEG from binding to multi parts of interferon,

and have 2 times the molecular weight of PEG by that of the linear PEG

W&o linear PEGs bind to a single part of interferof (B (ReAES/004908

two-branched PEG can he hydrolyzed to a single chain for safekeeping or

for reacting under an alkali condition because the two-branched PEG

having a lycine skeletal structure has two urethane bonds in the PEG. 90

Generally, it is known that biological activity, durability, etc. of conjugates

of binding a PEG to gene recombination protein is dependent on size and
Unpayt sredifiegdnthe PEG B4t hias oeidesnjkpawn yet whathera sizeofSc-
P anuates Widing PEG and e-CoE affeqt bislogical sctvites.

&fore, fhiere has been a i the Arc 1o overcone the

Th@@edjsa@tvanmges of threzknowmj mth@dfthrcmgrrﬁ donttellingaisizerofPEdycine

resANE RIPAIREIR Yarigns Skelgial siueiiesI R R RAld-de8888mino group of

bioactivities of G-CSF and to increase the stablllt of binding parts. WO
hisyding AesEBI00 2P TR RUD D/ DRYD & IR EHBHED SURE frlf’iE“ the conjugate
becNYEN TN ECo NI Cobbhj ipREABERIMs tabid he object of the present

invention is to provide three-branched polyethylene glycol(PEG)-G-CSF

conjugates prepared by conjugating three-branched PEG and G-CSF.
Comavinly higld $tabilioath Samelocrhbre bioadttivitiesvofe®-CSHthah.GUEIB.000

dalfRd 'Bﬁ%ga%ﬁam HORIRSKNAWS L the Mé@@@m%mtt}p&eﬁabemm

same: and a pharmaceutical com gosmon containing the same. 10
mAPEEEGIEAL SOLGT RO I deilons the irotrs BbjecPtehrasrptide:
invention provides three-branched polyethylene egccd(PEG) -CT-CSF

Ko%on L@ates négggggg c?x%c 0se c%hnreea ersa Cg?nd PEfw er|v % \cllem of a lycine

presen |nven ion provi am O preparing
skeﬁhréesmanmhe@l m@@@@ﬁ@wnjagﬁ@@mmpnsun@hemmga@mg have a merit to

pr&@ﬁ@?@%n@gﬁﬁg tg%lﬁﬁtbﬁ?@ @ﬁ%@&&l -and have 2 times the molecular weight

of PEG by that of the linear PEG because two linear PEGs bind to a single part of interferon.
But. the two-branched PEG can be hydrolyzed to a single chain for safekeeping or for reacting
under an alkali condition because the two-branched PEG having a lycine 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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The present invention also provides a pharmaceutical composition
comprising the 20conjugates.  The present invention also provides a
method of treating neutropenia. preventing neutropenia. or facilitating
ViRcH84e08 the number of neutrophil at the time of hernatdisGidtRe &2l
mobilization to peripheral blood and hernatopoietic stem cell
transpiatation. comprising administrating the conjugate of the present
invention as an effective ingredient. The present invention is explained in
detail below. Three-branched PEG-G-CST conjugates of the present

invention may be prEprddsY BlcBAjddHiAY YEREnched polyethylene
glycol(PEG). represented by the following general formula(1): WO

2 ) / /0049118 5 H2CO(CH2CH20)"-Z-Y-G--DSF

F%%%g@%g%§% 130(CH2CH20)",CH3 wherein, n is an integer

of e 10080} miistan ipteger ofkBtonl, 3000 pro¥ide(Crt@)jFaprhed polyethylene
g}yé&é%@%!d@%%ﬂ@ﬁ&%e&s@@r of @58§§%t%@8zﬁ’£&¥ma{&‘inp%g§ A G-csF.

integer of Ito 6; Is an amide bond forme combining NH
havipa Qighsjfybtip i GRS e AriabactivHa §Foup Bt ﬁl@@%gﬁm\sﬂeﬁmw SF

conjugates known in the art. a preparation method of the same: and a pharmaceutical

composition containing the same.

TECHNICAL SOLUTION
To achieve the above object, the present invention provides three-branched polyethylene

glycol{PEG)-G-CSF conjugates conjugated between three-branched PEG derivatives and G-
CSF.

The present invention also provides a method of preparing three-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 neufropenia. 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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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
Wity td an average molecular weight of PEG. the av&fagERHBEAAS
weight of PEG used in the present invention can be changed. depending
150n the time required for treatment.  The method of preparing
three-branched PEG-G-CSE conjugéte comprising conjugating
three-branched PEG derivatives and G-CSE of the present invention is

exppi@gﬁ@mgﬁgtﬁejQ\_/qq,ghgg’pree-branched PEG-G-CSF conjugates of
genenzell formdlaafe Prepared by Conning a covalent bond between
three- r%\?éhe PEG derivative of the following general formula (2) and
G-C % Sidnt Piie an average molecular weight of from 200 to

45,00 @g@@r@ erably from 20.000 to 45,000 daltons, more preferably

from23,000 té 43°00B daltons: W@ 2008/0601102PCT/KR2006/004908 6
wherein, n is an integer of 1 to 1,000; m is an integer of 10 to 1,000; Z
is (CH2)5 or (C.112)sNHCO(CH2)5 as a linker of G-CSE and PEG
wheteieirS is an integer of Ito 6; and

n is an integer of 1 to 1.000:

m is an integer of 10 to 1,000,

Z is (CHy)s or (CH)sNHCO(CH,;)s as a linker of G-CSF and PEG wherein S is an
integer of [ 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 molccular weight of from 200 to 45,000
daltons. preferably from 20.000 to 45,000 daltons, more preferably from23.000 o 43.000

daltons:



the functional group which can chemically react with proteins and peptides
containing G-CSF is N-hydrosuccinirnide. 10  Three-branched PEG
derivatives of the present invention activate high molecules having

Vi arEe$tructure in which three linear biological receptivié higR2006/004908
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 asta functional group. The other 15 two
regions except for the activated region are substituted with monomethoxy.
to prevent additional reactions. Whgn the above branched PEG
derivatives are prepared, the size olveach linear PEG can be controlled

ILee?_glég éﬁﬂﬁgg‘ﬂk@gg% %\& %;‘té; e-branched PEG derivatives in
g

PEG derivatives, 20 with the

fun t'%ragl r %%?N ically reacting/ivith protein and peptide, known in
thec}j;. E%ggeﬂﬁv IEI’Jeﬂ-g“of general formula (2) (with
N-hydrexyrsycsinaimds).are preferable in terms of yield of the conjugate of
the present invention. Wwo 20081060002PCT{KR22006/004908 And,
the covalent bond between G-CSF and the three-branched PEG
derivatives can be formed at a low temperature. The reaction is completed
byveding acids, and the prepared three-branched PEG-G-CSF

copingates.canpepyrifind by a method known in the art such as the
purification method using a cation exchange resin.  In the present

inventishitRereactidh 1i8fr ratio of the G-CSF to the three-branched
PEGidetivalive i fioNHE1d, ) 56.Alpleferable fiolardrdigoftisecin S 1s an
.mGé(r:(ﬁF1 Eg éhgn'gpree-branched PEG derivative is front1:0,5t0 1: 5
' cause the yield of mono PEG-G-CSF Oconjugate is decreased, as the
molter frad o petyenhiyleste gy ebt 1My @@‘S‘Fﬂ% mieidasag peptifggecontaining
G-PgsenInveRtiRR Alsiprovides a pharmaceutical composition for treating
or preventing symptoms caused by decreased hematopoietic function or
decreased immunologic function. Particularly, clinical trials using the
conjugateoite PEeséntimventidnhapanchbieffestiveshowddthaptriles having
branchie O?,I{é%t”r%% YR ¥yas dRErean6de ANd NG YRR WRIEFEUsHREhAL. Al

contr , TOr diseases Qaused in a treatment such as cancer . . '
of gerothresy o) reifaon HierkisyahTbeie WeeHSey RSB RF ARGy e

o1 MbuSANd JUpgus athae ifective-diseasesidiseasescavseshlyygenetid s other
environmental rgas&rj such as severe Chrogé%tﬂ?&f@@}?%%n%ﬂ?et'ﬁ&x@ L= H
RGBS ARy B I M ol eXample, Symptoms caused lgy
addieicreased thematdfiaietic:fabctiohrardiedreaSedcmatiueologiprhpacdorharaize of
alEHUQPRRIA cRused By fanger chemaieramkiarbiped sumor or solid
cancer, neutropenia caused by 'myeloclysplastic syndrome, neutropcnia
caused by aplastic anemia, congenital idiopathic neutropenia, and
neutrenenia gausedfem, keatng hymardnmunedeficiencgedmP G, Thevatives,

compasition can be composed of PEG-G-CSF. conjugates qf the present .
W B GRFOBhEHBESTHIEA) SOSUPIRBIEL ATt SR A tes Sa BB PEC

Cs, soiu
deemuilsifiert acjensarisrant/olcariierN-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, ¢DNA cloning, etc. And. the

G-CSF can be commercialized in the market.
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The compositions of the present invention can be formulated to injection
agent, capsule, 20tablet, liquid drug, pill. ointment. oculentam, collyrium,
transdermal absorptive agent, paste, cataplasm, aerosols, etc. WO
WbHEi06H2PC T/KR2006/00490 8 And, the effective dosHgETFEGEERI
very small such as 0.1 -500 if g (preferably. 5-50 g). And, the drug
comprising 0.1 -50011 g of G-CSE may he administrated to an adult,
generally from 1 to 7 times a week. Thus, the effective dosage of the
pharmaceutical composition of the present invention can be calculated by
a known administration amount of G-CSF and a molecular weight of PEG
usedhirittie pregent inveéhtioreeT ke EHeotildbsagbrofobhdihackutietb es can

be HATROFIH Qﬁw%Mb%r@(&%e'ﬁﬁérww%ﬂﬂﬂ?%ﬁ&e\%f%cﬂg AENEANRNEENGred

week, and the composition can be administrated once or many times a
thregRranitian ' Gatly etfectseasssge Yarydied bradmiomg axamined e as
the intefidaediodiriheisihgstrateothe: gregent imvention, and the scope of the

present invention is not intended to be limited thereby in any way.

ADVANTAGEOUS EFFECTS 15The three-branched PEG-G-CSF

conjttratessefitiney prégeribintention aamore phahmacetticllihstdine-tznshed

pEdINRRRQLORaNched B E%@'Cﬁﬁr%mb@ @ﬁ%?am&fi@ AP QfILAYING three-
PEGs from PEG-G-CSF conjugates and forming the agri)re ates of

brapgii Gates ARt YRl toitigAtds ofthk préSemtsinnisidcah BengsBEC-G-CSF
convigheut additienabseapatations:of gosijemhisamersbacanss Nercenjugates.
consist of position isomers with similar activities. And. the 20composition
of the present invention has the effects of continuous production of
neuttbphitiessnichiptiteasee inroNdeh M BESCRI RTION O TipiEreating or

pre%ﬁ\élkmms cAuigkd! B§ @é%@éﬂ%ﬁ)g{@m&% iHyRtaLing &@@r@!@@dx%nunologic
results of a mixture formed to 25prepare conjugates of three-branched

fungé)é hé’@mﬁww,zg}ﬁwnggﬁduégéé}ﬁ é@@b\f%m‘?g(fg the present invention as an

effective showed that the number of neuctrophil was decreased, and the symptoms were
relieved or controlled. for diseases caused in a treatment such as cancer chemotherapy or
radiation therapy; infective diseases caused by bacteria, virus and fungus; other infective
diseases; diseases caused by genetic or environmental reason such as severe chronic
neutropenia and leukemia; or geriatric diseases caused by again. For example, 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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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
W3 WHBNOUENd G-CSF according to Example 2, by size-ex&RiSiorHigpp4908
performance liquid chromatography. WO
2008/060002.PCT/KR2006/004908 9, prepare conjugates of linear PEG
having MW 10,000Da and G-CSF according to Comparative Example 1.

by size-exclusion high perfo ce liquid chromatography. Fig. 4is a_

sc grcr{?éﬁ%e r%lcvt\}i\'r?gdf?lgﬁ&rgfi%a%% an ?}tf@?@sﬁ% i h1e“|8§?iﬁegs(8‘f€ BhG->~50
1 ghreexhranched Rixten{sn(eSFi conjugates separatagyfriamdhemixurie®fan adult.
Exa”np}e l. by size-exclusion high performance liquid chromatography, _
eeneig 1 s dh B At Ring StustPin thé EaKridregsislothh @ ptifmeutical
cornpmmim dﬁrﬁe-@maﬁi&deﬁt&ﬁ@ﬁs&&@m@atﬁﬁ Sﬁp&ﬁ%&diﬂ"@ﬁht_ﬁbﬁ amount of
G-Egﬁtﬁqug % ir!%i(%]mngewg By %l%%-(;]f L(l) %é(%u oD Qégrrx]t Pnevrfr%mla?%g “&gggve dosage of

chromatography. g. ® is a’schematic %Irrawmg iffustrating fhe analyﬂc
thﬂﬂﬁslféfdﬂﬁélpmmwdffrﬁemeemiéér\ﬂ&@n@wmvedrqugtat_e@se;biame@a week.
androm dbepixivRe.of COmPRTRINME FXRBRIENRY %&@)@y%ﬂiﬁ'ggaily effective

d erformance liquid chromatography. IS  Fig. 7 is a schematic drawing
OIitES{FafAg the analytic results of mono three-branched PEG-G-CSF

conjugates separated from the mixture of Example 1, by Matrix-Assisted

La L %FT‘I%% tioe@ce!r%nilzgtzii%nirg't\élr% 5) kJT uFRelxylﬁl%gt Speef?\go@ggrrx}/'ir?v%';tl%nSalﬁd the

a schematic drawing illustrating the anaf;t/tlc results of Mmono ’ '
scapf el ARIsEUIPEGB ICSE iphjlsddeds Seprhtediclroim the wikture of

Example 2, by Matrix-Assisted Laser Desorption lonization (MALDI-TOF)

Mass Spectrometry. Fig. 9 is a schematic drawing illustrating the

analytic results of mono linear PECI-( -CISF 25conjugates separated from

theAlKANG SCEQTSAEEETRCEXample 1, by Matrix-Assisted Laser

Deﬁpg p‘i&ﬂ’r@a'ﬂ@r’r%‘&” Wé@&i@'ﬁ%ﬁ(@%?e? P§C t{ﬁemg;gént invention are more
pharmaceutically stable than linear- or two-branched PEG-G-CSF conjugates in the aspect of
leaving PEGs from PEG-G-CSF conjugates and forming the aggregates of conjugates. And.
the conjugates of the present invention can be used without additional 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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Fig. It) 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

WO At faphy. WO 20081060002PC'T/KR2006/004908C i Fa 4 fidp 208

isomers of mono three-branched PEG-G-CSF conjugates separated from

the mixture of Example I. according to Experimental Example I. by the

method of Experimental Example MODE FOR INVENTION <Example

1> Preparation of three-branched polyethylene glycol Ii(DPEG MW 23,000 |
PR PSR P (BEELC PG B rPO R (DR GO PHARR R0 L ppararve
Exavasfilttatettandttel ptld. bigin geBOrmdMoafl spdiwmdnratedptffer solution. Then

9.2mg of three-branched PEG having N- 10 hydroxysuccinimde (NOE

corporation. Japan) and the molecular weight of 23.000 daltons was

addédetctHiter sehatimidri i pao s atio ohh @AOSF rethleedofmptiais PEGono

thrd@kaGbi R AR, thesolinnnasssiired At tf AR Eh%mdstéom. Wasize.
stopped by adding 1200mM of HCI, to make the solution pH 4 and by

eXCHIR R GSDifT LEEE R SRR BE B8R Hes the volume of the solution.

Then. the mixture was inputted in SP-Sepharose Fast Flow cation

exghange chromategranh ngﬁﬂh%[iahﬁsm tﬁi‘%ﬁmﬁicda&hg{?%?)rﬁql}:@ﬂi Wil o

20mM of sodium acetate pl-14.0 Utfer solution, an three-branc edO
thrppareh@iSEEEbRjtgate Wi sep arprededr e mikeure pas flaktisnely By by size-
excHEHRE BighlM-Rfcancent@iion aradienpef 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,

diFar. morea(tihetedra- draptinge 8hR2abrantheth PEG 1SOS Bfchnjpgates,of mono
. un t CSFE ining.after the reaction. . . .
i S ORISR DR PE BB A s
excyAB e apfareHEd TEG - BRPRE8Rigate in which a G-CSF and a

three-branched PEG (MW 23,000Da) are conjugated (or called as

mano-three-branched PEG-G-CSF conjugate). . It was confirmed that

8 Foabtiod PR cA S bl B G2 A ) A AT SRRt ree Banched
PEREC:-GECSHuganrjugatetmd fioP BE 1@ xGEFocdhjugplte ), &bddats9-4%iged Laser
DeGifiRl: HAmafied RY BER, 30d (be aihirs e three-branched

PEG-G-CSF conjugate(di-PEG-G-CSF conjugate). and

N-hydroxysuccinimide(NHS)1, by a size-exclusion high performance

chramategrapiiyfsae figvihg Whereimband dispesstl doPRearGCHESbranched

(o]a] e, 3 represents mopo-PEG-GCSE jugate, 4.represenis .
P Mo B3 PG e R LB N T8 gk Ho | s Laser
Deshrpieshiarchred PEG). AREOthe peribpatnmosia:three-branched
PEG-G-CSF separated from the mixture was measured by size-exclusion
high performance liquid chromatography (see Fig. 4. WO . .
2008/06F)DeFPeaiKRPT0E/DoacoB s BN téprdSetita eiPpeud e s-CSF
corﬁ@é}i&t@?@a@dﬂ&ﬁ‘r@@Eﬁ@%ﬂt&uﬂé%’f&i&ﬁ&h@v@§Eaﬁ%[lﬂ ugate)anktigsisted Laser
molecular weight was measur matrix assisted laser
De%”e@%?ﬁt%ﬁ%ﬁ aﬁ%ﬁiﬂé@ﬁrﬁgﬁ%{ﬁﬁﬁﬁﬁﬁﬁ) mass spectrometry (see.
Fig. 7: the analytic result of mono-three-branched PEG-G-CSF by

MALDIFQFINS) AN, J06 ROSHRA ﬁ?{%&@éﬁ% SCRARIGH RY GO, isomers
exchange resin analytic column (SP-5WP, LOSOH) to confirm that the

COTFRAfisr BHEN PoSRibrISHIAr FS PSS 408] B3%%: 1996 téek [ry . 19) Adgre of
Exitvyas canfismed thateachhpesitionjsomer has very similar activity, in the

experiment for biological activity of each position isomer (see. Fig. 11)

Fig. 11 is a schematic drawing illustrating the analytic results of biological activity of the
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<Example 2> Preparation of three-branched polyethylene glycol (PEG
MW 43.000 Da)- G-CSF conjugates 10 mg of rhG-CSE (Dong-A
Pharm. Co., Ltd.) was filtrated with p118.5 and 50 inM of sodium borate
AP EEItFon. Then, 17.2mg of three-branched PEG with CT/KR2006/004908
Nhydroxysuccinimde (NOF corporation, Japan) and the molecular weight
of 43.000 daltons was [c.i added to the solution to make the molar ratio of
the rhG-CSF : the three-branced PEG to 1: 0.75. And, the solution was
posRilFEh et Gr mgl%qwgaLMhQanfﬁ%%L%wg&ﬁtgee&egépaya@&ﬂﬁwnw@wm

b8
of HC1 to make the solution pH 4 and by diluting with sterile distilled water
of i filhésserdimtoR-PEIURTBIAARATRE iRt WAk Hfittedsrmental Example
2. SP-Sepharose Fast Flow cation exchange chromatography (Amersham
Pharmacia Biotech) equalized with 20mM of 20 sodium aectate(p1-14.0)
buffer solution, and three-branched PEG-G-CSF conjugate was separated
thateride GRANWEROBI WA fractionecl by using 0 1M of concentration
gragignh gfe SOp.chloRdeNaChindig Eﬁ&@@&g@&fe ghikiepHEananes 000 Da)-
PEG to G-CSF inthe three-branched PEG-G-CSF conjugates was
G-CohfiffHiertsy HPLC and SDS-PAGE. And di- or more (tn.
tetra.mpthregsbrancimes RE Ghark: $ho conjugaiesiiwmedaatep B Cafd 50 mM of
remaining after 25 the reaction, etc. yere excluded. And, the eluates were -
s el i e e
hy PaiySxC Bindertighteipovehich RIGRCSR dndnaltande-ieahtihéd FRGAIWS was
ad 3 Q08P ) A6 MIdgAed QR GRIeRRe srongrtbigebranshed PEG-43-GRE e

conjugate). It was confirmed that the mixture of the reaction consisted

solyorg2ssBrRHGh 8- thris5itiMehe d BEESEE 8BS SRGARE 2dding 100mM of HCL
to (HNBREG6r P F aanpyghlie)nabotit 401 ko6 af el Coakruwimadiiethdyolume of

C d Jdi-three-b hed -G-CSF .. .
the o e R R T STt TR f RSSO BB e
chroonjogmtsly anchiNshydrBRysumseinPmde(N 48K indsivabeXeuiorthighium acetate

(pmgﬁésowﬁac@oﬁm&m%mgE%@B%@%éﬁig»é’@mgeirb&g PIESEALS separated.  The
di-PEG-G-CSF conjugate. 3 represents mono-PEG-G-CST conj gate and

i EYES ARETEE ST Wi dama BY OREITANRE. ST el chloride(NaCh).
Thnanrdathregebednthed Rt -CSE sepauasdd frothethereniktamehadd PEG-G-CSF

measured by size-exclysion. hi formance, liquid chromatography (see
GRS MR SR N SR Cal PRy e

bragiire GHS-OSESEnojuigentss ane Gyepresents pes 1R BEG s Eaction. etc. were

ex GAMNHIAIR). A theRleai-Wright was ReSUIBd BY @8 A8RIS8Ho-three-
laser desarptign/ionization time-of-flight(MALDI-TOE) mass spectrometry

braneled Aig Bhhe Bndliptie s SRBnb-tieeibAifchelBE S SE SEhy MW

23 MADR) aFO UGl Gor cakkdamparnatiieEkample EERepaationuablimear
polyethylene glycol (PEG MW 10,000 Da)-G-CSF conjugates 10 mg of
rhG-CSF (Dong-A Pharm. Co., Ltd.) was filtrated with pH8.5 and 50 mM of
sodivrasbordterisd et sbiutierioamdixs12negnetidedr PRG witiono-three-branched

pEN:bYéwyéﬂﬁ%awmﬁﬁmﬁlﬁéﬁt@sgsaﬁ?ﬁg@aa; ARRRRY AN the-mategiiRkificd by

weight of 13,000 daltons was added to the solution to make the molar
PEf4i8n6f the tHETSE RIS AT P B 1610, ASnARYC e Soittidm ivasrveate).
anStinegabd dan90sinEny, theareaetianwas sippped byradding dOQnataphy

of [JCL. to,make.the solution pH 4.and by diluting with sterile distilled water. .
R e L A e e SN

CSERBashardseFasnRIGW Sationmeddirangeldiromatdgraiskants 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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20 (Amersham Pharmacia Biotech) equalized with 20mM of sodium
acetate(pH4.0) buffer solution, and linear-branched PEG-G-CSE
conjugate was separated therefrom. The mixture was fractioned by using
WO sebgdhcentration gradient of sodium chloride(NaCl). ftieHRolar ratics
of linear PEG to G-CSF in the linear PEG-G-CSF conjugate was
confirmed by HPLC and SDS-PAGE. And, di- or more (tn. tetra...)-linear
PEG-G-CSE conjugates. unreacted &-CSEI remaining after the reaction,
etc. were excluded. And, the eluates were concentrated and
whereirilize drdilteseds todoBiinGHeShonorinetr REG-G-G8RsonjugateREG-G-CSF
cofliligh) G Skand adinear REGIMW,A3,0000a) are,conjugated(or called e,

as mono-linear PEG-GCSE co 2_!} ate). 301t was confirmed that the
deSHpAARS BY R RSl LisHERIAH OF 45 T00pt MRsrERIiEAH PEG 6 G gk analytic
1esﬁbmﬂgﬂte(4maﬂ®18ﬁﬁe@?€{8€ -Comj g ate) Lah oo Bh18%6 Af G theSbsition isomers
unmodifie y PEG. and tbe others d| lin sar P S
we:(‘:eontj e&%’[e Iggé éx Séﬁ?hng%r%% ané} r\%% % 'I:OSOH) to confirm that
thep I8/ FB00ATPBFIR 20060049888 Rydroxysudeiirsede (NTIS)) bl it was

corffizR@xeiRn bighiperiermance chromaRararhy. (Se8Figy3i n\{\éh?fgx'rﬂ)):\lj logical
represents 0)igo-PEG-G-CSF conjugate, 2 represents di- F‘DEG G-C

actpdRighsaeh ROFEILEEAY MEn S PEB-G-CSF conjugate, and 4 represents
G CSF unmodified by PEG). And, the purlty of mono-linear-branched
arated fro e.mixtur sured e S
hlgh pen? ?ma?r?cge %ﬁf 't %’r&%ﬁ%@e‘r“éﬁ p(% en%g%ﬁ(gsgﬁﬁ%l’ ngfe%e@tgm)
G-el§oPEE&-CSF conjugate, 2 represents di-PEG-G-CSF conjugate. 3

renrﬁ@%@ monesP B (:COPraanugate @nd 4 @@r&&?m@}%%m 50 mM of

unmodified by PEG), and the molecular weight was measured by matrix
godé‘é%ﬁst@ﬂ??se%‘ﬁ@éoﬁﬁlﬁfmbn|zaﬂ8ﬁ -tinh&-GtEright (VAT BiRIBE) n%ggé with

hy&pegirenatidd s8eFrigrpBatidh, Japgﬁ)waﬂahawedﬁmmpéegabomema@admmfwas

e glyeql (PEG MW 20 C u prk0is 1
adénqgﬁ% @hg %‘géj ( ﬁ%A ghrg?%r 8’“0 EP Was)f%ate Wit ﬁé %a B%é %%OK .
0.750 fvirdil toe SOHAAN BEFatErBERr Sofutiond & thems. mﬁge@ﬁqm@wapg@med by

adfayingyNNIydioxygLea i meesp NPT aorROkURR:HdaRam Aldb. ilied water of
molecbjlar elght of 20,000 daltons was added to ttgg sol |ont mak the

S Wi et BriRe PREYC P h&?ﬁéaﬁ“iﬁ‘é&%‘i‘pﬁ 61’6 r?St Flow
cawasestihmgcmt#dm@d@aﬂ@nﬁnnﬁh%meddtmmmsﬂammecémmmrvgth 20mM of

SO%QQ;mA\é'e{%QES!mgOHR@ée ﬁ&%t? Iu%ﬂ@ phﬂee bm}@{i diuggn@ ng %ttﬁ{u ate was

istilled wa r of 5 times the solution volume. Then, the mixture was ‘
SCRAISRISEIIS SIS e prrart s BIR AstsHIB Y eRaioby exitah ge1 MYhed sy gadient
of(Ammlamzﬁ(’)éa%a@&gciahalim&gmﬁguaﬁz@@ewmmmﬂ@f@c@i@m in the three-
aeetat uffer solution, an -
br%ﬁf&g% W55 Sb SAPANEH Thaet BRI I Hos rﬁﬂ[ﬂ 5 3@?? é§%y &gt or
md@e 1M tafraor)eterttasairmlgmd’ﬁéﬁt@f@jdummx@ate&ndmr(:lhk&@il@ -TRE rmakaning after
ratio of lin ar PEG t n Inear PEG g
e s A S e e SO MR e o
obpRGIE- 0P HysfuRfatesedinteactet G- e@m@é%mnw{gcaﬂér@hﬁ%a?éﬁoﬁ,three~
br&fchayereexgivdedodnd) theslyatesware:cancentaladéndranched PEG-G-CSF

sterilized-filtered to obtain the mono-linear PEG-G-CSF conjugate in
CORREEIFA G-CSF and a a linear PEG(1W 20,000Da are conjugated(or
called as mono-linear PEG-GCSE conjugate). 30

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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WO 2008/060002PCT/KR2006/904908 1 -1 10 mg of rhG-CSF(Dong-A
Pharm. Co., Ltd.) was filtrated with pH8.5 and 50 mM of sodium borate
buffer solution, and then 9.1mg of two-branched PEG having
Whifb@Y¥decinimde(Nektar. USA) and the molecular wei§RtafR20060G208
daltons was added to the solution to make the molar ratio of the rhG-CSF
: the linear PEG to 1: 0.75. And, the splution was stirred at 4C for 90min.
The reaction was stopped by adding 100mM of HCL to make the solution

nd b d|I Wlth sterile djs ater of 5 times the solution
Corpu‘?ﬁtn% Tﬁen theprglx(fu?{éu\?vcérél?ﬁélﬁu %g :ivs YSephEards iufi'%% ElowRShiigRance
Chremlfrmﬁgé]x:Hsgmét@g2apﬁy:1(¢hmérsmawﬁlhahﬁﬁ’@ﬁaCBﬁﬂém)naqu&Iszde\xwehems
moRQIPM m%ﬁ@%@t%@d%@;)r&%ﬁ@r@@9#%&%@%‘&9%@%@9%&1 the purity

PEG-G-CSE conjugate was separated 10 therefrom. Thé mixture was

of et Birudifg BEN S Yonerntistionogtdiifemisiepdrgmmeasured by size-
ex@hﬂmﬂdaguqﬁrram{mmgjardraﬁﬁa,xaﬁttvgm;h@mc&enlfSth@eﬁrﬁZSEei;sktmts oligo-

ched PE -GCSE co onflrmed HPLC and
PSRRI AAE: 48 IS TS s BN Al PSS pnono-PEC
G- @Sﬁjlﬁgate@ttmrea@tehteltwmm@amhg afcterxt‘rqaespeattm retgiwessisted laser

deB¥RiuHEsh AREn e LHHaIRRNERS, 9@192@%@9 réﬁ%ﬂ i7edsfikered Q. analyiic

obtain the mono-two- 1 5 branched gate in which a
resylt eigroBedhE tobeApTAsichied ﬁﬁﬁil\lm\%@ﬁﬁlﬁw conjugated(or called

as mono-linear PEG-G-CSE conjugate).  <Comparative Example 4>

Preparation of two-branched ethylene.glycol G MW 20,000 D

gly<e?r”ﬁ1e s?el%‘fal gru r\re)?G %@gﬁr%to(ﬁ?uaggeé %8 th%fe ne g,]ycq I%G MW
10 WG 1B5EOBhgoA #hatam. Co., Ltd.) was filtrated with p118.5 and 50 mM

of spdiurharatespuifch (%OAUﬂQA?nAGG §.0ma,0f Imt@&a@ﬁmﬁi{??%@wﬁm of

Nhy dro%succmlmde (NOF, Japan) and the molecular weight of 2

SO B R 6 the St O o TS T P f”fPiélFﬁ@”t’f%ENOF
cmpthﬁlbne&rpﬁ’rﬁ(ﬁntbtﬁe thdbcllhevaodttion W&E)(SWH’I@&@MSMME@WH& Midion to

reaction was of LI ake 2
magoll?telonrllo 8 SN Lgpgl Iutln%ﬁvqt%q%én qjgsttﬁed %er o m%%éufﬂn was stirred
at éo@tf@h%%hume ATlHeﬁlethé«qﬁmu*r@sWasnrﬁbbrt@ddmgsm@elpﬁhaﬁé@masma <e the

Eﬂf&wiﬁfﬂu%&w%ﬁ% ChamategraphydAmershamRharmaciaBiolashy).  And.

equalized with 20mM of sodium acetate(pH4 0) buffer solution, and
they; RIX P alEheBPBES - 63 SEE YA ate Val| SEpSHARB A RRRHD A PRtoLraphy
(Anixdivie Wasmﬁachoﬂeﬁday)usqmgl@ecﬂlwof @@nﬂenﬂﬂueﬁxgnad&mkabs@@w fﬂihﬁer

soluplon chEf % Theég' %‘EQ Of tWO C(;ingg%%%y%ﬁgfqm SEThe m:xture

two-branched conjugate c'and
was HSAGIELARENEi0 or iﬁér@it@bmﬁan)lw\wa@mﬁ@fe@@m@mmac ). The

moEYMERISS: areasted, CrCSE femaining alfer. H?%@a&ﬂﬁ) G G irmed by
excluded. And, the WO 20081060002PCT/KR2006/004908 dilates were

HELSh@ftrabsy aﬁ'l(a FsteritadiitéFelE oifainctie nidRG WG BranchAB gronjugates.
umBzEGdG@;SEFCCH’mdgaﬁ@ inetachish RLHGSkandadwechiaached PRGN were

concc Qrapeg § er%nydgfq lﬁor ¢ Uaenq t?s g&g)r 1#1@%%15(? g’ &l«cconjugate in which

conjugate). om ara ve xamp eparation of
a %%%mbxwd?ﬁérﬁyﬂ%@g]%hﬁr@mmm@m@s Isthdingcato-linear PEG-G-

csN gg,qm(gg@el a- amino residue  The title conjugate was prepared by a
method described in Korean Patent No. 02481 1 1, and United State
Patent No. 5,824,784. The method as briefly described is as follows.

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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IC100mM of sodium phosphate containing 20mM of NaCNBH3, and
5mg/ml of rhG-CSF were stirred at 4C. And, 5 times mol  of linear
methoxylpolyethylcnc glycokmPEG) aldehyde(Nektar, USA) was added to
WRSWBNHIGR, which was stirred for IOns. The reaction was Zt&AgEd{)04908
adding 100mM of I ICI. to make the solution pH 4 and by diluting with
sterile distilled water of 5 times the SO|U1’IOI’1 15 volume. Then, the mixture
was inputted |n SP-Sepharose Fast 'Flow cation exchange
chromatogra FEJgﬁmersham Pharmacia Biotech) equalized with 20mM of

hy 3y RnGF ARt O BUtrar SEHIEIOR, HHRHEEP Bt Bl CegFie. 3.
wheCOIRjUgaiRcvéas SeRarabEd thersframugie. mn»etmfsevuasifmm@sb}/cuw@ze 3

reprefegltb mono—ﬂgsng%téqn I?%Iﬁ?tgt ggds 9 dium Chtlo d@ gl}l?x%rﬁ)q[ﬁ P y PL(;) And.

ales were concentra sterlllzegrf:ftere to obta
the moito niPECH-GrESFrovhiigRis i WHIChea Gua S antcanwosrant edsured by

sue&%%\é’ %g@%@!?&%%%&ﬂ%‘rtg%tﬁ&(%&@ﬂ A8 UN&RAlcrein 1 represents

conjugate <Comparative Example 6> Preparation of
0%8&9 ﬁa&ﬁé@wﬁ@wme@w&é c?*"é“sf: S Jaa%it&ts. ﬁdﬁ?@camsm PEG-
G- Cgﬂ@lé@r@ug'&@t%hﬂﬁfr aspalererns G-C}SFunma_diﬁddMByCBB@bgatﬁ WﬁSnﬂfEﬁﬂ&d&ewht

a meth d described in Korean ate 050835
Wac’brleeﬁsudees%)%be t|rsl,\<a§'ng(l)r}olélvs{a es?rpnl(%l if(aff fRquh ]W/ﬁﬁ?d ;OF)
mawals%atddedrto(smlFm‘. 8odium phosphate 30 buffer solutlon(o 1M) having

pH8.5, and 52.6mg of polyethylene glycol maleimide(NOF. Japan) was
added to the solution. And, the solution was stirred for | h at room

teiffoePRATaI PRl daribmnois P ntliniRg aReP R RO HelREG MW
20,060moyved ﬁ&md@@@@ieﬁlon by WO 2008/060002PC'T/KR2006/004908 16

centricon USA) JAnd. oncentr an
sterlllzgé)tf?éred 00 rllearrﬁ%rtgom tI(lijctflwéS g&é ((Z?Oﬂ{lg) gﬁg% $DO mM of
Sodpmd@srwfahdf&hanMeém@gftémc&\ﬂm@t@&brmr@%ﬁ@mmé‘i By drsiritgupranimde

(NGPNigRIESRAreRarad akove, andtharesulis are AsdaliWsons was added to the
<Experimental Example 1> Analytic separation of Eosnmn isomers of

soliHradpratenayPEG B eoniibates 1D 1BEHg of NMohd-threetBraciidt o

waPEGeGaCSE donfugates Oh&xatipleWayvasppplibicadding 100mM of HCL 1o make
the solution 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 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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cation exchange resin analytic column(SP-5WP. TOSOH) equalized with
25mM of sodium acetate buffer(pH 4.0, controlled with glacial acetic acid),
and each position isomer of the conjugates was separated by 100mM of

VR Sl 8tate buffer, pH 7.8). It was confirmed that the refib R4 4908
position isomer is about 54%: 33%:10% (see, Fig. 10). 15
<Experimental Example 2> Analysis of biological activities of position
isomers of three-branched PEG-G-CSF conjugates Relative

quwgadﬂﬁawﬁaswoa%n isormers, of hree E%@&{"w% gﬁg §§Eﬂ:o mM of

70conjtigates of Example 1 were measur yusmg hat o

sodEs-Borael sefiin colutired angrolh R‘PINW 16f0teoritaimigg 100 FBEving N-

hy @bk REEMQE Malka3 Was) WAShRI 3APas WHLIRIRBE AYE lARGR was added to
containing 5% ITBS. And, the cell strain was divided into 100m1(2x105

the SONUHHIN SIS WEA IS, R ke chTiste walh el With tsk rﬂéé.u/md the

solm@remrﬂlaegaiml’e (ﬁtf)rZ%ilg/m TNt £ thapreasarmples of 20ng/0tinby & HCL

to x“@%%&sgﬁglenﬁiﬁ E] Ies W %tgrll clzdc? llntg a\{vglcg% Se {’3. r%tc]slé% o}ﬁtlon
per concentration in weﬁ/l pil €5 Cc contalnlng t e ceII Solutions. ich
voligiafl- wakheultiiie dna 8EC Ve di B €O Mindliberbifoe 4815 FA0v0 Kasfom Reichange

chroasaaaad tq gachmigll. Aliem20s. anaksgrhange-ef thesamplienvasr sodium
measured at 490nm by an :30 ELISA reader. EC50 was calculated by a

acelpe@iddondteb st %daadl.néa?%fe‘gtﬁé@ér&npér%s?ésf%iﬁws misﬁg@aarated

thesifw@hfﬂimerﬁ)itarst@zmjﬁbdtmm%b)andd@é) activitigs e@fpasition L&@cmﬁhltSOf sodium

e e G Tk oL OB LS O
Csﬁ]%‘i’iﬁéﬁf’n‘d%ﬁ%gw Bors ﬁa%ﬁ@%%@ﬁ actividiel: Phaprs(tirittra...)-two

braﬂéﬁ’?@ﬁ?@@ remeye Same pRsitioniismershaving s alatively IOWEsn. erc. were
ity bec se the three-branched PEG-G-CSF conjuf%ates of the
exchigErt ol

iBH4Te YO pUSE Grdotd g atteh (s rblrdtagL tRfagno-two-
bfaﬂﬁwpé?&ﬁeﬁt@SEmmpgetam Riacmacokispties! te stohthe: HeterEaranshed 000 Da

are cgrﬁlé;at&i‘%: &91@&"%%%0 linear PEG-G-CSF conjugate).

<Comparative Example 4> Preparation of two-branched polyethylene glycol (PEG
MW 20,000 Da, glyerine skeletal structure)-G-CSF conjugates

10 mg of rhG-CSF(Dong-A Pharm. Co., Ltd.) was filtrated with pH8.5 and 50 mM of
sodium borate buffer solution. And, 8.0mg of two-branched PEG having N-
hydroxysuccinimde(INOF, 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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1 11The pharmacodynarnic test was conducted to inject hypodermically
each of G-CSE. the PEG-G-CSE conjugates of Example 1, and the

PEG-G-CSF conjugates of Example 2. into test rats (Spr ue Dawleﬁ%]
WRAIEH 1988240 260g of body weights. After injecting thenT T(ﬁ%*%?ﬂﬁ{? Wb

4000gq per rat, the blood samples were collected from the rats at O min,
30min. 1hr, 2hr, 3hr, 4hr. 8hr, 12hr, | day, 2days, 3days, 4days, 5clays,
6days, and 7days, after the injection. 15And, the concentrations of the

-CSFE conjugates e sample wer tatively analyzed b o
e T A
CSHhenhvatitife hisloeddf heamEGYG- @%@éuﬂﬁ@é&é‘é’@ﬂ@%ﬁﬂdl@m egidugated(or

allEXMRIG 2 Was mﬁe@&eﬁ%&m@&@nd 10.8, respectively, compared with
that of G-CSE, and the areas under 20 the concentration time curve in

blood of the conjugates of Example | and Example 2 were also increased

by<C briipaestian d 2anplinfesP respadciivelymoasapaned with that ok GIGSFG-CSF
) E:Table | . Phar cokinetres test of thg three-branched PEG-G-CSE
COnLERIGR 3% S GIEBE G ra%@%?a{%sde Bawley rat)]. It was confirmed by

thisHestithainphatmeas pkipetidH ol kGG -E SHiednjugateas Rlepende iR osl 1 1.

cmdag?-lﬁg i(gtz? 5 }% 7 NLT"SIQJ&I]RQ]G"!%?%B%%'“P L%élﬂg)ég@m%dzm amfa(lcmj )

100mM of sodium phosphate containing 20mM of NaCNBH;, and Smg/ml of rhG-CSF
were stirred at 4 °C. And, 5 times mol

of linear methoxylpolyethylene glycol(mPEG) aldehyde(Nektar, USA) was added to the
solution, which was stirred for 10hs. The reaction was stopped by adding 100mM of HCL to
make the solution 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
acctate(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). And, the eluates 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 thG-CSF(Dong-A Pharm. Co.. Ltd.) was added to ImL of sodium phosphate
buffer solution(0.1M) having pH&8.5. and 52.6mg of polyethylene glycol maleimide(NOF.
Japan) was added to the solution. And, the solution was stirred for Th at room temperature.

Then. PEG derivatives remaining after the reaction were removed from the solution by
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1710.6 Trnax (hr) 1.5 12 36 Tp2 (hr) 2.9 8.7 31.2 AUC(nehriml) 6246.9
47420.3146196.1 18 4The abbreviations in the above table have the
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centricon 30(Amicon. USA). And. the solution was concentrated and sterilized-filtered to

obtain the mono-mPEG-G-CSF conjugate.

The property and pharmacological activity tests were conducted by using the conjugates

prepared above. and the results are as follows.

<Experimental Example 1> Analytic separation of position isomers of three-branched
PEG-G-CSF conjugates

100,28 of Mono-three-branched PEG-G-CSF conjugates of Example 1 was input to a
cation exchange resin analytic column(SP-5WP. TOSOH) equalized with 25mM of sodium
acetate buffer(pH 4.0, controlled with glacial acetic acid), and each position isomer of the
conjugates was separated by 100mM of sodium acetate buffer, pH 7.8). It was confirmed that

the ratio of each position isomer is about 54%: 33%:10% (see, Fig. 10).

<Experimental Example 2> Analysis of biological activities of position isomers of

three-branched PEG-G-CSF conjugates

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 Ing/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/m!) 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 S 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 37C 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. ECsy 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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Imax: time to reach maximum concentration Cmax: maximum
concentration tl/2: elimination half-life AEC: area under the concentration
&ir%o%(r&%z g meanings: <Experimental Example 4> Stabilit 'Ee6s/t0 & ;%fge
three-branched PEG-G-USE conjugates on leaving PEGS FrOHTHE
conjugates  PEG-G-CSF conjugates of Examples 1 and 2. and
Comparative Examples 2.3. and 4 were deposited under pH 7 and 37t for
7days, and the aspects of leaving PEGs in length of time were analyzed
mvéﬁ{iée" £§eed'<§%]§l?osne i@é%hégﬁg%’ﬁﬁnas@&fm'i‘rq‘a‘él .vclﬁé‘s?maﬁﬁa‘?r?s?ﬁé/ -iston‘c?fs.tr'%%"é‘é‘saary 0
the degrees of leaving s orT a skeletal structure molécular weights,
remaigl BraAchet igpEsBEPRGIng rdntiMe P R®es gRetétalbspayetures theee-branched
pPEteaving-REGaRccwred meshirequanily dn Conparative Example2isine med
linear PEG. However, the leavings PEGs from the conjugates of
aclipiienples 1 and 2. and Comparative Example 4 occurred less frequently
than those of Comparative Examples 2 and 3 (Table 2: Comparison of
generation rates of G-CST in PEG-GCSE conjugates having various PEG
skeletal structures). This test confirmed that the three-branched
PEGxEeCamidrfrgatelisimBherstiadsicinhags thel hab-thiaobbraaheAdtEG-G-CSF
confilzkee$5-CSE conjugates, and the conjugate with a glycerol skeletal
structure is more stable than the conjugates with a lycine skeletal
structure. [Table 2] Example 1 flixample 2(omparative |IExample 2
CdrhpahativapaisativecBxampie Gidvarmapte hi¢genexatianicale, tadtiay)G-CSFE. the
PEG-G-CSF conjugates of Example 1, and the PEG-G-CSF conjugates of Example 2. into test
rats (Sprague Dawley) which had 240 ~ 260g of body weights. After injecting them in the
amount of 400ug per rat, the blood samples were collected from the rats at 0 min, 30min. lhr.
2hr, 3hr, 4hr. 8hr, 12hr, lday, 2days, 3days. 4days, 5days, 6days, and 7days, after the injection.
And, the concentrations of the G-CSF conjugates in the sample were quantitatively analyzed

by an enzyme-linked immunosorbent assay (ELISA) kit(Biosource, USA).

The half-life in blood of the 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 | :
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
Tip (hr) 2.9 8.7 312
AUC(ng*hr/ml) | 6246.9 47420.3 146196.1
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0.44 3.341,5.59111 36 3.54 <Experimental Example 5> Stability test

to the three-branched PEG-G-CSE conjugates against forming

aggregations according to a skeletal structure of PEG and a type of

VWESEREPIEE to G-CSF WO 2008/060002PCT/KR2006/0843(8R2906/004908

Mono three-branched PEG-G-CSE conjugate of Example 1; mono

PEG-G-CSF conjugate of Comparative Examples 2 and 4, having a

similar molecular weight to the conju'ﬁate of Example 1 and different

skeletal structure from the conjugate of Example and mono PEG-G-CSE

conji§aRY Sy ERRbEr AR BRI & Wl evtereRtasngIhg type from

thé earjugatie ot Kk ampladnveretastedio measure stabilities against

forjfnniqgg_ g@%%%%ti&n%é E %%%nsample was collected by 500p1. and the

solvent of the samples were exchanged 3 times with 100mM of phosphate

buffér: sbiatiehdnabaiidifsH7. And, the samples were deposited at 37C for

14.days.end{armation oh agasreation,ofthe conjugates was analyzed by

size-exclusion high performance liquid chromatography. 10  The

analysis results of forming of the aggregation represent that

melxREG <ol Baagjugatz.ef ixanpeidasmost siability o therasp@Gtates
on e&?@%&?%ﬁﬂ%ﬂ%&%@%ﬁj the least aggregation (Table 3: Generation

rates of aggregation cdnﬁ.lgates according to a skeletal structure of PEG

antE& e Bt bindiggjcP BGR6IGPESFarMlGnorP EGRBaRHE tonjuglates f and 4
werk uCERTBRTRING ARl & 2 AAING PRI MG SANBEAN SR R or

skeletal structure as PEGs in Example 1, and using the samé binding type
timgovExarnslezed &y vrakras!theasohjelratelofExasmipleid clopmedsaphe. to estimate
the @gglr%m&vﬂgwg‘(ﬁroﬁapﬁ@T&;ﬁ@t‘r{%t%,lRQ@NVSQ@@%&EQQM%@H&PIW% of
PE xample 3 using PEG having different skeletal structure from PEGs in

xample | (although using the same binding type as Example I) formed

much aggregation. And. mono-

In the PEG’s skeletal structure, the leaving PEGs occurred most frequently in
Comparative Example 2 using linear PEG. However, the leavings PEGs from the conjugates
of Examples 1 and 2, and Comparative Example 4 occurred less frequently than those of
Comparative Examples 2 and 3 (Table 2: Comparison of generation rates of G-CSF in PEG-G-
CSF conjpagates 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 I [Example 2 Comparative  Comparative  Comparative
Example 2 Example 3 Example 4
A(generation .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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20 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,
WP A ith the conjugates of Example 1. In concldgidtR2006/004908
mono-tlree-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
dREG Andrapched PEC useing Presenidnyention, WS, q.csr
2008 60002PCT KR2 /004908 20 <Experimental Examp?e
connagiopfh i protferatobxaciiies a8dal dRPILCLGLOSE m?eglateé%wht to the

corfiinab Modglde whishian @ptiscancesmedicing is @dmiRisialed Example 1; and
Neutrophll %Ffollferatlon activities of mono-three-branched PEG-G-CSF

mope hibiateS Tt ESARRRR 9T MURRRTHPE SitRtoXy Dolfethyfsri binding type from
the glygobaG-€ Ixcopijugates méﬁdmpaﬁaﬁ\te: Em&hﬁﬂe&@ﬂﬁdf&ﬂﬂa\gr@greéatxons
qllfferrnent blgpsdclg C\(g)éebansq)gl tferecpthe ol cular V\%el ht frpm the e conju at $ times
of EX gm u(e 2 were as%aye by mouse modefto WhICh an anti-canc
witad@atvast adiosiptistr atefier olutioMiveBDHTL) &R0 th@ Sgnwkerewere deposited at
37 e M BRGSO OB ORI
cPecreaseY thé umber o ncut%pet%?tfor AR each ofthe ~
od:mngmgagh piroxanmptdijénchthengogjugates of Comparatlve Examples 5
and 6 was administrated subcutaneously once, | mg/kg per mouse, and
G-CSF was 15 administrated 8 times by 0.125 mg/kg per mouse to make
the hstanalapinrbsion Snvingt af ihg/egeTrYIATidEPIRSaH S Werto Boilded-CSF
cor@xﬁé&tclotz}a%ﬂp@ 1 had o9 sth B RN AnliBdaysecTdetiantoraauaragts@fd the least
Ieukoc B o hil. were me?sured by automatic heinocyte el
e Gt Rt (HEMAUE: T Dot G SRR L A DIGE The skelea
stryperiods Wfé@ﬁadtedﬁheqébomg BEAeutrophivs) detreaseditiy-@hl conjugates of
CoRBEERNCRLARRAL ANGHING UGS SEALIRMAPUDS 20 BRRVRIYRLREY URRRk.

in the conjugate of Example 1 and the conjugates of Comparative

PE@s 4hipieamcdnand vhdre Bmimae Hris apetiettmierte Achin s hraimbgte of

Exadproer offpewdiopbihén thg-eamivigate m\E@@mpd@ohwaE@l@wsIZl&sdﬁgt%s of
than tho oft e of Co rativ am les 5

o e A Con TR Eh AR SFie ECRipaamol

1 (dftexampied thasihaeposti(T ae a: E\temtrbdhttqmmﬂﬂ‘ema@@agz@mtmtlésd mono-

PEBSEAY A REGiGC S eonibgates atanimalsmads! ispuhichian affiscancRlical

medicine is administrated). Therefore, it was confirmed that
Strtﬁf&ﬁ%tﬁfaepﬁ%nthéaa@e BASESN iy MEHEY Piding Smrscligm Example
forNediroptt pralderatiogrbiable, 4bR@®E with the conjugates of Example 1.

[Table 3]
sample Example | | 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(%)

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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Example Comparative Example 5 Comparative 7 Example 6 Increase of
ncutrophil 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

W0 2008/060002 PCT/KR2006/004908

<Experimental Example 6> Neutrophil proliferation activities assay of PEG-G-CSF

conjugates at animal model to which an anti-cancer medicine is administrated.

Neutrophil proliferation activities of mono-three-branched PEG-G-CSF conjugates of
Example 1. mono-mPEG(methoxy polyethylene glycol)-G-CSF conjugates of Comparative
Examples 5 and 6 having different binding type and different molecular weight from the
conjugates of Example 2 were assayed by mouse model to which an anti-cancer agent was

administrated.

Mice(BDF1) of 20 ~ 25g were administrated with 200 mg/kg of an anti-cancer
agent(cyclophosphamide) to decrease the number of neutrophil for 2days.

And, each of the conjugate of Example 1 and the conjugates of Comparative Examples 5
and 6 was administrated subcutaneously once, Img/kg per mouse, and G-CSF was
administrated 8 times by 0.125 mg/kg per mouse to make the total administration amount |
mg/kg. The mice’ bloods were collected at 0, 1,2, 3, 4.5, 6,7, 8,9, 10 and 12 days. and the
total numoers of leukocyte and neutrophil were measured by automatic hemocyte measuring
instrument (HEMAVET 850, Drew Scientific Ltd.,, UK). The periods that started the
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
neutrbphil in the conjugate of Example 1 was about 12hs faster than those of the conjugates of
Comparative Examples 5 and 6. The areca 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]
T G-CSF | Example | | Comparative | Comparative
Example 5 | Example 6
Increase of neutrophil T 2 days | 2days 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




5.5 days 6 days 6 days LAU-NC1x Icells.day/L) 24.454.052.134.6 21t:
Time for neutrophil to be increased after administration of a medicine  *:

Time to reach 1,000/mm3 or more of neutrophil after administration of an
WAMBAEY? medicine. WO 2008/060002PCT/1CR2006/08%8(d24p5/004908

i~

T: Time for neutrophil to be increased after administration of a medicine

*: Time to reach 1,000/mm’ or more of neutrophil after administration of an anti-cancer

medicine.
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INDUSTRIAL APPLICABILITY  The three-branched PEG-G-CSF
conjugates of the present invention arc more pharmaceutically stable than
linear- or two-branched PEG-G-CSF conjugates in terms of leaving PEGs
RO B -CSF conjugates and forming the aggregatestéfidorjligAiueas
And. the conjugates of the present invention can be used without
additional separations of position isomers because the conjugates consist
of the 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. WO 2008/060002PCT/KR2006/004908 73
WHAT IS CLAIMED ISNDiHyé&lbrdheidi PEBHITISF conjugate of the
following genera/ formula (1 ): H2CO(CH2CH20)-Z-Y-G-CSF
HFEO(CH2CHZ20),,,CH3 H200(CH2CH20)thCH3 (1) in which a bonding
ratldof tHré®BRaReh et by EthY Ierraiystet(PE Ghang e SPyention are more
phadmaténeliiand-bPE Ghhasianaverags-mnaleculapweightaf fomute erms of
]eaAfiS.OIQ{i)CdgltonspE _g_ 'gpn iS. an intg\%r of 1 to 1,000, 10in is an integer of
10%0 1;50677 is g P (TSSO e DY 5248 se R &Y GPRiuedse  And.
the gt REG whireineS:is mncntegenobdtosé Witkan ahtidenhborg:fatimadbyosition
isofrRABINNGNAZHAGHNA HOUR M SRR AMCHR A 903N AL EE C g,

derivative ) .
the composition of the present invention has the effects of continuous production of

neutrophilias and increased in vivo half-life.
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2. The conjugate of Claim 1, wherein the PEG has an average molecular MCSLLP

weight of from 20,000 to 45,000 daltons. 3. The conjugate of Claim I.
wherein the PEG has an average molecular weight of from 2023,000 to
WARZH t4ifons. 4. A method of preparing three-branched BEER3 4008

conjugate of the general formula (I) of Claim 1 comprising forming a
covalent bond of three-branched PEG derivative of the following general
formula (2) and G-CSF wherein PE J(polyethylenc glycol) has an average

mol a ight 00 to 45,000 daltons; WO

Zoog%éﬁrggglggﬁg 5/004908 24 0 0 H2CO(CH2CH20)-- Z

_HCO(CHZCFlZO),nCH_SO H_ZCO(CHZCHZO)",CHS(Z)_ wherein, nis an
1. THIGIRL QL Lg AER0P: My is By &g&‘?@@f AF TR 000 £l oSt 9)S or

(C1-12)5NI-ICO(C[12)5 as a linker of G-CSF and PEG wherein S is an

iggwmﬁ;@.ﬁmm@ Hpgsfupgional group which can chemically react with
profelns and 6ep'f|des containing 0- CSF is N-hydrosuccinimide.

H?D(CHZCHZO)"‘CH3
H,CO(CH,CH, Q) CH,
(1)
in which a bonding ratio of three-branched polyethylene glycol(PEG) and G-CSF 1s 1:1

(mol/mol), and PEG has an average molecular weight of from 200 to 45.000 daltons.

wherein,

n is an integer of 1 to 1,000,

m 1s an integer of 10 to 1.000;

Z 1s (CHa)s or (CH)sNHCO(CH,)s  as a linker of G-CSF and PEG wherein S is an integer
of 1to 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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11) 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, MCSLLP

wherein the PEG has an average molecular weight of from 23,000 to
WEPe4fons. 7. The method of Claim 4, wherein the mAlaF /I 5{004908

G-CSF to three-branched PEG derivative is from 1:0.5 to 1:50. 208. The
method of Claim 7. wherein the molgr ratio of Ci-CSF to three branched
PEG derivative in the reaction is from 1:0.5 to 1:5. 9. A pharmaceutical
composition for treating or preventing symptoms caused by decreased
hematopoietic function and decrgased immunologic function, comprising
the conjugate of any of @aim 1,2vor 3 as effective ingredient. MCSLLP

W &Q_{ﬁ/ 8 hematopoietic function and
8e sed 8?98%. %glc un t|on ar

olid cancer, neutropenia caused by
051lg to blood tuhor, neutropenia caused by
dys’pla IC'syndrome, neu@opcnla caused by aplastic anemia,
egoggmt@bwgpmmasncutropema, and neutropenia caused by treating
human immunodeficiency virus. (2)

wherein,

n is an integer of 1 to 1,000;

m is an integer of 10 to 1,000,

Z is (CHy)s or (CHy)sNHCO(CHy)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: 0.5 to 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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MCSLLP

WO 2008/060002 PCT/KR2006/004508
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hematopoietic function and decreased immunologic function are solid cancer. neutropenia
caused by cancer chemotherapy to blood tumor, neutropenia caused by myelodysplastic
syndrome. neutropenia caused by aplastic anemia, congenital idiopathic neutropenia. and

neutropenia caused by treating human immunodeficiency virus.




