WO 03/ 051922 PCT/ EPO2/ 13810 Title of the invention Process for the
purification and/or isolation of biologically active granul ocyte colony
stinmul atiwgoBastver 5 Field of the invention The inventi onPCelERIES3S8I® a new
process for the purification and/or isolation of biologically active
granul ocyte colony stinmulating factor (G CSF) by using the 10 imobilised
nmetal affinity chromatography (I MAC). G CSF belongs to the group of col ony
st i nul afittgof g6 iventioreh regul ate the differentiation and proliferation
of hemat opoletic precursor cells and activation of mature neutrophils.

G CSF is used in nedicine in the field of hematol ogy and oncol ogy. Two
types of G Mgl ik ' PP ] :
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oncology. Two types of G-CSF are clinically available: a glycosylated form

15 (lenograstim) which is produced by using the expression in mammalian cells, and
nonglycosylated form (filgrastim) which is produced by using the expression in
bacteria Escherichia coli (E. coli).

Background of the invention
20

The nonglycosylated form of G-CSF (filgrastim) and its production are
described in EP 237545 whereas the glycosylated form of G-CSF (lenograstim) and
its production are described in EP 169566.
The processes for purification and/or isolation of G-CSF, which are known
25 from the patent and scientific literature comprise different combinations of ion
chromatography, chromatofocusing, hydrophobic interaction chromatography, gel
filtration and some other methods.
Generally, the first step of the process for purification and/or isolation of G-
CSF depends on the host organism of the heterologous expression of G-CSF. In
30 case of the expression in E. coli G-CSF is found in the insoluble inclusion bodies.
The conventional processes therefore comprise additional steps for the isolation of
G-CSF from the inclusion bodies leading to correctly folded biologically active form.



These steps usually conprise washing with detergents or chaotropic
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In case of some other proteins IMAC has also been used for partial purification

20 and renaturation. IMAC was firstly described in Porath et al. in Nature 258, 598-599
(1975) and is based on the binding of proteins to immobilised metal ions, which are
chelated to various IMAC supports. The electron donor groups in the amino acid
sequence of the protein are responsible for the co-ordinate binding to the support,
especially the imidazole ring in the histidine residues. The isolation of recombinant

25 proteins with engineered histidine affinity tags on either N- or C- termini of the protein
by using the IMAC was described by Hochuli, E. et al. in Bio/Technology 1321-1325
(1988), Chaga, G. et al. in Biotechnol Appl Biochem 29 (part 1), 19-24 (1999) and
Jeong, J.K and Lee S.Y. Protein Expr. Purif, 23: 311-318 (2001). The use of IMAC
for the investigation of small topographical differences among protein molecules was

30 described by Sulkowski in Trends Biotechnol 3, 1-7 (1985) and by Hemdan et al. in
Proc Natl Acad Sci U S A 86, 1811-1815 (1989).



3 The process for the purification by using | MAC of sone other proteins
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IMAC with immobilised Zn (Il) or Ni (ll) ions was also used as a method for
renaturation of GndHCI denaturated interleukin-3, G-CSF and granulocyte
macrophage colony factor (GM-CSF) (Rozenaite, V. et al. in Poster abstract , P-104.,
20 Cordoba, Spain, 19-22. April (1998)). The denatured proteins were bound to the
IMAC support under denaturating conditions.

Summary of the invention

25 It is an object of the invention to improve the purification and/or isolation of G-
CSF, and to provide biologically active G-CSF in highly purified and active form, as
well as a pharmaceutical composition comprising the same.

The present invention provides a process for the purification and/or isolation of

30 biologically active G-CSF according to claim 1. The present invention further provides
a process for the purification and/or isolation of biologically active G-CSF according

to claim 27, a biologically active G-CSF according to claim 31, a pharmaceutical



conposition according to claim33 and the use of a biologically active
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20 The process of the present invention presents an effective step of purification
and concentration of correctly folded biologically active monomeric forms or
molecules of G-CSF and can be used as the key step in the entire purification and/or
isolation process of G-CSF.

The process for purification and/or isolation of the present invention can be

25 used in cases where G-CSF after the expression is secreted directly via the secretion
pathway to the medium, or where G-CSF is formed in the form of inclusion bodies in
the cytoplasm, periplasm or any other cell organelle. It can also be used for the
purification and/or isolation of biologically active G-CSF directly from the solubilised
inclusion bodies and in all cases where G-CSF had previously been denatured and

30 then renatured. The process of the purification and/or isolation of biologically active
G-CSF of the present invention can be maintained under native conditions all along

the process.



5 The process for purification and/or isolation of biologically active
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and/or isolation of GCSF found in the prior art conprise several steps.
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biologically active G-CSF from a crude solution or mixture containing biologically
active G-CSF molecules and impurities by binding of the correctly folded biologically
active monomeric forms of G-CSF (i.e. those molecules which are already found in

20 the solution or the mixture) to the IMAC support under native conditions. Additionally,
the separation of molecules of G-CSF according to their conformational state by
using IMAC has not been described.

All methods for purification and/or isolation of G-CSF found in the prior art
comprise several steps. The use of only one chromatographic step as for separation

25 of G-CSF according to its biological activity and correct folding and as well for the
separation from impurities present in the solution or mixture and also as an effective
method for concentration of G-CSF and production of biologically active G-CSF with
a purity of greater than 95%, so that only additional polishing is necessary, has not
been described in prior art.

30
Detailed description of the invention and preferred embodiments thereof
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interactions (e.g. disulphide bonds). These molecules are not biologically active.
The term 'elution' used herein refers to washing or extraction of the adsorbed
20 material from the chromatographic column.

The term 'eluate’ used herein refers to the solution which is obtained by
washing and extraction from the chromatographic column.

The term 'inclusion bodies' used herein refers to insoluble compact aggregates
of incorrectly folded or partially correctly folded proteins.

25 The term 'inclusion bodies solution' used herein refers to the solution which
comprises inclusion bodies.

The term 'biologically active G-CSF' used herein refers to G-CSF which is
capable of promoting the differentiation and proliferation of hematopoietic precurser
cells and the activation of mature cells of the hematopoietic system.

30 The term 'biologically active form (or molecule) of G-CSF' used herein refers to
a form or molecule of G-CSF which is in a monomeric and non-denatured state and
which is capable of providing the aforementioned biological activity.



whi ch is capable of providing the aforenentioned biol ogical activity. WO
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c) eluting the biologically active form of G-CSF from the column

The process of the present invention can be advantageously performed under
native conditions.

20 The process for purification and/or isolation of biologically active G-CSF of the
present invention can additionally comprise further purification of biologically active
G-CSF and preferably comprises the following steps which are performed after the
purification and/or isolation of biologically active G-CSF by IMAC:

d) cationic exchange chromatography and/or

25 e) gel filtration.

The entire process of the present invention results in the production of
biologically active G-CSF suitable for clinical use in medicine.

A biologically active G-CSF suitable for clinical use in medicine can already be

30 obtained in an efficient and preferable manner by applying a purification and/or

isolation process wherein an impure mixture containing G-CSF under native

conditions is subjected to chromatographic step(s) which consist only of IMAC and



conditions is subjected to chromat ographic step(s) which consist only of

| MAC and WO 03/051922 PCT/ EP02/ 13810 8 optionally at |east one of the
puri fi catworsedbnds sel ected fromion exchange and gel {PCITtEPA2/133m0
techni ques. The process of the present invention can also be used in case
of purification and/or isolation of & CSF derivatives such as mnethi onyl
G CSF (Met-G CSF), glycosylated, enzymatically or chemcally nodified (e.
g. pegypbtioedlly @&€35t or@ ofthegkirifinalioynethedaiselaetefifeino orpextheinge anid gl

el or Ao bGNTaREs o1 BlocBEH BFAOERe AR BEET RiskBe B46d i GBS o

of G Chbrific&icreand/of %blamm)bﬂ@QSFOdérﬁwnK/es@nlf:hra”mleﬂﬂ@hyl GIGBR (MetG-
therefqore according to their biological activity, 2. theﬂg\r ocess enabl es

bi ndi &), Blyeredates epzymaticallyigy I@%“yom@f'egﬁete Pegidate
undgr e xﬁalsgugébhenﬁe%@oﬁ%?&e%twmemeoh*ﬁ.se%ﬂ%ﬁt'On of bi 0' 09' Ca"y

acti1ve nol ecul from bi ol ogi cal I nacti ve nol ecul es of G CSF
under nat i v&ignificsintasivantages: kb the omwnalaue@caﬁlmmamglqﬁlsolatloecnﬂt;nef ol ded
nol ecul of .G CSF t 5 | MAC support under native conditions and
consecﬂ?‘%ﬁé\t ogéﬁ%{}’g%t%%t correctly fol ded nol ecul es of G CSF from

the incorrect I bhef mldmxlé@be@w afd séparatediagesrdidy to/ thaiPBehforasonal. t he

process enabl es bi nding of biologically active nononeric forns of G CSF to
t he | MAC supposteteaadthergforecacssrding te Heinhiglagied@stivityiel y the 20

segaration of {Nobagealdnun ! hiAIIPBPEBIdGioAR S pBIdcHled LABIESE to

bi ol ogi cal | y'i nactive nononeric he process enha
bi ndi ng of nontheer MAC osuppoft GnasF hatntehecdnhdl\ﬁonsuapdrt:oasmbwwels'edhbl vely

t he separation of nono Lc far of .G CSF from nd pc rrerlc
form o & CORSTRRIGRORAS! bEIRSRAN RSHEe malesulesel (55oek Jrandopiebia
separation undpfachigs eCiABSoF CROSFANdRp efih cbnaltRinded monomeric

bi ol ogically active nol ecul es of fromother proteins and inpurities
whi ch are prC’esmetpno|¢e6$1ensblastblndnngmfmmeetly)foldeqmozjepules ofiiG-6 SFHe theocess

of 1é he present II\?I)&(\feg1 p'p%?t’ wjiéeri MA@ ing t%ntsoansd gcpﬁ cﬁ?%ly%he separation of
correctly folded molecules of G-CSF from the incorrectly folded molecules
of G-CSF under native conditions,

4. the process enables binding of biologically active monomeric forms of G-
CSF to the IMAC support under native conditions and consecutively the

20 separation of biologically active monomeric forms of G-CSF from the
biologically inactive monomeric forms of G-CSF,

5. the process enables binding of monomeric forms of G-CSF to the IMAC
support and consecutively the separation of monomeric forms of G-CSF
from the oligo- and polymeric forms of G-CSF under native conditions,

25 6. the process enables the separation under native conditions of correctly
folded monomeric biologically active molecules of G-CSF from other
proteins and impurities which are present in the solution, mixture or
medium,

7. with the process of the present invention, it is possible to significantly

30 increase the specific activity of the purified G-CSF, for example to a range
of specific activity of at least 1x10” 1U/mg, more preferably to a range of
specific activity 7-8x10” 1U/mg, most preferably to a range of specific



30 increase the specific activity of the purified GCSF, for exanple to a
range of specific activity of at |east 1x10(err) 11U ng, nore preferably to
a range ovoogpseiic activity 7-8x107 | U ng, nost preferalplCy/mpo2/ssi@nge of
speci fic WO 03/051922 PCT/ EP02/ 13810 9 activity of about 1x108 | U ny,
wherein the specific activity is neasfired by a nethod based on stinulation
of cellular proliferation as described in exanple 5. 8. wth the process
of the presentadtivitgrdfi abouitt1xit 6° Auew), Wrerein thiecsheoficGadEbity i meashrerhbyi el d

and with a purit f at least 95% por, when further conprising the .
puri 11 cat 1 on v tHelael BRReS e ALRYEtER Shipbrs FFy MarCgeRe AosEraed i
according to tggampefsrred enbodi ment, even at |east 99% and therefore
the process is suitable for the industrial production of biol ogi calég

active G C8&, with toe praeessnef the preseeisivasien diindgossitieto pradusereds

e di ment for r i fcat - ol ' [ [ I G CSF,
\/\/nnJioéc)hI conpri se%tpﬁlgbt)hgl?j éﬁ‘r”i'tﬁ {%gpﬁtgln&%;q%%%r%s%c&é%ﬁggg@h%ﬁ?ﬁﬁn’%ﬁ%g? aphy
and gel filtr atheopyrifitztion with catiquicr excayngadchronmatedraphyg mdogelpfiltrationat i on

f G CSF and be. advant i nt ai ned ' dit] |
o) ong. 15 The. SHRATHBGHP D8R SRTo ErEPRELRo RVati it ot ke o tiretors >
bi ol ogi cal |y agd precks&aFsuittbld i thé Bfcidtridl BrodidtRim éf%i@l@@kam? atevally

mai nt ai ned under native conditions. The process of the prese i nvention is
not a renatura€Sbn process of incorrectly folded nolecules GCSF, but is a

Pof Genat ur &1 BF Sl PaRobySs SREGES 1y B BleeyS8 Srtbod e B AR oaton' "°
mol ecul es of Gak@br ibliatibnasfe bidivgiedyy RictisenG-C8Fa wirithitdoptprises furthienr e or

a medi um cont ai ni.ng non-purified G CSF. The separation of nononeric from
ol i go- and pol PyliGationdpysatipnie exshangg chramaiegsarily andLe! fikeationhgoes

bttt o5 VR BAGER shs o e mpP o s e
the aggregat e advantagssesiy meintpineshanderinativeecoedians.allalehgad of | MAC, gel
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of the present invention is most preferably maintained under native conditions.

The process of the present invention is not a renaturation process of
incorrectly folded molecules G-CSF, but is a process which comprises the specific
binding to the IMAC support of the non-denatured or correctly folded biologically

20 active monomeric molecules of G-CSF, which are already present in a solution, a
mixture or a medium containing non-purified G-CSF.

The separation of monomeric from oligo- and polymeric forms of G-CSF
occurs in such a way that the‘ biologically active monomeric forms of G-CSF are
bound to the IMAC support, whereas the oligo and polymeric forms, which can also

25 occur in the aggregate form, essentially remain in the eluate.

Instead of IMAC, gel filtration could be used for the separation of monomeric
form of G-CSF from oligo- and polymeric forms of G-CSF. The advantage of IMAC
over the gel filtration is its concentration capability, higher binding capacity and the
ability of separating the correctly folded monomeric forms of G-CSF from the

30 incorrectly folded monomeric forms of G-CSF. Correctly folded monomeric forms of
G-CSF cannot be separated from the incorrectly folded monomeric forms of G-CSF
by gel filtration. Thus, by using IMAC better yields are obtained.



over the gel filtration is its concentration capability, higher binding
capacity and the ability of separating the correctly folded nononeric
forms of wWwO@SMsMeomM the 30 incorrectly fol ded nononeric f @CFEPOL/1381CSF.
Correctly folded nononeric forms of G CSF cannot be separated fromthe
i ncorrectly folded nononeric fornms of10> CSF by gel filtration. Thus, by
using I MAC better yields are obtained. WO 03/051922 PCT/ EPO2/ 13810 10
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unf avourable (e.g. GndHO or ureaz and the possibility to reduce or omt
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di r ect BfNERMOIG HeeM@nmanta %UW?ME'ér@?|9Qﬁ'9 Rl eavres), %W@rpqsﬁﬂ”&b’l on of
b' ol ogk& Addukertdnife tHie @%gff)gﬁ@r% é?foeétﬁBF sbilyigAs! on 20 enabl es effective

di rect concentration lologically active GCSF fromthe diluted
nedl a I n tffeeeadmmage omthédgrodass ioolp;ummcailm agiddal isglationi ofebiciogiiallgf  hi gh
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active CSF nol ecul e fromthe inclusion bodies
dithiothreitol or beta-mercaptoethanol.
In case of secretion of G-CSF directly into the medium, the process for
purification and/or isolation of biologically active G-CSF of the present invention
20 enables effective and direct concentration of biologically active G-CSF from the
diluted media. In the eluate from the IMAC column biologically active G-CSF of high
purity is obtained.
Since the effective separation of the biologically active G-CSF molecule from
biologically inactive G-CSF molecules and other impurities can be obtained either by
25 the isolation of the biologically active G-CSF molecule from the inclusion bodies
and/or by the isolation of the biologically active G-CSF molecule directly from the
solution or the mixture containing it, the economy of the purification and/or isolation
of G-CSF is much improved when compared with other methods.
G-CSF purity of more than 95% can thus be obtained by using only one
30 purification step.
The following chromatographic step(s) is (are) particularly suitable for the final
purification (polishing) of biologically active G-CSF after eluting from IMAC.



and/or by the isolation of the biologically active G CSF nolecule directly
fromthe solution or the mxture containing it, the econony of the
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only one 30 purification step. The ftl | ow ng chromatographic step(s) is
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active (G GREAWhidL BnRithhiolrdini@lstbE@Shetdiedh the three chromatographic steps

there are preferably no intermediary steps (like concentration, dialysis, precipitation,
etc.), and the native conditions are preferably maintained all along the purification
and/or isolation process.

20 The intermediary concentration steps would disadvantageously cause the
formation of dimers and other forms of aggregates, leading to reduced yields. The
entire process for purification and/or isolation can be transferred to industrial scale
and to the production of biologically active G-CSF with a purity of at least 99%.

The biologically active G-CSF obtained by the entire process for the

25 purification and/or isolation of the present invention is suitable for the preparation of
pharmaceutical composition, which comprises the therapeutically effective amount of
biologically active G-CSF and is suitable for clinical use.

The possibility of maintaining the active form of G-CSF in a short purification
and isolation process contributes not only to an improved yield, but also to an

30 improved purity and effectiveness of the biologically active G-CSF and the

pharmaceutical composition containing it.



The biologically active G CSF obtained by the entire process for the 25
purification and/or isolation of the present invention is suitable for the
pr epar at i w0 0afs19phar naceuti cal conposition, which conpri s@STIEPE2/13810
therapeutically effective amount of biologically active GCSF and is
suitable for clinical use. The possibi2ity of maintaining the active form
of GCSF in a short purification and isolation process contributes not
only to an Thprtemethgiapedticallit efiéctvetamaunt' lead hereav eeferaito the ssmalunt of
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‘"therapmpically effective anount' used herein refers to the anount of
bi ol ogically active G CSF which has the therapeutic effect of biologically
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I ncd ud La :M?ﬂﬁ rriers useful in G CSF
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sel ect eschdrige tdromaigrapmii éﬂi?d 1QeIC¢|IIIFHtIdi‘\eSCameblé r ggxei far apﬂélparatlon of
neutropenia-rel ated clinical sequelae, reduction of hospitalisation for

f ebri | EVGSGAMMSMENIWRICKS @r@rm@w@m Frerthgyndigations selecisd fsem theeseup oviaiehc
neﬂ?eananggél eu @}1 e At 'n\éﬁtrbéeﬁ%%ﬁaté@“&ﬂﬁé‘éleséﬁgé’l%bor}edﬁ 'fd?P'd?

ropenra, rop nicC and non-neutropenic I Ik ans
reci pi bospgitalisationnifor i lfébramrmmlsomiuji aftens ,chemmd;herapyl,d B'@pﬂlsatlehocdf

duct f t hi di t talit /s, of .
ospi t BEMELRRQRTS ProGRR b ale natormaive o eR eukeeRS T8I0, Shvemint i on
of i nfeelir8PedBd hdlitRigdnit-ard aﬁ@rﬂneeﬁﬂ@bérﬁét infE&idns, NPARIRRN rEciprRRts,

non- neut ropenic pat lents, pr evention of nosocom al I nf ecti on and to reduce
t he rrohumw tr;flananetowwqomdmom eRppSIcgnd septioshorks sedustion ofrristonpdnidity,

nobher mTeaThg BPRe! Bt RF PSR HRAHE e bEalc oA Y BSEb. 1 ene s
and cr iﬁfé@t?ddsY pré\lrerﬂi@hl SMihfectioBLat Ffédtiorttetgted/ dumigiRaliens iimaeattdpenic
treatment, intensification of chenotherapy and/ or. radiotherapy

pancyt 8p8MAN-NewiEoRaNE Patieats: Prevantispmefrispcemigiinfrstionsans t%ﬁﬁdﬁ@edhe
mortality rate and the frequency rate of nosocomial infections, enteral administration

in neonates, enhancing the immune system in neonates, improving the clinical
20 outcome in intensive care unit patients and critically ill patients, wound/skin
ulcers/burns healing and treatment, intensification of chemotherapy and/or
radiotherapy, pancytopenia, increase of anti-inflammatory citokines, shortening of
intervals of high-dose chemotherapy by the prophylactic employment of filgrastim,
potentiation of the anti-tumour effects of photodynamic therapy, prevention and
25 treatment of iliness caused by different cerebral disfunctions, treatment of thrombotic
iliness and their complications and post irradiation recovery of erythropoiesis.
It can be also used for treatment of all other ilinesses, which are indicative for
G-CSF.
The pharmaceutical composition containing the pure and biologically active G-
30 CSF obtained by the process of the invention can thus be administered, in a manner
known to those skilled in the art, to patients in a therapeutically amount which is

effective to treat the above mentioned diseases.
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cerebral disfunctions, treatnent of thronbotic illness and their
conplications and post irradiation rebvery of erythropoiesis. It can be
al so used for treatnent of all other illnesses, which are indicative for
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active, G 30 F obtain by the process. pf the invention can thus be
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menti oned di seases. WD 03/051922 PCT/ EP02/ 13810 13 Preferred enbodi nents
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nd nmetal ion chelate boynd to the solid _phase terial..
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chel ate bound to the I MAC support is suitably selected fromnetal ions
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of ?ﬁhew){{ﬁ@ %%(# E{ﬁ#éﬁ% e etro rt?a% ilega)?b%)él cgdst &fé?@il‘\ellfb\ tzﬁscgl)lgﬁ%c ﬁ%&eﬁr%scp &Béerﬁﬁégbound
t o t heof Mtalsoprbelates, beinglbould td Yhe IMAO duppettaineludet DR)I)-iminodiacetate

oA B ot Sobt Kb, UL BT s gh e e
NE(IT) pldRrR@gnNcll € -Ng%{é-. Péﬁic%%ﬂ@ﬁ@&iy@garb%ﬂﬁ LibA, NR)IdAGreoNim. the

incIusFon odi es prefer y are provided as a solution of in the case of
bat ch dTAexpanded bed separation node, as a suspension in the presence of

e o OBt O R T BARL A B Sl B e ST o
Or SuspeRAGHE a8fa ¥blafloh BEYh BHeScaSETBN BatchYorUsipaaidea beeMSdRIRERSS mode, as
di al ysis, precipitation, etc. The detergent or solubilising agent is
pr ef er A3USPEBRINEA the presence of low detergent or solubiliser concentrations. The G-
CSF may thus be kept under native conditions, either when the detergents remain in
the solution or suspension or when they are removed by using ion exchangers,
20 dialysis, precipitation, etc. The detergent or solubilising agent is preferably removed
before loading the solution or mixture onto the IMAC column.

The inclusion bodies solution or suspension (or mixture) in the presence of
strong denaturating agents, such as 8 M urea or 6 M GndHCI, and solutions in the
presence of denaturating concentrations of detergents (e.g. 1% sarcosyl, 2%

25 sarcosyl or 1% sodium dodecyl sulfate) can also be used as a starting sample, if the
loaded sample had been subjected to a previous renaturation, e.g. by dilution,
dialysis, ultrafiltration or removal of denaturation agents/detergents.

In case of the expression in secretory systems such as yeast, fungi or
mammalian cell lines, the supernatant or concentrated supernatant or the culture

30 medium, which mixtures may have been processed in advance, with a pH in the
range from 6.5 to 9.0 can be loaded to the IMAC support.



before | oading the solution or mxture onto the I MAC colum. The inclusion
bodi es solution or suspension (or mxture) in the presence of strong
denat ur atwog3ageat s, such as 8 Murea or 6 M GhdHCI, and ®crmEPOLMS10 n t he
presence of denaturating concentrations of detergents (e.g. 1% sarcosyl, 2%
25 sarcosyl or 1 % sodi um dodecyl sulfdate) can al so be used as a starting
sanple, if the | oaded sanple had been subjected to a previous
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a di ffpr@@tnsl MAC support. The conbl nation with other i mmbl i sed netal
ions is also posmble&@ Zn(lh), cu(ll), Co(ll), Ni(Il) etc..) and
enabl es bet Regasiioss o | rpréﬁér&t@'i’o%@ thse Oﬁ@écqfﬂh@ I9asling spliicai the pH of

Reﬂf"r dj rﬁ%ﬁﬁgﬁ’nq 981 Héﬁ‘%% d B8 iAMe %P@g%'h‘oﬂi B.50f §e pr ?’He’&g%ﬁgf%écgﬂg
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His from7.8 to 8.2. Various buffers, nt in the range
P o 6. 51 oVarius SFaes. \tien G5t MAUaarhgHaRdng, AaeRTon Lo PramBe] vAd
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support theTpgosafsr, i esp@mnyrum biriswaehi npufdér, t ize peolevaBly used in the
concentration range from 5 to 50 mM, most preferably in the range from 10 to 40
mM.
After binding to the support the process is continued by washing of the column
20 and elution of proteins from the column. Elution can be performed by using either a
discontinuous step gradient or linear gradient by descending pH or competitive
elution at high pH (e.g. with imidazole, histidine, ammonium chloride and similar).
The term 'linear gradient' used herein refers to washing of chromatographic
column by a solution which composition is changed in a way that the proportion of
25 one buffer (or one component of the buffer) is increased linearly, whereas the
proportion of the other buffer (or another component of the buffer) is decreased
linearly.
The term 'discontinuous step gradient' used herein refers to washing of
chromatographic column by a solution, which is composed of certain proportion of
30 one buffer (or one component of the buffer) and certain proportion of another buffer
(or another component of the buffer) for a determined time period. The proportions of
both buffers are rapidly (suddenly) changed and the column is washed by another
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point can cause its precipitation.
In the eluate, monomeric, biologically active, correctly folded G-CSF is
obtained with a purity of greater than 95%.

20 If desired, the eluate obtained from the IMAC column can be loaded directly to
the cationic exchange chromatography column, without any additional intermediate
steps being required. Various cationic exchange chromatography supports can be
used and may be selected from the group consisting of: SP Sepharose FF, SP
Sepharose HP, CM Sepharose FF, TSK gel SP-5PW, TSK gel SP-5PW-HR,

25 Toyopearl SP-650M, Toyopearl SP-650S, Toyopearl SP-650C, Toyopearl CM-650M,
Toyopearl CM-650S, Macro-Prep High S support, Macro-Prep S support, Macro-Prep
CM support etc. Preferably, SP Sepharose FF or TSK gel SP-5PW are used.

pH range of the loading solution for cationic exchange chromatography is in
the range from 3.0 to 5.8, preferably in the range from 4.0 to 5.0.

30 The salt concentration in the loading solution for cationic exchange
chromatography has to be low enough to enable the binding, which also depends on
pH of the solution.



In the eluate, nononeric, biologically active, correctly folded GCSF is
obtained with a purity of greater than 95% 20 If desired, the eluate
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depends on the pH of the buffer solution. The higher is pH of the buffer, the lower
ionic strength is needed for the elution of the proteins from the column.
In the eluate, monomeric, biologically active, correctly folded G-CSF is
20 obtained with a purity of greater than 98%.
If desired, the eluate obtained from the IMAC or, preferably, after the
consecutive cationic exchange chromatography column can be loaded directly to the
gel filtration column, without any additional intermediary steps being required.
Various gel filtration supports can be used and are selected from the group
25 comprising: Sephacryl S-200HR, Sephacryl S-100HR, Superose 12, Superose 6,
Superdex 75, TSK gel G-2500PW, TSK gel G-3000 PW, Bio-Gel P-60, Bio-Gel P-100
etc. Preferably, Superdex 75 is used.
A broad pH range of the loading solution for gel filtration can be used and the
eluate directly from the IMAC and, preferably, from the subsequent cationic
30 exchange chromatography is therefore suitable as a loading solution. Loading of the
solution, binding of the protein to the gel filtration support and elution of the protein
can be performed by using the same buffer. Various buffers can be used and may be



NaCl or KClI. lonic strength and salt concentration, by which the elution is
achi eved, depends on the pH of the buffer solution. The higher is pH of

t he buf f ewp oBlog19kDWer ionic strength is needed for the elPaTiEPO2/0d81G he
proteins fromthe colum. In the eluate, nononeric, biologically active,
correctly folded GCSF is 20 obtai neﬁ’wth a purity of greater than 98%
If desired, the eluate obtained fromthe I MAC or, preferably, after the
consecaelievtadc&'bhotfm: geqmc'mgeis@ihgmfatq'igﬁtaphyem,uﬁﬁs,cahomeltoamﬂomqrect |y

g R M T s o

sel ectpﬁoéﬁmmﬁe@s’wunpHZfromprtos?imugrese@dnacryl S-200HR, Sephacryl

S- 100HR, Superose 12, Superose_6, Eprdex 75, TSK gel GZSOOP TSK gel
G 3000 Pw Brefewahly, Rimsrhate bafferspifepipading) cas bedisad | t atign; s

us a [ be
usod afREABEp BN RN, pTet A IS Rk AR e bhfdeH DR
subseqodht cationic 30 exchange chromat ography is therefore suitable as a

gor 1117 at | 8% Sl spPenaruSas [ fssSafillon BuRE £én B hife Bafagihnl 3, "

usi ng td¢0G &M, preférably Mesutdmsmiiffers can be used and may be WO 03/ 051922
PCT/ EP02/ 13810 17 selected fromt he group consi sti ng cit rc%\_ acet at e,
Tr| s, phospliattee agyair, h81oNameniG pPieladieallyr @Ct'V\?n CRrestly nfEiCﬁdau Cﬁ'f I8 the

op9°_ LEoRel fyh % Bufly FSacriisn cofgRPBel GBIy f TP 6.0 to

are use era phosp |ng can used in
the concentration 5 range from 2 to 100 nmv preferably in the
concentrati_?g r%ﬂge bet ween 3 and The salt concentrations in the
gel filtratiof W9 EXRMRLes r?thS'VPQ fheoRuEpesg £y Hsﬁ%'“% VE('OM3bl y

about ahuiMimémstdianglit@rtionBPERY hét mebAt ROliRRkhe/ pae"éénvﬁweﬁﬂbh%tahy
folded GCSF is 10 obtained with a purity of greater than 99% and

bi ol ogfasiliomactivity of 1x108 I U ny. The foll owi ng exanples are given for
th,{a5 purpose of illustrating various enbodinents of the invention and are
nmeant to limt the present invention in any fashion.

Description of the drawings

Fig. 1 shows the chromatographic separation of proteins from the solubilized
inclusion bodies by using the IMAC support: Zn(ll)-IDA Chelating Sepharose fast flow
(Pharmacia).
20 The chromatogram shows the absorbance change at 280 nm (A280)(——) and the
proportion of buffer P3 (-----) in dependence of time (min).
Peak A —E. coli proteins and aggregated G-CSF; peak B — monomeric correctly
folded biologically active G-CSF and traces of E. coli proteins.
Fig. 2 presents the analysis with polyacrylamide gel electrophoresis in the presence
25 of sodium'dodecyl sulfate (SDS-PAGE) of the starting sample and the samples
represented in chromatographic peaks after the separation by using Zn-IDA
Chelating Sepharose fast flow (Pharmacia), according to Fig. 1.
Legend:
1. Molecular weight standards (Bio-Rad) and G-CSF (Neupogen) (marked with
30 arrow).
2. Starting sample before the chromatographic separation.
3. Proteins in peak A on Fig. 1 (aggregated G-CSF and E. coli proteins).



15 Description of the drawings Fig. 1 shows the chromat ographic separation
of proteins fromthe solubilized 1inclusion bodies by using the | MAC
support: WoOBjWRDA Chel ati ng Sepharose fast flow (Pharnecirapn2/2810The

chr omat ogram shows t he absorbance change at 280 nm (A280)( ) and the
proportion of buffer P3 (----- ) in defgendence of time (mn). Peak A -E
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15 Fig. 5: Chromatographic separation by using the column XK26/70, loaded with gel
filtration support Superdex™ 75 prep grade (Pharmacia).
The chromatogram shows the absorbance change at 280 nm (A280) in dependence
of (min).
Major peak — monomeric correctly folded biologically active G-CSF.

20

Examples

Example 1: The purification and/or isolation of biologically active G-CSF by using
IMAC. Zn-IDA (Chelating Sepharose fast flow)
25 The chromatographic column (h=10 cm, d=10 mm) was loaded with Chelating

Sepharose fast flow (Pharmacia) support, on which Zn?* ions were bound, and the
column was equilibrated with 5 column volumes of buffer P2 at constant flow of 2
mi/min. Inclusion bodies were solubilized in buffer P1 (0.2 % sarcosyl, 40 mM
Tris/HCI, pH 8.0) and sarcosyl was removed by using the ion exchanger. The column
30 was loaded with 10 ml of loading solution (17 mg total proteins), which comprised
biologically active G-CSF, at constant flow of 1 mil/min. The separation was

performed by using the discontinuous step gradient of buffer P3 at constant flow of 2



Maj or peak - nononeric correctly folded biologically active G CSF, smaller
peaks - G CSF isoforns and traces of E. coil proteins. 15 Fig. 5:

Chr omat ogwaphios19gepar at i on by using the colum XK26/ 70, | @adaEpoiisio gel
filtration support Superdex(err) 75 prep grade (Pharmacia). The

chr omat ogr am shows t he absorbance chathe at 280 nm (A280) in dependence of
(mn). Major peak - nononeric correctly folded biologically active G CSF.
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| U g proteins, the neasured biological activity of the sanple fromthe
peak B was 0.8-1.0 x 108 IU ng proteins, whereas the biological activity
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starting I nclusion bodres solution Ieads mononeric form
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Wh1.§ h iT?ﬁe &9%%&3&58% Eglu%me(ﬁéf@%?rcdfmmm) was loaded with Fractogel EMD

Chelate (Merck) support on which Zn?* ions were bound. The column was washed

with water and equilibrated with five column volumes of buffer P2 at constant flow of
1 ml/min. The inclusion bodies were solubilized in buffer P1 and sarcosyl was
removed by using the ion exchanger. The column was loaded with 3,3 m| solubilized
20 inclusion bodies in total amount of 4 mg. The separation was performed by
discontinuous step gradient of buffer P3 at constant flow of 1 mi/min (Gradient: 0%
buffer P3 (100% buffer P2) 13 min, 25% buffer P3 (75% buffer P2) 12 min, 100%
buffer P3 (0% buffer P2) 14 min, 0% buffer P3 (100% buffer P2) 11 min). At 100 % of
buffer P3, the monomeric biologically active G-CSF (0,7 mg) was eluted.
25
Example 3: Purification and/or isolation of biologically active G-CSF by using IMAC:
Ni-NTA (Superflow)
The chromatographic column (h=10 cm, d=10 mm) was loaded with Ni-NTA

Superflow (Qiagen) support and was equilibrated with five column volumes of buffer
30 P4 at constant flow of 2 mi/min. The inclusion bodies were solubilized in buffer P1
and the sarcosyl was removed by using the ion exchanger. The column was loaded
with 10 ml of solubilized inclusion bodies (10 mg total proteins) at constant flow of 1



Exanple 2: Purification and/or isolation of biologically active G CSF by
using I MAC. Zn-I1DA (Fractogel EMD Chel ate) 15 The chronmat ographi ¢ col um
(h=2 cm woeliwnm22zvas | oaded with Fractogel EMD Chel at e ( Wem@ep2/saspport on
whi ch Zn2+ ions were bound. The colum was washed w th water and
equilibrated with five colum vol unes2@f buffer P2 at constant flow of 1
m/mn. The inclusion bodies were solubilized in buffer P1 and sarcosyl was
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linear shaker. After 15-min of centrifugation the sarcosyl was removed by using the
ion exchanger. The sample was diluted with water to reach the double volume and ~
20 430 ml of inclusion bodies solution was obtained; with the protein concentration of ~
1,4 mg/ml (after Bradford according to G-CSF as a standard). The protein solution
was loaded in two equal volumes to the chromatographic column XK50/20
(Pharmacia), loaded with Chelating Sepharose fast flow (45-165 um, Pharmacia)
support to the height of 10 cm (h=10 cm, d=5 cm, V=200 ml), on which Zn* ions
25 were bound. The loading of the sample and the elution were performed at constant
flow of 7 mi/min. After loading the column was washed with discontinuous step
gradient (Fig. 3): 15 min with buffer P2, then 45 min with a mixture of buffers P2 and
P6 in the volume ratio of 75:25 and 86 min with buffer P6. Monomeric form of
biologically active G-CSF was eluted at 100% buffer P6. All the fractions (two
30 separations), which comprised the monomeric biologically active G-CSF were pooled
and 271 ml of solution with protein concentration of ~ 0,7 mg/ml was obtained. EDTA

was added to this solution to the final concentration of 2 mM. The solution was



Exanpl e 4: Process for the purification and/or isolation, including

addi tional chromatographic steps, for the production of biologically
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3): 15|d§o1i\?%f thebsdrhple tBé collifR whs Whshed 4 nﬁgmc/ip%e gag%ro%b%m‘»ﬁéa bydnhand P6

in the vo ratio of 75:25 and 86 mn wth : noneric’form of
bi ol ogetdionywittctingar Gadsmtwath eufferddB in 3000 fbormfQ@9% teaS A buffdrdPd (feami ons

t 3 ratlons i conprised the noner .c hi ol oqgi. ly active
& 12 M0P PR 2 dscbiter ), Thef Sl gies WaSnER HUS bt b Rbbe toBie s
0, 7 nybfibuffes PPatidr8 in BR/umvastie &l 78: 22 ahitsers 20 UhinoRitth BuffeePBi(Fad.
concentration of 2 The sol ution was WO 03/051922 PCT/ EP02/ 13810 21

ml
di | ut ed)-t pedractias aofithe mainmaropategmaphisHeaaly WRighwereugkitedhdn a lingadi ng

[ uti f 1 Lan| h . I ded
"h twoPartidhing Shegrbfadiit A et ot B noldtioest 0 0E| dfistupioigeance
| oaded GACSSF ¢Wittoreatpagitya pifii greatepthat $8% ;) Pvé(e3 Powledl andHases) directly fas hei ght

of ,16 ¢cm (h=16 ¢cm d=1,6 cm V=32 nl). The |oading of the sanple and the
el iof?#@ﬁrﬁ?'H@OE%?the\@nh”@@PPcﬁoHﬁan-at constant flow of 5 m/min. After

the |oading of the sanple the colum was washed 11 mn with buffer P7,
followed by the elution with |inear gradient with buffer P8 in 30 mn from
0%t o Zbe¥chudteefror8 ther matiooicl @xehange Sehrooidtegraphy. (Yhe 46o0imimmpnedainwashed
again EgﬁceanrarHorr]\ w 2t£' rﬁgt)%l)m.w)éts%gded in 5 aliquots to the chromatographic column
XK26/70 (Pharmacia), loaded with the gel filtration support Superdex 75 (prep grade,
20 34 um) (Pharmacia) to height 57 cm (h=57 cm, d=2.6 cm, V=300 ml). The separation
was performed in buffer P9 at constant flow of 2,5 ml/min. Peak, which represents
the protein dimer, is clearly separated from the main peak which represents the
monomeric protein (Fig. 5). The main chromatographic peak fractions were pooled,
the buffer was changed and 100 mg of pure monomeric form of G-CSF with a purity
25 of greater than 99% and biological activity of 1 x 10® 1U/mg, which corresponds to the

biological activity of the standard, was obtained.

Example 5: In vitro G-CSF biological activity assay

Biological activity of G-CSF was determined by the method based on
30 stimulation of cellular proliferation (NFS-60 cells) using the known method
(Hammerling, U. et al. in J Pharm Biomed Anal 13, 9-20 (1995)) and the use of

international standard Human recombinant G-CSF (88/502, yeast cell derived;



of buffers P7 and P8 in a volune ratio of 75:25 and then 22 min with buffer
P8 (Fig. 4). The fractions of the main chromatographi c peak, which were
eluted i wamiswar part of the |linear gradient at - 18% eCThPh/e381PP8 and
bel onged to the correctly folded GCSF (with a purity of greater than
98% , were pooled and used directly @2 a 15 |oading solutions for the gel
filtration colum. The eluate fromthe cationic exchange chromatography (V=
46 m , NdBSCeiPottecBarntHedtfoedshire?, YKnoded Miren@duis @daBedsti al. Sv aJ ilemosisolt 0 t he
chroma aphic_c /70 (Pharmacia), |oaded with the gel filtration
suppor?‘/?%{}%& Elz% %q?gﬁéb ade, 20 34 m (Pharmacia) to height 57 cm (h=57
cm d=2.6 cm V=300 ml). The separation was perfornmed in buffer P9 at
constant flow of 2,5 m/mn. Peak, which represents the protein diner, is
cI ear | Sl'hsemdf%!twnpp@iﬁtm% mai n peak which represents the nononeric

e| phi ¢ peak fractions were pooled, the
buf B1 §ﬂ/ﬁ§% %o&y %Q%MTﬁgfméﬁﬁamnonerl c formof GCSF with a purity
25 of @QeaOQthTTwnHGQ%ﬁﬁhmwaam@i-b&b activity of 1 x 108 | U ng, which

Exarmp! B2 i aceris abaBb Rl WEEL AN aliRlad 4 Sl aodhienei Mol iy o
G CSF msﬂeﬁmrmgmq@ pod e NeohasH lga@ed on 30 stinulation of cellular
proliferation (NFS-60 cells) usin e known net hod @éHam’rerllng, U et al.

in J PR& D piMracetinggid, £90 rngNa@gM)asimtﬂsi torsO\yyith additipRtidVMNi@®bnal

da Iﬂm yeast cell derived; WO 03/051922
EP /?@@9 é@W&‘gg@ erg Egﬁ-l §%rtfor dshire, UK; see
M r e- SP7t 20AMR.Cle{C@OH, \pH 5)5munol  Met hods 179, 117-126 (1995) The buffer
corrp05|t| 5 P1 2% sar cosyl Tris/HC, pH 8,0 P2: 20 nM
Tri s/ HEE; QWW&@% M’?ﬁ cetic acid, 150 nM Nad, pH
adj ust pd- 5Qqh N2 Bg]pﬁ)&ggl gowqja@nm.{l\p@ﬂ P4. 10 mM Tris/HC, 200 nM Nad ,
pH 8,0 P5: 20 acetic acrd, 200 pHadjustedto40vv|th addi tion
1 MNaOH 10 P6: 20 nM CH3COOH, 150 mM NaCl, pH 4,0 P7: 20 nM CH3COCH, pH
55



P8: 20 mM CH3COOH, 500 mMM NaCl, pH 5,5 P9: 5 nM Na phosphate, 50 nM Nad ,
pH 7,0 WD 03/051922 PCT/ EP02/13810 23 Cainms 1. A process for the

puri fi catworn3asnr i sol ati on of biologically active G CSPCTEPZIBS1G
conprises: providing a m xture which conprises a biologically active form
of GCSF in the presence of an inpur23y, and subjecting said m xture to

| MAC. 2. The process for the isolation of biologically active G CSF
according to claim1l1, 10 which conprises the follow ng steps: | oading
said mxture, which conprises the biologically active GCSF in the
preseng"ﬂ@éan I mpurity, to an | MAC support, selective binding of the
biologically active formof GCSF to the | MAC support and eluting the
biologically active formof G CSF fromthe | MAC suplport ‘to _provide the 15
bi ol ogilcah pyocesssifoethe @aification Bnd/rriselation of binlagisg!!y activesBre $F owhizh
V\,heéei n S@Arﬁiprrpgé%ture conprises an inpurity which is at |east one substance
anong the group consisting of biologically inactive nononeric fornms and

i ncor r ectprpvidimgladnixtre sHiers comnpfis €58, biologioatiyactice forch poGyOSF iire tHeor ns  of
G CSF, denat ur at eg forms of G CSF, host cell 20 proteins and ot her host
cel | i mpURTPEERSe PEBMYBREMY s dand the I MAC is carried out in such a way

that the d ' 1:§ S hably not bound to the I MAC support and
LA S (e

eluted fro umm, before eluting the biologically active form
of G CgF.The prdeessriocdbe iswlativnliofidiclogigally astivefG-€1SH mscarding 8 clairerkin t he

bi ol ogi cal ly active F s, hongl ycosylated. 5. The process accordi ng
to?&?ﬂny on‘@h%'f" cmrwgs%ﬁ?gﬁlﬁwmgeeqsn the biologically active GCSF is

gl ycosyl ab_adinlgfisa@%imw@,es\mimfwnﬁbrwst theélDioleBR Ay &¢tAleme-ESFO s, theher ei n
the biologically active GOCSF is at |east one selected fromthe group
consi st i reyeseneeehanmppudycsran MASos@gPrhnal ogues, enzymatical |y or
chem cz.al | yelgagviefli)i% infgoéfqﬁe %fiolc%i%gl'lzy ggﬁivef Posr}noglr G-CSF to the IMAC support and

e eluting the biologically active form of G-CSF from the IMAC support to provide the

15 biologically active G-CSF.

3. The process according to claim 1 or 2, wherein said mixture comprises an
impurity which is at least one substance among the group consisting of
biologically inactive monomeric forms and incorrectly folded molecules of G-CSF,
oligomeric and polymeric forms of G-CSF, denaturated forms of G-CSF, host cell

20 proteins and other host cell impurities (components);
and the IMAC is carried out in such a way that the impurity is substantially not
bound to the IMAC support and eluted from the IMAC column, before eluting the
biologically active form of G-CSF.

4. The process according to any one of claims 1 to 3, wherein the biologically active

25 G-CSF is nonglycosylated.

5. The process according to any one of claims 1 to 3, wherein the biologically active
G-CSF is glycosylated.

6. The process according to any one of claims 1 to 3, wherein the biologically active
G-CSF is at least one selected from the group consisting of methionyl G-CSF, G-

30 CSF analogues, enzymatically or chemically modified forms of G-CSF and fusion
proteins which comprise G-CSF.



protei ns which conprise G CSF. WO 03/051922 PCT/ EP02/ 13810 24 7. The
process according to any one of the preceding clains, wherein said G CSF-
cont ai ni ryormBseE i s sel ected fromthe group consisting @CI/EROM3ISIULS €,
medi um or sol ution, obtained after denaturation followed by renaturation;
5 a solution or suspension of inclusiz¥h bodi es under native conditions; a
m xture or solution obtained fromthe supernatant after the expression in
secr et @r yTrsey ptaness @cchdrdimg s any boe of thel prevedingaciagng vdseonsag G-@8F-and an

el uate whi ch was obttai ned F a revghous el %toi on,.of G CSF froman | MAC

col um or“ARFNEIHEK @ﬁr'ﬁﬁ&%ﬁ?% RMEEAHR. Té'séf‘%? e process according to
claim 1 of mixtubd)ehédimser bitfion, WikainedRites Genaturatidiefolidived dyody sol ution or
suspensi on under native conditions. 9. The process according to any one of

t he precd@natyratienns, wherein an IMAC with chelated metal ion bound to the
I » ' | » | . .15 10. Th
MAC suppg EBIu'ctJIBH %?,[s%é@?résﬁ% %ngér)rg Phaﬁﬁgﬁfa%’r natif8 cbidfiBhsi 9 e

process accor el ated netal 1on bound to the
| MAC suppantixtuse sesaatien obtained frenythelsupeomataat after thie eprédsiomimodi acet at e,

MIl)- nitrilotri acetic acid and | 1)-carboxynet hyl aspartate, wherein M
is sel ectﬁfr?@&h?yﬁtﬁ@s@ré[fﬁ“@oﬂ@ﬁ“é? hyp oy gn gxpre °'&ﬁ§s M 11. The

Process aggPaA igNhté WHitaks HbtainBa by ApteWo e alliass éf (BEC]§|F frérf PORRCt o the

20 | MAC support is selected fromthé group consisting o
Zn(11) - i eleain anytethenehinomatogigphisdeele@nat e and Ni(11)-nitrilotriacetic

acid. 12. e I.n | & er.ei . UDRO
coL(gri GST%?WB%)% %%cﬁﬁogrﬁ’égét gltairﬁ ?[3&' ?h;v\% p%roceggld;é@gﬁﬁlé @%@%ﬁyéhne of
t he precedchgiot! Bodwsolutien er suspendiaadnder nativendoriditiensor sol ution for | MAC,

O ST B achoeliad < e oe 31 o ) oS sahereie o HALCH A
hr anp 2Rl fon R0, hESNABALBBOE e U YA GET R P |
accor di ngonos obtHg 13 or 14, wherein the buffer for the preparation of
15 10.The process according to claims 9, wherein the chelated metal ion bound to the
IMAC support is selected from the group consisting of M(Il)-iminodiacetate, M(Il)-
nitrilotriacetic acid and M(ll)-carboxymethylaspartate, wherein M is selected from
the group consisting of Zn, Cu, Co and Ni.
11. The process according to claim 10, wherein the chelated metal ion bound to the
20 IMAC support is selected from the group consisting of Zn(ll)-iminodiacetate, Ni(ll)-
iminodiacetate and Ni(ll)-nitrilotriacetic acid.
12.The process according to claim 10, wherein the IMAC support comprises Zn(ll)-
iminodiacetate.
13. The process according to any one of the preceding claims, wherein the loading
25 mixture or solution for IMAC, which comprises the biologically active form of G-
CSF, is a buffered solution with a pH in the range of from 6.5 to 9.0.
14. The process according to claim 13, wherein the loading mixture or solution has a
pH in the range from 7.0 to 8.5, preferably from 7.8 to 8.2.
15.The process according to claim 13 or 14, wherein the buffer for the preparation of
30 the buffered loading mixture or solution, which comprises the biologically active
form of G-CSF, is selected from the group consisting of acetate, phosphate,
citrate, Tris/HCI and Tris/acetate buffer.



30 the buffered | oading m xture or solution, which conprises the
biologically active formof GCSF, is selected fromthe group consisting
of acet atwp oplswphate, citrate, Tris/HC and Tri s/ acet at @ChEPhE13810AD

03/ 051922 PCT/ EP02/ 13810 25 16. The process according to claim15, wherein
the buffer is Tris/HCI buffer. 17. Tigs process according to claim15 or 16,
wherein the buffer concentration is in the range of from5 to 50 nM 18.

The pragerte prscekdiaddotdngtyciaie 18 whfeintes edfegisClrai/FE] buliér ein a step of
5 eluti ng]_the bi ol ogically active tormof G CSF fromthe | MAC support is
d

per f or Fédl hehPregess| %ﬁqoé‘ﬁnﬁépr%@!"\/\ﬂﬁcﬂf 16 wherein the puiien P?@C%T‘@ﬁ'ﬁ”dﬁ ifet hods

consi st tep gradient, |linear gradient of descending
pH and cgﬁ%g ng?\?ﬁﬁBH{%wggﬁlﬁ hi gh pH 19. The process according to claim

18, whéBeThe phecestisepcarirdisiguta agy tchrea bf the grecading cl@mscwheseinoamtep of- CSF

fr t he C r y

ar i ent 99070 FHEBRICabPGaLET A NG o Folbths, ARG YPiBHIY Rstifted
wher ei n tByEaﬁlélttltlldm meghbditwhich fsoselbbie@ ﬁremathbbdrbep cifohelthbde omwkfstuﬂgrﬂ'ﬂ in
t he range.fro The proces ccor di t o, claim 20 erein
the ph ordiseiNiote e agklh IEaramtia & atcsniihg Bbart Rommeiie
accordi ng@&ﬁbﬁ.gyh@ﬁq)]-@f the preceding clains, wherein a buffer for the
preparation of anelution solution for IMACis selected fromthe group

conS| sﬂBnﬁwe)pr@@ﬁs@aa@ormmstpa@émﬂ@ Vmﬁigtﬂ'hﬁteest@lF)dOfcelwlaQéhﬁmlﬂl@glcaﬂs The
ess r.di n t
%‘@ﬁ %}ﬁ% (gr oC sgf ﬁg%o | ng ﬁ(?lr]:{a '%f he precbzldl ng Itglems

vvherel n tdiscoritindlogisted Yradierti ve GCSF obt ained after perform ng | MAC has a
purity of_ at |east 95% 25. The process accordi nq@to any one of the

pr ecedAgThe RTORESSFRAANRSNILB M QPﬁngttH@ pr@P%‘FJ(‘S) ms, c‘!‘éﬁ%m theQtigRge
h t T;
chromal o o%)t'iaf hd ml(@g: Fé\%bﬁﬁértéd? i wit 5a I Pé}{%%ezﬁbg %@F[o é]gt process

accordlng to erein the biol og caIIy act ai ned
after BérTho prougssrm:cotﬂmgm om0, ovrstrejmsthiegsH af phe etufioof sclwtidressfrord 9%
15 3.5t04.5.
22.The process according to any one of the preceding claims, wherein a buffer for
the preparation of an elution solution for IMAC is selected from the group
consisting of acetate, Tris/acetate, phosphate and citrate buffer.
23.The process according to claim 22, wherein the elution buffer is acetate buffer.
20 24 .The process according to any one of the preceding claims, wherein the
biologically active G-CSF obtained after performing IMAC has a purity of at least
95%.
25.The process according to any one of the preceding claims, further comprising the
step(s) of. cationic exchange chromatography and/or gel filtration
25 chromatography.
26.The process according to claim 25, wherein the biologically active G-CSF
obtained after performing the chromatographic steps has a purity of at least 99%.
27.A process for the purification and/or isolation of biologically active G-CSF,
wherein an impure mixture containing G-CSF under native conditions is subjected
30 to chromatographic step(s) which consist only of IMAC, and optionally at least
one of the purification methods selected from ion exchange and gel filtration

techniques.



27. A process for the purification and/or isolation of biologically active

G CSF, wherein an inpure mxture containing G CSF under native conditions

I S subj ecwed3/03021 0 chr omat ogr aphi ¢ step(s) which consi st pomrIBPoDi3siVAC, and
optionally at |east one of the purification nethods selected fromion
exchange and gel filtration techniqu#s. WO 03/051922 PCT/ EP02/ 13810 26
28. The process according to claim 27, wherein the m xture containing G CSF
i's esg8rThaldrycdsseacedrdite) ey @aitn A7, svlendinl ihel nixtagecbnt@iniognGCSE is

detergent or solubilisi agent at concentratjon where the GCSF is
present | (RRASPUALY i1Re FoRBIT oS o 559g51TRG AEBILEE SRRBI A5'985R & m 27
or 28, whedigbifisingeaddrt! 0 Gahkbeniatidry WHeré te GIUSF N préddrerunder frativbng t he
chromat ographi c steps has a purity of at |east 95% preferably at |east
99% 30. MWitinscess according to any one of the preceding clains, wherein

he. wh . _ : P _
bi of og2eal 1% PRAFESS S oRBpotbrtietnt 2718 28 GeR LI biokifcajipcli Cios
bi ol ogi cabbtainectaftee perfosSkirartter chrogatagraphicst8ps has aofrity rod @t lBash9pYgcess

defined b n ne of the claims 1 to 30. 33. A pharnmaceutical conposition
conpri si n%'ege%ng(raiﬂpeﬁti%aﬁ"l y effective amount of biologically active G CSF

W th azpurhé br@éeé&r&?&ﬁﬂin@hﬁﬁaﬂﬁ%@néf M pravesiing erlim¥, wherdif apetvikdie _
auxiliary substances. 34. The pharnmaceutical conposition according to claim
33, wher ePreceseispasfagiesaunder negive\c@Nditioss. i s obt ai ned by a process as

defh ned,i . ) ) se of the biologically
aci?ve%é%g@]ég'{e%@f gl&ﬁ\%a%éb?/ég "g@%%@?@ty éﬁ?rie%gecf tﬁgﬁ 9%({(? any one of clains 1

t o 30, 3RoThé iiolpgicdile ctive G-C8Fdaceoreirigstd olaim i, cad bbtained el ec prateksom t he
group consisting of: neu%ro eni a ndé%eut ropeni a-related clinical

sequel ae, 99f ¥ 3nY Bhe R, %’ﬁ;?@!m% Pl for febrile neutropenia after

oo AL A el AT PR 5 SHARERERI ki Wi enot v
non- neut rlipkagically Fcdtime €840 S withta postyl efrgreaterithbare 90% aot phairmacedticatyat or y
cop éj 't OnécheSb?é)rﬁie Séugj(ll]ﬁgllry substances.
34. The pharmaceutical composition according to claim 33, wherein the biologically
active G-CSF is obtained by a process as defined in any one of the claims 1 to
30.
35.The use of the biologically active G-CSF as obtained by a process, defined by
20 any one of claims 1 to 30, for the production of medicaments for indications
selected from the group consisting of: neutropenia and neutropenia-related
clinical sequelae, reduction of hospitalisation for febrile neutropenia after
chemotherapy, mobilisation of hematopoietic progenitor cells as alternative to
donor leukocyte infusion, chronic neutropenia, neutropenic and non-neutropenic
25 infections, transplant recipients, chronic inflammatory conditions, sepsis and
septic shock, reduction of risk, morbidity, mortality, number of days of
hospitalisation in neutropenic and non-neutropenic infections, prevention of
infection and infection-related complications in neutropenic and non-neutropenic
patients, prevention of nosocomial infection and to reduce the mortality rate and
30 the frequency rate of nosocomial infections, enteral administration in neonates,
enhancing the immune system in neonates, improving the clinical outcome in
intensive care unit patients and critically ill patients, wound/skin ulcers/burns



septic shock, reduction of risk, norbidity, nortality, nunber of days of
hospitalisation in neutropenic and non-neutropenic infections, prevention
of i nfecwDe/osme2 i nfection-related conplications in neut PCp@EPIT1RNG

non- neutropenic patients, prevention of nosocom al infection and to reduce
the nortality rate and 30 the frequer®y rate of nosocomial infections,
enteral adm nistration in neonates, enhancing the imune systemin

neonat es,healipgoendg trehgnenti ninteadsifatioomef i shematherapyv andére radiothepagy, ent s

d ticall | . patient k | /b / 22
AO Ehos/ sy ipPesta Nabtedts ot AP RafibAtet FRbkInge! MathRS s nRt st apy
and/ or r&ﬂgl@-fd@%éapdhemcﬁtﬂé%ﬁyopwl 3he rmmﬁecmj‘ 8ftiployinéritanarat flgsastim,

cyt oki nes, shortening of intervals of i gh-dose chenot herapy by the
pr ophy| adiatentisHang apti-tempyr gfferts of plRtedynamicotherPy. Hrexentian ardur

effgct s C{Fedé??%b?dé(f”%mfé"sst ?Sﬁ;é’égystp}”o%&’é% ébtrr@g%ﬁdfsf |Bﬁ§t tr%fr%héhf‘eo?s

caused b rent cereb unctions, ment otic 111l ness
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erythropoiesis.



