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bi ol ogically active granul ocyte colony stimulating factor Field of "the

i nvention The invention relates to a new process for the isolation of

bi ol ogically active granul ocyte colgny stinmulating factor (G CSF) by
using the imobilised netal affini ty1 chromat ography (1 MAC). G CSF bel ongs
to the group of colony stinulating factors, which regulate the

di ff&&%ﬂfd@ﬂ@mol i feration of hematopoietic precursor cells and
activation of mature neutrophils. GCSF is used in nedicine in the field
of haematol ogy and oncology. Two types of G CSF are clinically avail able:
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aldre neutrophils.' G-CSF 'is used in medicine in the field of haematology and

oncology. Two types of G-CSF are clinically available: a glycosylated form

(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).

Summary of the invention

According to the present invention correctly folded and biologically active
molecules of G-CSF can be separated from incorrectly folded or biologically inactive
molecules of G-CSF under native conditions by using IMAC. The process for
isolation of biologically active G-CSF of the present invention comprises the
separation of correctly folded and biologicaily active molecules of G-CSF from
incorrectly folded or biologically inactive molecules of G-CSF and also from the
maijority of host proteins by using IMAC under native conditions. By this process the
correctly folded and biologicaily active molecules of G-CSF specifically bind to the
IMAC support whereas the incorrectly folded, biclogically inactive forms of G-CSF
and the majority of the impurities remain in the eluate. The process for isolation of the
present invention also comprises the separation of the biologically active monomeric

forms of G-CSF from oligomeric, polymeric and biologically inactive monomeric forms



of G CSF. The biol ogically active nononeric forms of G CSF are 3[]MAY2%6
specifically bound to the | MAC support whereas oligoneric, polyneric and

bi ol ogically inactive nononeric forms of GCSF remain in the eluate. The
process for isolation of the present invention presents an effective step
of purification and concentration of correctly fol ded biologically

active nononeric forns of G CSF and can be used as the key step in the
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¢ Oresul?sg I?he/ production of blologically active G-CSF with a purity of greater than
95%. Only two additional chromatographic steps, the cationic exchange
chromatography and the gel filtration, which also relate to the present invention, can
further be used for the removal of traces of the remaining impurities (polishing).

The entire process for isolation of the present invention therefore leads to the
production of biologically active G-CSF with a purity of greater than 99%. The
process is suitable for the production of large quantities of biologically active G-CSF
and is suitable for the industrial production of biologically active G-CSF.

Background of the invention

The nonglycosilated form of G-CSF (filgrastim) and its production are
described in EP 237545 whereas the glycosilated form of G-CSF and its production
are described in EP 169566.

The processes for isolation of G-CSF, which are known from the patent and

scientific literature comprise different combinations of ion chromatography,
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5055555 and WO 0104154. The processes for the isolation of G-CSF are also
described in the scientific literature: Lu,H.S. et al. in Protein Expr Purif 4, 465-472
(1993), Kang, S.H. et al. in Biotechnol. Lett. 17, 687-692 (1995), Wingfield, P et al in
Biochem J 256, 213-218 (1988), (Kang, S.H. et al. v Biotechnol. Lett. 17, 687-692
(1995), (Yamasaki,M. et al in Biosci Biotechno! Biochem 62, 1528-1534 (1998),
Wingfield, P. et al. in Biochem J 256, 213-218 (1988), Bae, C.S. et al. in Biotechnol.
Bioeng. 57, 600-609 (1998).

In addition to the above common chromatographic procedures, IMAC is also
described to be used for partial purification and renaturation of some proteins. 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 different
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 proteins with engineered

histidine surface clusters and histidine affinity tags on either N- or C- termini of the



hi stidine surface clusters and histidine affinity tags on either N3 gomMaG{if
termni of the 3 0 MAY 2006 4 protein by using the | MAC was described by
Hochuli, E. et at in Bio/Technology 1321-1325 (1988), Chaga, G et at in
Bi ot echno! App! Biochem 29 (part 1), 19-24 (1999) and Jeong, J.K and
Lee S.Y. Protein Expr. Purif, 23: 314-318 (2001). The wuse of |IMAC for
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interaction with metal ions by means of affinity partitioning were described

(Zaveckas, M. et al. in J Chromatogr A 904, 145-169 (2000); Gelunaite, L. et al. in J

Chromatogr A 904, 131-143 (2000)). IMAC (Sepharose IDA (iminodiacetate) with

immobilised Zn (I1) or Ni (Il) ions) was also used for renaturation of GndHCI

denaturated interleukin-3, G-CSF and granulocyte macrophage colony factor (GM-

CSF). The denatured proteins were bound to the support under denaturating

conditions {Rozenaite, V. et al. in Poster abstract . P-104., Cordoba, Spain, 19-22.

April (1998)).

IMAC was also used as a method for renaturation of proteins after expression

in E. coli and denaturation in strong denaturanting agent and the method was

described by Zaveckas, M. et al. in J Chromatogr A 904, 145-169 (2000);

Rozenaite,V. et al in Poster abstract , P-104., Cordoba, Spain, 19-22. April (1998)).

Again, the denaturated proteins were bound to the IMAC support.

The description of the separation of biologically active monomeric correctly
folded molecules of G-CSF from oligomeric, polymeric or biologically inactive
monomeric forms or incorrectly folded molecules of G-CSF by using IMAC under

native conditions is not found neither in the scientific nor in the patent literature.



The description of the separation of biologically active ”DnoneriCSI]MA¥2%B
correctly folded nolecules of GCSF fromoligoneric, polyneric or
biologically inactive nononeric forns or incorrectly folded nol ecul es of
G CSF by using I MAC under native conditions is not found neither in the
scientific nor in the patent literatde. 3 0 MAY 2006 5 There are also no
descriptions of isolation of biologically active GCSF by binding to the

| MAC support under native conditions of the correctly fol ded
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changed aFd IS not . preserved.
e present ‘invention relates to the use of IMAC as an effective

chromatographic method in the process for isolation of biologically active G-CSF.
The correctly folded biologically active monomeric forms of G-CSF are selectively
bound to different IMAC supports under native conditions whereas the incorrectly
folded or aggregated molecules of G-CSF and most of the solubilized proteins from
inclusion bodies after E. coli expression are not bound to these supports and are
eluted without retaining. This feature is supposed to occur due to specific distribution
of natural histidine residues.

The term 'native conditions' used herein refers to the conditions by which the
molecule (protein) preserves the native confirmation and the biological activity.

The term 'denaturing conditions' refers to the conditions by which the native
confirmation of proteins is not preserved, the biological activity is changed and is not
preserved.

The term ‘aggregated molecules' used herein refers to the molecuies which
form clusters of molecules bound together by hydrophobic or also some other bonds

(e.g. disulphide bonds). These molecules are not biologically active,
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to washing or extraction of the adsofbed material fromthe
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a) loading of the solution comprising biologically active G-CSF or a mixture of
biologically active and inactive G-CSF on the IMAC support under native
conditions.

b) selective binding of biologically active G-CSF, which is correctly folded and
occurs in monomeric form, to the IMAC support under native conditions.

c¢) washing of IMAC column and elution of biologically active G-CSF from the
column under native conditions.

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

d) cationic exchange chromatography and

e) gel filtration.

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

The process for isolation of biologically active G-CSF of the present invention
can aiso be used in case of isolation of G-CSF derivatives such as methionyl G-CSF
(Met-G-CSF), glycosilated, enzymatically of chemically modified (e. g. pegylated) G-
CSF, G-CSF analogues and the fusion proteins which comprise G-CSF.



The entire process for isolation results in the production of AY 2006
biologically active G CSF suitable for clinical use in nedicine. ‘%‘rQeM
process for isolation of biologically active G CSF of the present

i nvention can also be used in case of isolation of G CSF derivatives

such as nethionyl GCSF (Met-G CSF),7 glycosilated, enzymatically of
chemcally nodified (e. g. pegylated) G CSF, G CSF anal ogues and the
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CSF to the IMAC support under native conditions and consecutively the
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,

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,

7. the entire process for isolation of biologically active G-CSF, which further
comprises the purification with cationic exchange chromatography and ge!
filttration, results in the production of larger quantities of G-CSF with the
purity of greater than 99% and is therefore suitable for the industrial
production of biologically active G-CSF,

8. the entire process for isolation of biologically active G-CSF, which
comprises further purification by cationic exchange chromatography and
gel filtration does not invoive any additional steps of purification of G-CSF

and is maintained under native conditions all along.



conprises the purification with cationic exchange chromatography a'ricg & 2006
filtration, results in the production of |arger quantities of GCS |

the purity of greater than 99% and is therefore suitable for the
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from the incorrectly folded monomeric forms of G-CSF by gel filtration. Thus, by using

IMAC better yields are obtained.

Another advantage of the process for isolation of biologically active G-CSF of
the present invention over other isolation procedures known from the prior art is that
(under the native conditions maintained all along the process) the isolation of
correctly folded molecules of G-CSF from the mixture of different proteins and also
from the mixture of molecules G-CSF occurring in different conformational states is
enabled. Therefore a direct isolation of G-CSF from the inclusion bodies under native
conditions is possible.

Additional advantages of the process of the present invention over other
similar processes are also: reduced use of detergents, the absence of denaturating
agents, which are either toxic or environmentally unfavourable (e.g. GndHCl or urea),
reduced use of buffers and other solutions.

The advantage of the process for isolation of biologically active G-CSF of the
present invention over the methods by which strong denaturing agents are used is
that there is no need of use of active reducing agents like dithiothreitol or beta-

mercaptoethanol. Active reducing agents react with metal ions, which are present on
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of Dbiologically active G-CSF after eluting from IMAC. These
chromatographic steps comprise:
1. Cationic exchange chromatography for removal of traces of host nucleic acids,
lipopolysaccharides, proteins, ionic isomers of G-CSF and changed (damaged)
forms of G-CSF with lower pl values.

2. Gel filtration for removal of traces of dimers and other aggregated forms of G-
CSF.

The two final purification steps result in a purity of G-CSF greater than 99%.

The advantages of the entire process for isolation of biologically active G-CSF,
which additionally comprises the cationic exchange chromatography and ge! filtration
are: it comprises only three steps, between the three chromatographic steps there
are no intermediary steps (e.g. concentration, dialysis, precipitation...) and the native
conditions are maintained all along the isolation process.

The intermediary concentration steps would cause the formation of dimers and
other forms of aggregates, what would lead to reduced yields. The entire process for

isolation can be transferred to industrial scale and to the production of biologically
active G-CSF with a purity of at least 99%.
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;]'eaz FBL@B&W @qléhﬁhﬂm felfitigpansepsis and septic shock, reduction of rist, 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 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  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
treatment of illness caused by different cerebral disfunctions, treatment of thrombotic
ilness and their complications and post irradiation recovery of erythropoiesis.

It can be also used for treatment of all other illnesses indicated for G-CSF.

The process of isolation of biologically active G-CSF of the present invention
starts with loading of the sample and binding of the protein to the IMAC support.

Several IMAC supports can be used: Zn(ll) iminodiacetate (IDA), Ni(l1)-IDA,

Ni(!)- nitrilotriacetic acid (NTA), it is also possible to use other combinations, as for
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The eluate resulting from the first elution from the IMAC column can also be
used as loading solution for IMAC. pH of the eluate must be adjusted (e.g. by
addition of NaOH solution) to the pH range from 6.5 to 9.0. The eluate can be then
reloaded to the same IMAC support (e.g. Zn(l1)-IDA, Ni(ll}-IDA, Ni(H)-NTA (NTA —
nitrilotriacetic acid) or to different IMAC supports. The combination with other
immobilised metal fons is also possible (e.g. Zn(H), Cu(l), Co(ll), Ni(ll) itd...) and
enables better separation and removal of specific host proteins.

Regardless to the preparation and the origin of the loading solution, the pH of
the loading solution must be in the range from 6.5 to 9.0, Preferred pH of loading
solution is between 7.0 and 8.5, mostly preferred pH is about 8.0.

Different buffers, which can maintain pH in the range from 6.5 to 9.0 can be
used for loading and binding of G-CSF to the IMAC support. |

Phosphate, acetate, hydroxymethylaminometan (Tris)/HCI, Tris/acetate and
some other buffers can be used. Preferably, Tris/HCl is used.

Tris/HCI buffer is preferably used in the concentration range between 5 and
90 mM, most preferably in the range from 10 to 40 mM.
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determined time period. The composition of the solution (change of buffer proportions

or component proportions) is not changed linearly.

Preferably, discontinuous stepped gradient at low pH is used. Namely, high pH
could cause the activation of cysteine residues and the formation of dimers. Stability
of G-CSF is also high at low pH.

Several elution buffers can be used for discontinuous stepped or linear
washing and elution and are selected from the group comprising of: acetate,
Tris/acetate, phosphate, citrate and some other buffers. pH range for the elution can
be between 3.0 and 5.0, preferably 4.0. By the discontinuous stepped gradient pH is
rapidly changed from 7.0 to 4.0 and the isoelectric point is thus jumped over,
avoiding the precipitation of the protein. Namely, the iscelectric point can cause the
precipitation of the protein.

In the eluate, monomeric, biologically active, correctly folded G-CSF is
obtained with a purity of greater than 95%.

The eluate obtained from the IMAC column can be loaded directly to ihe
cationic exchange chromatography column, without any additional steps. Several
cationic exchange chromatography supports can be used and are selected from the

group comprising of: SP Sepharose FF, SP Sepharose HP, CM Sepharose FF, TSK
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the proteins from the column. The elution occurs due to increased ionic strength after
the addition of high concentration of salt in buffer solution. Discontinuous stepped
gradient, linear gradient and a suitable combination of stepped and linear gradient
can be used.

Elution buffers, which can be used for washing and elution are selected from
the group comprising: acetate, citrate, Tris/fHCI, Tris/acetate, phosphate, succinate,
malonate, 2-(N-morfolinoethansulfonate) (MES) and other buffers with addition of
salts such as NaCl or KCI. lonic strength and salt concentration, by which the elution
is achieved 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
obtained with a purity of greater than 98%.

The eluate obtained from the cationic exchange chromatography column can
be loaded directly to the gel filtration column, without any additional intermediary
steps.

Different gel filtration supports can be used and are selected from the group

comprising: Sephacryl S-200HR, Sephacryl $-100HR, Superose 12, Superose 6,



pH of the solution. Different buffers with the pH range from3.0 tg[ﬁﬂg 2006
can be used by loading and binding to the support for cationic exthange
chromat ography and are selected from the group conprising: acetate,
citrate, Tris/HC, Tris/acetate, phosphate, succinate, nalonate, MES and
other buffers. Preferably, acetate Buffer is used. Acetate buffer can be
used in the concentration range from10 to 60 mM preferably in the
concsuperdek 315, TeKgel GRABOIPWOTSK ¢aViG-Boo0rNy Biv-Ceadiem Bis-Gal Paged by
washi ng_of the colum and the elution of the proteins fromthe colum.
The ®rulPTelarably upardex ¢§ is néedased ionic strength after the addition of

or Sdi ont X Er4&% pPLagech el fiadiNa bt o FATRE ot BS BeRg andhe
| i neggatr it @Rt fromafe@ationidexdd ie%r@ﬁ\a‘é@%r?gn M %rﬁﬁﬂe%it%%d?ga tﬁ;

washing and elution are sel ected from conprising: ace
ci t rleagdingTsalgtiefCl L oading/cfctbeasaytigrnosiptiaigeof thec piataineto thalgehéitteation

2- (N foli t t . ( MES d oth ffe ith additi f

2 uTRbn i RLEBR oot S Protein ag PaneToiRs B LSBgnten At SRy

whi i i i t 11:1 2| ti ;
| et Ortart BoARUEURY HSRIERCR S8 Bl B BHGinS! cgtar | on

The higher 1s pHoO ower 1onic I s°needed for

t he agetateorisf phdsphate eadrsonie othertriffeos, wamich lcantrhainedinai-ein thenmangei c,

bi ol oqi I ctive, correctly folded G CSF i ohtained with a purity of
or edflp U5.210350, PrarerDiv ahosHoe ® BHters i B g Biie €0arensage

chromat o c ; ' t f '

col urm. - EhonaRe RURErsER 1oaBiro SEbE it the orddRiipn rangé i

fi | ttoatOiOanmM; poeferalsly éarthdeonssdratiod range deheedred dndot0 king. gr oup

corrpris:\/&%: Seghacryl S- 200HR, Sephacryl S-100HR, Superose 12, Superose
6, 30 e#rlb concentrtiansxinthe gebkitgtionduftrrsan be 3k thr rangsstrom

Bi 0-¢GalnaPPO e Bi051GE L 1 P- tc. Preferably, Superdex 75 is used. A

br oatgqglgl rpglﬁgégg?aﬁgblogggﬁr%ﬂsol ution for gel filtration can be used and

the el uatethd redcatey ibaonighe, csibiogidally excthageoebitnEbrRIBHATCSFS is
therefore suitable as a ) ) . 8
obtained with a purity of greater than 99% and biological activity of 1x10° [U/mg.

The following examples are given for the purpose of illustrating various embodiments

of the invention and are not meant to limit the present invention in any fashion.

The 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).

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 analyses with polyacrylamide gel electrophoresis in the presence
of sodium dodecil 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:



| oadi ng sol ution. Loading of the solution, binding of the protein §0 MMe0lh
gel filtration support and elution of the protein can be perfornmed by
using the sane buffer. Different buffers can be used and are sel ected
fromthe group conprising: citrate, _acetate, Tris, phosphate and sone

ot her buffers, which can maintain pllﬁi n the range from 3.5 and 8.0.

Pref erably, Fhosphate buffers with pHfrom6.0 to 7.0 are used. Phosphate
buf f dr sM()écu drowgighbjtandardse(Risdtiad )nanch &-CSircstandatd (Nenpogen)f(harkdd to
100 mM  pref erfjlbly in the concentration range between 3 and 10 nM The

sal t cdﬁ@?eﬁfrp&‘tions inthe gel filtration buffer can be in the range from

30 0 i ea[fq.ﬁ.H : el uate, nononeric,
bi ol ggi%{gﬁf@%%@P?eﬁé@(% %hec yh%?ﬁhgwﬁg&'obt ained with a purity of
gr eaBerProbzins @9peakd dn Blgdi (agyreyted iG-CSH add £1@8/ ipkbteths)The fol | owi ng

exanpl es are given for the purpose of illustrating various enbodinents
of tfie Fri&IRg it Peakd areFigot! (rBaReMEHCI cairectihiplgedsintogicallynadtiye Ga any

fashi orbsgré%qugarstg{sieﬁ]é&p?@hib e drawings Fig. 1 shows the chromatographic

separation o e solubilized inclusion bodies by using

the FAG SHBRRT fhe Zﬁn(drﬁémb%h@%'eébfd%nsﬁmﬁﬁQhé acﬁuu&]hox«gg)?g?r\mmi a) .

The chronmat ogram shows t he absorbance chanhge 280 nm ( A28 and the

pr optACoH PR dn4RA Gigelating Sepharpsedmnt ddow éPbarmagie).(mi n) . Peak A -E.

i ' t ed, G CSF; k B - ' tl f ol ded
bi ol DO &aFpi e S G RS foRnce "Sngs &P BRo(APRErEF o 2 fibsent s
t he priovdloytissoft ' ﬁp,lgr)o isinth f
sogi um dodec?y\biﬁﬂ gﬁ?fg)éﬂws@gkg%j&g(%e ?L@ﬁg(art | ;SSISZH{)Ine aﬁdp[ ﬁ:ers];(rarpl gs

r epr BeakitAd-&.ncelhpooteinsyanghaggrpgatesl &-CSF; tiemaks Bpar atdnoméric usiragtiyZn- | DA
Chel at i n har,ose .f a w (,Pharmaci a), .according to Fig. 1. Legend: 3
0 MA 562?58%'% '&?'@niﬂt'aeﬁ?ﬁéﬁéﬂéHE@?&%@F&L’ PFEEHISRad) and G CSF standard
( NeUFP@Qﬂnéhd\ﬁ@Er'ﬂee@hrd’f'hétf&g?éﬁtﬁc‘fv)sepgrat%h%ﬁ LSBgSRABPLSURR RK8 612t loaded
chr onat ogr aphi ¢ separati on.
with cationic chromatography support Toyopearl SP-5PW (TosoHaas).
The chromatogram presents the absorbance change at 280 nm (A286%« ) and the
proportion of buffer P8 (—-) in dependence of time (min).
Major peak — monomeric cormrectly folded biclogically active G-CSF; smaller peaks -
G-CSF isoforms and traces of E. coli proteins.
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.

Examples

Example 1: The isolation of biologically active G-CSF by using IMAC: Zn-IDA

(Chelating Sepharose fast flow)

The chromatographic column (h=10 c¢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

ml/min. Inclusion bodies were soiubilized in buffer P1 (0,2 % sarcosyl, 40 mM



3. Proteins in peak Aon Fig. 1 (aggregated G CSF and E. coli pr ot &ilhdY 2006
4. Proteins in peak B on Fig. 1 (nononeric, correctly fol ded,

biologically active G CSF and traces E. coli proteins). Fig. 3 shows the
chr omat ographi ¢ separation by using the colum XK50/20, with |MC

support Zn-1 DA Chel ati ng Sepharose Fast Fl ow (Pharmacia). The

chromat ogram shows t he absorbance change at 280 nm (A280H ) and the

pr op®ris/HE, pH &0F sed sBfcdsyt w)aslrénﬁﬁ@ﬁ@u@ﬁg@ﬁe%m@xéﬁﬁd@er ?ﬁé“éorﬁ

coli proteins and aggregated G CSF; peak B - nononeric correctl n?ol ded
bi ol WgP dapdsd xeth Ve ral egllnamig sohdies oF7 mg tatal ppteins).nehichi gompnsénbms

oot | R R G R P b, SBrStsy o8, bP b BN okt corppratiate was
chr op@feraiet b ru%ﬁ@tﬁ% 6@@0%&%@%@@ 98ieft P?BBﬁQﬁP@%@qvgar?t W the

proportion of buffer P8 (----) in dependence o
nono®fe? inel/misy (gt 1y Inomeﬁrsbx:bmgam@ragmaqxeake(p@aesm thm&l lcei p:remms

cepatndl Fiist By Tnsiachy AR and aogSenids] &-Esioivets furgont 100% oabLaRT
supppy gﬂ‘?ﬁ@ﬁﬂ? 200 RGBS .gzd@% E’ia?dgg@a f%j ctivEn8- é?f:% Q¢ (? Wﬂg@a}(“_e

ence (mn).
monoMigh agpurity Dégltda]erftdmladaﬁ % @ligg2)cal | y act | ve G CSF. Exanpl es Exanpl e 1:
The i sol .i n.of bj.ol ogé&ally ctlve G CSF by using | MAC. Zn-1DA
(Chel at | AGEWY akthergasmple fram dhe aﬁaké’gwagmn@awedmmd(wa@_eb@m d=10

m mﬁgggﬁgwéggﬂﬁgoun Sre3IRORERSE abfisly bf B LERBIRGI e RRoL

col IBrwasad-9re$00fU/nyf proteiid, Wheﬁéﬁ!ﬁﬂﬁ%lofdgiwl@ttn? ity 6 tHdl stanbaed wasan
bodi e? Mﬁé{e solubjlized in buffer P1 (0,2 % sarcosyl, 40 mvM 3 0 MAY 2006
16 7% 197 [¥Mg pretaing) Onesster: MAG bywsingdheatarting insiusipne bediesrsoéxtisimanger .

The g4 élélgrfb V%@%obaﬁl%ﬂe& Wohgngeglc%n'ﬂfofl@ FERY,AR! uf)bﬁtr} dek gregRar R5&l95

prot el
% and the biological activity which is comparable with the standard.

Example 2: |solation of biologically active G-CSF by using IMAC: Zn-IDA (Fractogel
EMD Chelate)

The chromatographic column (h=2 cm, d=10mm) 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 ml solubilized
inclusion bodies in total amount of 4 mg. The separation was performed by
discontinuous stepped gradient of buffer P3 at constant flow of 1 ml/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.

Example 3: 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

P4 at constant flow of 2 ml/min. The inclusion bodies were solubilized in buffer P1



bi ol ogically active G CSF, at constant flow of 1 ml/min. The separ 3ti Mt 2006
was performed by using the discontinuous stepped gradient of buffer P3 at
constant flow of 2 mM/mn (Fig. 1). In the first chromatographi c peak
(peak A) the E. coli proteins and st of incorrectly fol ded and
aggregated G CSF were found. At 100% of buffer P3 (0% buffer P2) only
nmononeric and biologically active GCSF was eluted (7 ng) wth a purity
of gRredtle sarasybwas remeyedby uging the ©al exbeanget.yTha colues wasl leadedm t he

oo i A AR B Bbhep o o B BTl B AR o
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grotelns One-step I'MAC by using the starting I nc I es
sol uof uffet Eadati constant fioswbht? mi/rmh (e aené gradient ab 15y €8parationhby

EELL#E%@?O;?@# I SRESREPScEzah o, DIESEAELPR BB ol aYaB‘éL;ﬁ?o;iqiyeacth ve
col ung 3 e ) he fololefiCLARLEERIY oENR. SoeSr i MM AT RERE) ©

suppgreatemthen 86%Zveas ietutedwén ethbcfured chidreatgraphic igesaksashigdincoirkbtiyat er
and feﬂquqd ibrated with five colum voI umes of buffer P2 at constant fl ow of
0 399ce9aledn Gbdte vakfouad ipiaddition itey Burgodr prateinsd ER8 cosyl

vvas BR&: [ u S h 3,3 m
sol urglb |zedfé f@rﬁc ugf]g;n%ﬁ@;nﬁﬁgto a daf‘% tgffgfr é?]‘e% ?ﬂﬂ'%%gﬁggyg A 1on was
per f sgpardtitrys ol Seimy | NUNTR Supeplisv gwads epdoled bnrﬂfmre RAaktpueidibatiGnt f1 ow
of 1L mM/mn (Gadient: 0% buffer P3 (100% buffer P2) 13 mn, 25% buffer
P3 (?9%'?}09) é‘faSPQ?ff@_'In%’ By 48i0g.the Fatienicpexemngsuehrematographynand gebs

buf f @frafigh.(100% buf fer P2) 11 mn). At 100 % of buffer P3, the nononeric
bi ol ogl caIIy active GCSF (0,7 ng) was eluted. Exanple 3: Isolation of
biologically active G CSF by using I MAC. N -NTA (Superflow) The

chromat ographic col um (h=10 c d 10 mw) was | oaded W|th Ni - NTA

Supe ample & Eptite process of the isols d higle 2
of buffer P4 at constant flow of 2 n1/m n. The I ncl usi on bod| es were
solubilized in buffer PL 3 0 MAY 2006 17 and the sarcosyl was renoved by

usi nthé femtireprosesnngethe Eomatoal uMmbicegichPpdRtve G-CSF started from the

inclusion bodies solution, which was obtained after the expression of G-CSF in E.

coli. 4,5 g washed inclusion bodies were resuspended in 225 ml of buffer P1 and
were left to solubilize at 20°C 18 hours under smooth shaking using the 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 ~ 430
ml of inclusion bodies solution was obtained; with the protein concentration of ~ 1,4
mg/m! (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 were bound. The
loading of the sample and the elution were performed at constant flow of 7 ml/min.
After loading the column was washed with discontinuous stepped (Fig. 3): 15 min
with buffer P2, then 45 min with mixture of buffers P2 and P6 in volume rate of 75:25
and 86 min with buffer P6. Monomeric form of biologically active G-CSF was eiuted
at 100% buffer P6. All the fractions (two separations), which comprised the

monomeric biologically active G-CSF were pooled and 271 ml of solution with protein



with 10 m of solubilized inclusion bodies (10 ng total proteins) Rl MAY 2006
constant flowof 1 m/mn. The separation was perfornmed by using the

di sconti nuous stepped gradient of buffer P5 at constant flow of 2 mi/mn
(the sane gradi ent as by separation by using Zn-I1DA Chel ati ng Sepharose
fast flow, presented on Fig. 1). At1800 % of buffer P5 (0% buffer P4)
the nononeric biologically active GCSF (3,6 ng) with a purity of

gr edANcCeNtiaion hHhwas/ eigimkavas obtained. iEBTAcka® adtied e thisCsdlghds t® Me/

Il ncotl.ec al.ded d gr. ate G CSF found in addition to E. coli
pro?frmaﬁ éoah?@ftraﬁlﬁﬁoﬂégl 6}% '-@OCSF” mgﬁﬁ't@ﬁetrﬁééoﬂmeﬁe‘dﬁh a2 enM
severg p QN erflow were
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cat |Qh1iomaeogrlaahge chr omat ogr aphy and gel filtration. Exanple 4: Entire

process of the isolation for production of biologically active G CSF The
entire process of the isolation of biologically active GCSF started from
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loading solutions for the gel filtration column.

The eluate from the cationic exchange chromatography (V= 46 ml, protein
concentration ~ 2,4 mg/ml), was toaded in 5 aliquots to the chromatographic column
XK26/70 (Pharmacia), loaded with chromatographic support Superdex 75 (prep
grade, 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 mi/min. Peak, which
represents the dimer protein, 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 of greater than 99% and biological activity 1 x 108 [U/mg, which

corresponds to the biological activity of the standard, was obtained.

Example 5: /n vitro G-CSF biological activity assay

Biological activity of G-CSF was determined by the method based on

stimulation of cellular proliferation (NFS-60 cells) using the known method



concentration of - 0,7 ng/m was obtained. EDTA was added to this 30’“3” 2008
solution to the final concentration of 2 MM The solution was dilute
three tines with 20 mM CH3COCH, pH 4,0 and was used as a | oadi ng

solution for cationic exchange chropatography. The | MAC el uate was

| oaded in two aliquots to the chronﬁ?ographi ¢ colum XK16/ 20

(Pharmacia), | oaded with chromatographi c support SP-5PW (30 m TosoHaas)
to (Hemmerghgn.of). 86 atnv (hFb@arenBiairad GArah 13/=820n{ 995]hand dhdiuxe of t he

R L e T e
L L R T

P7) . 1T9el thh Dén11986))washed again for 16 min with the mixture of buffers
P7 and P8 in a volune rate of 75:25 and then 22 mn with buffer P8 (Fig.
4). The fractions of the main chromatographic peak, which were eluted in

a liﬂﬁgrbl‘f%r‘%qlﬁbf%ﬂﬁoe#inear gradient at - 18% of buffer P8 and bel onged

to the correc GCSF (with a purity of greater than 98%, were

pool pd: @129, $aRDsHl, 4UBGThM TAS/HTI, bgq_gbng solutions for the gel filtration
colum. The eluate fromthe cationic exchange chromat ography (V= 46 nl,

pr ot B2n20 oM deisiii&t.i 160 mMNaGigpH8)0, was | oaded in 5 aliquots to the
h t hi ¢c,.col XK 7 Ph ia), | d w.th t hi
cupphrt 28T AsLE P sorrENAGL PR R il gttt i NeSnr " ©

(h=534C10 2 r3/1901, 266390 Nal ngosepar ation was perforned in buffer P9
at constant flow of 2,5 m/mn. Peak, which represents the diner

pr ot Bon20 mM acetic lagids @08rmiveNall, i ebdjusted to $Sakittmbidditionriell da®ht s t he
nonoyer . y i Fi 9. o Th i hr omat ogr aphi ¢ peak fractions were
poo?%@iqﬂﬂﬂmﬁéb%gwwb@@%&%%dg mg of pure nononeric formof G CSF
wi t hpa M CIfcabeat tdhan 99% and bi ol ogical activity 1 x 108 |IU ny,
whi ch correspands tdﬁg'&gi ol ogical activity of the standard, was

obt af8iezD mitd LHEOOH, 1590wt NaGl,GSfF 5tB ol ogi cal activity assay Biol ogi cal
actiyit f F s determned b he net hod based on stinulation of
cel I%#):ag”&dch% F?é?%ﬁvﬁ%ﬁ' %&lﬁﬁéﬂ?&epﬁs Ousing the known method 3 0 MAY 2006
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~(Hanmmerlingn, U et al. v J Pharm Bi omed Anal 13, 9-20 (1995)) andgighag,w 2006
use of international standard Human raconbi nant G CSF (88/502, yeast

cell derived; N BSC Potters Bar, Hertfordshire, UK); (Mre-Sluis, AR et

al. v J Imunol Methods 179, 117- 126 (1995)). The buffer corrpositions:

P1: 0,2% sarcosyl, 40 nMTris/HCI, pH 8,0 P2: 20 MM Tris/HCl, 150 mM

NaCl pH 8QWuiM3: 20 nM acetic acid, 150 MM NaCd, pH adjusted to 4,5 with

addition of 1 MNaOH P4: 10 nM Tris/HC, 200 mM NaCl, pH 8,0 P5: 20 nM

acetic acid, 200 mMM NaCl, pH adjusted to 4,0 with addition 1 M NaOH P6:

20 MV'1CH§& S%thrmmn Bitl/ds RolRdon B0biBMeCHBORE: (PESE, whil8: 20 MM
CH3COOH, mM Nad, pH 55 P9: 5 nM Na phosphate, 50 nM Nadl, pH 7,0

20 d ai nsOIBPl(IBeNAY 2006 1. A process for the purification and/or isolation
of bi ol O a(JD %? %ﬁ)t(t'uy %cﬁgmemyfs%rbiolsggﬂw 289 1P Bficliy n?-tH’E'[?f'EsHﬁ& ofhi ch

conpr i se ogl cal y act| orm o In the presence of
i mpur i tyanaﬂphrﬁyqubtl ng said m xt ure to I MAC under native conditi ons 2.

The process accor. to c rises the follow ng steps:
| oadi ng SHIGUAR RO MY ‘Wﬁfo M}é?ﬁﬁdf ‘éaélvf ﬁ%n '‘BPogi cal Iy active G CSF in
the presence of an i npurity, to an I MAC support, selective binding of

the biologically active formof GCSF tq the C sup ort and elutin
t he bil Egi: perichsp agearripg o slaim WGCQSPJ“PFE%‘]E%Q port to provi dg

the biolagi %aSaldy mﬁ&“e\/%hfé}l%%prges 59%]&5@9@2%Cﬁ@&@[@$m& {he pré@hdd ok @r 2,

wher ei’n SATdEAT Xt Ur e conprises 'an i npurit is at | east one
subst ancﬁn;annp,gotalﬂdhmﬁu@ppmnm sting of biologically inactive m)norrerl C

forns d
f or ns gps Icggé)Lm%?ntglc% tl];collng ogica )l’ gc(%llilfle osrmogf (?C%% tb tfl)e Mgﬁmbgor{i‘ d pol yneric

e cluting the biologically active form of G-CSF from the IMAC support to provide the
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 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 G-CSF is
at least one selected from the group consisting of non-glycosylated G-CSF, glycosylated G-
CSF, methionyl G-CSF, G-CSF analogues, enzymatically or chemically modified forms of
G-CSF and fusion proteins which comprise G-CSF.

S. The process according to any one of the preceding claims, wherein said G-CSF-containing

mixture is selected from the group consisting of:

a mixture, medium or solution, obtained after denaturation followed by renaturation;
a solution or suspension of inclusion bodies under native conditions;
a mixture or solution obtained from the supernatant after the expression in secretory

systems or from a culture medium of an expression system;



~CSF, denaturated forms of G CSF, host cell proteins and other host38eMAY 208t
inpurities (conmponents); and the IMAQjis carried out in such a way that
the inmpurity is substantially not bound to the | MAC support and el uted

fromthe ' L NGei AR RiRhQBiCEakE Yroathi WA T @1umef
G CSF. 4;.31Ill ed%?tlgclf‘émg%h ?g{:(gértglin%%grbgﬂy orilee[ofn cl ai s r1 to 3, wherein the

bi ol ogi cat dny @ben cheorGa@gfaphs: cohtmi.east one sel ected from the group

consi sting of non-glycosylated G CSF, glycosylated G CSF, nethionyl

G CSF, G CSF anal ogues, enzymatically or chemcally nodified forns of

G CSF @antihé yedcert Reeqidaign® adiinch oe Sirphbe GidCBifxtufe cofingrises an ésdusamcbedii ng
to any one of the preceding clains, wherein said G CSF-containing

m xture PuE) @C%UéEF“PPBH‘\“BPFe“"éWB&‘b“CE%%i sting of: a mxture, nmedium or

sol ution, obtained after denaturation followed by renaturation; a
solution or suspension of inclusion bodies under native conditions; a

M xt ure Ghe paicedsiaorordingab mey ohe ohthelpecedipg chdmanthessie ap IMAC asitr diglstesh i n

secretor ystens or fro ul ture. nedi f - i 0
VAY 20067851 47 PR bE THR R RIS SEr L aet ey T B SR A dp P BB
G CSF fr gRa/anwhMrG a0l tHefireddme@iYorobbedd ehtienBMAGr appbe isatleerad fiom Tive
process according to claim | or 5, wherei id . mxture conprises

i ncl usi OBro¥Bdy-ONSsYRR | Bﬂ M(Hé'%’ﬁé’ﬁ?ﬁiﬁteunggfﬁﬁéff’{%‘éacfaﬁdiaﬂdpng’ 7.1\)?@%
process agGoLFhdByIbdafdte, ANeretf M ResRicREERd N The lgpdupScondheneion Zan Cul/kiG
with chelate rre¥al Ion bound to the | MAC support is carried out,

wherei n amdNnetal ion is not Hg and/or wherein the chelated netal ion
bound to the I MAC support is selected fromthe group consisting of
MI1)-imnodiacetate, MIIl)-nitrilotriacetic acid and MII)-

car boxy nFhé yprepandcatding whetain 7, Mheeisahechddteflroeat e oundrte dresIMAlng
of Zn, Cu, Co and N ., 8, The,process according t L aim 7 r effiyt he
chel at edS$RPCHI I oSt dfPE ttlklg Ve UppdiE s ié)ne(m'(':'f”en d%af:oﬁ%%t htéﬁ(gl; oup
consi st i NginBfiaddifk lahd NTINaHirdeebatie acitdi (11)- i m nodi acetate and

Ni (Il1)-nitrilotriacetic acid. 9. The process according to any one of the
preceding clainms, wherein the biologically active

9, 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%.

10. The process according to any one of the preceding claims, further comprising the step(s) of:

cationic exchange chromatography and/or gel filtration chrematography.

11. The process according to claim 10, wherein the biologically active G-CSF obtained after

performing the chromatographic steps has a purity of at least 99%.

12. 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 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.

13. The process according to claim 12, wherein the mixture containing G-CSF is essentially free
of detergent or solubilising agent or contains detergent or solubilising agent at a

concentration where the G-CSF is present under native conditions.
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2006 22 14. The process according to claim12 or 13, wherein the

bi ol ogically active G CSF obtained after perform ng the chromatographic

steps has a purity of at |east 95% preferably at least 99% 15. The

process according to any one of the preceding clains, wherein the whole

process is perforned under native conditions.



