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24380 WO ASK Purification of PEGyl ated pol ypepti des
The current invention is in the field of

wochoarrer’ogr aphi ¢ separati on net hods useful f oPCTHEP2008/005767

purification of polypeptides, especially of PEGyl ated
eryt hropoi etin. Background of the Invention Proteins

play an inportant role In today' s nedi cal port 244808 O-ASK
For human application every therapeutic protein has to
meet distinct criteria. To ensure the safety of

bi ophar maceut i cBurifigatinnsoft REGidatad golypeptideduct s

accunul ating during the production process have to be
rl@f@Q\i}?{@ﬂ??ﬁ@ﬂh&{ is¥n tHORd & bE tﬂrbn{atk%r{ UL %ﬁ"ti)bn r%nethoctis useful
spe i cations on re pu [ eps ave 0
7B TP RUr e AR IR pslﬁ% oSPedd f‘i’iﬁéaﬁﬁedi% ORQIEtHYs,
purity, throughput, and yield play an inportant role

iBacki@rbandbfithedneentimmpr opri ate purification process.
Different methods are well established and w despread

Lf’srgpel fsor la?lr gﬁelw lﬂz{r{t c?l@t Ir° odailusc t}néﬁca?f Eér@fohx For h}&man

chr ot & fobi al prot el ns
@ppb¢a®1pe| fn'en! @hﬁfapnutlg/ pmtmrﬂmsagrrapﬁyystmco ﬁrlé?xr@h Eﬁg@sure the
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%g{e o ﬁg@gﬁxc&gﬂg 8?&& h%ﬁ%ﬂmﬂx%dﬁ% awmm @fring the

RO PG AL ab GFMBYE SHRFEATY Ao Bl | e regulatory
% &Qﬁ@hbﬁm o€ - moid buhﬁtaaimr stept B@Iehﬁ)nﬁilloiﬁndle%hﬁﬁfa&drmg

and h obic in acti,on_or_ar. ic .

RO OB pah g RERYS RS A AT Sanpimpcgta roe
andearmlmpglam apprppsauasppriﬁr:atmlmmmphenyI boroni c acid),
nmetal chelate affinity chromatography (e.g. with

C'Y%l(’fielle}ﬁ ﬂfé@logﬁ( bl w lffésﬁbh%eﬂataﬁﬁ' Wlaes fhdeusc! gsi Blrbtem

ronatograp y, and e| ectroph oretlca thods (such a
g fisptaQy, rSBle'h@Jsr d&pyy cbmqtp@ag Ylribimig égp@)ns (e.g. protem .

gAlf gdéggﬁiﬂtéik st rT:lfﬁnM' Ashrof\piekrapBi N GBR f@ch&rfgfeeahomZE)graphy (e.g.

ati o ar art.e
ec)%ﬂﬁ’bleéc %%%F%Pé?llﬁa POén%args)gygbel (1 E@ys)aﬁalon exchange (amino
| extitiyé irésixusl iand 6111@&Pnﬁ)d¢4<2n e2hnngd) othid@i@iaatiorption (e.g. with beta-

%&Icmtgptﬂh 4 916092 zx)ds) "84 OW e IRHGE WreSromatic
il Sender s

conpr|S|n ostatin an I'i ns
2@@@@093@ gmatpgiaphe ¢¢- étvéléh ahwbémhawge@afaumwhlhc resins, or

nﬁ%ﬁhsﬁh&%&&%/aﬂeﬁmm&al Eaté Ushng Pdo rhﬂ@s(eg with
;ﬁgﬁ&] H%S(g(gg 55@ US 2005{,0100991; hunan ser d

SIOHO)  matsFiaBEGca BH Oy SBpRTHeg Pl o0
200 B0Phd i3l ) methods f(ﬂrch as gel electrophoresis, capillary electrophoresis)
(Vijayalakshmi, M.A., Appl. Biochem. Biotech. 75 (1998) 93-102).

Conjugations are reported, for example, for polyethylene glycol (PEG) and
Interleukin-6 (EP 0442 724), for PEG and erythropoietin (WO 01/02017), for
chimeric  molecules  comprising  Endostatin  and  immunoglobulins
(US 2005/008649), for secreted antibody based fusion proteins (US 2002/147311),
for fusion polypeptides comprising albumin (US 2005/0100991; human serum
albumin US 5,876,969), for PEGylated polypeptides (US 2005/0114037), and for

interferon fusions.

Necina, R, et al. (Biotechnol. Bioeng. 60 (1998) 689-698) reported the capture of
human monoclonal antibodies directly from cell culture supernatants by ion
exchange media exhibiting high charge density. In WO 89/05157 a method is
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interferon fusions. Necina, R, et al. (Biotechnol.
Bi oeng. 60 (1998) 689-698) reported the capture of

woenvamiazdnocl onal anti bodi es directly from cel PCOEP2008/€05767

supernatants by ion exchange nedia exhi biting high
charge density. In WO 89/05157 a nethod isreported for
the purification of product i nmunogl obulins by
directly subjecting the cell culture nmediumto a

¢&idred fslxma%@ﬁcsﬁ&a&ﬂyeaucuﬁnﬂnﬁm‘gmmlﬂwy aﬂr&aﬁyls@lsye@tfng the
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G ehlrgEqagiiEn i & GUgh, cxghangg tregfmenty A presiep ygifigation o
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nonoc ona a Co nati on 0 ree
r(bﬁ%& s faBmCéSS§P’éB§r1fY§18rlé onpaeclonel patbedies by a combination
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S.reporte ro
B HD Rt iterl Syt Dot 7itos Ftagohist anasipisd by Y Gt M Process

&Ilotal:hnol PPZJ(ZOGE)S 9259'(72&051)g #2d13¢(Wang) Hr, epal.t Bep:thles 26 (2005)

?éépflcb:a i 1 oretgfé eh ur1 ?r%g{mfﬁ?glzé E}ﬁe%&h lin k‘@/af} B%Ag two step
@atiotexehiange 3hroamogr@hh)olYurn ysal( 2@5@5,) Qe7et7d) Jr Bpmcbnol 118
theoHW7L74)CR blqr{hg uPﬁ@thcﬁH @ﬂPE@Q’aQ@Eh@C‘S% two consecutive

consecuti ve 1 on- ex e chromat O

2@'0??‘@@9&%611@%“%@13’/ @fsy@r%%ség‘gﬁﬁnﬁrwpﬁbpypﬁ?ﬁ29 report
il Belhg )tol/zil&ktﬁ/dhhkbdpfd )éol@e(tehWkﬁi&eglg&dpgfdup s) and a
o

and a armaceutica
GRS RAe T sl ST SR e
| nventi on The current invention conprises a nethod for
iventierf a nono- PEGy| ated erythropoietin
conpr|3|ng the steps of providing a solution

CIQ@E&I‘?'érﬁglr{‘F@H@on BRHptises anfhelfd- P(ﬁ%eabﬁﬁﬁcatlon of a mono-
hr§£0|et|n erform ng two co ecut j. ti.on

e iaRaicls capmyBEhe steangl PRvsRg § Agutiffe comprising
ptehd-| qﬂ;lyrp nad E’(EQ]IE@ﬁlﬂféd e«rythhdsprpmret pérfarmihpawsecandcutive
on e chr.omat.ogr wherein the.sane
c)e?é%n ?xcfé%ﬁge gﬁ ){%ar% g}ra%h s?%r,i a‘i‘f’du géclcj)\sler dl% tﬂfb OQLhrlfs e% mono-
cPﬁGmedaxqrthmgnemhr Unmeogatapthycagbep@(changeoq’neomatography step,
eedh 'IEQE JEQ%E Qﬁtdho&cﬂir%q%ﬁeﬁéﬁ@s ﬁ&ﬁ%ﬁ%m ¥fion exchange
cation ex romat ogr aphy steps perfornmed using

dﬁhﬂf‘@iﬁéﬁtal’é}’éﬁep%n met hods. | n anot her

In one embodiment of the method are the two consecutive cation exchange
chromatography steps performed using different elution methods. In another
embodiment the two consecutive cation exchange chromatography steps comprise

the following steps:

a) applying an aqueous, buffered solution comprising a mixture of mono-,
poly-, and not-PEGylated erythropoietin to a first cation exchange
chromatography column under conditions suitable for binding of said
mono-PEGylated erythropoietin to the cation exchange material

contained in said first column,
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enbodi nent the two consecutive cation exchange
chr omat ogr aphy steps conprise the foll ow ng steps: a)

WQRWbP1g an aqueous, buffered sol ution conpriBCHEPAW08/005767

m xture of nono-, poly-, and not-PEGyI at ed
erythropoietin to a first cagion exchange

chr omat ogr aphy col unm under conditions suitable for
bi ndi ng of said nono-PEGyl ated erythropoietin to the

cati og) eeé@@@ﬂﬂg thRt BbhePECH M @%hﬂ ofe@ihdfrbi’ e first catlon

col um, ecovering the no | at ed eryt hropaie
fromt heng{"l“Eﬁe @HPF’GFPgéWaffg\émE b Rattery s !l% E%I with a

by a st eqeptisd irtfeas®bliche Yorih s@ergitle piithe throagk dkeving buffer,

f/\ﬂ 2 r Ie|02 ! \?Ih%te]{nr%gg %r thorb?th sg Iglgﬁ%)l; %E%% ar?t b “E&?tﬁn is increased
erythropnnnpmndhsdmmppkmbmddwmnﬁdrpd%to the applied
m xture of step a), c) applying the recovered

mno- Pg(e%/ﬂﬁlﬁ thé V&EUVQ%' Fﬂo‘n@ PEGare & G &lﬁ)tlétﬁp to a second

exchan tograg y col unn under co dltlg
sui t abl ecatigp e@ﬂ:}p@gﬁg BIMagg@Php ﬁ@umlpcgg ggnditions suitable for

erythr Op&hﬁfdgrbftsﬁldt ﬁ@n@EFEGZVIht&i( éﬂ?ﬂ'ﬁgﬁoﬁﬁﬁ &6 itad catlon exchange
contained in.

e hangemtel Fote B TarLFPRO soll s SRbrer) df Fie P xchange
of the smﬁaypmtametlhe saft sawnnéxohmmyas nhther samhe type as the

the fir SE tl%?leg )g?ha':teq?aﬁ)ye{herﬁgst cgﬁmprg” fied

nono- PEGy op0|e Inin jstantial ly
honogeneous forn1fron1sa|d second cati on exchange .

chr omel) otseaysiipgc othgnmpwified cownpritfiSudated uteF)GWQP@Efﬁ’@d in a

With a caisiaauaus hoRfogeR&s OfordhBolPRAid Scb®dGatio®fexchange
the through fl ow buffer I n one. enbodi,ment of

mot hod ¢ HEORIGESHP B ERATL e PeFPHinODS ool dfion nfaet@gp gifh @
exchangecsmirgiougincrdase of the &fréd stecthgendfabe theotght fiewing buffer.
strong cation exchange nmaterial is a sulfopropyl

?}“ L gh;a@,gp ﬂggﬂﬁtﬁ}d t}E'ScQE hakdns Bt ﬁiaeerrfaﬁﬁ d | frong cation

oyopea n anot er e di ment

resehrnBEAtenabdner prefersg sinehadiment the s5oes éadlanﬁxgbaéwe dnaterial
ii9a allﬁ}pbéﬁ,aesﬂuﬂ{ Lh R SRANUBsHeBhlly PlefdFRIdSs tFB?(Bpe95® SP 650
%ﬂe? % p bg In a f%rther $Egﬁflnent of the

e T pafilies &ibagitact e moRe PEGK akeck PGPSR lgf%cmffd in
afept &Emﬂftlﬂﬁdmltlsll)ahbngeteeps If(ﬁm of sior€ g5 ares-e@perity. In a
%F{Bgrr eankq)égdxifnhe[(relhe Soe mefrad t%te 1“0%?5%' t]hf 16r‘?’1c strength in

recovere econ ste
step b) of the method is a two step 10mc strength increase. Preferably the mono-

PEGylated erythropoietin is recovered in the second step of the step elution

method, i.e. after the second increase in the ionic strength.

Another aspect of the current invention is a method for the production of a mono-

PEGylated erythropoietin comprising the following steps:
a) PEGylating erythropoietin by using a PEGylating reagent,

b) purifying the PEGylated erythropoietin with two consecutive cation
exchange chromatography steps, wherein the first and second cation
exchange chromatography employ the same type of cation exchange

material,
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nmethod, i.e. after the second increase in the ionic
strength. Anot her aspect of the current inventionis a

woreaboth2for t he producti on of a nono- PEGyI| at eBICT/EP2008/005767

erythropoietin conprising the follow ng steps: a)

PEGyl ating erythropoietin bygusing a PEGyl ating

reagent, b) purifying the PEGyl ated erythropoietin

with two consecutive cation exchange chronat ography

st eps c) WhaebRiringtthe rﬁ¢dosPE@pldtea&eﬁnéopzﬁétirpﬁo@1xmh ae@md cation

RGN e e

eryt hropfarseii n fromthe second cati on exchange
chromat ography columm in a substantially honbgeneous

fﬁétmedfﬁés%héﬁgn PESEThPideRyy Of the Invention The

T conprrses a nmethod for the
purification of a nono- PEGyl ated erythropaietin
cpFuseginvRBtiemt Mgt Hamsthash fomheo greprafion eps mono-

J@atmte hﬁ)@muby&ﬁnmﬁ@tw@eatﬁafpaéﬂgﬁgenaﬁsﬁahﬁi rdp‘h steps
|

e o eSS Bt et o Fon

&;hﬁd)m@tagta@hydteps)t es an i nmobil e high nol ecul ar wei ght
matrix that carries covalently bound charged
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al | ge neu
dovadhilet hnghbmghauleom@t natix Haé cwqucqvnlenéx dourng echarged
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tdi@heﬁigarrﬁﬁeﬁil” iHa$ thx abﬂm,g e bkchafgluig @bt Ic@fhfkenitlhémdndncounter
18g? ﬁor Pmé §F¢15n hgﬁ;eg)régﬂs: ﬁ’égﬁl"r ; l?rrag’n(%gt Isg tlo)écﬁaepghdeing on the
rcdiargeeofafs et)dqleangadzflg@dulgueoupls(tba Dimi ttxub:ntg)e rteaha” isi igferred to as
€46PAME AN esl*ég bSad 5{18{1 e FERin. @egendxﬂ%BHthﬁ%r@f)f the

Catl on exc e resins, ahﬁl c aci d resi
f&sérg@gw shityepgphe mn eshseyRERh{A relfeésq nto(@l\/ﬁf g in the
Q@E’ee@[ddaﬁgn QﬁcHa'ﬁ e eQa1Y] Safoniaddild festif (S)N&r ﬁﬂfﬁbﬂ)@@}l resin (SP), or

g?‘{g‘lyﬂ‘r“f d ;ftesg‘gr}g@g‘?f?eé‘ ‘%)s(gg Fg%&&g‘%a\?\é‘gﬁﬁrf &f the charged

@rohp/nqistmmut he tepemndiange oesit hanstddangtally bf claksfied as strong

(}V\%aq(nlolnye)&ﬁ% I%Ekﬂr gg;sjenﬁlﬂﬁsl)%tt}lﬂee Qttrensggl? fo(f) N g(Wa?eéltly bound

8 catlon an e res ave acl
charge substituent. For example, strong cation exchange resins have a sulfonic acid

group, preferably a sulfopropyl group, as charged substituent, weak cation exchange
resins have a carboxylic group, preferably a carboxymethyl group, as charged
substituent, and weak anion exchange resins have a diethylaminoethyl group as

charged substituent.

Different types of ion exchange materials, i.e. stationary phases, are available under
different names and from a multitude of companies such as e.g. cation exchange
materials Bio-Rex® (e.g. type 70), Chelex® (e.g. type 100), Macro-Prep® (e.g. type
CM, High S, 25 S), AG® (e.g. type 50W, MP) all available from BioRad
Laboratories, WCX 2 available from Ciphergen, Dowex® MAC-3 available from
Dow chemical company, Mustang C and Mustang S available from Pall
Corporation, Cellulose CM (e.g. type 23, 52), hyper-D, partisphere available from
Whatman plc., Amberlite® IRC (e.g. type 76, 747, 748), Amberlite® GT 73,
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group, preferably a sul fopropyl group, as charged
substituent, weak cation exchange resins have a

W@ 20000020 ¢ gr oup, preferably a carboxynet hyl BECTHEP200$(805767

charged substituent, and weak ani on exchange resins
have a diethyl am noethyl groygyp as charged substituent.
Different types of ion exchange materials, i.e.
stationary phases, are avail able under different nanes

pé @ Istw@n%swnmaﬂﬁblsm Foséh Bios€idhdeQBmbH,

ARop
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G%hdﬂbg:ﬁM QvailbleFromAGE HealtRcage, Rotperdsind/avMiRbleafrbm PerSeptive
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,&}g@brpcplpglg( Ayc. | Refqrebly . theyepsiongexcharge mpggrial is a strong cation
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ila ro osci enc
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SBt&Eﬁft&ﬁ@@eeﬁiaf&Lals%Wx@sE a(:hf())le?fv@hl 2o echemadil GEmpany,
thca 0 SiNSe av Rer Se
126205 [050D, TSRy 30880 ST ASERLYS mss
@Mhn(aebleg frotry Be)l@ﬁSLab@&EErless@zsm t)@)mangeEJ@SL‘BPtype lgavalﬂyble from
A%&Eoms%@hnol(% s%c(%ogrcetQPgN%@Se%‘f’aseaé’%tﬂblS%pfu{rgge (e.g.

Aneri ca catl on exch ange

dved Chtobe FF) &rﬁm@mssn?q@e (drapge egll ilabpy ooy GB [Flgalthcare,
tAve-30@ b ARbRXEIA P ki ABIhR: | &ahlp&k@ssi(moﬁ BAXpak VoA (e.g. type 624,

IR RERE S Sy SR Tk Apeakt i Refflie? T,
OFoyBPedstSp DEATS €1 SKpel PAAMCAI aﬁlallﬂ)lerfmrar’f]osahl Bioscience GmbH,

qﬁﬁﬁ%%% %ﬁiﬂl@léo)&%( ﬁ}ll%é&ra 10151' ﬂ}llqu %?031% DRY cation

axehmx(rra)tersﬂ ispeEaopiapylstion exmeg@mmew -r) DEAE al |
avai |l abl e from Bi oRad Laboratories, anion exchange

rﬁfei RrinyReme @vabF abfich EX@AhE ﬁm@m”T a&tnel 6@ esndeb@ive ion

i glbfomﬁogélgﬁg:s?fig,w tdbes Efrﬁ?’:g%fi%)’sefi{ﬂog’ingt AP Tdentical

amaoh abdchaxigeomamlaﬂ-leﬁﬂﬂshmes thxt 300 causdchiitd eafiomnexchange

B R EP PR R SRS b B e cation

|e¥ehangamsserial far the first Rrti@eexcirongssbeamitpprapmastep TBKYE using a

Q%dal brt?afﬁldfathakesameomtmﬁqrac}ﬁhg@%ﬁ@ﬁﬁ Bibthe Mishan@tion
vali le fromPall Corp oratl% I n one enbhodi nent

tepf %FI pmatography step or by using the same cation exchange material for

both cation exchange chromatography steps. In one embodiment the second cation

exchange material is the same type of cation exchange material but not the same

fraction of the cation exchange material as the first cation exchange material.

The terms “step elution” and “step elution method”, which are used
interchangeably within this application, denote a method wherein e.g. the
concentration of a substance causing elution, i.e. the dissolution of a bound
compound from a material, is raised or lowered at once, i.e. directly from one
value/level to the next value/level. In this “step elution” one or more conditions, for

example the pH, the ionic strength, concentration of a salt, and/or the flow of a
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exchange material is a sul fopropyl cation exchange
material. The term "sane type of cation exchange

worgaoeoigry denotes two consecutive ion exchangCT/EP2008/005767

chr omat ogr aphy steps which are perfornmed by enpl oyi ng
an identical cation exchangegmaterial. This neans that
the consecutive cation exchange chronmat ography steps

are carried out by using either a first portion of the

%ﬁﬁd%o@r&ﬁﬁ?ﬁ%ré@a@fgb@'al]fﬂ forlcB §rdh faStirs€ ad ¢ QParEX ) haan@eeto a

chro hy. ste nd by .usin ond ortjon of
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ST RPN 0L 0 PO 50, B Minc
cetovered drarh dimg@nnaxcleariga Imaterial het}sﬁwe:onyﬂgmding:laueew in ionic
%ﬁg Hgﬁftga&%ﬁ 'u?érezgytthenfﬁndtl dt@mkl @iy BE nlEstep in the
cati'on exchange materia I'rst cat| on exchange

rebtioni rar:thoq*hlan ther sigpelutign” éxrmqrdnoream ditipmg js/ae oh Preﬂﬂfd all at

RLOGdm a WdtcH 3srtzﬁt1H§ eghliendold é‘eb@:ﬁlﬂ%agbm)ﬁal\/\ﬂv&lhb MRe¢hange is in

appllcat on, a d wherejn .e.

RN LR I e Edtiertrgis B Supstance, gpusing

dzllf.tﬁﬁﬂ thiaolis Of thds bﬁlh)bdlrﬁ@ﬂ'phartdnfq‘rmmtlanmﬁ’[télélsabstan& causing
litlsoed Q0o IO/O E}{edﬁr%t st;%?cﬁo )0 0 Ieruﬂ:lf | S\éf‘% H]ﬁ@na%d 120 % or

Fevel valu
ehmteuo rthe dned gep-niora@othen dthdmsentftbc changays 20 Vher lpsllqre of the

tc'aﬁcén%'tl%n %tf E}?er%'{)glanééo&ﬁﬁﬂg @ﬁﬁloﬁnlrpgncﬁ‘hé@rﬁbod@rﬂgﬁtothe change
| ow of ?éonato grap a are ch ang ed

Gnd20 PF GrEOR: pie @)rgenféetm Phghe yastance cfa‘a\“%c?g}ﬁ'd’“ “Step
elition’| d@lotes\/tﬁhuﬂ]e torRlitidiieare Qihdhgddoiihﬁre@ﬁeentzﬂl?aﬁl edepwise, in

mch %ngtﬂmeﬁ h e. stepwise, in contrast to a |linear
HgB " A a%%ep el ution nethod" is after each

increase in the ionic strength a new fraction
Cldiel temne tonTiniigus elaiden” candc mantinneust dhetigomsthaddswhich are used
1ﬁ@9&ﬁ§5gnbfyr QMHiR €tHiO ?ﬁaﬁﬁﬂgedéﬁmeera' Zhethbd "whltgin e.g. the

correspondi'ng 1ncrease in i1onic strength. After each
i RBFEREEON N O cAndHRSIHIHE &ReSIMGI FtlPhed et i the tdiwolygigp of a

Sio%ﬂdlaﬂs&ﬂ@d ebmbb@;ﬁu rehhe dhromt&g}ephls n@Per@l Ub ir4ised ¢Hléwered

LR P Y T NN T
vt Unggeirhham hamhgegd of 2%6,0prefezalidp aif rté)rbtof_l(he%omeqtmt@nocbf the
_lsﬂgitgg&ccgaglﬁgglhﬁgn qfn CJJ’]HG‘C&M ARt oaY3hE9r ﬁlolﬂ% k(?ﬂiétions, for

e concentratlon 0]
subopkenide Rihuibie ngmélswngih renceoatien af erelts andier Gredpw of a

]ciagon{%t%gra%;:eniﬂ B@%h&?%@nﬁn&trﬁpm ARFodeBially A AREPtdtitally.

In another enbodi nent the change is 50
rSﬁerar\’bfg‘eG a’tg'?ésméentratl on of the substance

causing elution. In another enbodi nent the change
The term “applying to” and grammatical equivalents thereof as used within this

application denotes a partial step of a purification method in which a solution
containing a substance of interest to be purified is brought in contact with a
stationary phase. This denotes that a) the solution is added to a chromatographic
device in which the stationary phase is located, or b) that a stationary phase is
added to the solution. In case a) the solution containing the substance of interest to
be purified passes through the stationary phase allowing for an interaction between
the stationary phase and the substances in solution. Depending on the conditions,

such as e.g. pH, conductivity, salt concentration, temperature, and/or flow rate,
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is 120 % or nore of the concentration of the substance
causing elution. "Step elution" denotes that the

w@awdio1i2ons are changed increnental ly, i.e. stREERMIS/005767

in contrast to a |linear change. The terns "continuous
el ution" and "continuous el uyion nmethod", which are
used i nterchangeably within this application, denote a
net hod wherein e.g. the concentration of a substance

E@Hﬁ:js/ﬂgst@lllééﬁ ioPfhe kol@tioh hl]?e ﬁbﬁﬁdﬂt%ttlh@&taﬁf)nzﬂry I%)hase and thus are
oun sor Qnpo rom a chromat ogr i C
Teparechirom el ewR. Lher iBrafcd JROAm, B dtion. The sahgances
Qaﬂsmmg o IsG]mltlbﬁ alnabgefdunhﬂ/ ia thecﬂtﬁﬂcl&oogh ST I“ﬂstvahsough”
er than e of refsra
SE501E the SIS doPERed ARPERACRadk o il HlShARgtarhic Aebice,
Iwhltl’hmsy eithartbiertho appliEdyblutioh containing thersabstamti thumtn@st or the
fb?xrffexe% §s &h (Hﬂ#tsmpé QB ?nr?to'} qegéanse smnfaﬁrum{e 8§ more

and ow of a ch I'OI‘THO ra

shbsigrcgs boynshiol t&)e shatianasy pbate; 1 oRe o Céjé?‘ﬁ%‘t fg@ Flerampgtographlc

Rledice ﬁsa@l:aaume of laadlag,ené sr1{é| Jwtatrancemelnt?mca@b@gwdvt&ed from
I Ca qul val ent s or...as. used W

e A R oo Y S BSL g S B Pl in

phf | zfrt cau¢torasmelghgstecipitadions hsaltisg| aitt] aﬂtraﬁimaaom,l rdjafdtration,

0) 1 nggn Offﬁm r%%atcg Byréltf ?%i Pie%ﬁgﬁ {cpob in the
T tivoldridgrion i

tshbsts@emfumrqss lrasjﬂmmtl @npgﬁmp@‘gﬁuph |Ir¢ cdse\h)dbe p‘tﬁtlonary
\gﬁ'{a&hls Li& st %t 4sONQNiY, W@ Solufioh @&ﬂ%ﬁx‘ijﬂg Bk sstdf@bf fhterest to

tationary phRase is added t.o the solytion. In case a)
thisepuaaiics pBewviagniozi 4 h‘@te{aﬁgo%l}lﬁ%‘t’%ﬁ% coptatippaty gdasq gnd the

Rabfaides ir?ﬁ)llﬁ&ﬁﬁ AFtet ﬂfeQH_@Hiladtbﬂ thé ﬁhtl@ih&ij phi¥ease@moved, e.g. by
owi n an jnteractio n tationa

TiaSibridan Fhe ShslBeSRE AT BT BRund Ko B R pharg and

cemdivéd thesewishu ftonashe sgjutigi, oromndlwhdvtpttw stalonary phase and

@gg@tuq f‘HesBthlo enper at ur e, and/ or flow rate, sone
stances o e solution are bound to the st at| onary

phase and thus are renoved from t he sol ution. P
I hsstermc amnder sapditions suitahle dor bmndingd ad gragagatical equivalents

rteeRbN b PsddnwiBinutHio© 8 ﬁlﬁﬁtlbﬁ deaofedl that 4 Bébstance of interest, e.g.

ORI A e

deigcen imhéxchangeymatetifleThiseobhrotapptssady dehaett il 100 % of the
\M%BEt &3' &Qn{ep&t ?‘s%@lhn&ﬁ egxen'tl ﬁ(ﬁ}c‘% (9[I thE Iggbs}?zi'ﬂcctzgf’mterest 18

used t he co nn cause el
d:roueadel @rﬂt inasteﬁt)s%bsfttaﬁ selstanse o nttére@lhlé b@tla@’l %d%ﬁsWS % of the

r&hes%@nceldflﬁe&sﬁ@edhmnteaitfs@, o% [ eHEBLBEth AU FGn RN i§ BoliSd, or
a co sette. The suRnst agce of |nt erest can

H@orfeégm%:} fatl:lsﬂ.} stance of interest 1s bound to the stationary phase.

The term “buffered” as used within this application denotes a solution in which
changes of pH due to the addition or release of acidic or basic substances is leveled
by a buffer substance. Any buffer substance resulting in such an effect can be used.
Preferably pharmaceutically acceptable buffer substances are used, such as e.g.
phosphoric acid or salts thereof, acetic acid or salts thereof, citric acid or salts
thereof, morpholine, 2-(N-morpholino) ethanesulfonic acid or salts thereof,
histidine or salts thereof, glycine or salts thereof, or tris (hydroxymethyl)
aminomethane (TRIS) or salts thereof. In one embodiment phosphoric acid or salts

thereof, or acetic acid or salts thereof, or citric acid or salts thereof, or histidine or
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the solution after the purification step by nethods
famliar to a person of skill in the art, such as e.g.

w@e@epi2t@t i on, salting out, ultrafiltration, PCT/EP2008/005767

diafiltration, lyophilization, affinity

chr omat ogr aphy, or solvent vgl.une reduction to obtain
t he substance of interest in substantially honbgeneous
form In case b) the stationary phase is added, e.gqg.

3fltsatheRlolf Are LiSed AEbEMrUSUbARNEL MHRidHallY thoduffelRdt @Ndd>n may

of interest to b rified allow for,an interacti
SEFRBES, P et PR R UsRad cgndoien St cognfi suibhate
polassinmchldxides potabsurn stiata,codimm tirates bapotassarmy cplase

is renoved, e.g. by filtration, and the substance of

| | r oy
REES el SR PR R0 SL 3L RROEY 1R it i
theart Sgei fon sxamplaaShraapaiography s’ ¢ditiemePasbAufppdamerials and

HREMiqHAdelefiningdl £ @A, ﬁk@vﬁé@cﬁnﬁ@?ugiislﬂmgqganﬁg%_New York,
gra e | cal eghu val ents_ t her euﬁgf as used W ttglg t é,s )

P2 cadyagredichprayographicand fiegtromigragioniMethpds in Bigsqiences,
PG| &t e@d9y VRI&wipos&énda, BV, NAfmsteedain,s Taiei DleeteylapBgs €1998);

en _brought .Jn, coptact .with i e.g i on.exch -
ARl Lo ebodEiC e bord 5 Ko dheu s aoRihing
cForpemys Wewt Yarke(16P1); Stepesskroitan Povifidatbut: Peimsipisiaald| Rractice
0 Of u a [ JN i t
{89520 S8k 5 REATIAT MOILML FLRBng: A JABURRpry MEnud Second
|Esiitéan, 1pld/Spring harkadabarsery dresneedepringHabondl-Yar 989 or
l@asdnt 8Roléc6ls ihNoRbREE BIASsyAusBE RSV, i 8 dDOeas), J6in Wiley
r&gge tPané\?S ?{o f the substance of interest is bound
0 ?He “o phase. The term "buffered" as used
within this application denotes a solution in which
dien§ESylafiop Hfd exythropbiren adolindllynresulty éh enseixofre acfi different
Qr .G Su ances sl by e SU 66
RerTiEpfsr  SRHOTGEC by FHCRIRE DYcrBu RS Bln, 2 ARGy Iated
iseytheangiets apePEGYatesherythaeraietin diyHrolyecripdupts of the adivated
IS RREESg AR HECPEGTHEN A&dE afl wellNRS RP®DIy&isasiodu of the
er

b

salts thereof, _acetic acid, or salts t of,, citric. . .
Forthrapo g Seelt NG ger o PBigt aions: LRGSR Shapoietin in
subamelily f loothegeaedus forms dleks stibseareed hate gt belisegarated and the
salts thereqf I ine or~salts thereof, or tris
(Cﬁyr/nd)rogilgr?tgfrﬁf/liejt%aa%/ngongerr%'frﬁ%eﬁg (TRIS) or salts thereof.

I n one enbodi nent phosphoric acid or salts thereof, or .
adweréfereaitiichmaspediof the dysreapinveniionjot proxidg eimaethed &y qbsaining

- RIRBIPE@athl $htRidpSictnSial fubstah8iIBOhoRbEené8S dord$ comprising

bgff r substance. Qptionally the buffered sol ution may
d fowangfieRstdi ti onal salt, such as e.g. sodium

chl ori de, sodium sul phate, potassium chlori de,

pot as i) UREGYfiag eryteagoistincudinghe acovatabPESylating reagent of a

citrate. molecular weight of from 20 kDa to 40 kDa,

b) purifying the PEGylated erythropoietin obtained in step a) with two
consecutive cation exchange chromatography steps, wherein the first
and second cation exchange chromatography steps employ the same

type of cation exchange material,

c) recovering the mono-PEGylated erythropoietin from the second cation
exchange chromatography column in a substantially homogeneous

form.
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General chromat ographi c nmethods and their use are
known to a person skilled in the art. See for exanple,

w@hooonaogr aphy, 51 edition, Part A: Fundanent BCHEP20d8/005767

Techni ques, Heftmann, E. (ed), Elsevier Science
Publ i shi ng Conmpany, New Yorkg_(1992); Advanced
Chr omat ogr aphi ¢ and El ectrom grati on Methods in
Bi osci ences, Deyl, Z. (ed.), Elsevier Science BY,

Ared aletia 1ST&@e&\Q}__yh asdfanfds  thé 1A%Batidzh oo mﬁﬂéﬂ) Bdtombinant

ool and Paqol
SENRRRS B ich: 15 BRI N YhicR, heviodeen Teodpeed by o
I?ﬁzﬁhmahaersll fprefatabtyna GMOnell pHEK 205 delBrRidKi eel, Pard8®) cell, or

r Coning: A
?g Srca and arl%’ }‘Yaafds g-‘econélyg;gcﬁ'ﬁ%drjl Col d Spring Harbor

Laboratory Press, Cold Erlng Har bor, N.Y., 1989; or
dorthe first pieptadbe sethodvisithe gryahroppistin REGylaediidie, paty(ethylene

yco PEC) b mol &hules\UsL £ l‘?@@’@@ylaltx@»ﬁ reacIN%WhXQé X molecular
gégy F of erythropqietin nor results in a

HORES 08 FAut FOrKE Sy 0 asumieculsﬂmyﬁgzgg aa&ssff sreyhese isdo be
an%d%gEE&ﬁllot}tﬁt Ran I’l‘?dil@cd?zﬁQﬁkt ighedf Etlé& PO pedaatd PEG as polymerlc
not - ate I e | r Si s
CRerreartvarEh e B SogimedBoRRIE MR g ryhas
asoleailar aeighyddlstlrgbmlsnprtbdlmm ‘@bouttieingligatdsr dpbi iet said PEG
éJT yﬁjfmods, g%ol&&l%%ﬁ’i' Qelg\n 'IH&% fn%%’dxﬁé Rl %han the mdlcated

In I n substanti eneous orm t hese
sm@lﬁld?fcé@gh%\\?é the teyan §’é%&rr&feéﬁjt(hh dnelpailarovpighindisibution in

I»mlaﬁ t9§b/o BEghetFE®D grddbules hate a H&{cﬁfa@ rvaelgmtwmﬁnan 10 % of the
ect .0 current. invention r ovi

Roiceind ol igra oo FPEGPIRE A 1P FERREHSEDE Py kDa denotes a

Sdhgd @fifidnal? ¥DheodgebDays form conprising the follow ng

steps: a) PEGyl ating erythropoietin using an activated

qga@t' ah '“gggkas&ggﬁ» Peffergtwg?&ﬁm%é@ tgpgeél Obndd EB 79 NO:1 or

SEQ HD disear arpretﬁllapheeilypwtgiﬁépb%amwllt/ homglogous thereto, whose

qg@l%@i‘%!ﬂtﬂrﬁﬁerﬁ@g FePlie e ARG P IB-a W SR YellSE8ASetion and the
irst. and second. cati n exchan

ST bR G tien and de U Haan e Rergied Sy theqid gppgenitors

6X¥ahabgee MAHSM. adecomh)mhecavdfrbp@emﬂn maydfmprlem;ﬂ afeekpression

erythr i.et amth ?'Rg |t | o)
CHreuka o%c cel1y ffoaleﬁampl% i CHC cflIs, 10 gl?flkc m)grer}]{eclfa cells by
recomblnant DNA technology or by endogenous gene actlvatlon For example the

erythropoietin glycoprotein is expressed by endogenous gene activation as reported
in US 5,733,761, US 5,641,670, US 5,733,746, WO 93/09222, WO 94/12650, WO
95/31560, WO 90/11354, WO 91/06667, and WO 91/09955. In one embodiment
the erythropoietin according to the invention is based on the sequence of human
EPO. In another embodiment the human erythropoietin has the amino acid
sequence set out in SEQ ID NO: 1 or SEQ ID NO: 2, preferably the human
erythropoietin has the amino acid sequence set out in SEQ ID NO: 1. The term
“erythropoietin” also denotes variants of the protein of SEQ ID NO: 1 or SEQ ID
NO: 2, in which one ore more amino acid residues have been changed, deleted, or
inserted, and which has the same biological activity as the not modified protein,
such as e.g. reported in EP 1 064 951, or US 6,583,272. A variant may have the
amino acid sequence of human erythropoietin having from 1 to 6 additional sites

for glycosylation. The specific activity of PEGylated erythropoietin can be
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formThis nmethod is especially useful for the
purification of PEGyl ated reconbi nant pol ypepti des,

wokioehi1@re gl ycosyl ated, i.e. which have been prDEHPes005767

by a manmalian cell, preferably a CHO cell, HEK293
cell, BHK cell, Per.((r) cel],_or HeLa cell and are
afterwards chemcally PEGylated. In the first step of
the nethod is the erythropoietin PEGyl ated. The

{eigieeyrc,ﬁ{ehy&e R}grﬁ&%svgsg%)) OlaPohE&é) iPQhy R trlﬁk q)wbg@?]luaeﬁuy of the
1.0N € a nol| ecul ar

eied FHOR s oRapeiin Bl thiv BrEiAneATe aehes drgfiggon of

h!Eé prdti‘lﬁl‘b@ 1hfectﬁ6h bﬁhlhlrlﬁdﬁ rpStlé}Ctd réshRs i’fﬁl&fhel’liﬁhl&ﬁwl @Hs mcreasmg

Gb
|P<5? 8| e 6‘5{&“{5 eca ﬁeéld Eﬁéﬁe %ﬁ%%t ob (En leected or
fcantroh@sups oﬁjdubmatsarThndJlglbglcaill af;tmlt)buf thePEGyhated erythropoietin

O%Fa%ﬂéq aﬂ&gmar?ﬁéﬁ J%@ltdah& é}ﬂ h,';"%r@eptlsmaﬁﬁate Wted 5P HRthods

nor e an sone
ianefirdimgdel Phaﬂr@cﬂnrapa Srdcglysue ErY@f@leéeqfeBRP@éfbMWl(@f ers
to a nol ecular weight distribution in which 95 % of

t he PEG . nol ecul es have a npl ecul ar weight within +/-
1BEG, 61 K@ eroin casesdingdo bt mFnien gens %:{fﬁldéﬁéﬂ‘b‘iaé‘m%l")ly
I’(Bdh?l’él:ﬂ: alycoBi ghin edsertthl kjaet. dadlptacBEG cﬁﬁﬁ:@ﬁtaﬁ‘mﬁ ffaaher2chemical

SOt WRB e g S ek PR @R, o et result

Niar2  therchemprabsgithesir op chey peghecubie osubbt}ans iaa$plager for optimal
ﬂBchg)gthﬁrtts he rtl% 9101%&3 g‘hp eof{uﬂglaxcfﬂerrﬂ&ﬁ 5&[53easre n%lt A& for

tion C 1 on and

thecaey 'f*ﬁlﬂlh‘t)ﬁ o8 o7 e«mker wrighiseldhe ERG rritvmes walerule; Bradshtion,
GAEATh PESCaBIphiEtfGnRIoR gl‘i‘(ﬂ*etP‘EKﬁsmlélcEJ'@s R dFalihRM together.

Troanbinant, SLYLIORGL eLLn MRy b PrepRred A anehed PEGs.

d?&bh(fhed PEGSIKn be ptepareds fdrlekanpkel lb)sthbyddmmordﬁ ipobathyBié oxide

tgq}glq O?(%lggl IIB%/IH % OEYQZ%%‘S ?rﬁgo r 1%01 Va%‘ﬂ' S%Fbltﬁoﬁranc}apd PEG

N 1S expre
brye d?ﬁ@UbGﬁh Uuémg@wm}detﬁwé? Sr 2PHr46d In @nggmbodlment as

EPE@ withGlmotdeular G h@%@’ZOL@ lé)a7§1?’ea749@(3 WOIR31ed g%z&ed\égd as

WO 95/ 31 WO 90/ 1 354 91/.06667, a
\Ré fpg@ﬁ;s wifhh 3o "éH’é‘éd‘i" ﬂ@rertgb P aetﬁ‘SﬂeaanlY with

al@d@ad bﬂﬁlch@i PPEs hreviesdlli ANPES 4Ioek$hda vo-hfiredSPEG@Haedadh one
oﬁi Q I n anot her enbodi nent the hunan

r“ﬁ 1'Bp4T etin has the anmino acid sequence set out in

SEQ I D I\IO 1 or SEQIDNO 2, preferably the huma

&Fhetthm PREGYlatior anedrisa canileet linkage skapeltidethylene gluf@ol) residue

R d R-Rhinks of BR @) PPptide and/or an internal lysine residue. PEGylation
of proteins is widely known in the state of the art and reviewed by, for example,
Veronese, F.M., Biomaterials 22 (2001) 405-417. PEG can be linked using different
functional groups and polyethylene glycols with different molecular weight, linear
and branched PEGs as well as different linking groups (see also Francis, G.E., et al,,
Int. J. Hematol. 68 (1998) 1-18; Delgado, C,, et al., Crit. Rev. Ther. Drug Carrier
Systems 9 (1992) 249-304). PEGylation of erythropoietin can be performed in
aqueous solution with PEGylation reagents as described, for example, in
WO 00/44785, in one embodiment by using NHS-activated linear or branched PEG
molecules of a molecular weight between 5 kDa and 40 kDa. PEGylation can also be
performed at the solid phase according to Lu, Y., et al., Reactive Polymers 22 (1994)



"erythropoietin” also denotes variants of the protein

of SEQID NO 1 or SEQID NGO 2, in which one ore nore
w@pino1@cd d resi dues have been changed, del et eRCT/BP2008/005767

inserted, and which has the sane biol ogical activity

as the not nodified protein,;;such as e.g. reported in

EP 1 064 951, or US 6,583,272. A variant nay have the

am no acid sequence of hunman erythropoietin having

fb ‘P@Z@ N6t Qnadsily, NeR@misdilyaEd tecgt)()ﬂ?ﬁ&iﬂd@tcbﬁ’ Rlso DBProduced

speci ivity of PEGyI ate erythropoi etin can
Bé%@’é‘ﬂﬁ?ﬁgé%ﬁp K43}t ous assays known in the art. The

bi ol ogi cal activity of the purified PEGyl ated

th t f thi nt
%‘ﬁ%’ r%ﬁ‘? efelf') tg? aPheé%!F?rﬁloz | o&“ﬁfﬁ %’2%641 at at pue or more €-
Wlnefgt‘ﬂlﬁs&fﬂlmm residwes endvar mowheckﬂl-ﬂesnmabamam gipup. Selective

5 E?O%} &k I(quexlrﬁlﬂlalsg%grﬁ)s aaadcaﬁq% ér?&g'xeﬁe;*cjcérdmg to Felix,

0 non

etk ACBGYiRo S &8 (Pabi tbHiene BcalNel IPECHA 181298, Selective
N Xéﬂlﬁﬂ@lﬂ)’ld’h&%ﬁ'lﬂ@%@h@% A fs'oﬁg phaseaGRHeS@BE Coupling of

W th th| venti on an be. t est h}? met hods accordin
o NerE fated, o ik deriwative tEr‘Si"F op&iTBDH BRIBopid of the
1RPHAL)chainPESKe QihaerE@(Qflzﬁim ca ey @)Ieffglrlhéd tchﬁmlg solid-phase

i on nmea ai ni y

o IyERH SRR B ST LRC R Al R BRY of Fhe Ry chain
fQomhbigrd dieerimundl grdosige cmimchE@Yletwrewﬁesablf dither as described
tﬁ'bggé Qﬁthllll -sBHid- ?Bﬁie %?Htli}]eﬁ of % ol Jgnf}fe%'s'{/l\h a}l?]plymg

fromt SISO thermecu ,
@tl‘aathbBE@rre@gsms(s@tm aenQiderakeled @eptida t s of the
nol ecul e. These further chem cal groups are not used

g kisosalghl o shane mceular e o e o,
15 ofeighiteofdrommabeuPEGosibdet abdilns in whi embadénéntnfked about 20 to

t P

P Iy T 1000 S0 ks

prmspanleailimeot a éwafrrpmea bignchié PEEHiA wide wiriefiopfy BEGydesivatives

%itglﬁe & Wk l@d—@pr@%lr)(@éﬁ of Pmlﬁgieﬂgarﬁﬂ VEE!Rbtide conjugates can
ro an a

aﬁ%%ﬁgm Shegiwagsy wﬁ»rbréérgléﬁuetsw AJD § g askigpgom)
In one enbodi nent as PEG with a nol ecul ar wei ght of
20 é/gqtvﬁtg?[ﬁﬁ {iﬁrlvatl PEG ?v%\l;%elrgﬁﬁ?]?rrtea{lgzag? éléastréﬁ baP %%ﬂr example,
edpgpirgd,IM., vt tlh 14310k@mug tfﬁlaﬂmhkdl99ﬁ%63aﬁ@ tfxsreEEG A@YFSEGOH@
%Qné%%hﬁnta H2iAPhed BiEh PEG U%»@Qeé dte e'lﬁl%bmméﬁ%aratm?onhe

term Gyalon neans a coval ent I nk age .o
(hGiate Eagmgeis) FxamplescRfaeaative RECNepgsnts He éoclﬁaqe?yé rethoxy-
PR, Rﬁ%étﬂ@xﬁPEGO\Fmﬂ&lldeee(hDQ' prefésdbear @fbgd@om about 450 to
25 aFEG{/ll %d nd R is a C,- to Ce-alkyl, linear or branched, having one to six carbon
atoms such as methyl, ethyl, isopropyl, etc. whereby in one embodiment R =

methyl ):
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of proteins is widely known in the state of the art
and reviewed by, for exanple, Veronese, F. M,

w@B@em1ere al s 22 (2001) 405-417. PEG can be | i PREEP2008/005767

using different functional groups and pol yet hyl ene

glycols with different nol ecyf ar weight, |inear and
branched PEGs as well as different |inking groups (see
also Francis, GE., et al., Int. J. Henatol. 68 (1998)

1-18; Delgado, C., et al., Ofx. Rev. Ther. Drug

Car, vi Wi@iggm 249~30 PE tion of

er)’thr poi et ' caf be p¥rfornid i éﬁ%_ggs:sol ution

w th Gyl ation reagents as described, fTor exanple, in

WO 00/ 44785, in one enbodi nent by using NHS-activated

i near or branched PEG nol ecul es of a nol ecul ar wei ght

between 5 kDa and 40 kDa. PEGyl ation can al so be

pighef 1ae o€ thesd iollberciudtedisybvaneesds ko imgtheartand deéscrited e.g. by
.. Reacti Pal. . - ; ;

ResrR Aty R VAR ST beg hadai Bks SATBRA 1996

- 041dé8 according to WO 94/01451. Such net hods result
in an erythropoietin which is PEGyl ated at one or nore

e- am no groups of lysine residues and/or at th

NIt 0 r?&?q’oéln*ﬁl?f& gt oﬁ}f. I e snecipe PEG?F%‘{ait%n é@gt gEer, €8

Eﬂftﬁﬂfﬁﬂzﬁﬁcﬂﬂ%[@l ?pﬂo@,ia\(ﬁﬁ&’ ber pIQIHyGEdF@ﬁJG Oca((}ﬁm:idiilnguﬁalﬁoate, or

[ , et al. r. 0. (Po t ene

Sy riganiaes siehy 35 PEREIRLS Pfon Dy Chat o5 BlocBRtgate

RE@yh.a8 (19958 82-688 Iacdtiecarsbbdimenn theswtivateg Mrdigdroxysuccinimide

?é{;}ﬂesi s by coupling of a Na-PEGyl ated am no acid
erivative to the NI termnal amno acid of the

pepti de chain. Side chain PEGylation can be perforned

during solid-phase synthesis by coupling of

Ne- PEGyl at ed | yskne ripveti v to the grow ng chain.
Combi ned N-ternihalN an si(‘ﬁe/iﬂ%@’ﬁ PE®yl ation is

feasi bl e either escri bed above within solid-phase
synthesis or by sol udi on phase synthesis by applying
activated PEG reagents to_an am no deprotected

pepti de. Suitabl eéPEG der ati ves Sre activated PEG
nol ecul es with an \(\Er\ag,e/unwzewl{a wye'r@uh brof from
about 5 to about EQOI Da, inHone enbodi ment from about

20 to about 40 k referably about 30 kDa to about

35 kDa. The PEG deriVv@tive is in one embodi ment a

linear or a branched PEG A w de variety of PEG
derivatives suitable for use in the preparation of

REGgor otkiory-®E6- REGdpeptsudamiondy, ugaues caas bemsbtoxiyid>-N-

SIS R A o S
ia t Aefingdt abryear dndears i sEtpodimentor thex aREle, species  is  the
N-hydroxysuccinimidyl ester of methoxy poly (ethylene glycol)-butyric acid. The
term “alkoxy” refers to an alkyl ether group in which the term ‘alkyl’ means a
straight-chain or branched-chain alkyl group containing a maximum of four
carbon atoms, such as methoxy, ethoxy, n-propoxy and the like, preferably
methoxy.

The term "substantially homogeneous form" as used within this application denotes
that the PEGylated erythropoietin obtained, contained, or used are those having a
defined number of PEG group attached. In one embodiment the PEGylated

erythropoietin is a mono-PEGylated erythropoietin. The preparation may contain
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Mor purgo, M, et al., J. Bioconjug. Chem 7 (1996)
363-368, for PEG vinylsulfone. Linear chain and

whe@sohed chai n PEG speci es are suitable for tPE&I/EP2008/005767

preparation of the PEGyl ated fragnents. Exanples of
reactive PEG reagents are iogo-acetyl-nmethoxy- PEG or
nmet hoxy- PEG vi nyl sul fone (mi1s preferably an integer
from about 450 to about 900 and Ris a C to C -alkyl,

lunP&@tedqy.e. bPE@%P&st 1ahlangﬁ&yﬂﬂsp&@u§ 'pél)EPEQ?lﬁteate@ﬁﬁropmetm,

égg"gli%;é%ggﬁms %F‘ﬁ%PIYPePt r Omg/réﬁeéi? ctil{rﬁég\é\@l%rPeEbnylatlon reaction.
IThd Qerae ' dubata fdalEHish cuRa esusi fSrrkﬁdetésﬂhhthﬁpr&piraaﬁﬁl of a mono-

S TS SIBEF SRR o
MardBBGylatedongydhmbpaetimentati dedsshe 7PBG spethe s mamo-PEGylated

%?);th og)to?e(émpgtqregs? bﬁ o, of tH mohb! %@E{égﬁtﬁi g&ﬂ:ﬁlﬁ{ | orrmore than

pr-opi ate droxysuccl ni m ate

19519 f @Wm@@rffﬁ@ﬁlﬁé@ e@ﬁhwpasetlpE@NPsce%\f#w @fbasedon the
Qleadds , 0Bl ARONLMGA LodehBM c(ﬁrésﬁg%)] 62306%he |datiBAE exchange

odi ment _ the activated N hydroxys de ester
8T GERRBRY PPEBEINy 08k Pk 1 MDD QI eh thiopoletin s
rebtdinedy - PEG- Nhydr oxysucci ni m de (MNSOOOO Shear wat er
Polymers, Inc.), wherein R and m are as defined above.

I@’h %?regm%gh{@xp&pépﬁ% Prﬁ?h%ﬁ?& 1ﬁ§/c£]§o of ? m(ﬁlo PEGylated

roxXysucci ni m
girytboipeidsint ipr prden &d @btanhe Stubistnmlfdlyklmwogenw@r fs>rftnoofaah mono-

PEHasd Q@"thr@b@i‘éﬂn' It H%”sﬁ rfsh‘%l)I @Jem foﬁh&()ﬂllat tAB@8Mbfhation of
strai ght hai n, or anC -chai'n

S REBPEHE % AR 76 RIMAOEFRAH SéPaﬁg& emeloyipg the same
I’f?[ﬁ&@ﬁ(éatloﬁtdiel)@hge ﬂn&é@ﬂ@wwa@dﬂa bilisstdnitislty hpmegetaabk Yorm of a

TERE eI, PPopRiedy kot sPETRPRAF ep e préldes a
F?E@blbdltfeld ther putrificapon ef |anmobt>—d1H€e'bhted: emlappeldtm epmpgisihg the

s BOSFNREND SIGRI 8 gﬁge;noq,f PB6AI QH not-PEGylated
érvbmmx%pﬁrﬁoq@na%ﬁ@ls e &8RN @wpemgeébmrg@qograpiméteps,

Wn@ﬁ%ﬁ@khﬁ@ thepufifed alonePEGELed e()lrthﬁ)pme'ﬁﬁﬁn%@ 4fcond cation

g’%(l ngﬁla O, E{tlﬂqgrrggy %%, va'ggeq{a?ﬁafgf?%et télp%f)f ﬁjilé)n exchange material
Aoluygkpt bdér geiver adcbahgdudhirogatdgeapRizGydpat 1roone eadtodonent the

r@?ovte%g] t%g??!Ot?%ér?Lic%aP%%@ﬂ?t%g?agﬁxg %‘F i li8Rrnb Blution

repara ietin
onﬁhad rs therespeerimghio dheserondtcatien sxchgpgaslramajogstphyndep. In

another embodiment is the cation exchange chromatography colum regenerated
after the first cation exchange chromatography step and after the second cation

exchange chromatography step.

The recovering of the purified mono-PEGylated erythropoietin in the second cation
exchange chromatography step is by eluting the mono-PEGylated erythropoietin
from the second cation exchange chromatography material. In one embodiment of
the method according to the invention differ the two cation exchange
chromatography steps in the elution method employed. The first cation exchange
chromatography step is in this embodiment performed as a step elution method,
i.e. the ionic strength of the used buffer is increased stepwise, i.e. at once, from one

ionic strength value to the next ionic strength value, preferably by a change of 10 %
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nono- PEGyl ated erythropoietin, at |least 75 % of the
nmono- PEGyl ated erythropoietin, at |east 90 % of the

WOrRWOAORE®Y | at ed erythropoi etin, or nore than 9BCEEPRI008/005767

t he nmono- PEGyl at ed eryt hropoi etin. The percent val ues
are based on the area-% of f{y chromatogram
corresponding to the cation exchange chromat ography
purification fromwhich the nono- PEGyI at ed

%rryﬁé}@oppé fbp E‘lut1§n QRdtRbARAN ohlR@nfbediRéit peﬂféerﬂEdl @da three step

orts od f.or the pur
oreeeh 5? s Gt tapomBiith PPCBEGRReH Pbronciety is cluted
S&mﬁttMEatwd yxchampoet Gﬁia&gfr;{p}m @ﬂurﬂnl’fﬁhﬂsec@Eﬂthaéa&d in ionic

SRR e RS Sba ) AL A o mor

charofBfobrsdhon thepsa bxﬁtthe eqpbawndglgtm @talmmnycpheomfatogram
letela QX} W i aSé 'mallorHE g&g‘%@at e y%‘ilﬂ?tthelrér}{ammg not-

g;neous orm of a nono-P erythfopoietin
ot erytiepeigiin &em thewelwmmn provi des a net hod for
the purification of a nono-PEGyl ated erythropoietin

CIH¥REdcHA@tibA exchha RS cHbmatdgyiphyReepds pefdtiniednin one embodiment

FEAR G VAT TR T N p——

e:mnhagn«gslychpmfmdbdngr@hycl&hgps;f lassd thaac 6\er iThg ¢lheed fractions
RhLAiRE HPRARETRCHLES o g{tpgogagaﬁla%t Shnbihel }? P 9 Ubrain a

ange C ereint e sang

tppro-BEGyhtddo wr)éhmrfg@ ARt @fbﬁtantlalg' hospgenedyst fprm, in one
%&Hdﬂ'ﬂn@%tf&?ﬁﬂﬁu@h@ﬁ%ﬁﬁ@rmhdf 1§tverﬂ§1ec1.lllﬁr ?@%ht forms based on
n he recover ngln catl o C
éﬁbé'ﬁ‘%t dheaapiyesep %ng §h Yogfany éf.h@ fs{ Berelarablt waae%t in a
&S)nt:é’iﬂraltleﬁmféfdrﬂilgmmlvﬁ tlmeZS@&ﬂDhcﬂn oat embodincdmgéom 50 mM to
Clgg)onﬂ ogr arpom{e 3! egodl aﬁ (pg) m%n%terelfgre 15 th]g: tmethod

I Onh’exc ange C roma 0 ra um regenerate
tdgeorflingst toc atheorinexdvangarec Hh@ nmv@ greapseguigteepcagiog  exchange

%&&aa&g&gﬁgQQBch%%mmngm @nge chromat ography step.
he rec ring of the purified nono- PEGyl at ed

eryt hr pmpjtl nin the second cettl on exchan
chr one ogFPRAPHG agggequs: by 3;‘%3%?‘? Bden ﬁ%mHBﬂBg pEgyiuLE gfmono-,
eryt hr oppoigt,i and m@mPﬂikleas&b @t‘yﬁlhr@pbieﬁﬁ end Hawgﬁlolecular weight

chromat o rgphy( rmtfersi e errb

met hod actordi hg’ Catlorrlweexﬁ ange g ogrﬁ}gh){ tRfimn under

cati on exaihnge mnabhefpogmlprgm@iaebmomn Ri{eylatkdierydhropoietin
met hod emoéhwﬁion Jﬂﬁaﬁgérﬁsteﬁataoﬁau@aqn U Girst column,

chromat ography step 1sin di ment perforned as

a step elution method,
pb recovering a mono-PEGylated erythropoietin from the first cation

exchange chromatography column by a step elution method with a
stepwise increase of the ionic strength of the through flowing buffer,
wherein the relative content of mono-PEGylated erythropoietin in the

recovered solution is increased compared to the applied mixture of step

a),

c) applying the recovered mono-PEGylated erythropoietin from step b) to
a second cation exchange chromatography column under conditions
suitable for binding of said erythropoietin to the cation exchange

material contained in said second column, whereby the cation exchange



10

15

20

25

30

i.e. the ionic strength of the used buffer is
i ncreased stepwise, i.e. at once, fromone ionic

wa ey val ue to the next ionic strength val RE[/EP2008/005767

preferably by a change of 10 %or nore. The step
elution nethod is in one enbpdi nent perfornmed as a
three step elution nethod. In the first step mainly
pol y- PEGyl ated erythropoietin is eluted fromthe

cation eﬁﬁﬁt&ﬁageorﬁ@ﬁl@aah C?sﬁfda&hbln& Qblurih isToetHReGARdtype as the
increase in io stren%’ tg %ﬁfall el utes the

mno- PEGVPQPéﬂC §?HP8§ Bt 1R It I’purlty of nore

than 60 % based on the area of the correspondi ng

si ze- @) cleasvedingc Mhenqimr'gfredm (naned?-El@ylaté'd‘le etyithrogoietin - in  a

ot - pecPReafAle hBERRC, HohERolMIYsek i R WBflange
second cdvpmnﬂnxﬁﬂwng@uahrdwaaognaph@ugn@ynwgxnahod with a

per for ne&)dtf?lugﬂéem%mﬁ@éjéfrfﬁpion‘?@stﬁngﬁrgf'tﬂéjﬂft@u@l 8RB buffer.
method, i.e. the ionic strength of the buffer is

reased .contj nuo st preferably by a change of SS .
(ihen BECHRtiohebtef \RAPPHIEL BhHNEBRIG I the pkB3facion
PRedu P Rhbaiogen iy tfdsrrr@ pIo liefuirthefrh reCabtiinedds b Miatude fof frtono-
3’%@' aé%cf‘ p%?y gEﬁgl% Sat :oucs)t ?E?}Ina e Ir?ef‘ct)&uct ﬂnberecrore thte solution of
ctbﬂtpiﬁyiamgi epsisrophiztin Gapplied oh stequmf doumathagdeisghtmixture of

e r
: omap@lg dang%(ﬁrlﬁfb@?@d Qf Sltng) gfégfl a‘ﬁan%%&gcular we1§ht forms

ram ferably pr
cofeEmenBing asmepysbi . Hhg to tys gonfet Phihg iferent substances

Q&Ttlﬁ@érﬁﬁﬂéd Yy fsﬁ@"@x@@tsm kﬂro@ogﬁlﬂ)h "(SEJ}‘DF?L@)T An exemplary
odi ment at about There

t
ZRTPUPRE™ B YRS AVARLIEIN TIF QT PRar RotloBe prrggeed peaks,
dat tlenaex almslegehe bemtm@rgaphy is tthep sotuhereh aif| theisizg-exclusion

c%?@rgatog)an?plﬁleyﬂ'z{lgoﬁ%f ?Q#l,%?egﬁeak *?&%&S{ ?sdargzp l’/éjt1I OL\ relative area

ﬁbwhﬂEe§ﬂEﬂe@1@K?Pﬁﬂ@ﬁbhﬁﬂﬁﬁ@ﬂahd Iom1nDIecuIar wei ght
forms to a first cation exchange chromat ography col um

UnGfRFal Qﬁﬂfilha:tbgmﬁhl% WhdtROA S ﬂfe@fru&a; mtiihtmg rél{ate& aétéhs are known to a
nono ate ol et e catlon
T el e el T Dot PPPSChEBR NP T oGUVBR Ry A
Fumdame PGy had décleriyudss dpdinedrim B.r(@d),t Bleevidrr Sdiercat Pudiishing
exghange 0 g c p n
CAFRBRAS, RAOTRIRS 480, CHId T8 RPN During - the
aﬂmrcnrnetogmpbmgrbtfffeom ﬂ@wmgfthmughvnheﬁ@iqn mbam@ fétromewgraphy
CONAAITHE “RPOhRRERh @b eere rlé/z{dﬁﬁs@&pdc@éﬂd%% @ thB ?equlrements of
recovere ol utl on IS |n%rga o the
6{ ﬁ|sFe§a q%ci:g étogfap yerﬁet od. [t transports the substance of interest to
(applying) and from (eluting) the chromatographic material.

In the first cation exchange chromatography step is the mixture of mono-
PEGylated, poly-PEGylated, and not-PEGylated erythropoietin applied at a protein
concentration of from 0.7 to 1.5 mg/ml, preferably about 1 mg/ml, to the first
cation exchange chromatography column in an aqueous buffered solution. In one
embodiment has the aqueous buffered solution about 100 mM potassium
phosphate at about pH 3.0. The term “about” as used within the current
application denotes a range of 10 % around the given value, i.e. £ 10 %. Prior to
and after the application is the first column in one embodiment washed with the

same buffer solution. For the first step in the step elution method is the buffer
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a), c) applying the recovered nono- PEGyI| at ed
erythropoietin fromstep b) to a second cation

We2pangeo chr omat ogr aphy col utm under condi ti OPGI/EP2008/005767

suitable for binding of said erythropoietin to the
cation exchange material confg@ined in said second

col umm, whereby the cation exchangematerial contained
in said second colum is of the sane type as the

GRhhgA t%XQHﬁit hfﬂ? wWiEH f@bd)@t' 1000 niM Jtlkﬂsfdm : h Phhte, déboutt 90 mM
recover e ur| a r qpoi e
SATLTS EY it a1 o Q0L T T GHALalHISEgAYa PEC
Gadgent) ﬁ-xCﬂﬁng@'rabbﬁcﬂﬁhgOBEGﬁht;edCGirb{mlcbg(c1di Qﬁfﬁatﬂedoumplmg
grlﬁugtghtg?aﬁlgggow %gwtyf%;ecﬁ e rf)lg&g N e ?l;ﬁ'ie $.H10 L h%f)lnoegl }?ange
othrtanpioglyiphptoldmrd des thmﬂenmd glemut tlprtbmedeemdh@tlon method the
L@é fheRd O qg ba%ug& Qﬁﬂ%%ﬂﬁ%é hf ggtakstmans hosphate, about

er nor as a mxture of no-

ﬁépynMEadlameahloaﬁa ah ALOPEGH Q dlnp Ehjsl Féep. t%mmo?%GYlated
A oikdtina rbvérbe frBEQHeiﬂrﬁQaﬁébe&h@ﬂgB @rbmaRgRIph@dolumn.

of the nethod_ is a m x
3?@?35 g doBITE R GG LA D ey Ol pErokimately
vies ght) foot: BE(VB'r) prefegatint S (viv)awithueified viowérf An. exglary first
rel.ative content t S
530 AR la, 1 A Fh SR BB 058y g s
Ahr@mmtlatlyn ahetbeditlogybuafferi is chaged tlona bt er‘eﬂtll abpe100 mM
?Hﬂaesglfun{ gﬁosgfﬁ@ é:H‘ouK I??O ﬁ%rsgéhﬁl;rﬁgﬂ&@@é‘& abbuf—‘th?hf—‘ Iﬁ“ﬂ%@ step

gure is the to area of th

Ao PR atek %fﬁthéﬂli’%ﬁ%‘i oﬁr é?ﬁo"q’ﬁé TOFbt | n fingt aa%%g%hange

p;ela&nh@ggipylgzeolamarea % i.e. as relative area
fraction of the total area of the chromatogram

(?i:}r a&o@actf Ehgg&%oﬂg\g hlbuff{cIe p t% éconlaekelg cilﬁﬁé ﬁraspge%thol?n exchange

athtom8egrapby iesanyphng toh nmmB@G)dpﬂqﬁ erghippeititiniipran increased
P@@tlv&?fmdﬁmtﬂ&mﬂ gJ& Rr @ %ea- ik @W@&roﬁat ram of a

sevi er Sci ence shi n
(S@ggsc usinh chresratogrpphe @f tthg onBeked twgﬁgﬂ%eg buffet of the

Cs@é&flﬁitétgrcﬁmhé’ nﬁmb@]f@flatb& efy‘tﬁh\@pﬁﬁtlhhfa@ llkgﬂilezisl?d?wﬁaﬁ kéipared
TP 46 18 B BB A SE AP I 6EERDY PSHU A nt the
tlhkatlsdf epgerdfof cinrarBEGyr &g eyythetpogdin i bt leasa A8 poat%. Inhenother
Cﬁlqgﬁt gngre%tpﬁg ?(%texlitoof(rﬁpggwE@I)at@d’]grymrgﬂ&(:@h 4 5@t 80
area -%.
For further purification of the mono-PEGylated erythropoietin a second cation
exchange chromatography step is performed. For the second cation exchange
chromatography is the collected and diluted through flowing buffer of the second
elution step adjusted to a potassium phosphate concentration of about 100 mM
and to a pH of about pH 3.0 applied to a second cation exchange chromatography
column containing a cation exchange material of the same type as the first cation
exchange chromatography column. In one embodiment is the second cation
exchange column and the cation exchange material contained therein the same as
in the first cation exchange chromatography step. The mono-PEGylated
erythropoietin is recovered from the second cation exchange chromatography

column by applying a linear gradient starting with potassium phosphate buffer of a
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In the first cation exchange chromatography step is
the m xture of nono- PEGyl ated, poly-PEGyl ated, and

WM2a09PHZy at ed eryt hropoietin applied at a pr oR&I/EP2008/005767

concentration of fromO0.7 to 1.5 ng/m, preferably

about 1 ng/m, to the first_gation exchange

chr omat ography columm in an aqueous buffered sol ution.

I n one enbodi nent has the aqueous buffered sol ution
QBﬁé@nterQn Flapet BRI M phtsiboat 60 dhMagpditim mhlotﬁid@.at Bbeut pH

{ d wt t t at i
S PSR i S B 7 OB bout 10
}ﬂIvP/wltBratmut t500 anM addiem thleridpptk iabamu pH 3.8. The changstin the

FH}{IW ch]%r € coﬁﬁ&?%ln%nﬁs li’l@%hggerv\gﬁltl h:otd?ﬁn %@ﬂﬁn&wﬁlg through

rfmnw bué‘ext mefrmofnedcmnge@b fif@ﬁt@nbllafchblrtedmllh hddipa@erium

t | lor
INREG PR e SR, (RBATS S i

@ma}sg@m is shown ip KguELyr espondi ng PEGy! at ed car boni ¢
acid, unreacted coupling reagent, and pol y- PEGy| at ed
exfydrhﬂhe Retdid Batineethdhgd clﬁxroamtbg“replqatdep Ms eke hmﬂg)ePEGylated

chr ra e seco e .
Bt B TRl Rt S BR b Bppogdiment
(o7 141 epumytdfaabaut95%®ymapot aSSI um phosphat e, about
250 mM sodi um chloride at about pH 3.0. In this step
t/bgaemoof) Sl & ek %Ftytshfa%ﬁble%m b E&EQM%FﬁQ)fflbﬁnéxchange
Tirst cation exchange chro togr aph t])é
CHFOBRBERPIKr Hudhe FEONEN SRS ethe grolyRspld %%%ngrfosf pcation
|e$tcl?dri Htrﬁﬂeﬂﬂ%@)iblﬂﬁﬁtsﬁleﬁgth 56(1\1‘1]{evc)onﬂﬁcti|vn§ O¥ the) buffer/solution
pref.er ur i

it Qg 12 St s OhEmbes kil Ghis. i pe acomplished

sithenby an Fiogeased BufféEcalt tchecenkiatidn st bp thenadditort bif ether salts, so

Séaﬁgd agﬂali, Q%g&} WQA%%J@? SQHB&?rDép%ﬁanlg%e%eteﬁltﬁm%Etfh%H is the

ot assi um pho
Jufer/salt porsenation 1%@@@ E)‘I-PIBCGdStep elutignsmethed) or continuously

NebntikfAds LR naNHYthBAPBR HAL frdLtiohall RAARRY &Th édn@mttah&l buffer or
first cati n exc a&ge chr omat graa}ggg‘{hcol um,

i MBI RT i e BLP il SBebnaodpap pride

td@dufmrﬁﬂp}mél @cﬁdnemhﬂng@amehr pomtsignapliyrids pontdumi wglfate,
mno-

re(ﬁ asstutty pé]o ae{ 8{}}@% hsr f?)laflc'iﬂrﬁ ;!u{])d 3 Weé)lﬂﬁ?ﬁ&%ceqqd or any

angdussof these h@npmmﬂ@gnanmbbdlaﬁw ﬂ@ f’éwmruglitoa‘nso ium citrate,

%Hmm%apg%tgﬁmhh&lsﬁhé %s:hﬁselmmrtg&e@f flowing buffer
of the second step) of the nono- PEGyI at ed

SpUA SROLELLR I8 L sseed hep COTPALEd Lo RELOL G
edibiofli BRIMbngd ematerial, such as preferably Toyopearl® SP 650 M. The
concentration of the salt, causing the elution, is in one embodiment in the range of
from 5mM to 500 mM, preferably in the range of from 5mM to 400 mM, and
more preferably in the range of from 5 mM to 250 mM. In another embodiment of
the invention is the salt causing the elution at the same time used as buffer
substance, such as for example citric acid or salts thereof or phosphoric acid or salts
thereof.

The mono-PEGylated erythropoietin may be used in pharmaceutical compositions
suitable for injection with a pharmaceutically acceptable carrier or vehicle by

methods known in the art. For example, appropriate compositions have been
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rel ati ve content of nono-PEGyl ated erythropoietin is
at least 60 area-% |n another enbodi nent the relative

weawpeHR7®0f nono- PEGy| at ed erythropoi etin i s aPCT/BB2D8/005767

80 area-% For further purification of the

mono- PEGyl at ed erythropoietifg a second cati on exchange
chromat ography step is perforned. For the second

cati on exchange chronat ography is the collected and

@tk:idr'ﬂ)%i ih hwmut 9 /Gdoony ;MD Mi@sgom h{B/ﬁﬁ%Q”dn@'W? 99/07401.
step adj us pot assi 0S e c:onc a |
%%gfe mfd AT rflaceatlmﬁo? ceep G‘? (e oon formuliting the
prodeel tthaﬁm\(kﬂtleﬁ Qfﬂh@ﬁaﬁ berarmilbaiman huneel plagima proteins, etc.
ntai nin jjen _exchan terial ,of .the t e
2 remppiad &, 113 pESERE iRfentiRh o el o bF for SRl T P mM
onéiuaﬂpmdssumnt phcsphtte seftwnad pHt Vmo@a«nimgngetonmitumgent e.g.

%9 rﬁmo&m 1 PofHE f@ﬁ\%apgweﬁxﬁkmg%&e Qn%ﬁ'rﬁ ))‘aﬁ'ltam

ane as rst’ cat ange C
ﬂl@ssermﬁlée rfﬂr?onFﬂE@yF%ﬂt@éll @ﬁ%%rtb)@omél' iuhnta@ ¢1 spepEgunts of

fhos-bhey ﬁee@%fthﬁﬁ;dlan] exC D gsoogiy AR 80 Eghmmpgﬂm
by applying a linear gra |ent starting wth potassium

phosphat e buffer of aconcentration of about 100 mM
Widdiﬁnﬂ;l&@tlbn 50f nivk Séh@'thrb‘pﬁihhﬁr gifeopbtetb opriodpéds 300 thadpresent

equ\(/jen %{1 u S &4 R th} lghos hat bUf f LT h%geé& m\ﬁdmlénstratlon

conce |on ) out
oif| thei d@n@tP}é@ximned pﬂyﬂirOPmEhe gih‘awg@telm producs oxtplemishes  this

% H{g@%t&g&e&m cvﬂtc!hqpuh,an Jtam@fhecepfsau&m &meaod cells The

The through flo ractl

@beﬁnweawloﬁomgomwrm etenwnvng 1ther e BEey! awghymlef@eﬁletm
%Eyzapfm&m ProdidCHRADR fofeulptdd vk Yerehi@h atfettive ibt &drhinidration

R G UL AP P o R RGb T St BPaB o Efesh g ized by
rfow cor REBydtiat eed dioadhealppiceictiogbdithenekbnieror as part condition or
Scti's*%%ea"fﬁegﬁ';ﬂ%m@?éﬁ?ﬁ%”%gﬁgg LtPorn';”m ﬁ@&ﬁnﬁm}% ?‘; .{? Nérhsuch

east are A person o
iag hm@ﬂa;ptamegusf aRiinirayengjg thfzﬁeont BIsFRSE ofiandities gh the mono-

Qdf eEARRIPRIRE APDprotelh PREIUCEGRMETHy STRP eRict tah®ount of

ol y ti eboundtofthe catl.on exch fge mat eri al t he
(SBRIERE ¥ g BHEr Of reRact SYRIERGt yIE], HGP Hothe exact type of
kroh & ieiohstheding tr@ﬂe@,&ﬁslcbgdithhmfghe tphﬁentdﬁen@(trhﬁag&s well as the

o?ileurnlrr]l Iresdxénrt]s? Er??%u]g?mlpgé 8 Caﬁorng %f Qn@bi %Qel% ;é ﬁ)EIeﬁ(g body

an rncreased conce dation o

aemigltt; prefesablpOhleto & algtpsr ksdvoslalweeghtemt/ |bcnld9‘ams§red: ©g. once
kﬁyffer sol ution. Depending on the elution nethod

is t

The following examples, sequence listing and figures are provided to aid the
understanding of the present invention, the true scope of which is set forth in the
appended claims. It is understood that modifications can be made in the

procedures set forth without departing from the spirit of the invention.

Description of the Figures

Figure 1 SE-HPLC of a mixture of differently PEGylated erythropoietin
including the correlation of peaks and substances.
Figure 2 Exemplary chromatogram of the step elution method.

Figure 3 Exemplary chromatogram of the continuous elution method.
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buffer/salt concentration increased at once (step
el ution nethod) or continuously (continuous elution

worgaobodR7by the fractional addition of a concePCT/EPAS8/005767

buffer or elution salt solution. Preferred elution
salts are sodiumcitrate, sofyumchloride, sodium

sul phate, sodi um phosphate, potassium chlori de,

pot assi um sul fate, potassi um phosphate, or other salts
of citric acid or phosphoric acid, or any m xture of

tZese fogﬁggeﬂti. In one enbodi nent the elution salt
ifsd § thodse, sodi um chl oride, potassium
SE-HPLde, or m xtures thereof. In one enbodi nent of
the current nethod is the cation exchange material a

strong cation exchange material, such as preferably
TayHpeer s¢mrayatSP 6@l aQdvedipgntertheiat apparoft nidecbdrt weight.

Cﬁﬂ?&f&& the ﬁlteH{ddog dble 1B g@@cterm@ n@&ﬁke | 5F &ﬁlﬁ,or PEGfated

pre e ran

er abl
femhf@wrm épw ol ?ﬁwlaramaghfcfpenb a@g ERgBEYLsi Pplv%@%mglaforms
Qlfndflﬁ Hér5ag@4 tﬁ%s %QrﬁMoﬂoﬁbtﬂﬂmﬁeﬂPlﬁﬂ?@%ﬁﬁiﬂe? ﬁ/&ltﬁ R€220-nm
vention s the sa in e el uti e
R ASHGTasE b b EPREE (ETRmaRS Kok 09amgn ol Tarmacia
d?hbretlc, aat-Nr:017-88371-91} loerae Stpansephophalr iIGL aclu_chrol(Pharmacna
{ech t ?rl\? E? STI}]? Olirf H9e E:)gl@ﬁlu?ls %gf:n%@at JH&%P ﬁta'tig 1g:!)TP(}'itions at

arnmaceuti cal I ONS Sul
|rnpex:ttenm¢ram1tehuang)hélpwa@mﬁ a@am §-4 aolémpt. aﬁieen@'akml@ﬁe buffer

Q§ aVERhidh Rolis IR KB With tab@ @It sodfifth &mml £ pH 6.8.
d%proprlate [o10) 03|t|ons have be escli be

Rs999H, onibe LA sstem YisdoBresn 9 cahhe ? @m@ia sample
Aiﬁpﬂ@tidﬂevcﬂﬁlﬁﬁ &f letlled NG R 6L 800 Q| The 3sBpRE abd giluted with the

R T RN T N e
Tdred. L orgpioli{860 pE 1ddde. famerdesnvith a\penttelmmmalytrtte)n of less than 0.1
frﬂé/m}ljr 351? doe' Gsegiourtnﬂlﬁgcp "P'l[;g PRk E}d{g‘np ha9§ Qfg?e%gedbﬁf £ &etector

contaihing a tonicity ag
‘6ﬁwkﬁg@mﬁ8?99§1 Cptlonally t he pharnaceutlca
conposition may contain a preservative. The

gEarEECfutical conmposition may contain different

of nono- PEGy| ated erythropoietin, e.g. 10 -
IeMhengtioh and pgrifictiorgoferyh®dpaietin Adm ni strati on of
the erythropoietin glycoprotein products of the

%0 01Etnl¥ ng&‘é&it | Rcdrfthe @)‘f'} 8|73£9) rat [Btfm‘ied as
R

refore, R Strati on
ﬂﬁn@H@EEMW5}%ﬂ1$99§hrop0|etln glycoproteln pr oduct
repl eni shes this erythropoietin protein which is

ippaiglent in the production of red blood cells. The
PEGylation of erythropoietin with bifunctional reagents

a) Activation of erythropoietin

Specified amounts of a reagent containing a blocked thiol group, SATA
(succinimidyl acetylthioacetate) or SATP (succinimidyl acetylthiopropionate)
(dissolved in DMSO ad 10 mg/ml) were added to a solution of the benzyl protected
erythropoietin, here to 1 ml of 5 mg/ml protein in 10 mM potassium phosphate
buffer supplemented with 50 mM sodium chloride at pH 7.3. The reaction mixture
was stirred for about 30 minutes (at 25°C) and stopped by the addition of 1 M

lysine solution to a final concentration of 10 mM. Excess amounts of SATA and
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phar maceuti cal conpositions containing the
nmono- PEGyl at ed eryt hropoi etin gl ycoprotei n products

woregpoloe2for nul at ed at a strength effective forPCI/EP2008/005767

adm ni stration by various nmeans to a human pati ent
experiencing bl ood disorders)characterized by | ow or
defective red bl ood cell production, either al one or
as part condition or disease. The pharnaceutica

SAMPOHetd Qé‘rﬁox"éﬂ)’b@edl@l‘i}ﬁk Nigain®l a0 A | Lsut@@tdnorpmpmtasouffer

by subcut ane rayeno i.on r

GOmRTE SO M %ﬁ@on 3 ol @5@ &5@%& ie protecting
glatgiaRs e Qh:ﬂreﬁf@édhwﬁthrl‘ﬁzylr(\b@tayfnmé'he exact anount of
conjugate is a matter of preference subject to such

ﬁCto%i§§anon<ﬁ§‘$ﬁﬂaf¥$ﬁug OIendltlon bei ng treated,

e con I'on o e pati I'ng treated, as well as
the other ingredients in the conposition. For exanple,

(380 1mgo mohexy-BEG-Refeivoidy (WMghB0.00; e Bheagmypter oPalymersy Inc.,
%&ﬁﬁllé‘g\lm%/a, WBiIAg N vas m@%htba laqrsbmt%%ﬁe&lﬁng 95 %;cfctwated
| oW hg exanp SeuSPEﬁE%f HOM
fen@m%@leame %awha’édntl& 511\61 RO i Ryftgr withe0 m
Qb@l&ﬁﬂkhlbﬁﬁéﬁhd@mdN'IQE)TA}.I@HSG?PGI lof résidiitﬁx@ msléls ehtlo between
or.t n_the appen ai i s understood.t
Aoirared S PriRRoBER BB kSt REcHbal Py A R R8O oy g 2 o
vi:tdhayt thepatditiorg dfr oM heuspis i}nydmﬁcylatremf rrebritonoad a final
%ﬁ&rm‘tﬂhbﬁ rbﬁo L8 @ %Sto': 'tlgfzuﬁl?ov% tt’c'PnLg\eoEo@lently linked

m Xxture o PEGyl at ed erythro 0|e In

ibhedked g 8fﬁépsc‘éfrthé P‘éﬂ‘faéﬁﬁi %ﬂhﬁwgmawere plpekedeEhe resulting

atgwt&i spd Et%’i ;éqx ﬁﬁrr@i@i*oﬁg%i&mrgzofﬂﬁesoﬁltﬁﬂ @ntihefree thiol
e r romat o

TESrY Bt TRtk e thioh e oy S, ffofed fiediately by the

SEuHHL@e&EtdﬂHiEGVS&PME ateat@lr aythiropoiatiic ao@icngtaiming freé thiol (-

%a ups ﬁ?ci S‘f H{cﬁt& ?’%%&%gT%efo?f%rﬁwg}e(m Hggnh Sat 25°C).

drhet muobog @edcHon [Way Simmdthyaﬂleweidgtmn pHa M2 ¥hdqueous cysteine

gfbml%ﬁ[uﬁr% ﬁnraf&e%cgrﬁ%c@t (ﬁ‘gzLﬁéM {Bst}@néacﬁbg hikt3e gxfgeggb%smutes
ui pp a nm
gEtst e thie gaousa;?ért € acipafsd %dee*Uﬁﬂm(fH? %9} gdisnqigeect with
39&}1 —PE’G&hﬁﬂaﬁmﬂe Biwetee Chlockedt by :thél 7adiBiddn Odﬁ 0r0.8 M N-
{]tg ?ein/a gaqtﬂ))m Wg% {T n_cLh Ifmgl cgrng?n(%aa%on CPf 5 mM. After
|3@ocnnatut@ cdmdmeudm:sg ateaction mlxture now containing PEGylated
erythropoietin can be purified.

Example 3
Purification of mono-PEGylated erythropoietin

a) First chromatography on SP Toyopearl 650 M

The first chromatography of the product is performed on a sulfopropyl (SP)
column packed with SP Toyopearl 650M. The column was operated at RT. The
maximum loading capacity of the first column is defined as 1.5 g protein per liter
column volume (CV). The column was equilibrated with a 100 mM potassium
phosphate buffer with pH 2.9 to 3.1 (SP-A buffer). After the loading step, the
column was washed and eluted with a series of potassium phosphate buffers

containing increasing amounts of NaCl. Hydrolyzed PEG reagent and poly-



10

15

20

25

30

roomtenperature, using a flow rate of about 0.4
m/mn. The nobile phase buffer is a 50 nM sodi um

w@bk@gphrre buffer with 300 nmM sodi um chl ori de BET/PP008/005767

6. 8. Dependent on the HPLC-system used, the nethod can
be performed with a sanple agplication vol une of
either 100 nL or 500 nL. The sanples are diluted with
the nobil e phase buffer to a protein concentration of

l@@@gtat&l ﬁ)rﬂ‘lﬁ/\i@;e G%rﬁ@vé&‘lhn' !h@cﬂomﬂfhr@uéh a5d fithe §1ﬁﬁ&}d§ht washing
oa eS..WM elrn Conce tr e
el SR, et J0Reh Tl eloveals Spflph 29 03

RO NG RINGI@I dedient dhibride (SPdbefférprespautitebngt h of 220
nm Exanple 1 Fernmentation and purification of

SHLSBERREEE AT PUAECRER euH 53805y popiom
whogdnteabuffer, i afpte 321, PE@}matrigoﬁﬁbfrnMr Wchlcl@péhlétlldﬁ (SP C

Wuffpr) bichieeddl 4 @l vegs%ﬁgﬁatcﬁre%hy ’%ﬁfu‘téﬁatl 50QitRf purified water. This
thrOQOIetln peCI upts of a reagent

yise i teegdeed e11‘f'f’It?)Pn§r10rup SATA (succi ni ni dyl
acetyl t h| oacetate) or SATP (succini m dyl

ahetcplinin Qp& epbseqadra)y \@d;ihs& ahtshenboi mI\DVB@ssadmllﬁhcm;}ﬁm buffer,
0, a.soluti o c

S 287085 sprming 2 SN lediR BTRAN BERTEIRS) o pymove

mmtedgsythmn@mmte rtgrhf:@te @appllumnt ed with 50 v

sodium chl oride at pH 7.3. The reaction m xture was

$)iskéd?d hPdm gfﬁ%hﬁl@n@pmﬁy@ PedrP6502C) and stopped by

the addition o yS|ne solution to a final

ncentration of 10 f SATA.and
Sty AeEd AL, ASET SOiRIBBP 268 St butter the
mmwnapeommsappneam i oG amiltheo dblumrchhothiertaftansashed
T
SARSEN Rk Ml ador BN SRR ORI, B
émyamgm;dmnetwmh 3)8@1099 Qfefrhmxy'o PE@OmMeispdigen (chiaride over ten
%glquQlQ : v§tlﬁﬁt§ m@hﬁgreﬁmvﬁﬁpr fGO V- potdddiiBYipHoSphate buffer at

di ssolved .in a solution containjng
q#ﬂ %«3 t’éétlr J&?&O%vs}tmﬁbw%fﬁ%me%e% IgPnie § ﬁng ﬁmtlons and
RAtSSLEGA Waeslmlaam)edbua‘eﬁammum SPotaddisadiydroghl ptidspkate to

Bléirﬁ?ggﬁ'% pEIE)IolSth The resulting nmolar ratio

After the elution of mono-PEGylated erythropoietin was completed, the slope of
the gradient can be increased leading to an immediate column wash with 100 mM

potassium phosphate pH 2.9 to 3.1 containing 500 mM sodium chloride.
¢) Regeneration of the SP Toyopearl 650 M Columns

The resins of both columns were regenerated in a sequence of seven steps. The
columns were flushed with purified water followed by a 0.5 M sodium hydroxide
solution. The alkaline solution was displaced with purified water followed by an
acid wash (0.5M sodium dihydrogen phosphate, 1 M phosphoric acid). After
another purified water step, the columns were depyrogenated with 0.5 M sodium
hydroxide for > 4 hours. After caustic regeneration, the columns were washed with

purified water again. See Table 1 and Table 2 for summary of column parameters.
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concentration of 30 MM (pH 6.2) to the above sol ution
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buffer), col

1:5 with purified water.

W@ eqoseh27Q SP

| ected in a vessel

el uate pool I".

and directly diluted
This collected eluate is

The col um was PCT/EP2008/005767

subsequent|ly washed with 100 mM pot assi um phosphat e

buf f er,

pH 2.9 to 3.1,

cont aqi ng 750 v

sodi um

chloride (SP-D buffer) to renpbve unreacted
erythropoietin and to regenerate the columm. b) Second

romat ogr aphy _on SP.To earl M The second col utm
G L8Pt B AR bratitlert] 11° 0T oo,
(Stérf er t he SBuffeuSelutipaol | was applied t|dCelnmncol ikfpw Rate
and the col iim was thereafter washed witH Bpumepyf { ék/min]
TyailibwattePEG) D& tredoldr petassopoipbosphateas el Ut ed Dby 1.6-2.1
appl yi ng a | iphea? —gcla@dPepbuffet)h a sl ope df from 50|to
K0fumivllsadi §SPehlaty pabté I,aliketed weith EW Ubn vagl umasa. 1.6-2.1
buf fered w {(1:3p0 mM pot assi um phosphat e |buffer at |pH
SPAMWasks. 1. | Toemineltlupbdtapaak phasphateact | onat e®-Bn up tlos—2.1
8 single frapH nos 3andSBadiufferpcti on was |directly
@Ghadfeatland t I GEMiidhipoitias slopevhyads smanmpiosphat €0 t o 1.6-2.1
iel@i@ase t he Nadl boerd 0tV Betwdbh bufférsP-gl utji on of
mono- PEGy| at add @0y iinelaop&théstui@hosphary, etled, the slope
of the gradiao nﬁﬂﬂ/IbBIaChﬁHQaEBEG.H(SBdi ng ffo an
i mredi at e colbufer)wash wi th 100 nM pot assi|um phosphat e
fdnde 9 TO0 3 |/Pwontal ni ng 500 nM sodi um chi orlgle c) 1.6-2.1
Wv@gw‘ﬁ%ﬁmﬁﬂ—ﬁﬁ—m%me e 16-2.1
resldls of both col uimms were regenerated ijn a S%quer_ ce
o RVER St §Ps. The col utms were flushed Wlthl puri fli ed

inse . UW?N a—O-5—Msodium-hydroxi drpu-u—z;—ZedM 1.6-2.1
e Folrgn oy d“%l{/LglE Bptic age. (IBO@LM sodj um>3 1.6-2.1
EBRAFAan piipdi ydrogemARCSBRREI ¢ acid)l After
dNsther purlfPVeéI”vvater st ep, the col ums were>2 1.6-2.1
depystiogenat g¢d.5winbHL Na®HA sodi um hydr oxi de| for>3 4 n. a.
holursn Aften caustic regeneration, the col ums weré
wagdredatwwntlh |puri fi ed water again. See Table 1 and
TRibbee 2 for |PWhiry of col unm paraneters.|Table21: 1.6-2.1
KT Sot aPSIRAB00r apny col unm paraneters n. a.:. not

|
applica ?eTabIe 2: Second chromat ography col um
paraneters n. a.: not applicablePatent Cains 1.
Met hod for the purification of a nono-PEGy| at ed
erythropoi etin conprising the steps of providing a
sol uti on conprising nono-, poly-, and
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not - PEGyl ated erythropoietin, performng two
consecutive cation exchange chromat ography steps, and

WO e@ovening the purified nono- PEGy| at ed eryt hr BEHER00$005767

in the second cation exchange chromat ography step,
characterized in that the sagge type of cation exchange
material is used in both cation exchange

chr omat ogr aphy steps. 2. Method according to claiml,
characterized in that inpitbg ORipQd the two
consecutive cati on exchange chromat ography steps are

per f or, SI |ffer nt.elution neth ., Method . .
dccor &Hﬁg “? Fn puri gﬁ%ﬂ(ﬁ‘ct ﬁe’ﬂi’of’ﬂ%tlﬁf%ee'ty%(’pmenn
conse@utnpmmgahe step eafpranging i sal b0 gomphying tnegs-, poly-, and

gg??relr 2 oL é)(i é%rﬁgoéttn? ﬁ)%i‘fo%m%?t@*}(}y éo%?ec%ﬂv@gé{%%u&thange

pol y- chmmatPE@phm gepser wmrr@p@feengntheamﬂlriﬁ@d/ minecREGylated
wei ght, )ttﬂf idtid 3nf HeSle&Rld QQn(%(C&%H&?geC Qr,mmgtegr RN Ystep,

colunn r conditions suitable for bi'ndin ﬁ
mono- PE@}Ftéflé‘%ﬁ BY theh thpeins PiReLal calien exhaBEF B geused in

nat er ibdkh EdidhaxbiRmhge Bhodhdodrapls stggl um, b) recovering
nono- PEGy!| at ed erythrop0| etin fromthe first cation

cha chr omat,0 el
ot hod TePH SRR ERMr L, BB R LR T B Fined; the ovo
of t heoh$ecough citicowexdpabgd thromatbgraphyn stehe afe epctfptmecbfusmg
said 'H?f?é’reﬂ-:e@tlxcﬁ{ﬁgthg)m’t hropoietin in the recovered

solution I's increased conpared to the appl ied m xture,
3 applying the recovered nono- PEGY ng
yt hi¥pbpdiaceordings teglagy 4 rharagkseis l%éb?toﬂleema?@éwtwe

chr omech 6@ &pdhyngeodhbiha ycmp@ltctm se thelfdliabligg deps:
bi ndi ng of sal d nono- ngyl at ed eryt r opoi et| nto the

cation exc ge mat er i a!)u ont ai ned Ln

sai.
col urrr?) Wpe}'e yOEHECE R YO EX Lalltﬁon “oraf ”sm%fl rrc’:”cgr?tr%o%ré1 o

in said pelyomdt-PEGyhated @rytbfropmetnsané low pwlegslar iweight forms to
cation eXCME%UQﬁt %[Ch?lll @hltoli]l% Qﬁrﬁ?ﬁ Q@idﬁw’ur@er conditions

recoveril ng the purl eryt I opol etin

in a sub&fkbleg Hr 9@%@@&@%@‘¥W%@Y gl sevEhreRRigipy to the

cation e&&hﬁﬂﬁ@lﬁ‘dﬂg@mt&% aphwinealinisaid Byst doladiH, i nuous
elution nethod with a conti nuous i ncrease of the ionic

St renq})hre%gvetrpn% trgcr)r%'l %%nyia%/c\f negyt%lr’ggmetm from the first cation
exchange chromatography column by a step elution method with a
stepwise increase of the ionic strength of the through flowing buffer,
wherein the fraction of said mono-PEGylated erythropoietin in the

recovered solution is increased compared to the applied mixture,

c) applying the recovered mono-PEGylated erythropoietin of step b) to a
second cation exchange chromatography column under conditions
suitable for binding of said mono-PEGylated erythropoietin to the
cation exchange material contained in said second column, whereby the
cation exchange material contained in said second column is of the same

type as the cation exchange material in the first column,

d) recovering the purified mono-PEGylated erythropoietin in a

substantially homogeneous form from said second cation exchange
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4. Method according to any one of the preceding
clains, characterized in that said cation exchange

woreaoeni@ro i s a sul f opropyl cation exchange matRCT/EP20085005767

Met hod according to claim3, characterized in that
said stepw se increase of thgionic strength in step
b) of the nethod is a three step ionic strength

i ncrease. 6. Method according to claimb5,

char act e¢{ragfdtdghapghyatolubith MINQ- BHBHBLE Clution method with a
erythropoi efi n recover

In ste cov r din
the secofRRTEUEHS ’&F‘qafFeOng%t?“éq ﬁsferlsﬁl qtét“h@’a Qing Byfter-

according to claim6, characterized in that i n sal d
gt ep Meth@&i Mecorfity ltatag one pf tt’remjededtrigml:ilmsr chmeaceerizdd in that

after t. I st |on| he thr h
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eryt NP, Bt | 'sGeﬁgih rlﬁ% X}eﬁ)egf et I%Ethtoaeis tahiin & ét&p '1&nc strength
strength i ncrease of hrough fl ow ng buff .

Met hoddé€¥6r di ng to any one of clains 3 to 7,
characterized in that the difference of the

@oncemnetabd arcatlidghe sla:lnt 5¢ ahahctgnidaleinethat itlod) mdnot PEGylated
Zggﬁ gl)l"’(tllho?gr(]n el rhegcq\fe(r)% in s?% e?ﬁ Igenrecr#(:e ms)ercgnél step of the
Met hodtqvcedzlmqnmgthpd any one of clainms 3 to 8,
characterized in that said aqueous, buffered sol ution

cont a'M&hBH%@&QfdgCtoa@lhi% Qs cRathtidriidaemedfa uorsalal dép 5) poly-

acid or sa reof ,. | r salts there

as bufHEY %EFE%WQH@BOICQG 15 R?é?YFéEfFé@?fot Y 1PRyc éﬁﬁn%ﬁéncrease

81; C L&if e ﬁlrb@g}QﬂO\Oﬂﬁg batfes rrhdrﬁdPEGbehzﬂter?thr@ﬁh@nS% eéhovered
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9. Method according to any one of claims 3 to 8, characterized in that said
aqueous, buffered solution contains phosphoric acid or salts thereof, or

citric acid or salts thereof, or histidine or salts thereof as buffer substance.

10.  Method according to any one of claims 3 to 9, characterized in that in said
step d) the mono-PEGylated erythropoietin is recovered from the second
cation exchange chromatography column by applying a linear gradient
starting with potassium phosphate buffer of a concentration of about 100
mM with about 50 mM sodium chloride at about pH 3.0 and ending with a
potassium phosphate buffer of a concentration of about 100 mM with about
500 mM sodium chloride at about pH 3.0, whereby the change in the

sodium chloride concentration is linear over ten column volumes.
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the follow ng steps: a) PEGyl ating erythropoietin, b)
purifyi ng nono- PEGyl ated erythropoietin with two

W@ wgeo2rt ve cation exchange chromat ography stREEEP2008/005767

wherein the first and second cati on exchange
chromat ogr aphy steps enpl oy 4se sanme type of cation
exchange material, c) recovering the nono- PEGy| at ed

eryt hropoi etin fromthe second cation exchange

Qi oM QRS ARIYhEPIJANBLIbNoPa MRS IFETyIALd ¥y BPEIeHE Odksiprising
form 12 Met hod according to claim11l, characterized

in t hake folloying sfPFhod the two consecutive cation

exchange chromat ography steps are perforned using

di f f enenPE@ylatingerytiedpsieksn, 13. Met hod according to any
one of the preceding clains, characterized in that the
secon e - .
cat i o%) e@”ﬁkﬁﬂlg ﬁSSH ﬁ%de ﬂyﬂl&’b‘?‘ﬁ{é@‘gﬁg@ ) o r?s%apt ve cation
the cati @whmhdngmammyastem whieeein |th9tﬁratam<bﬁecond cation
exchangeeyThi &l %hronqaz{o grYBiy QfeRCERPRIyNShd QaRRY @€ oPfcation
t he preceding clains, characterlzed i'n that sai'd PEG

resi due fshangefarteudl ar wei ght of 20-35 kDa as |inear

PEG and 40 kDa as branched PEG 15. Method according

t g any) Oigaeoiﬁcrlntghﬁe M@QEEE(DgaQH&irYfEropbﬁhﬂmaﬁ?bmrﬂhZ &éekond cation
t hat sai no- ted erythro 0|e n alned Ln

a subst a?ﬁ ge C]ill%a% e s P glr rﬁp cont a‘?url?l‘“rsﬁl88ng o%ogeneous
95 % by ﬁnea of mono- PEGyIated eryt hropoi etin

determ nd by size exclusion HPLC. 16. Method according

419, any\&Red q&otraﬁ-. RB%&%QI1ngcmr9dtéﬁbedqnalaﬁqﬁené ﬁf%ﬁuddrkhe two
h d hropoi etin is recovered

that said npno-P &é

1t EOnIEESRYE GRITe ﬁ%ﬁq@ oarﬂtwlzygﬁtgawr%tpéﬁom% using
a puridifereht eliich inbedde0 % by area determ ned by size
excl usi on HPLC 17 thhod according to any one of

C1I ai mi\/léhsol & o’rdm 36 aCtI ne a Lﬁ}eéfggxg[ﬁiﬁqhg &oalfjfc%ﬁzed in that

buf f erat ronecont ot assi
phosphht eecond cation exchange material is the same type of catlon exchange

material but not the same fraction of the cation exchange material as the

first cation exchange material.

14.  Method according to any one of the preceding claims, characterized in that
said PEG residue has a molecular weight of 20-35 kDa as linear PEG and 40
kDa as branched PEG.

15.  Method according to any one of the preceding claims, characterized in that

said mono-PEGylated erythropoietin is obtained in a substantially
homogeneous form containing more than 95 % by area of mono-PEGylated

erythropoietin determind by size exclusion HPLC.

16.  Method according to any one of the preceding claims, characterized in that
said mono-PEGylated erythropoietin is recovered in the first cation
exchange chromatography step with a purity of more than 60 % by area

determined by size exclusion HPLC.

17.  Method according to any one of claims 3 to 16, characterized in that said
aqueous buffered solution contains about 100 mM potassium phosphate
buffer and has a pH of about 3.0.
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buffer and has a pH of about 3.0.18. Method according
to any one of the preceding clains, characterized in

WO baw/0i276ai d chr omat ogr aphy steps the pH val uRCHEP20h&005767

solutions is about 3.0. 19. Method according to any
one of the preceding clains,ycharacterized in that the
salt causing the elution of the PEGy| ated
erythropoietin fromthe cation exchange chronat ography

Q8! UMgeth&d El&@wg}; &b %‘éf‘bﬁg oﬁfheqﬁééeum CAMifs] Efiracdrized ir; that
pot assi um chl ori de. : od accor.di ng,to any,one

Dhe- a0 £ A SATARRY S FREAE bEADEPEHF THALETS & Apout 3.5
erythropoi etin has the am no acid sequence of SEQ ID

N@ 1 Methdd according to any one of the preceding claims, characterized in that

the salt causing the elution of the PEGylated erythropoietin from the cation
exchange chromatography columns is sodium citrate, or sodium chloride,

or potassium chloride.

20.  Method according to any one of the preceding claims, characterized in that

said erythropoietin has the amino acid sequence of SEQ ID NO: 1 or 2.



