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24383 WO ASK Chr omat ogr aphi ¢ net hods The current
invention is in the field of chromatographic

wogepariat7ion net hods useful for the purificati eaTaP2008/005768

pol ypepti des, especially of PEGyl ated pol ypepti des.

Background of the Invention Proteins play an inportant

role in today's nedical poryfolio. For human

application every therapeutic protein has to

distinct criteria. To ensure the safety of miggz,wo ASK

bi ophar maceuti cal agents to humans by-products

accunul ati ng during fcess have to be

rem)ved especi al ly. (E]H}S?B %Q%?}[ ﬁg }B{egul atory
ecifications one or nore pur|f| cation steps have to

f e|cyirenhimvaRHQIT icR the #e)d pf sreaatogaerltig saperasiontagthgds useful

Y thle Yurifibd 0 IPslypepfiesy éspbdalBl GHP FOY1dteOPslseptides| e

I n determ ning an ‘appropriate purification process.

 ffer en(t1 t hods are well established and w despread
:m&@%&%—% i fication, such as affinity

chromat ography with mcrobial proteins (e.g. protein A
diroteirst play @nafrhpoitant chle omattodayap mpgdical opotfotiharfpe human

%g?ﬁ%toggé éﬁe(a?egtls %%t%‘ﬁnha%xt% Q&edlgr?}klrtn cﬂperr{%pkf‘o &lsure the

ani on exchange no et
mrwwﬁ@a@w shhesenstigeno uﬁﬁuammlp%ng during the

§@miohoer&c@ssg ha¥éd t§ hetramerepripetananglo angl otheeregdlatory
ydr ophobi ¢ |ﬁteract|on or ar

SRUGRSEP OBh S EOGLPABRA R, YN BnETgT DepRapbgring
qzae@r em@iy biher thesgsnpurity; throaghmopirehyitldglgnarcinapordint role

hel at ffinit h h
P A b A RRETRLAREARTY (52 Chcl'usi on

chr omat ogr aphy, and el ect rophor etical methods (such as
deiffexsing cme r exsi swell sgstablished @ndcvidgshesedsiugad for protein

(pdrifRY@d ks an‘nAy chiRRAtogBpRE Wﬁmm@f&ﬁﬁcﬂ?ote}ﬁ (e.g. protein

( 1998?)1@%39 éﬁg Z%_SPVCQ yq)rg%tgg))&%ygbﬁo% E%ngetlrgg%dchromatography (e.g.
|Cﬁt161|i | etthanige Qs&l[ﬂ%r@pﬂ% da2Byxyniedhyl ReSingndnion exchange (amino

r%rllgs(i) S ag& (i/@}odr]%': 1%%8%c@m1%egg{}11()op£}ll r@gclsg{p{[j%l e(%"é] #fth beta-
2@05?1[0108641991 alfd) othercbidt bghnask i fb@dﬂ)/pfb@yedntﬁ@stlm or aromatic
pard% kiBA cﬁ%&n%@%%ﬁﬁé‘ EJSé 34 Lith }aﬂéndﬁ-lééﬂfa;bs@%xpﬁmdp%ﬁ& resins, or

COlTp 1Sl ng human serum
AN AP RS YD ogaryc % mfa? ithehipmatestarly (¢g with
20067 -0 10 37y ( Jl)éhlﬁﬁimf)or miat¥riah)f eﬁikn efxldﬁlm@ﬂs .chromatography, and

electrophoretical methods (such 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
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Necina, R, et al. (Biotechnol. Bioeng. 60 (1998)
689-698) reported the capture of human nonocl onal

waniwbodres directly fromcell culture supernaP@mEB2008/005768

i onexchange nedi a exhi biting high charge density. In
WD 89/ 05157 a nethod is repert-ed for the purification
of product immunogl obulins by directly subjecting the

cell culture mediumto a cation exchange treatnment. A
@ndlasgepnepiua iekhibatinigo highf chapgro demsita! I g&EOaBH0B bTH esmethod is

F;ane?qﬁf‘ ﬁ]ﬁjﬁﬁifﬁt{:gé%ﬂ Sf ﬂgﬁ%& é@%&.\lﬂ}%@@h?k? ﬁH‘@(ﬁlggub)e@t‘ing the
sell icalpnregmadiven ypapeation exehangs Esatmanged ORESHRt DifigaHgn of
irfoRRal B Adtib0@ied G Rrrh868citel ivhéehb&l 19f PehieRion\as Rt al.,

(PSS bk TR, PR U LB SRR o

RWEHangE Qﬁrdrﬁﬁogﬁphy li® rﬁqior&ﬂt inbodad %0@@2@8660%%&11“ ®gradient

of hree hro to reported
G50 FOROPE AP aR G T P ERTIA T nofe iy 1
dﬂ’t @1@3’1)14452 a psocesspior pedfying MG mGnoclenalaintibodins Py @@egxbmatlon
7 9 | mono-
S Sl A0yl by 0l 4y b o
;ﬂﬁG atehinteeuin- ﬁTF‘FEBtCéﬁﬂP’éS@éHISlrﬁPCEt@o‘P ByG-actdhpin Process
HisRcleRl! &p(mch@ng@m hwanRgtear EQWh‘xﬁé quetau aépnc(eme (2005)

e g1 rpart ohe GMTBERILPER FhRte B9

5585 oIER y a two step
Ct@t‘iseceuthamge ichroreatoiaphe Yin etmal. dyuaphy, sttzdpsl Bueahmoy, 118

|
B g PP RIS BRAEH o PeDRSEHIGRSE LB Laftcurve
ohn@ndtaogqtalpnwa@@gr@WmHSer the el ution of conpounds

of interest conprising the following steps in this

uql,e,;,ar ofshdidveatiggdsor bed pol ypeptides fromthe col um

an aqueous uffered sol ution conprising sodi um
lorid a concent ration of a
f(II;'BFs ﬁﬁpﬁ@f i <G, Veflﬂ%mneé%‘%%r e rege&%’wnd acation

Q:xbhavigs odhir oumma togerpdiyi cddumal aftérothet dutibwe (ﬁo(cqmppunds of interest
f - jed water, - applying a

JO tisg%t%gﬁ%%%}ﬂgﬂeﬁlgl?m@%d i um di hydrogen phosphat e

and 1M phosphoric acid to the colum, - flushing the

col umfluiingnadsartied; radvReatides, fromaihis|opitipn avith an prassys bffered
hydr oxbRRiohQoiprRthg s diune cieletidemt £ @ncaitrdtRasif aéleBQB08 mM,
and- regenerating the cation exchange col umm by

fl UShIfﬂ%hl hahcol unm wi

€ column with I[;]urlﬁed water,

applying a 0.5 M sodium hydroxide solution to the column,
- flushing the column with purified water,

- applying a solution comprising 0.5M sodium dihydrogen phosphate and
1 M phosphoric acid to the column,

- flushing the column with purified water,

- applying a 0.5M sodium hydroxide solution to the column for at least

4 hours, and



10

15

20

25

purified water. Detailed Description of the Invention
The current invention conprises as first aspect a

woredobod2for t he regenerati on of a cati on exchaP@QEEP2008/005768

chromat ogr aphy columm after the elution of conmpounds

of interest conprising the £al-lowi ng steps: - renoving
resi dual bound pol ypeptides fromthe cation exchange
colum with a aqueous buffered sol ution conprisin?
sodi-umegehtmting ehe -cafibu séxchange heolemwh upsn fwishing pihei dolenin with
wat er . . I.ng a sodi um hydroxi de solution to the
colunﬁynﬁggﬁh%hing the colum with purified water, -
applying a _solution_conprising sodi um di hydrogen

Lcsailod ldescriplgomolthsdayentioni d to the col um, -

flushing the colum with purified water, - applying a

Ohe dh2adinven iy Eenipses 30 figdtiagpect @ nidikod Jrub® rég@hertion of a
| east 4 hours, and - regenerating the cation exchange £
e SRR (PR B oA R [ FHIKSG Sh-mPorRds ©
tieterast’ gumpdisiggthedolerwingstepsed Wit hin this application
denotes water for injection according to US

Phar L.a. t "1 - tenrial o S

M R e e T
nol ecVifya ssieght bwfiared solutien comprsiegsadbwmicklaridg: bound
charged substituents used as stationary phase in ion

exchanmgshiah Henal wahaatypurified water; al | charge neutrality
not coval ently bound counter ions are bound thereto.

The "ion,_exchange erial" has . the ability to
excﬁaﬁgngggaﬁﬁ-rggaécgﬁﬁﬁgltgag %gaﬁﬁlg?’yons for
simlarly charged ions of the surroundi ng sol ution.
Dependiushjing the ¢pdurmnarigepwifigdtwatenxchangeabl e count er
ions the "ion exchange resin” is referred to as cation

exchangglyiisia Llutdh adhfPHsaeC Rabgen f@ﬁﬂyﬂr_-og@@DFH@'dp’P@te and
on the_ nature of thﬁ qga%gfd group (substituent) the

"i on SPCRRINGE e fumBi erred to as, e.g. in

t hecase of cation exchange resins, sulfonic acid resin
(S) ,- dlusking ftlogpeodyoyh widspurifiecdRyateor car boxynet hyl resin
(CM. Depending on the chemi cal nature of the charged

gr oup/, Egﬁ%}gﬁfm tsg@luﬂ ggdl%&ﬁé%midne% Bhe €80mn for at least

addi ti assi as strong
4 hours, an

- regenerating the cation exchange column by flushing the column with

purified water.

The term “purified water” as used within this application denotes water for

injection according to US Pharmacopeia.

The term “ion exchange material” as used within this application denotes an
immobile high molecular weight matrix that carries covalently bound charged
substituents used as stationary phase in ion exchange chromatography. For overall
charge neutrality not covalently bound counter ions are bound thereto. The “ion
exchange material” has the ability to exchange its not covalently bound counter
ions for similarly charged ions of the surrounding solution. Depending on the
charge of its exchangeable counter ions the “ion exchange resin” is referred to as
cation exchange resin or as anion exchange resin. Depending on the nature of the

charged group (substituent) the “ion exchange resin” is referred to as, e.g. in the
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or weak ion exchange resin, depending on the strength
of the coval ently bound charged substituent. For

we@z@aple71 strong cation exchange resins have aPGUEPNS/ 5768

acid group, preferably a sul fopropyl group, as charged
substituent, weak cation exelhange resins have a
carboxylic group, preferably a carboxynethyl group, as
charged substituent, and weak ani on exchange resins
hwmfacadoxetwbagn resies. oyl fogicawid resindBharogedlfepropyli tesiaSP), or

h
g oﬁb&%ﬁngﬁp dLfEREM! %eg)@mh‘ﬁ S ERAREEN Il ROV ARD Yeharged

nt al ns a sul prop cation exchange resin,
igreup/substitent thel femp p)@cﬁypgecg@qno iraprdfitiegally be classified as strong

%h[\ge{mtlleg reﬁﬂmﬁgg Q%ymep@haﬁlg rSNthet 4RSS bS ulcm%f»a;eha;a ®dund
| al.s | statl Qnar ases, re aval . abl e u

ahaieed Shtinnghb Fon pErERle @éngﬁmq éxghange TEYRLRAYE éé“@%‘ﬁ acid
%So@ gaefaablyamuﬁapﬁm@y@oﬁp,tae khaked Ribetifeex(, Weak eatihn exchange

Macr

(résD %S K %F a (éﬁr xm‘rghgr p,zgreg}ﬁ)q)’&é( %rbf))éymetg}/l u&ow charged
WPhstahéntawad Mebk enfomomcbamwsmaﬂmwamodlﬁé‘elanmthyl group as
ac]égll%le kgsluﬁstLt pg}?er %ﬂodl%\f\@)&ﬁg )ca%(; ezcl‘?a Elﬁl%ﬁatography

em ca any, Mistang C
aohImm priamg @ns.uifamo FAONACRANGE CRYR, ureostels enw’(f@Peryl cation

texggnggch@g;atog}yﬂgrcoﬁlmﬁart i sphere avail able from
What man pi c, Arrberllte(r) IRC (e.g. type 76, 747,

St sssbRp Lo OB haRer S SBcat ettt o' e

bféennohmidd 806 oavainhdbtuelefaf aonBiao@ssoch habg, cation exchange

- h
ELEALERIE Ty FACALEICRR, (o ol e o
BiMs yidighns, Zﬂs%lﬁﬁl@ 3. ( &R, 50YWpeMB0 2d) a"é}i@é‘k from)| BioRad
GMbbRt&Hes! W&Z%aﬂa&%&mﬁéo@éh 'éx@) , DbRexBRIAE- ﬂavamme from

ON, 825 | EC QA .ty avail a
SR ochesailc omran Shians) o S piiarte EST pan
a@bbabbea, Celbivde CHr @y Tigel3obdy Ih@ped—Dc paritisploane available from
odi nent t he.cat.i I &
B Pl AT AL o TR B R A 7488, R RR8 T 73,
droy2B&r1®olre. gvmmfo?@a;@l\gmf?(M) by pleble| fram Tgls’olas@mwme GmbH,
OUr P@O%n@tl@%@@%ﬂﬂﬁ@’fro% HD @}Y@ﬁ;— L'%bs,ESTe }Q’Ed’seTM CM-

o o%r}ﬁ?@ﬁ%n&ggpl%ééfﬂ%tg%b% k&aiglce(rg, %V\(l)er)(()f \E]ﬁgl]éla%glgablq TOm ergeptlve
Bhesyaex{sr}\sa% JREAE( . @ypeed02L), GMpaloP PIBEPCN) (agAﬁpcaB:ts 2825,

Ae e ST SRR PRt A bl from

%@kceAQerlAa\D(hSepﬁav\bsatu:pp PkdkEn Se ptesino seaifableg.frangp&ichrom
GILE-CEF g'e:‘) Tln 1§(£42358P8%n§%9tt9e Qatlcgﬁgi&a§gcalrﬁater1al is a strong

aval
cation exchange materlal such as Macro-Prep® High S or 25S, or MacroCap SP, or

Toyopearl® SP 650M, or Source S, or SP Sepharose, or POLYCAT A. Exemplary
anion exchange materials are Dowex® 1 available from Dow chemical company,
AG® (e.g. type 1, 2, 4), Bio-Rex® 5, DEAE Bio-Gel 1, Macro-Prep® DEAE all
available from BioRad Laboratories, anion exchange resin type 1 available from
Eichrom Technologies Inc., Source Q, ANX Sepharose 4, DEAE Sepharose (e.g.
type CL-6B, FF), Q Sepharose, Capto Q, Capto S all available from GE Healthcare,
AX-300 available from PerkinElmer, Asahipak ES-502C, AXpak WA (e.g. type 624,
G), IEC DEAE all available from Shoko America Inc., Amberlite® [RA-96,
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AX- 300 avail abl e from Perki nEl mer, Asahi pak ES-502C,
AXpak WA (e.g. type 624, G, |EC DEAE all avail able

w0 e@a0BRoko Anmerica Inc., Amberlite (r) PCT/EP2008/005768

| RA- 96, Toyopear| (r) DEAE, TSKgel DEAE all avail able
from Tosoh Bi osci ence GrbH, -Miustang Q avail able from
Pal | Corporation. The term "flushing" as used within

this application denotes the washing of a colum wth
tlagopaarlfoDEAED [TiSKgely DIEATe 8l afvaidabdp éwminf i Brdok dBinsdiange GmbH,

yf&st{ FavaiR ffc}m@aﬂ)hoﬁl%xjaﬁgn exchange naterial "

two consecutive 1o0n exchange chr omat ogr aphy
st eps whi ch are perforned '??yh enpl oyi ng an identical
dadei srmeishinge asesed i withinTHiiss applicagon Ifienotepthe washing of a

CONSHEFWIth Ro R R cAEAIARIEME SRANPBLAFERRINIGH. ePS ar e
carrl ed out by using either a first portion of the

h t I the fir, t h
TR iR oo b P PGB IRV SLAS AT SSSed Wor dTBHHE fon
teh&asgfrehﬁmhatograph)c btepgevhiai afei @drfofrmied tHyeeraploging an identical
ca 1(!)r9 MexChat %”%%te‘%ﬂ OfFRYs %@Hb%hé}h t}pey Cgﬁgeggtl\}. h%at?(%mexchange

I on excrrange na eri aI exc
@hrcmr«etpgigphp htypswp@rrlqtheuit by neing Sttbq:r aeﬁwt |p9rt'roraﬂf:|the cation

e§$}§%ﬂﬁ§ bidedr D f(ﬂ:elthg 35t catibh CRcHAhSe HBehak HRQEEAPbY using

his ap ation, denote a metho erein e.
tthe 5*’(‘,‘8ﬁé Srhan 4 rfﬁ@)fsalee <3Her a?ﬁe‘ensaa%%tﬁrgalgﬁm% ﬁecorlg geation

teh@haelge smOm;itﬁg}apﬂy éar b)OLiﬁﬂg c}wmmruiuﬁﬁ QRttangahtdrall for both
i.e. directly from one

\f& %‘é‘f’fC§%fé$e Clhéoqlﬁté)gﬁaé)if' SVB? ue/level. In this "step

el uti on" one or nor e conditions, for exanple the pH,
tThe itomsc ‘éstqperql;mmnn ‘comdeniistept i dbstiaof medwidf, amighopre used

1Hl%ra‘hlaﬁ%¥ Qwﬁihﬁ Oﬂﬁ% Q@f)ﬁ&tﬂ%n, | ®h8tee CW V@lllérelﬁt e.g. the

once first startl ng, vaIue to a seco
gogcentiatgn, Ofvamléstancefecaltsr{e gloHant i-entheafissalnien 4 bound

| OFR ﬁﬁﬁtfﬂiltlya mat&@ial,Sis Gfﬂiékdi or lb\?ﬁ@@l’h& roﬁh%taff(@ drek & one
n.the s after ea
ARPAGELtT e PRy e L reR: ea Bt Pafht fiorE@itons, for
cahinplet the .pHLthe 1<6ma(str|emgthcour1tcantm&1drhef goapoundds the flow of a
FHE&ED gagﬁgolwaw?hdnggd SNCRANE £ & ﬁﬂh é"%stt‘arhﬁg y3lue to a

correspon elnionic stren
ispeandas & fined \@bwdm ithe sonditionrearachinged inqrementally, axgtepwise,

$h@Bntradt t18 lifkdtichfgdTBl fRd'ste fbﬂlttoelrrﬂsthoao RLdfieH @At increase in

ution cont nuous od", which are
Fhe P e A P e BTt s Hhsnisrapopnds
rf@&d%&dvﬂhﬁh ehdiof. cgchatdge i ads ntxt}atheanrmﬁpoandmgmet:&nseen ionic

USItHg ﬁl ruéac 11’1cre 133 thg hoendd tllosnssoa.lréJ 4 Mai? ai d%llbﬂ%I rﬂgxt step in the
o' 7o TRy P
Conpound from d aterial, is rai

@bﬂtqnnuenhsﬂy, i e. t he concentrat| on

The terms “continuous elution” and “continuous 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 continuously, i.e. the concentration
is changed by a sequence of small steps each not bigger than a change of 2 %,
preferably of 1% of the concentration of the substance causing elution. In this
“continuous elution” one or more conditions, for example the pH, the ionic
strength, concentration of a salt, and/or the flow of a chromatography, may be

changed linearly or exponentially or asymptotically. Preferably the change is linear.
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is changed by a sequence of small steps each not
bi gger than a change of 2 % preferably of 1% of the

w@emgenkrat i on of the substance causing el uti oPCT/EP2008/005768

this "continuous elution” one or nore conditions, for
exanple the pH, the ionic steength, concentration of a
salt, and/or the flow of a chronmatography, nay be

changed linearly or exponentially or asynptotically.
Riheftermablapplying tof amgegramniaticalasquitadente therecd ps | usedh grithant this

%Eﬁh&%mhbt‘é?k ﬁﬁg}!ﬂ XQE %'PB%;uh'ﬁ@a[t fm@ﬁwH%ﬁ%Hﬁ‘&H Didlution, e.g.

applcalo enot saparla
sonfainiea Bbsiaeh e interaihite freapusifieds iofroughl in contact with a

Q&'ﬁbﬁhr@rl PHas& mba%@%sﬁ@f a) ?ie%ﬁﬁiont i9 aB@edty 4 Ehﬁﬁnat@aphlc
act, w a s

dEEH o3 gt O SEHRTBIRIRIOH PEVERGYcD) ek a stationary phase is
ahﬂams cogd.f aplation de Icé:se a)nthmonhxohhe gstcamamiﬂg yhebatseance of
Wgreg% ﬁa?l?é rP““lﬁﬁb c ggseses %hlf’ofjilg t&n a{tXté(Pna?z ephase ﬂ{)wmr% Por an
tilterastibs batveen dlfie stmceme)sphatso aha tlmnubstae@s 1rpecsls@<$n Dependlng
Fo'ﬁr@lg%nhnﬁ)ng,és?l&ggﬁ%{g% g@%ﬁd@étivﬂ?‘ E Jo%'&erﬂgation, temperature,

I nteraction st at | onar ase an

o8k dleverate, some Sulstases hdthe selnHgn eﬁf havaddefbg statepary phase
?Hﬁhtlﬁ&t $e gemﬁﬂiél/ ﬁ@ﬁ?tl%@tsbl\(ﬂtllbﬁ; OﬂiﬂrtsuB@ag&?BPé’rﬁélh Q? solution or
e er re, or. 0 ra , SOone SubsS nces of, t he .
S5 Bt Breddram BB ey Aatse: TS SRRy CORR St <o b und in
ahe ﬂo&\nﬂvedg}f r'Dima {‘Aew sbtaiighd rdenGtebehe sohsioanokwirrednaftar the

i'PElSeS%gl g{" chroma{o%ragﬁﬁé) hRge TP e;ngg Sﬁh@f fﬁé) Pﬁereélpprl}llaé’i“%glution

_ ances ron c¢an und
fcboteining thegiubstThee offintgrest o tha Ghfferd hithds usddetodbyish theggplumn

RUALANRE eRftlbRlorbLAE oP ﬁﬁﬁ@&ﬁ)s%fncéshﬁ)u?ja It PR Q&E(ﬁﬁ'ﬂ)‘ Fhase. In one
devi ce, which may either pe the applied solutio

@mhoalprﬁﬁwgthﬁ KBreBIaRRIE dsvics Hy erAUmMNepr § GaSSER &@F substance
1 ii etBrebiScad R dedo¥erfel Ydin tﬁhesoﬁﬂidmmﬁeﬂfhetpjxrfﬁwﬁﬁl ﬁkplby éfethods

f gn Qr,mre su g%ﬁg éo the stati Lopary .. t,
3?1‘8 &r P2 é’r?éSOBW% csr%lr it 58r BpHike ad%’\‘/’ geie o
alwafiltration,o dlaﬁltmwetly@hﬂmeosu bﬁftnatryrcehrofnartwgrep}estorc arlvent
%ldfﬁ%pe\ﬂ%rcﬁﬁn BJ 8[15% e%%ﬂ&ﬂc@ bt ‘I’ﬁtt:l%gt 1‘1@9b§9ﬁt‘1§1]‘y%§ﬁcg@neous

s fam

lar to a_person of
aﬁatm e b the yatigar phaseds ?6@116 » €81 8§ Pgolitto the solution, e.g.

Wohtadfink tthatsuBflandi &ff lrJtérEﬁt o0Be plyigpdi Allo&aﬁg Q@n an interaction

ff t h t | t.
Bistuinatbe SPHENE UG aNEM BT 1ReaPaRen LSt A Fai fyraction
hbmganexmySplfa@df 3] relrm)ved,seg bby filteatmhamibershy ye.gphths aubsance of
qu? st 1s élg'le{ {2ufd 33 8 ’stathL%)ﬁ)h%QA yl%d ?g}h%@edgt‘here]yvlth from the

substanc
aplumnng nfo@bmarrd forthe stationarsi Phetewad mempias &t ﬁteusehl@py
phase and the substances in solution. After the

Imee{e%at 1‘@{3& Q%néﬁ@hg QOA4BIe FHABMdiSy T ﬁfﬂ)gﬁ%r{@u@l eamvalents
I nter

thr tion, ﬁé a t.he substance o

ShiheF b BHHIMEBI > SPRISeHRR B Ca i A EsG 6] terest, g
tHREG@med brytliropoietig, binds to a stationary phase when brought in contact with
it, e.g. an ion exchange material. This does not necessarily denote that 100 % of the
substance of interest is bound but essentially 100 % of the substance of interest is
bound, i.e. at least 50 % of the substance of interest is bound, preferably at least
75 % of the substance of interest is bound, preferably at least 85 % of the substance
of interest is bound, more preferably more than 95 % of the substance of interest is

bound to the stationary phase.
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solution or not bound to the stationary phase and
renmains in the solution. The term "under conditions

wa enovabi2el f or bi ndi ng" and grammati cal equi val BEE/BP2008/005768

thereof as used within this application denotes that a
substance of interest, e.g._-PEGyl ated erythropoietin,
binds to a stationary phase when brought in contact

with it, e.g. an ion exchange naterial. This does not
I’I%&Sﬁﬂr“bhﬁfeté&ﬁ at Qséd‘lﬁ'ithﬁﬂﬂngmlﬁ}fhchﬁ@ Hdehstesadaeludion in which

t 41
SR ehgiatirhs slliofR SERR: of =4 ar bRuinaiiages, pfeveed
tblyea muffes BuirswlcefAmmbmﬁ@Subst@dﬁoemﬁ,mg)ma’ueh ableffecttcan be used.

llg %f‘n %‘%P%’ e;nt ﬁ:h%rﬁ&%@ﬁ%ﬂg?c&htab ffer Euﬂs?a ?9&%9 used such as

St ance of 1 nt
|e$ Dbgﬂmﬂlorlﬁ@ﬂé grefte theseal, srstie aflﬁaﬁ sakts teesfol.t qigic acid or salts

StHQ‘%&fanﬁ%rﬂfotht 9[ drﬁh&%ﬂ)deﬂ'l‘anes'ﬁﬁfoﬁfcaﬁhanéf Ysalts thereof,
hase Thete ere as us inth

1dineatdr opp ‘iﬂeﬁlﬂ’?%f EHIUOF ot tﬁnﬂmog Oéhgﬁgélgyepmﬁpﬁthyn

@Hﬁgnbﬁeiﬂaﬁe G[UMIISD oP Ehl(é rthd‘r@b@&ﬁ@ pedferaed dhbod.‘ifneb&ﬁh@sphorlc acid
Suns

C ffer sub t.anc
S PR NEER: BrbetRLtl BY e ekl SHRTHE AEE; or MHls ghereof, or
Useidind or site tearbadirrentd. ghatrambe thd bafdred aduepn aidyecomprise
%{f g&LuéHﬁSstaﬁ”%Eéh k€. é’sgtghurﬁuahmg&e, scgh thQﬁ ,' ?otassium
salts thereof , “acetic acid or satst eor

c:htomd@ ptpgiven sWite, sodinay @bate, PFrORQIRSIhetrate.

2- (N-nor phol i no) ethanesul fonic acid or salts thereof,
rGeS{efeﬂi |cHﬁ)anl’to§ra bhie rh&tBb@Pind gie&fcmseer@kr%@sah ;us atﬂ'éwoﬂ(ﬁkllled in

ri r ox anm n a r

S pltoped P B ER Yo BB e e i ooby Sundftpéipls and
Schsiqtieser ébftmann aed) | Elsavied beiersal tRulibkengofGongpany 1992

‘iﬂ%ﬁro{n% oag%pqu s'sa' J(it har eqbgy, °rA@J ?I%Edji So{hafol%%%ﬁl

ereo are onal 'y th ere
cfémmneera@ﬁnamqu@nlal Bwrlﬁnces,uaqylasz eleg.) MV@mSCleme BV,

%&Eﬂdﬁﬁ) THRAN A1 RN EAO8); @Ir@ﬁﬁtdgmlﬂﬁr' mdaqepoole, C. F, and

i el Senniony B e et hoben ST R geres

aTretek:ﬂmmft:ﬁmm pleﬁns@psiesknﬂlledcmda (1982 )prsamtseek,f by et al. (ed),

ajpl.e
E\aﬂpg%rn nmgdnd?%%ﬁ Lll\ggsnuaﬁéfS co(l)lrgl Edi gagn éPld %prmrg Harbor
S@bemt@yPBtﬂss,sﬁoldg Spbnpdﬁyrbmegﬁ thrl@ﬁr&t oyr@QptigntsProteepls in

MlebuldP8Blo g?‘d)(%gadli Ghr, epRt %QE)aPJHnCW‘?l@ & Sons, In% New York.

El ectrom gration Methods in Biosciences, Deyl,
(ed.), Elsevier Science BV, Ansterdam The
m{eheEGﬁz\dSn &ﬂgﬁﬂimpgﬁlﬁﬁﬂéﬁwﬂ@lplﬂul—f@dﬂw riaalre, ofCdifferent

., and  Pool e El r,Sci ence Publi sh|
OB et For &5 (RITTICHTEDscr By R - Mot-PEGated
Ruythfdpoadting mot-PEGylatqol egthaogbieimdtydodysisi@®d)icts of the activated

: t |
DL S ool AHL S AIATE gy e
obtain a mono- PEGylated erythropoietin in substantlally homogeneous form these

substances have to be separated and the compound of interest has to be purified.

Therefore, it is the second aspect of the current invention to provide a method for
obtaining a mono-PEGylated erythropoietin in substantially homogenous form

comprising the following steps:

a) PEGylating erythropoietin using an activated PEGylating reagent of a
molecular weight of from 20 kDa to 40 kDa,
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Laboratory Press, Cold Spring Harbor, NY., 1989; or
Current Protocols in Ml ecular Biology, Ausubel, F.

wWOR09610221 . (eds), John WIley &Sons, Inc., NewGDER2008/005768

The PEGyl ation of erythropoietin normally results in a

m xture of different conpoungs, such as pol y-PEGy| at ed
eryt hropoi eti n, nono- PEGyl ated eryt hropoietin,

not - PEGyl at ed eryt hropoietin, hydrolysis products of

the ad)ipaifpthgPhe m;&atﬁd aerymed;imam bydiredyisi sep a) with two
g[)?gluﬁtz of ectu %ﬁe@rﬁ})hrg g% hc?l(r)értgg’tggraﬁh}' ste%rs,d\%lellepn the first
subst ant arxzd lsqpohcb raetjen eeagbarfgo rthomet@gr@bbﬁemmplhwbe same
to be se nd of interest has to be
purifi ed%%'gre%glpg@cgamge?%@ b second aspect of the
current invention to provide a nethod for_obtaining

nono- PEGEraxessdhs mmnopBEeylated;enytbrapoietin fram) the second cation
honogenogghi fieMkQmitogrhplty tBRInA®|ihoW fihs&ahaHB: hdmogeneous
PEGy!| at Iﬁ’ erythropoi etin using an activated

PEGyI at i gmreagent of a nol ecul ar wei ght of from 20

kDa to 40 kDa, b) purifying the PEGyI at ed

eryt hrd)pnaigetteiratir[g)tlhaicaédn exchehgpclapmatdgnathpocolumn by a method
consecuté\égr Réio%e%ﬁﬁ@ge chr omat ogr aphy st eps,

wherein t st and second cation exchange

chr omat ography steps enploy. the sane type of cation

é‘?f‘é]@)q“rﬁt espraiplly B§ef‘|’1ef96v‘éF |H¥élf{chté0‘hn95 SEeplafechreg@mbinant
Q@Ql abhith f 4re Mgl bR yRe@onice. CahicBNheweC haageproduced by a

?rﬁ%rﬁ{% B ety e el PRICH ek e’ IO ca, or

dﬂwlmnadlbgndtpdw adereands bghemmﬁelyhBEGﬂetzedr din ngnet embhdiment the

rQ%’e%EFatB ‘of Ir&]at? rg%?rg% e%r(r?lég% ¥olﬂﬁﬁ{ égn%%‘?sres m}qfollowmg

\Mﬁpéh are glycosylated, i.e. whi ch have been produced
by a mammal i an cell, preferabl y a CHO cell, HEK293

cel I, rBlHKVﬁQ'HounHe;?olﬁﬁer tide€ From Q{e &‘J@lbﬂ @@hing@%h&hﬁ‘ with an
afterwards ch Ig Oé}Pat ed. d ogﬁg g‘oodl ment the

" egendABET s UEFd Sliop s OleRhRse L SHATTYr aphy

col um conprises the follow ng steps: - renoving bound
pol ypdhishidgshd cadmmniveticpusifped \eateh grge ablywithnatigashtwancolumn
aqueoys hyifered sol ution conprising sodi um chlori de,

- flushing *he col um with purified water, preferably

with at |east two colum
applying a sodium hydroxide solution to the column, preferably at least two

column volumes,

- flushing the column with purified water, preferably with at least two column

volumes,

- applying a solution comprising sodium dihydrogen phosphate and

phosphoric acid to the column, preferably at least three column volumes,

- flushing the column with purified water, preferably with at least two column

volumes,

- applying a 0.5M sodium hydroxide solution to the column for at least

4 hours, preferably for 4 hours, and
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vol unes, - applying a sodi um hydroxi de solution to the
columm, preferably at |east two col um vol unes, -

WO pawgie102@tl t he colum with purified water, prefRCEBP3008/005768

with at [east two colum volunes, - applying a

sol ution conprising sodi um d9hydr ogen phosphat e and
phosphoric acid to the colum, preferably at | east

three colum vol unes, - fl ushi ng the columm with

pur i-f iregéneatieg, thprcetruenaet;dCbawget tolamn| bpdlushing thel epkwmn with

vol u gl ol ution

Vo ¢ nounfEd R/ pRR A R M R IRt or

hours, and- regeneratjng the cation exchan

fIp dBnfirg senef dbe methas is %hep%mhrpwemi’@ﬁyla&%eff EF 3Br3(631ylene
)ICBI)Z‘(PEC¢§§Iyrﬁéﬂ@n6l@&dmwd3hﬂﬁﬁ€$’E tﬁoheeidubsthas&@ﬂqcﬂécular

hod | Q in Pgnl ,t ed. EE

(%eem Ao 2D i oot B8 osc et et s el fcte Rifertis o be

Rin@¢tsadddother ameh |rﬁalehdmewa1gﬁoloécthé @fEGI\bE@hte FEGalopdlymeric

tzcﬁeli)Do%nt 4n0(gk(gﬁa (gj-ler S l e@#in%d ngegltﬂ% ggllfso%q He{a@t Thas a

reils e un ecu

trheleQEG b@@mséls@@tlgg, pbq: yieEm | @bggﬁmg@mtqssth@@tm said PEG
Eﬁdrﬁ%sv\%&he %a‘é‘édl&eglllmk ?H Yhée WS Qﬁﬁe A tl'ld?l fh’écﬁldlcated

nol ecul ar wei g di stribution; ter.

Ilﬂ@lle%}d?re‘é’e‘ghbtl - the S%m%l abpit 15fesh it atm%‘ﬁ%l argWright S‘lstrhl)utlon mn
gl €t Ub €5 ofhel PBE ingledtils thaden gl n&ﬂé@ldr&ﬁégﬁthﬂfhlh Re- 10 % of the

i.ndi cat ed .nol ecul i ght e term abo fers
LB B PR VB P bl a” R Sbe0 b leRotes o
trapgeREGamRe&aags 3h&lde).a nol ecul ar wei ght within +/ -

10 % of the indicated nol ecul ar weight. For exanple, a

nﬁieetsgh agrmbg&w’f redds '&P@gﬂﬁaﬂth%m@ tﬁ@&qseme SECPID RO: 1 or

term"eryt rop0|et|n re ers to

P& dPnNQu 95 2 mEotsg Qe el PoRitsly pringntiplly hogpdpgqys Nereto,
2wh&@ b@ol@ﬁ@ilEﬁeré}he@Eﬁlét@@@tt}héjﬁxrﬁuﬂbﬁb@r@f iréd blod cell productlon

th t
P RIBR ST oS RS DL R SR o
tmegemomuinamhle boneindriey. devommboanaengthdbpdietie maydtei ppepayéd via
COPRLibeth %wyt%'cgumo%%hgnﬁ JHO LA, ngﬁmng QMHeLa cells

|nan gl'fk y be prepared via
ewpresosibiparitnD ae%plmc@ b¥, enfdogenopangaing aqiivetigy, ie. the
C&%% cﬁ’étuBﬁKc&;?rbte?’n iPexpiedsed Cb?' drilo é’ndu@@ﬂ@'a@ﬁﬁtxo%e for

tSSINR! 0% 35 /8Y GR9Q9ER98u989%s 3 W 490s25h: oo dfieso,
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 a preferred embodiment the human erythropoietin has the
amino acid sequence set out in SEQ ID NO: 1 or SEQ ID NO: 2, more 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
determined by various assays known in the art. The biological activity of the

purified PEGylated erythropoietin of this invention are such that administration of
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erythropoietin glycoprotein is expressed by endogenous
gene activation, see for exanple US 5,733,761, US

WG 2@4011@70, US 5,733, 746, WO 93/ 09222, WO 94/ 1PGHOP200¥N05768

95/ 31560, WD 90/ 11354, WD 91/06667, and WO 91/ 09955.

In one enbodi nent the erythrtpoietin according to the
invention is based on the sequence of human EPO In a
preferred enbodi nent the human erythropoietin has the

ahe pooteini by ingqtiem 6@ hsetan gatients rSED ITbNE marrow GEQincEasing

I}!}?Od@dtlorﬁo{)? r cf%fl | hd & %mncgfs g@;%%@#\%k' orh‘?rﬁected or
e am no acl d sequence set out
tcentrol gropph pbpdiests. nth eablgbgtfémlégyo eatfiCeylased epghropoietin
RIbesigedad pified I3 Neordhned wﬁﬁ@ﬂs %\'f\@ilog’cah 'B)e"’t@dté‘d"'b@ﬁﬁthods
ore re a no acid reS| guesdg chan

deFudug t P AR PR Spech dssiRi %3%3 rop01etm Bio 97-2
ey Pilc4d. activity as the not m)dl fied protein, such

as e.g. reported in EP 1 064 951, or US 6,583,272. A

variant may have the ami no acid sequence of human
ePEGHr @p RS ignoldvaqugrding o th¢ anv@ntiolirhéamsad residuesconggining

340"{)? ﬁépgha{e ol)Talg %nséps%ghsl éﬁrtagﬁﬁlvébpﬂG Qﬁtln R PhuSer chemical

p0| can be vari ous assays
kgﬁ@m | lth?ée aﬁ<tessarh borpiiding irfe,aatwla%wbmry&éfs frqpa the chemical

RYhiteliedf Hﬁ%b@w@ & whith Qp@k;%tcélnfogfophfﬂaﬁ disth\ﬁeabf Parts of the
are s Fhﬂthat a rlﬁstr tion ofthe

i RPEEFoh" 8 Tl B Ul b Mg o Semerglsplgion of the
QﬁbleSulmn(We%&lsIdﬁghBrRE(‘uqioimi\eroﬁlofeeﬁllecm adyites, anch hePEG can

bl ood | |

cfo(r)l(s)lstbocfeontesor(}q.%e E(l)é)-lcfgagﬁ %H{cﬁ %@%l&p @g&?ﬁ%ﬁ& gi{g%ore
ethyn hno pECechiaim @btcailedemuawdmpdl oF braexsthedeBGe ditdaghed PEGs can
Vi Stepdted, HPYERY Smerbycm@ aB&itibA T dlyedhyBE RRAR t8GERGEN Myols,

to Phar meur opa I.ssue Bi 0| 0g |caI

EPgAmBE et eBisTghTiol pibeprpital Biech o bk a5 despresd i, for

xahhiple, 2ROCI7d :oeg, wsna 19512:4621\A|e @Emmltmartsecaularreﬁlgm ®f 20-35 kDa
ont ai,nj-n et ene as an ti

Jier PRI ook h e G couth i mest SLAS RER bfbmgrs with o

whblehular weightesmareythhn35 hibad espgcmlbawtth dﬁ &Damhta@hhed PEGs are

r\?S%H”lLieh bR dnfto dERERT. Ga! pEY rlfo']&%il $ b-d&hR n@@qylpgrtxcularly

or whi are spacer for optinal stance o parts of
tiefepisHecul e. These further cheni cal groups are not
used for the cal cul ation of the nol ecul ar wei ght of

thie tBEﬁ;"PECYlHBBn kAt @wéleﬁlt laddgi bPO poly YethyRn LRGSR Residue
Sl,ge-chnal

IR B e & YhoobSoptias BHfE Pt lseciefids. PEGylation

ol pbreoklmmﬂswxdclyrécdown iorthn ctaedoPBEsart BndnotetdPEGSocammple,
h t
pOTrSgét%i/f Rﬁj B{ofa 8%%?:,”?) §00W4d5 g ﬁg?t} éagq)e%‘n&ed using different

ene oxl e to v
ofupeteans

groamt et pohr (whylenm alys@b% with] diffgres crﬁ@l@aﬁgewelght
AfReaf@SEbiaRekkd PEGS Arwell 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 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)
221-229. Not randomly, N-terminally PEGylated polypeptide can also be produced
according to WO 94/01451.
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exanple, EP 0 473 084, US 5,932,462. As PEGwith a
nol ecul ar wei ght of 20-35 kDa |inear PEG nol ecul es are

w@gwdoin7one enbodi nent and as PEG pol yners wi RGI/EP2008/005768

nol ecul ar wei ght of nore than 35 kDa, especially with

40 kDa, branched PEGs are usHd in another enbodi nent.

As PEG 40 kDa a two-arnmed PEG is particularly

preferred. The term "PEGyl ati on” neans a coval ent

ISk ageshods eesyolity ag erythtapetetyl ybish)is PE&iylted at onher more &-

f
Ig'nilf% g&&gélcg 1@#&&%@?@&/%’ Gt ﬂﬁdf\l%rrﬂﬂlal %ﬁg& ouEnSelectlve

I sin tion of proteins Is
Gyfasiogt 2t teg¥- terrr@nalr @mmaeré\ﬁae\/tEdpejﬁrrméraeée@m ko Felix,
\A?M) NQsE; AES MympBBm%r(lPély%etB?eﬁg EQ&()I) Y@59A1248- B@GSelectwe

n be 1 using,differ unct.i,ona
3BTt Bt IodI PR Sepchi el Ry BGRA Py Coupling of
V&EN@mEGyﬂat%aEmﬁﬁdlchT dedivieive REGhea- Wedriniad athiroed@ditof the

lj:!e[r)] rrgih% Ou%g (6%8 E}JE%%}_F{O%n%%é %eo perébrrggc% aclt{ringl gélic} phase
Renthesihby . colehgg ©érN| BEGﬂymielrymn@ detio@Ves 243he@Aywing chain.
REQ(biAkd ap téﬁmﬁgly}rm' ﬂgp'cﬁgllnnPE@ﬂatk?@n REFLQbIRBLtHeP as described

agueous solution wt [atio reag ents as
#O8¥s mpdin splhid- péﬁ%ewwnéhesrsnorv\byor@)%ms asersygHuesis by applying

QRBRMALIERG rétzend (dEiPameid d@irelclel Peptiidedr branched PEG
nol ecul es of a nol ecul ar wei ght between 5 kDa and 40

kDa. PEGyl ation can also be perforned at the solid
Huitakle Em?ﬂ:})ddn\mgvéscnrh uctivdted REG ahol;aaﬂhamlth veoRobmbedisnent an

éég/a%?%g frB%”QPSth & 466 E@llllya, in a npreferred

gy e can a produced accordi
te@rhﬂﬂrrgmﬁroszﬁ no@u@hwrrez(hcsqsahoemﬁq kD, arnd in a more preferred

%5(5&316:991% SHabBu MY 195h 106864 RDE AT HRIPEN@erfVatiV&!@n e linear or
n roups of lysine res 3§¥$v%nd/or at tEI b
reRhs nBFO AN avr%er araﬁetr/s@ atiighleafor; pie in the

%Elﬁfrﬁ\ﬂld‘rﬁbf PR Praaéincarela REGepepeidé Qi)ﬂji@a'ac cof djen@bthmed from

F@ﬁ?/rlwélﬁeé ﬂg\ﬁ/’b%/"&erf ﬁ“‘@tfb‘@%%zwésser |&{/ei N-t erm nal

PEGyl ati on can be achi eved duri ng SO|Id phase

d&&ﬁ@@ﬁ'@@ﬂe%“@és’ 419 kﬂgwﬂ 1th E{@Yalnata%j d@thB@d ﬁp'fgr example,

erivative to term na m no

pdptnugge.dfiaiehal s %@e%rwag rf?*re._ﬂ@ﬂ &996%3%%68@ éorp"eﬁ@ Finysylfone.
duhéan @hsaland bphrahed slydih PBS speliys 40 Hlﬁikdbﬂkgfoﬁfhe preparatlon of the

ted | t
R PRSP I PTG PHrd BB A s PO methoxy-
fREEG & enedidxyetEG@sinyatfond¢oh &bmvenweniblodlrsmu ah phegee from
SYBLhE eg? %r@él?)éoﬁ' QJIAJ;R @pomaaﬁgl %Y&shseban@yedagewxg Be to six

activa
mqrropéomsamqhaaélr@ethur_r@thér rsvartqpvlegteawberabx ngHykl prgered):
nmol ecules with in one enbodi nent an

l/\WN\/JrO/\/HR o /\EJTO“/};R,

0]

The use of these iodo-activated substances is known in the art and described e.g. by
Hermanson, G. T., in Bioconjugate Techniques, Academic Press, San Diego (1996)
p. 147-148.
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aver age nol ecul ar wei ght of from about 5 to about 40
kDa, in a preferred enbodi nent of from about 20 to

w@bwan10201 | cDa, and in a nore preferred enbodi PENEPHNS/005768

about 30 kDa to about 35 kDa. The PEG derivatives can

be I'inear or branched PEGs.. & wi de variety of PEG
derivatives suitable for use in the preparation of

PEG protein and PEG pepti de conjugates can be obtai ned
fln onShembodingént Pahy "BES (sbktl‘iésSViisl he, adlvatdd. PHG ; ester, e.g.,

. pektar..com, . Activat enivatives a
MR SRl rbet N RIS RIPELE B0, or
Mohpdirogpsuctinimigles alich ag PEGI-NEn [ Mgnfa@tiem C.7 e( 2b9Bjoconjugate

68, (f R I f Civdrk N; .angd:
S B, (1990) Gl 6, BHe Affoaite ARy PR Tisfivared by N
by ey sccignmiste estee PEG]I ated fragnents. Exanples of
reacti ve PEG reagents are iodo-acetyl-nethoxy- PEG or
nmet hoxy- PEG vi ny|l sul fone (mis in one enbodi nent an
i nteger from aboyt 450 to_about 900 and R is | ower
al kyl, linear or/ by ; WRon%rt 0 Six carbon
atons such as hyl, ethyl, is®propyl, etc. whereby
methyl is preferre The use of these iodo-activated
substances is known in the art and described e.g. by
Her manson, G T.,pin Bioconjugate Techni ques, Academ c

Press, San Di ego 19%{&0}\14 148 e enbodi nent

t he PEG species j/5™an a |vMo\e§tog};0Re g.

N- hydr oxysucci ni mpdyl propi Ghate, or

N- hydr oxysucci ni m dyfpobut anoate, or

N- hydr oxysucci ni mi des such as PEG NHS (Monfardini, C,
et al., Bioconjugate Chem 6 (1995) 62-69). In one

g]g‘% di ”Eﬁl&&f Bﬁgpﬁ%@@m@m& by Npydr zéysuglaq@kgﬂp%% N-

usi n OXY- roxysuccl ni m

Wﬂmwcp@@mhy(@m&we@oﬁwwwad@ P(q!lm%doe) Wreseindherd m are
Ro! Ya&Sd | iovk, WREr&id BndodinRAr ed@s g6l ngsbcROVS. the

In one enbodi ne t he PEG speci
EW%MM%W Oggﬁgw%fpﬁbﬁqﬁ'aﬂwpévspl%évww &fid- The
gkryﬁo‘hmoxb’ufe)fé’rb Qo&ﬁal dlklehHelt gll'd’llip “ial kbkh"thé &éreﬂi Salk@’ &feans a
r ylh al 2y c ichl eotugr mnt 1n1ry a MERNS of four
SHABNGHR Eh% 5 He “EngionPar kYt "golip
caritoai afomgp, asunhxasrmmthﬂxyf cnulnowanbpmpammsld shﬁcﬂikaspreferably

rrﬁétﬁgéy et hoxy, n-propoxy and the |ike, preferably
y. The term "substantially honbgeneous fornf as

used within this application denotes that the
PEHMbdh eshbehitidllydRh SlenBo@Fbah Nadised Aithad thhpplitatishedbnotes

Fhat tthh?’%%yratvci er%throponetm 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
unreacted (i.e., PEG group lacking) erythropoietin, poly-PEGylated erythropoietin,
as well as fragments of the polypeptide generated during the PEGylation reaction.
The term “substantially homogeneous form” denotes that a preparation of a mono-
PEGylated erythropoietin contains at lest 50 % (w/w) of the mono-PEGylated
erythropoietin, at least 75 % of the mono-PEGylated erythropoietin, at least 90 %
of the mono-PEGylated erythropoietin, or more than 95 % of the mono-PEGylated
erythropoietin. The percent values are based on the area-% of the chromatogram
corresponding to the cation exchange chromatography from which the mono-
PEGylated erythropoietin is obtained.
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defi ned nunber of PEG group attached. In one
enbodi nent the PEGyl ated erythropoietinis a

WORWeAORB@y| at ed eryt hropoi etin. The preparati oPCTYER2008/005768

contain unreacted (i.e., PEG group | acking)

erythropoi etin, poly-PEGyl at Bd- erythropoietin, as well

as fragnents of the pol ypeptide generated during the
PEGyl ation reaction. The term "substantially
Hivewgerrebiuyehdomiepoets at msthod for thepueifimatisn oha ofone-PEGylated
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he per
TR AEasion BRREEe SENA RIPURYs OFb Bform of a
eﬁéﬁcﬁsao‘.mterdg et‘)@hltdpele‘tlat I”Hféréf&ﬂeh ahg e:ueﬂa:ho riatr@groap lbyovides a

?C{E?(ﬁg Qﬁeplgﬂf?rggﬂ? of AV ﬁ{l? gﬁi(g’l%% ooﬁt%fteﬁg Gcopgflsmg the
tsteps poff lpfrtb\adu(ngom @ﬂuta)rrmnmpPEle atae- ,erpptyh,r epdi rot-REGylated

Lk e
evering rae t it qdh@@@ eted nergthropgietibriBethst pegand cation
GREHDRe SHINHIEE a FIY 51 vl @R e Sln@PEpPOE thtmpéx@mrfgg material
thege?in%}ﬁ/eof C |on exchan ematerla(lj 0 X;
SBSEAAR P PRGBGSR UPRIBRY SehipABS ﬂ%@gfraflaat ¢ cation
exytidnge phiogtdtographecdimneyt himethodraendrdingverthe éinst aspect of the
pr.ovi msthodfor the purification of a

Curreng'll—_)éﬂa éd erythropoietin conprising the steps of
provi ding a solution conprising nono-, poly-, and

ridte-rREEyag ebthe Pyrified gmr@rPEiGylpféé foithropgictipuon the second cation

CROSRGH ch¥Sn SBkiaPRy 8pNa g el Gt m%t ﬁgﬁé-mBG yHt&d erythropoietin
recovering the purified no P %Eat ed yt hr opoi.et.i n

FPTE e L5580 ERHE TSR CRERTDEC B DS LTy e g odiment of
wher memddheacsamﬁngt yioe thé mt:mttixm eohffman@e &b eEatiin i &xchange

sed _in ation exchange chy o aﬂqr%yﬁrsheﬁlso’n &@Qange

regryoerﬁeétrog{apﬁ f Se"%:a 1 on exc é}hoe C foXI’THtO ra

whremateg ety atepds di wge temthIdentntrmfoampé @t ao‘rfept ﬂetlon method
qur {h%qgmc@&@x'fgth%@the-r&%d HEFOVRihdPehsed stePRisBUlel fi Gifte, from one

nono- P ropoietin |n the second catl on

dxen éﬁ@égtbmabmf) cSé’? aﬁﬁyoee}f spength pylugl The sigp elggon method is in
m%ﬁﬁ@yﬁnahqﬁr@mw hOPehRE btep fem@htrhahs@qenﬁe fiat u@p mamly

h to h | n.one enbodi
0 PR Bl RBr g b TR RO B aPrPares Heopyigdraphy
craturmm ﬁ)ecslamwgiemchnmmtlolgm apbygts bepsally rlutésethe ImrricoREGylated
d., I feS ' %
EE?‘“?P%OS%%Q%@‘ | BUfin, o oA A oRRaE o ansgyof the
osreepngling $igme smydchromatogram (area-%). The thlrd increase in ionic
strength elutes mainly the remaining not-PEGylated erythropoietin from the

column.

The second cation exchange chromatography step is performed in one embodiment
as a continuous elution method, i.e. the ionic strength of the buffer is increased
continuously. The eluted fractions containing the mono-PEGylated erythropoietin
are combined in order to obtain a mono-PEGylated erythropoietin in substantially
homogeneous form, containing in one embodiment less than 0.5% of low

molecular weight forms based on the area of the corresponding chromatogram. The
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i.e. the ionic strength of the used buffer is
i ncreased stepwise, i.e. at once, fromone ionic

wa@reoegn val ue to the next ionic strength val RET/EF1ve8/005768

step elution nethod is in one enbodi nent perfornmed as
a three step elution nmethod.14n the first step mainly
pol y- PEGyl ated erythropoietin is eluted fromthe
cati on exchange chronat ography colum. The second
bnfferdiasreonmernbedioiest presgjtthin basnesatratior bfifrem 0HaM to 250 mM,
- I Nt | r e

B im0 I P ENE h e e B PAabbl o .
si ze-excl usi on chromatggram (area-% . The third ) i
iTherederseln; the mathed accprhpg tp hegrveatingiars thetthe cPRIfFRIHYEfgtion
@sa&haRg&ﬂr@hﬁ@ogeﬁpﬂmeﬁ@h@foiuewfrfgczsmgshe colum. The

c

secon ati on exchange chronmat ography step is

perforoed iin one enbodi t as.,a.continuous el.ution
et hod)  PRYING A idshte LSt ComP TRy g i of mono-
i ncr eas epblg-ontridnnot+PEGylatdie esfthropdiefinatt iaofist cation exchange

cont ai ni a‘gom?o&gﬁ{h égogﬁﬂhﬂfn?fgr %Béﬂiﬂé@%%igaz)ieegfo@rb%ding of said

conmbined I n or ain a nono- : '
er yt hr opwicepi FEGyletedi beylrippeieliy fonbgesaidrns ¢xshsnge material

cont ai Ni hthiRe®REsaRIBREEdERL, | €ess than 0.5 % of |ow
nmol ecul ar wei ght fornms based on the area of the

correspondi ng. chronmat o Thebuffer .is i.n on .

IR g MBS PR Tard b Shpiesin o T it ¢ gtion

250 MM erchirgeatirgmatograghy 66lumid by al S@p ndlitioromeethod with a

pref er abloy, g %Pc(l)yatse Wi d *A{%E.ﬁ%tﬁ r& the qhmghr@&mg buffer,
RO°% he two consecuti ve

accordi ng . Invention are t o
cati on ewbérsingéhe Hebhiue cgnigahyols meqne-PReylpsd| exxthrgpoietin is

steps: ajARRDRDAY RAUE P icdIHixt Ge@dstephyt i on
conprising a mxture of nono-, poly-, and

not - PEGyl ated eryt hr opoj etin fiirst catian

excharfy eareﬂi¥18&§e%§f%\beﬁ§ﬁ B GHHES CBUNGRPIsGRSrom step b) to

sui t abl ea fsedonldi eudiongexahasgei chropneegP®y atlethn under conditions

erythr opQli&hlen fgrobﬁnlgl%g ! ﬁ%ﬂi %}(ﬁE rf)%?eti'r‘ﬁa{oe.rthglcation exchange
ardtir col um, ing a

cont ai ned | n's Trrst ¢ recover '
nmono- PEGpatariabcentginkd opesidsicand cokwmrh avifergbytthe gatianexchange

exchange GRMRLAARANY Gl ¥BndYeofurth §P o€k bQRe type as the
nmethod with a stepw se | ncr@?se of the ionic strength

f
of the tfAtRgHRANgGMgerRlfT Ge irgliceluen™ the rel ati ve
content of nono- PEGyl ated erythropoietin is increased

conpar@drecovdriig athel i patifiddxt thomoePEGlapd a)erytbjopoietin in  a
appl yi ngs&bgsezm%igl?yo%%%eod NI S Ifr%&-ﬁ%ai%r YIBREPQLEL! &change
fromstep 6 2 'SecEnd cat ion exchange '

chr omat ogrraptayographymeolumarerbyc andpntirpresis elution method with a

continuous increase of the ionic strength of the through flowing buffer.

The PEGylation of a polypeptide does normally not provide the PEGylation
product in homogeneous form. It is furthermore obtained as a mixture of mono-
PEGylated, poly-PEGylated, and not-PEGylated product. Therefore the solution of
the PEGylated erythropoietin applied in step a) of the method is a mixture of
mono-, poly-, and not-PEGylated erythropoietin and low molecular weight forms
or fragments in an aqueous buffer. The relative content of the different substances
is determined by size exclusion chromatography (SE-HPLC). The sum of the area
of the correlated peaks, i.e. the area under the peaks, in the size exclusion

chromatogram is the total area of the size-exclusion chromatogram. The fraction of
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suitable for binding of said erythropoietin to the
cation exchange material contained in said second

w@logmm27ivher eby the cati on exchange materi al POHERI00&0D5768

in said second colum is of the sane type as the

cation exchange material in-ihe first columm, d)

recovering the purified nono-PEGyl ated erythropoietin

in a substantially honmpbgeneous formfrom sai d second

eaingnpeskdh givge ag hreatPat oy ra pHitiveairemtradipnaofbatatalasessof the

ehidh a8 mﬁ‘hod with a continuous increase of the ionic

st rengtﬁ the through flowi ng buffer. The PEGyl ation

of a po| ypepti de does normal |y not OVId t he
aifhr&ma,s%aa@f mgth n%ssuagl ielated tprgns are known to a

f}iéfébh%(ﬂl%ﬁﬁno@k arf) eSde For @xaﬁ‘h UCBrd?ﬁatB’Qxﬁphy, PEGydiibRdPart A:

it %r‘?%fi‘%%%lq@%éﬂ el e oBRUET HAIERht | Eiplihing

iGorspayy, a)hrofmatdgeaphet BBded.s 54 Ani 4990} endf othan crel,ate;ioteytbooks
mlr%o ttl?eP %@loln%tggr gﬁ%lreah bRRS! & a3 tlhr%ngqug Céﬂ exchange

an ag
rcér@maﬁ@era@bmcehmnmﬂghlhethipflgleﬂ@mngsbjtkféqranfcééuwsd accordmg to

dgt eéqul{b%n%v o L stepE bpsho eh&,mara sw ﬁ{%m/od( $EtHRSorts the
The sum of .the area of th corr g i,e. the
AHBYaRsaet iptfeesheak LPPINng hand; & Z Pﬁ%g ofhe chromatographic
Ghiterislt ogram i s the total area of t he size-excl usion
chromat ogram The fracti on ofa si ngI e peak is given as

61r eaq 1rsitt catloﬁsexc % cﬁroa}jefgtgélfa ecf)n i fthé t}glxtlg]@rteabf mono-

ram OﬁHtO ra
rfé?cGubaisd pohe PEGplsted, MnohBEGeha@d@dwbmmt@r@plhn@ma protein

&oRBERARoR Kb higslt! f‘ rﬁ 13fd thesﬁ?stfc‘%ﬁoﬁx@(m?&xfge chromatography
Chr omat ogr aphy, 5t h It on . Fundanental s a c%

TORHAR ¢ éfbé% aqugous ﬁgHHO{l @&f fredEylgé@tfc&t 83 mMpotassium pgosphate
Ruhbb st g.0CORP atph, “a6BLOTRLLE anhin the l’cluﬁént, applidatdn denotes a

th ted text
PG BP AP B BER e T Bt TR OUGRARE thsepgficaion
eix cieafige cadbmoneeshgd apty theodaorerbuffin |ssluhtohr Bergtheffirgwitergin the
R SlutiohS P L hACEAEN A A NG oM LRREMCl00 mM

st eps he chromat o rap| . It transports
mvéasglubspbﬁwé\a@f ab@itteleny tsedlclapshlyrlﬁlg)at abertfpRdmA.0. With this

(tﬁthféP |hﬁ}gﬁol§z|8& T QEmBeRQ i 2P ML codspbhding HEGIAed fchlfb‘éhlc acid,
catl on exc

FIRVEEEN TR TR TOf
edayibh reQinngE Ichr(ﬁpzr.tbgleﬁhﬁtcohlrmi offei the cetaeinéte@tin ahe dfiree step
ehkl)&lon {neﬁ%d 1rs] h8 bLAE: c}lna{nsg%d G8t! QXA RSt 100 mM potassium
phosphate, about 250 mM sodium chloride at about pH 3.0. In this step the mono-
PEGylated erythropoietin is recovered from the first cation exchange
chromatography column. The collected through flowing buffer of this elution step
is diluted approximately 1:5 to 1:8 with purified water. After the first cation
exchange chromatography step the recovered mono-PEGylated erythropoietin is

free of free PEG.

The collected through flowing buffer of the second step of the first cation exchange
chromatography is containing the mono-PEGylated erythropoietin in an increased
relative content, i.e the fraction by weight or by area-% (in the chromatogram of a
size exclusion chromatography of the collected through flowing buffer of the

second step) of the mono-PEGylated erythropoietin has increased when compared
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colum in an aqueous solution buffered with about 100
nmM pot assi um phosphate at about pH 3.0. The term

WO 29010278s used within the current applicati OPCHEP2ZIDEE05768

a range of 10 % around the given value, i.e. 10 %

Prior to and after the applib@tion is the first colum

washed with the sanme buffer solution. For the first

step in the step elution nethod is the buffer changed

tto paiob ub ftlee fivsit tchtiab exchangOchrivmatigasdiyuste Ho spieanebodiment is
Elat%% éﬂ\élt?rﬂdwmsé@ ﬁGﬂﬁe@terﬁp%%le%H 2 Rast Wt 55 9% S1n a
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rpE tred e@ @é‘rf%ml-‘cthﬁéff atlvmmmmwﬁﬁgte @é}@}bmpmetm at
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cati on exchange chromat ography colum. For the second
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r&am@&@ﬁrahﬁdogeﬁwyh rcoR@het TR b%e fensioddineht alie PEECond h@tion
col|l ecte t hrou ng | owi n buf f er , of

t d ste
ezt Soloplt Tt caRdh BEenafed gl o mrE ARSeib ar b pame
tds einnohe -REGchtde cexehartgar dpoimetagraphy awepi ridree asww-PEGylated

e?;ftﬁl’cg;v ?etﬁ'lo %h ?&%wr%d efr(glgethfer ?Blll(? Naf¥n V&H?J@ o{hrg%atography

gram Oor a Sl ze excC
clehona by gpRling adfnefahéraé@m lartag wikh amgﬁﬁwmcnlwﬂgbamwf&-r of a

%nEJiﬁra%%ﬁQ{f@b%%teH)O M g B sBEM &Hdﬂﬁgtchlonde at about pH
leti,n nas | NCrease areato pri or,
San iqing $ihGhP AR BHIR FBO eﬁwﬁ%& fg PAprynELgtiop of g 100
aﬁbbd;lmhie;rﬁout $oohaM ebdithv ehlofidé antabodit pHNHOPELY Ichag@ in the
er 1tuhr Q2 oI %Felcr(]) aftrntra?%lsit is qglegrrg S luamlrl)rv%%eq}he &hrough
én { P e re atrve con nF o Nnono- [ af'e
eﬂoytlhg cbp&eeua fragtionled zantd &Ghalfresion; is Rblutéd mithet M dipotassium
Q-QEM defiFhb@hatd tolif& 1R Re @ﬁ%ims%&mﬁhs apgi etin a

ond cation exchange chromatography 'step is

formed. For the second cation exchan
&#%@f&gf%ﬁatr@ EHOIBH FHOMAOHARNYIS RS dhe U PGRECYlated
fdrprardidilif bbtaimdd theubeaniutly hamhogenesise forag] prefeeablf avith a

hate concentration of about 100 mM
aPn(ﬁ8 §%I%ﬂ§)$6) ut? ‘pH 3.0 applied to a second cation

exchange chr omat ogr aphy col um contai ning a cation
ek gteatoge ofrakidlr inatheofrtt isefagaiber Withe thees techeolpgy of ieat ¢xshange

chromatography. In the recovery step of the polypeptide bound to the cation
exchange material the ionic strength, i.e. the conductivity, of the buffer/solution
passing through the ion exchange column is increased. This can be accomplished
either by an increased buffer salt concentration or by the addition of other salts, so
called elution salts, to the buffer solution. Depending on the elution method is the
buffer/salt concentration increased at once (step elution method) or continuously
(continuous elution method) by the fractional addition of a concentrated buffer or
elution salt solution. In one embodiment the elution salt is sodium citrate, sodium
chloride, sodium sulphate, sodium phosphate, potassium chloride, potassium

sulfate, potassium phosphate, or other salts of citric acid or phosphoric acid, or any
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exchange chromat ography columm. In one enbodi nent the
second cation exchange colum and the cation exchange

worgdoenoi®ll cont ai ned therein are the sane as i nPETEP2008/005768

first cation exchange chromatography step. The

nono- PEGy| at ed eryt hropoietit¥4is recovered fromthe

second cati on exchange chromat ography col um by

applying a linear gradient starting with potassium
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od
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éﬂ‘bzodbmntmddwe)fethtt ippesestalitvansiopodiaymbei faratudated oidi ufh mM

Csﬁlfiﬁtnt@&asﬁ&% | s gtﬂttm 5y aSPd! #Palﬁtmgﬁ%g@t&lﬁgotgawgn 132

ori m sul ate pot assi u osp
onNepodimmt céﬂmdq: iQptionaliy the pharphesisisak sampgsitipn gy contain a

%'}YJH\)Q{NE e p Eﬁ%ﬁlt%elﬁﬁqp@?}tﬁﬁéﬁtlod gqe@f Mn@jlﬁr({iﬁ’&ent amounts of
n utlon sa SO|U Cl at e i um
g PGy &fa&fgmﬁﬂlﬁtm 6 e Te i e S0 e e

one enbodi ment of the current met hod is the cat ion

CKFAFISEHTEL S B AR LT R B e
aneeriien rpaudts én resblend odi ﬂqwematl@n em}hlfroprso ﬁ)lterefalteb @Jhmnlstratlon
e
gfrythropoietin protein which is important in the production of red blood cells. The
pharmaceutical compositions containing the mono-PEGylated erythropoietin
glycoprotein products may be formulated at a strength effective for administration
by various means to a human patient experiencing blood disorders characterized by
low or defective red blood cell production, either alone or as part condition or
disease. The pharmaceutical compositions may be administered by injection such as
by subcutaneous or intravenous injection. Average quantities of the mono-

PEGylated erythropoietin glycoprotein product may vary. The exact amount of

conjugate is a matter of preference subject to such factors as the exact type of
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from5 mMto 500 M in a preferred enbodi nent of from
5 mMMIto 400 MM and in an especially preferred

wepomdiarent of from5 mMMto 250 nM | n anot her PCT/EP2008/005768

enbodi nent of the invention is the salt causing the
elution at the sanme tinme used-as buffer substance, for
exanple citric acid or salts thereof or phosphoric

acid or salts thereof. The nono-PEGy| at ed
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@(ﬁrﬁp@mom @ﬁbamﬁyc}bemenﬁrm@t @?lwnbtp pappete |t1@m cemphurds of a

RYIusiBR Pl EREAUN i Rout 5"&51@5‘(@&%&@ dedlinthi QRd VAVSH QH@ application
guantities of the no- Gyl at ed eryLE%op0|e

@69%%]5#&% dhy Czﬁ}‘)@d% a%f‘\?%mtogﬂpéwéﬁ n ProNIAgs t&}]e same, i.e.
cathin gataidtionaf mat 5 % lﬂfona reafbedanea stubn @ofaribGors uf:ln/ 2.5 %,

caCtporS%‘?SpataI?lo i 25nse étf)ve c%n Cont% }alp 1e F nguglon Gon 1nin the
REPEBAT HGh Of tﬂ%ﬁ et OBeIRG P aat 2 Va3 fipining
tshime aiohgrouindgr Bl earhs londmlgecacponposaSt itsed. within taapplecation

Qiegc’lteg ‘Plﬁélggﬁgnpﬁf a . Qll't]é estp[flgtf %ré%\yeréh }rohp lcatlon
wel g t e m ni stered e.g. once
exchange chromatography column

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.
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weekly. It has surprisingly been found that a cation
exchange chromat ography col unm can be regenerated with

wa@20mohedt according to the invention w thout aPCT/EP2008/005768

consi derabl e decline in the separation efficiency. It
has been shown that with a +Egenerati on net hod
according to the invention a cation exchange
chromat ogr aphy colum can be used for at |east 40

t €s in one enbodi nent for at |east 50
separation cycles, in a further enbodi nent for at
|P?%§E 160 S@RARALY Mok, PE@?laWdt %ro@m@l%‘ $h 48E aRlRigh flowing

[tne in the separation’ efficiency (see Figure I)
and yiel d busler moghref the firy{echromatogsaplyr Surigg exrlg @umber

as used Wi thlidutioRiof tikdRpéreadtiodprdenot es the sequence
i) equilibration of the colum, ||) application of the

SR i AR N DSaBE e b SR Shgin
the col urm buffer aehi ofg thdﬁéirﬁobhmnatagr)phyegbnmgatycm number
the col urm“valll&at%ﬁsoé’ﬂllesﬁggge?ﬂlgn%gg%E hat w th the

regeneration met acc ing to the invention not
only a decline in the separation efficiency can be

3 4 a decline in the | oading capacity can
bg-gpegent ed (see Figure 2). The term "separation
ef ficiency" as used within this application denotes
the ability of a cation exchange chronat ography col um
tSE-HEpar atpardtbe prowpouadsrdihgats aheit | grparéthientodecndar  weight.
ﬂe?&g&t the © Q‘ﬁ‘lo%erétzlh q?ﬁldktg& e [H§S% céMthHl)ntohl!’P?Gylated

app ication enotes cat1 on ‘exc

ceythraptodgsina vy meadé b vmlgiqu@ss @berggments,u pCéY PRGyhited forms
a?ldvlﬁ?hé}t Ag%fk Q{es 'b(f ery'?_%hr/@po'léimo qq,ee}qbp@ iRQhippkd Rith & 220-nm

dgrla i on, of + - Z sep aration I.n
BT &SRB G e ofimersBRarPoh JBrpa) hagmacis
tBi6teslaNE€atCNAP DLHOEI57 - 01T)her taeSupérbsradi nmamamCtdlymna(sPharmacxa

ﬁ%g\#é@hl ﬁﬂ i?f‘gf gtcé)l:agnn?lg g)gf/:tc'e glhe ef {Tgcraglc ?ondatlons at
emohnauag@emhmwm%a ﬂpWyratmbfwhnut Thenlfrojn. (T\hﬁ mlgoblle phase buffer

g@e) &M séﬁq%gﬁssah'a&t¢mram% Bh@WeSsoRiEn %%‘Hd@ﬁﬂ BIP 6.8.

under st andi n resent invention

tD%né@w@ the Hf%fcws?eén ged, berrtlﬁ P carhge a‘ffﬁé'mféd“’“h a sample
capghfm}onlxtolmrﬁe widah&t oIt Batso i The€adrhples aadiliied with the

rocedures set f tho Ut
PO Pl B Por ot Dioten RUSREPBRY BLEBH kT BRI B (gL load
Forgut eSg/Fnlg(,ErOQ (L Ruadi) t Sanoflesrwith-Ppateiat @ahcentration of less than

e(p’ Ihg/ #P oéaﬁ tbenuse? utnlaﬁuLelar 3“9 Igluftécp édrc{fgng Hfgocg{teﬁpcp th 9 fdetector

rst  chroma ing c
wavelength of 220 nm.

RP-HPLC:

The purity is analyzed by RP-HPLC, which separates mono-PEGylated
erythropoietin from oligo forms and related substances. The assay is performed on
a Poroshell column using an acetonitrile/aqueous TFA gradient. The elution profile
is monitored as UV absorbance at 220 nm. The percentage of mono-PEGylated
erythropoietin and related substances or oligo forms are calculated based upon the

total peak area of the eluted proteins
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val idation of the regeneration process. Figure 2 Yield
of nono- PEGyl ated erythropoietin in the through

wo b@nong7buf f er pool of the first chromat ogr apPGI/ER200$1QN5768

cycl e nunber validation of the regeneration process.
Mat erial s and Met hods SE- HPLXD -SE- HPLC separ at es
proteins according to their apparent nol ecul ar wei ght.
Therefore, the nmethod is able to detect the presence
dixamplenl PEGy| at ed eryt hropoi etin, |ow nol ecul ar wei ght

PR TR a G of MBHEPR atPcPégﬂPE&! .ghed forms and hi gher
aggregates o eryt r opol The HPLC |s eqU|pped

with a 220- nn1detector and a Syperose 6
ig5His carpbg paeshchdne. SPH%%;ESB 40 BV6Y %Hﬁ73?éaﬁn<mrpurlﬁed as

(95@171191\)\’@@6%1330[)8” PEﬁI l@teﬂoé g%lfgiﬁ)' i_erhgm be produced e.g.
ar, maci e e colum is
%ﬁﬁFQF@éoﬁﬁéég(ﬁ§2%¥atlc condltlons at room

tenperature, using a flow rate of about 0.4 m /mn.
B Eirstodhirbreawigepdy bufSPefoyopeal &0 MM sodi um phosphat e
buffer with 300 nM sodi um chloride at pH 6. 8.

R :
S AR IS BT LRGP Sy
wMﬁ eYorsan® #POMTRbe clupinasas gperagid aiRdy T\hﬁwwném loading
rRpidi® dhasgirhuddi@hntio RfiReDLENS gcpmantgeatlit@nc&ﬁmn volume

6@5; Tgééﬂla%%s ERLBEsref Bith - i FREPSR P Phphate buffer
twign pbl 219 ng3.ari(SEam bbﬁfen)sﬁﬁemﬁrél loadieg stephéheetaltma was washed
erngt %h&apﬁ%ﬁ aTEér?eg g @taslsgmg ﬁgﬁ%cs\é}?;{ﬁe \%Y% ﬁ%&%mﬂ{ﬁh gl%geasmg
@@pmm N by o g o g 616 g, and

@E@QQteﬁefcﬁ‘Eﬁdw&‘ébmgsm e SAbugh AR il BBkequent
ﬁ Por oshel. | CO|UHE? si ng ,an aci%onltrlle/a ueous

TrashigigadicBnivithTRE -4 aafiowq SPotasHiYBr BRosphaig, buffer,
qhwmbalaqe caﬁtaﬁﬂﬁg o0rmM hedm@f cklptidgeSPB tuffep), PE@;!J:t&IeB/d The

0 nd re .at ed nces, or al | go
T ERPETloEoe, i BAEh AR, PR PLAFRUTe 3, L g fRassiunn
qdhwsle\cht@rboltffer,nlsE)ZaﬂTpd)é L fantaihinga2pOmMf sodium chlorlde (SP-C
L r)Plig»féc%Jae% %ryets%:l eYele] aah{%%y E{lwtézf @J@owﬁh d;shrg?ea W&‘ter This

produce accor ng to uri f ?
#ollected eluate 1s termed ,,SP eluate pool I The column was su sequent y washed

with 100 mM potassium phosphate buffer, pH 2.9 to 3.1, containing 750 mM
sodium chloride (SP-D buffer) to remove unreacted erythropoietin and the column

was regenerated.
b) Second chromatography on SP Toyopearl 650 M

The second column was operated at RT. After equilibration with SP-A buffer the
SP eluate pool I was applied to the column and the column was thereafter washed
with SP-A buffer. The mono-PEGylated erythropoietin was eluted by applying a
linear gradient with a slope of from 50 to 500 mM sodium chloride over ten
column volumes buffered with 100 mM potassium phosphate buffer at
pH 2.9 to 3.1. The product peak was fractionated in up to 8 single fractions and
each fraction was directly diluted with 1 M dipotassium hydrogen phosphate to
increase the pH to 6 to 8. After the elution of mono-PEGylated erythropoietin was

completed, the slope of the gradient can be increased leading to an immediate
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W@ oowsogr aphy on SP Toyopear |

reported in WO 96/135718. PEGyl ated erythropoietin can

be produced e.g. according to WO 03/02929 1. a) First

650 M The fi r SeCT/EP2008/005768

chromat ogr aphy step is performed on a sul fopropyl (SP)

col um packed with SP Toyopeard (r) 650M The col um

was operated at RT. The maxi num | oadi ng capacity of

the first colum is defined as 1.5 g protein per liter

colummwegd] witk 10CxiM pbhassianl phasplts pelgp ite Bl abethimng ROGMM
si um phosphate buffer with pH 2.9 to 3.1

%%%UE\%}H&%%%) After the | oading step, the colum was

washed and eluted with a series of potassium phosphate

shRegansragiontodiths FRToyRpead 60y eatwmnt s of Nadl . Free

PEGyl at ed carbonic acid, i.e. hydrolyzed PEG reagent,

amré R&ihY oPEe @bl@%rfsoms reRdRrdt&RY @GhehflericB&f seven steps. The

iR i B o R A e b ad 7o, P B 3R <Oy R Oxide

tsoluBioh, Thentkaline l@uBGn WMs&hq:llau&d omtlopudbed BRteB followed by an
bdeI Gl 86 NGNS 1h¥3— 8g%n h%fﬁ E%/ lalt\/P %BBSPNIC acid). After

g Opoiéet1 n was
pla)DEh;s ipunifipéh G@pﬁraﬂt@, thloxf t@lumnp pye2e er)aogenﬁtedc‘@rﬁh & TMngpdium

4@&&3}4@&)@ UM G, OA&&%&S%E r%é?)léutﬁﬁr?]the%“rﬁﬁg \%Qre'v{;hsﬁed with

ssel. and |rectly dil uri ﬂ
mr Jed tectgatn. dibg pueitied Waser Y tipapp uéﬂgému iafiltration.

ARliySf PASIIS usb@@mm& Ity thasdTechtam ﬂbh ld,@&ldmccordmg to US

hat H 2.9 t
%?%ﬁﬁoi?afﬁm?@ﬁ?wﬁr%é dacidPiprrerh B FishESE Bufink fontro
unne petferned ytdurdingi et tha: anoretdaliosl Gnvt ahasmatography step no

g%&%ﬁfﬂ%?e Y P§§Crﬁ8fiu‘ém8{i'iﬁt chrd@&g%dolrﬂ tfe I&?&B@@rthrough
6 econd col umm was operate

dtpwing briders P WPARESmalysis lﬂffﬂéfr resineafiep 68 cyigleseshowistl no residual
WastedPH! PrRd mifety e tﬁ@%él NBhsaden thge 82th 4BAtWAS-batch carryover of

ther fter vvas buf T 0- PE
éF%}il‘l’-le(Bﬁ‘bﬁelélﬁ i°A IQP[?{)@EP (5:'%)6,@ ﬁ@g ghl}s tHfééerger%/ratron of the

globthh @ it venyt éﬁcavcs(seepﬂscof:lgﬁfeom Phe deteSNiBatidh sbhiewinld obtained
chl oni de over ol u f vvlth 100 nmiM
e P Pt A P TR R MG RGN g

product peak vvas fractionated in up to 8 single
flradbe i Snmragiy of parianteresg for e cpmairegeaeIajioni | uted with

1M di pot assi um hydr ogen

to 6 to 8 After the elColYmnParamaters- PEGy| at ed

eS§arhr opoi ef Byffadolelinml eted, the s SB@”UT t he | Flow Rate

gradient cam he incre H Vglymes [L/min]

i | RRS8i at ecol Eh!ash with 100 oM o a_gg_i_&p%_p_h_gg_ghak-%' 2.1
pi4aosts t o 3| D5t ANaRhg 500 mv 22 1.6-21
column
regeneration |
Rinse PW il 22 1.6-2.1
Acid column 1 mol/L phosphoric acid >3 1.6-2.1
regeneration 0.5 mol/L sodium dihydrogen

phosphate
Rinse PW IlI 22 1.6-2.1
Caustic 0.5 mol/L NaOH >3 n. a.
column
regeneration
Rinse PW I >2 16-21

As shown in

erythropoietin in the through flowing bufter pool for the first chromatography step

Figures 1 and 2,

the purity and vyield of mono-PEGylated



sodi um chl oride. c) Regeneration of the SP Toyopearl
650 M colums The resins of both colums were
W0 2peMenat ed in a sequence of seven steps. ThePCODEPR29N$ 005768
were flushed with purified water followed by a 0.5 M
sodi um hydroxi de sol uti on. Tk®- al kal i ne sol uti on was
di spl aced with purified water foll owed by an acid wash
(0.5 M sodi um di hydrogen phosphate, 1M phosphoric
dor dl cydMst ierclearlptwighin phe irdngedofiatdeast 86 %ppumtyearwbamlnm 35 %

}fﬁeﬁ&‘ Iﬁ%g%ﬁt%%eﬂé"ﬁ%ﬂd‘{‘ﬁ Pllngr o hbRP ?‘Eé e CO nﬁ%létﬁ{ dufrirfl the

our's ter caustic eratlon wer e
viesrtaelofihe solyim ¢and ?féf? -agai n. The purified water
(PWII11) was produced by ultrafiltration. The quality
of PWIIIl is equivalent to that of water for injection

according to US Pharnmacopei a. Testing is perforned
according to Ph. Eur. and USP. During control runs
performed according to the above outlined first

chr omat ogr aphy step no residual protein or PEG

noi eties could be detected in the respective through
flow ng buffers. SDS-PAGE anal ysis of the resin after
60 cycles showed no residual protein or PEG noiety on
the gel. Based on these data a batch-to-batch
carryover of residual proteins and PEG noiety can be
excl uded and thus the regeneration of the colum is
very effective (see also Figure 1). The determ nation
of the yield obtained in each chromatography showed no
decline (see also Figure 2). Table 1. Sunmary of
paraneters for the colum regeneration. Columm
Paraneters Step Buffer Solution Colum Flow Rate
Volumes [L/min] Rinse PWIIlI >2 1.6 - 2.1 Caustic 0.5
mol /L NaOH > 2 1.6 - 2.1 colum regeneration | Rinse
PWIIl >2 1.6 - 2.1 Acid colum 1 nol/L phosphoric
acid >3 1.6 - 2.1 regeneration 0.5 nol/L sodi um

di hydr ogen phosphat e
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Rinse PWIIl > 2 1.6 - 2.1 Caustic 0.5 nol/L NaOH > 3
n . a colum regeneration Il Rinse PWIIlI > 2 1.6 -

WQ2m9A023hown in Figures 1 and 2, the purity aPdIr/gPmbgio05768

of nono-PEGy| ated erythropoietin in the through
flowi ng buffer pool for the-23+st chromatography
stepfor all cycles is clearly within the range of at
| east 80 % purity and at least 35 %yield. In
addition, no trend in puPatent Grimono- PEGy| at ed
erythrop0|et|n during the lifetime of the colum can

he qhssby ek ﬁ@&%&hez@h@h@cé‘tlod\@&m}% feforhite raphy column after
reg eEer ation of cation exchange C romatg a colum .
af t dhe ehiioa) eft JRPIMIs S BIFAUE COMPriFng t gtO@aﬂﬁs.sgqpﬁgn this

t he dr@ért o ng steps in this order: - eluting adsorbed
pol ypeptl des fromthe colum wth an aqueous buffered

sol ut| r| Si sod hI 9 i de, at a.goncentratio

of gt i CBo Pl il o S, G RAULE bfered
puri f |sehhtmtcemprmlrwgppdmm@larld)e 8 amogomtmwwhyxﬂ rObeas 600 mM,
solution to the colum, - flushing the colum wth

purififﬁﬁh*ﬁgkﬁémlumﬂ%w%mﬁavmwI on conprising 0.5 M
sodi um di hydrogen phosphate and | M phosphoric acid to

the colu ngt lupm with purified water,
i apmayp%lgaa% E‘f e kitinn ©AhBESBRM o ¢ he
colum for at Ieast 4 hours and - regenerating the

cat i—Orﬂlﬁhﬂl@ah@ﬁ)lﬁﬂfnhaﬁﬂtplgﬁMh«yatem| um by flushing the
colum with purified water. 2. Method for obtaining a

mono- PE%@# & Qo fltioh VS s%étﬁ '1\fV[‘ O?FRI% zam}}d eég}{ phacssphate and

hom)ge orm co OW Nng ‘st
PEGYI dtMri@]lOéPl}QrFFr%gﬁOébﬁ golygimg an acti vat ed
PEGyl ati ng reagent of a nol ecul ar wei ght of from 20

kDa -t qlARinkPRe cdmButitd yhrmfed baePEGYI at ed
erythropoietin obtained in step a) with tw

&Eg?gfaﬁt Ve Ca(f/%ﬁ[' 5 1(L:1pna|1119c?ro():(me RIS ?cphl){e L8R for at least

4 hours, and

- regenerating the cation exchange chromatography column by flushing the

column with purified water.

2. Method for obtaining a mono-PEGylated erythropoietin in substantially

homogenous form comprising the following steps:

a) PEGylating erythropoietin using an activated PEGylating reagent of a
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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and second cation exchange chromat ography steps enpl oy
the sane type of cation exchange material, c)

WO ewowering t he nono- PEGy| at ed eryt hropoi eti n PCRP100&005768

second cati on exchange chromatography colum in a
substanti al |y honogeneous f-024n d) regenerating the
cati on exchange chromat ography colum by the foll ow ng
steps in the follow ng order: i) renoving bound
pol ypept regencritingnthéecatiani exrhengshshypenasography violumanby the
aqueo%ﬁkQHB%ggﬁgngggRﬂ%q@n Qifes.i si ng sodi um chl ori de,

: .

ii) flushin e colum wth purified water, iii)

appl yi ng a . sodi um hydroxi de solution to the col um,

iv) flushi hbrW%?;ame RP'{YHCR}L#’F fiogpy theaton Wﬁange column
appl yi ng avie di dqueoGObUTered stutsstdoniprébimy idaga Rhloride,
phosphat e and phosphoric acid to the colum, vi)

flushing the  cal.u wWith purifie ter, vii) applying
a0.5M sod’lSLfi]H‘lqu% excloiiué“ &ltlﬁltplucgﬁle\fq%"a%{e colum for at
| east 4 hours, and viii) regenerating the cation

exchange chiioapplyong apidiumdiydnexidgsolutinghtiorthe e¢lemnel umm
with purified water. 3. Method according to claim1l or

2, charact gy f&firdgthé bahmsalith patfinwa¥ghange

chr omat ogr aphy col'um is a strong cati on exchange

chr omat ogr aph ol um. 4, Method .according.to claim 3,
char act er | JedPPIY e A OLHiaR £ PRHNGSERLy AiRyAroEe Phosphate
chr omat ogr aptyhogihomia aciel ta tsaddlogpnppyl cati on exchange
chr omat ogr aphy colum. 5. Method according to any one

of the pre i ng: . cl.al ' in that said
buffer is %ﬁgﬂs%ﬁgl itgé g@}lg]%g?ihgg‘?r?@édtzﬁ%re%of, or acetic
acid or salts thereof, or citric acid or salts

t her eof , orihpBRIVAEAd DM wdiung hydrexitsrsolugionye theyglumn for at
accordi ng tY&@scd RbisZandcharacteri zed in that said
erythropoietin is human erythropoietin with an am no

acid sequence> of SEQ. | Dt NO: t.1 or 2. 7. hI\/let htod b
accor di ng 9 alf§eBRE ¥ e St Fines hrwRpgerRPy selymn by
in that saiftisHBGtalamnmotidcpirifedwaitght of from 20- 35

kDa and is linear.8. Method according to any one of

¢J, Qi NTBth8d Ak c i dingN8r &GHLT bf 9 chdtadtlidledSAitHathGEf cation exchange

chromatography column is a strong cation exchange chromatography column.

4. Method according to claim 3, characterized in that said cation exchange
chromatography column is a sulfopropyl cation exchange chromatography

column.

5. Method according to any one of the preceding claims, characterized in that said
buffer is phosphoric acid or salts thereof, or acetic acid or salts thereof, or citric

acid or salts thereof, or histidine or salts thereof.

6. Method according to claim 2, characterized in that said erythropoietin is

human erythropoietin with an amino acid sequence of SEQ ID NO: 1 or 2.

7. Method according to any one of claims 2 or 6, characterized in that said PEG

has a molecular weight of from 20-35 kDa and is linear.
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has a nol ecul ar wei ght of 40 kDa and is branched. 9.

Met hod according to any one of clains 2 and 6 to 8,
w@b@paoreri zed in that said first cation exchaPQBEP2008/005768
chromat ography step is perforned as a step elution and

sai d second cati on exchange- 23w omat ogr aphy step i s
performed as a linear elution. 10. Method according to
any one of the preceding clains, characterized in that
$ai Mahod eccoediopdngey ohe ofralatgy 2phy, dulranterizedin likatisgiddPEG

at hGastndi@laf Qvefg%P BF £ k9D afd G'bEsnched.

9. Method according to any one of claims 2 and 6 to 8, characterized in that said
first cation exchange chromatography step is performed as a step elution and
said second cation exchange chromatography step is performed as a linear

elution.

10. Method according to any one of the preceding claims, characterized in that said
cation exchange chromatography column can be used at least for 40 separation

cycles.



