24383 WO-ASK Chromatographic methods The current invention is in the
field of chromatographic separation methods useful for the purification of
polypeptides, especially of PEGylated polypeptides. Background of the
i roteins play an important role in today's medical portfolio. For
ng@iﬁ%ﬁpplicaﬂon every therapeutic protein has to mee?‘gwf’ﬁ?@ 8005768
criteria. To ensure the safety of biopharmaceutical agents to humans
by-products accumulating during the production process have to be
removed especially. To fulfill the regulatory specifications Ongﬁﬁ%@-ASK
purification steps have to follow the manufacturing process. Among othe
things, purity, throughput, and yield play an important role 10in
determining an appropriatE'f@fifiéagi prseedwddifferent methods are
well established and widespread used for protein purification, such as
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affinitye clardinaiografiv)pipn dxchaadgelighroraard graphylyies gt gation
exchange (sulfopropyl or carboxymethyl resins), anion exchange (amino
1Beelaybreginfiieddvaixed-mode ion exchange), thiophilic adsorption (e.qg.
with betamercaptoethanol and other SH ligands), hydrophobic interaction
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excluSion chromatography®and 20electopheretcar MethEHs (agcH 4efar
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chimericmoleculescomprlsmgEndostatlnandc'lmmunoglobullns 25 (US

Z]QQQIQQ@G%%)},&QE Said ewgla%igg%}élsc?sgrgdfg%j%sﬁrgat Inisli%{ss for protein

2002/147311), for fusion palypepti omprising albumin _
20516199 ?ﬁmiﬁ*&%ﬁ%&a@a&ﬁrﬁ“&%%@lw;&fe&eﬁotem
polyBepites (b Pods chianapgrapky foidntarciongfusionsmat@graphy (e.g.

cation exchange (sulfopropyl or carboxymethyl resins), anion exchange (amino

15 ethyl resins) and mixed-mode ion exchange), thiophilic adsorption (e.g. with beta-
mercaptoethanol and other SH ligands), hydrophobic interaction or aromatic
adsorption chromatography (e.g. with phenyl-sepharose, aza-arenophilic resins, or
m-aminophenylboronic acid), metal chelate affinity chromatography (e.g. with
Ni(ll)- and Cu(ll)-affinity material), size exclusion chromatography, and

20 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 0 442 724), for PEG and erythropoietin (WO 01/02017), for
chimeric  molecules  comprising  Endostatin  and immunoglobulins
25 (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

30 human monoclonal antibodies directly from cell culture supernatants by ion



exchange media exhibiting high charge density. In WO 89/05157 a

method is reported for the purification of product immunoglobulins by

directly subjecting the cell culture medium to a cation exchange treatment.

A one-step purification of monoclonal IgG antibodies from mouse ascites

is described by Danielsson, A., et al., J. Immun, Meth. 115 (1988), 79-88.

A method for purifying a polypeptide By ion exchange chromatography is

reported in WO 2004/024866 in which a gradient wash is used to resolve

olypeptide of interest from one,or mor. taminants. In EP 0.530 447
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method_for the regeneration of a cation exchange c atography column
fachifter hBcalitibAlof CBRMBPEGRAYSE HHEHESE tom BrSIFIGtHE fEiing StepEH by
Yuthis,order; inelutiogyabdsodsbdpolivpeptided Trofty thércolgremalvitiame, H., et al.,
Pe@m@f I@@S(ﬂ%%ﬁgr% §a#@t_iggw@ﬁh-@rti@élry;gjﬁgda}em]qm?ri@w&@p%@@imrﬁ%ﬂ by a

of at least 5( . flushing the colupn with pusified-water, applying a
o e U S R e ik, 3R R 18
CY9ifda bhteportabsing e détioh Homristhge s Mis SaidPomyeregts on-
exqihogphbteranceiap phiegphoric acid to the column, flushing the column

with purified water, applying a 0.5 M sodium hydroxide solution to the
Susghamn for at least 4 hours, and- 3 - regenerating the cation exchange

column by flushing the column with purified water. Another aspect of the

OnBUERRE disalosuie s Asmsthrdifor Abiaining an eryeRABIT WhareR¥:QR8nge
Bl ethiene ghieel) fesidye is covalentiylinked at the Ntermings, ofin, e
eryt r%p |eyt.in a_n&?or an mterna'ﬂysme resigue in substantlaﬁy prISing

follostinsgerrsug foimecsiprising the following steps: a) covalently linking a
poly (ethylene glycol) residue at the N-terminus of erythropoietin and/or an
inte el hsideoreeiope arcarAT disoietis celvgar detaraderaaduhicrsf solution
covalengiysinkingiapaly (styiene glycohtrsiddadtibesibteminus of
erythropoietin and/or an internal lysine residue of a molecular weight of
frommgéhkRantoA0:kinav i purifiing.the erythropoietin whereby a poly
(ethylene glycol) residue is covalently linked at the N-terminus of

erythrppatstinangiap an s ARk YRIREIRSIARE ADLRINRE IN Step a) with two

consecutive cation exchange chromatography steps, wherein the first and

sgc%gl,ﬁg%:% ggﬁ@l%pgﬁtﬁlé{gmggp\%%py steps employ the same type of
cation exchange material, €) recovering the erythropoietin whereby one

poly %Wi‘é'gf‘ae 5%'@%'21 r%&'n‘%'{‘fﬁsi%]gf%Y?'ﬂ’%Xcgﬂhﬁ @"F}H}S lg.lét%q'ggénﬂgtgfand I M
erythiropoiétin and/or an internaflysine residue in the second cation
excRBPHEU SRatsdRasINY 8i8p in a substantially homogeneous form, d)
regenerating the cation exchange chromatography column by the
folloWisignstépsscin uhe \siibwikigiierderisy.removing bound polypeptides from
the cation exchange column with an aqueous buffered solution comprising
sodappichipridesdflasdéast 30wl di pélushinéptite: callinmn Withapleified hours,
watgggiil) applying a 0.5M sodium hydroxide solution to the column, iv)
flushing the column with purified water, v) applying a solution comprising
0.5M sodium dihydrogen phosphate and | M phosphoric acid to the

column, vi) flushing the column with purified water, vii) applying a 0.5M
sodium hydroxide solution to the column for at least 4hours, and viii)
regenerating the cation exchange chromatography column by flushing the
column with purified water. Detailed Description of the Invention The

current invention comprises as first aspect a method for the regeneration

of a cation exchange chromatography column after the elution of
compounds of interest comprising the following steps: 3a



removing residual bound polypeptides from the cation exchange column
with a aqueous buffered solution comprising sodium chloride, flushing the
column with purified water, applying a sodium hydroxide solution to the
column, flushing the column with purified water, applying a solution
comprising sodium dihydrogen phosphate and phosphoric acid to the
column, flushing the column with pur_;)fied water, applying a 0.5 M sodium
hydroxide solution to the column for at least 4 hours, and - regenerating
I e B e e g
The wateras iseFwithin this %pp icatior ' denotds wiate
mwcﬁ@r‘aehccordlng to US Pharmacopela. The term "ion exchange
material” as used within this application denotes an immobile high
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(etisdBopropyb yrewsiduaschargeaisubstiddentihyeakeeation exchangeptesinsand/or
an hﬁt\é?;ﬁ CF}I&?H@W&%EE@”% Rreferabiv a.sarhoxymethy! %Matéglﬁl?ﬁygﬁgp in a

su bstituent, and weak n|on xchange resin haveadlegaylamlnoet
subSkR EH%‘@%&E’% § ﬁeéﬂéb%’b% SR PR EaRTH R ARG graphy

colehroiatbgraplyving sekmin gonfalhsvansudisisropyroativnekehadge hasipgides
frohethit imasuliapioRy catiam exchange ehyematograpiy calH sy Pifpresbdium

ch}BéPo%so‘Pf ffé:a%’c‘%%ﬂ%ﬁ/{rﬂﬂt?;f@ﬁng‘%hé tayf Hﬁ%ﬂ@sﬁﬁ“&{ %V%V?"ﬂﬁ'%gpiymg a

under I rent names and from a multitude of co anies suc

0-5¥h iR RUTEE HatBHAISBIB-REXH) (8. Y/l 7b) “%;maés?éma § i garified
watt00y) MerdponBre piru(ey.dyperising 0.5M sodium dihydrogen phosphate and 1M
phosphoric acid to the column, vi) flushing the column with purified water, vii) applying

a 0.5M sodium hydroxide solution to the column for at least 4hours, and viit)

regenerating the cation exchange chromatography column by flushing the column with

purified water.

The current invention comprises as first aspect a method for the regeneration of a cation
exchange chromatography column after the elution of compounds of interest comprlsmg

the following steps:



15 CM, High S, 25 S), AG(r) (e.g. type 50W, MP) all available from
BioRad Laboratories, WCX 2 available from Ciphergen, Dowex(r) 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(r) IRC (e.g. type 76,
747, 748), Amberlite(r) GT 73, 20 Tayopearl(r) (e.g. type SP, CM, 650M)
all available from Tosoh Bioscience GmbH, CM 1500 and CM 3000
available from BjoChrom abs SP-Sep ros T™M, CMSep ‘%arose

A ATABIE G B e AR RE BRI Fo o ABIE TR %é%?wa“ with a
Biosysterns bASattipakl BER{egniypese2d)ncXpakde, 1EC CM (e.g. type
825, 2825, 5025, LG), IEC SP (e.g. type 420N, 825), IEC QA (e.g. type
LG, 828)iayditatsié: froryi25:8hokd warerica Inc., SOW cation exchange
resin available from Eichrom Technologies Inc. In one embodiment the
catiepexshangelmaterialisi éstsong catidic exthange material such as
Macro-Prep(r) High S or 255, or MacroCap SP, or Toyopearl(r) SP 650M,

oL SAUsER SitRlcofimeRharesaiel Reby CAT A. Exemplary anion
exchange materials are Dowex(r) 1 available from Dow chemical

mg’g s%ﬁ{f&(%&nﬁ\‘l%‘ﬁa 156l fhin Bi@s ﬁﬂ&\%h ﬁ‘zﬁe%@f %s:lfyhonc acid
Macro- rep % DEAE all available from BioRad Laboratories, anion
exchd l]eecp type 1 available from Eichrom Technologies Inc., Source
Q, ANX Sepharose 4, DEAE Sepharose (e.g. type CL-6B, FE), Q
Sepﬁ‘a\?Bg@ t@‘ab‘f&’@“ abpusindavaitible from GE Healthcare, AX- 300
available from PerkinElmer, Asahipak ES-502C, AXpak WA (e.g. typ
624&3@@1}1&@%@@&%@%&@%@1@%@ Ahﬁéﬁéaanﬁéom@%aﬁhé(hpws
IRA:@, Toyopearl(r) DEAF, TSKgel DEAE all available from Tosoh
Bioscience GmbH, Mustang Q available from Pall Corporation. The term
flusl&lgtgleﬁa‘au@eﬁevwmizShtlais&ma@B:@tiﬁnrﬂeaptﬁasmegMﬁahiam@aﬁaa\ﬂ@humumiﬂed
with twq or more column volumes of a specified solution. 5The term "same
type oaft cation exchange material" denotes two consecutive ion exchange
The Qr%?@l 5‘ ywsattee SWhIChda{A% e rrged qycatloﬁ) I%!Jn&egnvddlgnqor injection
cation eX ange haterial “This means attheGonsdecutive cation
accaxemarige eHbiagsgPafhy steps are carried out by using either a first
portion of the cation exchange material for the first cation exchange
Theleom&tographystepraimddy esingdloithe: sbécompbpertion déthiesamenmobile
hi gﬁ@ﬂ@f&&ﬂﬁhmﬂamﬂéﬁ%@m@f theisecondigationrxehangeehidialegtapty as
qtat? a?%'u%?‘a% %%%W%)‘E%“ eeéﬁh%%%épa}‘@g'akf‘%r?@ﬁﬁaéh?a@ﬁ XG0ANGE Y not
ograp y steps The terms "ste lon" and "step elu
Covmaﬁlad OWHICH WP LAU e RHEg BB within thiS aﬁa?eaﬁdﬁaa@ﬁbtéa‘s the
abihigtlvotkuilegeiiiseigt thealtstgoboentrationeof arsibstanderbatlsirgg@lation| the

suri(ﬁm‘ﬂﬁ% issahatiomafadaung wamfﬂwama{gé@sei%aiﬁadms m “ion

wered at pnce e, ddrectlél from ane vglue/level to the next value{l
CXC a%e 1: 111 efe,a 0 4s catio é dNZe  TeSIn al a[[]l an e resm
e eu ion Sheor more con itions, fo rexampe ep nic

Dee%raﬁ@arpfbameﬁﬁauaﬁ%Pé%%eér&%nﬁ%%wa%%ﬁrofﬁaﬁ@# resin” s

refisfat eccirangethaleat once from a first, e.g. starting, value to a 20 second,
e.g. final, value, i.e. the conditions are changed incrementally, i.e.
stepwise, in contrast to a linear change. In the "step elution method" is
after each increase in the ionic strength a new fraction collected. This
fraction contains the compounds recovered from the ion exchange
material with the corresponding increase in ionic strength. After each
increase the conditions are maintained till the next step in the 25elution
method. 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 30 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
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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, e.g. containing a substance of interest to be purified, is brought in

Wweonteetarith a stationary phase. This denotes that a) the sohdtioprifatdeds

to a chromatographic 5 device in which the stationary phase is located, or
b) that a stationary phase is added totthe solution. In case a) the solution,
e.g. containing the substance of interest to be purified, passes through the
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&bta né)éegn?{%? haesuas R D s P AP GRS R g anee
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thedffert, whithviskisedbto flushripe eelummer to datsé elitierhefl gneipras

m&g@mmﬂngr{@ thastatRRaNLPhase A NARR A Qﬂ%ﬁlﬁm%&ﬂ@hy
chromatographic deyice |s¥’f1mglurrin€nxcﬁr % cassette, Tpe subg ance

interest can be recovered from the Solut er the purificatio Otigp Byo”
ﬁ?‘éﬂﬁ'ﬁ?&%‘fg’fﬁmé%aé’b%@w skill in the art, such as e.g. precipitation,
salting out, 20 ultrafiltration, diafiltration, lyophilization, affinity
CHEHRALSEPADAY B SRR VBRIFHE!F et SERIFP RS DITAM & S abyatiahleeustier
itéreest inasubstadti@atiyhomoljendous fompalrisasetb)theg stationamychange

PRASEalS BROREx® (@.:2%,3 b dRdegesQl gtle,ﬁaeelgopth%&mgéﬁte (e.g. tyﬁe
wst@ﬁgﬁ %f |Qger§§t '[/QG@ PéJ 'f'?ﬂj algqmngw an nterchpn petwegl%léag
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DenswithoiipTeliitosoOND QL HRksyBd)ihikeshtinnaryihage.aasle from
wmm&l ingfpe M}m@hm&err@ oUngst %nd7a9n%§é5'ta,949bfai RBANg" 3,
3 %%em tcal eéq aééeh%f eof} ag gggeglt | hIS pllcatlon H,

&k Pk TR b b & WSB%%(E’W
%é%@a%t@ﬁa%?%%@fﬁh%rﬂﬁmu@ﬁﬁhf @é’hﬂaﬂlswﬁﬁ fiehgrasn’ jonCM-
Sxdhange atekible This doksindtinace SRaiiky danote ihasi2 9% tkileptive

guh%eage atdnt 5&5&5%@9%@9@@6 S@j}é&ﬂé’ﬁ%%) eMhe s L&? slapee 9f)s.

|e at le tance 0
t%{ ra IS/ at Ieast FHsbEPSt Sué% ance §ret§? [bg] § 5 %%ieb%/ogf
Eé)&é@ss“%f&ﬁfhé%bsiﬁ%ecs%v wﬁé‘f@%’?ﬂé biﬁ-‘ﬁﬁ"u waé)breﬁ@fab@mmn
rahr@59giof the $ubstancetotiintene shis toived 4o Haegstationsny phaseong

ZanJm@xte,rmgmfieerﬁg sashusedwvithip (s applisalion SIenqies R SRR, -
Whlé:al‘} e HSduet the 3d§tlog or relea g([%%(itlc o%ba5|q

ances IS% &\? §by03r6% ersu & AA Of)u rsubstanc:é(em ary

?awtmﬁhﬁngﬁdﬁaéﬁr@ feﬁecaﬂ‘ﬁé%éeavaa!ﬁBWef@ﬂmeéhfmrca company,

phé&rieaseutieally ActkphadbReffer BEBStdhiceSdre, UdedsBodp@sDBALgall
m«:aataorrﬂsraqwo@ragamm%@és acatin acig rsalisitherpof; g 6dAYm
%Hs th |ne F% N-T /j&gkngg e]}hanesul EAcEa,t’clghoarrgs%ltfeg

ereo stl rsarlts reof, glycine or sa sﬁ1ereo

I’FMS? FREtHaHRq FRIQIPP Satkanrdlbls (A Bretderitcare,
é?hb@@ mmbbhingphﬁe@mﬁhh'i@r, SeitbithdrE6f50tQeaipakcitl Ol sgltspe 624,
theremt, ovRitrcacisansaltsitberestors 1Q:istiding or aalisthaeofiaieys,
used. Optionally the buffered solution may comprise an additional salt,
such as e.g. sodium chloride, sodium sulphate, potassium chloride,
potassium sulfate, sodium citrate, or potassium citrate. General
chromatographic methods and their use are known to a person skilled in
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the art. See for example, Chromatography, 5th edition, Part A:
Fundamentals and 15 Techniques, Heftmann (ed) Elsevier Science
Publishing Company 1992 Chromatography 5th ed 51 A 1992; Advanced

WEHmELgraphic and Electromigration Methods in Biosciemease B ey #5768

(ed.), Elsevier Science BV, Amsterdam, The Netherlands, (1998);
Chromatography Today, Poole, C. E3 and Poole, S. K., Elsevier Science
Publishing Company, New York, (1991); Scopes, 20 Protein Purification:

Ffep L@@aﬁa@,&aqt (1982 A_ESBF‘NQ&‘&EQ aSkAlTRdl MaleeHal gmbH,
%/! &Latiog e ani%of Second Edition, Cold Spring Harbor
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ted h db li
%ﬁé e B B T b R o o néf‘ns el
%&Waﬁs mm&&w%my%&at}ﬁrbﬁéeﬁ%oaﬁwﬁﬁ flow of a

rég‘enemlren}of s batiohmegsdanyet cmonfatoyra finst.colurmardompribes the
febowdngy] Bntapsilremeving aotadope paptideadinmetiencation €xehangs
ﬁPl%HIPaL’Y'IQ @ﬂ&gp@%@pqﬁ%%d S0 EHBHOC%PIHEV}&%'E*Q §9@é%ab r;%%s@ in

ushing the cowmn with purified YV 1Qre erab W|th at least two column
qd%lérsetrengt a new fraction collected. This fractmn contains the compounds

recovered from the ion exchange material with the corresponding increase in ionic
strength. After each increase the conditions are maintained till the next step in the

elution method.

The terms “continuous elution” and “continuous elution method”, which are used
interchangeably within this application, denote a method wherein eg. the
concentration of a substance causing elution, ie. 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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20- 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

wgadiomaihydrogen phosphate and 25phosphoric acid to the«ohkirngoes7ss

preferably at least three column volumes, - flushing the column with
purified water, preferably with at leasftwo column volumes, 9 -
regenerating the cation exchange column by flushing the column with

ﬁwgf'@wa;smﬂ;@%@b&avm%ﬁaﬁst umv %%Llémea% mem IRk this
of the met od |stte ryt p0|et|r& EC?/ ated Pﬁ)%‘c E:ene
PEETIRET Mgt R A Rt 0 B D AL RO HADR: 5
ﬁﬂﬂé%m%s 5 w@r@mf@f abétierotkDablo Mo ikpd (syrrergbbifacwsightwib 2
usechiereptrare T:ito devmdeisto)dithednean melddidanweibtdmithgaphic
%ﬁ%@%%ﬁ%}ﬂi@ﬁ&a@%%%&s@qm&@%@ '%maqm@le%@awm A dafined;
é:l.{lar We!;%pt} but in | facg hagg]mocl} uC}JIar weigf t (gl?trlbutlon the t}elrcry of
é{t))out nCATES RG: I RS P Hi%R0Rs: SSMEmbketicutii
WBRGEF mbsrebanavediee |@é@fﬁaﬁl{ﬁéﬁhoﬁ%t@af@oaﬁyo|mra%@ﬁs ifertrfa
teteraboutrefersittha maoleeutaphveigintidistribbiionds which: @mOBepéhding
PE@lmﬁaulsgsh@u@;aamgewrcmgmmh@Ax#/{—oliQe\a\épa%ﬁh%@g@@%@Pe

0 ht. For olecular wei 0 enotes
%J‘F%rlg@from o7 kita t %ﬁ%S h?f%esoermme?f/ hropo%{e%mt%re ersto a pgase

nﬁfe %a%ﬁ@eeﬂsvgéq%%%@% 8y PN IO Bag ey ARt npseption o
proréqwdqudm@ephdet@ubmﬂaw Hdr elbgbushieretb;tivhose biologichin
prepRstiechrelaie. toibe gimulatiophof seddue ot celbpiaducionaaddher the

%rggg@tm@‘ &h@oq{m@}@;ﬁn@ Siffereqtiation.qf %W%@%sryggr%wmzum

pro emtor bone arrow Reco ant erythr eti

0
ROt e St A AT P I e
BHK €158, e&rfwélsé @éﬁ@rmomé@éqﬂﬁﬁﬁbww\m !ﬂ@tﬁﬁbmgymﬁ'@ye In one
endilogénetist ge ner astivagiaphled dhiecckyihwsipaiatinglycepioteThissubstance

%FH(&?&Q@JP%@QQ&Q@F&%%H%%QYQHPJ&&%J%%@%%@V'%% p by methods

733,761, US 5 641 US 5,733,746, WO 93
\ﬁfzf@é/éis%@em &?/i%gszf‘ W6 YiokEs 7 afikr %Cm%%s*af Ut
ahTBBHmiisky 1 Blymiemolstphiiasieing e Hyertishers Baseearofelient
seluenos 2B f Rushsn ERe kulbs prefeofadiermiddimbsit tivellyumarngenecus
wﬁﬁhmp@ae&n&m&th@@mmo Atig sequence §ehphltsml§ﬁg? e NMRiibRre.g.

§c!’:r)(&%13w t‘h% G refz tpte guﬁnﬁgﬁnfy tgroq?l?)letm thne,z% 381011

gCI sequence set OUt In e term ery FOIe In"als

ERGES VAL B Y B SR B"fegebtmcmn AR EEOA N@ezmﬁrmeﬁ
Hrrestreomure rdin ds acid vesidees bavdtheen.cithagby,e.g. the substance of

interest is either bound to the stationary phase and removed therewith from the

solution or not bound to the stationary phase and remains in the solution.

The term “under conditions suitable for binding” and grammatical equivalents
thereof as used within this application denotes that a substance of interest, e.g.
PEGylated erythropoietin, 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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30 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

wepthreiotetin having from | to 6 additional sites for glycosylatopeibrgsss76s

specific activity of PEGyla led erythropoietin can be determined by various
assays known in the art. The biologicat activity of the 35purified
PEGylated erythropoietin of this invention are such that administration of -
1% e Lralatl Y- Inieclon i diman RALSAIR eUISIR bonk. maraw.Ge
creasing production of reticu ocytes qrﬁoo d cens compareéj

; ?f*ﬁ?fe%?@&id%“é&ﬁtfbf ot ot statfas! ?ﬂé‘ﬁfbﬂ&@ﬁi‘éls%mﬁﬁ%fst?ﬂekd
PEGyidtecbebytropdistir olftaimédtand punfied im ascordusis with thissed.
iweﬁﬁi@m&mirﬁﬁﬁ%ﬁ{%dxﬁ){em%@dﬁ;c@p@&ﬂ@ Eﬂiﬁ%%ﬁ’&ﬂﬁ’(&@%@@@@@% as

gh&%lp(g E%'&P&Psﬁ{sy E g?&?‘%&!& %Iau % s(]i?s %:Q b 14 §:1trzFé EacC;’d or saits

£1 c%(iCOI’ Ing,to the |nvent|on means a resli ue Contalnlng oly

( RGN SRR A% ot CELERATIPAR) St s BES CarbbrtaintiitHaFreof
Sirsidieal grotads, Wisiciearalndeessarydér lrndioeg reactions|hathickyrestiyh)
tomshe-chemicalis) @synthesisof the:peReule -amvhich arpisppesniatid

gptgmél distance,of paits.ofithe eaﬁteaw&ms‘amgas{dcg@@m@k%&&@%ﬁ
ot used for{he C Iculatlo fthe migl cu ar the PEG

BRSO AT TR < BN PR S e B B
P‘E@dé’i’d’é’%aﬁﬁ‘é wHidh %Yeelﬁwk%ﬁiw@eﬂl?&“ﬁEngmﬁ ridih tranpofRssium
PE@GidhaintarduraliedateuitidimedionteranphedsRaGsuBranched PEGs can
15 be prepared, for example, by the addition of polyethylene oxide to

Griious dﬁi@@lﬂpm@b}dm@gﬁﬁdﬁ@h@%@éﬁhﬁ@krﬁﬁﬂﬁ@r hitaksBrangned;n
ﬁﬁ%@%@'%ﬁ@?ﬁﬂ N, enoRmy £ RP 93084 3R 2985 400A%PRQ

a. molec we| ht 0- alipear PE Olecules are used in
Q’ odlmen an Eé EP 8iivers Willka marEILBwéigRPsF note”?
fﬁ}é“r‘?‘%t%}’ép@épe%lallﬁ%tﬁhé k[igg%raﬁ“élif@d‘@EG§éFén?@0€§Wiﬁ and
ahothenigmbodikethcds REBi@0ikiResa fwgs;afindeliDE Glisvpariicidacty BV,
pigtesradn Theternm RERK ations neansa @;L%@Hi@d@g@@&@ ROI¥., and

thylepegly sidue at the, N-terminus o the ot.an
Fr%gr%agl]l Igngpfévsg gjuenlf pg]?l%sr% nggprote%s?{smde ﬁo vg%gi% he'state

bFeHe"a Lﬁ#&?@%ﬁémp ‘f&ra&‘ilaﬁfﬁfé’“zél%zrbn f—oﬂ}f Bidthalerigi:
Molombr) Gosind 7A PE® vderhéimked u%ﬁnq@ffeh@maftmdqbﬁaﬁlggoﬁpémr
asisbpobyrtethylgne glycopsiyithigifferent molessdaraveigibolinersoastals in

t Hnk alsq F-
IR S e A L S

Drug Carrier Systems 9 (1992) 249-304). PEGylation of erythropoietin can
bhep&itistan3ofireagurenaiesolutiomalih REGyIation reiigerttsodsdifferent
deseribeds, forsexample, prQD@OMé&:&S raReoeBIbedimentLSIREGylated

M;ﬁ@r@;%wa;p%n@@b raber@@ Egmkﬁﬁu@a@&%&% 9%\@'9{&(@‘!%&(1
%veen 5 kDa nd 4 atlo?r% cgan alsp be perform

ot a‘{?:ecor in ym\pm Fa EVE ORISR 8% @ﬁr er to
ii?zzg”n%ri?&%ﬁﬁé %ﬁ@?ﬁmany m@%@t@wﬁbm@gﬁ@eﬂ@ahfamtbese
produced I3bacebrding ot @841 14odpound 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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Such methods result in an erythropoietin which is PEGylated at one or

more e-amino groups of lysine residues and/or at the N-terminal amino
group. Selective PEGylation at the N-terminal amino acid can be
perfomiedzaccording to Felix, A.M., et al., ACS Symp. Ser. 68@ F/EP2668/605768
(Poly(ethylene glycol)) (1997) 218-238. Selective 5 N-terminal PEGylation
can be achieved during solid-phase sy#thesis by coupling of a
Na-PEGylated amino acid derivative to the N-1 terminal amino acid of the

pepide dhaip, s ANREGYBNN LD BETEIMBLIUINGy o) vih two

solid-phase ynt y cou ate ysme erivatives to

the growing G4 UBE B f’a“f ?ﬁﬁﬁ%ﬁ%&f@%ﬁ%@e%ﬁ&ﬁhé e first
feasible eithendsdesdribedn] ebows withimsoliaphastegyrtgdiy chbyame
solution phasgsynthgsisRyRRpARGActvated PEG reagents to an amino
deprotected peptide. Suitable PEG derivatives are activated PEG

m0|eCU|eé)VVﬂE'3d{'ﬂeB ﬁi@'ﬁ%@l@@@mé\ﬁe{%ﬂﬁrﬂ%ﬁ%ﬁw@o‘ﬂ?&ﬁ@%@&‘cfﬁaf@anon
about 5 to abo t40 a, in a{pref rred mbodlment fro t 20 to
3 o SR g

about 40 kDa ar@i" in & fl;?gﬁe p e?g red 15 6mbodi men

about 35 kD‘a"’%e PEG derivatives can be linear or branched PEGs. A

wide variety of PEG derivatives suitable for use in the preparation of

PEG-profBint $#5a G fipab eofiGitites CHAbE stmne gofiga by a method
Shearwater Robydieps ¢kuniswitieioAL, U.S.A.; www.nektar.com). Activated
PEG derivatives are known in the art and are described in, for example,
Zmﬁrm@edl\é& @palially Bieadnfug tﬁ‘&lpﬂﬂif%a(ﬂ&%;)f&%&&ﬁ&&qremmbmant

,\g@g&%ﬁ@iow&mkmeaé CQ@H&&}’]‘QeQraF‘Gh%Q?@'HJD 5%&91eﬁ5?§d%@d by
sunab

th t
reactive r@& ereag‘{e% %rga%r |oc§gi%cect ﬁyﬁ%d% eEﬁKEceﬂmiper o8 cll, or
métrbkyBEandinytsaffsreadt .§hﬁ%ﬁ@‘ér&f&@iﬁf@ﬁt éﬁ iffegemhofapouthe
45@ genaboiutOg0 astchii 2ishHavgerchiyhalivaplor Grianchedyipavingherfeitoving

sixpgarbon atoms such as methyl, ethyl, isopropyl, etc. whereby methyl
is preferred): The use of these iodo-activated substances is known in the

art and descHRRE BednYigymanRey f@mTthmcﬁmﬁpe&a%%JeahmMﬁh an

Academic Press, San Dieqq,(1996 In one embodiment
SR MR 4
the PEG sc})eegfless is §Fleac§va'£83 PE résé‘i’ rSGe g‘j mlﬁ ye ?oxysuccmlmldyl

proplonahed B Nz RX ?L)l( Suc%'ﬁ'}%'é’é% ng\%tr%f ra ! w&h at least two column

N- hydroxysucc imides Suc onrar
Bioconju§dEtehem. 6 (1995) 62-69). In one embodlment the PEG is

activated by N- 5hydroxysuccinimide ester 10
-~ 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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usingalkoxy-PEG-N-hydroxysuccinimide,suchasmethoxy-PEG-N-
hydroxysuccinimide (MW 30000; Shearwater Polymers, Inc.), wherein R

and m are as defined above. In one embodiment the PEG species is the
WEHpar@tyElccinimidyl ester of methoxy poly (ethylene glycoPehvityrims 605768
acid. The 15 term "alkoxy" refers to an alkyl ether group in which the term
alkyl' means a straight-chain or brancted-chain alkyl group containing a
maximum of four carbon atoms, such as methoxy, ethoxy, n-propoxy and

the like, p&géﬁ@h&)ﬁgnﬁ;@%dih&&%ﬁegeseh%ﬂ“@k}yMmgg%%m@ with
as used Wlthﬁéhlitgpp|lcgé%q den 20 that the PEGyI

erythropgleliln obtamed; con | gcf Or USSR thELE § h %a defined

f PEG one embodiment the PEGyIated
ery?hropme it %for# Edemﬁ%‘b% BHhETHa e pArkRN Filyiene
coﬁ@ém)wﬁ’r%fabtéﬂymer W@%wqﬁa@kﬁh@?ﬁﬁmtmemm have a molecular
poheREHGY hted etkiropoistkatwethasdihg weigta ofsthepabreentidss to be

QQB?JQRQQOQUEH&QJ{%@;P RGMiaion LeReH gk aéﬂﬁ%t%@&u%’ttféénﬁé'ﬁyol meric
homo enequs for denot St ata ratlo am%é)& Gy late b

erythropoistin’ con AREmeL %C% ‘/XP? “Hdhd: 58 fetf fact has a
erjiRkepotetine b fo detrB Wioss tHes niemp- I@G%at@ﬁieﬁiﬂﬁréb@ﬁetm said PEG
le @st90%400f thermonolREEy laté dveigithrepeietid, sormades than 9b%mdficated
themmPﬁ@m@teq ewtm@q@m Ehgsnereenbralles aLghaged 80408 i
area-% ggtp e ghromatogra chg‘feﬁs on% to the tlon E‘XChaﬂﬂ% of the

chr ato raphy rom w he mono- te&'e t rop0|et|n iS

fatrd %eCﬁlﬁbV&ﬂﬁ*&nFmveﬁf?eﬁheap decuim i or Al bt 2
ffamﬁwmyléwe%&ﬁ%ﬁomtm in order to obtain a substantially
homogeneous form of a monoPEGylated erythropoietin. It has surprisingly
bedre fgrmd theth thecdembiredtiomoof pracdohserytive eatien@XNgeNO: 1 or
chspQatography, sierasfb@teleraplemgemﬂemta%tm@ ®lopatidBous thereto,

eXCHARIE TN %5%51%1% ides g.substantially Nomogsrequs farm of a4 iction

monQ-PEG oletin. There oret e current invention provi

a RSB fgmﬁ?@‘b%ﬁ’ A OFE o ﬁ@ﬁﬂf@d“é’?yﬂﬁrﬁ%@fﬁﬁ"d f"rythmld

carifitsnef the Biepsrof rpmw@rnﬁeatsemneﬁ coriprigmetimono-bpokepand via
nakPEGCiviaiedaythsapoiibfopetonpling HToAseeHIeKCatiRNor Hela cells
W@&%%Qmafﬂ%@%%ﬁ@% &P WQMQQ%B@? %g{]l(f_l (itwatmn, l.e. the

monghPE t!ateq thro oietin’'in the second cation exchang
chrrgma%%é"h)% B B RSty B R M B RAHYR RltaFtafor

is GraatPIR Hoth Gt <XEratigeséhrdMaidttdphy Wieps/ arrl te JER4tings0,
the/Eatiei Esehanyechomatagraghly coloass by method egoosdBgle® one

thesfisshaspachelia cysant w&mr;g &I@%Ef@ﬁa\gﬁﬂ@ga?é&%% PG ence

mopg PEle%tgd Ierythro grlret n |nt lfneecon%eE tion exchange L
hromatography steg @ |n Bvd e 4iddE %&%%8 djfgas the

framfﬂ?eaée%wweﬁiéa&éﬁa Heohitd gra SRS Matdfa2 mene preferably

enhlpddimenteofttire poethotacterding dathesimpentiosedittar the twaication 1.
exghangs ehama gegz@wige&wemmmgomaetgmew'%dﬂ Reyfinsh,
c:g%(ag@( ange, 0 chromato step is in gne. egnbo ime

as a'dtep e'iu |6)h]em°eﬁwo r@ Yiéhic Stength St th % FER&ganged:

bGﬁ'@Fq% ipctassEd s?téi%w%ehﬁélsé’ﬂ%?ﬂfée hishesir ?@ﬁmt?éﬁgthme%ed
the viext. ionic strepgtipuakdeinTiie istép elltienUhel}ios 13inonaiant may have
embqqmme@rigqme@eam&mg@ SIPR Ie%sﬁa@hﬂemgg £0:Pe {5 §tRPrional
CRE e M Y (HRRRCHAIRF P ERAL SHIRS DI ER be

determined gy various assays known in the art. The biological activity of the

purified PEGylated erythropoietin of this invention are such that administration of



i0

15

20

25

30

35

25 column. The second increase in ionic strength basically elutes the
mono-PEGylated erythropoietin with a purity of more than 60% based on

the area of the corresponding size-exclusion chromatogram (area-%). The
Wirdeinérease in ionic strength elutes mainly the remaining necRPESyaieck 763
erythropoietin from the column. 30The second cation exchange
chromatography step is performed in-ofe embodiment as a continuous
elution method, i.e. the ionic strength of the buffer is increased

commmeale{ bmﬁjgém%rﬁﬁ é)%@;amw%f@m%ﬂ@ BE—%{@E%% increasing
é I‘é)&)(%letln r?egor?glne c[t!g)i aln mono-P late

hropoietinin S gy omogeneous?3 Pnf EOTE n‘i‘& fogRgjected or
enﬁBBHﬁ%éFﬂ%wﬁﬁ%f@W b lexi 3B FRbISHHi B v SR FGri B aastd poietin
thelsreaedfthd mrf%bwmhagdﬂwmatbg?mﬁﬂdm:mmﬂ belfferds by on@hods

embagdimentPresamdn:s niratenedifemil GIMEQG &0 MM Bio 97-
pr? %nlf; rom 50 mr 50 mM, more%%ferably%oﬂo%lmm 777

Therefore, in the method accordlng to the invention are the two
consecutive cation exchange chromatography steps the following steps:
5a)Pasplying* BRGqueas buffdned sotitioneoniprisinga mixttidofonomieing
p%ﬂy@&@ﬁ@ifﬁ@%ﬂ?@ﬁé@f@ﬂ%%mﬁ%ﬁ i @@%QQQ%W&& chemical
chg %gogﬂ %oﬂgggsrgaun er COHdItIO ggsablﬁnc%r;be's% mg of Sgc che }
ated er thro&aletln to the cation 6xchange materal contauneoc 4
in SRS o%%m, O rBESFMGTS TR %E@vraféhd&vmesaaﬁﬁ of the
froneiereiirsteesto e arei ot rernape grapyt ookehintbihe steplelistionf the
metbbdulithveeslepwistdnereasaiohihe ianic swengthuafibs, ok BN PEG can

oo W0 U PR LR e o

e T e P P BT le B R G com

tols é’é@fﬂfﬁ‘géﬁbﬁf‘éﬁtﬂ%ﬁ@é%ﬁéﬁﬁﬁw%h&w&mﬁ wridetcanditsrliyols,

suitabidifr dhinelivigy afsaic) gyt opd ietibi tol theaaaioh RBGhange frstarial for

ccat@m@l IFPSRIG SESORE O, WRE Y RS, Q@H%M%ﬁr%@@%@' Da
C

ntaln%@ said s con?[cfi3 %(;)Ilémn (l}sngfethgﬂ ame type, as tion ”
exchange material in the first column, ) Tecovenng s Juitidgymers with a

mBHBePRAS ysteRf éfyﬂ%ﬁéﬂétlﬁsi kesarracipthatgthdmsenkias!fetRBfsmre

saidedetcondathtionrexetiange. ohy dthGtdgraphye cotammney PEGhtinpeuWR ularly
elytigbrragthod with a continuous increase of the ionic strength of the
through flowing buffer. 25The PEGylation of a polypeptide does normally

notiRrevigle tre; RERGEUIaRMs o covalent linkage of a poly (ethylene glycol) residue
at the N-terminus of the polypeptide 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 poly (ethylene glycol}s 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 using NHS-activated linear or branched PEG
molecules of 2 molecular weight between 5 kDa and 40 kIJa. 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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product in homogeneous form. It is furthermore obtained as a mixture of
monoPEGylated, poly-PEGylated, and not-PEGylated product. Therefore
the solution of the PEGylated erythropoietin applied in step a) of the
e H mixture of mono-, poly-, and not-PEGylated erytm@gipietios/o65768
and low molecular weight forms 30 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

cosiRiatedReaksedi: thaRIBFUAGRALNE REAKS (INPIE Bigt SXAUSIAR more &
CPIRMRIEAN 5 e M ALATER QLS SIS RXRBION ERTOMAOAIAM: WScrive
fragégn f -15-a sméttgle peak is given as area-%, I.e. as rela earea
fracton DI tot Arde B iab LRMMATIFaM D6 @RERIPST GrrategtagRIEelx
méthbest theitUsSyand She relateiblpletisy e lghowin)tol 853 ¢ SeAZSKilBdeinive
thejae:nbae! PEENamp e CHheanaog aphsg W3R MR FHEamepiale g of
Lechpiguias, Hielmann(edhy. Flasylsl SesRee Py IShng COmRAN of the
Chromatogfaphy 5th ed., 51 A (1992) and other refated ex?bo_o S. prlng
thgeeﬁ@%alfaa“raéh%‘fa%a FEFGHIAY tFABuUGR R oAt edieriangelid-phase
chioesgaphy ediumn! 18 Bthrotah flewindebuifertssadjustedwing chain.
accerghng:toithe-requiremenis ot the.stewrs bk ihe chramstographymetheted
It 9:the o #Q subst nferest yingland, from. (gluting) .
th‘a*@éﬁ%ﬁ%@ggh%&fﬁf“mi%fﬁ?aﬁ%%é S coeR L R B Uing
cHIOMATSgraphy HEBIS AR A BIHFSHS 5B tated, poly-PEGYylated,
and not-PEGylated erythropoietin applied at a protein concentration of

alfuta bl | der theifitsth catiaivexd G enclivamategaphynd Brabidmin an
anagueousoRlkienRuffered with ahaut 190 petagsium.phasphateated
choyl1, 30 The tsm iabqut, a5 usedwiln o curemiapolicaton
denates a range of 109% around the gran valus, re."10 8. Prigrto rdc ™

affSandimspliehabrristhie st éB%ﬁ?f%Qéh@hevﬁﬁ@tﬁ@%Wés safrée linear or
sotetichefof Boe.first sidp imattaystep BRffiodentettiod isithebkuffer ehangedhe
topadpufierowitr atmuip1oRim vh LOROtpssian ahgephaleabRMRAMM from
S, 109t A, AR 0, WAL byfes ol PEG reagerd

i.e. the corresponding PEGylated carbonic acid, tinreacted coupling
reagent, and poly-PEGylated erythropoietin are eluted from the cation
exXthimte dhferferygraphyrediuen inohthe seedndesiepith¢h rthfereestenple,
eltiopumethibd, is the buiercchangadito a tuibey sathabottr F0GMMylsulfone.
PalAssiumLiR 3 ReSRRALS, &agyp@@qmssmmmmm%wm e

Inhis step the monoREGylated erythropoietin is recovered from the first
e B AR Sy Ao e st GBIGF A
biifer ST DNoR Biepi iy lauliesd 4ppiexmnansyemedines iwith iptatkedrom
waltent Afierehebdivstocationl é&ohiange dhyhiategraphysiad theviagovrradsix
manBoR BEEMaiedelyraneielinis Spes 0t iresiRRESy 1R6:pol8ced ed):
through flowing buffer of the second step of the first cation éxchange
chromatography is containing the mong-PEGylated erythropoietin in an
incregsedpelatiye contentzi.e the fragtign by weight or by area-% (in the
chromat gr%%ﬂa siZenexclusign C%@ﬁi)ogv he collected
throughAowing buffer of the 35second étep) of the’'ono-PEGylated
erythropoietin has increased when compared

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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- 16 - to prior to the first cation exchange chromatography step. In one
embodiment is the relative content of mono-PEGylated erythropoietin at
least 60 area-%. In a preferred embodiment is the relative content of
WoHePEREEated erythropoietin at least 80 area-%. 5For furthen/Ep2068/605768
purification of the mono-PEGylated erythropoietin a second cation

exchange chromatography step is perférmed. For the second cation
exchange chromatography is the collected and diluted through flowing

buifer gfdne.seoantalutien siap.adsied (0.2 potassm PNOTNAlE ., .,
COQ%?%}F&UOH of about 100 inM and to a %o about pH 10 aE)p ied to a
second cauoh EXERaGe %?ﬁ%‘ﬁfﬁ’t%?gr%h& BREBRIR R n g HeomEn o
exdhargepsateHarof taesdnms hpe-a8thd Frettation dxetiarye Bioconjugate
chobeatograpins polanss) Injeneemaaskdient:theisecord Gatipniexehapgen-
colymp.gad e gationgxchange material contained therein are the same
as in the first cation exchange chromatography step. The

mono-PEGylated erythropoietin is recovered from the second cation
exchange chromatogrgphy 15 column by applying a linear gradient

starting with potassiu Cbt:t@férl(ﬁ')fcmconcz,;entration of about 100
mM with about 50 mMisogdium chloride at @bout pH 3.0 and ending with a
potassium phosphate buffenof a concentration of about 100 mM with

about 500 mM sodium chloride at %bout pH 3.0. The change in the sodium
chloride concentration ig linear over ten column volumes. The through 20
flowing buffer is fractio ;aﬁd‘ea%hﬁa’&neﬂg Hatedwith 1 M

dipotassium hydrogen hate to ificrease the pH value to about pH 6

to 8, After the second cation@xchange chromatography step is the
mono-PEGylated erythropoietin obtained in substantially homogeneous
form, preferably with a purity of at least 95% by area. 25A person of skill in
thesars is fathiliar With-thd rdepinsiogy ohidh exchahge chiromatagrepE@N-
theycheayarysiepof (hepalypppide haitadisihecatian) SXRRRNOR and m are

materiglghedonig strenath), i.6,the capduetivity. of the Pﬁtfie_r/%%%wgen is the

passing through the ion exchange column is increased, This i

o ORI B S Tt ML LAY SSIPshectrallbh et g The
adgfiffonadBther<dentsisen gokehirerelstivn dalthielttibeopistfer sbivtioneans a
Depepblindgon the blatidredadihod atkihezbufferdsatetongentradiomum of four

ingraased Rhancriéaten eluian.methad), on-coniiigushy(GRRIRKOUS eferably

elution method) by the fractional addition of a concentrated buffer or
Metnoxy. . . . . . .

elution salt solution. In one embodiment the elution salt is sodium citrate,

sodium chloride, sodium sulphate, sodium phosphate, potassium chloride,

pdtassium’ 88suifatell pbtassieneplosphits, wedthiehisaliss abpltticiacidcan tes

plaespReneasigi-ar & roddiamixue af thaseisempenLais: M R.prefared.

R I N
tHEEBHRRP EREN g AR TS A Sty RERsH Eke Haifges Rateial, i contain
preferreddemboblitenbTpyoiéa)(e) 3R G50l inoly-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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5 another preferred embodiment a sulfopropyl cation exchange material.
The concentration of the salt, causing the elution, is in one embodiment in
the range of from 5 mM to 500 mM, in a preferred embodiment of from 5
WM A0@ ™M, and in an especially preferred embodiment afdiopeHosmdds7es
to 250 mM. In another embodiment of the invention is the salt causing the
elution at the same time used as 10 bidfer substance, for example citric
acid or salts thereof or phosphoric acid or salts thereof. The

mafie EM&W&Q&W&%@%&@%Q%&’%QQ ﬁﬂﬂg@%ﬁcﬁlﬁ'ﬁ%no PEGylated
comﬁpsmons suitable for |négctlon WI %,&%?}% aceutically acceptable

catrer oFvenicld oY AfetRode RitotA iR v 8REMPIE, Qﬁ%r(? Aalfe e

COPAPT %@W&\?@p@é@ﬁl 18 bpsseHBES 6N\ o0 Zipgg hanbegHmbEB0ion of
WO 98(58660ivand WD Q6101 4o thamerng:the preissreskbharpegagtivallyme

a%@@@h&aﬁ%@&ﬁiﬁgémmf{ﬂébﬁ@?%ﬁé%ﬂ&&ﬂ%%ﬁ&%&@ form of a

human IlQumin, huma roteins, etc. The compounds Q
the' p?é}ésgt& nv%ntlo rﬁhra0 e&orm a{e{(} flg 5ot |U%‘/’E%%§Slﬁ?ﬁ“des 4

pﬁagimté%dﬁérpgfﬁﬁafleamémm@%otBHféWtsﬁéﬁft@@pqz 5 ZOHAVISing the
sadipm chlgrided@ptionallytthe pharmaceutioahoompdsitiomhayeditditaa:d
Dr@@@maﬁla@ﬂﬁ@eﬂbﬁﬁﬁwlg@és%@iﬁﬁ%ﬂi%@!@)ﬁsﬁ%&@h@o@@ﬁ% E:»hy steps,
QIPOUOLSR %)ru@@ Geylted e, tlng fRae t'“y& Gt t%OQQ 4 O%%g Btjon

inistration of the erythropoietin glycoprot S0

th?‘ﬁlPé%ﬁf%%ﬁﬁ%ﬁ%%&@s’nW@&fﬁﬂ%&a‘fééwro!amsﬁéﬁaw gge material
Therefdri beltnirrstraterh28of tharmosour B Gyiatet dnpwopeiatgnthe cation
olyedpioieichpradusireple sishes b efythiopaialidippoleih MMehi$ect of the
IMRQEARt InLhe,Rroduction of red blood cells. The pharmaceutical
compositions containing the mono-PEGylated erythropoietin glycoprotein

pr th e dministration :

Va?%y%%%@}ﬁsg%ffg{%”ﬁ@% %iiéh% éiﬁ%}r?g%c{% g%fo gg 11%101';} e secong Yation
cHAY4 8{&&3&%9%*1 PURAECHVE e B faen%%%@ﬂbﬁﬁl itHhsppoictn
aIé“ﬁéldhaéeﬁafﬂﬂ(f@ﬁamGﬁb?ftﬂSébéﬁ@PWéFmeat@lﬁllchi cormyalsitibmsnt of
mehe benathministerediby injectian suahasbydsincutanesus ahiniraveraksse
'nk%%%t@g\(%ﬂ%tg J@ﬂ'ﬁ?@e@iﬁﬂ%ﬁ meneR EAyBled efytheRoigtia, exchange

glgg%)ro ein ro utc ay vary. TheCanct amount o conju ate1 IS,a mattﬁ i
of preferenter L¥ T 1 SURR TS TBIS AL th & e o Pt IS G SR & UESRIRIGRO
béﬁd‘i?éﬁféﬂ S?ﬁé%bﬁ&tk&%ﬂﬂ)@%ﬁtf@h@%@%ﬁ@itf@m@e»asemwra@m@m one
othendngragiéntslin thelcompogitionstFog éxeashple] R CletoekOipg perh! is in
bogy welglt-RrefewRlyfkd 59 AREPREKS DM w&ns&m MK st step mainly
gﬁmlmﬁﬁ%}reldteed%ﬁ NES Vc\{iee ¥s g'&t@%% Surrt)l!’)ls nbfgc% afr(*x) unq“ natography
tioh exchange atog ra hy column can be regeneratsd with a
m%%%’d“agé‘c‘irtﬁﬂﬁ‘fh"Eﬁé“-ﬁﬁ%ﬁff&fﬂ%ﬁﬁﬁ%ﬁ‘é’éﬁ?ﬁém ﬂawh%ewﬁ%ﬁated
sepatationieificierdy alt hastheeh sownhthatalith diegeneratien methddthe
g%@ﬁ@ﬁﬁ?@ﬂgﬁlmvﬁmm%ﬁ @@;ma%gﬁhangﬁéammgi%@mp&ly?@%m ThCRRic
(0 e aration cycles, i odiment for. at least
gt%gkgép%}?giloﬁ%éycpesﬁgn a?&rtﬂergem%o%#nn%af%r at) ‘g mm the
sép n cycles without a considerable decline in the separatlon
efficiency (see Figure 1) and yield (see Figure 2). The term "separation
cydIe @b Et KT RARS appeatiGH aBRotEp ih @ ueyiritia rgumimdiionnt
ohthe aoitimmus) dpidicatiethod the. sbkufioridethe gdpafatedbaffdhes increased

cebHnALisWashing the: eRIURAs V3 185N Ejriﬂg xm?n@qs ﬁqedl@r ythropoietin

ey i
column. It has also een folind ha?wn & fegen ral n Tethod v

aé@&?aﬁﬁgwméqmemﬁaﬁbﬂ&my LRdRBIAme s aben dificiened low
cambewdwmoideghblitralsbacdesiive inrthe fldading capaditg carohertogram. The
prevented (see Figure 2).
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The term "separation efficiency" as used within this application denotes

the ability 20 of a cation exchange chromatography column to separate

the compounds of a solution. The term "without a considerable decline" as
weembwithinthis application denotes that the cation exchangepct/zpzoes/oesiss
chromatography column provides the same, i.e. within in variation of +/- 5

%, in one embodiment within a variatior# of +/- 2.5 %, compound

separation in consecutive chromatographies of a solution containing the

250%@3}%&%&99{%5&;&%{%{&5}9@9iygoﬁ@p&ﬂ%@ﬁ Mesd WthIRtIS 50 mM,

application depotes the amount of a compound of interest that is
T e A R T —
examples, sequence listing and figures are provided to aid the . ,
b W-f@%ﬁ tHEPreLERPTRUENTON Y TREE s e bFhTERIE LB fomiion
in thehdtependedoetaimy sieis Unsdelstoiod sheptsmodifications can be made
in the procedures set forth without departing from the spirit of the

inventiors) - 4Plyidesoripticnet theétFiglsel uFigure hBusity of mixture of mono-,
;nonoHPEGy;L@wq %ﬂg@@qﬁgmfma@eemﬂw%@ﬂﬁwiwﬁu{i@{ RAAbAT thenange
irst chromategra uring.cycle number validation of the regeneration, _ .
process. SF L e ey

flowing bufféPPubF SftHa st CRIomatEsapHY dlifing?eyde Fimrisge material
validation ofcthgaiegeé fresaiticir grodessi. Materials and Methods SE-HPLC

10 SE-HPLC separates proteins according to their apparent molecular
weight. Tiereforerithe method-BEihleitol detabt theipliesénse ahe first cation
mono-PEGyriRehgey thropaialii= o Baniacy|ar weilaly faumsanttthod with a
fragments, RElY;REGYIALEd Tofms 0, DIANSTATYCARGS QL SVHYORY & eer,
The HPLC |§Vggu1ppﬁ(ljewn a 220-nm

e relative content of mono-PEGylated erythropoietin 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
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
chromatography column by a continuous 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. lt 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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15 detector and a Superose 6 HR column (dimensions 10 x 300 mm,
Pharmacia Biotech, Cat-Nr: 17-0537-01) or a Superose 6 10/300 GL

column (Pharmacia Biotech, Cat-Nr: 17-5172-01). The column is operated
Wil guaratic conditions at room temperature, using a flow rate/pbabgus765
0.4 ml/min. The mobile phase buffer is a 50 mM sodium phosphate buffer
with 300 mM sodium chloride at pH 6:83 20 Dependent on the

HPLC-system used, the method can be performed with a sample

applicationelums of gither 190 RLer 800 R Ly Lhe.Samplesiare,dilued of the

Witc [t,he obile phase buffer to a protein concentration of about 0.5

mg m(ﬂnﬁ 5%?,’ load) or 0.1 mg/mL (500 pL load). Samples with a protein
co centr?tign of less than O.%ém /mL can be usf%d undiluted. The eluted

protenis’ afe Bt aRAY o BERor DE AR BRG IR DFeep R B G to 2
Theepatitghilethany fed By Ree- P 1B i 2eparinssaplon P EGijtatefart A:
eryimdpoietialfremdolipeifatmesand éktated s(IsiAnges &heassay Bublishing
pegigrme ,rt}ﬁglﬁa?@rgg?ps"@olymn fﬂsm@éﬂcgh%'&%%éa%mﬁbstlﬁé\mks.

gradient. The elution ile is monjfored as UV ahsorbance at 220 nm.
o RS S G Gy b Bleatt el Bfateiom rehange
subSEHAESEPBligefsmas B caiearal dpaisdtuin theadiis phatcardag to
of the elytgdmroteins th2Oepk xampleciRurificagiapiofl mahod EGylaigeh ts the
erytiyepaietisy inkpdhrepoieimean)be oy OQHﬁ?q&tQiﬂ%gCQ{giQgr&n\ééggraphéc
01 837@231 and purified as reported in WO 96/135718. PEGylated

eryt rorﬁoletin can be produced e.g. 5according to WO 03/029291. a) First

ch{orqﬁléo(%@toh on SP o¥§§% rl 650 M The first chrogat(])]%raphy sfep is

¢ ]
performed On & sulfoptopy O PRCKed With® SBer8y3bEant) mono

650K el cBlbinhiiak spetateboa i Py ke enieuridbaariedpheiyorin
thedfirstréoltinm ¢ dedined asglibl gproteifiperclitamcehsmmyolcimeni@graphy
(Coblurhiei £l Ry ¥as QAU atatbwith.aH 90MMtassHsR LR RB hate
Oufeb ML Rr 23R R SIA, UL NI NeHOAdING, R0 INE COTY s &
was washed and eluée Wl_t?'l a series o +potaSS|um pﬁospﬁ% ecbuffers

corttéifitia' ther85ig KRBl 8rtaics) “FHerEEsyiiRad Lafisorie apmicndon
hyidlidig Faet PEBRagehed anghpbiy-REGYldted sdrtisnwére thmbrsedtip tinethe
floneghedugdnang dhel subgeguriter changed to a buffer with about 100 mM

potassium phosphate, about 90 mM sodium chloride at about pH 3.0. With this
buffer hydrolyzed PEG reagent, i.e. the corresponding PEGylated carbonic acid,
unreacted coupling reagent, and poly-PEGylated erythropoietin are eluted from the
cation exchange chromatography column. For the second step in the three step
elution method is the buffer changed to a buffer with about 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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15 washing step with SP-A buffer and 100 mM potassium phosphate

buffer, pH 2.9 to 3.1, containing 90 mM sodium chloride (SP-B buffer),
respectively. The mono-PEGylated erythropoietin was eluted by applying
wagemmMpotassium phosphate buffer, pH 2.9 to 3.1, contaimitiy250usdds 768
sodium chloride (SP-C buffer), collected in a vessel and directly diluted

1:5 with purified water. This 20 collectét-eluate is termed "SP eluate pool
1". The column was subsequently washed with 100 mM potassium

?Sh% @;?@g&téeﬁraﬂrgntgéﬂmgg%@saﬁﬂag W% tﬂ%%f@@ﬂﬁ@dnmem is
urrer emove unre ropolietin an Ccolu wa
5“16 rg wg %ﬁné m qﬁ%ﬁ‘ tré/ #]Mﬁrfg%]ein a

regenerate econd ¢hrom raphy
se%ﬁﬁréé|a%wwgg€6b@r%w'aﬁw%@té&mmﬁ ﬁwdsmﬂlmmé?tm at

th&8P88laate Yool | was applied to the column and the column was
thereafter washed with SP-A buffer. The mono-PEGylated erythropoietin
W&S)ﬂﬁlﬁ&ﬁebypanﬁl&;dﬂgzﬁdm&&r giacicPEWillxal stophrobbemS 10:600 mibn
Sogékslgﬁ%rﬁ'%ﬁi&z%\{% buf er ¢ Ve p'é%?fﬁé?}lff%?gwt&éﬁgé”&%on exchange
oAIGHT s o B THLTE HhETOL 8 Sl GRS A econd
dightsipwitien wbaf&ﬁégﬁum%w%@ﬁcﬁﬁégtﬂﬂéqwtm@aﬁ HepHIY gnM
to Bhdifier thiodlsition piinidha:PiEG ytatedenyhrapoietinhwag chrpletedsaphy
thessiops aidthe.aradientsaneldncreasedleading toa0 tinBm?sdniﬁéeﬁrszzéanon
00'5%&1 é‘s'}a‘r’%'t%‘ % gi? ) pc%ﬁ%%%””h?hgéé’hﬁt%gF!n%e%atotﬁe gontaining; .,
500 ium c c Regeneration of PTOFH? earl §5

co?ﬁ?ﬁﬁ’%gﬂ‘@ PRI Gr B O R s & P SPatly ahgéaaéﬁ%@Séame
sedrenstlss. fiFkie cBticniunsanga eclicsheth gritbipyusified Whteniohowddbiated
a OrpMoseckium hydraxiae saldionht heakalinfisalulioRawas displagedraphy
withy BH{H '8)9' a‘ﬁ!BFﬁhfgoz!'ﬂWéé‘ﬁ’ Qxcﬁ&l@glgrwx?gs@@ Bd\@éﬁ%‘ Qé 9{9@9&#@@ ofa
phosp atte 1 M FI%? 5%%\/3{ %r anogg%ﬁﬁunf ed W t\; ¢ oM
co‘iuﬂ%ﬁ% e & Rf'sd ’r%%c‘f f’d# lf ﬁBﬁ gut P
Aftet @aijgﬂélr@g@ﬁbr&aﬂ@ﬁsmnc@humh@ﬁwbréfwas‘we@mmtrmcpmf@eput 100
waiet ageinabihe posifiativatio (P dvas preduqsad by ulitafilratign.in the
The AualdhRf RW Lis aonivalentia.fhalef waleliariR) %SI{QHeQC?%d Hﬂgo'iﬂ,
%Omgrma ;r:)elaf E!éatstlne%|sépderform1(% ccordlnigut(ofh 1?1 % Dtassmm
urlng gonﬂoﬁ runs periorme accordln (0] ?he édbove ou |ned Is p
chirghheget b e e TBR A ﬁ?&@ﬁlﬁ@é@ihﬁ&.&%omd be
detected in the respective through 15 flowing buffers. SDS-PAGE
arfHlipsidhse theorss i gt et ey efessRBIOE HBE SN AR pittaRPBe PEEGYIated
meietyropdthergelbBasddionstiesaddip adateghratatthoapyoverbdf with a

reﬁmlﬁmt}%g{ggm B}Egegnmety can be excluded and thus the
regeneration of the column is very effective (see also Figure 1). The

defieHE}‘Qﬂ'Qﬂ’ QHI'P%’ igld 9?@%@?%@1@?%@@9@1%%@%@/’ %?O}Q!Ede?l%an e

detﬁl}ne %éae aI lr%] ! e 2). 20Tab|e 1: léh ggra eterstfort ,

collmn reget r)étl qur%Or‘f%%\r n?eférs té’ﬁ EA0HBH © hecation
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
chioride, sodium sulphate, sodium phosphate, potassium chioride, potassium

sulfate, potassium phosphate, or other salts of citric acid or phosphoric acid, or any



Column Volumes Flow Rate [L/min] Rinse PVV Ill > 2 1.6- 2.1 Caustic
column regeneration | 0.5 mol/L NaOH > 2 1.6- 2.1 Rinse PW Ill >2 1.6 -

2.1 Acid column regeneration 1 mol/L phosphoric acid 0.5 mol/L sodium
Wihyarwgenphosphate > 3 PCT/EP2008/605768
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mixture of these components. In a preferred embodiment the elution salt is sodium

citrate, sodium chloride, potassium chloride, or mixtures thereof.

In one embodiment of the current method is the cation exchange material a strong
cation exchange material, in a preferred embodiment Toyopearl® SP 650 M, in
another preferred embodiment a sulfopropyl cation exchange material. The
concentration of the salt, causing the elution, is in one embodiment in the range of
from 5 mM to 500 mM, in a preferred embodiment of from 5 mM to 400 mM, and
in an especially preferred embodiment of from 5mM to 250 mM. In another
embodiment of the invention is the salt causing the elution at the same time used as
buffer substance, 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
described in WO 97/09996, WO 97/40850, WO 98/58660, and WO 99/07401.
Among the preferred pharmaceutically acceptable carriers for formulating the
products of the invention are human serum albumin, human plasma proteins, etc.
The compounds of the present invention may be formulated in 10 mM
sodium/potassium phosphate buffer at pl 7 containing 2 tonicity agent, e.g. 132
mM sodium chloride. Optionally the pharmaceutical composition may contain a
preservative. The pharmaceutical composition may contain different amounts of

mono-PEGylated erythropoietin, e.g. 10 - 10600 pg/ml, e.g. 50 pg or 400 pg.

Administration of the erythropoietin glycoprotein products of the present
invention results in red blood cell formation in humans. Therefore, administration
of the mono-PEGylated erythropoietin glycoprotein product replenishes this
erythropoietin 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



1.6 - 2.1 Rinse PW Ill >2 1.6 - 2.1 Caustic column regeneration 11 0.5 mon
NaOH >3 n.a. Rinse PVV III >2 1.6 - 2.1 - 22 - for all cycles is clearly
within the range of at least 80 % purity and at least 35 % yield. In addition,
WO tetdtiripurity of mono-PEGylated erythropoietin during the tifetimeofsss

the column can be observed.
18-

condition being treated, the condition of the patient being treated, as well as the
other ingredients in the composition. For example, 0.01 to 10 pg per kg body
weight, preferably 0.1 to 1 pg per kg body weight, may be administered e.g. once
weekly.

It has surprisingly been found that a cation exchange chromatography column can
be regenerated with a method according to the invention without a considerable
decline in the separation efficiency. It has been shown that with a regeneration
method according to the invention a cation exchange chromatography column can
be used for at least 40 separation cydes, in one embodiment for at least 50
separation cycles, in a further embodiment for at least 60 separation cycles without
a considerable decline in the separation efficiency (see Figure 1) and yield (see
Figure 2). The term “separation cycle” as used within this application denotes the
sequence i) equilibration of the column, ii) application of the solution to be
separated on the column, iii) washing the column, iv) recovering the adsorbed
compounds from the column, v) washing the column, vi) regenerating the column.
It has also been found that with the regeneration method according to the
invention not only a decline in the separation efficiency can be avoided but also a

decline in the loading capacity can be prevented (see Figure 2).

The term “separation efficiency” as used within this application denotes the ability
of a cation exchange chromatography column to separate the compounds of a
solution. The term “without a considerable decline” as used within this application
denotes that the cation exchange chromatography column provides the same, i.e.
within in variation of +/-~ 5%, in one embodiment within a variation of +/- 2.5 %,
compound separation in consecutive chromatographies of a solution containing the
same compounds. The term “loading capacity” as used within this application
denotes the amount of a compound of interest that is recovered from a cation

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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23 Claims I. Method for the regeneration of cation exchange
chromatography column after the elution of compounds of interest
comprising the following steps in this order: - eluting adsorbed
pahpeptides from the column with an aqueous buffered solutiarr/gpzoos/eescs
comprising sodium chloride at a concentration of at least 500 mM, -
flushing the column with purified waterl€ applying a 03 M sodium
hydrOX|de solutlon to the column, - flushing the column with purified water,

) a.so) ; pgnsmg 0.5 M sodium dihydrogen phosphate and
I Mp Shoric acid 16 the column, - flushing the column with purified

leasﬁgmaipp'ymg f %50%”{%895“%@4%&%'% %'8%%&}9 the olymn I %hﬁowmg

4 hours catl ang ec omato r

egener
column by flushiief etﬁei"@ﬂun‘h# %%Fth Eriff WW&f@Brﬁ’Weﬂ%H‘%F%fa%%b”
an erythropoietitehdagirebyf sherpgiyetatiniemecgdycol) residue is covalently
linked at the N-terminus of erythropoietin and/or an internal lysine residue

in Sighstahtially hishd oge mousof@iEn demprisingr the folloviinghstelpsigh flowing
covalent-1y linkinga pp&w(eémy{ﬁ@efg&ycal;}ée@mgea@weal}mgmm Afimber

erythropoietin a\%{/&a&%% I&I%{I‘IQA Sépaqxg%s@gce Sof erythropoietin using an
24 activated reagent for covalently linking 2 poly (ethylene glycol) residue

SE HPLC

SE-HPLC separates proteins according to their apparent molecular weight.
Therefore, the method is able to detect the presence of mono-PEGylated
erythropoietin, low molecular weight forms and fragments, poly-PEGylated forms
and higher aggregates of erythropoietin. The HPLC is equipped with a 220-nm
detector and a Superose 6 HR column (dimensions 10 x 300 mm, Pharmacia
Biotech, Cat-Nr: 17-0537-01) or a Superose 6 10/300 GL column (Pharmacia
Biotech, Cat-Nr: 17-5172-01). The column is operated under isocratic conditions at
room temperature, using a flow rate of about 0.4 ml/min. The mobile phase buffer
is # 50 mM sodium phosphate buffer with 300 mM sodium chioride at pH 6.8.
Dependent on the HPLC-system used, the method can be performed with a sample
application volume of either 100 pL or 500 pL. The samples are diluted with the
mobile phase buffer to a protein concentration of about 0.5 mg/mL (100 uL load)
or 0.1 mg/mL (500 uL load). Samples with a protein concentration of less than
0.1 mg/mL can be used undiluted. The eluted proteins are detected at a detector

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/aquecus 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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N-terminus of erythropoietin and/or an internal lysine residue of a

molecular weight of from 20 kDa to 40 kDa, b) purifying the erythropoietin
whereby a poly (ethylene glycol) residue is covalently linked at the
Waemsmusaf erythropoietin and/or an internal lysine residue jbiaipgdiBoscs
step a) with two consecutive cation exchange chromatography steps,
wherein the first and second cation exédange chromatography steps

employ the same type of cation exchange material, c) recovering the

tin whereby one poly (ethylene glycol) residue is covalently

linked. at the N-terminus, of erythroppietin and/or an internal lysine residue
in ﬁiglégéc%%?l%o JheRcekehalkye é"ﬁ?’&gﬁﬁgﬁﬁ%‘bhy step in a substantially

homogenequs form, d) regenerating the cation exchange ,

ch %‘i%%‘r‘%ﬁycéﬁlBﬁw)ﬁi’B%‘{Ff’éif&ﬁo\ﬁﬁﬁﬁf@%éﬁi&"‘{ﬁ%%?ﬁi’\%% Bidawmfied as
refsboimeibsund Polfieptitids EMmyinetativthexstiemngeceolumnpadithiant e.g.
agueotdihufiensd sohution icomprising sodium chloride of at least 500 mM,

i) flushing the column with purified water, iii) applying a 0.5M sodium

hygreoxidelselatepiaihe.aapmpydyliughing the colunin with purified
water, v) applying a solution comprising 0.5 M sodium dihydrogen

phosphaie anchi M ahospharicagidie;the cplumpryillushing the column, 4
ith purified wat ' ing,a 0.5 M sodium h € solution to the,
e Bl M PR e e o

chitrRsifB grapiy Eslurmivme st thas cofugnpr Zirie purfianvatems volume
MéfHod beardingntovalabquil g @edhaithctetitechivi thatasaidrcationphate buffer
exshange ghremategraphneRiYMFs: aﬁn@@&&@ﬁ%ﬁ%&h&ngﬁm was washed
ChJQH‘@%Q@EﬁQJ?%CQ'%‘JHQs &5 %t%'s%hh‘)d S %Qtig %&?fé}'? m(])r:?t’ai ing increasing
characterized jn that said ca{ on echar}fge B romatoﬁgrap y CO Grfin' IS &
UlTBBHE, PEANTS dXEh a8 BHFOFAERBBFAPHS- O YA HatHoPFSeEoHy 2nd
torsy- B bitede fprevedinrg dleimsedarabtefizedimahat said bbéfentsequent
phesphgricagidwrisalis-theredk-onadetiomsigionsalts; theretloheiihufrer,
at‘;&@-}@{eﬁﬁl@.ib@5@9&&@%‘9&%%&%%&%&@9%SP-B buffer}, respectively. The
mono-PEGylated erythropoietin was eluted by applying a 100 mM potassium
phosphate buffer, pH 2.9 to 3.1, containing 250 mM sodium chloride (SP-C
buffer), collected in a vessel and directly diluted 1:5 with purified water. This
collected eluate is termed ,SP eluate pool I“. The column was subsequently 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



5

10

15

20

6. Method according to claim 2, characterized in that said erythropoietin is
human erythropoietin with an amino acid sequence of SEQ ID NO: or 2. 7.
Method according to any one of claims 2 or 6, characterized in that said
Polgehiftete glycol) has a molecular weight of from 20-35 kEzr amdois/ 005768
linear. 8. Method according to any one of claims 2 or 6, characterized in

that said poly (ethylene glycol) has a Tdélecular weight of 40 kDa and is
branched. 9. Method according to any one of claims 2 and 6 to 8,

chasaglarzed: inithabsalMirsheation eX6hANIe SRPMAaraply:sIgR i8o mu
perf%rme%}ﬂsradestep elution and said second cation exchange
chsr%rﬁ%%gré)phy step is performed as a linear elution. Method according

to ny.one of the pr cg ing claims, characterized in that said cation
ex&a??ﬁg%ﬁvgﬁwg%%? @38?[5% b tiEBEsat least for 40 separation
cycles. <110> F. Hoffmann-La Roche AG SEQUENCE LISTING <120>
c%%‘“&ﬁd@%é’&h&%éﬂ#%s werggegenerated 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. The purified water (PW 11) was produced by ultrafiltration.
The quality of PW Il is equivalent to that of water for injection according to US
Pharmacopeia. Testing is performed according to Ph. Eur. and USP. During control
runs performed according to the above outlined first chromatography step no
residual protein or PEG moieties could be detected in the respective through
flowing buffers. SDS-PAGE analysis of the resin after 60 cycles showed no residual
protein or PEG moiety on the gel. Based on these data a batch-to-batch carryover of
residual proteins and PEG moiety can be excluded and thus the regeneration of the
column is very effective (see also Figure 1). The determination of the yield obtained

itt each chromatography showed no decline (see also Figure 2).

Table 1: Summary of parameters for the column regeneration.

Column Parameters

Step Buffer Solution Column Flow Rate
Volumes fLimin]

Rinse PW il >2 1.6-2.1
Caustic 0.5 mal/l. NaOH 22 16-21
column
regeneration |
Rinse PW i 22 1.6-2.1
Acid column 1 mollL phosphoric acid 23 1.6-21
regeneration 0.5 mol/L. sodium dihydrogen

phosphate
Rinse PW T 22 1.6-2.1
Caustic 0.5 mol/l. NaOH =3 n.a.
column
regeneration il
Rinse PW I =2 1.6-2.1

As shown in Figures 1 and 2, the purity and vyield of mono-PEGylated
erythropoietin in the through flowing buffer poo] for the first chromatography step
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for all cycles is clearly within the range of at least 80 % purity and at least 35 %
vield. In addition, no trend in purity of mono-PEGylated erythropoietin during the
lifetime of the column can be observed.
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Claims

Method for the regenemnon of cation exchange chromatography column afier the
elution of compounds of i interest comprising the following steps in this order:

eiuting adsorbed polypeptides from the cniumn with an aqueous buffered sclution
comprising sodium chloride at a concentration of at least 500 mM,

flushing the column with purified water,
applying a2 0.5 M sodium hydroxide salution to the column,

flushing the column with purified water,

applying a solution comprising 0.5 M sodium dibydrogen phosphate and 1 M

phosphoric acid to the column,
flushing the column with purified water,

applying & 0.5 M sodium hydroxide solution to the column for at Jeast 4 hours,

and

regenerating the cation exchange chromatography column by flushing the column

with purified water.

Method for obtaining an erythropoietin whereby one poly (ethylene glycol) residue is
covalently linked at the N-terminus of erythropoietin and/or an internal lys:ne
residue in substantially homc)genous form camprising the following steps: -

a} covalently linking 2 poly (e’thylene glycol) residue at the N-terminus of
erythropoietin andfor an internal lysine residue of erythropoietin using an



165 <212>PRT <213>Homo sapiens <400>
24

activated reagent for covalently Yinking a poly (ethylene glycol) residue at the
N-terminus of erythropoietin and/or an imernal lysine residue of a molecular
weight of from 20 kDa 10 40 kDa,

b) purifying the erythropoietin whereby a poly (g’thylene glycol) residue s
covalently linked at the N-terminus of erythropaietin and/or an internal lysine
residue obtained in step a} with two consecutive cation exchange
_chromatography steps, wherein the fizst and second cation exchange
chromatography steps employ the same type of cation exchange material,

¢} recovering the ery‘f:hmpoietin whereby one poly (ethylene glycol) residue is
covalently linked at the N-terminus of erythropoietin and/or an internal fysine
residue in the second cation exchange chromatography step in a substa ntially

homogeneous form,

d) regenerating the cation exchange chromatography column by the following

steps in the following order:

i} removing bound polypeptides from the cation exchange column with an
agueous buffered solution comprising sodium chioride of at least 500 mM,

if) flushing the column with putrified water,
iii) applying a 0.5M sodinm hydroxide solution to the column,
iv) flushing the column with purified water,

v} applying a solution comprising 0.5 M sodium dihydrogen phosphate
and | M phosphoric acid to the column,

vi) flushing the column with purified water,

vii) applying a 0.5 M soditm hydroxide solution to the column for at Jeast

4 hours, and

viii) regenerating the cation exchange chromatography column by Bushing
the column with purified water.

3. Method according to claim | or 2, characterized in that said cation exchange
chromatography column is a strong cation exchange chromatography column,



1 AlaProPro Arg Leu lle Cys Asp Set Arg Val Leu Glu Arg Tyr Leu
151015 Leu Glu Ala Lys Glu Ala Glu Asn lle Thr Thr Sly Cys Ala Glu His
202530 Cys Set Leu Asn Glu Asn Ilez‘ghr Val Pro Asp Thr Lys Val Asn
Phe 354045 Tyr Ala Tip Lys Arg Met Glu Val Gly Gin Gin Ala Val Glu Val

Trp 505560

4. Method according to caim 3, characterized in that said cation exchange
chromatography colurmin 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 erythropoictin is human
erythropoletin with an amino acid sequence of SEQ 11 NO: 1 or 2.

7. Method according to any one of claims 2 or 6, characterized in that said
poly (ethylene glycol) has a molecular weight of from 20-35 kiJa and is linear.

B. Method according to any one of claifs 2 or 6, characterized in that said
poly (ethylene glycol) has a molecular weight of 40 kDa and is branched.

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

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

cycles.



Gin Sly Leu Ala Leu Leu Set Glu Ala Val Leu Arg Sly Gin Ala Leu
65707580 Leu Val Asn Ser Set Gin Pro Trp Glu Pro Lou Gin Lou His Val
Asp 859095 Lys Ala Val Ser Gly Lou Arg Set Lou Thr Thr Leu Leu Arg Ala
Lou 100105110 Gly Ala Gin Lys Glu Ala lle Set Pro Pro Asp Ala Ala Sex'
Ala Ala 115120125 Pro Leu Arg Thy lle Thy Ala Asp Thr Phe Arg Lys Lou
Phe Arg Val -2- 130 135140 Tyr Ser Asn Phe Leo Arg Gls/ Lys Leu Lys
Leu Tyr Thr Gly Glu Ala 145150155160 Cys Arg Thr Gly Asp 165 <210> 2
<211> 166 <212> PRT <213> Homo sapiens

SEQUENCE LISTING
2110= F. Hoffmann-Ila Roche AG
<120> Chromatographic methods
<130> 24383 WO

<k50> EP 07013%60.5
«1%1i> 2007-07-17

<160 2

<170> PatentIn version 3.2

<210 1
<211i> 165
«212> PRT

<213> Homo sapiens
<400= 1
Ala Pro Pro Avg Leu Ile Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu

1 5 10 15

Leu Glu Ala Lys Glu Ala Glu Asn Ile Thr Thr Gly Cys Ala Glu His
20 25 30

Cys Ser Leu Asn Glu Asn Ile Thr Val Pro Asp Thr Lys Val 2sn phe
35 40 45

Tyr Ala Trp Lys Arg Met Glu Val Gly Gln Gln Ala Val Glu Val Trp
50 55 60

Gln Gly Leu Ala Ieu Leu Ser Glu Ala Val Leu Arg Gly Gln Ala Leu
65 70 75 80

Leu Val Asn Ser Ser Gln Pro Trp Glu Pro Leu Gln Leu His Val Isp
85 S0 85

Lys Ala Val Ser Gly Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu
100 105 110

Gly Ala Gln Lys Glu Ala Ile Ser Pro Pro Asp Ala Ala Ser Ala 2Zla
115 120 125

Pro Leu Arg Thy Ile Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val



<400> 2 Ala Pro Pro Arg Leu lle Cys Asp Ser Arg Val Leo Glu Arg Tyr Leo
151015 Leo Gin Ala Lys Gin Ala Gin Asn lle Thy Thr Gly Cys Ala Gin His
202530 Cys Ser Len Asn Glu Asn lle Thr Val Pro Asp Thy Lys Val Asn
Phe 354045 Tyr Ala Trp Lys Arg Met Glu Val Gly Gin Gin Ala Val Glu Val
Trp 505560 Gin Gly Leo Ala Leo Len Ser Gin Ala Val Leo Arg Gly Gin Ala
Leo 65707580 Leo Val Asn Ser Ser Gin Pro Trp Glu Pro Leo Gin Leo His
Val Asp 859095 Lys Ala Val Ser Gly%_“eo Arg Set Leo Thy Thr Leo Leo Arg
Ala Leo 100105110 Gly Ala Gin Lys Gin Ala lle Set Pro Pro Asp Ala Ala
S8t Ala Ala 115120155 Pro Leo Arg Thr lécThy Ala Asp Thr The Arg Lys
Leo Phe Arg Val

Tyr Ser Asn Phe Leu Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ale

145

Cys Arg

<Z210>
<Z211>
<212>
<213>

<400>
Ala Pro

i

Leu Glu

Cys Ser

Tyr Ala
50

Gln Gly
65

Leu Val
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Gly Ala

Pro Len

130

Tyr Ser

Thr

166
PRT
Homo
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35

Trp

Leu
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Gin
115

Arg
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Gly Asp

165

sapiens
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20
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Ser

Ser

100

Lys
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Giu

Glu

Arg

Leu

Ser

85

Glu

Ile

Leu

150

Ile Cys

Ala Glu

Asn Jle

Met Glu

85

Leu Ser
70

Gln Pro

Leu Arg

Ala Ile

Thr Ala

135

Arg Gly

Asp

Asn

Thr

40

Val

Glu

Trp

Ser

Ser

120

Asp

Lys
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25

Val
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Pro

Gln

Val

Pro
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Thr

Pro

Phe

Lys
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Val
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75
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Thr
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Arg
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Thr
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60

Arg

Gln
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Lys
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45
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Val
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Glu
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Leu
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Val
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