WO 2009/ 010270PCT/ EP2008/ 005767 - 1 -24380 WO ASK Purification of PEGyl ated
pol ypeptides The current invention is in the field of chromatographic
separation methods useful for the purification of polypeptides, especially
of PEGy| avedowiyziy opoi eti n. Background Protei ns pl ayPGHERH§$E0I7aNt role in
today's nedical portfolio. For human 5 application every therapeutic
protein has to neet distinct criteria. To ensure the safety of

bi ophar maceuti cal agents to humans by-products accunul 428WaiASkg t he
production process have to be renoved especially. To fulfill the regulatory

speci fications one or nor rificatlon, ste have to follow the

manuf act uri ng process. Arrgﬁgg%atuﬁgroﬂ)hgﬁlégefi p%ﬁ?ﬂatip,%st hr oughput, and yield
play an inportant role 10in determ ning an appropriate purification
process. Di fiberementppehdreisis i thelield ofsbramtpgrheitc hwraliprmshodadsefiBed f or
protei n pur it fabiitatsieipobpepidel, Rigeyialb OrrtyRGdaRRropblelin M cr obi al
proteins (e.g. protein A or protein G affinity chromatography), ion
exchange Ch,rB%QL?tQ rARRY. 1 ‘e,éngi.oncati on exchange (sul fopropyl or carboxynethyl
resins), ani 15 ethyl resins) and m xed-node ion
exchange), thiophilic adsorption ﬂe.,g. w th beci,a- mer capt get hanol and ot her
SH | i gands) ,Prefgds oPIRL S MARERA I O o FodaY HnRediea! arrlpilt | B CHPFBRat ogr aphy
(e.g. with pheiyliosepharespeude proadiehapld hieet digtdicnssitefi. To ensure the

m am nophenyl hor eni i . I ff 1l : (e.qg.
with Ni(II )-Saigﬁf?%%réﬁﬁag%uﬁ%?%%“ﬁ%?} Z:h?a g‘?@%@z&é&&% ﬁgﬁgggh?%hnét ogr aphy,
and 20 el ecthrefféipet Pregss math 6ele( saeaved sesgetialy) det fPoighdhedralatenpi 'l ary

el ect r ophor egisficativhy ayadrakshipuriMadon shpplhavBicoediem thBimimedturitly (1998)

93-102). Conj.ugations_are_reporte [ ex l e, . if | |.ene gl ycol
(PEQ) and T B tothe BURERIRR, hE. o M BB il e R s PE IR, 910
01/ 02087), fiodeterhiving s apbroputie FEBRGHPEIPAERdost at i nandi mmunogl obul i ns 25
(US 2005/ 008649), for secreted anti body based fusion proteins (US

2002/ 147311)nifeent fusthods ped wpdiptesdishednprd siidgpahdunied (&S p2&eH/ 0100991;
human serum a| ! ; : I Ot |

2005/ 011403 u’r&g%@f g&?ﬁ?@?ﬁ?@ﬁ%ﬁ?ﬁg %th%ﬁg%ﬁqﬂﬁ&%m {%‘tﬁ’ﬁtﬁ |

( Bi ot echnol .A BirogRigin 60 affingpghr@pyorerlyy)r &pb Lrdanachd pEpOgENHRe80human
monocl onal antibheditasged{sadsirbyyl forgarealyhmetit] taing), super aahant Sabinol on

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, capiliary electrophoresis)
(Vijayalakshmi, M.A., Appl. Biochem. Biotech. 75 (1998} 93-162).

Conjugations are reported, for example, for polyethylene giycol (PEG) and
Interlenkin-6 (EP 0442 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 15



exchange nedi a exhibiting high charge density. In WD 89/05157 a nethod is
- 2 - reported for the purification of product imrunoglobulins by directly
subjecting the cell culture mediumto a cation exchange treatnment. A
one-step purification of nonoclonal 1gG antibodies from nouse ascites is
descri bed by Danielsson, A, et al., Jy_lmun. Mth. 115 (1988), 79-88. A
nmet hod for purifying a pol ypeptide by ion exchange chromatography is
reported in WO 2004/ 024866 in which a gradient wash is used to resolve a

pol ypepti de, orﬂe@?&E}?e%iuraﬁE&anQﬁ@r@ducﬂﬁhﬁ:uﬁOgl&aﬂin@aﬁﬁﬁ‘ecﬂyrbquEctﬂng&B@ 447 a
process for ur|f yi ng Iu% nonocl onal, ant |tbod| e'?? XY e%"th?ﬁct Lop pf three
chr omat ograﬁ E E’t‘”%ﬁ?d’i FepdPbey. exﬁsatng&}ieg%e |°cat| ONOPEGY| at ed
i nterl eul ci mchotleag PE®inthntaghninshois asepeistdestribyd uDaelssa Aaktal.in

Process 10 Biotech 7 deldv.ioft al .
Peptides 26" }%58 r@?&sﬂ%ﬂ r‘)egpggtjﬁs ch?é%?I ]}13@%3?&' OHQM?Q%I'IEF 1(:éxpr essed ,
in E coli b;pxeéxatzgﬁ)ds'peamﬁfaﬂbrlﬁ BPeHahgE W a gradignt " (yyn,
Q-, et al., \leh @'u@&ﬁ%@&@ﬂwaﬂaé@péﬁﬂﬁ@fu&@r&?ﬁﬁorﬁ Bﬂ@dﬁrtmbﬁecqmﬁmzhmﬁaﬁn on of

PEGyI at ed rhGCSF two cansecu one tor t eps.
2007/ 039436 >RG40 BRO%FE 26T P%’Bé?’ige‘% SPILHTS 552%@{‘309 ngc(%éﬂg)\l?%¥18§1tl
l'i nked to palfythet hwom@ggbymoht)spgnouppsr)tedan@ facilej qurlﬁcqsmr aRUr cal
COMPOSI {1 0N SONRLISH G- A%, STULBLORALEbL: Prakekh oy Sl BnaThe paicsg] osur e

conprises. a 5 Icati nono- ?/ ??r.ff X&JW op0| etin
conpr il8i ng tmeteshr@bsﬂdﬁo%? §01-87hgWang 6F ek (A% ShpFl i AGPYE Jpol y-
and not - PEG/]3% q@mrﬁé cmsqaglp@rriﬁamcaebf armmxgrmea:nnﬁeembwe reatsiepn

exchange chromat o ste eco t ifi PPEQY| at ed
er yt hr opoi et‘faHO’Pﬁ gges%‘&?fﬂ%og??%n %Ii’(c ?gré’hd?() eP‘df i ﬁﬁte epIE@]\Aher ein

t he sanme typeotd) aratd) @epoeb(tﬂaamga"lm‘atbiemf QIL‘GWthdsré@ WF g@ttwocfé?ﬁeéﬁm@xchange

chromat ogr apfyy_ e§£l-fedplge chr&ﬂaté@ {'Etre W@pﬁ@fiﬁ(}ﬁ@@raﬁd'WOD@ﬂU&ﬁ@@r@oﬁEt hod for
he purlflcatlo @iate ec{ pleﬁﬁ? rgg}({)ﬁgrlsm gzsteps of
provi disng a swihaencincesigr savRisytomed t?)@o ethy; EBPFRES

eryt hr opoi et jidliid pRdrfateiliff cdmposisis @etiprisig aairytbropeletingmgeirc hr omat ogr aphy
steps, and recovering the pUI’IfI ed nono- PEGyl ated erythropoietin in the
second cati o%liﬁligi%nge chromat ography step, characterized in that the sane
type of cati exchange material is used in both cation exchange

chromat ogr aphy, Is&B?urQ@&n%@?c% aEhdPRr GRNSLEIRbIMECANLAG. exchange

chromat ogr aphy steps are ornmed using different elution nethods, whereby
the two conseggiiig eEairbpdietax edtapgeng treanms ef paphingst epsticorprpseng he

foll owi ng steps: appl in r i CIRLLSd Ng a
mi xt ur& of Wﬁlﬁj %% nd ootg %qgﬁte%gﬁ O? ﬁ%ﬁpg%gtﬁﬂﬁ% Efl w rrgl%ecul ar
wei ght forms citipra emhlage eiapmﬁpgémaﬁﬁés’cm%ﬁﬁ%@ﬁ%ﬁbe CIYT Graer

condi t i ons smg& 4 &t pordhng ole Sabsl TN BRGYS! adoskyishrbpoicel i n Lo
e catl on ex

nmat eri al . cont ai | first .c covering
nono- PEGy| at E’@#W&‘EP%%WB‘E ?%CEF‘PBW%}Wé‘g? Wgef‘ﬂdlﬁ gﬁné)x%hg%gdg e% B8 og'at ogr aphy
colum by a shepnaedduiphosepet hod with a stepw se increase of the ionic
strength of the through flow ng buffer, wherein the fraction of said
nono- PEGyl ated erythropoietin in the recovered solution is increased
conpared to the applied m xture,



c) applying the recovered nono-PEGyl ated erythropoietin of step b) to a
second cation exchange chromat ography col um under conditions suitable for
bi ndi ng of said nmono-PEGyl ated erythroppietin to the cation exchange
material contained in said second colum, whereby the cation exchange
material contgiared akfReSakd 1&%@8@5@ acxﬁcjztmof @16 g\fxmﬁcggonso%%onx}%%a fhe cation
exchange material in the first colum, d) overing the purtt 3

nono- PEGy| at edlY&FppKibigiresingthen a substantlally honngeneous formfromsaid

second cati omzepscdsfaprgﬁdla@raomtmgr ﬁp:lfb'nsﬁggl H#BR- p)ﬁolﬁ- Cﬁat hAi@dstagh ut i on net hod
0

buffer. In one'e ar e neecUTin/eé cation

exchange chroﬁﬁﬂsoﬁ‘ﬁdﬁ’ﬁfr’ﬁ’% g‘ﬁspuﬁ'gfcreﬁ’roﬁﬁd’ 6‘§]F’ﬁ eHFhF?Fé’FeélﬁtinérW@oéﬁ met hods. In
anot her emodanm@MEthmwéwﬂwed@aﬁt'i:eorrdemcthan@e sethe oymtadgr aphy st eps

conprise the tbhewhilge Ha@As s @)edaPRloiH BloRBxRALE MSmatdWfbBy 86 sol ution
conprising a mdxw;empfmg%qmm' tiond gﬁhmg&%%; thfopo' etinto a

f am radacfiﬁe/ SI‘X

irst cation ex? ﬁg mat o Shitabl e for

bi ndi ng of saPd" B “Sﬁé s d 8?’995%“615‘ erEHH}b’ Wﬁéc’ﬁ%ﬁ"dﬁ‘"—%‘%hange

mat eri al - cont eichande ¢hporasadgrhphy sieps cowprimmthe foBow)g stepe:over i ng t he

nono- PEGyl ated erythropoietin fromthe first cation exchange chromat ography
colum by a steppstiod dncnugses hofleryd fohuthnSbePIiIRe hiRfafeFSRorof, Bllg)f; ionic
strength of the ntahpmlfkdférﬁm&gaeﬁﬂfafrﬁ:f ;om’f}%{eﬂiﬂ 4 ffEf’}ﬁs LOQfQI sai d

mono- PEGyl atecl eryt hr po etin cr rrpar tot plied mxture
of step a), c) appl s & mma R r?g | &t H‘GB?)?P'I’iﬁfpgi ‘etin to a

"second cation e%&q%ﬂg@g dﬂ?&?ﬂ’ F:'é{]ﬁ??? emhmmlﬁumderthemqﬂwt icomhengs ui t abl e for
bi ndi ng of sai d nmapnia-Piteptdihedd Ersytdiapoi etin to the cation exchange
material contained in said second colum, whereby the cation exchange
10material coB} atdesing ldhai ECRGO NEyBAlpUidtn ifBmOfhetha SANE LRG.as the

cation exchange .qg {0 by d?ilutl'm H@; 1&%“ fl aclmﬁ)m}r]ae ove{elln the purified

nono- PEGyl at ed eryt st an "sasef rmfromsaid
second cation exths ﬁ‘@é"?‘ﬁtﬁdﬁf& Foygh glol‘l’lﬂg derpy eﬁ%éﬁtfﬁﬁimgfsélﬁutl on net hod
wi t h a 15conti nuews-HEGrredseybfopplesn | onitle: stcrengt koladont he Hidgaedgh f1 owi ng

buffer. In one e;aggmmmeagf,heamamg&g hod the cation exchange naterial is a
strong cation exchange nmaterial. In a preferred enbodi ment the strong

cation EXChanQFer 3 Eqﬁé {h@lrecbv%re@ rﬁbHOtM)ngycj ggtﬁ;ow&%me&%&?%g% arrsa enial .

Especially pre ed | Dn&l ment the

g c%pomatoéx é%l FG d co@? o ;] ﬁc
nono- PEGy| at ed e??ﬁ“nf’b o] T ovETER™ i 11990 955 Jpitatie
substanti al | y honistigne é%df%?ﬁ?r*@ﬁmmdewﬁaw%nameﬁmwpwmwmgen a further

enbodi nent of t ik eSi.eP a the ioni ¢ strength in
step b) of the n#at%m Q(:}}g %Ja %&gfﬁﬁzgﬁgkgt ?’gﬁr% fi'?n‘(::"““;mn f-'ﬁeferabl y the

MonoPEGy| at ed erJAHIELERBIARREA i pad E’Bnltsnot“lki'é “%‘é‘-‘cﬁﬁﬂa%‘t}’éﬁa‘éﬁi the step

el ution net hod, exchergeafategil it te fisecdmaini ncrease in the ionic strength.

25Anot her aspect i-s a nethod for the production of a nono- PEGy| ated

eryt hropoi et i @) cempdringithg plubftedf abhoREOGatsd @BshiropdietAERY b alibagigiyyt hr opoi etin

by using a PEG/'}%HQQ&eélﬁaﬂﬁﬂtﬁrom said second cation exchange chromatography
column by a continuous elution method with a contibuous increase of the
ionic strength of the through flowing buffer.

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

‘the following steps:

a) applying an aqueous, buffered solution comprising a mixture of mono-,
poly-, and not-PEGylated erythropoietin to 2 first cation exchange
chromatography column under conditions suitable for binding of said
mono-PEGylated erythropoietin to the cation exchange material

contained in said first column,



b) purifying the PEGyl ated erythropoietin with two consecutive cation
exchange chromat ography steps, wherein the first and second cation
30exchange chromat ography enpl oy the sane type of cation exchange material,
- 4 - c¢) recovering the nono- PEGyl at ed eryt hropoi'efin fromthe second
cation exchange chromat ography colum in a substantially honbgeneous form
wher eby the two consecutive cation e>(c3hange chromat ography steps are
performed using different elution nethods. etailedc .tio,, ot,e ven The
current inventi. conprjses a net r, t ur.ificati '
nonoPEGy! at ed er¥/t F*BYdi"ét b ‘88%? ?g‘(‘ﬁgﬁd %S‘ESH?‘%W g")? i??ggrsﬁﬁf‘%%t ogr aphy
steps wherein t he - saitengey gaonktogadphp robxoh dryge stmténimxi meshadsedhian bot h
cation exchange ch pPS,..: T f&ﬁggg grial” as
-used within this a%’)t(g %gﬁ%ﬁag%gﬁgﬁ fonic RFerr%l%’bgl)l tﬂeotﬂr(ﬁéﬁ A g@ffwe. ght
‘matrix that carriew emaﬂherﬁqaptymb@faﬁd %%B@@*ﬂgﬁémﬁmmm i deicaged

‘stati oFary phase |@Ogn9£}egx&ﬂgqggle@hﬁ@mgggg@fp{gy For overall charge
‘neutrality not covalently bound counter ions are bound thereto. The "ion

exchange materi aI s.the ability to e not. coval ent |y, bound

counter ions forSsi aIV‘ﬁglﬁ‘ecrﬁﬁ‘?vﬁr ?’838%?@%“1 §U’?ti’r88?1‘8?’hé° saofeﬁ?ﬁy% |
Dependl ng on the chmgemhangeshmmdﬁ%gp}ab@éumommﬁe:rcqndn.sms hgtableonr exchahge
resin” is referredy Erszmg-:o@at Qx@nﬁ @@9{% grgmbo%m% :ﬁ@k&fbn%ﬁ&ﬁ%@@e resin.

Dependi ng on the nat ur Cgs (‘substituent) t
‘exchange resin" is el perfapsd yssa e(jon ‘F’P‘t“ﬁé* VA EOohe é%ttqncﬁ’ic@i‘éhange
resingg sulfonic aghflerd£ sontalnzy, inQaidsstcbopeopyn fsasfithe 6O ryperas the

car boxymet hyl resin hem cal nature of the charged
group/ subst i t uent - thtécw%’%han %g%ngagm&gl&%n&c@an additional ly be classified

as strong or weak ion exchange resin, depending on the strength of the
coval ently bounddkhesoyenng ubEt | Pudid. mERO ol  evheerpitht | ¥n exchange

resins have a sul f QuiGaBGlf HHnSHPRnedRE eothabby %z@%kécﬁzﬂr&@ﬁéh SElRdge as

charged substituent, weak cation, exchange resins ve a c ic group,
‘preferably a car bo@h@?ﬁ%rag oty é’hg ﬂ@'ﬁ‘“&ﬂﬁ%t ”t’d’@nfnea‘rfﬁ wyx%aﬁ ani on

exchange resi ns havwendnahstifytanbitbeidnyd stynphpf ds thhaghyddweigbstied uent .
Different types of ion exchange materials, i.e. stationary phases, are

avai l abl e u e A #9f such as
AR anggﬁgﬁ%foa%%k oNBFBSe: AW &Hb@eﬁ&'aﬁget:‘zlﬁi@ i sgge&&ag]reaeen

ange rials Bio el ex
type 100), NHeR 82‘13?"‘@15?[1?1) X &P erf‘i?p"én%ﬁm%—?gtﬁ %m"%gg? gF mpakeT .1 type
50W MP) allis avﬂfolpai;iybcaftzrmmx&ao&ﬂaﬂgadoEqieaaﬁ;ewefev&@i(zs? Tayeptarl&ISPe&56 r om
a pher gen,  CQUeX(hdmM¥mBodhtihl B Sohs o wdcz}ggr@mtﬁlommw§t ang C

and. Must ang aval Cor par at'i ose e.g. type 23,
52), Hafper - Deppdrini sspihararialiy J1omasEReors SeRVAaTREN then &5 areAnﬁ@Prlm £) I RC

(Se- gCl\/I yzeonﬁrthg%bgdql{%}mtl cﬁﬁ?@ frhdth ] th)ﬁ s@ﬁﬂs’%,mcreéew)t&p%ﬁ[d .{tzl’eg%tﬁﬁng- C;[\/I yggoo
P, 5 ai rom Josoh. B osci ence 5 n

avai l abl e f?%%akﬁl‘?%ﬁ rfﬁg % Og?cosge ﬁ):h eSGTTgl}EE)E‘S@ avaﬂ%abl e from
GE Heal t hcar%E,Gyﬁ%@ercbsryrtbspﬂstzavzalrleabtiedfmoﬁlerc@ethte?eothf@sgl%ﬁ @hsion Asahi pak
ES (e.g. typﬁetgg%%’af&?(%‘%efandhﬁ&:e@/ln(ﬁe bnid ¥REeR25, 2825, 5 5025, LG, IEC

SP (e.g. type 825) e.g. type LG "825) avail able from Shoko
Anerica I nc é&%{% éét?@aﬁ?éﬁﬁﬁ%hﬁ?ddﬁcﬁ'ﬁ(ﬂﬁ%hﬁof rom Ei chrom Technol ogi es
I.nc. P?fefera}t!)‘{l e*catlon exchange“materia a strong cation exchange

mat eri al Sucm@Satb&alyﬁrrﬂﬁceﬂ(rrc)onlrﬂvrging%@follﬁﬁ&g somps:Macr oCap SP, or
Toyopear!| (r) SP 650M or Source S, or SP Sepharose, or POLYCAT A Exenpl ary
company, AT 1) %@ﬁhﬂﬁe@%‘?‘”@?’%ﬁﬁ%‘ﬁ SO e T
Macr o- Prep(r) DEA al l.. avaj m Bi oRad Labo atories, ani on’exchange
Yoot o typo. 1) aver aBRE Rl T RV FEOTBRELT Bt o, “ExPEl GioRax

Sepharose 4, DEAE Saahmgzséaréma@gratpbpete@h BireikFhe f@sﬁeﬁhmmﬁepat@apto Q

Capto all availab - 30 i

Per ki nEl mer, Asahi pL{c @%@@Ey%ﬁ 3’1 élep%%/%eg'ggﬁ CLA@ F%%E%E al |
avai |l abl e from Shokoamieki ca | nc. Arrberl ite(r) |RA-96, Toyopearl (r) DEAE,
TSKgel DEAE all available from Tosoh Bi osci ence GrbH, Mustang Q avail abl e
fromPall Corporation. In one enbodi nent the cation exchange material is a

sul f opropyl cation exchange material .



20The term "sanme type of cation exchange material" denotes two consecutive
i on exchange chromat ography steps which are perfornmed by enpl oying an

i dentical cation exchange material. Th#s nmeans that the consecutive cation
exchange chromat ography steps are carried out by using either a first
portion of the gatecovermgthamgeo-RECatated erfytroptietinf frpmtthe pcpahcdieBhange

chr omat ogr aphy ste I d I f héheeenadm cation
exchange materi al e)%gr %hgyrgg%g%gapggﬁé%ﬁg%ghg%&%ﬁ%ﬁat og?%phy step or by
usi ng the sane caformn exchange material for both cation exchange

chromat ography steps. In one enbodi nent the second cati on exchange nmateri al
is the same typghekbeaid o exsharige catdresidianguthromatogtephs aiees freact i on of

t he cati on exchange terial.as the. fi ti on exchange material. 30The
terns "step el u??rg‘ﬁmq‘gﬁlamggffé%e 1:Ieul%eillO(I)lr?&?cré %Sgd", whi ch are used

i nterchangeably within this application, denote a nmethod wherein e.g. the
concentrati @ 3 gtoant ehedavrsitioy el ution, i.e. the dissolution of a
bound conmpound froma material, is raised or |lowered at once, i.e. directly

fromone valyg/ lxﬁ%’eg;lt e DeXdrisuak UgleliRvelfor 1R pltificatisd @F £lmbdoon” one or

nore conditions r 1gg)geexa_trrpl e the_rPH, the.ionic strength, concentration of
a salt, and/FEGyiared FVOVPRCH CompTising iy FATBGPEIFE Cﬁ?%?ﬁ’@rgﬁgns g4 all at
once from a kSt theBafhe tHhedditdaiigh exnchdnige rharerial $ecedd; bethgatidn mahangeal ue,

i.e. the conditiaons atirlye Ghanged increnmentally, i.e. stepwise, in contrast
to a linear CHURYREPYW H& "step el ution nethod" is after each increase in
the ionic strength a new fraction collected. This fractioon contains the
conmpounds 5 TFlectvmr Gdn fexehangh naeinl e RE NEfH &V iHER éﬁliseﬁppﬁﬁa’fiﬂnt 8°EdrPespondi ng
i ncrease ijn iy ,&ﬁlﬁSﬁigﬁr}g&meulﬁf i_‘uﬁghtﬁﬁzﬁﬁliﬂ fedt @A sest doealealydbdingnshangsd |

mai ntained ti|l the next step In e.elution nmetho en. el ution”
one or nore %’éﬁ&i—‘?‘itf)ﬁg&i"éfﬁ‘?*gmgﬁghﬁ%f 89 <5 a%ccgrfg?%r# %ﬁ kB'I- rcértstgﬁttl:a)a11 g.
starting, vathdegeturabigamndpvaengy biimdilcountal ires aheousdathersto. dbF ni®ne

enbodi mrent 10 % or 0 Lo ;+of bansE ceausl ng 10
el ution. Thaff‘m%][gsn Er{ggt)t %l?ag fgﬁ{)gﬁi a%ﬁi%f?&%&&hh@@ 19 ot P Gra2p S

1t e St%lhe concg_ntr i.on qf tHe subst ance
causi ng el ut iosh forssimdariycpreehons i Gidpe SPERUNGRHFPBHORPEPPHIENYE $icond
step, and 120:;%08f iRDe@hddiedtiecdunter dorst thp . “idmeahaigeeesi€nivodemehto ehe change

is 50 %or nore of ,the concentratio f . i jon. In
anot her0 enbofieBfEARES E%%’n%’easiagmfz%d&n(%% bfgr%r?g? %%@ﬁ%oggﬁ%ég‘%re S,thilﬂtéén of the

substance cadsirgeg gbup (ostitagite ghelSen gxqhgnge ﬁéiﬁati%ﬁef%q?étt?taﬁee-%:dﬁ&ﬁ ions are
changed i ncrenent @Jtﬂlo)ﬂ’f:xtha%ge 8ds PP WuE6hic hﬂdﬁr@ﬁ% (S5 br §1@fa?rﬁpglﬁeaﬁ (sMange. Thed
terms "continuous el ution” “conti.nuous .el ution,ne e re use

i nter changealﬁ‘ffﬁ?oﬁnﬂeﬁli‘% HHP s(%lﬁe@ﬁ?‘%’%,Ondgheo%‘efr_rﬁcarlre?ahugg %ﬁﬁ%%?‘%@%fg. t he
concentr at i ograwp/sabsithattahe Sooandiang: whint icom additienally te ctbsifed| astsirong of a 20
bound/ adsor b%(rj ek R %h%ﬁé%{%ﬁn,cﬁ'é Hﬁhg%@@@ ErefBh &dfl 8¢ covaRenfipibeesld or

| ower ed contihuously, 1 e concentfratjon i s chan eg by allfs'eque ce of
smal | steps ebwhedwbsipenfefortehanp!s SB’H&E\Q@’QS‘F"E}‘@E@{ES‘SF PEFABYSOP'Y % of
t Ihe concent r%ﬁd@ﬂp&fer&ﬁ]ﬁ‘a &u@t@;ﬁ:?ﬁoﬁ;&us i:}m;g‘igei dwbbtanent) weak h&tﬁ)ﬂ'@dmnignuou?]
el ution" one or re conditi.ons or__exanpl e 10Nk G- ngt h,
concentrat i of®gF BEad 27 Sﬁ’éfo?b’t“ﬁeprfe%éa\l/vr%fa £y gg’ _cﬁlryg) ?Otdg’ %gp jg/%gggray be
changed | i neatibsyitwnt, escgiowenkt dradd PXabengesIEHS é‘{at’ftaldi%ih?’lm’@if’@gﬁbgfyul’ﬁé change
is linear.

charged substituent.

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



The term "applying to" and granmatical equivalents thereof as used within
this application denotes a partial step of a purification nmethod in which a
solution containing a substance of interest to be purified is brought in
contact WOr'YS8Et ati onary phase. This denotes t hat HTFRESEY T i on i s
added to a chromatographic device in which the stationary phase is |ocated,
or b) that a stationary phase is addeddto the solution. In case a) the

sol ution containing the substance of interest to be purified passes through
the stationary phase allowing for an interaction between the stationary

phase and t heropawst e &@ci > 5. 0P 2l papilakisi e dieseihBicsdente (Graid, 35such
as e.g. pH ceondsehhdiaN,308@labaikBRCRAN BbolBm LiABReIPatdphosdMdips. f1 ow

ot hus ar SoPaT R S SEHER hw%*e‘?%»%é?esgﬁ%é‘%gﬁe@eé 1 Ldtlonary phase
sol uti on. TReswtdrss AsahimkrEenigniypg 503C)s e¥pak GnlBaGME. 4 oymdB2bn2a2he
flowtyiroug stbe) Itt:@wtg ﬁmgmgibqtﬁfc%% Oéﬁgé L@%z@?t@‘gmgﬁgtt er the

passage of the chronmato evi ce appl i ed
sol ution corEoni‘HEttRe rscubé?\é’nc,cén‘?ﬁ ‘?"ﬁt’%’t’é’ésfesﬁr at’ﬁ@ sufrosr | Eighiosh i s used
to flush th&edoblgies dnct Brefaulde thé ubii@n eathaage rdteriddl i@ asuﬂﬁzﬁ§l&§t@ﬁ1 bound to
thestatlon a Ln_one e B0 t ogr, iceis a
col umm, Q{@Aag ?t%tele'ﬁ 2R ] N%%g%ce g III erestggg lgl@ao @a e fromthe
sol ution af tTéYottehlé‘E ﬁﬁrﬁ@%&t ﬁ@wcstie@r By Sm#talfméasmf B@i‘f@fa? A dxamplrson of

skillidn 10a4ibe eﬁEEan SufberAl fe WowRk®al Phafiald 88m gattdh@{gndautompany,

ultrafiltratign dla t I afflnlt raphy, or
sol vent vol t}ﬁ% ety RS g‘ 2 %) %b‘t gie%‘ﬁoghg)%bé @I@e L gYaqra e?lesb% a

subst ant i al kyailibrdgen dieiadf kabaraténiesc asen lekchahge s¢sit fypadr yvajiitds &ohs  added,
e.g. as a sgtahsﬂomtectmogtelmtl QB O, %&Nkrﬁﬁhi}‘éses&'bétﬁﬁ‘%@?ﬁ 3 eNkgrest to be

purified allowng fqr an_Interaction_betwee tiona ase and the
15 subst anc 8¢l @ RePhaFserCapR @ herractli Balaerande: Bsaliirashase i s
removes, e. @Xhy)a‘vhxﬁdbﬁeaﬁ'wrﬂl‘PﬁriﬁtlﬂElnkh&sShlbﬁiE$16@CQMX}:@I:®VE$&gltﬁpeﬁiﬂéher bound
to the statignagy Bﬁﬁéea@%@atfaﬁﬁ"gﬁ% tsRSﬁi "Ar‘hé‘r{ Rﬁbé&te 'IQR Rr not

bound to the’stafi %%/ t’et m "under
condi ti ons Javensari® PHRE. bTWeﬁehé)EA&néﬂ @Vﬁh’ﬁﬁt freel T@%Pbl B@F@mﬂs C?itﬂﬂtiher eof as
used wit hi nMﬁkta&ganMaﬂﬁilé Grorélemt esrdobatond 18U aRGBdidfent NheIBSIn €. 0.

PEGyI at ed er}/th?ro tgrttaITs’asu'lfn IS lcagogga%)énorgar ase when brought in
contact with “BXEhange 81" ii s does not necessarily

denote that 100 %of the substance of interest is bound but essentially
100% &% t he Thalsranee obPt of ettet eicBangsunaterial” deneles MEnsenssOItiys éfn t he

subst ance Ofexdh@h@’ ﬁﬁrbmbﬁ)gﬂ@ﬂﬂdtepﬁbvhlcﬁae&te pZEfo%@if b)‘i Q&p@mgsd-hbﬁi%ﬁmﬁ? Of
interest is b{oun

s
nore than 95" of j“tl_“ﬁnges d‘%“z gﬁcﬁ’%’f T Se?heals?ttthe CQ{%?JCHHVQ 63?% est}ﬁpg%nar y
phase. The t:bmma‘ttbﬁnm}efrws aeﬁscamtsetdowhyhuwg ¢#ithsr appétirpatéront tereties a

sol ution inewWhaghe rﬁtt@nﬂesr @t aRHAie et(amttg@d@fgﬁtlatdgpd@wEte%%@eﬁ@st@gb acidic or
basi c_substances i s Iev @? by a buffer, Ssubstance %‘L st ance
é’ ‘pffarimc

resul €7 ng i NEERE PAHORFF FbIof s BEfhangs W@f‘ér&ﬁl 89t cal |y
accept abl e bxfhfege cs}mdmtatagxaphy gepe oubpdsing tlehsaas @tign epthosgheniedaldot d or

salts there@,%m a6k | &h@& ecthpamﬁe%rtg@m s€Bf one b a&n&?tﬁt sgtoﬁ]ﬁacttl thereof,

nor phol i ne, no oni c aC| or sa ereo
hi sti di ne oFX‘“sléP?fsm?Wé‘Fle‘éF ¢ HMFCIAR ObFativR) sxehange FregTial Bt Retj e same

(hydr oxynet ﬁyhﬁorﬂﬁﬁtﬂ@&@bhﬁ%aﬁ@%ﬁ}nﬂm gRlfrs char &ofangd matmrl. enbodi ment
phosphoric acid or salts

30 The terms “step elution” and “step elution methed”, which are used

or

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 at once, i.e. directly from one
valueflevel to the next value/level. In this “step elution” one or more conditions, for

35 exémpie the pH, the ionic strength, concentration of a salt, and/or the flow of a



35thereof, or acetic acid or salts thereof, or citric acid or salts
thereof, or histidine or - 8 - salts thereof are used as buffer substance.

Opt i onal | Yol B&ﬁﬂ%ﬁfﬂt ered sol ution may conprise an addi tg@RghoegAbdrs7 Such as
e.g. sodiumc or| de, sodium sul phate, potassium chloride, potassium

sulfate, sodiumcitrate, or potassiumcitrate. General chromatographic
met hods and their use are known to a“ﬁe‘rson skilled in 5 the art. See for
exanpl e, Chromat ography, 5th edition, Part A: Fundanmental s and Techni ques,

Hef t mann, i . (1992
Advanced Ch?hééjﬁgt)(%rlﬁgi&ﬁ %ar%r%l%%e%n&%%&%rea %%gﬁ}gp@o% waﬁ“%l g%glrt{);r?cfas D)eyl
Z. (ed.), Hesov eg Bul.onlve BVihesopditioname chmegefertienenialys e CEDYBY;

Chr omat ogr aﬂ%n&%@%’ a iRQ9 kRangk: infthe 1O Bethad” 6 afteFkER Vh@dasSRI ence
Publ i shi ng pes, Pr at ej,n Purlflgatlon

Princi pl es é’&‘%dmp? L gé'é (‘i‘géﬁ’ftm%ﬁ&%ﬁﬁékm‘ﬁ T tigri ggntaips the coppoundyy o
C oni rgy: A tcaberdtfeony théding akchanSeoordabdith tl@morn@qicdid&mrmngasm lvaic

Labor at ory ﬁ[‘ %ﬁl AE%J Scﬁﬂf&&g h%lcgg-ﬁmo er aﬁggg%ed(?ﬁ th'BEﬁQEegFﬁ giocol s in

Mol ecul ar ns, Inc.
New Yor k. 15%@ pE@ariakn A “FEP SRIPRT BHOPRIOF %&dﬁmsys/%fééehmgsd? 2% mi xture
of di H‘Eg/lenﬁmﬁquﬁ)'dﬁﬁﬁy e.SUetiAg vk Yo gyﬁf&phdl €g feny vhibepiieahbmge is in

nmono- ated e ropoLetin, nat at e thr I
broduct s’ of ofhe RiERE 36 Tt mlfert e i iethy o BEQFaby AL 12 Lo
as hydl ol ysklstipr.dthat tisinofhig hletbedl}rtent &pbcfe*tcmtr&tm@ew the | sebgpfec2¥snbt ai n a
nono- PEGy| akﬁqeﬁimteb rwmrétﬂr& sidp, 260 %S&br%?e%ltaé ée)émlsw&ag%ﬂeqw of @r m t hese
subst ances have, ttg cfe ar at ed_. and g ‘f 0 erest h B be
purified. THRFeihe hiq sty iI5anghseepbyf ”FHgB‘E Bf"ég’rtls %"2 velit 78I (ffg rovide a
met hod for @bﬁcﬁnnﬂatmg od tineobstRid@chadingleletiyt. fin opathet émbddimeniibt engal | y
homogenous Lo5HEAURLLA BOkhefaldauhner a@esagstagéaawfﬁgﬁé oh"Scp

erythropnetl n using an activate ating reagent nmol ecul ar wei ght
of frém 20 Ekpbanrt éem:@eswbat thg) CO@értiomyuafrgclf%ECLEéﬁraﬁi*éﬁ Yer-¢t RTPSPSt &t i n

obt ai ned i N c5hte43t @)a liMedrthkie. consecutive cation exchange chromat ography
steps, wherein the first and second cati on exchange chromat ography steps

enpl oy the sane 30k %cgu%ngguscé}ﬁﬁ a%oQ&%o@&lﬁﬁbﬁ‘lmet&)d”r@Higﬂgfe' Jig the
nono- PEGyI at e eryt ropoietin fromthe second cation exchange

chr omat ogr aphyrcbyisgHy |W\‘t}b\“sﬁb%taﬁﬁ}t“iaﬁf”l‘y dERGH g Bsted f ¥ T’ﬁem g the

concentration of a substance causing elution, ie. the dissolution of a
20 bound/adsorbed compound from a chromatographic 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 2 salt, and/or the flow of a
25 chromatography, may be changed linearly or exponentially or asymptotically.

Preferably the change is Jinear.

The term “applying to” and grammatical equivalents thereof as used within this
application denotes a partial step of a purification method in which a solution
containing a substance of interest to be purified is brought in contact with a
30 stationary phase. This denotes that a} the solution is added to a chromatographic
device in which the stationary phase is located, or b) that a stationary phase is
added to the solution. In case a) the solution containing the substance of interest to
be purified passes through the stationary phase allowing for an interaction between
the stationary phase and the substances in solution. Depending on the conditions,

35 such as e.g. pH, conductivity, salt concentration, temperature, and/or flow rate,



This method is especially useful for the purification of PEGyl ated

reconbi nant pol ypepti des, which are glycosylated, i.e. which have been
produced by a manmalian cell, preferably a CHO cell, HEK293 cell, BHK cel
Per . C60 cg%i”m%wﬂmﬁLa cell and are afterwards cheni cal P§UBEESH4T6Y. 51 n t he
first step of the nmethod is the erythropoietin PEGyl ated. The pol y(ethyl ene
glycol) (PEG polyner nol ecul es used ih-the PEGyIation reaction have a

nol ecul ar wei ght of about 20 kDa to 40 kDa (by "nolecul ar weight" as used
here there is to be understood t he mean nol ecul ar wei ght of the PEG because
PEG as pol y#nq eubsignge phdhe solpben aist kaunddtonihe ﬁtaémaem%eﬁ 18] BetEEr  wei ght

but in fact reased froirptmoaﬁwlnamm'sgmtaxcaessfgnkd@mm @cnuu&rh%rec%ﬁmareeout
i ndi cates that .i.n sai d PEG %r ﬁgar at | Lons h nore and

Come T ece t HBIFITHG T IS oo cntear s B FTooERy KB it ot ers to
a nol ecul ar demsitgghthe dokstiph babttdined afnervxilhleqhse%@/eaéfthd Heo@ﬁ@graphecddvm, have a
ol eCUEl ar V‘@hﬂﬂtma‘ﬁy'eﬁtmrrbe%e a;ioé‘d Qigluﬁgﬁcérﬁgih ttﬁgsdﬁgdaﬁ&udf te %67 For

exanpl e, ecul' a enotes a 15range O kDa to

33 kDa). Thgvglf%r W*Cér@t“ﬁ?‘g[% £} e igﬁ?’é‘l“smt B says¢ (‘ﬁ‘%’l"ﬁ frfaf?(ﬂerfg’ FRE sequence

SEQ I D NO: 1sstabE@bbihd\( tRe s@tiomarppldseiln ofk cpbbyipent 1hdeh:s)uﬁ&igaar;n1hcal |y

hom)l ogous Qs i I erti-e | a QL0 the timul ation
red bl Oogg/ggeel % col ét%lrg c%Lsg%l: flﬁﬁe SB%S 2 nce of of 1r1Stere§t ca{x g TEROVaTEd %ﬁ M nd

d| fferenti athesn! @pneﬁmﬁhetrewﬁ@mmm gy medg:éh farmhgr t® persort h%skldbn‘e Mar r ow.

Ref:lcmip@ ][lant HRr WENrQBoi At iR, anp@atwnepﬁr&xg ¥i@ BXRRR&SLAN d!aﬂlt%léﬁr yotic
ce S or

r econbi nant %'BR&P?HEI(?%%C)HPW%W&%@ s(?ﬁ?”b‘é%‘ém&é%e“\?té?ri 1iS’ert‘?f‘(’#heexarrpl e
the erythr opd:sencmofghgec@prmtt@mnt:dlyd)qmn@semsngrmdd@gterbf)uhe geieaget i vati on
as reported heﬁe g%déec? %% Zsﬁa]solxkjﬁoﬁh@ﬁutﬁ%ooonﬂﬁnﬁ Zl?é%ugs[m'f e WALRBLPRL22, VO
94/ 12650, 06667, and WD 91] 09955. In
one enbodi T’ltpuf 9‘f”r§‘tgof5’(5|‘"é’t i‘ﬂ’feréé%’r dFWﬁe‘id %ﬁ%‘“P?‘ﬁf%rﬁhiaﬁ?na‘P‘% thfased on

t he seﬂuencmmfantﬁsﬁmmlm Alfr mQtzﬂaefcuemrﬁmdtatmmrytplhesehmmVei yghmopm etin
has the am pg, A n%etﬂyeaﬁanﬁgsf%e S bR dhe Qi gER WBLRa >
preferably the human er ro 0|et|n ce set out in
SEQ | D NO 1emo§e tbeﬁ\rﬁt 3pm é‘f’%/ﬁcﬂ'ﬁféfﬁbpeﬂphb@%dstp aerﬁéqtegarvanhamw@ of the
protein of SEQihInNE soluth. SEQ ID NO 2, in which one ore nore amino acid
resi dues have been changed, deleted, or inserted, and whi ch has the sane
bi ol ogi cal Li ¥ t 4 orted in
EP 1 064 95 té/ mgéeé %ﬁg%hs gg \gdgfrl% gogtﬁ%gkghgr\}% Eh caﬁé&é‘éﬁle sequence
of huf@n er weﬁ%ﬁéut’éﬂ WithEy g applsatian Aencgesuiial £ sobiancs iof GHeBEF 6

gl ycosyl at i @aGylkhe egmeiepmeenaﬁﬁdis\/tbtaxétaebnﬁli@m@t»@ﬁn@Ewghmrz@h@&tlvﬂt}pan be -
10 - determned by yarhous assaysrinoun 1 thearts. 06 bigl paical activity
of the purlfie%{ B F F]hro 5F Y5 oS PEERRRY WURR ORGP fch t hat
admi ni st r at Péitapte o tq@%@ﬂﬁeﬁ’wn@ybﬂmfseemlbri%dfo hiifferrupstricenf Bitsreid ts i n

bone marr owpeghd, 3.1 1GELA5 R MAOMEIneNoOhtdr &k asowu%y&t%staM/or&%@' ood
cel |l s_conpared to n- |nL ted or ects., The

bi ol 07 cal AEFIRFE Y BT Iaé}teéﬁ%gr}i/?ﬁllhﬁgld?sﬁaf‘%o d’b‘le%f?gdeh‘“ﬁ’ﬁdorpurl fied
in accor dan@earwc}tah 96 K6 of ﬂanv@stainoenoﬁ:amdsm besied tbystmmdaqqslamcor di ng to
Phar m Europa Spec. |ssue Erythropoietin BRP Bio 1997(2). "PEG' or "PEG

group" accongi Rgni Odffegedr NMaRLd %hm%erks h&ﬁﬁindy&o?e@ratem;oﬂgn R (ethyl ene
n.contain further. ch 10

| ycol ) as ess | part. a PE cal
grgups)whl chhagee’ ?@3@%&3}5}%6#? BPRAF ﬁ%easw GG %b&twwnc&’»ﬁé&lﬂﬁ% whi ch
resul t fromby héuGhembetabcesyng heSérsubdtartcheesnbingdulbech apreffatticefbé ssed. spacer
for 09@' nal Pgéféglﬁggﬁfa%ac@ Ea§l Qafcc 157‘311{2 ui\.ﬁsta;[ £SEe u'S'Jdt Qgcgh Fg]shgg} cal

groups are not Qr t ation ecul ar " wei ght t he PEG
pol ymer ol 8EYPEOTIT ACIE i itér*i ﬂ%ftfcﬁceé}ceee praprlis Jheesh cigric afid wBrsalfor e PEG
si de- chai ns ;he\t\ifufclﬂnc&pleoliﬂenkaed\lin&gphblem) dehatifond tahidmor a;al‘tﬁa}iler@cff? PEG

oraparod.  AFUERerH b TRACS, IR U CalE vl PO R0 BRR™R0E 1 ous
pol yol s, i némmm@nf?@ejgﬁsdlor Sffieﬁbﬁe@fylﬂﬂm(?knbOéndﬂé@hmpbgllfc acBremseled PEG ar e
descr B@ed | BherddBl oraaimd &l oFERIO udf084itribacia, 332 &eod Br BRI SOBOdI ment  as

PEG wi th a nol ecul ar wei ght of 20- 35 kDa |inear PEG nol ecul es are used and
as



20 PEG polymers with a nol ecul ar weight of more than 35 kDa, especially
with 40 kDa, branched PEGs are used. As PEG 40 kDa a two-arnmed PEG is used

in one er‘r,R% j The term "PEGyl ati on" nmeans a coval j .of a poly
(et hyl ene gc%‘/;{ci% §mPesi due at the N-term nus of the pollye/(g{g%%ilo e gﬁ’gi/ or an

internal |ysine residue. PEGylation 25_of proteins is wdely known in the
state of the art and revi ewed by, for‘%XarrpI e, Veronese, F.M, Biomaterials
22 (2001) 405-417. PEG can be linked using different functional groups and
pol yet hyl ene,glycols with differe eyl ar j [ : ranched
Do *as el TS HGR Parbiuhft B R eb R bl Ml Rl AdapL BnEDeS
Int. J. Henetroprise68n (ag0®pall salg; subel ygage, s@liumethlatide, adium siRkateTher . Drug
Carrier 30 ﬁ&%&s‘ﬁﬂfﬁ cRofidd PElasAdR 31841, soMED/diRkie QR polas@inichepoi etin can be

performed i h aqueous solution with PEGyl ation reagents as described, for
exanpl e, in WO 00/44785, in. one, enbodi went by using NHS-actiyated |inear or
branched PEESRHBPIHPBELD ’fapglcr%?qg%%sloaé’% %‘irg'ﬁ? X’EM n° s By “a%“ ]egdnl cDa.
PEGy| at i on danaral ®o fiyeexpmpleo Chednabgrapiay, S0| aditiquh ders fadvoddinegals endu, VY., et

al ., Reactive R « E98¢ I n i an bpal |
e R0 VB SR 4nr E904), FiRdr 22Rnc\BibIEAAL Ohip, ngﬁl}?gg)zlgl ySUCh

PEGy| ated polypeptide can al so be produced according tq WO
net hods res&l]rg%égﬁﬁ\dé(ﬁmé’ijﬁhﬁ?rﬁﬁﬁﬂréf’h‘ﬁ aﬂﬁiﬁ?‘f*’?"?l@@@ Badg@(?géf“ BRE‘ IS ehor e a-
am no group®eolf, Lysithg ERsidlutdemadByl ainstefiand) Tler Miasdriaats,nl9g8pup.
Sel ective 5 PEGyl atio h t.ergm nal ) aegi.d.- : f.orped
accordi ng t&Phﬁ%%???”RQMﬁ’da tﬁ%%’,&&%gypr?%m g'glﬁ'.’ E%%éeq?g’épge( g?%;ﬁéﬁe
gl ycol)) ( 190mpap1.aNosgorksel 8¢t iSgerant Rrotewn Rurifimtiay) Rencynescad Bactkehi eved
during sol i @Iﬁhﬁ%ﬁm%)’diﬁkhﬁsét gl. ba) oauRtilRgCRhing: NaaRiz&shatedudnsaenaci d

e

derivative 1 1.terninal amno agid o e.peptide i .Si.de chain
PEGy! at | on CAIBe B FOPR oI TR LT Hcnadt SR e S bS8 % il i g of
NE- PEGy| at eCuryesi Beotdeni§ inabMiolegslat Bidldgy, dnowiechd . dhaenal. Goabilold Wilever ni nal
and side chal §,REQy| &l s feasible either as described above within

sol i d- phase synthesis or by solution phase synthesis by applying activated

PEG reagents_ to am no_deprotect.ed peptide. .Suitable PEG derivatives are
acti vafed PE@%B?@@E‘F% %?ﬁﬁ‘aﬁ’f’g&}&a‘gﬁ’%ﬁl& %eélﬂ}gafn 5P GhE ngéfefr ¥bm about 5
to about 40 ckBgpounds, onecenbodi welytPEGdrtedbouythRgpoictinabonenAtBEGEBed

pref er abl y K DRoct TG RERs 4854 At duge bivhdone
enbodi nent %P)ﬁ%{}no gghgﬁog”&% n%%eﬁir%?féa?%mg OE}%S?& %&OEEQE% dlefri vatives
suitabl e forrEsestn ahdPoiEpdranian sfdPEGYS dtteiiird usk el g

conj ugat es Gaphhpotbhaiteld I ravderShe abwat er nRoloytifydt{dHanttiswipbleen 1AL,

U S A, Www..Nn [ i LVALL. Vi i ).t he art
and ar?‘g descr ?%ge%]alnﬁ?@n&g%%xéggﬁﬁ %EE%%%{CESM ,Vleettg %ae?%e,ﬁa%&g\é\%hgcgﬁj ug.

Chem 7 (199empeesd 8@tergsbpaspeer pPHltdksul fone. Linear chain and branched

chain PEG species are suitable for the preparation of the PEGyl at ed
fragments. BXrpgibesit dfanrgact éitbe Kot Gagendstogirevidodmetivdtiyt otmangxy PEG, or
met hoxy- PEG vi nyl [ ferahl [ r 450 to 25
about 900 anadmﬂxP'?ﬁa Y?ﬁ@%i %r%?h@gog{t&yﬁ ?ﬁlﬁsﬁgggrhyo@'ﬁ(%gﬁ%{feﬁ%ﬁ%\%gl ne to six
car bon at onsheifdiawag stehyl , et hyl, isopropyl, etc. whereby in one
enbodi nent R = nethyl ): - 12 -

25 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

30 type of cation exchange material,

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

form.



The use of these iodo-activated substances is known in the art and
described e.g. by Hermanson, G T., in Bioconjugate Techni ques, Academ c
Press, San Diego (1996) p. 147-148. In one enbodinment is the PEG species an
acti vat ed "PEBUEEEY  e.g., 5 N hydroxysuccini m dyl propCbDREBI08s/006}67

N- hydr oxysucci ni m dyl butanoate, or N-hydroxysuccini m des such as PEG NHS
(Monfardini, C., et al., Bioconjugate-€hem 6 (1995) 62-69). In one

enbodi ment the activated N-hydroxysuccinimde ester is

usi ngal koxy- PEG- N- hydrwcysucci ni m de, suchasnet hoxy- PEG N- 15

hydr oxysuccilhisningéog Na\egeoaly: U@ﬁéafpv\/éftl%ipumaynercg PHGyéatdd reghmbéiant R and m

are as defi egp@;hw@ whidh Ofte trgantl el ReniEFHa 5P 8LLE SpoBuldd® by
N- hydr oxysucci ni

d
est g (eth ne_gl.yc utyric acid.
The term" alwfmaPeCFg*r%regbabg’ I""‘3 t ‘gﬂdg&rifhpﬁhg i CFF qh@) eitﬁePFn al kyl "
means a st r defhatelichdiare drerkardndiredeatin @EGylatedyl group contai ning a maxi mum
of four 20carbon atons, such as nethoxy, ethwcy, n-propoxy and the |ike,

prefergbly o sed
W t hi ngt hi sqmip}iiré%?oﬁf I"r(lzljgnot e%ygﬁg?&?}gbé’éﬁhfat e th?u? r%gg%te?iényobt ai ned,

cont ai ned, (5 rRODIPRE SRRl RN rercingls T %@ﬂa?ﬂih‘lﬁéfrtm@f 3F‘E€”@IQ§HI@T attached.
I n one enbochelmlnbf dbloet PHOM @teokR5ey ihbleopa vedigh” issusad REra ohdPELY BE ed

ery-thropoi &bl LBGHP rn’?eggrrﬁ&ie%arn@giggto bt a'!.enPEG because PEG as polymeric
compound is not obtained with a defined molecular weight but in fact has a
10 molecular weight distribution; the term "about" indicates that in said PEG
preparations, some molecules will weigh more and some less than the indicated
molecular weight, i.e the term about refers to a molecular weight distribution in
which 95 % of the PEG molecules have a molecular weight within +/- 10 % of the
indicated molecular weight. For example, a molecular weight of 30 kDa denotes a
15 range of from 27 kDa to 33 kDa).

The term “erythropoietin” refers to a protein having the sequence SEQ ID NO:1 or
SEQ ID NO:2, or a protein or polypeptide substantially homologous thersto, whose
biological properties relate to the stimulation of red blood cell production and the
stimulation of the division and differentiation of committed erythroid progenitors
20 in the bone marrow. Recombinant erythropoietin may be prepared via expression
in eukaryotic cells, for example in CHO celis, or BHK cells, or Hela cells by
recombinant DNA technology or by endogenous gene activation. For example the
erythropoietin glycoprotein is expressed by endogenous gene activation as reported
in US 5,733,761, US 5,641,670, US 5,733,746, WO 93/09222, WO 94/12650, WO
25 95/31560, WO 90/11354, WO 81/06667, and WO 91/09955. in one embodiment
the erythropoietin according to the invention is based on the sequence of human
EPO. In another embodiment the human erythropoietin has the amino acid
sequence set out in SEQ ID NO: 1 or SEQ ID NO: 2, preferably the human
erythropoietin has the amino acid sequence set out in SEQ ID NO: 1. The term
30 “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

35 for glycosylation. The specific activity of PEGylated erythropoietin can be



- 13 - unreacted (i.e., PEG group |acking) erythropoietin, poly-PEGyI ated
erythropoietin, as well as fragnents of the pol ypeptide generated during
the PEGyl ation reaction. The term "substantially honogeneous forn denotes
that a pr¥P2PBEHI° of a nmoNoPEGy! at ed eryt hropoi etin %&ﬁ%zwgﬂf’ﬂ%ne
enbodi mrent at |east 50 % (ww of the 5 nono-PEGyl ated erythropoietin, at
| east 75 % of the nono- PEGyl ated eryth®opoi etimat |east 90 % of the

nono- PEGy| at ed erythropoietin, or nore than 95 % of the nono- PEGyI at ed

erythropoietin. The percent values are hased qn thg1 ar ea- %.of g}‘e
chr onat ogr agaiearRess PO NaIoHS 1562Y6 H@OWALINoWE Atk hdhged! HglEJﬁé’FBBFYa%% e

purificati opurdfieaPPuyifdt drif@rsBnamRIEGYE alegtied yelupdiaeidniinissatidotft ai ned.
Th toi Li t hod, f th ificati
R RTE TNE CEN DEN T T e
honmogeneouspiodneticnf ofi retimbREGy laat edd drlgpodh colporenpared |to trasinggiefrorsi ngl y
been found \ haAagd 3 i iD Ge

D E@-}o@ g%gagggg%?{?&gis, ﬁ@xe%ﬁd&%ﬁl@‘ﬂ GARTS S MR GAL PLyEXSIAR

ot or 1 al pr FineS 16 SUBSHEEPTGN RO EREBNE B OF S GHIT R af oq
eryt hr opoi ehdcBrdiddwerrekaneEdrbpa Speerievnt Ernlepbiedn BRP®i6 4 (2. met hod for the
purification of a nono-PEGyl ated erythropoietin conprising the steps of

rovi ding a solution conprising nono-, poly-, and not-PEGyIl at ed
gr yt hr Opgi etREG” qre“ﬁ’ﬁ@rmnglg" atcvmgmrﬁg éhﬁjme@él%eamaaha é‘%@iﬁﬁ‘éﬁ%ﬁiéﬁ’ﬁdﬁ?&i ogr aphy
steps, 20 apghfi&RO¥RIING dEsshtial hadsumne PREQHnat@tie Mydir apeineti n in the
S P e SR AP 8 SRSt SRon RSl Nk 8 B 0 of cat on
exchange ma Fal™ i h Fon—e e’ chromat ography steps. In
one enbodi méntn threcheedoy eyithesis af thremblacgle, carhon ie)@_cmngef%clwtjml ogr aphy
step is by g;ditf ﬁ{r %ﬂ&s &l bR fRd. %rtﬁ@%héﬁ%yﬁiﬁarh Rot BRdFECONd

¥

cation exchange chriomat ography step., In 25 ot her e i nent,.is the cation
exchange chifratcgtapry t]'t?dPﬂlt“rf‘}l*é"g"éﬂ%}‘rtzf[} & %ﬁ]B PIYPYE g]fi‘r%aﬁdfig’ﬁnw change

chromat ogr apiih SPEP cakbnakt Eontlve nsee BB skt dhains extotiaag dinkdr togebogr aphy
step. \qhe I eseyerhng. of wliRuptd | s MOQREHLREAGLEY bARGRAIAIAN 17 the
second”cati onexc an(g%c ronat gq%éap y step 1s el uting the nong- PEGyI at ed
eryt hr opoi etBrancBel PEGomanthe psersia s s¥amppie. o dhapgdiemef Byleapmydmat eri al .
I'n one enbod) MBiMus Poiybhre idRidmadsiaced) hdigrtbribihend porbisli Bncidif BHG t he two
cation exchan chr qmat ogr aph 10t t t d. The
first cati oﬁregg"t‘?f‘fgﬁgén’cﬁ’?Sﬁfﬁaﬁa}%ﬁ%ﬁ’s@ébgs55%%32’4? %qu n%ﬁ%%%ioﬁgﬁ%n?égrfor med
as a step elREG with pebdiediari waghttdd 20135k lotereREE indeculasaraised apdffer is

| nc[e%e_d Stg@mpéxt%ﬁaeh- l@rithaé n%]?c%larfxfré?éﬂtoéfem%ﬁé @}mm?m@g@p&mgwﬂato the
next ionic stren al.ye, prefera y.a_change o .- - _or nore.
The step el &pikgﬁg?fé?ﬁﬁélf)%g’siaﬁe Bise: &r%%@i“ﬂggﬁ agggfa&nﬁ’ékgé)sls 356%‘ Ar 88% st ep

el ution net kadodinmenthe first step mainly poly-PEGyl ated erythropoietin is
eluted fromthe cation exchange chronmat ography colum. The second i ncrease

in ionic strgpeth, Bagisabhy kil L£5vhbe ag: REQHIALaH @ wlybsipreidatin wWith a

purity of nore 5 than 60 % based on the area of.the carre ndi.n

si ze- excl usiaéﬁ‘ectﬂ’rt?fﬁﬁ?‘bb?féh% Pgﬁgﬁ’f‘%& .anehgi’é ap Hipge) PRy ?Eggﬁ’}ngst rengt h
el ut egsmai nlof prteins emaideiyrigronot REGY sated b uttaelpeiievidby, fonexhwis ol um.
The second GalLoRe, 3%N3NAR. EIIONRI AT ARIYAIST B Loy BERAIRA TR, litieane

enbodi nrent as a continuous elution nethod, 1.e the *OI’HIC S repgth of the
buffer is iHepraiwsagroups and polyethylene glycols with different molecular weight, lifear

and branched PEGs as well as different linking groups (see also Francis, G.E,, et al.,
Int. . Hematol. 68 (1998) 1-18; Delgado, C., et al,, Crit. Rev. Ther. Drug Carrier
30 Systems 9 (1992) 249-304). PEGylation of erythropoietin can be performed in
aqueous solution with PEGylation reagents as described, for example, in
WO 00/44785, in one embodiment by using NHS-activated linear or branched PEG
molecules of a molecular weight between 5 kDa and 40 kDDa. PEGylation can also be
performed at the solid phase according to Lu, Y., et al., Reactive Polymers 22 (1994)



10 " continuously, preferably by a change of less than 5 % The el uted
fractions containing the nono-PEGyl ated erythropoietin are conbined in
order to ohtain a nono-PEGyl ated erythropoietin in subst:fmti alyxl}%
hormgeneo\f‘lig BPH*Y n one enbodi ment  cont ai ni ng | ess t a6 24590567 | ow
nol ecul ar wei ght forns based on the area of the correspondi ng chromat ogram
The buffer is preferably present in all5 concentration of from10 nMto
250 MM in one enbodi nent of from50 nMto 150 mM in another enbodi nent at
about 100 nM_ Therefore ip the netho cording to the inventi.on are the
two consecutilve?chps @Hg%‘%ghﬁﬁﬁﬁméﬁﬂoﬁ%égﬁt%ﬁﬁg’?@ﬁ@ﬁ§a’i ﬂ?é’nl?eo?rl"éﬂfer‘?g st eps:
a) appl yi ngacasrdaguedud,s4lntslered sol ution conprising a mxture of nono-, 20
poly-, and not-PEGyl ated erythropoietin, and | ow nol ecul ar weight forns to
a first cation exchange chromatography columm under conditions suitable for
bi ndi ng of Swhdretbads RREY imeednsryphicopaitedh 1§ REGawd daarieon wrehange
material cophRNBubdoraadish fekitiads £/ thON-fRGAMEEMIG BoiPREEEY | at ed
eryt hr opoi eblaa lfromtr{.\%I f.irst cati.on 25cln ex}ghan e cHromat ograplp. col um by
a step el ut oA FHAM YR T Heieg HPe & i e@Pels B AT BAE Qi LRyt h of the
t hr ough f | oniMhgetoaif AES, Syndpe Bei 1680 HRoly(etigidne elvecolnt 6A%7)G81IBRGREGA at ed
eryt hropoi ety n, 0.t Y I I S.1dq0 : t he
Bl i%}gﬁgégyagggi&%yﬁ& LBAng ﬁg@g@@@%@p@%@ﬁ%

applied mxture o appl yi ngly{ caovered no- P at ed
eryt hr opoi et iMh -FEenisf iy a0l aervabsnde et Moh 'S0uA e rcthat S aphy

col um undepeptidaditairQnsids UWnhab PEGHatiodi adi by wffosmed dariyi hsoipgihatd n to t he
cation, exchange mmateri ak. cont.ai i.n i econ I er t he

cati on’ exchgﬁ‘g?sefs!g?bylgol{plifﬁ%togr]?é} (%a(%%dai%%leng %ﬁﬁggﬁsﬂ_qgeﬁgﬁg%ﬁ ﬁrgmgxi s of the
same type aSombineddritomisdcingngée phaie FiE&ylatiantif deaiplestitheo pu Aepcriblgd

recovering LhiRe Puikihi R04/Pp00- HEGLLAtR e kilhE0 RRRL syRtHefs dySaphstiantial |y
honogeneous form m sai d second cation $chaage Schr omat ography col um by

a conti nuouédgf“lﬁflifp(r@ TRECABAC 7 PR] EBIMF NS icr ease of the ionic
strength of the through flow ng buffer. The PEGyl ati on of a pol ypeptide

Fur ther mor e B B e A Bl o e e
not - PEZy| at ¥@igpt Bhiem. bR PdpaPett He kL) i?t?‘?fne’g]f’(’d%@e‘?thgém@ Vot
eryt hr opoi etbéutappiaedrdferatst efpowd B0 dbatthebowt 3tokDd. $'ha PRGxdetivaivefis irono- |

ly-, and - | t ] SRR Y Lght .
P agment s i Ag empeBhed i O PRANENP A0 LAl TGP PG MR ORL e O ©
subst ances iseitaya for Rierie dheprerarioneXdE s PENEE BPS RECRFPEAMSPI{USEIHPLT) . An

exenpl ary cheopBiegfam bifaSiueMPolyindri QGUiiRsville, ADEU SN vaFw hb@aradogd. of t he
correl at ed peaks,
20 Activated PEG derivatives are known in the art and are described in, for example,
Morpurgo, M., et al,, J. Bioconjug. Chem. 7 (1996} 363-368, for PEG-vinylsulfone.
Linear chain and branched chain PEG species are suitable for the preparation of the
PEGylated fragments. Examples of reactive PEG reagents are iodo-acetyl-methoxy-
PEG, or methoxy-PEG-vinylsulfone {m is preferably an integer from about 450 to
25 about 900 and R is a C;- to Cg-alkyl, linear or branched, having one to six carbon
atoms such as methyl, ethyl, isopropyl, etc. whereby in one embodiment R =

methyl ):



15 i.e. the area under the peaks, in Figure 1 is the total area of the

si ze-excl usion chromatogram The fraction of a single peak is given as
area-% iwe.e@®1d2¢hative area fraction of the total armagmhodshesrs;
chromat ogram General chromatographi c nethods, their use, and the rel ated
terms are known to a person skilled i_g the art. See for exanple,

Chr omat ogr aphy, 5th edition, Part A 6 Fundanent al s and Techni ques,
Hef t mann, E. (ed), Elsevier Science Publishing Conpany, New York, (1992)

and ot her rel ated textbooks. During théchromatography a buffer is flow ng

t hrough the C?n' ?NWr omat o hy~col u This "through flow ng
buffer" is adjusted accordimg to T he requi é}%ﬂggof the steps of

chromat ography nethod. It transports thg substance of interest to
25(applying) and from (eluting) the chromatographic material. In the first
cation exchange chromat ography step is the m xture of nonoPEGy| at ed,

pol y- PEGyl at ed, and not-PEGyl ated erythropoietin applied at a protein
concent r at i Ghe ofe dfithass BAP-acvatedssulygippdes isgmeeriaBloaraasudesaibsg e by to the
first catiop.xe8Rde €hHOBLRGRAR e RAGUEN ALle BAeOUSDRES { Bued
solution. In one 30 enbodi nent has the aqueous buffered sol ution about 100
mM pot assi uf 1p4ﬁ‘ hate at about pH 3.0. The term "about" as used within the
current application denotes a range of 10 % around the given value, i.e.
10 % Prior;to d appl i i ! he, f;{ u i Na gne

enbodi ment \;\gsﬂfggd] ﬁ%@%,%éqgsanggbﬁréf)g%ti#:itno%&}%%%&ﬁ%fi&?cgf %'ép in the
step ebuti on-HedraeguscEimidy! ppropisnate, ofg N-hypdignyuer By bb FR¥ 1% Ph about
100 nmM pot asshirophRosphimides sablous PRG-NMSs@dsifandat) Gr iedal.aBicabgugatpH 3. 0.
Wth this buffer I activat.ed. P I . r r-espondi ng
PEGyI at ed c?%%hﬁg¥g%?§¥%§2rlga% ‘e bc%ﬁ%%?ntégrggg‘g{eeﬁtlﬁ hgﬁiéj&%gfﬁ&lgg%il at ed
eryt hr opoi etefteriare el uted fromthe cation exchange chronmat ography col um.
For the second step in the three step elution nethod the buffer is changed
to a buffer with about 100.mM pot assi um phosphate, about 250 nM sodi um
chloride at about pH 3.0. Kn this sﬁep t he nmono- PEGyl ated erythropoietin is
recovered fromthe first y\pﬁ\ea{ﬁ ge onmat ogr aphy col umm. The
col I eged through flow ng\pufifer of this ®lution step is diluted
approximately 10 1:5 (v/v) to>d:8 (v/v), preferably 1:5 (v/v), wth
purified water. An exenplary first cation exchange chromatography is shown
in Figure 2. For the third §tep in the three step elution nethod the buffer

is changed to a buffer withab A p Ot i hosphat e, about 750 nmM
sodi um chl ori de at about p 3. I'n this step not=PEGyl at ed eryt hropoietin
is recovered fromthe first i on exchange 15chr omat ography col um. The

col l ected through fl ow ng buf f e of the second step of the first cation
exchange chromat ography i s containing the nono- PEGyl ated erythropoietin in
an increased relative content, i.e the fraction by weight or by area-%(in
t he chronat ogimgm oftkexysiEe Nelrdrossiseerindmidsat ogeraphys of HIGH@XEIHE{CEE% ed

through fl owyagh:Ruftiaimial (e s8ossend&tRPIm&S, 1hdg wienar PRy hadred

eryt hropoi eti'n S inc easeg when conpar,ed to pri (ﬁfg C%,O the first cation
exchange chrdns %@‘F%p 0%t ep'! Iﬂ“%né%ﬁﬁ%%n‘fp‘et &G elsBt9Se Rontent of
mono- PEGy| atedyéroxyducapimiiapli aatek of atethoeagtoho Gtigteaa-gcoll fbugmotdsat Térbodi ment
the relativ c} » P t:hr I etd 0 dSt | 80
area- % 25F§[r¢ u%}'? .ro{gfj"g iégﬁﬁg_in@ttg fa’ﬁ%%nlgn@?%%%gyél g&{ﬂgdég}dytnﬁéﬁgpgi etin a
second cat i GHFaERERR® e cRBRELTGA R AYYls BONP| ©PFERPE rAmEfXInEgP ‘?égngecond
cat i orpgexchapagenc BfoatatsogH aphyiethsxit hehegl Ireplopdxyandd dihk uiled prdferabigh f 1 owi ng
buf fer of thmele econd elution step adjusted to a potassi um phosphate
concentrati ol Of “about 100 nMand to a pH of about pH 3.0 applied to a
second cation exchange chronmat ography 30 col unm contai ning a cation
exchange mateqd iaim Oubithei ) ABmby@RcdsiotBad iskS ivithtthRApSikahan@aotes

chr omat ogr ap ol I.n _one enmbodi.nent,is the,second cation exchange

col um and ttﬂgt %’5?:ég‘rﬁ}laé%gc%ﬁb‘?ogWeﬁmé?edc5ﬂ?tﬁﬁnﬁ%d)rtlﬁ%cf%rieﬁﬁ?sﬁg *4fE as in
the first caddfiord encitange EHE ggratpgtaghyd. dbeme Thbodimnot BEGFEGYetd

er yt hrgpoi etérg%;'r &R0 8:56h - PRMILAER HREORLieAl TIRLEXENANTS A F B ARBE 0gr aphy

35colum by applying a linear gradient” starting wth potassium phosphate
buffer of a



- 17 - concentration of about 100 MM w th about 50 mM sodi um chl ori de at
about pH 3.0 and ending with a potassium phosphate buffer of a
concentration of about 100 mMw th about 500 nM sodi um chl ori de at about pH
3.0. The PRAMAYEWH t he sodi um chl oride concentration iETFHBEO0G5GEr ten

col um vol unes. The through 5 flow ng buffer is fractioned and each
fraction is diluted with 1 M di potassilégm hydrogen phosphate to increase the
pH val ue to about pH 6 to 8. An exenplary chromatogramis shown in Figure
3. After the second cation exchange chronmatography step is the

nono- PEGy| at&@addyis -y B%%.gemmaém@.enégrqpﬁlegab@ﬂsagli@ﬂlatesl eRbrrOeiAdbus f or m
in one enbogwams fﬂa@m\éhﬁlsfbf&h@yély%épn@fe g@derdt@B8Hri th%ﬁmyearn%a reabtiB€r son of
skill in th g\? ? echnol o |onex?fh %;

chr omat ogr a@i‘u E“P nsutbﬁtén‘i’%é’ S13FRTED O tdﬁ’émf)so%tpae?ﬁe?ﬁé“% ¢t he cation
exchange nmaPEGylakd tiyehrppoicin senteimgithené embodilmentcarienscs % tw/y) of tehe
but £ erg s0l UkloQh sRASAIAD drthOuifilierh)® of Ok 8XTBAN0Gs CAUH o3 prRGHEASEd. Thi S

can be acconp I she y an | nNncrease fer sa concentrati on or
by the addi EVERCRSTEE: AdEasE 8 P of Y5 reona-B8-utied pyHhreRgiedn Otr@“trﬁéhalﬁuf fer
sol uti on. Depw&nshi thg manotHRE@dted E@ﬂxrﬁﬁii&ﬁl‘d The pehentuhfeebtsilséd goteent ration

i ncreased a%reg)@peogsttﬁeo ?Ar%ﬁ’&%%'on 0 gr)es ondmént' nut%usl ?écore];({lhnuous el ution

met hod) by actiona F8hC&nt Pat ed er o7 %ut i on salt
sol ution. PrlpeRiogtplY (puFibeatival irgmawblf—'b otk mnerRECafﬂaét;d sodiropeiethl ri de, 20
sodi um sul phgkged.sodi um phosphat e, potassi um chl ori de, potassium sulfate,
pot assi um phosphate or other salts of citric acid or phosphoric aci d or

any m xtur eTﬁg curren% 1envce:r(3) pegp)%tga rner%)odnl For%nbOdl l?%érg ae Pﬂ%ﬁ]gyﬁg}ygg h er e Of

sodiumcitra sodi u asstium ¢
I n one enboéﬁ}’ﬁ’éﬁmm@fﬂ tnh@rdeutcr emarfrmtsvh;@mnsl yth@nwm@n fexohdngeonat eri al a

strong 25 C@EGﬂE‘te@%ﬁﬂ%@ﬁ@leﬁﬁtIQ'h'a@LurpﬁHﬁgly%Eerpfoﬁﬁg'%@sﬁltb{e OYGReA &fr) SP 650
M The concentrati on of ﬁﬁﬁaum%g the elution, js |ghone enmbodi nent

in the rang&®f° SR BHPS PR FEPIORAG ORI om 5 M
to 4005 MV &mpd ofioatenpaxeliamga lphateriah prdvedas angbstaftiafly ammbgedvbtofoR2m®fr vl . I n

anot her enb%tm*cgg&dt *agftﬁsass%hor’rha%f&r@ethéaéu&r g@qﬁb&%ohhgme agl l,on at the

sane tinme use g§ st ance % or exanp CltrIC acid or
salts t her eBFETWF fBh p%fﬁceﬂ%io 2 gponosPEey %tﬁ%ﬁ@@fropqiﬁ%n ROmBUBERIcat ed
eryt hropoi etieps wh\proedinged solutphacsmpstihg aabnGPFPRS] khdNsot REGyRRIde for

0 ection kLB, B0a0 ga%&% gaLA YorREGEDL @%hge&% Ll deChy BhaiEOLE) £o0y et hods

known in the propriate co 18 -
descr #bed | ﬁnwcgwmgg%zvuv@@vmeé’é@y g %hmmn igribe V@oe@mmm Among

the preferr egthphRrcARGEUbdrasHy stepﬁl@\ﬁ'x@ﬁhabk%axﬁ@-fyﬁnh@fSatxfo@rexHQEl }naiehﬁlg the
products of . th |n%e€1t !Onaexchanumacgrser human rot ei ns,

etc. The co?rpoun S0 prese i novnéant%many &fpsbén £Bf r?l,umlbgf1 “20 mv 5
sodi unt pot asefrpmmnpho@prﬁaateaw $xshange cpdnptasorphaisiep gy fﬁlﬁfmeeﬂeﬂ\}lw@zgent e.g.

132 MM SOdi Wil @thdlco g Qah YecbfIEcRIATABGRI !:}Cr@lnaﬁ%%%'s{e o may
rvat.i ve. The pharnmaceu |caIC8 n§05| t,l on contain

cont aj a pres

di ffe?gnt aﬁ?ﬁfﬁ?t RO BTBRY- PELS) WIS PR I BT ?grﬁphyec‘ﬁ“mf@ge“f@(%i pg/ m ,

e.g. 50 pg ofter4dO fipg.cation exchange chromatography step and after the second cation
exchange chromatography step.

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

35 ionic strength value to the next ionic strength value, preferably by a change of 10 %



Adni ni stration of the erythropoi etin glycoprotein products of the present
10 invention results in red blood cell formation in humans. Therefore,

admi ni st r@hiafRpedzyd he nono- PEGy|l ated eryt hropoi etin glpcaaps@kbaiePr oduct
repl eni shes this erythropoietin protein which is inportant in the

production of red blood cells. The ph %ITB.CEUtI cal conpositions containing
t he nono- PEGyl ated eryt hropoi etin glycoprotein products nmay be fornul at ed
at a strength effective for adm nistration 15 by various nmeans to a human

patient expgri.e C*m@egstpda ?%er B od8! & SNAGASIEh ARG OW Ohrdgfepct i ve red

bl ood cel | pro ctl on, one or a Egrt andl %I on, qr disease. The
phar maceut i aqwrbmﬁ@é i‘? é‘ﬁsﬁ%ﬁebé“a&%ﬁh sPErdated Frithiogeetn s SHER as by
subcut aneougo@rihe Bﬁt[cﬁJV@d&Béﬂige I dﬂj‘(ﬁﬁitbgﬂph)ﬁ@tﬂﬁﬁge’fﬁu aembnd ire8eagdf 1nt ioaic
nonoPEGy| at ed _er yit hr exact
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exanpl e, 0 g per preferably pg per kg
body wei ght ﬁﬂ@te%?YQHﬁ?‘ﬂFtéﬁ g? g% %emgnce weekly. 25The foll ow ng
exanpl es, sequence listing and figures are provided to aid the

under st andi fige @fortdratipn esdatgd chwanatpgaphit #iep s pedorseadpe cof embridiments set

forth in the appg gﬂ@qs Gllu%ﬁfﬁneth&d 8, H{}dl%ﬁétsgeﬂ hhathegidi s ald-Qasl can be
made in the proce %

e t hou f omth i.rit of the
i nventf on. BEYEHPRE ’OWGE?F%EW&YF? pRES g%,l_e,s E%“ P Iqubﬁé’ %?ga@’)ﬁlﬁsure of
differentl yccﬁEﬁyﬂngttedmmytﬂﬁ(b;ﬂnméénmmmétudamgomhmedm peleatd graipfa peaks and
substances. n%%ﬁgg @P}tﬁ’{%ofe%oﬂﬁ%%ﬁrﬂaﬁ ogeh&fs clolth 9B B hod,

Fi gure 3Exerrp e conti nuous ut| on net og - 19 -
Mat eri al s an@bm/@m@a@mnm@u@%@ P ok &qva Fapdesl ab%tgéf HEms EBEfhg t

their appar egitarfbse kadres cghg chrBhatc%fraﬁerhamﬁfemmﬁmbs/ @hdedt inn det ect

t he presence of non rQpoi etin W I ht forns
and f rlggrrentcg Ceﬁté?ti?”ﬁé%%%?é&”%et )r?égan Wi giiet embo%g;?ete:g:?%ma%{) 54 6
eryt hr opoi etlbh mMhe mRtlEr smbediinspled: apauy ié)OZEM- redndhe arrihed Super ose

6_HR col um  (di ok Skcpnﬁa81Qn¥er§Q9 rm Bhar ARci @ntluBlot esln Gatiabie
17-0537-01) or a Fg%?ise % 84300 col um (Pharnaci a Bi otech, Cat-Nr:

17- 5172- 01) ChrrReteestRIvRTtSPS é W'BHS'EMider isocratic conditions at room
tenperature, using a flow rate of about 0.4 ni/min. The nobile phase buffer
is a 50 mM sodi um) phpyplsaneqbedisepufitradsoBoBnEvMPsiging mreikivet pldeort-- pH 6. 8.

Depenggnt on the HPlf-Sysd i-wEedhatddhayiR %;hﬁ@hrpadadb@wpefofe@umrﬁdza@hth a
sanpl e 15 applicati.on vol une, of ei.t her The sanples are

diluted with the miBiTe Phas¥shi P eff)haél‘gf)r %ﬁnﬁtog%ﬁl}%ncto R GRYSE about
0.5 nmg/nL (100 M. l|coadiions siGtablerfyy hinding0d saitl hoadPEGBatap kothrapeibtim pr ot ei n

concentration of et§§het£§8n %{&aﬁ%ﬂ%eﬁa@@o&@m@e?%a%tl dhech, The el uted
te

proteins are detec etector wavel ength of 220 nm

b) recovering a mono-PEGylated erythropoietin from the first cation

25 exchange chromatography column by a step elution method with a
stepwise increase of the ionic strength of the through flowing buffer,

wherein the relative content of mono-PEGylated erythropoietin in the

recovered solution is increased compared to the applied mixture of step

a)s

30 ¢} 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



20 Exanple 1 Fernmentation and purification of erythropoietin

Eryt hropoi etin can be produced e.g. according to WD 01/87329, and purified
as reported in WO 96/135718. 25Exanple 2 PEGyl ation of er%/thropm etin with
bi f unct i oS 20p9é1587é7|qt s a)Activation of erythropoietin PEPAKDUNt s of a
reagent containing a blocked thiol group, SATA (succini m dyl

acetyl thi oacetate) or SATP (succini m-dyl- acetylthi opropi onate) 30

(di ssolved in DMSO ad 10 ng/ nme were added to a sol ution of the benzyl
protected erythropoietin, here to 1. m of 5 ng/nl protein in 10 nM

pot assi um phosphat &5 spntaingm e saif 0N ?%“150 hﬁF%?aEf}ﬁ ORF GF itk at pH
7.3. The reaction mitidnuxehanasmateriariadhé frst adoyh, 30 mnutes (at 25C) and
stopped by the addition of 1 MIlysine solution to a final concentration of

10 MM Excess anpunt s, ol i SAQ;A gﬂﬁilﬁba 39050 %ﬁawgr eer)é_gn%m%gnby dial ysis

agai nst 10 mM pot‘assi um uffer co I 5| di'Umhi ori de
and 2 nM EDTA at pwtﬁzﬂntlﬂ‘fehfamg@@whéom qpn Eﬂ§00€é§ﬂm@r@v‘é@nﬁﬁ th

hyfl[1 oxy| gg C}ne | b) PE?&@& gph@f c@lgﬁinvasfesi c?hﬁhlﬁﬁ@pghﬁéd Mm&BEY Whta .
met Nox mal ei m de hear er S C. nt svi e
e é%f DT AOBR (T HEE B PP W WSV AELREE] vat ed

(Al abama, USA)) wa§°‘aﬁ‘
erythropoietin .5 ng/nl in 10 nM pot assi um phosphate buffer with 50 niv
sodi um chl offhﬁé’ dpupnnti EDOPephils dpys notmallyesed pravidentiicaPEGHatian bet ween

?ct '1 \(Sat1 9d4ef>M:1df&EQﬂQh&ﬁég@néﬂ§1 fovet hoxyruREGHEE ebiiide ok B rﬁﬁ&ﬁu@lgf gabh@n \gfas 1: 2
o [ r ox ne.sol ution_ad a
final conceﬁ%(J g’np‘g P%@W(ﬁ %Otgﬂ:lt% at‘f‘f‘n@‘}gg ﬁ“@fggﬂﬁﬁhSﬁo 'PAgn 8bval ent Iy

| i nketb bl oc ﬁedPE@}'laﬂed grisppoefin taipeharbtn vaped oriit hctipel 8td mivere of

de- bl ocked r I . m xture
of the sol utrn Fgﬁ cﬁ}?a%dnd;gotqféggm%@gy&{ X%&Etﬂpgﬁeefo%b@m%%}ewigﬁ%h?pt he t hi ol

groups was PoIfPERES i"rﬁi’e%ﬂ“&?‘é*l'i}‘ H*ﬁefe@évq:wmtﬁgtheé%%%rﬁr&rfub PN t he
activated ersyﬁbtreﬂﬁmleétbyn sﬂ@chlﬁElbﬁl dfhmgaafo'ge@h;r hdS@LHELC}SHan oxemplnand

met hoxy- PEG‘}“%&TX C;[E %ﬁ E%STE s&mé)?%ﬂ [ rr'eangf’ thgtco {1 geed peztﬁ?s coupl i ng

reacti on was % |ono aglieous cysteine 5ol ution
to a t3nal b?)ﬁééﬁ*ﬁaaw ﬁthﬁ P@kﬁMﬂt Biguisel fethet otth arﬁamfdhe SMNGK@FSIGO m nut es

excess fr ﬁecmﬂahgkogmun& fodctibR@f aethk M He@tis@iwh RE ROIEY leNasWallhgh: did not
react wt

fraction of the total area of the chromatogram.

General chromatographic methods, their use, and the related terms are known to a

person skilled in the art. See for example, Chromatography, 5% edition, Part A:

20 Fundamentals and Techmiques, Heftmann, E. (ed), Elsevier Science Publishing
Company, New York, (1992) and other related textbooks. During the
chromatography a buffer is flowing through the cation exchange chromatography
column. This “through flowing buffer” is adjusted according to the requirements of
the steps of chromatography method. It transports the substance of interest to

25 (applying) and from {eluting) the chromatographic material.

In the first cation exchange chromatography step is the mixture of mono-
PEGylated, poly-PEGylated, and not-PEGylated erythropoietin applied at a protein
concentration of from 0.7 to 1.5 mg/ml, preferably about 1 mg/ml, to the first
cation exchange chromatography column in an aqueous buffered solution, In one
30 embodiment has the aqueous buffered solution about 160 mM potassium
phosphate at about pH 3.0. The term “about” as used within the current
application denotes a range of 10 % around the given value, i.e. + 10 %. Prior to
and after the application is the first column in one embodiment washed with the
same buffer solution. For the first step in the step elution method is the buffer



20 net hoxy- I5EG mal ei m de were bl ocked by the addition of a 0.5 M
Nmet hyl mal ei m de solution in DMSO to reach a final concentration of 5 MM

After 30 Wighwdsasaedshe resulting reaction m xture now contEmbagePEOy| at ed
erythropoietin can be purified. Exanple 3 25Purification of nono-PEGyI at ed
erythropoietin a) First chromatogr aphxﬁgn SP Toyopearl 650 M The first
chromat ography of the product is perfornmed on a sul fopropyl (SP) colum
packed with SP Toyopearl 650M The colum was operated at RT. The maxi num
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respectl vel Th I at ed ery oi.etin was el uted ing a
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the col unm aathstitim phosnbats. bt f%mé/éﬁq@mwélﬂﬁ@e aprbont BR-30- B tiiefter The
nono- PEGy| atge peryfald OBQ bR tRSIs €Ldéb@dedYiraRPhbE Mista cation exchange

15 chromatography column.

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
20 second step) of the mono-PEGylated erythropoietin has increased when compared
to prior to the first cation exchange chromatography step. In one embodiment the
relative content of mono-PEGylated erythropoietin is at least 60 area-%. In another
embodiment the relative content of mono-PEGylated erythropoietin is at Jeast 80

area-%.

25 For further purification of the mono-PEGylated erythropoietin a second cation
exchange chromatography step is performed. For the second cation exchange
chromatography is the collected and diluted through flowing buffer of the second
elution step adjusted to a potassium phosphate concentration of about 100 mM
and to a pH of about pH 3.0 applied to a second cation exchange chromatography

30 column containing a cation exchange material of the same type as the first cation
exchange chromatography colurnn. In one embodiment is the second cation
exchange column and the cation exchange material contained therein the same as
in the first cation exchange chromatography step. The mono-PEGylated
erythropoietin is recovered from the second cation exchange chromatography

35 column by applying a linear gradient starting with potassium phosphate buffer of a



15 linear gradient with a slope of from50 to 500 nmM sodi um chl ori de~over
ten columm vol unes buffered wth 100 mM pot assi um phosphate buffer at pH
2.9 to 3. 1. The (ﬁroduct peak was fractionated in up to 8 single fractions
and each YP3P8H has directly diluted with 1 M di pot VR EPET6Hen
phosphate to increase the pHto 6 to 8. 20After the elution of

nono- PEGyl at ed erythropoietin was congleted, the slope of the gradient can
be increased | eading to an i medi ate col utm wash with 100 nM pot assi um
phosphate pH 2.9 to 3.1 containjng 500 mM sodi um chl ori de. Regener ati on
of the SP TEPEPHERHPD &EEOMICIH FAMs™ithadou s raMotodysn theﬁgﬁﬁﬁé’%f’@

r egePer St eds.o ancaexlsc}aqglemg @ftassianeph@pens bufﬁa@fzioﬁ@mm wedbeuf 100s h?ag }M th
purified wat . Q i D M i um roXi ut,i on, . The al kal i ne
sol ution vvarsn%ivé%l %@gg%\(f)\?t'ﬂﬁp%}dﬁ‘?ecépo\%é#eart %gﬁ §i\}ed%0‘§@llea%ﬁa§§? & wish (0.5 M
sodi um di hy#dbge shionids phataatratiomiphesspeoed enawiutpn vafumss. Brothewghpuri fi ed
vat er st ep, gigg CRHIMSHYRIGAQRY Qe patth W 4ilull il sedigymhydioxi de for
4 hours. Afjier cau tlﬁhreg(gneratl n,é_}]hei col ums \éyfre m?led with
30purified ‘é%mal%‘é’r‘; AR INFERICE Phh dRida T OISt 649 VEBFPRBI um

par amet er s. chri¥9: 28094 BEB@¥ORCAEM2008/ 005767 - 22 - Table 1: First

chromat ography col umm paraneters Step Buffer Solution Colum Vol unes Fl ow

Rate [L/m nhaEOuel deBSat EARDNLORAR dhkoRObaSShH RepNOSRN oRo-HiidyPued - 3.1
(SP-A buffer) > 6, . , ) ) . .
erythropoietin obtained in substantially homogeneous form, in one embodiment

10 with a purity of at least 95 % by area.

A person of skill in the art is familiar with the technology of ion exchange
chromatography. In the recovery step of the polypeptide bound to the cation
exchange material the ionic strength, t.e. the conductivity, of the buffer/solution
passing through the ion exchange colurnn is increased. This can be accomplished
15 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. Preferred elution salts are sodium citrate, sodium chloride,
20 sodium sulphate, sodium phosphate, potassiumn chloride, potassium sulfate,
potassium phosphate, or other salts of citric acid or phosphoric acid, or any
mixture of these components. In one embodiment the elution salt 1s sodium citrate,

sodium chloride, potassium chloride, or mixtures thereof,

In one embodiment of the current method is the cation exchange material a strong

25 cation exchange material, such as preferably Toyopearl® SP 650 M. The
concentration of the salt, causing the elution, is in one embodiment in the range of
from 5 mM to 500 mM, preferably in the range of from 5 mM to 400 mM, and
more preferably in the range of from 5 mM to 250 mM. In another embodiment of
the invention is the salt causing the elution at the same time used as buffer

30 substance, such as for example citric acid or salts thereof or phosphoric acid or salts
thereof.

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

methods known in the art. For example, appropriate compositions have been



1 Colum | oad reaction m xture, diluted with SP-A (1:5) n. a. 1.6 -
A wash 100 nmol /L potassi um phosphate, pH 2.9 - 3.1 (SP-A buffer) 2

. lw8BsBM@skh 100 nmol /L pot assi um phosphat e, phdyrveemoedssy 90 mol / L
P-B buffer) 2-3 1.6- 2.1 SP-C elution 100 nmoUL pot assi um phosphat e,

10

15

20

25

30

- 3.1, 250 mmol /L NaCl (SP-C l_)lilgf_er) 2-3 1.6 - 2.1 SP-D wash

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
sodinm/potassium - phosphate buffer at pH 7 containing a 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— 1000 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
ervthropoietin protein which is important ins the production of red blood cells. The
pharmaceutical compositions containing the mono-PEGylated erythropoietin
glycoprotein products may be formulated at a strength effective for admimistration
by various means to a human patient experiencing blood disorders characterized by
low or defective red blood cell production, either aione or as part condition or
disease. The pharmaceutical compositions may be adminstered by injection such
as by subcutaneous or intravenous ipjection. Average gquantities 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
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.

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

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

Description of the Figures

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

Figure 3 Exemplary chromatogram of the continuous elution method.



100 nmmol /L pot assi um phosphate, pH 2.9 - 3.1, 750 "mol/L NaCl (SP-D buffer)
2-3 1.6 - 2.1 Rnse PWIIlI >2 1.6- 2.1 Caustic colum regeneration | 0.5
nmol / L Nacw(ﬁagy/e]ﬁ}z% 2.1 Rinse PWIIIl > 2 1.6 - 2.1 Acid _colunn regeneration
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Materials and Methods
SE-HPLC
5 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

10 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 a 50 mM sodium phosphate buffer with 300 mM sodium chloride at pH 6.8.

| Dependent on the HPLC-system used, the method can be performed with 2 sample

15 application volume of either 100 uL. or 500 ul. The samples are diluted with the

mobile phase buffer to a protein concentration of about 0.5 mg/mL (100 pL 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.

20
Example }
Fermentation and purification of erythropoietin
Erythropoietin can be produced e.g. according to WO 01/87329, and purified as
reported in WO 96/135718.
25 Example 2
PEGylation of erythropoietin with bifunctional reagents
a) Activation of erythropoietin
Specified amounts of a reagent containing a blocked thiol group, SATA
(succimmidyl acetylthioacetate) or SATP (succinimidyl acetylithiopropionate)
30 (dissolved in DMSO ad 10 mg/ml) were added to a solution of the benzyl protected

erythropoietin, here to 1 ml of 5 mg/ml protein in 10 mM potassium phosphate
buffer suppiemented with 50 mM sodium chioride at pH 7.3. The reaction mixture
was stirred for about 30 minutes {at 25°C) and stopped by the addition of 1 M

lysine solution to a final concentration of 10 mM. Excess amounts of SATA and



1 mol /L phosphoric acid 0.5 nol/L sodi um di hydrogen phosphate > 3 1. 6- 2.1
Rinse PWIII > 2 1.6- 2.1 Caustic colum regeneration Il 0.5 nol/L NaCH > 3

n. a. Ringg Gfhdzho > 2 1.6- 2.1 n. a.: not applicabl crkeze0ses767
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SATP were removed by dialysis against 10 mM potassium phosphate buffer
comprising 50 mM sodium chloride and 2 mM EDTA at pH 6.2. The protecting
acetyl group was removed with hydroxylamine.

b) PEGylation of activated erythropoietin

5 380 g methoxy-PEG-maleimide (MW 30.000; Shearwater Polymers, Inc,
Huntsville (Alabama, USA)) was dissolved in a solution containing 93 mg activated
erythropoietin (4.5 mg/ml in 10 mM potassium phosphate buffer with 50 mM
sodium chloride and 2 mM EDTA, pH 6.2). The resulting molar ratio between
activated erythropoietin and methoxy-PEG-maleimide in the solution was 1:2 to

10 i:4. By the addition of 1 M agueous hydroxylamine solution ad a final
concentration of 30 mM (pH 6.2) to the above solution the covalently linked
blocked thiol groups of the activated erythropoietin were de-blocked. The resulting
activated erythropoietin in the reaction mixture of the solution contained free thiol
(-SH) groups. De-blocking of the thiol groups was followed immediately by the

15 coupling reaction between the activated erythropoietin now containing free thiol (-
SH) groups and methoxy-PEG-maleimide for 96 minutes (with stirring, at 25°C).
The coupling reaction was stopped by the addition of a 0.2 M aqueous cysteine
solution to a final concentration of 2 mM to the reaction mixture. After 30 minutes
excess free thiol groups of the activated erythropoietin which did not react with

20 methoxy-PEG-maleimide were blocked by the addition of a 0.5 M N-
methylmaleimide solution in DMSO to reach a final concentration of 5 mM. After
30 minutes the resulting reaction mixture now containing PEGylated

erythropoietin can be purified.

Example 3
25 Purification of mono-PEGylated ervthropaoietin

a) First chromatography on SP Toyopearl 650 M

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

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



WD 2009/ 010270PCPEP2008/ 005767 - 23 - Table 2: Second chromat ography col um
paraneters Step Buffer Solution Colum Vol unes Fl ow Rate | Um nl
Equilibratjon 100 mmol /L potassi um phosphate, pH 2.9 - 3.1 %SP—A buffer) >
6 1.6- 2. T8 HY P oad SP el uate pool I, diluted with BWFIPO8078y 1 4. 6
- 2.1 SP-A wash 100 mmol /L pot assi um g?osphate, pH 2.9 - 3.1, (SP-A buffer)
2-3 -21-

PEGylated forms were removed in the flow-through and the subsequent washing
step with SP-A buffer and 100 mM potassium phosphate buffer, pH 2.9t0 3.1,
containing 90 mM sodium chioride (SP-B buffer), respectively.

The mono-PEGylated erythropoietin was eluted by applying a 100 mM potassium
5 phosphate buffer, pH 2.9 to 3.1, containing 250 mM sodium chioride (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 2.9t0 3.1, containing 750 mM sodium chloride (SP-D buffer) to remove
10 unreacted erythropoietin and to regenerate the column.

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

15 linear gradient with a slope of from 5010 500 mM sodium chioride over ten
column volumes buffered with 100 mM potassium phosphate buffer at
pH 2.91t0 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,

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

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

The resins of both columns were regenerated in a sequence of seven steps. The
25 columns were flushed with purified water followed by a 0.5 M sodium hydroxide
solution, The alkaline solution was displaced with purified water foliowed by an
acid wash (0.5 M 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

30 purified water again. See Table 1 and Table 2 for summary of colurmnn parameters,



16 - 2 Gadient and elution G adient with a sl ope of 50- 500 rrrmI/L NaCl
over 10 CV between buffer SP-A and 100 mmol /L pot assi um phosphate,' 500
nmol / L 3.1 (SP-E buffer) 10 1.6 - 1.6 -
2.1 CausN?\gé cdg((ﬁrrzﬁ regeneration 0.5 nol/L NaCH > 2 1 /@%oﬁlegsgg?PWH >2
.6 - 2.1 Acid colum

-22 -

Table 1: First chromatography column parameters

Step Buffer Solution Column | Flow Rate
. ' Volumes | [L/min]

Equilibration 100 mmol/L potassium phosphate, pH 2.5 - >6 1.6-2.1
3.1 {SP-A buffer)

Column Joad reaction muxture, diluted with SP-A (1:5) n. a. 1.6-2.1

SP-A wash 100 mmol/L potassium phosphate, pH 2.9 - 2 1.6-2.1
3.1 (SP-A buffer)

SP-B wash 100 mmol/L potassium phosphate, pH 2.9 - 2-3 L6-2.1
3.1, 90 mmol/L NaCl {(SP-B buffer)

SP-C elution 100 mmol/L potassium phosphate, pH 2.9 - 2-3 1.6-2.1
3.1, 250 mmol/L NaCl (SP-C buffer) _

SP-D wash 100 mmol/L potassium phosphate, pH 2.9 - 2-3 1.6-2.1
3.1, 750 mmol/L NaCl {SP-D buffer)

Rinse PW Il >2 1.6-2.1

Caustic 0.5 mol/L NaOH >2 1.6-2.1

column

regeneration |

Rinse PW 11] >2 16-21

Acid column 1 mol/L phosphoric acid 0.5 mol/L sodium >3 1.6 - 2.1

regeneration dihydrogen phosphate

Rinse PwW III >2 1.6-2.1

Caustic 0.5 mol/L NaOH >3 n. a.

column

regeneration 11

Rinse PW II1 > 9 1.6-21

n. a.: not applicable



regeneration 1 nol/L phosphoric acid 0.5 nol/L sodi um di hydrogen phosphat e

>3 .6 -

2.1 Rnse PWIII
mol / L NaQuly3emd/ekuz7@. Rinse PWI I

>2 1.6 -

>2 1.6 - 2.1 n.

-73 -

Table 2: Second chromatography column parameters

2.1 Caustic columm regeneration |1
a.: peaiEraRBlbeebl e

Step Buffer Solution Column Flow Rate
Volumes {L/min]}
Equilibration | 100 mmol/L potassium phosphate, >6 1.6-2.1
pH 2.9 - 3.1 (SP-A buffer)
Column load SP eluate pool 1, diluted with PW IIi . a. 16-2.1
(1:5)
SP-A wash 100 mmol/L potassium phosphate, 2-3 1.6-2.1
pH 2.9 - 3.1, (SP-A buffer) !
Gradient and | Gradient with a slope of 50 - 500 mmol/L 10 1.6-2.1
elution NaCl over 10 CV between buffer SP-A
and 100 mmol/L potassium phosphate, *
500 mmol/L NaCl pH 2.9 - 3.1 (SP-E
buffer)
Rinse bw I >7 1.6~2.1
Caustic 0.5 mol/L NaOH ) 1.6-2.1
column
regeneration 1
Rinse PW IH >2 1l.6—-2.1
Acid colomn 1 mol/L phosphoric acid 0.5 mol/L >3 1.6-2.1
regeneration sodium dihydrogen phosphate
Rinse PW I > l.6-2.1
Caustic 0.5 mol/L NaOH >3 n. a.
column
regeneration I
Rinse Pw 1 > 1.6-2.1

n. 2.: not applicable

0.5



€ ainms 1. Method for the purification of a nono-PEGyl ated erythropoietin
conprising the steps of providing a solution conprising nono-, poly-, and
not - PEGyl at ed erythropoietin, perform ng two consecutive cation exchange
chr omat ogr aphy steps, and recovering the purified nono- PEGy| at ed
erythropoietin in the second cation exchange chromat ography step,
characterized in that the sane type gk cati on exchange material is used in
bot h cation exchange chromat ography steps and that the two consecutive
cation exchange chromat ography steps are perforned using different elution
met hods, whereby the two consecutive cation exchange chromat ography steps
conprise the follow ng steps: a) applying an aqueous, buffered sol ution
conprising a mxture of nono-, -poly-, not-PEGyl ated erythropoietin, and | ow
nol ecul ar weight forns to a first cation exchange chromat ography col um
under conditions suitable for binding of said nono-PEGyl ated erythropoietin
to the cation exchange nmaterial contained in said first colum, b)
recovering nono- PEGyl at ed er.yt-hropoietin fromthe first cation exchange

chr omat ogr aphy columm by a step elision nethod wwth a stepw se increase of
the ionic strength of the through flowi ng buffer, wherein the fraction of
sai d nono- PEGyl ated erythropoietin in the recovered solution is increased
conpared to the applied m xture, c) applying the recovered nono- PEGyI| at ed
erythropoietin of step b) to a second cati on exchange chromat ography col um
under conditions suitable for binding of,said nono- PEG/l ated erythropoietin
to the cation exchange 25 material contained in said second col um,

whereby the cation exchange nmaterial contained in said second colum is of
the sane type as the cation exchange material in the first colum, d)

recovering the rified non poietin in a substantlally
honogeneous' f or mj W’Sﬁ?rstgﬁ %“rgé‘?:tboﬁdjféé?qnﬁn %{Eﬁ%ﬁ&@hfeﬂ?g MR8¥ &BB ecol um’ by
a continuous el stepsopf meviHod aiselntian eonPisgoPenp-nErasendofot BESGYlatdi ¢
strength of theetyhir@ioghnf poikmsgbwbl @nsecidtiveMatind dxaaaRr eHragatbgagvai m |,

charact er zed | goLhaly Saldhiabl X GRABIBAIRLE LA obedh SUR QRLAPY! cation

exchange materi al, according to C|aln1L % aracterized .in that

sai d stepw se i RUPB éﬁma¥*%ﬁﬁn?8ﬁﬁ’Y' ?%ﬁ@?ﬁx$ﬁe stelabiPeoPmE HE ¥t hod i s a
three step ioni eatiopreashgndy nastiebligesd i bageetiion cabere dhrogrataarhatans3,
characterized i and hidt thhetwsDrosREGH atthth exdibipeofiobennzagigovessedrei N step b)

I's recovered in Es}ﬁﬁma?@ﬁ&’{gddﬁ&@x& @thoﬁx'}ﬁetﬁn’;ﬁpwﬁér%tf'tﬁ’é"erBectolﬂ&szMMbﬂd '
according to cI§|n14 Said step b) poly-PEGyI at ed

erythropaietin F?*?@EQV@W@Hggﬁi ﬁw?ﬁ@“¥F?§fﬁw8W %“gsrength i ncrease of the
t hrough fl ow ng buffer nono- P erythr050|et|n is.recovered after
the second ioni & §PP§W§Fh“WﬁE¥ 8“ f° PHE CHPHUREE PP RGBT Y- and

not - PEGy| at ed er ytdw-8periatd pryihsopadstioy end dovafmadsculstheveighti fodms omiacfisstt r engt h
i ncrease of the tha@gbxchidgwi dgodiibdr@shy column under conditions suitable for

binding of said mono-PEGylated erythropoietin to the cation exchange
material contained int said first column,

b) recovering mono-PEGylated erythropoietin from the first cation exchange
 chromatography column by a step elution method with a stepwise increase of
the ionic strength of the through flowing buffer, wherein the fraction of said
mono-PEGylated erythropoietin in the recovered solution is increased
compared to the applied mixture,

¢} applying the recovered mono-PEGylated erythropoietin of step b) to a second
cation exchange chromatography column uader conditions suitable for
binding of said mono-PEGylated erythropoietin to the cation exchange



6. Method according to any one of clains 1 to 5, characterized in that the
di fference of the concentration of the salt causing the elution in the step
elution nethod of step b) is 120 % or nore in each of the steps of the step
elution nethod. 7. Method according to any one of clains Ito 6,
characterized in that said aqueous, buffered solution contains phosphoric
acid or salts thereof, or citric acigsor salts thereof, or histidine or
salts thereof as buffer substance. 8. Method according to any one of clains
1 to 7, characterized in that in said step d) the nono-PEGyl at ed
erythropaietin is recovered fromthe second cation exchange chromatography
colum by applying a linear gradient starting wth potassi um phosphate
bUffEr of a gogce&g&@&i&ﬁtaﬁéd aﬁ%la sw)@dmm.ﬁmmh tth5Qat$FM &QRHrg cgl60ri de
at about pH 3.0 and ending wth S .
concentration of Qﬁt&ﬁ] Cf’%g“.’e. nﬁa{%hﬁ%%%u%lugggog%ﬁgo%{ngﬁ%h g}Eei %éogt about pH
3.0, whereby the @ﬁhﬂ@%mﬁﬁ“‘t}ﬁéh%@ﬁ‘iﬁ?hﬁ%l oride concentration is |inear over
ten columm volunes. 9. Method for the production of a nono-PEGyI ated

eryt hr opoi eti n domerviesimnghet prsified nhesni TRE vietsdpgythgipopEmyn at fibgrantially

eryt hropoi etin, bhosehdoys grniroRer REGY featreid caioyt bcbpge ethramarsgrdphy Wo
consecutive catl Onoﬁé&*agagc%n&moamw&r RN SHEPS conBER I iRcrdalieof dpE ST and
second cation exc[;na,nge lﬂ{iﬁk:lﬂrbornat r G)(‘)P.stbeu;}gfs enpl oy the sanme type of cation
exchange materi al °PHFF ?féti‘eitﬁ’%“ 0- PEGyl| ated erythropoietin fromthe
second cation exchange chromatography colum in a substantially honbgeneous
form wher by tP‘f@tht?%c@féﬁ%é%ﬁ%‘FsLeg'Bﬁ‘fﬁfﬁFFdé&E’ﬁ’aﬁtféE‘é?ﬂ%Hﬁ"t’%ﬁ’d‘?"éﬁm“st eps are
per fornmed usi nga diffrepe niticslevrhimgamaetilods. 10. Met hod according to any one
of the preceding clains, characterized in that the second cation exchange
mat eri al i s3.t he vefaR atyppngdo obéthilorhaexchadge tmted sebwibuipcaot of the sane

fraction of the,gat {'r%}ﬁéfs{aﬁﬂﬁﬁt}{%é{dcﬁka&%e%ﬁéﬁi&ﬁdsﬁ%m inkeRe exchange
material. 11. Method according to any one of the precedi ng clains,

char act er i zed | 1 gt 53lthePECAR &S 30uBaNAS:2 I GRHIAI HEkAHG/Ala20- 35 | cDa
as |inear PGameT(, a§ ranche . . :
erythropoietin recovered in step b) is recovered in the second step of the step

elution method.

5. Method according to claim 4, characterized in that in said step b) poly-PEGylated
erythropoietin is Tecovered after the first ionic strength increase of the through
flowing buffer, mono-PEGylated erythropoietin is recovered after the second ionic
strength increase of the through flowing buffer, and not-PEGylated erythropoietin
is recovered after the third ionic strength increase of the through flowing buffer,

6, Method according to any one of claimms 1 to 5, characterized in that the difference
of the concentration of the salt causing the elution in the step eiution method of
step b) is 120 % or more in each of the steps of the step elution method.

7. Method according to any one of claims 1 to 6, characterized in that said aqueous,
buffered solution contains phospharic acid or salts thereof, or citric acid or salts
thereof, or histidine or salts thereof as buffer substance.

8. Method according to any one of claims 1 to 7, characterized in that in said step d)
the mono-PEGylated erythropoietin is recovered from the second cation exchange
chromatography column by applying a linear gradient starting with potassium
phosphate buffer of a concentration of about 100 mM with about 50 mM sodium
chloride at about pH 3.0 and ending with a potassium phosphate buffer of 2



12. Met hod according to any one of the preceding clains, characterized in

t hat sai d nono- PEGyl ated erythropoietin is obtained in a substantially
honbgeneous form contai ning nore than 95% by area of nono- PEGyI at ed
erythropoietin determ ned by size exclusion HPLC. 13. Method according to.
any one of the preceding clains, characterized in that said nono- PEGy| at ed
erythropoietin is recovered in the figst cation exchange chromat ography
step with a purity of nore than 60 96 by area determ ned by size exclusion -
HPLC. 27 14. Method according to any one of clainms 3 to 16, characteri zed
in that said aqueous buffered sol ution contains about 100 nM pot assi um
phosphate buffer and has a pH of about 3.0. 15. Method according to any one

of the precedi ngnednaiatian ofabad AWt BMivE@Gbbik %h%{Missﬁi&ﬁic@oﬁﬂra%%ﬁp raphy steps

the pH val ue of 3 § N8l Wd QRS I; 3,0...16. Method accordi to any one
of the precedi n%ﬂcl al mt chg’?géé’? gr@?g‘g‘té‘“i“r’%p‘%rﬁﬁt“”’fﬁ%’é‘faéfﬁrfﬁc‘f’éﬁsfi"ﬁfg@he‘ el ution

of the PEGyl ate %ﬁ@?ﬁ?ﬁﬁoietin fromthe cation exchange chromat ography
colums is sodiumcitrate, or sodiumchloride, or potassiumchloride. 17.
Met hod accor di n?j‘g‘{h%}d fnyhopredution b preedBingted leaitnepoicinataptierg Bed i n t hat
sai d eryt hr opoi eliéwinhaisst he ami no acid sequence of SF.QID NO 1 or 2.
SEQUENCE LI STI NG <110> F. Hof f mann-La Roche AG <120> Purification of

PEGy| at ed pol ypepPiGiesingt30ro@4880 FT <150> EP 07013959. 7 <151> 2007- 07- 17
<160> 2 <170> Patentln version 3.2

b) purifying mono-PEGylated erythropoietin with two consecutive cation
exchange chromatography steps, wherein the first and secand cation exchange
chromatog;aphy steps employ the same type of cation exchange rmaterial,

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

whereby the two consecutive cation exchange chromatography steps are
performed using different elution methods.

10.  Method according to any one of the preceding claims, characterized in that the
second cation exchange material is the same type of cation exchange material but

not the same fraction of the cation exchange material a5 the first cation exchange
naterial.

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

12, Method according to any one of the preceding claims, characterized in that said
mono-PEGylated erythropoietin is obtained in a substantially homogeneous form

containing more than 95% by area of mono-PEGylated  erythropoietin
determined by size exclusion HPLC.

13. Method according to any one of the preceding claims, characterized in that said
mono-PEGylated erythropoietin is recovered in the first cation exchange

chromatography step with a purity of more than 60 % by area determined by size
exclusion HPLC.



<210> 1 <211> 165 <212>

Ile Cys
G n Asn
Thr Val
dy Gn
Val Len
Pro Leu
Thr Len

Asp
Ile
Pro
Gn
Rig
Gn
Leu

Ser
Thy
Asp
Al a
Ay
Len
Arg

14.

Arg Val
Thr Ay
Thr Lys
Val G n
Gn Al a
H s Val
Al a Len

PRT <213> _Honp sapiens <400> 1 Ala Pro Pro My Leo
Leo Gn Rg Tyr Len 151015 Len Gn A-la Lys Qu Ala
Cys Ala G n H's 202530 Cys Ser Lou Mnh Gn Asn |lle
Val Asn Phe 354045 Tyr Ala Trp Lys Arg Met G n Val ~
Val Trp 505560 G n Ay Leo Ala Len Len Ser Gn Al a
Leo 65707580 £én Val Asn Ser Ser Gn Pro Tip Gn
Asp 859095 Lys Ala Val Ser Gy Len Arg Ser Len Thr

Method according to any one of clairms 3 to 16, characterized in that said aqueous
buffered solution contains about 100 mM potassium phosphate buifer and has a

pH of about 3.0,

15,

Method according to any one of the preceding claims, characterized in that in ;s'aid

chromatography steps the pH value of the solutions is about 3.0.

16,

i7.

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

causing the elution of the PEGylated erythropoietin from the cation exchange

chramatography columns is sodium citrate, or sodium chloride, or potassium
chioride.

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

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



100105110 Ay Ala Gn Lys Gn Ala Ile Ser Pro Pro Asp Ala Ala Ser Ala Ala
115120125 -2 130135140 Tyr Ser Asn Phe Leu Arg Ay Lys Leu Lys Leu Tyr Thr
Gy GQu Ala 145150155160 Cys Arg Thr Ay Asp 165 <210> 2 <211> 166 <212>
PRT <213> Hono sapiens <400> 2 Ala Pro Pro Arg Leu Ile Cys Asp Set Arg Val
Leu u Arg Tyr Leu 151015 Leu Gu Ala Lys GQu Ala Gu Asn Ile Thr Thr Gy

Cys Ala Qu H s 202530 Cys Ser Leu ASh G u Asn Ile TI-it Val Pro Asp Thr
Lys Val Asn Phe

SEQUENCE LISTING
<110> F. Hoffmann-La Rocche AG
<120> Purification of PEGylated polypeptides
<130> 24380 FT

<150> EP 07013959.7
<151> 2007-07-17

<160> 2

<170> PatentlIn version 3.2

<210> 1

<211> 18635

<212> PRT

<213> Homo sapiens

<400> 1

Rla Prc Pro Arg Leu Ile Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu
1 5 10 15

Leu Glu &la 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 Asn Phe
35 40 45 :

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

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

Leuw Val Asn Ser Ser Gln Pro Trp Glu Pre Leu Gln Leu His Val Asp
85 80 85

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

Gly Bla Gln Lys Glu BAla Ile Ser Pro Pro Asp Ala Ala Ser Ala Ala
115 120 125

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



354045 Tyr Ala Trp Lys Arg Mt Gu Val Ay Gn d@n Ala Val du Vval Trp
505560 G n Ay Lev Ala Leu Leu Set Qu Ala Val Leu Arg Gy Gn Ala Leu
65707580 Leu Val Asn Set Set Gn Pro Trp Qu Pro Leu Gn Leu H's Val Asp
859095 Lys Ala Val Set Ay Leu Arg Set Leu Thr Thr Leu Leu Arg Ala Leu
100105110 Gy Ala Gn Lys Gu Ala Ilge Set Pro Pro Asp Ala Ala Set Ala Al a
115120125 Pro Leu Am Thr Ile Thr Alg'Asp Thr Phe Arg Lys Leu Phe Arg Val

130135140 -3- 145 150155160 Cys Arg Thr Ay Asp Arg 165
130 135 140

Tyr Ser Asn Phe Leu Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala
145 150 155 160

Cys Arg Thr Gly Asp
165

210> 2

<211> 166

<21Z>»> PRT

<213> Homo sapiens

<400> 2

Ala Pro Pro Arg 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 Asn Phe
35 40 45

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

Gln Gly Leu Ala Leu Leu Ser Glu Ala val Leu Arg Gly Gln Ala Leu
65 70 75 80

Leu Val Asn Ser Ser Gln Prec Trp Glu Pro Leu Gin Leu His Val Asp
85 S0 85

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

Gly Ala Gln Lys Gilu Ala Ile Ser Pro Pro Asp Ale Ala Ser Ala Rla
115 129 125

Pro Leu Arg Thr Ile Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val
130 135 140

Tyr Ser Asn Phe Leu Arg Gly Lys Leu Lys Lew Tyr Thr Gly Glu ARla



145 150 155 160

Cys Arg Thr Gly Asp Arg
165



