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the material fromt$he hydroxyl apatite COIGOTI reveal ed severp$ pol ypeptide

conmponents rangi nggdrom approxi mately 70,090 MAt-0.30, 000 15 with the

~ maj or con‘% gnent at about 34,000 MN This pfeparation of EPO Which was
obsai ned FAOYOIluME/®iNup-to 10 M in 10 nM phosphate buffer pH 7.0 was

subjected to R-P HPLC as descri bed bel ow. The EPO preparation was

concent R etquaklifibédDbyleifayr thasH-thadiding agsay (Krysed, IERp . HoMNatal. oxé49w60&1983)P 6OCFU-E

. M Cr Glssdye(Bearsdif ott dl| 4 oo Agpetis aF Edthnapiviesis,al. Wadurphy] €4, NdwOYIiio Spritge-VérPL C

col=#tta78h-he type with four-carbon groups attached (a commercial exanple is

a (9— 4 \Htein) peakspery dgteat®! ynYV ebsarpeat 288 Noné wmraweﬂw ehibisifgeligndian by a

P ZecemsLie shpyiniigy Fight TP Aemegepous salferaf GRS wee senfin Y $PSTRMIEand N-eimigal A

0 1%3MRoracidoeaiontq analxgis of "(91‘13733“3 iPpaiG Qbserved after R-P HP‘-CPT pk that is undgrineghirEp - j

95% A% &t flyips peincidentaly, B‘r? @%}GLé‘M’ ory; 9’3‘1 d@’h fruments, modsl

0 using an i

421). This material rins as a mgl out 34,000 MW elds a single amino
2 545 terminal sequence of: Ala, Pro, Pro Leu lie, Cys - as has been prevnously repo Qhuman EPO.
75 9 Only this R-P HPLC fraction of about 0 MW show d any significant biological activityin

EPO
‘itl?n e )).lted by F'EIE_;gLCSm atljj%.'l}] Ew cfel S CPUE? as hei ﬁatena| I%Iute% lf\_om the h {or)%\él paassaqé\umn
(Kryst Exp. Hematol. 11:649-60 (1983)) or CFU-E assay (Bersch et al., In
Vi k4 Ociémeect s of Erythropoiesis, M J. Murphy (Ed.), New York:
Springer-Verloz (1978)) 40 Protein peaks were detected by UV absorption
at 28€aii¥ for'thk Yqliowing Contabiiiy Raes t BE, oM, DE/¥R; GBI ACL)] LU)ALisen process is shown
in Fig. 1. The honpbgenous nature of EPO was confirnmed by SDS PAGE and
N- t ertai madrocess for purifying erythropoietin of natural origin comprising the following steps:
55 a) deactivation of any proteolytic enzymes;
b) ethano! precipitation;
c¢) DEAE-agarose fractionation;
d) sulfopropy{-Sephadex® chromatography;




am no aci d sequence anal ysis of the various-peaks observed after R-P HPLC
The peak that is underlined in Fig. 1 elutes coincidentally with a reading
of 53% on the gradient maker (BE?Iﬁr@ ?géirumants nodel 421). This
material runs as a single band O 000 MW using SDS PACE and yi el ds
a single amno 45 term nal sequence of: Ala, Pro, Pro, Arg, Leu, lie, Cys -
‘as has #aaRwig SMidAlsehedulb RROEdRA ol BufleHMBIMmNFBRspial (gH 71 s%e&ro%ohﬂala@ni fAction
of abous uifo &RE", NS @hiekaEIb AYBUSGaIN 2 frine Ridbphite @GS, Gpdcifia Béndudtivily + B7Miritio0. The
EPO pr atnel, r22e imil (fexdtiday NR- AALIFILE)); Bsffe DO Bt mM\iihesphas (HBLG.E spécific ondietvity i=ako2el ut ed
f rom t henhbgar 084 Ina iecbdtiore IVi)p Buffen V( &1 BPpHosphateQpH Gl8aspesificCtaptiurtvity Of 9t6hienho

f ol | swicm3d', C¥mir(Brettiomy)).St at es: BE, CH, DE, FR, GB, IT, LI, LU N, SE 1. A
process fkyectipnsraoftgining) ERO wetercopesiteatadrbygheans ofumeiton dIM-§ uitrafitenpr aligiiol @ssayrd

f ol | owiandythe cengentraigJtored frozeng Thechssry tiridicated & ppegific BRI agivityt ot 83.900i1¢ p@r@bgnrmsoe b)

et hanol““'b?té’é(i'm‘tatlon c) DEAE-agarose fractionation; d)

sulLfopro hadex err] chromatography; 6 EP 0 209 539 Bl the

f ol L8wit Bvé'fsﬁlp R HEthedul e was carrl ed out Buffer 11, 1 m\/l phosphate ( pH

7.1, spe |c cona‘c %It 3 o qel ract| ufé‘oemglll
n}VI phO%)Ea R %§ E \K:gz?mh a rlal]sfro 2 %ﬁla ati
(fractigug A AnE % acBkp T, o
CO“dHCRJ.t %HJO H&ﬁ f aln of
phosphape, fé RS és‘éh yctem RP R

(Fracti OnTh prépaialion Qs c&x@é}&rﬁtb@idlﬂld'%?éa ptﬁﬁ&iﬁﬁ‘ 'Nbﬁl@)tnﬁﬂel ioorFﬁéPBﬁerQ

Ami con ttﬁ!%oﬁcdﬁh&té@&xét&rtaﬁﬁas iRkl dnfdeaH-P APEGYARMNAAE tybb RitC el eerBbr @bls Skdhdad

f 1 0zen.(a ddiineisid yaniplodls &6 T-LUydBc)SEE & 0f4b emERDSHsakdidistGroupf arddrabidRatdd byDERP
absolobdPCe usiny the gradieh Conbifidns Hoschbedevablee Phase HPLC When anal yzed by sodi um
dodecyl sul fate polyacryl am de gel el ectrophoresis (SDS PAGE) according to

Laenm i, U K, Nature, 15:Vol. 22, No. . 680-685 (1970) the material
from the hydroxyl apat | te col umn reveal al pol ypeptide conponents
rangi ng frofEPdoxi xtk¥ yTrbtheorapeticaacido (MEMS in water mgj or

conpSnent  apuaphy %m Il 558" £88EBRIRS 1906 %ggh&h was obtained in

vol unes of y phosp ate 4vas subjected to
R-P HPLC as &5 “‘-'“ -oWaailnoh EPO prepir.ﬁﬂon vvas con@uxation 10-fold
by partial |yophili zeul on. Approximately 20g microliters of this

concentrated material, was injected onto a R.P HPLC colum, the type with
f our®car bon gr oups atk ached (a comrerci al 3§arrpl eis a C4 Wlac), (25 x
0.45 cm the SeparatiSons Goup) and fractiooated by a R-P 2¢s HPLC usi ng

the gradient conditiy escribed in Table 8 TABLE 2 Punp A_ 0.1%

Trifluoracetic Acid ?TFA) in water 25 Punp B 03% TFA in
95% gcet oni FipWel B/migrr] Gradient Time (Mn)

Duration O 0 2 30

2 EPO is quantified by either the 3H-thymidine assay (Krystal, Exp. Hematol. 11:649-60 $1988)) or CFU-E

100 . assay (Bersch et al., In vitro Aspetts &(Erythropoiesis, M. J. Murphy (Ed.), New York: Springét-Verloz

3 Ngw(sgrsmni /nin. EPOTs quantified by either the 3Hthyni di ne assay

(Kryst al , Preirip pesiie vatecdetected b Y -B@rtiv9FIPY nor A GiFlgaiRldiasendfilg Schis frpctienatianl ., | n
vitro Mp@ﬁ?t'% shotvn [y Kjg. Hr Ssohomepenousiviatuse of AROtep cortieme by NG PAGE|end N-terminal

Spr i ng@mingeEeip ggquenpe paalysis ofithe variousmeglisbypryad aiter RyhiRL-Cel Brecheplciitat s ungdaplined in

absor ptFl'Qoﬂ elittesaomcidentaliy, witty 3 reaging f §8% AR ¢ S‘Pﬁ"?’l% "@f‘ert(ﬁ?cgmﬂ lﬂﬁ?f‘ﬁﬁ&t’l‘%’ﬁ'

proc 1%5 s ThisBsipra| ;Hf:"‘i:?s s"P'e bé’rﬂ% ol A5AY %’{H "%g% ﬁBSY f\(:l% gﬁ‘y _ﬁ,ﬁa%ﬁ k
SDS ' eaks
obser Vg:egn;,zl ed:%?rg P% IS a o%gl j.ge&:é&ire Tﬁ:z 1ca'ﬁa hs,cllro;;l:p::lte column

(STEP E).
so Claims

Claims for the following Contracting States : BE, CH, DE, FR, GB, IT, LI, LU, NL, SE

1. A process for purifying erythropoietin of natural origin comprising the following steps:
§5 a) deactivation of any proteolytic enzymes;
b) ethanol precipitation;
c) DEAE-agarose fractionation;
d) sulfopropyl-Sephadex® chromatography.

LT



Fig. 1 elutes.coincidentally with a reading-of 53% on the gradi ent naker
(Beckman I hstrunments, nodel 421). This material runs as a single band of
about 34,000 MW usi ng SDS PAGE ar]:% &4%@@1 single am no 45 term nal
sequence of: Ala, Pro, Pro, Arg, ) Cys - as has been previously
reported for human EPO. Only this R-P HPLC fraction of about 34,000 MWV
showed any sboyel fiktiait bi ol ogi cal activity in vitro. The EPO protein el uted
by R-PHPLC i § hgdieMylapdiitsi ch@maogiaphye as the material eluted fromthe

hydr oxy| apaharaateriean byrtirtheSbaing fis conpoditloabys Cl ai ns for the fol | ow ng
Contracti ng O)ratees:ph&dl highpleriobhancd-kquid GBrombtdgraghly;, anU, NL, SE 1. A process for
puri fyi ng er yit élutiog theetfrom hofnogeatous alythmpoietinrwhinh nymvess asnay sitdise pdab loh cavereg) pisse ps :
55 a) Hignpefomance fiquit chxemetqgraphye ekhilits @ resigcylaeweight Jof aliokht$l00 daltons on
preci pi t at i o8PSENGHEME-Rogeesess e $neeifit palivityt of calrout (F0,8091 Wopsr @hsprbagepimitchs 2B r |
chr omat ogr aphgremetersep 0 209 539 Bl e) gel filtration; f) hydroxyl apatite
chg;.onato raphy; characterl zed by further treating th| S conposition by @)
rekerde h 6‘°‘Pﬁ" @F"f‘lﬂ?‘ ‘Ef@raFtP ‘i’Bychromat ography and 5

h)
el uting ther g“ h nmoves as a single peak
on reverse p o w f Fl‘g 51 o aphy, exhibits a
nol ecul ar wel gﬁﬁp% 65%3 ﬁ"cg @E and possesses a

specifjicga 0 r
ngn Omaét e? 9\ %gggsn%%r %gﬁ }H%&Ef}\t}l gﬁé}%ﬂ?ﬁ E)ﬁsut‘b,%tths?ﬁ égly 3ffect|ve
nmovenent as a SI ng e pea on a reverse phase- a no ECU ar wei ght of

about 34c@fMS rinb Mifowity Crbadifgstaté AT C) A speC| f | C act Ivity of about

160, 000 1 U per absorbance at 280 nm 15 3. A pharmaceutical conposition for
t h&_¥ e ad. M groddés far@iflying 66 MDPbIetindEnaturdl Bejirbdmptisiathd foloainh eBpd: ve anount of

t he honopgeneauradivatibhsf@ppprobblyticehzymesi m 2 i N a pharnmaceutically acceptabl e
vehi cl e. O abymhahd precipitatibrol | owi ng Contracting State: AT 20 1. A process for
purifying er yxDEAEmgareseifractohatiomt ur al origin conprising the follow ng steps:
a) deact i vat domifesforzlrfppipde®cttopeiographyz ynes; b) et hanol precipitation; c)
DEAE- &gar ose®Xgebi¥ationat i on; d) sul f opropyl - Sephadex[err] chromat ography; 25
e) gel filt rH@YQSWV'aPﬁ'*W@FB‘R M¥atite chromat ography; characterized by
further tréﬁ‘i"? Zetdfﬂygurﬁ'ﬁ' 6"5'9@'%‘??"’893?%b¥everse hase high performance

liquid chro ehﬁhﬂe 29¢%f9uiq &rf‘f‘esoargoaggg ous erythro 0| etin
Y?hﬁf‘af’”ﬁ’ﬁrei aa%a? awafa;#m S0y o ggW%g;“ i %gggg ons
on SDS- PAGE; sse SO R Spdcr T eact § VI abou‘ferf f?ﬂﬁfﬁ? N

absor bance unlt a 280 nanoneters. 2. Hormgeneous eryt hropol etin,

char act e Zpﬁmogaﬁeou@ﬁmhmpmeunaéha%%QJ- as a single peak on a reverse
phaseaﬁPLC me@emg@g@e Mk 84 reMdrsedihdsinped; 000 dal tons on SDS- PAGE; and
c) a specifi g)nbibtiat ¥eight oo B4,d00QaliAO orl $beAGEBROr bance at 280 nm
Revendi cat | ogysa specifsei¢mitg bicabbit 960500 Miper bisdrbEicaat280@nt r act ant s sul vants: BE,
CH, DE, FR, GB, IT, Li, LU N, SE
N/ Revendications
%0
Revendications pour les Etats contractants suivants : BE, CH, DE, FR, GB, IT, L), LU, NL, SE

1. Un procédé pour purifier I'érythropol¥étine d'origine naturelle comprenant les étapes suivantes :
a) désactivation de toute enzyme protéolytique ;
45 b) précipitation par I'éthanol ;
c) fractionnement avec du DEAE-agarose ;
d) chromatographie avec du suffopropyi-Sephadex® ;
o) filtration sur gel ;
f) chromatographie avec de I'hydroxy-apatite ; caractérisé de plus par le traitement de cette
50 composition par '
g) chromatographie liquide & haute performance en phase inverse ; et
h) élution de I'érythropo¥étine homogéne qui migre en un pic unique en chromatographie liquide &
haute performance en phase inverse ; présente un poids moléculaire d'environ 34 000 daltons en
électrophorése sur gel de dodécylsulfate de sodium et de polyacrylamide ; et posséde une activité
55 spécifique d'environ 160 000 Ul par unité d'absorbance 2 280 nanométres.

2. Erythropoiétine homogéne, caracitérisée par :
a) la migration en un pic unique en chromatographle liquide & haute performance en phase inverse ;

e tdlaaatiet BN

. N O O o



1. Un proc6d6 pour purifier INrythropolftine d origine naturelle conprenant
| es 6t apes "sui vantes: a) ddsactivation de toute enzyne proteol ytique; 45
b) precipitation par 1'6thanol; bgoég %'ggnnemant avec du DEAE- agarose; d)
chr omat ogr aphi e avec du sulfoprgg "= ﬁ ex*; e) filtration sur gel; f)
chromat ogr aphi e avec de |' hydroxy-apatite ; caract6ris6 de plus par le
traitement gjenGBis toBulaire d'envifoR A6 biBRs QPElectbpheilRs SR gIUecddéGIskifaddede A
haut e per f aodiah eCdeidlyRdinafidé jeterse ; et h) 6lution de |I'" Nrythropo~tine
honogbne qud) uid dgtivits epcifiueldi'ehvitdn 1 EILIBDO EMNpe: DG TbsFande 8 2BoInn(ui de a haut e
performance en phase inverse ; presente un poids noleculaire d environ 34
000 eals ol exmpbsiton tphaphcivise psutrie gattemere dd vatdmid comipfeadne utbequantitd thérassiuti-de
pol yacr y| quei elicace det I'4noiygmiitine.mencgérei deilé cevérdlication 2 dapp wrt véhicgla @hatinaceutiquen 160
000 U pameniptaspiable.absor bance d 280 nanonbtres. 2. Erythropor6tine
honogbne, caract6ris~e par: a) la mgration en un pic unique en
c hr.onatRsyendjeatiens| rogp (et contregtant syant sAFance en phase inverse; 7
sl RIT11111 0111 tle X EP 0 209 539 Bl b) un poids noleculaire
d' envi rlonPrgged @W’B&‘f@ﬂﬁ%@?’@&ﬁ'@ﬁﬁfﬁ‘@%Wefﬁgl'es&@p%ﬂ@%ss'uI fate de
sodi um et ) &g@? ? o @peyme protéoyliqyRe activite specifique d environ 160
000 U par M8 ;Bnn:’n éep A 280 nm 5 3. Une conposition pharmaceutique
pourwl e trad) %ﬁ ’g ie‘fa &ﬁ% %Iggf%g enant .une quant ite therapeuti- que
efficace de, kN gglpoy ine ho g fe

1

A e a revendi cati on 2 dans un

vehi cul ‘e PhACHBRAeAKCavel Rt GGG RbARY © carBRHEE U Cls! 7S RAMineht & At
contract anteombsidhpar AT Procede pour purifier |"4rythropottine d"origine
nat urel | e cq)eibmasdtphi Aguidel3RES pSrbiniab BSphasd inddrsd a6t | vati on de toute enzyne
pr aLaol yt i oHy@futidh) dePéRArdpok ol HOMogAE qli’ rhifk8RA lun pleluniglicds EnronaRgRPRie RyuRe adu
DEAE- agar oSmite ipbriormance efl phasB livered poréstpial 2 plde enoboulsind | dfeaiaion 13 loodSembiacax O, e)
filtration éastophabse du) gel laib dadécygdiap e eodiedat dd @ollyachyitidex;\st agsaiidetuee activité
car act er i sespédfiqpé disnvjparr 16D €00 Uit ik diabsoibarce & 1280 oopades.t | on par Q)
chromat ographi e |iquide & haute perfornance en phase inverse ; et o0l~-4
h) efsutd oFryieppiEting Nermpodnss camckéiefelpeirogene qui nigre en un pic uni que en
chr omat ogr & I¥iTelgmetion @n 4@ Pip ubiguetes chrametegraphiediauida hanigperfarmanee serhaseipetsent e un
poi ds nol edW|vaiPpids golépaine stendien G §OQ) dafpernan dectraphaes B 198l dosdodagyjsulfgie) deqe
dodecy! sul fS8tim gdepolyperyipraio Rt pol%acrgl ani de ; et possede une activite
speci fi que QUSRS APeeliapeiRgvitan 19900 i, par unitg-dasashanea 20 8Mo g0 nanonetres. 25
2. E‘?”ytph%o&(ﬁl d ‘izne honogene, caractkriske par: a) la mgration en un pic
uni que Higkadide! Ibleogr aphie liquide h haute performance en phase inverse; b)
un poi i SRV 0 hgese sur gel de
dodecy PR PRHEIR i frolbefds varkihedaniDpl 2l BE e Barin AL UL 86200, £
Spdcdst 140 UQerfdhreh Yir hﬁ?ﬂigdzﬁ%n@@@%oi&fﬁ Matdfléreft Ugbﬁ@%%rﬁﬁs}%&% dib 181§6hdS Schitd:
Pat ent ans prdJfamiviBiahdith prosRividché enkfmého! gende Vertragsstaaten: BE, CH, DE,
FR, GB, |T,p)Ethandkthund)l, SE 35 1. Verfahren zur Reinigung von
. Eryt hr opol &) beaBagdbsbiralwbieldigpr ungs, unfassend die fol genden Schritte: a)
| nak¥i vi er ufGuitopropyHSaihaddxe tOheakwgraghitz yren, b) Et hanol fal | ung, c)
DEAEeAgar os® Ghlfildétion.oni er ung,

f) Hydroxylapatit-Chromatographie, _

gekennzelchnet durch weitere Behandiung dieser Zusammensetzung mit
g) Reverse Phase-Hochauflésungs-Flilssigkeitschromatographie und
h) Eluieren von homogenem Erythropoistin daraus, das als einzelner Peak bei Reverse Phase-
45 Hochaufld sungs-Filissigkeitschromatographie wandert, ein Molekulargewicht von efwa 34.000 Dailton
bei SDS-PAGE aufweist und sine spezifische Aktivitit von etwa 160.000 IU pro Absorptionseinhsit
bei 280 Nanometern besitzt. :

2. Homogenes Erythropoietin, gekennzeichnet durch:
50 a) Wanderung als sinzelner Peak bei einer Reverse Phase-HPLC,
b} ein Molekulargewicht von etwa 34.000 Dalton bei SDS-PAGE und
¢) sine spezifische Aktivitat von etwa 160.000 iU pro Absorptionseinheit bei 280 Nanometern.

3. Pharmazeutische Zusammensetzung zur Behandlung von Andmie, umfassend eine therapeutisch
&5 wirksame Menge des homogenen Erythropoistins nach Anspruch 2 in sinem pharmazeutisch vertrégli-
chen Triger.

Patentanspriiche flir folgenden Vertragsstaat : AT
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K- d) S;J| fop‘r opyl - Sephadex.o Chr ormat ographie, 40 e)
Gelfiltration, f) Hydroxyl apatit-Chronmat ographi e, gekennzel chnet durch

wei t ere Behandl ung di eser Zusa it g) Reverse
Phase- Hochauf | bsungs- Fl | ssi gkei t?@ f%@g%ﬁaphi e und h) Eluieren von
honbgenem Eryt hr opoi eti n daraus, das als einzel ner Peak be! Reverse Phase-

45 1.HaGH&kkIn| ZShEEuNG Yo R TR Isk faliHRAGH R EHnRBE ukit295NE 86 FolgeRdeh Schritt
Mol ekul arge%pmmmg%.y\gmﬁﬁagﬁe Q,r: be! gDséePKGE auf wei sgte undcenl %e
spezi fische Byekthanbitsdingyon etwa 160. 000 1 U pro Absorptionseinheit bei 280

Nanomet er n besbeAEtAgardse-Hriakiitrieugs Er yt hr opoi eti n, gekennzel chnet durch: 50

- a) Warsder ung dpsufoppopyiSEpheioxd Clabmdiagtapbibner Rever se Phase-HPLC, b) ein

Mol ekul ar gewexGutiittiation, et wa 34. 000 Dal.-t on be! SDS-PAGE und c) eine

spezi fi sche Altlyfiroxviapatit-Conmatographt60. 000 | U pro Absorpti onsei nheit be! 280
Nanomet er n.gelennpeicimetdurch pejtoracSohandiunmdiopseiusemmenselzun@etiiandl ung von Anami e,
unfassend ei BRevpree Bissertipcheufossiags-Filssiglisitselramatogreptigdndes honogenen

Er Wthrdpoi et PhELIRER Yomhepedepem E’W%P%Hﬁrﬁﬁaf'ﬁ?aai%ﬁ'ﬁeg‘%" ?Fér‘ief Bg:rse Rhagen
Trager. Pate P%K'ﬁ%"BF S HEssiakgitsqhiomatograehie wRoEeT: iy Mojekulgrgewicht yon etwa'34.000 Dalton

11 HUI 111P ;’W’f E aptwoie und einersppzifisehy Alddita/pn ptwa 18p- P‘K’HP&? ORsereignssiingting
von ErythropB?' a"r‘?@?tﬁnlbie‘ﬂ'ﬁ'en Ursprungs, unfassend die fol genden Schritte:

a) | nakt}vi ng_ v r o nen, b) Ethanol ffllung, c
D)EAE- 'gaj‘r’ osl'g’ 99. Q thB e\( fi?fﬁétﬁu e¥§%;sgjg},,9@yl SephadexOg )
Chr onat ogr ap mnM n&m 3100 Dt U BOBLFABR b - Chr OBt ogr aphi e,

gekennzel chngyeidd :sc‘!tﬁ' 0658 1L & RIZbroEonSSHTBIE Bt 8802HAGM&trh. )
Rever se Phase- Ho auflosungs FI | ssi gkei t schr omat ogr aphi e und 10

El 4_epen von honogenem Eryt hropoi etin daraus, das als einzel ner Peak be!
Rever se Phase- Fbchaufltsungs-FItssigkeitschronatographie wandert, ein

Mol ekul argewi cht von etwa 34. 000 Dal ton bei SDS-PACGE aufwei st und eine

- spezifische Aktivitit von etwa 160.000 |U pro Absorptionseinheit bei 280
Nanonetern besitzt. 16 2. Honogenes Erythropoietin, gekennzel chnet durch:
a) Waepderung al s einzel ner Peak be! einer Reverse Phase-HPLC, b) ein

Mol ekul argewi cht von etwa 34. 000 Dal ton bei SDS-PAGE und c) eine
spezifische Aktivitst von etwa 160.000 | U pro Absorptionsei nheit bei 280
Nanonmetern. 20 25 30 36 40 45 50 55
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