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WO 2004/ 047858 PCT/ EP2003/ 012822 Novel use of
Erythropoietin in heart diseases The present inventiaon
WRRWEELSEH a new use of erythropoietin, especP&l(EF24054012822
treatment of disturbances of iron distribution in

heart di seases. Various di seases are known, in which

the nmetabolismof iron is not normal. In an aneni a,

not enough bl omvg%@egmﬁ%{r_ﬁysgﬁegyglﬁws&g@r all lack
of iron in the body. An ot her netabolic condi dion
relating to iron is henochromatosis, in which the
overaII concentration of iron in the body is higher

nor nal s to varipus.conditions :
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conparable to those felated to anema Until .now it was
suglyas ¢gdhp destrarctiomef @igams- suf f eri ng from heart di seases

have a hi gh 15 probability to be affected by
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iron distri utlon can di agnosed_ by various,
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cohiparidilotyl thoterelaedd touhemis es is anindi cator for
di sturbances of iron distribution. Another. indicator
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for patients with heart diseases suffering from

Hamoglehin imresisulosytes isandnrdicatpbivridisturbaness of o digribution. Another
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Lebhmann, M. Vo]kmam], J. Lotz, A. Baldauf R. Roeddiger, poster p;g_s_ented at the
AACC/CSCC, Annual Meeting; July 29 — August 2, 2001, Chicago, lllinois.

So far, no treatment has yet been suggested for patients with heart diseases suffering
from disturbances in iron distribution. The problem underlying the present invention is
therefore to provide a treatment for disturbances of iron dlsiﬂbutlon in heart diseases in

order to minimize or suppress the above menuoncd dJsadvantages It has surpnsmgly been




2 found that erythopoietin has a beneficial effect on

\@b%M}tﬁE@&es of iron distribution in heart dlﬁ@gﬁpﬁ){mmzsn
he problemis therefore solyed, according to the

present invention, by providing erythropoietin for

the use in the treatnent of di sturbances of iron
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here 1Is e use o 0£§|et|n protein in

h@’c diseases Tbe probless isgherstire sokeads adqcordingto the praserinnvesttion, by
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' Ee%g‘a %éand scope of the various ternms used to
PHESt he inventi The term "l ower-al kyl "- as used
herein neans a |inear or branched al kyl group having

15 fromone to six carbon atons. Exanpl es
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"“di sturbances of iron distribution heart di seases"

refers to a di sturbance of . iron di strlbutlon whi ch

O0C CUDAlel bW csiu R MevihE Qé'ﬁlﬁﬁ@ﬂstarg b6 TR E ilITHRate and

. dis bance iron distribution can e, be
%ﬁ@@ @Fwara%scae%eﬁbewl%év@s yed tq %@F%‘bq the inyention herein.
di sturbance of iron distribution is characterised by

t he T ﬂeﬁﬂ\mgreﬁ&ﬂ(?f’% aéea he“eéiﬂ ﬁ?@hé‘ 9&5&9 oPBrai@héMEyl group having
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. 130150 dprgfefgyl)}ﬁe& isly concentration of Creactive
protel nis above mg/ L. 25 The term "etythropoietin®

or "erythrgpoietin protein” referstoaproteln Wi th '
t he §hs tergm @Wﬁﬁ-ék@@i”@am@&wnwﬁa@#amu b serein R’ is alower-

u@,!gsodgs&ggeld%g,pe I ncrease production of ietical ocytes
.and red bl ood cells andsel ected fromthe group
oonS|st|ng of human erythrop0|et|n and analogs whi ch

ar e Yhstterae dlignrhgnces P éron elisiyt Wh@ﬁehswef mf@q@é@ e lisrcbance of

- Poro set!l;lﬁQEl PApLES: cgggl?%;ﬁgr fifing Bon ik UIRRGL SHIR disturbance
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 of iron distribution is characterised by the following parameters: concentration of soluble’
 transferrin Teceptor [mgIL] dm,ded by log(concentratlon of ferritin [prL]) is sma]ler than
3.5 and smulta.neousl}"' concentratlon of C-reactlve protem is above 5 mglL

- The terni* éfythrop‘metn" or “erythropoiétin protein” réfers to a protein with the in

- vivo biological activity of causing bone marrow cells to increase production of reticulocytes
and red blood cells and-selected from the group cons1st1.ng of human erythropmetm and

analogs which are deﬁned below, - - : -

) The term pegylated eryth.ropmehn (Peg—EPO or PEG-EPO)” refers to an
o __erytbropmetm protem which is covalenﬂy hnked w1t11 one to three polyethylene
derivatives as described below




2a Description of Drawings: Figure 1: Primary
structure of human EPO (165 amino acids) (SEQ ID

NO 1). Figure 2: Primary structure of human EPO (166
amno acids) (SEQID NO2). 1In nore detail, the
present invention relates 2o the use of erythropoietin
in the manufacture of a nmedi canent for the treatnent
of di sturbances of iron distribution in WO 2004/047858
PCT/ EP2003/ 012822 3 heart di seases. Exanples of heart

_ disgﬁégs_gre ﬁg%{.coronary heart di sease, ..
at h ffonary at heroscl erosis, acute
coronary syndrone; heart failure, congestive heart
f ai | Figwre IaPdfmty sftaatireiof hufdain BPENQFS ainin@a@ddSf(SEQAD NO: 1)
enbodlnent the invention relates to a use as defined

b SR A8 e Se%‘%@ﬁ?ﬁ%ﬁ%éa%@ﬁé@ﬁgﬂwo 2)

useful for the preparation of pharnmaceuti cal
condashéredetilchapresantigvaitidn vehpaitetiousaof erjrtbropmehn in the

harjmaceutd cal J. actlve i ngredi:
gy AR LRt HERLor @fswh'gaﬂéﬁg%?n dighution in
is as foll ows: partlcularly the terns refer to a
gl'ycoprotein, e.g. the human erythropoietin, e.g.
having the am no acid sequence "set out in (SEQ ID NO
1) or (SEQID NO 2) or an ami no add sequence
substantially ao. honol ogous thereto, whose biol ogica
properties relate to the stinulation of red bl ood cel
production and the stinulation of the division and
differentiation of committed erythroid progenitors in
the bone marrow. As used herein, these terns include
such proteins nodified deliberately, as for exanple,
by site directed nutagenesis or accidentally through
mut ati ons. These terns al so i ncl ude anal ogs havi ng
froml to 6 additional sites for 15 glycosyl ati on,
anal ogs having at |east one additional amno acid at
the carboxy ternminal end of the glycoprotein, wherein
the additional amno acid includes at | east one
gl ycosyl ation site, and anal ogs having an am no acid
sequence which includes a rearrangenent of at | east
one -site for glycosylation. These terns include both
natural and reconbi nantly produced human
erythropoietin. In a preferred enbodi ment of the
present 20 invention, the erythropoietin proteinis a
human erytropoietin. As set out in detail below the
preparation and purification of EPO are well known in
the art. .By erythropoietin is neant the natural or
reconbi nant protein, preferably. human, e.g. epoetin
alfa or epoetin beta, as obtained from any ‘
conventional source such as tissues, protein-
synthesis, cell culture with natural or reconbi nant
cells. Any protein having the




25 activity of erythropoietin, such as nutei ns or
ot herwi se nodified proteins, is enconpassed.

I n
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erythropoietin proteinis oetin alfa or epoetin

beta. Reconbi nant EPO nay be prepared via expression

|n CHO- BHK-Ig La ceII i nes, by reconbi_nant .
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publication Nos. WO 93/09222, WO 94/ 1265 WO
95/ 31560, WD.90/ 11354, WD 91/ 06667 .and WO 91/ 09955,
the dBAPEsES ipfentan ks especialiyiusefubios theprepaseiion elbhsemagertical

QMm?@&ﬁéx?s%ﬁl priblif dHpBirSpoidal ds NfeallPB8ERIiAerediBnt. The term
hropoi eti'n proteln I's expressed by enhdogenous gene
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re above,

refore ates to he use as
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: @écbgibﬁﬂmd?l pfddﬂﬁe@ hﬁmaﬁ erybpbitial Inspnefefried ebdodiraitof the present
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R(?I QBHiedR: protein
st: abl I | ty ‘secreti on subcel I uI ar |l ocalization, and
bi ol Agiet atit iaaletall He}!ow,(ﬂm’pﬁ?ﬂaﬁbh @Ad perifisatidnl of BRPO 4reovell known in

| es.. O i nked .ol.i gosac |dsare ttached to
_ E%p QY SFYﬂ?IﬁP%’GHPH‘e‘%F%%I. 1 g ecpmiegt E@tem, preferably human,
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PSR ARAs: @%bﬁb@ta?ds%@diﬁéﬂ ﬁ:@m%ﬁ? 2bREnfiBnAlSBLEd 8ch as tissues,
Onetyeof 0 %@%ﬁrldefound ‘both N-1inked

setgdorirecompoipant rellie APX profem having the

aivily b érpttir Aeti)such WG RiksSordthaisk Yo TR GAT S
containin “or nmore:carbon atons. Sialic add is

- eRcgEmagsed glﬁ@'nréfeﬁﬁeﬁsmhomwé» t e BreteRt VPR Shegrthropoietin

ﬁ%‘t o8lih ﬂ?é&céédl‘éﬁh des. fgl&g B}%«.ﬁ%m s B@gfe?aré& via expression

char fers a ertle
b1 GO FEE or Eislaveal lonepsiiopsstisinkat DA thebmiolngy 89 endogenous
‘ g%ﬂe%gnsgdggﬁa“ #Qﬂ'eﬁﬁ L[H'clluiiﬂﬁ?gy b 8RS usGeht BRtion, is well

known in the art and is chsclosec'l° for example in U.S. Patents Nos. 5,733,761, 5,641,670,
and 5,733,746, and international patent publication Nos. WO 93/09222, WO 94/12650,
WO 95/31560, WO 90/11354, WO 91/06667 and WO 91/09955, the contents of each of
which are incorporated herein by reference. The use as defined above, wherein the
erythropoietin protein is expressed By endogéno'us gene activation, is preferred. The |




whi ch conprise about 40% of the total nol ecul ar wei ght
of the glycoprotein. N-linked glycosylation occurs at
WEIGHRIBe resi dues | ocated at positions 24, BEIERAY3/012822
83 and O- linked glycosyl at i9on occurs of a serine
reS| due located at position 126. The oligosaccharide
ns are nodified with termnal sialic acid

Fré 188 ERO shesighinrithe prepiotion of erathropgietin gyenpaotein products are
| lilﬁﬁirQEP@ shEQER. NSy PrUCABY ak%@ rﬁé&%ﬁlﬁﬂﬂé Bilchih EBO Whifig the

in loss of In vivo aCtIVI vitro activit
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5 Iﬁl}ﬁea theyaserze gescabedhabaive. wheren dhe erberopaj eiimpretein hag the amino
5@@{@1 t hr opoi etin which
resu u&%h%gﬁﬁ n?rlg‘%se %\]%;ynurrber of sites for

sialic add attachmant These gl ycoprotein “anal ogs nmay
be Ejﬁﬂ?@ Arpdirepoietin waybe eglyeapratcimepmieshayitgfyomd to 6 Aditional

resi 35@‘9 éﬁﬁﬂne%&gﬁre e pid %?ﬂi vaﬁﬁgﬂ]ﬁtstﬁgetlatgér'@g'lﬂe @245 described

at 1 ncreasé or er sites

' befored wiiireinftbe etlropeigtiapiatein hagthesogueice pfhuman egyghropoietin
©10 - ﬁtﬁﬁ@@b e cﬁiﬁ‘gé% %fo ?tler#ﬁ rf}:@é%lé&&%ﬁéﬁ?ﬁants tg? &l}é&%ﬁl&ﬂo&'%%rotem, with
- \Ou @yt ailgosacehamls gvdups,mcdmxs abspepﬁcﬂmahonhdom polypeptide

b%%é‘%%ﬁﬁé?%ﬁ S0Es e Pemsp s SR A ol Guch i pr e iy,
‘sgérgiam rsubeaﬂmhrﬁcalﬂdnmnpmﬁsinoﬂbwcml\mﬂwm rﬂh'tmlannn isuckeally of two
dle f hyd
08, SRR B RRREGT b B Rl Bh R fyucs and Nlinked
15  dligusdcderidee ammgthddxblam::tginmadaes Queaypevfioligoacihdside found.on
' i t . i nk ked
SeRa SRR ke e bt 560 o e
which itéd&aﬁhﬁi |dﬁgfm:hlﬁsu cOnQidhg OOF mo&&ﬁgoﬂdﬂﬁm Sialic acid is usually -
endi XYy en
- EF e Sradie prabtff, &f%%&@ﬂﬁs@%%ﬁ@%%%@éﬁme itbears
L .ﬁ%ﬂb@%t afgeec@nftbﬁ aamtﬁsrspathbmrtaé glt}rttfrl)rbfe@i Ghitsaérytiepoietin,
resent ¢ osi.tion also i na o
20 aingdos aping é&@éﬁeeta%ﬁ.t%# Rﬁé’lﬁﬁﬁgé@ iﬂg%%‘hﬁﬁ%@a?ﬂde chains
: Vﬂilcﬁ ERBPriS B Ouk B6% of e toHaY SRRLURE Welkht 89&43 crl'}'co%rotem N-linked
- ..-tearrangenment of gl.ycosylatiqn.si I nyol.ves. t
luﬂa QU agraraBoGrsidugs] 9‘%?6%‘{/1"&%‘3!36%’3% £$s mﬁ%@&ﬁlo-
v {a¥ionbaid af Q%rﬁg gésﬁdlﬁ'lo&fted) o@ftloﬁq,‘.?@ TR bligosaccharide
_ natu IIy occurrl ng glycosylati.on sitées. lncreasin

- : dhipies praTser galis agidesiduesn EDéYI?ﬁ'W tpmﬂv gfr@]l sialic aad
& er yt %‘I Irﬂfg%grtg% gx&ﬁga %EESI Ea“ﬁh ?lagn o ?&% \§/%ﬁtﬂ Wvg gﬁg‘llty but not in

W op@ivity becanse malarbhphbf a'aﬁgdpfsem prdvients jts @m’gﬂ@ rand subsequent

gﬁ(ﬁﬁl reduced i mmunogeneci ty,
. C{ieﬁgdrnse%s egtéacg% %é?elfug and increased bi ol ogi cal
- 15 activity. FEr yt hrogm etin anal ogs with additional
gl yesierat Tevytheirodsting iechutles ehdegubfibummar aythdepaittin with one or

: rEb'Irb gx%a E%Eﬁ%@&%g&degge SAQBA? ery{'_h?roﬁneﬁﬁ Lwhich result in'an

30 increase in the number of sites for sialic acid attachment. These glycoprotein analogs may
be generated by site-directed mutagenesis having additions, deletions, or substitutions of
amino acid residues that increase or alter sites that are available for glycosylation.
Glycoprotein analogs having levels of sialic acid greater than those found in human

 erythropoietin are generated by adding glycosylation sites which do not perturb the -
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In a preferred enbodi ment, the pharnaceutica
conposi tion of the present i nvention conprise

VEO A0HP48% et m proteins with an amino acid seqHGF@Emmmﬂsn

which includes at |least one? additional site for
gl ycosyl ati on such as, but not limted to,
erythropoietins conprising the_ 20 sequence of

uman .
secpnirg e watinn ceptirmrten mvacdibaibiolesiedl ar R Ibt Ggtoproteins of

Bt AT o S ey

“pHagbrent gmglvg:@ylah@@;ugm&gﬁ:g@pﬁﬂmvolve the substitution of ene or more

%@%i@@%%ggw% g%)@é&‘ ﬁ%ﬁ%‘g _ZI_I‘l%e g%ycoprotems of the

PErseuinvaivalbp Asdiedrneldgs having B3 Jre00rElrDRo aggs extending from

RS s B ERORU A8 oy vy s i

carbohgdiste sitndlE ePytbicpeicThproiSins 6ﬁﬁler1ucsant mmm@é@n also include

B R B L0 ARt i

[ﬁmrcghe:losylz(tmxg Su¢1-EeP®auﬁn§Ei@t &f gl@ogylmom@ mtqbreg@ezjeleﬂon of one or

it S ShaRtn 1hE 8 HREER 2R Bk A ARG oM fon RARYP fhore non-

;mmﬁmomrﬂlg@rcsqﬂaq@mMBquMm@gﬁhe 111@:#:1 treof carbohydrate chains on

FhUREgRBh i PSRF U hef L ) 2L Gy AU ot may

Atemﬁai ithelanﬁg@bxﬁfprbﬂsmgl syclogrinéresed solhkbitiey, graatee resistance to

15,

i t.i onal aci d i.ncl udes n
SR St bt ERmu RS e e BT 4R Epd fncreased biological
aaimm Efyti@opoietin analogs with additional glycosylation sntes are d.lSClOSCd in more

.. detail in European Patent Apphcatlon 640 619, to Elliot published March 1, 1995.
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o In a prefeired embodifient, thé pharmaceuttcal commposition of the present invention

a | compnses eryﬂ:ropomtm proteins with an amino acid sequence which includes at least one

additional site for ¢ zjlycosylanon ‘such as, but not limited to, erythropmetms comprising the
sequence of human erythropoietin modified by a modification selected from the following:
Asn™Thr’;

A Th®,

ASH;WTI-%F:??.,_ -

Asn®;

Asn69m71;

SerAsn®Thr™

Val” Asp®™Thr”’;

Ser87Asn88'I'hI9°

Ser37A.sn88GlY39’I'hr9°;

Ser® Asn®Thr" Thr™; -

Ser® Asn®Thr"Ala"®; -

Asn®Thr'Ser® ?Asnag"I'hrgD;

Asn®Thr**Val” Aso®*Th™;

Asn®Ne™Th™;
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pepti de fragnent derived fromthe carboxy term nal end

of himian chorionic gonadotropin. Preferably, the

VO QeH0it86%i n i s an anal og sel ected fromthe grR{HEP2003/012822
consisting 15 of (a) human eyt hropoietin having the

am no acrd sequence; Ser Set Ser Ser Lys Ala Pro Pro

Pro Ser Leu Pro Ser Pro Ser Arg Leu Pro,dy Pro Ser

Asp. Thr SErstlNe&hPs 0 A n,  ext endi ng fromthe

car boxy tﬁrmﬂgﬁs (b) the analog in (a) further
conprising Sers87’Asn88 Thr90 EPO, and (c) the anal og

in (a) fasci&hrthm risin Asn30 Thr32 val 87 AsntB Tbn9
EPO. 20 emea% bropoi etin protein may also bean

anal og h amno acid sequence which includes a
r ear r ang®eeffiThef. at | east one site for glycosylation.

The rearrangement rmy conprise a deletion of any of

EeP;t #Pl I g 1Eag'to.fl ﬁlaslf[a rf(g}alg]oaﬁ%ﬁt%# &gﬁm}{p fufxﬂ gegpence meaps that the
pannoh(;szu ofithe csnb@oﬁﬂmQMOCﬁiﬁbd&ﬁ‘oﬁfn tehe LEPGIof SEQAIDINO:1 or SEQ

KA AT TR AT ATE TR S

imneditdyng re@éde@ﬂ%épéﬁ&w%pﬁswﬁﬁtellﬁnﬁibeﬁ?p Gln38 Ser 87
"ASn88 Thr90 EPQ and d n83 SerB7 Asn88 Thi 90 EPO. A

er vt ARbEAREPPReL sFUFR SRR Tieb e alaiPhEal Bt grpaqgiiond

dmﬂmmd et the ca{bbﬁ[ teMatral gat 6f the gl&tdﬁy‘oteid‘lefherem the additional amino

B RERatead oBE S ehon it TR aTRE Ly SRy AT thdy Biuprise o
e;gi}dea&@dnﬁe denpet ifums Hd vkl terBasAl leall 68hiir30N chorionic

e ke A L) b2 e s
A2 kdan &?ﬂﬁoﬂ&@tﬁ?ﬁﬂwﬂﬂﬁﬁe&nﬁﬁ@ aé@?eqLJEE’ceﬁSe@@ér 8631 Y0 Ala Pro

94/ 20069 95/ 11924 S Pat ent
ﬁ lﬁufgn 2 F50 Smiﬁfé’sséffﬂ’m Senaspgbniro ﬂ%teu Pro Gln,

N &ﬁé@&lﬁgﬁonpée%ﬁibo ferm&liﬁgng é BdooddSising Ser®” Asn®®
S0t “No. 4,.179,3 55041 04785’ LOEPZQZOS 12852
?ﬂg Reaad ﬁéﬂaﬁnﬂwé@/@gh@eﬂommsm Asn Thf

@24 650. Preferable, in the use descr i bed above,’
'the eryt hropoi eti-n ‘protein i s-pegylated. A preferred
enbodi ment, of pegyl ated erythropoietin speci'es refer '
to tHae %ﬁroa@m%§r@§nm$mpb&hamg op-@nHgp peid sequence

ggjsaccrl ﬁ&&t t@i*a??eaE n%rsﬁe fd}ﬁi gﬁg@na‘f'he rearrangement

ed a ove erein T n proteln
57 sompriseaddeiomof ey o6 N dinked crpplyitgsises n uman
Fl‘érm.\% pGRah t%& On 2R4GAE b?aﬁﬁ-ﬁlg%ar&ﬂ%%ﬂ &Qﬁe"sﬁe Q@%b&ﬁoﬁ?‘és of the
ast-one 5

ree am no grou

i ozl sdquemdeiof huylanferxthw Iﬂgllbfﬂ@rdﬂ%rtbwglt@prgtqus an analog
eT%:clrt pd;lg g @aegﬂ?&&m 174\ Q8% | 688 RLSh BB Cbl?lb%gw n®® Thr™

sePec group consi st4.ng
BP@t mndaﬁblséSerﬁ font TJ:a’f?éEP@gsA furheeafaloghs divbhpostivealfa. A preferred.

%Ia H]P & Iolfprcr)}léll_rtrlalg tﬁ“er IYSE’.‘ er Oc%%eg ‘)Ct%l'erlrl? g.alfbegc()jiegg affg €

More particularly, the erythropoietin protem of the present pharmaceutlcal
composition as described above may also include pegylated derivatives thereof. Pegylated
derivatives of erythropoietin and their preparatioi are known in the art and described for
example in WO 01/02017, EP-A-1064951, EP-A-539,167, EP-A-605,963, WO 93/25212,
WO 94/20069, WO 95/11924, US Patent No. 5,56, EP-A-584,876, WO 92/16555, WO
94/28024, WO 97/04796, US Pat. Nos. 5,359,030 and 5,681,811, US Patent No. 4,179,337,
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10 of from1l to 6 glycosylation sites or a

rearrangenent of at |east one glycosylation site; said

VEO J90H/08188% et i n bei ng covalently linked to n PCI/EP2003/012822
pol y(et hyl ene gl ycol) groups?’ of the for nul a -
CO(CI—|2),C-(OCHZCH2)m(P with the =CO (i.e. carbonyl)

of each pol y(ethyl ene ycol) group form ng an am de
bt KOSE 4 Ubatentio B4 650 rar LR inghe use described

e e

svtlm@poiaan spdvies naftrgo mhtaiermtlgdstas désctihed leabow.ugat e i nus
the erythropoietin protein is from20 kilodaltons to

éﬂgr %%Oggﬁg%pﬁl% presyi'ﬂ ﬁv%ﬂ%\églgﬂgg'g‘{eisl{% I'Tffee&.e RS ﬁgsﬂﬁéd above, wherein

ai ning con
1¢ter}‘a‘|0mn i awhumgatbhmdgmmxgatea@mmismg an erythropmetm

thesrythiegebi

SEALHRLE-h M WS el 30k Syl B30 BB BFLRR o9
biokregigal 3canw1tp of caning bbnahiaxmdlgw: imsreade privéuction of reucuilocytes and
OIS Liflod 0N 6 R PECLLLE Bl ek 8 ARUS oARLHHRS Bnd

represen

Baaﬂfbmﬁar@mth h@@sze)m éfi}mn@ &ry&xnbpn&nmmﬁd&dﬁﬂyehe addition

HFI? to ({ glgcos t h[ 20 t%jliqa:t Ig{:]ﬁ (oL el nggtieas’gs Ce:%ycgﬁ)g?}bon site; said
Bﬂydn'bpémtxmbang amai:batl’y linkabe n{\p(bliﬁ(et}iy&mgtybdl) gfoups lobilre formula — -

5P EEHm 0 O 05 Db 10 B GRL TS thb e g

15

. 20

25

proagueinidg 2afniiéd baid widy besofalll aredo kgk@u;ﬁ wbérhm R iarh@we:—a]kyl X

0P Bl i G Ao etz 800k i fram Lt s ghil i ghosen so
ﬂﬁo&ermalecﬁlkmel ghitiof o afiigh & m s &tttersaiudﬂwe btegiaisdrom 20

Rladslans G gosdfoes Foiftehien brmn ee'a&‘oe%ﬁr&%&v%mwﬂcﬂ

- Edthiodifidt@ ohinindRedriugiies deSviied ekl in wiieh| t@m«e of

which R.is nethyl are preferred. 30 Thefyn'f

P RE eIVl bt nigeffpesrat orelgablyas etY-WO percent,
(CHDy hifeiy!sBe p@Ekt 6B LINKh 0L AR ¢ }Is&a:xou’% single
(polyethylene gl ycol) subunit of. eth oxi de

has a nol ecyl i ght of_. about 44 daltons

mol eMa raﬁpaﬁécgmtﬂe egq%éowmﬁh?mesented bY? rmula Pﬁ

PCT/ EP2003/ 012822 8 conj ugate (excl uding the

ol ecul ar  wep gRHGO—(ChE),EROCIDERENA®ORN the number)

"m'. In the conjugates o hIS |nvent|on "m is from
about . 450 to about 90 (correspondln ul ar
wei gibersi Bmde resigug phan gyHseppietimp as 8?35?@?@5@1 » (ie.

RELARe YiniRPEobf op At g{rZQgs &Eﬁh T&%PQJE‘M HiRage with the carbonyl

ecul ar ht.” of abou The .number. M i.s: .
shevetindiproialoh Hhavingt QWé’l?oe]@QlogicﬁlgﬁCEW efrangngbopgmarrow cells to

e ﬁﬂu@@tﬁ:@f gﬁuﬁ He2ghaabd B6ba UilsYaRORRALAN 8 low&-alkyl; x is

unnDdl I ed EPQ, activity may represent the sane

- a8t 3imiefromahoutts0do pbesta08nn brom Ado dprnds pichen a1g chosen so that

ﬁ%%&e&ﬂa%m#ﬁl%@ﬁi dOﬁﬂlgElP Qnm'%s PR &fﬂﬁ(ﬂfmé‘fﬁ @%cap%tem is from 20

about” a.ce

~ Klodaltons to 100 kilodaltons. In accordance with this irivention, R is ariy lower-alkyl.

30 .

Conjugates in which R is methyl are preferred_

The symbol “m” represents the number of ethylene oxide residues (OCH,CH,) in
the poly(ethylene oxide) group. A single PEG (polyethylene glycol) subunit of ethylene
 oxide has a molecular weight of about 44 daltons. Thus, the molecular weight of the .
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15

.group c

nunber neans that it is wthin a reasonabl e range of

that number as determ ned by conventional analytical
WQ2WAIHEE. The number "nt' is sel ected so t hatPGIP2003/012822
mol ecul ar to wei ght of each $ol yet hyl ene gl ycol) group
covalently linked to the erythropoietin glycoproteln

is fromabouyt 2CkDa to about 4CkDa, and i erahly,. .
S st G BAIng the ERleculanraght LIheRL O Aeperie Bh LI . Tn

UG ngatds b%fshﬁvéﬁ'ﬁ%%”qg &BQJ ott M0 8RB outboresponding to a

groups COV& ent | bound t free am no

@W’lﬂéwﬂ@htofaahw 6036%@0 Srou 20 K1)s), Recfetrbligromueba §Qfo about
%l?@ﬂleé}% r{br&%%lé’éﬂlﬁqﬁ&&ﬁ%ﬂbcﬂft 39RDR). YHhE OBab&!h s selected

pro erniih V|a am age(s con gate of this

stwlaethm thnrasalfing gorjugate of ﬂmﬂnvmhomthaeé P Ogﬁélﬁs%\’lﬁ’e%omparable
ﬁec?g}’gpﬁmzh QCtn'ff E’YZfeBI'eg&gr thi R :ﬂ: é)!ghﬂ drQ fraction of

pre era nmor e pr

ﬂ3®1‘resmn|dmg‘a@nmsd0ﬁmap@@étém Ah@lwhrwabég dbout'a certain

AR SHRN RO L OEP ST LD 13

:tm‘m‘l@a@ Hyalysinal teehigegsa e nfmber tmbisirlonind pothpiti rgolecula:

e bR oty S BB B Vet Gt

gllyeoproﬁa:pua lﬁx{brmﬁbd%rb pekiDatd dbont 40k Da;, bed srpytﬂard)bmbeut
gl ycoprotein. Conpounds of- forrrul a (I'l') inwhich x is

3 | - l. o
e S? ;fnsﬁoggﬁugit%ﬁtbﬁeﬂneé% yCO gﬁ{l%:\%glav\g{rga {ﬁ%ﬂg@gﬁy(ethylene
841 gIGappmﬁﬂsaBom fobrée dnhihd gtdtpM(ﬂn@IthnoGe amaxoegmups ofa

al pha- | ower - a ﬁ%ﬁl pr.opi oni c. ac:ld 25 sg %l ni m.dy

ysingiaging agpdpyd a@?i@ogpl%la hamino group) of an er}rtbxopmetm protein

_)

b QWRAe RhikeXY PJEQG géte of ¥IYs B PRAlh S Blve olBltWeo0three PEG

reactlng aﬁ actlvate ester W th an amnetoformgp
- greuge peranolsaile of EPQedn” s gu integer renging Bamdetach prferably “n”islor2,

A0PUre gﬁe&r m?* i!sf14 _Sr?;réfkﬁ@d 5511?&&&'4 of 3t &6n ghéat& des@¥iedabove

usi ng’ Torm The u

= ‘sompnﬁ:s mmybumtohesﬂgmzag it 458 te GapaviadsmdR s snathrla

20

to produce conjugates with proteins are disclosed

1 99 ;Jr??_gﬁﬁ# &H}de‘%\ggfﬂﬁgﬁ Z@Dg'g % 82 %z%g%ﬁﬂ t@l&lcﬁ@ﬁélﬁ@nc material:

PCT/ EP2003/°012822 9 Human EPO cont ai'ns ni ne free

am no group plus the
ues. Wen the

ith a SBA conpound of
at at pH 7.5, a ()

nd a‘reaction tenperature

am no groups, the ami no-ternina
c-amno gro

_pegyl ation %@2‘5@9"&8&%@6
Formula Il, it has been fo
pr ot ei n: PEG ratio of 1: 3,

..of from20-25 C, a m xture of nono-, di-,. and trace

. inwhich R and m are as described above, by condensmg the compound of Formula IT with

. the erytbrop oietin DlYCOPIOtelD Compounds of formula (II) in Wthh xis 3 are alpha-

o lower-alkoxy, butync acid succmlrmdyi esters of poly(ethylene glycol) (lower-alkoxy-PEG-

25.

30

SBA). Compounds of. formula (1) in which x is 2 are alpha—lower—a]koxy, propionic acid
-succmmdyl esters of poly(ethylene ulycol) (lower—alkoxy~PEG—SPA) Any conventional
method of reacting an activated ester with an amine to form an amide can be utilized. In
the reaction described above, the exemphﬁed succinimidyl esterisa leavmcf group causing
the amide formation. The use of succinimidy] esters such as the compounds of formula IT

 to produce conjugates with proteins are disclosed in U.S. Patent No. 5,672,662, issued

- September 30, 1997 {Harris, et al.).




5 anounts of the tri-pegylated species were produced

When t he pegyl ati on reagent was a SPA conpound of
wepzooab4asasl , at sinilar conditions except thatPEREP2003/012822
pr ot ei n: PEG ratio was 1: 2, %rimarily the

nono- pegyl at ed species is produced The pegyl ated EPO
can be admnistered as a mxture, or as the cation

eXC h ERAIGmGIIT BHitaigE ﬁﬁf&y&&eﬁﬁﬂ@gﬂﬂpd ithé eminot teripéng) ATaWEEOUP
cies. By manipul ating the. r n condi tions
(pgqsghq E-Aminererps effjEvipe resighes PEGFTRR TeREeHE Wps combined

 SORSEBH Bl bhad dTB k11230040 @,eeefoeﬂa thitAEpHE 5lipf6iein:PEG ratio

erent’ pegyl ated speci es can be
\o 1 36shd Arehetidnitemppiaaire of #0meatbziitGramhixbire phmoppegiéntnd trace

invention rel ates to the use as, de aboy o

5 sk i heiTsPsay R BreEs ‘ﬁerstqdé%CﬁfI ‘@%*&“E}ben? b afign esgent was a
%@Acl:oﬁﬁﬂlﬂﬂ BF Porx IR, 8 sh@lil@ondititnd Exept bt theprotemFEG ratio was
as defined above havj ng at | east on free a ng%bO%Bbe

dmapnawhgthi B2q19ePeSated Apedigsdt B@d&}a SRoBYSe

ciﬁ Q0§ DR Wr §8tHeation b&ﬁﬁ@g’%ﬁ‘&rﬁhﬂﬂgﬁpﬂm sepafated different
|cu ocytes and "red bl ﬁ)&d cells (ﬁd seﬂ ec

e (i i
10 Ef &Q&Jx@ %?otuilﬁ{oﬁgénﬁ’ﬂoﬁhhﬁé‘éﬁréabﬁorpétt hEhy réditiveainouats of the

of. unan rop0|et|n protein nodified by the
a-’dﬁ’q:rt:lll@?gﬂ#te spavics cupbgvagiedcosyl ation sites; said
er yt hr opoi et| n prote| n bei-ng covalently Ii nked to from

one 4 iy st &Qheqﬁleyé’ﬁ hiveetien glatesto)the use as defined
groups, ea h pol (ethylene gl ycol) gr.ou

cbeunt, me}n 1219 0@@1&:’(@@0*@@1@ ﬁrceﬁja.p@;ﬁ ﬁ_](ﬁ(?oleg‘%aﬁe (EPFg)rhsmd an
tﬁlﬁgﬁ? <{ OE{PD rﬂ}?teﬁlpﬁsrﬁélﬁﬁed G6 & Wvimty Yt leddt bhe flae a9 grofip and having

ormng an am de boRd Wi t ne of said £
15 ahemgqlmlpgxcawum i @yking bene mepp <ol B episy Proguctign o
@C%&%}&& ah@ye Yblo§ QellsQan é&‘lcd #orh 16 glduponistihddfhuman

rage imo ecu ar we each pol y(_et hyl ene
omtm motein and aroﬂ@gtigmofzdndkhﬂé dhs POment STy pf buman

© 40 ki | od | to t . said
| Hﬁlﬁﬁ %Ila?e'rl% %Ib‘él%eﬁe:}f@g §e§d111§15 }’\Egl%gl ttogi‘ gl Jﬂﬁ ation sites; sai
plﬂa:ixi motein HEng oovlanly dinRedboTEp2Og i9 tregkover-gloxy
20 ;I' ]gclflﬂgg LD rg]%?& grtolugs REE b&?(e@eﬁlgﬁ%ﬁ %r&%é?ﬁé BdveRnilylinked to
the erytb.ropoaehn protein via a linker of the formula —C(0}-X-5-Y- with the C(O) of the
linker forming an amide bond with one of said amino groups, X is—(CHy)x- or ~-CHa(O-

CHz-CHz)k", kis from 11010, Y is

b

.25 - the average molectlar weight of each poly(ethylene glycol) moiety is from about ZQ
" iglodaltons to about 40 kilodaltons, and the molecular weight of the conjugate is from
about 51 kilodaltons to about 175 kilodaltons.




P-] NH CO X-S-Y-(OCH2CH2) m OR] " (~) wherein R maybe any

| oner-al kyl. A preferred |lower-alkyl is nethyl. X may
woRooddanissk- or - CH2( O CH2- CH2) k-1 wherei n k SPET/EPA0Q3/012822
to about 10. Preferably, k iss from1 to about 5 4,

nore preferably, k is 1 or 2. Mst preferably, Xis
-(CH2). In Formula 1, Yisor ON N(L OQO_Oor N
0. Thi G cethipycies fay SsCbereprroemepbrfosmaln Yy N ~

"N OOIn formula (III) the nunber mis sel ected

h that th f | |
has a phys N Se GPFL RO o To unnoni 1] e
EPO, whi ch acti vit 15 t th
\Wi@&n ID;:hz b? ;qlcl\&e:{aﬁ%yﬁmefg;% ﬁi@gﬁmé nﬁ@mfee Ry 8F g“ fCHz])Dk—
t
ﬁg(({) éﬁqﬁgggg‘,ﬁ’\’rﬂ %B Eséég‘g%zslt ‘LIOQROW e%regé‘éaéﬁ? ;kﬁ’l‘ggglﬁlt 1 to abow

5 @ﬁnc&@gﬁ%ﬁ)kmh&ﬁﬂamt@mﬁmblwﬁwg@ about 44
daltons. Thus, the nolecular wei ght of the conjugate

(excl udi n nol ecul ar wei ght of the EPO) depends
rﬁ&%b‘e i A nol ecul ar wei ght of "about" a

thin WO 2004/ 047858

' certal n nunber neans t hat |t ol S
PCT/ EP2003/ 012822 11 ‘a nabl e rapge hat
nunber as dete m rﬂed by nv ntAgnal %WIMY%@
- techni ques. n nt g rangi ng Lrem about 450 to

about 900 (correspondlng oca ecul ar wei ght of
from20 to 40 kDa), preferably mis fromabout 550 to

. about 800 (about 24 tp 3p kDa), ]
o : N\/\((}:l
y... . ©
preferably
or
<10
ﬁlore prefcrabiy

W&/\gﬂx/}

In formula (I11), the number m is selected such that the resulting conjugate of formula
(1) has a physiological activity comparable to unmodified EPO, which activity may
15 represent the same as, more than, of a fraction of the corresponding activity of unmodified
EPO. m represents the number of ethylene oxide residues in the PEG unit. A smgle PEG
subunit of -(OCH,CHy)- hasa molecular weight of about 44 daltons. Thus, th
- molecular weight of the conjugate (excluding the molecular weight of the EPO) depends
- on the number m:.- A molecular weight of "about"” a certain number means that it is within




and nost preferably mis from about 650 to about 700

(about 29 to about 31 kDa). 5 In fornula (IIL}) t he
WOUbee47858i S t he nunbet of a-amino groups of &4RERZjE/012822

amino add in an erythropoi®tin protein

coval entl ybound to a PEG unit via an am de |inkage. A

conjugate of this invention may have one, two,.ar

& hrasendbEGangd afshayi epmbet sclgtesogie ép@onﬁenq@a]aqqa}yﬁggé%cpmques m

130 f feiler weight of
PR A 8 e Yaie o ottt i

bt 201 40T ey febly m frasm ebewicbSBgo Bt 0P (ARORB2A 150D
ﬁcy o, é) ]6& ra(inly %;dssﬁ'gmgb%%SB to Bbdut’f00 bt 29 td-abBut 30KD4).

he nost preferred
enbodi ment of the present invention, an erythropoietin

conjhifhabild GII) Pfbe aambeedlishye trinebéiof memino @rms pORIysine gmino

X, SN-N LSQ .11 O O .O wh
pgd iman gyEyepoietipofein GOJe%%ﬁ%PED%\%P eﬁﬁg r&‘rn%gg lidkage. A
wﬂ,ﬁ 00¢ of Ths iRrdrdioh Qe dod, tchok' $hreé PEIZ)dmts per molecule of EPO. n
CF2{ O CH2- CH2) k-, and P.i

k es t
BraptiReapoRREIRG TRFbL 19 PHEiER Plf Le’f %ﬁflﬁdn&’iﬁ@a%efg}ﬂvnm L
~groups vvh|chforman am de linkage with X O her

' pr ebesiEed Q5P AR 18 bichs@ Yeopilo(H) arqueprhuetied by the formulae:
repr esent ed by the fornulae: WO 2004/ 047858

PCT/ EP2003/ 012822 12 O

_ 0 .
P{HYX‘SI:N\/*OA%OR a0
0 e} n

L N ~on|
P{H\Ig)gsq:\'\/\o\( \/\Eo/\*m :

n

In the most preferred embodiment of the present invention, an eryﬂnropmetm
conjugate is represented by the formula:

wherein in the above fdrmulae n is an integer from 1 to 3; misan integer from 450 to 900;

R is lower-alkyl; X is —(CHo)x- or —CH;(Q—CHrG'Hz)k—, and P is the residue of the
erythropoietin protein without the amino group or groups which form an amide linkage
with X. ' :

Other preferred erythropoietin glycoprotein products are represented by the

formulae:




PHand N L O~OCH3 H9 11 sCHOn O O~ H]~0CH3
PHNvnNnHO 1650-700 H OO Mre preferred
werb4n4038i et i n gl ycoprotein products are repr BSERPHEN

by the formula: O OOCH HZ2Z4N F N NN O "~ 650-700 p
n OO5 These erythropoietin proteins may be prepared
by (a) covalently reacting an E-am no group of a

| ysine amino ag+td of an erythropoietin otein
represented by |the fornulta, P- [NH2]n with a

bi - functi onal re ent resent ed e|forqul a,
Z-COX-SQ t& DI:?N vﬁEH; n o e
| i nkage repres Hted By %he forrrulasf?) NH- CO

X-S Q@ n wherein P is an rythrop0| etin proteln | ess

the am no group which fornms an am de |inkage; IS an
integer ranging froml tg 3; Zis a reactlve grpup;,

e.g. a carboxyji -NHS ter, Xis - OCH
renN Nf‘fﬁ%?l_g 10;

and Qis a pr ei:tll*‘n roup, Like al kanoyl e.
acetyl. 1s (b) —coval entIOy reacting the interne |ate
with an arridelinkagefromstep(a) with an activated

pol Y& aﬁeea; fo¥eritdiby the formula:
for %L%;F%ﬁ%%m%l‘f@&oﬁr an eryt:hr opoelnet [ nY

gl ycoprotel n product represent ed by the fornula.
2004/ 047858 PCT/ EP2003/0%2822 13 H

o gj b e

2822

n

These erythropoietin proteins may be prepared by

(a) covalently reactmg an e—arru.no group ofa lysme amino acid of an eryl:hropmetm
protein represented by the formula, P-[NH:]n with a bl—functlonal reagent represented by
the formula, Z-CO-X-S-Q, to form an intermediate with an amide hnkace represented by

the formula:

10 | P-[NH-CO-X-5-Qla

wherein P is an erythropoietin protein less the amino group which forms an amide
linkage; m is an integer ranging from 1 to 3; Z is a reactive group, e.g. a carboxylic-NHS
ester; X is -—(CHz)r or -CHg(O-CHz—CHz)k- Wherem kis ﬁ.'om 1toabout 10;and Qisa

protecting group, like alkanoyl, &.g. acetyl.

15 © (b) covalently reacting the intermediate with an amide linkage from step (a) with an
activated poly(ethylene glycol) derivative represented by the formula; W-[OCHCH:ln-
OR, to form an erythropoietin glycoprotein product represented by the formula:
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15

20

25

P NVXSY+O- OR |I'" m O n wherein Wis a sul fhydryl

reactive formof Y; mis an integer ranging from about
WABD04/e78s8bout 900; R is |ower-alkyl; and Y |sl"é(E’Em"3""012822

defi ned above. In this enbotf nent, the bi-functional

reagent is preferably N-succinimdyl-S 5

acetyl t hi opropi onat e or

N-succi ni m dyl - S-ac I t hi oacetate, Zis ef erably
N- hydr oxy- sucm |f;, nd th activat ed
pol y(et hyl ene gl ycol ) vng ]JIDORIis

preferably sel ected fro t he group consT st ng of

i odo- acet yl - met hoxy+PEG net hoxy- PEG vi nyHsul f one,
and met hoxy-PEG naleim de. In nore detail, the
erythrwpmetln protelns of forrrula(lll) may b

s pyulfty dewd yeackive formdida g S £ EHeRsE r@q%%@owbg%% to

i a ul'ting activated -
e

first step for the preparatio (b’ﬁ?fj %E&IEPO 1.

ac c ohthisgmbedimentythedurfing Fﬁﬁ?ﬁt’é prablYN-SBoRHBHEY

h&eﬁhﬂﬁ?@ nglohﬁ‘de%lr N~%&Hﬁ§udﬂ@ ANkt I%maa&m@ ﬁ\gE&@abﬂ?M—hydroxy—
o

?&‘ﬂz‘rﬁlﬁl? B ctdPRGLINE gléﬁnsﬁﬂﬁrbf ftlolareff-htBoxGSPEE Snethoxy-PEG-

a succ nimdylester anhydri des,  esters of
vinylsnldenecantdingtho eiigile. of ~carboxylic acids and
sul phoni ¢ aci ds, respectlvely The thiol group is

pr 011’?&%?9%&&51 o &g@&o@i fo@elﬁ@&f&&ﬁulam maﬁ'@@ﬁl&ébared by
groups ese unc ona reagents are 0 r ctivated
vpalent Holing afithie) sopenspe ESO (rdivetien enéﬁp B activate
t f
SO0, Byt drDREmGT Yeriate Th@ﬁl%?“%‘;é“e pegmiono
@?gﬂat@lﬂ’@ac@&ng ton thee AL VPRGAREORRIES B g of thiol

gl%q\l:f)? Vﬁ:}ﬁi&? %gg 8|f ﬁ?@t gﬁ%ﬁ%&?&m% i ?Ppulg eﬂf@ﬁn&f xtnth Bi-finctional

t'ﬂgmtk whixhMbaYy a protected thiol group and an addmonal reactlve group, such as
active esters (e.g., a sucammldylester) anhy‘dndes, esters of sulphomc acids, halogenides
of carboxylic acids and sulphonic acids, respectively. The t]:uol group is protected by
groups known in the art, e.g., acetyl groups. These bl-funcnonal reagents are able to react

with the E-amino groups of the lysme amino acids by formmg an amide linkage. “The first

step of the reaction is set out below:

Fotrdy v e,

EPO, n and X are as defined aboveand Z is 2 reaciive group known in the art, e.g. aN-
hydroxy-succinimide (NHS) substituent of the formula
o -

o




25 0 WD 2004/ 047858 PCT/ EP2003/ 012822 14 In a

preferred enbodi nent the activation of the F-amn
WO4iet78880ups is performed by reaction with PCT/ER2003/012822
bi -functional reagents havi#g a succinirnidyl noiety.

The bi-functional reagents may carry different spacer
species, e.g. -(CH2)k- or -CH2-(O CH2-CHr) k- noieti es,
wher:eh gréfeﬂesi Jxﬁwﬂléeﬁﬁhéﬁlﬂiﬁudxﬂofthé ef@iablysideroonrs it performed

about and nore preferably | or nost
by eretiemith bi ﬁB@%ﬂ@%@ﬂS#ﬂﬁ éaﬁlggg@ﬁ%@ﬁ pogety. The bi-functional

REaSUGE bl % (?%rerﬁ‘@}%:&l s?@h@soé QPJ-(QJPB§ £ o(' SAH XO CH;—CHz-)k*

andN-suc S-acetyl t hi oacet at.e SAT@@,Q 4\|CO
SEigtesovlgreinkds p:r—hi tobRY 10 rafealy omilitn akqui f; ang Rpgre
5 %e%r%lyge% azg %rabfy@%m s Qf Qnesegi%zpen%%é\Nuﬂccﬁlmdyl—S—

yIth| 0) - (et hoxy) w. ar ef Tc
achtiylitispropiosete ( i{'H) wdl3- S@@@Mﬁéd)’a% thipgeetate (SATA)
preparation of the bi-functional reagents is known in
the art. Prgcursors of 25 10
(acetylthio-mEbhoy k-afetic-acid-NHS-esters are
descri bed | ] e the derivatization to
the. acety _ npound i s described by March, J.,
-Advanced Orga oc Chem stry, McGawH I,
1977, 375-376. SATA is commercially avail abI e
(Mol ecul ar  Prebalipaldpg s lic-ORS- edxéSAkand Pi er ce,
Rockford, IL). The nunber of thiol groups ™o be added
to an EPO nol ecul e can be sel ected pr 15 ad] uj?ikng

the reacti paraneters, i.e., the roteln (EPO
concentrat i the
| ANam%(h\/s\[rcHS of & \f(\s

8] 0

CSATP | . SATA"

o : :
Lyt
. \ LS 0 . O
S+ SR )
2-(Aéétyli_hio)_-ie{r}pkyjk-ageticlaépdiNggs—géter

with k as defined above.
The preparation of the bi-functional reagents is known in the art. Precursors of 2-
10 (acetylthlo) (eﬂJOXY)L—aCCUC-aCId-NHS -esters are described in DE-3924705, while the

denmﬁzatton to the acetylthio compound is described by March, J., Advanced Organic

Chemlstry, McGraw—HJ]l 1977, 375-376. SATA is commercially available (Molecular
Probes, Eugene, OR, USA.and Ping, Rockfor@, }1,)_.‘ 7

The number of thiol groups to be added to an EPO molecule cin be selected by
15  adjusting the reaction parameters, i.e., the protein (EPO) concentration and the
-~ protein/bi-fanctional reagent ratio. Preferably, the EPO is activated by covalently linking
from 1 to 5 thiol groups per EPO molecule, more preferably from 1.5 to 3 thiol groups per
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protein/bi-functional reagent ratio. Preferably, the

EPO is activated by covalently linking fromlto 5
WoOood/04g838ups per EPO nol ecul e, nore pref er abl RCTEBP3/012822
1.5 to 3 thiol groups per W3 2004/ 047858

PCT/ EP2003/ 012822 15 EPO nol ecul e. These ranges refer

to the statistical distribution of the thiol_ group

ER@ indlétele. ARGsaag@irefapopht sthtistical dirabuaercef thpthiel group over the
}ﬁ%ﬁ” ed out,.for exanple, in an aqueous buffer

BEFiER POPHIEE©B- 3 0, e.g., in 10 mMM potassi um

phosphate, 50 mM NaCl, pH 7.3. The bi-functi onal

r eargmteam is Garbied aty fut exmﬁlbﬁﬁ)anAquemswﬁp# solutinm, pH 6.5-8.0,

égg@[ %CFHM Ec’t%f i gr ag‘l %ﬁbg’frf'ﬁ ]?113@1’ ySi n & Bxc eghonal reagent may

i daded i DMISOY ﬁ;&gmmpimdme)fmmatoadpnymma OB minegs: the

rlpgg;gogﬁé ?ggtggecﬁbﬁﬁ%q.tg%q of ]ﬁx# g :Béc Bﬁ”@n&g;gmf 0;1 %";&IEE%?I‘BE separated by

ﬁethdﬂk RAGINA ﬁdtH@)ériphgt bﬁ&ita]ym omﬂhmdﬁlmim i Beciverage fwpber of

ek 8ol i e wea el ot npbignetlod/ MR thed in. for

&aafld, Trajedd, ORI ﬁimuﬂiy,q@/hi IeAp I BinahemgBiotechnol. 119, 41 —49
éCt i vated polyethylene glycol) (PEG derivative.
860abl e PEG derivatives are activated PEG nol ecul es
with an average nol ecul ar wei ght of from about 20 to

aboyhe vk %ctlﬂﬁ Eﬁo@c}fﬁdﬂi baleﬁtrcbﬂ%]g@mﬂan ativited ptipiethylene
t
AP R AeriTEdvea PERRAD ARG Hr e EE eateg B Lot Elfith an
“kdrag e%oleetﬂem: %ht ??W%&Fa]g%@et 20\40 ddloubd( 1|d?a, zamﬁmﬁe;abmfmm about
or [ ul fone. Li near

:thm ﬂjoéiﬁ% ar?éﬁéﬁo%ﬁé‘?fﬁalﬁﬁgab 5’5@ are suitable for

t he prepar.ati on of the corrpounds -of Fornmula 1. ‘
Exanplipse PPRGARGAHE e swagphe %rt&lhd are described in, for example,

R e b o Rt o oI, B4 o b 8RS . Linear

o tis fd¢nh aratioe odithe compounds
.. iﬁ@ﬁggg?&@@d%@e%&&&m 6 ¥Prept

Her manson,
B@ﬂmlw éaﬁsmreplﬁw%ra@ve Rl aeieras priodo-acdhi- aeﬂJgW -PEG and
ne:Most preferably, the PEG species.

""are a t| vat e rml e| m de usi ng (| ower - aI koxy 25

. -PEG mal i ni de) uc (y - PEG ma lll_/d\‘i\
30000; Sher vt el ’\4’%

.25

20

" The use of these iodo-activated substances is known in the art and described eg. by
. Hermanson, G. T. in Bioconjugate Techniques, Academic Press, San Diego (1996) p. 147-

.- 148.

. Most preferably, the PEG species are activaicd by maleimide using (lower-alkoxy-
. PEG-maleimide); such as methoxy-PEG-maleimide (MW 30000; Shearwater Polymers,

---Inc.). The structure of lowér-alkoxy-PEG-maleimide is as follows:




: %erral r}wg#hl Ql. .

Inc.). The structure of |ower-a]koxy-PEG naleinmde is

as follows: WO 2004/ 047858 PCT/ EP2003/012822 16 O'
W2000040858A or \ 0 OOV "N~~OOR N N Fi m OP®QIrte®R20e3/012822
and in are as defined abovejiépreferably OO0 .r' ~N

v H ~c O OR O The coupling reaction with

| ower - al koxy- PEG nmal ei m de takes place after in situ 5

cl eavage of the thi@l protecting group in an aqueous
buffer solution, e. halM ophosphate, 50 nM
NaCl, 2 nmM EDTA, pk\6§2. The cl emvage of the
protecting group nma perfornmed; foi exanple, with

hydroacylamrie in DVBO at 25C, pH 6.2 for about 90

m nutes. For the PE@&nodififation the mol ar ratio of
acti vated EPQ | ower - shoul d be
fromabout 1:3 to a refer a%ly14 The
reaction nmaybe 10 st d by addi ti on of cysteine and
reaction of the remaining thiol (-SH) groups with N
met hyl mal ei m de .or ot her. appropriate conpounds capabl e.
withRoad mgrelasglefibediebdve paeterabBecause of the reaction
of any remmining active thiol groups with a protecting
group such as N-methyl mal eigi de or other suitable

protecting group, t EPO gljycopr ot s in the
conjugates of this i ﬂ“he#zﬁ@y‘seﬁfgpﬁ’gu
protecting groups. neral |y tthe procedurem15

descri bed herein wl duce .a m xture of nolecul es
havi ng varying nunmbers of thiols protected by
different nunbers of the protecti 'ng group; dependlng

on Thecouptingreapfion a&ﬂniereaﬂcmdy}RﬂG@nadupﬂd@takest;dace after in situ

l&’éfgg{’@lﬁ{t@gf haﬁ gﬁﬁg@q@%ﬁgﬁ y#urrg ll;ﬁfe& Solug utmn eg-10 10 mM potassium

‘phosphiiteps0 wiv Na@h Rendl m phhea. [[he dle&mue bf ﬂxelproﬂaetmb group may

(SRR R8RS IR cargpout 0

- sifhidted R itBePEG é@ocﬂﬁ@ﬁaﬂ gl HORE iamﬁaeu@ateﬂ Bmﬂmec-alkoxy;PEG-

10

15

20

R rai ge(g o {illﬁlbe ?i%m about 1:3 t0 about 1:6; and preferably 1:4; The reaction may be
stopped by addition of éystéine and réaction 5f the remainifig thiol (-SH) groups with N-
methylmaleimide or other appropriate compounds capable’ of formmg dlsulﬁde bonds
Because of the reaction of any remaining, actwe t]:uol groups with a protecting group such-
as N- methylmalemude or other suitable protectm group, the EPO glycoproteins in the
conjugates of this invention may contain such protecting groups. Generally the procedure
described herein will produce a mixture of iholecules having varying numbers of thiols

" protected by different Tiumbers of the protécting group; “depending on the numbeér of

activated thiol groups on the glycoprotein that were not conjugatgd to PEG-maleimide.

" Whereas N‘-‘methylimléitﬁde forms the same type of covalent bond when used to
block the remaining thiol-groups on the pegylated protein, disulfide compounds will lead
in an intermolecular sulfide/disulfide exchange reaction to6 a disulfide bridged coupling of
the blocking reagent. Preferred blocking reagents for that type of blocking reaction are
oxidized glutathione (GSSG), cysteine and cystamine. Whereas with cysteine no additional
net charge is introduced into the pegylated protein, the use of the blocking reagents GSSG
or cystamine results in an additional negative or positive charge.
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t he bl ocking reagent. Preferred bl ocking reagents for
that type of blocking reaction are oxidized

Wl 2004047838ne (GSSG), cysteine and cystam ne. \AeF/EBX03/012822

w th cysteine no additionall? net charge is introduced

into the pegylated protein, the use of the blocking
reagents GSSG or cystamine results in an additional

n egahi i tle pReBéation of theaogpouds affokhGl (BHgincluding the separation

_ /| EP200Q3/ 12822 1 th f
ebsBndL 1 SaeEUFEd BT Pedrh BRUAE Agnt Henell Rhohilfh thear
_@fg RERAm ctbma@gephy.i - pegyl at ed EPO speci es, maybe

done by net hods knovvn inthe art, e.g., col um

o B B n R b S BB B0 Pk Y cent mone-

PE@ @dﬂjugdﬁb@.t Bsuall biBEGeagupies denythpadietin glycoproteins are

Sl L LSRR oy AR AP Bl

%@ﬁeﬁﬂtaé 8BmondPEG c@ﬁjfugﬂ@ﬁ @Qﬁe]b@fs thontioREGononandi- EEGapecxes can

b keGP SRaansrtorat Mg ook BirlSe e

okeh@le BBAknS-PEARS BasBwePRactiek eeiicags: th pémfnlagiEﬁ mono-PEG
narrower fract L&gns to i ncrease t‘k@g@?r cent a

#Fb FR5- JOIEEDOSIORn APPIE TR BETCER ROPIB S 7 ORI 5 gdoodplance ofyield

ARA ARG, SoRieHsRd @npdiitibnd A0 Whivh| B egargle, ut kbt ninetg-two percent
activi ty ‘Somet | masogonposml ons in wh
i

% BFASRE IIngty-F1% RETCentioh e LOPiigals AEIRPTO EﬁEéPeﬁlﬁa(&equals 1) maybe
AR TRhY RBbaRINt 6f thihBva&itinutiap@Semig ofentjuldies wherenis 1is

species (n equals 1) may be desired. In an enbodi ment

Gforn minety prreant iuRPEHEIIEER Yt age of conj ugates where n

is 1is fromninety percent to ninety-six- percent 15

Phar maceuti cal ,conposjtions conpri si.n .

eryt Hr %F@PP??I SQTRPISHIRS ‘1°H‘Pt"ﬁg£v Pﬁ“’fla'%ﬂgwﬁ%@%‘escr v in the
%.rﬂand dte Hadcababd &. Qilmte:@aﬁeﬂdl patink ygdickdon WO QL/8BY22 Gompositions

oSi ti, Og—?ﬁﬁ T@)}ﬁg %gﬁﬁpé etu:é g?&%g ¢ g-(ﬁ) a@lidfined above.

Erreﬂ‘ smommmupm&uﬁ@ todfpl s 211, b 11)@0@(}3 §00 or 2500 ug

: tPr?g r%lbﬁ%gjsﬂ',tth% Qom o%%ns %938' c%ﬁq%%@ % ﬂg t® ﬁf(}() eFHhidPietin protein

ons

- qrey il Hbp2iCominel} Ubstdfuts: 70 EOpQemaMl phagphi Ditecsedd 6.0 6.5. This
: g@%ﬁﬂfﬁ%ﬂlxﬁ% 0" C]JE é@ﬁg@ﬁ@ﬁm{lma@lﬁgﬁﬁﬁalt £5 opbt aﬁgalybk(w/v), up to

| 368"@3%@# RO fad BVE CapteAl e apigt i

r@iﬂbn’%@&;&ﬁés\m 1216 10000 [N itroptietioprbtai/paagl, 20 ndmol/l

ALy S PR gl s

PREY az phmuaﬂahee thﬁ%mmﬁmlma(ymm)pmam pifto 10000 ug

e b TN Sy AR AT e bmbcitss

JtBO(m c@hoﬁﬂ]})ytlhﬁ%rﬁw!vébf a pplyol. é‘urthplethlﬁtomm}m@ 11@1’) comprise up to 20

elthlomge, uPQOquS Blu% IF@SS PRRS mbﬁhtﬁﬂlﬁ 7% pumol/l CaCl,.
Speaﬁcally, th13 composmon may comprise 10 ig to 10000 ug erytb.rop oietin protein per
‘ml, 100 mmol/l NaCl, 10 mM methionine, 0.01% phuronic F68 (wiv), and 10 mmol/l
phosphate, pH 7.0.

The present invention also refers to the above composmon comprising 10 {g to
10000 pg erjrﬂ:lropmetm protem per ‘ml, 10 to 50 mmol/l arginine, pH 6 to pH 6.5, 10 to
100 mmol/l sodlum sulfate In addltton, thls composition may compnse up to 20 mM
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to 7.0, optionally 1-5% (w v) of a polyol. Further,

this conposition nmay conprise up to 20 M net hi omme,
Wip200¢/00838% pl uroni ¢ F68 (w v) and optional |y PCI/EP2003/012822

prmol /1 CaClZ. Specifically, 18his conposition may

conprise 10 pg to 10000 g erythropoietin protein per

30 mM, 100 mmol /I NaCl, 10 nM net hi oni ne, 0.01%

man}monm, B . Wo\pluroamrse wimpdptibnalihos phhtepolfiCalland

HB8oRIGSETS of C@V/@f U gﬁ’i Wﬁ{:ﬁsrst{%soc&#}%s%@éﬁay 10 pg to 10000 g
sxy;ﬁmpgp:gn@g oitejay er mlfﬁUp@m arg]lrone,@I-B@ZnB%mm@M sodium sulfate, 3 %
%J%Dgﬂ Q uI %M%&H g.uél % %P% tpﬁfromm/ﬁ]and optionally 1 mmol/l

ate. I'n a conposi tion may
| se up to 20 mM WD 2004/ 047858 PCTI EP2003/ 012822
18 nmet hi onine, up to 0.1% pluronic F68 (w.v),

opt i @ngHefeyred Rrdbedilndieef fHe t'q’nﬂétﬂlon&ﬁfetmaiompolfhoﬁs 86mprising

8L B e SR AVt o OO v

ol /1 aa-y ﬂ&hﬂé,sochhinﬁpcﬁassﬁﬁn phasphbtes i vl NaCl, ptk].0 8r %

manni toI '

(W v) an %ng ?@41{1% nﬁ%ﬁ%lﬁ@r@gﬁéﬁdﬂa@gﬂ é:§§r

embodi neat 1@)thedlpmeé@ﬁphatwamMcm etq, &% manmtol (wiv), pH
conposi ti ogg ggonpr i fsl ngbI 10 to 10000 p.g/mm

-erythropqietin, prefera 25 tao 25Q0

eyt i o) &0 M shigmepBosE A0 SR SR s 396 manmitol (w1, 10
pEOSPEa: e, rrﬂ\@@né%bﬁﬁd@'()Opﬁplfl%r@?ﬁ@{SSWI@QpHME@dl um
phospha sodi_um at.e

mM sodi u?ﬂ 6&8&5 ?@Wrﬁﬁu ﬁ?@ﬁ? ?‘a’z@aﬂ%@’ww pHj6-2 o
(W{j V) pr)l ;QO&;MBE f é,(BOIerqudll uqufmxsﬁﬁ’amnmtﬁl (viv¥), 10 mM
sodi um sul f at,e )0 nmet hi oni ne,

0. 01% pl ur 81 b d@aﬁ?f B’ﬂ%’égz‘g@"}g‘i}{% nM ar gi ni ne,

30 nmM sodi um suI fate, 3%mannitol (Wv), pH 6.2 or 15

) 40n the e ipréfersed embmmo'd lti;mqomncfsmoets coUpRise i fppunt

E¥Aopbn bt RSB OH0N 00, BoPIP0RIOWeAR TGt PhefdireddH

st pre erred e

. - compesiienvipmprisasithesd 0amMesodivm p e“ﬂaﬂ’fﬁ ’é(beal‘éf?@um sulfate, 3%
Z.e_z.ﬂ :

BlaAh®o vmr ii@mﬁQQeﬂ:ﬂQQae,@@Q% ur%@QOF@ vT EI@E%f%:OmMargxmne

B et r&@mﬁ%' Lions cgg,p%@emgg i 138 BlettBhic Fes (wiv),

. gm/zs/iz Mmﬁ@mﬁmmﬁbmmmﬁmwmw

25

30

35

or 40 nMarginine,. 30 nMsodium'sulfate, 3%
ekl o QM S LROE B e RABLA IS oF Ry dsecucion
mheaktldxwésrwmpnﬁng@dhﬁﬁ’is&mon of an effective amount of erythropoietin
~ protein as deﬁned above Furthermore, the mventron relates to a medrcament for treating
' dlsturbances of i 1ron drstﬁbutton in heart daseases charactenzed in that it contains an
effective amount of erytbropmetm protem Examples of heart diseases are e.g. coronary
heart disease, atherosclerosrs, coronary atheroscleros1s, ac:ute coronary' syndrome, heart

failure, concrestwe heart failure and/or heart msufﬁaency In context with the above

d mentloned Inethod and medicament, heart msufﬁaency is the preferred form of heart
drseases Preferred methods and medrcarnents as described above are those, wherein the

erythropoietin protein is as defined above.

Tn the treatment of drsturbances ofi 1ron drsirrbutlon in heart dxseases, EPO cane.g.

_ be administered ata dosa.be of 150 U/kg body weight tw1ce a Week. 'I'he dosacre can be

varied accordmg to the needs of the individual patlent and can also be in a range ofe.g.
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The invention also relates to a nethod for treating

di sturbances of iron distribution in heart di seases
WOMBHPEP8g admi nistration of an effective anp@RT/ESE003/012822
erythropoietin 25 protein a¥ defined above.

Furthernmore, the invention relates to a nedi canent for
treatln di sturbances of iron distribution in heart

0V kg D enepdingaf ghe halfilifeiime of dhemsed BROaqrivative, a dosis can be
Qﬁﬁﬁﬁ&thﬂé& beRReAtk g0l offﬁ 35’51{13& &%a%k' De a&g J thEX &R b€ s individual

art, di sease onar, t di sease,
gﬁdggngﬁgﬁg%ﬁE% ol %@?%%%S| acut e
coro ndr 0 | n cqnt ext MAth . . :
aboviﬁ RGB! Py EPh Eohenvt o cgufotce Rt his invention can
ibe detefrhiobd by 35&16&%%& P REL W BE 2 NTh B SAGE Rivie) BP¢he purified
ufficie LS the pref rred form of heart
E’? gws OEI%%F E}VF%HOWHBQ% thaiasmiaisiration af the RO protein by

.ﬂﬁs&iohbﬁﬂuﬁﬁﬁ\pﬁuéﬁ@ rdsHRSR bowh Bl28iof dell®incfdatih ?b?&ﬁicﬁbﬁ Bf
above. I n the treatnen

rotein i s as fi :
g"r eég?qqd&?ﬂm@mr%ﬁqw -injeckrglgriconirekegrenps of subjects.

N Eﬁgbmﬂ dtivith f ARIHPY Eﬁ&aﬁgoaﬁa %%&&fo&éﬂe&mmﬁed in

bod Q% tw ce a wee os%%g can be 35 vaned

5%‘38 F“n‘ﬁl Ehif Hender sarbe teshed bympihicdsiagcopting tndnmable, et al, Bull.
a4, Fkls

PCT/, :5P2 83036(& DaRy993%2 8%d Phitm. X L(J% Q%/e%g?sgg gmhmg? ietin BRP Bio
{974 (Bafipo Flf‘éwlqgrﬁ@l et fped @m@%mﬁ%pf §RO mo@nsﬂse

fé%%’é%}hﬁ&g%@nrﬁbﬂe%@ag i@ﬂt&éﬁﬁﬁ&i &rtfe drt P o %Ha'n@ieﬁ ?5 Sg@ceﬁssue

an 1 ndi vi atien
H%PB%%D RREHto AP%Z}, ﬁaé@m Iaomgrﬁév/e:ﬂendgwg@tmm gh. Eur. BRP.).
specific activity of EPO or EPO conjugates in

2CCOTRAR O i DI Rtk RS O BARRer S D 8o HRIBIAAE ellilples

riQus assays known in the art I ol ogl ca
H xch Wustpatgbut He not it the invermpdesedhedshenfint hi s
i nvention are such that adm nistration of the EPO
protein by injection to human patients results in
bone marrow cells increasing production of
reticul ocytes and red blood cells conpared to
non-injected or control groups of subjects. The
bi ol ogi cal activity of the EPO proteins, or fragnents
thereof, obtained and purified in 10 accordance with
this invention can be tested by nmethods according to
Annable, et al., Bull. Wd.111th. Og. (1972) 47:
99-112 and Pharm Europa Spec. |ssue Erytbropoietin
BRP Bio 1997(2). Another biological assay for
determining the activity of EPO protein, the
nor nocyt haem ¢ nouse assay, is described in the art
(e.g. Pharm Europa Spec. Issue Erythropoietin BRP -
Bio 1997(2), and the nonography of erythropoietin of
Ph. Eur. BRP.). 15 The invention will be better
under st ood by reference to the foll owi ng exanpl es
which illustrate but do not Ilimt the invention
descri bed herein.
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WO 2004/ 047858 PCT/ EP2003/ 012822 20 EXAMPLE A
m ddl e-aged man with heart disease is checked after
woemnd/040gi8het er for di sturbances of iron di st PCBEP2H012822
by determ nation of the fol 2w ng paraneters - CRP (C
reactive protein), ferritin and soluble transferrin
receptor - as described P. Lehmann, M Vol kmann, J.
Lotz, to A Baldauf, it Roggdigpfp poster presented at
t he AACCI CSCC, Annual NbetrﬁgT—jLFy 29 - August 2,
2001, Chicago, Illinois. The results show di sturbances
of iron distribution. The patient is treated
subcut aneously with 150 U kg Reco"rnonT"'

s e o era sz porb kot s ens PasDeter R disthiBnces of
%ﬁ %Eﬁlﬁlﬁidnq{}f BrerhliBatRA] GRS RIS Q&ﬁétblksedﬂ&b@ﬁ:actwe protein},

hate 20, 0 mf%mww%@%eg TSt M Volkmann, I Lotz

@'Bﬂ?’&ﬂR ﬁdﬂ’-ﬂd@ﬁ pQgteePtasdﬁt@mm ﬁﬁCﬁVﬁS@Cﬂ&mmaﬂ Miseting, July 29 -
nu i.c
?b%(megﬁigm, ‘“‘%‘E Is%on Ialﬁtii%‘{égrﬁepgﬂg%tgéléglbﬂﬁon The

@auéﬂm meeaoshbcmtanmuﬂy wnﬂelﬁ@l Wkg Rectigmm™ (Hosuraersially avaﬂable
I&ﬁrﬁ{xl ng&n%éj? %ﬁ(&gﬁﬁ a %*eell_{ﬂ? a G503Ab Rk O ARRYwREs,

eln the eryt rop0|et|n protein-is disord
detieririmation of ﬂne@@tﬁnaqti:rnas escriprdl abore %t@é’ﬁraéulﬁ’@f?‘@ﬁtqn Lpfhe disorder
%fnﬂggggbgu%he erythropoietin protein is epoetin alfa
or epoetin beta. 10 5. The use according to any of
claine 1 to 4, wherein the erythropoietin protein is
expr essed: by endogenous gene activation. 6. The use - -
according to any of clainms 1 to 2, wherein the
erytbropoietin protein has the am no acid sequence of
SEQIDNO1 or SEQID NO 2. 7. The use according to
any of clainms 1 to -2, -wherei-n the erythropoietin -
protein 15 has the sequence of human erythropoietin
nodi fied by the addition of from1l to 6 glycosylation
sites. 8. The use of according to any of dains 1 to 2,
wherein the erythropoietin protein is darbepoetin
alfa. 9. The use according to any of clains 1 to 2,

" wherein the erythropoietin protein as
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The use according to claim9, wherein the

VEO 98011041808 et in protein is a conjugate, said d’@ﬂ‘@g@ﬁ@lwﬂ
conprising an erythropoieti Blprotein having at | east

one free am no group and having the in no biologica
activity of causing bone marrow cells to. increase
production of reticul ocytes @AlM®d bl ood cells and
selected 25 fromthe group consisting of hunman
erythropoietin and anal ogs thereof which have a

sequence of human erythropoietin nodified by the

addition of from1l to 6 glycosylation sites or
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one of said am no WO 2004/ 047_858 PCT/ EP2003/ 012822 22
grougs; 'M&&Iseﬁdftofazhg td awef clainkyl to X wherein theFrythrdpietin protein is
from ab% 450558]5%?0%“900; n is-fromlto 3; and n
‘and maze Hat™t he ol ecul ar wei ght of the
conj ugate minus the erythropoietin protein is from 20

ki | odal Tomuseragcarding triclatrd 31 wiowein the erythrypeietis protein is epoetin alfa
accordl&gel;oghﬁ @,m 10, wherein x is 2, mis 650 to

750, n1s™l an R is methyl. 12. The use according to
“claim9 V\hereln%ge erytog opoi etlnﬁgioteln

conj Wy af%le usg aGegr ergin the erythropcnetm protein is

er yt hr opepRiied biylell Gdefotivpe hﬂ@ctﬁ/httbﬂaSt one free amno
group an “having the in VIVO blologlcal activity of

“causi one marr 0 cel ner.aase
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from ong difdkylhdén iwer - al koxy pol yethyl ene glycol) 15
gr oups, each poly(ethylene gl ycol) group being
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t he Ilnigerar}fgpbemmgfaan am de bond with one of said
am no groups Xis - (CH)k- or-CH2(O-CH2-CH2) k-, k is

fr omg.l ’}‘ﬁe use accordmgNo any of claims 1 to 2, wherein the erythropoietin protein as
defined in any of laims 3 to 8 is pegylated. '

10. The use according to claim 9, wherein the exrythropoietin protein is a conjugate,
said conjugate c:c;x::Lprisix:yuT an erythropoietin protein having at least one free
. amino group and having the in vivo biological activity of causing bone marrow
.. cells to increase production of reticulocytes and red blood cells and selected
. from the group consisting of human er}rl:b.ropmetm and analogs thereof which
have a sequence of human erythropoietin modified by the addition of from 1 to
| 6 glycosylation sites or a rearrangement of at least one glycosylation site; said
erythropoietin protein being covalently linked to n poly(ethylene glycol) groups
of the formula “CO—~(CHay)x—(OCH;CHz)m—COR with the -CO of each
poly{ethylene glycol) group forming an amide bond with one of said amino
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wei ght of each"poly(ethylene glycol) noiety is from

Ve /047888 ki | odal t ons to about 40 kil odal t ons PCAMAEP2003612822
mol ecul ar wei ght of the coRtugate is from about 51

kil odaltons to about 175 klllodaltons. 13. The use

according to claim12, with an erythropoietin
conj .ugaitgeouyss; WhereinXbislovanallyl; 2N 30B4AGfF8HSbout 450 to about 900; n

PCT/ EP2 99%6%112@%2 and 3 anPofarb¥hoshh B dﬂ’t% ﬁélééﬂar\%eééht of the

1~0 JFO Owherein n Is an (nteger from.1

i s an i fPRigErtemmighs Y @rithropoigtin erq»tsuu infrem 2%&1@9111&%@, 100
- (CH2) kkil@daltdals12( 0- CH2- CH2) k-, k is 1 to 10 and P is
the residue of the erythropoietin protein without the

n am roups ich forman . am.de.5 |inpk

L ATt e ngto ¢R U NSRS £ i b am00gp T S 1 and Ris
di stri buhdthyl. i n heart diseases characterized in that

it contains an effective anount of erythropoietin

EEETE o o o TR
APPL| CARAld conjugate comprising an erythropoietin protem having at least one free
amino group and having the in vivo biological activity of causing bone marrow
cells to increase production of reticulocytes and red blood cells and selected
from the group consisting of human erythropoietin protein and analogs thereof
which have the primary structure of human erythropoietin protein modified by
the addition of from 1 to 6 gljcosylation sites; said erythropoietin protein being
covalently linked to from one to thres lower-alkoxy poly{ethylene glycol)
~ groups, each poly(ethylene Ulycol) group being covalenﬂy linked to the
erjrthxopmetm protein via a ]mker of the formula —C(O)~X—S Y- with the C(O)
of the linker forming an amide bond w1th one of said amino groups, X is—
o (CHpx-or ~GH2(0.—CH2-CH2)k—, kis from 1 to 10, Y is

the average molecular weight of each poly{ ethylene glycol) moiety is from about
20 kilodaltons to abotit 40 kilodaltons, and the molecular weight of the
' conjugate is from about 51 kilodaltors to about 175 kilodaltons.

© 13..The use according to claim 12, with an erythropoietin conjugate of the

- formmula:
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2.0 <210> 1 211> 165 <pgl2> PRT 35 <213> Hom)

sapi ens <400 HAIa Pr ro Arg L%
15 nGIuAIa
r Thr yC,ysAIaGIqu

“Arg Val Leu

Lys Au Ala dlu ﬁgg e

2025,30Q/ Set’ Leu AAh Qu Asn Ile Thr Val Pr nAsp

Thr Lys.Val Asn_Phe 45 35 40 45 Tyr Ala Trp Lys Arg

Met G u V e 1y is@nrntegery fmua1 Yo B; mlisan altegTr fpom 450 to 900; R is lower-

alkyl; X is (CHa)x- or -CHp(O-CH;-CHa )i, kis 1 to 10 and P is the residue of
the erythropoietin protein without the n amino groups which form an amide
linkage with X

14. A medicament for treating disturbances of iron distribution in heart diseases
characterized in that it contains an effective amount of erythropoietin protein.
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50 55 60 50 G n Ay Lau Ala Leu Leu Ser G n Al a Val
Leu Ar%GI G@n Ala Leu 65 70 75 80 Leu Val Asn Ser
8% o0 Trp Gn Pro Leu G n Lau H's Val ABGIEBEI3012822

95 55 Lys Ala Val Ser Ay V&u Arg Ser Len Thr Thr Leu
Lau Arg Ala Leu 100 105 110 Gy Ala @dn Lys Qu Ala
Ile Ser Pro Pro Asp Ala Ala Ser Ala Ala 60 115 120 125
WO 208QUENESBISPONGEP2003/ 012822 2/ 2 Pro Leu Arg Thr
Il'e Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val 130
135 140 Tyr Ser Asn The Leu Arg Ay Lys Leu Lys Leu
Tyr Thr Ay Au Ala 5 145 150 155 160 Cys Arg Thr Qy
A8p CEBBRAT] ONRRUEOPTAR: <211> 166 <212> PRT <213> Honp
sapi ens 15 <400> 2 Ala Pro Pro Arg Leu Ile Cys Asp
Ser Aty g%%PLeu er%? 5 - 10 15 20 Leu
Gu A a Thr Ay Cys Al a
AQu H's asl 5 © hErStngs AQu Asn Ile Thr
Val Pro AEp(ihﬁmbyssMﬁkeA&ﬁ@Phe 35 40 45 25
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<210> 1

<211> 165 -

<212> PRT

<213> Homo sapiens

<400> 1 - - .
Ala Pro Pro Arg Leu Ile Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu
1- s 0 10... & . .- 15

Len Glu Ala Lys Glu Ala Glu Asn Ile Thr Thr Gly Cys Ala Glu ﬁis
: 20 : 25 S L 30

Cys Ser Leu Asn Glu Asn Ile Thr Val Pro Asp Thr Lys.Val Asn Phe
35 40 _ s .. 45 :

Tyr Ala Trp Lys Arg Met Glu Val Gly Gln Glm Ala Val Glu val Trp

50 55 60

Gln Gly Leu Ala Leu Leu Ser Glu Ala Val Leu Arg Gly Gln Ala Leu
€5 70 . 75 BO

Leu Val Asn Ser Ser Gln Pro Trp Glu Pro Leu Gln Leu His Val Asp
85 : : 90 - ' 85

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

Gly Ala Gln Lys Glu Ala Ile Ser Pro Pro Asp Ala Ala Ser Ala Ala
115 : 120 . _ 125
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Tyr Ala Trp Lys Arg Mt Ju Val Ay Adnd@n Ala Val Gu
Val Trp 50 55 60 Gn Gy Leu Ala Leu Leu Ser Qu Al a
WRRHE4783 g Ay An Ala Leu 30 65 70 75 80 LERCIVEIR2003/012822
Asn Ser Ser A n Pro Trp Qu2Rro Leu An lieu Hs Va
Asp 85 90 95 35 Lys Ala Val Ser dy Leu Arg Ser Leu
Thr Thr Leu Leu Arg Ala Leu 100 105 110 dy Ala dn
lByrs KeuuaA) aht|EeSekr Bia RHOTAS PhdlaggAw: Seh WeaaA ga1
115 20 125 40 Pro l&& Arg Thr Ile Tho Ala Asp Thr
Phe %ggmﬁgéhLeuPhe Arg Val 130 135 140 Tyr Ser Asn
& Leu @V“L%ﬁ %Y %Pl iy %guT'ﬁ’fr &y Frucly %?5
145 150 155 160 s Arg Thr Ay B Arg 165
Cys Arg Thr Gly Asp
165

<210> 2

<211> 166

<212> PRT

<213> Homo sapiens

<400> 2 :
Ali Pro Pro Arg Leu Ile Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu
- 5 - B 10 B 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 vVal Pro Asp Thr Lys Val Asn Phe
35 40 S 45

TyrAég. Trp Lys Arg Met Glu Val ¢iy Gln Gln Ala Val Glu Val Trp
55 ' 60

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

Leu Val Asn Ser Ser Gln Pro Trp Glu Pro Leu Gln Leu His Val Asp
BS - 90 95

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

Gly ala Gln Lys Glu Ala Ile Ser Pro Pro Asp Ala Ala Ser Ala Ala
115 . 120 125 B

Pro Leu Arg Thr Ile Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val
130 o135 _ 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 Arg

- 165




