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WO 2004/ 047858 PCT/ EP2003/ 012822 Novel use of
Erythropoietin in heart diseases The present invention

wo edoanemsg 0 a new use of erythropoietin, especpel/Ep20bbre12822
treatnment of disturbances of iron distribution in
heart di seases. Various di seases are known, in which

t he netabolism of iron is not normal. In an anem a,
not enough bl lca opﬁr ol "efjen%ue Lo gn over all lack
of ironin th ndi di on

relating to iron is henochromatosis, in which the
overall concentration of iron in the body is higher

than nornmal, which | eads to vari ous conditions such
asl e presenih ETvgBEOT TRIIFSIA adiewoRsg 6 sTytimopeigiibespesiallytthe treatment

of diftBfbaflL&td 'n%ﬂtdm‘%ﬁbl?ﬁ&f #'hehftQlchdeg above described

anem a an enochronmat osi s because the overall
concentration of iron in the body is normal. On one 10
haWeriousidiseases aeedenamm, it which he/mefabolisng pfiaear isid neral. In an

oG8 IPIES) SO LT 510 B RS 808 o
othemmabak¢ conqiu,d;m relating torirontie hémpehromatosts inbwhick thqaoverall

concgipc@it{ %gqf iarad &B' is ﬁ%? M n%ﬁﬁa%: g\{.ﬁlcm% I‘HP t(ﬁga&vloluts conditions

ose re 6 "ane
mmh@segdmewhﬂWWUDh@fogansents suffering from heart
di seases have a high 15 probability to be affected by

di SisHl BQIFC%? éf i?(gn Hirs&ﬁ)ugigﬁ tdgtifé? W2t a?o% HEPANEEM eBlia and
i ron distribution can be di agnose(f y various
hempadhaomutsis batrushtharcyeal runcdngratiss of iron imthe biidggnusisl. On one
har) b5 ArG DB 15 PSS Bl TP Bhgfls oAbt dlruction

of thessesgansh®h et othbichandethaibe «ifahe goh mdiichois pedsentrio normala

i ent uff r|n m heart ,di s S | or
quiiie et Fitafion O il T e b ot o fests wtjch are
conjesralgk abihvsé reldtad tocatemdyt es is an indicator for
di sturbances of iron distribution. Anot her i ndi cat or

ontinousl v/ pr n eva ed ntra

Unfiy e o sOpH et Ref Rt witefiug b SCReS bt Bigp
probelitity tdibeadsasd lalylclls'e:)tﬁankdm:efc d)ﬁ’i@()jtﬁdlﬁ@ibﬁﬁbn dglemba{ncesr ¢ftiron

.. concentr t ho or dia si.n i stu nc
aisGPAEE Firtbe Aimared BR Ve poEm I SR SymBIonaream the
dlagﬂosMQJf KiepiRtn stdtus. LEHde ofmeBaireiasihts oRferfae afld gisitible BAfferin

resent ed glt t he %Cg; CSCC,,, Annual Meetl ng,. Jul
recepdor, it ﬁmg eio aspeyy ]yv € verarl][ qqnﬁg?tgatlogd) fron In g pa ient
suffefifa FoRNhedtBdiseaSds PRGN 3UP BS1sTRe ERE, that 4 We‘ﬁed/\éohhentratlon of
heari) di seas s suffer] H&Pﬁfro di sturbances in jr

HempglopimiaF drlocrite I8 fRFHT T bag cestnd Hﬁpé%séﬂbutwn Another

indicANR N 4 &htindusl ?@%l@ﬁé@deelévgteﬁrc@ﬁééiil%raﬁoﬁ beelAhdtive Ea%tem (CRP) in
di sturbances of “iron distribution in heart diseases in

patispissniferingiramheaet divease apd exdubifing a awewal overall irmeepncentration.

A n?étﬁ@djfb? Qﬁ%‘flgscinz%hfsttﬂ@ém@é"&Sﬂfdrf‘&thgibYluQﬁ fi0s M 2RO4HR4 1598
CT/ EP200

Lehmann, M. Volkmann, ]J. Lotz, A. Baldauf, R. Roeddiger, poster presented at the
AACC/CSCC, Annual Meeting, July 29 — August 2, 2001, Chicago, Illinois.

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 distribution in heart diseases in

order to minimize or suppress the above mentioned disadvantages. It has surprisingly been
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2 found that erythopoietin has a beneficial effect on
di sturbances of iron distribution in heart diseases.
wab@4fou7358 em i s therefore sol ved, accordi ng toPCHEP2003/012822
present invention, by provkding erythropoietin for
the use in the treatnent of disturbances of iron
distribution in heart diseases. 5 Unless otherw se
fdumdi that eqthdpeidtial Hasmbmgefntat efifdict bo dsu&bm&ebf Jfrom ﬂfstz’(bmtion in

heag %éarggsi 2?%@90&&9 e1s gerg%eosr% sro:fee%l %%cgrcﬁ gci’@?p ﬁ€Sﬁlét 18V%1t10n, by
piﬁv&hhg remythtepueetinafok j’de usas ths égtatresre iofi diveahsnaas bf in@adistribution
015 nched al kyl group having fromone to six carbon
Ty e& BREnpl es of | ower-al kyl groups include methyl,
et hyl and i sopropyl, preferably nmethyl. 10 The term
" | oWketesabthexyite mshmﬁeddhdnieﬂengrMn&uam grmpfolﬂht@ﬂlustrate and
as desc

AR e &?%Hﬂgbagﬁég%w drenlatibis B3 Bo AR R M Cinvdion herein.

di seases” refers to a disturbance of iron
di sThé bartri ‘Gowehalkl” ecwsed beien patniseritreasof tb'nanfche@ afkybgnoup having
eart di |ron di ib |10
frléé% 51ée t%. s%ggargi% Erltgc %eg}tas Eé’s o?ﬁ‘oﬁxgegcar éﬁ)ugs i id mé’lcmll, erzlchyl and
isPardpyt pirefetaply mettlylst ur bance 15 of iron distribution is
characterised by the foll owi ng paraneters:

W T

aybdsldescritiedabo®. 5 and si nul t aneously concentrati on of
C-reactive protein is above 5 ng/L. The term

"er Whg %&Bp*cﬁ%thfbaﬁ%s of B thr‘ﬂEﬁ Olllgslr 1soeta§és ref{r?toe{ gist@bance of

aprotelnvm VI VO I Ca
ivauiitrigubomwhinhracows @epatsrntsauffmmgﬁsm Ipﬂaddimtaasearif hgfdisturbance

Eﬁgh Ak 9G¥ 550G %aﬂg cﬁaggﬁ]&%s%a? ds G&H; %ﬁecﬁeﬂ)%v 8641 Zaquf § @Bturbance

e group consi st umen_eryt rop0|e in an
ofiivah distribuitiarhis ahaad:etﬁsedéd tirefolowinErardmetars! gegyitatteod of soluble

hr opoi et i PEG EPQO efers.t .
t@f%ffemrb FPetPf ﬂmpﬁiﬁ o e R ﬁ{f%fltm (el fspppller than
30N A SnbE RS uRP Y SeRh 8RO DQEIHRE pNRSn dS RS 6 MdEd

bel ow. 25 Descrl ption of Draw ngs: Fi gure 1 Pr| mary

N %%ére urman (£ (165 amno acids) (SEQ 1D i svith the in
B} REFBTOPOIESY P& §FYEY PRIIETR BIQSE hmfarﬁ ‘EPB“{T@GV

vﬂﬂ‘bﬁkﬂo@@ﬂ@%ﬂvﬁy&&@atbdﬁl m)marrdwd cERE inteéadé brodub€on of reticulocytes

|nv nti,o el ates,to the use, of ythro ietin
o F e Bond RHIRGBEGRECToA HamiiBe PmeAr e YR R Reoicin and
28h106d hhRed@gse@belotvon di stribution in WD 2004/ 047858
PCT/ EP2003/ 012822 3

The term “pegylated erythropoietin (Peg-EPO or PEG-EPO)” refers to an
erythropoietin protein which is covalently linked with one to three polyethylene

derivatives as described below.

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 amino acids) (SEQ ID NO:2).

In more detail, the present invention relates to the use of erythropoietin in the

manufacture of a medicament for the treatment of disturbances of iron distribution in



heart di seases. Exanples of heart diseases are e.qg.
coronary heart disease, atherosclerosis, coronary
w@edveemsss er osi s, acute coronary syndrone, heaPCT/EP2003/012822
failure, congestive heart failure and/or heart
insufficiency. In a preferred enbodi nent, the
invention relates to a use as defined above, wherein
heare diseases Egamplas of hiearthdiseases aresay. fCDmnan}dyearEdlél'dasr, atherosclerosis,

cho?ﬁ hér&/c@é} §19 ricﬁt% c%?‘cﬂlt%:r"}é %Flldyor}féc' % éi'rt tfefil% 1S Ce%?%trwes}feﬁg failure

ration of pharmac
aed&w hﬁ@pmsefﬁcrena:s Ipharefeoed t:mbacﬂllrr;enacthe ingeithgr rilit@nd a use as

dIP%cfEa%&% xgh%géiﬁgﬁﬁq?e%te&éegsel ear rn¥1]1y e ﬁOI etin protein”
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to a glycoprotein, e.qg. the hunan erythropoietin, e.qg.
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rmchﬁﬁth&dbibxgatdhe lasrfma:bcamphdb}os‘ltetdm&dgﬂmﬂpgmbﬁs o acstiehllnthrough

ntnF}gtl sg F.Jeall .o rinclu ana'l Ihg%ﬁg i gcﬁg 3%;? ﬂgnaé é}ite& for

| on S e, ana
15 gbeq&yhﬂloe, antalagly haniok adk:a;st ane ncb:htmmi germaﬂhad)ﬁt e ch@asﬁ terminal

RA%f ﬁle iaycf ﬁrrotgln,y 7 Xlnatiqf, S&]%P%r&ﬁ gglaé%eﬁﬁﬁwcﬂ&{e teleasgc)one

natur al reconni nan
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pwoaﬂanatﬂyqnoémédﬂmmafm aphtaiain. EPOpasfarstednhbddi@ent dfithe present
ieti.n s meant the natural or
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r.oteln er enno
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Internatl {e | cat
0 NG EIRas L 09 B/ S0sEh A GBI F1 b PUBONPBAAD hid 41670
aWD5FBB 089 mnA 1ﬁﬂ&ﬁ1a¢1@ﬂhlqmt&t olibleacibn 0fos. 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 endogenous gene activation, is preferred. The
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whi ch are incorporated herein by reference. The use as
defi ned above, wherein the erythropoietin proteinis
weprossesl by endogenous gene activation, is pPerf/EP20031012822
The WO 2004/ 047858 PCT/ EP2003/ 012822 4 preferred EPO
species for the preparation of erythropoietin
gly rotein products are human EPO species. Mire
5 @f@fm ypedididothOpsypetitios of srythmphistarglyER@ e pnaducts are
[
hhiin 220 e o DERIRRAS, TR Yhpdces PER: ity Ngépc% %Qhe
amq\mdlsquemeefeertem SBRUDIN @émr Q&N Qxﬁ,eserupreferably the amino
re se_as _.desc
aélgg&glteh(\?é: (2 1 A |P§?f%1r?%)£éorlgl§ #1%1%1?% gl € present 1P¥1€nt1on%ﬁlerefore
relatenio thags@assb@pnéwad eb«zwf € QE@einDhN@yﬂn@poﬁEQplrﬁlekﬂ.\az the amino
4 gl ycopr ot ei n anal og
ﬁgv%ﬂSB%ron1 I9R@5?é¥§§lo%§§3%3|tes for
cosylatlon Therefore, the present invention also
%Hﬂb@x?@ﬂmheombena@*@@@bmppedmnbeﬂogé@mmgémalhUI®e¢huOnd

s@JSYB%Ig%g}dgéﬂlng Petfglj intfhg g? s%ﬂq?ﬁegﬁ{gggf SO,TE ra]te(s) ? nﬁae use gs described
Ferfﬁ whlexeto thel fa)zthmposattna:sote@ ]_;1@(‘11519 beguenee Qfﬂlumapremjzthrdpmetm

Iﬂ&dtlfkﬂed B?/”t‘ﬁ Qh4BhLSf 8" Pﬁ)abcglgéqr glgﬁmg §iPM pé %%ﬁn o?a Brotem, with

speci fi'c Tocatlons a
oge emnloye alﬁgoemcmmmrphyss paalrs Prsppefid lloeaimfs atdng app‘cﬂ)jqﬁ'pnde

3nd %1%5;%7 foeg{sqgé H’gss}/c’a%ﬁ)r%ggliu%g f e p@l'ltgfélgsgc# as Prgﬁem stability,

?oca PTZat
s¢cgetipsy sttioplldhr fovadizatiqrp esd boldgicak edmnﬂyl gi]))zms;diitmn id@sually of two

t)ﬁ F O?lilhg&ggﬁ%qsgccﬁgﬁde@ Grete tcﬁ]é’de t Ierqe t%léeg)%t?%e resﬁues and N-linked

¢hari des are
ohgyrarchgiines arregutmhhxeé to @eragmpeesmduesl (Dgeosr@e oﬁalngode:chmﬂa:found on
Rd I_nked. acchari.des ,i
bgﬁlalggﬁ&ﬁi] élﬁlrl ?pnﬁﬁlgeg%éleos&cihandfs is %-a gb%neurm%l af1g (%{ahc acid),
whaahi ib g fa]ﬁll)auﬁ an0ing laggirswnbznhmgm angn@remarbunraomarﬂi)aim acid is usually

19 J 4 aI -1 erm res on
T R st CR b X R
alpegaiive eharfge, b@afess acdin pyepiet ties t@ ﬂ&r@;&ppﬂﬂﬁﬁeﬁanﬂﬁledythropmetm,

r.Q les to l. el t,hr,opoi et i.n
8RBT Rkl ord A RBE Eled FHTE D PR RR Bl g chains

- vinidh @niprisketlow 40§0sbibe hﬂall deleaiiai \Mﬁghtvdf |t1¢d10152mmdsﬂeﬁxeN linked
% of the total

b
ol B ks N e S S Bfled AP b ey Mnd 8 and O-
liakghglagisyletioe staues al seiad edidat lquated tat pﬁlﬁtuﬁﬂlZ@ &he aligbsaccharide
3 and O-..Li nk | ycqgsyl.at . ecur serin C
e et aad B0 R Shei B gl GBI ol siaic acid
resihies froad thergmztbiyﬂaeeﬂ w;rthlflolbcﬁétn} rebltsindbds f afcirzdodac;vxty but not in
r es ticr of all si i
RIS brrb T Gy S et e G B, S epseavent
clefiranos dy bkpatit bihdiag pedtemi ty but not in vitro activity
because sial yl ati on of erythropoietin prevents its

or Q0B TR R EPR T P BB A MPRER BLC Caalbaa e o
nireahargey irhthe poiied adid véqiibn@é hatan erythropoietin which result in an
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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nore changes in the am no acid sequence of human

erythropoietin which result in an 30 increase in the
woeurbos78s8 sites for sialic acid attachment. TPEBEP2003/012822

gl ycoprotein anal ogs may b#& generated by

site-directed nutagenesis having additions, deletions,

or substitutions of amno acid residues that increase

setondhtyesr t&itiaE}Scdhlﬁratnaauoa raqueldaf@ﬂ laofogrcabdqwmgyﬁaet glpepproteins of

rota n n
{5 Y00 o Raof AR B D B Rl Sl b e
affeclaneadteda lg}ycm;{'hlutmg siyé yhmhyﬂsmﬂryomvcﬂva ths su%sm:lmcrmofmmte or more

478 PCT / ER200 128 .
BRR0 At I SroTRPRTAR). SR BPVRRToR T PBELT Fod T g coproteins of he
pbesahD@lvaﬁJioramd intlinde aﬂ'dh@sgiamng phebeimse ahind :h:éiispavcmdhtb g from

t I h d
ST KR ALl e ROl R0 AN R0 LIEE SR kel
catioblydtaseidtel Yhe El’\/ﬂir&f}ﬁhéth&pﬁ)ﬁi@ﬁi oftthie pﬁz@erﬂfcompfesmbn abBpénclude
%éﬂ no, aci ds in.cl os

o
ﬁh%vdn ! %mmﬂ,]aélcgﬁ 51&5%; %é%ﬁgagaestat{ga%arb?e&eg{ ipf at least one site
fonyleadsilationl Sieh Iam@irthﬁhgeraaﬁldﬁ gbcmwtmg sie mvotvenﬁieeleletlon of one or

AR R A LB RS G e SMore nn

Iﬂdﬂlaﬂy 08@hring @Wmmtdmahess.slmtleasﬂgéleemymﬁw op Oarbbh')rdrate chains on

f t
T e T —
d@&ffraaﬂgﬁii@ﬁﬁs piopattich @ahtas ditgeased @lutility, g{emoﬁeﬁsaﬁm@m

Such.a. re ement of . gl.ycosyl,atio ol ves
R QSO DT O Sorecil PR By ot REa e plologica
e{ttiﬁﬁjﬂ E?&‘ﬁ“d&'ﬁ(ﬁ@ﬁi &faldys il aﬁﬂﬁloadlcglﬁdoe)ﬂat&fn siree aerdigebysed in more

el 0GR et 4 B o e PRl R Mg 1. 1005

erythropoietln and therefore the nunber of sialic
aci Wsa peferedychivodfinéef the phadneceuh @l caypostttnf efithe present invention

advant age operti.es ch as increased s
WS&? grryﬂ‘gpgg wggrqtsmf)mﬁ éla P%ﬁl% aClii é%ﬂhlgg%? oﬂucﬁ) 11’1Cﬁ11(¥€$ at least one
ddmitisred sinelor tlycosyRdoe MChs,Slﬁi’thm hilited ko, feeytheupdietins comprising the

|ncreas bi ol ogi cal thro

AT RRERS SOAOP BT TG LY SPPGI AT L e fom the following
di scl osefsri*tTHi®y e  detail in European Patent

Application;, 48 619, to Elliot published March 1

1995. | AP ferred enbodi nent, the pharmaceutica
conp03|tAgﬁFmﬁ”§he present invention conprises

erythropoi g in proteins with an amno acid sequence

whi ch intfides at |east one additional site for
glycosylghﬁbnn§uch as, but not limted to,

erythropg onprising the 20 sequence of human

eryt hrop ?'f?% E@ﬂrfled by a nodification selected

from t hevi®aAsg®irRg®; Asn30Thr32; Asn51Thr 53,
Asn57Thr gegl‘87ASl‘l nl?go

Ser87Asn88Gly89Thr9o;

Ser®” Asn®Thr’°Thr’

Ser’ Asn®*Thr'’Ala';

Asn®Thr” Ser” Asn®Thr*;

Asn® Thr**Val¥ Asn®*Thr™;

Asn®11e®Thr’
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25 Asnfi9Thr71; Ser68Asnfi 9Thr71; Val 87Asn88Thr 90;
Ser87Asn88Thr90; S er87Asn88 Gly89Thr90; 30
wW@E2003/h4888Thr 90Thr92; S er 87Asn88Thr 90Al al162PCT/EP2003/012822
Asn69Thr71 S er 87Asn88Thr 90¢
Asn30Thr 32Val S7TAsn88Thr 90; Asn8911e90Thr91; WO
2004/ 047858 PCT/ EP2003/ 012822 6 5 Ser
87Asn89KkEAROR I Thidsn136Thr 138;  Asn138Thr 140;
Thr 125; ,andePr:©124Thr 12s The notati on used herein for
nDdlflcﬁ? }Bf ’am no aci d sequence neans that the
p03|t|om¢ﬁ¥&ﬁﬁmfhe correspondi ng unnmodi fi ed protein
(e.g. hEPQof SEQ ID NOI or SEQ 1D NO 2) indicated
by the er8§8fi pt ed nunber(s) is changed to the anino
aci d( s) Peb@tThri?hmedi atel y precede the respective
superscrlpted nunber(s) 10 The erythropoietin protein

e élé) agﬁ)éltauréf 61‘81 BQ%dﬂgﬁﬁ??} 8F glﬁ{?&oag% s%%%elzntce %1%%}15 that the
p@lsmoap;r) of diervormastyemding ureodified pnooenﬂl(e grhEm’@ ofeBHQ@ID NO:1 or SEQ
j Ss,.at ast one gl ycpsyl ati . .
D) SRR e PR Bt DR P L b et FBe prinpasiq(o) that
inhetddvaely brasdd the respediive yupeesapipnal nweniskrGd). human
chorionic gonadotropin. Preferably, the glycoproteln

( a) alﬁhﬁgﬁi%o%y%eﬁj 1S eg f r O sct) ge algrﬁalfg%ﬁ%grgg% eﬁtleaagone ad%monal

poi e Aavrhg™ t

asgiqoende; tisenrtisay téfsannﬁend bf/’ehe/glyaoﬁmem Releer&nohSetditienal amino
Pr.o

er.

<Ficgneitess el WBan il T A o Lm0 ey Repuprie
p(ebmdct hegraad degvedifrém)thé uerrbh:eyrtennm]a} ¢rsl ofthubem8hoAsni8

Thr ERPC Land (.c),.t anal 0g9. i n fuyrth o
OB TR R0t 85 G s e ab Mo < e the group consisting
of (a) human erythropoietin having the amino acid sequence, Ser Ser Ser Ser Lys Ala Pro
Pro Pro Ser Leu Pro Ser Pro Ser Arg Leu Pro Gly Pro Ser Asp Thr Pro Ile Leu Pro Gln,
extending from the carboxy terminus; (b) the analog in (a) further comprising Ser®” Asn®
Thr’® EPO; and (c) the analog in (a) further comprising Asn® Thr*? Val®¥” Asn®® Thr”
EPO.

The erythropoietin protein may also be an analog having an amino acid sequence
which includes a rearrangement of at least one site for glycosylation. The rearrangement
may comprise a deletion of any of the N-linked carbohydrate sites in human
erythropoietin and an addition of an N-linked carbohydrate site at position 88 of the
amino acid sequence of human erythropoietin. Preferably, the glycoprotein is an analog
selected from the group consisting of Gln** Ser®” Asn®® Thr’® EPO; GIn® Ser® Asn®® Thr”
EPO:; and GIn® Ser®” Asn®® Thr’® EPO. A further analog is darbepoetin alfa. A preferred

erythropoietin protein in the use described before is darbepoietin alfa.

More particularly, the erythropoietin protein of the present pharmaceutical
composition as described above may also include pegylated derivatives thereof. Pegylated
derivatives of erythropoietin and their preparation 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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20 The erythropoietin protein may al so be an anal og
havi ng an am no acid sequence which includes a
wo eannamsgenent of at | east one site for gl ycospCHEPN3/012822
The rearrangenent may conpfise a deletion of any of
the N-linked carbohydrate sites in human
erythropoi etin and an addition of an N-Iinked
]z(pﬂh@ﬁélPﬁCHrﬁ,tWCBQ&/ 486, POBatehONo 83324ﬁ650h]ﬁefeaa[ﬁl@ an #eiwde described

equence human erythro e refer bl t.h
B TR eor Bl ar ot St sen e Ups i ot Y paaztec
egON®ipsictingpatiesCdfo2th the d&lvatizas dekurbed EelOw. GLn38 Ser 87
Asn88 Thr90 EPO and d n83 Ser 87 Asn88 Thr90 EPO A
r bepoet i;n

furth

cryeREGAaTERt it BRsEEm e e BT e RrCiedberss ooy wherein
ﬂdﬂ’rbtﬁ@@[bcﬁémr?praitérﬁ 1st d\@rﬁlga&r tdid Ud)ra;ngayf cérhprising an erythrop01et1n

t i N el resen ar m
PR bck CEr T e 8 Be T P eh eab e Pag IS G RRAT G Ga e e n vivo
bpeeyitabetvigerficvatigiemetthat@otells ke mdratsepiroﬂachon of reticulocytes and
T R e e e D

a0dlo@2Btreof WRicA] hl%ﬁ&aﬁﬂlemﬁ%—fhuﬁﬁﬁ ,ei}ﬁHl;OpEEﬁA o@H 868y thé@ddition

gggélsfg};ﬁ g}y%xl%é/e% nge%r g\é\eoafgqglgér]ﬁewf agl%asé 855 gfyc%atlon site; said

B/thfdh628in HdmgRataleMbslinked 365 9,poBQetaylen Sgliddl) Gdilps &fShe formula —

C%d?%&h@@@%&ﬁﬁ%ﬁ% 74 VU RATI P 5t b LR e glyco

gbo P fbr Bkl arPiraide fbahﬁ @ithi dhetofi€aid sﬁmﬁiﬁ@@ﬁpﬁ @therad B Elower- a]kyl X

rythro et | eferre
DG St OB S Bt S SLhoh, R $1E% o 8 PLEL S on o
th:i?c th@golkellay feighesf s c&iﬁﬁgﬁé beglidxdk @Mﬁl;}rﬁﬁ@r@ﬁﬂ Ipﬁgbm is from 20
resen entio a so refers.to t
edeRimda pbEimer i e o s rod et Sk sprsicat n
cbﬁ‘rp@sr@l@ﬁls U@ﬁ&lﬁlno&@hﬂrc@@@ Hegabed kasprih S\ihlikgr tan percentave of
ery throp0|g E grote n as descri bed qﬁ an|n86
PBESRIER HEWRICR S 1 hiSHd GFIUBCA R Ay PIRFT e 25 1Ras) pipgty-two percent,
Rk Bt IGLBIF IniREH-boki feycedt oLALGNfE e BEHFROIPsiE6h] S tO
i nCrease productlon of reticulocytes and red bl ood

cells and s cted.fromthe group consisti
oy ORPBBE SR Scbos e e e e ahed B Braptta ()
sequence of hunman erythrop0|et|n nodi fied by the '

addi ti on 10PofNHCOW CH:R-@CHyCagy+@RI 0N sites ofl)a
rearrangenent of at | east one glycosylation site; said

t
Sgyy%?%ﬁ elﬁ Iél'll’]ed'ﬁ}é%ﬁg (3 agl:,legy} gopo et{nhpero eér} ?ﬁﬁlegcrrbed herein, (i.e.
Vﬁ@rdlﬁftﬁé arﬁrr(oWrﬁmo@)mpstWhrt}hﬁ)rmG@ gnhide linkge b\ot}ydh)z carbonyl

l ou or.n n n
8W8 Rﬁpﬁﬂl}}%&?%ﬂﬁ nlbf zr}%’ﬁg) ngg ‘L‘? éinhs%'lgg §1e marrow cells to
1h6ﬁ&€$’e—;ﬁbﬂtydtron)©f réticubcptes 3nd mdllﬂocfc’r@ih; abd txlxtheﬁéirﬁ)Rholower alkyl X is
bout nis from.l t m.ar e chose
A8 St i hordehRaroo Pgikie BornL MG AP rd Rt so that
thb mcﬂd_scmwrv&ﬁgﬁt ef ihe cphjaiyete Mnings ﬂreemt%poiemh@dj@bpmman tisofrom 20
%ﬁglpﬁérlasg ﬁob gqodalt-grr]lls Iag%?cri]egr{c(e) r\}vrtthl{{nts r1]r(1even 101, ﬁ 15 any lower-alkyl.

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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conposi tions containing conjugates described herein in

whi ch the percentage of conjugates in which nis 1is
wW@rookmarsss ni nety percent, preferably at | east PCT/EP2003/012822

ni nety-two percent, ore pre8erably ninety-sex percent

of all conjugates of the conposition. 20 Mre

specifically the above conjugates may be represented

chyj g (ruskiuc(ie)thPoNCIar (igh) piGhe ERA) CHRIRASORItRe pRyiber ‘5. In
tl'ée ceoélgtggateg) I8e rIllgentﬁj% ?:I‘ij’ 15?1](011'?5\? %@{cﬁ&%‘?bbd‘ OBEI%E Ifalnc toa

ereln e an1noag g
nmitamdnrgxreaghbsf Wuu(c BO kDR it alPotrD ék@aD,lmkfaglélwﬁleh pet 650 to about

7%6l gﬁoarex% r}ds %{? leﬁﬂ@%‘&@hﬂ c}f’ab &‘tVéorlQJJ hent Buﬁb%?m is %elected

tSing bone na row ce
sucﬂttthea&le rfmuhmgabnmgamof tleis unfaﬂl’@myhasa rhysiotagirabdatigity comparable

cells erehn r
t? PB%O&@Q%P?; ch acEvm? mélg\l\epres%hé%]p rs%r?né _§Ls, tr%o g?haglh 8{% jfrﬁc:tlon of
thmbrmspasﬁmg]mwny sbutmatlifiet I’E@Oml recletwar weigltf "dfout hecertain
m t.he ery t hr I [

PR 955 P 5 S DR R B B OB I e v
cmtrdmtxtohalsma}mai ltéchmqulé!s [ 'Ehea’nynH) @\i\m" -inbdkgcted soChatj thgatodssular

i n.whi.ch,R th ref § The "
et St o e R A FerbR sty iifed e YR opoltin

Yoo s firom abbet 20&Dped Iabdnﬁﬁl@ka; ahel)is grefarghly Absutrglkda.

PEG (polyethylene egcoI) subunit of ethylene oxide

Rﬁf ég ﬂgl oen\(};\;%lm?% { ﬁ t ag-geg-&}rgéle;gggg ARSI Sf p&V@thylene

g?%i)’-:gi?&%yo%&&&%ou&dﬁﬁ fijedl @it £roxpd (Adlaging h&mlno crroups ofa
nol ecul ar wei of the EPO) depends on %pe nu
lysipe amino acifen n%écm heamay- @rmerrﬁ SRR GAED LY S0tV DEORQigiR Protein

ﬁb%ﬁde‘iéﬁlag&s)a%%h}@% draRk fReRAG| hta@e Gae, B0,06 WhiRE PEG
about KDa to about 40 kba), prefer

bly . ..
grp@p,q %@mle@@(p tEé?Oab@utls aryg@eg@&@,n,glég Eﬂ{’aﬂ ﬁ@ 3t}2)re§rab)fy n”is1lor2,
zHRil h6 G%Efe%lyg e 01, HatrreaQoK 3hte of (1R d@)ﬁ[ﬂ%ﬁfes thcﬁlbed above

sel ect 5 such that the resultln conj ug g
GomRIifes ermprisids WhHERES Bisoy e RIOoAER T3 Pysleé?é; ASBE Y to
unnodi fied EPO, which activity may represent the sane

as, TR &ohhAnd Prorgndld aF tdObe Heparel GroePthe@SRANG OMgneric material:
act|V|ty &?ﬁhnnnéf |edg%PO Agaglecular m5|ghtqu

"about" a certain nunber neans that it is within a

reasonabl e range of that nunberPas det er ni ned by
conventi onakq thCcaiy é@BN es. The nunber "nt is
~selected so t bﬁcm ﬁ% I*&cul wei ght of each

pol y(et hyl ene egcoI) gr oup lently linked tollhe
erythropoietin glycoprotein is from about 20kDa to
about 40kDa, and is preferably about 30 kDa. In _the

trowhialy Rtaesl robretdsidsscribed albdwsnby edndensimpidre compognd ﬁéFOfmula II with
IR iR e LSRRI BRI e
bfwea-alloyg, bwgyrarviciosuacingnialrbigstars oﬁe}ly;(mhﬁbng g]fym)l% élpwer -alkoxy-PEG-
gﬂ)\? %ogn n)ds o fo?rguﬁr(ht) R QRORSLIE B oftf a%lﬂ R wer-alkoxy, propionic acid
succinimidyl esters of poly(ethylene glycol) (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 exemplified succinimidyl ester is a leaving group causing
the amide formation. The use of succinimidyl 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.).
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15 via am de linkage(s). A conjugate of this invention

may have one, two,.or three PEG groups per nol ecule
WORIERDSS8 n" is an integer ranging from1l to 3PCT/EP2003/012822

preferably "n" is 1 or 2, @nd nore preferably "n" is

1. A preferred conjugate of the conjugates described

above conprises conpounds wherein x is 2, mis 650 to

750, Hiimb$ EROa0dtathd En&fediyhino dreusss) throimid o abrohinahashiao group

) can be prepared-fromthe known pol ymsrlc mat eri al :
pé@( e CHRop ST CHR PXODN c2esidreswhY e tB@ BeEylatioareaggst was combined
e f
S o R R 7 SRR rati
dfar3ydhéa tdacdion fbn\iyfﬁrﬁthremffr(ﬁn aoesabpin Arixtueanef mahdxo di¥, and trace

butyrlc cid s |mdyl esters 0 Iene

GRPEYF 9 %F FHEES "IltR ﬁRFC}ﬁE@ere%ﬂiluc‘%o r\@?ﬁfﬁg‘ I?tlﬂ“n‘ﬁ?cént wasa
gHA %orh oM df'Foi(ﬂnﬁgﬁll ,af §itnﬂ1ap B@}dlﬁw exadpt @li@t,th@pﬁﬁélﬂmlEG ratio was
aci cci ni m dy ers of p e e

P grEpardy ﬁ&»{gome@@m@ SPERIFS em@ﬁﬁé fﬂ% Pegazgaﬁ?gf{%f@fcan be
dRMGIskd?ed Ah Iﬁﬁ&hﬁéa&eﬂ tBS tffon Wit Hhngl claidhit€o gerH}Osfef@n@féd different

am de can be util|z t he reaction descrjbed
Regpiped spﬁ@es&é%p}wfaé@géﬂ%wﬁa% it 25 Bt (Pfé%ﬁSFWé PH,

PRt @ Ust oﬂﬁn cdtRn @IS the FT8bd@Bn etd19 theSelabie amounts of the
succinimd esters such as the conpounds of fornula

qifferepipegy e%@ﬁﬁaﬂ tadedni t h proteins are disclosed
in US. Patent No. 5,672,662, issued 30 Septenber 30,
199X ffddadripréerréd e@bodimeWo 200 HfLém8h%ntion relates to the use as defined
PCT/ EP20Q3/ 012%}2 9 Human EPO contai ns .ni ne free
%hﬂvwlgqraa 8e ery REORGF Y PROSTRIS FafOnARR o ST G USHE GImPHENS 2n
PSletih PHRSn Af didedebbee KLt st INedFeetaiEino group and having
egyla on reagent S CO ned vvlthaSBAco
%F np:wp/ﬁi}}oéogpqa a t’t"ltﬁmgc%’é’é’ﬁ 8t H&f{%ﬁd ato ’ﬁlqrefsaggmaumon of
RitiehByted HEd redblddd c@lfls akid3eledted frdnd @RGH&@NcIRI¥EAS of hiirBan
of from 20-25 C, 3 xture o; ggé i -, and trace
EFEUAPICER PIYiEnpp aﬁé@@% thersa wﬂg e the PEmpTp fgrehre of human
HigtiP pEéiatch AN EFRPBR LN F frokl fcp QEd1a6bn sites; said

Forrru%)a 1, at. simlar ctgﬂ%‘egns excep at t he

P Brap e qleip bsingegvalan Rt Pmyorme ree lower-alkoxy
E&?&ﬂﬂ’ﬁ&\é c@k@g o§d§lﬂfé' &3h psly pétpﬂe&&eg;iycosrg@o@pgmhatc@me%a@hnked to

m, ni st as. a m xture,
W@Hﬁhg@oeqﬁmcmate@gwasw Seqiahaiosmuly f@@@ﬁts Yy gﬂ} it @) of the
ﬁﬂ?&'f@ﬁnm5¥n DR S Wi o h 6E shRiaghing Gr&fﬁ@@(ﬁd—@@ﬁz)k— or -CH,(O-

ébh rati o of reagents, pH, 10tenperature protein
derakisgiomtlitadoY i eaction etc.), the relative

anmounts of the differen

| ated species can be

varied. Afurther preferred gnbodinment of the present
invention rel ptes to]the flne%\%b@hvg/}e
wherein the Wet' imis chnj ,
sai d conjugate cohprisin

the average molecular weight of each poly(ethylene glycol) moiety is from about 20
kilodaltons to about 40 kilodaltons, and the molecular weight of the conjugate is from
about 51 kilodaltons to about 175 kilodaltons.
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erythropoietin protein as defined above having at
| east one free am no group and having 15 the in vivo

whrekogissal activity of causing bone nmarrow cePCHEPH03/012822

i ncrease production of retliocul ocytes and red bl ood
cells and selected fromthe group consisting of human
erythropoietin protein and anal ogs thereof which have
t heThis erptlppeietin spesies ofy dhmbatepissspiert plorenia (Il ot ei n
nodi fied by the addition of from1l to 6 glycosylation
si tes; saig{N@;KkﬁygpqL @Hagggkqbnlbeing covalgnt !y

linked to fromone to three Iomer-axkoxy 20

ol yet hyl ene gl ycol ) groups, each pal y(ethyl
wgrn;%oR)magrb@@py W%gallég-v%p@ﬁ%rrid IPWW@gyltlbmeé}Yg Kmay be ~(CH)ee

r PR, &trir )y, D bl Y6l fPor@ 11th k& 10F #rbRrdb0f, Tud Bom 1 to about
O?c%%q@-egzﬁﬂ%kfﬁ%ﬁgp%q o the | inker ?d;b?fm ng an o0
Aamprreprofsredlinkinl one Mostpietrafi Rols gvddms, X is- (CH2) k-

or -CH2(O CH2-CH2)k-, kis from1l to 10, Yis NL o

or t aver age nol ecul ar wei ght of each

o et 1

ehe glycol) noiety is from about 20
kil odaltons to about 40 Ril oslal tbns, and the nol ecul ar

wei ght of the gonjugate rom | about 51 ki ljodal t ons
to about 175 ;ELgﬁa%@ons /Q44%5ﬁ“
PCT/ EP2003/ 01282201 TR| sJer yt ht opoi et?n speci es may

al so be represented by ferrfula H11)
P-[NH-CO X-S- Y- (OCH2CH2) m OR] n (111) wherein R may be
any lower-alkyl. A preferred |owef-alkyl is nethyl. X

may be - (CH2) k- @r - O CH2H k-, wherein k is
from1l to about 10. éfabfy, kiis from1l to about 5
4, nore preferably, s 1 d 2. Most preferably, Xis

-(CH2). In Formula 1, Yis H NL o J or preferfably

preferably
0
0
N\/\n/
) o) 0 .
o
Y
N
( \/\é(

In formula (IIT), the number m is selected such that the resulting conjugate of formula

more preferably

(I1) has a physiological activity comparable to unmodified EPO, which activity may
represent the same as, more than, or a fraction of the corresponding activity of unmodified
EPO. m represents the number of ethylene oxide residues in the PEG unit. A single PEG
subunit of ~(OCH,CHa,)- has a molecular weight of about 44 daltons. Thus, the
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
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10 <o (N Oor i r~ OO0 nore preferably 0 0O H

N- AMYNO In formula (111), the number mis sel ected
Wtsm(mh/oﬂsas the resulting conjugate of fornula PCT/EP)003/012822

has a physi ol ogi cal activitiy conparable to unnodified

EPO, which activity may 15 represent the sanme as, nore

than, or a fraction of the corresponding activity of
apersodilile exhge BEDAt numbptmskmrmutekié)manb@momﬁl mahlyilcdrtechmques m
19%&{ ﬁ?eée_éaaggfgsﬁ%ﬁ aBg'lﬁ E éltrt 93@(c%ﬁ%9%?n a%‘b ta %Pecular weight of
frranh 26 trs40 RBa)s prelférebly nmisémmh abotwéE@h:t ahn‘utlSh@(ab@np 2yt 35 kDa),
a%ﬁﬁ%gﬂiﬁsg lglp?n {FH‘O% %@% Sp’glrtoqmou?mé Qa$ jc) %30 ’bot a%%gp 9 iy kDa).

certai n nunber rreans that it is W|th| n WO 2004/ 047858

PC-rEl) EH&&QB&I@IDZ&QE&m%Hegaa i6 G&Srﬁﬂﬁibslr &f Eaﬁgﬁ? gfodﬁ@ @f a lysine amino

er as, determ ne con i O anal yti cal

afﬁdﬂﬁP&%EumefogWH} Y VRIgRHY %*H@f Rg FiorPHBHAD ABige tigkage. A
cdbfighte 9D Ehi ﬁ’l&élﬁt@&p@lﬁﬁih@@ dn@, fvollBt BeeH BEG WRItIpL: rﬁa‘)lecule of EPO. n
from20 to 40 ref r%l%é mis from about 55

ISHOT b ng! mMO oPr§§ § is IofP> ABd imqse @f%@rablwl 1Pnl

is fromabout 650 to about 700 (about 29 to about 31

k Dedrefefred Brytifopbietin pkdtkths of REmALNDEY ard rkSreldh@edbiniie formulae:

of F,-amno groups of a lysine amno acid in an
erythropoietin protein covalently bound to a PEG unit

via an am de |iinkage. A @onjugate of This invention

may have one, tiwp, or thxKee PEG unlts er nol ecul e of

EPO. n is arpinteger 3, apt ef erabl y
nis 1l or 2, and egpr ferablénls . Preferred

eryt hropoietin r(ﬂel ns 8f formula (114) are

represented by the fornulae: P

0] .
. y OR

In the most preferred embodiment of the present invention, an erythropoietin

n

conjugate is represented by the formula:

O
H
0]

wherein in the above formulae n is an integer from 1 to 3; m is an integer from 450 to 900;
R is lower-alkyl; X is —(CH,)k- or -CHy(O-CH,-CH,)k-, and P is the residue of the
erythropoietin protein without the amino group or groups which form an amide linkage
with X.

n

Other preferred erythropoietin glycoprotein products are represented by the

formulae:
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15

0O ,OR mand n PL'O-J ,OR m10 n In the nost
preferred enbodi nent of the present invention, an

we@eoolos3p0I etin conjugate i s represented by tPEI/EP2003/012822

fornmula: P n wherein in thel2above fornmulae n is an
integer from1l to 3; mis an integer from450 to 900;
15 Ris lower-alkyl; Xis -(CH2) k- or

-CH2( O CH2- CH2Yk-, and P is the residue t he

eryt hropoi etin|protein wpthout the am no group or
roups which f r@an rde |inkage . wth K her
grefgrred eryfD OpO\ eth wa%dt\e}i’ﬁcﬁvo u®'S are
represented by|the ¥orful ae: 206217847858

PCT/ EP2003/ 012822 12 PP and More preferred

eryt hropoi etin-gl ycoprotein products are represented
by the formula: PH N @, OCH3

? H OCH
" N S/qN\/\‘gN\/\FO/\/}ZSOJOS
O

n

More preferred erythropoietin glycoprotein products are represented by the formula:

0
OH H OCH
i H S/qN\/\YgN\/\[\OMgso-7os
0

These erythropoietin proteins may be prepared by

n

(a) covalently reacting an €-amino group of a lysine amino acid of an erythropoietin
protein represented by the formula, P-[NH,],, with a bi-functional reagent represented by
the formula, Z-CO-X-S-Q, to form an intermediate with an amide linkage represented by

the formula:
P-[NH-CO-X-5-QJ,

wherein P is an erythropoietin protein less the amino group which forms an amide
linkage; n is an integer ranging from 1 to 3; Z is a reactive group, e.g. a carboxylic-NHS
ester; X is —(CHy)- or -CH,(O-CH,-CH,)k-, wherein k is from 1 to about 10; and Qis a

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

(b) covalently reacting the intermediate with an amide linkage from step (a) with an
activated poly(ethylene glycol) derivative represented by the formula, W-[OCH,CH,] -
OR, to form an erythropoietin glycoprotein product represented by the formula:
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650-700 n 5 These erythropoietin proteins may be
prepared by (a) covalently reacting an 6-am no group

wW@R00a/0k3888 ne am no acid of an erythropoietin PCDERI003/012822

represented by the formul a,13P-[ NH2] n, with a
bi -functi onal reagent represented by the fornmula,

Z-COX-SQ to forman internmediate with an am de

I i nkage represente the forrmula: 10
P[NH-COX-S—(]n |nP|s nerythropo etin
protein less the a Rp ani de
linkage; nis an |n eg ranglng from1Tto|3; Zis a
reactive group, a carboxylic-NHS esthbr; X is

- (CH2) k- or-GﬂM}Gﬂ(ﬁak-\maew1k|sfmm1to
about _10; and Is a, protecting group, |ike al kanoyl,

vehegein ¥ ést%,qulﬂ:q@ryk {gﬁct@@\fgqr@ of Vymrlear integgr ranging from about 450 to

abBh eS0T R Alo@eWat 1@&% &L%ehh&i‘%&?vef romstep (a) wth
an activated poly(et hyl ene g ycol) derivative

represente E the fornul a, [OCH2CH2] m+. OR, to form
an Ry ﬁ@ge ERanh e PEBHC 89%41 feaseride preferably dsawacmdmidyl-S-
at:é‘tz\tﬁ1@f)f8g1&aaté/@ I@QQ@&QM@@SS E&HIIEP 3&@%&9 %%???efer;ﬁy R-Edroxy-

erein Wis_a_sul

SDLASEH b 1t BN B R g o AGToRd 10 GHh @GR i
peferab seRBRU o3P e %oﬁﬁ corRWBhg 8f i’&ibac@@pm&ﬂ G, nilethoxy-PEG—

defined above. In this enbodi fent, the’bi tiona
vighydeneamdspehenaBEG-relemadeni m dyl - S 5
acetyl t hi opr opi onate or

N- SIHQﬁfdn’@|d€taﬂ}’ih'e$rﬁﬁﬁ>ga)6iett1h|Iﬁ’@ﬁéﬁis%tf?omgﬂé QY efy¥edRiphred by

th t t
B FRATIRAECAE gl o) CHBRD YA SR | €S OB paERerting activeted

BF@M&%QJ&«/(%IY@@E g&él&g@dgﬁf}tﬁngi@feg Echf rﬁéftﬁﬁeyfgr ok reparation of

otﬁg ; etéiﬁl%fcgi%%l% té? Regent mwnﬁen éo@@flé‘?slco"%lﬁé hnklng of thiol
O@BNﬁSWiQNHZEéIbﬁpsOJf@P@ NBhi®hctivafi UMb EERD hd PerfRMeBSith bi-functional
rlce)gceeggrv%gch Carry a protected thiol group and an additional reactive group, such as
active esters (e.g., a succinimidylester), anhydrides, esters of sulphonic acids, halogenides
of carboxylic acids and sulphonic acids, respectively. The thiol group is protected by

groups known in the art, e.g., acetyl groups. These bi-functional reagents are able to react
with the &-amino groups of the lysine amino acids by forming an amide linkage. The first

step of the reaction is set out below:

H
EPO{—NHZ] />— = S_Z( — N}‘X—S‘Z(O
CH,

o)

EPO, n and X are as defined above and Z is a reactive group known in the art, e.g. a N-

hydroxy-succinimide (NHS) substituent of the formula

C :N/O\

0
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io coval ent linking of thiol groups to EPO

("activation") and coupling the resulting activated
WERO4mi 888 a pol y(et hyl ene glycol) (PEGQ deri vapCTmer2005e12822

first step for the preparatidon of pegylated EPO

according to the present invention conprises coval ent

l'inking of thiol groups via NH2-groups of EPO This

aCtIh‘é%er@He@Em%B@nﬁ&t BRIfavaRa Hthde-RinddRshk gfbﬁps 1s performed

reagents which carry a prot ected thijol roup and

bygeictionrath bieforiions! mresenis havinge wcmma%fi H\%ﬂtiés?}éﬁr@ -functional

r(afﬁegﬁ m#y éa&‘{éﬁddﬁéﬁéh@s?f;'a %)es, aqnhyef des, -@si-eo gl CHy e

oni‘c of carboxyllc aci ds
rg@uebtﬁowhereatk ihdfTorn d $pabauty8) greferahly framol topbeuphiasmd more

ﬂ%@fa%w F%ﬁ@%nd%&? g%g%i‘lﬁ‘lgﬁ’g] B hPes 6 t@lesege%ofxts‘%?@ﬁ Auccmlmldyl S-

gr oups ese reagents are r eact

asetyhhiopeorioratt (AR ougdV-stccitiaidy Sravetyithioacetatei( S8 THY

form ng an am de |inkage. The first step of the

reaction ig set out belgw z EPO NH2] n + ~_-X-S O

20 EPO n ERQO W anle as defined above and Z is a
|

b ,art, e.g. a N

|mode (NHS) substituent of the forrmula O
25 WD 2004/ 047858 PCT/ EP2003/ 012822 14 In a preferred
enbodi nent the activation of the 8-am no |ysine groups
i s perfornmed Achlylthioelag-taromylisiNHS-doier, fikenct | onal reagents
havi ng a succinimdyl noiety. The bi-functional
reagents may carry different spacetr, speci es, e.g.

-(CH2) k- ory -CH2- (O CH2-CH2- )k npi ati es, V\,here kis
from1l to :L”/\Qpe ahly fro %\[@bmé ~c@nd
more 5 prefer@ably1 or %ﬂ/and ®bst\ prleferlably 1. ~°
Exanpl es of s€Oreagends are N succhgi rﬂdyl S
acetyl t hi opropronate (SATP) and

N- succi ni m dy$ATE- acet yl t hi oacet at e ( SATARTA

Acet yl t hi oal kyl - carboxylic-NHS-ester, like 0 N~OySyCH3

& oy torey o

2-(Acetylthio)-(ethoxy),-acstic-acid-NHS-ester
with k as defined above.

The preparation of the bi-functional reagents is known in the art. Precursors of 2-
(acetylthio)-(ethoxy)k-acetic-acid-NHS-esters are described in DE-3924705, while the
derivatization to the acetylthio compound is described by March, J., Advanced Organic
Chemistry, McGraw-Hill, 1977, 375-376. SATA is commercially available (Molecular
Probes, Eugene, OR, USA and Pierce, Rockford, IL).

The number of thiol groups to be added to an EPO molecule can be selected by
adjusting the reaction parameters, i.e., the protein (EPO) concentration and the
protein/bi-functional 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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0 OOor OO NIOY ~SCH3 O O SATP SATA Il 0 0 k
SCH3 0 O

wWQ2qoAoesys t hi 0) - (et hoxy) k- aceti c- aci d- NHS- est ePCTVEPID0K012822
as defined above. The prepatdsati on of the bi-functional
reagents is known in the art. Precursors of 2- 10
(acetylthio)-(ethoxy)k-acetic-acid-NHS-esters are

EHesabiebde ThesDa82kfaGo thhtdtistitdl distidiuiticat df2he thael group over the

e acetylthio compound is described by March, J.
E @Hﬁ&%‘agﬁ’ P Chemistry, MGawHilI, 1977,

375-376. SATA is commercially avail abl e (Ml ecul ar

Pr GnEe Seac]’giug esnarriddRyut\BAcantpl Riie no equdias kiiferkolution, pHie5-8.0,

nup t hi ol _groups.tq@.b d
cdafp B pol SRR dp BTN i g ] Ragent may
baﬁﬂ@émih@MS/Oi. Lefter comelefivnbéile ré4BO), mefecanty afatri30miantks, the

t he protein/bi-functiognal reagent..rat.io.. P
roRRG ey aRER B sy SRETTHg R st B FBRT Y peparesedty
ngethdidsdinggﬁﬁumlie aere.SPY dinysced @]lum filirgiioaf dielaivgrage mumber of

.5 to [ ou er k.S 2004/ 04,1858 . .
kb 12805 R Bl T b CrRese MR depepg i for
ekfmpReGadseti, BIR.aat Miusdy, J.BLihiJoApsif Biokieerh Biotecmaull 9, 41 — 49
(i%q% the EPO protein population. The reaction is
P

ied out, for exanple, in an aqueous buffer
sol ution, pH 6.5-8.0,

The above reaction is followed by covalent coupling of an activated poly(ethylene

glycol) (PEG) derivative. Suitable PEG derivatives are activated PEG molecules with an

average molecular weight of from about 20 to about 40 kDa, more preferably from about

24 to about 35 kDa, and most preferably about 30 kDa.

Activated PEG derivatives are known in the art and are described in, for example,
Morpurgo, M. et al. J. Bioconj. Chem. (1996) 7, page 363 ff for PEG-vinylsulfone. Linear
chain and branched chain PEG species are suitable for the preparation of the compounds
of Formula 1. Examples of reactive PEG reagents are iodo-acetyl-methoxy-PEG and
methoxy-PEG-vinylsulfone:

|/\ﬂ/N\/\{\O/\/}fOR o N
0

n=0

'/\fo/\%’mOR |

|
0

The use of these iodo-activated substances is known in the art and described e.g. by
Hermanson, G. T. in Bioconjugate Techniques, Academic Press, San Diego (1996) p. 147-
148.

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

Inc.). The structure of lower-alkoxy-PEG-maleimide is as follows:
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e.g., in 10 nM potassi um phosphate, 50 mM NaCl, pH
7.3. The bi-functional reagent nay 5 be added i n DVSO.

WQ@\Ra0a/0478681pl eti on of the reaction, preferably pET/EP2089012822

m nutes, the reaction is stopped by addition of

| ysi ne. Excess bifunctional reagent may be separated
by nethods known in the art, e.g., by dialysis or
colum filtration. QThe average nunber of thi ol gr oups
added to EPO can b %ed’\]sabﬁpho&onetrl c met hods
described in, for (\exanple, Gasetti, D.R and Mirray,
J.F. in J. Appl. Biochem Biotechnol. 119, 41- 49 10

(1967). The above reaction is followed by coval ent
coupling of an actiQated p y(eth |l ene glycol) (PEG

derivative. Suitabl cactivated PEG
nol ecul es with an vdr age mgiecu ar weight of from
about 20 to about 4 nore preferably from about

24 to about 35 kDa, and m)st preferably about 30 kDa.
15 Activated PEG derivatives are known in the art and
veitleR dad on iised dffinedfabpvee pagiplly Morpurgo, M et al . J.
Bi oconj. Chem (1996) 7, page 363 fffor

PEG- vi nyl sul f one. L near clmai n and branched chain PEG
speci es are suitabl or th preparati on _of the
conpounds of For /eg&f reactior PEG
reagents are iodo- et | - et hdiky PEG and

met hoxy- PEG vi nyl sulfong: 20 I~-N~ L'O ~-mOR 0 or OOR
The use of these iodo-activated substances |s knovvn in
the art and described e.g. by _Hermanson

Bi o%ﬂqughﬂ@r@@&m‘m]mw er ALETETRES - kes@l&es;akﬁs Diaé@ after in situ
§998) ofRhe d71 pré‘t@&mg“éﬁﬁ Br &f ﬁjﬁ@@ﬁs\’buffep @olﬁ’g@l Sepﬁ‘ﬂ) &M potassium

are activate gl%l el mde usinhg (I ower-al koxy-~
S

IPRGPF; eﬁOmlMeI)Ia M &5 Toe PRS- 'ﬁk_ﬂr;lﬁaaflaé@ o ta@ P{crmtm group may
?eg[\%gﬂyrmlgg &Rt W% le, I‘M'gza'f&qylarﬂlﬁg in DMTSJ@ atSESC%C[;H 68 Bf about 90

oxy- P is as foll ows

20040 Fp8Hs mmm_f@@smmgmar 1:@@0 @f artiviaterd Bt lawer sikoxy-PEG-
A58l IR ROV S m Mokt e5ADLYoPR:@bnd preferably 1:4. The reaction may be

stopped by addition of cysteine and reaction of the remaining thiol (-SH) groups with N-

methylmaleimide or other appropriate compounds capable of forming disulfide bonds.
Because of the reaction of any remaining active thiol groups with a protecting group such
as N-methylmaleimide or other suitable protecting 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 molecules having varying numbers of thiols
protected by different numbers of the protecting group, depending on the number of

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

Whereas N-methylmaleimide 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 to 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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MOOR Mr-o OR mThe coupling reaction with
| oner - al koxy- PEG nmal ei m de takes place after in situ 5
w@eb@awargss of the thiol protecting group in an PCI/EP2083/012822
buffer solution, e.g. 10. niVl potassi um phosphate, 50
nv NaCl, 2 nM EDTA, pH 6.2. The cl eavage of the
protecting group may be perforned, for exanple, with
hy driexdutthed peificatiVBahalco2pGun @ bfBornfile ([IBDRudHY the separation

nut es.. For the PE ification the | ar .ratjo of.
e U b PR PRy CPRCEAEF B Do IEHSa} oesgn in the art,
éggﬂﬂ@hﬁuhnﬁﬁﬁogﬁ@@bout 1:6, and preferably 1:4. The
reacti on nmay be 10 stopped by addition of cysteine and

reaction .of the remj ni ng thial -S roups wi.th N-
R Aol e S B s Palafis 3k Bcs iiehs Rt momo-
M}G tosjugdres. dissullf ﬂndﬁp@@@&qnﬁl@e@aiﬂ sftigbpbietn gBachiotdins are
. remal nl N ctjve.thio r.Oups a Jotect'ng

Feistt bR Qe Redls e it e Sa0 IR thars SR baieg 1t
R Ednedleiof gch#oowf_; cértjegdtRQsgVell @O fiedtBb BSmoR ot ﬂxﬁi di-PEG species can
conj ugat of .thi,s ipvention nma ntain su
%f&ﬂg@ﬁﬁigv grdtsdro ﬁgﬁa&‘il?l}f am%n{ elitign pealgto decrease the
}ﬁ&@@&ﬁiéé&ﬁ P EG wn&b hérr@skré&dfd&@f % 'olﬁs 9 ixtiens thé %éfgérﬁ@g-tl &nono-PEG
hayi ng varyl ng, . nunbers of thiols otecte .
Bithe EoBRESIReDAR @ afn%Berﬁ%tf%%ftq-ﬁgégpwgétealé%&qaé bglance of yield
A1 4RIt USHIREREs coaflobiviahe th Which) fof&Qite, @hlehi@inety-two percent

gl ycopratei n . that were not, conj ugat ed )
Pt o PR P eé@emﬁ%ﬁﬁ e rini-BEG spsaies (preguals 1) may be

&afred.t Mo @hbsdimRhestithi) @RebnibL theise@bntape obbOGhgdtBewhere nis 1 is
éenaLnlng t hi ol -groups on the pegyl ated protein,
PP @ XERPOIRRHLY WKIAST$8Ad 20 in an i nternol ecul ar

sul fide/ disulfide exchange reaction to a disulfide

bridged coupling of .1the blocking r nt. Preferre .

bl ok bseeosothstpyial B BREERI Mg R EuE P fnown in the

art end arel dis@réctd glguindinbiroagor(alBB8S)t applisition¥ Cadids7329. Compositions

- . o

TG |URSRAR,INELD EYSL IS0 MAbL) ARl gl sore

Heegerably s the compeskiions coemgsats tq;%@% Hgo?-2-APs PG Pet00, 800 or 2500 pg
&SH1. FarthBr, 81 REfokitidAdMaResRbliVe1 kg RODOYO Sietin protei

B\D rﬁf047t0427858 = OgElpz os?z;ﬁlzgzlﬁ O%Ef The %{iﬁ@?ﬁbg cHn proTem

BERrTb L8 208 mrp e/ kshidete damgy! phgspiate pH Py 6.5. This

tsrapodiiaigniahelss epapitd whto 2 mivbmethiorthe, 1a81% of a polyol (w/v), up to

éﬁg{x&ﬁg‘ﬁl’l]{%&gg é%&?a%g %(p:%igr?dﬂyql%%o %19106&1? %nn&tapn%?esof this
composition comprises 10 g to 10000 pig erythropoietin protein per ml, 40 mmol/l
sulfate, 10 mmol/l phosphate, 3% mannitol (w/v), 10 mM methionine, 0.01% pluronic Fe8
(w/v), pH 6.2. In alternative the composition may comprise 10 pug to 10000 ug
erythropoietin protein per ml, 10 to 100 mmol/I NaCl, 10 to 50 mmol/l phosphate pH 6.0
to 7.0, optionally 1-5% (w/v) of a polyol. Further, this composition may comprise up to 20
mM methionine, up to 0.1% pluronic F68 (w/v) and optionally 7.5 pmol/l CaCl..
Specifically, this composition may comprise 10 pg to 10000 pg erythropoietin protein per
ml, 100 mmol/l NaCl, 10 mM methionine, 0.01% pluronic F68 (w/v), and 10 mmol/l
phosphate, pH 7.0.

The present invention also refers to the above composition comprising 10 fig to
10000 pg erythropoietin protein per ml, 10 to 50 mmol/l arginine, pH 6 to pH 6.5, 10 to
100 mmol/l sodium sulfate, In addition, this composition may comprise up to 20 mM
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e.g., colum chromatography. Pegyl ated erythropoietin

derivatives preferably contains at |east ninety
w@eorgomsssrono- 5 PEG conjugat es. Usual | y nono- REGZEP2003/012822

conj ugates of erythropoieti®8 glycoproteins are

desi rabl e because they tend to have higher activity

than di - PEG conj ugates.. The percentage of nono- PEG

mahjondied, es t@as. 1%Eﬂ>1hrc&ﬂc Eéte(w/a), bptiafallympae lantholfi CREGand

BRSNS PR GL SBh BOSREBB oy o100

epséhmw%@@rofelmpﬁanl?E@nanolﬂargmm;p}ﬁ bele B9 orolylpodium sulfate, 3 %
rhi}ﬁ{lﬁ)@%ﬁlvt) he R SEREAARe, @%1%%2!91‘@%@@@ W/Q Lo tlonally 1 mmol/l
conpposition. About ni nety percent nono-P G conj ugat es

vl good bal ance of yield and activity. Sonetines

conposi tions in which, for exanple, at |east

ni neg prefertedpadtadihentast thd pilessas invehiied yef&s Xo &ﬁﬁp@dﬂtﬁo@fcompnsmc

18 50 5 25,00 R P S AU il
per cent agdO0ahiMoodjunyabessiwmahesphates 100 gV NaCpihi7 fetry
per cent hq o e Yiuth ?h@fp‘hﬁénpo iR s%ﬂﬁhﬂ’?ﬁl?éﬂa éﬁ% 2 or

conp05|t|ons conpris egyl a er yt hropol n are
known i rf tllQénMa%Otil%ah a@e@%@%@@l@n mfﬁ% 3% mannitol (w/v) , pH
I nt ernati guadr pat ent application WO 01/ 87329.

Conposi t rise 10 to_ 10000
eryt hr Orf!d(i@tql IdlﬂnéP osphate, 40 15@/[ a:éi%-lw f%ltﬁo‘%/é mannitol (w/v), 10
Pr ef er abl )ml\/ltﬂnethﬁmﬁﬁm@l(ﬂfy@plarc&ﬁﬂmg c®evI@H 621000 g,

tth Cé?fpgsl Rih 11710 rg1n‘11r9e930m sc%nnfos%&at% 3%%%{%16 ol u)’vt),lﬁ-f 6.2 or

erythr O[fbl‘]@th qggmma, ﬁO IIIM sg@umﬁulfatto?w% 200i W//VL 10 mM
sulfate, 1Q.dnpk U‘@Sﬁ?% PluRRSSREWEY), BH ¢ 0 to 6.5.

Thi s corrp03|t|on may al‘so corrprlse up to 20 nM

nmet hi oni ne, 5 % of *(wW v up to, 0.1 %

pl urlit %me@refﬁrvsl NS ?I}totg‘sF‘P%?P% i6r35 SIS A EROUAG

@mﬂ@ﬁ)cﬁetﬁ{ proldis of S®ITPO;I0L] 800 of QBW kFes. THE BoétprdeRed g

GBS R hst i o B il s 40 xRS i fee 30
maﬂﬂl%lgﬁwm)olﬂ ml\/Fﬁﬁt}ﬁﬁnl@WQK)L% pHr@mQ F6$ twial) tpét A&tdrve mM arginine,
hﬁ%ﬁ?&ﬁ'ﬂf&@ %)ﬁla‘fﬁﬁgf 1%5’% }@ irgx/ltn?eﬂ%%g% ) O} ( 3\% &mc F68 (w/v),

ropoietin protein pe
Hld 6t?o Fagherdstails ob prsBsRmpesisipnearg knpynfram VERIIL6TARY.-y

1-5% (w/ v) of a polyol. Further, this conposition my

co nprheslﬁvéiﬂldllchls%(}elat'@y'tm (R0, f@? treéet[hgt Astd W a Al Gstribution

and t i onal |
el e GompRiiad Rt AR a T ARG Fingunof e theppoietin
000 agd efinet fabo\rmFetthafmmratthe mvﬂﬁron r&ﬁtemto aTodlicamnt for treating

%rba % M 18 Jc1g§ 1 Q&VS e rcﬁﬂ'a&e 1(1%21'[)1{ co%r@sgns an
hagicr CHHRARRRRLON i hestiiclhes

resen |nve nti
effestive ahowny otf @rytﬂhr@pabt@v @r@t@mvasamplgemfc}@nﬁ disshses) alma .ggcoronary

ﬁ(%rt &19&9«9 a@ﬁrcﬁ@éid@fsoﬁ?bﬁa{r& Qt}ﬁf&tcl‘:e‘fdglsP%té%oroxi%%ts&cﬁgme, heart

[ inine, pH 6
%aéalrf-u ﬁ‘?r&ﬁ&fvéthéaft f%luawq/ Pb}PFafttlﬁf‘%f&?}Wogl fanéEet wagh the above

SRANbh&EM Bl @nd thedMament, heart insufficiency is the preferred form of heart

diseases. Preferred methods and medicaments as described above are those, wherein the

erythropoietin protein is as defined above.

In the treatment of disturbances of iron distribution in heart diseases, EPO can e.g.
be administered at a dosage of 150 U/kg body weight twice a week. The dosage can be

varied according to the needs of the individual patient and can also be in a range of e.g.
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WD 2004/ 047858 PCT/ EP2003/ 012822 18 nethionine, up to
0.1% pluronic F68 (wWv), optionally up to 1 mmol /|
w@2a01P4megl optionally 1- 5 % (w v) of a pol yoPCT/EP2003/012822
Specifically, this conpositivon may 10 g to 10000 g
erythropoietin protein per m, 40 mol/| arginine, pH
6.2, 30 mol /Il sodiumsulfate, 3 % mannitol (wv), 10
IPtorB@hUdlry. Deperdling 86 thk hrlbhifedinkb8f theviyed ERQ d&ﬁ)\taih&an dogis can be
lg@g; o r nent of
a:lirrﬁei SHEleletéédi l%ev wee g l%r% t%;lgsr 1%3(13 gzg&?“fj’eg Ling on gﬁep?eegf ﬂ%an individual
PE@e%a Pbmargmht@}sytchp@qs@deﬁfqtrnnt qms@eer abl y 25 to 2500
g/m erythrop0|et| and a) 10 nM sodi uni pot assi um
phospHaPecitia ariiviioRERR or BRO7Cop ugates i) acror fswi:thm]mhs invention can
H@hﬁ%@ I o 1
S ot LRI O S 1 PPl ) e e
ERfY pyoteingpf this, lszlm)arwchmlaé@dmmtpﬁmpﬁahe,EP@Q:rmin by
[
igf gﬂi%ﬁ%ﬁ Bariep0 R i ané%[é%%w ci—lrl?s infA RS gfo%cﬂ?n of
rs@cwyé%@pémcéblmétcdls cg%pamdrtp moh-ifjectedl or pdmtsolgrmps of Bubjects.

'fﬂe ‘tﬁ@io Qi%laarcﬂhw &ec ¢ gg?%ég&éo&ﬁr%{n@%@greﬁgggﬁa V#écg fla Fﬁllmﬁed in

E’GCCE damﬁ@ Wlﬁethwwerﬁﬂ@f canbedestadiydnetbods accorgling to Annable, et al., Bull.
r t

e, O 1P I ) SR, Euy Ry SIe R Ehdyhupgietin BRP Bio

199823 rhnatherdipipsisiltzswidordstpriisiog dhe drtivity Of FIND pooteimthe

I
RSP SRS L e A2 PTIOR' Al e
Efrwthmxpcmtgn BRASi0 1907 (M kibiie umorsigtdphy of e@%mgmntm@lfph Eur. BRP.).
(m/v) 10 mM net hi oni ne, 0.01% pluronic F68 (Wv), pH
- 2. TH:el-iH}J?l%Bn%ﬂ Bk |b§tté}fun§191c§ﬂ)o ?éfetnlcg Fbsth% 't& mgg\@xamples

fron1MD 01/ . The invention’‘a
Wh%%é@“ﬁﬁﬁbpfé@ﬂph@mﬁﬂbqWW@&KEE%ﬁ@ﬂwdﬁman|strlbution
in heart diseases conprising adm nistration of an
effective amount of erythropoietin 25 protein as
defined above. Furthernore, the invention relates to a
nmedi cament for treating disturbances of iron
distribution in heart diseases characterized in that
it contains an effective amount of erythropoietin
protein. Exanples of heart diseases are e.g. coronary
heart di sease, atherosclerosis, coronary '
at heroscl erosi s, acute coronary syndrome, heart
failure, congestive heart failure and/or heart
insufficiency. In context wwth the above 30 nenti oned
nmet hod and nedi canent, heart insufficiency is the
preferred formof heart
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di seases. Preferred nmethods and nedi canents as
descri bed above are those, wherein the erythropoietin

w@e@ioi13s8 s as defined above. In the treat nent PGf/EP2003/012822

di sturbances of iron distri2dution in heart diseases,

EPO can e.g. be administered at a dosage of 150 U kg

body wei ght twi ce a week. The dosage can be 35 varied
according to the needs of ke yppdtvi dual patient and

can also be in a range of € g. WO 2004/ 047858

PCT/ EP2003/ 012822 19 100 to 200 U kg. Dependi ng of

the half life time of the used EPO derivative, a dosis

can be adm nistered between e.g. 1 or 3 tines per

week. Dependi ng_aon the needs of an individyal )

Amiddlerpgediman yathdieart diseaters ehesked sy Searhcafhetprfos fisturbances of

1EHSH &@i-bugibﬁ b$ ﬂe&kﬁiﬁi@;ﬁb@f ’sﬂetfhﬂtl@ffingﬁﬁfra@iﬁet&EOOg@rtﬂt@' @dtﬁrg protein),
n. accor e W this invention, c e ne

A D Sy TR RAGPPIR o CRTPEd R BBD ot dajimaim ) Lotz

fAadaidauf,\R. Roed digerppodtér perdsen €RG e ACGACISIC, tATins1al Meeting, July 29 -

AL[Q;U?{]},IZEQl th?ca%gp@l&oqgtfh"élg&hﬂé ﬁ{oWiEt%?ba%fcesI mroﬁpcﬁ)stribution. The

protern by ~rnjection to human patients results in

Iatinet intrented/seledutaneondy withilag UskoBerormen™bfcommercially available

bt G QY H:S%ei ANiE LOWRIIBH: Gfkdr$uh QIRARREKs! Afterwards,
non-1nj ected or control %Jo%g% f %gg ects. The fthe disord
dtgrepiton ofdhe pypmptess ag drect ag%et $ a0 PPFQVERGRHRIdhe disorder
dfigyreddficieabt.ai ned and purified in 1o accordance wth
this invention can be tested by nethods according to
Annable, et al., Bull. Wd. Hth. Og. (1972) 47:
99-112 and Pharm Europa Spec. |ssue Erythropoietin
BRP Bio 1997(2). Another biological assay for

determ ning 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
understood by reference to the foll ow ng exanpl es
which illustrate but do not limt the invention

descri bed herein. WO 2004/ 047858 PCT/ EP2003/ 012822 20
EXAMPLE A m ddl e-aged man with heart disease is
checked after heart catheter for disturbances of iron
di stribution by determ nation of the follow ng
paraneters - CRP (C reactive protein), ferritin and
soluble transferrin receptor - as described P

Lehmann, M Vol kmann, J. Lotz, 1o A Baldauf, R

Roeddi ger, poster presented at the AACC CSCC, Annual
Meeting, July 29 - August 2, 2001, Chicago, Illinois.
The results show di sturbances of iron distribution.
The patient is treated subcutaneously with 150 U kg
Recor monTM (comerci al | y avai l abl e



erythropoietin protein) twice a week for a maxi num of
12 weeks. Afterwards, determ nation of the paraneters

w@sg0odessss bed above shows an i nprovenent of theRCT/EP2003/012822

10

15

20

25

30

di sorder 15 of iron deficidncy. WO 2004/ 047858

PCT/ EP2003/ 012822 21 CLAIMS 1. The use of
erythropoietin protein in the manufacture of a

medi cament for the treatme@LADMSdi st urbances of iron
distribution in heart diseases. 5 2. The use of claim
1, wherein the heart disease is heart insufficiency.
3. The use according to any of clains 1 to 2, wherein

the erythropoietin protein is_ a human erythropoietin.
4. The Thzeusaof enytlirapoien prai¢imin thashenefpeiuranf a medicament for the

er yt hr QPO @b R @l flaRcds $f £88 Blstdt il dnfin Hehrt BREELE.N
beta. 10 5. The use according to any of claims 1 to 4,

wher ei n_the erythropaj etin otei.n is .expressed b

endobe By e Bade L1 PATFB L Bearheitraiis DERE BRBTIRERED

any of clains 1 to 2, wherein the erythropoietin

pr ot ®i rMThae atdvediagito anpef dhisw que AcehatinSEEetythriNgoittioprotein is
SEQ ID NO. 2. 7. .The . according to any of clains 1

to 2, é%%?%e?ﬂggg?gﬁﬁTopoietin protein 15 has the
sequence of human erythropoietin nodified by the | _
addi 4i dmease fqcording toclaim 3y WherRy thetarphrenoidin pryteiyjsepoetin alfa
use of ecqding. to any of claims 1 to 2, wherein the
erythropoietin protein is darbepoetin alfa. 9. The

use according to.any of clai.ns t.o wherein the. . .
er yt Pir opdf ‘ésce?aﬁccﬁfl&g)é/?? ﬁnég% 332515 &(Jetf) i%‘@ﬁérieﬁ‘ @ﬁ)‘?wgl?m@ Pigfpprotemn is
3 to 8 éxprpeghbpdreidgerids gdimactisgiaccording to claim9,
wherein the erythropoietin protein is a conjugate,

° S Ol ¢ a Cf ;- .
T
i n vi vohitbt erinaicidragnenaept 6EQé§&l‘§@HgorbiﬂQeI ‘Bw

cells to increase production of reticulocytes and red
bl ood cehl §seareoda]ga6hd oRaitdsanfot2l®heretithe @BRBIPolefg protein

nave o BEHEHAEoRE T Gy PRROTP e PN rOAY [Ted i of fom 1o

t he addéilyassybitiohrsites. 1 to 6 gl ycosylation sites or a
rearrangenent of at |east one glycosylation site; said

eryt [ [ .ej i . e .
po|yy ?{Et Sﬁl 1%% Ig?a )r?g% % {bg:?l?udgglaﬁﬁy ﬂoe’ﬂtvb%rélh @ltfee&y{hgoﬁbmtm protein
is darbepoetin alfa.

9. The use according to any of claims 1 to 2, wherein the erythropoietin protein as

defined in any of claims 3 to 8 is pegylated.

10. The use according to claim 9, wherein the erythropoietin protein is a conjugate,
said conjugate comprising 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 erythropoietin 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—(CH3)x—(OCH,CH,)—~OR with the -CO of each

poly(ethylene glycol) group forming an amide bond with one of said amino



of the formula -CO (CH2),-(OCH2ZCH2) m OR with the -CO

of each 30 pol y(ethylene glycol) group form ng an
wa@edodo41sesid wi th one of said ami no WO 2004/ 047BGBEP2003/012822

PCT/ EP2003/ 012822 22 group®; wherein Ris

| ower-al kyl; x is 2 or 3; mis fromabout 450 to about

900; n is froml to 3; and n and mare chosen so that

t he nolgeocwpsawhereirgRis lofvert-Hkyl; xB17) argatreis fionusbduhd50 to about 900; n

erythr et r .0 4 r 0..ki t :

i Yodartag | & §7885de sl ot Ao thatPlo R Tad fetilor the
wher ei reorjugate, mipus shegBpthrepoia®, protdimisiremd0 Rilodaltons to 100
met hyl .1iibdatddie use according to claim9, wherein the
erythropoietin protein is a conjugate, said conjugate
conprising an erythropoi etin protejn having at | east .

5 one ¥lr 4be Ushacser %‘iﬁ’rf?aéﬁdwh‘gbgrﬁ’d”fﬁ& s Qg 750, nis Land Ris
bi ol ogimathylctivity of causing bone marrow 10 cells to
i ncrease production of reticul ocytes and red bl ood

cel |5 200 SELEIAL, ([EA0 S UEALPHR FANRISIIAT Bl T TR ugate,
er yt Hf opoi et 11 pr ot € n and anafogs ther &0 rch Rave
the pr st sorgugaisceompristte anarahrepojetiy piotiiebavinpetdeast ene free
nodi i egdhiy gr&ﬁfarﬁgﬁdvﬁﬂoocﬂe of vibd lgimo%lctapac@ivgir ¥£Q8YihabbRmarrow
sites; s |d,erythropg|e".t|n pr ot ei n bei ng oval ent|

10 |jnked %8S 1918/ BHPIPOITINSE THHRECT IS R%&Vdﬁg@ﬁ@ﬁhw%%md
g' )/CO| ) frdid thE Qﬁdﬁ@l l,cpﬁilﬁ?gﬁﬁh}(lgﬁhh:yﬁﬁfl%o@tm(‘p}bﬂeirgirﬁlmla_logs thereof

ei ng coyal ent i.nked to.the_.erythropoieti.n protein,. .

Via a |VRKBASYS e RHTEE HHCLS Af iy Sribrapsien pha Y ppdified by
of the thienkéitiohaf fiongl &t gytaplationdtesj sail omdrafoietai protein being
am no g - - - C - .
R

15 aver agegievbecuthepolyisibylene glycd agtoupdeingeorylribvdinged éothe
nDi ety &$tHrbPsTe@P ?fﬂtem 26 Kidiedaf the AsrntRa aRAVS-X49 Y- with the C(O)
kil odal (t)fo tlplg linﬁepr(%ornrl]i%gggla%?gé baorndV\v%tlgg}le 8% sa}cfI aemino groups, X is —

(CHy)x- or ~-CH,(O-CH,-CHy)x~, k is from 1 to 10, Y is

b 4G

iy

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

\

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

25 formula:



10

conjugate is fromabout 51 kil odaltons to about 175

kil odaltons. 13. The use according to claim12, wth
W@r00a/0y188s opoi et i n conjugate of the 25 fornul BCT/EE2003/012822

2004/ 047858 PCT/ EP2003/012832 23 PH NO ,OR mn

wherein nis an integer froml to 3; mis an integer

from450 to 900; Ris lower- alkyl; Xis -(CH)k- or

- CH2( 0- CH2- k-, kis 1to 10 and P is the residue

of the erythropoietin pfotein without the n amn

groups which| fgrm an ' e5|ink}@ge wrth X 11lér

met hod for ting dist ceg” ofr di 31l but i on

in heart disease Sonpiii si ng admi nistration of a

ef fective ampuntOof erythropoietin protein. 15. Al

medi canent for treating disturbances of iron

di st ri bwhérein r is ahéateger dicse & se8; mdhar medger framdt50 o OOHGIR is lower-

it contajns,an ctiv f. \eryt hr opoi eti. .

pr ot ei naféﬂ(ﬁ% 186_.(8%{%@' PEV@%%#@%@QH} fbe gl (rbeanél el? i ﬁheedr.eSldue of
the erythropoietin protein without the n amino groups which form an amide
linkage with X.

14. A method for treating disturbances of iron distribution in heart diseases

comprising administration of an effective amount of erythropoietin protein.

15. A medicament for treating disturbances of iron distribution in heart diseases

characterized in that it contains an effective amount of erythropoietin protein.

16. The invention as hereinbefore defined.
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