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erythropoietin, especially the treatment 1of disturbances of iron distribution

in chronic inflammatory intestinal diseases. 5 Various diseases are known,

in which the metabolism of iron is not normal. In an anemia, not enough

blood can be formed due to an overall lack of iron in the body. An other

metabolic condition relating to iron is hemochromatosis, in which the

overall concentration of iron in the body is higher than normal, which

leads to various conditions such as e.g. the destruction of organs. 10

Disturbances of iron distribution differ from the above described anemia

and hemochromatosis because the overall concentration of iron in the

body is normal. On one hand iron is accumulated in various organs and
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formation of blood is impaREamIEdRTg-HBte G2&ects which are 15

comparable to those related to anemia. Until now it was not known that

patients suffering from chronic inflammatory intestinal diseases have a

high probability to be affected by disturbances of iron distribution.

Disturbances of iron distribution can be diagnosed by various parameters

which are commonly used in the diagnosis of the iron status. Based on -

measurements of ferritin and 20 soluble transferrin receptor it is possible

to aggess-whetherditoavesalisoneentrationcdfarpiirirpal garierspsciiyithy treatment
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Disturbances of iron distribution differ from the above described anemia and

hemochromatosis because the overall concentration of iron in the body is normal. On one
hand, iron is accumnulated in various organs and can lead to damages and even destruction
of these organs. On the other hand the use of the iron which is present in .normal
quentities in the formation of blood is impaired, leading to secondary effects thch are

comparable to those related to anemia.

Until now it was not known that patients suffering from chronic inflammatory intestinal
diseases have a high probability to be affected by disturbances of iron distribution.
Disturbances of iron distribution can be diagnosed by various parameters which are
commonly used in the diagriosis of the iron status. Based on measurements of ferritin and
soluble transferrin receptor it is possible to assess whether the overall concentration of iron
in & patient suffering from chronic inflammatory intestinal dissases is normal, If this is the
case, then a lowered concentration of Hemoglobin in reticulocytes is an indicator for

disturbances of iron distribution. Another indicator is a continuously/prolonged elevated
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So far, no treatment has yet been suggested for patients with chronic inf
amatory intestinal diseases suffering from disturbances in iron
wOdistrilbsRign. The problem underlying the present invention istth&peeesti 4105
provide a treatment for disturbances of 4ron distribution in chronic
inflamatory intestinal diseases in order to minimize or. 10 suppress the

CORRBVEEHREN b hetr A HAVEAtAGeS I Has BERpRSInGRF BB ot ihaf —fiamatory
inenthdpbietifehasacheheficiad effeckbnwdisilithancescefitrandistributionifor
..chronic_inflamatory intestinal diseases. 0 ' for I
R DR e e e RS
Vidlenentre Athiint bf BiddardaRddecstiess: pRStALDIRSATRERESAR Aldriabbly Annual
1iptestinakdiseases-1® Anless othesyisaingicated the following definitions

are set forth to illustrate and define the meaning and scope of the various

terms Lised t describehthe in\éention her{ai - The terEn "I%/e -alki,él'!%%_
. it ey mtamato
usgégh%?é?no%gg%egﬁm%s o branched gﬂjﬁrg%u%qhsé‘\z/vllng fonT. one to g

inspxtmtishreaomelEsamplon Shioveraikyl gronsssmtiagarmEtsrern
wiySORIPV e RIRTeRRBI LI RATh & teFRdewers 3tk 188 disRebances of

_herein means a group R'-O-, wherein R' is a lower- alkyl as descrihed
A A i S A e
siptestinak dissaseshtieferd dsaldistuhantéaf sropuistahutien m& that
SRR PTB SMERHR UM CANIE JRlaaton, I IR aRhic

e disturbance of iron distribution can e.g. 25 be characterised as
ﬁxﬁ@@@ﬁb@@%ﬁé@é%ﬁﬁéﬁﬂ&@}@ﬁ@ﬂ&%&h&@@f%ﬁ@@ﬁ%@ﬁd@g to the present

iRhatastasisgebbyithe folawing Rararmeterss concenrttatiometiseldigrbances of iron
transferrin receptor /L tdlvidetd ty ig%gconcentration of ferritin Fug/L])
GEURERS AR 3B S GitaHEdUSR conéentration of C-reactive protein

is above 5 mg/L. The term "e%throiggietin" or "erythropoietin protein”
refelénlosa @orairiswitdisesn (Bo ol BrACgRATT IR 67 datiding Hgsisate and

Joral v Gelisindnereass Pidustionaltetionlogdeso N 2005/Q5834tion herein,
PCT/EP2004/014105 S and red blood cells and selected from. t e group

consisting of human erythropoietin and _analogs which are definegibelow. ..o
Thesigﬁ%gxglegﬁ‘gteezd%ﬁh?3%5%&}?(% g%%ﬁ%@ﬁ i rfégfe rs%%’an P aamg

frerythrepsoistinpioteinwhisFisools efiymkdlrharepelnstfeaethyl, ethyl and
iRoethyieng. detvatives as described below.

The term “lower-alkoxy” as used herein means a group R’-O-, wherein R’ is a lower-

alky! as described above.

The term “disturbances of iron distribution in chronic inflamatory intestinal
diseases” refers to a disturbance of iron distribution which occurs in patients suffering
from chronic inflamatory intestinal diseases. The disturbance of iron distribution can e.g.
be characterised as described above. Particularly, a disturbance of iron distribution is
characterised by the following parameters: conceniration of soluble transierrin receptor
img/L] divided by log{concentration of ferritin [pg/L]) is smaller than 3.5 and

simultaneously concentration of C-reactive protein is above 5 mg/L.

The term “erythropoietin® or “erythropoietin protein” refers to a protein with the in

vivo biclogical activity of causing bone marrow cells to increase production of reticalocytes
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Description of Drawings: Figure 1: Primary structure of human EPO (165
amino acids) (SEQ ID NO: I). Figure 2: Primary structure of human E

WO 6@ Mo acids) (SEQ ID NO:2). In more detail, the presé’rﬁ?tﬁfe"rq?ghmmb

relates to the use of erythropoietin in tRe 10 manufacture of a medicament

for the treat |st nce of iron dlstnbggtlon 1clzrhlraonnlc 10y . v d
mdiﬁf‘és]ﬁlr?éﬂdd? tﬁﬁbﬁ’ﬁ@ mct‘]ilasf‘ﬁé%ry ntestinal d |sea?§be§
anaa:bgsem@am@fbu‘i&ﬁ:ﬁecﬂ]behim referred to as crohn's disease, and colitis

ulzerosa. In a preferred embodiment, the invention relates to a use as

defined.above, Qet? @Hﬁﬁlﬁ (inflanvatosy imestinal disgase dsn
morbus crohn anothe b the in tes
e%@ﬂ@@%ﬁi@fﬁ?é&" Qt%\}é rg?ﬁ;él ?ﬁeonlc S am%t’f)ry mnﬁgtnthﬁ glll)ae

deriiseasedsdeotitisadtetosa. The present invention is especially useful for
the preparation of pharmaceutical compositions comprising erythropoietin

as phar, Healyaeiiv e ingredient. The term "erythropoietin” or
erytﬁropioletln protein™ or - EPQO" is as follows: particularly the terms 20
refer to a glycoprotein, e.g. the,huma £ NAMNYIHRIO:1).
am]r:r’l%ué&g égaﬁaélylégus%?rouct nﬁl%@!\;})ggﬂh %EQ DO 2) or an
amino acid sequence substantlally homologous thereto,

o ertiss Sty e RO o EABIGEH SRR e 2

stimulation of the division and differentiation of committed erythroid

pr%ﬁﬂ&&@ﬂ&@mmtm%sm@ammgm teprisdnelade isuek
roteins 25 odified deI| sty
mz%ﬁfe § 2 Nedtea bere fP aﬁtgrou ﬁt&éﬂ%@%@ﬁr@ﬁ%@?@fﬁﬁ{% tribution in

helis o accﬁenlt mutations Theseéerms also incjude

cheanzitogd ravingyTioterting S:AmONE SIS ORIy BESIGTDH SHARIgue. discases
rd2¥INg ableasbane.additenaliamineasid ﬁ&ﬁ@%é@@%tﬁtmﬂmtoem diok

the glycoprotein, wherein the, addi onal amino acid in t ’ hronic
@ﬁ%@ ﬁ%ﬁlﬂ@ pRINIS grhlé%ﬁ% gs Q a 11se as &%ﬁ&l%&l ggﬁc‘v% vﬁﬁ% ﬁrtﬁe hro

ah amino aci sequence which

infhches @E&ttﬁa]rrhm;emerncebas leabpobreasitsifor prgtssrsdaarshodimsad: the
iSRS Inel %t%Ot d@?:%lﬁbﬁ%@g WQ2Q0R/Q058 3 RfcTE BEROMAE 1Rstid.l

recom manty produ uman erythropoietin. Ina preferred embodiment
digshtidspasinilipasation, the erythropoietin protein is a human

erytropoietin. As set out in detail below, the preparation and purification of

EPQ@lare-wettkiowition thespetidlly enplhidpotbs pispmesionthé plammargrtical

COMPOSTID Inant protein, n xizrt% %é&&ﬂ&% Nihat £ofbeBRRRINRHRONBRARHR. The term
B8 2 obtai gdl ir nventional spurce such faitlssues
”ewﬂnopozetm" or ery‘thropmetm protein” or “EPO” 1s as follows: particularly the terms
refer to a glycoprotein, e.g. the human erythropoietin, e.g. having the amino acid sequence
set out in (SEQ ID NO: 1) or (SEQ ID NO: 2) or 2n amino acid sequence substantially
homologous thereto, whose biological properties relate to the stimulation of red blood cell
production and the stimulation of the division and differentiation of committed erythroid
progenitors in the bone marrow. As used herein, these terms include such proteins
modified deliberately, as for example, by site directed mutagenesis or accidentally throngh
outations. These terms also include analogs having from 1 to 6 additional sites for
glycosylation, analogs having at least one additional amino acid at the carboxy terminal
end of the glycoprotein, wherein the additional amino acid includes at least one
glycosylation site, and analogs having an amino acid sequence which includes a

rearrangement of at least ane site for glycosylation. These terms include both natural and
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protein synthesis, cell culture with natural or recombinant cells. Any

protein having the activity of erythropoietin, such as muteins or otherwise
wo medified proteins, is encompassed. In a preferred embodinBEeFy B A/ 014105

present invention, the erythropoietin - @rotein is epoetin alfa or epoetin

beta. Recombinant EPO may be prepared via expression 19 in CHO- N
reccBftkanar et aloetlines doycredonsivin DNATEETRSIGEyReEEy et of the present
invent, %985&0&2&95%[?%@;5\@%%@%@%@{'@% iaga including, by

endogenous gene activation, is well known in the art and is disclosed, for

example in U.S. Patents Nps. 5,733,761, 5,641.670,. :

Ittt o R O BT gD S S v

the 95/ FHSEOHADOAID 185N T HOBEE Prrrd WO DATD DONS e B5FRet B LD,

e.g- Oég&fﬁg ﬁ%lg’r ‘éﬂﬂ%ﬁ:?%%tkﬂ%@ rporaied hersimby refereneR. EBerdeeuas as tissues,
© gl iIned above, wherein the erythropoietin protein is ex ressedﬁg}/lha o the
ProtieEER6HS geheHEE afion MR Hre i PSR @%?%ﬁ?e%%ﬁéospeme‘g%r
actithe Brepatationiefieyythitopoistiteigly copthtein protdfedre obtinsals EPO
species.,More preferably, the, EPO les. human ERO having the:
e R RS e B R NG, Ay B0 R liei
projriefirapiytie:Henin iz Geittée asnet SED B Roval e prapgiady e expression
in %H@Q%g%gng,pﬁQ&g@gﬂéﬁ@@ﬁ%@nM&fMAe@Eﬁmgmnbg @aglogenous
escribed above, wherejn the.erythropoietin protein has the :
g g Ao SETON O O SEG NCED TAT CA Aot o well
1mcaﬂgljg@@mmiinaﬁaﬁigd§a\zihd§fmmmp¢e&d&@itiﬁﬁ&ﬁé%@sféﬁél%é%yﬁa' 670,
an%ﬁe}?o%%%% Ihe B{%ﬁ?ﬁ vention alsepelaies te thewsengdescied428650,

re, wherein the erythropoietinprotein has the sequence Ofthu{na%'eachof
W@ ARSI B oY S HABHOHFBRTo 186 oty LBSAIBh LRoE
whiS¥rosyiation ata Reaieinywit-ene. Almase oliddbast Havide ghoums the

ccurs at specific locations along a-polypepti -
FOBHE RS FREL O B Ry e SAEAARE A REHY The
Preﬁﬁ%éiﬁi?ﬂwbdeﬂﬁdmﬂmqaltmt@fﬁ@sa@é%}@iﬁgm@ﬁ%aﬁfw@mymﬁéﬁ' are

h@%&%@&&é‘é’&é@ﬁ&%ﬁx@éﬁ%ﬁg gligosacshaddesmee atiaelBrI0.sdrpehe

reonine residues and N-linked oligos ides are attached tg. :
e e el g
acié?}éh%ﬂﬁi‘?ﬂ@ lﬂ@@fﬁ&ﬁ@hﬁl’;ﬁéﬁeﬁeﬂl anbbﬁm&%?gnﬂﬂw atwe(glaﬁa@m) therefore

which js a family of amino,s e CarleRAteMEe ami
I‘31§F5|?8 §d'is ﬁ%%%ﬁ%@%é?ﬁ%ﬁ%ﬁ%aﬁ%% bot%lglél?linkegd and Odlinked
acidligguenchafitiEQ HAdTBecausBG Bear9W(c) 2005/058347

PCT/EP2004/014105 5 a negative charge, confers acidic properties to
the.glyeorisitinpbimamenarogeietingten analog having from 1 to 6 additional

sites for glycosylation. Therefore, the present invention also relates to the use as described
before, wherein the erythropoietin protein has the sequence of human erythropoietin
modified by the addition of from 1 to 6 glycosylation sites. Glycosylation of a protein, with
one or more oligosaccharide groups, occurs at specific locations along a polypeptide
backbone and greatly affects the physical properties of the protein such as protein stability,
secretion, subcellular localization, and biological activity. Glycosylation is usually of two
types. O-linked oligosaccharides are attached to serine or threonine residues and N-linked
oligosaccharides are attached to asparagine residues. One type of oligosaccharide found on
both N-lirked and O-linked oligosaccharides is N-acetylneuraminic acid (sialic acid),
which is 2 family of amino sugars containing 9 or more carbon atoms. Sialic acid is usually

the terminal residue on both N-linked and O-linked olicosaccharides and, because it bears
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having 165 amino acids, contains three N-linked and one 0-linked
oligosaccharide chains which comprise about 40% of the total molecular
wo wefghtsaf the glycoprotein. N-linked glycosylation. occurs at®sp&fa§it@ 1410
residues located at positions 24, 38, arxd-83 and 0 5 linked glycosylation
occurs at a serine resid‘uc_e located at position 126. The qligosaccharide . .

a neativs drerrodifider withl i BTARATISTAI HEICEPESIBLRS EnZHHtE Temoval ™
haxl%g'h@?A&%ﬁ@qci@éi%%&Hpmrﬁa@@mwaiicmmtﬁm@ﬁﬁgemmde chains
loss of in vivo activity but not in_vitro, activity be i 1oR0f, N inked

Wh@tﬁﬁ%@?iﬁbﬁ@v@%q{%iﬁ%g?gﬁ S égﬁgﬁt?%%%ﬁgg%% hepatice
olybingagaprotein:s b0 Fhedgim revvthroporE SRNHES ARM 6s B tihsaf O
B rer}ﬂt@fﬁ&)?i _&E&ﬁ%@&ﬂ&%é&%@ changes intheamine aeicb seatentgoedccharide
.unfa ery-thropoietin which result in an _mcreaﬁgm th§ numberalogfsﬁlessi e acid
chitrssiaticracid edtHE At e rPh 828 QL BT SR arAb g R THaYS (g-,mgrgeneratea11 .
red¥ Sligrdirestediyapetesiahayiogadditals nbletiohs; vreabguitivRg0t i1
_of amino acid residues that increas testhatiareravailable o t
VIR RES %%lyc%%%t%flr? na 8%5{%%%%5%?52% sialic\g:cid greateg o
dethandhdgebfgutid dtimganowpthropoietin are generated by adding
glycosylation sites which do not perturb the secondary or tertiary
copfrmationreauirss for bintogiea lactivifyoMheglycoptbtejrs inthgh one or
present invention also include analg ing ed.levels:of resultin an
m%ﬁgﬁ@%{% A&?t%%ﬁ?r?eaﬁ%&;ieg%??ggg’;lgt;&%%%gi%g%%%:% usually invalve the
inauthstintibe whuherormitssdatialisne Aaidadhrgsbe Broig B am analogs may
b inled 26 Ddinke sies e glieopmieing eldhe prenastdnvpatiarbaisotion: of
include analqgs having one or more amlrr%) amdsxgaxéggdlpoq frﬁo%sw&on.
areipasiy esdine GREIBFENRbRGRE THANd Providing at leastone -
Claedpionah sadlpydrate itels Bieigiytirchoieter frerthe sitiogrsseipan
composition also ingl ViRgiAR,Aine REidSedueRsewhicthe
er?’r?clm?(?géegl?élé?r%%%%#ﬁ%%%?%tﬁ%%é?onegl site 25 for glycos Iaﬁ'or?:Such 8ins of
sereadanyeness wé@wmrgﬁélméé%@ﬂ%%&%ﬁﬁo or MBS
mglycaspataas m@waaa&ﬁﬂw@pgﬁmwdﬂa&émmﬂguﬁegim
more non- naturally occurring glycosylation sites. lnc AERRES,
a%%ﬁh%i&@ﬁ‘éﬁ%%ﬁﬁg% U(')I%?Iﬂ AN %ﬁe%é%ggt{hﬁeg %u?lnber of .r more
wSialic-atldsopdoenptoropdigtinamdfeboled vig-Eoledrsiay dmagasagroteins of the

pi%ré%§§ Hies such.as ncreased BALRIR, OFSRISF FeSislBRceIacEl: extending from
pro eo}f)l/ss, reduced iImmunogenecity, ingreased, seru h?lf'“fes:d%%?onal
thncrebesr BBt anebRATERRITSP 8RR ANEIBg S Wik adtfitional 1
SSasHiation: siteseass tisgioneoh iproteires cedailpneEauropeapcPiientlso include
Application 610 619, fo Blot published Marshks 199z ARERUER last one st
iEH “th&pharmaceutical composition of the present in&en&i n,
for glycosylation. Such a rearrangement of glycosylation site involves the deletion of one or

more glycosylation sites in human erythropoietin and the addition of one or more non-
naturally occurring glycosylation sites. Increasing the number of carbohydrate chains on
erythropoietin, and therefore the number of sizlic acids per erythropoietin molecules may
confer advantageous properties such as increased solubility, greater resistance to
proteolysis, reduced immunogenecity, increased serum half-life, and increased biological
activity. Brythropoietin analogs with additional glycosylation sites are disclosed in more
detail in Furopean Patent Application 640 619, to Elliot published March 1, 1995,

In a preferred embodiment, the pharmaceutical composition of the present invention

. . . o .
comprises erythropoietin proteins with an amino acid sequence which includes at least one
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comprises erythropoietin proteins with an amino acid sequence which
includes at least one WO 2005/058347 PCT/EP2004/014105 -6
wo Additianat site for glycosylation such as, but not limited to, ePgRERFSIIHE105
comprising the sequence of human efythropoietin modified by a
modification selected from the following: Asn3CThr32; Asn51Thr53 5 |
2 ddARnET Fhr5e:; JASnG AT il SerEsAHEYTRf7 opoietins comprising the

Val87Asngs] , 881 k00 1+ SSH8LASNEB SO B following:
Seq‘?@%msn%§%§%’%?§%g§é€§§§sn8 Thro0Ala162;

Asn69THPZ1SBF87Asn8SThr9o; 15 Asn30Thr32ValS7Asn88Throo;
Asn8911e90Tin9]1; Ser87AsnB9lle9oThro1; Asn136Thrl38,
AsnlSB;{Q}g%@p Thr125; and Prol124Thr125 The notation used herein
for modification of amino acid sequence means that the position(s) of the
correspdﬁnﬁ%g unmodified protein (e.g. hEPO of SEQ ID NO:l or SEQ ID
NO:2) inglic&tgd By the superscripted number(s) is changed to the amino
acid(s) that, 25 jnmediately precede the respective superscripted
numberSy. THE erythropoietin protein may also be an analog having at
least onwAtditidhEiAmino acid at the carboxy terminal end of the
glycopr%tgrmﬁg\ﬁhaf ' )Ihe additional amino acid includes at least one
glycosylatlcgp S|t§. ;EH; adgitional amino acid may comprise a peptide
fragmen%ﬂaeﬁ&é Fomitie carboxy terminal end of human chorionic

Ser® Asn®The* Thr™;

Ser’ Asn®® Thr’’Ala!®;
Asn®Thr"*Ser™ Asn®Thr™%
Asn®Th®*Val®¥ Asn®Thr™";
Asn®Tie™ Thr™;

Ser® Asn®Ile® Thr™;

Asn P TR,

Asn S Thr0,

Thr'?* and

Pro Tt

The notation used herein for modification of amino acid sequence means that the
position(s) of the corresponding unmodified protein (e.g. hEPO of SEQ ID NO:1 or SEQ
ID NO:2) indicated by the superscripted numbez(s) is changed to the amino acid(s) that

immediately precede the respective superscripted nuraber(s).

The erythropoietin protein may also be an analog having at least one additional
smino acid at the carboxy terminal end of the glycoprotein, wherein the additional amino
acid includes at least one glycosylation site. The additional amino acid may comprise a
peptide fragment derived from the carboxy terminal end of human chorionic
gonadotropin. Preferably, the glycoprotein is an analog selected from the group consisting
of {a) human erythropoietin having the amino acid sequence, Ser Sex Ser Ser Lys Ala Pro
Pro Pro Ser Leu Pro Ser Pro Ser Arg Leu Pro Gly Pro Ser Asp Thr Pro IleLeu Fro Gln,

extending from the carboxy terminus; (b) the analog in (a) further comprising Ser® Asn®
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30 gonadotropin. Preferably, the glycoprotein is an analog selected from

the group consisting of (a) human erythropoietin having the amino acid 105
WO ge(eNEE, Ser Ser Ser Ser Lys Ala Pro Pro Pro Ser Leu Pro SRS« HOs
Arg Leu Pro Gly Pro Ser Asp Thr Pro-He Leu Pro Gin, extending from the

carboxy terminus; (b) the analog in (a) further compeising5 ?e? ASnes-, _so

Thay EPAOCSIBSSBHEF W@%%%%&iﬁ%mﬁlfﬁl%g; EP@; an?r ) fﬁ%ﬂan%a%g

rpam (a) further comprising Asn30 Thr32 Val87 Asn88 Thr90 EPO. The
erythropoietin protein may also be an analog having an amino acid

Seqiie ré‘fftb\f/@%ei{'ﬁ? ludes 2 resrranarmentolatieastonmsitadorcid sequence

lycosylation.”The rearrangement 5 may,comprise a deletion,of any of th
AR AR E TRt P E SRR AT O DS ref ent
mal¥ d&iﬂ@ﬁ@&{] Behydrate site @tthe3itiink8s ofthéiydmincitsithdugpence of
man. erythrapoietin. Preferably, + in4 : e

R e A e e
anSer87idseB8 T 9D BPO:; GG ORESISe s RaNgs BPOR ffRER> 8
selg&@&O%)A%%e?&B%tga}ﬁiﬁsﬁg @_f@ﬁf:&iﬁ ﬂwﬁwﬁ%ﬁﬁ@@mﬁ etfletssd Thr

escribed heforg is darhepgieti . Mare particular 0 o
R B P i A DLl o e oS ban St red
eryilayaisainphde pagiHatest devvitiddefoesr siot2egisteteiferivatives of

erythropoietin and their preparation are known in the art and described for

Sjg\”g%ﬁém T Wog%kfféz ik rpeerrony

] ) a 1

CoPPOREI B e T OIPEESENAE AT IE LT R Pegriated
deNesiB:B50:03hend 56808 TcitS PatefioNard 7 sythg appnd described for
hatent, W0, 9813246651 Ratank Nozi5.324.6567, Riefarablnodn, the0uss/ 25212,

described above, the erythropoietin_protein s peqyl %’e% %@%rlrg%S WO
WENBGANENNIP g dede Ueriaireh 8tiﬁ%§3£§é‘§’%§fg ‘the defivatives
54ASROLECNIIS I Holos 205AReoNtingly3 Ihe resdrft (ivditoR aBaratere d, 175,357,

the use as descrip ~Wherei r et IN1$e8: g he
o oa G A O DA it S oot o s described
2boesdibedylpoe tripgatieisp it de pPRE GO HH ARHMRSYIY Bretited
eri’;ﬁé%fé?éﬂgi Aclivipsoh causing hone marsusalisdeincrease

ro

ction of reticulocytes and red blood cells and selected from the

R T
tht doyPrghycosyiation Sites o iEaR SEEREHLEH SORER BHEGR COEHARA 1R
pr%i{ghsa%i Aescribed above 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 Jeast one glycosylation site; said
erythropoietin being covalently linked to n poly(ethylene glycol) groups of the formula -
CO~{CH,)y—(OCH,CHz)o—OR with the —CO (i.e. carbonyl) of each poly(ethrylene glycol)
sroup forming an amide bond with one of said amino groups; wherein R is lower-alkyk x
is 2 or 3; m is from about 450 to about 200; n is from 1to 3; and n and m are chosen $0
that the molecalar weight of the conjugate minus the erythropoietin protein is from 20
kilodaltons to 100 kilodaltons. This invention further provides pharmaceutical

! - o . . — o
compositions containing conjugates described herein in which the percentage of
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erythropoietin being covalently linked to n polyethylene glycol) groups of

the formula - CO-(CH2)r(OCH2CH2)m OR with the -CO (i.e. carbonyl) of
wo @achsaely(ethylene glycol) group forming an amide bond wiABRB2EH4EHH 05

amino groups; wherein R is lower-alkyi;-x 30 is 2 or 3; in is from about 450

to about 900; n is from 1 to 3; and n and in are chosen so that the ercent
conglestitanhielyhtiol theidor LA HIAS The BRI OB GieffhRtem & R &%~
ore égeégh%%aﬁﬂ{&f—q%!@Qﬂ@f@ﬂ%{ﬂiﬂh@d@éeﬁm wﬁhﬁsmqmdes o

armaceutical compositions containing conjugates described herein in
which the percentage of WO 2005/0 PCILERZ00MO1ALAS1:81)
c%ﬁﬁ%?%ﬁ??&g# enal%ofelé: @ %&%%?gétz‘/} per(%::nt, prefé%ably at least

ninety-two percent, ore preferably ninety-se cent of all conjugates of
the composiﬁm@ﬁ&@ﬂﬁé@?ﬁfé%ﬁé@%@%@%ﬁrﬁjgmes maybejﬁg

represented by formula (I) P-[NHCO-(CH2), (OCH2CH2)m OR]a (1) 5,
whelreiaiPHid dhigeresidue af anceriithoopisietppstsin sdesadesbed Hersifs;

{i.e.. without the ami INg, YEOERSWhich-fgeman @mide the carbonyl
VISR gggee\%w ntgfwé %%%%S%ﬁé%%%ﬁai%g&rmula ). having the inwivo o i o
shobviolbyResradavily b eat §if U6 R AP R ASTE 1Y ?Ec?élgjsnegprooncfuc ion of

incteliculocyies andrediblons eelsdand WibedetalR midwhberalkyR it veeoplyl x is
m_is from about 45 about  nis : Al8osen so that
2 %ﬁb%ﬁ E&fhg%%ﬂ[gét@t 2 29057, 5 0%%% 19 3; 2nd:n,a0d M- osen so

mofecutar weéig e conjugate minus the

thearythraboietighhotbmtenigiominns v eRtBHE e FEbKIREARGH o™ 20
m@@ﬁ?&%ﬁ%C@WM&Bﬁtmse@qued%&%ewg&@iﬁybnﬁ@njugam inwihighyl.
IS methy

. hyl are preferred. The serboI .m" represents the number of
Coélﬁgﬁﬁé%%b%hé)sﬁﬂ%ﬁﬂéﬁfﬁ—ﬁf?ﬁ" the poly(ethylene oxide) group. A

single PEG (polyethylene glycol) subunit of ethylene 15 oxide has :
molde bariveight ofepboat 4 atendeT AfsthHEN s Sd I I%Fér%a%?%%‘éﬁ?) o

cony cluding.the malesyar myeighiefdheERG) depanbsdndfiehylene
the %%%ﬁ%n%@ (‘;’on%&m ates of th'!s inventjon n?Thés fg%n Lgb%éiﬁpoﬂhe
OMWC@@%W% 8 I@aguﬁ% %%ﬁ%’o alg%ut % a[zDa 0 about
coAR KR RIatERabIHJran]abhutE5ghtm Ao EPTE0 onds porbig e ™ - In

molecular weight of About 30 k Thedaumbsy 1) is.seleoed @RsyeAding to a
th‘iﬁﬁﬁﬁ%#%%ﬁ?t%@s Eohjugate of tﬁiﬁ‘icr)lvention has a ph i;;glogic%fl a(%t%i&/t bout
m@]@mﬁmmbigm@mhmﬁmmhmkwg%%ﬂﬁ%ﬁ%% SBht IhE'same’
75@1%39&%{»%%&&%81&&@ WheiacsrespopdngmEL Vit unbwdifisdelected

. A ' molecular weight of " %%ut" a c%rtairgL number. S(gb%?&? &@é\'}iiﬁriéomparable

sughtHiAt b BHAME T AIEE GO R Tiber s detetmined By ‘
to unmodified EPO, which activity may represent the same as, more than, or a fraction of
the corresponding activity of unmodified EPO. A molecular weight of "about” a certain
number means that it is within a reasonable range of that nuniber as determined by
conventional analytical techniques. The number “m” is selected so that the molecular
weight of each poly(ethylene glycol) group covalently linked to the erythropoietin

glycoprotein is from about 20kDa to about 40kDa, and is preferably abowt 30 kDa.

In the conjugates of this invention, the pumber “n is the number of poly(ethylene
glycol) groups covalently bound to free amino groups (including e-amino groups ofa
lysine amino acid and/or the amino-terminal amino group) of an erythropoietin protein
vig amide linkage(s). A conjugate of this invention may have one, two, of thr_ee PEG

&L

. ] . 'Fa 1 [{ -
groups per molecule of EPQ. "n” is an Integer ranging from 1 to 3, preferably “n”islor 2,
o
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conventional analytical techniques. The number "m" is selected so that the

molecular 25 weight of each polyethylene glycol) group covalentl%nked
wo imthesasthropoietin glycoprotein is from about 20kDa to aBEH A 5414105
and is preferably about 30 kDa. In the Eonjugates of this invention, the

number "n is the number of poly(ethylene glycql) grou S COV. lent g
M et bl i ol S A e s e R
cor@ﬁqég{ the amingsterminal AIINGrgroiR)tof7a0,eryitirapdiBtinpesiain 30 via

amide linkage(s). A conjugate of this invention may have one, two, or

three PEG_groups:per molesule of EPQ. . nis &R intepeswanaingfeammderial:

3, ggeﬁé?éﬁ;&“ﬁaiéf%ﬁ%gjzoos%% 47 PCT/EP2004/07.4105 9 and

more preferably "n" is I. A preferred conjugate of the conjugates described

above comprises compounds wherein gs 2,inis 650to 750, nis 1 and R

is methyl. Th@cﬂ@m oy qf;ipg}rp@l@[{ n be prepared from the known
polymeric material:ﬁg%RS (CﬁZCH CH2) PO00 5 in Whicraﬂlgi and in

are as described above, by condéhsing the compound of Formula 1l with
the erythropoietin glycoprotein. Compounds of formula (1) in which xis 3

. are alpha- Jower-al it acid,sYeainig este paly (ethytenda IT with
mEb&%@%’v‘é&%ﬁofﬁ%@%%%%gc’:d? PO gﬁﬁﬁfﬁ%f ﬁ?@&nx%@cal}%%&m
theseydiptreiciveg B RBRY o SIORE Y Sﬁﬁ% ?jﬁfgsut—lers 0
10&QY$%%&MM(QWQ%WRE&QMMW@§?W%ﬂ&lW@_igal}CGXY-PEGM
method of reacting an actiyated ester  iofornmans 681t acid
S GBS HL o Bt b & i%)%g??%g%e@gm igds i Lo
suesignilsl leringfgadpdalsingitrdJdiRite fRRARIET ThE 58?7 conyention
r SURARIAY: B8 65 SUch A e GampuAd ofddtmiilarikitddsrotibe atilized. In
conjugates with proteins are disclosgd.in U.S. Patent No. ;
hisse B AEABE 072507 L E) S LTI LG Sona i coueins
b fre ARipeygresRS Thereifcuerimat divseosgrobrs shiscaiaroansingt formule I
groups of 8 lysine residues, - tions reagentwas, eppdndetued
to\ﬁﬁﬂ%%6§§ﬂnéog%6&% &t @gyn%%l%% %‘g\%&/é%en found that at pH 7.5, a
SeptoteirPEG $afidHetdssetid-a reaction temperature of from 20-25 C, a

mixture of mono-, di-, and trace amounts of the tri-pegylated species

wererpresiused. Whemthe pefiyiatiamreagenswhs AB00SPAEBE BRI BP P

Formula Il, at similar conditions except that the; protein:BEG ratig was; dsdbined
P@ﬁﬁhﬁm%ﬂﬁpﬁé’gﬁ @H%ﬁ%&%&gsfst%fr}be u?cltign’os e [i)glgyla?ed EPO ,
whan ke A compound of Formula 11, it has been found that at pEL 7.5, a protein:PEG ratio

of 1:3, and a reaction temperature of From 20-25 °C, a mixture of mono-, di-, and trgce
amnounts of the tri-pegylated species were produced. When the pegylation reagent was a
SPA compound of Formula IT, at simnilar conditions except that the protein:PEG ratio was
1:2, primarily the mono-pegylated species is produced. The pegylated EPO can be
administered as a mixture, or as the cation exchange chromatography separated different
pegylated species. By manipulating the reaction conditions (e.g., ratio of reagents, pH,
temperature, protein concentration, time of reaction etc.), the relative amounts of the

different pegylated species can be varied.

A further preferred embodiment of the present invention relates to the use as defined
above, wherein the erythropoietin protein is a conjugate, s2id conjugate comprising an
erythropoietin protein as defned zbove having at least one free amino group and having

» . s o of
the i vivo biclogical activity of causing bone marrow cells to increase production ©
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administered as a mixture, or as the cation exchange chromatography
separated different pegylated species. By manipulating the reaction

wo fpeditens (e.g., ratio of reagents, pH, temperature, proteirP€GHEBHIPANIEH S

time of reaction etc.), the relative amaugnts of the 25 different pegylated
species can be varied. A further preferred embodiment of the present
retidnueRtion relateslodhediseras skfitad: above, wherciie @ tgFsitin

rytg:Oteolﬂetlls a%r‘;c?:”{“ Hoale aﬁ%‘%&?ﬂé@ﬁ%}ﬁ%ﬂpﬁ% egeqﬁu@rayghma@teﬁmf human

In"as defineéd above Zélvmg at least one free am an i
ks S SR BRI CAIC PRa, ae

dgafém REWE @&Qg&%%ﬂﬁﬁm@@a@mma%m@e etetebgres
an

d bl lis and selected from.th e
P01 ORI STl T SeF R ReE e By s &
the %m@m@mhmmmmmmbpb@emﬁ@mf@w%mﬁé@b%ﬁ& BT QL e
?o%%ﬁ%yi%@@ sites:Saich anihranaietincseteins Peing(GHigienty- CH,(O-

ke om one to three lower-alkoxy 5 poly(ethylene glycol) groups,

CHedeRpohitétiymene Byl §roup being covalently linked to the
erythropoietin protein via a lin rofg)hef ula -C(O)-X-S-Y- with the
C(O) of the linker forming an m| bon ith ong of s |d am no groups,

Xis-(CH2)k- o CH?(O- H2- om | t i101orN
0N~ O O 10the V@r r weight of ea ethyl ne glycol)
moiety is from about 20 kl|0d Ito to about 40 kllodaltons and the
molecular weight of the conjugate is from about 51 kilodaltons to about

175 kilodaltons. This erythropoietin speciesimay also be represented by
formula (111) P-[NH-CQ-X-5-Y-(OCHRCHZ)m-OR]n (Il) 15 wherein R

maybe any lower-glkyl. r euédj@g% “alkyl is methyl. X may be
-(CH2)k or -CH2(O-CH2:CH2)k-, whiterein k |s from 1 to about 10.
Preferably, k is from 1 toabout 4, more preferably, k is 1 or 2. Most

preferably, Xis -(CH2). In Formula 1, Y is
the average molecular weight of each poly(ethylene glycol) moiety is from about 20

Lilodaltons to about 40 kilodaltons, and the molecular weight of the conjugate is from
zbout 51 kilodaltons to about 175 kilodaltons.

This erythropoietin species may also be represented by formula (111)
P-[NH-CO-X-5-Y-(OCH;CHa)n-ORz (1I1)

wherein R may be any lower-alkyl. A preferred lower- alkyl is methyl. X may be —{CHz)i-
or -CH,(O-CH,-CHy )i, wherein k is from 1 to about 10. Preferably, k is from 1 to about
4, more preferably, kis 1 or 2. Most preferably, X is -(CHaz).

Tn Formula 1, Y is

f i T

e
aaead|

wm:o



N ~r-v!1l |, f~rLN 4 or Oif N--~T 0 WO 2005/058347
PCT/EP2004/014105 -11- preferably o n J or NN ~4 o ON more
wo piefesably 0 1 H N~ /N O~ 5 In formula (Ill), the number mB§ E&B k014105

such that the resulting conjugate of fermula (Ill) has a physiological
activity comparable to unmodified EPO, which activity may represent the

pr&araelas, 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 to subunit of -(OCH2CH2)- has a molecular
weight of about 44 daltons. Thus, the molecular weight of the conjugate

(excluding the moleculapweight of the EP©O) depends on the number m.
A molecular weigh

reasonable range otthat'ndmber a dete
techniques. m is gn integer ranging from abut 450 to about 900
(corresponding to @ molecular weight of 15 from 20 to 40 kDa), preferably
m is from about 550 to about 800 (about 24 to 35 kDa), and most
mérefessdiybin is from about 650 to about 700 (about 29 to about 31 kDa).

In formula (I11) , the number n is the number of S-ﬁlmino groups of a lysine
amino ?

H
N N
C{) \/\g/

In formula (I}, the number m is selected such that the resulting conjugate of formula
(IT1) 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 u_nmodiﬁed
EPO. m represents the number of ethylene oxide residues in the PEG unit. A single PEG
subunit of <(OCH,CH,)~ has 2 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
a reasonable range of that number as determined by conventional analytical techniques. m
is an integer ranging from about 450 to about 900 (corresponding to a molecular weight of
from 20 to 40 kDa), preferably m is from about 550 to about 800 (about 24 to 35 kDa),
and most preferably m is from about 650 to about 700 (about 29 to about 31 kDa).

In formula (I11) , the number n is the number of &-amino groups of a lysine amino
acid in an erythropoietin protein covalently bound to 2 PEG unit via an amide linkage. A
conjugate of this invention may have one, two, o1 three PEG units per molecule of EPO. n

is an integer ranging from 1 to 3, preferablynis 1 or 2, and more preferably nis 1.

Preferred erythropoietin proteins of formula (II) are represented by the formulae:



acid in an erythropoietin protein covalently bound to a PEG unit via an
amide linkage. A conjugate of this invention may have one, two, or three
wo RlSusnits per molecule of EPO. n 20 is an integer ranging #GRIFEH3{014105
preferably nis 1 or 2, and more preferaply nis 1. Preferred erythropoietin
proteins of formula (I11) are represented by the formulae: WO
2005/(158347 PC IEP2004/0145L05 -12[ORands*0000Or N~m P X,
_DOOR S/4 ~,,ff11 0 O O T n_jn the most preferred embodiment of the
present inventiog. |afj er hro/ogll\n_/ec{m teli$’Fepresetted by the
formula: O 4H] OR T—TN%N 0.~ O 0'D n/5 wherein in the above
formulae n is an integét from It8 3; m is an integer-#fom 450 to 900; R is
lower-alkyl; X is -(CH2)k- or -CH2(O-CH2-CH2)k-, and P is the residue of
the erythropoietin protein without the amino group or groups which form
an amide linkage with X. Other referred erythropoietin glycgprotein
products are repreFented by t 10 formuhae 0 OPN'\ N{g‘ OCH3 and

H56507oooe o

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

conjugate is represented by the formula:

0 .
H

H N /\*OR

NYX\S/%N\/\DI( \/\{\O m

s 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 —{CHy)i- or ~CHo(O-CHp-CHy)y-, 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

10 formulae:

n

0]
0
/L_\! OCH, and
pt[?lr SQN\/\P /\/]/650 700
O

o
i ¥ oCH

More preferred erythropoietin glycoprotein products are represented by the formula:

1l
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OH\/~10/OCH3 PNN. _1 N _ O/~tssoaoo H S 0l More preferred
erythropoietin glycoprotein products are represented by the formula: WO

W0 20031868347 PCT/EP2004/014105 -13- O H A~ /OCH3 yt PERYAEY/014105

850-700 H'S Q n O These erythropoiétin proteins maybe prepared by (a)
covalently reacting an a-amino group of a lysine amino acid of an
erythropoietin 5-protein represented by the formula, P-[NH2]n, with
bi-functional reagent representéd by the formula, Z-CO-X-S-Q, to f?rm an
intermediate with ap amide linkage repres%hted the formulacH,
P-[NH-CO-X-8 erein P opoietinlprotein legs,the gmino
group which forris an arflide 10 linkage; 1 is an integer ranging fro dto
3; Z is a reactiver group, e.g* darboxylic-NHS ester; Xis -(CH2)k-"or
-CH2(O-CH2-CH2)k-, wherein k is from 1 to about 10; and Q is a
protecting group, like alkanoyl, e.g, acetyl. (b),covalently reacting the
in{EheiedERE IR SHEPRRIE A RMIPR BFRIES BY) with an activated
poly(ethylene glycol) derivative represented by the formula,

WHQ @é‘x’rg%i%%} -fﬁ&?‘l%,atﬁl) darmian eniprehdietineglycapratel m)i::]n dupthropoietin
represented by the formula: S Y~ONOR 'l 1m0 n wherein V.
T e S

the formula, Z-CO-X-5-Q, to form an intermediate with an amide linkage represented by
the formmla:

P-[NH-CO-X-5-Ql5

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 —(CHa)x- or ~CH(O-CH,-CHo)y-, wherein k is from 1 to about 10;and Qisa
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 fornula, W- [OCH,CHzlm-
OR, to form an erythropoietin glycoprotein product represented by the formula:

H
P NYX\ S,Y\% O/\%,mopl
9 ‘ fn

wherein W is a sulfhydryl reactive form of Y; m is an integer ranging from about 450 to

about 900; R is lower-alkyl; and Y is as defined above.

Tn this embodiment, the bi-functional reagent is preferably N-succinimidyl-S-
acetylthiopropionate or N-succinimidyl-$-acetylthioacetate, Z is preferably N-hydroxy-
succinimide, and the activated poly(ethylene glycol) derivative W-[OCHCH,)-OR s
preferably selected from the group consisting of iodo-acetyl-methoxy-PEG,; methoxy-PEG-
vinylsulfone, and methoxy-PEG-maleimide.
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about 900; R is lower-alkyl; and Y is as defined above. In this
embodiment, the bi-functional reagent is preferably N-succinimidyl-S 20
W0 feehthiopropionate or ,N-succinimidyl-.S-acetylthioacetateP @& P2004/014105

preferably N-hydroxy- succinimide, andithe activated poly(ethylene glycol)

derivative W-[OCH2CH2]m OR is preferably selected from the g roulp

chnsisting ofib do=acsiylapeiioRy PEGS MEMBK)PES Y RUFSHE, Sher
colDERPK g%f{ﬂfc! jAgs W@P@@i@ﬁ%ﬁ?)ﬁ ﬂ@ﬁdﬁﬁf@ﬁﬂé&mwﬁﬂﬂi gﬁﬁvﬂed

more detal eery ropoie ins of for a 5
EP@O’V&?%F\&’IQM(%@@F%S]IYQ %&p@ée ctl aﬁg (¥§Lr,lp § %5% bo of

&ﬁ§téarm3@ciwaﬁnEB%wpke&deemwar@@y@©¢)€ (w@sra golfHe

Tirst ste rthe e pr¢ g@é@&pnﬁ? @9%‘1@&%9 &%@@gcgggfagﬁ@dtmrﬁsﬁmcmnal
srSventio SHE8 nt lin

prl es coval ing of thjol 5 ia NH2- groups of
reAERDS Whmdammﬁm@ﬁ@h@b@ﬁéﬂﬁéé AR YS 5 SHch 28

actRICRSRTY A Q%%@&Ms%ﬁﬁ%ﬁ?d@@ddﬂmnﬁ md@mcgmdp E:gsé@gﬁmdes
as actlve es rs succinimigylest ib
of g{tﬂ Mﬁ%ﬁﬁ?@é acl é/%a 1.8 \)él Xg %% ?s %Imte{:te v

CaF oxy cids and su phonlc acids

gr@ﬁ?@%ﬁﬂwmﬂie diticl gr@mégmmwctéf@w byrmssiRAsWRARFIHE TR B GO et
cetyl.groups. These functlonal rea 10 @emwﬂTh Srst
M&lgﬁﬁg SRR l%ﬂ:x % %&pzlﬁ'n deagti e\ e firs

e Iysm P Amino aC|ds ormlng an amide Ilnkage
ste‘ﬁhﬁﬁustresmmnﬁsthet readtibrwis set out below: Z O EPO N p EPO-f - NH2]
n + ~-X-s- X-S~/ O CH3 p CH3 n EPO, n and X are as defined above and
Z is a reactive group known in the art, e.g. a N- hydrexy-succinimide

(NHS) substituent of the fc;ﬁmula 15 @O\ 4 O lgeay rred emboglm nt

the actiwex Nﬁgﬂ]e 3zami ' Bﬁ’(oups—‘rs*pmfor ed) by e n with
bi-functiona reagents haging a succifiridyl moiety. bi- uncthgql 20
reagents may carry different spacer species, e.g. -(CH2)k- or

-CH2-(0O-CH2-CH2- )k moieties, wherein k is from 1 to about 10, preferably

Elﬁgnrl :aluzg }%ba?'g ta;l a? td \USve and 7, is a reactive group known in the art, e.g. a N-

hydroxy-succinimide (NHS) substituent of the formula

In a preferred embodiment the activation of the g-amino lysine groups is performed
by reaction with bi-functional reagents heving a succinimidyl moiety. The bi-functional
reagents may carry different spacer species, e.g- —(CHz)x- o1 ~CHo-(O-CH-CHa- i
moieties, wherein k is from 1 to about 10, preferably from 1 to about 4, and more
preferably 1 or 2, and most preferably 1. Examples of these reagents are N- succinimidyl-S-

acetylthiopropionate (SATF) and N-succinimidyl-S-acetylthicacetate (SATA)



preferably 1 or 2, and most preferably 1. Examples of these reagents are
N-succinimidyl-S- acetylthiopropionate (SATP)

WO anessaeTinimidyl-S-acetylthioacetate (SATA) WO 2005/05884/EF2004/014105
PCT/EP2004/014105 -15-0 0 10 ~i¥3Jk SCH3 OO
Acetylthioa i-carboxylic-NHS-ester, like 0 0,1 0 ~_OSYCHs or ;"0\
SACH3 O O O O SATP SA4 A ONOV_~OSYCH3 OO0

2- (Acetylthlo -NHS ester with k as defined above.
The preparation of th% E unctlonanseagents is known in the art.
Precursors of 2-"{acelylthio)-(ethoxy)k-acetic-acid-NHS-esters are
described in DE-3924705, while the 5 derivatization to the acetylthio
compound is descripitibiyyMarkehy!3:NABeakcédeOrganic Chemistry,
McGraw-Hill, 1977, 375-376. SATA is commercially available (Molecular

Probes, Eug%pe OR, USA and Pierce, Rockfayd, IL). The number of thiol
groups to be ded to an EPO molecule can be selggted by ﬁ@stlng the

reaction par {EP®) concehtratipn afd thed
protein/bi-fugznu@ matl Preferably, OQs activated by
covalently linking ®rom 1 to 5 thiol groups per EPO molecule, more
preferably from Lo 3 thiol groups per EPO molecglerAThese ranges

. refer to the statistical distribution of the th of group over the EPO protein

population. Tlg)e reaction is carried out, for example, in an aqueous buffer

solution, pH 6
p & Gﬁ CH

2-{ Acetylihio)-(ethoxy),-acetic-acid-NHS-ester

with k as defined above,

The preparztion of the bi-functional reagents is known in the art. Precursors of 2~
(acetylthio)-(ethoxyh-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, 197 7,. 375-376. SATA is commercially available (Molecular
Probes, Bugene, 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 (EPQ) concentration and the
10 protein/bi-functional reagent ratio. Preferably, the EPO is activated by covalently linking
fom 1 to 5 thiol groups per EPO molecule, more preferably from 1.5 to 3 thiol groups per
EPO molecule. These ranges refer to the statistical distribution of the thiol group over the

EPO protein population.

The reaction is carried out, for example, in an aqueous buffer solution, pH 6.5-8.G,

15 e.g.,in 10 mM potassium phosphate, 50 mM NaCl, pH 7.3. The bi-functional reagent may
be added in DMSO. After completion of the reaction, preferably after 30 minutes, the
rezction is stopped by addition of lysine. Excess bifunctional rezgent mey be separated by

methods known in the art, e.g., by dialysis or column filtration. The average number of



15 e.g., in 10 mM potassium phosphate, 50 mM NacCl, pH 7.3. The

bi-functional reagent may be added in DMSO. After completion of the )
wo reaviisas preferably after 30 minutes, the reaction is stoppeRCHyERGAfGH* 1>

of lysine. Excess bifunctional reagent iifaybe separated by methods

known in the art, e.g., by dialysis or column filtration. The average nymber

thidf WOR00EIEHBEAY (PG EPUeA0 21 DE PR YB TG RGP AR datF g = - o7

ex Ao Gan ba:determined by-phofemetiomaihods-des Gibedlimolot 19, 41— 49
exgmple, Grasetti, D.R. and Murray, J.F. in J. Appl. Biochem. Biotechnol.
(19@?@’ 41- 49 (1967). The above reaction is followed by covalent coupling

of an activated poly(ethylene 5 glycol) (PEG) derivative. Suitable PEG 1
detheativee arecioivatid PEG Piclealias WiRERE alaraGE RBIREgRcthyiene

5 gh}é/&%@ﬁfij @éﬁ@ng %Qim@gg@é@lﬁ@%v@sm peeferablyBo gmdbmlteszfﬁth 2n
to about 35 kDa, an st preferahly about . Activate
B FRIESAE KB TP A b TSR AR T S R kgl from about
24 MosporgesMDet aldnBivpoeiereiigah (1986 7apage 363 if for
PEG-vinylsulfone. Linear 10 chain and branched chain PEG species are

S“K@@@t@%ﬁ@%ﬁ@%@&%‘}ﬂ@vﬁ@fﬂ&ﬁ@Bﬁ%ﬁﬁﬁﬁf@éﬂ@beﬁmm&%a@ﬁple:
reactive PEG reagents are iodo-acetyl:methoxy- a o .
Mesgtregy etk We@%ﬁgr\l(,,l/g %’v ﬂdﬁ%ﬁ?}é%%’%ﬁ@ovﬁfﬁésﬁlsf%“& Linear
0 chihesedosieratiivated s pbGapesssstesoitebln fiethetrantagesenisédbe gppyounds
Hermanson, G, T. in Bigeonpigate. Techniques  AcadgmictBigssyEi@and
of ?e%%u{%gg Bmlee?(ioﬁ ?él\k/l%gst prefe?gbly, the PE%; sp%?:ies argithivated
mbipomEiisidengawoetver-allcoxy- PEG-maleimide), such as
methoxy-PEG-maleimide (MW 30000; Shearwater %olymers, Inc.). The
structure of; Y ikexy-BEG-Aadimide,is as %MQAQ%@R 011

10 20 with R ang m are as defined above, preferablg

The use of these iodo-activated substances is known in the art and described e.g. by
15 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), sach as methoxy-PEG-maleimide (MW 30000; Shearwater Polymers,
Inc.). The structure of lower-atkoxy-PEG-maleimide is as follows:

O
e
\
O

) O
&/\/U\ﬁ/\/kox/\]\moﬁ
\
20 o

“with R and m are as defined above, preferably

0 )
\
0
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00 H ~/FOR 0 WO 2005/058347 PCT/EP2004/014105 -17 The coupling
reaction with lower-alkoxy-PEG-maleimide takes place after in situ

wo eleawageof the thiol protecting group in an. aqueous buffer S6ILHSRIEG14105
10 mM potassium phosphate, 50 mM NaCl, 2 mM EDTA, pH 6.2. T’he .
cleavage of the protecting group may be performed, for example,

willbysropitaminetiorDNB O uE 25, BHIE.S for BBl 98 Sehiifited o
défgg @%@gg@%&%gﬁ&&éﬁﬁg@%@rﬁxtiaqz@@@@m@gﬂémmw-amw@emssm

imide should be from about, 1:3 19 abouyt 1:6, and bly 1.
Shesaiet a9 Soppety ackhia o S A A b o e 0 2 =57
beL%%@?ﬂQj!M' eé@lh@lg;wmmmmmhmmcﬁé 6t Sppreprrtat 20
RS ;#“%%1%%9@8 ?{1855 s gisulfide bandse Becauseptihevweastiony-PEG-
. ﬁi emaining active thiol groups with a protectin up such 1o a
rolemaityrmi o SRR AR o oS FOUR S ) acion ey be
st > %gsfégtéﬁigfﬁi&tg? c@&ﬂﬁﬂ?}%éﬁcﬁﬂﬁ iveRtiematain gahtalin-SEGhgroups with N-
roups. Generally the procedure, desch L Wikl
B T e e P
B elifferent tsmbetoofdheproeetingaroins, Bipanraing orthe FaEaREEOUP s1ch

tivated.thie) - i . .
i alert o e e ST e G cer
CamvaIEn BT EBED B TSAIRIT 6T 700 P e ocedure
dikﬁ%%'@c}%&%_ﬁtﬁﬁﬂ, Iﬁf@mﬁa esimpeusiis ditibacaviagimergolestgrs of thiols
ide/disulfide exchange reaction isulfi r -

Rt RO AT PPRroH B DYGc g amerte I e Bt ok o
ettt gonin 0 oSG EBSBE Y ST B BRI i
Whereas with cysteine no additional 20 net charge is introduced into the
peW@?&m@%ﬁﬂﬁﬁéﬁr@&éﬁmmgd@Wﬁw@ﬁg@@%m gsed to

esults in an additiongl negative or it} . T ificationr
e SHUOR B OHAR [ o ROIG e et aon o ot
i m@m@r@a@@é@@@@w@@m@ﬁ@ﬁd&é“&ﬁ%%ﬂﬁ)gﬁgcgﬁylmg of
e ol %}E?JTI@}IQQE AR 0 2E8Raeyiaied Rrvthiopgietin bledvatiesct

pe_re,tlgrgﬁ%%% itains at least ni?\ety 5e c?ntt mono- Pléﬁgl co&iﬁ; 8Si e a.rf.:
owidizatl SHeHHIPEG Corlitlg SIS OF aRHTS BTt R &%%B%(S)telnsgire fne no additionel
net charge is introduced into the pegylated protein, the use of the blocking reagents GSSG

or cystamine resulis in an additional negative or positive charge.

The further purification of the compounds of formula (111}, including the separation
of mono-, di- and tri-pegylated EPO species, may be done by methods known in the art,

e.g., column chromatography.

Pegylated erythropoietin derivatives preferably contains at least ninety percent mono-
PEG conjugates. Usually mono-PEG conjugates of erythropoietin glycoproteins are
desirable because they tend to have higher activity than di-PEG conjugates.. The
percentage of mono-PEG conjugates as well as the ratio of mono- and di-PEG species can
be controlled by pooling broader fractions around the elution peak to decrease the
percentage of mono-FEG or narrower fractions to increase the percentage of mono-PEG
in the composition. About ninety percent mono-PEG conjugates is 2 good balance of yield
and activity. Sometimes compositions in which, for example, at least ninety-two percent

or at least ninety-six percent of the conjugates are mono-PEG species (n equals 1) may be
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desirable because they tend to have higher activity than di-PEG
conjugates.. The percentage of mono-PEG conjugates as well as the

wo tatiooagsmno- and di-PEG species can be controlled by po8figFBraater105
fractions around the elution peak to degrease the 3o percentage of
mono-PEG or narrower fractions to increase the percentage of mono-PEG

" JedndhelaampasitichmAtiont thinéty peice therensFES chiagmEsisagosds 1

frogla!:%plg%%fe £iiglllcé t@%@?‘%ﬁ%’ Semetimes compositions in which, for
example; at least ninet -two%ercent or at least ninety-six percent of the
conjugates are mono-PEG species (n equals 1) maybe WO 2005/058347

PCIHERRQ8410:: 1405 pbS tesiretnisin gpedinANBLIPRS ifve AtkEIED I the
artReIegRIage Aheon) g%‘ﬁt?ﬁt&‘ﬂ%ﬂ‘aﬁpfﬁéﬁt fropnaifiely Weycand 1enainedynpisitions

percent. Pharmaceutical compositions comprising_pe tgdd fined above.
mayARPEHSetih Ars RS iR th TRE 83%1%% Berss 88‘% ﬁﬁ. in International

Prefatebiyapplicatipn Hone /87329 Humpiitiehs S MajoftAse $8146™ -0 18
pe%#@%%@%&@%ﬂ{ﬁ@ﬁ@% B%MOWOO iplasiged n@d(g%b%&yﬂmfpmg?@ %O@}RE Iy, protein
e .compositions compyise 10 to .6 :

PeHBHoLY “p%@dﬂ&fﬁ? ﬁ‘é@%ﬁ%@%ﬁ%ﬁ%ﬁf %%?/}g%%%r}}se 10 .g6 tq 1?209 -
commytiBpoied proteimpefaiip 10 Zozé)éffrﬁ?ﬁ%w‘é‘a‘?r%ztérfoff’oogé Wﬁﬁ% VR R
0. @ﬁﬁc PER G040 ﬁl&dﬁﬁiﬁﬂﬂﬁﬂt@ﬁﬂﬂﬁﬂlﬁﬁi&@bmwwﬁ%Qo

m ethionine,.l - 59 %{\é@ﬁ)i Q 1o%: PWoRic RES A0V
COTHT %16 |8ncé)ﬁnplfls?soﬁlc/ lgﬁ%tlc %@%qgh n f)f%gle 0 %ﬂs ﬁ%%%n%%osgiq % tlaronic F68
sﬁ@mﬁm@g@%m SesHBHBI A Peﬁﬂ‘{\ée?j RN 2
(wiviffaiEs 4.0.mmdldphtsphiatep¥avidon imﬁMﬂ@ﬂMHﬁéﬁ@Wﬁé&g
er O%%oPéH%WBtEi%%Je@‘M,q@'z‘o@@@ IRAlemative thecompasitioptmghate pH 6.0

comprise 10 ¢ tool 000 g erytl'[l%o &%{rﬁgm ger mslitiloo tlcl)ml}ppo %'é'u ta 20
to KACPPHOTS 0 ki ShE5prs Og 0" 107 _,mo%cﬂonaljly 145% (Wlv) o
mRpobibloFinthep, this Composiicr i dycompiss iprmipd Shmol/l CaCl.
Spgg f %&%Eﬁ&é@ﬁ)ﬁiﬂf%xﬁ@ﬁs@ﬂ@h@ﬂd ﬂmmﬂﬁﬁrﬁﬁﬂ% ﬂi%pﬂlghmn per

ecifica iSO ion may. compris erythr

oo R Y b MR AT LD et D O 10, peroes R
phustdatendId@-fimol/l phosphate, pH 7.0 20 The present invention also

refers to the above composition comprising 10 g to 10000 g erythropoietin

protaiRenaifah: 1avia56minolkarg initte; k6 wph 65010 HeanaHblE ©

iym sulfate. Inaddition, this GAMBQSItER-MAY/PoraRise HH RGHNS, 10 to

loﬁﬁﬁrﬂgﬁﬁ%@&%ﬁg ?ﬁﬂ/gbq%? gﬁﬁgér%lgwl\g ogti.%nallx up to tli%nrpgﬁtgagm
108hgmol/] sodivrn sulfate. In addition, this cOmpoOsIion may comptls
methionine, up to 0.1% pluronic F68 (w/v), optionally up to 1 mmol/! CaCl, and
optionally 1 -5 % (w/v) of a polyol. Specifically, this composition may 10 kg to 10000 pg
erythropoietin protein per ml, 40 mmol/l arginine, pH 6.2, 30 mmol/l sodium sulfate, 3 %
mannitol (w/v), 10 mM methionine, 0.01% pluronic F68 (wiv) and optionally 1 mmol/l

CaClg.

A preferred embodiment of the present invention refers to compositions comprising
10 to 10000 ng/ml erythropoietin, preferably 25 to 2500 pg/ml erythropoietin, and

2) 10 mM sodium/potassiam phosphate, 100 mM NaCL pH 7.0 or

b) 10 mM sodium phosphate, 120 mM sodium sulfate, pH 6.2 01

¢) 10 mM sodium phosphate, 40 mM sodium sulfate, 3% mannitol (wiv), pH
6.2 or '

d) 10 mM sodium phosphate, 40 mM sodinm sulfate, 3% mannitol (w/v), 10
mM methionine, 0.01% pluronic F68 (wiv), pH 6.2 or
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optionally 1- 5 % (w/v) of a polyol. Specifically, this composition may 10 g
to 10000 g 25 erythropoietin protein per ml, 40 mmol/l arginine, pH 6.2

) 30
WO MpaEFESGdium sulfate, 3 % mannitol (w/v), 10 mM methionﬁ%’,t TgRgghIIes

pluronic F68 (wlv) and optionally 1 mmé#/+ CaCl2. A preferred
embodiment of the present invention r,efersgg composition comp iSing, 5 ..
10 to 100G AMAHHORGI RN T BE46 2500 ST ey thisaie
and 30 af)1@0alisodininip 6tassiliny phosphiites, 00 mavmtallvpes et
b) 10 mM salimphesplyals phal mvisediv splfée.pH 6.2 o ¢) 10

m.M sodium phosphate, 40 mM sodium sulfate, 3% mannitol (w/v) , pH
6.2.or d) 10 mM sopdium phosphate, 40 mM 18 - 3 itel
(oS3 S SRS GHN D10, DLTOTE Eo () BE1S 2 e W
erp05I05eEa PP R EPFHG £420800 00 BV8G & a 5&%8?%‘?%&6
cosngliurn sklfaser3s manaitol i 3odh6. Rrars e, HMndviginfisraouiug. 3%
£ 20IY 13150 S0 MARRIRLWY)ha/BM, SRRIniGpIAG 0 PAY pluraie bR gaine
fle}f‘\}) pH 6.2. h the most prefetred empodiment, the com g)t)o Sronic F68 (wiv)
SRR R BBl BRSO IO BrS0CTot 400, Aob sr3sge '™
piys. Rhebaokipiefdisec compositionsacols ive eV thiisedium
phosphate, 40 mM sodium sulfate, 3% mannitol (w/v), 10 mM methionine,
0.01Ph PIHRRIEGB AW kb 6. 200t Matginindist8tbmivksofiven distribution
. Sulfate, 3%. mannitol (w/v. MM, ionj % I F68 (Mlve
Y e R SR

SOYBTSHTOTR HVE RO EIES JEIES RO O TOP reatg e2tion relates o 2
Histurbanes: ofdsen cilitinitionein Cinonidsinflariatony thresin b imeaeesintestinal
a&omprising administration;of an sffestiverameunt Sheryiuspeietivipiatpitein.
as defined above. Furthermore, the i vﬁelntlon relates toogb@ec%%am%q éﬁgre dto
Eraig 61rB LGN AR A TH-CHSHC PR e atina
~dlisenstsithasactedizelits thatitseohtaivsien withdheabene grngioned method and
Sryihropoietin pratein,iip; Exareplies o tGhhoFisHnfianaibnnintestinabstinal diseases.
dﬁls.e;ases are e.g. morbus ¢roh, %Jso referred to. as crohn. i%ﬁ?&?ﬁ’ﬂ%qses.
CE&H&”&%‘P&%&%&?&@%&?}? fd & Ebdve mentione mer%?fo and . .
Prefdicament riorbdsrordhmisatpreeratbrst AP OT MO HIE SHEATEEHPe

e}ﬁﬁfggaﬂﬁ%é% Loliisatlzarasavits another preferred form of chronic
inflamatory intestinal diseases.

The specific activity of EPO or EPO conjugates in accordance with this invention can
be determined by various assays known in the art. The hiological activity of the purified
EPO proteins of this invention are such that administration of the EPO protein by
injection to human patients results in bone marrow cells increasing production of
reticulocytes and red blood cells compared to non-inj ected or control groups of subjects.
The biological activity of the EPO proteins, or fragments thereof, obtained and purified in
accordance with this invention can be tested by methods according to Annable, et al., Bull.
Wid. Hlth. Org. (1972) 47: 99-112 and Pharm. Europa Spec. Issue Erythropoietin BRP Bio
1997(2). Ancther biological assay for determining the activity of EPO protein, the
normocythaemic mouse assay, is described in the art (e.g. Pharm. Europa Spec. Issue

Erythropoietin BRP Bio 1997(2), and the monography of erythropoietin of Ph. Eur. BRP)

The invention will be better understood by reference to the following examnples

which llustrate but do not limit the invention described herein.
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wo metivigzef EPO or EPO conjugates in accordance with this ihGé

Preferred methods and medicaments as described above are those,
wherein the 20 erythropoietin protein is as defined above. The ?‘Fgr)emflc

}aqﬁééﬂﬂdilﬂﬁ

be determined by various assays knowf in the art. The biological activity

of the purified EPO proteins of this invention are such that administration
of the EPO protein by injection trﬁmgtients results in. bone marrow
cells increasing production of 25 reticulocytes and red blood cells

Exg@mlpared to non-injected or control groups of subjects. The biological
activity of the EPO proteins, or fragments thereof, obtained and purified in

accordance with this invention can be.te accord
A pisRgeet %?%r%&%ﬁﬁ%?@%ﬁ%%%@ RESmE u%f%b“m
by Spremissit £ nittie fdletiing REBictar99 TRY, Kntireivsibiogieal, aesiyorapd
solggs?%ﬁ%%gégﬁf%ﬁl #}t’hqisg%’%i?f&{@' %éﬂ&%@m%rrn@@waﬂem@ Mstasa. Baldauf,
S5 B PO 100y oy o 20 s gnst 2
ZOUHh BitaBRBGnoThE haventitsrshoi @@%ﬁéﬁ?ﬁd@r’é%@%? BfiBntaggetent is
et RioNIng, whigty ituRisasenhuitid annlinittbityinveitidnerythropoietin

g e ek 1) 20 0RE R R HE R e Bhtion of e

aged woman wijth cqlitis ylzergsa i
pavtpekasifo el rh@fgﬂae%h%haaréwrﬁﬁlw aé rﬁiﬁ i%eﬁ ‘ro’t‘i%)é‘ deficiency:
following parameters - CRP (C reactive protein), ferritin and soluble
Extraupdéearin receptor - as described P. Lehmann, M. Volcmann, J. Lotz, A.
Baldauf, 10 R. Roeddiger, poster presented at the AACC/CSCC, Annual
A M@&Qgé’&! M@&Mﬁﬂ%&br&&b}l@mm&dﬂlfrmshé[héar’ewkts@h@wdlsmbuﬂon

dsurbances of n trrbu T ti equsiNG and
by e oo 8 RN Fheeenkie @?%%@'ﬁ%ﬁ%ﬁ?@iﬁ;B}dwf

mmercially avarlaﬂ
soﬁbrbﬁetrr)%ﬁf@@%%@%%r asr#régrrhwo FE20988K A\f
R dejesminaliposeiitbespatanetbesias e Sl lad abod Mm@ma}ulr 29 - August 2,

Zf)liﬂp }EARG gﬁfﬂxg}? 'ﬁﬁao det:ofiran deficiences dbifoamalesdwon. The patient is

ea e manwrt morhus_crohn is cked for disturba 0
ransber By e RO A O e e ARE SR Bpoietin
pregasijwevproteinsdortinaninsoluid2rrdtediflvetedo dorsaastivred B

o ERMANN, M. X OKMARR I b i tndR+ Boeddigerdppstaron deficiency.
presented at the AACC/CSCC, Annual Meeting, July 29 - August 2,
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20 2001, Chicago, lllinois. The results show disturbances of iron
distribution. The patient is treated subcutaneously with 150/U kg
RecormonT" (commercially available erythropoietin protein) twice a week
for a maximum of 12 weeks. Afterwards, determination of the parameters
as described above shows an imprgvement of the disorder of iron
deficiency. 21 CLAIMS 1. The use ot erythropoietin protein in the
manufacture of a medicament for the treatment of disturbances of iron
distribution in chronic inflammatogy jiigstinal diseases such as Crohn's
disease and ulcerative colitis, which do not present anemia but in which
the concentration of iron in the body is normal, the concentration of

. soluliesapsiprrineaeniardmey e Gividesd b 1o (Ganeantrationehiermtin: of

(G5 smaleE AN 3% Alo s MUIABRCUSHAIRRANGRAANPR Olases such as
¢ r%?&%‘? RIQIEIN: (% 3DQYE; 2. Ml %ﬁ&e&sﬁo? ‘Eé(%ﬁ? %m%%e{;% ”& v%mh fhe

chronic |n amm or |nte%t|r|ba glsease | iIseases fo
congentrat 101] Q5 IT0R 1l 1S norma e C nceint a110n Of 501\1110 e trans SETrm
claim I, wherein the chronlc inffamma inal disease i utéerativ

col|ff‘§eﬁt“r%gﬂs?edﬁ%%iﬁ‘rBH@%CaW‘B?aé‘%}rﬂgfF‘Fd‘%* (krbin hgller than 55 and
eryHIBHEISHH ProfetATRe AT AhC SppEHIS potEtin 5t W& laccording to
claim 4, wherein the erythropoietin protein is epoetin alfa or epoetin beta.

6. The use atctiding teharinokclaimeail tofbnwhereinntbeielytivepoiatitirohn’s
proteipaisexpressed by endogenous gene activation. 7. The use

according to any of claims | to 3, wherein the erythropoietin protein has

the T%E”lﬂ@ gﬁhqa%qlu%%?ef?}f t‘%ggnjﬁ? y%ﬂ%ﬁ%&%@l@ Re!‘}l Qalzd§ea-£@ & l‘{§c.eer3:m'e

according to any of ¢laims | to 3, wherein the erythropoietin protein has

the © sequence of human erythropoietin modified by the addition of from 1

to 6 glycosylation sites. 9. The use of according to any of claims 1 to 3,
wherénithecertoisciatiol siotasn 19 darbapsdtincartiropgictihereigia is @ human
accondingptictimy of claims 1 to 3, wherein the erythropoietin protein as
defined in any of claims 4 to 8 is pegylated. 21a

The use according to claim 4, wherein the erythropoietin protein is epoetin atfa or epoetin
beta.

The use according to any of claims 1 to 5, wherein the eryvthropoietin protein is expressed
by endogenous gene activation.

The use according 1o any of claims | to 3, wherein the erythropoietin protein has the
amino acid sequence of SEQ 1D NO:1 or SEQ 1D NO:2.

The use according to any of claims 1 to 3, wherein the erythropoietin protein has the
sequence of human erythropoietin modified by the addition of from 1 to 6 glycosylation
sites.

The use of according to any of claims 1 to 3, wherein the ervthropoietin protein is
darbepoetin alfa.

10. The use according to any of claims 1 to 3, wherein the ervthropoietin protein as defined
in any of claims 4 to 8 is pagylated.
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11. The use according to claim 10, 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 wilich have a WO 2005/058347
PCT/EP2004/014105 22 sequence of human erythropoietin modified by

the Heldisoacobtimm td tain Glycasyldatiore sitehopdcrearrargeinenboigite, said
leaghb@neg sasyiation shensaitRrythepaictin ArRiginkeing savaletly and
||nkﬁ§l/{9g%9§}l)ﬁ(i‘%wytﬁ Alveab; @t&@%n‘;’é theefermua H0 G2 production
© o|?| CQICLE%} ﬁ?(? W{!lthfgio docé:i eaﬁ%h e%%lé{ q‘{‘h%l%ﬂe s@%ﬁo&%@tﬂp of human

forming an ami t Qb%%l amino group erein RIS
lowéra k§? I8 B F%% ABOUL 454 to about 900; n is from 1 to 3;
and n and m are chosen so that the molecular weight of the conjugate
minus the erythropoietin protein is from 20 llodaltons to 100 kilodaltons.
1D 12. The use according to claim 11, wherein xis 2, m is 650 to 750, n is
1 and R is methyl. 13. The use according to claim 10, 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 15 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 glycosylation sites; said e_rythropoietin
protein being covalently linked to from one to three lower-alkoa'y
poly(ethylene glycol) 20 groups, each poly(ethylene glycol) group being
covalently linked to the erythropoietin protein via a linker of the
formula-C(O)-X-S-Y- with the C(O) of the linker forming an amide bond
with one of said amino groups, Xis - (CH2)k- or -CH2(0-CH2-CH2)k-, k is
from1to 10,Yiso LO4,
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wo Rf5liaies

OO1H or~N”"/NAT OO0L 23 the average molecular weight of each
(ethzlene glycol) moiety is from about 20 kilodaltons taabaubdéi/ni4105
s, and the molecular weight of the conjugate is from about 51

kilodaltons to about 175 kilodaltons. 14. The use according to claim 13,

with ari erythropaietin conj dhe formula Cot NaaidYaehrdiOT 6
JLO ﬁﬁquv%ﬁcé"réglfr?nﬁl %&élnelﬁtegg%)? o op

2NN rom1to 3, mis an |nt? erfrom 450 1q .4
00, R oA XCTHCHIREEFERO ORI R K B 11010 3

P is theesidus afthecehrangietivelprtelmivithout BT ARHTB RGPS & OuPS
which JorT) 3 amide Hkagenyith B Aedisarentdor [mtifgach

disturbances of iron distribution in chronic inflammatory .intestina! _. :
diseaﬁ%@%@%ﬁ@%@%@%ﬂﬁaﬂ&%@g&% é)séflvt;\j:ﬁ&e %sﬁﬁ e _
preseicanermiachit i ihishthiigbrceiieribrofsforrraerbby i bout 208 =

e i oo i,
\ b ) v 1 0
charadeRBEa AL TR GREB RSO of ngfu fe Iﬁ%%ls é)rrin ?eceptor

(mg/L)kdiviti&d 1ty log (concentration of ferritin (g/L) is smaller than 3.5 and
simultaneously the concentration of C-reactive protein is above 5 mg/L.

WQ 2085/Q58 347 PG ER200410] 4405:i1/2 1SEQUESCEIAFT S (apd R is
GENERH,?@I&ISIX‘FORMATION:

13. The use according to claim 10, wherein the erythropoietin protein is 2 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 protein and analogs thereof
which have the primary structure of human erythropoi etin protein modified by
the addition of from 1 to 6 glycosylation sites; said erythropoietin protein being
covalently linked to from one to three lower- alkoxy poly(ethylene glycol)
groups, each poly(ethylene glycol) group being covalently linked to the
erythropoietin protein via a linker of the formula —C(Q)-X-8-Y- with the C(O)
of the linker forming an amide bond with one of said amino groups, %15 —

(CHy )y~ or ~-CHy(O-CHy-CHy -, Kis from 1 fo 10, Y is

B
/L\/g—\j/' l N\/j ; A{\g/ "
LB -

]
ey
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15.

(i) APPLICANT: (A) NAME: F.Hoffmann-La Roche AG (B) STREET: 124
Grenzacherstrasse (C) CITY: Basle 10 (E) COUNTRY: Switzerland (F)
POSTAL CODE (ZIP): CH-4070 (G) TELEPHONE: (61) 688 11 11 (H)
TELEFAX: (61)688 13 95 (1) TELEX: 962 292 hlr ch 15 (ii) TITLE OF
INVENTION: New Pharmaceutical Composition (iii) NUMBER OF
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The use according to claim 13, with an erythropoietin conjugate of the formula:
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wherein n is an integer from 1 to 3; m is an integer from 450 to 900; R is lower-alkyl;
X is-{CH; ) or <CHof O-CHy-CHih-, 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.

A medicament for treating disturbances of iron distribution in chronic inflammatory
intestinal diseases such as Crohn’s disease and ulcerative colitis, which do not present
anemia, but in which the concentration of iron in the body is normal, characterized in that
it contains an effective amount of erythropotetin protein, wherein the disturbance of the
iron distribution is characterized in that the concentration of soluble transferrin receptor
(mg/L) divided by log {(concentration of ferritin (ug/L) is smaller than 3.5 and

simultaneously the concentration of C-reactive protein is above 5 mg/L.
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