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- - Use of erythropoietin in the treatnent of
di sturbances of iron distribution in chronic inflam

wordsnys3snt est i nal di seases The present i nvent POIYEP2004/014105

relates to a new use of erythrppoietin, especiallythe
treatment of disturbances of iron distribution in
chronic inflanmmatory intestinal diseases. Various
di seases are known, in which the nmetabolismof iron is
not normal. In an anem a, not enough bl ood can be
formed due to an overall lack of iron in the body. An
ot her nmetabolic condition relating to iron is
henochromat osis, 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 o f
organs. Di sturbances of iron distribution differ from
descrlbeo .nen1a and .henochr omat 0sj.s because
t ke " L NIl DARNCES o1 101 St ipution in ChI'OIllC
nor mal . Ch one hand1nﬂanmnaksvanewmm]dmeukm n various
organs and can |l ead to danages and even destruction of
these organs. On the other hand the use of the iron
which is present in normal quantities in the formation
of blood is inpaired, |eading to secondary
ef fectswhich are conparable to those related to
anem a. Until now it was not known that patients
suffering fromchronic inflammatory intestina

di s&as pﬁdsa\ténvaanﬁbg ITehlt@llalainleWtqse bbedyehrapbietih sdptayally the treatment

anc i stributio Disturb e f

of PR Tt S s e c Sty RO RERERR Bleases.

par anmet ers mhlch are conmonly used in the diagnosis of
t he Viarious disabessire Baswd, mnvhrela&manteho]snmbf ifrem isirtdt moamal. In an
<t a bR bERY By LRI Lo PR Bt ion in hgbody: An
oﬂmr ingxtab oic t(ﬁmadltmg rélatmg thirom lsdlamﬁdhammuttoensymlwméxthe rma'hrall

Cfn&/\g?rgtgon 8§ 0 rh n’% |boor§ly 1% ﬁllglléer tﬁ? n%?ﬁ%}me }ll % @]s % V%rlous conditions

such &re.g. tithdesﬂrmhdnm:f@gsma.lr bances of iron distri but i on.

Anot her indicator is a continuously/prolonged

el e\ﬁj‘ T ancerfqm%tcil 1b%t10ﬁ dgi?e%rf} ?feoa{b € dQscg ggﬂugemla and

pat i e
hdmehm&mtmﬁdaeea(tme bhe Dwgaﬁi caitmemsrhtmw ef mbh i m tl‘rel’oody is normal. On one
hl(:irr?cgﬁreogmt 1% ?cl;c'u% a|1t8cr11 qﬁglar? ues];o%rga glsa%lr%l c%ﬁé&% el Igg'ug{ %s%n(aee% Offestruction
oY tHekevengans. On the bther AanBahelasefof thR irGo wdmhbgepresmn eormal

! et‘?’t?etrs]t eﬁle%mﬂ?o&%ogc?lﬁ i A:yn}g?, lee!\@gé ns%tor‘;cyary efHtsw Wthh are

cbn@mmhbnbHMEsrdekdheeneﬁmggested for patlents with

chronic inflamatory intestinal diseases suffering from

ijntﬁ tn%ki@&}& r?ot'kﬂo%ﬁ%agfva?t bl sldhielqﬂg &0ERLER! iﬁmmmatory 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 diagniosis 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 a patient suffering from chronic inflammatory intestinal diseases 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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underlying the present invention is therefore to
provide a treatnent for disturbances of iron
wale@s0883wt i on in chronic inflamatory intesti naPCT/EP2004/014105
di seases in order to mnimze2or suppress the above
menti oned di sadvantages. It has surprisingly been
cérmanitatidrast @rydchioppioedin (CRASinapaienBsufféralg fbmebiomdainflamatory

kB RRARS SR o b e CeblA - SERRki, & metod or
diapessefgadietusivineedof ;amczﬁgtdibpﬁ% haiﬂuﬁn dessiad by Eybaiﬁﬁam, M.

t.nr et.l.n or the us
vealrRoh B AghUitas Bk @ Pot Brestied g RAGE/CSCC, Annual
Mebtion Jalyi2aoH Augiso2, 200 Nitsdgadllindisseases. Unl ess

otherwi se indicated the followng definitions are set
h.to i]ll and sc

f or strate and define e ani n 0

of " St et EehEh Ot Shi s B R e B bR S fmatory
inhestiablndisedbes stffering' frawelistadbhayds in B6n detbuttine The pBebien a

| tnear or branched al k r.oup having fromonpg t.0 SiX
upd e BF preRERE s Rod ety PR Giatsar P ibinces of
iro® ﬁhyiﬁblut'&inhyll ch?dl krdc irdlapiaagpy Elate@fnaf &ikcabds)in Beddr\td mifiheize or

term "l ower- al koxy!',as, use ei n nmean rou
SUgPr e MegEe pianRonAdiShdvengses Toprs aebaangy PediodRe et
er}ﬁfﬁ)lpbﬂim Haelb enitlua et gfl distigbaslics b; irb HiseribuitidbnGRIBfYnEC
. t ) est ) t )
by B e R aR B e ST o th resnt
inpahiie) b§ pSeiflRl agthi st od Mctuse i RN ah¥nt JFld@stibades of iron

i seases. .The.dj sturbance of on distribution can

d I({.
distrputign 1 AfoRiq i prarateaddisasabove.
Particularly, a disturbance of iron distribution is

ch aUﬁlébmfhsﬁdsdi?ldicblti%dftl;ié ﬂoﬂWvﬁ@fdéﬂﬁ_ﬁféﬁt @fcSset forth[to ﬂ/luLs]tra’ce and

concentrat.ion SO e transferrin receptor. [ng ,
aefingi hemeBynedpt cmee HheeribRs Gt Bieite i%ﬁsom&rgﬂm JVention herein.

smaller than 3.5 and sinul taneously concentration of

G reERetetmelanatBlyl” dsSisadBaeinomeddsalinkieorttetfthed alkyl group having

"erythropoi etin"” or 'erythragpoietin protein’ refe t
frgmypnsiie s RGN 4R B ob egTEglihEroses inphudsy rafthyl ethyl and
is@@@&lﬂ?xéﬁ&aﬁyﬁi@&hﬂw cells to increase production of

reticul ocytesand red blood cells and selected fromthe

gro consi sting of  human,erythropoi etin_and apal ogs, .

whi the S8 BT FORE PRI B EaYP &t C> Wherein e is alower-
aleylysk deepibedtbdve( Peg- EPO or PEG EPO)" refers to an
erythropoietin protein which is covalently linked wth

one 1o three polyethyl ene. derivatives as. described .

bl B0 teBs AL FOrETFs BY 07 Gl HyionsR G e qint praiag yatestinal
distasest refed toh divtarbanERDifchahstabition ﬁ'ﬁicﬂso)ccﬁrSEQBﬁ@nts suffering

NO 1). Figure 2: Primary, str u;ﬂlur e o{) huma%n EPO HS%
frgm dhgonjei 9(’[%@1'{651 disgases. Lhe disturbance of'iron distribution can e.g.
be characterised as described above. Particularly, a disturbance of iron distribution is
characterised by the following parameters: concentration of soluble transferrin receptor
[mg/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 biological activity of causing bone marrow cells to increase production of reticulocytes
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In nore detail, the present invention relates to the
use of erythropoietin in the manufacture of a
woreasosssgnt for the treatnment of di sturbances PET/EPN4/014105
distribution in chronic inflagatory intestinal
di seases. Exanples of chronic inflamatory intestina
ad selddesd alleasd glecoal tboia the gbup cahsaingeff Aurad etvah@poietin and
Crohn'.s .dis e,,and colitis ulzerosa. In a preferred
a%ﬂ%ﬁ&ﬂﬁ@h?f%gﬁearm%%%tlon relates to a use as defined
above, wherein the chronic inflamatory intestina
di s€hs &rinS‘pﬁgﬂ;iIekS eytlabpoietin (B&’g(—)ﬂ’@ lor PESFEP® Edtefers to an
odi the .i.nvent i 0 a u ine
RO R btk Y Shpure bR R Gl o RisE oG iese
deliiwgiaseasideseibed belswul zer osa. The present invention is
especially useful for the preparation of

pha ceutic conposi tions conprising erythropoietin
as i ‘ctive ingredient. The term
“erythropoietin' or "erythropoietin protein" or "EPO

is ﬁ@ﬁ@l:lmimarypantﬂumbfaﬁﬂnyaﬁm(Hrsrmmrlefaerﬁs)t ((SEQ ID NO:1).
gl ycoprotein, e.g. the human erythropoietin,

e G TR0 35 6 SRS o a&%@E@EB o)

substantlally honol ogous t hereto, whose bi ol ogi ca
pr openforedetuiblthd presamt trvenson maldtad toahe afe afedytbiopoittiagh lthe

RSB B b T Sl A 0B lgion

cltﬂmmﬁﬂenm@rry DitestiAg] dissecks T eiphes of be®@id 1ﬁﬂmiﬁaﬂolﬁ¢inﬂléianal diseases

o5 BT SERAP LG e S5 ® AEHEBREAPT Y CAPR R 2

pfﬂférﬁi&d aniboditles ehd 1erféfmoarl r8latds B b uskeasaleahapsbvawiigein the chronic

1to 6 addi.tional sites for. gl syl nal ogs
oy e e CLraGrhus Eroh. LA TRbe e s prBOGn? the

1Iﬁz%f1ﬂ@1>£ yelattecrtra.sl Nak aeaehiel abbee, ghyeapthelchidhic lefatdty tfiestinal
addltlo nrno acid includes at | east one

dEE3se b ﬁ“@?te, and anal ogs having an am no acid
sequence mhlch i ncl udes a rearrangenent of at | east
oneThk Fﬁesérﬁrm@nyi@ﬁsyés@édmn usdfabfe tﬁ@pr@pamﬂ@ﬂl uighd et beutical

nat ur.al andreconbi n ntI ced
C%Wf’ﬂ%%‘ioé‘fﬁrrfm& a4 %ff E"r agﬁﬁ‘&&?ﬁag%“%‘fe ipgigdient. The term

"@HeSepdietin\ee meﬂyﬁﬁopbi'éﬂn BFAtERF 0P SEROT b rf@ﬂ@wrr phﬁlcalarly the terms
uman rytro 01 et E As set out jn detail t he
% refﬁaar YOBIP GG BURF PHRAR FOHGPOIEBD SF arregr WfB%‘? aciql sequence

sétheit af {SEQRID BJUHBIBP(HECFID NO: szf Hﬁa@hmrﬁtﬁaditmeqaahce@ﬁbstantlauy

PRRIPEGS QptrSbi a6 Piel TG B et PGyl iion of red bood cell

E&ﬁi&ﬁﬁh af@&e sHAUI SR SOARe éﬁ’lsldrﬁaﬁﬂf‘cﬁffeﬂéhﬁitﬂhﬂof committed erythroid
syntheS|s cell culture Mﬁ%g nat or refeﬂb q?nt
E(égepgogg\ﬁg t}ﬁbﬁnélrﬁarﬁ%w |4§dlsta ergiEh F SF’HE')‘F include such proteins

€I NAST QPBE@EdN) as M%ﬂaﬁﬁle%ﬁﬂe@%e@ﬂéd okt e%ﬁ@omid%h ¥mrough
proteins, IS enconmpass referred enbod nt o

fft%étl?}rse"s:}e‘ﬁ? tqrag @Hpr%ﬂuc?et am@loer 3@‘?1% gomet foP ’%1%111 sifes for

O§dtidnad falo g8 ha RO &t lekkt BEL AddifRSEA ARl AR FRQ: CB%oRPterminal
?ared Vi a expressjion
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 one site for glycosylation. These terms include both natural and
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in CHO, BHK- or HeLa cell lines, by reconbi nant DNA
technol ogy or by endogenous gene activati on.
waEx@sessiion of proteins, including, by endogenPUBFEBEN€014105
activation, is well known in.fhe art and is discl osed,
for exanple in U S. Patents Nos. 5,733,761, 5,641,670,
re@hebiBartB3prodfcedtitndé dl@tﬁlﬁ lin E%&ﬁ@ﬂrecp&hbbdiﬂiehﬂﬁf the present

NoS.. V&%/ 9222, WO 94 0, WD 95/31560, WO
inyEHpRg @PPE?@@G’?O?HHE UFPAFEHEROEHE cont ents of
each of which are incorporated her ei n by reference.

Th QXsQ;é’BOL&iin defail beldwa B eptiesednd piefiQtivh bf BRPOIaed well known in
r ot n i.s expressed by endogenous gene activatio 1
thi P15 FEHRTORMER R Bif TEPOALFAErE PRt Rpte, prelciably human,

e.epRAnAllfaQR e 6etﬁf Bydtd)ra® l@'@!aﬁ{eldffr(ﬁh Hﬁ@@ﬁrﬁ%ﬁh(ﬁha@ E(ﬁﬁd@iu%h as tissues,

profs i HBMs (s ﬁ%ﬂp@wﬁ@%e ol bell: e protein having the

acﬁﬁﬂ}?@ﬂ'&?h%@{ol}]&ﬁi shidh a%%gltaan%'@r é’c}féfw@.glg&@gi\é@ otel R/ €
prerera Yy e a Nno. acl se ence

engpmRRsed-da a@ﬁ#@ﬂ%@ﬁb@m% @fq RESHRL INVRALIPN; é\‘? erythropoietin

rbféﬁ{ f@feﬁf)&u[ ghadepobith 5&@ R&sm@ﬁm%gpa)ub@ﬂb@@@yﬁed via expression
he am no acj d

. ereln t rop0| tin proteln
in&dfd mr Iééza 1fiers b Brecgmy kiGN tqﬁfm@lﬁ@f or by endogenous

geﬁ5 Xétﬁi%ﬁ@ﬂ' E%L{ph'&sﬁﬁ)b@ ﬁr(ﬁeﬁg Xﬁ&@&lﬁg %y@n@ﬂ@én@@w énd é&ﬁveftfo%ms well
i onal qu ycosylation, There

ero éuartb%érﬁﬁnd wﬂémlcrse% alr@@ iaes: l%aéertthgoasw?%}s%l 5,641,670,

ang.eﬁf?g' 78 darﬁﬁ‘;l%rﬁatlmﬁﬁbﬂ ﬁd‘ﬂ)ﬁcﬁfoﬁtm&om eb) d@Zﬁ ¥ Oioa/12650,
has t he sequence o opoi eti n nodi f b

ed
WS/ a0t W 9%13%}&\(@9@/@6@6%4@0 %?%@Q%R@FF@%WMSO each of

w}ch[ Ql%%ﬂfl; b&@ecﬂﬁerﬁn%z%i%feﬁce WWht R ORI Bh e BB Sre, wherein the
IgosaCC ari de grou occurs at SpeCIfIC | ocati ons

ermhmm)@rpmo@@ ppeesssddisodegennts ganeactivetion sereferrere The

SRR BARELLS bl L TS P o
huhas BRO @B¢Cl®c Marie pyefel@&mhs)ﬂPél fperied i§ theshizny EBP heving the

{
arhihB %§1d s crp.llérﬁg 64 ot | 1“9‘(‘}{22?% Eﬁ?% q9e gE%_IPi Iﬁf()e%%g p}e@erably the amino

serine o reoni ne

acis} fegogrme éﬁ&ﬂ)ﬂb@ hwepzafwmdwgd)@onqﬁpéﬂamm@nt ayeehimstherefore
re@lﬁ% t<.t) ﬁl&gl s Qéscﬁg COQQ r\)v}ge?eﬂl "i\’r_xjegéggt?]g?]%g%tpi ﬁ!;'oltélﬂ if&éjthg Qgﬁno

gosaccharides is am ni ¢ aci
aC(dssequq:m:eaJiBEQ IDANOclhori EQID ALy of ami no sugars
containing 9 or m)re carbon atons. Sialic acid is

Osliqﬁh}(e\{ dér 2@1%}%5 ace ggg&yﬁpgg{égg%{aag%é\h d%%%?qqg 6 additional

Slﬂﬂe@mngesy&:dﬁ@ngher@fm@ éhﬂspla@qndj ulwemi@pelm fedages to thévese as described
ISR A0 MR 0L L 1 8 i
moﬂlﬁgébact]@&midufd@l offadmd totei gl)rtoadnm sites. Ahpaesylaon offa prigeein, with
o&e| otr%lxosz%l 8&&%&&&6@ s%ccﬁﬁeat &ﬁﬁ@&&h hglalo{-}%g g@lég&mde

osy a I on OCCU " aspar agi ne resi ues
bapblscprta amdsgreMly aBfgcts &rmpl&gmdmﬂopﬂrtwﬂ«édhgpm@@g ylicht dsgmotein stability,
S t

N
typésaDr ]ﬂ:n]ftdl dignesclduiess axErattyda:ﬂltc sqrameey ghreohinglrésidiiea hng N-linked
ol?g%lsa%charides are attached to asparagine residues. One type of oligosaccharide found on
both N-linked and O-linked oligosaccharides is N-acetylneuraminic acid (sialic acid),
which is a family of amino sugars containing 9 or more carbon atoms. Sialic acid is usually

the terminal residue on both N-linked and O-linked oligosaccharides and, because it bears
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residues fromthe glycosylated erythropoietin results

in loss of in vivo activity but not in vitro activity
whewansss4si al yl ati on of erythropoietin prevent BCT/EB2004/014105

bi ndi ng, and subsequent cl eacgnce, by hepatic binding

protein. The term "erythropoietin" includes anal ogs of

a heiBiRe At Ed) coRREselcidit Wobbtiefies Bk glfs B ot NgeSah ery&mpmetm,

S 8BS ool S50 Sl SPifccharide chans
Wﬁicﬁ'cbﬁlp@@é b At 4aGhdTeRd total Resieculdr et @fﬁiergmepf&aﬁ Neljhked

enerated by site-directed agenesi s havin
glﬁ%RfV fem §ccuawfeaﬂ>%;ﬁsne 6981@%1@%@ £t RATEIGS 2t And 83 gnd O-

limlesd %ﬁy&%wﬂtﬁi odclifsl 2@ §§&1&Vreﬁﬁﬁ@lbc§b& 2Spdshatn B6EThe oligosaccharide
aval bl %@ cosy atjion.,_ dycoprotein analoaf
chans wg maskife esmial sialigc @s@&ﬁ%r NZRAATE FRerd of pligialic acid
résfaulayffaﬂl tRE g&%@ﬂ@éd%&ﬁﬁrcﬁio@etﬂﬁ%ﬁﬂétﬁ thsO¥f ﬁzcl)‘#&o%tmty but not in
ycosyl ati on sites 0 not perturb the secondary
Vi p aftévl baeguse siahvdatioatal swthr@ae}eﬁwr%fltsmwnygnsaqn d subsefuent
d@ggh&gByhegﬁgbghﬁﬁgp&ﬁ&ﬁlns of the present invention
al so |nclude anal ogs havi ng |ncreased | evel s of
car bohydrate attachnent at a glycosylation site mhug
us haf [t RFEihyerqigin” dngudesiany Osﬁo ur’aﬁéeraﬁ TRpRigtin Hitione or

nffé 91*?&11%& 191'1:9.;5 %nﬁfcp.%icmeﬁﬂerfc@ o@HuM’aﬁ eSS pBTetiDWHiEKRGult in an
site n%éoprotelns of the pr esent Inventlon al so

inicrraseidethe ABMEGS Othites 10 siehieadd alteshancali Thssaglyepproten analogs may
bé ?érf‘e?ﬂéc[‘gy G- LR 1 RE0EN s th%(flﬂ]g Naditi8AE defetions, or substitutions of

throp0|et|n and providing at | east one additiona
thidves Biat imcrepeoraligt ey Ehﬂrt are; ayaitabls for glyceylatiqa.
C%Eﬁﬁ&n %ﬁﬂggsc'hév'n%'le@ss& slafie hHderanakpgsmbaiondd #human

o acid quence wni ch 1 ncludes a rearrangenent of
erafthnoealstm erfegenitagedibyraddingabirphidatiorsitesybishglo not perturb the

séggﬁair?on 1 5'%/ BhfHMEOS YR8 @0151515 1c£1VaQJc1V1 llﬂse%ycoRrotems of

ne or nore ycosy atl n SlteS in
therpresenbipoirtiomalsmidciude a @E&ha@mgoﬁcrewed tavelgpf earbohydrate

@%&%ﬂ%@i él%?o%glﬁﬁéﬁ %11 o tk%ﬁééﬁa}’l}z AR 1l E&%m&tﬂ%‘ﬁr& %ﬁh B8more

e nu ns on er thropo
b adidrigfclse prd:@nmatm@r Neinkeil air Q:hakﬁdcbstep éhe glycoprotems of the

p?ersé(ljitml?e%%ogtais% 1H8hc?e A zagﬁﬁng 81% gf i gevﬁ'ﬂl{n%gl%ﬂg %Xtendmg from

i es such as incr ty, great
ﬂmasﬂsmamaeundfpd@iaoﬂyspswnneddpeumhnguhbg@necad@hond

car%?ﬁgcﬁ?t%%ltéeﬂ}%@rﬁﬁlopoke'tlfn%ro%ﬂg dfREd }?r%sc‘e%g a@rka?gsqg{)ﬁ) Ao include

r0p0Ie I N anal 0gs W
agdlygxisayirgtammmmptaeui sequenck whichsedudes ameareangetnant ofiat least one site

fopr L%fcgsﬁe{]%onwg %%Pr %%%‘Sen? Of §§9052%§?I} Eé? i n%l'vgs the d?le’uon of one or

nidre glyhasyluion lsitema Ihummqethtop@mtmfanﬂhhe pidiembf one or more non-
on _co rIS?

ngl'l%r%_gf ogiuathe glycosyl ae1o\}'\1;hs¥tte lill‘l ﬁgelis?rgdglet e B{lm}bgf' cha%oﬂ}d"f]ﬂe chains on
epie@pdietinparal thetef@e flernughtye @ yllahct aadds 180 efyﬂampbwmnmlecules may
c%?ﬁ%%c?vgpéﬁgﬁqu&%%)}g{r Oslﬁg}tag%n 1”?1ch 91 oﬁllbrl%}f,f%rgatg r%éjlgtn gge t8
psakalgtig déduaml irhmuhogdnewityn gicra%ﬁtB&iﬁhmfhﬁlf -life, and 1ncreased biological
activity. Erythropoietin analogs with additional glycosylation sites are disclosed in more

detail in European Patent Application 640 619, to Elliot published March 1, 1995.

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

comprises erythropoietin proteins with an amino acid sequence which includes at least one
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Asn51Thr 53, Asn57Thr59; Asn69; Asn69Thr71
Ser 68Asn69Thr 71; Val 87Asn88Thr 90; Ser 87Asn88Thr 90;
w&E003//3sm88d y89Thr 90; Ser 87Asn8SThr 90Thr 92;  PCT/EP2004/014105
Ser 87Asn88Thr 90Al al62; Asn69Thr71Ser 87Asn88Thr 90;
Asn30Thr 32Val 87Asn88Thr 90; Asn89l1 1 e90Thr 91;
2 AR AL RSB} lglg&%ﬂ'aﬁ% suchSRIRA Tak 114384 té}%ﬁ)ﬁtﬁﬁgﬂ[etﬁaé smprising the
Thr 125;.. and Prol24Thr, 125, _The not atj on us @f ei .
SeqRFICARENHNAR FTYHH OBPleHATILL %@@3@&&%@ iechiFom thafollowing:
posi ti odn¥ITHe®, t he correspondi ng unnodified protein
(e.g. hEPO,pf SEQ D NO 1 or SEQ ID NO 2) indicated by
the su aﬁﬂpted nunber (s) is changed to the am no
aci d( s)adPat,#°mredi atel y precede the respective
superscripfed nunber (s). The erythropoietin protein
may al e an anal og having at |east one additiona
am no agi®aL7’'t he carboxy terninal end of the
gl ycoprotegin, whgrein the additional amno acid
i ncl udeXrabst edsts one gl ycosyl ation site. The
addi ti opg¥ pgiffgaci d may conprise a peptide fragnent
derived from.the carboxy termnal end of human
chori ontee f¥maldst r opi n. Preferably, the glycoprotein
IS an qggngfqg#@@ﬁgq fromthe group consisting of (a)
human erygt hr po'%tlg?having the am no acid sequence,
Ser SerSesepstsekhr[¥5Aa Pro Pro Pro Ser Leu Pro Ser Pro
Ser Arggl® srﬁ“ﬂlr@AY«f“’lP Ser Asp Thr Pro He Leu Pro dn,
extending fromthe carboxy ternmnus; (b) the analog in
(a) furdsmerTheobgr' AsnnghiSer AsnThr90 EPOQ and (c) the

anal og } n3¢@).s2{upthesconpri sing Asn30 Thr 32 Val 87
Asogs T%r 6{‘}} VHPAAT RO '

Asn® Tl Thr’);
Ser” Asn®11e”Thr’Y;
Asn*Thr!®8.
Asn'**Thr'C,

Thr'?’; and

Pro'*#*Thr'®.

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 number(s) is changed to the amino acid(s) that

immediately precede the respective superscripted number(s).

The erythropoietin protein may also be an analog 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. 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 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®
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EPO. The erythropoietin protein may al so be an anal og
havi ng an am no aci d sequence which includes a

wo e@snsssgenent of at | east one site for gl ycoSpeBHEPZNG/014105
The rearrangenent may conprise.a del etion of any of
the N-linked carbohydrate sites in human

TRAPYEPOORAI @) {HR 23Rk g &0 (D ddith&dngfrisaiy Anfi TH#dval”” Asn®™ Thr”
carbohydrate site at position 88 of the amno acid
@quence of human erythropoietin. Preferably, the
gl ycoprotein is an anal og sel ected fromthe group

co n’Sh@éx}rﬁQ 9%516@ DR &Y/l SOHEHR aHan%%aﬁH lan @188 2 &8 k&lience

sn88 T and GI 83 Ser 87 AS hr 90_EPO. A
whighands ﬁarF%f@aq%m&%fr?féﬁg'@ﬁ qReglts orgb YﬁPSé/ 3}ope ghe rearrangement

Ry YO Rp RO @élét[brpdf‘% bﬂtheerlme&gﬁb@kgﬂmh e iRahate i
dar bepoi.etin al articul

IFHPPRISHB PRt F‘Iﬁa lierpPhanN- kﬂ@%ﬁ’%@gﬁ‘if&mﬁf? FhBRsion §F of the
Al BIFPRE §e§9£hc%%f HESEh 'ei%@l@ro%@i%‘ﬁﬁ Pi%fer@dly‘?’ @hd H6¢dpH6tein is an analog

yl ated derivatives 't her derlv |V,
egefcg fyqm thperonp Fﬁnsa%wgtqﬁéﬁh%g é?repfé flag‘g %? % Asn® Thr”

EbOCaR Girdhst Hesa®iTnet Hpey, Aexaiet shal M@u@@ &%Mfa A preferred
EP. A- 1064951, EP- A-539, 167, EP- A-605, 963, 93/ 25212,

enpghroppis i pooteipgn i use goseribed befareis datgpoistin glfa.
EP- A 584, 876, WD 92/ 16555, WD 94/ 28024, \ID 97/ 04796, US

Pat Mol}@ ® 33Q BB Lor hPat88H 1
ShyreySeg Goboantgn S iy nprant et

C@neczsaﬂ%eﬁ dusathed abpee mayalspindsde pegdate é@fdva&lﬁ eref)ﬁ @egylated

d@l‘i\)ﬁh%m@kﬁhfﬁoﬁilﬁtaﬁﬂ r‘lhén?'p Q%'n@h Qb kvt @1tRE bR Qnd descrlbed for
enbaodi nent” o ropo ietin SpeC|eS

cxiins B PUSRINLE s eETi BedeBs 48, ERESHan Ry 3125212,

W@ ©4PHESE Wolg@mqam L Blish N@fse%SEPQ& B@@sﬂﬁ@v@@ymss wo
descri b ed ab ove, mhereln t he gﬁé rop0|et|nE?rote|
2311

9%2806H) WGAPE04296, WS Rohi Nigfat5ed 9 & PRBLAHL US Patent No. 4,179,337,
‘ ]aﬁ::gﬁés@ PR, G\Vb‘b%ﬂtﬁg s P&eﬁ*ﬁ% r5 %%5@%%%1‘% iNeheAlse described

ast one free am no group and aV|ng In vivo

alpivel gictrhropoietiniprotestis pagddtag Apiekeried rerrﬁwdtrémtsofﬁnegylated
elyREHEER g@é&?éé%t*e% RE d&‘?%‘u%‘é AUl EDeaPdofed bl ood

ted fromthe group consisting of human
erythrop0|et|n and anal ogs thereof which have a
seqdernsdingly, thermaeseat ipy niepodlen teferiiodhe pescpsisipsariped above, wherein
ijs { 3 ¥ fEcothpis 5 8rythr ti
r ea#f&lk%&&fn Jo C%nﬁl sgtg {%%g (IIH%% ? HB B |1%e vt sg?me "
peatointas dp@rlb@ql mbqye |hmjng el onE gtef: ﬁw(fétng@P ﬁnd having the in vivo

I
b{“b%%@ %&W&Eﬁ 534 rHWI 7 eells t(g Hi%rJaQJ ﬁédﬁc’aor%?o rﬁg}culocytes and
resf idaed cgllslapé sélgqt mgl the @oppgqoougnfgmf ﬂmunglnegﬁythmmetm and

Qﬁ%s t‘ﬂe}]{ Effx’ﬂ%h ﬁzvesgg guérgqe gl egpmee/gsireah g%&lﬁédb the addition

09H0m hto ésglffmﬂﬁiion gteg pr amehrrangemienh pbleatiose glyswlaﬁatl site; said
eé@k% eﬁﬁ %l C\A@Al H:HCkeH tt?nf n %gpylé%ﬂﬂgfe éﬂfc!?)‘}})sgrt)ﬂﬁs of the formula —
CO—( CHZ)X—(OCHZCHz)m—OR w1th the —CO (i.e. carbonyl) of each poly{ethylene glycol)
group forming an amide bond with one of said amino groups; wherein R is lower-alkyl; x
is 2 or 3; m is from about 450 to about 900; nn 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
kilodaltons to 100 kilodaltons. This invention further provides pharmaceutical

compositions containing conjugates described herein in which the percentage of
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kil odaltons to 100 kil odaltons. This invention further

provi des pharmaceutical conpositions containing
wa@onslossstes descri bed herein in which the per ceor/apmo4/014105

of conjugates in which nis 1.8s at |east ninety

percent, preferably at |east ninety- two percent, ore

co@ﬂj@a&% aicRin el Ys ﬁeéhsﬂﬁﬁ@t?lﬁkr&ﬁt pldferablyat Gattein@f-tivb @ercent,
B]on Mor e spec cal .l yt he %?ove conj ugat es
pﬂ“é% AEERETBYA P67 %31’“35 9 FHERSSTUECH 2 MOoCH
2CHQ - ORl 11 (1) wherein P Is the reS|due of an

er yMotogpetiatdlly the sie Rogjagalesaty betkphaegtied by forngula (I)
wi t hout the am no group or amino groups which form an

am de I|nk sh in Formula.l),
havi ng t he .ﬁqék%g(%$§ngﬁgggﬁgépu@ﬁ@y of causiﬁﬁ)bone
marrow cell sto i ncrease production of reticul ocytes
an dwhe&dinkﬂ w sk resitihis pf andythii@s@etin protanlao \ﬂm'crihbddgér;eim( (ie.

i r mis from about 450 .to.about . is fragm
st B8 aind arSun P TR bwer e R 6 R A P e eSich e carbony!
shAﬁJnghtFoﬁﬁulafI% lﬁ@iﬂguﬂe’iﬁa@zmbﬁ@bgkﬂ&c&ﬁw b apsihgbobile marrow cells to

infier b Rhon o el A pRb S o Tals P Sitrrig R isforyeg-allol xis

2 any; th @/Mmab&yd 450¢0 ApvigdVe:sn isiroMi il €h 3 Rirdsn sed Bidre ah&en so that

prefe he nbol "m' represents the. nynber of .
) Pl Nsiat o SR DlvEet EeRp BT i R T e s flgm 20
h@ﬂaﬁ@ﬂs 91100 Rilodxl®ne dheci¥elar{d atifrethiyih edriodl RGOy lower-alkyl.
subuni t, of %%g Ien X|de has, a nol ecul ar wei ght of
Copjgeriesin Wuf %rePf‘?f rethl ecul ar wei ght of the

conj ugat e (excludlng t he nol ecul ar wei ght of the EPO

depElH@ﬁ/nfbﬁ)l the ré’pifﬁﬁéﬁfs théghumbét dfieehylane) oxitresidads (OTS,CH,) in
1.S rom aoou

i nv out 90
e PO L SR ROt b BB PEC (Mo Siotubepikphethylene
onggeo BhRauh olféaﬂkxaaél htR{fo)&ﬁt&M daltbh e rTFlﬂhQﬂiﬁtrﬁ&?cﬂ& xa%igmtof the
corre N O a Nno a (0] ou
S Gt abate malrdaturght be bR Afbinds he het b In
tHéQtBh ?%@oﬁﬁlsﬁﬁife‘hltﬂoﬁ;"ﬁﬂ’tlé ﬁBrﬂd tib‘é)f ug45!EiP|ﬁbSdb@h@g?](P@b¥respotndlng toa
a IVIlY, a e O unnoail e | C a | VI
ul.aéwﬁlgﬁtegﬁp %H@Z%%%t%aabouﬁfé(? ED% arﬁ?eraﬁf;’érqma Wtcﬁ%'*oé? about
75d‘ﬁ%oﬁ@§ﬁoﬁ§ﬁl%ﬁg 'a@ﬁol@&ﬂdr\ﬂre‘i%ht of abuIBd kD@ ATEERumBer m is selected

ecul ar wei abou a certai n_nunpber neans

suchahatithe Tesulbng Fomugate ebbeiapidiondiiga physiplRgicalaghéy coaparable

tdiﬁhﬁ&!ﬂfﬁ&?ﬁP@}’wﬁféH\é@ﬂi‘\H?QH@‘ regf@émtth@@almé ﬁcﬂﬁké}ﬂﬁﬁ orTmacuon of
mber "nm' is selected soO t he nol ecul

thegerreromglmeasivenet wipeshisd Broup f%‘é‘?Fé‘ll%rqulghtloif rﬁb@&t" aocertam

naﬁseﬁﬁ&trfg RS 18 Withidh Y&%{agfeer'aﬂ d st thaabraheul d&%@ﬁfe@ by
about 4CkDa, and is preferably a%out 30 kDa. In

cqupipiie avlpical terknivese b gRmben gon ifrsleeted o kot ttlkrernolecular
ng Hp@ﬂ’ eaﬂ{ (519 dﬁyl&k?’;‘c@ﬂ %rcglpy&)%d)engjf RHIR t6 Qﬂ@éﬁﬂﬁbﬁfmetm

reeamn InCUIn e-am no roug
glmepaoueysm FROTHER VS 28] @thqb@pt 6@1<anen<émméfefaé>lmw3 kDa.

am no group) of an erythropoietin protein
In the conjugates of this invention, the number “n is the number of poly(ethylene

glycol) groups covalently bound to free amino groups (including €-amino groups of a
lysine amino acid and/or the amino-terminal amino group) of an erythropoietin protein
via amide linkage(s). A conjugate of this invention may have one, two, or three PEG

«w_»

groups per molecule of EPO. “n” is an integer ranging from 1 to 3, preferably “n”is 1 or 2,
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via am de |inkage(s). A conjugate of this invention

may have one, two, or three PEG groups per nol ecul e of
WERO5/088345 an integer ranging from1l to 3, prePer/apiog4/014105

"n" is 1 or 2,and nore preferghly "n" is 1. A preferred

conj ugate of the conjugates described above conprises

ar@ﬂ%w&rw 7‘1‘?1 ie 1XA [[Dﬁef@mecmdn?ug@&ooﬂtﬁe Z&ngaﬁesl desdibeBdbove
R is nethyl ound of romula (1)

PR SIS RRGE gapgﬁ?@rtwmlérl.agﬁ%@methﬂ
RO( CH2CH20) JCH 2) XCOON O (H) in which R and mare as

desThé &sdpAREAVEE foldiule Q) deASE Pﬂephfkﬂ feaApalashvaf pdtpmnetid material:
Il with t%e erythropoietin glycoprotein. Corrpounds of
formula (I11) in which x is 3 are al phal ower- al koxy,
butyric acid succinimdyl estefs of poly(ethylene

glycol) (I W&HQ‘JH‘@)}X ﬁg@%@ﬁ) Conpounds of fornula

(1) in which X2 g %" al pha-)» ower - al koxy, propionic
aci d succininidyl esters gffoty( ethylene glycoll)
(1 ower - al koxy- PEG SPA). Any conventional mnethod of

reacting an activated ester with an amne to form an
lrawhxstb Roand! tharesidesgddd above he conslgnsing thaywsendund @f Formula IT with

g& opdigirt r%,%ygkeétg%eg: SISl B A BS(18in hich f 83k d\lpha-

1cmecfaillmxm wyjriesidsscmimhlyhesterh ef pafsthytabes ghicol) dlomigt-alkoxy-PEG-
T
sﬂ@ﬁﬁrnédﬁlesters of polyéflth})lenel-glmah ER@@BW1HE@ -8PAk Afnfye:envenuOnal
me[@lcpcf) oiq‘ Cb!lglg 62 agtgvagéq e %{hrgnrld?%ln@% %’g% o%‘iﬂ%i@ | L$bL Btized. In

e-am no ysine residues.

thegydtani d:mcrtbedgbute, vlwxempbﬁab&xhcvmtmidal SBAdomigainglgiip causing
Fornula 11..it-has been f.ound ith 7.

ﬂ-bera n}éile ﬁ‘?’-’ﬁﬁ&o}’a Ahe Tcizsﬁ gf%u cimnmgyl est? }es 5 %]i'l gﬂhte cgmggu{lds of formuia IT

t@prdduosre@GugbesG@Gth promding are disolosadnind’.S. Rhtent I‘ﬁn 8,672,462 issued

ylated speci es were produced.
quglﬁl%?liﬁdjﬁ%fﬁﬁff%ﬁ Peagent was a SPA conpound of
Formula Il, at simlar conditions except that the
pr 0 BinmPERD catiamswdrs free2anpinb rgmdpsytht heinotanpegpimanegroup
peci es i.s produc d. The ed EPO can be
phthihe SRR osEs &t hRes F@l&??f Bt i sifebne ESR8 P combined

Watl LIBR e&hg@myd SRRl ithif1Res Rundagyl Atpe07 5 PLFoRSn:PEG ratio
By mani pul ati ng the reaction conditi ons (e.g., ratio

odiﬂ 31 embyersstiorplempeetpre od frone20-p5 8C.i mixtorecgmara-i &in and trace

i me_ of eact o the re atlv anmount
S ES Beug R Chevepbu 88 pha bt DURRaNC bl Rlieh fgieent was
SBA&foﬁfp’o&ﬂd efibodhule 0T, a@s‘lmﬁllihecqﬁmdﬁ&&ﬂtexwpvmt tleproeirPEG ratio was

as defin bove

1 PRSP R Br T o] e s e o PR e Ry
adpIpiklefddng aaRixture, 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, said conjugate comprising an
erythropoietin protein as defined above having at least one free amino group and having

the 1 vivo biological activity of causing bone marrow cells to increase production of
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erythropoietin protein as defined above having at

| east one free am no group and having the in vivo
whi@bosisenl activity of causing bone nmarrow cePCHEPINO4/014105

i ncrease production ofreticul geytes and red bl ood

cells and selected fromthe group consisting of human

reﬁEﬁﬂB M&%derreﬂ Bl IR eﬁldas@Qct@ﬂ‘ &l oPOthelhOL LI ns WL S Bf R@¥en

prinmary structure of hupan erythropoj etin protein

erm@pm@tm pipteinandaailogohesp! Vhishhave the prigraf si5yetarg ffuman
r?ﬂﬁﬁp%wtﬁ@bfbt&ﬁ%ﬁﬂ&?ﬁﬂﬂe Qd@l{ti%h%‘f ?ro?@l W6 gl% ﬁﬁBh)ﬁtes, said

fromone to three ower - al oxy eth ene
ergﬂy@l@ﬂl?tn“gpmﬁgg be@a@nvﬁm%éﬂqq‘} tefemgneds |t§r { %@Xﬁg
p@goéglg%% hlg fgf&gp 53815%%1&5%@@09 V%rguh[PBahg &&ﬂé@@mked to

theheyﬂmorprmtlnfmommga aﬂalnhm aféhdtomarulei+H QOne-SoY - with @he C(O) of the

e NS

Cbb-@anih, bmnymtlhyllén%lsgl ycol) noiety is from about 20
kil odaltons to about 40 kil odaltons, and the nol ecul ar
wei ght of the conjugatefis om &bout 51ki | odal tons to

about 175ki | pdald o Thi rytjropoi gtin ispecies nay
al so be repr/gsvtg)dj%by I
P- [ NH CO- X- Sk Y- (@ ORlr (I11) Brein R may be

any lower-alkyl. A preferred |ower-alkyl is nmethyl. X
may be - (CH2)k- or -CH2(O CH 2-CH2)k- wherein k is
from1l to about 10.7Prgferably, is from1l to about
4, nore preferably, s 1 orH2. st preferably, Xis
-(CH2). In Forfiul a \/S\n/ OQpreferably nore
preferably I'n formil ali(111) 4 the punber mis selected
such that the resultifg conJ ugate’ of formula (I11) has
a physi ol ogical activity conparable to unmodified EPQ

whi ch act na r.esen
ﬂu&av%rager 1518 ecg.li%}{g]mgﬁh%fe %8}1 ﬁglgéet}rggene %g‘é d)ltegyo H fro}'rpaq}%ut 20
kilodatrdi § foextb o P kifndaktpng anditis mb]ectﬂamdmaghmff tled ¢opljegace is from
OXI ues | t.h EG u A singl ePEG subunit of
%ﬁ%@a@? %uﬁwgﬁglgﬁdﬁg i ght of about 44
daltons Thus the nol ecul ar wei ght of the conjugate
(exThig dfmlgrdpb'fetmpaﬁe,sl Ay sl lgghtepreberttiebEfOnutte(Bh ds

P-[NH-CO-X-8-Y-(OCH,CH3)m-OR]5 (111)

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

FRbAGA f
]

In Formula 1, Y is

=0 =O
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on the nunber m A nol ecul ar wei ght of "about" a
certain nunber nmeans that it is within a reasonable
WO 2090583%7 t hat nunber as determ ned by convent POTEP2004/014105
anal ytical techniques mis anjinteger ranging from
about 450 to about 900 (corresponding to a nol ecul ar
pygférg of from20 to 40 kDa), preferably mis from
about ‘550 to about 800 (about 24 to 35 fcDa), and nost
preferably mis from about 650 to about 700 (about 29
to about 31 kDa). In fornmula (I111) , the nunmber n is
t he nunber of ' roups of a lysine amno acid in
tby bound to a PEG
F4gat e ofp t hi
I'ts per

i nvention may ,

nol ecul e of EPO. is an intege fromlto 3,

preferably nis 1 or 27 and nore preferably nis 1.

Preferred erythropoietin proteins of fornula (l111) are
nkﬁ%ﬁﬁ%ﬁ&&?d by the fornulae:- NORand mOO-HOROJ

MO O In the nost preferred enbodi nent of the present

i nvention, an erythropoi etd n conj uga is represented

by the formula: OR O O O wherein|in the above
fornmulae n is an integer Npgak%/ﬂ N.mis an integer
from450 to 900; R i sTl r-aloyl; Xis - (CH2) k- or

-CH2(O-CH 2-CH2)I -, andoP is the resjdue of the
erythropoietin protein wthout the am nmo group or
gr do fernwtia GH) f the nnatbenm ideldctadksagle thet te Xésul@hp esnjugate of formula

DR SO RN K-
réxzEient theGhfde 4§)@ore 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,CH,)- 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
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 lﬁreferably m is from about 650 to about 700 (about 29 to about 31 kDa).

In formula (IIT) , the number n is the number of e-amino groups of a lysine amino
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 PEG units per molecule of EPO. n

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

Preferred erythropoietin proteins of formula (III) are represented by the formulae:
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HS OO Mre preferred erythropoietin glycoprotein
products are represented by the formula:P rAHr o OCH

W@2@5058300 H S 11 O These erythropoietin prot ePOFEPBEYHE14105

prepared by (a) covalently reagting an e-ani no group
of a lysine amno acid of an erythropoietin protein
represented by the fornmula, P-[NH2]n with a
bi-functional eagent represented by the formil a,
Z-CO X-S-Q tol|frorm an/TRternedi at ey wiktth an am de

| i nkage repr és rﬁz&x MnP INHCOX-SQ n
wherein P is anh epythropgietin protein|]ess the am no
group which forms an ami de |inkage; nTs an integer
ranging froml to 3; Zis a reactive group, e.g. a
carboxylic-NHS ester; Xis - (C k- or -CH2(O CHb-CHz) |
wherein k is from1l to anut 10; and Qis a prjotecting

group, |ike al kanoyl, . (b) cov Ig tly
reacting the dntfer d| Wi ' i
step (a) with nﬁétlw d pol

e from
derivative reptesénted by the formula, W | CH2J1T1
OR, to forman erythropoietin glycoprotein product
resented by the formula: Y Vg o ORmO wherein W
Iaﬂsmnﬂﬁya@ gired erabeditent of the pressatinyantion, Imergdeppoietin
5 ngips L f%gérﬁpd)&‘}thé?&nﬁlﬂ about 900; R is |ower-alkyl;
¢ lﬁ ng S a def 1 ned above. alI n this enbodi ment, the
bi -functional reagent is preferably N-succinimdyl-
Sacet yl t hi opropronate or

N-succi ni m dyl - -acetylth oacetatep Zis ngequfrg Iy
N- hydr oxysucc n| a d Yhe ct Nﬁat/eef yl ene
; Befer abl

gl ycol) derlvatlv ORisp

sel ected fromtlhe group cgnsi stlﬁg of

i odo- acet yl - met hoxy- PEG met hoxy- PEGvi nyl sul f one, " and
nmet hoxy- PEG mal ei m de. I n nore detail, the

WeleydiR ﬁrpgwb a@bV@fo@lFlQIaQ |n|f1§ algintég& ][ﬁtanm 66 By n 1§raﬁ/bﬁegerE gom 450 to 900;
pre are ova In groups_t.o
SpareSaml SO B 30 Lk % % 6 e of o
erythropo1et1n protem without the amino group or groups which form an amide linkage
with X.

Other preferred erythropoietin glycoprotein products are represented by the

formulae:
0O
Joj
P N OCH, and
}NI S \/\P /\/]/650 700
(0}

0O
O| M OCH
] H S/ng\/\[gN\/\PO/\/]gso-ms
O

More preferred erythropoietin glycoprotein products are represented by the formula:
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EPO wth a poly(ethylene glycol) (PEG derivative. The
first step for the preparation of pegyl ated EPO

w@ews/nskisny to the present invention conprises BPOWEPEN1/014105

i nking of thiol groups via Ng:-groups of EPO This
activation of EPOis perforned with bi-functional
reagents which carry a protected thiol group and
addi tional rieactive gr oup, such as active esters
(e.g., a suclci g mdyles er) anthrl des est ers of

sul phoni ¢ |d hal ge |des of R F8&Hand
sul phoni c ac he t hi p gro p50L780
protected byl roup kn vvn in t art, e.g., acetyl
groups. These bi-functi®nal redgents are able to react
with the x-am no groups of the |ysine am no acids by
formng an am de |inkage. The first step of the

r edbesecnythsoppattingrroteins rosy, baprep&rdby EPOF NH2Jn + c- S-
f OCCH3 r/ cCHEPO n and X are as defined above and

Z i t Kk
iy e B B A Aot out at et 4.8t popthrgpoietn
phﬁteﬁh epieb@ité iy @aideshuliH- [ HE], Acith ¥ Bi-flﬁﬁtlaflaltrhﬁ%ent represented by

reacltl

SFRHER ?o‘ﬁéﬁg rsgé ﬁ?@h ﬁ%@l}et%%r?%@a& AP ﬁ%ffg&rgpresented by

ﬂ&}@nlgu}afunctl onal reagents may carry different spacer
species, e.g. - (CH)k- or -CH2-(O CH 2- CH2-) k-
noi eties, wherein k is fr t ut 10, preferabl
froml to about 4, and %ﬂﬁ'épégéf‘%y 1 of 2, and d
nost preferably 1. Exanples of these reagents are
wiesdie Piimiﬂﬁ:@ﬁilrolgﬁéﬂﬂi pdtkih 0g3s el aaiiab grdupWEh &tehs an amide
succinim -S-ace tate . .
GRS AR B BRE S RO | B 6 RISV GEOUP; oA epglic-NEIS
eﬁhﬁ Xsik—@EHL- &2 OH{(O GCHAFBHINT Avlierdin &id froth Cdbout 10; and Q is a
Acet lthl’g%@é( %ﬁéy k-aceti c-aci d- NHS- est er vvlth k
Pé%t 6@1’% & ration of the bi-functional
reagents i s known in the art. Precursors of 2- :
(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:

T

P NYX\ S/Y+ O/\/hoe
O : .

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. K

In this embodiment, the bi-functional reagent is preferably N-succinimidyl-S-
acetylthiopropionate or N-succinimidyl-S-acetylthioacetate, Z is preferably N-hydroxy-
succinimide, and the activated poly(ethylene glycol) derivative W-[OCH,CH,]»-OR is
preferably selected from the group consisting of iodo-acetyl-methoxy-PEG, methoxy-PEG-
vinylsulfone, and methoxy-PEG-maleimide.
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(acelylthio)-(ethoxy-) -acetic-acid-NHS-esters are

described in DE-3924705,while the derealization to the
wa@e@sphgsit o conpound is described by March, J.PCT/EP2004/014105

Advanced Organic Chem stry, MfixawHill, 1977,

375-376. SATAi s conmercially avail able (Ml ecul ar

Pr obetre E4GRRe e%rofs@@@ﬂﬂﬁro?hﬂ 6€formakKI) thay bk rep_ﬁfkﬁ by
groups _t e added to an

. of thial PO no
; ngim%@:g@:g%lga %911%5&}3@?9 42 gtREOR éa?&fiucaﬁlgb%%“élﬁétﬂ%]r%“g activated
EPOBwith E?@ly?étﬁ?l@ﬁé‘gl{zc%ﬁ@’]%@? AegRitfat TROGADSep RS the preparatlon of

protein functional reagent ratio. Preferably ?
pm@tfﬁé ERQtacouttng 1B yherresenbMyERtion epenkiises Forplent ilakle;lg of thiol
gfcﬁl.'g@ 2O HE—%?OL% lof EPO. MkeeHlRion' H?'E?Cplrs %Eﬁﬁﬁﬁéd’ with®Dfunctional
gr oug3 per EPO nol ecul e. These ranges
rages “théfht @EySEetes Flélap IPEP PRG @R pefitionalypretive BEsfup, such as

B RUR V(@IS tmﬁccli?ﬁheﬁes&@rb RnRABRSI AL dsRibs ofEthHoﬁﬁqd&nhmgemdes
carried out for exanp in an aqueous fer

of erbeTydis acigraed silplgomc aféds@resp¢qﬁlvqm Tl Bb@lﬁ@mmprotected by
?2%3 RBBHA in X adgg t&l%%\% s3Thifei Bhn deidpat 1‘69%@4’(5 are able to react

ent may O "After conpletio
withabe Eeminp pedrs albthe lﬁﬁﬁeeamﬁa anida iy ésmit$en nemaddt lnrrkaga: SThe first
st opped by. additi o | ysi ne. Excessbi functi onal
SYRRGEHL S V%%S%Qﬂg‘i’%‘?‘%d by methods known in the art,
e.g., by dialysis or colum filtration. The average
nunber ofthi ol groups added to EPO can e determn

by photo ri ¢ methods descrpbed i or_iexanpl e,

G aset EPQ fFsz and N@rﬁxys A—H—I:FJPJ) Bi ochgm

Bi ot echnol". g, 4157 49 (19@?@ The ab v F%aStion i s
fol | owed by coval ent coupling of an actiQated  CHs
pol y(ethyl ene glycol) (PEG derivative. Suitable PEG "
derivatives are activated PEG nol ecules with an

EBVD@ hagd Xmleas defatedwdbgdunddt isfarresptab grotupdthotva iattbelbrt4dg. a N-

Da, nor e ahout .24 to about 35 kDa,
koG Tpure F by SRS TRETIAA | vat ed PEG
derlvatlves are known_in the art and are described in,
for exanpl e, I\/brpurgO M et al. J. Bioconj. Chem
(1996) 7, page 363 f PEG- vi nyl sul fone. Li near
chai n and branched dhajn PEG species are suitable for
the preparation of theNconpounds of Fornula 1.
Exanpl es of reactive PES reagents are
iodo acetyl - met hoxy- PEG and net hoxy- PEG vi nyl sul f one:
r O O, The yse of the I odo-: acti.vated
% P RFEE] SmRARHRE Hherravadion ohie ‘Geei e gL Qyps fryperformed
E@Eeﬁﬁeﬁ QAth KR fuketidrAl £h @Jﬁa‘&ﬁ% Lsul8aHRIdGLES ity \C AL Ginctional

ress, San Diego (1996
reagents may carry different spacer spec1es, e.g. —(CHp)k- or -CH,~(O-CH,-CH,- )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 (SATP) and N-succinimidyl-S-acetylthioacetate (SATA)



148. Most preferably, the PEG species are activated by
mal ei m de using (Il ower- al koxy- PEG nal ei mde), such
wa@soawsssaxy- PEG nmal ei mi de (MW 30000; Shear wat BCT/EP2004/014105
Pol yners, Inc.). The struct uresaof
| ower - al koxy-PEG mal eimde is as follows: OR or with R
and m are as defined abgve, preferablyThe coupling
reaction with lpwer-al @Jx\y- PEG nal ei nmi de takes place
after in git cl\ég/%be of ‘arhe thiol protecting group
in an aque butfer solution, e.g. 10 nmM potassi um
phosphate, 50 &M NaCl, 2 nM EDTA, pH 6. 2. The
cl eavageof the protecting group may be perforned, for
exanpl e, wi t cétyithioaikyHcarbixpis-NHE-eDBlxeat 25C, pH 6.2 for
about 90 m nutes. For the PEG nodification the nol ar
ratio of activated EPQO | ower-al koxb- PEGral ei m

shoul d be om about 1:3to about 1: a&d prewbly
1:4. The r (bﬁ(ma\ype opped by/a
cystei ne and jreadtion of [the ré&hmi (- SH)

groups with Inale|ﬁ1de or other @pprODrlate
compounds capa Ie of form ng disulfide bonds. Because
of the reacti®¥iPof any remai ning acti veS&M ol groups
with a protecting group such as N-nethyl mal ei m de or
ot her suitaple protecting group, the EPO gl ycoproteins
in the conj gates of this jnvention nmay contain such
pr ot ecti ng/gmbup oéFanﬁ EHpr ocedure descri bed
herein wl odyce a m xturellof nol ecul es having
varyi ng nunber@ of thiols proF@cted by different
nunbers of the protecting group, depending on the
nunber of act pyadeghid)dtadxy)gdetitaEidNHI der gl ycopr ot ei n
that were not conjugated to PEG nal ei m de. Wereas
tﬂi n&lelntde fornms the sane type of coval ent bond
mhéWl @8 definegiabeve-t he remai ni ng thiol-groups on the
pegyl ated protein, disulfide conpounds will lead in an

| NtERdBeporicn otk bi-ted ioasll bidBtsexRARY R theast 'P@é&uiéérs of 2-
a disul fide bridged cougllng of the b ogkln rea
W&ﬂethe

@F@Vléblp)séetb@}@éww&%aé@g RSsesteat are Hlggcribg

dSLRGHIRdnAb ﬁleoaz&ue}ttﬁr%dcoﬁtp&laam @é@@nﬂ@?@tar&yﬁt@dvaﬁ@éaobrgamc
am ne. \7/ I nNe N0 a tional_ net

@%eawg% M@Wﬂtﬁé&é%ﬂﬁﬁ%é @h%%ggﬂ%@@rcmlla@@%blet(wlecﬂar

P&%@es?ﬁﬁu%&fe BROCKA R dPeR8E RbekGREE Pr cystam ne results
in an additi onal negative or positive charge. The

further rification of thecnpounds of fornmu
(1 1'The nyig trtpéﬂﬁef grﬁép%@&&raéépgtp 5% L@ mplec canahwelected by

ddjhstReaM ﬁh&%ﬁ@aﬁe@@ £8, th@@yot@x% (P08 cBMcéﬁ@ﬂaﬂ@ﬁ‘ 8nd the

knovvn i n | uhm, chromat ogr a

PegsR/Ai-Eenciiopelreasse @kion Derdemoly: the &Spt Jéfaétl%%ch/by covalently linking
FORLBIONShN] gt RS beEPG 1ol RS B¥re PRI ALY 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 6.5~8.0,
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
reaction is stopped by addition of lysine. Excess bifunctional reagent may be separated by

methods known in the art, e.g., by dialysis or column filtration. The average number of
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PEG conj ugat es. Usual | ynono- PEG conj ugat es of
erythropoi etin glycoproteins are desirabl e because
wo b@g/osssad t o have hi gher activity than di - PEQCT/EP2004/014105
conj ugates.. The percentage ofignono- PEG conj ugates as
well as the ratio of nono- and di-PEG species can be

tI6ieNdrbebd £1cBYo PPO! dah B e MeRAAR ed by bt&ﬁenah%ﬂwdstde@cnbed in, for
el ut.i on peak_to decrease_the percentage of nono-P

EG o
FAPPBvierasethial - 6RS MsTavn bF dBd e AP eBigehae tiaisehesl. 119, £ -4
- PEG in the conposition. About ninety percent
(19879 . . .
nmono- PEG conj ugates is a good bal ance of y|eId and
acgj Ey SonetlnF ons | whi ch, for
|a Ovegieaqtionds oilp n‘g eﬁ)élc% {ng@‘f agtacqn@é@( poly(ethylene

gEi'cﬂl@(NE@ &er%ﬁ@@ Mu;it@bletFPe; §@RIaHERLESa @ BeAPRE BEEcules w1th an
species, (n equal s 1) maybedesired. |In_an enbodi nent of

amﬁg,e mﬁlﬁeﬁ#ﬂ Hﬁgbimsf fnep alefit g do abowdhjigarmese wredirably fiog about
24 té %Jdt@mmanﬁwmaerﬁeeﬁablﬁmm ¥pgi x percent.

Phar maceut i cal conpasi tions conprising pegyl ated

erythropgletkg are known in the art and are_descrj bed

e. g:Ur#et REGIsHY piofeapTepRoumin Abpirt erd piglepuribod g fopexample,
8%, M., ﬁ@Yocféﬁﬁ@h‘eﬁ?(ﬂ@Q 2 @g@@& H%quﬁ@nmylsulfone Linear

er thr tin protein efi ned above.
Chffléfaeii %5413»6 eqd Fﬁ@ané 8%@@?@?8@4@ S%ehbrfpe'éle PeRasatigoef thecompounds
o@FQrmde 1. PRampROof A0Qive P RhgeddOPe [miopzﬁfeg'ldmetgéﬂ’ytﬁl@@ and

e conposi tions may conprlse 10 ng to
W’Wﬂgﬁeﬂé‘ﬁ%ﬂfﬁﬂétel n per m, 10 - 200 rmol/l

sulfate, 10 to 50 mol /1 phosphate pkkﬁ 0O to 6.5.

Thi s conp, NNLAﬂgb4ﬁ<ﬁr%%nprlse Ut
nethioninES*g*- 5% of a pol yol {w v), '—;%}é?ﬂ\%f
pluronic F68 (wv) and optionally up to 1mM CaCl . An

exanpl e of this conposition conprises 10 ngy to 10000ng
er \fhhuepof &Eéeriocﬂxr-atteziatedrsebstmﬂlqes Hknowdl ih theatt bad desclibed e.g. by

EEFG0AHE G GriteD et nry | s akckapmis e S e HSe) p. 147-

1¢&nposition may conprise 10 ng to 10000ny
erythropoietin protein per n1 10 to 100 mmol /1 Nad,

10348 AR, RS2, P il Bt RRA T Ygper-atony

PEorpralebmidep, $ueh2B mibthoryPEGinakimide WO 300009 |Sheafacer Polymers,

e D e et Vger%iﬂf&;%sﬁ? s Satiows10 g 1o

10000 ng erythropoiRetin protein per m, 100 nnnl/l

NaCl, 10 nM nethio ~0 9 Fpnigr F68 (wv), and
10 mmol /1 phosphat®, jpH 7.0. Théempresent invention
also refers to the ¥e conposition conprising 10 ng

to 10000 ng erythropoietin protein per m, 10 to 50
mol / 1 arginine H06 to p 6.5 10 to 100 mol / 1

sodi um sul f at e. ﬁfﬂ\{f&nnnﬁ; i on may
conprise up to 20 thlonl to % pl uronic

F68 (w v), optionall p to 1 nnplll Cad 2 and

with R and m are as defined above, preferably
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w@ewsoesss4per nml, 40 nmmol /1 argi ni ne, pH 6.

optionally 1- 5 % (wv) of a polyol. Specifically,this
conposition may 10 ng to 10000 ng erythropoietin
2, 3BCTYRP1004/014105
sodiumsulfate, 3 % mannitol _¢w.v), 10 nM net hi oni ne,
0.01% pluronic F68 (wv) and optionally 1 mmol/1
Ca@ihd copl Sk IR0yieNRAL-TRBLy-PEGL RglcRARIS @4)es bﬁ\é@ﬁ‘ﬂtér‘iﬂ situ
refers to conpositions conprising 10 to 10000 ny/
c]@pvtgﬁ pg@@,tbtql BrOteq@tg@F(&m i ag@qu)uz%l@few 112,11101’1, e.g. 10 mM potassium
pBb Qf@@@h%'NbCl@M)EDT@ @pdrml&%gso%m tecti
ph%ﬂshphat e, 100nmM Na gﬁl 10 v soéql)ruO cung grotb may
bp Redprmed orlezremesw&h@ﬁdwlﬁaw i Opat@p°Ce)PH 6.2 about 90
iRty nP&htﬁﬁ @’IE@ Iﬁodﬁgam BOH{duP 34b B?ic%’vaé%’ﬂmmvxte? |a1koxy—PEG—

nmM sodi um phosphat e,

néaé@nzydﬁ ﬁl@l‘lfcbbfeff OQ%bﬁﬁhhﬁ toabouil 1p) and]_gr eFavalE L 1‘1} ailme figaction may be
5&8948/ ‘bg L4 5i0Bh &F E}%@emﬁé"gn\ﬂ)rea&'én%f%?é)feﬁ?m 40o &M)la(r 9?-15‘ %1%% s with N-

odium sulfate, 3% nmannit
nghylvaleigide vethaappmpsiet ogmwumﬂaca@ab ot ﬁ@rﬁnng gisulfide bonds.

B(ex\gu\éé Pf A2 rQQ\é‘n%ﬁtolP b eﬂﬁlmgg Qe gllnm %’Bluﬁs ﬁﬁﬁ a(ﬁ%ﬁé):'mné)goup such

nost pre erre

ag Nn@@ﬂwim@lngmdonppﬂsesxawbkrmqﬁq@tl@ §roRPIbOEBD! giyqopteteinain the
CQ@n_thes 3085 i80hti0330ayL, e}p 2 t?aﬁ cTigf %cu %gru ﬁ?? G Wﬁggrocedure

osl tions conpri's phosp ate
dagrivrdl borgiumibpriotinces ms@ammﬁ miclesiule§ Wavipg vanying mumbers of thiols

Y

amvamd ﬂnmltgm:psm the gbi(%rpﬁeur that were6®t Covtjuyatedhtd BEG-maleimide.
Furt her det ails of such conpositions are known from WO

01/\/&1231%95 s ukllb a%]hﬁcﬁerk Ahse s%én otf Qoﬁlé}ﬁq}%ﬁﬁ wWhh used to

treatlng ances O 1 ron butiron 1n chronic
blovk|thersmadipingtthiol-graips din gl;]mgla@dlpgptem, digulfide compounds will lead

11‘?gﬁntuﬁr %ﬁ%l@é\{lgpsuﬂ{de mﬁfi(ﬁe egcghe%/n%e %Q%HEB 19 dEBlrﬁtdﬁé)rn ng?% ’couphng of

ne ove.
thehbiodnmg n¢aigemt. mefat@ﬁ)l@@urg neegtintsefioe that fype of beakinggeaction are

r tr | on | i . ..
%elél ngzlil o‘&];glllen{GgS@ ?tlel £ Salélasé am ne%@ée%?lgg% C.P’Sﬁ[&l{lﬁ no additional
net c}mgﬁ mimsodureérfte chd p@&lﬂtﬂidmowfn ereyish b fwitBodking reagents GSSG

Oplrcgt eglggge I'C.?,'lﬁtngn an a%ﬁcnarl%gga% V’e Or gsnmeo rh¥ar nt esti nal

us ¢ so re ed to as
Crohn's di sease, and colitis ul zerosa. I n context with
th él‘}mkfoxxhenmniﬁcatiem ofrée hontpawddﬂrédbmﬁe GELT), mhblimg the separation

r ool}l% ' &i- &nd &?f % laecgd 9c1es Bé 80314"[; A L ¥nown in the art,
ano %

Atesrihalrars rosa i
epg ei)hlmmdhxfommatogrhph)hr oni c | an arrat ory intestinal
di seases. Preferred nethods and nmedi canents as

d e%%%{rl?@eﬂ e%gg}/o%o?ertl% 9% Fes }9@%1"%19 cbiins 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-PEG or narrower fractions to increase the percentage of mono-PEG
in the composition. About ninety percent mono-PEG conjugates is a 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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erythropoietin protein is as defined above. The

specific activity of EPO or EPO conjugates in
waec@snssate With this invention can be det er m PETER3004/014105

various assaysknown in the arfg_The biol ogical

activity of the purified EPO proteins of this

' désﬁ\égnm Qﬁ‘eﬁBSdﬁ%@ of Mlﬂ@&'fﬂoﬁ'tﬁé ?@rtcérﬁg o O8f CEH)% &R Qwhere nis1is

protein by injection to human patients™resul ts in bone
froey piogtydErdeat fnelineEsihperpandduct i on of reticul ocytes
and red bl ood cells conpared to non- |nJected or
control gro of subjects. The bi C activity
t hePlEﬂ@aﬁF‘&)tﬂcéf ?%mPQﬁUquSé@W@ﬁ‘@@gtPﬁ@g g PBPW@H a‘éﬁwlfzpown in the

altﬂ ldh{:lfatd@ﬁestﬂibe@l ﬁlﬁﬁﬁ@@laﬂbzﬁeﬂ pbﬂ&hﬁapplh\tﬂﬁkin WO 08187389, Compositions
este

g qomrion 0 (1007 1B 5555 yfiten iofbE e SineE i & il bove.
PSferably] t’nsuem@omhhnoqmmatse 10 BRIFO®I 1z, £FIT, 2P, 10804200800 or 2500 pg
pprj r?xl g?a% %1% S c%)?{prgosgf tng%a [ 13%16‘(5 ﬂgtc?fddOM g%%gﬁﬁro’}znpggn protein
pq‘:rrml 18 —0f ngimol] suﬁh@r M toé@rmwllwec@phatgsﬂé 6.0 to 6.5. This

céhﬁﬂﬁ&pﬁia%lse c@ﬁ%%r& 1P F1 me@}ﬁslmheel o90Pef @payonwv) up to
hropoi étin BRP. )

ti
i?l:‘%rf’éF &ﬁcﬁw@taaéﬁpﬁg)n%l@f@rt@ddel% Qa@ﬂagf\\lﬁ? g’far%iaf m%t 15
c@xlptmh@ﬁ copfikesild lugsd 1008 piptdrytteopvdtid privkdin p&eml, 40 mmol/l

s o RS AR VR b o7 U PP 3 opis. R Blporelpronic Fos
(divgipH bende sltamatwa)hhe domposibon ivan chynpdiet €0 pg at (060 pgf
eryfrobBleR P AT ol 00 b G ER 861 PRl Bhbsphate pH 6.0

ransrtrerrin rece
tqjé@c@ptmﬂpl 5L/e Ew/arh af a polyaloFuaithannth ISJCOHERSISEIOA maacroepamse up to 20

iR rE&ﬁgﬁh&eﬁ t&@%?ﬁﬁlu%xﬁé%ﬁ vPdnd SRiAGE. @%%umra
é\r/%gé(raﬁ ugust 2 001, Chlca%g thBHnIS
g«}h{%om@wuap ST BEwEiss IQH 1o P00 gier YEBRAROGHA protein per
mlNE0RakHENNaCE 10 he¥tresthube 0.0 0mailstoni vFE(wib0akl kg mmol/l
ge%?jrgfmnl(ﬁ (commercially avail abl e erythropoietin
PR SFP W ce a week for a maxi num of 12 weeks.
Afterwards, determination of the paraneters as
des cFhidqedseabmventsdioalso @fers tophe leoverrpmpfosition cdinpoisiagrl0 pg to

o0 ARSI & B S gaR YOO M 65, 10
160 swmelfupilivm pyfatielerddifen.ithis cOMPOHEOR a7 cRMPgise up to 20 mM
nRERBARILES 10 0. @ESP DleniEReBt (W), BRI ip th & Mmimbi/NCATIdand

| u t Pt d P.
OEgﬂﬁﬁ'{r‘(ﬁl 5/?1/1 (C'?HW ﬂéﬁwhgl%le eg{ﬁfalk ?%ﬁﬁc'rs?uq:@ may 10 pg to 10000 pug
efyiedpbiein, proeit g nplf 6 emiad a@mhb@%@@@ﬁ@@lmmdmhﬁ sulfate, 3 %

i ptp By vd oS PR o eI omi R DY sl Bl 1 oo

Cubk. patient is treated subcutaneously wth 150/ U kg
Recorrmon(tm (comercially avail abl e erythropoietin

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

a) 10 mM sodium/potassium phosphate, 100 mM NaCl, pH 7.0 or

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

¢) 10 mM sodium phosphate, 40 mM sodium sulfate, 3% mannitol (w/v) , pH
6.2 or

d) 10 mM sodium phosphate, 40 mM sodium sulfate, 3% mannitol (w/v), 10
mM methionine, 0.01% pluronic F68 (w/v), pH 6.2 or
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protein) twice a week for a maxi num of 12
weeks. Afterwards, determ nation of the paraneters as

wale®snstsed above shows an i nprovenent of the dPEDEREN4/014105

of iron deficiency. CLAIMS 1. ke use of erythropoietin
protein in the manufacture of a nedicament for the

t Leat mend) %@mefr hhﬁr@aﬁgﬁﬁ\d‘%f)dlhfrpdﬁlﬁtesﬁ%'rﬁéﬁﬂl@m (W), pH 6.2 or
c ronlc nfiamatory intesti ases

clai m 1 dRY, Freies A 35111 %MHWI@EM';NHM
di sease i Sm&ﬁidilb)lﬁe, OJO(D%!pIuﬁ)mJF&B (thﬁ) pH &t.aim 1,

wherein the chroni c infi armtory intestinal disease is

ol ai e BB ARSe SmntAn RS EEBRERGh e B amoung
elmybheep@etitt broden péﬁ(v 00 &OOT&@@ qnéZéO(ngz’mldT hegmp g pobfairad 4,
o%itfb "s'ESm%ElXé Qﬂﬁp b GINTRoBLAL ﬁ(ﬂpl‘la?te QBosl é&dfﬂnfl §u19£te, 3%

epoet i n € use accor

Ifl@nrstol\ﬁrrféfr el%mﬂvﬁ@e&lwlﬁﬁdb%ﬁ"/et? UHORYE sém«%ro Pr Q&rqsﬁQéJaM arginine,
3YmPNEGSRNQUFat8.S998 nd@nit6Bl/9)) 10 faM Hhehiesthed8.0 09I ni OF68 (w/v),

A Bo HEthl ok thohisotne B renEe BTHSE  BLKERD o

SEQ D NO 2. 8. The use according to any of clains 1 to
3, vﬂ’i&rmivmttdrealmrylatas opoinethal for oeaing distsridneesseqreantigribution

X l&llz‘]n&g?{hfﬁgﬁ/att%gxgtgst ?lg%gggg { 'rxgn%sg“}é a%iﬁ-ﬁngg‘gﬁ&# 8PP frective
aan@mtdqf nqth@pa@n@ﬂ:ot@irmsrd@ﬁmed B oge. Rudhewnare; the invention relates to a
IﬁE&ﬁEiﬁlgrﬂ%ﬂrhﬁn‘%r cﬁstﬁﬂﬁnhecs dt ?Irog%@s@ﬁ&hﬁbrﬁlnfcﬁrorﬁg 1nﬂ-5|ﬂ'?atory intestinal

se ac I ng cl ai ns 3, e
%ﬁ%??%rcgb’@ic@fliz lﬁrtg?téF FPnfaing an Fﬁﬁ"é&v? HOgRRt Qﬁer%ﬂ’éﬁﬂ%ﬂﬁl protein.
E}@nﬁalés%fﬁﬁﬁ%ﬁg@hﬁldmaﬂo}y intB@indbéisaacs ardé. Andi1®us kashiilso referred to
rein the.er 0i e a conj. ugat e
S o ad el iaR Ry abo L o s PPER, fethod and
hadicngest, roglss crolneisfarprefeared frngeofhpordn thilhasitony ittestiniah diseases.
81:‘51)’1:% lﬁ&e?osoa% ggétgg}%re%r}ex ffg {3 {nlﬁg %at 11[1&\(# rge? hls gases

Eﬁ@f¢$dandh9é$ sk medifaroents hsedegqardwd abgvmrs ﬂMQ, voterginifan

éga’&ﬁ‘ﬁ I’dt&nqu ARALOISvher eof which have
ence f human eryt hropoietin nodified by the

addi Th@@e@ifﬁc aEMyJOfEPCﬁOIQiB@ @&iﬁh@itésq{i a8ddr @@ fwith this invention can
rearrangenment of | east one. glycosylation site; said

be determined by various assays known in the art. The biological 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-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 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). Another 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 examples

which illustrate but do not limit the invention described herein.
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erythropoietin protein being covalently linked to n

pol y(et hyl ene glycol) groups of the formula - CO
W@ adR)F8347 (OCH2CH2) m ORwi t ht he - CO of each poP@I/EP2004/014105

et hyl ene glycol) group form ngoan am de bond with one

of said am no groups; wherein Ris lower-alkyl;x is 2

or 3;mis fromabout 450 tgxAMIIESI00;n is from1l to

3; and n and m are chosen so that the nolecul ar wei ght

of tEe conjugate mnus the erythropoietin proteinis

kil odaltons to 100 kil odaltons. 12. The use

according to claim1ll,wherein x is 2, mis 650 to 750,

nis.l and Ris t hy. 13. The €, acc claimn ., .
A B PinaR P b B R shiR e G B eeg R dkrbution
by determinytiogatfehcitpwirng pagamactemr YR (S etiverprpteid eferritin and
sgﬁ‘tﬂenc fer}n?? #epfwe al H?s@rﬂ%ﬁ Pq HQHR ﬁngoﬁ@ﬂn%g tLlafzr AMBaldauf,

VI VO causi ng bohe nmar ro

R BOF%E@aB@St@TmGWthd@ﬁ ﬂtﬁfAf?s@CI 1 éym@gl Meeting dulpPHodugust 2,

29@1 |G'hléﬂ§g BEISE t’I@l@ résﬁﬁmﬁcﬂﬁd@{u‘wﬁmg&o&ﬁhﬁf &1@(91b@1ftloﬁ L‘ff?egbatlent is
t her eof av

p0|et| ei n_and anal ogs
teh ﬁPg iy e %5@/%% BGF%{W%#%{%PHB%VC@WW érfihropoetin
piodi) it@tte laywdela doratigbkibim of 171 wedks. JAftedwbrdg) d{&@ﬁmhaﬁdm the

t t
R B DR M PO BB REP RO et ihatsgeiencr
gl ycol ) groups, each poly(ethylene glycol) group being

tly linked to the erythropoietin protein via a
l'inker of the formula - C(OQ-X-S- Y- with the C(O of

Al 1'91?(1&1& Qg&f W&ﬁﬁm A b%g‘c n9 E}gscwédt tﬁr gﬁﬁlrggn 'oFllkon distribution

b?’ﬂ@?ﬁ?@%qaémj}g)fﬂléf%@;;@r{g parqmethrS\~ -C(BP ye@ﬁévedvg eétg}eferrltln and

s@I@bf&Qbﬁr@fetr)Mﬁ ltrgiza toEf- lagagslb?p&i D.(RhAhe) {1&4%&@1‘94%1 lJT?Jot:ﬂ; X. Baldauf,

| m apou | ou 1.0 S,

R RgR B S St D e oy gt MEFS Jild) - August 2
280pWthi&kokillimdalThe nesulto sk&b@dnktulﬁeﬁked ddﬂirt disigibutién. THeepatient is
tr%g%d%ﬁg tgﬁ%%tslh%ﬁl ﬁnml itg RS e BIOK & nqur%{)aﬂ]y hdifible erythropoietin

con
protem) tW1ce a week for a maximum of 12 weeks. Afterwards, determination of the

parameters as described above shows an improvement of the disorder of iron deficiency.
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wherein n is an integer from1l to 3;mis an integer
from450 to 900;Ris loweralkyl; Xis - (CH2)k- or

WO eMR(833¢H 2- CH2) k-, k is 1 to 10 and P is the PEHEH84/014105

of the erythropoietin protein wi thout the n am no

groups which forman amde |inkage with X. 15. A net hod

for treating disturbances otrianag di stribution in

chronic inflamatory intestinal di seases conpri sing

adm ni stration of an effective anount of

erythropoietin protein. 16. A nedi canent for treating

di sturbances of iron distribution in chronic
infHanﬁ&mnpebﬁm§ﬁtbpabﬁmpﬁﬂaaésﬂﬁhamaﬁMEmmzédlhﬂﬁuhmmﬂﬁnthe

it conttpéa%@ rﬁ%f%ﬁsfu?r%'éh 5 ofHIDY Hﬁtr%ut EM% t&fncb%é Hxatory intestinal

protein nven Ion as herern ore
* SEOUENGR28e5.STI NG (1) GENERAL | NFORMATI ON: (|)
APPLI CANT: (A) NAME: F. Hoffrmann - La Roche AG (B)

STREET ThEIfe 6F ERiaR NP Lih ABSEr bk ilahYatoBaatestiddE isease is morbus
COUNTRY: Swi t zer | and (F) POSTAL CODE (ZI B) : CH 4070

(G TELEPHONE: (61) 688 11 11 (H) TELEFAX: (61) 688 13

95 (1) TELEX: 962 292 hlr ch (ii) TITLE OF | NVENTI ON:

New 3Ph arheace of claiah 1,Golnqeaithe droficiinfanNivBER e@fnal disease is colitis
SEQUE erOsza (iv) COVPUTER READABLE FORM (A) MEDI UM
TYPE: oppy di sk (B) COWUTER: | BM PC conpatible (Q
OPERATI NG SYSTEM WORD (D) SOFTWARE: Patentl n Rel ease
2. 0 41 7%he Papespriing Ve pny of gpims 1 to 3, wherein the erythropoietin protein is

a human erythropoietin.

5. The use according to claim 4, wherein the erythropoietin protein is epoetin alfa

or epoetin beta.

6. The use according to any of claims 1 to 5, wherein the erythropoietin protein is

expressed by endogenous gene activation.

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

8. 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.

9. The use of according to any of claims 1 to 3, wherein the erythropoietin protein

is darbepoetin alfa.

10. The use according to any of claims 1 to 3, wherein the erythropoietin protein as

defined in any of claims 4 to 8 is pegylated.

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 which have a
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<210> 1 <211> 165 <212> PRT <213> Honp sapi ens <400> 1
Ala Pro Pro Arg Leu |ie Cys Asp Ser Arg Val Leu GQu

wae@shyss4teu 1 5 10 15 Leu Gu Ala Lys G u Al ap@/BPA®BH014105

lie Thr Thr Gy Cys Ala Gu2H s 20 25 30 Cys Ser Leu
Asn G u Asn lie Thr Val Pro Asp Thr Lys Val Asn Phe 35

40 45 s'Eb{ﬁen%ls @f Eﬁﬁah)é }»ﬁfbﬁo&@ﬁ n@dﬂﬁé@é & ¥dGiBn Gf frotM 8to 6
\él gyVal 50 55 60" dn u AI a
u

Parlageshsie gt e;rgarr@paew% Ofat e oFo Sreosgtipagie seid
Val Asdrythespddetin fddteiiPbeing tevalntlyPinked eiin ﬁbl‘y(dtbydeﬂ'dl glycol) groups

o S T S e et

Lys G polflethyldne gBepl) BranpRoomisgpnAlnzdAbanderth Ana oAbad amino
115

Arg Lﬁ ﬂléss v};ﬁpeujg&rﬁqs C(fvg 1%%57 %gsezl 185 ,P‘?‘k afé Jltﬂ{ %Bh[g about 900; n
Ar g GI iy fop 1 k@@ awlsp aneum Tye chipsen t;batahe rglec %avqga ofthe

155
105 ﬁg@éﬁ%&uﬁm Syt kbproTaA B dm 9B 10 100

12. The use according to claim 11, wherein x is 2, m is 650 to 750, nis 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
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 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(0)-X-S-Y- with the C(O)
of the linker forming an amide bond with one of said amino groups, X is —
(CH,)i- or -CH,(O-CH,-CH, )i, k is from 1 to 10, Y is

bt 4 Y

)
or /ng\AH/H%
L O ©

=0

=

\
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<400> 2 Ala Pro Pro Arg Leu He Cys Asp Ser Arg Val
Leu Qu Arg Tyr Leu 1 5 10 15 Leu Qu Ala Lys Qu Al a

WGERwsAhss34H e Thr Thr Ay Cys Ala Qu H s 20 25rGDEE94/014105

Ser Leu Asn Gu Asn H e Thr23val Pro Asp Thr Lys Val
Asn Phe 35 40 45 Tyr Ala Trp Lys Arg Mt Qu Val Gy

Gnd EheAJv@ra hloﬁculay%lg_lﬁf Bf &6h pblyEbhy Rt Hapl) Lzﬁblleéi 1§from about
Leu Leu Leu

75 80 E% toagw ﬁ@a&ogﬁaﬂ#&@ ALWEIE Wﬁ’f

Leu Hi So%@ﬁat@*ﬁsﬁrcﬁﬁ a9&1t%5 Kl &alm ty/aboutars Qlyddiess Ar g
Ser Leu Thr Thr Leu Leu Arg Ala Leu 100 105 HO dy

Ala Gn Lys Qu Ala He Ser Pro Pro Asp Ala Al a Se
Al aliy “ébemss aw@dlilzso Bn Lot g W&“PP%}G% Fow&atﬂgﬁthe
Thr PhgrALG: Lys Leu Phe Arg Val 130 135 140 Tyr Ser
Asn Phe Leu Arg Gy Lys Leu Lys Leu Tyr Thr Gy Qu

Al a 145 150‘1;55 160 Cys Arg Thr Gy Asp Arg 165
Jﬁw o

wherein n is an integer from 1 to 3; m is an integer from 450 to 900; R is lower-
alkyl; X is —(CH,)x- or -CH,(O-CH,-CHy)i-, kis 1 to 10 and P is the residue of
the erythropoietin protein without the n amino groups which form an amide
linkage with X.

n

15. A method for treating disturbances of iron distribution in chronic inflamatory
intestinal diseases comprising administration of an effective amount of

erythropoietin protein.

16. A medicament for treating disturbances of iron distribution in chronic
inflamatory intestinal diseases characterized in that it contains an effective

amount of erythropoietin protein.

17. The invention as hereinbefore defined.

H3h ok



