29 Decenber 2003 - 1 . ERYTHROPO ETI N DERI VATI VES BACKGROUND OF THE

| NVENTI ON Erytapo is to be production of red bl ood cel | ££9 Dggeptbep@808s t o
of fset cell destruction. Erythropoiesis is a controll ed physi ol ogi cal
mechani smthat enables sufficient red blood cells to be available for
proper tissue oxygenation. Naturally occurring human. erythropoietin
(hEPO) is produced in the kidney and-is the hunoral plasma factor which
stinmulates red blood cell production (Carnot, P and Deflandre, C (1906)
C. R Acad. Sci. 143: 432; Erslev, AJ (1953 Blood 8: 349; Reissmann, KR
(1950) Bl ood 5:. 372; Jacobson, LO, ol dwasser, E, Freid, Wand Pl zak, LF
.(1957) Nature 179: 6331-4). Naturally occurrin EPO stinmul ates the

di vi si on and differenti at EB¥THROES FNeHEEFVPﬂF%F% progenitors in the
bone marrow and exerts its biological activity by binding to receptors on
erythroid precursors (Krantz, BS (1991) Blood 77: 419). Erythropoietin has
been manuf actured biosynthetically using reconbi nant DNA technol ogy (Eg e,
,JC, Strickland, TW Lane, J et al _ (1986) Imrunobiol. 72 213-224) and is
t he product of a cloned human EPO gene inserted into and. expressedi ne

ovarian.. tissue cells of the Chinese hanster (CHO cells). The prinmary
structure of the predomnant, fully processed formof hEPOis illustrated
in SEQIDNO |. There are two disulfide bridges between Cys7-CysL6! and

Cys29-Cys33. The nol ecul ar wei ght of the polypeptide chain of ERPO wi thout
the sugar noieties is 18, BACKHEROUND & THE SNVERXBONMmDI| ecul e, approxi mately
40% of the nol ecul ar wei ght .are accounted for by the carbohydrate groups
that glycosylate the protein at glycosylation sites on the protein

(Sasaki, H, " SicsRiisiRIprodvt RN Gf FaBI08d cdils(WRRK Jocdurs B offset Giiem  262:
12059). Because human erythiropoietin is essential in. reﬁ_@bl o%?,ce@é. At
f or mat | onestrinsionh Fryrbrapoiesisiserentralisd phesielrgstlBrthagisoh EHERAR S SRSt

characterzg o?%eﬂsgﬁ"bg avlRRRAbE YopkPissdd obReRIRAL RANFIY RoGiluman

producti on. I'C in thetreatnent of anem_,a in chyonic

renal  f airythrepopatin (BEPO) (qrB)lu¢adso taliAnesand g humeral plgsme fagtomphick 4 .
(1089) Adhiniifgeef Pigiret pratl g cilion A pRSlodci, (MG Bima” ¢
Adanson, 148V £30988)evkAH16§3 Bhiod. 8: 3@); ReBomarn, KR (1950) Blewd\ii: 72 RacobsamdCh, D
et al (880800 e, HUE Wand Bl TN A1 B30 1 ERuARY occurring
EPO stimulates the division and differentiation of committed erythroid progenitors in the
bone marrow and exerts its biological activity by binding to receptors on erythroid

precursors (Krantz, BS (1991) Blood 77: 419).

Erythropoiétin has been manufactured biosynthetically using recombinant DNA
technology (Egtie, 7€, Strickland, TW, Lane, J et al. (1986) Immunobi._gl:_-__?_[, 2 2_%}-__224) and
is the product of a cloned human EPO gene inserted into and .CXPtESSéd."iI_'l-'ﬂflg o?ai'ia:_x‘,_ N
tissue cells of the Chinese hamster (CHO cells). The primary structure of the - _
predominant, fully processed form of hEPO is illustrated in SEQ ID NO:1. There are two
disulfide bridges between Cys'-Cys'™' and Cys®-Cys”. The molecular weight of the
polypeptide chain of EPO without the sugar moieties is 18,236 Da. In the intact EPO

R

molecule, approximately 40% of the molecular weight are accounted for by the
carbohydrate groups that glycosylate the protein at glycosylation sites on the protein
(Sasaki, H, Bothner, B, Dell, A and Fukuda, M (1987) J. Biol. Chem. 262: 12059).

- Because human‘erythropoietin is essential in red blood cell formation, the

hormone is useful in the treatment of blood disorders characterized by low or defective red



cancer patients undergoi ng chenot herapy (Danna, RP, Rudnick, SA, Abels, R

In: MB, Garnick, ed. Erythropoietin in dinical Applica2%Basember 2003

I nternational Perspective. New York, NY: Mrcel Dekker; 1990: p. 301-324).
However, the bioavailability of cormercially available protein
therapeutlcs such as EPOis limted by their short plasma half life and
susceptibility to protease degradation. “These shortcom ngs prevent them
from attajni C t. H
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further prOVJdeS goga |t|ons contai ning conjugates described herein in
mhich t he™3&E ‘)ﬁﬁﬁjugates in the conposition |n which nis | is

| east ni nety percent. Conpared to unnodified EPO (i.e., EPO w thout a
PEG attached) and conventional PEG EPO conjugates, the present conjugates
have an increased circulating half-life and plasna resi dence tine,
decreased cl earance, and inc in vivo. The
conjugates of this inventi o#@ﬁ&ﬁé@tﬁgm In particular, the
conjugates of this invention are useful to treat patlents by stinmul ating
the division gnd.differentiation o conmitted er thr0|d eni.tors in the
bone narrow iﬁﬁ‘tsﬁ‘évegélﬂ’é PhaNidessd E%Eti’bcot“ﬂ‘géfe’ QF?‘QHS PRgeeAber
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conjugate§ conj ugat es conprisin t hr opoi eti.n
1010g1 activity of causing bone marrow cells t01 crease production of reticulocytes and

red blood cells and selected from the group consisting of human erythropoietin and
analogs thereof which have sequence of human erythropoietin modified by the addition of
from 1 to 6 glycosylation sites or a rearrangement of at least one glycosylatiori site; said
glycoprotein being covalently linked to “n”
CO—(CH3)x«(OCH2CH,;)m—OR with 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

poly(ethylene glycol) groups of the formula —

2 or 3; m is from about 450 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 glycoprotein is from 20
kilodaltons to 100 kilodaltons. This invention further provides compositions cdntaining
conjugates described herein in which the percentage of conjugates in the composition in

which n is 1 is at least ninety percent.

Compared to unmodified EPO (i.e., EPO without a PEG attached) and conventional
- PEG-EPO conjugates, the preSent conjugates have an increased circulating half-life and
plasma residence time, decreased clearance, and increased clinical activity in vivo. The
conjugates of this invention have the same uses as EPO. In particular, the conjugates of
this invention are useful to treat patients by stimulating the division and differentiation of
committed erythroid progenitors in the bone marrow in the same way EPO is used to treat

patients.



gl ycoprotein having at | east one free am no group and having the in vivo

bi ol ogical activity of causing bone marrow cells to i nciaeemras@0i08i on of
reticul ocytes and red blood cells and selected fromthe group consisting
of human erythropoietin and anal ogs t hereof which have sequence of human
erythropoietin nodified by the additianf from1l to 6 glycosylation sites
or a rearrangenent of at |east one glycosylation site; said glycoprotein
bei ng covalently linked to "n" polyethylene gl ycol) groups of the fornula
-CO (CH2)x  (OCH2CH2) M OR with the car bon )r of each pol yet hyl ene
glycol) group forni ng%@ﬁﬁ@@wp\m NQHJ@I@H KMno groups; wherein
Ris lower alkyl; x is 2 or 3; mis fromabout 450 to about 900; n is from
1to 3; and n and m are chosen so that the nolecul ar. wei ght of the
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accor danc ventlon can be Staraa™ utrc
ef f ect i vemmbsrulatr weeighpaf the nosjugate mausmmthgopﬁmﬁn gy@gnitaings ﬁpadzo The

t her apeut aa% % t| munt is that ampbunt of conjugate necessary for
the in wl?%d %BT gﬁﬂ §%l?| Wity of causing bone marrow cells to increase

production of reti cuI ocytes and red blood cells. The exact anpbunt of
conj ugate i s Hlambeerfouhd prattier enpegatslof gy invensarcéan eastdisthasambe exact

102, Qa8 A s DB R G Rt
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be administered once weekly instead of the three times weekly for unmodified EPO.

Decreased frequency of administration is expected to result in improved patient

compliance leading to improved treatment outcomes, as well as improved patient quality

of life. Compared to conventional conjugates of EPO linked to poly(ethylene glycol) it has
been found that conjugates having the molecular weight and linker structure of the

conjugates of this invention have an improved potency, stability, AUC, circulating half-

life, and cost of goods profile.

The conjugates in accordance of this invention can be administered in a
therapeutically effective amount to patients in the same way EPO is administered. The
therapeutically effective amount is that amount of conjugate necessary for the in vivo

‘biological activity of causing bone marrow cells to increase production of reticuloéytes and
red blood cells. The exact amount of conjugate is a matter of preference subject to such

factors as the exact type of condition being treated, the condition of the patient being
treated, as well as the other ingredients in the composition. For example, 0.01 to 10 pg per

kg body weight, preferably 0.1 to 1 ug per kg body weight, may be administered e.g. once
weekly. ‘ |



- 4 The pharnmaceutical conpositions containing the conjugate may be
formulated at a strength effective for adm nistration 29 Demembes28@hns to
a human patient experiencing blood disorders characterized by | ow or
defective red blood cell production. Average therapeutically effective
amounts of the conjugate may vary and jmngparticular should be based upon
the recommendati ons and prescription of a qualified physician. The

eryt hropoi eti mhgbumce&@am&ﬁ]%&w{ﬁ cBRARRANEthel BnRGFR A SoWh LR tddt 3
i nvention may be pr epar ed ar maceutl cal “conpositions suitable for

i nj ect i onstinigth affectiie WIF%%HQW YA K SIRBS gy hyran patisps BIREFENEDSE net hods

known i n 5R8d@idorddrQ EhR¥@ERIA by WP BF APkt RicGe£RITBASAI pRRABCHGY. CARSER
described .in W97/09996, W97/40850, W 098158660, and W99/ 07407, Anong

the pref ethesapeptsalbrebeciiveamauptsridhp onngate may vigrad inpartispisn shauldibe t he

products Bised iBoh MYERESBMAAKIIHITRA pPALHPG BUdMifBYPRiciA] asma pr ot ei ns,
etc. The conpounds of the present |nvent| on may be fornulated in 10 nM

sodi uni pot assi um phosphat.e puffer  at contajhing a tonicity agent, e.g.
132 mM  sodi ukhesVEHPRRICting W%&Fqlnypfqﬁélcmpaﬁm%aﬁcwaamﬂtls on may
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different anounts_ of erythropoietin, ug/m, e.g. 50 .tg or

400 pg. THRearmEcRytically aetepigbleseirier Obwehlépbr megliasls knpwnan ghaars Fopexmplenavi ng
the amino, bgrlaé%gmﬁﬁoﬁﬁﬁav@%teeﬂ 533@155@ inBv97 /0599w OFHehsdd, NO. 2) or an

am no aci d sequence ‘substantially honol ogous thereto, whose Di ol ogi cal

pr oper t i e¥ O/ 58660t and WO GHL st pong die prefgered phasenacentically aergpteblen and t he
stimul ati gpyipfs ¢ En- Wdtﬁlgg% %&'%ﬁugk fouseﬁﬂ drftoh Qe I‘Ptimax?Qe'Hﬂntéll%jmf%lr K%ﬂfaﬁs Ceh

;pqogenl tors int one ereln, these terns I nc
proot ei ns plashd peztexaa éte dihg compounds gfshe preaensiinventign siay e formedated in 10
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anal ogs havi ng tional sites ycos I on° ana ogs
havi ng at sddetastchtﬂmieaegnonﬁhahe phdrmacaicdl annndaélondaa}bmwam@rmma&ratwmd of

the 91 YOPE O EliacHIEAEL oo 18.S) LANSIaiRULAC RG] LS HOSSBln, di2R5" 0N

gl ycosyl and an am no ac

i ncl udes alo(s /ﬁﬂ,nggrsarﬁg&famap | east one site for gl ycosyl ation. These
terms incl ude both natural and reconbinantly produced human -

eryt hropoi et n The erythropoietin conjuygates of this nventl on .can ke
represent ed byREBFRyFFroppleling e BRG e ffrf oS rsgpTotreRb A g Shegsipearidy, m

n and R agQuatcedBONf in (SEGID NOA ) lor (SEQIDING: 1@y iadUehifb adill sequehBs opoi etin
' 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 through mutations. 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 one site for glycosylation. These terms include both natural and

recombinantly produced human erythropoietin.
The erythropoietin conjugates of this invention can be represented by Formula 1:
P—[NHCO-(CHa)x—(OCH,CH2)m~OR}x (D

wherein x, m, n and R are as above. In Formula I, P is the residue of an erythropoietin
glycoprotein described herein, (i.e. without the amino group or amino groups which form

an amide linkage with the carbonyl shown in Formula I}, having the in vive biological



gl ycoprotein described herein, (i.e. without the am no group or am no
groups which form an amide |inkage with the carbonyl sHSiedamies2608a 1),
having the in vivo biological 29 Decenber 2003 - 5 activity of causing bone
marrow cells to increase production of reticulocytes and red blood cells.
In a preferred enmbodi nent of the presents invention Ris nethyl. Preferably,
mis fromabout 650 to about 750 and n is preferably 1. In the nost

preferred, &{Wg%‘g%ﬁinﬁonfe??ar%ﬁa?&l@tt iRY& N &Hu&déoq@?l Hoeyt Qand réigl’@odab‘)”t

650 to abou e conj gate as above having the
formul a [GN:BO(CI—lZCI—lZO) NMCH2CH2CH2CO- NH] "- P wherein mis from 650 to 750, n
iIs 1 and P is as defined above. Pr eferabl y m has an average of about 680.

Preferably, the, E}e:fapamﬁ | fim@ht SR FQ anaﬁﬁoﬁﬁigﬁfceﬂ{wq’r@i@ﬁ%ﬁ( is@ hunman

erythr op0| etin. Human er r opoi et i n an ogous proteins as ‘de |ned

above can B@a‘@b@pﬁ&mobwmlﬁm exgblyd-activation. Preferred human
erythropoietin glycoproteins are those of SEQ ID NO 1 and SEQ I D NO 2,

nost preferabfy thterh‘?&% gPerlgmrﬁRd}Qeﬁt of tHE pRSINt il eABYn REs BRYBELR qls fro@m t he

group consi sti ng si dues of human erythropoietin and anal o ther eof
havi ng fr#ut6p tcaataum?@@,@néln i§ L tigsthespniyigyte as definadahovelavingthe

detail below, the preparation and purification of EPO are wel | known in the
art. By EPO is nedtHiNEhaHOaLCHsCHeAd 130 M8dl.-Pr ot ei n, preferably human,
as obtained from any conventional source such as tissues, protein

synt hesi swheid mG ok €50ot750,184s Uraald PO as &@ﬁﬁ&ﬁb@@Pre@&hﬁI& m RiYardvekagen
havi ng the activity of EPQ, such as muteins or otherw se nodified

prote| ns, of aboghé¥hpassed. Reconbi nant EPO may be prepared via expression in
'"CHO, BHK- or HelLa cell lines, by reconbinant DNA technol ogy or by

endogenous ge ‘uﬂhﬁ EPO by
endogenous geglgefeag@? ? %{;’%@fg@ﬁf’fﬁg &gmgitesg‘{sﬁsgh%? dv@?ﬁ fgnécl osed, for
exanpl e i erythrSpoiPan.dhumaiesthi®paREn 264 andoguns pBF@Rins aadefitkd7dayy 46, beand

i nt ernati gnal n licati

95131500, SeruBrbF Bl Ght o, pYUstet PiGaE o MeB el toeroling . chy o
whi ch ar earenhasepd SEQD Nexkird $8Q e iN:2nmest préferaplyethese fSEEPD BipkLi es for
the preparation of eryt hropoi etin glycoprotein products are human EPO

speci es. Mor Criehd { ef’%‘l y%e s &ed EE% ﬁ?l%%f\% sco'nasttutﬂge of WAl RuflAN! N9 the

ami no aci d sequence S&t
- erythropoietin and analogs thereof having from 1 to 6 additional sites for glycosylation. As

set out in detail below, the preparation and purification of EPO are well known in the art.
By EPO is meant the natural or recombinant protein, preferably human, as obtained from
any conventional source such as tissues, protein synthesis, cell culture with natural or
‘recombinant cells. Any protein having the activity of EPO, such as muteins or otherwise
modified proteins, is encompassed. Recombinant EPO may be prepared via expression in
‘CHO-, BHK- or Hela cell lines, by recombinant DNA technology or by endogenous gene
activation. Expression of proteins, including EPO, by endogenous gene activation is well
known in the art and is disclosed, for example in U.S. Patents Nos. 5,733,761, 5,641,670,
and 5,733,746, and international patent publication Nos. WO 93/09222, WO 94/12650,
WO 95/31560, WO 90/11354, WO 91/06667 and WO 91/09955, the contents of each of
which are incorporated herein by reference. The preferred EPO species for the preparat{on
of erythropoietin glycoprotein products are human EPO species. More preferably, the
EPO species is the human EPO having the amino acid sequence set out in SEQ ID NO:1 or
SEQ ID NO:2, more preferably the amino acid sequence SEQ ID NO:1.

In an embodiment, P may be the residue of a glycoprotein analog having from 1 to 6
additional sites for glycosylation. 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,



SEQ ID NO 2, nore preferably the amno acid sequence SEQ ID NO 1. In an
enbodi nent, P may be the residue of a gl ycoprotein anal @9 Deoemigrfoosn 1 to
6 additional sites for glycosylation. Aycosylation of a protein, with one
or nore oligosaccharide groups, occurs at specific |locations along a

pol ypepti de backbone and greatly affecgs the physical properties of the
protein such as protein stability, secretion, 29 Decenber 2003 - 6
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conf or matdesult inegpincreakefin mhdnltuhbxgl afaitesefot siglictacid thieyt; opirest glynsprotein t he

present invention,also | aving {nere

car bohy driiposs By ke ﬁﬁ’éer{?teg Ibygll ((:)tg yi é'{%?il%ﬁ % 13%1 %E}ad%%gounss U%qu%t;f/on% hVol ve the

subst i t utsubstitafionsst apfinoacid re51dues that increase or alter sites that are available for
glycesyl'ation. Glycoprotein analogs having levels of sialic acid greater than those found in
human erythropoietin are generated by adding glycosylation sites which do not perturb

the secondary or tertiary conformation required for biological activity. The glycoproteins

”

of the present invention also include analogs having increased levels of carbohydrate
attachment at a glycosylation site which usually involve the substitution of one or more
amino acids in close proximity to an N-linked or O-linked site. The glycoproteins of the
present invention also include analogs having one or more amino acids extending from
the carboxy terminal end of erythropoietin and providing at least one additional
carbohydrate site. The glycoproteins of the present invention also include analogs having
an amino acid sequence which includes a rearrangement of at least one site 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 sialic 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



amno acids in close proximty to an N-linked or Olinked site. The

gl ycoproteins of the present invention also include ana@9ddscender2go®ne or
nore am no acids extending from the carboxy term nal end of erythropoietin
and providing at |east one additional carbohydrate site. The gl ycoproteins
of the present invention also include anal ogs having an amno acid
sequence which includes a rearrangenent of at |east one site for

| ycosyl a r : [ ]
el ot on by, BRR ol SR HARIEHRN AR HIERSHIA IS bl RIS
t he addi t desail of Eenepeary Patonter pdicatioraé 46 @0 ip BlietpublisgedMardsly1833.0n sites.

I ncreasi ng the nunber of carbohydrate chains on erythropoietin, and

therefore thg ngf&;ecpémﬁdd%%ﬁt,ag opFSteifs ¥k {e eéeﬁﬁ iDL G35 TRY
confer advantageous properties such as increased solubi|ity, greater
resi st ancaming agit gpagencesitich incthdeset leashemragiditéarial site fonglyeasyiiossnetnis,
hal f- 11 f oy g ialEd B ek a8 CRnp RidiR S e HEEn et huimah Afibkyidii
Er yt hropgtlnétl n anaclr 005 t?l‘g)de{%%}‘gti oré{%ugﬁ co Iréti onugfat es areﬂ&i}!g&l osed in
more  dot motlified i rpdibuatian selected i dafolowiogo 619, to EIli ot publ i shed
March 1, 1995. In a preferred enbodi nent, the glycoproteins of the present
invention conprise ang.@M®. aci d sequence which includes at |east one
additional site for g y%psy%géti on such as, but not linited to, S
eryt hropoi etins conpr A8’ it he sequence of human erythropoietin nodified
AnSTTIT 59 - ASn69: ASRLOTAr 71, Ser 68ASNGOTRY 71 Val 87ASn8ETIT 90

n r59; n6éo9; n r71; er n r71; a n r9o;
Ser 87Asn8&Thr 90; Serﬁﬁﬁ?snSSGy 9Thr90; S er S7TAsn88Thr90Thr92; ; S erS7As
n88Thr 90Al a 162 Asn69][irs#, Ber 87Asn88Thr 90;

Ser®Asn®Thr'";
Val*Asn®*Thr’%

Ser® Asn®Thr’%

Ser” Asn®*Gly* Thr’";

Ser” Asn®*Thr’*Thr;

Ser® Asn™Thr°Ala'®;
Asn®Thr''Ser®” Asn®Thr’
Asn®™Thr?Val® Asn®™Thr;
Asn®11e™Thr’;
'Ser”AsnsinegoThrg' ;

As n136Thr138;

Asn'*Thr!®,

Thr'®; and

Pro'M“The!®,

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
1D NO:2) indicated by the superscripted number(s) is changed to the amino acid(s) that

immediately precede the respective superscripted number(s).

The glycoprotein 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, i.e. the conjugate as defined above also refers to a compound
wherein the glycoprotein has a sequence comprising the sequence of human

" erythropoietin and a second sequence at the carboxy terminus of the human



Asn30Thr 32Val 87Asn88Thr 90; Asn891l e9oThr91; Ser &7Asn8911e90Thr9 ~ ;
Asnl136Thr 138 Asnl138Thr 140; Thr'25; and Prol24Thr12s T2$Densnatidr@008sed
herein for nodification of am no acid sequence neans that the position(s)
of the corresponding unnodified protein (e.g. hEPO of SEQ ID NO 1 or SEQ

I D NGO 2) indicated by the superscriptedgnunber(s) is changed to the am no
acid(s) that imrediately precede the respective superscripted nunber(s).

The gl ycoa&mrsbaeﬁ@yeqt@taﬁ&, REeh MR 3tRadRaNIABe @dntzlxiﬁ@&tleé%ﬂSnélgﬁ‘j:éskﬁﬁ@h ani no
acid at t_hewﬁa%?chy erm nal,_end of the glycoprotein, wherein e
addi ti onatiteakhaadduprpl apeneadd maycompaise 2 BRI Frgsaat devivid Eemdhe | e the

conj ugat ecaBosakimRdl SRR HogbRICohAd GrSSIAPYREabIWIEE BiEbgrBRin is an

gl ycoprotein has a sequence conpri sing _the sequence of.  human erythropoietin

and a secﬂﬁéﬂ&%&ﬁ‘@ﬁ@’éﬂﬁfh@cﬁf@uﬁﬁ?flfb%gigtoér(ﬁr] hurean erviieppigHa Maviog Bee RS 2003

- 8 eryt hi&!@@éﬁ%h&, SE&BEDESer MAEAIR IPRo PREPAESLQ NEu PESISENTGS SePALALASPRIGIyeast
one glycosylation site. The additional am no acid may cqnprise a peptide

fragment BerJesdapilnphre He Lew Rrogln/ (SEQ 1R N&):3)e mderding fioshtherarhosi ¢

gonadot r oRiRin R &) FhéhlaYog ih18) BHELRIRE&iRg 5& an* AP ORI Pehef rOm the
group consisting 0f (a) human erythropoi et.in having the amno acid
sequence, a1s¢og igdp) esepmpygngpsn PLHT PVal pAen SERr L BBOPr o Ser Pro Ser Arg

Leu Pro Gy Pro Ser Asp Thr Pro He Leu Pro A n (SEQ ID NGO 3), extending

fromthe carbgyy, éogfrmeﬂyﬁmy 6193 bt BeadNSd Rerihdar ahidodctd@GuefiaRstigi ng Ser 87
Asn88 Thr 90 EPQG, gn (c) the analog in (a urther_conprising Asn30 Thr 32
Val87 AsnBglufies drrappaseryen of pisesh ot eifopglycesyabopel areamangsgamimary an
am no aci Qorﬁgﬂgé%rtfe?eﬁ#a' $Fny bPHRESKE L806HARAE SRR N RlinAh dRBRSp LA sid ©
for glycosylation. The r'ea}(rangerrent may conprise_ a deletion (% any of the
N:1inked emadditignphareNslinked carbohydrate sateyt pesiyen 88 phthgaminaacidgeiuenenclof an

N-11 nked . St i1 : i f
uran or y ran i BpSiclh. Freptithe ﬂg&qﬁ ol s i andtl JeREd ooy %@’cf ed
from t he camsisping obGSSiTghsol THEPGilaT Sahasrt Rhot EPpand Ghmserts
Asn88 ThrggnsElf_Hgo E?S. Gln83 Ser 87

As used herein, “lower alkyl” means a linear or branched alkyl group having from
one to six carbon atoms. Examples of lower alkyl groups include methyl, ethyl and
isopropyl. In accordance with this invention, R is any lower alkyl. Conjugates in which R

is methyl are preferred.

« k)

The symbol “m” represents the number of ethylene oxide residues (OCH,CH;) in
the poly{ethylene oxide) group. A single PEG subunit of ethylene oxide 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”. In the conjugates of this
invention “m” is from about 450 to about 900 (corresponding to a molecular weight of
about 20 kDa to about 40 kDa), preferably from about 650 to about 750 (corresponding to
a molecular weight of about 30 kDa). The number m is selected such that the resulting
conjugate of this invention has a physiological activity comparable to unmodified EPO,
which activity may represent the same as, more than, or a fraction of the corresponding
activity of unmodified EPO. 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. .= 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 about 30kDa.



Asn88 Thr90 EPO. As used herein, "lower alkyl" means a |linear or branched
al kyl group having from one to six carbon atons. Exanpl28sDedenten2003l Kyl
groups include nmethyl, ethyl and isopropyl. In accordance with this
invention, Ris any |lower alkyl. Conjugates in which R is nethyl are
preferred. The synbol "ni' represents the nunber of ethyl ene oxide residues
(OCH2CH2) in the poly(et hyI ene oxi de) dgroup. A single PEG subunit of

t hyl h | I, i ght of b t. 44 | t th
o 2cul ar el B ARt o B AT DR PG RO E e S BF aaior hecBhe v he
EPO) depeps gp?agsec&mhag bothd Nt SN iHARE E{ﬁ]cﬂjdlﬁ?'esamﬂnﬂvﬁ'ﬂh opeat is

from abo 0 about 9 (corresponding"to a nol eculfar wei tht about

- 20 kDa tdyabmmlm@a%d)al)nd/cgrtbe emmdyerfmmhaabagtgrw Qf@na'imlwomaﬂm protem
(correspopdi | e | St ) W, S

sel ected Qﬂcﬁgd%%nk?%ggr e%u%lotﬁ{ conjsagnat e %& né%lﬂs@?r?\?gh??%n ha %e bfd
physi ol oggroups mtm@lmq}e cOblfar ¢ alb?!e an ontggeroaigingffo@PCo 3 \Mﬁfelhbbré‘mf’w k 9r Zay
represent, 0§e fﬁ gg@ (than, or a fraction of the correspondi ng
activity o A rml ecul ar wei ght of "about"™ a certain nunber
means that it is W|th| n a reasonabl e range of that nunber as determ ned by
conventional anal ytThfatomp@-Utﬂrw mul Wﬂ%ﬁwrewomghSel ected so that the
nDIecuIar ol y(ethyl ene glycol) group covalently linked to
t he eryt hroporg@% en %g%%%t einis from about 20kDa to about 40kDa, and is
preferably about 30kDa 29 Decenber 2003 9 In the conjugates of this

i nvention, the nunber "n is the nunber of_ polyethylene glycol groups

coval ently bound to free am no groups (ingluding s-amno groups of a
1ysine amino acid and/or the am no-termfal am no group) of an

eryt hropoi eti n prROEH.CHLQ) LRty FPEREge s). A conjugate of this invention
may have one, two, or three PEG groups pgr nol ecule of EPQ is an
integer ranging froml to 3, prefergbly “n" is 1 or 2, and rm?e preferably
"n" is 1. The conpound of Formula | can be prepared fromthe known
polymeric material: RO(CH2CH20) m( CHZ) XCOON i n which R and m are as

descri bed above, by condensing the conpound of Formula Il with the

er yt hr opanettiich Blapdopac asidescribedpbenedby odndensing the dompaundtuif Ehrmulkad] githr e

al pha-| OYRe erythropoietin glycoprotein. Compounds of Formula II in which x is 3 are alpha-lower

alkoxy, butyric acid succinimidyl esters of poly(ethylene glycol) (lower alkoxy-PEG-SBA).
Compounds of Formula II in which x is 2 are alpha-lower alkoxy, propionic acid
succinimidyl esters of poly(ethylenie glycol) (lower alkoxy-PEG-SPA). Any conventional
method of reacting an activated ester with an amine to form an amide can be utilized. In
the reaction described above, the exemplified succinimidyl ester is a leaving group causing
the amide formation. The use of succinimidyl esters such as the cornpounds of formula II
to produce conjugates with proteins are disclosed in U.S. Patent No. 5,672,662, issued
September 30, 1997 (Harris, et al.).

Human EPO contains nine free amino groups, the amino-terminal amino group
plus the g-amino groups of 8 lysine residues. When the pegylation reagent was combined
with a SBA compound of Formula II, it has been found that at pH 7.5, a protein:PEG ratio
of 1:3, and a reaction temperature of from 20-25°C, a mixture of mono-, di-, and trace

~ amounts of the tri-pegylated species were produced. When the pegylation reagent was a
SPA compound of Formuta II, at similar conditions except that the protein:PEC 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,



al koxy, butyric acid succinimdyl esters of poly(ethylene glycol) (I|ower
al koxy- PEG SBA). Conpounds of Formula Il in which xis 29dexealbphastdwer
al koxy, propionic acid succinimdyl esters of poly(ethylene glycol) (Iower
al koxy- PEG SPA). Any conventional nmethod of reacting an activated ester
with an amne to forman am de can be utjlized. In the reaction described
above, the exenplified succinimdyl ester is a leaving group causing the
ai de f Of htefiturel BOHARoRLenBUAGH ML BilecaliBiis), WY LR R ABIAUNTS Of
formula | to produce conjugates W th proteins’are ose U. S.

Pat ent NodiffsregVpegybsd dpssiaechn I8ejriedber 30, 1997 (Harrls et aI .). Hurman
EPO contains nine free am no groups, the am no-termnal amno group plus
the s-am no Y3 inEpEB S di I gent was
conbi ned thﬁBh‘B%BA corpoun oPgForrrﬁ?l ngrb&gn }e{esﬁ u%{t}fr:i({zlﬂﬁt@hat at pH
7.5, a priorsatorptemtirpeytesolts preparating aad thesapdusia apelrﬂpaﬂaﬂméesmberdrkam
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di f f er entStpiekiyhdtBwW. stmxe; Iest aia(rl%ﬁj IwanumsbiolHiZrah3-€24t hr opoietin (EPO) is a .

human gl ycoprotei n which stinul at es the formati on of erythrocytes. Its
preparation
el o 1 U RO EARRKHe 8RR Ak SR o LSRR o B Bk isBlom, g
S. L., Proxe ddatibed ﬁcﬁaaztamﬁlmm WB@G(ﬂSQB&,)to 3ﬁ®§pﬂimﬁ¢d EDNBv@n@@aS\%ApdEP- B O
209 539 apd EP- 261
(1086) 31hEroRsant Pargn( B 5%?0“5“@9%9 73 ‘Jﬁ%fh Pl 2 fame thos™ %ﬁdfj%ﬁ &
-12059- 120the publiyitiofe penebned zﬂ.ﬁ]Vetlhﬁ ﬂ@pwntthat areaen{imy félmenmtmdmfed by
r econbi nant mpans EP- 209 5 9 and, Egr
St okl angeoRbiant EHF 15 which Giaviin g5 B0 SR ATF aithed 5. 55¢h 3ot i oqs
for ghe ed’dg&ﬁb@id : faﬁeﬁmblahebhmamsmzrm EB¥A{0I262‘)61‘BE&th1ﬂal nael fommfyee medi um
are descrj bed for_example.in 1357 | i 4..Nove
1996, and<F¥Rmeior Ep%t ﬁ@ﬁ#ﬁ?ﬁﬁ?%@cﬂ%g@g ‘E%fg?’%’g f%“%%c?%h%%ﬁ’?g hed 12
June 1992nd FranéldiF,iMéhbés in Enzymology 421 (1986) 277-292, Bavister, B., Expcology 271

(1981) 45-51, EP-A 0 481 791, EP-A 0 307 247, EP-A 0 343 635, WO 88/00967.

In EP-A 0 267 678 an ion exchange chromatography on $-Sepharose, a preparative
reverse phase HPLC on a Cg column and a gel filtration chromatography are described for
the purification of EPO produced in serum-free culture after dialysis. In this connection
the gel filtration chromatography step can be replaced by ion exchange chromatography
on S-Sepharose fast flow. It is also proposed that a dye chromatography on a Blue Trisacryl

column be carried out before the ion exchange chromatography.

A process for the purification of recombinant EPO is described by Nobuo, I. et al., J.
Biochem: 107 (1990} 352-359. In this process EPO is treated however with a solution of |

Tween® 20, phenylmethylsulfonyl fluoride, ethylmaleimidé, pepstatin A, copper sulfate
and oxamic acid prior to the purification steps. Publications, including WO 96/35718, to
Burg published 14 November 1996, discloses a process for preparing erythropoietin in a

serum free fermentation process (EPOsf).

The specific activity of EPO or EPO conjugates in accordance with this invention can
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

ange ¢ rofnat ogr aphy



t he publications nentioned above, it is known that a serumfree

fermentation of reconbi nant CHO cells which contain an ERPMemnber 200de
carried out. Such nmethods are described for exanple in EP-A 0 513 738,
EP-A 0 267 678 and in a general formby Kawanoto, T. et at, Analyti cal
Bi ochem 130 (1983) 445-453, EP-A 0 248 ©£56, Kowar, J. and Franek, F.
Met hods i n Enzynol ogy 421 (1986) 277-292, Bavister, B., Expcology 271

I( 1 9% ]F-’) A4gir§éctioﬁﬁoﬁu9na4ﬁﬂa¥i9ntih redults A Bordiarddv cellsRn&elimdro@dion¥d 88/ 00967.
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67 678 an_i on.exchange chrqmat ogr.aphy.on S-Sepharose, .a
pr epar at i f&cujasyies and a0 pille LEmPEAA0 BETIRRCIEH AT aortjaﬁ R P pp.
chr omat ogTaR bibl&di€l dashtyi JTekk ERO préteisifidzheats horeof, obRM4dr@dyseidied in
serumfree culture after dialysis, In this con ecti%n the g F fi tﬁgmion
chr omat ogPeRsRganse uithchis inention|cap ba t95(ed;og methodsAsey &%far%émg At
S- Sephar oggdf Bfth. OEQW I 47: %] DUrATHAAEEEBULPABpe. [y Eiabpbiean BRIMBiON a
Bl ue Trisacryl colunn‘be_carrleg)o t betorﬁs%Pe jon change
chr omat og#%%@.- Anofhes bidagicd assar rﬁﬁﬁrﬂueas cyyity G PRIRE 190 | s
descri bednBynbBRRRmit mdilse #dsay, ivdescriicdGREMmPR 4. (1990) 352-359. In this
process EPO is treated however with a solution of Tween(r) 20,
phenyl met hyl sul fqonyl fluoride, ethyl pal ei m de,  pepstatin A, copper, sulfate
and oxani ¢ ac i SpRYGEonPIPHEesR FAmPPQSH O MYRrsEd o e satcses BREribrh Al ng WO
96/ 35718, At&n%;ﬁmtgmm&!tiiﬁi&gqt Tedstary &l&elﬂtmo—ﬁ;tegczbﬁﬁlgﬁte@ i@riaqggglg}% -
preparing erythropoietin_in a _serumfree fernen on _pr ocess : e
speci fi ¢ ActABetReRATe mhawnﬁp@xe@ﬁﬁﬁg&f%@ﬁx woaeﬁ%%%gwsm this
i nvent i onegAkopbRaHARLPIIAHs B MRFIHAUSecABR WS kDWW hdve hidher adttvity T
birol ogi cal "activity of the purified EPO Erote;ns of thjs jnvention are
stch t hat dadRfrfosiugatesoh e percpriagrd peun-BER cppiugotepatesiasthopsip of mano-
I nj ectiongh® ?l{lPEE%PQ&H &Rk cbﬁ&HhécP‘bJJ ﬁb&mg%rma RUtffls hfodrfdGhE ARBA peak
production o reticulocytes and red bl ood cells conpared to non-injected
or cont r oko deaenss thsfpesesniage 0§ monphREG ppnygewer fragtiongytopcispseithe papenptage
pr ot ei ns, 14 10 i bl i 66 ith
this inveﬁfﬁgﬁbcan gg&??@?%ﬁg%§“h%?ﬂgggﬂé gg?gﬁﬂgﬁ%gqgﬁﬂ§%|e gﬁgégggrwgull
W d. H t hbalene of(yidd 2pd aqtivityo Semetimescqnpesihiors in yichsfa example, et least
Er yt hr opoi et i.n ' o ot ' LG d m.Ni Ng
t he activh fthﬁggﬂgﬁﬁé¥é?%%Qﬁﬁﬁﬂﬁﬁgﬁ%@%§PRgﬁgggﬁﬁgﬁggﬁgfggﬁfPﬁg_ %%%ribed
i n Exanpl én 4qudlhl)smanbedesired. br avendbedimenboigbisiintention shppirsetagsiofconj ugat es
as descri nsc AoV Ehere i§ PRSI iRly ORLAIBIkepbixBRRhe N nety per cent

Hj ?es, i.e. 1nwhc 'S

nono- PEG €O ga

The invention also refers to the corresponding pharmaceutical compositions
comprising a conjugate or a composition as described above and a pharmaceutically

acceptable excipient.

The conjugates and compositions of the present invention are especially useful for
the preparation of medicaments for the treatment or prophylaxis of diseases correlated
* with anemia in chronic renal failure patients (CRF), AIDS and for the treatment of cancer

patients undergoing chemotherapy.

An additional embodiment of the present invention refers to a method for the
prophylactic and/or therapeutic treatment of disorders involving anemia in chronic renal
failure patients (CRF), AIDS and cancer patients undergoing chemotherapy comprising

the step of administering to a patient a composition as described above.

Further, the invention relates to a process for the preparation of compounds as -

described above which process comprising condensing the compound of Formula II



1, can be prepared as shown in Exanple 5. Usually nono- PEG conj ugates of
erythropoi etin glycoproteins are desirabl e because they 29dbstetmbeha®@s hi gher
activity than di-PEG conjugates.. The percentage of nono- PEG conjugates as
well as the ratio of nono- and di-PEG species can be controlled by pooling
broader fractions around the elution pegk_to decrease the percentage of
nono- PEG or narrower fractions to increase the percentage of nono-PEG in

t he conposition. About ninety percent nono-PEG conjugates is a good

bal ance of yield and activity. Sometinmes conpositions in which, for

exanple, at least ninety-two percent gr at |east ninety-six percent of the
conj ugates are nono- PEG species (n egyals 1) may be desired. In an

enbodi ment of this 8RH 8N (dhecBs tage of conjugates where nis 1 is
from ni nety percenfﬁﬁo hiﬁeg§-§ﬁx percent. The invention also refers to the

correspondi ng pharmaceuti cal conp ions conpri sing dlconjugate or a
conposition as descri bed above and a pharmaceutically acceptable

exci pient. The conjugates and conpositions of the present invention are:
especially useful for the preparation of medicanents for the treatnent or
pr ophy| axwith eferythspaitia gheppeiteinedd imiwhithdh emied k arectsdefined abeval failure
patients (CRF), AIDS and for the treatnent of cancer - patients undergoi ng
chenot her apy. [ odi i i efers to a
met hod for tﬁgéﬁ6§%§H%V§% fg§§%J%3§Eﬁhg$%B%%?$g5??@2%%%%¥ﬁgph§?§grders

i nvol vi ngdissasesiwhichnareswaiatedrvatiainenfiaiin cronjzaenddaibir¢ pRignts (IRIS, ANAS cancer
patients ungdergoi ng_che o] Sing the step of admnistering to a
pati ent gﬂ%@ﬁg%gﬁ?.8ﬁgg§9§§§@§f§g§8§%%#§§ Further, the invention relates to
‘a’process for the preparation of conmpounds as described above which
process conprTls ingercmmdeitidiebgttetundeostpolibiirefdresesrtmthefollowitg eRempitdser 2003 -
12 R G AChRRIMFRIR AN oblibt e BILhBELBAAbL nEEHCOPr 0t el D and 10 whi ch

R, mand X are as detined above. e rnvention rerers also to conpounds as
defined above for the treatnent of diseases which are associated with
anem a in chronic renal failure patients (CRF), AIDS and cancer patients
under goi ng chenot herapy. The invention will be better understood by
reference to the follow ng exanples which illustrate but do not limt the
i nvention described herein.



29 Decenber. 2003 - 13 EXAMPLES EXAMPLE 1: Fernentation And Purification O
Human EPO a) | nocul um Preparation and. Fernentati on OneMdedendder D03
Working Cell Bank, originating froman EPO producing CHO cell [|ine (ATCC
CRL8695, disclosed in EP 411 678 (Cenetics Institute) can be used) is taken
fromthe gas phase of the liquid nitrogen storage tank. The cells are
transferred into glass spinner flasks dAd cultivated in a hydrogen
carbonat e-buffered nediumin a hum djfied _CO2 incubator. Typical serum
free media used for the inocolum p@éﬂﬂg@%n and fernmentation are

di scl osed in European Patent Application 513 738, to Koch published 12
June 1992, or WO 96135718, to Burg published 14 Novenber 1996, for exanple
contain as medi umEXAMPEEA: Fermgntatimm AndRuifeation/GeH1men kPRl ol ogi cs,
‘Denver, US, order No. 57- 736) and additionally sodi um hydrogencar bonate,
L+gl ut am ne, D+gl ucose, reconbinant insulin, sodiumselenite,

di am nobugmgcum*pplg Qll’ahbﬁgﬂ@gerln{eql@e(ddn) sul f at e, asparagine, aspartic
aci d, serlne and as abl I zer manmal i an cells such as e g pol yvi nylt

o cohol, oxpancare vibet et s fisdiainly SdunBie orn T Pesdiedatisd © 7%
- 96/ 35718) linel{*T ©O KIRIBOSS, arselomd:mdzmtipl&?a I(Gynatﬂaehlsed;témantﬂwsad))sie;uken of
oot oo TR 920 R Ao SELn PR R AR BRI AR, oo
peri od, t:t[ennelﬂasksualndwﬁms:ddn hthéngvm tetrbbnais-lbUffethdmdlomtlhe htmidiﬁt:ﬂng cel |
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aspartic acid, serine and a stabilizer for mammalian cells such as e.g. polyvinyl alcohol,

methyl cellulose, polydextran, polyethylene glycol, Pluronic F68, plasma expander

polygelin (HEMACCEL®) or polyvinyl pyrrolidone (WO 96/35718).

The cultures are microscopically checked for the absence of contaminating
microorganisms, and the cell densities are determined. These tests are performed at each

splitting step.

After the initial growth period, the cell culture is diluted with fresh medium to the
starting cell density and undergoes another growth cycle. This procedure is repeated until
a culture volume of approximately 2 I per glass spinner flask has been obtained. After
approx. 12 doublings 1 to 5 liter of this culture is available which then is used as inoculum

for the 101 inoculum fermenter.

After 3 - 5 days, the culture in the 101 fermenter can be used as inocutum for the 100

1 inoculum fermenter.

After additional 3 - 5 days of cultivation, the culture in the 100 | fermenter can be

used as inoculum for the 1000 I production fermenter.



b) Harvesting and Cell Separation A batch refeed process is used, i.e. when
the desired cell density is reached, approx_ 80 % of t 20 Dadeirbee2063
harvested. The remaining culture is replenished with fresh culture nedium
and cultivated until the next harvest. One production run consists of a
maxi rum of 10 subsequent harvests: 9 partial harvests and 1 overall
harvest at the end of fermentation. Haresti ng takes place every 3 - 4
days. The determ ned harvest volunme is transferred into-a cool ed vessel.
The cel | sb)alﬁéfve?té'&ﬁi\i‘éd’g egEAPRf ugation or filtration and di scarded. The
EPO cont ai ni ng supernatant of the centrifugation step is in-line filtered
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| oaded. Af4;9Est SOPIRLALDORp Mty urpAsliriatibfle  col umis washed first with a
buffer simlar to the equilibration buffer containing a higher sodium

chl ori de concentration and consecuti. vel iLth a, Tris-pase. e
~ product is eﬁmﬂ?ﬁsﬁqm@%@%?glpel%‘d’ﬁﬂtegb’ls Idégt‘f?’é‘ffFPnbwzg; gél ﬁtﬁr ]5 to
-fraction Bﬁ:@%ﬁ@p@r@%&%&h%. T&s harifiedtitn procds BfexbRindd)in Bud folloiingopear |
Chr omat ogr apny The Butyl Toyopearl 650 C (Toso Haas) Is a polystyrene based

matrix to which aliphatic butyl-residues are covalently coupled. Since EPO
bi nds nore strongly to this gel 29 Decenber 2003 - 15 than nost of the
inmpurities and PVA, it has to be eluted with a buffer containing

| sopr opang) Blue Sepharose Chromatography

Blue Sepharose (Pharmacia) consists of Sepharose beads to the surface of which the
Cibacron blue dye is covalently bound. Since EPO binds more strongly to Blue Sepharose
than most non-proteinaceous contaminants, some proteinaceous impurities and PVA,
EPO can be enriched in this step. The elution of the Blue Sepharose column is performed

by increasing the salt concentration as well as the pH.

The column is filled with 80 - 100 1 of Blue Sepharose, regenerated with NaOH and
equilibrated with equilibration buffer (sodium/ calcium chloride and sodium acetate). The
acidified and filtered fermenter supernatant is loaded. After completion of the loading, the
column is washed first with a buffer similar to the equilibration buffer containing a higher
sodium chloride concentration and consecutively with a Tris-base buffer. The product is
eluted with a Tris-base buffer and collected in a single fraction in accordance with the

master elution profile.

b) Butyl Toyopearl Chromatography

The Butyl Toyopearl 650 C (Toso Haas) is a polystyrene based matrix to which
aliphatic butyl-residues are covalently coupled. Since EPO binds more strongly to this gel



. The colum is packed with 30 - 40 1 of Butyl Toyopearl 650 C, regenerated
with NaOH, washed with a Tris-base buffer and equil i br 29edkcsiiber 2003
Tris-base buffer containing isopropanol. The Bl ue Sepharose eluate is
adjusted to the concentration of isopropanol in the colum equilibration
buffer and | oaded onto the colum. Then the colum is washed with
equilibration buffer with increased i s‘odlsdpanol concentration. The product

is eluted, with elution huffer i.s- base buffer w th_high isopropanol
content) %AR r‘&?fFPL@’FéWPPHU%S as‘}dr%‘?- it IF?Sefe(t?’FG te W‘éhégl‘l@ghﬁ%"‘%ﬁlt% the naster
el ution pis@iobenolc) Hydroxyapatite U trogel Chromatography The

Hydr oxyapatite U trogel (Biosepra) consists of hydroxyapatite which is

i ncor porated in an agaros trix to ippro t he chani cal properties. EPO
has a | ow 'afTE%‘foﬁl‘fzmﬁds Hﬁ?%@;‘éﬁét‘i‘lﬁéOgﬁﬂwﬁﬂmﬂ‘?éggﬁgaer%ﬁméﬂﬁgé‘ﬁlthat | ower
phosphat eNeOBE eathedtviens Tribbase RIffk ehd eduilibratdd wish a THS-Haed bifericSntaidihed

with 30 -, 40 1 of Hydroxyapatite Utrogel and regenerated with a potassium
phosphat efPRPERUm chil ori de buffer and NaOH fol | owed by a Tris-base buffer.
. Then it is equilibrated with a Tris-base buffer containing a | ow amount of

i sopropanol arkk Blae Gephr6delehiatélie adjlibed EPGecnt &itiitos oflidptepadbl infthe But v

Toyopear| chromat ography is | oade nto .the col . . Subsequent | he
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Rever sed fPham ihiRbdor@ihc¥ydarthemalie eldbohiPfhigat eri al - Vydac C4

(Wfydac) consists of silica gel particles, the surfaces of which carry

C4- al kyl chains. The separation of EPO fromthe proteinaceous inpurities 29
Decenber 2003 - 16 is based on differences in the strength of hydrophobic
interactions. Elution is perforned wth an acetonitrile gradient in

di | uted tg)iHydiokppatteftrageldChrBrangtaibyve HPLC is perfornmed using a
stainl ess steel colum (flglled with 2.8 to 3.2 Iliter of VWdac 4

silicagel). The roxyapatite U trogel .eluate i.s acidified by adding
trifluoro- aceﬁecﬁ'}élgﬁo %ﬁgtq gg’éﬂ@é{ h‘?sgp’iapléowzh Fplr yRpaite Bashi ng and
el uti on acorporated in an agarose matrix to improve the mechanical properties. EPO has a low

affinity to hydroxyapatite and can therefore be eluted at lower phosphate concentrations

than protein impurities.

The column is filled with 30 - 40 | of Hydroxyapatite Ultrogel and regenerated with a
potassium phosphate/ calcium chloride buffer and NaOH followed by a Tris-base buffer.
Then it is equilibrated with a Tris-base buffer containing a low amount of isopropanol and

sodium chloride.

The EPO containing eluate of the Butyl Toyopearl chromatography is loaded onto
the column. Subsequently the column is washed with equilibration buffer and a Tris-base
buffer without isopropanol and sodium chloride. The product is eluted with a Tris-base
buffer containing a low concentration of potassium phosphate and collected in a single

fraction in accordance with the master elution profile.

d) Reversed Phase HPLC on VYdac C4

The RP-HPLC material Vydac C4 (Vydac)consists of silica gel particles, the surfaces
of which carry C4-alkyl chains. The separation of EPO from the proteinaceous impurities



acetonitrile gradient in diluted trifluoroacetic acid is used. Fractions
are collected and immediately neutralized w th phosphat® Oeaéiber 2003 EPO
fractions which are within the IPCIlimts are pool ed. e) DEAE Sepharose
Chr omat ogr aphy The DEAE Sepharose (Pharnmacia) material consists of

di et hyl am noet hyl (DEAF) - groups which are covalently bound to the surface
of Sepharose beads. The bi ndi ng of EPO ]to t he DEAF groups is nedi ated by
ionic inter i . i L] ai i ik gh the
col urm' vi Pt SRR EE AR B bk R oA AR o P o PR PR

of f, tracwithmmacttondglegradientrin dddted yriflaetoresiictahie. col urm with acetate buffer
at a low pH Then the colum is washed with neutral phosphate buffer and
EPO i s el Ut edpuip o BT peitbikd MAEASERIC:ONLA cSLFANGHI s
packed with DEAE Se ﬁe}r_ose Past ow. “The céﬁsﬁﬁ%e@\?gl}{urre ggdwgt&%u_s@e%g?o
assure anliepof Vidat Ghsitivagel) . arhgddstrogyapatie Ylompbelute igetidificddyedtimgn i s
washed wi §.k eyl i ok i f4( i S S ate).
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buf fer. S%g}sngg?&geﬁﬁly, g@?@ﬁéﬁsﬁﬁg}@gﬁt € o trgr:%m%y#&g#hw @l%?g{lfffer
(sodi um cHGlimdts arespadiledys pot assi um phosphate) and. collected in a single
fraction in accordance wwth the naster elution profile. The eluate of the
DEAE Sepharose colum is adjusted to the specified conductivity. The
resulting drug substance is sterile filtered into Teflon bottles and.stored
at -70 C. 29 Decenber 2003 - 17 EXAMPLE 2: Pegyl ation of EPO with nmPEG SBA
'ERO pur i f e@EAR Saphrsestdrivematagiaphiye serum free procedure of Exanple 1
(EPCsf) was honpgeneous as determ ned by analytical nethods and showed the

typical isofo DRAE S ] : Ymﬂ E’fﬂl% -
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about 30 k@afhropglyhexolwmn Rethot beaing retained. After these substances have been washed

off, trace impurities are removed by washing the column with acetate buffer at a low pH.

Then the column is washed with neutral phosphate buffer and EPO is eluted with a buffer

with increased ionic strength.

The column is packed with DEAE Sepharose fast flow. The column volume is
adjusted to assure an EPO load in the range of 3 - 10 mg EPO/ml gel. The column is
washed with water and equilibration buffer (sodium/ potassium phosphate). The pooled
fractions of the HPLC eluate are loaded and the column is washed with equilibration

* buffer. Then the column is washed with washing buffer (sodium acetate buffer) followed
by washing with equilibration buffer. Subsequently, EPO is eluted from the column with
elution buffer (sodium chloride, sodium/ potassium phosphate) and collected in a single

fraction in accordance with the master elution profile.

The eluate of the DEAE Sepharose column is adjusted to the specified conductivity.
The resulting drug substance is sterile filtered into Teflon bottles and stored at —70 °C.



To one hundred mlligrans of EPGsf (9.71 ml of a 10.3 ng/m EPGsf stock,
5.48 nol) 10 mM of 0.1 M potassium phosphate buffer, pH9 Decendmnt2addi ng
506 mg of 30kDa net hoxy- PEG SBA (16.5 nol) (obtained from Shearwater

Pol ymers, Inc., Huntsville, Al abama) was added and m xed for 2h at room
tenmperature (20-23 C). The final proteip_concentration was 5 ng/m and the
protein: PEG reagent ratio was 1:3. After two hours, the reaction was

st opped by adj usting twlﬁﬁf{@ Pfo*&c?'E‘?’@t grglqatéco pacid and stored at
ri urification n

-20C, until ready for pu I cation J ugate M xture:
Approxi mately 28 nl of SP-SEPHAROSE FF (sul fo-pr opyI cation exchange
resin) was packed into an AM CON glass colum (2.2 x 7.5 ¢ and
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conj ugat i t he -
equi l i bra i on Igu(ﬂﬁ%r@ g??’lgéerg{pélﬁ-)@lg a%?*lume é%%@??l’i’l %‘172%%1’#\]@ t gwg%) um was

el ut ed wi mhthosp-PREKA- &B&whlﬁbli&mwmmlnld@éﬁarmhlbrlhhedhmhﬁls ethyl;aris Bmgld)uf fer.
Sanpl es r. P d
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wel | as dabouaﬁden}ace amounts of the tri-pegyl at ed speC| es, whereas the 750
M Nadl el uate contained unnodified EPCsf. 29 Decenber 2003 - 18 2. Di- PEG
and Mono- PEG EPCsf: The purified conjugate nmixture eluted fromthe colum
in the previous step was diluted 4-fold with the buffer and reapplied onto
the colum and washed as described. Di-PEG EPCsf and nono- PEG EPCsf were
sépar at el BegylatioaRehctdon t he col utm with 0. 1M Nad and 0.175 M Nad,
respectively. Elution was also performed with 750mM NaCl to elute any

Tt od o o 3 ank flpedRllerthd GRS UE)Yiml bEE16 2 BRUPEPOLEGS §ephar ose
col um (- @moel)mugpfdtsti il M bogsdigm pﬁ@éﬂﬁ&ﬂ\ﬁ&rmh@corﬂﬂdl@mmﬂg

nono- PEG EPGsf 4di - PEG- EPGst and unnodi fi ed EPOsf were eluted as described
in the pr#klsusethery-PEG-SBA (16.5 1 mol) (obtained from Shearwater Polymers, Inc.,

Huntsville, Alabama) was added and mixed for 2h at room temperature {20-23 °C). The

final protein concentration was 5 mg/ml and the protein:PEG reagent ratio was 1:3. After
two hours, the reaction was stopped by adjusting the pH to 4.5 with glacial acetic acid and

stored at —20°C, until ready for purification.

Purification

1. Conjugate Mixture: Approximately 28 ml of SP-SEPHAROSE FF (sulfo-propyl cation
exchange resin) was packed into an AMICON glass column (2.2 x 7.5 cm) and
equilibrated with 20 mM acetate buffer pH, 4.5 ata flowrate of150 mi/h. Six milliliters
of the reaction mixture containing 30 mg protein was diluted 5-fold with the
equilibration buffer and applied onto the column. Unadsorbed materials were washed
away with the buffer and the adsorbed PEG conjugate mixture was eluted from the
column with 0.175 M NaCl in the equilibration buffer. Unmodified EPOsf still
remaining on the column was eluted with 750 mM NaCl. Column was reequilibrated
in the starting buffer. Samples were analyzed by SDS-PAGE and their degree of
pegylation were determined. It was found that the 0.175M NaCl eluate contained,
mono- as weﬂ as di- and trace amounts of the tri-pegylated species, whereas the 750
mM NaCl eluate contained unmodified EPOsf. |



Resul ts PEG EPGCsf was synt hesized by chem cally conjugating a |inear PEG
nol ecule with a nunber average nol ecul ar wei ght of 30 2BDecEiBeERIES was
derived fromthe reaction between the primary am no groups of EPGCsf and

t he succinimdyl ester derivative of a 30 kDa PEG butyric acid, resulting
in an am de bond. Results are summarizedgq n Table |I. Purified conjugate

m xture conprised of mono- and di - PEG EPGsf and was free of unnodified
EPCsf as det ' A counted for
25,4 mg of TOVEEr A fatoFPPCAPOL AL Kihfed AL BRI HEF HBEERT Sori ¢
separation CﬁOl‘-FFDn(Dﬂ therpedousREG wRchiutéd b fadd with thhbuffemmd-reztpphdd oREGheat i 0
in the conj t f-fhe reaction,
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bi -11. 435" Unisgon N EaFh Rl Holniictd sl Srdgadel o ¢ o
Pegyl ati on HP@#O with nPEG SPA A different ali quot of the EPOsf used in
Exanple 2 was reacted with 30 kDa nethoxy- PEG SPA ( Shearwater Polyners,
Inc., Huntsv q@ﬂ Va§ rdar.nad . at I eagent
rati o of 1: 'tér purlp‘@catl on tech rlg?%ues t\?\(lie)sefj)@v?gnc%%r ﬁ%é)%:é %& Exanpl e
2. Primaril yiplphed m@péb-)shmaedsewbnme&%mgmro&udad gelE)(Nlﬂnlﬁ was washed vo
cotivitY of AEMBER R RS SRR R A NP LIRENRG RS RTREY
| ssue Eryt hrdepaitetliin ttBRReBows s£09aH(.2) ) and a method in the monography of
erythropoietin of Ph. Eur. BRP. The sanples were diluted with BSA-PBS.
NQr mal healthy mce, 7-15

Results

PEG-EPOsf was synthesized by chemically conjugating a linear PEG molecule with a
number average molecular weight of 30 kDa. PEG-EPOsf was derived from the reaction
between the primary amino groups of EPOsf and the succinimidyl ester derivative of a 30

‘kDa PEG-butyric acid, resulting in an amide bond.

Results are summarized in Tablel. Purified conjugate mixture comprised of mono-
and di-PEG-EPOsf and was free of unmodified EPOsf as determined by SDS-PAGE
analysis. Conjugate mixture accounted for 23.4 mg or 78% of the starting material. Cation
exchange chxomatographic separation of mono- and di-PEG-EPOsf indicated that mono-
to di-PEG ratio in the conjugate mixture was almost 1:1. After completion of the reaction, .
ratio of the individual components of Mono: Di: Unmodified were 40: 38: 20 (%). Overall

yield was almost quantitative.

Table 1. Summary of results of EPOsf pegylation

Sample Protein {mg) Yield (%)
Rxn. Mix. 30 100
Mono- 12.0 ' 40
Di- 114 38
Unmod. 6.0 20

Conju. Mix. 234 - 78



weeks ol d, were admnistered s.c. 0.2 nl of the EPO-fraction containing
unpegyl ated EPO or tri-, di- or nono-pegyl ated EPO fromnobhasspiber 2008 3.
Over a period of 6 days, blood was drawn by puncture of the tail vein and
diluted such that 1 j.il of blood was present in 1 m of an 0.15 Iinol
acridine orange staining solution. The %al ning time was 3 to 10 m nutes.
The reticul ocyte counts were carried out mcrofluororretrlcally ina flow

cytoneter by analysis Xmﬁ) i The reticul ocyte
counts were given in l?éerrrs %’F%%dgg%»ﬁ |gur es g&%@ﬁooo bl ood cells
anal yzed). For the data presented, each group consisted of 5 nice per day,
and the mce were bled only once. In separate experi rrents a single dose of
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2. The r acti'vi pro onge
t he pegylMthdﬁxﬁﬁﬁlezsﬁhnnaﬂykhninomwgm;edk;&c&s%s ptclaned.y i ncreased armunts
of reticulocytes and the shift of the reticulocytes count maximm using
the sane dose per nouse (10 ng), conpared to a dose of 25 ng for
unnodi fi ed EPO. 29 Decenber 2003 - 20 TABLE 2 EPO30 kDaMbnoDi

30KPEG EPOControl (Unnodi fi ed) SPA 30K SBASBA Conj ugate Buffer PEGSBAM xture

72h10001393141199&?@&&&@4:%%&%5 RSB8P determined by the _
120h-20011001182791944701 144h- 0535607665660708 EXAMPLE 5:° Preparation of

Predom nantly nono- PEG EPO normocythaemic mouse assay
i,

The normocythaemic mouse bioassay is known in the art (Pharm. Europa Spec.
Issue Erythropoietin BRP Bio 1997(2)) and a method in the monography of erythropoietin
of Ph. Eur. BRP. The samples were diluted with BSA-PBS. Normal healthy mice, 7-15
weeks old, were administered s.c. 0.2 ml of the EPO-fraction containing unpegylated EPO
or tri-, di- or mono-pegylated EPO from Example 2 or 3. Over a period of 6 days, blood
was drawn by puncture of the tail vein and diluted such that 1 pl of blood was present in 1
ml of an 0.15 pmol acridine orange staining solution. The staining time was 3 to 10
minutes. The reticulocyte counts were carried out microfluorometrically in a flow
cytometer by analysis of the red fluorescence histogram. The reticulocyte counts were
given in terms of absolute figures (per 30,000 blood cells analyzed). For the data

presented, each group consisted of 5 mice per day, and the mice were bled only once.

In separéte experiments, a single dose of unmodified EPQ (25 ng of EPO), the
PEG(SBA)-EPO mixture from Example 2 (10 ng of c0njugate), mono- and di- pegylated
EPOs from Example 2 (10 ng of conjugate), the PEG(SPA)-EPQ from Example 3 (10 ng of
conjugate), and buffer solution were administered to mice. The results are shown in Table
2. The results show the superior activity and the prolonged halflife of the pegylated EPO
species indicated by the significantly increased amounts of reticulocytes and the shift of the
reticulocytes count maximum using the same dose per mouse (10 ng.), compared to a dose

~ of 25 ng for unmedified EPO.



Pegyl ati on Reaction Starting with 100 ng (5.48 nol) of EPGsf in 100 nM

pot assi um phosphate buffer pH 7.5 prepared in accordan@g Dédebexaom e 1,
there was added 329 ng (10.96 nol) of 30 kDa PEG SBA reagent dissolved in
3ml 1 mM HC1l. Enough 100 nM pot assi um phosphate buffer pH 7.5 was added to
make the reaction m xture volume to 20 ni,. The final protein concentration
was 5 ng/mlL and the protein : PEG reagent ratio was 1:2. The reaction
mxture was _m xed for 2h at anbient tenperature (20 - 22C). After 2h, the
reaction WABLEZopped by adjusting the pHto 4.5 with glacial acetic acid
and stored frozen at -20C until ready for purification. Purification The
reaction mxture fromthe previous step was diluted 1:5 with 10 nM sodi um
acetate, pH4 5 and applied to 300 i SP-Sepharose FF (sulfo ropyl cation
exchange [resin) pERed i|n§kR24.[2 Mong {nc¥Kuim. BEEERQ| unh Gemtrol
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150 M fraction. Unnodified EPGsf remaining on the colum was-eluted with
750 MM NaCl. Al elution buffers were made in the equilibration buffer.
Al'l eluted sanples were anal yzed by SDS— PAGE and by high performance Size

m fraction, whi oRRRERE SoEEateLor S DAY BOCEPEGREC hen

concentrated to - 4.5 -- 7.5 ng/n and d| afiltered into the st or age

buf f er, ssi.um phosphate, 100 nM NaCl pH 7.5.

Concent relll%’%%“? f29Tt i on was performed with M1 1ipore Labscal eTM TFF
Systemfitted with 50 kDa cut off MIlipore Pellicon XL Bi omax 50 menbrane

at ambi ent tegpaf Mﬂ?loﬁﬂ $88 a8t PpRs ke 2 d and
stored frozen at prggl mately 75% of EPCE‘EQ\A%? SSEIQ@P %&aké&%ﬁe‘?

purificatpirn,5 ﬂiz@pa’edyn mdcdrdm&z with¥xample 1, there was added 329 mg (10.96 pmol) of
30 kDa PEG-SBA reagent dissolved in 3ml 1 mM HCL. Enough 100 mM potassium
phosphate buffer pH 7.5 was added to make the reaction mixture volume to 20 ml. The
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final protein concentration was 5 mg/ml and the protein : PEG reagent ratio was 1:2. The
reaction mixture was mixed for 2h at ambient temperature (20 - 22°C). After 2h, the
reaction was stopped by adjusting the pH to 4.5 with glacial acetic acid and stored frozen

at -20°C until ready for purification.

Purification

The reaction mixture from the previous step was dilufed 1:5 with 10 mM sodium
acetate, pH 4.5 and épplied to 300 ml SP-Sepharose FF (sulfopropyl cation exchange resin) -
packed into a 4.2 x 19 cm column. The column was previously equilibrated with the same
buffer. Column effluents were monitored at 280 nm with a Gilson UV monitor and
recorded with a Kipp and Zonen recorder. The column was washed with 300 ml or 1 bed
volume of equilibration buffer to remove excess reagents, reaction byproducts and
oligomeric PEG-EPO. It was followed by washing with 2 bed volumes of 100 mM NaCl to
remove di-PEG-EPQ. Mono-PEG-EPO was then eluted-with 200 mM NaCl. During
elution of the mbno-PEG-EPO, the first 50 ml of the protein peak was discarded and the



nmono- PEG EPO wi th no detectabl e unnodi fi ed EPOCsf and around 25% di - PEG EPO
A igoners, and unpegyl ated EPGCsf accounted for the remi28iDegepibet 2008 The
nono- PEG EPO pool obtained fromthe 150 ml fraction contained

approxi mately 90% nono- PEG EPO and approxi mately 10% di - PEG EPO. 29
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azl]jSZr go ?csll% ! eﬂlfhgagg fgtecta%le unméD 1{-)[@&%90'3‘{6 was then C ncent ateﬁ A&g ~\% Leu

mg/ml and diafiltered into the storage buffer, 10 mM potassium phosphate, 100 mM NaCl
, pH 7.5. Concentration/Diafiltration was performed with Millipore Labscale™ TFF
System fitted with 50 kDa cut off Millipore Pellicon XL Biomax 50 membrane at ambient

temperature. Concentrated mono-PEG-EPQO was sterile filtered and stored frozen at -

20°C. -

Approximately 75% of EPOsf was pegylated. After purification, total yield was ~30%
mono-PEG-EPO with no detectable unmodified EPOsf and around 25% di-PEG-EPO.
Oligomers, and unpegylated EPOsf accounted for the remaining protein. The mono-PEG-
EPO pool obtained from the 150 ml fraction contained approximately 90% mono-PEG-
EPO and approximately 10% di-PEG-EPO.



Leu Gu.Ala Lys Au Ala Qu Asn Ile Thr Thr Ay Cys Ala Qu His 20 25 30
Cys Ser Leu Asn Qu Asn Ile Thr Val Pro Asp Thr Lys Val 28dpedenwer 360310 45
Tyr Ala Trp Lys Arg Mt u Val Ay Gn @n Ala Val Gu Val Trp 50 55 60
Gn Ay Leu Ala Leu Leu Ser Qu Ala vVal Leu Arg Gy Gdn Ala Leu 65 70 75
80 Leu Val Asn Ser Ser Gn Pro Trp Gu $ 0 Leu Gn Leu Hs Val Asp 85 90
95 Lys Ala Val Ser Ay Leu Arg Ser Leu r Thr Leu Leu Arg Ala Leu 100 105
110 Ay Ala @ n Lys Au Ala Ilem%%Na Ala Ser Ala Ala 115
120 125 Pro Leu Arg Thr Ile Thr Arg Lys Leu Phe Arg Val
130 135 140 Tyr Ser Asn Phe Leu Arg Ay Lys Leu Lys Leu Tyr Thr Ay Qu Al a
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35 40 45

Tyr Ala Trp Lys Arg Met Glu Val Gly Gln Gln Ala Val Glu Val Trp
50 55 60
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145 ) 150 155 : 160



35 40 45 Tyr Ala Trp Lys Arg Met G u Val
50. 55 60 Gn Ay Leu Ala Leu Leu Ser
65 70 75 80 Leu Val
85 90 95 Lys Al a Val
100 105 110 Ay Ala @n Lys Qu Ala lle
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fromthe group consisting of human erythropoietin and anal ogs thereof which
have sequence of human erythropoietin nodified by the aidPedembepR003 om 1
to 6 glycosylation sites or a rearrangenent of at |east one glycosylation
site; said glycoprotein being covalently Iinked to "n" poly(ethylene
glycol) groups of the formla -CO (CH),C--(OCHZCH2) M OR . with the -CO of
each poly(ethylene glycol) group form ng an am de bond with one of said
am no groups; wherein R is |ower alkyhy is2or3; mis fromabout 450 to
about 900; nis from1l to 3; and n §#ﬁg%¢%re chosen so that the nol ecul ar
wei ght of the conjugate mnus the erythropoietin glycoproteinis from 20

ki | odal t .t i ' . | te.of clai f.th
Formula: b | NAESRerts) SE il Gmpti SRR din B8P Thbip Buindd
defined in cllatstofi¢ framamind gronpend bsvidgehe infvivbbéol gtivad apivatysifrawdiitdibarie t he n

i I . i i S ifh t | hyl | I
aroup( ) -1 mattBlican ity 8RO WH ALK b d g R ey
4. The conj ugtaom thé garmp qoneistial ofthunhai erythnbysoietimand arsldgs dheredforticlohfvet o -

The conj ugat <8FeAyt AEBRY ARGcBpiPm RBFEPH IR AeMoRatti 6 17 om abour
650 to aboutgly&Bylatiomsitesios a tear2Mgbaenndfer lcAQ@he gly2bsylafionkite; saidnj ugat e of
aher ol norn | TR ey g nn PO B Rt e 1 6.
The conj ugat efoefnuliny precedi ng claim wherein the glycoprotein is a hunman
eryt hropoi etin. —CO—(CHy)e—(OCH;CH,):-OR_ .
- with the -CO of each poly(ethylene glycol) group forming an amide bond with one
of said amino groups; wherein

R is lower alkyl;

xis2or3;

m is from about 450 to about 900;

nis from 1 to 3; and '

n and m are chosen so that the molecular weight of the conjugate minus the

erythropotetin glycoprotein is from 20 kilodaltons to 100 kilodaltons.
2. The conjugate of claim 1, of the formula:
K P-[NHCO—~(CH,),~(OCH,CH)m-OR]n D
wherein x, m, n and R are as defined in claim 1, and P is the residue
- of the glycoprotein without the n amino group(s) which form

amide linkage(s) with the poly(ethylene glycol) group(s).
3.  The conjugate of any preceding claim, wherein R is methyl.
4.  The conjugate of any preceding claim, wherein m is from about 650 to about 750.

5. - The conjugate of any preceding claim, wherein n is 1.

6.  The conjugate of any preceding-claim, wherein R is methyl; m is from about 650 to
about 750; and nn is 1. '



9. The conjugate according to any of clains 1 to 7, wherein the human
erythropoietin glycoprotein is expressed by endogenous Aydpereatbier 2083 on.

10. The conjugate according to any of clains | to 9, wherein the

gl ycoprotein has the sequence SEQID NO 1. 11. The conjugate according to
any of claims | to 8, wherein the glycoagoteln has the sequence of human
erythropoietin nodified by the addition™of from1 to 6 glycosylation

oS orT EnE AR S AGGLAINY LA MBI, | tO L wherel n the

glycoproteln sequ man eryt in nodified by a

nmodi fication sel ect[elj{3br(@mzch1@0),gt[€!m{g(qm§3c$m;mg Iof Asn30Thr 32;

Asn51Thr 53, Asn57Thr59; Asn69; Asn69Thr71; Ser68Asn69Thr 71;

Va187Asn88Thr whereBdn Iy femIgtie 300, n isdragd Asin 88 & fyrgd thcbdm 1.

Ser STAsn88Thr 90Thr 92;  Ser 87AsnS8Thr 90Al a 162; Asn69Thr 71 Ser 87Asn88Thr 90;

Asn3DThr 3@ Val $, R 95 § LIE2AT, | 91; Asn
136Thr 135 ASK S 1467 29 Hy R R et th§g2§5@6@5 HitH

Pr & 24Thr 125 argthrdprietionj ugat e according to any of clains 1 to 12, wherein
the glycoprotein has a

9.  The conjugate according to any of claims 1 to 7, wherein the human erythropoietin

glycoprotein is expressed by endogenous gene activation.

10. The conjugate according to any of clatms 1 to 9, wherein the glycoprotein has the
: ) 7 sequence SEQ ID NO:1.

11. The conjugate according to any of claims 1 to 8, wherein the glycoprotein has the
sequence of human erythropoietin modified by the addition of from 1 to 6

glycosylation sites.

12. The conjugate according to any of claims 1 to 11, wherein the glycoprotein has the
sequence of human erythropoietin modified by a modification selected from the
group consisting of:

Asn®™Thr’%
Asn’ Thr™,
Asn” Thr™;
Asn®;
Asn®Thr”*
Ser®Asn®Thr’};
Val¥ Asn®*Thr;
Ser” Asn®*Thr’%
Ser” Asn**Gly*Thr™;
Ser® Asn®* Thr®Thr’%
Ser® Asn®* ThrAla'®%;
Asn®Thr”'Ser” Asn®*Thr™;
Asn™Thr*?Val” Asn®*Thr™;
Asn®Te®Thr”';

7 Ser87Asnsglle%Thr91;
Asn'SThr'%,
Asn'®Thr'®,



sequence conprising the sequence of human erythropoietin and a second
sequence at the carboxy term nus of the human eryt hr opa2®Decerskg2e08e,
wherein the second sequence contains at |east one glycosylation site. 14.
The conjugate of claim 13, wherein the second sequences conprises a
sequence derived fromthe carboxy ternm,pal sequence of human chorionic
gonadotropin. 15. The conjugate of claim 13, wherein the glycoprotein has
"a sequence sel ected -ﬁ{rozmahge group consisting of (a) the sequence of
human erythropoietin and 't g.sequence SEQ ID NO:3 at the carboxy termn nus
of the human eryt hropHI'pe%ThT Sequence; (b) the sequence in (a) nodified by
Ser87 Asn88 Thr90 ; and (c) the sequence in (a) nodified by Asn30 Thr 32
Vala7 Asn88 Thr90. 16. The conjugate according to any of clainms 1 to 7,
wher ei n t¥e glheccopiugats ascording thany sédamemcltool2, wharein deyglieoppdtiatbananodi f i ed

by a rearr a”%\‘%ﬂ@é}{cg gémﬁiéisilk’lgﬁ%se ce SF HERSY letayttljxr%'aagrihﬁnd%%e?oggiﬁs§&%#ﬂc9?ﬁtee

of claim 16, erernt earrangenent conpri‘ses etron o
N-1inked gl ycsshd crbary teinniaygs phthh hnremanerythtopopsinetenerandviatdintthe secofidan- N-

| i nked gl yco?%é%gg .afrﬁaﬁfeaﬁ%ﬁ%&%?&gﬁgf)%#/?e sequence of hunan

eryt hr opoi et e conj uga wherein the gl ycoprotein has
- the sequence of human erythropoietin nodified by a nodification selected

fromthe gr consi st of n24. A n 90: G n38 87 Asn88
Thr50: e i naept SRieftag > HEHn E gl Sl e BRRE "
conj ugat es, ekcivedfrosnihd cabokyganasl empniesifihgneam cheriptifirgomadetropin.

gl ycoprotein having at | east one free am no group and having the in viva
bi ol ogi cal activity of causing bone nmarrow cells to increase production of
réti.cul ochpt esTendnjigdtdnfahinds) wsereindhe glyeapiretkid hasm teheergreepcted fivisthieng of
human erythr ogoi etin _and.anal ogs thereof which have sequence of human
eryt hr opoi et iR IRBEREEF 2003 27 nodified by the addition of from1 to 6
gl ycosyl ation sit{@p ahe sequendercdhgmarriythfopmietin anisthe enmegte/SRQ YD NOSBtsi t e;

the glycoprotein in each said conju e .bei ng coval ent | | i nked to "n"
pol y(et hyl ene gl ycol )tﬁﬁf'ﬂgﬁ@’ %fmﬁgég?&’rerhﬂr%a ﬁﬁg@-‘@?t}(“ equence;

(b) -the sequence in {a) modified by Ser® Asn®® Thr®; and

(c) the sequence in (a) modified by Asn® Thr'* Val® Asn® Thr.

16. The conjugate according to any of claims 1 to 7, wherein the glycoprotein has the
sequence of human erythropoietin modified by a rearrangement of at least one

glycosylation site.

17. The conjugate of claim 16, wherein the rearrangement comprises deletion of any of
the N-linked glycosylation sites in human erythropoietin and addition of an N-

linked glycosylation site at position 88 of the seqlience of human erythropoietin.

18. The conjugate of claim 17, wherein the glycoprotein has the sequence of human
erythropoietin modified by a modification selected from the group consisting of:
Gln* Ser® Asn® Thr™;
Gln® Ser® Asn® Thr*’; and

GIn® Ser™ Asn® Thr'.

19. A composition comprising conjugates, each of said conjugates comprising an
erythropoietin glycoprotein 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 sequence of human erythropoietin



(OCH2CH2) m OR with the -CO of each polyethyl ene glycol) %Foup formn

am de bond with one of said amino groups; where in each acgimber ¢AP gat es

Ris lower alkyl; xis 2 or 3; mis fromabout 450 to about 900; n is from
1to 3 n and m are chosen so that the nol ecul ar wei ght of each conjugate
m nus the erythropoietin glycoprotein ihg _from 20 kil odaltons to 100

kilodal tons; the percentage of conjugates where nis 1 is at least ninety

percent. 20. %@iﬁwgy@ﬁé &4}&@0&9@6&%‘ 8% ﬁ%r{eﬁm@a mﬂ?ga'xﬂﬁgedu e Of

clainms 1 to 18 wher ercentage o onj ugat es ere n I's at
‘| east ninety lsﬁt@Bﬁglycczsllatlwhélt@@hﬂﬂiﬁ@r@mlr@h eadraidiconjugate beiag nevalantlyr 20

wh th t t ty-t
percent . 25, "Hhers Ryt ABRLS bR O fofme LB e ot
conj ugat es WhéeHCHgmt ORswith thel @&@f aacinpoly{ehylerpeglohitgroggformieg an

m th-oneot s s;whe al
conposi tion ofy, &l 3l ks ezoq Wsheh §H?ff) p&@l‘i‘fggx; gﬁg { 9 H Eegghere n

is | is fromninety pefcent to ninety-srx maceut i cal
conposi ti on clower alkylngise @r(ﬂ;pugeﬁtoen@botaﬁﬁmqndmau%@s ralsémnmnmrg?) i endy of

claim 110 283l BORRTRCENLOR LYeRGRRLAOL 8, SHERR L. chPhrolBRAET 2

conjugate or a conposition accor
prepar ati on oflysopdotemne fitos ZQ)kllctdahomr @a]tOﬁelniodahoxm tdppercentage of colijsgases

correl at ed ta. hn_chr renal failure patients (CRF), AIDS and
for the trea%n‘iéér%?%géam%‘atlrll%gtrn%&?lpgrncfs “under goi ng chenot herapy. 26. A

process for the preparation of conpounds according to any of clains 1 to 23
29 Decenber 2003 28- which process conprises condensing the conpound of

For mul a 120. R@l@mﬂmuor(mﬂmmmmwgamsas dﬁ@nddrlopuy of claimy Mookdeheeim and
i which R, ?Qrc?nﬁ?@o%nlﬁk?{ésw Vé}ﬁ'lsainﬂfapl east hnfile de%'y f 6. 2 7. Conpounds

according to an al ns enever prepare the process of
claim2 6. 2 8. Conpounds according to any of clains 1 to 23 for the
treat nent of di seases which are associated with anema in chronic renal

failure pati eThécdnipgisitior$flAecarthg@dRizfhs 198t D@ Whereli e pERENGgE LMD her apy.

conjugates where n is 1 is at least ninety-two percent.

22.  The composition of claim 21 wherein the percentage of conjugates where n is 1 is at

least ninety-six percent.

23.  The composition of claim 19 or 20 wherein the percentage of conjugates where nis 1

is from ninety percent to ninety-six percent.

R 24. A pharmaceutical composition comprising a conjugate or a composition according

to any of claims 1 to 23 and a pharmaceutically acceptable excipient.

25.  Use of a conjugate or a composition according to any of claims 1 to 23 for the
preparation of medicaments for the treatment or prophylaxis of diseases correlated
with anemia in chronic renal failure patients (CRF), AIDS and for the treatment of

cancer patients undergoing chemotherapy.

26. A process for the preparation of compounds according to any of claims 1 to 23



29 Decenber 2003 - 29 ERYTHROPO ETI N DERI VATI VES ABSTRACT The present
invention refers to conjugates of erythropoietin with pdA%/kResemhend003 ycol)
conprising an erythropoietin glycoprotein having at | east one free am no
group and having the in vivo biol ogi c_alj activity of causing bane marrow
cells to increase production of reti Cul*ééyt es and red bl ood cells and
selected fromthe group consisting of _human erythropoi.etin and anal ogs

t her eof -whi cH”]HSNBr%céﬁflféﬁkpélsﬁgfcqﬁ@ﬁﬁﬂn:‘émﬁcﬁmwgﬂ?ﬁo‘prﬁ’bl ffi ed by the
addition of fromi to 6 glycosylation sites or a rearrangenent of at |east
one glycosylation site; said glycoprotein being covalently |inked to"n"

pol y(et hyl ene gl ycolg gr OUBS of the foffmula _CO (CH2)z(OCH2CH2) M OR wi th
the carbonyl of eaclROEBGEPWFEALYIN coN) group form ng an anide bond with
one of said ami no groups; wherein ower alkyl; x igh2 or 3; mis .
about 450 to about 900; n is fromI9to 3; and n and rn are chosen so that
t he nol ecul ar wei ght of the conjugate mnus the erythropoietin

glycoprotein & f LomhAGolthnHRbbPitEn % A %t RAR'hANSre as

defined in any of claims 1 to 6.

27. Compounds according to any of claims 1 to 3, whenever prepared by the process of

claim 26.

) 28, Compounds according to any of claims 1 to 23 for the treatment of diseases which
are associated with anemia in chronic renal failure patients (CRF), AIDS and cancer

patients undergoing chemotherapy.





