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 .
(1989) Adhininuss Vggitrel FRGAREER Clor B PDASlpdc, (BORGR BEUir ¢
Adamson, 149 {30988)evKAH{16§3 Bhiod.8: 38); R2B@mann, KR {4950) Blood 5: 372; Jacobson, LO,
Goldwasser, E, Freid, W and Plzak, LF (1957) Nature 179: 6331-4). Naturally 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



Degowi n, RL, Zavala, D et al. (1989) Ann. Intern- Med. 110: 108-114) and in
Al DS and cancer patients undergoi ng chenot her apy (Danna29 Becerfbefrfi0OR, SA,
Abels, Rl In: MB, Garnick, ed. Erythropoietin in Cinical Applications-An
I nternational Perspective. New York, NY: Marcel Dekker; 1990: p. 301-324).
However, the bioavailability of cormermﬁl |y available protein

therapeutl cs such as EPO is I | m ted by their short plasnma half life and
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that thesusodpeibilitato pritghit dedraddiidnC (Mjesgdioetctinings prévenethyinhfiop atteining

o] ycoprot ein is f[!om 20 kilodaltons to 100 kil odaltons. This invention
further KHRAEIYns contai ning conj ugat es’ described herein in
whi ch the per cent age of conjugates in the conpositionin whichnis |l is
at’" | east ninety percent. Conpared to unnodified EPO (i.e., EPO w thout a
PEG attached) and conventional PEG EPO conjugates, the present conjugates

have an increased circul ati m&k‘kldl‘e qu resi dence tine,
decreased clearance, and in I nT@?rl @31/ in vivo. The
conjugates of this invention have the sanme uses as EPO In particul ar, the
conjugates of__  this invention are seful to treatfl{)atlents st.i.mul atln

the division Li¥d RHePHER ERVIEHiHF CHR SoritEat 7 FODHERF SYBRTIBESS | n he
bone nar r gythrBpdietn §HOBproRYn BRGh} &t ISR dnt Bed 418810 groap hedhavingtheBRoRBEN
2003 - 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 modified by the addition of

from 1 to 6 glycosylation sites or a rearrangement of at least one glycosylatiori site; said

£« ‘)J

glycoprotein being covalently linked to “n” poly(ethylene glycol) groups of the formula —
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
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.



DETAI LED DESCRI PTI ON OF THE | NVENTI ON Thi s i nvention provides conjugates,
sai d conjugates conprising an erythropoietin gl ycopr ot edDécenbrey 2803 | east
one free am no group and having the in vivo biological activity of causing
bone marrow cells to increase production of reticul ocytes and red bl ood
cells and selected fromthe group consisting of human erythropoietin and
anal ogs thereof which have sequence of human erythropoietin nodified by
the addition of froml1l to 6 glycosylation sites or a rearrangenent of at

| east one gl ycosylation site; said glrot ein being covalently linked to
"n" pol yet hyi ene gI ycoPETMEERDHIC GhTAE %%E? ( OCH2CH2) m OR
with the -CO (i.e. carbonyl) of each poI yethyl ene glycol) group formng an

am de bond with one of said am no groups; wherein Ris lower alkyl; x is 2
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accordanc th| f ntion can be administered in a therapeutically
effective f d&é‘td ﬁlfs in the sane way EPO is adm ni stered. The
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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 reticuloeytes 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. ‘ |



kg body weight, preferably 0.1 to 1g per kg body wei ght, nmay be

adm nistered e.g. once weekly. 29 Decenber 2003 - 4 ThedDmembeelddZal
conpositions containing the conjugate nay be fornmulated at a strength
effective for adm nistration by various nmeans to a human pati ent
experiencing blood disorders characteriged by | ow or defective red bl ood
cell production. Average therapeutically effective anpbunts of the

conj ugat e ”BYTM@f)Mar%EHéeuht&apéﬁﬁﬂ:&mcﬁ{s coRRlifdy BR coRRSAL nd Rk thﬁulated ata
reconnendatlonsaﬁyeﬁprescrlptlon of qual i i ed physician.

er yt hr opoft&sngsh pfwsd W!@fwﬁml?}g%mﬁ&reeas for hybraast H%fff‘é'é ewemmﬂng s

i nventi onpR@Y dh’s%rcﬂ%’r@@l@d’r@&eﬂd&dlb‘?%ﬂ%? Eélﬁettﬁ%lre&ﬁl'ggg%ﬂ p%ﬁcﬁéﬂ tmrsaef or
|nject|on with a arnaceutlcakg%bacce ptable carrier or ve hicle b g met hods
e

known in thegapeppically sffegivepmaunts of i eprppgate map g and inRrticalre shradd
descr | bedpisad W8T AAORASmmAASHIGHARAA precViBREH BEAARIGRN hJRIRL 07401, ArDNg
the preferred pharmaceutically acceptable carriers for” fornulating the
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400 pg. The term"eryth gﬁletln EPO" refers' to a glycoproteln havi ng
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t he glycopugngal nﬂwﬂgmgm@cnmbepgddltlonal am no acid includes at | east one
gl ycosyl ation S|te and anal ogs having an anmino acid sequence mhlch
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sequence set out in (SEQ ID NO: 1) or (SEQ ID NO: 2) or an amino acid sequence
substantially homologous thereto, whose biological properties relate to the stimulation of
red blood cell production and the stimulation of the division and differentiation of
committed erythroid progenitors in the bone marrow. As used herein, these terms include
such proteins modified deliberately, as for example, by site directed mutagenesis or
accidentally 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



reconbi nantly produced human erythropoietin. The erythropoietin conjugates
of this invention can be represented by Fornula 1: P-[ NS¢ et 2003
(OCH2CH2) m ORJn (1) wherein x, m n and R are as above. In Fornul a I, Pis
the residue of an erythropoietin glycoprotein described herein, (i.

wi t hout the amino group or amino groupsgwhich form an am de I|nkage W|th
the carbonyl shown in Formula |), havi ng the in vivo biological 29 Decenber
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present ifelention Ris nethyl. Preferabl y, mis from about 650 to about
750 and n is preferably 1. In the nost preferred enbodi nent of the present

i nvention R b &' é?%rted éé?llﬂc:gié\/@ﬂt{?af \flﬁﬁgﬁgeﬁﬁﬁe}lﬁmﬁhqyﬁlem Pr@f@gbﬂz heisl, Le.

t he conjugate as I ne or mu
[ CH3Q( CH2 HHrapety $-nd rPispreferably Imis from 650 to 750, nis 1 and
Pis as defi ned above Preferably m has an average of about 680.

Preferably, thea@lyse E&E&é&kxﬁﬁo&xﬂﬁn@&fﬂhé’ﬁ&%&ﬁ id&nf6h RIS theaBOUR id §o@ human
eryt hropoi etin. Human er% hr opoi eti n and anal ogous protejns ‘as defined
y'm

above canabsuit 68 i ey > éme@erﬁaﬁscgwata@ﬁ siredahovehaving the dommusan
erythropoietin glycoproteins are those of SEQ ID NO 1 and SEQ I D NO 2,

nmost preferably tho§8H43(CELEOH,O)MNCHICHKIHIG@NHR-Pay be sel ect ed from t he
group consisting of residues of human erythropoietin and anal ogs thereof

havi ng fr@hedeirdt @ i6 raeH630 ta178b, Sis 1 @ndPOE afiefHRe8 Mbaike Preferdly n$Ris fikdvetdie
detail below, the preparation and purification of EPO are vveI | known in the

art. By ebbout6¥bant the natural or reconbi nant protein, preferably hunan,
as) obtained from any conventional source such as tissues protein

t hesi . t
havi ng the achiegiiil e gitostoflfl Uf @l cOliupdEBMRERATI KT Phudly, Bl ot el !
proteins, enyélrepmstmdésmdn eﬁehmpbxenamnd ERGogmus pbeteprsepdcmd\ﬂbavemlmm on in
" CHO BHK—
‘endogenou X g'g;\eecrE e?ousrgg S%“&é%‘é‘?%ﬁ&gl Q‘?ﬁ% & ﬁg&ﬁ%ﬁ”%ﬁﬁ%ﬁ&%@@imi’

endogenousreghose oéSEQ\,Iﬁl NOmL am:l&ﬁ]}[D N(h@ymostrprefambhzrmosemf SE€) HD N€k:bsed, for
exanple in U S. Patents Nos. 5,733,761, 5,641, 670,

Further, P may be selected from the group consisting of residues of human
g 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,



and 5,733,746, and international patent publication Nos. WO 93/09222, WO
94/ 12650, WD 95131560, WD 90/ 11354, WO 91/ 06667 and WO 2R1H& ey 200@
contents of each of which are incorporated herein by reference. The
preferred EPO species for the preparation of erythropoietin glycoprotein
products are human EPO species. Mre prgferably, the EPO species is the
human EPO having the am no acid sequence set out in SEQID NO1 or SEQID
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ter m nal wirakdtvimbechusesilglation oEcwﬁnapmtmemaﬂs itspirading, andisivkbsequérd

resi dues romt I yl.at rythropoietin results in loss of in vivo
activity "{l) b 1] Y}%p'y’g/cl?ﬁ%g?n PV 'y because sialylation of erythropoietin
prevents its binding, and subsequent clearance, by hepatic bindin

protein. The ’ﬁiqgh@ppmteim of i préventpnesginn inpudasnaegsiofbhue eaythteppsetiyf
nTED ST SRR b 80 P SHORRE R AT R e
for sial |:Esnﬂt:mdmantmmrm e nliEhbere)fgitgsdopmdtceacrd attachinegs Teeye Plycgmnimt ed by
site-dir ecg.ﬁ)dgs rnr}fi%r%g%&?esrlat%d %?\éftg glre&dc!'l agehesmeha%l goaQi%mons, deletions, or
substitutions of amino acid residues that increase or alter sites that are available for
glycbsyl'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



substitutions of am no acid residues that increase or alter sites that are
avail able for glycosylation. dycoprotein anal ogs havi r&9 Deneeitser 20031 al i
acid greater than those found in hunman erythropoietin are generated by
addi ng gl ycosylation sites which do not perturb the secondary or tertiary
conformation required for biological activity. The glycoproteins of the
present invention also include anal ogs having increased | evels of

car bohydr a . at | - Whi- E lLve the
ubst i { ut ey LLAEUBMinaha gk kI A I E U NP ke
or O | i nkéetaidin Burophan Batymtolpmicetions64¥ 6 iPhe Ellyetauish¢dMearah bA9%.so i ncl ude
anal ogs having one or nore am no acids extending from the carboxy term nal
end of eryth = Wy TF-Ya To i dhi T drate
g e e e TR S e

havi ng atmind Fred segnencsaduenioelughs ettedshena afiditional sitg foaglyepwlationfsueh as east

one St e ol norrlfRTs! ahiofhoistiio A ADGRTERL. Ahughttantkaldia, site

i nvol ves the deletion e or no cosyl ation sites I n hHunman :

er yt hr opomedifreddrych mhdifigetdin deleqtedifraonéhefellowing: non- natural |y occurring

gl ycosyl ation sites. Increasing the nunber of carbohydrate chains on

eryt hropoi etin, and tHQPQﬁHM? the nunber of sialic acids per erythropoietin
nol ecul es may confer aqyangageous properties such as increased solubility,
greater resistance toAsprdugel ysis, reduced immunogenecity, increased serum
hal f-1ife, and increaggg R ®l ogi cal 29 Decenmber 2003 - 7 activity.

Eryt hropoi eti n anal ogs w addi tional glycosylation sites are disclosed in
nore detail in Européaﬁ%Patent Application 640 619, to Elliot published
March 1, 1995. In a pggkaﬁﬁﬂd enbodi ment, the glycoproteins of the present

i nvention conprise an amng’acid sequence which includes at |east one

addi tional site for gberCdsyVHiion such as, but not linited to,

eryt hropoi eti ns conprbgﬁgkn@fﬁgsequence of human erythropoietin nodified
by a nodification selected from’the follow ng: Asn30Thr32; Asn51Thrss,
Asn57Thr59; Asn69; ASerastifThr'"; Ser 68Asn69Thr 71;

Ser” Asn®*Gly* Thr’";

Ser” Asn®Thr”®Thr;

Ser® Asn™Thr°Ala'®;
Asn®Thr''Ser” Asn®* Thr™";
Ast®Thr’*Val Asn®™Thr;
Asn®1le'Thr’;
'Ser”AsnsinegoThrg' ;

As n136Thr138;

Asn'*Thr!®,

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
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



Val 87Asn88Thr 90; Ser 87Asn8&Thr 90; Ser87AsnS8dy 9Thr90; S

er STAsn88Thr90Thr 92; ; S er S7TAs n88Thr 90Al a 162 Asn69TH9Mecember 2003
Ser 87Asn88Thr 90; Asn30Thr 32Val 87Asn88Thr 90; Asn891l e90oThr 91;
Ser &7Asn891 1 e90Thr9 ~ ; Asnl1l36Thr138 Asnl138Thr140; Thr'25; and

Prol24Thr 12s The notation used herein_f@. nodification of am no acid
sequence neans that the position(s) of the correspondi ng unnodified

protei n (&ythrop&ith Q%cqugﬁ&) Lv@em the @écoﬁ&%qde@cé\grﬁamk E'Ldbé‘s@bﬁ@lgl?&’os hsion

superscripted nu i.s changed to the am po_ aci |mTed| ately
precede tHE- 188 Elwiaguma@émawsalpﬁﬁ%&we as\wnéri% Bithe may al so

be an ana&ﬂsoﬂﬁt\éhﬁﬁlaﬁénd SAHmM AN G108 Hictdo@R@ tr S3Th e Redtly, ahe glsz&q;rgéirbgm
term nal end of ycoprot ei n, ~wherein_ the addi tional. am no acid

i ncl udes anglog @kgted&%n&pwegw%awﬁggift a) human egyropeigin gaviag sle raimoned

above al sg:ifl $iRkce Serfer QERENG AIMPRS O HPE S Ukl PEPEQRD @ehﬁﬁg BelSBRUGHCE
conprising the se&uence of hunan @éthrogm etin and a second sequence at

the car boXse Sesyp iis Pea Le heu Rumln GGQ3EL Dighdh extondng ngopheiaromsi et i n

sequence, tWasHAl @)m@a %ﬁqaﬁﬁ%@g&nﬁﬁahgs&@ An¥ ERS EEDS A (¢sasy| ation

site. The additional acid ojg‘;\), i, 5€ a“& RLide fragrrent derived
from the anaiehHiey 9)fuéﬁ?fﬁ%1p§ﬁﬂg6§n hdhan Vehottbnitbr gBRAdot ropi n. Preferably,

the glycoprotein is an anal og selected fromthe group consisting of (a)

human eryt hr oppi %gédf;;:@@lﬂ Ry LBEbATA BRalo@kdkn @rﬂé’tﬁﬂ%cmﬁﬁﬁu&e wififh Ser _Lys
Ala Pro Pro Pro Leu Pro Ser Pro Ser Ar@ eu Pro Pro Ser Asp Thr

Pro He Leinchdes erearaagament ol lsgst opgsitafar & cwlﬁﬁlpfth“éhecrﬁalﬁsé&gﬁment may

\ comprise a deletion of any of the N-linked carbohydrate sites in human erythropoietin and
o an addition of an N-linked carbohydrate site at position 88 of the amino acid sequence of
human erythropoietin. Preferably, the glycoprotein is an analog selected from the group
consisting of GIn** Ser® Asn® Thr”® EPO; Gln™ Ser*” Asn® Thr”® EPO; and Gln®* Ser®

Asn®® Thr EPO.

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.

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 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.



term nus; (b) the analog in (a) further conprising Ser87 Asn88 Thr90 EPO
and (c) the analog in (a) further conprising Asn30 Thr 2® DkabeA2088 Thr 90
EPO. The gl ycoprotein nay al so be an anal og having an am no acid sequence
which includes a rearrangenent of at |east one site for glycosylation. The
rearrangenent may conprise a deletion f any of the N-Iinked carbohydrate
sites in human erythropoietin and an addition of an N-linked carbohydrate
site at positjon 88 of the _amno acid sequence of . human erythr ietin.
Preferabl y, tRPGIEBEHE &f Hhis dRURigRa Pig B C it 1F GRS o ROlgthylene
consi st Q;,g%4 h e ASHSBo . r and
GLn83 Se:%v’%&fl,ésn 8 %Oﬁr%%gaﬁé%gﬁ,%s%uﬂég% Lﬁgfggﬁﬁeﬁglvcgg Hz; kyl " ﬁe%%ggsaglf)?near
~or brancHgsnahinjto geid wpdathagrinoterming amngigrourardden ayvbnepoigtinppitels of

| ower al . I ud : W lnvBihn | Voo cQr with
this i nvléﬁltl iag{ﬁ?yﬁﬁ}‘?}gﬁy )Igoc\xng;%{ekglfle&wclc?nj ugar% ggd?%ag\%hc%nghkao’aﬁs&rrr%? Eg?’ are
pr ef er r edgroUpepesymidetuld af ER@presienn snteges rangybefronf 1 ot hpreferablyxindés ¥ est.dues
(OCH2CHR2) . ] hylkene oxide) group. A single PEG subunit of

et hyl ene a(’)&m BE%ESCE%%%%IIN wei ght of about 44 daltons. Thus, the

nol ecul ar wei ght of the conjugate (excluding the nolecular weight of the
EPO) depends on theTmmPoﬂnﬂgofﬂomnml?eI wovepgenaesl fopmtthes i nvention "ni' is
from abo 0 (corresponding to a nol ecul ar wei ght of about
20 kDa téﬂnaé%ﬁ&lg@gﬁ%aﬁ%gef erably from about 650 to about 750
(corresponding to a nol ecul ar wei ght of about 30 kDa) _ The nunber in is
sel ected such that the resulting conjugate of this invention has a

physi ol ogi cal activity conparable to un ified EPO,- which activity may
represent the sane_as, nore than, or a ff/action of the correspondi ng
activity of unnod?@(@l:iz@lﬂgp),é%b,&(@l@ Ri ght of "about" a certain nunber
nmeans that it is within a reasonabl e lrange of that nunber as( getern’i ned by
conventional analytical techniquesp~Thé nunber "ni' is sel ectg so that the
nol ecul ar wei ght of each poly(ethylene glycol) group covalently linked to
the erythropoietin glycoprotein is from about 20kDa to about 40kDa, and is
preferably about 30kDa. 29 Decenber 2003 9 In the conjugates of this

i nvent i onip whieh Runten aternsidesaribed aboneeby odndsosipg theydosmung|of FotmygladLipih

coval enty BOHS b2 iR oBRIAR, Loatinl BFESHAPIITA WHiGP: AHWPHPRL 18 wer
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,



| ysine am no acid and/or the am no-term nal am no group) of an :
erythropoietin protein via am de |inkage(s). A conjugat2d Decetribes2008/ent i on
may have one, two, or three PEG groups per nolecule of EPO. "n" is an
integer ranging froml to 3, preferably "n" is 1 or 2, and nore preferably
"n" is 1. The conpound of Formula |I canRe prepared fromthe known
Solymeric mat eri al : RQ( CH2CH20) n( CHZ) X in which Rand mare as

escri be ' : : o) : '

cr vt hr opo L Eirarey sk el e R b PR e PRl bt ofhe
al pha- | ovdiffereal Reglatedipegies eandrsivdrisdicci ni mi dyl esters of pol y(et hyl ene
glycol) (Il ower al koxy-PEG SBA). Conpounds of Formula Il in which xis 2 are

al pha- 1 ower , o ' b 0 L1 t hyl

a1 Vcor ) (1 ome e e Nl s g
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reaction geseriRednalgy €5 PhEnPXRUR, 47 53 A1 i08h, BB BB'0b HifargSaVi NG
the am de ? yl

group causi ng or mat I on., & Use of “succini m esters Such- as
t he conpobhgErad Natr ddaSdil USA 6198ddATRFe2 BAnERdH? 205 364t P35 G208 530 amdEP-

di scl ose%%& ysﬁg@%@{;&amﬂ%ﬁi 2 884 cﬁaﬁ%g (gbs@gp&gl;geﬁz% SR H gllar ris,

et al.). ai is "'nine Tree amno ¢ e ani no-termn
am no gr calp}. Biblu€heine262 @RBTHA 205DUR87 o Erghiopeichie fortherpeutic Wee may e

0 g 02052 |
oo fourieoPRER G e HaNPIRBER (PRI O e O PR DA B BB Bt on

t enper at WSteicktand,rDW. Zn25Cet A, (1P8G)Umenadobilnd2: 218H224). and trace anounts of .

the tri-pegyl ated speci es were produced. \Wen the pegyl ation reagent was a

'SRA conpound Formul.a 11 simi | | 4] O PorfeRs .
protei n: PEG ra efhc? %\%/arf% tﬁi ?’E’,‘“%%r".“r?é‘ rg: Hrgﬂatr%tg&?r%ttnéo- pe?%legﬁrgé S%%‘g{é flleeg ﬁfeg um
pr oduced. ar¢descpibgy Fatezamplean 340 96635728l rtd Busg pridshed14Nnverhbrrd 99Grandsnt he

ti h Lffer i es.
mant pul ot FGPEE PE ARG B TR Bt Bt 4p PER LR o SRBELGT ©
_Decenber he@@ablicatidnt ersaevasdisteve it Bikaownabatcesetunatiieo fernicntationf ofr eact i on

ar i e, roramearpl REETRH b sastyn ol BRI B st SPuf REGHRRHOR A ot s
t he described for example in EP-A 0 513 738, EP-A 0 267 678 and in a general form by

Kawamoto, T. et al., Analytical Biochem. 130 (1983) 445—_45-3, EP-A 0 248 656, Kowar, J.

and Franek, F., Methods 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



formati on of erythrocytes. Its preparation and therapeutic application are
described in detail for exanple in U S. Patent Nos. 5, S9MD&Xnband003
5,621,080, EP-B 0 148 605, Huang, S.L., Proc. Natl. Acad. Sci. USA (1984)
2708- 2712, EP-B 0 205 564, EP-B 0 209 539 and EP- B 0 411678 as well as
Lai, P.H et al., J. Biol. Chem 261 (1986) 3116-3121, an Sasaki, H et
al., J. Biol. Chem 262 (1987) 12059-12076. Erythropoietin for therapeutic
uses nmay kfectidnQd bethnatiesE el ® anboneRANGoW ColtsEn Sredstity HOAuctdir & 0 209 539
and Egrie’q&éi-l}%fﬂtf St(aiéﬁ}lga‘gg, T.W, Lane, J. et $I. (19%6} Irmgn hiol. 72:
213-224). T s pd redRload pills sempared 1o pR ApAFsE PHFPTETOl SFSHI PO FIVEL n i n
serum fr egheBlégital @E@ig@?@ﬁé BRJ préteing Xa TRlgthents €280 dBarled, andGulBificd in

publ i shed 14 Novenber 199

1996, and i Eur.opean, Pat ent Publicatjon ...513
738, to KAEITHANSE MaRdhisIDventiqe ca§o tester] Dy dpsthpdypceerding fg Aau’abf%c%tmoﬁ@i
nment i onedwaloMBh. Ofg. i $oANaNVDIL Natand BAFHNEALEL SH&T IR Bty Bpsiktin BROPAIbNant

CHO cell s which contain_an EPO gg%e can be carried out. Such, t hods are
descr i bed 192k taeghea biqlogieal Assgy forgietesminippthe agtivigyo BFRfentig gener al

form by  KawabBkRaenlic nffus@hssayiedestiittedlin Bietgprenp. 130 (1983) 445-453, EP-A 0
248 656, Kowar, and Franek, F., Methods 1 n Enzynol ogy 421 (1986)

J
277-292, Bavister, B., Expcalogy 271 ,(1981) 45-51, EP-A 0 .48179.1 EP-A O
307 247, EP- Albisimeension pr %%@BOP.IHQWOEFWKE%OEWJWS&H dF%ﬁ‘Z%% Gge
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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



29 Decenber 2003-- 11 injection to human patients results in bone marrow
cells increasing production of reticulocytes and red bl28diecesibes 208 par ed
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 _tgsted by methods according to
Annable, et al., Bull. Wd. Hth. Ogqg. ?1972) 47: 99-112 and Pharm Europa
Spec. |ssue Erythropoietin BRP Bio 1997(2). Another biological assay for
determ ning the activity of EPO protein, the nornbcythaem c nouse assay,
is described in Exanple 4. This invention provides a conposition conprised
of conjugates as described above. A cgnposition containing at |east ninety
per cent nono- PEG coiy i I ichnis 1, can be prepared as
shown in Exanpl e S?Q¥Eﬁ%%€§%#%#§?ggﬂ conj ugat es of erythropoietin

gl ycoproteins are desirabl e becaug ey tend to have Hilgher activity than
di - PEG conjugates.. The percentage of nono- PEG conjugates as well as the
rati o of nono- and di - PEG speci es can be controlled by pooling broader
fractions around the elution peak to decrease the percentage of nono-PEG
or nar r oweith hegthiopoitinglycnproteis end e wpshdo m agéx aofasgefined#@ven t he
conposi tion. About ninety percent nono-PEG conjugates is a good bal ance of
yield and actiyd b¥endddld{RS SARERLHHONIIARIb AL fof Ble eFAEMBIG a1 | east
ni nety-two percent or at Teast ninety-six percent of the conjugates are
nmono- PEG dipmséseshicl{ areeswalagedWithrenenpe inidwionisdendlfaibure patiends (), AID$ hi s

i nvention_the percentage of . conj t where nis 1 is fromninety percent
to ninetf?gp?ngg#?éﬁ?£%$ﬁ§g?ﬁléﬁ%ﬁgﬁmgﬁgb refers to the corresponding

phar maceuti cal conpositions conprising a conjugate or a conposition as
descri bed abolles iamehtipnpmidlbedetert uroisritgod beraigrends te thsdiollpvingtexamiptes

conj ugat %m%ﬂ%nﬁﬁ%%ﬂt?b%ﬁi&fit du@ﬁ.v@%ﬁé&{i%schpyfﬂ%éeﬁf‘ are especial l'y useful
for the preparation of medi caments for e treatnment or prophyl axis of

di seases correlated wth anema in chronic renal failure patients (CRF),
Al DS and for the treatnent of cancer patients undergoi ng chenotherapy. An
addi ti onal enbodi nent of the present invention refers to a nethod for the
prophyl actic and/or therapeutic treatnment of disorders involving anema in
chronic renal failure patients (CRF), AIDS and cancer patients undergoi ng
chenot herapy conpri si ng



the step of admnistering to a patient a conposition as descri bed above.
Further, the invention relates to a process for the pre@rRédcorbepf003
conpounds as descri bed above which process conprising condensing the
conmpound of Formula Il 29 Decenber 2003 - 12 RO(CH2CH20) m( CH2) xOOON with a
erythropoietin glycoprotein and in which R, mand x are as defined above.
The invention refers also to conpounds &3 -defined above for the treatnent
of diseases which are associated with anema in chronic renal failure
patients (CRF), AIDS and cancer paé@%ﬂﬂgL%%dergoing chenot herapy. The
invention will be better understood by reference to the foll ow ng exanpl es
which illustrate but do not |imt the invention described herein. 29
Decenber . 2003 - 13 HXGAWMIPLES: FenpempitomAnd-Buribeation QiHpmdanBRQ f i cati on O
‘Human EPO a) | nocul um Preparation and. Fernmentation One vial of the
Working Cell Bank, originating froman EPO producing CHO cell line (ATCC

CRL8695, g Rel@affPiePazhof dnd BdShdnfRtpl | €S I nstitute) can be used) is taken

fromthe gas phase of the liquid nitrogen storage tank. The cells are
transferred into a i nner .flasks.and. cul tivat in hyd en
ar bonat - but Par et AEde RRHPECH i erehstradom e i srod s b Sl um
_ Ij r eeI rredijﬁnm@éECctQIRIBb%,idiml@@édijqurlepﬁaBaG'exmuicaMtiﬁ&émmt&tdsadv iataken

i scl osed.in Europgan Patent i.cation 513, 738 Kach nubli she 2
Sune 19070By e gRORRNe CAE M AR 68l iec i Tk cehCu ERBUBNIRRRA S 1
cont ai n aspinme@dlasin aDMEM tivaRd(ie a iyddigen BirbeuitehuleredantBrorinBilvinodified,
penver, 80, BidBhiotOrypadil sefdid)r@fleslfite! Nl inoSRfth Y

g in, sodiuntsel

Alfagacar bonat e,
L+gl ut am ne, ucose€, reconbl nant _I nsu enite,

dirani nobufesmentafiga pesedisdossd eEusopean Patsntsinplisation 2Ey8atg kech pubighadi i
a'lc‘l d ] IS er ]dh%tlg@% R vlef)aély/jm&rm fngg Wd ﬁ@lﬁﬁﬁ’%ﬁ%r&%@ fléise}@nﬂyle <|R91|t:lrﬁ'i!a9y IF68
al cohol , thyl ¢ ul ose, ydextra ol yet hyl e y , onic )
pl asma exPEAE: D%@%@ (e kﬁ%@bﬁﬁé@@jﬁs& mw@wﬂﬂcsgﬁﬂg‘@ﬁ (9& %5559- >7-

96/ 35718) 7361 aad adiitiehely sdfimhedegenpitiotlatey Leflacikeide [0 glubsse Alsstibifiant

contam naitnls&lgn, sodium selenite, diaminobutane, hydrocortisone, iron(II} sulfate, asparagine,

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.



m croorgani sns, and the cell densities are determ ned- These tests are
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. b) Har.vesting.and Cell,Separati on A batch
refeed prift? Bt s artesteginLhe U THEEF B doiePleaBhed Py et sOWE
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har vest s: feBmPafatibal HixestRS tSked Plcdeveyes altldapiar vest at the end of
fermentation. Harvesting takes place every 3 - 4 days. The determ ned

harvest volune is transferred ipto a cool ed,vessel ., The S are renpved
by centri fuga?h%%etﬁ‘i‘mPF‘li gi"%{f"ftd’ﬁﬂ’&ﬁds fragsterred pito Fy00l f?sé‘glﬁﬂé‘f?ﬁ Agre
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di scl osedpjRedfl SBddsedlRparthfily Bitirg piHc6ded 14 November 1996. The
purification process is explained in the follow ng. a) Blue Sepharose

Chtr omat ogr aphy Bl .ue Sepharose (Pharnaci onsj sts of, Sephar s, to
the surface o%‘ CRpIFE PR ¢FeS frootftfaw@ﬁa%%g ‘Hrgtelfb\?éillsélr?ffcgmbwgﬁ.lggﬁﬁc'@ EPO
-bi nds 1or Bust uiighed 1ONBIeHEHBQ DR TEE Puritibabr PiBtesh Brexplatiediin akefllswing.
contam nants,” sone proteinaceous inpurities and PVA, EPO can be enriched

in this step- The elution of the Blue Sepharose colum is perforned by
increasing the salt concentration as well as the pH.

a) 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



NaOH and equilibrated with equilibration buffer (sodi u®o B=leaiberpotd ori de
and sodium acetate). The acidified and filtered fernenter supernatant is

| oaded. After conpletion of the loading, the colum is washed first with a
buffer simlar to the equilibration buffer containing a higher sodium

chl oride concentration and consecuti vel )}va' th a Tris-base buffer. The
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| sopr opanShOH, whteedo@tiuaTris-Hapaniffed aid bduiBbrateddBitt a ThisBlatebuffee LoR@aiihg 650
C, regenerated wiith NaOH washed with a Tris-base buffer and equilibrated

with a TrisPIOR&ClHLffer containing isopropanol. The Bl ue Sepharose el uate
. is adjusted to the concentration of isopropanol in the columm

equihl i br at: OETMEJ@SEplﬁﬂodthﬁ@dhistﬁ@teHh@ﬂ&doﬂﬂéhtraﬂ&ﬂ[bfﬁd&@ré‘pﬂn@m the WarS] hed
W t equi libration buffer.with increased isopropanol concentratjop.. The

B oduct | SohRaEaB R AT FRMIBE rto s FABE LA GO I wHsgsrl with

i ?‘ opr 0panéduﬂlﬂﬁaﬁ&nbu)ff@][tﬁltmmke;a@édefeoﬁrepmd k@@deﬁg?ﬁmcmieq;%oaﬁue&&@tredaﬁﬁﬁm th
the master elutiogn profile. dydr.oxyapatite U troge r omat ogr.aphy e
Hydr oxyap%h“i%fwﬁ%rr@@éwbafﬁé?l&%éaﬂ%%glbﬁgmpén%#wﬁwﬁ ectedinghipgle] s

i ncorporaﬁ@éﬁoinqna&@g@,{c@s;\gm&ﬁ@gte}eiuitiaﬁ(rg,@y@e_t he mechani cal properties. EPO
has a low affinity to hydroxyapatite and can therefore be eluted at | ower

phosphat e concentrations than protein inpurities. The colum is filled
with 30 - 40 1 of Hydroxyapatite Utrogel and regenerated with a potassium
phosphat e/ cal ci um chl ori de buffer and NaCH foll owed by a Tris-base buffer.

Then it i@}eﬁmbk)ialpaﬁteﬁﬂtfo%élfc}ﬁofﬁmc%ri;ﬂ@e buffer containing a | ow amount of
i sopropanol and sodi um chl ori de.

The Hydroxyapatite Ultrogel (Biosepra} consists of hydroxyapatite which is
incorporated 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



The EPO containing eluate of the Butyl Toyopearl chromatography is | oaded
onto the colum. Subsequently the colum is washed w t B9 &sgpaedbbr20030n
buffer and a Tris-base buffer wthout isopropanol and sodium chloride. The
product is eluted with a Tris-base buffer containing a | ow concentration
of potassium-phosphate and collected in g single fraction in accordance
with the naster elution profile. d) Reversed Phase HPLC on Wdac C4 The
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mat eri al BnEmdtssreppoalédet hyl ani noet hyl (DEAF) - groups which are coval ently
bound to the surface of Sepharose beads. The binding of EPO to the DEAF
groups is nediated by ionic interactions. Acetonitrile and trifluoroacetic
acid pass through the colum w thout being retained. After these

subst ances have been washed off, trace inpurities are renoved by washi ng
‘the col une) MEAR SeplwresecClhisaffatagraphya | ow pH.  Then the colum is washed with
neutral phosphate buffer and EPOis eluted with a buffer wth increased

i oni c strengt iljlm;cgg i 1 Qgﬁg : ﬂﬁﬁﬁn f(w.E The
col um vol umﬁ%‘% ~_adj uElt*e sét %hgggél}%g %E%%O og:gglp(%%t e rlgﬁé%ylg 2 10 ny
EPQO' m gegrouphwhidh arereovialenila bpeed i thi surdacerof §ephasepsiberds: The binding $fHPO
(sodi um g)oﬁ]ﬁ } : i : e are
| oaded and t WB?E%@ tg%gﬁnﬁfl E&ggeggﬁt}o‘%ggﬁ%&gﬂ&%ﬁ%ﬁﬁdﬁﬁ%&%g&%ol umm
i s washedpass throngls Hienpliwmk fethopshaing retaned. difeer bheb¢ aibstanots havebeen 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.



by washing with equilibration buffer. Subsequently, EPOis eluted fromthe
colum with elution buffer (sodiumchloride, sodium pd%Bsiambegpl200phat e)
and. collected in a single fraction in accordance with the master el ution

profile. The eluate of the DEAE Sepharose colum is adjusted to the

speci fied conductivity. The resulting drug substance is sterile filtered

into Teflon bottles and stored at -70 C. 29 Decenber 2003 - 17 EXAMPLE 2:

Pegyl ati on of EPO with . i Jel I a09RF dgRce With the serum
free procedure of Exarrp: e 1 EEQG?E@I%Jﬂ%?DB{&EOUS ggﬂdet erm ned by

anal ytical methods and showed the typical isoform pattern consisting of 8
isoforms. It had a specific biological activity of 190,000 |U as
det er mi ned byER®@unifiedbrsachedanie with tiwsenys &ge pliredywe gy Estnple Ir@@éﬂtwaus ed
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reagent ratoud30&Bal: 3. After two hours, the reaction was stopped by
~adjusting the pHto 4.5.wth glacial acetic acid and stored at -20C, until
ready for purification. Purification 1. Conjugate M xture: Approximately 28
m of SP-SEPHARCSE FF (sul fo-propyl cation exchange resin) was packed into
.an AM CON glass colum (2.2 x 7.5 cm) and equilibrated with 20 nM acetate
buf f er pHegflabioatReactidrowr ate of 150 mi/h. Six milliliters of the reaction

m xture containing 30 ng protein was diluted 5-fold with the equilibration

buf f d i . Cf i

Wt the but £ 80 CASAORE AR OR S POREES IR i/t BPUR FodB S vt e
col unm  wi o). L5l A6 M potabikush phiotgHareHiuthe, JHf 7 Seontidimecilbimglo£POs

st

30kDa methoxy-PEG-SBA (16.5 p 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
équilibrated 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.



remai ning on the colum was eluted with 750 mM NaCl. Col um was
reequilibrated in the starting buffer. Sanples were anab\Deedmibgr WS PAGE
and their degree of pegylation were determned. It was found that the
0.175M NaCl eluate contained, npno- as well as di- and trace anounts of
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EPCsf were diRd#d as described in the previous section. Results PEG EPOCsf
was synt hesi zed by chem cally conjugating a |linear PEG nolecule with a
nunber aver r i . / d 2 i romthe
reaction bg‘tgg%g%ﬁ‘{%ﬁgh%rﬂeyn‘%ro g%q%%%g? %‘E%gd (E))E &Eg&ﬁf&gﬁg&% %gusf%g%iléﬂ m dyl
est er deri vapplied ofitogth@8P-SkipkarEGohuny (+&5 ag potpteire s igel) rgplivmnawasawdstied bond.

Results are j i I Pt conj ugat ' e coppri;sed of
mono- and o EEREbEE o PR RO a e e AT LB BT RO B BRIRENSE,
SDS- PAGE aniekgrgiied in Grrpregatesentiot.ur e accounted for 23.4 ng or 78% of the
starting material. Cation exchange chronat ographic 'separati on of nono- and
diy- PEG EPCsf indicated that nmono- to di-PEG ratio in the conjugate m xture
was al nost 1:1. After conpletion of the reaction, ratio of the individual
conponents of Mono: Di: Unnodified were 40: 38: 20 (% . Overall vyield was
al nost quBesultsati ve. Table 1. Summary of results of EPGsf pegyl ation

Sanmpl eprotein n¥ield %

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



Rxn. M x. 30100 Mono-12.040 Di-11.438 Unnod. 6. 020 Conju. Mx.23.4 -78 29
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al i quot of the EPGCsf used in Exanple 2 was reacted with 30 kDa

met hoxy- PEG SPA (Shearwat er Polymers, Inc., Huntsville, Al abanma). Reaction
was performed at a protein:reagent rat ilg_of 1: 2 and purification

techni ques were in accordance wth Exanple 2. Primarily the nono-pegyl at ed
speci es was produced. . | VO { Vi yl at ed EPO

determ ned by the nor E%%gﬁ%g% 1%£Oé°ea;sfﬁg/mth¥%@%%?%ocyt haem ¢ nouse

bi oassay is known in the art (Pharm Europa Spec. |ssue Erythropoietin BRP
Bio 1997(2)) and a nethod in the nonography of erythropoietin of Ph. Eur.
BRP.. The sanp ] j RRS. mal _heal j 7-15
“weeks ol d, \AeJr!\??fge n11Ji t%il gkéﬁgﬁ%ﬁ%@&ﬁ %ﬁrrr’i ﬁ%}m p[m??ﬁewéﬁﬁaf %gtgpﬁlo%a 1é%int ai ni ng
unpegy! at sdthHeR@ PESH-SPA i( SheadiateoPolymems; neg uat eilleERBbamajn Keaatiph a2 or 3.
Over a period of days. . bl oo ) dra h unciture of the.tail yein and
i ut e’ sbrorpidets B P T € b B R b ol i i lprdicd
acri di ne withiEgempled. Hirivgarilplthet mono-pEgydated speniengat preelvwas 3 to 10 minutes.
The reticul ocyte counts were carried out mcrofluoronetrically in a flow
cytoneter by analysis of the red fluorescence histogram The reticul ocyte
counts were given in terns of absolute figures (per 30,000 blood cells
anal yzed). For the data presented, each group consisted of 5 mce per day,

and the nice wer eERARIPIRLMnOMRactivity 8 Rit &l EMQ et byxhéi ngl e dose of
unnodi fied EPO (25 ng of EPO, the E A) - EPO m xture from Exanple 2 (10

ng of conjugate), nono- and dmngeawa&peemwsv¥om Exanple 2 (10 ng of
cognj ugate), the PEG SPA)-EPO from Exanple 3 (10 ng of conjugate), and
- buffer solution were adm nistered to mce- The results are shown in Table

2. The resul t Shenrermaciidiaemjsenpese bieassayiis knewrin the apr(Bhermadirapd $pdci f e of
the pegyl Eglﬁdﬁmpoietm 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.



species indicated by the significantly increased amounts of reticul ocytes
and the shift of the reticulocytes count maxi mum usi ng 2oEceaiver dog® per
nouse (10 ng), conpared to a dose of 25 ng for unnodified EPO 29 Decenber
2003 - 20 TABLE 2 EPO30 kDaMbonoDi 30KPEG EPCControl (Unnodified) SPA 30K
SBASBA Conj ugat e Buffer PEGSBAM xt ure é§h1000139314119941328857
96h500140615019261338697 120h-20011001182791944701 144h-0535607665660708
EXAMPLE 5: Preparation of Predom nantly nono- PEG EPO Pegyl ati on Reacti on
Starting WABRE200 ng (5.48 nol) of EPCsf in 100 mM potassi um phosphate
buffer pH 7.5 prepared in accordance with Exanple 1, there was added 329
nmg (10.96 nol) of 30 kDa PEG SBA reagent dissolved in 3m 1 mM HCLl. Enough

100 nmM potassium phosphate buffer pH 7. 5 was _added to nmake the reaction
m xture Vol umg to B2Qni . |THAKDR| Hal Mg?‘bt ei BL¥En¢cent PEG-EBQ was Sﬁm_ and
the protdin : |PEERGdht r 3Fho va ThBA 1 ¢aéB4 Ganiugate Uy e I il xed
for 2h atianbile G( 20Q_- Sgér‘) After.|2h M};}; reaction was
st opped y-adHusting the lpH fn 4 j acetic_acid and st aored .
frozen at2ndc uAdl ¢oddy 115393 4, i£idatd on The Bahction
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pH 4.5 a dfmh !5932 Do 304 PO d i 0d%bychange
. h ~0 535 708
resin)
) EXAMPLE 5: Preparation of Predominantly mono-PEG-EPO
Pegylation Reaction

Starting with 100 mg (5.48 umol) of EPOsf in 100 mM potassium phosphate buffer

pH 7.5 prepared in accordance with Example 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 mi. The

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



- packed into a 4.2 x 19 cmcolum. The colum was previously equilibrated
with the sane buffer. Colum effluents" were nonitored?28tDe28hben2®d3 h a
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was washed with 300 mM or 1 bed volune of equilibration buffer to renove
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protein. The nono- PEG EPO pool obtained fromthe 150 ml fraction contained
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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.
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<170> PatentIn Ver. 2.0

<210> 1

<211> 165

<212> PRT

<213> Homo sapiens

<400> 1
Ala Pro Pro Arg Leu Ile Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu
1 5 10 15

Leu Glu BAla Lys Glu Ala Glu Asn Ile Thr Thr Gly Cys Ala Glu His
20 25 30

'Cys Ser Leu Asn Glu Asn Ile Thr Val Pro Asp Thr Lys Val Asn Phe
35 40 45

Tyr Ala Trp Lys Arg Met Glu Val Gly Gln Gln Ala Val Glu Val Trp
50 55 60

Gln Gly Leu Ala Leu Leu Ser Glu Ala Val Leu Arg Gly Gln Ala Leu
Leu Val Asn Ser Ser Gin Pro Trp Glu Pro Leu Gln Leu His Val Asp
e 85 80 95

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

Gly Ala Gln Lys Glu Ala Ile Ser Pro Pro Asp Ala Ala Ser Ala Ala
’ 115 120 125

Pro Leu Arg Thr Ile Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val
130 _ 135 140

Tyr Ser Asn Phe Leu Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala
145 ) 150 155 : 160



Lys Al a Val

Ser Gy Leu Arg Ser

Leu Thr Thr

Leu Leu Arg Ala Leu

100 105

110 Ay Ala @n Lys Au Ala Ile Ser Pro Pro Asp Al a Al a Zpegdnbedl2803115

120 125 Pro Leu Arg Thr

<211> 166

Asp Ser Arg Val

Pro Trp G.bq
Arg Ser LepizBhprdhr

LysLeval .
Au

Leu Leu

<213> Homo sapiens

<400> 2
Ala Pro
1

Leu Glu
Cys Ser

Tyr Ala
50.

Gln Gly
65

Leu Val
Lys Ala
Gly Ala
Ero Leu

130

Tyr Ser
145

Cys Arg

<210> 3

<Z211l> 28

Pro

Ala

Leu

35

Trp

Leu

Asn

Val

Gln
115

Arg

Asn

Thr

<212> PRT
<213> Homo sapiens

<4Q0> 3

Arg
Lys

20
Asn
Lys
Ala
Ser
Ser
100
Lys
Thr
Phe

Gly

Leu

5
Glu
Glu

Arg

Leu

Glu
Ile
Leu

Asp
165

Ser Ser Ser Ser Lys

1

5

Leu Pro Gly Pro Ser

20

Ile

Ala

Asn

Met

Leu

70

Gln

Leu

Ala

Thr

Arg

150

Arg

Ala

Asp

2003 -
<212> PRT <213> Hono
Leu Qu Arg
Asn |l e Thys By fHycGysshl a
Thr Val Pro Asp Thr
Val Ay An dn A a Val
Gu Ala V ey Arg Ay dn

%l{i@ gsgeu G n Leu

Tyr Leu
Au Hs
Asn Phe
Val Trp
Al a Leu
Hi s Val
Arg Al a

Cys Asp

Glu Asn

Ile Thr
40

Glu VvVal
55

Ser Glu

Pro Trp

Arg Ser

Ile Ser
120

Ala Asp
135

Gly Lys

23

20
35

50.

65
Asp
Leu

Ser
Ile

25
Val
Gly
Ala
Glu
Leu
105
Pro

Thr

Leu

Ile Thr Ala Asp Thr

Phe Arg Lys Leu Phe Arg Val
130 135 140 Tyr Ser Asn Phe Leu Arg Ay Lys Leu Lys Leu Tyr Thr Ay Qu A a
145 150 155 160 29 Decenber

s Arg Thr Ay Asp 165 <210> 2

55 60 An Gy Leu Ala Leu Leu Ser
70 75 80 Leu Val

100 105 110

10

Thr

Pro

Gln

Val

Pro

90

Thr
Pro
Phe

Lys

Arg Val

Thr

Asp

Gln

Leu

75

Leu

Thr

Asp

Arg

Leu
155

Leu
Gly
Thr
Ala
60
Arg
Gln
Leu
Ala
Lys

140

Tyr

Glu

Cys

Lys

45

Val

Gly

Leu

Leu

Ala

125

Leu

Thr

sapi ens 400> 2 Ala Pro Pro Arg Leu Ile Cys
1510 15 Leu u Ala Lys Gu Ala du
25 30 Cys Ser

Leu Asn Gu Asn lle
40 45 Tyr Ala Trp Lys Arg Met Qu

Arg
Ala

30
Val
Glu
Gln
His
Arg
110
Serx

Phe

Gly

Asn Ser Ser A n
85 90 95 Lys Al a Val

Tyr
i5

Glu

JAsn

Val

Ala

Val

Ala

Ala

Arg

Glu

Leu

His

Phe

Trp

Leu

80

Asp

Leu

Ala

Val

Ala
160

Pro Pro Pro Ser Leu Pro Ser Pro Ser Arg

10

Thr Pro Ile Leu Pro Gln

25

15

Ser Ay Leu



Gy Ala Gdn Lys Qu Ala lle Ser Pro Pro Asp Ala Ala Ser Ala Ala 115 120
125 Pro Leu Arg Thr Ile Thr Ala Asp Thr Phe Arg Lys Leu 4®eectmpevapos 130
135 140 Tyr Ser Asn Phe Leu Arg Gy Lys Leu Lys Leu Tyr Thr Ay GQu Al a
145 150 155 160 Cys Arg Thr Ay Asp Arg 165 <210> 3 <211> 28 <212> PRT
<213> Hono sapiens <400> 3 Ser Ser Ser_ éﬁr Lys Ala Pro Pro Pro Ser Leu Pro
Ser Pro Ser Arg 1 5 10 15 Leu Pro Ay Pro Ser Asp Thr Pro Ile Leu Pro @ n
20 25 29 Decenber 2003 - 24 CLAIMS A ate, said conjugate conprising
an erythropoietin glycoprotein havi n%east one free am no group and
having the in vivo biological activity of causing bone marrow cells to

' d f bl | d f
the or oupcorisr o R sl Bt B o Sl B Bt B BHEEICCh have
sequence of hlaasinne frge Amopogretip landrbdwhg (3013 :bym*o véol gl chil hctuntym‘f cilmnng Hoteo 6

| | ati t t t
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said glycoprotern cova
groups of t heﬁomahﬂgtwpcﬁﬁsléwc)f lmrna(rﬁf:&ﬂﬁjﬁ:)wm(ﬁd analdgh thdreof- \@ﬁ)cloha\&:ac h
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glycosylation sites or a rearrangement of at least one glycosylation site; said

« H

glycoprotein being covalently linked to “n” poly(ethylene glycol) groups of the
formula

—CO—(CH;),—(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;

xis 2 or 3;

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. '



Ris lower alkyl; xis2or3; mis fromabout 450 to about 900; nis from1l
to 3; and n and m are chosen so that the nol ecul ar wei gi29 Rdcertber 2008 ugat e
m nus the erythropoietin glycoproteinis from 20 kil odaltons.to 100

kil odaltons. 2. The conjugate of claim1, of the formul a:

P-[ NHCO- (CH2) , (- (OCH2CH2) m OR] " wherein,x, m n and R are as defined in

claiml1l, and Pis the residue of the gl'ycoprotein wthout the n am no

i ' | ] i1 I t hyl I I
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4. The conjugat e of[GHW(PHECEBHONCHIGHCHW@RMNHT-yn is from about 650 to
about 750. 5. - The conjugate of any preceding claim wherein nis 1. 6.
The conj ugat ewb¢reuriy ipfrewedilrig /60,41 in! anddYieandefined ingsemyl.; mis from about
650 to about 750; and n is 1. 29 Decenber 2003 - 25 7. The conjugate of

R S e U N e R LR TN

The conj ugat eergthrapgief.ecedi ng claim wherein the glycoprotein is a human
erythropoietin. 9. The conjugate according to any. of clains 1 to 7, wherein
the human erythropoietin glycoprotein is expressed by endogenous gene
activati oh. 10he qimgugatricggaling woayodiclaigng b takywldreiol the hsmiantegytBropafatinei n

t he gl ycopr ot gi - 14 : .11. The conjugate
according to QII‘I)I)P?)?@EIIlg?%é%g%gp@?doﬁ%%ﬁgﬁceﬁa?%opr otein has the
.sequence of hunan erythropoietin nodified by the addition of from1 to 6
gl ycosyl aj4 onpgl Eoer'ﬁugate according to any of claims 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'%,

138y, 140
Asn “Thr'™,;



12. The conjugate according to any of clains | to 11, wherein the

gl ycoprotein has the sequence of human erythropoietin n2giDécawbdr\20083

nodi fication selected fromthe group consisting of Asn30Thr 32;

Asn51Thr53, Asn57Thr59; Asn69; Asn69Thr71; Ser68Asn69Thr71;
Val87Asn88Thr 90; Ser S7TAsnS8Thr 90; Se[§%@5n8861y89Thr90

Ser S7TAsn88Thr 90Thr 92; Ser87Asn88Thr90 a 162; Asn69Thr71 Ser 87Asn88Thr 90;
Asn3EWhr32vaI87Asn88Th{ JAsn8911e90Thr91;  Ser87Asn$9l1e90Thr91; Asn
136Thr 138; Asn 138The 1467929 Decenber 2003 - 26  Thr125: and

Pr &l 24Thr 125 13. Thelbonfﬂgafe according to any of claims 1 to 12, wherein
the glycoprotein has a sequence conprising the sequence of human
erythropoietin and a second sequence at the carboxy term nus of the human
er yt hr opoilet i Fheswaingatreaccomdinggpnny héclsiseohe 12s whawicdeghisopiaieindrs keast one

gl yeosyl at | oneshite cfprEhe diARhIRL B Ahmeh B MrbBoitSHALdR S66aD

sequences CONpPri S€s nce e‘carboxy term naﬁgsequence
of human choratemd @r@@mtdnmnupofﬂle hemamlseythorpoiryt sequénce) mhmllliihe witenéi n- t he

glycoprotei n fagencd SHaS 1 Rast Sh gl EskyfatigHs ke

14. The conjugate of claim 13, wherein the second sequences comprises a sequence

derived from the carboxy terminal sequence of human chorionic gonadotropin.

_' b 15. The conjugate of claim 13, wherein the glycoprotein has a sequence selected from the
group consisting of:
(a) the sequence of human erythropoietin and the sequence SEQ ID NO:3 at
the carboxy terminus of the human erythropoietin sequence;
(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



group consisting of (a) the sequence of human erythropoietin and the
sequence SEQ ID NO 3 at the carboxy term nus of the hurf€rPese)iIsF 83 etin
sequence; (b) the sequence in (a) nodified by Ser87 Asn88 Thr90 ; and (c)
the sequence in (a) nodified by Asn30 Thr32 Vala7 Asn88 Thr90. 16. The
conjugate according to any of clainms 1 t9_7, wherein the glycoprotein has
the sequence of human erythropoietin nodified by a rearrangenent of at

| east one gl i i; & j 3 i Hhergi.p the
Fearr angorent - Samst oy SRt of fom 118 SR fes 6f St OB
‘sites in hunelfast ppe glyeqpsylation site ek glykhprotein ipfeactnsaid cdrijngeseibejng codndlyi on
site at posity « Oof opahetirny 18. The

conj ugat e of %ﬁgﬁﬁgl ,P§2§féﬁﬁggﬁ§88&@% p?gﬁgﬁ%%%g%_gﬁ%qg%%&énqe of human
erythr ;)poi et }G_O@Hﬁfﬂi)e.do&/‘mh thediCQ @%ﬂai:bpf)b'&ltb)dt@cghfqoargromfcgrruu@and o nea
consisting o : -1 n
Sera' Asn88 T%nﬁgéiﬁggﬁﬁ%noﬁg%ﬁtaﬁgﬁigg%% %ﬁeﬁgﬁ%ﬁ?ﬁg%ﬂgg%ﬁs i sai d
conj ugat es coloper g B2 orel; yit ds iy hledutrd5q ity etoprt G0@simis frawm b atn hedist one
free am no gy @s@ﬂ sgﬁ\/zltqgelrngﬁcﬁl T Wi ] M@oibl 91'19 i'& It l%%isvthg:Xwg;ro 1 1i ng
bone nHrrOMICEF?g 10 I NCrease proguc%ﬁon ot ﬁgpl urocytes a rgg gpood
cell's and sel gytopdoteindmfrioime2@kindaltonntei 1901 kilpdaltodm therpereenyagh od poijegatas and

anal ogs ther i.ch. e _Se nce. of human erythropoietin 29 Decenber
2003 27 nodi %ﬁ%}}gh&gﬁgﬁaﬁlﬁo p%’fce'f‘trom 1 to 6 glycosylation sites or a

rearrangenent of at |east one glycosylation site; the glycoprotein in each

sai d conjugate being covalently linked to "n" poly(ethylene glycol) groups

of the fo2hul Bhe @rEEGHDXcOQTHAGHDNugIRsws dbfitddan a@pobélaisechitopld wherkipl ene

gliycol) grou ] oy kL . Sal }yNO groups; where
pth% 9{3{&:&&5@& C %qges R WMs hiﬁgf';ﬁas? i’xll‘?e@}zﬁiegr .

in each of sald conjugates | ower a X 1S ; mis from about
450 to about 900; nis froml to 3; n and m are chosen so that the
nol ecul ar wei ght of each conjugate mnus the erythropoietin glycoprotein

i's from 28 kitiedenieigidmofborlidg@d 212108 9 of PPwRekiEhk pereRlageon) Ugat es

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



where nis 1 is at |east ninety percent. 20. The conposition conprising
conjugates as defined in any-of clains 1 to 18 wherein 24%eeqemhesgPede of
conjugates where nis 1 is at |least ninety percent. 21. The conposition of
according to clains 19 or 20 wherein t_h% per cent age of conjugates where n
is 1 is at least ninety-two percent. 22 *8The conposition of claim?21
wherein the percentage of conjugates erenis.1 s at east ninety-six
percent . 23. Wh*léhéﬁ?ﬁﬁﬁfsqompéﬁe%@“@%%‘ﬁg%CBFUP?G‘“W?@FBVWI?II:L per cent age of
conjugates where nis | is fromninety percent to ninety-six percent. 24.
A pharnaceutical conposition conprising® conjugate or a conposition
according to any of claims 1 to 23 and//a pharmaceutically acceptable

exci pient. 25. Use dtO&HEhPUGEHSEON cgnposition according to any of
clains 1 to 23 for the preparation di canents for- tfg treatnment or .
prophyl axi s of diseases correlated©with anenia in chronic renal failure
patients (CRF), AIDS and for the treatnment of cancer patients undergoing

chenot her apy. . A r r : | f ds according to
any of cl ai m@?&%@é@%gi‘;}%g’?ﬁ%w h?ﬂg’hrﬁgﬁggre@gwgonpri ses

condensi ng t héefinedpmamdofodaiferirnoléa 11 RO( CHZCH20O), , (CH2) xO00ON with a
erythropoietin glycoprotein and in which R- mand x are as defined in any
of clainmse 1 to 6. 2 7. Conpounds according to any of clains 1 to 3, -
whenever Ppy.epabegobiyds fveordigrresmyaif claahal o 2, when2va. préuapbbynthe procsyefi ng to
any of clains 1 tg 23 for the treatnment of diseases which are associated
wth anem a iﬂa@hggni c renal failure patients (CRF), .AlDS and cancer

pati ents undergoi ng. chenot herapy. 29 Decenber 2003 - 29 ERYTHROPO ETI N

-DERI VATI VES ABST . .
-[.)E 25% Cgm%g{ds 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.



The present invention refers to conjugates of erythropoietin with

pol yethyl ene glycol) conprising an erythropoietin gl yco%ﬂ@@@mb&ﬁaﬂﬂhg at
least one free amno group and having the in vivo biological activity of
causing bane marrow cells to increase production of reticulocytes and red
bl ood cells and selected fromthe gro@® eonsisting of . human erythropoietin
and anal ogs thereof which hHave sequence of hunan erythropoietin nodified

by the addition of fromi to 6 gl ycosyl atlon sites or a rearrangenent of at-

| east - one gl ycosyl ation S|t sald cQ ing covalently I|inked

to"n" poly(ethylene gl yc Eg:fl)(‘i E &?“ﬁﬁ"gg CO(CI—lZ)z(OCHZCJ—lZ)mO?
with the carbonyl of each poI yet hyI ene glycol) group form ng an am de bond
with oneaRSTREIT ami no groups; wherein Ris lower alkyl; x is 2.0or 3; mis

“about” 450 to about 900; nis froml to 3; and n and rn are chosen so that
t he nol ecul

gl ycopr ot ei 2[[}}%”? g%“%%“tiqr}ierc?ﬁegnt oy a@f%g‘%ﬁ{}gggﬁe%{% %ﬂ%lﬂ%&mene
-glycol) comprising an erythropoietin. :,lycoprotexn having at least one free amino group
and having the in vivo blologlcal 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
modified by the addition of from 1to 6 Glycosylamn sites or a rearrangement of at least
one glycosylation site; said glycoprotein being covalently linked to™n”
glycol) groups of the formula ~CO—(CHa)x(OCH,CH;)—OR with the carbonyl of each
poly{ethylene glycol) group forming an amide bond with one of said amino groups;
wherein R is lower alkyl; xis 2 or 3; m is 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 eryt.bropowtm

glycoprotem is from 20 kilodaltons to 100 kilodaltons.

poly(ethylene



