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(57) ABSTRACT 

The present invention provides conjugates between eryth 
ropoietin and PEG moieties. The conjugates are linked via 
an intact glycosyl linking group interposed between and 
covalently attached to the peptide and the modifying group. 
The conjugates are formed from glycosylated peptides by 
the action of a glycosyltransferase. The glycosyltransferase 
ligates a modi?ed sugar moiety onto a glycosyl residue on 
the peptide. Also provided are methods for preparing the 
conjugates, methods for treating various disease conditions 
With the conjugates, and pharmaceutical formulations 
including the conjugates. 
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FIGURE 1 

NHqmcH, 

OH 

and 
HOOC 

NHqmcH, 

OH 

HOOC 



Patent Application Publication Nov. 1, 2007 Sheet 2 0f 12 US 2007/0254834 A1 



Patent Application Publication Nov. 1, 2007 Sheet 3 0f 12 US 2007/0254834 A1 

FIGURE 3A 

Structure of CMP-SA-PEG(40K) 
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FIGURE 3B 

Structure of CMP-SA-PEG(30K) 
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FIGURE 4A 
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FIGURE_4_B 
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FIGURE 5 
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FIGURE 6 

COMPARATIVE PLASMA CLEARANCE RATES FOR PEGYLATED AND NON 
PEGYLATED EPO VARIANTS. 
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' FIGURE 7 
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FIGURE 8 
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FIGURE 9 
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FIGURE 10 
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GLYCOPEGYLATED ERYTHROPOIETIN 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

[0001] The present application claims priority to US. 
Provisional Patent Application No. 60/524,989, ?led Nov. 
24, 2003; US. Provisional Patent Application No. 60/555, 
504, ?led Mar. 22, 2004; US. Provisional Patent Applica 
tion No. 60/590,573, ?led Jul. 23, 2004; US. Provisional 
Patent Application No. 60/592,744, ?led Jul. 29, 2004; US. 
Provisional Patent Application No. 60/614,518, ?led Sep. 
29, 2004; and US. Provisional Patent Application No. 
60/623,387 each of Which is incorporated herein by refer 
ence in their entirety for all purposes. 

BACKGROUND OF THE INVENTION 

[0002] Erythropoietin (EPO) is a cytokine produced by the 
kidney and liver Which acts on hematopoietic stem cells to 
stimulate the production of red blood cells. The protein 
exists in tWo forms: one being a 165 amino acid peptide, and 
the other is a 166 amino acid peptide. The 166 amino acid 
peptide has the same sequence as the 165 amino acid peptide 
except that the 166 amino acid peptide has an additional 
arginine in the most C-terminal position. The mature 165 
amino acid peptide is a 34 kD glycoprotein comprising three 
N-glycosylation sites (Asn-24, Asn-38, and Asn-83), and 1 
O-glycosylation site (Ser-126), and some variants are 
“hyperglycosylated” comprising 5 N-linked glycosylation 
sites. 

[0003] Erythropoietin synthesis is induced by conditions 
that effectively create tissue hypoxia, such as loWering of the 
arterial O2 tension or increasing the oxygen a?inity of the 
blood. Under usual conditions of homeostasis, hematocrit 
and the concentration of hemoglobin in blood are main 
tained constant With erythropoiesis counterbalancing the 
permanent destruction of aged red blood cells by macroph 
ages in bone marroW, spleen and liver. Quantitatively, about 
1% of the red cell mass, Which is about 2-3><10ll red blood 
cells, is reneWed each day. HoWever, in situations that 
effectively generate tissue hypoxia, such as blood loss or 
location to high altitudes, the induction of EPO may stimu 
late erythropoiesis 10-fold or more over normal levels. 

[0004] Because EPO stimulates red blood cell production, 
it is an effective therapy for many diseases and conditions 
associated With reduced hematocrit. Initial trials of replace 
ment therapy With recombinant human EPO to restore the 
hematocrit in patients With end-stage renal failure Were ?rst 
reported about 20 years ago (see e.g., Winearls, C. G.; et al. 
(1986) Lancet, 2, 1175-1178, and Eschbach, J. W.; et al. 
(1987) N. Engl. J. Med., 316, 73-78). This Work provided an 
impetus for further studies into the pathophysiology and 
pharmacology of EPO (see e.g., Jelkmann, W. and Gross, A. 
(1989) Erythropoietin; Springer, Berlin Heidelberg NeW 
York). 
[0005] Since those early studies, recombinant human EPO 
has been used successfully to treat numerous pathological 
conditions. For example, the pharmacological application of 
recombinant human EPO to surgical patients can loWer the 
severity and duration of postoperative anemia. The admin 
istration of recombinant human EPO has also proven to be 
effective therapy for patients suffering from several non 
renal diseases, such as chronic in?ammation, malignancy 
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and AIDS, Wherein a relative lack of endogenous EPO 
contributes to the development of anemia (see e.g., Means, 
R. T. and KrantZ, S. B. (1992) Blood, 80, 1639-1647, and 
Jelkmann, W. (1998) J. Interf. Cytokine Res., 18, 555-559). 
Furthermore, it has been reported that EPO is tissue protec 
tive in ischemic, traumatic, toxic and in?ammatory injuries 
(see e.g., Brines M., et al. (2004) PNAS USA 101:14907 
14912 and Brines, M. L., et al. (2000). Proc. Natl. Acad. Sci. 
USA 97, 10526-10531). 

[0006] The usefulness and effectiveness of EPO for the 
treatment of anemias and other conditions arising from such 
a Wide variety of causes makes recombinant human EPO 
perhaps the best selling drug in the World. Indeed, estimated 
sales amount to more than 5 billion US dollars per year. 

[0007] Only one recombinant human EPO, produced in 
Chinese Hamster Ovary (CHO) cell line, is used extensively 
as a therapeutic. Since mammals all produce glycans of 
similar structure, Chinese Hamster Ovary (CHO), Baby 
Hamster Kidney (BHK), and Human Embryonic Kidney 
293 (HEK-293) are the preferred host cells for production of 
glycoprotein therapeutics. As is knoWn in the art, proper 
glycosylation is a critically important factor in?uencing the 
in vivo the half life and immunogenicity of therapeutic 
peptides. Indeed, poorly glycosylated proteins are recog 
niZed by the liver as being “old” and thus, are more quickly 
eliminated from the body than are properly glycosylated 
proteins. 
[0008] Unfortunately, one frustrating, and Well knoWn 
aspect of protein glycosylation is the phenomenon of micro 
heterogeneity. Thus, even the preferred host cells for pro 
duction of human therapeutic glycoproteins such as EPO, 
typically produce peptides comprising a range of variations 
in the precise structure of the glycan. The extent of this 
heterogeneity can vary considerably from glycosylation site 
to glycosylation site, from protein to protein, and from cell 
type to cell type. Therefore, numerous glycoforms, each of 
Which each is effectively a distinct molecular species, typi 
cally exist in any given glycoprotein preparation. 

[0009] The problem of microheterogeneity thus poses 
numerous problems for the large industrial scale production 
of therapeutic glycoproteins. In particular, since each gly 
coform can represent a distinct molecular species, prepara 
tions of therapeutic glycoproteins must be fractionated to 
purify the desired single glycoform. Further complications 
arise from the fact that different production batches may 
vary With respect to the percentage of the desired glycoform 
comprising the batch of glycoprotein therapeutic. Thus, 
large, not alWays predictable portions of each preparation 
may be have to be discarded, so that ultimately the ?nal yield 
of a desired glycoform can be loW. Overall, the problem of 
microheterogeneity means that therapeutic glycopeptides 
produced by mammalian cell culture require higher produc 
tion costs, Which ultimately translate to higher health care 
costs than might be necessary if a more e?icient method for 
making longer lasting, more effective glycoprotein thera 
peutics Was available. 

[0010] One solution to the problem of providing cost 
effective glycopeptide therapeutics has been to provide 
peptides With longer in vivo half lives. For example, gly 
copeptide therapeutics With improved pharmacokinetic 
properties have been produced by attaching synthetic poly 
mers to the peptide backbone. An exemplary polymer that 
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has been conjugated to peptides is poly(ethylene glycol) 
(“PEG”). The use of PEG to derivatiZe peptide therapeutics 
has been demonstrated to reduce the immunogenicity of the 
peptides. For example, US. Pat. No. 4,179,337 (Davis et al.) 
discloses non-immunogenic polypeptides such as enzymes 
and peptide hormones coupled to polyethylene glycol (PEG) 
or polypropylene glycol. In addition to reduced immunoge 
nicity, the clearance time in circulation is prolonged due to 
the increased siZe of the PEG-conjugate of the polypeptides 
in question. 

[0011] The principal mode of attachment of PEG, and its 
derivatives, to peptides is a non-speci?c bonding through a 
peptide amino acid residue (see e.g., US. Pat. No. 4,088,538 
US. Pat. No. 4,496,689, US. Pat. No. 4,414,147, US. Pat. 
No. 4,055,635, and PCT WO 87/00056). Another mode of 
attaching PEG to peptides is through the non-speci?c oxi 
dation of glycosyl residues on a glycopeptide (see e.g., WO 
94/05332). 
[0012] In these non-speci?c methods, poly(ethylenegly 
col) is added in a random, non-speci?c manner to reactive 
residues on a peptide backbone. Of course, random addition 
of PEG molecules has its drawbacks, including a lack of 
homogeneity of the ?nal product, and the possibility for 
reduction in the biological or enZymatic activity of the 
peptide. Therefore, for the production of therapeutic pep 
tides, a derivitiZation strategy that results in the formation of 
a speci?cally labeled, readily characteriZable, essentially 
homogeneous product is superior. Such methods have been 
developed. 
[0013] Speci?cally labeled, homogeneous peptide thera 
peutics can be produced in vitro through the action of 
enZymes. Unlike the typical non-speci?c methods for attach 
ing a synthetic polymer or other label to a peptide, enzyme 
based syntheses have the advantages of regioselectivity and 
stereoselectivity. TWo principal classes of enZymes for use in 
the synthesis of labeled peptides are glycosyltransferases 
(e.g., sialyltransferases, oligosaccharyltransferases, 
N-acetylglucosaminyltransferases), and glycosidases. These 
enZymes can be used for the speci?c attachment of sugars 
Which can be subsequently modi?ed to comprise a thera 
peutic moiety. Alternatively, glycosyltransferases and modi 
?ed glycosidases can be used to directly transfer modi?ed 
sugars to a peptide backbone (see e.g., US. Pat. No. 
6,399,336, and US. Patent Application Publications 
20030040037, 20040132640, 20040137557, 20040126838, 
and 20040142856, each of Which are incorporated by ref 
erence herein). Methods combining both chemical and enZy 
matic synthetic elements are also knoWn (see e.g., Yama 
moto et al. Carbohydr Res. 305: 415-422 (1998) and US. 
Patent Application Publication 20040137557 Which is incor 
porated herein by reference). 

[0014] Erythropoietin (EPO) is an extremely valuable 
therapeutic peptide. Although commercially available forms 
of EPO are in use today, these peptides are less than 
maximally effective due factors including microheterogene 
ity of the glycoprotein product Which increases production 
costs, poor pharmacokinetics of the resulting isolated gly 
coprotein product, or a combination of the tWo. Thus, there 
remains a need in the art for long lasting EPO peptides With 
improved effectiveness and better pharmacokinetics. Fur 
thermore, to be effective for the largest number of individu 
als, it must be possible to produce, on an industrial scale, an 
EPO peptide With improved therapeutic pharmacokinetics 
that has a predictable, essentially homogeneous, structure 
Which can be readily reproduced over, and over again. 

Nov. 1, 2007 

[0015] Fortunately, EPO peptides With improved the 
therapeutic effectiveness and methods for making them have 
noW been discovered. Indeed, the invention provides EPO 
peptides With improved pharmacokinetics. The invention 
also provides industrially practical and cost effective meth 
ods for the production of modi?ed EPO peptides. The EPO 
peptides of the invention comprise modifying groups such as 
PEG moieties, therapeutic moieties, biomolecules and the 
like. The present invention therefore ful?lls the need for 
EPO peptides With improved the therapeutic effectiveness 
and improved pharmacokinetics for the treatment of condi 
tions and diseases Wherein EPO provides effective therapy. 

SUMMARY OF THE INVENTION 

[0016] It has noW been discovered that the controlled 
modi?cation of erythropoietin (EPO) With one or more 
poly(ethylene glycol) moieties affords novel EPO deriva 
tives With improved pharmacokinetic properties. Further 
more, cost effective methods for reliable production of the 
modi?ed EPO peptides of the invention have been discov 
ered and developed. 

[0017] In one aspect, the present invention provides an 
erythropoietin peptide comprising the moiety: 

OH 
D 

O COOH 
HO 

O 

G-HN 

OH 

Wherein D is a member selected from ‘OH and Rl-L 
HNi; G is a member selected from Rl-L- and iC(O)(Cl 
C6)alkyl; R1 is a moiety comprising a member selected a 
moiety comprising a straight-chain or branched poly(ethyl 
ene glycol) residue; and L is a linker Which is a member 
selected from a bond, substituted or unsubstituted alkyl and 
substituted or unsubstituted heteroalkyl, such that When D is 
OH, G is Rl-L-, and When G is 4C(O)(Cl-C6)alkyl, D is 
Rl-L-NHi. In one embodiment, a Rl-L has the formula: 

Wherein a is an integer from 0 to 20. In another embodiment, 
R1 has a structure that is a member selected from: 
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-continued -continued 
O 

0 

$0 
$0 
go 

wherein e and f are integers independently selected from 1 O 

to 2500; and q 1s an integer from 1 to 20. In other embod1- NHC(O>OCH2CH2<OCH2CH2>EOCH3 
ments R1 has a structure that is a member selected from: ‘1 

NHC(O)OCH2CH2(OCH2CH2)iOCH3 
HN \H)\/{\/\NHC(o)ocH2cH2(ocH2cH2),ocH3 

O O 

NHC(O)OCHZCHZ(OCHZCHZ)EOCH3 

NHZ Wherein e, f and f are integers independently selected from 
1 to 2500; and q and q' are integers independently selected 

NHC(O)OCH2CH2(OCH2CH2)1OCH3; from 1 to 20. 

[0018] In still another embodiment, the invention provides 
a peptide wherein R1 has a structure that is a member 
selected from: 

2i; 
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wherein e, f and f‘ are integers independently selected from 
1 to 2500; and q, q' and q" are integers independently 
selected from 1 to 20. In other embodiments, R1 has a 
structure that is a member selected from: 

C(O)CHZCHZ(OCHZCHZ)EOCH3; and 

Wherein e and f are integers independently selected from 1 
to 2500. 

[0019] In another aspect, the invention provides a peptide 
comprising a moiety having the formula: 

OH 
D 

O COOH 
HO 

O-Gal - 

G-HN 

OH 

[0020] In other embodiments, the moiety has the formula: 

OH 

O COOH 
HO 

O-Gal-GalNAc ' 

G-HN 

OH 

[0021] In another exemplary embodiment the peptide 
comprises a moiety according to the formula 

OH 

O COOH 
HO 

O-Gal-GalNAc-AA 

G-HN 

OH 
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WhereinAAis an amino acid residue of said peptide. In some 
embodiments the amino acid residue is a member selected 
from serine, threonine and tyrosine. In a preferred embodi 
ment the amino acid residue is a serine at position 126 of 

SEQ. ID. NO:1. 

[0022] In another exemplary embodiment, the invention 
provides an erythropoietin peptide Wherein the peptide com 
prises at least one moiety that has the formula: 

OH 
D 

O COOH 
HO 

O-Gal-GalNAc-Man (Fuc)¢ 

G-HN l\|/Ia.n—GlcNAc—GlcNAc-AA 
OH Man , or 

OH 
D M“ (Fuck 

O COOH Man-GlcNAc-GlcNAc- AA 
HO 

O-Gal-GalNAc-Man 

G-HN 

OH 

Wherein t is an integer from equal to 0 or 1. Thus, in this 
embodiment, the modi?ed sialic acid moiety may occur on 
either branch of the biantennary structure. 

[0023] In another related embodiment, the invention pro 
vides an erythropoietin peptide Wherein the peptide com 
prises at least one moiety that has the formula: 

OH 

O COOH 

O-Gal-GalNAc-Man 

OH 
Man- GlcNAc-GlcNAc-AA 

OH 

O COOH 

O-Gal-GalNAc-Man 
HO 

[0024] In another embodiment, the invention provides an 
erythropoietin peptide Wherein the peptide comprises at least 
one moiety that has a formula according to: 
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OH 
D 

O COOH 
HO 

O-Gal-GlcNAc 

G-HN 

OH 

OH 
HO 

O COOH 
HO 

O-Gal-GlcNAc-Man 

F H3C—C—HN \ ( TO)‘ 
N Man-GlcNAc-GlcNAc-AA 
O OH 

OH 
HO 

O COOH 
HO 

O-Gal-GlcNAc-Man 

H3C — ? — HN 

O OH 

OH 
HO 

0 COOH 
HO 

O-Gal-GlcNAc-Man 

O OH | 
Man-GlcNAc-GlcNAc-AA 

OH 
HO 

O COOH 
HO 

O-Gal-GlcNAc-Man 

H3C — C — NH 

\\ 
O OH 

OH 
D 

O COOH 
HO 

O-Gal-GlcNAc 

G-NH 

OH 

In this embodiment, the modi?ed sialic acid moiety may [0025] In still another embodiment, the invention provides 
occur on any one or more of the branches of the either form an erythropoietin peptide Wherein the peptide comprises at 
of the triantennary structure. least one moiety that has the formula: 
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OH 
D 

O COOH 
HO 

O-Gal-GlcNAc 

G-HN 

OH 

OH 
HO 

O COOH 
HO 

O-Gal-GlcNAc-Man 

H3C — ? — HN 

O OH 

OH 
HO 

O COOH 
HO 

O-Gal-GlcNAc-Man 

H3C — C — HN 

OH 

OH 
HO 

O COOH 
HO 

O-Gal-GlcNAc 

H3C — C — HN 

OH 

In this embodiment, the modi?ed sialic acid moiety may 
occur on any one or more of the branches of the tetra 

antennary structure. 

[0026] 
ropoietin peptide that is a bioactive erythropoietin peptide. 
In one embodiment, the erythropoietin peptide is erythro 
poietically active. In another embodiment, the erythropoi 
etin peptide is essentially non-erythropoietically active. In 
another embodiment, the erythropoietin peptide is tissue 
protective. 

In another aspect the invention provides an eryth 

[0027] 
of making a PEG-ylated erythropoietin comprising the moi 
ety: 

In another aspect, the invention provides a method 
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Man-GlcNAc-GlcNAc-AA 

OH 

O COOH 
HO 

O-Gal-GalNAc-AA 

OH 

wherein R1 is a moiety comprising straight-chain or 
branched poly(ethylene glycol) residue; and L is a linker 
Which is a member selected from substituted or unsubsti 
tuted alkyl and substituted or unsubstituted heteroalkyl. The 
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method comprises contacting a substrate erythropoietin pep 
tide comprising the glycosyl moiety: 

Gal 

With a PEG-sialic acid donor moiety having the formula: 

OH 
HO 

0 coon 0 
HO I HO 

O—P—O OH 
H o 

R1—L—HN o l 
o N 

OH IN 

NH2 

and an enZyme that transfers said PEG-sialic acid onto the 
Gal of said glycosyl moiety, under conditions appropriate to 
for the transfer. In one embodiment, the erythropoietin 
peptide is expressed in a suitable host. In one embodiment 
the host is mammalian cell, and in another embodiment the 
host cell is an insect cell. 

[0028] In another aspect, the invention provides a method 
of treating a condition in a subject in need thereof, Wherein 
the condition is characterized by compromised red blood 
cell production in the subject. The method comprises the 
step of administering to the subject an amount of the 
erythropoietin peptide of the invention effective to amelio 
rate the condition in the subject. 

[0029] In another aspect, the invention provides a method 
of enhancing red blood cell production in a mammal. The 
method comprises administering to the mammal an amount 
of the erythropoietin peptide of the invention effective to 
enhance red blood cell production in the mammal. 

[0030] In another aspect, the invention provides a method 
of treating a tissue injury in a subject in need thereof, said 
injury characteriZed by damage resulting from ischemia, 
trauma, in?ammation or contact With toxic substances, said 
method comprising the step of administering to the subject 
an amount of an erythropoietin peptide of the invention 
effective to ameliorate said tissue injury in the subject. 

[0031] In another aspect, the invention provides a phar 
maceutical formulation comprising the erythropoietin pep 
tide of the invention and a pharmaceutically acceptable 
carrier. 

[0032] In the o-linked erythropoietin conjugates of the 
invention, essentially each of the amino acid residues to 
Which the polymer is bound has the same structure. For 
example, if one peptide includes a Ser linked glycosyl 
residue, at least about 70%, 80%, 90%, 95%, 97%, 99%, 
99.2%, 99.4%, 99.6%, or more preferably 99.8% of the 
peptides in the population Will have the same glycosyl 
residue covalently bound to the same Ser residue. 

[0033] Other objects and advantages of the invention Will 
be apparent to those of skill in the art from the detailed 
description that folloWs. 
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DESCRIPTION OF THE DRAWINGS 

[0034] FIG. 1. FIG. 1 illustrates some exemplary modi?ed 
sugar nucleotides useful in the practice of the invention. 

[0035] FIG. 2. FIG. 2 illustrates further exemplary modi 
?ed sugar nucleotides useful in the practice of the invention. 

[0036] FIG. 3. FIG. 3 illustrates exemplary modi?ed sialic 
acid nucleotides useful in the practice of the invention. A: 
Structure of 40 kilodalton CMP-Sialic acid-PEG. B: Struc 
ture of 30 kilodalton CMP-Sialic acid-PEG. 

[0037] FIG. 4. FIG. 4 presents a schematic representation 
of exemplary glycopegylated EPO isoforms isolated from 
Chinese Hamster Ovary cells. A. An exemplary 40 kilodal 
ton O-linked pegylated glycoform. B: One of several 30 
kilodalton N-linked pegylated glycoforms. The modi?ed 
sialic acid moiety comprising the PEG molecule, may occur 
on any one or more of any of the branches of the N-linked 
glycosyl residue. Furthermore the illustration is exemplary 
in that any glycosylated EPO molecule may comprise any 
mixture of mono-, bi- tri-, or tetra-antennary N-linked 
glycosyl residues and any one or more of the branches may 
further comprise a modi?ed sialic acid moiety of the inven 
tion. 

[0038] FIG. 5. FIG. 5 illustrates an exemplary CHO 
derived EPO peptide in its non-glycopegylated form. As 
discussed in the legend to FIG. 4 (above) the illustration is 
exemplary in that any glycosylated EPO molecule may 
comprise any mixture of mono-, bi- tri-, or tetra-antennary 
N-linked glycosyl residues. 

[0039] FIG. 6. FIG. 6 shoWs the results of experiments 
comparing the pharmacokinetics of tWo CHO-derived non 
glycopegylated EPO forms, and tWo different CHO-derived 
glycopegylated EPO forms. 

[0040] FIG. 7. FIG. 7 illustrates an insect-derived glyco 
pegylated EPO peptide according to the invention. 

[0041] FIG. 8. FIG. 8 shoWs the results of experiments 
comparing the pharmacokinetics of a CHO-derived non 
glycopegylated EPO form, an insect-derived non-glycope 
gylated EPO form, With their corresponding glycopegylated 
forms. 

[0042] FIG. 9. FIG. 9 shoWs the relative activities of tWo 
forms of non-glycopegylated EPO (A and B) versus tWo 
glycoPEGylated variants (the 30 kilodalton and 40 kilodal 
ton variants of FIGS. 4 A and B) and a hyperglycosylated 
EPO variant in stimulating proliferation of EPO receptor 
bearing TF1 cells in culture. 

[0043] FIG. 10. FIG. 10 shoWs inhibition of binding of 
isotope-labeled EPO to a recombinant chimeric EPO recep 
tor by various concentrations of tWo non-pegylated EPO 
variants (A and B) and tWo glycoPEGylated variants (the 30 
kilodalton and 40 kilodalton variants of FIGS. 4 A and B). 

DETAILED DESCRIPTION OF THE 
INVENTION AND THE PREFERRED 

EMBODIMENTS 

Abbreviations 

[0044] PEG, poly(ethyleneglycol); PPG, poly(propyle 
neglycol); Ara, arabinosyl; Fru, fructosyl; Fuc, fucosyl; Gal, 
galactosyl; GalNAc, N-acetylgalactosaminyl; Glc, glucosyl; 
GlcNAc, N-acetylglucosaminyl; Man, mannosyl; ManAc, 
mannosaminyl acetate; Xyl, xylosyl; and NeuAc, sialyl(N 
acetylneuraminyl); M6P, mannose-6-phosphate. 
















































































































