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(57) ABSTRACT

A recombinant fusion protein comprising a human erythro-
poietin peptide portion linked to an immunoglobulin peptide
portion is described. The fusion protein has a prolonged
half-life in vivo in comparison to naturally occurring or
recombinant native human erythropoietin. In one embodi-
ment of the invention, the protein has a half-life in vivo at
least three fold higher than native human erythropoietin.
The fusion protein also exhibits enhanced erythropoietic
bioactivity in comparison to native human erythropoietin.
In one embodiment, the fusion protein comprises the com-
plete peptide sequence of a human erythropoietin (EPO)
molecule and the peptide sequence of an Fc fragment of
human immunoglobulin IgG1. The Fc fragment in the
fusion protein includes the hinge region, CH2 and CH3
domains of human immunoglobulin IgG1. The EPO mole-
cule may be linked directly to the Fc fragment to avoid
extraneous peptide linkers and lessen the risk of an immu-
nogenic response when administered in vivo. In one embo-
diment the hinge region is a human Fc¢ fragment variant hav-
ing a non-cysteine residue at amino acid 6. The invention
also relates to nucleic acid and amino acid sequences encod-
ing the fusion protein and transfected cell lines and methods
for producing the fusion protein. The invention further
includes pharmaceutical compositions comprising the
fusion protein and methods of using the fusion protein
and/or the pharmaceutical compositions, for example to sti-
mulate erythropoiesis in subjects in need of therapy.

Specification includes a Sequence Listing.
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ATGOGGGTGCACGAATGTCCTGLOTCGCTGTGOOUTTCTCCTGEICCCTRETETCGCTECCY &
M & ¥V H E C P A W L W L L L 8§ L L § L P
CTOGGUCTCCCAGTCCTGGGCOUCCCACCACGUCTCATCTGTGACAGCCGAGTCCTGGAG 120
L ¢ L P ¥V L G A P P R L I C P 3 R V L E
AGGTACCTCTTGGAGGUCAAGCAGGCCGAGAATATCACGACGGUGCTGTGCTGAACACTGC 180
R Y L L E A K E A E N ¥ T T G C A E H C
AGCTTGAATGAGAATATCACTGICCCAGACACCAAAGTTAATTICTATGCCT GGAAGAGG 240
S LN E W I 7T ¥V P DT K ¥V N F Y A W K R
ATGGAGOTCGGGCAGCAGGCCGTAGAAGTCTGGCAGGGCCTGGCCCTGCTETCGGAAGOT 304
M E V G ¢ ¢ A V E ¥ W ¢ G L. A L L 8§ E A
GICCTGCGGGGCCAGGCCCTOTTGOTCAACTCTTCCCAGCCGTOGGAGCCCCTGCAGLTG 360
vV L R ¢ ¢ A [ L ¥V W & & ¢ ¢ W £ P L © L
C CATGTGOGATAAAGCCOTICAGTGOCOTTCOCAGCCTCACCACTCTOCTICOGGCTCTGCGA 420
H ¥V D X A ¥V § ¢ L R S L T T L L R A L R
GCCCAGAAGGAAGCCATCTCCCCTCCAGATGCGGCCTCAGCTGCTCCACTCCGAACAATC 480
A Qg K E A i S P P D A A 5 A A P L R T i
ACTGCTCACACTTTCCOCAAACTCTTCCCAGTCTACTCCAATTTICCTCCGGOGAAAGLTS . 540
T A D T F R K I.L F R ¥ Y 8§ N F L R G KX L
AAGCTGTACACAGGGCAGOCCTGCAGGACAGGGLACAGAGTIGAGCCCAAATCTGGTGAL 600
K L Y T 6 E A ¢ R T G D R ¥ E ¢ X S5 G B
AAAACTAGTIAC AT(}CCCAC(’(‘TGCL(‘AGC ACCTGAACTCCTGGOGGGACCGTCAGTCTTC 660
K. T § 7T (1 . E("; P A P E L L G G P S V F
CTCTTCCCCCCAAABCCCAAGGACACCCTCATGATOTCCCGGACCOCTGAGUTCACATGE 720
L F P P K P K B T L M &+ 5 R T P E V T C
GTGOTOGTGGACGTCGAGCCACGAAGACCCTGAGGTCAAGTTCAACTGGTACGTGGACGGC 780
YV OV ¥ D ¥V S BH E D P E VvV K F N W Y ¥V T3 G
GYOGGAGGTGCATAATOCCAAGACAAAGCCGUGGGAGGAGUCAGTACAACAGUACGTACCOY 840
Yy E ¥V H N A K T K P R E E ¢ Y N 5 T Y R
GTGOTCAGCGTCCTCACCOTCOCTGCACCAGGATTGGUTGAATGGCAAGGAGTACAAGTGC 400
Y ¥ & ¥V L T V L BH Q3 D WL N G K E Y K C
AAGGTICTCCAACAAAGCCOTCCCAGCCOCCATCGAGAAAACCATCTCCAAAGCCAAAGGS 960
K v 8§ N K A L P A P I E K T I 8 K A KG
CAGCCCCGAGAACCACAGGTGTACACCUTGCOCOCCATCCCEGGATGAGUTGALCCAAGAAC 1020
3 B R Er o VvV Y T L P P 8 R D E L T KN
CAGGTCAGCCTGACTTGCCTGOTCAAAGGCTTCTATCCCAGCGACATOGCCGTGGAGTGG 1080
¢ v 5 L T € L VvV XK G F Y P 8 D I A V E W
GAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCCCGTGCTGGACTCCGAL 1140
E § N & ¢ P E N W ¥ K T T P P ¥V L DS D
GOGCCCCTTCTYICCTCTACAGUAAGUCT CACCGTGGACAAGAGCAGGTGGCAGCAGGGGAALC 1200
G P F F LY 8 K LT V¥V D K S B W ¢ ¢ G N
GTCTTCTCATGCYCCGTGATOCATCGAGGCTCTGCACAACCACTACACGCAGAAGAGCCTC 1266
vV F S C S VM H E A L H N H Y T ¢ X 5§ L
TCCCTGTCTCCGGGTAAATAA 1326
S L8 P G KX *

FIG. 1B
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ATGOGOOTOCACGAATGTCCTGCOTGOCTGTGGCTTCTCCTGTCCOTGCTGTCGCYCCCT 60
M ¢ VvV H E C FP A W L W L L L S L L § L P
CTGGGOUTCCCAGTOCTGGGCGCCCCACCACGUCTCATCTGTGACAGCCGAGTCCTGGAG 120
L 3 L P V L G A P P R L I € D S R V L E
AGGTACCTCTTGGAGGLCAAGGAGGCCGAGAATATCACGACGGGUTGTGCTGAACACTGE 180
R Y L L E A X E A EN I T T G € A E H C
AGCTTGAATGAGAATATCACTGTCCCAGACACCAAAGTTAATTTICTATGCCTGGAAGAGG 240
S L ¥ FE N I T V P DT K V NF ¥ A W K R
ATGGAGGTCGOGCAGCAGGUCGTAGAAGTCTGGCAGGGUCTOGCCCTGCTGTCGGAAGCT 306
M FE V G QO O A vV F YV W O G L A L L § E A
GTOCTOOGUGGOCAGGCCCTOTTOGTCAACTCTTCCCAGCCGTOGOAGCCCCTGCAGCTG 360
v L R G ¢ A L L V N S5 § g P W E P L O L
CATGTGGATAAAGCCGTCAGTGGCCTTICGCAGCCTCACCACTCTGCTICGGGOTCTGOGA 430
¥ ¥V p K A vV 85 & L R 8§ L T T L L R A L R
GCCCAGAAGGAAGUCATCTCCCCTCCAGATGCGGCCTCAGCTGUTCCACTCOCGAACAATS 480
A ¢ X ® A I S P P D A A S A A P L R T I
ACTGCTGACACTITCCGCAAACTCTICCGAGTCTACTCCAATTTICCTCOGGGGAAAGTTG 540
T A DT F B ¥ L F R ¥vY¥Y § N F L R G K L
AAGCTGTACACAGGOBAGGUCTGCAGGACAGGGGACAGAGTTIGAGCCUAAATCTTGTGAC 500
¥ L ¥ T ¢ F A C R T G 0 R YV _E P K § ¢ D
AAAACTAGTACATGOUCACCGTOCCCAGCACCTGAACTCCTGOGGUGGACCGTCAGICTIC 660
K T & T ©¥ » P O P A P E L L G G P 8 VvV F
CTCTTCCCCCCAAAACCCAAGGACACCCTCATGATCTCCC {)QALCCLT(:AGQICALAI()C 720
. F P P XK P XK D T L M I § B T P ¥ V¥V T
GTGGTGGTGGACGTGAGCCACGAAGACCCTGAGGTCAAGTICAACTGGTACG T(x(JACG(’ C 780
vV vV V D V 8§ H E D P E ¥V K F N WY V D G
GTGGAGGTGCATAATGCCAAGACAAAGCCGCGGGAGGAGCAGTACAACAGCACGTACOGT 840
v BE V H N A K T K P R E E Q Y N S T Y R
GTGGTCAGCGTCCTCACCGTCCTGCACCAGGACTGGUTGAATGGCAAGOGAGTACAAGTGE 900
VOV s vV L TV L H QD WLN G K E Y K €
AAGGTCTCCAACAAAGCCCTOCCAGCCCCCATCGAGAAAACCATUTCCAAAGCCAAAGGG 960
K v 5§ ¥ XK A L P A P I E KE T I S K A K G
CAGCCOCGAGAACCACAGGTGTACACCCTGUCUCCATCOCGGGATCAGCTGACCAAGAAL 1020
Q P R E P ¢ VvV Y T L P P S B D E L T KN
CAGGTCAGCCTGACTTOOC TGGTCAAAGGCTTCTATCCCAGUGACATOGCCGTGGAGTGG 1080
vV 5 L. T ¢ L VvV K G F Y P S DB I A YV E W
GAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCCCGTGUTGGACTCCGAL 1140
£ 858 N G Q P E N N Y K £ T P P OV L D S5 D
GGCCCCTTCTTCCTCTACAGCAAGC TCACCGTGGACAAGAGCAGGTGGCAGCAGGGGAAC 1200
G P F F LY 8 K L T V D K S5 R W @ @ o N
GTCTTCTCATGCTCCGTGATGCATGAGGCTCTGCACAACCACTACACGCAGAAGAGCCTC 1266
v F 8§ ¢ S V™M HE A L HNUHUY T O K 8§ L
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RECOMBINANT HUMAN EPO-FC-FUSION
PROTEINS WITH PROLONGED HALF-LIFE
AND ENHANCED ERYTHROPOIETIC
ACTIVITY IN VIVO

RELATED APPLICATION

[0001] This application is a continuation of U.S. Non-Pro-
visional Application No. 15/992,068 filed May 29, 2018,
now U.S. Pat. No. 11,279,742, which is a continuation of
U.S. Non-Provisional application No. 12/162,320 filed
Dec. 10, 2008, now U.S. Pat. No. 10,117,949, which is a
371 application of PCT/CA2007/000107 filed Jan. 25,
2007, which is a continuation-in-part of U.S. Pat. Applica-
tion No. 11/340,661 filed Jan. 27, 2006, now U.S. Pat. No.
7,625,564, each of which is hereby incorporated by refer-
ence in its entirety.

REFERENCE TO AN ELECTRONIC SEQUENCE
LISTING

[0002] The contents of the electronic sequence listing
(700171_402C2_Sequence Listing.txt; Size: 22,757 bytes;
and Date of Creation: Oct. 21, 2022) is herein incorporated
by reference in its entirety.

TECHNICAL FIELD

[0003] This application relates to human erythropoietin
fusion proteins.

BACKGROUND

[0004] Human erythropoietin (EPO), a member of the
haematopoietic growth factor family, is synthesized mainly
in the adult kidney and fetal liver in response to tissue
hypoxia due to decreased blood oxygen availability [1].
The principal function of EPO is to act directly on certain
red blood cell (RBC) progenitors and precursors in the bone
marrow to stimulate the synthesis of hemoglobin and mature
RBCs. It also controls the proliferation, differentiation, and
maturation of RBCs. Recombinant EPO having the amino-
acid sequence of naturally occurring EPO has been pro-
duced and approved to treat anemia associated with kidney
functional failure, cancer and other pathological conditions
[2]. In addition to its erythropoietic properties, recent
research reports [3] indicate that EPO also acts on non-
bone marrow cells such as neurons, suggesting other possi-
ble physiological/pathological functions of EPO in the cen-
tral nervous system (CNS) and other organs/systems. Since
EPO receptors have been found in many different organs,
EPO may have multiple biological effects, such as acting
as an anti-apoptotic agent.

[0005] Human EPO is a glycoprotein with a molecular
weight of 30.4 kilodaltons. Carbohydrates account for
approximately 39% of its total mass. The EPO gene is
located on chromosome 7q11-22 and spans a 5.4 kb region
with five exons and four introns [4]. The precursor of EPO
consists of 193 amino acids. Cleavage of the leader
sequence and the last amino acid Arg by post-translational
modification yields the mature EPO having 165 amino
acids. Glycosylation, with three N-linked sites at Asn 24,
Asn38, Asn83 and one O-linked site at Ser126, plays a cru-
cial role in the biosynthesis, tertiary structure and the in vivo
bioactivity of EPO [5]. EPO functions by binding to an ery-
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thropoietin receptor, a glycosylated and phosphorylated
transmembrane polypeptide with the molecular weight of
72-78 kilodaltons. This binding triggers the homodimeriza-
tion of the receptors that leads to the activation of several
signal transduction pathways: JAK2/STATS system, G-pro-
tein, calcium channel, and kinases. Two molecules of EPO
protein are needed to bind simultaneously to one receptor
molecule to achieve optimal receptor activation [6].

[0006] As the first hematopoietic growth factor approved
for human therapy, recombinant human EPO (tHuEPO) has
been used for the treatment of anemia resulting from chronic
renal failure, cancers (primarily chemotherapy-associated
anemia), autoimmune diseases, AIDS, surgery, bone mar-
row transplantation and myelodysplastic syndromes, etc.
Interestingly, recent studies have also observed that
rHuEPO has non-blood system functions and shows the
potential of being used as a neuroprotective drug for cere-
bral ischemia, brain trauma, inflaimmatory disease and
neural degenerative disorders [7].

[0007] Currently, three kinds of rHuEPO or tHuEPO ana-
logs are commercially available, namely rHuEPO alpha,
rHuEPO beta, and darbepoetin alfa [8]. These three recom-
binant proteins bind to the same erythropoietin receptor, but
differ in structure, degree of glycosylation, receptor-binding
affinity and in vivo metabolism. Since the initial introduc-
tion of rHUEPO-alpha in the1980s, clinicians quickly recog-
nized the frequent dose/injection requirement of the drug as
a significant shortcoming. The mean in vivo half-lives of
rHuEPO alpha and rHuEPO beta administered intrave-
nously or subcutaneously are only 8.5 and 17 hours respec-
tively [9, 10]. Patients therefore need an injection schedule
of daily, twice weekly or three times per week which
imposes a burden on both patients and health care providers.
Thus, there has been a longstanding need to develop recom-
binant EPO analogs having a longer in vivo half-life and/or
enhanced erythropoietic activity.

[0008] Attempts have been made in the prior art to geneti-
cally change or chemically modify the structure of the native
EPO protein to either slow down its in vivo metabolism or
improve its therapeutic properties. For example, there
appears to be a direct correlation between the amounts of
sialic acid-containing carbohydrates on the EPO molecule
and its in vivo metabolism and functional activity. Increas-
ing the carbohydrate content of the EPO molecule thus
results in a longer half-life and enhanced activities in vivo
[11, 12]. Amgen has designed the tHuEPO analog darbepoe-
tin alpha to include 5 N-linked carbohydrate chains, two
more than rHUEPO. Darbepoetin alpha is also known as
Novel Erythropoiesis Stimulating Protein (NESP) and is
sold under the trademark ARANESP™. Darbepoetin alpha
differs from native human EPO at five positions (Ala30Asn,
His32Thr, Pro87Val, Trp88Asn, Pro90Thr) which allows for
the attachment of two additional N-linked oligosaccharides
at asparagines residue positions 30 and 88. Darbepoetin
alpha binds to the EPO receptor in an identical manner as
native EPO to induce intracellular signaling involving tyro-
sine phosphorylation by JAK-2 kinase and the same intra-
cellular molecules Ras/MAP-k, P13-k and STAT-5. Due to
the increased carbohydrate content, the half-life of darbe-
poetin alpha in both animals and humans is almost three
fold-longer than that of rHuEPO-alpha (25.3 hours vs
8.5 hours) [9]. Darbepoetin alpha (ARANESP™) also
appears to exhibit enhanced bioactivity in comparison to
naturally occurring or recombinant human EPO in vivo
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[13] and has been approved by FDA as a second generation
rHuEPO drug; this drug only needs to be administrated once
per week to achieve the identical therapeutic effects of 2-
3 time injections per week of rtHUEPO[10, 14, 15].

[0009] Other attempts to extend the half-life of EPO have
focused on increasing the molecular weight of the EPO pro-
tein through chemical conjugation with polyethylene glycol
(PEGylation) and the like. PEGylated- EPO has a much lar-
ger molecular weight and is protected from being cleared
from circulation and therefore has a longer plasma half-life
[16]. However, PEGylation may alter the protein structure
resulting in unanticipated changes of function and specifi-
city of the EPO moiety. There are also reports of increasing
the molecular weight of EPO by other methods, such as to
link the EPO molecule to a carrier protein (human albumin),
or to form the homodimerization of two complete EPO
molecules by using linking peptides (3- to 17-amino acids)
or by chemical cross-linking reagents [17,18, 19, 20]. While
all these methods have achieved some success in extending
the half-life and enhancing the activities of EPO, combining
the EPO molecule with the Fc fragment of human immuno-
globulin (IgG) in a fusion protein as described in the present
application achieves unique advantages.

[0010] Human immunoglobulin IgG is composed of four
polypeptides linked covalently by disulfide bonds (two iden-
tical copies of light chain and heavy chain). The proteolysis
of IgG molecule by papain generates two Fab fragments and
one Fc fragment. The Fc fragment consists of two polypep-
tides linked together by disulfide bonds. Each polypeptide,
from N-to C-terminal, is composed of a hinge region, a CH2
domain and a CH3 domain. The Fc fragment structure is
almost the same among all subtypes of human immunoglo-
bulin. IgG is among one of the most abundant proteins in the
human blood and makes up 70 to 75 % of the total immu-
noglobulins in human serum. The half-life of IgG in circula-
tion is the longest among all five types of immunoglobulin
and may reach 21 days.

[0011] Modern bio-engineering technology has been suc-
cessfully applied to the creation of fusion proteins consist-
ing of therapeutic protein fragments, such as cytokines and
soluble receptors, and the Fc fragment of human IgG [21,
22,23, 24]. These fusion proteins have a significantly longer
in vivo half-life while retaining their biological and thera-
peutic properties. So far two fusion proteins comprising an
Fc fragment have been successfully developed as biomedi-
cines and approved by FDA for the treatment of rheumatoid
arthritis and chronic plaque psoriasis [25, 26].

[0012] TIthas been shown in the prior art that dimers of two
EPO molecules linked either by chemical cross-linking or
by a polypeptide exhibit enhanced in vivo activities and a
prolonged half-life [17, 19]. The enhanced activity may due
to the more efficient binding of the EPO dimer to one recep-
tor, and the prolonged in vivo half-life due to the larger size
of the dimer protein. However, the chemical cross-linking
process is not efficient and is difficult to control. Moreover,
the linkage peptide in the dimer of EPO may alter the three-
dimensional structure of EPO molecule and the peptide
itself may stimulate immunogenic responses in vivo. These
shortcomings impair the therapeutic potential of EPO
dimers, particularly since EPO replacement therapy in
renal patients is life-long.

[0013] The need has therefore arisen for EPO analogs that
have a significantly longer half-life and enhanced erythro-
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poietic activities in vivo but have no increased immuno-
genic properties.

SUMMARY OF THE INVENTION

[0014] In accordance with the invention, a recombinant
fusion protein comprising a human erythropoietin peptide
portion linked to an immunoglobulin peptide portion is
described. The fusion protein has a prolonged half-life in
vivo in comparison to naturally occurring or recombinant
native human erythropoietin. In one embodiment of the
invention, the protein has a half-life in vivo at least three
fold higher than native human erythropoietin. The fusion
protein may also exhibit enhanced erythropoietic bioactivity
in comparison to native human erythropoietin.

[0015] In one embodiment of the invention the immuno-
globulin peptide portion is an Fc fragment, such as an IgG1
fragment. The Fc fragment includes CH2 and CH3 domains
and a hinge region. The EPO peptide portion may be
directly linked to the hinge region. Preferably the hinge
region is at least 9 amino acids in length. In one embodi-
ment, the EPO peptide portion has a cysteine residue prox-
imate the C terminal thereof and the hinge region includes a
cysteine residue located nearest the EPO peptide portion.
Preferably these two cysteine residues are spaced at least
12 amino acids apart. In one embodiment, the EPO peptide
portion may comprise a complete EPO molecule directly
linked to the immunoglobulin portion (i.e. no external pep-
tide linkers are interposed between the EPO and immuno-
globulin portions).

[0016] The invention also relates to multimeric protein
constructs comprising multiple units of the fusion protein
of the invention. For example, two fusion proteins may be
assembled as a dimer, wherein the hinge regions of the pro-
teins are joined by disulphide bonds. The dimer has the gen-
eral shape of a IgG molecule and is more stable than free
EPO molecules.

[0017] The invention also relates to nucleic acid and
amino acid sequences encoding the fusion protein and trans-
fected cell lines and methods for producing the fusion pro-
tein. The invention further includes pharmaceutical compo-
sitions comprising the fusion protein and methods of using
the fusion protein and/or the pharmaceutical compositions,
for example to stimulate erythropoiesis in subjects in need
of therapy.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] In drawings which illustrate various embodiments
of the invention but which are not intended to be construed
in a limiting manner:

[0019] FIG. 1A is a schematic diagram showing the gen-
eral structure of the recombinant human EPO-Fc fusion pro-
tein (rHUEPO-Fc¢) of the invention.

[0020] FIG. 1B is a sequence listing showing the nucleo-
tide sequence (corresponding to SEQ ID NO:3) and the
deduced amino-acid (aa) sequence (corresponding to SEQ
ID NO:4) of tHuEPO-Fc protein. The total length of DNA
is 1281 bp. The 426 amino acids in the deduced protein
sequence include 27 aa for the signal peptide (SEQ ID
NO: 15) and 399 aa for the complete rtHuEPO-Fc¢ protein
(SEQ ID NO:2). The complete rHUEPO-Fc protein consists
of human EPO domain (166 aa, SEQ ID NO: 16), hinge
region (16 aa, underlined, SEQ ID NO: 17), and CH2 and
CH3 domains (217 aa, SEQ ID NO:18) of the Fc fragment
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of human IgGl. The calculated molecular weight of the
polypeptide of the mature rHuEPO-Fc fusion protein is
44.6 kDa, composed of 18.5 kDa (41.4%) of EPO fragment
and 26.1 kDa (58.6%) of IgG1 Fc¢ fragment. A homodimer is
formed by two disulfide bonds via the two cysteine residues
(boxed) within the hinge region. At residue 172 of the
mature fusion protein (i.e. the 6% amino acid of hinge region
(SEQ ID NO: 17)) the native cysteine residue has been sub-
stituted by glycine (bold).

[0021] FIG. 2 is a schematic diagram showing the struc-
ture and features of the mammalian expression plasmid
pCD1 used for inserting the DNA sequence encoding the
polypeptide of the rHUEPO-Fc¢ fusion protein, and for trans-
fecting CHO cells that express the rHuEPO-Fc fusion
protein.

[0022] FIG. 3 is a SDS-PAGE image showing the sizes of
the dimeric form of pure tHuEPO-Fc¢ protein in non-reduced
condition and monomeric form of pure rHUEPO-Fc protein
in reduced condition by SDS-PAGE analysis. The purified
rHuEPO-Fc¢ protein from the supernatants of the cultured
CHO cell-line expressing tHUEPO-FC exists mainly as the
dimeric form and has a molecular weight of about 180 kDa
on 8% Bis-Tris gel in non-reduced condition. In reduced
condition (100 mM dithiothreitol, DTT) to break disulfide
bonds, the dimer is separated into two identical monomeric
units with a molecular weight of 75 kDa.

[0023] FIGS. 4A and 4B are graphs showing the dose-
dependent increase of hemoglobin (Hb) levels in normal
mice treated with three times per week subcutaneous injec-
tion (s.c.) of tHUEPO-Fc¢ or rHUEPO. Each point represents
the mean Hb level of the group (6 mice). Day 0 levels repre-
sent the Hb levels before treatment. FIG. 4A: Mice treated
with tHuEPO-Fc. FIG. 4B: Mice treated with native
rHuEPO

[0024] FIGS. 5A and SB are graphs showing the dose-
dependent increase of hemoglobin (Hb) levels in normal
mice treated with once per week s.c. of tHuEPO-Fc or
rHuEPO. Each point represents the mean Hb level of the
group (6 mice). Day 0 levels represent the Hb levels before
treatment. FIG. SA: Mice treated with tHuEPO-Fc. FIG. 5B:
Mice treated with native tHuEPO

[0025] FIGS. 6A and 6B are graphs showing the increase
of hemoglobin (Hb) levels in normal mice treated with intra-
venously injection (i.v.) of 12.5 pg/kg of rtHuEPO-Fc or
rHuEPO. Each point represents the mean Hb level of the
group (6 mice). Day O levels represent the Hb levels before
treatment. FIG. 6A: Mice with treatment once a week. FIG.
6B: Mice with treatment 3 times a week.

[0026] FIG. 7 is a graph showing the dose-dependent
increase of hemoglobin (Hb) levels in 5/6 nephrectomized
rats treated with once per week s.c. of rtHUEPO-Fc, tHUEPO
or darbepoetin-alfa (abbreviated Darbe.). Each point repre-
sents the mean Hb level of the group. Normal controls were
normal rats with injection of carrier solution. Model controls
were the 5/6 nephrectomized rats with injection of carrier
solution. Week 0 levels represent the Hb levels before treat-
ment. *: week(s) post treatment.

[0027] FIG. 8 is a graph showing the dose-dependent
increase of hemoglobin (Hb) levels in 5/6 nephrectomized
rats treated once every two weeks s.c. with tHuEPO-Fc,
rHuEPO or darbepoetin-alfa (abbreviated Darbe.). Each
point represents the mean Hb level of the group. Normal
controls were normal rats with injection of carrier solution.
Model controls were the 5/6 nephrectomized rats with injec-
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tion of carrier solution. Week 0 levels represent the Hb
levels before treatment. *: week(s) post treatment.

[0028] FIG. 9 is a graph showing the dose-dependent
increase of hemoglobin (Hb) levels in 5/6 nephrectomized
rats treated once every two weeks 1.v. with 62.5 ug/kg of
rHuEPO-Fc, or darbepoetin-alfa (abbreviated Darbe.).
Each point represents the mean Hb level of the group. Nor-
mal controls were normal rats with injection of carrier solu-
tion. Model controls were the 5/6 nephrectomized rats with
injection of carrier solution. Week 0 levels represent the Hb
levels before treatment. *: week(s) post treatment.

[0029] FIGS. 10A-10C show the potency comparisons of
rHuEPO-Fc, tHUEPO and darbepoetin-alfa for stimulating
the colony formation of CFU-E and BFU-E in 5/6 nephrec-
tomized rats treated with different doses and schedules.
rHuEPO-Fc¢ and darbepoietin-alpha (abbreviated Darbe.)
treatment showed similar dose-dependent potencies for sti-
mulating the CFU-E and BFU-E colony formation, while
rHuEPO was less potent. FIG. 10A: s.c. once every week.
FIG. 10B: s.c. once every 2 weeks. FIG. 10C: i.v. once every
two weeks.

[0030] FIG. 11 is a graph showing the serum levels of
rHuEPO-F¢ and rtHuEPO after the intraveous injection of
5 pg/kg of tHuUEPO-Fc or rtHUEPO to Rhesus monkeys
(mean levels of 5 monkeys).

[0031] FIG. 12 is a sequence listing showing the nucleo-
tide sequence (corresponding to SEQ ID NO:11) and the
deduced amino-acid (aa) sequence (corresponding to SEQ
ID NO:12) of a wild type rHuEPO-FcC protein. The
sequence particulars are the same as shown in FIG. 1B
except that a native, wild type cysteine residue is present
at residue 172 of the mature fusion protein (i.e. the 67
amino acid of the hinge region).

[0032] FIG. 13 is a graph showing dose-dependent
increase of hemoglobin (Hb) levels in normal mice treated
with three times per week subcutaneous injection (s. ¢.) of
rHuEPO-Fc (the mutant fusion protein of the present inven-
tion), tHUEPO-FcC (the wild type fusion protein) and
rHuEPO. Each point represents the mean Hb level of the
group (8). Normal control were normal mice with injection
of carrier solution. Day O levels represent the Hb levels
before treatment.

[0033] FIG. 14 is a graph showing dose-dependent
increase of hemoglobin (Hb) levels in normal mice treated
with once per week subcutaneous injection (s. c¢.) of
rHuEPO-Fc¢, tHUEPO-FcC and tHuEPO. Each point repre-
sents the mean Hb level of the group (8). Normal control
were normal mice with injection of carrier solution. Day 0
levels represent the Hb levels before treatment.

DETAILED DESCRIPTION OF THE INVENTION

[0034] Throughout the following description specific
details are set forth in order to provide a more thorough
understanding of the invention. However, the invention
may be practiced without these particulars. In other
instances, well known elements have not been shown or
described in detail to avoid unnecessarily obscuring the pre-
sent invention. Accordingly, the specification and drawings
are to be regarded in an illustrative, rather than a restrictive
sense.

[0035] This application relates to a novel fusion protein
having erythropoietic properties. The fusion protein,
referred to herein as rtHUEPO-Fc, comprises a human ery-
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thropoietin (EPO) molecule recombinantly linked to an
immunoglobulin Fc fragment. As discussed further below,
the fusion protein may be in the form of a dimer consisting
of two identical polypeptide subunits. In the embodiment
shown schematically in FIG. 1A, each polypeptide subunit,
from the N-terminal to C-terminal, consists of the polypep-
tide sequence of the human EPO molecule and the polypep-
tide sequence of the hinge region, CH2 domain and CH3
domain of the Fc fragment of human immunoglobulin
IgG1. The two polypeptide subunits are connected together
by disulfide bonds between the respective hinge regions to
form the dimer structure. The dimer thus has the same gen-
eral shape as an [gG molecule and exhibits better stability
than free EPO molecules as discussed in the examples
below.

[0036] As will be apparent to a person skilled in the art,
the hinge region of an intact immunoglobulin provides the
protein sufficient flexibility for effective antigen-antibody
binding. Similarly, in the present invention the hinge region
is included in the design of the rtHuEPO-Fc fusion protein to
maintain its flexibility, especially when the fusion protein is
in the dimer form. As described below, this allows the nor-
mal binding of the EPO portion of the tHuEPO-Fc¢ fusion
protein to EPO receptors to activate EPO biological func-
tions. It is believed that the dimer form of the rHuUEPO-FC
fusion protein, by providing two EPO molecules, is capable
of inducing the optimal activation of EPO receptors (for
example, by facilitating receptor cross-linking).

[0037] As demonstrated in the examples set forth below,
the rHuEPO-Fc fusion protein has been successfully synthe-
sized using recombinant DNA techniques. The fusion pro-
tein has been shown in mice, rat and primate studies to exhi-
bit a prolonged in vivo half-life and enhanced erythropoietic
properties in comparison to naturally occurring or recombi-
nant native human EPO. As used in this patent application,
the terms “native human erythropoietin” and “native human
EPO” mean EPO having an unmodified wild type structure.
As will be appreciated by a person skilled in the art, native
human EPO may be naturally occurring or recombinantly
produced (e.g. tHUEPO alpha). The term “native human
EPO” does not include rtHUEPO analogs, such as darbepoe-
tin alpha where the EPO structure has been significantly
modified, such as by hyperglycosylation.

[0038] The nucleic acid sequence of the rHuEPO-Fc
fusion protein of the present invention is shown in SEQ ID
NO: 1. The corresponding deduced amino acid sequence is
shown in SEQ ID NO:2. The complete rHuEPO-Fc fusion
protein is 399 amino acids in length. As shown in FIG. 1B,
the complete rtHuEPO-Fc fusion protein consists of the EPO
domain (166 amino acids, SEQ ID NO: 16), the hinge region
(16 amino acids, underlined, SEQ ID NO: 17) and the CH2
and CH3 domains (217 amino acids, SEQ ID NO:18). A
signal or leader peptide sequence consisting of 27 amino
acids (SEQ ID NO: 15) is also shown in FIG. 1B. The signal
peptide is cleaved during synthesis of rtHuEPO-Fc. The
nucleic and amino acid sequences of rHuEPO-Fc¢ including
the signal or leader peptide are shown in SEQ ID NO:3 and
SEQ ID NO:4, respectively.

[0039] As shown best in FIG. 1B and SEQ ID NO:2, the
EPO domain has a cysteine residue near the C-terminal
thereof at amino acid number 161. The hinge region
includes 2 cysteine residues, at amino acid numbers 178
and 181 which are boxed in FIG. 1B. The hinge region
cysteine residues form the disulphide bonds between the
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polypeptide subunits of the homodimer as discussed
above. The naturally occurring hinge region of a human
IgG1 fragment also has a cysteine at residue number 6 of
the hinge region portion (SEQ ID NO: 17) (measured from
the N-terminal). In the present invention, the cysteine resi-
due 6 of the hinge portion has been substituted by a non-
cysteine residue. In particular, in the embodiment of FIG.
1B and SEQ ID NO:2, the amino acid cysteine has been
substituted by glycine (at amino acid residue 172 of
rHuEPO-Fc, which corresponds to residue 6 of the hinge
region (SEQ ID NO: 17)). As will be apparent to a person
skilled in the art, other non-cysteine residues could also be
substituted for cysteine at this location to avoid formation of
a disulphide bond.

[0040] As a result of the amino acid substitution at residue
172, the first cysteine residue of the hinge region (at residue
178) is spaced 17 amino acids from the above-described
cysteine residue of the EPO domain (at residue 161). The
inventors believe that the minimum spacing between the
cysteine residue 161 of the EPO domain and the first
cysteine residue of the hinge region should be at least
12 amino acids to enable successful assembly and/or EPO
receptor binding of a homodimer of rtHuEPO-Fc. That is, if
residue 172 is a cysteine residue, an undesirable disulphide
bond may potentially be formed, such as between cysteine
residues 161 and 172. This may alter the three dimensional
structure of the EPO molecule, resulting in biological inac-
tivity or reduced biological activity.

[0041] In one embodiment of the invention, the EPO
domain is linked directly to the Fc fragment portion of the
fusion protein. By avoiding providing an external linker
peptide, the preferred three dimensional structure of the
rHuEPO-Fc fusion peptide is maintained and the risk of trig-
gering an undesirable immunogenic response is minimized.
The hinge region of the Fc fragment is preferably at least
9 amino acids in length and is preferably in the range of
about 10 - 20 amino acids in length.

EXAMPLES

[0042] The following examples will further illustrate the
invention in greater detail although it will be appreciated
that the invention is not limited to the specific examples.

1. Construction of the Recombinant Plasmid pCdEpo-
Fc Encoding the Fusion Protein of of HIEPO-F¢

[0043] The full length DNA molecule, which encodes the
amino-acid sequence of the polypeptide of tHuEPO-Fc, was
generated by overlapping PCR using the following oligo
primers (QIAGEN Inc., US):
[0044] EF5: 5’-ccggaattcgecaccatgggggtgcac-
gaatgtcctgect-37;
[0045] EF3: 5’-ttttecttttgeggecgcttatttacccggagacaggga-
gag-3’;
[0046] EFL5: 5’-aggcctgcaggacaggggacagagtigagee-
caaatctggtgaca-3’;
[0047] EFL3:
caactetgteccctgtectgeaggect-3°.
The sequences of the above-noted primers are listed in SEQ
ID NO:5 to SEQ ID NO:8, respectively.
[0048] EcoR I and Not I sites were introduced in EF5 and
EF3, respectively. For optimal expression of the HUEPO-Fc
protein in mammalian cells, the Kozak sequence (GCCAC-
CATGG), corresponding to SEQ ID NO: 13, was also intro-

5’-tgtcaccagattigggct-
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duced in EF5. EFL5 and EFL3 are complementary
sequences consisting of 3’-terminal DNA sequence of Epo
(23 bp) and 5’-terminal DNA sequence of IgGl hinge
(22bp).

[0049] First, an EPO DNA fragment of 0.6 kb was ampli-
fied by PCR (Platinum Taq DNA Polymerase High Fidelity)
with primers EF5 and EFL3 from plasmid p9E containing
the full length of human EPO cDNA, Fc fragment of 0.7 kb
with primers EF3 and EFLS from plasmid pD containing the
full length of human IgG1 cDNA sequence, respectively
(p9E and pD are from the inventors’ own lab). The two frag-
ments were then purified and mixed in equal amount. Using
the mix as template, the full length rtHuEPO-Fc DNA of
1.3 kb was amplified by primers EF5 and EF3. The purified
1.3 kb fragment was digested by EocR I and Not I (New
England Biolab Inc. US) and then cloned into EcoR I/Not
I-digested mammalian expression vector pCD1 (FIG. 2).
The resulting recombinant vector was named pCdEpo-Fc
and the inserted nucleic-acid sequence encoding the
amino-acid sequence of the HuEPO-Fc¢ protein was con-
firmed by DNA sequencing.

2. Establishment of rHuEPO-F¢ Expression Cell Line

[0050] Chinese hamster ovary cell with dihydrofolate
reductase (dhfr) deficiency (CHO/dhfr-, ATCC No.CRL-
9096), which has been approved by FDA for biological sub-
stance production, was used as the host cell for tHuEPO-F¢
expression.

[0051] The CHO-dhfr- cells were transfected with the
recombinant vector pCdEpo-F¢ using Lipofectamine
(Gibceo, Cat.No: 18292-037, USA). The supernatants from
the culture of selected clones were assayed by ELISA
(Roche, Cat.No: 1-693 417, Canada) for EPO activity. Posi-
tive clones were further screened under increasing Metho-
trexate( MTX) pressures. One cell line with highest
rHuEPO-Fc protein expression was selected as the
rHuEPO-Fc-expressing CHO cell-line, and gradually
adapted to serum-free media (CD CHO Medium, Gibco,
Cat. No: 10743-029, USA). This rtHuEPO-Fc-expressing
CHO cell-line was used for the production of tHuEPO-Fc¢
protein.

3. Purification of tHuEPO-Fc¢ Protein

[0052] rHuEPO-Fc protein molecules contained in the
supernatants collected from the serum-free media culturing
the rtHUEPO-Fc¢- expressing CHO cells were isolated at first
by Protein A affinity chromatography (Amersham, Cat.No:
17-0402-01, Canada). The isolated proteins were further
purified by gel filtration in Hil.oad 16/60 Superdex 200 pg
column (Amersham, Cat.No: 17-1069-01, Canada). The
purity of the rHuEPO-Fc protein was more than 98% as
determined by electrophoresis.

4. Determination of the Sizes of the Pure rtHuEPO-F¢
Protein

[0053] First, SDS-PAGE was carried out to determine the
sizes of the pure rHUEPO-Fc¢ protein. As shown in FIG. 3, a
single band with molecular weight of about 180 kDa was
seen on 8% Bis-Tris gel in the non-reduced condition,
which measured the overall size of the protein with the exis-
tence of disulfide bonds. This indicated that most tHuEPO-
Fc protein molecules were produced as the dimeric form, as
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expected from the design of the fusion protein. When SDS-
PAGE analysis was conducted in the reducing condition
(100 mM dithiothreitol, DTT) to break the disulfide bonds,
only the band with molecular weight of 75 kDa was identi-
fied, consistent with the estimated molecular weight of sin-
gle polypeptide chain of HUEPO-hinge region-CH2-CH3.
[0054] The accurate molecular weight of the pure
rHuEPO-Fc¢ fusion protein with glycosylation, determine
by Mass Spectrum (MALDI-TOF-MS), was 111099 daltons
(111.1 kDa). In this assay, only a single peak of protein was
observed, indicating the purified rtHuEPO-Fc¢ protein was
nearly 100% pure. The 15 amino acids of the N-terminal
of the pure rHuEPO-Fc protein was determined by protein
sequence analysis as: APPRLICDSRVLERY (correspond-
ing to SEQ ID NO:14). This was consistent with the
sequence of the first 15 amino acids of the native human
EPO polypeptide, and confirms that the purified rHUEPO-
Fc protein does have the right and complete EPO molecule
sequence as predicted by the DNA sequence encoding the
amino-acid sequences of the rHuEPO-Fc¢ fusion protein.

5. Enhanced Erythropoietic Activities of rtHuEPO-F¢
in Normal Mice

[0055] In vivo experiments in mice were conducted to
confirm the retaining of the erythropoietic activity of the
rHuEPO-Fc protein and determine its efficacy compared to
rHuEPO and darbepoetin-alpha. For comparison purpose,
all the doses of three EPOs used in the described animal
experiments of the invention: our rHuEPO-Fc, rHuEPO
(i.e. native human EPO) and darbepoetin-alpha, were the
amounts of EPO molecule portion alone based on the
molar basis. In respect to rHuUEPO-Fc protein, the EPO por-
tion contributes to 41.4% of the total rtHuEPO-Fc molecular
weight as calculated by the ratio of the weight of amino
acids of EPO in the weight of the total amino acids of the
whole tHUEPO-Fc molecule (166 aa among 399 aa). The
EPO amount for tHuEPO-Fc¢ was then decided as 41.4%
of the total amount of the rHuEPO-Fc protein.

[0056] rHuEPO-Fc (stock concentration: 0.5 mg/ml, pur-
ity of 98.6%) and native human rHuEPO (i.e. with natural
human EPO structure) (6000 IU/0.5 ml, manufactured by
Kirin Brewery Co., Japan) were diluted in carrier solution
(2.5 mg/ml of human serum albumin, 5.8 mg/ml of sodium
citrate, 0.06 mg/ml of citric acid and 5.8 mg/ml of sodium
chloride, pH 5.5-5.6). The dose of rHUEPO in amount was
calculated according to its activity/amount ration. BALB/c
mice (6- to 8-week old, weighing 18-22 g, equal numbers of
male and female, purchased from Experiment Animal Cen-
ter, AMMS, China) were grouped randomly with 6 in each
group. Each group of mice was treated with one combina-
tion of one dose (0.1, 0.5, 2.5,12.5, 62.5 pg/kg), one injec-
tion route (i.v. through the tail vein or s. ¢.) and one injection
schedule (three times per week or once per week). The con-
trol group of mice was injected with the equal volume of
carrier solution. The treatment lasted for 3 weeks and the
total observation times were 5 weeks. Peripheral blood sam-
ples (tail vein) for measurement were taken before treat-
ment, on the 4% day and 7% day of every week for
5 weeks. Hb was measured as the index by absorptiometry.
Mean+SD was calculated from the data of each group and t
test was conducted among different groups.

[0057] The administration of EPO three times per week to
mice, provided that the EPOs have normal erythropoietic
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activity, would induce saturated stimulation of erythropoi-
esis. As shown in FIG. 4, both groups treated with 3 times
per week s.c. had significant elevation of Hb levels even at
the dose of 2.5 pg/kg. This experiment demonstrated that
rHuEPO-Fc¢ exhibited an in vivo erythropoietic activity as
effective as THUEPO. The elevation of Hb levels in the trea-
ted group was dose-dependent. However, saturated eleva-
tion of the Hb levels was induced in mice at the dose of
12.5 pg/kg of tHuEPO-Fc, whereas the similar saturated
elevation of the Hb levels was only achieved at the dose of
62.5 pg/kg of rtHUEPO. The elevation of Hb levels induced
by 2.5 pg/kg of rtHuEPO-Fc was also greater than that by
2.5 ug/kg of rtHUEPO. These results suggested more potent
erythropoietic stimulation by tHuEPO-Fc¢ than rHuEPO.
[0058] The erythropoietic potency of rHuEPO-Fc was
further explored by reducing the injection times to once
per week subcutaneously. As shown in FIG. §, the
rHuEPO-Fc-treated groups showed dose-dependent eleva-
tion of Hb levels at the doses of 12.5, or 62.5 pg/kg. Both
doses of 12.5 and 62.5 pg/kg of rHuEPO also induced the
elevation of Hb levels to the similar extent, which was much
lower than that by 62.5 ng/kg of rtHuEPO-Fc. This strongly
indicates that rHuEPO-Fc¢ has enhanced erythropoietic
activity in vivo. It is presumably due to either the prolonged
half-life of the rHuEPO-Fc in vivo or improved EPO recep-
tor binding/activation by the dimer EPO molecules in the
rHuEPO-Fc protein, or by the combined effects of both.
[0059] When the same doses (12.5 ng/kg) of tHuEPO-F¢
or THUEPO were administrated intravenously either three
times per week or once per week, elevation of the Hb levels
was observed for all the treated groups (FIG. 6). However,
1.v. administration once per week of rHuEPO-Fc¢ induced
greater, more persistent elevation of the Hb levels, which
continued longer after the treatment was over. This data pro-
vides further support for the enhanced erythropoietic prop-
erties of the rHuEPO-Fc protein in comparison with
rHuEPO having the structure of naturally occurring EPO
protein.

6. Enhanced Erythropoietic Activities of tHuEPO-F¢
in 5/6 Nephrectomized Rats

[0060] Experiments in normal mice proved the enhanced
erythropoietic activities of tHuEPO-Fc¢ in vivo. To further
observe the efficacy of rHuEPO-Fc in stimulating erythro-
poiesis, pharmacodynamic studies were conducted in rats
with experimental renal anemia that was made by 5/6
nephrectomy. The efficacy of rHUEPO-Fc was compared
with those of rHUEPO and darbepoetin-alpha (60 pg/ml,
lot. No. NO79, manufactured by Kirin Brewery Co., Japan).
[0061] Wistar rats (male and female in equal number,
weighing 160-180 g, purchased from Vitalriver Experiment
Animal Inc., Beijing, China. Licence No. SCXK11-00-
0008) were used in this invention to create the anemia
model due to the renal functional failure by a two-step
nephrectomy [27]. 5/6 nephrectomy was done to rats with
general anesthesia by two separate operations under sterile
condition. After 5/6 of the left kidney was resected, the rats
were allowed to recover for twenty days. The right kidney
was then resected carefully. Antibiotics were administrated
to prevent infection after each operation. In total 5/6 of the
kidney tissue was finally resected. The nephrectomized rats
gradually developed renal function dissufficiency and ane-
mia. The rats entered stable status of anemia 50 days after
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nephrectomy, and were then randomly grouped (9/group) to
start the administration of the EPOs. Each group of rats was
treated with one combination of one dose (2.5, 12.5,
62.5 pg/kg), one injection route (i.v. through the tail vein
or s. ¢.) and one injection schedule (once per week or once
every 2 weeks). The control group and model group of rats
were injected with the equal volume of carrier solution. The
treatment lasted for 4 weeks and the total observation times
were 6 weeks.

[0062] All doses (2.5, 12.5, 62.5 ug/kg) of rHuEPO-Fc,
administered subcutaneously once per week, induced dose-
dependent elevation of the Hb levels comparing to the
model control group that did not receive EPO treatment.
Both 12.5 and 62.5 pg/kg of tHuEPO or darbepoetin, admi-
nistered subcutaneously once per week also induced eleva-
tion of Hb levels. The increased levels of Hb in both groups
treated with 12.5 or 62.5 pg/kg of tHUEPO-Fc were signifi-
cantly higher than those in groups treated with 12.5 or
62.5 pg/kg of tHuEPO respectively. The Hb levels in
62.5 pg/kg of rtHUEPO-Fc -treated groups were also slightly
higher than that in 62.5 pg/kg of darbepoetin-treated group.
After stopping treatment, the decrease of Hb levels in
62.5 ng/kg of rtHuEPO-Fe-treated group was much slower
and the Hb levels remained higher than those of both normal
control and model control groups until the end of observa-
tion (two weeks after treatment), indicating a stronger and/
or a prolonged erythopoietic stimulation (summarized in
FIG. 7).

[0063] For the treatment of subcutaneous injection once
every two weeks, only 12.5 or 62.5 pg/kg of the three
EPOs were administered (FIG. 8). 12.5 pg/kg of tHuEPO
barely increased Hb levels compared to the model control
group, and the weak erythropoietic response in the 62.5 pg/
kg of tHuEPO treated group failed to bring the Hb levels to
normal in comparison with the normal control group. Treat-
ments of either tHUEPO-Fc¢ or darbepoetin at the doses of
12.5 or 62.5 ng/kg induced significant elevation of Hb levels
that was higher than that of the normal control group, indi-
cating the effective correction of anemia status by both
rHuEPO-Fc¢ and darbepoetin. No significant differences
were observed between same doses of tTHuEPO-Fc and dar-
bepoetin in terms of efficacy. The high dose of 62.5 ug/kg
resulted in the persistent increase of erythropoiesis until the
termination of the observation (two weeks post treatment).
This further suggested that rtHuEPO-Fc¢ and darbepoetin
exhibit the property of long-lasting stimulation of erythro-
poiesis in vivo, which in turn could be transferred to the
reduction of administration frequencies to patients
clinically.

[0064] While darbepoetin has been approved for clinical
application with less-frequent injections to increase the
patient compliance and reduce the work burden of health
care providers, these experimental data strongly indicate
that tHuEPO-Fc disclosed in the current invention has at
least the similar potential benefits. As discussed above, dar-
bepoetin, as a mutant analog of the human EPO molecule
containing additional sugar compounds (increased glycosy-
lation), may have an increased risk of inducing immunogen-
esis in vivo due to the altered three dimensional structures.
Only long-term observation of patients undergoing treat-
ment with darbepoetin will give a decisive answer to the
immunogenic risks of darbepoetin. In contrast, rHUEPO-
Fc, without the modification of the EPO molecule portion,
has a carbohydrate content identical or closely similar to that
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of native human EPO. The amounts of sialic acids in the
inventors” pure rHuEPO-Fc protein were around
10.0 mmol/mmol EPO, consistent with the reported para-
meters of rHuEPO. The Fc part of rHuEPO-Fc, with no
external amino acid(s)/linking peptide, represents the gen-
eral structure of human IgGl, and theoretically would not
lead to an immunogenic response. If approved clinically,
rHuEPO-Fc¢ may provide a better choice for patients than
currently available tHUEPO and EPO analogs, especially
those who need long-term administration.

[0065] Once injected intravenously once every two weeks,
both rHuEPO-Fc¢ and darbepoetin (62.5 ug/kg) were able to
induce identical increases of Hb levels in the rats with renal
anemia far above the normal Hb levels in the normal control
rats (FIG. 9). This further demonstrates the persistent stimu-
lation of erythropoiesis by rHuEPO-Fc, as darbepoetin’s
efficacy has been clinically proven.

[0066] Data derived from cell culturing experiments of
bone marrow cells collected from the 5/6 nephrectomized
rats after treatments (once per week or per two weeks, s.c.
or 1.v.) showed that tHUEPO-Fc, tHuEPO and darbepoetin
all stimulated the formation of CFU-E and BFU-E. The
potencies of rHuEPO-Fc and darbepoetin were similar and
stronger than that of tHuEPO (FIG. 10).

[0067] Blood urinonitrogen (BUN) and Crea levels were
similar in the treated groups and model control group. The
levels of serum Fe in all the treated groups were higher that
that of the model control group. Pathological examinations
observed the increase distribution of red blood cell (RBC)-
related cells in bone marrow and spleen of all EPO-treated
rats.

7. Pharmacokinetic Studies of rHUEPO-Fc¢ in Rhesus
Monkeys

[0068] As discussed above, the inventors have designed
rHuEPO-Fc in such way that the EPO portion of the fusion
protein retains the functional properties of natural EPO,
such as stimulating erythropoiesis, and the Fc fragment of
human IgG1 allows the stable existence of the fusion protein
in circulation, thus extending its half-life in vivo. The above
animal studies have demonstrated the erythropoietic activ-
ities of rHuEPO-Fc¢ are enhanced in comparison with
rHuEPO. The inventors have also conducted pharmacoki-
netic studies to determine the in vivo half-life of tHuEPO-
Fc in comparison to that of rHuEPO. Primates were used to
generate data as they are biologically very similar to human
beings.

[0069] Study design was based on literature reports and
the experiments were conducted according to the general
guidelines of pharmacokinetics. Two groups of Rhesus
monkeys with 5 monkeys in each group (3-5 kg, purchased
from the Experiment Animal Center, AMMS, China) were
injected intravenously with 5 pg/kg of rHuEPO-Fc¢ or
rHuEPO, respectively. Blood samples were taken before
and at 0.017, 0.167, 0.5, 1, 2, 4, 8, 12, 24, 48, 96, 168,
240 h after injection. Sera were collected by centrifugation
and the serum rHuEPO-Fc¢ or tHuEPO levels were deter-
mined by using human erythropoietin enzyme-linked immu-
nosorbent assay (ELISA) kits (purchased from R&D Sys-
tems, Minneapolis, MN). The average half-life (t/2) of
rHuEPO-Fc and rHuEPO injected intravenously was 35.24
+/-5.15 h and 8.72+/-1.69 h respectively (summarized in
FIG. 11).
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[0070] To observe the bioavailability of tHuEPO-Fc, 5 ug/
kg of tHuEPO-Fc¢ was injected subcutaneously to 5 Rhesus
monkeys. Blood samples were taken before and 1, 2, 5, 8,
10, 12, 15, 24, 48, 72, 96, 168, 240 h after the injection, and
the serum levels of rtHUEPO-Fc were determined by the
R&D kits. The bioavailability index was calculated as
35.71+/- 5.37% with the subcutaneous injection. This is
identical to the reported bioavailability figures of darbepoe-
tin-alpha (ARANESP™) in patients with chronic renal fail-
ure [9, 15] .

[0071] This data demonstrates that tHuEPO-Fc has a sig-
nificantly prolonged half-life in primates, and the in vivo
half-life of rtHuEPO-Fc is at least four fold longer than that
of tHuEPO manufactured by Kirin Beer Brewing Co. of
Japan. The prolonged half-life in vivo likely contributes to
the enhanced erythropoietic activity of rHuEPO-Fc.

8. Immunogenicity of tHuEPO-Fc¢ in Macaca
Fascicularis

[0072] As indicated above, attention was given in the
design of rHUEPO-Fc fusion protein to intentionally avoid
or minimize the changes of the immunogenic properties of
the rHuEPO-Fc fusion protein. The inventors avoided
including/adding any external amino acid(s) or linking pep-
tide sequences in the fusion protein. The invented HuEPO-
Fe¢ fusion protein of the embodiment of FIG. 1B only con-
tains the polypeptide sequences of the natural EPO protein
and the Fc fragment (hinge region, CH2, CH3) of human
IgG1, and would theoretically not induce an immunogenic
response and the production of antibodies against rHuEPO-
Fc protein. As will be appreciated by a person skilled in the
art, other embodiments having alternative structures are also
encompassed by the present invention.

[0073] The following primate studies were conducted to
observe the immunogenicity of tHuEPO-Fc¢ protein. Ten
crab-eating macaque (Macaca jascicularis)(male/female=5/
5, ~ 5 years old, average weight of male 4.0+0.3 kg, female
is 2.940.4 kg, purchased from Laboratory Animal Center,
AMMS, China) were injected subcutaneously with 5 pg/kg
of purified rtHuEPO-Fc¢ 3 times per week for 4 weeks, and
two were injected with equal volume of carrier solution as
the control animals. Sera were collected once a week for
5 weeks (1 week post-treatment) and tested for the specific
antibodies against tHuEPO-Fc by ELISA using the purified
rHuEPO-Fc (5 pg/ml) as the coating antigen. In addition,
RBC count and Hb levels in the peripheral blood were also
determined within the experimental period. The resultant
data shows that, while the stimulated erythropoiesis
enhancement in the rHuEPO-Fc-treated macaques was
observed (the mean RBC numbers increased from
4.74x10%ml to 6.67x10°/ml and the mean Hb levels from
12.2 g/dl to 13.7 g/dl), tHUEPO-Fc failed to induce detect-
able specific antibodies against the fusion protein. These
results indicate that rHuEPO-Fc fusion protein does not
cause immunogenicity in primates.

9. Acute Toxicity Studies of rHUEPO-Fc in Normal
Mice

[0074] To assess the safety of rtHuEPO-Fc fusion protein,
acute toxic studies were conducted in animals.

[0075] Two groups of BALB/c mice (n=20, equal num-
bers of male and female, 5-6 weeks old, the average weight
of female is 15.840.4 g, male is 15.94+0.6 g, purchased from
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Chinese Academy of Medicine, China) were injected intra-
venously once with excessive amount of purified rHuEPO-
Fc (male=13.3 mg/kg, female=13.2 mg/kg) or equal volume
of the carrier solution via their tail veins respectively. In
addition to observing the instant reaction following injec-
tion, general behavior and status, activities, eating and defe-
cation patterns and changes were monitored and recorded
daily for 14 days. All mice were also weighed at day 7 and
day 14. At day 15 post-injection, the anatomic examination
of the main organs of the mice were conducted. Pathologic
examination would be conducted if any unusual changes or
suspicious changes of the organs were observed.

[0076] All mice in the 2 groups had no obvious instant
reaction following injection. Within the period of 14 days,
no obvious changes of behavior, activities, eating and defe-
cation patterns were observed. Moreover, the weight of the
mice in both groups increased steadily during the testing
period, and no apparent differences were found between
the 2 groups on day 7 or day 14 post injection. No abnormal
or pathologic changes were detected in the tissues of brain,
lung, heart, liver and kidney. These results indicate that
administration of excessive amount of rHuEPO-Fc¢, far
more than required for exhibiting the normal erythropoiesis
function, is safe and had no apparent toxic effects.

10. Comparison of Wild Type and Mutated EPO
Fusion Proteins

[0077] Investigations were also conducted to compare
wild type and mutated versions of EPO proteins. As
described above, in one embodiment the invention includes
a single amino acid mutation at amino acid residue 172
(C172G). For comparison purposes, a wild type fusion pro-
tein was also prepared having a cysteine amino acid at resi-
due 172 (FIG. 12). The wild type fusion protein was pre-
pared in the same manner as Examples 1-3 above. With
respect to the construction of the recombinant plasmid, the
following oligo primers (QIAGEN Inc., US) were used (the
altered amino acids in EFL5w and EFL3w in comparison to
the primers of Example 1 are bolded):
[0078] EF5: 5’-ccggaattegecaccatgggggtgcac-
gaatgtectgecet-37;
[0079] EF3: 5 -ttttecttttgeggeegcttatttacceggagacaggga-
gag-3’;
[0080] EFL5w: 5’-aggcctgcaggacaggggacagagtigagee-
caaatcttgtgaca-3’;
[0081] EFL3w:
caactetgteceetgtectgeaggeet-3°.
The sequences of primers EFL5w and EFL3w are listed in
SEQ ID NO:9 and SEQ ID NO:10, respectively. The
sequences of primers EF5 and EF3 are listed in SEQ ID
NO:5 and SEQ ID NO:6, respectively.
[0082] In vivo experiments in mice were conducted to
compare the erythropoietic activity of the wild type fusion
protein (herein referred to as rHuEPO-FcC) with the
mutated fusion protein (i.e. the rHuEPO-Fc protein of the
present invention described above) and with recombinant
human EPO (rHuEPO). For comparison purpose, all the
doses of the three proteins used in this example, namely
rHuEPO-Fc¢, tHuUEPO-FcC and rtHuEPO, were the amounts
of the EPO molecule portion alone on a molar basis. In
respect to the rtHuEPO-F¢ and rHuEPO-FcC proteins, the
EPO portion contributes to 41.4% of the total molecular

5’-tgtcacaagatttggget-
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weight as calculated by the ratio of the weight of amino
acids of EPO to the weight of the total amino acids of the
whole rtHuEPO-Fc and tHuEPO-FcC molecules (i.e. 166 aa
among 399 aa).

[0083] rHuEPO-Fc (stock concentration: 300 pg/ml),
rHuEPO-FcC (stock concentration: 90 pg/ml) and rtHuEPO
with the natural human EPO structure (6000IU/0.5ml, man-
ufactured by Kirin Brewery Co., Japan) were diluted in car-
rier solution (2.5 mg/ml of human serum albumin, 5.8 mg/
ml of sodium citrate, 0.06 mg/ml of citric acid and 5.8 mg/
ml of sodium chloride, pH 5.5-5.6). The dose of tHUEPO in
amount was calculated according to its activity/amount
ratio. BALB/c mice (9- to 10-week old, weighing 18-22 g,
equal numbers of male and female, purchased from Experi-
ment Animal Center, AMMS, China) were grouped ran-
domly with 8 in each group. Each group of mice was treated
with one combination of one dose (2.5, 12.5, 62.5 pg/kg),
one injection route (s. ¢.) and one injection schedule (three
times per week or once per week). The control group of
mice was injected with the equal volume of carrier solution.
The treatment lasted for 26 days. Peripheral blood samples
(tail vein) for measurement were taken before treatment, on
the 2nd_ Gth Qth 13h 16tk 197 22nd and 267 days of treat-
ment. Hb was measured as the index by absorptiometry.
Mean+SD was calculated from the data of each group and
t test was conducted among different groups.

[0084] As shown in FIG. 13, administration of all three
EPO proteins at intervals of three times per week stimulated
erythropoiesis. At either the dose of 2.5 pg/kgor 12.5 pg/kg,
rHuEPO-Fc¢ induced higher elevation of Hb levels than
rHuEPO. The highest elevation of Hb levels was achieved
by the 12.5 pg/kg dose of tHuEPO-Fc. Both the 2.5 pg/kg
and 12.5 pg/kg doses of rHuEPO-FcC induced much
weaker erythropoiesis than equivalent doses of rHuUEPO
and rHuEPO-Fc as indicated by the significant lower eleva-
tion of Hb levels in the rHUEPO-FcC-treated groups. In fact,
12.5 pg/kg of tHUEPO-FcC induced lower elevation of Hb
levels than 2.5 pg/kg of tHUEPO. These results suggest that
rHuEPO-FcC has impaired erythropoietic activity in vivo in
comparison to tHUEPO having the natural EPO molecular
sequence. By contrast, the tHuEPO-Fc fusion protein of the
present invention exhibited more potent erythropietic func-
tions. The administration of the three EPO proteins at inter-
vals of three times per week largely excluded the impact of
differences in the half-life of the proteins.

[0085] The erythropoietic potency of rHuEPO-Fc¢ and
rHuEPO-FcC was further evaluated by reducing the injec-
tion times to once per week subcutaneously. As shown in
FIG. 14, the tHuEPO-Fc-treated groups showed higher ele-
vation of Hb levels than rHuEPO-treated ones at the doses
of 12.5 pg/kg or 62.5 uglkg In contrast, rHuUEPO-FcC
induced much weaker elevation of Hb levels than that
induced by rHuEPO. For example, 12.5 pgkg of rtHuEPO
induced higher elevation of Hb levels than that induced by
62.5 pg/kg of tHUEPO-FcC at most time points. This further
indicates that by reducing the administration times to
include the effects of half-life, tHuEPO-FcC exhibits much
weaker erythropoietic functions in vivo in comparison to
rHuEPO having the natural EPO molecular sequence and
in comparison to the rtHuEPO-Fc¢ fusion protein of the pre-
sent invention.
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[0086] In summary, these results demonstrate that
rHuEPO-FcC, formed by the fusion of natural molecular
sequences of both human EPO and human Fc fragment
(hinge, CH2 and CH3), exhibits much weaker erythropoietic
functions in vivo in comparison to the rHuEPO having the
natural EPO molecular sequence. In particular, the erythro-
poietic activities of the tHUEPO-FcC fusion protein are less
than 5/6 of those of natural EPO molecule. This indicates
that the fusion between EPO molecule and the natural
sequence of human Fc¢ fragment impairs the functional prop-
erties of the EPO molecule. By the single amino acid repla-
cement at the first cysteine residue in the hinge region of the
Fc fragment, the tHuUEPO-Fc¢ fusion protein of the present
invention comprising the natural EPO molecule sequence
and the mutant Fc fragment shows more potent erythropoie-
tic functions in vivo compared to the natural EPO molecule.
This data suggests that the first cysteine residue in the hinge
region of the wild type Fc fragment somehow interferes with
the EPO molecule, likely by causing structural changes to
the EPO molecule, and this in turn impairs the functional
properties of the EPO molecule in stimulating
erythropoiesis.

[0087] As will be apparent to those skilled in the art in the
light of the foregoing disclosure, many alterations and mod-
ifications are possible in the practice of this invention with-
out departing from the spirit or scope thereof.
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<160> NUMBER OF SEQ ID NOS: 18
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-continued

<210> SEQ ID NO 1

<211> LENGTH: 1200

<212> TYPE: DNA

<213> ORGANISM: Artificial Seguence

<220> FEATURE:

<223> OTHER INFORMATION: DNA encoding rHuEPO-Fc fusion protein

<400> SEQUENCE: 1

gccccaccac gcecctcatctg tgacagccga gtcecctggaga ggtacctett ggaggccaag 60
gaggccgaga atatcacgac gggctgtgct gaacactgca gcttgaatga gaatatcact 120
gtcccagaca ccaaagttaa tttctatgcc tggaagagga tggaggtcgg gcagcaggcc 180
gtagaagtct ggcagggcct ggccctgcectg tcggaagetg tcecectgcecgggg ccaggccctg 240
ttggtcaact cttcccagce gtgggagccce ctgcagctge atgtggataa agccgtcagt 300
ggccttcgeca gecctcaccac tctgecttcegg gectctgecgag cccagaagga agccatctcece 360
cctccagatg cggcctcage tgctccactc cgaacaatca ctgctgacac tttccgcaaa 420
ctcttceccgag tctactccaa tttcecctcececgg ggaaagctga agctgtacac aggggaggcc 480
tgcaggacag gggacagagt tgagcccaaa tctggtgaca aaactagtac atgcccaccg 540
tgcccagecac ctgaactcct ggggggaccg tcagtcttce tcettccccce aaaacccaag 600
gacaccctca tgatctccecqg gacccctgag gtcacatgecg tggtggtgga cgtgagccac 660
gaagaccctg aggtcaagtt caactggtac gtggacggcg tggaggtgca taatgccaag 720
acaaagccgc gggaggagca gtacaacagc acgtaccgtg tggtcagegt cctcaccgte 780
ctgcaccagg actggctgaa tggcaaggag tacaagtgca aggtctccaa caaagccctce 840
ccagccccecca tcgagaaaac catctccaaa gccaaagggc agccccgaga accacaggtg 300
tacaccctge ccccatccececqg ggatgagetg accaagaacc aggtcagecct gacctgcectg 360
gtcaaaggct tctatcccag cgacatcgcc gtggagtggg agagcaatgg gcagccggag 1020
aacaactaca agaccacgcc tcccgtgetg gactccgacg gccccttett cctctacage 1080
aagctcaccg tggacaagag caggtggcag caggggaacg tcttctcatg ctccgtgatg 1140
catgaggctc tgcacaacca ctacacgcag aagagcctct ccctgtctcc gggtaaataa 1200

<210> SEQ ID NO 2

<211> LENGTH: 399

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: amino acid sequence of rHuEPO-Fc fusion
protein

<400> SEQUENCE: 2

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

Leu Glu Ala 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
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-continued

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
65 70 75 80

Leu Val Asn Ser Ser Gln Pro Trp Glu Pro Leu Gln Leu His Val Asp
85 90 95

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

Arg 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

Cys Arg Thr Gly Asp Arg Val Glu Pro Lys Ser Gly Asp Lys Thr Ser
165 170 175

Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser Val
180 185 190

Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr
195 200 205

Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu
210 215 220

Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys
225 230 235 240

Thr Lys Pro Arg Glu Glu Gln Tyr Asn Ser Thr Tyr Arg Val Val Ser
245 250 255

Val Leu Thr Val Leu His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys
260 265 270

Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr Ile
2775 280 285

Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro
290 295 300

Pro Ser Arg Asp Glu Leu Thr Lys Asn Gln Val Ser Leu Thr Cys Leu
305 310 315 320

Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn
325 330 335

Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser
340 345 350

Asp Gly Pro Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg
355 360 365

Trp Gln Gln Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu
370 375 380

His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro Gly Lys
385 390 395

<210> SEQ ID NO 3
<211> LENGTH: 1281
<212> TYPE: DNA
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-continued

<213> ORGANISM: Artificial Seguence

<220> FEATURE:

<223> OTHER INFORMATION: DNA encoding rHuEPO-Fc fusion protein with
27 amino acid signal peptide

<400> SEQUENCE: 3

atgggggtgc acgaatgtcc tgcctggcetg tggcttctcee tgtceccctget gtcegcectcecect 60
ctgggcctcece cagtcctggg cgccccacca cgcectcatct gtgacageccg agtcctggag 120
aggtacctct tggaggccaa ggaggccgag aatatcacga cgggctgtgce tgaacactge 180
agcttgaatg agaatatcac tgtcccagac accaaagtta atttctatgc ctggaagagg 240
atggaggtcg ggcagcaggc cgtagaagtc tggcagggcc tggccctget gtcggaagcet 300
gtcctgecggg gccaggceccct gttggtcaac tecttcccage cgtgggagcce cctgcagetg 360
catgtggata aagccgtcag tggccttcecgce agcctcacca ctcectgcttcg ggctctgega 4290
gcccagaagg aagccatctc ccctccagat gcggcectcag ctgcectccact ccgaacaatce 480
actgctgaca ctttccgcaa actcttccga gtctactcca atttccteccg gggaaagcetg 540
aagctgtaca caggggaggc ctgcaggaca ggggacagag ttgagcccaa atctggtgac 600
aaaactagta catgcccacc gtgcccagca cctgaactcc tggggggacc gtcagtcttce 660
ctcttccecece caaaacccaa ggacaccctc atgatctccce ggacccctga ggtcacatge 720
gtggtggtgg acgtgagcca cgaagaccct gaggtcaagt tcaactggta cgtggacgge 780
gtggaggtgc ataatgccaa gacaaagccg cgggaggagc agtacaacag cacgtaccgt 840
gtggtcagcg tcctcaccgt cctgcaccag gactggctga atggcaagga gtacaagtge 300
aaggtctcca acaaagccct cccagccccce atcgagaaaa ccatctccaa agccaaaggg 360
cagccccgag aaccacaggt gtacaccctg cccccatcce gggatgagcet gaccaagaac 1020
caggtcagcc tgacctgcct ggtcaaaggce ttctatccca gcgacatege cgtggagtgg 1080
gagagcaatg ggcagccgga daacaactac aagaccacgc ctcccgtgcect ggactccgac 1140
ggccccttet tectctacag caagctcacce gtggacaaga gcaggtggca gcaggggaac 1200
gtcttctcat gctccgtgat gcatgaggct ctgcacaacc actacacgca gaagagcctce 1260
tcecectgtete cgggtaaata a 1281

<210> SEQ ID NO 4

<211> LENGTH: 426

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: amino acid sequence of rHuEPO-Fc fusion
protein with 27 amino acid signal peptide

<400> SEQUENCE: 4

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu
1 5 10 15

Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu
20 25 30
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-continued

Ile Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu
35 40 45

Ala Glu Asn Ile Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu
50 55 60

Asn Ile Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg
65 70 75 80

Met Glu Val Gly Gln Gln Ala Val Glu Val Trp Gln Gly Leu Ala Leu
85 90 95

Leu Ser Glu Ala Val Leu Arg Gly Gln Ala Leu Leu Val Asn Ser Ser
100 105 110

Gln Pro Trp Glu Pro Leu Gln Leu His Val Asp Lys Ala Val Ser Gly
115 120 125

Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Arg Ala Gln Lys Glu
130 135 140

Ala Ile Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr Ile
145 150 155 160

Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu
165 170 175

Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp
180 185 190

Arg Val Glu Pro Lys Ser Gly Asp Lys Thr Ser Thr Cys Pro Pro Cys
195 200 205

Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro
210 215 220

Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys
225 230 235 240

Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp
245 250 255

Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu
260 265 270

Glu Gln Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu
2775 280 285

His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn
290 295 300

Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly
305 310 315 320

Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu
325 330 335

Leu Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr
340 345 350

Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn
355 360 365

Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Pro Phe Phe
370 375 380

Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gln Gln Gly Asn
385 390 395 400
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Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr
405 410 415

Gln Lys Ser Leu Ser Leu Ser Pro Gly Lys
420 425

<210> SEQ ID NO 5

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: oligonucleotide primer

<400> SEQUENCE: 5

ccggaattcg ccaccatggg ggtgcacgaa tgtcctgect 40

<210> SEQ ID NO 6

<211> LENGTH: 42

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: oligonucleotide primer

<400> SEQUENCE: ©

ttttcecctttt gcggccgett atttacccgg agacagggag ag 42

<210> SEQ ID NO 7

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: oligonucleotide primer

<400> SEQUENCE: 7

aggcctgcag gacaggggac agagttgagc ccaaatctgg tgaca 45

<210> SEQ ID NO 8

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Artificial Seguence

<220> FEATURE:

<223> OTHER INFORMATION: oligonucleotide primer

<400> SEQUENCE: 8

tgtcaccaga tttgggctca actctgtccce ctgtcctgca ggect 45

<210> SEQ ID NO 9

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Artificial Seguence

<220> FEATURE:

<223> OTHER INFORMATION: oligonucleotide primer

<400> SEQUENCE: 9
aggcctgcag gacaggggac agagttgagc ccaaatcttg tgaca 45
<210> SEQ ID NO 10

<211> LENGTH: 45
<212> TYPE: DNA
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<213> ORGANISM: Artificial Seguence
<220> FEATURE:
<223> OTHER INFORMATION: oligonucleotide primer
<400> SEQUENCE: 10
tgtcacaaga tttgggctca actctgtccce ctgtcctgca ggect 45

<210> SEQ ID NO 11

<211> LENGTH: 1281

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc feature

<222> LOCATION: (1)..(1281)

<223> OTHER INFORMATION: DNA encoding wild type rHuUEPO-FcC protein

<400> SEQUENCE: 11

atgggggtgc acgaatgtcc tgcctggcetg tggcttctce tgtceccctget gtcegetcecct 60
ctgggcctcece cagtcctggg cgccccacca cgcectcatct gtgacagecg agtcctggag 120
aggtacctct tggaggccaa ggaggccgag aatatcacga cgggctgtgce tgaacactge 180
agcttgaatg agaatatcac tgtcccagac accaaagtta atttctatgc ctggaagagg 240
atggaggtcg ggcagcaggc cgtagaagtc tggcagggcc tggccctget gtcggaagcet 300
gtcctgecggg gccaggceccect gttggtcaac tecttcccage cgtgggagcce cctgcagetg 360
catgtggata aagccgtcag tggccttcecgce agcctcacca ctcectgcttcg ggctctgega 4290
gcccagaagg aagccatctc ccctccagat gcggcectcag ctgcectccact ccgaacaatce 480
actgctgaca ctttccgcaa actcttccga gtctactcca atttccteccg gggaaagcetg 540
aagctgtaca caggggaggc ctgcaggaca ggggacagag ttgagcccaa atcttgtgac 600
aaaactagta catgcccacc gtgcccagca cctgaactcc tggggggacc gtcagtcttce 660
ctcttccecece caaaacccaa ggacaccctce atgatctcce ggacccctga ggtcacatge 720
gtggtggtgg acgtgagcca cgaagaccct gaggtcaagt tcaactggta cgtggacgge 780
gtggaggtgc ataatgccaa gacaaagccg cgggaggagc agtacaacag cacgtaccgt 840
gtggtcagcg tcctcaccgt cctgcaccag gactggctga atggcaagga gtacaagtge 300
aaggtctcca acaaagccct cccagccccce atcgagaaaa ccatctccaa agccaaaggg 360
cagccccgag aaccacaggt gtacaccctg cccccatcce gggatgagect gaccaagaac 1020
caggtcagcc tgacctgcct ggtcaaaggc ttctatccca gcgacatcecge cgtggagtgg 1080
gagagcaatg ggcagccgga daacaactac aagaccacgc ctcccgtgcect ggactccgac 1140
ggccccttcet tectctacag caagctcacce gtggacaaga gcaggtggca gcaggggaac 1200
gtcttctcat gctccgtgat gcatgaggct ctgcacaacc actacacgca gaagagcctce 1260
tcecectgtete cgggtaaata a 1281

<210> SEQ ID NO 12

<211> LENGTH: 426

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens
<220> FEATURE:
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<221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (1).. (426
<223> OTHER INFORMATION: amino acid sequence of wild type rHuEPO-FcC
protein

<400> SEQUENCE: 12

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu
1 5 10 15

Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu
20 25 30

Ile Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu
35 40 45

Ala Glu Asn Ile Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu
50 55 60

Asn Ile Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg
65 70 75 80

Met Glu Val Gly Gln Gln Ala Val Glu Val Trp Gln Gly Leu Ala Leu
85 90 95

Leu Ser Glu Ala Val Leu Arg Gly Gln Ala Leu Leu Val Asn Ser Ser
100 105 110

Gln Pro Trp Glu Pro Leu Gln Leu His Val Asp Lys Ala Val Ser Gly
115 120 125

Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Arg Ala Gln Lys Glu
130 135 140

Ala Ile Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr Ile
145 150 155 160

Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu
165 170 175

Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp
180 185 130

Arg Val Glu Pro Lys Ser Cys Asp Lys Thr Ser Thr Cys Pro Pro Cys
195 200 205

Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro
210 215 220

Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys
225 230 235 240

Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp
245 250 255

Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu
260 265 270

Glu Gln Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu
2775 280 285

His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn
290 295 300

Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly
305 310 315 320

Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu
325 330 335
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Leu Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr
340 345 350

Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn
355 360 365

Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Pro Phe Phe
370 375 380

Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gln Gln Gly Asn
385 390 395 400

Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr
405 410 415

Gln Lys Ser Leu Ser Leu Ser Pro Gly Lys
420 425

<210> SEQ ID NO 13

<211> LENGTH: 10

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Kozak sequence

<400> SEQUENCE: 13

gccaccatgg 10

<210> SEQ ID NO 14

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: amino acid sequence of N terminal end of
rHUEPO-Fc fusion protein

<400> SEQUENCE: 14

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

<210> SEQ ID NO 15

<211> LENGTH: 27

<212> TYPE: PRT

<213> ORGANISM: Artificial Seguence
<220> FEATURE:

<223> OTHER INFORMATION: Signal peptide

<400> SEQUENCE: 15

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu
1 5 10 15

Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly
20 25

<210> SEQ ID NO 16

<211> LENGTH: 166

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 16
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Ala Pro Pro Arg Leu Ile Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu
1 5 10 15

Leu Glu Ala 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
65 70 75 80

Leu Val Asn Ser Ser Gln Pro Trp Glu Pro Leu Gln Leu His Val Asp
85 90 95

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

Arg 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

Cys Arg Thr Gly Asp Arg
165

<210> SEQ ID NO 17

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Seguence

<220> FEATURE:

<223> OTHER INFORMATION: Mutated hinge region

<400> SEQUENCE: 17
Val Glu Pro Lys Ser Gly Asp Lys Thr Ser Thr Cys Pro Pro Cys Pro

1 5 10 15

<210> SEQ ID NO 18

<211> LENGTH: 217

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 18

Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys

Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val

20 25 30

Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr
35 40 45

Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu
50 55 60

Gln Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His
65 70 75 80
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Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys
85 90 95

Ala Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln
100 105 110

Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu
115 120 125

Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro
130 135 140

Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn
145 150 155 160

Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Pro Phe Phe Leu
165 170 175

Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gln Gln Gly Asn Val
180 185 190

Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gln
195 200 205

Lys Ser Leu Ser Leu Ser Pro Gly Lys
210 215

1. A recombinant fusion protein comprising a human ery-
thropoietin molecule directly linked to a human IgG Fe frag-
ment, wherein said fusion protein has a prolonged half-life in
vivo in comparison to naturally occurring or recombinant
native human erythropoietin.

2-48. (canceled)
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