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Background [ 0003] Human erythropoietin (EPO, a nenber
of the haematopoietic growh factor famly, is

QYAL §§i gimnainly in the adult kidney and fetal I|iver
' o tissue hypoxia due to decreased bl ood
oxygen availability [I]. The principal function of EPO
is to act directly on certain red blood cell (RBQC

DU ot o ThiceyRE 1S58 4 Esmn R CaFRA AEL 8 PERECs.
AvelebnRar | o3 ! Asel s Bl aicbats g g rHes by

am no-acid sequence of naturally occurring EPO has
FAERNSIBHYEREENYnd approved to treat anenmia associ at ed
wi th kidney functional failure, cancer and ot her

pat hol ogi cal conditions [2]. In addition to its

erythropoi etic properties, recent research reports [ 3]
Eﬁ&m&&ﬂgﬂéhat EPO al so acts on non-bone marrow cells
such asneurons, suggesting other possible

physi ol ogi cal / pat hol ogi cal functions of EPO in the
central nervous system (CNS) and ot her organs/systens.
§i00ek EPO Thicappliention rdates tb dumart enyihgopofetindirsjondirgteias.ent
organs, EPO may have nultiple biological effects, such
as acting as an anti-apoptotic agent.

Background

[0003] 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 produced
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
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[0004] Human EPO is a glycoprotein with a nol ecul ar
wei ght of 30.4 kil odal tons. Carbohydrates account for

wapprosiosat el y 39% of its total mass. The EPO PENEA2®7/000107

| ocated on chronosonme 7ql 1-22 and spans a 5. 4kb
region with five exgns and four introns [4]. The .
DSHERRE SUgEStHe qsOPESNe @yglobglcz'@gt@#ﬁ%f%e?tws O@Pe%wa%
of the | eader sequence and the |last am no acid Arg
CﬁB%%lI‘FW%%SIYé‘P‘i“dﬁg’IS) pRsther OERRPYIYSIEMS] finge #@Qfﬁfe@f%s IEwe
havi ng 165 am no acids. G ycosylation, with three

bqep fovke in manyedifierent asgans EPONapGiERve nuMigre binlpgisaletiects, such
Olinked site at Serl 26, plays a crucial role in the
aéuaé%qgﬂsmegmsapqp&tlcuaam structure and the in vivo

bi oactivity of EPO [5]. EPO functions by binding to an
erythropoietin receptor, a glycosyl ated and

phosphoryl at ed transnenbrane pol ypeptide with the
#9604 cul ar Bweiag BPOGS a gReatBotkin|vathad molpsilar Weight bi 30 kitp-
triggers the honodi nerization of the receptors that
dagtamks Gacbohpdratas adcoatt if@rappioxisenaly 39% of gntatal assn JhaEPOon
pat hways: JAK2/ STAT5 system G protein, calcium
ghaisriedatedandhionases7q1Tvd2 and lspansl b & stkb fegkeAQVipr fireeixonseand
needed to bind sinultaneously to one receptor nolecule
foor iattrisg¥le T ipracalsor G EPOL @hsigs bf 198tanmimo 4obds, Cle@5 bf ths
the first hematopoietic gromh factor approved for
lbadeBseqtidice afythe laSCmitho sad A rdibynmost-fraSlaliohdl BEichvam yiedn
used for the treatnent of anema resulting from
BOmanikCEP@ Rdling BI5! anfifo adi®NGBISsy(fibh, Wit thite N-linked sites at
chenot her apy- associ at ed aneni a), autoi nmune di seases,

AnDS, ASABBIRENRS aR@BR: OBk &Iitk bES P Pladd 4 &lci@nble in the
nyel odyspl astic syndronmes, etc. Interestingly, recent

BibdyHinests, RN Ay adnifur® RPhY 80 it MibdchviERE? ﬂmﬁ[s:]l 0ppd @R Hons

system functions and shows the potenti al bei ng used

lﬁsbnﬁ’dlﬁget%faﬁléb@ﬁr@ﬁ&étme%w d A cosRhEPERY puoﬁggam@d br ai n

trauma, infl'ammatory di sease and neur al eénerative

HnSREHGR S ;Lo?)lpepl[x&%@ thElolee bt Melgﬁtrbrf 987K 'kngxﬁltgrﬁs THiyEPO

or rHUEPO anal ogs are
binding triggers the homodimerization of the receptors that leads to the activation of

several signal transduction pathways: JAK2/STATS system, G-protein, calcium
channel, and kinases. Two molecules of EPO protein are needed to bind

simultaneously to one receptor molecule to achieve optimal receptor activation [6].

[0005] As the first hematopoietic growth factor approved for human therapy,
recombinant human EPO (rHuEPO) has been used for the treatment of anemia
resulting from chronic renal failure, cancers (primarily chemotherapy-associated
anemia), autoimmune diseases, AIDS, surgery, bone marrow transplantation and

myelodysplastic syndromes, etc. Interestingly, recent studies have also observed that
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commercially avail able, nanmely rHUEPO al pha, rHUEPO
beta, and darbepoetin alfa [8]. These three

w0 e@onkiogant proteins bind to the same eryt hr opol/€A2007/000107
receptor, but differ in structure, degree of

| ycosyl ati on, receptor-bindin ffinit, d in vivo
et R i T Risclioneen s vttt Beipe sl af

r HUHEPO- al pha jn the 1980s, cljnicians_quickly.
n?‘gera@m%dihw iRl dicherngsipin dfanpps i fe%faﬁﬁdé%%%tani‘)f
the drug as a significant shortcom ng. The nean in
neyrglsegenerative disardess [lHuEPO al pha and r HUEPO bet a
adm ni stered i ntravenously or subcutaneously are only
8.5 and 17 hours respectively [9 10]. Patients
t herefore need an injection schedule of daily, twce
[QR9ek| y orCurrpnBy threpdsidpefitHYERR ofHubPQ snslogearea bur den
on both patients and health care providers. Thus,
commerializngvaikebls, namebrBERRGIphG. Othstag andedaghgpoetin alfa
reconbi nant EPO anal ogs having a |onger in vivo
[$laThies¢ thires ragraibarantprhizms dihdde thelseop eryBronoictio trgogptpry but
[0007] Attenpts have been nmade in the prior art to
dféen @t stmafutey degneeng e lyopsydationd reeeptoy-bimditigfaffirtityend inea ur e
of the native EPO protein to either slow down its in
mettabolismet Sibad the mitéal intropuadios of tHuEPRealplpan thed 988s.opdipiciane s .
For exanple, there appears to be a direct correlation
ghekheeamngihibal therfremicst doke/mjeatidicrequiratrentofithd driuggs a significant
car bohydrates on the EPO nolecule and its in vivo
sh@tcalmidg. Ik afean flniad hadflles afitHuFPOyalpHaraad d@siRtybdth e
car bohydrate content of the EPO nol ecule thus results
atifindstdredni@ghvenalsty drishicutindosnaaed 8 dchd V7 hiv@Srebpectiveld
[ 11, 12]. Angen has designed the r HUEPO anal og
[dlanhemeigits theRdb aeddniinjedtist ScediNe bf akIpdmea bRy dr airex
chai ns, two nore than rHUEPQ. Dar bepoetin al pha is al so
tm@E& Wtk WYl impbsst b berasn @Sbaih Sitieitd|and hdath Bare hRividlers.
(NESP) and is sold under the trademark Aranesp(tm.

THAS, RRROR bBer?d IBh&t#link 8ES tb a@ma{p%émm@m ERR@thaving
five positions (A a30Asn, Hi s32Thr, Pro87Val,

a l6MBBAYN o TRIARE IEH/or e‘ﬁfh&rﬁ@ﬂ altryRicliohertitg. attachment of

two additional N |inked oligosaccharides at

[0007] Attempts have been made in the prior art to genetically 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. Increasing 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 rHuEPO analog

darbepoetin alpha to include 5 N-linked carbohydrate chains, two more than rHuEPO.
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aspar agi nes resi due positions 30 and 88. Darbepoetin
al pha binds to the EPO receptor in an identical manner

w@200mas308e EPO to i nduce intracellul ar signal i PQI/CA2007/000107

i nvol ving tyrosine phosphor yl ati on by JAK-2 ki nase and
raeeSAMparl it A5 MR BB b P e ab B O PR
il e BueReR; 'st?efs?f Wrer i 4 0 Fof e
BB L0 T G (Hrae ey E’rékfﬁ)ab SEEpast, Gros0ThY)
R AP JFcECAer R o g éﬁax’mﬂyﬁlﬁ”@@ﬁkw"@é%dﬁs ¥ vo

13] .and has been a proved by FDA as a_ secon
S lRRASIR? [HoF PRI g B B8 Hebeapei S iie ide EBOeseplo
adnm ni strated once per week to achi eve the identical
i peidspyicgh paonsy gsgptive %RO 0. igdyce dtrape]Judas sigal g pavoliRgek  of
r HUEPQ 10, 14, 15] p6[0008 Q her attenpts to extend
tyrhEngeliosphorflgiogby s “hkipeserpé thssamointrperdipleamiplegulene
mol ecul ar wei ght of the EPO protein through chem cal
1@&%‘@5{?@& it H AdoP yButhipl teacighspd edrb¢vEEId conteot fhednl-
the |ike. PEGyl ated- EPO has a nuch | arger nol ecul ar
lifgofcfarbepentiniatphp irohasle ariwals poduedna ép adihesd theep foldolomger than
circulation and therefore has a | onger plasnma
thed of rtHUEPE-4lahe] (25-Bbowry v §.5 PEGy) [A1.i Darbapoetinklipba (Aramesp™)
protein structure resulting in unanticipated changes
atsb appeacsttp exhiliinehhgped bioadivity irofompadsdEROnaiatly pecuftirerae
are al so reports of increasing the nolecul ar wei ght of
rée@bipnidtunen EReXihots,[ ] Juoth habetoapgprovied bh EDBER®anvedoad ul e
to a carrier protein (human albumn), or to formthe
ghemathn mEnERP@ tiugnthxf drighenly ages ette sl ismted odteyser bigek to
usi ng linkingpeptides (3- to 17-ami no acids) or by
acliieve thaddemticalBerhpenkic effectsad@entife {njeétidm, pedReck2F] . Wil e
all these nmethods have achi eved sone success in
rEEBOdoNg, tfie half-1ife and enhancing the activities
of EPO conbi ning the EPO nol ecule with the Fc
f ragnent

[0008] Other attempts to extend the half-life of EPO have focused on
increasing the molecular weight of the EPO protein through chemical conjugation
with polyethylene glycol (PEGylation) and the like. PEGylated- EPO has a much
larger 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 specificity 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
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of human i munogl obulin (1gG in a fusion protein as
described in the present application achieves uni que

wa@eooanssages. [ 0009] Human i rmunogl obul i n 1 gG i BCT/CA2007/000107

conposed of four polypeptides |inked covalently by

S5  DORTR AR SR AP SR S5,
PG 5 o o BB ALt Ean SRS Porypiberdies
AR O e ST S e

donmin a a dompin. The Fc fragnent structure
?%@P%@Purt%@%g%ﬁégm S0P PROUR gilescriped i thepresent
i mpunogl obulin. 1gG is anong one of the nost abundant
ﬁ?g&uaé‘f’%éc feYes HEAUS FEAMa8Ebod and nakes up 70 to 75 % of
the total immunoglobulins in human serum The
half-l1ife of 1gGin circulation is the | ongest anobng
al|l five types of inmunoglobulin and may reach 2 1

[ oobwmpn prEwroglobnkin kehis aenapasedjof fewtnedipepfider irked

been successfully applied to the creation of fusion
qevdenlyry disyHide dondsdtvat iderisplopigs pilight diagi andtheayrebains
such as cytoki nes and sol uble receptors, and the Fc
The pgatealysisoff Igfa molechig By padain g@eras (weR3b frafness ahdishcie
proteins have a significantly longer in vivo half-life
fyagimient. (Tde &r Miagrgertt kerisiststaif o o golypdptidesdinkérboggieu by disulfide
properties. So far two fusion proteins conprising an
teads rEagimpelypeptide flomevrtsUeaessd, it togmpbeadadfaphireie aggion, a
bi onedi ci nes and approved by FDA for the treatnent of
CGHizdmedioard aCHhdorhais. dhdF cidgarencstfuk@aepie alpser thasing [ 25,
26].[0001 1] It has been shown in the prior art that
attion Al suiftypewof HoR@n imhesediesilihi HGEd agohfete dyheahew cal
cross-linking or by a polypeptide exhibit enhanced in
abindanaerbteins tn the hdigh Hodar ok angesupal i 75 4 efthdotal 9] . The
enhanced activity may due to the nore efficient
iRidodIebudihs inRmalQrGih MThe hAfL-BROFIKS ARG atiHE tHengest
prol onged in vivo

among all five types of immunoglobulin and may reach 21 days.

[00010] Modern bio-engineering technology has been successfully applied to
the creation of fusion proteins consisting 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 therapeutic properties. So far two fusion proteins comprising an Fc
fragment have been successfully developed as biomedicines and approved by FDA

for the treatment of rheumatoid arthritis and chronic plaque psoriasis [25, 26].
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half-life due to the larger size of the diner protein.
However, the chem cal crosslinking process is not

webdoros®et and is difficult to control. NMbreovRCT/CAR®7/000107

| i nkage peptide in the dinmer of EPO nmay alter the
t hr ee- di nensi onal structure of EPQ nol ecul e and th?
[989klil de i ftdwp beerwhorer inhe pris art bl ABsETRIEwP 8 @dﬂ%‘%%‘ s
vivo. These shortconm ngs inpair the therapeutic |
lirked pithen by effentrbegbiriniang g5y inelypeptidg exhipig enhapged in vivo
repl acement therapy in renal patients is life-lon
§@i0it2indAprolnnged hhééiﬁt[h'é r18F. ofhe eghansedhactivity mmpolueigthsgs
that have a significantly longer half-life and
anfrafifecht binging 06 heiERO dimartoiont recenion andihe prolpngediavyeono
i ncreased i nmunogeni ¢ properties. Summary of the
haifrifetduoto thOREEB}izd of thedioredpmots@n. ilawever theicheeingliconss- a
reconbi nant fusion protein conprising a hunan
Biikyiidprogess Btnbrefficpitiadd ispidfifitulote dontnk e Yarepver the linkage
I mmunogl obul i n peptide portion is described. The
pepsidein the diret of BrRG may plto lented dinadnsiohil fseudture o BBOi n
conmparison to naturally occurring or reconbi nant
madlcbwle altliNe Pertidy itk Siiriulate inmwogedeiesghinsmsit vied. Thaese
invention, the protein has a half-life in vivo at
§RASEminB¢ Bpafrdhetthérbguae pdtbaial SEERQY dinfetsyparticularly since EPO
erythropoi etin. The fusion protein may al so exhibit
RIpRAAKER HRFY I RRAIpelidngs ibliRachd.vi ty in conparison to
nati ve human erythropoietin.[00014] In one enbodi nent
of the invention the i nmunogl obulin peptide portion is
an Fc fragnent, such as an 1gd@ fragnent. The Fc
fdopgeNt _ime bt ek feB drisehiGord P Rhdfog fifdt RavBlaRBQificantly
regi on. The EPO peptide portion may be directly |inked
?o‘ﬁg@rhﬁlfmf@% dnfifllcOeryiRkGpoRtia B iH il & NV HBR HaRMPRCESedt
edst 9 amno acids in I'ength. In one enbodi nent, the
! ion has a cysteine residue proximte
Fﬁéhgggékﬁﬁﬁgﬁg%hereof and the hinge region includes a
cysteine residue | ocated nearest

Summary of the Invention

[00013] 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.



t he EPO peptide portion. Preferably these two cysteine

resi dues are spaced at least 12 amno acids apart. In
wor@7esdedi nent, the EPO peptide portion nmay CRPEPCAS®7/800107

conpl ete EPO nol ecule directly linked to the

' ogl ohulin portion.(i.e. no external peptide,

[PWE 9 Rl Ane e{n%oélment cPf éléetl%eélﬁoq ﬁg 1@@% ulin peptide

l'nkers are i nterpose . .
ARG TR St Ap SR S e SR g R b 2

j It f the fugj tei f the invention.
P efglie oo fnec 2Eion Thobed g Ragoen avs endredvas -

di ner, ereint i nge_regi ons, of the proteins are
‘1“&5@8&"%@“%?. TegIPy Eﬁ?fagr%?g%% hingge2ion et l99stsd anpigo aedednal
sh of a lgG nolecule and is nore stable than free
‘%E%PﬁBPE“c?}P m¢nb e B pamiide periien hasrrysteing residug pessinase

nucl eic acid and am no acid seguences‘ encodi ng the
“ﬁé feomingl Gereptang the hirgsregieninelydesa qysteing essidug theated headst
for producing the fusion protein. The invention
ﬂretﬁlf(ﬁé‘fpt'idﬁ porfiee sPrefeeablyeibesa tve aystednsrrpidies argrspaced at least 12
conprising the fusion protein and nethods of using the
aping a5ls gpast- dn enaprabasimentehp RBO mepsisla poxtiah may wpopiideiaons,
for exanple to stinulate erythropoiesis in subjects in
cpiplgtediPQ meleeidy digctip finipdde the pinngnogiébulih porfioa ienas
[00017] In drawi ngs which illustrate various
10 extemebieptide linkofs arehigterpoveitictvoren thet ERMarcliman@oglobulin
intended to be construed in a limting manner: [00018]
pPitignY)e 1 A is a schematic di agram show ng the general
structure of the reconbi nant human EPO Fc fusion
protein (rHUEPO Fc) of the invention. [00019] Figure
IBis a sequence |listing show ng the nucleotide
[608¢tlence Errdntehtortdshrentts amiinReit Erd@aaongmma@ﬂ%g
r HUEPO- Fc protein. The total |ength of
multiple units of the fusion protein of the invention. For example, two fusion proteins

15 may be assembled as a dimer, wherein the hinge regions of the proteins are joined by
disulphide bonds. The dimer has the general shape of a IgG molecule and is more

stable than free EPO molecules.

[00016] The invention also relates to nucleic acid and amino acid sequences
20 encoding 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 stimulate erythropoiesis in subjects in

need of therapy.
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DNA is 128 | bp. The 426 am no acids in the deduced
protein sequence include 27 aa for the signal peptide

w@anw788@8aa for the conpl ete rHUEPO Fc pr ot ei neCT&2007/000107

conpl ete rHUEPO Fc protein consists of human EPO
domai n (166aa), hinge region (16aa, underlined), and
CH2 and CH3 domains (217 aa) of the Fc fragnent of
uman 1lgd . T calculated nol ecul ar wei ght of the
iop.of fae ture rHUEPO-Fc fusion protein is
44. 6kDa, conposed of 18.5kDa (41.4% of EPO fragnent
and 26. 1kDa(58 699 of 1gd Fc fragment. A honodiner IS
&ornﬁ two disulfide bonds via the two st ei ne
ues I(“b%%‘ags WRiehilkstratevasiony@nhadynets ofdfe ipgeptigh but
172 of the nmature fusion_ protein (i.e. the 6th am no
Wdsheprg potintengied fodbss onstrued in ;limitipg maprarei ne resi due has
been substituted by glycine (bold). [00020] Figure 2
is a schematic di agram showi ng the structure and
[0@ABLIr es HgureHd israndienptndiegrpn abeviog thelgasaraldtrpdie ofithed
for inserting the DNA sequence encodi ng the
repoimppept hiuden GPO:Fefusiblu pie@i-¢HOBRO da) @ithd @ivéntioand f or
transfecting CHO cells that express the r HUEPO Fc
fusion protein.[00021] Figure. 3 is a SDS-PACE i mage
showi ng the sizes of the dinmeric formof pure
[0060EPO- FeFiuiretl Biifa bdquétes list@guteding ardiut le@ileabghence and
nmononeric formof pure rHUEPO Fc protein in reduced
tigeadedindet @mirdyacRil@a)RAGden e GHIrMEEBO-FE BeotaIb I THe iteel 16 Fc
protein fromthe supernatants of the cul tured

DDA Is-128 [1?) EHPI BT iRGadiddUE RIS defuRd bivkein SRLEHY iRfudt PR aa
0]

di meric rmand has a nol ecul ar wei ght of about 180

féoRe SPhaBRopRidS ant 399 28 @dr thdboRPnd RAIEP {
r educgeho:i1 éygﬁdl ?rll on (alocr]trM dit thot hr e??lz)cﬁgB{I%i?TTﬁ)étwcoon{b‘ﬂe

it i Rt BdRistsloP fuAdESO | Hémﬁﬁ @ﬂ% E: i ar %ezltl éﬁtaa,o ¢

i dentical nmononeric units wth a nol

uz&rfﬁ%) ah®Bf3 2} E1Y lt‘lf)l%aﬁg‘ge O?ﬁoqtl?erl% fge[gﬁlgnlsof%nﬁ’l\% fgg}l.

t he dosSe- dependent incre
The calculated molecular weight of the polypeptide of the mature rHuEPO-Fc fusion

protein is 44.6kDa, composed of 18.5kDa (41.4%) of EPO fragment and
26.1kDa(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) the native

cysteine residue has been substituted by glycine (bold).

[00020] Figure 2 is a schematic diagram showing the structure 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 transfecting
CHO cells that express the rHuEPO-Fc fusion protein.

8
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henogl obin (Hb) levels in normal mce treated with
three tinmes per week subcutaneous injection (s.c.) of

WO RWERSB0BL or r HUEPO. Each point represents theCTeazomoon1o7

| evel of the group (6 mce). Day O | evels represent
the Ho levels before treatnent. A: Mce treated with
rHUEPO-Fc. B: Mce treated with native r HUEPO [ 00023]
Fi gure 5A and 5B are graphs show ng the dose-dependent
[@Q@gﬂease lagurﬁe%vég|s@§'rl?ﬁ€é£maaeéb@ew§g the sizst piethe dimegic form
treated with once per week s.c. of rHUEPCFc or rHUEPO,
ofpwrh ribeliRQ-Fe piotedrs imrtog-redusedgoaditipp andspenomstic fore of pyiep
(6 mce). Day O levels represent the Hbo | evels before
riinieR?-ire profeinin rdused eqndion dby WDSHP AGE Emdy sise Thgpuriied e
treated with native rHUEPO [ 00024] Fi gure 6A and 6B
rHulEPQHF a prodeis fromi thigsupéreatants pEthe eultife d{EiO gelibbnmexprdsying

| evels in normal mice treated with intravenously

rHuE R@FICanis(simainly apthe UdnGivgfblogaraihas kHufeRQulac weightrafiaBaRO.
Each point represents the nean Hb | evel of the group
186RkDa 61 8%[Mkiy-Tts pa\iehen-redyred semditidnhbn rethuck ¢ valdition & f eV
treatment. A Mce with treatnent once a week. B: Mce
dwhibthrditot DT 4 brdak disEBdebones khe di&QA2 bdparfateg rite two idsntival
graph show ng the dose-dependent increase of
nkROREHORR wWithd)mbleauddr sveight 5f B Rphr ect omi zed rats
treated with once per week s.c. of rHUEPO Fc, rHUEPO
or darbepoetin-alfa (abbreviated Darbe.). Each point
represents the nmean Hb | evel of the group. Nornal

[665] Ol S 1¥BHE 4RCMABE atddraph¥ishévin iR GbscotepSidehBhELRE of
sol uti on. del controls were the 5/ 6 nephrectom zed

he@AbSloMth (1ib) 1BVeRSGih nBfna? niGcaldaled withQhidt 1ifBs peYpeky O | evel s
represent the Hb I evels before treatnent. *: week(s)

' 0 . . :
P R T e g £ O e s TRBPAR B Al ¢
rﬁv\%ré E(gq%d%g@ﬂﬁ@ gtroQIWGZrﬁge)r alt)§y b fSat ?e%re%}ﬁ SheBYiFleVell ¥ore

treatment. A: Mice treated with tHuEPO-Fc. B: Mice treated with native rHuEPO

[00023] Figure 5A and 5B are graphs showing the dose-dependent increase of
hemoglobin (Hb) levels in normal mice treated with once per week s.c. of rHUEPO-
Fc or rHUEPO. Each point represents the mean Hb level of the group (6 mice). Day 0
levels represent the Hb levels before treatment. A: Mice treated with rHuEPO-Fc. B:

Mice treated with native rHuEPO

[00024] Figure 6A and 6B are graphs showing the increase of hemoglobin (Hb)
levels in normal mice treated with intravenously injection (i.v.) of 12.5pg/kg of

rHuEPO-Fc¢ or rHUEPO. Each point represents the mean Hb level of the group (6



10

15

20

wi th rHUEPO Fc, rHUEPO or darbepoetin-alfa
(abbrevi ated Darbe.). Each point represents the nean

woiooess®B4 of the group. Normal controls were nPCT@h2007/000107

rats with injection of carrier solution. Model
controls were the 5/ 6 _nephrectom zed rats with,

nigh) e QY Gie s repiesenithe Ehy lepelsdisforgigeatment; &y Mice Widlhr esent
the Hb levels before treatnent. *: week(s) post

tReRtEBE R ANGE 2 WET0 B2 Miceryiguireatgent  tineg R isBK-showi ng t he
dose-dependent increase of henoglobin (Hb) levels in
5/ 6 nephrectom zed rats treated once every two weeks
i.v. with 62.5nmg/ kg of rHUEPO Fc, or darbepoetin-alfa
[0098BY evi afigere DAy beraph showving thodese-depapdent énereasa ¢fe nean
Ho | evel of the group. Normal controls were nornal
hemogolin (Hb)ileNedscih i Yhnephrestomrizedrats treated with onde et week s.c. of
controls were the 5/ 6 nephrectom zed rats
rHuEPO-RE.etiEBO ooflarberoeiienl fs@blrtviatad Ddvbely. Badhepo@it sepresents
represent the Hb | evels before treatnent. *: week(s)
thpastantHielatatefithe gfddPORBimdFicontrods WwédAnernibOfEtssithninfeltion of
pot ency conparisons of rHUEPO Fc, rHuUEPO and
calgiebehndhl Modtlfoantrels waiteitheld/ahephgectdntizeioh® Mithfigjedtivhiodn
of CFU-E and BFU-E in 5/6 nephrectom zed rats treated
civrieNsollitiof € ek 0 B8R SepréddntIBEB WWVEIS befordufRfhdne "B Meek(s)
dar bepoi eti n-al pha (abbrevi ated Darbe.) treatnent
podi@emehesd. M | ar dose- dependent potencies for
stimulating the CFU-E and BFU- E col ony formation,

whil e rHUEPO was | ess potent. A, s.c. once every week.
B, s.c. once every 2 weeks. C, i.v. once every two
yekp- [ 08049k ifh %Hﬁl?sh%%idﬁ%h@d&E@B&nﬁé}ﬁmcE&sé&e serum
| evel s of rTHUEPO Fc and r HUEPO after the intraveous
hERbAGKh @?mqéve%'m/smlegﬁr Etbﬂﬁgg}dt:sctré%fedrolﬁlbﬁ RoRNERUS
non I fe 5 no & .

_ eys (nmean levels o nonkeys [00030]" Figure fﬁ
&611% Jﬁuﬁﬁé%!‘r‘%ﬁnE'PbS&r ldR@e SN Y (b viE DR dRa SRR N CE
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

injection of carrier solution. Week 0 levels represent the Hb levels before treatment.

*: week(s) post treatment.

[00027] Figure 9 is a graph showing the dose-dependent increase of
hemoglobin (Hb) levels in 5/6 nephrectomized rats treated once every two weeks i.v.
with 62.5pg/kg of rHuEPO-Fc, 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
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the deduced am no-acid (aa) sequence of a wild type
r HHEPO FcC protein. The sequence particulars are the
W@ 2002/0886hown in Figure 1 except that a nati vVRCT/@AR@?7/000107
type cysteine residue is present at residue 172 of the
mature fusion protein (i.e. the 6th amno acid of the
ipjpGiiga of eyTigFplutipm 0W36k1§ lepslg rrpessang thedbyleyglnbators e ams -
dose- dependent i ncrease of henoglobin (Hb) levels in
*hoeelds) pastdsatmeatit ed with three times per week
subcut aneous injection (s. c.) of rHUEPO Fc (the
mut ant fusion protein of the present invention),
r HUEPOFcC (the wild type fusion protein) and r HUEPQ.
[6302R] poi nFigured PAselfCsshodherpmtamcHodnanagisonsfof tHuEPO-Fc,
group(8). Normal control were normal mce with
rHnERQ anddrrdpoetar-alfagor gimiulating the colyy Gorhmatien of ClApE@sént
the Ho level s before treatnent. [00032] Figure 14 is a
RjftaBlin Shavpnectanized depeadé mithidiffrendesepindwehmiglesbi n
(Hb) levels in normal mce treated with once per week
rHubPO{Fa asd digbépojediatalpha (abbreeiajed MartsejuteRiencshowktl ER@ai-c C
and rHUEPO. Each point represents the nean Ho | evel of
dokeedepemisp( fhrenci¥o forslimalatiig thé CRERafd@IRIE ddloae fokniation,
injection of carrier solution. Day O | evels represent
vihile fHuEPeVRlsSesb pbiorite Al &.6adntedNery WedkaiB, €d. dAes everpl wedks.
of the Invention [00033] Throughout the follow ng
AaschhRiev@) t59esi ¢ details are set forth in order to
provi de a nore thorough understanding of the
i nvention. However, the invention may be practiced
wi thout these particulars. In other instances, well
[BoRy) el epRnks | RAY §apPihoRERINS LANR 19¢1s ALSRIEPBOE dnd
detalil to avoid unnecessarily obscuring the present
rHIEH LG e f%&&x%gﬁ'é diﬂgkt}{on Jﬂ%ﬁg@tg%ﬂﬁd}z‘i@-t@& rﬁ[ﬂﬂPg tARhAES
are to be regarde n an iffustrative, rather than a

rgﬁﬁé@gﬁ$%¥@vé§9ﬁﬁmohggg34] This application relates to

usi on protein having erythropoietic
[00030] Figure 12 is a sequence listing showing the nucleotide sequence and
the deduced amino-acid (aa) sequence of a wild type rHuUEPO-FcC protein. The
sequence particulars are the same as shown in Figure 1 except that a native, wild type

cysteine residue is present at residue 172 of the mature fusion protein (i.e. the 6"

amino acid of the hinge region).

[00031] Figure 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 invention), rHuEPO-

FcC (the wild type fusion protein) and rHUEPO. Each point represents the mean Hb

11
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properties. The fusion protein, referred to herein as
r HHEPO- Fc, conprises a human erythropoietin (EPO
woriog/08d0e4 r econbi nantly |inked to an i nmunogl obCI/CA2(8/000107
fragment. As discussed further bel ow, the fusion
protein may be in the formof a dinmer cansjsting,of
IvRlPTithregpy®): Nosmalroptrelqerepismal mice with 1igdio beafistent
shown schematically in_Figure |A each polypeptide
salutiemiltay Gl represent the Hbilevgls befreresieMal |~ consi sts of
t he pol ypepti de sequence of the human EPO nol ecul e and
t hepol ypepti de sequence of the hinge region, CH2
domai n and CH3 domain of the Fc fragment of human
[909A2hog! obigire A4 ispairaph shpwingesepdsipgisispt inereass ablamagtobiy e
connected together by disulfide bonds between the
(Hedpestt inmerninl myes tregtgid ovith onee pegmigek subcuaneens infertim(uce.
The di ner thus has the sane general shape as an |1gG
ofHgiP0)- Ec, aiHdE RO 0 inb & rHh PO Eacht plinit képirgseriththn nfeam Hb
nol ecul es as di scussed in the exanpl es bel ow. [00035]
ofAthe \wrdulp(8).e Named camntol tvereanopral siice with injeeton of chirier saldtjon.
the hinge region of an intact immunogl obulin provides
Dah @ 1prettreprasestthé Hoilomls befoexirdatrhénty for ef fective
antigenanti body binding. Simlarly, in the present
invention the hinge region is included in the design
of the rHUEPO Fc fusion protein to maintain its
Detfi¥d Dedcribdion &SREBValtibd when the fusion protein is in
the dimer form As described below, this allows the
normal bi nding of the EPO portion of the rHUEPO Fc
fusion protein to EPO receptors to activate EPO
[§9085P0i Cathrbidhehd RO ®IloWingideschilibespeelfit hahilstdresctlidiBlin
formof the rHUEPOFC fusion protein, by providing two
oRRPAIRbGEL BiSre th&o&@%ﬁ&@taﬁéin% SEAHE indehifoR e HBRE TBhe

activation of EPO receptors (for exanple, by

R A8 PR S o AL O3 oo
e[eﬁléFE Qé\,/:ecno B QB G deb ibgélﬁl &%ﬂ:}\o §\lflﬁ§ SI%EE&LAI‘MY obscuring
synt hesi zed usl ng techni qu

reconnl nant es.

the present invention. Accordingly, the specification and drawings are to be regarded

in an illustrative, rather than a restrictive sense.

[00034] This application relates to a novel fusion protein having erythropoietic
properties. The fusion protein, referred to herein as rHuEPO-Fc, comprises a human
erythropoietin (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 Figure 1A, each polypeptide subunit, from the N-terminal to C-

terminal, consists of the polypeptide sequence of the human EPO molecule and the

12
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The fusion protein has been shown in mce, rat and
primate studies to exhibit a prolonged in vivo

whadof7/08308€ and enhanced eryt hropoietic propertPEFCARN07/000107

conparison to naturally occurring or reconbi nant
native human EPO, As used in this patent appl.icatiaon,
polEpepEdhIequenge phibe hingaisgiopy¢ii? deyesia ppd €H3 demaip gf the &'c
human EPO' nean EPO having an unnodified wild type
fagment of kumangmygunoglefailia pefp b ciThe &b nolypaptitersybindtk pre| ed
in the art, native human EPO may be naturally

oawested togethar by disoliide hads|bytweemthe eesplectiae hingg tagdpPgo form
al pha). The term "native hunman EPO' does not include
thieldliERD stmetiiro g $he dimshthas hatdhdapegenanal shapeas whipGemolkeule
EPO structure has been significantly nodified, such as
md dxribits bétiec stghiliytthaprfree [HPOOBITeculdsens discussddan dheiedtamples
sequence of the rHUEPO Fc fusion protein of the
pelesent invention is shown in SEQ ID. No. 1. The
correspondi ng deduced am no acid sequence is shown in
SEQ ID. No. 2. The conplete rHUEPO Fc fusion protein
is 399 amino acids in length. As shown in Figure IB,
fove3sjonpl etsowilllde Bhjéardng tdf Aisarsdn skilled i the £ isd 16 rofiort bftan
EPO domain (166 am no acids), the hinge region (16
fch mna@iogﬁ)bumg}dﬁﬁhémal)m&nﬁsutﬂiwenﬁhexi&n@ foHE T avednfigen-
(217 amino acids). A signal or |eader peptide sequence
GRIboH B bindidg 0§ indiariANh iR pR&GktSniefiticH thOhHBOMBioh s HEIHdEn

I B. The signal peptide is cleaved during synthesis of

IHEUERSY 51Ghe TEPOUE! fikibn PRSI M@ iid (REBHRN e cifly when
r HUEPO- Fc i ncluding the signal or |eader peptide are

fHRAWNor ook @ il dibRr fodmaRd dekfbed H1ow\Phis Allows the normal
respectively. [00038] As shown best in Figure IB and

SaHng bFthe MO nj&%?tltﬁﬁgpggtpﬁdg%ﬂcﬂﬁpr&eﬁb‘tﬁg@igﬁﬁ%gﬁ?&fgf

near t e Ct _rm naI t am no aCI_

T eon R AT U BT Sy o
j g . T j - i i. i .f th

gltgﬁ{log}#r gmb%ﬁ%@hﬁg‘% thEBPBMSYRNS! 18 CapabiR b GScil Pl L he

optimal activation of EPO receptors (for example, by facilitating receptor cross-

linking).

[00036] As demonstrated in the examples set forth below, the rHuEPO-Fc
fusion protein has been successfully synthesized using recombinant DNA techniques.
The fusion protein has been shown in mice, rat and primate studies to exhibit a
prolonged in vivo half-life and enhanced erythropoietic properties in comparison to
naturally occurring or recombinant 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
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bet ween t he pol ypeptide subunits of the honodi mer as
di scussed above. The naturally occurring hinge region
wo@Rooosresan | gd fragnent al so has a cystei ne BET/CA2007/000107
resi due nunber 6 of the hinge region portion (measured
fromthe Ntermnal). In the present invention, the
é‘&)@’[ge‘r’ H& B3ty é}u'@a%PP@ 2y IR RefEraly PEquang pf seapmibinantly
sugstituted by a non-cysteine residue. |In partjcular,
Bpdyqed (%%HBF%% atehe) ThE fme nptiye dnmasERD” dessiget ingludg he
am no acid cysteine has been substituted by glycine
[HEPShanaloes siieh 9sdlarbgpestin ziphy pherpitfeAdBQrgsructig las been
corresponds to residue 6 of the hinge region). As wll
penifpandly arpdified. sichayydrpeglycostition the art, ot her
non- cystei ne resi dues could al so be substituted for
cysteine at this location to avoid formation of a
di sul phi de bond. [00039] As a result of the amno acid
KOB%H t ut iThe nuleie egil deguenic? 2f the NBUERQ-Ft fisimtpeotaia of the
resi due of the hinge region (at residue 178) is spaced
meseatinmentiau isckbown onSEQdDaNovie - Thesorredpentiiny dddetademino
resi due of the EPO domain (at residue 161). The
aqid squorcs issbbweineSE AD. Nh.€. riihe icomple&pHaEPQ-Fo disi@eptotehe
cysteine residue 161 of the EPO domain and the first
5399 emime acids induestiofAstshewhinfigure €8] thdcahslett 8HEEP@Fc fusion
| east 12 amino acids to enabl e successful assenbly
protinodon&REof the EPO@omRInU66'4niab adldd)AR®HinpEregdh (16 amino
rHUEPO- Fc. That is, if residue 172 is a cysteine

4ctds| Ghderlinad) and dRTHBHIdCHE Sy (AE7 ANE a81BY. A signal or
potentially be forned, such as between cysteine

legder pptige ddalierB donkisting 11 7SaniRY addsti®hlsd §RwhIh Bfure 1B. The
di mensi onal structure of the EPO nol ecule, resulting

dighaPpephiagisehlavd b WnihesiQof FIRAPEREL. bRl A8k £ ahd amino acid

activity. [00040] In one enbodi nent of the invention,

3effenERQr NBIGLEL $hclld etk FidaBGitibadef &gi@@earg ShdwinBif g?QBID'

portion of the fusion protein. By avolding provi

R, AU SERRID N U GEspReRLde, the preferred three
di mensi onal structure of the rHUEPO Fc fusion peptide

is maintained and the risk of triggering an
undesi rabl e i munogeni c response

[00038] As shown best in Figure 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 Figure 1B. The hinge region cysteine residues form the disulphide bonds
between the 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 (measured from the N-terminal). In the
present invention, the cysteine residue 6 of the hinge portion has been substituted by a

non-cysteine residue. In particular, in the embodiment of Figure 1B and SEQ. ID.

14



Is mnimzed. The hinge region of the Fc fragnent is
preferably at least 9 amno acids in length and is

wee@fessakdy in the range of about 10 -20 am noPEDCAS007/1000107
| engt h. Exanpl es [00041] The foll ow ng exanples w |

[1u { nt, t det ai |
LA R R LA
AT BoEh o e R i, o

fusion protein, f of HUEPO- Fc. [00042] The full |ength
1HRACAYP d PETSRN Skiffddm the RRtoRtby npﬁ@ysaﬁvwmaewogléql;ehee of
t he pol ypepti de of rHUEPO Fc, was generated b
%%FW%EF RYstebisret this logationdo Ysiid EmmafepnIf adisulpii

(Q AGEN Inc., US): EFS5:

3 - ccggaattcgccaccat gggggt gcacgaatgtcctgcct-3 ' ; EF3:
5' -ttttccttttgeggecgettatttacccggagacagggagag- 3’ ;
[@ﬁ@__’g] As a result of the amino acid substitution at residue 172, the first

-aggcctgca%gacaggggacagagttgagcccaaat ctggtgaca-3 ' ;
qystee regidue of the hinge region (at residue 178) is spaced 17 amino acids from
-tgtcaccagatttgggctcaactctgtcccctgtcctgcaggect-3 ' .
thihaboyedessribasicysteint nasidab offthe EBOatdmpain (reesidaer 51).i Bieed i n
SEQ LD. Nos. 5 - 8 respectively. [00043] EcoR I and
iNegntdrs brlieesthagheminmnmodpoedg hetwdeh theatysteinE Besidue 161 of the
respectively. For optinal expression of the HUEPO Fc

10 ERQdenain amd thefirsatysemeaedidue, of tHeehinge zeorshauld e at least 12
(GCCACCATGS) was al so introduced in EF5. EFL5 and EFL3
s auif te mebleuycesHFalusRadty 41dNs EPOIrd@pet bAdnk f &1 nal
DNA sequence of Epo (23bp) and 5' -terninal
wagdine of HuBPOSFc. THagR, if Z3tapg 171 9Q0¢4dindietigho, aN EPO
DNA fragnment of 0.6 kb was anplified by PCR (PI ati num
u'é[a:éL’séﬂélfNé\dBQllphﬂe b&iFm4Y tentiafhebd fo¥mhed iR ab biiiBEScyEERe 2Nd

rom
residues 161 and 172. This may alter the three dimensional structure of the EPO

15 molecule, resulting in biological inactivity or reduced biological activity.

[00040] 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

20  peptide is maintained and the risk of triggering 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.
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WO e@wmogdoasmi d pD contai ning the full

pl asm d p9E containing the full length of human EPO
cDNA, Fc fragnent of 0.7 kb with prinmers EF3 and EFL5

| gd cDNA sequence, respectively (p9E and pD are from
the inventors' own |ab). The two fragnments were then
d and m xed in equal anobunt. Using the mx as

tenplate, the full length rHUEPO- Fc DNA of 1.3 kb was
anplified by priners EF5 and EF3. The purified 1.3 kb
fragment was di gested by EocR | and Not | (New Engl and
E]()@f%db | ncChe Gglowangiexameles wilb fuster iHusgratedgRinygnijen in greater
| - di gested manmal i an expression vector pCD (Figure
dotail Atheugheis willl beappresiatedishas thetinveatierois npalgnitedite ghe specific
pCdEpo- Fc and the inserted nucl eic-acid sequence
eropdisng t he ami no-acid sequence of the HUEPO Fc
protein was confirnmed by DNA sequencing. 2.
Establ i shnment of rHUEPO Fc expression cell |ine
[ 00045] Chinese hanster ovary cell wth di hydrofol ate
i eductasa(dioh o} thd @édombaantypl{dsHOIAdEpo-Ec eAdddihg the fusion
No. CRL-9096), which has been approved by FDA for
biotdigfi cfdluEPOLIRL ance production, was used as the host
cell for rHUEPO Fc expression. [00046] The CHO dhfr
cells were transfected with the reconbi nant vector
pCdEpo- Fc usi ng Li pof ectam ne (G bco, Cat. No:
[892- 037, THISA) lendih DN pRIBEIE AMiSh Ericodestiieaantind-heid e of
sel ected cl ones were assayed by ELI SA (Roche, Cat. No:
deq@8R4 b ihe PORB&Re bOHUEPO-IS Way kdn¥ratdd®yiokrippiak PURSusing
were further screened under increasing Methotrexate(
MER RN RS SioPimN@IAGEN Ihi.nesyi t h hi ghest r HUIEPO Fc
protein expression was selected as the
r HHEPO- Fc- expressing CHO cel |l -1ine, and gradually
adapted to serumfree nedia (CD CHO Medium G bco,

.. No; - i IERPO- Fc- expressi ng CHO
gg? i ?‘ll()cl;cr%é&aég?bc&%gtggéégr@cacgzggéctg&@ iFr 5

_ was use t he production of rHUEPOFC
RESL ?"—tﬁtccttttgc ggccgcttatttacccggagacagggagag-3°;

EFLS5: 5’-aggcctgcaggacaggggacagagttgageccaaatetggtgaca-3°;

EFL3: 5’-tgtcaccagatttgggctcaactetgtceectgtectgeaggecet-3°.

The sequences of the above-noted primers are listed in SEQ. I.D. Nos. 5 - 8

respectively.

[00043] 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 (GCCACCATGG) was also introduced in EF5. EFL5 and EFL3 are

16
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3. Purification of rHUEPO-Fc Protein [00047] rHUEPO Fc
protein nol ecul es contained in the supernatants

r HHEPO- Fc- expressing CHO cells were isolated at first
by Protein A affinity chronatography (Amersham
CRmplgnentan. aeEacesTPNSigting of 4 ) terninal I?Iﬁ/ésﬁ%&ugewrs)f &pe(%38p) and
were further purified b){)_ gel filtration in H Load

1% renis) P dequogopleedihinge Q2Rmer sham Cat . No: 17-
1069- 01, Canada). The purity of the rHUEPO Fc protein
was nore than 98% as determ ned by el ectrophoresis. 4.
Det erm nati on of the Sizes of the pure rHUEPO Fc
ROe4ei n [ 0Boy8in FRQ BNA Srgepndd. elds wasamlifidd by PCRo
determ ne the sizes of the pure rHUEPO Fc protein. As
dRbtinurh FageDYidy Rol@nerasedigly FilelihwitivptilmenydiFé eod BFL3Edmht
of about 180 kDa was seen on 8% Bis-Tris gel in the
rmdasmié pRIC anhtagronglibe ifdhiength b £iunmend RO N A N fragareat of (57 ke
of the protein with the existence of disulfide bonds.
Tiktsprinmeats EB3 @dl EH1at fromo plasmidypBEROnfainigy the &ilhlemgh efhunes
were produced as the dineric form as expected from
t1h61 dPBiAgRqWEncd, hapédtisel ipgR aid @Drare nheSREenRAGwWn lab).
anal ysis was conducted in the reducing condition

(THe @i grhéritotvre eieh Plrifiédlahd nhiRedih@glal bmeaitsUsifid e mix as
bonds, only the band with nol ecul ar wei ght of 75Kda
wespla@etht ifil 1eshth AQUEPGFEDNAWTLIIB K Wwasesiplifed Bgprimers EF5
nol ecul ar wei ght of single polypeptide chain of

HAER®s hiRRGRrifiedi.9Rb %I%m@lr&as B@@M%& HRR 1268 Wobt Qew

nol ecul ar wei ght of the pure rHUEPO Fc fusion protein

VE'\;{El'th IBYSAsKE aU$)Rd R RNED Re TORNBS 1-9RR6ES Himalian
(MALDI - TOF- M5), was 111099 daltons (111.1 Kda). In

tdbRs@SR¥tor PODY (Bgdt B! heRE@MKindreddhdiBhi Ve was named
observed, indicating the purified rHUEPO Fc protein

WRSIERERE hiyd he %r@émcle%th%idls‘é%mmc@&wﬁm Qnidodid sequence

N-term nal of the pure rHUEPO Fc proteln was

LR ERSIF pyrof%ﬁrp\tvgsi ddnfirmed by DNA sequencing.

2. Establishment of rHuEPO-Fc expression cell line

[00045] Chinese hamster ovary cell with dihydrofolate reductase(dhfr)
deficiency (CHO/dhfr, ATCC No.CRL-9096), which has been approved by FDA for

biological substance production, was used as the host cell for rtHUEPO-Fc expression.

[00046] The CHO-dhfr cells were transfected with the recombinant vector
pCdEpo-Fc using Lipofectamine (Gibco, Cat.No:18292-037, USA). The supernatants

from the culture of selected clones were assayed by ELISA (Roche, Cat.No:1-693
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sequence anal ysis as: APPRLI CDSRVLERY. This was
consistent with the sequence of the first 15 am no

wW@ei0dss84 t he nati ve human EPO pol ypepti de, anpCT/CA2007/000107

confirnms that the purified rHUEPO Fc protein does have
the right and conpl et e EPO nol ecul e sequence as )
Pt e ireadahfop PO Ret viNAPEigsHmes were duthspsaresaedipdaningressing
sequences of the rHUEPO-Fc fusion protein. 5. Enhanced
e8I X brrassties i Qrieessl] Gae withy EREpsFHYEPORbe prateimi ce
[00050] In vivo experinents in mce were conducted to
exmgssion ek electadais HienfluBPOtHsexpressing OpQicell-line, aud graduajly
of the rHUEPO Fc protein and determne its efficacy
edapizd teserun-frepin @ (PR Mxdpoe (GibroaCafii¥o: 107gB-029, USA).
conpari son purpose, all the doses of three EPGCs used
iThis rifeER(2F crekpreding (iH@ telebpevasmeett for tht ptddectiomvod nitluERO-
our rHUEPO Fc, rHUEPO (i.e. native human EPO and
Haploegpoet i n- al pha, were the anmounts of EPO nol ecul e
portion al one based on the nolar basis. In respect to
r HHEPO- Fc protein, the EPO portion contributes to 4
1.4% of the total rHUEPO Fc nol ecul ar wei ght as
sal cuhwifeatidmoftHeER@Ft @roddint he wei ght of ami no aci ds
of EPO in theweight of the total am no acids of the
whol e r HUEPO Fc nol ecul e (166 aa anong 399 aa). The
EPO anount for rHUEPO Fc was then decided as 41. 4% of

fovestjot al rAIBROIFc PlotdiR holddilePEntnddliR iHRistperh @bl lected
r HHEPO- Fc (stock concentration: 0.5ng/m, purity of

B8mORA seaRdlBakdi® MY thEHERP Fe-@xWelsthe @O tals idran
EPO structure)( 60001 U0.5m, manufactured by Kirin

Bb B LY iS00y ProRRAA LANRY %hxg%nhéd)%ﬁgh}i @Igﬁgﬁlrairﬁ? CaSQd: -0 8-

(2.5mg/ M of human serum al bum n, of sodi um

Gi,tdaﬁ&cﬁ). 'pneqm&'%ro@fns Gekd ﬁ?b&%gﬁ%@e&é?%ﬁi‘ggﬁ%ﬂad

sodium chloride ,” pH5.5-5.6). ( rH
TR SipehBS 20 W AAREHARICHN. 7| 6B-AAE b VARSI

ration. BALB m ce to 8-wee

of the rHUEPO-Fc protein was more than 98% as determined by electrophoresis.

4. Determination of the Sizes of the pure rHuEPO-Fc Protein

[00048] First, SDS-PAGE was carried out to determine the sizes of the pure
rHuEPO-Fc protein. As shown in Figure 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 existence of disulfide bonds. This
indicated that most rHuEPO-Fc protein molecules were produced as the dimeric form,
as expected from the design of the fusion protein. When SDS-PAGE analysis was

conducted in the reducing condition (100mM dithiothreitol, DTT) to break the
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wei ghi ng 18-22g, equal nunbers of male and fenal e,
purchased from Experi nent Animal Center, AWS, China)

waowrgeg/ogroeuped randomly with 6 in each group. BechCyemapoo1o?

of nice mas treated wi th one conbination of one dose
5,12.5, 62. nq/kg), one_i nj ection route(
dﬂsu{ﬁdetbﬂwifuaﬂy thedandyyvith pefeqular wéight of ySKdagvasrdentifipbct i on
schedul e &three ti mes per week or once per week). The
CEBTTGI MVith ltﬁﬁﬁt"mtew@l@cwg%wwalrt@éﬁleéewplfmennﬁ@cl@qmﬁ
volunme of carrier solution. The treatnent |asted for 3
Huk@shipgrregine-GHBr@H3.obser vation times were 5 weeks.
Peri pheral bl ood sanples (tail vein) for measurenent
were taken before treatnent, on the 4th day and 7th
day of every week for 5 weeks. Hb was neasured as the
[PHMEk Dby Hisaseyrate ordecpiar whight$Theyase dhIECOHET fasiof potein
the data of each group and test was conducted anong
vdibf fl eoeyiationr datgrmine[lF00&2 Spadrema WM IDSTOBRM)nwax | IEFD
three tinmes per week to mce, provided that the EPGCs
dabkans (hidr Infadla) e fnythisrasqag) @iy €siaglé paaktof proteimuivds obsetued
saturated stinmulation of erythropoiesis. As shown in
ifdigting thé putifi¢ rHREPOpR: piroteiatved nedrtyhl 0894 puee STHeellS awieK
s.c.had significant elevation of Hb | evels even at the
aclids ef thé N2emiind! log the phiesHaKPOHcIpeditin hapBESididddas prdtaih
r HUHEPO- Fc exhibited an in vivo erythropoietic activity
séquedela@8lysiy &: APPRHUERR VITERY eFey@id RRsiftbnt Whathl tBy & gentd
the treated group was dose-dependent. However,

of e Wirat 8 dm@oQ Ak bPihe Ahtivielh@amiah EPe\BIype E;Vt@é Ar LR ehs it
mce at the dose of 12.5ng/ kg of rHUEPO Fc, whereas

fidYuriSied I EHPCERE proldbes hAXald Ght 8id & 1&@@@\&%& jpas
téﬂﬁi achi eved a?ﬁthe gose oflggt nng% of rHuEPCF The

@(LI ueY@lak fédmedl'd? theENRASed J@:gééce%gom m{okagld%fe ences of
uEPC> c was al so greater than t by 2. SnQ?kg of

thed MiGEPD-FENRSion profeil. L S suggest ed mDre pot ent
erythrop0|et|cﬁst|nulatlon by r HUEPCFc t han r HUEPO

5. Enhanced erythropoietic activities of rHuEPO-Fc in normal mice

[00050] 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
rHuEPO-Fc protein, the EPO portion contributes to 41.4% of the total THuEPO-Fc

molecular weight as calculated by the ratio of the weight of amino acids of EPO in the
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[ 00053] The erythropoietic potency of rHUEPO Fc was
further explored by reducing the injection tines to

W pwa/ 0§84 week subcut aneously. As shown in Fi geeBCAE2007/000107
the r HUEPO Fc-treated groups showed dose-dependent
el.evation of Hb |evels at the doses of 12.5, or
WS A el i 2965 5 M ol THVBA T g ISR Amanesty
al so induced the elevation of Ho |levels to the simlar
agk t EPQnuat (RB EHHRROhFs wakthen degided pat 149 obthe totpf/argues
rHUEPO-Fc. This strongly indicates that rHUEPO Fc has
of s aHEERO S PEd¢iBpoi etic activity in vivo. It is
presumably due to either the prolonged half-life of
the rHUEPO-Fc in vivo or inproved EPO receptor
bi ndi ng/ acti vati on by the di ner EPO nol ecules in the
[POAIEPO- FerEESel aystoels capgentiations Orfinigheld pafifyedf198.684) ahdt h.
[ 00054] When the same doses (12.5ng/kg) of rHUEPO Fc
ngtiver lEPCHWER@ (igdvithmagtralduedn EROrsarvee M SDY0IBV . frel
three tinmes per week or once per week, elevation of
manefakipreddy disn Resvegb€er Japah)fvere dilutedt ih eartieresatutidn (. igmi
(Figure. 6). However, i.v. adm nistration once per
ofkekanoderumi-bl BROINFS. 8inphhl ©€ sbdiyme aitrate, 0.06MEml of citric acid and
persi stentel evation of the Hb | evels, which continued
5\ Sorpgret ofabdiiem chiveide 1 ptas. frSI6). Wesdosy ef tHuEROS Giabant was
provi des further support for the enhanced
celcylhded agoidirig t6 ity bty lameent@htionh B ALIBIERRE- th 8tk Bld, N
conpari son wi th rHUEPO havi ng the structure of
weathingallgl e g O&ubiuhibgrs BPRaRl Al Ednikle, Burc BN Experiment
erythropoietic activities of rHUEPO-Fc in 5/6
ARl Rl MMPS, Chg) W&0roupedRRREIRIth 8 i Each@fB! ERILCE
proved the enhanced erythropoietic activities o

gF iy BPRideGwds freXtbd Qith $Re EoMbitkEbn OPSRIMS: (bheosfS s ¢agy of
rHUEPO- Fc in stinmulating erythropoiesis,

6B RALNBC BEYARM ﬁa@i@ ShrdRh G SR YU G '619% é;i) 395 ggegnj\éwom

experrnental rena nem a that was nm

s&%&'ﬂé ﬁﬁlteg EHies B—J}%ve%lt E)rI Sie ¥erovfleek). The control 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 samples (tail vein) for
measurement were taken before treatment, 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 ¢ test was conducted among different

groups.

[00052] The administration of EPO three times per week to mice, provided that
the EPOs have normal erythropoietic activity, would induce saturated stimulation of

erythropoiesis. As shown in Figure 4, both groups treated with 3 times per week s.c.
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r HHEPO- Fc was conpared with those of rHUEPO and
dar bepoeti n-al pha (60ng/ M, |ot. No.N0O79, manufactured
wgooriosioss Brewery Co., Japan). [00056] W star PEI/€A2007/000107
(mal e and femal e i n equal nunber, wei ghing 160-18Qg,
rchased from Vitalriver ment_ Ani mal_ | nc
h%i?‘#?‘ﬁ&‘m efyaign OH{E&‘%'@ exgy at %@@kﬁe of 2502460 g}‘ls\ﬁél’%‘%%’éd
this invention to create the anem a nodel due to
dﬁﬁ@ﬂ%‘f@ﬁﬂﬂﬁf TR Rasxhibited an i iye dyhigpostieprtiyityay effectvey
[ 27]...5/6 nephrecto was_done to rats with genera
a3 HadHAk s T he ?JWP%O%I‘E% levels & thp Beaied Boup Wasdlope-dependent
condition. After 2/3 of the |eft kidney was resected,
Hontsveragaturgled elevtipn abie Hb levslsovas indueed inywier af theadpse ofThe
ght kidney was then resected carefully. Antibiotics
laéﬂé/kaeﬁﬁﬂﬂl%prl%ﬂ adiereas the simélar safundtedelevatiomdt the Hb devhls
operation. In total 5/6 of the kidney tissue was
Wai qaly laghigwed etthe dose TH 62.Argikg efotioRiPQe dhe elewatign atilhldvyls
devel oped renal function dissufficiency and anem a.
infhyeed: byt 35 it eerfeduBR Qb k avas tlat greaterf thamthat by Sugdaye af t er
nephrectony, and were then randomy grouped (9/group)
rHeER®.aflest fesulsdnggestsd natd @itent érythiiepokeBEstimBaidighyaHpERO-
rats was treated with one conbinati on of one dose
F¢ #hab rH@ER). 62. 5ng/ kg), one injection route ( i.V.
through the tail vein or s. c¢.) and one injection
schedul e (once per week or once every 2 weeks). The
control group and nodel group of rats were injected
[06053] t he HijlajthrepdittiEpotincg af fHUBPOSKY Wisi fefther EXored by
treatnent |asted for 4 weeks and the total observation

rédubiag theefijectn WRaRK S orcd BSVdek AidcuddAsasty ( AsIhow inFigure 5,
62. 5ng/ kg) of rHUEPO Fc, adm ni stered subcutaneously

tHRNEREPO!FcWREld gfdﬁgy%dle@ ase-dpnaad %l’&lat%'n%\f fib l@s’%lsodft wlehe
Ho I'evel s comparing to the nmodel control group that

deled 0Pt 5, PEEE Y, %Fisatﬁ 0824 FEML5 and@h 34 o o ANEPR aITY/ K9

of rHUEPO or epoetin, adn1n|stered subcutaneously

ifd& tHceéle\yéﬁgllf oﬁllbc’ Ryél0 Q)Utﬁg d ﬂgﬁéﬁ%k,%lﬁfwﬂt?ndcﬁ Y&l thahN€
i ncreased levels of Ho in gr oups

that by 62.5ug/kg of tHuEPO-Fc. This strongly indicates that rtHuEPO-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 receptor binding/activation by

the dimer EPO molecules in the rHUEPO-Fc protein, or by the combined effects of

both.

[00054] When the same doses (12.5pg/kg) of rHuEPO-Fc or rHUEPO were
administrated intravenously either three times per week or once per week, elevation of
the Hb levels was observed for all the treated groups (Figure. 6). However, i.v.

administration once per week of rHUEPO-Fc induced greater, more persistent
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treated with 12.5 or 62.5 ng/ kg of rHUEPO Fc were
significantly higher than those in groups treated with

wa2003/0880862. 5nmg/ kg of rHUEPO respectively. TheP&CA2007/000107

| evel s in 62.5ng/ kg of rHUEPO Fc -treated groups were

Iso sl her t han 62.5 g of .
?%9&9631%# %Y?ﬂ% é‘éFhQ:PBUB‘eé Eaﬂg%rra?% ‘Sﬁﬁggﬁﬁe?tr“@étoﬁﬁnt'r his
t he decrease of Hb levels in 62.5ng
dptapE eﬁg"?h%%%%’[ @r&w&nmewm@%mm%ﬁaew@%
| evel s remai ned hi gher than those of both normal
rdBRRP-SF PEYAN H@EIPadontyith THYEBQ having the|strugiere of patwrplly
observation (two weeks after treatnent), indicating a
ogeurRelO BivERBr a prol onged eryt hopoi etic stinul ation
(summari zed in Figure 7). [00058] For the treatnent of
subcut aneous i njection once every two weeks, only 12.5
or 62.5nmg/ kg of the three EPCB mere adn1n|stered
6( Fi ghnkangpd ervitbropeigtikaytivities ¢ rHBEPQdicd g 181
| evel s conpared to the nDdeI control group, and the
weak erythropoietic response in the 62.5ng/ kg of
rHUEPO treated group failed to bring the Hb levels to
[60955dal | NExperipeants sxormaltnhicd prevaiatheradhased terydhropoietic
group. Treatnents of either rHUEPO Fc or darbepoetin at
atthétied of dSuEPO-ERinS/iar. ToXufihay/okg riertbkiefficacs iof FIIERCARE in
el evation of Hb |evels that was higher than that of
stifelathgy ergthropoiasis, PhargfacetynarhizdivdiRt weg doh@uceddfie edtd wigh
correction of anem a status by both r HUEPO Fc and
ekiRiiRRPAB ekl afdinis @nwhd malibydid AphREvay. WRE effiehsarved
bet ween sanme doses of rHUEPO Fc and darbepoetin in

rIH@P’@-F@fwaE&fm&?éaywnhTth@semfﬂ@u%&dﬁar&ﬁe&ﬂ%ﬂ?ﬁ G(ﬁ%hlt ed

in the persistent increase of erythropoiesis unt| f he
18t ENENOPY, infaRuBEtufed By RESE BN, ( Japsm)Wveeks post
treatnent) This further suggested that rHUEPO Fc and
dar bepoetin exhibit the property of |ong-Ilasting
stinmulation of erythropoiesis in vivo, which in turn

[600s61d be BR st BaddFerh € i &EMGHRE:, Qfelghmg 16? 1§Og,

admni stration frequenC| es to patients$ clinica
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 2/3 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 anemia. The rats entered stable status of anemia 50 days after nephrectomy, and

were then randomly grouped (9/group) to start the administration of the EPOs. Each
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[ 00059] Whi |l e darbepoetin has been approved for
clinical application with | essfrequent injections to

W0 p@resees t he patient conpliance and reduce theCTOAR007/000107

burden of health care providers, these experinental
data _strongly indicate that rHUEPO Fc disclosed in the
ZEQWPOE LS W?ﬁ&éﬁ%&e# Srithipgs combinatipgof predase (F-3. 13593t uatkehone
_benefits. As discussed above, darbepoetin, as a nutant
injeraion goust (irhéhreiighdbe EbERIRGF & culaad epsmipigrtionrghedylsi (prcspar
sugar conmpounds (i ncreased gl ycosylation), may have an
Wesk peeise gvary 3 pveels)-i Thd gentrad sionprarrbgeded stoyp ofras wese due
to the altered three dinmensional structures. Only
injeniesl wish the sausbrelame ohcagier selvtiemilbe Uepimenydasted forrdovicakent
wi th darbepoetin will give a decisive answer to the
ahdrihg tselerbbagvation kimep fvergdriesboet i n. I n contrast,

r HHEPO- Fc, wi thout the nodification of the EPO

nol ecul e portion, has a carbohydrate content identical
or closely simlar to that of native human EPO. The
[@106TNt s oAll dosb (%5, d2i5d62. Sup/kgh ef tHUEPO-Be, administezed

r HUEPO- Fc protein were around 10.0 mmol / nmol EPQ,
seimnmhaiuslytonvd feln wieble indapal dosdtdgendeneélevasion bf theHEROelsThe
Fc part of rHUEPO- Fc, with no external am no

campa{ng)té the mddalcopepltgrels, that @il 08 esttise ERO treatment. Both 12.5
general structure of human 1gd, and theoretically
a6, Shugiiad of rHaBPO @r adibépFetid) a@aiisteré EspagRousty op pErov ed
clinically, rHUEPO-Fc may provide a better choice for
wak hledindudel @R v AN bl 1dveY Bhd iabresed HWEREY BB th Bddthroups
anal ogs, especially those who need | ongterm

trasted Witk 12.3%k 615 pgﬁzg Qb uFPaCE: Wk @rghméaﬂt@thggl\émwmoye in
once every two weeks, both r HUEPO-Fc and dar bepoetin

ks ORI AGith Ve & @D @/ KeQ IR Prdssiefldif alhe IS le6aS fS Of

Ho levels in the rats with renal anema far above the

68;3 pg@}% oHMUERVEE S.trefted Q%uwé}@hls&grghﬁphi_gﬁ?ttﬁatn(tﬁét%r e

is further denonstrates the persisten

6%.?[ P%?glg 8t &a?lgbpgétin@t?e,)ﬁelarg? | OF{ep stQﬁp@F%ﬁnﬁq’EQhe @Rrease of Hb

poetin”s efficacy has been y proven.
levels in 62.5ug/kg of rHUEPO-Fc-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 observation (two weeks after treatment), indicating a stronger and/or a

prolonged erythopoietic stimulation (summarized in Figure 7).

[00058] For the treatment of subcutaneous injection once every two weeks,
only 12.5 or 62.5ug/kg of the three EPOs were administered (Figure 8). 12.5ug/kg of
rHuEPO barely increased Hb levels compared to the model control group, and the
weak erythropoietic response in the 62.5ug/kg of rHuEPO treated group failed to

bring the Hb levels to normal in comparison with the normal control group.
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[00061] Data derived fromcell culturing experinents
of bone marrow cells collected fromthe 5/6

woephvgosom zed rats after treatnents (once pePCIEak000/000107

per two weeks, s.c. or i.v.) showed that rHUEPO Fc,

HUEP d, darb in.all stinmul ated the forpmation of
TS P B BE PG Cp AR BSROF B Ghe SRSty T AAgHEE
.darbepoetin were siml|ar and stronger than that of
iR e A e 2a0) Of T BUIo et e Redr It Het PidbieporpaLN)
and Crea |levels were simlar in the treated groups and
CORIERS BroRBripdigating the gifectivgcorresrion of geminstatns mebqth rByEPQ-Re
treated groups were higher that that of the nodel
apd drpemoetyr Nipsigpheanbifigicacas Wexentiseraed brtweeisarae desgs ethe

i ncrease distribution of red blood cell (RBC)-related
rdelFRQ-Fp andydpsernetiny i verma @f effirasen The¢ high dosepd62 freked
rats. 7. Pharmacoki netic studies of rHUEPO Fc in Rhesus
resiligdap she) IBOIHI] intrpasti of enthepbiesisont] the keeminatientfohes have
desi gned rHUEPO Fc in such way that the EPO portion of
obseevafion (typ Weekstpoistrireatmeat)n J hisiertifen mugzestaithatpHopRO Fic@sd
of natural EPO, such as stinulating erythropoiesis,
danhepactie extibif the groperty offlotrgilasting|sgjBulatibh ofgythivpoistisinl vévo,
exi stence of the fusion protein in circulation, thus
winchen tirmgould be tranisfetred ® tharediation o iniatspativndieignaikcies to
studi es have denonstrated the erythropoietic
paniswlinicalyy. of r HUEPO- Fc are enhanced in conpari son

wi th rHUEPO The inventors have al so conducted

phar macoki netic studies to determne the in vivo

hal f-1ife of rHUEPO-Fc in conparison to that of
[0066EPO.  PWhikad&5epvetirthas S&sh dpProg@ieF alirfcall dplicafontiwi@ess-
are biologically very simlar to human beings. [00064]
frofuedyinftessg fo WaaRareshtion doinbBAmRt b Ere 8RR M WworR BGrdbh 8f
experiments were conducted according to the general

h@ikh @eleiph@sded, Hebae itd) Abda GRong IR dRER YRS rIfEPIES US
nonkeys with 5 nonkeys in each group (3-5kg, purchased
dfsE188BdtiMfhe current invention has at least the similar potential benefits. As
discussed above, darbepoetin, as a mutant analog of the human EPO molecule
containing additional sugar compounds (increased glycosylation), may have an
increased risk of inducing immunogenesis in vivo due to the altered three dimensional
structures. Only long-term observation of patients undergoing treatment 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 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 parameters of rHUEPO. The Fc part of

rHuEPO-Fc, with no external amino acid(s)/linking peptide, represents the general
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Experi ment Ani mal Center, AWMMS, China) were injected
intravenously with 5 ng/ kg of rHUEPO Fc or r HUEPQ

w0 e®pegIsyel y. Bl ood sanpl es were taken bef or ep@rdA2107/000107
0.017, 0.167, 0.5, 1, 2, 4, 8, 12, 24, 48, 96, 168,

BT PhhBh ) SR R ST e R
RS RSS2 i

urchased from R& Systens, M nneapolis, M\). The
t‘}(i‘géP’éﬁ‘lélyﬁéi?‘PPlefrguF’t"PP LB apalpgspespesdallyiihose phpesd long-
i njected intravenously was 35.24+/-5.15 h and
tgmadmynisragion-h r espectivel y (summarized in Figure
11) . [ 00065] To observe the bioavailability of
3 r HHEPO Fc, 5ug/ kg of rHUEPO Fc was i njected
subcut aneously to 5 Rhesus nonkeys. Bl ood sanples were
[909R@In bef@mce iriptediintravenguslygoneg gveryl vo igks, both tHgEPQFc
96, 168, 240 h after the injection, and the serum
anddasbepoetin (ORIG EPkR)Feeroehle tadaduse identiehl ingrepses oD levicks sn
The bi oavailability index was cal cul ated as 35.71+/ -
th. r@3 Withirerial aremisfabehave theawsnal ifbdetelwin theTtvrmalicentrol rats
identical to the reported bioavailability figures of
(Iigurb @p oBtis furthémpiemogsAragns depetsigont stimydatidnefies/thadpdiesis by
chronic renal failure [9, 15] . [00066] This data
10 rideERMEt raatiebepdatit’s efickRMak-bednatiniaaldi govehi cant | y
prol onged half-life in primates, and the in vivo
half-1ife of rHUEPO Fc is at |least four fold | onger
than that of rHUEPO manufactured by Kirin Beer Brew ng
[@o61Jof JapamderiVbe frpmaled o@ading @kferinich® off Boné ivrdwi de@lk y
contributes to the enhanced erythropoietic activity of
co iR @ofrCthe §/6 nkphredIggREd fitstafteOtrealrtbiERGh&Cpet Week or per two
Macacaf asci cul aris [00067] As indicat edgeg)bove, P

WwatHseHE. 100 Nv. YWelowdH WRPrHUEPOIE:, GI@SE 8 af daktidy5ER-aliGstifni Bate@n
protein to intentionally avoid or mnimze the changes
15 tHRffoln¥@ioh BIUPOSEIMBFU-E. The potencies of rHUEPO-Fc and darbepoetin

were similar and stronger than that of rHuEPO (Figure 10).

[00062] 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

20 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.
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properties of the rHUEPO Fc fusion protein. The

i nventors avoi ded i ncl udi ng/ addi ng any external am no
w@eiodpssor |inking peptide sequences in the fRGI/OA2007/000107
protein. The invented HUEPO Fc fusion protein of the
7enbod| rrent of Fl gure IB é)nl cont a| ns the pol ypepti de

f ragnment (h| nge regl on, CH2, CH3) of hurran lgd, and
woul d theoretically not induce an inmunogenic response
and the production of antibodies against rHUEPO Fc
(062 n. A dijcpisehehnypribingensers hyvealegigred SHUBRPFe dnisuch
the art, other enbodinments having alternative
way that the EES pertéonaif shs fasienprotesisthis yhe functionalpegrerties of

i nvention. [00068] The follow ng prinmate studies were

5 natordl BE@etich a5 ibudating erytiwopaiesisnaygehé B¢ fragnesht ofHuEROIEE

protein. Ten crab-eating nmacaque (Macaca ~ 5 years
abdwek thestalrle gpa stevee @i the difsiangirete i, i) Oir@#agionf tbusedx@niing its half-
2.90. 4kg, purchased from Laboratory Animal Center,
lifeNivsjvoCiTihe ahovesanial sthdicd ledte derhastratnd tha styyhropdidticaogyitic
of purified rHUEPO-Fc 3 times per week for 4 weeks,
ofrHLAPGBF svere enhangeddn ecnpirisdh e euBPG). Ulte infentoas Halvelso
solution as the control animals. Sera were coll ected
cofineted phue@kcokinetiOstudiedtd délemiak thp dstivd haflifTiHuErGLFc in
tested for the specific antibodi es agai nst r HUIEPO Fc

10 cBipdrlsbSR thig o GIUEPO. Rinhdtdsabre iR dnerafeialy/ Akheyate t he
coating antigen. In addition, RBC count and Hb | evels

biologidagy p@rg,lsm@m;hlmag@gmg\pre al so determ ned within
the experinmental period. The resultant data shows
that, while the stinulated erythropoiesis enhancenent
in the r HHEPO- Fc-treat ed macaques was observed (the

RBC qiyRfkisn a6 bRas6sllider a4 ok
[REY oo Tal ke heg?regﬁ Ht?tfe aggbeéeg f%%'%%’tz "B/ ffments were

cdmtuddd géc))rdlr[g"tlH ﬁP%eh:&alf @l’ideﬁges of ghd?glg&ﬁm{iﬁ&se eItw%bérgu_lps of

speci f1 ¢ antl bodies agal nst sion proteln hese
15 R‘h@s%k' hdofikd g@ %ﬁ%%ﬁo&k@f’s‘ in ek&ﬁ%?&&p':é sk¥Shufihafl Pofil fle d0ES
cause i mmunogen

Experiment Animal Center, AMMS, Chma) were injected intravenously with 5 pg/kg
of rtHuEPO-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 rHuEPO levels were

20  determined by using human erythropoietin enzyme-linked immunosorbent assay
(ELISA) kits (purchased from R&D Systems, Minneapolis, MN). The average half-
life (t1/2) of tHUEPO-Fc and rHuEPO injected intravenously was 35.24+/-5.15 h and

8.72+/-1.69 h respectively (summarized in Figure 11).
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in primates. 9. Acute toxicity studies of rHUEPO Fc in
normal mce [00069] To assess the safety of rHUEPO Fc

WO o®i7/0850+ Ot ei N, acute toxic studies were condect/€a2G0m000107

ani mals. [00070] Two groups of BALB/c mce (n=20,

nunber s of l.e and .femal e, 5-6 weeks old, the
BB o i G e B RIS DRrBE PRy, Aa ke pUHUEPOLFe
15..90. 6g, . purchased from Chi nese Acadeny of Medi cine,
Vst RIcPEtt O Rhisevsanekerss IBlogstemples tieredskea dsfovee
amount_ of purified r HUEPO Fc énalezlS_Sng(kg,
aﬁgﬁa?sézﬁé.ozh?g/l R o 7éfi9al 68 # hraftesfthe injsctinar aridghe serum
solution via their tail veins respectively. In
leysin afirldRER QY Fe pers detemmined by the Rédp kits. cBhsthiiaamaifabllinoindeny
I njection, general behavior and status, activities,
veascripgatad as Heflddat3 En withthesnbaitanpehsdtiestipes This issdentical to
moni tored and recorded daily for 14 days. Al mce
thsieported Dipaygilaghiedfigurescfyarbepovtindipha (Aranedp ™ dypatibnts with
Cgost-injection, the anatom c exam nation of the main

rogigrignafailured9nisde were conduct ed. Pat hol ogi ¢

exam nation woul d be conducted if any unusual changes
or suspicious changes of the organs were observed.
[00071] Al mce in the 2 groups had no obvious
[0G0s6hnt 1 Beais ditoderh@isiravs thg rHOFBOFCBs a Ygiificdntly P@longed
period of 14 days, no obvious changes of behavi or,
halfHife/intpriemies catlittiegn &ivd hdfli&e ot rHQBPO FHctie4tNSasiBiEfold longer
observed. Moreover, the weight of the mce in both
tiginahyp of iHuBPOaR At fRtRaTY, Kirid WebiBreit® ¢ L6t jaPsh. PRI 0d,
and no apparent differences were found between the 2
peri@gps halfitbay viko Oikeldl @ynthiButs kthel dihBfebd &?thrdﬂgieab RARERbf
or pathol ogi c changes were detected in the tissues of
rBiERO-Fel ung, heart, liver and ki dney. These results
i ndi cate that adm nistration of excessive anmount of
r HUEPO- Fc, farnore than required for exhibiting the
normal erythropoiesis function, is safe and had no

8aPPamaRlindotitity SHHBEPS-Fc in Macaca fascicularis

[00067] 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 peptide sequences in the fusion protein. The
invented HUEPO-Fc fusion protein of the embodiment of Figure 1B only contains 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
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10. Conparison of wild type and nutated EPO fusion
proteins [00072] Investigations were also conducted to
weepaswswmi | d type and nutated versi ons of EPQCT/CA2007/000107
proteins. As described above, in one embodinent the
i nvent onlncludsa in amno acid mutation_at
SRR AP RDS e he %’?:fg‘fb‘im qeipentohRy e aligpative
purposes, a wild type fusion protein was al so prepared
SIS ERpred é@%@mﬂ%ss%ﬁ%e BISTRt BYenigsi due 172 (Figure
12). The wild type fusion protein was prepared in the
sane manner as Exanples 1 - 3 above. Wth respect to
the construction of the reconbinant plasm d, the
[408p%lowi nglhsIfplipyvipg priraste stadipsaee conucted t9sabsm teysed
(the altered am no acids in EFL5w and EFL3w in
5  inonrgenisighofirbuER@-Femrateins Terf crilxeatipl anatague éMbesicded)
EF5: 5' -ccggaattcgccaccat gggggtgcacgaatgtcctgcct-3 '
Jfascielaris)Ghale/female=5/5, ~ 5 years old, average weight of male 4.0+0.3kg,
-ttttcecttttgecggecgettatttacccggagacagggagag-3 '
faaralsin2.9+0.4kg, purchased from Laboratory Animal Center, AMMS, China) were
5' - aggcct gcaggacaggggacagagtt gagcccaaat cttgtgaca-3 '
infdekedvwubcutaneously with Spg/kg of purified tHUEPO-Fc 3 times per week for 4
5' -tgtcacaagatttgggctcaactctgtcccctgtcctgcaggect-3 ' .
wetle, arquwe meeasinjetted withequal blhwobhentridrkbidtioraasehd doatreld i n
SEQ LD. Nos. 9-10 respectively. [00073] In vivo
10 ami¥@BI iSBRNese dalledted encam el i G uadclRdl 1 iveelCispacadménieand
erythropoietic activity of the wild type fusion
teRfe@ f&Hithe %B@ﬁe bitibo@ikeadan@t AHAERS-FcHYERDEA GinptHelputined
nmut at ed fusion protein (i.e. the rHUEPO Fc protein of

rHtﬁ]ﬁ’(ﬁF@@ﬁ@lmlhﬁ}thﬁ@Edaﬁﬂg gapen.i ReddiabR\RBC adift MdtHD levels in
reconbi nant human EPO (r HUEPO). For conpari son

tHRYWeRPREal bRloH weheal @RBIMREd WitRintih &Bemh&itfipBiod/S@d 1 N
this exanple, nanmely rHUEPO Fc, rHUEPO FcC and r HUEPO

rédBlir SR8 sHAWR Wik, SV theeinsR Qd@}t%k)&@s@&{hﬁﬁc@&eﬁ' iRtHe on
a mol ar basis. In respect to the rHUEPO Fc and
15 iR Fedted macaques was observed (the mean RBC numbers increased from
4.74x10°/ml to 6.67x10°/m1 and the mean Hb levels from 12.2g/dl to 13.7g/dl),
rHuEPO-Fc failed to induce detectable specific antibodies against the fusion protein.
These results indicate that rHuEPO-Fc fusion protein does not cause immunogenicity

in primates.
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proteins, the EPO portion contributes to 4 1.4% of the
total nol ecul ar weight as calculated by the ratio of

wao b@7ipgioght of amino acids of EPO to the wei gheCDEARG000107

total ami no acids of the whole rHUEPO Fc and

r HUEPO- FcC nol ecul e . 66 aa am)ng 399 aa).

9 nnnAgute -,-,!‘um t AL : mn: SOOng/m )’

r HUEPO- FcC(st ock concentratl on: 90rrg/rr1) and r HUEPO

with the natural human EPO structure( 60001 U 0. 5m

manuf actured by Kirin Brewer ., Japan) were dil u_t ed

[9006%kr r i efo assgsythcspfetynf idpfh r@/ -Fe fusigpaicis erctiintanibsiudies

5.8ng/mM of sodiumcitrate, 0.06ng/m of citric acid

werRcondwiRg/innigRlssodi um chl oride , pH5.5-5.6). The dose

of rHUEPO i n anount was cal cul ated according to its

5 activity/anount ratio. BALB/c mce (9- to 10-week ol d,
wei ghi ng 18-22g, equal nunbers of nmale and fenal e,
[PW07€has edlWe gronpsxqdddA L e migr(hTad, e@ahnumbersANivBle @idi na)
were grouped randomy with 8 in each group. Each group
fohaleriSefewewks oldy tha edtagei wedight nbfegrtetis hab+(te, ofaledn éS.98k62, (
2.5,12.5, 62.5ny/kg), one injection route(s. c.) and
pombased fremtGhiness A baldoly @f Medicee, Chin®svepeinjened kintarveronsg
per week). The control group of mce was injected wth
ohtrewidgerakssive hmoentof padfiedirEnEROIFd {mela=13Tieg/kg, eat nent
| asted for 26 days. Peripheral blood sanples (tail

10 fatedlen)32edg/kEp asequeliiimernstiee dadried Bolbgdroriethielr €Ak vemst , on
the 2nd, 6th, 9th, 13th, 16th, 19th, 22nd and 26th
rébpygivelly. I fAltivRMS obsklvingake iNBtat e dora®11bWAgiinjetdiddon, general
byabsor pti onetry. MeanSD was cal cul ated fromthe data

bethavRRehd Gat0d) Betpvitks] eatifBindiR fecSNGdEEredananBngesivedeer ent
groups. [00075] As shown in Figure 13, adm nistration

nfthitdlell afdWeEfd&eReailp E&Uﬂ'dﬁﬁs Al rhitd REréalss v@fgh&@ﬁﬁﬁ%t]'aﬁ@s
per week stinulated erythropoiesis. At either the dose

Q}It 18-A7 dgng( spfnjéleaoé R @mid éﬂdﬁﬁ@flg&oﬂ tRIHERGrfing bethe

evation | evel' s than rHUEPO
15 mice were conducted. Pathologic examination would be conducted if any unusual

changes or suspicious changes of the organs were observed.

[00071] 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,
20  eating and defecation 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
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The hi ghest elevation of Hb | evels was achieved by the
12.5 ng/ kg dose of rHUEPOFc. Both the 2.5 ng/ kg and

wda 2005/0898kg doses of rHUEPO FcC i nduced nuch wWe@R€EA2007/000107

er yt hr opoi esi s than equi val ent doses of r HuEPO and

r HHEPO- Fc. [ lcate nifi
PP TegHir e o} BYIAE R e R Pl RO on, RoRieapd had

gr oups. 12 5 nmg/ kg of rHUEPO FcC i nduced

nPéH%Fe“étoét?aﬁffﬁtFr of Hb level's than 2.5 ng/kg of rHUEPO
These results suggest that rHUEPO FcC has inpaired
erythropoietic activity in vivo in conparison to
rHuEPO havi ng the nat ur al EPO nmol ecul ar _ sequence. By
19 3 0 g ype ntate ROfusign-proteins t he present
|nvent|on exhlblted nor e potent erythropietic
functions. The adm nistration of the three EPO
proteins at intervals of three tines per week | argel
[@0Z2luded Investigationcwerofalsd corfdaeted toesomiparetvrilsl thigd a‘ndlniuft@e%f
the proteins. [00076] The erythropoietic potency of
versioERG-HRO protdins HYERBsEibe aerye f inohdhembagimédnd thteaalv ehiyon
reducing the injection tines to once per week

imhhbleud sindoaping acidsnmgdtmnat aminbiagjd residud 172 (€ 72G). For

r HHEPO- Fc-treated groups showed hi gher el evation of Hb
comapaissn pirposes, @y per fasibe pro@ivewasad]sot frepackdsesing b cisteife
ng/ kg or 62.5 ng/kg. In contrast, rHUEPO FcC i nduced
anfimohacited kaiduel By dtigwa 12f ThHb wik\vgleSutibraproteinawas piepacddn
by rHUEPO. For exanple, 12.5 ngkg of rHuEPO i nduced
el sgie mathee ua Examipl&f1 Hp abe e Mathtrbspactithitie comtiuaaa dfyhe
62.5 ng/ kg of rHUEPO FcC at nost time points. This
rdodinb et phainGd tiRSolldvahg Blygo Rikked (WAGEN RENUB) wére akddqthe
times to include the effects of half-life, rHUEPO FcC
aRerbd BhinG aBUER BMEBKAINd EFY 5ROk ik¢h tb dRGIriniRSofi HxampMéa
in conparison to rHUEPO having the natural EPO
affJofle).ar sequence and in conparison to the rHUEPG Fc
fusion protein of the present invention. [00077] In
sunmary, these results denonstrate that r HUEPO FcC,
formed by

EF5: 5’-ccggaattcgccaccatgggggtgcacgaatgtectgect-3°;

EF3: 5’-ttttccttttgeggecgcttatttacccggagacagggagag-3°;
EFL5w: 5’-aggcctgcaggacaggggacagagtigageccaaatettgtgaca-3’;

EFL3w: 5’-tgtcacaagatttgggctcaactctgtcecectgtectgeaggect-3°.

The sequences of primers EFL5w and EFL3w are listed in SEQ. I.D. Nos. 9-10

respectively.

[00073] In vivo experiments in mice were conducted to compare the

erythropoietic activity of the wild type fusion protein (herein referred to as rHuEPO-
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the fusion of natural nol ecul ar sequences of both
human EPO and human Fc fragnent (hinge, CH2 and CH3),
we@ziv7o83084 much weaker erythropoietic functi onsSPCTHCX2000/000107
in conparison to the rHUEPO havi ng the natural EPO
mol| ecul ar sequence. In particular, the erythropoietic
Fgl} vith the gautaied fugign P‘F%PEP%eF@EﬂfI‘&@T%ﬁC piogipithepresents s
than 1/5 of those of natural EPO nol ecule. This
invsatienAeaibedh above mdridy rerpmibinapelnanaB v HEER(Pe FoRd t he
natural sequence of human Fc fragment inpairs the
CPPRIESPH PPOsSr Ypibe dpsss olghe thige mrcingiged dnthes exgppleyamely
single amino acid replacenent at the first cysteine
rH@EIig@ﬁé, THYEPR ki ang elg\ﬂlé%@,o’fﬁrfoﬂle emeurg off the GR@moleculse
r HHEPO- Fc fusion protein of the present invention
5 petieprlost aga metar hagiv rlaresprOtotht dduRPO-EeepdahoEPQAWECt he
nmut ant Fc fragnment shows nore potent erythropoietic
pfasging. therFPQ porion/eong tutsa tetl! 4% of the totaltmoledulaEREight as
nol ecul e. This data suggests that the first cysteine
caleglatdd by the rativeoflthengaghtefjamimoatids bEERM todth¢ wpightrad the total
fragnent sonehow i nterferes with the EPO nol ecul e,
ahiidoedcids oy the atslerfluBPOthctand elluEHCaRgE smoteoulth@.e B8®aa among
nol ecule, and this in turn inpairs the functiona
3pvaperties of the EPO nolecule in stinulating
eryt hropoi esis. [00078] As will be apparent to those
10 skilled inthe art in the light of the foregoing
di scl osure, many alterations and nodifications are
[@0g5] bl e [HUEPDEFQk@ER Edheer@fatibi300ighME Mt IHIEPOLEJTRstbck
departing fromthe spirit or scope thereof. References

cdncehiPdiRA: Shugil) ald rHRIBPOWRIP B @hturhl Afad KO I ecept or :
signaling and clinical manifestations. IMAJ 4, pp

stkibhidre( G006R0B 92 matufaBlurakd&itin Brevily @b.; Tdpkit EPC% &Rfkd in

i nproved treatnment outcones: potential nbdés o

okt %ﬁolfaﬁsﬂ?g/&ﬁ loPBirdn s%ﬁrlwﬁ%mé) 5.8MPA1 br baiePOfthee, 3-

Lappin TR et al. EPO s alter ego: erythropoietion has
15 Omélnrg}’rﬂl ¢t R AR Ehd SSgrﬁénni:@f dodium chloride , pH5.5-5.6). The dose of

rHuEPO in amount was calculated according to its activity/amount ratio. BALB/c
mice (9- to 10-week old, weighing 18-22g, equal numbers of male and female,
purchased from Experiment Animal Center, AMMS, China) were grouped randomly
with 8 in each group. Each group of mice was treated with one combination of one
20 dose (2.5,12.5, 62.5ug/kg), one injection route(s. c.) 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 2"d, 6th, 9th,

13®, 16™, 19™ 22 and 26" days of treatment. Hb was measured as the index by
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20, pp485-492(2002). 4. Maiese K, et al. New avenues
of exploration for erythropoietin. JAVA 293(1),
wWQEp®00sHEL005) . 5. Fisher JW Erythropoietin: PCT/CA2007/000107

physi ol ogi ¢ and pharnacol ogi c aspects. Proc. Soc. Exp.
Biol., Med. 216, pp358- 369(1997?. 6. Jel kmann W
cRISTRSOMeHY- MeBASE) Vi calslpied g he chta of sash GroWB Fnduelast was
43 8?@, pp649- 659(2004). 7. Ng T, et al. Reconbi nant
C@‘?‘{W f amenedifferentgreynsni cal practice. Postgrad. Med. J.
79, pp367-376(2005). 8. Wiss G et al. Anem a of
chronic disease. N Engl. J. Med. 352(10), ppld 1-
1023(2005). 9. Macdougall 1C An overview of the
[€¥07fkacy Anthowafieligursfl3naipdhisizatiph lof albthiresdiPO proteins at
stinulating protei n(NESP). Nephrol. D al. Transpl ant.

5  iteyals ppthred timep periweeR sth@i@@d prythtopoieksy AvBither the dose of 2.5
Dar bepoetin-al fa: a novel erythropoiesis-stinulating
upfkgtoeil b ke, rHREEROYEC Dkiheed high6r, elgyakiod 8B8HH 1182 (HAA GRYEPO.
11. Ellirt S, et al. Enhancenent of therapeutic
Tie bigbesnelevation wHHA ddvielg imtak echidvid byithk 1915y g@lendpsa eHuERO-
Nat ure Bi ot echnol ogy 21, pp4 14-42 1(2003). 12.
FEl Bbthtthe 55 @fkgabnd 12C0ngkgdoses of tHHWEPO-RCOh&@e€ aluch weaker
activity: the role of carbohydrate. Experinental
ehyetirapaidsgitandsguiviieht dbdés-of rHOSKE MM HUERS-Fch@ iridecatk@.by Be
al . Darbepoetin-alfa has a | onger circulating

10 shalflcaltildveer aRdatph @R HBNevelR i théQHRPRGIFCE -tich@A FolpL ek pRNt
human eryt hropoietin. Exp. Hematol. 31, pp§90-

128 9&@@&7rHuEPO-FcC induced lower elevation of Hb levels than 2.5 pg/kg of
rHuEPO. These results suggest that rtHuEPO-FcC has impaired erythropoietic
activity in vivo in comparison to rHUEPO having the natural EPO molecular sequence.
By contrast, the rHuEPO-Fc fusion protein of the present invention exhibited more

15 potent erythropietic functions. The administration of the three EPO proteins at
intervals of three times per week largely excluded the impact of differences in the

half-life of the proteins.

[00076] The erythropoietic potency of rHUEPO-Fc and rHuEPO-FcC was

20  further evaluated by reducing the injection times to once per week subcutaneously.
As shown in Figure 14, the rHUEPO-Fc-treated groups showed higher elevation of Hb
levels than rHUEPO-treated ones at the doses of 12.5 pg/kg or 62.5 pg/kg. In contrast,
rHUEPO-FcC induced much weaker elevation of Hb levels than that induced by
rHuEPO. For example, 12.5 pgkg of rHUEPO induced higher elevation of Hb levels

25  than that induced by 62.5 pg/kg of rHUEPO-FcC at most time points. This further
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14. Egrie JC, et al. Devel opnent and characterization
of novel erythropoiesis stimnmulating protein(NESP).
w®edorosdesd. Caner. 84(suppl 1), pp3-10(2001). BEI/CA2007/000107
Macdougal | I C, et al. Pharnmacokinetics of novel
.erythropoiesis stinulating protein conpared with
indisgies rh%P Byl reducing the %ﬂ%isgat&aﬂm&%f%xnclydg&ﬁfgg&c?f half-life,
Nephrol. 10, pp2392-2395(1999).16. Jolling K, et al.
rib i -BeG exhifitianuch SRS SDThEORMIRLICURcEionT in YBEG| % FUBPARSPRR
erythropoietin in rats. J . Pharm Sci. 93(12),
r ravaeabg panegal EPCy mofogplpissegienegs ang| in campagisprpto the
erythropoietin fusion protein with enhanced
iRyl RhFo pisioatpratein of the ipreyent mventiod. and i n vi vo. Bl ood
97(12), pp3776-3782(2001). 18. Kochendoerfer GG et
al . Design and chem cal synthesis of a honpbgeneous
pol ymer - nodi fi ed eryt hropoi esis protein. Science 299
(490284 - 887 200}y, these @itk desdaistrad thattHukIPO-Fiyfoymed by
erythropoietin dimers with markedly enhanced in vivo
thedudion dfynatuirl olechiat $equehcesdof b8t humabAPO:nd ppinard B - 1
188(1998). 20. Sytkowski AJ, et al. An erythropoietin
fragraén thipgeo CE2 and CHIPY, ieslablitsahudhdesakéercagthropgetidt fungions in
domai ns exhi bits enhanced bi ol ogical proterties. J .
vBo o confpaeison (8 TH(rBIEPORayidd thé ra@él FBOTRA&ular 2dquenbon&s
TD, et al. The devel opment of a nodified hunman | FN-
padibulhi e thropdifir sbtvipardfilenrHaEPOURraTudigGhrorth Ae ReMBAn
potential therapeutic for the treatnent of hepatitis C
1%51 Ifdfosé B REdrAlHPO solecdl Ot Bifi€ BdRAkes B tAK RN bE@&en BAO
pp560-572(2004). 22. Lo KM et al. H gh | eve

nfOXR0B2Ad AR naifh] SREGERE bPRurRdn FeGrafmkhSinpRirth@tidtishal N
mammal i an cells. Protein engineering 11(6),

pRIP&%es AL EBGRolecdid: BYRIRY Sig1BMho 8Lid ?éfplac§9érh' B Be HirseOr

necrosis factor(TNF) feceptors are effective

oS RER ARG if (RIBISedith bRRDA! HERAA! AxaTiuerent hunetbem
si mul taneously as both TNF

of the present invention comprising the natural EPO molecule sequence and the

mutant Fc fragment shows more potent erythropoietic 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.
[00078] As will be apparent to those skilled in the art in the light of the

foregoing disclosure, many alterations and modifications are possible in the practice

of this invention without departing from the spirit or scope thereof.
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ppl 548-1561(1993). 24. Way JC, et al. |nprovenent of

WO-2002/0830B4 opoi etin structure and phar macoki net P€ECh007/000107
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6. The fusion protein as defined in claim5, wherein

said Fc fragnment conprises a hinge region and CH2 and
W@k 7dgroed ns. 7. The fusion protein as defi nedPCTICab@rnwo107

6, wherein said hinge region is at |l east 9 am no acids

in length. 8 The fusion protein as defined in claim
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W@ vpasioson to native human eryt hropoietin.

acid sequence identity to SEQ LD. No. 2, wherein said
pol ypepti de has a prolonged half-life in vivo in

r econbi nant DNA nol ecul e conprising the nucleic acid
in SEQ LD. No. 1 or a sequence
‘éﬁ%ﬁgmm@) onmol ogous thereto. 19. A cell line
tran f ect h. a regonbi nant DNA nol ecul e as defi ned
linc F?H“?L ity Slo‘Tﬁfé’ted%F‘?er}S% %%gpm@qlﬁlwﬁ?wqg
vvherelnsaldcell line is a CHO cell _line.
met h8tey ligkesido @ hngga g6t b %éameag viereinaid fpﬂortprarem hps a
conprising culturing a cell line transfected with the
DNA Rislonged kalflife dreyive BypompagiogiternatgraliyaccBiingfoyi ng t he
pol ypepti de encoded thereby. 22. A nethod of
st i niAcampingnt@pteHgPprRdirapditing manmal conpri si ng
adm nistering to said manmal a protein as defined in
2| ai frhapre®in aFidefinastinoldinas, wj@rmméu half-ligs efi spid PPoteintieat ei n
said mammal is a primate. 24. The nethod as defined in
cl ai teegthreenfold ligher dan daig patimsthomiag exythinopwiatin. 25. A
nmet hod of stinulating erythropoiesis in a nanmal
3conpiThsprogireadde finsltie clamg 2.t ohes@n shidrbatfrife ofi said protein is at
pharmaceuti cal conposition as defined in claim16. 26.
The eithad feld hihen thedsaidnatvahumadzrytiMoesietim sai d namal
is a primate. 27. The nethod as defined in claim26,
Awher Ehafusiah gropein ofdlsimi 25 wheletnald. fufén préteiretids eshaased
defined in claim?22, wherein the half-life of said
pr ot edythropdicgiaibibactifian conspadibor 038t nhthed@mb s ke tHibtin.
t han native human EPO when admi ni stered intravenously
501 sUREfikian pRth ¥s defifled thR@1inB! WadleiaSaid &t iagdent is 4/ 13GM

28, wherein the half-life of said protein In said
fragment.

6. The fusion protein as defined in claim 5, wherein said Fc fragment comprises
a hinge region and CH2 and CH3 domains.

7. The fusion protein as defined in claim 6, wherein said hinge region is at least
9 amino acids in length.

8. The fusion protein as defined in claim 1, wherein said protein has the amino
acid sequence present in SEQ. I.D. No. 2 or a sequence substantially
homologous thereto.

9. A multimeric protein construct comprising a plurality of fusion proteins as

defined in claim 1.

10.  The multimeric protein construct of claim 9, wherein said construct is a dimer.
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mammal is at |east four fold higher than native human
EPO when adm ni stered intravenously or subcutaneously.

w@R00768308c0mbi nant fusion protein conprising: ¥E)/Cazn07/000107

erythropoi etin peptide portion having a cysteine

resi due proximate the C term nal reof

N A S GBENS mOtﬁ’é‘rfPf"BESIB%? Pﬂﬁ%‘%ﬂlﬁ?ﬁ YPeRtilgs %aCﬁ P%@%g the
region, wherein a cysteine residue of said hi

r egi YRINP BEE FEYCHERFSLH IBFQ P NhP opareurire ﬁ%tﬁ?aina%lly
portion is spaced at |east 12 am no acids apart from
sai dhydegouptieredsi due of said erythropoietin peptide
gortlon 31. The fusion roteln as defined in claim

0, Whrapretein as dofined dpelpisn | h wheisin gl peeiniipndimgr.g

onpl ete human eryt hropoietin nolecule. 32. The fusion

1§>r ot Ehepraisingedpfined in plaist B, mhe@in saldedimpreogwrises disulfide

i mmunogl obul i n peptide portion is a human |1 gG Fc
f r aghaeds baswag isderdpmeinis of $aidp@ypeetidesn and CH2 and CH3
domai ns. 33. The fusion protein as defined in claim 32,
liher Ehepre@inchs dgfeldn €lniag hie wheied each gfGaidfpolprmives h84.
The fusion protein as defined in claim32, wherein

sai dmbienger magbbHabous75ddpl ed directly to said
erythropoietin peptide portion. 35. The fusion protein
18s d@hd prem@ini a3 defiieidrin J2im tOwhereinisaid dangd@pd 4 slelebilakadss of
bet ween sai d hinge region and said erythropoietin

pept agdat WorkDaon. 36. The fusion protein as defined in
claim 30, wherein said hinge region is at least 9

18M NA pAginfaSeutidallcBMBbsHionTbmprikifg b Potedadiefhed A chitm 1
defined in claim36, wherein said hinge region has a
together with a pharmaceutically acceptable carrier, adjuvant or diluent.

17. A nucleic acid sequence that encodes a polypeptide with at least 90% amino
acid sequence identity to SEQ. 1.D. No. 2, wherein said polypeptide has a
prolonged half-life in vivo in comparison to native human erythropoietin.

18. A recombinant DNA molecule comprising the nucleic acid sequence present
in SEQ. I.D. No. 1 or a sequence substantially homologous thereto.

19. A cell line transfected with a recombinant DNA molecule as defined in claim
18.

20. The cell line as defined in claim 19, wherein said cell line is a CHO cell line.

21. A method of producing a protein as defined in claim 1, comprising culturing a
cell line transfected with the DNA molecule as defined in claim 18 and
purifying the polypeptide encoded thereby.

22. A method of stimulating erythropoiesis in a mammal comprising

administering to said mammal a protein as defined in claim 1.
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non-cysteine residue at amno acid 6 neasured fromthe

N-term nal of said hinge region. 38. The fusion
w@emrmesisas defined in claim37, wherein said PCT/CA2007/000107

non-cysteine residue is a neutral am no acid. 39. The

2Hon. L PERhEeT dee?flgfﬁlac leéﬁi/v@?qi%?'s%maﬁaﬁé‘l“%% %w?ea' ’
i B el RAMACHe Yoo AP I e

non-cystei ne resjdue at amno acid 6 rreasured fromthe
2Rt efriFiRed ArtimgiainhigePPisy S MATma I PrisEEon
protein as defined in claim34, wherein said hin
r egi AMiRkieripg o said mwnmalaphampaserical gompegtien Wie@aé in| p,
No. 5 or a sequence having at |east 90% sequence

5 |dent’Pt‘T§/ 1@ hereto and having a non-cysteine residue at
amno acid 6 nmeasured fromthe N-term nal of said
2Ri ngéhe mgthethas definedrinelaim 95 omhanein said mamealiistaiprienate. n
claim 30, wherein the half-life of said protein when
2Zdmi Khemethedias dsfinechinretai 26 swherein szid primpfe ésca fiusiad. hi gher
t han native human erythropoietin adm nistered to said
28anmal mdshod dseleBraddn nlaan 22, Adiereithide hal§literogaid paitein assaid
defined in claim42, wherein the half-life of said
pr ot mammahsat kastthrecstokklegher thaa natveriminan EPQtwheaast f our
fold higher than native human erythropoietin

10 adm admsinsteedl itttaveadudlyromsriglitabgousliie sane neans. 44. The
fusion protein as defined in claim42, wherein said
26 mithe msthad udefined it Tlaird 28] wiedtein drpaifdifeof shidrsdteiaritlsaid
second fusion proteins each as defined in claim 30,
wher miamntdisdt a0 §ir fedd higherahansaitite huniBtEFQ&han protein
is bonded to said hinge region of said second fusion

pr ot edrinBieredi istddvehdud 0B @iiidGtaneously.
30. A recombinant fusion protein comprising:
15 (a) an erythropoietin peptide portion having a cysteine residue proximate
the C terminal thereof’ and
(b) an immunoglobulin peptide portion comprising a hinge region,
wherein a cysteine residue of said hinge region located nearest said
erythropoietin peptide portion is spaced at least 12 amino acids apart from said
20 , cysteine residue of said erythropoietin peptide portion.
31.  The fusion protein as defined in claim 30, wherein erythropoietin peptide
portion is a complete human erythropoietin molecule.
32. The fusion protein as defined in claim 30, wherein said immunoglobulin
peptide portion is a human IgG Fc fragment comprising said hinge region and

25 CH2 and CH3 domains.
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46. A nultimeric protein construct conprising a
plurality of linked fusion proteins each as defined in

w@b@sd84 47. A reconbi nant DNA nol ecul e conpPCECAZN07/000107

t he nucleic acid sequence present in SEQ LD. No. 1.

3?av. T talh ol i B2 B i P ECRpREs o

34.

35.

36.

37.

38.

39.

40.

41.

42.

FgGl fragment.

The fusion protein as defined in claim 32, wherein said hinge region is
coupled directly to said erythropoietin peptide portion.

The fusion protein as defined in claim 32, comprising a peptide linker between
said hinge region and said erythropoietin peptide portion.

The fusion protein as defined in claim 30, wherein said hinge region is at least
9 amino acids in length.

The fusion protein as defined in claim 36, wherein said hinge region has a
non-cysteine residue at amino acid 6 measured from the N-terminal of said
hinge region.

The fusion protein as defined in claim 37, wherein said non-cysteine residue is
a neutral amino acid.

The fusion protein as defined in claim 38, wherein said non-cysteine residue is
glycine.

The fusion protein as defined in claim 36, wherein said hinge region is a
human Fc fragment variant having a non-cysteine residue at amino acid 6
measured from the N-terminal of said hinge region.

The fusion protein as defined in claim 34, wherein said hinge region has the
amino acid sequence present in SEQ. I.D. No. 5 or a sequence having at least
90% sequence identity thereto and having a non-cysteine residue at amino acid
6 measured from the N-terminal of said hinge region.

The fusion protein as defined in claim 30, wherein the half-life of said protein
when administered to a mammal is at least three fold higher than native human

erythropoietin administered to said mammal by the same means.
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43.

44,

45.

46.

47.

48.

The fusion protein as defined in claim 42, wherein the half-life of said protein
when administered to a mammal is at least four fold higher than native human
erythropoietin administered to said mammal by the same means.

The fusion protein as defined in claim 42, wherein said mammal is a human.
A dimer comprising first and second fusion proteins each as defined in claim
30, wherein said hinge region of said first fusion protein is bonded to said
hinge region of said second fusion protein by disulphide bonds.

A multimeric protein construct comprising a plurality of linked fusion proteins
each as defined in claim 30.

A recombinant DNA molecule comprising the nucleic acid sequence present
in SEQ. I.D. No. 1.

A dimer comprising a pair of polypeptides each having the amino acid

sequence present in SEQ. I.D. No. 2.
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