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RECOMBI NANT HUMAN EPO- FC FUSI ON PROTEI NS W TH
PROLONGED HALF- LI FE AND ENHANCED ERYTHROPO ETI C-
ACTIVITY I N VIVO 5Rel ated Application [OOOl]Thls
application is related to and clains the benefit of US
Patent Application No. 11/340,661 filed 27 January
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mainly in the adult kidney and fetal liver in response
to tissue hypoxia due to decreased bl ood oxygen
availability [1]. The principal function of EPOis to
act directly on certain red blood cell (RBC

Erﬁganitgrs and precursors in 20the bone marrow to
4 3R synt hesi s of henogl obin and mature RBCs.
It also controls the proliferation, differentiation,

and maturation of RBCs. Reconbi nant EPO having the
am no-aci d sequence of naturally occurring EPO has
BUAN pr odUdesdrabiatiopisreoed to andickedas thaherria oblds Batesit ed
with kidney functional failure, cancer and ot her
6@Ph@ﬂ@gN@dﬂfﬁéﬁ@iﬁkéﬁ%J¥QPy~wﬁ6addlt|on toits
erythropoietic properties, recent 25research reports
[3] indicate that EPO al so acts on non-bone narrow
cells such as AMENDED SHEET

Technical Field

[0002] This application relates to human erythropoietin fusion proteins.
Backaround

{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 EPQO also acts on noa-bone marrow cells such as

i

o3
£4
sy
13

Ef
=4



10

20

25

neur ons, 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.

WO noeosERD recept ors have been found i n many pdirfdagbenéoror

or gans, EPO may have nultiple biological effects, such
as actln a antl-a optotic agent. 0004 Human
s S% e S o P it B R EBP 130 4

rates account, for pprOX|nater
§§%F%F"“'Y‘t”§ stssf“@ﬁh@ﬂ Ptigt e Eie ﬁ%@ e e
hro an egi on
g’)%%nngu and %ﬂ%gﬁfr I{% %%S Fﬁ?maﬁﬁ‘ge leﬁlé’{?rbé‘g?g“if‘} w@ﬁ% such

Q aci ds. Cl eavage of the 10l eader

%g&ﬁg %ém”m%%ﬁﬁmﬁfdg ‘am no acid Arg by
post-transl ational nodification yields the mature EPO
havi ng 165 am no acids. dycosylation, with three

3550'4? ked Sﬂuiirf?lﬁ E% éﬁsggﬁcéémtem%& m(ﬁécﬂ%?’wi%nﬂ o? B4 kik%- he

l'inked site at ays a crucia

Bl sy NEDESHySratel %%%ln@foyaﬁ) LU $oR D Y {}9 rk)a@s ¥ Epo

bi oactivity of PO tunctions Inding to an

QBN NIRRT SLchRMoSMRPIOT-22 AdShHE 9§Mktﬁ%§gn &M five exons and
phosphoryl at ed 15t ransnenbrane pol ypeptide wth the

T8 @G eha) e @Rt urer o7 e Sorkists QAR @il -acifil iche iR A 20

triggers the honodi neri zati on of the receptors that

li@agtseduande ARt BE Tk \RIdoABId Afrg f-@dns8hBRBhodifiaNsAHGE on
pat hways: JAK2/ STAT5 systen?ﬁ%fproteln cal ci um ’

cleanmet EPARahild ITaSRHo adidh) GIRbSGUbE i@ thr&RQupkakRisA: ar e
needed to bind simultaneously to one receptor nolecule

tAGn &€ Misel8e AQE antidne I0RIORPA Ofe 2881 268814198 cfubkhl ro0n the

[ 0005] As the first hematopoietic growh factor
appmaheeid téroary ko dnlh reapyivo fieeovilyion ARO [HIUBRO fERkdns
(rHUEPO has been used for the treatnent of anem a
pesiofiing regpnferydimoietio mceptorengy cobdattdame phaancdatsd
(primarily chenot herapy-associ ated anem a), autoi nmunc
trsseamérgne gl DSptids witly dreynoldsataeveigt pOR-18rkalndploantait i on
and 25nyel odyspl astic syndrones. etc. Interestingly,
padisatricgers e semirhiveizalioef gy sermed thahladds 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

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

[00035] As the first hematopoietic growth factor approved for human therapy,
recombinant human EPO (fHuEPO) 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, ctc. Interestingly, recent studies have also observed that
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r HHEPO has non- bl ood system functions and shows the
potential of being used as a neuroprotective drug for
cerebral ischema, brain trauma, inflanmatory di sease
wanml o eEsssa degener ative di sorders [ 7] . PCT/CA2007/000107
5[0006]Current|y, three kinds of rfluEPO or rlIluEPO

ﬁﬂ%hé}%asr RUBIOTRRT, A poats T & P oot

LG PRAs o R B ?@é@@gbf%}fem'%u&amoﬂaﬁ%end“aﬁm&f%%tea%eénd
gggﬁgac%mﬂgé%sr |on receptor-binding affinity and
Il Since the initial introduction of

r HHEPO- al pha in the19805, clinicians 10quickly
recogni zed the frequent dose/injection requirenent of

fofiGsy dr ug cﬁﬂ?ﬁkﬁ{ﬂ kfuﬁggg Iu%F‘@%F SR!E'PB‘%%@S Tean in

VIVO hal f-11ves o pha and r bet a

é%ﬂﬂﬁe?d:ﬁfy%ﬁgblh%ﬁx@{\ﬁ?ﬁ%ﬁi Mo r:f;gb@%[?%guéi) o&fn%;fgn' y

and 17 hours réspective
[(8![] %@sfc & ReeMian phddifMilob th%cé;}ﬁéj&btﬁro%xetgﬂkécﬂmr by ce

weekly or three times per week which i nposes a burden

A thcRAl 1@ ??@sfl@tﬁ:’nt Rcdpak- ﬁm@ﬁ'n??{ﬂﬁg%f shd inlaJdus,

there has been a ongstandlng need devel op

h eSO NSiRde tFPRtANAFQIYSIoRN BY HEPO-Ai AR S8he 10B0sVdIMRians
hal f-1ife and/or enhanced erythropoietic activity.

JuORO AL hieRNESirdyase dReaiciBdRqtiRmb R e A a8k Jigrifant
genetically change or chem cally nodify, t he
Sibitaseting Fhomeddie vivahigivdsROIRIEODAIpAa &0l rELENESctS] OW
down its in 20vivo netabolismor inprove its
tdmériapediniroveprelper fubasanchGly aexaiigs. andt Né@bes appears t 0
be a direct correlation between the anobunts of sialic
{Acitdl- Bonitaibeefog ad Schypdivatesddnoftdnidy, BREG wekieouthecand
its in vivo nmetabolismand functional activity.

tivms peragich yrhich énmagsib bhsddr it eoticprtitenand dkalthlvere BR@ders.

nol ecul e thus results in a longer half-life and

Bk direcits hesniavengitansligmesd to develpp recepplinanaffe poaas having
desi gned t he r HUEPO anal og 25dar bepoetin al pha to

i aseiae i wHiforeddr whrsehyuhwpeiciigiiy; two nore than
r HUEPQO.

[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 tonger 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 ri{uEPO.
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Dar bepoetin al pha is al so known as Novel

Eryt hropoi esis Stinulating Protein (NESP) and is sold
under the trademark Aranespcm Darbepoetin al pha
wabh tovenssodsr om nati ve hunman EPO at five positip@mg&az007/000107
(Al a30Asn, Hi s32Thr, Pro87Val, Trp88Asn, Pro90Thr)

i | . f. ddit i
Nyl B L0 bR o P PR o SR Pl
it \ , , ' I j to.th
%%gstsc')lﬁ’ 'ﬂﬁ’de?’@m ﬁ'%m?h% ﬁrgﬁ% ?.gg%%#‘éetﬁt a?pr?\g dtk%%cps%m gﬁgbe to

receptor 1 n an nner - as native
IhRMeed Rt L i, S i i i -
0 @ el e AGI Rl D OV BOgtA A5 twr

whtchagald b @ aiBln el res, Ragl %-i%kef&?gb&c&ggﬁglﬁr 5.

Due to the increased carbohydrate cont'ent,

Agphfagintd Bsi@e poatAe POSHIZE. @&@%etﬁﬁiﬁg%md%itlwf@ J%Egtor
0]

humans is al nost three fold-longer than 10t hat _
FeHIAERGY i@l plaghel 2908 eTPUNS indSceBniRiclIRUF §)nalid] inkAviRepoet i n
al pha (Aranesprm al so appears to exhrbit enhanced

bir@ae tphasphorylbtion®9 MRARIKHAR: 4n@ tHRAEHE RlrckiRGGiHidciiRg OF
reconbi nant human EPO in vivo [13] and has been
Bppvtaved P ik DA TAT-R [Be Come ingRaRE adrbddidrklivdane), tHougis
this drug only needs to be adm nistrated once per week
tifs o dhbepegintdvda indethtantals ahd Burae Gtaltosethfee el ofier Brd
time injections per week of 15rffuEPJ 10, 14, 15].
haog e aiiealplzt (2 Bhiuss s 8.5dwtmend]. t Darbéy@btfn-diihh eA@fesERO
have focused on increasing the nol ecul ar wei ght of the
#POppeast teickhibimbug i lidneniyan cangajiteg &t daomallyictdusring or
pol yet hyl ene gl ycol (PEGyl ation) and the |ike.
PEG)? Eaneimap BEOHm Y val IAlrod haOiear geroveroyddul @ra saing ht
and is protected frombeing cleared fromcirculation
geratieeibPo deerais due poingesds 9l basdminlsaited dncd per 426 o
However PEG[,/I ation may alter the protein structure
8yt Pr Mgl iR Tpat Y d-iamigissiions pe wiedtdfon and
Lficjty_of the EPO noiety. There are also reports
%E'%Fﬂ[:lroeb“‘s?(ﬂg t he nol ecul ar wei ght of EPO by ot her
met hods, such as to link the EPO nolecule to a carrier
protein (human al bum n), 25or to formthe

e A AR R
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 haif-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 fortn the homodimerization of two complete EPO molecules by using linking
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peptides (3- to I 7-am no acids) or by chem ca
cross-linking reagents [17,18, 19. 20]. Wile al

t hese net hods have achi eved sone success in extending
wdhmohabds+l i f e and enhancing the activities oft1/ER07/000107
conbi ni ng the EPO nol ecule with the Fc fragnent of

i | In| g .in a f.usion protein as

R, o 7 AR e b b o B Bl Bt

' bulin 19G is,.conposed
o R LB P i B e
Remdsand i Sentieal . LoRi od | | . and heavy
R ey PR G Ptk R B AR
g’eﬂﬁr{a@tirﬁn%uﬁdé@btﬁﬁx_b(f%@ﬁg ARt pRidn er!n%scﬁﬁed]ith@ ﬁ%ﬂ??t . The
Pc fragnment consists of two polypeptides [l &d
begeie olieAlngiub fdvdRaRonds. Each pol ypeptide, from
Nto Ctermnal, is conposed of a hinge region, a CH2
domain and a 0-13 domain. The Fc fragment structure is
al nost the sanme anong all subtypes of human
i[oaRinog| oBlubmimnt @EzlbiliAMENG O Qf of tRE pdPRbyRPHALANT
proteins in the human bl ood and rmakes up 70 to 75 % of
pheletibt ol didBldaame give ichtidabeopRs HURRIThSR it ReaviR8ain).
half-l1ife oflga in circulation is the | ongest anong
ahd protecigsis of pEs moleciild by mapih g@kaky o FaB RdghaY sheakiFc21
days. [00010] Modern Ho-engi neeri ng technol ogy has been
fegrees stha b fraguppt doedstt of tvh polppepadds Giked fogbH&IO Risulfide
groteins consi sting of therapeutic protein fragnents,
weh Resh pOryrioki fives Nen §-tsol indbliecompoep b Or idngeasitbnt he Fe
fragnent of human 19gG [21, 22, 23, 24]. These fusion
bHfentisaafe i sxdogiatpniThe Eafitdment onger isiamost wosahal -1 f e
while retaining their biological and therapeutic
HPEgeH sybewes abupgyy impwpogieilionigriotreingsneditigrmst ng an
Fc fragnment have been successfully devel oped as
HUBHETNr HeE hetamapppedad nwestDAO fors % hithe oeht ment  of
rheumatoid arthritis and chronic plaque psoriasis [25,
gunogiebuliggrr Symrrowsio d Apbati-Har6 By o goubyon is the longest

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 F¢ fragment of human IgG (21, 22. 23, 241,
These fusion proteins have a significantly [onger in vivo half-life while retaining their
biological and therapeutic properties. So far two fusion proteins comprising an F¢
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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[00011] It has been shown in the prior art that diners
of two EPO nol ecul es linked either by chem ca
cross-linking or by a polypeptide exhibit enhanced in
WO wo7/estitvi ties and a prolonged hal f-1ife[ 1pcr&Qben7bigor
enhanced activity may due to the nore efficient

ndi ng of the EPO diner to one receptor, and t

d%qlélnged It WS\?FW‘%Ffhewr'?rem(i%dwwﬁevq %P%efﬁege‘% of
heE ae%&%ééch@@s#éﬁéﬁé b PR T PRI o

E00 {%"gfﬂ‘éﬁ PEPo LR g sﬁnﬁwﬁ%' Svidriie BiiEpo

%%%@‘é?f B I R BB e G oo L B g

the, t otenti al,.of EP

ha - Lfe due to he Ii]iereEaPGUt Ilgbdﬁ ergro}em However tﬁ g]{:mlcaISCrossn
particu nce acenent therapy I n fena

2?&@2{%‘0 %gaéfﬁﬁé‘??,%gs b ﬁ%’f@a%@%g”ﬁﬁga‘f Find fERE! or e
pn%g n hebfgd: bfe@lﬂ%ﬁ@n@@&eg LaBEALi a(a@mew FEPO

Itres 1n vivo have no I ncreased | mTunogenl C

%85@:[@ A8 the pdpRid SHIFRLLY s@hulded ok RYERL rE’sBor[sQQQJﬂ?ﬁl)l Mhese

accordance with the invention, a feconbi nant fusion

F%[a&’éc%inﬁthQﬁHAh'ﬂ%‘ti%ga;@utf&%ﬁﬁha%f)@ﬁ@i BRGYs hiaul §ih € PO
portion |inked to an i nmunogl obul i n 20pept i e portion

I SpistesentitRegy inlfl hashon iR-ehei N has a prol onged

hal f-life in vivo in conparison to naturally occurring
or reconbi nant native human erythropoietin. In one
enbodi ment of the invention, the protein has a

Habd12] i f e The nedd\bas @éreforasitentfbBPO dhalbgh thit ghera stghHRdantly
nati ve human erythropoietin. The fusion protein my
dbiger lextHifbatd celdranicedhregopt ib @p diceinivevolbldaes hovintryased
conpari son to native human erythropoietin. 25
immunogenic properties.

Summary of the [nvention

[00013] In accordance with the invention, a recombinant fusion protein
comprising a human erythropoietin peptide portion linked to an immunroglobulin
peptide portion is described. The fusion protein has a prolonged half-fife in vivo in
comparison to naturally occurring or recombinant native hurnan ervthropoietin, In
one embodiment of the invention, the protein has a half-life in vivo at least three fold
higher than native human erythropeietin. The fusion protein may also exhibit

enhanced erythropoietic bioactivity in comparison to native human erythropoietin.
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WO 2007/ 085084PC1/ CA2007/ 000107 [00014] 1 n one

enbodi nent of the invention the imunogl obulin peptide
portion is an Fe fragment, such as an EgG | fragnent.
wihawfssdsnagnment i ncl udes CH2 and Cl113 domai per@Rsho®oosio?
hi nge regi on. The EPO peptide portion nmay be directly

Ir dto iLnge. region. Preferably the hinge
R e o O S R

region 1s a anm no a

i 3 P PeRLE AR, Rortion has a cysteine
?g??gtgﬁgé%aung%gﬁfﬁg%@é¢g$ ngf’ﬁ%g?g%?mﬁHﬁﬁWhécﬁ?nge
5 InGls T einerpssLdue | ocat ed nearest the
e e g PR e BTG e FFi e
iR&H BURShiRESe e A io rigneas iargls apar.t. fn
one enb%b?%gh%@ﬁ?ﬁgré%%#ggg%?éé pof%?oﬁgnafo %%BPlse a
eagn! Blde BRGQRE alEPoPepRe HhbXioh h&ka%?stéi:?c r'%sri]ﬁic oxigate
(1.e. no 10ex g

i mrunogl obul i n portion ernal” pe

thic Kk ertrSnafihereb M MHP AHESeDEh WeR B LS ERQ.
i munogl obul i n porti%ﬁgf. [oodff]iﬁe §%§ﬂ§$rgﬁiga§g

the EBO ©8ptilo psRibi. [ PRSIy DERLRD BysRARTLEMEL S £ )

mul tiple units of the fusion protein of the Invention.

#Foino ex@anpire, Tn bienfoogingm, BE PO bERidd Beradh RS BRsaER! ed as
a diner, wherein the hinge regions of the proteins are
jooipteek RSy mdlesdd ditabttjetinbandse idhanshid¥enin Rasathengener al
shape of a 1gG nolecule and is nore stable than free
EPOuhpipgdulingsrs a 00G 46} drewden VRITFOMd dhSthobBhahes to
nucl eic acid and am no aci d sequences 20encodi ng the
foggingn protein and transfected cell 1ines and nethods
for producing the fusion protein. The invention
further includes pharmaceutical conpositions

conprising the fusion protein and nethods of using the
PUEPon prideérantandborlatd e phiimmeceutincalsrannpagiidiions,
for exanple to stinmulate erythropoiesis in subjects in
AR yrts pHas @519:_1 protein of the invention. For example, two fusion proteins

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 EPQ molecules.

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

need of therapy.
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WO 2007/ 0850841 | CT/ CA2007/ 000107 Bri ef Description of
the Drawi ngs [00017] I n drawi ngs which illustrate
various enbodi nents of the invention but 5which are
wininoi/mtsended to be construed in a limting wap@abioroosior
[00018]) Figure A is a schematic diagram show ng the
general structure of the reconbi nant human EPO Fe
fusion protein (rHUEPO Fe) of the invention.

I : i s a sequence listing showi ng the
o %[thygﬁhggmwggénd 10t he deduced am no-acid (aa)

sequence of rHUEPO-Fc protein. The total |ength of DNA
is 1281bp. The 426 anmino acids in the deduced protein

guence kNGhde Rl88. .Sianal peptide and 399
§§ g@r t he conp?gtgl?&ﬁ&%&f&gﬁﬁggggwﬁPg?ﬁécFBQHP%P%

L ERGK IR .60nsd Toy .EPO donmai n
(F%gégysgﬂﬁﬁggﬁﬁgéﬁgﬂﬁ%ﬁégggﬁﬂggg@?ﬁned), and CH2 and

CH3 domains (217 aa) of the Fc fragnment of human |IgG

[0{)0 I]@Th e f‘glu%q lz%@%}f?%hémclm@ﬁﬂ!;r%& é@_i%@h? %e]é?r:a)ﬁ s?rbl?t%rte é)F WG i s

pol ypepti de of the mature

Aot neoResat of K _.30 f f ragment
aHa 26.1&Da(58.6@6 g?*%géﬂgﬁ%éﬁ%gcé%ﬁ?fmgﬁﬁ%hnditner
is formed by two disulfide bonds via the two cysteine

resi dues (boxed) within the hinge region. At residue

bo@19pf t heigaral i, £HBhQNisRRh&LiRg hb n&'le_oliﬁbese(gien N,50
acid of hinge region) the native cysteine reéesidue has

ihe eniussdbs ot ddtagh) Baquetcy 61 HRELBPL Pbeein PRAZQ Eiggisee 2 is

a schematic di agram showi ng the structure and features

DNA is | 28iigp. MRIADB|atn@d aCPeTSicORPhrag N sehuBlePinc e sy £.0r
inserting the DNA sequence encodi ng the pol ypepti de of
fohte sibhHEPQHBCakiBed arfophot@iphic AREPOBE plofeD $hE&H PG

25CHO cell's that express the rHUEPO Fc fusion protein.
rHUEPO-F¢ protein consists of human EPO domain (166aa). hinge region (16aa,
undertined), and CH2 and CH3 domains (217 aa) of the Fe fragment of human [pGl.

The calculated molecular weight of the polypeptide of the mature rHUEPO-Fe fusion
protein is 44.6kDa, composed of [8.5kDa (41.4%) of EPO fragment and

26.1kDa(58.6%) of [gG1 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).

100020] 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-Fe fusion protein.

8
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WD 2007/ 085084PCT/ CA2007/ 000107 [00021] Figure. 3 is a
SDS- PAGE i nage showi ng the sizes of the dineric form
of pure rlquEPO- Fc protein in non-reduced condition

wansonwsegmeri ¢ form of pure r EMEPO Fe prot ei @C’U@,\z(;()’;/{)gm(yy

reduced condition by SDS-PACE anal ysis. The purified
3rHUEPO- Fc protein fromthe supernatants of the
cultured CHO cell -l1ine expressing r HUIEPO FC exi sts
inly as_the dineric formand has a nol ecul ar wei ght
@Ozgéout Higiye woangﬂsﬁ%G@.@agﬁsP%Wl@% he pHeA e (st
Eﬁo il ](:)IEQ In reduced gltlon (100mMM di thiothreitol,
PHC 1Y EBROUHSOA P BEI B RILIOR i BTRRET gn%%fps’aWat ed

R e N T
TN T A -
BB LR R SR IR SRR R
A W A
‘glgjgggfogfbg io dg@a‘ﬁ%lsgﬁggﬁog@sémetdﬂn%%éeﬁa‘?atéﬁ%% identical

oW n

Q%%eﬂ@&ﬁ@%% nlo”e%ﬁt@%c‘?%h%fﬁm@ obi n (Kb) levels in

normal m ce treated once per week s.c. of rHUEPO
Fe or rHUEPO. Each point represents the nmean HU | evel
of the group (6 mce). Day O 70l evels represent the

bin2i evel f g 88
S vl ek i 24 ey i MBS A

hemoglobin (Hb} levels in normal mice treated with three times per week
subcutaneous injection (s.c.) of rtHUEPO-Fc or rtHuEPQ. 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 rHUuEPO-Fe. B: Mice treated with native rHuEPO

[00023] Figure 5A and 3B are graphs showing the dose-dependent increase of
hemoglobin (Hb) levels in normal mice treated with once per week s.c. of rHuEPO-
Fo or tHUEPQ. Each point represents the mean Hb level of the group (6 mice). Day 0
tevels represent the Hb levels before treatment. A: Mice treated with rHUEPO-Fc. B:

Mice treated with native rHuEPQ

[00024] Figure 6A and 6B are graphs showing the increase of hemoglobin (Hb)
levels in normal mice treated with intravenously injection (i.v.) of 12.3ug/kg of

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



[ 00024] Fi gure 6A and 6B are graphs show ng the
i ncrease of henogl obin (Hb) levels in normal mce
treated with intravenously injection (iv.) of

wi20bughdsg of 25r HUEPO-Fc or rHUEPO. Each poi@t/cazensmoior

represents the nean Ho | evel of the group (6 mce).
Day O levels represent the Hb | evels before treatnent.
jicely Pay erHs eeprsnitantb Sidebodorpisetmens; ANYlisewith t h
treatnment 3 tines a week. [00025]Figure 7 is a graph
YR P Revegio Se Mispatiduepitrentidiead #4¢  shenogl obi n
(fib) levels in 5/ 6 nephrectotnized rats treated with
once per week s.c. of rHUEPO Fe, rHUEPO or

oet j.n-al.f.a (abbrevi ate rbe.).. Each point
f@éﬁig ont SR kYl Fg‘&??"%f’ﬂ?@d‘)@‘? BEIe Nor mal
ont r ol re nornmal rats with injection of carrier
BB NG A 7 P PO s e R dpseE  pesie el
I i th, i-nkection of rrjer. solutio Week O |evels
PP ol PO PR B PR b Pln B Db e o sty
, n 026 Figure 8 is raph. show.ng
A A TR AR R L T (A T S
LD t QI ted. every .t wo
VB BuREPRESE MR 8L T MRREM AT AR BUSRE PIRG 1o
Lot re e [ en e
CETROEHR] HooPOLH, fpresAC AP b LERRGE S Rel)
R fBImenat s with injection of carrier solution. Mde
controls were the 516 nephrectom zed rats with
injection of carrier solution. Wek O | evels represent
the Ho levels before treatnent. *: week(s) post
foo@at nent fig® B A002:Lh khHERNOddsS-dbeMeANRrSROW Ng t he
dose- dependent increase of henpglobin (Iib) |evels in

{ehgRBRABAHREZ £ nEtcdtohl 8@ R0reRRE BB ¥RIYmbURMWEERKS
i.v. with 62.5itg/ kg of rHUEPO Fc, or darbepoetin-a

Wigh (HaBbO @] @iLEBO Badd@pdetin BRECALROI DEd DAY L T8N Ridk he
mean lib | evel of the group. Normal controls were
rEesrak teatean Whtdvelioffhe gdu@NN@faCabid ewvers @bitai @R widybdel
controls were the 5/ 6 nephrectom zed 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.

[00627 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 62.5ng/kg of tHUEPO-Fc, or darbepoctin-alfa (abbreviated Darbe.). Fach point
represents the mean Hb level of the group. Normal controls were normat rats with

injection of carrier solution. Model controis were the 5/6 nephrectomized rats with

10
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injection of carrier solution. Week 0 | evels represent
the Fib levels before treatnent. *: week(s) post
treatment. [00028]Figure 10A - |10OC show t he potency
vomepasdssons of r HUEPO- Fc, 5r HUEPO and dar bepeeidapssdbhdoanr
for stimulating the colony formation of CFU-E and
BFU-E in 5/ 6 nephrectom zed rats treated with
T e Gl WEom N oak dHledbirescoest o s bafige treatment,

dar%ggsal etin-al ﬁha (abbrevi ated Darbe.) treatnent
shd RPHPEF Hose- dependent  pot enci es for

stinmul ating the CPU-E and BFU-E col ony formation,
while rFl UEPO was | ess potent. A s.c. once every

i@@‘é‘%iﬁ%ﬁf@d@%éﬁ&?vﬁc{# th%vm“?@y Eorgqﬂaws it dgene o
S r@ve}gﬁ%rl)?p ﬁaec i for SFP Ulgt'r&/ e‘“o F B %‘féé” E ‘m?’ HUEPO
F%SS%‘S%@% ec*%%démr‘gﬁé‘%édﬁvéﬁhléﬁ ooty fmﬁﬁ%& g the
PEIER0E i8S se%s{a&af,mbb&g%ggg%@cgqmamaﬂ%mwcﬁ.mc

sequence 0

I&LL ld@&%@eng@etnbgylio?{tﬁnu%lﬁ% gxg %F@%d%@@ lel\ghg ft!;]t g\u (%Iu re |

except th a native pe cysteine r

R RS SIMEPLwds 681 & 102 Ofnck Qeqnﬁée A B { y%h&é@y&yf ?tvgd[kg 003

(i.e. the 6th 90am no acid of ge reg

b L FIQe ®erd Bud Secits 9r aph showi ng dose dependent
i ncrease of henogl obin (Hb) levels in normal mce

treated with three tines per week subcut aneous
injection (s. c.) of rfluEPO-Fe (the mutant fusion

PI0019gi N OFighrb @1 RLREEBREhIWMLERS deAR) levdlHMIEREBPARRFLE (the
wild type fusion protein) and rHUEPO. Each poi nt
FroBPeseettse hit®edBateddbn of Spg/kg of rHUEPO-Fe or rHUEPO to Rhesus

monkeys (mean levels of 5 monkeys).

[00034] Figure 12 is a sequence listing showing the nucleotide sequence and
the deduced amino-acid (aa) sequence of a wild type rHUEPO-FcC protein. The
sequence particulars are the same as shown in Figure | except that a native, wild type
cysteine residue js 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.c.) of tHUEPO-Fc (the mutant fusion protein of the present invention), rHuEPO-

FeC (the wild type fusion protein) and rHuEPO. Each point represents the mean Hb

11
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| evel of the group(8). Normal control were normal mce
wWth injection of carrier solution. Day O | evels
represent the Hb | evels before treatnent.
WOD03&#4gure 14 is a graph show ng dose- depem@aBso7/o00107
i ncrease of henoglobin (Iib) levels in normal mce
irqagﬁd W th aonce per week subcutaneous injection(s.
eVl 051 RIS RIPO. RErmal optppiese paimabiy e Ml EPHOER 6HTIF o1 nt
represents the mean fi evel of the group(8). Nornma
&"g%{OPoﬁaX/\gl’eégﬁ‘é?P?‘rﬁi“t{ti‘?g%‘%‘f'i‘#‘?"ﬁ}r%’é‘f‘? n of carrier
solution. Day O levels represent the Fib | evels before
treatment. 10Detail ed Description of the Invention
33] Thy. ut th ol.| owi. ng descr.i ption,specific

HRPEIVL o QIR oo D R Gt el

1 rst. i.ng.of the invention. However, .the
B Lo e R Rl U e 0B PR R o
LORERS . | ASERHGES 15 el Nt s _haye no
been gﬁo&ﬁﬂogﬁgggé??%ggb$%%%éﬂgfﬁNﬁggggg%ﬂmﬁn¥glm@E

Hﬂﬂ@@"@ﬁfé@{ NV 2 DS \!vt{}? ndrB§ nBEee@iﬂﬁhiél:th %Pzalg%p solut {on.

Accordingly, the specification an rawi ngs are to be
D@}g@fed@g'e tdscf thd l[l) WeLik l?éférﬂ?@attﬁc@ﬁ.her than a restrictive
sense. [00034] This application relates to a novel
fusion protein having erythropoietic 20properties. The
fusion protein, referred to herein as r HUIEPO Fe,
DEARLITESSipBo MM nRANSNT Opoi etin (EPO) ol ecul e

reconbi nantly |inked to an inmunogl obulin Fc fragnment.
As di scussed further below, the fusion protein nay be
in the formof a dimer consisting of two identica
pobdppept | TeoshbumctBliowity dehapambpdimRRbisHOM forth in
schematically in Figure I A each pol ypeptide subunit,
$rdono privddd\: therenfanalgh tidleSand Bl @Mind ifdhtionC ORSAEEL,3h0f the
pol ypepti de sequence of the human EPO nol ecul e and the
ipodnyigepty e reeguerteutafesd fagichimngd dtegimeance kR kakowmai n
and Cl -13 domain of the Fc fragnment of human
§lermmtsdgteatotibden stiog@ oF debbrébet natepd kyypejituntkeessatihustistisinar e
connect ed toget her by disulfide bonds between the
theppesat inveatitn. nieordivgly ghsspeafidatmant Hewdighee tsteremtdad e.
The dinmer thus has the sanme general shape as an fgG
i BleeirEys satleer 8w tigtivsetsser stability than free EPO
nol ecul es as di scussed in the exanpl es

[00034] This application relates to a novel fusion protein having erythropoietic
properties. The fusion protein, referred to herein as tHuEPO-Fc, comprises a human
erythropoietin (EPO) molecule recombinantly linked to an immunoglobulin Fe
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
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wWo axidiskssty for effective antigen-

bel ow. [00035]As will be apparent to a person skilled

in the art, the hinge region of an intact

i mrunogl obul i n provi des the protein sufficient

10ant i bogy-rleisngy/ k@107

Simlarly, in the present invention the hinge region
is included in the design of the rHUEPO Fc fusion
pPOREPHIC Besiuprar ptths ngerrezign, BXIE Bpnaie ynd @didastail afhepen

t he fusion protein is_ in the dimer form As described
bEgsRnt of Rigard Mg oRslabridn 1561 melihe tis1 podivaRyide fubpps aEPO
portion of the rHUEPO Fc fusion protein to EPO

r %086‘6{68 fgehy by dpsphdg orgpiehtics Ffwse% ivg Riper§Eime o e j s

i eved that rn1of the rHUEPO. 15 FC

AT ot e BpSheur gt R ee s

abl.e i ndu actjvation of
- BB ER G ey BBy M AT e e R Plepragpe
crqss i nking). [00036] As denonstrated in the exanpl es
set orth below, the rHUEPO Fc 20fusion protein has
been successful ly synthesized using reconbi nant DNA
techni ques. The fusion protein has been shown in mce,

rhlgf)(%ﬁr d p r/\smgh%e aéfﬁ §§ Fgl fCﬁ’l)gplli?a ltn 5 P ﬁ’w Rlplgete rg%mn of\énv 0

ife an ropol etic prope

ﬂﬁ&%lﬂ%&%&ﬁ)&l%%@ hle¥)r0 éér%’{lrﬂlcd tﬂlgﬂc?\rlbl{[tg%qgﬁécﬁ%uml en-

native h use nt applicafion,
t I n&t o i
LTS I ORISRl oA oD
Sh§ BGIH b Ehe ARIFRDIH: ﬁpﬁ)n%ﬂg@ &) ALigshn BY ndaigy %%caal‘{pwhen

2007/ 085084PCT/ CA2007/ 107 skilled Iin the art

nad fuvien PRRNs ERQ dI8 ther, MatddicabddbeRAC HEslat tRGs Q¢ normal
reconblnantly produced (e.g. rHUEPO al pha). The term

" Rting? tH Wrero B f HORRIEROLEC iMdnUfSeih FUEROQ-anakagS,
such as darbepoetin al pha where the EPO structure has

beevmtesignbib bgan tunytioim di fsibelgkycSUSRhAEMBYorm of the rHUEPO-
hyper gl ycosyl ati on. [00037] The nucl eic acid sequence
ofC fubien prblelP& frévidinsiwo IEPPr ddieduls,0f cablife JINRISERM the
invention is shown in SEQ ID. No. |. The
opfimelspondomng Edoderesors aist aamak) ig SelenRceepts: 3BOwWn i n
SEQ ID, No. 2. The conplete rfluEPO Fe fusion protein
il®kB®9 ami no acids in length. As shown in Figure 1[3,
the conpl ete r HUEPO Fc fusion

{00036] As demonstrated in the examples set forth below, the rHuEPO-Fe

fusion protein has been successfully synthesized using recombinant DNA technigues.
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 unmoditied wild type structure. As will be appreciated by a person

13
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10protein consists of the EPO domain (166 am no
acids), the hinge region (16 am no acids, underlined)
and the CH2 and CH3 dommi ns (217 am no acids). A

W gnadssan | eader peptide sequence consi sti nge®laZob7000107
amno acids is also shown in Figure 13. The signa

peptide is cleayed during synthesis of rHUEPO-Fe. The
nsﬁ‘@f"% IS HH "YRP A BaiTeRurdy sfeuring mPesqmbinantly

incl udi n i gnal .or | eader peptide are shown in
St .“"?db?gtt’%‘lﬁrg‘.’éé@’gﬁdT M nglvegmanERQ gjeatidt ineiuge

[ shown best in Figure 1B d SEQ ID. No. 2

RSO B Rt AE et Wb &6 s b

G l.at.m reqf at . amino aci.d number 161. The hinge
rggiéﬁhﬁﬁkﬁﬁggﬁﬁ 1%§¥P@Fﬁﬁﬂ?s 'dlies, at amino acid
nunbers 178 and 181 which are 20boxed in Figure I|IB.

The hinge region cysteine residues formthe disul phide
amds) bet ween, Libe, ti .ts .of the .

ﬁono i mer as %iﬂ%ﬂ%@%ﬁRﬁﬁﬁgggr %g%ﬁg %?%1W9m8€€WFring

hirRae i V&GRS sﬁ&w@in@ﬁ@[rbb hgGL 'Ith]% %?fﬁg&]t'?fj%!é g&iu@e%%m?no

cystel ne at resi due nunber 6 o nge region

PORitséRMhct TRASMW RAEL pMhe P L&L tg?IIL%EﬁOI-ﬂ 408 present

i nvention, the eystelne residue e hinge "portion

hemoheerd asubmtibdgth &Y sHAWn th MQRe G Sl L
particulgﬁ, inl%he eﬁboai#2%?6g¥§%ﬁgﬂfg&iéﬁandF%ngn
IpEtein $EsiRt0 B7hOBEO B (160RA AGRD B £id¥0 re o éf&?\llﬁ)m no
acid cysteine has been substituted by glycine (at

aoitin ondadinel) @S thel W12 aldd @H D fomkdins (MBERRITGcidWhiatlbnat or
corresponds to residue 6 of the hinge region). As wl|

radappaiie sudnoe Gonpietng@n2 B ihd Rdis ishisoRBovaT ik FiglNB! The

non- cystei ne residues could al so be substituted for

eyl edptide @tletril suligeaithan of Hudvoird. TRy BlkicARd Qfindacid

di sul phi de bond. 5 [00039]As a result of the am no

ssiencesunth st PG:Foinclading tbsiighabor16A8se pthiele fik KistwnGly SE@I (DE

residue of the hinge region (at residue 178) is spaced

Ny v 5Qald). d's. 4 reemertivialy. above- descri bed cyst ei ne

resi due of the EPO domain (at residue 161). The

i nventors believe that the m ni num spaci ng between the

cysteine residue 161 of the 10EPO domain and the first
€i%i ne Asshatmeesfin Figere hB peeSER 4P Op. SHDUERD benwt has

| east 12

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 [gG1 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
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am no acids to enabl e successful assenbly and/or EPO
receptor binding of a honodi ner of al uEPO Fc. That is,
if residue 172 is a cysteine residue, an undesirable
vab swb/plsisde bond may potentially be formed, $uefad®7000107
bet ween cysteine residues 161 and 172. This may alter
tﬁgztﬂree diqgnsionﬁl structure of the EPO 15nvl ecul e,

1 1 RGP A ¥

e S50 TP AP RGO B Rsdren Hatihssdivghsine s amisearid residue

bj gl egi activity. [00040].In one enbodi nent of the
S MERO Lo P B NS ey Aot b e
f t rti of .th usi on pr.otei.n. By avoiding
SRR RALH OBl OF oS R B ien A o8 1 o
t i i: strycture .of the r HUEPO- Fc fusi on
5%%§g$?égg?§&ﬁ%?hw§%ﬁgg gﬁ&“?&@“&F@ﬁf85“&%&3@%?9ng an
undesi rabl e i munogeni ¢ response is mnimzed. The
hi nge region of the Fc fragnent is preferably at | east
0@IDIN0  aCYQASesi - ad s . preferably in the range
gf aﬁ%ut 10 -?%gogﬁ§%%m%%%p§b§ﬁRP§ﬁa'ﬁ&wxgégﬁﬂfﬁs
[cQQO4LESTNR of @k hiawd B il further illustrate
fhe inv%ntfon inmgr%gfggﬁykﬁﬁ7§%%Lﬁ%%gﬁ? gﬁﬁﬂdﬁﬁ%WMll
bie: PRI R BEEY sthildesiliRe R VOB o R in] hipihed to
t he specipiéﬁgéfanpﬁes. ¥$6(%%ﬁ?é?d§$#%#hg}h§he

rieeand beland thitlRSAmh BhunPGERA: e £ e QA AG LHE. f &S]
protein of of IlUEPO F¢. 10[00042] The full Féﬁg‘%fﬁ{éDNA

EBDelonbie andvhé Ll GREACRSdINE 1RM OB IS ROANENES, of the
pol ypepti de of rHUEPO Fc, was generated by overfapping
PERousiilvrg b sfiabdsindsRgntd) dng0r BPO RRESo(HRAGEN, | nc.
US): EF5:

bomediggabtituE§odac Tht gggagiige Brgaat Bl-ae@net, 23 ; 15EF3:
5 '-ttuccttttgeggccgettatttacceggagacagggagag-3 ';
ERiegrable disulphide bond may potentially be formed. such as between cysteine

5' - aggcct gcaggacaggggacagagt t gageccaaat ct ggt gaca- 3';
Erdmes 161 and 172, This may alter the three dimensional structure of the EPQO

5'-tgtcaccagatttggget eaact ct gtcccct gt cct gcaggect - 3",
molecule, resulting in biological inactivity or reduced biological activity.

[00040] In one embodiment of the invention, the EPO domain is linked directly
to the F'e fragment portion of the fusion protein. By avoiding providing an external
linker peptide, the preferred three dimensional structure of the rHuEPO-Fe fusion
peptide is maintained and the risk of triggering an undesirable immunogenic response
is minimized. The hinge region of the Fe fragment is preferably at least 9 amino

acids in length and is preferably in the range of about 10 ~ 20 amino acids in length.



The sequences of the above-noted priners are listed in
SEQ |.D. Nos. 5 - 8 20respectively. [00043] EcoR | and
Not | sites were introduced in EF5 and EF3,
wespeatsisel y. For optimal expression of thepbyeRe} 600107
protein in mammalian cells, the Kozak sequence
(GCCACCATGES) was al so introduced in EF5. EELS and FIL3
MREenpl enent ary sequences consi sting of 3'-termnal
DNA sequence of Epo (23bp) and 5 -term nal DNA
sequence of 1gd@ hinge (22bp). [00044]First, an EPO

f ] 0.6 kb : lified .PCR 5
(] mm M oA T BT LB d i e
i n EFL3. f | 1.d .p9E . ini th
PR 57 PR s BN Lt BEABRE. B OP i

5 VV.i.xtmE} 1@“ mers EF3 and EELS from plasm d pD cont ai ni ng
the farll l ength of human 1gG | cDNA sequence,
respectively (p9E and pD are fromthe inventors' own
| ab). The two fragnents were then purified and m xed

i n eql{’l%llst@g%g% the %é :ﬂ&ﬁnﬁ'ﬁ%é% i% éfE Q—thgpclo L the'ﬁﬂ%nf ul'l
| 'eng rHU C . p‘wa‘g_arrm"l%_W“

PLL BB Anpeel EF3. The purified 1.3 kb fragment was
digested by EOCR |l and Not | (New England Biolab Inc.

US) and then cloned into EcoR I/ Not I-digested
manmal i an expression vector pCD | (Figure 2). The

10 r@scibli ng TIRGANRLARDNARALAL, Was: HadldnmpSHRpacic and
the inserted nucleic-acid sequence encodi ng the
asxiRAcealt tHd pSOHHANCE rHIFO-FH Qb AMERGY FEo R Rl PCRASIng
confirmed by DNA sequenci ng. 2. Establishnent of
rthlifol G E6li @ ppirR &S QUG e, spe [ 00045] Chi nese hanst er
ovary cell w th di hydrofol ate reductase(dhfr) 20
deficiency (CHO dhf(, ATCC No. CRE-9096), which has
been approved by FDA for biol ogical substance
pEfod ittigenitcgrascagedstasctaagichigst-3cel | for rf-1 uEPO Fc
expression. [00046] The CHO dhfr- cells were

15 thl@nsf-entcathcnectirihireccr @pgnaipgpang-3vect or pCdEpo- Fc
usi ng Li pofectam ne (G bco, Cat.No:18292-037, USA).
THé 55 Gpaendgcarsrs g2 aragnetichecamitigat@col’; sel ect ed cl ones

wer e assayed by ELI SA (Roche, Cat. No: 1-693
EFL3: 5’-tgtcaccagatttgggetcaactetgteccetgtectgeaggecet-3°.

The sequences of the above-noted primers are listed in SEQ. LD, Nos. 5~ §

200 respectively.

[00043] EcoR [ and Not 1 sites were introduced in EF3 and EF3, respectively.

For optimal expression of the HUEPO-Fc protein in mammalian cells, the Kozak

sequence (GCCACCATGG) was also introduced in EF3, EFLS and EFL3 are

16



Voo abedgie|rXpr essi on was sel ected as the

417, Canada) for EPO activity. Positive clones were
further screened under increasing Methotrexate( MIX)
pressures. One cell line with highest rHUEPO Fc
PCT/CA2007/000107
rfl uEPO Fc- expressing CHO cell-1ine, and gradually
adapted to serumfree nedia (CD CHO Medi um (3i bco,
céPlesme%qeﬁz@es "UE?}&}’“g ‘Sf'PhF"éminﬂil P daEence ifesSibpgnd
% 10 ceII-Ilne was_used for the production of
1 (REPER! A Faoey of 1@l hipge(3peat i on of r HUEPO- Fc

Proteln 10[ 00047] r HUEPO Fc protein nol ecul es contai ned
in the supernatants collected fromthe serumfree

nafeaCe) L '%in%ﬁ”???@% 'f%f'gﬂ%fg%toeﬁ i Mg iy PR ©¢! 1S
 REMRECOh RN RLE N F“’C?S’ W W‘é?""[&ﬂ? BEs b SHER O

Rt “'82“%‘9 8 ‘?3%@96%% SR q"%ﬁsgw?"@ b of
ng‘éﬂ’ﬁn‘“ln”‘é??ﬁ) o Ao TR ‘“9%3{3 BB orhmsp 1
Sc[ﬁfA &H\%ﬂ@éj Fe@pcﬁ:m@:@é:&d boa'f@f’r&n h%%%%ﬁl)f / 5\§n lal%_) t he

was carried ou eterm ne € Sl zes

p l"ﬂa@tv%Q’FaElH@E@v&@ thieh rﬁi’e&‘ andWRix@NP WLl Lhndind lE'Jrs@% gxe PR3, oo

single band with nol ecul ar wei ght of about

10 Seiplen i8YBksmlHusrast DA dthe @%mgm Fgﬁﬂ@l&h# n,

L

20

whi ch neasured the overall size of the protein wt

t Bel el SheqifiBedof.3 K FdshkehtdRis BRBGSI by ELPR $addnel ated t hat
nost rfl uEPO- Fc protein nol ecul es were produced as the
diErgaddBidioy iy, (&S aekpech®@dd ffortok NIt gk Gid afamida8an
fusion protein. Wien SDS-PAGE anal ysis was 75conduct ed
i axrdsgion eduepCigl Eanet )i O résLOREMcehbiRiR LR WadhamePTT)
to break the disulfide bonds, only the band with
moCéipatFanndvet ghdrted uckiidal sapendetanididgl tethmitORsd S§RMe
with the estimated nol ecul ar wei ght of single

pof YpdptiEC mhiainnwae fonfiukl0y HiNvgeqnegingn- CH2- C1- 13,

2. Establishment of rtHUEPQ-Fc expression cell line

[60045] Chinese hamster ovary cell with dihvdrofolate reductase(dhir)
deficiency (CHO/dhfr", ATCC No.CRL-9096), which has been approved by FDA for

biclogical substance production, was used as the host cell for rHUEPOQ-Fc expression.

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

from the culture of selected clones were assayed by ELISA (Roche, Cat.No:1-693

17
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5[ 00049] The accurate nol ecul ar wei ght of the pure

r HHEPO- Ec fusion protein with glycosyl ation, determ ne
by Mass Spectrum (MALDI - TOF- M5), was 111099 dal tons
W(Olﬁﬂlﬂihﬂ]ﬁda). In this assay, onl y a Si ngl e pﬁ@hc@f(]()ﬂ{m()w’]
protein was observed, indicating the purified

rliti EPO Fe Broteln was nearly 100% pure. The 15 am no
atli’ dstna4®) ton EPRAE B B et ivioFloneh e firder spigEPOURsT peretsaizn
ﬁgs_deternined by protein 10sequence_anal ysis as:

PR TEHRRUT VErerSuran Pae illding BiHS highestuliPe-Hc prisin

sequence of the first 15 am no acids of the native
MRS 5%?%;3@&11&‘ HE BT -CBrete1Q tratling.had pasuaty ed

PO F t ei the right_ and | ete EPO
S S5t sl SR BN o A SRS
R T SRR

fusionpro

agtivities of rl-1ti EPO-Fc in normal mice [00050]1n

Vi Vo experinments in mce were conducted to confirmthe
retaining of the erythropoietic activity of the

ri-fuEPO-Fc protein and deternmine its efficacy

AconpalididhQc i iyblR%.aaq darbepoetin- al pha. For
compari son pur poSe, e doses of three EPGCs used

in the described ani mal experinents of the invention:
our rHUEPO Fc, rHUEPO (i.e. native human EPO) and

dedohepoet i AueddRbap o WR Bolld RS @t{mﬁ%%ﬁl fd suEt%:r)Qltml S8

portion al one based on the nolar basis. In respect to

okt thERRMEG QL L bl urih P Be BREPRREL E)&%SQ%I@) BYE @R el O
41. 4% of the total rHUEPO Pc 25nol ecul ar wei ght as

GalaeddlaatiethyProtiRa dratily@h@inaloB@pWeiglinl, cariipr-@eh ds
of EPO in the wei ght of the total am no acids of the

WholaadabUERQokeedpeh@sdil @ B8 radramp g dBBoRR)HiLkhe
EPO amount for r HUEPO-Fc was then deci ded as 41. 4% of
tih60 Batealex 200pyY Rblu@E (AhestMER Q- 1p6908 18 Thhada). The purity

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

4, Determination of the Sizes of the pure tHuEPO-Fe Protein

f00048] First, SDS-PAGE was carried out to determine the sizes of the pure
rHulPO-Fe 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 tHUEPO-F¢ 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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[ 00051] r HUEPO- Fc (stock concentration: 0.5nghnl,
purity of 98.6% and native human r HUEPO (i.e.with
nat ural human EPO structure)( 60001U/ 0. 5n,

woanuf@sisur ed by Kirin Brewery Co., Japan) wetgcdbdowb@e
in carrier solution (2.5nmg/ M of human serum al bum n,

of sodiumcitrate, 0.06ng/ M of citric aC|d
ﬂﬁ@ﬁg %EE%HWYB?b@ﬁd?ﬁﬂ?%%?@?Wﬁ@“0g%*@53ﬁ5m6P”m¢he dose
of HuEP? ‘Q ? 10cal cul ated according to its
SUPITRLY éf*FofﬁEﬁfPat? Qg BaEof sipgleeolyrsptideshaio feek ol d,
Lgﬁ g %% qual numbers of nmale and femal e,
Eﬁ ALEY R Py %&; ri ment Ani mal Center, AMVB, China)

were grouped randomy with 6 in each group. Each group
of mce was treated with one conbi nati on of one dose

Q0% e ol et P Guiep P ¥ PR B R Pl o
Jvﬁﬁg@&)q lit? n(c%apeorﬁ;gleo Kﬁ%?s SO {,ctrul %L@ét@:}":@sfﬁai mgéé)qu al
Mgowr@[er ! Tl 6 58] gﬁwangtae i b SRLTRAL b ARted for 3

weeks and the tot serva Weeks

Url TIT\Y ar e r enent
I i R b T

§18d5 0@ e BMBIMnABE: ﬂ* s the
|ndé& gy abs%*ﬁtF%%g{?gﬁpﬁg§§$€§¥QwM@%8H§ ﬁ%ﬁe@ from

tj@enckadndly Qf aseABPR IACOYRY BPEY (#ESHas VAR ng
éﬁfﬁergng g?oups [ 00052] The ad%bnlsﬁgggggﬁkggqlw%

shne@sttiis ARoRSHs YrRRKali@ HIGREPO hQYdHEeH M&%‘bnf" irms thal N€
EPCs have normal erythropoietic activity i I nduce

wapaHRl e EPO-ILr@tih Qsks @hve 22810 CTMI 40 Q&Qﬂ)!&@ 'E?O n%?’ecuc’lp own in
Figure 4, both groups treated with 3 tinmes per week

sqeence 4 aﬁl:d Blc@ by fhi: MM se@leRdeahidame @fe alnrt dddacke¥@leficcgyen at
the dose of 2.5pg/kg. This experiment denonstrated

thh e{uBPPEP@idrpreeiini bi ted an in vivo erythropoietie
activity as effective as rHUEPO. The el evation of Flb
levels in the treated group was dose-dependent.
However, saturated el evation of the Fib | evels was
1.nduEnlined ervfrepoiatic pdtigitigoseHOIPCEIOn Gpad:k aicof

r HHEPO- Fc, whereas the sim|lar saturated el evati on of
the Elb Ievels was only achi eved at the dose of

[62 5ng/kq rHUEPQO. The el evation of Ho levels

n 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-Fe, tHUEPO (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 rHuEPO-Fe

molecular weight as calculated by the ratio of the weight of amino acids of EPO in the
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i nduced by 2.5ng/ kg of rHUEPO Fc was al so greater than
that by 2.5ng/ kg of rHUEPO. These results suggested
nore potent etythropoietic stinmulation by r HUEPOFc
wdhan7edsksEPO. 10 [ 00053] The eryt hropoi eti ¢ pot-eraYo@hooio7
rHuEPC)Fc was further explored by reducing the

%cgkon tinmes to once Eﬁr week subcutaneously

iU RRGHRe asids phRe wheledtERe-temekede (g efumongh%%ed

ose:; d ndent _el n of Fib levels at the doses of
f%- S‘*’e gt Eff @ﬁéﬁwﬁ G decied 337t i apfdhegaisyngtg
.15i nduced the elevation of lib |levels
%fm EHEPB[% %xtent, whi ch was nuch | ower than that
by 62.5ng/ kg of rfluEPO-Fc. This strongly indicates
that rHUEPO Fe has enhanced erythropoietic activity in

It d t th th d
Eda(l)lﬁ? i-}l : fe“?} bels@%%ﬁeﬁt?&tlog Oe§m n?lr Ipumﬁﬁfw‘g}én%go
hRGERERL 1p['u@156 ﬂ%/ v AT LR n%¥’g sn}snhure)ggdr:rgﬁf(g ol ecul es

in the ril proteln, effects

Q:famg&'m?&fby 1{199 géﬂam J&[ﬂﬁ) Q@%lu@%% ecsa ei!‘ g({lt%log % rInL

HUEPO- Fc "or r HUEP re adm ni stra e rav

S!T AUk sdrith €8urhinE8n ﬁ[of"é@@&m QfiraR! n?g é}\l‘?ﬁlé’amfi lanc{ he

el evation of the Fi | evel s was ob or a

5 B@phRdr QRAMRElokilr - n amou
e i lokifd Pfs8.5.8) Film\é@yﬁf{uﬁﬂdr EB&[F—'C S duced

15adm ni strati on once per week of ri-Itt

Gl @bitedlagcolMglo REACHIV B Sfunt RERY Bl 87 Rfe N sHck Gl S,
whi ch conti nued | onger after the treatnent was over.

whiblsind 82 g PaqOM inGi@Berd STrhdMind FAMURO b krotfaQld fkﬂﬂ:@&h@éﬂ? ed
eryt hropoi etic properties of t he' r EMEPO- 19¢ protein in

SonpRCdnso n?\MPL/ISJ‘CIfo)I (=58 ghﬁl}iéd’l’@qcb&%/ ﬁt”@lﬁ%%%f&t). Each
natural ly occurring EPO protein. 6.Enhance

@oypt dirogeoiae tredGedagit onk tordisindadibn 6AIMERS: RC1, 08, B4 625,
nephrectoni zed rats [00055] Experinents in normal mce
Priogde). bisnjenbaneed i enybiphaiRaki€tdicor s. ¢.) and one injection
schedule (three times per week or once per week). The control group of mice was
injected with the equal volume of carrier solution. The treatment lasted for 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.

[60052] 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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activities of rEhtEPO Fe in vivo. To further observe
the efficacy of ElluEPO Fc in 10stinul ating

eryt hropoi esi s, pharnacodynam ¢ studi es were conduct ed
wionzooatssoswi t h experinmental renal anem a that pw@g ABR680107
by 5/ 6 nephrectony. The efficacy of rHUEPO Fc was

ompared wth those of rHUEPO and dar bepoeti n-al pha
CbBE e Sexttion RO SRR RARER S BRI THPBieaior
mal e and fenmale in

N : 056] W . 1 € )
e 0Dk KEQSSEL ot et (e ang Temml s,
' LVE ' t i.mal Inc., Beiji ,. Chi
L M T MR

L elal te .t anem a.nodel. due t he rena
PG sAD P LTS BRSSP s PR T o7
.to rats wth. gener

o RO, MRS RS, Bt RAEF et o

it 1.0 _ t.«Ki @dn ,
Eggg%%%g@w?%gﬁé%§£O§£§EQ%FFQ§% b1$%%%€%¥%$§P“?ﬂénty
daysd by he, g i ceful ly.
TR R e R S e
afulbeD. TaGh One kel e gk 2PO-
tissue was finally ré@ﬁ@%ﬁ%ﬁ@#%§$%ggﬂ¥%@§8§§@QﬁMF% S
By @giudlukEyodevel oped renal function dissufficiency and
anem a. The rats entered stable status of anem a 50
days after nephrectony, and 25were then randonly
grouped (9/group) to start the admnistration of the
BRGS] Eacthegr@tigpottic patisy WESIEPEFE /s Withl cQN6red by
conbi nati on of one dose (2.5,12.5, 62.5gg/kg), one
tiedijcegtthcdniedtioutieyto bndé ped Wil bidbuthdasustyai hs 38R irdfigBe 5,C- )
and one injection schedule (once per week or once
by e PR-Reeelisd groiia shaven oseldeghdinpei@Rtoaradn 1o \@sQuiBe of
rats were injected with the equal volune of carrier
dosts\of il B .or Thioiethge Botvdndes bt sedd 55tk e elie= PEedh t he
total observation tinmes were 6 weeks. [00057] All doses
ipguegl thy gegtiongs Fypgeytkdp) thefimilid cnEROvEeh wadnichilStee rhael
subcut aneousl y once per week, induced dose-dependent
tat &y AT Pkt THUYFEORfich Thisvednslydotipas g HuEPOHe haodel
control group that did not receive EPO treatnment. Both
Cﬂ@".“Sedle@é%HP%ﬂzlP B/t it Vovo- -kIEPTTobly dar bejtipe thepolonged
admi ni st ered subcut aneously once per week al so i nduced
ha |l it HBEP Qb inerielos improried ER@ resemerchindéneéicdvation i i n

ot.h groups treated with 12.5 or 62.5 gg/ kg of
*E"#f"ﬂ&%&% olgure indhghiEP e dR PIojeim Pgtydhe W%met bieses of n
both,

[00054] When the same doses (12.5ug/kg) of tHuEPO-Fe or rHUEPQ 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-Fe induced greater, more persistent
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groups treated with 12.5 or 62.5gg/ kg of rHUEPO
respectively. The Elb levels in 62.5gg/ kg of rHUEPO Fc
-treated groups were also slightly higher than that in
wibBR/rgh kg of darbepoetin-treated group. AbE€EAZ067/000107
stopping treatnment, the decrease of lib levels in

rHuEPO Fc-tre roup was nuch sl ower
0’2" ??‘%%g(tﬁ—i‘bﬁ? BV &hPBﬁ%W'ﬁ%%ﬁ T iR o8F Bie h
r Qups unt|I the end

d |
@?ﬂ DB VT G RPtls Re ke S pPropftedh oty o1 4 cat 1 ng

er._.and/ or a th 0|et

B P o Bl PRRER S 55 BRsGy Somuatieor
&Qg tLe of subcut aneous |nject|on once every two

r’? g% yﬁ%b 5 or 62.5ng/ kg of the three EPCs were
adn1n|stered (Figure 8). 12.5gg/ kg of rHUEPO barely
i ncreased Idb |l evels conpared to the nodel contro
gr oulsnn AR &} it
62.5ng/ kG 0 yrﬁ%ﬁ%ﬁéﬁ%r%a?@%ﬁgféag rﬁ?ﬁzﬁmggmfgb?ﬁ ng
the Hb levels to normal in conparison with the nornal
control group. Treatments of either rFl uEPO Fc or

dasepoet pedherdidie n%?&c@%rolgﬂ tRe QharRdd éggl/() d.nduced

significant elevation off [evel s that” wa |g er

Adfiaiftest JTatiu PO -L N8 vRO! TR RurGQHpERle i Qe y df@ﬁﬁ% kg the
effective correction of anemi a status by both

stinukReY frothapetckapheRaslyilnicNadRE @ik theaatd idikd snences
wer e observed between sane doses of 5rEl uEPO Fc and
chatiepoet il hemiathiTbvadha®f iyl R@phredkbSy. Ning Brdas e of

62. 599/ kg resulted in the persistent increase of
elufiPOito pos @mipared nfth khobde rHEERD Hhdldi@Epoerin-4IRR (60pg/ml,
observation (two weeks post treatnment). This further
[sutyge¥Te dratiatturedHyEROn BecvandCdaniapoet i n exhi bit the
property of long-lasting stimulation of erythropoiesis
in vivo, which in turn could be transferred to the
reduction of adm nistration frequencies to 10patients
[€945A] cal IYistaf GOABST Wi fewmald ar dyey oetiba, Weaghinga 661 gppr oved
for clinical application with | ess- frequent

Ruriheset from & ipleverngiredment riiengd e Briting Ehiph.ilaree Nand
reduce the work burden of health care providers, these
XX iORe B v errate 8 tiingingion lndieataths apdrait mpddl R Fe

s

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 twenly
days. The right kidney was then resected carefully. Antibiotics were administrated to
prevent infection after each operation. [n 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 EPQs.  Each
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15di sclosed in the current invention has at |east the
simlar potential benefits. As discussed above,

dar bepoetin, as a nutant anal og of the human EPO
witewisesscont ai ni ng addi ti onal sugar conpoumds/cazoe7o00107
(increased gl ycosyl ation), may have an increased risk

i nduci n nE enesi s in vivo due to the altered
B B S B AR QT SRt of e 495 Grig et TS, one
observat | L en s.undergoing treatment with 20
TRBEb B R ViR geTal e S e faet o oo

A i A
TR i B B | Ml B et RO R e R ot St
APHDLG HscrdeBh LifiAELES Wl e '”Ve”“’fs P Ero

c protein were around 10.0 nmol/tnrno
consistent with the reported paranmeters of rHUEPO. The
Fc part of 25rHUEPO-Fc, with no external am no

amiogs) / | r«rrlabragapserﬁ § %mg/ﬁg é)?&ﬁr'@%é AN gensral

structure of human eoretically woul d not

bi@aetarteBus®bonkdFE QQQ@BH&C& @&Q@gb%ﬁdené Jlev@t% UL levels

clinically, rHUEPO Fc may provide a better choice for

Pethagid © theAiicCddhth® Bloly t1haMAd hRRL&vd WQU%@ BRP12.5

anal ogs, especially those who need | ongterm

ada2rs g4 at HAPPO 5r JaARRRAL Qakeistaridactatndontly ayenaus!y

once every two weeks, both rHUEPO Fc and darbepoetin

v6eX.abg GrideeEH eledtien abﬂ{lﬁlet/@s ITRElE astield Falb ih BGk gagRs of

Ho levels in the rats with renal anem a far above the

mauciadithHR. Sloeve$ sp/kgorHeE R FeRtre ipfitic@lly Kighes takr ity ie

9). This further denonstrates the persistent

soimleatd oith Uf3 @695 hy/opairBskrED kypedide Hu EROHF @ velas:

dar bepoetin's efficacy has been clinically proven.

$0DEEEPDAH EPOdici-vatkdfzroapy eat kisedighiyrtighgr wxp@atiimment s of
bone marrow cells collected fromthe 5/6

eparkgof darberedtintrgtted gbuperAfter satpmetesgmeonbe dpemsews el or
per two weeks, s.c. or i.v.) showed that rHUEPO Fc,

fFr%EﬁeSaﬁle AT eR Fraatedlefong panmbdtsoare1BK e Hiokvait | on
of CFU-E and BFU-E. The potencies of rHUEPO Fe and

ARRBEDYEReT Hatbee Oércﬁh posmalgpaeicod prdonegier contyd rauhsuntibthe

r HUEPO (Fj gure 10). [00062] Bl ood urlnonltrogen ( BUN)

%ﬁaf €9F‘ér ”Ioé\(/‘éVP greeréragerérca@mcw indipatinge trpeast e/ ogroups and

nodel %rou The |l evels of serumFe in all the
qre!g%&eg ary (ﬁg timulation (swmmarized in Figure 7).

[00058] For the treatment of subcutaneous injection once every two weeks,
only 12.5 or 62.5pg/kg ol 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 rtHUEPO treated group failed to

bring the Hb levels to normal in comparison with the normal control group.
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20were higher that that of the nodel control group

Pat hol ogi cal exam nati ons observed the increase

di stribution of red blood cell (RBC)-related cells in
wipmer/awarss ow and spl een of all EPO-treated ratscazdooior
2007/ 085084PCT/ CA2007/ 000107 7. Phar macoki neti c studies

B A DL ST BB RS e~ R beps oo such
PR DRb A Rar S B b PRy Wt oG P R rtiey s
Pean LR PREM Rt A s SRR
PG00 LA et R SR LB it o

2! . '.ll'n . ‘ic .cc h ihd 9 £
s s iy a5 38 EAATDSS B
haiied ol Sp-RaRANRLEf. LMK e SULES
e PSPl e, BRI IREAK DS R BHBLGRo IR,

dHR&0aRA S Miclls Pod RedumSy). MR R e RhdiRE 85t MREFOYS ?[Qi to

generate data as they are biologically very simlar to
dutrepsetib ekigshe pOROOAF Bhpd¥ilRshGRINAT HASEHieQDin vivo
literature reports and the experinments were conducted
Sltictoin thirM Goull Dbet thigs FRHRIIes Bk re@UdtBR bT Q48 Sniation frequencics to

phar macoki neti cs. Two groups of 15Rhesus nonkeys with
mtieronddieiesliv. n each group (3-5kg, purchased fromthe
Experi ment Ani mal Center, AWMMS, China) were injected
intravenously with 5 fig/kg of rl-hi EPOFc or rFl ueEPQ
respectively. Blood sanples were taken before and at
00417, 0.WB daepnetih hasDeerdappByedliar, clididal afficatR with Gls.-
240 h after injection. Sera were collected by

fecamnt infeqidpas Fooncremsdtht heiesewmpiimbdunBERGuEChOwork HUERQ f

| evel s were 70det erm ned by using human erythropoietin
hepyeats-rravitksdhesamusosorthent sasghyindRASKN riti BPO-Fc
(purchased from R& Systens, M nneapolis, M\). The
diplopedde thp aprrent inveation hpp 2qlcast the i ER@oFtiaabricfits. dEPO
i.njected intravenously was 35.24+1-5.15 h and

418‘5.6 (pbevegdprispeeiiaps amiuast 3nalos uhtrahineeEPPmdkcglsr e 11) .

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-F¢, 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-Fe¢ 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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WD 2007/ 085084PCT/ CA2007/ 000107 [ 00065] To observe the
bi oavail ability of rHUEPO Fc, 51.1g/kg of rHUEPO Fc

was i njected subcutaneously to 5 Rhesus nonkeys. Bl ood
vaampt/asosaer e taken before and 1, 2, 5, 8, 1@crt&Aze0ibovior
24, 48, 72, 96, 168, 240 h after the injection, and

R R g sﬁoﬁra%a%et S e, cul é?id
! A
g3 i PP el
thalgH[rﬁ:ﬁtl)vaa%qquQ étﬂ'ﬁq’pgalﬂﬁigéﬁf%%@g}%e who é: (E fog(ﬂt S

chronic renal failu
gg99@§&g§&g§.that rl duEPO-Fc has a significantly
prol onged 10half-life in primates, and the in vivo
hal f-1ife of rlduEPO-Fc is at |east four fold |onger
than that of rHUEPO manufactured by Kirin Beer Brew ng
@0o609f  JapaR.injddi@ iRFOLRBAGEGhB Al kiohRel Moot ¥R EPHKR! Y

contributes to the enhanced erythropoietie activity of
irfdl dafbERR 2.5 L& Ba) WIRIB RIS R &le tidkn @] MbMERGr G 1dR1sfRrcaca
fascicularis [00067] As indi cated above, attention was
Qb v Wi vl encth@ S Gibo@f thd Ak MERGH ERIsTiv S AftmBl @h&diRart O
intentionally avoid or mnimze the changes of the
{Fhane i) g &k QurPErQPROisir@Ss 1B pokdifent RO 6! J’ﬂl&b&ﬂbsm b
protein. The inventors avoided including/adding 20any
ekt:eDral asanibamedcd dfi@py s bbdntkhinglypepti.de sequences in
the fusion protein. The invented HUEPO Fc fusion
protein of the enbodi nent of Figure 1B only contains
t he pol ypepti de sequences of the natural EP() protein
Eﬁ%ﬁ { he Featt daigerbivim {ctiicnigeing egieomentCHDondGH3owodellhiuman
and woul d theoretically not induce an

tpehihe 56 aspbonsmizah ditst diter tprabouctéironpofveandriphodbes
agalnst rfl uEPO-Fc protein. As will be
weeks, s.c. or i.v.) showed that rHuEPO-Fc, rHuEPO and darbepoetin all stimulated

the formation of CFU-E and BFU-E. The potencies of rHuEPO-Fe and darbepoetin

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

[60062] Blood urinonitrogen (BUN) and Crea levels were similar in the treated
groups and model control group. The levels of serum Fe in all the treated groups
were higher that that of the model control group. Pathological examinations observed
the increase distribution of red biood cell (RBC)-related cells in bone marrow and

spleen of all EPO-treated rats.

)
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appreci ated by a person skilled in the art, other
enbodi nents having alternative structures are al so
enconpassed by the present invention. [00068] The

wicodohowkaazg primate studi es were conduct ed t opebsiMBoo0107

t he 5i nmunogenicity of rHUEPO Fe protein. Ten

rabb atin%,nacaque Mc/ coca .
iasei TR =l s old, average

wei ght of mal e 4. 00. 3kg, fenale is 2.90.4kg, purchased
from Laboratory Animal Center, AMV5, China) were

S AR 5 Al e
AP T T,
B I TS A
EIB@S RYE éa@l ?ﬂsté QEPP ﬁglﬁg%otemq ??rl()u[a?g' tumi (,n%mfggghd#

antigen. coun

9@ﬂ4@ﬂﬁﬁ%£ ?R989m§558$ﬁh§@dgﬁ%ﬁﬁﬂ&ﬂ: a%%oﬂ%&wqﬂﬁnes

experi nent peri e resultant ata s

&ﬂnh@xﬁh@m@E&BM%@EﬁQmE&%%P&Q@Hh%@bsTﬁ?ﬂ@ﬁgﬁﬂﬁﬂém&ﬁ the

15rt f UEPO- Fc-treat ed nacaques was observe the nea

RBGuchy scokereaneddf & I nl
andcthggﬁgaﬁ Flk():es evekie%?gﬁ$%g%%g%ﬁﬂﬁyﬁgﬁgﬁgg%iﬁ%ﬁ

domiplReh kandt af itREPS OPiALCS: 848 &t R fe W&'t}fe& Gre

anti bodi es agai nst the fusion protein. These'results
mmdy&apemph@mambugﬁghﬁggi|SS|on protein does not cause
i mrunogenicity in primtes. 20 WO

2007/ 085084PCT/ CA2007/ 000107 9. Acute toxicity studies
of rHUEPO-Fc in normal m ce [00069] To assess the

[vafeer y ofStudy-dbsigR@sbasell us lierups @p&isAnd BE eMperith@Xd vGere
studi es were conducted in animals. 5

conducted according to the general guidelines of pharmacokinetics. Two groups of

t he

Rhesus monkeys with 5 monkeys in each group (3-5kg, purchased from the
Experiment Animal Center, AMMS, China) were injected intravenously with 5 ug/kg
of rtHuEPO-Fc¢ or ftHUEPO, respectively. Blood sampies 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-Fe¢ or tHUEPO levels were
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 rHUEPO-Fc and tHuEPOQ injected intravenously was 35.24+/-5.15 h and

8.72+/-1.69 h respectively (summarized in Figure 11),
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[ 00070] Two groups of BALB/c m ce (n=20, equal nunbers
of male and female, 5-6 weeks old, the average wei ght
of fenmale is 15.80.4g, male is 15.9t0. 6g, purchased
wio m/@hesnese Acadeny of Medi ci ne, China) wepericap@ch®dy7
I ntravenously once with excessive anount of purified

i Lt L e T
P S P LA S B e o
S 1S4 2551 o2 51108500 S st on L
S S 8,80, YR o 1,

’ [Ha 5.,.0f 24 . ce were.conducted..
B T nar o BB KT 4 e i v
HRY : .cl.ous changes. of. t.he organ
mer§M§%%g§§2%$ﬁPg%%g%?%ﬁﬁkﬁgégdﬁﬁd f%mﬁﬁaygﬁﬁ§“%§ﬂ%no
elvhiOHSaliNRte@L 1 sfeaction fol lowing injection. Wthin
t he period of 14" days, no obvi ous changes of behavi or,
activities, 20 eating and defecation patterns were
observed. Moreover, the weight of the mce in both
go0&s | NThieagetawhaads i HME ' Lod,
angmﬁo apparent differences mg?gb%%ﬁﬁﬁﬁg%?ﬁggﬁﬁ%ﬁgpz
fyriBlifp & @matidyand tHofin AayhalidifDOSHUE P86 fsiaPRast N: ARNGLJIR!
or pathol ogi c changes were detected in the tissues of
tamihe, of FMEPO the@fabturel by Blrinahdr KleAMEYo. ofgag figsul ts
i ndi cate that adm nistration of excessive anmount of
prEfondcBROMRE, in biaw liketgodoatribiadio HieGuhdhed chatroxdit Ritidngr
the normal erythropoiesis function, is safe and had no
tiwpaPdnt toxic effects. 10. Conparison of wild type and
nmut at ed EPO fusion proteins [00072]Investigations
were al so conducted to conpare wild type and nut at ed
ver si ons of EPO proteins. As described above, in one
eabodippincetitiey of flvdiROlirn Mactcadegicidarsi ngl e ami no aci d
nmut ati on at am no acid residue 172 (Cl172G . For
conpari son purposes, a wild type fusion protein was

| so prepared having a cysteine 10am no acid at
[B Hue 1yoindigigsbeyelaipntionyas piverdin thegesignud FGrERGr-Bt ei n

was prepar ed in . .
fusion protein to intentionally avoid or minimize the changes of the immunogenic

properties of the rHUEPO-Fe fusion protein. The inventoes 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 Fe 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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the sane manner as Exanples 1 - 3 above. Wth respect
to the construction of the reconbi nant plasmd, the
following oligo priners (QAGEN Inc., US) were used

wd her@bkdser ed ami no acids in EFL5w and EFL3Wpt-fca2007000107
conparison to the priners of Exanple | are bolded): 15

EF5.. 51-ce aattegccacca ggggt geacgaat gt ect gcct - 3'
ﬁ@@*a@%b %ﬁ%@@g@%@&ﬁgwgawwﬁ deubtREgages

%““9%6.@%?[@%‘5‘@@8@35@6&33‘8Qﬁé‘ij‘f Fyd§etcaaat et t gt gaca- 3' ;
EFL3w.

51-t gi cacaagat ttggget caact ct gt eccet gt ect gcaggcct-3'.

[l%QOGgEg Silqlﬁ%q%%?ngopgln%% stu ne%w%rfa con\éé{rlgeddtfaﬁgry\évj ?Le\/: llzt ed
S R e D e T i A

ﬂfc%;ﬁ:: rﬁﬂ@?&%‘al@ §/?f~eﬁrye§tq oFdoav%faﬁi Ivelgﬁ E&IEF%Q ﬁ‘ﬁiﬂem gpe

usi on prote n C pro

fu;me rgrzeﬁ@a&g, &Wl%@édé%%x gggﬁgab@m@@%&} Awlswuﬂ) were

r econbi nant urran or conpari son

4 In
SRl Yoo Gl A, RUOLOL AT L

WRE € atd R0 ARRUNLSedObitht Bl EREMEDE @ik Q%lﬁl@pgs thn@dione on
a nolar basis. In respect to the rEl uePO Fc and

dnfrka=Re hefe RQtRIAG 2 WdiR foE—EQ/te@r(t w&QR p&@ﬂ&a’%&%ﬁﬁ@ to
41. 4% of the total nolecular weight as cal cul ated by

tednt Forahd Peddfic dnhgodVe b@ist GfuERDIFA By aﬁlﬂsus% iHePQifid t he
wei ght of the total ami no acids of the ol e r HUEPO Fc
randPO-Fu BROnECL iRbe iy heged.i lnaddidl@ORrRBE caPRg B :a3a) -

10

the peripheral blood were also determined within the experimental period. The

resultant data shows that, while the stimulated erythropoiesis enhancement in the
rHuEPO-Fe-treated macaques was observed (the mean RBC numbers increased from
4.74x10°/ml to 6.67x10°/ml and the mean Hb levels from 12.2g/dl to [3.7g/dl),
rHuEPO-Fe failed to induce detectable specific antibodies against the fusion protein.

These results indicate that tHUEPO-Fe fusion protein does not cause immunogenicity

in primates.
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[ 00074] r HUEPO- Fc (stock concentration: 300ughnl, ),
r HHEPO EcC( st ock concentration: 90g/m ) and r HUEPO
with the natural human EPO structure( 600011J/0. 5mil,
woanuf/astaired by Kirin Brewery Co Japan) wer ecdidagseedonior
in carrier solution (2.5nmg/ M of human serum al bum n,

.8ng/ mL of. sodium cit 150. 061 ng/mM of citric
gﬁﬂ%‘ﬁ-@%@%’%@ fednarealnves . pHS. 5-5.6). The

dose of &VEP in anmount was cal cul ated according to its
act|V|ty/anDunt ratlo BALB/c mce (9- to 10-week

wei ghi n ers of. ma
Rl o pE(r)g s Bl %ﬁ@t? ey R S R,
ai.n gduwgg% g&%gped randomy with 8 in each group.
Eac ce was treated with one conbination of

one 20dose ( 2.5,12.5, 62.5p.g/kg), one injection
route(s. c.) and one injection schedule (three tines

RRb70MEEK @f, BRES &ﬁﬁé@ggﬁg (nlibeu@gw %Lrs gfﬁagan%f mce

was injected wth t

BRlaldl §-0ReektREL, Ihk Q@trmmﬂggt%?[%ﬁlqi 05,48 4g arX'ﬁc, is Fl):?Bi(P gr al

bl ood sanmples (tail vein measur engnt. were ta

fiels i i 1 whoudPt D,
D oo e ey kb Yereibasdoifylhondd

HRaSAh e iitust Uﬂﬁmf&yﬂ%u@b@-@ﬁ %z{ mtﬂng/k MeanSD was
cal cul ated fromthe data of each group and (test was

ROBEE L Bk ongusl vb s 8Mthe GFYRRutich QR (ABvaRown i n
Figure 13, admnistration of all three EPO proteins at
wspetttvelyy al sidibn tdubeevitd eRsRR feabRkolEhidUhjadtBA, general
eryt hropoi esis. At ei ther the dose of 2.5 jig/lkg or
eBaBorjangftitgs, atthuER@the ainiieato bugheunelhavat ivee of Hb

| evel s than rHUEPO. The hi ghest el evation ‘of 1-1b
heveted awhScadddideieltr bydaphalihdcdwére ghkweighas e daf 7 and

rFl uEPOFe. Both the 2.5 jig/kg and 12.5 jig/ kg doses
@ 1#+-RAgEPC fodnjerduciedanaweit axeaketionef e hanpoiaessshd han
equi val ent doses of rf-fuEPO and r HUEPO Fc as
Pieeieracedupyd. Pibolddsigminkiioantld tewendueleif atyi wnsuaf  Fl b

| evels in the rHUEPO FcC-treated groups. In fact, 12.5
Jhprgekey sBIPidiqus EraeEe b pravs edrd cbveyedel evat i on of t-1b

l evels than 2.5 jig/kg of rHUEPO These results
suggest that ri-fuEPO FcC has inpaired erythropoietic
act|V|ty n vivo in conparison to rHUEPO haV|ng t he
U al ~ EPOTBIEEUT siPURs deflirrdgiouBpsien rastig foliopfrg

r HUEPQ- Fc fusi on protein of the present invention
“é’ﬁcHiOB gtdn %rp%: 10d ot 14 days, no obvious changes of behavior, activities,

cating 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 tHuEPO-Fe, far
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15potent erythropietic functions. The adm ni stration

of the three EPO proteins at intervals or three tines
per week | argely excluded the inpact of differences in
whaohedsds4l i fe of the proteins. [00076] The epcricAz007/000107
eryt hropoi eti c potency of rHUEPO Fc and r Fl uEPO FcC

Of urt her eval uated by . reduci ng the injecti
PR SUPMBLR ot bR RHER0S o MR T
i gur .1 r HHEPO- Fc-treated groups showed hi gher
@F%§§§Wé%m3#ﬂﬁ% | evel s than rHUEPO treated ones at the

doses of 12.5 pig/kg or 62.5 jig/kg, In contrast,
r HUEPO- FcC i nduced rmuch weaker el evation of Hb | evel s

q@an(&ggg-gggpgﬁgjﬁg 2oL e, 12.5 agkg
S ri Ion ucle ian Htuh I3(}9'}90 {?Jlonf“% | evel s 25t han
that induced by 62.5 jig/kg of rHUEPO FcC at nost tine
points. This further indicates that by reducing the

piomi st rgatd b i eff o N
ﬁg 2 fe, rﬁ&g&%@%@;ﬁﬁc?g%n%@ﬁmggggg&%@ mutated

i 3E b OPED Bbicks WAGEIARS abfeVih bRk dnbodRIRARd i Q4,0
i t| UEPO havi ng the natural EPO nol ecul ar sequence and

InBlugQEPRgLE SAMo had sl I uERO.kE rddsd on IRLSI K of the
present 1 nvention. 5 [00077]1n summary, these results
cherpansh babesed, Baild bipk RERDpFedh wion@apetphyd thaghusian of
nat ural nol ecul ar sequences of both human EPO and
nuinauride rdsidag eNntFiguhd Y eTheGHA tardusidnbdicin @%JYrdateg igTuch
weaker erythropoietic functions in vivo in conparison
tho sanfeenantdn EPEXahales g taheven afithrradpedERGha@h@atdicarof the
sequence. in 10particular, the erythropoietic

metnibiiatt desmof the dlowHg BRE Fro@rd ((BACHN picoUS) weieedl(@s s
than 1/5 of those of natural EPO nol ecule. This

#iggi emine geitha £t hearfdJgildw ibetnpesson EPO@: pivhecef Gxaape 1t he
nat ural sequence of human Fe fragnent inpairs the
Fob@dddbnal properties of the EPO nol ecule. By the
single am no acid replacenent at the first cysteine
residue in the hinge region of the Fe fragnent, the

rfl uUEPO- Fc fusion protein
EF5: 3 -ccggaaticgecaccatggggptgcacgaatgtcctgect-37;

EF3: 5'-tittcettttpeggocgettatitacceggagacagggagag-3’;
EFLSw: 5'-aggcctgeagpacaggopacagagtipageccaaalettgtgaca-3';

EFL3w: 3’-tgtcacaagatttgggcteaacictgtecectgtectgeaggect-3°.

The sequences of primers EFL3w and EFL3w are listed in SEQ. LD. Nos. 9-10

respectively.

{00073 [n vivo experiments in mice were conducted to compare the

erythropotetic activity of the wild type fusion protein (herein referred to as rHuEPO-



Ly

150f the present invention conprising the natural EPO
nol ecul e sequence and the nutant Fe fragnent shows
nore potent erythropoietic functions in vivo conpared

wozobhessexat ur al EPO nol ecul e. Thi s data suggestgabdadbiooior

the first cysteine residue in the hinge region of the
e Fe fragnment sonehow interferes with the EPO

ﬁ%‘b@‘éﬁlﬁ e mytated fusiop grogei [55- Hiy ‘HEFRRFuprarinoh S5 geeent o t he
%’%ﬁﬁ'ﬁ%ﬁ%ﬁ’ag%gﬂa@?Fv:itEgecambiflem'@%%ar'@és<ae@P@> Bor
PR B P B SR iRt ief g o By
P D s S Pl @A ED e

H};M&'MI 2 %Egﬂigo&(wgsmd &P r%éote%:trt](g%g ﬁ?uIEP?hIec at%g uEtPO(—)I;cCS cope

ereo erence

I
FELBPREL A0 e CRFRRLOT ) BOBLING BN
@lc@@alféﬁ%ly ltthatlc%[‘ ti§:| quhHg%ﬁQo%@(as (ﬂ}ﬂ?ﬁ v&,&ﬁ% t%quta%

out comes: potenti al es of action
®laa QIL'lOn

QhSYBREs o kne IRAIHATHAZPOA) 13 ]f‘Cd‘[ﬂQiQ&ltﬂ‘)SE

EPO s alter ego: erythropoletion has nul |pie acti
Stoem). Cel | s 20, pp485-492(2002). 4. Nhlese K, et
al . New avenues of exploration for erythropoietin.
JAVA 293(1), |Spp90-95(2005). 5. Fisher JW

Eryt hropoi etin: physi ol ogi ¢ and pharnmacol ogi c aspects.
Boom]  SOCIHUERD-FoBitedk,coddelratidit 600,2PR58 1RGAHOLBR (dock206.
Jel kmann W Mol ecul ar bi ol ogy of erythropoietin.
domtearrmavh: Med/m A€ SHuERP 649 the ARG LAGAN EPO

structuref 60001U/0.5ml, manufactured by Kirin Brewery Co., Japan) were diluted in
carrier solutien (2.3mg/ml of human serum albumin, 5.8mg/ml of sodium citrate,
0.06mg/ml of citric acid and 5.8mg/m! of sodium chloride , pH5.5-5.6). The dose of
rHuEPQO in amount was caltculated according to its activity/amount ratio. BALB/c
mice (9- (o [0-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
dose { 2.5,12.5, 62.5ug/kg), one injection route(s. ¢.) and one injection schedule (three
times per week or once per week). The control group of mice was injected with the
equal volume of carrier solution, The treatment lasted for 26 days. Peripheral blood
samples (tail vein) for measurement were taken before treatment, on the 2™, 6™ o

139, 16", 19™ 22" and 26" days of treatment. Hb was measured as the index by
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7. Ng T, et al. Reconbinant erythropoietin in clinical
practice. Postgrad. Med. J. 79, pp367-376(2005). 25 8.
Wiss C, et al. Anem a of chronic disease. N. Engl. J.
\'m@lﬂ?%@(ﬂ_(}) ) pplOl. 1.- 1023( 2005) . _ 9.pCTICAZBOT/000 (07
Macdougal | IC. An overview of the efficacy and safety

30 | at t ei n( NESP) .
RBSFT 0Dy e SH RIS T (PRI S Sgpp end oo wek

V5. Dar bepoetin-alfa: a novel
(‘OHGIZ%#%}%% égiféreg?gr at ing protein. Ann. Pharnmacot her.
36, ppll83-1192(2002). 3511. Ellitt S. et al.
Enhancenent of therapeutic protein in vivo activities

' ' | 21
g&b@?ﬁgzzgl%%ﬁ% Eg%’é Ié?%d%m?s ‘%Eo%@?lalgélrefz rlln r;ffo %qs(;lbf t
. [ rate.
e S G
E@H & G ug@ II'HI%E!%r Ebcelf’?(ﬂ%%d huflh%r %lgvatt}gn otq{b Igve% 6lea§ﬁlé§/ﬂtq1an

C|rculat|n fe an ViV

1 ¥ r J_b [vle] 1
I‘prggzg%mtfzé%gﬁt fggg)ﬁﬁ‘leg{gél’tiﬁ Eﬂg\fcgtbg%clgx lg/Ne ste rH &%é

andpahak @@t@m Z 3yl IQQI\gékg)‘LByeQ lof i@ru%ﬁgﬁe%adﬁ&d%mgihtveakm

stinmul ating proteln

l:r)ythrd@@t@s@l@&l?&igllilent dbsas omgﬂy% rIHuL&) FEhs zﬁqllcated bé thc

Phar macoki netics of novel erythropolesis stimul

0 EEofi@hfoearRaRE oMt Rvapaetd rﬁu@ﬂ’(ﬁ @L(IJ K@k NBE S 1n fdbt
patients. J. Am Soc. Nephrol.

PD239Rs 2RUTEASGPOY induckB lowlzaéllahﬂgn &{v: m&@lns thaﬁegumig g
phar macoki neti c anal ysis of peglated human
ghufPOr 0ot etiln sigaedt &hsHuBPORBAR T Impaifel eryBRdpdRic
pp3027- 3038( 2004) 517. Dalle B, etal. Dineric
@tiyitthn opo In'ectompat‘ﬂsus oo EuPPO by thé ddfrQrHPaNER&ular sequence.
eryt hropoietic
By contrast, the rtHuEPO-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

haif-life of the proteins.

[00076] The erythropoietic potency of tHUEPO-Fc and rHUEPO-FeC was

20 further evaluated by reducing the injection times to once per week subcutaneously.

As shown in Figure 14, the rHUEPO-Fe-treated groups showed higher clevation of Hb
tevels than rHuEPO-treated ones at the doses of 12.5 pg/kg or 62.5 ng/kg. In contrast,
tHUEPO-FcC induced much weaker elevation of Hb levels than that induced by
rHUEPO. Forexample, 12.5 ugkg of tHUEPO induced higher elevation of Hb levels

25 than that induced by 62.5 pg/kg of rHuEPO-FeC at most time points. This further

32



10

20

activity in vtro and in vivo. Blood 97(12),

pp3776-3782(2001). 18. Kochendoerfer GO, etal. Design

and chem cal synthesis of a honpbgeneous

wibtwymessesaodi fi ed eryt hropoi esi s protein. Scipene@2:9800107

pp884-887(2003). 10 19. Sytkowski AJ, et al. Human
ietin di rs with marke enhanced in vivo

ST BT i Bk IRLE A
? ]Fg’ ﬁd%é(]??@ ‘Sﬁ’?‘? &y ‘”W‘jﬂs%lé? H‘Céb‘?‘r‘ﬁ?‘iss‘fé?ﬁ”%i“ CP*B%%%‘?‘I:‘SI
SPRTENRIALI TR O RO 5 Srlaed B g gl
B8R o RO RS SoucloPt o

human EgE as a novel potential therapeutic for t he
treatment of 20hepatitis C virus infection.

op8% f er of.q, tgkeh&@ reqﬁg%m&%ué@%g@mé?& @g@ rineg %ﬁé_ 0

M eta). H gh I'evel expression and sécrefi’on o

I T, I ;
e e D RTEe: L38r8ea P S8 Mk or

Rlonhe. (196, e @nd UADY cARGE faﬁéhswch@&m&&&aé@m REGRRL R S
are effective therapeutic agents in

BN L OX L Bdrto ARAHHEINT kv B ciiinh bal @P@%&kMa@@c&l tc.l"inTN':
carriers and TNF antabonists. J. | nmunol

RBLOAS tH 2643 activitkdof NAYIUBED-FEL fidlon p}ofﬂﬂ{éi’é/%&&ﬁgn of
Fc-erythropoietin structure and pharmacoki netics 30by

Nl thise af ia@Mald@POandlicsld) Thid@dRaedhat MGt LdnbeERG BEEr i ng,
Design & Selection 18(3), pplll-118(2005). 25.
wobaienbe rhg niMal Etamer dfephan B fagvelt idlfitg te Ginctidnel
treatnment of patients with severe, active rheumatoid
raprtehiics of the ERD mpleclibh €8y th@d{gl) gmippakht Bplacka0@ hat tBSfirst
cysteine residue in the hinge region of the Fe¢ fragment, the rtHuEPO-Fc fusion protein

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

mutant Fe 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 Fe fragment somehow interferes with the EPO molecule,

likely by causing structurai 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 altcrations and modifications are possible in the practice

of this invention without departing from the spirit or scope thereof,

(%)
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26. Wng VK, et al. The use of alefacept in the
treatnent of psoriasis. Skin Therapy Lett. 8(6),
ppl-2(2003) 27. Chanutin A etal. Experinental
wenal/ossasiuf f i ci ency produced by partial 40ngRhtE€Gh@Mo107
Arch. Intern. Med. 49, pp767-787 (1932). CLAIMS: 1.An

i sol ated fusion protein having a prolonged half-life
in vivo in conparison to naturally occurring or
reconbi nant native human _erythropoietin conprising:
(a) a naturally occurr ¥ #iffn eryt hropoi etin

cul e havi a cysteine residue proxjmte to a C
e -3?15|~j‘0ﬂ%@¢;§§§g§%ﬁaﬁ By P g RE aageens.
conprf@?ng a hi gé region, wherein an N term nal of
5%19«%:&6 t%ﬁ%—i{u Oia% dnh;{rc?v%gi It atl ien ketdotos: Sbel d 1|C CS
€ egfgcgg}f A Lol 1@% ior R e i n
sal d hinge region T's hatdral ['y"octurring except for a
'Mag&h Gfﬂ tai. @ﬁbqgitg%!r(g c@%‘?&g)to%eggn }%s mqfﬁ%%eua&?o% .fSrte?nn&cﬁg id
rugaﬁ&mgljay%gpla0|n§ a’‘cysteine residue wth a
non;cysteiﬁe resi due, whereby the first cysteine
0O &, Oifar SR EHLOAR LRGRRA HQERLSEIRAEEA 252)hd N
t efbd-bgbooss spaced at ['east 17 amno acids apart’ from
sai d cysteine residue of said erythropoietin nolecule,
whamed iy ._%%ltﬂ%é%.eﬁ siPRSic LiHhAMaBQoAE b e REHYEREE Exp.
Bkﬁ&ﬁ%ﬂlﬂﬂbﬁ§ dg@g Y 2 or a sequence having at | east
98% sequence identity thereto, said protein having a
BABIRMSHEW o lBdila BioREY 6 Jrﬁ;ﬁdoﬁ&i&in@lntc&&ﬂ/ﬁ&'ﬂ?:@%% 648. The
prasveonn).as defined in claim1, wherein the aFf-Ilfe
of said protein is at |least three fold higher than
g i, redt i Reeorhitimaner@bipbEEIR L itidan pradicd PRstREO VBRI, a5
debbdverfsizonsgl aim |, wherein said half-life of said
protein is at least four fold higher than said native
BiEss (& eyl remai etlironic dischle Nf Bigil.OnMpd. 05 &), pfiolany one
oft0&1(#0e 1-3, wherein said fusion protein has
enhanced erythropoietic bioactivity in conparison to
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(a) a erythropoietin peptide portion having a cysteine
residue proximate to a Ctermnal thereof; and (b) a
Fc fragnment conprising a hinge region, wherein an N
term nal of said hinge region is directly linked to
said Cternmnal of said erythropoietin peptide portion
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defined in claim17, wherein said hlnge regi on has the
The protein as defined in claim 1, wherein said hal-life of said protein is at least
four fold higher than said native human erythropoietin.
The fusion protein of any one of claims 1-3, wherein said fusion protein has
enhanced erythropoietic bioactivity in comparison to said native human
erythropoietin.
The fusion protein as defined in any one of claims 1-4, wherein said Fe fragment
is an [gGl fragment,
The fusion protein as defined in claim 5, wherein said Fe fragment comprises said
hinge region and CH2 and CH3 domains.
A homodimer comprising pair of fusion proteins as defined in any one of claims
[-6.
A pharmaceutical composition comprising a protein as defined in any one of
claims [-6 together with a pharmaceutically acceptable carrier, adjuvant or

diluent,
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4. ol ‘Bouluelcapradefhiandetined iolclim129wherein said erythropoietin peptide

portion is a complete human erythropoietin molecule.
I5. The fusion protein as defined in claim 14, wherein said Fc fragment is a human

[gG Fe fragment comprising said hinge region and CH2 and CH3 domains.

16, The fusion protein as defined in claim 13, wherein said IgG Fe fragment is a 1gG1
fragment.
7. The fusion protein as defined in any one of claims 13-16, wherein said hinge

region is at least 9 amino acids in length.
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The cell line as defined in claim30, wherein said
Il lineis a CHO cell line. 32. A nmethod of
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claims 1-6 for the manutacture of a nedi canent Tor
nedtad imipoercyd hr opoi esis in a mammal . 37. The use as
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metigcl s @ human. 39. A pharmaceutical conposition
defined in claim8 for stinulating erythropoiesis
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here g panmal is a primte. 41. The

o Sﬁl?%ﬁu%@h?g | glégh'i Vnautrili’%‘%li m 40, wherein said
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osition as defined in claim8 for the manufacture
amino acid sequence of residues 167-182 of SEQ ID NO: 2 namely
VEPKSGDKTSTCPPCP 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 any one of claims 13-22, wherein the half-life of
said protein is at least three fold higher than native human erythropoietin.

The fusion protein as defined in claim 23, wherein the half-life of said protein is at
least four fold higher than native human erythropoietin.

An isolated dimer comprising first and second fusion proteins each as defined in
any one of claims 13-24, wherein said hinge region of said first fusion protein is
bonded to said hinge region of said second fusion protein by disulfide bonds.

A purified homodimer comprising a pair of recombinant polypeptides each having
the amino acid sequence present in SEQ ID NO: 2 or a sequence having at least
98% sequence identity thereto, each of said polypeptides having a non-cysteine
amino acid residue at residue at 172,

An isolated dimer comprising a pair of polypeptides each having the amino acid
sequence present in SEQ ID NO: 2,

A polynucleotide having a nucleic acid sequence that encodes a polypeptide with
at least 98% amino acid sequence identity to SEQ ID NO: 2, said polypeptide
having a hinge region having an N terminal directly linked to an C terminal of
said erythropoietin molecule and wherein said hinge region has a mutation at an

amino acid position proximate said N terminal replacing a cysteine residue with a

38



a medi canent for stinulating erythropoiesis in a
manmal . 43. The use as defined in claim42, wherein
said mammal is a primate. 44. The use as defined in
claim43, wherein said primate is a human. 45. The use
as defined in any one of clains 35-38 or 42-44,
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sequence identity thereto and wherein said protein has
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def ingehdin claim47 or 48, wherein said hinge region
is naturally occurring except for said point mutation.
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- 47 I, d
5. ﬁ i p1wpcm as cﬂ,f%cd i claim 34, wherein said primate is a human.
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36. Use of a protein as defined in any one of claims 1-6 for the manufacture of a

medicament for stimulating erythropoiesis in a mammal.

37. The use as defined in claim 35, wherein said mammal is a primate.
P
38.  The use as defined in claim 36, wherein said primate is a human.
39. A pharmaceutical composition as defined in claim 8 for stimulating erythropoiesis

in a mammal.

40. The composition as defined in claim 39, wherein said mammatl is a primate.
41. The composition as defined in claim 40, wherein said primate is a human,
42, Use of'a pharmaceutical composition as defined in claim 8 for the manufacture of

a medicament for stimulating erythropotiesis in a mammal.

43.  The use as defined in claim 42, wherein said mammal is a primate.
44, The use as defined in claim 43, wherein said primate is a human.
45, The use as defined in any one of claims 33-38 or 42-44, wherein the half-life of

said protein in said mammal is at least three fold higher than native human EPO.



46.

47,

48,

49,

erythropoietin peptide portion is a conplete human
eryt hropoi eti n nol ecul e.

‘The use as defined in any one of claims 35-38 or 42-44, wherein the half-life of
sald protein in said mammal is at least four fold higher than native human EPO.
A tusion protein comprising:

(a) a erythropoietin peptide portion having a cysteine residue proximate to a C
terminal thereof, and

(b) a Fc fragment comprising a hinge region, wherein an N terminal of said
fragment is directly linked to said C terminal of said erythropoietin peptide
portion and wherein said hinge region has a point mutation whereby a cysteine
residue located proximate said N terminal is replaced with a non-cysteine residue,
wherein said protein comprises the amino acid sequence present in SEQ ID NO. 2
or a sequence having at least 90% sequence identity thereto and wherein said
protein has an in vivo half-life and erythropoietic potency at least equal to native
human erythropoietin.

The fusion protein as defined in claim 47, wherein said protein comprises the
amino acid sequence present in SEQ ID NO. 2 or a sequence having at least 98%
sequence identity thereto.

The fusion protein as defined in claim 47 or 48, wherein said hinge region is
naturally occurring except for said point mutation.

The fusion protein as defined in any one of claims 47-49, wherein said

erythropoietin peptide portion is a complete human erythropoietin molecule.
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