RECOMBI NANT HUMAN EPO- FC FUSI ON PROTEI NS W TH PROLONGED HALF- LI FE AND
ENHANCED ERYTHROPOTETI C ACTIVITY I N VI VO 5Rel ated Application [0001] This
application is related to and clains the benefit of US Patent Application
No. 11/340,661 filed 27 January 2006. 10Technical Field [0002] This
application relates to human erythropoietin fusion proteins. Background 15

0003] H ietin (EPO mber of the haemat opoi et | wt h
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response to ti j S d n availability [I].
The princi pal ?‘%E‘?f%ﬁ%%é%%@ﬁﬁﬁﬁg%@#@Agﬁ%@&% Y™%d bl ood cel I.
(RBC) progenitors and precursors in 20the bone marrow to stinulate the
synt hesi s of henpgl obin and mature RBCs. It also controls the
proliferation, differentiation, and maturation of RBCs. Reconbi nant EPO

havi ng the am no-acid sequence of naturally occurring EPO has been produced

and appr.oved to }\r at  .anem a associ ated with kidney functional failure,
cancer 3ndM—%§¥ﬁ&ﬂogi cal conditions [2] In addition to its

erythropoi etic properties, recent 25research reports [3] indicate that EPO
al so acts on non-bone marrow cells such as neurons, suggesting other

possi bl e physi ol ogi cal / pat hol ogi cal functions of EPOin the central nervous
syst em (CNEYUUhd ot hEks enpjartionsyrstataddo as) deims HrdepeitabUsrRitenave been found
in many different organs, EPO nmay have multiple biological effects, such as

acting as ayppheation ajge /SRS | didrdnt’. January 2006.
10 Technical Field

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

Background
15

{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
20 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 PO 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

25 research reports [3] indicate that EPO also acts on non-bone marrow cells such as



5 [0004] Human EPO is a glycoprotein with a nol ecul ar weight of 30.4 kil o-
dal tons. Carbohydrates account for approximately 39% of its total mass. The
EPO gene is | ocated on chronpbsone 7qll-22 and spans a 5.4kb region with
five exons and four introns [4]. The precursor of EPO consists of 193 am no
acids. Ceavage of the 10l eader sequence and the last amno acid Arg by
post-translational modification yields the mature EPO having 165 am no

aci ds. G yct¥anasresasting e nopiiervsipiopked@aiplpgienl finctienofEPO indw38, Asn83 and
one O-linked site at Ser126, plays a crucial role in the blosyntheS|s

tertiary st ?%ETI&F%OL&%F%(&W agh Qf'&?rﬁigé%sé"tf?tw?t ySipge EEPOrqegprs B0 f unct i ons by

bi nding to r ietin rece r, a glycosyl ated and phosphoryl at ed
15transnenbfgﬁgmé% ﬁﬁg Pgéﬁn“fgﬂsﬁ%ngBW@8UP%PWQBPGHF“6ﬁa#?“7@ ki | odal t ons.
Thi s blndlng Li.gger ! nnd%nerlzatlon of the receptors that leads to
the activat PSR %%@E&%?mgfﬁﬁg1 transduction pathways: JAK2/ STAT5 system
G proteip, cal ciumchannel, and kinases. Two nol ecul es of EPO protein are
needed to bind sinultaneously to one receptor nol ecul e to achi eve opti nal

tor acihy@tion f rs hema i c grow h factor
;g;?gved foﬁm%ﬁn;n t%@%%by, g@%%”d%nt I %55 eé@ﬁé&% l'Plag been used
for the tr e@aﬁaﬁnrcﬁ%h,@ra@@a@mnm#ehéra,gma&g%%howg lof henak Taiure. cancers

(primarily chenotherdpy-assocl a di séases, AlDS,

surgery, bohg. KMo HARSRLADIAL 9N AY ns%ml%%ﬁ {myﬁﬁg%ﬁdfo”es etc.

Interestingly, recent studies ve a observe has non- bl ood

syst em f unchi,aRgorane. momau;saeof@@b%em@of%g  BEhDG a0 A% AyReur oprot ect ive

drug for cerebral I1schenmia, brain traung, annatory sease and neur al

degener & i Vigagdi SQEH&S d EhZ]lasza'irli ROR Qgrbg%Q&J:rxmsiéntaﬁa?ﬁ]o!ﬁk%én flé ig§ HUEPO or

r HUHEPO anal ogs are commercially avail , hanmely rHUEPO al pha, rHUEPO

beta, and dasReRREPONadhE 863 Bino aLHB By I8RL! SRORRE RANedi £1 NS bind to
the sane erythropoietin receptor, but

Asn 24, Asn38, Asn83 and one O-linked site at Seri26, plays a crucial role in the

biosynthesis, tertiary structure and the in vivo bicactivity of EPO [5]. EPO functions
by binding to an erythropoietin receptor, a glycosylated and phosphorylated
15 transmembrane polypeptide with the molecular weight of 72-78 kilodaltons. This
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].
20
[0005] 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

25 myelodysplastic syndromes, etc. [nterestingly, recent studies have also observed that

OS]



differ in structure, degree of glycosylation, receptor-binding affinity and
in vivo netabolism Since the initial introduction of rHUEPO al pha in the
1980s, clinicians 10qui ckly recogni zed the frequent dose/injection

requi renent of the drug as a significant shortcomng. The nean in vivo

hal f-1ives of rHUEPO alpha and r HUEPO beta admi ni stered intravenously or
subcut aneousl y are only 8.5 and 17 hours respectively [9, 10]. Patients

t herefore ﬁ@@ﬁxaﬁﬁnﬁfE@?q%ﬁ3§éﬁﬁﬂﬂﬁémbﬁoﬁaWF?““F%F€€@W€§Wf?aor three tines
per week which i burden on both patients and health care providers.
15Thus, t h&PEOMES t%ﬁwgzmwaﬁagk %ﬁm*ﬁafﬁﬁga%mamm disggeo#di nant  EPO
analogs haV|n | onger Y0 hal f-1ife and/ or enhanced erythropoietic
activity. %F?@%ﬁf@mHEVé]been made in the prior art to genetically
change or chenlcally nodi fy the structure of the native EPO protein to
either slow down its in 20vivo metabolism or inprove its therapeutic

proper tises i Xl HSL B APASAISd 0,00 dheet, correl aton betueen

the ampdnt d-contal ni hg” car bo oh t he EPO nol ecul e and

ts 10 Vi Ve aaLanel LMD ﬁ&t@@%lppf%ué@d%a WGLERAGLNe carbohydrat e

content of t ecu us rest i*f e and enhanced

activities $ nTHé re[e l-elcoml%gz%nt ;(JJ’AQE@RLnF' [}éj%ﬁl' g to ﬁn e Eﬁ%uﬁnal 0g

25darbepoet|n a a to Inc alns, two nore

than r HUEPG)fp, Qes&p@ea@% eae@gﬁva@syaaao@'regan&%g%%ﬁ x mlifvxt hropoi esi s

Stinulating Protein (NESP) and I's sol d under the trademark Ar anespnf .

Dar bepoet i fheabila. didct @tre%ltfuﬂ URoRREbYVSE rﬁmalﬁ‘?@n %ldgb'y@hrf?&ﬁfst 1 ons
(Al a30Asn, Elis32Thr, Pro87Val, Trp88Asn, Pro90Thr) which allows for the

at t achnent qﬁaf:kymogin@da thle 1 end\&okdnﬂ}é@tdm%dugaﬁas&MWdrag%@ adlgnip@gpar agi nes
resi due positions 30 and 8 Dar bepoetin al pha binds to the EPO receptor in

an i dent i chorGBAMLS TIRSnARL e fﬁmvkébflrﬂmmilﬂtah@%ﬁbg'b% si gnal i ng
i nvol vi ng tyrosi ne phosphorylation by JAK-2 kinase and the sane

i ntracel | ubétiniele@citaesioRasérViRultncolsly Se knig 83 afd Ahdars rdy&til@y t he i ncreased
car bohydrate content, the half-life of darbepoetin alpha in both aninmals
and humans [$,30]JalPatsts thdufee néadlad idj@bgechddn@nf daily, twice weekly or three

times per week which imposes a burden on both patients and health care providers.

15 Thus, there has been a longstanding need to develop recombinant EPO analogs having

a longer in vivo half-life and/or enhanced erythropoietic activity.

[0007] Attempts have been made in the prior art to penetically change or
chemically modify the structure of the native EPO protein to either slow down its in
20 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

25 darbepoetin alpha to include 5 N-linked carbohydrate chains, two more than rfHUEPQ.



10t hat of rHUEPO al pha (25.3 hours vs 8.5 hours) [9]. Darbepoetin al pha
(Aranesprm al so appears to exhi bit enhanced bioactivity in conparison to
naturally occurring or reconbinant human EPO in vivo [13] and has been
approved by FDA as a second generation rHUEPO drug; this drug only needs to
be adm ni strated once per week to achieve the identical therapeutic effects
of 2-3 ti i njections. per week rHUEPQ 10, 14. 15]. [0008] O her
attenpts 'EHSD %‘Q‘Jtpg‘%léf afﬂ%lsﬁgi’ ngwnfaé%f’ejr%ﬁg“ﬂ%%‘sfsﬂﬁ‘ﬂg@iﬁ ffeip h\é@%’ési ng the

| | i,ght..of .t EPO t ei h .chem | i ti ith
o vt eraiadidhac B asfenafl st Mo E OB s R 880 hias m. much
20l i aht... i , ed.f i f
20 a9 oD o130k AP B LS £ LA REIR ChERERS Lo .
PEGy| ati on @y, bl €for Ih@sna@méfbmaa&gggng{{g.ﬁ!ggg% &%o:sgct%@a'ﬁ@ef““a“t i ci pated

changes of function and specificity lfiére are al so

reports of ai.s%%d’ S1e88ud B6uIRLE G @ DARISin & haI(ELL:E)nCasP(ynthé)fi ul[C.CC .hods, such as

to link the nol ecul’'e to a carrier protel uman a mA), 25or to Corm

the honodi MR @@idefMaRher LWL te, by using |inki
e honodi NRRi #aldcAMa@fier LWRHGOPR) © gdy'éfﬁna@hﬁg%lcggg ngy[] ?‘2[2?9 i nki ng

peptides (3- to I7-am no acids) or chem ca S ng reagents

[17, 18, 19, v0o pillphbiflaab o URRSEARE BReiRe AN G AGMLAYRGspEe success i n

extending the half-life and enhancing the activities o conbi ni ng the

EPO ol eculrasmAmK, ek ket STAGSED: ©thehath@ted ATURAALABME L LGS i n a fusion
protein as described in the present 5application achieves uni que

advant ages.lif§ GRS} gdeiediptia BLUOGROYAIIhuInS(S it AmcQRASBH-1Gkefiar pol ypept i des
| i nked coval ently by disul fide bonds (two identical copies of |ight chain

and heaMy ciabirHuERD@Ipha @5.8abys s Dlioutsy O] Ml pdedn RyhNARAEGHgENEr at es two
Fab fragnments and one Fe 10fragnent. The Fc fragnent consists of two
pol ypept i deso hpmket dxbiyietdhenced yiogtitisiy hiccapdross natmathopatiypapt i de, from
Nto C-termnal, is conposed of a lunge region, a

recombinant human EPO in vivo {13] and has been approved by FDA as a second

generation rtHuEPO drug; this drug only needs to be administrated once per week to

achieve the identical therapeutic effects of 2-3 time injections per week of

15 rHuUEPO{10, 14, 15].

[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 iike. PEGylated- EPO has a much

20 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 1o a carrier protein (human albumin),

25 orto form the homodimerization of two complete EPO molecules by using linking



CT-12 dormain and a CH3 domain. The Fc fragnent structure is al nost the sane
anong all subtypes of human i munogl obulin. 1gGis anong one of the nost
abundant proteins in the hunman bl ood and nmakes up 70 to 75 % of the total
15i mrunogl obulins in human serum The half-life of 1gGin circulation is
the | ongest anong all five types of immnoglobulin and may reach 21 days.

00010] Modern..bi o- engi neeri ng. technol .o has been successfully applied to
'Ehe cr]eati o%epg?bes’?{]z? g}ﬁa"b‘fl%f‘cé(gﬁ%r%éﬁ eéﬁ“%ﬁ%ﬁﬁ“‘ﬁ‘f“”ﬁ Fragapdut (% 1Hrek ei n
fragnents, h 20cyt oki nes, an ol ubl e receptors, and the Pc fragnment

of %unanslg%ﬁ?i%ﬁﬁﬁﬁfwggghéﬂ?%hfﬁz§§m?%ﬁ?ﬁﬁmﬁﬁﬁgﬁﬁﬁé”ﬁgﬂgﬂﬁdsignificgntly

| onger in vij Lf-11f.e€ i ret.ainin hei.r bi ol ogi cal and therapeutic
progerti es.énéo CPI grtgeta\?\%)‘rl eﬁ\é\llp%l%l&ﬁ [8%18‘“?1éhe%gbﬂ?(il"scflgdmhﬁ%lfé%iﬂ%ﬁﬁent ha\ee been
successful | 1 ORS pi di ci.nes_and roved by FDA for the

t reat ment d%h?ﬁéﬁhato?%ggwﬁﬁg¥$ﬁgi%%%1%ﬁ?gﬁ?%ggﬁﬁ%ﬂgmﬂ§g?wasis [25, 26]. 95
[00011] 1§ hasihesi.rRQM ﬁﬁnﬁbﬁmﬁé&or art that diners of two EPO nol ecul es

| i nked either by chem cal 'cross-Tinking or by a pol ypeptide exhibit
enhanced in vivo activities and a prolonged half-life[17, 19]. The enhanced
activity may due to the nore efficient binding of the EPO dinmer to one

receptor, goghothe prlmn%grﬁfﬂuﬁdﬁlo\ﬂitlﬁﬂgéq@%&n‘pbée& 5 @#ﬁ)ﬁ[}/ﬁfﬁ)‘ilﬁ% th@lger size of

the di ner protein. However, the chem cal cross- g process is not

ef ficient andadémslydy hikiGa fondQueOiditied o8 L haint N hdaly peptide in the
di mrer of EPO may alter the fﬁree-d“neﬁg#%galygtfﬂgiurg'g%ﬁ%go nol ecul e and

the pepti deftiebpm@dofysHBYIgGthdRtLRLS phATRLIAGAR o F BSQSarddbn¥Y ¥0. These
shortcom ngs inpair the therapeutic potential of EPO dinmers, particularly

since ERO Yowepiateimifaghb@camstsion swedlpefiatd IBRESodethet byf &sd@Rg. [ 00012] The
need has therefore arisen for EPO anal ogs that have a significantly | onger
hal f-1ife drdiseRhaoggereiy tmapal ©tdrainal kicMhids@Sork Rinké eGioRW have no
i ncreased i nmunogeni ¢ properties.

CH2 domain and a CH3 domain. The Fc fragment structure is almost the same

among all subtypes of human immunoglobulin. 1gG is among one of the most

abundant proteins in the human blood and makes up 70 to 75 % of the total

immunogiobulins in human serum. The half-life of IgG in circulation is the longest

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

F00010] Modern bio-engineering technology has been successfully applied to
the creation of fusion proteins consisting of therapeutic protein fragments, such as

20 cytokines and soluble receptors, and the Fe 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 propertics. So far two fusion proteins comprising an Fe¢
fragment have been successfully developed as biomedicines and approved by FDA

for the treatment of rheumatoid arthritis and chronic plaque psoriasis [23, 26].



15 Summary of the Invention [00013]1n accordance with the invention, a
reconbi nant fusion protein conprising a human erythropoietin peptide
portion linked to an i munogl obulin 20peptide portion is described. The
fusion protein has a prolonged half-life in vivo in conparison to naturally
occurring or reconbinant native human erythropoietin. In one enbodi nent of
the invention, the protein has a half-life in vivo at |least three fold

hi gher than{0fitilve hithesrbearshewr opeinsiof #it thatvemdreef top EBP srokcwesay al so

exhi bit enhanced erythropoietic bioactivity in conparison to native human
eryt hr opoi etinkgd cighgr by] herpread jeross- Brkéneerby d petgrsptidsrexhipigenhprpehtvér t he

i mmunogl obul i n peptide portion is an Fe fragnent, such as an 1gG

fragment. TH&EVIES f¢ agratmeed Wil Es 'OH basdaerd 28 VigoRa 46 AY a hi nge

regi on. The EPO peptide partion may be directl ginked to the hinge region.
Preferably PHE SHIcKGEP R % HeibE Ogimerde e repepify: ﬁf{f“ CRTEnEeH B ¥hgt h. I n one

enbodi nent, the EPO peptide portion has .a gysteine residue proximte the C
terninaISth@¥€W?E§HHHFﬁEg%?%' theg 8H”Wﬁ81ﬁé@?c%t8 @?@? €°¥esi due | ocat ed
nearest the EPO pepti.de rtion,. Preferably these t st ei ne residues are
spaced at | & 'ngﬁgﬁﬁﬁ%%gﬁgFﬁgn%ﬁgFﬁ?ﬁV%ﬂﬂﬁg~ %ﬂ?ﬁ@ﬁﬁ%mgﬁe EPO pepti de
portion may conpri.se.a c ete EP lecule. directly linked to the
innunoglobu??ﬁE%BPFﬁgﬁw ?.e.maomgb%§fé?ﬁ%?mﬁgﬁ?fﬁ%hfgﬂkgﬁg are interposed
between ¢ he, ERQ, A | PN ALAAM <D PRE AR keoid RARASL TR AYGQLT on al 50
relates to MUIt1Neric protein Construct s coﬁpr|5|ng

shortcomings impair the therapeutic potential of EPO dimers, particularly since EPO

10 replacement therapy in renal patients is life-long.
[00012] The need has therefore arisen for EPO analogs that have a significantly
longer half-life and enhanced erythropoietic activities in vivo but have no increased

immunogenic properties.

Summary of the Invention

[00013] In accordance with the invention, a recombinant fusion protein
comprising a human erythropotetin peptide portion linked to an immunoglobulin

20 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 foid
higher than native human erythropoietin. The fusion protein may also exhibit

enhanced erythropoietic bioactivity in comparison to native human erythropoietin.



nmul tiple units of the fusion protein of the invention. For exanple, two
fusion proteins 15may be assenbl ed as a dimer, wherein the hinge regions of
the proteins are joined by disul phide bonds. The di mer has the general
shape of a IgG nolecule and is nore stable than free EPO nol ecul es.

[ 00016] The invention also relates to nucleic acid and am no aci d sequences

20encodi n usion protein and transfected cell 1ines and methods for
producinggt@@ﬁﬁLsiQHQSEBVQFHWWWHg“FHW@ﬂWWdW”FﬂF@%%@WPmEWHQES phar maceuti ca

iti i i tei d t hods of using the fusion
rorei n andSERE SHAPRHLGU Sar B0 BESHT SHste IRePeb Rapre b st i mul ot
I eShS i jects.i d_of erapy. . Brief Description of the
E;éaraggoig%gi%%@ﬁ%gggﬁﬁﬁégéaﬁggﬁ‘?Wﬁﬁ%??ﬁ?@”VEPPHHKZ%ﬁﬁﬁﬂiPpnpfiﬁ; Lgﬁner'
i i I.GE . N ed to be construed in a lim :
Egggggig?gE&gaﬁﬁmkgmgg%%ﬁgggF%%%ﬁﬁgﬁ'%ﬁf%ﬂ%hfﬁgﬁ?%ﬁmbﬁﬁﬁFﬁwlstructure of

i C hon protein (rHUEPO- Fc) of .the invention.
E88058f2?339%9$épygﬂgmggg%gh%égﬁ?g??ﬁ%p%ﬁ%afgﬁqFﬁ@eﬁﬁ@p%ﬁ?Fﬁéwsequence and

|10t he hde? UGRAC AFhNARedH AR hiﬁg%%{ﬁ&(%ﬁchges ! c':_)lfl“slgﬁeoieg%ug L& n@éres-[ he total
ength o

the EPO peptide portion. Preferably these two cysteine residues are spaced at least 12
amino acids apart. In one embodiment, the EPO peptide portion may comprise a
complete EPO molecule directly linked to the immunoglobulin portion (i.e. no

10 external peptide linkers are interposed between the EPO and immunoglobulin

portions).

f00015]1 The invention also relates to multimeric protein constructs comprising

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 transtected 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.



DNA is 1281bp. The 426 amino acids in the deduced protein sequence include
27 aa for the signal peptide and 399 aa for the conplete rHUEPO Fc protein.
The conpl ete rEl UEPO Fc protein consists of human EPO domai n (166aa), hinge
region (16aa, underlined), and CH2 and Cl-13 donains (217 aa) of the Fc
fragment of human 1gG@ . 15The cal cul ated nol ecul ar wei ght of the

pol ypeptide of the mature rl-1uEPO Fc fusion protein is 44.6kDa, conposed
of 18.5kDa (41.4% of EPO fragnent and 26. 1kDa(58.6% of 1gGlL Fe fragnent.
A honodi ner [jie%DLorrirreoc[il .o .di sul fide bonds via the two cysteine residues
(boxed) w tti BH. At residue 172 of the mature fusion
protein (i.e. the 6th amno acid of hinge region) the native 20cysteine
resi due has been substituted by glycine (bold). [00020]Figure 2 is a

schematic dj m s i t he ructure and, features of . the mammal i an
expr essi ond[B?%Zﬁi d g@@’a%&%‘éﬁ”‘?% é{faErlesvéiP?‘lsﬁﬁ‘b?cﬁ’ S5 UeeBifatYe U encodi ng t he
pol ypept4 de,0fy, M‘?"”"#EEA:%E‘%@@% Ir;mglrmq{tineinqz{nggﬂd for transfecting 25CHO

cells that express t usion 0 [ 00021] Figure. 3 is a
SDS- PACE i mage showi ng the sizes of the dineric formof pure rHUEPO Fc

tein i duc di tj | ic f f HUEPO- F
protei n 1 n P80Yea Cam T 6 1l el AR i i St e Bl ke 51 HUEPO Fo
protein fr%&oﬁn@%&ﬁ%%{d’@(ﬂﬁ% ﬁ'éig‘&?f%%(ﬁyﬁ%ﬁgﬂ@%ﬁ%g_' i ne expressing

r HUEPO- FC exists nainly as Meric ol ecul ar wei ght of
about 180 kDa on 8% Bis-Tris gel in non-reduced condition. In reduced
condition (100nM dithiothreitol, DIT) to break disulfide bonds, the diner

i s separ at eghpijsit o t Fedi@nt | cal,. 0DF G und t it h nmol ecul ar wei ght of
75 kDa. 10q[ 00%]]22] F?%Sre 4A gﬁde%Bﬁ%glE%gHS%g] Elge @ﬁ%ﬁvédﬁégltuﬁnémﬁgse-dependent

i ncreasg ofnRINGI SRhHadida MQJE%%ﬁ{dgﬁm&{mg?'ﬁﬂgﬁﬁggﬁ%%%gr with three

times per week subcutaneous injection (s.c. . r EMEPO. Each
poi nt 1 epr enentss28 e, TReas dkind £¥8lin BE dddl&aPFRUP sdqferll GGe 223y O | evel s

represent the Rb | evels before

for the signal peptide and 399 aa for the complete rHuEPO-Fe protein. The complete
rHuEPO-Fc protein consists of human EPQ domain (166aa), hinge region (16aa,
underlined), and CH2 and CH3 domains (217 aa) of the F¢ fragment of human TeGl.

I5  The calculated molecular weight of the polypeptide of the mature rHuEPO-E¢ 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

20 cysteine residue has been substituted by glycine (boid).

[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-Fe fusion protein, and for transfecting

25 CHO cells that express the tHuEPO-F¢ fusion protein.

8



15treatnent. A Mce treated with rHUE, POOFc. B: Mce treated wth native

ri duEPO [ 00023] Fi gure 5A and 5B are graphs showi ng t he dose-dependent

i ncrease of henoglobin (Hb) levels in normal mce treated with once per

week s.c. of rHUEPOFc or rHUEPO Each point represents the nean Hb | evel of

the group (6 mce). Day O 20l evels represent the 14b | evels before

treatment. A: Mce treated wwth rHUEPO- Fc. B: Mce treated with native

r HUEPO [ 00024] Fi gure 6A and 6B are graphs showi ng the increase of

henogl obi n éKb levels in normal mice treated with intravenously

i njection ( QP?-%J of FEuBuiSePRTPAGE ngEPehominsshe sizepEi@, diBgstfopoi nt

represents the nean Hb level of the group (6 mce). Day O |evels represent

the I-1b | &yBIeIBEPErke nrolgipinnontredused qupdiongnd moramssit fremof Bee a week. B:

Mce with treatment 3 tinmes a week. [00025]Figure 7 is a graph show ng the

dose- dependB8ittG-hicrragidn pruss eordision by ﬁD‘éﬁB}jEIaéﬁ}éﬂ‘SsTﬁ‘erPUBﬁﬁig nephr ect oni zed

rats treateq%r\ﬁvith once per week s.c. of rlluEPO-Fc, rl-1uEPO or

dar bepoet i REWFRGF RIBBIdIATb e PEsarpEs 9 theeyliwedioiQeel-inseamening t he mean 1 b
Norma| cgntrols were normal rats with injection of

LS}/re: e?f sgpﬁ‘fl?%ﬁ% Rgdema it F5I9EnaRie frmyad Q@/‘"‘(S“Or[\%b]ﬁrr‘é‘“d%héﬁfai’éﬂ_ rats with
o] CeLTon, Sh AL ook AR S LS SREESSR et Ol 1SV
Show 19, £ v AR EBTRISRE! ARUBRIGuTRREL ShAeh Rl 80

monoemeric units with a molecular weight of 75 kDa.

10

[00022] Figure 4A and 4B are graphs showing the dose-dependent increase of

hemoglobin (Hb) levels in normal mice treated with three times per week

subcutancous injection (s.c.) of rHUEPQ-Fc or rHUuEPO. Each point represents the

mean Hb [evel of the group (6 mice). Day 0 levels represent the Hb levels before

15 treatment, A: Mice treated with rHuEPO-Fc. B: Mice treated with native rtHuEPO

{00023} Figure SA 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-

Fe or rHUEPO. Each point represents the mean Hb level of the group (6 mice). Day 0
20 levels represent the Hb levels before treatment. A: Mice treated with rHuEPO-Fe. B:

Mice treated with native rtHuEPO

[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/ke of

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



with rfluEPO Fc, rHUEPO or darbepoctin-alfa (abbreviated Darbe.). Each
point 15 represents the nean Kb | evel of the group. Normal controls were
normal rats with injection of carrier solution. Mddel controls were the 5/6
nephrectom zed rats with injection of carrier solution. Wek 0 | evels
represent the Fib |evels before treatnment. week(s) post treatnent.
20[ 00027] Figure 9 is a graph showi ng the dose-dependent increase of
henogl obi n TRY) [P"’é\?é?‘@‘f’|f<’rﬁ’f€5?‘6fh€ié'é’H?Vébtb©ﬁﬁezt@éFmatt§ Miearitd once every two
weeks i.v. with 62.5[1g/k r HUEPO- Fc, or darbepoetin-alfa (abbreviated
Dar be. ). Eé@W“$BVH¥e%%%*égéﬁ$%WFMWwﬁﬁﬁh3Fmﬂﬁévﬁk of the group. Nornal
controls were normal rats with injection of carrier solution, Mbdel
controls were the 5/6 nephrectom zed rats with injection of carrier
epresent the Hb | evels before treatnent. *:

sol uti on. 0 levels
week(s) poV\ﬁ(?Q?P]eat ngﬁﬁu“"’[‘ﬁﬁéﬁ‘é ﬁoﬁﬁﬁgéhelcﬁﬁ“dep?‘%‘téw&ﬁﬁetq{e pot ency

conpari son r Hu 5rf1 uEPO and dar bepoetin-alfa for stinulating the
col ony ﬁgr %Wmﬁﬁﬁg%iﬂﬁmaﬁﬁ %EEF@mFﬁd%T%mﬁﬁﬁﬁﬁ%EWﬁﬁﬂiﬁﬂkﬁéﬁé treated with

di fferent dgs f epoi etin-al pha
(;bbreviatéguﬁg)%% §&%Q€5tﬁiﬂpe 3&& Wﬁﬁ ﬂﬁgsgm>@B@hﬁ@ﬁ?“gotencies f or
t latin he BFU- E col on ornatlon whi l.e. r HUEPO was | ess

[S)O![ renr': t. A Qh ttican gDLIJ-vEl o%qw fr% Eomgl co Yrgls wete 618% gfsvwﬂl insgjoa of 1 0C.. iv. once

t 11 th I I f
?EFLépo“ﬁc“ﬁ’%ﬁ%‘SwH %b%%&lﬂf T R S A A
or rHUEPO tcgm%ﬁxﬂgn W%%M&e(s%ﬁ%erlt%%% b%cf‘\z% & b?fore reléterrye%t) 8eetkk 0030] Fi gure 12

is a sequence listing nucl eo € sequence”an deduced
am no- agi d (aak.asgguence of a wild type rquEPC)FeC protein. The sequence
partlculars are the sane as shown in Figure 1 except that a native, wld

type
[00026] Figure 8 is a graph showing the dose-dependent increase of
hemoglobin (Hb) levels in 5/6 nephrectomized rats treated once every two weeks s.c.
with rtHuEPO-Fe, rHUEPO or darbepoctin-alfa (abbreviated Darbe.). Each point
15 represents the mean Hb level of the group. Normal controls were pormal 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.

20 100027 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. Modet controls were the 5/6 nephrectomized rats with



cysteine residue is present at residue 172 of the mature fusion protein
(i.e. the 6'h 20am no acid of the hinge region). [00031]Figure 13 is a
graph show ng dose-dependent increase of henogl obin (Hb) levels in
normal mce treated with three tines per week subcutaneous injection (s.
c.) of rHUEPO Fc (the mutant fusion protein of the present invention),

r HUEPO- 25FcC (the wild type fusion protein) and ttluEPO Each point

repr esent s ikipréionpizarrispsolytioy.e Ve 0 levrds rgprotap(Us) Hb Nesteforelonatment. wer e nor mal
mce with injection of carrier solution. Day O levels represent the 1-1b

| evel s bef OF Beakfsdpashisegtmenf.00032] Figure 14 is a graph show ng dose-dependent
i ncrease of henoglobin 5 (Fib) levels in normal mce treated with once per
week subcut aneous injection(s. c.) of rHUEPO Fc, rHUEPO FeC and r HUEPO.
Each point represents the nean Hb | evel of the‘group(gé. Nor mal control
were nor rral[oqfr’g%]e wi Frureni08ct 96rhey the apered cosirists 8iHUBEY-Fo. | evel s represent
the Hb Ievehéﬂpefore treatnment. 10Detail ed Description of the Invention

[ 00033] Thr SUGHS A dAEeRosT-{i iRt igwiating Be F%‘Hlyg?f%ﬁ“%‘”ioécggtga‘?"lds are set forth
Hovever .t RECT R 1Oy B0 HEr] BB IRt RAVE: PHOCEMSY i cul ars. I n ot her
dotai | 1o ATETE-CHE et TR BetFY Hef Dt RLRRTI IS Fon.  Accor di ngl y.
ather o haioq SRR B L R M RSk PR el Bt Bt e 1o a novel
orerro (o horany T RIEIER Sk ALRRR b B ek ik ARt (PO

mol ecul g r%ﬁQUQkaﬁﬁéﬁﬁyﬁh@ﬁéq to an i munogl obulin Fc fragnent. As

di scussed further fusion protein may be in the formof a diner
consisting of two identical polypeptide subunits. In the enbodi nent shown

[00029] Figure [1 is a graph showing the serum levels of rtHuEPO-Fe and
rHuEPQ after the intraveous injection of Sug/kg of rHUEPQO-Fe or tHuEPO to Rhesus
monkeys (mean levels of 5 monkeys).

13
[60030] Figure 12 is a sequence listing showing the nucleotide sequence and
the deduced amino-acid (aa) sequence of a wild type rtHUEPO-FcC protein. The
sequence particulars are the same as shown in Figure | except that a native, wild type
cysteine residue is present at residue 172 of the mature fusion protein (i.c. the 6

20 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 rtHUEPO-Fc (the mutant fusion protein of the present invention), rtHuEPO-

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

11



schematically in Figure | A each polypeptide subunit, fromthe Nterm nal
to G 95termnal, consists of the polypeptide sequence of the human EPO
nol ecul e and the pol ypeptide sequence of the hinge region, CH2 domain and
CH3 domain of the Fe fragnent of human inmunogl obulinlgd@ . The two

pol ypepti de subunits are connected together by disulfide bonds between the
respective hinge regions to formthe dinmer structure. The dinmer thus has
the sane géereét @ thehapes)aomnl qyoinsreawnna nBeatitharinition pbeaist t er stability
than free EPO nol ecul es as discussed in the exanples bel ow. [00035]As wll
be appar ent>°Eom Daedders!s sserassré e ithy levals befere treptignthi nge regi on of an i ntact

i mmunogl obul in provides the protein sufficient flexibility for effective
antigen- 10anti body binding. Simlarly, in the present invention the hinge
region is included in the design of the rHUEPO Fc fusjon protein to

i ntai n i tOPPEy biﬁr??f“fi/i,“ R P APy diseieRendent USrBROPIEBCEPH i s i n the
dimer faqrm descri bed bel ow, this allows the normal binding of the EPO
porti on%of ({dﬁ%eYeI%d’EWﬁlcmlfﬁg‘?a&HW ‘FSF‘é?ip ”f"\'clfﬁlﬁﬁ@”f"ée@ésp‘f”ﬁ?t‘é’“@oc‘)acti vate EPO

bi ol ogi cal functions. Lt is_beli hat the dinmer formof the rHUEPO 15
FC fusi on 6?%P§?ﬁ?ﬂb§“%i8¢§ﬁﬁ‘%*ﬁ&ggé%fﬁﬂ%P%E%Fﬁgfmfgm@h 252 of i nduci ng

t he opti nal ti L an EPO. receptors. (for .ex I b acilitating
recept or cF%gggF¥ﬁ%?38¥8&fﬁﬁﬁ%gTﬁg ﬁgg%ﬁéFW%P@ﬁggﬁﬁgﬁgeyQ&H%Tes set forth
bel ow, the E i i.n s _been successfully synthesized

usi ng reco%%#%Eﬁ%gﬁ%ﬁggégﬁﬁggﬂgégg egegﬁfgion protei n has been shown in
mce, rat and primate studies to exhibit a prolonged in vivo half-life and
enhanced erythropoietic properties in conparison to naturally occurring or
r econbi pantynatd ¥&cHUIRI EPQverfiS, USed in this patent application, the terns
"native hurman erythropoietin™ and "native human EPO' nean EPO having an
unnodi fied wild type structure. As will be appreciated by a person skilled
in the art, native human EPO nay be naturally occurring or reconbinantly

produced (egoma3) fl UERQualoRNA) folldiey E&EdPrion lebivi€ aMIRR sERGkL does not i ncl ude

order to provide a more thorough understanding of the invention. However, the

invention may be practiced without these particulars. In other instances, well known
15 elements have not been shown or described in detail to avoid unnecessarily obscuring

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
20 properties. The fusion protein, referred to herein as rtHUEPO-Fe, comprises a human
erythropoietin (EPO) molecule recombinantly linked to an immunoglobulin F¢
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-

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

12



r HHEPO anal ogs, such as darbepoetin al pha where the EPO structure has been
significantly nodified, such as by hyperglycosylation. 5 [00037] The nucl eic
aci d sequence of the rHUEPO Fe fusion protein of the present invention is
shown in SEQ ID. No. |I. The correspondi ng deduced am no acid sequence is
shown in SEQ ID. No. 2. The conplete rHUEPO Fc fusion protein is 399 am no
acids in length. As shown in Figure | B, the conplete rfl uEPO Fc fusion
10pr ot ei n comigieptds sefuctchef EPOngowaion (HXGBmammanbCEE ilas)y ofttieefchi nge regi on
(16 am no acids, underlined) and the CH2 and CH3 donmmins (217 ami no acids).
A signal orﬁ%@@ﬂ@ﬁhp@wtww@meédwén&éﬂcdﬁwﬂwwPﬂ@wmﬁezmmaMNmb acids is also
shown in Figure 113. The signal peptide is cleaved during synthesis of

r HUEPO- Ec. T9seectfddoesther byisipublidr Aendaertyeesdepremessise bifzorpgierEPO0Re i ncl udi ng t he
signal or Ieader peptide are shown in SEQ |ID. 15No. 3 and SEQ ID. No. 4
respecti vel {ed P@Oﬁ%ﬁ?ﬁsT@ﬁéﬁﬁFWé%W“ﬂﬁQFWQﬁﬁﬁmEBmaﬁﬂﬂEE@?nﬂqgﬂeNo 2, the EPO
domai n has a cysteine residue near_ the termnal thereof at amno acid
nunber 161. mﬁﬁ%“hWHﬁ@“F@@P@ﬁ“Wﬁ?F@H@§“ﬁ”@?§%éﬁﬁ@“ﬂé§@ﬁﬁ@@Pkat am no acid
nunbers 178 ?nd 181 which are 20boxed in Figure 1B. The hinge region
cysteine re&iYles form the di sul phi de bonds between the pol ypeptide
subunits of the honodi ner as di scussed above. The naturally occurring hinge
region of a human I gGl fragnment al so has a cysteine at residue nunber 6 of

t he hi i df te I t
(he P 19° TERAD POTRLER LTRRRA BSLETART R SLILOBK rabBelle PTESE
b 25 d t. t of Fi | B
DY 2o U E IS Rl bR S S s SR O B L 0

gl yci nel& at ?n‘ff’ig%](@%hn%ﬁ Sirnﬁl%}lgli'%hg‘ 1%53?\ ||nvenglonEt|f:1)q:1m$e rﬁqlon[lamgﬁzg([é{ gsponds 10

resi due 6 Won skilled in

the art, Ottﬂ@&es%ﬁBféﬁE{%L@P@chrfﬁs%:{jﬁgt@ln?@HLgra BehBuFBRLLIYLRG, for cysteine

at this location to avold forna
the fusion protein is in the dimer form. As described below, this allows the normal

binding of the EPO portion of the rHuEPO-Fc fusion protein to EPO receptors to

activate EPO biological functions. It is believed that the dimer form of the rHuEPO-
15 FC fusion protein, by providing two EPO molecules, is capable of inducing the

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

linking).

[60036] As demonstrated in the examples set forth below, the rHuEPO-Fc

20 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

]
Ln

EPO having an unmodified wild type structure. As will be appreciated by a person

13



[ 00039] As a result of the amno acid substitution at residue 172, the first
cysteine residue of the hinge region (at residue 178) is spaced 17 am no
acids fromthe above-descri bed cysteine residue of the EPO domain (at
resi due 161). The inventors believe that the m ni num spaci ng between the
cysteine residue 161 of the 10EPO domain and the first cysteine residue of
the hinge regjon should be at |east 12 am no acids to enable successful
assenbl y an&%@ﬁ‘Eﬁ@aﬁéﬁéb¥WFmeH%Pﬁgb%mﬂﬁmhﬁﬁﬁdﬂmﬁﬁr®®mmeﬂEPC>Fe. That is,
if residue 172 is a cysteine residue, an undesirable disul phide bond may
potential | yP ““F%F%’e PG alphaks The teje orptivs amsp FBOY degs @oideclu81 and 172. This
may alter t E{e% dinepsup al structure of the EPO 15nol ecule, resulting
i n bi ol ogi cAM5 naltPeT tH" By FERRTER P Wictighe B0 srueiuts hagbeep 00040] I n one
enbodi nent %fmﬁgﬁui oqain is linked directly to the Fc
SY'#Pravoi di ng provi ding an external

nventjon, the EPO d
fragnent poftion o¥mfﬁ§“#ﬁ§P8H”'W8? Ve
| i nker peptide, the preferred three dinensional structure of the r HUEPO Fe
fusion 20peptide is maintained and the risk of triggering an undesirable

i mrunogeni ¢ onseri s mnimzed. The hi regi on of the Fc fragnent is
preferably gﬁgfﬁast Shaﬁg%gaggﬁﬁng%Of@ﬂﬁgﬁﬁaﬁﬁ%ﬁ?“ﬁFﬁ?%?gﬂiy in the range

of 2bout L0y BRLET A6 - v Exammles, 090431 The fol | owtng

exanples w Il further illustra he i nver | _ ~detai
ZyeoohOn L3 Khche RS e, WIS AP P et o
encodi ng t hg 3545hiaRadMsak Rhdlh Xs sRfwnbl E@Qe'zl%, the complete rHuEPO-Fe fusion
10 protein consists of the EPO domain (166 amino acids), the hinge region (16 amino
acids, underlined) and the CH2 and CH3 dormains (217 amino acids). A signal or
leader peptide sequence consisting of 27 amino acids is also shown in Figure IB. The
signal peptide is cleaved during synthesis of tHuEPO-Fc. The nucleic and amino acid

sequences of rTHUEPO-Fc including the signal or leader peptide are shown in SEQ. ID.

15 No. 3 and SEQ. ID. No. 4 respectively.

[00038] As shown best in Figure 1B and SEQ. D). 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

20 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 cysieine 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

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

14



10[ 00042] The full | ength DNA nol ecul e, which encodes the am no-acid
sequence of the pol ypeptide of rHUEPO Fc, was generated by overl appi ng PCR
using the following oligo priners (QAGEN Inc., US): EF5:

5' -ccggaatt cgccaccat gggggt geacgaat gt ect gcct-3'; 15EF3:
5'-attccttttgeggccgcttatttacccggagacagggagag-S'; EELS:

5' -aggcct gc a aca geccaaat ct ggt gaca-3'; EF1, 3:

5' 4gteaccag§gg%éﬁggﬂgéﬁé g@%@?@ﬂ@@ﬁﬂ@%@gﬁﬁwm3mamﬁwaddﬁh@usequences of
t he above- npj.e g R%%ﬂ?ﬁ re listed in SEQ [.D. Nos. 5 - 8 20respectively.
[ 00043] EcoR' [’ahH ¢ whiphgorigenon ﬁtﬂfﬁétﬁ{ﬂ?ﬁ%ﬁhﬁ‘ Hgeregioghd\EEd, ber espect i vel y.
For opti mal 2SXRL, SS|on of. t e fIUEPO Fc protein in manmalian cells, the
Kozak sequefféa | ﬂ&?aﬁﬁgg"PﬁiWﬁ@ﬁ&éﬁmP%CEﬁ%ﬂﬂéﬁLS and EFL3 are
conpl enent Nl tln 0 ) al . DNA sequence of Epo
(23bp) andaﬁx-?ggHﬁng mﬂﬁﬁqieﬁdgwgg)%?mﬁaﬁE“ﬂV#jehﬁﬁﬁﬂﬁ?m‘[00044]F|rst an
EPO DNA f{ragnment of 0.6 kb was anplified by PCR 5(Pl ati num Taq DNA

Pol ymerase High Fidelity) with primers EF5 and EFL3 from plasnm d p9E

cont ai ni ng ﬁ)b"@ TU| I Aength e?thea aBlf:fSl%S t%aﬁga{,iw I%ggﬁqnftr[s of 0.7 kb w th

primers EF3 and EELS fron1p|asn1 ai ni ength of human

| gG | cDNA sedHeRnss RD are fromthe |nventors' own
| ab). The tﬁb fragn%ﬁ#géaggék:ﬁkxméﬁgﬁ??ﬂﬁm %ﬁenli@am”ﬁﬂé 0% anount. Using

the mx as @OiBkaed 8 ik Wslaul F s 3 kb was
anplified by prlner; EFgga#d EF3. &ﬁﬁibﬁﬁr lg%f§m§pmgﬂfgébnent was di gested

by EocR | andhhetsidubawt Enahndh 8.0h 2bl 86y nd Bl 1o G goed it o EcoR

| / Not 1-digested mammal i an expressi on vect ure The resulting
reconblnanu&meﬁhﬁnumaawmaﬁﬁgmnﬁ@ﬁnﬁeEﬁh@ﬂqa Q?mﬁﬂ§ﬁ&5 QEe'C aci d

sequence encodi ng the am no-acid sequence he HuE c protein was
confirmed byhiddNAids eHUEIEIBEsstul assembly and/or EPO receptor binding of a

homodimer of rHuEPO-Fe. That is, if residue 172 is a cysteine residue, an

undesirable disulphide bond may potentially be formed. such as between cysteine

residues 161 and [72. This may alter the three dimensional structure of the EPO

5 molecule, resulting in biological inactivity or reduced biological activity,

[00040] [n one embodiment of the invention, the EPO domain is linked directly
to the Fe {ragment portion of the fusion protein. By avoiding providing an external
linker peptide, the preferred three dimensional structure of the rHuEPO-Fe fusion

20 peptide is maintained and the risk of tri ggering 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.



2. Establ i shment of rHUEPO Fc expression cell |ine [00045] Chi nese hanster
ovary cell with di hydrofol ate reductase(dhlr) 20 deficiency (CHO dhf(, ATCC
No. CRE- 9096), which has been approved by FDA for biol ogi cal substance
production, was used as the host cell for rHUEPO Fc expression. [00046] The
CHO dhff cells were transfected with the reconbi nant vector pCdEpo- Fc
usi ng Li pof ectam ne (G bco, Cat. No:18292-037, USA). The supernatants 95from
the cul tur eE8#me| ect ed cl ones were assayed by ELI SA (Roche, Cat.No:1-693
417, Canada) for EPO activity. Positive clones were further screened under

i ncreasing Methotrexate( M X) pressures. One cell line with highest

r Fl UEPO- Fc protei n expression was sel ected _as the r HUEPO Fc- expressi ng CHO
cell-1ine, éor?a‘”dradugﬁff Pllayaptegrieyvildkis flgeteypenteprengenedi um G beo,

Cat . No: 10743-029, USA) .. 5This r HYUEPO. Fc- expressing CHO cell -1ine was used
for the pr ogﬁﬁ'ﬁiﬂ'@ﬂ” f‘g"f’ﬂl-Fﬁlﬁ’ﬁ@at"gg%ﬁhiﬁ%i’“ﬁ@“5‘.“01361%?%*%@? SRSATIBE  r FI UEPO- Fc
Protein 0[QOO4@H -l UEPO- Fc protein nol ecul es contained in the

super nat ant &8 ected from the serumfree nedia cul turing the r HIEPO Fc-

expressing CHO cells were isolated at first by Protein A affinity
chromat ogr aphy (Amersham Cat. No: 17-0402- 01, Canada). The isol ated

proteins wer e fl{f&nﬁ . nqrg'ﬂfeireg)m%agea fii I B toi_I_%n ni . Hitilreofad 16/ 60 Super dex
200pg col unEr‘(‘ﬁmarrsﬁHm' ~NoT 17+ rrggﬂé{l*%mm%f—“ﬁhe—ﬁ%‘?q ty 15o0f the

r HUHEPO- Fc p i e than 98% as dei erm ned by el ectrophoresis. 4.
Det er mi nat i il It KBS TEC of the pure rHUEPO Fc Protein

10 [O0042] The full length DNA molecule, which encodes the amino-acid
sequence of the polypeptide of rHuEPO-Fc, was generated by overlapping PCR using

the following oligo primers (QIAGEN Inc., US):

EF5: 3’-ccggaattcgecaccatggggptpcacgaatgtectgect-37;
15 EF3: 5 -ttitecttttgeggecgettatttacecggagacagggagag-37;
EFL5: 5’-aggcctgeaggacagggpacagagiigageccaaatctggtgaca-3’;

EFL3: 5’-tgtcaccagatttgggcetcaactetgteecctgtectgeaggeet-3°.

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

20 respectively.

[00043] EcoR [and Not [ sites were introduced in EF5 and EF3, respectively.
For optimal expression of the HUEPO-F¢ protein in mammalian cells, the Kozak

sequence (GCCACCATGG) was also introduced in EF5. EFLS and EFL3 are



[ 00048] First, SDS-PACGE was carried out to determ ne the sizes of the pure
20r HUEPO- Fc protein. As shown in Figure 3, a single band with nol ecul ar

wei ght of about 180 kDa was seen on 8% Bis-Tris gel in the non-reduced
condi tion, which nmeasured the overall size of the protein with the

exi stence of disulfide bonds. This indicated that nost rfl uEPO- Fc protein
mol ecul es were produced as the dineric form as expected fromthe design of
t he fusion w&w@mﬁiﬁfawwe@m‘w@gaﬁ%irtgrgiusﬂ kA4 spBeemdlErcgdstiphandhe reduci ng
condition (100mM dithiothreitol, DIT) to break the disulfide bonds, only
the band w thsireclNAseaneicgrt st hirgkdabrias i dentified, consistent with the
esti mated nol ecul ar wei ght of single polypeptide chain of HUEPO hi nge
region-Cl-12- CH3. [00049] The accurate nol ecul ar wei ght of the pure

(v Tor- RL0s 1T tbust PR EST B Ry i e R say . only &
or overn was RedPyFSDol By 8O B i PPl o sl R i mal ot he
apprL1 cosrvEe i e Tl R P i R RSB e T B T Vot ae
pur 71 od r ratse eI AP ALTR FRh PR X RR e B h e bt hPpo ol coul e

sequence as lg(gjl?}‘ g&ugxe’trg?%ﬁlan% %ggéﬁﬂﬁ;arggr%g]q% nlgvetngres, a\m’l np- aci d sequences

of the rHUEP usion pro nance _%r o.oletic activities of
Conduct od o SonTi PRI Reer dearming oy e DR R B BTN Tot e
r HUEPO- Fy praf i) uaneh ARt epe-tdisNL b | §REVas amplified by primers EF5

and EF3. The purified 1.3 kb fragment was digested by EocR I and Not [ (New

England Biofab Inc. US) and then cloned into EcoR I/Not I-digested mammalian

expression vector pCD1 (Figure 2). The resulting recombinant vector was named

pCdEpo-Fe and the inserted nucleic-acid sequence encoding the amino-acid sequence

15 ofthe HUuEPO-Fc protein was confirmed by DNA sequencing.

2, Establishment of rHuEPQ-Fc expression cell line

[00045] Chinese hamster ovary cell with dihydrofolate reductase(dh[r)
20 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-dhft cells were transfected with the recombinant vector
pCdEpo-T'c using Lipofectamine (Gibeo, Cat.No:18292-037, USA). The supernatants

25 from the culture of selected clones were assayed by ELISA (Roche, Cat.No:1-693
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20conpared to rl MEPO and dar bepoetin-al pha. For conparison purpose, all the
doses of three EPGCs used in the described animal experinents of the

i nvention: our rFluEPO Fe, rHUEPO (i.e. native human EPO and

dar bepoeti n-al pha, were the amobunts of EPO nol ecul e portion al one based on
the nolar basis. In respect to rfl uEPO-Fc protein, the EPO portion
contributes to 41.4% of the total rHUEPO Fe 25nol ecul ar wei ght as

cal cul at ed By7-Caeadakier BPpctivige Positivglstonesfweanturieer awteds! widerBR@asingt he  wei ght
of the total am no acids of the whole rHUEPO Fc nol ecul e (166 aa anong 399
aa). The EP&FeHc(fEX prsERS (oe colhbne tidrighes ideiPOake pratein% of the t ot al
amount of the rHUEPO- Fc protein. 00051]rHuEPC>FE@%§tock concentration:
0.5ng/ m, p&FREssonPasiegey asdbi B OVe-crueraing FHOGEPGN prdersdppish nat ur al

human EPO structurezg ?0001LVO.5H1 manuf actured by Kirin Brewery Co.,
Japan) wer e *@Pfd{eE K r‘éea‘P?di‘aéFDs%leMeéﬁm(CZ‘."S?T&PW“@”%G%H%& um al buni n,

5. 8ng/ mlL _of ,sodi ci.trate, O ing/ml of citric acid and 5.8ng/ nl of

sodi um chl oFﬁ'ﬁgﬂ,{&?l%#%?@?eé?‘?g G]‘]E(gc‘?ﬁlg{g’é %35 uset for repesdpsiion RbRHER Ras
10ca|cu|ate90§%eq{ding to its activity/anount ration. BALB/c mce (6- to
8-week ol d, ighrng | 8- 22g, equal nunbers of male and femal e, purchased
from Experinent Aninmal Center, AWMMS, China) were grouped randomly with 6 in
each group. Each group of mce was treated with one conbi nati on of one dose

(0.1, 0.5, ?:51%ﬁmﬁcm@§oﬁ¥%9é5ﬂlpr ne injection route( is. through the tai
vein or s. C. hedul e (three tinmes per week or once
per week). The control group of mce was injected with the equal vol une of
carrier solution. The treatnent |asted for 3 weeks and the total

obser vatj onygoh4E's V\BFI%E%‘!?%‘EJG oin RElLRAGLALinKY iﬁ?eh% i@@ﬁglaﬁéc&%ﬁ% h"ei n) for

measurenent were taken before treatnent, on t ay an day of

every week foh i3 WaRkSee il MRS 1%%%@?0%- dehEsstd¢eh %\4 @pgorptiometry.
MeanSD was 20cal cul ated fron1thé%gata 0 eachggﬁégp an itggt was conduct ed
anmong di f f ex@fkd at first by Protein A affinity chromatography (Amersham, Cat.No:17-0402-

01, Canada). The isolated proteins were further purified by gel filtration in HiLoad

[6/60 Superdex 200pg colume {(Amersham, Cat.No:17-1069-01, Canada). The purity

[5  of'the rtHUEPO-Fc protein was more than 98% as determined by electrophoresis.

4, Determination of the Sizes of the pure rtHuEPQ-Fc Protein

[00048] First, SDS-PAGE was carried out to determine the sizes of the pure
20 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-Fe protein molecules were produced as the dimeric form

bl

as expected from the design of the fusion protein. When SDS-PAGE analysis was

[\
Lh

conducted in the reducing condition (100mM dithiothreitol, DTT) to break the
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groups. [00052] The adm ni stration of EPO three tines per week to m ce,

provi ded t hat the EPCs have nornal erythropoietic activity, would
i nduce saturated stinulation of 25erythropoiesis. As shown in Figure 4,
both groups treated with 3 tines per week s.c. had significant el evation

of Fib levels even at the dose of 2.5ptg/kg. This experinent denonstrated
that rHUEPO- Fc_exhibited an in vivo erythropoietic activity as effective as
r HUEPO. Theligfisdg fendsrpnyrthe hapd pitly mroleeylay wefpht of 78k dedsddeotifirdnas
dose- dependent. However, saturated el evation of the H') |evels was induced
in mce at PAEIYHYE! B estimpted mplogyargreight pipmbo mplypenifiesheiolt he simi | ar
sat ur at ed %ﬁﬁt i.on of t&&lip | evel s was only achi eved at the dose of
62. 5ug/ kg otV REESE N -Ef4ti on of 1ib levels induced by 2.5ugl/kg of
rHUEPO- Fc was al so greater than that by 2.5ug/ kg of rHUEPO These results
suggested nore potent erythropoietic stinmulation by rHuUEPOFe than r HUEPO.

r HUEPO. Fc_was, further explored by

10 [ 000 T t hr i et] t . of

rechi ngﬂ h@&lﬁ% )e/ct iri((i))lgg(li‘“'?r cénﬁ%u@ﬂ%ég%gph%@w WS OCAREEIS® As shown in
Fi 5 1t ff O Fc-tr.eat -d t el ti f
b Fever VR RER, B AR S RS BURKRErORSRIBILASE: T2 ana
62. 5ug/ k f - o] th | i f Ho | s to th

Sl ar xR Rt By e B g of et

[UEPO.Eo. TRl She APOLY SRR S5ch 13w L WRPO-Le has npanced

erythropoietic activity 1 n vivo. y 5 &t her the

prol onged hakf 5f1ﬂi,efP@,,te§rgg{llﬁg,eg(tj}{elph,leqﬁm&g;? E)rgte?{]ivyag -"%}“iﬁe :b{?ﬁ%% EPO r ecept or

bi ndi ng/ activation b I mer EPO nolecules i'n 8 Fc protein, or

b h ' al A ¥4 si 5 12.53i g/ k
by ?Hﬁe%rru%’f:@g’?er% E}E%té‘? mgpggmrmweﬁsmam LOE WRATR R8RS ( I g/ ko)

of the first 15 amino acids of the native human EPO polypeptide, and confirms that
the purified rHuEPO-Fc protein does have the right and complete EPO molecule
sequence as predicted by the DNA sequence encoding the amino-acid sequences of
the rtHuEPO-Fc fusian protein,

15

3. Enhanced erythropoietic activities of rHuEPO-F¢ in normal mice

[00030] In vivo experiments in mice were conducted to confirm the retaining of
the erythropoietic activity of the rHuEPO-Fc protein and determine its efficacy

20 compared to rHUEPO and darbepoetin-alpha. For comparison purpase, all the doses
of three EPOs used in the described animal experiments of the invention: our
rHUEPO-Fe, rtHuEPO (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-F¢ protein, the EPO portion contributes to 41.4% of the total rHUEPO-Fe

25 molecular weight as calculated by the ratio of the weight of amino acids of EPO in the
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adm nistrated intravenously either three tines per week or once per week,
elevation of the |lib levels was observed for all the treated groups
(Figure. 6). However, iv. 25adm nistration once per week of rHUEPO Fc
i nduced greater, nore persistent elevation of the Ho | evels, which
continued |longer after the treatnent was over. This data provides further
support for the enhanced erythropoietic properties of the rHUEPO Fc protein
in conpari s¥iehPt e PPRLEPE radsiohtie tihele STYRRE: T molefuler{ dioum anbye Wécur ri ng EPO
protein. 5 Enhanced e thro.oietic activities of rHUEPO-Fe in 5/6 ne
| ft ect omi ze@ r € ELPPIOOE PR GrEhv e thay dacidaded 4 hi%eef e tiebamenne enhanced
eryt hropoi et c g%évities_of rHUEPO-Fc in vivo. To further observe the
efficacy oﬁfﬁﬁdg G=E° PRt t i nul ati ng eryt hropoi esis, phar macodynani c
studies were conducted in rats with experinmental renal anem a that was nade
by 5/6 nephrectony. The efficacy of rlluEPO Fe was conpared with those of
manuf actured by Kirin

Ergﬁgfa%%gJ&ﬁggggﬁsghg%%%ggég%egg‘%ghﬁﬂiﬁgT%%ﬁéﬁgggﬁP%ﬁ%}%min equal nunber
Boi {1ng. corim e s REEOTES G kb ohbuTeu BTl Thi s 1 nventi on to
nephr ect omy Paoy B PG R B Sy Bt s G RPE it et anest hes a
O oo PRt AR ML PSSP e 22,1 o I

11ght ki dnesmst dr BEuk SRGEE SAEAL B Ul Yose BPIHRRBLY FRoMPLS adm ni strated to

prevent infection after each operation. BB ¥ hRe ki dney tissue

was final| yaeaserkeduind AsNGRAERLATLAGH B AlS. Badal Ly deyel oped renal

function dissufficiency and anema. The rats ente stabl e’status of

anem a 50 d@}@ﬁin@ﬁkgﬂ%@cﬁ@hr’im@m"ma@% erﬁX}@,rhpgrcE%%&B]ﬁ&%ggpﬁ:mnxntgr ouped

(9/group) to start the adm nistration of t : group of rats was

treated w tahirgn€eRTRMME, C8Ra)QTerORSuHORRIdndy @itllgiéeacfpgrm §.k0) , one
injection route ( iv. through the tail vein or s. c.) and one injection
schedul e (@rogopeice was treated with one combination of one dose (0.1, 0.5, 2.5,12.5,

62.5ug/kg). one injection route( i.v. through the tail vein or s. ¢.) and one inicction

I35 schedule (three times per week or once per week). The control group of mice was

injected with the equal volume of carrier sofution. 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. MeanSD was

20 calculated from the data of each group and s 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

23 erythropoiesis. Asshown in Figure 4, both groups treated with 3 times per week s.c.

20



week or once every 2 weeks). The control group and nodel group of rats were
injected wwth the equal volune of carrier solution. The treatnent |asted
for 4 weeks 5and the total observation tines were 6 weeks. 1000571AI |l doses
(2.5, 12.5, 62.5gekg) of rHUEPO Fc, adm ni stered subcutaneously once per
week, induced dose-dependent elevation of the Hb | evels conparing to the
nodel control group that did not receive EPO treatnent. Both 12.5 10and

62, 599/ kg dPd FIERIEMES Sevairarab B detis syenatne Avse pbt- bdeuBbistrmeves| y once per
week al so induced %l evation of Ho | evels. The increased levels of I-1b in
both gr oupéngP‘?éf?t ihglirt RN Feedibitgdanin yiyp prappicH ErEPOSEECer e
significantl i.gh t han those in groups treated with 12.5 or 62. 599/ kg of
&VEP respeér‘tgﬁ\l}’gp& e%élgi%iﬁ’“ Pgéléf%el?‘r‘?t@ztf"’%@ﬂ%@’ B#s deRrsEPdetc -t r eat ed
groups were also slight|y hi r.than that in 1562.599/ kg of

dar bepoet i ﬁzotwre ‘éeé‘t“’éiﬁragepgl?g‘f“oﬁgﬂ ?”btledgﬁ)i“’ﬁb‘“?%é%‘f‘r‘?ﬁ?ﬁaf Aes€@kcr ease of Hb

| ovel o romiARaen G AT ROSE P SOt i oL s 41 i model cont rol
groups unti} , f er ton (t \ee fter t tment), indicating
a stronger Waa?ldlyg?ceﬁgaéq%?%fhgﬁésg Yg%'iﬁf c?pocgg'@f%‘ g@? g]ﬁY"’ﬂf"? ‘Efﬁ'ﬁﬁg%ri zed in
Figure 7). ; Q L nt o ubcut.aneous i pjection once every
two weeks, H(%ﬂf{?%?f%ﬁéjgggfég{pg%%fggftao % I‘eeatﬂtr &?Eg’aﬁﬁ&jpﬁgg 8Padm' ni st er ed

(Fiigure 8) sddcBunthaeoh: EHEEQBALSLY, LoGressed ddh ey ala pompared Lot he

nodel control group, and weak respo the 62. 599/ kg
of rl | uEP@,tagatgsogroup failed to 25bring the Ho levels to normal in
conparison with the normal control group. Treatnents of either rHUEPO Fc
or darbegpoetin at the doses of 12.5 or 62.5gg/ kg i nduced significant

el evation of Hb levels that was higher than that of the normal control

group, indimesiing t e @fth@edibtteoRnty Gel .- af wé%’?@rmelaengo?etd%z by both
rfl uEPO- Fc and dar bepoetin. No significant differences weré observed
bet ween sam@udgs®sinREtion times to once per week subcutaneously.  As shown in Figure S,

the rtHUEPO-Fe-treated groups showed dose-dependent clevation of Hb levels at the

doses of 12.5, or 62.5pg/kg. Both doses of 12.5 and 62.5pg/kg of rHuEPO also
I5  induced the elevation of Hb levels to the simifar extent, which was much lower than

that by 62.5pg/kg of cHUEPO-Fc. This strongly indicates that rHuEPO-Fe has

enhanced erythropoietic activity in vivo. It is presumably due to either the prolonged

half-life of the tHuEPO-Fc¢ in vivo or improved EPO receptor binding/activation by

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

20 both.

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

25 administration once per week of rHuEPO-Fe induced greater, more persistent
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5r HUEPO- Fc and dar bepoetin in terns of efficacy. The high dose of 62.5ug/kg
resulted in the persistent increase of erythropoiesis until the term nation
of the observation (two weeks post treatment). This further suggested that
r HUHEPO- Fc and ci arbepoetin exhibit the property of |ong-lasting stinulation
of erythropoiesis in vivo, which in turn could be transferred to the
reduction of adm nistration frequencies to 10patients clinically.

[ 00059] Wi |5 aHNSE e dtbilsveliaghithesntingprbloprreefior die tisptmantavss ovgppltiicat i on wi t h

| ess- frequent inje tLons to increase the patient conpliance and reduce the
wor k bur derijanpr%éJﬁT’ f”ﬁt FAPOR [ hegahagcedepduepoiskip gioperititoAthedat a st rongly

i ndi cate th_ﬁt _lgt;(gkuEPO. Fc 15disclosed in the current invention has at | east
the sinilar Por&ht PRIFTHEfRpRAiEon vl rpiQ having theshyeure gigsiBet i n, as a

mut ant anal Bgm%}c Ftptbe rhgman EPO nol ecul e contai ni ng addi ti onal sugar
conpounds (1 hcr€ase &tﬂr}tosyl ation), may have an increased risk of inducing
i munogenesi s in vivo due to the altered three dinmensional structures. Only
| ong-term observati on of patients undergoing treatnment with 20 darbepoetin
will give decksi.ve answer..t.o t.he | ageni.c .ri sks of .darbcpoetin. In
contrgst, ?Su e erl cw;%s%u -cm /r cpliire t(r:)ul e pOI’ti on,
has a carbohydrate content identical or closely simlar to that of native
human EPO. The anmounts of sialic acids in the inventors' pure r HUEPO Fc

protein Wer{@)()@fjound E:thergnemg‘%l foTR lmi%ﬁ)ﬁ%\f?ﬁﬁlg%%é%gtemwi}r(f;{)gieﬁp e reported

paranmeters of rHUEPO.  The Fc part o no” external am no

aci d(s)/ 11 nkivigs BEREBG.Fc LAY E SR Shet &gsrg@trﬂggf@ilcaciy%hr%%&’g&% if human 194,

and theoretically would not lead to an I nmunogeni c response. |f approved

cl i ni calol y stititEROHRiGosHRYs PHHAMIBGty A BESE Bs wePQiohi&ycl@tn MALJGNE S than
currently avail abl e r HUEPO and EP%) anal ogs, especially those who need

| ongt er m adxgcringitiiatdn@inedia HAONEALDELs/k RiREL B, Thd aKeRPHs! Y once every
two weeks, both rHUEPO Fe and darbepoetin (62.5ug/kg) were able to induce
i dentical itePERBESas@bmplied ©MethSse brHuRLO had tﬁrﬁ%&éﬁnfaﬁiﬂﬁtéﬂ %m a far above
the normal Ho levels in the normal control rats (Figure 9). This further
denonst r at &s. Ndi0Pensinsicrrdd bs idibak 0o Qfap@hyt hr opoi esi s by

15 [060056] Wistar rats (male and female in equal number, weighing 160-180g,
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.

20 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. Aatibiotics 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

25 were then randomly grouped (9/group) to start the administration of the EPOs.  Each
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10r HUEPO- Fc, as darbepoetin's efficacy has been clinically proven.

[ 00061] Data derived fromcell culturing experinments of bone nmarrow cells
collected fromthe 5/ 6 nephrectom zed rats after treatnents (once per week
or per two weeks, s.c. or i.v.) showed that rHUEPO Fc, rEl uEPO and

dar bepoetin all stinmulated 15the formation of CFU-E and BFU-E. The

pot enci es of rHUEPO- Fc and darbepoetin were simlar and stronger than that
of rHUEPO ($EP4iuY &St reatgbpignyopicorplination abriietdpssge s 13- BORp ekl @eea | evel s
were simlar, in the treated groups and nodel control group. The |evels of
serum Fe i n"&FionfHE (tivethiongh ‘g‘? Bilyein 20wer anding frégetierhghediln fancopert he nodel
control grou Pat hol ogi cal( exam nations observed the increase distribution
of red bl oo‘?ﬁégkﬁ?“fﬂ@@) - ekt By courdl gopmengdieeligup glvelingts pl een of al |

EPO-t ted rats.. . Phar nacoki.neti ¢ studies of rHUEPQ-Fc in Rhesus
rmnke;/ga[ 8dW%‘%T“Z‘g't}ﬁg%%%s"g@mﬁﬂh?féﬂ’ér fﬂét’qﬂn{&lé’ﬁfem“tﬁ%% fgésicgffed ri - | UE, PO Fc

in such way that the EPO portion of the fusion protein retains the
functi oné(ilvf31 df)“rig“ﬁé‘??iogsgwg¥onqgneﬁ§’fﬁr6a”f°e O, such as stinmulating

eryt hropoi esis, and the Fc fragment of human IgGl allows the stable
exi stence of the fusion protein in circulation, thus extending its

hal f-11ife ipgnhyo. 'I/f\htedagetg?yﬁ 1?%@6@%}@%%}3 Y. age%{%?t rated the

erythropoi etic activities o are enhanced | e(d,orrparison W th

UEPQ T haent or e, . 59, SOUMEL G BIBLIBGRAEKL B gl T o5 Lo

determne the 1n vivo hgiyr arirson to that of

rHUEPO. - Pr i iRb £ WRHhEmUREEO! SRS ALR AL ATPOIRY RS BRIHQh Y cal Iy very

simlar to human bel ngs.
10 and 62,5ug/kg of tHUEPO or darbepoetin, administered subcutaneously once per

week also induced elevation of Hb levels. The increased levels of Hb in both groups
treated with 12.5 or 62.5 pg/kg of tHUEPO-Fe were significantly higher than those in
groups treated with 12.5 or 62.5pg/kg of rHuEPO respectively. The Hb levels in
62.5ng/kg of tHUEPO-Fc -treated groups were also slightly higher than that in

15 62.5pg/kg of darbepoetin-treated group. After stopping treatment, the decrease of Hb
levels in 62.5pg/kg of rHUEPO-Fe-treated group was much slower and the Hb levels
remained higher than those of both normai control and modet control groups until the
end of observation (two weeks after treatment), indicating a stronger and/or a
prolonged erythopoietic stimulation (summarized in Figure 7).

20
[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 §). 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 tHuEPO treated group failed to

23 bring the Hb levels to normal in comparison with the normal control group.



[00064] St udy design was based on literature reports and the experinents
wer e conducted according to the general guidelines of pharmacokinetics. Two
groups of 15Rhesus nonkeys with 5 nonkeys in each group (3-5kg, purchased
fromthe Experinent Aninmal Center, AMVS, China) were injected intravenously
with 5 rig/kg of rHUEPO Fc or rHuEPO respectively Bl ood sanpl es were

t aken before and at 0.017, 0.167, 5, 8, 12, 24, 48, 96, 168, 240
h after injémays of gdies RukPe-fegr F@E‘tpé‘éimti‘i/théé?fﬁfr?fflagafﬁ%Wééiﬁfd the serum

r El uEPO- Fc | é@ r HUEPO | evel s were determ ned by using human erythropoietin

enzyme- | i nki °?HWﬁHB§BPE§HP“8%@%9”@%1%8#6h%?¥§m%5ﬁﬂgﬂﬁ§@6mﬂron1R&D Syst ens,
'nj ot od i r%?‘?‘wérﬂ%é‘}dyaa% RSreatue soneclh of adiis ool BOEROTaspect | vel y
FruEPo Fe. it Ak A B e L T ARBUISTY L o 5 Rhesus

1, T 9efQ§%’é§ A SRR R PTG G shto P RETL R L evel s of
cal oul at od LR BER alIR < 5}??‘&“3” e st R asBon, Thists o

I f re f I oeti n-al pha
e o e GONLRC Bk L Ll By et o

data_denongkaloss: ddial iR 5o a8l Sl SANAYRLRLDged 10hal f-1i fe

in primates, and the in vivo | T&ast four fold

| onger thamhtchaxmﬂtfcomhithPgasFé%@moq&éaemﬁon%faaﬂumsﬂ%tﬁﬁ%qﬁ G:pg Co. of Japan.
The prolonged half-life in vivo |ikely contributes to the enhanced

eryt hr apoi ekicatsagtitanyty of rH t EPO-Fc. 158. 1 mmunogenicity of rHUEPO-Fc in
Macaca fascicularis

[00059] While darbepoetin has been approved for clinical application with less-
frequent injections to increase the patient compliance and reduce the work burden of
health care providers, these experimental data strongly indicate that rtHuEPO-Fe
disclosed in the 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 dimensiona!
structures. Only {ong-term observation of patients undergoing treatment with
20 darbepoetin will give a decisive answer to the immunogenic risks of darbepoctin. In
contrast, tHuEPO-Fe, without the modification of the EPO molecule portion, has a
carbohydrate content identical or closely similar to that of native human EPQ. The
amounts of sialic acids in the inventors’ pure rtHUEPO-Fc¢ protein were around 10.0
mmol/mmol EPO, consistent with the reported parameters of tHuEPO. The Fc part of

25 rHuEPO-Fc, with no external amino acid(s)/linking peptide, represents the general
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[ 00067] As i ndi cated above, attention was given in the design of rlittEPO Fc
fusion protein to intentionally avoid or mnimze the changes of the

i mmunogeni ¢ properties of the rHUEPO Fc fusion protein. The inventors

avoi ded incl udi ng/ addi ng 20any external am no acid(s) or linking peptide
sequences in the fusion protein. The invented HUEPO Fc fusion protein of

t he enbodi nent of Figure IB only contains the pol ypeptide sequences of the
natural EPSBTBE & fwmgﬁ&(tlh@*drﬁkeow &“&Wﬁt‘ld@ﬂ‘i %léo Pfé@r@wogcqu CH3) of human
lgG 1, and woul d J]Iheore ical H/‘gg i nduce an |m*runo%en| c response and the

product i on "BPOHt i BETES LA SHU AR EPPRRIO VR eiter chplee i1 patiee  appr eci at ed
by a person, skil I nbodi rrent havi ng aI ternative

struct ur esr}léapé"“ﬁ&i %a‘glﬂ%bé‘hgﬁgéédncgw Ff?é‘?oﬁ? S&spiplhy ‘ﬁ?ﬁér\%f’ 8774 1960068] The

fol |l owi ng annmammls 1 ITJOC{i]I es were conducted to observe the 5itnmunogenicity of
r HUHEPO Fc pr otrern i en” cr ab- eat i ng macaque (Macaca

fasciculsaris) (nmal el fenal e=515, -5 years old, average weight of nale
4.00. 3kg, female is 2.90.4kg, purchased from Laboratory Ani mal Center,

AMVSB, Chi I th, 2R fied
r Ef uEPO- Ilzge%oopﬁrgsl ?g?&@%&ﬁ?&&éﬁ&l\%}g%ﬁ% ex%r\#élw? WO vilertg]rlg ] ec%ledI \?vi th equal

vol urme of %ﬁﬁ&dr[ﬁ: oéxgl{f{ftﬂu?ﬂgﬁu Jﬂﬁe SWRLS hef‘n%}gzﬁnx;cp%keg {I%)e{ev ere col lected

once a week for post-treat nent dS'f'or the specific

anti bodi es yagat Ak remllahe-ﬁlf’&lralﬁgbowm&k&%ﬁ T 5 |08 mg ég’coun§“%‘ %HU EPO- Fe

(5ng/n) as the coating antigen. tion, Hb levels in
t he peri phefigle bl aad ﬁ\{@{cﬁde?floﬁé?ra\%ﬁ@hlﬁ %:&@ﬂ s%&l@ﬂidﬁ &f@@th%gﬁ&é ntal peri od.

The resultant data shows that e the stimulated eryt oi esi s

enhancelrmentr[-{ugpd»heaslcﬁmeg&&ﬁ‘@cﬁi@ac%&%e@xdcnﬁ%@}q %n\.’\’as observed (the mean RBC
nunbers increased from4. 74x109/nmL to 6.67x109/ Ml and the nean Hb | evel s

from12.2g/di to 13.7g/dl), rEl uEPO Fc fal | ed to i nduce detectable specific
anti bodi es agai nst the fusion protein. These results indicate that
rHUEPO- Fc {86 pr DhRideri @0 @8mRol cll@biSexbENRIARGE Bbintaol RelRN | Mt es. 20

cotlected from the 5/6 nephrectomized rats after treatments (once per week or per two
weeks, s.c. or 1.v.) showed that tHUEPO-Fe¢, rHUEPO and darbepoetin all stimulated
[5  the formation of CFU-E and BFU-E. The potencies of rHUEPO-Fe¢ and darbepoetin

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

[00062] Blood urinenitrogen (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.



Acute toxicity studies of rfluEPO-Fc in normal mce [00069] To assess the
safety of rEf uEPO Ec fusion protein, acute toxic studies were conducted in
animals. 5 [00070] Two groups of BALB/c mce (n=20, equal nunbers of male
and femal e, 5-6 weeks old, the average weight of female is 15.80.4g, nale
is 15.90.6g, purchased from Chinese Acadeny of Medicine, China) were
injected intravenously once with excessive anount of purified r HUEPO Fc
(mal e=13. 3rg PhasmgcekingtisstudicooryHIBRO-Be inddwss menkeysre of the carrier

sol ution via their tall veins respectively. In addition to observing the
instant reaction follow ng injection, general behavior and status,
activities, ?tlng and defecation patterns and changes were nDnltored and
recorded daP(k or 14sdisgussed A'I’qveﬁ‘i“’c‘é""\%’l‘fsémé‘?%‘BV%‘l‘”E]h[éd) Bt inde§h 7 and day 14.
At day 15 post-in anatonm ¢ exam nation of the main organs of

t he 15nlce‘V%FEt$%ﬁEQEP@8“fﬁﬁ?WSP%ﬂP@mé%ﬁﬁﬁW%PWSW“%@HPH“SEﬁcondUCted if any

| .ch h f th observed.
[00071] Al I HRRLEFy se%s‘s"@t‘?rbv BlisE AR ORe By e 8 TSR HPREHEET on T ol | ow ng
t no ob C f behavi or,
ot ivi 1 o 10 halEr R G Bt R SR V'ﬁ?@sseéﬁg@?a%&ﬁw foreover, the
el .ght Of I?e nn]vge"l“#le abg\cf)(;[cﬁqfr%]l (s)tlﬁlges hanc egg%%ﬁggleaeg%%gﬁ? ?]Cél & he testing

peri od, no "apparent erences wer iies groups on day

7 or day 1%f891%‘i’?' Fwa?a f;lllﬁ@éd 1%'90@9} Qcinrml]rp( Emt@c m\g tms%han es were detected

a4
in the tissues of braln, i VEF an ‘$hese results

I ndi cate t*&@%du&@d%ﬂ&lﬁéc&ﬁ%éﬂi?@tu&’@s ERGERTI MR AR BB o hﬂ}t!;%-ct}c'":n? Far

10 comparison to that of rtHuEPO. Primates were used to generate data as they are

biologically very similar to human beings.

{00064] Study design was based on literature reports and the experiments were
conducted according to the general guidelines of pharmacokinetics. Two groups of

15 Rhesus monkeys with 5 monkeys in each group (3-5kg, purchased from the
Experiment Animal Center, AMMS, China) 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 tHUEPO levels were

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

8.72+/-1.69 h respectively (summarized in Figure 11).



re than required for exhibiting the normal erythropoiesis function, is
ggfg and hadqno apparent toxic effects. 10.Conparison of wild type and
nmut at ed EPO fusion proteins 5 [00072] I nvestigations were al so conducted to
conpare wild type and nutated versions of EPO proteins. As described above,
in one enmbodi ment the invention includes a single amno acid mutation at
amno acid resi due 172 (C17ZG%_. For conparison purposes, a w ld type fusion
protein wasl%d¥%é pr eprattedviiy bingaidabdis oleHnBPQOariuaby afoHdERD-Fe esi due 172
(Figure 12). The wild type fusion protein was prepared in the same manner
as Exanpl es%# iWeadedsybrpncopgly ip S Rhepisconkeyst Rlpo¢ swrmptes weteitaen pffort he
reconbi nant pl g the following oligo priners (QAGEN Inc., US) were

Bdrad S Al

used (the at & Rettldd i’k E:grﬁ’cﬁﬂﬁpbgweﬂivnc@dﬁarsmmn to the
[ f Exanpl e bol ded): 15 Lo o
5 Coogant e RE PSR otegad B e gbutaps Ry o
. T W
5 aggoct gcH00aCA0000ACAULO L GAGLL CARF R graksiog Thisibotica 1
- caact ct.qgt cccct gt cct gcag cct-3'w. .20 The sequences of
e R A e
[00073] I'n Vi Qi @XRELITERL Psjln mce were conducted to conpare

[00066] This data demonstrates that tHuEPO-Fc has a significantly prolonged
10 half-life in primates, and the in vivo half-life of rtHUEPO-F¢ is at least four fold longer
than that of rtHUEPO manufactured by Kirin Beer Brewing Co. of Japan. The

prolonged half-life in vivo likely contributes to the enhanced erythropoietic activity of

rHuEPO-Fc.

35 & Immunogenicity of rtHUEPO-Fc in Macaca fuscicularis

[00067] As indicated above, attention was given in the design of rtHuEPQO-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
20 any external amino acid(s) or linking peptide sequences in the fusion protein. The
invented HUEPQO-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 {gG1, and would theoretically not induce an immunogenic

response and the production of antibodies against rHuEPO-Fe protein. As will be
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25erythropoietic activity of the wild type fusion protein (herein referred
to as rfluEPO- FcC) with the nutated fusion protein (i.e. the rHUEPO Fc
protein of the present invention described above) and with reconbi nant
human EPO (r HUEPO). For conpari son purpose, all the doses of the three
proteins used in this exanple, nanmely r[| uEPO Fc, rHUEPO FcC and r HUEPQ,
were the anounts of the EPO nol ecul e portion alone on a nolar basis. In
respect t o 2PREiFet yrmosmeskilisd it i Epoiecabsrisces hyingahem® PO portion
contributes to 41.4% of the total nolecul ar weight as cal cul ated by the
ratio of tHESREFSGHR 2 WrencRmeehli BEPBRIEPONEW- t he wei ght of the total am no
acids of the whole rl duEPO Fc and r HUEPO FcC nol ecul es (i.e. 166 aa anong
399 aa). 10 [00074]r HUEPO Fc (stock concentration: 300pg/m, ),

r HUHEPO- Fc k concenptration: 901.1:qi nd r HUEPO wi t h t he natural
harren F PoTPBEs  o aEe BHbR SR B S oAl s | n By cwory G

Japan) re diluted i rrjer solution (2.5ing/ m of human serum al bum n,
5. 6/t of "SuIELHT i FARED- B oR S PR lFE and 5. sy L of

s0di U chl g1 8505 8udeuPls, THS 1988 LU MEROL Ruapung v cal cul ot ed

according to Vi anount’ ratio. & 10-week ol d,

wei ghi ng 1%%1%&%% F.@%&éﬁ{géw&%o%gﬁ%%%w%gmﬁl%lerez\gﬁ?%ngg%% e\gercf: rom

Experi ment I'na) ‘were groupe omy wWth 8 in each

group. Eack é&%eggyolggganexhafw}wﬁﬂg%%h&@hew}ﬁ pRNE CRRRIRALLRR, 9T one 70dose (

2.5,12.5, 6 , one I njectioh route(s. éﬁ? and one injection schedule

(three tiMgscReidWeHKerd injQRASiRELua BRI e of LR CORES Ok uRlOR Of m ce was
injected with the equal volunme of carrier solution. The treatnent |asted

for 26 igaygaimk8r Qb eERloRtR@Gn3 aNREER, § Wvidkk (MBENost B TRAIM ement wer e
t aken before treatnment, on the 2", 6th, 9th, 13013 16th, | 9th, vnd and

76th days aktel FRaleRBRtfic aFitdd e s MBABUERSFaSy theAlBdeNe ?Nriﬁed absorptionmetry.
MeanSD was cal cul ated fromthe data of each group and (test was conducted
among di f f emeIPO-BY GUPSI) as the coating antigen. In addition, RBC count and Hb levels in

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

resuitant data shows that, while the stimulated erythropoiesis enhancement in the

15 tHuEPO-Fe-treated macaques was observed (the mean RBC numbers increased from

4.74x10°/ml to 6.67x10°/m! and the mean Hb levels from 12 2g/dl tor 13.7g/d)),

rHuEPO-Fe failed to induce detectable specific antibodies against the fusion protein.

These results indicate that tHuEPO-Fc fusion protein does not cause immunogenicity

in primates.

20
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[ 00075] As shown in Figure 13, admnistration of all three EPO proteins at
5 intervals of three tines per week stinulated crythropoiesis. At either
the dose of 2.5 jig/kg or 12.5 jig/kg, rHUEPO Fc i nduced higher elevation
of lib levels than rHUEPO. The highest elevation of Kb | evels was achieved
by the 12.5 jig/ kg dose of rHUEPOFc. Both the 2.5 jig/kg and 12.5 jig/ kg
doses of rHuEPC)FcC i nduced nuch weaker crythropoiesis than equival ent
doses of rhk g} LOKI [ e fuE ap@galyyice he 10si gni ficant | ower

el evati on of Hb Ievels in the rHuEPC)FcC—treated groups. In fact, 12.5
jig/kg of rHUEPO FcC i nduced | ower elevation of Kb levels than 2.5 jig/kg
of r HUEPQ. 5Fese results suggest t hat r HUEPO- FcC has i npaired

eryt hr opoi dP¥®%hct i victysersihapFl af ek uggmpresin aueErsidsidieng t he nat ur al
EPO nol ecul ar seque contrast, the rHUEPO Fc fusion protein of the
present i nvVENT FGH™S QH?%??%H more 15potent erythropietic functions. The
adnlnls%ratlon of the three EPO proteins at intervals of three tines per
week |argely excluded the inpact of differences in the half-life of the

t 6] Th th HUEPO- d tt EPO- FcC
bas. 201 ur (AP BUal LBy °pr°u?f%aw?ﬁfg—%ﬁ%aﬁwrﬁ?#w k%8 once por week

bcut 4 HYF d h d
subcut aneoyz IJPQIE: SA()S eeEﬁ%ﬁntfre%vu urehil'of’f %e r lé-i:()fgé(ryagﬁb gﬁqﬁc@% groups showe

hi gher el evation o T eat #he doses of

12.5 110/ kG B2t ChHEE Readofly %P 51 3¢ ool &Hgéfgﬂgegg L RANGSE much weaker

el evati on evel or eiénple 12.5

ugkg of rH 1 ., 25t han that induced by
62.5 jigl kébﬁg%ﬂy%ﬁﬁ%%@;%ﬁ%m%g&% %@J n s. fé\l/rﬁti’/ﬁ "further indicates

that byor eduching; bR BURLaL L L%éo?%etchﬂ?@ﬁsoh‘ao& Dl Bg, ef fect s of

hal f-life, riluEPG i bits much weaker erythropoietic functions in

Vivo in conmpadisan hadditdERR B3k AG itdg RALYE AioFR d}&h&?g&%;sequence and

in conparison to the rlluEPO-Fc fusion protein of the présent invention.
[00077] I N HRAvRE Ynd sta@ SR i Wali®y MA@ IPRStibAbRehbMa chidtd RO FcC, formed by

monitored and recorded daily for 14 days. All mice were also weighed at day 7 and
day 14. At day 13 post-injection, the anatomic examination of the main organs of the
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 [4 post injection. No abnormal or
pathologic changes were detected in the tissues of brain, lung, heart, liver and kidney.

These resudts indicate that administration of excessive amount of rfHuEPO-Fe, far



the fusion of natural nol ecul ar sequences of both human F, PO and human Fc
fragment (hinge, CH2 and Cl-13), exhibits much weaker erythropoietic
functions in vivo in conparison to the &VEP having the natural EPO

nol ecul ar sequence. In 10particular, the erythropoietic activities of the
r HUHEPO- FcC fusion protein are less than 1/5 of those of natural EPO

mol ecul e. This indicates that the fusion between EPO nolecule and the

nat ural sedBR¥hER" BRI fasIriting thy el Giyandissis fimetidnuissifs andiad proper ti es of
the EPO nol ecule. By the single amino acid replacenent at the first
cyst ei ne r ESFERIETf 19X KEecHi nge regi on of the Fc fragment, the rHUEPO Fc
fusion protein 150f the present invention conprising the natural EPO

nol ecul e sequence and the nutant Fc fragnent shows nore potent

erythrop0|Sb;gfégﬁ&%ﬁggihﬁgp!|vo conpared to the natural EPO nol ecule. This
dat a sugge (pad e {ugigporoleing he hi nge regi on of the
wld type Pc fragnent sonEhOM/lnterferes with the EPO nol ecule, |ikely by
causi ng structural changes to the EPO nol ecule, and this in turn inpairs

t he 20f unc I ertles of t e EPO npl ecul e i.n stinulating
erythrop0|igﬁ2ﬁ [00 § HERSIQRF PR ﬁﬁﬁﬁ?%ﬁ?CTﬂmFﬁ8@6”§ﬁg¥Wé@wpn the art in

the L1ght ofLhedkBbSA0LN0 Al scl asple,. B ARLELALLOS and rodi 1 cat | ons

ar e pOSSIb|e |n ractice o i ST TrAventio (0]

spirit or scope if 1ea91‘10a%%m§§oﬁffn&ﬁo ?drcs.&g il o8 Erythropoietin

and its receptor: |n|ca °1 vAd 4,

ppl072- 107@&[%[919@3:‘1 ;%:po@ aaC\Kl flésloa?ﬁ g{fnwa &P &g nh IO gt?m r eat ment
out cones: potentlal ées 0} actlon h ISt
PP41- 476209 no adf at residue 172 (Figure 12). The wild type fusion protein was prepared in

the same manner as Examples 1 - 3 above. With respect to the construction of the

recombinant plasmid, the following oligo primers (QIAGEN Inc., US) were used (the

attered amino acids in EFL5w and EFL3w in comparison to the primers of Example |

are bolded):
5
EF5: 5’-ccgpaattcgecaccatgggagtacacgaatgtectgect-37;
EF3: 5'-ttttecttttgeggecgcettatitacceggagacagggagag-3;
EFL5w: 57-aggcctgeaggacagggpacagagttgageccaaatottgtgaca-3";
EFL3w: 5’-tgtcacaagatttgggeteaacictgteccctgtectgeaggect-3°.
20

The sequences of primers EFL5w and EFL3w are listed in SEQ. 1.D. Nos. 9-10

respectively,

(000733 [ vivo experiments in mice were conducted 1o compare the

25 erythropoietic activity of the wild type fusion protein (herein referred to as rHuEPO-
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3. Lappin TR, etal. EPO s alter ego: erythropoietion has nultiple actions.
Stem Cel | s 20, pp485-492(2002). 4. Muiese K etal. New avenues of
exploration for erythropoietin. JAVA 293(1), 15pp90-95(2005). 5. Fisher
JW Erythropoietin: physiologic and pharnmacol ogi e aspects. Proc. Soc. Exp.
Biol. Med. 216, pp358-369(1997). 206. Jel kmann W Mol ecul ar bi ol ogy of
erythropoietin. Internal Med. 43(8), pp649- 659(2004% 7. Ng T, etal.
Recombi nantFe&? yith e puiatdifysiqomprasein ficctt THERStcpeoteiPpishaprasgnt Med. J. 79,
pp367-376(2005 .. Wiss 0, et al. Anemia of chronic disease. N Engl.
J. Med. SSZUﬁﬁgm“EﬁTG%“?OWﬂ@E@(ﬁUHETmmm“humg’UWB&HB@@@}WOTC An overvi ew of

the efficacy and safety of novel t hropoi esi s 30sti nul ati ng
pr ot ei n( NESPYPAREHAFRAsE: ab“&ldosefr?%th%%Fﬁﬁrﬁt@fm%e%dub&lseéﬁmplf)rslimclzl( 2001). 10.

Prar acot ndt g oS PG u el Bt Wil Barner reE PG ek Bahancerent | of
B ot echiiol oogﬁwzf%nww%a&éé%a%é%'gs%béc'a%%eéﬁtﬁb«?{F‘ GERERT om0 of  HuEPO
opl 296 11689604 a5 gish Sufiles SRR B gERGRTRRA o has & |onger
ctyehr opor cre AL b BRGH O FaLELr LBl R BRPGNEYs NI AR "TC et el
Devel opment,,and, .G08F RELENd AREPSTQhd RRYSH-FREYLM RS €918 aa among

399 aa).

[00074] tHUEPO-Fe (stock concentration: 300ug/ml, ), rHuEPO-FeC(stock
concentration: 90pg/ml) and tHuEPQO with the natural human EPO

structure( 60001U/0.5ml, manufactured by Kirin Brewery Co., Japan) were diluted in
carrier solution (2.3mg/ml of human serum albumin, 5.8mg/ml of sodium citrate,

I35  0.06mg/ml of citric acid and 5.8mg/ml of sodium chloride , pH3.5-5.6). 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. ¢.) 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 sofution. The treatment lasted for 26 days. Peripheral blood
samples (tail vein) for measurement were taken before treatment, on the 2™, 6%, 9™

13% 16" 19% 22™ and 26 days of treatment. Hb was measured as the index by



stinulating protein(NESP). British J. Caner. 84(suppi 1), pp3-10(2001).
15. Macdougall I'C, et al. Pharmacokinetics of novel erythropoiesis
stinmul ating protein conpared with epoetin alth in dialysis patients. J. Am
Soc. Nephrol. 5010, pp2392-2395(1999). 16. Jolting K et al. Population
phar macoki neti c anal ysis of peglated human erythropoietin in rats. J.
Pharm Sci. 93(12), pp3027-3038(2004) 517. Dalle B, et al. Dineric
eryt hropoi é‘f’?qFPtPl]@ﬁrde[WéNéWﬁﬁ volqubuted itvaribetitaen yach goppiretvitct et i vity in vtro
and in vivo. Blood 97(12), pp3776-3782(2001). 18. Kochendoerfer CC, et al.
Desi gn and CeRREEanongyiiffFms gsunst a horpgeneous pol yrer - modi f i ed _
erythropoi esis protein. Science 299 pp884-887(2003). 10 19. Sytkowski AJ,
et al. Human erythropoietin dimrers with markedly gg?iggg? |n23|vgytk g
act|V|t P Nat | cad. Sci. USA 95, ppll84-11 owsKi
, et Zu Q@gﬁr yt hFSFBTBY T F s oHMBHBRET TP 8l FseiEEOPr@ieing dent i cal
15repeat|n nhanced bi ol ogi cal proterties. J. Biol. Chem

274(35), gﬁ QB$F§.9§?%85%§6 stigylatedgryheoperpsis. @yt cifler thyfese @B% &1 oprent  of ?
t f h n | as a nove
gggg;;?glhu Fapgﬁiﬁ%9¥db éggrfPgﬁFﬁﬁﬁﬁ”8g&§%§gH%f?ﬁﬂgﬁﬁ3@?Fﬁ@ |anctLFnh
60-.572 et al. Hg
févgrtgigfgﬁgF‘ﬁ¥§%: %%%ﬁgﬁﬁ%ﬁggiSgﬁw%ﬂﬁﬁgwgﬁ% 5%¥%fﬁ%mLﬁ %%%nallan cel I's.
Protein engingskifg Jlééf%)émcpp’%g RO, ETP§5£EZ<.,% \}%J\’b?#erpnécﬁg}}ﬂﬁxfegt aggnt Sojuble

tunor necrosi s act rece are

| et hal endgwgﬂ&cﬁs &Qﬁjeguwaﬁ:{‘l c%@es%lf FH{JETPBQ%D H—?uﬁ}g()% asb Ql%ifc]ated\{)y the

10 significant lower efevation of Hb levels in the rtHuEPO-FcC-treated groups.  In fact,
12.5 pg/kg of rtHUEPO-FeC induced lower elevation of Hb levels than 2.5 pgikg 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

[5  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 erythropoistic 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 rtHUEPO-Fe-treated groups showed higher elevation of Hb
levels than THUEPO-treated ones at the doses of 12.5 pg/kg or 62.5 pg/kg. In contrast,
rHuEPO-FeC induced much weaker elevation of Hb levels than that induced by

rHUEPO.  For example, 12.5 pgkg of rtHUEPO induced higher elevation of Hb levels

25 than that induced by 62.5 pg/kg of tHuEPO-FeC at most time points. This further
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carriers and TNF antabonists. J. Inmmunol. 151(3), ppl548-1561(1993). 24.
Way JC, et al. Inprovenent of Fc-erythropoietin structure and

phar macoki neti cs 30by nodification at a disulfide bond. Protein

Engi neering, Design & Selection 18(3), pplll-118(2005). 25. ol denberg
MM Etanercept, a novel drug for the treatnent of patients with severe,
active rheumatoid arthritis. Cin. Ther. 21(1), pp75- 87%1999) 35 26. Wong
VK, et al. imdifatcy8at byfredyriag &‘éé‘ﬂjﬁmisﬁﬂfl@hémﬁ%téé’tcﬁéhtheéffeofﬁs(tf plgbies. Skin Ther apy

Lett. 8(6), 1-2(2003) 27. Chanutin A et al. Experinental renal
i nsuffici eﬁfé@) &Bm\éérttwu%makcammp@w BagtioRY N VP ACOMMEBR . Med.,
49, pp767-787 (1932) S CLAIMED I'S: 1. A fusion protein having a

pr ol onged ﬁ%f#mqW?@gﬁﬁ“9“WbEW%m@hﬁﬂ%ﬁ?§8ﬁeP%“ﬁé@ﬁ?%PmynHﬁcurr|ng or

r econbi nant e human er thro oietiri cortiptising: (a) a naturally
occurring ﬁﬂﬁgﬁ;ﬁ?@ﬁ?%%Bﬂﬁ 9 He REFELFSiHavi ng a cysteine 5residue proxi Mate
to a Ctermnal thereof and (b) a human 1gG Fe fraginent coniprising a

hi nge région wherein an N termnal of said hinge region is directly |inked

t id C d d t tt rein said hinge
rgg?gh is hg@u?arﬁihﬁ%gﬁﬁlrﬁg&y’%é%?ng?%EtpP?gﬁ#QﬁﬁEP%BH? g ;0|3 L05|;|gn
6, ineatur ?l% f&s@gn 0? tﬁrgf V\gé guc*tn es olt &l?%uman%()dngxs'[ elkne residue with a

tion- cystelne reS| cysteine redi'due of said hi nge

region | Oc%gg%ﬁgrﬁ; t %Hfﬂlh@[%f" 18l glnnj%‘!] aig@e?ﬂﬁr%gmgtc fbn%a%lug‘l am no aci ds

apart froms eine resrdue of 'said olretin ecule. 2. The

protein as  dgf d&%arﬁs@n tf“?é mu%POWngthQnatnnﬁ E@“@I rﬁdiéduf&?seﬂ&en&g"lg protein is at

[0 particular, the erythropotetic activities of the rHUEPO-FeC fusion protein are less than
1/5 of those of natural EPO molecule. This indicates that the fusion between EPO
molecuie and the natural sequence of human Fe fragment impairs the functional
properties of the EPO molecule. By the single amino acid replacement at the first
cysteine residue in the hinge region of the Fe fragment, the rHuEPO-F¢ fusion protein

15 of the present invention comprising the natural EPO molecule sequence and the
mutartt 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 Fc fragment somehow interferes with the EPO molecule,
likely by causing structural changes to the EPO moiecule, and this in turn impairs the

20 functional properties of the EPO molecule in stimulating erythropoiesis.

[00078] As will be apparent to those skilled in the art in the fight of the
foregoing disclosure, many alterations and medifications are possible in the practice

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



15l east three fold higher than said native human erythropoietin. 3.The
protein as defined in laird 2, Wierein said half-life of said protein is at
| east four fold higher than said native human erythropoietin. 4. The fusion
protein of claim2, wherein said fusion protein has enhanced

erythropoietic bioactivity in conparison to said native human
etythropoietin. 20 5. The fusion protein as defined in claim1, wherein said
Fe fragnent is an 1gG fragitierit. 6. The fusion protein as defined in
claim5, wherein said Fe fragtherit conprises said hinge region and CH2 and
CH3 domains. 7. The fusion proteilfeferénggefined in claim 1, wherein said
protein corrprl ses the 25am no acid sequence present in SEQ\/I No: 2. 8. A
filsion°>pr d&ﬁ%ﬁt’ nhaAL rfgtﬁro ?’Btl”b’r‘i‘éétélmh%ﬂlq‘r W’H“F’é‘glaﬁd%‘l“!/céf naiEeHopari kin to
nattirally dr PRIH Q:?drrbl nant native human eiythropoi eti m wherein

Sai d protei, t 0 ac Se uence present in SEQL. 1D No: 2 ot
a sequence ‘r:%f igpﬁ et le eEPg?;S@?o g‘ Ht‘ﬁc‘f’?ﬁstﬂ?&“ﬁélmo‘i%l d protein

having @ non®'c§ ’?f Oﬁ'(‘fit tﬁpa“ é’é’4 Jresidue 172. 9. A dineric
proteln co struc two fusion ei ns. as.def n claiml1. 10.
A dimeric gr P gfgg OE Sﬁ' kY © r%oé%”g‘i‘ Eaéénuetﬁ’eeﬁc%oc?ﬁvér’ E’ﬂ& the anino

aci d sequence Efjrese n) SEQID NGO 2 O a sequence having at |lent 98%
10sequence i i -nr efdap cl aim 10,

Wier ei nssai cﬁqd&t‘e ¢ Yk r&%Vl té/g%ue%?fsfﬁgpcl% e tg't&\jﬁpmgbﬁ t@iejfen Irggg%@(btl ve hi nge

domai ns of S d po?y epti des.
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Biol. Med. 216, pp358-369(1997).
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659(2004).
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1023(2003).
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glycoengineering. Nature Biotechnology 21, pp414-421(2003).
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12. The protein as defined in claim10, wherein each of said pol ypeptides
has a nol ecul ar mass of about 75 Ictla, 1513.The protein as defined in
claim 10 wherein said dinter has a Ml ecul ar mass of about 180 Ic.Da. 14. A
pharmaceutical cOmosition conprising a protein as defined in claiml
together with a pharmaceutically acceptable carrier, adjuvarit or diltient.
15. A nucleic acid sequence that encodes a polypeptide with at | east 98%

ahuirio 20 entlt to SEQ 2 mhereln sai d pol ypepti de
has a prolgﬁggamﬁ @af??%“LE M?H“ ﬁﬁ%% ﬁﬁ?ﬁ%e human _ _
erythGC0|etl%yhT%“aﬂ'?@go WHQ C‘ﬁﬂﬁ r|5|ng thg nggtglc acid
t % sequence
Cdentity tndr f% %ﬁ%rg Pheps i fﬁgﬁgﬁ%@e%ﬁmagw@m 2t DNA

identit
mol ecul e as JE ‘Héﬂ“ﬁ%a%’afﬁP ne as defined in claim

17, wher e' afdc‘genggé engjii e‘%af Eesi ch(,mu.ais n&'m ah o rr%g:ouOd ¢if producing a
t

roteln i's erl line
Fransfe t ed Hllopote &Bnéi |ne§ E%éﬁalﬁlfg and purifying the
pol ypept de, a?*ilmmaé %&h 01@??&51891 nk d@te'm? eyt hrepoiesis in
a mammal cot Qhéhﬂ? iR éd’ sh Qs protein as defined in
claim1l. 21. The nethod a eflned I'ncl |rn ‘ein said matt:112Wis a

primate. 20 Sytkowski AJ, etal. An erythropoxetm fusion protein compnsed of identical

15 repeating domains exhibits enhanced biological proterties. J. Biol. Chem. 274(33),
pp24773-24778(1999).

21. Jones TD, et al. The development of a modified human [FN-a2b linked to the Fc
portion of human IgG1 as a novel potential therapeutic for the treatment of
20 hepatitis C virus infection, J. Interferon. Cytokine, Res. 24, pp360-372(2004).

22. Lo KM, et ak. High levei expression and secretion of Fe-X fusion proteins in
mamtnalian cells. Protein engineering 11(6), pp495-300(1998).

25 23, Mohler KM, et al. Soluble tumor necrosis factor(TNF) receptors are effective
therapeutic agents in lethal endotoxemia and function simultaneously as both TNF
carriers and TNF antabonists. J. Immunol. 151(3), pp13548-1561(1993).

24. Way JC, et al. Improvement of Fe-erythropoietin structure and pharmacokinetics
30 by modification at a disulfide bond. Protein Engineering, Design & Selection
18(3), pp11-118(2003).

25. Goldenberg MM. Etanercept, a novel drug for the treatment of patients with
severe, active rtheumatoid arthritis. Clin. Ther. 21{1), pp75-87(1999)

35
26. Wong VK, et al. The use of alefacept in the treatment of psoriasis. Skin Therapy
Lett. 8(6), pp!-2(2003)
27. Chanutin A, et al. Experimental renal insufficiency produced by partial
40 nephrectomy. Arch, Intern. Med. 49,pp767-787 (1932).



22. The nethod as defined in claim2l, wherein Said primate i s a huthan.
23. A nmethod of stinulating erythropoiesis in a tharnmal coanti sing
10adm ni stering to said nmanmal a pharnaceutical conposition as defined in
claim14. 24. The Method as defined in claim23, wherein said mamual is a
primate. 25. The nmethod as defined in claim24, wherein said primate is a
human. 26. A nethod as defined in claim?20, wherein the half-life of said
protein in said 15manmal is at |east three fold higher than native hunman
El sO Wien adm ni stered intravenously or subcutaneously. 27. The nethod as
defined in claim26, wherein the half-life of said protein in said nmanmal
Is at |east four fold higher than native human EPO when adm ni stered

i nt ravenous| wioAT sSOCAINMER WIS Y. 2028. The fusion protein as defined in

claim 8, wherein said non-cyateirie residue is a neutral amno acid. 29.The
fusion proteiln asAdefdnpedein havtige moldfied Wigiifeinvivah dompatisaytst ei ne residue is
9 yc e naturally occurring or recombinant pative liman erythropoietin comiptising: |
(8)  anaturally occurring human erythropoietin molecule having a cysteing
5 residue proximatetoa C te‘rmh%a] thereof; and
(b)  ahoman IgG Fo fragiment comiprising a hinge region; wheré¢inan N’
terminal of said hinge region is ditectly linked to said C terminal of
said erythropoietin molecule and whérein said hinge régiofy is naturally
oceurring except for a mutation at amino acid position 6, measured
10 ' from said N terminal, replacing a cysteine residue with a non-cysteine
residue, whereby the first cysteine residie of said hinge region located
nearest said N teminal is spaced at least 17 amino acids apai;t from

said cysteine residue of said erythropoietin molecule.

2. The protein as defined in claim 1, wherein the half-life of said protein is at
15 least three fold higher than said mative liuman erythropoietin.
3. The protein as defined in claim 2, wherein said half-Jife of said protein js at

least four fold higher than seid native human erythropoietin,

4. The fusion protein of claim 2, wherein said fusion protein has enhanced
erythropoietic bioactivity in comparison to said native humnan erythropoietin.

20 5. - The fusion protein as defined in claim 1, wherein said Fc frapment is an [gGl

fragment, |

6. The fusion protein as defined in claim 5, wherein said Fe fragiment comprises
said hinge region and CH2 and CH3 dorains.

7. The fusion protein as definéd in claim 1, wherein said protein comprises the

25 amino acid sequence present in SEQ ID No: 2.
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30. Thefusion pfotein as defined in claim1, Werein the half-life of said
protein when aritninisteted to a mammal is at |east three fold higher than
native iniman trythropoietin adm nistered to said i hathnmal by the sane
means. 31. The fusion protein as defined in claim30, Wierein the half,life
O said protein Wen adridnistered to a mammal is at |east four fold higher
than native human eryi hropoietin admnistered to said inert:anal by the
same means. 31The fusion protein as defined in claim304 Werein said
manurial is a litiman. 33. A ditner conprising first and second fusion
proteins each aS defined in claiml, wherein said hinge region of said
first fusion protein is bonded to said hinge .10regi on of said second

Lo onsProteil Y atha! UL AN oiodds nde [BOARAT0RaIR, P! eCul @

conprising thé nuclerc "acl resent 1n . 35. A diner

conprising a pair,, -_agéd\?@%m fm%ﬁ,&hnmiﬁuﬂa&m%&&,%&%%ﬁ&wence

present in SEQ ID A fusion protein having a prolonged half-life
In vivo in conpar hseh dompRak thealnkné 1610 Getubadd Grefint HSEQTDINWRGLr pat i ve human
erythropoietin conprising: (a) a erythropoietin.peptide portion having a
cyStei ne residue pjeeficeRivihgtanlest $3% egnenoaldektivetherets; saiiaotéib harvdnge f r agnent
conprising a hinge region, wherein an N termnal of 20said hinge region.is
directly I3 nked t oorsaisdinCapip atiteisided dtgmidde €73t ht opoi etin peptide portion
and wherein said hinge region has a nutation at an am no acid position
proxi mat e to %ai dAMimericareiein consigicaednRysae tyasisie prateippay defiecdip elhing
noncyst ei ne resi due, whereby the first cysteine residue of said hinge
region | ocated nedrest said Nternmnal is spaced at -l east 12 ami no acids

aoar L oM 2500 AR RS 2 R PR S SRR B  C Pr L0
at least 9 am no %8& ge%uénrc]e |Lrgﬁgttnb SEQ ID No: 2 or a sequépce having at Jeast 98%
10 sequence identity thereto. |
il.  The protein as defined in claim 10, wherein said dimer compriges disutfide
boands between respective hingé domains of said polypeptides.
12, The protein as defined in claim 10, wherein each of said polypeptides lias a
inolecular mass of about 75 kDa.
15 13.  The protein as defined in claim 10 wherein said dimer has a molecular mass of
about 180 kDa.
I4. A pharmaceutical composition comprising a protein as defiped in claim 1
together with a pharmaceutically acceptable carrier, adjuvarit or dilteént.
15. A nucleic acid sequence that encodes a polypeptide with at least 98% atiirio
20 acid sequence identity to SEQ ID No: 2, wherein said polypéptide has a
prolonged half-life in vivo in comparison to native human erythropoietin,
16. A recombinant DNA molecule com.p‘risin g the aucleic acid séquence present
in SEQ ID No: 1 or a sequence having at Jeast 98% sequienice identity thereto.
17. A cell line transfected with a recombinant DNA rnolecule as définéd in claim.

25 16
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38. The fusion protein as defined in chitin 37, Werein said hinge region
is a human Fe fragnent variant hating a bon-cysteine residue at amno acid
6 S5Measured fromthe Ntrininal of said hinge region. 39. The fusiori
protein as defined in G ant 38, wherein said hinge regidn has the am no
aci d sequence VEt|KSGE ACTSTCPPCP or a sequence having at |east 90% sequence
identity thereto. 40. The fusion protein as defined in claim 36, wherein
sai'd protein conprises the 10am no acid sequence present in SEQ ID No: 2 or
a sequence having at |east 98% sequence identity thereto. 41. The fusion
protein as defined in claim36, wherein said erythropoietin peptide portion
is a conplete human erythrepoietin nolecule. 42. The fusion protein as

defined in cligi m Bk .celiff Llaprfeainifif 1f7I WEENaid @1l Bnclis P eli Gk, Fe fragment
conprising said hinge region and CH2 and CH3 donains. 43. The fusion

protein as depi nednicthod boprbdud g apWhredi@hsefmiddn bigits Peoigrisgedituringaa | gGlL
fragment. 20 _—
cell line transfected with the DNA molecule as defined in claifyi 16 and
purifying the polypeptide encoded thereby.
5 20, A method of stimulating erythropoiésis in a mammal comprising
administering to said mammal a protein as defined in claim 1.

il. The method as defined in claim 20, wherein said mammal is 2 primate.

22.  The method as defined in claim 21, whetein said primate is 4 hurian,

23. A method of stimulating erythropoiesis in a mammal comprising

10 | administering to said mmammal a pharthaceutical composition as defined in
claim 14,

24, The method as defined in claim 23, wherein said mammal is a primate.

25, The method as defined in claim 24, wherein said primate is a human,

26, A method as defined in claim 20, wherein the half-life of said protein in said

15 marmal is at least thiee fold higher than native human EPO when
administered infravenously or subcutaneously,

27.  The method as defined in claim 26, wherein the half-life of sajd protein in said
mammal {5 at least four fold higher than native human EPO when
administered intravenously of subcutaneously.

20 28, The fusion protein as defined in claim 8, wherein said non-cystsine residue is
a neutral amino acid.

29.  The fusion protein as defined in claim 33, wherein said non-cysteine residue is

glycine.
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30.

31

32,

33,

34,

35.

36.

Tbe-fusioﬁ protein as defined in claim 1, wherein the half-life of said protein
when adininistered to a mammal is at l¢ast three fold higher than native iman
grythropoietin administared to said hammal by the same medans. |

The fusion protein as defined in claim 30, wherein the half-life of said protein
when adiministered to a marninal is at least four fold higher than native human
erythropoietin administered to said marmmal by the same means.

The fusion protein as defined in claim 30, wherein said mammal is a buman.
A dimer comprising first end second fusion proteins each as defined in ¢laim
1, whetein said hinge region of said first fusion protein is bondéd to said hinge
region of said second fusion protein by disiuphide bonds.

A recombinant DNA molecule comprising the nucleic acid sequence present
in SEQ ID No: 1.

A dimer comprising a pair of polypeptides each having the aniivo acid
sequence present in SEQ ID No: 2.

A fusion protein having a prolonged half-life in vivo in comparison te
naturally occurring or recombinant native human erythropoigtin cotiiprising:
(8)  aerythropoietin peptide portion having a cysteinie residie proximate to
a C terminal thereof; and

(b)  aFc fragment comprising & hinge }e:gion, wherein an N terminal of
said hinge region is directly linked to said C terminal of said erythropoietin
peptide portion and wherein said hinge region has a mutation at an amino acid
position proximate to said N términal replacing a cysteine residue with a non-
cysteiné residue, whereby the first cysteine residue of said hinge région
located nearest said N terminal is spaced at least 12 amnino acids apa‘:;t fromn

said cysteine residue of said erythropoietin peptide portion.
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37.

38.

39,

40.

41,

42.

43,

The fusion protein as defined in claim 36, wherein said hinge region is at least
9 amino acids in length.

The fusion protein as defined in claiin 37, wherein said hinge region is a
human Fe fragment variant 'having“a fion-cysteine residue at amino acid 6
measured from the N-terminal of said hinge region,

The ﬁlsion protein as defined m clairn 38, Qiherein said hinge r‘a‘g’io‘ﬁ haé the
amino acid sequence VEPKSGDKTSTCPPCP or a sequence having at least
90% sequence identity thereto.

The fusion protein as defined in claim 36, wherein said protein cﬁmpﬁses the -
amino acid sequence present in SEQ ID No: 2 or a sequence haviiig at least
98% sequence identity thereto.

The fusion protein as defined in claim 36, wherein said erythropoietin peptide
portion is a complet2 human erythropoietin molecule.

The fusion protein as defined in claim 36, wherein said Fe fragment is a
human IgG Fo fragment comprising said hinge region and CH2 and CH3
domains.

The fusion protein as defined in claim 42, wherein said lgG Fc fragment is a

IgG1 fragment.
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