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
tactor fam 1 0o QUESATEEDILN Fbor MRIONRICRIIN WahO§OLROFRL al | ver i n

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 nolecul ar weight of 30.4 kil o-
dal t ons. Carbohydrates account for approximtely 39%of its total mass. The
EPO gene is | ocated on chronosone 7ql1-22 and spans a 5.4kb region with
five exons and four introns [4]. The precursor of EPO consists of 193 am no
acids. O eavage of the 10l eader sequence and the last anmino acid Arg by
post-translational nodification yields the mature EPO having 165 am no

aci ds. G ycOHASEIERSINGPIer RopttdePhxsiplogikattaplpgien! finctingpot PO Ul'\éﬁﬁIBS,h Asn83 and
one 0-linked site at Ser126, plays a crucial role in the biosynthesis,
tertiary stfrOEHEFEOsTERREN D avA SPbrr BieambyHgTY ySiaee HEBCRGBPs PO f uncti ons by

bi nding to an erythropoietin rece r, a glycaosylated and phosphoryl ated
15trangnenbf?ﬁg”é%ﬁﬁﬁ@ﬁﬁ?%@nﬁfgﬁagﬁﬁrWBV@gU%QPWRBP@ﬁFMGﬁa#?gv% ki | odal t ons.
Thi s bindin% tri%gers.the_honnd%nerization of the receptors that leads to
the activat PR &r SLUEPRPPYCGEH" t ransduction pat hways: JAK2/ STATS system
G proteip, calciumchannel, and kinases. Two nol ecul es of EPO protein are
needed to bind sinultaneously to one receptor nolecule to achieve optinal

t hyv@at i . .  .the, first henm i,eti,c growth factor
omroved o imn bbb SRR Pint Rt ecqﬁlﬁﬁée’%%kﬁwas been used
f t he t i [t hr-anj ¢, rena j| ure, cancers
O e |y IR b AR T SR A R R Il 0™ WS

surgery, bopge FBLLQYG éxﬁ&ﬁé%:ﬂé'mtliz% @%ana%'r%@%aﬁg{m% iﬁﬁﬁ%&drom- etc.

Interestingly, recent studies ve al so observe has non- bl ood

syst em f unClolRRANg. AMELDEBRLEBRR orth: BRNDSSEUNAR fyfiour oprot ect fve

drug for cerebral rschema, brain trauma, inflammatory di sease and neura

degener & i Vigaddi QU Sid [néllast DLRORA &lgrbgl%gétltrxmsﬁnbﬁa@ﬁlo!ﬁh&@ién ﬁ&idsr HUEPO or

r HUEPO anal ogs are commercially availa , nanely rHuUEPO al pha, rHuUEPO

beta, and dasRERREIPOMahf 865 @ino aLHESEyIRFIBRA SROIRE RARkedNiOL £ NS bind to
t he sanme erythropoietin receptor, but

Asn 24, Asn38, Asn83 and one O-linked site at Serl26, plays a crucial role in the

biosynthesis, tertiary structure and the in vive bioactivity of EPO [3]. EPO functions
by binding to an erythropoietin receptor, a glycosylated and phosphorylated
15 transmembrane polypeptide with the molecular weight of 72-78 kiledaitons. 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 EPQ (tHuEPO) 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

o



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
(Aranesprn) al so appears to exhibit enhanced bioaptivity in conparison to
natural |y occurring or recombinant human EPO in vivo [13] and has been
approved by FDA as a second generation rHUEPO drug; this drug only needs to
be administrated once per week to achieve the identical therapeutic effects

- [ i nj [ i K EPO 10, 14. 15]. [0008] O her
o 2o TSR ARG R Sr B R Rl o L 0T v
[ f EPO tei h .chem ¢al conjugation wt
oot enf A SRR S DRSS ARG T e
i.ght. . i .eGL. I cle rom
201 ar et TohGEHERD SR ABLi AU S LSS EAM R BRER Lowaver
PEGyl ati on m@%%gf{or Ihggttagﬁrgé bﬂw?%@&é?gn#ﬁg—]@%%%htolsert‘] f}l/allrigels%gam i ci pat ed

changes of function and specifici e re are also

reports of Jnes §1ie§\9uetd3§ti5‘f9|3§%& & L)Wﬁjeg.mm% haﬁﬁ%ﬁg&/ﬁhg{; ulEC-C i hods, such as

to link the EPO nol ecule to a carrier protel mn), 25or to Corm

i i zatd or i ity iR Yo HS I'i nki ng
the homodi MREA @@t MhaRher bR Gé)ffm%fl?) Igdygfﬁtr%lhﬁ%r%gﬂ%t g_YI] IH!%I??Q

peptides (3- to | 7-am no acids) chem ca S ng reagents

[17,18, 19,130k ph¥¥phbi§taBbd béftjﬁﬁsﬁki%lz hods. ;m%agémhﬁyrﬁg?&l%gg success in

extending the half-1ife and enhancing the activities o conbi ni ng the

EPO nol eculrasMAmK, Phe bt §Tagsente © theibtiBid ABURAGLABMEL I 1gS) in a fusion
protein as described in the present 5application achi eves uni que

advant ages .lif§ QB idanidplia iMbLNOHIAA U idhukg i AmeQMRQSE-iGhelRMWr POl ypepti des
| i nked coval ently by disul fide bonds (two identical copies of |ight chain

and heawy chabiHuERDeIpp @5.8 abysTss. Diioutsy B]Mulaspden ByhNapatgprgener at es two
Fab fragments and one Fe 1O0fragment. The Fc fragment consists of two

polypeptide§0hMmhedﬁkmgetMme&ymﬂﬁsMHhhdﬁmb@mdsnmﬁambmﬁmhmpﬁptide, from
N-to Cternminal, is conposed of a |lunge region, a

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

generation rHulPO 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 rHuEPO{I0, 14, 151,

{0008} Other attempts to extend the half-fife of EPO have focused on
increasing the molecular weight of the EPQ protein through chemical conjugation
with polyethylene glycol (PEGylation} and the tike. 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 resuiting 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 domain and a CH3 domain. The Fc fragment structure is alnmost the same
anong al | subtypes of human imunogl obulin. 1g9G i s anmong one of the nost
abundant proteins in the human bl ood and makes up 70 to 75 % of the total
15i mmunogl obul i ns in human serum The half-life of 1gGin circulation is
the longest anong all five types of i munogl obul in and may reach 21 days.

[ 00010] Moder n .bi oz engj neering techpol ogy has been successfully applied to
the creati o%epg%s??ﬁg(i g}ﬁa%‘f}%i‘cécgh%r%é’é "é‘?‘%gf'rﬁ@“‘“lﬁ‘f““ﬁ Fageapdit (% 1hek ei n
fragments, h 20cyt oki nes, and sol ubl e receptors, and the Pc fragnment
of human | g%ﬂﬁfiﬁlﬁﬁeﬁ m C%‘ﬁ?‘q’%ﬁﬁ achipyeds@me FHSPeSHN SFEtdlERY Rhivde wdsi gni fi cant |y

| onger in vj ILf-1ife€ j et .ai ni,n hei.r bi o ical and therapeutic
p?oggr t : esyénéo CPI grtﬁeta\(f\%‘fn?ea\é?%%&ﬁ :O%‘{"g%“ﬁ éhe%‘ghﬁ?o:l?i“ﬁlﬁ’ ‘th?f%lgé %%ﬁﬁe nt ha\lc/)eu been
successful | y h%é(@i‘xrf?rﬂ;“r‘xg%i&%} IFH%'C{)‘ ?ndz{ fﬁéigne@rﬁt%%s S‘e‘%grfb% @ghe%%sFDA for the

treat nent of rheunmatol S an ronti C Fitasi s [25, 26]. 95

[00011] 14 B MEROW ik D, . jor art that diners of two EPO nol ecul es
l'i nked eitﬁ%?[by cﬁehicawh%f%gﬁtﬁg%king or by a pol ypeptide exhibit

enhanced in vivo activities and a prolonged hal f-1ife[17, 19]. The enhanced
activity may due to the nore efficient binding of the EPO diner to one

receptor, goghot he prmln%gﬁQuﬁd%lo‘%ial}’]rggéh@dotngbéeé &r tg\i]‘rﬁ)ﬁ[zﬁerﬁ)ttlla& thalger size of

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

efficient antalénslydi ifiiGed dond QrelBdntiol! o R Ehaint NG hdal, peptide in the
di mer of EPO may alter the fﬁree-dfneﬁgy%ﬁalggtfﬂgiurg.%%E%EO nmol ecul e and

the pept i deftifpasdofysHBYIeEidRIRLES phIlHURRGRAE tho F RSRSaddbny Ey0. These
shortconings inpair the therapeutic potential of EPO dinmers, particularly
since ERO IBpepitaCtenmiftaghbeaqiktsion wEBlpeabs iRRéEodethel byf BsultpRg. [ 00012] The

need has therefore arisen for EPO anal ogs that have a significantly |onger
hal f-1ife dnolseRhapoatemeidy flormmpal @tdrainalC s Mhfds@Sofh Rinkd e@oRWt have no
i ncreased i mmunogeni ¢ properties.

CH2 domain and a CH3 domain, The Fe 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 gG in circulation is the longest

among all five types of immunogiobulin 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 Fc fragment of human IgG {21, 22, 23, 24].
These fusion proteins have a significantly longer in vivo half-life while retaining their
biological and therapeutic properties. So far two fusion proteins comprising an Fc
fragment have been successfully developed as biomedicines and approved by FDA

for the treatment of rheumatoid arthritis and chronic plaque psoriasis [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.



[ ' the fusion protein of the invention. For exanple, two
?EgggﬁlgrgP;}aSOESnas be assegbled as a dimer, wherein the hinge regions of
the proteins are joined by di sul phi de bonds. The dimer has the gener al
shape of a 1gG nolecule and is nore stabl e than free EPO nol ecul es.

[ 00016] The invention also relates to nucl ei ¢ acid and am no aci d sequences
20encodi ng Q usi o rotein and transfected cell lines and methods for
pr oduci ng t[he[ﬁﬁLsi onl?‘ﬁﬁ%ff”él?oﬂ‘.me"f’h‘gﬂ?"d@‘&-’f{ﬂ‘f‘i“d’i*? imgupegibulimedrtides phar maceut i cal
conposi tion onprising the fusio? rotei n and met hods of using the fusion
pr th)ei n an (r)t‘r':ont1 & %ﬁ?g‘ﬁ%%’éﬂ‘fﬁ ear @vggrfﬁ%f"fti bifste fagpedinghvgesCHD st IT::H ath e

i eSS jects.in need. of erapy. .Brief Description of the
er ¥t opol el b MRl G BER TR il oion 08 et rent s of ¢ he
i i .G . Nt ed to be construed in ,a limting nmanner:
igggggig?gB%&ﬂﬁﬁmkgngg%%ﬁgggV%%m??gﬁggﬁfgﬂ%hfﬂ8m¥%%m§@HEF%P1strgcture_of
the rec i e, C, ] nrotein (rHUEPO-Fc) of the invention.
[00019]%?8J9%9§é995 éb?@g%ﬁﬁg%E$¢g%?ﬁ%“ﬁﬁ%&?é@q?ﬁ@eﬁﬁ@%@ﬁ??ﬂ@esequence and

IlOt he hde:‘j UGRAC fthNAtRFdf aldaR) hiﬁg%%’g?&oxﬁclwes 5 cl:-)l% e Aud ot 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 embediment, 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).

{00015] 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 transfected cell lines and methods for producing the
fusion protein. The invention further includes pharmaceutical compositions
comprising the fusion protein and methods of using the fusion protein and/or the
pharmaceutical compositions, for example to stimulate erythropoiesis in subjects in

need of therapy.



DNA i s 1281bp. The 426 anino acids in the deduced prot ei n sequence include
27 aa for the signal peptide and 399 aa for the conplete r HUEPO- Fc protein.
The conpl ete rEl UEPO- Fc protein consists of human EPO domai n (166aa), hinge
regi on (16aa, underlined), and CH2 and Cl-13 domai ns (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 1gGl Fe fragnment.

A honodi nmer riie%Df ocgimaocgl1 wo .di sul fi de bonds via the two cysteine residues
(boxed) wt%n—%e%ﬂ%gé‘—%—%ﬁ cEHNAE At residue 172 of the mature fusion
protein (i.e. the 6th amino acid of hinge regi on) the native 20cysteine

resi due has been substituted by glycine (bold). [00020]Figure 2 is a
schematic dj m showi.ng. the structure and features of . the mammal i an
expr essi ond[B?d;Zﬁi d g@‘@a?’%&%‘é’g‘“ml é{fa%]es"é‘??qsﬁ@‘b?cﬁ’ge‘ﬁ\i}ft@é&ﬁé‘i‘@é’”%ncodi ng the
pol ypeptqd de,9f, &G okl f usi rotein, and for transfecting 25CHO
cells that expres[st{"hggér:dg&E‘%@nﬁﬁlcgﬁf‘ﬁ%ﬂﬁ“%%ﬁ?rﬁ. [00021] Figure. 3 is a
SDS- PAGE i mage showi ng the sizes of the dineric form of pure r HUEPO Fc

tein i dug it | ic f f HUEPO- F
Drotetn | n OORLEq 28k Br S ) PR i el ited 51 PO e
protein frqgg_ognigglam{gﬁ{r{@@p{ ﬁ‘gig%PrtOg%%ﬁ*’tl#Eﬁ,ﬁﬁgﬁfgﬁ??g}ﬁ%' -1ine expressing

r HUHEPO- FC exi sts nmainly as meric “Yol ecul ar wei ght of
about 180 kDa on 8% Bis-Tris gel in non-reduced condition. In reduced
condi tion (100mM dithiothreitol, DIT) to break disulfide bonds, the diner

i s separ at gghoijoit 0 t heO@NE b GA L P RQTE Lo Gird U ith a nmolecul ar wei ght of
75 kDa. 10 [00%1122] F}@gﬁre 47 gﬁdﬂa‘éﬁ%gﬂé’rg‘ e @ﬁl\g%vxt}dﬁé%tuﬁnée%“gse- dependent

i fihd R hfladid cadPsbqde PR in ¥ ith th
i ncreas® ofinRIMed AhAadid cadPbql ﬁraé%!fmmg@_r%?a% ?‘ﬁﬂ%ﬁ%@@%ﬁé%grw ree

times per week subcut aneous injection ( _ r EMEPO. Each
poi Nt repr enenisg24 e, THEans ddind &YRlin AL ddd1SaPF R sdyfentll GBMde PAY O 1 €vels

represent the Rb levels before

for the signal peptide and 399 aa for the complete rHUEPO-Fc¢ 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 Fc fragment of human IgG1.

15 The calculated molecular weight of the polypeptide of the mature rHuEPO-Fc fusion
protein is 44.6kDa, composed of 18.5kDa (41.4%) of EPO fragment and
26.1kDa(58.6%) of g(G] 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.c. the 6™ amino acid of hinge region) the native

20 cysteine residue has been substituted by glveine (bold).

[00620] 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 rHuEPO-Fe 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 rfl uEPO-Fc, rHUEPO or darbepoctin-alfa (abbreviated Darbe.). Each
point 15 represents the mean Kb | evel of the group. Nor mal controls were
normal rats with injection of carrier solution. Mdel controls were the 5/6
nephrectoni zed rats with injection of carrier solution. Wek O | evel s
represent the Fib I evels before treatment. week(s) post treatment.

20[ 00027] Figure 9 is a graph show ng the dose-dependent i ncrease of

hermogl obi n TR q""é\?é‘?‘@‘f’|f%"‘ff§?‘6fhﬁé&?ﬁ?"ébtb@ﬁﬁezt@efmaté\ Mieatitd once every two

weeks i.v. with 62.5[ 19 /Sg r HHEPO Fc, or darbepoetin-alfa (abbreviated
Dar be. ). E&@W“ﬁBVﬁWC%@ﬁF fieswitnaeapeenh? ipessevask: of the group. Nor nal
controls were normal rats with injection of carrier solution, Mde

controls were the 5/6 nephrectonized rats with injection of carrier

sol uti on. .0 levels present the Hb levels before treatnent. *:

week(s) poV\ﬁ&t‘i?]eat ‘r‘ﬁm{‘ﬁﬁé‘%‘]‘ Hoyipedrorox-derereentdkeiiatie pot ency

conpari son r Hu 5rf1 uEPO and dar bep n-alfa for stimulating the
col ony fssgr Jt“| ﬂb‘%EngU%g“a?{@ @E[ﬁ-‘"’”@mi’zﬁd B“fémﬁté Pfft@@fcﬁﬁ?rz"éeﬂ k$atf treated with
di fferent dgs | f oi etin-al pha

(abbr evi at ég“%g(?"@c “5{"?@6 Fﬂﬁ?ﬁoeé ?J\%Eab%éﬂ"ﬁfq% rbagsgmgé’ﬁ@h’&%rﬁie“'got enci es for
stimulating,th ornatlon whi |.e. r HUEPO was | ess
potent. A, Qhe_ %‘%‘“gﬁg e Oq'n"efﬂ%/vg Eomﬁ‘ Y‘”e‘s “’85%‘8”‘5\/@#5?“5‘ eI OF1OC. , iv. once

t th | evel s of
L po v P e R R PH Fut DB AR B ¥ a8 kq of rruepO e

or rHUEPO thmETk%ﬁxH&x ngﬁ%ﬁgve{squ%erlt%\é lebgl%\%f b@fo%re‘éten}é% Heetkh 0030] Fi gure 12

is a sequence listing € seguence” an deduced
ani no- agi d sha@kasgguence of a wild type rfl uEPO FeC protein. The sequence
parti cul ars are the same 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 rHuEPO-Fc, rHUEPO or darbepoctin-alfa (abbreviated Darbe.). Each point
15 represents the mean Hb level of the group. Nonmal controls were normal rats with
injection of carrier solution. Model controls were the 5/6 nephrectomized rags with
injection of carrier solution. Week 0 levels represent the Hb levels before treatment.

*: week(s) post freatment.

20 [00027] Figure 9 is a graph showing the dose-dependent increase of
hemoglobin (Hb} levels in 5/6 nephrectomized rats treated once every two weeks i.v.
with 62.5pg/kg of rHuEPO-Fe¢, or darbepoetin-alfa (abbreviated Darbe.). Each point
represents the mean Hb level of the group. Normal controls were normal rats with

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

10



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 HUEPO anal ogs, such as darbepoetin al pha where the EPO structure has been
significantly nodified, such as by hyperglycosylation. 5 [00037] The nucl ei c
aci d sequence of the rHUEPO-Fe fusion protein of the present invention is
shown in SEQ ID. No. |. 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 rfluEPO Fc fusion
10pr ot ei n cpbrigieptids sefuenchof EPOngowRIPM (HEBBmamambCAL ilais)q ofttivefchi nge regi on
(16 amino acids, underlined) and the CH2 and CH3 domains (217 am no aci ds).
A signal or frheupaee hpept indunaglefwéin &gl e obwite palpepide 2dbuaifiano acids is al so
shown in Figure 113. The signal peptide is cleaved during synthesis of

r HIEPO- Ec. TRacctgdossiher t@(ﬁeﬁugﬁ? hwdagﬁffae@élememcéigc bifieerredienEPOoRe i ncl udi ng t he
signal or |eader peptide are shown in SEQ ID. 15No. 3 and SEQ ID. No. 4
respect i vel i€ dpsosnsprs TondisT bashasthy sengeepeal BraptndgdmoiepileNo. 2, the EPO
domai n has a cysteine residue near the C-ternminal thereof at anmino acid
nunber 181, AHFENRATSREEE sRbi AtanEr GRnckcelps distissed dstreeiegipleat ani no aci d
nunbers 178 ?nd 181 whi ch are 20boxed in Figure 1B. The hinge region
cysteine redYles formthe di sul phi de bonds between the pol ypeptide
subunits of the honodi mer as di scussed above. The naturally occurring hinge
region of a human IgGL fragment also has a cysteine at residue nunber 6 of
t he hi nge rggi portio nmeasured fromthe N-terginal). In fhe present

i nventi on, @E%ggyste%%%&#%gﬁﬁﬁ’[@a&?“?ﬁgﬂﬁgﬁgﬁaﬁbﬂ%gﬁﬁgﬁﬁ 18E¥n substitut ed

by a 25non- t.ei. ne. resj.due...| articular, ,in.the e di nrent of Figure | B
g Rl B R Seiad Rln SR b SRR i Rt e by

and SEQ | € ‘am no aci

| i t i . aci d i 72 of. rl Fc, whi.ch . ds t
oy v L A A4 L8] LRl SR £0°00 12

residue 6 o per'on skilled in
e BT oL BB U USSR LR o evstelne
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 EPQ 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).

[00036] As demonstrated in the examples set forth below, the tHuEPO-Fe

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
protonged in vivo half-life and enhanced erythropoietic properties in comparison to
naturatly occurring or recombinant native human EPO. As used in this patent
application, the terms “native human erythropoietin®™ and “native human EPO” mean

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

13



[00039] As a result of the anino acid substitution at residue 172, the first
cysteine residue of the hinge region (at residue 178) is spaced 17 am no
acids fromthe above-described cysteine residue of the EPO donain (at

resi due 161). The inventors believe that the m ni num spaci ng. bet ween the
cysteine residue 161 of the 10EPO domain and the first cysteine resi due of
the hinge regjon should be at |east 12 amino acids to enable successful
assenbl y anﬁlah"rd PO SR map FRAmay bofataalyorediinesr rgpmpindedEPO- Fe. That s,
if residue 172 is a cysteine residue, an undesirable di sul phi de bond may
potenti al | yP “Qfearc%%“ﬁs???@rlf’hé)sITﬁ%Ee\r/Vée‘F?‘“E%/@{”?Pfﬁor g&;fléd?fgwllﬁg(lzu?gd }Zgul :[I'Ihlng
may alter t ree di mepsipnal structure or tne no ,

i nybi ol ogi cgﬁuépg)aaé‘f’lf’%ﬁ’ f‘V‘%Srd%QJéWE’éﬂp'ﬁi“dleﬁ?gh%%}fo gREiug rybecp 00040] I n one
enbodi nent g)lfmhpa%ui rqv%gécjrgnl tbhg EP d(gr[m?l is li nked di _re_ct|y to the Fc
fragment portion of 't SHeP Py BY {#SY'#Pravoi di ng providing an external

| i nker peptide, the preferred three di mensi onal structure of the rHUEPO Fe
fusi on 20peptide is maintained and the ri sk of triggering an undesirable

o0 I RO0S s SR Bl et arth RS *?t'rsio%?o%cz%?f%ﬁ folfti E:t ange
! ool bSO SRR TG TR R BRI (G2
al Uhouah | st ehuche: BRESH e 0P, T PEETHARRARE iPhemlel pdepo- Fe
encodi ng t hg 359i5haRaddsot Rhdn. ofs sffwalTH E@Q’eﬁ%, the complete rHuEPO-Fc fusion
10 protein consists of the EPO domain {166 amino acids), the hinge region {16 amino

acids, underlined} and the CH2 and CH3 domains (217 amino acids). A signal or

leader peptide sequence consisting of 27 amino acids is also shown in Figure 1B. The

signal peptide is cleaved during synthesis of fHUEPO-Fc. The nucleic and amino acid

sequences of rHUEPO-Fe 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. ID. No. 2, the EPO domain has
a cysteine residue near the C-terminal thereof at amino acid number 161. The hinge
region includes 2 cysteine residues, at amino acid numbers 178 and 181 which are

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 cysteine at
residue number 6 of the hinge region portion (measured from the N-terminal). In the
present invention, the cysteine residue 6 of the hinge portion has been substituted by a

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 ami no-acid

sequence of the pol ypeptide of rHUEPO Fc, was generated by overlappi ng PCR

using the follow ng oligo primers (Q AGEN |ncl., UsS): EF5:

5' - ccggaat t cgccaccat gggggt geacgaat gt ect gcct - 3 15EF3:

5' -attccttttgeggccgcttatttacccggagacaggg?ga?-3 ; E'ELSiEFl 2

5' -aggcctgc aca acagagt t gageccaaat ct ggtgaca-o ; , 3

5' 49? gaccgggg‘t%r E}ag‘gg’gé‘é{é%@?ewgé%ﬁﬁﬁ@gtf&écg@qgﬂﬂeém.ammo acid fiylus equences  of

the above-npie Qr' LS are listed in SEQ |.D Nos. 5 - 8 20r espectivel y.

[ 00043] EcoR [25%51 Lf@cg@?ic"gnf%%orwo@ 5 {5 duTe idhy fﬂn%wi%hdmf:‘ﬁ 7 ber eis,lpect ![ \r/]el y.

timal expr.ession of.the fluEPO- Fc protein in nmanmalian cells, e

llzgrzaﬁpslequea gaé@?t&ﬂe&?ﬁ%ﬂ{)\ﬁ? aly ARPT PP tRe Bdidies cppbalsoREL 5 andf EEL3 ar e
| emrent . consi.sting of 3'-term nal DNA sequence of EpPO

((:gggp) anda%xﬁt?g%%ﬂ%%%lmq [Se%ﬁaéﬁ’géo BP fEpie ‘ﬂg"ed“(uﬁ’ﬁtﬁiﬁj’?“d[ 00044] First, an

EPO DNA §ragment of 0.6 kb was anmplified by PCR 5(Platinum Taq DNA

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

cont ai ni ng [t)b‘(%‘)f ul | Aﬂ}géuhé)frhebuﬂg%%fj%gu STt iodaﬁtge%{j%reﬁg,%qnér[spf 0.7 kb with

primers EF3 and EELS from plasm ont ai ni engt h of human

1901 oo saaenss: S aRRGEL I o AR ARG P R0l amount . LSt

| ab). The two fragments were m 'xe Usi ng

' : : . f.1.3 kb was
th as E!HEP gNA .
ame)I in}?(ed l;%@%)b??@rrééﬁrﬁﬁ:& %ﬁg%éll%é gﬁllﬁée@[;)%rl |11&Fr§%l ekigﬂf }ré%nent was di gested

by EocR | angvchidts bl::li((vélﬂwg patetiv:taTa s %a@inggetk%thé‘%%g?@%g?%ﬁ?égéﬁped into ECOR

| / Not 1-di gested nmammal i an expression vector The resulting

r econbi MANtEPCEGHAM B the TiaiBdRedERRe Eﬁth@ﬁli#%etrb@oé NS84 Legggag%e' c-acid
sequence encodi ng the anino-acid sequence 50f the Hu c protein was
confirmed bynifNAids @qedkciuB@ssful assembly and/or EPO receptor binding of a

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

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

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

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

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

20 peptide is maintained and the risk of triggering an undesirable immunogenic response
is minimized. The hinge region of the Fc fragment is preferably at least 9 amino

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



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-PAGE was carried out to determne 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-r educed
condi ti on, which nmeasured the overall size of the protein with the

exi stence of disulfide bonds. This indicated that nost rfl uEPO-Fc protein
nol ecul es were produced as the dimeric form as expected fromthe design of
the fusion prBPEMANaWEHeSESopAEEe ahiygin! WS spBeedlEre@tphatihe reduci ng
condi tion (100mM djthiothreitol, DIT) to break the disulfide bonds, only
the band wi thisgirabloAseaneicgrt st hipgkdabrias i dentified, consistent with the
estimat ed nol ecul ar wei ght of single polypeptide chain of HUEPO hinge

regi on-Cl - 12- CH3. [00049] The accurate mol ecul ar wei ght of t he pure

o o MR 20O bbbl p Ry B Sk e sy oty &
I A e U G e A A
e Rt Tt e e W s R A R
A e ruEha e TR FEP RO RR Y Bl e bt e ol ecul e

sequence as lfi%ﬁ@& ?&um‘c,tr&?cc.% @%g ﬁcﬂ&?ar@@r%%%%gve%g%’ a\ﬂ?} ap), aci d sequences

of the rHUEM usi‘on protein. hance thro.oretic ctivities of
ontict e ¢ o SonPRERuEE g By M DR R SRG B ddhE R Ty ot e
r HUEPO FRy pr&hitd) uansh dee e -l ebF | §REWas amplified by primers EFS

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 [/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 of the HUEPO-Fc protein was confirmed by DNA sequencing.

2. Establishment of THuEPQ-Fc expression cell line

[00045] Chinese hamster ovary cell with dihydrofolate reductase(dhfi)
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 tHuEPO-Fe expression.

(00046} The CHO-dhfr" cells were transfected with the recombinant vector
pCdEpo-F¢ 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 bepoeti n-al pha. For conpari son purpose, all the
doses of three EPCs 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 anounts of EPO mol ecul e portion al one based on
the molar basis. In respect to rfluEPO Fc protein, the EPO portion
contributes to 41.4%of the total rHUEPO Fe 25nol ecul ar wei ght as

cal cul at ed BY/-Caeadphipr BPfctivive Powivgletonefweamiuriter asiaded wileriR@asingt he  wei ght
of the total amno acids of the whole rHUEPO Fc mol ecul e (166 aa ampng 399
aa). The EPSHEHEC(HEROPHSERS P cfhlinet titrighed Fiddd Cale prdicid% of the total
amount of the r HUEPO Fc protein. %00051]rHuEPC>FC stock concentration:
0.5my/ m, pGFIESObNIDEcpsy asdbrHBYPVerorurraing CHOGEPOY mdrydpribh nat ur al

human EPC)structurezg ?OOOlLVO.5n1 manuf act ur ed b§¥Kirin Brewery Co.

Japan) wer e 2APFd fF Y Teedpsdiad D AIQ Megiim( @ibsiaiio: B 4 hiifaK S4&r um al bumi n

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

sodi um chl o;rﬁléglﬁétggl%#%?@@ég)’qg CF%S“H’O% w3 uset for (epesdpsiion RbUNE Qas
10ca|cu|ate90§%%q{ding to its activity/amount ration. BALB/c nmice (6- to

8- week ol d, m%ig ing | 8-22g, equal nunbers of male and femal e, purchased
from Experi ment Aninmal Center, AWS, China) were grouped randomy with 6 in
each group. Each group of mice was treated wi th one conbi nation of one dose
(0.1, 0.5, §:51%gm§cm@goﬁ¥%9£5$2Pr ne injection route( is. through the tai
vein or s. c.)‘éﬁd”UﬁE—TﬁTECtTUn—f%%Chedule (three times per week or once
per week). The control group of mce was injected with the equal volume of
carrier solution. The treatnent |asted for 3 weeks and the total

obser vatih Ongobdgs WeRRePOURSKScin REILAREEALindd 280 f@mgggéc&gééﬁ vein) for

measur enent were taken before treatnent, on't an h day of

every week figf i Male ol WRSIERASHLERL-25. dBgsdlIdein R, absor pLi omet 1y,
MeanSD was 20cal cul ated fromthe data o eachﬂgﬁogp an ?téét was conduct ed
anmong di f f ers@Bdkd at first by Protein A affinity chromatography (Amersham, Cat.No: 1 7-0402-

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

16/60 Superdex 200pg colume (Amersham, Cat.No:17-1069-01, Canada). The purity

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

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

[00048] First, SDS-PAGE was carried out {0 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-Fc protein molecules were produced as the dimeric form,

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

[
L

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

provi ded t hat the EPOs have normal erythropoietic activity, would
i nduce saturated stimulation of 25erythropoiesis. As shown in Figure 4,
both groups treated with 3 times per week s.c. had significant elevation

of Fib levels even at the dose of 2.5ptg/kg. This experinment denonstrated
that r HUEPO-F¢_exhibited an in vivo erythropoietic activity as effective as
r HUEPO, Theligitisg Bendgpniyithe hapd pithy eplseyly vweipdt af7ékdaewrsdgdeotirdnas

dose- dependent,. However, saturated el evation of the H) |evels was induced
in mce at Cloﬁ%s“ﬁ‘b‘é’\@feg? esgimated giplaeyaroyeight plipinalomplyperiiReshelioft he sinil ar
saturated g%%ﬁﬁtLon of Hﬂg4l%p | evel s was only achieved at the dose of

62. 5ug/ kg of Vi HilEtse e e-etati on of 1ib Ievels induced by 2.5ug/kg of

r HUEPO- Fc was al so greater than that by 2.5ug/kg of rHUEPO. These results
suggested nore potent erythropoietic stimulation by r HHIEPOFe t han r HUEPO.

10 [00053] T t hr,opoi etj ¢ pot ency of .r HUEPO. F furthe lored b
o ohor et oy YRl A BREe far AR LIRSS As” shown in
Fi 5, the FifUEPO Fc-tr.eat -d t el evation of
O o) SRR B A R BRI ORAR IO 1275 and”
62. 5ug/ kg Qfyiedus 3 the, el evation of b |evel's to th
o7 9 R0 AR ARl e Ay Mool g of o

Itt EPO- Ec. 1Jci?éa§ngst§\£ giley rﬂdﬁb%tp?ft%lk In’g; [E)G:a#e]:)lls L@)ﬁugec dlﬁl%?? ae{l[l]llplgnced

erythropoietic activity In vivo. € 10 either the

prol onged hauf o€ ephinke }{elphxlel{iéﬁ)@(f?? E)r@teiﬁi vyagd%qniri]e :b%rég EPO recept or

t
bi ndi ng/ activation by the dimer EPO nolecules in 8 Fc protein, or

by th ' ) : 4 - . 12. 53i g/ k
0%’ rHﬁ;g&”gﬁ:@gﬁ}e?{ﬁ&)ﬁ%%§mgpggmﬁl,wgﬁslﬂ%&ﬂmgtgﬁ witit R 9}91§|%§ ( i g/ kg)

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 fusion protein,

13

3. Enhanced ervthropoietic activities of rtHuEPO-Fc¢ in normal mice

[00050] In vivo experiments in mice were conducted to confirm the retaining of
the erythropoietic activity of the rHuEPO-F¢ protein and determine its efficacy

20 compared to rHuEPO and darbepoetin-alpha. For comparison purpose, all the doses
of three EPOs used in the described animal experiments of the invention: our
rHUEPO-Fe, rHuEPO (i.e. native human EPO) and darbepoetin-alpha, were the
amounts of EPO molecule portion alone based on the molar basis. In respect to
rHuEPO-Fc protein, the EPO portion contribules to 41.4% of the total eHuEPO-Fc

25 molecular weight as calculated by the ratio of the weight of amino acids of EPO in the

19



administrated intravenously either three tinmes per week or once per week,

el evation of the lib levels was observed for all the treated groups
(Figure. 6). However, iv. 25administration once per week of rHUEPO- Fc

i nduced greater, nore persistent elevation of the Hb | evel s, which
continued longer after the treatment was over. This data provi des further
support for the enhanced erythropoietic properties of t he r HUEPO Fc protein
in conpari s&ietwPt e PR EPE Fadsioge thele SiyRFOr it eoleulerbibue atbye Becurri ng EPO
protein. 5 Enhanced e thro.oietic actjvities of rHIEPO Fe in 5/6 ne

| ft ect oni ze®) r R EPPEOOEE [ PeriGrEntas thay daddadet 4 hi'cef e blaéamene enhanced
eryt hropoietic activities of rHUEPO-Fc in vivo. To further observe the

ef fi cacy of°TFIBIBPBIEC PR st i mul ating erythropoi esi s, pharmacodynani ¢
studi es were conducted in rats with experimental renal anenmia that was made
by 5/ 6 nephrectony. The efficacy of rlluEPO Fe was conpared with those of

HUEPO and oet | N- h 60ng/ M, |ot. . NO79, nuf actured by Kirin
Ergmery%goﬁgﬁﬁgggn)thQ?%86§§}WV?‘ﬁF?Fﬁt%;T%%&émﬁﬁdng%ﬁ?%min equalynuhber,
vt 9i g 190 k300 o REBTEE L ST bR e BE U Thi s | nventi on to
create the ] . due to.the renal functional failure a two-ste

nephrectonfﬂﬁggyﬁmg?gﬁkggﬁ?%%¥%%ygﬁﬁgwagﬂ%&?'nfgﬁgsﬁFPﬂ‘ éﬁggﬁl anesthes?a
by two sepaf I, QF terile copdition,.. After 2/3 of the left

Dy L0 Sepak aln A0ERAAND sUAIRT BTl PAbHUREY a4 §i¢ Pilent'y days. The

ri ght ki dneyoas de ek 86RL o028 Bf Uk os BPIREBLS fRMRLE adm n! St Tl ed to

prevent infection after each operation. BB e ki dney tissue

was fingl | %alEﬁ&@P&c_@&dinghﬁts3&%/@&5&"”2&% EAlSc gﬁc@?éé-gtl &—Yl.fe%]e(}f(fl oped renal

function dissufficiency and anema. The rats ente st abl e 'st at us of

anem a 50 daysinaf Q@E%:' @@@hﬁ&%@@mal@% fZ{ﬁX}@rpgrc}l:il@@fr&ﬁ@gﬁmn)éntgr ouped

(9/group) to start the adnmi ni stration of the EPGCs. Ea group of rats was
treated w tahimecqang, C@ﬂaﬁter@@@up@@ﬁiﬁd&%y @itﬂ-g-irﬁeac}?grm §.k0) , one

injection route ( iv. through the tail veinor s. c.) a d one injection
schedul e (@ragofeice 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 injection

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

injected with the equal volume of carrier solution. The treatment lasted for 3 weeks

and the total observation times were 5 weeks. Peripheral blood samples (tail vein) for

measurement were taken before treatment, on the 4% day and 7t day of every week

for 5 weeks. Hb was measured as the index by absorptiometry, MeantSD was

20 calculated from the data of each group and ¢ test was conducted among different

groups.

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

25 erythropoiesis. As shown 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 with the equal volume of carrier solution. The treatnment |asted
for 4 weeks 5and the total observation times were 6 weeks. 1000571Al| doses
(2.5, 12.5, 62.5gekg) of rHUEPO Fc, admi ni st ered subcut aneously once per
week, induced dose-dependent elevation of the Ho levels conparing to the
model control group that did not receive EPO treatment. Both 12.5 10and

62, 599/ kg drd FRRIEEES drvaingab B deeis Avenatihe Avss pet-Bet/lsuBbiseamdoes| y once per
week al so induced el evation of Hb |evels. The increased |evels of I-1b in
Dorh ar oups R TP BRAE o HhE A o DsS I §p FR PP EIC ERGSFCaler o

signi ficant| i gher, than, those in groups treated with 12.5 or 62. 599/ kg of
&NEP respeé?ﬁ@ ﬁ@%e&ﬁégiﬁﬁnPgé%Fﬁd?W‘@?W@ﬁ@ﬁ%@’ﬁ#”@ﬁ%@??@ﬁ¢b -treated

g oups ver & Bka% BTl hFHEs nhIRs g eleBi o FeHetatcr ease of b
el I R LA R e S SRS Dol el wocie contr ol
gr oups Unt e, (E R BOBET B L LMD S5 BTG RS zed 1 m
Figure o) @B La00SEl Ept e Feah Nl R RMEBAEU R b uci i scerea

(Figure 8) -rHQ-lﬁ’OSgIg/eéégesg%s s{h%%ﬁepm@%r gl ﬁ%}g%&%%t%%gtir%ﬁgiogﬁgg—lhi%ﬁ%)(-)npar ed to the

nmodel control group, an weak rytt oietrc resp t he 62. 599/ kg
of rl | uEP@,teategogroup failed to 25bring the Ho |l evels to normal in
conmparison with the normal control group. Treatments of either rHUEPO Fc
or darhbepoetin at the doses of 12.5 or 62.5gg/ kg i nduced signi ficant

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

group, indimasiing thee @a}zﬁ@g&w@o&w&,@mm-@éwg%me@exgioﬁe%z by both
rfl uEPO- Fc and dar bepoetin. No significant differences wer observed
bet ween sammuds®sinRtion times to once per week subcutaneously. As shown in Figure 3,

the rHUEPO-Fe-treated groups showed dose-dependent elevation of Hb levels at the

doses of 12.5, or 62.5ug/kg. Both doses of 12,5 and 62.5ug/kg of rHUEPO also
15  induced the elevation of Hb levels to the similar extent, which was much lower than

that by 62.5ug/kg of tHUEPO-Fe. This strongly indicates that tHuEPO-Fc has

enhanced erythropoietic activity in vivo. [tis 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-Fc protein, or by the combined effects of

20 both.

[00054] When the same doses (12.5ug/kg) of rtHuEPO-Fc or rtHUEPO 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 HIEPO- Fc and darbepoetin in ternms 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 t hat

r HIEPO- Fc and ci ar bepoetin exhibit the property of |ong-lasting stimul ation
of erythropoiesis in vivo, which in turn could be transferred to the
reducti on of administration frequencies to 10patients clinically.

[ 00059] Whi |6 HEMSE PE&PiFreliashigereniupploaireefier s tstimartewab owppllitat i on with

l ess- frequent inje tLons to increase the patient conpliance and reduce the
wor k burdeﬁmﬁwﬂﬁégfgwi%ﬁP%mﬁF%@Fd%@@?ﬂﬁﬁ@ﬁgxﬁwﬁéWPﬁﬁﬁﬁﬁﬂwdata strongly

i ndi cate thﬁtq&gkuEPC}Fc 15di scl gsed in the current inventjion has at |east
the sim | ar PotEht PRIFHBRARTION U YRy oy Dasyeure aarbepetin, as a

nmut ant analggﬁgﬁ ﬁﬁprgqnan EPO nol ecul e cont ai ni ng addi ti onal sugar
conpounds |ncré%éed’df?tosylation), may have an increased risk of inducing
i munogenesi s in vivo due to the altered three dinmensional structures. Only
| ong-term observation of patients undergoing treatnent with 20 darbepoetin
will give g deci er. .0 the | ogeni.c.risks of .darbcpoetin. In
cont rgst ’ _,, iy o) : IO er cm‘f:isWu -cm .. pilre EGD etgul e porti on,
has a carbohydrate content identical or closely sinilar to that of native
human EPO. The anounts of sialic acids in the inventors' pure r HUEPO Fc

protein meq@mgﬂoundE;&ygmggq{&gygkﬁ @g%?&%g%@ﬁg%ggaﬁ%ﬁgkhye reported

paraneters of rHuEPO. The Fc part o no external am no

aci d(S) /1 i kit BERAERG.Fe AT ESE el HRoACABL bacy S EHYLE of human 10d ,

and theoretically would not lead to an imunogenic response. |f approved

clini calol y stirhibtERCrRiG o gBRKis PhAW a6ty RarBE Ll s wehQiohi&ucle@n ARLIKNL S than
currently avail abl e r HUEPO and EPé anal ogs, especially those who need

| ongt er m adsierinsitiiatdn@naedia HAPASN LM 6£5/k Rl RSy The a¥eRPys! y once every
two weeks, both rHUEPO Fe and dar bepoetin (62.50g/kg) were able to induce
i dentical iietPEaResasebmplied @Mehsse brHulBO had &rddbédin a0 gm a far above
the normal Hb levels in the nornmal control rats (Figure 9). This further
denonst r at &s. NdIOPensinsicardd bs KinbakdpuoQfap@hyt hr opoi esi s by

15 [00056] Wistar rats (male and female in equal number, weighing 160-180g,
purchased from Vitalriver Expertment Animal Inc., Beijing, China. Licence No.
SCXK11-00-0008) were used in this invention to create the anemia model due o 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. Antibiotics were administrated to
prevent infection after each operation. In total 5/6 of the kidney tissue was finally
resected. The nephrectomized rats gradually developed renal function dissufficiency

and anemia. The rats entered stable status of anemia 50 days after nephrectomy, and

J
A

were then randomly grouped (9/group) to start the administration of the EPOs.  Each

22



10r HUEPO- Fc, as darbepoetin's efficacy has been clinically proven.

[ 00061] Dat a derived fromcell culturing experinents of bone marrow cel ls
collected fromthe 5/ 6 nephrectonized rats after treatments (once per week
or per two weeks, s.c. or i.v.) showed that rHUEPO Fc, rEl uEPO and

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

pot enci es of rHUEPO Fc and darbepoetin were sinilar and stronger than t hat
of rHUEPO (Sl Etsis treqigropiiyngreplindiion brietdpisges 1{-BORpLelkat @eea | evel s
were similar.ip the treated groups and nodel control group. The levels of
serum Fe iﬂ“ﬁwP“FW§(ﬂWéQPé@”g?@Uﬁ@“?Uﬁéﬁ@“HF@H@W“WH@%ﬂ?%éﬁw%W?the model
control grou Pat hol o icaL exam nations observed the increase distribution
of red bl oo‘ﬁé%EBW 1CQ BYB)2 YK Ut W CRUI gophand sree P Sl s pl een of al |

d | . . Ph kKineti t udi f rHUEPQ-Fc in Rhesus
T everT o Ry B SEEe SHE iteaeietre FadsiogRied 11 - | UE, PO-Fo

in such may that the EPO portion of the fusion protein retains the
functioﬁﬁ?‘%gggé???%?”%qugmﬁg%ﬁﬁﬁwﬁ O, such as stinulating

eryt hropoi esis, and the Fc fragment of human 1gGl allows the stabl e
exi stence of the fusion protein in circulation, thus extending its

half-life i{ﬁOU\ﬁiTJVO' . T/\*?Pdoéég?i’ , 1§r§i &g%%y%irﬁﬁE —\159 age%pSt rated the

eryt hropoi etic activities of’ rHu ar e éenharice |ﬁ“%onparison with

r HUEPO. - The, ddIMERLAF Shdd3SBl SRucanguct et RRIIRER IS ekl f St udi es t o
f-I|? o? r%u g cin %8

determne the 1n vivo hg% e conparison to that of

r HUEPO.  Pr iBRb&ihy WRhEmbREhnko SAReEALR ndAbai ATPENRY RS BBqhg9i cal 1y very

simlar to human bei ngs.
10 and 62,5ug/kg of rtHuEPQ 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 tHUEPQG-Fc were significantly higher than those in
groups treated with 12.5 or 62.5pug/kg of rtHuEPO respectively. The Hb levels in
62.5ug/kg of tHUEPO-Fc -treated groups were also slightly higher than that in

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

20
[00058] For the treatment of subcutaneous injection once every two weeks,
only 12.5 or 62.5ng/kg of the three EPOs were administered (Figure 8). 12.5pug/kg of
tHUuEPO barely increased Hb levels compared to the model control group, and the
weak erythropoietic response in the 62.5pug/kg of tHuEPQO treated group failed to

23 bring the Hb levels to normal in comparison with the normal contrel group.
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[ 00064] St udy desi gn was based on literature reports and the experiments
were conducted according to the general guidelines of pharmacoki netics. Two
groups of 15Rhesus nonkeys with 5 nonkeys in each group (3-5kg, purchased
fromthe Experinent Animal Center, AWS, China) were injected i ntravenously
with 5 rig/kg of rHUEPO Fc or rHuEPO respectlvely Bl ood sanpl es were

t aken before and at 0.017, 0.167, 8, 12, 24, 48, 96, 168, 240
h after |nf%%WP%ﬁ”ﬁSQFé&ﬁéW@IE@Vﬁ@%@@ﬁmﬁymééﬁﬁ%ﬂﬂgﬁéﬁﬁ%ﬁ%éﬁd the serum

O | I t d by ng human erythropoietin
Cnzyme- 1 | nkBleTHRBEEFBeEn Q‘é’awg&téﬂ; g g wér?%m%g@anm om RED Syst errs,
M nneapolls a -life (t1/2) of rHUEPO Fc_and r HUEPO
i nj ected |nPWﬁVéﬁﬁhgrvmWii‘%Eg?gg;oimiggﬁagﬂﬂa??vyﬁﬁqu%gfﬂiﬁfsficg;Ve|y
(summari zed in E gyre, 1 o (mo observe the |oa(gfsa i
f HUEPO Fc, “BUGT KRGS MRaEpE: P A8 QOB L UHYTTE S §?? to 5 Rhesus

k t 15, 24,
48, 72, %fﬁﬁ%ﬁ%%%b@%{eiw "“’S"E@Eé%sﬂ o@CH’é&SOSFHE‘?%SéT%j\ : etve| sngfe o

it ava ility i

{HIEPO-Fo Ny dPh L 0as R SRR Aoy e BRIt 0

i denti cal tgichRod RROLLRL, B QAL AR oy rs;;g%gﬁtgﬁmfe aﬂﬁifgfm tin-al pha

(Aranesprn) in patients I C rena OOOGﬁ]rplf f
data_demongt gl ddish weHERR: oAy SAMbA @gg@p&%%'.mggd lohal f-life

in primates, and the in vivo ' €ast four fold

| onger t haﬁhhtch?(ttuﬁtfcoﬂlhﬂﬂngst?r@&'foqﬁé 1@&@@%@3&%1“5%&%@%@.@ awing Co. of Japan.
The prolonged half-Tife in vivo l'ikely contributes to the enhanced

eryt hr apoi eftegisatticanity of rHtEPO Fc. 158. | mmunogeni city 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 rHuEPO-Fc
disclosed in the current inveation has at least the similar potential benefits. As
discussed above, darbepoetin, as a mutant analog of the human EPQ molecule
containing additional sugar compounds (increased glycosylation), may have an
increased risk of inducing immunogenesis in vivo due to the altered three dimensional
structures. Only long-term observation of patients undergoing treatment with
26 darbepoetin will give a decisive answer to the immunogenic risks of darbepoetin. In
contrast, rHuEPO-Fc, without the modification of the EPO molecule portion, has a
carbohydrate content identical or closely similar to that of native human EPO. The
amounts of sialic acids in the inventors’ pure rHuEPO-Fc protein were around 10.0
mmeol/mmol EPO, consistent with the reported parameters of tHUEPQ. The Fe part of

23 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 t he design of rlittEPO Fc
fusion protein to intentionally avoid or mininize the changes of the
|rrmmogen| c properties of the rHUEPO Fc fusion protel n. The inventors

avoi ded i ncl udi ng/ addi ng 20any exter nal amino acid(s) or linking peptide
sequences in the fusion pr otein. The invented HUEPO Fc fusion protein of

t he enbodi nent of Figure IB only contains t he pol ypepti de sequences of the
natural EPGFPFEE 85‘1*#"%%‘18»(11 @“rﬁ?‘)f% %P@'Wﬁt“d@ﬂli 1??@%@ PeigiBtoseaiR, CH3) of human
lgG |, and woul d theoretical !Y(\;g‘? i nduce an |rmuno%en| c response and the

pr oduct i on "GP Kt i G YES LR SR RG BRI B Reter cholee (i patiete  appr eci at ed
by a per son Skl |1 ed nbodi rrent hayi ng al ternative
structur es U%ﬁ“ﬁ a‘é‘ﬂ%%‘ﬁ%&?&édmgép (fﬁ@?ﬁﬁ? SPEHp!Y tﬁ?ﬁér\%f’ 874 19%60068] The

foll ow ng tudi es were conducted to observe the 5itnmunogenicity of
r HUHEPO- Fc Q%“S?%mlmsr &N’ crab-eat i ng nmacaque (Macaca

fasci culsarl s)(mal el femal e=515, -5 years old, average weight of mal e
4.00.3kg, female is 2.90.4kg, purchased from Laboratory Ani mal Center,

AWS, Chin reuajgec ly with 5 / |f|ed

r Ef uUEPO- Feq% }“ﬁrres e l&\ggﬁéﬁpg&éﬁ&m}ggﬁ%exerﬁtw?we&gﬁer%rgﬁ %ed with equal

vol ume of Gaf i oe%s?k t§u%ﬁlgf’\§u D 6AUES M%n%gmgc%ieg of BERRIVRI © CoLl ect ed

once a week for post -treat nent dS’Por t he specific

anti bodi es yagai %lﬁ reEINaH«%PQfaFQboW thg'nc'léﬁ 145 1e0ds &R@ Y Ounégn%‘éi %3"“ EPO Fe

(5ng/m) as the coating antigen. d|t|on Ho levels in

the peri pherigle ). Q‘ﬂﬂlchPde@doﬁQraQﬂh@ﬁaé%s@t@rqs%&lg‘ﬂidﬁ&gﬁthﬁ?ﬁ9€§1é ntal period.
The resultant data shows that, while the stinulated erytlh oi esi s

enhancemventergPd«masl{t'amegc&é&ﬁ‘@ctf'&ac%&ﬁk@ydcifﬁ%@ﬂ Swepvas obser Ved (the mean RBC
nunbers increased from 4. 74x109/ il to 6.67x109/ nl and the nean Ho |evels

from12.2g/di to 13.7g/dl), rEl uEPO Fc fa| l ed to induce detectable specific
ant i bodi es agai nst the fusion protein. These results indicate t hat
r HUEPO- Fc {&86ign pr Dh@iderido @smiel oS xbMUARGE BbGintayrol BelRr | mat 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 rHuEPO-Fe, rHuEPQO and darbepoetin all stimulated
[5  the formation of CFU-E and BFU-E. The potencies of tHuEPO-Fc and darbepoetin

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

[00062] Blood urinonitrogen (BUN) and Crea levels were similar in the treated
groups and model control group. The levels of serum Fe in all the treated groups

20 were higher that that of the model control group. Pathological examinations observed
the increase distribution of red blood cell (RBC)-related cells in bone marrow and

spleen of all EPO-treated rats.



Acute toxicity studies of rfluEPO-Fc in nornal mce [00069] To assess the
safety of rEfuEPO-Ec fusion protein, acute toxic studies were conducted in
animal s. 5 [00070] Two groups of BALB/c mice (n=20, equal numbers of nale
and femal e, 5-6 weeks old, the average weight of female is 15.80.4g, nale
is 15.90.6g, purchased from Chi nese Acadeny of Medicine, China) were
injected intravenously once with excessive anmount of purified r HIEPG Fc
(mal e=13. 3rgl-kglhaunscakipstis shdicoplg HWEHO-Be inddaas meplieysre of the carrier
solution via their tail veins respectively. In addition to observing the
instant reaction follow ng injection, general behavior and status, 4 .
activities, eating and defecation patterns and changes were nonitored an
recor ded dé?qo?)”f or 14sdigpssed ppqvepcinvapirehay CoisnieirgRed Bt ndesp 7 and day 14.
At day 15 post-inj ion, the anatonic exam nation of the main organs of
t he 15n1ce‘V%PEt@%ﬁgé€9@8?mﬁ@?ﬂﬂ?%@?@méﬁﬁﬁﬁW%ﬁ?ﬁﬁ"ﬁ@ﬁwﬁ“ﬁ%ﬂconducted if any
unusual .change syspi ci qus changes of the organs were observed.
[00071] Al | “ﬁ’ig'é’iﬁxg(ﬁr St‘#‘e“é“f@‘ﬁ%‘ﬁ@ SEPORSS3B ihSngf%ﬁ%?‘b “‘F‘@‘a[éf%ilon fol | ow ng
injection. Wthin the ri od of. 14 days, no obvi pus change f behavi or,
kot 1§ o M bR P kR R BPHE e “oBe B Bde Thor cover . e
wei ght of the njce~n,hoth.groups increased eadi |y during.the testing
peri od, an&ﬁHSQQEpE?Eﬁ WﬁPF%%?%ﬁ%ggy%éwln %ﬁﬁ eﬁ@@“é@ﬁgfﬁggfebroups on day
7 or day 14:pasbolflgct . nor r t.hol.ogi.c _changes were detected
¢ OP H o etnlaﬁll'eed 15'90@%@1901}%}1}. HLeRd @eQ?xgzﬁtgxs%auFﬁ%o

in the tissues brain, lung, art, liver @an y. ese results

i ndi cat e t RatsuAMiskbahdio ks §AGEIRIMR: RIRY ARk of LifBER e, 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 (3-3kg, purchased from the
Experimeat Animal Center, AMMS, China) were injected infravenously with 5 ug/kg
of rtHuEPO-¥Fc¢ or rHUBEPO, 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-Fe or rtHUEPO levels were

20 defermined by using human erythropoietin enzyme-linked immunosorbent assay
(ELISA) kits (purchased from R&D Systems, Minneapolis, MN). The average half-
life (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).



more than required for exhibiting the normal erythropol esis function, Is
safe and had no apparent toxic effects. 10.Conparison of wild type and

mut at ed EPO fusion proteins 5 [00072] I nvestigations were al so conducted to
conpare wild type and mutated versions of EPO protelns. As descri bed above,
in one enbodi nent the invention includes a si ngl e amino acid mutation at
amno acid resi due 172 (C17ZG%_. For conparison purposes, a W ld type fusi on
protein wasl02P8d pr epetedvaby bintyababdirs vistinePQ0arfugly efloHAERD-F¢ €S| due 172
(Figure 12). The wild type fusion protein was prepared in t he sane manner
as Exanpl es™is eakedspbgrancopyly iy X Rigpesaronkeyst Rvod emptes weteitabon edfort he

nbi t nl id, the follow ng oli oprirrer_s..(QAGENllnc., US) were
ngg (Itﬂgna?r‘?é?%g]’ Egrlr?’r}a’ Retbdd i’k FL@\Ag@rﬁ‘cPﬁEPb@)wethnc@ﬂrﬁwswsmn to the

primers of EATPRbeRLe PolSetliy Bt Rguuoane ety e
' tt tatttac agacagggagag-3'; F,FLow =~

RE AT et e e L
. o tctgtccectgtcctgc cCl-o . <Y 1IE _

5 119 cecaagel goAc Aol Ch Al ST RGL AL LR N st v
[00073] I n Vi MQi-SXRELIIERL §51! N M Cce were conducted to conpare the

[00D66] This data demonstrates that rHuEPO-Fc has a significantly prolonged
10 half-life in primates, and the in vivo half-life of tHUEPO-Fc 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-Fe.

13 8. Immunogenicity of THUEPO-Fc in Macaca fascicularis

[00067] As indicated above, attention was given in the design of fHuEPO-Fc
fusion protein to intentionally avoid or minimize the changes of the immunogenic
properties of the rtHUEPO-Fc fusion protein. The inventors avoided including/adding
20 any external amino acid(s) or linking peptide sequences in the fusion protein. The
invented HUEPO-Fc fusion protein of the embodiment of Figure 1B only contains the
polypeptide sequences of the natural EPO protein and the Fe fragment (hinge region,
CH2, CH3) of human [gG1, and would theoreticaily not induce an immunogenic

response and the production of antibodies against rtHUEPO-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 nolecul ar sequences of both human F, PO and human Fc
fragnment (hinge, CH2 and Cl-13), exhi bits much weaker erythropoietic
functions in vivo in conparison to the &EP having the natural EPO

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

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

nat ur al sedﬂéﬁ@@1ﬁﬂmﬁéﬁﬁﬁﬂF@“%?%@W%ﬁ#“*ﬁ%@W*%wﬁh@U¢Mﬁ@ﬁ¢@Nﬁhdpropert|es of
the EPO nol ecul e. By the single amino acid replacenment at the first

cyst ei ne r S8 BRIEEN] {XiE BEeoHit nge regi on of the Fc fragment, the rHUEPO Fc
fusion protein 15of the present invention conprising the natural EPO

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

erythrop0| iC {unctloni E Vi Vo conpared to the natural EPO nol ecule. This
dat a suggesbemf g gad mytaled FRQ fugigporolkinghe hi nge region of the

wild type Pc fragment somehow interferes with the EPO nol ecule, likely by
causi ng structural changes to the EPO nol ecule, and this in turn inpairs
t he 20func I ertles of EPO nmpl ecul e stimulati
erythrop0|z@®2ﬂ [00 &%“MEPFWBE 8%35?%“?G?%mFH%@é”§Qg$Wéﬁwﬁn the art in

the light %SM E?’E)& aCrLg }QS C%FC!’{ i Liove, TR & Oktd%e[n& ons d mjdi fications

are possible 'ce o S i nven oat™ grtlng fromthe

spirit or %RB%H@C a% oa%% L@%O%ra?ﬂt%gé ?d rcsm%? (33;770 t Erythropoi etin

and its receptor i cal INRJ 4,

pp1072- 1076£,2002);, o§!%§§ fsiofhr @#_\J ol é’ Hﬂ b ? reat ment
out cones: pot %nt i ap%np Jos Jy‘l?fct siofbrBicin lag %un 5t é}g‘ 8
pPp41- 47620Qfh)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):
15
EF5: 5'-ccgpaattegecaccatgggegtecacgaatgtcctgeet-37;
EF3: 3’-ttitectittgeggecgettatitacceggagacagggagag-37;
EFL3w: 5 -aggcctgeaggacagggpacagagtigageceaaatottgtyaca-37;
EFL3w: 53’-tgtcacaagatitgggcteaactetgiceccigtectgeaggect-3°.
20

The sequences of primers EFL.3w and EFL3w are listed in SEQ. L.D. Nos. 9-10

respectively.

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

25 erythropoietic activity of the wild type fusion protein (herein referred to as tHuEPO-
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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



stimul ating protein(NESP). British J. Caner. 84(suppi I), pp3- 10_(2001).

15. Macdougal | 1C, et al. Pharmacokinetics of novel erythropoiesis
stinmulating protein conpared with epoetin alth in dialysis patients. J. Am
Soc. Nephrol. 5010, pp2392-2395(1999). 16. Jolting K, et al . Popul ati on
phar macoki netic anal ysis of peglated human erythropoietin in rats. J.

Pharm Sci. 93(12), pp3027-3038(2004) 517. Dalle B, et al. Dineric

eryt hr opoi éPioPPESinoMpanstiaivas wilqubuted divarieliverd yichgoppuetritct set i vity 1n viro
and in vivo. Blood 97(12), pp3776-3782(2001). 18. Kochendoerfer CC, et al .
Desi gn and SeMiAedamongyiiffresesunst a honogeneous pol yner - modi fi ed _

eryt hropoi esis protein. Science 299 pp884-887(2003). 10 19. Syt kowski AJ,
et al. Human erythropoietin di mers with markedly enhance;:i [ nz\c/)l vg ’ "
activity. Proc. Natl. Acad. _Sci. USA 95, ppll84-1188(1998). 0. Sytkowski
Al, et )alll : {@9& yt hr BT8P AIEHTFSP oty BpEs TP ab HpeiEs@drddeing dent i cal o
15r epeat.i ng dormmai exhi bits enhanced biol ogical proterties. J. Biol. em
274(25) > pg’ﬁ‘zf’fgg‘?‘g%%‘gt‘%’éb ‘?"'E stigylated; Bwpargsis gt ciffjer thyfese @b &l opnent of a
nodi fied human | az2b ljn to the Fe portion of human |9G | asanpve|
pot enti al t”ﬁg,%% glbg?‘lt}tl- V%Eg’dbuﬁ(gp t W@B?ﬁﬂﬁ?%'f”%‘@ﬁ@&é‘i 'ief"ilf%th@ r\#‘ig”fsﬁ@- i nf :act |H _on.h
J. Interfe . ki ne. . 24 560-572(2Q04),. 22. . et al. Hg

| evel exprggg?lgf%%% B E ﬁ%’ﬁ%c‘y S%@leyfdfbﬁél?c&ﬁ%p‘ﬁ%kfgecﬁ’ﬁes"f:?ﬁ“ fmal i an cel |'s.

' ' [ « - . .. h Kl t al. Sol ubl
ot e v CraL g 08 LE(R) . PRAOT OISR 2R ML M 8 ol SOl

t unor necrosi s tactor rece S are

| et hal endgwgﬂ&e@is ﬂi@gec{um&w cﬁ’)@es%if FFHJEH’@Q%) Hﬁ:lE}‘O—e}?% ag) %Qatéu\{)':y the

{0 significant lower elevation of Hb levels in the rHUEPO-FcC-treated groups.  In fact,
12.5 pgikg of fHuEPO-FeC induced lower elevation of Hb levels than 2.5 pgfkg of
rHUEPO. These results suggest that tHuEPO-FeC has impaired erythropoietic
activity in vivo in comparison to rHuEPQO having the natural EPO molecular sequence.
By contrast, the rHuEPO-Fc fusion protein of the present invention exhibited more

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

half-life of the proteins.

[00076] The erythropoietic potency of TtHUEPO-Fc and tHuEPO-FcC was

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

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

32



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
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49, pp767-787 (1932) S CLAIMED I'S: 1. A fusion protein having a
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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
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[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
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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%
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WHAT IS CLAIMED IS:

1. A fusion protein comprising:
(a) an erythropoietin peptide portion having a cysteine residue proximate to a
C terminal thereof; and

(b) a Fc fragment comprising a hinge region, wherein an N terminal of said Fc
fragment is coupled to said C terminal of said erythropoietin peptide portion
without the interposition of a peptide linker and wherein said hinge region has a
mutation whereby a cysteine residue located proximate said N terminal is
replaced with a non-cysteine residue, wherein said fusion protein comprises the
amino acid sequence present in SEQ ID NO: 2 or a sequence having at least 90%
sequence identity thereto and having said mutation and wherein said fusion
protein has an in vivo half-life and erythropoietic potency at least equal to native

human erythropoietin.

2. The fusion protein as defined in claim 1, wherein said erythropoietin peptide

portion is a naturally occurring human erythropoietin molecule.

3. The fusion protein as defined in claim 1, wherein said mutation is located at a

location corresponding to residue 172 of SEQ ID NO:2.

4. The fusion protein as defined in claim 1, wherein said Fc fragment comprises the

amino acid sequence set forth in residues 167-399 of SEQ ID NO:2.

5. The fusion protein as defined in claim 1, wherein said erythropoietin peptide
portion has a cysteine residue proximate to a C terminal thereof and wherein the first
cysteine residue of said hinge region located nearest said N terminal is spaced at least 12

amino acids apart from said cysteine residue of said erythropoietin peptide portion.
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6. A pharmaceutical composition comprising a protein as defined in claim 1 together

with a pharmaceutically acceptable carrier, adjuvant or diluent.

7. A dimer comprising first and second fusion proteins each as defined in claim 1.
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