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Erythropoietin (EPO) is a glycoprotein hormone that is the primary regulator of
erythropoiesis or maintenance of the body’s red blood cell mass at an optimum level. In
response to a decrease in tissue oxygenation, EPO synthesis increases in the kidney. The
secreted hormone bind specific receptors on the surface of red blood cell precursors in the
bone marrow, leading to their survival, proliferation, differentiation and ultimately to an
increase in the haematocrit (the ratio of the volume occupied by packed red blood cells to

the volume of the whole blood ).
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Compared to unmodified EPO and conventional EPO-PEG conjugates, the protein of the
present invention has an increased circulating half-life and plasma residence time,
decreased clearance, and increased clinical activity in vivo. The recombinant EPO
according to the invention, and the salts and functional derivatives thereof, may comprise
the active ingredient of pharmaceutical compositions for an increase in the hematocrit

value for treatment of anemia and for restoration of patient well being and quality of life.
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Figure 7: Restriction digestion analysis of AVCIPpcDNA3.1D/V5-His/Nesp &
AVCIPpcDNA3.1D/V5-His/Nesp-Opt clones using enzymes that cleave AVCIP-Nesp &
AVCIPNesp-Opt cDNAs internally
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alternative novel recombinant method for the production of erythropoietin isoform, which
differs, from recombinant human Erythropoietin (rHuEPO) and natural human EPO at
five positions (Ala 30 Asn; His 32 Thr; Pro 87 Val; Trp 88 Asn and Pro 90 Thr).
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Example 1: Synthesis of the recombinant erythropoiesis stimulating protein (NESP)

DNA sequences encoding highly glycosylated form of human erythropoietin were
synthesized by de novo approach. This approach would enable better codon optimization
with respect to the particular mammalian cell to be used. Further the synthetic DNA was
made the subject of eucaryotic /prokaryotic expression providing isolatable quantities of
polypeptides displaying biological properties of naturally occurring Erythropoietin (

EPO) as well as both in vivo and in vitro biological activities of EPO.

Nucleotide sequence encoding the Erythropoiesis stimulating protein has been
represented in the SEQ ID No. 1. The nucleotide residues that have been altered to

incorporate additional glycosylation sites in said Erythopoiesis stimulating protein in
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The verification of the authenticity of the de novo synthesized cDNA sequence original
(AVCIP-Nesp) and codon optimized cDNA sequence (AVCIP-Nesp-Opt) was done by
automated DNA sequencing and the results obtained are depicted in FIG No. 2 & 3.

Example 3: Sub-cloning of AVCIP-Nesp & AVCIP-Nesp-Opt ¢cDNAs into the
pcDNA3.1D/V5-His mammalian cell-specific expression vector

The de novo synthesized cDNA sequence original (AVCIP-Nesp) and codon optimized
cDNA sequence (AVCIP-Nesp-Opt) were individually sub-cloned into the mammalian
cell-specific expression vector pcDNA3.1D/V5-His to generate the transfection-ready

constructs. The details of the procedures used are given below:

A. Reagents and enzymes.:

1. QIAGEN gel extraction kit & PCR purification kit
2. pcDNA 3.1D/V5-His vector DNA (Invitrogen)
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CDNA I nsert was confirnmed by restriction digestion
anal ysis of the isolated plasnm d DNA as shown in FIG

; C
L\ﬁll rrgfécstltoﬁs glt&% c,ragr%ra i E)e%o%?x%nc[e%sby t?1§ n%?[é@{:t\[}%?cl o e%h reaction
c thatsapplied §0x teectm\i@hﬁpommbﬂ)kd/ﬁfﬂtl smmesqnau&n of 1x.
AVCl PPCDNA3. 1D/ V5- Hi s/ Nesp- Opt, sone of the clones

m@igh shomed the 2@3|red resérlctlon pattern were
s : i gestion anal ysis

u5|9% restrlct|on enzymes that cleave the AVCI P-Nesp &
ternally to, generate varlable
sized fr a{;r %%ﬂ@w\ﬁﬂmﬂéﬁ B oSy “%‘Pﬂae\\ﬁmfs wgre used

Ver i fetion—ef—setected—ectones—of —
AVCl PBESIRIBPISTY V5- Hi s/ Nesp & Restriction Enzyme

AVCI P
AVC! PRODNAY B (o Nefpglohinkesp & AVC) PpCDNAS. 10/ amHi Aol

Nesp- Rt # £ Vene s Rkpaddoga result of the HindlIII / Xbal
restrkfgﬁ B Hﬁ%ﬁ naIyS|s were further verifiad P
aut o %%% %t ?Iﬁlga AVCI PpcDNAS. | D/ VS- Hi ?PXbaI
AVCl Ppe p P{Resp- pt ¢l ones showed 1

i dent+

No. 8 & 9. The maps of the r ecombi nant expressi on
constructs nmade using the de novo synthesi zed

e Restriction enzyme digest reaction:

Components Final conc. Rxn #1 Rxn#2 Rxn#3 Rxn #4
Water - 2l 2l 2 ul 2 ul
10x Buffer 1x 2 2ul 3 3ul
DNA - 12 pl 12 pl 20 ul 20 pl
BamHI 0.5U 1ul - 1pl -
Xhol 0.5U 1l - 1l -
HindIl 1.0U - 1wl - 1l
Xbal 0.5U - 1l - 1l
10x BSA 1x 21 2 ul 3l 3ul
Final volume 20 pl 20 pl 20 pl 30 ul 30 ul




AVCI P- Nesp and AVClI P- Nesp-Opt cDNAs are pictorially
represented in the FIG No.10 & 11. Exanpl e 4;
woRbst1Ie6EnCce and propagati on of the cDNA fusi oRCT/IB2006/001353

construct The mai nt enance and propagati on of the cDNA
Hbsklr B R A nﬁdﬂedc)%ﬁ’ﬁld REWRIOBP L &7k St 37°C Jhe restriction

stinmulating protein was carried out in a standar

bdigession a»vasmalymd eaganesa ggk elfepophoresis.iltiet expeder digestion pattern

i ent [ t

%@?g%sgfvgd th}[ %@8%% ge,/ne Iltagx%fi §1F§1&§?S r@g tbpgf(o?ﬁzgdgr# 3&4)anda

oﬁec@r}baﬁfbop@frmemt@t Fmﬂkhtﬁ»m@c@r Gai#hl M)@rd@sdéh (d?éGll\m 4)

The optim zed protocol for transfection of plasm d DNA

135 380 A DL SR BT Ryt o RSRIBR BEvn

Twamsg‘eﬁmhtblqrpuﬂfﬁed\ﬁh éreettl eXiHQid medbd Ssnig th’Ef(EIAd}BN gel extraction

26ty Pare FersBaeSGr dapkhoec Uit (EONRIEI o1y ifigmalio

catﬂressluﬁbedtoﬁmdlﬁd pefifed whingrtpeliaer @0% conf | uence on
the day of transfection. 2. Incubate the cells under

their normal growh conditions (generally 37C and 5%
Cmaseqd%nt Q’ltﬂeh@stﬂa}bnoiﬁlgéil@ﬁ‘%ﬁ@%l é}@ract-laﬂb@f ﬁ\e rg disile€cINA and
DTNVA di ssolved in TE buffer pH

(mqtﬁrnlawdmn@aﬁc amekigyat §fr2 rowl;plutﬁg) Prf 7acw P(“Hﬁed DNA sample was

%ta‘lyz@@%ﬁ@lgér@se%ef AtRopH QLR DecidRY pliity N )fnt%}gy 2P5Hbwn in
down the solution for a few seconds to rénove drops

f FmNoh® top of the tube. 4 . Tube B-Add 6 ni

Li pof ectam ne(tn) 2000 transfection Reagent in 100 ni

of Opti- MEMtMand allow to stand at room tenperature

f 6r Ligation af ere DN 3. INY U5 -t theetbeneo v it bECIR-Ias & ABCER-@Gyi-Nesp
PLBgRYL.i ng up and down 5 times. 6. Incubate the sanples
for mn at roomtenperature (15-25 0C) to allow

transfection-conplex fopnation. 7. Wile conpl ex

f [ I Ly h F

ot ONE RhiRi; & e AERYS RIS bR Bggments was
PBSmagd aAd dig@ioh wes sctenlplm DetfollovEdd magnet:0 t he reacti on

tube containing the transfection

Components Final conc. Rxn #1 Rxn #2
(AVCIP/Nesp) (AVCIP-Nesp-Opt)
Water - S5pul 5ul
10xRxn buffer 1x 2 ul 2ul
Vector ~50ng 2111 2111
Insert ~17ng 1pl 1ul
T4 DNA ligase 40U 1pl 1pl
Final volume 10 pl 10 pl 10 ul

The reactions were gently mixed, spun down and incubated at R.T, 2-3 hrs. JM109

competent cells were transformed with the contents of ligation reaction mixtures.



conpl exes. M x by pipetting up and down tw ce, and

i mredi ately transfer the total volune to the cells in
woheostnercoel | of a 24 well plate. 9. Incubate eeriB2006/001353

with the transfection conplexes for 6 hours under

t e RE Q0T I AR SR DR b A AR T s o3PS IR, Pﬁ)V5-st/Nesp &

cont al i ng the Temarning conprexes fromthe celTs Dy

B ‘ ap-Opash cells once with 4 ml PBS

(phosphate buffered sal ine). 11. Add fresh cell growth

medi um (contai ni ng serum and anti biotics). Assay cells

f BrasmidpEHsészindfviduhkky purdfitesif feat elok gﬂméesadhta‘:inedaam L.B agar plates

a@(?ntar %gaagnz) 0011511 gtt %o ?Ieté%rr%e Igﬁf l%gﬁegir%ﬂr’] gl;ﬁ?\le%t%ee wtas corTcﬁrmed by
emtrmabmd@moexmmfm iodlattdplagniid DN A as shewd dapFIG dd. 6.n
FIG No. 12 & 13, specific expression of the said
pr otein was detected in both sets of transient
t trasb@ahdeonitiethp e€sulte oibtsiné e pice Se ek trigtidatiidstio 6f several putative

o5 LEREnIS X RIS B MR BE NS o s,

OHig/N@pDRNbonX Bf EfeSEIONEs OlhibH ¥hdWea PRk Qisdifed FedtMRHoAL paM@m were
Protein in transfected CHO KI cell lines by Wstern

bFdtdgr furiherapstigion digestinenalieis asipg eﬁtaww $zyReChes qigave the
caMcIPings & NVCIWSE O{ft‘ ¢BRAR qlﬁ@r‘hlil}'y R&hie Qﬁﬁﬂnlé’\%&éﬂi fragments
ei ther pcDNA3. 1/ NESP (native) 3. 1/ NESP( Op
sayghowriheloyain FledNa.7.| ysat es wer e pr epared 48hrs af ter

the transfection event and two different anmounts of

the total protein preparation (I1OLIg and 20Hg) of the
cBl | Voyidigtiens \fr eseteciedt r dlpiasr eafed AMCIBpCDNA RO VBAS/Nesp &

p ne. The PVDF
AIV(Erﬂglnéebl\?(r%!‘ujsaiIB/}\)?nglgmets \t/\ng) %‘g/l%ﬁgof r abbi t
anti-human erythropoietin antibody and the result

Fl i
rThEnSRar RGeS sTE) Behbe A iep 00 I8 s Respi gt cones
Psmcmdrasmassuﬁpémefresﬂaitlby rmhppreg tuedlysisnweledurtlet atrifedlby automated
l)ﬁ tseesuof the CHO KI cell lines transfected with
eit her 1PCENE3. 1/ NESP (native) or pcDNA3. 1/ NESP( Opt
Seq) at higher concentrations (~20[ Ig) of the protein

Q ||t-:3rl Tha al ect ranhoret i e hil i+ n-F

I AT AU T UITTP T UHIIUI A2 N I v IIULII LY
sg?%EN%Ay‘fRﬁr orﬂf‘?cégpgN &Rt ng Protein pr SEURNCES 1 t he
cell lysates of the transfegted CHO KI cell Iines was

P uch@ngMf Ch that observed &rahRecEREEAFATARSG 3°
ther apeutr c| f omwiudzart Kitgrimer Ar gnesp(tm, thereby

i RdiCating the expected hyper-glycosyl ated nature of

the expr essed reconbl nant protern.
AVCIPpcDNA3.1D/V5-His/Nesp & AVCIPpcDNA3.1D/V5-His/Nesp-Opt  clones

showed 100% identity with the template sequence, as shown in FIG No. 8 & 9.

The maps of the recombinant expression constructs made using the de novo synthesized
AVCIP-Nesp and AVCIP-Nesp-Opt cDNAs are pictorially represented in the FIG No.10
& 11.
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(c) Devel opnent of stable CHO KI cell |ines expressing
Eryt hropoi esis Stinulating Protein Integration of DNA

wOnvw/1épe6 chr onosone, or stabl e epi somal nai nt EAAAB®Y6/001353
of reporter genes and ot her genes has been known to

0@gmpw4t Rift ¥{eﬁé..?cfe LWiE lpyodagm.mm £06¥A AIAERLIHshln¥s T ©

crrTs TS5 Tmade OSST DI'€ USTTIg geTnes

t hhe waioBdEce emdstrmr@eattoo af | the hel])N.elr aopstraet excandpiice thef novel

nggﬂl ﬁ’o e?’g%é I rags ro eliw?%w déﬁecgut %e fuIcﬁx[d l?x?%“yl ceﬂ line such as

Imdpwwduahogmbls t hat survive the drug treatnent
expand into clonal groups that can be individually
se Iect-o 1) ,zed A flow/cwa
. Transie At ) p XPIe ] 0:-K1 cells.

e l.ine is sho FI 15. Protoco

iﬁﬁjgﬁ'ésd‘i“ltaﬁPY&FS‘%‘\r’ﬁ?'@HFOEﬁ?ﬁ'W"E%'PPEg Prot e"rﬁ'é%a'&}k? wels:

ore, transfection, seed Ix 10 5 cells per well
ZiI\?\gwtllnlﬁ? ratopq] for tmnsfgetmqﬁ p%@}%éﬂq@@mdﬁo iraﬁfectﬁﬁg) cells
B nunber seeded shoul d produce 80% confl uence on
t he dal P&P N@@dﬂ§? Hetedy?) 2. | ncubate the cell's under
thelr FFRNA3GNER (¥ et i ons (general |y 37C and 5%

3 Ch the day of transfectlon Tube A— dilute 2

. (Imrenf HOH Galls7 t o 8 (i ni mum
DMA 10 oﬁWrb&tqr@ﬁaHSfﬁc&mhm%l)x AR tqf?“OmFtWﬂlUEMﬂt?é veelk letglin 1 ml
vol umeggf, .1 304iTh- a%mgﬁdl BPirfle @aw'ﬁmm;e Sl shQfg | bIdude 80%
fEMISECOHdS to renove g: fromthe top of the tub
4. TubeenBugnge 0w theiday phlednetstiaan. ne 2000 transfecti on
Reagen f 0
room ¢ nenicid o e Bl nobb R Bpldilin SebAIg e and 5%
Tube AC@AY Tube B by pipetting up and down 5 tines. 6.
I ncub h r m t t t.
(1522005 st IR TR B e B 2 DR TR TS burter pi
Wi l e tomppexs o (lmmanmmmealce&cemircame 0.4 guatullywals GiptiaBM™ to a
t he gro i sh,.and wash.cel.l s
O VR & MM S BN ST foro BV Seconas o

reactnemovumepsﬁmhaknbmgﬁhbaméransfect|on conpl exes.

tr ot Epbe ey b Podinh B 1 BurPan Fpra: oh S or ot

of a 2¥iEMEM anplaBée to stand at room temperature for 5 minutes.

5. Mix contents of Tube A and Tube B by pipetting up and down 5 times.

6. Incubate the samples for 15 min at room temperature (15-25°C) to allow
transfection-complex formation.

7. While complex formation takes place, gently aspirate the growth medium from
the dish, and wash cells once with 2 ml PBS.

8. Add 0.1 ml cell Opti-MEM™ to the reaction tube containing the transfection
complexes. Mix by pipetting up and down twice, and immediately transfer the
total volume to the cells in the one well of a 24 well plate.

9. Incubate cells with the transfection complexes for 6 hours under their normal

growth conditions.
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9. Incubate cells with the transfection conpl exes for

6 hours under their normal growh conditions. 10.
weenwvesosedi um cont ai ni ng the renmai ni ng conpl eReE/ 1820061001353

the cells by gentle aspiration, and wash cells once

Wt hod

(CoHth{{%jln%\g Bt?gc}]an?:n aoﬁ%ﬂx :f% ﬁ]%*}g%kl %@i&eé‘ﬁ%%ﬂ% fc:ells by gentle

expr es&ipuationf atdneash p@lhsﬁle@wem4gérh’@Sa(pltcspham>uffercd saline).

?gp;_lq p}éhrﬂ“r?sh {%ﬁépo%tll r?r%drull 8r]11§1é1f11é%?&1?1gand0§ 1%’[1& /%ssay cells for

Mai nt agxpreseibh sf the lrsrelf@t:etllg\im afedanumpuopdiete mdmbatronnmmml

growt h conditions until col onies appear. Exanple 6:

Sel ection of stable CHO KI cell |ines expressing

EMyitseriepsicasd selft wer! ﬁlﬁda[gwi?li ahglervthtopuiginesitibydy to evaluate the

ex r es%l_rﬂ? é%ﬁ%ﬂ 17%) %H%dlﬁgsig(&i {her f‘cv\g;lpéessmn of the

t w@ﬂm? &ds aBttdctSU lmtslﬁd sd_:l‘gﬂ oﬁﬁ‘brlﬁ%t @%sf@%#éﬂg@?ﬂ%ﬁb Rdpigenting
0 neticin e C were |.ncupat e
BT P enlT s B GRAIRHY rARSeERS ot PRGN PP pative) and

I petbRhed/NESPYO); eseq).A & B below). In all, 89 of
pcDNA3. 1 NESP fnatlve) and 9 1 col oni es pcDNA3. 1

NESP( Opt - Seq) were picked up in sterile condition and
Pt Qﬂetéc’ﬁoﬁ'd’fg{rﬁnﬁﬁltl ewg)%ssﬁyﬂl Wﬂr%r@po%lsv‘@‘ullmﬁltlﬁh €Protein in

Avest hagen has sel ect 89 col oni'es of

Kiapeiented CHQUESmell Haes hycYestern Igottingo| on| es of
OriGYa P ¢ EiNARsa s Wé}lg Ferafdd! SRAEHONKYT & %r hltne%r &Y GlerP independently

producer cell S over-expressing Erythropoiesis
Strpsiidctedi with emih@t mDrNAW/N ESR énative) acipcOBAB. IOSESDgtSeq). The said

PEAPRLE, 025050 ML G M amoms
c theltothlgmeldinf puepatatiom 101 esmidyPé Tgboﬁbe tadl lgmmrvmr@elactrophoresed on
Shﬁg%esr%%kg%ﬁa[ 1%)}[ ?odblgi'dg) L g{) i£ 99?5 mem ?%”gllr 5 enSVBFabln%/brane was

expressin ropoi es ern o
sthied probednwittoRAl! gE)d&ifpiabblﬂ antRhurh 4 e@thlrmlemﬁ antb@ly and the result

thr esi s jgul.ating protein; The quality and
bf)otaléw(?gtsb ‘Ot ‘“ﬁglg%r}gr ni aceutical is, to a great
extent, dependent on the extraction procedures used to

AR L@v%hﬂ ®nf TRuRUE, fHeeﬁire%Qéj W tEryBRopblsis Q‘ﬁﬁmhﬁﬂ% Protein was
domnstrean1proce53|gg has to ensure an effective and

eSSABIRIY datented indhe &taliasld lyratep of thepP AUt cell bngstirpasfected with
C bikHel ﬁ)@thAgtlt’Nl@iP Gatildy R PRIS erI@ESR@b@S&Z At ﬁ%ﬁé%n@é}@ratlons

cell culture process. Fbmever on th
c 67068 rafs theh arotsip uprapasaionanisadt dhe h@eqﬂionbnretpr o@nb@hty of said

"E hrgﬁoés‘fé $ 1¥tu% ?tgﬁl rﬁgsegtqnftfléege?l %sattéé%??heot?ansfefted CHO K1

onents t resent in th
pqu liegss Waﬁrfnundaml roaichh that obssrvigd in ¢hreosaed ofithe itheyaptehés éormulation,

S P\?zﬁ)lﬁspm, thereby indicating the expected hyper-glycosylated nature of the expressed

recombinant protein.

(c) Development of stable CHO K1 cell lines expressing Erythropoiesis Stimulating

Protein
Integration of DNA into the chromosome, or stable episomal maintenance, of reporter

genes and other genes has been known to occur with a relatively low frequency. The
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The first group conprises nedia derived or
process-derived inpurities that can be of

wapomiiesasaceous or non- prot ei naceous nat ure ( ePgT/IB2006/001353
lipids, antifoam ng agents, antibiotics). This group
ahifity tB(‘staléQtei%r hﬁ&t ce¢l§ hd mAS possiblel U3 Cgehésetﬁatsé%&ﬂe%sistance to a
pr ot éi ns, m ght i nduce unwanted i nmmune
r ds8sb risess | Ala) rexwualp eifcsugh i alsombimptian i die amarkpro geneo ik gregmycin
bSﬁ%PﬁcﬁraﬁH@%smmth@%F%obeW ﬁ"lm' ﬁldle% QlaEﬂL utlh% OERRLE Ghe drug
i nformati on when incorporate uman
c tpatmentTexganre intm dlogal canpups dhagicsn sbe dhdizidyahyt 381610’@(;13 propagated and

Vlgx'lg“{]};z%? Iaka g’lopa&{aﬂg éﬁ\a_ﬂigfﬁggse’ﬁg [;qgél'tvgcf |§1 tY]E 1git%k$‘e‘?c)sp’xrle:nt of stable line is

myleopl ind@N@ad so on. The renoval of medi um
conponents and proteinaceous inpurities is an integra
part of product isolation. Procedures ained at the
r Enwtvall 208tabkedi ransfedtinpl of Adheent € Kaseldsat | bi oti cs or
cytotoxi c substances (e.g. geniticine or nethotrexate)
Wi | 1. bEheodeiyl Hefdrmtrﬂlsfehﬁmp weddf lixclat i eils pérrvadiidgy 2angell plate in 1 ml

t b| h d t l.i dat
her ¢ PRI meday oM s BF TP et nEas st arpdyee s0%

reduce@bnlﬂyemc@amfdaj/ oﬂﬂ?@ig&enm‘ cul tivation and

har ves condi For ctlcal reaso A

not %o@’gﬁﬁ%feet%f’ ae‘#alﬁﬁf ibeinreal gosh peRdiniqss Zsfue&d ly'57C and 5%
acceptabbp concentration levels for the presence of
inmpurities in the final ﬂ_product formul ati on have

def isneldn theglay ek Hpsfestion, Habsdr fliduteid e LN Adigentyesde .T Sﬁ)uh‘er pH 7

(WHO)  defir rseémmﬁummmbn@ﬁﬁzﬁi%a@he amumh Ohti NV R a total
be 100 pg per S|ng dose of a blotec nol ogi cal ly

der i vetPlypopel ¥ i ijx amhepipdeentlicaiolition forrmbom seaprdsdo remove

advent ihLOMS, aReHS SeHULLEY the purification step can
be explolted or additional inactivation steps can be

i ncldudbebe Bidddi it bivofratantine 2800omansfeetiameggageni inuid@gu! of Opti-
and VLgGgn Loy a%n%mg@ﬁaﬁd atG8 B JeRAGE }‘o\f% 1%9?;@{ the

application of inactivating chem ca .

N- adet WiceednientsréiTabad andTitbe Bibj pipyltips o pivbdoain Sldyes.

or gani veant agtropi c sl bae
O3 el S BRORNT 8215058, by RAIRIE: RISAIAL T, o
by t hetréapfmbmmmqnmiﬁxdbnmntmnovvave technol ogy has al so

been, s Cti V|r ses. twi t hst andi

abO\r;]e WP] Eé 0818 en?’cl)m]a%‘%l} %t N p §8‘}}!\b%*8}€%‘8ﬁlﬁf ?opqgmedmm from
|nact|Maﬁmmmnd&mainmsbmmbaﬂMBMIHB&ed and this

val i dat i has al.sq t ove that the inacti.vation, .
ot Hod b Qs A0 HaPr-RHEV D ot ORthp b Bt P wanstection
human &RPIPetdixnby pipe®iAPlubsad ddlvnamidenw@l indhédiately transfer the
sequence. of 165 [ erived froma

193 anioid Vumg 14 &%85Fé%&eoﬂe?€ﬁ g?%£§69$ﬁ@ N-term na

27 M Mok @Elis&ﬂdﬁfhe&%@@&% tcmpiéRaV¥&ds bfirs RIn@Y the® normal
t he secretl on of the hornone and the Ctermnal Arg is

pr ot eo? PVeenf§ionseppved by an endogenous
car DOXYARRl Haiem coHRMGRUBBRremaining complexes from the cells by gentle

aspiration, and wash cells once with 4 ml PBS.
11. Add fresh cell growth medium (containing serum and antibiotics). Assay cells for

expression of the transfected gene after an appropriate incubation time.
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to the establishnment of a contam nant-free cel

culture system as per the guidelines of the regulatory
wagerscieese t hat over - expresses the desired receaabiBang/ 001353

protein, the purification of novel erythropoiesis

sti nyl i

of g?e%gsgz{é%\clzgfsv:i ﬁ 10t an ?’% ﬁl'tcgt_h% ?@% ?@a‘i’@a‘éﬁaafhﬁa’ @(9111@11 Sk cells

chronmm@@paphwwpnmcmdbr@swhmvumgmn@xamd@mexwh@ngwuawmpuu

rever se- phase matrices. The fractions containing the

any br anched gPycans and highest sialjc acid
ggwgﬁle Selegtion of otfable SCHO hkicall Zlines nexpregging Erythropoiesis
actimplatingBratel ¢ 8: Opti i zati on of purlflcatlon

procedur es; Subseguent to the establishnment

r SFNSEREDT sRRIesingab Oy ices transiketadr With ceithgy tpﬁDNH\é 1/NESP(native),
EW@ 'Tﬂ@jSFf(GﬂtCSéq?% e t‘yp@i‘nﬁgdl BoH &RRAYR sBRAMInAR&{Um containing
ove, efforts will be rade to optin ze the
plmefm! o5 Geaptigh o Saupells vese msubagedrfad hilae in priegjion mpdigm until
r @&&m QRN b 6P ecf (f%me% f&l% B bef&k@%%ﬁ pg‘ﬁﬁ“%'cﬁgIA%ell NESP (native)

line. Purification ategies w Il m at

eesh8hicelonies peBAB NESR(th- S | vesdné rp10k9d up Ko stexile condition and
Jty of the product
mﬁ@ﬁﬁﬁﬂﬁéngﬁg¥“g?2%r ?b éBH¥ructural integrity as
the maj or obj ecti ves. To thls effect, a conbinatorial
proach with both filtration %norna and tangentia

£ Rigotieen hay SelRgtehdd cofmistarioGHKy/PaBDIAG - ITSES snasivel and 91

ThQoRELELEH N[U QaNE@P (U?)%Hq? %Fge§ t@@&e%cﬁ%&@@@ell lines
criteria studies be conduc

PPYSKPTeiNg Emlzar@p%wss §r1@@tailv@|l§rotem+ |A11z |t1m?g quQe I@l yekreolonies
c
e B L A o b, B S ErEBRuhE 154 and
medt-bas prignak asbaye §o ay te gamcante nepileregllidon di(@ @ &ilproducer cell
a [

S D e P S e (0o AR, |
Sepharose (WGA Sepharose) O the above-nenti oned,

X Th En fom pipoiesie stimnkatiog pedtkia: of

forn1ng tenporary bonds wi th any nol ecul e containing a
1TRe guaditydaml bigpsafely Qﬂalﬂlcﬂ)hMCAltm‘a]tlB |to agprdat axtent, dependent on the

S ly.to manngs esi dues
BRI At Honaly® BF SRDA TR T g one tana
adalviSGeppo prdcesing. hab’\[é%rﬁ&nrefmreﬁ&etnrmtndlecmmc &solatighbfythe desired

SBERL vk R A ST MBS i

gbmletgspr Hbebver, ¢ ely ﬁlh&? hiyr}d tcbﬁp@t:j&]tsf thepivo@la @h@ﬁﬁ%e the final
WwWou (040 rrse t he (0] 0 ownstreamtrain:

| Rofpegm Qﬁ.rﬂea@& SeBRratsf DEBRR VRER (OF & SAMALISAL theh shild not be
ap@sdn@ MR Fiha Brcfdh&%rﬁﬂdldtfoﬂ%h@‘to BE RGRABH 8Srirt3-thddk bieps.

filtration / alysis filtration (based on tangentia

flow filtration), . L
The first group comprises media derived or process-derived impurities that can be of

aproteinaceous or non-proteinaceous nature (e.g. lipids, antifoaming agents, antibiotics).
This group also includes host-cell-derived impurities such as proteins, which might
induce unwanted immune responses, or nucleic acids, which are a major concern because
they might harbor potentially harmful genetic information when incorporated within

healthy human cells. The second group consists of adventitious agents and contaminants
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c. Chrono step - | : Affinity chromatography using

lectin / mam no phenyl based nmatrices. M am no phenyl
woOigwndetsased affinity nmedi um woul d be nore preCenBmds/001353

d. Chronp step - Il: lon-exchange chromat ography (I EX)

u?x}cﬁ@qgﬁa%@?wﬁgl g%llrﬁ ell?ea ?g(%%a@& %E)Pctg‘hr ?ﬂ};g ' c%)l'asmas and so

usm.ng butyl - Sepharose f. Virus rem)val and sterile
filtration g. Endotoxin renoval h. Formul ati on. Note:
The sequence of unit operations during the chrono
sThpsennay] demadiiie cotipbentshund prqaeinadeyusaimpuritiesi isramintegral part of
product. recov . . The .outc of th urificati

P PBALS JscifiBn Eipeedud e D dee eyl ebmetsime RiohERigpis such as
aaﬂlb‘mmg ot eytatoxic RbRGbdsy (e ef gdnlitﬁnr&fd?tlﬁdtlﬁbtﬂéﬁzttébgw1ll be built into the

s cqochem cal and i nmunol ogi.cal net hods

ph
P f PPy SUEAYSY AN raPRIOPHafateRs M b% a%tﬁ%ﬁhe&rtaaé@at%ﬁmr a¥ﬁ°lency

aSBih@'imﬁlhr[t%ﬁt sueiBé WNA, Qan B e diREDIBY aRfaf@l] dﬁofcé @mcﬁl'hUﬂfbn and
culture broth using anion exchange resin in

ehyuerifag coiions SoF prertingl ieaiwes.disis Refaiopble @dﬁwfacr%%ﬂ 00% pure

Io HBG, RBEHIMIS B ML FLIC R p?c%er% of MU Bikd i‘ﬂ%é‘ﬁnal product
eps: a. Anion exchan chr omat og rapﬂ% usi n
t}*‘@p 0

SEphaleggi e bipnifinec ep cORIRoe Ad ot bealie Csgaszation (WHO)
Hﬁ?f&@ﬂﬂ@'nﬁxln@il earc@éﬁa!b%nalﬁ Wt[ﬁgﬁqgh:ﬁ {gd @ pUlsklﬂge dose of a

ephar ose A second ani on exc
C hmmmw@giwew mpeptete Soigr Cle @tentiabfop maq:tgzlatmggads/p@ﬁloas agents
A d |
Vi, FETNBLABRISSF Bl U LA, PRI e can
meILded;aWIthxn the quedisationi stgptegmi dirusssciainyé.Ps, for example can be

&agm%%gor %R%X p?inglon of ifaeky C?ginb%he?nnF 1§ Ye(?/%d Nag'cg Jlei%h}”&legmne Tri-

depen
rblelmﬂﬁpbosphlmb) umtgtuylc s&ubrﬁeqiheasttopm aarlts, m;remathH vedaksj frradiation,
abov rrent d.strate

NBTL G T TPRBAY Bt TR Gy R g crahip il trenolosy
ph&t alsrbeom sl&w\mhamgtetmaaqotm,rs& Nbu*aﬂtsfandlhgtlﬁtabamegxe @6tential of the

i ne oV endi ng on I.
f glaosglé eglaol Q% %(")I‘ 1n Cp 1vat(1jon remains EO [5] Va? ate detIllfSIVgl 1(?art1181¥ has also to

prove that the inactivation method does not harm the product integrity.

Mature human EPO protein is comprised of an invariant sequence of 165 amino acids,
which is derived from a 193 amino acid precursor in two steps. The N-terminal 27 amino
acid leader sequence is cleaved off prior to the secretion of the hormone and the C-
terminal Arg is proteolytically removed by an endogenous carboxypeptidase. Subsequent
to the establishment of a contaminant-free cell culture system as per the guidelines of the
regulatory agencies, that over-expresses the desired recombinant protein, the purification
of novel erythropoiesis stimulating protein protein can be done using a series of steps
involving dialysis-filtration and column chromatography procedures involving anion-
exchange and reverse-phase matrices. The fractions containing the most highly branched

glycans and highest sialic acid content will be recovered to maximize in vivo activity.
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enrichnment of isoforns of acidic pi with high glycosyl
and sialyl contents and for the renoval of

woanmicansmsat i ng unrel at ed basi c proteins. Addit POnAB10Y6/001353
fl ow t hrough based ani on exchangers such as cell ufine

ShhRAbR S’é'iddtixﬁﬁataﬁ_‘%# pﬁﬁﬁic&ﬁln%‘gﬁﬁi:éﬂ%r&i: ndi ng of process
Con alm nants endogenou adventitl ous vi ruses and
é%e;?ﬁ(g? QEi gQ{ﬂgﬁhmg‘ﬁ%‘fp}e ro%umﬁ%tlﬂmbc'tﬁl &{rdén@@ with the

rot I n uslng
i mmmmeo@qdcﬁlncml oL lrrgoasehémn@aiomﬁe@myés eff@rés Wét bernmade to

0
KRR Inhpr B Beca BT AET 1 ha GRGA (52 988 el quifgony NESP
Bifraoif Gtadledy'@lbexpchm% reetl hidre. H’dné'lcatmngeﬂratq:g't@t w'lllh a1m at process
ntratl aon .at_e 0 cat |

oPOB e eE e P Do pRlaPPR SsnBieir [ OPA® Bl Bl or e
[ mudnmaslﬁafmcaum st@abiliti andctructnral mtgrigcds thamdjor objedlvieSAo this
Mo pr ef er.abl a douhl e .anti bo andwi ch ELI .
i BeC S din faspragh Bt PhE FHitPhA gt Agt ceheental flow
Cﬁi’tlﬁwlﬁﬁy %momﬁlﬂmatogﬁaphlﬁsflouﬁl a)e9|e§tpbﬁﬂ?t Tha, pracess qualification

ual jtative eval uation of t ree o ation
W ITHReS A AR Herg s ?a?%Uﬁag w? §be %hﬁs
for glycoprotein detection of the el ectrophoresed SDS
gel s .under. reducing conditions. Qualitative and target

Gip iparifigation rsglegtivalyy whlizing the a&ecaft SsPmpst af agdygqprotein as a
SE@gﬁlﬁe tdREM §J &g ﬁ@f&ﬁé@ﬂﬁﬁ@ﬁﬁﬁﬁh%mmﬁ@%aﬁﬁl ‘Th&most common
0

focusi ng and two-di nensi onal el ectrophoresis w |
b&2EIFEE oFfed MranisoRlicndberorife apidr pearey PRt lmmoblllzed lectins,

SeeRaHarayinSA rSéﬁl‘iMs@' (Cc8Ra ﬂ%ﬂ&%r(yé@)ugr% Bfef é%m] Q@guﬁ'ﬁh &pharose

far UV circul ar dichroism cul ar nass
o(W@eﬁrre Serharse) (F the aHOV%@ei1¢ﬂm¢tm@mlmhwdh¢gorm gqd matrices are
[ ' I
SRR A My s T A B AL DS 7 B 01 o
thﬂdimefﬁpmﬂa@ea rbénd S‘}ECIIQE@W fosmannieyy) end| g}lm&ylrastl@ds contammg

' t
5 o I S T AR e s
( @@)highipbpesifis.to B(awpf[l gluQ@amAss(aIyﬁ@)fomlN -aqety lneurammmjamdw(NANA

viy ctiwNit er yt.hropoi esi s stinul ating
pP ?al% amdéreo%lé“gsa(f; ef%¥°°8eteé%t| ng in vitro EPO receptor

bi ndi ng of novel erythropoiesis stinulating protein
Wiktorbiagiypthe pursicagon ﬁlﬁ&esmﬁﬁldtcbﬂhpﬁﬁ diithiedtbhewing dovgnstrdAb train:

SPhed 094Ehg! ST RUNET S RSP taf Mhosion
I pfa)eecamh as U7/ EPO Pre-clinical in vivo bioactivity
D e LG R b B i ¥ BN o,
I eC chvgRivd eldp Mo us A fflrit) echrGbi@boradshy using lectin / m-amino phenyl based
matrices. M-amino phenyl ligand based affinity medium would be more preferred.
d. Chromo step — II: Ion-exchange chromatography (IEX) using Q-Sepharose anion
exchanger
e. Chromo step — III: Hydrophobic interaction chromatography (HIC) using butyl -
Sepharose
f. Virus removal and sterile filtration

g. Endotoxin removal
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BDFl . Clainms: 1. A process for the preparation of an in

vivo biologically active Erythropoiesis Stinmulating
weénaicaénce conpri sing the steps of: (a) G ow ngPCUMBENG/001353

suitable nutrient conditions, host cells transforned

0 .ected with an isol ated DNA sequence sel ected

fpgﬁﬁgﬁg&gﬁoup consisting of (i) the DNA sequences set

out in SEQID No.l and SEQ ID No. 2, (ii) the protein

c dldien §hs seuemeefruajproparetivrediuring BiE@htdihd\stepsanayabelalferéd Jor high

DNA.seguences whi ch hybri di under stringept .

DD S o iR e B0 Rldye PR (oyion pepoess at cach
( btiep wall bt benlvatedicfbpdtentani and fumttichabintegAyh (i) proedl Wirgndysico-
sai d .Er),‘/lt(?ro Origft i.nlgr %d ct thereform 2. A process

f Spemiggl ap B‘Hg‘ﬂ 92k Bethads- i n vivo biol ogical ly active

eryt hropoi eti n product conprising steps of

t tansf orm ng host, cell with a synthesized DNA .

s@hﬂ%é p@ﬁ%@ieﬁ@w@fryﬂh thspgurigeation Brecses Ruldaigeefslinseterapture of
OtheSEGet Hoteth RO drslR| calthid Br&ifliuding akfoR reRBIRIES FeBinbih ABKIEdpanded
fromsaid host cell or the mediumof its growth. 3. )
The psetrEier mode 36 agaigst conventional packed lzedmegf'eaw wayld comprise of
hagtrokslihssigpse mammalian cells. 4. The process

according to claiml1 or 2 wherein said host cells are
preferably CHO KI cells. 5. A process for the

PhOAHRL QRhM e%hﬂ)llﬁé&%%?xgtlﬁﬁ\%e@w ARBLEKI Nby salt step eJution as

pol ypepti de havi ng the vi Vo bi ol"ogi cal property o
ceaarsyrpgiepone marrow cells to increase production of

r gty r ! e steps
R e O R
marredcoathagel xshagephiosiatographyomingResbiNée Qats h@plithirerstep
h et .onot er DNA, operatively |inked
tg'n%ﬁﬁqéﬁé%?ﬁdg)ﬁ%ﬂ%ﬁﬁ%%g?e eryt hropoi etin amno acid
sedirenoainatm®z0 | D No. 3;and b) isolating said

g osyl ated erythropoietin polypepti de expressed by
sg?ﬁ‘ér%éﬁﬁl?: 6. The process of claim5 wherein said
pronoter DNA is a viral pronoter DNA

More preferably, a two-step purification process using anion exchange chromatography
and HIC would be employed as the major chromatography steps depending on the %
product recovery and purity. Subsequent steps as outlined in the above mentioned

strategies would then follow.

Note: An optional acid wash step may be’ incorporated post anion exchange capture in
both the strategies outlined above, depending on the capture efficiency for selective
enrichment of isoforms of acidic pl with high glycosyl and sialyl contents and for the
removal of contaminating unrelated basic proteins. Additionally, flow through based
anion exchangers such as cellufine sulfate will be used for selective binding of process

contaminants, endogenous / adventitious viruses and column extractables.

Example 9: Establishment of the identity of the target protein using biochemical,

immunological and physico-chemical methods:
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7. A process for the preparation of an in vivo

bi ol ogically active erythropoietin product conprising
weepsi2afet ransform ng a host cell with a vect BCT/IB2006/001353

construct of FIG No. 10 or 11 and isolating said

erythropoi etin product fromsaid host cell or the

”?ﬂé %c%rlt 'récﬁv §Q)Vi\'t tlﬂe tﬁtal ?rcﬁ&ﬁcﬁsgﬁacﬂf zfgle%W %e (ﬁ@ﬁtﬁtgﬂeﬂ] using

sal d ‘'vector Is speC| I'C expres
v bisinghoramid andairoq@dtefs ¢Bab) y Brasifordrdyadindeygrrestbort. diie itarget protein

Fk&cgsrgcra%oi]r]a‘t e?ﬁl staéé F ?C‘ﬁﬁ(fa?% ﬁ‘l eC IR gninﬁo B glyhﬂoec:ﬁc and

conpri sing era & anvu
erqhahllecqnwm base«amdmanq:alsﬁaysrmmbwldnattl o md:lmepsaabivv@h ELISA More

o DU oS oot st By HLis A N PR o prstygig e tarect
i proﬂ:&ilh taticentraliOns. AASNERP ik zt)élycf@rcﬁd:lﬂ,gi quatitatied ¢vaRiatlorNeS the degree
adm. ni ster|

t ﬂgﬂ &ocr qth(c}lélvp@ bgfef}(é@meé élngnﬁosgﬁctl G ftaming procedureg fa or glycoprotein
hﬁa%t@hy@faﬁy|e|&bﬁ@bhafb§é<pSDnge&r wideF Eﬂdgblﬁ%wl;:ﬂndnrbr@ (h)ualltatlve and
pnar naceut.l ca Itl1o ereln the

afigB oAl i GRS BRBES BUb ot &5‘9&( 14 A rstagy. Reversed phase
e ghtbinaloBRphyTOkcblecBI¥OMBEsiHY afdefRIBinRANSna lg@ﬁglectrophorems will be
erythropoietin to obtain a conparable targ

“heRaloyed ite evaluate dhsdptilied pradpety Seepadary @E@m@ealysm would be
L bxahhiNG 6“(’%@1@ @@H}gfsﬁ' Nﬁ)le-gﬁﬁpﬁln%s%ﬂ %ﬁg(%{érlcl-s&a‘#us will be

Mo rawal a at el 1, Villoo <1 Reconbi Rant
MEVRBigated using @ZWPGJ}@W@M MykLIAl- EP?tThedp‘@Sfe%t@nS will also focus on

smengdaam g)fPﬁ]Qtﬁbﬁmﬂ?%a&oﬂéoﬁﬁ%y G tftile. AONESP is a
5- 05- <160> <170> Patenti version 3.3 <210> 1

<lemy]at@42mom glycosylation patterns of the purified protein would be

documented using gas chromatography (GC) analysis.

Example 10: Assays for in vitro and in vivo activity of novel erythropoiesis
stimulating protein:

Bioassays for detecting in vitro EPO-receptor binding of novel erythropoiesis stimulating
protein will be done using:

(a) Competitive binding using I'* labeled novel erythropoiesis stimulating protein .

(b) [H] *_thymidine uptake using a recommended human cell line such as Ut7/EPO.
Pre-clinical in vivo bioactivity (normal haematocrit restoration ability) of novel
erythropoiesis stimulating protein will be tested on recommended mouse lines such as
BDF1.
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<213> Human <400> 1 at gggggtgc acgaatgtcc tgcctggctg
tggcttctcc tgtccctget gtcgectccct 60 ctgggectcc
woagisfieéiggg cgccccacca cgcctcatct gtgacagccg agCTaBmga@)13ss3
120 aggtacctct tggaggccaa ggaggccgag aat at cacga
cgggct gt aa tgaaacgtgc 180 agcttgaatg agaat atcac
lﬁgﬁcccagac accaaagtta atttctatgc ctggaagagg 240

at ggaggt cg ggcagcaggc cgt agaagtc tggcagggcc tggccctgct
gt. cagpagess R0 Cthe tprepagatipg gofgarc ag yoec biolgigpdiy cardive Erythropoiesis
t ct StinwagiagPycaing agaprising theagpt 9f:360 cat gt ggat a
aagccyghy aGroGaE Clirided Guitdl€ neaiked cohditiond, tHost gd ehfdd@ed or
420 gcccagRafdted a@'ﬁﬁ 3L ‘is%lﬁé‘(? tm%g@qu&%%&é&é}g from the group

ctgct Ccacctongl &ﬁ&&as%ﬁo&ttlhtﬁ@% 0.1 and SEQ ID
actcttccgg, gi ?&eﬁtcto'dﬁ s% Qeng,gg Qs%ﬁ{e g i g) No. 3, and
aagctgta 1% onditions to the

saget ot aqg o] Eg
a0 2 ?ﬁ@éc@ega%cge R S

gt ccct ac dgo ctc gctcc cggt gct gg cgccccca

cgcct ghi dsol g@%ﬁaﬂ‘g g@’gﬁhfﬁg@lgglﬂ eg%ﬂgctltgeregcgm acct gc

t ggaggcgaa ggaggccgag aacatcacca cgggct gt aa cgagacct gt
304t procespator gthe querpadtivacol git go cdgadbidegealybgiive erythropoietin
act potdacigcomprigaeangega of 4tansfoggmgos dgstgetibgithggsynthesized DNA
cgt sgagate chguliag Fvtrd@daat heddo atkicgapesse 3P0SEQ ID. 3 and
gt gEoLAIAE hall eAHAEHSIbtIY PhERicH Fden 46 AWsE 3G ok ARAGEIRGE of its
act giR@RI C 360 catgtggaca aggcggtgtc cggettgegg
tcgCctgacaa ccctcctgcecg cgccctggga 420sequence |isting

ﬂarﬁ% AEpG2R844; gtgt%%j%é} FhrlE eI S %%%%e‘ifscagfg mammalian

ct gcqf gcgaacc accgcggaca ccttccg
gctg? tcgc gtctactcga actttctccg cgggaagctg 540

agattataca c aggc  ctgccgcacc cga
%‘Le Qr@g&sla%%g_ %ggt% clalmgl org 2 where%r? sa%d Ems% cells are preferably CHO

K1 cells.

5. A process for the production of a glycosylated erythropoietin polypeptide having
the in vivo biological property of causing bone marrow cells to increase
production of reticulocytes and red blood cells comprising the steps of:

a) growing, under suitable nutrient conditions, mammalian cells comprising
promoter DNA, other than human erythropoietin promoter DNA, operatively
linked to DNA encoding the mature erythropoietin amino acid sequence of SEQ
ID No. 3;and

b) isolating said glycosylated erythropoietin polypeptide expressed by said cells.

6. The process of claim 5 wherein said promoter DNA is a viral promoter DNA.

7. A process for the preparation of an in vivo biologically active erythropoietin
product comprising steps of transforming a host cell with a vector construct of
FIG No. 10 or 11 and isolating said erythropoietin product from said host cell or
the medium of its growth.

8. A process of claim 7, wherein said vector is a mammalian cell specific expression
vector and most preferably vector as represented in FIG 10 & 11.
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<212> PRT <213> Human <400> 3 Met Gy Val H s G u Cys
Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 1 5 10 15 Leu
weeooslieensr o Leu G y Leu Pro Val Leu 3 y Al aréraBin€001353

Arg Leu 20 25 30 lie cys Asp Ser Arg Val Leu G u Arg

Tyr Leu Leu d u Ala Lys G u 35 40 45 Ala Gu Asn |

i e Thr Thr Ay cys Asn @ u Thr cys ser Leu Asn G u

50 BsplEgmaseutichlecopposivion qamprising atherangytically ¢ffastiph@mount of
Tyr hiinan Trpthtopeietinga8h a7pharmadaitivglly Gheeptshle Gilyer@ adjuvant or
G parflen Whdreid said Mgthrdpgiet(n iv Ghrifiddeftofil mametali8d cBs 8own in
Leucdesred u Ala val Leu Arg Ay G n Ala Leu Leu Val

Asn Ser ser 100 105 110 G n val Asn d u Thr Leu G n

Lgu AH'me?hé@lof /‘\%&ﬂgy %né\l Iﬁaﬁ{%ﬁmﬁ rhegla)foch]f5 4131'5_’115{} €&bmprising
Ar ga fmé’t ;I' '0 d analog of
Ser Se Ill-’r arrﬁceu c?m]?os analog is

t1
A aa%ggnsﬁ‘rred Flﬁ tb_aéh apyequ KE Hecombmant
PhelP@AR i’@éhrﬁ?%e 1% @nélcynlpﬁa rgﬁiﬁ n&%acrﬂfyr Thr
Gy @ u Ala Cs Arg Thr Ay Asp 180 185 190sequence

listing -darby Arg
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