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TI TLE OF THE | NVENTI ON Met hods to obtai n reconbi nant

proteins with increased sialylation fromcells that
wez@sos®indenovi rus El A protein, and protei ns pOI/aPI§057205

t hereby FIELD OF THE | NVENTI ON The invention rel ates

to the field of reconbinant protein production, in

particular to the glycosyl ation of reconbi nant

proteins such as erythropoietin, nore in particular to

gl ycosyl ati on of reconbi nant proteins when produced in

adenovi rus El A- expresgip b€ etis - 1 IRARRND OF THE

I NVENTI ON As shown TIm WO 00763403, Tmmortal i zed human
Meghrisls yo obteinrre¢dmikinard Ipkateins pmbsmrn@edmal}éaxm faom cells that express

d oL A hrarin: Bersiems RGBT Rocont nant

proteins having N1linked glycosylation produced in
cells that express adenovirus ElI A have a specific
gl ycosyl ati on profLEEEEHJﬁL_ﬂHEiéHEEQEE§Ehcter|zed by

T 55PN, it Kt oy AR VP

glypd&@dhﬂ@ﬁd;ftrdmmbﬁmt pmt&sﬂsueh s esstirogoietir, Insora prppaatiewdareto
relatjvely | ow, gal act Qs i on . a | ow sialylation of
glyg ?worl.oﬁﬁ@@ 1@?&53@@@3@ é%g)m a@%m{%%/ Efﬁﬁxpressmg cells.

pur poses, this nay be an advantage, but for other

pur poses, higher levels of gal actosyl ati on and
preferably also QAQKGRQUNBnORaWHBeIHEEEEE@NaI For

i nst,an r i, 2fi.n P t.hat oduc [ .

cel |A§ E‘Q%'P ﬁ(ﬂ 88%8ﬁ Et ﬁ %%Fe%&a cells expressing at
leabt@if adlenoviuk %Qh%rﬁﬁnﬂéwh R suehity uv@d for hﬁe%r@&ﬁcﬁ@ﬂ bagRoMbinant

gal actosyl ation and sialylation in the N-Iinked
proggigtans (WD 03/038100), resulting in nolecul es that

are ‘é@& &Hﬁt ﬁ?ﬂeﬁsfh%ng

i sc emare usron 1fjuries,

adehigViradoE EA ﬂlﬁN’e 1 k‘mdﬂc@ymﬂml@i prfig)ifer. 1nﬁﬁl[cetdh8racterlzed by the
treatnment of anem a, it has been established that a

PIORGNGH Of bR iseX sHuciiigsasgepibed in BEH0BO3BMNef i cial to
| NCIAGRRRY Eﬁ‘ﬁ%&@ljﬁftwldf R }ﬂ'f)tehﬁ%eﬁf)\ﬂ? %MH‘EQ;& é@?&élﬁg cells

subj ect's, ereby t en t e subst e 1s
apmated\agelativelp dove gslaotgsylatomr ad lowoadylewdr ofttbelN-linked glycans (WO

03 p SRV Sern pliwioser T ey BE poanEiesy W8 Sorahcs oo, higher

leveR o?%é’la@%ﬁflﬁiﬁi aﬂﬂ;ﬁ@ﬁe}aﬁmﬁ% $ig1am6h By R beadtY@At age of
a preferred glycosylation pattérn of fheproduced EPO

f or Fohinstanes er}&hmpvehn (ER©) thatie praduieed infceBPexpressing E1A, has a
proglloﬁlgc%{l %nt bgr Iois- %& étlourénﬁgst a{n% a relatlvely low percentage of galactosylation

nél%&)sylatlon Broched in cells that express

and sialylation in the N-linked glycans (WO 03/038100), resulting in molecules that are very
suitable for treatment of ischemia/reperfusion injuries, but may be less suitable for the
treatment of anemia. For the treatment of anemia, it has been established that a high degree of
sialylation of EPO is beneficial to increase the half-life of the EPO in serum of treated
subjects, and thereby the time when the substance is active in increasing the red blood cell
count (Goldwasser et al., 1974).

Hence, for the treatment of ischemia/reperfusion injuries, the expression of EPO in

E1A-expressing cells has the potential advantage of a preferred glycosylation pattern of the
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may be beneficial. For other proteins simlar
situations may exist, i.e. for certain uses the
wa@ p@eiofioec1 gl ycosyl ati on pattern observed upon PCT/EP2005/057205
expression in El A-expressing cells may be highly
beneficial, while for other purposes a different
gl ycosyl ation profile nay be nore suitable.
Over-expressing of a sialyltransferase in a cell to
i ncrease sialylation of reconbi nant proteins produced
prddﬁcédr]ﬁ‘O ¢&! thishRs TRREVer Q&C&h@lﬁgeg G’F EIS@ rfﬁf‘feféﬁ{ 81 Eéégl%ﬁon patterns
(e , Grabenhor'st et al et al 199 ;
nmy@abﬂm@kmﬂ al, 1998; Zhang et aI 1998 Vei kert et a

190, FHILA ol Bl 2000 PralLgl & oy e aes it it e

gly@b%tioﬁ@ﬁttéﬂﬁ oBESHVEREpIn %{?Hsﬁoh th Ei A*%xﬁfé@sﬁﬁg §éll§§in§ﬁ£d lﬁghly
gi ven the contgl exities gl ycosylation and the stil
ben@ﬁmab mileddr otberpusposes Adtffmréugﬂwcpvmmv mﬁtpcmay bft more suitable.
gar vayé)&ﬁessfnhe f arﬁa‘? ﬁ‘at?s\ferg 1n% t(g 1n% casel h%? recombinant
et Wveen rious ycosy t'PANST 67 8SE<° %N

prof&ihprodiuded tif ¢hag beapmyieaﬁ dmnbéd)fbe othet BelL"@bbsS(et gh,a(ﬁrabenhorst etal.,
19%&R@n s El A rendered the outcone of over-express

¢l ¢t a)4 k99dnlonking stal; Ho%R, Zhalegewaé 19 oetheret ahd999; Fukuta et
o S 00 SR A AL TALRR REASE08 g o
also kead pxmﬂmhd aésu]lsm Eh@ekpmsm@ cdllecgindn tha rcbmpletxitm's 1 glycosylation

andS bR ahl Enclprics solf s B et G (T bay0gF T e, the intrplay and

poteht@l] ¥bApé@bnHetwstnhh{Hdils %ﬁrco k)‘ltr!n?sfé}ﬁseg Bh& Bihepﬁct&g &n the
present i nvention to provi net hods to acconpl i

glycorytationtpeodess/imrvellpthaf enpréss 14, mendated phooutddmey oﬁ@vwe{expressmn of a

. thropoietin c i tions ,obtai,nable. from .
siafZoenaleRRE uEpieh) EHY RSteste b SR RARRRE Ikt giygosyiation patterns
of prowdiitth fbgu@,aovi de nethods to decrease the average

cont ent Lacdi NAc structures on proteins
r ecB%ﬁhﬁ antpoge @f@p&ﬁgm theypetertéd] juse speetrpmsd serombanang proteins

oroB R ARl . R e G M Tyation and
sialyfutiollof stidhi grofeB LR ligh 6Hject offiRIpReseht iiventidinl ta prevideltethods to

( EPREX é@n%h llane A), EPO produced_in PER C6- EPQ ST
accompligh 1@1V(epa%ﬁ85her @ﬁ)é aE provisHpg HesY eTyBhrppeetds cqmppysitions

obt&in! Eﬁ%glgh Qﬁpﬁ%mngg?spUtat'Ve nunber of sialic acids

per el1s so shown. Fig. 2. MALDI - M5
spelitis anatlhierdbjest af the atvedtidt: foi prevade siethads tofecRiale BE-akBX@ge content

of LacdiNAc structures on proteins recombinantly expressed in a cell, for instance a cell

expressing E1A of an adenovirus.

DESCRIPTION OF THE FIGURES

Fig. 1. Sialic acid content as determined by iso-electric focusing of commercially
available EPO (EPREX™, lane A), EPO produced in PER.C6-EPO-ST clone 25-3.10 (lane
B), and EPO produced in PER.C6-EPO clone 25 (lane C). The putative number of sialic acids
per EPO molecule is also shown.

Fig. 2. MALDI-MS spectra of de-sialylated N-linked sugars of PER.C6-EPO
produced in DMEM, in adherent cell culture (A) and produced in a suspension cell culture in

serum-free medium (B).
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produced in DVEM in adherent cell culture (A) and
produced in a suspension cell culture in serumfree
woredsomo(B) . Fig. 3. Sialic acid content as deteeTEP®AS/057205
by iso-electric focusing of3 EPO produced in PER C6
cells that do not over-express sialyltransferase in a
serumfree suspension culture in VPRO nedium (|l ane 1),
of EPO produced in PER C6 cells that over-express
a-2,6- sialyltransferase (i.e. PER C6-EPO ST clone
25- %’1&@ Siaﬁc %cﬁ%()ﬂt@htf a{s%te?ﬁﬁﬁﬁﬁ%?' 1%‘ eEé'tlnE lfB&lsin% o\fqﬁ?@ produced in
(lane” 2), comerci ally avarl
PERFF&E(ls that (lb annteo®)r -eXPiiegs s12ﬂly1tr'aha°ema¢rbea semlﬁm‘sﬁml suspeasuonl sulture in

VPRE o 5 ne] procucielth TRAEEE ool i opRp SRS b6

sialyftFRsfePasE'i0. PBERIE6-BRD- S”ﬂ'&ﬂ)n@fZSEPQ)Hﬁ @@é&‘ﬁﬁﬂﬁ'@é’ sUspéhsieh culture in

cells that do over- exPress a- - si al 1\;I transferase
VPB@H@@@?M@OH}@@@:@H Byvmlableﬁm,y@eE lane 3).
P390 59355 46 bl SR Rl o EBORIS R0 P

cellzakat delniot eckrasxpres®iRofisialyltthnsferast SPERICHEPO Cpafn@DAlﬁ iaf@ of EPO
of various PER. CG- EPO preparations and Epre

progpgedchy. RGO thahde omeexwﬁ%ﬁ %aalyaransfe@srsr&?%m%%T -EPO,
pardl B YEE it el 1L C RSl o QepopHPERAARE 35 The positions

wht:mtsagarp edth (fl, ERChmvbsialicidcids ave beaedlutoy aRbRarked.cel | s
t ha - express a- 6 Si ferase.
Fr aFi§: %ng%) OéBSlﬁo %&Ei‘sé@@ Wspﬁﬁfg‘?ﬂsﬁnd Eprex.

PER'(% EPoiBpkeiRt BB IRAINRE] bf PO ifledBdsSrbdiced B PRRI 6 cells that do
ane 2 using the fractionation/purification protocol

nottdvat- exmes?oesmmstaésdtrmf@mnﬁEB @&-SEJEREX repegsents det totah pool of EPO

oAU PRSCS oGy oon PR PSP assn oo Rl fng T JFractionated
PERICA-BREPO Ripk&nts megﬁéMy%ia@lHt’e@EPd) &Eﬁn@ﬁ&ﬁ%@ﬁllatenal shown in

obt ai ned using the procedures described in Exanple 6
lang-R pising thefrastionatien/prrifigation protgcel that isgleg¢ribed e Egample 6. Eprex
L i cati on. 1: EPO
rerf RN S A SRy Bt ifle P BsBaBB P2 P 0n o

SI am‘,@ teL mmer-ms;(eevmmlf ¢heXesiaBilatbdPN-Riked $agdds bf fractionated,
over-expression of a-2,6-sialyltransferase

hlgbbsmma@dﬁER §6-FRQiat oRipiaed usihg henyocsdurey Mascafedimdixample 6.
(ex Eﬁb 1soAfon§vgﬁﬁé ﬁ’é.rengfﬁﬁgg%f:ﬁ! cgh{eﬁtsaag ?E%cﬁ@k:@ in this

EPO) . e exanpl e asmd nmap o
appicRtidPO. ERO pradk0e 6P PER}@@ ssthout ovec-expressiocBMf sialyltransferase

(ex%%)ﬁa%g?'&gf(y fod %AO&D ‘Q@% CJ()B Cﬂg Ew&% explsqcs)s\élgg Sf aquél\%lglyltransferase

(exBmbf 3)., 9ffra[cﬁgﬁdt&§fngﬁﬁl m%&df@ (ExampM 6)Us: Ffitex® (commercially
pronoter, = Neonycin

available EPO) See example 8.
Fig. 8. Plasmid map of the pCP-EPO and pEPO-ST3 expression vectors. CMV =

Cytomegalovirus promoter, BGHp(A) = Bovine Growth Hormone poly-adenylation sequence,
f1 ori = f1 origin of replication, SV40 = Simian Virus 40 promoter, Neo = Neomycin
resistance marker, SV40 p(A) = Simian Virus 40 poly-adenylation sequence, EPO =
erythropoietin, ColE1 = ColE1 origin of replication, Amp = ampicillin resistance marker. See

example 9.
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resi stance marker, SV40 p(A) = Siman Virus 40

pol y- adenyl ati on sequence, EPO = erythropoietin, ColEl
we2@ehEo1Dri gin of replication, Anp = anpi cil | PEOT/EP2005/057205

resi stance marker. See example 9.Fig. 9. Iso-electric

focusing (I EF) gel of EPO produced in PER C6 cells

(pCP- EPO) and of EPO produced in PER C6 cells under

conconitant over-expressi on of human a-2, 3-

sialyltransferase (pEPO ST3), after transient

tra I

anal s BRI R SRIRERED B0 raP iRl in PERCA Sl BEP-EPO)
ancheTER) pmdabgd inrRHR €6 celdseur(ds: &)ncotmﬂaat qur-Emress(qu human a-2,3-

sialyfifefofog (EPORI3) Spe¥ it lyTecon sasirarmate Topg deais
1651 10RP 555 07981 oncd exﬁ?@l-@%ﬂb QR 0%,3.EPO

roduced in PER C6 withqyt over-expressing
sialylfeansfesasy (SB3). Epneck (pngx | deentrad) comyneraiey aaaﬂaple EPO), 2: EPO-ST3

CIO ir#é%kigg()%@ d@%blgg E?one éig]gnel?% E g@ éﬁoenle% 6: EPO-

STZ l:Ii)ne 183, EBD(ﬁﬁirBd@dedriﬁ PBRAC6 Mhoﬁ%ﬁ@@redsﬁfgﬁsm&on&(ﬂ), 8:
roduced in PER C6_w thout over-expressi

ST3
Ep](eéon Fr,) cg@gleg;yg]ypqvgﬂg@e EB0)fBERQ-ST piqjle 1§§ 10: EPO-ST3 clone
t [ r
ISMLIEF?%'?%;&%%% g, 2% %ﬁg sgg &1@%%1%&3; EPO. s"ll*é%fon%‘dﬁﬁ f4: EPO-ST3
clode059,115) EPOipgodutad in HER floakilsius oodr- eE(Bstpmg SaB tomdrod). See example
%é PER. C6- EPO (average sialic acid content 3.1),

11 for fet Eprex(tm (control, comrercially avail able
EPOFIga\IfrmeLmLﬁlslsgec%ﬁinaiomeh@ﬁm ﬂa?ed4ﬂ1 link8M'Sugdrs A abfinity-purified
EPO- I” (U trodex purified, see exanple 14, average

23R4 (see axample 47 ferdetails). 6), Lane 3: 2,3 EPO-2 (UItrodex

2 L T AR AR AR CE AP BRER s i

coﬂiérﬁ\al 1q EBare 1 BHRES{( d:(ﬁﬁ!ro!J . QORI iRy Viflable BPU, Qvegé Siblidacid
of an eryt hropoi et| n @?} conprising glycans |inked
K

conterdrlddy, Langsr 43t 1EO4 tparifigdi sge gxapenle d4.cayppmee sialic acid
co %ht Ei\f‘a%) ?.?a%& g?é,?éﬁ%dé ?a(?gagdeﬁlpuﬁlﬁgé e Q%ﬁf%@é lll easrga&l: ’5161110 acid

cmﬁelﬁllms).am d noi eties per EPO nol ecul e. Pref erabl Y,
said glycans conprise on average at least 7, nore

preferabl y at least 8, still nore preferably at | east
9, still nore profSORIBTIGN JRaEHE TNVENTIAN m)re
referably at least 11 sialic acid noiet|e

vg%tgﬂneproy e FHP S ARSI EL N OF FIEPI'%PSQ?‘H Of an erythropo1et1n
(Emﬁﬁn%rgl?éé% f6ed BreREENEE R rize@ M tHat 5GWieR c¥ns comprise on

average: a) at least 0.5, preferably at least 1, LewisX structure per EPO molecule, and

b) at least 6 sialic acid moieties per EPO molecule. Preferably, said glycans comprise on
average at least 7, more preferably at least 8, still more preferably at least 9, still more
preferably at least 10, still more preferably at least 11 sialic acid moieties per EPO molecule.
In certain embodiments, said glycans comprise on average: a) between 1 and 2 Lewis x
structures per EPO molecule, and b) between 8 and 10 sialic acid moieties per EPO molecule.
In other embodiments, said glycans comprise on average: a) between 0.5 and 1 Lewis x
structures per EPO molecule, and b) between 11 and 13 sialic acid moieties per EPO

molecule. In certain embodiments, an EPO is human EPO having three N-linked glycans.
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structures per EPO nol ecule, and b) between 8 and 10
sialic acid noieties per EPO nol ecule. In other
wendedrowent s, sai d gl ycans conpri se on aver agePCHEP2005/057205
between 0.5 and 1 Lewis x siructures per EPO nol ecul e,
and b) between 11 and 13 sialic acid noieties per EPO
nol ecul e. In certain enbodi nents, an EPO i s human EPO
having three N-linked glycans. The invention further
provides a nethod for obtaining a conposition
COMphe fHveskidH rthér gﬂf@%ﬁed & flefHodFoCdbt&iin gra)’éoﬁ{rﬁ%?i@lbﬁtcbﬂlprlsmg one
(EPO conprising dlycans |inked theret eln sad
or ybxecisoformoofan awthoopomterEEEO) abmpssisg ghcansdinked dsirete wherein said
er EPO nol ecul e a X st
el SOmBP O AT GRS gt © By e o R i CmBlapiyB T g 2 Lewis x
strfc@itba sl Mk tRo etihtising2 6) ﬁrﬁw&ﬁ(aﬁﬂﬁl@ @bﬂ dodHining a nucleic acid
adenoviral El A protein 1n expressible format and
seqtuamqewgﬁocb@g] maadﬁnnglr@l Fldeprotein drexpresaibledionyatandfmthar gontaining a
oGP B8R ding ng & fByin W C@rre%ﬁ]e” t%&ilerel{a H{ @%Sﬁ 4t RoiiSins a
A Raelere’a Sequen enco asia rans erase,

nu@éleﬁaﬂabquenwerﬁioﬂﬁlg -aksidlylbiafdfilatd, @[‘&ét@bm alphadl)6-sialyltransferase or
| pha- 2, 3-sialyltransferase, under control of a
an P\]B l@ﬁér%@laly@n FHRG eder qontrelo fra hetergloganspremoter; by cylturing said cell

in %% éJe%% J&%éerf‘#ﬁ&n%ﬁ L HE, R e?éu%rﬁé{‘f aﬁ?‘lﬁ’#@%?éag&‘ E@% ?ﬂarvestmg the

I'n sal ar vest e expresse
exppessed EROI franddidrcell amdfbt fremahi tultmee nediunyiand dyiputjfying and

urifyin d fractioonatin EPO to ob ain
fraftHORatNa I FART toptialD GogoTs Ty g G A\ BFIERE 0 G epes.sigls gpid content

of hEN-BfitedYlydal§ pYF EP® kRfke e} SROaiR S coRPEs#Bh €6bRsing 8ne or more
obtain a conp05|t|on conprising one or nore | sof or is

isofpfrmaof EPEP@mwprprsmggglgiays: Linked) therktoowhdreinstid ghyeang comprise on

avei%geg?g 9e5%tr & %%60 n?r | S%@ L mg e]cylg%{igfrgné8 ?Sé\ALgW}%I xastructures In certain

embbditiehtd] &%d edld&r}ib@l& tcall Bobaf AMdic adidsehuRHERENEBEing an adenoviral
cel | contalnln% nucl ei ¢ acid sequence encodi ng an

ElAdeetsini in gxpressiblp format i depived fomsashusnan ¢rabrivgricirgtina cell, preferably

oL A4 I S Ao R A .
96002940.dh ctigin Eﬁé’@&dmﬂlﬁfdnﬁents %ﬂﬂ@%@s coOmpHigy dlﬁa\férage less than 1

preferred enbodi nents, said gl ryEl? ns conprise
Lewe& srpstureand atdenst 10 sialig acigs rer ERY mpkecalﬁdlnaﬁn“fh@fag@fe&red

emgbnﬁ%dgﬁtg,ea&'ufiglyeﬁfs g’ﬁ’}? 0Lk Mrﬁ% 1k} thal | RERigY ﬁ{lﬁﬁﬁg Preferably no

ntso sald gfycans comprise on average
dettdtable Letvewi structise,randtbatvegen dOahé alslajic mcidsl pelelﬁt(a lrrloéecule In other

S ructur and between 10 and. 15 _si acid
prol e o Sa E A0 HEPbIEAndrPaaS lsit B D Levisatnyeture,

preSariI RS deRERBbIeIR WA X IHEHBRCan EFIwEATS fhd3l S §McSackds per EPO
structure, preferably no detectable Lewis x structure,

moaculebbt eosigin entbadindertts, thé edmpositiningwnpeisePor lesd BRQ ligoforms
I t t. 4
togpbeC &iepihePr et Jh o U HEGRRE b Pe EOMBorBEE, 200

of ItRelBR@ppreeRi by the SId116d F@ERPHbE FPD is a model protein for proteins
comprising N-linked glycans, and it will thus be clear that these methods can also be applied

=
(@]

to other glycosylated proteins. The invention therefore further provides a method for
producing a glycosylated protein of interest in a cell expressing at least one adenoviral E1IA
protein, said method comprising: a) providing a cell expressing at least one adenoviral E1A

protein and further containing a nucleic acid encoding a protein of interest in expressible
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It will be appreciated by the skilled person that EPO
is a nodel protein for proteins conprising NI|inked
w@boeam®i1i and it will thus be clear that thesePOPEPDAIF057205
can al so be applied to other glycosyl ated proteins.
The invention therefore further provides a nethod for
produci ng a glycosylated protein of interest in a cell
expressing at | east one adenoviral El A protein, said
met hod conprising: a) providing a cell expressing at
forhRB $he RS s A4 8APHirh@t cltifinds ﬁﬁ(ﬁél@ aé’iﬁ@e% E@@ﬁcodmg a sialyltransferase,
containing a nucleic acid encoding a protern of
preiffarally @s talpha-266¢pinkydtsinbfeedse oman alphindyesialyitangferase,lunder control of a
t her cont ai nucl ei.c aci d sequence.encodi
hetglioiﬂgypf ProfOier, g)s%u tu&n&s%lfl ézsﬁgp %\ﬁerm% ok Cultare mediuth and allow

exp'%bd@ﬂﬁh o? tRe Srofdiy bt infRsst BT RSP, cﬁ]ﬂarvestm% the expressed protein of interest
| pha- 2, 3-sial yl transferase, under con

fronpesm;ir esllapdios fiomothetcalturephedium; and dig)ugérlﬂg em,d frathnatmg the protein
of El?ergsﬂdc 56 gsm%étc{lgﬁs wﬂ%ﬂ hive nlgc Fgeﬁ\%’)vglﬁge § iﬁ(% f%}n% %IHEelpt%f the N-

protern erest Sal rves

linledB1 RSB S Perysrofcii <5f1ﬁferdsnmeleeﬁre from said cell and/or
fromthe cul ture nedi um purifying and
f r adhe BrygRtiQngfurther Iﬁ%‘fléﬁ zhmsﬂlondﬁ? éﬁ@@ztsetﬂaﬁ Plstage gontent of LacdiNAc

r ageasi
strich 36 o8 Broftth ik AEREorBtnylfy ERREC AN QRS bt Bftsing over
expredsm@uanar-2, Bhstalylransfedasninfsaid dedr Irmemmleesbcmhmuttmsmdtcell isa
decreasge the average .content of Lacdi NAc truct
W’Stcéﬁ RORIRLYNY asm?cz%ﬁ‘ﬂ HEHERSF %3?6 Bgap@ ?I}P"Ha]gﬁef& PfOtem in

exﬂr@s‘%lﬂi@fo@ﬁgt ¢0 8RS B0 AMRBHE X EIhBE fidfher increases the average sialic
2,3-sialyltransferase in said cell. I'n certain

ac1é rbditrafiseid pretaindlcesirtair embodamknts,yseid protesl is erydhiopoieting
a nucl eic acid sequence encodi ng an adenoviral ElA
protein in expressible format. In certain enbodi nents,

sai d met hodpkwatheo pascrasesofheraveragsvsiaiion aci d
content of sard proteln In certal n enbodl nent s sai d

pr oltdian npw been fownd gad describedaerain that epthyoreitin GRPQ)-ay pEnodel

ol YT G T B B SR P tn o o

whmhdiER 66 celidraiaprefgrréd éxanpdel c@mposiniens sindse ghtainkdowith aBtrongly

. e33| ceI I whi ¢ C6 cells are
incfs 110, A0 [T %fﬁﬁ%e fain Yk EEE%O&@O&%P&? ﬁr@di%?QSﬁd herein.
Em%t)ﬁﬁ{&'tsyare gfstis %'gﬁl yrh@thbmo oBih PRONRIS E1 A-Sk&kig cells,

such EPO conposi tion re di scl osed hereiln.
wheehotde FP6 ebtained dmma:thsaa; eld'ppsmgllydngigamgecsmlctamdaimmnhper EPO

PQ f El A t he EPO . .
moffls df eI 2 A 15 S eimell PG vimigl Gapiological
actiVty s ‘é@iﬂhﬁ?&al[&%vaﬁ&’@e PRdpafatbRs &dn MBﬁﬁﬁéﬂ ﬁs%%ﬁ@th@;és accordmg to

and surprisingly EPOvvlth a simlar in vivo ol ogi cal
thedpyentipn yTla:s,wes)mremetxpmw@/reawlagiva@ the hithepa degcribed gb'aﬁsymon

3T dRURITREIRCIPEER LR R "

destyis Basivighsteiashiatahd @cosylation of recombinant proteins expressed in E1A-

expressing cells, such as immortalized human embryonic retina cells, can be altered to
increase galactosylation and optionally sialylation, by metabolic and genetic engineering. This
finding is put to practice in the present invention, by providing novel processes for the
production of recombinant proteins in E1A-expressing cells, resulting in desired novel

glycoforms of the produced proteins. The novel glycoforms of these proteins can be used for
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profiles of EPO produced in El A-expressing cells (WO

03/038100). It is shown herein that the glycosylation
wobkosmommbi nant protei ns expressed i n El Aexpr eBGT/EB2005/057205

cells, such as inmmortalized” human enbryonic retina

cells, can be altered to increase gal actosyl ati on and

optionally sialylation, by netabolic and genetic

engi neering. This finding is put to practice in the

present invention, by providing novel processes for
ad 1%@9&?5%!\7@{&‘%@%9@EH&%Qﬁlegi&Eﬁk ﬁ)du@ed in such cells by the

El A- essing cells, resulting i n desired novel
hithgripdaowmeoassashe produced proteins. The novel

gly of nms_of th roteins. can used foradditio

pur HARSCR S rIE ePtdnYﬂ’ém&é]PFéefBF%?f8F?§§esﬁF%B{?éfédc}a for
prodlcifigs ﬁ Pr&i6inl oF ilt¥rebtf altel NRId QIKXPYEIsiAE AERES 8f adérdviral E1A protein

certain aspects of the present i nvention therefore
angoexpeessivg saidmeotgingnfiinterest emmrmygledd arid seqpenseengoding said protein of

e L L
im B bt e i S tenR P S ider SURETRE » Bk Bog BF By saia con
furthet expe&dsinirad toast mcglﬁﬂoﬁylﬁamsfers@qﬂﬂ@ﬁemuerem&m@qaaidé encoding said
protein of interest, said nucleic acid sequence being
glyewétranéfsrﬁsre yndegicontrolafarhstesplogusiremetes saidppgin.ef lpterest
[

cor P e R oy o it I AL cell n o
sergﬂny&mquﬂttneanedmmqﬁefembuem saspensioh, amid aﬂiloWﬁtmkesgon $>f the

recR R PrhIERHIn P LRl The Pcop s Brase AP EraRy @ Mammali

ly%gy'iti’ﬂ'n'sfégasé AhBreGfRbferably #hSRaY Q?yf:&s%rﬁréhgfe}déé e[n’ﬁ&i’eh‘éﬁ embodiments,
préferably 1 n suspensiion, and all owi ng expressi on of

thetghg:osyglu'@qu:ram ap[ad;ylt;amsf(trases preferallly IchosEh drom the group consisting of

I svlira era a manmal i an
aipff-4 oSy P RNERERERE b SELRBEARYE hurmn
gl ycREY bipredis g@m Sfad ﬁeﬂbﬁhﬁ&hﬁ@aﬁa‘@@%mﬁtﬁe eriddehpassed within
gl ycosyl transferase is a sialyltransferase, preferably
the(;sp tenmy iR iArexpiessing aels<ors e¢llsgoptaining a nucleic acid sequence
r
endty 5 1A 081 A5 B corting o, penion

preaeiaﬂymahuﬁaltdnau‘ell@am #eluds edliseotthuiaf ogighn aﬂ@mqﬂefa‘ably' n
the scope of term' El A—exgres& ng cells'" or '"cells

ﬁ_u

|-
fD

lmeemlzaﬁem Ingreferred F@bedlg@p@t eaa SQueTesess kg Bef an adenovirus.
Ex%‘gﬁl kigﬂél??et 9619 1%1 pr e?Sﬁg% {1843 ce11s (Graham etal.,
19%R) aimmaqdes expkessﬁag <Fﬂ| (Ssh1edlneln anair; Zﬁﬁm,gemUSmmhnaﬁéSS 948 for
.m]jl%referabl i mortali.zed. ferrsglg enbodi nt(f .
fealization pEpripary ayleeyies VEi bifigyenags); and retina cells

'Essieh s PERTCE 8l i094.15%). €5 NG .
NSRS Trests R ss(légcaiﬁfaé?ln't gl 9%3“?"&3%3"’3 derived

frommnhane getinapes sti;’przEﬂy,(t@t tﬁlb@neqrdmg tethe, ing@0ion ageelgiman cells.
i mor.t al ﬁ’gt on_of

e ReP s Bt s e deins e S Eim B ran R et ngcots (homan
emBBLh# retina cells, also referred to as HER cells). Immortalization of such cells with
adenoviral E1 sequences has for instance been described in US patent 5,994,128, in Byrd et
al, 1982, 1988, and Gallimore et al, 1986. Primary HER cells can be isolated from fetuses
(Byrd et al, 1982, 1988). Immortalized HER cells, including the preferred PER.C6 cells, were

generated by transfection of primary HER cells using a plasmid that contained the adenovirus
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expressing El such as PER C6 cells (US patent
5,994,128). They may preferably be derived from
wendwspowic retina cells. Preferably, the cel |l SPCT/EP2005/057205
according to the invention &are human cells. The nost
preferred cells of the invention are derived from
primary human retina cells (human enbryonic retina
cells, also referred to as HER cells). Inmortalization
of such cells with adenoviral El sequences has for
serb&?é 9@3@5?@@9 QﬁSE:er Q&Hn%&élu&&ﬂﬁﬂﬁ nécl&ﬁﬂieég% 35ﬂ)) under the
Byrd 1988 Gl lirnore et al
corferal phithg hHEanhbskphoghmefa‘e Kisast {TREK D poombtet (sse LJS(IByem(d 5,994,128).

t he?lbp@% ‘ﬁ%eean]@%{}"’i%s 3120 g ¢ells aI eeg ngglélﬁgllfllgbd fﬁlff glllc%gln%gdt least one

addnbodind @ dﬂ)l@fénpfan@ preTEaly iR 1 £ ISSK Ushid 70 BRI 9K ﬁﬁ)‘félﬁis iM@fpressible
cont ai ned the adenovirusserotype 5 (Ad5) ElA-

formaBThe @ngsss@qefethe EéB(m@ilsmﬂ myezreve@égp@wrs:;ﬂm cedlsd er

t he &Séﬁfef g)oar%g evg ég%s(cggk? 9)%; é@lﬁ:rtlﬁg gj’ 1ke|c?1%%?nant proteins

thr@[gﬂaf&llrcﬁﬂm%m@ ﬁxipraﬁﬁbd to hzh% déH!; tpablerdfipeswing MiitioGt the necessity of
nucl ei ¢ acid encodi ng at | east one adengviral El B
anchpree; The oy eﬁﬂréﬂréessm ipvengion heygthateapgbilitysThe 1pgt preferred cell for
f
nelfghelipg i GBS BSSHISs Lt B8 e BPupyhSeor e
preserd applicanam khathreednadetje ﬁxmazheu;(s&emh ion dowas)trqanqnhssﬁge ©@na descendent

of ) wioG B LovhatbaTuerEe A BE BPoReS P e A 0FR22940

(seBRCESEIS Yafeht 2064 DI HIPER HeceASbévO beftdton Bﬁ&ﬁﬁ@tthan for instance,
i’nvention havé tRat ‘capability. The nost preferred

tragddrimefddunman 298 welothat havd alsodsemimmpualized by thokil regicn from

PER. C6 R. C6 S .t f t he

addppeiciin PERHf pelioanoERprrarstize e v Bih Gorolngied ammy

extOisi e BEdal R PBERIE SighificantiesiRP HEME pﬂfce@brbﬂiﬁédhﬁ’g Buspension
or downstream passage of cells as deposited under

gromtizami srowth fwpordadeperdeace. disgecially the faoh thah PEB. (foeells zgn be brought
i o e PG S gD S Ol B g st

prodaétion. Fubhdrote] €tk RER U cHllink &gé beenfchamcragdbior bléseactor growth in
PER. C6 cells have been characterized and have been

whigh il grems dervery hjehedansities \Lise,oT B4 clisHiey inguriEigleprocesses has been
extéﬁs%@l b&RAbLY e%{eh'f ﬁfc bid et Qleﬁﬁ(?? GRS fhod i :;%gﬁ 14r%8r recombinant

suspe sion gr o\ gr owt actor in ndence.
pro[l:‘ampmdabﬂlqn, blgenf‘éa:llogdtat 2pgha 4ol 20805bs can be br ought

o RO 8 P Ao PLOSHER T ERISh, TBYC e acion
advaifaB %a‘inﬂ{e?’caﬁ BE chlkRedth 188 bbsehbd6f fARal0 8L Ruman-derived serum or

characterized for bioreactor growh in which it grows
anifal-\og hymiah glarivieshesrur eempokantso fThirEiRp I8Gore & dasief, ovhile the safety is

entghES ' R RERE B BociAS B5Maf bt Pt kit ithc e, and the
systédh ishRePrdliabid fﬂ;?nﬂ’ie@k@hé&@é@ AheCBIsOm, reﬁroﬁumbﬂﬁt%ahi 4MitRin, the use of

al, 2005a and
serum-free culture medium can have a positive influence on the glycosylation pattern of the

recombinant protein produced, as shown herein.
Furthermore, the presence of the Early region 1A ("E1A") of adenovirus adds another
level of advantages as compared to (human) cell lines that lack this particular gene. E1A as a

transcriptional activator is known to enhance transcription from the enhancer/promoter of the
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The cells according to the invention, in particular
PER. C6 cells, have the additional advantage that they
w@aneheooecul tured in the absence of ani mal - or PCT/EP2005/057205
human- deri ved serum or aninal - or human-derived serum
conmponents. Thus isolation is easier, while the safety
i s enhanced due to the absence of additional human or
animal proteins in the culture, and the systemis very
reliable (synthetic nedia are the best in
CM¥ %%H&'tebEa{r# rr%l es | @llw%deq lal.] 1990, EBAMSE 2P 1558, U\Whgﬂ ﬁl% recombinant
cul ture nedi can have a positive Influence’ on
prog&ny toobg/pratiueed ipundes the whtrohef the&bflﬂélenhamelmrometan, eXpressmn levels

ine§ g Rpn 351 Bl a1 A R R TG nees the

glydosldtdh of ¥ein® proddycdith 366 Scels (WOD30881 009, (human)
cel'l lines that lack this particular gene. ElA as a

transcriptional activator is known to enhance

tr a‘ﬂf‘?é]fe%t &In‘; al% g Q%‘E %{e/ &rvglggtiyggﬂg E)Ia?]pa%/%l%e residues of

I mredi |ve €

a palypeptidRqYhrki %6019993 T}ﬁ@iﬁ&ﬁsﬂl afIN-glycokElation Staktewith the attachment of
produced is_under the control of the CW
a dem%% ebigospeibapideprecwnoytadhy aRatagipgs RIeFWEPTe JBiS NTRFUFYQE is

sSSP 40 ol b, B Tl 58 1

corﬁpleﬂ wpedN-linked stigasebdth tHel3 -Qind QFSTIAKSH. md?slnbsmﬂeadues are substituted
b gIS ycans_are sugar_ chains that are coval ently i nked to
y

Farhglucesanigp &G@},‘Iﬁgﬁ) Tesidyss ﬁ@pplp@ &ypeWrehicans may contain two to
five-8FNACcH mgrbq A}]l'e %f? | £OPN A féﬂn'%pte Fht St s ﬁ't?:‘f'tlxe of

attachma gosacc ari precur sor
corhpiex amazN -dngkestbmgprsenaymy extTEiml\‘Belp aad depeods orsthe proteln to which they

TR AR S ON T .
Gl(N'&@Béann?%QlchQseme Be nﬁﬂ‘i’ﬁéﬂcﬁi’tﬁ gﬂgﬁgse'f@ﬁ[)%@l E@e‘fyl%%%tosamlne

are substituted by N-acety osam ne
(Galtgicyl fmsungxmpﬂlbd LtayIﬂAc V' gwbum mmm&pnGtMQ-mmng

o AR L B0 PR R ElonP B SRERd Bplictimine
striddrbd) H%ﬁnﬁlﬁggeﬂ&t&%%ﬁé b n%ﬁlﬁ&ﬁ\';vifﬁhﬂ o2 of R e %Sln%d sialic acid
the protein which they are attached, on the’

wherehd teemohabN-dcbtyl-galactbsantings mayl enly\bielmdsdlﬁdatbwhhah 0(2(;6 linked sialic
,i s cultured. The G cNAc-bearing branches may be
dified wwth gal actose (Gal) or

N- agqgb léhdlﬂéﬁ 6f3§191§@£81&b9to (&Rl BPGEINIQc ﬁ‘}n&%it&f

LacNAc or Lacdi NAc structures. Also, d cNAc-bearing
s1abviteamsfewesn?yohablyt @apre thar 20 ﬂifkrdnamhlédtrzmsfemsbmme&ncoded by the

horgS ey FapfiS a3 00T THOGHTISE S yvERe sppiieiy, tissue
dis@fbatibn hhd k@sbus bchémaal ShriiekRaNo tf¥h Ralyltransferase has today been
N-acetyl - gal act osoni nes may only be nodified with an

desgtibedsthpf qalndink 9 stalicacitiod LacNac or LacdiNAc structure, which is modified
with an a1,3-linked fucose. Such fucose is linked to the GIcNAc residue thereby forming a
so-called Lewis x structure. Sialylated Lewis x (sialyl-Lewis x) structures, nevertheless, may
exist; yet, these are formed through a process in which the sialic acid is attached to the sugar
before the GlcNAc is modified with the o1,3-linked fucose. The formation of sialyl-Lewis x
structures depends, in turn, on the type of fucosyltransferase. Some fucosyltransferases use

only non-sialylated LacNac or LacdiNAc structures as a substrate, others only use sialylated
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The addition of sialic acids to termnal Gal or Gal NAc

is nmediated by sialyltransferases. Probably nore than
w@0oodiofdoer ent si al yl transferases are encoded bpCt/BB2005/057205

human genone (Hardui n-Lepeng et al., 2001). They

differ in substrate specificity, tissue distribution

and various bi ochem cal paraneters. No human

sialyltransferase has today been described that can

link a sialic acid to a LacNac or Lacdi NAc structure,
LaditA h
2 ucggseél S |nk dati}({;ﬂr?%r(ﬁ%@'%&? fdggl ﬁ%l{s gsr%g )? #%?Pr?tngasa
sutgtrate- cal | ed Lewis x structure. Sialylated Lewis x

(si ew s X structures neverthel ess, may. exist; )

yet ?@W@ wank Lo niugh phFSAGRMRNR ARbRL S EPRR. Produced in
E1ALGblAAE bl bl PERES dols by s3H@febBE Boct Jiﬁ fBANe to a 1

:goegm ?edsvmfh t he Sk eF esd fucce)se ﬁ(ﬁre)[ ?’matlon oalow
1ncofposatmhyif Gabanddue tetthaprestmes oﬂeb,é Addked ifucosest fhe presdrtténvention
e of fucos | transferase, Sone fuycosyltransferases )

prayies BAISQR-185Tgasy (th Hialiq agiderniet of B RgRrodHGetldn il Aoxpressing
celRSuéh SUPER (R &1ls. Ol‘ﬂ%qﬁ&ea%@h Yev‘éﬁ?f s?a?l?llaﬁl)ﬁis%lrﬁﬁé%ﬁ t®0 sfps: the first

substrate, and a third group o
step lm/o‘owzb thesinekaseds de lﬂagl gakuetobydaﬂnomm adgub @tavadeemore (acceptor) sites

for Sag AR ANt Brot el il Sl ey when PER.C6
él";‘f PIHASE B 8 & @ﬁ? B v QB’F qcmjr

celléﬁﬂréré a&fﬁéﬂ % gfdth @s&ﬁéﬂs?oﬂ"iﬁ)é SSAMRHeBBsINRE MARInh YThe second step
sialylated due to a | ow incorporation of Gal and due

mvplyes the ipereasetbecall’'s potent®l 4 eatalpzef the prsess ofistalylatéone mthich was

rovides a .net reasg the
aocopTeg BB S GPuduPRor s SalcardferiR ERedal B Blifeg sugrs of
rec6@binanspiokirSexplekbedin PER.G6 cdiltenayedntis dcdiNve!strattures, which
sialylation is obtained in two steps: the first step

may gpbyl keemodified withraa£8%0-lipkedaliceagid, ap sl sialyltransfetase was first used

to @F%ﬁ{ﬂ tfolls? legr%lo(yfJ gﬂa?}’lﬁtgélg géogs?e%%p t@ﬁé quan/lt%eiFI‘O\g,f Plvas surprisingly found and

disgloscadicasiy kit b 0-2) B Sialydtdaidferase @oaM alst R usEERn@8hat @ik Sesulted in a
wer e adapt ed forﬂ%eowth i n suspension in a serumfree

redgefion efherbagdiNAc shuctytes oA dhaspretsin PRPNeess t he i ncrease
the T‘B é Itwtci apf% wﬁr}%h&h rélgvaﬁl%tf(ﬁl %{&S%S'i%esbﬂgl?lﬁgﬁ df Slfoduced proteins in

sialy aitl on, was “acconp
cellsuhateﬁmsseaienmmfmax proddiiyl 1tnpmn&he:nasiéthe Belaetosydatidreto increase the

ked su r.ecomi, nant teln expressed,
nmp'\E@%e ?Wai}ﬁxlaﬂ%.aﬁ inaesiORhe ki lation ¢ thwaﬁaﬁe Gal and
GalfXc ﬁfﬂsﬂ‘at@@ THR$henfibn Rhd éﬁﬁvﬂe‘a‘%&: Rithdridkderited!prSte®Griduction

an oc2, 6-sialyltransferas s first used to increase
procéss ih EVAlexpfessing limhattalized HHoReoks by wr@pwmlngel glygosylation

3 SPGB Ry cutrin
suchlteRs ekl -$e nibdfurh %i‘é'i@idbﬂnm%ﬁsﬁe'ﬁ@ioh Qﬁl@tahlﬁic engineering). By
structures on the protein produced. Thus, two aspects

corabipingrtheselnespaures, fthy fo snatyred¥-Ainkecasuigers that e s;dlorbéqql can be
dra?na?cgﬂy nnﬁroved over the hitherto described production processes in the absence of
overexpression of a glycosyltransferase and performed in cells that have been cultured in a
serum-containing medium in an adherent fashion. Each of the two measures, i.e.
overexpression of an enzyme involved in post-translational modification of proteins on the
one hand, and the growth of the cells in serum-free culture medium in suspension culture,

contributes to the improved final result, and hence the invention also comprises embodiments
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cells that express adenovirus El A protein: inprovenent

of the gal actosylation to increase the nunber of
waenshrates for sialylation, and increasing theCT/EP2005/057205

sialylation of the avail ablie Gal and Gal NAc

substrates. The invention has inproved the hitherto

descri bed protein production process in El

A-expressing imortalized HER cells by overexpressing

a glycosylation enzynme -preferably a
whefe@n }?e&ﬁeacfﬁfl@fv?osﬁeadufhs iDeRen & fide. (Wﬁ&?#)fo@eins with N-linked sugars

engi feering), and by culturing such sin
haieg ahighrdegrenwd galagtosylaticer and| tgrnminal simylaticsri am desisdalhad bast to

ineering). By c nblnln t hese neasures, the form ng
corgii Jest wefres et bR KOG, o o al yi at ed can be
dramatically inproved over the hitherto descri bed

producti on processes in the absence of overexpression

of &t wilhheodsar thad these meswiresaan herusest ioetcreasedld sislytatign of the N-
11nke s%g%%t%? Ffjj?ﬁogerlf 9%{1%11131(1# ﬁf]%ﬂ(} ? vvoé foﬁgceﬁeg tlyengellls ofthe

sures

1nv6ﬂt&iﬁﬁ possahibudigéntperytigpuigin (BPO)\wed fragment thereof a mutein thereof
post-transl ational modification of proteins an t he

or %é‘ﬁ&’atla‘ﬁ thereoéd igthe Wf‘ﬁelé o inigrestdhatds pRduesapqrAig to the method of the
mvgﬁéé&g rﬁrg%@gg&gpn g?{‘ﬁh&g}n éﬁh'hug £hi %&ﬁ&éﬁ&&&&n than the

ence e I nventl on
EP@ poduwed s Sarsin &Hﬂmtﬂlarmdpt&mllﬁﬂeAeofmnl a}delmmus,fanﬂﬂlencte/more resembles

therr{i_%faqsnilfﬁrgglgllylé gﬁaélzglehﬁ H}&pgagg% e . ]EﬁlL(Q prevl\)liaratlons are usually

recBfbifah@y Bl in&NEO be BHIKD @éllsshtﬁi ﬁfz!t&‘foh? Eblﬁélﬁmg%qhél? Qegree of
It IS best to combine these neasures according t

sialylaiontareoisolated] beocandel in¢reasetl sialylativatis bempficiahforshe h@f bﬁmof the

e _us ase ialylation of.t Nli.nked. .
progiip A& thgretari B8 ety o et AshRBpiiectiosy P Sising hemoglobin
m@fe@‘ﬂ%‘cﬂ%ell%oﬁﬁt@ Kétlck Sthehew 26114 AMagstbéd@s acdordiRE® the invention provide

enbodi nent, thropoietin (EPO or a f ragnment
them@éai@hfy toalsqml thatierpresE1 4y sugh @@ human pmbryonisrretina ¢alls that
ro r | CEP
ts&g{]asol;]%l% ﬁk%egs;trg?ﬁtﬂé‘?ecg%ﬁ{aﬁglg:% f%glc gor éi‘&lthg%creased
half- hfes Irpﬁddiﬁ@n; themethod beddits foml th@h@hll@ifel: Oﬂpleﬂﬁctiohahathé'\possible in

i Q EPO produced thus far in cells that express El A of
theéﬁ”%ﬁ“éﬁﬁﬁ%t%‘ he grygntiince nore resenbl es t he

I
EPOUn- LR, A ANE EROAN bk DR AR AR IS FleSing cols tha

ov@biq)rens aBkdlyltrehdferaseanah be ﬁacttloma‘&dct@nbtamrﬁlrtgera%ahngim with still higher

e of S|al | ation are isol ated, becaus cr eased
siall S FalFs, o i HaneTeoE FomBRtcu| SrdparAiony ¢ LR Toie aepect, the
EPOVIﬁ‘B(ﬁic@d ﬁ&ﬁi)r(ﬁlﬁg (e rn?ve‘hﬁ()n L8 BurefdPRidg dnaniéh &%Rhdgel Joﬁlmn to

t herapeutic effect of increasing henogl obin 15 and
obthindughly @ialylaimh fraglonslelm aﬂeshownélerﬂemﬁhatsEP@ cande pbtamdsfrom E1A

d d X
xS Egel1e it Rupiogioh FEBY 4 R eBine b AT BRR, rlfoetiP
sur?ﬁiihglzh@gi év%rég@@lah@é@lﬂ%‘éﬁteﬁi wSingSsich n@eﬁhd&R C6 cells,

or the reconbi nant production of EPO with incr eased

expr

"r'f

Methods to produce proteins in host cells are well established and known to the
person skilled in the art. The use of E1A-expressing HER cells for this purpose is described in
WO 00/63403.
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half-lIife. In addition, the nethod benefits fromthe

hi gh I evel of production that is possible in the cells
wa@ewendiong to the invention. 20 O course, al seCt/BR20ER1B37205

or other proteins producedign the El A expressing cells

that overexpress a sialyltransferase, can be

fractionated to obtain further fractions with stil

hi gher sialic acid contents, as is al so done for

commerci al preparations of EPO In one aspect, the EPO

pr 0@1&’%&%&9%@ gfﬂdﬁgtl&{)oft dRchYRB RBkein iR st QD ig@ﬁthe

an anfon eXchange columm to obtain highly sialylate
intfodagtionafancleic dcsl imreapressibledomat fizto theA©steall, beltt(rblgathm eells under

fromEl A 25 expressin articular from.E
conglfiP Sondis e rR T el BepidgiRo A afow e pRRPR gf e seid
nudkigBcidigka8%@els. al i ¢ acid content using such nethods.

Met hods to produce proteins in host cells are well

est ddternabizelyampro@io fhat ismapurallpexpsesseds i desiser] host e¢lls, but not at

exnr: r
soffepkeh 438 o phei T RSP s 8 0ot Bl regloion
seqlaélmébl SlidhQi3 aGftroflg pRARGTEN iR@PEraplecissdcintion vﬁt}hﬂhé desiedd gene (see e.g.

rises the introduction of nucleic acid in
W<é>‘2 1083e§, gyhere @P gadogeneus KRR eprpsis overrexpressed i infgdigtion of a strong
ive to expression of the
pro%rgdct:‘%@pgﬁ%gg %Hl% fﬁovvl ng ex%r ession of the said
nuc [The praein dnayrb@axpr.esm ihtsaceRlilady fiait ipvefergblyas pasometed mto the

culf gy Nar Lo Foor LT e b g gt gf Tieres 101
ha{rﬂﬁée‘%%ﬁchpbﬁéfa@ioﬁs R¥niafd Seceriioh Bgnsl A BliRg E&S{H |sé’érétﬁﬂ1 of the
sequences such as a strong promnmoter in opera
produesdprateinsnlfdesited; sesrationistgndls geayenl§asheadded to Wﬁam proteins, by
ﬁ\%/ 0%68 . \A@ler t he endogenous EPO gene is
me 8? 3’5 by introduction of a strong pronoter
UPS INURRIB £id EAMRdBIRHEprbRit ik Preséible Format Ry HeGh Shd ol an
be expressed intracellularly, but preferagl S
expgessioatcagseitprandiugeallyeduires spgusnges capehle pﬁbm}gn@& abhaatt expression of
C
the%gfeﬁ%g:z% tsﬁécha% p%@gx Bfoogéo%pg ISIaderlllglsaglgrﬁ 3{%:1510 Emd the lﬁke Several

prdnhﬂérs bin BgusRl doit expessision o6 Fecoibiraat Mickde asd, amﬂah@e Iih’iay comprise
If desired, secretion signals may_al so_be added to

virglememmalign.cyathgtic promaters; r?@ééh%lmﬁn Feftainempbedimengsca prognoter
dnﬁﬁg t@h %%élgﬂ PR RERIThdid o FNRTEE R @1\&‘9 d ea?ﬁ' promoter,

ormof. an expressi on cassette, usu
for mmance esmpusjugnt e§3% apsfi fomfthdEMIG umgleéllatewarly gene

expressi on of the nucleic,aciq, such.a nhancer .
en}}gp.oe:;&:%tpoteb af )t,lgagmoéeﬁ@ﬁ bgengq%glwn tq Igbvet e)fgg%s_smgﬁgvels in cells
exp?@ééﬁfg%lA of an adenovirus (see e.g. WO 03/051927). The nucleic acid of interest may

be a genomic DNA, a cDNA, synthetic DNA, a combination of these, etc.

Cell culture media are available from various vendors, and serum-free culture media
are nowadays often used for cell culture, because they are more defined than media containing
serum. The cells of the present invention grow well in serum-containing media as well as in
serum-free media. Usually a short period is required to adapt PER.C6 cells from a serum
containing medium, such as DMEM+9% FBS, to a serum-free medium. One example of a
serum-free culture medium that is very suitable for use in the present invention is EX-
CELL™ VPRO medium (JRH Biosciences, catalog number 14561). Another example is
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pronoters can be used for expression of reconbi nant

nucl ei c acid, and these nmay conprise viral, mammli an,
wa@eyosloatoic pronoters, and the like. |n certai NnPCT/EP2005/057205

enbodi nents, a pronoter drit¥i ng the expression of the

nucleic acid of interest is the CW imedi ate early

pronoter, for instance conprising nt. -735 to +95 from

the CW i medi ate early gene enhancer/pronoter, as

this pronoter has been shown to give high expression
R s 1S RS R ARG E PEARNINC RS be usedas
webeTlaa glsofithe umanoa irc @iaral gyaw h@telr@ﬂ&m,seramemnmmag immdia, but are

1 bl
very RO o g T Bsiot if PieDeel P (Glesdl P aRd higher) in
serOMWRGEAGHuRS thedla, UelEeh RanCBhd theylid Hbttheed 8 GAHER th RBNerd k& but
nore defined than nedia cont aini ng serum The cells o

remaie rehativebnired ﬁmarwclbﬂthgrrm fyqan the wallseofithe edrevessel gluring most of
theqﬁgé. PrStdsedy f(gr c% ﬁl%r gﬂg &r tggﬁp%lg}l olilﬁ hén%ltf%s %H(?/(r)lt for

peri o IS reqwr roma serum

obtaimixigv ety n@hrmsuwrylems qi‘bnaﬁlew/&lns %%(weFB&n described (WO 2004/099396).
serumfree nmedium One exanple of a serumfree culture
nediun1that IS very suitable for use in the present

| QR LBl ol NERONE I AR BF SR Broteins

prodddiRetaicel (}mﬂbee@lhmﬁlp esablishtd)and sseforinsfaneedisadsal iardetail in US

patgﬁe(#@%}s ? d gé%g}l gSn%%ﬁ&f %%ﬁégaé]ﬂtaﬂtgnyg] glycosylatlontish Siscussed

theRH, Wi SRANS NN 0RECHE 16 a hBYHceAREIH e RERS WhicRN cdpﬁble of
grow ng I n suspenston to high cell densities (10x106

expresising/ atfleastrahelengyrae Which is selested frem theigtoup somsisting, of
that th d t f t dh
vy R gt o e B ado e B SfRer and
aceftﬂg‘élhétbﬁnﬁgﬂ'lhénﬁéraiéﬂ ENGidbiy b Roo¥ Il traiiifeta3es dHdSSulfofransferases
r

he ti ocesses for culturing the cells of the
(collpstisighyi 1eferred tohefgingasn glycowvdatipnengymesd), and exnressing a/mljcient

B 1 ST D Bl P 68 Bypospaion of
progeif) proecedigy aid edlL. & exﬂn}tﬂéxswmdtld@mrﬁént{ glocubiatian bf CHO cells is
pr ot ei nswgr oduced in a cell has_ been

I
alteé%@ Bprece alanfamrqsglowf ajtigasfgeiedray a@%ﬂg%'éym@aféfaa? gene, resulting
mt‘h@ H?erﬂ:@to?meuﬁ 1s %lfe P&Qﬁlrtﬁg c&iP ﬁf&& cRbohydrates, whereas in
y a terlng g? g

etlcall tronis scusse
thetabsﬂnee of thertchnsfiettad end, nanﬁMc@fa-hBGamequesab Ipraduced in these

colln S spiFR g 1) &SGOG S PO i BT BN B aepUgeblifo the
proﬁﬁctQJnY&‘}ééﬂrﬁﬁlﬁ‘diﬁ E)thﬁﬁ?ﬁl hdsHEIRYE L, SeRhSRES al., 1995; Minch et al,

gal act osyl t ransf erases,
195{5@6@1&{@1@{@%493&@@3@@1 19980 Weatkeabetal, 1999; Fukuta et al., 2000; Prati et

o OB eptk, R ot BT RRBERT Rt i Sonates SRR 88 Swen

estﬁﬂ%ﬁéﬂeﬁld)kno%QO eHpeesonl skilled if el dr€ afidEan as such be beneficially used

according to the present invention. It is shown herein that E1 A-expressing cells can also be

genetically engineered and compositions of recombinant EPO protein, as a model for

glycosylated proteins, with surprisingly high average sialic acid content can thus be obtained.
To this purpose, nucleic acid encoding the desired glycosylation enzyme in

expressible format is or has been introduced into the cells according to the invention, and the
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anount of at | east one of said enzynmes in said cell to
thereby alter the glycosylation of a protein produced
whyosarmicel | . I n exanples in that docunment, PCT/EP2005/057205
gl ycosyl ation of CHO cellsi#s altered by reconbi nant
expression of a transfected rat
al fa-2,6-sialyltransferase gene, resulting in the
presence of NeuAc-alfa-2,6Gl sequences on the cell
surface carbohydrates, whereas in the absence of the
desﬁr%&gf}f é;}fla?cﬂ)ngé?l DEme W Uprd¥e furfiloftRe gulﬁl(lrﬁg of fiHeNs Gécofdifig to the
pr o In these cell's. Subsedquent worK has
investicrbwherhthel ptd‘(em ofj interestyis expressed Adismesulisry an gltered glycosylation

l abI roducti o recombi nant prot ej ns
e R &R Decip g oS Pl he Froti whdrErelamh Bt
gly@&syi’dtlon Jeﬁ)‘i)}ane ﬂs%kgfegé‘edfih 11 celld. %%ref&'?@&nﬁ&dlfﬁbnts 188 81ycosylation
kert et 99; Fukuta et al., 2000; Prati et
enzarme is a@@mlﬁms&rW; moreepreferted @s aifar2, @@nb*ﬂtraele@rﬁjﬂ gader ayalfa-2,6-
siaYfsA IR bRREAN, 35 SHSHREFeS aiof AR S HafRlian cnryme
mosipriafdpsblipe Ihﬁfnlaﬁ kefihyinye. The duéleicaicidl éhgodifg theadepir&b glptosylation
invention. It iis shown herein that El A-expressin .

enzyge nyeferablis dnderecogrpleefiachaterglogpws premotes. h should be active or

i . as | .
ha&%gﬁés%@g%{g?@gg?@%ﬁ%%&nglqh E(?E dg‘:ﬁfrfépﬁ\/él?tﬁ)g 1;&?;‘%}3%?’ the nucleic
amdmmaalglg the glylcosmeuh emzythe[mnmgratéd‘limﬁ) the getimé ofttie cdlls, to ensure

ur pose, nug a jd encadi ng.the desjre
StaBlFfﬂi'lf ¢:i29f POV i@fﬁp@é%l?’b PgthF SPRERC }nss feqgRt generations
of 1h88Ild. Thé AfKAIBEH S él{z‘@os Iﬁhbﬁ' eRAHRY it ithrhéHd126d HER cells

I nvention, and thedeS|red gl ycosyl ation enzyne is
expaagsingdBleisalesdritgd iarsir Wistaaniba geast frmméhez@tangﬂ@cdn repression of the

oS et TS PRSI IR P g Bpiselfy Moreover
whB@ tHeeH I\ -8 prédithgliells BkpreRing thé SiaFStansfersse ARAEBHN R sﬁép@nsmn in
situation when no reconbi nant gl ycosylation enzynme is

ser@mpfr@s@,@urq medip acqoeding to the ppsentdpyentionrrelearrand signifigeat increase in
sia%)g 1 o] Ig%tlll (flrﬂk?(? élegﬁui'o% aarF&%n?lMelntt f'oqafl ?ﬁa@?sgf?xg%geﬁl in these cells is

an a ans erase an

obs%i'\fea @, dan beisadryintexampleed bslew. Perteeinglabitrred bmb@diﬁﬁde @f the
cosylatlon enzyne s a_manmal i an enzyne,
pr%?%ﬁﬁcsmd;ngawﬁmseéﬁ zlyfﬁatwwm: Gells P@q%dlag mjths %Y?&Flﬂ’g comprise

o b GES A SREATESAN AP s 2

sialylttansferase, in@xpresdisle forssit, ot instancd urler oantrod gfih htterblogous promoter,

. the cellsg of the inventi f er abl the nucl eic
e AT BGIRE DU Fghol e TG MAIET OF e 850, Hhcouing, (he gl Sosgtion enzyme.
A sufthBle h@&@ﬁﬂ@ﬁ‘ﬁls?é‘rasteh@ a finh# o-% G- sBRHHRRIRPIE sequence of which

i nheritance,” and provide for stabl e expression of the
Wasdqsyn’eedbb’%b@mmam algt9¥r ati ons of the cells. The

|n odu i on of osyl ati on enz
8 ther B Bized b, tclts OENIRE lificaciq ppsgeting an alfe-
2 3tb?£1?]tﬂansf9ﬁsé3 3 eXifReSRAO form@f féiRst@acRAlEScontrBEof a heterologous
expressi on of the sial yl transferase increases the

progiaigry The alén2 dfsiglpltenydrasgmay fotinstanceibs athvanpa o dPtsiplyliransferase,
kndd SOATAC or STZ (Genbank accession number .23767, see also US patent

5,494,790).
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when the El A-expressing cells expressing the
sialyltransferase are grown in suspension in
waesodnvdfonee cul ture media according to the preBenEP2005/057205
invention, a clear and signbficant increase in
sialylation of the N-linked glycans of a reconbi nant
protein that is expressed in these cells is observed,
as can be seen in exanple 3 below. Hence, in preferred
enbodi nents of the processes according to the present
| NV Rtde@Ribell Ao veEAndSn PO Y3AI3800, EPC ol URE bbBPrising LewisX
conmpri se nuclelc acid encoding a glycosylation enzyne,
stnptigeecaltiesuitaldy aroducedinsiells Heie expgesstadearsovarus E-IA s@quences, such as
ressi bl for

PEBﬁgée%/ ll]éggﬁ_‘egp Ftng:uﬁg,t agﬁg?sgatb%anp fon n&,glycpn 8f 3 I%IE:ngl'Stee:in such as

EPO! RID§RCtukdhbt ¢dinpiides b 81,9 ainkbd Fuc@ﬁ@m%{cﬁéd RfNIab&ylgRit6samine in a
encodi ng the glycosyl ati on enzyme. A suitable

lactpsammedypd a}qtcmma;sg'ﬂ@p@g, dhere aze twontypes of LewisX structures: one with a
terrguené}: galgétggeyanh &% ﬁl; aﬁt%ﬁmtng‘lﬁ-a%%tg&%ﬁ%ﬁ)ﬁ%aln Fr Yesidue. These

termafrat gxroupsimayrbﬁdiamat be lifkedae b Istulic acidy Wwhéen huleddad @ sitic Aeid, the
encodlngﬁgn alfa- 2,3-sialyltransferase, in

Lewisgf Saisfupy i o siplppkewis X stmpfiiten hleaoq, SBBA- Lyt sirucsyresare a subgroup
| yhd dR

of YK RS 1 0P Rlne e Dbl A LBRRAEL Bfvins o

profteinvompssifg NHékedrglyshs itk hleaidX stouotisrss, doascnibad ar WO 03/038100, is

L2 see al sg, US patent 5,494, 790 descri
tha&%éé“&?fﬂ@ H‘%l‘bgﬁdﬁ%‘i@d bizisngnig, @H%B‘Péﬁleﬁ%%dﬁfﬁﬂde anti-
inflafithatetyProptetidd! RS dERRsPEhSHInhBR/ VoI B8HiIMN aRE 'bb $eneficial if

t hat express adenovirus El A sequences, such as PER C6
sucheirdteins Avoubheanpriserinareased rermnab sielylationoto inereaselthaesatn half-life

o SRR Bl VRS e p e bbbl bl

N- aggtanl e&hﬂﬁ?}és amlfi@pdlétnﬁ(ﬂmntp@mmrpm € 6202118 B \described in WO
structure heré are two types of Lew sX structures:

03/83%1 0 compaisescl-ayin stryefiees s enbyrpdlovnleveliof iakic peid feggxample 8,
I | . . nal )
Talg%: ﬂz elgh‘é &é@h@&r‘std%&f/ﬂﬂﬁgt?n gl%r%ﬁ% 185%% oﬂ‘f)g?va{aé‘%% gaolésgﬁli%@ obtain

protdimm hﬁﬂbdl&s @omipaking [@%4sX stiuteurbs; whd Mcsdasedchumitrers of dalic acid
sialyl-Lewi sX structure. Hence, sialyl-Lew sX
moﬁﬁﬁlé‘ﬁ%hégtoa‘ih@réugﬁﬁ'@’\*%’ﬁsof Lewi sX structures for the

pur R8s %\%fltl&h&e&rf&%%gévﬂé%\ﬁe& i mﬁ oﬁ%@m@ﬂéﬁﬁ%%ﬁ@ br ﬁt)re isoforms of

having a protein co isin glycans
an exythirepoistin (Ei’t@)rwmprﬂmgcgiydaﬁsjlihkedmr@tbl OB8ki0said glytdmtcompnse on

ol 41651 ELEVAE s b o S LT S i moeies
per I RloldcBfe. AARIXHLS 6 $RBAsdTBH &%%Vcﬁ)tdi'ﬁ’éﬂsdsﬁﬁrodﬁ&ng"ﬁpbqn PER.C6
al so be beneficial if such proteins would conprise

cellsithatdiartleat Otvenemomsﬂ a galylisansferase,, and ovhicicis @al%red hemspmumn in
serglgrljéeae IHecf gfﬂrl]lﬁ SIS dg%iﬂsgé g}eﬁgﬁg fW(H O§/B§8 1%'65) ot pro u%lrng EPO in

PER.C6 cells lead to EPO that comprised LewisX structures but significantly lower amounts

s

of sialic acids (see entry 1 in Table 4). The composition is generally obtained as a mixture of
EPO isoforms, but the person skilled in the art could isolate the separate isoforms, as
described in US patent 5,856,298, in particular example 1 therein. In more preferred
embodiments, the composition comprises on average at least 7 sialic acid moieties per EPO

molecule, more preferably at least 8 sialic acid moieties per EPO molecule. The sialic acid



10

15

20

25

30

As an exanpl e, erythropoietin (EPO produced in PER C6
cells as described in WO 03/038100 conprises Lew sX
waeteogotenes, but only a low | evel of sialic acPdr/EB®es/ns57205
exanple 8, Table 4). The nathods described in the
present invention provide the possibility to obtain
protein nol ecul es conprising Lew sX structures, and
i ncreased nunbers of sialic acid noieties attached to
their sugar structures. The invention therefore
moE&ny b6 Raifi] Iﬁ%ﬁﬁésttbﬁﬁinﬁ%fc' B Dn N FinREd S9ELs] ﬁﬁfs%%lahc acids
an erythropoi etin (EPO conprising glygans 11 nked
m1gh1 éea @t@ﬁnt\mdmkeds glydanylapd &nstributepo ileaveragasiatiageid caftent of the

corfposit§t n GortatermbodbS i BPPGoolsaie BRISE Ty Bligh Bompises 3 N-
llnkﬂdgl VdaBs.Th ceMgii einbBaRicHEs, ARIEHE mcaicTdhdimvertRUonipiises 3 N-

In PER. C6 cells that further overexpress a

linkadeglydans amdsora @dinked gtycomildi LiesvigX prugterds a1 psesspleansNdinked

gly{:%ﬁsog ﬁ%‘%%(& G&qe oe%' %?go%hu I\:nlgl\rq}%e?%é@/at gpéklﬁ%?%g 0’{{‘5‘1& lﬂ’ an% cells that

ovdr@xﬁ&@atsﬁmyltrﬁﬁﬁahs@ﬁﬁl wdgivh an¥ cailtiredtinl sEpetdidn in serum-free medlum a
gnificantly | ower amounts of sialic acids (see entr

cormpqseilonaﬂﬂ Fé’%tloler«ﬁkes é%‘?ﬁﬁ%@?‘i Whigchihgs ge Aeeragq a,boabl A w&&ewa
@%éﬂ&%b%% Eﬁ’c@dﬁ ;Ze? 1e%er (Ec{éeen SRaB1E! 43! fikertain

n the art cou I'SO e separate 1soforns, as
emtiedimhiseﬂie imehﬁomﬁtemﬂ)re@rﬁﬁ&es%e&mpomtparcbmpnbmg one or more

. npl.e t.herein. nore preferred enbodi nents, the,

150@’6‘&’58@?‘? PRErERRiftn éﬂég))o‘iﬁmﬁkfé’rng cgps figkedtheretg, &?‘F@m said glycans

corﬁﬁﬂléé Jr0ivetdl €$a) RRfwdeR P 47l 221G iSX sHREErR hEf EPO %Meéﬂe and b)
l'east 8 siali¢ acid noieties per EPO nol ecule. The

betgicen B andit? dialic e¢id owictics preEPOyngleadent as term naI

sialj ¢ acids.on NIjnke l.ycans ut S ialic
o s Bhookhs e b i 19 AR R g S £y e preferred
corfiftitidnl MafridglavehiBe 8148E a&ifl cohtdhi thatds lsl‘i’ll BI2REE The @fvehtiéh therefore

conposition. In certain enbodi nents, the EPO nol ecul e
alsg provies 2p9Bpsitian eomprisiag eneonnpriekecformns of anerythfepoietin (EPO)

o34 BT i BRI S AL o
LeWiSK steistusp&HRE tﬂ&bﬂ@&leﬁﬁtﬂi ) ot St 1 (0gialid- dcidiineibtig p&rdiPO molecule.

of the EPO nol ecul es. i's shown herein that upon
Preé@(pl?lgs%icb ﬁomaowmmssenww en arRecRtdeask bl dalic aeid Mictics per EPO
mofdceY 1t tl@d@q I Eplrafibf, 1@#@)%%&1%@5&11 ?H%ﬂf&ﬂl%ﬂ?ﬁht

In serum reerrE|um conposition o ecules is
comjiiszi aneayerage aboutdsd bemeestmgIares laod bbdut 42 5. saliceacideoieties per EPO

tructures u sialic acids EPO nol

mofects Gt S T BRI onSer i SIS i PR Gero o provides a
cothpOsRn Q@inprRHpednelo? nﬂfr@iébﬂﬁ"ﬁ)s df af @Hﬁﬁb%él@tﬁ‘n E’ﬂ’( By dodipHing glycans

one or nore isoforns of an erythropoietin PO)
linkedrtherieto, wherginseahglyransicothprise o everageh o) dtweeed.d and 1 LewisX

Stﬂ%{ﬁi’rggﬁ% 8?60&],561}@6%%%?%@11 ljrﬂglga)% Sla? 1C ac1da mmet%es per E%’é

molecule. For comparison, a commercially available EPO preparation analysed in the same

manner does not comprise LewisX structures and on average contained about 12.4 sialic acids
per EPO molecule (see entry 4 in Table 4).

The invention provides still more preferred compositions of EPO, which comprise on average
less than 1, preferably less than 0.5, more preferably less than 0.3 Lewis x structure, and in

preferred embodiments comprise no Lewis x structure (or at least below detection limits using
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between 8 and 10 sialic acid noieties per EPO
nmol ecul e. Such conpositions can be used to further
w@ocoyoand obtain even nore preferred conposi PCDEB2005/057205
havi ng average sialic acidigontent that is stil
hi gher. The invention therefore al so provides a
conposition conprising one or nore isoforns of an
erythropoietin (EPO conprising glycans |inked
thereto, wherein said glycans conprise on average: a)
the%eth&ﬁssa{s d@scﬁs&f‘ﬁ‘ér@ﬁg StHikCchiHh& dedve ?ch%bﬁﬁﬁg BetwdBA 19hnd 15,
least 10 sialic aC|d noi eti es pe cul e.
moﬁr petaraily b‘;twseua: h3 endrpd siaki¢ ands lwlﬁﬂ() meleuuleahmealgm enbodiments,

I t 11 siali i.es . EPO npl ecul e. [ .
thegfi) n AtRes Pt ol B LR S i Jaa G etieihle Lowis x
strit@ur® isias AROmEMRSds diSdIBdeld HRredh) aﬁ& BERERn ADAHY 19 sRalib 8¥$ Yer EPO

structures and about 12.6 sialic acid noieties per O
Hmk@ubcule (see entry 3 in Table 4). In certain
Thg sﬂ‘fo%t %CCorHJS t@%ﬁ%%ve%ﬁoﬁ Eﬂ?efgra Yi co 9¥é g’%? %e%s EPO isoforms

com Ion conprising one orns (0]

togethyi itj’cﬁmﬁh@tfoﬂat(IEBO)’O%ppﬂéfdrﬁﬂﬁ gt Ighst 8&%5 of thekKzPD present in said
t hereto, wherein said ca ns conpri se on aver

COTBRASERn MoTePrEFRIAbLY r:‘@wl@x Origeforpetogeier @c@%xggfemtéeast 70%,

q Fbh ties per EPO
pre?}ég%gé feé.%t\ég?r’]g%&warl sé;)é,salﬁ%%a(r}ﬁd’rer c? %/neaval | abl e EPO
The¢despdabat EP@Q can@bsdﬁelds dan belpeepmecdeacoendingrto dicemethods disclosed herein,

onprise, Lewi sX structures and, on aver age t ai ned
anfglé Er%osil lepcger amgéoéllﬁ 1&¥el15@|n te-obiatA vatist Of(lg}g °8WPP§}“9PS which
varyRs 1¢bk @xfbht of tEir M‘\‘/z%‘ﬁioﬁng&ﬂ Qé’tixﬂi’l%sfréﬁl' 1bds BT F0% to around 100% of

preferred conpositions of whi'ch conprise on
thedHRE) BR® staslerd draaominerginldy evaabbl)e HR¢3 prephrations. & certaireembodiments,

oS B8 Rhhin B heRRe” 1 o oS LB p A i reasured
acc()ﬁﬁ Rfingo the PErmbRbSYIC AGTERUR Phlatdard instheai MARS cRiolRaLs,

sclosed herein), while further on avera
prepmfwmsSarﬁ gbteinedaderein thesrivalees mb@wselei%andao%eme@ iyet other
e RS AR oA P ol DRl g 120,

mokepieferablp bétwetnl 86% amaR0%0 Itrio tHilie possitsle I‘,cﬁ‘pl’oei&e& spectrum of EPO
structure u3|ng t he nmet hods _di scl osed herein,

prepafiatipns with didfeging o wivg biodogieal a&yﬂy@mlemﬁmwcmdéor dffgring
[
PR P SO St Rt 1B AT RN 308 EFekcid content
may be santabllysami fBﬂ%topm‘ef:‘eveaﬂnirposes wigksthe 8pber erpthtd:mn&ié(ﬁonns (with
resent. in.sai.q co S|t|o re preferably 4 or le
rolfisE Dih SIS 0 GORES SEecLUE FoT pobpYHFORs a5 as o1
cytBpeleRli A birpades! BitShe ﬁ@ce/ﬁ plﬁ*f)o§ehﬂﬁe lﬁf’éﬁep 5i85RIdd fofin$ ﬁia?
conposition. The descri bed onpositions can
advyantageously kecused bicayse of thhis lmasc;uhalﬂh&ﬂndsmrmd @hannacokinetic

properties, while at the same time the erythropoietic activity may or may not be impaired. An

example of an EPO having impaired erythropoietic activity is an EPO mutein as described by
Leist et al (2004), e.g. EPO S100E or R103E, having no significant erythropoietic activity but
still being active in cytoprotection: such EPO could also be beneficially prepared according to
the methods disclosed herein, thereby improving the half-life after administration.

An erythropoietin preferably is human erythropoietin, a fragment of human
erythropoietin, or a mutein of human erythropoietin. Such an erythropoietin should preferably
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and it is possible according to the invention to
obtain a variety of EPO conpositions, which vary as to
wo b@coxdoent of their in vivo biological activipgr/EPI005057205
| ess than 10%to around 10086 of the EPO BRP standard
or commercially avail abl e EPO preparations. In certain
enbodi nents, the EPO thus obtained has between 1% and
20% in vivo biological activity as measured accordi ng
to the Pharnmacopoi ea (PHEUR) standard nethod. In other
be %h%%aﬂg RESve, WHERAh&HDs W2 iEhBulaHadt HEEastBRE 6f the FRRANg activities:
val Ues are bétween 20% and 40% and I n yet other
a) cubiog boenmerrowaesHs toaihcressegrediustivmetretid@ive geslantedplood cells,

rably .bet n 60% and 120% no [ef I .
inclag SR R ATIE D3, M OPae 15 cyho U BIE! B ORPR) Gellgtively
ref&%iptb ray F@r?ﬁu@%@tﬁra@ﬁﬁiyﬂ I280%r B) f3pstsiveaieiliiar pldtectivV®activity

bi ol ogi cal erythropoietic activity, and/or differing
selesiied fewdke group censisting off mmct@gymhm@mnatqnbanmm 1estpring the
I ¢l d t ent
ﬁmcte!)lﬂ))# %lrg‘tklzlt t(gfvylm %Féon'tsﬁfsgq Fn)rt Irlglgaré ecgﬁ téaqsﬂ?&? %aﬁc'ﬁg ﬁﬁpﬂn’és collectively

refﬁf@d%ﬂﬁfﬁm &4 icotobfuteamive \acﬂixlﬂtyr)elsadh asefoy/inblagde @sdbsed muW(d 00/61164
ent% are suitable for both erythropoietic as

|l
anda‘é’(? 8#/023389p The eeapienscs of hupgn ex/thnogpictipis Wel kegwn (e.g. US patent
5,40 8p8 5 %%%gldé'l géﬁoglzgﬂbgeghég( % ?55@%& i Iber MI 13 (?) EPO muteins,

advant ag ncr ease
andiagues,|peptidesnor frapmentselringing theelCRA lrmptoc and hgpeng somse kind of activity

sty PALB3Y s oBies Reprcleoried ol s ALt Py TS 260,
5,767B98 ILE562Iant ITODOOES, 77320l HI8BY 85, %3553%@ i BicinAonal

descr’i bed by’ Lei st et (2004, EPO Sl OOE
pubticatens WE/9¥95465, W(Q ﬁ‘|7/’fl B%b&nndeWﬁ 98/ bw6ea1|1 mcamorat¢d by reference

ut still ect,ion; suc PO . .
for it dieleBinR il Fas oy PR EPOGRULES pay g bl activty. The
EPORSHIRImvertfonl seslsdBs Rbbificl A BPhstafibs @ivdlo@dlih®V0 02/053580, e.g.
hal f-1ife after adm nistration. An erythropoietin
by parbamaylaties of @nemrrmwe dysjnes in i EFRQ moleguler (sgmeesit WEX 02/053580, Leist
et elg,rﬂyﬁt%ﬁ ggéo(ﬁ E][ I n hasﬁ{o él‘?¥ l?&]ngOpOI %Eﬂilﬁwg hBHt 1|‘e‘guns its tissue protectlve

actbzﬁtgrf €értdih ¥PO rhuﬁh@ gm@hlk(y bét fousd toviive these pfd)‘pelttiéﬁ(Lelﬁt et al,
ould have at | east one of the followi ng activitie

20%) %lsh 85 REOpwithea mutation of senine tp@lqtﬁeaféaw%v%m GFé?ﬁ) $}00E) and
EP g‘;vrrlolﬂg# HE{EI fﬁ)ﬁ?f %{‘b é:@ go %P&?}%geﬁﬁ L5Jo§1'c h ri?ﬁ g@ﬁg-RIME Lists of these
an(bethenEP@ nﬂﬂ:&t@m&e beew Hiselo!;éd\/mIWOr%)Dé,fODéWG, mca@orated herein by

rfirgidey A e goosk Pe)edlods 08 ol hesh gy PR dbgpdyvithin the

scop@df hl%l‘yﬂgo;%;letﬁ{ cbfdind' thé'Bledm itVeRfon. 30 B&RAH BRIbOdiments, EPO is
restoring the function or viability of a responsive

humambBOI whwb@bntalmfsmhnhydﬂagmha(lsoﬂam aethese contain N-linkages to
col | ect | n.as 'cytoprotective

esoRfRer Pt Shlnins oF DslimkalE o der T i T RS s 6 061

gly%&‘}rla'i%ﬁ MeQﬂélQéﬁﬁl&Qtlvﬂ:{W 8f ERQ llﬁ@ B&nOkelNgdBahented (Delorme et al.
thropoietin s wel nown (e.g. US patent
1992 amaguchi et al. 1991).

The EPO compositions described above can be obtained using the novel methods
disclosed herein. The invention therefore further provides a method for obtaining a

composition comprising one or more isoforms of an erythropoietin (EPO) comprising glycans
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5,441, 868; EP patent 0411678, cDNA: Genbank accession
nunmber: M 1319). EPO nutei ns, anal ogues, peptides, or

wo ea@gmeits bi ndi ng the EPO receptor and havi ngpGDRB2005/057205
ki nd of activity associ ated9w th EPO have for instance
been described in US patents 5,457,089, 4,835, 260,
5,767,078, 5,856,292, 4,703,008, 5,773,569, 5,830,851,
5,835,382, and international publications WO 95/ 05465,
WO 97/ 18318 and WD 98/ 18926, all incorporated by

linkeRf REEAEhd O shidGI RURPERfpHe dfl SEHES bNRaFRQIIARIB B EPO

EPO nmut ei ns havi ng biol ogical activity. The
moid¢ale| and drom Oro m“m s stripduras) daiflineethodeonfiisinga s} pmmimg a

di WO 02/ b | t
cukiitis S oAy STeH s ity Gafean L v alE Phygrotein i
expredsibi3fBfat il fafthéicoftainig®h Ahcleid weid eﬁi@&hﬁ% g6 ERBGnR&pressible

no erythrop0|et|c act|V|ty, but retains ifs tissue
forpeat werdin saideell {urthgr canszingd nudeioagidisaguence encodipgsosialyltransferase,

pregegglﬂy fag lég)%ﬁ Y%- Ié‘]%l\‘ly%rangf aa eRE %?gl{pl 5 %53 %1%1?11?&15@%5% under control of a

on’o erine

hetgllowg@ﬁﬁpﬁmatterpb)suﬂtuﬁng 181Q ceEROh SiriiEfrecadutiufeRoedibintund allow
mutation of arginine to glutamate at positiagn 103

expressionRf @ BP0 iny sgjdsced; o) R ating dhecREssSearts Grfiomiad selland/or from
thetb%ﬁare%édiﬁlﬁsm cp fbu}l@ anfrdD %%?oégmga%‘é W{oat{b% Bﬁét%r{élwhlch

ref erence. nol ecul es an
ha\tehmsncrﬂaﬂeé lamerage dalicadididedentiof tierN-linked glgpans per BRO molecule, to

rythropojetin according to the_ present ventioon. | n .

Obté’é‘r% COMPOSition SPRHES opp F’Qr%‘lﬁﬂf&%ﬁ %&é’ﬁm&.’&ﬁ‘?& ighé“‘ms linked

thef‘é%‘ heRiPeRY gyl ohipkiBSon ¥¥r a@fleaﬁp@ Sigli€&dFpe? EPO molecule and
N-1i nkages to asparagi nes, and one contains an

from-0 tork hgeiststmcyiessi hibe said silydransfesase apdsaid kd A prbtein are also

eXIg[%% a%rl at ggﬂ:ﬁ‘% th | olngr cal act Ib\()lftgé(’él?s Wgﬁgdﬁ%ﬁ?d no Lewis x
stnurdd are H8Rdted if HR @?Q:&ﬁﬁ&ﬂ&dd UsHESmMEIREEd ERBEH1IFHEQ Vibrefid theaning

be obtai ned using the novel nethods di scl osed herein.

thatreayesagerin ja 8 spestiuny efithe Nolinked gdvcans ivelatrddiara the
corgﬁésiﬁ(ﬂl' W%ﬁ' r%tbﬁ)g]t o?%% fﬂéﬁ%}e? U&mBLisd P Swis x structure. In
an eryt rop conpri sing

cerg@lity ebadimaiis Ole§sthare 5%, mttemajeﬂamadnd)ogim@ﬁmo@cvmlﬂé glgcamm in the
average. at | east 6 si alic acids per EPO nol ecul e and
EPOnsenamatians sblaimgr compeise Lewisresitue Sdlmqsh?rcfanbodlments one of the

var?dh@@l‘(%&ﬂposﬁ a)nQﬁQééhgéJ‘ﬂer@l ‘%%B% %Q)tb'téf%éﬁe contai ni ng

a nucleic aci d sequence encodi ng an adenoviral El A
pr oMeithods o punfiy asd ifiither fractictatealfiPO fcum’pbsnomso anmihl’rrig@r &PO that

nucl ei.c aci.d encodi an EPO in reSS|
on QHRGPEE oS GRS SIS S PORGHEAT FECIRIGEHE EerQrG] the methods
acc%?cﬁﬁ@ﬂﬁtﬁ aVeREbr]%are kabwh Y4 {HeRALESRTEd npﬂh%faﬁraﬁﬁ lidcI@d? for instance
al pha- 2, 6-si al ylI'transferase or an

pha
anigh px;alagg@c}gommpgtaphmgfr@aagye 1smg{]_ectrlg (fmusmlg (IRF)_achromatofocusmg,
ﬂﬁ;ﬁ O| o g ){ei(jgmélts%&?%ﬁ ,g?l?%ll }ﬂéplf gca}ese?elcgrogﬁl)rlesils Ebe), etc.

As an additional advantage of engineering a cell line according to the invention, e.g.

by over-expression of a glycosyltransferase, the antennarity of the glycans present on the
proteins produced by the engineered cells is in general increased, i.e. in general there are more
tri- and tetra-antennary structures present. Further, the complexity (heterogeneity) of the

glycans on the proteins thus produced is generally reduced. This is advantageous because
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expression of an EPOin said cell; c) harvesting the

expressed EPO fromsaid cell and/or fromthe culture
woreasongoiand d) purifying and fractionating theCERR2005057205

obtain fractions which haveoan i ncreased average

sialic acid content of the NIlinked glycans per EPO

nol ecul e, to obtain a conposition conprising one or

nore isoforns of an EPO conprising glycans |inked

thereto wherein said glycans conprise on average at
1nci‘e%§§f arfferfih@ty ha ﬁhﬁévé’ﬁ‘élf FRQnAR: %ﬁlbflcﬁ%gtl%g)pm &]rgte%l such as

Lew s x strdct The said sialylttTansterdse a

EP@a(TakeHcm epirathQBi%) andafoat iregulaanyrand sechaic ipng)otsetsea less complex

t of In certain emb of 1 hi .
mifiie ey e ol richice pratdlpEl AeCesS FURT DI ke (higvention
als€ Efﬂ%&‘s tairdthatBfon ﬁhdﬂﬁsig/%iﬁe Seriakity AortedRiethe RR&BbA ity of

at on average in a LDI - V5 spectrum of the N-Iinked

glygmascﬁ pEOtRins that aw regasphinanslyquedissd in »eelh theyaethed hping characterized
by onérru éc?ters%mg BS sfla? {?r aslfegésgﬁ;g S%hﬁ(r%en@{% cgp%glség{\ﬁlﬁalmeg% said 8e11 is a cell

expréssBRR I of ﬁfﬁt&éﬂbﬂﬁm such@s @ HHR téleexpryssiigE 1A shdfleasEPEER C6 cell.
preparati ons obtai ned conprise Lewi s x structures.

In ¢origuy crabasimentsrihe gbﬁ@sy&ranﬁf?éase a3 8@@1@@%@8@@ s%am
M R el e e T
siathranEiEﬁst: Inedy bera }ammmﬁylluaﬂsfanase mmmﬂsmxé the¢ hliran a3

sialgm 51375 Koy ST Pt S, (oA AR B ATHBSTIGRIG see also US

pateiti 9 479y the art and include for instance anion
exchande c¢hronmat ography, preparative iso-electric
focusing (I EF) chromat of ocusing, affinity

h t I illary. . .
ol T e dsestea By W) Runafi bresieting 30 e herein
proQ'fdeﬂ l’r‘é‘lbd%ﬁ@éll Altufe p‘@béssésl ﬁﬁh&qﬁ@ fedIRg of Plytky1dtian & ihedBeombinant
over - expressi on of gl ycosyl transferase, the

progmn émmdu@e}d did npmgrgﬁmlwyhpmsmw pngirgthgcell eplfige conditions,
whHE %1'%%‘131% Eéﬁeéﬂ%ﬁ cgﬁkgﬁﬁgly &llg @ﬁlgn? biscdltﬂreg&ﬂ]?lt%ns leads to a decrease
Feased: & Ar& 1ot €

in glgwsgi}aaaﬁ qudlny.y Iibdrielkapeut e&rabmmbthotprxbeﬁed tdWQCrease the
onpl exity (heterogenei tg) of the g¥cans on . th
robaﬁia@@qf 8 profgss for sreqrbinantxaension af g glvcopraten inrp F%H ite method

bei g}fﬁd}%ﬁ%&g%}%ﬁ?ﬁgﬁﬁiﬁ%ﬁ{gﬁﬁg 1nARLFER0N da¥d CORY T SRRV €

ogical activity of a protein such
embadifels( shakealicihia cell eapressiiBR) A ofianladamovirey slhdltasrayHER@ell

xRN GEROUAT B oP RS S i Rttt e Byt S Mandliese i o

sialyfhGeradeN W hicAMR RértR eﬁhb§&iniéh%\'ib BRsse R AR J}P@-Zfﬁilalyltransferase and
i'ncreasing the antennarity and/ or reduce t

an gt epiolyliramisteyasef Thyl s;zda}mgnsfﬁram way bae human smlydtransferase for instance

the g PRt 2 A B o A IR TC S T2 G e Peie oy mumber

L23757r3§éech1§)€ﬂj5paﬂeﬁt5:$94a9()’) enbodi nents, said ceII is a
cel

In addition, it is shown herein contrary to expectation, that a cell expressing E1A of an
adenovirus, such as a PER.C6 cell, producing a recombinant protein that normally comprises
in its glycans so-called LacdiNAc structures when expressed in such cells, can by over-

expression of an a-2,3-sialyltransferase be engineered such that high levels of sialylation on
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expressing El A of an adenovirus, such as a HER cel

expressing EIA, such as a PER C6 cell. In certain
wepdedrowent s, the gl ycosyltransferase is a PCT/EP2005/057205

sialyltranferase, which in2tertain enbodi nents is

chosen froman a-2,3-sialyltransferase and an

a-2,6-sialyltransferase. The sialyltransferase may be

a human sialyltransferase, for instance the human

a-2,3- sialyltransferase known as SI ATAC or STZ

g?ﬁ‘(ﬂﬂ@@ grcﬁ‘&ﬁ SRSIHOvBY WRAE nb %%Z&ﬁAc%@ﬁcﬁh‘e%oaréJ&s%ﬁkﬁ M his is

. It was unexpectedly observed that the
ungxpycted; ysime nlmfoenglmecaﬁ’chm baakiNde strmtb@dwztsethemght pr aocuded

indRBRY G R oA R 6 A Ol (& B Pisaliition of

sialié £cidlOtheSod8l findiRd dds¥ribdipigsin YIRRndibaBGIhaothE B@el‘:@dplressmn of an o-
culture conditions, while for non-engineered cells

2,3usdalpitnagsferage mﬂan@lmghlbﬂs t:h@l founationorfdiacdidifyr stagiges: Ghejinvention
the?e% (§ 1désna 1ge1¥1§8 Z&lhe%‘i‘éagg th%gl%af %X coﬂtgnt orf‘iag(f ﬁg\c structures and

ore ovi O I nCrease
opﬁidmbuﬁ ﬁﬂmlngfth@a\mag@%ﬁteﬁmf sigieaichd steprotetspeantbifintBfexpressed in

rotein in a cell, the nethod, being
a C%lhghea E‘Pfifeﬂlpﬁ‘;ﬂn%w%‘?f -QXPHRSSIAS PR §- ?a3~§1aé>r1§msa°eah@fle sgid gell. In certain
embfhf, G5 on 5504 L ATUBRLIRIIIN AR Sy s 1R
celtetpressinp M 2\s isuch dslaPER.W6lveHsTlze (RERe@ressaadﬂ of the sialyitramisferase can
nbo inents,. th cosyl transferase
be Toélgg‘i Q(%S‘a\trﬁséjreé%"g’eg\ﬂ% fi OX?éfr‘iXQFeﬁSlEﬁﬁgmeM Igrapsferase is together

w1tﬁ%§&rf)rés§i%ﬁ‘o@ thePpratert of ifteYdst fnasrdﬁf Sl 1#8Hng the cells as
-sialyltransferase. The sialylfrans erase may be

desarlmm@hmvs i Hieyiroteimeffintersstis afpyoteimtbatontainsag 1daghene N-linked glycan

a-2, 3-sialyl transferase kno as .Sl V4
whitz Sieed mhbt SRS hC Rt el ks i Somas oL lpege Jotgesabe amount of
La&iiNA¢ stB&hres bf i@ Nllihk&glyéan(d) Se. 8.0 Wasthsiiedla0 diBOAY staickire on at least
to expectation, that a cell expressing El A of an

ong:Nelnked glysan efiatHeast 1006 pEtheggoted] $0 prpdlmdcl?rﬁ&rably the decrease in the
o FGEERAER LRS! Beliky BEETB S ABILBE S0 T gy

leastISO%J atill edré preferably y lcasteB0eK M6t praderablly, the decrease i 1s such that the
3-sialyltransferase. be e%lgl neered such that

resvlé% protein cemamnatdetﬁqtab}ﬁ% ebiliaciN A strestyres pp s Rltinked
gl eﬁéiﬁéjth\éﬁ?hétﬁodg el N@i‘v‘elrﬁ'érg'# 6h Wé&s @151% mﬁﬂl\’ﬁg spectrum of the

S unexpecte since t ormatl
N-lidedi gﬂy&ansisolateﬂlfr(nn mwhmjghpeakmwuhcannntenuﬂlgpﬁ rld%nd)ﬂ }ygher

comprst SR AATAS Sensiite; T a1V ERRI PS5 ot OB sa0tad by Mucleic acid
endoldfdithe a-@eﬁ&ﬁlyﬁ%sf‘éﬁsg hﬁdér%ﬁh‘blrlﬂ" a%&&&og&%tprbﬁﬁter, which nucleic

over-expressi on an a- 2,3-sialyltransferase _
acid piiferably iy mtqgnatml m;o thq;gengmﬁmf thereebf Thessiadliy Maosferase for thls aspect

truct res. The | t her ef or e ,pr. a et
of B b e RehERE i B 2 S RETeRsd bl e one
knd¥atlas STAT4C or STZ (Genbank accession number 123767, see also US patent
5,494,790).

To illustrate the invention, the following examples are provided, not intended to limit

the scope of the invention.

EXAMPLES
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optionally increasing the average content of sialic
acid on proteins reconbinantly expressed in a cell

w0 b@eoriohod conpri si ng over-expressi ng an PCT/EP2005/057205
a-2,3-sialyltransferase in2gaid cell. In certain
enbodi nents, said cell is a eukaryotic cell expressing
El A of an adenovirus, such as a HER cell expressing
El A, such as a PER C6 cell. The over-expression of the
sialyltransferase can be brought about as descri bed
above. The over-expressing of the sialyltransferase is

Expirdls Ddneriascdilstafion of K18 peoduser i PR Cielithy tieger-

exéi%&%ﬂpp&ggkgpd\[ aﬁ?ﬁrﬂeme' n of interest is a protein

hat contdl ns at st one N-1inked glycan when

ex p Teskatmindfihe ek b€ 68 cbxpiressian 0f G2 blsidlylpansférase on the sialylation
contains at | east a detectable anmount of Lacdi NAc

of BRQ peedwced ingPER €6 oxlls, BN wagypipdaendsn adkergnt cyttures aﬁtm 02,6

siafy s R 0 SRR Bt HEET e PRR (P REST pRnk R3S 10 see

exdniifle 0@€ W@ D8/048348)éncdyirtgé by eterefite)OdndLia gt pdéntal cell line
structures on said protein is at least 20% nore
PEBr%EP@mlqnea&S 1108 Q¥er-GPIeSsigg ithe a%ﬁﬁlﬂﬁ@f@rwt Yheeells were first

culp 8P sl vBIET 76 Al SRFERIAT s mSMER) it Hg celts were
growacidi NS tonflideds dﬁ&h@éérmh %oﬁiainmfgklﬁédlﬁinysﬁ@n@plam BODMEM + 10
met hods descri bed herein .g. on avera

e
mM/Mgﬁla wisheweserumny rhhsfeulthre wasn mmtlgugxt@t%%l gad 40%ALO; for 3-4

o RG0S BB B R s B o

usifig filestolds 8as h@edieen ldéscﬁb@d B 'Wio) §3/63€100ehe R¥ntohts o€tHe entirety of
acid encodi ng the a- -si al yltransferase under

whichare Bicomppragedia @i&ﬂefpg@wg Bheotidlicacid ¢gmtent of theFRQ prodpepd by the
r r
PERIGH PERYY poln 2 8B v LR e P e Py bR L i
focusing.exd aalnrbeaﬂisadedrﬂnhﬁthe Sesaltmslm in Fig. 1, the sialic ac1d content of the
a- 2, 3-si_al é transf erase, such as the one known

EPQ praduced in B Goeilp QKK -GHOEsSISE e %ﬁtsalyltzmefse \%ﬂehlgher than

ent 494. 7 | us
thaf%@@%%’o‘ﬁ‘;‘ ‘f‘ﬂm t?’% PT“S‘v‘&aﬁgﬁ%@?FS:”ehs“eé}% ? §‘2t9'51?%¥{“a“5fefase was
not &Eﬁ@ﬂﬁ@ss&& lddhdmlhg e t}ﬁwelee;qfregsm dfrﬂr{eem BQE&IIEgtransferase results in
MPLESExanpl e I ncreased 'si al yl ati on "of O

an plcmasnﬁajalylatl&ERf ‘the PER.Cé-poaducedkEBOer expr essi on of
oc2,6-sialyltransferase To determ ne the effect of
over - expressi on of oc2, 6-sialyltransferase on the

Ex#mple/d. Ihtiasc 1eFEi06f BaRetEPRition aﬁﬁﬁ’u&@yﬁt@ﬂoh%f B p¥éifuced in

roduced i n adherent cultures of an oc2

PER.G6 ¢ells thueugh theadaptatioagfithe e¢llsgo BENV@SIWISPBHSMM,H serum-free
PER. C6- EPO- ST cl one 25-3.10 (see

meidiuem’
The stable PER.C6 cell line, PER.C6-022, producing EPO was used to assess the level
of galactosylation of EPO when the cells were cultured adherently (using methods described
in example 1) and when the cells were adapted to growth in serum-free medium. For the
latter, a procedure was developed to produce EPO in PER.C6 cells that were cultured in
suspension in serum free medium. The procedure is described below and was applied to
several EPO-producing PER.C6 cell lines. PER.C6-EPO-022 cells were used to produce EPO
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exanple 2 of WD 03/048348, incorporated by reference),

and in the parental cell |ine PER C6-EPO cl one 25 not
WOY@6/800pr essi ng t he oc2, 6-si al yl transferase. ACEERB0$/E57205

were first cultured in T-flasks in DVEM + 10 nM MgCl 2

+ 9% FBS. At the nonment that the cells were grown to

60- 70% conf | uency, the serum contai ni ng nedi um was

repl aced by DVEM + 10 nM Mg wi t hout serum The

culture was then continued at 37C and 10% CO for 3-4
w1tﬁ*N’ finke %@dﬁk St Gurel! B3 %ttﬁﬁ]Eal‘Q@ﬁnéﬂ“ﬁbﬁﬁi‘eﬂ PERGH ¥8?sta%‘ijle scribed

s purified and anal yzed using net hods that

InW&)/%/Bé&lrﬁ)Odescrl bed in WD 03/038100, the contents of

th t f t by t.hi.
ror Epeeaodhfon pEPER G Ero R A hicuRd et pasiapipd to o
serih-frdeamEilin e FR%LeH 526 |(FRIE BiSscRondéh) atbréfbfe, BRIRNE %re first

cell line was determ ned by iso-electric f ocusi n%
culed tocforyn 960VeB0%orcon{luens mgLaW@@ngthlﬁureFﬂajk 111 MEM + 9% FBS

+ 15'r$1+/[' ﬁgef agd ?ﬁe%a%g w%]; ! hvgit ggé RLSE %? ? ze(f‘a S%to routine culture

r-expreSS|ng e oOC Sl a rans era

technigiied! Thdadllstwiaé subiseduidatlp saghenidad ih DNIEM pILEFBSH 10 mM MgCl,
PER C6 cell line in which the_ oc2, 6-sialyltransferase

andgentrifyged{pe p rainpdtd Y98 apm vy daple eRptrfyge- Wéupernatant was discarded
an@eﬁs e RERTE ) @eﬂée tlﬁ?heos%?mﬁg}b ?Leﬁ @E@B@%ﬁ% 4rrﬁ§Ptt(§lutamlne

I n an 1 ncreased sialylation roduce
to 60 delxieyrpf @3210° k:elds?’mhsﬁeﬁﬁ é eell smbelgmilﬁwa@lsqtllma 266 nd shaker flask

f I EPO d d PER. C6 I h
an ﬁ@ﬁ%ﬁﬁfﬂﬁ@@t 3G e %Q‘@EM@P GRotips2 Fﬂ?é‘ﬂéﬁ% ﬁ%?&ﬁw rfells/ml,

the%EEy%lferosglE-cﬁﬁgfe Wl’he@@fo%:@% SUEERr g%ﬁ ﬁu’vnlfblnﬁnﬁn aﬁ 1000 [pm and

pro uci ng was used to assess
suspéndgd limfresisHxlli5aA +of mBPO-Ghueaminb é & edll densizy of 6.0Idr @mal 0°

cellfahnauri i&%e&%&%ﬁﬁ@%?@ oAt ConARBRAT o
med T‘Hpiérogg%&ﬂﬁ@ ger cel Et%lférﬁ:d"i@% s?ﬁﬁ‘r? 2‘39 ﬁﬁ)dh@tlon medium,

pr oduc at were cultur
ie. sVBHé)r(sIRHrBuosmmsbnwhrohaupmﬂmum grbineh pf BERMI6 @lls $0 very high cell

descri beq bel ow_a ed sever al
densbies fsya ?AQQW@RP arcgﬁum L’%Eﬁ‘%“@%ﬁ: gerelly pete first
C t
culfffio® B 2ol ?{ﬁﬁﬁlﬁﬁg?g‘é 6% (9F ¥ 381,100 gpm and
subseqdeaﬂﬁslls@mamwnmnmuaw GaﬁN@Dgllﬁﬂhmbh@aﬂelmiwaiﬂmm6
PER. C6- EPO, t he above i ndi cated ceII [ine wa

celfiéalptTéa cells were dhepauituied ina ghaker flaskefor é@gbw af53z7§C( JKE0; and
106 DERE R neRIEE I ety ® £ 8ensfty WPE 0" LR hi Kol medium

wa$ harséstedafldviiMd cellSAAUTRS started toriedVinel Tianetllk h&reeqfuhebwn for 5 min at
IO%q%Igrﬁglngthg Euplz?latgnrt] gvats ruge% f101r'] Ithzeeq%agt? &rtlglll ggd puri c%lfllt)}l r(])? EPO. The
concentration of EPO was determined using ELISA (R&D systems) and turned out to be
14,044 eU/ml for the EPO produced by PER.C6-EPO-022. Thereafter, EPO was purified by
affinity chromatography using an anti-EPO antibody as previously described (WO 03/038100,
incorporated by reference).

The composition of the N-linked glycans on EPO produced by PER.C6 cells was
analyzed using MALDI-MS. Therefore, glycoprotein samples were concentrated and buffer-
exchanged to 20 mM sodium phosphate (pH 7.2) using Millipore Microcon 10 concentrators,

obtaining a final concentration of approx. 1 pg/ul. Subsequently, the glycoprotein was
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techni ques. The cells were subsequently suspended in

DVEM + 9% FBS + 10 mM MgC and centrifuged for 5 mn.
w@r00s0@d1rpmin a table centrifuge. The super NECHEP200HE57205

di scarded and the cells wereé re-suspended in the serum

free nmedium Excell 525 + 4 MM L-Gutanine, to a cell

density of 0.3x106 cells/m. A 25 m cell suspension

was put in a 250 nml shaker flask and shaken at 100 rpm

at 37C at 5% CO2. After reaching a cell density of >
dig_l_ﬁfémltﬁqil\ll(?a(s% whfbﬁ rERhdes tHAA GinR P \A%&Héﬁs%a%e s tples were incubated

herefore, the' cells were spun mn a
with pwmannlmdmpwhrd:hdemnvefsnh@hammd tesisipbs. The dediblylated glycan pool was

anafgep Sy e P tioh P MATRI-SHE E3FiiYs BOMALDIMS wes
perfSffe@onnd Afiflict Bidsyftems M3dg&iDR 'Pr@fnaﬁ&?ecﬁ*d?ﬁet@ﬁh ltBe reflector

were transferred to a serumfree production nediu
moge;e2,3- dxhymxybmon agit washesed s awpatah (3UPp &9 mg/mhia 50/50/0 1

P o very high cell densities
%n@t&?wg{egﬁﬁgo c/‘arﬁdsl n a batch culture). For this
pur Spéctra dHﬂeﬁnéZE\k/iﬂS theedbevé-désstibediprovédilest werz sinobfBed using the
ceIIs/m in Excell 525, then spun down for 5 mn at

fungtiens andmarameeters s bg Rat Fypletss é‘éfﬁ‘éi@fé Fifst \ﬁﬁ@eh@oﬁomwnmswas
rﬁ%\‘Hea%%é"éBe Eﬁﬁ?gfé%%ﬁc%d %Ese%lﬁé h%(ﬂ“é?eay}?gth 32,

wer e 't en C ured inas ask
flexibifisy 6.15 c’B@g@ee @Y. ADRr drislstdfGhe fmmtldﬁuNbrsg Riehoyalp@tdi dedt,to remove =

the c %éig to, a.density of > 107 cells/m. The
2) ¥o 8 éo Rgise iy v see fter the cell viability

st a'F%%Q showd %rés@ﬁtatl\ﬁ‘ﬁa&eﬂrbﬁle%f the %P-Hﬁkéipgi’?ca{ng lonEPO Produced in

at 1 pm and t he supernatant was used for
an gbeenanit PEB@@G» ol andirepand ifiaddiR.©h suspemion ceﬂheulture 1n serum-free

mefHBF e s P FB6 Gt (et 18 S ef e A of eginked
sug@fsq&@@lﬁféd by thRsTsfefisibiPch ¢ arcTiReRal tnflich 157862 th@$ those produced in

purified by affinity chromatography usi ng an anti -
S

O

the@dherswcﬁylta@ pdispting shay EBOsie mq@@gxtewqbsg esyirded in PER.CO6 cells
t f th

ol BFRR0S 1 e A ShABRTE b e ORRL! (2" O "0

an arﬁb?dbfhllhl FrioAginbahDin-thvbdiflehaiced @rdycogytionumiet the different cell
npl es . were concentrated and bufferexchanged to 20 nM

culigel RN NS sBINEANE RS HODS angkgarPhyKirats FBICEITRR Weis@stEngy to the
pedk? Bﬁﬁéﬁh%éﬁa&@g@%ﬁ&% hF: GT%oM&H‘{oWa’i@t ion of

appr ox sequ the gl ycoprotein
(wmsaipmsdh&dohsﬁgﬂycom%iﬁoﬂww@hasn@ﬂly qmmhactﬂ the niinlben&EN-acetyl-

hoofed A AFERALAS): AR (1IPEE deREReRas () dhat a2y Ak a lycan

stru-@ﬁﬁ'e QR Ay Yai@thr W68 RN, U’ﬁh% BRIMAB&H BinpRRUYpe carbohydrate

further padrification using DI™-MS. Posi'tive iIonh

commsﬁbionwlsomldsbe paeclframe}yamgnechm al!lmlaksewhtl%am wgtsamof > 10%. There were
% DE Pro nassaipecilromater in_the reflec

no 1n ications that any of the peaks with an intensity of > 10% containe phosphate or
sulphate. To further predict the structure of the carbohydrates it was assumed that the N-
linked sugars all contained a basic core structure of two HexNAcs (2 x GIcNAc), three
hexoses (3 x mannose) and one dHex (1 x fucose). This assumption was based the generally
known fucosylated core-structure of complex type N-linked sugars (Varki et al., 1999) and on
sequence data of the N-glycans on PER.C6-produced EPO as described in WO 03/038100

(incorporated by reference), which confirmed that essentially all N-linked glycans on
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node; 2, 5-di hydroxybenzoic acid was used as a matrix
(DHB, 10 ng/m in 50/50/0.1 acetonitrile/ water/
wo paoblommnpaceti ¢ aci d). Spectra obtai ned w t h PETEEP2005/057205
above-descri bed procedures2fere snoothed using the
functions and paraneters in the Data Explorer
software. First, a baseline correction was perforned
on the spectra using the advanced baseline correction
tool (peak width 32, flexibility 0.5, degree 0.1).
PEﬁfG@fe) rodiéedt 1@1*(9 Bonthil® ﬁl 1 Qo ktﬁﬁ:ﬂﬁ@'%a&ﬁfrﬁ%@&f PER.C6-

nmove = was used fo reduce the nolse |
prodpmthR(Msemﬁg exampheolivg. 2)@1)00’8@ thahall seganssies obdrvaskhayt a bigger

mapp e ane B Cortibdies To froon aBhen e 18 MsPrsicd the PER.Co-

produéd B0 itibréfBfeldbntaitR dH8HioATo tHif fucaBEsted coeistrstuRs Gther HexNAc
clearly different and show t hat the nasses of the

andXpy] Hm@uﬂ@ﬁéﬂxgegdw u&me |r¢81<iu¢e feyusthe ﬁgie@naecqf |the eamplexeN-linked

su% :vga]l,?lt a{}}l ﬁl&fh 18{1? e?(ﬁ‘gﬁl r odu_ g% lthe-hnked fucose, that
an;edﬁdﬂ'ﬂﬁialfﬁlei’ rédldae erdlebes galﬁctgﬁRa@thﬁﬁédysadﬁhﬁham& re51due would

been cultured in suspension in serumfree nedium
be eithes Glchide er GaBY A {Thisassyraptinrf weas madaen the bas1s of the generally known

str&tﬁlrgé)?%o%splgx ylénﬁefmkela gérf fmeardg By of C?%rg a%l ! an cells (Varki et

con 1 on can compo I ons ohy

al., 9P 9IY; bl tiesseyedrRe dstaiof ARINigdydahe o BERsC@pﬁ)auwaOEP(m a$ B&cribed in
mass s ectra usi n%bt he d ycoMbd software

WQ %R0 OEDOTRIS sr@fweeﬂ}wad onthe §b%wwa tlat the N-linked sugars
ORI He N R T
incaxg)p?ranatby refferencg). y_cc;;]m ft Ir gcﬁnl;{ Eo\é\n t Igoany particul ar,

car BarLmDE ala%\f?p%é?@%ﬁésmw&swa VPl e ysecpssigned
to élﬂ%éﬂcé wﬁiﬁ@kﬁ)%&sﬂg pg%gﬁtrlﬁ 'tﬁeymggs s e&ﬁl%l“hg Fé@a{tﬁfe‘éiﬁﬁfh&ghts were

ations that t he an I nten
sub‘seq[ié%ly asedatb detrmpine shdh@lative roca]ﬂ'qnbabﬁthe diffdrenttghygan species.

Bl e et of i e et g @vaivPd Sl etiol L Bae) structures,
cam"“l%r (fedﬁéédlf%rﬂrtﬁ‘e ﬂjtaﬁ\)’é%ﬂjﬁhl\éﬁﬁ&ufe% 11"\7&/&%I ﬁdﬁ‘ﬁﬁfe’ to thlEﬁl%te the average

hexoses nose)  and one dHex fucose)
nurab@mﬁﬁal msldnas pé&ras-dikedhglygen@PL) d:qntamﬂ)m ﬁml@dsgjrymeie and hence the

E BT SR e B NP MRS b
EPﬁErEel@@Jl@)" ﬁ@‘ééﬁ?@n PER @GEPOY§ee Ttk 1NTHER: A3hOWRS ﬂl&@the average

(incorporated by reference), which confirnmed t

nurgbereit(rad resjdugs Wawgmﬁc@ul igherin E&OHhat \wmp@quemj@b@hat had

bee%?a@%lﬁeg goa} (%1‘8\%{%&}4 éﬁ‘é_p%gmg lljl%: seegtgr%%el(frsleedlur; g%’ﬁ%)zﬁ)al anr_ln cells that

hacgl_)eeﬁfg@(\ﬁﬁld adHeadnt iyl ih tislisradensPELdctin (DMHINME dt dvdMBerafore be concluded
i.gger
that th%qevel of galactosylation is significantly increased by adaptation and growth of the

cells in suspension and in serum-free medium. Table 1 shows that the average number of
GalNAc residues, which are involved in GlcNAc-GalNAc (LacdiNAc) structures, was not
much affected by changing the culture conditions. Yet, the average number of putative 1,3
linked fucose, which forms the so-called Lewis x structure, was significantly increased in
cells that had been adapted and cultured in suspension and in serum-free medium. This could

be explained, in part, by the fact that galactosylation is increased under these conditions,
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mass than one that corresponds to a iucosylated core
only. The N-glycans of the PER C6- produced EPO

wo b@sefmie contain in addition to this iucosyl Pt PEPDOFES7205
structure other HexNAc andker Hex and/or dHex
resi dues. These residues formthe antennae of the
conplex N-linked sugars. It was assuned that any
addi ti onal dHex residue would be an al, 3-1i nked
fucose, that any additional Hex residue would be a

l: i
whit i ity Binb PaBBN o o GRAM.-Basbab aRbCHIEIEN ofl 01,3
linkud fub@sekas bs added! Aaothensrutiury towhioh as orl|BslinkedSudse can be added is
conpl ex type N-linked sugars nmade by mammal i an and
quwh%rﬁ}amc éLa(CdﬁM@ Hopwayer, the iyggased ﬁ113h@cesyéa§@mﬁeeﬁmtéeem to be
describ

duglp Ay e SRl AR Sy et g FRSthie b of
GalNBsefesrluePWad hdtmidherffcled Bl @Harfpigathe cOfture conditions.

PER. C6- pr oduced EPO can contain_ Gal NAc (al so descri bed
in \Rm@wr@%qtg@berpﬁ St péradiNAg f??}dqeéﬁ@if@ﬁ@’éf}s to thesasigrage number of

Lo, ARG LGN 0 B s S iy b e,

WheR R atib befveh i odcﬁrréxt& oTGa +5(EkﬂNIAE:E(parir BELAN AL anELacdiNAc
peak hei %hts wer e subsequently used to determ ne the

strycgyreg)iapd prenre ©f bewisrestaictyres lérdptegny@d.ﬁsegﬁéblee@, it can be
corfORIGRY g rfi, PGl s o o bl b B £10iRe IR Bilvotved

in 4 hewis it sdituctnee Fhyrcthe colly ate igkdvarsin suspésiopds & isérutn- fr@e medium than
cal. cul ate the_average nunper of Gal residues, pe

whep the;pelsiwgre iltiredpadhprenthy iy the presece iof Rrymy @Ed?@cat%@at the
h Lk

(of @%&SﬁFﬁ elmaé\r;%?éasgﬁ)h% e?ha(f?fé suc rel{sli ‘SJL?I ggﬁ%ﬂgﬁ %Bglq free medium.
nol ecul e) present on PER C6-EPO (see Table 1). Table 1
shows that the average nunber of Gal residues was

Examplg 3.Texpk qusialylgﬁen i§ furtlpo inergaseddn cpllnthat everrexpress| o2,6-
smfgfglr%an&?l%gg Sﬁ@ 8&%9% Efeg) ? el?lsmﬁ i %f%%g&‘ i:]fgge ﬁ';]lggium

beeWgrcayshed dhag tienihérgaded lédéEngaﬂmﬁtloﬁ its aisp&ls(dﬂ\&iWHes in
It can therefore be caoncluded that the | evel of

serg@ﬁaqqrgg@;p@tqu}ﬂd be benedigiad pmglpylg@r{gg]géé@@l pf sialylation in cells that
l;
ov?q%ngee?%{rlﬁg?x ngﬁ :Msﬁ:ré%fe bF&%ig e 113%'5%ﬁg gﬁ?ﬁg@g@{ebrngggﬂts in the

forﬁiaﬁ&ebf mf)re@lcN% GalsstriioRses toihidh D¢iglid avidtanest liked. Therefore,
NAc- Gal NAchéLacdl NAc) structures, was_ not nuch

PEBf@(EEP@(PIW Zonahg ey aéqpéedctmswneem% Relfurp ggerumefyee megium and
EP? WE(QS%&QHB?VPPF) 1@9({1_ il 24&1e8ribad i é)[b!ﬁﬁﬂe EUC ose, which

e so-ca ew s X structure,
si gfihé smlottig comem&ﬁfﬂw was aadlyzed ukiag 1#oaeiedftﬂe lﬁocmslmgi whlich was

per?q%ﬁglgqtggégﬂjy allsndeggn e Wg O%/%%S esrtelél off rv?s%a 1Zing Egb using

Western blot analysis, EPO was stained with colloidal blue (Novex). The bands represent

EPO isoforms containing different amounts of sialic acids per EPO molecule. The sialic acid
content of EPO produced in PER.C6 cells that over-expressed the 0.2,6-sialyltransferase was
compared to that of Eprex and to EPO produced by PER.C6 cells that do not over-express the
sialyltransferase (Fig. 3). The results demonstrate that EPO produced in PER.C6 cells over-
expressing the rat alpha 2,6 sialyltransferase contained significantly more sialic acids than

EPO produced in PER.C6 that do not over-express the sialyltransferase. In particular, the



10

15

20

25

30

be explained, in part, by the fact that
gal actosyl ation is increased under these
w@ oovdiotdoons, which in turn results in the formapcDEPDBNS/057205
nore A cNAc- Gal sequences 2o which an al, 3- |inked
fucose can be added. Another structure to which an
al , 3-1inked fucose can be added is A cNAc- Gal NAc
(Lacdi NAc). However, the increased al, 3-fucosyl ation
does not seemto be due to an increased occurrence of
b e LR (AR el AL SR T RBRE il i the BPO
preparatiom dertved dianh BREB.CoT¢rdls awver-expeessingiibe s1@l[ylttaalsfenase3mhbwas these

esi dues corresoon s t.0o the av e nunber qf L .
iso 3 PARCRIORALPER OGS A B8obg i EPORFoERE orfipap TR G.sotls G
withe OQ@feﬁﬁfe*ssﬁblll Mf ih@ s ﬁéhsféf&‘sfém Tt 160 b dhﬁt%@@ﬁaﬁmm content of

occurrence of INAcqgoart of LacNAc and

EPQesivegrgont FER. C@rlizli@ -Sdradonendd-34 @ pradupedsingf PR@(insthg cells that have
beezlg L Cﬁt%% Eoe Fﬁl% glestugé 'th‘r(}%qn %%ﬁgleggs rg}(lljlg%z) h?,é 2 ﬁ%ﬂepsei‘ahc acid content

thaf \BPO d&ﬂved ﬁ@lm the Gambléel] lies baturs addptdd e abnad freemediuen{compare
X structure when the cells are grown in suspension in

Figa 1 gath gt $)e Ehigdpicates thatrbokih e adppiation togrousthdn spspenyiep in serum-
ﬁe?ﬁ)&?fuﬁﬂ%ﬂd{t&# g%l?eﬁ&g%é? ?S ¢ ﬁleQ{Z 6-5ia an-gpé e cB%%ﬁ&%? he:t increased

atl of & TRCr eased rn cel
levalr¢f stdlylatisred i n suspension in serumfree medi um
Exanpl e 3. Level of sialylation is further increased

in cells that over-express oc2, 6- sialyltransferase

Ex %le % rveg-gg#egglﬁﬁ at &%%&?alﬁ l@lfﬂélggeé ift \ﬁlﬁiwé‘e{lg Fesults in a
redirttioh oP 8 3 ucoNyldtibnsuspensi on cul tures in serum free
medi um woul d bé beneficial in obtaini ng a higher |evel

of $iP&) whsproducedrin e setug-friasuspensionesultnresaf aX@ sialyltransferase over-

oc2, 6-sj.al.yl n C e . fhe.ingrease .
exeingeals iy PER Co IS TRS F IR Catls A it i et el line not over-
exﬂ%ééﬁl@‘%h@ﬁhlyﬁa{n@fc}ééé G%. tl‘EH\'ﬁ‘B@’P@c}%h@QS Go %ﬁél?ze?ﬁ@ ef¥8cts of the over-

nked. Thérefore, PER C6-EPO clone 25-3

exmcmmne:d thm%,ﬁﬁmmamferasd anuthe giywogdatmdfrlﬁ%o rﬂﬁx&mnmedmd:s for
0. was produced .i P di um as descr. bed

PIOEQ%{‘FPFB‘I aéld alff‘ﬂé Og Fhé?qﬂ \cﬁngi%r YEUY (EhE abfes %&%{Hﬁlﬁﬁ ed

usi s;

oo e ehRpR el Crab RO ShiNed WAL SPOUASIBEN b U 6-
sialyltsanaferast ogerkdAPrassing geﬂmm avengelcohtaged 060 $, LewROx wasctures per N-

st ai_ ned th col dal . bl Nove band
linkeg K8, T hoksbe (RIS PRaduBh b R AR i e L it n SR PE. of
sth?dancra@@ S nBESvVEFR %ﬂs@eﬁ %Hﬁtﬁmea_ 09 BdvAk kGtastuts ‘i)@f‘Nel'Ierd

of EPO produced in . | s that over-expressed
glycare Thasshews itht het qvansXmmsm wﬁethe sislypranefgrase caused aa¢duction of the

alg\éfosggﬁggt 1§E prg 4 oﬂ%fﬁ%ﬁéqsg‘%;gg {a,g_?esgrlesspﬂtlglg{ﬁifglg thre]%tddition of

ol BERKel Fud IR e ®ith B sidfIRaR4Bd8E 80 b dtF R iRl E1cNAc-Gal

over expr essi ng
and GlcNAc-GalNAc sequences.

Example 5. Over-expression of 02,6 sialyltransferase results in a high sialic acid content
per N-linked glycan
In order to determine the effect of the over-expression of the o2,6-sialyltransferase on

the sialylation of the individual N-linked sugars of the PER.C6-produced EPO (PER.C6-
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the rat al pha 2,6 sialyltransferase contained
significantly nore sialic acids than EPO produced in
WERRsQBothat do not over-express the sialyltraprs/EPAS®057205
In particular, thehighly si2él yl ated EPO i sof orns that
are present in Eprex are well represented in the EPO
preparation derived from PER C6 cells over-expressing
the sialyltransferase whereas these isoforns are
under-represented or absent in the EPO produced in
EP@?} dho ﬁﬁﬂc EER SR WilinRed YdaROMIPIR EGLHD 628 hRBthlfed
e slalyltransferase). It also appeared that the
Thereforé, thealNilihke d sogans oft ER. OBFP @ averey segparfatasinon charge in order to

O- ST cl one, 25-3 ced. in. VPRO (in the

s o A S ORR TR o b SRR, Susoens! on
i N 98rdéNSo, PERTGIEPO $Bhpled dedvddl fBdif kelld thhtl do G¥dothot over-express the

content than EPO der i ved fromthe sane cell |ine but

02 460 siakydlzgns fedase ovese caneentiatedandehiiffemeg clumged o 20 mM sodiirn phosphate

ot it MRS T lBtmRRR 4 b foRena P dppid. 025 - 0.5

ugRY. HubSetefity 'tﬁg‘%l%oﬂr&%m%a?s’ (ﬁgés'téﬂl With PROREEE a%Kich releases the N-
contribute to the I ncreased | | evel of S|alylat|on

nl&daghzxiaas 4Ihe'lfbleasnd@1yoan:pwemsseparat@ﬂ fman the protein by ethanol precipitation

| tr rasel eIIsr sults in
(75§%H 02/ &flef%*dff dB §5§Pﬁ?4 %ﬁc E@@l € ab‘EOBHUE’é’Qeliaﬂ“ -
SEr t ftﬁ 3119%1&&1' efnldrlgo Jd with anthranilic ac AA)in 10 ul AA
qelyg g &
002 ans erase over - expr essi ng

in dlmﬁthylslﬁliﬂioﬁﬁlefg%iﬁ'ﬁcaﬁy 3%1(11.(309/8{//1@ c@ﬂ@lninlg li MScylaﬂdS‘tﬁiﬂ(b}Qidnde The
cell line not overexpressing the sial ){)I t ransferase,

reaptin wamnlq%owatﬁ% PG rer 2B, aftep Which the labelng wpttere vgs@pplied on a
cel{'u:ge g s?cr(? n?)ogfa@g%i hﬁlﬁi%r G i Ad &i@&%@éﬁm%wnh 1 ml

ycos rocedures

96% (o[ Gédt@ﬂtrﬂéld) @filvy A5 amf othblere%thntm Hetlclgl ghrbss wereluted with 3
as described in exanple 2. The gl ycan anal ysis (Tabl e

watey waphsnd 0 malh andedrsdsin soteed Visy cm@fqgezlt grompigmperature prior to

ana?ﬂrs?é.yl transferase over-expressing cells on average
contained 0.4-0.6 Lewis x structures per N inked
gl ydTaa Avhiabelad ghylcendER&esepiated dn by HPRE yamgom tvabk arebh exchange

ool Vst SOLEHPE O Fifhaboad Erdipd o ARPeE Rertauingin water) and B

(500FhMNKRighoBlinke ARetate PIP 59N 2% AddBnitkill) 20X %wermr&w #lYmin. Using
of the sialyltransferasé caused a reduction of the

thisnethod,tbe sgmh-amoner, biFhirs and @ﬁg@sqldylatedtglyqags were separated, which have
beefgluc%§§¥ %{(»ggﬁ AW ol 8&%@1@{ §' o dar f 1s t &s RAY WiORoA1, &3 and A4F

(Gkamd. t008d €Ty6Sdiencet, mnbitw-Lm?t erm nal G cNAc- Gal
and G cNAc- Gal'NAC sequences. Exa

OverThe mubsm I5g. bshaapthet e é‘i ;mkqdaamgar@ péEBOrmgduqed in §24-
smf)ll tlc"anstserase o%erag)gpgesgl?lgtP%?{t. cells con{alne glnai,canﬂy more sialic acids that

the N-linked sugars of EPO produced in PER.C6 cells that do not over-express the o.2,6-

sialyltransferase. This demonstrates that the over-expression of the 02,6 sialyltransferase
results in the production of N-linked sugars with a greater sialic acid content than when the

o2,6-sialyltransferase is not over-expressed.

Example 6. Isolation of highly sialylated PER.C6-EPO by ion-exchange chromatography
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30 In order to determ ne the effect of the
over - expression of the oc2, 6-sialyltransferase on the
wae@bpr@ti on of the individual N |inked sugar spOf/EP1185/057205
PER. C6- pr oduced EPO (PER CB9EPO), the sialic acid
content of the N-linked sugars of PER C6- EPO was
nmoni tored. Therefore, the N|inked sugars of
PER. C6- EPO were separated on charge in order to
di stingui sh between sugars containing 0, 1, 2, 3, or 4
S althe iQEdR of ﬁfghﬁj}psél?latéﬁﬁﬁ‘ rﬁ%@%ﬁ%ﬂ@ ‘Bhééﬁ%n  fon-exchange
fromcells that do or “do not Over-express the oc2
(in padicylat, raamnfmch@ge)/\dlremawgtaphy datiegiwaivh the highly s1a1y1ated EPO

ol o e PHARR 5N (e d AL ER LRt ) godudd by PER.C6-

EPOOSTE € rle 5L N0 @élls%l@&fr@iﬁg 18 t1Bmeth8dsdIBHMBEG- in Ex Rle 3 was purified
Subsequently, the glycoprotein was digested

by piijsity ehromagpgraphy usingihe @Pﬂ-@emﬂc@léldngmmhantrméy as described in

Wi B8 0, PG, KPCEwRERTE M0 5 IR iCh B Pyien was
iminediateGoemttalVad edddimgl possiain pHosphdtebipfirap M 1860, The xdsulting buffer

t he glycans were dissol ved and | abeled with .
wag therqafial ¢)qcbalgg9fl(§151@g,q)Hlipf¢pﬁ§/ 14 desalting column to 20 mM Tris, 20 uM

Cugb P&W* S[lﬁl Ir\l?ﬁé(gur?ﬁ%io y s"‘ilo %teﬁ %ﬁ ‘?1%1% &)ﬁcﬁlyéo\ﬁmn (Pharmacia).

al n ano e rea on was

Thé éélﬁinﬁdvva@ lﬂrstai/asﬁ&i with %ad?né‘buﬂ’b? (B0 mMNTEiE, Z(hﬁ\/[' @Bt (BH 7) and

m xture was applied on a cellul ose disk (
thedisteprewvise $luted valtlginamgsmg comentratioms oif slutlmbuﬂas(ﬁ@ an¥li Kris, 20 UM

Colyi T Mt el conpafiby 2 Ydy 86 Merfit et Cagi ol stes fimygluted with
11.8 9%@fugibn BaEHa3 1§ hv NHOL) Aficthé higﬁf& difty Ruted I “>é§61ute_lc_1hw1th 25%

centrlfuge at roomtenperature prior to anal YSI' S

elutign buaffier] (280 gM cbhﬁié) Wbc elahe peid aomdntcnf thawepipting Gra¢tioms #f EPO was

an Zg a1r11l on %lc £ H/QS %g%% " iV#—PS?SP) with a
ary gl Ear e 7ie fqtus %ﬁ‘é A rﬁ“‘tramlp n water) and B
( 50@igrs! SAGWS tHelialid@eiddontedtoBiribtiodd¥d A6 hem fraétidnaledER.C6-EPO.
a flowrate of 0.4 m/mn. Using this nethod, the

Theggults shorthat the fractiqnation prpceduire sesulted ipthe E%Fl%qa’?@ﬁﬁ%d enrichment
ve been confirmed wth known
Offi’?ﬁlfﬁ@g@?ﬁ{ gg% @Ss/?g, %%ﬁ%s such as NA2, Al, A2[F], A3
and Fid b shevy ke MALDI-MB fspeatrum yihSbighhcsialylassdPER.C6-EPO fraction
DextraLgaz) Tt}mresults in Fi 4. show t hat the
thakwps g sialylaierhios thormessePRRTMAEF AR ISiSc 2, 6-
Si alpyl ikBprd A RS thY ect??frﬁ fbasedl AhE gﬁuﬁ?tlﬁﬁgﬁic&i%eg in example 2

contal ned significantly nore sialic ac
revhbled thaetheStagtiomatad, highly galythiaRER.COHEHFD pfepamitios comtained

0 not .over - oresst c2,6- sjialyltransferase. This
prefigmiRbtY e gnaan, b ety S Bk e 055 6
si alThb YuANFICEHGS 6f the aWrhge AuBR Bf B BaMAQ And®f ewis x structures per

N-1inked sugars with a greater sialic aci d content
N-linked ghtean revigaled that the fractionated EPO molecules contained a higher average

number of Gal residues but a lower average number of GalNAc and Lewis x structures that
the total pool of EPO molecules from which they originated (see Table 3). This shows that
EPO molecules with an increased number of Gal residues and a reduced number of GalNAc
and Lewis x residues can be selected when highly sialylated EPO molecules are fractionated

and enriched on the basis of their charge using ion-exchange chromatography.
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oc2,6-sialyltransferase is not over-expressed. Exanple
6. Isolation of highly sialylated PER C6- EPO by
w0 ocvs@x®hange chromat ographyThe i sol ati on of hpghER2005/057205
si al yl ated EPO produced by 3PER C6 is based on
I on-exchange (in particular, anion exchange)
chr omat ography during which the highly sialylated EPO
nol ecul es are separated fromthe | ess sialylated
nol ecul es. First, EPO produced by PER C6- EPO ST Cd one

Eafigh A rgthopott sty gyt tcenst

usi Ag shbe t@(ﬁh&smexcaﬁa in sii114 amdreooteohel] PER/COHER(Y resslts in an increased

B et AT s o
as % i H%E&irbhn@%' Ekahpleedis Badrddh s, e o fntifl! diesdiihsht human
uffe

r, . The resulting buffer was thereafter

EP@yxe Hﬁmgb‘éb‘ tlhg pngiuatm o reg bmdmllsj@@bbq nogjtased imgrodentagodel that
hasngvlel-lr esS gb%c? g%wgla%§% a{l p@%&_l%). oerﬁing (tgﬁ}gg }élg)l((:llelgﬁa% %F; Qase in the

retleﬁlon?tB co@ss fsiused asl\ﬁﬁiéﬁsi]réf\fdr hhd lﬁialdﬂgival &utivitgiof (}iéQ'eﬁMlbmant human
Tris, 20 MM CuSO4 (pH 7) and then step-w se el uted

EPQ) nreparaiione Retigwiocytss aenihie arecyrsorsnt red blopd el gndetheir prpduction, in

20 [

R G AL v RS 10

pro]iﬂlcﬁﬁ)n%febdjblood ctlig Aarinérédsed phddiatidn ofared bidod cellglih yurn, leads to a
ﬁﬁﬁ ated EPO was eluted with 25% el ution buffer (250

hig, iPé@t‘)crltY ®sialic acid content of the resulting

fr aqhl 9fsviteds JHthe lli‘%ﬁgasq'% M&ﬁ@EI@C@QEP@&l@EBﬁ@i l.'ai'e(‘compared in six

focusi ng as descr exa . shows
groupsibf thregcWdg/RarratsnV anvdusfdosest ofd’tfdt €a- FaBQJ Eprex and d11uent buffer as a

non-fracti onat e . C6- EPQ._ . The r. sult W, t
negpfige O ARG RIoE P CRIFEOFEom PR GTR VEHRA daY D1 AP RER C6-EPO
andiEﬂ‘eﬁ Rfd ddniTBRterdd atlliRsObONIsy 25] 195 %Ue(‘Ethanﬂz hegstb@Sined by the
1 g. 6 shows the MALDI -MS s pectrum of the hi
corgmamqlb(taéfaﬂm@%@ -§prCific Rafel Fdisa Kiita ALIMERO mepglraapys are diuted to the
o B0 1 O SHBTE Sten o Bl Fid G0 AR 1250 o
EDPebipbé 1s&af®‘l€ﬂ&5y&dnﬁdb’o}iunbﬂﬁe Omothe lsﬂﬁ@ﬂ@d thdpe@bdnyage of reticulocytes
sialyl ated PER. C6 preparati on cont ai ned

mtﬁf*‘ widlFed blood pell 891?133%111&41?1“8]?191“3@ ul 'y gal act osyl at ed
v
Wé&']ﬂéﬁﬁ%l%ég 5 SQEE%E&E é&t % hggséltqjérdu%ilﬁer: gzsﬁ%(g‘?lgassay in
Nombcyﬂmmlgmpuchemlmg w(Emblman ﬂ’hm'nﬁacapaem(”BH}éIdR BPQ002:1316) (see
nol ecul es contai ned a hi gher average nunber of Gl
exgmple Ekbes but a | ower average nunber of Gal NAc and
Lewis x structures that the total pool of EPO

nol ecul es fromwhich they originated (see Table 3).
Exginple § Mreternination of sialic acid content of PER.C6 produced EPO by iso-electric

focusing and densitometric analysis

The sialic acid content of various samples of affinity purified, PER.C6-produced EPO
was analyzed using iso-electric focusing, which was performed on an IsoGel agarose IEF
plate (Cambrex) soaked in an ampholyte solution pH 3-10 containing 8 M urea. The EPO
bands were visualized with colloidal blue (Novex). As indicated in Fig. 7, the bands represent

EPO isoforms containing different numbers of sialic acids per EPO molecule. The relative
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EPO nol ecul es with an increased nunber of Gal residues
and a reduced nunber of Gal NAc and Lewi s x residues

w@e a0veloeosel ect ed when highly sialyl ated EPO noPerBP®85/057205
are fractionated and enriclded on the basis of their
charge using ion-exchange chromatography. Exanple 7.
Eryt hropoi etic activity of highly sialylated
PER. C6- EPO To show that the increase in sialic acid
content of PER C6-EPO results in an increased

am@t‘iﬁftf&r QR iRldrn #ad ﬂéfér'ir)ine(f Jk%lg&séﬁ%f%rﬁ&ﬁb %BélgS@SF 1h¥% 'b'éu\fds The

the highly siralylated EPO such pr oduced

aveamgeonnhhe;g of sialikxanigtesidpes perdiRQlimetbcile wastclculfitas] using the formula:
potenti al of reconblnani hu nIl EPO to stimulate the
production of red bl ood™cell n be nonitored in a
rodent nodel that has b&&R descrl bed by Barbone et al.

(1984) relafecGRbEE fBacdh Bofolth S nodel , the increase in the
reticul te counts is used a asuy or

bi of od?"g" RGeSO R TR, E?Sﬁ%ﬂn“ﬁ‘ rﬁ%le‘Eﬁi”@@ molecule)
preparation. Reticulocytes are the precursors of red

Usfﬁl ]g Ir?e‘f‘lwds th%rllq'eltahg Elah@ 5(9 ? %&Ilt f EPtrbeé]?) ?eﬁstgl tE%EﬁEQPER Cé6-

used as a

EPG)L(DZB.(hﬁﬂd:ﬂﬁbédﬁﬂa dxampIMZ)Qaiidtdf(EP(Df)roﬂﬁéédkﬂ}aﬁd PEBJ (L‘GEP&JST cell line
i ncreased production of red bl ood cell

clopa3ets. 1@&%@?@%%@#@&9&% and\of |ERO thma!a%@ttawd a%esr fgpctionation of

t
thetighih Ll e PERICAEEE TR0l Rulel RaFeEl B pBirle 6) as well as of
EPHEXE swaf foliRo®e- 50,0, Hréandalas, dedpaamebb lAﬂfeﬁfanas na:thods to
negative control are _injected intravenously in

calf}éﬁp the sidicpcid copsgnt of the reomppinant HER frgetioperquld aﬁe be used, c.g. the
meﬁ%ﬁ?iéf&fb%d ﬁgﬁsga?gn? 5, §6 %8 x40 B%yf’) IOF];' pro%edlﬁ'é deé%?-llb%do'ﬁl example 5

Isa unit et’er m ned e conmercl a
of @xai30a810eA ER@D-agpecidiirecasideirribled & JeurdianAdt bl, EB@1 Chem. 246, 430

reparations are diluted to the p etrtlon
(1955, PR isSHom dlscmeiiods Rnayymal b beres S the art
day 3, 250 ml of EDTA blood is sarrpl ed by tongue

puncture. On the same day, the percentage of
Ml(ﬂmystmtibm of the EROSTY exprosstmnivestdr  popul ati on

o PPl R RARIYEt s BB Rhebfon or EPO and
o2 WWB%E@ ¢hd RS odins Q5dlicnet Wik 514131%%8& PCR (foiwzilrd primer: 5’-

Phar macopoei a ( PHEUR 0172002: 1316) (see exanpl e
CARAGLPGEECAECATGGEGIGAGOACSANTGTECHT (BBQt BAtNOf 1), reverse

priffie a1 GooR NG T oA et ECERET oD iMER T NG, 2). The

res¥iing PCR Faghé wal digdbied WithyA R¥ ahd HPEL arfdEikcHed Rite @&écsﬁﬂme

EPO was anal yzed using iso-electric focusing, which
resirigsiop sitgsonf ieapressiomplasmid@eDNAZ03Neo, Esulting in the vector pCP-EPO (Fig.

8A). The human 02,3-sialyltransferase coding sequence (gene named SIAT4C or STZ;
GenBank accession no. L.23767, see also US patent 5,494,790) was amplified by PCR
(forward primer: 5’~-GGACTAGTGGATCCGCCACCATG-3’ (SEQ. ID. NO. 3), reverse
primer: 5’~-GCTCTAGATCAGAAGGACGTGAGGTTCTTG-3’ (SEQ. ID. NO. 4)), digested
with BamHI and Xbal and inserted into the BamHI and Nhel site of pCP-EPO. The resulting
vector was named pEPO-ST3 (Fig. 8B).

Example 10. Transient expression of pEPO-ST3 in PER.C6 cells
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pl ate (Canbrex) soaked in an anphol yte sol ution pH
3-10 contai ning 8M urea. The EPO bands were visualized
wowdos/oowhii oi dal bl ue (Novex). As indicated i n PCOEPX)5/057205
t he bands represent 30 EPO3Rsof orns cont ai ni ng
di fferent nunbers of sialic acids per EPO nol ecul e.
The rel ati veanmount for each isoformwas determ ned
usi ng densitonetric analysis of the bands. The average
nunber of sialic acid residues per EPO nol ecul e was
cal gk ahPHedis t?ﬁls};e@ﬁoﬁ quﬁ‘t@ celf W& sEQdeH TIPS ulfire flasks at a
relative amount of each isoformn = | soform
densityrio€ 8§ oullioe splisiilasy and cultwred imBYEMS canitaaning 16anM MgCl, and 9%

fetd) b2 g sein ot 57 oo L0k Moo kit Patiearaas }’avt\?ﬁb% g pEPO-
-
STS B &xfifble Figt 8) B PO ERIGS Sichitee]. 403 RHUAPRIE Flg. 8ATBEr fask

using bmf@ﬁaﬂni (Gibes) ajneexdnngmedhev maeufaciptees Btructiods,akingRe@hniques

s obt ai er f ctlo at i t he hi.ghl
welt Ry %5 ndf ks Bfelard AR el Pt Bl MleriBRs Bl the cuture
sup%ﬁﬁmltsew@r)e Hasvedl) anas:léaied&Pﬁ%aS&iﬁlgm an@Yiigatidd. PRe BPO.
.0, 12.6 and 12.4, respectively. "Al ternative nethods
cortccnimnoa}sj insthe seprEnatants W@r%&tmmdtlmﬂw@ﬁ fusimg a commercially

viERTH HIE RS R ER R oL Y B ol The
cortetFAoAMS IR 8 HTed HFEY sdniplesaaPd@ermiddl 1Bf H%CZMQg of the
or a procedure as described by Jourdi an et al,

pumiﬁdﬁP@ﬁ@npleswsre smbslequma)nab@cd hi o ¢lectric Ereysing (FR) fin order to

L e e I R —

withekd p‘EPd)rsmrddmgtrdo@ Iﬁrédiﬁ:bd EPO with 8X%iphHRahiON in¢Ratad levd lof
t he sinul taneous expression of EPO and 20

sialytapion (a5 eomyparediodheeentte] CQWEUEFP@PCEHQn@’h%d@@(ﬁ@@ @3-

oo RSP R B 25 e o-

expkession@feh $2, PEihffansferase can be used to increase the sialylation level of EPO
CCGRGTTAACTCATCTGTCCCCTGTCCTGC- 3" (SEQ. | D. . 2)).

profiheedin PHR.CogElBCR fragnent was di gested with Ascl and
Hpal and inserted into the sanme restriction sites of
expression plasm d pcDNA3OO2Neo, resulting in the
Exﬂﬁgleoﬂ BEbIEEPreicn o25EBO)STIHEPHRIE®E cells
ocC -si al yltransferase codi ng sequence (gene naned
S| Afuesterigy Zsolaiammdecraeningsy paranidl clowsy67, see al so

PeKE b ARSI YA, AIBH RN R (R R ea by

exp'iéssﬂgﬁlﬂm’faﬁ@ﬂﬂ hmEhuman o-2,3 sialyltransferase from a single plasmid pEPO-ST3
- GCTCTAGATCAGAAGGACGTGAGGTTCTTG S' (SEQ I D. NO
(seqy)}amlaqa 8k Jiocebtain stable clones we performed a lipofect AMINE based transfection

with construct pEPO-ST3. Stable clones were selected in DMEM (Gibco) supplemented with
10% Fetal Bovine Serum containing the selection agent Geneticin® (final concentration 0.5
mg/ml). Three weeks after initiation of the transfection procedure, Geneticin®-resistant clones
grew out. A total of 479 clones were selected for isolation. The isolated clones were cultured
in selection medium, until 70-90 % confluency in 96-well plates. During the passage from 96-
well plates to 24-well plates, supernatant were harvested and stored at 2-8°C until screening.
The supernatants of 346 clones were screened for EPO production using an EPO specific

ELISA (Quantikine®IVD®: Human Epo Immunoassay, manufacturers protocol). Expression
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with BamH and Xbal and inserted into the BanH and
Nhel site of pCP-EPO. The resulting 30 vector was
woamed7@EPO- ST3 (Fig. 8B). Exanple 10. Transi ePCT/EP2005/057205

expressi on of pEPO ST3 in BER C6 cell sThe day before
transfection, PER C6 cells were seeded in T175 culture
flasks at a density of 35 mllion cells / flask and
cultured in DMEM containing 10 mM Mg and 9% f et al
bovine serum at 37 C and 10% CO . Transfection was

levEﬁ;BEfV\?‘één %}gngé"%ﬁ BndH \Q\?ymer( B gﬁ)’ﬁﬂﬂ'ﬂ’év‘élsgand Fhéte tl;an 400

p O (as a contTol; see e
eUfmelfdafyl Bk 5% shnghgstLrapi@ﬂ@dnmnamé 1§%idf ¢a1)d0adja sevldatﬂgcltmes (of clones

ProgHGRR - i SO el oo e R IR BB RS e setted for

su‘tﬂ@ﬁlﬁnﬁ% tr@éhlthfgéiﬁ %ft@tﬁl 60103 didiRs Clytl\r‘iﬂg" tBe S&IP @i}ﬁﬂﬁaﬂ bBRasees Parallel
har vest ed, cl earedmbé centrifugation and

culfure of the |sdncte¢h1@nms:@ ishaddfor determinationeofdifjé2 levels ahhes
I
mfé%a? g%{ogﬂ E;:l{see? ?Ig&r/nsc%ﬁﬁéy& S‘I‘SQ‘?“’ sl na @8‘: \Iﬂggs >r;url fied

by affinity chromatography. The concentration of the
purified EPO sanpl es was determ ned by HPLC and 18 ny

of FHeAustivivt arebayabity fplgnes & e Cgﬂ‘ﬂé’é’@ﬂj@ﬁ #p anal yzed
Adﬁ%rehtséﬁgﬁ}eg% fHeSe él?ﬁéﬁss’vé}g 11{1{15@1 il "PS (% Ocn%? jg 1%16 ial for

or s )
pum:ﬁadahen/ahalymspmpbd;eﬁ Thaceliscwére «tulmmhh nt DMEMWISTE&ented with 10%

PR e T B b bR S
preSé&Hi $d fh'é‘éhltﬁ’l@%uﬁéjrﬁ%taﬂ’@ Weies! 6 341 BE3BR% 1 FmL.

sialyltransferase). This denonstrates that, |ike for
Aftgn prificgtian aif yEP@aby fadfinige, chadmatogtaphy dbs maamiéso wersf analysed by

tsofiBeifs Eu3i5E) b RERORKERTs ot CBRTIHS PR Ao GUPRGRIVE Tesults are
prefRAEINGi2.110. SbRIcRRY Bidasst appeadto Hzﬁ%@ S%Bﬁglyﬁnagﬁe@ﬁlalylahon level

cells Transfection, isolation and screening

of aneamuax@s Sk, PRI can opHen 1gF GIGEprogusadghy geveral of the snslysed
I
o B SRB SAPERe, 15 S RRER AL 92 Do win st

nurhb&@ &f ﬁalikg|a61d§) a6ipake EB@E(%p](Oﬂ&@deWH@hteo%r-exﬁfesswn of 0-2,3-
obtai n stabl e cl ones we orned a |ipofect AM NE

sialylfrangferasg fe gt hptd, nbmwlercﬁ picbbhs faearky; g sereening of several
cloﬁégq/@ Egﬂ'\gfeﬁg o%ﬁérﬁﬂ%%ﬁn&@wm (ﬁegrpc?ﬁ%:e S LRI grléﬂo'hh

oVl ne Serum contal ning t e ectl on agent
In ¢émckision) co-¢xpressfonrdhuman &P aredt hummnOy-3 3mjdly]t1)ansfa"ﬂasceﬁrom a single

weeks after initiation o fectl )
Pl Se i Flopes with Srmrsebletig ot bRt nor e BR Folegufes as
co aqe@{ood]%s\é@ﬁﬁss?,@é EPORALY.0r isolation. The isolated
ones were cul tured

Example 12. Stable expression in serum free medium of EPO in PER.C6 cells over-
expressing sialyltransferase: production and quality

2,6 EPO and 2,3 EPO production in stably transfected PER.C6 cells.

In this example, EPO was recombinantly produced in stably transfected PER.C6 cells over-
expressing a sialyltransferase (either a-2,6-sialyltransferase or a-2,3-sialyltransferase, see
examples above; such cells are referred to as PER.C6-ST cells) in serum-free suspension

cultures. The EPO preparations produced are referred to as 2,6 EPO and 2,3 EPO,
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in selection medium until 70-90 % confl uency in

96-wel |l plates. During the passage from 96- well
w@b@seoip 24-wel | pl ates, supernatant were hap@EEPB®AS/057205

and stored at 2-8C until soe#eening. The supernatants

of 346 clones were screened for EPO production using

an EPO specific ELISA (Quantikine (r)IVD(r): Human Epo

| mmunoassay, nmanufacturers protocol). Expressionlevels

bet ween cl ones were found to vary between background
res#;&:‘ﬁ% *hfe prg)r&lﬂﬁ:@d HOPER W il id e da_ A6t drK 0e;Efn%§k‘f‘s?e!ily1transferase

cI ones and 15% of randomy sel ected clones

is refeoad 40 ay RER€I6AGPODr e t han 50eU nl / day but | ess than

the 15% hi ghest producers) were selected for

sub-culturing resulting in a total of 103 cl ones.

PreQJM@Meuleeb&mﬁﬁﬁ@r&mﬁeseﬁea%mcmeh@ rddubing BPQY fwere

the sel ected cl ones was established for determ nation

thaged EroHriepaeyer siake flaskpeontaining Matomedigms Shakedftagk cultures were

maisn%{dg effn%%ﬁ*ﬁéﬁ%?cu‘o&o? 811 %ﬁ;na? Qha‘fcl ﬂl?eaus 557‘38 USQ} 'C’(bzt, Yoo RPM).
ual clones 1T n serumcon a i n dm

EVA{SHIGS aafs, C‘éllstWHr@ subeliltiidee sthel amqﬂetwﬁsamm bicthahgwlby entrifugation.
T80 flasks to generate materi al
The,target seedinggiensinnpfeach pptsagRoyas0. 21%* 19 ViakleggHgmL.
cultured in DVEM suppl enented with 10% Fetal Bovi ne
Serum for 3-5 days. Then, the material was harvest ed.
PrephmtiamofiimbcudimHBf therpesdietionsnintaltatahigrocasse Tougreparaimictisim, the last

e e R B SR O AT S B b o

reé{ﬂlﬁlré‘@ﬁldMQb! medRfh Qetd §u%cdﬁﬁﬁ“&§b§‘ Qenﬁ@fu SHiGC LhOP G&hﬁl%tesmedmm
as described supra. Representdtive results are

exqbpregein\RRO rmddnugn wag perSomeedc Thatasget sebdingt celimgeaty W@s 0.4-0.6*10°
Vlapgvcglls%nih rglg(i] %m%ﬁ Sﬁ%ﬂ.ﬁ&l??ds vgelgg lr%ién%lggﬂ 1n|( qil\é/l?rlmgg%d incubator on orbital

shalRE PrhHas! (mcssz%fe@g 1006 RPNG). Alfiat Y-IQHAySE bPMESHafds, the cultures were
S|gn|f|cantly [ roved sialylation (i.e. on average

useghis énqeplom ﬁmﬁhﬁbmclmoﬁuwogh numbers of sialic acids)

Altgl%gﬁgéﬁ F}“)I%Er 1 W ?sg}:}‘l%gﬂ'e%\@ tlbl%ﬂ ﬁne%Ylﬁﬁ 2[94%5 %2%' fd cgfls precultured

in Mab &nefduim Weﬂe’:a’slmaﬁin&éd by &m&mgmoxa afd sezded MG t@fgeseenedealslty of 0.2-
is sufficient to identify clones with t

0. 38 ls% i \fl%lae cellsfral d shake flakscar i bmﬂcm, @ﬂntammchﬁb Frt%in% Shake
fladk® & dlmdm%H"MlE? @fﬁﬁ%&fﬁ%? on oybital shake plateaus (37°C, 5%
a- erase r g ?

, SI yl'trans roma single plasm
COn1 00 RiPM3. Bibteactonsatidepserkre ey folllowsf tegipatapiratwas manxitambda at 37°C,

EPO yol ecul es as co red to cl SSi EP
disgilyed pgehpee TR BanvesrEelits P SRt RGN by O sparging
an 12 fat Ao R Shit@fbd Bel6Wer £¥P CEH 28Fion in the headspace. No
sialyltransf erase: production and quality 2,6 EPO and

lowplimitEPOcqnteed wes operated. Afteridd-§ dayssofshabatien, Wmmrctsewrs used as

inoculum for the batch productions.

Production in batch process: Batch cultures in VPRO medium were initiated by diluting the

inoculum prepared in VPRO medium into fresh VPRO medium, or by a complete medium
exchange to VPRO medium by centrifugation in case the inoculum had been prepared in Mab
medium. Batch cultures were started at a target seeding density of 0.2-0.4 *10° viable

cells/mL in shake flasks or bioreactors. Shake flask cultures were maintained in a humidified
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In this exanple, EPO was reconbinantly produced in

stably transfected PER C6 cells overexpressing a
waet@bprdonansf erase (either a-2, 6-sial yltransf epeBEEPNS/057205

a-2,3-sialyltransferase, se& exanpl es above; such

cells are referred to as PER C6-ST cells) in

serumfree suspension cultures. The EPO preparations

produced are referred to as 2,6 EPO and 2,3

EPO, respectively, while EPO produced in PER C6 cells
1ncﬁ$‘ﬁ6r (QPOI‘BREI smﬂ?er I%Qﬁseg$°(§ i3} ¥ 0, F ISRV SioteacthR{lifRdvere as

to as PER C6 | ture: Anpoul es contal ni ng

folbwo‘qenmsmtute dvaﬁmmmsd' a‘cH°Csd1pso¢mdmmygelE@mcenmmn (dO») was

Er ke fl taini. b
conifiEd i S 36 & FEEOR by K e gl Snealidion was
coﬂﬁfblllled bblo®d7.3 Bg@@)}ta@ﬂltibﬂ iR el He@lispa b2 IR 184 ALBRYEI doB#6} was operated.
5% CO , 100 Every 2-3 days, cells were

subcul tured W|th a conpl ete medi um exchange by

aGR E RRb B TR RFR IR USANNG B  yanr e

maﬁfmﬂrﬁl Qﬁbldhﬂlfdeﬁsﬁyhl&adﬂfeeﬁl vthed) Sypidallg bedteeh 5p9 d@}%SaSt'er ibétiation of
prgﬁare i noculum the last pr ecul ture passage

thehatohsuiargs| BPQpegsertstiqnmas petrmanedshy Ebisa @ngsqomg@ilwgtely from
10Ge 1BOGG L 1425 Ris M B LT DN Fe el 6 Bt chaut 510 ne)
depwadent on wizescabldirfepthespecifihieoh@ragé thesadtrenfproatd. | density

was 0.4-0.6*106 viable cells/nL, and shake fl ask

cultures were maintained in a humdified incubator on
HaRleli drahatsipake pl ateaus (37C, 5% CO2, 100 RPM). After

3-4 days of incubation, the cultures were used as
Cellnwers tstmOfved frome theacrofie patohl betviestnky mamseoﬁeﬂnmf@ggtlom ateBOOg for 5

mifg et P RInES! oot bRt 0wl diposfile Sy Garification

filtee (MilliboRatlCleMgar@ "Op$@pdRd, & ah@ el depbiabite bt it (Sartorius,
SNM E)3*106&'\‘/'%ablr(gpce | s/ i |p2n);hake flcsgsks or in (

Smmeé&%fpéﬁ K@t ai ni ng Mab nedi um Shake fl ask
cultures were maintained in a humdified i ncubator on
orbital shake plateaus (37C, 5% CO, 100 RPM.

Puftiieitieaahdanispek¢hagge:were as fol l ows: tenperature was
mai ntai ned at 37C_ di ssol ved oxgg n _concentratio

d
EPO waspugibied from thg THirated bgighes gnya 2% mewewm@zlonal( anti-EPO

(PO D Sl PR IIGRIOEI o v
of § imiinin pEtutiom andfract@satiprebypdraon exthange \iaﬁdmhayis dedcribed in example 6.
AR D e TS FE b AL e
(0.63% s 8010. YRG! M@B@ﬁm 4yby mehRbibaret E)H:thhﬁ@ Wik a size

i nocul um prepared i n RO nediuminto fresh Vi
exqlustiruenluon (diPrep 2@/h). étf‘@r Buffeuhxchange the samples were sterile filtered

over a 0.2 um filter (Pall, Acrodisc PN4908).

Source 15Q fractionation:

Purified material was buffer exchanged using a Hiprep 26/10 desalting column (GE
Healthcare) to 20 mM Tris / 20 uM CuSO4 pH 8.0. After loading the Source 15Q column
(Amersham) was washed with 20 mM Tris / 20 uM CuSO4 50 mM NaCl pH 6.0, followed by
elution with increasing amounts of (1M) NaCl in 20 mM Tris / 20 uM CuSO4 pH 6.0. Step
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exchange to VPRO nmedi um by centrifugation in case the

i nocul um had been prepared in Mab nedium Batch
w@obormsl were started at a target seedi ng denBCT/EPDNS/057205

0.2-0.4 *106 viable cells/#b in shake flasks or

bi oreactors. Shake flask cultures were maintained in a

hum di fi edi ncubator on orbital shake plateaus (37C, 5%

CO, 100 RPM. Bioreactor settings were as follows:

tenperature was maintained at 37C  dissol ved oxygen

graQRAGTS -kt /g N 5(0f507)25M250 GORH! Cﬂd % arid 523098 weld dised. Fractions

saturation O spargi ng and culture pH at 1 nocul ation
elut/mg acZ2hft-r 300 mM NeCbwerz. oled. T sialili adideontentiofiéhe fractions of EPO

o A Soieg G P dersrbak i e £\ Bhaiu b3higs avses pooled.

Th¥\2 6EEFRHNE DbRshedtha@ AR ad@ﬁg@éﬁlﬁf adidEori@ht oMM Varath€ 2,3 EPO thus
cel | density had been reached; typically bet ween 5-9

obteimpd had aavdragetsialiciagid esmtenhef Ba7ch cul t ures. EPO
concentrations as determ ned by Elisa ranged
approximately from 1000 to 10000 ELISA Units/nL ( 1

MAELIDEAlal.jrsig; (eU) corresponds to between about 5-10 ng)
e endent on the cell line, the speC|f|c cl one,

12011 mp@mmf Aed EPQisseg didg. 149 wiapmade and analysgd w&gdmg to the
BN SO0 B b BBk
2,3MRQ afidigeparédtol thugecbfIERCCAHPIQ. dat ianalysiv of tha N-linked sugars

di_spqsapl oar se cl rlf cation filter (MIIipore,
fe‘@lﬁﬁ? ﬁ’ﬁé?éescﬁﬁ PUynS e at%’ehh‘r %ﬁt‘a %Hdstﬁ%é &B‘FB“‘QY flagars as compared
to PER (CRLERGATHi® [ﬂd&&tes@ﬁdt&%e?—e%pre%uﬁ{ & the o -s1a1y1transferase results
Purification and ani on exchange: EPO was purified from

in & merd ¢amplete branobing o€ thed¥-linkedsugarsCln ardslitgom, Imwwt onwdd not be

tir . d.t t ted.S 4B
detp b inch P bk AR e Byt Tt ek e Bis g Tb Ol dRe B3
sm]?l&a!ﬁ'sﬁrasEhréshltétﬂmad"ﬂrtﬁilﬂﬁ&dIﬁtﬂé&'1ﬁ1ﬁb1*9Mn @lﬁ b O3 -BxobARESh. Furthermore,
done as described in exa . fracti onat ed

whams RBR-G6-EROws dound tewontaing lgh/@mumr @@faéten@@wf@cosylated

O d

Lo RS9 B s (P AR e ) Bl Sl B
virfdlty bissefnin@Q3 BRO. This Eh@\@s that the overAdxipedssiBi fof 8 lo-E3clalyigensferase

the sanples were sterile filtered over a 0.2 mmfilter
resvlvsazmthe mbhitatiensef bmﬁsymaslon SblLipcddNAS &TRetaRE onat i on:

Purified material was buffer exchanged using a Hiprep

26/ 10 desalting colum (CGE Healthcare) to 20 MM Tris /
An2lysigf GaG@hated 28 EPO/hhdém EB@di ng t he Source 15Q

CO| ymmg s‘gat ]ggq}tgvetggfe%%ppgr“én-tr{nlo ec/ula% (I)narers compared

to commerc1a11y available EPO (Eprex™), which difference disappeared upon removal of the

N-linked glycans by PNGaseF. In addition analysis by size exclusion chromatography (HP-
SEC) showed a slightly increased retention time of 2,6 EPO and 2,3 EPO as compared to
Eprex, which difference disappeared upon removal of N-linked glycans. MALDI spectra were
prepared according to the method described in example 2. No Lewis X containing peaks were
observed with an intensity of > 10% in 2,3 EPQ, in contrast to 2,6 EPO and PER.C6 EPO. No
lactosamine repeat containing peaks were detected with an intensity of > 10% in 2,3 EPO and

2,6 EPO.
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elution with increasing anounts of (IM Nad in 20 nM
Tris / 20 MM CuSO4 pH 6.0. Stepgradients of 5 -15% 15
WO 2@8870026 - 30 % 30 - 50 % and 50-100% wer ePCHER2005/057205

Fractions eluting at 250 - 3300 nM NaCl were pool ed.

The sialic acid content of the fractions of EPO was

anal yzed using | EF as described in exanple 3. After

anal ysis fractions were pooled. The 2,6 EPO thus

obt ai ned had an average sialic acid content of 12.1,

Exgﬁﬁléﬂﬁﬁolﬁ?@m R?o‘?i‘ﬂ‘i ned had an average sialic

nt en MALDI anal ysis: The MALDI
PEB@&:EPOr(as)produ@dEPB‘ERs(é@ch]sglot avier-ewpressipgle sahydtransferase in serum

oS BT o R0 5153 B A ST

12)5Wée &&;té@lf foR indvileD @h@ Dolvis® B #; 5%1 hAIVItYOPRe Af vl Bioldi&P ek tivity was

The analysis of the N-linked sugars reveal ed that 2,3
tesep by magasuringsthe eppacity &9 ylm@a‘@ thyg protiferatigmgpf UT-7 cells in comparison to

EPOHRP 1R, SRR SUAAH FERCERPOS ?'Eizrocé3 3 EBO B PER 6,6 EPO

e oV r-expreSS|0n o)

hadaa glaiveipatenty b26G; 1120 ane 94T eshestively 8s CaareDIERO-BRP suggesting
branching of the N-Iinked sugars. In addition, Lewis x

fullfynetipnality ofdheimiodueed ERQ\ imviBoEPO whi ch denonstr at es
that the over-expression of the a-2, 3-
sialyltransferase resulted in a virtually conplete
Thé mhiitn biotogical acivity f PEROSY EROL BER.CGa2,8 BROmEPERIGS 6 EPO was

5 - EPO was found]?ﬁlg contain a high armant 05
testofl i, thedm Hap 1qa5Ray Jp | ARIBIC BPYSGACERTENE (I EuFpPgan
Phadfhrcdilc U PRIE TR 62002: 1588, §§< mﬁnzﬁaablet@%@ms&i}dl&ttﬁftﬁ%f PER.C6

were virtually absent in”"2, Q. This shows t hat
EPQvwas-telqyy Gegletnotion hmﬂavliﬁr@sghealoy? R16r MG foears 4 §% andls);3 EQO was 32%

of gy Gk BRProfked sansfn, Bhd PisdhertingreS Bhibods prepargsions were in
lin&~R5eh AAdnWSioSachvitys DS tiAHe hevsmst 2,3 EPd #dsl 6 gD Weﬂe NBétween

apparent nol ecul ar mass as cor% ared to conmerci al

thoaq,gf PERCS ERSO(lomgsterriepnd ERQ thighest ¥, the 2,3 E¥O having a

ok R G HERP SRR 0L By by el o

CleaHy ofiie EPY mhlyceﬁhlPBEE)CGEblls&Hht dVEI-ExPAdsh ¥in IaFE;6-eﬁ$)&ﬁansferase or an
retention tinmge of 2,6 EPO and 2,3 EPQ as conpared t
a-23ypiglyltranysfegase dps 2 éﬁr@w&:énm@éﬁpidé am@obl‘eﬂﬁswalraéﬁmws @ﬁmpared to EPO

odfubdd K PERICY CANShat W %&e&&) 1R4fsRFLSRS
Pt accéngl ng tot E%harlret I%O desc E%eg%{aﬁ exan‘pfle 2

Lewi s X containing peaks were observed with an

i nten of .> oin 2, PO .in contrast to 2.6 EPO
—éﬂai‘% ABERG a‘Ng tastipg Bé@Eﬂw@‘tL‘ EBQEPY E’&ﬁ‘faéF‘g sialjc peigdicontent
It Mf‘srsﬁo% tlI?&’E 113 thathe FECR Q$thtidcr&sed a%ial}lﬁlo% E(EB@PO) as

6 EPO Exanple 13. Biol ogi cal activity of EPO

obtalned had an 1mproved in vivo biological activity, but still was less active than the standard
(EPO BRP) while it has a similar sialic acid content. It was tested whether fractions with still
further increased sialic acid content could be obtained from the material produced in PER.C6-

ST cells, and if so, whether such fractions would show further improved in vivo biological

activity as compared to the starting material.

A novel batch of 2,3 EPO was produced and affinity purified as described in example 12. To

enrich for fractions with a higher sialic acid content two alternative preparative iso-electric
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PER. C6 EPO (as produced in PER C6 cells not
over-expressing a sialyltransferase in serumfree
woreaicomo1as described in exanple 2) and 2, 3 EPECBRE2085/657205
EPO (as produced in exanpl e812) were tested for in
vitro and in vivo biological activity. The in vitro
bi ol ogi cal activity was tested by neasuring the
capacity to stinmulate the proliferation of UT-7 cells
in conparison to EPO BRP (EPO reference standard).
FoclEe T € ik oy ed s B EPRE b, Mealuey Plspdgle sive
exadhmipaclrdmbiogiaply BRR-SH(Qgestused) ful | functionality of
the produced EPOin vitro. The i v vo biol ogical
activity of PER C6 EPO PER C6 2,3 EPO and PER C6 2,6

Ultkddex \Wasifitffdned in the in vivo bioassay in the
Nor nocyt haem ¢ nouse accordi ng to European

Affivity prrtfindonateriql s mtiser somagted g 6 prepagtive S gélrin Tdew @H range

he J Vo agctiv.ty. of PER, EPO Qw 4.he
(sodedeplin-¥i Ao i Hideticros) WpEhrestudolft 8 Tg; Tt Gample wes
separatedinfo ¥6frme TecTornidabre @ktrinitéd BHR the BltesRR®S elution with 0.5 M
Sstandard)._ The pharnacokinetics of these Er epar ati ons )
Trigekl(d nHh8.0; Fractignstvarapoolad gnd,dialysed against PBY. Twegn-$¢and Glycine

. P e Dy et
welt QMR o Binct [0 sBRCn o IR O/ R A Tk 28 the
prepanfavien was kteril?, faterddolR2vivm Midlek-Gi\j iltet) Milligord)e ( and
| arger area under the curve) than the 2,6 EPO (not
shown). Cearly, the EPO produced in PER C6 cells that

RoRf& puffRhGss an a-2,6-sialyltransferase or an
a-2,3-sialyltransferase has a strongly increased in

Alteinatively ittty purifaesk matetigl veas foshgraepatated bgRONg pozpacatire IEF
RGeS R ST TEAT T S W —

sepafatddi® aotwipH EinbBYH DAC HERNEUrdhl ThisGestifibdl it OMaRittun bf 10 fractions
was shown i'n exanpl e 13 that the EPO with increased

with dpffeniisofotras. iApprqpEia® fEROpnawersmosiade@ihesapogled fractions were

e RL R £ R PR BTN Y LAl P b or s

(v/®) andl (Rs%{Wwal)irespactive e el e brephiativh vak ertikdfilvdred (0622 pm Millex-GV

fractions with still further increased sialic acid
filtero Milior9oul d be obt ai ned from the material produced
in PER C6- ST cells, and if so, whether such fractions
woul . d show further inproved in vivo biol ogical . .
The,siplic; aqig C%elttmgﬂ@&r%t%@%ﬁw tWas gnahiedrusig IEK ag dgggribed in
. P ed and affinity purified as
ex g%?iaggﬁhﬁwgigﬁ%%blg%gg% enrich for fractions with
a higher sialic acid content two alternative

pr eparatg SO e $d b I iEmg@Hs—ware
used aslsgélg:éri bed Eg cgl\?v#dt%rﬁcﬁeéﬁtﬁg%i vel yvpr paratiye

sire ex@ BBOAn chfonmat agragdy (HP{SEC) wa% used.

2.3 EPO-2 Ultrodex 14.3
2.3 EPO-4 Rotofor 12.68
2.3 EPO-5 HP-SEC 12.38
2.3 EPO-6 Ultrodex 13.55
2.3 EPO-7 Rotofor 13.00

2.3 EPO-8 Rotofor 14.16
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U trodex purification Affinity purified material was
further separated on a preparative IEF gel in a |ow pH
wo a00ge7qodi t rodex, pH 3-5; Anersham Bi osci enceBT/EP2005e57205

presence of 5 M Urea. The sanple was separated into
isofornms. Isoforns were extracted fromthe U trodex by
elution with 0.5 MTris-HCO pH 8.0. Fractions were

pool ed and di al ysed agai nst PBS. Tween-80 and G yci ne
were added to respective fi nal concentrations of 0.03%
(v B (W V) a prep(ratlo S stefile

fi terggol?]go SN filtel, MIIT oore).

Ro ofoigq;p'ofmcat on AIR@tbfmtiveI : affi121l22y purlfi ed

arl a WAS f ||rf canara usina ranar at i

| EF SPRBIes MM averase S (Siahc goid) sorﬁéﬂtaft%ﬁrﬁ barative TEBCoTIAR: SEC.

| oaded in the Rotofor and isoforns were separated in a
| ow pH range, pH 2-4, in 5MUea. This resulted in a
Samples aﬁrﬂRﬁ llahdﬂngPOehwemi ruh albing$ide BER.CGBPOr(awrage SA 3.1) and

DR LR CRIER bt &) 6 4 LB oGP RED PBE: Fwoen. a0 and

gl ycine were added to final concentrations of 0.03%
(v/v) and 0.5% (W v) respectively and the preparation
Thevirsvivn bipldgical adtivity od EPO. tas obtaived wath-agialfci dcidgontent of 14.3

Th I t
it CooPREOz, MRt GeRFYHL RODRRY P ine R G bkapraydy he
Nohﬁo@%l@iéﬁh@nﬁuﬁ%cbﬁnﬁél@VBHElﬂRmaobabB136 H&ie@péc‘iﬂ@‘@étﬁ&ty of this
with average SA (sialic acid) conte

prepriafient istlily S8l EH/rég [wﬁeeeﬁd@amte@alz%ﬁ éed3|93 @hHJ/mg], which is

oS il e 909810, GRS 5, which i

turs aomparablfé 1©.thd BPOTBRP standdrs dothi in laciivitedndan ts1aMc hmd@bntent).
EPOthus obt ai ned w haS|aI|c aci d eréé
?SPEF@@H“W% %Sﬁateélé%rl‘b‘ﬁ PRI R %‘Ptﬂln% atsé‘§’c %‘d"’ iViYo
biold¥eall RetWityQs RbRARI AN I‘OB&%MBH@%’&E@QW &lp%%k‘ii cells and methods
according’to PHEUR 01/2002:1316. The specific activity
acoofdinghtosthpimentiart.i on is 113.881 1 U/ ng [95 % confi dence
i nterval 94836 - 139361 11U/ ng], which is conparable to
that of a commercially available Epo preparation
tested (Eprex(tm, which inTgpleg i s conparable to the
EPO BRP standard both in activity and in sialic acid
Tabledt ent). These experinments denonstrate that it is
pOSSI bl e to obtain EPOwW th a simlar in vivo
bi-ot ugi cat-ractiv t'y' as—comperctat—EPS prepat at ons,
URERMGOEPR ex fabssi rigplber| s| devismet hodssatBalidicng to
t h%""idHG‘e:ht il on. :

Lewis x

DMEM 1.8 0.5 0.5 4.0
VPRD (8) 2.7 0.7 1.9 1.8

Table 1: Average number of Gal, GalNAc, and Lewis x structures per N-linked glycan present
on PER.C6-produced EPO. EPO was produced either in an adherent culture (DMEM) or in a
suspension culture in the serum-free VPRO medium (VPRO [S]). The last column represents
the ratio of the average number of terminal Gal + GalNac residues over the average number of

Lewis x structures.



Tabl es Table 1 Table 1: Average nunber of Gal, Gal NAc,
and Lew s x structures per N-linked glycan present on
wWERHRsQo0pr oduced EPO. EPO was produced either PET/AP2005/057205
adherent culture (DVEM or 40n a suspension culture in
the serumfree VPRO nmedium (VPRO [S]). The last col umm
represents the ratio of the average nunber of term nal
Gal + Gal Nac residues over the average nunber of Lew s
X structures. Table 2 Table 2: Average nunber of Lew s
Table 8t ructures per N-linked glycan present on EPO
produced in PER C6 cells that do (i.e., PER C6-EPO ST
etone—25-3-20)y—or—do—not—{+-e—~—PER-¢6- EPO cl one 25)
over-express the od2,6 sialyltransferlase. Table 3
Tab-& SHIVIRgRsEs e nunber obSA¥, Gal NAc, and Lewis x
structures per N lijnked glycan found|in the total pool
of EPO npl ecules that are produced in a serum free
suspens¥®PW®ul ture lof oc2, &% al yl trdnsferase
over-expressing PER C6 cells and in -the highly
sialyl ated EPO fraction thereof, whigh was obtai ned
usi ng t h%™®rocedurds descPi®®E in exdnpl e 4. Tabl e 4.
Fabte—4—tews—X—and—static—acid—content on gl ycans of
di fferent EPO preparations (see exanple 8). Contents

Tal?EZ: %_@%ﬁag{é{gﬂg%rqﬁwe%s 3 QIP&c%urgs é'ar%-?inéed é%%m}g%e?{ %ne rﬁf’o produced

ycans and average Lew s
in BIERCO6ets tHae d@ 6. eC, HERICA{ERD-STaiony5E3 . 28 aormdt (ileQMER.C6-EPO
affinity purified PER C6-EPO and 2,3 EPO, as descri bed
5  clopg2queprsaress theg2.psiatylpasigraserapl e 6. In vivo
activity in Nornocythaem c nmice (see exanple 13). C:
confi dence interval REFERENCES Byrd P, Brown KW
TalaBl i rore PH 1982. Malignant transformation of human
enbryo retinoblasts by cl oned adenovirus 12 DNA
Nattre—298+T69-Ft—Byrd—P}—GandRIA, Gl linore PH.
1988EPD) f f er efdli all EalbASt gr nhewisrk of| prinmary human
eRDRAHAYAT | hal celll s by adenovirus Bl regions and
conbi nations of EIA + ras.| Oncogene [2: 477-484.

'[:)eljogragvﬁ%ar L%?SIng{ nlsoil'agéi;fleqé O]IC\/Iart in F, Jacobsen

Fractionated
3.2 0.3 0.2
EPO

Table 3: Average number of Gal, GalNAc, and Lewis x structures per N-linked glycan found

10  in the total pool of EPO molecules that are produced in a serum-free suspension culture of

02,6 sialyltransferase over-expressing PER.C6 cells and in the highly sialylated EPO fraction

thereof, which was obtained using the procedures described in example 4.
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5 deposited under ECACC no. 96022940. 12. A nethod
according to claim10 or 11, wherein said glycans

W@ oopnr®e1 on average |less than 1 Lewi s X struckPOT/@PENS057205

at least 10 sialic acids pas EPO nolecule. 0 13. A

nmet hod according to any one of clains 10-12, wherein
said glycans conprise on average less than 1 Lewi s x
structure, preferably no detectable Lewis x structure,
and between 10 and 15 sialic acids per EPO nol ecul e.

14. A nethod according to aw,gpe of clainms 10-12,
wherein said glycans conprise om 5 average | ess than

0.3 LeMcemposstigrucimpresingoonefor madyt jsommaf et entthrepbietin §EPO)

o S5 s MRS R T B B4R compre o

wher eigyetad@ conposition conprises 4 or |ess EPO
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EPO praagtleestili-eyesX suuetbiemss EPOgnoleqde, aadnet hod f or
pr odu 'l expressing
at | ego {; glé’%%%ggéel%oa@lér)%f) Fsgpe%ﬁ%l)tdeﬂlﬁ?ecﬁgl d nmet hod
conprising: a) providing a ceI | expressing at | east

one adenoviral ElIA protein and further 5 containing a
rucl e/t caBpestiipiargridinatogiaimel; wherein paid glysany gpmprise on average:

XD C5 ablefi 1L ALX MG gor RPOAnG R [t her cont ai ns
a nucleic acid sequence ericodi ng a sialyltransferase,
pr ef ertglat leastry sidlimlmicﬂmﬁieﬂesapquHB(anmlaenhse or an

al pha-2, 3- sialyltransferase, under control of a

het erol ogous pronoter; b) culturing said cell in a
339 Fum £ e8@pSsidARoRBiSl 49 Rde of hﬁ‘@‘r&?é@ﬁlg%ﬁlﬁﬁ‘ V@ﬁerélﬁ Qaid glycans
O protein of Interest 1n said cel c) harvesting the

expr esoeWrise on everagst i nt er est from said cell and/or

fromthecul tyr [ i ng ,and

1 oot D RLER Conl e stam e ter BPoREbletdieadn: i

f r act ip)agleaktiscdialltaical MBictiBS pR EPTImAYRGRIE sialic acid
content of the N-linked glycans per protein of

i nterest nolecule. 17. A nmethod to decrease the

ver ag [ . ' .
298 §B G Aok GAEL S LR ARYAEAR HRE Y od steans
con'pr iconpgisOvrbveragy: essi ng an a- 2, 3-sialyltransferase
in said cell
a) between 1 and 2 LewisX structures per EPO molecule, and

b) between 8 and 10 sialic acid moieties per EPO molecule.

5. A composition comprising one or more isoforms of an erythropoietin (EPO)
comprising glycans linked thereto, characterized in that said glycans comprise on
average:

a) at least 0.5 LewisX structure per EPO molecule, and

b) at least 10 sialic acid moieties per EPO molecule.

6. A composition according to claim 5, wherein said glycans comprise on average:
a) at least 0.5 LewisX structure per EPO molecule, and

b) at least 11 sialic acid moieties per EPO molecule.
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18. A nethod according to claim17, wherein said cel
is a eukaryotic cell containing a nucleic acid
waeguenmel encodi ng an adenoviral El A protein i PCT/EP2005/057205

expressible format. 19. A method according to claim

18, wherein said cell is derived froma human

enbryonic retina cell, preferably froma PER C6 cel

as deposited under ECACC no. 96022940. 20. A nethod
according to any one of clainms 17-19, wherein said

h A, . a
met hody t:b'ﬁl?g%‘?ﬁoﬂ 5&5@%@&%&1 nf;%ﬁﬁ% 3&%&%@ r@%llﬁ %grcglfls cOniPris€ on

acid on sa pr ot el n.

to an

one ofavetagens 17-20, wherein said proteinis

eryt hrQpoj etin..SE I STING <11 Crucel. | Il and
Y\ Been Bisndd T e pReEROTR e b and: n

r econty)maftechNPhLAH N3 siMlit Beid MedigREgRr EPOInibREMIEN from

cells that express adenovirus El A protein, and

protei ns obtained thereby <130> 0127 WD 00 ORD <150>

RSBSOS e A e

<210> etythrbbbdietid4s hizha@redifopoldiiry a A¥aghichCofHuntad2Bythropoietin, or a
<223> forward EPO prjmer, <400> 1

B.V

10.

mutein of human erythropoietin.

A composition according to any one of the preceding claims, wherein said glycans

comprise three N-linked glycans.

A method for obtaining a composition comprising one or more isoforms of an
erythropoietin (EPO) comprising glycans linked thereto wherein said glycans
comprise on average at least 6 sialic acids per EPO molecule and from 0 to 2
Lewis x structures, said method comprising:

a) providing a eukaryotic cell containing a nucleic acid sequence encoding an
adenoviral E1A protein in expressible format and further containing a nucleic acid
encoding an EPO in expressible format, wherein said cell further contains a
nucleic acid sequence encoding a sialyltransferase, preferably an alpha-2,6-
sialyltransferase or an alpha-2,3-sialyltransferase, under control of a heterologous
promoter;

b) culturing said cell in a serum-free culture medium and allow expression of an
EPO in said cell;

¢) harvesting the expressed EPO from said cell and/or from the culture medium;
and

d) purifying and fractionating the EPO to obtain fractions which have an increased
average sialic acid content of the N-linked glycans per EPO molecule, to obtain a
composition comprising one or more isoforms of an EPO comprising glycans
linked thereto wherein said glycans comprise on average at least 6 sialic acids per

EPO molecule and from 0 to 2 Lewis x structures.
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ccaggcgcgc caccatgggg gtgcacgaat gtcc 34 <210> 2 <211>

30 <212> DNA <213> Artificial <220> <223> reverse EPO
w@eoos®roosd00> 2 ccgggttaac tcatctgtcc cctgtcctpcr/BB2005/057205

<210> 3 <211> 23 <212> DNA4&213> Artificial <220>

<223> forward alfa-2, 3-sialyltransferase priner <400>

3 ggactagtgg atccgccacc atg 23 <210> 4 <211> 30 <212>

DNA <213> Artificial <220> <223> reverse al fa-2,

3-sialyltransferase priner <400> 4 gctctagatc

agaaggacgt gaggttcttg 30

11.

12.

13.

14.

15.

16.

A method according to claim 10, wherein said eukaryotic cell containing a nucleic
acid sequence encoding an adenoviral E1A protein in expressible format is derived
from a human embryonic retina cell, preferably from a PER.C6 cell such as

deposited under ECACC no. 96022940.

A method according to claim 10 or 11, wherein said glycans comprise on average

less than 1 Lewis x structure and at least 10 sialic acids per EPO molecule.

A method according to any one of claims 10-12, wherein said glycans comprise on
average less than 1 Lewis x structure, preferably no detectable Lewis x structure,

and between 10 and 15 sialic acids per EPO molecule.

A method according to any one of claims 10-12, wherein said glycans comprise on
average less than 0.3 Lewis x structure, preferably no detectable Lewis x structure,

and between 13 and 15 sialic acids per EPO molecule.

A method according to claim 14, wherein the composition comprises 4 or less
EPO isoforms together accounting for at least 70% of the EPO present in said

composition.

A method for producing a protein of interest in a cell expressing at least one
adenoviral E1A protein, said method comprising:

a) providing a cell expressing at least one adenoviral E1A protein and further
containing a nucleic acid encoding a protein of interest in expressible format,
wherein said cell further contains a nucleic acid sequence encoding a
sialyltransferase, preferably an alpha-2,6-sialyltransferase or an alpha-2,3-
sialyltransferase, under control of a heterologous promoter;

b) culturing said cell in a serum-free culture medium and allow expression of the
protein of interest in said cell;

¢) harvesting the expressed protein of interest from said cell and/or from the
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17.

18.

19.

20.

21.

49

culture medium; and
d) purifying and fractionating the protein of interest to obtain fractions which have
an increased average sialic acid content of the N-linked glycans per protein of

interest molecule.

A method to decrease the average content of LacdiNAc structures on a protein that
is recombinantly expressed in a cell, the method comprising over-expressing an a-

2,3-sialyltransferase in said cell.

A method according to claim 17, wherein said cell is a eukaryotic cell containing a

nucleic acid sequence encoding an adenoviral E1A protein in expressible format.

A method according to claim 18, wherein said cell is derived from a human
embryonic retina cell, preferably from a PER.C6 cell as deposited under ECACC
no. 96022940.

A method according to any one of claims 17-19, wherein said method further

increases the average content of sialic acid on said protein.

A method according to any one of claims 17-20, wherein said protein is

erythropoietin.



