TITLE OF THE | NVENTI ON Met hods to obtain reconbi nant proteins wth
increased sialylation fromcells that express adenovirus El A protein,
and proteins obtained thereby 5FI ELD OF THE | NVENTION The invention
relates to the field of reconbi nant protein production, in particular
to the glycosylation of reconbinant proteins such as erythropoietin,
nore in particular to glycosylation of lr econbi nant prot ei ns when
produced i n adenovirus ElA-expressing cells. 10BACKGROUND OF THE

| NVENTI ON As shown in WO 00/63403, imortalized hunman enbryonic
retina cells expressing at | east an adenovirus El A protein can be

suitably used for the production of reconbi nant proteins.

Reconbi nant proteins having N IW&Q_produced incells
that expressMifodds BBtin rf&oébiﬁamy&eﬁs witeinbedsed ShiyRAGY fréth cAIRhaPEkdst €
for instance characterized by t presence of Lew s-X structures, as

descri bed i rPdpEovrss B ptsin, andprotemﬁebtweﬁdféﬁabsact eristic of the
proteins produced thus far in El A expressing cells appeared a
rel ati velg;\ol ow gal actosyl ation and | ow sialylation of the N-1inked

gl ycans (MWD 03/038100). For cerEHLP REr Bl NVENETAN npy be an
advant age, bpe ifvhtidH Bfes %@ﬂé@?grgw% %tgﬁeoﬁa\‘cﬁu&m%f mt?en cylar to the
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For instanc eslmﬁxhthn@ﬁwp@nbman@ EP@)HS':;%&HS Ehmm,euorﬂ in pactidular to
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relatively | %gr cent g%e 0 Mg%ae?#osgﬁ %Jr?g\gﬂn Eﬁ% Eiﬁéslmﬁé‘g%ﬁ
N-1inked glycans (WO 03/ 038100) resul ting in nol ecul es that are very

sui tabl e, for treatnent of 'S%ﬁ@k&%iﬁ%&htsigﬁgdﬂbﬁ“es but may be
| ess suitable for the 25 t treat ment of

anem a, it has besrshewt mBVDSﬁéd%BhuMahzagﬂhudngmb'yorhcmnaagdllatax;messmg at
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in increasi mgottine red bl ood ceII count (Col dwasser et al., 1974).

Hence, for the tr nt . of . ischer rfusi,on injuri.es
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patterns rraf“bggncﬁé’ E‘f‘f'ﬁ?@ﬁw"mﬁs’“ ﬁSﬁbegt‘%Sr% ?ﬁ/@sé{xﬁs simlar
situations may exinether dhaRctefidic ocmébﬁitéins{ﬁﬁﬁxcédlﬁus‘meiﬁim‘m@xpressmg cells

gl ycosyl ati on pattern.observ n_expr.essi ssin
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Over - expres | transferase in a.cell tq increase

si al yl at$% % ﬂ'roggﬂ%‘?sﬁgﬂ%/ n and preforably also,siplylation |2y behenetictl. has been
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various gly cos¥ltransferases and other actors in the glycosylation

process in ciaylatiopghEPQ jsheaeficiatto ipcregsp g dalidife of thedifQia serumiof treated
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unpredi ctable’in ternms of glycosylation patterns
count (Goldwasser et al., 1974).

Hence, for the treatment of ischemia/reperfusion injuries, the expression of EPO in
30  ElA-expressing cells has the potential advantage of a preferred glycosylation pattern of the



15 of proteins thus produced. For the purpose of broadening the
potential use spectrum of reconbinant proteins produced in
E1A-expressing cells, it could be beneficial to increase the

gal actosyl ation and sialylation of such proteins. It is an object of
the present invention to provide nethods to acconplish this. The
invention further ains at providing novel erythropoietin conpositions
20 obtai nable from E1A-expressing cells. It is another object of the
invention to provide nmethods to decrease the average content of

Lacdi NAc structures on proteins reconbinantly expressed in a cell,
for instance a cell expressing E1A of an adenovirus. 25DESCRI PTI ON OF
THE FI GURERyduced EPO fot fhis ube. HwdbdrClon6thér ey r@RD, diffedfl dydabylfibn pytterns

i so-electric focusing of commerci all y avail abl e EPO (EPREXTm | ane
A), EPO pmsgibederefiiabER C6- EPO- ST cl one 25-3.10 (lane B), and EPO
produced in PEBmQﬁhéf_-BQt&ﬁs%ﬂﬁlagéhhh@&%@ems{he f&‘ﬁeﬂﬁlh‘{&s @diﬁ@f
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PER. C6 celpbtentidh admsboition/setweex }ﬂlea&ﬂous-g'lycﬁsydimhfgetamsané bﬂaemmrs in the

PER. C6- ST; EPQO, panel s, anha HP
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or 4 si al isialyhfincféraktoiv sudheells lﬁiﬁats'eda aidamprdicable in terms ofiglygosytation patterns
| so-el ectric focus of various PE1lt C6- EPO preparations and Eprex.
PER. C8-5EPSf PRfsins lséé*ﬁtpg"dfl & t otal pool of EPO nol ecul es produced by
PER. C6 cells th&tmalsmsuaé omeerdeﬁx@ﬂeweﬁnai uﬁ‘-s@éo&hml(ﬁ'mnmbmmmtems

PER. C6- ST- EPO r ents the tota PQ nol e uc
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Epr ex feplosamable fdmEINIBpsdsahgd sellavai | abl e EPO preparati on.

It is another object of the invention to provide methods to decrease the average content

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

expressing E1A of an adenovirus.

25 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 (Jane C). The putative number of sialic acids
per EPO molecule is also shown. '
30 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 2 suspension cell cuiture in

serum-free medium (B).



Fig. 6. MALDl- M5 spectrum of the desialylated N-1inked sugars of
fractionated, highly sialylated PER C6- EPO as obtai ned using the
procedures described in Exanple 6. 20Fig. 7. EPO isofonns with
different sialic acid contents as described in this application. 1:
EPO produced by PER C6 wi thout over-exgression of sialyltransferase
(example 2). 2: EPO produced by PER C6 with over-expression of
ct-2,6-sialyllransferase (exanple 3). 3: fractionated highly
sialylated EPO (exanple 6). 4. Epret (commercially avail able EPO).
See exanple 8. 25Fig. 8. Plastnid map of the pCP-EPO and pEPO ST3

expressi on vector = FoVIne 0N - ~.Bavi ne
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9. Iso-electyic . focusin | EF of . od ith PER,.C6 cells

( pCP- EPO)® an‘gth aﬁﬁ@pﬂ“ﬂ&ﬁ%%?’%%aﬂ%?%’é'eﬁw céﬁ% i tant

over - expr essi on Mfig. TR nunbes oFsialit adidd gef NrGked aga of BBO@rodheed by PERATS
transient trapsfeciion. See exanpl e ]]0 fqor detalls. Fig. 10. [|EE
anal ysi s of Elspdoorvetexpeess aLd-fiajylipsieng (FiR GprEROppagel A), and of EPO
sialyltrans Bﬁ‘é(ﬁﬁ&i KyPER.C6 bl ehal do SRE-EpIEs &ngaléi@rghans 1.66-5Y-EPO,
avai | abl e EPO) . EPO-ST3 clone 118, 3: EPO ST3 clone 150, 4:

7 2 Y r1 - a,w
EPO- ST3 cl orkndlg}) was anajysed byPLG ionexqhapge ag descpbed imPaaranle, ic Theagpsitions

EPO pr odteedyhdie Skt With 0 1,R0316r PULIc-281PRRR BbAGiuRtitrd marRéd Ol ), 8:
Epreirm (control , .commerci'al |y avail abl ePEPO;G ]i]%s) EPO ST3 cl one 185,
A0-3X)

10: EPO- ST3 cl ond'igdelso-glectric-faousinmof vations EPEBtivps and Bpsex. 213
13: EPO- ST3 spRo06-EP@eprdsints FRtal baolkl E@b%tﬁe&ﬁ%pro&&éd BrpER cedbifht 4f

PER C6 wi t hout over-expressing ST3 (control ee exanple 11 for

details.  motoyer-gxpress a-sipyiatyliramsfossses RER G-8T-EPAcrepressnt Mpltetelengol of EPO
LT g 4 A R Pk
PER. C6- ERO (HiRet&§E-Ei0aepreseatsithe highlyvalylated EBO Dptained frem2he mRgerink shown in
15.4) Lane e ATttt s RoTAG S hBLURaRrEARY Fhlor
sialic acid represeatae coBmeicially availalje EPQ prepm@ich. (Ul t r odex purified, see
exampl e 14, aver 34 ¢o{lch VS bR AM ackbythea RARET SRR R PEliE
highly sialylated PER.C6-EPO as obtained using the procedures described in Example 6.

20 Fig. 7. EPO isoforms with different sialic acid contents as described in this
application. 1: EPO produced by PER.C6 without over-expression of sialyltransferase
(exampie 2). 2: EPO produced by PER.C6 with over-expression of a-2,6-sialyliransferase
(example 3). 3: fractionated highly sialylated EPO (example 6). 4: Eprex® (commercially
available EPQO). See example 8.

25 Fig. 8. Plasmid map of the pCP-EPO and pEPO-ST?3 expression vectors. CMV =
Cytomegalovirus promoter, BGHp(A) = Bovine Growth Hormone poly-adenylation sequence,
f1 ori= {1 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

30 example 9.



The invention provides a conposition conprising one or nore isoforns
of an erythropoietin (EPO conprising glycans |inked thereto,
characterized in that said glycans conprise on average: a) at |east
0.5, preferably at least 1, Lew sX structure per EPO nol ecule, and b)
at least 6 sialic acid noieties per EPO nol ecule. Preferably, said

gl ycans conprise on 25average at leadt 7, nore preferably at |east 8,
still nore preferably at least 9, still nore preferably at |east 10,
still nmore preferably at l|east 11 sialic acid noieties per EPO

nol ecul e. In certain enbodinents, said glycans conprise on average:
a) between 1 and 2 Lewis x structures per EPO nol ecul e, and

between 8 and Wigh kbielectisiferusing GEF ge! Q@P@@%ﬂ iInRERC6 F?ﬂsémflszeEPO)
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aci ds. per. P MBILELPE TP A i0ere S35 Pt 65 Sphsribte Pishrc:

met Ihod cormrda dbred 83,8} EPO@voddésdgn HEMGGmthﬁMdver-@@fdssmg)SffEBﬂcmﬂw) &

nucl ei c acld 5uS ce_encodi ng. nQVi A tel 0,

expr essi bl l%spr?’br ﬁﬁ“ﬁﬂ@%ﬂlﬁ&aﬂﬁﬂﬂ%ﬁﬁ@ng @@é@f@?’&%& ﬁj ER@%?’ncéonﬁn
EPO i n exprgsssi: Bpo-SId6hk 199121 ERO-SERckne 23| 15: BPORST3 dlenet0as, s EPO-STS
nucl ei ¢ aci d seguence encodi n %q.,%' al. %I t ransf er ase, ref ergS%y

al pha- % 6-298|05P [ 5REQ produced gt qut pver-exprepsing § 13 (cqniroll e ersiele
control ofyEphgigkol ogous pronoter; b) culturing said cell in a
serumfree cul ture nedi um and aIIowex r i 0 n EPO jn said,
cell; c¢) harvedis-Ad MARD !LMSe?BCr“é’é%@dhq:_&@ %&W@%ﬂaﬁ qﬁgm prpified
the cul t urgs gpgdi gé@’lexﬁ,ﬂﬂie B foPdtdiky i ng and fractionating the EPO to
obtain fracti ons whi ch have an i ncreased aver agﬁ\ sialic acid content

of the N-1inkedigyiyJERanglwsis of BRORsenamtips. Lang 1o FERGE-EPQ BNsrass sigligaeid

conpri 8§ NGt PA), LTB:%Q B ™ (EEhrel, camEeRNF AINEHISEPQ, ﬁbﬁgeaagaml a!;iakgd
siali

t hereto wherein sai glycans conprise on average at | eas
aci ds per @P@hﬂ‘@d@é%%%ﬁ?@drfi%qdéxm fiedhi sge sxampleyids aHeage siplic i t aj n
15 enbodi n&ﬂfeﬁt 135! 1hn€ Y424 EPOIURRIdbx FiHHeA] 84 Bﬁn@lerluca’n%i'a%e giglicheid

sequence encodi ng an adenfoviral MA protein in expressible format is
derived freontent Mukan enbryonic retina cell, preferably froma PER C6
cell such as deposited on February 29, 1996 at the ECACC under no.

96022940. In certain pref eéﬁ@mm&ﬁcans conpri se on
averag%0 | ess than 1 Lew s 0 sialic acids
per EPO nollediNegtion p}oﬁdﬂstaheﬁpmeﬁlebmpdsnﬁ’g)orembﬁﬂm:ms of an erythkopoizti
conprise o erage.less tha Lewi g x sStr preferably no

det ect abl % g’?ﬁf}'gﬁﬂlg,ﬂedéhgﬂﬂe 71% ﬁ'ﬁt Spid c&'llﬁcemg}cllfeo%u per
EPO nol ecudveragd:a) auWo.npﬁ@m?dlmbnmewﬁmwcmmd Eﬁcymalesule;aﬂqbri se
on average less thapn 0.3 Lew s ruct ur fer no _det.ect abl e
Coun s xS dE e B Sl i mpieiis e B erite ool o o eoppee o

nol ec Uif dvarageﬁttlasw mtu;defmm@at leﬁslﬁfs stlﬂﬂmﬁé;pl’efeﬁbly(w lmit@sﬂﬂl oror | ess
EPO i sof orns_ 2 ccount a ast . 70% of t

D Gsent | 1ERieBY 3D gt A0S pove Dretrafly apjep | b Aok ks geA P glecule.
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N-1inked glycans, and it w s be cI r that these net can
al so be apflurEws Py F@Q\‘B?]e‘"g!leyé‘éé@ & P ]é}ﬁl?élc aq’ﬂémi“?‘i‘%l’ﬁgg% molecule.
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protein of interest in a ce expr essi ng at | east one_ adenoviral ElA

30 pr otk retrugtyres perdiPRomoledls, prdsh) hgtwean 1 Bdialg acid mejetiespepEBGsi ng at
molecule. In certain embodiments, an EPO is human EPO having three N-linked glycans.




protein and further containing a nucleic acid encoding a protein of
interest in expressible 6 format, wherein said cell further contains
a nucl eic acid sequence encoding a sialyltransferase, preferably an
al pha- 2, 6-sialyl transferase or an al pha-2, 3-sialyltransferase, under

control of a heterol ogous pronoter; b) culturlng said cell in a
serumfree culture nmedi um and a||OMIEXDFESSIOn of the protein of
interest in said cell; c) harvesting the expressed protein of

interest 5 fromsaid cell and/or fromthe cul ture medi um and d)
purifying and fractionating the protein of interest to obtain

N1 nked gl ycans S ERish AHREAREABEHAR B aifinddcmrSS T itk s,
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di scl osed hefaetionatinrfhe FBO & ohiain Sactions whigk hays evl insreased @veregersialin acié cantent
obtai n EPO fJf?&é‘)?ﬂﬁ«e%g}kﬁégh{@dﬁhieéule W tﬁth xﬁﬁasﬁgg)cmﬁr?sg%%gﬁ more

contains a surprisingl age Siallc acid content™ p
nmol ecul e of issdormseham BPQ petnprising giydans inked théretg mheinGaidiglyloans coinpiisean i n
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be obt ai ned usi acc e 1 nvention iI'S WasS an
unexpect ed reaﬂauﬂrmegﬁs,\seld etkeeydic bﬂbwmmlﬂmucbmchcgll syqnasgel eatdding a8 Bdenoviral

pr OT iles of rBtEﬂ?lt g)ﬁvgﬁsli}gle lfz‘lA_ L33 h‘nl% Chel | Re om e%ga ceg refé?rably

It is shown gt cosy BT onS reco P hant pro
expressed |dkEiﬁEE&C6$din@hﬁﬁﬂ#ﬂmwéumﬂdmmuymhngmhﬁﬂmémmﬁummmxno
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ond oot 1 onai el o SteinGReters GHspBREe. g Y RE R Ep R g R g 1

Thi s fi ndi nd.ewds }puatiuctue 4ad aﬂéast:m didbic tabids w@venholémleemtﬂ;m pleferred
providi ng novel oces for the 30 rod cti.on r econbi nant

D ot o1 nes: n aposeltS B0 S optpass op eEtipae g PR | deui AT apeerebly no
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proteins can b I tional purposes when conpared to the

sed for 7 ad
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In certain 33@aebl§ nd bettADITRSEN e Bd 1RBwdeh 85 BAdI5aiJlE a6@SFL EPOI €

provi ded for molecule. In certain embodiments, the composition comprises 4 or less EPO isoforms
25  together accounting for at least 70% of the EPO present in said composition.

It will be appreciated by the skilled person that EPO 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 E1A

30  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



producing a protein of interest in a cell, said cell expressing at
| east an adenoviral El A protein 5 and expressing said protein of

I nterest froma nucleic acid sequence encoding said protein of

i nterest, said nucleic acid sequence being under control of a

het er ol ogous pronoter, said cell further expressing at |east one
gl ycosyl transferase froma nucleic aéid sequence encodi ng said

gl ycosyl transferase under control of a heterol ogous pronoter, said
protein of interest conprising at |east one N-Iinked glycan, said
process conprising: culturing said cell in a 10 serumfree culture
medi um preferably in suspension, and all ow ng expression of the

r econmbi nanformt,eitetein dail celifultheetdntainbhaugbiy acid yégueran sheding @ siatyltransferase,
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finding is put to practice in the present invention, by providing novel processes for the
30  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



In order to achieve |arge-scale (continuous) production of
reconbi nant proteins through cell culture, it is preferred to have
cells capable of growing without the necessity of anchorage. The
cells of the present invention have that capability. The nost
preferred cell for the nethods and useg of the invention is a PER C6
cell. PER C6 cells for the purpose of the o present application shal
nmean cells from an upstream or downstream passage or a descendent of
an upstream or downstream passage of cells as deposited under ECACC
No. 96022940 (see, e.g., U S. Patent 5,6994,128). PER C6 cells behave
better in haagtibmOpdrhsss whdcomPatPR TS salnb ?Wﬁfﬁ&ﬂc&&ﬁ%ﬁ%&% er%é S
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The addition of sialic acids to termnal Gal or Gal NAc is nedi ated by
sialyltransferases. Probably nore than 20 different
sialyltransferases are encoded by the hunman genone (Harduin-Lepers et
al., 2001). They differ in substrate specificity, tissue distribution
and various biochem cal paraneters. human si al yl transferase has

t oday been 25 described that can linkK a sialic acid to a LacNac or
LacchTl Ac structure, which is nodified wwth an al, 3-1inked fucose.
Such fucose is linked to the A eNAc residue thereby formng a
so-called Lews x structure. Sialylated Lewis x (sialyl-Lewis x)
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11 where only one of the two nmeasures is taken at a tine. \Wen
proteins with N-linked sugars having a high degree of gal actosyl ation
and termnal sialylation are desired, it is best to conbine these
measures according to the invention. 5It will be clear that these
measures can be used to increase the syalylation of the N |inked
sugars of any protein conprising N-linked sugars produced in the
cells of the invention. In one enbodi nent, erythropoietin (EPO or a
fragnent thereof, a nutein thereof or a derivative thereof is the
protein of interest that is produced according to the nethod of the

invention. HENVIm@RgaREadf séhes{O1Fe boall 999, Q6@EA 61N ERIR Wiel MRS reddhdlraft
acid content than the 10 EPO produced thus far in cells that express
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therefore for the capability to exert its therapeutic effect of
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30  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



produced proteins. |If desired, secretion signals nay al so be added to
certain proteins, by nethods known in the art. 15Nucleic acid
encoding a protein in expressible format may be in the formof an
expression cassette, and usually requires sequences capabl e of
bringi ng about expression of the nuchpic acid, such as enhancer(s),
pronoter, polyadenylation signal, and the |ike. Several pronoters can
be used for expression of reconbinant nucleic acid, and these may
conprise viral, manmalian, synthetic pronoters, and the like. In
certain enbodinents, a promoter 20 driving the expression of the
nucleic acid _of interest is th ﬁ?ﬂ eafly pronoter, for

i nstance cEAMCE A ghbsirate, ay@sﬂwggq@gofqb ‘@er?%é?ﬁyé’ﬁ% bth233, gene
enhancer/ pggapter, as this pronoter has been shown to give high
expression levels in cells expressing El A of an adenovirus (see

WO 03/ 051927) . Rewembigent proteingesugh af regombinaathumag eryferoppietin{EROb pmasedatg
CDNA, - syntgpgl. t)fpr{ggtgg ?&smpﬂkw&e m%ﬁst ett‘epoaéfﬁtlglaeuhtwo% low

medi a are aval romvari ous ven ors serum culture
medi a a¥ e incupaiation oﬁﬂh@mdtdset;t theopresendel of oulrJ3t1uﬂced fubesesn The preckeay ingendionor e

defi ned than dia.c tar serum, Th of t r.e
vent | on PG AR Bttt it hia Hofted G et pteificdlif R R expressing
senun-fr eeceneshcnas PERIGH bwsamwmaﬂev@dfsxaylmﬂus btﬁﬁinédmnamstepsPEitﬁ%
cells froma ,serum_cqnt ai nj egg c as NhQO%FBS

ser um f r ecSiPRYUYES ﬂ@rt%"“’ea;?% E?Ih’r’hot' RERYEe pere n‘ﬁ:&?ﬂﬁ‘?ﬂ fifest

I's very sufpt ghlltidm) AnliSReakdlintihtSe Rl 85RRtobyIMPDAWaE found t@&cu.r@ﬁieﬁZ’ER clPRO
medi um (JRL1 Bi osci ences, catal og nunber 1458?% Another qg

13 HyQHt) oBIRE PAARAdIOY 39 TihIm BSDenBPR iy 2 SBIMIfTed suliure ond step
avai | abl e @{flve&sae iRGtedds BE caPs PRtitial tdRQaIGRd the p@.testa brasmytmt wmah wls

general grow adherently in serun}contalnlnﬁxne ia, but_are very

profici ent acpqrnrdrsb% byghe oveserRsrian ate Yialyipnsierase Hecanss b NN-linked segamsef
cel I's/nil @ogdiuahGbikins Bxpt&Eedth fpr;ﬁesccuht bt PacdiMN CludieRg swHidhat

they do not need a surface to adhere to, but 5 remain relatively free

from each mayenly bmocﬁﬁwmm -linked siakityecid; an a&,ﬁélahé@@eteraaw%

of the t

i gh dbhs PiastleltiF B or Ayl ks, Syl oo b S RARY b b e

t hese cel | disdimedhdpde thatiese? BletWﬁMM%PSWM%ﬂEE@MMm a

genetic en er y l.al | combi nant proteins 10

pr oduced |%du‘:%°n {"ﬂg‘h d@keecn am]w;g/g]gglfg{)qltﬁﬁ;%@éu&gnd is for instance

di scussed i n defhas Itwoaspblﬁs mbamleﬁpﬂmim%&mgﬁmylgmmfptodmdpmsoﬁ
enetical | erin Y593 ion.is |scus th

Pt r oduci rif e By o0 bRl ImGhSHENE g AR B e l0 pER R e

expr essi ngmaibet @f&ﬁbsnmeefoe a:zlymﬁom/lah&hcnemngahemalg]dt:dﬂ afithet dveilahplediind and

oot oy e R, TheRREoR B ployRORY hidRE BB an provacion

N acet yl gl pfomﬁmmwdxp&migaﬂmlmdmﬂmymﬁmm glmkylamhr vely
referred to herei “glycos atio enz and i NG 2.
sutfici ent BT EAby A Tl *JSIH%"' érzﬁ?’é%%“ b go8 by fhtiring

t her eby aI duek cdlle én s;hmﬁsg/inediﬁm,rpreféraalyﬁﬂ mrspanmop(mdabmhcl eﬁgs(nesﬁligj Bel | .

In exanpl es i.n.that docunen I eIIs i Itered
by T ectmi SRS SRRt P SR AL FaB e TR svees Bt e stfafla

al f a- 2, 6- sgradticaBy Eipesvad ev@mmmkaibwprammm pﬂaeesws @sthe alisende of
NeuAc- al fa- 2, 6Gal , sequepces, on the (o} surface qﬁ*@ dra e di
wher eas i noVerREPTatsion Al a elycosyjimnsforassap err&’am m&ellsfhptjpave been culinted in 2

NeuAc- al f agerind BslaififgIediEASn & AheremdasaRAl, Edthoh®e éwo measures, ie.

overexpression of an enzyme involved in post-translational modification of proteins on the

30  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



cells. Subsequent work has established that glycosylation engineering
is applicable to the production of reconbinant proteins in host cells
(e.g., Grabenhorst et al., 1995; Mnch et al, 1995; Jenkins et al,
1998; Zhang et al, 1998, Wikert et al, 1999; Fulcuta et al., 2000;
Prati et 25 al., 2000). Hence, the netjhods for genetic engi neering of
gl ycosyl ation as such are wel| established and known to the person
sidlled in the art, and can as such be beneficially used according to
the present invention. It is shown herein that El A-expressing cells
can al so be genetically engi neered and conpositions of reconbi nant

EPO pr ot ei n,widfe dly e 8F the Bo BkaERSKIALS S A WHIR profidsiwihN-Bhledishightsy
hi gh average siali'c acid content can thus be obtained. 30To this

pur pose, nudiaeinga high degsercal ghlagjosyhation ans; teravinal siglylotion are fesireds s/ bast ton
expressible j 1u§ﬁ%5 ' d into the cells according
to the inveﬁ%@%ﬁ?hgﬁam%%e ‘Qgggr#@%ﬁgg§§§sylation enzyme is

expressed during the culturing of the cells according to the

i nvention when t . i i.nter i rLe - 4T hi i n
an ol ter 6 gl ycolyTeF Skre? pehdibEialcah B GKHIE BB gl eBafiRgt hen
conpar ed t o linkel sngdraiaftang protdirecontprising dokidkied sughrs prodaced i the icells oétheyme i s

expressed in the cells. ln.preferred . enbodioent t he. gl ycosyl.ati on
Senzyme. s dmept fonk sobiBel, FibPoifRIRED R Genment thefedt ™ ikeil neRior
al fa- 2, 3- si ak ydérvatial therastds thopiroein eMintéredt #halis prodacedl aydordifgdithy &kod of the
Preferably, .the_en ed gl ycosyl.ation enzyne ig.a manmal i an enzyne,
mor e pr ef ey 4BIEGE. HRRipdtked prreTcing fo TIPSt has & higber RV PHY Conet BER e
gl ycosylat i BPOsE30aE] Biischeih 2B1ks)thdt SxpELd €1 A GO B ddehovits, AndIRénBs MbRIGEBbIes
pronoter, which shouyld be active or have the possibility, of bein

regul at ed i fbeeommesially aysilapls EPO prenarafions: CopmergiabBRG) preparations are pvally

aci d encodi RgromBattiyrétiurddih CHO & B Bells Sant HanRb&ifthidifd PhikhBestRRPME
of the cells, to ensure stable inheritance, and provide for stable
expr essi on &Rlylatien agsispiated; becausp instpated sialylation istbiengligiabfor thy dalflife of theThe

i ntroductio : | ' eﬁggg t o cidEih :
expr essi ng Ir(,%éui1 ?(%iéésfgfrg%ghéhe g@ﬁ&xﬂgxeg g{ﬁ (B]be S e{acﬁﬁ% Jﬁt?g?lt he eg%}r?% ggl?
t he expridss iaphredbloog eelkounty.| Hanegs Searwsellsiand progess scopidingdp deynvantionproyide

r econbi nant RS o

e tpr aosi R Rh ] 1d S cf i S RN OP K uad SrllGRo L colls rat
suspensi on iexpress Bl fucke as RER.€6 cellsnfieritha rencrobinahit ppdeation hEERD with increased

i nventi on, .24 ianificant dngrease.i.n sialvlatj.o f.th .
N kg el AR, b Sthot 0 AR le ] Stk k@i e i
cells is obskerceBdaccarding anthbmvartion. i n exanpl e 3 bel ow. Hence, in

referr enbodi nts of the ocesses .according. t e present
Pvent i G, the o OF Pafsecalse B PO B B8 SR s in i T Pl et e
aci d encodi gerexpedsy ¢ sislylt@atisfaise poan Yetractidhfédodblaih fartkdr Ghotlohd wits St lager
such as alfa:ﬁé6: sialylttaqﬁéfra e, in ex ressiblejﬁg; t, for
i nst ance und@fic & eonpis s isalspsdons By sepmerciat ypRsrations of EFO. [ are gspsetethe
t Ihat [ SI n?t BP0 rétiabd a@‘:orﬁﬁ@tﬂﬂgfﬁv@ftioﬁ,gﬁpl_ﬂﬂila@uﬁl ; g:@cumf 0] ek&]ﬁpge cquF]nn to

cosyl ati on enz . sul.t abl e_a- 2, 6-si a ransferase.is a human

ooy ol y PPl i sidered hadnt s diovs Pergittiok ERD o b oinsd fom 1A
G undt naBn ekpréssih 9élls, ﬁ%hﬁmﬂﬁlfﬁdi@m&éﬁfrﬁéiﬁgﬂmﬁm%dm cellh@tce! | s
conprise nucl ei,¢ acjd encoding an alfa- 2,3-sialyltransferase, in
expr essi bl e SYBHRaly highaverage siglic.arid sogtept ‘E@Eﬁ?‘é‘lm‘ﬁg"d& het er ol ogous

pronoter. The alfa-2,3-sialyltransferase may for instance be a human
a-2,3-sialyltransferase, known as SI AT4C or STZ (CGenbank accession

nunber L23767, sMethadsis produgsietpins i hostaelispgg well gstablished andigropra dethe bed
above and i germ Kl ABROL. ﬁ?%é@'ﬁ?ﬁwxﬁ%ssﬁgmn cdll %rlﬂﬁy\ir)ﬁ%%séﬁsrdé&kﬂ&ﬁﬁ
e vitus El A

can be suitably Produced in cells that express acleno
sequenced, WQRRIVEHMOBER C6 cells. A Lewi sX structure, as present on an




of Lewi sX structures for the purpose of the present invention. One
advantage of having a la protein conmprising N-linked glycans with
Lew sX structures, described in WO 03/038100, is that such structures
may aid the protein in binding to certain selectins and provide
anti-inflamuatory properties. As discussed herei nabove however, it
woul d al so be beneficial if such pr ot%i ns woul d conprise increased
termnal sialylation, to increase the serumhalf-life and hence

ef fectiveness of the protein for certain therapeutic applications.
15As an exanple, erythropoietin (EPO produced in PER C6 cells as
described in WD 03/038100 conprises Lew sX stryctures, but only a |ow
| evel of siali dngehemplyt %@0@%‘?@ r8°,°“$9§}9P%Pf fein i, Bost ealkaogerisas 848 i ped
in the preggiductid/EHutISR 280 BVixPRsdtIS fdpaShiDthd Hott dell, caltlirdigithddelk fider
nol ecul es conprising Lew sX structures, and increased nunbers_ of
sialic aciendiprscopducivedemeasionofithrnucieicagitiand plloyipg sxpressiomafiihe said
invention thrrel.org i eisdes a conposition conprising one or nore

i soforms of an eryt rs1ropoi etin (EPO conprising glycans |inked

theret g wher eiAlteseatigely apseteis thabispeiumlly expresed i gesired hosh eells g potat

Lewi sX - _ ] . i §
m?;Mets i e:t Lééﬁ?ﬁc%%@eﬁ%%,ﬁ%%ﬁ %éaxat lljnrce 0 l?ésvﬁgtr?yi o) ocr s'?]!(i:t%dr%é %gag%%ai ned

by pr oduci sequené¥®siich ASERIr@GE prahdéter it bperatieassdration with theplesined gane (see e.g.

sialyltra and whi i red.in. s ' ' .
serumfree U 68’3:}] \#%eu%Fo eﬁ?“%t:qp?js%eg et ﬁi%gg%@\%bggﬁf%%g%?f%%ﬁmg
produci ng prbfabtenupefréan(Er theegens inl maein £adlsEPO t hat conpri sed Lew sX
structures but .significantly | ower a ts of si.alilc. acids,. entry
T Tibre 4y, TRBRGRFRLbe PoRrere B, P pe R i oot
EPO i sof or giituremedivnh) Napedllyaecratd proweits,isack anay protans of inteedtddre t he
separate isofornms, as described.in US pate 856,298, in papticular
el ¢ 1 IREREPRical P g ers OO R PUTO AR Wtk bovtaheeBpRE bl ¢ i on
conpri ses R}BdR¥Eprdtehs AT désBaE bectetidh Sihdls @8y dsdBei Adlddas cfrin frblelns, by

nol ecul e, nore preferably at least 8 sialic acid noieties per EPO

nol ecul e. .W%O@ikaP‘%méE‘?ﬂt 16 noieties are mainly present as terninal
sialicyaci ds ondiidid dtEshostinCARSteintihl bxpF&¥iiBle Torddal Mayd ifl Sha ol bf e

present on O-1inked glycans and contribute to the average sialic acid
cont ent ofexpwasmmmsgmawbvﬁualmeweﬁ BRAHeTSARAFBA MR Pltbsinging aboupesprestieRof e

of the invgphi | ' I i ' i

e o S M R R
li nked gl yrrametersisan basedfor xmiession plrsenmbinantnucleig a53d, andthese tre somprise
present ongfy 'ﬂm&%&:sﬁ&g@%p@a&gﬁ abrdfe WRL. 85 Brf3fhr endbbdiienS OMBmbEEF 1 N

t hat upon expression _ cel'l s that overexpress a
si al yl| 2¢ andrivingtbecxprassiomoithe mcleicagidiafingetest is the/SMdhigimediate-pady promoterce

medi um a c L : o I hs CRBV & j S on

aver age ab@g@%‘%@&gg%n t"s_X?g'gs)tko ?Edgt{or?negléand g%%ﬁ%%%]?%e J?% aci ds per
EPO nol ec uénbaricswimomater, ps thisiproroiérihes Ween shawnde givaihighiespressisn divelsin eelist he
i nvention ' . b | i S10Q:

| sof or e P PaR o @ eshirt GRER WO boDs 5P ThAlEic IR of iR hay
thereto, wieergenomsdINA,gl e syntletio NG agambinetiongd thess, etget ween 1 and 2
LeW SXZSS”.UCt Ur'é&n (ﬁ%elrzxféﬁarﬁqa% ithhfe o%‘@m%%hs pé%ﬁé‘@eaﬂdge -ch'et].'gulgﬁéﬁnbcﬁa
acid nbieties per mol ecul e.” Such conpositions can be used to

furt her puare hywaltays afleh ased fencelh cuibres benaededhayeak mhére defiqed $haninmdi, cohtainingg

average sialic.acid coptent that is still.higher _The inventi :

t herefore %?FE%@P ]s(?gg]egmé%lﬁrﬂjgérft'f’?gﬁo“&‘g%wis i ngcocl)lﬁjém&'m?%ﬁ% egc?f 8 s

of an eryt nopdeeinkdia.(UsRlly acshomp pérfod Agrequised ansdabi RERCOS tdile freints sendfer ei n

sai d gl ycans, conpri se on.av : t.least 0.5 Lew structure

o EPO) mofBEEE meginigpelizs INERE S, 10 B LD e SpEpbIE

ol ecubg. Rnsh-Geallitire Hediln HANTPOGY khitbR fEQRPIN BepreknBiamhigeis@X-1 east
CELL™ VPRO medium (JRH Biosciences, catalog number 14561). Another example is




20 nol ecule. It is shown herein that upon separation, EPO fractions
can be obtained that conprise on average about 0.6 Lew sX structures
and about 12.6 sialic acid noieties per EPO nolecule (see entry 3 in
Table 4). In certain enbodi nents, the invention therefore provides a
conposition conprising one or nore isowforns of an erythropoietin
(EPO conprising glycans |inked thereto, wherein said glycans
conpri se on average: a) between 0.5 and 1 Lewi sX 25 structures per
EPO nol ecul e, and b) between 11 and 13 sialic acid noieties per EPO
nol ecul e. For conparlson a commercially avail abl e EPO preparation
anal ysed i n Hy@® @mRmﬁhé(Hymem) rther Geritnr fred eneldia\aresaxaibdble int varelee waaiths

on average ¢ ut sialigc acids EPO npl ecul e e
ontry a rn 1 Ehasets SRGtmveifion it Bire B peREEREY DR LA T ot or
conposi ti onsvepf prElRﬁbnt iﬁ‘gxs\hmg ﬁmilﬁpeﬁﬁom hipheseR @énsitios €9:510F bella/ndl and higher) in
preferably | ess han_0 ref erably | ess t

structure, epqugpxgﬂeg@, ‘5 ﬁtlaéth%/b%?‘?@ QMt%mﬂe@ttq &8t ur e

(or at | eﬁstremh@ammryaﬁ& ifi@fh dabHTibtbﬁ abi®froi8l thelwallk Bﬁﬂl@&ﬂﬂﬁj&sﬁﬁdunn% most of
di scl osed hgﬁiel n), while further on _average conprjsing between 12 and

15, nore pr dhetime Pjoogssesfopsinmng e cefls °§¢5F’I"E“U§’BF%I§‘%@?““EF@W ul e.
In certain ed%ﬁhéf&g} ?ﬁ@uﬁ?@d@'ﬂnﬁi"tﬁé’ségﬁ]s GARIREN Feséribed (Wbaz@oﬂo@ws)

Lewi s x structure 0 no detectable Lews x structure using the
met hods di scl osed herein, and between 14 and 15 SI aI ic acids per EPO

comr g6 & or | eoat PRt of RheRrERNANG 1) Arc PRl PN ¢ Bb AR
pref er abldy arodugedsip a@@%as@pentwlmbbshe@@n@ ISIfW 18&141193 disevpesd iin detil in BiSr e

preferably ?ﬁf"‘? t
70% prefer ;pbfé;% %?’@T?ngsplfﬂ ° tq}gg‘%?%ﬁ%}lgsent E%’rﬁ&gfagan gtdls%)‘%?etﬁl on.
10 The descrthésein, @ﬂ’@l@dmp'mlcmg)m@ alnst ¢el apleash omecgnawbioh dicappblewlt he

t hods di
e 0 <SGt P e 0 by RORSUPR G BRSBTS |
the extent dfycoidransierases) ﬁdgostijlhahﬁgascalgalamsyimngferasfes,metm ess than 10%

to around 1 C Oy al | Llabl.e EPO
pr epar at%on%g&%&ce%%%e%n% %Englﬁcos POt G.gerags%' H@ Htsferases

bet ween 1% dpalle@dRAyi mfexred/io hbicil a8 glg@bylatmieuzymes’dandegsessiog a difficient

erbod mont s bl st AP i ey e kG ieteolatd Wr B eg bre
bet ween ZO%mmdn@MlMday isdid yell Iméxamplesiiihad idompiest, flpasglatial af €3I cedls is

e b B St SR A OV e g

specL r unaoof im@pmamabﬂmmalwzwg}a?sehﬁ@mm theell m@cbragbmmab whﬁreas in
eryt hropoi etjc.activ a r di nacol dneti c The

| over eryt hrt %’F%’F? E}‘E’%F?Pﬁgftﬁﬁgﬁe @Ygﬁ?‘&&rﬂip 123%?6’%2?63??“6%&'6?15 £ 12 these
may be sui ta;bns/ Sttseghehtovork HiseBEblished thM%lﬁbHy[hﬁS@ﬁugmﬂem%ﬁs hpBicdblob ee
erythropoietic forms (wWith relative sialic_acid content) are

sui tabl e f oP"BHEIPA jRepmbinEAt BToteins R hWéF“f“g S {81 Grabeahersist ah-d @9 Minch et al,

pur poses. Famos; h@l&x@temrwp&rmﬁgetal hoot) MRk BA121 99b atRGta e 041 TBOOTRFrati et
advant ageous Y, bﬁ] glg eca %rOf the| r increased half-life and

i mpr oved®>ph 40 fopuspeticeaginggring af glycopylationpsauchiappaval

er ythropoi etesigbiahidd dﬁﬂﬂcﬂo‘ﬁﬁ% {1 pePSBY I iR EhelabPaidIcBflas sHéh BXtRATHCRIP lisedn
EPO havi ng i npaired erythraopoieti c activity 1s an EPO nutein as

descri bed byrc4afing todhe pipseptipysation. § iyshopphbereinthat Eof-craresig coltf o Also bo
signi ficant g%ﬁ&kﬁfy%@ih@éé&n@%xhi!dsitibn%ftreﬁﬂbhianttlﬁ’d‘ﬁoﬁﬁt bsVaembd?:l for
cytoprotection: such EPO could al so be beneficia pr epar ed
accordi ng t @lxcwylaksmieseins, aith sppsEpgly high ﬁvﬁraaeﬁ@h@wa/ ¢aREANbEAD higps bp ebtained.
hal f-1ifg after t S

i AN Shac8IrhOBic 3 el Y BB TRy B ELORE 1o |

human erythrop0| elin, ra ment o oretrn a nutein
expressible format is or has been introduced into the cells according to the invention, and the

..
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be biologically active, which neans that it should have at |east one
of the following activities: a) causing bone marrow cells to increase
production of reticulocytes and red bl ood cells, increase henogloblin
synthesis or iron uptake (see e.g. US patent 4,703,008) (collectively
referred to as "erythropoietic activjty'), and/or b) responsive
cellular protective activity 5 selected fromthe group consisting of
protecting, maintaining, enhancing or restoring the function or
viability of a responsive manmalian cell, tissue or organ (sonetines
collectively referred to herein as "cytoprotective activity'), such

equonce ot RTHItoRPyRRBnkt it Mol e R LU L6 HE koot o e

5, 441, 868; indRtipm vbet the drbfird interitis exﬁkesdad.rﬂhlsaemﬁs 1 apralteredriglycosytion
1319). EPO nutel | ogues e nents bi ndi ng the
EPO r ecept 2,0 ﬁﬁé’ ]t‘ﬂﬁ °€ %588“‘5%‘93 t(?gl:'e e\ﬁ“{lﬁ] F&%f“%"%“ﬁ EPO
have for i glfjdoaylmm edes;qmskbadn the ctlfs. pigirefadred &nbé&?neﬁe,gthe gly8splatdD,
5,767,078, b5, 856, 29 03,008, 5, 773,5 1, 5 35 3 nd
Pt or hel | GG BB S BRGBRT LA R 0 A B BT e AR A9,

al | i ncor padiptaedfoease. l]’&éf@rhﬁ!ﬂ&ﬁe énabdddfg@cbsyﬂav@ﬁ endyfoc 6 SehBmhNG cERGhe,

fragments and EPO nuteins having bi o C ti EPO of
t he i nventefk PFEGrably 8 Buman e3gve: Gmucl afeqc?fﬁ'e %&@gsm@mé #9%h wo

02/ 053580, endyrfe rbsé%@&m& @dntroTbfaheRRBogoiis ﬁff&h@texl Which 8Fouldbd 2fivé?O
nol ecul e (see e 02/ 053580, Leist et 2004) ;. such nodifjed

EPO has noha¥e shsﬁnpsﬁwénﬁpf '@%FS‘RW*{CVD the pells ofithy 1H‘!$“F?”s Preferably, the mycleic | ve
activify. é;ﬁ{gn@édﬁngﬁﬁ&l%g%o% kR QrAaEiRtoftR o of WY Bells N8 Shsure

propertie Lei st et 004% such as EPOwith a mutation of serine

to gluta ea;phqs@m,.aedmrwée o sigh spwloaﬁ&fhzenzzmewubmamﬁﬂ?n&ﬁhw

of argini IRy, Q3nkyRR Gk HBrREMal fs t hese
and ot her Ig%&r?g% g%?{smhgl{/cg&%eenl%‘{o?gm%sgd in WO 20%1%%%&(:@15

i ncor por at &pressing I islescabedrhereine As sgn be wensEomgickaeRlesEhocrsession b the
and all thes ﬁtrﬂﬁ'e%s@ cfthdes iﬂ@%{}%ﬂn%fe@é:ﬁblﬁiﬁ? feﬂﬂ?n fbsedRlls. Moreover,

eryt hI’OpOI etin accor 1 ng tot esent | nven In certain
enmbodi hentwhenERGE Az expogssing Eﬂs)exmmlea ﬂ@@m&transfen‘asﬁﬁfe BTQWD dhsugpessien in

chai ns. %mﬁﬁ ang
cont ai ns al’?ﬁ]gn ﬁ.lL n eq?eg&gtgdé@?%ke rié?%ﬁﬁn@#ﬁ&?a%ﬁ%ﬁhg%% Oi t?lﬂ‘,%
gl ycosyl at siadylatian of Hs Noiinked glycatis ofia mcvmblyatnbr@@()hhfas expeessediip these cells is

docunent ed The
EPO corrposﬂ%? éq(é)ggc]g%’gcr |%LHJ %%(%élg 3}2@85%0 t al e&;eﬁn%&{nﬁ%ts ﬂ{)t\]}ee

met hods 3Qprodessek m;et:lﬂgew the preséih nventions the calls mmmp éefinventimr coppoise des
a net hod for obt i i.NS
ot "an 28 y Rt ihe 5 ERARIoh el BBl W urlordf® Sl RIS "
wherein s ama‘lylgﬁr;sfems, i expoeskible fmmaa\ﬁumsmcmumdbmtrd@f 8 hetkiotogaus piempielr,
EPO ITD| ec gll ee%?rrc])d.no er g]rq 19 n&t(%he nalh Ij[."%() tétoli- !th%ltggﬁe e% 0 Eigsogglg‘mn (=

conprisin |ng a eu yotic ce con elc
sequence eA sm&bhg:—hﬁrsmljﬁmmfermhs Ehuimdaniy- Z}ﬁﬂmlylnansfmm é:s sedub@efoﬁwhmh

and further_ c ﬁ@b}n%“gd’}’?“% ﬁ 9%| d encoding an EPO in expressible

5 format, Whe %l er contains a nucleic acid sequence
encodi mg a si allyhlnotlen pfefanad embq!ﬂnaém,rthé)d:e}ls acvmpnse nucleic acxd encoding an alfa-

al pha- 2 a ferase or 2..3-Sia I tra under

Controt " of b PR, e pRHHI ol B Ripied wpiet bRl RS el

ser um f r eeprémbiet) The ﬂﬁdl Msinlyhicinstra@wnaipr iastarice be o huraan EBD-slatylisakfirase,

cell; c) al;)ﬁsag hf}&gmtchor S%Q&en% dach:Eelzsolog El?m er ib%ﬁ('}esleé also n%%ratefntr om
5,494,790).
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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 nol ecule, to obtain a conposition
conprising one or nore isoforns of an EPO conprising glycans |inked
thereto wherein said glycans conprise Bsn average at least 6 sialic
acids per EPO nolecule and fromO to 2 Lewis x structures. The said
sialyltransferase and said El A protein are al so expressed during the
culturing of the cells. In certain enbodi nents of this nmethod, no
Lewis x 15 structures are detected in the EPO composition using
met hods exenpl i f i/sdeftibed abovermdin WP 034088100) EROGic@Ales Contprivibg DewlyR®
spectrum of the N-linked cans j.solated fromthe.co sition no
Sbaks it h AFEHEBFRE g RO iR R TR PSSR YR Seqgerices Sich as
structure. |FERCE6 tells.A EEHIOR stiRAIrS as bosent s@N-fiftkedpfidar 6F aﬁ%febp‘bﬁin such as
enbodi nents none of the glycans in the EPO prepargtion obtal ned .,
L}g %Fcefyﬁﬁ%“"?@mme ina

conpri se Lewiid: s agmpfute iat comprisesanpd 3-linksd icase attacherhie

various EPO 16adm@e ity AteARSELREITHIRY #88 voAlRY Bf LewiDO tRIcREM: oddRifQdS
to purify and further fractionate EPO conpositions, enriching for EPO

that on avert@gunahgaackse prone 340 @ taminal t-agetylgalacioremine (BUNACPEr A Ehase e
[step d) of {hgnlBlidRaydh 4Ry %mllﬁ]geé grsiaﬂé’&'fﬁ; AR 1inkRA fo Miﬁ,ﬂw&%& he

person skilled in"the art and i1 nclude I nstance ani on exchange

chr omat ogr agieyisXpstaptareds 4 sidyhkovisy stocture: Hensusislplg epwistructures are a subgroup

chr omat of ocygh pY; | Al i F0S;
capillary z?E%Ejgfgc%:??%%ﬁéo@%a%%lg%%??hgg#g&?ﬁ&éﬁn'a ia??dgﬁgbg%\igﬁta age
of engi nider ipagein c?tgprisingi Mrlinkeed glycatis vgthtlewisKestiucturss dessripedsin §VO B/038100, is
over - expres [ ! . 1 t i . .

gl ycans pr ezdéér?\?u °§r§“‘?%f%|%’§ t%gil {rl?g 3%?%“5{5?’}2“”&;[9? %r%ﬂ'esﬁigafq%%(g% %ﬁ@g% anll S

i n general iimiangeaey properties. As dijasseddkreinhlenve hawevernitrvapuBilso be bamedicial if
tetra-anten nt. Further... the conmpl exjt .
(het er ogeneir}? é%/prgt%égﬁé&é ync"gl{ﬁg%gﬁeaﬁeﬁéﬂ' pr o Se’?l%lguqnhﬁ’smpr ed%]gée p balf-life
general |y r eddbede effdeiieeness ofi the pritein & uatahethamsatic @plitationeased

antennarjty may inprove half-life a r__bi ol.Qgical. activit f..a
protei n Such as PPE!PRERL, ghmopoetn Mfgé’%‘f,ucegﬁlgb@g]cﬁrcgl&lﬁsgf%}i%déﬂyo
econom ¢ purgpEsE0ZoMpsss Wd emjwnirest bitenlgfa 11%4; %o ns sialic dchlE(Js@reﬁdmﬂesl,
proteins in pr SS .S sirapl e, Hence, the invention also :
brovi des a rabRdh Ths fetids deserbptmhe presertinyearin rovisk he possiBiiCie obhis
het er ogenei tpyotéth nfoleghlycniprifibg DEWER stascnirésindih@ekQicidbeRdPSikE acid
produced in a.ce f hod being characterized by over-expressing

| | ]itlhe g
a sialylt raﬁ%"fl?ﬂe&_%@“ % 10 LeH Seg8F FUCiPScer tai n enbodi nents, said cel |
i's a celdyg expr esghéifvéntion tHerefite ARGIABYVA dortiposifiohddnphisiAg bfeRdr GRdkd isoforms of

expressing E1A, such as a PER C6 cell. |In certain_enbodi nents, the
gl ycosyl f r a8 eathenoistia (BPQ) camprisipg,gly englinked fisreias whereinsaid glygans comprise on

embodi MeNt S g grafeDHE Radt 1 PFWAR sBudurd per PO blealls bid @)Sa?leﬁéfg s%%%cri]d moieties

a- 2, 6-si al ykransferase. The 10 sialyltransferase nmay be

si al yl t r ans ey ERQmolegyle.iAaringae ef supheisefgrmesran boolained; by ppodueigs EP@imBRER.CE

kggmt as 254%1%& Furfd ovefeRpre@kial i SR R4a08) afWRiEH islediftl'in sSpenship US
P 25 sérum-f)rée medium. Previously disclosed methods (WO 03/038100) for producing EPO in

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

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

30  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



It was unexpectedly observed that the glycosylation engineering as
descri bed herein 15 provided robust cell culture processes, in that
the quality of glycosylation of the reconbinant protein so produced
did not significantly change upon changing the cell culture
conditions, while for non-engineered(&ells usual Iy the changi ng of
culture conditions leads to a decreale in gl ycosyl ation quality. In
one aspect therefore a nethod is provided to increase the robustness
of a process for reconbi nant expression of a glycoprotein in a cell,
t he nethod 20 being characterized by over-expressing a
sialyltransferase in said cell. .In certain dinents,, said cell is
o el | oot ats T Bieserh syt st s po ke Eiet s i eted
E1A, such mihebePrisetton Crlitked plycas ahditohtribiRae thenirage sialie acid content of the
gl ycosyltransferase is a sialyhran %@ﬁie, Wﬂi§$ in.c%étain . N
abodi rent ompesiti, Buisririn grbadiinants, Tae 1P moepult, e tucniqn gomprises 3 N-

a- 2, 6- si al ik d &S TR 5@ ainldAbodintthn] thé BPO hdIRE ofBiY ifventibniteMBfises 3 N-
sialyltransferase, for instance 25 the huynman a-2,3-sialy|traPsferase

known a%s Jinkydglyenans mone Eslinked Rlysae ThelesvisH sipsiures aepresent andichinhed o Us

patent 5, 4%%& Dthe EPO moleBulddtliid ik8fm hbrkinitat SRAMARAIR iR PERTE R11Y/thhtO
expectationh, that a cell expressing EL1A of an adenovirus, such as a

PEIR C6 cetverexpresscusialyligpnaferascandovhiclyare pHltyied imsusprasion by Seamm-{rec B des
30 10 11S Spbafich POl A AN wAidh ol Ui ARrdf0 AP XPIGPSRASY 1

such cells,” can by over-expression of an a-2,3-sralyltransferase be
engi neer edstsictotes akebobti Jftalic acids per EPOghaleopledsde gntrivhin Tabler4)dnseréainuced

prot el [, ar G RRRERKHle lbdEn AR SaRs S LmiRLHE Lo RinRREE A, Thi S

i S unexpec , sl nte ] Lacdi NAc °s cture was
t hought t cisaformsrof am eryfherpdiztin (EPQ)fcomprsing glydapnlinked therstsr, whergindaiialycans

formed prior t.o the . i L Hirqn. of . Sl.all } 1he I
finding de SRR ng?’ g%%%tvﬁ%enﬁ%giigé? {e}ggtsﬁg%&lte%gﬁbﬁggﬁg%lxprésm n of
an a- 5 2,Ektwéealyhd i Gisislfcaaciamoietivd perdiP( molequlld. bi t s t he formati on of

Lacdi NAc structures. The inveption.t ef or. i . o
decrease the a\i’P]iﬁoé“IPBﬁPIésnﬁang? “ﬁfgéodﬁﬁkegpgl?ﬁl}@{i%%@%ger?ﬁ‘ﬂ%%ﬁ’ﬂgﬁfgh y
i ncr eass Ngconpesitive) iaging acmigesialio icid batént thaics stilohkigher.(the iimvention therefore
reconbi nantly expressed i.n a cell.., the nethod conprisi . L.

e e e it 5 205 Posh b Bt o Sr Hts oo S iy fbopictin RO
enbodi ment Gompsiging glyednk lihkeed ahepatd, Gelicseit saitl ghyahs @xprigsen avegrafd A) atfleastr).5

S A Bnpar SROR e S0 L e VS Py ot
about as dpgfefablyeshch BebsitibhecopipBite ExPeRES MG st sialie acid moieties per EPO
sialyltransferase is togethey with the, ex sion of .th r e@n of
i ntere3q imolsgnly I"d%fho}mgﬁ'iel"rfgatélﬂ?”t FFPATARPDy ﬁ};eggé‘l‘qogs “e ba&ﬁ'eﬁ*ie@@a above.
me_ prkogei .fbng,frisé ‘\EAHh &eRES atlohit @6 g,éﬁﬁvl\ﬁisﬂudtﬁiestanﬂ amalajms sialgicddcaﬁlabiemq:er EPO

i nked gl ycan when expressed. en expressed in sai. el] type, it
contai ns amokegigseerniysdrTanls - Lfstse e@%%%%@&i%&“%ﬁ ﬁﬁ%"fﬁ%@“@ﬁﬁ a
its N Iinkgghpabi@aetinglising ofb ordtoré RamedTan biEin SEPOCIoupEisiBR gigbans
| east one N-I'inked glycan of at |east 10% of t rotein 0, pro uced.
Preferablyh@ﬁ@ﬂﬁﬁﬁké@@@mﬁﬂdghﬁmﬁﬁngﬁﬁqE&WF@Wiagﬁgf%% Pﬁ%@ égvﬁ tures
on sai gs pr gh@fufes bér FHO hEREile, 36H) t¥Rieen T lda3abiliy add mbRisd pep8PO Sti | |
nore preferably at |east 80% Mbst, Preferabl t he decrease,is such
that the rwmglerilé. Kgr gomperson, cenmmereiy Yrﬂ%@’@ﬂﬁ@@ﬁe aprlyssd in e mRAC
Struct ur es;ofhet fobs BbtlcbisBE 120K H0eHRs attdni¥erbficolRind Bout! €24 LihROMids
herein, e.g. on average in a MALDI - M5 spectrum of the N-1inked
gl ycans i spir&EPOdndgleyle (sdsentpy direTablefd. peaks with an intensity of 10%
or hi gher j ac.di: i | 44 i
o et TR Gy AR BUARSAFLY ooyt B D iRE6n b
a- 2, 3- 3o al lebst thanis peefeaubdy lessdhan &5 moreyprefofably 1ése then 813d gwissx fivugtwes, and in

preferred embodiments comprise no Lewis x structure (or at least below detection limits using




22 Exanple 1. Increased sialylation of EPO produced in PER C6 cells
by the over-expression of a2,6-sialyltransferase To determ ne the

ef fect of over-expression of a2, 6-sialyltransferase on the
sialylation 5 of EPO produced in PER C6 cells, EPO was produced in
adherent cultures of an a2,6 sialyltransferase over-expressing PER C6
cell line, i.e., PER C6-EPO ST clone 25-3.10 (see exanple 2 of WD
03/ 048348, incorporated by reference), and in the parental cell |ine
PEL1t C6- EPO cl one 25 not over-expressing the a2, 6-sial ybransferase.
The cells were first cultured in T-flaslcs in DVEM + 10 mM MyCl12

-1- ]9;% FBS. Ather'] maaodmmaﬂoaehgérgmn%ﬂﬁmeﬂmraeeﬂ@l (ﬁfr@igﬁrtl)é &DNEuﬁ&an%% lsr’nvl
confluency, the ser cont ai ni ng nmedi um was_repl aced by D\ +

NGCL2 wi t houROTe BRERRDITIREMRERI S apeb! SR SIS PeE BRO alkebieolt o emepdiroRns,
CO2 for 3-4 Hapro o Brdzd béritdifs 183 BRAh DRI VafclRCARAT th b dABIHRSLAEs x
and EPO was purified and angslr%zed usi ng net hods that have been

descri bed i rFuvgre dsingthe msthodsdEsclased kerein, apd betweenddrand 1% sjaligracigp perEPS) e

i ncor por & edpdyenichi S reference. The sialic acid content of the EPO
produced by the 15 PER C6-EPO ST clone 25-3.10 and its parental cell
line was detBrespmpasitiops seserdiag xcthe inyertior prefaseply wanpsisnS prdess BEOrisadermisr om

the results J 1 ialel gjsp@@x :
produced in t%%}.%@cghéﬁn fo(r)\%te]?%sg@g?’g?&r%ﬁﬁe a ,%?)g?lg%ﬁp?eg%s eraéldse
was hi gher tcempositicat morte prefeably 6 duless EPMnisefbrmsogether adcourBm 06 atdedst 70%.ne
in which the a2.6-5i f .~expressed indicating
that the ov r-ex%¥églgsg%&%%?@ﬁ?g%?%%?na%@#?o?%ﬁgsl?%?f(ase results in 20
an i ncr exs e dlhs idescribesitBPEhconipotitiens PR e@Fepared dometingiP@he mhetizndp Hiscldsed herein,

| ncreased | eyegl, .of | lLat,i on _and .fi L ation EPO pr.oduc

i Pon 06 cdt tiftesRe REbTRE Bc PRI bR L BB o Gmohia RS
suspensi on ivaryss tathe éxtent ofibeir tirmivdDidiegical advivity, Plol 166 tiiaa|10%l tb aund 100% of
PER. C6- 022, .pr i EPQ was_used.t o e the | evel. of . .

ol act osy ! atRorOPRE Sl A pitR iy 3vaRRE 2R i rp RO e Spuain ybocimusniny
met hods desahd ErQithunoteaisstiHacbetyeenrth k0%t ik @ive dldiakicabicavitapieashrédo
gromh in serum.free di um For atter,, rocedure )

devel oped ¢ GessrEe BdTaapiropoiss PRETR) fateRfmey & B rivaiens
SUSpenS:_Ondlpfepﬁﬁt gum&er@&lin’eg%gamnﬁgdaeyﬂmmp weeena?%aﬁaowﬁcaibgbm&nd
was applie seyera roducj ng g6 ¢ ines. .
PER. cbr PGy (PO et B B e oSG and 1295 Profeably RveE 692k e 120%
gl ycans str usdrélpreferdblyietwieft 80% RAEC BI0%. Ofis thQ$pd¥BIBl: fd Movilk of EPCRS
descri bed in WO Q3/038100. For thgﬁgr oducti on, of PER. C6- EPQ,

the above i MIPRRHIY Ye@ diTarng & vippbiclomipa! erythrepoietic astivity.rpdler HERNgm
i.e., BExwel lph@dacdkibidlits, BhOpwbraBRSpoictit TSRl (RIS reldtiEly (¥ diflic¥BidRohtbAtp!

5 cultured to forma 70% 90% confl uent nonol ayer in"a T80 culture

flask in DVEMY-Posyiably usedifor exitaproteptiyopuipeses, WhHe tie higpergaghreppistictiormpgwmith
o oM 5 FLE L ; .
and trypsi nirgQgleRAfA iR deill 9‘-"{‘%&,&%&%@@“ %SrﬁﬁSﬂo%@ %Bvé{lg&afﬁlg s

wer e subsequently suspended In > +710 1

cent ri f uged cyigprosetiNepurpgses 3o therlggter purpese thphigher sinlylatetl derms mpjie

super nat ant WRsndlaadbe Gd 8adude'se ek HR1£718 sl SRpaAR bt j
serum free nedi ﬁ%} E?ceF%dSZSu_M mvi Ii%%@gquhl n@f&%O ?Ig a é’gﬁ%@gﬁgﬁy
of 0.3x106 @upPeRieswhilpatile same gae|thernghreneiptinpctinty rpaytor may aothgdmpdired. An

haker fl . d . 0 ooAfL el '
ol I densi 1y 1S B CupYint Atb AR TGSk ottty (R Ep O Rl PRSI
Theref ore, tlsist gl 2804z ERO A 0QFbenR HOBE, IBvimiz no signifi¢@Oeryihrapaiatic activity but

suspended i 1 : I + 4 - i .84.C Lt
of 0.2 or 0 bBR Y Baonieigion sleR Kl o H NP Berkfeily SitaardREk e o
37C, 5% CO2 thenrdettid®® disglnsed herein, thereby improving the half-life after administration.

30 An erythropoietin preferably is human erythropoietin, a fragment of human

erythropoietin, or a mutein of human erythropoietin. Such an erythropoietin should preferably



15For production of EPO the cells were transferred to a serumfree
production nedium i.e., VPRO (TRH Bi osci ences), which supports the
gromh of PER C6 cells to very high cell densities (usually >
107cells/ml in a batch culture). For this purpose, the cells were
first cultured to I x106 cells/nl in cell 525, then spun down for 5
mn at 1000 rpm and subsequently susEﬁnded i n VPRO nmedi um + 6 nmM
L-glutamne to a density of 1x106 20 cells/m . The cells were then
cultured in a shaker flask for 7-10 days at 37C, 5% CO2 and 100 rpm
During this period, the cells QFEMItO a density of > 107 cells/m.

The culture d| um was hayvested aft e cel.l viabtli started.to
Toe § e e egitaly e, o e et should NS Sicarti of ik Fefogr b puioés
? lﬁ per nat ang) cﬂ\ﬁﬁag%@f}nﬁégfg tdiie tcgﬁiaﬁisb biodiadtion bf ﬁﬂfEhllclmgfeh and@d blesd eflis EPO. .

e concentration o was eterm usi an
Ot ned outimiTgEss Bomesionin i RstSOF 0% GRaketee BBCR PUBRI A D) Lollecively

PER. C6- EPQeR2¢d tolh Sdriffob6iktic Qgﬂiﬁn@biﬂi) f'ésﬁﬂlsi%! cdlfufar Biotedtive actmty
chr omat ogra{)hy usi %an anti - EPO anti body as previously describ (WO
€

03/ 038190, seleaied fpwmthe rennRpnsising of profesting, naintainfng, e@@%ﬁ%?ftfﬁ%?ﬂﬂaﬁh% he
N-1i nked gq;x&ﬁﬂ%rﬁam QfQE-é%ﬂbHéﬁQnB}thEﬁ&ﬁ 1584d 61 o¥AS (@aﬁ{mmuemvag

MALDI - herefore yco protein sanples were concentrated and
buf f er - 3ore@mmgeem asocyeprotRative a¢tivity prisehasderdnstance disglysed in WQ 00/61164

of  appr o, ST B A P Bl & el At O O b o
with PNGaziaM:I 86W'E1bﬂmtm{)ﬁd§’é% cPNé: ﬁenhanikmesg:pyaamheramlfim EPShmuteigs,
roi dubt. NGOy b B A g W EFO BRI R L bt

purificati assncuﬂdrvgthl\%ﬂihavb/&r iRtwtd heer déscnibellin UE piBntnd.45h08% 68362600n

ot ootor SR> Sooo A AR IR ansal s TR plehalllfy

(DHB, 10 ngblitations wmgsmsesﬂvaaemsmsmd WIONRR/ ERIL6 taililﬂdoqmmmidmmfcrence

id). t ith th
D) e RESEHRR T AbRC RS K B BHE FROR LR s 1
sof twai®e. EPQO &fihe vémipe hdap alse bdf medified) as Mmsqamefdmhmﬂ in'Wo DE/OSﬁGO,te:@

usi ng the advanc i ne _correcti a

oot 11T Sy e s TSR s ity B malgBSiE el &1 Wi r0siho, Leis

Renmoval  ( sétdl deo4): tsﬁch’:ﬁmﬁﬂéﬂ EPQhas\wia Rryieimbidtio attdty it deeﬂl yigitEeeiprotéctiee

spectrunl . OWsS r.e nt a Vv SS orll es

N hkon cielitian Ceghin BRI ook ies bos logie i Tare thpregres i reist by o

and in af Pﬁi&l Pﬁmﬁ%lams?m&éﬁﬁdon@a%ﬂé?glﬂmaaé Hmuﬁlhﬁel(HE(EPOKBIO?'ED?Ed

mass prorifes are clear | eren an sSNnow a es e

T nad B i A sousomtaseinng @ glgeege sunaroh P DHE IR i e

tnruhct1 :Egro geandtohﬁmmtaﬁ&nﬁrhamﬂll disaodellmelt wdimo%od o EsFica,l mwml | wc{lﬁm@? ng
a I'S NDre extensive sylate | cells a

been cul t uicEmnrH Al Xﬁﬁoé'&? fies ?‘@é‘ur@‘?ﬂ?memsmmcmded““t&mtg

scope of an erythropmetm according to the present invention. In certain embodiments, EPO is

human EPOQ, which contains four carbohydrate chains. Three of these contain N-linkages to

25  asparagines, and one contains an O-linkage to a serine residue. The importance of
glycosylation in the biological activity of EPO has been well documented (Delorme e al.
1992; Yamaguchi et al. 1991).

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

composition comprising one or more isoforms of an erythropoietin (EPO) comprising glycans



To obtain nore insight in the differences in glycosylation under the
different cell culture conditions, glycan conpositions and
carbohydrate structures were assigned to the 20 peaks observed in the
mass spectra using the dycoMd software

(www. expasy. ch/tool s/ gl yconod). This spftware basically predicts the
nunber of N-acetyl hexosam nes (HexNAc), Hexoses (Hex), and
deoxyhexoses (dHex) that are part of a glycan structure with any
particul ar, observed mass. Using this nethod, conplex type

car bohydrate conpositions could be accurately assigned to all peaks
Wi th an int elikéd therefo wiHefin sh ﬁaﬂﬁoﬁ?ﬁ& dhuvEragH £ Rdakt@falit Bads ROEPOS

the peaks with an intensity of ,?_ 10% contai ned phosphate or _
sul phate. Td™leruienad fgmdhfodLepisst stupiyres, $rig method gemprsingsahpeviding2 | ¢

was assuned duRadotichel Mﬂiﬂg&é’n&l&@@d’cﬁi RilenGOREGHINEA 2Aerdd1 €18 PhdRein in
structure of two_HexNAcs X GLcNAc), three hexoses (3 x nmannose)

and one dl i expressible forreas geq furtiricgntaining mpucleln 2id snopding an EHQ inpapiessihle y
known f ucosyhat.e %h%&ﬁfs‘aﬁltc'éﬂ' AIriiECooRfains @ Hﬁgﬁé adid %ﬁltl%}'h:é Wé S8 Phransterase,
g ata o e g ans on

(Varki et al., T999) and on 30 sequence ]
PER. C6- pr odreeferabipan alphai-sialyliradsfense\yban alphs3 3 60 vitransferageo ndepehniygl of a

ref erence), | ] hak I ﬁ Al 'quﬂ g on
25 PER. C6- prﬁg&h@&?ﬁﬁﬁgﬂéﬁtﬂ%\% n a %e%%%g%ée C(k)iJFeeé\ﬁsﬂtu}reuc ure. @ﬁmass
profiles of cRpRssioh-of pn BB destideel) o) bawestiog the xxpredsed FRQ)frof aid balwad/ot fram

al | sugar spgci [ ve.a higger. NAsS .t ne. t hat . .
corresponds %éugta?eg%osy ’a de(gapgg%ngoaﬁgwt?ﬁ%m%ﬂbﬁ%aﬁéﬁﬁn r%ﬁtémﬁéﬁm&-
pr oduc edtcEP@avderisdreased avenpasiaici acidadatertiobthe Nolikied glytans par\HPEt maleandy;, &
structure other HexNAc.5 and/.ar Hex and/.orf dHeﬁ rgﬁédues. . These inked
resi dues for°tr‘]%ﬁ%ae°°§}?{’%ﬂ?{’a"é’m8f’s‘{’%%nec°6 PSRRI O AR HE Q qprising efycgps Jinke
assunmed t hatthaey whekeintshid ghycand kdensprise 9h aveeageatileskt b giabdnacids per EROW6lcule and
fucose, that, an i t.ional Hex.residue.wouyl d be.a. ct ose d
that any. nadi e LS SRS e A B e B A ST R ARG

Thi s assu Wpte?pt@ssw&:rﬁgl i ommrtdgN | f Eﬂgél&. Bfceitdif elgmaitd afﬂiﬁfl@wmm, ng Lewis x
structures of co ex type i nked suygar s, nade manpal.ian, and
human cell s SEYERPLPIE fetadsa te Efé’sf@;ﬂpos&?f’w@gwma%@@magﬁeé hgtein, prganing
N-gl ycans onhdteiRavefgp iAMA DI BRORSnAESTARd RARKEd by eh S 1RBEOA the

(i ncorporated by reference)., and on the observation that the N-1inked

sugars of PERTPEtonoqpeaks withen mignsibrfil 47ar ighsicompriead edise TupEEe. o

WO 03/ 03810QertdiferbdankehtsC BsdiNan 24, Gh& HRtain BRASGEMES AdRE of the glycans in the
above-described assunptions, putative glycan structures weré assigned

15 to al | pd&kkpreparsionsyained spraprisy Lewis sahuctpres. imethenegmbodiments pre of fie
rel ati vezope%&ﬁmbtc%m%sﬁ]&é HOSH B BeinabbRGE oit@nget er m ne the

relative occurrence of "'the different glycan species. Because the

nunber of Gal reMethadsto piifyend Awtber freptimatedERCOhcoipesifiens GariclingfonERY that
structures, oﬁgf)%%% h%&;iﬁ&gas&{ QifctLBa c%&rﬁ‘bbr"lﬁ’g@ffé@nﬁe @tcégf%i‘éﬂriﬁﬁf ddgas

possible to c ate e average nunber *of resi I nked
gl ycan ( EPOacesrding faghedngntipnileaeiknpwpdaths peraorcskilled drethe bt aglingludelfer instance

obt ai ned can; I R Is .

resi dues pe%ﬁ%éggﬁoggmg%g@éh%p%%é% e@%ﬁgﬁ%@@?ﬁ%ﬁ@%@@éﬁ%
1 shows 2shataffinity chrewategraphyash asinglect®al capBlgiydurnselestroploresisi(CZERete] vy

hi gher in EPO that was produced in cells that had been adapted for
growm h in suspension in serumfree medium (VPRQ(S)) than in cells

t hat had been gr Aswn alditenadndvaptagnoftdngingaring e nelblirefaceedingrio(tBMaNation, te.g.
can therefore be ¢ d 25 that .the |evel of acitosylation LS
oo T can 1 o ORI A o o bsrirt, thEinn By 8F R BB bkl 8
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n er o NAC .resl dues, | C are | nvol ve I N C C - C
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glycans on the proteins thus produced is generally reduced. This is advantageous because




26 which in turn results in the formation of nore d cNAc- G
sequences to which an ocl, 3- |inked fucose can be added. Anot her
structure to which an al, 3-1inked fucose can be added is

G cNAc- Gal NAc (Lacdi NAc). However, the increased al, 3-fucosyl ation
does not seemto be due to an increaﬁﬁd occurrence of Lacdi NAc
structures because the average nunber of 5 Gal NAc residues was not
much affected by changing the culture conditions. The aver age
nunber of Gal + Gal NAc residues corresponds to the average nunber of
LacNAc and Lacdi NAc structures to which an al ,3-1inked fucose can
potentially be added. .\Wen.the ratio.be en t.h ceurrence. of .Gl +
Gal NAc ( paleoiopd paRm AR oDy Rt P Ao R sl RECBE B o
Lewi s X st EPO{(Tukeschi &t alj 4989) vt & réguiréoryl arfal eoromic piirpesana legs chihplex

concl uded t hat re than . tw ce as much of the, avail able + | NAc
o5 dues. | BoRy Of G o e plodiced BBt dn  proeeSs sk Hencr dhe Pt
in | sus pg n S:;ijl.ﬁi‘prbﬂdef% aS_ﬁétwii;]fo iﬁ&em@iwan]gdnﬂdﬁtymmﬁmcmg haero@arneityhof
cultured adherently in the presence of seruym iis indicates that the
(a1, 3) f ficollysant plapoteigs fHAkae decaebinantly Broduced it ce& e ansfhog Pelae pigracietize
SUSPENSsi ONpy feRBiprd¥sihg £ SalyR@hdfRise kP s @MPIn@erain ba¥@liméits, Sdidbanl igh ban

is further increased 1n cells that over-express a2, 6-

si al yl t r an@PEstRgE Hhaf anrpdenoxirgs, such e1s HERcall expesseing EbM soeh 35 afFRGE sellee
medi Um  1p ceifiin ERBRRNEHS, Eﬂe@ycbmgﬁfa@qjsf@giaiyﬁ;\alﬁfgmeé, waithads bagul ation

in suspension cultures in serumfree medi um wou be beneficial in

obt ai ni ng @mbedigreats if ehpsan fymm an R Jtsiplyltmpsierpseand ag orhesialylmpsferassr Thes
the a2,5-sj £ hRREAS Arddlfends0 a8 R nambP B3Rt 1 on
resul t%ﬁi nélﬁlék%gé%gﬁlﬁg??on 0 rm?e & cNAc- Ga §%ructures to which a
si al i ¢ aci dalytransfrsase kngvaris SIAEHe oY, (Geprnkgcep®noiugber LA5767, s alwed)S
adapted to i culture in serumfree nedi um and EPO was

pr oduced i%a?%gl%%gﬁyg?um as described in exanple 2. The sialic acid
content of EPO was anal yzed using iso-electric focusing, which was

Ui sual i 2t ng Epe) VB Re T BEERE fel e SRRl Hlpgr 3l RGN perin |

col | oi dal grbvided tlseoe)l.culfire ploessss, indlpt the gnalitFegly@efldimof the mé¢cainhinagg

different anpunts of siali I.ds E ecul T aliG.acid
cont ent of "EFO B PG ﬂ%%éﬁ 4 rh& ﬁ’%&h&'ﬂggﬁng‘f %?gt% La&‘%(g- eexcﬁpglsﬂg’é‘gc él%gs’
a2, 6- si al ywhiledbhsfioareagineatedcetiongoaliyeitle tlangihgof adtuiepnsiiticos tbatoto BldeErease

duced by PER | ls that d t - t .
R TR X R T
in PER C6 wbhsusofarprocdiduneanbinagt dxpessddiofalgheapradiet in a cell, the method

or ool | FIRSRERTRAPY Bt AR PER SER e SRS I oRRGy or ace. I n

par ti cul arembBddinents, said cell is a cell expressing E1A of an adenovirus, such as a HER cell

expressing E1A, such as a PER.C6 cell. In certain embodiments, the glycosyltransferase is a
sialyltranferase, which in certain embodiments is chosen from an a-2,3-sialyltransferase and
an o-2,6-sialyltransferase. The sialyltransferase may be a human sialyltransferase, for instance

25  the human a-2,3-sialyltransferase known as SIAT4C or STZ (Genbank accession number
L23767, see also US patent 5,494,790).

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
30  inits 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



27 highly sialylated EPO i soforns that are present in Eprex are well
represented in the EPO preparation derived fromPER C6 cells
over-expressing the sialyltransferase whereas these isoforns are
under-represented or absent in the EPO produced in ordinary PER C6
cells (i.e. without overexpression of 4the sialyltransferase). It also
appeared that the sialic acid content of 5 EPO derived from
PER. C6- EPO- ST cl one 25-3.10 produced in VPRO (in the cells that have
been adapted to growh in suspension in serumfree nediun) has a

hi gher sialic acid content than EPO derived fromthe sanme cell |ine

but not adanh@ﬁoa&e&gmméré S erVBIWRITE loUQBRRANE sticllreslard\bbsérvéd. This &) -
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d Lbed in exanple 2. The can.a sis (,Table 2), sh
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s]'E r uﬁt ur esI ith the éx}pfdsm @w&emwmé&hmwaw?tduﬁﬁgecﬁ uumefgf-tamwlesssi on

t i t .a reduction of t al, 3 fucQqsy] ation.
i & e g pos e R T The Rl o il i O S pins Lot e kel gl
addi tion of vifen alpréksdd Wheslepea@EassEDNEYTR, Wk dnfaidsii@least a detectable amount of
sialyltransfer segs to nodify. . the termnal Q@ cNAc-Gal__and
O oNAc- G NAGCEN AR Stclizes oy Nslinkod 21Yesplp- e ph st me | apINAS sguoture on at least

si al yl t r ansfoge NmkeEsiidah Df htNeadt TOROGY thd prblefn s8 produse@Nbrefefablydie dicreasd kfille
gl ycan 30In order to determne the effect of  the over-expressjon of

the a2, 6- si AV§AECRRIETOT hacdiNAc stgtuses gp widiprotsin 15 pt 1gask20%, anays Rrefsrably at
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sialic acid content of the N-l11nked sugars_ of _ \ ]
noni t or ed. TeReltiag grogein eqstaingnpidaireteble apeunt ofdfacdNAC sipuctupey andts &N-linked

separ at 0 r ' |35t IS, R WY
. "T, o0 RLEAR Ay ALY dh R gV e b PR ERS 1IAGDI RS AT
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comprise a LacdiNAc structure. The sialyltransferase is preferably encoded by nucleic acid

encoding the a-2,3-sialyltransferase under control of a heterologous promoter, which nucleic
acid preferably is integrated into the genome of the cell. The sialyltransferase for this aspect

25  of the invention in certain embodiments is a buman «-2,3-sialyltransferase, such as the one
known as SIAT4C 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 Iimit

30 the scope of the invention.

EXAMPLES



5 a2,6- sialyltransferase were concentrated and buffer-exchanged to
20 mM sodi um phosphate (pH 7.2) using MIIlipore Mcrocon 10
concentrators to a concentration of approx. 0.25 - 0.5 ug/gl.
Subsequently, the glycoprotein was digested with PNGase F, which
rel eases the N-linked glycans. The r %eased gl ycans were separated
fromthe protein by ethanol precipitdtion (75%v/v at 4 C) and were
dried in a Speed Vac centrifuge at roomtenperature. 10Next, the

gl ycans were dissolved and | abeled with anthranilic acid (AA) in 10
121 AA in dinethyl sul phoxi de-gl aci al acetic acid (30% v/v) containing
1 M cyanoborohydride. The reaction was carried out at 65 C for 2 h,
after which the | abeling m xture was applied on a cellul ose disk

(1- cm di anExample ] ingregsedsinlylationef EPChprodnesd ipRER LG eels by thewover-nes
with 1 m gx%{%sgl\al%}af‘g%a%ﬁsﬂt ﬁseto renove AA and ot her reactants.

Label ed gl yéans wer € el 3 15 water washes (0.5 nl) and dried
in a Speed Vac nﬁd&wnninegl& eifectrof overiegprpssiontofl 02, 6iiatyiirant foraseal 816 sislylation
The AA | abel ed gl ycans were separated on, an, HPLC usi ng a weak ani on

exchange ceARReTP %@P%@W&%Wﬁmﬁuaewmn@w&wéﬁf%@@ (20%
Acetoni trilLig m&&a&&%&&%ﬁ.&%w&\m&ﬁeﬂw PRRASELFD-S TRiohe 25 9;18‘{&&

Acetonitrile) at a flowrate of 0.4 m/mn. Using 20 this nethod
non-, nonoexample2 OftW‘pm/Qﬂ%ﬁ“'B:el?@&mﬁt%ﬂ By rgference)) apd amthe prrpaloelh gyt ed

o P PEER R i R B 3ASAPRA ShEIRR A

Dext r a- LabsjimredtireT+flagkslin BMBEM il mM Mgt $%FBSt AEthe\knbmmehht thegelswat
EPO produced in ansfera over express P S
cont a1 Kod EPuh REL poifliry OF BRinE bRt BRaFhBles RO MR €10, <
of :EPlO pr OﬁN@H@ClzmlﬂBERsEiﬁmCd 'Ehd chltie afas den ﬂ@iﬁnﬁ&(ﬁt%ﬂlﬁhﬂﬂﬁ%@@ fo3-8- )
sialyltransferase. This denonstrate at the expr.essi e
a2, 6 sial yfays-die culfug wppmaATt s fhr %H’ﬁ’r"ﬁﬁ‘ﬂﬂ@f‘% Wﬂnﬁvﬁqﬁ@eaagﬁgﬁ

Wi th a gregfifméthels ifat Bive Beda@Réceibéd ih VRO 0840881 0D Ye contents of the entirety of

a2, 6-sialyltransferase i s nat ver-aﬁgressed 29 The isol ation, of

hi ghI y Si aWVF%%‘E&‘CEP@aﬁﬁchH@E%f? gRPepEhe Hglic acidicontent of the R prodycsd By thei

parti cyi ar pErROEHPCEST RBAIS) 3. [ nd B bR hﬂélﬁhsf&teﬁ’ﬁin&hb)t ige-eiabtabl y
sialylated EPO nol ecul es are separated fromthe | ess sialylated

mol ecul es. forysing: As eanchepbtsanse damishe ropts chewrEpBisst thy Hafie 3251 cgniewt of gie| s
accordi ng I n@‘tﬁé‘&i

affinity CIEII’ oh@%ﬁ%ﬂmﬁgﬁﬁg 0'tv IgEC!;} specl flggﬁ mnoc\f’dg%g%hérﬂxn
ant i body a&atcbé‘ﬁ&'ﬂimeﬂﬂcémmp@ﬁbﬁwﬂm% cédlhlitetin whsh @qy mlyhms&rmads

with 0.1 ci ne- HC H.2.7, which was,i di ralize
Bidi ng. pot MECTTHRIFDESRaRE i 8F SvarBeton B Gy Ra R ccls

t her eabd er afixGoasOasly uﬁdﬂtﬁtﬁnﬂmeﬁma@dea@mesal ting colum to 20 nmM
Tris, 20 jaM QuSO™4 (pH 7). Then e purified EPO was | oaded on a
H Trap Q HP colum (Pharmacia). 10 The colum was first washed with

| oadi ng bukffiipié Z0mkfeaselllidvel F galbiStobythtfanad fhevbiddiortsTERM produt&inWi Se

eluted wt | ncrea5| ng concentrations of elution buffer, (20 inMTris,
20 t.t M CuBER-Copplinthrayeh thergapipiioniof thegells to gRevath i syppempios ia seramafrpey
cont ent waﬁej,hfnst eluted with 11.5 %elution buffer (115 i nM NaCl)
and the highly sialy]ated EPO was el uted with 25% el ution bufferE‘(gZSO
MM NaC33 . The  sibgistBledERLCaeHMapPTEsCo-Pr, produging BRP wasiised @agsesth

was 15 ana&ﬁg&ﬁ@kogﬁmm of BPO /b6 tht bdlsiRed\itadd agheraa s (dsﬁg%emad@a@mee
3. Fig. 5 shows the sialic acid content of fractionated and

non- f r act | Be&weRle Pemdmderthecellsiyere adapied to gromilyin semm-fipemedinm: Festhet i on
procedur ede%UbAémf]eglé%l\%agﬁe@%é& io%%du@éﬂ'Eﬂﬁ'gl R 6 BIIR Mt Rbre LRkl @h! Y

sialylate
suspension in serum free medium. The procedure is described below and was applied to

30  several EPO-producing PER.C6 cell lines. PER.C6-EPO-022 cells were used to produce EPO




Fig. 6 shows the MALDI - M5 spectrum of the highly sialylated

PER. C6- EPO fraction 20 that was de-sialylated for the nass
spectronetry anal ysis. The interpretation of the spectrum based
on the assunptions described in exanple 2 reveal ed that the
fractionated, highly sialylated PER C63EPO preparation contained
predom nantly tetra-antennary, fully gal actosylated N-1inked sugars.
The quantification of the average nunber of Gal, Gal Nac, and Lewi s X
structures per 25 N-linked glycan reveal ed that the fractionated EPO
nol ecul es cont ai ned a hi gher average nunber of Gal residues but a

| ower avera ek al.@% { :
pool of EPO%NDI{IECM esgwf rom V\/m c ?hey 8??3??%%3@‘1?%22]3%% cgﬁ%?dké%h?ég
shows that BPYBIEHIP®s with an |ncreased nunber of Gal reS| dues and

a reduced nunber ﬁ% en
hi ghly si al yl at egg‘éﬂgﬁh‘}%gﬁ es are réc I onayﬁgz %89 enr| g (M]n
the basis ofsemuneliee nuddiuny be.Exasly SZMRHﬁMNWS)c}ﬁhmfateo@c egilsyere B

Exanpl e T FLukhi 800lel b 86 obldatn o gl s ShobMLALRS. Rt FDrms

To show that increase in sralic acld’con
results in anlQ mMrMﬂsahd&hqrtdﬁemahaimh BBS and ttypsinizéacesrding kogootiretchlture

activity of .the i al ted PER C6-

accor di ng tée‘%? ?@J%eﬁssw? eé’BeIlﬂPf Spepeye ﬂéﬁg& gﬁt/"i%%dof&m MgCl,
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ot bona- ot apd e sy Bl s RuGeon s e v ot Bt el SA%t L RS L istemiae,
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precursors @pd Msentﬂté%m@eat% Gt 6% e Altprrenshing 2 6ol mﬁtw@‘s?plah%éelﬂsam
EPO, can begysg reguwgl&géaga Erfford, kafeoeﬁé@&a d8%m EP@Maﬁfdomrﬁsddng

t he productlon of cells I ncr ease roducti on of
bl ood cel | s suspepdedinfresh Exeedl 526+&1ﬂid @hlmmatpe@ﬁl dengity Qfé‘20r03x10 The

activities R d re conpared
in six grou%‘é %@%ﬁreewﬂ %]%gﬂ rﬁ%(?fj(gs(%ose an%gbﬁﬁ’lﬂ?% EPQ,

Eprex and dil uenFormdeuenonaﬁ’ E@Onthga&llswmra:tmnbknéd tanaenum} fese tpeduction medivm,

i nt l. t PE EP

and Epr o af b SERPARPERstifels, hiBlasbis o sowd B cF e R orged 5o

lé Ini ts) Kats ifd;emféigkoﬁsﬁhlll?y& Mﬁaﬂﬁlﬁﬂm&tﬁlchlfmgwtﬁﬁrlt’?ﬁbﬁpaecﬁ:ﬁcﬁﬁ iwkfedirdf&D
| Sa I S e e

concent rat | AT R4 8%?’5)%’@% %’o& riben ot Wa{ﬁwﬁ%#ﬂ%amﬁr’d At

day 3, 250 WhbsefueftyTisgeh@®@Gn VPROGAGR L QMWUE&I&&& dPIxtohe

sane day, the percentage of reticulocytes in the total bI ood cel |

popul at i28n icellsgel: ErarfeHeyere fwpculamedin aghdker flask for dr1Ptdayssb 87°€4 % CO, and

rccor di g+ ATEHS Dfind Bjspefod, Betbiht RARRAYY) 8509 FHTHY TBE Bl R
13). Exmhm@ted Bli¢rdhaxiel afability shdrted taaddclinea Thacelpwere spunclowlEfR. 5@6in at

broduced EPOhY ol HeS bt vad 85451 0 GBAHRSENR LAARICS B AFRMY Sl

The sialic aci ent vari ous sanp
PER. C6- pr od screcntiaRGh WekPawad deteendined using EIﬂBAéR&Btsystené)endmmeg puMb]be:h

was perf r i
Aol yi2 sofE) S [ AR ARaREw Fin By BB G TRl ATy
vi sual i zed wifinfty chbmangiajahybismgaﬁmvém antivody mdiroddusky deseribed( WO 03/038200,
bands represent r%%ﬁgv i%:rsof nns containing different nunbers of
sialic amdé“B’é’P horecy e The relative

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-

30  exchanged to 20 mM sodium phosphate (pH 7.2) using Millipore Microcon 10 concentrators,
obtaining a final concentration of approx. 1 ug/jll. Subsequently, the glycoprotein was



31 amount for each isoformwas determ ned using densitonetric

anal ysis of the bands. The average nunber of sialic acid residues per
EPO nol ecul e was cal cul ated using the fornula: (An) n=0-15 5A =

rel ati ve anmount of each isoformn = isoform nunber(corresponding to

t he nunber of sialic acid residues per EN) nolecule) Using this

met hod, the average sialic acid cont&t of EPO produced by the clone
PER. C6- EPO- 022 (as described in exanple 2), and of EPO produced by
the PER C6-EPO ST cell line 10 clone 25-3.10 (as described in exanple
3), and of EPO that was obtained after fractionation of the highly

si al yl ated PER C6- EPO- ST nol ecul es (as_ described in ex%@] e 6). as
wel |~ as ofdlﬁsr@mﬂi)mﬁ@ge? Jthigh releaspithg Nolinked glycans ang the, spmpies rerc Jincubated

respectivel é%!rin‘ﬁﬁﬁ%’e' Wﬁcﬂﬁ%hh@eﬁ%&s@ajﬁ%ﬁ%s%@s Theactiafdtdd %«:‘aﬂpt&ol vq[as s

cont ent of t e reco ‘nant EPO fractions could al so bé use

met hod desmmmuL@TMm@nﬁcaﬁowgﬂg&LD%ﬁp%m@ jopMALDIMT waur e
descri bed gl,‘ﬁ :g %%PD

descri bed l%)e?/f %% an gﬁ‘%a]?t)sy | ol 9 emﬁdpﬁtﬁ%?ss%eg&%%%?}%?ﬂemr

nmodi f i cat i mode; BS- &h;dfoxphmhﬁdacid(wmmsed@ama}ﬁp@@ri%tg/ml mP0{5/xlhe art.
Exampl e 9. ST3 expression vector In order to
const ruct %ﬁt"&fﬁ}ﬁ}g‘@é‘?ﬂgﬂﬂ Ptlj%af‘"dms}the si mul t aneous expressi on of EPO
and 20 a2, 3-si aSp,ébttarcﬁmfedmthehe mahm-ﬁﬁbad)diongiumwmoﬂm&usimphéf i ed

P sy B S PR AR BRI LG

gﬁT TAAQE%EEﬁEHGﬁ (e SpdstrhUcihpithe . %dvzfn%asdlﬂe c&:l@cn&)t))ol (ak dvnahaiz,tl Rg
r agment est cl an i ns i nto the
same ré‘gt rﬂ%‘f"‘i Oér "&Ee%fdl)%g’é%ﬁtﬂ’m 6%@6“" FETPYS Tg

in the veci Qfasgga-tgfé@n(eﬁhegnomg%&e\);pecﬁrﬁm human a2 3-sialyltransferase
codi ng sequence_( ne named S| AT4C or STZ; n ccessi no ]
L 23767, see al Jig Ushoms represestalvmasg 50 f'&'%]ﬁﬁ?"é&ﬁﬁ?‘s P&E%fpé?%‘?ddn
B or 5 A A A AT CAGET T O T R ppbefe f Snegl e
pri mer:

Flmvdhqt fB%i‘E%N?H’ﬁa“) iwks#

di gest ed viPediumpaFhemagsprofisnare glearly dilferentand

site ofs pQ%gEE’ odddeg ﬁtﬁ@bﬂsﬁén@i%%ﬁttﬁ‘@&&@énem nboR RebePEROMSIprodtice in
8B). Exanp 1 Transi ent” expressi on of pEPO ST3 1 n PER cells 32

The day beﬁaap@etmmmcmmmgﬂmﬂ’@ e g elyvaBiotihin PERECGsslls Uy o

flasks al fuda0StiN olredn Hshdn88 ifhink ibe bbdh, and cul tured i n DVEM
cont ai ni ng MyCl2 and 9% fetal bovine serum at 37C and 10% CQO2.

Transfection wak Qhdain inexs insight i thdiffgrencey ingtmosylaiop yader dieslifigrent gell Fj g
8B) or pCR:EEQ Hititichs SfHah SmpodfiBntd WbEhyRratd delicm B veRSEsifreA &the

20  peaks observed in the mass spectra using the GlycoMod software
(www.expasy.ch/tools/glycornod). This sofiware basically predicts the number of N-acetyl-
hexosamines (HexNAc), Hexoses (Hex), and deoxyhexoses (dHex) that are part of a glycan
structure with any particular, observed mass. Using this method, complex type carbohydrate
compositions could be accurately assigned to all peaks with an intensity of > 10%. There were

25  no indications that any of the peaks with an intensity of = 10% contained 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 GlcNAc), 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

30  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



5 using Lipofectam ne (G bco) according to the manufacturers
instructions, using techniques well known to persons skilled in the
art. Three or four days after transfection, the culture supernatants
were harvested, and cleared by centrifugation and filtration. The EPO
concentrations in the supernatants werg determ ned by ELISA (using a
commercially available kit from R& systens), and EPO was purified by
affinity chromatography. The 10 concentration of the purified EPO
sanpl es was determ ned by |1 PLC, and 181.1g of the purified EPO
sanpl es were subsequently anal yzed by iso-electric focusing (IEF) in

order to S ePEFRE6- hﬁﬁccﬁ@ﬂ)'cﬁ%ﬁ%ﬂ&oﬁﬁh@d co% su-ubﬁxre"\@ﬁe hay B{i‘)ﬁie%i’ PIHEBG%
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2, 3 | yk I
o EPO pripa iy REARRF Aflef ErliRS b REle R dd iyt of i chidpler Rffed
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9) To obtain stable clones ) formed a |ipofect AM NE bas )
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selected for isolation. The isolated clonés were cultured in

sel ecti on neBRomeratedhyireferzaced0 9% confl uency in 96-wel|l plates. During
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purification of EPO by affinity chronatography the sanples were
anal ysed by cells in suspension and in seruin-free medium. able I shows that the average number of

GalNAc residues, which are involved in GleNAc-GaIlNAc (LacdiNAc) structures, was not

much affected by changing the culture conditions. Yet, the average number of putative a1,3-
linked fucose, which forms the so-called Lewis x sfructure, was significantly increased in
30  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,



| soel ectric Focusing Gel electrophoresis, as described supra.
Representative results are 15 presented in Fig. 10. Sone clones did
not appear to have a strongly increased sialylation |evel of EPO
(e.g. lanes 9-12), but it can be seen that EPO produced by several of
t he anal ysed cl ones has significantl%hinproved sialylation (i.e. on
average nore EPO isoforns with high nbers of sialic acids) conpared
to EPO produced w t hout over-expression of a-2,3- sialyltransferase
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content of EPO produced in PER.C6 cells that over-expressed the ¢i2,6-sialyltransferase was

compared to that of Eprex and to EPO produced by PER.C6 cells that do not over-express the

sialyltransfefase (Fig. 3). The results demonstraté that EPO produced in PER.C6 cells over-
30  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
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Purification and ani on exchange: EPO was purified fromthe filtrated
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expression of the 02,6-sialyltransferase on the glycosylation of EPO. The procedures for
production and analysis of the N-linked glycans were as described in example 2.
The glycan analysis (Table 2) showed that EPO produced by the 02,6-

20  sialyltransferase over-expressing cells on average contained 0.4-0.6 Lewis x structures per N-
linked glycan whereas the EPO produced by the parental cell line, in which the
sialyltransferase was not over-expressed contained 0.9 Lewis x structures per N-linked
glycan. This shows that the over-expression of the sialyltransferase caused a reduction of the
al,3 fucosylation. This suggests that the fucosyltransferases responsible for the addition of

25  ol,3-linked fucoses compete with the sialyltransferase(s) to modify the terminal GlcNAc-Gal
and GleNAc-GalNAc sequences.

Example 5. Over-expression of ¢:2,6 sialyltransferase results in a high sialic acid content
per N-linked glycan

30 In order to determine the effect of the over-expression of the ¢2,6-sialyltransferase on
the sialylation of the individual N-linked sugars of the PER.C6-produced EPO (PER.C6-



Source 15Q fractionation: Purified material was buffer exchanged
using a Hi prep 26/ 10 desalting colum (CGE Healthcare) to 20 nM Tris /
20 RM CuSO™4 pH 8.0. After |oading the Source 15Q col um 30
(Arnershanm) was washed with 20 MM Trig / 20 RM CuSO4 50 nM NaCl pH
6.0, followed by elution with increasing anounts of (1M Nad in 20
rnM Tris / 20 pM CuSO4 pH 6.0. Step 36 gradients of 5 -15% 15 -
25% 25 - 30 % 30 - 50 % and 50-100% were used. Fractions eluting
at 250- 300 nM NaCl were pooled. The sialic acid content of the
fractions of EPO was anal yzed using | EF as described in exanple 3.
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analysis.

The AA labeled glycans were separated on an HPLC using a weak anion exchange
column (Vydac, 301 VHP575P) with a binary gradient of A (20% Acetonitrile in water) and B
{500 mM Ammonium Acetate pH 5.0, 20% Acetonitrile) at a flow rate of 0.4 ml/min. Using
20  this method, the non-, mono-, bi-, tri- and tetra-sialylated glycans were separated, which have
been confirmed with known oligosaccharide standards such as NA2, A1, A2[F], A3 and A4F
(Glyko Inc., Oxford GlycoSciences, amd Dextra-Labs).
The results in Fig. 4 show that the N-linked sugars of EPO produced in 02,6-
sialyltransferase over-expressing PER.C6 cells contained significantly more sialic acids that
25  the N-linked sugars of EPO produced in PER.C6 cells that do not over-express the 02,6-
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.

30  Example 6. Isolation of highly sialylated PER.C6-EPO by ion-exchange chromatography



25 SEC) showed a slightly increased retention tinme of 2,6 EPO and 2,3
EPO as conpared to Eprex, which difference di sappeared upon renoval
of N-linked glycans. MALDI spectra were prepared according to the

met hod described in exanple 2. No Lewis X containing peaks were
observed with an intensity of 10%in 243 EPQ, in contrast to 2,6 EPO
and PER C6 EPO. No | act osam ne repeat containing peaks were
detected with an intensity of 10%in 2,3 EPO and 30 2,6 EPO 37
Exanpl e 13. Biological activity of EPO PER C6 EPO (as produced in
PER C6 cells not over-expressing a sialyhransferase in serumfree
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wer e added to respective final concentrations of 0.03% (v . 5%
(W v) and t member 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
EPQ 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

30  and enriched on the basis of their charge using ion-exchange chromatography.



10preparation was sterile filtered (0.22 gmMIlex-GV filter,
MIlipore). Rotofor purification Alternatively, affinity purified

mat eri al
Bi or ad).

was further separated by using preparative | EF (Itotofor,
2.5 -5 ng of purified EPO was | oaded in the Rotofor and

i sof onns were 15 separated in a |low pH range, pH 2-4, in 5 M Urea.
This resulted in a maxi mumof 10 fraétions with different isoforns.
Appropriate fractions were pool ed. These pool ed fractions were

di al ysed agai nst PBS. Tween-80 and gl yci ne were added to final
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as produced according to Example 4 is studied in rats. The potential of recombinant human
EPO to stimulate the production of red blood cells can be monitored in a rodent model that
has been described by Barbone et al. (1994). According to this model, the increase in the
reticulocyte counts is used as a measure for the biological activity of the recombinant human
EPO preparation. Reticulocytes are the precursors of red blood cells and their production, in
response to EPQ, can be used as a measure for the potential of EPO in stimulating the
production of red blood cells. An increased production of red blood cells, in turn, leads to a
higher hematocrit value.

The activities of the highly sialylated PER.C6-EPO and Eprex are compared in six
groups of three Wag/Rij rats. Various doses of PER.C6-EPO, Eprex and diluent buffer as a
negative control are injected intravenously in the penile vein at day 0, 1, and 2. PER.C6-EPO
and Eprex are administered at a dose of 1, 5, 25, or 125 eU (Elisa units) as determined by the
commercially available EPO-specific R&D Elisa Kit. All EPO preparations are diluted to the
proper concentration in PBS/0.05% Tween 80 in a total volume of 500 pl. At day 3, 250 pl of
EDTA blood is sampled by tongue puncture. On the same day, the percentage of reticulocytes
in the total red blood cell population is determined.

Alternatively, the erythropoietic activity is measured in the in vivo bioassay in
Nomocythaemic mouse according to European Pharmacopoeia (PHEUR 01/2002:1316) (see
example 13).

Example 8. Determination of sialic acid content of PER.C6 produced EPQ by iso-clectric
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 [EF
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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amount for each isoform was determined using densitometric analysis of the bands. The
average number of sialic acid residues per EPO molecule was calculated using the formula:
L (A*n)

a=0-15

A = relative amount of each isoform

n = isoform number{corresponding to the number of sialic acid residues per EPO molecule)

Using this method, the average sialic acid content of EPO produced by the clone PER.C6-
EPO-022 (as described in example 2), and of EPO produced by the PER.C6-EPO-ST cell line
clone 25-3.10 (as described in example 3), and of EPO that was obtained after fractionation of
the highly sialylated PER.C6-EPO-ST molecules (as described in example 6) as well as of
EPREX® was found to be 3.0, 9.0, 12.6 and 12.4, respectively. Alternative methods to
calculate the sialic acid content of the recombinant EPO fractions could also be used, e.g. the
method described in US patent 5,856,298, example 2, or a procedure described in example 5
of CA 2309810 Al, or a procedure as described by Jourdian et al, J Biol Chem. 246, 430
(1971), or modifications of such methods known to the person skilled in the art.

Example 9. Construction of the EPO-ST3 expression vector

In order to construct an expression vector for the simultaneous expression of EPO and
02,3-sialyltransferase, the EPO coding sequence was amplified by PCR (forward primer: 5°-
CCAGGCGCGCCACCATGGGGGTGCACGAATGTCC-3’ (SEQ. ID. NO. 1), reverse
primer: 5°- CCGGGTTAACTCATCTGTCCCCTGTCCTGC-3’ (SEQ. ID. NO. 2)). The
resulting PCR fragment was digested with Ascl and Hpal and inserted into the same
restriction sites of expression plasmid pcDNA3002Neo, resulting in the vector pCP-EPO (Fig.
8A). The human 0.2,3-sialyltransferase coding sequence (gene named SIAT4C or STZ;
GenBank accession no. L23767, 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 pEPQ-ST3 in PER.C6 cells
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5 using Lipofectamine (Gibco) according fo the manufacturers instructions, using techniques

well known to persons skilled in the art. Three or four days after transfection, the culture
supernatants were harvested, and cleared by centrifugation and filtration. The EPO
concentrations in the supernatants were determined by ELISA (using a commercially
available kit from R&D systems), and EPO was purified by affinity chromatography. The

10  concentration of the purified EPO samples was determined by HPLC, and 18 pg of the
purified EPO samples were subsequently analyzed by iso-electric focusing (IEF) in order to
separate the EPO isoforms (Fig. 9). It was found that PER.C6 cells, transiently transfected
with the pEPO-ST3 construct, produced EPO with a significantly increased level of
sialylation (as compared to the control construct pCP-EPO, which lacks the 02,3~

15  sialyltransferase). This demonstrates that, like for an a-2,6-sialyltransferase, also the co-
expression of an o2 3-sialyliransferase can be used to increase the sialylation level of EPO

produced in PER.C6 cells.

Example 11, Stable expression of pEPO-ST3 in PER.C6 cells
20 Transfection, isolation and screening of parental clones
PER.C6 clones producing highly sialylated erythropoietin (EPO) were generated by
expressing human EPQ and human o-2,3 sialyltransferase from a single plasmid pEPO-ST3
(see example 9). To obtain stable clones we performed a lipofectAMINE based transfection
with construct pEPO-ST3. Stable clones were selected in DMEM (Gibceo) supplemented with
25  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.
30  The supernatants of 346 clones were screened for EPO production using an EPO specific
ELISA (Quanti]dne®IVD®: Human Epo Immunoassay, manufacturers protocol). Expression



Lewis x OVENl VPRO (8) 1.8 2.7 0.5 0.7 0.6 1.9 4.0 1.8 Table 1:
Aver age nunber of Gal, Gal NAc, and Lewis x structures per N-Iinked
gl ycan present 20 on PER C6-produced EPO. EPO was produced either in
an adherent culture (DMEM or in a suspension culture in the
serumfree VPRO nmedium (VPRO [S]). Thesl ast columm represents the
rati o of the average nunber of termnal Gal + Gal Nac resi dues over
t he average nunber of Lewis x structures. Table 2 0.2,6
sialyitransferase Lewi s x w thout
levels between clones were found to vary between background levels and more than 400
eU/ml/day. The 15% highest ranked clones and 15% of randomly selected clones (of clones
producing more than 50eU/ml/day but less than the 15% highest producers) were selected for
sub-culturing resulting in a total of 103 clones. During the cell expansion phase, a parallel
5  culture of the selected clones was established for determination of EPO levels. The

information from this second screening was used to select 50 clones.

Productivity and quality of clones in serum containing medium
Adherent cultures of these clones were initiated in T80 flasks to generate material for
10 purification/analysis purposes. The cells were cultured in DMEM supplemented with 10%
Fetal Bovine Serum for 3-5 days. Then, the material was harvested. The amount of EPO
present in the culture supernatants varies from 541 to 3783 eU/ml.
After purification of EPO by affinity chromatography the samples were analysed by
Isoelectric Focusing Gel electrophoresis, as described supra. Representative results are
15  presented in Fig. 10, Some clones did not appear to have a sirongly increased sialylation level
of EPO (e.g. lanes 9-12), but it can be seen that EPO produced by several of the analysed
clones has significantly improved sialylation (i.e. on average more EPO isoforms with high
numbers of sialic acids) compared to EPO produced without over-expression of -2,3-
sialyltransferase (e.g. lanes 2, 3 and in particular 13 and 14). Clearly, a screening of several
20  clones is sufficient to identify clones with the desired increased level of sialylation,
In conclusion, co-expression of human EPQ and human a-2,3-sialyltransferase from a single
plasmid results in clones with increased levels of sialylation of the EPO molecules as

compared to clones expressing EPO only.

25  Example 12. Stable expression in serum free medium of EPO in PER.C6 cells over-
expressing sialyltransferase: production and quality
2,6 EPQ and 2,3 EPQ 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 o-2,6-sialyltransferase or o-2,3-sialyltransferase, see
30  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,



os with 0.4-0.6 Table 2: Average nunber of Lewis x structures per
N-1inked glycan present on EPO produced in PER C6 cells that do
(i.e., PER C6-EPO ST clone 25-3.20) or do not (i.e., PER C6-EPO

5cl one 25) over-express the a2,6 sialyltransferase. Table 3 EPO
preparation Gal GalNAc Lewis x Total ;FPO 2.5 0.5 0.5 Fractionated EPO
32

respectively, while EPO produced in PER.C6 cells that do not over-express sialyltransferase
is referred to as PER.C6-EPO.

Preculture: Ampoules containing cryopreserved PER.C6-ST cells producing EPO, were

5  thawed into Erlenmeyer shake flasks containing Mab medium. Shake flask cultures were
maintained in a humidified incubator on orbital shake plateaus (37°C, 5% CO,, 100 RPM).
Every 2-3 days, cells were subcultured with a complete medium exchange by centrifugation.
The target seeding density of each passage was 0.2-0.3* 105 viable cells/mL.

10  Preparation of inocutum for the productions in a batch process: To prepare inoculum, the last
preculture passage was performed in VPRO medium. PER.C6-ST cells expressing EPO

precultured in Mab medium were subcultured by centrifugation, and a complete medium
exchange to VPRO medium was performed. The target seeding cell density was 0.4-0.6*10°
viable cells/mL, and shake flask cultures were maintained in a humidified incubator on orbital

15  shake plateaus (37°C, 5% CO,, 100 RPM). After 3-4 days of incubation, the cultures were
used as inoculum for the batch productions.
Alternatively, the inoculum was prepared in Mab medium. In this case, the cells precultured
in Mab medium were subcultured by centrifugation, and seeded at a target cell density of 0.2-
0.3*10° viable cells/mL in shake flasks or in bioreactors, containing Mab medium, Shake

20  flask cultures were maintained in a humidified incubator on orbital shake plateaus (37°C, 5%
CO,, 100 RPM). Bioreactor settings were as follows: temperature was maintained at 37°C,
dissolved oxygen concentration (dO-) was controlled at 50% of air saturation by O, sparging
and culture pH at inoculation was controlled below 7.3 by CO: addition in the headspace. No
low limit pH control was operated. After 2-3 days of incubation, the cultures were used as

25  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
30  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



03 0.2 Table 3: Average nunber of Gal, GalNAc, and Lewi s X
structures per N-linked glycan found 10 in the total pool of EPO

nol ecul es that are produced in a serumfree suspension culture of
a2,6 sialyltransferase over-expressing PER C6 cells and in the highly
sialylated EPO fraction thereof; whichswas obtained using the
procedures described in exanple 4. Table 4. Fig. 15, |ane EPO
preparation Lewis X Sialic acid 1 PER C6 suspension serumfree
(exanmple 2) 5.7 3.0 2 PER C6 + overexpressed a-2,6- sialyltransferase
suspensi on serumfree (exanple 3) 1.2-1.8

incubator on orbital shake plateaus (37°C, 5% CO,, 100 RPM). Bioreactor settings were as
follows: temperature was maintained at 37°C, dissolved oxygen concentration (d0.) was
controlled at 50% of air saturation by O; sparging and culture pH at inoculation was
controlled below 7.3 by CO; addition in the headspace. No low limit pH control was operated.

Harvest: Cultures of PER.C6-ST cells expressing EPO were harvested at one day after the

maximum viable cell density had been reached; typically between 5-9 days after initiation of

the batch cultures. EPO concentrations as determined by Elisa ranged approximately from

1000 to 10000 ELISA Units/mL (1 ELISA Unit (eU) corresponds to between about 5-10 ng),
10  dependent on the cell line, the specific clone, and the culture format.

Harvest of material

Cells were removed from the crude batch harvest by means of centrifugation at 300g for 5

minutes (Heraeus, Multifuge), followed by clarification over a disposable coarse clarification
15  filter (Millipore, Clarigard Opticap XL, 3 um) and a disposable fine filter (Sartorius,

Sartopore 2, 0.8/0.45 um).

Purification and anion exchange:
EPO was purified from the filtrated batches on a 90 ml CV mouse monoclonal anti-EPO

20  (IgGl) bound to CNBr-activated Sepharose 4B (Amersham Biotech) column with a flow rate
of 5 ml/min. Elution and fractionation by anion exchange was done as described in example 6,
All fractionated and non-fractionated materials were transferred to Standard Storage Buffer
(0.03% Tween 80, 0.5 % Glycine in PBS pH7.4) by means of buffer exchange with a size
exclusion column (HiPrep 26/10). After Buffer Exchange the samples were sterile filtered

25 overa 0.2 pm 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 CuSO, pH 8.0. After loading the Source 15Q column

30  (Amersham) was washed with 20 mM Tris / 20 yM CuSO4 50 mM NaCl pH 6.0, foilowed by
elution with increasing amounts of (1M) NaCl in 20 mM Tris / 20 pM CuS04 pH 6.0. Step
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fractionated highly sialylated EPO (exanmple 6) 0.6 12.6 4

Eprex (comercially available EPO) 0 12.4 Table 4. Lewis X and
sialic acid content on glycans of different EPO preparations (see 5
exanple 8). Contents are per EPO nol ecule. Table 5 EPO preparation %
Antennarity Lewis X Bi- antennary Tgé- antennary

10

15

20

25

30

gradients of 5 —15%, 15 —25%, 25 — 30 %, 30 — 50 %, and 50-100% were used. Fractions
eluting at 250 — 300 mM NaCl were pooled. The sialic acid content of the fractions of EPO
was analyzed using IEF as described in example 3. After analysis fractions were pooled.
The 2,6 EPO thus obtained had an average sialic acid content of 12.1, and the 2,3 EPO thus
obtained had an average sialic acid content of 12.7.

MALDI analysis:

The MALDI spectrum of 2,3 EPO (see Fig, 11) was made and analysed according to the
methods described in example 2. Table 5 shows some characteristics of the N-linked sugars of
2,3 EPO and compared to those of PER.C6-EPQ. The analysis of the N-linked sugars

revealed that 2,3 EPO contains relatively more of tri- and tetra-antennary sugars as compared
to PER.C6-EPO. This indicates that the over-expression of the a-2,3-sialyltransferase results
in a more complete branching of the N-linked sugars. In addition, Lewis x could not be
detected in 2,3 EPO which demonstrates that the over-expression of the ua-2,3-
sialyltransferase resulted in a virtually complete inhibition of o-1,3-fucosylation. Furthermore,
whereas PER.C6-EPO was found to contain a high amount of bi-antennary fucosylated
LacdiNAc structures (with a m/z value of 2185.05, see example 2), these structures were
virtually absent in 2,3 EPO. This shows that the over-expression of a a-2,3-sialyltransferase
results in the inhibition of the formation of LacdiNAc structures.

Analysis of fractionated 2,3 EPO and 2,6 EPO

Analysis by SDS-PAGE demonstrated a slightly lower apparent molecular mass as compared
to commercially available EPQ (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 EPO, in contrast to 2,6 EPO and PER.C6 EPO. No
lactosaming repeat containing peaks were detected with an iﬁtensity of 2 10% in 2,3 EPO and
2,6 EPO.
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Example 13. Biological activity of EPO

PER.C6 EPO (as produced in PER.C6 cells not over-expressing a sialyltransferase in serum
free medium, as described in example 2) and 2,3 EPO and 2,6 EPO (as produced in example
12) were tested for in vitro and in vivo biological activity. The in vifro biological activity was
tested by measuring the capacity to stimulate the proliferation of UT-7 cells in comparison to
EPO BRP (EPO reference standard). PER.C6 EPO, PER.C6 2,3 EPO and PER.C6 2,6 EPO
had a relative potency of 60, 129 and 94% respectively as compared to EPO-BRP suggesting
full functionality of the produced EPO in vitro.

The in vive biological activity of PER.C6 EPO, PER.C6 2,3 EPO and PER.C6 2,6 EPO was
tested in the in vivo bioassay in the Normocythaemic mouse according to European
Pharmacopoeia (PHEUR 01/2002:1316). As shown in Table 6, the in vivo activity of PER.C6
EPO was below the detection limit whereas that of 2,6 EPO was 15% and 2,3 EPO was 32%
of that of EPO BRP (reference standard). The pharmacokinetics of these preparations were in
line with the in vivo activity, in that the curves for 2,3 EPO and 2,6 EPO were in between
those of PER.C6 EPO (lowest curve) and EPO BRP (highest curve), the 2,3 EPO having a
longer half-life (and larger area under the curve) than the 2,6 EPO (not shown).

Clearly, the EPO produced in PER.C6 cells that over-express an o-2,6-sialyltransferase or an
a-2,3-sialyltransferase has a strongly increased in vivo biological activity as compared to EPO

produced in PER.C6 cells that do not over-express a sialyltransferase.

Example 14. Obtaining and testing of EPO with further increased sialic acid content

It was shown in example 13 that the EPO with increased a-2,3-sialylation (2,3 EPO) as
obtained had an imnproved in vivo biclogical 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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focusing (IEF) methods were used as described below. Alternatively preparative size

exclusion chromatography (HP-SEC) was used.

Ultrodex purification
5  Affinity purified material was further separated on a preparative IEF gel in a low pH range
((Ultrodex, pH 3-5; Amersham Biosciences) in the presence of 5 M Urea. The sample was
separated into isoforms. Isoforms were extracted from the Ultrodex by elution with 0.5 M
Tris-HC1 pH 8.0. Fractions were pooled and dialysed against PBS. Tween-80 and Glycine
were added to respective final concentrations of 0.03% (v/v) and 0.5% (w/v) and the
10  preparation was sterile filtered (0.22 um Millex-GV filter, Millipore).

Rotofor purification
Alternatively, affinity purified material was further separated by using preparative IEF
(Rotofor, Biorad). 2.5 — 5 mg of purified EPO was loaded in the Rotofor and isoforms were
15  separated in a low pH range, pH 2-4, in 5 M Urea. This resulted in a maximum of 10 fractions
with different isoforms. Appropriate fractions were pooled. These pooled fractions were
dialysed against PBS. Tween-80 and glycine were added to final concentrations of 0.03%
(v/v) and 0.5% (w/v) respectively and the preparation was sterile filtered (0.22 pm Millex-GV
filter, Millipore).
20
The sialic acid content of various fractions of EPO was analyzed using IEF as described in

example 3 and is shown in the table below.

Sample Fractionation method Average SA
2.3 EPO-1 Ultrodex 13.6
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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Normocythaemic mouse according to PHEUR 01/2002:1316. The specific activity of this
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10  comparable to that of a commercially available Epo preparation tested (Eprex™ ™, which in

tum is comparable to the EPO BRP standard both in activity and in sialic acid content).
These experiments demonstrate that it is possible to obtain EPO with a similar iz vivo

biological activity as commercial EPO preparations, using E1A expressing cells and methods

according to the invention.
15
Tables
Table 1
PER.C6-EPO | Gal | GalNAc | Lewisx Gal+GalNAc
produced :
in Lewls %
DMEM 1.8 0.5 0.6 4.0
VPRO (S) 2.7 0.7 1.9 | 1.8

Table 1: Average number of Gal, GalNAc, and Lewis x structures per N-linked glycan present
20  on PER.Cé-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.

25
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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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Table 5
EPO % Antennarity Lewis X
preparation | Bi- Tri- Tetra-

antennary | antennary | antennary
PER.C6 27 0 73 5.6
EPO
2,3 EPO 0 16 84 0

10  Table 5. Antennarity of the N-linked glycans and average Lewis x content per EPO molecule
as calculated from MALDI spectra from affinity purified PER.C6-EPQ and 2,3 EPO, as
described in examples 2 and 12.
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Table 6.
Preparation Specific activity Relative potency
(IU/mg) (%)
[95 % CI] [ 95% CI]
EPQO-BRP 130.000 100
PER.C6-EPO <4762 <4
2,6-EPO 18906 15
[15929 — 22774] [12 - 18]
2,3-EPO 41687 32
[32948 — 56080] [25 —43]

Table 6. In vivo activity in Normocythaemic mice (see example 13). CI: confidence interval
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4. A method according to claim3, wherein the conposition conprises 4
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. <223> forward EPO prinmer 30<400> 1 ccaggcgcgc caccat gggg gt gcacgaat

gtcc34 <210> 2 35<211> 30 <212> DNA <213> Artificial
reverse EPO priner <400> 2 5 ccgggttaac tcatctgtcc cctgtcctgec30 <210>
3 <211> 23 10 <212> DNA <213> Artifici al

al fa-2, 3-sialyltransferase priner

2/ 2 <220> <223>

<220> <223> forward
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15 <400> 3 ggactagtgg atccgccacc atg23 20<210> 4 <211> 30 <212> DNA

<213>
primer

Claims

1. Am

Artificial 25<220> <223> reverse alfa-2,3-sialyltransferase
<400> 4 gctctagat c agaaggacgt gaggttcttg30 30

46

ethad 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 10 sialic acids per EPO molecule and
from 0 to 1 Lewis x structures, said method comprising:

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

b) culturing said cell in suspension 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 10 sialic acids per EPO
molecule and from 0 to 1 Lewis x structures, 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, pref-
erably from a PER.C6 cell such as deposited under ECACC no. 96022940,

2. A method according to claim 1, wherein said glycans comprise on average less than 1 Lewis x structure, preferably

no d

etectable Lewis x structure, and between 10 and 15 sialic acids per EPO moiecule.

3. Amethod according to claim 1, wherein said glycans comprise on average less than 0.3 Lewis x structure, preferably

nod

etectable Lewis x structure, and between 13 and 15 sialic acids per EPQ molecule,

4. A method according to claim 3, wherein the composition compri i i
. prises 4 or less EPQ isoforms together ac
at least 70% of the EPO present in said composition. ’ counting for



