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Cells from a suitable cell line are stably transfected with an expression vector
comprising the coding sequence of the protein of interest to be produced, together with
regulatory sequences such as promoters, enhancers, or polyA signals that ensure stable
and correct expression of the protein of interest. Further genes usually present on
expression vectors are marker genes such as e.g. positive selections markers (e.g. neo

gene) that select the stably transfected cells from the untransfected and transiently
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serum, which serves as a universal nutrient for the growth and maintenance of all
mammalian cell lines that produce biologically active products. Serum contains hormones,
growth factors, carrier proteins, attachment and spreading factors, nutrients, trace
elements, etc. Culture media usually contained up to about 10% of animal serum, such as
fetal bovine serum (FBS), also called fetal calf serum (FCS).

Although widely used, serum has many limitations. It contains high levels of
numerous proteins interfering with the limited quantities of the desired protein of interest
produced by the cells. These proteins derived from the serum must be separated from the
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- Fatty acids: Fatty acids that are known to be used in media are Arachidonic Acid,

Linoleic Acid, Oleic Acid, Lauric Acid, Myristic Acid, as well as Methyl-beta-
Cyclodextrin, see e.g. US 5,045,468 (Darfler). It should be noted that cyclodextrin
is not a lipid per se, but has the ability to form a complex with lipids and is thus
used to solubilize lipids in the cell culture medium.

- Further components, in particular used in the frame of serum-free cell culture
media, are compounds such as glucose, glutamine, Na-pyruvate, insulin or

ethanolamine (e.g. EP 274 445), or a protective agent such as Pluronic F68.
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Chromatographic systems having a hydrophobic stationary phase offer an
alternative basis for separations and have also been widely employed in the purification of
proteins. Included in this category are hydrophobic interaction chromatography (HIC) and

reversed phase liquid chromatography (RPLC). The physicochemical basis for separation
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produced by one cell. Hence leukocyte interferon is now called IFN-alpha, fibroblast
interferon is IFN-beta and T-cell interferon is IFN-gamma. There is also a fourth type of
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sysgém as E. coll. European Patent No. 0 287 075
escri bes a CHO (Chi nese Hanster Ovary) cell Iline,
t r alngropeare Patant Not 1052 860 fdescribeS 3 cembmiinas: inieneren-@nbaving a

spe%?@:?@l&%os& gtlgﬁgﬂg t)mgnaéﬁﬁg ﬁo@@?ﬁ%ﬂog\ﬁ %agég%'dﬁhte g{ﬁlctures that
feahire.nom n‘acgse( tpso bllgmamylde)l unjb s Abedeardadmhydirate ustiuctyres are

blani?tel?ihé}gS |n 2 Véé'rag t(%rﬁ]taﬁr L\% &hér?d Q@f_ﬂké@glﬁ?ds ’respectively)

ollgBlchchaﬂde(sbaby hanst er k| dney cell s) and LTK (nouse

L-t ﬁé‘i“'/ﬁddﬂéathain”ﬁaew&?%}%‘f@é a %l cliesscribes glycosylation of recombinant
interferon-B featuring biantennary, triantennary and tetraantennary oligosaccharides. The
constituent monosaccharides included mannose, fucose, N-acetylglucosamine, galactose
and sialic acid.



(Rei ser and Hauser, 1987). DHFR negative CHO cells

have al so been used for the expression of interferon
whedoa/otd7omi s and McCorm ck, 1982), (Chernaj ovSRGT/BP2005/054220

al., 1984). interferons are l;novvn to be gl ycosyl at ed,

often with different glycoforns. For exanple, the

saccharide structure of IFN-(3 was shown to include a

bi - Yaniausrsivdies have demenstrated the impprtance rafjiglycbsydatinn for stability.

Foiﬁ{ﬁ%,i ﬁ@b@ggosty%ﬁéﬂ fb"i‘hf%! BESRGiRar iﬂl&ﬂeﬁiﬂ-@%é@%@%ﬂtto have

ycosylation was shown to al so
sighifigantly fawer fstabiligoanehalse tower biolagicat activity-(Ryrkel et al., 1998).
pr egidalt r S ' i j.d }
2 s e, Yo a5 YRR Rt MR Feron s
profeitsihavg diffesentgixcosylation: patteensiKKegaws ¢cals #1988)i on in t he

bac; j . j . . . .

o5 gEisfn, S ip T8 Rs LHRIRUICLIAAA WS S0l billogical, in a
nueraif diseasgsy suelyasieigomufiiptet soletosis.aaptsr, gt vicab digeasascuch as e.g.
SAWStd?h%?étR@@’\%h%ti ggtli({nléptures that feature one fucose

per o

gosaccharide unit. These carbohydrate o
st r Tareloess thare is dneed fon peacgssesiforthe effieieny preddction and purification

of ihBHERA Hel! %ﬂgj bf é%lﬁé‘gﬁggé%lﬁgrlrfl i Srf)rq B@Pqﬁ‘g@ﬂ%unts.

respectively acc 'ication No.
WO 99/ 15193 al so descri bes gl ycosyl ati on of

r ecguAkIY oF e PREER RVERFGN ng bi ant ennary,

] ] i gosacchari des. The _
con&he present inveotioacishkasedn thecdayelopmenh abecprog¢essdee producing

rool B s A e SR e R 2 T e have
denbhrerefore. dia firat apperbribeinyentisn rglajesdoyd rroeess ferdhe manufacturing
of @%c%gk%{lehxecorﬁ%arﬁxﬁ@f& (I% RQRaA} ﬁ%ﬁ-?%&ﬂgé@@a Qep of culturing

_ nant I nterferon- were s _ _
an sintgnfefarcBnproguciogveeells imba | sarymereg¢ anediumovbe serum-free medium

MbdiRPi cal activity (Runkel et al., 1998). O her
co s‘tsuclflg;gs have shown that reconbi nant and natural human

i nt er fadpehl{ 9 aboriciemNSHRRES, preferaty A0 mi pEUERESL i on
pat ! i3l dB L UBaR'S Al ProfidBrletorall BBOA" PR Fohr; and

used as a therapeutic proteih drug; a so-calle
bi ot o@bewl $500ntozabont mafl spdivm chloride.uprmefesably agout 6100 mg/L

mul ti '%éi &%r is, cancer, or viral diseases such as
e.g. g#@For epatitis Cvirus infections. Therefore,

t heflee ipsesenhdavention i ferthes skasefoon i develppmentt of a process for
B bR 106 OB R ot v s
dergegNiarcells progacipgisefaron ReENTI ON The present i nvention

i s ?Iﬁ%@%ré’,ni { he sdearel aBpEdt 1 iveRfiG GefitdsCto gﬂblé‘é.sggfor the
reconbl nant human interferon beta 1n a serumfreée

purfiediiamef recombinant human interferon from a fluid, comprising the steps of:

- Subjecting the fluid to affinity chromatography;

- Subjecting the eluate of the affinity chromatography to cation exchange

chromatography;

- Subjecting the eluate of the cation exchange chromatography to hydrophobic
chromatography by RP-HPLC.

Analysis of the interferon beta produced by the process of the invention revealed
that it is a composition of differentially glycosylated interferon beta, i.e. an interferon beta

having a unique glycosylation pattern or profile. Therefore, in a third aspect, the invention



Therefore, in a first aspect, the invention relates to
a process for the manufacturing of glycosyl ated
w0 ewom7oant, preferably human interferon-R CPOPEPBOFQS4220
a step of culturing an int eéferon-(B produci ng cel |
in a serumfree nedium the Serumfree nmedi um
conprising: - about 10 to about 30 nmM HEPES,
relafes:fter ap| ipteri@ron\vibeta HERESSItion agaruprisings ano olignsacctRrigs structure

: : mM of Proline; and - about
corﬁ’@%&d&\%ogﬁi&ﬁr%@%#%%ﬁé% 'um chl oride, preferably
aboUsessafttbe negombinant hurmeo fnterférde-f praodugedeaseending to the processes
of thQYrWéEh Vid &efMéﬁLF cgturkéao?%dmg cérngntqgryq% %gﬁﬂént%ff dtnors, multiple
ocess for purifying reco |nant I'n eron
sclerpalm \dral infeations, randauses ofither sefrursireetnell colture qugdium @f the invention
. . . ’ N
o RGeS R G s SIS DL
to a process for the purification of reconbi nant

hu BRI HESERIPON GPIRIE hARINERTPT ST ng the st eps

nity chromat ography;
FIG. 1Sshigwsa flewchenteof dhe methagf used domgerienating anhintenfgrangreid ipyoducing
to gatingn exchange chronatography; - Subjecti ng t he
el uate of the cation exchange chromat ogr aphy t
FIGh Prhops @flowcharsral the ery awificatign RPCMQﬂFMﬁ&IW& s of

FIG. IﬁestWsetrhfeeﬁé’ m%’ﬁ%ﬁsf&ﬁ%guéb%gtr?%f Fﬁi?ﬁplraoﬁﬁafes%?érgﬁ a schematic

ention revea IS a conposi t1on
di f frawing afahe gliggsgenderdes situcture isrshemworongepa, i.e. an

FId. 2 §HoWR RS EREMS traf@ibSd Spdtiiuft'sr IBNYE “?élﬁbt%ﬁ eQMbyRAL Wl brocess
fie ey IS

—or profile. erefore, Ina-t aspect
i nveherem V\D 2007/ 022799 PCT/ EP2005/ 054220 8 rel ates

to go ﬁ @n beta conposition conprising an
ollgogac érld structure conprising two or three

f ucbgseBratz fuzosylated biantennafy ¢ampleretyperbligesacchariden
i nt - ( s of
t neF i SRFledty Rt EEBRGRY ok e SabieRaRey (O
t heFgce Eetrant Frifucsylateddesantennary pbraples tiperatigosaccharidet
| nf§£\t-'s(fé] iadﬁd uses of the serumfree cell culture
dPum Bt e i nvention for the producti on of
FIG. ﬁtstnﬁverobgosaecrzandars&ucﬁturetshetFN}ﬁﬁI@ctNhemin t he present

i nvent T §&: THE DRAWNGS FIG 1
ovvgicl'éa P%V\% &Ehg éc 3 used for generating an
| nt erfldblealytmacablpnbdwym@euw Hexg. HexNAgyGuc) shows a

flowchard of. the new purification proces f IFN- R
-1a. !l Monosialyl biantennary (NeuAc.Hexs. ngNOAC4 I§uccs

Fig. 5 B shows the minor oligosaccharides, wherein:
I.Non sialylated biantennary (Hexs.HexNAc4.Fuc)

I.Mono and Disialylated triantennary structure or disialylated biantennary with
N-acetyl lactosamine repeat structure (NeuAco.Hex6.HexNAcs.Fuc)

lll. Trisialylated triantennary with N-acetyl lactosamine repeat structure or
Trisialylated tetrantennary structure (NeuAcs;.Hex;.HexNAcs.Fuc)

Fig. 5 C shows the minor oligosaccharides with two or three Fucose residues:
I.Monosialyl biantennary structure with two Fucose
(NeuAc.Hexs.HexNAc4.Fuc,)



FIG 3 shows the ES-MS transforned spectra of |FN-|

-la batches wherein a schematic draw ng of the
wo@bdogosaezhari des structure is shown on top. FPQ/EHR2005/054220

shows the ES-MS transforned gpectrum of IFN-I -1a

obt ai ned by the new process “wherein: P= protein

(IFFN-R); Fuc Biant = fucosyl ated bi antennary conpl ex

type dlDigielytetechbinnteanary strocture witht two Fugoseyl at ed

tri antQBNALYHS LA | i gosaccharide; Fuc
Tetrarst Qi&%co%lgt edé"t@jt%rz)gntennary conpl ex type
o: i gosmmwétge;bian&%narﬁsitmame Withftl?reEFC&:oéé V\;hows
ol i gosgccharjde structures in IFN-1 -1 a; erein:
Fig S?QGQ&ESRAEG’%@G’F%%U&‘{S’PX gosaccharides: 1.

FIGTESHEES BAL Y BREcERMsing Ak A s iR RO Aot dyoans.

Fig. 5 B shows the mnor oligosaccharides, wherein:

| SRTRIZDbESeR I ION SEAREINERITolex VA4, Fuc) -

di siThk firsi@epeds oihedesany inkprtien inbasest g1 thesovelopmeniof a process
for’ e .ocﬁchiHr?tdfr ﬁtéﬁ&%%é’%e?@%gre’éu%ll lculture conditions. In

LT th N-acety

Istalylated triantennary w

aceerdarneawithibherpsesent inyentian; theeprogesstipr theangnuiacering of glycosylated
. 3 7. Ve .
rodgfiith #Efirén Hold cobiiec! & 868 o (tlrife ¥ HHETEIR odla Broducing
cekincbserumefesgeguedium, thenseridnaifrge ypnediina so@prsing: st ruct ure
with . :
2007/ GG BRpPUIEEAN HERES; prefpholf o niW SENENCS:
bi ant @baalQ:S & akaut GmeMgrelinet prsferakiy gleout (1nalMaf prolipexand

Hex NAGHou 560D to! Ao 'ﬁbélrﬁzﬁlﬁg&ﬂurﬁicﬁmrﬁﬁpafe‘ferﬁf)lg%w 6100 mg/l
with three Fucose NeuAcZ. Hexb. HexNAc4. Fuca) FIG

sogiugyehlgridehe MALDI spectrum of the new I[FN-1 -la with
per 'Tﬂb@ékllﬂﬁ-ﬁ@e%é/d?@ﬂﬁna QET&%HTEEG%%@RH PT{EN 304 TH- 16, 17, 18,
I ect o

I NVENT The first as e present I nvention is

19a28d eh 2le T eldpnHRPESf E2-(r@JdERBROKYETHYS)-1-PIPERAZINYL)

TN ARG il b Bonp R 05641, 0001
1.4, @3, o, thel Brokebs 1.8r2thb %rﬂj%ﬂ;ﬂ%ﬁn@goi-?, 28,293, 31
midloY PRSTME at ed

Sodium chloride concentrations in the serum-free medium of the invention may
e.g. be about 5400, 5500, 5600, 5700, 5800, 5900, 6000, 6100, 6200, 6300, 6400, 6500,
6600, 6700, 6800, 6900, 7000, 7100 mg/L.

In a preferred embodiment, the serum-free medium further comprises about 10 to
about 20, preferably about 15 mg/L Phenol Red. The Phenol Red concentration may e.g.
be 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21 mg/L.

In the frame of the process of the present invention, the above-identified
components may be used in any suitable known serum-free medium. Examples of such

serum-free media are listed below:



reconbi nant interferon beta conprises a step of
culturing an interferon beta producing cell in a
wa edoanmeipee nedi um the serumfree nedi um conpPCHFEPDDS/054220
about 10 to about 30 mM HEPES, preferably 20 nmM of
HEPES; about 0.5 to about 3 proline, preferably
about 1 nmM of proline; and about 5500 to about 7000
ng/ | sodium chl ori de, preferably about 6100 ny/l
sodi um chl oride. The serumfree nedium may e. g.
cHgdiume 9o, 1Manufacturer 1@at.Ne. 15 16, 17, 18, 19,
20 or 21 nM of HEPES

EXcEfr 3d2 HYDROXYERHIYL) - 1- RIFHERAEOMYL) ETHANESULFONI C
ACID) buffer It may also e.g. conprise 0.4, 0.5, 0.6,

7 8 0.9, 1, 1, 1,2, 1.3..1.4, 1.5, 1.6, 1.7,
Exé:EL} 55 2 1JR‘2 2 2 W33B-1P00M 5 5 5 2 7 2.8,
2.9, 3, 3,1 mMof Proline. Sodiumchloride

CCRECDBat i ons iSigrhdie seromboee nedi um of the
invention may e.g. be about 5400, 5500, 5600, 5700,

g;?_%gm 0, 600 b6100 6 @3 00, 6400, 6500, 6600,
, 0, 690 %OO In a preferred
enbodi nent, the ser umfree medi um further conprises

CiiO8-SEN It 0 abdgibc®0, pr&I0S2{98y about 15 ng/ L Phenol
Red. The Phenol Red concentrati on may e.g. be 9, 10,

/3, 14, 16, , 19, 20, 21 ng/L. In
tJCf]1H }ﬁ“ams of thekg’r]ocessl%f the present invention, the
above-identified conponents @gﬁ)be used in any

sBra@#P & known CaEmasex f r e BREHY Exanpl es of such
serumfree nmedia are |listed bel ow WD 2007/022799

PSAEERB05/ 05433 1oddd MedgHgosdamuf act urer Cat. No.
EX- CELL 302 JRH 14312-1000M EX-CELL 325 JRH

OOM Sig 490 CHO |11 PFM G bco
sla‘égé 0@% gla%g%‘ngosz- 098 CHO DHFR
Sigma C 8862 ProCHO 5 Canbrex BE12-766Q SFMACHO

HYCOPBIGHGH3054 HyTCloneJl t r aSKBE220:01br ex 12- 724Q HyQ PF
CHO Hyd one SH30220. 01

HyQ SFX CHO HyClone SH30187.01
HyQ CDM4CHO HyClone SH30558.01
IS CHO-CD Irvine Scientific #91119

IS CHO-V Irvine Scientific #9197

The interferon beta producing cell that may be cultured in accordance with the
present invention may be any mammalian cell, including animal or human cells, such as
e.g. 3T3 cells, COS cells, human osteosarcoma cells, MRC-5 cells, BHK cells, VERO
cells, CHO cells, CHO-S cells, HEK 293 cells, HEK 293 cells, Normal Human fibroblast
cells, Stroma cells, Hepatocytes cells and PER.C6 cells that has been modified to
express, and preferably secrete interferon beta.

The cell to be used in the process of the invention is preferably an interferon beta
expressing CHO clone such as e.g. the cell line described by Reiser and Hauser (1987) or
the cells described by Innis and McCormick (1982).



HyQ SFX CHO Hyd one SH30187.01 HyQ CDWACHO HyC one

SH30558.01 IS CHO-CD Irvine Scientific #91119 1S
WERO702470%7i ne Scientific #9197 The interferon bet/aP2005/054220

producing cell that nay be cyltured in accordance with

the present invention nmay be any mammalian cell,

i ncl udi ng ani mal or human cells, such as e.g. 3T3

cel The tepDSinterfdren betateas vsadchearainc isnalsa eélled, IFNR®ta, or IFN-B, and

encifipaBes ThroEe Pt U5Eec iy, FHdeleE Sy ey gt rtrteron

betachl| 166 &nhmonacid gyceprokésp atithcy tnadeaddrl weightdoP&ppre&imately 22,500

I hat h bfied ,
calfa; Iph T SFBEEER, FBE BF bl 540 380 Fibrpagaes tnctons
derivativks, mutéies,paraiagss oo fragmenisnofdRiNHeta.i Bheptesineiirdérfgromreta 1 a”

[ pt e ) sing CHO cl one such as e.g. the
ref(lérgh 5'&?%%&%2‘@%”8@%%35Rei ser and Hauser (1987) or

t heThe bttivitd ef interdierdn tbetd may ©.qrbe Me&sured aking E0&RrenddOstandard

R [)B4220. "
calfrtdd SISt n bl il haBiRtion by il Lol S et Fsocond
IntdrivddioRal Stathdaesch farniptesters, i Hhinsarf Eibvoblasit GBd23 iI902d531).offhe unit is
peci pr.eferabl . | pterf )
exdiieedPRr nndtofal URsoNBY of AR B B8E My ofThErrep beta-ta
detegmpineck iimene iny vitrg, &gpathialeffents bioabsayt esing "W isHe rcklls @and Vesicular
Stog-fa iﬂgvi 2 used herein, also enconpasses functional
erlva{l\'/es, mut ei ns, anal ogs, or fragnents of

| FN-beta. The term"interferon beta 1 a" refers to
CofMerG07 Yol RPN LR G} Akt The acti vity of

inter eta nay €.4Q.

eron e neasured using a reference

MIdt andard |8alibrated gdg& nst the Wt8d Health |24

P
(¢

Oraant zat dl An nAt e Al Hnt orf aran holt A ot AnA~y A Saecnnd

A gormT o Hll o o ol L CT I CT-OIT T ST ool o gguullu

MCPnt ernati ¢ AI St andar 4IL4or i nterferon, Human

Fi brobl ast (B 23 902 531). The unit 1S expressed In
i ntgrnati pnal

Lunits éll% f. tiviral activity per..
of TURBPECOBATHIRE | 85 Uged P i dem (o 4RSS ifyention refer to
andiydsosrak Ribet fih @bichlineas :8ore b tHegardholdcriedekbiglué of natural IFN-beta
Vesi cu gr Stomatitis '%ﬂ rus. Conversign table for MU, .
arearﬁa'a_ pAifiepaqt BEYRP RPOPALS18 95 &lrigd. 10 A% P dngyg amino acid
residyes iarda@ded o ’EH@Jheﬂumf"seqmcdﬂﬁllﬂ-beta,tv?l&oﬁﬁﬁ?iméhih@ @onsiderably
present _inventjon, r r to anal ogs. | F eta, |
thel gty §h e PSSR RSPaHalR, a5 FoPRLed With db dlsyps IFR-beta. These
muteais gaié brdiyakest ébyd aslrnewhe@ymnssis byndlof fisy edite-dvetied aamt@benesis
r.ar r r r mn
tecﬁr?iatljeslfgfc’ényoothgr I?now% tgct:htar\(?dueosuitgag tr?erefgtr). €a 0 acl
The terms “variant” or “mutein” in accordance with the present invention include
proteins encoded by a nucleic acid, such as DNA or RNA, which hybridizes to DNA or
RNA encoding IFN-beta as disclosed e.g. in US 4,738,931 under stringent conditions. The
term "stringent conditions" refers to hybridization and subsequent washing conditions,
which those of ordinary skill in the art conventionally refer to as "stringent". See Ausubel
et al., Current Protocols in Molecular Biology, supra, Interscience, N.Y., §§6.3 and 6.4
(1987, 1992). Without limitation, examples of stringent conditions include washing
conditions 12-20°C below the calculated Tm of the hybrid under study in, e.g., 2 x SSC
and 0.5% SDS for 5 minutes, 2 x SSC and 0.1% SDS for 15 minutes; 0.1 x SSC and 0.5%
SDS at 37°C for 30-60 minutes and then, a 0.1 x SSC and 0.5% SDS at 68°C for 30-60

minutes. Those of ordinary skill in this art understand that stringency conditions also



resi dues are added to the natural sequence |FN beta,
W t hout di m ni shing considerably the activity of the
W0 e@alori7eg products as conpared with the w | d PEPEP2005/054220
| FN-beta. These nuteins are. prepared by known
synthesi s and/or by site-dirécted nutagenesis
t echni ques, or any other known techni que suitable
depemdr @t the lenigth ok thes DNAasequentes rolignalgatide probes (such as 10-40

bas%gg&r ARG é@g&écﬁ@e %’i&%‘%nﬁ MhikYE Plga'bgg ak Géésbd %I\iﬁ\pgerferable to use

rotel ns en nucl ei ¢ ac suc
tetramathyldmnoioniugrbehlerided IMAL) nsteast of SL0Y S‘aeo%muhgl sUabet a
(S
e onfe i et FoiptcPehlp tonweth (6 or 6t noRpeb A Equences or two
or mgter palynugteotide aﬁwemeseigtﬁarmnadatm:mpamgdhe semences In general,
e f | il t
ol Rrerd OR5 PR of RJRLHGS b, plclectd, B 'agino ecid o, amino acid
coraspamdencemf rtmntwwrpob'ou@e@ldea avwe dlSDIY@epiBleoSeanm [sespectively,
(1987, 1992). W t hout
ove{r;aﬁrr(iﬁl%gﬁ%?%ei(égugncgssq,ofhggétbﬁp% édnt condi tions include
\A/asﬁ¢rrﬂyquem|whem¢uﬁwelelsmab@|xew correspriidentartacde ientity” may be

det%lgﬁnéﬁ/.mni gteg%gprthéttg}éy cﬂﬁn e§ 19, %Dé rrﬁggfefagfé Qi ugﬁ'/é’dSBSglve a

magimunk cEBYationcbewesn tr@.qgen@fscThlg rma3oingloderinsertiag "gapp” in either

oné Ia?rboti‘?l sggﬁler?&e§ & g?rQ:e5%’e ééf ?&I i %B%QE?AG’Q identity may be

m nut es ose O nary s [
detaﬁdeecépuerdthehfmoI%terr\gﬂgehegchc@frtbetsegu@wcalsst@"mompared (so-called

gloggcgi/ﬁ@%%ﬁﬁgthgﬁy caraclfia gos'il“tgglg llgecﬂ.gﬂg @Set%gqjécﬁpgérp similar

sequences, |gonuc eot _ _
length, nooverasmsyr cﬂeflm&@@gtbﬁsu(g@naldﬂdelocalca#gpmebtésthau s more suitable
f c%ife‘ﬁ gd, it is preferable to use
orgé r?g% ammn m chl oride (TMAC) instead of SSC

SeeMAti@dbétpr compariag theliientityyandefidrealeay ef twel ert eriessrquences are
weI'Pﬁﬁ(YWr? heBrO IR 6 |H§5H&e§5 d#graﬁ LV R t@é W*Q@ons‘ﬂ{ Sequence

nor e ynuc ‘eot | de sequen eterm ned nmpari ng
Analysis i&ﬁf&m eversiom ngr(Bemreux iJdeinel.t §984f &rrsexannmeu the programs

BES¥EftarddUEAS %é}ﬂ Be thdqfécde?ﬂ@ rSthhQr% Ff@h b@ﬁkéénttﬁ?/o?ra)@ageotldes

acl correspondence of ucl eot 1 des
anchttiey peidentile and dbe: fic bemology wgweemew) polypeptide sequencgs.-BESTFIT

usé%fthéhﬁzcéleﬁ&ﬁ&ﬁﬁf géﬁiﬂm%?'@rﬁﬁr?g d Wéteﬁﬁ&%&!ﬁéﬁiaﬂ@%ﬁs the best

here 1's not ct correspon ence
singlg yedien otbiimiarity helween iywveg sequeares. {Qtben mggrgmd@rrdﬁ@rmmng identity

andlér &Hﬂ?ﬁ? Hitideh é’édg@ﬂé‘&#}r‘é Aby ﬁn&un FFPgie”é’r{” fSan%FJnéé ' BLAST

et ween the sequen I ncl ude inserti
famllgaa@i@rogramewmhul Dheet@, WQOhAmQubﬁ Fest alt %0 a@ma@elble through

t 0
theJB term r?gg tr‘r'o@:/gréla{ %Wm\;\ﬂtmb'ﬁ"é{r?‘ "?Wfa heac 15eﬁrsonw R, 1990)
segfiey sech yasiant oc owisin Qrpfqrgbiyd@slaewqtgn@mf amino acids sufficiently

duphhB Mak o ﬂﬁﬁﬁbethssmrés'tslﬁla@é Eé(bs’i?HtfaﬁBb%.ﬁmEP ctivity to IFN-beta. A

sequences O € Sane or very siIm
fungtinnet assay derfavakiatingwhether aryovariant @rdnufgmasa slgmmtl)nty as IFN-

bet%r@te %Sthgoés%ay? Uht&ikiRg theachRgUe nksifefin BRGA Fytopathic effect of
veS|cuIar stomatitis virus in WISH cells, e.g. described by Youcefi et al., 1985. Thus, it can
be determined whether any given mutein has substantially the same activity as IFN-beta
by means of routine experimentation.

Any such variant or mutein may have at least 40% identity or homology with the
sequence of IFN-beta as disclosed e.g. in US 4,738,931. More preferably, it has at least



Met hods for conparing the identity and honol ogy of two
or nore sequences are well known in the art. Thus for
w0 pavararey prograns avail able in the Wsconsi nPSEgPBn&es4220
Anal ysi s Package, version 9.1 (Devereux J et al.,
1984), for exanple the prograns BESTFIT and GAP, nay
be used to determne the %identity between two
50% oatyeast 66%:, atieast 216, atieast80%eart inpst pieferabihe aticash¥ % identity or
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scu tomat 1 tTs virus I n ,
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resjgues. d?rgtglrys anc mh’@msanrodtgagtby\mclz (glglp}tlgl;gsza'lg:gor insertions come within
the?ﬂ'&?gpﬁg(?f%e%?ﬂveﬂt%nw% at least 60% at |east 70%

nost preferably, at |east 90%
i delhxamplegfor nbmmlofgwqdnsumt@tlowum proteiits whighbearm be used for

obt%lny}n&@fhskzﬁ ntﬁ%gt By égémrtgé??‘%eﬁ‘c fnt)%ﬁtl?)‘ﬁ .Réu‘?&ee&ﬁcy known method

ntion, or nuc el C acl er ef or
steps, riuck asaressitesindd 3 pateats 995%6%5496&&15&&;%(% 8q3é46@ésto Mark et

al; gsnélé%ttbt}fﬁt ¢ B4 9&%?95’[0 RY 04 h?’é???(‘}“’lfq @Hoﬁ@%t al; and

e routine tal 'ned one O nary S
5,047,691 vtDtlkﬂﬂJlet @dem,d dMSp’@r Puhstituied @mtelbasmasemed e US patent No.

496@‘35&1&% gui dance presented herein. Preferred
han of nmuteins in accordance wth the present
i nvérﬁne@ﬁl &ind ofhiaterfeepne varizotuhas oeep ogesetibest regently. The so-called

“mﬁ%éﬁ'fﬂ%ﬁ%ﬁs” %%ﬁ%&dr&ﬁaé&%gﬁygﬁarﬁy bsit N RNS,013,253).

eta |a&g>pt synonynous am no
Conrgsinglés inferfaions mag ;bevmomeﬂao@rdlemtorth@lryﬁmtloy simlar

phy@uﬁ&ﬂﬁ?f‘@leﬁi@&n@é OmFN'b% A'@edSePSih b 8 n}%ﬁ\t/éﬁﬁﬁt%h may be

nbers o a%goup wi |l preserve the ogl cal
prepaned fioamthe functienahgrosips wbich @certaspide cmm)on the ressdues enthe N- or

C-terminal groups, by means known in the art, and are included in the invention as long as
they remain pharmaceutically acceptable, i.e., they do not destroy the biological activity of
the proteins as described above, i.e., the ability to bind the corresponding receptor and
initiate receptor signaling, and do not confer toxic properties on compositions containing it.
Derivatives may have chemical moieties, such as carbohydrate or phosphate residues,



that insertions and del etions of am no acids may al so

be nmade in the above-defined sequences w thout
wa@bdogneargo t heir function, particularly if the PCI/EP2005/054220
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acids, e.g., under thirty, and preferably under ten,
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Ivatives eta rein covers
be aitadhed o thedFINHietsh may be prepared fromthe functional

o oo : ; | dues o
o cOfer MR S i S or % ol Sl aices of
carbexy] gegwibs yerepetignudigilammaniasor wite primary as seapngarysamines, N-acyl
cokfleg ST oIRS Rt B8} Wi S5 BB i i ootis
(e.alichnoy eeatbedyslice arayl groupsher Qisicyi derivativesi ¢fdraenkydroxyl groups
(fo%wgfjbf'%gﬂ gPﬁPédNyl R8fued)Tormetf \giFH %cgf%%rties.

SI g 0 not “con er_tOXI_C 0] tires on
conpofsagment’saceondingi ta ithegpresent inventiopaelerscto amyypubsel of IFN-beta, that

s, § BRGNS Dol SIS pisaoe WRa A MORUES SR RgaRPRIC 0. in the
bioggsey idgeeribed civove. deragrments veayr eadilynke prapatgidonotsinying amino acids
frorft ith¥ Eﬁk()cf gf tl'%gﬁloﬂﬁt% &nd t@%\ﬁiigrtﬁéﬂ? SUtan gﬁtg%nﬁif?ﬁe%géré ¥ receptor

accepta rivatives of rnterteron _ _
aganjsh iybteasasforn remevipg lope anyjroaeid af|atinag fror iellker dheaNrigrminal or the C-

j ' ranR j el ;
et T BRI KRR g i o oo
biologicalragkivty, mpy Raletarminediscaiyn thertestrdeserihgd hycYaupefi gcal., 1985, and
; j anl L beta may be linked e.g. to
v g%y@ﬂ%@r%?%%@#%%@ﬂ PEGyl ati on may be carried out

by known net hods, described in WO 92/ 13095, for

exafip grocééh B?hltoitdﬁ&'io%rof nﬁé%rbﬁ ye%T érgéf%\gg@sﬁqgﬁﬁbé Barried out at

accordance wt e teaching o _
a cppsiant ternperalerei onal varyiog temperalures. thay engpriesearged out at 37 °C

over @RS WhBlREpBRAKR! Yt Ahy 85B& Ldtried out at a temperature that is initially, e.g.
during the growth phase, at 37 °C and then diminished to 35 °C, 33 °C or 30 °C for the
production phase.

In a preferred embodiment, the process of the invention comprises a growth phase
I, a growth phase Il and a production phase, wherein the growth phase | is carried out at



one or nore functional groups, which occur as one or

nore side chains on the amno acid residues. An
wepdodeatent in which the noiety is a pol yet hyl BEIEEP2005/054220
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t enwl@r%\pr@f%@bly Ithe dilytioa. rgte ip énceeased adthisuthe first 370 (o thegeweeks of

cellt@uﬁum& aR’i %élue o aBBM 1%)%92 %8& i} %k/?lge %\“E%&}t gflg \;Ivt 0 jper day,

enperature t s tnitial uring the

parpﬂd@ré'dtmngsrre prodn@thnrmnsw m ni shed to 35 C, 33 C or 30
Cf r [ r
C 18 St RS0 SRS, f BB A ), e ot 0 ar

suiigblswetvironameat, such @Sgli’@mmsfpﬂfsageﬂasks @n dolier raditase bub preferably in
; j S, carried out at WO
e Py oY S st R 0 et o 57°C, “the
gr oWhengheiselection is @ perfusien pracess. the syste®smay edhdet v stationary
pac%%&%‘éﬁtﬂl&ga&&aﬁ\ewhlﬁh cbify 5|‘eelq1n%btlllz b oﬁﬁp%hdzc’% ﬁers This system is

term nation of end of ases I'S
easyle opetal¢ aod wntbfappmnpt@rogmers §R<|'i r:ultune canditiansaery blgh CBE: density
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Gené id 9arrlg|r that map ha sised mm;coedagce with the presant IWQOH may e.g.

be Sk aﬁﬁ?ﬁ\ﬂlc}dﬁah%r ‘Fféeérﬁéﬂ YolRNRicids 87 UniBA! iy nfreff B grown in

or adapting the ce ovver tenperat ure.
suspensipm culidree Gells pgg capaple f aphedng apdyrropagating on the surface of

microcarriers. Typically, microcarriers consist of beads, the diameter of which is
comprised between 90 um and 300 um. Microcarriers can be made of various materials
that have proven successful for cell attachment and propagation such as, e.g., glass,
polystyrene, polyethylene, dextran, gelatin and cellulose. In addition, the surface of
microcarriers may be coated with a material promoting cell attachment and growth such
as, e.g.,, e.g., N,N-diethylaminoethyl, glass, collagen or recombinant proteins. Both



The process of the invention may be carried out as a
fed-batch or a perfusion process. In accordance wth
wo b@7peEsent i nvention, perfusion is preferredPCI/EP2005/054220
Preferably, the process is a perfusion process with a
dilution rate ranging from ®hout 1 to about 10,
preferably fromabout 1.5 to about 7 per day. The term
macipprpus @nd meneporoussmigedicariess de exisih Macedporeust surfapes give the cells
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elp riers consist of beads, the dianeter of which
prelg%ﬁ '@%ﬁ%ﬁ'sed bet ween 90 pm and 300 pm Mcrocarriers
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m cr oGar - - I -

cel | 39 Sufcing™ie iusie Hifihe iy ot alohon? 16 Taliod Gxchange
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In a preferred embodiment, the purification process of the invention further
comprises, before step (a), a step of clarifying the fluid by microfiltration.
In yet a further preferred embodiment, the purification process according further
comprising the steps of:

d) performing ultrafiltration and dialysis,



agitation and aeration in the bioreactor. A further
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A preferred embodiment of the present invention relates to a method for producing

recombinant human interferon-p in transfected cells capable of producing at least about
100000 IU of recombinant human interferon-B in specific cellular productivity (I1U/10°
cells/24 hours). Preferably, the cells are capable of producing at least about 200000 IU or
at least about 200000 IU or at least about 300000 1U or at least about 400000 U or at
least about 500000 IU or at least about 600000 U of recombinant human interferon beta
specific cellular productivity.

Preferably the interferon beta producing cell is a CHO cell which is transfected with
a nucleic acid construct comprising at least one promoter/enhancer element functionally

linked to the human IFN-B gene. More preferably, the at least one promoter/enhancer
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chromat ography, f) subjecting the eluate of the size
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triantennary structure or disialylated biantennary with N-acetyl lactosamine repeat
structures (NeuAc2.Hex6.HexNAc5.Fuc); trisialylated triantennary structure
(NeuAcs;.Hex6.HexNAcs.Fuc);, trisialylated triantennary  structure with  N-acetyl
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el ement functionally |inked g o the human I FN-1 gene.
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of eexIMEhtURith Wrd;rﬁﬁfacabsr\c}g@&etth@ w{vbht}idn ﬁbl‘n@ﬂﬁﬂg la@nirdstering to the
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eco%@ nt hu n interfer

PhasrpGRAE AT POREEL PRUTS A HUPPE ST IR PR of cstaty against

muRipleCéuterosie scomprises, as an active ingredient, an isolated, purified, recombinant
human interferon-f protein as described herein and a pharmaceutically acceptable carrier
for administration of the pharmaceutical composition.

In yet a further aspect of the present invention, the invention relates to an article of
manufacture comprising packaging material and a therapeutically effective amount of an
isolated, purified recombinant interferon-B protein, wherein the packaging material



preferred enbodi nent, the oligosaccharide structure
further conprises a disialyl biantennary
wo poo7iozrsy| at ed gl ycan ( Neu2Ac. Hex5. HexNAc4. FUBGI/EP1005/654220
further preferred enbodi nent,, the uni que gl ycosyl ation
pattern further conprises da non sialylated
bi ant ennary structure (Hex5.HexNAc4. Fuc); disialylated
comprisgataelabal 9r pagkage insertondidatingathgl ﬁleereccbmaina@tnmﬁnqn interferon-3
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i nvearnerally, thes nemenciatues ms_eddwewn angd |tfa¢ labaratery ppeastiutes utilized in

C S; t 0 . NS .
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cyans er aspect resent I nven
Prqtcmoé& @sMoI@cwlareB@@QyoVoiume@rlflHzrﬁmub@lt B. M echdE@R4aAusubel et al.,

CL)’?'f‘etrﬁ1 F%‘t%c&& &R Sliblebd¥e Eﬁdl&ﬁy ffl’(?]hnt b\ﬁlegaé;'gf Qﬁhé” §al9¢noﬁa Maryland

canent for treat

(19§a)f tHectaﬁl an Pr[ﬂctl%}il@l@:toewl@bpglaf Etoning’”, Jahin Wilma& Sons, New York
(19?@)f Wétﬁ&pét aIThRe%ﬁthAtq}ﬁﬁl %rc%%hﬁc ﬂméng’&\ §8$I§CF\§W York; Birren

roup COﬂSIStIn rel apsin non Slng
et alndedsirGenomeeAnalysis: Bl leabsacat@rfyoulaguan rigsf,uVelRedi-4, Cold Spring

Ha%PE%ﬁora{oR?PP&éEISEW%rK ﬁgg?m%tﬂem@%@@é@gg ?F foth %?g | 1%at. Nos.

a su In n Interteron

4,666,888.04 £83, 20214801, 5k 111 96-65% aneb BIATR057 a tolnBiology ! Ad.aboratory
Haﬁ&ootohe Voﬁlm%sef:ﬁl EAROPEN R (%?g'}‘g%’?réf%h hal(Gells - A Manual of

pr ot ei'n as descri ed hereln e treat nent
Basie Thohnions"ttyFieskusiye VBisyaiss. & <(3084)r Thisd FsiionDligonucieotide

SyftHedid "R &t, MBSl eerdof’fa 4F3Nu88|c§3@|oeﬁgﬁﬁilgaﬁlem Iﬂ&ﬁegré’tﬂ) and Higgins

consi stin of re non-re ear
S. dneds. (1983)i ol rensmpmrbenctTraqlslaéemdﬂame$3B @.hend i'mlnﬁeﬁtJ eds.

(198&) a'l\nﬁﬂél' CEH"@ult&éeﬁé%%Yrg1 a Bb”gm 6)a‘|hﬁﬁ<§b§ﬂzb886eus and

treatnent I1s an ant t'r eat In a
EnwmﬂRlePreﬁe(WG); eAtPraglicehGuige, to tMrtequiar riening! Perbalt Bs (1984)

and M&hods in Enzymology” Vol. 1-317, Academic Press; "PCR Protocols: A Guide To
Methods And Applications”, Academic Press, San Diego, CA (1990); Marshak et al.,
"Strategies for Protein Purification and Characterization - A Laboratory Course Manual"
CSHL Press (1996); all of which are incorporated by reference as if fully set forth herein.
Having now fully described this invention, it will be appreciated by those skilled in the
art that the same can be performed within a wide range of equivalent parameters,
concentrations and conditions without departing from the spirit and scope of the invention

and without undue experimentation.



phar maceuti cal conposition conprising, as an active
ingredient, an isolated, purified, reconbinant human
WO ndogntEpon- (3 conposition as descri bed herei nPEEPA05/054220
pharmaceutically acceptable, carrier for
adm ni stration of the pharndceutical conposition.
Preferably, the pharnmaceutical conposition having
ant YWhile, g inyentiont has, been dessribed iry connectiart wigh ﬁpeq@aem@dlments
t; S
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embedimentiah 1 Asgsephiaveritiopisiisrigsedstaiight or suggenled iy the relevant art.
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erein and the | aborator oce ures I ze
apnlln@tIOp rsush rapecifiy @mbpdlmanta; IV\(!iBQUtnmdQG ub@erimentalidne mntbamt departlng

frorﬂ‘ ﬁﬁaog r@r&gb&rﬂe ij tl’iee%‘?é%hf‘%ntlw ﬁe‘?@fﬁfé‘ WIRR - addtlions and

technfques are oroug 'y explained in the'literature.
mogiBeations are @i@i\d@cﬂ & be mithiacthe ameaningniange ofeuivalenis of {he disclosed

em{XtiiBns SHRRY iRy Ehclita apd qao prise b8 g R Bonderstoos

tha’ethe purggeryogypgrsmlno@gy dlerein is' (erthemurpqsgtqfagsgriptinn and not of

o c r¢n B S t
Im@%b@l %unc@ th?ﬂl%g&?ﬁmg @hﬁr \%fg@é fo ca %ﬁgﬁh étp@Bf iéation is to be
intexpreted (ydhe skited afgsan mdlght Wtheg;ea&hlmmgnd gwdanp.@rp(es.en.ted herein, in
oongl'}u?ﬁﬁ)w WM\@ alof one QR in t%\'ﬁ:t Scientific

00Ks, et (

Ameri can w Yor B| rren eds) "Cenone
Anal ysis: A Laborat ory l\/anual Series", Vols. 1-4, Cold
Spr poggbor Laboratory Press, New Yor k (1998);
met es as set forth in U S Pat. Nos.

4,666, 828; 4,683, 202; 4, 801 531; 5,192,659 and

3 , lzggAnﬁq_;E 4 Cel pREE} -e&kbw;fgv (CHO)

Ani Q;bQNEd?RQDUCJN@MFN-,BET{A AT HIGH LEVEL
This Example describes the generation of an interferon beta producing CHO clone.

The basic procedure, particularly with regard to the preparation of the expression
plasmid, is described in Mory et al. (1981).



Basi ¢ Techni que" by Freshney, Wley-Liss, N Y.

(1994), Third Edition; "digonucleotide Synthesis"
wW@E20007/022%9 J., ed. (1984); "Nucleic Acid Hybri dP@BEPDNS/054220

Hames, B. D., and Higgins J., eds. (1985);

"Transcription and Transl ati gn" Hanes, B. D., and

Hggins S. J., eds. (1984); "Animal Cell Culture"
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Sgr ég%tﬁlrcﬁgn oﬁﬂg E%Eegé%ﬁ E]nggi_' c%' r@ @qhé h@:fl{lzrs }é’h{j, E%J%DHFR genes

andAmekpressionveltier enfzningrbothathieqgenoivd RO0EM FARZ @6ding sequence

ancF {RU rﬁglis%oéﬁgﬁﬁglgtangel Xﬁ‘é l/v? tcghsscrdc%\ﬁ?%isoc% Qtﬂ?ctigﬁ%ﬂminated the
i'h \CONRACTT O WP h specific eRbodrment s
nectelselt)eof coittansiectiohef timel GHO dust tdelis with two separbleeplasmids, one
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sequeuemtaSMOWDIelga\fmn'gChernajgmkgmal 198ke princi pl es of
h d

ek U0 9l BShEne L CBRG Bob S i of e
IFNBB 34 TR endthuk iohtheHEN#Y polyadenyliatién telgioni nvent i on

per«mér §)§ r gegr %r} Vi ctcg'aé% éﬁ’eg er@Bﬁt% etﬂmtegor%gﬁpt%ﬁ\%‘a%/oﬁnlhanscnptlon units,
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IFI\E‘S Lcﬁlhigﬁeé ﬁéryc:%' npu@%%ﬂe dT?j{gfsb&{IyeS?I édeelﬂglﬁli%iféeqi?n, and a second
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erence nere I'NC figures
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car&ﬂf&é@b\%ﬁ I:b\éc{eﬁ]gleor@‘feé)fr & E:g%r? dzlarﬁélcﬁlmereg slfaﬁ{:?eggr?es

Pences i rein are
ent Theestyudture of ther expesbston veetoe Maaclenfldaetb)enestmhon mak roalysis and

o B 3585 OB ARaka AR S4Bt 0 copec secuenc
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suggest ed in the relevant art. The foregoing
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I
B
DHERe(dihydroflatecteddctage)t arﬂivitymwwusedafastthe host eelenbescell line was
isofatdd® Froltf 1R NEHOLRANLAY iHE dd oty oPSiinBY9#8do T4l YRAkk CY8es) by

mutagenesis with ethyl methanesulfate followed by gamma irradiation. DHFR deficient

mutants were selected by exposure to high specific activity [°H] - deoxyuridine (Urlaub
and Chasin, 1980).



appl i cation such specific enbodi nents, w thout undue

experinmentation, wthout departing fromthe general
w@eoncem79nf the present invention. Therefore, BCITEP2005/054220

adaptations and nodificati oﬂ;’. are intended to be

wi t hi n the meani ng range of ‘équi val ents of the

di scl osed enbodi nents, based on the teaching and

gui belhdeficienk matantsireqeire glycingt hypoxathine anddeymidingdor growth. The
cerltAtrolb NGF PWF@&Sﬁ'Pltr‘E@% Rhedi€"dP M%@%c[&ﬁ??écﬂréoﬁs,ftgg%thgﬁ with the
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o iy S 03 4 e Sl BN Eop S e
corceaikgtioPRODMINXNE sl NN BETRAfigatiopliofthel BNVER gemt iagd thenagsiogiated DNA
(Ka%rﬁﬁ% IPaSs @:ﬂg 9?8’2?4%‘ $ﬁm%£ g%? é'l ”f@t%éergLE'F bffofecular Cloning : A

clng
laberatary mﬁnaal old $pringsidanbar tabqrateryp?r@par%nld Snriog Harhor, New York,
19@{pre55| on plasmd, is described in My et al.
981 WO 2007/ 022799 PCT/ EP2005/ 054220 22 An
ovaenefWim\/ofrtheh@_grocess of generating the clone is
depAS tffline i glﬁ dePONERRt, Bplif% d&lb%ﬂ}kﬁ-ﬁ) cells were
| roma

human 1 nterfero |ng reg?on was | sol ate

transienied bydhe paleive pfmsab@tedueqzlplgaélnomr@cegm (GrehamyFL and Van Der
t t it .
=BPYE BN o018 bl 16 BBl CARBIATLER PP cod
sequedte @nd sthe uelaUERamarlqeh@en@w@crquRa@;eﬁe Tasamplify the transfected
I I t

gerﬁi ir%']%gt?ﬁ o Pr@ggve?@‘g#%ﬁttéggcﬁe 2 n@?ét?otﬁég%@g treﬁﬁﬁfﬁ' TH cldriks were
isolatedrafter Mdag selgativ) , and cloning, a cell producing

| FNrfaRsibgtigt hi gh levels was isolated. The cells were

subjected to enot ypi ¢ and phenotypic
chafhe t&Q LMk deficintsealluting kot BﬂheNa;»(pulég@,d dm Ham's Nutrient

Mimrem%_ug@mh@a withe10% FBs! a ﬁggtc#,% FR genes An

expr essi vector contalnin genonlc human 5
| FNI'he dleviibefpre etcansfastion,athe ¢HE RYiXeB THESlls weres seerssl at 5x10

cel@fé”@m‘;}ﬁéte.‘:g?lsbr- PNAC Eo- F@Hpﬁa@@ﬂ?&r&%&ﬂ@%} %g rﬂ?xl?@ttﬁg VeBfor DNA,

neces |ty CO- trans ection o
dissaivas inv45 aplcaf 0| Taisrti@spH drd 0.& MrERTAgwittn8.05AR: bf a 2.5M

C Rifors€quence and the second conprising the nouse
a%@_lgg %e uence, as known e.g. from Chernaj ovsky et

al . Nemgeﬁ miTefe289xpMeNaiHiiOw BB oW HITRESIPh hid waseaddeni-with gentle
sha‘iﬁ%sgg? %ﬁﬂgﬁ?@& ‘0@3% 3‘bp 3plad Bnutd B rodm %ﬁnp@%‘ure to allow

[ation regi on
pregipjiations ABier actshng)ﬂwecﬁa %DNA\IE@ ithe @mIStfw&(brrm%ea; Srmlpfraell culture

mebiifh WeRNSEdeddPthe WHIS Feturned to the incubator for 4 hours. Thereafter, the
medium was removed and the cells osmotically shocked with 10% glycerol in medium, for

4 minutes. The cells were then trypsinized and subcultured at 1:4 to 1:10 split ratio in
selective medium consisting of Dulbecco's Modified Eagles Medium (DMEM) lacking
thymidine but supplemented with 150 pg/ml proline and 10% dialyzed FBS. The cultures
were kept at 37°C and 8% CO, and the selective medium was changed every 3-4 days.



a first IFN-lI transcription unit conposed of the SVv40
pronot er/ enhancer, the human |FN-|I codi ng sequence
wa@pah7okgosV40 T Ag early pol yadenyl ation regi oPCT/BPINOR054220
second DHFR transcription Lﬂlt conposed of the SVv40
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Cells from the interferon producing clone were seeded in TC80 flasks (2 x 106
cells/flask) in 30 ml growth medium (either DMEM and FBS, or serum-free medium).
When initial confluency was reached, as determined by microscopic examination, the
growth medium was replaced with 20 ml of fresh medium and the cultures incubated at
about 32°C for 24 hours. Samples of the culture medium were obtained from each flask.
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Complete sequence data were obtained for the protein-coding region of the hIFN-

gene; all nucleotides were read on two or more electropherograms (data not shown).
When the sequences were compared to the expression vector, no differences were found
(data not shown).

Conclusions

The sequencing data demonstrate that the hIFN-B gene integrated into cells of
genome of the clone is correctly transcribed into hIFN-B mRNA.

Determination of gene copy number

The gene copy number was determined by Southern blot analysis of BamHI
digests.
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Autoradiographs were photographed to provide a record of the results (data not shown).

Results

Size determinations of fragments generated for the interferon beta producing cells
of the clone were compiled for all digests.

Enzyme digestion of the DNA extracted from the interferon beta producing cell line
resulted in the production of prominent bands that matched those predicted from the
expression vector for the BamHlI, Bgll, Dral and Hincll digests. A very faint band (~1.77
kb) was observed with the Bgll-digested genomic DNAs, most likely a result of incomplete
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Results and conclusions

One major IFN-B mRNA species was observed for the cells. The mRNA size was
estimated to be 0.9 kb mRNA. This size correlates well to an mRNA starting at the SV40
transcription initiation site and resulting in a transcript of about 800 nucleotides without
considering the polyA tail.

General conclusions and summary

The phenotypic and genotypic studies on the interferon beta producing cells
confirmed the identity and consistency of the cells.

The chromosomal integration of the hIFN- gene into the CHO cells genome was
demonstrated by in-situ hybridization studies.
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genbife hIFN- R cDNAs prepared from the cells' mRNAs were sequenced and the
results showed that for the cells, the hIFN-B gene sequence was 100% identical to the
expected sequences. Thus, the hIFN-R gene is correctly transcribed into mRNA.

The genomic DNA sequence of the 5' and 3' regions flanking the hIFN-R gene was
determined for the cells of the clone and found to be 100% identical to the corresponding
sequences of expression vector and the published sequence of the hIFN-B gene.

The single chromosomal integration of the hIFN-3 gene was also demonstrated by

fluorescent in-situ hybridization (FISH, results not shown).
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800 nukherot Reés wi t hout condimEki ng t he pol yA tail.
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genoty Fe—stuthes—oen—theitnterrefor—beta Pt oduet a1
cells confirmed the identity and consi stency of the
cel 8&x 10heclis wereresedeal in thet Z5ir bidrieactonthighseeding- | gene

T e K L
PCT/ ER2grofttO pHas20l at23r °Cofuptir weriimgodayr 2 st wodtingpday 4 or when the

endonucl mappi uences and nRNA

anal y ScB8s EaTRRRRR IR IGRET Hop 22 0 B E oL "D

r eas r angrewthndhasel g0 857C (until working day 7 or when GCR38 0+0.5g.L™".d")
- a production phase at 33°C

This temperature strategy resulted in a productivity around 6.0 x 10° 1U /ml bio per
day. This productivity is about five times higher than the productivity of the clone
described in the literature (Chernajovsky et al., 1984) in serum-containing medium.

It was further tested whether addition of N-Actey-Cyteine (NAC) alone or in
combination with Zinc (NAC+Zn) had a beneficial effect on productivity. Addition of NAC
or NAC + Zn increased the productivity to around 12 x 10° IU /ml bio per day at the end of
the run.

A 66% lower seeding cell density (1.3.10° cells) was also tested in order to
evaluate its impact on growth phase duration, metabolism and productivity.
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cl one desmgebmdniraﬂﬁditbnl iterature (Chernaj ovsky et

al ., 198 B her n I ot a one
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significantly enriched. Before the eluate was loaded on to the next column ultrafiltration

was performed to reduce the solution volume and exclude low molecular weight material.
To obtain highly purified IFN-B-1a three main types of column-based protein

separations have been chosen. lon-exchange chromatography on CM-sepharose FF resin

removes nucleic acid and FBS/CHO derived proteins. Reverse phase HPLC reduced
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I ase | at 37C
A R P S L A L e S
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when 8.00.5 g. IRundl 1) - 3 pRuA@ction phase at
33C hﬁgnggmé@turgﬁtrat egy resyyted in a

a0 1

pr oductTvit aroung— o, U X 1TUO | 71T 0T O Pet day.

Thi s |pModesialyated i|J0%bout five [2206s hi gher tlhan the
produlcbi Véél}’la@zfd the ggbone describgg in the literature
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(Ch ([1d] UVORY al .y 1I05) I I Sl Ullr LaUIIl al III I g

medi unTrl-ISlal}«iaisdf ur t{ 128f t est ed whelbfer additi on of
N- Actey- Cyteine (NAC) alone or in conbination with

Zi né%sémﬁ) gg?ﬁo%@@‘i\fﬂg'\%lse”e“ on productivity.
Add creased the

pr ouotderi toy furthesir anatyizel 2FX-R1 06 dbtained flwino ther nelaypratess, the

eg{A}&g%ngf t‘ﬁg eqr{)ljag?ﬁ \R/\'/ag']sg %ﬂ% Sf}gff eég ggéwo%%gd%]s%n?%,lglﬁ%gﬁét'éx proteins

often occur as a mixture of different glycoforms, or proteins having different saccharide

structures in their glycosylation. Various techniques were used to analyze these
glycoforms, as described in greater detail below, including electrospray mass
spectroscopy, FAB-MS, MALDI-MS, tandem mass spectroscopy (MS/MS) and GC-MS
(linkage studies). These different techniques all showed that of the different saccharide
structures studied, one such structure was newly present in the IFN-3-1a obtained from
the clone.

Glycoform distribution determination by Electrospray Mass Spectroscopy

Method
IFN-B-1a bulk samples of interferon beta obtained by the clone using electrospray mass
spectrometry (ES-MS). The method is e.g. described by Fenn, et al., (1989).

MS/MS of glycans. This technique permitted rapid monitoring of the glycoform

distribution of the bulk samples at the molecular mass level. This method is e.g. described
by Domon, B. and Costello, CE (1988).
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tration n exc
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The f]
o GUAL AT, PUES NSl o ES ARSI s o1
der¥et Srore e &reR Hetd-bblalBedty-the. né&h'pfdbe@@sl' Hl@@lﬂf&ioﬂh can also be
purification stage. The anount of st cell

definied @sibipnt %@%9'Vcaé‘sw'ﬁ5?\§ia'f/'r leis 3 0tk %fﬂe@ﬂﬁo'té@PP'g %a[hoted that the
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cen@,qbumﬁmhdst n9d9; |Ijéll%fntj%rn§\%0ﬂ>)9rf0r”9d to reduce the
sol ution volune and excl ude | ow nol ecul ar wei

mat BPetaer mingr gyeeferm sertsred #d mPP'éH‘Q'QﬂQﬁ(f aveigh Si’t"ﬁ”‘@é’f 22670 Da
+ (TR, Witheavethge Anmbiit RASLH & 8l @lydoforms and attributed to a disialyl

biantennary trifucosylated glycan (NeusAc.Hexs.HexNAc4.Fucs) was detected by ES-MS

in the IFN-B-1a batches from interferon beta obtained by the new process, independently
of the production scale. The average amount of this minor glycoform is of 4%, with a SD
of 0.90.

Conclusions

The glycoform pattern of IFN-R-1a derived from interferon beta obtained by the
new process was analyzed by ES-MS.

The minor signals, attributed to difucosylated glycans, found by ES-MS in IFN-B3-
1a from interferon beta obtained by the new process, were detected by MALDI-MS. One
additional minor glycoform (average of 4% of total glycoforms), attributed to a
trifucosylated structure, was detected by ES-MS in the product from interferon beta
obtained by the new process as well.
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m xture of different glycoforns, or proteins having

di f t saccharide structures in their

gl ycosyl'ati on. Various techniques were used to anal yze

t heTlee trgpticalyf deaved peptideeglgcopeptide mixdure ditoer thedEldid-1a was treated
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gl yMaLBI- nidsssspecitdmetnuwap penfioriieechsreag. dbsoribad: iy Hilenkaimp, et al.,
he gl ycoform distribution of the bulk sanples at the

5l ecul ar mass level. This nethod is e.g. described
Nanospray-mass spectrometry was performed as described e.g. by Wilm and

Mann 1996.
The remainder of permethylated oligosaccharides were used for linkage analysis

1991

by gas liquid chromatography / mass Spectrometry (GC/MS)-following derivatization, as
described e.g. by Gray, 1990.

Finally, in order to observe the peptide containing the Asn 80 potential
glycosylation site, the tryptic peptides were digested with peptide N-glycosidase F and
purified by Sep-pak. The propanal fractions (20%-40%) of the Sep-pak were sub-digested
with chymotrypsin and analysed by FAB/MS.
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glycoformis of 4% with a SD of 0.90. Conclusions
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pr o@gert afsboBbsatied fierthe thftifes derived from the interferon beta
obtained by the process according to the invention, but were absent in
reference IFN-B-1a
¢ Minor amount of N-glycolylneuraminic acid as part of the sialic acids of the
glycans.
The relative abundance of N-glycolylneuraminic acid was calculated from the peak
heights of signals in the permethylated N-linked glycan FAB and MALDI-TOF data.
As expected the IFN-B-1a glycoforms contain mainly N-Acetylneuraminic acid like
most human glycoproteins.
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( GOLNEge analysid GCadS vat i zation, as described e.qg.
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Linkage analysis results of all samples were essentially the same, showing the

ive ion
ragment ions

presence of 4-linked N-acetylglucosamine (4-GIcNAc), 4,6-linked N-Acetylglucosamine
(4,6-Glc-NAc), 3,6-linked Mannose (3,6-Man), 2-linked Mannose (2-Man), terminal
Galactose (t-Gal), 3-linked Galactose (3-Gal) and terminal Fucose (t-Fuc), strongly
supporting the FAB-MS data. 2,6-linked Mannose was also observed as a minor
component in all samples, indicating the presence of some triantennary structures. The
postulated major oligosaccharides structures observed in IFN-B-1a bulk samples are
presented in Figure 5.

These data suggest that the main carbohydrate moiety is a core fucosylated

biantennary structure with one and two sialic acid residues.
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bat ches derived fromthe interferon beta obtained by
the process according to the invention, but were
absent in reference IFN-I -1a M nor anount of

N-gl ycol yl neuram nic acid as part of the sialic acids
of the glycans. The relative abundance of

N-gl ycol yl neuram nic acid was cal cul ated fromthe peak
hei ghts of signals in the pernethylated NI|inked

gl ycan FAB and MALDI - TOF data. As expected the | FN-|
-la gl ycofornms contain mainly N Acetyl neuram nic acid
i ke nost human gl ycoproteins. WO 2007/ 022799

PCT/ EP2005/ 054220 36



Nanospray MS/MS In order to further confirmthe
structures of the trace anmounts of N-Iinked nulti-

wo pamomsyd7as ed ol i gosaccharide structures, MS/ MSpemab3e5/e54220
was carried out on the perngthylated oligosaccharides
of signals at mz 919, 1040 and 1098 which are
consistent with the triply charged ions ([ Mt3H 3+) for

Si gr?aimﬁ AR rtew Attribution by M6/ M5 (mz) process

919 robNgt- \ser*verd* NetAc: Hex5:Hex ;\\\qﬂ‘;fgcﬁ 1040+
NeuAc2. HEX5. HexNAC4. Fuc2 1098 +
NeuAcZ“H@KS HexNAc4. Fuc3 *A corrasymndl ng S|gnal was
howe: bser*veel -by-MALDH - H-nkage, a..v_\“.\x\;ySi s-by-CCHVB
Cony %% chir omat ograms vere obt al he‘d for all t est ed
bat ¢ strominterferon

prog \
deri vat F*il'ng reacents GC reten:*r*bn“‘f‘lm“e conrparl son
Wt *st*andard m xt ure ofepantdabdwamethylatied
al dit tol & aaet&te:s run.under..the. sane C:'C«-GGRGI ti.ons
al | owed*proviisi onal assi gnme‘ht*s“ he's
contral nikAy DéaRS “Linkage anal y8i-gihe
sanples were essentially the sane, . sho\ X
presenc®¥sf 4-1inked N acet i *g%u‘%ia‘sﬁm\r%-‘%&-*(] cNAc) ,
4, 6.1 WAcetylglucosamne (4, 6-d c-NAC),
3, 6- gg%}?ggigannosz ?3 6-Man), 2- I(i nked I\/hnnoée
(2- Man),@t\erm nal Galactose (t-Gl), 3- Iinked

Gal & se—{-3=Gah)y—and-term-nat Fugg\se“ L Fuc);

strg ”“"“;upiportl ng the FAB-MB &a”t a. 2.6-1inked
Mannose:was al so observed as:almimor: Fac@kﬁg&nént in all
sampl-e: +~.ndhcat +hg-the-preseng ] rhantennary-—

SRR
§ £

stryctares: The postul at ed iajo gosacchari des
structgress observed in | FNidoxc sla\\bui lgnsaml\es are
pr e<entmed in Figure.5.. These dat 3 sugg hat ~h
mai § caPbohydrate m)i\éi*ii“ﬁ §\\§i\ébr% XL
bi ant enpary s

resiidues. WD

ma
Wina Nevdo HexoHexNAco Bue (0 tvpe ond
JusL R Neudos Hexs HoxNAc Fue IMeNal tundermet




N- glycosylation site by FAB-MS of the chynotryptic

digests For all IFN-1 -1a batches tested a m nor
we-2B70R79% gnal was observed which was assi gnepiCT/@P10h&054220

sodi at ed peptide residues 8 -988 (DDE.T.I.V.ENL.L +

Nat+) with Asn-80 converted To Aspartic acid follow ng

rel ease of the carbohydrate with peptide N

gl ycosi dase F. This experiment provides supporting

evid |

F| gu 3 it ST O R A 3 1€ s o] = S
accor di L0 tihe presen ‘ As th
trif &co;%ﬁéﬁs‘t r uct ure, NeuR@& H@X
t he | ted spectra
new pr ogess: fa
N- gl yc@s\ dase-F-di-gesti-

Hag HexNA

2007/ 022799 PCT/ EP2005/ os‘ﬁéz\@
----- L3NG - T Nenaes NenCHE TN TICORCE USE QRS N
MALDI - M5 and FAR- I\/R anal vqn s of the pernethylated
N-gl ycam¥tof [IFN-1 -1a bultk: \xsﬁﬁplﬁés’\e\bt am’é\éﬁ‘w the
showed the f ijﬁlﬁq\\m Qg\ CEQ X

\\\Sv\t r\\\\\\\\\\\\\\\\\\\\\m\\\\\\\\\\\&\\m\\\(‘l\\\t\\%Q\Q§\¥\ g\ 5 V\Er e
not observed): Major glycoforms: Monosialylated

bi ant ennary structure (NeuAc Hex5. HexNAc4. Fuc)

D sgahdiligdd bi antennary st ructure (NeuAc?2

Hex5. HexNAC4. Fucé M nor %/coforrrs Non si al yl at ed

bi aMBCRRIS arst FAGMS analyiis of thesoarmethiates! N-alycans SHIFN-8-1a bulk

samples obtained by the new process showed the following core-fucosylated

carbohydrate structures (non-fucosylated glycans were not observed):
Maijor glycoforms:

¢ Monosialylated biantennary structure (NeuAc Hexs.HexNAc4.Fuc)
¢ Disialylated biantennary structure (NeuAco Hexs.HexNAc4.Fuc)

Minor glycoforms:

¢ Non sialylated biantennary structure (Hexs.HexNAc4.Fuc)

¢ Disialylated triantennary structure or disialylated biantennary with N-acetyl
lactosamine repeat structures (NeuAco.Hexs.HexNAcs.Fuc)

¢ Trisialylated triantennary structure (NeuAcs.Hexs.HexNAcs.Fuc)

o Trisialylated triantennary with N-acetyl lactosamine repeat structures or
trisialylated tetrantennary structures (NeuAcs;.Hex;.HexNAcs.Fuc)

¢ Disialylated and monosialylated biantennary structure with two fucose units
(NeuAc.Hexs.HexNAc4.Fuc, and NeuAco.Hexs.HexNAcy.Fuc,)

¢ Disialylated biantennary structure with three fucose units
(NeuAcy.Hexg.HexNAcy.Fuc;)



Disialylated triantennary structure or disialylated
bi antennary with N-acetyl |actosam ne repeat

wa@ eoaorarpes ( NeuAc2. Hex6. HexNAc5. Fuc)  Tri si al p¢ BERD05/054220
triantennary structure (NeuAg3. Hex6. HexNAc5. Fuc)
Trisialylated triantennary with N-acetyl | actosam ne
repeat structures or trisialylated tetrantennary
structures (NeuAc3. Hex7. HexNAc6. Fuc) Disialylated and

oGS E AN BT bt d6deen o e

levele (phdYeuAsp HHagHexNACEIre2) olibbsacehatidascin @i aamplenavhjle traces of

St rugt ur ifth three fucose units . 2. Hexb.
Neyhdaliith oA b SHere Sosnel it DT ianoe agoess of the
pre QLAY M5/ M5 of the pernethylated glycans confirned
the detection of trace |evels of
Ne uldokagee rBalyges\pefirrad the | 4xgected onandsaeeharides|detected with the
FAﬁﬂ\ﬁ@HSt%. while traces of NeuAc2. Hex5. HexNAc4. Fuc3 were
observed only in IFN-I -1a fromthe process of the
pr eEieally, imtherlENdw1a pragiugebtained froesthe memi praegsst e detailed FAB-

MSCHREFIE TP IPRC AR ch R SERETamietodine PRESHR, afpvotvoan

linkege ahAsn-BP.ocess, the detailed FAB- M5 anal ysis of the

Crypid ) . e

o L258 Flf] RGN iy @8t A oo o o e
heigitia ofigigaals it thaipgrmyetbylated Nilinked glycan £AB angdsMAbPEMBtatai

fro ) i . . i L. . | it .

. PTG NeaBRau B o g POt W B 570 i o
sample candy sygaesk atid1 Acefdthr- galigcasiq lin dirEieplyineueaminic acid. These
resgl?é th%ewaégr (Znt]wlg'u Iélgulﬁ I(%%elgg%;y@gagtaﬁﬂé&QSISﬁathfé?huErﬁﬁéZ%terferon

Sltall C acCl euram ni ¢ aci d.

producad by hwmani fibrablesiendst expectedsthai IFBFR-Maalyasfqramsogontain mainly
- | £ar. I ' on produced by
M it S e SN e

gl ycofornms contain mainly N-acetylneuramnic acid

i ke nost human gl ycoproteins. WO 2007/ 022799
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beta, conprising a step of culturing a human
interferon beta producing cell in a serumfree
woredi7om79¢ he serum free nedi um conpri sing: - abOIEPH05/054220
to about 30 nmM HEPES, pr efer&bl y 20 mM of HEPES; -
about 0.5 to about 3 mM Proli'ne, preferably about 1 nmM
of Proline; and - about 5500 to about 7000 ngy/L sodi um
chl oride, preferably about 6100 ng/L sodium chloride.
cLAmg he process according to claims 1 or 2, the
—serumfree nediumfurther conprising about 10 to
about 20 ng/L Phenol Red, preferably about 15 ny/L
he : T : C ' t : :
o enpRES fon i RarBloRRD, A GRERR RoBMbind Hifian interforon
gr obeth, pemprising astep af pulbidog ta bumanm inferferamdeta produeing cell in a
gro qﬁ@s,ﬁ-'s =], : 37 C, the
gr o%érEmp asee*ll'"lnf tsh%gs;eﬂrﬁgr egﬁdlﬁ cg@gﬁ%m 5 C, and the
pr oduct i @arpybAB seabaeut 3@mM &tERRS, pseferably 20 B8 af HEPES he

process é‘tﬁdéﬂgﬁi {8%bbat SN P{?g%‘f‘%l&‘%ﬁa% r'ﬂb%t‘f'nﬂ\i/lt%ﬁpg)nne; and

wherein t rocess 1s a _ ocess W
di | ut i-onabout $5PArigiabgut r¥o0A agdutsodiumochibrde, preferably about 6100

preferably, ?gm, o 1.5 to about 7 per day. 5. The
process a {:ongi nget gﬁ%'ai m 4, wherein the dilution

rate is increased within the first two to three weeks

: ind tial .
2. ¥ prodkls S8 Glmis™ o Sl Syt o GBI frthét omprising
pr oakatk 10 ¢ abaws 20 umd/k Pbandl diedopreferabliriabeitritd maftdthenol Red.
interferon beta froma fluid, preferably a cell
cul ture supernatant, conprising the steps of: a)
Subj ke pioggse areofding t any cffthe piecgdipg clairas, agmppRipg agrowth phase

Do LI, ikt 8 40 £pBhull Mok ik g RAM ALY carec
ﬁl gmteatcﬁpwh 87 C& it geovdh anhgee dlhlscﬁ;ﬁltcl:eﬁg s\%tpgﬁé%bﬁlé ;g;;é and the
P&é@gg%?gﬁaé%%oﬁ}%@ %¥'ﬁ£6ﬁé rgggg'ss éc cording to

claim®6, conprising, before step (a), clarifying the

fal uyhl Faéegé%écﬁ‘&lhﬂrt‘o afly of e Pfe%&&ﬁ% RO Wh Qinttg process is a
clalmgor , turther c%nprls ng t steps of: ?
per perfusiangpracassafith a diutioo matgrranginglfrpai @hout ) te abpwicho; prgferably

t hefrgrh%!b}ﬂétafﬁé& g?ogjﬁz)egg%_usi on chromat ography, f)

subjecting t uat he size excl usion
chr omat ogr aphy to

5. The process according to claim 4, wherein the dilution rate is increased within the
first two to three weeks of cell culture from an initial value of about 1 to 2 per day
to a value of about 7 to 10 per day.

6. A process for the purification of recombinant human interferon beta from a fluid,
preferably a cell culture supernatant, comprising the steps of:
a) Subjecting the fluid to affinity chromatography;
b) Subjecting the eluate of the affinity chromatography to cation exchange
chromatography;
c) Subjecting the eluate of the cation exchange chromatography to
hydrophobic chromatography by RP-HPLC.



mcrofiltration. 9. The process according to any of
clains 6 to 8 wherein step (a) is carried out on
w@bkae/oBgphar ose and step (b) is carried out ONPCT/EP2005/054220

Car boxynet hyl Sepharose. 10. 44 process according to
any of clainms 1 to 5, followed by a process according
to any of clains 6to 9. 11. A process according to
dl aThe p®cess actosding dorplaing ibn gompeising, diefare stepr @) elarifisigg the fluid
thebyﬁ’lHEﬂJH ed interferon beta into a pharmaceuti cal
conposition, optionally together with a
phar maceut i caI |y acceptable carrier. 12. A

y t jcon,
& 68 ioPhRLadoBRATO1RTh 6 2kl Lol R dr
pr ecedl) nperfdraiingaultraftrativh@ndsialysissr on bet a conposi tion
accor gjn : hari de
struct(:z’I L)Jr(%u &h%?&s&?}'é a\/’fg%gg% E#%ﬁgslcﬁﬂ%hggébggﬁ%ﬁ tides.
14. THE subjegtihgr dhe beltuatec oafpolbiet isize aexausitmgchromatagranhy to
12 or 13,iik&lon said ol igosaccharide structure
conpri ses a disralyl biantennary trifucosyl ated glycan
(Neu2Ac. Hex5. HexNAc4. Fuc3). 15. The interferon beta

| . .

?Sr?ﬁée Pch@Qs Qg&%lggﬂgaﬁypoﬁa)ﬁm%f 6 @t ﬁe%g‘ll %tg;\)m%af} s carried out on

one or nore o

ol i Boiefspharose @nd stepdblis ggrried ont o GagioxyyethyeBepharose.

bi ant ennary structure (Hex5.HexNAc4.Fuc); - a

disialylated triantennary structure or disialylated
HilaAtpspgess \acapndingNo anyeafydlaima ch osarfolfewadebieatprocess according to

st r c2. Hex6. HexNAc5. Fuc); WD 2007/ 022799
%@P@%@T%?}g 0O 45 - a trisialylated triantennary
truct ure (NeuAc3. Hex6. HexNAc5. Fuc); - tri si al yl at ed
tqlqi r h
r1 e‘lbggrs&i%@ é’ccﬁ” fouEISmY"Hb ft.{Hh?lC@(t) brlé ant gt'é‘hrlﬁ formulating the

L structur or trisia
( Nepwified mgderﬂemletm @yarmacauﬁmh gorgp@ﬁltwnapef@praﬂyj together with

A1 Sh BhifinficBticalif BECRR catiglct Ure W th two fucose

( NeuAc. Hex5. HexNAc4. Fuc2, NeuAc2. Hex5. HexNAc4 Fuc?2) .
3;? AU\/%ohyr]%t%BIrg&%gbih%&%tﬁﬁ%ﬂ%etté 86m ﬁa‘Bléaﬂ)ya process

cl=ai ns , aracterized b aS|a at|
pr o#¢doedingiemanysifite prscedind claimsabout 5% of unS| al yl at ed
N-gl ycans, about 5 to about 25% of nobno-sial yl at ed
gl ycans, about 55 to about 75% of di- sialylated
NBgTIye:ain@rfeudnoubetaO cbmpasitort a&cdrding t ta - daiad y12t edmprising an

C {
per gBRE A stE R oo PRARE Mg Bl TR s gpnarES.
manuf acture of a medi canment for treatnment of nultiple
SC' ﬁﬁé’ Sinterferon beta composition according to claim 12 or 13, wherein said
oligosaccharide structure comprises a disialyl biantennary trifucosylated glycan

(NeusAc.Hexg.HexNAcy.Fucs).

15. The interferon beta composition according to any of claims 12 to 14, further
comprising one or more of the following oligosaccharide structures:

- anon sialylated biantennary structure (Hexs.HexNAc4.Fuc);

- a disialylated triantennary structure or disialylated biantennary with N-
acetyl lactosamine repeat structures (NeuAc2.Hex6.HexNAc5.Fuc);



18. The use according to claim 17, wherein nmultiple
sclerosis is selected fromthe group consisting of

WO edoapsi7pg, non-rel apsing and early onset nul t PEI/EP2005/054220
sclerosis. 19. Use of reconbisnant human i nterferon
beta according to any of clalns 12 to 16 for the

manuf acture of a nedi canent for the treatnent of

cancer-. 2tisialdatedtrignéennani steusture (Neucs inexe HexAch Eue);

accordi ng t.o. f clainms 12 to 16 for  the .
ot ot ar 3B aled ity ToitrR omt derabt lagospming repeat
i nf ect i ostauctutds otdpisialyfatéd et Mg ENE@AD; HuX,. HekRACs. Fuc);

medi um conpri si.ng - about 10 to aboyt 30 HEPES,

or ef arabfynens FRbied Bpaisay Ry ateniary SHge withwo fucose
Prol i ne, umtsqNeuAb HexsBieMNAG, . Al MNeuAico Haxg HexNAcz. Fabyut

5500 to about 7000 ng/L sodiumchloride, preferably

about 6100 ny/L sodiumchloride. for the cultivation

O@s. P& PhdrfeRbP OGS BEh BgﬁWQbMﬁ%WéFW of! cﬁHiﬁEf@rtQﬁs,ba#a’f‘acterized
22. An article of nut act ure conpri'si ng packagi ng

mat Ry Raialdalipnaprofile reepwiising Aiboyt 1 &9 Abeutidie ob pasialylated Miglycans,
i SO P [ )| r 0 P
ncc At & topdfaud 2% EREMDRcd BERNETERBUCSE T atoul 76% of d
i n SialylatascN-glygans rabipwlyl G to abayt 2% of WirsialylatediNsgleyans.

wherei n sai d packagi ng material conprises a | abel or
package insert WO 2007/022799 PCT/ EP2005/ 054220 46
ifdVeeof regombinanthundan intesfeseombela acaendingi taaay foé cleim &2 tp 16 for
can 1 i : ; r eof .

23, R e ACKr® ofh e canent R BB o B R ero kS,

bet a codi ng sequence functionally |inked to the SV40
Fsﬁﬁhég% %c@%%@%”&éiﬁ{ HPNWhERP uItWEﬁé%sfshi@ SIS from the
aci d oes not Conprise the interferon beta

pol grede sonsistingrof selapsing, noa-relapsingard earlyngebimulgplgiseigrosis.

to claim23, wherein the human interferon beta gene

does not conprise the interferon beta 3" UTR 25. The
d9cVee of rcpabimanthuman derterorphetarageerding te @ of slaimgs 1 &o 16 for
SVAR e R TR Rire &R amJn‘t'fH?ttFlé)f?@éth%n{?]%ﬁgert o the
interferon beta codi ng sequence. 26. The nucleic acid

of any one of clains 23 to 25, further conprising a

6L BHERomBRRAt hifnfan HisHesF b& %c@&r!dﬁ‘:ggc la‘r‘m&%@f E!l‘l?%@s 12 {0 16 for

erein the nouse R gene I1s tunctio I't nked
a Sheananulgrtyreof A-mastinament faj theairegimgal qfafdreegpiegtiqr&n
region. 28. The nucleic acid of claim?26 or 27,
further conprising the SvV40 pronoter/enhancer
fA1nUse ehaperym-freskeal quiurernaedivnSeMDPFFIRg gene.

- about 10 to about 30 mM HEPES, preferably 20 mM of HEPES;
- about 0.5 to about 3 mM Proline, preferably about 1 mM of Proline; and
- about 5500 to about 7000 mg/L sodium chloride, preferably about 6100
mg/L sodium chloride.
for the cultivation of a cell producing recombinant human interferon beta.

22. An article of manufacture comprising packaging material and a therapeutically
effective amount of an isolated, purified recombinant interferon beta according to
any one of claims 12 to 16, or obtained in a process according to any of claims 1
to 11, wherein said packaging material comprises a label or package insert



29. A plasmd conprising the nucleic acid of any one
of clains 23 to 28. 30. A host cell transforned wth

wo b@7exypessi on vector of claim29. 31. The hoBCT/ERL005/054220

of claim 30, being a Chi nese, Hanst er Ovary (CHO cell.

32. A process according to arny one of clainms 1 to 11,
wherein the interferon beta producing cell is a host

cel indiggting thah gaid geedrabinard husranainterferon beta can be administered to a

human for treatment thereof.

23. A nucleic acid comprising the human interferon beta coding sequence functionally
linked to the SV40 T Ag early polyadenylation region, wherein the nucleic acid
does not comprise the interferon beta polyadenylation signal.

24. A nucleic acid according to claim 23, wherein the human interferon beta gene does
not comprise the interferon beta 3’ UTR.

25. The nucleic acid of claim 23 or 24, further comprising the SV40 promoter/enhancer
functionally linked to the interferon beta coding sequence.

26. The nucleic acid of any one of claims 23 to 25, further comprising a mouse DHFR
gene.

27. The nucleic acid of claim 26, wherein the mouse DHFR gene is functionally linked
to a SV40 T Ag polyA-containing early polyadenylation region.

28. The nucleic acid of claim 26 or 27, further comprising the SV40 promoter/enhancer
functionally linked to the mouse DHFR gene.

29. A plasmid comprising the nucleic acid of any one of claims 23 to 28.
30. A host cell transformed with the expression vector of claim 29.
31. The host cell of claim 30, being a Chinese Hamster Ovary (CHO) cell.

32. A process according to any one of claims 1 to 11, wherein the interferon beta
producing cell is a host cell according to claim 30 or 31.



