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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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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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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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chlorotriazine ring (Conis at al., 1987). Blue

Sepharose has been used for the purification of

interferon beta (Mory et al., 1981). interferon beta

(interferon-R or IFN-(3) is ? natural |y occurring

sol ubl e gl ycoprotein belongfng to the class of

cytokines. interferons (IFNs) have a w de range of
inteiecd o dyimpioblastoid NAN; ipexlucedi imhthe sSNamaiway icelhline (derived from Burkitt's

- [

o i s ! Brdfi b RIS YAPIBky M SREfGrL SRt 1P

| FNAainphdi brdbl%Nt Ilmermralm dIFNPYéta)gbamrantivirhleadivity aied fie alsn known to

inhfgﬁi glrd.rl]ifgr%tloﬂl f%e% ﬂslg‘.bifp:o@gggtfocaegc{f%ibgt?t épo%(%qﬁé ;ndﬁgé)cé,\g)(/gipuses and
doutie-biewsied BNdar  Frba tisee vreiciElotidey presjuaeshtof bibie  genel Uioe dfibroblast
I . [ f j
B vy [EBERAFEROY B B69RY BLBE"158 bedcea
corfrpleielamlnmaed fsequance of triél‘fbrgiammhicmheﬂ% amiralas:td lang.our t h
) E .
E%gﬂtﬁ?&@'%@g (;%[Ieﬁfolesﬁhncm({%ﬂe)rl vggi;%nr om U%T@chéé%ﬁgeg the DNA
sequpnq:fh ohm)mam,lﬁ N: ﬁ and ea“rplasrnldpfoorﬂsj coenbinant axpesdiorbint bacteria such
| L, Hur fi
as [ PSP P ERep APRLRE) 6 2z 7R aeSHIBR & P RofRkse Hpmster Ovary)
cellalmm tramsfaotedowith rtie &i’ﬂenferpn@I bdcmigas&equermé arel tapablet of producing
t 20.000,Da ;
recfmfiRall RSB, 18 heefelt P ofirkEd 65 beily yctSfidted with a
blasleqnm modﬁamdhedgehgesémhafldé) rfeﬂllhnmga single dudose cmrnlety
I b noi t De
S oaBtaetin, adié A8 b3R8 kxptbssd i healYey DS A & pAD; ol BHK
21 gbatiye hamstehi kidneyscdl§p aadi INTK goiodsé dnithymidies kinase megative) cells

R et Baliife 1800 TR BebalEr EHa BaYY 5138 bpep used for the

exqmémm af intenferoh betaqmﬂaamnMCCempcleS%z)n(CBhermmsky iebal., 1984).

32@&&%&0&3 aél—h' ltl%g)%egln Pa[ S?nc} dl)@py\jvlth cdéff rerlfmstI %Igcoforms For

exarmpims:he sacmtiamié struchare iohtFN-B evasishBwn dalinclyide edhianteananydtructure,
e. of eco |nant rferaon-a. e

reafifi A finfle HE&e FackHande BT dlirfisb C¥idlafion [Ohract o .

1987) aGlyeosyation( vas shoancivedisoobe dgopartart afor delubfligatsindenthe IFN-B

B8 ARSI )RR 2 B IR roucod &

colBstiowei1 fo{dirap prdibdamsy, eduek tadlael of eflycepylatioh InTHe( hamhmal expression

svete hym di ne ki nase negative) cells (Reiser and

y 'ser, 1987). DHFR negative CHO cells have al so been
useldurbpeart RatentNor €552 A0® fdeseribes fae remonibirtamt (dtenferen-@nitaving a

sl PPRSIRISE Rt N DB Yal, Plp Bt sipgtures tha
featliré f emee fucagey pef ooligpsadaharides xamif| @heieh ecasgmhytrate detructures are

oiafphiy i Bhndry Ao BB ¢ho, (bR ditfiofi branehg, respectively)

olighasadharidete and term nal gal act ose Si aI yl ation (Conradt
et 4 to a b .
rrpgﬁ- nr{p?‘? 8(ro)1sl\(l) UW§§ gli %:? % ?ﬁ%ﬁ?&glﬁosy‘a‘%gn 3 recombinant
interferon-B featuring biantennary, trlantennary and tetraantennary oligosaccharides. The
constituent monosaccharides included mannose, fucose, N-acetylglucosamine, galactose
and sialic acid.



precipitated after deglycosylation with gl ycopeptidase

F. In addition, IFN-R produced by E. coli showed

fol di ng probl ens, due to |lack of glycosylation in the

bacterial expression syste Eur opean Patent No. O

529 300 descri bes a reconbi nant interferon-P having a

specific glycosylation pattern, nanely gl ycosyl ation

wi t iariousstidies haee semoostrated thenamporfapae wf glysasyldtionofoe stability.

g k- b, {

FoldBiarit PRIPGFLAL G Bt of FOBHLEGH JRBHELALE were shown 1o have
significandly favean stability andoglsa lowee blalmglchbantlvtby érmﬂkelcEt al., 1998).

res C r P

@@%& 5%&8(&3% lhggle g)g\&\l g&? He?(g@glgg\qr ?ﬁlﬁ) Adtﬁr@F h%&awolnterferon B

prommsdmylerwfetrent|glncesylmmrpaﬁefrsa(t<agawq;eltalanewn ary,

tri a i | . The: .

corlirFRaTbetadn Ssdd bk AL RIRAY pRIGAUGE 8 LR bidlGical in o
nurhbercd idisegsasc esdnameg galltiptet sptarosis rodineérabi drah diseases such as e.g.

rj [ enonstrated the inportance of

SAgsydégéé?tﬁHdg\H or Sthngl lity. For exanple,

nonthgrefocs fheae éca headhior plocesses ityi thaaﬂ‘cient profiection-and purification

. LEE ty and
of EHER IR bt o B expledihp it BT igh bl 2 "

O her studies have shown t hat recorrbl nant and natural

hunggiKeey bR Al PRESERENVENTIYR di f ferent

gl ycosytratrom pattermns (kagawa at al ., 1988).
i nt Ene eresanib@uantm_ i xzged vnathe avejopment op agiresassdou groducing
rec&nﬁ%aﬁﬁ#dn?ﬁ RlePle in & Serfim AUUTREGI,MI di seases, such
e SC erosi s, cancer, or viral diseases

sucﬁhexsfoee ina fISARSJemt th@pwehttdnsrelateﬂ to @sprocdss dori the snanufacturing
e . .
o R Tord N1, sl Rl K RARAGE Sy o f cutrn
an bigtesferaa@i pmdc@hg scedx [y easssengmrfretee miegtign, ke aseramiregh medium
“ﬁ SUMVARY OF THE PRESENT | NVENTI ON The present
I'nvention is based on the devel opnent of a process for
pr odu@bagt 10to@babi 3tamM HERES, prefecalile?2dmMbet HEPRSa

ser um.h&e&. gﬁg% e P‘ﬂ\ﬂfp?&% gre#%?g@y%h&i“ ﬂﬁpcﬁgrohntehgnd

|nvent| on r o a proce manuf act ur i
of gl yaboetyd0etd abeobRBithagtl, sqsliwh ehnitlg, prafesably about 6100 mg/L

| nterfg&g& é?rlor[ﬁ%npr' sing a step of culturing an
i nter feron-a producing cell in a serumfree nedi um

t heThee preaent énventieh usnfurdmrqhassd the albeeloprhentt of abprotess for

f.
M 7 1 o baf eyt onanes
derivad fronHMSIprcﬁtBlo'(DgtirUel&routbemoo ng/ L sodi um chl ori de,
pfefrﬁér@#&é( ﬁb%uge&%goag&!clt the invention relates to a process for the

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

co

- 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



sodi um chl oride. The present invention is further
based on the devel opnent of a process for purifying
reconbi nant interferon beta froma fluid, in
particular fromthe cell culture harvest derived from
cells producing interferon beta. Therefore, in a
second aspect, the invention relates to a process for

relatése topan i intecfetanomets aospostiomacumprisingn annbligdsaceharifle ostructure

L U kS s of: - Subjecting the
co'??r]:#l"git 0 Ogﬁr?%rl‘fdﬁggﬁé%ﬁgﬁ%%?aphy, - Subj ecting the
el udses aoffthe necoafbinamt hyma irdenferonHBawbduced acedrdimg to the processes
: r ;
of tﬁﬁgmvgg y ﬁf{ehxqﬂafwlg%& :Bé r?a %%?’ér:‘%%%ﬁtf{)ﬂﬂﬁtt%gtn?%nq% Rm?Jrs multiple
sclerbsien‘alabgnfembys apdRBesieL the stnahyreeetyiculfure nediwm foé theninvention
t r ed
for F‘% a:?o&l{c%gH BPHE‘%%B% A tIQ oaﬁ& gﬁ&g%@éf&gﬂ#ﬁﬁ?p%&% ihahEaN.
gl ycosyl ated interferon beta, i.e. an i nterferon bet a
hav RRW tern or profile.
The?gguﬁég?ﬁﬁTI§W§€%ﬁﬁul "?ﬁé invention 8 relates
FIG.d showsra Bevichadrof s medmdpwdtforogeremtpmm intgrfaren beta producing
ol i 8char|de structure conprising two or three
fucose saccharides. Uses of the reconbi nant human
F1G. 2rshofve adtowkhandad theenkvaperiiceiiorgprocessid IFN-dbdgses  of
' [ f
FiG. At WA ERrvs, BorsimBR ULBE Uf Pl 12 JERCH B URERbin P Sohomati
i nf@emmthmd@oamamesstmcw isrehbweendep.l cul ture
' f
Fld“idéﬂé gﬁg% EE?YI% ?Pégrgitgf ?é&qfuﬁgﬁggﬁ'%"? B@%Ihea bg the {1ew process
| nvwhenetmn BRI EF DESCRI PTI ON OF THE DRAWI\IGS FIG 1
shows ?otéh?l rt of the nethod used for generating an

i nterferon'‘bet'a producing cell line. FIG 2 shows a

f | okfudhBiadt @fucbkwataemantﬂrinéiyamﬁmnx Wpe)omxsaorfhahﬁéd-
the S- M5 trans d s

e iy s S R e BREE e SiPaSRRER R e

oli E;mxsﬁeicdnﬁmfnt&mylateduenrantmnasy sdmoplex typetotigosaetiGaridé;

shogﬁ thq ES— transforned spectrumof |FN-1|1-1a

obt aine e new process wherein: P= protein

FIG. @HOQVSb]Ig(EaCClﬁrIﬂBIStrEFCtﬁwSMLHN&BGIG hemreirennary conpl ex
hari.de Fuc, Triant = fucosyl at ed

trlﬁrﬂt—eét%g(?ﬁsc Sr%ﬁ”%r dl'?y?)aeccg?"agf&accharl de; Fuc

Tetr arhtDnsnafylatenswaaleaniaryeerslemzdﬂm@rlyqualFenc Nt ype

ol i gosacchar.i de;
. Monosialyl biantennary (NeuAc. Hexgs.HexNAcy.Fuc)

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.HexNAcy.Fuc,)



SA = sialic acid. FIG 5 shows oligosaccharide
structures in IFN-B-1a; wherein: Fig 5 A shows the
maj or ol i gosaccharides: 1. Disialylated biantennary

(NeuAc2. Hex5. HexNAc4. Fuc) |]. Monosialyl biantennary
(NeuAc. Hex5. HexNAc4. Fuc) Fig. 5 B shows the m nor
ol i gosacchari des, wherein: |.Non sialylated

bi ant eiiDisialylatedebisntelpratpsttudtue) with twiodncosend
Di si al ' t t di si al yl at ed
Si aémgﬂféq#%ﬁwidﬁ)s ructure or disialylate

bi ant ennar | act osam ne repeat

st r uctiupgsidiyigte AdAntdhnary-RruRES with ereé Fltoskr | si al yl at ed

triantennary with N-acetyl |actosam ne repeat
struct®If ‘&He*ﬁ'g%’f%%éigé)d tetrantennary structure

FIc, s AL DR o fo P aciopit ey Biidycans.

| . Monosi al yl biantennary structure with two Fucose (N

eUASETRIDED DESERASHONTYE FHEINVENTION! @l VI at ed

bi anmtenmary structure wtim two Fucose (N euAc2. H
ex 5 .Theifiest Bspert ofthe Predent inBentioaliy baseasbrbtha develnpment of a process

A0t H -
forg RO, O B 1567 e e ol Taidlp pppgitions.
acerrdandenith the presemt preenitisinh $Heaprecess! forthe snanuBEeTuxinged glycosylated
g =\ ' .
oSN oM el Shinky 3718808 B oocuong
cebp increarym-fleermediempthedenim-fee afedium eemprising:bet a under
Ser uma%B@tel 8! dbolitdd MI’VFHEPEé't ;?]Hgfé'?émy b mn?gfﬁté g@?e

wi th the present i nvention, process

manuf @pulrQ-hitp afouy Bynd pydliae epreferantpainutd mMiafipelinerand

beta coppr 55%910%%?9066 nﬁgﬂ géHiL'JrﬂQ:hﬂﬂ?idb,n{)r%'férgl'il?%bgﬁtt 6100 mg/l

producing cell 1n a serumtfree medium’ the serumftree
sogigh ahtaridenpr i si ng: about 10 to about 30 mM HEPES,

pre%g%@}o@.{éfggﬂg@b ymggapﬁglaﬁﬁ%e%ﬁ%t 12PPUl 344 16, 17, 18,

proline, rof i ne; "and about
1955@0 t or alzdut MMO®fgHEPESdi (Aidc@HDYDREOXYETERE)-AIFERAZINYL)

ET%&N&S&*%NI%(#ID& g%fg‘gﬁéy é?%gﬁlcﬂrn@fﬁ%%ﬂ@@ 47.08,09,1,

nedal um nma
1.116,2,173, 118,1.5, 1196, R0 18, 29, Hv. bi2.H2ES 4, 2.5, 2.6, 2.7, 2.8, 2.9, 3, 31
m&ér gs%liég- HYDROXYETHYL) - 1- Pl PERAZI NYL) ETHANESULFONI C

uffer. It may also e.g. conprise 0.4, 0.5, 0.6,
0. 790du®, chiprigie doncentrations 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:



1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7, 1.8, 1.9, 2, 2.1,
2.2, 2.3, 2.4, 2.5, 2.6, 2.7, 2.8, 2.9, 3, 3,1 M of
Proline. Sodiumchloride concentrations in the
serumfree nmedi um of the |nv%nti on may e.g. be about

5400, 5500, 5600, 5700, 5800 5900, 6000, 6100, 6200,
6300, 6400, 6500, 6600, 6700, 6800, 6900, 7000, 7100
ng/L. In a preferred enbodi nent, the serumfree nmedi um
further conprises about 10 to about 20, preferably
aMediums ng/ (M@nufactureted. CathNopPhenol Red concentrati on
my e.g. be 9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
EbQcegP a0zl Mo/ L. kg the fiae. @bomhe process of the
present invention, the above-identified conponents
may_ be used in an|¥ suitabl e known serumfree nedi um
Sof suchJREerum f14385rH08PM are 1isted bel ow
10 Medium Manufacturer Cat. No. EX-CELL 302 JRH
14852¢HB00M EXs@E,h;L 325 dRibd4335- 1000M CHO CD3
Sigma C- 1490 CHO | PFM G bco 96- 0334SA CHO S- SFM

12052- C-8862 ProCHO 5
é&\ﬁﬂ“ﬁ%ﬁaz- 76 C%ch%%%e SH30549.01 Utra
CHO Cambrex 12-724Q HyQ PF CHO Hyd one SH30220. 01

CHQSSERMAHO Hy ClGibe SH30182058098Hy Q CDMACHO HyCl one
SH30558 01 1S CHO-CD Irvine Scientific #91119 IS

va ne SCIS@[léfI C #@%gg The in_terferon bet a

produm ng cell t may be cu tured in accordance with
the present invention nmay be any mammualian cell,

i RGP g ani mfdandrexunmarBE®-¥&6Qsuch as e.g. 3T3

cells, CCS cells, hunman osteosarcoma cells, MRC-5

cgtMaCH@HK cel 'HércM%RO cey354090@10 cel ls, CHO S cel |l s,
HEK 293 cells, HEK 293 cells, Normal Human fi brobl ast

cells, Stroma cells, Hepatoc tes cells and PER. C6
ddira SHQiat  has GaEdERDdi f1% express, and

preferably secrete interfer on bet a.
HyQ PF CHO HyClone 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).



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
McCorm ck (1982). 11 The tefm "interferon beta", as

used herein, is also called IFN beta, or IFN-(3, and
enc‘ﬁlnmmme‘mterfetrem betanasheded ltkreiny scal$a caliedriifNsyeda,i ardFN-, and

en QR ogRE Bl R P AR o 0 e s g By hOiRan intereron
betapar 186i aminel acid? 3ysOprotetralwithns moléldreweight ot apgreximately 22,500

cafhs Thp; (et gl Dot i gEov BRI, gflen Gicgbacees functional

derIthbdsetnaJtelﬁhearta&rgsl or fragmeetscof IBNtbetd Eie termaf“interfdron beta 1 a”
refeor ¥ t?e n [Qn beta. The activity of

nt 96’ ee.@. be neasured using a reference

st aﬁlutaachvrt;zzdf ifterédrenl begaimag te.d. the Méaduledasing fa reference standard

caliﬂ:{{{]%ci1 'ﬁieﬁrt\s'& ﬂ?ﬁ \ﬂ%{lgﬁ%ﬂth '&#re rr]:i i 8@ P%E‘V% ﬁﬁciteﬁﬂd arﬁ)%ta sta c?ar&i (Second
Intdrnditionbl S&tnd&fd ﬂﬁ |9féﬁeﬁ)311)HunTére FMnohlaétsGBeXpBGZs‘iﬁi).l Mhe unit is
nt er,nat i ( nt vra activit er

exgPSsEHT R, Aol bts, U0 oF VAL Aty BEF 1, oY 38HerH peta-ta
detemningxhtimian af Vigot cytopadiic affeats biogsdalyShsing IWKSHaredlls and Vesicular
Stoﬁ cuI ar Stomatitis virus. Conversion table for MU

of | FN-beta | MU 3 12 18 24 ntg 11 44 66 88

"Variants" or "nuteins", as used in the fane of the

ol taptd Wy Pl S R IFheBhac ' resi cues of

(

Mibatural | FB-beta are r1<2p| aced by [digferent anm ae acid

rr:c-| diiac r\r are dal etla or—ohe mra om no 201 A
HHHESS aH—e—ae+e+t e &

MCBesi dues ané added to t‘ﬂe nat ur al s@%uence | FN} B8t a,

w T hout dlmnIShI ng considerably the activity of the
resultln% products _as conpared with the wildt

| 5B Ph oty as VEoR . iR IR < thy PERRSI Tvention, refer to

andlogy 6T€IFN90eﬁen(iH Whlch)bnéldrfmd}e lof tHeCshiRY laB e SiguSs of natural IFN-beta
t echni ques, ot her known technlegue sui tab

aretrﬁglla@eq)py drffﬁgenlt @ agjd resigyes, g are deleled,-orijgpe or more amino acid

resiiti6d R A8GedMd thet MRural 66QInce ﬂFﬁfHetaDer!hBQi éiﬁﬁnlshlng considerably
protei ns encoded by a nucleic acid

thergglvity,Af 16 FRPBliNG; FFedudts aprgampRreckiyif éH% dﬂﬁdn‘i}IP‘F dRMipeta, These

muftinsdi 76| pEplredl by ikRoW® 4ytR&si93andibdedy itbidirg6el mutagenesis
conditions. The term"stri n%ent conditions" refers to

techpfiesy LAY PhermgwaiechainneultaRle 85Ot ondi t i ons,

whi tihe tdrﬁh%e‘véﬁarﬁ)’r&i MARYINS i ddcordantE il the present |nvent|on include
conventionally refer to as "stringent". See Ausubel

profgins,encoded 1y th PUGRIGHASIL [SECh ASNNA B8 IRVA, BVER Gybridizgsytg DNA or
RNNEn@b@rﬁg FN-BetaMs discldsed ead1th 654, 73819817undb? 8ithgeMVdoR@itbns. The

ter%ﬁrrnaérlrtogondﬁl)(()%s re?srsotfo l‘?)}brrlldlggt?(;]nt aﬁc? ”sﬂbééq%%ﬁt Iwre]a(s:#nlr{g 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



condi tions 12-20C bel ow the cal cul ated Tm of the

hybrid under study in, e.g., 2 x SSC and 0.5% SDS f or

5 mnutes, 2 x SSC and 0.1 % SDS for 15 minutes; 0.1 X

SSC and 0.5% SDS at 37C for,, 30-60 m nutes and then a

0.1 x SSC and 0.5% SDS at 68€ for 30-60 minutes.

Those of ordinary skill in this art understand that
depsindi org éreciengtindi theoBNAasegquenes, diigemetientide rprobeasn (puih afs 10-40

ugl e

vaspfF NS SRUGHESEbri0S DSBS L] B00BS R Nl pliferable to use
tetramethyl @mabewrrmmomiee(dfMAQ) |ms§eqntdf8@(htﬁee Ausubelesupra

t et ' I ' f

SoclcRTEy pifecR BB HBMLR (abdh rlorb BBRGAY seiibioes or two
or mete/\pmynuclmtlda sequences) [determinedebysempgating she seqmcesayln general,
dofft 1ol 131 6h C8ldef SuRARMIAN B Al b SRY ZAITE" bt aci

sequences. to an
corasaomdemeloécblne tieo polynumecﬁmles de t@o p@mpaptldlacsetqueomﬂrespectively,
o pol ynucl eoti des or two

ove??ﬁedlengtﬁ de seaggﬁ%gsb% s%‘hé)ta}%bvel y, over the length

of Edresegeepmesodsrotiony lsqmlrpareaalct ceuespangencts; @s'%identity” may be

[ n C e " :
detblt?’r%gd dg?ﬁergl tﬁéatwlo g@i&%@?@f?&f%e%?mgargg’ h%ng@iﬁe;éoto give a
manmmwmlamnmmwn theexquenagsy Ehia mayaircloderinserting|"gapsdiin either
u h i NGl i.nsel to] .
onéo%I Vb%ﬁI‘ stea@erﬁ:gg {%ngﬁﬁanc-g t ﬁ@%%% urbgnécl'ggm'eﬁtz Ae niﬁgiﬁ%rglty may be
deteMnetbgvgethewaujle gamgﬁnof eatch%ﬁ the rsefiugncesn\being compared (so-called
t t

glogéqa? éﬁ?gggt?btglgtﬁfs ﬁéglr’?%xm@ ds% té@_@%hf%eﬁ%@%{){he éé?ne or very similar
lengthij gnnmnghortehaieﬁnh@ I@agthsdsdn-aalleﬁ Igcaltaughreemta;rthat is more suitable

iml I th,
for SESRABEESr BealalfeRBTC. 10 (S0 cal l'ed T ocal ol gnment)
t haMethodsderecomparingtke ideotity soduwmmalegyodf twoearuapre sequences are
wenglﬁrU@é/fl%g\yﬂI{gHF?q'ﬁué ®r |ﬁ§glpc?ér ' F@n&'ﬂs abglfQBIé i Hh@'Wlsconsm Sequence

Analysis d&tackagehwersion 9. h:{Davm'eux or e’rgalanﬂ;%(k)afdra@ta@plm théh gorograms

BE%EeﬁQJh%' @A&%&H? @seditggige? eF> A& K/agﬁ tlty?)%ff/ve%ﬂ t\%o i} mg/nucleotldes

ver eux J or exanp e progr
anBtie Tl idlentityl adhikhe fahomelogy detwesndmoepatypeptider gequences. BESTFIT

tw I I 9 .
usds S50 RRIBER AR A NUE B 3er B0 11T B o v s
sm@eqeg;me&m@@rﬂameeumsequences; &ihertpsogramgyfor determining identity

anc@&rggﬁm'néﬂg"q% wedh éé@éﬂ?e V&S l@ﬂné&gﬁf%eaﬂ’ it ReEnES the BLAST

ere ar it
fansleqxﬂemge@ns (Altsehulpﬁ bt ahs1 900 AIMBIr&IFmthI 1996! nataegsible through

i I
e Rt PO s RS B FASTR R BR0AI 1000
( Al Ay bugh @riantor mutein p&fgraiply thas hu$eqseﬁceepf aminolepdp, sufficiently

du%%ﬁ%scg%a? of II=Ir\P govlgcﬂeasg%%# tla cti%/g IFN-beta. A

funglignakassay \?rlzr:gvgmtlmg whether anyp\raelfaet @tgﬁ;tema@saa simijarcantivity as IFN-
bet?&ha{%?@eaé;éggz rﬁ\%gsphﬁ Z@%laétllj lgt an fe% éj\egl fth% I?:?fopg{hlc effect of
vesigsdgnsianyatitie virfeNnW¥iSH cells, e.g. descrlbed 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



functional assay for evaluating whether any variant or
mutein has a simlar activity as IFN- beta is e.g. the
assay measuring the activity of interferon on the
cytopathic effect of vesicular stomatitis virus in
WSH cells, e.g. described by Youcefi et al., 1985.
Thus, it can be determ ned whether any given nutein
50%zat leash 60%n bt lehsty70heat taask8@ibtdryinost msfetably, kleast 9% identity or
outi ne experinmentation. Any such variant or
horﬂ@l?@fth%ﬁeé& have at |east 40%identity or honology with
t heMumqunEPd -beta, Mi¢hheanebengseti is @cosrddnee with the puSsent invention,

or Aﬁ%"z'ﬁeas?a 68%';9;&%@%2{ Zﬂ-&h@q Lt f"{;@zs?{ é%i&ﬁ)gta?ﬁﬁal ly? Wfresponding

sequentas athsupstitation peattdeg@?/cpbldemiedtlyles) whlmmanlwgyutlnely obtained by
L. i .
ond 3R WS E LY BEL me bl bR, Bt oacings an
guidanog prestintagl heweinef or, include a finite set of
b ndi.
R S U S
ared{mowinrasd”chyservative’bsubstitlitions. \Caniseiviativenamine anid sutmtltuuom of IFN-
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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
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suspension culture. Cells are capable of adhering and propagating 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
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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,



present invention. In a second aspect, the invention
relates to a process for the purification of

reconbi nant interferon froma fluid, conprising the
steps of: a) Subjecting the 1quid to affinity
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affinity chromat ography to cation exchange
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A preferred embodiment of the present invention relates to a method for producing
recombinant human interferon- in transfected cells capable of producing at least about
100000 IU of recombinant human interferon-B in specific cellular productivity (1U/10°
cells/24 hours). Preferably, the cells are capable of producing at least about 200000 U or
at least about 200000 IU or at least about 300000 IU or at least about 400000 IU or at
least about 500000 U or at least about 600000 IU 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



preferably further conprises a step of fornulating the

purified interferon beta into a pharmaceutica
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In a further preferred embodiment, the unique glycosylation pattern further

comprises a non sialylated biantennary structure (Hexs.HexNAc,.Fuc); disialylated

triantennary structure or disialylated biantennary with N-acetyl lactosamine repeat
structures (NeuAc2.Hex6.HexNAc5.Fuc); trisialylated triantennary structure
(NeuAcs;.Hex6.HexNAcg.Fuc), trisialylated triantennary structure with  N-acetyl
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gly¢asyieien B?F erp a further aspect, the invention relates
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i nant human, i nt tein
sialr N abcREs PRI B eBRHEIStA o P QNS N- ST 1 ucose
SaCAffal&héi%Esped:tfbfathe Prédet irEntdrORIEE IS the ige of interferon beta in
acqgfd(ﬁ%gsamha” de structure further_co #ses a disialyl

%ngrtge p;qsggltclag%ntlgp tbqa MHfactu a medicament fortreatment

of HUNRIiSedse Xin pHifticlIAe ﬁwuﬁtp@éolerbgs aahbér Bﬁ\ilraprnfécﬁblﬁ@d

enbodi nent, the uni cosyl ation pattern fur
confi§ Qultiple sclsrosis Egi// Ibﬁgé%%démﬁ‘ﬁ’&f 5”%?9’1?@{'[19 e ’e'aps'"g’ non-

relddd%%nﬂ@éh%ﬁﬁ%é_t%ﬁ)ltilpl?bélér?biﬁ' ated triant eﬂnﬁ{ y
| ;Lﬁ%&ﬁ%ﬁge&?@bﬁg& rg?%uq?)@t rgiaz%nst t%nanr‘rjrl{e}/ho\éjvI gf treatlng a s{lbject in need
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yl at ed
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I e pRferably, Uk UreBment isMfos hfultnp\é:\b@drohi@t IVRJli’é epsctfically, the multiple
nongQ Si ated and

UAC3. Hex7. HexNAc6, Fuc
SC"%{ PSIS M3Y| B %"de%?daEA thed ‘@t%é'ﬁkﬂ@%‘*%ﬂs‘(‘%"%@@émg and early
onswh{umpm(é&@ua@ Hex5. H exNAcg. F ucr, N euAc2. H ex5.
Pr ef er abl t he unj que gl ycosyl ation
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as for ral hurran rotein CcOoS i on {itern%lt%? o a

In ' @y %' BRRACE Ple heen‘?f&ﬁ‘?’ﬁe ent ﬁﬁté’f BY%h

phaimapétichl 66mpdsitidhe cormpifiig, Cad ahSacﬂ{?@l’rﬁg?é@éhtZ%ﬁ Bylated, purified,
tion ile conpri t 0. about

recaw@n%rlﬁhtgvaéu’%fﬁemwl%gﬂ@poaﬁéﬂgs BOtKibat DEEISA0N pharaceuticall
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phafr&r%lcéq g‘éﬁg%ryé%s% Fe\yaabowtur%gr to? aa}\ |RIL|JrgI %cszt%ltyf or activity against
multiple sclerosis, comprises, as an active ingredient, an isolated, purified, recombinant
human interferon-B 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



A further aspect of the present invention relates to
the use of interferon beta in accordance with the
present invention for the manufacture of a medi canent
for treatnment of human di segse, in particular
mul tiple sclerosis, cancer, Or viral infections. The
multiple sclerosis may be selected fromthe group
coroprises st labgl @rf packhoe dised, lndroatmgrtbaiamgl negorabidamiairunyan interferon-8
CLEHS,
prof¥t 5 efRbnbe EnGreRECf R dinelbedy 04 hllfen &7 BEAmant Bfreor,
neethe _(sblae@awmd, rea:qmbmantdrtumananteﬁeameﬁnpcbteug qrcpharmaceutical
[ r ] .
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in th@aa,paa thgse negmnertslaapweﬂgnmmlretaelayt onset multiple
sclerosis. Alternatively, the treatnent is an
anti-tunor treatnent. In a further alternative, the
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exapr)ﬁrﬁé 'rl\ﬁ)t%é(.rlart El%n ghgr %ﬁ r#%lz?tﬁ?"ggﬁb“oﬂnethﬁv'(%898 "Current
-tunor or vira trvit 5t
Protadotsi inl Molscular B@logy" &’olnrmesdéli AuasbainRaMt i ac (1994) Ausubel etal,
"Cdrr%% ﬂbt%%ls @q\/lblg%m?rt g%lo l‘”.'J(;Hng%lekeérﬂ'gbﬂénéaltiHH@Wawland
I nterferon-( €scr rein and a
(1gpa)aﬁmuw E@Ictlgal &iumothMbbcclar Eloming” f dphn Wiley & Sons, New York
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aspec rese I nv
et aln\(edﬂ)u"@enpmeaﬂedysm Ari_amoratmlyeMenual n@erigsacYolse1-4, Cold Spring

Ha@gfgét%&bt%%’ B?e%%ﬁé@%‘?i@ féfgbf g%ﬁ@dcﬁoﬁ% &%hﬁﬂjobk Pat. Nos.

Ve I'SO reconpl nant
4,666,623;f €685 202; pt, 82 653, Wﬁﬁ%ammé 253&5591‘@@ Biatogyi AlLaboratory
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t the Treconbi nant "huitan’ I nt e eron- protelrn as
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sin non-r el apsi ng d earl set

Enmﬂlasf' uRy Eressoé1|9|8§) "AégaﬁmlsGﬂlde ta Mmewiarlﬂlmln mrbalt B., (1984)
and Fi@%th&ﬁg ih I%rﬂzgm%?o@ll' y/qu éé@éﬁ\?ée%élh%ng r@é(% ; “ﬁcﬁfpr8{9@b|§aA3€;uude To
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"Stl%)féad@ for ’Pr&[@inclbuﬁff&g%mgﬁd Wh'éréc{é?ﬁawy 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.
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the appended clains. Al references cited herein,
including journal articles or abstracts, published or
unpubl i shed U. S. or foreign patent application, issued
U.S. or foreign patents or other references, are
entirely incorporated by ref®rence herein, including
all data, tables, figures and text presented in the
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A Chinese hamster ovary (CHO) cell line, designated DUKX-B11, which lacks
DHFR (dihydrofolate reductase) activity, was used as the host cell. The cell line was

isolated from the CHO-K1 cell line, requiring proline (Kao and Puck, 1968) 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).



cloning, a cell producing |IFN-13-1a at high [ evel s was
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EB’I'?}éﬁS{Bu%%:I rgg écg;‘a?t Hgé]‘l f}@&esa c;%é'bgc n{a%ﬁwaib verl ?q.'éfgﬁgf/ coding
sequence iaoditber miaidFRnmbrker gead diesb}bedoatpnvet dosampliy dihen dransfected

ger{ed gglglzt%d% orn?Q q\%% ?MI&Q@E& QIT e@’ré?ﬁlﬁ*e&?g Erggt‘?qe?\? r'I'fh%célones were

ments us riction
|solam af@nMTNMBqtlnn bot h directions. Description of the
host,h6kkidy Chi nese hanster ovary (CHO cell [ine,

desi ghated DUKX-B11l, which | acks DHFR (di hydrofol ate
r edlhe &) %ERﬂd'eﬁgientV\ml linse OUEX-Bhe wass tulteed in Heaen's Nutrient

MlxﬁﬁUHb'snglproPte toe/d,:é ugEé % 1 cell line,

requirin ao an "by nutagenesis
wi t Fheedhy |befare Hmmlcbrattbef@HOOWéKXE@’I gaelisawere seeded at 5x10°

ot o 0ar L SR BT B 5350550 Bk o
dISQQerdalnbO 43mal @Hki)sﬂM Trisd80)pH 73, GFUInMM =D TA with 005t mhoka 2.5M

L. gl ycine, hypoxanthine and thym dine for
Cagﬁgy&hﬁ&'me central role of DHFR in the synthesis of
nucNextc0.aanidofRé@cuMsaA41P Q.0 §e tinhd HERES pHhE1 was added with gentle
S - £l @RL ACE): a
shol b Yhe mRer Vs 4 16 B0t Filled S 200 NBRpBicte" % allow
pres‘lipl’c@ttdny Afterr addirfg-thei CaP Qf DNAdd theHpaRs dexf 30 ménutesg 81 misof cell culture

meWuH;w eaécm gsandctﬂgtd%\l@'r an@fj %_'FI%%%UE t@rl *o?‘ﬂshc%d@ 'I('Pereafter the

I'on of reconbi nan row 1n
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.



free medium Secondly, culture of these cells in

sel ective nmedia containing increasing concentrations
of MIX results in anplification of the DHFR gene and
t he associ ated DNA ( Kauf marhand Sharp 1982, and
Sanbrook, J., Fritsch, E F.,“'Molecular Coning : A
Iaboratory manual . CoI d Sprl ng Harbor Laboratory
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selegledit i on. Next, 0.5 m of 280 mM Na2HPO4, 50 nM HEPES
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30 amco tMBOQcﬁQ@d UOP selisi?d hofrs,eas d&tm‘n'n@dtbyeﬂﬂﬁﬂodf DNA to
theN&%# rﬁ oqra %Blﬁg% Wéf' ?e {ﬂgr ne Ccﬁélrhﬁél'llédfétg)gt%fftﬂ?ﬁenes of

were a de and tot i ncu
hight IFN-G ' protectivily.tAe singleHdFNRechiRINA ofsabaue Ad\v/kdd agreatpedied from the

exgféisih ARERIA B4 ExoORBH Ahclinblonkiih 0} yeer ol i n medi um

wer e trypsinized and
sublcerl marlﬂorthﬂrn blot analysis1 of totali RNAdfroro primary elanesi the blot was
pre dl un 1919’“%' sting of Dul becco's Mdified Eagl es Medi um
ing thym dine but supplenented with 150
pg/ﬁwerpiy olg nef dotal 1RNAdwere zsapaRRS] Mheelecitaphoresis \war egarose

Cand. 89 t
forrléﬁlgég)&‘& ievsé rR‘;i}llsw%s/ %ié%.er?%gto *E%ﬁrg bﬁ%grﬁ)r% e é%%%%%é toan IFN-B
DNAoprebe.t Size marhdar’éNM])BarprZﬁSuamdwgss aRNA|, iwhichi cdirmsbenabmo 4700 and
a, pr. el | hsol ated after 10-12 days b
19@?%5%5@%3 ?S c Ve% no@%]rﬂ“fr\)yp& n- soaked paper-di s%:/s. d
Foerdublwﬂp cl ones were picked, individual clones were
%Ir %E%n rtgga%t[vq% nw%#'tl%ﬂr{ Z(—E%é'cil).er n%ﬁlgv%_s TFug Sttl Lqefc%lture (growth)

medium was DMEM (Dulbecco's Modified Eagle's medium), supplemented with proline

(150mg/l) and 10% FBS (fetal bovine serum) or in serum-free medium, e.g. Ex-Cell 302
from JRH.

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.



cl ones producing nore than 30,000 IFN-13 | U/ 108
cells/ 24 hours were selected for gene anplification.
Each of the clones was subjected to culture with | ow
concentrations of MIX. The ntire cell population
that survived the treatnent S subjected to higher
MIX concentrations. Subcloning and clone sel ection
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Total cellular RNA was prepared from the cells in the exponential stage of growth

in T-flask cultures (Chomczynski and Sacchi, 1987). Complementary DNA (cDNA) was
synthesized from the mRNA samples in a reaction which contained 2 micrograms (ug) of
total RNA, 0.5 uM random hexamers, 2.5 mM MgCl,, 1X PCR Il buffer [10 mM Tris-HCI
(pH 8.3), 50 mM KCI], 0.5 mM each of dATP, dCTP, dGTP, and dTTP, 40 units of RNase
Inhibitor, and 200 units of Reverse Transcriptase in a final volume of 100 pl.

The RNA template, primer and nuclease-free water were combined and incubated
at 65°C for 10 minutes and were then placed in an ice bath. The remaining components
were added and the reaction was incubated at 42°C for 60 minutes, then 70°C for 15

minutes and was then held at 4°C indefinitely. The RT products (cDNAs) were stored at -
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When the sequences were compared to the expression vector, no differences were found

(data not shown).

Conclusions

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

Determination of gene copy number

The gene copy number was determined by Southern blot analysis of BamHI
digests.
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det erm ned by Southern bl ot analysis of BanmH )
Copy number determinations were based on relative ““P levels in the bands as

are 1

quantitated on a model 445S| Phospholmager™ (Molecular Dynamics; Sunnyvale, CA).
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 BamHI, 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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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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was identified for the cells from the clone (data not shown).

The hIFN-B cDNAs prepared from the cells’ mRNAs were sequenced and the
results showed that for the cells, the hIFN-R gene sequence was 100% identical to the
expected sequences. Thus, the hIFN-B gene is correctly transcribed into mRNA.

The genomic DNA sequence of the 5' and 3' regions flanking the hiIFN-B 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-R gene.

The single chromosomal integration of the hIFN-R gene was also demonstrated by
fluorescent in-situ hybridization (FISH, results not shown).
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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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. Stage V: Hydrophobic chromatography RP-HPLC;
. Stage VI: Ultrafiltration and dialysis;

. Stage VII: Size Exclusion (SE) chromatography;

. Stage VIII: Microfiltration.

The purification of the active ingredient started with dye affinity chromatography on
Blue Sepharose 6 FF (BS 6 FF), which was the major purification stage. The amount of
host cell derived proteins as well as DNA from ruptured CHO cells was reduced by
several orders of magnitude and therefore IFN-B-1a in the BS 6 FF eluate was
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-3-1a 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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glycoforms of the protein were analyzed. As previously described, glycosylated 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
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

in greater detail below, including electrospray mass

structures studied, one such structure was newly present in the IFN-R-1a obtained from
the clone.

Glycoform distribution determination by Electrospray Mass Spectroscopy

Method
IFN-R-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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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-B-
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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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 propanol fractions (20%-40%) of the Sep-pak were sub-digested
with chymotrypsin and analysed by FAB/MS.



obt ai ned by the new process as well. 34 Carbohydrate

anal ysis by FAB-MS, MALDI-MsS, tandem nass spectroscopy

(Ms/ M5) and GC-Ms (linkage studies) IFN-R-la bulk

sanpl es derived fromi nterfei{son beta obtai ned by the

new process were subjected o extensive carbohydrate

characterization studies. The carbohydrate

conmposition of |IFNd3-1a was obtained usi ng FAB- M5,

Lg&sd\@ Nanospray- M5/ M5 anal yses and | i nkage
GC-M5) of pernmethylated IFN-R-1a foll ow ng

t r yMHILBI amiJIFABd\M piitheReghgtbpstedxacbohydialgsst i on.

€] y t b

bt ool 8, SRl S Bt i 1350 R LBRGHYy the new
prodésse £t redre.senﬂatlve Mas.Dh speriruns isgirgsssdéedimsiag F6. Thiet d:un[esponding list

C AR bl LR SRER RS RPRINIEYS i Bhe ) i
prepenied tefavlgBycosi dase F (e.g. as descri bed by
:‘;";ﬁ% h%%?zﬁfg @II thg: ?])g@nes ﬁfd'iceaﬁedslfgug S)Zés%ﬂcé B?a p?@o;aﬂ %Q%Yalylated
biagi¢8naBy pstpeckure anavingd ¢he Ocmpbsxhqmmit Nsu/mzjﬂexw-lewﬁtdad:t&%and a
acetic aC|dfrat|on re ermsth '

usin
moRgRAW nRiaRiEnany Hielre, Baving e GRrPesiion 6 NEHAE Biera HexNAcy Fuc.
) D&y et hyl at ed gl ycan was

Noéﬁ%ﬁ%&lgtg@@@%@és\?fﬁe\%ot})B§e FAB- M5 (obtained in | ow mass
ranges for fragnment ions and high mass ranges for

( 19@%@’ %E? 'af%n@%ssmbﬁ?%.u Sﬁ?/ﬁﬁg? the! follm(nng K %?T%:ﬁgrlé’é structures

werecisoobaedveddn all gatcd@%crl bed by Hillenkanp, et al.

9% 0n MARREEY 6o BRGy SOGCLTRME HeURRCRELGP! 0, oS

descri m an r enmai nder

Qf  PRIAPAEY |tﬁérﬁé’nrﬁir§' %ﬁé‘tﬁ@ﬁ 'd?s?él I%Heblﬂﬁt%ﬂnéﬁrwnh N-

li nk%?e anal ysi s sf%as liq r omat ogr nass

S CRae RS TS TR SUEiLERs (N5UACE Hors HESNABHE UGS
destidififdicd thantéha ﬁVuct&g?IQeuEds'?-ﬁbe)HexNﬁcg gy to

observe the peptide containing t Asn 80 potenti al
gl yTasialylatedotriantendaryt Beudtungpivits Repbiyd Q@ctmhﬁnedl@ﬁédted

ThestpREfan orrpal e Bbatisorm Bguak HereHERRE e e

gz gllklldh@ %&uywted \éintj fmﬁélylatwr biggte Ay Gtrastaley GRE thY fucose

r'mvP (NeuAc ex5 exNAC4 Fuc,,NeuAcs.Hexs.HexNAcy.Fuc,)
¢ Minor amounts of trifucosylated structures (NeuAcs.Hexs.HexNAc4.Fucs)

were also observed in the batches derived from the interferon beta

obtained by the process according to the invention, but were absent in

reference IFN-R-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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presented in Table 3. The results of all the batches

i ndj esence of a predom nant disialylated

bi a}r\ll? 5‘r:"[;)sjar‘}'plgt’\?%cture havi ng the conposition of
l\leulAc@débtoSquhmT\MmﬁLtbe sémcluees ofdhe diagk \AmdingnoeNAiakgd multi-

fucﬁé’ %—% Eélfgggé_%:’hﬁﬁdé h%ﬁu%ﬁﬂ@{; 'M%/@IC%OS{W a/t&es d we]s cghnsed out on the
permethytdied roligdsadeharigess ofyrsignalspat snkzl $1¢,0n %Q; pmdd 1098 t\@hlch are

corkbfer Dl 0 o] SPRREE R INBIEHTT b Na i hoiacy Fuc

NeGAd,\Hexy Hexinex 5ub?dﬁ%&léu§¢§391ex@-|§xmw Rid3drespectively. The A type
triantennary structure or disialylated biantennary
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gosacc arl structures, MS/ M5 anal ysis was carried
out Llokagehenalyss results of all samples were essentially the same, showing the

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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mcrofiltration. 4. The process according to any of
clains 1 to 3, wherein step (a) is carried out on

Bl ue Sepharose and step (b) is carried out on

Car boxynet hyl Sepharose. 5. A process according to any
of clainms 1 to 4, further conprising the step of
formul ati ng the purlfled i téerferon beta into a
pharmaceuti cal conposition, optionally together with
a pharmaceutically acceptable carrier. 6. A nucleic
acid conprising the human interferon beta coding

cLARggiuence functionally linked to the SV40 T Ag early
pol yadenyl ati on regi on, wherein the nucleic acid does

1.
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of any @mn@ﬁogpé@ws to 8, further corrprl SI ng a
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wher ) Suhscfi e DAk erlo T *PRisD: ISRBANSE EhFRBHopgRNY o
a SVA0 hydapistiy dnrematcardphy®ye-HPLRol yadenyl ati on

regi on. 11 The nucleic acid of claim9 or 10, further
conprising the Sv40 pronoter/enhancer functionally

I'i ke Grédest Recoraimgeo [ gepmprididg, Befpleasted da), clarifying the fluid
conprising the nucleic acid of any one of clains 6 to

11bY fifrgtioh host cell transforned with the expression
vector of claim 12. 14. The host cell of cI ai m 13
bei ng a Chi nese Hanster
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t he Id(}t %éﬁ&’fnﬂﬁ? bebAtrafsroshicdiagsisel | is a host cell
accordin aim 13 or 14.
subjectlng the dialysate to size exclusion chromatography,
f) subjecting the eluate of the size exclusion chromatography to

microfiltration.

The process according to any of claims 1 to 3, wherein step (a) is carried out on

Blue Sepharose and step (b) is carried out on Carboxymethyl Sepharose.

A process according to any of claims 1 to 4, further comprising the step of
formulating the purified interferon beta into a pharmaceutical composition,

optionally together with a pharmaceutically acceptable carrier.

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.

A nucleic acid according to claim 6, wherein the human interferon beta gene does

not comprise the interferon beta 3’ UTR.



10.

11.

12.

13.

14.

15.

44

The nucleic acid of claim 6 or 7, further comprising the SV40 promoter/enhancer

functionally linked to the interferon beta coding sequence.

The nucleic acid of any one of claims 6 to 8, further comprising a mouse DHFR

gene.

The nucleic acid of claim 9, wherein the mouse DHFR gene is functionally linked to

a SV40 T Ag polyA-containing early polyadenylation region.

The nucleic acid of claim 9 or 10, further comprising the SV40 promoter/enhancer

functionally linked to the mouse DHFR gene.

A plasmid comprising the nucleic acid of any one of claims 6 to 11.

A host cell transformed with the expression vector of claim 12.

The host cell of claim 13, being a Chinese Hamster Ovary (CHO) cell.

A process according to any one of claims 1 to 5, wherein the interferon beta

producing cell is a host cell according to claim 13 or 14.





