| PROCESS FOR THE PREPARATI ON OF GLYCOSYLATED
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present invention relates to processes for producing
reconbi nant human interferon beta under serumfree

cul ture conditions, processe% of purifying reconbi nant
human i nterferon beta and to an interferon beta
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Blue Sepharose has been used for the purification of interferon beta (Mory et al.,
1981).

interferon beta (interferon- or IFN-B) is a naturally occurring soluble glycoprotein
belonging to the class of cytokines. interferons (IFNs) have a wide range of biological
activities, such as anti-viral, anti-proliferative and immunomodulatory properties.

The three major interferons are referred to as IFN-alpha, IFN-beta and IFN-
gamma. These interferons were initially classified according to their cells of origin
(leukocytes, fibroblasts or T-cells). However, it became clear that several types might be
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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sequehte pl) hurrarc IBI-Araind=a plasroslfbrite cecombintanh axprgssianipl acteria such

as ! B R Ealiit 88 o ghE ofbibamert PR Chiitbertomster 0vany)
cell=lirfey drmpfeateedwltie thea irterfieranyB carfing s&quense and capable of producing
e bRRICTARARPHD. T el F it | & ] WiRosergaguin <
biartesharystwotramanied) oligosaerhaddd) deatarig a singlPifudosk yhaktted

o THERRE Yot BB SRR N s oRIREL Aot o
21 t(babyrhamsteo| kidneyacalls prand elsTK Whheuse ri-thymidine &inaby | reigative) cells
(Rek?sie?natn%nﬂ%ﬂéler,( "TS%% W%%ggt%%) CHO cells have also been used for the
expression of interferon beta (Innis and McCormick, 1982), (Chernajovsky et al., 1984).

interferons are known to be glycosylated, often with different glycoforms. For

example, the saccharide structure of IFN-B was shown to include a bi-antennary structure,
featuring a single fucose saccharide and terminal galactose sialylation (Conradt et al.,
1987). Glycosylation was shown to also be important for solubility, since the IFN-B
precipitated after deglycosylation with glycopeptidase F. In addition, IFN-B produced by E.
coli showed folding problems, due to lack of glycosylation in the bacterial expression
system.

European Patent No. 0 529 300 describes a recombinant interferon- having a
specific glycosylation pattern, namely glycosylation with carbohydrate structures that
feature one fucose per oligosaccharide unit. These carbohydrate structures are
biantennary, triantennary and tetraantennary (two, three and four branched, respectively)
oligosaccharides.

PCT Application No. WO 99/15193 also describes glycosylation of recombinant
interferon-B featuring biantennary, triantennary and tetraantennary oligosaccharides. The
constituent monosaccharides included mannose, fucose, N-acetylglucosamine, galactose
and sialic acid.



I1.Mono and Disialylated triantennary structure or
disialylated biantennary with N-acetyl |actosan ne

repeat structure (NeuAc2.Hex6. HexNAc5. Fuc)
[1l.Trisialylated tri antennaj}y with Nacetyl

| act osam ne repeat structure'or Trisialylated

tetrantennary structure (NeuAc3. Hex7. HexNAc6. Fuc) Fig.

5 Varimwasstudies imave demionstrated diren mpletanes tof glywosydatianhioe stability.

) i i ol .
Fo il RSl R e S % W6 0 e
significelDitly lcxtey Istabdity dridoaiselomar biokigicataalivity (Runkeltatal. F1AS83.e
(bNeéfh%? é_@cﬁés 'ﬂ%%\wgh%vﬁ\uﬁﬁ Jeh!)ma'nahta%}{& aﬁa“?tgral human interferon-8
iantennary structure w three Fucose
protelifsuiay2 . diffsrént igiychigydationpedprns| (Kagdva eilcals 1988). MALDI

o y sidPer et 1F LB A Aing opfe Hiolp R e biotogica, n a
nuritber df idissasess pect aoé.gt meltiplessolanosis, oasoer, onviias diseases such as e.g.
sAkB& 4 &lt,gQgﬁﬁés ngrocess for the production of

nter ron serumfree cell culture
conthereiorss there isse nmdifan processes fortibe pffisisahproduetiontandrpurification

of Héﬁe@@%%?as 3nd 43 cd ol %x@%@%ﬁﬁ@%éﬁérw bt i¥ Héﬁ %Wdu‘?\g ed

reconbi nant a conprises
culturing an |nterferon bet a produ0|ng ceII in a
serd G%df Ti6R medi um conpri si ng:

ab%%ﬁ%weferabl y 20 mM of
HEPHS; pedseot in@erﬁiqnoisatiased B i qavelopment pf efprocdsisyfor producing

about 5500 to
rec@r%h‘\% %‘@)&PIBWG um 2{%{}@ E° rB?%'?'mf ably about 6100
g/ Thesefdreyiin 3 fitsy asmt the inventioTiTelatasrtama firoeass ferthe mamafacturing

of @é&s%g@ﬁ%ﬁﬁo m\ﬁmt 1&&&&%& ﬂlgmaﬂ'?hterilel}on ESSCon]r;ﬁ'lsw{]g stég 'of culturing

an (intefierqneB HYDRGXNETEEHL )n 1a FSPERABIGNYISIUETHANE StrdiOMiee  medium

buffer. It may also e.g. conprise 0.4, 0.5, 0.6,
°°'@6H?@go 8 0.9 1, 1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7,
1 8- nbgut‘mto@bgut@ M BEBES 2praferably20 mMsof RERES?. 8,

015 'E[M&Iut ?n%'lﬂ&lne refera%gggbd{ni‘ rﬁm (ﬁrljr&ﬁwe and

concentratl ons I n he ser umi ree um o
i nventabout 5P to.apoubE0hmgiL Sehon chBde, Frefepablysaboyt 6100 mg/L
5800, @@@8’0'@‘8@% 6100, 6200, 6300, 6400, 6500, 6600,

6700, 7000, 7100 ngy/L.
The present invention is further based on the development of a process for

purifying recombinant interferon beta from a fluid, in particular from the cell culture harvest
derived from cells producing interferon beta.

Therefore, in a second aspect, the invention relates to a process for the
purification of 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



In a preferred enbodi nent, the serumfree nmedi um

further conprises about 10 to about 20, preferably

about 15 ng/L Phenol Red. The Phenol Red concentration

may e.g. be 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,

20, 21 ng/L. In the frane of the process of the

present invention, the above-identified conponents nay
relaies Ueedn i intesfieyons Wietaa o pesitiom cwnprisinor @ olighisancharide  structure

: media are |isted bel ow
°°"E‘§m§e °QE'E§§@EEEE§%@%§ LL 325 CHOCD3 CHO |11 PFM
&wsassfme FeCORDIMBIAE RuPaD CHSfGoSBItGHDed adtondmg@bithe-yrocesses

of tﬁg ingéﬁicm/ 91 tﬁ@&%&%@ o%%&&t%g?reatment of tumors, multiple

sclerosis, viral infections, and uses of the serum-free cell culture medium of the invention

for the production of interferon beta, are further aspects of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 shows a flowchart of the method used for generating an interferon beta producing

cell line.
FIG. 2 shows a flowchard of the new purification process of IFN- 3-1a.
FIG. 3 shows the ES-MS transformed spectra of IFN-R-1a batches wherein a schematic
drawing of the oligosaccharides structure is shown on top.
FIG. 4 shows the ES-MS transformed spectrum of IFN-B-1a obtained by the new process
wherein:
P= protein (IFN-B);
Fuc Biant = fucosylated biantennary complex type oligosaccharide;
Fuc Triant = fucosylated triantennary complex type oligosaccharide;
Fuc Tetrant = fucosylated tetrantennary complex type oligosaccharide;
SA = sialic acid.
FIG. 5 shows oligosaccharide structures in IFN-B-1a; wherein:
Fig 5 A shows the major oligosaccharides:
. Disialylated biantennary (NeuAco.Hexs.HexNAc4.Fuc )

Il. Monosialyl biantennary (NeuAc.Hexs.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,)



IS CHOV JRH JRH Sigma G bco G bco Signma Canbrex
Hyd one Canbrex HyC one Hyd one Hyd one 14312- 1000M
14335- 1000M C- 1490 96- 0334SA 12052- 098 C- 8862

BE12- 766Q SH30549. 01 12-724Q SH30220. 01 SH30187. 01
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ar | :
EiTR s h AAELPERERAT AL LRI AR h5t00
invention is preferably an interferon beta expressing

S bErARECHESCRIPON of TRESRVENTIOR 955°T) Pod Y
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forI e rpfrc?Ju%Pﬁgﬂe&fai'nter%?‘oﬁjso%?a n.ﬁ'{dgf nsen%nﬁ-ﬁ%bs eeIFQ:Iu[t@rg k:&%itions. In
beta, or p, and enconpasses 1 nterferon beta
acclrrdanasdwifty then present preventian, thedprpeesisdontieymanuiacturing of glycosylated

el RS ot pIAR R0 4 3P BUNRRRH it ey roouc
cell wransarmmngrefeonediumethe 'seruns-free abdivem edmprising o
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or 1 1 2BSaCo b6 RNBM HEPEX ki T BEHERER, D95,
a" r efabpgt G- tayhalyasid 8y tpealine npreferahlypabdut tl amM of proline; Eind

act i Vigh, 0bsdgoeHih 908 Shdh LB dhiorkls, BRASHAE St 600 moy

a reference standa ali agal nst
sogligml g¢htpridegani zati on natural interferon beta standard

S i anal d it g f ,
el 0D S0 9192100, N, 1.0
19i ni28r nat | @al mbhi tof (HEPES! (@d-@rhAPRQXYETHY.)-peiPRBAZINYL)
E%No%a%ﬂi‘cgﬁlg%@g) %Bﬂf@r. A% é]%d‘&.g. Wgﬁ?’?%g@& 0.7, 0.8, 0.9, 1,

I 0assay usln
1.vd, A3, drd, St rlel.i 1. 7.51.8i 1.8.52, ChrRard3.0h412b) 26127, 2B12.9, 3, 3,1

mM3fpigide Of | FN-beta

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:



MU 3 12 18 24 nctg 11 44 66 88 “Variants" or
"muteins", as used in the fane of the present
invention, refer to analogs of IFN-beta, in which one
or nore of the am no acid re%i dues of natural |FN beta
are replaced by different ani’no acid resi dues, or are
del eted, or one or nore am no acid residues are added
to the natural sequence |FN-beta, w thout di m nishing
consi derably the activity of the resulting products as
cMesiurad wi t tManufaciurer t y@at. NBN- bet a. These nutei ns
are prepared by known synt hesis and/or by

BSi.ber dishgct ed nujgenesi si4x96hpoaMeS. Or any ot her
known techni que suitable therefor. The terns
"variant" or "nutein" in accordance with the present
EXEHL 329 i ncl uddRiBr ot ei n¥33/7088M by a nucl eic acid,
such as DNA or RNA, which hybridizes to DNA or RNA
egeigdcpg | FN- besgmag di sctageg e.g. in US 4,738,931
under stringent conditions. The term "stringent

[fians” refers to hybrl di i on and subsequent
@g@ﬂ|”r@3@onditi§1§?° whi chéé'ﬂ%%%pbf ordinary skill in
the art conventionally refer to as "stringent". See

CHO«H8FMdt al ., Gilbea ent Pragsad¥®Bs i n Mol ecul ar
Bi ol ogy, supra, Interscience, N Y., 6.3 and 6.4 (1987,

JHRN t hout '§@é ationg ggxanpl es of stringent
u

conditions incl washi ng condi ti ons 12-20C bel ow t he
cal cul ated Tm of the hybrid under study in, e.g., 2 X
SBoGEHAS0. 5% SO8nthsex 5 niBlE142466Q x SSC and 0. 1% SDS
for 15 mnutes; 0.1 x SSC and 0.5% SDS at 37C for

3SFgcADNUt es aiyiddeen, asid3dsa.03SC and 0. 5% SDS at
68C for 30-60 m'nutes. Those of ordinary skill in this

art understand that stri n1g2enc‘%/ conditions also 12
Ultra CHO Cambrex -724Q

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).



depend on the |l ength of the DNA sequences,
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provi ded such a derivative retains the biol ogical

activity of the protein and remains pharnaceutically

accept abl e. Derivatives of interferon beta may,

for exanple, include polyet %I ene gl ycol side-chains,

whi ch may i nprove other propérties of the protein,

such as the stability, half-life, bioavailability,
dependeora tiee lepgtht betheuBNA beglences, dligonunieptide qiroges Boich as 10-40
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t heMgthods éet dompanigg dles ld@otlty\andwcmmlwwaeﬁm@mreneregsequances are
weri hﬁovPr\ R\aﬁg% iy ?6rqﬁ§1aﬁéeo¥>?ocqr€r'h§% bR efvviégjérlsy h 88quence
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rocess eron beta’
famrIM\péptqgnmnﬁWtsbbuI(ﬁFret@ﬂ 1@90 AltscauICS)ﬁsetaahHQQ? accessible through

theth%me ‘Hr?ne r%sf’ét%\%&%r% %ﬁ&fﬁ‘aﬁ& %i\STN(PHBrBéPR W PR, 1990)

be c out rocess
al sbn)beuata‘rarraetjommtm pwferehl'pélaataﬁmuehm of amino acids sufficiently

du;{nﬁétwegif lrtﬁ/arg of dbc?lg,r %@ﬂ 8%*1@ g%@%@&g@-ﬁi@&gpﬂ%rh%&iv@ @NPN-beta. A

fungtianaliassay forrsivalsiating whether any variantdremutein hasteosimitaractivity as IFN-

bet% he &%%E %sg{ﬁase uf ﬂ%?rﬂé gQ{}rrrtg déufgﬂezrﬁﬁo grggf?&“v%ﬂtopgﬂﬁteeﬁect of
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t he e Lar i .
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Generally, growh phase | may e.g. be 10 to 12 days.

Growth phase Il is generally shorter and mainly serves
for adapting the cells to a | ower tenperature. The
growm h phase Il nay e.g. be Ito 2 days. The

process of the invention may be carried out as a
fed-batch or a perfusion process. In accordance with
t he present |nvent|on perfusron |s preferred
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When the selection is a perfusion process, the system

may e.g. be a stationary packed-bed bioreactor in

which cells are inmobilized onto solid carriers. This

systemis easy to operate an wi th appropriate

carriers and culture conditions very high cell density

(of 107-108 cell.ml-1) can be achieved. A solid
50% aatrieast 60V at east 136,18 dahst B0%cromdstpreferdbiyh at least 90% identity or

vention nay e.g. be a mcrocarrier.

horﬁélgg}g@%ﬁ?ers are small solid particles on which cells

mayMboteingr afWRNibetas mdyicncandre gsda inraecor@ahdeswith thecrrpserit énvention,

h n 'FWF' ag n e
or ?\Lglrgg:cgép gos _ﬂ?érgﬁ) ; fﬂ"c’ltﬂﬂ QN C.gér rs?fejrgasg%ﬁ%nu?lly ]porrespondrng
sequencss, ag $®sﬂhuhcmspeptrdes owpolgmmeotrdesrwrhmmanlbetmemlygabtarned by
4 d

on@bmralﬂgry%g(@ m%% gryrtg?gt\r/ l‘!enlrcrjﬁé Eé@%i@?ﬁ?@ " rSaéé%jl (?’naﬁb%fgbhrngs and
guidanceqiesentecthesteipr opagat i on such as, e.g., gl ass,

pol t e t

cel I}"%‘f%rée?ﬁ]anagé Yor nthteﬂQ?rh g&)’f&érﬁzg wrﬂ} %d&?soegrgﬂ'\rventron are what
arerpwpeasc' banmtvauve'hs@stmltlens aGoqseuab\te aminoeddid substitutions of IFN-

t .
betﬁl W%gﬁ ﬁgﬁ iadnégnoe ﬁ@@yﬁb‘ I“ass, g@\frﬁ)aacérﬁs gﬁr"thrmeco roiuﬁa‘ﬁ?mh have
sufmrentlsu smrlarl?,nj'tyhrcoqr@nnmj rpnmarmasthah dubs(brmtrpo rbetvweeen members of the
LGl r t r
oo 53 he SRy n B 0 Wl (SRR ME7A 1 i coar
thatamsertronaca_ndl daletmms efmaminacacidsnmapealed behwade in the above-defined
sedllefitEXC Rithddt "aitefi H(i]ge hRcfSre g%ﬁ%h%ﬁﬁ{dtﬁer ﬂE‘ér‘i 8% BP%BFetuons only
orces genera? by nBCRant on and. aerat
involve atiew minceagidsse.g., under thirty, faudtpmferabtyl undecten; and do ha‘t remove

or Hﬁélagg alr’rﬁr‘?’cgj aicf&a.arﬁr%@ﬁ %?(9 %ﬂticygl ttg dat h.Eﬂc%r%? %%B@hﬂ%ﬁﬁd# ie‘?&, cysteine
may e.g. be a disk, such as a di sk conposed o
resisloby.d¥oteinsrandg- moteins prodused thyrsdiell deletionssangiéer ingertions come within

e, e.g., US patent No.
thegﬁ%%ﬁg%k%‘%ugﬁﬁdr S E are usually treated
el eexaroplesitforc af lagnine acigc substitutions us prrateinsnwbich| ean be used for

obt?ﬁ&@%ﬂ‘tgmg%fﬁlﬂ\? V\ﬁgfasfgfﬁéenﬂ tnﬁgpégeﬁﬂrn%rﬂﬁﬂqﬁchf% érwsknown method

system ere roughout
Stepsrlsrublvasrpoesqnte@lcresl.és pwhts 4183814, 4a5ﬁ8 Pi%oand 4737 492, to Mark et
: ' l's :
ol BIGREIO I, BEor s KON RINGhRl ot 6P BP0 AP I ChBfh ot o and
5,0Th69brtoclws ef ah; arkk lysinedsuhstitutedb prajeins qrresentasti in US patent No.
4,9&1'%?1& et @ preferably further conprises a step of
I'ng thé interferon beta containing cell culture

har Aegpecial kind of ipterfaran wdriant daa_s creeodieserited teacenttyelThe so-called
“ooﬁégngbg ‘%nlgﬁe%ﬁét alﬁi nfoH-rn%RFéllgs Bgéu%%f @aﬁéﬁt@ cﬂu fl'-'l\f (%t '6Qﬂ3 ,253).

process. e puriticatron oces
Congepeessipterferads mgy taisoibetpeodused acdoediag tofthe h\eemt@qw r ed

pur i L& | I [

ol @Xg@ﬂg dd@rﬁatﬁfggoﬁa fg %r%baép yL']%é'rdr}%héu‘? B?\{gersr BiValitesahhid may be
prepared fiiogethe functiensh golpg whish ohcuraasfsidecthiaing ani toeregiduis or the N- or
-l o oo R i 4 2 B8 P i o o
thep renefntph'arrmuﬂaaﬂy acceptable li.e., sheyedoonet cmtrey:the hiplegical activity of
the! BRI &g s%rrﬁ‘(%oeﬁPé\}e TePRE 8By t8rtaﬁ&1ﬂ1e086ﬁésp8ﬁéuﬁqa’?eo%tor and

reco nan I'n eron f I
initiglenesentdr: signali®y End oo maj cohler fdxig propertiesf om nomposrtrons containing it.

y, [ t f

l‘i\Hn?Eéﬂn%Q Clﬂagg n%teg%eag%%r&%% gtgcihl gﬁ cgh A g@rafe of Bﬁosphate residues,

chr omat ogr aphy; c) Subj ecting the eluate of the cation

exchange chr omat ography to hydrophobi ¢ chromat ography

by RP- HPLC. Step (a) is preferably carried out

on Bl ue Sepharose, e.g. on a Blue Sepharose fast flow

colum. Step (b) is preferably carried out on a

caboxymethyl resin, e.g. on a CM Sepharose fast flow

In a preferred enbodi nent, the purification process of

t he |nvent| on further conprrses before step (a) a

. T e e o



d) performng ultrafiltration and dialysis, 17 e)
subjecting the dialysate to size exclusion
chr omat ogr aphy, f) subjecting the eluate of the
si ze excl usion chromatograph4 to filtration. Step (f)
may be carried out e.g. by nmicro- or nanofiltration.
Utrafiltration is useful for renoval of small
provided csuchra vdeirigdtive cretainm dire didlegicah eactvitya bk dhe gwelkini agd remains
[ onatrographic steps. Utrafiltration
phgr%g&&ﬁ&agﬁpt%mve organi ¢ solvent, TFA and salts
froﬁeltI\tqum ofi |otesfe81nepetat oayg dod |ebaraple tim@udentpelybthytene glycol
c t e .
Sldg % g\né lrbvﬂ {]’?m%ﬁ u é)glg Pey E)Fdrr?e rog?r?eoﬁr'afé% Cs%@itt Gs ttttb stability, half-
I|fe,db|oa\aﬁlablllty dolecancedy tee Humbe bpdy, fon imednaegenicity. To achieve this goal,
I i [ ' .
IFN%%té @{J yat}re I%b&) H@%%%ﬁl%&@d@(%? BE?;SIF%%HQ ?t}/)a:yg%%eciarr]ned out by
knquur netheds, adnsonbbmig WO 92{€3G950 far xamplet Hnapanuvwat, iREG-IFN can be

preg%egﬂfg&ggﬁénc?% ?Lg?ﬁllhﬁ% ﬁg)e eps of VI r us
re néjwhctlomal\deriuatlvemfdﬁbﬂbeta may ompnise taé feashgnee myietp attached to
ong'&f %bl%&uﬁ&fongleirg%?vfﬁ c‘ﬁ%scc&rdas &deoe(rﬁére s‘?&e éﬁa‘@r%r or?t‘h%%mmo acid
(e). re prefer Y, process conp
residgas;vm egtbep@gnt in yvhmh']’the rptuetyt iy a h@{yetmﬂgnebglyo@t (&iEﬁ?ednmety is
gty Fetbid, R b ddtcb SR R Bnclffiih Aubiy PR mojgtiag may also
be attathed e therlBN&ethl y > 98% The process of
f :
or couth BriAgs IRIGR Ahas BsBRE B HRPGS0MNI GOUiS. apides of the
carbéxyl grawpk dyi mgcttdmemﬁuamfnoma omw@ln femary besecondary amines, N-acyl
derR)%ﬁ\Hgagfeﬁ’(%é gﬁ'{ir]oCSJm@sc' 'oi‘ lti‘&%1 amitiy 585‘ %élauéso%%% 'with 5(!1yl thoieties
pharmaceuti cal ['y®acCeptabl e carri e
(e.g. relkanylr emcarkecyclioatey! groopsicerdO@acylpderivaiives ofrfree hydroxyl groups
d
(oG e of e FRERLol IR ifh S mBBUBEP! o520
useAéifranneIEmcasImﬂe thegresent {ngeittionaefers tblane subset of IFN-beta, that

e e

bioagsayp aleatribed gbbvegll-‘yagrggﬁtamay rieadityr hee p_mpatedtby_ remwinpl\amino acids
frorﬁ ﬁe‘ﬁﬁé’%@ﬂ éﬁ eﬂ%f)lggu,r]g%&ﬂ g&gtfngethg r?és"u"l)’(i\ll\t;fé)g %'t% rprr s %egl receptor
aganish dtioteases fofretmioring oes emino an:inbatta tiome frerh athear theoN-derminal or the C-
terrﬂcﬁglrﬁr?% nrfo?V déchg: &wﬁf (;%?\g 5P S %?Mnﬂ@ﬁpéérﬂeﬂ a{n}uﬁﬁ 9&?|i11?the desired
blolabloaltacmtvomey be) cbternnmedretg rrathe thstrd@acnhed éxnyexuoemet al;n 1985, and
mv pgscdr;}; £Br efééépb@'f’e’% uctivity (11U 106 cells/?24

ours e cells are capable of producing
at | east about 200000 U or at | east about 200000 |U

or t
Ty She biERRes BBt Bygierph o8 o PR iRm0 blkiea outat
a coogianiOlempersture cgoatbvangng témperatures. dv nay @rg. dee earried out at 37 °C
| ar [ e
o8 Whlf G, Rmdl SOV i ot of o fercfuiifal i iffly, .0
durtngathsfngtbcphase rata37n(E bed theacdiohinishedtte B85t °G @IpiG e Q) °C for the
ne pronoter/enhancer el enment functionally
proﬁ%cﬁlgggﬁt%g@t he human | FN-11 gene. Mre preferably, the
at Incaprefesied gmbmdinnent/ iba ipsoness of the irvestiemcoropnigesiasgrowth phase
e : I el .
l, ayﬁ’\gthg%ﬁr%? rlluécrioe%‘ ﬁd]g@?tgoé‘s;'}%%hl glggr{eﬁgtﬂpig?%vgth%agé“flis ¢dtried out at
transcription unit conposed of the Sv40
pronot er/ enhancer functionally |inked to the human
| FN-R gene, the human |IFN-B gene being functionally
linked to the SV40 T Ag early pol yadenyl ati on regi on.
It is also highly preferred that the nucleic acid
construct further conprises at |east a second
transcription unit conposed of a SV40
prormter/enhancer a nouse DHFR gene and a SV40 T Ag

Y T




Preferably, at |east one pronoter/enhancer el enment
conprises a SV40 pronoter/enhancer. Mirre preferably,
the nucleic acid construct conprises at least a first
transcription unit conposed 1%f t he Sv40
pronot er/ enhancer functional Ty |inked to the human
| FN- B gene, the human | FN-R gene being functionally
abdut 3k &3, the grdveth PYiage I istepreiad dut g abgut @8I, and the predjation phase is
carMBFbutli 8b&ta3ly, the nucleic acid construct further
conprises at | east a second transcription unit
c onPetepdinafioraofShd @ng ob thet phalses samelewithia tme krsavI@idgeRof the person
: 4 | v A i.0ni earl. :
sKifiGG (A0S Bole dordiified B! 6n RELAR L b RSl giypops, gonsumption
or arel @thesmetabalic indicatidre r@enepallyagmbitiaiphasd Emay eeg. freot® 512 days.
' . t_ [
Grepfifi e H b SebSIapP BRHED ekt HERY s for gaapti e opls t9:a tower
tenpetatureo o giowitto phdwevil mgy &.gube due 2glaysosyl at i on
pr Oﬂé ?rocéyg %f i ﬁg&ﬁ[o(?\nmgftb% ¢atried %[JF 5@%' %dﬂfa?&ugre Q perfusion
by a process accordrng to the preSent Invention.
probesso ineacentdadcersiih thet preseyitynvestora pedusietismoefeaad. human
i nt - i i ' [ .
st iRy 8, B06e 8 of BRI plibsth WA BN e fanoing from
abqut dfte abewd 10nmbreftiraliy fromtaboubl .bdosbaut Taerday.st r uct ure

L Eler PR ot 41 Uk R PR o ot D, calouited

as litar af meditmeper fites fof tata systehowonkingt volunhee pemdayuéotal volume=packed-

ool Y(eipkbRG R FOLRET 1h HoblBant URhASE Brddeif yeption, the diluton
ratelinaly dleyih atranpe ofi eagit GBS, 6, UcE, U& 169, 2125, 3| §15a# 415, 5, 5.5, 6,

by j t Vé =l SAam ne repeat
5t T e A B e et aBree)
t r i Mioed prieferahly, thediwtionaateds ingoeased within the first two to three weeks of

oo AR5y 68 P B35 B G LB e o

particulartyt durieg the produdtioalpplase.ed t et r ant ennary

i o oG- 58 WY e Ges e ptiof' iy ¥ carced out in any

suitahlet environment, such as Petri dishes, T-flasks or roller bottles, but preferably in

: %_ll% . 2 HexNAc4. Fuc?2).

vesé%#@?ngﬁ'@@at he%éq{dgﬁg%??eé%éﬁ%ﬂté?&gﬁr'pattern conpri ses

gl ybies th@aelapﬁimgisa ggmsm pftogess, thé system may e.g. b_e a stationary
paclkaeé\-%%Mi&S%t& %ﬁcﬁ%{elfg are ﬁébﬁi&ké! loﬂf‘ou&ﬁﬂ] %Hrr‘?rerg.cﬁqs %?stem is

or natura uman protel n glycosylation patterns.

easdyrio @perate Aed wiih appropdate satrieds ardhcylturé eonditiansfveryohigh sethdensity

COPOSE LN -Qf ' ion is characterized by a
‘°fsio'§f)§'|%gl°lé'gﬁ'§f’8§ ?Egb%ﬁ%}fi sing about 1 to about 5% of

unsAsblid carger tgl mey he used maccbrdance i thep@serit invention may e.g.

- S| | S : : 7 _
vo PRl RIS 8RRl (B, B0 G [y be orown
suspensign guljirat E¢liNarg capalle of adheringh\and rpropagating eot thef surface of

. S - Lnvent.i b Ot eyaf A f R
i BBoRAE Ihchl: i ML o Bosd o] i §f dhicn
comprisetl between 290 e anstBA pen Midrocartiersatamsret matie lofl ranious materials

a7 B BB o My 35 1534chupf 366 7 B, aves
poly;styn_ene,edolﬁlgtbylendned@(tp getatiai and ru:gl_lxﬂtlbser. elhaqix.‘:ditit?p,, the surface of
i, AR P ol it o rBER L B Bl Bl acirgE: B arqun suen

as,oé.gt,r egt,i NgN-diethylgnendethyl, gtsd, ablldgeeabneecombindnt proteins. Both
interferon-0 according to the invention, conprising

adm nistering to the subject reconbi nant human
interferon-13 protein as described herein.



Preferably, the treatnment is for nultiple sclerosis.

More specifically, the multiple sclerosis may be

sel ected fromthe group consisting of relapsing,

non-rel apsing and early onse t6 mul tiple sclerosis.

Al ternatively, the treatnment'®i s an anti-tumor

treatnment. In a further alternative, the treatnent is
maanepanous -and mah-porast misracarriers do existn Maachpotmrswspm:givathe cells

ea h&cc@&ﬁ&gﬁe anb\ﬁ%Pto\‘ He ﬁé?gcérﬁ]é’reéﬂérQ%Juﬂtigh,eénc} 8né inside of the
harmaceuti cal  conposi MR conprising, as an acrive
midroggurist &ret cellenares ptodedatel] foor ithe sblearr focaasbgermnated uvyamechanical
agilalbi bhE 8 fi&r?'nftﬂé'%?ééco?” as described herein and a
g gﬂar maceu'{gl cal Y k

acceptable carrier for adm nistration
of Aﬁw‘chﬂn azptirhcenner that mayrieossed ioraccerdanes with fhe present invention
C c C t [ .
mag rg\% f gﬁ'k Q%ch &{TB %l%cl)(réoa toE\éje{ { Pgolgégtlﬁrs @Mp},ﬁ) Yl%er bonded to a
sheatloérMpsqpymnpmesreéseease an Wbt ipatent INgr. £d26G6476)abuch disks are

usdaﬁg t%%?e% elggfdsiétﬁgl gf dfoﬁ%%ﬁ@t@%ﬂ%p%ggﬁg?é#ggﬁgﬁ@iﬁ it/r;r)é disks and

I N an
bemmttlabped darthé dibef systaohyiwhese rthey oemain thmughout the cultivation
. t her
orob B R SHA SRR Ao win el ¥l o A4S B p o

tlmesahlgherstham witlecelfs grawmgmtrulcmcamhml SI ng packagl ng

T2, I Blpo880 8, DR GR B EoSHIEE AR BB prly v
conprisee |arstephcef qoHiedtiag itheyinterfeen keta cotlainingpell selture haevest.

(ﬁr fﬁaﬁk Hsgrhﬁ%durﬁgh acﬁé %"tgﬁhré !ﬂgnfggtﬁ%nmrfmptsub;gcted fo a

uman eron pro el n as escri pe ereiln can

purgidation m)msgd to a human for treatnent thereof.

Th

or gIhéghﬁﬁc%ﬂﬁ ?J%dcefgh ﬁﬁa SC%%&S&?Q O%HQ@B Jg;‘ihfr?a PJnOBé‘té of the
requigedti puritys q@demayabmytamsedyfmmltlhailonapﬁfmxtlflcart@nosteas based on

chrgﬁg{oégé@wor af o{t{e?%t.l ho.‘?i cﬁﬁblagikﬁ%basénﬁgét{ogé@:%@gsalt or the

ry ons e <d
likef d'meaplllIifBailiQmISanefﬂlbﬂ’bma"@’hDUteﬁﬂ)Of@a@ tedbé [secbrd aspect of the
pre? t%\)@nﬁ&{j by one of ordinary skill in the art, as
ese reginens are well known in the art.

Ref lor arasgond aspectditke inventidre rélates doi aprecesapfoedhe whrifidation of
v [ lustrate the
rechRBRRhietoloh folfa AOE) SoiaRtid Bh s o | U1 TG N Ay,
t he n@yeSebjectingshefuid tme‘fleltymmmabbzaphm,bo ratory
procegur [ t t
ol ecw §&bjg<€tinb tﬁrg}]deé% e J%qgé’o%ﬁ ch!r(fH‘?tBQ‘agﬂy t@%la{i'&? exchange
r ecomnbi ndnommrapdﬂyhnl ques Such technl gues are

thor O%Zhééftpg?iﬂba'tﬁ@ Sl N 't&t & %Hr xcré‘ﬁﬁ/gng:g{omatography to

exanpl ular on ng | abor at or
Sanbr ookhystrotiobjc ((nlmpgrapmﬂby BRtHPLG1t ocol s in

(198%j (g}”—\f,lssBﬂl)J E?&g chI‘HerHi,&?h élh% Sépﬁ%% |35 onlar Blﬁg ‘Sepharose

fasthisivecalumn. Blepl(blyig prefarahly oarias,outren aecatmxyrﬁalhvi nesinee.g. on a CM
Se,ﬁ%[,ggea@gtf&, 989); Perbal, "A Practical Quide to
ecu

oni ng", John WIley & Sons, New York
( 1988 R; praferessih eatbodiment,” tRec putification DdYESs @‘cithmtiriwehtion further

B " CGenomne
oo SulorE R4, it Of g WAL o hcopffsion. =N
Spr innsget laafuptber pegfiesrest enbodinents theNpwifigatien preesy according further
: [ .as set forth in U S, Pat. Nos.
°°'ﬁ§'£f@@gl§§{;¥p§?’&83, 202; 4,801,531, 5,192,659 and
5, 272 d)sperforming) ultmfitratign and diadsis; at ory Handbook",
Volunes I-111 Cellis, J. E., ed. (1994); "Culture of
Animal Cells - A Manual of Basic Techni que" by
Freshney, Wley-Liss, N Y. (1994), Third Edition;
"Aigonucleotide Synthesis" Gait, M J., ed. (1984);
Nucl ei ¢ Acid Hybri di zati on" Flanes, B. D., and Higgins
S. J., eds. (1985); "Transcription and Transl ation”
Hames, B. D., and Hi ggl ns S J., eds (1984); "Ani mal

~ 1 + _  _n P T s A NSNS\



Ref erence to known net hod steps, conventional nethods
steps, known nethods or conventional nethods is not
any way an adm ssion that any aspect, description or
enbodi nent of the present i ny ention is disclosed,
taught or suggested in the relevant art. The
foregoi ng description of the specific enbodinents w ||
so f ule)ysubjacting tftemialgm’tet<a$ize1amhlsbor0¢hrometobmpbm i on

t hat 9% Pg{qieec‘ﬁgg (éfuﬁﬁglf %'e k&%ms 9 %%Pél’?ﬁﬁjl% filtration.

skil | I nclhuding e con

r ef Stepr(l) esaydiet cdridtowiery. bymmar@l- bynamtﬂltrrayomnd/ or adapt
erHM@!‘llltrgHo} @@ééf&%* g\}é? Iaf %&%ﬁ'rﬁél&fu‘?%b\ﬁ ?onents in the
wi t hout undue exper| ma n, rom

eluatlae @eulﬁnsalfrommrpre\musnfchtdnrmtmgmm stenpserhiltrafﬁratuon e.g. allows to

rem %é?'f dpe%ol\%g\%hl'ﬁ%% Q;% ﬁgﬂ)?rne gf%?pﬁémg%s{] été&é?%@ﬁm&fa?ﬁ the mterferon

betafln ttheeremused buﬁer ernfmdencentrate tha seajecute tdw’daetcmmd nagncentratlon
Su?‘ﬂ gl{rgti‘kgﬁcﬂ'h gﬂg&i{&%ﬁ@gg Ir%“ ulfréfllfract}(])'i'\omg na :égglﬁéi?ﬁb ﬁq&&ponents
having Ip)oteeulefwellebBrhebM 9kDand not of I imtation, such

th r 1 h :

k1 Bt 8 BB 8Bt RHSGRUETS o ror
adnaintstrgtion fonhumagis; itds admtamalthManecﬂmseof virus removal. A

. f
o SFEILEAGHE U ) 63788 DBHAN e AP o e
stePREPMmeTprea‘nraqu AheDptoRESECaVETE RvaDiAR YenCHD)stepSONE
\ tﬁla\l' %T%éAngnga' \Jw’t:hvﬁjles ur|f ’E%H % (@é@%lcgording fo the
descrl lges t Feta

e ge eration of anin eron
inqurrt@dus:pne@rmaoe(n enord peeférablyc §0 %candlunest prefertably 8%y

Ut Pk SREEE HalDinB T RRA A bR B oD RN R e rosent invention

prefsnatly danherwcamwmrises he sfepo ok frmuofatige e giurifigd tifkerfedoaniseta into a

ehaaEEtcRt SPmePafiot edienhly Nt NS o cBRatiage Mgl Sooeptaie

cartienman peri pheral blood cell genomc DNA |ibrary. A

Fechib e SR ol BB a4 Bt Attt e present
inverdidhmgays b€ uaelpmssemdy I‘ahg ceth lise oDidleRegEbweer, i is preferre_d to use a
oG aET (FBD TERE Mol Bia HGBTH T e ks DHFR

(dihyetdialateereaiuctaé) &tlwtmnds theorhosig cela farethe preparatiom@f glycosylated

intelgéﬁ?n ?tngF% d&gﬁ 8?9/ aqgganéh% l at d erc-)rnhE |§ &4 Sdewch‘nbed in US

patehta‘raa513é618591| on. Construction of the expressi on

P B Brstedid EbOSmpAforthe PissantifiverluBR okl % dtAiRed for producing

recombinant kihah obetfenon-Sdn mmnslbciad¢etl$1eapnhlles of piddRcing at least about

100588, 2 37 ot ARt Jher®, pamieRir PR rbburo

celllslmthouesl)l Rrefaralbly tthe cel&qwe zapalpé af piodacing atleastrgiout 20G000 U or

at I%Esq g@%@gﬂ& S%r %qﬁigca%ggpg%d(&ﬁ g Croﬁq?%s&%outsid%oo IU or at

leasiradont S QA0OKY Uedr alleast 4884t .600000 U offi deeomhpaalshurmn interferon beta
vect 0 ining the I FN-R codi ng sequence was devoi d
speg]ﬁﬁtc%féul%ﬁﬁé%cgm R and thus of the IFN-B
pol Peefierally e ioterfeenyi leta producing cdlhis 2e@HOaet mdichvie transfected with

a nﬂ%letchaem g nes?r%l{:to%gwgrﬁr%rlg%“ &%%rﬁ%ﬁtﬂeﬁ)"ﬂh%ﬁﬁ% %fégﬁe?l ftﬂ'\'?:tlonally
linkiet o Shvél upraantibNe? /gend.aMoes prefdrabliputhenat! IEAstR reopionpter/enhancer

sequence and the SV40 T Ag early pol yadenyl ati on

region, and a second DHFR transcription unit conposed

of the SV40 pronoter/enhancer, the nouse DHFR gene and

the SV40 T Ag pol yA-contai ning early pol yadenyl ati on

regi on. These transcription units were foll owed

by sequences fromthe pBR322 plasnid carrying the

CoI El bacterl aI origin of repl | catl on and an‘pl cillin

o o, - — R o o "



23 Ful | deficient nmutants require glycine,

hypoxant hi ne and thym dine for growth. The central

role of DHFR in the synthesis of nucleic acid

precursors, together wth thg sensitivity of

DHFR-deficient cells to anal dgs such as nethotrexate

(MX), present two major advantages. Firstly,
elemeahineprises SM40smcmoilBH§ﬁhaj@er Mash preferhbly, the nbcleic acid construct

e
corﬁér?s%g‘cég% ?é@%@rl Jélﬂsé’r pﬁbﬁ%ngoévé%;@ste h@nefr @%Ho‘?&/enhancer
funnMalhyrilnl@elcbnlzhemuman FN-8 gehet tlnesreumm IFN-Brgenel laing wactionally
[

nnlé"e(ﬁgéa e %p&& (,le”)3¢1 %}ah% gpl‘?é&é@?atu BRIEHE 1R} s'e%gé g%\l%%e(ferred that the
nudeic ecid @Dwrmme(mﬁmmrsea atlegsiza gec6d@ ﬁanmmt@awﬁit cayhposed of a

I ey e T D —

polgteinyigtidtareigmn, New Yor k, 1989). Ceneration of the

Rt Bl b i o s e goid constn
conprisirgf at least Wethmmr/ennanqehmhmtefupctmaw tiskedoto the human
IFI\EI[‘, %%ﬁg %r‘ig@% %wﬂ%g#ﬁgﬂfél %/égl% F\ %ﬁara%?e?‘%e%%fﬁ%t the Hansfected

nt al nin
cells-aré-igapdble ofl proglusiog 1t feast amutt1lﬁJQOﬂ®Hl¥Fatr‘raastabogbmoooo IU or at

' ) i
Iea&e{b%(.l @@bo@gﬁ\e’oz a\%&%g?é%&bu't 4%5?6(%)%&5%? éa%?gﬁﬂ.lt?i?g@q IL; or at least
abaqut 6690A8N. of TéromKinant bumen interferbaBdnl spédifior cellildr productivity (IU/10°
cel@?lpFF%Jf Rlrs)! Tr ansf ecti on The CHO DHFR- defi ci ent

UKX-B11 was cultured in Hams Nutri ent
M xPLenfaraBlst,z atupeast none e gromatéer/erhEn &S, elernerd 7 ComprisedOra  SV40

o5 Ut U RSPyl PR B s

transgripticec upt camegsage ok trpar §N&9em‘omtemenham:et Henatienallyr linked to the

o B ol P ol WRAGSBAS s o B S

earlepalyadenyatidn region Slost\areferatitOthe @m:lem/laeﬁlcgﬁstmqt furtheneamprises
at Igg& %sﬁ%}r{%ﬁt fe?@ggk Stroglgﬁdﬁ 88m IS tdhéﬁa @V&bU;F ﬁrg@‘@e?/ehﬁ?ﬁcef,oé mouse
DHpRegenpiandtai /40 mezolyédmntmnm@eamamﬁadmplatm tsgioncel | s

f ' I

and" 1 VT Sutterleidles 36, an Sttelri, BB, URARER, B9" brocess

according:tef the presehignyandivom was renoved and the cells

?ns %ﬁée@%% %Bf h?e%\‘%&t BP %Qa/f’e? hy Qﬁ‘fn‘?érfér&n H&g Bpokifon flaving a
unigueh glycospyation zproflle 4Such 1nte_rﬁerglp|heta ﬁapneferabiy pedduced by a process

Dul becco's Modi fied Eagl es Medi um
Wtﬁ@@ﬁdsﬁﬁf ﬁﬂe"%& i ne but supplenented with 150
pg/ inl ope celnnboellraem i glicasyeted re@snbina kurhanrintsrfiesondd protein
t .80 t
co“ﬁﬁ% gai! 3 icé)ga@crh%_nﬁg dsg%tu?g%fb{ﬁgoﬁﬂt I%g r;ch o? f“égéé“&mndes In a
prefesiesit |etmhodmer1h| Ftheldigosa@nmﬂid@ glalcture | fw_rther comprises a disialyl

biat Bhfarl §icbspiet A REOSAC Rt 2B AP 1 Soaked
paper adfster ;Fr@fehlédtbmaedlﬁieﬁﬂeﬁme\/\@hQU@l?1 ylation pattern further

di vi dual t N
cortflfser it B9 SHUERE G DPBISHAR NS Ui (P HOTYAGA T, disialyiated

trla;ﬂerlﬁé:ryzﬁ rl:ffﬁ‘repbpddlglbl é@%‘i’a&ﬁ%rﬁ%ﬁp% 5{::&? Iécwseﬂﬁne repeat

ours wer e ecte ene icatio
struetures of (NeeAe2. Uﬁ&HMA@BJI@ct eérlalaiyletedt urt@lamienhawOw structure
c Mr nt on,fha

(N B P s e oo SR8 Bl DRl PR P vacety
concentrations. Subcloning and cl one selectlon wer e
performed only after the last anplification stage. The
sel ected hi gh producers (nore than 400,000 |IUW 106
cells /24 hours) were subjected to clone stability
studies. Arelatively stable high producer clone was
selected and subcloned Fron1the resultlng cl ones, a
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For the Northern bl ot analysis of total RNA from

primary clones, the bl ot was prepared as foll ows.

Twenty pg of total RNA were separated by

el ectrophoresi s on agarose fgr mal dehyde gels. RNA was

transferred to a nylon nmenbréane and hybridized to an

| FN- 13 DNA probe. Size markers (M are 28S and 18S
lactoRpAINnewlepedt stmuctuses on trisiatylatgd Geteande @00 (NerAce.blek didexNAcs.Fuc);

s I nat... ) i i i [

moh§ QERIa, ind B RIRUEL LR Hhichre i (B e unts
(NatlﬁthﬁXg I-(egNémﬁ)JcnlﬁdnAnzH% HisnEicy Buichecco' s Modi fi ed

Eagl e' s medi urlrI;|i errent ed with roI i ne (150 %

and"EiRRIBShE °éﬁe Hé’“%’b?%ﬁﬁm &P PHS%SeQ'Xﬁﬁ“Pr g%”” g a similar
levélest INIACet@nurafrini&atit : BOGIytolpedriahtinic acid as féiehateral h@#an protein

the interferon produ0| ng clone were seeded in TC80
olygqsylation patiens.o6 cel | s/flask) in 30 m growh medi um

(el InhefurthbEdefiédRtbodthert Sthe iRtE F&Sn e wﬁ)pos\ﬁ&a 1df the invention
nf | uenc was _r eached,

is %&@%ﬁ%& ae%@.{wﬁ Prafile Ctoﬁ‘é’"a'nnsxﬁ?’ﬂg‘n{e gﬁ]?ﬂr‘]-\?gé & unsialylated N-
glyégl as@ﬂ 5MotdbodP25% SIfmdricesilyard glyeafhﬁdatﬁdw 56Ub laBb&S75% of di-

d at about. 32C fo 4 S of t he
MPSTEIERGETAE  Ah EC
I Fl\hlf&rtﬂerahépemeéf the préRine inveRtsh Ryatéd- te>the nsmbt im€erferon beta in

culture rredlumvmthaco rcial

accgmg é(wthttp,ee p{ﬁsg?t |E[qr§gn rithe mlppgcl SA gwc%rment for treatment

of Hop@s dlsé‘asé sihlpahtrtlap Frioftiped scverbsas V@ac&abﬁ\maatneétubys
the Un of TFN-11 roduced er

mul ti

houT'%‘fB'g' eSCl%‘PSLﬁrE‘%QP S?@éi?dfﬂ%wea&ﬁﬂ%ﬁﬂs H%OU;?'%F’E@Q non-
reldpétn@an@%ahy6H§¢t¢ﬁultﬁpl@sﬂéﬂobison5) per flask. Results and

concl u i nterferon bet %HﬁrOdUCI n

cl offed ?Hg@eaambﬂ%e E‘é‘PT‘t'qn riateigA mgthedt fiealing,g HPPSH“ need

of taHAeht WitH mlterfee@mﬂ’ryceaﬂtn htg e invehifgn, @b@PrisiRg laBmirigtering to the
range of ab;ut 100, 0 in speC|f|c cel | yl ar

subjgah hymap eé%’? Protein AsGEFedieRhout

600pffdrabil) the tmﬁéﬁtl i fof Iniuulpw saén@discmowz tspecifidifly, nthannultuple
roductivit ew cel | (\gas 556, 000 19

sclerogis 1y Qfe?%/ gz;%% rﬂl;ngne group con@g e@@gpm ngn-re apsmg and early
ond®0 rupleodyervéls. al so exam ned by phase contrast
m c[ 0sco one .to, four days ter seeding. Morphol ogy
T B UM o B R AR ot shown) . Tha
r esiild frthéraNeiriztiVe, ahe treainéanRidnyantiddral teat@eht. s af t er

seedi n he cell e hi bited rounded, i ndl e- shaped
o gy S SSRAE <5t dhe SHBNEt ey P fEniageates to a

phé?ﬁh’ab&tfc@[ mrﬁmte)nmﬁbmw SasC @ATHOLSE UngrbdiehtD R@aiksekted, purified,

spi ndl e sha nd snal | er tly. ked, .
recgBbieEt hamat Picsreia-§ Soppasii ¥ AetcroRGBRFN ana pramaceuticall
acosptaplRotarfechr Ahmditedtioni ¢ftthe phavhadeuties daphpbkiass rrefdrably, the

of DNA se nce, def er m nat

were t cal cells, .
phfirageiichl FRMESTIRR TVIPG GTUHIPAT 6 IGR! BRI Bhaclvily against
muffipld ddhosis Oéﬂlhﬁ?ﬂrﬁseﬁi esd m@gf\re)mgtdmrhl Mbgt@mﬁr@ﬁ lrecombinant

used to deternine the codin egi on .
U IS OB BERla o s b v dRd S SR P i Ahgabtale carrier
for ddrhﬁ‘ﬁétraﬂé@@lfthb ipaérrﬁda;@uiﬂ%cérhmtrdn pts are processed
Eg; &ﬁgurth%rr %%Séj Lfl o? the present |nven %%n&er}gve%%gnmrggtgs E)CaRn article of
manufacture comprising packaging material and a therapeutically effective amount of an

isolated, purified recombinant interferon-B protein, wherein the packaging material



Total cellular RNA was prepared fromthe cells in the

exponential stage of growh in T-flask cultures

(Chontzynski and Sacchi, 1987). Conpl enentary DNA

(cDNA) was synt hesi zed fromthe NMRNA sanples in a

reacti on which contained 2 rﬁocrograrrs (jag) of total

RNA, 0.5 p. M random hexaners, 2.5 mM MyC12, I x PCR I
corhpriseera [abel on\paokage mlert(lpdicﬁlr@)thatsmenmmmantmtﬁnan\/lnterferon-B

T :
profél o foscBa el o 1 3eiminB el Thurch Kplrbinfins Heaf

f i nhie isolatets pafifiek)) @egnmbinant humﬁmelnteNArqne[Bnpr(aele or phamaaceutical

ng;%%lt Hcésl%ggntgécfﬁer%tls ré‘i'SJaS fé}ecﬂe mqu%HB %? gqng'&lcament

and hen

for liestatmeﬂthef reJapsing, ng)rcmlqmmgnasd warlg mt:dndhpietmross Dosing
reg‘[ngé?r%tlfgf’élp Lgépéé%b ti?ﬁt&‘é&%{;sﬁl& b@% rFHrH ey r[éecff ofdliary skl
in thdert B tpesnjnegtrmer(sammy kmmmenrstheraetd at - 26 20C unt||

further use. As a control, a reaction with all

conponents except t he reverse transcriptase Wwas

pr ereferéncelis moWwroadrto the fallowingi examplesx whigh dogeltieer with the above

I ' hat arations had DNA

deQEPHJ t'%ﬁ’n 'E%s?&&%g iehtor 'B%Rp&a{h it ﬁwfcg{“?'gn was done usi ng

pr i GeneraiRiBle WhemlntumREeﬁmerelh @and N aberatdry peacedures utilized in

the%w&&#ﬁﬁ Efb?éé:'égrls B@k%rﬁl%lf gﬁg?lﬁ‘%ggﬁgﬁ%n@%éombinant
DNeAmAhmqw@gqmﬂﬁmq'ue(s%Q thoraughly2¢xplained in tHeclite@®ure. See, for
exJngﬁ&: ‘I\%]écu?é?néfoﬁﬁwﬁ 6 abB{é?or?quérﬂ#I n?amﬁro%kpét Qf (“i% "Current

Ion m Xture,
Protong|s2H MoleewarSBaloquoluH@sdflll wqusubei R. Meaext |(d>994\),oAus®el et al.,

Ct.ﬁ’Ien?’%éé’ljo?ol%r hﬁ hﬁ@@@.‘lérogﬁ)édé&gg% @ya{ d)g ggﬂ%‘)?alﬁrﬁgﬁ Maryland
(1988) Gedsl, Ao Erasﬁccal ﬁwdesto Meboulascmm (OhnAXiey 8rSans, New York
(19%%{.1 vf/’\naﬁp%{w %&EI ncu nt Iﬂ\%&u 'S%%lntlﬁcpAhgﬁc%l ?éékstle‘%sYork Birren

atiron’tirme exte
et ali rﬂen!s%s Ganamet Aralysisind . Laborafory Mamhal BSe?@R',pyddudids Cold Spring

HalBf Eafibioly BRsDNel VST 908 ithdiaddilhs SOT6ARE 0. Pat. Nos,
4,66$.828:i 4.683202; k80653 1; Gn192, 659( Qch §@TP,05%: HealinBiolegy:0A Laboratory

ng{ :\ﬁ)ﬂ.l -l Cell& JTF; e?ﬁﬁ?@4&d§gﬁ%e%ﬁrﬁﬁ%@lgc%Manual of
Basied aelrrmqua:‘j byelaeyhrmawuegﬂ_lsg N. W t(ROFypTThitch & ditipn;DXDNgonucleotide
Sy B o PER ot WRFHAREUGH D 8 KT, 4 Higgins
S. é.equar(d%&t'é "Transcripliordanch Treoslation"ddanaels, £hdD.aaed Yiggins S. J., eds.
(195% Aa é’&{u? ggés‘f‘{ﬁéthRqs%& S (1986); In}nﬁ)grﬁized Cells and

Icatiron resu énérati on
Enzymas b%le&rmpfwﬁhéﬁé’raqt&abemﬂeag idateculaCIeoRyPPertialc Bs (1984)

an &h%’éfﬁr rfzgn'foﬂf tt}SII 1r1§’I7RXca&é?@%rI3?%ssn%C§q5rofolagls AGmde To

er negati ete Sequence
Metmde Aotk Applisations”, AbedgmiotRyess,cSah |E§egoeg’$/br€1aﬁ0);t Nbrshak et al,

"Stlgllt%\%sp‘)fog @?&elnaibunff&%@érfgﬁ& g‘fﬁ%r \Xﬁfﬁ‘ﬁeﬂéﬂ%‘{?ﬁ%'? COMEE Manual”

rophero rans not sequences
CShik Rresso(1B96 )call ofomhlerear@xmwated byerefesenceras ifcfullyf sat éorthererein.

\;V::Jﬁ%\& Cq‘H&N dﬂ?ﬁésdégu%% {gﬁf’at ntl?lﬁ%{\ﬁlh B8 'aﬁpréﬁl_aﬁd byt thosk/Kkilled in the

art |thateglea5@rue|¢ano be eparforoed géthima widet Fangel ofnequlgalent parameters,
oon%gﬁtfa?i‘c‘)ﬁé ¥nd CBRktdns Q/ﬁﬁ#ohtn&ébamngwf% Mirit and scope of the invention

and without undue experimentation.



Det ermi nati on of gene copy nunber The gene copy
nunber was determ ned by Sout hern bl ot analysis of

BanHl di gests. 27 The specific primers used to
build the probes for the ge copy nunber analysis are

the followng: (i) 5 :PR221626:

ATGACCAACAAGTGTICTCCTCC (SEQ ID NO 3) (ii)

3' : VRIS 11 ThvaQioNAGRCEENAGESTABRARAGNSBEIDN BittSpedlfic embodiments

the%ogﬁf\?ﬂ éb%surfdgfst&ggtﬁgimf és%el\rﬁgégqp@gr grﬁk)eoﬁ‘[&gtriogi%ytﬂﬁé Qpplication is
intepgeo trecaviea bhy variations) gisd@s Of addptations of the infentivre fafledving, in general,

the m@geg (e)gfﬂg tuﬁ\}eﬁﬁ‘éﬂ g@jg@}m& E§ sﬁ@{ &éﬂ%?tHFezeléf:fre I gﬂ%\%}?seent disclosure as
come wiiBip knaenl o pusdoriary pradiics w&nﬁmm aftfte whighdhe mventiopseedains and

as Wag %Fgggﬁédsto {r C%?SERT{F%%%B Bgr%rnbef-{)% §e’&?é+ﬁ10§§]@)% if3he ]scope of

overni g pro ernase on o
theappendedatagos.sal t sol uti on and centrifugation, the

genRImrgfe@Nﬁé%ﬁ?cﬁ Qi ‘hélh&‘*ﬂ% QXurﬂgldg{tiiclgé‘w ﬁ;a%stggt(% published or

I sopropano e ag lelus
unpeiblished|U. G/aemforetlgrepmm qp@l@ﬂuon wasueddd.Os pefodeigh pateats or any other

ref%gﬁcgglaﬁ @ﬂ@ M%)r%ra e]dobm’gﬁr[eh&e m%\fpmgﬁfjﬂ?haé %géng%nﬁés, figures

and:wt memmadan |tmmsted/afeferempgsaﬂddtﬂlomlltyhthMentlrle coBlests, of B feferences

ey 8 RibosB 98 B o HREABUIBE By B

t heRefgramce ¢ kmavat method rstﬁpaumrualsi@salusetbocﬂsastepm &nown methods or

' h -
coliSEPLE RARETE "Bt Nl 90 BUAERS A B0F RRed cgprioton or
embedirhen @m presenyinventioe nﬁﬂlmlmdngugm pr $uggested it the releveintart.

or ol SFPop R Tt 0 hBERECinc Binghimo A xS KFEA the gonera

natbneagfrtbatinvention vtm ofPers aam| byf applyifg énowledgepivilisin the lslslll 0§ the art

(mch)ngnlchﬁlé [Zﬁ'{ténté ijt'hg ?é @&oéftgg Bglreﬁ'ﬁ y@é&ll‘} é&ﬁf& Qﬂdlarngdapt for various

I ONn was one
applicationrsuchtsipecific wmbedimedts, witbewt undue rexperiimentationn withouthdeparting

frorﬁatrﬁgs (Q'ncéréf ' é&e@%btzgfj tt@’ p?’ nP%/%ﬁt.&“tﬂ{e%’fpfégfs%Bﬁ‘ adgggatlons and

expre Sl on or was use as the con
modificettions et iptemdedita be withiar the Imasamihgolange bbequiealgig of the dlsclosed

b5 k5 HANGR AR PRI bR ! 4453 oo

thalAtheoplrdsentpgypdrsterminelogy dierein i fosdhe CPUFPO§9I01 edescriptiooraid not of
Iimi%ft ?Itl h&.lc'h é'ﬂ fhﬁ t@?ﬁ\b %\P ?)nr%@@aloqﬁ H'nlet r?'res?r]1 specifi c§t|(73|$ is to be

erm na ons 0O ene ed f
interpreted fhyrtbe skiadaarfisandio dightgofctlee teachingg ard guidance\psesented herein, in

j d ti f
corff Bt VY ioluegtlp BF e ot orcnany slE AN, 907 101 g

cell line resulted in the productl on of prom nent
bandgafmpEsnat ched those predicted fromthe expression
vec he BanHl, Bgll, Dral and Hincll digests. A

very faint band (-1. 77 kb) was observed with the
Bol Exalmit i 99. SHEPARAFINNG  oF D& L cHINEBR 1BAMETER! OVARY (CHO)

| NCOTIPT €L €
CLONE PRODUCING IFN-BETA AT HIGH LEVELS

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).



28 digestion. These restriction enzynes flank the
hl FN- 13 expression unit indicating that an intact,

functional, full-length unit has integrated into the
genone. In the remai gzng di gests, differences
in the bandi ng patterns wer&“observed between the

expression vector and the genom c DNAs. This is not
uneAp evereigwaaves theeproesasral iggeenating thestlonecis ulepigtesinintfigs 1. A DNA
. vect . o ;
rodp B8 MBS o oFR o0 iy rumer
peripherat bleod apll gemonsigeDBIA- libGSy. cAp%He&flcmlICHGOnell Ime was

ra SRR Syl QiR PfomECkb Bpinkial SEHCLEP AR RBY coning

sequedcea aQy¥ thegmaidse? PHFBegenariasad iselectablmﬁnm agnplifable marker. After

soig b i PR A . S RERRERDA S rdhlielfle (Y. and

cIo:ﬁDthé call preddBigiirdzf-alait high dle\tém:was lso[h%ﬂ JThe Thiks werelsebjected to

l.ude P- | abel.ed hl FN- 13 probe prepared as
gerH)Z%p&? anﬁgg&cﬁ'\aa@e Et€lmi nati on of gene copy
nunber” and a control G3PDH cDNA probe (C ontech; Palo

gel An bhmhsmmﬁentormbntamumbdmhyﬂq;easm ol gt llFIf\HI&t:odlng sequence

and PR e PR 8985 o Bo e W gl Zn'ss°°8§f%°58? Rlimigted the
necmssltyonf cé’nmhyrecilcm Dﬁﬁhémgqmmdsmg"%mfme i;/\;m :zﬁa’ciegﬂlaemlds one
ur n
corfRrisiy BisgIAIE R, fetielies PR R eChied EhipAdhd Wi fhouse DHFR
semla%x:egbqassfhowfr keq. frbntaGréemajevérkyket adi198d. to a 32P-| abel ng
o1 711e SRS PRtel et ARG ine Tv s G, PaitRgs W81 of the
IFNBR BHLETR &adsthlus of ﬂnedl;lﬁ@p)dlyémieoylatl?]neregg)n One maj or I FN-R
[ve
s e BRthgsion Feb G ihel g i (hORidtF o einkA P Hensgiipfen unit,
a fingtl IFNE® temnscrigiidn aindtr éomgpsat dfhtbe SSYAD prMeniern'lanoer the human
1PN sl BB g o helsEAd T P SV RBT Rl feon, RGY second
DHEBn’eara;IcnptmmchmB cmposaddofsthﬂnﬁwo promoter/edfadcer ¢ nyquise DHFR
eand ogtﬁ %/%/1 _%(s) ton ther rfer r}‘l bet aogroduci ng
geNETNGNg Sm!’fgt?f‘ WLELARYCDt t he
cel Thaese transcnpt'bhmmtls rvmmsfdtm}edl W s@quehcemfrorh thee@BR322 plasmid

CafBg)'\th R@ﬁ%ﬁ%@?l% cﬁrl@ﬁl (%%)pl §?L%ﬂ %r%e Qrggglllln résl(sjt%ngengc'é At ed

Conrae stamture fof thesdxpressioarveetod aas vk rfieich ynnesipiction map analysis and

o B i RS0 A LB 758 Bt semonce

of the fragmants ased fus ite tondtrictivri-haBcadinaed in both directions.

Description of the host cell
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).



The hl FN-3 gene copy nunber |evels were neasured by
Sout hern bl ot anal ysis of DNA extracted fromthe cells
of the clone according to the present invention. The
results showed that gene co nunber | evels were in
the same ranges for all cell%, independently of the
popul ation doubling |evels. Nor t hern bl ot
anafFylsdeficient letanpr regeire glytzlnenhl)tphsarublhb sang tiloymaiding for growth. The
a | .
oo 808 DR LR IS of Rifbic RelloRfifors, dogsther it the
sertsﬂmty: of DdzkERadm‘@leof celisetondigiogsesychb rasemethioirexate {MTX), present two

ma%? n’%’?éﬁﬁ?&% gﬁ%&ﬁre]&a\e/néfe?:ﬁloﬁ Zk?ft EUCha%egr d %‘énr{t O#ell% With n;§1asmlds

cont@inipg et IEHIFFKIgeﬁB allewss thei selection ahiecombinant cellk that grow in thymidine-

fre%@?e?i o gconh r&'%‘i"%ﬂ éé"%dl t%%%?nﬂ%%&tﬁfn% increasing

UCI n S syn es e
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The overall goal of this experinment was to develop a

process for producing |FN beta-la fromthe cl one

described in exanple 1 under serumfree conditions.

The serumfree process was vel oped at 75L bioreactor

scale with internal packed d Fibra-Cel(r) carriers.

The cells were thawed and expanded over 21 days in a

c oniselatioradl a/censéitutiedhiENs@ produtingeeldi um havi ng t he
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gro%lLé}H %?ecge@?%rltﬂ%ﬂgu&e:ﬁgaetérg%%%@&lfJ)rghlﬁ’RI[r? or&efeidfich b ELM€A. Three
clones producing more than 30,000 IFN-B 1U/10° cells/24 hours were selected for gene
amplification.

Each of the clones was subjected to culture with low concentrations of MTX. The
entire cell population that survived the treatment was subjected to higher MTX
concentrations. Subcloning and clone selection were performed only after the last
amplification stage. The selected high producers (more than 400,000 1U/10° cells
/24 hours) were subjected to clone stability studies. A relatively stable high producer clone
was selected and subcloned. From the resulting clones, a high producer stable clone was
selected.

Amplification increased production levels (specific productivity) of IFN-B-1a from
30,000 to 500,000 1U/10° cells/24 hours, as determined by ELISA.

Northern blot analyses were performed after the initial isolation of the clones of
high IFN-B-1a productivity. A single hIFN-B mRNA of about 0.9 kb, as expected from the
expression construct, was expressed (data not shown).

For the Northern blot analysis of total RNA from primary clones, the blot was
prepared as follows.

Twenty pg of total RNA were separated by electrophoresis on agarose
formaldehyde gels. RNA was transferred to a nylon membrane and hybridized to an IFN-3
DNA probe. Size markers (M) are 28S and 18S rRNA, which correspond to 4700 and
1900 nucleotides, respectively (not shown).

Productivity

Cellular productivity was then tested as follows. The tissue culture (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.
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Pr o@engralbeellular 37apbgalogy was also examined by phase contrast microscopy

one to four days after seeding. Morphology was documented with photomicrographs (not
shown). The results show that at low density (24 to 48 hrs after seeding) the cells
exhibited rounded, spindle-shaped morphology (results not shown). At confluency, the
cells form dense monolayers comprised of elongated, spindle shaped and smaller, tightly
packed, epithelial-like cells (results not shown). The morphological characteristics
exhibited by these cells were typical of CHO cells.

DNA sequence determination of the hIFN-B coding region in cells of the clone

PCR DNA products derived from the hIFN-B messenger RNA (mRNA) were used
to determine the coding region nucleotide sequences as the mRNA sequence provides
direct proof that the RNA transcripts are processed correctly.

Procedure for DNA sequencing

c¢DNA and PCR Reactions

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 -



33C Dilution rate 1.67.2 Dayl pH 7.0 p02 70% EXAMPLE
3- PURI FI CATI ON OF THE | NTERFERON PROTEI N PRODUCT The
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PrebeRaDh NitRatdl wal EheSSing piRL-™BRE1 AP1 and AP2 for the cDNA
templates. Sequences for these primers are as follows:

SRB1 AP1: CCTCGGCCTCTGAGCTATTC (SEQ ID NO: 1)

SRB1 AP2: CACAAATAAAGCATTTTTTT (SEQ ID NO: 2)

The PCR reactions consisted of the following: 4.0 pl of cDNA reaction mixture, 50
pmol of each of the primer pair, and 25 pl HotStarTaq™ Master Mix in a reaction volume
of 50 ul. The reactions were heated at 95°C for 15 minutes followed by 30-35 cycles of:
(a) 94°C for 30 seconds, (b) 55°C for 30 seconds, and (c) 72°C for 1 minute. A final cycle,
identical to the first 30-35, but with the 72°C incubation time extended to 10 minutes, was
then done.

The hIFN-B PCR products were purified by low melting point (LMP) agarose gel
electrophoresis followed by extraction using the QlAquick gel extraction kit (Qiagen).

Sequencing of amplified DNA

The PCR products were sequenced directly with the Big Dye™ Terminator Cycle
Sequencing Ready Reaction Kit with AmpliTag® DNA Polymerase. All sequencing
reactions were analyzed on 5.75% Long Ranger™ gels on ABI373-S automated DNA
sequencers. The raw data were tracked and analyzed using ABD Analysis software.

Results

PCR amplification resulted in the generation of the predicted approximate 815 bp
fragment. No PCR products were observed for the “no RT” control nor for the other
negative controls.

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-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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samples. The DNA was size-fractionated by electrophoresis in agarose gels and then

transferred in 10X SSC to nylon membranes by capillary action. The amount of genomic
DNA loaded was 0.5 ng. Blots were prepared for hybridization to a *P-labeled hIFN-B
fragment that was PCR amplified from the plasmid using the primers indicated above.
Prehybridization and hybridization was done at 65°C.

Size determinations were made based on the migration of the bands as visualized
by *’P on an autoradiograph. The expression vector was used as the control.

Copy number determinations were based on relative *°P levels in the bands as
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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and untransfected CHO DUKX cells (Chomczynski and Sacchi, 1987). The probes used
included a *P-labeled hIFN-B probe prepared as described in section “Determination of
gene copy number” and a control G3PDH cDNA probe (Clontech; Palo Alto, CA).

Procedure
Total RNA, 5 nug per lane, was size-fractionated by electrophoresis in agarose gels

that contained formaldehyde as a denaturant. Samples were loaded in duplicate sets.
The RNA was transferred in 10X SSC to nylon membranes by capillary action.
Prehybridization and hybridization were done at 65°C in the modified Church and Gilbert
solution described in section “Restriction endonuclease map analysis”. The blots were
hybridized to a *P-labeled hIFN-B probe and a control G3PDH cDNA probe. The band

sizes were estimated from an autoradiograph of the blots.

Results and conclusions

One major IFN-3 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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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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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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. Stage |I: Affinity chromatography on a Blue Sepharose 6 fast flow (6 FF)

foll

Fue?)

column;

. Stage llI: Ultrafiltration

. Stage IV: Cation exchange chromatography using preferably a CM
Sepharose FF column;

. 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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glycafsrinth, e as descrlbed 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-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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Minor signals at 22524 Da * 0.01%, attributed to disialyl biantennary difucosylated
glycans (NeuAc,.Hexs.HexNAcy. Fuc,), were detected by ES-MS in samples of IFN-R-1a

derived from interferon beta obtained by the new process. This glycoform can also be
defined as biantennary glycan with sialyl Lewis x (Le*) antenna. It should be noted that the
Lewis x (Le*) glycan, composed of Hex. HexNAc.Fuc structure, is commonly found in
glycoproteins on the surfaces of both lymphocytes (L-selectin) and specialized endothelial
cells (Cummings, 1999; Dell and Morris, 2001).

Another minor glycoform centered at a mean molecular weight value of 22670 Da
+ 0.01%, with average amount of 4% of all glycoforms 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-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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Carbohydrate analysis by FAB-MS, MALDI-MS, tandem mass spectroscopy
(MS/MS) and GC-MS (linkage studies)
IFN-R-1a bulk samples derived from interferon beta obtained by the new process

were subjected to extensive carbohydrate characterization studies. The carbohydrate
composition of IFN-R-1a was obtained using FAB-MS, MALDI-MS, Nanospray-MS/MS
analyses and linkage studies (GC-MS) of permethylated IFN-B-1a following tryptic and
peptide N-glycosidase F digestion. Glycosylation site determination was accomplished by
FAB-MS analyses of chymotryptic peptides previously digested with trypsin and N-
glycosidase F.

Method

The tryptically cleaved peptide glycopeptide mixture from the IFN-B-1a was treated
with the enzyme peptide-N-glycosidase F (e.g. as described by Tarentino et al.1985).

After stopping the reaction (by freeze-drying), the resulting digest was purified by
C18 Sep-pak cartridge. Carbohydrates eluting in the 5% acetic acid fraction were
permethylated using NaOH/methyl iodide, as described e.g. by Costello (1997).

A portion of the permethylated glycan was analyzed by positive ion FAB-MS
(obtained in low mass ranges for fragment ions and high mass ranges for molecular ions),
as described e.g. by Barber, et al. (1981) and Taylor (1983).

MALDI- mass spectrometry was performed as e.g. described by Hillenkamp, et al.,
1991.

Nanospray-mass spectrometry was performed as described e.g. by Wilm and
Mann 1996.

The remainder of permethylated oligosaccharides were used for linkage analysis
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 propanol fractions (20%-40%) of the Sep-pak were sub-digested
with chymotrypsin and analysed by FAB/MS.
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Results

MALDI and FAB-MS of the permethylated carbohydrates

The study was conducted on protein from interferon beta obtained by the new
process. A representative MALDI spectrum is presented in Fig. 6. The corresponding list
of m/z signals observed in the permethylated spectra (MALDI-MS and FAB-MS) is
presented in Table 3.

The results of all the batches indicated the presence of a predominant disialylated
biantennary structure having the composition of NeuAcs.Hexs.HexNAcy.Fuc, and a

monosialyl biantennary structure having the composition of NeuAc.Hexs.HexNAc4.Fuc.

Non-fucosylated glycans were not observed.

Minor signals possibly corresponding to the following oligosaccharide structures
were also observed in all batches:

¢ Non sialylated biantennary structure (Hexs.HexNAcy4.Fuc)

¢ Disialylated 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 lactosamine repeat
structures or trisialylated tetrantennary (NeuAcs;.Hex;.HexNAcs.Fuc)

¢ Mono sialylated and disialylated biantennary structure with two fucose
units (NeuAc.Hexg.HexNAc4.Fuc,,NeuAco.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.



Neu Actl exstl exNAe41l7ue [ MrNa]' (-Methanol) N p NCVAc
. Hex's" lexi\lAc4.17rte [MFN a 1 | (undernethyl at ed)
2605.8 Neu A c.flex5.140 x NAe4.Fttc [M4Nal Il 2635.9

NeuCel f ex5. 11exNAer . Fue 1Mt I - 2779.9

NeuAc. Hex5. 11exNAO4. Fue2 [ MF¥ I+ 2911. 0 NeuAe2 |

tex5. El ert NAc4fue (A-type ion) - 2952.9

NeuAe24- | exs. fl exNAc4. Fue [M4-.tial’

fbﬂﬁ@f’w’%ﬂ”w@) 2966.9 NettActil ex5kl exNAci . Fue

In order to further confirm the structures of the trace amounts of N-linked muilti-
fucosylated oligosaccharide structures, MS/MS analysis was carried out on the
permethylated oligosaccharides of signals at m/z 919, 1040 and 1098 which are
consistent with the ftriply charged ions ([M+3H]*") for NeuAc.Hexg.HexNAc4.Fuc,,

NeuAc,.Hexs.HexNAc4.Fuc, and NeuAco.Hexs.HexNAcy.Fucs respectively. The A type

ions observed in the MS/MS spectrum confirmed the following structure attributions:

Table 2

MS IFN Beta
Signal from new Attribution by MS/MS
(m/z) process

Not
NeuAc.Hexs.HexNAc4.F
919 observed® euAc.Hexg.HexNAcy.Fuc;
1040 + NeuAc,.Hexs.HexNAcy.Fuc,
1098 + NeuAcs.Hexs.HexNAcy.Fucs

*A corresponding signal was however observed by MALDI

Linkage analysis by GC/MS

Complex GC chromatograms were obtained for all tested batches from interferon
beta obtained by the new process with some impurity peaks originating from the
derivatizing reagents. GC retention time comparison with a standard mixture of partially
methylated alditol acetates run under the same GC conditions allowed provisional
assignments of the sugar containing peaks.

Linkage analysis 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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N- glycosylation site by FAB-MS of the chymotryptic digests

For all IFN-R-1a batches tested a minor FAB-MS signal was observed which was

assigned to the sodiated peptide residues 80-88 (D.E.T.LV.E.N.L.L + Na*) with Asn-80
converted to Aspartic acid following release of the carbohydrate with peptide N-
glycosidase F. This experiment provides supporting evidence that Asn-80 is indeed
glycosylated.

Figure 6 shows the MALDI spectrum of IFN-B-1a with permethylated glycans (list
of signals in Table 3). Again, as shown in the Table and the accompanying Figure, the
IFN-B-1a obtained from the process according to the present invention contains the
trifucose structure, NeuAco.Hexs.HexNAc4.Fucs as previously described.

Table 3 The list of signals in the permethylated spectra of IFN-B-1a obtained by
new process following tryptic and peptide N-glycosidase F digestion
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¢ Disialylated biantennary structure (NeuAco Hexs.HexNAc4.Fuc)

Minor glycoforms:

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

e Disialylated triantennary structure or disialylated biantennary with N-acetyl

lactosamine repeat structures (NeuAco.Hexs.HexNAcs.Fuc)
e Trisialylated triantennary structure (NeuAc;.Hexs.HexNAcs.Fuc)

e 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.HexNAcy.Fuc, and NeuAcy.Hexs.HexNAcy4.Fuc,)

e Disialylated biantennary  structure with three  fucose  units

(NeuAco.Hexg.HexNAc4.Fucs)
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si ze excl usion chromatography to mcrofiltration. 2The

proces
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proces
step (

s according to claiml1l, 4gonprising, before step
larifying the fluid by filtration. 3. The

s according to any of clains 1 or 2, wherein

a) is carried out on Blue Sepharose and step (b)

i gLamMg i ed out on Carboxynet hyl Sepharose. 4. A

process according to any of clainms 1 to 3, further

conpr i
interf
opti on

carri e

sing the step of fornulating the purified
& poatebe fon thenpwifieatioh af necosbinactaiunconplederbn deta from a fluid,
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' 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,

d) performing ultrafiltration and dialysis,

e) subjecting the dialysate to size exclusion chromatography, and

f) subjecting the eluate of the size exclusion chromatography to

microfiltration.

The process according to claim 1, comprising, before step (a), clarifying the fluid

by filtration.

The process according to any of claims 1 or 2, wherein step (a) is carried out on

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

A process according to any of claims 1 to 3, further comprising the step of
formulating the purified interferon beta into a pharmaceutical composition,

optionally together with a pharmaceutically acceptable carrier.





