17 FEB 2004 4 METHOD FOR PRODUCI NG A HETEROLOGOUS SECRETED PROTEI N FROM
CHI NESE HAMSTER OVARY CELLS GROAN ON M CROCARRI ERS BACKGROUND OF THE

| NVENTI ON Field of the Invention The present invention relates to a nethod
for producing a secreted protein in manmalian adherent cell culture.
Description of the Related Art The majority of industrial proggcgrenm,
processes that utilize Chinese hanster ovary (CHO host cells use C%DH

| ines -adapted to grow in suspension, e.g., t-PA (Wrner et al., 2993 and
Lubi ni ecki et al., 1994), for which serun¥free nedium have been avail able
for the last 10 years (CGorfien et al., 1991). However, an alternative

strategy for CHO cell culture is to support attached cell growth where

cel | s adheMETHEP oF Wt ¥RAOUCIHE %,T%“%O&P&BHFr? FRRJBEPTEIN 9G4 CEBSEel | s
can grow successfulIW%T§%6%’A§G’pS§%%,GW PRIESTRIHRRIEBE esses have been
devel oped utilizing CHO m cr O%ﬁl(’j&i;}%ég[!glc}fu&ﬁg’IIRI'EQJTIO%'” egona (dijve et
al., 1996). The adherent gro rriers is wusually
acconpl i shed .b suppl ing serumto the culture, in the formof fetal bovine
serum ( FBS) Rt GeatERg-TaVEE8A00C grk at  al ., 1981; Nikolai at al., 1992;
Assel bergs at al., 1 ; i i X 0 ,

Ohlson et al., 1994). iplgg\éggﬁpf%&%édf?u?gg%e I t&% sgug%ﬁ:gén%nft&ggﬁ?%ggt he

necessary attiacremi R8eghoit hdmehors s&gienedcbolpeendie .t he adherent
phenotype, e.g., fibronectin, lamnin (Zaworski et al., 1993 and

Descrivotion of the Related Art

The wajority of industrial production processes that
utilize Chinese hamster ovary {(CHO) host cells use cell lines
adapted to grow in suspension, e.g., t-PA (Werner et al., 1993
and Lubiniecki et al., 1994), for which serum-free wedium have
been available for the last 10 years (Gorfien et al., 1991}.
However, an alternmative strategy for CHO cell culture is to
support attached cell growth where cells adhere to a matrix,
e.qg., a microcarrier {Kadouri, 1994). CHO cells can grow
successfully on such supports, and industrial processes have been
developed utilizing CHO microcarrier cultures, e.g., Puregond
(Olijve et al., 1996).

The adherent growth of CHO cells on microcarriers is
usually accomplished by supplying serum to the culture, in the
form of fetal bovine serum (FBS) (Xiao et al., 19%4; Clark et

al., 1981; Nikolai et al., 1992; Asselbergs et al., 1992; Levin

et al., 1992; Watson et al.,, 1994 and Ohlson et al., 1994). This
complex culture medium supplement contains the necessary
attachment and growth factors required to promote the adherent
phenotype, e.g., fibronectin, laminin (Zaworski et al., 1993 and

Nilsson, 1989). Without the presence of serum, it has been



Ni | sson, 1989). Wthout the presence of serum it has been "17 FEB 2004 2
reported that sone cell lines will not grow on mcrocarriers (Schmd et
al., 1992), or that the absence of serumis detrinental to prcfiRQcRER 2004
formation (Teige et al., 1994). Althouglk serumfree adherent growth of CHO
cells has been acconplished using a basal nedi um supplenmented with :

insulin, transferrip and Sel8nl §FLEGe8SEI e Yrow LIBRicriovasxgesmt h was

obt ai ned TRt he VEry passive environnment of a T-flask, an environnment that
i's knom(gghg%gfg[g S$19nifdeeant by Erem tihe mdncenEntseeneodst ered in
attached growth on mcrocarriers in a bioreactor (Cherry et al.,_  1985) .
For i cr 0g@¥ i @&noasach igidasicti gbrpaobessE@eigeeklts adre 188441 yAHERPYEA a
continuous perfusion) culture nmedium supplenmented with serumuntjl_ the -
cells fildeithe pved | alarensuyiaveh kb CHS oeldedhy brennpeFBERL 7853 (t he
growt h phase). The perfused nmediumis then switched to a different dium
usual |y ostend hatbdsala redium Suppldupnhadatilsh, 1a5uEen) stRENFhFET PO are
not dividing and can rely on the existing extrace|lular matri X319, gupport
their attsclnentm (Gasssrdeti Ay- & Hi%EHecdRdSpAESEERt VRS PRodttT off phase)

that conditioned nmediumis collected for. recovery and I fiGatd gy of the
r econbi naeTYpRASSLYe BoNdTePrmet OfSl‘fi‘cﬁ'zElf‘ﬁE! phas msrﬁ/rs?rg‘%r%ﬂl% htglﬂsv»i tch from

growth to productiqgn _can ,lead.to A0BL L e CELF WS md QS RANSSIntEel 288
cel | | os&ngygt t&’eéﬁ%ﬁédsﬁg‘? 5 |tgygffggﬁc%$$i%vg# reconbi nant protein

(Cosgrove et %I[e-d, 139,2)1-0114',5@5;&_151—%@5&5 anl A phase-ican @iy witealt he
g to the

tta :
cells respon ramatic switch in environnent,

1985) .

For microcarrier-based industrial processes, cells.are

usually fed (via continuous perfusion) culture medium

supplemented with serum until the cells fill the‘available

surface area provided by the microcarriexr (the growth phase). The

perfused medium is then switched to a different medium, unsually

- one that is a serum-free formulation, as cells at'this point are
_not dividing and can rely on the existing extracellular matrix to
support their attachment. It is during this second phase (the

production phase) that conditioned medium is collected for

ifi i ] i in. However, in
recovery and purification of the recombinant proteil '

such a two-phase system, the switch from growth to production can

lead to a dramatic cellular response, such as cell loss and
decreased volumetric preoductivity of recombinant protelin
(Cosgrove et al., 1995). alternatively, a lag phase can occur

when the cells respond to the dramatic switch in environment,

which then results in a period of low recombinant protein

productivity until the cells are able to recover.



which then results in a period of |ow reconbinant protein productivity
until the cells are able to recover. ;17 FE B 2004 3 Citation of any
docunent herein is not intended as an adm ssion that such docun:f?t%éBs A
pertinent prior art, or considered material to the patentabilily &Wy
claimof the present application. Any sgatenment as to content or a date of
any docunent is based on the information available to applicant at the

time of filing and does_nof cOASLILL Whe.RBn AR S8 PN A5de0 inkRadearaecimess
of such a staterrent.&sfﬁﬁm?ﬁ( %%HQI;E IWENPFI ON It is an object of the

present i nggmgggoéotﬁgeiguélhedoo%gmem; pee- thddd gdildrearencountered in
the prior art as i scussed above. The present invention provides a nethod
for producihgs 83ePel arol OG04S seahet pdtenodisi i fy et tangnsfleimedt GH® cel | s
grown on mcrocarriers in a serumfree cell culture medium This nethod
has the adysstage &fpDvestcimm ng Anlyespabbhami ofs &prsaientonr | aglahade
observed when switching froma serumcontaining to a serum free 13 .

envi r onmeniny BROEMOESCR RN OR ThE DRAOWNES IS §irfd 1aPiRobR R Semati ¢
representation of IFN a/- receptor, p40 in pCW. PA4. Figure.2. cel |
growth of THEGRE owenel-of FHIgMI effoPsre PP hiFEEA T Er 87 %%mﬁ%h%giatgﬂhgro
serum cont ai ni ng nmedi um (Obéooregctaogté eﬁ_g,_ is fed with DVEM F12

suppl ement '@ VX BY b oViHe seruénj%hz S)) or serumfree nedium

(bi oreactor run

SUMMARY OF THE INVENTION

It is an object of the present invention to avoid the

problems and difficulties encountered in the prior art as

discussed above.

The present invention provides a method faor producing a
heterologous secreted protein fxrom transformed CHO cells grown on
microcarriers in a serum-free cell culture medium. This method

has the advantage of overcoming the problem of a production lag

phase observed when switching from a serum-containing to a serum-

free environment.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows the schematic representation of IFN a/f

receptor p40 in pCMV.PA4.

Figure 2 shows the cell growth of CHO clone 1-1-31 on

Cytopore 2 microcarriers fed with either serum-containing medium
(bioreactor run #4 is fed with DMEM/F12 supplemented with 5%
fetal bovine serum (FBS)) or serum-free medium (bioreactor run

#1372 fed with DMEM/F12 supplemented with IFCSTE] .



#12 fed wth DVEM F12 suppl enented with IFCSTE). . 17 F E B 2004 4 Figure
3 shows the kinetics of soluble interferon a/B receptor (slFNAR2)
production in a two phase system where there is a switch frorgy FI'%BZ
serumcontaining to serumfree nedium apd in a systemwth a sing EF]
and no switch in nedium Bi oreact ar run #4 was run as a two-phase system

with a growth phase of 12 s L& t ANk &ep to a
production phase ofFISVE Iglf gﬁf)p#%ﬁen Tl%g ﬁﬁf I% l'Iﬁlif“lj;'sl'ﬁFle Swi t ch |gb

represented by the 8 Al ttlwge HasBi oyeaeh Arwheren chaPe
utilized &% %rfé%tﬁr%?) %%é!?%\/EI\r/IpFlz suppl grrent egy with | FCSTE. Figure

4A-4C show C"|OSC,§| (% NG o Luuk= 3 BHAWGNG cOBe r )it Bpes endlitiwr ¢odr ife?s on
day 4 (Fig]‘4A3 al |99 4B), and day 10 (Fig.4C) followng feeding with
the serumgontal W& faors%bibl peedfanaVEM BL2tshpphemediwd. wikiIPTSSCERS.

Vi abl e cel grown on the mcrocarrier is stained wth a.fl uores%ent

stain. Tt}eﬂpé#y; il Galnedsi B Evgphasdh- 4€ssrw Wu‘hhd%y%m‘i’t}é Phagsy 8 post

bi oreactor inoculation, and not production days. e res SA-5D ?

cell (cl ormEM/iFl&l)su@lpdmngteﬂ Wity éﬁoFESZaﬁiic? o4t FFiers h p(f %‘V i g. 5A)

, day 3 (Fig.5B), day g. SO, an ngf eedi ng
With the shese dofr @@Ef‘leFﬁfél SEPRIETSAT B%E Eﬁzggél%h?e r%J ?‘Jv#}t@ﬁl IQECSTE
Viable cells grown on the nmicracanri ned wddh 2 flgiereseent
st ai n. Théeﬂé'?%eﬁ’&le@apé’dtﬁﬁ ﬁ@tlca%A?sgﬁbgr?%n days and not production

days. 17 EEE %9g4utlllzed a single feed medium of DMEM/F12 supplemented

with IFCSTE.
Figure 4A-4C show CHO cells {clone 1-1-31} growing on

Cytopore 2 microcarriers on day 4 (Fig.4A), day 6 (Fig.4B), and

day 10 (Fig.4C) following feeding with the serum-containing

formulation of DMEM/Fi2 supplemented with 5% FBS. Viable cells

grown on the microcarrier is stained with a - flucrescent stain.

The day indicated in Figs. 4A-4C are run days, i.e., days post

bioreactor inoculation, andrnot production days.
Figures 5A-5D show CHO cell (clone 1-1-31) growing on

i i 6
Cytopore 2 microcarriers on day 1 (Flg.SA), day 3 (Fig.5B), day

(Fig.5C}), and day 10 {Fig.5D) following feeding with the serum-
free formulation of DMEM/F12 supplemented with IFCSTE. Viable

cells grown on the microcarrier is stained w1th a Ffluorescent
stain. The day indicated in Figs. 5A-5D are run days and not

production days.



5 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention is based on
the devel opnent of a serumfree feeding strategy for growing CHO cells on
mcrocarriers that overconmes the requirement for serumto prongteregmp
adherent cell phenotype. This serumfree feeding strategy according to the
met hod of the present invention signifigcantly inproves the recovery of the
desired secreted protein product by el?mnating the | ag phase associ at ed
with serumrenoval, i.e., switching froma serum_contaipning to a
serumfree environment . DEPRLLED BEACREPTEYR i a Heterot ogous secr et ed
protein fromCHO cells growm on mcrocarriers according to the resent

i nvention invol ves thecsitatdntg iavert iomiir dwsedr oncbhe a0 ar Pi er s
as a solid support for adherent cell growth wth an jpnoculum of CHO host
cel I's transhiofeeed of exdires stratbey efoT oIS "FebHEt 681 b7 dt'ein. Wil e not
absol utely necessary, the inoculated cells are preferabl i yt
per f usi omildraraserens @kt Avareeneel the HadrE *Reltu I-ssu(%:/ aQ\MTDﬁ\I%AI(\j/}nE%?

suppl emented with 5% fetal bovine serym (EBS) I P& efaceadlout one
to three amypsihayasiteredily PASHAEYR S - SAFUEr f%g%ugegflv\ogodays, ?92 48

hours, the cells are then f [ Jusi-Qn. . Whi-Bna;dead pfifdcaacam free
cel | cul AFCTERUM® ecﬁe?‘gogp&e&g"a y DVEM F12n(3(L:at al ogue no. 1330- 032,
G bco BRL, _ Gaithensb SEIRH £ RN 8@ AWt Br & E6S Tl dtaeri ra ooy AL by

| nsul in, lﬁg’rrrc’lvc?soﬁ-lhrea#ree,%msfe nium and Trace El ements, the fornulation of
whi ch i's Shewndut Jialklie 1aBepnide aafscariaceidt wath $ewdnfiegRvldrei-fi-the
range of about 0.1°to 0.4 volune /volunme /day (v/v/d) before ingkgasi ng
the feed swatehdfds dm fr sergetd¢ontaining to & serum-free environmen=-

The method for producing a heterologous secreted

protein from CHO cells grown on microcarriers according to the

present invention involves inoculating.a cell bioreactor

containing microcarriers as a solid support for adhexent cell

growth with an inoculum of CHO host cells transformed to express

a heterologous secreted protein. While not absolutely necessary,

the inoculated cells are preferably grown without perfusion in a

serum-containing cell culture medium, such as DMEM/F12

. . £
supplemented with 5% fetal bovine serum (FBS), for a period o

about one to three days, preferably about two days. After about

two days, i.e., 48 hours, the cells are then fed via perfusion

with a feed of a serum-free cell culture medium, which 1s

preferably DMEM/F12 (catalogue no. 1330-032, Gibco BRL,

Gaithersburg, MD) supplemented with IFCSTE (an acronym for

Insulin, Ferric Citrate, Selenium, and Trace Elements, the

formulation of which is shown in Table 1 below), at an initial

feed flow rate in the range of about 0.1 to 0.4 volume/volume/day

(v/v/d) before increasing the feed rate of serum-free cell



17 FEB 2M4 6 <culture nediumin stages over about a six to ten day period,
preferably seven to nine days, until a feed flowrate of about 1 to 3.5
vivlid is reached to produce and secrete the desired heterol og‘bﬁsFE@e@bt ed
protein fromthe culture CHO cells intoSthe culture medium The production
and secretion of the desired heterologous- secreted protein is naintained
after the dultsiref gediuf dw FhREES OYEAGRAI LG €4t FAUBER PRY fRAKIGR: of
serumfree culture nmedi um suppl enent ed W|t I FCSTg §Th desi

het er ol og®F& SrétbéiynSBYﬁﬂuE‘éd“é‘rF'd G- et”é’&lrnf‘or‘?ﬁ %‘P%n’f?‘?eeé’%déﬁfz%r]e

di b il nd f d nt
ond pur i { EEad o 0Lkt RS Senahis e T Rd e SRR e Y
Tabl | 004 V‘b Ki FCSI, ldhe
ap’ € Néal uﬁ]o%:) reézn ec&)g)ﬁ.'%@%)l% rQBmOElajé cgﬁ‘Eu%Q%l E.s' %Slg‘gso%}} -

Cul ture PR Férric trate

Sel eni um G, ygiL 49 l\gnggue 80uL1000a8" <0k i o) FicaeesMesal s A

1000x (G concentration in mcrograns per liter CuSO4

ilgSHig)thEErgiég%us ségiégé@6§r99e1§eL§nMif*taiﬂﬁﬁSEEE@Q tE@rEtﬁaI]ﬂdémte

flow rate is reached by continuous perfusion of serum—free
culture medium supplemented with IFCSTE. The desired
heterologous protein produced and secreted into the serum-free
culture medium can be readily recovered and purified using
conventional recovery and purification techniques well-known to

those of skill in the aft..



5) Trace Metals 131r, 1000x (G bco BRIL catal ogue #99-175) diluted 1:1000
for working concentration in mcrograns per liter MiSO4 - H20 0. 17
NaSi IO, - 9H 0 140.00 Molybdic: Acid, AmoniumSalt 1.24 NH \4 .
Ni SO - 6H20 0.13 Snd 2 (anhydrous) 0.12 6) Trace Metals V6, 11%@%(3 bco
Eﬁ;rggﬁ :I ogue #|99t 176?“ (éll I3ut ed 1:1000 for working concentration. in

nme per liter , - 6 H20 A a( C2H3O2 KB '
HI0 Or-C 3 (anhydrous) NaF Ge02 KL %@%ﬁe 150500 2 -)8 2O ?go’ 0.0%12 :

2.55 0.12 2.28 2.38
Working Cancentration of IFCSTE Supplement in Cell Culture Medium

1) Insulin 1 mg/L
2) Fermic Citrate 12.24 mg/L
68 pgiL

3) Sodium Selenium

4) Trace Metals A'®, 1000x (Gibco BRL catalogue #99-182) diluted 1:1000 far working
concentration in micrograms per liter

CuS0Q,-5H,0 1.680
ZnS0, « 7TH,O 863.00
Selenite « 2ZNa 17.30
Ferric Citrate 1155.10

5) Trace Metals B'®, 1000x (Gibco BRL catalogue #99-175) diluted 1:1000 for working
cancentration in micragrams per liter -

MnSQO; « H,O 0.17
NaSiQ, » 9H,0 140.00
Molybdic Acid, Ammonium Salt 1.24
NH, VO, 0.65
NiSO, » 64,0 0.13
SnCl, (anhydrous) 0.12

6) Trace Metals C'®, 1000x (Gibco BRL catalogue #33-176) diluted 1:1000 for working
concentration In micrograms per liter

AICl « 6 H,0O 1.20
AgNO, 0.17
Ba(C,H,01), 2.59
KBr 0.12
Cdcl, 2.28
CoCl, = 6 H,O 2.38
CrCl, (amhydrous) 0.32
NaF 4.20
GeO, 0.53
KL 0.17
RbCl : 1.21
ZrOCl, « 8 H;0 3.22

It will be appreciated by those of skill in the art
that the initial feed flow rate and the period of time for
increasing the feed flow rate in stages to the final feed flow
rate can be varied depending on the size of the inoculum. In a

preferred embodiment, an inoculum of about 2 X 10° cells/ml is

used for a 4.8 liter cell bioreactor and the cells are cultured



0.32 4.20 0.53 0.17 1.21 3.2-2 it will he appreciated by those of
skill in the art that the initial feed flowrate and the period of tine
for increasing the feed flowrate in stages to the final feed¥tqwp pmie
can be varied depending on the size of the inoculum In a preferred

enbodi nent, an inoculum of about 2 x 105 cells/m . is wused for a 4.6 liter

cell bi cre aC:?gW@gdtthe 580 e 7358 ga{rkggfgg JcEEB, 2004 181 Feeqabput two

days bef an’init serumfree culture nmedi um at

an initi aéeglﬁt?dfééé)v&ﬁﬂﬁé)fme@igkltat 02 i/p‘ri/aiihl Thed etdf raver af exfear

conti nuous perfusion of the adherent cell culture in the preferred

embodi nenj 4 s, i easetk aeed&Yod tacabbot @ord ddudu pemwfdagod €9 tdisout 0.5
v/v/d, on day 5 to about 0.8 v/v/d on day 6 to about 1.2 v/v/d, on day 7
to abOUtadheE-éHH//dia.lmrﬁu]Jtuaef inathd poafemtas efmbgsgmens. @SV%WEF‘-%%

reached on day 8. As wll be further appreciated t hos ski ILn the
art givemayhe gui dawee [r.0vivdedd byon Habréeftar raéd’u‘:er?bédr"ﬁiézcil T él'r ﬁg to
the present invention, if the inoculum size is_|ar e/\ the thJ; i nitial
feed fl owor abeutny -Gead Wé . ben Y Hert afPttte 19ér V4 % gt ??rre Yncreasi ng

the flowrate ma also need . to b rigd according he §ipal/4f egd-flow
rate canabpet' Bepwi¥éi/4d Bnglg %/ﬁﬂfal 1"*‘EIL p?e §?§g|§ abo/ﬁ{/ 2"v/vld,

reached on day 8. As will be further appreciated by those of

skill in the art given the guidance provided by the preferred

embodiment according to the present invention, if the inoculum

cize is larger, then the initial feed flow rate may need to be

higher and the period of time for inecreasing the flow rate may

also need to be varied accordiﬁgly. The final feed flow rate can

be between 1 to 3.5 v/v/d, but it is preferably about 2 v/v/d,

such as in the range of about 1.5 to 2.5 v/v/d.

Although the method of the present invention can be

generally applicable to the production and secretion of

heterologous secreted proteins in CHO cells, where the term

nheterologous secreted protein" is meant to be a secreted proteln

not endogenous to CHO cells, the preferred embodiment, as
exemplified in the Example, is soluble interferon o/f receptor

Soluble human IFNAR2 is a glycosylated protein which
uble form

(SIFNARZ) .

binds both o and B interferon and its existence as a sol

of the IFNw/B receptor offers the possibility of using the

receptor therapeutically as an IFN antagonist.

The solid support on which adherent CHO cells are grovn

is preferably Cytopore 2 microcarriers {Amersham Pharmacia

Biotech, Piscataway, NJ), which are microcarriers with a cross-



such as in the range of about 1.5 to 2.5 v/v/d. Al though the nmethod of the
present invention can be generally applicable to the production and
secretion of heterol ogous secreted proteins in CHO cells, mhenp7qﬂ§3§ﬂ;n1
"het er ol ogous secretéd protein” is neant to be a secreted protein not
endogenous to CHO cells, the preferred ebodi nent, as exenplified-in the
Exanple, is soluble interferon a/f3 receptor (slIFNAR2). Sol uble human

| FNAR2 is a;igkyaosytabedepI Dikige wakehx, bandgdbopi bi anbad ingt eff BEBR- add
its existence as a soluble form of the IFNa/R receptor offers the

possi bi | i t yhafgaisdagstite of eceptren/ghednPedni Tt T3TAPFE ﬁFﬂméﬁF598ﬁist.
The solid support on which adherent CHO cells are grown

t IS gr e&ggag
Oyt opor e 23fi gmocaipveysr ( AtEIshaHi PRat et eROC 6% ch kopivec afamay, “ NJ)

which are mcrocarriers with a oss, ' | 7TFEB23 | i nked caqttgn
matrix, a EYErephi HE aHRRgHg C&ﬁd@ﬁ&?“’é‘a %%%racgﬁfodesnesri"teyagf g% %E%id"}%?éand

an average pore di aneter_ of am . However, ot iht.abl e m crocarriers
known in t'ﬁ‘gl tSUBRRT T %3'858?% r%"éﬁ Oc%l#ﬁj; eC%gal%'al SO serve as an
al ternate solid suppor dherentn oo hhdh CHQcoek! seaThe pseferred |
serumfree cell cuIEﬁF%&ﬁgg%ﬁglﬁs DVEM F12 suppl enented wi th | FCSTE.

Havi ng novbdgm}q;legj |ofiasenked #ien imvetg.on, the same wll be nore
readi | y understood through reference to the follow ng exanples, which are

provi ded by way of idavisiyr abivogemnchl lar elasciribete iiedinvenel 93 mi ¥ FOL t he
present invention. EXAVPLE 1

will be more readily understood through reference to the
following examples, which are provided by way of illustration and

are not intended to be limiting of the present invention.

EXAMPLE 1

Clonal CHO cell lines, expressing recombinant soluble
human IFN «/p Receptor (IFNAR2), were isolated and characterized.

Two potentiél clones have been selected for further evaluation in

a 100 population doubling stability study- Based on IFNARZ

expression levels and mRNA analysis, the following clones were

selected from a panel of clones. CHO-IFNR1-1-30 had the highest

specific productivity with 'a pod of 34.48. CHO-IFNR1-1-31 {(CHO
clone 1-1-31) had the highest volumetric productivity expressing

18.71. ug/ml in a T75 flask over a 24 h period. Both clones

exhibited a single major mRNA species when examined by Northern

Blot Analysis.



Clonal CHO cell |ines, expressing reconbinant soluble human IFN a/ (3"
Receptor (I FNAR2), were isolated and characterized. Two potential clones
have been selected for further evaluation in a 100 popul ati on, d(oEEb {a&n
stability study. Based on | FNAR2 expression | evels and nRNA and e
fol | owing clones were selected froma pthel of clones- CHO I FNRl 1-50 had
the highest specific productivity with'a pod of 34.48. CHO | FNRL-1-31 (CHO
clone 1-1-31) had the highest vol unet rﬁT—de uctivity expressing

18.71.g/m in a T75 flask over a 24 h period. Both clones exhibited a

si ngl e ngj éﬁe—ﬁﬂmggpébﬂé%-&ﬁ%n exam ned by Northern Bl ot Analysis. 1 7 FEB

2004 10 METHODS Vect o 2@@3 g' gﬁ\ﬁﬁg’cg@m asm g DA ﬁmrﬁ'fgwa/rs

sol ubl e human | FN a/}f’ il WSt &Pncwas use

tenplate faqg EgE’b A T4:580 RN rédb e 18 WECRI U rs%r%emgn@t@s&& tpeganpl i fy
human | FN'al1 receptor cDNA fromthe ATG start codon of the signal

peptide toahpei FAGSIAD cadenirAoXaadr pirtifeiaSvdic isdad tonadiity punaRrs.
PCR was performed under standard conditions for 25 cycles. After gel
purificati OFNamdp XoedepdiogesDNanfren 73¢ BECRERrtprsdivot ofashd igjared into
Xbal digested, ClP-treated pCW. PA4 expression vector. Xbal_ 6 and

di gest i onsPRRF TSR 6 géﬁeéﬁolz’ 901 08 X835 et 6r ARt Lnc e aapéﬁ}{\/g‘?’tﬁ\hhl FN
a/t3 receplor, clone b, s chesked byarestriolion eRayrr. i gest bens and
DNA sequen}ée Anal ySi'S. R Phe si ghal pepti e region, cF1eny| al ani ne was
found instegsf. valdcRe abiaphiiciagidoRoshd uwarlalg@s@{bm,s a 730 bp PCR

product was ligated into XbaI digested, CIP-treated pCMV.PA4

expression vector. Xbal and Ndel digestions were used to screen
the MC1061 transformants. The pCMV.PA-hIFN o/p receptor clone 11
was checked by restriction enzyme digestions and DNA sequence
analysis. In the signal peptide region, a phenylalanine was
found instead of valine at amino acid position 10 which is
different from the published sequence {(Rubinstein, 1994)}. The

same change was found by Dr. Rubinstein in his original soluble

form cloning construct.

Transfection and Selection in CHO Cells

CHO-DUKX cells were co-tranfected with the h IFN «/BR
CMV.PA4 construct (50 pg) and with the Da construct (10 pg) at a
5:1 ratio by routine CaPO, precipitation method. The Dx
expression vector contains a dihydrofolate reductase (DHFR) gene
thereby permitting selection and amplification with the drug

methotrexate (MTX). The transfection was designated IFNRI1.

Growth medium utilized before and immediately following



different fromthe published sequence (Rubinstein, 1994). The sane change
was :found by Dr. Rubinstein in his ori gi nal soluble form cloning
construct. Transfection and Selection in CHO Cells CHO DUKX celiiid_yﬁg
co-tranfected with the h IFN a/ (3R CW. PA4 construct (50 jigQ) 4 he
Da construct (10 jig) at a 5:1 ratio b4y1 routi ne CaPO4; precipitation

nmet hod. The Da expression vector contalns a di hydrofol ate reductase (DHFR)

gene theg?gxfﬁw ?1%%'£5h§%% éyanBQa ggh' +Faﬁé§DuM‘E$EEH“E and.

met hot r ex e transfection was designated FNRL. G owth nedium

utilized bebohecanssidqaedi@tRly skroll Q\ﬂ%ﬁgerﬂeﬂté:d BB R0D# IerttiFdeaf €é6tabn
consi sted of al pha MEM (f) medi um (vm deoxy-and ri bonucl eosi des, G bco

BRL) suppbeniimé ese mid (s, cdbcof BRU) f @hdl 1% Movdhe: seinam (FHBSo BRbt o BRL)
and 1o L-glutam ne (G bco BRL) Forty-eight hours after transfectl on, each
pl at e wasFeimnsezighit hophosfhatretbansfeetioal i ercl RBS)te ataspHinsed wheh
treated with 2 m  of 0.0501 trypsin - 0.53 nM EDTA "so]l ution (G bco BRL
for four PhATRRaLES éluﬁ?FGEdTﬁélfLWsmB%\}as %é?f&h%cprb)ﬁf’cqﬁé?r%&efil BAthf2 gn

f I d h d -
o1 hoe e e e o By S PR bt an et iy e padey
bovi ne serum (eljFB% 39 pco @EL)E er..%l ”ﬁ?ﬂ&ﬁl&éﬂg@lp%ﬁg%bltm l.pf Q2 uM

MIX (Sig rra Ssoci'ated cer t at a ratio of

1: 10, an%é%%@i%d:cll%nt %@aﬁmocoﬁyiéwr@r £ P%yhaph\ﬁﬁﬁs(—weh%dﬁ.ﬁ&edwﬂﬁckh&FESh
selection nedium every 3 to 4 days ypically after 10 - 14 days, |arge
col oni es de@d@- and ribonucleosides, Gibco BRL) supplemented with 10%
dialyzed fetal bovine serum (dFBS, Gibco BRL), 1% L-glutamine
(Gibco BRL), and 0.02 gM MTX (Sigma). Dissociated cells were
resuspended, split at a ratio of 1:10, and seeded in ten P1.00
culture dishes. Plates were refed with fresh selection medium
every 3 to 4 days.

Typically after 10 - 14 days, large colonies form
during selection. Plates were then trypsinized to redistribute
the cells as pools so that a monolayer culture could form without
overgrowth of localized areas. Once plates reached 80%
confluence, they were refed with fresh selection medium. Twenty-
four hours later, a sample of the supernatant was taken for
expression analysis, cells were trypsinized, and counted using a
hemacytometer. Two vials containing 1 to 3 million cells were
cryopreserved in selection medium containing 10%

dimethylsulfoxide (DMSO, Sigma) for each of the ten pools.

Medium samples were stored at -20°C.



during selection. Plates were then trypsinized to redistribute the cells
as pools so that a nonol ayer culture could formw thout overgrowth of
| ocal i zed areas. Once plates reached 800 confluence, they were §efmegswyh
fresh sel ection nmedi-um Twenty- four hours |ater, a sanple of the

supernat ant was taken for expression analysis, cells were trypsinized, and
counted using a henacytoneter. Two vi al & cont ai ni ng 1 to 3 mllion cells

1912 O ORLgS IR po g eEtbon BeLm ot aining 100 ety euloxide
-20C 17 F E B 2004512, 97 0b a0k oCHO: hENRL Cob b BReaUse, (e Dn

vector contained the DHFR gene, It was pos e to attenpt 1o anplify the

expr essi onpgfstBee GO JaEElE%iLﬁa; ced lswp1kel! enkngxsebest b At He: CROACMMTX,
transfected.cells were anplified in "pools" according to standard
anpl i fi cat¢onls schedul ewdiig Gs<llodidionFal. b. &M p BT, AMnsf2c@=AMcdIXs After
twenty-four hour expression sanples were taken at the 0.02 ACM MIX | evel,
t he remai nvare cahp ki vex@d Useghdods"aaptofdiad i tom. s Aindach ampApELEattidt on
stage, one P100 dish for each pool, was seeded at 7 x 105 cells in al pha
VEM (-) neshhadsipptferent ed! Wi th S8 HiladQ/ 28U b o AGWTHe s@Ebay (dFBS,
G bco BRL), 1 to 2-gluytam ne G bco ERL), and the appropriate MIX
concent r at "6 S GE) " | PRI TR IR R ed@FeduetebBf Ve 02 #M MIX
ampl 111 catj gn st ehef Qlernc8lysheasly pEYENd Qdon avs,  Tuentys four houtacy
expressi on det’€r m nations, eré “‘expression l'evel's*were calcul ated on a
per cell BaghsriWakechalk®Age, one P100 dish for each pool, was seeded at 7

X 10° cells in alpha MEM (-) medium supplemented with 10%

dialyzed fetal bovine serum (dFBS, Gibco BRL}, 1% L-glutamine

(Gibco RBRL), and the appropriate MTX concentration (Sigma).

Cells were maintained at each successive amplification step for

at least seven to ten days.

Twenty-four hour expression determinations, where
expression levels were calculated on a per cell basis, were taken
at each amplification stage as follows. When cells reached
approximately 70-80% confluence, the plates were refed with fresh
culture medium (containing the appropriate MTX concentration]).
Twenty-four hours later, supernatants were sampled, cells were
trypsinized, and total cell counts were determined. After
expression determinations were performed, at each amplification
stage, 7 x 10° cells were used to seed a P100 in medium
containing the level of MTX for the next amplification stage and
the remaining cells were cryopreserved in medium containing the
appropriate drug concentration for the current amplification

stage and 10% DMSO. All IFNAR2Z quantitation was done using the

soluble human IFNARZ ELISA.



at each anplification stage as follows. When cells reached approxi mately
70- 800 confluence, the plates were refed with fresh culture nedium
(containing the appropriate MIX concentration). Twenty-four hOUﬁa P Sos
supernatants were sanpled, cells were trypsinized, and total ce counts
were determ ned. After expression deterqgnations were perfornmed, at each
anplification stage, 7 x 105 cells were used to seed a P100 in nedi um

cont ai ni ngthe lKyel, off MLX 506 bie Mewdn am ifeicedligen stage and the

remai ni ng ryopreserved in nediumcontaining the appropriate
drug concentration frgmutibe qur peate@nfdd ilsalicenh stagecanded09HIVEO Al |

| FNAR2 quantitati on was done using the soluble human | FNAR2 ELI SA. 7 FES
2004 13 mbhSA1Bnatoeek ibody SatiblENARMEE .LFRsRétept odilwped dn: 30V plat es
from Dynatech were coated with nonoclonal antibody anti-IFNAR2 34.1
ascites, dilutTdezn5000innPBE, 108 Mred®BSET) naPBSO0pkt 70 (wBS BPXaf 100
jil -per well for 2 hours at 370C. Plates were rinsed tvm'/ce WA;B PBS/T. All
washes wbperat akod € enpRiates e'qRTF1OSEAGE YRR Vi BT/l us Paat BREERY

aspirator/washer from Dynatech. Pl s were bl ocked overnigh ith

200 yl peverqedRf FPOR. BEBPEETATH @%@/ ﬁ‘?lﬁ’ﬂaf‘%sﬁ §aﬂae§§{g oﬁle%,a%égﬁggec:ﬂn

block, for up to ?‘gvelrl] dayrs.mT Jaepe washed three tinmes with PBS/ T
20R% o ar

before fufth andar sanples were diluted in PBS/T. The

standard was affinig al?é’éidséféi BNl PerRCeRt Qi StORAERAL00- RD' 20T
t hawed and kept at o or no longer than one week. The _
well of 1.0% BSA in PBS/T. Plates may be stored, cold, in block,

for up to seven days. They were washed three times with PBS/T

before further use.

standard and samples were diluted in PBS/T. The

standard was affinity purified rhIFN «/B receptor, stored at
-20°C or thawed and kept at °C for no longer than one week. The

receptor was unstable at low concentrations, so it was di;uted to

working concentrations just before use. The standard was used at

200, 100, S0, 25, 12.5 and 6.25 ng/ml and at 100 pl per well with

each concentration being run in triplicate. The diluted samples

were also used at 100 pl per well in duplicate {or triplicate,
space permitting). Standards and samples were allowed to
incubate for one hour at RT. Plates were washed three times in
PBS/T.

Polyclonal rabbit anti-I?NARZ serum was diluted 1:5000
in PBS/T. 100 pl per well was used for one hour at RT. Plates
were washed three times with PBS/T.

Biotinylated anti-rabbit antibody (Vector BA-1000) was
diluted 1:10000 in PBS/T. 100 pl per well was used for one hour

at RT. Plates were washed three times with PBS/T.



receptor was unstable at | ow concentrations, so it was diluted to wor ki ﬁg
concentrations just before use. The standard was used at 200, 100, 50, 25,
12.5 and 6.25 ng/m and at 100 Al per well with each concentraf?®rgoaipng
run in triplicate. The diluted sanples were also used at 100ul per well in -
duplicate (or triplicate, space pernitt4ng) Standards and sanpl es were
allowed to incubate for one hour at RT. Plates were washed three tines in
PBS/ T. Pol ycl onal rgahbiteaptit | FNARD s @BENERASe df bk ¢th Sl BIGEE T SFn2PBS/ T.
100 ul per well was used for one hour at RT. Plates ré{/ﬁre h%% three
times wthoPBSLT: Bi @rbpybateshgmtt 2r a5 89888 | AL Vedtby BA L0060 Was
diluted 1:10000 in PBS/ T_ 100 yl_ per well was us or e at RT.

Pl ates wepp vashedithreel tdrem of eaEBS TR ¥4Y ﬁl{%%@ﬁgﬁ%%g f eagent
(Vector ABC Elite kit) was prepared as.foll , dLdneR Of; reagenk 4 s
added to ifversP8S/ T 'ﬁ%lsrﬁ‘%é‘alreo?’aisn\?&lflgf%%%ﬁ ‘drop “of raeagent B was added .
and m xed by inversion. This m x{.ur al | pmed tRQyiddeukdE @ocarm ni tan of
30 ni nutesnaEeRT2E tHen Wdfa}sutdlé‘ ut%g\égﬁ?i nal_ vol une of nore than 50 m
just before use, 10 er Il 166 diil UkedyABC o .didlduededBCowRnacubat e
thirty mptit®Bs h‘t‘sﬁ%’%g e‘*ssv(\ée\/\ier el%vva heg three tines in PBS/T. 1g%dAl per
wel | of TMB M crowel | Peroxi dagg cSubshuaee atf KT kegate:s§wRaFr f2ERPS

Gai t her sbll C,’wﬁi V\:,Ié.% %FI owed to§ui ncubate in the dark five mnutes, then
50 pi peryyeld pfnds3iMpmsajfuric acid was added to stop col or devel opnent.

100 1l per well of TMB Microwell Peroxidase Substrate

(Kirkeéaard & Perry Lab, Gaithersburg, MD) was allowed to

incubate in the dark five minutes, then 50 pl per well of 0.3 M

sulfuric acid was added to stop color development.

Plates were read at 450 nm using a UV max kinetilc

microplate reader from Molecular Devices.

Cloning of CHO-TIFNR1-1

Using the IFNAR2 ELISA, detectable levels of h-sIFNARZ

] £
were only found at 0.5, 1.0 and 5.0 pM MTX for a small portion O

the IFNR1 pools. Based on these results IFNR1-1, at the 1 pM

i i - ol
level, was selected for cloning. One vial of the IFNR1-1 po

to a T75 flask containing 1 uM MIX medium. Cells

FBS and &

was thawed in
were passaged to T75 flasks in DMEM/F12 containing 5%

i i “were
1imited dilution cloning was performea. Five 96 well plates

inoculated with 0.25, 0.5, and 1 cells/well. Cloning was

performed in the absence of drug. All wells were inspected by

observation to ensure a single cell per well. Any

after at

microscopic

wells that contained multiple cells were eliminated.

i rred
Jeast 11 days of .growth, colonies from 82 wells were transfe



Plates were read at 450 nmusing a Wnmax kinetic mcroplate reader from
Mol ecul ar Devices. Coning of CHOIFNRI -1 Using the | FNAR2 ELI SA
detectable levels of h-sIFNAR2 were only found at 0.5, 1.0 and S

for a small portion of the IFNRL pools. Based on these results'”lflﬁﬁlmﬂ" at
the 1 AM level, was selected for cloni®y. One vial of the |IFNRL-1 Pool

was thawed into a T75 flask containing 1 pM MIX nedium Cells were
passaged ¥® A¥5vel hskb2Ges DVENIRL Zeddst APAFREA 596 FBSS afrenfEl udnicsi  t ed

di lution cloning was perforned. Five aﬁgv\el | plates were_ inoculated with

0. 25, 0. SVOJdHEF'irh%IFPsq%qlVlﬁsoﬁnﬁﬁ er%b‘??%r‘l‘%ﬂ"‘i nﬂf“ﬁ@ abddite dt2lgf ug.
Al | [ 1 t t I

o e S STl AR S S ST B

Af t t 4 h I d
Lo E g ey o0 1 IO 0 v e o0
vol unet r 'é:ﬁ&{]%@i%td Yie%%m‘i%%%l@ﬁ%%@}é‘ el Agd FNARR, ELLSA. oOnbych these

clones wt i gh expression I evels (-50e of the total clones) were

transf erkedet @rgop2estbi-askd WaengEMArIY At daTelingC 5% ¥BEeS$E0D-glutanine,
determ nations were perfornmed. Two vials of each clone were cryopreserved
in DVEM EbZ e¢Oft 8MADNng 5"s FBS, 1% L-glutam ne, and 10% DVSO. Expression
Confirmation of Cl ones Post-Thaw One vial of each of the top fifteen
expression was thawed and used to inoculate a T25 flask. Cells were then

expandedz 9 1¥0, 1751 poks, wher ¢, Sugll cat g 28 By, expressi ons were

One vial of each of the top fifteen expression was
thawed and used to inoculate a T25 flask. Cells were then
expanded to two T75 flasks where duplicate 24 hr expressions were

performed and an additional ten vials were cryopreserved.

Northern Analysis of Clones

Total RNA was isolated directly from cells grown in a
T-75 flasks using TRIzol Reagent (Gibco, BRIL) following the
manufacturer’'s recommended procedure. Tétal RNA, 5 micrograms
per lane, was size-fractionated in agarose gels which contained
formaldehyde as a denaturant. The RNA was then transferred by
capillary blot to GENE SCREEN PLUS nylon membranes and hybridized
to a ¥P-labeled hIFNAR2 probe from a PCR fragment of the cDNA.
The band signals were quantitated on the Betascope model 603;

sizes were estimated from autoradiographs of the blots.



performed and an additional ten vials were cryopreserved. Northern Analysis
of Clones Total RNA was isolated directly fromcells grown in a T-75
flasks using TRl zol Reagent (G bco, BRL) followi ng the manufact ulr-erEg 2004
recommended procedure. Total RNA, 5 microgranms per |ane, was
size-fractionated in agarose gels which ceatai ned fornaldehyde as a
denaturant. The RNA was then transferred by capillary blot to GENE SCREEN
PLUS nyl on nenbranes and hybridi zed toR&58BRPs| abel ed hl FNAR2 probe from a
PCR fragment of the cDNA. The band signals were quantitated on the

Bet ascope mmgebk F6@3tios zes were estimated from aut oradi ographs of the
blots. 117 FEB 2004 16 RESULTS Anolification Sanples were assayed by ELI SA
at all of the anpliftaeateenvstagessay@d ybyt BLI3R0kLS, alENBE- ¢hand | FNRL- 6
were detectable at the 0.5 to 5.0 and 1.0 and 5.0 M MIX | evel s
respectivetyplinflicethen ekpgessi dinlevsics pwerle,t 0BNRowLt and deFeRt -6 Tabke 2
Summary of Volunetric (pg!m) Production Rates During Anplification

CHO- | FNRL defnctrbhei ah Pool MIX tevel0 @a) pgOnand FRIRD- 4D, 5BX SBvels

| FNR1- 11.-09. 40 | FNR1-15.08. 94 | FNRI -61. 07. 39 :
respectively. All other expression levels were too low to

detect.

Table 2

Summary of Volumetric (ug/ml) Production Rates During Amplification

CHO-IFNR1 Amplification

Pool | MTX Leve! (uM) pa/mi
IFNR1-1 0.5 5.58
IFNR1-1 1.0 9.40
IFNR1-1 5.0 8.94
IFNR1-6 1.0 7.39
IFNR1-6 5.0 4.87

The IFNR1-1 pool at 1 uM MTX level had the highest volumetric
productivity, 9.40 pg/ml, and was chosen for cloning. The

specific productivity of this pool was 5.99 pcd.



| FNR1- 65. 04. 87 The I FNR1--1 pool at 1 ACM MIX | evel had the highest
volunetric productivity, 9.40 pg/m, and was chosen for cloning. The
speci fic productivity of this pool was 5.99 pcd. 7 FEB 2004 17 4 Expr@ghon
Confirmation of Cl ones Post-Thaw Table 3 LfNRl 1 C one Expression
Confirmation Clonejg/ m pcd_ 5014.4234. 48 449. 7725. 22 3118. 7119. 33

410. 6019. 12 455, 8717 61 110 1716 53 8156_75}3,6 35.,375. 0316. 22 7011. 8514. 32
136. 8310. 195384 = : ; #1448 565. 143. 25 The

hi ghest expreSS| ng cI one was IFNRl 1-50 b! a speC| fic productivity of
34. 48 pcd. The hi ghest expressor based o 5<§I unetric expression was

| FNRL. - 1- 31 (CHO cl one 1-1-3]1:) w th an . )
fFNR1-1 Clone Expression Confirmation

Clone _pa/m! ‘ _ped
50 14.42 . 3448
44 9.77 25.22
31 18.71 19.33
4 10.60 19.12
45 5.87 17.61
61 10.17 16.53

60 15.75 16.35
37 5.03 16.22
70 11.85 . 14.32
13 6.83 10.19
38 4.06 8.59
36 4.39 5.99
24 802 5.01
8 3.41 4.48
56 5.14 3.25

The highest expressing clone was IFNR1-1-50 with a specific

productivity of 34.48 pcd. The highest expressor based on

volumetric expression was IFNR1-1-31 (CHO clone 1-1-31) with an

expression level of 18.71 pg/ml.



expression level of 18.71 jig/m . 17 FEB 2004 18 EPLE 2 In this exanple,
SIFNAR2 is the heterol ogous secreted protein that is produced and secreted
in adherent CHO cell culture. IFNAR2 is the beta subunit of tRheg Frpeis
interferon receptor (IFNAR), which is a heteromultineric receptor conplex
conposed of at least two different pol ypeptide chains, designated al pha and
beta- Like the beta subunit, the al pha subunit has been renaned and is

al so known as | FNARI. sl FNAR2 is sol ghhmpandz not menbrane bound because it
| acks at | east the transnenbrane domain | FNAR2. The two bi oreactor runs of

CHO cel | s capabl e of r.oduci_ng,and G583 | N9 SIFNARZ ras opbasentetk el ow
denonstrate a nor b Sasegﬁaglglébp??)gc%@(bi oreactor run #4) and a novel
serum feeding strate rdLBY.Le Lherdraseani adneeahtonHObteiactor run
#12) di ré’EPE&g‘trb %te%)eén?ﬁ%gl FScufture. Bioreactor Run #4 ser um cont ai ni ng
f eedi ng strat Cl—i(ggﬁ_lfﬁng 1+da3hef £xpllessas 1 ENaRZYpead gneantieyen

DVEM Flzcél&%bﬁ%?[fente W t hSS% FBS in T-flasks and roller bottles _until
enough cell.s had beewgenerated 1o arioetdmimlaisesic ThFOPERE BPTPART | s
wer e then tr?psi nized fromthe rollers and used to inoculate a reactors
cont ai Ni pggacaila O eponeadtniecodafferent HavPeptidpVERFERS: sUPpIERENt ed
wth 5 %FBS. After a 24 hr period a feed of I\/!Fléz gugggggygtkfgsw'th 5
o FBS waslbhkt saidedetat alfikewthatkeEt DRy FERBE nBAr URT vol ume

reactor/day (v/v/d). This feed rate was i sed i 80€S Q¥BEnLIAN shdday
period ubteh mebiowdr and &f 2197 VFHPWRLT efa}g%a%g'(i sgﬁmgﬁzg 17 day)

not membrane bound because it lacks at least the transmembrane

domain IFNAR2. The two bioreactor runs of CHO cells capable of

| producing and secreting sIFNAR2 as presented below demonstrate a
normal "classic" appreach (bioreactor run #4) and a novel serum-

feeding strategy according to the present invention ({(bioreactor

run #12) directed to adherent cell culture.

Bioreactor Run #4 {serum-containing feeding strategqyv)

CHO clone 1-1-31 {expresses sIFNAR2) was grown 1I

DMEM/F12 supplemented with 5% FBS in T-flasks and roller bottles

until enough cells had been generated to inoculate a 4.8 1

s a
bioreactor. Cells were then trypsinized from the rollers and use

ini ' riers
to inoculate a reactor containing 2 g/l Cytopore 2 mlcrocar

in 4.8 1 DMEM/F12 supplemented with 5 s FRS. After a 24 br

; s initiated
period a feed of DMEM/F12 supplemented with 5 % FBS was initiate

at a flow rate of 0.3 volumes feed medium/volume reactor/day

(v/v/d) . This feed rate was increased in stages over an 8 day

period until a flow rate of 2 v/v/d was reached (i.e. 9.6 1/dayl}.

At production day 0 (run day 9), the feed medium was switched to



At production day 0 (run day 9), the feed nediumwas switched to 17 FEB
2004° 19 DMEM F12 supplenmented with 1 ng/l reconbi nant insulin, about 12
ng/l ferric citrate, 0.0068 ng/1l seleniumand a 1X sol ution of ?_-rgécg]

el enents (I FCSTE). The feed flow rate of about 2 v/v/d was 'H] in&"

t hroughout the production period. Cell gtdwth on mcrocarriers and sl FNAR2
production was nonitored. Bioreactor Run 12 serumfree feedi ng stratea CHO
cl one 1- 1p8EM{ERPr esppieneiddRYittad JIddin FRACBNENHF 12 Sl -e ABREEG Wi t h
59.- FBS in T-flasks and roller bottles,_ until.enou cells .heen

gener at edngéli fiesulat e1arats. 10- A& érgc,/tlors?aﬁﬁr% Eﬁgcréa ﬁrxyf)ss?iri?fg%gﬁ 7% om

rollers and used_to inoculate a reactor .containj t0

ni crocarr FERGe| flementy o g&ﬁplf%ﬁgn?gawvﬁr%%‘g% ggéu%fgt E?ngﬂzféa%r
period, a serumfree feed of DVEM F12 suppl enent ed vmegti | FCSTE was

i nitiat ednatntaihed threugiow: *heoPaREresEaRePHPd -THed 1t 8% I BW rate was
increased in stages over an 8 day peri.od until a fl,%wrregte of 2

vol urre/ vohigrs Gayr weiks r e g MR ey BIRSEFEACRAYRS MRS syst em was | i nked
tothe initiation of the feed (run day 2), as this was not a "classic"

t wo- phase protocol. Cell growh on mcrocarriers and sl FNAR2 production

was moni tor ed. . Results, An SNauD. i ELO. £2eqifie Jualeeaty cel | di Vi sion and
sat uratll ( I _reac or runs_ an 1 vve_re conpar abl e.
oL oL ot 7 cerum capt aneas, 100Ul LGN Lo sl pegesseibom
Wth the]ﬁﬁﬁ&%?ﬁé‘?ﬁﬂﬂ%éﬁ@ﬂt@ﬁ with 5% FBS in T-flasks and roller bottles
until enough cells had been generated to inoculate a 4.8 1
bioreactor. Cells were trypsinized from rollers and used to
inoculate a reactor containing 2 g/l Cytopore 2 microcarriers in
4.8 1 DMEM/F12 supplemented with 5% FBS. After a 48 hr period, a
serum-free feed of DMEM/F12 supplemented with IFCSTE was
initiated at a flow rate of 0.2 volume/volume/day. This feed
flow rate was increased in stages over an 8 day periocd until a
flow rate of 2 volume/volume/day was reached. nproduction day" in

this system was linked to the initiation of the feed (run day 2),.

as this was not a "classic" two-phase protocol. Cell growth on

microcarriers and sIFNAR2 production was monitored.

Results
As shown in Fig. 2, the rate of cell division and
saturation density in both bioreactor runs #4 and #12 were

comparable. Cells fed with a serum-containing formulation (run

#4) increased from 1.4x10° cells/ml to 5.7%x10f cells/ml (5.5 cell

generations) and cells fed with tha serum-free formation



17 FEB 2004 20 increased from 2.5x105 cells/m to 5.1x105 cells/m (4.4".
cell generations). Figure 3 illustrates the production kinetics of slIFNAR2"

in bioreactor runs #4 and #12. Cells fed with DMEME | 2 suppl gneptgdoyi t h
5% FBS initially denonstrated a volunmetric productivity of approximtely
80 ng/ 1-day. However, upon sw tching tog the serumfree fornul ation of
DVEM F12 supplenented wth | FCSTE, a | ag phase was observed where

product i ify-J-elda tiaopel ew1 40 smyhii/daycbef oreldecerésing back ¢ei180

ng/ 1-day after a 10 day period (run day 20). In contrast, cells fed from
t he stagten\@irtartila\rﬁ\ylflz suppl emented with | FCSTE denonstrated no | ag

phase and reached 80 ng/1l-day on run day 14. The growth of CHO cl one 1-1-31
on Cytopore 2 i crigarei 8rs1iestwitels &hehBFoduseiam EoMR T Rf SrFHAR2

serumfree fornulation is nonitored as _shown i Fﬁ. M and Figs.
5A-5D, despéctieaslpr wHepehdiall dlcel | §e1iFaf R8T én fl uorescent
stain, are observed. Figs. 4A-4C.and.Figs. .SA-5D _toget I trate that
bot h theSfd@eélﬁﬁ@%ﬁFlaVégheéf HBS PoFaaLE s FIRLS b A A;f%rflsulrj%ggrt cel |

grow h on m.crocarrier with .incregs i L esGeNGs Bhservad over tine.
Havi ng nBEPTiHFItfrv&EE’cP%b%%Pﬁ%ﬁléna?ﬁggntglaoﬁ?/lit&%iI be aéggr e(&:)i ated by those

skilled Lp-thg;art Lhaf.the SR e-cafcPRul RELSOT S DM M2 Zupplemeangd of

equi val erslyf'lpara ters, concentrations, and conditions w thout departing

from they,spirikcsand scppe gifadeheaknubsei-oa antiemt thoidudyiddgy fell to
experinmentation. Waile this invention has been described_in connection
below 40 mg/l-day before recovering back to 80 mg/l-day after a

10 day period (run day 20). In contrast, cells fed from the

start with DMEM/F12 supplemented with IFCSTE demonstrated no lag
phase and reached 80 mg/l-day on run day 14.

The growth of CHO clome 1-1-31 on Cytopore 2
microcarriers fed with either a serum-containing or a serum-free
formulation is monitored as shown in Figs. 4A-4C and Figs. 5A-5D,
respectively, where viable cells, stained with a green

fluorescent stain, are observed. Figs. 4A-4C and Figs. SA-5D

together illustrate that both the feeding strategies of
bioreactor runs #4 and #12 support cell growth on microcarriers
with increases in fluorescence observed over time.

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.

While this invention has been described in connection
with specific embodiments thereof, it will be unders-ood that it

is capable of further modifications. This applicatz.a is



with specific enbodi nents thereof, it will be underE ood that it is

capabl e of further nodifications. This applicat--..11is 1 7 FEB 2004 21
intended to cover any variations, uses, or adaptations of the 1i .ﬂ:ﬁ:ﬁtéu@{}s
following, in general, the principles of the invention and includiirg ch
departures fromthe present disclosure2as cone wthin known or customary
practice within the art to which the invention pertains and as_may be

appl i ed tpntdwdedsent tarer fant weesahépabnbeses e setadeptekigsst F| in the

scope of the appended clains. Al references cited _herein, includi ng-
journal aitvedesonerfabkeving s inpabrespdd BRe BHrESpeRdi ARG 1S TBYETOrE gn

patent applications, issued U S. or foreig atents, qr_a e -
r ef er encednid grec badinel SHGthSPREFEF&d EV“P e%é’rﬁ?@eﬁgr gilﬁ, Tg?ﬁ%?uédsl ng al |
data, tables, figures, and text presented in e it r

Addi t i onaf{5iR HERQHR [ 9% TIEHORAFE BF 3¢ he-e r“élfttel"rqé‘nct%? gugtteg‘t"\;eﬁ(' Bpenhe

references cited herein are_als igely I per ahedeby=4ef£r ences.
Ref er ence Y& Risvh Bt ot szaélgsjgscrg%teéﬁia\c/ﬁ%]q(é%et hods Péte?)s, known net hods

or conventjqnal, Jmthads, o pat <k AV WA aib1 1481 $6i ORe tdedpanyf aspect
description or enbodi nent of the present invention is disclosed, taught or

suggesteg%bréng@% deligsant art. The foregoing description of the specific
enbodi ments will so fully reveal the general nature of the invention that

others can, by applafilngelfaowhecsecitidchingaeia, skhrluding howial (3%dCd8Fng

the contents of the references cited herein), readily .
or abstracts, published or corresponding U.S. or forelgn patent
applications, issued U.S. or foreign patents, or any other
references, are entirely incorporated by reference herein,
including all data, tables, figures, and text presented in the
cited references. Additionally, the entire contents of the
references cited within the references cited herein are also
entirely incorporated by references.

Reference to known method steps, conventional methods
steps, known methods or conventional methods is not in any way an
admission that any aspect, description or embodiment of the
present invention is disclosed, taught or suggested in the
relevant art.

The foregoing description of the specific embodiments
will so fully reveal the general nature of the invention that

others can, by applying knowledge within the skill of the art

(including the contents of the references cited herein), readily
modify and/or adapt for various applications such specific
embodiments, without undue experimentation, without departing

. Therefore,

from the general concept of the present invention.

such adaptations and modifications are intended to be within the



nodi fy and/ or adapt for various applications such-specific enbodi nents,

W t hout undue experinentation, w thout departing fromthe general concept
of the present invention. Therefore, such adaptations and nodifications
are intended to be within the 1 7 FEB 2004 22 neani ng and randel bEB 2004
equi val ents of the disclosed enbodi nren2s, based on the teaching and

gui dance presented herein. It is to be understood that the phraseol ogy or
t er m nol agarhiereiand samgre bliieeqpilypbset ©f o fesor | git s ol emdtoddfuent s,
limtation, such that the termnology or phraseol ogy of the present

speci fi cheised i tthehb&eachiagpred et nantr BiGdadehmEredm -i nIki ght tofbe he
t eachi ngs and gui dance presented herein, in caonbination with the know edge
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" one of ordinary skill in the art.
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express a heterol ogous secreted protein, wherein the inoculumwas prepared
by growing. the transforned CHO host cells in serumcontaining cell
culture nedium and culturing the inoculated CHO host cells in adherent

cell culture without perfusion of cell culture mediumfor a pdrl &dBo2ios
about one to three days prior to the initiation of feed; the inprovenent,
conprising: initiating a feed of serumfree cell culture nedium

suppl emented with insulin, ferric citrate, seleniumand trace elenents to
the cell bioreactor via continuous perfygion; increasing the feed flow rate
of serumfree cell culture nmedium suppl€énmented with trace elenents in
stages until a final feed flowrate in a range of about 1 to 3.5

vol unel vol u g@ s reached to produce and secrete a heterol ogous protein
fromthe f? r%/"Jcél |s into the serumfree cell culture nedium wherein
initiating feed and increasing the feed flow rate are perforned together
over a six to ten qiayg nia%a Qﬁpro&l&ﬁl %Lﬁlettew{dg&g; debrete€plotdiaiim Cliness Hamster
adherent cell | ow rate. 2. The nethod according
to cl ai m%?'y\f\ﬂgfg)eﬁeﬂs Qrﬂ‘%" ?fbrP‘Fr8‘6a"beT's S%rPFEfﬁ‘P?ng the inocul ated CHO host cells
is about 2 days. 3. The method according to claim1, wherein the feed

initiating step ini hbé’lﬁa@’l% @-céll%%ﬂaa@tbr Gontéﬁrh@%ﬁr%&éindr@add’l@)hd aupgat fof adabrenttcelD.
to 0.4 vol une/ vol une/

ee ¢ cul.t ur t ed
WD+ ne i s e RTEeoD R pa el S RdR, g el B Rt e BRI 00
26 4. Thexpresseowteadegorsisasptadpradimivrensin thghegouium “taﬁ@feP@fé%Ib\I goving fheat ed at a

feed fl owahdbiel BHOMHAS cERNYEer@h-caitg il 2ulfu@ rsdRimy eddime/ vol une/ day. 5. The
met hod according to claim3, wherein the feed is initiated at a feed fl ow

rate of about 0.2 volunel volune/day. 6. The method accor di nq to claim1,
wherein the feed fl owlurinsttee ipeculaled ket Ges in aehemnd cefpaura gt PsrTusipehcdl o

ni ne day dqfiré RLdiud for BiperidaRt Bt a6 tOthbe Agystpdiob emitiationdiésedj n the feed flow
rate is increased in stages over about an eight day period.

the improvement, comprising:

initiating a feed of serum-free cell culture medium supplemented with insulin, ferric

citrate, selenium and trace elements to the cell bicreactor via continuous perfusion;

increasing the feed flow rate of serum-free cell culture medium supplemented with trace
elements in stages until a final feed flow rate in a range of about 1 to 3.5 volume/volume/day is reached
to produce and secrete a heterologous protein from the CHO host cells into the serum-free cell culture
medium, wherein initiating feed and increasing the feed flow rate are performed together over a six to ten

days period; and
cuituring the CHO host cells in adherent cell culture at the final feed flow rate.

2. The method according to claim 1, wherein the period of culturing the inoculated CHO

host cells is about 2 days.

3. The method according to claim 1, wherein the feed initiating step initiates a feed at a
flow rate in the range of about 0.1 to 0.4 volume/volume/day of serum-free celi culture medium

supplemented with insulin, ferric citrate, selenium and trace elements.



8. The method according to claim1, wherein the final feed flowrate is in
the range of about 1.5 to 2.5 vol unelvol unel day. 9. The nethod accordi ng

to claim1, wherein the final feed flowrate is about 2 vol une o[_l [ day.
10. The method according to claim1l, further conprising a step {)¥ é’ﬁ[}m
recovering the heterologous protein fromthe serumfree cell culture

medi um 11. The nmethod according to claim1, wherein the heterol ogous
protein is soluble interferon a/P receptor (slFNAR2) 12. The nethod
according to claim1, wherein the mcrocarriers are Cytopore 2. 13. The

met hod according to claim1, wherein £fe serumfree cell culture mediumis
DVEM F12.

4. The method according to claim 3, wherein the feed is initiated at a feed flow rate in
the range of about 0.2 to 0.3 volume/volume/day.

5. The method according to claim 3, wherein the feed is initiated at a feed flow rate of

about 0.2 volume/velume/day.

6. The method according to claim 1, wherein the feed flow rate is increased in
stages over about a seven to nine day period.

7. The method according to claim 1, wherein the feed flow rate is increased in
stages over about an eight day period.

8. The method according to claim 1, wherein the final feed flow rate is in the range
of about 1.5 to 2.5 volume/volume/day.

9. The method according to claim 1, wherein the final feed flow rate is about 2

volume/volume/day.

10. The method according to claim 1, further comprising a step of recovering the

heterologous protein from the serum-free cell culture medium.

11. The method according to claim 1, wherein the heterologous protein is soluble
interferon o/p receptor (sIFNAR2)

12. The method according to claim 1, wherein the microcarriers are Cytopore 2.

13. The method according to claim 1, wherein the serum-free cell culture medium is
DMEM/F12.



