WD 01/ 18175 PCT/ US00/ 23978 9 METHOD FOR PRODUCI NG A HETEROLOGOUS SECRETED
PROTEI N FROM CHI NESE HAMSTER OVARY CELLS GROWN ON M CROCARRI ERS BACKGROUND
OF THE | NVENTI ON 5 Field of the Invention The present invention relates to
a met hod fo™WMIdEing a secreted protein in mammal i an adPfEVESN0239E8 |
culture. Description of the Related Art 10 The majority of |ndustr|al
production processes that wutilize Chinese hanster ovary (CHO host cells
use cel | METHe® FaRapROUUCINGIB\VHETERISGOUS) SBCRETHD , PROTHYIN \BRONC CHENESE. |
1993 and Lubi ni eckinsdsTir OVARIALELL.SrGRIWN loNs ermopocrRRIERS I UM have been

avai lable for the last 10 years (CGorfien et al., 1991). 15 However, an
alternative strategy for CHO cell culture is to support attached cell
growt h where cells adhere tBACKGROUNDXOF THE INVENTIOWcarrier (Kadouri,
1994). CHO cells can grow successfully on such supports, and industrial
progessegibdNcobeche thevattonad utilizing CHO microcarrier cultures, e.g.,
Puregona 20 (Aijve et al., 1996). The adherent growth of CHO cells on

mcrocarriers i s Tiseightesecdmyenshod bglstemplto reg medhod fort hbroduding e,
inthe formof fetal bovine serum (FBS) (Xiao et al., 1994, Cark et al.,
1981; N RoFefreted|protaigp imseansiias edherent redld qudGire?5 et al ., 1992
Wat son et al., 1994 and Ohlson et al., 1994). This conplex culture nmedi um
suppl enent contains the necessary attachnent and growth factors required

to pronnﬁgséiﬁb ré%“the Related Art

10 The majorlty of 1ndustr1a1 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 medium have
been available for the last 10 yeaxrs (Gorfién et al., 1991).

‘15 However, an alternative strategy for CHO cell culture is to
support attached cell growth where cells adhere to a matrix,
e.g., a microcarrier (Kadoﬁri, 1994,. CHO cells can grow
successfully on such supports, and industrial processes have been
developed utilizing CHO microcarfier cultures, e.g., Puregoné

20 (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 bbvine serum (FBS) (Xiao et al., 1994; Clark et
al., 1981; Nikolai et al., 1992; Asselbergs et al., 1992; Levin

25 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, 1985). Without the presence of serum, it has been



phenotype, e.g., fibronectin, lamnin (Zaworski et al., 1993 and N I|sson,
1989). Wthout the presence of serum it has been WO 01/ 18175

PCT/ US00/ reported that sonme cell lines w'll +not ow on
m cr ocarri%g(?él%stéchm d et al., 1992), or that the absencpecq'ré‘fsog/a’mn S

detrimental to product formation (Teide et al., 1994). Al though serumfree
adherent growth of CHO cells_has been_acconplished 5 using a basal nedium
suppl eresRrEsd tihathsgrencel} ahidtas MidlaRAt GEPYUNPRNTHEERES T I®rs,| .| 1985) ..

this gr h was obtain Ip-the .ver assive environnent. of a T-flask, an
envi ronﬁ‘%ﬁ?ﬁmlﬁﬁt i "kﬁge\%ﬁ‘t o i (;%r ¥g|ggﬁ$??%%%t?§/ 7O thfe envi ronnent
encount | t tac dhn2R 1 BhC K I &LSa1 N Y G eagk erry et
al ., 1%%&%}@%0?:6”?%?%%?}’# er - %éggd (?ﬁ uést%l£ a?i pr (?E:igsﬂés, (Aégfi?g%r e

usual | yse:ath{(fHed eaRbiENOUSrRIH WFi €D 64llsdinNeadmsiarnacdsrpliaenaed with
serumuntil the cells fill the available surface area provided by the

m &r ocarsingy a( bheadr vedium mgplenéhbed Swith firssdl editrmansferrén amdt ched to
a different medium usually one that is a serumfree fornulation, as cells
at t hi $FEuTa (Easaer of Aldind28RAY- cERLT FXPYOH (478 OBteirRE &RtkbRel | ul ar
matrix to support their attachment,. pf_ i.s during.this second phase (the

pr oduct' i< BﬁggéY? ThE EOA L P nEdTn:ﬁﬁfﬂ?ﬁ gt 85&1586‘8‘& ogﬂab t%covery and
- puri i gablanegf dS‘.EE?f eCQRif A he Py OF Abh) - t HOWRNAMrorimnt S U Bont dRs PGS
system the switch fromgrowh to production.can lead to a dramatic

cel | ul attaenpangeowtthidh adctekhridess aitd a ddoreasedrvqbHaetyi et mlpductivity

of reconbi nant protein
10 1985) .

For microcarrier-based industrial processes, cells are
usuaily fed (via continuous perfusion) culture medium-
supplemented with serum until the cells f£ill the available
surface area provided by the micfocarrier {(the growth phase). The

15 perfused medium is then switched to a different medium, usually
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

20 recovery and purification of the recombinant protein. However, in
such a two-phase system, the switch from growth to production can
lead to a dramatic cellular response, such as cell loss and
decreaéed volumetric productivity of recombinant protein
(Cosgrove et al., 1995). Alternatively, a lag phase can occur

25 when the cells respond to the dramatic switch in environment,
which then results in a period of low recoﬁbinant protein

productivity until the cells are able to recover.



(Cosgrove at al., 1995). Alternatively, a |ag phase can occur 25 when the
cells respond to the dramatic switch in environnent, which then results in

a period of onbi hant" protein productivity until e able
to recover. “%@ﬂ%ﬁ?ﬁBl?S PCT/ US00/ 23978 3 Citation of annggﬁﬁh@%? erein
is not intended as an admission that Such docunent is pertinent prior art,
or considered material to the patentability of any claimof the present

appl i cation. Any sCatetgénnh @f amy cinuumentohezedat &5onot dmyeRARYIMENAN s
based on the information available tg appligant at.the tine of filing and

does not 288sEion: Ehak gURPsIPEHMeRt dE PFFTFESPFeEFﬁ%Esa’B‘T‘ SUch a

t at t OF. THE Q_Lt t
?nseﬁﬁgﬁ%lg}em f“ﬁ&erb?ytﬁ/%% % (TJE Pééf??egggﬁﬁ% QII%IrrE f[}?%ﬁg prior
art as g'r%%lé %equ?%stlérﬂe %ﬁﬁ?ltat'eﬂt\éﬁ@t hONL B e¥hESSE oy hng < of

produci n ete ogous secreted protein fromtransformed CHO celI's grown

on sl5 MpgkOoeRcumehe 1B Bas€d Wh fulRe iaEbkrmauibnr avatlabie tdiappldtchad has
the advantage of overconing the problemof a production |ag phase observed
when sw athichg timen afsélllmg;cnrtdaldmelsgnbc gopetimuté rare adnisssomeas. t20

BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 shows the schematic

repr esenthei sprseciursa/ ®E e Gtagfsoerh- pCOW. PA4 . Figure 2 shows the
cell growth of CHO clone 1-1-31 on

Y OF THE INVENTION
10 ' 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 for producing a
heterologous secreted protein from transformed CHO cells grown on
15 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.

20 BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows the schematic representation of IFN «/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
25 (bioreactor run #4 is fed with DMEM/F12 supplemented with S%
fetal bovine serum (FBS)) or serum-free medium (bioreactor run

#12 fed with DMEM/F12 supplemented with IFCSTE).



Cytopore 2 mcrocarriers fed with either serumcontaining nedium 25
(bioreactor run #4 is fed with DVEM F12 suppl enented with S% fetal bovine
serum (FB%(RH lﬁgrumf ree nmedi um (bioreactor run’” #12 fed with DN. EM F12
suppl erent &d W ih | FCSTE). WO 01/ 18175 PCTI USOQ 23978 4 PEFYSN23%8shows t he
kinetics of soluble interferon a/l réceptor (sl FNAR2) production in a two
phase system where there is a swtch fromserumcontaining to serumfree
medi um and in a Figwterd whowsatke niglretfias) afh¢alabdwi tioherfenenli aff

Bi oreactor 5 run #4 was run as a,two-phase systemw th-a growth phase of
DVEM F1ZeS8BEPEnETHEPRA )t Rroduekirnnty & &Ko SRASE £YSL6BuctieFe ks of
DVEM F12 supgl et_[rekp'#_ed with | FCSTE . The switch is repreaent ed b% the
verticalSddt PEHET M SEFRE-GORE AL 5 SeFUT ;;ffeu{“F 98y 3 i‘ﬁblae feed
ot U s UL S WARIGAECREES ankd i WyikERSTR: mEldke Hhrdfeghioy CHO
cells (cfone 1-1-31) grow ng on Cytopore 2 mcrocarriers on day 4

(Fisg. 4Arundpy ad T 4B) a awd-plase Ky stemgw4€h BoblrewtRoph£eslicry with the
serum contai ning formul ati on of DMEM F12 suppl enented with 5a FBS. Viable
cel | s DMEN/BLH sowppillesentedoetth iS4 FBS endi acdwikth hofad uprasbudibnst ai n.

The day indicated in Figs. 4A-4C are run daés | .e., days post bioreactor
i nocul aPRae ofh PMENY FRRoBUERI ReRFSRs WikhgdFESTEA- SEhe et oi®el | (cl one

(Fi o, sEybipp ety Ehg R ol SGRET 1 563 26 PRe fo ivRmei Ry Wi 1

the serym fyee Jeahgubat k 0fi 1 DYeMaFheastnpb e NBMkRAr 14 tdugf1erEEeedl bl e
iO with IFCSTE.
Figure 4A-4C show CHO cells (clome 1-1-31) growing on
C?topore 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/F12 supplemented with 5% FBS. Viable cells
15 grown on the microcarrier is stained with a-fluorescent stain.
The day indicated in Figs. 4A-4C are run days, i.e., days post
bioreactor inoculation, and.not production days.
Figures S5A-5D show CHO cell (clone 1-1-31) growing on
Cytopore 2 microcarriers on day 1 (Fig.5a), day 3 (Fig.5B), day 6
20 (Fig.5C), and day 10 (Fig.5D) following feeding with the serum-
free formulation of DMEM/F12 éupplemented with IFCSTE. Viable
cells grown on the microcarrier is stained with a fluorescent
stain. The day indicated in Figs. 5A-5D are run days and not
production days.

25



cells grown on the microcarrier is stained with a fluorescent stain. The
day indicated in Figs. 5A-SD are run days and not production days. 25 WO
01/18175 PCT/ USQQ 23978° 5 DETAI LED DESCRI PTI ON OF THE | e

pf esent i nvVEROVBHS s based on the devel opnent of a seruﬁygﬁgégﬁégging
strategy for growing CHO cells on nicPocarriers that overcones the

requi rement for serumto pronote 5 an adherent cell phenotype. This
serumfree feedi ng st RREARLED SCRIRGTION QO CHIL IAWENTIONhe present
invention significantly inproves the recovery of the desired secreted
protein product byrheeldr@saaiti Agveheiongiphesedassothat ddveiopment of a

- serumrenoval, i.e., swtching froma serumcontaining to a serumfree
envi r onneetum1Hredh f qestimgd strrtpgydfer rarevins £HO 66445 SBcreted protein
fromrCHO cells grown on mcrocarriers accordin%ﬁt %Ee resent |nvention

i nvol vest erReARiiqnF £1e8 PVBFEPRaR L e R&FES Hg Er ﬁgﬁ‘r“Pi%? FHYUSol i d
support for_ adherent |1 rowth wth. an inoc h ég%#s

transf or%cﬁ‘ﬁbe% é’segﬁlghggﬁg@?bl o%%]uss %seeljc?:l&eg!gg@prgé?gl{% %ﬁiﬁe ot

absol ut el J. NEFERP A tnel HRchBACHE ARl GidldeneatavBnel 8 3bLyn sttt out
perfusion in a Serumcontalining cell culture nmedium such as DVEM F12
suppl eneficbwi g hthYoderioRre rhO¥E NEhe ede i nddBSecrboedappetein mfodwhnHy one
-to three days, preferably about two days. After about 20 two days, i.e., 48
hours, tdicincieldtsing ehehdngf ptase agradintiesh wikht Rexunesemeyak, serqum free

cell culture nmedium which is . .. .
switching from a serum-containing to a serum-free environment.

10 The method for producihg a heterologous secreted
protein from CHO cells grown on microcarriefs according to the
present invention involves inoculating a cell bioreactor
cbntaining microcarriers as a solid support for adherent cell

- growth with an inoculum of CHO host cells transformed to express

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

20 two days, i.e., 48 hours, the cells are then fed via perfusion
with a feed of a serum-free cell culture medium, which is
preferably DMEM/F12 (catalogue no. 1330-032, Gibco BRL,
Gaithersburg, MD) supplemented with IFCSTE (an acronym for
Insﬁlin, Ferric Citrate, Selenium, and Trace Elements, the

25 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



preferably DMEM F12 (catal ogue. no. 1330-032, G bco BRL, Gaithersburg, MD)
suppl enented with | FCSTE (an acronymfor Insulin, Ferric Ctrate,

Sel eni um G@ginkiAce El enents, the 25 fornul ation of whi Giyssesiien in Table
1 below), at an 1nitial feed flowrate in the range of about 0.1 to 0.4 °
vol ume/ volume/day (v/v/d) before incteasing the feed rate of serumfree
cell WD 01/18175 PCT/USOQ 23978 6 culture nediumin stages over about a
six to CARtyEP PEALBR, in FAIGSOANFTBPEHELD FHRetANHT At PPTa°Feed 1 ow

rate of _abaqut to 3.5 v/v/d.i ac .40 ' ecpet gpie desired
het er ol 8§S%§r é&lye?j%‘éerbr% enllg-1 rﬁg?ﬁ%fhgggﬁlit%rpfeg%%elcﬁﬁ?% nt o ?ﬂe 5 lgul ture
medi um (Ihg gr Q?W&'Pé' ANLIRRC k! beBdatet g dasirat dit Gealiegaus secret ed
protein 1s nmaintained after the final feed flowrate is reached by

conti nuUGus epBNbYELO s retid i Prbtedn Eubihutite naditiuees (HO eedidseihie ttthe

| FCSTE. The desired heterol ogous protein produced and secreted into the
serum f cedtt@ecmedinme. mitheuproducbaoneand | Seqratsias of &8¢ peFi¥edd using

comvent L Q1al fecove e AN ULy cOll 00 SSEhL D S g dlgpe O
Cone ety s, | SRRk ol Bl ey el o 11 |
culture medium supplemented with IFCSTE. The desired
heterologous protein produced and secreted into the serum-free
10 culture medium can be réadily recovered and purified using

conventional recovery and purification techniques well-known to

those of skill in the art.



4) Trace Metal s A76, 1000x (G bco BRL catal ogue #99-182) diluted 1:1000 for
working concentration in mcrograns per liter CuSO4 5 H20 1.60 ZnSO4,
7H20 863. 00 2Na "17.30 Ferric Citrate 1155.10 5 tals
B76, 1000x (‘@S@élgwém cat al ogue #99-175) diluted 1:1000 fo}CM}?@B:’%
concentration in mcrograns .per liter S4 H20 0.17 NaSi G3- 9H20 140. 00
Mol ybdi ¢ Acid, Amonium Salt 1.24 NH4VO3 0.65 N SO4 , 6H20 0.13 SnCl2
(anhydrous) 0.12 6) Trace Metals C', Tabdx1(G bco BRL catal ogue #99-176)
diluted 1:1000 for working concentration in mcrograns per liter AICI, - 6
H20 1.20 AgN@Votkihg Cametiidtion)df IFCSTE Sipplenicht icdalPCaltas Mediiie. 6 H20
2.38 CO (anhydrous) 0.32 NaF 4.20 Ge@2 0.53 KL 0.17 RbC 1.21

1) Insulin 1 mgh.
2) Ferric Citrate 12,24 mg/L
3) Sodium Selenium 68 pg/L

4) Trace Melals A'%, 1000x (Gibco BRL catalogue #98-182) diluted 1:1000 for working
concentration in micrograms per liter

CUSO‘ L4 5 H,O 1.60
ZnSQO,» 7TH,0 863.00
Selenite » 2Na 17.30
Feric Citrate 11565.10

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

MnSO4 H,0 017
NaSIO, » 9H,C 140.00
Molybdic Acid, Ammonium Salt 1.24
NH,VO, 0.65
NiSO, - 6H,0 0.13
SnCl, (anhydrous) 0.12

6) Trace Metals C'%, 1000x (Gibco BRL catalogue #99-176) diluted 1:1000 for working
concentration in micrograms per liter _

AlCl, = 6 H,0 1.20
AgNQ, 0.17
Ba(C,H,0,), 2.55
KBr 0.12
CdCl, 2.28
CoCl,» 6 H,0 2.38
CrCl, (amhydrous) 0.32
NaF 4,20
GeO, 0.53
KL 0.17
RbCI : 1.21
ZI'OC|¢ b 8 Hzo 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

S 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



Zr0Cl2.8 H20 3.22 It will be appreciated by those of skill in the art that
the initial feed flowrate and the period of tine for increasing the feed

flow rate wogephfiges to the final feed flow rate can 'be ' ependi ng on
the size of the inoculum In a 5 preferred enbodi nent, aﬁgf’h%ﬂﬁ%ﬁ& of about-

2 x 105 cells/m. is wused for a 4.8 Biter cell bioreactor and the cells
are cul tured WO 01/18175 PCT/USCO 23978 8 for about two days before
per f usi fOF viPParFYidaya bedege opersesing fwidd A dpdsiabdresi AF an initial .

feed fl f 0.2.v/ivlid. The f f f '
ber fusi SHEBT £ Shiotesn PeRbHh 20 19 4 i F 5P FLPP B EHITITREHE | s
| nCr 223§t o2y th GedhoRioR il sk AbelBiolel BoBRULGD. & YhY/d. on

day 5 to about 0.8 v/v on day 6 to about 1.2 v on day o about

1.5 v/ Vddhestit lced if ichakubboin rigie pfefiawla dmBodivéfle i 5s iAGhAedqosnday 8.
As will be further appreciated by those of skill in the art given the

gus danaiypriowicladomg ©hé prefdr red dey enttodebent AcBoviifiy tam Bhy Present.
invention, if the inoculum size is larger, then the initial feed flowrate

may ned® EPBE OhBgNéV/andoR A & ited aBPUEi Ae2f B/ Vidcr¥nsdayy Tt ke flow rate
Dot veoep o 135 %P7 UHEEL 1 e arbrabrpeapb oo 4% é8ckeh as in
the ranagctleatBAlbal- 8. ! Oad wiifl Wed cutkhBUdHol 061 IR U UnckBCopr ESEN!
general l'y applicable to the production and secretion of
het er olg®k@aas incehet adt pgDEei the guiidneel psovided oy the pir@ferred
10 embodiment according to the present invention, if the inoculum
size is larger, then the initial feed flow rate may need to be
higher and the period of time for increasing the flow rate may
also need to be varied accordingly. The final feed flow rate can
be between 1 to 3.5 v/v/d, but it is preferably about 2 v/v/4,
15 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
"heterologous secreted protein" is meant to be a secreted protein
20 not endogenocus to CHO cells, the preferred embodiment, as
exemplified in the Example, is soluble interferon o/f receptor
(sIFNAR2) . Soluble human IFNAR2 is a glycosylated protein which
binds both o and B interferon and its existence zs a soluble form
of the IFNo/B receptor offers the possibility of using the
25 receptor therapeutically as an IFN antagonist.
The solid support on which adherent CHO cells are grown
is preferably Cytopore 2 microcarriers (Amersham Pharmacia

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



"het erol ogous secreted protein" is nmeant to be a secreted protein 20 not
endogenous to CHO cells, the preferred enbodinent, as exenplified in the
Exanple, is soluble interferon a/fi receptor (slFNAR2). Sol ubl e human

| FNAR2 is a"QI0U88%y| ated protein which binds both a and BGTHS&YPBon and
Its existence as a soluble form of th8 IFNa/o receptor offers the
possibility of using the 25 receptor therapeutically as an | FN antagoni st.
The sol i T SkeRoFdt th Whildinlaghenett i:CHG: derdoprid igr canting pEePEREDI §
Cytopore 2 mcrocarriers (Anmersham Pharmacia Biotech, PLscatamax NJ),
whi ch areharage olensiter ©fwilt-B BegfPs 2D I /AVEEATPEPFESISAPEE2E 8 | nked

cotton cellulose matrix, a,hydrophiljc coating af E, a .ch e nsity
of 1.8 ﬁﬁhﬂ@?-aﬁﬁ“ﬁﬁ“ﬁVeF§5€¥pﬁV t%ﬁiﬁmﬁ%ﬁr?ﬁ Sh° ef ! g#%e?gguitable

' ' k n_th ' I I
Serve. ackern Ut ahairbrsiE PRl GELUE ol AR B-vEThy, M PR P

Thegpref ery£d &w&f 26 Gahbrett 4 Syidiginne ce@YEM F12 suppl enented with
CgT W ge

| F E. Vi ng nerally described the invention, the same wll be
nmore readily undergieo@iterboadhsamingsfreme ded 1t kmlt@reonkdiitmgisxanpl es,
which are provided by way of illustration and are not intended to be
limti nPMEMARIR muppdementednvien IRCGAWRLE 1 Cl onal CHO cell i nes,

expressi ng reconbi nant soluble 15 hunpn | EN Receptor. (1 FNAR?) . were
i sol ated and char #&¥eérgz8av 9%%&?1&%%JH§%£rahe§ﬁ§§ehév eBéé%“sZ?%%t%%P?(n

further &?fﬁlﬁandg}elgeadily understood through reference to the
10 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

15 human IFN o/f Receptor (IFNAR2), were isolated and characterized.
Two potential clones have been selected for further evaluation in
a 100 population doubling stability study. Based on IFNAR2
expression levels and mRNA analysis, the following clones were
selected from a panel of clones. CHO-IFNR1-1-50 had the highest

20  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. pg/ml in a T75 flask over a 24 h period. Both clones
exhibited a single major mRNA species when examined by Northern
Blot Analysis.

25



a 100 popul ation doubling stability study. Based on | FNAR2 expression

| evel s and nRNA anal ysis, the follow ng clones were selected froma panel
of cl ones. é:l;p NR1- 1-50 had the highest 20 specific productivity with a

pod of 34.% | FNRL-1- 31 (CHO clone 1-1-31) had the FFYPROUB%” unetric -

productivity expressing 18.71 g/m 19 a T75 flask over a 24 h period. Both

clones exhibited a single maj or nRNA speci es when exam ned by Northern

Bl ot Analysis. 25 W 01/18175 PCT/ MEIHORS978 10 METHODS Vect or

Construction pCEV9- QW7. pl asm d DNA contai ni ng sol ubl e human I FN a/0

recept MectBMACbBhemYIEtidubI Nnstein was used as tenplate for PCR 5
anplification. A pair of PCR priners were used to anplify human |FN a/(3
recept or cDNA frpﬁﬁvﬁémmltwdc@ﬂbnceﬂtﬂm@ grediublgepuinge IBV tdhve TAG

stop codon. A Xbal site was ing¢luded,in both rimers. _PCR was perforned
under FESRBEPY EBNR) FTIM DR oRUPENSESINWas Aﬁeéf 35 CSFRLRF R cERF oé)Fpand Xbal

d| estlon 730 bp P Ny ba sted
tregf’e%l ?3&4 qipjar esgl%g%(éée jg'mg]!.%baﬁ r‘f‘%e%déf’ é% O}H‘g“a\ﬂére used

to SCr ¢eR ayberé\@s)&;r tanmsff%aiaeaé ATEHREW Radal BY ehé 351 tor

clone.1li was checked by restriction enzyne digestions and sequence

anal yspeptidett® tHeymlc pepp dedorgi ob, Xmledry! shanineluded i Horbnd
i nstead of valine at amino acid position 10 which is different fromthe

publ|sﬁéﬁm%éﬁueﬁﬁﬁlOﬁﬁb@ﬁ§ﬁ§rﬁ3d19@d9r sitamdard conditions for 25
cycles. After gel purification and XbaIl digestion, a 730 bp PCR

10 product was ligated into XbaI digested, CIP-treated pCMV.PA4
expression vector. Xbal and Ndel digestions were used to screern
the MC1061 transformants. The pCMV.PA-hIFN o/f receptor clone 11
was checked by restriction enzyme digestions and DNA sequence
analysis. In the signal peptide region, a phenylalanine was

15 found instead of valine at amino acid position 10 which is
différent from the published sequence (Rubinstein, 1994). The

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

form cloning construct.

20 Transfection and Selection in CHQ Cells

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

methotrexate (MTX). The transfection was designated IFNRL.

Growth medium utilized before and immediately following



sanme change was found by Dr. Rubinstein in his original soluble form
cloning construct. ?0 Transfection and Selection in CHO Cells CHO DUKX

cells were ected with the h IFN a/ (3R CW. PA4 co 0 p9)
and with thm;glgnstruct (10 {,tg) at a 5:1 ratio by roﬂf&ﬁgs%éﬁé%d

precipitation nethod. The Da expressidmh vector contains a dihydrofol ate
reductase (DHFR) gene !5 thereby permtting selection and anplification

with the transfemtioot conateteMod . alphe MEMs+dc meghiugad wdEbi deRIednd-NRL.

Gowmh medjumutilized before and inmmediately follow I'\‘;'g WO 01/ 18175
PCT/ usomlzﬂétgvmlclff%d&ﬁsf@ePFBnB%hsﬁtm%“@ma WA ERERPF+ PRkt 1M

fotal - boWlY Faé@%‘%‘éﬁ{ﬁﬁ%gscfﬁeﬁowaaﬁﬁ?'l '1t WEamhe (cHike e%'%ief o
phoshhat & BarT e e E RS ToRy Ciabngeon SRR BTaES TR PYINE iy osos

trypsin pﬂbs@&artu EDfAeseaugapfhé QEEy) ,BRE) phor . bouanant pesesd atith/ G mihe
trysin was quenched by the addition of 8 ml of selection medium consisting

of al pha dfENI.O5f tregpain(w @ HEutmM @RTRy sodntirnbd@abteoBRUE oG fregr BRL)

suppl emented with 10% 10 di al yzed fetal bovine serum (dFBS, G bco BRL)
L- gl ut an"H@utes BEo3BEE) %m@znwquesnahﬁ n%@%&%élédoaeprfssmie

eoherendatpgTuL o paa B efliebitd oB BaBRECHALRoloReBRRE WANIS,
15 Typi cakb¥%yal bRE 1Pbonudh dlidiSes, 264Bc60BRN) €Sub Sl fhented with 10%

10 dialyzed fetal bovine serum (dFBS, Gibco BRL), 1% L-glutamine
{Gibco BRL}, and 0.02 uM MTX (Sigma). Dissociated cells were
resuspended, split at a ratio of 1:10, and seeded in ten P100
culture dishes. Plates were refed with fresh selection medium
every 3 to 4 days.

15 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-

20 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.

25 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 Once plates reached 80% confl uence, t efed with
fresh sel gﬁ‘ﬁ%ﬁ"ﬂedi um Twenty 20 four hours later, a sgrer%/luéﬁ%ﬁy{she ‘
supernat ant was taken for expressiofi2anal ysis, cells were trypsinized, and
counted using a emacytoneter. Two vials containing 1 to 3 mllion cells

i fod @ [of $a0ge Nl W8 im cont ai ni ng 10% di net hyl sul f oxi de -

(DMSO, Sigma) for_ each of the ten pools. 25 diium | es wer,e stored at
120G WD 01/ 1817P4SCHRGSSBE IS HECtEF ﬁaf'f%’/gt EBR DR tﬁ%gl s
Because_t he. ctQr taLn : Is TS0l at t enpt
to anpl??ilszltkﬁge \é:%ptragstgl g?] g? %ﬂ%ﬁl@oqﬂ;eﬁﬁ%%gggﬁé?v@%ﬁ% ng gg}\ﬁégt i on at
0.02 MMmXs I T aRafiektiad sehlbst forveite camp! ikl mUxi nerpnmadtedcesllling to
standard anplification schedule of 0.1 M--: 0.5 M-+ 1.0 AM-* 5.0 AWM
MIX. Afdeate dnpliifieldoin hpoolsk maessidings sppbtanderd ampdddigatioe 0. 02 AM
MIX level, the remaining cells were used for anplification. At.each

‘anpl i f is=hedodesodg - Lod¥ P1EOSAM K dr Ock¥h~pSol, Pk eedddeit 7 10 x 105

I'l1s i | pha ME - di . | ted with 10%_.di_al f
co = SR N L meshurs ool e ol P e g
appropryl 3f.§ d%éec ggﬁi?gﬁi 'c?é].]%ss'vﬁ%) use8CEbLs YRSEifRIREBhNedratefAch

successi Ve Ification Step for at |east seven to ten days. 15
Tvent y-Jupk FAeHE 18¥PEESGE Pronteranli BakhoBsr &beh pool, was seeded at 7

10 x 10° cells in alpha MEM (-) medium supplemented with 10%
dialyzed fetal bovine serum (dFBS, Gibco BRL), 1% L-glutamine
(Gibco BRL), and the appropriate MTX concentration (Sigma).
Cells were maintained at each successive amplification step for

at least seven to ten days.

15 Twenty-four hour éxpression 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 plétes were refed with fresh
culture medium (containing the appropriate MTX concentration).

20 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

25 the remaining cells were cryopreserved in medium containing the
appropriate drug concentration for the current amplification
stage and 10% DMSO. All IFNARZ2 quantitation was done using the

soluble human IFNAR2Z ELISA.



expression levels were calculated on a per cell basis, were taken at each
anplification stage as follows. Wen cells reached approximately 70-80%
confluence, the plates were refed with.fresh culture nedi_um (containing

t he appr opr V904! concentration). 20 Twenty-four hours |F§T4150023978
supernatants-were sanpled, cells were 48rypsinized, and total cell counts
were determ ned. After expression determ nations were perfornmed, at each

anpl i fi cELISR PBbEGEo]l 7for 19N uidlel Humanc IENcRetepseed a P100 in nedi um

containing the level of MIX for the next anplification stage and 25 the
remai ni ng cel | s welmmelgmpresdares EromeBynatedht ¥e¥e mpauRsd WasPropriate

| FNARD (RGP Lot bR LAP I AR AENARE. S8of (P e P ) OA% TEPPEA o
01/ 18175 PCT/ LS00/ 23978 EL| . | ;

| nmul on P VP PIAYER ¢ cZrﬁ'rll_)yna ‘e Prs\?egg?%gg?%ﬁ %tﬁa #gng)(%%magtg%ggg;p o
ant g/ | FNARZ 34l £ I e5] BelsUlvesle 10000 i thei & Lorhvapr/2Q | A1 PBGsid: 7. 4

(PBS/T) at 100 Al per well for 2 5 hours at 37C. Plates were rinsed tw ce

W th PBSidre At Y&ashasempefatudie (RDM heinegrat WkARBshuPilng antbhatadash
Pl us automated aspirator/washer from Dynatech. Pl ates were bl ocked
over ni ghaspitrat@ufwastzo0 fxorpdynatedh. of 1.0% BSA in PBS/ T. Plates may be

stored, cold, in block, 10 f up to seven days. They . were washed three
times with PBS/ T H&tG ekt %@PC’E%%P’S‘?%%%% ahd §aﬁf;¥%s29\%r FFUted in

PBS/T. 1&5&1 of 1.0% BSA in PBS/T. Plates may be stored, cold, in block,

10 for up to seven days. They were washed ;hree times with PBS/T
before further use.

Standard and samples were diluted in PBS/T. The
standard was affinity purified rhIFN a/f receptor, stored at
-20°C or thawed and kept at °C for no longer than one week. The

15 receptor was unstable at low concentrations, so it was diluted to
working concentrations just before use. The standard was used at
200, 100, 50, 25, 12.5 and 6.25 ng/ml and at 100 gl per well with
each concentration being run in triplicate. The diluted samples
were also used at 100 pl per well in duplicate (or triplicate,

20 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-IFNAR2 serum was diluted 1:5000
in PBS/T. 100 pl per well was used for one hour at RT. Plates

25 were washed three times with PBS/T.

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

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



standard was affinity purified rhlFN a/(3 receptor, stored at -20C or
t hawed and kept at C for no | onger than one week. The 15 receptor was
unstabl e at | ow concentrations, so it was diluted to working
concent r atYOM¥¥Wst before use. The standard was used atPCTARE0239FH) 50, 25,-
12.5 and 6.25 ng/rnl and at 100 Al ped well with each concentration being
run in triplicate. The diluted sanples were also used at 100 pl per well
in duplicate (or ABG ptd=cin®, (QcE8PRCEBOEIte! kig) . wibapaapitedad sanpl es
were allowed to incubate for one hour at RT. Plates were washed three
times i folw&t T.1 Ritorladnaleagebbi 2 was iaddedAR? 38r nin RS/ Tidng 8dxed5000
in"PBS/T. 100 Al per well was _used for one hour. at RT. Plates 25 were

washed l’t’lﬁr’e'év‘?lﬁ?é%nw th 9ses P BRagsRy IBieE aAced a8 PXER iBody (Vect or
BA- 1000 di |l 1: 10000 PB 0 | ] df
nour o3P ¥ SIStk od g, BaaeREd R el o pRERRET 1 NiaRIaE7 8 O

PC%’ USQEH&%%@ atl &7 BeneRagalt a{ MaE P e S RCFERL T vl e V¥ Y ﬁnBilé eghéﬁ
lows: 1 drop of reagent A was added to 10 m PBS/ T and m xed

i nver sism.mll jiisep befforeageat BLoeslndadedwadl of x@illbyed iaBcewason. Thi S
m xture was allowed to incubate a mninmumof 30 5 mnutes at RT, then was

di | ut ecallowed itopalingubate ohirky miratelsaat BD. ni Plakss weer waghed 100 Al
per well of dilutedq ABC was allowed to incubate thirty m nutes at RT.
Pl at es W8 RSt RP8€Ttines in PBS/T. 100 Al per well of TMB M crowel |

Per oxi dase SUbSt&aBepl per well of TMB Microwell Peroxidase Substrate
10 (Kirkegaard & Perry Lab, Gaithersburg, MD) was allowed to
incubate in the dark five minutes, then 50 ul per well of 0.3 M
sulfuric acid was added to stop color development.
Plates were read at 450 nm using a UV max kinetic
microplate reader from Molecular Devices.
- 15

Cloning of CHO-TFNR1l-1

Using the IFNAR2 ELISA, detectable levels of h-sIFNAR2
were only found at 0.5, 1.0 and 5.0 uM MTX for a small portion of
the IFNR1 pools. Based on these results IFNR1-1, at the 1 uM

20 level, was selected for cloning. One vial of the IFNR1-1 pool .
was thawed into a T75 flask containing 1 gM MTX medium. Cells
were passaged to T75 flasks in DMEM/F12 containing 5% FBS and a
limited dilution cloning was performed. Five 96 well plates were
inoculated with 0.25, 0.5, and 1 cells/well. Cloning was

25 performed in the absence of drug. All wells were inspected by
microscopic observation to ensure a single cell per well. Aany
wells that contained multiple cells wexre eliminated. After at

least 11 days of .growth, colonies from 82 wells were transferred



10 (Kirkegaard & Perry Lab, Gaithersburg, MD) was allowed to incubate in
the dark five mnutes, then 50 Al per well of 0.3 M sulfuric acid was
added to stop col or devel opnent. Plates were read at 450 nm using a W max
kinetic niWPAYIYTR reader from Mol ecul ar Devices. 15 O oXCRSOH23978
CHO- 1 FNR1-1 Using the | FNAR2 ELI SA, defygctable | evels of h-sIFNAR2 were
only found at 0.5, 1.0 and 5.0 MMIX for a small portion of the |IFNRL

pool s. Bagedsopeilestat&sul tondd¥R11%, rahchbeé 309 tewkluenwes sel ected
for cloning. One vial of the IFNR1-1 pool was thawed into a T75 flask

cont ai ni #glimé&dt MDoretlicmvies erenwdetepaisedcasing TYENARZL NI SRR DVENY F12
containing 5% FBS and a |imted dilution_cloning was perforned. Five 96
vel | pl atheseertones sl ftigh wpress2on dexelsnli- 10t AF Fh%ketPt2d oni ng was

25 perforped ip the absence of drug. | I re i ec .

m cr oscoPteReBs eveER i UrR IHEH §°gas§hél ﬁf%%lﬁl‘y'%e&e v\éle}*S I%.r k%?f uglétéﬁcé t hat
contai ned_nul {1 , Iy | . r | gt

of - gr owt PED %%’rgs&%ég%%l%éﬁ%l ks”g!rwgr S?F%ﬁg%g'rrg%wc\’/\o Ollslé%jlf7g%ﬁ clone

PCT/ US00/,239 78y diprd feRAsdal] DiieRiye32 EBgeatelds seammd 130176 ucanitaience,
vol unetric prod¥Jct Ivies were determ ned using | FNAR2 ELI SA. Only those

cl ones vahdd hogPloMsar ession levels (-50% of the total clones) were
transferred to a T25 flask where 24 hr volunetric 5 expression
detem nati ons were perforned. Two vials of each clone were cryopreserved

| n DVEM Eltzzplzré:gogllgari ncilong iSr%)alt::?gh cji%) Eigll'lgé aﬁgsrke-’Thaw
10° 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.

15 Northern Analysis of Clones

Total RNA was isolated directly from cells_grown in a

T-75 flasks using TRIzol Reagent (Gibco, BRL) following the
manufacturer's recommended procedure. Tétal RNA, 5 wmicrograms
per lane, was size-fractionated in agarose gels which contained

20 formaldehyde as a denaturént. The RNA was thgn transferred by
capillary blot to GENE SCREEN PLUS nylon membrangs 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.

25



and 10% DMSO. Expression Confirmation of C ones Post-Thaw 10 One vi al of
each of the top fifteen expression was thawed and used to inoculate a T25
fl ask. Cellg were then expanded to two T75 flasks where duplicate 24 hr
expressi on® HBYS perforned and an additional ten vial s REMSOWB3YEor eser ved. -
15 Northern Analysis of Cl ones Total 1BNA was isolated directly fromcells
growmn in a T-75 flasks using TRl zol Reagent (G bco, BRL) follow ng the
manuf acturer' s reconmended proceduP&SURE@Pal RNA, 5 micrograns per |ane, .
was size-fractionated in agarose gels which contained 20 fornmal dehyde as a
denat uPamlifhleatBn was then transferred by capillary blot to GENE SCREEN
PLUS nyl on nmenbranes_and hybridized _to _a 32P-1 abel ed hl FNAR2 probe from a
PCR fragnent of BREPEERAVeTer@ssgyRe BY (RalP & &lJusft FP8ted on the

Bet ascope del . 603; . sizes re estinpted f aut or adi s _of the
bl ot o, BBLIB 15 383 /8- H4T Ut T 678 PoelRed e TaRr £PRAT S e cs

€ a&é@l‘.ggagiel%é $héto & lec06 . bhgnaamd '&L&g.'@'ﬁwﬁh@ﬂeﬁevﬁgy two pool s,
| FNRL- I and ENRI-6 were 5 detéctaple at the 0.5't0 5 0 and 1.0 and 5.0 M
MIX | eygbpet€sPeTyi Vel)l oherObRpfeexidiesiivils exelestusr Bowao | ow t o

detect. Table 2
detect.

Table 2

Summary of Volumetric (pg/mi) Production Rates During Amplification

CHO-IFNR1 Amplification

Pool MTX Level (uM) Hg/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.



Summary of Volumetric (pg/m) Production Rates During Anplification
CHO I FNR1 Anplification Pool MIX Level (pM pg/m IFNRI-1 O. 5 5.58
IFNR1-1 1.0 9.40 IFNR1-1 5.0 8.94 IFNRI-6 1.0 7.39 IFNRI-6 5.0 4.87 The
| FNRL- 1 pooVO4¥ 18175 MrX | evel had the highest vol unmetric ﬁFSﬂﬁ"ﬂ% ViBty, 9.40
g/m, and was chosen for cloning. The 1&pecific productivity of this pool
was 5 99 pcd WO 01118175 PCT/ USOO/ 23978 17 Expressi on Confirmation of
DaireEHson T NR es R diawn Confirmation C one
ua/m pcd 50 14.42 34 48 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 Tabled 37 5.03 16.22 70 11.85. 14.32

13 6.83 10.19

IFNR1-1 Clone Expression Confirmation

_Clone ~ug/ml _ped
50 1442 . 3448
44 a7 25.22
4 10.60 19.12
45 o 5.87 - 17.61
61 10.17 16.53

" 60 | 15.75 16.35
37 5.03 . 18.22
70 11.85 . 14.32
13 . 683 10.19
38 - 4.06 8.59
36 439 | 5.99
24 802 | 5.01
8 . 3.41 4.48
56 5.14 3.25

The hlghest expressing clone was IFNRl 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.



38 4.06 8.59 36 4.39 5.99 24 6.02 5.01 8 3.41 4.48 56 5.14 3.25 The
hi ghest expressing clone was | FNRL-1-50 with a specific productivity of

34.48 pcd E§¥§gghest expressor based on volunetric eﬁ§n955|on was
| FNRL- 1- 31 Slone 1-1-31) with an expression |evel qYPRTYH/ M. 5 WO

01/18175 PCT/ USO0/ 23978 18 EXAMPLE 28I n this exanple, sIFNAR2 is the

het er ol ogous secreted protein that is produced and secreted in adherent
CHO cell culture. I1FNAR2 is the [BXAXPEEhANnit of the Type | interferon 5
receptor (IFNAR), which is a heteromultineric receptor conplex conposed of

at |east two diffar enispekyngsie,i dEFNARRNSs tesiguairedogauphsecandedet a. Li ke
t he beta subunit, the al pha subunit has been renaned and is al so known as

| ENARL ProkENARRhat to| pboducad) andoseavabednia [Fsiharebsc §HOecell| acks at
| east the transmenbrane. 10 domai n | FNAR2. The two bioreactor _runs of CHO

cel |'s CRB&BFE-of IFB%\%%mH rfﬂ’eal?&téeélﬂé??hb 3 ﬁwyag Br 8RERFERF PRI ow
d trat | to |

o ceBEE Ry TR SRR G BPRELREI N SIGAE SLcLilol Yafbted T L
#12) dbﬁﬁﬁaggdtafag@eiéﬁgt‘EwoldEEkéféﬁt ﬂéiypeptlde chains, designated

alpha and beta. Like the beta subunit, the alpha subunit has

'“been renamed and is also kndwn as IFNARl sIFNARz is soluble and
not membrane bound because it lacks at least the transmembrane
10 domain IFNAR2. The two bioreactor runs of CHO cells capable of
-producing and secreting sIFNARZ2 as presented below demonstrate a
normal "classic" approach (bioreactor run #4) and a novel serum-
feeding strategy according to the present invention (bioreactor

run #12) directed to adherent cell culture.

15

Bioreactor Run #4 (serum-containing feeding strg;ggz!
CHO clone 1-1-31 (expresses SIFNAR2) was grown in

DMEM/F12 supplemented with 5% FBS in T-flasks and roller bottles
until enough cells had been generated to inoculate a 4.8 1

20 bioreactor. Cells were then trypsinized from the xollers 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 24 hr
period a feed of DMEM/F12 supplemented with 5 % FBS was initiated
at a flow rate of 0.3 volumes feed medium/volume reactor/day

25 (v/v/d) . This feed rate was increased in stages over an 8 day
period until a flow rate of 2 v/&/d was reached (i.e. 9.6 1l/day).

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



Bi oreactor Run #4 (serumcontaining feeding strategy) CHO clone 1-1-31
(expresses sl FNAR2) was grown in .DVEM F12 suppl enented with 5% PBS in
T-flasks and roller bottles wuntil enough cells had been generated to

i hocul ate a"2%'8750 pioreactor. Cells were then trypsini %&a"{sP%%?ﬂshe
rollers and used to inoculate a reactdg containing 2 g/1 Cytopore 2
mcrocarriers in 4.8 1 DVEM F12 supplenented with 5 % FBS. After a 24 hr
peri od apfieefrod $MEM ddenisadppliement ad/bi técdndirER® Wasulant i abedt B2 a
flow rate of 0.3 volunes feed nmedi um vol une reactor/day 25 &v/ v/d). _ This
feed rategibstercieasitrdte stthadds8ongrlapeleridn 356 fodXufPLrtdoR |y rate
of 2 v/iv/id was reached (i.e. 9.6 _1/d ) t productiop day.0 (r day 9),
the feedtFaeR P SRRNES &c‘ﬁ‘éﬁ’o Wo?%@ﬁ BERRESSS 35975 21?593\'5%\71 2
suppl emented with 1 ng/l reconbinant insulin, about 12 ng/l ferric

ci t r at e, maiOOEBerd/ t hrpughiuimtasd PEOANCE PN tHEFH 0% Celac8Teyehet s

(I FCSTE). The feed flow yate of aboua 2 vivlid was _,mai ntai ned throughout

t heSpr odHEGTIFRIIH SR 20k ST FYAGA RTBAEE 1R MEEalMPFdFST8Rd sI FNAR?
production was nonitored. Bioreactor Run #12 (serumfree feeding strategy)
CHO cl one 1-1-31 (expresses sl FNAR2) was grown in DVEM F12 suppl enent ed

it h 5905 ddldod Ak %1910 debinePrBO! F&#ingl 8 attbygnough cel [ had been
generated Io_Lnaculate _hioreactar. _Cells_were. trypsinized.from
rollers and used to i

.a.4d.a.
| a; [ $2§1 Ofe,5RALAERI ¥4 QPR 4
mcrocarriers in 4.8 %ﬁ/}ﬁlesgpﬁ egre}ant e%g\t/a\ngt %ggoﬁ/?%éB’S Af?%\rga 451 hr

peri od, FMEMATIYNGRA dredeal wDVMEM 128 UpplrefeakRe’ aid t Fol IS Hotwd®s

10 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
gserum-free feed of DMEM/F12 supplemented with IFCSTE was

15 initiated at a flow rate of 0.2 volume/volume/day. This feed
flow rate was increased in stages over an 8 day period until a
flow rate of 2 volume/volume/day was reached. "Production 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

20 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
25 comparable. Cells fed with a serum-containing formulation (run

#4) increased from 1.4x10° cells/ml to 6.7x10° cells/ml (5.5 cell

generations) and cells fed with the serum-free formation



15 initiated at a flowrate of 0.2 volune/volune/day. This feed flowrate
was increased in stages over an 8 day period until a flowrate of 2

vol une/ vol ume/ day_was reached. "Production day" in this systemwas |inked
to the iniYPIMBA of the feed (run day 2), as this was RETUSPORIYB s ¢

t wo- phase protocol. Cell growh on 20 mcrocarriers and sl FNAR2 production
was nonitored. Results As shown in Fig. 2, the rate of cell division and
sat ur atingrehssd tfram 2h5xh0Hiceidadndr te unsl N andl¥stmbels. Y 5eddnpar abl e.
Cells fed with a serumcontaining fornulation (run #4) increased from

1. 4x1059e87a54An%)0 6. 7x106 cells/m (5.5 cell generations) and cells fed
with the serumfrege forgatipn 01/ 18175 PCT/ US00/,23978 20 n d from
2.5x105 cells/m Eﬁgugglg?b%f%seﬁ\ég&e% %gﬁ.gr%g?tl%%nke naettilgﬁsf.f ﬁ?é’ﬁ@gs

i 11 ustrs d ' | hgS O NARR wi | or runs #4 and
INPNEL B e %%Eﬁ%\/!()%l? dge?&%m egg%.jf%d Wi t%i%}letﬁgsﬁrég e y
degronstgipipdérzneeduaethi s FEOduGtivlly ddnaiphxaddmichyl8fetpid- day.
However, upon switching to the serumfree fornulation of DVEM F12

suppl emawdedtimity OEFCETEOximMaiglyhaseng/ bistasr veHameverpr opbhictivity

felT ~o _below 40 ng/ 1-day before_recovering back to 80 ng/l-day after a 10
10 day SYdEFHdngy Eﬂ”%la%/ m-free  feruetaciqn |of DMEMNFas FHePleeRtedi th -

DVEM F1.2.supgal nt-edi-Wi-t-h.- - FCSTE-gdermast & ahed ne.J-ag - p. > .gnd-reached 80
ol 1 A0 B o RAyE TS FE S Do OorEne) drans prradreButty AT a®
below 40 mg/l-day before recovering back to 80 mg/l-day after a

10 . 10 day period (run day 20). In contrast, gells 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 clone 1-1-31 on Cytopore 2

microcarriers fed with either a éerum-containing or a serum-free
15 formulation is monitored as shown in Figs. 4A-4C and Figs. S5A-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 stfategies of

bioreactor runs #4 and #12 supporﬁ cell growth on microcarriers
20 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

25 and scope of the invention and without undue:experimentation.

While this invention has been described in connection

with specific embodiments thereof, it will bé understood that it

is capable of further modifications. This application is



mcrocarriers fed wwth either a serumcontaining or a serumfree 15
formulation is nonitored as shown in Figs. 4A-4C and Figs. SA-5D,
respectively, where viable cells, stained with a green flugrescent _stain,
ate observeWOOHI§ZS 4A 4C and Figs. 5A-5D together illusth (S both -
the feeding strategies of bioreactor 2uns #4 and #12 support cell growth
on mcrocarriers 20 wwth increases in fluorescence observed over tine.
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of the inventions follow ng, in general, the principles of the invention
and i ncl fdangreschedepabefvms datofiortid psefehlows st dthe scePecOFethi t hin
known or customary practice within the art to which the 5 invention

pert ai nsanpendsdngyab®Sapplied to the essential features hereinbefore set

forth.as TolLows 1y b 2500,0f ga SROERIR Sl Jourman arsscies -

j our nal - gt hpELegcps, ahaliAlich RUbbi2eHoRaiSEMY P eisdellgl pateher el gn

patent 10 applicationhs, issued U S..or foreign patents, or any other

' 10 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

15 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

20 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

25 modify and/or adapt for various applications such specific
embodiments, without undue experimentation, without departing
from the general concept of the present invention. Therefore,

such adaptations and modifications are intended to be within the



references, are entirely incorporated by reference herein, including all
data, tables, figures, and text presented in the cited references.

Addi tional Ly, entire contents of the references cit i.thip. the
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be within the WO 01/18175 PCT/ US00/23978 22 meaning and range of
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conprisihg e steps of: I noculating a.cell bioreactor, containing

m crocargt&ss o@s a solid support for adherent cell growh and serumfree
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of CHO host cells transformed to express a heterologous secreted
protein, wherein the inoculum was prepared by growing the
transformed CHO host cells in serum-containing cell culture
medium; _

culturing the inoculated CHO host cells in adherent
cell culture without perfusion of cell culture medium;

initiating feed of serum-free cell culture medium
supplemented with insulin, ferric citrate, selenium and trace
elements to the cell bioreactor via continuous perfusion;

increésing the feed fiow rate of serum-free cell
culture medium supplemented with trace elements in stages over
about a six to ten day period 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 cﬁo host cells into
the serum-free cell culture medium; and

culturing the CHO host cells in adherent cell culture
at the final feed flow rate.

2. The method according to claim 1, wherein the
inoculated host cells in said step of culturing the inoculated

CHO host cells are cultured in adherent cell culture on the



initiating feed of s | ture medi um suppl emented with
insulin, ferric mtrEmmmHm!ﬂmem trace elenents to the cell

bi or eact org, [ psnti neous permusisons increasing the feed flow rate of
serumfree ce cul ture nmedi um suppl enented with trace EYEHENEY3 st ages -
over about a six to ten day period u®81l a final feed flowrate in a range
of abounidreeryiens|figreaypeuieddiy the zancieedft ebprbdome tartdireecrete a
het er ol opgous protein fromthe CHO host cells into the serumfree cell

cul tur @ um and cul turi ng the CHO host cells in adherent cell culture

o ne finel Teed 1ol Bkencd adle LG B56000 N0l 0: ol el peulet el 1

the inocul ated host "Cell's I'n sai urth
host celd s;yahg quldeysed in adherent cell culture on the 1
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mcrocarriers fou.a phei adthed tdeeomiige b abaim Dnesldxrdi ete H688&. 3. The
met hod according to. claim2, wherein the period is about 2 days. 4. The
met hod imd¢dediing sbepl dnhfriatssher daed b fecblowiyate din Wdeswrapge dfii ates a

feed at a flowrate in the rapge of , about 0.1 to_ 0.4 vaqlune/vol une/day of
serum Pt Q-1 EQI Put ev°}$ﬁﬁ)&%%6§é¥eﬂfeﬂe‘6ﬁ“?#¥%lﬂq]ﬁ, CP&FYTE citrate,

sel eni YNNG <bpBEEnEhEIEWskn Insl19nTokORE: SCALUNY LR16hAL dhg WeT el N
trace elements.

5. The method according to claim 4, wherein the feed

is initiated at a feed flow rate in the range of about 0.2 to 0.3

- volume/volume/day.

6. The method according to claim 4, wherein the feed
is initiated at a feed flow rate of about 0.2 volume/volume/day.
7. The method according to claim 1, wherein the feed

flow rate is increased in stages over about a seven to nine day

period.

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

9. 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.

10. The method according to claim 1, wherein the final

feed flow rate is about 2 volume/volume/day.
11. The method according to claim 1, further
comprising a step of recovering the heterologous protein from the

serum-free cell culture medium.



isinitiated at a feed flow ra | e range of about 0.2 to 0.3

. vol une/ vol une/ day. gﬂ“lﬁ“’“j“@l‘u%ﬂgr ding to claim4, wherein the feed
isinitiated at a feed row’ gut 0.2 volune/volune/day. 7. The
net hod acco¥@PHBPIT claim 1, wherein the feed flowrate ié’c'ir’r'l’ébl"é’é?éd in

stages over about a seven to nine day 2period._8, The method according to
claimi1, wherein the Bl methad pRCOTAINEnEPELRYM hr YRR about an

eight day period. 9. The, .net hod.accordi o_clajl in the final
feed f|BRAFPEPEOFUS PINL I e s&rl“g‘gl&uﬁngg’é%?‘émé.@y%ﬁ‘%%% une/ day. 10.
The rretrzog%mfdi ng to claim1, wherein the final feed flowrate is about
2 vol ume? une/ day. 11. The nethod according to claim1l, further
conprising a step;9f rEEOWRIHHMG bleokalagotegeLsin D} eitedeimmthlee
serumfree cell culture medium 211!'1111j 11212 [11J1 121211 11 'iii WO

01/ 1817hikrocdirRrd /a0 APere 27 12. The nethod according to claiml1,
wherein the heterol ogous protein is soluble interferon a/p receptor

(s| FNAR?) . 13. Thiet netThsl netdeddregording aben alaimek oiwhadsd™ ke ocarriers

are Cytopore 2. 14. The method acgording jm1, wherein.the
ser um f seuRefreq Fakh & rl?nf“ieélEWER'/F FR”EE_Q'M? #fh! .



