CELL CULTURE PROCESSES This application claims priority of U.S. Provisional Application No.
61/009,328, filed December 27, 2007, which is incorporated by reference herein in its entirety. FIELD
OF THE INVENTION The invention relates to processes for culturing mammalian cells, particularly
mammalian cells that secrete heterologous and/or recombinant proteins and, more particularly,
mammalian cells that secrete blood proteins, such as blood clotting factor VIl (hereinafter 'Factor VIII',
or just 'FVIII"). ADAMTS-13, furin or clotting factor VII (hereinafter 'Factor VII', or just 'FVII'). 10
BACKGROUND OF THE INVENTION Blood clotting Factor VIl is a trace plasma glycoprotein that is
found in mammals and is involved as%EEbEHHEARRFRSESivation of Factor X. An inherited
deficiency of Factor VIII results in the bleeding disorder haemophilia A, which can be treated
successfully withTPirfrRBERRSHaIMS. ArREtEattdPVTR4TPRd dpriratiad #1188 plasma or can be
produced by recdirdiPeaataBiN A7 D2F dvibich is deesmona tirbp latneacd lereul atés adiratcomplex with von
Willebrand Factor (vWF). Recombinant Factor VIII (rFVIII) can be produced by Chinese Hamster
Ovary (CHO) celsatansfetiesdNvENAIOSCtor carrying a DNA sequence encoding the Factor VIlI
molecule. In some cases, recombinant Factor VIl is co-produced with 20 recombinant von Willebrand

Factor (vWR), whiehistabitisesidhe Fagiocadhds Serchuttiorippo ductiodiaaretsopaeithiaryo-culturing of
respective cell lingsthatexpEpssal Mand WWidr.I05d0e SRaRXRERSRIBNAE thetbwe Brateins in the same
cell. See US 5 250 424 (Ganlics Instte).and auiman &t al,(1969) Mol Gell Bil, 9, 1233- 1242
25In a typical processpfaor preﬁ/arlng recombnant Factor R?I , cellf Ere culttredin’a medium and

secrete Factor VAPH® Bréemadiliereinatenranr My théstbE \BUiiffde Yo theffABAUM, optionally as a
complex with viWdhottiniRiacombirfbertiraiteoiF stidn ¥ iExgensive/ty).produce due to the relatively low yields
obtained in processes known in the art. The yield per cell tends to be low 30compared to the yield that
might be obtaineBAOK GREYNBCORTHEANYBNTENS. If

Blood clotting Factor VIl is a trace plasma giycoprotein that is found in mammals
and is involved as a cofactor of {Xa in the activation of Factor X. An inherited
deficiency of Factor VIl results in the bleeding disorder haemophilia A, which can
be treated successfully with purified Factor VIll. The Factor Vil can be extracted

15 from blood plasma or can be produced by recombinant-DNA-based techniques.
in the plasma, it circulates as a complex with von Willebrand F actor (vWF).

Recombinant Factor VIlII (rFVIll) can be produced by Chinese Hamster Ovary
{CHO) cells transfected with a vector carrying a DNA sequence encoding the
Factor VIll molecule. In some cases, recombinant Factor VIl is co-produced with

20  recombinant von Willebrand Factor (rvWF), which stabilises the Factor VIil. Such
co-production can involve the co-culturing of respective cell lines that express
FVIll and vWF, or the co-expression of the two proteins in the same cell. See US
5 250 421 (Genetics Institute) and Kaufman et a/ (1989) Mol. Cell. Biol. 9, 1233-
1242,

25 In a typical process for preparing recombinant Factor Vili, cells are cuitured in a
medium and secrete Factor VIl into the medium. Factor FVIIl may then be
purified from the medium, optionally as a complex with vWF.

Recombinant Factor VIl is expensive to produce due to the relatively low yields
obtained in processes known in the art. The yield per cell tends to be low

30  compared to the yield that might be obtained for other recombinant proteins. |If

1



the culture medium is not supplemented with animal products, such as serum, the medium may
support only relatively low cell densities. This reduces the yield per volume of medium. However, it is
desirable not to supplement the culture medium with animal products in order to reduce the risk of
contamination with 5Sviruses and other transmissible agents.Animal-protein-free media for the
production of FVIII are known from US 6 936 441 (Baxter AG), for example. The present invention
provides processes for producing blood proteins, including rFVIII, in which the yield is improved

compared o proggsse kAR e ALl SUMMAR O TG INYENTIQN.0A fis) aspec of the

invention provides a method of culturing heterologous protein-secreting mammalian cells in a cell

culture supematafENWEBH ﬁ‘i’BPSQIPﬁlﬁlfﬁifgvﬁfp@%éﬂr‘?ﬂg’ﬂ?ﬁlnfgfﬁé?ij‘:ﬁeé Bep? e that is set at
X0.9 C wherein Xvhigsa vhmedivffromio®svetoi36. Slepimbithagrdvisertirinehe feanpditsgure is set at less
than 37C. 15A segebidns@ecirh sherbavestiarn ke vislesdac &b odiobcedhusipdiotewiogous

protein-secreng fammalieel g fell el s supeptant DR e ggliguitie supematantis

maintained at a pH that is set at X has a value of from 7.15 to 7.20, with the proviso
that the pH is set APHIESRFhAN ¥R HRE AshRar B tHd TRVERAGH fﬂ’o‘?ﬁa@g % method of culturing

heterologous proteln secreting mammalian cells in a cell culture supernatant wherein the cell culture

supematant has a CEF Sh TR LRSI T RIBEeERFO (RIP RPN BPHPIRANRNFPPBYides a method of
continuous culturé Yty Mbideibeetield imapmveiaeneiedtarisssetebmpridiibezatell culture
supematant wherein the density of the cells in the cell culture supematant is measured by an 25in-line
sensor and the infiUMBARESH MgdidtYENTGANe vessel is automatically controlled so as to maintain the

density of the cells in a desired range.
10 A first aspect of the invention provides a method of culturing heterologous

protein-secreting mammalian cells in a cell culture supematant wherein the cell
culture supematant is maintained at a temperature that is set at X+0.9 °C wherein
X has a value of from 35.1 to 36.5, with the proviso that the temperature is set at
less than 37°C.

15 A second aspect of the invention provides a method of culturing heterologous
protein-secreting mammalian cells in a cell culture supematant wherein the cell
culture supematant is maintained at a pH that is set at X£0.05 wherein X has a
value of from 7.15 to 7.20, with the proviso that the pH is set at greater than 7.10.

A third aspect of the invention provides a method of culturing heterologous
20  protein-secreting mammalian cells in a cell culture supematant wherein the cell

culture supematant has a CO, concentration of 1-10%.

A fourth aspect of the invention provides a method of continuous culture of FVIII-
secreting mammalian cells in a vessel comprising a cell culture supernatant

wherein the density of the cells in the cell culture supematant is measured by an

(S
L

in-line sensor and the influx of fresh medium into the vessel is automatically

controlled so as to maintain the density of the cells in a desired range.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE
INVENTION

In the process of the first aspect of the invention, the cell culture supematant in

tad
<

which the mammalian cells are cultured is maintained at a temperature that is set



DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION In the process of
the first aspect of the invention, the cell culture supematant in which the mammalian celis are cultured
is maintained at a temperature that is set at X0.9 C wherein X has a value of from 35.1 to 36.5, with
the proviso that the temperature is set at less than 37C. In preferred embodiments, the temperature is
set at 360.9C, preferably 360.5C, more preferably 360.2C and most preferably 36C; or 35.10.9 C,
preferably 35.10.5C. more preferably 5 35.10.2C and most preferably 35.1C; or 36.50.9C, 36.50.5C,

more preferably 3.50,2GARRLAASE RETSLARIY 385G 35NG0 GBIk CHlliiR:SHBRIAIANThdS the medium in
which the mammalian cells are cuISgrg%axrg;g\edlumfls Qé)gtobf% confused with feed medium that
e

may be added to F[?\"e‘p(?[ﬁ?ﬂf?eif §ﬁ7hac§ug B heailht R HIEs prP &rab| ﬁsat edBIRe"0 culture at the
temperature at wifictetfé 820 Qifturseieiprim atARtE seroByPettemy HelmEartAesl culture
supematant and theferamneaian cellstutiecst thergsrationyentiasaly, mosan mrafiaabiells are cultured

at 37C. Surprisingly  theappliganilas.fodpiithakculiuring dhemammalancels apadower
temperature, such gf% 36C '5‘%8%8? e Ve I re?f r%?o%tygtant protein. IsBy "culturing at" or

n H . " b' g H
maintaining at apferr{f)e?{aature, we rerer 1o the t%?nﬁ’erature to which the process control systems are

set, in other words the intended, target, tem I%ratur X Clea%, Were will be small variations of the
a

temperature of a Zﬂﬁd?%"o“\‘/&?fﬁrﬁ‘é‘;e naéaﬁg' Ealign s focatl ntﬂ‘frgltféfh"}?{@%ﬁﬁ'ffrgrﬁessel. Where we
refer to "culturing @tuesd" milistatAdHnale 8deltferatifesasariy Jeehimedium that m@hiean that the set
point is at a valueaaiideom e EuBute, XaithduglS tedd mexdumple wlbe neeeistB6 2@ Go tive set-point is set at

a value of fram 3%} iR 36-feFRrBachRS thedraleiedyplugsel Lpthesal Roinks ala value within the
range X0.9 C, 0.8 Cﬁ 0.7C, 0.6 Ch0'5 !Cd derfe%boé%a g?.%dcthor O.lm%ié\larr wer ranges are preferred.
A set-point of X is TNOST p‘"f%f"é’reraé‘dt. 2 E'or%my gl\fén se -pglnt, sﬁiaha{nvana |§r?ssin%eurr?perature may
occur. Typically, $tRERiTvafignishtisnahocaPpRiEarsisEa i Bt biingBIMFRINY. Aé only activated
after the temperatppdidaaishale Vimtedtisameaivbiag thermtneredidrpodiis. 4h dhHaweates)retset-point is X(Y) and

the heating or coglipg Llesre e At visiiwbeRhedRIPSIALIe varies by Z C, as appropriate.
Typically, the permissible 30 degree of deviation of the temperature from the set-point before heating

or cooling elemerys AR ARYWRISA-MARAG Y 90 EMRGINNGPIGEERSIROMHIsySiens. Temperature
may be controlled {o F‘h% nearest 0.5.C,10.4 C, 0.3 C, 0.2 C or even % 1(% bX gegtlng and cooling

which the process control system$ are set, in ofher words the intended, target,
elements controlled by

temperature. Clearly, there will be small variations of the temperature of a culture

over time, and from location fo location through the culture vessel. Where we

refer to “culturing at” or “maintaining at” a temperature that is set at XY °C, we

20  mean that the set point is at a value of from X+Y °C to X-Y °C. So, for example

where X is 36.0+£0.9 °C, the set-point is set at a value of from 35.1 to 36.9. For

each of the preferred values of X, the set-point is at a value within the range

X+0.9 °C, 20.8 °C, 0.7 °C, 0.6 °C, £0.5 °C, +0.4 °C, 0.3 °C, 0.2 °C, or 0.1

°C. Narrower ranges are preferred. A set-point of X is most preferred.

25 For any given set-point, slight variations in temperature may occur. Typically,
such variation may occur because heating and cooling elements are only
activated after the temperature has deviated somewhat from the set-point. in that
case, the set-point is X(tY) and the heating or cooling element is activated when
the temperature varies by +Z °C, as appropriate. Typically, the permissible

30 degree of deviation of the temperature from the set-point before heating or
cooling elements are activated may be programmed in the process control
system. Temperature may be controlled to the nearest +0.5 °C, 0.4 °C, £0.3 °C,

+0.2 °C or even $0.1 °C by heating and cooling elements controlled by



thermostats. Larger differentials in temperature may also be programmed, suchas 0.9 C,0.8C, 0.7 C
or 0.6C. The temperature may also be controlled by immersion of the culture vessel in a heating bath
at a particular temperature. Conceivably, there is no variation from the set-point because the heating is
5 applied continually. Another source of variation arises due to measurement error in the temperature
of the cell culture supernatant. Typical thermometers used in cell culture equipment may have a
variability of 0.3 C or 0.2 C, or even 0.1 C. Where the set-point is set at a value within the range XY C,

and the tolerance,, 10 of the t‘(_earpg%(rar' re% C 'r.T(]e. a heater or co%Ieer is activag—:‘d when the
as app

Is Z.C (i
“th tats sin t
temperature dewatgréngf/afc, r%reﬂé?(g)'?hls Ean also b Slfﬁres eqas ré‘%ét%%mt of (X-Y to X+Y)

Z C. For each poSSibfPvaiid 81K, Hi confBindficns Brevemegptrecnaysimikatearalitsie, are envisaged,
with the proviso thatirtiretsonpétaturaitiseseeaeldss tleating HEth 81 padiqiaferrgeremeodiment, the

temperature is setaic3fHy. fiatenally, thraiRmperAtiHe B seidt k8Sidk88r) Reaikg @2 C, 0.1 C or O;
or (35.5-36.5),0.4 3C.02C,0.1C or0:or(35.6:36.4) 0.5C, 04 C,0.3C,0.2C,t0.1C or0; or

(35.7-36.3) 0.6 C 06 C 04 C D3 C B &Y B0 o 135 858 T HEBE E 5 C, 0.4 C, 0.3
C, 0.2 C, 20 0.1 t& BF iEToRe(a%9-26np) F5isceitue penamgtento Breicah heememsters ¢sse 0.1 C or 0; or 36
0.9 C 0.8 C, 0.7 C4.81@ye0equipnedt @2p I81@, Dv2r@bjlify bfGoB 0T ol t@d6ther preferded embodiment,
the temperature iscset at 35.1YC. Preferably, the temperature is set at (34.5-35.7) 0.3 C,0.2C,0.1C
or0; 25o0r (34.6-35.6)t0.4 C,t0.3C,0.2C,0.1Cor0;o0r (34.7-35.5)0.5C,0.4 C. 0.3 C, 0.200, 0.1
04 G 08 02 o B e o C 01 CC

. - or. 5 . . 3C,0.2C,0.1Cor
0; or 35.10.911&: 0.08? (&,19 O%%g(g%a%rgtéo%}o %:,('(2)%4 %:h a.éeb?b.ﬁocgeb.'f écct)'\r’%%?. %g%gn?er preferred
embodiment, the EPRPBIRFE 18188 P46 B Y€ 2RRERSIARIVNth e ARSeR A I 858835t 936.1-36.9) O; or
(36.2-36.8) 0.1 CseH-Rinbef(36YIBK+T) B22C, B e@ebpOssitr¢ 381 366 0 S@hitato @.1 C or O; or 36.5
0.4 C. 0.3 C. 0.2 & €lahd izOC, as indicated above, are envisaged, with the proviso that the

temperature is set at less than 37°C.

15 in one preferred embodiment, the temperature is set at 362Y°C. Preferably, the
temperature is set at (35.4-36.6) £0.3 °C, +0.2 °C, £0.1 °C or £0; or (35.5-36.5)
0.4 °C, 0.3 °C, 0.2 °C , £0.1 °C or £0; or (35.6-36.4) £0.5 °C, 0.4 °C, +0.3 °C,
0.2 °C , £0.1 °C or £0; or (35.7-36.3) £0.6 °C, £0.5 °C, +0.4 °C, +0.3 °C, +0.2 °C,
+0.1 °C or £0; or (35.8-36.2) £0.7 °C £0.6 °C, £0.5 °C, £+0.4 °C, +0.3 °C, +0.2 °C,

20 +0.1°C or £0; or (35.9-36.1) £0.8 °C, +0.7 °C 0.6 °C, +0.5 °C, +0.4 °C, +0.3 °C,
+0.2 °C , £0.1 °C or £0; or 36 +0.9 °C £0.8 °C, £0.7 °C +0.6 °C, +0.5 °C, +0.4 °C,
+0.3°C, 0.2 °C , 0.1 °C or £0°C.

in another preferred embodiment, the temperature is set at 35.1+Y°C.

Preferably, the temperature is set at (34.5-35.7) 0.3 °C, +0.2 °C, 0.1 °C or %0;
25 or (34.6-35.6) 0.4 °C, +0.3 °C, 0.2 °C , £0.1 °C or #0; or (34.7-35.5) 0.5 °C,

0.4 °C, £0.3 °C, £0.2 °C , 0.1 °C or £0; or (34.8-35.4) £0.6 °C, £0.5 °C, +0.4 °C,

0.3 °C, 0.2 °C, £0.1 °C or £0; or (34.9-35.3) £0.7 °C £0.6 °C, 0.5 °C, +0.4 °C,

+0.3 °C, 0.2 °C , 0.1 °C or £0; or (35.0-35.2) 0.8 °C, +0.7 °C 0.6 °C, £0.5 °C,

0.4 °C, £0.3 °C, £0.2 °C , £0.1 °C or £0; or 35.1+£0.9 °C +0.8 °C, +0.7 °C £0.6 °C,
30 x0.5°C, 0.4 °C, 0.3 °C, £0.2 °C , £0.1 °C or +0°C.

In another preferred embodiment, the temperature is set at 36.5+Y°C.
Preferably, the temperature is set at (36.1-36.9) £0; or (36.2-36.8) £0.1 °C or +0;



In the process of the second aspect of the invention, the cell culture supernatant is maintained at a pH
that is set at X0.05 wherein X has a value of from 7.15 to 7.20, with the proviso that the pH is set at
greater than 7.10. In preferred embodiments, the pH is set at 7.200.05, preferably 7.200.03, more
preferably 7.200.01 and most preferably at 7.20; or 7.150.05, preferably 7.150.03, more preferably
7.150.01 and most preferably at 7.15. In a conventional process for producing a recombinant protein,
the cell culture supematant is maintained at pH lo7.1. Surprisingly, the applicant has found that

culturing the margmadiangolises ahigneedbl. HIGh @8 PHs P sRases e yielaoffecombinant

protein. By "cultuiir] a3t" or mgintalnigg at’ a I—l we refer to the pH to which the process control
systems are set, 1 S8 s thi nﬁoe%l ar8e1t, BﬁfW‘nere we refer to "culturing at" or

"maintaining at' a pH that is set at XY, we mean that the set | 5 point is at a value of from X+Y to X-Y.

For each of the pfe R RIECFE R EreReME 8BED 8P fs AteRtR B GiEhifHiHE R§B3&@ b5, 0.04, 0.03,
0.02 or 0.01. Narioneirtaingd et apt yrafésr retiat X s@p winerein X isama seluredbfrerd 7R6rtany given
set-point, slight vadatiams inepbtonay Bectie Typicadht, sugh¥@Fiation may oscpickAeause means which
control pH, for exammRleRvadlng A0 aaid o Jaats Oh ERALA e FRAKIGS Blereflg, only activated

after the pH has deviated somewhat from the_set-point. TXplcaIIy the pH is controlled to the nearest

0.05, 0.04, 0.03, 6393%V0781 TRHLEIBRYY WhePFhe b 593’-Bﬁfﬁ?ﬁ"&&%‘%%lﬁ‘gﬁ/ithin the range
XY, and the toleraiigtasary7] - {i§ied Garpedopastresiprads et htda dea goimeionel vreseks 10y tZ. For each
15possible valueppddéciadl £esabinationsrabi, andcd astind i egiatdashovemaitaprRvisgaged, with the proviso

that the pH i%,setaf GERIREHINANNE ;%umrasmﬁms%gt SIBAY T iR A ISeRELA 7-20Y .
Preferably, the ptll IS se&agu(c 15-7 ?7 0; or (7.16-7.24) 0.1 or 0: or (7.17-7.23) 0.2, 0.1 or O: or (7.18-

gher p has pH increases the yield ‘of recombinant protein.

By “culturing at” or “maintaining at” a pH, we refer to the pH to which the process
control systems are set, in other words the intended, target, pH. Where we refer
o “culturing at” or “maintaining at” a pH that is set at XY, we mean that the set
15 pointis at a value of from X+Y to X-Y. For each of the preferred vaiues of X, the
set-point is at a value within the range X+0.05, £0.04, £0.03, £0.02 or +0.01.

Narrower ranges are preferred. A set-point of X is most preferred.

For any given set-point, slight varations in pH may occur. Typically, such
variation may occur because means which control pH, for example by adding

20 acid or base, or changing the sparge rate, are only activated after the pH has
deviated somewhat from the set-point. Typically, the pH is controlied to the
nearest +0.05, +0.04, £0.03, +0.02 or +0.01 units of pH. .

Where the pH set-point is set at a value within the range XY, and the tolerance
is £Z, this can also be expressed as a set-point of (X-Y to X+Y) £Z. For each
25  possible value of X, all combinations of +Y and *Z, as indicated above, are

envisaged, with the proviso that the pH is set at greater than 7.10.

In one preferred embodiment, the pH is set at 7.20+Y. Preferably, the pH is set at

(7.15-7.25) £0; or (7.16-7.24) £0.1 or £0; or (7.17-7.23) £0.2, £0.1 or 0; or (7.18-

7.22) £0.3, £0.2, 0.1 or £0; or (7.19-7.21) £0.4, £0.3, 0.2, £0.1 or +0; or 7.20
36 £0.5, £0.4, £0.3, £0.2, 0.1 or £0.



7.22)0.3.0.2,0.1 0r 0; or (7.19-7.21) 0.4. 0.3, 0.2, 0.1 or 0: or 7.20 300.5,0.4,0.3,0.2, 0.2 0or 0. In
another preferred embodiment, the pH is set at 7.15Y. Preferably, the pH is set at (711-7.19) O; or
(7.12-7.18) 0.1 or O; or (7.13-7.17) 0.2, 0.1 or O; or (7.14-7.16) 0.3, 0.2, 0.1 or O; or 7.15 0.4, 0.3, 0.2,
0.1 or 0. In the process of the third aspect of the invention, the cell culture supernatant has a CO2
concentration of Ito 10%, for example 4.0-9.0%, 5.5-8.5% or about 6-8%. Conventionally, CO2
concentration is higher than this due to the CO2 produced by the cells not being removed from the cell
culture supemataptanaitPhringiYs titvamplicantdas fouadthai spaintedningthene E)2 iconcentration at

10% or lower increeggteéégg%%@Iggggfr?ggggn/pbi%g%?prgrtgg].oLt(I;qI?_§ ql%a £ QO%pGpgdg%pt low if the 10

feed medium is dsegas or examp . ing air through it) as well as the cell culture
supematant in the Bifefetdt bty Tharyel: Brefdrtdry, Hhié phoceds' & &8ch of the first three aspects
of the invention is o&:\;erated to include the particular feature specified in relation to the process of one

or more of the otfei"a8fsess BirtiRdr AMEEhoiRDIMET RS 4 G SHIYES RS TSt Fature is maintained
at X0.9C, wherein XChasnaenghiieroffftdmn! 3%, Taoe3816:@, 414 Qb il vs abogifodtaintain the pH at

X0.05 wherein X dgvénicabio, &dTeBncerkRidenisHigrandien the &od ednceniationealby0% or lower.
Where the pH is e""k%'i%'rr‘ag{jb%%é%ét%%gé’ SineNas @HYtﬂilg% (. ﬁrb%s?n f; #is advantageous

also to maintain the temperatur , wherein X has a 20 value of from 35.1 to 36.5C, and/or the

CO2 concentratiGRPAEAHNES g NV RBIRARETHD ESHENGRRIEHNIR Aaltaifed4E10% or lower, it is
advantageous alsstzseaintainldied pédrabixgioBadierdihelohtve d0dtebsfieonto®? i8¢0 7.20, and/or the

temperature, gt XRQCmaher @iniegrassasaliambiérapbaboinkp aAGHeugHViayss efemanitering the three
defined parameters gﬁmg%@éw&am% %%%Q&&?Q%Q@BQ%@EWQ well known in this art and generally

rely on probes that are inserted into the bioreactor, or included in loops through which the culture

medium is circulaie r.inserted i e ﬁqm! Jm. Jitahle in-line dCO2
sensor and its uirgg%%)jl oo E%%%%gﬁ%%% ac?a/ (200%?%%5%%:%&%%%@ "1%%%55@%4 A suitable

b
in-line pH sensoﬁ@ﬁ@ﬁl@ﬁ%@ﬁd@@%?@@%@ﬁﬁf%i RAEP 1HIBAS TGS Inc., Bedford,

MA). A suitable offéire mysterhtfiorathenssaasty ¢CH2 inmeatiefitioln s wmdspOPdetie BioProfile pHOX
(Nova Biome¢licakGpspaiatisrmiMalikanatMAd. drethisaystem GOl neeaswrad. bygpotentiometric

electrodes withinhig.Fange §a&%gamb%%§& LIRS 21880)\0HHefepV4: REL ay be measured

in this system at a temperature of 77 C, W|;]IC is glose to ttet,temP%{;}turg of th%eI‘j culture
supematant in th¥B1BRELRMBY R 5Bk ARE AR HE 2 SRATREES dnetarh Brdler 10 Keep it at the

predefined level &re rifde Rantanes it 6108 diersie Ykbepmipire deliperaitiie ¢8Astdht usually 5

involves heating atveanljipoutheikiareacicnior teetteedmedi wmn>X@6.4°6, avfetkibatCihaar zontinuous
EFOCGS(S): keﬁ,’f’ilgami Wremnﬁ%n{ogwa%x ieg(@bfe@h&@ﬁs&eﬁ%ﬁwagmeﬂowﬁ%rofhan app(;opriate
uffer (typically bicarbonate). and adding acid, such as hydgochloric acid, or alkali, such as sodium
hydroxide, sodiur\ﬁ ﬁb{?&eatr%eoﬁéfec%r}cgn?ﬁ%%ﬁrg mg%%??iaﬁﬁ\}éé’a F‘r%ﬁvga'ifjrﬁ 3§Vra1rét€8§(s)3$ry; and keeping
also to maintain the pH at X+0.05 wherein X has a value of from 7.15 to 7.20,

and/or the temperature at X+0.9°C, wherein X has a vaiue of from 35.1 to 36.5°C.

Ways of monitoring the three defined parameters (temperature, pH and CO;
25  concentration) are well known in this art and generally rely on probes that are
inserted into the bioreactor, or included in loops through which the culture
medium is circulated, or inserted into extracted samples of culture medium. A
suitable in-line dCO, sensor and its use are described in Pattison et al (2000)
Biotechnol. Prog. 16:769-774. A suitable in-line pH sensor is Mettler Toledo
30 InPro 3100/125/Pt100 (Mettier-Toledo ingold, Inc., Bedford, MA). A suitable off-
line system for measuring dCO,, in addition to pH and pO; is the BioProfile pHOXx
(Nova Biomedical Corporation, Waltham MA). In this system, dCO, is measured

by potentiometric electrodes within the range 3-200 mmHg with an imprecision



10 the CO2 concentration constant usually involves adjusting the sparging rate (see further below), or
regulating the flow of CO2 in the head space. It is possible that the calibration of an in-line pH probe
may drift over time, such as over periods of days or weeks, during which the cells are cultured. In that
event, it may be beneficial to reset the in-line probe by using measurements obtained from a 15
recently calibrated off-line probe. A suitable off-line probe is the BioProfile pHOx (Nova Biomedical
Corporation, Waltham MA). The inventors have found that increasing pH (e.g. by adding NaOH) is not

enough on its owpLtg aghigve the maxmum.benefitindermsf the pradustion #hactive protein.

Instead, it is desirable to reduce the CO2 conceﬁtratlon Normal g\?ZO one would keep the other

parameters of the B‘FS&%&SSS RIS EMABRITRPT IR SRV SHIR HREEIBTHE thali %a%’Vantageous to
reduce the CO2 d¥aiscriataiivn basrsaiRparmsietd asteftokemt soihersmdrfleetlevals or 7.2,
preferably withousradaitgvbliakabiviVlaremaliapee kesgtugesa eechexayge rcéasttdne aalighito grow. Normally,

this is 25 proyideg| Hy.lORely oatyasmgttpet%eyttur%mtem'a@o%m;wpr;% JLds-alse necessary to

remove the CO2 that accum ates ue to.the respjration of the e his is achieved by 'sparging’,
i.e., passing a gas t Or'eﬂg‘j?tufhpr%c%srs ac?oPlﬁoraé) S eSS TR S S R g 2N onventionally,
this can also be ORRIYINGI ABPERY Bt PRETRRTRE, 'PH@GMW%W@\V@F@EM@QH&?W”Q aeidantageous to use
air 30 instead. Ithas keenytbountbthatdgually alatinwenrtioral Heelirgasysusivas suthiagen is less effective

at sparging CO2 thap,sshatheyy n@k\é?é"tﬂ@%@'(d%@b@é& %@J%WQQ&&B&MQE‘RE&&%WOUQ ht that five
times as much al{ gld|d be e use Howeve t is,h een d te be madequ e in large scale

cultures, partlcularf3 i cuires af) %85% Scal Léanl ‘%V ?)%)E |ore SR 1 0tmesTas much air,
preferably about BRI EPOURtTg HselP o Sl hﬁi’fﬁ%‘?""éﬁaﬂ&ﬁrﬂ"éﬁﬁ‘ﬁltf&‘ts the 2500L
bioreactor is spatgedaiiititiQ? ditaa bOignpH phivlke s@edst @vaténof, GLBR ¥ dverglennds @2 per volume of

culture per hour)dmeo'sat@azmg}mteﬂ% vard-ACcRIdig tatheanelbad etk savention would be
5sparged with a|r at CIEQ pm & PQS e at a [ate of 0.18 VVH. Hence tbqame%e of surprlsmgly high

bu
volumes of air has Been found to é&rowd‘e a equate 3?(')‘7 eﬁesatsjwe[ne %0 Temove the unwanted 002.

During prodittioffptiksaipratet arblinsPiaPremotd@dte 2 ﬂ}”ﬁlP’ r'@ﬁ’i‘ﬁ BiPirlizABEY above. This is

especially the cagéova@pmesing Bopestiors/tiileagevAD capacity, in which the cell culture supematant
would otherwise accumulate CO2 to deleteriously high levels. However, at the beginning of culture, or
in small scale culibeejrsembrasatel foand? that Soalessihe hBat spageantingbla@rdrlayed with 002. Under

such conditions, iwulgvelsiobak B2rRYestilk heashiavaefid e layingr the hieadsieace with CO2 may
also be used to VSQHQ%HIS no lng?eg?iett is desirable to reduce the CO, concentration. Normally,

20 one would keep the other parameters of the process constant. However, the
inventors have found that it is advantageous to reduce the CO, concentration but
to allow the pH to rise from 7.1, for example to 7.15 or 7.2, preferably without
adding NaOH.

Mammalian cell cultures need oxygen for the cells to grow. Normally, this is
25 provided by forcing oxygen into the culture through injection ports. It is also
necessary to remove the CO; that accumulates due to the respiration of the celis.
This is achieved by ‘sparging’, i.e., passing a gas through the bioreactor in order
to entrain and flush out the CO,. Conventionally, this can also be done using
oxygen. However, the inventors have found that it is advantageous to use air
30 instead. it has been found that usually a conventional inert gas such as nitrogen
is less effective at sparging CO, than using air. Given that air is about 20%
oxygen, one might have thought that five times as much air would be used.
However, this has been found to be inadequate in large scale cultures,

particularly in cuitures at 2500L scale. in a 2500L bioreactor, 7 to 10 times as
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15set-point, if the pH is too basic. The cells may be any mammalian cell that can be cultured,
preferably in a manufacturing process (i.e. at least 1 litre), to produce a desired protein such as FVIII.
Examples include the monkey kidney CV1 line transformed by SV40 (COS-7, ATCC CRL 1651):
human embryonic kidney line (293 or 293 cells 20 subcloned for growth in suspension culture,
Graham et at, J. Gen Viral., 36:59 [1977]); baby hamster kidney cells (E.HK, ATCC CCL 10); Chinese
hamster ovary cells/-DHFR, such as the DUKX-B11 subclone (CHO, Udaub and Chasin, Proc. Natl.

Acad. Sot USA, 11,4246 Li9Rlnymatse sesal cel i, Mathar Piploniadn 3243 261 [19801)
monkey kidney cells (CV1 ATCC CCL 70ghArlcan 25 een monkey kidney ceIIséVERO -76. ATCC

CRL-1587): hum&h" r%%’?déé%?nbﬁésé) t‘ﬁee"’l_é‘”Asr ELEE) oéeﬁﬁuﬁé%ﬂﬂé’;‘} %ls (MOCK. ATCC
CCL 34); buffalo $&¢ yer#e| (BRI SANVATCCE R 14WDy, digHiHe ReTdedls TWE88e ATCC CCL 75);
human liver cellsZ@dep GaeitdB06&); maiisiagnammaanyethss osf(Mb Thehb6 24AkCée CCL51); TRI cells

(Mather of al; AnpalseN inAfad 2 36 umSarhi €8 208 MR G ¢alls; FS4 cells; and the human

hepatoma I|ne (Hep G2). Preferably, the cell line is a rodent cell line, especially a hamster cell line

such as CHO or BEHS, M@f&rcrﬁa,me Fglg ﬂfgnreamg éi%@%&%geﬁf%um@w@%r%wgess'ng a

recombinant proteln is as follows. A deficient CHO cell line DUKX-BII is transfected with a
DHFR expressioRvadest 3Yafid & e8p ”&83@'8?1"%1"{%é’%?é\féw?écomblnant protein, essentially as

described in US 5,250.421 (Kaufman et al, 5 Genetics Institute, Inc.) Transfection is selected for with

methotrexate. An%ﬂﬂ%dﬂ%uﬁtf%eo?gfgva{hfsreoé%eﬁ'%%&%é%?‘@xﬁ%%%r? bR offibinant protein and
DHFR gene is acligieedogbpyspalitidh espesilbelhs indtecmesingicoisserriaions bfamethotrexate.
Where appropriatagatit) isedhinemenay beradapiechiesgrowib vinsense apcraigesatein free medium,

essentially as degerbed A, YP L0906 RS LEr £k Mma Aklisgessliscaaty) The basal

medium chosen for cultprlng th% host fell li 1S nPt crltlcal he present invention_ and may be any

one of, or combifSAST O hsLd B3 thia artawhich e Sish B3P AN M hmalian cells.
Media such as Dtffrecddrsauciiffe FdiiRnividenunsvefarfs4€22 wiadishith. Baghiievetinimal Essential
Medium 15 and BeNlihH4t: Medispacandithedike ar alcotenerdall yanadabéep e tagldition of growth
factors such,as regomhinamt ipsWigéss,aptional. Historically, animal cells have been cultured in media
containing animal serum. However, such media are incompletely defined and carry the risk of

infection. Those mh@e@srt,h@/%h%@fmm\ﬁ@eqeupm;e@a;fr%% DRdiR hlaresithes 20 completely
free of any protein orgt least are fre amg rqtﬁln tQat iS pot re§ombclnantl produced Due to the

labile nature of chFore\}an%go 5ucf3 vaty 0 he e ereac RSt E8hS Rddle réirﬁ/ f2duced under
protein-free conditidhs. ﬁ%ﬁ'ﬁﬂﬁ SBFlff a‘FPﬁJmﬁﬁ“f%ch'ﬁﬂ?ﬁbrﬂVhéé%i BRnaf BRI/ tQiture supplement
for the productiofCoiS-€canbih&Rlpruaginshdmanadiumyimitsietfretalitlez ¢25therF2a3l estd 25 the impurities

present in sesumsgdsyibiRd albyrRHDFERRIRRE MANaISaaantriwe 10 te stabilizéng effect of albumin.
Factors such as [%gp]roge @g}(\e’tge‘eglnlde @WW&P@S r:[}snéfor hu lan serum albumin for the
rum-

h ter
production of recomblnant und free con |t|ons mes?—’ eferred média include those

disclosed in US 6371858 (B4e?s IW@)%W%S‘?G'%(%? (Ba3BaREy hasin, Proc.

Natl. Acad. Sci. USA, 77:4216 [1980]); mouse sertoli celis (TM4, Mather, Biol.
Reprod., 23:243-251 [1980]); monkey kidney cells (CV1 ATCC CCL 70); African

25 green monkey kidney cells (VERO-76, ATCC CRL-1587); human: cervical
carcinoma cells (Hela, ATCC CCL 2); canine kidney cells (MDCK, ATCC CCL
34); buffalo rat liver celis (BRL 3A, ATCC CRL 1442); human lung cells (W138,
ATCC CCL 75); human liver cells (Hep G2, HB 8065); mouse mammary fumor
(MMT 080562, ATCC CCL51); TRI cells (Mather et al., Annals N.Y. Acad. Sci.,

30 383:44-68 [1882]); MRC 5 celis; FS4 cells; and the human hepatoma line (Hep
G2). Preferably, the cell line is a rodent cell line, especially a hamster cell line
such as CHO or BHK.



The medium of US 6 171 825 consists of modified Dulbecco's Minimum Essential Medium and Ham's
F-12 Medium (50:50, by weight) supplemented with recombinant insulin, iron, a polyol, copper and
optionally other trace metals. The insulin should be recombinant and can be obtained as INucellin'
insulin from Eli Lilly). It can be added at 0.1 to 20pg/m1 (preferably 5-15 pg/ml, or about 10 pg/m1).
The iron is preferably in the form of Fe2* ions, for example provided as FeSO4-EDTA, and can be
present at 5-1000 (preferably about 50 pm). Suitable 5 polyois include non-ionic block copolymers of

poly(oxyethylene), at o) Y. Vi lec weigh S, ging from about 1000 to about
16,000. A particul)\ar %%feg%ﬁrﬁ %ﬁ/&ﬁﬁ%ﬁ% ?@E? égA!?éF (%V@aérﬁd&c%%e)&%éfgf?%a% an average

molecular weight'Gf HRLINERE B EerftrBHIGCRGFBBINER Frb Y RRES 1B éshy weight) and
blocks of poly(oxyetsfgeae it bEHHFR @@rassion keddsdoealipilaloiccaySypefdmadeddfrom Unichema
Chemie BV. Othetsdmeltgie Rienicsenlly fs/deatithdt 108 LoppretdCudtimaa)beiadded in an

amount equivaleR(io.RQ-8AQRM Cy2P4. Fialpiably %9%@‘@9@%‘%89'\)&%(‘(%%@‘8 4t 250nM. The

inclusion of a panel of trace metals such as manganese, molybdenum, silicon, lithium and chromium
can lead to furthé REIEHS8 OIS ERBMVAT PRI FP BRSNS YolRawERaR T brotein-free basal
medium. The medlRifinoind DEFIBeens Iisipeisyadale donaasorsof Hixtaets of vEMiNd Ham's F12 but
includes soybeartpephioatons yeassteatteaateat betareespprdpasnd, 1000 /4epneiey ably hrtween 1 and 5 g/l
As a particularly ggfessed GRRAIIERM SAYRF BREXAE nf:8uFOXDEARMEBLONS gy De used. The
molecular weight. obg(% %8 soyhean p?g}qne can k‘)(te less tr{1an 50 kD. preferably less than 10 kD. The
addition of ulfrafiffere soybea ﬁ'e%rt(%ne’h"é%né) 2K '5{78?333%%1}30ular weight of 350 Dalton has
proven particular%acti)vantageous for the fproduct,ivit¥ of the recombinant cell lines. It is a soybean
isolate having a tOt&I Fitr L EBhERTSr bGP E b4 AR FEL i5iko S EiT B donthSt about 13%, or
about 7-10%. 25A¢R&EfidMertiphREfemad e etiLrperristheofaliotipryabohase sitiown toyithetic minimum
medium (e.g. 50/&0 i Mé-amalseHb2 pitnridy HdmsaybeaaipaptancsQch @ Bigékch-glutamine 0.05 to

1 ?/l: 't\laleolfﬂs 0[&7}%&&(&%&%9@49 ASHI OO0, f Jé%&?é&i@?ﬁ?%@%}ﬁﬁ&@%&:ﬂ%%ml 0.05; |and| Séodium
selenite 1 to 15 pg/l. Q , & nonionic syrface-active agent sych as a polypropylene glycol (e.qg.
Pluronic F-6T, 3 |é%§l|[l’i.é g’é@?‘ﬁ?&éﬂﬁfi‘é%&%f’%ﬁ%’ﬁ% yO%\ﬁafﬁg?bg%ﬁjéjE’?B e medium as a
defoaming agentd"PHIB AEar: J4H SR SNy PP Y prortiergte cells from the negative effects of
aeration ("sparging"), since without the addition of a surface-active agent the rising and bursting air
bubbles may darhitREps@vBRs Gpilst hare detiecsllivred dnonesis £RTRIBDENIMH S HTbuNt of non-ionic
surface-active agénvweviay sahgedoiegtvaecméhblasid ddiogéh prefesalplynbatskeanildettiand 5 g/l.
Furthermore, thermadiywmraay@leRcamtriRcysndextineah aderivaiyedtbersof Lpigferably, the
serum- and proteip-free medium contains.a rroatteg%gcsetin‘heib,[J'rtE(})er, Such as a serine protease inhibitor,
which is suitable Tor tissue Culture ahd Which is of synthetic or vege’fa%f’e origin. In anhother preferred

embodiment the RARSIABERRIRSUER hsgdrehe AlRtRAIam A Gasar tinaperAsiéitioned medium:
L-asparagine (0.001h¢oehgd/derenetiestbbji<0i®) tete @D Seglicea idataptytgireferalipdti@is to 0.03 g/1),
L-cysteine (0.00HtpndnMdruprelisiaimyi 00 mianP.R5q004L Pasterlasl dareieralhdmerd: t8-0.03 g/l),

L-cystine 10 (0.0, | A 1.9.0 il; ta}rtiﬁ IIsar YR lfgera | 5n 0.03 g/l),
L-proline (0.001 g‘)%légoav\j/gi{'hﬁféf?g% y 0%%(%%%7%% %%rﬂ]culljér é% p{:é?era %/XC{%%]-?O .05 gip,

L-tryptophar (0.0 TP187% PRRae DigWhdefy 35 GEIRID pERRialans pryalsadgyBYs to 0.03 g/l) and
L-glutamine (0.0%tdheOsGtlitizimefeftablycd. alharming/ EichPhe sechnindipeitieinalebe aeeted to the medium
15 individually oxéhRmbinatiespatbedembinasardiion aitbeirminaacitomixbredontaining all of
the above-mentigned amingagids,is %Eﬂ%‘é@ﬂ%r@é@f@ﬁ&ﬁ%méﬂ a particular embodiment a serum- and

protein-free medium is used additionally containing a combination of the above-mentioned amino acid

mixtures and purdigd UHrallierad SRREANRERIAAGH Us 6 171 825 (Bayer, Inc) and US 6

30 936 441 (Baxter AG).

The medium of US 6 171 825 consists of modified Dulbecco’'s Minimum Essential
Medium and Ham's F-12 Medium (50:50, by weight) supplemented with

recombinant insulin, iron, a polyol, copper and optionally other trace metals.
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20The medium of US 6 936 441 is particularly well suited to the culturing of CHO cells but may be
used with other cells as well. A further suitable medium is the oligopeptide-free medium disclosed in
US 2007/0212770 (thillberger et a/; Baxter International Inc., Baxter Healthcare S.A.) Preferably, the
culture medium is buffered by the use of bicarbonate ions, typically supplied as sodium bicarbonate.
Suitably, the culture medium has an osmotality of between 210 and 650 mOsm, preferably 270 to 450
mOsm, more preferably 310 to 350 mOsm and most preferably 320 mOsm.Preferably, the osmolality

of the supernatant,s A0MARAIRS] WILILAE ShMaregl t{msqr%@%&é oY he method of the

invention. The culture can ean conventional t eo culture, such as atch or

continuous, but |sEb|Lé'f@raBI§beaek5’9&ﬁ‘? 8t &dnif Hﬂg‘"gﬁfﬁ?j’%’éoﬂlﬁﬁgﬁg Qs WMeluded repeated
batch, chemostatva(mbidratooriperstesidly duthedormpobieth ietstiire etaremithvidbthes nutrients and
cells that are needﬂbmmanéﬁdlwgrw@ﬁaedammm@&m aBoudistil the raifitidds are exhausted

or the culture is sﬁggg{gd fg&&gmg‘g@@o%%n @?of&d t&%%%lélglr B(;(t)em%gg,)s 'Qnﬁ‘e sense that it

starts with the cells and nutrients but it is then fed with further nutrients’in a controlled way in order to

limit the growth oP & ORIPHETE) B BRTR'ETHIRE YT R STEAIR? (984 3R MAULART ™0 processes to
reach a high cell tapdityAinatieclisibr eraiegedatyfbisdP4atnioh-68 (Bl yMyiytdstiebrvdetitrated to avoid
dilution of the bioreacieravEhgcamkailesd additosr afate amdrienticisestly adieaispibex growth rate of the

culture and aIIowBoqw&ggr@p\{ggges)\(%t}ow mvs‘g@n&“;m @gg@%@mgpm@mg%p&pgggycts) and oxygen

limitation (anaerobigsi In most cases rowth-limiting nutrient is
( 85 % Qy $ro Unichema Chemie BV. Others

is also available as Synperonic F-68
include Pluronics F-61, F-71 and F-108. Copper (Cu®*") may be added in an
amount equivalent to 50-800nM CuSO,, preferably 100-400nM, conveniently
about 250nM. The inclusion of a panel of trace metals such as manganese,
molybdenum, silicon, lithium and chromium can lead to further increases in

15 Factor Vil production. BHK cells grow well in this protein-free basal medium.

The medium of US 6 936 441 is also based on a 50/50 mixture of DMEM and
Ham's F12 but includes soybean peptone or yeast extract at between 0.1 and
100 g/l, preferably between 1 and 5 g/l. As a particularly preferred embodiment,
soybean extract, e.g. soybean peptone, may be used. The molecular weight of
20  the soybean peptone can be less than 50 kD, preferably less than 10 kD. The
addition of ultrafiltered soybean peptone having an average molecular weight of
350 Dalton has proven particularly advantageous for the productivity of the
recombinant cell lines. 1t is a soybean isolate having a total nitrogen content of

about 9.5% and a free amino acid content of about 13%, or about 7-10%.

25 A particularly preferred medium has the following composition: synthetic minimum
medium {e.g. 50/50 DMEM/Ham’'s F12) 1 to 25 g/l; soybean peptone 0.5 to 50 g/i;
L-glutamine 0.05 to 1 g/l; NaHCO; 0.1 to 10 g/l; ascorbic acid 0.0005 to 0.05 g/l;
ethanolamine 0.0005 to 0.05; and sodium selenite 1 to 15 pg/l. Optionally, a non-
ionic surface-active agent such as a polypropylene glycol (e.g. Pluronic F-81,

30 Pluronic F-68, Pluronic F-71 or Pluronic F-108) maybe added to the medium as a
defoaming agent. This agent is generally applied to protect the cells from the
negative effects of aeration (“sparging”), since without the addition of a surface-
active agent the rising and bursting air bubbles may damage those cells that are

at the surface of the air bubbles.
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15 glucose which is fed to the culture as a highly concentrated glucose syrup (for example 600-850
gip. Different strategies can be used to control the growth in a fed-batch process. For example, any of
dissolved oxygen tension (DOT, p02), oxygen uptake rate (OUR), glucose concentration, lactate
concentration, pH and ammonia 20 concentration can be used to monitor and control the culture
growth by keeping that parameter constant.In a continuous culture, nutrients are added and, typically,
medium is extracted in order to remove unwanted by-products and maintain a steady state. Suitable

continuous culturg, methgds are repeate hatghicultges shsmasiabduikidesiatagd perfusion culture.
25CHO cells, for examfple,‘maXNbe cul1turead5in a %tirnrﬁd tank Qran glirliftn;[ana tgeclgriE [:I)‘erfused with a
suitable medium ¥t APEROLBAYEEE O Fofh > Plo THVSINAE dXEAEaGas T4y Shd At an oxygen
concentration of Pestogerine0% arieBEwyeplereribeBEal s, WYfeodet, PrRiEE8Smay be cultured
by means of the hemostaihtaetho drotsisg ithipre ferne dpil seaheepgivveseablobiggrawtootygen 30
concentration of pefyyasn:1,0% and, A% MareirtaR!¥r ADAHLRA)A0E Rdhgion rate D of 0.25 to 1.0,

preferably about 0.5. In a repeated batch culture, also known as serial subculture, the cells are placed

in a culture mediym and.grown 19 a-AssiFRdCRL ARBSIN JnRvaid the:eRsetakadssg/ine phase and cell
death, the culture is diluted with comrp,lete growth rjrledlum befor%gg ceJIs reacgrtm:lr maximum

concentration. TRE%HEURE ZRA'FESIEAST FeiltHon SIS G dSheRESEh the growth
characteristics of0R& tedlIMne/\apriticolavie miefreabbf Y TR Qre3pHdcbsysteing (18&48 tan be repeated as
many times as refjy iretangl, Lrisss celiyandmetitinpefersisoacdad @d3gbcuteysinthe volume of
culture will ingreaseHigpwige faﬁe@%mroﬂltﬂi%l iSomaepdheingreasinsbydwne mayde handled by
having a reactor of sufficj,entéﬁl&c?1 t? %'QW/P”P?&Q?; 18 ﬁi%iﬁme _esgrgéggrp gi}gggg‘eg the diluted

1 ionafe di this type of cu e R the cel

. -0 . . .
culture into sevelgéll)v‘égse S. The rationa S ure’is to maintai célls in an

exponentially grohiRgistaRe Sbridrsxmeriitird19thdradtetisarrirrarlt v deulture is always
increasing stepwisjcthate pafeldimulipte tanedtg/lihendelisgbdatiinae(@0gréw Hhadithe process can

continue for as lopgrasoesiied 35y thencbempsiatand tiikidestaidaetogs, thesrxiracted medium

contains cells. Tt?rgds, cells remai e cell culture vessel must grow. m irgainasteady state,

1v‘{<§?§dy ﬂ{ in_com ﬁzla%gnm ‘Wwe compine a%c}llﬂcéra% the g;[n%? acidm

In the chemdbtat e e growth rate is typically contro )y controlling the ﬁution rate i.e. the
rate at which fre<iPetHaal &f H8ReaYermetiaNsd 7B BaRGIds SR SR HRIRIRTA A growth rate, which is
achieved by restricting the 20 dilution rate. The growth rate is typically high. In contrast, in the
turbidostat methdtl 2tPrstigRiatiem hedinrNse e85 Pl ARG RIRSSRERMTTR YRR REA TSR e cells can
achieve at the giventapeyradingobindibonsf, $ue ke phentidnsierataad Imatpesfuasidn culture, the
extracted mediurp srgle pigteericalisdpcaupashenost of the cells are retained in the culture vessel, for
example by being retained on a 25 membrane through which the extracted medium flows. However,

typically suck,a mesnheans dees rossetain L0RMRLeS!s1rachs01a PEoRMing areremoved when the
medium is extracct:glg. I&t”n‘%}’ not sl:é% ﬁ%c'@!egocggeggggeﬁqerfusion cultures at very high growth rates, as

. S
the majority of the ceﬁs are retained In the culture vessel,
A further suitable medium is the oligopeptide-free medium disclosed in
US 2007/0212770 (Grillberger et al, Baxter International inc., Baxter Healthcare
S.A)

25  Preferably, the culture medium is buffered by the use of bicarbonate ions,

typically supplied as sodium bicarbonate.

Suitably, the culture medium has an osmolality of between 210 and 650 mOsm,
preferably 270 to 450 mOsm, more preferably 310 to 350 mOsm and most
preferably 320 mOsm. Preferably, the osmolality of the supemnatant is
30  maintained within one or more of these ranges throughout the method of the

invention.
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30Continuous cultures, particularly repeated batch, chemostat and turbidostat cultures, are typically
operated at high growth rates. According to common practice, it is typical to seek to maintain growth
rates at maximum, or close to maximum, in an effort to obtain maximum volumetric productivity.
Volumetric productivity is measured in units of protein quantity or activity per volume of culture per
time interval. Higher cell growth equates to a higher volume of culture being produced per day and so
is conventionally considered to reflect a higher volumetric productivity. The present inventors have

unexpectedly found Dl 65ATSBRAIMSYLS MENDLTLRUIE, BIPRUEH is not atained a

the maximum growth rate of the cell. As described in the Examples, a maximum growth rate of a furin

expressing CHO L8 3e Pr‘l‘ ﬁeHS&ﬁ?‘Xufﬁ?rg%ﬁﬁsoéb%}t\%ﬁ‘ﬁt a ?éﬂﬁ?@ra?ﬁ%“&i‘f’%% 5C, but the
maximum volumeétifergs sgludaditgrarieddisienabdrensss, 1Cbithstgiice nbdukinpeutizievest volumes obtained,
arising to from a lower growth rate at the lower temperature, the amount of recombinant protein
produced was sofnhaish griteeeptentat wite Rivike totngdsasorecelidtiirat wasnepderalbrghéhenore productive.

Suitably, in apny ofithe:firstesec@sbapibtel aspesisefihadnveriiomdhe-eel ulburrsupernatant is
maintained at a tE@QS{@W&?sM lg.s6t at a temperature 15 which is lower than the temperature at
which maximum growth rate is observed by at least 0.5C, preferably at least 1.0C. in this embodiment,

itis preferred thaj fe ba%“é&ltlﬁea: 9'82&&#1%‘#00&%'“&rt‘ﬁe%%r“%% é%aﬁ%ov‘?ﬁﬂut‘?rge% h‘&hemOStat or

turbidostat culture. Mammalian cells suc s are generally cu Wured as 20

suspension cultuPEEeRRAE {5188 fahitdehgrutiepisiaaFsRtlle il deititdiMfan adhering to a
solid support. Thideelwvthay hirereiativety foetatthobiieed srvaicabriesedniphitizylstioh a microcarrier.

Porous carrigrs, sicbsass Gytelire: GytoparaermtCyitasiexpréaapbaparsiculegiyissifable. The cell
density is commoply,mepiered el ISR dWRIRGRIE 1 GREGH: 1ideRiRwpuld be considered

to be desirable smceagrowde that th %f%roductlwt per cell is maintained, this should lead to a higher

productivity per BISTERR QR e -V THErEssae e %&f’ﬁgﬁs‘fﬁ;‘gﬁﬁﬁ%ﬂjgw be harmful to the
cells, and the proactivigygiserosetliey revtrhsls T HErm Riighepéimeiahaie dyywragintiloprell density. To
date, in mammaliapgeellisititize precessessihis hastbefadtrednywiBlivxt@cingaamples of the culture

and analysing thgm&&acl%& MIGLASEARE Qlidsing 8 fi ﬁgmgce;an&mrgsxl§@c%§g@m JhR,CASY TT device
sold by Scharfe Syste %gng—l @eutllngen Germany, We have now found that it is advantageous to

analyse the cell Sens y means of a suitable probe introduced into the
Different strategies can be used to control the growth in a fed-batch process. For
example, any of dissolved oxygen tension (DOT, pO2), oxygen uptake rate
(OUR), glucose concentration, lactate concentration, pH and ammonia
20 concentration can be used to monitor and control the culture growth by keeping
that parameter constant.in a continuous culture, nutrients are added and,
typically, medium is extracted in order to remove unwanted by-products and
maintain a steady state. Suitable continuous culture methods are repeated batch

culture, chemostat, turbidostat and perfusion culture.

25  CHO cells, for example, may be cultured in a stirred tank or an airlift tank that is
perfused with a suitable medium at a perfusion rate of from 2 to 10 volume
exchanges per day and at an oxygen concentration of between 40% and 60%,
preferably about 50%. Moreover, the cells may be cultured by means of the
chemostat method, using the preferred pH value given above, an oxygen

30 concentration of between 10% and 60% (preferably about 20%) and a dilution
rate D of 0.25 to 1.0, preferably about 0.5.
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bioreactor itself (or into a loop through which the medium and suspended cells are passed and then
returned to the bioreactor). Such probes are available commercially from Aber Instruments, for
example the Biomass Monitor 220, 210 220 or 230. The cells in the culture act as tiny capacitors under
the influence of an electric field. since the non-conducting cell membrane allows a build-up of charge.
The resulting capacitance can be measured; it is dependent upon the cell type and is directly
proportional to the concentration of viable cells. A probe of 10 to 25mm diameter uses two electrodes
to apply a radio frequgney.felddp Mik.QimarRIdE me&a%ef @.l@e@iedaeé ipdpgasure the
resulting capacitance of 10 theu%olaézed cells. Iectronl (Proces h}g resu t| ga5|gnal produces

i ulture m rown o a ired cel
an output which Ig gﬁé Ceura e mea ement 0 e concen ra 1on O Vla e ce S he system is

insensitive to celdeging Mbags arbeabraaBs thpeutisrlin fivpisBhiseeRemarautygediumTypically, the cell
density is from 1 i%d@GHealxdfih aelisimkisutiadalycd®aliQt t0ht>d b 86ddedtgientysuitably 1.4x106
to 2.8x106 cells/my ypicfetahly kibe 9RatAPNL QR frlls/hnrstREsiRra lye 8l AR to 2.4x106
cells/ml. Increasmg the concentr %on ‘%cells t%war the h%her engeof theégreferred ranges can
improve volumetfic pcrc(’)n ﬁ?:' vcteyO overthe esscrgﬁges of el densi y it any 70f the above point
values as lower d¥isRyPrefeaviersl 3né HRge erls aRdivedbm o THRednd At FsRgPiesIN €arried out in a

bioreactor, whichvisunsUasltylarstaihiesesie elemiasso eplastictivesselaiel Toad)cteat®00 (ten thousand)

itres capacity, (O, ARG Se Hindls 19GalABG 2500 3YGRIAONLIisesolinmasee s usuall rigi
ut flexi epastlc can be us articularly for smaller volumes. These are generally of the
'single use' type "ﬁg"fﬂﬁj%é/?es'?gloorg%%r?Iegoﬁnabfjnfg{rﬁﬂrzgltlg{ﬁ 61#8 Lcec ! Vesﬁe?me%ﬁod of any of the

first three aspect&tfgie ?ﬁ@%ﬁaﬁ%cﬁ?@fér’ém B‘Ejﬁﬁ“ﬁﬁﬁ‘éﬁr’f’ WW&%P&S@W'V\% include any
protein that is or stay. beepabsanuliuthe btecdtefigethimtbat dreavmivrad, ahclutinegspabteyss that are

engineered for iWﬂé’f\é@{i@&é@ﬁsa,slﬂi@@'@ah'@@drﬂf@@iméﬂ%ltﬁd@@%@l%am%@irb grrgulation factors |,
[, 11, V. VI, VIII, 1X %OX X| XL and XIlI, furin v k préand factor, tissue plasminogen activator,

tinue f 1
interleukins, mter?erons metall%aﬁlr%?gg‘s{"gsosrﬁéhog ADAMTS proteases (eg ADAMTS-13),

|mmunoglobullns¥ s%:h sl 93(% tl%lg &nggétégE d m@f;g)g%lgbglme%g £§nSSCl;Jé gble antibody or

|mmunoglobulln ragments inclu & molecules (Better et Séience 240 1041); Fv

molecules (Skerrd'8t-dMa&ip1e88inae 8RR GfﬂG“'i‘ﬁggfséﬁH@%sﬁfam ?0‘@8*—"\/7 feAdkules where the
VH and VI_ partresrtelonimitis areetimktd viatzpfle diblawidoperstide (Brdptadtt9BE8) Science 242, 423;

Huston et al (198&hiineg NatiferehiSE. HSA82t whidhiradthsingle damsatn antkerties (dADbs)
comprising isolated V. dqmelns (ardetal (AR Nl RGAL Bkl dnrounaglotuins and their

fragments may humanised". In other words, variable domains of ro entorgln may be fused to

constant don‘?alng“b‘f'?ﬂJFﬁfﬁn digig etth 'ﬁﬁ%t’?hté"?%aé‘ﬁl{é{?l’? anBis8aA A din e HE B AR hic specificity of
the rodent parentrgthitdothy @irsiaisaie dtpe{ 10 82NEY e NatimapaiodeiratsSheBthegs4d -6855). In a
preferred embodinentnhitve aethetilieh@psrataec: togiioci)cachaston Wil danpptinirally together with von
Willebrand Factor (vWF). The vWF can be added separately to the culture medium and is preferably
recombinant. AltesnagmlyothrindéFueasdiscea-pratlic eddayidrel utl g hdarearelng cells in the

culture, as well ag,ihe, SVI-Recreling fellsufretrially daweysk Ug%&ydl LAY Y are co-expressed,

i.e. each cell secretes both FVII| and VWF. Recombinant XWF c&
25 membrane through which the extracted medium fiows owever typically such a

membrane does not retain 100% of cells, and so a proportion are removed when
the medium is extracted. it may not be crucial to operate perfusion cultures at
very high growth rates, as the majority of the celis are retained in the culture

vessel,

30 Continuous cultures, particularly repeated batch, chemostat and turbidostat
cultures, are typically operated at high growth rates. According to common
practice, it is typical to seek to maintain growth rates at maximum, or ciose to

maximum, in an effort to obtain maximum volumetric productivity. Volumetric
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15 obtained as in Schlokat, et a/. (1995), "Large Scale Production of Recombinant von Willebrand
Factor", Thrombosis and Haemo stasis 78, 1160 or US 6 114 146 (Baxter AG). The latter patent also
discloses cells that can be used to coproduce VWF with FV111-secreting cells. Cells that co-express
both proteins are disclosed in US 5 250 421 (Genetics Institute) and Kaufman et al (1989) Mot 20Celt.
Biol. 9, 1233-1242. The term Factor VIII is used herein to denote any polypepfide or complex of
polypeptides that has clotting factor VIII activity. Activated Factor VIl functions as a cofactor in the

conversion of Fagiarif FaclRLXady asiiater EaeindXad) theugaenee ofghosghoripids and

calcium ions. Convenientlg/ the quantity 25 of active Factor VIII can be estimated from the degree to
|

which it promotes eBIR/8F e drteRhor'anes PAEBRLH USRNSSR T & ¢8I assay, Factor Xa
hydrolyses a spe&ffiedchirgdHiot eaiciavIast st istisamefitipribatensidestt dmsfpere, akeguantity of which
is determine_d spe;@tmphmtommidsim}ly.@@ma@eﬁciaumw—aim& Bespyckatsyinglnéenktaaior VI _
ChromogenicAssay it 3AuRAe BERENg. SWIREHARC: S BARP.05%) ang CoateslFactor Vill ki

(Chromogenix, Sweden), Factor VIII oncenﬁratL(t)n in hn%mans is defined as 1 IU/mL blood. The

Coatest Factor VII&iTE ng(rloevftehrrrﬁlt. SFR I%'(:‘tiVl?/%ﬁ'ﬁlVéﬂ%ﬁ? fBea BEEY5 04 Tt Blood. To be
considered as a BEWEY @i 85 2dHie @REPFEIaPEl sebiRroriTtaifmestef polyisepates must have at
least 1% of the actvityeaf anatiemfetatos Wiscath thatihehesipraseniumdhaogtatitieigame nanomolar

concentration as paliveEREE0L\AH! 11t aplivieisdataciahie, by DR.GOtERFACIgRWY assay. A suitable
FVIII for productlgrgnp;g t|rc1’e methogl of theg mv?ntloq is native flﬁl‘l Ierr}%th 5 FVIII. Porcine FVIII may be

.10 we with rate T raturé, the ampunt of recombinant .
produced in accordance WithPIRE venfion but The IS mbre pre erab(fy Raman As an alternative to
native FVIII, varigtfeeRnRIc4HeR8 YRS SEARUBR FRSERICEE! mINVar RNSTFHR BHIYSrvddr example the
variants and deletiamatiahiw atove sretestvdoed in US Patents Nos. 5 422 260, 4 749 780, 4 868 112, 4 877
614 and 5 171 844. The term "deletion derivative of recombinant 10 Factor VIII" is defined as one or

more polypeptideStitabnys inaannghetdirsy |Seasiivity : toiefiwe peftomf ftie | engthidnadiercelll polypeptide by

deleting one or mojigraaige-aRie ireiREARlY, 08 fAdLRlRUARARNVATYE, iARYRILRT most of the
B-domain, but retaﬁn% pa]gs of the ﬁmmo-termlnal and carbog%-terml ﬁl sequences o the B-domain
I5.. "f ich is lower the%nt e femperature. at wr}t% maxinmum ratef observe, )
that are essential for in"vivo proteolytic processing of the primary~15 translafion product into two
polypeptide chairl¥y. atHeapr8dtictivRTePElcH £34Jt8rSvIIIndbiermPadimeativeisidsiemed as "r-vill SO, is
described in WO ©3/081QRuEhHe denmntibudid] SDYesdefikdias eppalppaptide demnstiérived from
full-length Factor )/ kl-gaskiackingeamino acids 743 through 1636. Further FVIII variants lacking all or
part of the B domain are described in US 6 358 703. 20 Suitable vectors for transforming CHO and
293S cells are disgdasestdn Usiso fRA @R 1cBHKapelsiexpeemsing FYILMRY hawpeapraged as disclosed in
Wood et a/ ( 984}) Nature 312, 330-337¢ or btain HI from the ATCC as culture CR1 -8544. CHO cells
expressing B;?domléﬁ?%e'gfgté@e/gﬁantsaéf(e %\%If%’g o?eggrﬁ ec iﬁ”ﬁ?ﬁa‘%? at (%59@?%’6?.’ | Biochem. 232,

19-27 and in US 5687 5188. 34ir88%sdenicaf™s [pRes werdaepsdsit@@v e matitekh&essammtung von
Mikroorganismenmamdbifiedtkaftarearias D SMtig4a50IONcBA2TieanBoD8d/cadies, WreasFVIII and VWF

are co-produced,gheisempj@phietuecnsbes) maypbeptitiiiag bytsaatrifuging the medium to remove
the cells and then exposing the resulting liquid to an immobilised solid support containing an antibody

for either The cell density is commonly monitored in cell cultures. In principle, a high cell
25 density wouid be considered to be desirable since, provided that the productivity

per cell is maintained, this should lead to a higher productivity per bioreactor

volume. However, increasing the cell density can actually be harmful to the cells,

and the productivity per cell is reduced. There is therefore a need to monitor cell

density. To date, in mammalian cell culture processes, this has been done by

30 extracting samples of the culture and analysing them under a microscope or

using a cell counting device such as the CASY TT device sold by Scharfe System

GmbH, Reutlingen, Germany. We have now found that it is advantageous to

analyse the cell density by means of a suitable probe introduced into the
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30 FVIII or vWF, or a peptide that will specifically bind FVIII or vWF, under conditions that will not
cause the complex to dissociate. Suitable methods are taught in US 6 307 032 (Baxter AG) and US 5
200 510 (ZymoGenetics). The FVIII (optionally in complex with vWF) may then be formulated and
used in known ways. For example, FV111, having been produced in a culture free of animal proteins,
is preferably formulated in a protein-free composition, as disclosed for example in US 6 586 573
(Baxter International), WO 94/07510 or US 6 599 724, and used to treat patients with haemophilia A.

Where the methqgaf.the iRupRiions 4780 IRQIGHWRER YR! rbifprelRreddhaiihesgs!l culture
supernatant is maintained at a temperature that is set at 3 tog‘ggpre(%rab% 360, 5? more preferably

d p r

36t0.2C and mos?rﬁr%?%sr%doﬁ/"%é?f%ﬁ%ffﬁ?ﬁemp he|sb's°erF E A ' ,%rroe esra yaﬁ%}.s& more preferably
7.200.01, most iCyreTeril ProArIdnsitmessl felRxPERE YenRigareh Ao sOved CO2
concentration of 22m0tQ%0, Mrefettibiy hé€ ¢0itdrd %t psotieyprafanainlyubdertth ibhoederederably, at least two
of these parametgrs,areWithin thedirlenrpdiniisimAne hinBRARIERAAbLOR. Jsaperature and
dCO2 or pH and dCO2._Most r.eferablg, all thre arameter are %perat§d within th‘? preferred limits.

. C e. The res {mg capacitance can mezixs%[e it is de enﬁc]en ugﬁnt %ce
15As shown in the"ﬁg(amples, ItiS advantageous 1o include copperin the cell culture supematant when
the invention is uB8 ae - dilRicl Prosprtivgpitatly ersrticurtivelisrel et elbge dBpernatant
comprising 4 pphdC26@m. ddvetatagesusty stbaredescentigtipn cidiofregnératicieioftCitzin the cell culture
supematant is at|easto Dk, gnaelfTalLAlEASH et WO RURRE. ABkidRcallgrative preferred

embodiment, the,cell ulture 15 usegta produce ADAMY .13, ADAMI 2213, alsq kngwn as von
Willebrand factor c?e%vmg protease f\? ECBS IS & nember of the ﬁwet%?ﬁ)pprotease ?amily. It has the
ability to metabolPEPA IR/ HEaRTUIRIR SFeATSMENr 1B AN tEateh Rl 'BRlE FRIStidR®bond between
residues Tyr-842sgstehMeir84i3 o7\t bifis Witls inakiathemoteasetis actiiatechly @aRd3a2, and is not
inhibited by inhibggys@fiserine or cysteine proteases. Deficient von Willebrand factor (VWF)
degradation has been associated with thrombotic thrombocytopenic purpura (TIP). In hereditary TIP,
ADAMTS-13 is abgssiprifieneliaralyydefeativeoxrbete avin thesmomfasoitialy acouiokeb form of TIP, an
30autoantibody inhibiing MMM Rabss ackvbs is.lousid sapsiSRiy .k Palisngs. fhe cloning and
expression of the human ADAMTS-13 gene are degcribgg i1n Pi%ién@er t at 2002. Blood. 15:100(
10):3626-32. Thez”&’b‘ﬂin@e%%’a"e%?é&é?g%‘ao‘%”tﬁgﬂﬁm%’n ADRMTEY gerME ot

| gene, %gj%?htg? with the complete
sequence of the eORIT i@ &fseeifidensse dhmnigtep e A 2B BB IrNSemsRN dTRISVA suitable
ADAMTS13 for preidietiormpioyutieitnetiodrokibe inverison eihddhatty futidengthnABDAMTS-13, preferably

human ADAMT S;13/eAsidn Aler BatidgetoMaghg Bl lovaraptsanshasajegues can be produced. The
term ADAMTS-13 is used herein to denote any polypepfide or complex of polypeptides that has

ADAMTS-13@activily prricidlagycting ey tucleaveishapepidebandsbetyeatamsidues Tyr-842 and

Met-843 of VWF .fignyeniently, die Auanty of arive A036MEr dd may hedetgpauged by functional
assays, such as functional assa§§1 %rqrgjlg%qmg madified von Willebrand factor gzptldes as substrate for
a

b
ADAMTS-13 (Triff561¥PF 3 1Rr G208 8 & B8} 1834 p) REHFEHE P method of
determining r-hu TRIAMTEXBIe ctoME iPeHs chegebrirt e rrRadiautaryl faxsamglier velIFRiebrand factor
(VWF)-cleaving pratease basesipofdecraagedseotiagen binding affinity of degraded vWF: a tool for the
diagnosis of :
25 The heterologous or recombinant protein produced by the method of any of the

first three aspects of the invention is preferably a biood protein. By “blood
protein” we include any protein that is or may be present in the blood of a human
or animal, including proteins that are engineered for intravenous use. Suitable
blood proteins include serum albumin, coagulation factors |, 11, I, V, Vi, Vill, X
30 X, Xi, Xil and XH, furin, von Willebrand factor, tissue plasminogen activator,
interleukins, interferons, metalloproteases such as ADAMTS proteases (e.g.
ADAMTS-13), immunoglobulins such as 1gG, IgM, IgA or IgE and immunoglobulin
fragments. Suitable antibody or immunogiobulin fragments include Fab-like
molecules (Better et al (1988) Science 240, 1041); Fv molecules (Skerra et al
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15 thrombotic thrombocytopenic purpura (UP). Thromb Haemost 1999; 82:1386- 1389. In this assay, 1
U corresponds to the level of ADAMTS-13 activity in pooled normal human plasma. To be considered
as a ADAMTS-13 as defined above, a polypeptide or complex of polypeptides must have at least 1%
of the activity of native ADAMTS-13. The quantitiy of ADAMTS-13 may also be 20 determined by
measurement of ADAMTS-13 antigen, for example using the ELISA method disclosed in Rieger et al,
2006, Thromb Haemost. 2006 95(2)212- 20. Proteolytically active recombinant ADAMTS-13 may be

prepared by eXpiZsipSAn MAMMAAN. SRUEUIIGS, ASAFSRUBERLIWRALIRG Sty 2002, supra and
US 2005/026652 §8¢ﬁ!?MC(’at?}o s of recombllgsnant cultug%cﬁﬁADAM TS-13 e>§p$essm% ceLzIIs are disclosed in

Plaimauer B, ScRafigerens&mifrkedmatiespe2'9ansaila {218 43 Bréfrs ceit¥pes for the
expression of ADRMTSS ¢heltRSs Froo dBIEAPshRe D 8811881952206HM2E88%8 Al and Zheng et
al, 2001, Blood, 98:3&k2- 1666) diselosedqaethodsohpurilying ARAMES-M3wRusfied ADAMTS-13

may be formy 'at%gﬁcmw%‘a%m@\sﬁammmqﬁ b userbHerAPey HgRlwdiaL example to treat

Where the method of the invéntion is used to gro uce ADAMTS 13, it |s Ijbferred that the cell culture

supernatant is mRREHETEIS EIISEI IR TRAPR"SEF 4R ?%ﬂﬁ"égf’ma’g erably 86 ¢d'sC. more
preferably 36.00 2Chadfd theossyiiasternibyd g B Tsdhrirotigrriqiragisity Qt”??l@éﬁ@ﬁ’%ferably 7.150.03.
more 5 preferablyntibd&0Adsrisaast pretsg sy d Aa] asstosdneselcabtregfpematant has a dissolved
CO2 concentration of 1 to 10%, preferably 4.0 to 9.0%, more preferably 5.5 to 8.5%. Preferably, at
least two of thesenpargeieteds andagitiin thiee peefecobdrdinitsisadmely dempefadtore\dihd pH, temperature

and dCO2 of,pH gf Qng'ﬁ«}Q%M%m&ﬁ&r%ﬁ&%hwe&mwmteﬁ@wm,earfab%da\segaln the topreferred

limits. In an alternatgve trrgdCu mreomérr}gnqthtlae celeg3 tbLb,e é%ol,rln ed t tgyn%?v rin. Furin, also
termed PACE (pﬁer%aab i@ dmino acid & eaving enzpym ongs e grm:gg fﬁe subtilisin-like
D

serine proteasesth/M¥h ﬁl&%ﬁqm‘iﬂé%t%@cﬁ‘ﬁ?ﬂa%&%@%"m GRS B iBmEYREDSally in secretory
synthesis (Van deeten teé &V)iLSeGetiniRenlis ORebgebly, 4clikvet.36¢ FYOBINt v¥Va ealchim-dependent

serine endoprotegge. sikdCldralbipEEaRgac it savalphSaNRABMM4A Sgnaidsptide, propeptide,
o e BRSSP Codef il SO e uslslng EELARMAND ransmembrane
al

domain and cytop asmic Iite comprises a recognltlon sequence which is

rotease cleava
characterized 20¥8) YWleaRNAS 2lRT sy?q’ﬁ'é’ﬁeﬁsﬁ@? ﬁaﬂfgﬂi{?@’%rﬁ AR PrbRidd4dAR cleaves
proproteins specifieaidy after thire deteepmsiast sispudndesfd oxdikatiet alan199 s BigtoChem.
266:12127'12139)educe vWF with FVlli-secreting cells. Cells that co-express both proteins are

disclosed in US 5 250 421 (Genetics Institute) and Kaufman et al (1989) Mol.
20 Cell. Biol. 9, 1233-1242.

The term Factor VIl is used herein to denote any polypeptide or compiex of
polypeptides that has clotting factor VIlI activity. Activated Factor Viil functions
as a cofactor in the conversion of Factor X to Factor Xa by activated Factor
IXa in the presence of phospholipids and caicium ions. Conveniently, the quantity
25 of active Factor VIll can be estimated from the degree to which it promotes
conversion of Factor X to Factor Xa in a suitable assay. In a typical assay, Factor
Xa hydrolyses a specific chromogenic substrate, thereby liberating a
chromophore, the quantity of which is determined spectrophotometrically.
Commercially available assay kits include Factor VIl Chromogenic Assay kit
30 (Dade Behring, Switzerland; US 6,100,050); and Coatest Factor VI kit
(Chromogenix, Sweden). Factor VIl concentration in humans is defined as 1
jU/mL blood. The Coatest Factor VIl kit can determine FVIII activity equivalent to
at least 0.01 {U/mi blood. To be considered as a Factor VIl as defined above, a

polypeptide or complex of polypeptides must have at least 1% of the activity of
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Intact furin is incorporated into the membrane system of the Golgi apparatus and there it is functionally
active (Bresnahan at al, J Cell Biol. 1990;111:2851-9). 75 Upon transit of the newly synthesized furin
precursor from the endoplasmic reticulum to the Golgi compartment, the propeptide is autocatalytically
removed in a two step processing event (Anderson eta!, EMBO J. 1997; 16: 1508-18). Furin also
cycles between the trans-Golgi network and the cell surface via endosomal vesicles, thereby
processing both precursor proteins during their transport 30through the constitutive secretory pathway

as well as molecylgs e pLefipd e GHIRGY TG RATMRINT he felllal StEgHEab AR 1O the processing

compartments is directed by eflnedFstructural feattur(t-:-s Wtfglrét its c{gtotgeleaéo esttea¥1jzags'l'euc:hert at al, J Biol
Chem. 1999; 274%?’5?)“5‘?)’”%5@’5% &@Fe&ﬂré%%‘ﬁ'&f'?héa RERVE Ririncorotease hagatively affects the
growth of continudtigssaowing cell cultures, solutions have been sought to reduce the toxic influence

of furin on the cells. The C-terminal domains have been found to be dispensable for the functional
activity of furin afassitaRin EXB PR tianePy s MeERAI<Ee MFRITOB KRG 78 569D could be
detected in the celVigupemakafl Bisnsachetediquasein Adfiodartal VNS INY9SDBPOIES-82). This

naturally SeCfeteNﬂ{w@&ﬁQ Wéﬁrﬁb@'ﬁemmh% sheskiveno (diddoaine, akabnBieskem Biophys Res
comm. 193,195, 0713 & SLEE ABRCIET, WZOOJﬁ%%@%?e%éJ\ZaQ%@vgwaa\vsed N-terminally of

the transmembrafe p%r ion acfe 1992, 1271829 Furin grotelns truncated by
genetic engineerf?y, JAsiiPc é“éﬁ%ﬁ?ﬁﬂé’f)%f‘f %ﬁ@ﬁ%s’?‘ﬁén?b%@agné ERoptsthatic domains has
been deleted hawsbheth 4188ThAledntbs éxafddle Tor tamindeiations IRMMaVEOA eemiinartal, J Biol Chem.

1992;267: 14304eBeoliay Bt @inkBie) Ghewr. AOR253BH306HIR) Rih{oF dGoanino acids
L6 O (A a8 U a0 CE I 1326045 eyl and Kaufman

Blood. 1992; 795 I amino acids A atsuzawa at al, J Biol Chem. 1992;

267:16094-9). FLﬁ"?\‘r}‘haféf’ﬁtsP SiERRIn NG Eﬂ%ﬁfﬁ%‘i’ﬂ@ ﬁeaéﬂ‘f%ﬁ’ SPRE é’yé‘?@ﬁ Sidh&&gion have also
been described (Htensinzaviaetaing, R3Biot Henamirgseminet 206 .SOPEXPHTMIRGNGIUAREES] Biol Chem.

1993;268:21826-g4he \B G AAR3HLA1B 24 dhhaxter intavaakieaaliio proBaxtey tlealthoaseS.A.) discloses a

tuncated hupan pIaRERAATIAS AELSRLRR tinkcrSsialinThalar AU s used herein o
denote any polype e or complex of pol peptldes hat has félrlnr%e eolW& S"FB 25The evaluation

of proteolytic activi Q?I'eé%rﬂ?”mﬁ'ﬁ%a Fiithasr Furih 3 ivzitlveesccan e per orme y any suitable test,
for example by u's‘imgtﬁmmyéhﬁ%ub%ﬁlé‘é gehcRoiReptin H3Bader ediBemiduliieagtiye site for which
furin is specific (Sehiokatnbsd, BiatgcihniabAppkBiothiough9B8BR4 . 25the VilVithresatd assay 1 Unit is

defined as the ampynt gf firiadpthwh! d6ieased Ruebel TrHBNSs 703.

20 Suitable vectors for transforming CHO and 293S cells are disclosed in US 5 854
021. BHK celis expressing FVIil may be prepared as disclosed in Wood et al
(1984) Nature 312, 330-337 or obtained from the ATCC as culture CRL-8544.
CHO cells expressing B-domain-deleted variants of FVIll are described in Lind et
al (1995) Eur. J. Biochem. 232, 19-27 and in US 5 661 008. Three such cell

25 types were deposited with Deutsche Sammiung von Mikroorganismen und
Zellkulturen as DSM 6415, DSM 6417, and DSM 6416.

When FVHI and vWF are co-produced, the complex between them may be
purified by centrifuging the medium to remove the cells and then exposing the
resulting liquid to an immobilised solid support containing an antibody for either
30 FVii or vWF, or a peptide that will specifically bind FVIli or vWF, under conditions
that will not cause the complex to dissociate. Suitable methods are taught in US

6 307 032 (Baxter AG) and US 5 200 510 (ZymoGenetics).
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30 4-methylcoumarin (AMC) from the fluorogenic substrate Boc-Arg-Val-Arg-ArgAMC in 1 minute at
30C. The limit of quantification for this test is typically 0.625 Altemafively the proteolytic activity
can also be measured by incubating furin with pro-proteins, for example pro-rvWF, for a sufficient time.
The degree of pro-rvWF processing can be analyzed for example by Western blotting. The quantity of
furin antigen can be measured by an ELISA test. A suitable EL1SA test is the human furin DuoSet
available from R&D systems, MN (cat. no. DY1503) in which mouse anti-human furin is used as a

capture antibody rgodbieiioylatedhasiRR GV D disedan adislerion antipody. A suitable

furin for production by the method of the invention is native, full length furin, preferably human furin. As

an alternative to r'%%?lv\%/'é WEMR, VAR RRa BAEIoRTRS c%ﬁ'b@'ﬁ%%‘ffcg‘da|ﬁ8ﬁh’£ﬁn§eﬁ18§e described
above. Suitable \&tTH's HsteirandfoAMsfAGPvafmmalRiedcdllsa paptrittter, caq@oeiiis, with 10 furin or
variants of furin afiectiesgritraskampéCh 2008/54d 824 (Eaademiitesnaiional tnes/@axtesrHealthcare S.A.),

together with.methodsder pHNGR TIPS AROAHRFD R4 h06314 (Holland Biotechnology)

describes furin expression vectors, a method of expressing furin in mammalian cells, particularly

COS-1 cells, anddhe DUaion #hie ROMRMAO INRTRAISESL i WO 2109588 I (Cenetics

Institute and Chiron Corn %:descrl es the expression of furin in CHO cells, either alone, or in

combination withSAVE SIS FIR PR f5 3D RTERE S it 5egPE ?Bﬁ%iaﬁ'rﬁ:lg cell culture by
endogenously prowirialidfit- SWhichers eseirebbedfad RfanvelpashpiefeeasyBiiarmpden types (Wise at
a), 1990, PNAS & 9878 <28&2) 253mesy Mbfepitag e SHing ambe piedatdpmore. effieient by coexpressing

heterologousfurify yithuipe;Ro-LRYYF tté't%éﬂaQMﬁJbé \WRAA08(141824 Stagests St a purified furin
may be suitable for us as a r gen&é ? roce sw)g of rVWF Wherg[the m}ethod of the
it1S pre er

pncert ration gtt?h eI RIRAE EFBY Rt dh i Paintained at a

invention is used {0 pro duee furi
temperature thatféeésly. 38, i@géwﬁré?éfﬁﬁﬁ/ 8‘*331‘(')?%, RiBreithiefdiaEKeeser0 mitsand most
preferably 35.1Crandipritheeiive setaiH,. bopemtpee teralblyy,. b5 (i Jnmamopretasably 7.150.01, most

preferably 7.15; apdipiife.releyimauRemalaiihasartisne el fe@mprncentration of 1 to 10%,

preferably 4.0 to 9.0%, more preferably 5.5 to 8.5%. Preferably, at least two of these parameters are

within the pr%fe”ﬂgéﬁ@%ﬂ?ﬁh@ﬁ%ﬁlbﬁé@rﬁP@éé@%‘%‘agéﬁﬂéur’&@lﬂ?:@ed&%ﬁﬁrﬁdﬂg & Qége PH and dCO2.

Most preferably, g e R A e Al SR e WA NS REGTPTHIATIS cets are

cultured in a cell culture supernatant comprising 4 ppb Cu®*. Advantageously, the
concentration of concentration of Cu®* in the cell culture supernatant is at least 5

ppb, and preferably at least 7, 10, 15 or 25 ppb.

20 In an alternative preferred embodiment, the cell culture is used to produce
ADAMTS-13.

ADAMTS-13, also known as von Willebrand factor cleaving protease (VWF-cp) is
a member of the metalloprotease family. It has the ability to metabolize large
VWF multimers to smalier forms, by cleaving the peptide bond between residues
25 Tyr-842 and Met-843 of VWF. This metalloprotease is activated by Ca’ /Ba’,
and is not inhibited by inhibitors of serine or cysteine proteases. Deficient von
Willebrand factor (VWF) degradation has been associated with thrombotic
thrombocytopenic purpura (TTP). In hereditary TTP, ADAMTS-13 is absent or
functionally defective, whereas in the nonfamilial, acquired form of TTP, an
30 autoantibody inhibiting ADAMTS-13 activity is found transiently in most patients.

The cloning and expression of the human ADAMTS-13 gene are described in
Plaimauer et al, 2002, Biood. 15;100(10):3626-32. The cloning and expression of
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In an alternative preferred embodiment, the cell culture is used to produce Factor VII. "Factor VI
polypeptide" encompasses wild-type Factor VI (i.e. a polypeptide having the amino acid sequence
disclosed in U.S. Pat, No. 4,784.950), as well as 5 variants of Factor VII exhibiting substantially the
same or improved biological activity relative to wild-type Factor VII, and Factor VII variants having
substantially modified or reduced biological activity relative to wild-type Factor VII. The term "Factor vir
is intended to encompass Factor VIl polypeptides in their uncleaved (zymogen) form, as well as those

that have been PEQL C C t ; r v, | I which may be
designated Factct)rr \ﬁ‘%’;}h Q%zﬁﬁg Ig)asgg)% %?q%t}é:%q’gg:”e 8&%%%@ ?e%&%z%fgg%\g%z\% to yield Factor

Vila. The term'' F%[&tﬂ?ﬂﬂ?%?ﬁﬁébﬂﬁe’*"%?é‘%?%‘%‘éém ptld%‘é’talnclu INg variants, in which
the Factor Vila blbicﬁglwlda@m@vW&WWwﬁﬁaﬁﬁmWrﬁd@m@df@f 'sagtieiPilY Fedifeed relative to the
activity of wild-typefasiphMilen ADANTESE polypeaptidesixickide nutith dutilimisstion, dractor VII or Factor
Vila into which 5%%&'3&9&@%%@8@&%9&9“9 alterations have been introduced that modify or disrupt
the bioactivity of the polypeptide. The biological activity of Factor Vila in blood clotting derives from its

ability to (i) bind tg,d igsHenbagtes- (3R and (areatalydanthe prpirplyiinisteavagapplxractor IX or Factor X
to produce ac“"atew Q?ﬁt%rtll\at%r L5 ?ﬂﬁ’é ]1>3<aa8m a, BE??%?CJ'V{?!X)abE’lR'?@'a gl acthty of Factor VI
q

polypeptides (" F&C iological activity antifi measuring the ability of a
preparation to prePAte MebEeMEAETR1RY é i?ﬁ Mt At BEEmECA #IOMBBplastin, as
described, e.g., inueh@y FadctMo ADAFTSSEHT OISR TBERI futitideal spaysiotodicad activity is 25

expressed ag thGJ&@MQElsiﬂ&é!atl‘silagnrtBTmoEﬁla&iV&wtwa&@mm%&amkﬁam&Qeﬁmﬂed to "Factor VI
units" by comparj so ?P? uman §qm@tm@g{%g%@@gg é(équygphfagtor VII activity.
lla b|o al a

Alternatively, Fac?or ctivity may be uantified by (i) measurin the ability of Factor Vila

(or the Factor VIPFSH5E Bid) Bfﬂ?&iﬁ‘&”gétw& 5@?&5‘/@ &8?59{%39‘?1 A %’I%?ﬂ 30 comprising TF
embedded in a lipidanexsimané anul Méttbra)d(Pedios oYW atledvidiokrathess. Deped $919-19924, 1997);
(i) measuring Fagierasdty smlysisHiRdig 26iHapes SyFsaBd (INFmersudnththeiqohysical binding of Factor
Via (or the EectqL Vi pghmenid ;g,mfc;@ AT PBIUENPRAEHAR SUERGS Rlagmon resonance

(Persson, F etts 413:359- measuring in vi ro E’%dro ysis of a sxnthetlc substrate

by Factor Vlia (o i 38Radfb Iaﬁfﬂypéth’&é’)T (}S‘Srrfgatgﬁr ﬁ‘&g% FortiBMEiINin a TF-
independent in vitroley stsrel Alteanarieena. F ol insefsiferasy aseadttéMiindd By tafirsA. A suitable
ELISA is the AssaydViera Huigpaptif@otosovbiéh \OH p&ypbbiids tnaaitalte fr avasAssayf @ (St Charles. MO)

Cat. no 5 EF1OOJctknYVG#Chaw&SA@mﬁ%O%Ona*r@nHuBngerXBm@munea@rglgpd;\é and a

biotinylated chlona nfi Quman FVII as F'[E&I\&Q%’Jl referred in vitro oteoly5|s assay for
native (wild- pe) Fé\%{B‘P Iangor faQor Vila vanant is carr Yo out ina n? rotlte?' ate (MaxiSorp,

Nunc, Denmark) EatSaasthesbdisiplosss QU@?WQEQB@QNMONBW%ENQ@&?&ZM@) Factor Vila (10
nM) and factor X4@.8 microM) in 100 microL 50 mM Hepes, pH 7.4, containing 0.1 M NaCl, 5 mM
CaC12 and 1 mg/mi bovine serum albumin, are incubated for 15 min. Factor X cleavage is then
stopped by the a@ditiolytisalsCeetiiersicBabinat REPRI Spi May, koPEHAIRH 1. RIS 0 mM EDTA and
1 mg/ml bovine seE+RAUBINCUbR M dBs@biaCID PXangeacsatedmpeastraddoysaddition of the 15

cromogenie SO e et 15 uamese bussagen) o

concentration 0.5 mM. The absorbance at 405 nm | red c ntlnu usI ectraMame 340

su
plate. The absorﬁﬁ%@ﬁe&éﬁ‘aﬁ%eﬁ d0rihG T ¥RinGte Cgﬁ'? PLElhtFa2HBR of 6fﬂ"e ab sor ance in a blank
well containing ndaPF¥1(4): P4 b raisesrgdoelhreration e ratRiehruen e A M proté dtiEactivities of variant
and 20wild- type fER@oYd8ls and CHO cells.

US 2005/0266528 A1 and Zheng et al, 2001, Blood, 98:1662-1666 disciose
30  methods of purifying ADAMTS-13.  Purified ADAMTS-13 may be formulated
according to conventional methods and used therapeutically, for exampie to treat

TTP.
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RatiO=(A405 re factor Vila variant)/(A4,35m, factor Vila wild-type). In a variation of this assay, FVII is
determined. A thromboplastin is included. FVII in the sample forms a complex with Ca2+ ions and
tissue factor which generates small amounts of FXa. The FXa activates FVII to FV11la. 25A
commercially available FVII activity assay is the HEMOCLOT FVII reagent kit, available from Aniara
(Mason, OH) Cat. no. ACK081K in which clotting triggered by a calcium thromboplastin is measured.
Factor VIl variants having substantially the same or improved biological activity relative to wild-type

Factor Vila encompgss ise i3 Rl akieaskapayl,50e 10 AIRErabl eblsashabout 50%, more

preferably at least about 75% and most preferably at least about 90% of the specific activity of Factor

Vila that has beel3r38 e FHiRe s RN § B i (B lPPERa S s 5F5%lotting assay.
proteolysis assays@rMRisindirdesaiiny38PtesEribawabarieraytott\BVartarRsthawsly substantially
reduced biologicglengtivifyzeaietiuadeiie e fehator. \bia ase ghasadihat 54oibd lessthan about 25%,

preferably less thanabaut 18, Mo ATaigLaRly '£95. BaNGLAL Rt aRrMastRLgfarably less than

about 1% of the 5 specific actlv@/ of wild-t ctor Vila that has been ré)% ced in the same cell
I

pe k h
type when testedfi} 8riS 8 YRG 26t X8 &Ogsosé&/,t%r})%’olffsﬁfsergg'ga‘;',o o mdiSG assay as
described aboverrierinAI5virights hBraEfapR s b dtaskiip ThigreprrTRIge Aradtility relative to
wild-type Factor Wl pretaela, sritlsouadientasioperitaciainy Ibiakaiedhad antiibtGFeineependent Factor X

proteolytic 10 acfiytyand thase thathing, TEbulo not clgave 5@0&?@,&93{%@@;5@; Factor VI,
whether exhlbltlgﬁ?§ubstantlally he same or better bioactivity than wild-type Factor VII, or, alternatively,
|

exhibiting sufst ffrf%l%tﬁied or reduced bioactivity relative to wild-type Factor VII, include, without
limitation, polypeptides havin an amino acid seglilence"thﬂt differs Lr(t)m trée sequence of wild-type
Factor IsVII by in3&Ridi RS TPL SPSRRIRSA P D RE! SHIHES KRN et NIGh-limiting examples of
Factor VIl variants having substantially the same biological activity as wild-type Factor VIl include
S52A-FVlla, S60ATVATS TG AT ARREPBiBERGMIMBiRHTS24E 18811 H o P888Y° Factor Vila
variants exhibitingariteeasédhpreteiisitdksapiing eloterseh dicth e GaPERPNENETI807560; Factor Vila
20 that has beenu cieahdicallyroieasad bepasean Fesidips?OMaads29Arotdoeswees.residues 315 and

316 (Molleryp et @k, Biglechnal Bioeng: 485301y, 1995)a 0xiflizrildgsnssnt FRaiar Vila (Komfelt et
al., Arch. Biochem. Bioogt)hays. 36 :43-?4, 1999): Factor VIl varjants as dlscIPsed in PCT/DK02/00189;

and Factor VII véaﬁg?ffrs KRoi |trﬁlf;°%lf1r8'réa%gg'ﬁrgtérgﬁ/ti%eé?é%iI| 9”&%”3@’5(9%@85 if VWS 2/38162 25
(Scripps Researearifstitatedentidetoraaliariamamatimg-8 rhodifemeNahentrapraiaexhibiting an
enhanced membieaedipsisigeasididetese drimshEnOMROIGT At andergitpladniitinaie sthe); and Factor VI

variants as discl%ggag@ \g\ggvggé@@%éngﬁ@@@&%ﬂ\lgg&dmg%gxmﬁgc@rﬁ@@tor VIl variants

having Increé%secl))t') Iglg galr(%\quxc?' gé}ﬂt%equence Arg-X-Lys/Arg-Arg. The protease furin cleaves
proproteins specifically after this consensus sequence (Hosaka et al, 1991, J.

Biol. Chem. 266:12127-12130).

Intact furin is incorporated into the membrane system of the Golgi apparatus and
there it is functionally active (Bresnahan et al, J Cell Biol. 1990;111:2851-9).

25 Upon transit of the newly synthesized furin precursor from the endoplasmic
reticulum to the Golgi com partment, the propeptide is autocatalytically removed in
a two step processing event (Anderson et al, EMBO J. 1997; 16: 1508-18). Furin
also cycles between the trans-Golgi network and the cell surface via endosomal
vesicles, thereby processing both precursor proteins during their transport

30  through the constitutive secretory pathway as well as molecules entering the
endocytic pathway. The celiular disiribution of furin to the processing
compariments is directed by defined structural features within its cytoplasmic tail
(Teuchert et al, J Biol Chem. 1989;274:8199-07).
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30 compared to wild-type Factor Vila include Factor VIl variants as disclosed in WO 01/83725, WO
02/22776, WO 021077218, WO 03/27147, WO 03/37932: WO 02/38162 (Scripps Research Institute);
and Factor Vila variants with enhanced activity as disclosed in JP 2001061479
(Chemo-Sero-Therapeutic Res Inst.). Non-limiting examples of Factor VIl variants having substantially
reduced or modified biological activity relative to wild-type Factor VIl include RI 52E-FVIla (Wild-goose
et al.. Biochem 29:3413-3420, 1990). S344A-FV1la (Kazama et al, J. Biol. Chem. 270:66-72, 1995),

FFR-FV1la (Hoist et at Fur. J. Vase. Endovasc, Surg. 15:515-5 9 F r Vila lacking the
Gla domain, (NicéBClgg_ﬂ et5aF rﬁﬁ_é’g(ﬁetfe naé'ﬁ%ﬁ%gp %%?339%9%%9&0 Igﬁ%ﬁtg%%o?fﬁis&n of FVII, the
polypeptide may Heptirsiamving frbariHeeuTAuas'8raa0sHPHIR FEbiEdemay involve, e_g.,
affinity chromatogreiphyiencarviiatirFactor délisaftd Saigouhahtier(eds, g begaldabed/teshi et al., J. Biol.
Chem. 261:1109%¢ 4285:sahd rbhine fhalorBiashayoadrif 638 akARBIaMebacivalianet0 by proteolytic

cleavage, using Factor Xlla or other prote %}Q’ VR 'kgali}g\et@eog&jfgq slch as, e.g., Factor IXa,
kallikrein, Faétor%gfegﬁe t ar%"r%éfﬂr.‘ é%egg,eg;%gfcé)éteru et a?., Biochem. 11:%&53 (1972); Thomas, U.S.
i’

Pat. No. 4,456,59%<81¢d PRV e et §/ vEL S TAHEE D I8 RIS RaitERI* Eactor VIl may be
activated by passimgrétet foug s afsiomawchariged fivom avitiicginetalupirehstichid®bas Mono QC)
(Pharrnacia) or theiksriaates\bseractiyalerhmacter bissayrhe. fonsstedeas) ssed it known ways.

For example. it maY.pg. e I HERmERoLBeAng SHARNags. iherethecetnod of he

invention is used to produce Factor VII, it is preferred that the cell culture supernatant is maintained at
a temperaturé thdP sk at®948:50.9C, preferably 36.50.5C, more preferably 36.50.2C and most
preferably 36.5C and/or the pH is set at 7.200.05, preferably 7.200.03, more preferably 7.290.01, most
preferably 7.29; &M RRNSSHEEAET L AsRRIAEIRIREE P dis SHITRI"e 6F m &Att&ion of 1 to 10%,
preferably 4.0 to ®9%esnanmmmmedcant lyyBBasretBodomaate dsl\pear Ideistedvbayt thReSe parameters are
within 25 the prefaieamdinits sranprlyide mpRsadie aTd prh4enaperaiuse arialCasznor pH and dCO2.
Most preferably, idnien. RAIIEIRISA%P P RiER Wiili. (eI alpTeRds dlaergresent invention
will be further illus ra edhe fol owmg7exam les, without an I|m|tat|?n therg,‘tq. (L—:,%ample 1: basic cell
culture 15 amino acids A7716-794 ("Sol-PACE", Wasley et al, J Bio em.

1993:268:8458-65; Rehemtulla and Kaufman, Blood. 1992; 79:2348-55) and for

amino acids A705-794 (Hatsuzawa et af, J Biol Chem. 1992;267:16094-9).

Furin mutants additionally comprising a deletion of the cystein-rich region have

also been described (Hatsuzawa et al, J Biochem. 1992;101 :286-301;

20 Creemers et al, J Biol Chem. 1993;268:21826-34).

WO 2008/141824 (Baxter international inc., Baxter Healthcare S.A.) discloses a
truncated human furin lacking amino acids 578 to 794, i.e. A578-794.

The term “furin” is used herein to denote any polypeptide or complex of

polypeptides that has furin proteolytic activity.

25 The evaluation of proteolytic activity of a furin, truncated furin or furin derivative
can be performed by any suitable test, for example by using fluorogenic
substrates which are comprised of a dibasic cleavage site for which furin is
specific (Schliokat et al, Biotechnol Appl Biochem. 1996;24:257-67). With said
assay 1 Unit is defined as the amount of furin that will release 1 pmol of 7-Amino-

30 4-methylcoumarin (AMC) from the fluorogenic substrate Boc-Arg-Val-Arg-Arg-
AMC in 1 minute at 30°C. The limit of quantification for this test is typically 0.625
U/mL. Altemnatively the proteolytic activity can also be measured by incubating

furin with pro-proteins, for example pro-rvWF, for a sufficient time. The degree of
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FVIII production Typical cultures are established in bioreactors, using a subclone of the 10A106 CHO
cell fine transformed to co-express Factor VIII and von Willebrand Factor 5 described in Kaufman et ai
(1989) Mot Celt Biol. 9:1233-1242 and US 5 250 421. The particular subclone was obtained by
adaptation to a standard medium that does not contain animal-derived products, and subcloning in a
microplate. The standard culture medium is: DMEM/Ham's F12 50/501116 g/kg into which was added:
L-glutamine0.6 g/kg Ethanola minel.53 mg/kg Synperonic F680.25 g/kg 15 NaHCO32 g/kg Soya

peptoned kg CYSQASHEOLLER K] TG BASLMEN]NALS F12,3RISO fedium contains 1.3
e

mg/kg Cu2+ sufflcient for omplete medium to contain 4.3 ppb Cu2+. ADAMTS-13 production

CHO DUKX-B11%8NE P URstt soN RGESARBAIBUAT i ifle SopfisiatiSA method, to
introduce the ADR$¥TSHES hyerae. GedisDnebet cartilpdtd UneferfdorexrtemeeMitidi#tedisditions and were
selected after methosrexataviiad R4l saatueah Afersesdmecagapiaiitboegliswere subcloned

and SUbCIOn% 649&%3@/@{%& Q&a?%ﬂt%R%%ﬁH%@L%% a detection antibody.

A suitable furin for production by the method of the invention is native, full length
furin, preferably human furin. As an alternative to native furin, variants and
analogues can be produced, including those described above.

Suitable vectors for transforming mammalian cells, particularly CHO cells, with
10 furin or variants of furin are described in WO 2008/141824 (Baxter intemnational
Inc., Baxter Healthcare S.A.), together with methods for purifying the furin so
produced. WO 91/06314 (Holland Biotechnology) describes furin expression
vectors, a method of expressing furin in mammalian cells, particularly COS-1
cells, and the purification of recombinantly produced furin. WO 92/09698
15 (Genetics Institute and Chiron Corp) describes the expression of furin in CHO

cells, either alone, or in combination with vVWF or Factor IX.

Pro-rVWF is processed to its mature form during cell culture by endogenously
produced furin, which is expressed at relatively low levels in many cell types
(Wise ef al, 1990, PNAS 87:9378-9382). Pro-rVWF processing can be made
20 more efficient by coexpressing heterologous furin with the Pro-rVWF.
Alternatively, WO 2008/141824 suggests that a purified furin may be suitable for

use as a reagent to promote processing of rVYWF.

Where the method of the invention is used to produce furin, it is preferred that the
cell culture supematant is maintained at a temperature that is set at 35.1£0.9°C,
25  preferably 35.1+£0.5°C, more preferably 35.1+£0.2°C and most preferably 35.1°C
and/or the pH is set at 7.15+0.05, preferably 7.15+0.03, more preferably
7.15+0.01, most preferably 7.15; and/or the cell culture supemnatant has a
dissolved CO; concentration of 1 to 10%, preferably 4.0 to 8.0%, more preferably
5.5 10 8.5%. Preferably, at least two of these parameters are within the preferred
30 limits, namely temperature and pH, temperature and dCO; or pH and dCO;. Most

preferably, all three parameters are operated within the preferred limits.
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The standard culture medium is a serum-, insulin- and oligopeptide-free medium based on the medium
disclosed in US 2007/0212770 (Grillberger et a/: Baxter International Inc.. Baxter Healthcare S.A.)
30Furin production CHO DUKX-B11 cells were transfected using the calcium phosphate
coprecipitation method, to introduce the furin gene. Cells were selected with DHFR medium without
hypoxanthine, thymidine and glycine. Production clone 488-3 was identified by subcioning and
selection in medium containing 100 nM methotrexate, followed by serum-free adaptation. The

standard cultureiﬁggdi m is.a se%Jm- insulin- an { (Iaigt%ﬁeg ide-free medium ba}ggg on the medium
n

disclosed in US 7 ﬁrﬁ%oo E i ﬁ)ae?gmef’ ar §f? Baxter bl Lérrenlgt%ﬁalt?r%?,d Baxter Healthcare S.A)

FVII production GO DUKX-B11 cells were transfected with a bicistronic vector to allow coexpression
of FVII and VKORC (vitamin K ep_oxi_de reductase complex). Gene expression is driven by the CMV
promoter, and anfAHEMY! rASbSeRHSE e ABSPERASEES (MIEOPR Tacied 'bétfied MABRIA gene and the
VKQRC gene Cdlilsimete trainsfegdteehusing diselcaitini. phbspNatd pseGfitatiowatheshod. The selection
medium containeg 2QQng/ LBy UiP BRI Sc8lemwans sitbsianed-updrseerubiiies conditions and a
high expressing subclonF 1E? was choEeQ a%lproddu{_:tiqn Q}Rne.. 1It:_ was se egted fs having

activity. relative, to wild-type f or VIT, actor varianfs having substaritia .
advantageous properties With regard to g grow?ﬂ, prodpuctlwty and staBﬂlty under dontinuous culture

conditions. Stabilft§diliet Bvaniatd PRIPHEAR IS ATE VR BhiRE TPeraTBstat mid8deThe standard
culture medium i&basedibis themigdurcemedipamsdisclosEd mlip8p6des 6,44dir (BrleaeAG), and contains,

inter ails, 2.5 g/L saydgentans and aemaLiibsalind Nacelligad= bbilyiaichp issdysaeothlordisk). 20
10 vyield their respective bioactive forms, which may be designated Factor Vlia.
Typically, Factor Vil is cleaved between residues 152 and 153 to yield Factor
Vila. The term "Factor VIl polypeptide” also encompasses polypeptides, including
variants, in which the Factor Vlla biological activity has been substantially
modified or somewhat reduced relative to the activity of wild-type Factor Vila.
15  These polypeptides include, without limitation, Factor VIl or Factor Vlia into which
specific amino acid sequence alterations have been introduced that modify or

disrupt the bioactivity of the polypeptide.

The biological activity of Factor Vlla in blood clotting derives from its ability to (i)
bind to Tissue Factor (TF) and (ii) catalyze the proteolytic cleavage of Factor IX or
20 Factor X to produce activated Factor IX or X (Factor [Xa or Xa, respectively).
Biological activity of Factor VII polypeptides ("Factor VI! biological activity”) may
be quantified by measuring the ability of a preparation to promote blood clotting
using Factor VI -deficient plasma and thromboplastin, as described, e.g., in U.S.
Pat. No. 5,997,864 or WO 92/15686. In this assay, biological activity is
25 expressed as the reduction in clotting time relative to a control sample and is
converted to "Factor VIl units" by comparison with a pooled human serum
standard containing 1 unitmL Factor Vil activity. Alternatively, Factor Vlia
biological activity may be quantified by (i) measuring the abiiity of Factor Vila (or
the Factor VIl polypeptide) to produce activated Factor X (Factor Xa) in a system
30 comprising TF embedded in a lipid membrane and Factor X (Persson et al., J.
Biol. Chem. 272:19919-19924, 1997); (i) measuring Factor X hydrolysis in an
aqueous system; (iil) measuring the physical binding of Factor Vlla (or the Factor
VIl polypeptide) to TF using an instrument based on surface plasmon resonance
(Persson, FEBS Letts. 413:358-363, 1997); (iv) measuring in vitro hydrolysis of a
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Standard processes used for FVIII production 5 L continuous culture Medium is pre-conditioned for
several hours in a CO2 incubator (5-15% COZ2) at Is 37 C. To establish the culture, at least one 1 ml
vial (107 CHO cells/m1) is defrosted and the cells diluted in 60 ml preconditioned medium in Roux
flasks (200 ml), and cultured in the CO2 incubator at 37 C. After about 3 days, the 60 ml culture is
added to 140 ml of fresh medium in 1 roller bottle (1.8L). The roller bottle is sparged with 15% CO2
and cultured at 37 C with rotation. After two 30 days, the cells are split 1/3 and cultured in 2 roller

bottles in fresh medﬂHerQC(sZL%gt‘[Qtlerg?it %rg)r;,]ﬂ(.fo Orrgl %%]ég‘[gng%p% d cgg:,r éf{!)%rt'rd)e%%%dé\fter two or three

further days, the Celis are again s ultured in a total of 6 roll es In fresh medium as

described abovegﬂﬁf?éi%é’gglﬁﬂﬁ B R JENOESREN AR BRI ABE BRYnTYY reached, the
1800 ml inoculunanggamouayaie date®Pedhe dilfAthAshitablbddiSprisdbh ditfandexddud@scribed above, and

cultured in the SLrhigreacter iy rdesstangdandiondiionssahedl hicreastomeywaainpH 7.2, a cell
density of 1.4 x1 mi.and a tem re of 37 r il e culture is
sparged with 502 %g\{/?ﬁgs z(i YBKEHJ %jb%‘%gé?zze% rz%‘ ag ?Etké} ‘cT)‘chil 8%(1\?3&%?/%%%2%? %;Qﬁdé? volume of culture
per hour). InoculGiFBRIECBPYHIRR B BTN GS ARRTERURIPYYOI! is obtained essentially as
described above in relation to the 5L continuous culture. However, the pool is arp roximately 5L, and is
obtained from in A8"AET IMKTHPBIRAMBSEREY THABIME AW BibPEAREP TS IRa&y fgﬁt&rsterilized before
the operation, andllaprierinatelyiast oot imediviprotder Mtadte et ifieBRNYTCpRsSPRRAIb@Slation. The
inoculum pool of appisxdnmatey,bbzistrarsfened oridheiponling tard tortebiareactor via a transfer

line to reacha tofg) cLIILEE NOWMES micRAARRTIYTASY dPhORGR G0l defipikipgaches .2 9x105
cellsimL, the culture 15is diluted (1;3) with medlah After 1to 3 more days, the c yotr:?gcentratlon again

reaches 9x105 cEIlsMY Ay ihE PSR bIHT R3E0T RS tﬂe‘f%fr igcrfé%a(t:?or i§ Carried out.
Expansion in the8ROLFBitsre¥ctispRge BRESPGBRERSaRYON S additieie af it aiEnii ZRSdWdfore the
operation, and 2@igmereximatelyngHingfamadiNacis2tr anafened 0dBRng20 poiondaenoculation. The

albumin. The amount of factor Xa generated is measured by addition of the
15 chromogenic substrate Z-D-Arg-Gly-Arg-p-nitroanilide (S-2765, Chromogenix,

Sweden), final concentration 0.5 mM. The absorbance at 405 nm is measured

continuously in a SpectraMax™ 340 plate. The absorbance developed during 10

minutes, after subtraction of the absorbance in a blank well containing no FVila,

may be used to calculate the ratio between the proteolytic activities of variant and
20 wild- type factor Viia:

Ratio=(A 405 nm factor Vila variant)/(A s om factor Vifa wild-type).

In a variation of this assay, FVII is determined. A thromboplastin is included.
FVIHl in the sample forms a complex with Ca2+ ions and tissue factor which
generates small amounts of FXa. The FXa activates FVil to FVlia.

25 A commercially available FVIl activity assay is the HEMOCLOT FVII reagent kit,
available from Aniara (Mason, OH) Cat. no. ACK081K in which clotting triggered

by a calcium thromboplastin is measured.

Factor VIl variants having substantially the same or improved biological activity
relative to wild-type Factor Vlla encompass those that exhibit at least about 25%,
30  preferably at least about 50%, more preferably at least about 75% and most
preferably at least about 90% of the specific activity of Factor Vlla that has been

produced in the same cell type, when tested in one or more of a clotting assay,
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inoculum of approximately 40L is transferred from the BR-40 bioreactor to the BR-320 bioreactor via a
transfer line to reach an initial culture volume of approximately 120L. Once the cell density reaches
9x105 cells/mt., the culture is diluted (1:3) with medium. After 3 to 6 days (total time), the cell
concentration 25again reaches ?_ 9x105 cells/mL, and the transfer of the inoculum to the 2500L
bioreactor is carried out. 2500L Bioreactor Build-up The inoculum of approximately 320L is
transferred from the BR-320 to the SRI 30bioreactor via a transfer line that already contained

approximately 630L of medium to reach gn initial culture volume of approximately 950L. Once the cell
Gonsty reaches SATLSIEIHRY: tha pOCIE s (PSP e A 248l me of

approximately 25RyiN Akstanglly 'adretBRPeirARICMEY CRRtvE AR Mt MRS T ageli #2 qBhes 9x105
cells/mL, and approsédniratedyhltibBEsahdneatnot Zhim rsdfenaslicizesl tranmatioet BR% tontine 8R2 bioreactor
that_contains app‘;%mggelysggma%ug%@iumd AdtRr gm@xv aRredmaisly 1958Lyf medium is added
o e SR TP BB RN 500k gl T ot

type when tesied in one or more of a clotting assay, proteolysis assay, or TF

binding assay as described above. Factor VIl variants having a substantially

modified biological activity relative to wild-type Factor Vil include, without

limitation, Factor VIl variants that exhibit TF-independent Factor X proteolytic

10 activity and those that bind TF but do not cleave Factor X. Varnants of Factor VII,

whether exhibiting substantially he same or better bioactivity than wild-type

Factor VI, or, altematively, exhibiting substantially modified or reduced bioactivity

relative to wild-type Factor VI, include, without limitation, polypeptides having an

amino acid sequence that differs from the sequence of wild-type Factor

15 VI by insertion, deletion, or substitution of one or more amino acids.

Non-limiting examples of Factor VIl variants having substantially the same
biological activity as wild-type Factor VIl include S52A-FVila, S60A-FVlla (Lino et
al., Arch. Biochem. Biophys. 352: 182-192, 1998); Factor Vila variants exhibiting
increased proteolytic stability as disclosed in U.S. Pat. No. 5,5680,560; Factor Vlia
20 that has been proteolytically cleaved between residues 290 and 291 or between
residues 315 and 316 (Mollerup et al., Biotechnol. Biceng. 48:501-505, 1995);
oxidized forms of Factor Vila (Kornfelt et al., Arch. Biochem. Biophys. 363:43-54,
1999); Factor VIl variants as disclosed in PCT/DK02/00189; and Factor Vi
variants exhibiting increased proteolytic stability as disclosed in WO 02/38162

2
i

(Scripps Research Institute); Factor Vll vanants having a modified Gla-domain
and exhibiting an enhanced membrane binding as disciosed in WO 99/20767
{University of Minnesota); and Factor Vil variants as disclosed in WO 01/58935
(Maxygen ApS).

Non-limiting examples of Factor VIl variants having increased biological activity
30  compared to wild-type Factor Vila include Factor VI variants as disclosed in WO
01/83725, WO 02/22776, WO 0§2/077218, WO 03/27147, WO 03/37932; WO
02/38162 (Scripps Research Institute); and Factor Vlla variants with enhanced
activity as disclosed in JP 2001061479 (Chemo-Sero-Therapeutic Res Inst.).

Non-limiting examples of Factor VIl variants having substantially reduced or
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10bioreactor reaches1.2x106 cells/mL. Approximately 1250L of medium per day is added in a
continuous mode to each bioreactor. The cell concentration is between 9x105 - 1.6x10 cells/mL in
each 2500L bioreactor. Multiple harvests of approximately 1250L/day/bioreactor are stored in sterile
bags at 2 - 8C. The culture is maintained for about 50-57 days in the chemostat mode. Under 15
standard conditions, the pH is set to 7.2, the temperature is set to 37C and the culture is sparged with
02 having a 10 pm bubble size at a rate of 0.02 VVH (volume of 02 per volume of culture per hour).

Similar Cu'“Vat'0%H&ﬁ%&%&@g&ﬁ@&%nu%péetésovmet%at%%@;f (R GRS PREREMY ADAMTS-13,
furin or FVII. Exa&%{l’&e 2. Effécts o various arameters n FVIII ‘%Fc\)ductlv[}y FVIII productivity

of the FVIII- and 989357 €58In g’ ?fﬁ%ﬂ‘gé’rf% TSy 6%5 gr?gédgﬁ?@x DHIBIE357E Helermined under
various culture cBmdifivas. 21pieepharitecexpefimétnd Heigt sHalcENddnSR§eaFddedfserature were
varied in a 5L 25sgaje1eantisaousoss)iure. Fackachisasairif eneamirabexperimmentisses pH 7.1, a cell

density of 1.4 xlgp %@/ﬁg@Qﬂgﬁgh%gm cell density was increased, the volumetric FVIII
productivity (U per litre per day), relative to the value for a cell density of 1.2 x106 cells/ml, increased

as follows: Cell %MXQ%;ID%@C%‘(?”SJWL/P,G{P%eBE)%Qphde may be purified from the medium
Purification of Factor VIl polypeptides may involve, e.g., affinity chromatography

on an anti-Factor VIl antibody column (see, e.g., Wakabayashi et al., J. Biol.

Chem. 261:11097, 1986; and Thim et al., Biochem. 27:7785, 1988} and activation

10 by proteolytic cleavage, using Factor Xla or other proteases having trypsin-like

specificity, such as, e.g., Factor IXa, kallikrein, Factor Xa, and thrombin. See,

e.g., Osterud et al., Biochem. 11:2853 (1972), Thomas, U.S. Pat. No. 4,456,591

and Hedner et al., J. Clin. Invest. 71:1836 (1983). Altematively, Factor Vil may be

activated by passing it through an ion-exchange chromatography column, such

15 as Mono Q® (Pharmacia) or the like.

Factor VIl or activated Factor VIl may be formulated and used it known ways.

For example, it may be used in treatment of bleeding in hemophiliacs.

Where the method of the invention is used to produce Factor Vi, it is preferred
that the cell culture supernatant is maintained at a temperature that is set at
20 36.5+0.9°C, preferably 36.520.5°C, more preferably 36.5+0.2°C and most
preferably 36.5°C and/or the pH is set at 7.20+0.05, preferably 7.20+0.03, more
preferably 7.28+0.01, most preferably 7.29; and/or the cell culture supernatant
has a dissolved CO, concentration of 1 to 10%, preferably 4.0 to 9.0%, more
preferably 5.5 to 8.5%. Preferably, at least two of these parameters are within
25 the preferred limits, namely temperature and pH, temperature and dCO; or pH
and dCO,. Most preferably, all three parameters are operated within the

preferred limits.

The present invention will be further illustrated in the following examples, without

any limitation thereto.
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increase in cell density Productivity increase (k) 1.2 - 1.4 1743 1.6 3351 1.8 50

30

Example 1; basic cell culture

FVII production

Typical cultures are established in bioreactors, using a subclone of the 10A1C6
CHO cell line transformed to co-express Factor VIll and von Willebrand Factor
described in Kaufman et al (1989) Mol. Cell. Biol. 9:1233-1242 and US 5 250
421. The particular subclone was obtained by adaptation to a standard medium

that does not contain animal-derived products, and subcioning in a microplate.

The standard culture medium is:

DMEM/Ham’s F12 50/50 11.76 g/kg
to which was added:

L-glutamine 0.6 g/kg
Ethanolamine 1.53 mg/kg
Synperonic F68 0.25 g/kg
NaHCO; 2 g/kg

Soya peptone 4 g/kg
CuS0,.5H,0 17.02 mg/kg

The basal DMEM/Ham's F12 50/50 medium contains 1.3 mg/kg Cu®" sufficient for
the complete medium to contain 4.3 ppb Cu®".

ADAMTS-13 production

CHO DUKX-B11 cells were transfected using the calcium phosphate
coprecipitation method, to introduce the ADAMTS-13 gene. Cells were cultured
under neomycin selection conditions and were selected after methotrexate and
G418 treatment. After serum-free adaptation, celis were subcioned and subclone

640-2 was chosen as production cione.

The standard culture medium is a serum-, insulin- and oligopeptide-free medium
based on the medium disclosed in US 2007/0212770 (Grillberger et al, Baxter

interational Inc., Baxter Healthcare S.A.)

Furin production

CHO DUKX-B11 cells were transfected using the calcium phosphate
coprecipitation method, to introduce the furin gene. Cells were selected with

DHFR medium without hypoxanthine, thymidine and glycine. Production cione
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652.067 732.283742.410076 2.6 117 49 Hence, a substantial increase in productivity could be
achieved by increasing cell density. This could not have been predicted, since increasing cell density
can

488-3 was identified by subcloning and selection in medium containing 100 nM

methotrexate, followed by serum-free adaptation.

The standard culture medium is a serum-, insulin- and oligopeptide-free medium
based on the medium disclosed in US 2007/0212770 (Grillberger et al; Baxter

5 Intemnational inc., Baxter Healthcare S.A.)

FVIl production

CHO DUKX-B11 cells were transfected with a bicistronic vector to allow
coexpression of FVII and VKORC (vitamin K epoxide reductase complex). Gene
expression is driven by the CMV promoter, and an internal ribosomal entry site
10 (IRES) is located between the FVil gene and the VKORC gene Cells were
transfected using the calcium phosphate precipitation method. The selection
medium contained 200pug/ml hygromycin B. Cells were subcloned under serum-
free conditions and a high expressing subclone 1E9 was chosen as production
clone. 1E9 was selected as having advantageous properties with regard to
15 growth, productivity and stability under continuous culture conditions. Stability

was evaluated for a period of two months in chemostat mode.

The standard culture medium is based on the cullure medium disclosed in
US 6,936,441 (Baxter AG), and contains, inter alia, 2.5 g/L soy peptone and 5

mg/L insulin (Nuceliin®; Eli Lilly or Novolin®, Novo Nordisk).

20
Standard processes used for FVIII production

5 L continuous culture
Medium is pre-conditioned for several hours in a CO, incubator (5-15% CO;) at
25 37 °C. To establish the culture, at least one 1 m! vial (10’ CHO cells/ml) is
defrosted and the cells diluted in 60 ml pre-conditioned medium in Roux flasks
(200 ml), and cultured in the CO, incubator at 37 °C. Afier about 3 days, the 60
mi culture is added to 140 ml of fresh medium in 1 roller bottle (1.8L). The roller
bottle is sparged with 15% CO, and cultured at 37 °C with rotation. After two
30 days, the cells are split 1/3 and cultured in 2 roller bottles in fresh medium (200
ml medium + 100 mi culture = 300 ml per roller bottle). After two or three further
days, the cells are again split 1/3 and cultured in a total of 6 roller bottles in fresh

medium as described above. Once the required cell density of approximately 1 x

28



reduce the productivity per cell. Moreover, at certain cell densities, the increase 5in productivity was
found to be greater than the increase in cell density, which is even more surprising. pH was increased
to 7.2 by altering the sparge parameters. In the control vessel at pH 7.1, the culture was sparged with
-02 having a 10 pm bubble size at a rate of 0.25 VVH (volume of 02 per volume of culture per hour). In
the test vessel at 10 pH 7.2 the culture was sparged with air having a 10 pm bubble size at a rate of
1.25 \NH (volume of air per volume of culture per hour). By increasing the pH from 7.1 to 7.2. the

productivity could e I (ggfrﬁﬂﬁgaamwné&/slm%yo&wwwggn%g@g@me@un%é&qm 36 10 36C, the

product|V|ty Increase about Example 3 influence of cell sity and copper concentration

on FVIII productiVf§ ?Vﬂl%?ﬁ?fﬁﬁﬁ@ﬁff ot ﬂ?@CMI DG RRE KRS S Ay C cean:((ﬂone described in
Example 1 was déndensiaedruhetadijentotis éUIhﬂ@Wdﬁl@ﬂ@!tAbeﬁtr@Fe’hﬁﬂ?@tMs‘ dperated at pH 7.1,
37C, 4ppb Cu2+ amnél @icel dansitenictAxd 06 Iels/ mhdeompasativenctitivy esevareuin at pH 7.2 and

36C. In one e el eBsiigs neFRsesbio 04l 00 selmlaytinaniber 1 was increased

to 2.0x106 mcells/m In a third Culture, the cell density was 2.0x106 cells/nil and the copper
O, per volume of culture per hour).

inoculum Build-Up in the 40L Bioreactor

An inoculum pool is obtained essentially as described above in relation to the 5L

continuous culture. However, the pool is approximately 5L, and is obtained from
10 18 rather than 6 roller bottles. The BR-40 bioreactor is cleaned and sterilized

before the operation, and approximately 8L of medium is transferred to BR-40

prior to inoculation. The inoculum pool of approximately 5L is transferred from

the pooling tank to the bioreactor via a transfer line to reach a total culture volume

of approximately 13L. Once the cell density reaches > 9x105 celis/ml., the culture

15 s diluted (1:3) with media. After 1 to 3 more days, the cell concentration again

reaches > 9x105 cells/mL, and the transfer of the inoculum to the 320L bioreactor

is carried out.

Expansion in the 320L Bioreactor

The BR-320 bioreactor is cleaned and sterilized before the operation, and
20  approximately 80L of medium is transferred to BR-320 prior to inoculation. The
inoculum of approximately 40L is transferred from the BR-40 bioreactor to the
BR-320 bioreactor via a transfer line to reach an initial culture volume of
approximately 120L. Once the cell density reaches > 9x1 O5 cells/mL, the culture
is diluted (1:3) with medium. After 3 to 6 days (total time), the cell concentration
25  again reaches 2 9x10° cells/mL, and the transfer of the inoculum to the 2500L

bioreactor is carried out.

2500L Bioreactor

Build-up
The inoculum of approximately 320L is transferred from the BR-320 to the BR1
30 bioreactor via a fransfer line that already contained approximately 630L of

medium to reach an initial culture volume of approximately 950L. Once the cell
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concentration was increased from 4ppb to appb. Results: by reducing the temperature, increasing the
pH and increasing the cell density to 1.6 x106 cells/m1 (an increase of 14%), the FVIII productivity
increased by 41-50%. A further increase in cell density to 2.0x106 cells/ml (43%) gave an Is increase
in productivity (compared to the control culture) of 39-77%. When the copper in a 2.0x106 cells/ml
culture was increased to 6ppb, the productivity (compared to the control culture) was increased by
48-98%. Hence, by raising the pH slightly, decreasing the temperature slightly, increasing the cell
density by only 43% and increasing the copper concentration by 50% the 20FVIII productivity can be

almost doubled. EZARIRED AN LeGH LB BRI AR P EHSE GorRL el BBV F productivity
25Example 3 wa§napehireel dusnbrexiohiehed300WFABeoduttivitgaxastetr distredhAcdlle x106 cells/m1

and 4ppb copper (366 Bidf - 23 e aductivitoVasidat Yo,qf e EanRl, Al sd? 5HoR,cells/ml and 6ppb

copper the productivity was 182%. Hence, again_substantial increases in e{Jroductlvit can be achieved

by making seemiligfy'&fhat EABHEEE i g Pro&RE KarkniBfk PrrRanisids! iffiidRte of cell density,
pH and dap FV1arppriserieliVispf eheddiom- AfgriarriexsressiitpeM O Bel eiomdidescribed in
Example 1 was deteggaines sisresitsraBRS tollbdea conGitli@uturb | Rdbiscespepiraatiag cell density was
increased from 141106 cells/m | to 2.03x106 cells/ml, the pH was increased from 7.1 to 7.2 and the
dCO2 concentration was reduced from 9.5% to 6.2%. The volumetric FVIII productivity (1U per litre per
day) increased by 98% and the specific FV111 productivity (1U per million cells per day) increased by
36%. T

The ‘chemostat’ culture mode is started as soon as the cell concentration in each
8
10  bioreactor reaches > 1.2x10 cells/mL. Approximately 1250L of medium per day

is added in a continuous mode to each bioreactor. The cell concentration is

between S)x105 - 1.8x106 cells/mL in each 2500L bioreactor. Multiple harvests of
approximately 1250L/day/biocreactor are stored in sterile bags at 2 - 8°C. The
culture is maintained for about 50-57 days in the chemostat mode. Under
15 standard conditions, the pH is set to 7.2, the temperature is set to 37°C and the
culture is sparged with O, having a 10 ym bubble size at a rate of 0.02 VVH

{volume of O, per volume of culture per hour).

Similar cultivation methods are also applicable to the culture of CHO cells
expressing ADAMTS-13, furin or FVIL

Example 2: Effects of changing various parameters on FVIII productivity

FVIll productivity of the FVIIl- and vWF-expressing CHO cell clone described in

Example 1 was determined under various culture conditions.

In separate experiments, the pH, cell density and temperature were varied in a 5L
25  scale continuous culture. in each case, the control experiment used pH 7.1, a
cell density of 1.4 x10° cells/ml and 37°C.

When the cell density was increased, the volumetric FVIII productivity (IU per litre
per day), relative to the value for a cell density of 1.2 x10° cells/ml, increased as

follows:
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10 Example 6: Influence of pH and temperature on furin production Furin expressing CHO cells were
cultivated in 2.5L bioreactors in chemostafic mode. The cell density was maintained at an average of
between 1.52 x106 and 1.78x106 cells/ml for individual cultures over 5 cultivation days. Dissolved
oxygen 15 was controlled in all experiments at a set-point of 20% air saturation. Dissolved CO2
concentration was maintained between 5%-6% by overlaying the headspace of the bioreactors with
CO2. By means of the "design of experiments method", different temperatures were combined with

different pH values to ascertain the-conditions-whiech resuu tH-26-ma ....w.. yolumetric productivity of
furin. Five temperatures were cambined with thrje pﬁ' AR acde cﬂﬁ% Yo%¥he "Doehlert Matrix",
resulting in seven combinations jof teanpisdisye andiprreasséMows: iFgRMENntation lot Temp (C) pH 1
35.17.202 (x10° cells/ml) cell density (%)

1.2 - -

1.4 17 43

1.6 33 51

1.8 50 65

2.0 67 73

2.2 83 74

24 100 76

2.6 117 49

Hence, a substantial increase in productivity could be achieved by increasing cell
density. This could not have been predicted, since increasing cell density can
reduce the productivity per cell. Moreover, at certain cell densities, the increase
5 in productivity was found to be greater than the increase in ceil density, which is

even more surprising.

pH was increased to 7.2 by altering the sparge parameters. In the control vessel
at pH 7.1, the culture was sparged with O, having a 10 ym bubble size at a rate
of 0.25 VVH (volume of O, per volume of culture per hour). In the test vessel at

10 pH 7.2 the culture was sparged with air having a 10 ym bubble size at a rate of
1.25 VVH (volume of air per volume of culture per hour). By increasing the pH
from 7.1 to 7.2, the productivity could be increased by about 16%.

By lowering the temperature from 37°C to 36°C, the productivity increased by
about 22%.
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35.87.10335.87.30436.57.201536.57.206 37.27.107 37.2

20

25

Example 3: influence of cell density and copper concentration on FVIil

productivity

FVIII productivity of the FVIIl- and vWF-expressing CHO cell clone described in

Example 1 was determined under various culture conditions.

A control culture was operated at pH 7.1, 37°C, 4ppb Cu®* and a cell density of
1.4x10° cells/ml.

Comparative cultures were run at pH 7.2 and 36°C. In one culture the cell density
was increased to 1.6x10° cells/ml and in another it was increased to 2.0x10°
celis/ml. In a third culture, the cell density was 2.0x10° cells/m! and the copper

concentration was increased from 4ppb to 6ppb.

Results: by reducing the temperature, increasing the pH and increasing the cell
density to 1.6 x10° cells/ml (an increase of 14%), the FVIil productivity increased
by 41-50%. A further increase in cell density to 2.0x1 0° cells/ml (43%) gave an
increase in productivity (compared to the control culture) of 38-77%. When the
copper in a 2.0x10° cells/ml culture was increased to 6ppb, the productivity

{compared to the contro! culture) was increased by 48-98%.

Hence, by raising the pH slightly, decreasing the temperature slightly, increasing
the cell density by only 43% and increasing the copper concentration by 50% the
FVIll productivity can be almost doubled.

Example 4: influence of cell density and copper concentration on vWF

productivity

Example 3 was repeated but the volumetric vVWF productivity was measured. At
1.6 x10° cells/m! and 4ppb copper (36°C, pH7.2) the productivity was 124 % of the
control. At 2.0 x10° cells/m! and 6ppb copper the productivity was 182%.

Hence, again substantial increases in productivity can be achieved by making

seemingly small changes in the process parameters.
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7.30 Fermentation lot Temp (*C) pH 8 37.9 7.20 The combination of 36.5C and pH 7.20 was chosen
as the center point, which was applied to two fermentation lots (4 and 5 in the above table). The data,
including volumetric and specific productivity, and growth rate, were analyzed statistically with the
Response Surface Methodology (RSM), using the "Minitab" software. Temperature, but not pH,
significantly influenced growth rate, with a maximum for the growth rate occurring at 36.5C. By
decreasing the temperature from 37C to 35.1C, the volumetric productivity could be raised by
approximately 2.7-fold. IC A similar trend was seen for specific productivity. This is a surprising result,
as it might have been expected that the maximum volumetric productivity would be observed at the

temperature at which growth rate was maxir aI.Jhei ence of the pH for specific and volumetric
productivit_y was Elxam G Brmisence brelldenl ) s - 0.1. A slightly higher productivity was
observed in the lpwerpRiduaR@eol theof Vil 2l (/B2 piebsity @D cdi0cind de2f)pehanefore pH 7.15 was
selected as Set'p@)!%wt% fWin RLRAMEHEMnder various culture conditions.

5 In this experiment, the cell density was increased from 1.41x10° cells/ml to
2.03x10% cells/ml, the pH was increased from 7.1 to 7.2 and the dCO,

concentration was reduced from 9.5% to 6.2%.

The volumetric FVIll productivity (IU per litre per day) increased by 98% and the
specific FVIll productivity (IU per million cells per day) increased by 36%.

Example 8: Influence of pH and temperature on furin production

Furin expressing CHO cells were cultivated in 2.5L bioreactors in chemostatic
mode. The cell density was maintained at an average of between 1.52 x1 0°® and
1.78x10° cells/m! for individual cultures over 5 cultivation days. Dissolved oxygen
15 was controlled in all experiments at a set-point of 20% air saturation. Dissolved
CO, concentration was maintained between 5%-6% by overlaying the headspace

of the bioreactors with CO,.

By means of the “design of experiments method”, different temperatures were
combined with different pH values to ascertain the conditions which result in
20 maximum volumetric productivity of furin. Five temperatures were combined with
three pH values according to the “Doehlert Matrix”, resulting in seven

combinations of temperature and pH as follows:

Fermentation lot | Temp (°C) pH

1 35.1 7.20
2 35.8 7.10
3 35.8 7.30
4 36.5 7.20
5 36.5 7.20
6 37.2 7.10
7 37.2 7.30
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Example 7: Influence of dCO2 on furin production Two fermentation runs were carried out in parallel in
hemostat mode in 2.5L 20 bioreactors, one run with a CO2 concentration of approximately 7.5% and
the other with a CO2 concentration of approximately 12%. The CO2 concentration was adjusted by
varying the CO2 fraction in the head space flow. The fermentations were carried out at 37 C, at a pH
of 7.15 and with a p02 of 20%. The cell count was approximately 1.07x106 cells/ml over 12 days in the
high CO2 25culture, and 1.49x106 cells/m1 in the low CO2 culture. Reducing the CO2 concentration
from 12% to 7.5% had the-effect-of-increasing-the-velumetrie productivity by approximately 2.78-fold
and the specific productifesmentatimidoCellTgromttCiate wattalso higher |n the low CO2 culture.
Example 8: Influence of pHand temperatuge en FVIT praduggion FVITexpressing CHO cells were
cultivated in 2.5L bioreaetersinr-chemeostatic-mode,-where-the-cell-density was maintained at an
average of about 2.5 x106 5 cells/ml (between 2 x106 and 3 x106 cells/m1) for individual cultures over
4 cultivation weeks. Dissolved oxygen was controlled in all experiments at a setpoint of 20% air
saturation. DissoNedc@®d2aoncd i o reagas-hTazAtaiee chbetivee thd Zees iyndbwetlelying the

headspace of theshinignetatstvitiarmentatBY Ieansoefthangesigaabiexperiments method”, different
temperatures were in combined with different pH values to ascertain the conditions which result in

maximum volumetic i dietivify blaMbrid RiredemerabaiREMerse yRwRedtythaeree pH values
according to the "D‘?ezg'%ga Bﬁ%ﬁ;’ R R NG QR FHARSBIE TSRS g HePH as follows:

. na
Fermentation lot ﬁ'er‘rﬁ
“Minitab” software.

Temperature, but not pH, significantly influenced growth rate, with a maximum for
the growth rate occurring at 36.5°C. By decreasing the temperature from 37°C
to 35.1°C, the volumetric productivity could be raised by approximately 2.7-fold.
10 A similar trend was seen for specific productivity. This is a surprising result, as it
might have been expected that the maximum volumetric productivity would be
observed at the temperature at which growth rate was maximal. The influence of
the pH for specific and volumetric productivity was minor in the investigated range
of 7.20 +/- 0.1. A slightly higher productivity was observed in the lower pH range
15 of 7.15 +/-0.05 (or between 7.10 and 7.20), therefore pH 7.15 was selected as

set-point for furin production.

Example 7: Influence of dCO, on furin production

Two fermentation runs were carried out in parallel in chemostat mode in 2.5L
20  bioreactors, one run with a CO, concentration of approximately 7.5% and the

other with a CO, concentration of approximately 12%. The COQO, concentration

was adjusted by varying the CO, fraction in the head space flow. The

fermentations were carried out at 37 °C, at a pH of 7.15 and with a pO, of 20%.

The cell count was approximately 1.07x10° cells/ml over 12 days in the high CO,
25 culture, and 1.49x10° celis/mi in the low CO, culture.

Reducing the CO, concentration from 12% to 7.5% had the effect of increasing
the volumetric productivity by approximately 2.78-fold and the specific productivity

by 2-foid. Celi growth rate was aiso higher in the low CO, culture.
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36.07.152 36.0 7.25 3 36.57.20 4 37.0 7.15 537.0 7.25 The mean maximum volumetric kinetic
productivity was achieved at 36.5 C and a pH setpoint of 7.20. There was a positive interaction of the
parameters, such that the result of optimising both parameters was greater than the combined effects
of optimising each parameter individually. Example 9: Influence of dCO2 on FVII production The effect
of four different CO2 concentrations (5.0, 6.3, 7.6 and 8.9%) on FVII productivity was tested in small
scale continuous culture.

Exampie 8: Influence of pH and temperature on FVII production

FVII expressing CHO cells were cultivated in 2.5L bioreactors in chemostatic
mode, where the cell density was maintained at an average of about 2.5 x10°
5 cells/ml (between 2 x10° and 3 x10° cellsiml) for individual cultures over 4
cultivation weeks. Dissolved oxygen was controlied in all experiments at a
setpoint of 20% air saturation. Dissolved CO, concentration was maintained
between 4%-7% by overlaying the headspace of the bioreactors with CO,.

By means of the “design of experiments method”, different temperatures were
10  combined with different pH values to ascertain the conditions which result in
maximum volumetric productivity of FVIl. Three temperatures were combined
with three pH values according to the “Doehlert Matrix”, resulting in five

combinations of temperature and pH as follows:

Fermentation lot Temp (°C) pH
1 36.0 7.15
2 36.0 7.25
3 36.5 7.20
4 37.0 7.15
5 37.0 7.25
15
The mean maximum volumetric kinetic productivity was achieved at 36.5 °C and
a pH setpoint of 7.20. There was a positive interaction of the parameters, such
that the result of optimising both parameters was greater than the combined
effects of optimising each parameter individually.
20

Example 9: influence of dCO, on FVII production

The effect of four different CO, concentrations (5.0, 6.3, 7.6 and 8.9%) on FVIi

productivity was tested in small scale continuous culture.
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Cells were cultivated until chemostat day eight, and then transferred into 2.5 L Rushton Bioreactors
and cultivated under continuous conditions at pH 7.20 and 36.5C for almost four weeks. Data from
only the last three weeks were analysed due to the necessary equilibration to the different CO2
concentrations during the first week. CO2 levels were controlled by off line measurement and addition
of CO2 into the headspace of the bioreactors. The recorded cell densities varied from 2.36x106
cells/ml at a CO2 level of 8.9% to 2.87x106 cells/ml at 5.0%. The growth rates for the same range are

0.42 crl and 0.4 .. Incr ifi e | ith 10 increased
specific producti\%élssyv‘?'ﬁe(g@g%%gﬂﬁ‘g&e%gﬁs@%?é 2ecf (gjﬁr‘f,t ’g%\gﬁ%rga%@riﬁ%ggi?%ductivity resulted
centrati

in a substantial RSB RIRSRATR N SYiARAY R e ALY FRRETRE 2L n from 8.9% to 5
% increases the 8p&tifiorgrownshivatwéskst 70atatfiespelyifie fredues vseks e efb e volumetric
kinetic productivitudy 359heds xaapIBLEoANY tenaeratie TpLtatdsataitns HwngBAMTS-13

procuction Transiaelge £HO, R EXRIESIRRIEs A BiNAY ARANELHPadted in chemostat

cultures in 1.5L bioreactors. In a first e>§§)e(:r[men£, and temperature were set to different setpoints in
the 20 range of 38 {3238 SRR L1058 Y6 °Samples from the steady state were analyzed for cell

count and ADAMTS-13 expression by ELISA, . and.dil tjI gﬁ}g/s frqmg@ ?h%mq tg.;/cultures were
measured to ca%%tréact%ré%rg?)vt ¥y %H%P\e;%lfﬂ%‘e%cfi%cg fb\%A MTom3 gxpréses\llon(.) 'nc_?g the optimum was

found to be at théoR#¥ 1RrpisHP LAk TREGIgHS FEvEN des Hidhexiramienrdsvae 8¢2ud with a ->s
temperature rangadros® 35 t0I37& s dspdifit. @botah/ rates aat doda P ierel arvamigiated fvdm the steady state.

Cell densitieg, ranggeh i Jedic blobuckOResellshnkdmpuMpsiconteplted, by Qvemayig the headspace
with CO2 to reach g dissplved CO2 concentration, of 4-69 . riments were
ang [ ?%EY res&l%ra n g%ubg{anl\t}]g!/gff%ct 09%%1:‘;8{333 %PJEL%R?

. d .
normalized and anal;fﬁetgl '?Jgfﬂgu% atlstical 30software Minita Specific growth rate was found to have

its optimum at deécﬁegggd G %d{%@%@n%@&(%ﬁm%@@t&oﬁ PRk Lem PR apdic The effect of

temperature on growt rate was weak. . . N
growth rate by 17%, the specific productivity by 10% and the volumetric kinetic

productivity by 35%.
15

Example 10: Influence of temperature and pH on ADAMTS-13 production

Transfected CHO cells expressing recombinant ADAMTS-13 were cultivated in

chemostat cultures in 1.50L bioreactors.

In a first experiment, pH and temperature were set to different setpoints in the
20 range of 36°C to 38°C and pH 7.10 to 7.30. Samples from the steady state were
analyzed for cell count and ADAMTS-13 expression by ELISA, and dilution rates
from the chemostat cultures were measured to calculate the growth rate and
volumetric ADAMTS-13 expression. Once the optimum was found to be at the
outer range of the design space, a second experiment was set up with a
25  temperature range from 35° to 37°C and pH 7.05 to 7.15, and data were analyzed
from the steady state. Cell densities ranged from 1.17-1.71 x10°% cells/ml. CO,
was controlled by overlaying the headspace with CO, to reach a dissolved CO;

concentration of 4-6%.

Data from both experiments were normalized and analyzed using statistical

30 software Minitab.
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Volumetric productivity was found to have its optimum at pH 715 and 36.0C. Despite the weak effect of
temperature on growth rate, there was a relatively strong effect of temperature on volumetric
productivity, Assuming a constant temperature of 37C, the effect of raising pH from 7.10 to 7.15 was to
increase volumetric productivity by 10%. Assuming a constant pH of 7.10, the effect of decreasing
temperature from 37C to 36C was to increase io volumetric productivity by 14%. The overall effect of
changing conditions from pH 7.10 and temperature of 37C to pH 7.15 and temperature of 36C was to

increase Volume%&ﬁe KRl iR 430nd REnSONIRESIRT AN sEfereneasiied hergingre included by

reference. CLAI ua:L iaﬁgnn(‘at%(}:{qocr)f ﬁugt‘érk” heterologous rote% -secre mggnarrc})mgllan cells in a cell

e rature. € effeCt Of temperature on gr .
culture supernatgn wherein the cell culture supernatant I1s malntalne%ﬁﬁ a temBerature that is set at

X0.9C, wherein Yelea¥2a wedle of from 35.1 to 36.5, with the proviso that the temperature is set at less

than 37C. 2. A method according to Claim 1 wherein the temperature is set at 360.9C. 3. A method

according to ClaifemeeRiRfvH i AR faretfs have A1SsBe £1 RMnelR M 4c€dtding to Claim 1
wherein the tem pespiteréhis weakat 860 J QerBpeiatnestvodasevdr ditry theGlaias B vitehedly the temperature
is set at 36 C. 10:pohgramikiesaasensding do laimatdc wheretnithe temperature is set at 35.10.9 C.

Assuming a constant temperature of 37°C, the effect of raising pH from 7.10 to
7.15 was to increase volumetric productivity by 10%. Assuming a constant pH of
7.10, the effect of decreasing temperature from 37°C to 36°C was to increase
10 volumetric productivity by 14%. The overall effect of changing conditions from pH
7.10 and temperature of 37°C to pH 7.15 and temperature of 36°C was to

increase volumetric productivity by 24%.

The contents of all references cited herein are included by reference.
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7. A method according to Claim 1 wherein the temperature is set at 35.10.5 C. 8. A method according
to Claim 1 wherein the temperature is set at 535.10.2C. 9. A method according to Claim 1 wherein the
temperature is set at 35.1 C. 10. A method according to Claim 1 wherein the temperature is set at
36.50.9 C. 11. A method according to Claim 1 wherein the temperature is set at 2036.50.5 C. 12. A
method according to Claim 1 wherein the temperature is set at 36.50.2 C. 13. A method according to
Claim 1 wherein the temperature is set at 36.5 C. 14. A method of culturing heterologous
protein-secreting mammalian cells in a 25cell culture supernatant wherein the cell culture supematant
is maintained at%#él-m%at is set at X0.05 wherein X has a value of from 7.15 to 7.20, with the proviso

that the pH is set at greater than 7.10. 15. A method according to Claim 14 wherein the pH is set at

7.200.05.  16.A mRtRBHSIGTHIHY RIS MRIRTSaTERN Basuralier. 988-10.63. 517. A method
according to Claim 14siheiemn tieephdtmiseherkin. 280d@1 .cliBuré sugthethacsordinigitedClaim 14 wherein

the pH is set at 7.20. 3% R+peihod acrdingdRCleia IAdereidhe akb isr sekads1150.05.

5 to 36.5, with the proviso that the temperature is set at less than 37°C.
2. A method according to Claim 1 wherein the temperature is set at 36£0.9°C.
3. A method according to Claim 1 wherein the temperature is set at 36+0.5°C.
4. A method according to Claim 1 wherein the temperature is set at 36+0.2°C.
5. A method according to Claim 1 wherein the temperature is set at 36 °C.

10 6. A method according to Claim 1 wherein the temperature is set at
35.1£0.9 °C.

7. A method according to Claim 1 wherein the temperature is set at
35.1+0.5 °C.

8. A method according to Claim 1 wherein the temperature is set at
15 35.1£0.2 °C.

9. A method according to Claim 1 wherein the temperature is set at 35.1 °C.

10. A method according to Claim 1 wherein the temperature is set at
36.5+0.9 °C.

11. A method according to Claim 1 wherein the temperature is set at
20 36.5+0.5 °C.

12. A method according to Claim 1 wherein the temperature is set at
36.5+0.2 °C.

13. A method according to Claim 1 wherein the temperature is set at 36.5 °C.

14. A method of culturing heterologous protein-secreting mammalian cells in a

25 cell culture supernatant wherein the cell culture supematant is maintained
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20. A method according to Claim 14 wherein the pH is set at 7.150.03. 21. A method according to
Claim 14 wherein the pH is set at 7.150.01. 22. A method according to Claim 14 wherein the pH is set
at 7.15. 23. A method of culturing heterologous protein-secreting mammalian cells in a cell culture
supernatant wherein the cell culture supernatant has a dissolved CO2 concentration of 1 to 10%.

24. A method according to Claim 23 wherein the CO2 concentration is 4.0 to 159.0%. 25. A method
according to Claim 23 wherein the CO2 concentration is 5.5 to 8.5%. 26. The method of Claim 23

wherein the cell culture su 0 tant '&s iBt@gn%d at a)Eq‘mggratpre t‘hfat is;.% gt ;(9 9C wherein X has
h AR - \20;
a value of from 35.1 tég 365, with the p?rowso thvétetrﬁéntemgerafﬁr%elg set at less than 37C. 27. A

method according to *&itHeAAAR Feahtis @R AARIRRTR 880t ¥50.9C. 28. A method according to
Claim 26 wherein the temperature is set at 35.10.9C. 2529. A method according to Claim 26 wherein
the temperature iset*dPSBE80TOENBIE. FHE fethistEBrea&iiisse 813r6%MRerein the cell culture
supematant is maintained at a pH that is set at X0.5 wherein X has a value of from 7.15 to 7.20, with
the proviso that the pih RefOfRcerEline i1y fovieiemiRe pidthed 8f afFPRceding claim wherein the
cell culture supernatant is buffered with bicarbonate. 32. The method of any preceding claim wherein
the supernatdnt ié%pé‘r@@ﬂ‘?ﬁﬂ?%ﬁf‘.’mg to Claim 14 wherein the pH is set at 7.20+0.01.

18. A method according to Claim 14 wherein the pH is set at 7.20.

19. A method according to Claim 14 wherein the pH is set at 7.15+0.05.

20. A method according to Claim 14 wherein the pH is set at 7.15£0.03.

21. A method according to Claim 14 wherein the pH is set at 7.15+0.01.
10 22. A method according to Claim 14 wherein the pH is set at 7.15.

23. A method of culturing heterologous protein-secreting mammalian cells in a
cell culture supernatant wherein the cell culture supematant has a dissolved

CO, concentration of 1 to 10%.

24. A method according to Claim 23 wherein the CO, concentration is 4.0 to
15 9.0%.

25. A method according to Claim 23 wherein the CO, concentration is 5.5 to
8.5%.

26. The method of Claim 23 wherein the cell culture supernatant is maintained
at a temperature that is set at X+0.9°C wherein X has a value of from 35.1

20 to 36.5, with the proviso that the temperature is set at less than 37°C.

27. A method according to Claim 26 wherein the temperature is set at
36+0.9°C.

28. A method according to Claim 26 wherein the temperature is set at
35.1+0.9°C.

25  29. A method according to Claim 26 wherein the temperature is set at
36.5+0.9°C.
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33. The method of any preceding claim wherein the cell density is 1.0x106 to 5.0x106 cells/m I. ri34.
The method of Claim 33 wherein the cell density is 1.0x106 to 3.5x106 cells/mt 35. The method of
Claim 34 wherein the cell density is 1.4x106 to 2.8x106 cells/ml. 36. The method of Claim 35
wherein the cell density is 1.6x106 to 2.6x106 15cells/ml. 37. The method of Claim 36 wherein the cell
density is 1.8x106 to 2.4x106 cells/ml. 38. The method of any preceding claim wherein the
heterologous protein is a blood protein. 2039. The method of any one of Claims 2, 15 or 23 wherein

the blood protein ig Fagior\ihed!Gr ERemeto ok Cla A%MNaiein e EasiRLIll s co-expressed

with von Willebrand Factor. 41. The method of angfér"ecedin claim wherein the concentration of

Cu2 in the 25cell cultdF8SaPed AR5t a2 ® Fbt° 4557 HEh B I B1SILIA™ { Wherein the cu2:
concentration is at lea§t7720 &/jth the pEsisihat 48 ok i s Gt eeaierdiag 1d ny one of Claims 2, 19 or 23

wherein the blood protein is ADAMTS-13.
31.  The method of any preceding claim wherein the cell culture supernatant is

5 buffered with bicarbonate.

32. The method of any preceding claim wherein the supematant is sparged with

air.

33. The method of any preceding claim wherein the cell density is 1.0x10° to
5.0x10° cells/mi.

10 34. The method of Claim 33 wherein the cell density is 1.0x10° to 3.5x10°
cells/mi.

35. The method of Claim 34 wherein the cell density is 1.4x10° to 2.8x10°
celis/ml.

36. The method of Claim 35 wherein the cell density is 1.6x10° to 2.6x10°

15 celis/ml.

37. The method of Claim 36 wherein the cell density is 1.8x10° to 2.4x10°
celis/ml.

38. The method of any preceding claim wherein the heterologous protein is a

blood protein.

20 39. The method of any one of Claims 2, 15 or 23 wherein the blood protein is
Factor VIl

40. The method of Claim 39 wherein the Factor Vill is co-expressed with von
Willebrand Factor.

41. The method of any preceding claim wherein the concentration of Cu®* in the

25 cell culture supernatant is at least 5 ppb.

42.  The method of Claim 41 wherein the Cu®* concentration is at least 7, 10, 15

or 25 ppb.
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44. A method according to any one of Claims 6, 19 or 23 wherein the blood protein is furin 545. A
method according to any one of Claims 10, 15 or 23 wherein the blood protein is Factor VII. 46. The
method of any preceding claim wherein the mammalian cell is a rodent cell, such as a CHO cell or a
BHK cell. 47. The method of any preceding claim wherein the culture is a batch culture. 48. The
method of any of Claims 1 to 45 wherein the culture is a fed-batch culture. 49. The method of any of
Claims 1 to 45 wherein the culture is a continuous culture, particularly a repeated batch, chemostat or

turbidostat culturg:s30,A,RRoR halilaa Fagos Wliegreling mammalian celisdp a vessel 1S
comprising a cell culture supematant wherei the ensity of the cells’in the cell cu fre supernatant is
measured by an in-lin€"8&T58ARAY Ie'fhflux of fresh medium into the vessel is automatically

controlled in order to maintain the density of the cells in a desired range. 51. The method of Claim 50
wherein the cell dthsity REHRR 45501951 B8RP Fgjaims 6. 19 or 23 wherein the blood

protein is furin.

5 45, A method according to any one of Claims 10, 15 or 23 wherein the blood

protein is Factor VII.

46. The method of any preceding claim wherein the mammalian cell is a rodent

cell, such as a CHO cell or a BHK cell.
47.  The method of any preceding claim wherein the culture is a batch culture.

10 48. The method of any of Claims 1 to 45 wherein the culture is a fed-batch

culture.

49. The method of any of Claims 1 to 45 wherein the culture is a continuous
culture, particularly a repeated batch, chemostat or turbidostat culture.

50. A method of culturing Factor Vill-secreting mammalian cells in a vessel

15 comprising a cell culture supemnatant wherein the density of the cells in the
cell cuiture supematant is measured by an in-line sensor and the influx of

fresh medium into the vessel is automatically controlled in order to maintain

the density of the cells in a desired range.

51.  The method of Claim 50 wherein the cell density is at least 1.2x10° celis/m.

20
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