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 5The invention relates to processes for culturing mammalian cells, particularly
mammalian BN HAEE¥8rete heterologous and/or recombinant proteins BRA/THHS/BHfdcularly,
mammalian cells that secrete blood proteins, such as blood clotting factor VIl (hereinafter 'Factor VIII',
or just 'FVIIIY), 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 GEthfabioTuR xR OCibesEstivation of Factor X. An inherited
deficiency of Factor VIl results in the bleeding disorder haemophilia A, which can be treated
successfully with s iBipglitatictociaitit fdveiti-actorsy raavhea exisaciac My frenutidand plasma or can be

produced by recafighinasiBlA7bassd UREANGMER R IRAPIRRAL RIFSHIARS 85,2,g0mPlex with von
Willebrand Factor (VWF). Recombinant Factor VI (rFVIII) can be produced by Chinese Hamster

Ovary (CHO) cellsgransteetedwitneymector carrying a DNA sequence encoding the Factor VIII
molecule. In some cases, recombinant Factor VIl is co-produced with 20 recombinant von Willebrand

Factor (WWR), whighisfaRilinesithe E@%eééuésﬁufcmgnngo%m g@%ﬁ% il g0-culturing of

respective cell lines thag eXprass | FVIII or the co-expression of the two protelns in the same

F
cell. See US 5 255 A2Y (BeraticeIhsh fuet‘tee) SE R AP %ll?i@ﬁ@)‘i%?@@f‘%lﬁ?@ 1233- 1242. 25In
a typical process"FBFep?éS”&Hﬁ@/ré%WPf’e‘[hﬁ”édf@i VeHrete lboadersaitiose dUphaasietidm and secrete
Factor VIII into thevtiredisrior FictberBivaiemaycthen be gpuasieaviromabenmedisnmyeptionally as a

complex with VWetetting factor Vii (hereinafter ‘Factor VII', or just ‘FVID).
10 BACKGROUND OF THE INVENTION

Blood clotting Factor VIl is a trace plasma glycoprotein 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 haemophiiia A, which can
be treated successfully with purified Factor Vili. The Factor Vil can be extracted

15 from blood plasma or can be produced by recombinant-DNA-based techniques,
tn the plasma, it circulates as a complex with von Willebrand Factor {VWF),

Recombinant Factor VIII (rFVIN) can be produced by Chinese Hamster Ovary
(CHO) celis transfected with a vector carrying a DNA sequence sncoding the
Factor Vil molecule. In some cases, recombinant Factor VIl is co-produced with

26 recombinant von Willebrand Factor ("WF), which stabilises the Factor VIll. Such
co-production can involve the co-culiuring of respective cell lines that express
FVIIl 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 & typical process for preparing recombinant Factor VNI, celis are cultured in a
medium and secrete Factor VIl into the medium. Factor FVIIi may then be

purified from the medium, optionally as a complex with vVWF.

Recombinant Factor Vil is expensive to produce due to the reiativeiy low yieids
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
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Recombinant Factor VIII 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 30compared to the yield that might be obtained for
other recombinant proteins. If 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 viruses and other transmissible agents. Animal-protein-free

media for the pro%cbt‘ﬁ&é)&Fél lare I§nown from 936 Baxter AG% for example. The present
invention provides ggocesses for producing b 60 yvfgﬁe?ﬁlén?n S 55 RN SIS the vield is

improved compar® t'é”b?@éfe%@@%”kmﬁiﬁ“fﬂé i °§LH9TI‘§I'A$§Y Tﬁ"@fﬁé’%‘ﬁé@? (isisk@ds provided a
method comprisirglenurinmedisrerol bgoeseprdtaindesaetatingmansopalianceetsd ncaitgell culture
superatant wherasaithe aell SHitr o-6uReENABRLISMANUNGY ALaJETARIARLEINRiis set at X0.9C,

wherein X has a Wy,ojgso%,(aomh?ép Qratgs%f s5 Wlth th prowso jhatt e temperature is set at less than

37C, wherein the cell culture is maintainec bzlf’[ a U nS|ty o? T Y6815, §q§di?)é°6ei]f§/ml and wherein

the mammalian cBRIEEERIG e ANeree ERHEiMER HHiRdiechiaufer srevees a method of culturing
heterologous protein-secreting mammalian cells in a cell culture supematant wherein the cell culture
supernatant-is maliaRRRIH S TERRREPAITHT RITSETEcsSoRPRENOTG Wibrd aifetitsaineluitipe of from 35.1 to
36.5, with the profiéd.thathibe terviperatinerissibtoatjess thar3%Caskse00nctimhodiment of the
disclosure provides a method of culturing heterologous protein-secreting mammalian cells in a cell
culture supernata#itNierEin the cell culture supematant 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 one aspect, there is provided a method comprising culturing heterologous protein-
secreting mammalian cells in a cell culture supernatant 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 36.0 to 36.5, with the proviso that the teinperatme is set at less than 37°C,
wherein the cell culture is maintained at a density of 1.4 x 10%t0 2.8 x 10° cells/ml, and

wherein the mammalian cell is a CHO cell.



A third embodiment of the disclosure provides a method of culturing heterologous protein-secreting
mammalian cells in a cell culture supematant wherein the cell culture supematant has a CO2
concentration of 1-10%: A fourth embodiment of the disclosure 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 supernatant is measured by an in-line sensor and the influx of
fresh medium inte. the:esseis-aiomaisaly.copioled saande Maintain.theLansiy, of the cells in a
desired range. DETtAII:ED _ESCRIPTilON QF_PREFERRED EMBODIMENTS In the process of the
first embodiment ot the diasclosure tha 2R FEtiird SehevhStRTRARIN YRR MmaRAN cells are
cultured is maintaHHeg serReteripbisitriatingt st sderenexdOeChatiereiritag sowbeesf from 35.1 to
36.5, with the proviss thatithefteopesatis@4s setintie sdhen BAGrd Rerisiamed emadiments, the |
temperature is seia360:%, 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 prefesablynB6dbaeaCoamnd merisprefpsalb 36,560 d. &%ﬁﬁ&ﬂ&ﬁ&%ﬂé%ﬁ%%!“atam" s the
use

medium in which the mammalian cells are cultured, This medium is not to be' con with feed
“medium that may ' BE 338Ea 1S RERIRAE S8 BLRy Fek sdiHie ditraTeiard opestisr yealided to the 10
culture at the tensperatevecmalanich theintatied it et uparisasensisx sensByriseiiuxeiaae mean the cell

culture supematasi:aothidie TNEMMARKEEHS il thiberell Cepvantionallimanynalian cells are
cultured at 37C. Surprisingly, the applicant has found that culturing the mammalian cells at a lower

temperature, suchtas@bidreasellibdiyirichafrecarabitanhaloRinmkaB L eHIbERg at” or

“maintaining at" g femperatyre, we refer tQ t‘pe.‘;em ratyre to which the process control systems are
set, in other worc?gL the in?endg(ﬁ,(\%arggt:a“?er%|c§;e’ra'f]ucr%‘.ﬁ 6‘!’53%?"5%%3%% LRI tions of the

temperature of a“HEERRER A B2SR & FrotAisEiaBaNsf6d&fion 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 valu% %’P F%(I)an%@ € %6%2%%%%%:&%&1 ‘Frsl6I@W§%f?§%wy@et?g¥égpoint is set at
a value of from 38clstoBemFelimachliofithe peeferreshyaiing af dithensel-poiakisaia value within the

range X0.9 C, 0.Bref hrCahifofdra CotQ it fre 0ot Gl Sp@inlednis NAHQWEY fanges are preferred.

A set—po.lnt of X e Sstegggiegx[!%dﬂve influx of fresh medium into the vessel is automatically

controlied so-as to maintain the density of the celis in 2 desired range.

DETAILED DESCRIPTION OF PREFERRED- EMBODIMENTS

In thq process of the first embodiment of the disclosure, the cell culture supernatant in

which the mammalian cells are cultured is maintained at a iemperaiure that is set
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25For 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(Y) and the heating or cooling element is
activated wieH e 8fi{erature varies by z C, as appropriate. Typically, B /Herftf&iBI8e 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,

0.4C,03¢C,0.2 QPD{O%V@ Qfl C hy heating and cooling elements controlled by thermostats. Larger
g . W eremgy vzﬂue ogfrom éggl t?‘ :%%SO@tEErﬁ.grﬁ','S@.%ﬁ tBFO.6C. The

differentials in temperature may alsohgseapro rammed, suc
temperature may S8 HBERSEROME P B rSiof BrafseediftiRowests, iheattrargingrbath at a particular
temperature. ColfcedyatpoHierE ispraevatiatibnfiiom thersatrgfeimbipesausecthaheaiing is 5 applied
continually. Anothefersniyce@tyapatign atisee dusdemRasu emepbergnD hedsmperature of the cell
culture supernat ical the eters_used_incell cultyr I t may have a variability of 0.3
Cor0.2C, oﬁqev%%%%t? V%@er%?ﬁg%ﬁ%%%ﬁt ?sggé% ata \%’gll%g\'/\gﬁ#’i)rﬂ%%ipa e X¥'€, and the
tolerance ia of tRE{RANEARHRITA mestamissbl 3F édoler is activated when the temperature
deviates by Z C, as appropriate) this can also be expressed as a set-point of (X-Y to X+Y) Z C. For
each possible valllg P44V EorBRTaIBHs Bitte CafidrziCwhishibrcmearnaevaetrarenvisaged, with the
proviso that the tesysetatiresisnediuat lesetharr8 26 edonithprete rediembedimgntethe temperature is
set at 36YC. Prefatably ihe @Mperaitsuimh S8t alk38 36 Gk0-3Ge B Gllel G a0 O(f (35-5-36-)5)
0.4C,0.3¢C,0.2 . ; -36.4).0.500 0.4 C, 0.3 C, 0.2 0.1 CorQ; or(35.7-36.3) 0.6
C,05C, oimc, 5%”@ fca)t.z%r, %"f‘{ 8‘%@’%@); %?r ‘(‘5\‘59%-%85?' ?“g'rB.ét@?rSi%a Y54, o%§ C,02C, 200.1
C or 0; or (35.9-38"1% BTTE? Bus!EHtye sursgatenhagctihg mammgliancselis Gul#S6 0.9 C 0.8 C, 0.7
C 0.6 C, 0.5 C, Ghereing @oaveotz@ly. m@mmaliah ¢allanctieltpedferiydCensoqdisnght, tae temperature is
set at 35.1YC. Papfttaklyatheismperatieiig 36 abldareddls GBCole? emBelafa:or 0; 25 or

(34.6-35.0) 0.4 CUBICROA ol 01 B (A eARR) P0G 0-40003000.2C 0.1 C or O or
(34.8-35.4) 0.600 0.5 C, 0.400 0.3 C, 0.2 C, 0.1 C or 0; of (34.9-35.3) 0.7 C 0.6 C, 0.5 C, 0.4 C, 0.3 C,

0.2C, 0.1 G.or @.0 -35.2) ; .Q, 05C,04¢C, 0.3C,0.2000.1 C or 0; or 35.10.900
0.8C. 07 é:SO .6%72:565135’%,%% %Q gt%n%a@n%% %?eg%_gré?%rr O\e(:e: relér to thzla- temperature o
process control systems are set, in other words the intended, target,
temperature. Clearly, there will be small variations of the temperature of a culture
over time, and from location to jocation through the culture vessel, Where we
refer {0 “cuituring at” or “maintaining at” a temperature that is set at XtY °C, we
26 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
X0.9 °C, 0.8 °C, 0.7 °C, 0.6 °C, +0.5 °C, 20.4 °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{£Y) and the heating or coocling element is activated when
the temperature varies by +Z °C, as appropriate. Typically, the permissibig

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



In another preferred embodiment, the temperature is set at 36.5YC. Preferably, the temperature is set
at (36.1-36.9) 0; or (36.2-36.8) 0.1 C or O; or (36.3-36.7) 0.2 C, 0.1 C or 0; or (36.4-36.6) 0.3 C, 0.2
Oct0.1Cor0;0r36.50.4C.0.3C,0.2C,0.1Cor0. Inthe process of the second embodiment of the
disclosure, th& 28§t supernatant is maintained at a pH that is set abKOEBUHEBiH 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, prefei{abI%/ 7.150.03, more preferably 7.150.01 and most preferably at 7.15. In a
conventional procSEL 18P 1S o TefR g HerE RiR ST SR S MR AR DE IGRE Bl Eht is maintained at

pH 7.1. Surprisingh:AAe@pdit&pt Has Toundabid clilte tigreTteturmmmairbeelistatiechigher pH, such
as pH 7.2 increasesniheryieicbdirceambinabpioteiRay Il Wiag %0k RaIRAIRIRY at' a pH, we

refer (o the pH tocyhietle BRERS RONLALRISIFINS ALC.SEkd UDELWOTHS Histended. target, pH
Where we refer to "ﬁ:ulturing ati" or "maintaining at" a pH that is set at X%(, We mean that the set point is

at a value of fronsRRAy’ £ V2 o B RRT PHIES e RIILN \AXIRRSSHE S, THRESERPRhET® at a value within
the range X0.05, 08 tampg2ye0bihe &l Mo suprTateds Areigadherreninsiesetssdint of X is most
preferred. For anselyivgirsetyppindnishghthéasiationatntpbt muay «acsuro Byricallyysugh variation may
occur because means which control pH, for example by adding 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

controlled to the fgare#lCs00 dhPh 1034002 %tF%rQMFQF%Q&QU °C, and the tolerance
10 of the temperature is +Z °C (i.e. a heater or cooler is activated when the
temperature deviates by +2 °C, as appropriate) this can also be expressed as a
set-point of (X-Y to X+Y} +Z °C. For each possible value of X, all combinations of
tY °C and +Z °C, as indicated above, are envisaged, with the proviso that the
tempaerature is set at less than 37°C.

15 In one preferred embodiment, the temperature is set at 36+Y°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 , 20.1 °C or £0; or (35.6-36.4) £0.5 °C, 0.4 °C, 0.3 °C,
0.2 °C, 0.1 °C or 10; or (35.7-36.3) 0.6 °C, 0.5 °C, +0.4 °C, +0.3 °C, +0.2 °C,
+0.1 °C or x0; 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 20°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, 20.3 °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 , 20.1 °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 20; or 35.120.9 °C £0.8 °C, +0.7 °C 0.6 °C,
30 20.5°C, 204 °C, £0.3 °C, 0.2 °C , +0.1 °C or £0°C.

In ancther 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;



Where the pH set-point is set at a value within the range XY, and the tolerance is tZ, this can also be
expressed as a set-point of (X-Y to X+Y) Z. For each 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 7.20Y. Preferably, the pH is set at (7.15-7.25) 0; or (7.16-7.24)
0.10r0;or(7.17-7.23) 0,2,0.1 or O; or (7.18- 7.22) 0.3, 0.2, 0.1 or O; or (7.19-7.21) 0.4, 0.3, 0.2, 0.1 or
0; or 7.20 0.5, 0.4, 0.3, 0.2, 0.1 or 0. In another preferred embodiment, the pH is set at 7.15Y,
Preferably, the pH.i tat(/,11-4 oRr (7.12-7.18) rQ.or(7.13-7.17) 0.2, 0.1 or O; or
(7.14-7.16) 0.3, Oljaé(?? %%rjc(?; %?27%%}2 §§ 6620?) g(ffo%&ﬁ %%ee' é?(oéégsz‘&f ﬁ%é tﬁrﬁf embodiment of
the disclosure, the c8iFfNdHE StgdtAatarfifas &b  @rlentration of 1 to 10%, for example
4.0-9.0%, 5.5-8.5%,0r about 6:8%. Caonventionall 2 concentration is higher than this due to the
CO2 produced b?/nt S gsﬁlgltc %Si%eéor%rﬁénr\]?g%n]wggr{% %%ece T%ﬂ%ﬁ?e&%ﬁﬁﬁ%{%ﬁ?@ﬁ%ﬁhgIy, the
applicant has fouldriirteinegintamin dhthé GO 2tconoEnwatiem at 2% anlowerdpcraases the yield of
[)ecbobrlr)binapt Erotejm{lmmpﬁaltgg,nggat?ub@ kent lQwy Etﬂ?ﬁe@'@rdtﬁ&ﬁgf% islﬁep%é}gﬁg& (for eéample by
ubbling air thro t). ell as the ce ernatant ip the bioreactor being sparged.
Preferably, the p%ﬁ%@s"%c? \géécé}ﬁe the |gs%%tqh%§%§é1égggﬁ%‘€§%%??ﬁ%%s@%@ﬁ'@%@%erated to include
the particular feaft? &85 AnEdnert ek ahe s G dstesh ShcPo#mdte b $hé Gieerembodiments of
the disclosure. InpetieertlyGrd&+invtiered ivense migferatiiyreti3. ndaintainedvabtt=0 crovdaerein X has a value
of from 35.1 to 36:buciidsaaduanbraRossEmaAls0 MpIRIR hpikahX0 08 Wheeln X has a value of
from 7.15 to 7207.?”%?%#&% gqgec%% gnq%ggpoggclgy? orhlowerhWhere the pH is maintained at X0.05
wherein X has a value of from 7.15 1 1.0, It Is advantageous alss T HatiRaiRcHEBmperature at
X0.9C, wherein XA By HE 8t HdM2BceasesdisCiekhrlmeamdicmpreeipibentration at 10% or lower.
Where the CO2 concentration is maintained at 10% or lower, it is advantageous also to maintain the
pH at X0.05 wheR¥irP%41g 3ty a10eartHBhe 2t s & megetanddheme! termpishdhereretex0.9C, wherein X
has a value of frawnB8.dyste @6 &€ s/ aystoémonitotiagrtbestiraergleflifiedwasametess(temperature, pH

and CO2 concenigatiomyiny mell-kannain thisAHang acaarallysely,on arobes ghatgre inserted into
the bioreactor, or. gn%%da(ﬁda i\pa}go thr%gp W, _ig_h_ Ehe cultu‘g medléjm is circulated, or inserted into

extracted samples of culture meditm. A sultable in-Ning dCO BRI G HE R el described in
Pattison at a/ (2050PEIbEF ol By thE: Fsormee Xbuibase 98- HelpH:8ERser 8- Mettler Toledo InPro |
3100/125/Pt100 (¥eerier-Roted ermpoeldiric. ABedfoird oAy osuitatalesaff-line system for measuring
dCO2, in addition to pH and p02 is the BioProfile pHOx (Nova Biomedical Corporation, Waltham MA).
in this system, dE®2aiy igas urgchtiyt petignitioanetdosele gitd desywithin. thekange 3280 mmHg with an
imprecision resoluiRRrofaYoedid: ek HRASHRIR ISy SIEMAka S’J%Hﬁ?‘)f 37 C, which is
close to the tempgrature of the &%!L{%ult%e sYpematant in the bioreactor, 6&?’3 of altering the specified

parameter in order to keepuitLé'lt the predefin gvre I%rgrglggs\//vaéﬂ' Hewh Ed ee%n%?e, keeping the
temperature conSEFWsGXMyEah 8 dEhagimribr JyBifalyHED RS ctortBitHdTebe medium (if it is a
fed-batch or config@retistpicaldy. kedlSing BicopHl Consiantfusually involves choosing and supplying
enough of an appropriate buffer (typically bicarbonate) and adding acid, such as hydrochloric acid, or

alkali, such as sd¥hara hydidskrieotodismet bicarbonatithortacrmxtiersthesenthéadhefeed medium as
necessary; and keepings tarthaCa%roseniraliancanstant Hevallydnyplvesadiusting the sparging
ate (see further elquy. oL JPgpIatng 1 90,02 n e Pead Space. |t I possile that the

calibration of an in-line pH probe may over time, such asS over peﬁ )"0t weeks, during
which the cells afBEGRE et i faitha &l oo emaiariiarddfine in-line probe by using

measurements obtained froma
in one preferred embodiment, the pM is set at 7.204Y. Preferably, the pH is set at

(7.15-7.25) 0; or (7.16-7.24) £0.1 or 20; or (7.17-7.23) £0.2, 0.1 or £0; or (7.18-
7.22) 0.3, £0.2, #0.1 or 20; or (7.19-7.21) +0.4, £0.3, £0.2, £0.1 or #0: or 7.20
£0.5, +0.4, £0.3, £0.2, 0.1 or 0,



Is 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 own to achieve the maximum benefit in terms of the production of active protein.
Instead, it is desirable to reduce the CO2 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 CO2 concentration but to allow the pH to rise from 7.1, for example to 7.15 or 7.2,

preferably withoul i NaQk, Mamoaslian celsyluies noed gygen fof e cells o grow. Normaly,

this is 25 provided by forcin oxygen into the culture through'injection” po 8 necessary to
remove the CO2 % tézgﬁfﬁ?]@teg 8UE B théeiratish Bf thacend) ¥hs B ddhislied by 'sparging’,
i.e., passing a ga§ thrauithh 1A8 bibEe aetorintmr it ¥ntraihzand flush eutthe CO2. Conventionally,
this can also be done usin%ﬁaa)}y en. However, the inventors have found that it is advantageous to use

air 30 instead. ItRdReEss i sathemmseionvendisriarire froedd subrasunmmstishhiss less effective
at sparging Crc]>2 theo, using raikiGiven tmamir;]&s %@m%@%eqaﬁxg&@ﬁ% %mhha\é%ﬁhought ”;at five
times as much ai sed. However, this has been found to be inadequate in large scale
cultures, particule%%ﬁ%@ﬁ?%‘yéh?? gf 5%“68#38({:%?5? rllg%efé%%ltpﬁ?odr{é%t&g}? 78 REHHFREL4s much air,
preferably about 8%iffls 8% fishairoKred.ded theresismisre, BingarisninSararsbatitibas, the 2500L
bioreactor is sparpeticaithhe? huad]1Dgyrmaubbiesite A, redecefil:0ih \AY Hopsobime&2 per volume of
culture p(;ar h(;ur) inthesame g@@(}}i RIkRSSIAr H@%ﬁm ' g,gqj(tjag mgr%t\%q)tqm}?tmventiorll V\k/]ourlld be
5sparged with air, hm. ize at a rat .18 \NH. Hence, the use of surprisingly hig
volumes of air haféé,ae E?‘j?\g%@ﬂ:{g%%r%%#z eo%l%f(eaénfa%eg &)‘fja%ﬁ’ %ﬁi%%‘)’}f’aﬁ'a BRI €hE unwanted CO2.
During productiofiPIf4Lee t{essrait Bt Yerra X9 BesrSparging, as described above. This is
especially the cage, févrgﬁn Lgtl%ngg biore?ctO{ls %)f large to capacity, in which the cell culture supernatant
would otherwise accumuiats EO5 o USiEtetdls ﬁié’ﬁ#e%"é?%%ﬁ?&ﬁ%%@ﬁning of culture, or
in small scale cukasestetith ingsie Itheop:2iibli=s dale)rthepheaitiei spaseatimass rsopedayest with CO2. Under
such conditions, lawdexels of HCQ-rea% ik braghipved: Quedaying i hiaadspacg,with CO2 may

also be used to r?e%i)%?amx% QSHrggiggaened at X+0.9°C, wherein X has a value of from 35.1 to

36.5°C, it is advantageous fo also maintain the pH at X+0.05 wherein X has a
value of from 7.15 1o 7.20, and/or the CO, concentration at 10% or lower. Where
the pH is maintained at X+0.06 wherein X has a value of from 7.15 to 7.20, it is
advantageous aiso to maintain the temperature at X+0.9°C, wherein X hes a
vaiue of from 35.1 to 36.5°C, andfor the CO, concentration at 10% or lower,
Where the CO. concentration is maintained at 10% or lower, it is advantageous
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 value of from 35.1 to 36.5°C.

- Ways of monitoring the three defined parameters {temperature, pH and CO;, '
concentration) are well known in this art and generally rely on probes that are
inserted into the bioreactor, or inciuded in loops through which the culture
medium is circulated, or inserted into exiracted samples of culiure medium. A
suitable in-line dCO, sensor and its use are described in Pattison st al {2000}
Biotechnol, Prog. 16.769-774. A suitable in-ine pH sensor is Mettler Toledo
InPro 3100/125/Pt100 (Mettier-Toledo ingold, Inc., Bedford, MA). A suitable off-
fine sysiem for measuring dCO,, in addition to pH and pO, is the BioProfile pHOx
{Nova Biomedical Corporation, Waltham MA). In this system, dCO, is measured

by potentiometric efectrodes within the range 3-200 mmHg with an fmprecision



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 embR/BHYKIERY line (293 or 293 cells 20 subcloned for growth iF STEREHEEH HUIture,
Graham at at, J. Gen Virol., 36:59 1977]); baby hamster kidney cells (BHK, ATCC CCL 10); Chinese
hamster ovary cells/-DHFR, such as the DUKX-B11 subclone (CHO, Urlaub and Chasin, Proc. Natl.
Acad. St". USA, 27:5}2@‘81[}%%013; mouge sertoli cells (iTM4 Mather, Biol. Repro& 23:243-251 [19801);
monkey kidney cells (CUT ATC foloib () it s ‘%@@F@gﬁ%%%?WﬁQVEEﬁg (YERO-76, ATCC
CRL-1587); hum¥AgERAesrdaitmismessine @f dleel vetarampenp teaiimb«ideregatells (MDCK, ATCC
CCL 34); buffalo atviveé pigelly (BRipSAATCEER inkdd? ohusspanaiing sellsiiailiddATCC CCL 75);

human liver cellsagsl@RdS2eHBRAE 5ok ABIRY SOk MMT 089762, ATGH CCL51); TRI cells
(Mather at aIS, qu\%ﬁ N Y.tﬁ\,’cad. S 3{#3:44 6 L%?S?J%EMRC 5 cells; FS4 cells; and the human

hepatoma line (Hep éa_i)t.]eF?re erab q,!?ﬂz%e R 1S ST oden cérI’IeﬁWéT gfsﬁg'c?aiﬁ?'g?’i%ﬁnster cell line
such as CHO or BHRMKYFeREFEEF RSO P e £ARYstaktealy ket clwssveapessing a
recombinant proteiprigrasfoliohvs. # BidieRiatefinitat(@bi@Igalichnedatd Kanbdbids-trapgfected with a
DHFR expressiopuygCter Hyddamier sxpressianaf the:relsvanisarompinaak praigin, essentially as

described in US g&%% W}ﬁgmn t%;’;\(elm,é %%n%'ggsr#&?ititute, Inc. Transfgci(tion,is selected for with

methotrexate. Amplification of the relevant realon coding ﬁrmei%nggﬁﬁ%f”{ﬂe fecombinant protein and

DHFR gene'fs adiev2d Bl ArE Ryt e ain YRR ReLTHRY dbh SRMERECAE 6%9nethotrexate.
Where approprigtstherieione! iinesiniany e HdapfctDion grenwthdismsesum andisibpraiein free medium,
essentially as desertaastaih UiS6iA0RQ8 L (Baitene@i busupe Akticngess!isghaf) The basal medium
chosen for cultriagtye basteal) e, et il .15 pissent nvenianapd may be any one of or

combination of, t ose known to the art which are suitable for culturing mammaliah cells. Media such as

D ERHIR (RSEhURS, YRS L0 W il MEsRIe e i AR AITSs BAaPMedium 15 and

Dulbecco's Modifie
RPMI-1640 MediBtAringeiiseiidectrioe orabaerbiaifiebieaifblie Arbiesdsl it BivBfafewti®factors such as
recombinant insutinvisEoptiesied! Etgioraatywamemboglls have been cultured in media containing
animal serum. However, such media are incompletely defined and carry the risk of infection. Those in

the art have thergferendewiseds\prateinfree” mediadhair-are githercemplriaiuiree of any protein or at
least are free of gy grolPiR Uiat s SAlIRCATRIOARI, BIRLHERd. RUS 6 1he 3Rl najure of Factor VI,

the productivity of{he e gmegr?d haost cells is severely reduced under protein-tfree conditions. Human
aciive pro ns %ﬁ%

serum albumin iS Commonty Ussd as & SEHRR o e ieHBp RORRERY AP th & pFBaliction of
recombinant’prof8fh&ovA 2B Uhfirpitse Rt e ofHReRVtssAdopSable inpratéestipresent in
serum-derived aifpemansprepdeatiotis:dy -alenegatibiieda toarstallizingeifacsobalbumin. Factors

such as lipoproteinafiaenbeeridentified as aserlasementas hyrman sermyalbmip for the production

of recombinant I;gg%r&/l nder serum-free conditions. Preferred media’include those disclosed in
, In

US 6 171 825 (Bayer, Inc) and US 6 30936 441 (Baxter AG).

Mammalian cell cultures need oxygen for the celis 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 alsc 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 cultures at 2500L scale. In a 2500L bioreactor, 7 to 10 times as
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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 'Nucellin’'
insulin from &ff VP3N be added at 0.1 to 20pg/m1 (preferably 5-15 BEAHSHPHBRIBL0 pg/ml). The
iron is preferably in the form of Fe2+ ions, for example provided as FeSO4.EDTA, and can be present
at 5-100pM (preferably about 50 pm). Suitable 5 polyols include non-ionic block copolymers of
poly(oxyethylene) and_po opylene) having molecular weights ranging from about 1000 to about
16,000. A particu%a% Sﬁr}é%%?ggi%%lg% Lfg%fiﬁ_g?}ig%lﬂé@%(ﬁﬁéi fanﬁ?)rtt%%?'ﬁm(fcﬁwgé an average
molecular Weightsgp%(?%’%é%g&% RIEFRAE!Y| (L RPAFISEINEX P @ By neT (20%ieby weight) and
blocks of poly(oxsieat®ykerstd at HoZh ) (erldselDispatsolamaildlniatas Symperpmiad=aadrom Unichema
Chemie BV. OthessdnchiieaRlirqnies Fxbksify 7d and FetAS GORRETLEHSE Maybg.added in an

amount equiyaleggag(ae%qﬁﬁg)gpm 531'@8145 golfs éesr' QI&X alga é4c9%n1rél(¥%pveniently about 250nM. The
inclusion of a panel of trace metals such as manganese, molybdenum, silicon, lithium and chromium
can lead to further. jngr in | SFactor VIl production. BHK cel|s grow well in this protein-free basal
medium. The mﬁ?ﬂar% gﬁ%‘%séé 8%%”?2?'?8%5‘ 4364 On 2 %’6}}%(’ #?)%UF%“B? BMEMEnd Ham's F12 but
includes soybeaR S8BT ) SHEP AL SMRiBR H YAt P Pe0 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 weight8f% RSt 9B elififedloRePleipBe festethas Stk Py prisfeparsipdess than 10 kD. The
addition of ultrafities@ittesoybean pétinedraviay the avscageematagytasraeight of @R Dalton has
proven particuladypaciyamiageahéotaheupirdsigiiviat ok theuiecambinantesillings:4,is a soybean
isolate having a IQ@!Q@F%Q?IP Q%gt%%fgf alggut 9.50/(% ?hréd a free am\jno cid content of about 13%, or

about 7-10%. 25A é)artlculary preferred medium has the?%ﬁg\r}\}?ﬁgoc&r'lb‘gsn%ﬂ? éﬁﬂ‘ﬂhetic minimum
medium (e.g. 5075

TG EER T RLY 1 05598, U6/ I5e45r56tBA% 19 S\ 'seefith-glutamine 0.05 to
1 g/l; NaHCO3 (FP10 16rger asebribiadittd0.0005:4@8.05 gllethemolstinine @0@8540 0.05; and
sodium selenite Ovieidinpghe Bxeidapadly waNOCIOMS Uktoseaclive agrpt sHehias.aolypropylene
glycol (e.g. glur%{%gﬁg%tr%qjﬁlgrtggigagﬁt_s& 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 aerationd"sBRrGIY beSUGENIIRMEN EAIHLOL.A1 2 SUifags-actiye gent the rising and
bursting air bubl%I%% rf‘nal}j dama%e those cells that are at the surface of the air bubbles. The amount of
non-ionic surface-activa ageRlTray Fahde Batvelith BRALE ¢ GAsBrersrislyP it ARen 0.1 and 5 9/1.
Furthermore, thé YHEdiGHITREP dlsédoribairmepkiydissingneCot aliderivatientherepfsRreferably, the
serum- and prot&i$rEe MSdiuDRCoTeHI NSHarpsateaseybrRibiof=gURR 2508 $LriRe Rtease inhibitor,

which i§ SUH@b'%&QEjgw%pglﬂm @ng{lggg;g;b|§ &ﬁé@t@%}%ﬂréfe&ge@t&&%&ﬂ; ég:ggglqther prefer_red
embodiment the[éy ving aming aci mIXtLi e dglltlo all add_ed to the above-mentioned medium:
L-asparagine (O. %lﬂy; f% %;npre era Telbc.;ﬁ% t@a% gcié]ggtiéﬁiaﬁ?/’iﬁsﬁg?gbﬁrd?m to 0.03 g/1),
L-cysteine (0.00%°Y8 P ,~ﬁ%%9o1950§§%1%10.9@aﬂ%m|éhflyq§refér§bgﬁeo,.@?rq@ 0.03 g/1),
L-cystine (0.001Nef!1AAAd. prefetéisly T.82 16 (098B1D/in pactisatan \-areferad et 540/0.03  L-proline
(10.%01 tof1.5 gllvww@fﬁr@blm@-@& tgﬁg@ﬁl; %nraar]fi&mb lxengittsa&al;&x‘éboﬁdp %ﬁ?ﬁaﬁ}{pwpf‘?g ég'ooig"
g/l; preferably to 0. . particular 0 ‘g/l) and L-glutamine (0.05 to
pit; preferatrl)?y 0. et%ﬁl%)‘%?ﬁgg@ mﬁ(#g a%%%gn%)? be g§d§§%&%§§m3@? ifdNTAually or in

combination. THEEBRBEt it dHhE SfoaeiteriskarecebntdBity ATSE thelabove-mentioned
amino acids is peitibuftatyrpiréferresdis (BRL 3A, ATCC CRL 1442); human iung celis (W138,

ATCC CCL 75); human liver cells (Hep G2, HB 8065); mouse mammary tumor
(MMT 0680562, ATCC CCL5E1), TRI celts (Mather et al.,, Annals N.Y, Acad. Sci.,

30 383:44-68 [1982]); MRC 5 cells: F54 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.



In a particular embodiment a serum- and protein-free medium is used additionally containing a
combination of the above-mentioned amino acid mixtures and purified, ultrafiltered soybean peptone.
The medium of US 6 936 441 is particularly well suited to the culturing of CHO cells but may be used
with other c&18 Y& R further suitable medium is the oligopeptide-freRTeBfaMENE¥sed in US
2007/0212770 (Grillberger et a); Baxter International Inc., Baxter Healthcare SA.) Preferably, the
culture medium is buffered by the use of bicarbonate ions, typically supplied as sodium bicarbonate.
Suitably, the cuItHre I[Qe(igliu nt}a@ n osmolality of between 210 and 650 mOsm, preferably 270 to 450
mOsm, more preferably 310 1835 ROSRPRAP miab!BrétElAbRPR RO shPISFERS aBly, the osmoiality
of the supemataritSSPRERNaRTEEIMRHIH ohever moieFoY delisentapide sehrmeghidki ke imethod of the
disclosure. The tatsieetetwibes MFRORVAREDAMIRE DS IR ENCGHERIGS P alchs B dsbatch or

continuous, but sBSpisKaRl SEROAUS ALAPRUTOLS\able-ConpHoNs Sl gs Jncluded repeated
S

batch, (:hemgstaE5 tHrQCi:(Sjo Qr p(-?rf sion culture. A batch culture starts with all'the nutrients and
ol

{ : \ C
cells that are needed, an nt%géu re pr%r&gg%%’?o BofifEEN, 7 il IR ARts are exhausted
or the culture is $IOPPEEIRS Sbifie relash. oty Iosies tlrerdssiobafcthprecessimrthe sense that it
starts with the cetisteincandittisREs gutsitissatmavde dbyvishofiagdipn nasttients in  Gandsaligd way in order to

imit the growth akfeeelland ap iRshbishsraipmreispyniealle uspbnbiqRdysljal, 10 processes to
reach a high cellagg&%gxoip the ioreagtor. T/gre fr%?d SO ution, Is usuallﬁ/_high?y concentrated to avoid
ioh ST IHE WA dFEEiPArRL A5 I Y owth rate of the

o . rowtn in s an
dilution of the bioreactor. The contro led adamion _
culture and Hlow? Sné18%RRdRs s RO®) ifErambAisgesmiasiof metabolic by-products) and oxygen
limitation (anaerobiosis). In most cases the growth-limiting nutrient is Is glucose which is fed to the
culture as a highNt oAt lrssse’ey ryfiuies Beahasiecstingse o) cibetertstrategies can be
used to control theeggrdwitrentia fad- batcheprocess oF ar exanipiaesany ©bsissplvetaxygen tension
(DOT, p02), oxygerwhitake KuBKOWR huBIHROSeRANGaRTRIONaRIAIR 0GR, PH and
ammonia Modified Eagle Medium, Ham’s F-12 Medium, Eagle’s Minimal Essential Medium
15 and RPMi-1640 Medium and the like are commercially avaitable. The addition of

growth factors such as recombinant insulin is optional.

Historically, animal cells have been cultured in media containing animal serum.
However, such media are incompletely defined and carry the risk of infection.
Those in the art have therefore devised “protein-free” media that are either

20 completely free of any protein or at least are free of any protein that is not
recombinantly produced. Due to the iabile nature of Factor VI, the productivity
of the engineered host cells is severely reduced under protein-free conditions.
Human serum albumin is commonly used as a serum-free culture supplement for
the production of recombinant proteins. The albumin itself stabilizes the EVill and

25 the impurities present in serum-derived albumin preparations may also contribute
to the stabilizing effect of albumin. Factors such as fipoprotein have been
identified as a replacement for human serum albumin for the production of
recombinant Factor VI under serum-free conditions.

Preferred media include those disclosed in US 6 171 825 {Baver, 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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20 concentration can be used to monitor and control the culture growth by keeping that parameter
constant.ln 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 ba¥th WitFe*hemostat, turbidostat and perfusion culture. 25CGHEEBNE8488%BKample, 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 aboutﬁ‘O%. Moreover, the cells may be cultured hy means of the chemostat method, using

the preferred pH va lfjrésl‘g']hlr\}/gnoﬁ SR A AR ARG BT DERINE g9 @AY 60% (preferably
about 20%) and &'diflitloritieae 25 afdeg5d 1.0, Pidierbiphpiatabin ©.8. voire repatated Batch culture, also
known as serial sgbailtdre, ithe egllefariplaced iora etltuteisaedisha.@nhigsinta adesired cell

density. To avoic-aopeseh i daeliapatareanshenl dsailatieeulies R ijeduith complete

growth medigm be{oorg tqe Eﬁl«!s r,%%?,% 1;heirb{n%ximuml concentration. The amount and frequency 5 of
dilution varies Wi?:lDeYy and” (Ciepends on the grcocwthcc?ﬁ%l’%%srisﬁ&s BV EEVIRRE arffLonvenience of the

culture process. HE BRI BYENG Proiteden ety ransns fore i d Hidowbleds cells and
medium are disc#ded. &t marbuikiiy ereeradofuine ofroutinirFerasl (BoIsraBE sepwiserasheach dilution is

made. The increagingnvelupag:mavcbadiandipd bydayindA (easRr gf sufficienysizejo allow dilutions
to within the ves%gjy? sels. The rationale of this type of

by dividi diluted.cylture into several ves
culture is to malntaln(>rt>i¥éz'¥”%;i)e)iEnl%)g.a{%beéfcx[gD nvé'?fq& yaagoé?ﬁgssfgté’.o %ﬁ%ﬁ%ﬂ%’&ﬂltﬁ?é’?ﬁ'charamerised in
that the volufhe §PERIthR IEURNAGE R SYBRFPER pRisECThERE RefrE ettBYe Riv/@sts, the cells
continue to growr@idiehedywoce Ss&art-eontmu € -fodasfopgeasasyiredy bbladie chemostat and

turbidostat methasisuhe:QuiiEAsiedomBUiuBRFOIRDS GRYRJHNHSoHEERIS ARG, N the cell culture
vessel must growy, g maintgin q,hsétqgg‘ysstat .In the ci}qmostat tg]gtho , the grovvth rate is typically

. : |
controlled by controlling the dilution rate i.e, the rate at which fresh medianm 1S %aaed. The cells are

cultured at a subTESARTEM Y rUAT r I8 UBNRYY iSHERIMDetPBy et vy BhenTerafition rate. The growth
rate is typicafly Higptorydomedustion tReKudidosravaiethbid pheidifuticrsaltedgiset to permit the
maximum growth rate that the cells can achieve at the given operating conditions, such as pH and
temperature. In dNserfedion oUitbire, e 4ittiacte medivm issddoletedlef delisibecase most of the

cells are retaineskiimthe culiveviessekdpi-axariNadyRing wiained ahieaacmembrane through
which the extracigy gegiimaigneianevels bically.sieha Mombrans doss fiet fetain 100% of cells,

and so a proportion are removed when the medium Is extracte may Not be crucial to operate

perfusion cultureS At very Righ §rowi TR SR Me TRYBRE! tHEC BIRearE T sRimhEain the culture
vessel. 30C8ntirtdSeYEEHURES I Rartial Brlyere peaitdd bBtobretdrerdssatthard tuMsldDktat

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. It 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 particutarly 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/l;
L-glutamine 0.05 to 1 g/l; NaHCO; 0.1 to 10 g/i; ascorbic acid 0.0005 to 0.05 g/;
ethanolamine 0.0005 to 0.05; and sodium selenite 1 to 15 pg/l. Optionally, a non-
fonic surface-active agent such as a polypropylene glycol (e.g. Pluronic F-61,

30 Pluronic F-68, Pluronic F-71 or Pluronic F-108) maybe added to the medium as a
defoaming agent. This agent is generally appiied 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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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 that, in certain embodiments, maximum volumetric productivity is
not attained at thghrg%%g%%n glr‘(c))\r/}\{tg Irgg%gaf(:t‘p_e ell. As gescribed in the Examples, a maximum growth
rate of a furin expressing HO Cell"d6ne in Chemostat LY 3088 BRLER %(‘Pe?ﬁperature of
36.5C, but the ma%RIGIFTIRNAERMERD Srd GO RAY WaEhshaeidteanSiiuron®edwsiteotitwnlower harvest
volumes obtainedyslpdzrgfeonn a |devientiroWitraaiterasfthenlpwas tesperalst eprti@rapagunt of

recombinant protgigiRFRdueamyAseRmMGHhareAIINAL thelpwer Jemneralies, cyiiure was, overall,

the more productive. Suitably. in any of the first, second or third embodiments of the disclosure, the
cell culture superﬁéﬂ%’%ﬁl Elesq?ﬁ)a{{lér? ained at 3’ evfrqggf%t%ﬁ%’?fgaett'f;soégf’%‘?tgb{%ﬁﬂ?&ature which is lower than
the temperature at \évréitggrmla%<iml§n ‘g%owth r%a'gcg i§ gbs_erved,b% at least 0.5C, preferably at least 1.0C.
In this embodiment™ 19 Praforrad Maring. citiFd a4 8 AL BYLMYITE [5A8taAY a repeated batch,
chemostat or turlfigfsstae Sintabevavaritinandmedls sbehrasedpa P BHKode isratyenerally cultured

as suspension culttres.Clidag/is derisaysrthercteiishare suspeodedyn, theysaeiumotaties than adhering to

a solid support. The seils-mpy. aftenatbely e inme iggqur%q)_%qrg}eﬁm@ d:)q\rg%% [ On a microcarrier.
Porous carriers, %618&]16% ([‘,ytﬁ),linrg@é C;g/ﬁ)gﬂg({)) ar tytod,ex maﬁbe particu ar\llé)suitable. The cell
density is commonly monitoredin ZEEdittird3 58 mc‘?ﬁf@‘f"g\amg LeIP AP iR GiBCoe considered to
be desirable sinc&VproRiried (habtHe proatictieieiadlr Cell 18 Fridfirnkinedicyadyshrefeidtiead to a higher
productivity per bidizactoroéoime.-Hpwewar, noEasing tie eelfdengity @an.actymllybe harmful to the
cells, and the progisetivity Peieeplly redused. Thergis mﬁrqf%astme%tegn&nﬁef@%" density. To
date, in mammaliargfé:rgg CLH'[![JI‘% p{oc;@ss&%,sghismqrgs been done by extractiné%?samp es of the culture
and analysing thém undér 2@ microstope or using a Calr ealiftir§ RETRE CulhP SBHETASY TT device
sold by Scharfe SiF4tEHIE RIDM CetehitRfigR n TStV vedisvehow Foinedtihrikisadvantageous to
analyse the cell denitynb piheé tresabbee suitaibte P sobe intieds eaditokemheerdiareactor itself (o( into a
loop through which the medium and suspended cells are passed and then returned to the bioreactor).

Such probes are lavaitatiiememmeiciatly=frormAbed nsisnmenissfanexaryladhg.Ripmass Monitor 220,
210 220 or 230. ThHe:604 i thmEHINEE AELAS BN CaRasitALs UnIRS tgam'aé?uwgs ghin electric field,

since the non-congé%%téngl %;J'k m%mbrane allows a build-up of charge. The resulting capacitance can be
. puttiigd, Siiratiters soybeﬁm egtone - . . . _
measured,; it is dependent upon the'ce tfp and is directly proportional to the concentration of viable

cells. A probe of '.]‘k(.)etr% Zo%r}"lnr% [ e&% yses twoﬁel ctrodes to,_aﬁ ly a radio frequency field to the
biomass and a second pair of electrodes to Treasure the el goctgﬁé"r(‘:’ffﬁ?ﬂ;g@ 1A polarized cells.
Electronic proce<ElIR9RE e LaninBighal gataiscedan output which is an accurate measurement of
the concentration of viable cells. The system is insensitive to cells with leaky membranes, the medium,
gas bubbles and®tidHRRerTyHigAIR/, MrSiEa| ieriBity Jlohenpiidedia0 omerbiDx 1B8lewits/inl, suitably 1.0x106
to 3.5x106 cells/hi§ 20MTAlsy2T Ax(DbitiergeBxl 66 kolts/mieprafaiabiy | $x196-6:2:6x%306 cells/ml, most
preferably 1.8x1@6atp 2.4x106 cells/mi. Increasing the concentration of cells toward the higher end of
the preferred ranges can improve volumetric productivity. Nevertheless, ranges of cell density

including any of therabaye RoIRLNAIGSAR IPWEELGERIANE! §hds,of g g Shyisaged. The culture

is typically carrie gcusiinsda bliocrjeactocgi which |s usually a stainless steel, glass or 'pﬁ%ss’tic vessel of 1
(one) to 10000 (&R thOUSBRaY IitresS Capatify- {87 &xample 5, 10, 50, 100, 1000, 2500, 5000 or 8000
litres. The vessegisltéﬁua}ué/ riggd but %exible%%stic ba?ggs can be used, particularly for smaller volumes.
These are generally of the 'Syl TSa & THeROR TS RF5EPetbhBmMER BYotain produced by the
method of any oP P&t fHfe&efiBotiftants oftiveciiisbinsiite s 3rdfer@isly arsloodsprotein. By "blood
protein” we inclupfefenagprozeinntliatis ornaaydne, presemdbiEng bipogof adumaaniorsanimal, including
proteins that are RAgiRRI Gk IRKANERBHSHFes3YlADlE BIRDK RIPIGIOS AlAS Sgrum albumin,
coagulation factors I, 11, 1ll, V, VII, VIII, 1X, X, XI, XII and XllI, furin, von Willebrand factor, tissue
plasminogen actfEf8F fterleukins, interferons, metalloproteases such as ADAMTS proteases (e.g.
ADAMTS-13), immunoglobulins such.as 1gG, IgM, IgA or IgE and immunoglobulin fragments. Suitable
antibody or immunoglobulin fragments include Fatxlike molecules (Better et a/ (1988) Science 240,
1041); Fv molecules (Skerra at al



15 (1988) Science 240, 1038); single-chain Fv (ScFv) molecules where the VH and VL partner
domains are linked via a flexible oligopeptide (Bird eta! (1988) Science 242, 423; Huston eta! (1988)
Proc. Natl. Acad. Set USA 85, 5879) and single domain antibodies (dAbs) comprising isolated V
domains (WHR BPUPEP8B9) Nature 341, 5 544). Immunoglobulins and tHEfrFEGMEAE May be
"humanised". In other words, variable domains of rodent origin may be fused to constant domains of
human origin such that the resultant antibody retains the antigenic specificity of the rodent parent
antibody (Morrisqﬂeeéa]'téle%%ﬂ)bgré)c.(I;\Iatl. Acaa?. Sci. fUSA 81, 6851-6855). In a Freferred embodiment,
the cell culture is Used 10 produce Factor Vil 2 BpHbRAIK TotEhas Wl v WifBsrand Factor (WF).
The VWF can be®28HEa%Se Pitf a9 tirtRc (fdiFaithe diusandingcks prefeitably rootirabinant. Alternatively,
the VWF can be cotprsdubediemretad tngch\Wiesestelogiaeiisiartbatosibnitas well as the
FVIll-secreting cells. Preferably, however, the FVIII and vVWF are co-expressed, i.e. each cell secretes
both FVIII and vWEaige caiwbiszmts Wi aambauiscolatainedens iaSsihlokatieat ahd(1R95), "Large Scale
Production of Resambinacicuen, WHeRERAd; Eagiannd AIRBRASI aldHagmPaiasis /8 1160 or US 6
114 146 (Baxter @ng'g%e%olagger eprgg%&t] also discloses cells that can be used to coproduce VWF with
FVIlI-secreting celfs. Cells ha{"co-expréss both proteins are disclosed in US 5 250 421 (Genetics
Institute) and KaHf{QOqgam%lu&lgag) I\élott 20Cell. Biol. 9, 1233-1242. The term Factor VIII is used herein
to denote any polypeptide or complex SF BEISEsIn s nserart Rigantsg et <Al atdivity. Activated
Factor VIII functiBfigeqs J48fachsr ifdmaicbrier sioresrsimeterialistaeion Xudsyaliivated Factor 1Xa in
the presence of fleogphitilipidsearstisc Aleiuianibaish Ganvanie nthcdilegeamitic 2aafegtive Factor VIII

can %&T estimatﬁ%&mébqlcd%@eapiw&%g iéﬁ@f@ﬁﬂﬁ&%\@g@ﬂgn ﬁ&%@@g&utgfgsctOf Xariln "
suitable assay. cal assay, Factor, Xa hydrolyses ecific chromogenic substrate, thereby
liberating a chror{rlwsgémbégﬁ’h%g %nggﬁtrﬁ%gft\?vﬁi\&%d?s e é‘rr??inﬁé% %‘658&%)[5&%@8%85%. Commercially
available assay RASSARElEFHLEsP Aveei Bifesdhtcordhyatn cBdreDadiwBartiatpSwitzerland: US
6,100,050); and @eatestvPdctoptl kindEhniemogenixi@Gweden)atcdctoy-WbHoascantration in humans is
defined as 1 1U/miydaoashiding GoatestibagionHbditean datepaing-myilkactivitnequivalent to at least
0.01 ItEml blpod e S a Factor VIl as defined above, a polypeptige or complex of
polypeptid(?spmu%gﬁ)a%e“ﬁ%egs%?‘%aé%h%%%%\ﬁyao lQ%rilséltcf\c/}gcI(:—Jét{ﬂ:lr: E)erg l cé%%ﬁ%ﬁ%t? When present in
blood at the sanfEHARBMBIEY L EHcentration as native Factor VIII, its activity is detectable by the
Coatest Factor VII| assay. A suitable FVIII for production by the method of the disclosure is native, full
length FVIII. Pordifa BV ATRIRES 8 hPE SR P irPaeidra Arentti? fRE DRtRrRIBrEBUL TRE FVIII is more
preferably humafamglanaaiterhdippeitedn ative AnsivaiafE ot analagoesptae betproduced. Many
are known in thiscamgjforgrxesaplesthenvatiantsiangdeleiamenrivatives descriheginsUS Patents Nos. 5

422 260, 4 30 TR AR LA SRS LAS FDSI5D cllglion defygtive of recombinant
BahI L84 fb i

Factor VIII" is det i eda?as one or more Qol peptide chains havm%i Factor acﬁ?ﬁf{}? derived from
full-length Factor Y1IPBONpaptiSTHy teietiny BIRESF nfdte antiiEstsae e retdbAdthe said deletion

derivative is deVERFMBStigttie Blusiadin Buetdtaics peatynyfatiedahyinmdestninad and
carboxy-terminainsi¢pirencezadf thee Bsdmihaincthat.aie eesentiatfessardveppsaieelysic processing of the

primary translatigmpeoghaci et tgiplvpeRtidschaingilie production of such a Factor VIII deletion
derivative, identified as "r-VIII SQ", is described in WO 91109122. The term "r-VIll SO" is defined as a

polypeptidechais-desiveddrem fplslenarEasiaey I 2o lacking Aming aei 67&‘1‘%? fprough 1636.

Further FVIII vaggrpégeha%w% aslli%gart of the B domrfaun are described in U 358 703.

u 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
chemaostat 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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Suitable vectors for transforming CHO and 293S cells are disclosed in US 5 854 021. BHK cells
expressing FVIII may be prepared as disclosed in Wood et a/ (1984) Nature 312, 330-337 or obtained
from the ATCC as culture CRL-8544. CHO cells expressing B-domain-deleted variants of FVIII are
described it %{"4f95) Eur. Biochem. 232, 19-27 and in US 5 661 UOBVTHAELE cell types
were deposited with Deutsche Sammlung von Mikroorganismen und Zellkulturen as DSM 6415, DSM
6417, and DSM 6416, When FVIII and vVWF 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 soliJ”s%E 8?5%@1?%??#&”&% SRBBOAY TS SHRE F%’F\/WF?“%F FHEBASE that wil
specifically bind E\AREHGVWEIUFFEF Sopiaisisapriednpheersitisd arrvadmplensed dissociate. Suitable

methods are taughtine W86 307 G32¢Baxtee AG)ramddied 280cbt0iéEysrodenetics). The FVIII
(optionally in corppiers wihaishdnaeinea.e farmratedBnd HeeghiB knawdwaaws for example, FVIIL,

having been pro gﬁﬂ 'H ¢ | ur lfr e of animal proteins, is preferably formulated.in a protein-free
composition, as grséloseﬁg%é;g%nyp e ﬁéﬁgn@%%%t%%gr?gg’x%éarrﬁ?{%?ﬁ% ?oon%e, ?ﬁ?g’r&lO?SlO or US 6

599 724, and usBAtEINENFERSH LU HRErETHIid 8. AIPARTE e ERRRiesfan @@ closure is used to
produce FVI I, ittiogsresanetrah antherdeds celts red npeimatamt dsaadintainedatiardetperature that is set

at 360.9C, preferalna6Q:aitarenaredreaier albndle Cadnditaesinaiarabhs 30 and/or the pH is set at
7.200.05, preferally,+. , ferably 7 01, most preferably 7.20; and/or the cell culture
supematant has a, d_isggﬁ/%c(jg %@%%ﬁé&ﬁ%ﬁgﬁ c‘)% %t%brl %%?’é%?éﬁ@%ﬂ’%&” f@chnrsnore preferably 5.5
to 8.5%. PreferaBfl a8 aSE iRl dLE RS r if SHAFS b A iR Shee eterraRplimitE hamely
temperature and'glnaierpéiate dsditdcos orpinainduCeR. Vstpretaraily gallviyee parameters
are operated witbistéhespriefestediimits. AarshensadnrtieExammlas Brisudvagtagagys to include
copper in the celygulure SpSABtaRFBeN DS INADNIaN,is.used tQ Rraguse FYIIL Typically, cells are

cultured in a cell culture supernatant comprising 4 ppb Cu 2+. Advantageously, the Concentration of
concentration of CU2¥ i the Sc‘é?f'(?ﬁffﬁ%esﬁb@?rgél%ﬁg@ﬂfel%ast 5 ppb, and preferably at least 7, 10, 15
or 25 ppb. Insan Flt%rnagive greferred embodiment, the cell culture is used to produce ADAMTS-13.
ADAMTS-1% als® KRGWA LS RomMVitfBIEt FRehsaida musistened iRtass e member of the
metalloprotease Tawil{eleHiasemainitlinite psbrfivlizetary s W wmaltimeksrte siwmiier forms, by
cleaving the peptide bomdthetweensesiditandyird4grant Mei-843 MW Esnibisdsjalloprotease is

activated by CazfRainimd ek intibitesdiipainiiats plaerng of cuairine-plotepses Deficient von
Willebrand factor, VV}SE%&dggrad tion hasl)been assom%ted with thrombotic thrombocytopenic purpura

(TTP). In hereditary UP' MTS-T9EE g_gr"ftmc.)rr ﬁn&lgﬁaiﬁyaagfét‘%ﬂ\%: (FHEFER ¥ the nonfamilial,
acquired forth of #48" feautsn@ovdy iRititigiatyANgTS-InacartRsty s fosutbigaststently in most
patients. The clonatepériteciiptiessria isfsttachpamain tADAMTSH drgena-asardeseribad in Plaimauer et al,

2002, Blood. 153Q(HY:3626=3dvetha&anineAnaexpiessianafAeMman ADAMTS-13 gene,
together with the complete sequence of the cDNA are also disclosed in US 2005/0266528 Al

(Laemmle etal). iA SpisakieAMAMTHL 3dosciechiction Dydhesnehasaldhe laventiop is native, full
length ADAMTSy13, pre erab‘?nrégrlnn% ADAMTS-13, As an alt?rnat've to native FVIII, variants and

analogues can be proéuég(jr.e he term %ﬁ&%&fﬁ’ilsfods%(grﬁ%?e?ﬁ 5 'a%ﬁ%'?éngﬁ)?rb&ypeptide or
complex of PolyfERyEeHAHgE AP ARFsIreste Mt D ARticuIHAY e MR Yo e Ave the peptide
bond between regtibesd (pe84RtanEIMEINBA BT obNs\/AE sC anrarigiotsréherguadtityieal active
ADAMTS-13 mapdbgdiriarmineddydunaignabassayrisush@asde ncignalassaysemploying
modified von Willebr, [ tides ate for ADAMTS-13 (Tripodi et al J Thromb
Haemost. 2008 %:969 %?g)%%%i .‘%%r%iﬁé?ﬂe%ﬁé? ot gsetaer?rﬁ?rﬁ?hnge r-Hﬂ eD(fbfﬁi}llﬁeSﬂ’a activity is
disclosed in Gerft&&h et al, Assay of von Willebrand factor (vWF)-cleaving protease based on

decreased collagen_binding affinity of degraded vWF: a tool for the diagnosis of
k1t ontinuous  Tultures,” particularly repeated baich, chemostat and turbidostat

cultures, are typically operated at high growth rates. According to common

practice, it is typical to seek to mainiain growth rates at maximum, or close o

maximum, in an effort to obtain maximum volumetric productivity. Volumetric
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15 thrombotic thrombocytopenic purpura (TIP). 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
a malian cell cultures, as described in Plaimauer et

ADAMTS-13 may, i o lQn in nalian 1S
al, 2002, supra arq(%%%hg 2%%?/%29(%%5%%%,5\%@%c()%esnoprectg%Bfnaacnt'(v'(t:{]I?ureVSPRf)Ri\/ITS-B

expressing cells SHIFRT6EEA HipidlintielaT Bo'sERwtifgers Seniihaeralims, Fogiuman;41(1):24-33.
Preferred cell typéeifomthévesd res sianaof AD ATS-diBionelydeddidi=293 eslistandigbktO cells. US
2005/0266528 Al\ansh&hep@@lcalig00%he %L@@aﬂ%é@@%-%@@&ﬂ@ga@é@dﬁﬂf&ﬁmgé ﬂ; pgrifyindg .
ADAMTS-13. Purifi N be formulated according to conventional methods and use
therapeutically, f(gérg g%ﬁ%%%l%éﬁt rn\}%%iergé th‘é%]%nét ?%Cd af ﬁ%’g '&%cisosnlﬁ’ }eaitéabnggdafotﬁeroduce

ADAMTS-13, it isHPETHTea At (A CiituRtlle Sapissrabast i hrafF@mrles at SRIAPpETature that is set
at 36.0t0.9C, prefeseatyly '38.00.5Crimoreemmesiagably36:00 Aand chasbpeeferably 26:0C and/or the pH
is set at 7.150.05¢jusrletodly tkpeRdrdnprespreferabling 420m 0k Moshoref i} 5; and/or the cell

; : 0 0,
culture supematapLgs, &SR ¥84-E0B SN AALRR ALk 18 1076 Brelsrably 4,010 0.0%, more
from a lower growth rate at the lower temperature, the amount of recombinant
protein produced was so much greater that the lower temperature culture was,

overall, the more productive.

Suitably, in any of the first, second or third embodiments of the disclosure, the cell
culture supematant is maintained at a temperature that is set at a temperature
which is lower than the temperature at which maximum growth rate is observed
by at least 0.5°C, preferably at feast 1.0°C. In this embodiment, it is preferred
that the culture is a continuous cutture, particularly a repeated batch, chemostat
or turbidostat culture.

Mammalian cells such as CHO and BHK cells are generally cultured as
suspension cultures. That is to say, the cells are suspended in the medium,
rather than adhering to a solid support. The celis may alternatively be
immobilized on a carrier, in particular on a microcarrier., Porous carriers, such as
Cytoline®, Cytopore® or Cytodex®, may be pariicularly suitable.

The cell density is commonly monitored in celi cultures. In principle, a high cell
density would 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
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 Schéarfe System
GmbH, Reutlingen, Germany. We have now found that it is advaniageous 1o

analyse the cell density by means of a suitable probe introduced into the
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preferably 5.5 to 8.5%. Preferably, at least two of these parameters are within the preferred limits,
namely temperature and pH, temperature and dCO2 or pH and dCO2. Most preferably, all three
parameters are operated within the preferred limits. In an alternative preferred embodiment, the cell
culture is used to produce twin. Fudn, also termed PACE (paired basic amino acid cleaving enzyme),
belongs to the group of the subtilisin-like serine proteases, which play an important role in the
cleavage of proproteins, especially in secretory synthesis (Van de Ven et al., Crit. Rev. Oncogen.,
4:115-136, 1993),.It.1 iym-dependent.serine endopyotease structurally arranged into several
domains, namely%gg%ﬁgﬁ!%gﬂ é,%%o:p%g |J§foggtar)[/%8gdqéﬁﬁﬁ?l rgrﬁg-ﬁ'%ﬁp&%%%c%ﬁ, the C-terminally
located cysteine-fith TEH4iIA frahEMEMBRINE deimaiREaRg ey SRS RRPEAI2TFHev pileiease cleavage site
comprises a recogpiiioesrairy et dwwhictrisnehtr doterizegib yHh 8iamiso Maidos eguenae
,(Al_rlg-X-kLys/Arlg-?rgziﬂs}ezmoteaﬁ@emdﬁl %!ﬁ%%%emgp%%%ﬂpgﬁgggg@gﬂ}f@fﬁg m§eg§é1§gnshus sequt()ence _
osaka et al., . : 7- .Intact furin is jncorporated into the membrane
system of the Go%%i gé?ﬁﬁﬁ@‘a%%ﬁf?eﬁ??? une %F?aﬁtflll’;r@ﬁ\rpe BredARaR Y418 Gl Biol. 1990:
111:2851-9). Upo‘f%?F%enéri{’%f%t'ﬁ%\ﬁﬂ%mﬁ%gﬁb@fmﬁ?ﬁﬁf@ﬁ&wqﬁémﬁbﬁI@é‘mic reticulum to
the Golgi compartrreatctisaiproyaptivetimalitoteatalyticatytiveraDusisldnaiswo gtep pracessing event
(Anderson eta!, EMBEd. dig9éiel Gids> it bbetiodbl RISRAY e he iR Hesliang-telgi network and

the cellsurface vigegdospmalugsisles, Ipgiehyrogessing bolh preglirsor proteing during thei
A p h 0ng ¢

transport through the constitutive secretory pathway as well'as mo ecules ana[(é'ﬁﬁfjetﬁ% endocytic

pathway. The celllifaPEEG5ELERIR o fBFIFRS trRsSFSIEseingaratentism iRrefirsereanby defined
structural featuresuigithivhits isyaoplesraie reib{Treneherf tealorkBiohiBhenialBo%R7 418199-07). Since

an overexpressiosyabihe naliveifusin paease RegRtveisafectsthaarawthaf sopsipuously growing
cell cultures, solutiong fiave been sought to reduce the toxic influence of furin on the cells. The

C-terminal domains have been found to be dispensable f or the functional activity of furin and a

truncated form ofthe.Quekn.28XREESEEE RativeJuip of 485 I etected in the cell
supernatant as s%{% Ki%?é}%i{” g\év!i?; a!i aE}I},HPE\Id%\J,éH.a 1%55@%99%%7%&8% %f r?gcfﬁfgiiléosecreted
' ed'f

truncated furin is alSo known as SRR BidticalPe Gt 87 Bl rERPERL &R s '©omm. 1993;
195:1011-8; PlairhSlkr Sek/ Hiders mrsfeztir 354 889-98)adasigivhve théttemgitialy of the
transmembrane [gortientr@ii@y dtcals JoGalk Biohibod 994, k2 382942 afkdddi R4 aigiaseiruncated by

genetic engineeripgriaiinihiRe.AACRUIRRRALO LRG3 SIRIANG AR cYloplpgpatc domains has
been deleted hava g,%en.des ri?%géor example for an(gno acids A714-794 (Leduc at al, J Biol Chem.

1992:267: 14304°8° Mooy At AT, 3 Bior Cherr 1505%% 7 TR E G5y S#¥%r 15 amino acids A716-794

("Sol-PACE", Wesgley.etal i) Bigd %}1% &9%@;%68:08458- 5; Rehemtulla and Kaufman, Blood. 1992;
79:2349-55) and for amino éct%s A705-794 (Hatstizawa st l ,‘%“‘é}i‘oisdﬁ%ar%ﬂf £993%7:16094-9). Furin

mutants addition&IRF eSS EiRE HHLTEtd Poriirel RitPRR Kea dhorsRadieErs BRasibdescribed
(Hatsuzawa at alfc) Srsepiefh. 10052 1891 10056 -Z300; DU e v Steta! ThBied ©hemsuaH93;268:21826-34).
WO 2008/141824igiBateridntaengitisnablge. chaperdenlthsasamAddissisesatrdacated human furin

lacking amino acﬂéé@:‘etgengéﬁgir%f tﬁé%ﬁf&gﬂse type.

The heterologous or recombinant protein produced by the method of any of the
first three embodiments of the disclosure is preferably a blood protein. By "blood
protein” we inciude 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 inciude serum albumin, coagulation factors |, [I, 111, V, VI, VIl EX,
X, X, Xit and Xiil, furin, von Willebrand factor, tissus plasminogen activator,
interleukins, interferons, metalloproteases such as ADAMTS proteases {e.g.
ADAMTS-13), immunoglobulins such as IgG, igM, IgA or IgE and immunoglobulin
fragments.  Suitable antibody or immunogiobulin fragments include Fab-fke
molecules (Better et al (1988) Science 240, 1041); Fv molecules (Skerra ef af
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The term "furin" is used herein to denote any polypeptide or complex of polypeptides that has furin
proteolytic activity. 25The evaluation of proteoiytic 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 oP"® &8t avage site for which furin is specific (Schlokat Sl USEI8ERHEEApp
Biochem. 1996;24:257-67). With said assay 1 Unit is defined as the amount of furin that will release 1
pro! of 7-Amino- 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 U/mL. Alternatively the
proteolytic activity'Can SEY FedttedSerb MR ANSSCRBITalRtvB Vbt din Y faRtYample pro-rvWF,
for a sufficient tinr@rFHdesgre erefinjrd o WierecdigshegticarBle aralyaes) Soleaxopaple by Western
blotting. The quantity isiunr/antigmns)capdbrameasured by oNFELESA IS AgHilRhlgELISA test is the
human furin DUO%EQM@%'%@A%J{%%B&P@X&E%E% IN %gt%\ﬂo. %}(;.I'S(?ggéy ;\‘f",tﬂ,%h mouse anti-human

furin is used as a_capture antibody, and Diotinylated goat anti-numan-furi isause03§§ a detection
antibody. A suitaBfé u%%?oﬁl’??d'ﬁ%stia?%gﬁﬁ]féaﬁqa%ﬂ‘a fire B ERI e 18 ARBVECIE length furin,
preferably humarYdtrite desnassticedenivedo maribe fisrn foveonatars donbanafbgmes aambe produced,
including those destribeidnabeseatiuitatde, \reety shtosiigasiopinenammaliah gsilsy particularly CHO

cels with furin OGaAaA LB, TR HBSFHRERIR IO, 20DGMBZA Byt Infemational nc, Baxer

Healthcare S.A.), together with methods tor purifying the furin so pro O 91/06314 (Holland

Biotechnology) dgseribanfHinsRaRSIan Heclars.aupelaotkof exmssainour ig pammalian cels
particularly QOS-Ol t?oele?i ?Q%éﬁ‘e RLégi]‘ica'[('g?E %frecombinantl¥ produced furin. WO 92/09698 (Genetics
Institute and Chirdh or¥1) BSCribes the ir[ler RO A BRI KifscaRerdiste, or in
combination withS§9E8Y Hadsr Iturersedivrraeddropeiuat tadesmbinene fottamdtiving cell culture by
endogenously privduc@dl famibs whighdscexpresskdia) relateisdoydanalstiz man call types (Wise at al,
1990, PNAS 87:938:988 2\ NG RIQCRsuAR AR AdR. POfiP-BIIGIFALRY Goexpressing
heterologous furif&xyjatgégei Ergafg},/\é\gl,:- él}&gg%tigg%” O dzg\(]),;a/ 41824 suggests that a purified furin
may be suitable for USe as a reagent 16 promote processing of THhEE Y Rfethod of the
disclosure is use®PEBrbat &k FariAtat ief fHeté?rad tharemesa Rigruricor sh&erarabinisimaintained at a
temperature that@s¥iliap36d1traa;, preferatris 360110:bGs stoke7prafambly8% 1042@&and most

preferably 35.1C(@adéorAbE pirhis ebabAshb QS drefasablyid #2003, morg.arefergbly 7.151-0.01,
most preferably Er@r&ic@%@'mﬁ r‘-;@”i%%gr%(ﬁ ﬁf@g&%&@%ﬁ@cg gtls;{solvedhcoz concentration of 1 to
. . 0.

10%, preferably 4.0 to 9.0%, more preferably , refe aﬁf’f, SRR these parameters
are within the préf&f884/Bits® r‘i?gﬁ‘l fy (RPN iR BRe, tewiparatt @ H98%EOR or pH and dCO2.
Most preferably, &fiftif@eSa?amete?s are operated within the preferred limits. In an alternative
preferred embodiment, the cell culture is used to produce Factor VII. "Factor VII polypeptide"”
encompasses wild&yBEFRAGF Vi (Be!sshbRpiagadiencte any polypeptide or complex of

polypeptides that has clotting facior VIIl activity, Activated Factor VI functions
as a cofactor in the conversion of Factor X to Factor Xa by activated Factor
IXa in the presence of phospholipids and calcium 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 gquantity of which is determined spectrophotometricaliy.
Commercially available assay kits include Factor Viil Chromogenic Assay Kit
30 (Dade Bebhring, Switzertand; US 6,100,050); and Coatest Factor VI kit
(Chromogenix, Sweden). Factor Vill concentration in humans is defined as 1
iU/mL blocd. The Coatest Factor Vill kit can determine FVIII activity equivalent to
at least 0.01 IWJ/ml blood. To be considered as a Factor VIl as defined above, a
polypeptide or compiex of polypeptides must have at least 1% of the activity of
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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 VIl variants having substantially modified or reduced biological activity relative to wild-type
Factor VII. The term "Factor VII" is intended to encompass Factor VIl polypeptides in their uncleaved
(zymogen) form, as well as those that have been proteolytically processed to 10 yield their respective
bioactive forms, which may be designated Factor Vila. Typically, Factor VIl is cleaved between
residues 152 and tayield Factor, Vijla. The term "Factor VIl polypeptide" also encompasses
polypeptides, incllf%?g%%g%%ﬂt\éﬁiﬁ W i({:l??tfhgqgac%?s\?ﬂta‘ﬁi&% a3l RRRPRaeBEBAUbstantially
modified or some{NEETEHRERT FAfp/erEtP Y latssivriivaY WwikktaptediB dutthe Ditate 4T ahese polypeptides
include, without lifiitasemy. Factor VII or Factor Vila into which specific amino acid sequence alterations
have been introduced tl% t (fkf%/ or disrupt the bioactivity of the polypeptide. The biological activity of
Factor Vila in blodd ¢ft gﬁ& NEETHBHIRE BintfiestndnftheciFrees Fouttre TH) kngti) catalyze the
proteolytic cleavagiof Fagias BV0Ima0 FABHH XD RrRsldreAGHIVAIEA EAGIONIX Qi dFactor IXa or Xa,

respectively). Biolagjcal agtivi I polypeptides ("Factor VII biglogical activity”) may be
guantified by measupr% t?ﬁ? ggﬁ%‘%ﬁ%&g J’érgtl%%} t%“%?’qar%%tgobffgg‘éf 53{Hn6"’ﬂ‘%ri‘ﬁga\53ctor VII -deficient
plasma and thrombopRetF 2858 H??@d,"ga.@mﬁ tnavpigithigerisi oo aBdaihyVEigRA 5686. In this
assay, biological &di¢rizisn ZBreRpressestdwmthis KRl Retonsiviciotiingptizae, retafivestn a control sample
and is converted 868 FettomVilaunitmabyigomparisenuiih &e051ed RumaSelmLsiapdard containing 1
unit/mL Factor VI agvipy,- ively, Eactor Vila biglogical activity may be quantified by (i)
measuring the abiIﬁqﬂg‘@éggfd{%%o%hgﬁﬁtgé R?Ilpéag&gp%%lﬁdcer)a%gp%ﬁ%&(g 2o Factor X
(Factor Xa) in a s@%&é% 3B 8 AT e R L A5 dAH m'wpRpiiraBine arridrateor X (Persson et
al.. J. Biol. Chema®7'9:2¢jdst Srediganly. 109 Biq ldd etieasierinasifeaatde it ydrabgsistimap.aqueous system:
(iii) measuring theqphysicat kinaingatskacierapim (e Radea Yl palvpepfide) 1o LE using an

instrument based,ofsSHIRRE P! gace (Persson, FEBS Letts, 413:359-363, 1997); (iv)
measuring in vitrg r?rxgro%si% gfﬁaﬁ%gﬂi%%ﬁ:@tﬁs#geob@%c{é REET8In F e P olypeptide); or (v)

h N .
measuring genera |ona'mf_ TEMBIATR /5 B RaRI s @i R Bresstiam ohmednatiastpr FVII antigen may
be determined by’ iL99#ioA defivabite. BdaSiteis saerASEaSMals idesmite Factoo\dH /GBY4E) ELISA Kit
available from AsSeytétro (StiCBarles abicdkGatansidedidd Uhah WhIGh Uses @[%Bﬁclonal anti-human

FVII as capture anfiedyiand aRipk | | anti-human FVII as detection antibody. A
preferred in vitro BX teoa?i;sris assay or;gy ﬁ%%%%&ﬁ%ﬁg%na"gﬁ‘ f&%‘ggkd’ﬂ'ﬂfﬁsvariaﬂt is carried

out in a microtiter plate (Maxisorp NUAS BBAM A RELLSiBEa8Bs 2007/0219135 (Novo Nordisk

Healthcare NO). Vila (10 n nd factor X (0.8 microM) in 100 microL 50 mM Napes, pH 7.4,
containing 0.1 Mél:\%%(l?g ger%?ﬁﬂgggé}/lé'%ﬂgif %%vrélaﬁg\ﬁﬂgss%%ﬁﬁrﬁlB'ﬁﬂﬂ?ﬁddféqﬁ(ﬁj%‘led for 15 min.

Factor X cleavag&ls tAEH SRYpFEE By nscraltiman off BERaerossSisamvki epasop7at, containing 0.1
M NaCl, 20 mM EB%A Hefdra g/retdesiine setamacalammine Eheamount el festos4a generated is

measured by addi&igrb@fstaﬂnrééiﬁﬁr@ﬂ%ﬁ%ﬂﬁé@%&%é@ﬁfﬂﬁ%@ﬁ@ﬁ%’nm%ﬂiIége (5-2765,

Chromogenix, Swyedesd, Egplj:cgwc ntrati 2J0M. The absorbance at nm is measured
continuously in a qugé:%aMaiin" 3'2%?’5%%32‘355%5%%5%85 osegao%oéd dirfystemstlutes, after

subtraction of th&BBsSfHENERPRT DI 4R \Pelteeaffmg os Vi, Miayommisedrtouediculate the ratio
between the pro&stiiererctoiBiSy GHvaraw aatr 28wilisiyperfactor Vila:

When FVHI and vVWF are co-produced, the complex between them may be
purified by centrifuging the medium to remove the celis and then exposing the
resuiting fiquid to an immobilised solid support containing an antibody for sither
FVIll or vWFE, or a peptide that will specifically bind FVIH or vWF, under conditions
that will not cause the compiex to dissociate. Suitable methods are taught in US
6 307 032 (Baxter AG) and US 5 200 510 (ZymoGenetics).
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Ratio-IA405nm factor Vila variant)/(A405m 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 enco ibit at least ut 25%, 30 preferably at least about 50%, more
preferably at Ieag%%%ﬁh%%%oﬁﬁ‘(} ?ﬁ(l%{n Sr%’%e‘?%%i’y@@‘é‘&‘é%%u?g U(r;aﬁ é"édpg%‘?ﬂé”activity of Factor
Vila that has beefBISUNREY il the @R cEHtyJ8 imdiraastensinesni or wibre dra efotting assay,
proteolysis assayen#- pivteingy dssayierstde Jorivdatabdvea FactanYlevatmptsinaying substantially
reduced biologicaiaaiuyidetaiwekoivld yped-aaiqaMia- arehassdhakexbibiviags,than about 25%,

preferably less thgg @Qﬁgﬁog%ruscg tg;%fa rgaqil%l(seswsm'g{l}%g {%‘%{qﬁt 5’2/0 and most preferably less than
ic acti ifa

about 1% of the 5 specific activity of wild-type Factor 3< been produced in the same cell

type when testedin ang,or. L 21 BUING-ASRL IBIRAleIEATSAY, OLIERIIng assay as

described above. Factor VIl variants having a substantially modified biological activ ?/ relative to
wild-type Factor Wi ifiditiaes RARBEN iR iftitAinehdor \npariestishiseseiisit 320R16pendent Factor X
proteolytic lo activitigrabid $Ho8& habindrifelblydo+ne ceaintactosXabatantsed fractor VII, whether

exhibiting substanially bessame orhesterdhinanlivinihan WiskRREARIOLID oF, Altgrnatively,
exhibiting substagﬁ%t&b og@@d aq,]rdyoerdlﬂ%eq: ‘gfoguqtté¥gyst;£elatlv§at Vgll|d-t pe Factor VII, include, without
limitation, polypeptides avi'ng}' an amino aci RAttifterSfof #i80&quéifee of wild-type

. “id séquence tha
Factor isVII by inS&HRSH 28 tioh ot EetiEmol 6ok S mbreantisaabidss Mohsfimiting examples of

Factor VIl variants¢iamirly substahtfatlydhtsameeiogicadractitity asewilditype Raetor VIl include

S52A-FVlla, 860Aamyi} kar{bsnaurd ahd \se «Eipehamr. BioPphys, :{;Zg'g%%alggolg%g'sfactor Vila

variants exhibitingg%ggg ,Sﬁifjt e%tgg,lgltri] t%t_gQ;Qt as {ieigg&ste in%lye.&3 'igdﬁt l}lo. ?5,580,560; Factor Vila
n

20 that has been proteolytically cleaved between residues B Between residues 315 and
316 (Mollerup et gt, Biotechnol..Bioeng. 48:501-505, 1995); oxidized forms of Factor Vila (Kornfelt et
al., Arch. Biocher%tf SB%%%%@E“%E ?ﬂ%%,‘ﬁf@@é%;aéaa%%?s\}ﬂ 273%3?1%3 eI U8 SEY BB T/DK02/00189;
and Factor VI vaiiBATeERhisitRg s cvaai doterslyirc rspsymmy/ Y distipiselt isalsCr@2/38162 75
(Scripps Researcttiwistitote pef-adtor\élpeariantsbapitsmaapotitiett. Glavdaszabuaydhexhibiting an
enhanced membganedigshingransisaiases INAVOLN2 004 kLRivEssity afMinnesgfa); and Factor VI

variants as disclﬁgqamWgepalt_éégpégsgI\/I,a%yggrs{ég%gb!\lon-Iimiting examples of Factor VIl variants

having increased biological activity
In an altemative preferred embodiment, the call culivre is used to proa‘ube
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 farge
- VWF multimers to smaller forms, by cleaving the peptide bond between residues
Tyr-842 and Met-843 of VWF. This metalioprotease is activated by Ca® /Ba?,
and is not inhibited by inhibitors of serine or cysteine proteases. Deficient von
Wiliebrand 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
autoantibody inhibiting ADAMTS-13 activity is found fransiently in most patients.

The cloning and expression of the human ADAMTS-13 gene are described in
Plaimauer et al, 2002, Blood. 15;100{10):3626-32. The cloning and expression of
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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 02/077218, 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-SefSOrHar4Beltic Res Inst.). Non-limiting examples of Factor VIPGERAHEAt8HEHKE substantially
reduced or modified biological activity relative to wild-type Factor VIl include RI 52E-FV1la
(Wild-goose et al., Biochem 29:3413-3420, 1990), S344A-FVIla (Kazama et al, J. Biol. Chem.
270:66-72, 1995% FFR-FVlla (Hoist et al, Eur. J. Vase. Endovasc. Surg. 15:515-520, 1998), and
Factor Vila lacki Eﬁﬁ%”@?a’*% 5 | Y RREEI RSN &t Wit thepseririeis ssgepessobile, oY) Following
production of FVAetAgopbigioeptitie i 29066255088 frdmetirelsrrdilin Pufisatiparofd=actor VII
polypeptides maymsaiusietign, it hsoarakeananiiy0s aRirNiireRERs Mbaatdesy column (see,
€.g., W‘?‘kapayasig}b%tr&ll ﬂuﬁé%'-A%t&%{’ﬁ‘s-%@l:%%anan %%ng Qd rTart]'tI\;Q E{/ﬁ‘ll ’vBr!iggtgeagn d 27:.7 785’ 1988)
and activation byag)roteo Sytlc cleavage, using Factor Xlla or other proteasesahavmgr{rypsm-l|ke

specificity, stich as?lcé“:’a‘?, FRLES AR ,‘f?ghikrein, Factor Xa, and thrombin. See, e.g., Osterud et al.,

Biochem. 11:28 é]@?Z)A as, U.S, Pat. No. 4,456,591, and Hedner et al,, .1. din. Invest.
71:1836(1983). ﬁern%ve%/, Ii;act%?rlf‘/ltllsr%da?) eI, TSR B RYREB IS PO EYRPER itin-exchange

chromatography REBFReSUERt S MM (Ehariiciaysrtsevike. srilioto\ieareatevated Factor VII
may be formulatedrts nese detvierovvesidanssT Frar 2 xxamidie, 8t ndyhWe useehvishikesinent of bleeding in
helrlnopihiliacs. W@gﬁ;@wg m@@aﬁ%@@sg@s&gg@wa@&&qm%g&gg& % \é“cﬂ%ﬁ pbrlef(:a3r6re5dotgact the
cell culture sype .af a temperatyre that is, set at 36.50.9C, prefera .50.5C,
more preferzbéri)y %E(‘S%g%q%ﬂc%ggﬁdp r%%g%_iﬁgfg'r%%ﬁpe% "_%@’@%"ﬁgﬁfﬁg PigeRU4gs & ?‘.‘gﬁtﬁﬁt‘?& p)r/eferably
7.200.03, more preferAMY 739 1Ped | $hakt prersrabTiFemest AR PamSERII Bttt dupernatant has a
dissolved CO2 cotasiet atrspooiol deserd¥ingreafe A 20 3@Q1086s nissiesprafetanys ub to 8.5%.
Preferably, at least fivoneédnese parameiskmarewshigns.-peafsrred imils. namglydemperature and

pH, temperatureogggggooc%@rggﬁbmg%@%y:}gfggﬁg%grw y, gqotol?roretfﬁ%a%%egseigso?re operated within

the preferred limjts. The present discloSure wi rther illustrated in wing examples, without
any limitation theP&t8® @éﬂ?ﬂf&%%ﬁ%ﬂ&%%ﬂ%ﬁd?&r@vﬁrmaJaﬁs?ﬁfyb?ea 8eHdfSs are established in
bioreactors, usintf&sulscibie2a¥ane! 10/4206sBHG dellinéveansfofmid $otdoeekpress Factor VIII and
von Willebrand Facter baescribedrimkatdman st abii8nMot GelnBiah Dak2@3rkd42 and US 5 250

421 The paricu 19 36Ul SRALD AGAPIEIIA9 .5 AAVALE EA g coes not contain
a

animal-derived products, and subcloning in a microplate.
RIGEY SURGIQI, N a pucroplate. o ADAMTS-13 may also be

20 determined by measurement of ADAMTS-13 antigen, for exampie using the
ELISA method disclosed in Rieger et af, 2006, Thromb Haemost. 2006 O5(2).212-
20.

ctivity of nativ

Proteolytically active recombinant ADAMTS-13 may be prepared by expression in
mammalian cell cultures, as described in Plaimauer et al, 2002, supra and US

25 2006/0266528 A1, Methods of recombinant culture of ADAMTS-13 exprassing
cells are disclosed in Plaimauer B, Scheiflinger F.Semin Hematol. 2004
Jan41(1):24-33. Preferred cell types for the expression of ADAMTS-13 include
HEK-293 cells and CHO cells,

US 2006/0266528 A1 and Zheng et al, 2001, Blood, 98:1662-1666 disciose

3¢ methods of purifying ADAMTS-13.  Purified ADAMTS-13 may be formulated
according to conventional methods and used therapeutically, for example to treat
TIP.
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The standard culture medium is: DMEM/Ham's F12 50/501136 g/kg tO to which was added:
L-glutamine0.6 g/kg Ethanolaminel.53 mg/kg Synperonic F680.25 g/kg Is NaHCO32 g/kg Soya.
peptone4 g/kg CuS0O4.5H2017.02 mg/kg  The basal DM EM/Ham's F12 50/50 medium contalns 1.3
mg/kg Cu2+ sufficient for 20the complete medium to contain 4.3 ppb Cu2+. 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 m%@ﬁ@@eﬁﬁq of the disclosure is used to produce ADAMTS-13, it is preferred

that the cell culture supernatant is maintained at a temperature that is set at
36.0£0.9°C, preferably 36.0£0.5°C, more preferably 36.0+0.2°C and most
preferably 36.0°C and/or the pH is set at 7.1520.05, preferably 7.15+0.03, more
preferably 7.1520.01, most preferably 7.15; and/or the cell culture supematant
has a dissolved CO, concentration of 1 to 10%, preferably 4.0 to 9.0%, more
prefarably 55 to 8.5%. Preferably, at least two of these parameters are \;vithin
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.
In an altemative preferred embodiment, the cell culture is used to produce furin.

Furin, aiso termed PACE (paired basic amino acid cleaving enzyme), belongs to
the group of the subtilisin-like serine proteases, which piay an imporiant role in
the cleavage of proproteins, especially in secretory synthesis (Van de Ven et al.,
Crit. Rev. Oncogen., 4:‘31'5'—136, 1883). R s a calcium-dependent serine
endoprotease structurally amanged into several domains, namely a signal
peplide, propeptide, catalytic domain, homo-B or P-domain, the C-terminally
located cysteine-rich domain, transmembrane domain and cytopiasmic tail. The
protease cleavage site comprises a recognifion sequence which is characterized
by the amino acid sequence 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 af, J Cell Biol. 1990;111:2851-9).
Upon ftransit of the newly synthesized furin precursdf from the éndopfasmic
reticulum to the Golgi com partment, the propeptide is autocatalytically removed in
a two step processing event (Anderson et a/, EMBO J. 1997, 16: 1508-18). Furin
also cycles between the trans-Golgi network and thé cell surface via encosomal
vesicies, thereby processing both precursor proteins during their transport
through the constitutive secretory pathway as well as molecules entering the
endocytic pathway.  The cellular distribution of furin to the processing
compartments is directed by defined structural features within its cytoplasmic tail
(Teuchert et af, J Biol Chem. 1998,274:8198-07).
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25G418 treatment. After serum-free adaptation, cells were subcloned and subclone 640-2 was chosen
as production clone. 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 International Inc.,
Baxter HealfCAE* % HB0Furin production CHO DUKX-B11 cells were tPAiéFEet8%%6&44¢) 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 subcloning and
selection in mediym containing 100 nM methotrexate, followed by serum-free adaptation. The

standard culture MEGiARCIEE TR S ERIFENR L TGRS eI e haitmibee BN the medium
disclosed in US ZOGIWER2sy @i@iiitbest critired; BdvtiensSiaterberiosaloincg Beaxterttdealthcare S.A)
FV1I production GkOrBldkoé-Blilreealls meeaiy ansfectathwilinianicis kan pyartende llow coexpression

of PVI and VKORE (AR LR IGRSHHIASR, SOMAISA, CRRE.LXPIBSSIon.Is iven by the CMV

promoter, and an internal ribosomal entry site 10é§IRESJ is [ocated between the FV11 gene and the

VKORC gené CeleRErs MaSEUBLUETHY i Catifrdsississhiadh s ralipirainfiatiethod. The selection
medium containe@PeopFmehiyisicih BNERII$9RkPE Setscianethisntriwrsisrsaeritee conditions and a
high expressing subcianentindsvuas chosenasspsoduationichar: LEQ, wasiaalesigmas having

advantageous prapSHIRSIVHELHESRAEOIA -8; Plaimauer of &/, Biochem J. 2001:354:689-95) and
is cleaved N-terminally of the transmembrane portion {(Vey et af, J Cell Biol.
10 1994; 127: 1829-42).

Furin proteins truncated by genetic engineering, in which the encoding part of
the transmembrane and cytoplasmatic domains has been deleted have been
described for example for amino acids A774-794 (Leduc et af, J Biol Chem.
1892;267: 14304-8; Molloy et af, J Biol Chem. 1992;267:16396-402) and for
15 amino acids A776-794 ("Sol-PACE", Wasley et al., J Biol Chem,
1993,268:8458-65; Rehemtulla and Kaufman. Blood. 1892, 79:2349-55) and for
amino acids A705-794 (Hatsuzawa ef al, J Biol Chem. 1992;267:16094-9).
Furin mutants additionally comprising a deletion of the cystein-rich region have
also been described (Hatsuzawa ef al, J Biochem. 1992:101 :296-301:
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 protealytic activity.

25 The evaluation of proteoiytic 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 (Schlokat 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 flucregenic 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. Altematively the proteoiytic activity can aiso be measured by incubating
furin with pro-proteins, for example pro-rvWF, for a sufficient time. The degree of
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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 culture
medium disclosed in US 6,936,441 (Baxter AG), and contains, inter she, 2.5 g/L soy peptone and 5
mg/L insulin (Nucellie; Eli Lilly or Novolin(r), Novo Nordisk). 20 Standard processes used for FVIII
production 5 L continuous culture Medium is pre-conditioned for several hours in a CO2 incubator
(5-15% CO2) at 25 37 C. To establish the culture, at least one 1 ml vial (107 CHO cells/ml) is

defrosted and the cep@\ﬂiluted in. 60 ml %re-copditioped medigrpyirwgsqu flﬂsks (200 ml), and cultured
ulta

in the CO2 incubator at 37 C. Aker about 3. aa%/%?dthg%%%qpc re 1S aaded t0°140 Ml of fresh medium

in 1 roller bottle (FETHY PHETBIRIIBRtREPEIRFGRISHItY B50k A eshd A sHirblg BHESA C with rotation.
After two 30 daysesheasctits famasp itrit/ Paviskt dtaiedisnfrolRA Db eldesris, fktehcaediom (200 ml

medium + 100 mbsylggse = FBRHhARE rolenbhamielhiteriye s Ehég&&wtmrbgé%same cells are again
a

split 1/3 and cult%ggn%% dotal.of. }_ﬁ@%ea bottles in fresh medium a ggscribed ove. Once the

required cell density of approximate X 106 celis/mis reac e?f{ 1800 ml inoculum is inoculated

in 3.2L medium that hag beeR RISGRALHANGH ASARRGIBER AB0YEs Y HMM[%I%&%% SL bioreactor.

Under standard conditions, the 5L bioreactor is run at pH 7.2, a cell density of 1.4 X106 cells/ml and a
temperature of 3MENUMGE AN HERErcBibitiots Ahe el ors splrBdiiNeBPRa¥fg a 10 pm bubble
size at a rate of CaB&ddliek (vl bnpraioipecivdhyie ef detuitedasoheur). Inoculum Build-Up in the 40L
Bioreactor An inoculum pool is obtained essentially as described above in relation to the 5L continuous
culture. Howeverstiteboeditapipraxdnsateting Lpanddtzabieineshftiomary CHO cells, with

furin or variants of furin are described in WO 2008/141824 (Baxter International
Inc., Baxter Healthcare §.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 purfication of recombinantly produced furin. WO 92/09698
(Genstics Institute and Chiron Corp) describes the expression of furin in CHO

celis, gither alone, or in combination with VWF or Factor [X.

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, 1980, PNAS 87:9378-9382). ProrVWF processing can be made
more efficient by coexpressing hetergiogous furin with tﬁe’ Pro-rviwF.
Alternatively, WO 2008/141824 suggests that a purified furin may be sultable for
use as a reagent to promote processing of F'WVWF,

Where the method of the disclosure is used to produce furin, it is preferred that the

cell culture supernatant is maintained at a temperature that is set at 35.120.8°C,
preferably 35.1£0.5°C, more preferably 35.1£0.2°C and most preferably 35.1°C
andfor the pH is set at 7.15:0.05, preferabiy 7.15+0.03, more preferably
7.16x0.01, most preferably 7.15; and/or the cell culture supematant has a
dissolved CO; concentration of 1 to 10%, preferably 4.0 to 9.0%, more preférably
5.5 10 8.5%. Preferably, at least two of these parameters are within the preferred
limits, namely temperature and pH, temperature and dCO; or pH and dC0,. Most
preferably, all three parameters are operated within the preferred limits.
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to 18 rather than 6 roller bottles. The BR-40 bioreactor is cleaned and sterilized b(_afore the operation,
and approximately 8L of medium is transferred to BR-40 prior to inoculation. The inoculum pool of

! . . : ) : ha
approximately 5L IS transferred from the pooling tank to the bloregctor via a transfer line to reac
total culture YSIGME 3%t approximately 13L. Once the cell density reacﬁ@’@%@@’%ﬁﬂ’éﬁnL, the
culture 15is 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 3 ahiridtie 8”94)8%8%8‘%&-@%%?841‘&69iﬁd&ﬁfhi‘?o?w%@ f5&ilum of

medium 13 trans
approximately 40{'lis 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 ceIL_c,/mL,
the culture is dilutERFIL: 3 viRiReRIIRIngrAIRIrasses 6Miie ¢t dtadttime), dlee aatbborpehtration 75again
reaches 9x105 cedsimiheamirihecttaegienaf theiizesmunsteiandsNPisbinreastoriscarried out. 2500L
Bloreactor Bylc-yaarud 3P RAGHIVINORBRARECKIMAAILTARL BHENTGHEA LpMAIBBR S20 0 the BR
cultre volume oF LA BBLS G b B3y <o U varan naug supstanaly
modified or reduced biological activity relative to wild-type Factor V1|, The term
"Factor VII" is intended to encompass Factor VIl polypeptides in their uncleaved
(zymogen) form, as well as those that have been proteolytically processed io
10 yield their respective bioactive forms, which may be designated Factor Vila,
Typicalty, Factor Vil is cleaved between residues 152 and 153 to yield Factor
Vila. The term "Factor VI polypeptide” also encompasses polypeptides, including
variants, in which the Factor Vila biological activity has been substantially
modified or somewhat reduced relative 1o the activity of wild-type Factor Vila.
15 These polypeptides include, without limitation, Factor VII or Factor Vila inte which
specific amino acid sequence alterations have been introduced that modify or

disrupt the bicactivity of the polypeptide.

The biclogical activity of Factor Vlla in blood clotting derives from its abiiity to (i)
bind to Tissue Factor (TF) and {ii} catalyze the proteolytic cleavage of Factor IX or
20 Factor X to produce activated Factor 1X or X (Factor IXa or Xa, respectively).
Biological activity of Factor VIl polypeptides ("Factor VI biological activity”) may
be quantified by measuring the ability of a preparation to promote blood clotting
using Factor VII -deficient plasma and thrombopiastin, 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 clotiing time relative to a control sample and is
converted to “Factor VIl units" by comparison with a pooled human serum
standard containing 1 unitmb Factor VIl activity. Altematively, Factor Vila
biological activity may be quantified by (i) measuring the abifity of Factor Viia {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 hydrotysis in an
aqueous system; (iii) measuring the physical binding of Factor Vlia (or the Factor
VIl polypeptide) to TF using an instrument based on surface plasmon resonance
(Persson, FEBS Letts, 413:359-363, 1997); (iv) measuring in vitro hydrolysis of a
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density reaches 9x105 cells/mt.., the culture is diluted (-1:3) with medium to ajinal volume of
approximately 2500L. After 4 to 7 days (total time), the cell concentration again reaches ?: 9?(105
cells/mL, and approximately 1150L of the inoculum is transferred from the BR1 to the BR2 blpreqctor
that contain® S 2 8%Mately 1350L of medium. After transfer, approxinft&ySLe8sHpemedium is
added to bioreactor BR1, to reach a final culture volume of approximately 2500L. Chemostat The
‘chemostat' culture mode is started as soon as the cell concentration in each 10bioreactor reaches ?_
1.2x10 cells/mL. é%re%l& te%é 1@50L of medjum ger day is added in a continuous mode to each

|

RS 1s BSIAR B FoBc9r adh BRhBREIHAY iff §4CRePSHING bioreactor.

bioreactor. The céll concentration’fs £ ' 6X 1 _ ac
Multiple harvestsS98RitoRMARMpI 358 Ulajeipesdero rrandrstayeidim StieriletibeigsFati2 - 8C. The

culture is maintameidefomah oaib@-iheays HLIBYR chamansatininde tdndekyila:siapdard conditions, the
pH is set 0 7.2, hRdsnqrr e s sekio 3G ARG CMiME IS SRaTged ")g?&?%zag%‘é'”g a 10 pm

i e of culture per imilar cultivation
bubble size ata Eq_lgogj;.q.O%iV?}/l—éevglurgn%gf 02 per volum p

methods are’also applicable fo the culirs o1 B HO ARSI b S5 GRPES AP 2 Ain or FVII.

biotinylated polyclonal anti-human FVIl as detection antibody.

A preferred in vitro proteolysis assay for native (wild-type) factor Vlia and/or factor
Vlla variant is carried out in a microtiter plate {(MaxiSorp, Nunc, Denmark), as
described in US 2007/0219135 (Novo Nordisk HealthCare A/G). Factor Viia {10
10" nM) and factor X (0.8 microM) in 100 microl. 50 mM Hepes, pH 7.4, containing
0.1 M NaCl, 5 mM CaCl; and 1 mg/ml bovine serum aibumin, are incubated for 15
min. Factor X cleavage is then stopped by the addition of 50 microl 50 mM
Hepes, pH 7.4, containing 0.1 M NaCl, 20 mM EDTA and 1 mg/mi bovine serum
albumin. The amount of factor Xa generated is measured by addition of the
I3 chromogenic substrate Z-D-Arg-Gly-Arg-p-nitroanilide (S-2765, Chromogenix,
Sweden), final concentration (.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 Fvia,
may be used to calculate the ratio between the proteoiytic activities of variant and
20 wiid- type factor Viia:

Ratio=(A o5 ~r factor Vila varant)i{A s . factor Vila wild-type).

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

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

by & calcium thrombogplastin is measured.

Factor Vil variants having substantially the same or improved biological activity
relative to wild-type Factor Vila encompass those that exhibit at least about 25%,
30 preferably at teast about 50%, more preferably at least about 75% and most
preferably at least about 90% of the specific activity of Factor Vlia that has been
produced in the same cell type, when tested in one or more of a clotting assay,
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Example 2: Effects of changing various parameters on FVIII productivity FVIII productivity of the FVIII-
and vWF-expressing CHO cell clone described in Example 1 was determined under varigus culture
conditions. __ In separate experiments, the pH, cell density and temperature were varied in a 5L
25scale conYYr?u"t?ﬁ@"@ﬂm?re. In each case, the control experiment used pllicf/ﬁsé"f}@ﬂgﬁ%ﬁs[ty of 1.4
x106 cells/m1 and 37C. 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 x106 cells/ml, increased as follows: Cell

ity : i i ity Productivity increase
denSIty ’(X106 Ceplllgt/égi@sl?seaggsea%agerw%{neclallnsgeégsgye/”ag %Qs?cr}/bec{ ag)ove. Factor VI variants

having substantially reduced biological activity relative to wild-type Factor Vila are
those that exhibit less than about 25%, preferably less than about 10%, more
preferably less than about 5% and most preferably less than about 1% of the
5 specific activity of wild-type Factor Vla that has been produced in the same cell
type when tested in one or more of a clotting assay, proteolysis assay, or TF
binding assay as described above. Factor VIl varants having a substantially
modified biological activity relative to wilkd-type Factor ViI inciude, without
limitation, Factor VII variants that exhibit TF-independent Factor X proteolytic
16 aclivity and those that bind TF but do not cleave Factor X. Variants of Factor VIi,
whether exhibiting substantially he same or better bioactivity than wild-type
Factor VI, or, alternatively, exhibiting substantially modified or reduced bioactivity
relative to wild-type Factor VI, inciude, without limitation, polypeptides having an
amino acid sequence that differs from the sequence of wild-type Factor

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

Non-imiting examples of Factor VIl variants having substantially the same
biological activity as wild-type Factor VIl include S52A-FVita, S60A-FViia (Lino et
al., Arch. Biochem. Biophys. 352: 182-192, 1998); Factor Vila varants exhibiting
increased proteolytic stability as disclosed in U.S. Pat. No. 5,580,560; Factor Vila

20 that has been proteolytically cleaved between residues 290 and 291 or between
residues 315 and 316 (Mollerup et al., Biotechnol. Bioeng. 48:501-505, 1995);
oxidized forms of Factor Vila (Kornfelt et al., Arch. Biochem. Biophys. 363:43-54,
1899}, Factor VI variants as disclosed in PCT/DK02/00189; and Factor Vil
variants exhibiting increased proteolytic stability as disclosed in WO 02/38162

25 {Scripps Research institute); Factor VIl variants having a modified Gla-domain
and exhibiting an enhanced membrane binding as disclosed in WO 99/20767
(University of Minnesota); and Factor VI 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 inciude Factor VI variants as disclosed in WO
01/83725, WO 02/22776, WO 02/077218, WO 03/27147, WO 03/37932; WO
02/38162 (Scripps Research Institute}; and Factor Viia varants with enhanced
activity as disclosed in JP 2001061479 (Chemo-Sero-Therapeutic Res Inst.).
Non-limiting examples of Factor VIf variants having substantially reduced or
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modified biological activity relative to wild-type Factor VIl include Rl 52E-FViia
(Wiid-goose et al,, Biochem 29:3413-3420, 1990), $344A-FVlia (Kazama et al, J.
Biol. Chem. 270:66-72, 1995}, FFR-FVila (Hoist et al, Eur. J. Vase. Endovasc.
Surg. 15:515-520, 1998), and Factor Vlia lacking the Gia domain, (Nicolaisen et
al, FEBS Letts. 317:245-249, 1983).

Following production of FVIl, the polypeptide may be purified from the medium
Furification of Factor Vil polypeptides may involve, e.q., affinity chromatography
on an anti-Factor VIl antibody column (see, e.g., Wakabayashi et al., J. Bioi.
Chem. 261:11007, 1986; and Thim et al., Biochem. 27:7785, 1988) and activation
by proteclytic cieavage, using Factor Xila or other proteases having trypsin-iike
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. 4,456,581;
and Hedner et al., J. Clin, Invest. 71:1836 (1983). Altemnatively, Factor VIl may be
activated by passing it through an ion-exchange chromatography column, such
as Mono Q® (Pharmacia) or the like.

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

For exampie, it may be used in treatment of bieeding in hemophiliacs.

Where the method of the disclosure is used to produce Factor VI, it is preferred
that the cell culture supematant is maintained at a temperature that is set at
36.520.8°C, preferably 36.5£0.5°C, more preferably 35.520.2°C and rmost
preferably. 36.5°C and/or the pH is set at 7.20£0.05, preferably 7.20+0.03, more
preferably 7.29£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
the preferred limits, namely temperature and pH, temperature and dCC; or pH
and dCO,. Most preferably, all three paramseiers are operated within the
preferred iimits,

The present disclosure will be further iliustrated in the following examples, without

any limitation thereto.
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732.283742.4100762.6117 49 Hence, a substantial increase in productivity could be achieved by
increasing cell density. This could not have been predicted, since increasing cell densjty can reduce
the productivit% i)er cell. Moreover, at certain cell densities, the increase 5in productivity was found to

be greater thERA 1HE'HE&%se in cell density, which is PCT/US2008/088036

Example 1: basic cell cutture

FVIH production

Typical cultures are established in bioreactors, using a subcione of the 10A1C6
CHO cell line transformed to co-express Factor VIH and von Willebrand Factor
5 described in Kaufman ef af (1988) Mol Cell. Biol 9:1233-1242 and US 5 250
421, The particular subcione was obtained by adaptation 1o a standard medium

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

The standard cuiture medium is:

DMEM/Ham's F12 50/50 11.76 g/kg
12 to which was added:
L-giutamine 0.6 g/kyg
Ethanclamine 1.53 mg/kg
Synperonic F68 0.25 g/kg
{5 NaHCO, 2 g/kg
Soya peptone 4 g/kg
CuSQG,.5H,0 17.02 mglkg

The basal DMEM/Ham's F12 50/50 medium contains 1.3 mg/kg Cu®" sufficient for
20 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 seiected after methotrexate and
25 G418 treatment. After serum-free adaptation, cells were subcloned and subclone

640-2 was chosen as production clone.

The standard culture medium is a serum-, insulin- and oligopeptide-free medium
based on the medium disclosed in US 2007/0212770 (Grillberger ef al; Baxter
International Inc., Baxter Healthcare S.A )

30 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 clone
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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 (yolume
of 02 per volume of culture per hour). In the test vessel at o pH 7.2 the culture was sparged with air
having a 10 B BHBIEElize at a rate of 1.25 VVH (volume of air per voluffer6f20stirestisr hour). By
increasing the pH from 7.1 to 7.2, the productivity could be increased by about 16%. By_lowerlng the
temperature from 37C to 36C, the productivity increased by about 22%. 15 Example 3 influence of cell

density and copper.concentration on FVIII productivity  FVIII productivity of the FV.III- and
VWF-expressing %"Op%aeﬁl'c?gﬁfzeglé’é’c?ﬂ%mwgé@%ﬁ? RS AR SRR dEIOVEYious culture

conditions. A corfigilneiftdie iavepdrtenratisriapaptaPa, 4ppb 002+ and a cell density of 1.4x106
cells/mi. Comparative cultures were run at pH 7.2 and 36C. In one culture the cellldensity was
increased to 1.6xT56 REARIHTAHEE i eftBtne @isiiug inerelisemiciuonartigetivee ivimin a third culture,
the cell density waseZ. Or106 weliafmidecthibe ioopPE007/0212770 (Grillberger of af: Baxter

5 Intemational Inc., Baxter Healthcare S.A.)

FVI production

CHO DUKX-B11 cells were transfected with a bicistronic vector to allow
coexpression of FVIE and VKORC (vitamin K epoxide reductase compiex). Gene
expression is driven by the CMV promoter, and an internal ribosomal entry site
10 (IRES) is located between the FVII gene and the VKORC gene Cells were
transfected using the calcium phosphate precipitation method. The selection
medium contained 200ugiml hygromycin B. Celis 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 tegard to
15 growth, productivity and stability under continuous culture conditions. Stabiiity

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

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

mgil insulin (Nuceliin®; Eli Lilly or Novolin®, Novo Nordisk).

20
Standard processes used for FVII production

5 L confinuous culture
Medium is pre-conditioned for several hours in a CO; incubator {5-16% CO,) at
25 37 °C. To estabiish the cuiture, at least one 1 ml vial (107 CHO cells/ml} is
defrosied and the celis diluted in 60 ml pre-conditioned medium in Roux flasks
{200 mi), and cultured in the CO; incubator at 37 °C. After about 3 days, the 60
mi culture is added to 140 mi of fresh medium in 1 rolier 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 spiit 1/3 and culiured in 2 roller bottles in fresh medium (200
ml medium + 100 ml culture = 300 mi per roller bottle). After two or three further
days, the cells are again split 1/3 and cultured in a totat of 6 roller bottles in fresh

medium as described above. Once the required cell density of approximately 1 x
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concentration was increased from 4ppb to 6ppb. Results: by reducing the temperature, increasing the
pH and increasing the cell density to 1.6 x106 cells/ml (an increase of 14%), the FVIII productiyity
increased by 41-50%. A further increase in cell density to 2.0x106 cells/ml (43%) gave an 15 increase
in productivil/{eBHBEEA to the control culture) of 39-77%. When the copB&Y 240/ R186 cells/m1
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, inc(;easing the csll
density by only 43% apd increasing the copper concentration by 50% the 20Rill' productivity can be
almos%/dgublez/j. facﬁ%?én 4* iﬁﬁﬁ%ﬁ%cé%ﬂ gﬁ FEISE URd S Bpperted it dnetiush 8/F productivity
25Example 3 walsfepretatetsidiirnsbRintensohpd/Roprederstivitiuwd smifeaSu tsatedttd. 6 x106 cells/ml
and 4ppb coppel88Cstaidai2}dheitpredinetiityivwes: 624% 0 bthe contekiAe3sRFaG: cells/ml and 6ppb
copper the produdvibyufs o 82erHiRserAgoin-ELSIBRNBLINGIE 3RS 0 Braugyfy can be achieved
by making s em;n%%gregda‘!\!ri&hgngﬁe%ln t\i}ﬁ Brré)%e%é)a%rameters. I%xam le 5: influence c_)f cel! density,
pH and dCO2 FVIITBIdauctivityof the BVIIFENE SR E%BHaL8HR ¢ 4o 08l MiBHEEscribed in

Example 1 was q&tBehyrienamqeivansuodtiture conditions. 5In this experiment, the cell density was

increased from 1.41x106 cells/ml to
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 51, 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 > 9x305 cells/mi, the culture

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

reaches 2 Qx105 cells/iml., and the transfer of the inoculum 1o the 3201 bioreactor

is carried out.

Expansion in the 3201 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 401 is transferred from the BR-40 bioreactor to the
BR-320 bioreactor via a transfer fine fo reach an initial culture volume of
approximately 120L. Once the cell density reaches > gxﬂ}s celisimL, the culture
is diluted (1:3) with medium. After 3 to 6 days (total time), the cell concentration
25 again reaches = 9x10° cells/mL, and the transfer of the inoculum to the 2500L

bioreactor is carried out.

2500L Bioreacior

Build-up

The inoculum of approximately 320L is transferred from the BR-320 to the BR1
36 bioreactor via a transfer line that already contained approximately 630L of

medium to reach an initial culture volume of approximately 950L. Once the cell
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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 (IU per litre per day) increased by 98% and the
specific FVIII productivity (IU per million cells per day) increased by 36%. 10 Example 6: Influgnce of
pH and temPEPAIFEHFHUrin production Furin expressing CHO cells werd €lliFaieHR$BS | bioreactors
in chemostatic 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% B OVRERIFY) 3R Hesakisiake bt trdustoredittersiwith) 00D, Byiredns of the "design of
experiments metfed'yalifferentaigmperatiy csovere sasbinedwitlitteseniel] walues to ascertain the

conditions which result in.20 maximum volu tsic productivjty of furin. Five temperatures were
combined with th_(?(()anemc“‘tt %SPUE agcéeoar%liﬁsg %é]%rfé 'ﬁf‘)%grﬁ er?ﬁ%‘?&?,’“r‘@@ﬁfﬁnqd T's8V&K combinations of
temperature and"ﬁﬂql’g‘a‘”fdﬁoﬁ?éﬁsﬁegﬁﬁé‘fﬂ@ti@?\?Icﬁﬁ"erﬁp!(@)Efiﬁéi |bioreactor that contains

5 approximately 1350L of medium. After transfer, approximately 1150L of medium
is added to bioreactor BR1, to reach a final culture volume of approximately
25001,

Chemostat

The ‘chemostat’ culture mode is siarted as soon as the cell concentration in each

10 bioreactor reaches = 1.2)(10B cells/mbL. Approximately 12500 of medium per day

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

between 9)(105 - 1.6x106 celis/mL in each 25000 bioreactor. Multiple harvests of
approximately 1250L/day/bioreactor 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 fo 7.2, the temperature is set to 37°C and the
culture is sparged with O; having a 10 pm bubble size at a rate of 0.02 VVH
{valume of O; per volume of culture per hour).

Similar cuitivation methods are also applicable to the culture of CHO celis
expressing ADAMTS-13, furin or VI,

Exampie 2: Effects of changing various parameters on FVHI productivity

FVII productivity of the FVIIl- and vWF-expressing CHO celi clone deseribed 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/mi and 37°C.

When the cell density was increased, the volumetric FVIlF 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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135.17.202135.87.10135.87.30436.57.20536.5[-7.206

WO 2009/086309 PCTAIS2008/088036

Percentage | Productivity
Cell density increase in increase

(x10° celis/mp) | cell density (%)

1.2 - -

1.4 17 43

1.6 33 61

1.8 50 65

2.0 67 73

2.2 83 74

2.4 100 76

2.8 17 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 celf density, which is

aeven more surprising.

pH was increased 1o 7.2 by altering the sparge parameters. In the control vesse!
at pH 7.1, the culture was sparged with O; having a 10 pm 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 um bubble size at a rate of
1.26 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%.

15
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37.27.107 37.27.30 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 Sin the above

table).
WO 2609/086309 PCT/US2008/088036

Example 3. influence of cell density and copper concentration on FVIH

productivity

FVI productivity of the FVIl- 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/mi.

Comparative cultures were run at pH 7.2 and 36°C. In one culture the cell density
was increased to 1.6x10° cells/mi and in another it was increased to 2.0x10°
10 cells/ml. In a third culture, the cell density was 2.0x10° cells/mi 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 2.0x10° celis/mi (43%) gave an

15 increase in productivity {(compared to the confrol culture) of 39-77%. When the
copper in a 2.0x10° cells/mi culture was increased to 6ppb, the productivity
{compared to the control culture) was increased by 48-88%.

Hence, by raising the pH slightly, decreasing the temperature slightly, increasing
the celi density by only 43% and increasing the copper concentration by 50% the
20 FVIH productivity can be aimost doubled,

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

productivity

P2
L

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

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

seemingly smali changes in the process parameters.
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The data, including volumetric and specific productivity, and growth rate, were 5analyzed 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 e 1p%4ure from 37C to 35.1C, the volumetric productivity ESSRBEEN 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 Iower pH range 159f 7115 +1- O 05 (o[j tween 7.10 and 7.20), therefore pH 7.15 was
selected as set-poifit rorfarit Broticto tience of dCO2 on furin production Two

@ e Sity 3]
fermentation fUWNﬁ;E%&ﬁ;EN@P &Hﬁé@pﬁfﬁélﬁd W%@%@H@Q@ dBiZolhe 20sBiRERARLOrS, one run with
a CO2 concentration §Rproa<ep1%% 7%0/1, 9&%&@& Eper Wi h a CO2 concentration of approximately
12%. The CO2 concé)ntratlon was a uste§ by varying the ?ractlon in the head space flow. The
fermentations wereitareediminat 3¢ Geﬂatiawgb! ofag. ]:’Ezraasbwﬁhna [0 o2 Risheacell count was
approximately 1 07x1g6 E&l@éﬁﬂltﬁ’é’eﬁﬁ%ﬂéyﬁd%@@dh%?x@@? grcpiurp apd 1,48x106 cells/ml in the
low CO2 culture. Redl%m the C% nce;gg?mn fram 12% to 7.5% had the effect “of i increasing the
volumetric produ%’tr\/?t i ﬁYc)arog? fa %ﬁ the specific productivity by 2-fold. Cell growth

rate was also higrher in the low CO2 cultu
he volumetric FVill productwlty (IU per litre per day) increased by 98% and the

specific FVHI productivity (IU per million cells per day) increased by 36%.
i

Example 6: Influence of pH and iemperature 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 x10° and
1.78x10° cells/mi 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 foliows:

Fermentation iot | Temp (°C}) pH

1 351 7.20
2 35.8 7.10
3 35.8 7.30
4 36.5 7.20
5 365 7.20
6 3r.2 7.10
7 37.2 7.30
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Example 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 x106 5 cells/ml (between 2 x106 and 3 x106 cells/m1) for individual cultures over
4 cultivation'Wie &85 olved oxygen was controlled in all experiments RCAEBESHHIEHBL0% air
saturation. Dissolved CO2 concentration was maintained between 4%-7% by overlaying the
headspace of the bioreactors with 002. By means of the "design of experiments method", differen_t
temperatures were 10 comhined with different pH values to ascertain the conditions which result in

maximum volumetric pratbueiiviytioh Ml . Tileiae tenperatpges were combined with three pH values

according to the "Doehlgrt-Matrix*; resuttipgrig-five wmbig%‘ons oftemperature and pH as follows:
Fermentation lot TempY{C)-PH..6.0.7.15 36.0.7.25

The combination of 36.5°C and pH 7.2C 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
5 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 36.5°C. By decreasing the temperature from 37°C
to 35.1°C, the volumeiric 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 expecied 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 CO, 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 p0O, of 20%.

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

Reducing the CO, concentration from 12% fo 7.5% had the effect of increasing
the volumetric productivity by approximately 2.78-fold and the specific productivity
by 2-foid. Cell growth rate was also higher in the fow CO, culture.
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336.57.20 37.07.15 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 iNdRAAUHIRP3E2ample 9: Influence of d002 on FVII production PREESR888/BE8Ear different 002
concentrations (5.0, 6.3, 7.6 and 8.9%) on FVII productivity was tested in small scale continuous
culture.

Example 8: Influence of pH and temperature on FVil production

FVIt 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 celisiml (between 2 x10° and 3 x10° cells/mi) for individual culiures over 4
cuttivation weeks. Dissolved oxygen was controlied in all experiments at a
setpoint of 20% air saturation. Dissoived CO, conceniraiion 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 FVII. 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 38.5 7.20
4 37.0 7.18
5 7.0 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.

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
concentratio® atHA§He 5 first week. CO2 levels were controlled by of BffEiH¥A&0#&Hfent 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 d-1 and 0.49 d-1. Increased specific growth rates at low CO2 level correlated with 10
increased SpeCIfI%e ?o‘&‘?ﬁ‘étﬁﬂﬁ%@te‘%ﬁgt%ﬂm% S PEOBBNGRSTRIR dfteantl Specific
productivity resufteshianaBiupattonianeé ftetvaad/onden sontprogustiditionA alagieaa® andhe CO2
concentration froe.8:@%r rmetrinererses the: sRacHit growth rate Byekd Ysrthamsapeagific productivity by

10% and the volmq%@%@eaa QHBMW.JW%@ AR E A0l %%Q%%%%@Perawre and pH

on ADAMTS-13 Produc ratns ected CH? cle |s expressing recombinant ADAMTS-13 were
cultivated in hemostat cuIPuréseYr? 1 8P D STRLRUES &Y i’?i‘?s’f’%%?fﬁ?é‘ﬁ?’}gﬁ%ﬂﬁtﬂ”fe%perature were set

to different setpditisiftPithe Derdapise eftBeCiae®8Tsand 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 culturEVRGEYbsRLfetriFt yRRIE T é%Wth?ﬁ?é“éﬁH%%fé’ﬁﬁé’Wﬁ(MTS 13
expression. Oncéthéepiintatsmias folfnd Teehmatttheteuter fangeref trgeesighigpate, a second
experiment was s&d gRovith asrza'éea%mpeﬁa&w@g@weﬂ@g@%w SaCiavad RHe:Ea 1@y 15, and data

were analyzgd from. gggcsgggﬁg%sé%&cgﬁ I enmg %r;,ang'ﬁj ;#o%go 8120% é)g(i%ce Is/ml CO2 was

controlled by overlaying t space with CO2 to reac contentration of 4-6%.

Data from both e@(ﬁ’eﬁ‘i’ﬁ?gﬁtgr%@?@vﬁbfﬁffé{ﬁ%ﬁ AHesiRais stieqsmy Stutrtie arastisbifivare Minitab.

A decrease in the CO; concentration from 8.9% to § % increases the specific
growth rate by 17%, the specific productivity by 10% and the volumetric kinetic
productivity by 35%.

i5

Example 10; Influence of temperaiure and pH on ADAMTS-13 production

Transfected CHO cells expressing recombinant ADAMTS-13 were cultivated in

chemostat cultures in 1.5L bioreactors.

In a first expeniment, pH and temperature were set to different setpeints 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 fo 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 o 7.15, and data were analyzed
from the steady state. Cell densities ranged from 1.17-1.71 x10° cells/iml. 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

36 software Minitab.

36



Specific growth rate was found to have its optimum at pH 7.13 and 36.0 C using a quadratic model for
pH and temperature. The effect of temperature on growth rate was weak. Volumetric productivity was
found to have its optimum at pH 7.15 and 36.0C. 5 Despite the weak effect of temperature on growth
rate, there WAS P18y strong effect of temperature on volumetric proBfeibit8488¥nIng 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 in§ea§e to vcal}ungetric Qroductivit bty 14%. The overall effect of changing conditions
from pH 7.10 and EeMpPSTRIUFd BF 378 28 BH711% 4R QHERYBLPLRl - &F 38E308s Td Htkease volumetric
productivity by 22%efFéicestehter oHanefereatdyeitdHeheffeshdtenimetadeddnygrefdrence. CLAIMS 1.
A method comprisiagiauliesing heterologous protein-secreting mammalian cells in a cell culture
supernatant wherein the cell culture supernatant is maintained at a temperature that is set at X0.9C,
wherein X has a Velltestf:frorriu@tyQyto86ianwith theeptovistnthatdhptempenatsedsCset at less than
37C, wherein thepeghisulbradskeaiiaineshpbadrN sy ik d 08dR & X:1Q8&els/ml, and wherein

the mammalian ¢gll i & 1ase le%rdaé %ethlgg ccord&ngt.t Claim 1 wherein the temperature is set at
360.9C. 3. A methodaaccordina té Clafm 1 Whergrﬁct e t%n%vf) rature is set at 360.5C. 4. A method

according (o Clajsh WRPLCBNESIRRIBINE P AL A EMET o Prfemethad aceopding to Claim | -
wherein the temperature is set at 36 C. 6. A method according to Claim 1 wherein the temperature is
setat35.1 C 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 fo increase
10 volumetric productivity by 14%. The overall effect of changing conditions from pH
7.16 and temperature of 37°C to pH 7.15 and iemperature 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 | wherein the temperature is set at 36.50.9 C. 8. A method according
to Claim 1 wherein the temperature is set at 36.50.5 C. 9. A method according to Claim 1 wherein the
temperature is set at 36.50.2 C. 10. A method according to Claim 1 wherein the temperature is set at
36.5 C. 11. The method of claim 1 wherein the cell culture supernatant is maintained at a pH that is
set at XTDAIMEerein X has a value of from 7.15 to 7.20, with the proviso that the pH is set at greater
than 7.10. 12. A method according to Claim 11 wherein the pH is set at 7.200.05. 13. A method

accordingg to Claim 11 wherein the pH is set at 7.200.03. 14. A method according to Claim 11 wherein
the pH id sefdb PO OIPISPCHIMIHSP SEEIRaty BASRifT T ImBRsmtHa e s '8¢ o 798" 6. A
method accergirgaismClativtelil wherginuhesphlisrsatat i, kah08d 151 Atengthedractardingttet Claim 11

wherein the phig.set, 8L 1:130,03, 18 2 IPEodAreording 1o, Glaim LA WS TaIn NG Ak % ReLAt

+0. X 3060, ] the t

7 150,01, 10K G e to T e pH is Set at 7.15. b ©
at less than 37°C, wherein the cell culture is maintained at a density of 1.4 x 10° to 2.8 x 10°

cells/m], and wherein the mammalian cell is a CHO cell,
2. A method according to Claim 1 wherein the temperature is set at 36:0.9°C.
3. A method according to Claim [ wherein the temperature ts 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.
6. A method according to Claim 1 wherein the temperature is set at 35.1 °C,
7. A method according to Claim I wherein the temperature is set at 36.5:0.9 °C.
8. A method according to Claim 1 wherein the temperature is set at 36.5+0.5 °C.
9. A method according to Claim 1 wherein the temperature is set at 36.5:+0.2 °C.
10. A method according to Claim 1 wherein the temperature is set at 36'.5 °C.

11. The method of claim 1 wherein the cell culture supernatant is maintained
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20. The method of claim 1 wherein the cell culture supernatant has a dissolved CO2 concentration of 1
to 10%. 21. A method according to Claim 20 wherein the CO2 concentration is 4.0 to 9.0%. 22 A
method according to Claim 20 wherein the CO2 concentration is 5.5 to 8.5%. 23. A method according
to Claim 20 wherein the temperature is set at 360.9C. 24. A method according to Claim 20 wherein the
temperature s setlab86s56. 8C X267 hbawetBokkot Glainril fonPD Wherelh, thithoeH pudtuse Bapernatant
is maintained[&trﬁ{qysgpgttéﬁeag; ﬁ%ﬁ(@l.l%‘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. 26. The method of claim 25 wherein the cell culture supernatant
is buffered with bicarbonate. 27. The method of claim 25 wherein the supernatant is sparged with air.
28. The methaehehtdairoldinhereinithe celaansityiH i 66106 .20:2.65106 cells/ml. 29. The method of
Claim 28 wherein the cell density is 1.8x106 to 2.4x106 cells/ml. 30. The method of any one of claims

1, 11 or 20 wherein the heterologous protein is a blood protein. 31. The method of Claim 30 wherein
the blood3profeiretboractording (a0l élnidgiod b CHAIMFS BWHEEIN the Factor VIII is co-expressed
with von Willebrand Factor. 33. The method of any one of claims 1, 11 or 20 wherein the concentration

2{) r?(llezntr{gng] %?glilﬁé I%E%aij]&%etgga?%téi%gﬁgggtﬁ% BIQHS géaw%gbeéqod of Claim 33 wherein the Cult
15. A method according to Claim 11 wherein the pH is set at 7.20.
16. A method according to Claim 11 wherein the pH is set at 7.15+0.05.
17. A method according to Claim 1 wherein the pH is set at 7.1540.03.
18. A method according to Claim 11 wherein the pH is set at 7.1520.01.

19. A method according to Claim 11 wherein the pH is set at 7.13.

20. The method of claim 1 wherein the cell culture supernatant has a dissolved CO, concentration of

1 to 10%.
21. A method according to Claim 20 wherein the CO; concentration is 4.0 to 9.0%.

22. A method according to Claim 20 wherein the CO, concentration is 5.5 to 8.5%.
23. A method according to Claim 20 wherein the temperature is set at 36::0.9°C.

24. A method according to Claim 20 wherein the temperature is set at 36.5::0.9°C.
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35. A method according to Claim 30 wherein the blood protein is ADAMTS-13. 36. A method according
to Claim 30 wherein the blood protein is furin. 37. A method according to Claim 30 wherein the blood
protein is Factor VII. 38. The method of any one of claims 1, 11 or 20 wherein the culture is a batch
culture. 39. The method of any one of Claims 1, 11 or 20 wherein the culture is a fed-batch culture. 40.
The method of any one of Claims 1, 11 or 20 wherein the culture is a continuous culture. 41. The

method 6f claii LwherireiersloacuR RIPIEILSPCIRIRG tpATTA! iﬁ%ﬁ%ﬁ%&t?ﬂﬂﬂ gang the

Factor Vlll-secreting mammalian cells are cultured in a vessel Qoméglsing_a cell culture supernatant
wherein the defisiti bt thkeranstihana vatecRidirgis( peiAdaht 18 BSRidE o P et -iHe & <br and the

influx of fresh rpediunthintd. the vessel is automatically controlled in order to maintain the density of the
cells in a desired range. 42. The method of Claim 41 wherein the cell density is at least 1.4 x106

cells/ml. 43. The method of claim 40 wherein the continuous culture is selected from the group
consistirg-of s epsdmne afiskian2 2 whepibdaecdr aluibriparraiibatfered with bicarbonate.

27. The method of ¢laim 23 wherein the supernatant is sparged with air.

28. The method of Claim 1 wherein the cell density is 1.6x10° to 2.6x10° cells/ml.

29. The method of Claim 28 wherein the cell density is 1.8x10° to 2.4x10° cells/ml.

30. The method of any one of claims 1, 11 or 20 wherein the heterologous protein is a blood protein.
31, The method of Claim 30 wherein the blood protein is Factor VIIL

32. The method of Claim 31 wherein the Factor VIII is co-expressed with von Willebrand Factor.

33.  The method of any one of claims 1, 11 or 20 wherein the concentration of Cu’" in the cell

culture supernatant is at least 5 ppb.

34, The method of Claim 33 wherein the Cu”” concentration is at least 7, 10, 15 or 25 ppb.
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35,

36.

37.

38.

39.

40.

41.

42,

43,

A method according to Claim 30 wherein the blood protein is ADAMTS-13.

A method according to Claim 30 wherein the blood protein is furin.

A method according to Claim 30 wherein the blood protein is Factor VIL

The method of any one of claims 1, 11 or 20 wherein the culture is a baich culture.

The method of any one of Claims 1, 11 or 20 wherein the culture is a fed-baich culture.

The method of any one of Claims 1, 11 or 20 wherein the culture is a continuous culture.

The method of claim 1 wherein heterologous protein-secreting mammalian cells secrete FVIIL
and the Factor VIII-secreting mammalian cells are cultured in a vessel comprising 4

cell culture supernatant wherein the density of the cells in the cell culture supernatant 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.

The method of Claim 41 wherein the cell density is at least 1.4 x10° celis/ml.

The method of claim 40 wherein the continuous culture is selected from the group consisting of a

repeated batch, a chemostat or a turbidostat culture.
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