CELL CULTURE PROCESSES This application clains
priority of U S. Provisional Application No.

wW® 20000836828, filed Decenber 27, 2007, which i SPCT/US2008/088036
i ncorporated by reference herein in its entirety.
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25 In a typical process for preparing recombinant Factor VI, cells are cultured in a
medium and secrete Factor VIl into the medium. Factor FVIIl may then be

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

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

30 compared to the yield that might be obtained for other recombinant proteins. If
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A fourth aspect of the invention provides a method of continuous culture of FVIi-
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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
25 in-line sensor and the influx of fresh medium into the vessel is automatically

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

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE
INVENTION

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

30 which the mammalian cells are cultured is maintained at a temperature that is set
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whi ch the mammalian cells are cultured is maintained
at a tenperature that is setat X0.9 0C wherein X has a
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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(xY) and the heating or cooling element is activated when
the temperature varies by +Z °C, as appropriate. Typically, the permissible
30 degree of deviation of the temperature from the set-point before heating or
cooling elements are activated may be programmed in the process control
system. Temperature may be controlled to the nearest +0.5 °C, 0.4 °C, +0.3 °C,

0.2 °C or even 0.1 °C by heating and cooling elements controlled by
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30 +0.5°C, +0.4 °C, 0.3 °C, +0.2 °C , +0.1 °C or +0°C.
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In another preferred embodiment, the temperature is set at 36.5+Y°C.
Preferably, the temperature is set at (36.1-36.9) +0; or (36.2-36.8) £0.1 °C or %0;
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In one preferred embodiment, the pH is set at 7.20+Y. Preferably, the pH is set at
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X has a value of from7.15 to 7.20, and/or the
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nonitoring the thr
p&P%ﬁ?@{r@qu) Pfee‘ﬁﬂb erg thlﬁﬁﬁeﬁﬂg wrally rely on probes that are

inserted into the bioreactor, or included in loops through which the cuiture
medium is circulated, or inserted into extracted samples of culture medium. A
suitable in-line dCO, sensor and its use are described in Pattison et a/ (2000)
Biotechnol. Prog. 16:769-774. A suitable in-line pH sensor is Mettler Toledo
InPro 3100/125/Pt100 (Mettler-Toledo Ingold, Inc., Bedford, MA). A suitable off-
line system for measuring dCO,, in addition to pH and pO; is the BioProfile pHOXx
(Nova Biomedical Corporation, Waltham MA). In this system, dCO, is measured

by potentiometric electrodes within the range 3-200 mmHg with an imprecision
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concentration) are well known in this art and
generally rely on probes that are inserted into the

culture mediumis circul ated, or i nserted_ into
extracted sanples of culture nedium A suitable
in-1ine dCO2 sensor and its use are described in
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t habing NeOeasi ng pH (e.g. by adding NaOH) is not enough
on its own to achieve the maxi mum benefit in ternms of

t ct . tead, it i .
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advant ageous to reduce CO2 concentr at
his 1s achieved by ‘sparging’, |e passmg a gas through the bioreactor in order

to entrain and flush out the CO,. Conventionally, this can also be done using
oxygen. However, the inventors have found that it is advantageous to use air
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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to allowthe pHto rise from7.1, for exanple to 7.15

or 7.2, preferably w thout adding NaCH Mammalian cell
weopse89 need oxygen for the cells to grow. NeCTES109$/088036

this is provided by forcing oxygen into the culture

t hrough injection ports. It is also necessary to
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sparging, as described above. This is especially the
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' SHIBER 0 B o8, PE ek 8Bl RGN Prc
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L1 Rdpfoun, 23248184 B0, HETey RANGY QHIE( BV UFBCASCL 70): African
25 green monkey kidney cells (VERO-76, ATCC CRL-1587); human cervical
carcinoma cells (HeLa, ATCC CCL 2); canine kidney cells (MDCK, ATCC CCL
34); buffalo rat liver cells (BRL 3A, ATCC CRL 1442); human lung cells (W138,
ATCC CCL 75); human liver cells (Hep G2, HB 8065); mouse mammary tumor
(MMT 060562, ATCC CCL51); TRI cells (Mather et al., Annals N.Y. Acad. Sci.,
30 383:44-68 [1982]); MRC 5 cells; FS4 cells; and the human hepatoma line (Hep
G2). Preferably, the cell line is a rodent cell line, especially a hamster cell line
such as CHO or BHK.

20



weipysde ki dney |ine (293 or 293 cel |l s subcleeEUSF008/088036

10

15

20

25

30

FVI11. Exanpl es include the nonkey kidney CV1 |ine
transfornmed by Sv40 (COS-7, ATCC CRL 1651); human

growm h in suspension culture, Gahamet al., J. Gen
Virol., 36:59 [1977]); baby hanster kidney cells (BHK
ATCC CCL 10); Chinese hanster ovary cells/-DHFR, such
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avike impyiites presentdd demuimederipgd albumin preparations may also contribute
to the stabilizing effect of albumin. Factors such as lipoprotein have been

identified as a replacement for human serum albumin for the production of

recombinant Factor VIl under serum-free conditions.

Preferred media include those disclosed in US 6 171 825 (Bayer, Inc) and US 6
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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growt h factors such as reconbinant insulinis
optional. Hi storically, animal cells have been

such nedia are inconpletely defined and carry the risk
of i nfection. Those in the art have therefore devised
"protein-free" nedia that are either conpletely free
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pr"('ﬁﬂ‘ 8&d2 dyt lné'séﬂs saybean perioneaer mstp%@etn@t t@twe@nla)olam
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has an avera
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is also avail Synperonic F-6
Urﬁ% 'ﬁ‘e%% > epbATee %‘W’”C’@Pﬁé%‘e'i“r?é PP RPey - %1,
F-71 and F-108. Copper (Cu2+) nay be added in an
arforanticuladfv iprefdreedtmedsin® Be 80O WBoSGim pgsitieh:esyatbbtic minimum

1QRsaRRN. 56/80 RIEMIARMY F12) 1 to 25 g/l; soybean peptone 0.5 to 50 gll;
L-glutamine 0.05 to 1 g/l; NaHCO; 0.1 to 10 g/l; ascorbic acid 0.0005 to 0.05 g/l;
ethanolamine 0.0005 to 0.05; and sodium selenite 1 to 15 ug/!. Optionally, a non-
ionic surface-active agent such as a polypropylene glycol (e.g. Pluronic F-61,
Pluronic F-68, Pluronic F-71 or Pluronic F-108) maybe added to the medium as a
defoaming agent. This agent is generally applied to protect the cells from the
negative effects of aeration (“sparging”), since without the addition of a surface-
active agent the rising and bursting air bubbles may damage those cells that are
at the surface of the air bubbles.
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about 250nM The inclusion of a panel of trace netals
such as nmanganese, nol ybdenum silicon, |ithium and

W@ knoonsdime can | ead to further increases in Fack@r/USob$/088036

10 t

15

20

25

30

production. BHK cells grow well in this protein-free
basal nmedium The mediumof US 6 936 441 is al so based
on a 50/50 m xture of DVMEM and Hami s F12 but incl udes
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defevagdive of Haredio. 443 ispartisypiy, welhauitsd tq e qultering of CHO

proefiebul nialy &6 usBivitateaHtem 4xSwell. pr ot ease i nhi bi tor,
such as a serine protease inhibitor, which is sui tabl e

' |t th .
|8 DR RS ST Dkl PO DR, Bt
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t@Aabove nmenti oned medi um L-asparagine (0.001 to 1
all; preferably 0.01 to 0.05 g/l; particularly

prPeéfgrragl?/l ¥he Ct9t]l]re medlum IS tlfe)réd lbyct}'/\g tu(:i‘slenof lglgarggn]étet ?on%,

typically supplied as sodium bicarbonate.

Suitably, the culture medium has an osmolality of between 210 and 650 mOsm,
preferably 270 to 450 mOsm, more preferably 310 to 350 mOsm and most
preferably 320 mOsm. Preferably, the osmolality of the supernatant is
maintained within one or more of these ranges throughout the method of the
invention.
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g/l; preferably 0.005 to 0.05 g/l; particularly
preferably 0.01 to 0.03 g/l), L-cystine (0.001 to 1

preferably 0.015 to 0.03 g/l), L-proline (0.001 to 1.5
g/l; preferably 0.01 to 0.07 g/l; particularly
preferably 0.02 to 0.05 g/l), L-tryptophan (0.001 to 1
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maintain a steady state. Suitable continuous culture methods are repeated batch

culture, chemostat, turbidostat and perfusion culture.

CHO cells, for example, may be cultured in a stirred tank or an airlift tank that is
perfused with a suitable medium at a perfusion rate of from 2 to 10 volume
exchanges per day and at an oxygen concentration of between 40% and 60%,
preferably about 50%. Moreover, the cells may be cultured by means of the
chemostat method, using the preferred pH value given above, an oxygen
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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MahBMmbrane does not retain 100% of cells, and so a proportion are removed when
the medium is extracted. It may not be crucial to operate perfusion cultures at
very high growth rates, as the majority of the cells are retained in the culture
vessel,

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

maximum, in an effort to obtain maximum volumetric productivity. Volumetric
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volume. However, increasing the cell density can actually be harmful to the cells,
and the productivity per cell is reduced. There is therefore a need to monitor cell
density. To date, in mammalian cell culture processes, this has been done by
30 extracting samples of the culture and analysing them under a microscope or
using a cell counting device such as the CASY TT device sold by Scharfe System
GmbH, Reutlingen, Germany. We have now found that it is advantageous to

analyse the cell density by means of a suitable probe introduced into the
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25 The heterologous or recombinant protein produced by the method of any of the
first three aspects of the invention is preferably a blood protein. By “blood
protein” we include any protein that is or may be present in the blood of a human
or animal, including proteins that are engineered for intravenous use. Suitable
blood proteins include serum albumin, coagulation factors I, Il, Ill, V, VII, VIlI, IX,

30 X, XI, XIl and XIll, furin, von Willebrand factor, tissue plasminogen activator,
interleukins, interferons, metalloproteases such as ADAMTS proteases (e.q.
ADAMTS-13), immunoglobulins such as IgG, IgM, IgA or IgE and immunoglobulin
fragments.  Suitable antibody or immunoglobulin fragments include Fab-like
molecules (Better et al (1988) Science 240, 1041); Fv molecules (Skerra et al
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chromophore, the quantity of which is determined spectrophotometrically.
Commercially available assay kits include Factor VIl Chromogenic Assay kit
30 (Dade Behring, Switzerland; US 6,100,050); and Coatest Factor VIl kit
(Chromogenix, Sweden). Factor VIl concentration in humans is defined as 1
IU/mL blood. The Coatest Factor VIlI kit can determine FVIil activity equivalent to
at least 0.01 IU/ml blood. To be considered as a Factor VIII as defined above, a

polypeptide or complex of polypeptides must have at least 1% of the activity of

16



X, XI, XIl and XIIl, furin, von Wl Il ebrand factor,
ti ssue plasm nogen activator, interleukins,
WO poeossoons, netal | oprot eases such as ADAMIS RPCDUSA8%688036
(e.g. ADAMTIS-13), inmunogl obulins such as 1gG 1gM
| gA or I gE and i munogl obulin fragments. Suitable
anti body or i nmmunogl obulin fragnents include Fab-Iike

ol 4! Ifa%tOE Ra ts%{:h %at afv %g%@,rg%ﬁ' l%b%eatzﬁwg ?é?glgnom[:o ar

nmol ecul es ( Sker I ence

si prycenteEtan as W'VF §é<F197) V'HUFSeE@UY'WSS Ugtestable hxethv@oateat Ractor
pavhingsaydomai ns are |linked via a flexible oligopeptide
(Bird et al (1988) Science 242, 423; Huston et al

(1R§§|}ab|%riﬁ\ﬁﬂ fd}'%Hdu t@‘ﬁaog thé&bthoy%hﬁwerﬁﬁmé d;ﬁ(@/g Jﬁﬁ Irég%l]]tﬁ

t rrsing I so
5( Sﬁn\%ne‘%%?%f;'e E\iiésgay %Preﬁtecegm acmdarce mithniieoigh ertiah ibpsthe
anﬂ\éltlh@hforef pra Burli@hy hf@ an fég&ﬂfﬁvaﬁg na}l]depr;\ml h\?d'nfauatg eagd
var l ins o roden ori gl

U TR RY GHRATB KON e SDH ARple fpavarants

r ezl dedatipn dativabostydasediteid ris UShRatems iNge.ns 8225 pa; i4f 7401 189, 4
Of SéShﬁ K[a&) ??f]gl P%rde‘?% 71851%5%%%%&&\'\@%1%’('! " egtw? {g{‘ rggé;né\' P)inant

10 pr':eﬁct*_qfr\é't'f Bndsdioedrentonetaiemere| polypabtidgr @’lalr@ heyind Fastor VNI
pr QgL dé:r%ﬂ lomMuli-len ﬂ;\mdcﬁﬁ "%‘lli e\F%&ﬁ&J]W dg\@)ttng of8br more

W I | ebr a act E}'\;‘f can
s e?i‘é'P%F‘é' Bfe | elst %E'Gﬁ'ea oBRaAYR S devpid ¢ff dtoghpfythe B-
r edoondbi, antetairdl ;mus matnevahuyo-tehhaawa\hﬁ @mxpearmmapsre@dmeg

; - i , th
%?f :t%glé-ld?rhglg ryi/ﬂv\ﬁe_segs%%r}%lgl fggm wvolqroteorhﬂp é)?ochsdn%/of%he primary
15 hdtaeslation praducintg twommh/pewdeanhems otheprredistich ofi sueh agactor
celill feRE6EHENBRL Tudmidd! asa'?d/lﬂ/‘éﬁ B%%Q&ﬁ%&‘%‘é/vcy W67,

obt ai ned as_in Schl okat

b
ScHiEete®? Jalll TP nis SefinedcasdiPripertige ¢ queéYﬁdafﬁQj“ 7 Fulklength
me Vil Bhd mlﬁglammdcnwmm&m@hsmﬁs FLKBE oVl Warights

?ﬁk;néteag] %Fggﬁ{ gfrthéog')mmgln%rel @Js%::% ggmg\@?hdl scl oses

can be used o COpro
II-secretln cells. Cells that CO- express both
%{"8‘?'%‘*‘3‘?’% f‘H ©PpiaERIEs CHORIRI3S gelipare diselaead ipd)S 5 854
I roetli tBHKe pelrepléasihgreniiiethayibe i8N dMdiscidsel /in VBIo8l et af

9, 4 Fac ere

déﬁ%%z%géée ég) ypep:{:’ il c?%'ncgnﬁq"éf‘eoé?%églaﬁﬁé'g‘frﬁo‘#fg' é‘%ﬁt
hddHi@ PQilStaXPrgS$|m:B@|me1+dele$&§itwaaamty of At iaveadesdriiesldn bind et
Vidi (1dosN et aNBiogkerR Zﬁ@f @@E@ andl Th Ug%%@ﬁﬁ@é S"I'Rr%eoguch cell

Factor X to Factor Xa by actlvate actor | Xa

25 ph¥gEnkEeg F’e%ﬁ'@é’pﬁ’ﬁhl%ﬁ’%hﬁnﬁa’ﬂwuﬁﬂ LHPD| b"ﬂ‘éoorgamsme" und

Cariaituren ab PSM dva sopsmic iy afd D8sa418. Factor VI11 can
be estimated fromthe degree to which it pronotes

When FVIII and vVWF are co-produced, the complex between them may be

20

purified by centrifuging the medium to remove the cells and then exposing the
resulting liquid to an immobilised solid support containing an antibody for either

30 FVIII or vWF, or a peptide that will specifically bind FVIlIl or VWF, under conditions
that will not cause the complex to dissociate. Suitable methods are taught in US
6 307 032 (Baxter AG) and US 5 200 510 (ZymoGenetics).
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Cl ose
and is not inhibited by inhibitors of serine or cysteine proteases. Deficient von
Willebrand factor (VWF) degradation has been associated with thrombotic
thrombocytopenic purpura (TTP). In hereditary TTP, ADAMTS-13 is absent or
functionally defective, whereas in the nonfamilial, acquired form of TTP, an
autoantibody inhibiting ADAMTS-13 activity is found transiently in most patients.

The cloning and expression of the human ADAMTS-13 gene are described in
Plaimauer et al, 2002, Blood. 15;100(10):3626-32. The cloning and expression of
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Exanples, it is advantageols to inc copper |
ced% culture super nat ant when the invention is used to
produce FVIII. Typically, cells are cultured in a cell
clt VP@P'@'@LW'V\%@&WUUWAMW@WQWE Baared by expression in

AdvaHvh ABR Q4R Icmturésh @s CROGRBY ifPlafihuef eﬁan%{ﬁt Eé‘arg %@d Ys

culture supernatant Is at |ea
2 %05’8%%56‘? é‘f1er'\é%§r“§f’s a8 rPeaRiinant cyltyre qfARRAMBS; 1Bmzspressmg

cells are disclosed in Plaimauer B, Scheiflinger F.Semin Hematol. 2004
Jan;41(1):24-33. Preferred cell types for the expression of ADAMTS-13 include
HEK-293 cells and CHO cells.

US 2005/0266528 A1 and Zheng et al, 2001, Blood, 98:1662-1666 disclose
30 methods of purifying ADAMTS-13.  Purified ADAMTS-13 may be formulated

according to conventional methods and used therapeutically, for example to treat
TTP.
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consi ere
25 Upon transit of the newly synthes»zed furin precursor from the endoplasmic

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

30 through the constitutive secretory pathway as well as molecules entering the
endocytic pathway.  The cellular distribution of furin to the processing
compartments is directed by defined structural features within its cytoplasmic tail
(Teuchert et al, J Biol Chem. 1999;274:8199-07).
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The term *furin” is used herein to denote any polypeptide or complex of

o

polypeptides that has furin proteolytic activity.

25  The evaluation of proteolytic activity of a furin, truncated furin or furin derivative
can be performed by any suitable test, for example by using fluorogenic
substrates which are comprised of a dibasic cleavage site for which furin is
specific (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 fluorogenic substrate Boc-Arg-Val-Arg-Arg-
AMC in 1 minute at 30°C. The limit of quantification for this test is typically 0.625
U/mL. Aiternatively the proteolytic activity can also be measured by incubating

furin with pro-proteins, for example pro-rvWF, for a sufficient time. The degree of
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[ [ f rotein )

or U o id, Detont BISERED RV Ser’ o EBT B mociy e
pr%ﬁf&éﬂer@a@ﬁﬁtymtf@malyy%'defor exarrpl e by Western
blotting. The quantity of furin antigen can be

IIEH@%@@I&?’&)@NIQEM Fdtor &84 in tlﬁo&ﬂd:lbf @Ry Gerfvbd %ntltg%hhiysto (i)
t he hu rin et ava aple fro

(B W TR A T HRa i 2 v e Bl Rsmare ol Fiien & or
udedtoaX @ wagice ra@tnaamed Eamlgr, IXaoroX 1§ awtdr riyh at ed, gepdctively).

arﬁlélodgm&wfty H ﬁadtocr \Hlspgﬁggﬁtic%s S“?‘tag@: v %IO@% é;iaP?c%ViH"ﬁnay

suita furin met h
i Reetenidiediby W@FPW th‘P aP'I'twOéﬁgWParanor\rﬁo Pigmetechlags glotting

hwsmg Fabtor TH -diiciat p?ésh%rdﬁﬁtthﬁéﬁbbpﬂaéﬁﬁt hs/@stibeliNe.g., in U.S.
VA BRh ABD BRL SRR e RIS LAELAS) D,
t rexprefsmdnasntpe madnridn anclatéhd Sme pealativiectol @ cdntroCekhgle lahs ,is
Wic{)nverted to "Factor VII units" by comparison with a pooled human serum
standard containing 1 unitymL Factor VIl activity. Alternatively, Factor Vila
biological activity may be quantified by (i) measuring the ability of Factor Vila (or
the Factor VIl polypeptide) to produce activated Factor X (Factor Xa) in a system
comprising TF embedded in a lipid membrane and Factor X (Persson et al., J.
Biol. Chem. 272:19919-19924, 1997); (ii) measuring Factor X hydrolysis in an
aqueous system; (iii) measuring the physical binding of Factor Vlla (or the Factor
VIl polypeptide) to TF using an instrument based on surface plasmon resonance
(Persson, FEBS Letts. 413:359-363, 1997); (iv) measuring in vitro hydrolysis of a
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furin or variants of furin are described in WO

2008/ 141824 (Baxter International Inc., Baxter
wokmbp$cere S. A ), together with nmethods for peei/U§i0ng088036

the furin so produced. WO 91/06314 (Hol |l and

Bi ot echnol ogy) describes furin expression vectors, a

nmet hod of expressing furin in mamalian cells,

P el inshal®I85 reclol 1 (or bl ¥y PPlbrB8) elflaPleagurng
| ngftﬂefaﬁfp'é Oéﬂlﬂomn oA TCorinsiprenssalr bt smerreﬁjxe@ss\rem Fyfl

f Uéﬁt@erﬁ Raf-bOdsRhifed g ENSA. ﬁlsgﬁ‘&)l-lesglfl?ﬁégbetggem%d']ymak dman

e VI BESR <L a1eHE ol AssBY Pah dSigesias| o) Cat. no

5 pr BEoOZd , fvbich nsesvm mhodlcmaem.n&ﬁ&ad:\masr@b&té Meibydy, aWd a

I L. t al 990, PNAS
eg@@? 3?@ rotl P%\%eg\rﬂocesg?cﬁﬁn ajpo é’é made nore
efficient by coexpressing heterologous furin with the

Prd PrefRifed inyitre pipigolysis [aysangs @@mM’&imhf%@gﬁlé%w/qrﬁ%ﬁw
a l/efriaﬁdlsfdafdeﬂ ¢URYN Bemistotitenplate {MHXxiSHHE %caDgﬁﬁﬁﬁﬁtas

t od o
| BReR T VB B0ER210%5 Mintactoriak Veeiicers o/Chy dper e (10
10 halt) amiefactet K (e almnupu)smw METANT0 m$1 Hepast piH Ifed] cabtaiding
t PRI ﬁéél@mﬁvh@écb i pavne el gfe"J}PJLhS ted for 15
rab? g 1 oF ar l'y

35.10.5C, nore nost
35Mi. ofcackdf éieaﬁsé i) thnsst@medaﬁv tire PQ@'“@B of B9 eTl@ﬁlaﬁp ymM
7 A&fs OgH 7'106?1@151@@ erﬂbmtc? 205M @bTA'HtP@Ht rﬁg/ﬂﬁ 863 Yerum
or e ure er nat an
i AR R H el & P e p et E gnatofE ooy of the
1 4. @raroogRnioYsubstrate  BileAer@lAyg-Bnlrobmilidd. §9476%, eCrrombbanix,
at S\L&@ﬁ} ﬂB coﬂf:erﬁrgﬁ&eo 8%!@”?%@ Eaﬁso%a%cgma Qb&ﬂn;;n S measured

referred
ItO eipplinuarely ¢ é‘ %ﬁBPCéremX‘E r3¥49 Hladeh detf@bzorbwm depwlem@r dsing 10
al rhinitas, IQﬂtep SULMABHOR! tuaer ﬁas@ﬂﬁ?éﬁ ﬁcﬁd%wgl édaﬁat.rm{geﬁ&#wai
imts. |n.an eeree0|rren
el B et AE ot B ot odhicrncbs BRteobic ggtivies piaapin and
20 vIvildptyby frefor Ve" enconpasses WI | d-type Factor VI

(i.e. a polypeptide having the am no acid sequence

di scl RatRe(A.f MHaGor Patvarid)/(Ady 84ct852h wildsypep! | as
vari ants of Factor VII exhibiting substantially the

Saﬁ% @JnabJFPBfOM%dasQéyo'FQﬂ' i§ MeteAfihby | WinFd RbhYE &Ancluded.
e Factor VI1, and Factor VII| variants having

sdﬂ"é't Qn‘?‘? SPMPlentorms Petpmplex, Wi, Cagt kans| By tissre MQFWQ'V‘
I efedirated stnall winbohtd yireXa-ame ¢Xa dtivatel FYIItt@ Fuma. Fact or
VII" is intended to enconpass Factor VII pol ypeptides

25 | Th EORErcMEARBMAE 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 Vlla encompass those that exhibit at least about 25%,
30  preferably at least about 50%, more preferably at least about 75% and most
preferably at least about 90% of the specific activity of Factor Vlla that has been

produced in the same cell type, when tested in one or more of a clotting assay,
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Whrwansaee forns, which may be desi gnated FactRCT/U51088/088036
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(zynmogen) form as well as those that have been
proteolytically processed to yield their respective

Typically, Factor VII is cleaved between residues 152
and 153 to yield Factor Vila. The term "Factor VII
pol ypepti de" al so enconpasses polypeptldes i ncl udi ng

Vaﬁrb%ﬂ!tyés akiég%"'gr' 23 bfngf?\g %@géf’és %écﬁb@' A0 I-@a% orgﬁlt Jafibbe

een su
r e'Padt"ig\?éb%t@‘“?Wéeé‘&eﬁ \moﬂgglcar athrtyae'pwéo wd@we vatpavna are

Thees: pel Yt ks thah %bMd@s% V}ir&f@%ty ubésmhta@tab&n 10579%&5
cto eci f am no

R BIREl 50 pa O ot TREL AT SE b e AL, LY rihipt e
orspdtific aqivity bfewilitgec Eactart\Wia aliat thhe bped yrpap:‘eg d;elthe;l's{ame cell
bi t clottin
t?;lges g/‘ggifregm%t hvdng%or%?rg A o«{lot%gogssay t%ot(:l)eglgscs 8533, {)rg;l'F
(T@)d"mwéSS(aW)s Mme)dz@bQVheFmt@"t ¥blvptiants bhdry agaibetantially

Fagbdified! &o%@ncﬁa‘é&ﬂ/&y Xeiaﬁ\/eo rt@dMﬁQy;%Cthc‘!tért Qﬁil Fr@E:BQr whthout

or, X ﬁFac or | Xa or respectively). gl cal
actigren, FaetoEyd @”aWFIt i‘fo?’&?t?épfﬁ @@@oe@d%cﬁa@;or\)q proteolytic
bi aeticiyiana lthose that binyt ‘T bityo bt cRUAFadidrod \RyiaRR &S BEUEVII,

|
et iR, RoRGRBR. Mol g 36 BB b Bty bR
asFagtes ¥Hi dealtermativply, ekiibitingSsubPtantialliNorodBe® 8i7re8@4d dioaviBity
924468538 W|Ihft‘yﬂema%to@§’ﬁ A¥eludy, Q)ttR&Ut ﬂr"f\hat@ﬁt ;50‘()#%%“&(&? havmge an

ex ressed he reduction in
minQ Gty 6PQL§QFﬁJI thata Aiferss f'E'BnV‘@r ﬁ%‘d‘eﬂ@ "of aitdolypey| Factor

u V1t 18/ indaytioROdEdetioh SENs ubdtitUtioR o srel o ehoRdiarRiRo S683IM
standard containing 1 unit/nL Factor VII activity.

b
USSR Bl 76‘9} Foolt VB DaBhROMR Shdaanibi, IR e
( d?'O'QQ'f@' FRivibors Wi dl'tYlEﬁ)FijPﬁE |cyc”| '@Fé)detSﬂﬁr%d'ac%G%'fVHﬁdL@d et

F%T—t BfchXBibtRed. (B"Opxﬁ 35D @2909§t 5985 HAPF Tild Garibfts exhibiting
rane and act or Persson et

SR8 ol Bhis 55 BRI 7 AP0 S pcor i

netbeg Unas hger-proteolytioiin yleavaldytsitveeenresidued (A6 Qg 29Y St Bétveen

( 'réé 31?893,@% Wrigng el (FA%IIQP%/(%'[ %f" %.Qi)egrq{of‘%g‘?écng FQ&BM 504, |1805);

actor Vi
i r%ldrzemms OREREPrOfa domist e pll. Aetro Biopberoremes. 363:43-54,

(HQQ@S%ctoFEIBS«éFﬁMsSas 6%&0&%%35@?/03@9/&189( ahll Factor VII

measuring.i.n vit hydr ol SIS of asynthetic substrate
by el SERANGnergRees praiEplic Siapiity eyiiesipid) WQ 02(3]62

MESTipps Mgsepacre ratitutal Rxfctdr hilovdsiaits i Haviag 'EFmodilf‘éiEB%l’-kdﬁ{Hin

[ [ . FVLI .anti

acpd 0B Bb Bhodceh OB o B TE I $e07e7

Héreiyersitcaf dwmr\ﬁsma( R | Facter VB Aakdnts ay aqstlasbelden WO H1/58935y

PiaXygen &by | es, MO Cat. no

Non-limiting examples of Factor VIl variants having increased biological activity
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 VHa variants with enhanced
activity as disclosed in JP 2001061479 (Chemo-Sero-Therapeutic Res Inst.).

Non-limiting examples of Factor VIl variants having substantially reduced or
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EF1 007-1, which uses a nonoclonal anti-human FVII as
capture anti body, and a biotinylated pol ycl onal

w@pioposidomn FVI1 as detection antibody. A prefBCT/ESR0081088036

vitro proteolysis assay for native (wld-type) factor
Vila and/or factor Vila variant is carried out in a
mcrotiter plate (Maxi Sorp, Nunc, Denmark), as

dzzg&.fé%eﬁlmbg] \%ﬂ% 3\?1971{319 9%3@4@5@9&\5} \ﬂbﬁw@uh@% 5

iiaopes etz RiRFNeepas3 1[§F$4?0’4199@)®ﬁ@ﬁ4ﬁfw@9 (fazarya NaF(';IJ
5 BEM @ﬂ@hZZﬂTEB A2, mpbsyl FPRMAVING (ﬁ&%tuéﬂ Al B NvasRl Bndovasc.

f acto e is then
| nEUb ST OR Al s FRGE Ol Bl B A0S oo ko o
5 7.4, FERStedts 17 R46-240MOBRCI , 20 nM EDTA and 1 ng/ni
bovi ne serum al bum n. The anpunt of factor Xa

g e'ﬂﬁ{)\ﬁl"\? (E)rddﬁctm%atﬁ Lﬂ\ﬁld Y, poﬂ%gbt deOhayP f)ef EJgﬁ’ﬁe? I?Fogng\g &Rk fum

substra % -ni troani
chlef%ij@n.Of( Fa%%e éﬁqupept' |m%'ﬁt<évﬁ et ity chrometogERay
ahsoa,banmcaaaa@r manrtmdy&oms(ué@de §0de8b@bl§ﬂu)ét iaN, & Biol.

e, B 1 80 Bh Pf L SRR EANES, HEY e haten
10 j rbyaorbtleelmlc gledviage arsingi fFectog Xtia oF vihka prorayesbavirgettypbin-like
Caé QH*I&X sdc'ﬂea r %tq %&%V&g r\(aﬁlllﬂr%lrp rF%f)t%pB(éa%l% &?%%l%tée%s

of "vari ant an factor 'V

pri-&cPerudiat g \Pd?qhﬁﬁ‘t 7¥?&534(0%73*)rﬂ Homes o - SvPhtg No. 4,456,591;
Wldnd -HeiR&h)et al.1y. BlirY. Elrﬁ\)eﬁtt 7 PMg3el(16d3) SaIREREEly, Eyétbr ViPma
d astin is included. in t%
s carpreted B hasivad e 4 phorcinoq Granaiirepstaum. soch
15 faasthrnoM@ (fhageamda) at the likeral | anmounts of FXa. The FXa
activates FVII to FVila. A commercially available FVII

Aotk WY @SRaVatdSFANG WEWBQEO%\&JMJ Qﬁcg Q&td iKi krt\own | Jways.

avai l able from Aniara (M OH) .

wHi %8 R<REPRIR ity Rerysgg) é‘rté?&t”b%i“ of Qi%ﬂdﬁgd'?ﬂ‘?'ﬂ?%‘%%l ast i n
I's measured. Factor VIl variants having substantially
t Weéherathee methpdrpf tbreeni/ebincml iogisedito @roduceiRagtor &liait isvigefeded

W'thzg tfwé( Q@II %@gfreo rsuéénk Q{%ﬁﬁ egtg?% r&ou tur%xt(rﬂ/ﬁtbfs se@l

| east ) pre era

20 pr3@f5épi%l3y peptferplely s36. SHHAIE TW@aPrGfeﬁ@é\t 3|§|5éﬂérféb$f3d a‘tOSt
I m@raaab@ets°@(a9(a/ef the®1 SRech 1. 201806 yﬂeieyabqf 7 E@ﬂi@r more

il PR A o SRR S Ao i g e YBShotan
ashaaya, dissived | G4 sonagrgeion of 116 1b%nqbreﬂgala$gaytoaso% more
d I o

S%g%%ﬁlf O oy, @rg{?p%)lyb[g\! leX¥&"t) 9%‘; }/)51% r? are vahm

y reduc 0g |ca
25 thquqeﬁg@d Higits.opamgly @nmegature and pH temperature and dCOz or pH

and dCO,. Most preferably, all three parameters are operated within the
preferred limits.

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

any limitation thereto.
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those that exhibit |ess than about 25% preferably
| ess than about 10% nore preferably |ess than about

wG2%09M08b300st preferably | ess than about 1% of BEEUS2008/088036
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specific activity of wild-type Factor Vila that has
been produced in the sane cell type when tested in one
or nore of a clotting assay, proteolysis assay, or TF

blgh Iy f‘%%?i)!cé\?cuﬂﬁr%c” bed above. Factor VII variants
hav a supbstantrarly nodified biological activity
relative to wild-type Factor VII include, w thout

| i Y RE9d8FIOPFact or VII variants that exhibit

TF-i ndependent Factor X proteolytic activity and those
t hypicai ewiturBR dpebstdidisheat indiceactorEagingra ibchas iofties1 00fiC6
Fa@l—ggtrcte\enhk% 1roa0§rﬂx%8 tc? )é{;' %rgésnﬁadﬁ?rt\ﬁﬁ 3|va| lVM\ﬁbfanSda}g%tor
al deserbed|in dayfmanxefi %l(i%ﬁ@ A@ak@tﬂaﬁtd & 12,33'(1@6!2 @ dSob 250
r ey cethe aRRGL! ¥ikekné §adlbobifel ‘BP/ %gﬁat‘o\‘ﬂg an"f‘é?‘Iderd Médlum

include, without |imtation, peptid havi ng a
anthAsloss pef copgitente e @fqdf‘@?sa”ﬂrsﬁh"f"f"r‘f@ ig éd’U@ﬁE‘é‘eof
wild-type Factor VII by insertion, deletion, or
s bt standaidanite® medainois: nor e ami no aci ds. Non-1imiti ng
exanpl es of Factor VII variants having substantially
t eMEManbs b12%/el activity as 'W7Bdkgype Factor VI |
i femhige was2ddedy/| |a, S60A-FVila (Lino et al., Arch.
B| ochem Bi ophys. 352: 182-192, 1998) Factor Vil a
E ?é”exhlbltlnglncreasedp k/tIC stability as
d| "9 é’H%Q U.S. Pat. No. 5,58 %q:actor Vil a that
q§y 20 prot eol ytically cl eave en residues 290
%ptBﬁe bet ween resi dues 3154 316 (Mol lerup et
a CuS Sisptgchnol . Bi oeng. 48: 5014 g;lk%%) oxi di zed
forms of Factor Vila (Kornfelt et aI Arch. Bi ochem
Bi ophys. 363:43-54, 1999); Factor VII| variants as
di QeItssi M W’ﬁ@?/ﬁ&@épt?@wu"aﬁ@tmi B MI9I CY apyffigians for
exhd binbpléetg medinretasedtaipadd gl gui.c stability as
di scl osed in WD 02/38162 (Scripps Research Institute);
F igpt s having a nodified d a-domai n and
exhi biti ng an enhanced nenbrane bi nding as discl osed
| ICHD 9OKXEETB7 delni weuesittaynsfeétedm nsieg othe) ;cakiveh Fatobphate
Vi dj n /
cg Péahoa%{» %e?ﬁbldng) Ig ;@g (teHSe %wpé' 1§ ?;g% I &Q/EW&S I}ultured
ha&wpwwqomﬁ'éé@t@at'%\ @ﬂnégpr@a@ndawefﬁ\ﬁeteytedmﬁ@arr@thotrwate and
W 4 8tisBehene CARRIr sé@h&rée%h% fon-88k WerdVbdbckRéd AR sib@Sne
él osed . in WO 01 372 02/ 22776, WD 02/ 077218,
KIWAgL Saal o newo

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 Healthcare S.A.)

Furin production

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

DHFR medium without hypoxanthine, thymidine and glycine. Production clone
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02/ 38162 (Scripps Research Institute); and Factor Vila
variants with enhanced activity as disclosed in JP

Non-limting exanples of Factor VIl variants having
substantially reduced ornodified biological activity
relative to wild-type Factor VII include R 52E-FVlla

L5 e iy S . 5
19@sthotrepte. follpwed bytsrwe-free adaptationy . J. Vase. Endovasc.

Surg. 15:515-520, 1998), and Factor Vila |l acking the
G dhedgiardard cyiiNrecmbdiurs éna serual-, indtEBSandedliyspeptide-free medium

3lgas%6%n2tﬂg ’méliﬁ%hrsclgsqul if ﬁ?o@?@ﬂgﬁd n@%"'g‘; n’?é: Vcl,-t al; éebx?er

pepti d puri
Pu‘r”i/ 36'8‘@"’]'61? (%XtFéE?%ﬁthWfs%bl ypepti des may invol ve,
e.g., affinity chromatography on an anti-Factor VII
antYlbprdguatioh unm (see, e.g., Wakabayashi et al., J.
Biol. Chem 261:11097, 1986; and Thimet al. Bi ochem
27CAO8BUKXABA) calizdwart itmlﬁ‘éfédﬂéu hwthpaomagdrdﬁd Ge@bea 2w

us&orégprg?ﬁ% %f F&I afd Uk Q{Ch(?llta egg% reéiuctaﬁ_egtan&lexp X&Sene

speci ficl
ka¢>1prel§ﬁ'é'i‘ i dfF’&OtbGrthe@MVadembfer aamidiam. intSer@| ritsgmal entry site

Oniracd i elg)fczﬁéd b0 MRINEVA 1R85l hd 7\?R<3RCT B Celt Rre

| n%@iecte? 1“51‘83%6 (Cfb&@) phqﬁpbgtg ﬁfagq'w@tlv\ netedor The pelegiipn
bemaditirh v;amtedﬁdoyoqml@ﬁﬂl Hygrohiyﬂhfg Ot vde htsjﬂélbgﬁ& DRIRE 8erum-
C a C m SucC r arnmacil a) .

owﬁ%@%ﬁﬁaé@ I.Oa%a%ﬁ 9P SPPSAI g Clo\'?ﬁ 38 %ﬁc‘i}‘g?er\ﬁ’ﬁ Pragyctige
f oHongl dE8dwamdeleded! ast hdvingwarvaaipgeous opropactesplvith reédardray
begré\ﬁtﬁdﬁﬂoﬂuéti(/ﬁﬁgrme ?ttablﬁtl Lmh&egdnﬂ&oug cﬁﬁlﬂg %BM flo%gs dStabmty

Wiere the neth nvention
Fa¥asgalypted fora Hegocb?fé‘f"%moétﬂ‘sﬂrh‘%ﬂemloﬁfét '@@‘Pq cul t ur e
supernatant is maintained at a tenperature that is set
at The6stamda@C cultyre freediloh \is 3@sdsD ob Ghe multuire phafnm abslcy)sed in

3
Sgégtgé’é?%@tn aBHé?'Adirﬁ ; a@fﬁlﬁé ?hged J“E é?er X r]dy5
7.m%b ing4lin Wﬁ%q"mpr flelfya%v\govqlm Q‘JOVah{QIQﬁk)the ceII

cul ture supernatant has a dissolved CO2 concentration
of 1 to 10% preferably 4.0 to 9.0% nore preferably

5.Sardard3pr séy @be falh raducti@ast two of these

paranmeters are within the preferred limts, nanely
tenmperature and pH, tenperature and dCO2 or pH and
d Gdpcontipuous sulifer abl y, all three paraneters are

OpmIcRine’ phelebhdriohb® fdP 'se¥ 4R brs! ih 8 ¢6; incubator (5-15% CO,) at
37 °C. To establish the culture, at least one 1 ml vial (10" CHO cells/ml) is
defrosted and the cells diluted in 60 ml pre-conditioned medium in Roux flasks
(200 ml), and cultured in the CO, incubator at 37 °C. After about 3 days, the 60
ml culture is added to 140 ml of fresh medium in 1 roller bottle (1.8L). The roller
bottle is sparged with 15% CO, and cultured at 37 °C with rotation. After two
days, the cells are split 1/3 and cultured 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 total of 6 roller bottles in fresh

medium as described above. Once the required cell density of approximately 1 x
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The present invention will be further illustrated in
the foll owi ng exanples, without any limtation

W@ bwpescoExanpl e 1: basic cell culture FVIIIT prorius100&e88036
Typical cultures are established in bioreactors, using

a subcl one of the 10A1C6 CHO cell line transforned to
co-express Factor VIII and von WI | ebrand Fact or
de r I B

%5 c'eh’sz?rgldr IE rﬂ%%géqugﬁ%1§do r‘?ll |5§3La§1$¥15 IP@Juiat%hlSaZrL Jng%wrw that

ma%adolkﬁeauqﬁ%?enwyor@a Astdeseribad mhove, §ﬂ<éﬁ~dwresi ifreitof @lnmorv@t:tor
dOBﬁdeﬁ elané candiions) thabL- Bigfeb¥tBtlis RIrOS WH B2, 2dal denSIty of 1.4

sub 0 mcr e stan ardcltu
108,519 e P CRadoe, g’od%ta;%a@/qea figgsufheyture
5 wal Is sa:d’de:dwnILOg hamrama ne pbh ubflekgpekt hantel @@i2se/\IH B3lume of
ngAk roni.c F 5 g/ kg NaHCO3 2 g/ kg Soya
peép%‘cgserquﬂﬂgoﬁwlt&%%ihg%éo 17.02 ng/ kg The basal
DI\/EI\/! Ham s F12 50/ 50 medi um contains 1.3 ng/ kg Cu2+
i nmedi um to contain 4.3 ppb

Cugﬁ" ino& &I@oﬂglﬂﬁd@gs@ﬁﬂhllﬁgpd%é%ﬁ%vg ﬂ efatid fofthe 5L

transfecte usi n e Ca
co?ﬂ”é'?}ioﬁ? £ty nH?Mé?Vﬁbdhe P! rsmppww@éeu ple anpig\Atstaing from

10 geTBi‘rattﬁehﬂxdﬁ GN@cﬂlﬁr Bathidsur ek BRABI bidteAUINCE RIcaBe £ Ehd %nhzed
ter net hotre>§ate an

| ect
cotitns B prifon 30 aptruinih et hadinat fomio e PR 40
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reaches > 9x10 cells/mL and the transfer of the inoculum to the 320L bioreactor

is carried out.

Expansion in the 320L Bioreactor

The BR-320 bioreactor is cleaned and sterilized before the operation, and
20  approximately 80L of medium is transferred to BR-320 prior to inoculation. The
inoculum of approximately 40L is transferred from the BR-40 bioreactor to the
BR-320 bioreactor via a transfer line to reach an initial culture volume of
approximately 120L. Once the cell density reaches > 9x1 0° celis/mL, the culture
is diluted (1:3) with medium. After 3 to 6 days (total time), the cell concentration
25  again reaches > 9x105 cells/mL, and the transfer of the inoculum to the 2500L

bioreactor is carried out.

2500L Bioreactor

Build-up
The inoculum of approximately 320L is transferred from the BR-320 to the BR1
30  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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rotation. After two
FVIII productivity of the FVIll- and vWF-expressing CHO cell clone described in

Example 1 was determined under various culture conditions.

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

When the cell density was increased, the volumetric FVIII productivity (U 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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By lowering the temperature from 37°C to 36°C, the productivity increased by
about 22%.
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F\Edrhpapécndsd dontrbieulve ) Wadih@eusetibyubysaf the FVIII -
and vWF-expressing CHO cell clone described in Exanple

1 %ﬁe,d@trglrsﬂb 'ﬁ?edplll‘ Q@%{Iy,\ﬁeﬁﬂegéi'@ ﬁﬁgltéﬁﬁe@atﬁ%%bﬁt'ypméreasmg
the cell density by only 43% and increasing the copper concentration by 50% the
FVII productivity can be almost doubled.

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

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 productivity was 182%.

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

seemingly small changes in the process parameters.
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productivity increased by about 22% Exanpl e 3:
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Fwwékatﬂﬁ QS‘Uﬁ"lgt’ri(Y 'proﬁuétnw &eﬁrﬁg Five temperatures were combined with

three pH values according to the “Doehlert Matrix”, resulting in seven

combinations of temperature and pH as follows:

Fermentation lot | Temp (°C) pH

1 35.1 7.20
2 35.8 7.10
3 35.8 7.30
4 36.5 7.20
5 36.5 7.20
6 37.2 7.10
7 37.2 7.30
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cmet-pmattfordnnrdmy@ctuﬁh ssol ved oxygen was controlled in

all experinents at a set-point of 20% air saturation.

Di ssol ved CO2 concentration was nai ntai ned between

5% 6% by overl aying the headspace of the bioreactors

with ) "d Si gn of experinents
ampie /- § ence of 2. QN TU0N Dr her e

Two fermentation runs were carried out in parallel in chemostat mode in 2.5L
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 pO, of 20%.
The cell count was approximately 1.07x10° celis/ml over 12 days in the high CO,
culture, and 1.49x10° celis/ml in the low CO; culture.

Reducing the CO; concentration from 12% to 7.5% had the effect of increasing
the volumetric productivity by approximately 2.78-fold and the specific productivity
by 2-fold. Cell growth rate was also higher in the low CO; culture.
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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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at pH 7.20 and 36.5C for al nost four weeks. Data from
only the last three weeks were anal ysed due to the

NGSSTRA 16, AL BF AR OMOAdS: 8 ADRUSL s Qcyon

ne.neasur ement _and additi on of
e G Bl s SR AL ADM TS werta oyt eigd
c elhemdstatsiuttures inviafli Walefictom 2. 36x1 06 cell s/ at a CO2
| evel of 8.9%to 2.87x1 06 cells/m at 5.0% The

gnawt mstr@bemérmrpm hRd wﬁ&ré’t&’@%ﬁer@tfset Q. differéht JsefpemtsOméth
pe r ra

0 dPe BT e BRS it 20 SRS Bl Florcy weS W

ccampbmwfoetéllemnst apd ﬁﬂ:@lﬁﬁa@emmﬂmmauyeﬂwm apg edutioh cates

prfR,QHJ %‘ éﬂe‘r%s(a?%ﬁ'll&&dwér% rﬁe %Fb%t @nédl(ﬂat(?{gﬁee%g\nrate and

vol unetric oduct 1 vi ecrease I n
cd’ﬁ!’:‘&ﬂrlca‘l@/gﬂwf ﬁ%were@%rt @rse dhe ARt wes formddp dej gtjtee

outer range of the design space, a second experiment was set up with a
temperature range from 35° to 37°C and pH 7.05 to 7.15, and data were analyzed
from the steady state. Cell densities ranged from 1.17-1.71 x10° cells/ml. CO,
was controlled by overlaying the headspace with CO, to reach a dissolved CO,

concentration of 4-6%.

Data from both experiments were normalized and analyzed using statistical

software Minitab.
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growh rate by 17% the specific productivity by 10%
and the volunetric kinetic productivity by 35%

WEx®o$a309.0: | nfl uence of tenperature and pH oPCT/US2008/088036

m

ADAMIS- 13 production Transfected CHO cel | s expressing
reconbi nant ADAMIS- 13 were cul tivated in chenost at
cultures in 1.5L bioreactors. In a first experinent,

PHs R M C GRRE Fad Wé@fon% I'%% it 6 tgr\Jrrﬁ §F;§H‘? 1§%F|(P96 6t°§ ublﬂg
the range of 36C to I—F Sampl e

f rdAYadFRIc Mdgtior B éf‘% t%)éﬂeéat'érﬁalTW @a‘eqtcsaf t%meratwe @ﬁtgrcaﬁa
ADANMasIdakXxpr essi on by ELISA, and dilution rates from
the chenpostat cultures were neasured to calcul ate the

gr@mrhetn@bf%dam.tw%y m%a 't& hARART §pt;l=,$une>ép b S5 505hd 531@%

the opti num was_found to be at the outer range of
dedsspie dsapeak gff%e&ﬁw&%w.ww%&% dhere yagi & f?'aa'vely
t edtjoay affact of te@pgratufe @MoBndtie ddducavig. pH 7. 05 to 7. 15,
and data were analyzed fromthe steady state. Cell

defsiin g% E&Q&ﬁpteﬁ{p@@tﬁe vy sﬁﬂoc%exéf@@t &&hi lsnﬁé] '515&09@? 1948

cont r ol over | | e headgpace w t

r eathwvas ¥ '%%S\?é@'“ C@&%‘éﬁ%tv BY 19h- AEsumipga cpastant pHe
bot. 1o, &P@@ﬁédﬂ%ﬂﬁécrwr@ emps@turg Gmagvdc ap By s Us luﬁgaase

sta L cal M r owt h rat

o ey 9T Tl e Rt ot shabirednalie Tl oy
a ht{hantattempemdel off 6?°Cptd i 07 . 1% ape: rterh peratureT bie 36°4CF @as to

SR LRRLR Q(Qj gEAYb24at € was weak. Volunetric
productlwty fuoun ¥o have its optimumat pH 7.15
and 0C. Desrp ite the weak effect of tenperature on
ngcf\ﬁtoﬁmF'é&sQf alpipEsrencaR sited hegainggre yngluged by e ect  of
tenperature on volunetric productivity. Assum ng a
constant tenperature of 370C, the effect of raising pH
from7.10 to 7.15 was to increase volunetric
productivity by 10% Assum ng a constant pH of 7.10,
the effect of decreasing tenperature from 370C to 360C
was to increase volunetric productivity by 14% The
overall effect of changing conditions frompH 7.10 and
tenperature of 370C to pH 7. 15 and tenperature of 360C
was to increase volunetric productivity by 24% The
contents of all references cited herein are included
by reference. CLAI M5
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waapensatant wherein the cell

10

20

25

1. A nethod of culturing heterol ogous
protein-secreting mamalian cells in a cell culture

mai ntai ned at a tenperature that is set at XO0.9C,
wherein X has a value of from35. 1 to 36.5 wth the
proviso that the tenperature is set at |ess than 37C.
2. A nethod according to Claim1l wherein the

t eeeMMBt ure is set at 360.9C. 3. A nethod according to
Caim1l wherein the tenperature is set at 360.5C. 4. A
met.hoh method of agtumg ﬁétaiomgausmmtregwéctehﬁg Icvjﬁﬁ‘ﬁﬁliéﬁ 41IE ik &
set at C [ to iml
aher cich R sl PR BEEAFUER bibemeBnls mapigiped
accor dit adgerperg@l@ithats sdiat Kthothehereimpe hag aivaue of feat 33t
35. 15 8 8CGyinine AolfES [HAMNESEA: rein
t he te?rperat'uree@g set at %a}glo%t%l%smqgn %!‘f‘%
accordln m 1 wherein the tenperature is set at
35210 Azm%m‘gaccﬂrdh“@ttﬂ&éﬁ"aédﬂ}efﬁ'm@et‘%“@%tvﬁ'&S%ﬁtﬁ%@ﬁ C.
the tenperature is set at 35.1 0C. 10. A nethod

acor di methedadctoddiny td Oldire r evherdirhthe teaneeatarteus st as363015°Ait
36.50.9 0C. 11. A nethod according to Claim1 wherein
the t VREhad S cBrding 18 Elaidtt whrerPthe tiperatdre i€sdTBE 5436 ooc.
according to Caim1l wherein the terrperature I's set at
36 50. accordin grein
res e firerdne TE L s M R ericprat et b

cul turing heterol ogous protein-secreting mammalian
ced:| s A medhadelpcosding Ue eCleinpelr éieeain tdhdemberatutee ic ket at
cul turg 1sgpecnatant i s maintai nedat a pH that is set
at X0.05 wherein X has a value of from?7.15 to 7. 20,

wifh the JrQvi_so at _t set .at .greater than
7o, AR SRR i PR et e i o o
pH is3§ét0§t"C7. 200. 05. 16. A nmet hod according to Caim
14 wherein the pHis set at 7.200.03. 17. A nethod

acgor i REthdd GtRkditgl 4o VOISIHL 1N WhBRIPthd SefiSdratle is set at
7 200’3'91%0g . A nmethod according to Claim 14 wherein
e

thep “at 7.20.

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

10. A method according to Claim 1 wherein the temperature is set at
36.510.9 °C.

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

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

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

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

cell culture supernatant wherein the cell culture supematant is maintained
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19. A nmethod according to Caim 14 wherein the pHis
set at 7.150.05. 20. A nethod according to Caim 14

wobmwpesaioe he pH is set at 7.150.03. 21. A net hRCI/US2008/088036

(%
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according to Claim14 wherein the pHis set at
7.150.01. 22. A nethod according to Claim 14 wherein
the pHis set at 7.15. 23. A nethod of culturing

het er oz!t%gﬂlﬂﬁwap{soge‘? px?@@ V\hér@ﬂ ﬁgggl\)a% o??rlol S‘7 jIgltoa7 20,

cell culture sup
super rvdthdhe prewso ﬁ‘abﬂihSQUI'&/@d agmgatevthere il @ at| on of 1 to
10% 24. A nmethod according to Caim 23 wherein the

COR5. c Mmethibd atdoding B Claifd UGvBr¥ene 2Bi.is bet@BY bob 05,
according to Cl aim 23 wherein the CO2 concentration is

5 t o ool aéRrdind '8 dﬁ%qQ%h%temC{hg pml g’et“@?ﬁ&idb { he

ture supernatant
te erature that is set at X0.9C V\,herel n X has a val ue
of 1% r dhinghod agqgrding tg Clajt wheeeinpihe pHdbsat bt 2@4901.
tenperature is set at less than 370C. 27. A nethod
actr i mgthbo acdoading B € lavhad eihareirh@e banPettat Lp® i s set
at 360.9C. 28. A nethod according to Caim 26 wherein

t hey t eREHEH HBrdiry tg%ﬁa mﬂtm%ﬁ«e ght%QPH%@set At TE8A008 .

according to Carm erein erature 1s set
at_36.50.9C. 30. The nethod ofCIalml 23 or 26
whedt eihmethad E%ﬂofd"@JPtQH'r@ 14 whereaiha At it set gl 2Ri%ed at

a pHthat is set at X0.5 wherein X has a value of from
7.205 thomgthedacopidirty tb Réaimpridwheeirt thapHtisheet pH 1530908t  at
greater than 7.1 0. 3 1. The nethod of any preceding

cl 2. mAvAehEd &&mgqsldua.rﬁuhmmmwgnﬁ@;&a@zié buf fered
wi th bi carbonate. 32. The net hod of any preced| ng

cl mvvheelntesu tant is sparged with

T A RSB G BIARBLAR B R Mo gl T &
densi tegll ¢udture, QrdrngBnt whebeiite cdibcdiatd sibainatadtthas Hilssolved

met hoq;dgcogea{rgﬂoﬁ%fw&p{@)on the cell density is 1.0x1
06 to

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

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

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

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

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

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

29. A method according to Claim 26 wherein the temperature is set at
36.51£0.9°C.
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cells/m. 35. The nethod of C aim 34 wherein the cell
density is 1.4x1 06 to 2.8x1 06 cells/m . 36. The

woregobogh3ef Cl ai m 35 wherein the cell density iBCI/US2008/088036
06 to 2.6x1 06 cells/m. 37. The nmethod of C aim 36
wherein the cell density is 1.8x1 06 to 2.4x1 06
cells/m. 38. The nethod of any preceding claim

wheg ei thet RgthbE fo@ b%llrﬁ’ Goys 4y r2@t \Pr\erl]elﬁ %heacgl @ﬂgrep%%gr%b{é‘nt is

39. The net hod any one

wher ei RaipREed Iab% BH ﬁ?%t'se?eﬁ a; §iq:§<‘f‘lh6ﬁem\% has a xglue phigom 7.15

met hodo Gf20ChvigH thie BRbvISH Eatihe pHNE sétak hdbteMinbh 7119,
co-expressed with von WI I ebr and Factor. 4 1. The

maﬁho‘jTthméH(yd ¥ ﬁ%?gécggmg %‘i |rnet|h Ihcultgre sulpﬁréwtagm is

concentrati on Cur upe
Sis at Quffered “ﬂhﬁﬁbfboﬂaze The met hod of Caim4 1 wherein
t he Cu2+ concentration is at least 7, 10, 15 or 25

pp&e. 4 3The A diRddn I dn@preedditigngaii Qvhaiin ©8 %uﬁé‘ma(t:brﬁ'lsr%af?ed 3n
or 23 wherel n the blood protein is ADAMIS-1 3

net hod'accor di ng to any one of Clains 6, 19 or 23
wherein the blood protein is furin. 45. A nethod
actor diragnetbodapfyanyrrseesiingl cldinvhbgsin 6 @il deGsityier @ixho® to
t he blsopdoRiefd/gin is Factor VII. 46. The nethod of any
precedi ng cl ai mwherein the rmrmal i an cel I is a rodent

81? Janyﬁ%fg%t 585:;'\0,3'3% Wﬁ%?'@%ﬁ 1% d@'ﬂﬁ t@’d?é qxggeetoo%n@éwg

cul turcellsm8. The method of any of Clainms 1 to 45
wherein the culture is a fed-batch culture. 49. The

megshochefméRyd of cldidi I¥Bwherbif tﬂé c@ﬁ‘%@ﬁén@ it NeGeH U5, ﬁxioﬁ

a contll ous culture, particularly a repeated batc
chemo$fat™or turbidostat cul ture.

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

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

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

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

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

41.  The method of any preceding claim wherein the concentration of Cu?®" in the
25 cell culture supernatant is at least 5 ppb.

42. The method of Claim 41 wherein the Cu®** concentration is at least 7,10, 15
or 25 ppb.

40



50. A nethod of culturing Factor VI I|-secreting

mamal i an cells in a vessel conprising a cell culture
waupensgoant wherein the density of the cells PCIT/UBI08/088036

cell culture supernatant is measured by an in-line

sensor and the influx of fresh nediuminto the vesse

is automatically controlled in order to maintain the

deﬂ@' t.é( n@)—:fthddh&cgﬂlnbsto iRy @né 90? iR Faﬁ@ Or 23 w:l'nereﬂqﬁae blood

nmet h wherein the ce density 1s

Toaes PrSbipge BRAUZRTS) o

44. A method according to any one of Claims 6, 19 or 23 wherein the blood

protein is furin.

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

protein is Factor VII.

46. The method of any preceding claim wherein the mammalian cell is a rodent
cell, such as a CHO cell or a BHK cell.

47.  The method of any preceding claim wherein the culture is a batch culture.

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

culture.

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

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

15 comprising a cell culture supematant 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.

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