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been .devel oped to produce reconbi nant Factor VIII for treatment of
henophilia A Reconbinant Factor VIII is currently manufactured by
genetically engineered nmanmalian cells, thus obviating the reliance on

pl asma and minim zing any possible risk of virus transm ssion. Gene
anplification has been the nethod of choice to derive high product@gqgggfl

lines for therapeutic proteins. The anplification strategy inVO|V&§ﬁi;2&3
linking of a transcriptional unit encoding the desired protein to

anplifiable marker such as di hydrofol ate reductase. Transfection techni ques
are then applied to transfer the vector DNA to recipient cells. Cell

popul ations are selected f ¢ ﬁ% N# e drug of choice
such as nethotrexate. The clone is
acconplished by Iimting dilution cloning. These cell cI ones are then
adapted to a serumfree production nmedi um and nonitored for production of

the desig ’:pg'ﬂfsedl.g:lof& %@ckﬁcle%éa ?’ér%rﬂ vﬁi’fﬁfl‘\earﬁaﬁéﬁcﬂﬁre\éf%bcorbﬂﬁﬁﬁt Rh&gp N

has been—a I zer dur e preparation and purification

procedurgfi arf $RR4RAIY Weh %ﬁé’#ﬁhﬂfé&u@&i‘l réedmBiraht Faktdralllliin %%éruﬁqtércb}o@wp

by pasteurization, it” would be ideal if reconmbinant Factor VIII coul'd
manuf actﬁég(ihéd;u,tnhe conpl ete absence of human and ani mal bl ood protei ns. I
have now found this is possible by using a novel cell culture medium
Details are described bel ow - 3-

Prior Art: Hemophilia A is an X-linked recessive genetic disordei-' that is due to a defective
or deficient Factor VIl molecule, resutting in a hemorrhagic tendency. To control bleeding
episodes, hemophiliacs are treated with Factor V. Historicaily Factor VIII has been
isolated from human blood plasma. However, therapy with plasma-derived Factor VIl has
been associated with transmission of several human viruses, such as hepatitis and human

immunodeficiency viruses.

With fhe advent of recombinant DNA technology, the structure of human Factor VIl and
its gene has been elucidated. The transcription product of the gene, which is derived from
26 exons, is a messenger RNA molecule of ~8000 bases in length, coding for a large
protein of 2351 amino acids. Structural studies of Factor VIl indicate that it is a

glycoprotein containing a significant number of carbohydrate residues.

The cDNA coding for Factor Vilt has been cloned and stably expressed in baby hamster

kidney (BHK-21) and Chinese hamster ovary (CHO) cells. Commercial processes have
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SUMVARY OF | NVENTI ON The net hod for the continuous production of relatively
Iafge gquantities of reconmbinant Factor VIII (rFVII1) frommanalian cells
in the absence of any hunman or ani mal -derived plasna proteins conpri T
culturing the mammalian host cells in a protein-free medi um suppl e
wi th a polyol polynmer such as Pluronic F-68. The preferred nmedi um
copper sulfate, a ferrous sul fate/ EDTA conplex, and the salts of trace
netal s such as nanganese nmol ybdenum silicon, lithium and chrom um
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transfectt%sw“ggoﬁ gene capabl e of directing the expression of Factor VIII
as described in Wod et al. (1984) (including derivatives such as cl onal
variants and progeny thereof). Such a cell |ine has been deposited with the
Anerican Type Culture Collection and has been assigned the accessi on nunber
ATCC CRL-Genblamplification ihas theknthe omdthodiof ehoiertpi degivetiigh podductichl delidirnes fos
typically adapted to grow as suspension cultures in a protein-free
pr oduct i dnenspaiticproteiod The amplficationtsirdtegyt involvesthedinking. of Bhteamscripitionabiiinitn
chosen for culturi ng t he host cell line_is not critical to the

. encoding the desired protein to an amplifiable marker such as dihydrofolate reductase.

Transfection techniques are then applied to transfer the vector DNA to recipient cells. Cell
populations are selected for increased resistance to the drug of choice such as
methotrexate. The establishment of a stable cell clone is accomplished by limiting dilution
cloning. These cell clones are then adapted to a serum-free production medium and

monitored for production of the desired protein.

For labile proteins such as Factor VIll, human albumin has been added as a stabilizer
during the preparation and purification procedures. Although the albumin is subjected to
a viral inactivation step by pasteurization, it would be ideal if recombinant Factor Vil could
be manufactured in the complete absence of human and animal biood proteins. | have

now found this is possible by using a novel cell culture medium. Details are described

below.

This Sheet Has Been Reﬂlaced

A




- 4- present invention and may be any one of, or conbination of those known
to the art which are suitable for culturing mammalian cells. Media such as

Dul becco's Modified Eagle Medium Ham s Medium F-12, Eagle's Mninmg N
Essential Medium and RPM-1640 Medium and the like, are conmerci T

avail abl e. The addition of growth factors such as reconbi nant ins
conventional in the art. Due to the |abile nature of Factor VIII, the
productivity of the engineered host cells is severely reduced under

protein-free conditions. Human M&&Wnl y used as a
serumfree culture suppl enent f reconbi nant proteins.
Human serum al bum n serves many functions including: (1) as a carrier for
fatty acids, cholesterol and lipophilic vitam ns, steroid hornones and '

Forves; (5B ol L L Pl RAER o VR, ERIERIEe 1P i
regul at Ofacp ANEEVS) ﬁaﬁ?{paxhﬁaﬁaﬁfceﬂ% Wfﬂyé;?g%rﬂlfé SRSy r‘a@maﬁ%fr%ﬁgg%;gge?ﬂé N

proteins such as Factor VIII from proteo y servi'lng as a su

pr ot ease plashiee prdtRIHS ¢drRprisdsSafNiingha mhariraliBheaRat 26l 9 e a Prdtet-f8e medium
contribute to the stabilizing effect of al bum n. Factors such as

| i popr ot supplefiented Willf)a bolyel hbelmdrdauiti_biseliunsnie F-&88. aqheeprefdried medim
serum al bumn for the production of reconbi nant Factor VIII under

ser um f r includesicopperssultaie, afercogr stitateBRTAxamplerdand ithen sattsiofitrae egetafs
human pl asma-derived albumin led to the invention of this disclosure, a
basal pr 8ueh AsMmaRganase. mavhdenggw sticeantithium: andghremipmoduct i on. The
preferred medi um consi sts of nodified Dul becco's M ni num Essenti al

AILED DESCRIPTION OF THE INVENTION

Recent advances in recombinant protein expression technology have made possible the
production of protein in large quantities in mammalian cells. Host cells suitable for Factor
VIl production include cell lines such as baby hamster kidney (BHK) cells, Chinese
hamster ovary (CHO) cells,.and human embryonic kidney (HEK) cells. Particularly
preferred are baby hamster kidney cells, specifically those transfected with a gene capable
of directing the expression of Factor VIl as described in Wood et al. (1984) (including
derivatives such as clonal variants and progeny thereof). Such a cell line has been
deposited with the American Type Culture Collection and has been assigned the

accession number ATCC CRL-8544.

The desired host cell line carrying the Factor Vil gene is typically adapted to grow as
suspension cultures in a protein-free production medium which is supplemented with

lipoprotein. The basal medium chosen for culturing the host cell line is not critical to the
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Medi umand Ham's F-12 Medi um (50: 50, by wei ght) supplenented with

réconbi nant insulin (Nucellin, Eli Lilly) at 10 [err]g/m, and

FeSO err]. EDTA (50 [err]M. Wth the exception of Factor VI prOd'f:Ct-|i-é)n1-
engi neered BHK cells grow well in this protein-free basal nedium ATEN
Surprisingly, the addition of a polyol such as Pluronic F-68 had MSB7243¢
on grow h but enhanced the specific productivity of the BHK cells for
Factor VIII. Serendipitously, the addition of copper sulfate further
enhances the production of Factor VII]. Al so the inclusion of a panel of

It r age rref‘ﬁsgn ip¥ention ma}ﬁ @fnm%ﬁﬁ@ﬁﬁﬁmb@?q%ﬂf those kngwn tﬁﬁ'ﬁle aRrvcim
was. t henetfsURERte ot SitiEing Bieryre %F%’Lsu Mecf ShoB s h%?"é?ﬁaglégﬁoﬁcﬁef
Poryol o Mefifurk PRk O'U‘ﬁdlbaﬁo'ﬁ??aﬁ IR SR, Rl Bl Py 9 R iBR0 ©
F-68, a %Hm YrAlthe fi geA WH %2 Q50 enf‘crié %%ﬂﬁoﬁ %f QF&MﬁQEcgopﬁag‘%@ga%n q

that occurs 1dstirre tures to prot ear 's

bubbl e dayEREDIhdhtSRSIFES cpdfl,l‘,ng@,:,;a, "I?Imggﬁl c F-68 is a nonionic block

copolymer wth an average nol ecul ar wei ght of 8400, consisting of a center
bl ock of poly(oxypropyl ene) (20% by wei ght) and bl ocks of pol y(oxyet hyl ene)
at both ends. Extensive research on the role of Pluronic F-68 indicates

t hat Pl uDqeito thed8bilstratare of BactbaMillthegrddoctivigndithecemgneéredcieddt celly is
all ow ng the drainage of cells away from bubbles fornmed in the bioreactors
duri ng ssevereiyeducedpmder pepteinidieeveanditivas.e riilman sestm ghtuonis i sommuontly osed
beneficial effects of Pluronic F-68 i
as a serum-free culture supplement for the production of recombinant proteins. Human
serum albumin serves many functions including: (1) as a carrier for fatty acids, cholesterol
and lipophilic vitamins, steroid hormones and growth factors; (2) as a protective agent
aéainst damages due to shear forces; (3) as a buffer for pH changes; and (4} as an
osmotic pressure regulator, Another critical role of albumin is perhaps to protect labile

proteins such as Factor VIII from proteolysis by serving as a substrate for proteases.

The impurities present in albumin preparations may also contribute to the stabilizing effect
of albumin. Factors such as lipoprotein (Chan, 1996) have been identified as a
replacement for human serum albumin for the production of recombinant Factor VIl under

serum-free conditions.

Our attempt to develop a production medium free of human plasma-derived albumin led
to the invention of this disclosure, a basal protein-free medium for recombinant Factor VIil

production. The preferred medium consists of modified Dulbecco’s Minimum Essential

i




on‘gr.'owt h under culture conditions in which shear is mniml (M zrahi,
1975; Mur hanmer -6- and Goochee, 1990). Co-purification of lipids wth
Pl uroni ¢ F-68 during product purification provides anecdotal evidence_that
the Pluronic pol ymer may substitute for albumin not only as a surf JdoABRNT
but may also act as a carrier for lipids. Pluronic F-68 may al so MRBF243
menbr ane damage fromkilling cells before repair can be effected, possibly
by direct intercalation into the nenbrane. The role of Pluronic F-68 in
acting as_a _netal ions buffer is cogBI etely upknown. Althi)%?h,t here are

reports Medium apdtlam’s-fed 2 Megitan {5920, ibvcvelahd) sepriagmented widtreomhingnt
th hani f ti t | | viabilit

(Schnei amreuningBycli, ER o855 5743 ol lancur exge ciih L SR i e exdentionate
Pl icF-68 . tQ i 1 fic. ducti f ticul
pr ot oi n FPEREVAT BreRfigtery Baginers LBHEC SIS Gbtwe KLl P eisse pBe8 maabin. ™
systemw th and without Pluronic F-68, maintenance of cell viability cannot
be the nechani smof action of Pluronic F-68 in our system However, the

effect of Pluronic F-68 addition is imedi ate and dramatic, whatever the
mechanism It is anticipated that a range of other polyols would have

simlar gurssdinglyStidladdifieh op @l pallsl Utk a8IPILRERICENES HAOGHK eFBBOLY BREWhHut
pol y(oxyet hyl ene) and pol y(oxypropyl ene) havi ng nol ecul ar wei ghts™rangi ng
f r om aboghhdA€sY the spieeific drodbBfivity of the BHK cells for Factor VIII. Serendipitously, the
addition of copper sulfate further enhances the production of Factor VIll. Also the
inclusion of a panel of trace metals such as manganese, molybdenum, silicon, lithium, and
chromium lead to further increases in Factor VIl production. A continuous process was
then developed for Factor VIH production under human plasma-derived protein-free
conditions. Further information regarding the use of Pluronic polyols can be found in

Papoutsakis (1991) and Schmolka (1977).

Pluronic F-68, a polygiycol, (BASF, Wyandot) is commonly used to prevent foaming that
occurs in stirred cultures, and to protect cells from shear stress and bubble damage in
sparged cultures. Pluronic F-68 is a nonionic block copolymer with an average molecular
weight of 8400, consisting of a center block of poly(oxypropylene) (20% by weight) and
blocks of poly(oxyethylene) at both ends. Extensive research on the role of Pluronic F-68
indicates that Pluronic F-68 acts as a surfactant and prevents damage to cells by allowing
the drainage of cells away from bubbles formed in the bioreactors during stirring or
sparging. However, several investigators have noticed beneficial effects of Pluronic F-68

on growth under culture conditions in which shear is minimal (Mizrahi,' 1875; Murhammer
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In addi'tion to conventional suspension culturing techniques such as shake
flasks, spinner flasks, and roller bottles, the nethod of the present
invention is also applicable for use w thperfusion and batch bioreactors.

Followi ng culturing the host cells, the Factor VIII may -7- be rPATENTed
fromthe spent medi um by standard met hodol ogi es such as ul trafilt MEBN24Gr
centrifugation. If desired, the recovered Factor VIII may be purified by,

for exanple, ion exchange or size exclusion chromatography, inmuno-affinity
or netal chelate chromatography, and the |ike. As used herein, a "human or
ani mal paodeGeochee, 1880LNT Copusification cofi lipids milthi RPlurahicc F-68 durirey @frodust
protein that has been derived froma human source or an ani mal source.

Pr ot ei nsPYilICRIN provides aaecdataneyidrase dhakhienRiurgnier ral¥men may substitoter for
the risk Bf Lntrodycing viral contam nation. The goal of a human_or ani nal
pr ot ei n-3PURINGAL Qnly P 2 factapt BHt may Also ast as a razist fog fipids) lvremin E-G&may
risk of wmiral transm.ssion, Exanple, 1. Baby hanster kijdney (BHK-21) cells
{r ans ecHEh PIRER BEATene Apande Tt GG BeFleaRpRECa e Sectad: pessiply
wer e obtg] f, e u n. Erapcls. lifornia, U S A
The. cel 154 AFENBERAERT S the Heliren8a The 18k f PRAYIEE65T safind et amptiing
was depgsi %ggéfr Efé]? | ype Culture Collection and given accession
nunmber K?g% L- %ﬁ%ﬁi C gh&%‘i’ri ant of this cell line was al so obt ai ned

from Genentech, Inc., and used in all exanples.

Although there are reports that Pluronic F-68 in media can increase volumetric
productivity, the mechanism of action appears to be maintenance of celi viability
(Schneider, 19889; Qi, 1996). To our knowledge, this is the first time that Pluronic F-68
has been seen to increase specific production of a particular protein product. Since
viabilities and growth rates are comparable in our system with and without Pluronic F-68,
maintenance of cell viability cannot be the mechanism of action of Pluronic F-68 in our
system. However, the effect of Pluronic F-68 addition is immediate and dramatic, whatever

the mechanism.

it is anticipated that a range of other polyols would have similar effects. Such other polyols
include nonionic block copolymers of poly(oxyethylene) and poly(oxypropylene) having

moflecular weights ranging from about 1000 to about 16,000,

In addition to conventional suspension culturing techniques such as shake flasks, spinner
flasks, and roller bottles, the method of the present invention is also applicable for use

withperfusion and batch bioreactors. Following culturing the host cells, the Factor VHI may
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The BHK-21 cells containing the gene encodi ng Factor VFIN were cultivated
as suspension cultures in shake flasks using a serumfree basal nmedium
containing the follow ng: Hams F-12 Medi um and Dul becco's M ni nal

Essential Medi um (50: 50, by weight), Nucellin (reconbinant insuli nPAFENT
[err]g/m), FeS(err].EDTA (50 [err]M, and MgO[err] (15 mv). CeMSB-7243
mai nt ai ned and passaged at 48 hour intervals. Cells were spun down at 800 x
g for 5 mnutes, counted and re-seeded at a density of 1 x 10[err] cells
per m. Each flask contains 50-100 m of fresh nedium The shake fl asks
wer e pl deeerecoveredfmmthe spent medivmdy-stagdaet mpthodeiegiesisychiag adtrafiitration or
suspension culture by swirling gently between 90 - 110 r.p. m_The effect of
a pol yol centdfvgation [ desied-thsrqagvengd Fagteny!ih eay. ppydiiesby et exepple, ion
sulfate (50 nM on Factor VIII production was exam ned..in shake fl asks.
Fact or \R’W?‘a\%? FBarfize BXIUSON 2 CRIAMABGERRTY. a%%po'l%@”‘é)és% metal o chelate

comer ci al | s a test kjt known as Coatest VIII:C/4 and is available from
Baxt er I—Tgﬁ?%ﬁ%ﬂr@péﬁ"oﬂfﬂ@.h e cells were maintained by this procedure for
24 days. The Factor VIII activity in each nedium as determned with the
Coatest VIII:C/4 kit, is shown in Table 1. TABLE 1 Specific Conditions

Titer (44 Helrhad i i feBaThedilift 14 ¥/ceh! dulttAY hedi i
basal BaSysacherel, it bY animal ptoloREIBBIRadiyRl 13 & it Which
is free of any protein that has been derived from a human source or an animal source.
Proteins which are isolated from human or animal sources inherently carry the risk of
introducing viral contamination. The goal of a human or animal protein-free medium is

thus to eliminate or at least greatly reduce the risk of viral transmission.

Example 1: Baby hamster kidney (BHK-21) cells transfected with a gene capable of
directing the expression of Factor VIll were obtained from Genentech, Inc., South San
Francisco, California, U.S.A. The cell line was prepared as described in detail in Wood
et al. (1984) and was deposited with the American Type Culture Collection and given
accession number ATCC CRL-8544. A clonal variant of this cell line was also obtained

from Genentech, Inc., and used in all examples.

The BHK-21 cells containing the gene encoding Factor VIl were cultivated as suspension
cultures in shake flasks using a serum-free basal medium containing the following: Ham's
F-12 Medium and Dulbecco’s Minimal Essential Medium (50:50, by weight), Nucellin
(recombinant insulin, 5-10 pg/ml), FeSO,EDTA (50 uM), and MgCl, (15 mM). Cells were
maintained and passaged at 48 hour intervals. Cells were spun donn at 800 x g for 5

minutes, counted and re-seeded at a density of 1 x 10° cells per mi. Each flask contains

-7- — .
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Basal, + F-68 0.24 [err] 0.04 ‘0. 0520. 013 200 (0.1%**

Basal + F-68 (0.1% 0.42 0.09 0.091 0.013 350 +Cu (50 niMr*)
* Mean of 36 sanples [err] standard deviations. The cells were noni
for  Factor VIII production over a period of 24 days as descri bed

**Titration experinments showed that 0. 1%is the optinmal dose for Pluronic
F-68. Increasing the concentration to 0.3% had no significant inpact on

Factor VLII production. Dose- response experinments reveal ed that 50 - 800
nM coppe Oéagmhcéfregh ardivml  Thershake flasksuwere placad en raatators inshbated at 3730, e
1, the additigon of Pluronic F-68 al one or,  preferabl in conblnatlon wth
copper s@Nd BaNtaNgd a5 EW?W'%H‘A‘HE@&MWW G @ontiyRetween 90 ¢ 130 6@t i vi ty

Condi 11 ofte efefefl %B&safs@%a?as%%u?{}ﬁ?%«%%? Gy ShOVR @S58 kalPgn 458 GoRpes:
or ot ef ns9taté FEEHIN o a8 bRt %68 %bﬁh%ﬁi‘?%@ﬁﬂ%% SradEovuLwes
oy, Trakited BY SerbiBhenly qedag. i &R0T5 SERPEIMTErBITKE Hhet it kitfyrt©
trace nmejgichdiest Vil &5d :é)EvEPéHI@'?roH Bbxﬂéﬁ' MuHOArEYProaaetsT aPhé clis were

maintained by this procedure for 24 days. The Factor Vil activity in each medium, as

determined with the Coatest VIII:C/4 kit, is shown in Table 1.

TABLE 1
Specific
Conditions Titer {(U/mt) Productivity % Increase
(uU/cell/day) over basal
Basal Medium 0.15 £0.07" 0.026 £ 0.013 0
Basal + F-68 0.24 £0.04 0.052 £0.013 200
(0.1%)** '
Basal + F-68 {0.1%) 0.42 £0.09 0.091 £0.013 350
+Cu (50 nM**)

* Mean of 36 samples % standard deviations. The cells were monitored for Factor VIII
production over a period of 24 days as described above.

“*Titration experiments showed that 0.1% is the optimal dose for Pluronic F-68. Increasing
the concentration to 0.3% had no significant impact on Factor VIl production. Dose-
response experiments revealed that 50 - 800 nM copper sulfate is optimal for Factor VI
production.

As shown in Table 1, the addition of Pluronic F-68 alone or, preferably, in combination with
copper sulfate significantly enhanced the titer and specific productivity of BHK celis

containing the gene encoding Factor Vill under protein-free conditions.

-8-
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TABLE, 2 Specific Conditions Ti-ter (Um) Productivity %
I hcrease over ([err] U cell/day) basal + F-68 Basal + F-68 0. 46
[err] 0.11 0.065 0.013 0 Basal + F-68 + 0.53 0.15
0.078 [err]0.026 120 Basal + F-68 + 0.73 0.16
0.104 0.026 160 Cu + netal s* *Metals include CuSOerr]. 5H[erré0
(50 nM, MwSOerr] (3 nM, NaJerr]Sigerr] -9H20 (1.5 [err] M, PATENT
[NH err]][err]Mo[err]derr].4H20 (3 nM, CK(SOerr])[err].4H err] MM8B8-7243
nM, and Lid (236 nM. Exanple 3: The effect of trace netals.and copper on
factor VIl production was further evaluated in a p?arfusion ferrrenger._TV\o
1.5-liter fermenters were seeded with the BHK clonal variant at a density
of 2 x 10%&& Ve fupther spHmizeberedyctiondf figctes Y2 upder preteinbiree conditiens, -
day. One ferpenter was kept

L A A B K e T B S Sk
"T07 wi CnvaS T PSRRI ety os SRARERSSK Syl By TRat pf dRRioed miexamele
l?gln.e f ?&aﬂl | y‘ﬂﬂ%}’g‘h thdé){iﬁtg ig %ggl\afnl ig'ﬁgole%plﬂ%e aB38ndd BF EofBE itate, the trace

ce
metals had no effect on Factor Vill productivity. See Table 2.

TABLE 2
Specific
Conditions Titer (U/mi) Productivity % Increase over
{uU/cell/day) basal + F-68
Basal + F-68 0.46 £0.11 0.065 + 0.013 0
Basal + F-68 + 0.83 £0.15 0.0v8 £0.026 120
Cu
Basal + F-68 + 0.73+£0.16 0.104 £ 0.026 160
Cu + metals* '

*Metals inciude CuSO0, -5H,0 (50 M), MnS0, (3 nM), Na,Si0,+9H20 (1.5 uM),
[NHJeM0,0,,-4H20 (3 nM), CrK(S0,),°4H,0 (1.5 nM), and LiCl (236 nM).

Example 3: The effect of trace metals and copper on factor Vil production was
further evaluated in a perfusion fermenter. Two 1.5-iter fermenters were seeded with
the BHK clonal variant at a density of 2 x 10° cells/ml using the basal medium
described in Table1. The fermenter was perfused at a rate of 0.5 liter/day. One
fermenter was kept as a control and the other fermenter was supplemented with copper

and trace metals as described in Table 2. The fermenters were maintained for 15 days
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prodyctivity of BHK cells harboring the gene encoding factor VIII under
protein-free conditions under continuous perfusion conditions. This
production nethod can be easily adapted to larger fernenters (200 to 500
liter) eguipped with cell retention devices such as settlers. TABLE 3

Specific Productivity ([err]U cell/day) Days Basal Medi um PATEN
+ metals 1 0. 02 ©0.04 2 gﬁ%.S%L
0.05 3 0.02 0.045 4 0.01 43
0.05 5 0.02 0.05 6 0. 035
0.060 7 0. 025 0.055 8 0.02

) . ] .06, 10 ; 0.02
8. 8259 11 with an average gelgg%ﬁty of~2-3x 10‘*0 ﬂyﬂ]j ﬁs shown in Table 3, the gddition
0. 065 13 .0. 03
0 06 15 of Pluronic F-68, c888§2 and trace metals algggzc%nh enhanced the spec:ﬁc

productivity of BHK cells harboring the gene encoding factor VIlI under protein-free
conditions under continuous perfusion conditions. This production method can be
easily adapted to larger fermenters (200 to 500 liter) equipped with cell retention

devices such as settlers.

TABLE 3

Specific Productivity (uU/cell/day)

" Days Basal Medium Cu + metals
f 1 0.02 0.04
| 2 0.02 0.05
I 3 0.02 ' 0.045
| 4 0.018 0.05
" 5 0.02 0.05
6 0.035 0.060
| 7 0.025 0.055
fl 8 0.02 0.04
i 9 0.025 0.06
| 10 0.02 0.065
” 11 0.025 0.070
12 0.025 0.065
| 13 0.02 0.060
IP 14 0.03 0.06
15 0.02 0.05

The above examples are provided as a means of illustrating the present invention and are

not to be construed as limiting the invention, which is solely defined by the claims.
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CLAINSWe claim 1. A nmethod for production of reconbinant Factor VIII from
manmal i an cells carrying the gene therefor, conprising culturing said

manmal i an host cells in nediumfree of plasma-derived protein and

suppl enented with polyols and copper ions. 2. The nethod of claim 1 wherein
the polyol is Pluronic F-68 and is present in the mediumat a COnCEPATENTON
rangi ng from about 0.025 to about 0.2% by weight. 3. The nethod ofmbgbz@t
wherein the medi umincludes copper sulfate in an anount rangi ng from abou
50 to about 800nM 4. The nethod of claim 1l wherein nanganese ions are
present in an amount ranging fromabout 1.5 to about 4.5 nM 5. The nethod
of claim 1 wherein ions containing nmolgpAmrgm are present in an anount

rangi ng fromabout 1.5 to about 4.5 nM 6. The method of mammﬂml)

i ons conWgémridi@: Silicon are present in an anount rangi ng“ﬂ

about 300 nM 7. The method of claim 1 wherein chrom umibns are bre%en in
an anount ranging fromabout 1.0 to about 4.0 nM 8. The nethod of claiml
wherein lithiumions are present in an anmount ranging fromabout 120 to
about 480.nM Agmethbd foreprioddctidn of reicombinemt FeictorSéildroramarhimaliah estls cafryings

sel ected fromthe group consisting of baby hanmster kidney cells, human
enbryoni ¢ ki diftg/geae tkerefgrd comprising ¢divsingrsasd mammealiag host cells in a human or

animal protein-free medium supplemented with polyols.
2. The method of Claim 1 wherein the medium includes copper ions.

3. The method of Claim 1 wherein the polyol is Pluronic F-68 and is present in the

medium at a concentration ranging from about 0.025 to about 0.2% by weight.

4, The method of Claim 1 wherein the medium includes copper sulfate in an amount

ranging from about 50 to about 800 nM.

5. The method of Claim 2 wherein manganese ions are present in an amount ranging

from about 1.5 to about 4.5 nM.

6. The method of Claim 2 wherein ions containing molybdenum are present in an

amount ranging from about 1.5 to about 4.5 nM.

7. The method of Claim 2 wherein ions containing silicon are present in an amount

ranging from about 75 to about 300 nM.
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10. A'cell culture nmediumfor the prodiction of reconbinant Factor VIII
conprising a basal nediumfree of pl aprLei—& and including a

pol yol and copper i ons. - 13 - e nmedi um of claim 10 including at
| east one trace netal selected fromthe E“mlt“ Um of manganese,

mol ybdenum silicon, chromumand |ithi mm m of cl ai mPAATENT
including insulin.. MSB-7243

8. The method of Claim 2 wherein chromium ions are present in an amount ranging

from about 1.0 to about 4.0 nM.

9. The method of Claim 2 wherein lithium ions are present in an amount ranging from

about 120 to about 480 nM.
10.  The method of claim 1 wherein said mammalian host cell is selected from the group
consisting of baby hamster kidney cells, human embryonic kidney cells, and

Chinese hamster ovary cells.

11.  Arecombinant Factor Vil product made in accordance with the method of claim 1

wherein the product is free of human or animal protein.

12. A human or animal protein-free cell culture medium for the production of

recombinant Factor VIIl comprising a basal medium including a polyol.
13.  The medium of Claim 12 including copper ions.

14. The medium of Claim 13 including at least one trace metal selected from the group

consisting of manganese, molybdenum, silicon, chromium and lithium.

15. The medium of Claim 14 including insulin.
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