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FIELD OF THE INVENTION

This invention relates to improvements in anknal cell cuiture, particularly to
improvements in methods for growmg anin
therefor. "

Nl cells and nutrient media

NVENJION

The use of animal cell culture for the mass production of cell products
such as immunoglobulins, hormones and enzymes is becoming
increasingly important from a commercig mintof view, and currently there
IS considerable effort devoted to tﬂb"“"' evelopment of cell culture
techniques for the optimisation of the Iargo scale production of these

materials.

Animal cells in culture require-a basai-nutrient mixture of salts, sugars,

amino acids and vitamins. Usually the: mbdure is supplemented with a

biological fluid or extract, in the absence of which most cells lose viability
or fail to proliferate. The most commonJy

ad supplement is serum.

The use of supplements, however, is not very satisfactory, since their
generally undefined nature, and the variations that can exist between
batches of a given type, can affect the succass and reproducibility of a
culture. There have thus been numerous attempts to identify the active
factors in supplements such as sarum, with & view to providing a better
defined medium to support theﬁgrowth?%f%wnfs in culture. To date, this
approach has met with limited suaécdss;“ffﬁlan’a’dv due to the compiex nature
of biological supplements and the very- smaﬂ &mounts of active factors that
thay contain. A

A number of supplement-free media have been described, however, some
ot which are available commercially [see for example Murakami et a/
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Proc.Natl. Acad. Sci. USA 79, 11 58-1162 (1 982) Jarﬂer_et_a[‘. Exp. Cell

Res. 138, 287-295 (1982) and International Patent Specification No. WO
90/03430].

Supplement-free media generally contain a complex mixture of amino
acids, salts, vitamins, trace elements, carbohydrates and other growth
supporting components such as albumin, insulin, glutamine, transterrin,
territin and ethanolamine [see for example US Patent Specification No.

4816401]. When cuitured in such media, animal cells remain viable for a

finite period of time, until one or more essential nutrients in the medium
become exhausted. At such time the medium may be suppiemented with
a feed containing one or more energy sources and one or more amino
acids [see for example International Patent Specification No. WO
87/00195]. In this way the culture may be prolonged to increase yield of
cells or cell products.

Metal ions, especially ferrous and ferric ions, are essential for animal cell
metabolism, and are present in culture media as components of undefined
supplements such as serum, or as components of salts and trace
elements included in supplement-free media. Celiular demand for metal
lons can become high in animal cell culture, especially when high cell
densities are reached and in practice this means that metal ions need to
be made continuously available in culture to support the growth and
viability of cells. To achieve this in a supplement-free medium high
concentrations of a simple salt of the metal can be used, but it is often
necessary for the metal to be in a chelated form in the medium to facilitate
cellular uptake of the metal and/or to avoid the solubility and toxicity
problems which can be associated with high metal ion concentrations.

To supply sufficient iron to cells growing in supplement-free media, simple
or complex iron salts such as ferrous sulphate, ferric chloride, ferric nitrate
or ferric ammonium citrate have been used, where necessary often in
combination with a chelating agent. Particular iron chelating agents which
have been used in cell culture inciude the natural proteins transferrin and
territin; organic acids such as citric acid, iminodiacetic acid and gluconic
acid; pyridoxal isonicotinoyl hydrazone; and aurin tricarboxyilic acid.
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A number of tactors are important in selecting.an iron chelating agent for
general use in supplement-free media for animal ¢ell culture. Thus, the
chelating agent must have an appropriate binding affinity for the iron and
be able to transport it efficiently across the d"?eiilﬁmmane. It must also
be cheap, readily available and non-toxic. ' Increasingly importantly, the
chelating agent should be of synthetic, not animal, origin to avoid any
possible unwanted contamination of any desired’ cell product and a
consequent increase in the cost of recovery of a pure product. None of
the above-mentioned chelating agents meets all of théise criteria.

IVIIVIAA I o IRt INVENITIUN

We have now found that 2-hydroxy-2,4,6-cyciche@ptatrien-1-one meets all
of these criteria and may be used advantagw&sly?ﬁn -animal cell cuiture to
support the growth of cells. In particular, we have:feund that its use can
support growth in agitated cell culture, where it is necessary to use low
iron concentration to avoid toxicity problems, and where the use of other
recognised chelating agents such as citrate and gluconate has failed. We
have used this discovery to develop a rnedium nﬁd a process for the

growth of animal cells.

Thus, according to one aspect of the inverition, we provide a nutrient
animal cell culture medium comprising assimilgb a’?aﬁ*sources ot carbon,
nitrogen, amino acids, iron and other |norgamc ons; trace elements and
optionally lipids and growth promoters or mmﬁlatms*?h admixture with 2-

hydroxy-2,4,6-cycioheptatrien-1-one or a derivative thereof.

i 1 B 2 RIPTIONOPF ITHE INVENFION

In general the nutrient medium may be any known basal medium or
variants thereof which will support the contiriuotis growth of animal cells
and/or sustain them during a stationary phase, 1 which 2-hydroxy-2,4,6-
cycloheptatrien-1-one [hereinafter sometimes raferred to as tropolone] or a
derivative thereof has been added. Known basal media and variants
thereof include for example Dulbecco's Modification of Eagle's Medium
(DMEM), Iscove Modified Dulbecco's Medium, Ham's Medium, Roswell
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Park Memorial Institute Medium (RPMI) and Fischer's Medium, or those

described by Hu et g/ in Biotechnol. Bioeng. (1985), 27, 585-595; by

Crespi and Thilly in Biotechnol. Bioeng. (1981), 23, 983-993, and by Van

Wezel in Dev. Biol. Stand. (1977), 37, 143-147. In one preferred aspect,
5 the medium is a protein-free medium.

- The tropolone or derivative thereof is generally present in the medium
according to the invention at a concentration sufficient to support the
growth and viability of the cells. The exact concentration may vary

10 depending on the cell line in use and the other media components
present, but may be easily determined using preliminary small scale tests
In accordance with conventional practice. Thus, for example, for any
chosen medium cells may be cultured on a small scale in the presence of
a range of tropolone concentrations and the optimum concentration

15 determined by observing the effect of different concentrations on cell
growth and viability.

In general, the tropolone or tropolone derivative will be present in an
excess molar concentration to the iron present in the medium for example
20 at a molar ratio of around 5 to 1 to around 70 to 1, for example around 10

to 1 to around 70 to 1. Thus for example where the iron concentration in
the medium is around 0.3uM, the tropolone or derivative thereof may be

employed at a concentration of around 1.5uM to around 20uM, e. g.
around 3uM to around 20uM. The iron may be present as ferrous or ferric

25 ions, for exampie resulting from the use of simple or complex iron salts in
the medium such as ferrous suiphate, ferric chloride, ferric nitrate or in
particular ferric ammonium citrate.

. Tropolone derivatives for use in the media according to the invention in
30 general are those derivatives which are capable of chelating ferrous or
terric ions. Particular derivatives include those wherein one or more rng
carbon atoms of tropolone are substituted by aliphatic, aromatic or
heteroaromatic groups, e.g. by alkyi, alkenyl, alkynyl, aryl, araikyl,
aralkenyl, aralkynyl, heteroaryi, heteroaralkyl, heteroaralkenyl or

35 heteroaralkynyi groups. Tropolone or derivatives thereof are either
commercially available [e.g. from the Aldrich Chemical Co.] or may be

- prepared using known literature procedures.
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The media according to the invention may be prepared by appropriate
mixture of individual components using conventional procedures and may
either be provided in liquid form, or in dry form for reconstitution before
use with an appropriate buffer, e.g. a bicarbonate buffer. In preparing the
media according to the invention, it is advisable to avoid the use of a
concentrated liquid mixture of tropolone and iron.

5 - PCT/GB93/01572

The media according to the invention may be used to culture animal cells.
Thus according to a further aspect of the invention we provide a nutrient
animal cell cuiture medium comprising assimilable sources of carbon,
nitrogen, amino acids, iron and other inorganic ions, trace elements and
optionally lipids and growth promoters or regulators in admixture with 2-
hydroxy-2,4,6-cycloheptatrien-1-one or a derivative thereof for the
continuous growth of animal cells. '

The media according to the invention are particularly suitable for the
continuous growth of animal cells in an agitated culture, particularly at a
low iron concentration, e.g. at an iron concentration of around 0.3uM.

The animal cells which may be cultured according to the invention may be
for example geneticaily engineered cells, lymphoid cells e.g. myeloma
cells, or hybridoma or other fused cells. Particular cell types include cells
of human, rat, mouse or hamster origin. The rhedium according to the
invention is particularly suitable for use with lymphoid cells, especially
myeloma cells, particularly of mouse origin, especially NS/O cells.

The media according to the invention may be used to culture animal cells
to obtain an animal cell product. Thus according to a further aspect of the
invention, we provide a process for obtaining an animal cell product by cell
culture which comprises the steps of (1) culturing animal ceils which
produce said product in a nutrient cuiture medium comprising assimilable
sources of carbon, nitrogen, amino acids, iron and other inorganic ions,
trace elements and optionally lipids and growth promoters or regulators in
admixture with 2-hydroxy-2,4,6-cycloheptatrien-1-one or a derivative
thereof, (2) continuing the culture untii said product ‘accumuiates and (3)

recovering said product. ' - '
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Cell products which may be obtained according to the invention include
any products which are produced by cultured animail cells. Typical
products include polypeptides and proteins, for example immunoglobulins
such as monocional and recombinant antibodies and fragments thereof,

S hormones such as erythropoietin and growth hormone, e.g. human growth
hormone, lymphokines such as interferon, interleukins such as interleukin
2, 4, S and 6 and industrially and therapeutically useful enzymes such as
tissue plasminogen activator.

10 In the process according to the invention, the animal cells may generally
be cultured in suspension in the cuiture medium in a suitable culture
vessel, for example a stirred tank or airlift fermenter, using known culture
techniques,

15  Thus, for example, a seed culture of suitable cells. obtained by
conventional techniques, may be used to inoculate the culture medium. In
general, the number of cells used for inoculation will be in the range 1 x
10° to 5 x 105 cells mI-1 or less. The cells are then cultured until a desired
cell density is reached and/or until sufficient product has accumulated.

20
The production of the desired products during the culture may be
monitored using any appropriate assay for the particular product in
question. Thus, for example, where the product is a polypeptide or
protein, the production of this may be monitored by general assay

25 techniques such as enzyme-linked immunoabsorbent assay or
immunoradiometric assay adapted for use with the particular polypeptide
or protein.

Where in the process according to the invention it is desired to isolate the

30 cell product obtained, this may be achieved using conventional separation
and purification techniques. Thus, for example, where the product is
secreted by the cells into the medium it may be separated from the cells
using techniques such as centrifugation and filtration and then further
purified using, for example, affinity purification techniques, such as affinity

35 chromatography. Wheie the product is not secreted by the cells, the
above methods may still be used, but after the cells have first been lysed
to release the product. |
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3IPTION OF THE DRAWINGS

The invention is now described by way of illustration only in the following
Examples which refer to the accompanying diagrams in which:

Figures 1-4 show the growth of mouse hybridoma cells in the presence of
tropolone and various other chelators, '

Figures 5 and 6 show the growth of mouse NSIO cells in the presence of
tropolone. ' o

=11 IUN U 10 . VID U UIN “liﬂ

The following Examples illustrate the invention.

EXAMPLE 1

A mouse hybridoma cell line previously subcultured in a serum-free
medium containing 1ug/mi human transferrin was centrifuged and
resuspended in transferrin-free medium twice. Cells were finally

resuspended at a density of 1.5 x 105 cells/mi in transferrin-free growth
medium containing O. 1mg/l ferric ammonium cnwate f

100 x concentrates of the iron chelators o ‘be tested (8-hydroxyquinoiine,

tropolone, mimosine, maltol or picolinic acid) were: plepared in water and
filter sterilised. 10ul of each iron chelator was disperged into wells of a 24

well costar plate and then 1mi of cell suspension added.

Acetylacetone was prepared as a 0.05 M stock in ethanol and 2ul was

dispersed into tissue culture wells, followed by 1mli of cell suspension.
Control wells contained either 10ul water (negative control) or 10ul of 100
ug/mi human transferrin solution (positive control). -

Plates were incubated for 3 days in a humidified ‘in¢ubator under a 5%
COz2 - 95% air atmosphere at 36.5°C under static conditions.
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After 3 days samples of dispersed cell suspensions from individual wells
were analysed using a Coulter Multisizer to determine cell concentration.

Figure 1A shows 3uM tropolone to be as effective as 1ug/ml of human
S transterrin at supporting cell growth in the presence ot 0.36uM iron (=

0.1mg/l ferric ammonium citrate). Other lipophilic chelators at
concentrations of 0.03 - 3uM did not support growth of cells in the absence

of transferrin.

10 Figure 1B shows 5uM tropolone to be effective at supporting cell growth,
whereas 100uM acetylacetone and S0uM picolinic acid were much less

effective. These concentrations of picolinic acid and acetylacetone were
chosen as the optimum from a previous experiment (data not shown).

15 All media contained 0.1 mg/l ferric ammonium citrate.

- EXAMPLE 2

20 Methods

A mouse hybridoma cell line, previously subcultured in serum free medium
containing human transferrin, was centrifuged and resuspended at 1.5 x
10° cells/ml in either transferrin-free or transterrin-containing serum-free
25 medium. All media contained 0.1, 1, or 10 mg/l of added ferric ammonium
citrate. The flasks were gassed in 5% CO2 - 95% air atmosphere, sealed
and incubated either static or on an orbital reciprocal shaking platform
(120 rpm) at 36.5°C for 3 days. Samples were then removed and cell

concentration was determined by haemocytometry.
30 '

Results

Figure 2A shows that increasing concentrations of ferric ammonium citrate
up to 10mg/l support increasing cell concentrations in transterrin-free
35 medium in static culture. However, Figure 2B demonstrates that in
agitated culture (reciprocal shaking platforrn) that ferric ammonium citrate

concentrations of >1mg/l are toxic in both the presence or absence of
transferrin.
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EXAMPLE 3

A mouse hybridoma cell line was subcultured in a proprietary serum-free
medium containing 1mg/l human transferrin and 0.01mg/| ferric ammonium
citrate (Figure 3b), or a proprietary protein-free: medium containing SuM
tropolone and 0.1mg/l ferric ammonium citrate (Figure 3a). Agitated,
sparged fed-batch fermentations of the cell Ime in each medium were
carried out. '

Figure 3a and Figure 3b demonstrate that similar csl growth and
production characteristics are seen using either tropolone (Fig 3a) or
transterrin (Fig 3b) in an agitated, sparged fermenter system.

EXAMPLE 4

A mouse hybridoma cell line was subcultured in transferrin-free medium
containing 0.1mg/l ferric ammonium citrate and 5uM tropolone. Cells were
centrifuged and resuspended in medium g¢ontaining 0.01mg/| ferric
ammonium citrate and 5uM tropolone at a density of 1.5 x 105 celis/mi in
1-25 flasks. Extra ferric ammonium citrate was added to flasks to create a
concentration range from 0.01 - 2mg/l. Flasks were gassed with an

atmosphere of 5% CO2 - 95% air and |ncubath on an orbital shaking
platform (120 rpm) at 36.5°C for 3 days

After 3 days samples were withdrawn from flasks and cell concentration
determined using a Coulter multlslzer '

Resuits

The cell concentration after 3 days growth is a combined function of iron
concentration, cell growth rate and maximum biomass. Hence although
maximum biomass is obtained in the range 0. 075 1mg/l terric ammonium
citrate (growth yield is 3.3 x 107 cells/ug terric ammonlum citrate - data not

shown), maximum growth rate Figure 4) |s§sqen ato 15 - 0.5mg/l ferric
ammonium citrate.
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EXAMPLE S

The efficacy of using tropolone as a transferrin replacement was further
investigated using recombinant GS-myeloma cell lines [mouse NS/O]
expressing humanised antibodies using the glutamine synthetase (GS)
expression system, [Bebbington et g/, Bio/Technology, 10, 169--175:
European Patent Specification No. 256055]. Three recombinant cell lines
producing different antibodies were grown in suspension culture in media
containing 0.2mg/l ferric ammonium citrate and either SuM tropolone or
1mg/i transferrin. The growth rates were similar in either medium as was
the peak viable cell concentration. For all three cell lines the antibody
concentration at the end of the profile was similar when transferrin was
replaced by tropolone (see Table 1). In the absence of either tropolone or

transterrin but in the presence of 0.2mg/l ferric ammonium citrate myeloma
cells failed to thrive and died within 48 hours.

TRANSFERRIN TROPOLONE

PEAK CELL ANTIBODY PEAK CELL ANTIBODY
DENSITY TITRE DENSITY TITRE

(x 106/ml) (mg/) (x 106/mi) (mg/)

A mouse myeloma cell line [GS-NSO, see Example 5] was subcultured in

a transterrin-free medium containing 0.2mg/! ferric ammonium citrate and

SuM tropolone. Cells were centrifuged and resuspended in a protein-free
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medium [LS1] containing 0.2 mg/! ferric ammonium citrate and SuM
tropolone at a density of 2 x 109 celis/ml in shake flasks. Flasks were

gassed with an atmosphere of 5% CQg' 95% air and incubated on an
orbital shaking platform (120 rpm) at 36 . o

Figure 5 shows the resulting cell growthi‘

The LS1 medium additionally contained 2-hydmxypropyl-[3-cyclodextnn

[(HPB; 1.2g/l] complexed with choleste@ d mds [prepared before
addition to LS1 by dissolving HPB (0.

equal volume of a supplement containing chois

‘chiolesterol and the fatty acids
previously dissolved in absolute alcohol, then agztatmg for 3 hours prior to
centrifugation and filtering]. As a con“-’”l the same cells were grown in
LS1 medium supplemented with cholesmol and fatty acids and containing

0.2mg/| ferric ammonium citrate and SuM tre ﬁ:"‘oIOne but using bovine
serum albumin [BSA] in place of the HPB. Figure S shows that tropoione
Is able to support the growth of bqﬁj _'ltures and also that 2-

placement for bovine serum

Figure 6 shows the growth of the same myeloma ¢all line in a 5L airlift

termenter using LS1 medium contalmng 0.2rngll femc ammonium citrate
and SuM tropolone.




CA 02116221 2004-03-25

12

THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A protein free nutrient animal cell culture medium comprising one or more

assimilable source of each of the following:

a) carbon,

b) nitrogen,

C) amino acids,

d) iron and other inorganic ions, and
e) trace elements,

in admixture with 2-hydroxy-2,4,6-cycloheptatrien-1-one or a derivative thereof.

2. A medium according to claim 1, wherein the 2-hydroxy-2,4,6-
cycloheptatrien-1-one or derivative thereof Is present in an excess molar

concentration to the iron present.

3. A medium according to claim 1 or 2, wherein the 2-hydroxy-2,4,6-
cycloheptatrien-1-one or derivative thereof and iron are present at a molar ratio of
around S to 1 to around 70 to 1.

4. A medium according to any one of claims 1 to 3, wherein the medium

further comprises lipids and growth promoters or regulators.

5. A medium according to any one of claims 1 to 4, for the continuous growth

of animal cells.

6. A medium according to claim §, wherein the animal cell is a mammalian cell.
/. A medium according to claim 6, wherein the mammalian cell is a lymphoid
cell.

8. A medium according to claim 7, wherein the lymphoid cell is a myeloma cell.
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9. A method for producing an animal cell product comprising:

(a) culturing animal cells which produce said product in the nutrient
medium of any one of claims 1 to 4 until said product accumulates;
and

(b) recovering said product.

10. A method according to claim 9, wherein the animal cell is a myeloma cell.
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GROWTH OF A GS-NSO IN PROTEIN-FREE MEDIUM
SUSPENSION CULTURE
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