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supply or toxic influences of chem cal conpounds than are other cell types,
and t habnsidezgblyddss effesive gt comderitrationseatsbpityingylart programed cell death

once hayj ng received .25 such | ve stimulu lLn_as yrate has
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means
line and recombinant clone, the optimal amount of butyrate has to be carefully chosen and

controlled during large scale bioreactor cultivation. E.g., according to EP-239 292 A, for

20 hybridoma cells a concentration range of from 0.1 mM to 1 mM is recommended, whereas
other cell lines may well tolerate butyrate at concentrations beyond 1 mM. It is well-known
that hybridoma cells are much more sensitive for adverse effects of e.g. insufficient oxygen
or nutrient supply or toxic influences of chemical compouhds than are other cell types, and
that they will easily and irreversibly start programmed cell death once having received

25  such negative stimulus. In as much, butyrate has proven to be a somewhat Janus-faced

means for increasing producitivity in cell culture.

Kim et al. (Biotechnology and Bioengineering 71, 2001, 184-193, Overexpression of bcl-2
inhibits sodium butyrate-induced apoptosis in CHO cells resulting in enhanced humanized
30  antibody production) countered the cytotoxic effect of sodium butyrate at SmM by means
of bel-2 recombinant cell lines which measure resulted in enhanced protein production.
However, this method requires extensive cell line engineering for creating recombinants

producing both rekombinant bcl-2 and a product protein. A more simple method to counter



of bcl-2 reconbinant cell |ines which nmeasure resulted i29Splabhaedddpr ot ein
production. However, this nmethod requires extensive cell |ine engineering
for creating reconbinants producing both rekonbi nant bcl-2 and a product
protein. A nore sinple nmethod to counter 29 Septenber 2006 2 the negative
effects of butyrate medi um suppl enents woul d be advant ageous. US 5378 612
descri bes a synergistic, protein yiel2 enhancing effect of adding lithium
salts (10mV) or |ipopol ysaccharide (LPS, 1 g/m) to a culture nmedium for
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the butyrate control. Interestingly, sodiumacetate at |10mM proved to be

of literally no benefit over the control in this test system Kooistra et

al. (Biochem J. 1987, Butyrate stinulates tissue-type

pl asm nogen-activator synthesis in cultured human endot helial cells,
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suppl enented with acetate; disclosed further are the correspondi ng cell
culture nedia conprising acetate as disclosed herein. Possible enbodinents
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Sept entfadothghial cell culture various compounds on their potentially expression-enhancing etiect
on tPA production, amongst them several alcanoic acids including acetate at 5 mM. Only
proprionate, valerate and, with outstanding effect, butyrate were found to have such effect.

Acetate did not differ significantly from the control.

Itis an objéct of the present invention to avoid the disadvantages of the prior art and to

devise another method for enhancing the yield of product protein in animal cell culture.

~ Disclosed herein is a method for culturing animal cells wherein a cell culture medium is
supplemented with acetate; disclosed further are the corresponding cell culture media
comprising acetate as disclosed herein.

Possible embodiments of the invention are shown in the figures and tables:

Fig. 1 shows the effect of potassium and sodium acetate on NSO productivity in fed-batch
shake flask culture.

Fig. 2 shows NSO growth profiles for fed-batch bioreactor fermentations containing no or

10 mM sodium acetate.



3 Fig. 3 shows the effect of 10 mM sodi um acetate on NSQy¥pE6si2edd Y i n
the fernmentation run according to Fig. 2. Fig. 4 conpares the effect on
NSO of inclusion of sodiumacetate in inoculumcultures (in 5 inoc) and
the timing of further acetate additiod (at inocculation or during

m d- exponential phase, i.e. at feed). Al values are expressed as percent
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productivity of recombinant NSO cells with 7.5 mM acetate in a custom nade

hi gh- demt aoporgingdoFigedi um to Fig. 7, 8 show dose-response curves for
suppl ementation of NSO cell culture with sodium acetate. Fig. 9-11 show
conparative data for supplenentation of NSO cell culture nmediumwth 15
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mediiem prior to or at starting the cell culture or feeding it to the nmedium
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Fig. 9-11 show comparative data for supplementation of NSO cell culture medium with

15  sodium n-butyrate.

Fig. 12-14 show dose-response curves for supplementation of a VPM § hybridoma cell

culture with sodium acetate.

20  Fig. 15-17 show comparative data for supplementation of a VPM 8 hybridoma cell culture

with sodium n-butyrate. *

Accordingly, a first aspect of the present invention provides a method of producing a
product protein, wherein the protein is expressed from a lymphoid cell in cell culture at
least during a certain span of time during cell culture, comprising the steps

a) preparing a protein-free cell culture growth medium,

b) and further adding acetic acid or an acetate salt or an acetyl ester to a final
concentration of from 3 to 20 mM, said addition being carried out either directly to
the medium prior to or at starting the cell culture or feeding it to the medium during
cell culture,

) further culturing, preferably growing, said cell in said medium with concomittant
expression of product protein,

d) and finally harvesting said protein from thé cell culture.



3a A second aspect of the present invention provides a pjgfcfifnd 2665 Cel
culture gromh nediumfor [ynphoid cell culture, characterised in that the
medi um conpri ses acetic acid or an gacetate salt or a biologically
activated acetyl ester at a concentration of from3 to 20 nM and
preferably is devoid of butyric acid or its salts. A third aspect of the
present invention provides a nmediumconcentrate for preparation of a

cul ture nedi um as defined above which is either a solid or a liquid. A
-fourth aspect of the present invention provides a use of a cell culture
medi um Assefefd d3pekt o BRRedell inhHIAQrviaed 4 powid-aee celPedliuké frosgpect of the
present invention provides a cell culture, conprising mammalian cells
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culturing the mammalian cell in said mediumw th concom ttant expression
of product protein, d) and finally harvesting said protein fromthe cell
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1ymphoid cells in a medium as defined above.

Disclosed herein is a method of producing a product protein wherein the product protein is
expressed from a mammalian cell in cell culture and is produced at least during a certain
span of time during cell culture. That is, the product protein might either be constitutively
expressed by the cell or expression might be induced at some point of time by providing a
certain stimulus to the c€ll. Preferably, it is éonstitutively expressed. The method may
further comprise the steps of

a) preparing a cell culture medium for mammalian cells,

b) and further adding acetic acid or an acetate salt or a biologically activated acetyl



10 "biologically acitivated ester is from6 to 20 M nojespleghgnasd vy of
from6 to 12 MM nost preferably of from6 to 9.5 mMMas may be inferred
from conbi ning the above said, preferred concentration ranges. A product
gene as disclosed herein is the prodygt protein that is sought to be
expressed 15 and harvested in high amount. It nmay be any protein of
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t hroughput. An acetate salt as disclosed herein can be any salt such as
al kali metal or alkaline earth netal or, any other netal acetate salt may

be enpllbpdurthaspreferrad embodiment; thegongentigtion of the acefirchctd onihefalt@idbec acid or
acet.i c ;anhydrii i ' referred.
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culture, elther due,to a high rate of hydrolysis or due to activity of

cel | ul refesred RIAFFREAINIANESS: enpl oyed. Such can be termed, in particular if
applying to exoenzyne activity, “biologically 29 Septenber 2006 5
activatable' esters. Alkali and alkaline earth netal salts of acetate are
pr ef er pefrodasbasier®s dislakd hbripisthe producy prutéionhat ipsanght &f be exprgssedhe sal t
Is an alkali netal salt with the groviso.th?t the al kal i | is not
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parti culaeink 59«‘[' hfeﬁ@ﬁkiﬂs SO el bioRuintdtcproRmS O billinit9 Bf MaRifer®f 6 to
9.5 mM'in a ce growt h medi uni as being opposed to a mai ntenance nedi um
and upgumoteins such as antibodies or fragments thereof. The recombinant product gene may
include a signal sequence coding sequence portion allowing secretion of the once
expressed polypeptide from the host producer cell. The product protein may be a
20  recombinant protein expressed from a transgenic promoter or it is a naturally active gene
locus, such as e.g. an immunoglobuline gene locus in hybridoma cells created by
conventional cell fusion techniques. Harvesting and downstream processing techniques for
purification of the protein from the culture broth are well-known in the art and a routine
" task. Initially, techniques such as centrifugation, ultrafiltration and/or ion exchange

25 chromatography are often applied since they allow for high-volume throughput.

An acetate salt as disclosed herein can be any salt such as alkali metal or alkaline earth
metal or any other metal acetate salt may be employed. Since media are usuvally
buffered, addition of acetic acid or acetic anhydride is also conceivable, though a sait
30 will be preferred. Likewise, easily dissociable complex salts of acetate or esters of
acetic acid that are liberating acetate in situ in the culture medium during culture, either
due to a high rate of hydrolysis or due to activity of cellular exoenzymes, can be empldyed.

Such can be termed, in particular if applying to exoenzyme activity, ‘biologically



treatment of the cells with sodiumacetate at the onset ﬁU&ﬁ%ﬁ&&z@% t he
onset of cell culture or both, as set forth below Preferably, the cel
culture nediumis devoid of butyrate. Butyrate easily decreases growth

rate and i nduces apoptosis; its concentration needs to be carefully

bal anced. However, it can easily substituted by acetate show ng al nost no
or a very noderate effect on growh Sate. Acetate is not known to induce
apoptosis. Acetate or its equivalents can be added either directly to the
fresh MEdivmbIPkhiets. hfkaladRing Ehin fidlal 418 oPBodiRBdidiefeired O the medi um
during cell culture, preferably during exponential phase growh_ in . a growth
medi um embodiamatseff theprdsens iitentiom Mare petferably, the selhisean alkaliomefabssltwith hat t he
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gener al goagfl 4Rl RiparfalatlyDrifeded RECnHhfionwities SorrbiteaiontageAdditdi on of
acetate directly to the cell culture nmedium preferably _a cel] growth
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di r ect | yoihQad eefozth Beldve, Medi um prior to culture onset, in the amounts
stated above and in particular at 6 to 9 mMMand in the form of sodium
acetate, and is not replenished during cell cultivation via feed,
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Again, prior to inocculation'" heans that the inocculation pre-culture
itself is grown in a medium conprising 29 Septenber 2006 6 the acetate

medi um suppl ement in the above ted amounts. Ji.i I ossible to '
conbi n Cgtg?wrémf‘fﬂi‘ﬁ’?%?aq be %‘f@t@%ﬁtﬁ?ﬁ @g‘?cglrylstﬁ tib? fre ?Sel} 1?‘(‘aag&(larrgbodi nment, only
the i noﬁﬁ&' t‘d@tfﬁﬂhﬁ WEIE cliBure or feeding it to the medium during cell

culture, preferably during exponential phase growth in a growth medium, In case of feed

addition, it should be taken into account that the effect of acetate takes place with some
‘delay, i.e. a lag phase is observable with regard to the product protein yield enhancing
effect. In general, addition of acetate via feed only is less effective. Addition of acetate
directly to the cell culture medium, preferably a cell growth culture medium, prior to cell
culturing and in the amounts stated above is strongly preferred, optionally in
conjunction with further need of acetate depending on the concentration. Most
preferably, acetate is added only directly to the culture medium p}ior

to culture onset, in the amounts stated abové and in particular at 6 to 9 mM and in the form
of sodium acetaté, and is not replenished during cell cultivation via feed, preferably it is
not replenished during culture growth in a suitable medium such as a high cell density
growth medium.

* Addition to the medium prior to starting cell culture’ means exposing cells at about the
time of inocculation which can include the initial lag-phase before the onset of
detectable growth or exposing them even prior to inocculation of the culture medium to
acetate or its equivalents in the above stated amounts. Again, ‘prior to inocculation’

means that the inocculation pre-culture itself is grown in a medium comprising



treated with acetate in the amounts stated above whereasyd Qi8ica8kd 2006 t ure
grow h nmedium wused for |large-scale production culture is devoid of acetate
salts in the >ImMrange. 5 Suitable cells or cell lines can be any

manmal i an cell line. Suitable cell liges can be e.g. SV-40 imortalized
nonkey kidney cells (COS-7) cells, canine kidney cells (MDCK), african
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20  Suitable media and culture methods for mammalian cell lines are well-known in the art, as
described in US 5633 I6i for instance. Examples of standard cell culture media for
laboratory flask or low density cell culture and being adapted to the needs of particular cell
types are for instance: Roswell Park Memorial Institute (RPMI) 1640 medium (Morre, G,
The Journal of the American Medical Association, 199, p.519 £, 1967), L-15 medium

25 (Leibovitz, A. et al., Amer. J. of Hygiene, 78, 1p.173 ff, 1963), Dulbecco’s modified
Eagle’s medium (DMEM), Eagle’s minimal essential medium (MEM), Ham’s F12
medium (Ham, R. et al., Proc. Natl. Acad. Sc.53, p288 ff. 1965) or Iscoves’ modified
DMEM lacking albumin, transferrin and lecithin (Iscoves et al., J. Exp. med. 1, p. 923 {f,
1978). It is known that such culture media can be supplemented with fetal bovine serume

30 (FBS, also called FCS), the latter providing a natural source of a plethora of hormones and
growth factors. Cell culture of vertebrate and mammalian cells, respectively, has become a
routine matter and is covered in detail e.g. in R. Ian Fresney, Culture of Animal cells, a
manual, 4™ edition, Wiley-Liss/N.Y., 2000.



manual , O edition, WIley-Liss/N Y., 2000. 29 Septenber 2Z80{ tedibir8der ably,
the cell culture nediumis a nediumallow ng for and SuppOI’{JI ng growt h of
the animal cells thus cultured. Gowh is understood as an increase in
viable cell density during at |least a certain period of the cell culture.
Such definition of "growth nmedium is to be wunderstood as bei ng opposed to
the term maintenance nmedium in its TUsual neaning in the art. A

mai nt enance nmediumis a cell culture nmedi um which supports cell viability
but which does not encourage cell growth. Oten, such naintenance nedia do

not contain essential growh factors such as transferrl n, insulin, albumn
and thd’réﬁc#ably,iﬁacdl althednedam 1sarmedu@nnﬁé@vmgfqyen¢@paorﬁ@$rﬁrﬁwﬂa?f the| | cuI ture
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cul turgefis béfﬁmfﬁehgdsﬁhé&nmea&mﬁ gdeﬂma@hlodtgmtambdmnfeémn cells. The

term hybri doma i'ncl udes not only antibody secreting cells obta t;hned by cell
f usi on, understoadiashgingeppesef mhqtmarm@am megay’ fkis usgalimegaing iy the

B- 1 ynphoc | bod Ch I nwith
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cycl e afgk bidou¥agelcelt ghivith SOftén, Suclbppintenanicelasdia ¥6 notssontuin essentiad genwtbal

i mortalizing agent. In the present co%ig hybri doma' extends as wel | to
non- secfﬁ@@tsﬁgclhwmm ingydin, alb bQAgl4 Shul man et al. 1977.
Therefore, a product protein sought to be harvested froma hybridoma in .
the present context does not relate necessarily to a honol ogous gene

pr oductSadiemibediment aftthé inediynt beimg anmamerdian cell bulbue merthyn eomprsing be a
reconmbi nant pr.oducf protein. Prefer ablc}/ the cells are

or o or gl e capuainiaioreSestuGped gt Gulks BUBratE @il conce
% | 2?39*2‘29@1}6‘3@8? ?‘ﬁgji\fﬁ{]ﬂrllégﬁlgﬁl@%‘ggﬁphoﬁd @éﬁsléué}i/%'é éﬂyﬁn&élﬁﬁfhﬁd]e Eur opean

Centre Appl i ed Mcroblology&
Resear thel&nhlcslllmﬂjﬁe temmybhdoraa Briudes @ptcmdwmdnow ﬁgﬁm@lf-)g celly ebigingd bye| | s are

tunor ce | i ne NSO,i s one r ctually
pl asma lcfH%l%n H‘au‘gf‘% 5§-F2 Eécﬂ?@@‘&&ﬁ’ﬁ gad ﬁ?al%p E}Hﬂf}&%ﬁf W‘?’ﬁﬁ%‘?d cel |
l'i neagg@gody &cf@(ﬁg'camamé I ERmBRAIRA o (iR 9 SfimioRtaliZifg aiént sack dsel Y and
gui te incorrect being nyeloid cells (Barnes et al.
recombinant gene product havmg cell cycle activity or a virus, e.g. Eppstein-Barr-Virus, or
- any chemical, 1mmortahzlng agent. In the present context, ‘hybridoma’ extends as well to
non-secreting hybridomas such as e.g. SP2/0-Ag14, Shulman et al. 1977. Therefore, a
product protein sought to be harvested from a hybridoma in the present context does not
relate necessarily to a homologous gene product such as an antibody from a parent cell but

may as well be a recombinant product protein.

Preferably the cells are ,myeloid‘, most preferably they are a myeloma NSO cell line (such
as e.g. cell line ECACC No. 85110503 and derivatives thereof, freely available from the
European Collection of Cell Cultures (ECACC), Centre for Applied Microbiology &
Research, Salisbury, Wiltshire SP4 0JG, United Kingdom). ,Myeloid¢ cells are tamor cell
lines of which NS0 is one example. NSO cells are actually plasmacytomas and are in
consequence of B-lymphocytic lymphoid cell lineage as are hybridomas, though being
adressed in the art routinely and quite incorrectly as being ,myeloid‘ cells (Barnes et al.,,
Cytotechnology 32:109-123, 2000). Corresponding cell types are likewise particularly
preferred embodiments in consequénce. ,Myeloma* NSO cells have been found to give

potentially rise to extremly high product yields, in particular if used for production of



Cyt ot echnol ogy 32: 109-123, 2000). Corresponding cell typgsSeﬁireﬁbgriZ[j@M se
particularly preferred enbodi nents in consequence. Myel oma™ NSO cel |l s have
been found to give potentially rise to extremy high product yields, in
particular if used for production of g9 Septenber 2006 8 reconbi nant

anti bodi es. Mdst standard NSO cell lines are chol esterol -dependent, usually

maki ng chol gsterol,, ap obligate,c nent. of the .cultur | nphoi d
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lines, 5 including fusion with non-secreting hybridoma cell |ines which
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agent or_yirus as.well, as an er. | hai I 11 | n anot her
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hybridoma cell Iine, and nore preferably it is a non-hybri daﬁng r econbi nant
a

cel | | itmomagsimpprighsstionaptha jaent onpRisasvell s apy p s defined
above. J|n fur r prefar ' i | [l |ine
ahien 1 pRpiateh Bk B freflid UrltBimert Howetts, o bidbiniiEnbelYSP6EF || ()
cel |'s an@ &padirlgit6ahd presint acheativra dendt b hybsdainakélhlind) enching ik a@osy nt het ase
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Coc evel expression of tissue inhibitor of
nmet al | opr ot ei nases in Chinese Hanster Ovary (CHO cells using d utam ne

nt het ase ne anpljfication, ., Bi.o/lTech . 6p2:667).,.,Preferably, the
;S))r/oductlni?r@%g?fri’f@g%@l ‘%'Ié‘lﬂ?égﬁﬁ@ tgﬁﬂé]%’éc @%&%hﬁﬂ%‘gﬁﬁﬁﬁc‘?@?‘s‘%ar ri edyon a
Sinale Goral ABhingfEmfanlilé s HRNAARYESS N TS bAipbabal offumadif! | ne,

said g g expressed fromdifferent or same pronoters
enpl oyi wpd evith the Glwamite synthoteneSBrexpression sxstem (Behbing®ns¢tat.e 92 one of

ly twg, syst t hat f ticul ara.i 1 ti f
© hetperishleysl Steemion off BefpaRathibed el ardfRs rbiine Kallaie ' (0,25
syst em gynhiRdsS pekSdsflangiidiabl sBREbleWhatker] BR/TSehablogy $0980UISACHckett

conbi nat’i on w Fh NSO nyel oma cells, offers ‘a large tine advantage during
et al., 1990, High level expression of tissue inhibitor of metalloproteinases in Chinese

Hamster Ovéry (CHO) cells using Glutamine synthetase gene amplification,
Bio/Technology 8: 662-667). Preferably, the product protein gene sequence and the GS

20  gene sequence are carried on a single GS plasmid vector for generating said transfected
NSO cell line, said genes ‘either being expressed from different or same promoters
employing e.g. internal ribosome entry sites. - The GS-system is one of only two systems
that are of particular importance fof the production of therapeutic proteins. In comparison
to the dihydrofolate reductase (DHFR) system, the GS system, and in particular the GS

25  system used in combination with NSO myelbmé'éells, offers a large time advantage during
development because highly productive cell lines can often be created from the initial
tranfection thus avoiding the need for multiple rounds of selection in the presence of
increasing concentrations of selective agent in order to achieve gene amplification (Brown
et al., 1992, Process development for the production of recombinant antibodies using the

30  glutamine synthetase (GS) system, Cytotechnology 9:231-236). NSO cells are
phenotypically deficient in Glutamine-synthetase. Therefore the NSO cell line which was
derived from a mouse tumour cell line (Galfre, G. and Milstein,, C., Methods in Enzymol.

73, 3-75, 1981) is frequently the cell line of choice used in combination with the GS



devel opment because highly productive cell lines can of tapemkLeassed from
the initial tranfection thus avoiding the need for nmultiple rounds of
selection in the presence of increasing concentrations of selective agent
in order to achieve gene anplificati (Brown et al., 1992, Process

devel opment for the production of reconbi nant anti bodi es using the 30

gl utam ne synt het ase_aiGS system Cytotechnol ogy 9:231-236). NSO cells are
phenot ysypleri atpndpdusitiads¢als.n” @ ut ani ne- synt het ase. Therefore the NSO cel |

| ine which was derived froma nouse tunour cell line (Glfre, G and
Mlstein,, C, Methods in Enzynol. 73, 3-75, 1981) is frequently the cell
| i ne of Prefailsle, theadilicnltamnhediami is dewpitiioftfbea]l GEf 2ouBdFCEMIdIBDO06 9 system

at an industyial .scale. Preferahly, .cell culture.nmediumij,s devoi d of
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be subsTiansfieedn mayrad beapeprrticlly bheubtstitnied hyann-weptide ehaddingAesABLIsuch as

t ropol one as descrjbed in WO 94/ 02592 qr i ed. | eyel sour ce of
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(conprising reconbinant |0 polypeptides), including e.g. epidermal growth
fact or NBsee]l linep ragivira one gr monetofsyrthetic groptrfactors@MPHSINE Feco factors

| and |l . (1GEL, (I.GH 1), etc... h f ' y be
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f act or wb@hmﬂyb@%@@@ﬂﬂaclagﬁéérqswgbﬁnétr@p\ﬁwemﬁ bisding #2etF1Rg (8w

pol ypepti f 0 i . : wt h

sti mul a‘i%'g §p I@ﬁ%lééﬁ%ra%\(}\;l (ﬂgfi grgsft 2?@8 ?Ogélgsi?%tg ﬁle? %@H@%“?&enggggﬁﬁg}%t . There are
sever al hgtaiohes] hadgdispbtenidbhaarines ane fAttykavddsnPolypeptidedidctardbdtingus beste, an

oD IR - SRR BisISRIATRSIGOT REMERIepOP PSP SRS B A dF oK FI9GF SR ol 3 1 or
el 1 B e B, Tl B e ey,
several methodological approaches well-known in animal cell culture, an exemplary one
being described in the following. The initial step is to obtain conditions where the cells will
survive and/or will grow slowly for 3-6 days after transfer from serum-supplemented
20 culture medium. In most cell types, this is at least in part a function of inoculum density.
Once the optimal hormone/growth factor/polypepfide supplement is found, the inoculum

density required for survival will decrease.

In a more prefcfred embodiment, the cell culture medium is protein-free, more

25  preferably it is a protein-free growth mediﬁm; that is it is free both of fetal
serum and individual protein growth factors supplements or other protein
such as recombinant transferrin or serum atbumin for lipid binding and transport.
Most preferably, it is a protein free medium as defined above but to which has been added
recombinant or purified albumin or a sequence variant or fragment thereof. It should be

30  noted, however, that even for NSO celi lines which usually require cholesterol as a medium
supplement, obtention of cholesterol-independent subspecies has been reported which can
be continously cultured and grown for protein production (Lonza Biologics, UK). Protein-

free culture media according to the present invention are particularly preferred in



Once the optimal hornone/ grow h factor/polypeptide supplm{emi:,&zb@wnd, t he
I noculum density required for survival will decrease. In a nore preferred
enbodi ment, the cell culture nmediumis protein-free, nore 25 preferably it
is a protein-free gromh nmedium thati4is it is free both of fetal serum
and individual protein growmh factors supplenments or other protein such as
reconbi nant transferrin Qr serum al bum n for éépi d binding and transport.
Most  pregrisnghies withithg useof myslomacell lines $8ch 3NYS defi ned above but to which
has been added reconbinant or purified albumn or a sequence variant or
fragment thereof. It should be 30 noted, however, that even for NSO cell
| i nes whifwrdthen prafetrgd, pessilile embodiinest eff the method amd dhabmlow apgsifeededl, obt enti on

of chol est erol -i ndependent . sybspeci es has. n_.repor whi ch. can be
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particularly preferred in 29 Septenber 2006 10 conjunction wth the use of
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them in higher amounts (fortified) than the afore mentioned standard media as can be

incurred from EP-435 911 A or GB-2251249 in comparison with RPMI 1640. GB-
12251249 gives examples of suitable high-density growth media. Such high

D

20 density cell culture medium can comprise acetate in the amounts stated above,
preferably in the absence of a butyrate. Further -preferred, a high-density
culturre medium is balancedly foftiﬁed in that a majority of amino acids
except for Tryptophane are in excess of 75 mg/l in the culture medium.
More preferably, in conjunction with the general amino acid requirement, the joint
25  amounts of Glutamine and Asparagine are in total in excess of 1 g/1, most preferably in
excess of 2 g/l of high-density culture medium. It goes without saying that the latter more
preferred embodiment is less suitable in case of a recombinant cell line transfected with a
Glutamine synthetase (GS) vector, in particular after rounds of amplification of the GS
gene sequence have taken place. In those cells, an excess of e.g. glutamine jointly from
30  exogenous and endogenous source would lead to production of ammonia, which is to be
avoided.
High-density cell culture is defined herein as a population of animal cells having temporariiy a

density of viable cells of at least or in excess of 10°



themin higher amounts (fortified) than the afore nentioped,sh8ada66 nedi a
as can be incurred fromEP-435 911 A or GB-2251249 in conparison with RPM
1640. GB- 2251249 gives exanples of suitable high-density growh nedia.
Such high 20 density cell culture nmegiumcan conprise acetate in the
anounts stated above, preferably in the absence of a butyrate. Further
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preferred enbodinent is |l ess suitable in case of a reconbinant cell |ine

tr ansf g edrthért fteferred dnitsuiiments jet delltadiard iS9) fed datdbr culiure par ti cul ar after

rounds of anplification of the GS gene sequence have taken place. In those
cel | s, vdrereinoweor sevasalpthen aminpiagids] prefarablycegprisingatdeashous and endogenous

source ld_ l.e t I O f ' [ ' . oi ded. ‘

H gh- deer‘ﬁ\@ﬁwn’é@?‘? R SP{)ﬁcﬁgylﬁé“%%fq%ﬁ%@gﬁ%?gﬁ nﬁagsjugb 5%%3%@?9@#@? animal cells

havi ng doataneaash inthe medains aid aiit froralbbsralihg Glwbsatorcemedtionbyispeaateess of

105 29 Sg(ftenber 2006 11 cells/m, pé((fferably of at |east or jin excess of
a ] obe

106 celfred. More areferahiye thefensl ofdlutamin aad pptignally a¢ PRIYS R om-a
e

single cefl idgéllr});{bglﬁ#iso SlutdifE §s St With Feelf %Jeér hidréerfeddy soupddst ur e

mediumina Co I'ncreasing culture vol urre. In a further preferred
enbodi nsol as glheose b theawelltcuitareias dasctibed incER-222 80%-v. Slutaiméneaay atrieasbr sever al

ot her am no acids, preferably caonprjsjng at, Lleast .Jutam.n, is fed to the
cel | c Rty wesied v AsperastnadiorsubSins ot eipming BYESPHEEPS E8ncent rat i on

;
24
in the g&% . ty. 15 qks) 1 1391 48) U FR&LisaRAAS Thitilddar 25360s pear at e
f eed. re &Jﬁ;ﬁé?g?a’g%?’{ é ?%elglgrb(t)g? éul'?gm'r)l and lgptioﬁgll one or several

ot her dwumafistadiodthe ¢ultmad; fgr inﬁmjhiwemlmmﬁ@di@m%$m with feeding

One! A S R 2BSET* e T e G U 8t W e
usually dosed in the range of from 10 to 300 mg total addition per amino acid per litre of
culture volume; in particular glycine, lysine, arginine, valine, isoleucine and leucine are
usually fed at higher amounts of at least 150 to 200 mg per L of culture volume as
compared to the other amino acids. Except for GS cell lines, it can be of benefit to adjust

20  the total feed of glutamine and/or asparagine to the range of from 0.5 to 3 g per L of
culture volume, preferably to the range of from 1 t02 g per L of culture volume. The feed
can be added as shot-addition or as continously pumped feed, preferably the feed is almost
continously pumped into the bioreactor. It goes without saying that the pH is carefully
controlled during fed-batch cultivation in a bioreactor at an approximately physiological

25  pH optimal for a given cell line by addition of base or buffer. When glucose is used as an
energy source the feed of glucose feed is adjusted usually to keep glucose concentration of
the medium of from 1 to 10 grams, preferably of from 3 to 6 grams per litre of the culture.
Apart from inclusion of amino acids, the feed preferably comprises a low amount of
choline in the range of 5 to 20 mg per litre of culture.

30
A corresponding cell culture medium comprising an acetate supplement suited e.g. for NSO

cell culture, a cell culture made up of such celi culture medium and lymphoid and/or NS0

cells and a medium concentrate for preparing such medium are further embodiments of thc_:_ -



be partly substituted by Asparagine (for substitution of>gHcHi-ABER80dY
asparagi ne, see Kurano, N et al., 1990, J. Biotechnology 15, 113-128).
Feed is WQU3Pe4¢30 nitiated at 25-60 hours after start of P¢THEPBWB¢3re; for
instance, it is useful to start feed mhen cells have 15 reached a density
of about 106 cells/m . The anino acids that can be present in the feed are
usual | y 1%?&1? ﬂﬁeﬂ%i&ﬁ?ql'lleﬂﬂ&?e Rbcrl BH‘aﬂ»ﬁhés%léQ@se@ tﬁeQ% ahpafifiehds QR aRer am no
aci d p re of ‘culture vo particular glycine, lysine, arginine,
val i ne, presemt énventien.and | euci ne are wusually fed at hi gher anounts of at

| east 150 to 200 nmg per L of culture volume as conpared to the other am no
aci ds. Except for GScell lines, it can be of benefit to adjust 20 the
total feed of glutam ne and/or asparagine to the range of from0.5to0 3 g
per L of <culture volume, preferably to the range of froml to 2 g per L of
cul ture volune. The feed can be added as shot-addition or as continously
punped feed, preferably the feed is al nost continously punped into the

bi oreactor. It goes without saying that the pHis carefully controlled
during fed-batch cultivation in a bioreactor at an approxi mately
physi ol ogi cal 25 pH optinmal for a given cell line by addition of base or
buf fer. When glucose is used as an energy source the feed of glucose feed
is adjusted usually to keep glucose concentration of the nediumof froml
to 10 grans, preferably of from3 to 6 grans per-litre of the culture.
Apart .frominclusion of am no acids, the .feed preferably conprises a | ow
anmount™ of choline in the'range of 5 to 20 ng per litre of culture. 30 A
correspondi ng cell culture nedium conprising an acetate suppl enent suited
e.g. for NSO cell culture, a cell culture made up of such cell culture
medi um and | ynphoi d and/ or NSO cells and a nmedium concentrate for
preparing such nmedium are further enbodi nents of the 29 Septenber 2006 WO
03/ 064630 PCT/ EP03/03631 12 present invention. The above description
applies |likew se to these enbodi nents of the present invention. 29

Sept enmber 2006 WO 03/064630 PCT/ EPO3/ 03631



13 Experinments Were not specified, antibody producti VvijgseBembirhels Was
determ ned by protein A-HPLC. Experinent 1 5 The GS-NSO cell line

6A1( 100)V8O 08MH6300r short, secreting reconbi nant nouse/ hURFEHMEPBABGEri ¢ | gG
cB72.3 (Bebbi ngton, 1992, supra) was igsed in all experinental settings
under this section. Cell culture was either carried out in shake flask
culture or in a fed- batch node in a 10 1 standard airlift bioreactor,
essentially as described (Bebbington, 1992). Feeds essentially conprised
am no aEkperimenkscar bohydrat e as descri bed above for 10 high-density nedia
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exceedeg%éﬁié_g@lcel | s/mi. Tenperature was controlled at 36.5 degree
centigrade; tor airlift, air saturation was at 15% pH was controlled at
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were pre-adapted to medium. Increases in protein yield of up to 98% (from 470 mg/L of

the control as compared to 768 mg/L for a strain grown with 10 mM acetate) were
observed. Acetate was found not to suppress growth. It slighﬂy decreased growth rate but
did not lower maximum viable cell densities. Positively, it did prolong stationary phase

20  upon fermentation.

Cumulative cell time (10® cell /h ml) was calculated by integration of the cell growth curve,
essentially as described by Renard et al. (1988, Biotechnology Letters 10, 9
1-96).
- 25

Fig. 1 shows the effect of potassium and sodium acetate on productivity in fed-batch shake
flask culture. Either sodium acetate or potassium acetate were added to shake flask culture
during mid-exponential growth phase to the final concentrations stated in the respective
sections of the table of Fig. 1. Cultures were counted daily by Trypan blue method and

30  samples were taken for product analysis by means of protein A fractionation and HPLC
analysis. Sodium acetate at 10 mM performed even better than potassium acetate at either
10 mM or 15 mM. The CCT was similar in all treatments (including control).

Consequently, single cell productivity (qp) was found to be increased.
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at the %gor;@h asenoccul ation to the production nedium (at inoc) or in the
feed given during md-exponential phase (at feed) or conbinations thereof
in fed-batch shake flask cul ture.

In an additional set of experiments, the feed was further supplemented with LiCl both for
the control and the culture treated with acetate as said in the preceding paragraph,
accumulating to a final concentration of approx. 1-10 mM (data not shown). The addition
20 - of a Li-salt did not prove to modify the effect of acetate addition in any way. Certainly, no
synergistic enhancement of the effect of acetate addition could be seen as has been

reported for n-butyrate supplementation of cultures.

Fig. 4 compares the effect of inclusion of sodium acetate in inoculum cultures (in inoc) or
25 at the time of inocculation to the production medium (at inoc) or in the feed given during
mid-exponential phase (at feed) or combinations thereof in fed-batch shake flask culture,
All values are expressed as percent difference compared to control. A clear dose
dependency was observable as regards the amount of acetate added. Addition of acetate to
the inocculum culture or at the time of inocculation, meaning the use of an acetate
30  supplemented culture medium for production culture, was found to be the most effective

mode in view of increased yield and maximized single cell productivity.

Experiment 2
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Experiment 3
The experiment was a dose-response study for the addition of different amounts of sodium

20 . acetate for NSO cell line 6A1 in the range of up to 20 mM and was conducted essentially as
described in exp.1/Fig.2. Fig. 7 shows CCT dependent on dose of acetate added, Fig. 8

shows single cell specific productivity (qp) dependent on dose of acetate added.

Comparative example: Experiment 4

25  Butyrate addition to cell culture media does not increase antibody productivity in NS0-6A1
cells; at doses > 1mM, it is strongly toxic to the cells and decreases viable cell density very
rapidly. In the permissible range, no increase in productivity could be seen at all, not even
at the single cell level. The experiment was conducted essentially as described in exp.
1/Fig.2, except that butyrate was added in the amounts shown instead of acetate. Later

30  addition of butyrate at the mid-exponential phase did not enhance productivity, either. Fig.

© 9-11 show the effect of butyrate addition on CCT, antibody titer at harvest and single cell
specific productivity (qp).
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Fig. 15- 17 show the effect of n-butyrate treatment of VPM 8 hybridoma cells on CCT,

harvest antibody titer and single cell specific productivity (qp), respectively. The
experiment has been carried out essentially as described in exp. 5, except that acetate was
substituted with n-butyrate in the amounts stated in the figures. Given the exceptional

20 toxicity of butyrate for this cell line, it is hardly possible to add any butyrate at all without
decreasing growth rate and viable cell density. Butyrate supplementation therefore is not

effective in increasing antibody titer.

25

30
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rate and viable cell density. Butyrate supplenentation therefore is not
effective in increasing antibody titer. 25 30 29 Septenber 2006 17 d ains
1. Method of producing a product protein, wherein the protein is expressed
from glilwgnphoid cell in cell culture at least during a certain span of
time during cell culture, 5 conprising the steps a) preparing a
protein-free cell culture growh nmedium b) and further adding acetic acid

or anja ; vl 2 9&1&&;; ration of from3
to 201'n1(\i>l@ é@a@ﬁ?ﬁf@%gg&ggﬁ%&%%ﬁ%gdl %ng}ﬂ%gfu% %%’{prglﬁ rect {a/ to the nedium
pri or t dymophoat cedltimed]l enfjutchableast Héringual cetain span of éme idodng dell taliurd, he medi um

during 10 cell.culture, c) further culturing, preferably grow ng, said
cePl in REPHHENFHR%i t h conconittant expression of product protein, d)

and fi n%b|p&e§ﬁhgg§£dt&ﬂ_ﬁ§@&éﬁcﬁ&ﬂ%%mﬁ@m&he cell culture. 15 2. Method
according to claim1, characteriSed in the’the addition of acetic acid or a

salt t fadrandfurther adding aseticongid agian ecstatgsalior athaetybeitarto pfibadr to or at starting

the cell ¢ 3 t ageor di o, ane of the .preceding clains,
char act er iééké%e%ﬁ%nhog%hgggg é‘fclﬁtsagﬁﬁ‘%no’bpm%cag&eéioé’? %‘B’fﬁ‘iﬁf%%tgan acetyl
ester is ateldedit@ priof oabt ERAGARE EclilchBire Of febdiffit % he mbSumr nore .

preferably of from6-to 9.5 nM and wherein preferably-the cell culture
meli um i s GEeBifme,of butyrate. 4. Method according to one of the preceding

c1 a1 T o MR OB br b BosE A8 il oA, bR O 115
- expression of product protein,

d} and finally harvesting said protein from the cell culture.

15 2. Method according to claim 1, characterised in the the addition of acetic acid or a salt
thereof is carried out directly to the medium prior to or at starting the cell culture.

3. Method according to one of the preceding claims, characterised in that the acetic acid -
or an acetate salt or an acetyl ester is added to 2 final concentration of from 3 to 15
20 mM, more preferably of from 6 to 9.5 mM, and wherein preferably the cell cultare
medium is devoid of butyrate.

4. Method according to one of the preceding claims, characterised in that the cells are
mammalian lymphoid cells, preferably NSO cells.
25
5. Method according to claim 4, characterised in the cells are NSO cells that are
recombinant for and can express Glutamine synthetase.

6. Protein-free cell culture growth medium for lymphoid cell culture, characterised in that
30 the medium comprises acetic acid or an acetate salt or a biologically activated acetyl
esfer at a concentration of from 3 to 20 mM, and preferably is devoid of butyric acid or
its salfs.



25 5. Method according to claim4, characterised in the %%@n@gﬁobﬁo cells
that are reconbinant for and can express d utam ne synthetase. 6.

. Protein-free cell culture growth maﬁ:lgmfor | ynphoid cell cul ture,
characterised in that 30 the nediu onprises acetic acid or an acetate
salt or a biologically activated acetyl ester at a concentration of from3
to 20 MM and preferably is devoid of butyric acid or its salts. 29

Sept enber 2006 18 7. Cell culture medium according to claim®6,

char adt &ellsaliue medivm acedrdingtactilain 6, shazackeirigtd in debhic tnedinel s a hight ur e medi um 8.
Cell cul m ac ding to clains 6 or 7, characterised in that the
medi um |dt§’}ﬂ35§ gFguéHfF ‘ﬁ‘éc@ and protein-free cell culture nmediumsuitable for
protein-free NSO cell culture. 9. A nmediumconcentrate for preparation of

a culture nediumas defined in claim6 which is either a solid or a
| i qU| 8. Cell cuipire mediugraceprding to cdaims 6oe7, méd’mtmsad;whdlthegnﬁd@imcisal m6 for

gphoi l.t ure an cells
I yrrph0| ge@g}] #reg%;t{%b}bﬁe‘?n ﬁﬁllgﬁgg‘?g}%ﬁ’ﬁu’t%ﬁabﬁ %33 Ei@ b:e culture
accordi mgitira cl ai m 11, characterised in that the | ynphoi d cel | s are NSO
cells.

9. A medium concentrate for preparation of a culture medium as defined in claim 6 which
18 either a solid or a liquid.

10
10. Use of a cell culture medium according to claim 6 f‘or lymphoid cell culture.
11. Cell culture, comprising mammalian cells iymphoid cells in a medium according to
claim 6.
15

12. Cell culture according to claim 11, characterised in that the lymphoid cells are NSO
cells.



