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Perfusion reactor systerns however, are much more coruplex-and demanding to control
during opetation and are much more costly in operation than conventional fed-batch

30  culture systems. This due to the permanent infusion of fresh culture medium, requiring
state-of-the art microfiliration systems for paraliel release of medium from the reactor. In

particular jamming of the filtration unit with cellular debris or protein entails risk of
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It is the object of the present invention to avoid the disadvantages of the prior art and to
provide a method for growing animal cells to high cell density in a serum-free culture system.
This object is solved by expressing aminoglycoside resistance genes in animal cells,
whereafter the cells are cultured in suitable media and in a suitable culture system according
to the independent claims 1, and 6. Surprisingly, depending on the culturing method and the
culture medium as is customary in the art, cell lines treated according to the present invention
can grow in serum-free cell culture medium to much higher cell densittes than their non-
treated parent cell line. In addition, some prolongation of stationary phase growth was
observed. In this way, maximum viable cell densities are achievable in serum-free culture that

could not have been realized prior to the invention.

Summary of the Invention

Thus, in one aspect of the present invention there is provided a method of protein expression

‘comprising the step of

a. growing an animal cell line to a viable cell density of at least or in excess of 107 cells/mi
in a serum-free high-density growth culture medium which cell line is transfected with an
expressable aminoglycoside resistance gene and is transfected with an expressable
glutamine synthetase, and which cell line is further capable of expressing a product
protein, and further comprising the step of

b. isolating the product protein from the culture broth.
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A resistance gene product according to the present invention is any aminoglycoside
resistance marker such as known resistance genes to Gentamycin, Neomycin, Hygromycin
20  and in particular to Neomycin, that can be used as a genetic marker for eukaryotic cells.
Aminoglycoside resistance genes are commonly employed in the molecular biology of
eukaryotic cells and are described in many standard textbooks and lab manuals (for
description, cp. e.g. Shaw et al., 1993, Molecular genetics of aminoglycoside resistance
genes ahd familial relationships of the aminoglycoside-modifying enzymes, Microbiol.
25 Rev. 57:138-163; WO 82/03087; Southern et al., 1982, Transformation of mammalian
' cells to antibiotic resistance with a bacterial gene under control of the SV40 early region
promoter, J.Mol. Appl. Genet. 1, 327-341). As can be inferred from the afore said, the
aminoglycoside resistance gene product is said to be a functional gene product in view of
‘its aminoglycoside-degrading activity according to the invention. It is therefore
30 conceivable to employ genetically engineered, in the above sense functional variants of
known aminoglycoside resistance gene products in the present invention. Such variants can
be generated e.g. by substitutions, deletions, insertions or truncations of the amino acid and

its encoding DNA sequence, respectively. Methods for such are well known in the art and
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product should be expressed according to the present invention. Preferably, it is
constitutively expressed e.g. from Thymidine Kinase (TK) or Siamian Virus (SV40) Late
20  promoter, most preferably it is expressed from a strong viral enhancer-promoter
constitutively active in eukaryotic cells such as e.g. Rous Sarcoma Virus(RSV)-Long
Terminal Repeat (LTR)-promoter or Cytomegalovirus (CMV)-promoter. It may also be
possible to employ chimeric promoters constituted of the enhancer portion of a strong viral
promoter and core promoter portion of another promoter, e.g. alpha-actin promoter

25  providing essential e.g. transcription start, TATA boxes and CAAT boxes.

An émino glycoside according to the present invention are the commonty known
aminoglycoside antibiotics (Mingeot-Leclercq, M. et al., Aminoglycosides: acitivity and
resistance, 1999, Antimicrob. Agents Chemother. 43(4): 727-737) comprising at least one
30  amino-pyranose or amino-furanose moiety linked via a glycosidic bond to the other half of
the molecule. Their antibiotic effect is based on inhibition of protein synthesis. Examples
are Kanamycin, Streptomycin, Gentamicin, Tobramycin, G418 (Geneticin), Neomycin B

(Framycetin), Sisomicin, Amikacin, Isepamicin and the like,
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t t _ . _ : . . SUsh
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cul t r e desdiibpthtefarbier at onset or in the course of fernentation. 10
Preferably, the am noglycoside is enployed in a concentration of at |east
0,1 ng/m, preferably in a concentration of at least 1 ng/m, nost

prefer abAacdr@;ngtcﬁﬁ@5&@.&:&eiﬁ&e%ﬁﬁﬁffp@&eleckiﬁgééns%x déﬂldg ﬂié%'h'ﬁéthﬂoee%%%i&h amount  of

am nogl ycosi de"according to the invention is adde to the c culture
medi um afedectiresistaricestlicotionmvith an hminoghycesidé anibiativds applicdfap teastfor
correspongdi esi st ance n roduct, as. s well-known.i.n the art.and is
wel | - decbpipihet @R kA AR rgaitEond e eiStomce bR tith BT iS ar  y
pref g r g therbideh sTRISthoufip O GLYGASKERs. Th SodeRplpr€dnd AmmogBiesas ration of 1
to 4 ng/m_for at |east weeks, nmore preferably for at | east 5 weeks,

nost pr deEstaptegenels sigbly wansfected jntadbe pelkline: Stehisf teansfesiantpnommenvarei nous

cel |

genomric integrants of at least an expressed or expressable copy of the aminoglycoside
resistance gene, giving rise to functional gene product. More recent approaches in genetic
engineering which might devise e.g. the creation of artifical, stable minichromosomes in a
20  cells are likewise included in the present notion of ‘stable transfectant’. It goes without
saying that, according to the well-known transfection protocols such as e.g. lipofection,
DEAE-Dextran, Ca-phosphate or electroporation all of which are possible transfection
methods according to the present invention, freshly transfected cells are first cultured in
non-aminoglycoside supplemented medium before such supplement is added for selection.
25  This intervening period of non-selection is required for efficient expression of the
resistance marker gene product and is in the range of approximately 12 hours up to 1-2
days, depending on cell type. Preferably, resistance selection is applied for at least 2
weeks post-transfection, more preferably for at least 5 weeks post-transfection, most
preferably for at least 8 weeks post-transfection. It is also possible to extend the period of
30 growth under selection pressure exerted by aminoglycoside antibiotic that has been added
to the medium to further culiivation of the cells, e.g. during fermentation in the bioreactor.
It is also possible to apply, after the initial selection of transfectants, selection pressure in
- short interspersed intervals during further cultivation, by repeatedly adding single doses of



cultivation. 20 Preferably, the resistance gene product a&iordi n% ég t he
present invention is a Neonycin- Phosphotransferase (the sTHard gene
usual 'y beyp@s:ga8RA Neo') as described in W82/ 03087. Varp@pepiidddsAl
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cel | s ddHBTH9Yy on substrate contact for proper growth and can 5 grow
being freely suspended in the culture nedium In a nore preferred

enbodi nment, the producer cell line are Iynphoid cell lines, e.g. hybridoma
cel |9, HBvferahiythaimmneglycosidais eimpioyed iroa conpehtmativnedlat ksast plsmgmrlef er abl y t he

LT I || ' i_cul I NSO cel | h
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Ki ngdomto thsalimmlturdraediumafirtransiestion withthe expaessipnicongiruch foas fter enel y hi gh
product yields . ..in particular . : C 1 conbi
ant i bodi %’?%SWE‘S = %%‘a'éﬁp (:Ia’%ﬂégfog ‘é%tl’ Hﬁslg gvée gﬁ&alro(‘y11 Cig lI‘iig Aggéheér)% Iv{ege%g(%{ (}% ﬁ?ﬁ maki ng
cholgst ahektafdur® Ribi ig@ivalsc i fnhed paaficility proferted embodinieit, aminoglycoside

is employed in a concentration of 1 to 4 mg/ml for at least 2 weeks, more preferably for at

least 5 weeks, most preferably for at least 8 weeks post-transfection during continous cell

cultivation.,

20  Preferably, the resistance gene product according to the present invention is a Neomycin-
Phosphotransferase (the resistance gene usually being named Neo") as described in
WO82/03087. Various natural isoforms of such phosphotransferase enzymes are known
and are also comprised with the scope of the present invention. Selection with G418
(Geneticine, as defined under Chemical abstracts Registry Number 49863-47-0) or

25  Neomycin can be used to select for cells expressing the neomycin gene product. In a more

preferred embodiment, G418 is used for selection of resistant cells.

The animal cells or cell line according to the present invention may be any conventional
cell line used in production of recombinant protein, such as e.g. S insect cells, CHO
30 cells, Hela cells, COS-7 cells, VERO-96 cells, HepG2 cells, BHK celis, fibroblasts,
- hybridoma, EBV immortalized lymphoblasts or ‘myeloma’ cells such as e.g. the NSO cell
line. Myeloma cells such as NSO cells truly are B-lymphoid cell types although being
routinely adressed in the art as ‘myelomas’ (Barnes et al., Cytotechnology 32:109-123,



15 In a further preferred enbodinent, the cell |ine according to the
present invention that carries an an1nog|yc03|de reS|staH';eJg né%<e a cel
l'i ne whi chwhgshsbher capable to express reconbinant glutﬁ@h@goﬁmﬁgﬁetase
(GS), nore preferably it is a NSO nyel oma reconbi nant GS cell line. NSO
cells are specifically of advantage if7used with the d utam ne synthetase
(GS) expression system (Bebbington et al., 1992, High-level expression of a
reconbi naypy 20 anti body from nyel oma cells using a glutanm ne synthetase
gene as an anplifiable selctable marker, Bio/ Technol ogy 10: 169-175;

Cockett et al., 1990, H gh level expression of tissue inhibitor of
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Cyt ot echnol ogy 9:231-236 NSO rryel oma, cells are phenot ypi cal Ia/ defi ci ent

in G ut &hekstesgrieperdesd makmgchelesferol ap ebgsty exnponentof tha(rlmregediyer j ved
froma nouse turmur cell Iine (Galfre, G and MIstein,, C, Methods in
Enzynmol . 73, 3-75, 1981) is frequently the cell line of choice 5 for use of
t he GBS dysifarthedt praferied @mbbdieht, ﬂmaieﬂ.ﬁnﬂmcmdingltceﬂnbrewﬁhm&n&eh thati ne is the
6A1- Neo cell line that was .deposited on gl@{i 30,. 2002 ugﬁetr the treaty
of BudafESiesRFERnoglyeesidsTETisiHIGRsEne §AcsH ot Waich 18 Surpigr epally TeSKPERt i on of

Cel | CulbbRBinkE Abtohine S RhEBse (GS), more preferably it is a NSO myeloma recombinant

GS cell line. NSO cells are specifically of advantage if used with the Glutamine synthetase
(GS) expression system (Bebbington et al., 1992, High-level expression of a recombinant

20  antibody from myeloma cells using a glutamine synthetase gene as an amplifiable selctable
marker, Bio/Technology 10:169-175; Cockett et al., 1990, High level expression of tissue
inhibitor of metalloproteinases in Chinese Hamster Ovary (CHO) cells using Glutamine
synthetase gene amplification, Bio/Techunology 8: 662-667). Preferably, the product protein
gene sequence and the GS gene sequence were carried on a single GS plasmid vector for

25  generating said fransfected 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 for the production of therapeutic
proteins. In comparison to the dihydrofolate reductase (DHFR) system, the GS system, and
in particular the GS system used in combination with NSO myeloma cells, offers a large

30 time advantage during development because highly productive cell lines can often be
created from the initial pool of tranfectants 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
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In a further preferred embodiment, the cells according fo the present invention employed
20 for high-density cell culture are devoid of recombinantly expressed bcl-2 protein, bel-xl
protein or another functional, functional to be understood as apoptosis-preventing, natural
or genetically engineered variant of the apoptosis inhibiting-bcl-2 family (Petros et al.,
2001, Solution structure of the antiapoptotic protein bel-2, Proc. Natl. Acad. Science
U.S.A., 98, 3012-3017) or species analogues of bel-2 such as BHFR-1 of Eppstein Barr
25  Virus, for instance, or other functional analogues of bcl-2 as reviewed in Petrosl et al.
(ibd.). Such preferred embodiment can expediently be combined with another afore
mentioned preferred embodiment, namely the absence of selection pressure as understood
as presence of aminoglycoside antibiotic during fermentation: Surprisingly, co-expression
of an aminoglycoside resistance marker and bel-2 protein has been found to be refractory
30 to the cell density promoting effect of aminoglycoside resistance according to the present
invention. Without being bound by theory, the growth promoting effect of the present
invention therefore does not seem fo be attributable to an anti-apoptotic effect or bel-2

based effect, since co-expression e.g. bel-2 and Neo' should in that case be epistatic rather

UL ek SIASER) 03007 yRROMRRy BBIRRL apnat ural



experinments. Suitable nmedia and culture nmethods for manmmalian cell |ines
are well-known in the art, as 5 described in US 5633162 H)rJq]ﬁ(stz%%e
Exanpl es ofyozangas d cell culture nedia for |aboratory flﬁér[(/(;%m{@y%
density cell culture and being adapted to the needs of particular ce

types are for instance: Roswell Park |‘¢ITDI’I al Institute (RPM) 1640 nmedi um
(Morre, , The Journal of the American Medical Association, 199, p.519 f.
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essent | adxpeddientss (MEM), Hamis F12 nedium (Ham R et al., Proc. Natl.

Acad. Sc.53, p288 if. 1965) or Iscoves' nodified DVEM acking al bum n;
transferrin and lecithin (Iscoves et al., J. Exp. ned. 1, p. 923 if.,

1978) . | $uitabldHOiNadd @irupdabinsed Mhﬁnﬂ@ﬁﬁaﬁc&ﬁ&&%&ﬂ@@@ﬂﬁﬁhﬁ&ewtﬂ fetal
bovi ne serunme (FBS, also called FCS), the Iatter@ﬁ(t ovi di a natural

sour de ofeserihaddn FiSrx6331 6 fr instesse.dxamples ofstandard ¢
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f ed-igat chowed fBREsat i on. The nmediumis isotoni c nanmely being in the range
of 270-320 mOsni kg, preferably at 280-300 mOs m kg. 1 ndividual preferences
of certain cell types, e.g. lynphoid cells, for certain nedia are
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growth of the cultured animal cells can be employed. For high-density growth of the

animal cells ina fed-batch bioreactor according to the present invention, a high-density

20 growth culivre medium has to be employed.

According to the present invention, a cell culture medium will be a high-density growth
culture medium by definition if the culture medium allows for growth of animal cells up to
or in excess of a density of viable cells of 10° cells/ml in a conventional fed-batch
25  bioreactor system. In the context of the present invention, such culture medium gives rise

. toeven higher cell densites in combinantion with the afore described aminoglycoside
selection. Usually, such a medium according to the present invention will comprise 1-10
g/l Glucose or another source of energy, the concentration of glucose being coniroled at
this level during fed-batch cultivation, Preferably, the medium will comprise at least 2 g/l

30  Glucose, this concentration essentially being controled during fed-batch fermentation. The
medium is isotonic, namely being in the range of 270-320 mOsm/kg, preferably at 280-300
mOsm/kg. Individual preferences of certain cell types, e.g. lymphoid cells, for certain

media are well-known in the art, and are complexly correlated with the range, proportion
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according to the present inventiqgn, to achi hi gh-dengity .growth at a
vi abl e EQNPOGHORSYIE i gensraliaing Rald Fqyirenigie Olamiig? aﬂﬁ’?hwﬁﬁ? P& medi um
but jointly in excess of 1 g/l, more preferably of 2 g/l of high-density culture medium. It goes

without saying that the latter preferred embodiment is less suitable in case of a

recombinant cell line transfected with a Glutamine synthetase (GS) vector. In such a cell

20 line, an excess of e.g. glutamine stemming both from exogenous and endogenous source
would lead to production of ammonia which is to be avoided. Culture conditions for GS
transfected cell lines are described in the examples.

Expediently, the high-density cell culture medium according to the present invention is

25  devoid of fetal calf serum (FCS or FBS), which is being termed ‘serum-free’. It has not
only been devised possible, according to the present invention, to achieve high-density
growth at a viable cell density of or in excess of 107cells/ml with serum-free medium, but
it has surprisingly been found that supplementation with fetal serum is refractory to high-
density growth of at least some cell lines tested in the context of the present invention,

30  contrary to the usual expectations of the person skilled in the art. Cells in serum-free
medium generally require insulin and transferrin in a seram-free medium for optimal
growth. Transferrin may at least partially be substituted by non-peptide siderophores such
as tropolone as described in WO 94/02592. Most cell lines require one or more of synthetic
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medi um hemidiRAzrewiofaciot/polipeptide suppleman infundyahe inbculemfdensityobqiieadafor ser um
or of addition of essentially pure protein gromth factors that are '

t ri gger PVl yithfeqrpashsduct i on and cel | cycle progression, respectively.
Such nmediummay still conprise other proteins such as insulin or
transferrin, useful for recruiting iron fromthe nediumor BSA required

f or 14el Ivemprepreférpidisntedinent the bell @dtuey medingOs fioe of growtlefasorsy, such medi um
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factors that are iriggering signal transduction and cell cycle progression, respectively. Such

medivin may still comprise other proteins such as insulin or transferrin, useful for

recruiting iron from the medium,or BSA required for delivery of lipids such as cholesterol.
20  More preferably, such medium is employed according to the present invention in

conjunction with lymphoid cell lines, most preferably in conjunction with myeloma cell

lines, in particular NSO cell lines.

Suitable bioreactors according to the present invention are baich bioreactors as e.g. airlift
25  bioreactors or stirred bioreactors as routinely employed for high-density animal cell
culture. Expediently, for high-density cell culture such bioreactor will be operated in a fed-
batch mode. This definition includes continous feed operation as well. Preferably, fed-
batch bioreactors according to the present invention have a volumetric oxygen mass
transfer coefficient K;a (as defined in Bailey, J. et al., Biochemical Engineering
30  Fundamentals, McGraw-Hill, N.Y. 1986) of at least 6 k!, more preferably of at least
10 h''. Most preferably, a fed-batch bioreactor having said preferred oxygen mass transfer
properties according to the present invention is an airlift bioreactor. Airlift bioreactors are

well-known to the skilled person and the crucial parameters for reactor design have been



lines, in particular NSO cell |ines. Suitable bioreactors, ac grd'gg@?to t he
present invention are batch bioreactors as e.g. airlift r ors or
stirred biwoeagi@ees as routinely enployed for high-densityp@faEmnEs | _
culture. Expediently, for high-density cell culture such bioreactor wll be
operated in a fed- batch node. This dgfinition includes continous feed
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present j | 8oV il XMGEN Airlifreattdre 'ClzaeEngei ent KlLa
(as def i“}r?g\c/iﬁ?éﬁ{b%gi(%g‘?w?w’ éea!ts E'glq?!,hb%ilgéﬁerﬁ %%?@Engi neering 30 fI]—‘a:ljlﬁdamant al s,
MG aw lokmun\ 69, 199342; Kafchad. f elaslto88, Measurenpng and mpdelmgiof m9#s at | east 10

h-1. Most preferably a fed-hatch.hbi L necsai-d- pret oXY
s 11 SAGROR R RUBHPeF mecdhratin) Borects DB Cpaf e ERY. STV DT,
bi or eackgs). TAb#gH bdinPsdM-6Aadn0isis dfrphasisdl thatrfedsbattiocitlnee sicotdimgitogbe son and

the crucial paraneters for reactor_ design have been 11 July 2005 WO
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of wbablcellsfml, Insost preferablyss exages frt. 2x L sellsdml 16 wiich popwationhagPefiapl y of ~ at
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| oner viable cell density in a cell culture nediumin a constant or

increasing culture volume. In a further preferred enbodi ment, the fed-batch
oL T e ST oS S e )
cul tigr e i@t Ghaanin epticrallERARThe B v other anmorgidsipreferablynglgeine.d8 fdn in t he
to the cell culture as described in GB2251 249 for maintaing their concentration in the
medium, apart from controlling Glucose concentration by spearate feed. More preferably,
the feed of Glutamin and optionally one or several other amino acids is combined with
feeding one or more energy sources such as glucose to the cell culture as described in EP-
20 229 809-A. Feed is usually initiated at 25-60 hours after start of the culture; for instance, it
is useful to start feed when cells have reached a density of about 108 cells/ml. The total
glutamine and/or asparagine feed (for substitution of glutamine by asparagine, see Kurano,
N. et al., 1990, J. Biotechnology 15, 113-128) is usually in the range from 0.5 to 3 g per 1,
Iﬁreferably from 1 to 2 g per 1 culture volume; other amino acids that can be present in the
25 feed are from 10 to 300 mg total feed per litre of culture, in particular glycine, lysine,
arginine, valine, isoleucine and leucine are usually fed at higher amounts of at least 150 fo
200 mg as compared to the other amino acids. The feed can be added as shot-addition or as
contionusly 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
© .30 cultivation in a bioreactor at an approximately physiological pH optimal for a given cell
line by addition of base or buffer. When glucose is used as an energy source the total
 glucose feed is usnally from 1 to 10, preferably from 3 to 6 grams per litre of the culture.

Apart from inclusion of amino acids, the feed preferably comprises a low amount of
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Pr ef er ably, na or-c according to the present invention
i s a preeteted byldsma drigbritiémceils Stheqredut peteinohayrincluds 2 sigeal e¢quenee i s

capabl e of expressing_a second, product = 5 prqtein,. e.q. on J.ndugtion.
Accor di foviesserchipa o€ e HOIPERde m ﬁwéi'i’éfelgfaﬁ'efﬁeﬁ el E@ﬁ%ﬁ%@@ﬁﬁmﬂ@yhe
protein, sellSr in&&iﬁ?e)gﬁr%b'&ed and harvested in high amount. It may
be any otern of “interest; e.g. therapeutic proteins such as interleul dns

or aszymes, e.g. enzyne inhibitors or antibodies or fragnents thereof (a
fab fragnent for, instance).. L.t can be reconbi han ' C ied on a
bl s o Porioshbe e pioge piteipds ¢ SRR AT, Bel ekl ) Belmpfidht | o)

Vi r uses pr@bini dxpfedfed@orfi haldhitithiVeg@éab@sl ‘RecdniingR1@dBrdafg tb e predent by any

invention means a protein expressed from at least one exogenous copy of the

corresponding gene in a cell line that has originally been introduced into said cell line by
20  any technique of genetic engineering, irrespective of whether the very protein is occuring
in the producer cell line in at least one naturally present copy. Such additional copies of a
recombinant gene can e.g. be integrated in the genome or can be carried on an episomal
element. Both stable or transient expression can be employed. Any known expression
vector technology, including genetically engineered viruses, can be used according to the
25  present invention. More preferably, the recombinant protein is a chromosomally stably

integrated protein.

In a further preferred embodiment of the present invention, the product protein is a
secreted protein. More preferably, the product protein is an antibody or engineered
30  antibody or a fragment thereof, most preferably it is an Immunoglobulin G (IgG) antibody.

A respective method of protein expression and further a high density cell culture

cotresponding with what has been said in the preceding sections on use of aminoglycoside



technique. It can also be a naturally occuring expression ggﬂ@tr ﬁh such as
an anti body secreted by plasma or hybridoma cells. The p} y‘é Pein may
i ncl ude a wwb@BRb7s6cquence allowi ng secretion of the polypeptaedsom t he
host producer cell. It may be constitutively expressed or nmay be inducibly
expressed. 15 Preferably, the producti4protein is a reconbi nant protein,
nost preferably a reconbinant protein expressed froma constitutive
pr omot el aﬁ@ér;géqé'q}gﬁﬁct ARt CRAhE Bfcks Af A riVeRfRRntion YR ddsQHiptiR@FS @ protein
expresseé Fro at” T'east one exogenous copy of the corresponding gene in a
cel | 1i pessithasndyasfonret ghthatiinenisde the fotegongepplyilikewissde thegeotiedis.-ne by 20 any
techni que of genetic engineering, irrespective of ‘whether the very-protéin
is occuring in the producer cell line in at |east one naturally present
copy. Such additional copies of a reconbinant gene can e.g. be integrated
in the genone or can be carried on an episomal elenent. Both stable or
transi ent expression can be enpl oyed. Any known expression vector

to the 25 present invention. Mrre preferably, the reconbinant proteinis a
chronmosomal |y stably integrated protein. In a further preferred enbodi nent
of the present invention, the product protein is a secreted protein. Mre
preferably, the product protein is an antibody or engi neered 30 anti body or
a fragnment thereof, nost preferably it is an Imunoglobulin G (1gG

anti body. A respective nethod of protein expression and further a high
density cell culture corresponding wth what has been said in the
precedi ng sections on use of am noglycoside 11 July 2005 WO 03/027300

PCT/ GB02/ 04522 14 resistance gene product are further objects of the
present invention. The description of possible and preferred enbodi nents
in the foregoing apply likewi se to these objects. 11 July 2005 WO

03/ 027300 PCT/ GB02/ 04522 15



Exanples 1. Generation of cell lines and plasmds 5 The 6Aé é%OO)S
cell line (6Al for short; Lonza Biologics plc., Sl ough/(Uk e &P a a
human- mousgo®Bismid ¢ | gG anti body (cB72.3) from a stably ipgtpasslacs:
reconbi nant gl utam ne synthetase (GS) expression construct. Reconbi nant
cell lines carrying Neonycin resistalkxe were obtained by transfection of
the 6A1 cell line with plasm d 10 vectors either dicistronically expressing
bcl -2 and Ned or solely expressing Neo(err) froma single plasmd
construct. For generation of pEF- Neor, the MCI Neo poly A cassette from
pMClneoxan®plest agene) was inserted into pEF BOS (M zushima'et al., 1990,
pEF BOS, A powerful mamralian expression vector, Nucleic Acids Research
18, 5322) which has the staffer, to make pEF MCl neo poly A (Visvader et
el ., Mli, GeldratBin@fcell B8& abd 1id9(2) : 634-41). Fig. 4 shows the plasmd
map. For generation of pEFbcl-2-Neor, the EcoRI/Taq |I fragnent of human
bcl -2 cDNA (long anti-apoptotic transcript version, Cleary et al., Cell
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cl oned iainmahhrousb bhinteeid [§Gahtisodye(cB72.8hiomal stably mtegraind regombiran{ MCS) of
pEF- MCl neopA, bcl-2 is us 20 .express fromth l.ongati on Factor (EF)
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construct frnally enployed, the beyond the EFl-a pronoter, was opened
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at tipe Xhejots etherlicisramcally exprpssing heldbamded prsoldyoxpissinairedion fom a

non- codi n eqguence i nser f QLRI r ] ig. 4).
 pof ecciaicidfg BomahEs Fof Blok b o pa NBS, eI Nod W F ARecl frond ™ 0 )
perfor ”?M@%@ﬁﬁi(ﬂﬂat&gbnbﬁﬁamﬁbﬁ@ﬁhw;ﬂﬁB@S QVashima Rlahs 990, pEBRBESect ant s

were selected with 1 ng/m (418 in GVEM nediym (G bco% SLiE |l enented with

5% f et alA pewerfi arammalisg ckprosHen vedph NusksiorAcidsRensarch 18 e P 8“]‘1@”&%@? al .

cul  ur oS ulingo e T e o B R B MBI, Y et ant & v e

t hens ad@pbad(2)G34a1 ) Fig. eshoR ti lhsmienmdipt ForgeovttiomefipERbdE2-108 thg02. 11

July 2 0(])3%0RI/Taq I fragment of human bel-2 ¢cDNA (long anti-apoptotic transcript version, Cleary
et al., Cell 47: 19-28(1986)) was subcloned into pIC194 (Gene32:482, 1984) opened with
EcoRI/Clal and excised as Salf (blunt)/EcoRV fragment that was further cloned into the
blunted Xbal site of the muitiple cloning site (MCS) of pEF-MClneopA. bel-2 is thus

20  expressed from the Elongation Factor (EF) 1-a promoter (plasmid map, Fig. 3). The Neo'-
expression cassette (MClneopA) is an integtal part of the pEF-Vector, though in the pEF-
Neo vector construct finally employed, the MCS beyond the EF1-a promoter was opened
at the Xho I site, blunted and 2 random stuffer 300 bp fragment from a non-coding

sequence was inserted for proper control (plasmid map, Fig. 4). Lipofectin (Gibco, Paisely,

25  Scotland)-mediated transfection was performed according to the manufacturers protocol.
Plasmid transfectants were selected with 1 mg/ml G418 in GMEM medium (Gibco)
supplemented with 5% fetal calf serum and further supplements as described in Tey et al.
(Tey, B. et al., Bcl-2 mediated suppression of apoptosis in myeloma NSO cultures, J.
Biotechnolo gy, 79(2000), 147-159). Stable transfectants were then adapted to serum-free

30  high-density growth medium EX-CELL 302.



WO 03/ 027300 PCT/ GB02/ 04522 16 2. High density fed- batch J EéE’ re For
hi gh density cell culture, the NSO 6Al1 parent cell |ine, "Hlé’o l'ine
and t he 6A%0 obwoirsay Neo control cell |ine were adapted to Sﬁfyahémagnnedl um
EX- CELL 302 (JRH 5 Biosciences Inc., KS/U S. A ) supplemented with 1 m /50
m GSEM (GS expression medi um suppl elent, product number (0785, Signm,
Poole, UK). Wilst passaging, 25 (err)MMSX and 0.7 g/l (418 were

suppl enﬁntjgght@ngigggeamt'cw&nuﬁmmere omtted from inoculum and bi oreactor
culture nmedium Density of viable cells during bioreactor cell culture is

shown in Fig.1 for culture:of individual cell lines. Fed batch culture for
each ce I d1Be YA$ Jr own
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For counterchecking, a 20 CASY counter was used to neasure the total and
vi aBfe @EPIWaééﬁd-@rﬁsrf‘aHQ"%s based on cell size. Table 1 Conponent Addition

Mode of f ARG R Her h Sorgh B BNEEED 00350
shot-fed as %@ﬂ:ﬁhﬁ%ﬁ%gﬁ%&%?% tur g | sﬂlrglt. 106 cells/m Supplenent B
L- cyst i nmeediin Thesstoting el popul0ion divhsity was approximately 10° celis/m] from fresh
mid-exponential culture. After continous growth to a density of about 106 cells/ml, shot
additions of supplements were made and the pumped supplement iniated (Table 1). Feed

15  was continous over 100 h. pH was controlled at about pH 7. Culture density was

~

determined approx. every 25 hours by counting and cell viability was determined by
Trypan blue exclusion. For total and viable cell concentration, an appropriately diluted
sample was diluted with Trypan Blue (Sigma, Poole, UK) followed by a microscopic
examination using a modified Fuchs-Rosental haesmocytometer. For counterchecking, a

20 CASY counter was used to measure the total and viable cell concentrations, based on cell

size.
Table 1
Component Addition Mode of addition
[mg/L of culture]
Supplement A L-glutamine 250-350 shot-fed a5 200 mM
‘ solution when culiure is at
108 cells/mi
Supplement B L-cystine 10-40 shot-fed as 200 mM
‘ . solution when culture is at
L-tyrosine 40-70 108 cellg/ml
L-tryptophan 10-20
Supplement C L-lysine HCI 100-140 pump-fed as concentrated
: solution in PBS. Feed
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Whereas the bel-2/Neo recombinant cell line grew to a maximum density of viable cells of

only about 10 cells/ml, in contrast to Tey et al. who descxibed having obtained maximum
cell densities of < 10° cells/ml in serum-supplemented fed-batch culture the Neo
recombinant cell line grew to a maximum density of 1.4x107 cells/ml (Fig. 1) . Viability of

cells counted was determined by Trypan blue exclusion as described before.

Space time yield of recombinant antibody was in favor of the recombinant Neo cell line

(Fig.2). This is shown by graphically displaying product titer in the bioreactor versus
cumulative cell time (CCT; unit: 10° cell h/ L). CCT was calculated by integration of the
cell growth curve, essentially as described in Renard et al. (1988, Biotechnology Letters
10: 91-96). As can be inferred from Fig. 2, mean single cell productivity of the bel-2/Neo
recdmbinant cell line was 0.260 pg protein/cell.h, whereas the Neo cell line amounted to
0.210pg protéinfcell. The slight difference in single cell productivity (q,) was clearly
outnumbered at the level of total yield by the difference in viable cell densities.

hy
Yy



cunul ative cell time (CCT; unit: 109 cell It / L). CCT maz C IcuEﬂggg by

I ntegration of the cell growth curve, essentially as des i bEd | enar d

et al. (19%%9.03lBb@bechnol ogy Letters 10: 91-96). As can bepéfitcgose@ad rom
Fig. 2, mean single cell productivity of the bcl-2/Neo reconbinant cell

i ne was 0.260 pg protein/cell.h, whergas the Neo cell line anbunted to 15
0.210 pg protein/cell. The slight difference in single cell productivity
(gp) was clearly outnunbered at the level of total yield by the difference
in viable cell densities. 11 July 2005 WO 03/027300 PCT/ GB02/ 04522 18 3.
Gene copy nunber determ nation 5 Gene copy nunber of the Neonycin

resi stance gene was determ ned for the 6Al-Neo cell -~ Fine as deposited by
means of quantitative PCR assay, enploying the 6A1 parent as a conparative
standar g, Aghe3BD9 nGRib¥:r didHeatigh 3.0 copies (f0.4) was determ ned. G ven
concateneric 1ntegratron of stably transfected genes, this neans that
singfe integration of 10 the reconbi nant neoyntin resistance marker took
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cell is about 6.6 pg and that GAP is present_in two copjes 20 per cell.
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Lonza Bi ol ogics. The dilution_series :
for the mouse glyceraldehyde 3-phosphate dehydrogenase [GAPDH] gene. A cloned

o

plasmid standard was used to calibrate the assay plates.Copy numbers were calculated as
the number of targets (NEO) per cell (MUSGAPDH), assuming that the DNA. mass of the
standard diploid mammalian cell is about 6.6 pg and that GAPDH is present in two copies
20  per cell. Genomic DNA extracted from cells was quantitated spectrophotometrically by
measuirng optical densities at 260 and 280 nm as is routine in the art. For assaying
neomycin resistance gene copy number, a QPCR standard curve was generated using eight
dilutions of the pMC1 neopA plasmid provided by Lonza Biologics. The dilution series
represented the range from 5x10° copies to 49 copies of plasmid DNA. Each standard was
25  diluted into GS-NSO control genomic DNA (equivalent to 1000 cells) in order to mimic the
matrix effect of the extracted cell line DNA. Negative conirol reactions containing no
template or containing only the control plasmid (5000 to 50 000 copies) or the DNA.
equivalent of 1000 GS-NSO0 cells (parent cell line, about 6.6 ng) were assembled.

30 Copy number was determined with 95% confidence interval by determination of threshold
cycle (Ct). The Ct is the fractional number at which the reporter fluorescence produced by
probe cleavage crosses a fixed threshold set above the baseline. Each increase in the

numerical value of Ct represents a 2x increase in target, assuming 100%PCR efficiency.



represented the range from 5x106 copies to 49 copies of phi\sﬂld Each
standard was 25 diluted into GS-NSO control genom c DNA (EQui vl enP to 1000
cells) inwpdglaizep MM c the matrix effect of the extractggyeghlndine DNA
Negative control reactions containing no tenplate or containing only the
control plasmd (5000 to 50 000 copieg) or the DNA equival ent of 1000
GS-NSO cells (parent cell line, about 6.6 ng) were assenbled. 30 Copy
nunber was determ ned with 95% confidence interval by determ nation of
threshold cycle (Ct). The C is the fractional nunber at which the
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5 (Appl icggp‘%ﬁ Foster e’ reactions were ermal cycl ed
and dat Big@gtenspl | ected by the ABI Prism 7700 Sequence Detection System
version 1.6.3 (Applied Biosystens). 10 4. Conparative exanple: Culture of
6A1 parent cell line in the absence of Neo-resistance gene but in presence
of subl ethal amounts of (418 In order to exclude any grow h effect being
brought forward by exposure to (418 rather 15 than to the presence of an

expriessed Neonycin resistance gene, the parent cell line 6A1 was adapted
to (418-containing cell culture nmedium Anmpunt of (418 coul d be gradual ly
i ncr easdd Cempearative exememe: Gl i, 3 hineis shsence0f Mosregistange

that | ot %@'Hu sbsdite 8 MBlematiMomROsE dagbl y depending on source)
w t hout abol'Tshing ce gro . 0 nmedl um was Lonza's optim zed
proprietary NSO cell culture nedium 20 PML suppl enented wi th 6nM gl ut am ne
in the FWoehe @-ichid%ta@tr @V tH Rffedt Geinp/btodo farehtd byt dxpesure to 64 &ratimr f r ee

medi yum LoR! QS Rbehod of N ED ke TRyl Sslstbifcd'b MY, £8 phreffliH fe¥a Of
was adapted to G418-containing cell culture medium. Amount of G418 could be gradually
increased up to a concentration of 360 mg/ml G418 (Sigma, Poole, UK; note that lot
quality of G418 may vary considerably depending on source) without abolishing cell
growth. Growth medium was Lonza’s optimized proprietary NSO cell culture medium

20  PMI1 supplemented with 6mM glutamine in the absence of fetal serum. For 6A1-Neo ceil

line, this serum-free medium reproducibly allowed of achieving the high cell densities of
the present invention (>2x10’ cells/ml) as compared to bcl-2 transfectant or non-transfected
parent cell line 6A1. Therefore the medium was suited to monitor potential effect of G418
adaption in the absence of neomycin marker gene.

25
As compared to non-adapted parent cell line grown in PM1 + 6mM glutamine, the adapted
cells grown in G418(-) media were mildly more resistant to apoptotic and necrotic cell
death (data not shown) but had lower growth rate and lower maximum cell density as
compared to parent cell line (Fig. 5A: Viable cell density in batch culture of NSO 6A1 cell

30 line/ non-adapted 6A1: closed circles, 6A1 adapted to 360mg/ml G418 grown in the
presence (open circles) and absence (closed friangles) of G418). By substracting viable
cell count from total cell count, number of dead or necrotic cells was determined and is
expressed in Fig. 5B as percentage of total cell count. The experiment allowed to conclude
that exposure to G418 in the absence of neomycin resistance marker therefore may

35  account only for potential effect of apoptosis resistance but may not account for effect of
enhariced high density growth behaviour. Interestingly, bioreactor culture of adapted cell
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the present invention (>2x107 cells/m) as conpared to bcl-2_tra ct ant
or non-transfected parent cell line 6Al. Therefore the n&&i%y\/\g§gguited
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resistant to apoptotic and necrotic cell death (data not shown) but had
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j udged by Trypan bl ue exclusion is shown in Fig. 6 A (ope cjrcl Sh

6A1- Neo, closed triangles: 6Al-bcl2, closed circles: 6A1 fB@YB% The

6A1- Neo cell line consistingly 15 showed higher single cell productivity qgp
than the 6Al-bcl-2 cell line. The parent2l6Al cell [|ine has an ever higher
gp that is negatively balanced by its nmuch | ower growh potential. 20 25
30 35 11 Jdrmso005 21 Clains 1. Method of protein expression, conprising
the step of a. growing an animal cell line to a viable cell density of at

| east or in excess of 10" cells/n] in a serumfree high-density growth

cul ture nedi uMeing etpreteinexprpssion, comptisingde ger ¢fd with an expressabl e

am nogl ycosi dg re@sdisg ﬁ%ﬁnag@aﬂu@mdamama canghs ff;,toegneaea ' %esezspnﬁssabi e
gl utam ne synt hetase, and which cell line is further capabl e of expressing

a product prot eicAIs A2 parmifise hksb#ﬁwtswh%@u@tr@ﬁwmwmch Geldinatsi ng t he

product protein gahGohidai@tnGH lekpteGat @ﬁhegw%omaé%sl%c@gaﬁ&% A%ah@ectgai m 1,
characterized in that the animal cells are | ynphoid lls, nore referably

----- -nyel-oma-cell-s, - gan SrEFE I taRgesTEhetase, %ﬁwmﬁﬁydlna@ébm@rwablgo ot A

2, charact erlzecéxpr@ssfna%rddh&pmt&h ag&ﬂﬁﬂh&aeoﬂf,ﬁémgme&e@of viable cell density
in excess of 10' cel . Method according to claim 1- 3, characterized

in that the rBsﬂ%%%ﬁ%@wggﬁ@“ﬁﬁﬁﬂh@@nﬂ§CWWHEMW nycin resistance gene
product, that the cells are transfected with DNA carrying an expressable
neomyci n resi stance cassette and are subsequently subjected to sel ection of

cel I s havi fg ¥ehedseidinstedriay lafkeacirianbn fsbthp primatabeare bmphpid kellieonyci n

or, preferabhyye pfAdkShipny @loxﬁ@&ﬁl@%Js%ﬂeféfhb@st‘%)tceilﬁaSt lmg/m in cell culture-
medi um 5. thhog accordlng to claim4, characterized in that after

sel ection of neonycin resistants, the cells are further cultured to
hi gh- densi ty MRi8d hRERBLSHaik 10802 BlcteR YIS Fat the high-density growth is a

viable cell density in excess of 107 cells/ml.

4. Method according to claim 1-3, characterized in that the resistance gene product is the
neomycin resistance gene product, that the cells are transfected with DNA carrying an
expressable neomycin resistance cassette and are subsequently subjected to selection of
cells having a neomycin resistance phenotype by incubation with neomycin or,

preferably, G418 at a concentration of at least 1mg/ml in cell culture medium.

5. Method according to claim 4, characterized in that after selection of neomycin

resistants, the cells are further cultured to high-density in a fed-batch bioreactor system.

6. High-density cell culture, comprising animal cells which cells are contained in a
bioreactor in a high-density growth serum-free cell culture medium, wherein the cell
culture has a density of viable cells in excess of 107 cells per ml and wherein the cell
line is transfected with an expressable aminoglycoside resistance gene and is

transfected with an expressable glutamine synthetase.

- 7. Cell culture according to claim 6, characterized in that the culture has been obtained by
growing an inoculum of the cells having a density of viable cells lower than 107 cells

per ml.

8. Cell culture according to claims 6 to 7, characterizeci in that the cells carry an

aminoglycoside resistance marker gene.



6. High-density cell culture, conprising animal cells whi ?
contained in a bioreactor in a high-density growth serum ee ? culture
medi um wherein the cell culture has a denS| ty of viable cells in excess
of 107 cells per m and wherein the cell?2 |ine is transfected with an
expressabl e am nogl ycosi de resi stance gene and is transfected with an
expressabl e glutam ne synthetase. 7. Cell culture according to claim®6,
characteri z;edcémc;tﬁtbatacctohﬁngcwlctawe dnatacta%muﬁmtaiertel@b Haye bedh @¥dtOwidN | nocul um
of the cells havi adert of vi abl e cel | rt nlo}z1 cells per m.
8. Coll cul tuPanae R Wy e pppsrReTEedint @‘H Epsisgignrhte hat the cells
carry an am a@@sgaemsmﬂﬁ,glye@kﬁtr@me@cmrk@rgeﬁene. 11 July 2005 22 9. Cell
culture according to claim@8, characterized in that the cells have been
treated with am noglycoside antibiotics supplenmented to the nedium after
transfecti ao. géll éuere aC00RTIRSE AL 8 AMhBOGIHE FhA ErelcO1S 5¢ #R6R ofBr Ker gene. 10.
Cel | culture accaordin _%o tg“?almS characterized in that the cells are
“-devoi-d-of —retEH 1??&5'?‘31 Qi upetignalvariants o Fageey ap{oghesdhgsols peci-es—anal-ogues-

t her eof .



