USE OF AM NOGYCOSI DE RESI STANCE GENE Abstract: Use of aﬂ)nﬁgy%gﬁgde

resi stance gene product for achieving high-density growth™of i cells.
11 July 20Q% 03)8388/ 027300 PCT/ GB02/ 04522 1 Use of am nogpyfesoses

resi stance gene The present invention relates to the field of protein
expression in biotechnology. It speciflically relates to the use of

am nogl ycosi de resi stance genes, in particular neonycin 5 resistance gene,
for achi qygerwahﬁgbglmmet&siggagwéb@f animal cells, a respective nethod of
protein production and a high-density cell culture. The bi otechnol ogi cal
production of therapeutic proteins by neans of animal cell culture is a
very | aberi . | Gl - Qf cfion -
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therapeutic proteins for nedical applications. nce for regul atory
r easdhs, sisaplydnue topihe dargantotal nombéersofieellpaddeddn thisiwaper f usi on reactor systens
however, are nuch nore conpl ex and denmandi ng to contr ol

Strongly depending on cell type and on the method of cultivation, conventional fed-baich
culture systems optimized for high-density growth such as airlift reactors could not achieve
growing serum-free cell cultures to a density of ﬁp to or even in excess of 107 cells/ml.

20  Higher densities are potentially achievable in serum-supplemented fed-batch culture or in
the more modem perfusion reactor systems. However, both options entail serious
disadvantages. Fetal bovine serum-supplemented culture media which encompass a whole
range of natural growth-promoting substances are strongly dependent on the source of
serum in quality and, most crucial, carry the permanent risk of unintentionally introducing

25  animal viruses into cultures producing therapeutic proteins for medical applications. Hence

for regulatory reasons, serum supplementation is to be avoided.

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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whereafter the cells are cultured in suitable media and in a SU|tabIe

culture systemaccording to the independent clains 1, and 6. Surprisingly,
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to the i nvgitelifidpendent 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. |



Summary of the Invention Thus, in one aspect of the preseni en bgn t here
is provided a nethod of protein expression conprising théls ‘Qﬁ 6

growing an aninmal cell line to a viabl® cell density of at Ieast or
excess of 107 cells/mM in a serumfree high-density growth culture nedlum
which cell line is transfected with an expressable am nogl ycosi de

resi stance gene and is transfected with an expressable gl utam ne

synt het asem B deetorfiR) ﬂresleﬁmemonftﬁ&é @sfovfd@mgh 8o S‘e?fi%ﬁéé' ng a product
protein, and further conprising the step o atlng t pr oduct
protein frerrisee agimalpells whigh eells arg cgrumyedz@@slorez@ton in adighpesity gopdct of the
present i nY&LﬂﬁJﬁ@@cetllQﬁfnﬁe R diROVh&GH ¢l 'c&hcnﬂﬁr@%'a§ ¥adsiy of‘%iébfe%l% 'in eﬁ:@ﬁpf i sing
animal cells which cells are contained in a bioreactor in a high density
growt h sePii® Wﬂé@ercléh gnd plpreiirte ool dingiintrapgtstedivithian expressable ul t ure has a

density of aﬁ‘ﬁ’né‘éﬂm‘%mg@}egl&aﬁd@ gEReGRe & tragéfecléa with@hleRprP&EpIdhuaRthe WiRhRlse the cell
line is transfected wth an expressabl anlnog?yc05|de resistance gene and

s transfected w th-an-expressable- glutan1ne synthetase: A possible

enbodi ment AQbsstiEenttod@ithi dithd 1§ve§h&¥¥@sﬂo@ntn}i1@1eff'ﬁ%r\?hatwswﬁ§ shown is Fig.

1: Viable céll densities during growth of Neo-transformed NSO cell line in
a 10 1 fed- batch airlift reactor systemin conparison with a parent and a
bel -2 trangfor vegiceli henslﬁemrmglggywﬂzofr?éoqﬁuﬁ%ﬁﬁeutnmfceﬂ; liREah8bedqant i body
expressed as cumul ative cell time during growth of ~Neo-transforned NSO
cell line in abighairlifegagiensysieninqomparispr weth a parggi epdarbsld trensfgimed cadbos  wo
03/ 027300 PCT/ @892/ 04522 3 conparison with a bcl-2 transfected cell |ine.
Fig. 3: Plasmd map, pEF-bcl-2 Fig.4: Plasm d map_ pEF-Neo Fig.5: Cowparatlve
growt h exp&i %@W@“Wt%fw%’é‘l antipqdy expiepagskas qumgatingisell tinp dringgaeveh of

(A18. Neo-transformed NSO cell line in a 10 1 fed-batch airlift reactor system in



Fig.6: Shake flask batch culture and productivity of Neo- ian forgﬁg NSO
cell line in conparison with a parent and a bcl-2 transf Yo é l'ine.
Accor di ng W@ ¢5lge73¢ esent i nvention, an am nogl ycosi de resiS¢pagey/Eene
product is used for 10 achieving high-density gromh of animal cells. The
use according to the present inventiond conprises expressing the resistance
gene product in the cells, selecting cells expressing such resistance gene
product w ;[A’Eoﬁﬁaﬁmn% Q’ﬁ(ﬁfﬂ sf%gfe'g%ﬁ)ﬁi' g, preferably with the antibiotic
Neonyci n, I'Ch am nogl ycosi de 1's degraded by said correspondi ng resi stance
gene pr FikGt Plaamdkd miap@EFybch2l ti vati ng such cells in a bioreactor, e.g. an
airlift _or stirred 15 hioreactor, in a suitable serumfree cell culture
medi um gFg-MlﬂWa%Pﬁfﬁﬁ?gh-densi ty growth. A resistance gene product
accor di .Sm&ﬂgmaﬁ#‘éﬁﬂ{vﬂi Rpeib A Wit NBO e lhe MHpKEas ndg-lethat dosdsaxice mar ker
such as Known resistance genes to Gentanycin, Neomycin, Hygronycin 20 and
in particul &4180 Neomycin, that can be used as a genetic marker for
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therefore 30 concervable to enpl oy geneticall é engl neered,, i n the above
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in the present, invention. ch variants. can eraf. 0 0\V}

subst i t&?%%ﬁuﬁeﬁﬁ]ﬁ%ﬂ@,“ﬁ%@% §u6>hsc ngsfmta?l:&%rggﬁ)lg%%. %‘? § ge&agnmnég acid and

i t'S 18NC R8I\ S aAtiBRGSuN-B6PEH! dulkymedinwildsviigfor subhigh-densilyl known in
the art and 11 July 2005 WO 03/027300 PCT/ GB02/ 04522 4 usually conprise
speci fi &ewthe directed nutagenesis or generation of diversity by random

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



mut agensi s of which is then foll owed by selecting desired arian%; gy means
of functional assays. Routine nethods enpl oyed for nut agéXe‘E‘sty )9 be e.g.
exposure t@oalsky¥tsasi N agents or UV irradiation, error-prp?ﬂ,dﬁ 8352

rel ated gene shuffling PCR techniques and 5 are usually perforned in

m croorganisns (Mller, J., Experinentg in Mlecular Genetics, Cold Spring
Har bor Laboratory 1972; Ling et al., 1997, Approaches to DNA Mitagenesis,
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Press 19%utagdpeizef ethickals thenfORotvediyr seicetingdesired vaufmis by mednsof wstiavdlon of
protein funztio:,, J. ) | . elgi | . eg(;g,r 33% %0634 ). Expedi-entl ]éb;he - '
resi stan@ésagér%o%‘lnﬁ_ Oqsé’“@%}i'ﬁ@ SPRFEESS e@%?’&?@#&ﬁo_@%ﬂ Pict

sui t ed QLo aUKATNOk8iBsR! diorpRihe PIHR of REdiGRA. thANHE PR chiigstdhe cel | s

by known “techniques; the resistance gene product nay be constitutively
expr ess edreousuey perfornged in duiciobtganiemp  didlern ) o Expasimantsio dolcudar Grmetics,

—

ot S o R S B

density coldytfedl bisiensyEy 259, 197-198 RISt BRXIIR/ RAdbniAAd0E of yenet bp

resi stance _gene product should be expressed accordiggpto t he present

i nvent i ofC agengsis/inBGR Methods,feqld Spripg Begpor kpbaaterPressyl 998 MRP R ni di ne
Ki nase (TK) | ng% 20 o) : gla -]l Shigprghesaply it is
expressegﬁf }%gr?f gﬁst oﬁg‘}{#@‘;’@\/ an%tgc%(grp%?r[gitﬁer cgh'?s'tlvl@ut]iovel y active in
eukarigot i3d7xel | s such as e.g. Rous Sarcoma Virus(RSV)-Long Term nal Repeat
(LTR) - pronot er or Cytonegal ovirus (CW)-pronmoter. It nmay al so be possible
to enploy chinmeric promoters constituted of the enhancer portion of a
strong V'E:%Edieﬂﬂir% il REisAAC SAL Prdduel B bePreid Hoftla DNAGPIdSIOn RORIREET . €. .

al pha-actih pro er 25 providing essential e.g. transcription start, TATA
boxes anduiBAINDr bukeegoticexpeassin flay basdiede transfentef] intp the cellsdydmew@nt i nventi on
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am no-furanose noiety |linked via ;}@g[ ycosi dic bond _to the other half of

t he nol e®fipdectiparith amamisoglycesids aniibioticang dyang IngarithmiouRgrowhsn adigh ei n

synt hesi g E I ' .ent o ' -n;;ﬁ{ét Gl N, br anyci n,
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and t he Ipkdduct 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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I nvention, other conpounds having antibiotic activity duelt 4 5nRPBY ti on of
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particul ar Puromycin, and which have chem cal structures related to
non-reduci ng am no 5 sugar noieties arg considered being " am nogl ycoside
anti biotics' according to the present invention, as is also often done in
the art. It is to be noted that am nogl ycosi de conmpounds al so have toxic
effects in eukaryotic cell culture, partly because the mtochondri al
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integrants of at |east an expressed or expressable copy of the

ami nogl yEysiafien apaains isayelitigasmy of grakarngtis paginyendogyabioghhyrathesis ofr oduct .
v _ ! ! ; : . . . auet
511 oo AR ARl AR ofoR SRS AOpAL S dhudtar, © 0, e

creation of arti sones tn a S are likew se
i ncl deddssribddébefimesent notion of “stable transfectant'. It goes w thout
saying that, according to the well-known transfection protocols such as
e.g. lipofection, DEAE-Dextran, Ca-phosphate or el ectroporation all of
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invention, freShly transfected cells are firs ured in
non- am rygilyatossistancesplstitonewith dn amitioghyichsidoantibiaticlis sppljddertriaast fos added f or

sel ection,. 25 Thi.s ] nterveni eriod. of .non-selection i.s.required.for
11 of erttiafselsstife rsfecti: Ak BRbodied orlRen Sott s e suied SHRRL 1 ¢ e
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Preferably, resistance selection is applied for at |least 2 weeks
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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,
DEAERE-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



30 growt h under sel ection pressure exerted by am nogl ycosi ge antiBi tic
that has been added to the mediumto further cultivationtbf®t¥e288 | s,

e. g. duringofgpsmay ation in the bioreactor. It is also possiBherderarply

after the initial selection of transfectants, selection pressure in shori
I nterspersed intervals during further gultivation, by repeatedly adding
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pr ef er abdngibidticaupslageed fithe elbéulaire inedisin dithepitrdnsetropsi thercefee ably in a
concentration of at least 4 ng/m . Usually, such anmount of am nogl ycoside
accor di TFRFEHE- i nvention is added to the cell culture nediumafter
transfection with the expression construct for the corresponding

resi stance gene product, as is well-known in the art and is well-descri bed
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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,



preferred enbodi nent, (418 is used for selection of resistant ceI |s. The
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if used with the G utam ne synthetase (GS) expression system (Bebbi ngton
et al., 1992, High-level expression of a reconbinant 20 anti body from

myel oma Inel fushergrafyrned ghnbbdimente theyuell Hiat aserdieg ¢o the passer iptantipatiae sel ct abl e
mar ker, Bi o/ Technol o%

169-175; Cpckegt. et . al 90, Hi | evel
expr essiBRGRLFRE0E! oHiRTEREIe gPne B s W&hé?hrfégﬁ‘a‘q sprehféte PR o1
Ovary ( GedmbighdiS1tiainie SShitk@se (G5), more preferably it is a NSO mysioma 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
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During transfection and selection with aminoglycosides, any medium suited for sustaining

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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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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si derophores such as tropol one as described in WO 94/02592. Mst cell
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classes of factors \%ﬁl ch may be necessary include: pr‘ostagll %ndi ns,
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
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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



12 well described (for review, see e.g. Chisti, M et al'ill-liggr’ 20Aj,g|ift
reactors, Chem Eng. Conmun. 60, 195-242; Koch, A et al-, 7;
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appr oxi ieseation plegns aprsiein gkpresed Fomal leasipne£xgpensns eeny of
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



line by addition of base or buffer. When gl ucose is used ?i~§3§93§53y
source the total glucose feed is usually from1 to 10, pref bl rom3

to 6 granmswpesbishd € of the culture. Apart frominclusi onp@fcaieAci ds,
the feed preferably conprises a | ow anount of 11 July 2005 WD 03/027300
PCT/ GB02/ 04522 13 choline in the range of 5 to 20 ng per litre of culture.
Preferably, the animal cell or cell line according to the present invention
s 2 Pr oliGSke Elelprohlcdfro i oBlcRH e A etAERMRAOENS desBtiHopiofk OF i S
capabl e Of "exp es§fng a second product 5 protein, e.g. upon induction.
Accor di pgssitde irdteprpfeted embiodinemnts inthe bregoinga@pply likewirgde thpoolieds.i s t he
protein that is sought to be produced and harvested in high amunt: "It rmy
be any protein of interest, e.g. therapeutic proteins such as interleul dns
or enzynmes, e.g. enzyne inhibitors or antibodies or fragnents thereof (a
fab fragnent for instance). It can be a reconbinant protein, carried on a
pl asm d or another type of vector including genetically io engineered

technique. It can also be a naturally occuring expression construct such as
an antibody secreted by plasma or hybridoma cells. The product protein my
i nclude a signal sequence allow ng secretion of the pol ypeptide fromthe
host producer cell. It may be constitutively expressed or nay be inducibly
expressed. 15 Preferably, the product protein is a reconbi nant protein,

nmost preferably a reconbinant protein expressed froma constitutive
pronoter. "~ Reconbinant' according to the present invention neans a protein
expressed from at | east one exogenous copy of the corresponding gene in a

cell line that has originally been introduced into said cell line by 20 any
techni que of genetic engineering, irrespective of whether the very protein
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

technol ogy, including genetically engi neered viruses, can be used according
to the 25 present invention. Mirre preferably, the reconbinant proteinis a
chronosomal |y stably



I ntegrated protein. In a further preferred enbodi nent of 2 reéﬁg%
I nvention, the product protein is a secreted protein. Jd“laé’f ly, th
product prwbeBsMzizee an anti body or engi neered 30 anti body ocRchinReRNt

t hereof, nost preferably it is an Imunoglobulin G (1gg antibody. A
respective nethod of protein expressith and further a high density cell -
culture corresponding with what has been said in the precedi ng sections on
use of am noglycoside 11 July 2005 WO 03/027300 PCT/ GB02/ 04522 14

resi stance gene product are further objects of the present invention. The
descri pExamples possi bl e and preferred enbodi nents in the foregoing apply

| i kewi se to these objects. 11 July 2005 WD 03/027300 PCT/ GB02/04522 15

Exanples 1. Generation of cell lines and plasmds 5 The NSO 6A1 (100)3
cell line GoftatfcRrofcd0lihés dnd! [% #nBigl ogi cs plc., Slough/ (UK) secretes a a
human- mouse chineric 1gG anti body (cB72.3) from a stably integrated

r ecobrbi nant gI utam ne synthetase (GS) expression construct. Reconbi nant
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t he 6Al cel ne*w vectors eit Icistronically expressing
bcl - 2 amdubed-mduss ohﬁieylcdgﬁraaabmd}qcﬂéﬁebﬁom afstabily tegzatnd resopbisnt d

construc For erati EF- Neor A .cassette from
pl\/t:lneo;s 3%?8 ( §x1i’fﬁ ?I}%QFSFH#UI& El\t{g’éé{\bﬁ%l%#f% "6t al., 1990,
PEF BOSNeoﬁ1yBE1"i‘3§1§tbﬂce'Wéf€Bbﬂm DY RFBSRERIN OF Tl OAL cél'LIEﬂlé?wﬁh)ﬁIabﬁid Resear ch
18, 5322) which has the staffer, to make pEF MCl neo paly A (Visvader et

el . 10 NbIvectors| dithgi d:txstrq;awympra@sng b¢ls3 ms@&eczi ) soldvgxpr@smb&ﬁo T Bl asni d
F t. E
bel - 2 °Bm%f’e(rﬁr 36 ot Eap Biefede R uBl Rpos BRAMCT g ndlf ARk Bond (1AD

ar: MG&&@M (SREagonBrivay et iato) EFI90S (EEnsBiAR 2., WpEEBesed with
EcoRI/ and excised as Sall (bl unN)/ EcoRV_fragment tha2 W?E further
cl oned MWQrﬁg mammalian expression vector, leic Acids Research 18, 5322) which has

the stuffer, to make pEF MC1 neo poly A (Visvader et el., Mol. Cell Biol. 1995

15 Fe5;15(2):634-41). Fig. 4 shows the plasmid map. For generation of pEFbcl-2-Neo', the
EcoRI/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.
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of the pEF-Vector, though in the pEF- Neo vector construct finally

enpl oyed, the MCS beyond the EFl-a prbtfoter was opened at the Xho | site,
bl unted and a random staffer 300 bp fragnent froma non-coding sequence
was i nser t Hibhf dehsiBy RadaicheBll c@iuré pl asm d map, Fig. 4). Lipofectin (G bco,
Pai sely, 25 r§cot|an6|$-m36|| ated transfection was perforned according to the
manuf acturers protocol. Pllasmd transfectants were selected with 1 ng/m
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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

gjégsg Sigﬁiaﬁ A dﬂ?ﬁ“ﬂﬁls@ﬁ hdsaibig; (81 € For-—m



For total and viable cell concentrajtigon,
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| ysi ne HC 100- 140 purraldg d. as concen {Oa%(? solutiofp in PBS: Feed 11 July
2005 03/ 027300 PCT. 554522 17 stidine 30140 initiated when

Trypan bl ue excl usi on.

cul ture
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D®alklfed 60-90 t
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{00
20-40
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5-20

Voireoning
L-serine
L-isoleucine
L-lel.lcine
L-phenylalanine
L-glutamine
D-glucose

Choline chloride
Cholesterol (+BSA)
L~carnitine

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 described having obtained maximum
cell densities of < 10° cells/ml in serum-supplemented féd—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
10 (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
15 0.210pg protéin/cell. The slight difference in single cell productivity (q,) was clearly

outnumbered at the level of total yield by the difference in viable cell densities.
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15  resistance gene from Transposon Tn5, a negative control was establised by testing likewise
for the mouse glyceraldehyde 3-phosphate dehydrogenase [GAPDH] gene. A cloned
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 targef, assuming 100%PCR efficiency.
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control al ni ng no ‘Bt e or contalnln the control

pl asm d Bi68@fenisp. 50 000 copi es) or the DNA equi val 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 & is the fractional nunber at which the reporter

fl uorescence produced by probe cleavage crosses a fixed threshold set
above the baseline. Each increase in the nunerical value of C represents
a 2x increase |n target, assun1no 100%PCR eff|C|ency 11 July 2005 o
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DNA were p &i&%@ﬂl &n@@@f@ﬁ%ﬁ%alﬁmoﬁupbf@aiae Each QPCR teaction contai ned
about 6.6 %g_rr“ﬁ?_sa—r—muwm_reactlons were assenbl ed
according to the TagManTM Uni versal PCR Master M x protocol 5 (Applied
Bi osyst Qﬂr&rdeFﬁSé)ﬁﬂu@ahyg@ﬁheﬂhQthaﬁﬁﬁ@mforw&y dxposmt tcc@él&amﬂaemd dat a
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par ent oedsladhptedtd 6413}6)&1@883@@1 oiltuxie merizg. Araorns Of 418 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



gene but in presence of sublethal anmounts of (418 In order lglex%l ng any
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5 Cells lines were already described in exanples 1 and 2;1fell c?hhyre was
carried out as described in exanple 2, except instead of f'¥a culture
inaairlift fernenter, sinple batch culture was carried out in a shake

flask. Single cell productivity was deteélm ned by assaying secretion of

cB72.3 in an Elisa test format fromculture aliquots. Aiquots were 10

count ed forCl¥mgbl e cel | nunber and resuspended in fresh nediumin a 96 well
plate for a pre-set period of tinme. Culture sanples were taken at about 80
hours and at harvest (about 240 hours). Results are shown in Fig. 6 B.

Growt h cur Ve Nsthedobnotisrresion omgasas thystasof j udged by Trypan bl ue

exclusion is ghowyihdaddngnal CeiNirdeAPERablk EAl RAsitySAdr1NBor if @88 Er 1¢7T1'angl es:

6Al- bcl 2, closed circles: 6A1-&100) ). The 6Al-Neo cell line consistingly

15 showed hi gherce&ymlgn e seanitrep pighdensity poy it apedivrewiggduceBdine » cel | | i ne.

The parent 6Al Gghdfectddifh aﬂ%&r@@alﬁé’ﬁﬁn%lﬂ:ﬂﬁ&e ﬂﬂsthﬁ@%eﬂe%n&‘ﬁ%ﬁéféé@e‘dy bal anced |
by its nmuch lower growth potential. 2025 30 35 11 July 2005 21 O ains |
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ani mal cell |inexh@ssig%ipRiah& pfdilih, 20 RBthitoRfridly the€@§ioor i n excess of 10

cells/mM in a serumfree high-density growth culture nmedi umwhich cell |ine
i s transfectBd i%aiRe fe PERpT et rem alie ubge Yo8si de resi st ance gene and is
transfected w th an expressabl e gl utam ne synthetase, and which cell line

is further capable of _expressing a product protein, and further conprising
the step of2- bMethedpespiding t¢ tleimph snmcterisedon Siahthe peimekasls e lvmpheidgelist h. 2.

Met hod accor ding@ pk@erfiifhiR1dma gémg}rrg&gﬁ@fegﬂggﬂg@) dfigt the animal cells are
| ynphoid cells, nore preferably nyeloma cells, nost preferably NSO cells.

3. Method according to claim1 or 2, characterized in that the high-density
growth is & NefBl fo6Rlnk QRS 1ok 2 Fhal¥eBR iRhalifle nigehdrdihydrowth 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.



4. Method according to claim1-3, characterized in that tﬁjﬁ'g %@gme gene
product is the neonycin resistance gene product, that the celfs are
transfected with DNA carrying an expressabl e neomycin resistance cassette
and are subsequently subjected to sel ect®on of cells having a neonycin
resi stance phenotype by incubation with neonycin or, preferably, (418 at a
concentration of at least 1ng/m in cell culture rredl um 5. Method

accordi ng too Chiadurd accofiiig® cRirh 8 8flathfiediRain tﬁeftt}@rcelmiae@béeﬁ&e@éd Wweopnycin

resistants, the. cqlls are further cultured t h denS|1y in a fed-batch
bi or eact or sy&PERgYcogde tiighiessHaplemented)tp t?‘EEFF’ IH?’é‘ ERHETOR RGHani mal cells
whi ch cell s aegpresapleamitRdlytdidd rddisoneaeiRer gede. @ hi gh-density growth
serumfree cell culture nmedium wherein the cell culture has a density of
viable cells in excess of 107 cells per mM and wherein the cell Ilineis
transf ect edomtﬂhcmeamhﬁ@g&alalaan a%&a@kﬂﬁ@@ﬁitﬂ@tﬂewﬁﬂr@d&eld@@ne and is
transfected with an ressabl e gl utam ne synthetase. 7. Cell culture
—according to- TPt ‘g‘ﬂéﬂc g‘eftéﬂn?l VBSOS ?Iﬁg’gﬁ?ﬂﬂ[“ﬁ?%f hasbeen-obt-ai-ned"

by growing an inoculumof the cells having a density of viable cells Iomer
than 107 cells per m. 8. Cell culture according to clains 6 to 7,
characterized in that the cells carry an am nogl ycosi de resistance marker
gene. 11 July 2005 22 9. Cell culture according to claim@8, characterized
in that the cells have been treated with am noglycoside antibiotics

suppl emented to the nmedium after transfection of the expressable

am nogl ycosi de resi stance marker gene. 10. Cell culture according to claim
8, characterized in that the cells are devoid of reconbinant bcl-2 or
functional variants or species anal ogues thereof.





