;e3ed@, 6bTw Rio 15 20 25 30 WD 03/11273f1f1 Use of am nogl ycosi de “
resi stance gene PCT/ GB(12/11~522 The present invention relates to the . Ao
field of WOrUS{08730 expr essi on i n biotechnol ogy. It specifi FITGBRRHa22s to

t he use of am nogl ycosi de resistance genes, in particular neonycin

resi stance gene, for achieving high-density growmh of animal cells, a
respective method of protein production and a [ | cell culture.
The bi d{sef simineglyeesideesistance ganef therapeutimmlwmmmmww means of ani nmal
cell culture is a very |aborious and costly endeve‘r%our ef ficiency of
production including downstream processing is main 9°°°j*over ned by the

space- tTheprydeat tvaftionlrelatesitd thelfied® bf protdii btpressionin bRAédmnbiogh. Iyi el ds and

concentration of product protein in the culture broth are desired. In
conseqdBfdicallydiisigs 49 theaisy of pminoglycepide sesistange geres i parifas Sepmyeins t y

achi eved;hef Qr&nent, 5&%31%@5@-%%%&})?&8%64a‘.ﬁﬁnél.tc%hé,oar}%léﬁégﬁ €tt3h of

I ndustrial scale cell translate in cons r abl e "enhancenent

of ovempadteingproduntivhwind g highhdensitecelyjcedivmpl y due to the large total nunber of
cells added in this way. Strongly depending on cell type and on the nethod
of cultivation, conventional fed-batch culture systens optim zed for

hi gh- demgititetiR¥gicad pfodudforPd fMthérhbediR3FS©IS by M¥afls BPIniRGEANVRIRFLAW NY
serumfree cell cultures to a density of up t0 or even in excess of 107
cel | s/ miverylabhadpuschmd spstlyendsy eaopot Bretaffitiencyafipredustibe inclndieg um suppl emrent ed

f - bat |t . th f i ] . { . Ho ,
both ogPrastedmbiefirgs it 2ottt b eBbicedinf VislE b bufdiellnt cmont ed
cul t ur gulteei stepMBoghiSh GRIANME conv¥ifation SfEBdW pRetbivlia theddrulitfd brBfo®t | Ng

substances are strongly dependent on_the source of serumin quality and,
nost cidgeired. In eenisequeners compamatively spialllingseasaninthe maximemcpll densityduci ng

st_crdgered o e _ _ _ ing
appl | o2 sHaFBeb it i £8) Hpl0R By BEHA BBl 4 on i To be

avoi dedultiles,fwidl teanslarda iconsiderable BBhiRement of oxérdll Pucductivity thiebpingx and
demandi ng to control during qperation and are nuch nore costly in operation

t hdn coHiRkdug i thedarge intalafmer of pellsaddedingdhisWays due to the per manent

i nfusion of fresh culture nedium requiring state-of the art
mcrofiltration systens for parallel release of mediumfromthe reactor. In
parti cut@ng]yadepemdjngbn c¢lbtype lahd at itlenmethdd ofieiltivation| comventi@fat fed-tatchpr ot ei n

AR A NI T e e AR A TR
pr oces gree g eehas a8 8ell ANHFEB 2ensity of up 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 modern 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 systems however, are much more complex and demanding to control
during operation 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 microfiltration systems for parallel 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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Further, the creation of stable reconbinant cell |ines producing a protein
of interest requires the introduction of at |east one usually

const it uMOBIN7¥Ypr essed resi stance marker gene. ExpressiRAI/GBOXUER mar ker
gene constitutes an added netabolic |Igad to the cell that nay at best not

i npact growt h behaviour or may quite adversely affect the growmh rate and

maxi mum vi abl e celdlg density even in richly serum suppl enented cell culture
nedi um?r@%]ag'lrﬁsg‘lt’ D of ppg@tion. i copIPaatesy, Hd-batrh qultyt hassiepafingst r ansf er ases
are al sgivaRfBeinrodesd &dn@mlﬂs%ﬁgﬁbus nistry and Biology 6, | 1-18; Mio

et al., 1991, Gene activation nediated by protein kinase Cin human

macr ophage and teratocarcinoma cells expressi ng am nogl ycosi de

phosphot.r ansf erase,.actjivity, J. Cell. Physiology 149, 548-559; Southern et
al ., 1987 e’f’rtgﬁglfeﬁp‘?\‘h?f %?P%fecf?w}%‘#l FPE"dPg‘%ﬁﬁtHrB‘ieB’c‘?fdmie%f stance with

_ a bact efehairesIBB trtkhAHOHorE Ot 1dakt Gife dsbﬁly'%\éﬁgmﬁﬁvélye ;ﬁ%s@ﬂ réiRE Karkel - VI -
Appl . Cenet. 1, 327-34;&. 15 It is the object of the present invention to
ofa

avoi d tgreedExprassion efge rken geng ¢apstitates anaddadongtabalicdeaditotbe heltithbr

growi n [ l.I s _t.0 hi ell density.in a serumfree culiture system
Ire o bmBR el Bse it Bader O hBEon bt e e o Aot F eivuh sk T

ani mal  mekinfum wablearfldefsity e & Hohigkerufiiippleafbnted cellichfilegndigtha and in a
suitabl e culture system 20 according to the i ndependent clains 1, 2, 8.

S
Sur pri s\Gragle et @ed@ﬁ%i!ﬁ@i@ﬁmﬁﬁ@d@ antihiptiqrhosphatignsiarages are als iserinesprateti um as
IS gust i . . l4i g d C LNg. e e t

e i SRk, Cboliofy Bid piofive. QR MACE £ S Sk Ao AR R ce
densi t i meteimkimasch@iit hiraan maereprakepmd edthtoc@tinomiarells &xpresdidigt i on, sone

prol ongatjon of .stationary phase growth was observed. In this way, maxinmm
Vi abl o TRIPENERHids phosphptiAnserase AN b f-Loli Phalaey 14% 5481358 Sowihem ckoul d
not hay, 1 r i - I Lagent of
the 1 moaner o ERLpEaRoRor Manipala el R Ao e BRS ShH SRTALLIRT. O
densi t i weletloontrog ofjthe\itV (odariMeregivn arefaen ¥ dUSppleGendti hed2i7¢844).101 fed 30

batﬁh airlift reactor systemin conparison with a parent and a bcl-2
trdnsformed cell line. Fi g. 2: Productivity for secreted anti body expressed

as cunuk af the Objept of thé pRseHt iveation RMWdiPfhe URAdYnaRRE of (BBt &Rdfo T Ne in a
101 fed-batch airlift reactor systemin W) 03/027300 3 conparison with a

bel -2 trraviseagnethiodfir Browing animiag) cetds topiighserlidlensity inErsebuh-feeRAUMIEB112/ 0- 522
Fig. 4 %f%a gap 'sg%??cg Fsrljsgrll:lx?el%é)gfhegp%é%iggg&gﬁo%wc\éSdgge%ls arr]lcg )égr(laers 'm”%‘&na‘(“ th NSO

cell 1i
cells, whereafter the cells are cultured in suitable media and in a suitable culture system

20  according to the independent claims 1, 2,8. 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
densities 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

25  achievable in serum-free culture that could not have been realized prior to the invention..

A possible embodiment of the invention is shown in the figure. What is shown is

Fig. 1: Viable cell densities during growth of Neo-transformed NSO cell line in a 10 1 fed-

30 batch airlift reactor system in comparison with a parent and a bel-2 transformed cell
line.

Fig. 2: Productivity for secreted antibody expressed as cumulative cell time during growth

of Neo-transformed NSO cell line in a 10 1 fed-batch airlift reactor system in



(418. Fig.6: Shake flask batch culture and productivity of Neo-transforned
NSO cell line in conparison with a parent and a bcl-2 transforned cell

line. AC&BOABPM o the present invention, an am nogl ycosi f&/6Be/®&S2ce gene
product is used for J 1 o achieving high-density gromh of aninmal cells.
The use according to the present i nventi on conpri ses expressing the

resi stance gene product in the cells, selecting cells expressing such

r esi st anc eonpadsqr witiabel? trinsdiectethealldgieycosi de anti biotic, preferably with

the antihiotic.Neonmycin, i ch am nogl ycosi de is degraded by said
corre%b%%dﬁﬂi“’r‘@g?a@t ¢ lggne product, and finally cultivating such cells
ina %Q&%&rﬁfdmﬁ??EF%oai rlift or stirred 15 bioreactor, in a suitable
serumfree cell culture nmediumallow ng for such high-density growth. A

resi stFagseComparafive grovtth sxpesimting yithdNS heelblinesadapted #n/eom-ledhpl AQses of

am_nogl| yc;@'h%g resi stance marker such as known resistance genes to

© Gefit anmyci m, omycin, Hygromycin 20 and in particular to Neomycin, that can
be uséadg gsSirakeanek batcheilkgt afidproduktiviyos il NesshrlsformédiNBIdejidimeiide resi st ance
genes are commonly enpl oyed in the nol ecul ar ]ii,ol ogy of eukaryootic cells
and are desswpapsen Wihgpatensingdabel wrasfasdselhline| ab nanual s (for
description, cp. e.g. Shaw et al., 1993, Ml ecul ar genetics of

am nogl ycosi de resi stance genes and famlial relationships of the

am nogdateading & thedhirésgntigventioly, rasamilbglyodsidd resigtandeegene prodiisis 188 fnD

821 03087; Southern et al. i982, Tr?n or mat’i on,. of r’rﬁrrmal ian cells to

anlfi biashiexingdighdspsity sppwih ok apimal eells, Thy MseaGeAHHNE 1odRe PEECHANYREORy 40 ear |y
regio I : i 2 tdafr red from
t he a% 8?{5’9253% g\,pr%%gigtaﬁrﬁ %dgigﬁycceo I 2&?%&56? é@%ﬁg%éﬂ%&ﬁg %ggsé%ﬁ)irgﬁs% d to be a
f unct isoolakesiptanee genoprotiudgt with ameroinoglysosadd antibioficoprictesatdy grithdheig activity
according.to.the invention.. It is.therefore 30 conceivabl. . oy
genet %4 1%”@‘#1@%&3@?"11 Aoippelysprides dsgreded l?pﬁ%ﬂg?g%ﬁﬁp %(ilﬁ%%ﬁ%lss‘ab Lknovvn
am NogleKe PRdd¥Rt, RS FRhRPERL GRS sREPERIRLA _a'bﬁbr&ib@orpé.g.sﬁiﬁiyliﬁwmhedn- Such
variants can be generdated e.g. by substitutions, deletions, insertions or
t risc atbioreagbr, time saitibiosaahdregegllicubuismaestivm gllonmedersichdugh-denspdct i vel .
Met hods fgr such are well known in the art and WO U3/ 0273(10

PCT/ ﬁ%’gﬂs& 4 usual |y conprise specific site directed nutagenesis or
generation of diversity by random nutagensis of which is then foll owed by
selecting desired varjants by means of functional assays, Raytine nethods
enpl oyh desivanapgeag arrdyptacerigingdo dhepregsph Bwgntion 1§ agy W’gﬂg’%@ﬂaﬁent s or W

i r fadiégilf,@gcep@%g&ﬁ aﬂg%@%&%&ﬁstmk?g&% t?@féﬁfa?rgéfrf, g\f_ee& : jGyes and

are usua orned 1n mcroorganisms ( M1 eriments in
Modoe ¢ udrdrin @Gartihiar o NEomgicifthatrmgnttenised ad apenetic orayket $mzukatyatic eellsal ., 1997,

roaches to Mut agenesi s, Anal ytjcal .bi ochen st 254. . 157-178;
e oglycostdegeystafis Ea L FOBHOBE Japlaye 0%?'55@8?@5"% n: PCR
Vet hodgyafsRhid cefté mﬂarsla_ééeﬁbe&ﬁkt}flw Shdakd 8% bobROid 1Mb stk Sﬁk ., 1997,

Strategies for the in vitro evolution of protein function, J. MIl. Biol.
272, 3BGoipiay gp. e. HGhevi ek at.| 931 Molacular gerptice ofanisoplyeeride repistagger essed

froma_ DNA expressjon .construct suit far Yot | [ t hat has
been t¥ETE %{?@Hﬁﬁwgt?ﬂsg"péé#&e %i/lmlggg'\ﬁﬂgfleégﬁﬁ%&? hf}flﬁéé%@g@? ance gene

Pr 80 UCR VB : 18- D63 W O182103087; \Sotitpie siset ol 1982, aumshembfion ofimembialiarxpr essed or
repressed, i.e. be expressable either way. At |east d i@ iheq%eri ods of
sel ect ¢edls tontibigfic ms?a@w yiib gibaetesiak gope gnder csﬁﬂoloqfﬂhfhg{’f‘ g%r Y98 upgrowt h
in a hj | I tURe7S$t f ey xforsigaht density,

t he rzg@gﬁogﬁgz%%hésgf ggflﬂgé'tl’ggg%p%gg‘{aaggfggsaggaggglgggi ng t_(; tﬁe present

i nvent arainogRroedide adsisyance perieprodurs i daidt fovtel a/fusstmebgand prodpct frGawTHyni di ne

* Kinas eité m}no%iycggi nggra}gnrg lzfus:’ti\gitsy\/aé.‘b?:2>rd|1"r(1fjlgtt% 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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20 pronoter, nost preferably it is expressed froma strong viral
enhancer - pronoter constitutively active in eukaryotic cells such as e.qg.
Rus Sar cWOH3RTXe( RSV) - Long Term nal Repeat (LTR)- pronot éfCEEB02/04522

Cyt onmegal ovirus (CW)-pronoter. It may al so be possible to enploy chineric
pronoters constituted of the enancer %orti on of a strong viral pronoter and
core pronoter portion of another pronoter, e. g. alpha-actin pronoter 25
provi diusgalssoemirisalspecific site dirstedirputagenesis ar geneTAibA df oddiversigh by CARPiboxes. An

2 nogeageEs Gk bulesoLALBb s nadReEd e i et G MBS ROMST dec:
aci ti V%Eyagg.%oﬁtﬁé'rﬁétﬁa&eemﬂlgy%%’ fofRutaBerdsRinay 880k Sexpb A I ikylathsd 4) :

rising at |east” one 30 am no-pyranose Or ami no-furanose noiety
| i nked agests ar §TVusliation, erooreprone PER oo rélated gane shuffling BCRoeemiques amhe; r

antibiotic effect. is based on inhibition of-protein. thesi l es are
‘ Kanérryéﬁr‘?]?s‘@h?'@ﬁ{%ﬁf}?ffﬂm’ééor?f%sﬁsr{ M"Ilgeﬁ’rjg’r%eﬁfne&igw °§’Zatri%?ﬁ“n éf’a‘sr’mNeorryci n
B ( Fr any§igiSpihe HAHS&G TabbiorN 1ok diing ef £ 0897, ¢ipprédttied tiONA RutagenéEs,
U3/ 11273U11 -PCT/ GB02/ 0-4s22 I n the context of the present inventjon, other
conpountiealytical higchemisty @o#cl dct 18y Cegwell et ale 199 Rendomization of &506S BY synt hesi s

i n bactgkd c e i i i | i M Gadl 1

Pur omych ok AR RO ARG, LRI S S o e o B

am nosugan 99miSetaiegtesdbethe din sitebasve tition iofi groteinifimagioyclo MaleBiah 2778 36- cs
according to the present invention, as is also often done in the art. It is
to We ed that ani nogl ycosi de conpounds al so have toxic effects in
eukaryotic cell culture, partly because the mtochondria) protein

transl ation aparatus is evolutionary of prokaryotic origin (endosynbi ont
hypot heBipedizhtly] the eésistairck apneprotiedt ioerpressediffbmot DNA ¢xprassion gonrstifuect s ar e
possi bl e, tqo, and have been to described_.befare.. According to the present
i nvent i gfed E‘Efre“g%qyé@? C¥Ryesu M é‘ateh?ﬁf’ﬁ?stirﬁﬁfetc 'Pté’stpgf‘aﬁ@é( k(j@?(é‘ product ,
resist a@&}ﬁ@fés?ﬁh&&?stm&@eﬁapﬁ%a%wwngﬁmﬁ%wlék@tsss@d oBcaryd i ed at | east
for intira selecting transtectants after transfection of the resistance
genss whindtciblyraxpressed ar régressedy iteeboexfuessable sherovays Al leastalusiag dhaperigdséks. | n

consequence, ..t he.am nogl ycosi de resi stan e i . f ed into
Cho ool f egton GiEmaePrdfdeute TR ARG Pab Rl il °C ' 0
| east  aden8¥PEaIs&ehre bysterh FaSRARYRg GRXImMOMm delleleasity) dglrysistancdegenesi st ance
gene, giving rise to functional gene product. Mre recent approaches in

genet i cpredudtisbetld by expicssednacgprdingstigithepresent inveation. Kxefe@hlioft 5, ti fi cal |

stable mr | AL W iihiGh ¢ resent
noti on %(}nsgélltﬁ g%&%iﬁgg%gfeg%%oﬁr.ﬁ%‘{%oes a\%\% h u(fresslayl né’q ﬁﬁg?‘l%ﬁdi ng to
t heaove!l prokivesinmbstepisfeeably tiiis gupodseabiremsantiong virel enhahdeppfandteon,

DEAF- Dext r an,. Ca- phosphate or, el ectroporatjion all of_whi re possi bl e

t r ansf esusHitiyeYfGHYe EPC FAEHOHG C‘Flgg Sf"ﬁlégi)?'gslg S %‘i%‘f‘ﬂ YB'H‘?(&E@'%’F‘%

transfe L FhelloDREs @NIVRPothiaisl. Bensrdisd perent ed
medi um E%@gggq%éggﬁ@gﬁlI{één%lﬁ%&libie%tgdgg 190r selection. 25 Th{i@sjﬂi nt erveni ng
peri od péssibdntosmploy ichimeris premotiersegnstiptediof thei enhenask peiéies b sigong Heal
resistance narker gene product and is in ran f laptely 12
hour s uBrofrﬁ)r{ia‘-af‘gtfg&s?mHE’ﬁCé RATHE Ogd r?n%tgﬂ prp @1% ge_r, ?—’%‘gﬁ%h?aa%cﬁiﬁ l,%’r'%dg?gt ance

sel gct i pryvidin@eRbhted ef fraddcripfas tak, TWEKDopesind CAATfwats.on, nore
preferably for at |east 5 weeks post-transfection, nost preferably for at

| east 8 weeks post-transfection. It is also possible to extend the period
of 30 gr, . 5€ ! : : Tl i de antibiotic
t hat hag‘%\t’ixé’gw&g%{a%&t%%ﬁ?ﬁ#g%% (I)l?%rﬁ’?ét I%If&gu qtl vat ?ngkgé\%fg he cells, e.g.
duri ng hmifvghfcaside aniibiotitsa(Mingssdetiercq, 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.



* absence of a

It is also possible to apply, after the initial selection of transfectants,
sel ection pressure in short interspersed intervals during further

cul ti vatWoern3/Bis0® epeat edl y addi ng singl e doses of WO 113/ T/GBMRAUI 6

PCT/ GB11210-4s22 am nogl ycoside with the culture nmediumwhich is then
repl eni shed by nonani nogl ycosi de- suppl ement ed nedi um Preferably, during
cultivation in a bioreactor, the expressable or expressed resistance gene
according to the present invention is stably integrated into the genone and
cultivation is performed in the absence of | ection, pressure.. That is,

ol | ol tgreantrtof the preseqt {R¢enHoR. e CemRginds hakig b b ey stusde

prefer Erﬁﬂbiﬁﬂ@@ﬁéﬂrﬂ%’i’ﬁ sffthdsREnRa&EAN buch Y 83 § &tfnoh@cﬁé%ﬁs%ﬁmy@ﬁxt alnid'?nt he
n am nogl | enente

gl'ycoside antibiotic sup me dto the cell culture
medi unpaitichiar Paomyase tndwhich have chemical stroé¢tufesrelaiet 40 nonm-redugingrapfine-abl y, t he

i pogl i de. i | i tration.of at least, Q. 1 mo/m,
- pref oF S Ticies st BnbRe Mshen b RERuEe Bhifns Sopb S dherEieY 1 4
concenffahiion affs Ado dRRdond iMBerbht. ItWS t4Ad noteBthaharARBERcofifle Sdthpughy cosi de

according to the invention is added to the cell culture nediumafter
t r ansf alspibeve taicteffents in gplearseticorellcatfurer pastly beeause theguitechopdialiprejeinesi st ance

gene produyct. as is .well.-kno oy . ' - Chil in 15 the
o andararaion @i Yo R ORRY of BoklSoR b Rp R s Ebion BB o

ani nogmiteidiiial svodaidn) Yieshghdtier CoxiciBffodisi aoe pedsible, t6o,ndBavE bdear at | east
2 weeks, npre preferably for at |least 5 weeks, nost preferably for at |east
8 WRekdesssibed befarest ect i on during continous cell cultivation. 20 Preferably,
t he resi stance gene product according to the present invention is a

Neonyci nPhosphot ransferase (the resistance gene usually being naned Neon as
descri Bedotdngb 82 fI36MT invieatiom dier seictiigtells erpressing tife resisthnce gene

phosphot r ansf erase enzynes are knpwn and,are._al sqg conprjsed wth the scope
of t he PEIuSk FeSIsiRGe A PSR vedl @bmgwgm%dec%&@l?t@éﬁéPﬁEﬁ%?eaa&aef i ned under

Chem Cal Yt rﬁ%ﬂéc&h@aﬂﬁi"%ﬁfe&%ﬁ@?t}f&%&taﬁe gone NAREY &drim6@Y iPe used

to select for cells expressing the neonycin gene pfoduct.1ln a nofe
pr é$ er iretheandawdi AR hours@p18 sewral vedks. dn comskqurncethoimineglysoside cel |s. The

animal cells or cel i ne accar.di to the sent .i nvention be any
conven{§S5iigfice 8849 15 IS{aHLV l{@ggﬂcf lﬁtroggﬁ‘ée?]i I 8?&{[) e&%o@fﬁcm@g‘%x’e such as
e. 9. Shéndmieesiberaftslof at P ad@xfiRbded or EirassaBlklcopy 683 anfifdglFoostdERO- 96
cells, Hep& cells, BHK cells, fibroblasts, hybridoma, EBV Imortalized

| ynphobésésianse gene, gipangrise todangtionsl gene pepducty Marp ecorsippsedches 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 cultivation 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
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line. Myeloma cells such as NSO cells truly are B-1ynphoid cell types

al t hough being routinely adressed in the art as "nyel onas' (Barnes et al.,
Cyt ot ecW0O1084%738R: 109- 123, WO (13/(1273011 7 2000). PCRGB:BRW0¥3221522
Preferably, the animal cells or cell line according to the present

I nventi on are anchor agei ndependent clls. Such cells do not rel y on
substrate contact for proper growh and can grow being freely suspended in
t he culminoglyoeddewith the caltorr medinef whick ds thatocepiameshied bymenpr oducer cell 1ine

I hoi d LT , . ..hybri Ils, EBV..mm i zed
R RoEycE e enise] Meditip Bt ARy St ol OB T & PRREEEER e ! o
cells %@%as%%wef éyivp%k&freg%&heée% cs8ldgto MiGRedht frvBntidifislstabiyne EGAGC No.

derivatives ther freely available fromthe EUropean
Col | edntegmated inGzthe geudrhe ped cYEGATD)is pGfornmed in the gbsencamfiselection cr obi ol ogy &

Resear ch, Sal.i shur iltshire SP4 Uni ted Ki ngdom have been found
Lo R TR P e bk PP PR PR At DR R ahbter BNERBT S Lo
used f@hbaliRenCsfitBsIpeent @t catiéd Gadh &R abbhrt of i Behadgly¥dsideel | i nes
are chol est erol -dependent, maki ng chol esterol an obligate conponent of the
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seque S‘é}’ EEW&/‘RQfg E?Séfc?raﬁc%} ll‘?eﬁé %qd&‘}‘ﬁﬁﬁg?‘ﬁ?‘?f’? i ﬁéeﬂﬁinvgrﬁﬁ)?%ducer cell .
| t3gmBYcdirafPidSthe hitlal ¥§le¥taBEhy SFABEHer86n dlNedi@ thasudis)n sorpmefeed. 15
- Preferably,” the product protein is a reconbi nant protei ?%r nost preferably a
r

r econbinadintm mr%hyne@mne&%@cﬂnd ixansfarrioing serum-fige optintabconbi nant

accordin th resen at | east
one. exBubTen rav&narayta%éea@%r%?%%@”%%%ﬁé%ﬁe&%%ﬁﬁe@‘%@ RBfbrkd B

or i gui & trdpddeRNasi dedribed feW O 84/02590. Mese béll lingsaeduireZmeam yndre ofisynglussicof
genetic engi neering, irrespective of whether the very protein is occuring
in the producer cell line in at |least one naturally present copy. Such

addi tional copies of a reconbinant gene can e.g. be integrated in the
genonme or can be carried on an epi sonal




el ement. Both stable or transient expression can be enployed. Any known
expression vector technol ogy, including genetically engineered viruses, can
be used WOMMNBMY to the 25 present invention. Mre pref QIR0

reconmbi nant protein is a chronnsona{ty 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 engiomel fador3 ¢camprisingigcembiaattpebynentideshdnduding mgs@pléﬁlmaég%*ftg it is an

| nmrun 0 ' ) _antibad r 4V i} expr essi on
and f {Oﬁgﬁbﬁhﬁﬂﬁtﬁgﬁﬁ)w fgéel?%/(FcCh@pt ﬁ’?‘gﬁﬁ@#’r g%é\%?%é%\nmﬁﬁm% has been
sai d {GR})Rtd! O%eLEAGeS SChEBRSYINth RS befneasssmydhonmdes priatagladding, 3/ U27311U 14

- PCT/ GB( 12/ 0- 1522 resistance gene product are further, objects, of the present
i nventrersportpnd birding pioteiei{ed coryloplasman, BP B RAPR St s in the

f or egqi i | Al : g\ 45 Exanpl es 1.
. Goher ST S8Rt bR} RotiARE, MO an il et (100) 3
cel | Pblypelﬁtﬁdkﬁfatm testhog ics;;bett(nlmblagﬁi t(;tbpgisegshibnte,stiﬁ mygp?lwﬁmidsé%qt@lsgs a a
human- nouse chineric | nti bo cB72. om a st | nt.egr at e
r econBl hapresgneg eihpse fg%ﬁatﬁé’tea%%‘xwmﬁ%&}yets@?&ﬁ S&&?{Eflpg@f’&’lﬁ%& nbi nant
cell [J Lr Y | ' iab QestriByd intaesf ecti on of
t he G%ﬂ}gg rﬁgdehle%“{}ﬁﬁgrggﬂicgﬁtégﬁgg’%xﬁi t E%lﬁg_i géi'égt_r oni cally expressing
bcl - 2 faltedvibig SFhevimitiabbtep ¥5 texptais sondifidvsovhete bimeallswilbgueviye ardPHee®nst r uct .

For generation of - Ne t he MCL Neo I a e neopA
(S r aflogRR &9r %,yggiayﬁgtgqr Féas%‘rf’f 1 SEHIEEP ﬂlgﬁ%%?‘@ﬁ&e‘%‘é‘g‘fl&‘; I’%’%@g& BOS, A
pOY\’erft;ﬁJes,fm i RBst$X PAES RirRHloN BE£inBEululentity: Ok tife dftimeAr ch 18, 5322)

whi ch fias" the stuffer, to nake pEF MC 1 neo poly A (Visvader et el Mol .

Cel | Bomhonelgosit SacReipolypeptidesunploment isfpund, Hednesmium densily seqritediah For

generationlof. EFbcl - 2-Neor, the EcoRI/Tag | fragnent of human bcl -2 cDNA

(1 ong YTV B EFERSE ¢ r anscript version, Cleary et al., Cell 47: 19-28 (

1986)) was subcloned into plC 194 (Gene32:482, 1984) opened with EcoRI/Cl al

and excised as Sall (blunt)/EcoRY fragnenf tha further cloned into the
ﬁff\nﬂ%omh gler

bltfint dela xaere psefewedembodimgif thesell caltersimegdiundy SO neopA. bel -2
RN hlfr?eaning that it is free of fetal serum or of addition of essentially pure protein growth

factors that are triggering signal transduction and cell cycle progression, respectively. Such

medium 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 batch 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 h!, 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




20 expressed fromthe Elongation Factor (EF) 1-a pronoter (plasm d map,

Fig. 3). The Neo expression cassette (Ml neopA) is an integral part of the
pPEF- Vect WO,03t0AB04h in t he pEFNeo vector construct finall yEitGBoyEa22 t he MCS
beyond the EFl-a pronoter was opened at the ~o | site, blunted and a random
stuffer 300 by fragnent froma non- dédi ng sequence was inserted for proper
control (plasmd map, Fig. 4). Lipofectin (G bco, Paisel

Scot | avall) desedbal @or tevizms beect g EHhista M.sé ak. OB ATEB aeasiary le‘é’nt Fag.

GATe. PR GBS ckatbyt i S eRearien: LB FefdrBBERRter im ang
fur ;[ 2 ; féagw TSR - R TeA86S i RAfioh fo fRYestoralesigh,ENem.Bng. éIechJ 59, 9B¢4 - 2

ression of apoptosis in n%el onma NSO cul tures
Z

B. ot e(%ﬁbl"lﬂwgh be(ngaemaevxd@muusgyphasx that fedabrieheulamg %ccmlﬂlefl torfk® adapt ed

to ser umf ee 30 .- CELL 302. WO 03/1127300
1652, PSSR '&‘é’ﬁ%?‘%’&/‘ll‘%é&og%ﬂng SS@F‘?}M\%:E&?@&&%%“&OWO 1522 For high density
cell culture, the NSO 6A1 parent cell Iine, 6A1 Neo cell line and the 6Al
bcl -2/ Neo control cell line were ada ted to s . ﬁFe nmedi ume - CELL 302
(JR H IBitlhseanters s thepresenkmventionahigh-deaseeallf 4TS (R R ER B OR 1B (GS

expression mediy %@EQQ'AW Wofv g%&ﬁ% o?hﬂ@@s"t ofEh/Eeess B @0%6115’%' e, UK.

Wi | st° passadi ng, 1 (418 were suppl enent ed to the
nedi Urprbfetable bEatolehst bﬁm émcenmof mﬁhﬂls{mlmdrdqnefew&y wrexcessofil @ e um

Densi ty_of bl Ils.d 1. cul t Fig.l
Fofd Cueligal, T35t raepay i et el e Bmbend it erRa e ol % o
line o 1ﬁ8ﬁs1gg1c%§n FBlnl PUR Miiele THEr 4R oF Bhverividlfe VARG d cella 101

airlif ernmenter 1n seru ree EX-CELL 302 nedium The starting cell

popul atulinre nhedisint in avwmmstphordrérasting gultbreo®lume! s/ ni from fresh

m d- exponential culture. After continous growmh to a density of about 106
cells/m, shot additions of supplenents were nade and the punped suppl enent

i ni at eﬂéﬂiﬁﬂgﬁﬁférred%%dﬁﬁemae cAtaOsiAeY R cUlirdbystpil wikseinant r ol | ed at
about ture density was determ ned approx. ever 25 hour ?‘Bﬁ
For

colmt i ]n@t zﬁidtamahl opticabily with onger stverat athaeming &ﬂ@ﬁﬁ Ricgab glé“k‘(’}F’nE

t ot al cel | cent | e was
1 ot et Pt SGpE R weaBEER st e 30 ARRSARE Bk Solodlebt BETD .
exam ngkdiRh, Usafdfrén %Bﬂﬂrcﬁlhﬁ@Gﬁbt@h&cdﬁ@aﬁfﬁt@h blya;pemaiytt‘eﬁdel\/mre piegarably,

count er checki n a 20 CASY counter was dto as hl? %cg 341 and vi abl e
cel | c@ﬁé@?ﬂt@fdgl%ﬁmm %Q%HOQ?HY@@PPT ﬁvf@ BF“E:‘“‘P"’GHﬁﬂ MtonMbde of
addi t1 AREE/dhe O il LHGE) SHPRLSHBNs dihodit Wl iceR 2afhurdababietibéem BB 200

mvsol u en cu ure s/ m Suppl enent
BLQ(!:yszlm&a@M@e&Dts-ﬁsedlmtﬁ&d am%@l)dupumraﬁmanrt@lﬁ theypuiutes fostinstangeolti ne40- 70

concenteRULLTARIEN ¥RFPEG: PBaaschely 5T sl HE el AR 1835 °1 .

L- hl st EEForcdibktithfon 6f AlagfmeEryiad aialgmr@erlimmo
HCl 60- g%kﬁ%lﬁggﬁ%g%&%‘gél_g%\%al i ne%o 80L- rr%t hl%nl neZOB’C:OIP t hr eoni_.ne40- GOL-seri n

e20- 40M: eisa:il dGBOnTeEi)etiﬂmpldgﬁ!déa HS7t28) (x ugwabinin the snesdrom 8410 §IERAN ne1000- 1

(ZEEES}A)(‘:] {gy %Eﬁe/ (mlt iR g%hg%ll o5 turcre1 lvglrurrfje, gth%? gﬂﬂwea%ﬁ thdt 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 to
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 usually 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



Wher eas the bcl-2/Neo reconbinant cell line grew to a maxi num density of
viable cells of only about 10" cells/m, in contrast to Tey et al. who
descri beMOWaWPRRYO obt ai ned nmaxi num cel | densities of < 10@PW@EBER/EF22i n
serum suppl enented fed-batch culture_the Neo reconbinant cell line grewto
a maxi mum density of 1.4x10" cells/ {Fig. 1) . Viability of cells counted
was determ ned by Trypan bl ue excl usion as described before. Space tine

yi el d chélimecindhbrangnof Ao 2O owypendiseofictliyer of the reconbi nant Neo cell line
10 (Fig.2). This is shown by graphically displaying product titer in the

bi oreactor versus cunulative cell time {CCT;, unit: 109 cell h / L). CCT was
cal culpatredhbhy thddRaaPedIPsr cRfl linb cdvedihg &5 thetphesetit veentidasenpioduter cali

- described in Renard et al. (1988, Biotechnology Letters 10: 91-862. As can
be i nfliae vich prodneysg sepondpraducs PFRFIB OF & qapﬁb‘é@é EXBIGISINg GotecMLPIBEYCt 2/ Neo

i t L1 1 i~ . [
1o DRUBR £§ eor AfotE AedraRe RO Bt yEfton, o RRBAICTEAGR C5L
cel | p¢ Qﬁ??btieiﬂ fhyt is ) ghiac bepreduded and harvesied édhigh attoent. Bwedy f anyot al  yi el d

by the difference in viable cell densjties. w0 U3111273(1(1 18 3. Cene
cony uetBEYofdinterashierh REAPOPHS PYOiRIDY Bich 25 IHerleulns RF CREYIRRS é‘%fertzﬁ'«?eNeorryci n

resi Stiﬂlﬁﬁﬁoﬁeo?% &?@di&e nRGE th@tof @FatP HheNeR BLinktahdd)at 8 wtePOSi ted by
means 'O quant i Latlve assay, enploying the 6Al parent as a conparative
st andatehmiinageueteiny pyrried wharplasmid oDaretipir éypa ofdvedtor metnding genaticsdly. G ven

concatengeric integratjon of stably transf.ected genes i S_neans that

si Wgl énBWF%Fié’ﬂli“éﬁ%’ gf 1tcgn T’]%tam@&}ﬁ@‘ f?ﬁﬁ? ﬂ‘rFe%i?ﬂE%r??ﬁéds eil'lti’gr"i‘% mar ker t ook

pl ace téﬂmﬁcil%. fha NGB tel natirhilPodtiuting ekpréstidh@nstiidt stigH dsfanGatibedy: This in
W

concert the | ow M5X concentrations of about 25 p. M M5SX, for
anpl i fsecataddry plasma @hyhaideme cgds d'be prosiist protein n@y Inghyde asighat pequence

concentrations qf t sel.ect i..qn e n i y was

carri éaglomg P 02‘3‘1%??1%%"“@%&? g]at@%' hf’%&’%?%lﬁgfge?@g{rl b iec(? no gg‘? s Inc.,

Houstcggpre'Ege%P&)mg[f@@ﬁ{duéﬂbW@)dpﬁéﬁﬁédﬂg for the neonycin 15 resistance gene
n

from Transposon S, a negative control was establised by testing |Iikew se
fol5 t he nouse gl yceral dehyde 3-phosphat e dehydrogenase [ GAPDHl gene. A

cl one asni . . hrat py nunbers
ver e daPTRdne hRRERLSoATis a6 el naR phott ok JReREDRYa LG

assumi geteihatprédsed BA aeastitfive pronsdtan tRodnrhingi atcordingdd iterpresent i s about
6.6 pg and that GAPDH | s presenf{r in {wo copi es 20 per ggll?l Genom ¢ DNA

ext r aciR¥eRtNgREAS|4 REOlRLCXpesRtd from ahlcas ooe SXRERPPBHEi% MY v by measuirng
opt | Caéorx%@éﬁ{cﬁﬁi%e&tin%@gll%g {158 Bad UR AallySheeR Witk SR cédintd Wid¢dllL lifedly assayi ng
neomyci n resistarice gene copy nunber, a CR standard curve was (generated
usting aygh¢hmiqueudtfi genstioéngiteeripgidrespecivysiofpvihethdrdheyery prsein B3/O0GCHHRS

Biologics. The dilution series represented the r Lo . opies to
49 cop’i“ége BTO%HP%{SQ‘#{E%?F]E%FE ﬂn%?%ﬂr& Y HTRRSR %ymtea g@#’?ﬁ?%@%&% control
genom el MPinfOginé¥ak Bly. be i%ﬁe&ﬂi ths pehdinObflein Heatiedioh dntepisontal i x ef f ect
of the extracted cell |1ne . Negative control reactions containing no

t enpl atlement. Both stalble oy trensignt exprewsinn 649 bemployed. ASHENOVREHWEHER copi es) or

t he DNA Lvwal ent of = t (N ti,8. 6 NnQg)
wer e a‘éeé’go%t){la% 2 ?Qﬁy’ Bglpu)]ﬁ lQrﬁC}%goﬁgétrl wgs? ﬁg%él .eérf énp/%{é%gﬁ at‘hﬁdeglgé}g {l:l%m@g%r?ctgéi nt er val
by 25let presdm aiventionf Mbie @sfesdblly, thecleeoritinint prbieirGs aichranimsoimabiy stablyal nunber
at which the reporter fluorescence produced by probe cl eavage crosses a
fixed WEEYRAPEPIEB: above the basel ine. Each increase in the nunerical
value of C represents a 2x increase in target, assum ng 100%CR
efficiency. WO 113/11273011 19 o

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

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



PCT/ GB02/ U~s22 Si x i ndependent dilutions of each test article DNA were
prepared and anal yzed in duplicate. Each QPCR reaction contai ned about 6.6
ng of te¥03arPMe DNA. The QPCR reactions were assenbl ed MIteB@/HER2t 0 t he
TagManTM Uni ver sal PCR Master M x protocol (Applied Biosystens, Foster
Cty, CA. The reactions were t her nift cycled and data was coll ected by the
ABlI Prism 7700 Sequence Detection Systemversion 1.6.3 (Applied

Bi 0sy sdsRfike géie pkodﬁﬁIﬁwﬂmﬂxbwd)jmtmﬁihep@mtmwnbbn-éﬂhﬁ dgseranion €Il line in

G115 prssiiiond protased o A HORE oreionis LRV BLARE YR oy

exposure to 418 rather 15 than to the presence of an expressed Neomycin

" resi stance gene, the parent cell |line 6A1 was adapted to G418-contai ni ng
cell culture nmedium Amount of (418 could be gradually increased up to a
concentration of 360 ng/m (418 (Sigma, Poole, UK, note that lot quality of
- (418 may vary consi derably depending on source) w thout abolishing cel
growh. G owh nmediumwas Lonza's optim zed proprietary NSO cell culture
medi um 20 PML suppl emented with 6nmM gl utam ne in the absence of fetal
serum For 6Al1-Neo cell line, this serumfree nmedi umreproduci bly allowed
of achieving the high cell densities of the present invention (>2x10
cells/m) as conpared to bcl-2 transfectant or non-transfected parent cell
line 6A1. Therefore the nediumwas suited to nonitor potential effect of
(418 adaption in the absence of neomycin marker gene. 25 As conpared to
non- adapted parent cell line growmm in PML + 6nM gl utam ne, the adapted
cells growmn in 418(-) nedia were mldly nore resistant to apoptotic and
necrotic cell death (data not shown) but had |ower growth rate and | ower
maxi mum cel | density as conpared to parent cell line (Fig. 5A: Viable cel
density in batch culture of I1PSO 6A1 cell 30 line/ non-adapted 6Al: closed
circles, 6Al1 adapted to 360ng/mM (418 grown in the presence (open circles)
and absence (closed triangles) of (418). By substracting viable cell count
ftomtotal cell count, nunber of dead or necrotic cells was determ ned and
is expressed in Fig. SB as percentage of total cell count. The experi nent
al l owed to conclude that exposure to (418 in the absence of neonycin

resi stance marker therefore may 35 account only for potential effect of
apoptosi s resistance but may not account for effect of enhanced high
density growth behaviour. Interestingly, bioreactor culture of adapted cel
WO 03/027311U 20 PCT/ GBI 1210-tS22 line in the presence of 360 ng/1l (418
even further mnimzed both growh rate and maxi num cell density of the
adapted cell line in serumfree nediumPML. 5. gp in batch culture of 6AL,
6A1- Neo and 6Al1-bcl-2 Cells lines were al ready described in exanples 1 and
2; cell culture was carried out as described in exanple 2, except instead
of fed-batch culture in a airlift fermenter , sinple batch culture was
carried out in a shake flask. Single cell productivity was determ ned by
assayi ng secretion of cB72.3 in an Elisa test format fromculture aliquots.
Aliquots were 1o counted for viable cell nunber and resuspended in fresh
mediumin 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. Gowh curve based on viable cell density as judged by
Trypan bl ue exclusion is shown in Fig. 6 A (open circles: 6Al-Neo, closed

triangles: 6Al-bcl2, closed circles: 6A1-(100)3). The 6Al1-Neo cell Iine
consi stingly 15 showed hi gher single cell productivity qp than the
6A1-bcl -2 cell line. The parent 6Al cell line has an ever higher qp that is

negatively bal anced by its much | ower growh potential. 20



25 30 35 W 0O 113/1)2731111 21 Cdainms PCT/ GBI 12/1)~522 1. Method of

protein expression, conprising the step of growng an animal cell |ine

whi ch ceWVD BB} s transfected with an am nogl ycosi de r e iEEBR&4§Ene and

I s capabl e of expressing a second product protein, preferably a reconbi nant

product protein, to a viable cell déﬁsity of at least or in excess of 106

cells/m, preferably of at least or in excess of 10" cells/m, in a

serumfree high-density growh culture nmedium and further 1o conprising the

step of ‘solating the product protein fromthe culture broth. 2. Use of

am no Bi€®e resistance gene product for achieving high-density growth of

animal cells. 15 3. Use according to claim2, characterized in that the

~animal cells are |lynphoid cells, nore preferably nyeloma cells, nost

pr ef ellabGendysiprneefldel lings andplasmitdsr di ngt o cl ai m 2, characterized in that the
high-density growth is a viable cell density in excess of 10" cells/m,

“preferably in excess of 10" cellslm. 20 5. Use according to claim 2,

char actiRMNIE dAi1T 1003 cell hine (6A1 Sérahor; Daire Bislogits pld.,sSloingh/UK) syerstes a

resi stance gene product, that the cells are transfectgg MA%E,DNA carrying

an exprisseambneusssbimeinigGantiodh éB Paddiam a sihly infegraleh MBI, subj ect ed

to sel ' j | ' by incubation

w th iR R R R e P WSHEL Rt B SR IR ERIRE ) ot 1

ng/ M Nebng\elin resiglahes weratitained By trhissfection of theréoh It cellcling witht plashid act eri zed in

that aft el ect | of . I st.ant t | ls. W th | t d
t Gohi giesiae ey dicisuanialy SREHH: b aleosyrstolsly SBeressit Red dHonly  Bi'ot o
am no ﬁé??%&g@l c{oﬂ%tﬁﬁi.hﬂ?&vgeﬂgrahb@ Bf pEdoY lﬂl'é‘MC'I' o ;ﬁil‘%mf’dasééﬁla li®m

Hi gh- ure,” conprising animal cells which cells are

cont aipM@1neopa (Strgtaigeneyertisinserted intb pHFROS Mizushiorecat 6F, 1990apBF BQSdensi ty

grom h serumfree cell culture di wherein the I as a
densi t4 PeVeyiLippamalipn EXRTRSSIQN Ve foﬁ‘rﬁfﬂ\éﬂ&é‘ﬁlgesﬁﬁr?hgg’ %2%1 Byrhghg’ragm y in
excesspObntlr, t6RlakS pPEMEL ned polyeh (Visvadereteel 28461l AN Bidlo19d5ai s 8 or 9,
characterized in that the culfure has been obtained by growi ng an inocul um

of 15t heFebel 3(2):6fdvé NgFig. dehews theqllaswidpiap. Fareeneratienpf BEFbcl-2-Neo', the
EcoRI/Taq I fragment of human bcl-2 cDNA (long anti-apoptotic transeript version, Cleary
et al., Cell 47: 19-28(1986)) was subcloned into pIC194 (Gene32:482, 1984) opened with
EcoRI/Clal and excised as Sall (blunt)/EcoRV fragment that was further cloned into the
blunted Xbal site of the multiple cloning site (MCS) of pEF-MClneopA. bci—2 is thus
20  expressed from the Elongation Factor (EF) 1-a promoter (plasmid map, Fig. 3). The Neo'-

5

expression cassette (MC 1neopA) is an integral 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 a 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.
Biotechnology, 79(2000), 147-159). Stable transfectants were then adapted to serum-free
30  high-density growth medium EX-CELL 302.




WO 03/02730(1 22 | ower than 10" cells per m . PCT/ GBU2/U. ~~22 10. Cell
culture according to clains 8 to 9, characterized in that the cells carry
an am noyDYaerBele resi stance nmarker gene. 11. Cell cult uPETERBOMI22g t o
claim 10, characterized in that the _cells have been treated with

am nogl ycosi de anti biotics suppl emenPed to the nmedium after transfection of
t he expressabl e am nogl ycosi de resi stance marker gene. 10 12. Cell culture

accor @i nHighodenbigy fedshat 1 jzed in that the cells are devoid of

reconbi nant bcl-2 or functional variants thereof.
Al . A9r. A% Asu9. A9. A&% A . AL. A% AL. AL. A9. A9. AB. A . A& A . A% AL. A A&. A+

FWKA: For high density cell culture the NSO 6A1 parent cell line, 6A1 Neo-cell line and the 6A1
- | MPZ\ nB=uy} xsni oy ca ca] ca] ca] ca] cal ca] ca\/] ca] cg_ L BLQ% a] cal] ca] cRa]
ca] capgla]a@éqomptralj ilecedre adgpted toaserin-disp sefvw E !};J%o
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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 as 200 mM
solution when culture is at
10° cells/ml

Supplement B L-cystine 10-40 shot-fed as 200 mM

] solution when culture is at
L-tyrosine 40-70 106 cells/m
L-tryptophan 10-20

Supplement C L-lysine HCl 100-140 pump-fed as concentrated

solution in PBS. Feed
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L-serine 20-40
L-isoleucine 80-100
L-leﬁcine 70-90
L-phenylalanine 40-60
L-glutamine 1000-1250
D-glucose 4000-5000

Choline chloride 5-15
Cholesterol (+BSA) |5-20

L-carnitine 5-20

Whereas the bcl-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
5  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
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 bcl-2/Neo

recombinant cell line was 0.260 pg protein/cell.h, whereas the Neo cell line amounted to
15 0.210 pg protein/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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Gene copy number of the Neomycin resistance gene was determined for the 6A1-Neo cell

line as deposited by means of quantitative PCR assay, employing the 6A1 parent as a
comparative standard. An gene copy number of 3.0 copies (£0.4) was determined. Given
concatemeric integration of stably transfected genes, this means that single integration of
10  the recombinant neoymecin resistance marker took place in the 6A1-Neo cell line without
further amplification. This in concert with the low MSX concentrations of about 25 pM
MSX; for amplification of a GS marker gene to occur 10-20x fold higher concentrations of
the selection agent need to be applied. The assay was carried out by a specialized contract
laboratory (Lark Technologies Inc., Houston, Texas). Apart from testing for the neomycin
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 control reactions containing no
template or containing only the control plasmid (5000 to 50 000 copies) or the DNA
equivalent of 1000 GS-NSO 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.
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collected by the ABI Prism 7700 Sequence Detection System version 1.6.3 (Applied

Biosystems).

10

4. Comparative example: Culture of 6A1 parent cell line in the absence of Neo-resistance

gene but in presence of sublethal amounts of G418

In order to exclude any growth effect being brought forward by exposure to G418 rather

15  than to the presence of an expressed Neomycin resistance gene, the parent cell line 6A1
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 PM1 supplemented with 6mM glutamine in the absence of fetal serum. For 6A1-Neo cell
line, this serum-free medium reproducibly allowed of achieving the high cell densities of
the present invention (>2x107 cells/ml) as compared to bel-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. SA: Viable cell density in batch culture of NS0 6A1 cell

30  line/ non-adapted 6A1: closed circles, 6A1 adapted to 360mg/ml G418 grown in the
presence (open circles) and absence (closed triangles) 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
enhanced high density growth behaviour. Interestingly, bioreactor culture of adapted cell
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batch culture was carried out in a shake ﬂask Single cell productivity was determined by
assaying secretion of ¢cB72.3 in an Elisa test format from culture aliquots. Aliquots were

10  counted for viable cell number and resuspended in fresh medium in a 96 well plate for a
pre-set period of time. Culture samples were taken at about 80 hours and at harvest (about
240 hours). Results are shown in Fig. 6 B. Growth curve based on viable cell density as
judged by Trypan blue exclusion is shown in Fig. 6 A (open circles: 6A1-Neo, closed
triangles: 6A1-bcl2, closed circles: 6A1-(100)3). The 6A1-Neo cell line consistingly

15  showed higher single cell productivity g, than the 6A1-bcl-2 cell line. The parent 6A1 cell
line has an ever higher q, that is negatively balanced by its much lower growth potential.

20

25
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35
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2. Use of aminoglycoside resistance gene product for achieving high-density growth of
animal cells.

15 3. Use according to claim 2, characterized in that the animal cells are lymphoid cells,
more preferably myeloma cells, most preferably NSO cells.

4. Use accordingto claim 2, characterized in that the high-density growth is a viable cell
density in excess of 10° cells/ml, preferably in excess of 107 cells/ml.

20
5. Use according to claim 2, 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,
25 preferably, G418 at a concentration of at least Img/ml in cell culture medium.

6. Use 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.

30 7. Use of antibiotic aminoglycosides for achieving high-density growth of animal cells.

8. High-density cell culture, comprising animal cells which cells are contained in a liquid
medium in a fed-batch bioreactor in a high-density growth serum-free cell culture
medium, wherein the cell culture has a density of viable cells in excess of 108 cells per

35 ml, preferably in excess of 107 cells per ml

9. Cell culture according to claims 8 or 9, characterized in that the culture has been
obtained by growing an inoculum of the cells having a density of viable myeloma cells
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