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During the standard biophérmaceutically production processes - bioreactor operations - a
‘substantial percentage of the production cell population die following a genetically determined
program known as apoptosis (Al-Rubeai et al., 1998; Goswami et al., 1999; Lakenet al., 2001).
Apoptosis is known as an actwe cellular snicide program activated as a resuit of either exirmszc .
25 or intrinsic signals, such as serum deprivation, nuirient limitation, oxygen limitation and
" mechanical stress. Apoptosis is characterized by plasma membrane blebbing, cell volume loss,
. muclear condensation, and endonuleolytic degradation of DNA at nucleosomal intervals (Wyllie
etal.,, 1980). '

1w Sermm components have been identified as major effective apoptosis-protective agents.
However, there is a strong drive within the biotechnology industry, also pushed by the key
regulatory agencies for drug registration, towards the development of serum-free and protein-

free manufacturing processes. The main reasons are reduction of costs, less interference during
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_ Of th_e laiter strategy bel-2 and bel-xL, two apoptosis suppressors and key members of a family
30 of highly conserved pro- (for example bad, bak, bax, bok, bel-xS, bik, bid, hrk, bim, blk, bel-y)
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ced 9, cdn-1, cdn-2, cdn-3) response regulator genes, have been postulated to be potent

candidates for anti-apoptosis engineering in the biotech community. |
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BCL-xI-based metabolic engincering has been described for human T cells and CD34"
hematopoietic cells, respectively (US patent No. 6,143,291, WO 00/75291). Fussenegger et al. -
25 al.,, 1998 and also Mastrangelo et al., 20002 and 2000b have described a positive effect of BCL-

. xL expression on survival of hamster cells.

However, in all those reports either non-production cell lines such as human T cells and CD34"
hematopeietic' cells were used, or if production cell lines, e.g. hamster or mice cell Lines, were

30 used, they were adapted and routinely grown in the presence of serum and in most cases even as
adherent cells. Studies on the eﬁ'ect of serum withdrawal on the survival of recombinant cells

‘ ei'cpressing heterologons BCL-2 or BCL-xL did not include cultivation for several passages in

serum-free medium. Rather, serum-cultivated cells were either seeded into completely serum-
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In the present invention strategies are provided to further improve the survival of production cell
lines grown constantly in suspension in serum-free medium. The strategies are based on
25  engineering host cells in order to improve the intracellular-level of anti-apoptotic acting
polypeptides. It has been surprisingly found, that the level of intracellular anti-apoptotic acting

genes can substantially improve cell viabilify without showing any negative effect on cell
productivity.

30 SUMMARY OF THE INVENTION

It has been demonstrated, that the expression of a non-amplified heterologous introduced anti-
apoptosis gene, e.g. BCL-2 or BCL~xL has only a minor effect on the viability/survival of cells



It has been dermpnstrated, that the expression of a non-anplif
het erol ogous i ntroduced anti- apoptosis gene, e.g. CLzﬁsﬁPteB@Lef%QO%as only
a mnor, effect on the viability/survival of cells 27 Septenber 2006 WO
03/ 083093 PCT/ EP03/ 03063 5 adapted and generally grown under serum and/or
pr ot ei n- fw@es/asansli ti on (see Figure 5). This finding i 8#CTHEPHPMBIEd by t he
publication of Goswam et al., 19995 The present invention

descri bes/ provi des now a new approach to drarrati caI ly inprove the

Uy 5 e R e S OB R

achi evefindiig Ii§RGSPorBQ Hyhﬂlel aaﬁiulaf@bsxbﬁmebt af., ap99. TROPREEI vakibhNg Pro
teins, @%} BCL- xL or BCL- using anplificati on- nedi ated over - expr essi on.

It has &8 es/prqyides maw| a/nev apiepchyfo ﬂﬁ%ﬂﬁﬁcﬂb’eﬁ@fpm@?m@}ﬂhtﬁsﬂmwbﬁ ofr nous
over-e S Nisfap RChaisf e than
s\ljl tabr‘%ru?o %“ﬂt 0 Q‘alhfil I nl%fﬂgc\iljfaaﬁﬁia Vi ab I ty SUI’%I&\,/EBJ éﬁsk%éﬁpﬁag

negas i véélgyﬁahilb'ﬁian iswaphiehed @apmugjhe néracdllutt: leycljdmmeapompm mtlm; pQiteindie

((:]92?2;31 %{g{%%’ewt qgg%@#ﬁ)'\éer ex ressg{;ﬂqsqel W .S %r)hanced
pr ﬂ“ de&)uﬁd 5} ﬁﬁd)iﬁte?ht inﬁ&ﬂloh,nthhﬂ'&ﬁl Sriokmudst ckveﬂgmpr@gmmfcz]al dnfi«dﬁﬂphoﬁlk gglatéi:l@st
ce S, ar anster _or. nmuri n I O ucti1 on e |nes, an al so
Wit h rre%*ﬁ &g%ﬁﬁﬂéeﬁaap@ Fritablg joa} o FRprpy S, /AL Rt i ghl y
advant agaavlf Meckile eﬁ?ﬂéﬁdnqgv@t)fg'd@éﬁté&'bmﬁ.”@h% conB8R! tAEHLBERBVRY NS as

now t he econom c vi abi | of production processes can bé inproved in a is

veryo s @fB%tovmmssmﬁc@hea@Mmewletsmquees% and Bhvidarclese theer t he h

el 1 Cvikpp ek BovidFh BE e M AN DG oA RRIIERIE

t he hi thtyozﬁ;dlaprs&t oF m@me(jﬁmubm cdlh. hacﬁf lands Talsasqoeh:hnemﬁodrs he gan&s?rﬁéxch -
invention, there.is ovi de ost c tic [ y
nt rocuersrgAGar e T iediii st boaviet SR e anton A vioghpeprusel gens,
a sel S5cpiidshratais bé héb kiR EBAKSIE BNty oﬁﬂﬁdﬁéu&n%ﬁées%%aﬂ e %nﬁlfovbd\hﬁé est.

In a second aspect of the present invention, there is provided a nurine

fry e Mo neveEs Fyfficigit tarmen |4 grestodvantags of yhe mpaeeﬁmmtgmrﬂ)@r Hiecarteongistsdg thahces

that eng f ker
qone, " Sigigs i pR AR ARSELE o RS of o CHRRNR: Tul: bilePl BB O
i nvent|muduchbmpmc¢ssespwmwh¢haadi®ptotmﬁ1bdm$oﬂefl ned in the second aspect,
wherein the host cell is a NSO or SP2/0-Agl4 cell, or the progeny of any of
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selectable amplifiable marker gene, and at least one gene of interest.

In a second aspect of the present invention, there is provided a murine myeloma cell
genetically modified by introducing nucleic acid sequences that encode for an anti-apoptosis

gene, a sclectable amplifiable marker gene, and at least one gene of interest.

In a third aspect of the present invention, there is provided a host cell as defined in the second

aspect, wherein the host cell is a NSO or SP2/0-Agl4 cell, or the progeny of any of such cell

line.
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provi deghcade®di Ia@dntoﬁpc@eaﬁle rg@hd, AGscRctabl riplifistlc hagtr gak) alosmpivhdiyng: ()

|ntrodUC|n |nto an hqst cell apopt osi s gene .
and| ¢ helctses onel RS Shperrgngr e alvRvap iR Y R AR L e Sence
of netmﬁmamaM@wmgﬁﬁdmwﬁmhmﬁmﬂq@xxﬂu)hmwum§aﬂcdhmmMmmmmmmere|s
provi ded host cells.obtain b as defined above. In an eighth
P pect St B imssng ngrane s ety B air A RSk i bt o1 ng
or deIaybﬂgmﬁaﬂémﬂhﬁﬂmmeﬁn@wimst cell, conprising cultivating host cells
as defined above under conditions mhere at | east the anti-apoptosis gene
is expressed in such that cell death is inhibited or delayed in said host

cells. Manipul ation of host cells by any of these nethods provi des host
cells conprising at |east a




hi-gh copy nunber of an anti-apoptosis gene. In a ninth aspect of the
present invention there is provided a process for prodééiSsgtembsrge@d n of
interest in a host cell conprising (a.) cultivating cells as defined above
under conditions which are favourable for the expression of the
anti-apoptosis gene and the gene(s) gf interest and (b.) isolating the
protein fglfobitﬂéigre%{t' %rom t htﬁ cel and/or the cell culture supernatant. In
a tenth aspect of "t Re PPESeieast ohrarAntigRoptesicgaae,agd Fiig velentias sellsdemof a cel |
~as defi b celboumildtion thar incatpsrite melfiplateopiea st léagteoﬂo{hgtﬂi[gpgﬂgs%dg cby ‘a gene
of interest. In an eleventh aspect of the present invention, there is
~provided a host cell conprising at |east 5 copies of a heterol ogous

ant i - apdp e ddhgsprenef. the freSmp irwattion, (BEOEs prévidddla Mmel¥E bf LiprASREST 2l t he

present ghéW SR IS Qrovided a host cell conprising at |east 10

copi es o Jba heegér?gp %%%@Iéaﬁ?@lﬁ%%&ﬂgﬁ gengamd at feast gng generof dnierest ispect of t he

present IIE‘W@HM st celh eompiising) (o) inttedhcig Bt a Bzﬁjﬁterq-g,?méﬂséo@gaﬁgn dheast f20 )

copi es @heldc i zapoptosis gene. In a fourteenth aspect of the

present i nv egnﬁ %ﬁ',?én? ‘%g}?% ef&s% &Toﬁc’ég‘? %’éléapgpt $8eng.d selegiahlp pmplifisleamarkepast 50

copi'es 81°aaiet gme| (yoflisteant, ivwhapinpiah ke QB dperhitvely fiifc1 963t i&@%{}@ct of the
i rising at |least 100

present rd | i rovi.ded. a, .host cel | conpri
copi es oFﬁq g@ﬁ,te%e@%on?%%%l@ gaf?%f |85p LSBT Bkl sgRsteand B) gultivatingspd osisplbct of t he
pr esent PPl ynder, conditiers viterepr aidi e afe Rbisse@Npri sing a nucleic acid _
-sequence encoding a biologically active bcl-xL gene, wherein the nucleic
acid is: (a) a nucleic acid having the sequence of SEQ I-D NO 3, or. the-
conpl endne siyh gtpeeindf teepreseht invEgtion] theet is QRGVAIT AGRBIHASof YkiaBf) § OF
~ mut ant Smfm‘ﬂﬂ-,?ﬁ & t'elecoand .no_g de_%gger ative) of the nucleiCc acid sequence
defined I n a%}‘; ?‘c% a CRiREFLg dabioedugime g agpapaaliap hosiozel pAmilatigy 2ao t he
nucl ei cantizapoploge gaenasl def DHEH gdne;( @) andhifyrh) 43 HiCpShiSsiAghe Whinsh
hybri di n%eoof(&%o rfemehe nucl eic acid sequences defpi ned in (a), (b), or
(c) under stringent conditions. In a seventeenth aspect of the present
invention, there is provided a DNA conprising a nucleic acid sequence
encodi i ical active bcl.-xL, gene, wherein the nucleic acid is:
(a) a %c %%‘Qié%?ﬁc?c 8%/%8'@}’“558‘& IBEeaH%‘hé‘ég%fs mpyyedheghedls ehtaipableNey 7, SEQ | D
NO 9, SEehod fdifredbbioveor the conpl ementary strand of any of those; (b)
functional variants or nutants (degenerative and non degenerative) of any
of the nucleic acid sequences defined in (a); (c) a nucleic acid having at

| east IB%nhuightlh egyctt of theyresdnt tikventvas HRieCis wﬁheaemeﬂas@%rqsﬂibﬁﬁdg otn (a); or
sequences

(d) a i.C L which hybridizes tq any of the nucleic aci

def i negﬂé .f"kﬁ‘{gé;f [?1% n a@?“(‘%‘?’ VRBEFNG PHiY R host Geldsi asi dsfied sbevaamndst ght eent h

aspect cofiditiéns irees enieaitntie Ahii-Abptdsi leBe isSelprRYddIRdsudn NA EPHRKH §i Ng a
inhibited or delayed in said host cells. '

Manipulation of host cells by any.of these methods provides host cells comprising at least a
high copy number of an anti-apoptosis gene.

In a ninth aspect of the present invention there is provided a process for producing a protein
of interest in a host cell comprising (a.) cultivating cells as defined above under conditions
| Which are favourable for the expression of the anti-apoptosis gene and the gene(s) of interest

and (b.) isolating the protein of interest from the cells and/or the cell culture supernatant.

In a tenth aspect of the present invention, there is provided a use of a cell as defined above for
Jproduction of at least one protein encoded by a gene of interest.
In an eleventh aspect of the present invention, there is provided a host cell comprising at least

5 copies of a heterologous anti-apoptosis gene,



nucl ei ¢ acid sequence encoding a biologically active bcl-xL gene having the
sequence of ‘'SEQ ID NO3, SEQ ID NG5, SEQ I'D N0 7, SEG7I¥9pienierd006EQ | D
NO 11. In a nineteenth aspect of the present invention, there is provided .
a pol ypeptide encoded by a DNA as ggfined in the sixteenth to eighteenth
aspects. 27 Septenber 2006 6b In a twentieth aspect of the present

i nvent ontwelfiteaspect of the prededadventidiy gerede plovidedphass cdigompiii at &astdéf | ned i n

t he si x4 elzeesnotfh Etom%i %pst e{aunt(p aspects. Finally, the present invention also
provi dEP'E PEPLER SR PEGPEOPRESart with a new anti- apoptosis gene
originally isolated fromhanster (Cricetulus griseus), and also with

severa ants _of t-hat gene. Both, w.ld t. n odi f i ed ne(s) can be
ased i afERh RN R are ol T Roaells Srattlfy BRleRrbr i e AR bve cer)
vi abi | 20 yorgesaf e bétbrojpgadnoti-aptptogis gbner t her nore, the present invention is
also directed to the proteins, which are encoded by any of these new anti -
apopt osi s genes. BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 schematically
shows tThefoer@ntsspahofitkeprerentdeshins thesdspovided flkost celinshpidingo least CHO- DGA4
~cells. PLE. n J: ni.t that contains both enhancer and pronoter
el enené?c‘gl a?%?l%t%ﬁ)ﬁ)g(?&%ﬁ%%ﬁoﬁ Osgﬁﬁﬁer a transcription termnation site :
requi red for pol yadenyl ation of transcribed nessenger RNA. sICAMrefers to

t he ge At - - X! i . er 2006 WO
031 053055 ecp RS biBBEresft inesbn, e BprRacifhor ¥ ool RIS 07 01 s
sel ect abfl @pirarkehetdplhgas aftbdmposis gghect ase. An arrow i ndicates the site of -
transcription initiation wthin a transcription_unit. { FHgure 2 conpares
the expression profiles of transiently transfected CHO D&4 cells 48 hours
s post it 7 sintcénsle tspest.of the pRésgniieve@ionpBE-is boMEd A DNA. cumpeisiRBap8edP2- Cont r ol

C ont v 1AL (A C - . Pro a, Madi son,
$N) \/\/aE&{I:l g?qg%:gfegﬁd&g avaq@hg@%?tah&e 5%%%8%1@%%é%%2ﬁ% ?(cﬁfg'r &F%e cont Ir ol
pBl D. Pidri¢ eci®halimpibe sdq@Aie ek PE@ 3 INEN3,pir dfs doeplenfenistyadhal theeltl (Popul at i ons
of r ik M.an ht.her, .pBI D,
ob1 B taf Figafys, Brih bPRTRAEIEHeall Ve B oot oflhk Dl
hy pox antithsegeértch yafinid ie (;r{eea CHBISxc8HMvingre tHastBSYd omidlagy gethe n@aleicsbad, CA).
Each : I . ' i .m.xad
popul AT b GEY b @R W AT R 3YRIB0 5 Wt DEARHSH 8 Flhedlbitelab o
. assessesguerices deffigd ini(@)y(bhfor &) umiat stimgdeht dohdisensEMNI - 1/ 2 (control cell lines
cotransfected with

In a seventeenth aspect of the present invention, there is provided a DNA comprising a
nucleic acid sequence encoding a biologically active bel-xL gene, wherein the nucleic acid is:
(a) a nucleic acid having the sequence of SEQ ID NO:5, SEQID NO:7, SEQ ID NO:9, SEQ
ID NO:11, or the complementary strand of any of those; (b) funbtional variants ot mutants
(degenerative and non degenerative) of any of the nucleic acid sequences defined in (a); (¢) a
nucleic acid having at least 95% homology to any of the nucleic acid sequences defined in (a);
| or (d) a nucleic acid which hybridizes to any of the nucleic acid sequences defined in (a), (b),

or (c) under stringent conditions.

In an-eighteenth aspect of the present invention, there is provided a DNA comprising a
nucleic acid sequence encoding a biologically active bel-xL, gene having the sequence of SEQ
ID NO:3, SEQ ID NO:5, SEQ ID NO:7, SEQ ID NO:9 or SEQ ID NO:11.

In a nineteenth aspect of the present invention, there is provided a polypeptide encoded by a

- DNA as defined in the sixteenth to eighteenth aspects.



pBl D-s| CAM and pBI D), HWNIBC-1/2 (cotransfect ed wi th pBI D-sI' CAM and

pBI D-bcl -2) and HWNi BX-1/2 (cotransfected w th pBlI D- sECARPIERWEpRIGS bel - xL)
during a 7-day batch cultivation period using trypan blue dye excl usion.
The reconbi nant CHO- D&44 cel |'s weregpsel ected and cultivated in

hypoxant hi ne/thym di ne free CHO-S-SFM | nedium (I nvitrogen, 20 Carl sbad
CA). Figure 5 shows the percent viability profiles, using trypan blue dye
excl usion, of nethotrexate- anplified cell clones HWI -3/4 (control cell

- lines cotransfected with pBlID-sl CAM and pBI D), HWI BC 3/4 (cotransfected
with pBI D-sl CAM and pBI D-bcl -2) and HWN BX-3/4 2s (cotransfected with

pBI D-s I - XL durln 9-da ch cultivation

hypoxarllﬂg 51 %Plg? egolr?lgﬂe rmesge]rlt §'%S|&—l M ?féﬂ?%#ﬁ lﬂqsh‘i?,ltc??}%ﬁlg ﬁt%ﬁfxs bad, CA)
and th@sdque@mnh@méenﬂﬂom‘ghﬂbﬁ'rﬁmwﬁmgwe 6 shows the apoptosis
characteristics of nethotrexate-anplified CHO DX44 cell clones 30
expresmma BCL-2 or BCL-xL. Percentage of apoptotic cells am)ng "HWNI - 3/ 4
( cont r §nagyp| the [presend inveptiony plsd eecvidgs Wi Resop Bkiied iici arhoith Bl Ww apliNl BC- 3/ 4
(cot r apsdeReisStbotiolifinRR! E5rsbLANN PP

(cotr ang(I ectsg%nvm t%nﬂgl lD s| CAM and %BF%PeQﬁJs ‘%)M%gggwwé% %cg%rall n

hy pox a Mt thiy eangi W@&@H@@owgenﬁ@m@rw psodvn ayef g inveptivesbad, CA)
ol us 2froSenieabinA0Rkin, WiART YALRETLERAY %qagq@ Pt MRs wer e

assessed at  days 2, using a fl uorescence-based TUNEL assay (BD

Bi osci BHEE% lfWﬁlﬁmerﬂjwuega%mdlwewe&.)meh e preodeddpy i of these wess eetin~ bl ot

anal yshgopafsisBehes2-and BCL-xL in different reconbi nant CHo: s DXA4 cel |
clones. It conpares BCL-2 (Fig. 7A) and BCL-xL (Fig. 7B) ig. expression in
either unanplified (BCL-2: HVN BC 1/2; BCL-xL: HWNTBX-1/2) or anplified

( BCL- 2 pRIBSCIaPHORDF Tk BRAWBNGY 4) cel | clones expressing the
anti-apoptosis genes in nonocistronic configuration. Anti-apoptosis-gene
expressi on was conpared to the parental (CHO DX44) and sl CAMonly

pr OdUCF@ﬁre(l"ﬂMmallkalﬁpéﬂl)&ﬂhe Qﬁﬂrésszbh R&Sor d@é’l%fs%!séasforv‘tﬁé falifb@migdHesi ng mouse
i 0 nongcl ongll anti bodi es from Sant a ot echnol ogy (Santa Cruz, CA)

speci f PG4 &elisgE meags a compepitsynitthgy ca?falaw?qt T HE PR Semesu Bl ed
secondayorads deakht GEA a1 WansGiiHon t&ﬂﬂﬁﬁ%ﬂ site Eaaﬁlmnﬁé) po ol BHyIficR sthows the

Mt oTracker-bhased quantification (Ml ecul ar Probes ugene, OR) of the 1s
mi t oc hBARIFTbed dRssteantr YA clicd Masiercie) the e hintgrept ?Illdebcﬁrﬁé’ééﬁd@ taH¢ absence of-
serum aftACS- nedi ated m tochondria counts were perfornmed on CHO D344 cel I's
cultivated in the presence (grey line) of 10% serumand in the absence
(black line) of serum S




Figure 9 shows the nucl eoti de sequence and predicted open reading franme of
new hanmster bcl-xL 20 gene (SEQ ID NOS: 3 and 4). The2Adsptembed@08equence
represents a conposite sequence whereby the 5 and 3' untranslated region
have been obtai ned from genom ¢ clones and the coding region froma cDNA
cl one. wBi0ogn83e9310 schematically shows the eukaryoti c PETmEPeSENEGN vVect or
design. P/E neans a conposite. 25 unit that contains both enhancer and
pronoter elenment, P a pronoter element and T a transcription termnation
site required for pol yadenyl ation of transcribed nessenger RNA. bcl- xL

r ef @peptesis goves. [ihifisielers tonthe “ampdifielie iselegable marker ihydspfplaigieductases i -
anpl,ifi ﬂﬁ&éﬁeﬁgg%&sc -ro{gg{iﬁg{ogx‘g{hg{ gihedyakase. An arrow indicates

the site of transcriptio initiation wthin transcription unit. 30
Figure 11 shows schematically the general cloning strategy used for the

enefatign of th hanst er | - del et i on I .on vector
OB Bt 2 Spbata e e eei waties Sty PRl Trfo-ni GEUEISED Ve BT
5N pbe tResctiokS INBigareCTBBIGICAMOIn Figaie0ZB $EBAPS-iConko]l (BiqiteehhPalo2006 WO
03/ 083093 PCTI_EPQ3 030_63 9 priner 1 (VSPl%ig?ndwﬁene specific g!i nmer del?26,
de14dtop CAYeand dn iigure, 2 REFI<2-Corid Promegm Madisore W H W ap tolrapsfecfd tbenerat ed.

For cﬁf#? SIS 45)) ’Bﬁﬁbﬁ%&ﬁﬂé’&ﬂiﬁrﬁlé}ﬁﬁc‘( arrows) were digested wth Notl,
for ngﬁares"tp '

riction enzyne site was newy introduced by the gene
specific prinmers, and SnaBl, |ocated within the pronoter/enhancer (P/E)

region. Eor th eration of .the.s rious 3 of 3 QN nutants
a c?o W%gtsgl?)‘ﬁs g@@‘@éf‘%‘?‘%"&%ﬁ“ﬁ‘% 05 rsfa’é%m%e?@ég%ﬁ%& f %}gﬁneﬂ%{pﬁ{::%]% C priners
ﬁelsamfsl fedtedaﬁthw@w&gsm ag@l elthe pBiBlu bBMcPl:er pﬁmﬁhet-ﬁ,,(mtecmnm t hf tih
roken li1nes) were .digest t cat e t.hin the.sequence of the
gen&ulénaed i %FWW%M%@%#H&%@MW @%W%e“t ﬁ@@@&’nﬁﬁgt or region
(T) Babi0% st b RURIRE DF 6% 'k&?;%?ﬁfaﬁ@&r&ﬁh andlayhe
del etlonﬂ%antsﬁg@étﬁﬁg&ﬁga@n%?%rm@%cl - xL cDNAH?pBI bcl - xL de?){:t a 5 and 10 a
3" civxe peringrowen S passages| oned directionally into the .SnaBl/EcoRl di gested
vector pBID. DETAILED DESCRI PTION OF THE | NVENTION i s The present
I nvention provides host cells which are genetically nodified by introducing
' BuCIFiuge 4 aseslcstheristiigfcloail ceb tinesd ¥IdE-12n(coamttdl eclplgs ovtiransfeted with -
sel e b] nmpl.i £iabl r k ene, and . at ne of ,d nterest. In
a pP@@ﬁ@ﬁéﬁﬁaﬁmmgﬁt(&%ﬁ%ﬁgwﬁgﬁﬁgﬁ ?@%@E@B{‘@ ol fiabl e
mar KAVINBERS /22 (EhirbdiGectan @A) pRID-LICWAK efld PRED-DRIEHIY Hivelgy al Tk dalch at | east

one regulatory sequence allow ng for expression of said genes. In a nore

pr efcultivalipneprsiod iwvimgttrypie bhE dyet sxchigiop: Sk secomhimantcFEOHRAGHE celliplPri abl e
mar KQL 8808 3vhle i@%%c(ﬁﬁﬂ)ﬂfe/ﬂxy%ﬁfu@ SkecP CRIRRSTRIT Rl dYorn (favitrogen,

206 Carlsbad, CA).

‘Figure 5 shows the percent viability profiles, using trypan blue dye exclusion, of methotrexate-

amplified ceil clones HMNI-3/4 (control cell tines cotransfected with pBID-sICAM and pBID),

HMNIBC-3/4 (cotransfected with pBID-sICAM and pBID-bcl-2) and HMNIBX-3/4-
25 (cotransfected with pBID-sICAM and pBID-bcl-xL) during a 9-day batch cultivation in

_ hypoxanthine/thymidine free CHO-S-SFMII medium (Invitrogen, Carlsbad, CA) and the
presence of 20 oM MTX.

Figure 6 shows the apoptosis characteristics of methotrexate-amplified CHO-DG44 cell clones
| 30 expressing BCL-2 or BCL-xL. Percentage of apoptotic cells among HMNI-3/4 {control cell lines
' cotransfected with pBID-sICAM and pBID), BMNIBC-3/4 (cotransfected with pBID—siCAM
~ and pBID-bel-2) and HMNIBX-3/4 (cotransfected with pBID-sICAM and pBID-bel-xL) batch

cultures in hypoxanthine/thymidine free CHO-S-SFMI medium (Invitrogen, Carlsbad, CA) plus



linked to only one pronotor sequence allow ng for co-expression of said
genes. In another preferred enbodi ment the anti-apopt 8éiSeptembgr 2006

sel ectabl e anplifiable nmarker gene are operatively linked to only one
pronot or sequence allow ng for co-expression of said genes. In a further
enbodi W&PB/083¥e genetic nodification of host cells iRGIIRPEHE30GHe

i ntroduction of nore than. 25 orfe anti-apoptosis gene. Host cells nodified
in this manner all ow co- expressi on of the anti-apoptosis gene(s) toget her

| \ant 2%@5 E&Fx&%%:ags Ia‘éfdlf’“féliS Iqi?n} % %h%ﬁgﬂlgfeg{%?g@ﬁ%m zég§%e® ectlon of

st amesmemstmeﬂ,c&mmegd,cﬁj_ones but also 30 anplification of the
anti-apoptosis gene(s). It is shown by the current.invention that
~anplification of an anti-apoptosis gene provides a nore efficient nmethod

for pLRENiGs HeWERGH bl %ﬁﬂyﬁﬁa&%@gfméﬁbpﬁpﬁ%ﬂé&zﬁr&% AntERHei ns,

whi ch are sufficient to I nprove survival the host cells corrpared to
hest DEdt osilglanks Ji comparenBCLA2 @g.a)i amlpBELodi §igpr i) eixpressiorobhi either

________ 7 e WD, 03 /03063 10
o o I (BCL: ININEC-1 3 B PR ERFR Y S BB it EORAE, 0500
-ar ﬁ' %‘MaBﬁh‘.x-ﬂr |I~MNIB§§—33t)lclentgmneﬁekpmlsmg mm-awptoﬁ@tgéh&uheﬁbﬂoag@cﬁuae' ayﬂj or
I NNl DI neda ce eat .apot ost ce S.
T oEE RS X N APEPIREF SRR e VA oRHOR S GHODOR) b 1§ ed by
any genhedn! proficing ('HMNIH?%&QI & rnﬂesc%teﬁ@b%@mf Riecttld todsdays,

wherein the total V|ab|I|ty of cells is at |east about 50%Tsee al so

m? guPenagjonalgntibpdies @ozaasfms&r%qulm (6nnta iCst, IGA)ppestificafor BE3s2 ombout

60" ¢ vention
a flfl? ? z‘rl'aﬁélﬁil)ag&ﬁt?ren“p%?ggﬁ%ug’%&r?ven | o Fﬁg@o(b%lnﬁg% ?ﬁéﬁmi"%&m ;bout
75% Gemwbyri nabl e for a 7-day batch cul t [ vat ion. In 10 anot her enbodi ment,

after a 6=day cultivation period cell viability of at |east about 85% can
be achieved. Equivalent |levels of viability are not known in the art, at

| easkigets EikwsShs MidTiRRer-taddd fuatifiofion I8RREIRE PiobED rEugé‘ﬂeJ ORWYrGH: ar e
pernmentely cultivated under serumfree conditions, I h connection

Wi t hmieshoRsita content WO Moeells igepyrin the presdanee pad abgengsiof parymgBSEHi bed in
h f | Go
ot o iy gyio Pty LR MLA nclBlch G LROBoda B ORI e HBR0, o Thin

t he (debofdﬂ%mmmammheabmafblmk.hne)ﬁsbﬂumu ability™ or "cell survival"

is the ability of a target cell to continue to remain alive and
functional, and include the protection of the cell fromcell death due to

i nhi mgm:'e OnheWs tiehedleotide syt asd ﬁre&n@teﬂ@%)éﬁ@bdlﬁgﬁbméi%éwha\%ib?bélfxlﬂeasUr i ng
cell iglht or _surviva |I|ty are well known 20 in the art. For exanple,

el 18597 4BER) I3, NOY; handcbelhs maeleosidesoqusnce geptpsaE Fricemprsiie soquence
whereby the 5” and 3 untranslated region have been obtained from genomic clones and the

* coding region from a cDNA clone.

Figure 10 schematically shows the'eukaryatic expression vector design. P/E means a composite-
25 unit that contains both enhancer and promoter element, P a promofer element and T a
transcription termination site required for polyadenylation of transcribed messenger RNA. bel-
xL refers to the hamster anti-apoptosis bel-xL. ¢cDNA and dhfi to the amplifiable selectable
marker dihydrofolate reductase. An arrow indicates the site of transcription initiation within a
transcription unit,
30 '
Figure 11 shows schematically the general cloning strategy used for the generation of the
hawmster belxL deletion mutants. The expression vector pBID/bel-xL, encoding the hamster bel-
xL wildtype cDNA, served as template in the PCRs. Using a combination of vector specific



f 1 uorescence microscopy or flow cytonetry using non-cel er neabl yes
such as trypan blue, propidiumiodide or a conbinati oﬁ%#pfﬁ”(‘)ttﬁr&ﬁggn

i odi de/ acri di ne orange. Those nmethods are exenplary described in Current
Protocols in Cytonmetry, John Wley & Sons, Inc., updated, incorporated by
ref er eWOI3889The term ,, pernentely cul tivat ed unde®CIEPHNPBee conditions”
means that not only cell cultivdtion is performed under serumfree
conditions, but also cell transformation, cell expansion by mrultiplying

"t he el l.s_an L.so I r , £ ' ' ' . 30
Theﬂ%ﬁ%&gf(?%%ﬁﬁﬁg§gﬁf%?ﬁ$%% ﬁ%ﬁjgﬁég(%%ﬁkgﬁggé%e h%%@*?é?ﬁkﬁﬁ?b. ing or

dﬁl adeletign aaitdnisdeat @eﬂeﬁatﬁi le | clogihg ghed@RD%ﬂogﬁdt%(bﬁ}kam 3lwega diiggstted:el | \7\/h of
this jn ion, e,9. host cells as descri . above, . under condition where
at |m§fﬂﬁﬁé°rawhchaﬁpaﬁ%§% B Fite WP ltaied by e e 8P Reat h i s 27

Sept e, 4090B1V 6 AH HHRA 9% d?&%ét&?&ﬁé&gp Hegiofi P e @endditicielraecd 1 n said

host” cell's. In a preferred enbodi nent, cell ‘death of said cells is caused
by pragradeadt dahe deisierhmutppise eombination (of vestongnsgifie Primer THYSBZbawsht

I nvent.i SQ- i ' ' s show ng
an % El%%ﬁ%?é:c eérg\rﬂglggi%é n%fgg&gel?e g%edgaglﬁgch%!}%sg%ggt oSl é‘l"g‘%r‘fg@g‘%‘#%ﬁ”{sﬁs ng, (L)
i nt rtodkeni lings)i widre dipestedawith Notlh locatbd withinuthe equanaewf el geraspedifeqaineces t hat

encod 0 n anti-apoptQsis gene, a | ect abl e lifiabl e marker gene,
nd B EeaRL g s BBEI0: Syl e ton S, BER EC yhBtioh LA oSt o
operakioyedontalines dbiBtic mh@as bf M BarhQEHBRKD CHNE el H&1y\h B0addr

- _expr.ession of said genes, (ii.) cultrvating said cell popul-ation under
 donch 11BN pment werd clansd direstanaolieis fea YreBUBcoRi s eab oM Rer gene and
said anti-apoptosis gene are expressed, and which are favorable for
obtaining nmultiple copies at |east of the anti-apoptosis gene, and (iii.)
selecting cells fromthe cell population that incorporate nultiple copies

at | e ' is preferred to place at |east the
ant |@E§§%@WH§E@F&@@W@E§R¢N i abl e marker gene in close spati al
proximty to allow for a nore effective anplification of the anti-apoptosis
gene. Therefore in 15 preferred enbodi nent of nethod described above, at
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t he anti -‘apqQpt osi e, the selectable anplifi e nmarker ene. and the
goeneaegl)apslrfmf%%%ief%ﬁ@@n@ﬁ@s‘aw T 5%6&@ ke ESRR(Shefi tafgtgptere @quaﬂ‘iely all of

t hesgke@Ae dnly one promotor sequence allowing for co-expression of said genes. In another

preferred embodiment the anti-apoplosis, and the selectable amplifiable marker gene are
operatively linked to only one promotor sequence allowing for co-expression of said genes. In a
further embodiment, the genetic modification of host cells includes the introduction of more than- -

25  one anti-apoptosis gene.

Host cells modified in this manner allow co-expression of the anti-apoptosis gene(s) fogether
with an selectable amplifiable marker, and optionally with-a gene of interest. The selectable
amplifiable marker not only enables selection of stable transfected host cell clones but also
| 30  amplification of the anti-apoptosis gene(s). It is shown by the current invention that
- amplification of an anti-apoptosis gene provides a more efficient method for achieving
intracellular levels of anti-apoptotic acting proteins, which are sufficient to improve survival qf

the host cells compared to host cells without any smplified anti-apoptosis protein encoding



are placed on the same expression vector, and wll be commonly introduced
in said host cell. In a 25 nore preferred enbodi ment, 2h&epiambesgBifi osi s,
the sel ectable anplifiable marker gene and the gene(s) of interest are not
only encoded by one DNA-nol ecule but also ire operatively linked to only
one prwowkezeequence to all ow for co-expressi on of pegisgogsngds. Host cells
genetically nodified by any nethad according to this invention show an

i ncreased 30 expression of an anti-apoptosis protei:n conpared to
-non-transfected as well as non-anplFified parental cells. A "parental cell"
- nmeanguenceel | that does not show enhanced expression of the anti- apoptosis
gene, and is generally grown under the sanme or substantial |y the sane
conditions as the genetically nodified cell according to the present
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ar e “ho according to any ne I nvention, are provided
by tirl/er mrnoﬁmcnom withrseamnd fre¢ prductentaddiiopbatacetisalpr Eability dmlébﬂdl Bn al so

concerns . host 0 f el - e essu) h is at

I eaﬁ:le E‘P’ﬂt‘”aﬁe @J& h&)n r‘ej -fag %aéﬁaf gl?!ﬁga(tmﬁo ﬂvaé]al *he rrgani ng of

xfshl frherbﬁif@ RbdteBlls dh&aaeﬁdaeac@mhglshmﬁmhﬁetm&ﬁingafﬂmrq@mmmﬁﬁbn. showi ng a
| evel over-expression that 1s at |east about 100-fold increased

conpared to the expression-level -of cells which are not nodified in any

way «dbip ¢1aBisiBet By ctil bsvival 88 tHeQbilitioop @&@gemultemime b sl elmyanhost cells
generated by a method of the present invention are gécrl bed qpl ary in

Fi gdimestiqal, Bagd incledegthe protectior oE ther cellrfiom cpll dpath dus st H}émc% Fur t her
| NCLERIGH dhafiBR xlg:g%tﬁ,% rom%s&lfre;ceﬂvfaﬂm By ol SMERbITRPaRRvdlEosmdi f i cati on

proc ure o ost ther 1ncreasing the copy nunber of the
ANt in dpopttoFos egangle, 416 mabdmy:etlandiﬂ deﬁesnm%bymhﬁ&ﬁjmﬁa@n miérospgpYsi pl e

copies_of one. or nore . anti - tOSI s ' Host
col ForetpnckEicRisroRy 1o oS b Getfith & Bk e, o
hanmptpidikibdide BF af REdRIaon of propldlu:m 1od1de/acndme orange. Those methods are
exemplary described in Current Protocols in Cj,ftometry, John Wiley & Sobs, Inc., updated,

incorporated by reference.

The term ,,permentely cultivated under serum free conditions” means that not only cell
cultivation is performed under serum free conditions, but also cell transformation, cell expansion

by multiplying the number of cells and also cell storage, €.g. in fluid nitrogen.

30 Therefore, the present invention also concerns methods for inhibiting or delaying cell death in a
“host cell, comprising cultivating host cells of this invention, e.g. host cells as described above,

under conditi_on where at least the anti-apoptosis gene is expressed in such that cell death is
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BHK21, BHK TIC, CHO CHO KI, -CHO-DUKX, CHO DUKX BI, and CHO- D&X4 cells or
the derivatives/progenies of any of such cell |ine. ParkiXaptembsi 288&f erred
are CHO DA4, CHO DUKX, CHO KI and BHK21, and even nore preferred CHO DG44
and CHO-DUKX cells. In a further enbodi ment of the present invention host
cel | s W0os3/08W3N nurine nyel oma cells, 30 preferably NS@panesosip2/ 0 cells or

t he derivatives/progenies of any1ef such cell line. Exanples of nurine and
hanst.er cells mhich can be used in the nmeaning of this invention are al so
summari zed in_Tab . _However derlvatlveslorogenles of those cells, other

manTiBPigd Metglayed i m ﬁvéqi dbastreglls mpreferiesiepbedimgnt oeth AeathpE said roglls i ismonkey,
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yeast, insect and plant cells, can also be used in the neaning of this
i nvention, particularly for t he roductlon of bi opharmaceutical proteins.
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Pr e anes: (i) ‘Caltvating 5t Gell ‘popuiation imder ondistons Wwher 2t Jeast saidl selectable. o 1"

10 amplifiable marker gene and said anti-apoptosis gene are expressed, and which are favorable for
obtéinjng multiple copies at least of the anti-apoptosis gene, and (jii.) selecting cells from the cell
population that incorporate multiple copies at least of the anti-apoptosis gene. It is preferred to
place at least the anti-a_poptosis and the selectable amplifiable marker gene in close spatial
proximity to allow for a more effective amplification of the anti-apoptosis gene. Therefore in

15 preferred embodiment of method described above, at least the anti-apoptosis and the selectable
amplifiable are encoded by the same DNA moiecule ,6.g. if both genes are placed on the same
expression vebtor, and will therefore be commonly introduced into the host cell. In a more
preferred embodiment of this methbd the expression of the anti-apoptosis gene and of the

selectable amplifiable marker gene are operatively linked to each other, e.g. by using a common -

20 promotor to allow for co-expression of said genes.

In a farther preferred embodiment the anti-apoptosis gene, the selectable amplifiable marker
- gene and the gene(é) of interest are encoded by only one DNA molecule, e.g. if all of these genes

are placed on the same expression vector, and will be commonly introduced in said host cell. Ina”

25 ‘more preferred embodiment, the anti-apoptosis, the selectable amplifiable marker gene and the

gene(s) of interest are not only encoded by one DNA-molecule but also are operatively linked to

only one promotor sequence to allow for co-expression of said genes.

Host _cellé genetically modified by any method according to this invention show an increased

30 expression of an anti-apoptosis protein compared to non-transfected as well as non-amplified

parental cells. A “parental cell” means a cell that does not show enhanced expression of the anti-
apoptosis gené., and is generally grown under the same or substantiaily the same conditions as
the genetically modified cell according to the present invention, e.g. modified by introducing and



- anti - apopt osI s genes

serum free conditions, and optionally in nedia which are free of an
protein/ peptide of animal origin. Conmmercially avail al?ITegelﬁiﬁWb&f@Q@% as
Haml s F12 (Sigma,, Deisenhofen, Gernmany), RPM-1640 (Signa), Dul becco's
Modi fied Eagle's Medium (DVEM Signma), Mnimal to Essential Medium ( VEM
Si gma) WA sessees s Modi fi ed Dul becco's Medium (I MDM  SrermEdo30BE CHO
(I'nvitrogen, Carlsbad, CA), CHO 32Invtirogen), serumfree CHO Medi um
(Sigma), and protein-free CHO-Medium (Signa) are exenplary appropriate
~nutrient solutions. Any of the' nedia may be suppl enented as necessary
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cel | ptiengllyeskastgn¢ pameofimatshbl e gene a suitable sel ection agent is added

to the culture nedium The present invention also concerns high-I|evel
expression of an anti-apoptosis gene of the bcl-2 s superfamly in order

IO | THFERYS, thiRGnventibh hish Yrovides MestheBs, tee latesgenpiically maddlifeddy @iyardethéd on cel | s
as described abgve. Genes encoding for the bcl-2 sumtam % re therefore
sui tdepribed bergiarsad Shewing ap ovESEKPESSIQN Q4 anl-apepiosis generflat s fdfest #0UL host
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encode r a gene h > superfamly, a selectable anplifiable marker
genepodifinbacaerdingde anpmethgd wf thif inventioncare providedibytihia inveatione ims Authef t he

resent .nvention. In Table 2 to e | . t he
D - SthodsBeh i et Huhioh fisg codoBpS KA &s Qo RIRENS ROvEGpRMHP
apopidsh $s atdlefst! JosfoktlincMasdd, porapaed1so oéllst iitsmbdified yn die meming ofkhis C.
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1
s/proteins to carry out the present invention. 15 1In a-
f i utthedifishboaiymeay dfclaskd by thisdnviniion. cexriressiandeyst eghievable, binbesteels sur vi val

I's prolonged b introduci ng. [ ' S f.QLr . BCL- XL,
e e B Mlmod br i WeqgpPinlio s e BAEATIn SR Mooy
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of the anti-apoptosis gene. Also conceivable is the introduction of muitiple copies of one or more

anti-apoptosis genes into a host cell.

25 “Host cells” or “target cells” in the meéning of the presént invention are hamster cells, preferably
BHK21, BHK TK', CHO, CHO-K1, CHO-DUKX, CHO-DUKX B1, and CHO-DG44 cells or
the dcrivéﬁveslpro geni'es of any of such cell line. Particularly preferred are CHO-DG44, CHO-
DUKX, CHO-K1 and BHK21, and even more preferred CHO-DG44 and CHO-DUKX cells. Ina
forther embodiment of the present invention host cells also mean murine myeloma cells,

30  preferably NSO and Sp2/0 cells or the derivatives/progenies of any of such cell line. Examples of

_ lx.nurine and hamster cells which can be used in the meaning of this invention are also
summarized in Table 1. However, derivaﬁveé/progenies of those cells, other maramalian cells,
including but not limited to human, mice, rat, monkey, and rodent cell lines, or eukaryotic cells,



20 invention is a DNA nolecule froma vertebrate speci preferred
vertebrate is a mammal. More preferably, a nucleic acgaS@Pteﬂ"Hf@rﬁp%ent

i nventi on encodes pol ypepti des designated BCL- xL or BCL-2. The BCL-xL
encodi ng gene is the nost preferred. In a further preferred enbodi nent,

t he nuapes/essesi d sequence encodi ng for BCL-XL is i s@cameBesam hanst er,
preferably from Cricetulus gnseus3 Also preferred is a nucleic acid having
t he sequence of SEQ 25 ID NO 1 (f’dentical wi t h GenBank Accessi on Numnber

- Z23115),SEQ ID NGO 2 (identical with GenBank Accession Nunber ML3995), SEQ

| D Nﬂlﬂmgﬁﬁldtmn}i@d&o ys&egms@ctm@i PlanSEds, @n aliobe used isti® menie of this wher ei n
SEQIDNO3|so |naI i solated fro ggndSEQID NGO 5, SEQ ID
NO; Fiveriies, pFiqudsr 4B Og]ﬂmg?eél f‘f{o{%fq?l ed variants of the nucleic
aci d sequence of SEQ I D NO 3. Mst preferred is a sequence of SEQ ID NO 1
or SE ID so NO 3. gltg honol ogs of any of these genes encoded from ot her

ver IE b sﬂ@tﬂl@@‘ mayige prafductione l!’B’%arry out the present invention.
Mor oyt —atSo-preferret—are nuch RRfdf® gences —encoding Tor Jany of the
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ge al so_described in US_ pat QC%%_MT@%;Og and No.
5, B0UR as wel | as in WO 95/ 008HBCCNe: 8H1d#& herein i ncorpofated by

r eflezgnce. Reference i1s al so nmudelATCB@EeL15 et al ., Cell 74, 597 - 608,

19932545 YRR WHGAivep Ol at I On of ATOE ORT-3544 encodi ng sequencelis
exqiFGT Y Jdescribed. STATIUCT el T pit Ace e esysoencodi ng Tor an

ant TC'I_ﬁbJ-KHL ost-s—prot el II | Sa) IIL ende T |519e any nuclelrc acrdjsequence
thaﬁg D t i’aﬁ3u| Hred—ant-t-ran A%%Wmmm)r oteln

eit Wr‘t ro upon introducfion o € ‘encodi ng sequence ijnto a

tar (ﬁ'epH@b‘mk cﬂ{y i -annnt 0si s 0] ot ein encodi ng—seguences—can be nati ve
(wi |GHQPREX Bénes as wel | _as nat utATEG GRLAOL0; ng “(by to spontandous

mut [ @H@BG440r T econbi nant |y engi nBdna ebal, AwlS3 IR0 M2AME .t rhncat ed
ver(HMBro-and fragments, functi onpATEGWRIal'Alt s, derivatives, hgnol ogs and

fusw:a;tgs of the naturally occurri hgroC odd-d3type proteins as |ong as the
bi almghggg Gauncrional activity,” meapea@dihed ant i - apopt ot I c fundtion, of
th &j?uueu potypept rde TS marntra E@ﬂC@ﬁ% 9f11iepdstantralTy altgred. A

pr efert cu encoded—potypeptrde—tas at—Teast Wmm_dt | east 80%
and even'more 1s preferred at |east 100% or more of functional biol ogical
act iHost ¢e11§ ammse q}re&‘@rddhwhanbeiwmhﬂsha@ adaptbdi-ahg& penplnitely cmttwptewmderpr ot ei n.
"Wld-ty teln" peans,_a co e ncate di.f |.ed,
nat PR tions gnd ppeqrallpfn Brs s BHEbAtR g of Cpieinrende, Ay
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1ct i onal

b' Olgy ginc @onﬁférélmw YvaiRbleaRedf sichARO A chqsigm@pucuaahofeﬁ; Cexasph,e of
RPMI—1640 (Sigma), Dulbecco’s Modified Eagle s Medium (DMEM; Sigma), Minimal

10 Bssential Medium (MEM; Sigma), Iscove’s Modified Dulbecco’s Medium (IMDM; Sigma), CD-
CHO (Invitrogen, .Carlsbad, CA), CHO-S-Invtirogen), serum-free CHO Medium (Sigma), and
protein-free CHO Medium (Sigma) are exemplary appropriate nutrient solutions. Any of the-
media may be supplemented as necessary with a variety of compounds examples of which are

hormones and/or other growth factors (such as insulin, transferrin, epidermal growth factor,

15 insulin like growth factor), salts (such as sodium chloride, calcium, magnesium, phosphate),

buffers (such as HEPES), nucleosides (such as adenosine, thymidine), ghitamine, glucose or
other eqﬁivalent energy sources, antibiotics, trace elements. Any other necessary supplements
may also be included at appropriate concentrations that would be known to those skilled in the
art. In the present invention the use of serum-free medium is preferred, but media supplemented
20 witha suitable amount of serum can also be used for the culﬁvéﬁog of host cells. For the growth




20 can be determ ned by quantitative apoptosis assays on transfected cells
expressing the particular polypeptide such as, for ex&hprRlemPenEYlbassay,
Annexi n V assay, acridine orange/ethidum brom de staining or propidium

i odi de/ acri di ne orange staining using fluorescence mcroscopy or flow _
cyt omewbDysedadsysi S or ot her assays. Those assays ar epoWetdosfdoedn in the art
and for exanple described in Cungent Protocols in Cytonetry, John Wley &
Sons, Inc., updated). 25 The ternms "functional biologically active

- pol ypeptide(s)" or "functional biologically active fragnent(s)" refers to
pol yipé ptledipf geneticatiy mmidifed )celia exmessingahé weledtabde génehd sliahiecsalecidmt i vity of
anti -apo %@ai)s tﬁegtli de. This nmeans, that a functional biologically active
pol WSEHH {0 the YR pediimy  bi ol ogi cal |y active fragment has at |east 50%
nore preferred at | east 80% and even 30 nore preferred at | east 100% or
nore_of the functional biological activity conparéd to the _corresponding
wi | dFheypgrsent ivenbempsoeqnsetps bighilevel oxpressioh ofpepntbapptosiygerseizhsbdd
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o BReR e 8 i etoE Ty oy S8l ePesicRr GRUBFLBT o SelileitseRE, 1
(1 depddchdk thit bicode f&&%@n&@ﬁﬁé $Lion sviguﬂhﬁﬂy,mlb&t’éﬂle abpBEDI4 Baiet Gene SEQ | D
NO 5, "SEQID NGO 7, SEQID NGO 9 or SEQID NQ 11. The,invention _also
i nclond @k leestrnoe; gsaaof jnterssti apa athin the ancaning ofithe RIssRE Mveahany Iy dable ZSequences
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- engineered nmutants and variants, runcdt ed versions and Tragnents,

f uncleatb malapepdosiy; arehsted. Mt pradtins ebthishfmily oy snammaliens Coplsgass ortvirese nucl ei c
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a g PayB IRl ar iR RS Nt B e o sraper P OB et i ¢ i s
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honmol ogous gene of hanster, has been identified for the first tine and is
al sé‘“}?&’&ﬁ 155/ 0% Im-appRigER EeTEHIKEIRTS I capritt thegresetdnyellig® er  bel -xI gene
is a matter of nucleic acid having SEQ I D NO 3 which has been isol ated and

cloned 15 from Cricetul us griseus: The use of an anti-apoptosis protein
enc ddeduitier ebediswgueiibis ioventioy celfsiane prefaeed, Whergimsneveval waprolanged Bt nut ant s

(degen tive . and non degene | Ve). e | ) gi ng cell
Sur SRR HeIRE B B B dE Ae ! BB B BRETE & M et o

t hﬁ Bﬂ@,SBRAGLnMIIB,O?DNanm&Q dmnd B,_eBBRﬁ‘c]i,d_MWﬁ_ u@n@feﬂ‘?eom O groBRCL- XLZI) rom
ot her species are also. encoppassed in the nmeaning of this invention.

oL BReteH b Aiment dh il 348 Seabeice ncgding the 100 ApORIGRA SR AR TR HBhan bel -xL

2eNGuvehfidH istA"PNA molecule from a vertebrate species. A preferred vertebrate is a mammal.

More preferably, a nucleic acid of the present invention encodes polypeptides designated BCL-
xL or BCL-2. The BCL-xL encoding gene is the most preferred. In a further preferred
embodiment, the nucleic acid sequence encoding for BCL-XL is isolated from hamster,
preferably from Cricetulus griseus. Also preferred is a nucleic acid having the sequence of SEQ’

25 ID NO:1 (identical with GenBank Accession Number Z23115),SEQ ID NO:2 (identical with

| GenBank Accession Number M13995), SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:7, SEQ ID

NO:9 or SEQ ID NO:11, wherein SEQ ID NO:3 is originally isolated from hamster and SEQ D

NO:5, SEQ ID NO:7, SEQ ID NO:9, and SEQ I NO:11 are modified vadiants of the nucleic

acid sequence of SEQ ID NO: 3. Most preferred is a sequence of SEQ ID NO:1 or SEQ ID

3 NO3. Any homologs of any of these genes encoded from other vertebrate species are also

. .suitable to carry out the present invention. Moreover, also preferred are nucleotide sequences

éncoding for any of the anti-apoptosis genes of Table 2, particularly having the sequence given

by any of the Genbank Accession Numbers cited in Table 2. Examples for anti-apoptosis acting



di fferent RNA nol ecul es are produced, one of which codes for BCL-xL (long
forn) and one of which codes for BCL-xS (short forn). 2fRepismhe;800&cks a
section of 63 am no acids found in the BCL-xL. BCL-xS has been shown to
favor apbptosis, and therefore it is preferable to use a 2s eDNA for

expr eswioad/ogsb9st he BCL- xL rat her than a genom c fragneyered/osoeenot her
preferred enbodinent a BCL-xL nasant, or a BCL-2 nutant, with inproved
anti-apoptosis properties is enconpassed, e.g. by deleting a non-conserved

o ot e B RS R esh Uit SR o, i aPline @i sgblon i wiloo?, |

Fi gudn 380 &t5/0a6342, @01k hre Fdeih fodrpbisbdd s reRrRbE HebdeREROMEIBRC ol ifoif esent

[ nvenil 0 rgvigﬁes npdi fied variants of the hanster bcl-xL gene, _
espedi ﬁlhlrtff’ﬁg » I RSB WO 95(00g4PeiselaboniiheBCERD enpyding Squice frent i oned
abov gxer Rgdivka ed variants include but are not limted to nucleic acids

mol ecul es 27 September 2006 WO 03/ 083093 PCT/ EP03/ 03063 17 having the
séquence of SEQ ID NO5, SEQ 11) NO7, SEQID NO9 or SEQ ID NGO 11, or any .

functy snagd; | [ t ght s egenerative .and non degenerative) thereof.

A"t lfléll’l_Ct | 5%a(ﬁd %‘?%F%an%? gnﬁoﬁ%gg‘%e@ agg'fag?”goﬁﬁ Tofer ip e t"a’“‘%ﬂﬁ? FYIWEECe havi ng

at | ecidtseqstbe thar will bk erapdekiedbtranslited ﬂit@ﬁﬁﬁrﬁbéﬁbp&?ﬁ%r&éiﬁ @}tﬁ@_?rﬂ?wﬁ‘fogf erably
e nucl ei ¢ aci

98% and nost_prefer 99% honol ogy to anyone_ of the, ] |
sequSh¥Ben &ﬁ’é’all‘glé?& %bb‘g%é’lﬂc‘iﬁlf"éf SARICy 1ty 2qtaash selbf Thenenti-gpgpiosis refeinds havi ng
the SREIABIIC SeqBéncaFQah b - Ngén'é - ] 9 or SEQ
I'D NO 11. Tﬁeg mut ati on éyl%%geéggué’g? y fn%ﬁe??ﬁgg%&ggﬁ%'ﬁugwyand/or
d@| efREHERCRs VLY, precombiointlytdngimserod muitentoandyvaviahtsntratated esichssequence.

The y t] : "alse ingludes an unct i | biologically
rcei o5 Baghtfle, R SoTVUBIL oBialh Roibblies 3R S pf Hie v

men]E bmazlihgmr?wm-wlpa@imieigségaemug%&M?l@ﬁc%ﬁ&ﬁc@nﬂ%laﬁggm%%? tthd gAst 95%
prerera at st re egreraply O at east : / even nore

D of B Bhelth, pEBSeneiH ranmoTIBes srarbeh Ry ot by BEYELA anyone
of t prEeredtinesaet %lyp@;'fiﬁcﬁthals QB Seast! 5004, URGk i RBB ed b E%gg@%s R evdellGiidre

mol ecul es.  The term "functional mutant" also inclu ny functional is
b7 ol Brgfcsesd ahlepst\80%oras grase of fugeionnl biplogicalj activity cammparndttatiic wirespogding t he

abovg; '%e%_ el .. ache ol e s, wherein bjological active part of
t hosgﬂgﬁ gérre nt ¢ E%%\L;\?k (%Fm1 g%@f‘ r@%@grg!ﬁr%ef%?% ¥ coﬁgie%t nﬁ‘é%’%‘f‘cag%ﬁ/qmﬂbr e

pr ef swdified, rafuraily deewrsing 8lldl6 ofdbemontding paiysdptidabl y of at | east 98% and nost
preferably of at |east 99% honol ogy to the biological active part of the
bcl -xL gene of hamster. 20 A "functional fragment' al so neans a DNA

ol eThe ChmwonslbisBgiesestiley” o HUnGlpensdii ﬁoﬁﬁéﬁu&@, fopﬁiealﬂgag%ag%ggh%f hg Egt IeB

bcl -nge e, _eg(ggm ally of the nucleic acid having the )
K, 3%an #&F‘E’é‘ y@ e aPapinTstaswiia P fransievtadtosllpéxpeeshingtiteqrartisular XL gene

oare ﬁcﬂﬁ)eﬂﬁﬂé &lch #C kA example, TUNEL assay, Annexin V assay, acridine prange/ethidum

 bromide staining or propidium iodide/acridine orange staining using fluorescence microscopy or
| flow cytometry analysis or other assays. Those assays are well known in the art and for example
described in Current Protocols in Cytometry, John Wiley & Sons, Inc., updated).

) ‘The terms “functional biologically active polypeptide(sy” or “finctional biologically active.
fragment(s)” refers to polypeptide(s) or fiagment(s) having the finctional biological activity of

anti-apoptosis peptide. This means, that a functional biologically active polypeptide or a

functional biclogically active fragment has at least 50%, more preferred at least 80% and even

30 more preferred at least 100% or more of the functional biological activity compared to the

corresponding wild-type anti-apoptosis protein.



nol ecul es having the sequence of SEQ ID NO 5, SEQ ID NO_7, SEQ ID NO 9 or
SEQ ID NQ 11. 25 "Functional variants” include nuclei ¢7a8PEmHRSr806 es

whi ch hybri di ze under stringent conditions to a nucleic acid having any of
t he sequences defined above, e.g. having the sequence of SEQ ID NO:3, SEQ
| D NO 3O ®Re630pD NO 7, SEQ ID NO 9 or SEQ I D NG 11 andCEERMSHBeg for a :
functional biologically active bdé-xL gene of hanster. The term "variants"
refers in general to an 30 alternate form of a pol ynucl eotide, which may

have_a substitution, deletion or addition of one_ or. .nore cl eoti des which
does Thom ﬁ% pugleie apid yequences cith e PigRREd BFe Flandied fechugnss wﬁﬁvﬁwﬂ? de. 27

Sept GDSf sidlP 46 the%%%%&%%?@tiﬁ’&ﬂu%@@és&%l eera's'eP&QﬁP Sagtidn'Bedhika Nt S”

refer in general rent nucleic acid sequences

) \ I ecul es hawtr;ge wicl 0
but wigencsis It dre presentpnysniions 9 phdicilady preferieddel-xlo avcleinpeid sequente sxtheence.

Thi s; hat. ;an 6. 186{ d.-wWhi n for. ' havi n
(e SPEAS PatyplrtEhigR ot sEUTRTG TSl SRERRR LN RERER S ) o
ZIQ SSE@E@NGEBJ\EEQ,IDSE@h 5l m?QﬂNOSEgEQDD\NIEmaES%Q IBEgIDﬂD 'ﬂéa igllﬂcnitien a ]
egeneratiye tant thereof. According to the above-described aspect, the
presafﬂuméﬁrﬁW%lys‘?ﬂuﬂmlﬂ’@ 10 EFHeHT fosheRg seqnepere PRt 0 ¥ ioHiE equence
encogengia eHdoﬁln%g 's&;%leﬁ(?és,fifﬂclu\d_ﬁxgbi?écbi&birﬂﬁﬂ!@,en‘éﬁ%ér%dl Nmbfaks Na Ghfar@Ci d 1S

sel ected from (a) nucl éic acid having the séquence of. SEQ ID NO 3, or the

conpiraivelad Aerpions ard fragioents, Spnstional egnivalets erivasivas, omelnes and fugions #ht or

mut ( g td Vv i . ke -4 _sequence
ot | Besp HEREASHaR, ke BRI RERRIR, B ki Bl bdfenb e FEICL- 6 1S
necl gbieinds bfinmequeizie ikembregteferred( ambodameht (td3 ofhamstek efiginaci d whi ch

hybridi ze to any of the nucleic acid sequences defined in (a), (b), or (c)
under stringent conditions. The present invention further provides a DNA
CONPHi ghisNébneext) UL bfdl&ic 3eiddecIBFURR G BERL0 Hohidkold 26R0bL Bdrhster s afekh ve bcl - xL
gene, wherein the nucleic acid is selected from (a) a nucleic acid having
t he idewigd derdhe firstitieme amd ppise pomided HyNite presetdyvemiqgolbe isltyd|pmser 11, or

t he RPRE ) o1 Vani or

nmut a]%?gp %%ggﬂmﬁaﬁ?ﬁ @éﬁgﬁg aﬁ%r@ﬁéﬁgiﬁg at vé35 %hfhg{]ﬁrﬁ/éeg?&?#ueg a?ﬁf}é; erc acid
sequiioe Critefduygtisens. The nse(af)ancantitapbpivsis aootein lkpedded) batthis samenc® $oahpnol ogy

t f | ei i d def | i - and, (d | ei i d
i CAPISHPR Hepbiit G, iy TOReA, Gercheraive 0 26T AeRkhsra®) ditohel in (a)
() , prodesd FrblodBAL Leld brl iRl O tintabIa6H bi IMring dboptolR isa prRfe-arb@Embshinehegd ment t he

present invention is also directed to a .conprising a nucleic acid
sequbppesEhiyentiog Howewst ayrleigiapid saeuencas esecrdm&gg%ﬁé Ty pher SPpEiessB@uence of

SEQ 48 éﬂg&%%%%gk%%ggf%taﬁw 7, SEQ ID NO9 or SEQ ID NO 11. 25 The

proteins e y anyo ose DNA sequences, nentioned above, result
2O a nore or ‘ ,

BCL~xL protein is encoded by a bel-x gene. It is known from the human bel-xL gene, that two
different RNA molecules are produced, one of which codes for BCL~xL (long form) and one of
which codes for BCL-xS (shoxt form). The BCL-xS lacks 2 section of 63 amino acids found, in
the BCL~xL. BCL~%S has been shown to favor apoptosis, and therefore it is preferable to use a-

25 ¢DNA for expression of the BCL-xL rather than a genomic fragment. In another preferred
A embodiment 2 BCL-xL mutant, or a BCL-2 mutant, with improved anti-apoptosis properties is.
encompassed, e.g. by deleting a non-conserved region between the BH3 and BH4 conserved
regions and thus increasing the protein stability of the mutant protein variants (Chang et al.,
1997; Figueroa et al., 2001).
30
In a firther preferred embodiment the present invention provides, modified variants of the
hamster bel-xL gene, especially of the hamster bel-xL gene encoded by SEQ ID NO:3 as

mentioned above. Such modified variants include but are not limited to nucleic acids molecu]es




| ess stabilized formof hanster BCl-xL. protein. The use of one or nore of
these hanster BCL-xL mutants in any inventive processzm%’f‘f‘v"ﬂ?%l@%s cell
survival by inhibiting or delaying apoptosis, as described herein, is a

hi ghly preferred enbodi nent of the present invention. The present

I nventwWons/ngsoBherefore al so directed to a pol ypepti dexr/Brbd/shesi s encoded by -
any of the 30 nucleic acids sequ&hces descri bed above which encodes for a
functional biologically.active bcl- xL gene. 27 Septenber 2006 WO

- 03/ 083093 PCT/ EP03/ 03063 19 TABLE 2: Anti - t i f the bcl -
o pniah seaoteedt SEOTHIOG: SEQTD Nork SE NOB P iF MR for el aank

Accgﬁéﬁ %glc -ﬂtsgfﬁu%h%z%@aﬁ at%giiﬁ&ﬁo &eﬁ%&r&ﬁ,@]ﬁ&%m AF120211 bcl-xL (nouse)

L35 rat 963 cken)” 223110 bcl -2 (human) ML3995
bhfr-1 AF120456 bcl-2 (nmouse) ML6506 (herpesvirus) bcl-2 (rat) L14680

bhf- in- A22899 bel-2 .(,chi ' g2 (hamst
mfn R et ayoeet I ot A B ACAHA Mo Bayle ibast B3 (TR
femise 96%' k6% pRErably OT%, bval-DRER frtfandtly D8%handampst Rata@blycte 1 ( human)
AA 5492 Al (rmuseéj@UZB?M (_NAGENESE -1 (hu m‘ﬁ%ﬁmmmz gdn- 2
(hu fogessaT ohibs oIt G9etess eI RIS 0 P15 SRR 1 5380
rggz% (IhuNBF 494

ﬁﬁﬁhﬂ%\@%?ﬁﬂ&c@)gp%% 185ﬂ?e3§ ggfﬁ{g.ggs’ﬁ% e ang’ A 'nucI ei c acid

seqN@rR:ei‘ SBQ IDeNOHdr dihn myhtinsmay ben caystdy by iasediops, gaibs ng

D o Bk S orfcte (hAGHHaRE St @0 6r BRABRR dliefiRhod e &&m%casnﬁm of

gen
10 mutant” also includes any fanctional biologically active fragment, deletion or insertion mutant of .

any of the above mentioned nucleic acid molecules, which have a homology of at least 95%,
preferably of at least 96%, more preferably of at least 97%, even more preferably of at least 98%
and most preferably of at least 99% to anyone of these molecules, or af least to functional
fragments of these molecules. The term “functional mutant” also includes any functional
15 biological active fragment, deletion or insertion mutant of any of the above mentioned nucleic
acid molecules, wherein biological active part of those fragments shows at least 95%, preferably
of at least 96%, more preferably of at least 97%, even more preferably of at least 98%, and most
preferabiy of at least 99% homology to the biological active part of the belxL gene of hamster.

2 A “fmctional fragment” also means a DNA .molecule, which encodes for a functionally active
portion of the hamster bel-xLL gene, especially of tﬁ'e nucleic acid having the sequence of SEQID
NO:3. Examples of preferred finctional fragments of a hamster bel-xL gene are the nucleic acid
molecules having the sequence of SEQ iD NO:S, SEQ ID NO:7, SEQ ID NO:9 or SEQ ID
NO:11.

25
“Functional variants” include nucleic acid molecules which hybridize under stringent conditions
to a nucleic acid having any of the sequences defined above, e.'g. having the sequence of SEQ ID
NO:3, SEQ ID NO:5, SEQ ID NO:7, SEQ ID NO:9 or SEQ ID NO:11 and encoding for a
fanctional biologically active bel-xL gene of hamster. The term “variants” refers in general to an

s0  alternate form of a polynucleotide, which may have a substitution, deletion or addition of one or
more nucleotides which does not substantially altér the function of the encoded polypeptide.



s origin, which may be single or double stranded and represent the sense or
anti sense strand. The pol ynucl eotides of the invention2f eplgadendelbei c aci d
regi ons wherein one or nore codons have been replaced by their synonyns.
Addi tionally included are pol ynucl eoti des which have a coding sequence

whi ch WO @/osmebural |y occurring allelic variant of a mrmiEmgoemesuence, for
exanple, a' variant of the coding sequence of SEQ ID NO 1, SEQ ID NG 2,
SEQID NO 3, SEQIDNOS5, io SEQIDNO7, SEQIDNO9 or SEQ ID NO 11 As
known in the art, an allelic variant is an alternate formof a poi

nuc| ‘Gwgenbestiveigbnistayeftraine genesal biot Dt imwleculge (heving ndifereald aneleiorecst one or

nmore_nucl eat i des .whi.ch does. I . al Al of the

e CBTEoT b S P He 1 AR BoRtee praE b MG b} ol el AL il

de][ eﬁlﬁidﬂ?;ﬁuﬁlﬁcﬁﬁe uﬂﬂﬂhf ithGintqiee Forly ila@ptidd hariyithe ﬁminofacﬁesie@enemwhifdhl'mg e
pol ypeptide. Therefore, not_subs [ alter net __the encode
pol yesessied by any ef the sgquences; tsﬁ%ﬁ) @%ﬁﬁﬁﬁjﬁ’&fﬁg@ %5%§5&3§3N9§1 ivity of
the &WN@Q'IX@@%%&V%Mt%@OﬂSO% more preferred at | east 80% and

even nore preferred at |east 100% or nore conpared to the corresponding
wi | d-type encoded pol ypeptide. 27 Septenber 2006 WD 03/083093 20

T R0 B06e-ARERed ERE WlhrodoR RilchebP okl i HIER PRI REARRIAY O

speci guences” of nucl nucl er c* acl
chr cnmgivieacid seuercbléncodingachiviogiaslly antivt dtled. fame, whortinghs suakic acd fer

G el g TR POl LoPE e SRAGRL: RVRY B RETSrRAChSPRRBFERF 0r  ami no

1 AfrardtheleB (B LRBRioBA fraghlcRD Fhld or iRkl (deficlaties Rid Mm deE&!&atﬁ?P ene

encodes a protein, if transcription and translation of nRNA produced by

t hatofgemvencirivenid sequense dpfineddn f2); (r) & nusleic agid hevingat lagh P bemoleggiem Bot h

t he ' r t ti f | b Bl i to the
v 3180 o5 sBinee' o B} G TR ARG 3o il Bihrichec (3R cRhe 1. codi ng
st r andleicuaeid saguehire definpl dt d2) db),tdre(d) anterastengdanptconditionsf Thegemsenbr cDNA

can Jbe referred to..as odi ng.the pratein..or other product. of. that gene
or CBFUon proxidgg p g’%ﬁ%&?mg?ﬁe%%%g“‘ iy P@Feﬁe‘fl,“f’flﬁ%?‘}fgglélgén oﬁgné; i c acids
hhatachdy 8cldi E&R! QhbreUGh aRbicitCadi® Gy Sdl6hE Both (@) eaeleidgié dawingnhe10 acid
sequence of the protein due to tsgétmg%gener a% of the genetic code. Nucleic

aci cesqupnee ofRHQ B NO. SEIPNGQY, SREQ HI N hb or fig\popiplemsaBYY nt r ons.
15 The " GENAL Qs s SRS -

deoxyr |%§¢1%§I°gl-c églb)gs éﬁ@g uce%i%gl%}leve?%éga%ér angg}riﬁl%ﬁgérégﬁgm{te Bt; cally
s ec aungt-of theamdlei\anidiseginsesafefinédNa (a); (QtawexclelRNbidiravihgat tbaktyP5Yahamolegy |

doubl e- st randed, . a cDNA nol has. bot d
n 8 ﬁ L 38? ﬂgﬁ%rn%g]ﬁﬁ?a}c@eﬁ?g‘éegg?sﬁg?#&gd ngap;na%s gﬂ):? gﬁ?&%‘g %ﬁgégﬁﬁﬁ |n?ﬂi]rlzﬁ b %’er case
bet Lk of (iR micleB@brskquehdtd idefied i Ch)y @B iri(e)amdérastrihgeit oflditibss. Bf a mors -

preferred embodiment the present invention is also directed to a DNA comprising a nucleic acid

sequence encoding a biologically active bel-xL gene having the sequence of SEQ ID NO:3, SEQ
ID NO:5, SEQ ID NO:7, SEQ ID NO:9 or SEQ ID NO:11.

25 The proteins encoded by anyone of those DNA sequences, mentioned above, result in a more or
 less stabilized form of bamster BCIl-xL.protein. The use of one or more of these hamster BCL-xL
mutants in any inventive process which prolongs cell survival by inhibiting or delaying
apoptosis, as desctibed herein, is a highly preferred embodiment of thé present invention. The-
present invention is therefore also directed to a polypeptide, which is encoded by any of the
30 nucleic acids sequences described above which encodes for a functional biologically active bel-

xL gene..
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polynucleotide and fragments and portions thereof and to DNA or RNA. of genomic or synthetic

5 origin, which may be single or double stranded and represent the sense or antisense strand. The

‘polynucleotides of the invention include nucleic acid regions wherein one or more codons have

been replaced by their synonyms. Additionally included are polynucleotides which have a coding

sequence which is a maturally occurring allelic variant of a coding sequence, for exainple, a’

variant of the coding sequence of SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:5,
SEQ ID NO:7, SEQ ID NO:9 or SEQ ID NO:11. As known in the art, an allelic variant is an

alternate form of a polynucieotide, which may have a substitution, deletion or addition of one or

more nucleotides which does not substantially alter the fimction of the encoded polypeptide. The

function ofa polypeptide is in general determined by the functional biological activity of said

encoding polypeptide. Therefore, not substantially alter the function of the encoded polypeptides

15

more preferred at least 80% and even more preferred at least 100% or more compared to the

 corresponding wild-type encoded polypeptide.

means, that the level of functional biological activity of the encoded polypeptide is at least 50%,



Such host cells are obtainable, for exanple, by the nmethod conprising (L)
introducing into a namalian cell popul ation nucl ei c &S8P REe& "t hat
encode for an anti-apoptosis gene, a selectable anplifiable marker gene,
and optionally at |east one gene of interest, wherein said genes are
oper at WEIX8MPhked to at | east one regul atory sequerbe/EHBASMNg f or
expression of said 25 genes, (ii20) cultivating said cell popul ation under
conditions where at | east said selectable anplifiable marker gene and said
anti-apoptosi s gene are expressed, and which are favorable for - obtaining

mul tiple copies at |east of the anti-apoptosis gene, _and'(i ii.) selecting
cel | eftérﬂz{n.‘élp@djﬁ | deferPRPHL %Heféﬁ%%ﬂ% Lty DEQIRIBE abgrehttslof Rhletiffits @9 aat | east
of t'he anti-apoptotic gene. As ntioned above, it is preferred to place
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Additionally, throughout this specification, the singular form “a”, “an” and “the” include pluyal

references unless the context clearly dictates otherwise.

The term “polypeptide” is used interchangeably with amino acid residue sequences or protein
and refers to polymers of amino acids of any length. These terms also include proteins that are
post-translationalty modified through reactions that include, but are not limited to, glycosylation,
acetylatidn, phosphorylation or protein processing. Modifications and changes, for example
30 fusioﬁs to other proteins, amino acid sequence substitutions, deletions or insertions, can be made
in the structure of a polypeptide while the molecule maintains its biological fimctional activity.
Yor exaniple certain amino acid sequence substitutions can be made in a polypeptide or its

underlying nucleic acid coding sequence and a protein can be obtained with like properties. As

nprise for exanple -
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o1 y i Bl SoL, e RIS, Sorc BB b G AEH SPEPRIP G o AR ey
9' Utzﬁdﬂuﬁﬁl@&ﬂ*}%pﬂﬁﬁou fidRic acid sequences that encode for an anti-apoptosis gene, a

selectable amp]iﬁable marker gene, and optionally at least one gene of interest, wherein said

f

genes are operatively linked to at least one regulatory sequence allowing for expression of said”
25  genes, (i) culiivating said cell population under conditions where at least said selectable
amplifiable marker gene and said anti-apoptosis gene are expressed, and which are favorable for
obtainjng'multiple copies at least of the anti-apoptosis gene, and (iii.) selecting cells from the cell
population that incorporate dluitiple copies at least of the anti-apoptotic gene. As mentioned
- above, it is preferred to place at least the anti-apoptosis and the selectable amplifiable marker
30 gene in close spatial proximity to allow a more effective amplification of the anti-apoptosis gene.
| Therefore in preferred embodiment of method described herein, at least the anti-apoptosis and
the selectable amplifiable are encoded by the same DNA molecule ,e.g. both genes are placed on

the same expression vector, and will therefore be commonly introduced into the host cell. In a
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addi't enco or any one of the genes listed in Table 2. In a nore
preferred method the antr-apoptosrs gene encodes for BCL-2 or BCL-xL, and
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not only comprising the anti-apoptosis geneé in copy numbers which allow to improve cell

survival but also showing high level of expression of the gene of interest, also encoded by the
genetically modified host cells. Methods to find out the highest-tolerable expression level for an
20  anti-apoptosis gene having the maximum effect on reduction of apoptosis rate without leading to
dramatically decreased cell growth rates or genetic instabilities and without 2 negative impact on
the productivity with regard to the protein of interest are weil known for a skilled person in the
art. They include but are not limited to, for example, generating growth curves, monitoring the
viaBi]ity of cells by measuring exclusion of non-peimeable dyes by microscopy or flow:
25 cytomeiry, quantifying apoptosis by TUNEL or Annexin V assays, determination of product
| titers by ELISA and evaluation of the gepetic stability of the transfected genes over several
passages by Southern and dot blot analysis or quantitative PCR. :

In this iﬁvention, for example, a sufficiently enhanced cell survival is given, if the expression

36 level of the anti-apopotsis gene, e.g. the bel-xL gene, reaches intraceltular survival-effective
| concentrations of the encoding polypeptide compared to the parental, non-amplified cell. A
~ sufficient enhanced cell survival is provided for example, when the level for bel-xL gene

expression, or. for any other anti-apoptdsis gene resulis in a cell population having at least an
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cell sumval is reached, when at least about 60% of the cell population is viable after 8 days. Ina
further embodiment, a sufficient enhanced cell survival is achieved, when at least ab'out '_75% of
the cell population is viable after 7 days, furthermore if at least about 85% of the cells are viable
after 6 days.

The “selectable amplifiable marker gene” usually encodes an enzyme which is required for
growih of eukaryotic cells under those conditions. For example, the selectable ampliﬁable
marker gene may encode DHFR which gene is amplified when a host cell transfected therewith
is grown in the presence of the selective agent, methotrexate (MTX). The non-limited exemplary
selectable genes in Table 3 are also amplifisble marker genes, which can be used to carry out the
present invention. For a review of the gelectable amplifiable marker genes listed in Table 3, see
Kaufman, Methods in Enzymology, 185:537-566 (1990), incorporated by reference.

L, 170 (VDR1)

Accordingly, host cells geneticaily modified according to any method described herein are

encompassed by this invention, wherein the selectable amplifiable marker gene encodes for a
polypepﬁde having the function of dihydrofolate reductase (DHFR), glutamine synthetase, CAD,
.adenosine deaminase, adenylate deaminase, UMP synthetase, IMP 5'-dechydrogenase, xanthine

guanine phosphoribosyl transferase, HGPRTase, thymidine kinase, thymidylate synthetase, P

glycoprotein 170, ribonucleotide reductase, asparagine synthetase, arginosuccinate synthetase,
omithine decarboxylase, HMG CoA reductase, acetylglucosaminyl transferase, threonyl-tRNA
synthetase or Na'K*-ATPase.

A preferfed selectable amplifiable marker gene is the gene encoding dihydrofolate reductase
(DHFR) which is necessary for the biosynthesis of purines. Cells lacking the DHFR gene will

not grow on medium lacking purines. The DHFR gene is therefore useful as a dominant

 selectable marker to select and amplify genes in such cells growing in medium lacking purines.

The selection agent used in conjunction with a DHFR gene is methotrexate (MTX). The present
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TABLE 3:  Selectable amplifiable marker genes

Selectable Amplifiable Accession Number Selection Agent
Marker Gene '
. | Dihydrofolate reductase | M19869 (hamster) Methotrexate (MTX)

E00236 (mouse)

Metallothionein D10551 (hamster) Cadmium
M13003 (human) .
M11794 (rat) '

| CAD (Carbamoyl-phosphate |{M23652 (hamster) N-Phosphoacetyl-L-aspartate

synthetase: Aspartate 78586 (human)

transcarbamylase:

Dihydroorotase) .

Adenosine deaminase 1K02567 (human) Xyl-A- or adenosine,
M10319 (mouse) 12 deoxycoformycin

AMP (adenylate) deaminase |D12775 (human) Adenine, azaserine,

_ JO2811 (xat) coformycin
UMP synthase J03626 (human) 6-Azauridine, pyrazofuran
IMP 5’dehydrogenase - J04209 (hamster) Mycophenolic acid
, J04208 (human)

M33934 (mouse)

Xanthine-guanine X00221 (E. coli) Mycophenolic acid with

phosphoribosyliransferase limiting xanthine

| Mutant HGPRTase or mutant | J00060 (hamster) Hypoxanthine, aminoptetin,

thymidine kinase {M13542, K02581 (human)  |and thymidine (HAT)
J00423, M68489(m0use) ‘ '
M63983 (rat) .
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t_he I ble %%sctec%llg Eil‘%uusmg a DHFR encoding gene as a selectable amplifiable marker are
‘m-a:mmalian cells, preferably murine myeloma or hamster cells. More preferred are CHO-DUKX
(ATCC CRL-9096) and CHO-DG44 (Urlaub et 51., Cell 33[2], 405 — 412, 1983) cells which are

5 deficient in DHFR activity. To extend the DHFR amplification method to other cell types, a~

mutant DHFR gehe that encodes a protein with reduced sensitivity to methotrexate may be used

in conjunction with host cells that contain normal numbers of an endogenous wild-type DHFR
gene (Simonsonet al., 1983; Wigler et al., 1980; Haberet al., 1982).

10

Another embodiment of this invention also provides host cells which are genetically modified by

introducing nucleic acid sequences that encode for an anti-apoptosis gene, 2a DHFR gene, and at

least one gene of interest. In a further embodiment, the anti-apoptosis gene of said host cells -

- encodes for any of the anti-apoptosis gene listed in Table 2, preferably for the bel-xL. gene, more

preferably for the bel-xL. gene of human or hamster origin, even more preferably having the



or - gene is identical to an endogenous sequence or gene %gs ge hoib gell
For exanple, a hanster o0 bcl-xL gene, introduced intg WA ﬂ

cell, is by definition a heterol ogous gene. Heterol ogous gene sequences can
be introduced into a target cell, for exanple a nucleic acid sequence
encodi W@ BOE30%L, by using an "expression vector", prEfrEmbbipsan eukaryotic,
and even nore preferably a mammadbi an expressi on vector. Methods used to
construct vectors are well is known to a person skilled in the at and
"described in various publications

articular techni ques for
consetqumengQLIDtl‘&blleSE@@Bm3 SEQ[QIN&@) SEQHER O tSP&ﬂIbﬁot%@’ $ERict i onal
h t | at
o ofB RO T R Ao Biel PR 3P RE ot (SRl P%‘r%ﬂd B B R nal's,

ar ethegasfewed i n consi der abI e details in Sarrbr ook et al., 1989 and
references cited therein. Vectors may include but are not limted to 20
plasm d vectors, phagenm ds, cosmds, articificial/mni-chronpsones, or

¥' I BlostRfil gén oBified %2%&6&%&@&@&@5&@.\16@@&% sesmedderfosbel-sL, the
adeno- associ at ed VIFUS er pes si | ex virus retroviruses
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as an orirgin o} cation and anthIOtIC resi st ance
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vectors, containin cl.oning, site in nucl e can be
opeF“&fl'feﬁgF%?qniiﬁR% %B é“tﬂiﬁ?’t# ‘%h %F@h?ﬂ@toﬂﬂg %’6?%’6 t(ét-la@gr%‘?grm al ly
16‘V6‘ )gbdh@r cie&&ma& ﬁaaﬁruna%esmtm aiplifibife edeker lgane laahy af thEAendsMeietir ogen,

- Carls CA; Pronega, Madison, W or BD Biosciences Clontech, Palo Alto,
. CA. Hﬂﬁﬂhlfﬁa preferred enbodi nent the expression vector conprises at | east
one nucleic acid sequence which is a regul atory sequence necessary for
transcription and translation of nucleotide sequences that encode for a
pept[‘hel efrmoisyipetioh ingent” tefera tovo subsapecthiti istedfetop withdhe growteorssupried ©f6n  vect or

R e R e T Pt G

19f Eﬂ%nﬁﬂi@ﬁcq@éiétﬂﬂe g&ﬁqﬁdam (ddhognoeide phaphithastenid)imp aptsfsital gine, t he

sel ectabl e anplifiable maker ﬁw 1ﬁ:and a gene of interest. Iatory
H&

seq ﬂ@r@élbmhp frenelisén (Grfbiscrsed. Elaqmsagenran s SBIPHEH AT pHH yl ation
ST 093P whidh AULARLARE pBLE heloflbsGl Mt ForShfiEfIh coiQdl thdiififlabRe and

cons u Ive regu y*sequences ar he art to function in
var gawﬂf m éelebgablesnaﬂferagmc rélietlionria i ylmpbgahlfas@@%tabéﬁ oyekar. Fonsxamiey

C ANEER . sl s TN G T R R O BRI B Sl ROORRER,

zslggﬂbctﬁ)ﬁqgﬁimb&metmmfomwmmmm initiation site refers to the
nucleic acid in the construct corresponding to the first nucleic acid

~incorporated io into the primary transcript, i.e., the mRNA precursor; the
T ARG phdilt ARt dn s Shiti P gtnbrSte ¥ cells for the production of biopharmacentical
~ polypeptides/proteins. The invention is particularly suitable for the high-yield expression of a
Jarge number of different genes of interest by cells showing an enhanced cell viability and-

25 . productivity. “Gene of interest”, “selected sequence”, or “product gene™ have the same meaning

- herein and refer to a polynucleotide sequence of any length that encodes a product of interest,
also mentloned by the term “desired product®. The selected sequence can be full length or 2
truncated gene, a fusion or tagged gene, and can be a cDNA, a genonnc DNA., or a DNA
fragment, preferably, a cDNA. It can be the native sequence, i.e. naturally occurring form(s), or

30 c.an be mutated or otherwise modified as desired. These modifications include codon
optimizations to optimize codon usage in the selected host cell, humanization or tagging. The
selected sequence can encode a secreted, cytoplasmic, nuclear, membrane bound or cell surface

polypeptide. The “desired product” includes proteins, polypeptides, fragments thereof, peptides,



overlap with the pronoter sequences. The termtranscriptional termnation
site refers to a nucleotide sequence nornally represer/etPPRMGSi€086 end of
a gene of interest or the stretch of sequences to be transcribed, that
causes RNA polynerase to ternminate transcription. The polyadenylation

si gnal We&§R3MM3e or pol y- A addition signal provides tHGCE/ERIEE for the
cleavage at is a specific site at7the 3'end of eukaryotic mRNA and the
post-transcriptional addition in the nucleus of a sequence of about 100 -
200 adeni ne_nucl eotides (polyA tail) to the cle d 3'end.. The
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el erren ronoter or pronoter/enhiancer. Alternatively, the
X pipkssidvecies,t ngeanids, dvamispaticificialfping-chromesenespol ghaluvecios gisl he

af orenenti oned el enepts .can _be expr.essed fr,on e tral Lption units
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sequences that facilitate the propagation of the vector in bacteria such as an origin of replication

and antibiotic resistance genes for selection in bacteria. A variety of eukaryotic expression-
25 vectors, containing a cloning site into which a polynucleotide can be operatively linked, are well
known in the art and some are commercially available from companies such as Stratagene, La
- Jolla, CA; Invitrogen, Carlsbad, CA; Promega, Madison, WI or BD Biosciences Clontech, Palo
Alio, CA. '

30 In a preferred embodiment the expression vecfor comprises at least one pucleic acid sequence
" which is a regulatory sequence necessary for tramscription and translation of nucleotide
sequences that encode for a peptide/polypeptide. In a more specific embodiment, the expression
_'vector comprises at least one regulatory sequence allowing the transcription and translation



nore transcription units, each of which can be used fo %he expressi on of
one or more of the elenents nentioned above, can be uée e@ﬁwbPh§¢%Huced
into a host cell by co-transfection or in sequential rounds in any order
of the introduced transcription units. Any conbination of elenents on each
vect orwoamodiewschosen as long as the transcription umpcrEres/@Besufficiently is
expressed. Further elenents as deened necessary may be positioned on an
expression vector such as additional anti-apoptosis gene(s), gene(s) of
~interest or selection markers. The prerequisite for the present invention
i s tlexpressionh of thd mucleotidecequences et ieneqrle fonti sinfrepeptestrogenhdhe sedewddabl e

anpl ifi ker "gene at t sa time, either in separate transcription
uni t@%ﬁﬁgﬁéﬁ@%g%ﬁéﬂﬁéﬁg?e oth in one transcription uniit in a single
vector, to allow for the co 20 anplification of the anti-apoptosis gene
along with the sel ectable anplifiable marker gene, In a further
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exanple, the tetracycline (tet) pronoter io containi ngl?the tetracycline

operlﬁ’ﬂlbﬁ_ %ﬁ&h@’i@éct( mév@}ﬂabmlmah %@l}z?e@(pggsseél. t‘s’@tmﬁ’@?]clll Q§eme é‘@@i}’ ﬁf"e d_ |
(T an@@edy;y fcfliol¥oftie bohdirhh: RS ifithel beloW 1 dilert8 obifizk Bfrodsion' it N1 DI t 0

in t resence. o
may be necessary to remove, add or alter 5° and/or 3 untranslated portions of the nucleic acid

sequence to be expressed to eliminate potentially exira inappropriate alternative iranslation
25  initiation codons or other sequences that may interfere with or reduce expression, either at the
level of transcription or translation. Alterpatively consensus ribosome binding sites can be
inserted 'immediately 57of the start codon to enhance expression. To produce a secreted
polypeptide, the selected sequence will generally include a signal sequence enéoding a leader
peptide that directs the newly synthesized polypeptide to and through the ER membrane where
30 the polypeptide can be routed for secretion. The leader peptide is often but not universally at the
amino terminus of a secreted protein and is cleaved off by signal peptidases afier the protein
crosses the ER membrane. The selocted sequence will generally, but not necessarily, include its

own signal sequence. Where the native signal sequence is absent, a heterologous signal sequence



other inducible pronmoters including jun, fos, metall othj ' at :
shock pronoters, see, e.g., Sanbrook et al., 1989 and'ﬁ&%&?ﬁn%&?%&?&? 1994.

Anong the eukaryotic pronoters that have been identified as strong
pronoters for high-level expression are the hanster pronoter of the as

Ubi qui VP#383%3 gene and functional fragnments ther eof CAEPERA3063| bed in

W97/ 15664, the SV40 early prorrfﬁ er, adenovirus major |ate pronoter, nouse
nmet hal | ot hi onein-1 pronoter, Rous sarcoma virus long term nal repeat and
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manmal i an pronoters inc .g., acti ter, 1 munogl obul I'n

pr omav&lablefieom seqnenck dyrlmsestsaetsas GinBank arddiMBLI oned pronmoters are wel | 20
"known in the art. Any of the above nentioned pronoter is highly suitable
to controll and initiate the expression of at |east the anti-apoptosis

gene The exressioh vedtar ¢an\containeesifids tratefiptiond@R aod dpftssibitsfhdantEaopsie Tl €, a
suti abl e exp esgliFon g tor for introducing the anti-apoptosis _gene and the
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pronoter of the Ubiquitin S27a"gene of a 25 functional “fragnents thereof as
desc Flemsuts it thagmame reater oy promoteleghaneer) Alernativiely, ghet éxpreso@oveiar cagene i s

undeg, gl | HBLR ar’ - the Ubjquitin S27a_ agene. An
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on asgpawkm transctiptione mhitn edtht eawhstmispipton afit @ogain@gothecodicngr FeENCce t O

ich ii.is operatively lipked. Unliké 30 pronpters, enhapcers are :
g aﬁg\l}‘t&W %%F‘%‘WE%J? 8%34%?{ & Isweﬁ?ﬁ%ﬁggﬁﬁmaﬁ&ﬂﬁawm_qﬁs@ﬁd 5' or
3' t ombhetrinseriBioh it GAchIBf iwhichichh ibE w88l fof KOS pREsiYE bE 0AS oMinbil &F dpe codi ng
sequence itself. Therefore, enhancers may be placed upstream or downstream

f or nPiEmEnts meptoner 3bovsn canha sad pagh introfluesd dnto athosioellibyenodtanefectiontaarimes f r om

the QLRERLE t: | t TRy enlap . t egber 2006
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A | aflgments wbesachfveetoh @At dreschosarmas largr aethe trinscrifitioh ewritat ars Quffickatlpr e wel |

o] ' h rt ¢and identified.in datahases, such as GenBapk, e.g. SV40
ah e kekdsda Buftdr AR S5Feb Heatthon Bl Demaitouid i 2 SRR vesiel
avai sush| & additdnal WintiRipBpt64iO NedeE0! ynbE) It inflPest QFUSNGESn (haRes. §n8-
deposi tories_such as the ATCC as well as 5 other commercial or individual
© sour RERuisi for disprognt BWeRhioncs dan porimdrodustion jof thecenfirapapiosis gengeipdehees (such
as ! RecHBRTEHIYaMSE 2k \MnP HORESSR itk SAmEORIRE S Se EQIFE@H ?Jnn@gtlg ﬁﬁ g gs. For

exanpl e, all of the strong pronpters 1iste ove al s¢* co f ong
enha¥¥cB¥0s veotors tqrabndle rif e orengeription defii ives @ngle gedor, Wb tdilow forabasbs uct t hat

nt. | e to he 1 ranscrjbed, . rein the genes
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at | eas(f5 %é}ganscri tionally |linked. More than one protein or product can be
t r arkSEf )0 terest 4% bring dnegrporaied at the same time, either in separate franscription units

on one, iwo or more vectors or in one or more transcription unit in a single vector, to allow for

the co-amplification of the anti-apoptosis gene along with the sclectable amplifiable marker and

25 the gene(s) of interest. It is preferred to place at least the anti-apoptosis and the selectable
amplifiable marker gene in close spatial proximity to allow a more effective amplification of the
anti-apoptosis gene. Therefore it is preferred that at least the anti-apoptosis and the selectable

| amplifiable are encoded by the same DNA molecule, e.g. if both genes are placed on the same

expression vector, and will therefore be commonly introduced into the host cell. It is further

30 more preferred to place both genes in one transcription unit, e.g. by using a common promotor

element, to allow for co-expression and amplification of said genes.
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of the sel ected sequence that are contained within the 15 unit:
"Operatively linked" neans that two or nore nucleic acid sequences or
sequenw® Bhex®wNt s are positioned in a way that pernp¢sErdemst o function in
their intended manner. For exanpl3@, a pronoter and/or enhancer is
operatively linked to a coding sequence if it acts in cis to control or 20

- nodul ate the transcription of the |linked sequence. Generally, but not
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expressi on of a heteraqgl ogous sel.ected, sg@ ? i n t}]
the expression of at least the anti-apoptosis gene in all of the mventlve ost cells described
herein. For example, a sutiable expression vector for introducing the anti-apoptosis gene and the
selectable amplifiable marker gene in a mammalian host cell comprisses an anti-apoptosis gene,
a selectable amplifiable marker gene, and the hamster promoter of the Ubiquitin S27a gene or '
25  functional fragments thereof as described in W(097/15664. Preferably at least the anti-apopotsis

gene is under control of said hamster promoter of the Ubiguitin S27a gene.

An “énhander”, as used herein, refers to a polynucleotide sequence that acts on a promoter to
enhance 'tran;‘:cﬂption of a gene or coding sequence to which it is operatively linked. Unlike

30 promoters, enhancers are relatively orientation and position independent and have been found
5%r 3o the transcription unit, within an intron as well as within the coding sequence itself.

- Therefore, enhancers may be placed upstream or downsiream form the transcription initiation

* site or at considerable distances from the promoter, although in practice enhancers may overlap




I's present invention preferentially an anti-apoptosis gene, e.g. bcl - xL or
bcl-2, and/or a gene of interest, introduced into a hosA? ¥entemberdffficed
expression can be achieved by different neans. In the present invention
expression of an anti-apoptosis gene such as bcl-xL or any ot her gene
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of (artificial) transcription factors or treatnmént of cells with natural
or synthetic agents to up-regul ate endogenous or heterol ogous gene
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" h#t emwltogous anti - apopt osi s gene by nethods of the art, e.g., by Southern
bl ot analysis or s quantitative PCR nethods. It is within the know edge of
a person skilled in the art how to choose ‘the nost suitable controls and
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although an operatively linked promoter is generally located upstream of the coding sequence, it

is not necessarily contiguous with it. Enhancers do not have to be contiguous as long as they
25 increase the transcription of the coding sequence. For this they can be located upstream or
downstream of the coding sequence and even at some distance. A polyadenylation site is
operatively linked to a coding sequence if it is located at the 3"end of the coding sequence in a
way that transcription proceeds through the coding sequence into the polyadenylation signal.
Linking is accomplished by recombinant methods known in the art, e.g. using PCR
30 methodology, by ligation at suitable restrictions sites or by annealing. Synthetic oligonucleotide
linkers or adaptors can be used in accord with conventional practice if suitable restriction sites

are not present,
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I ndependent ribosone entry site for translation of t he open reading frane
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chromosome/mini-chromosome or may be located episomally. This approach can be combined

" with a fluorescence activated cell sorting (FACS)-supported selection for recombinant host cells

25 which have -co-amplified the anti-apoptosis gene by using as additional selection marker for
example a fluorescent protein (e.g. GFP) or a cell surface marker. Other methods for achieving
enhanced expression (either on its own or in combination with the possibilities mentioned above)

may include but are not limited to use of (artificial) transcription factors or treatment of cells
with natural or synthetic agents io up-regulate endogenous or heterologous gene expreséion,

30  improvement of either the stability of the mRNA encoding for BCL~xL or of the protein itself
(e.g. deletion of protease-susceptible regions not relevant for the biological function of the
protein), increasing the translation of the mRNA, or increasing gene dosage by use of episomal
plasmids (based on viral sequences for replication origins, such as .SV40, polyoma, adenovirus,



transfection, protoplast fusion, viral infections and m croinjection.
Preferably, the transfection is a stable transfectionZ? fieptembendf@ti on
nmet hod that provides optimal transfection frequency and expression of the
het er ol ogous genes in the particular host cell line and type is favored.
Sui t abwe 62@3mst hods can be determ ned by routine preordpoz®ocs For stable
transfectants the constructs are33either integrated into the host cell's
genonme or an artificial chronmosone/ m ni-chronosonme or |ocated episomally
-so as to be stably maintained within the host cell. A "sel ectabl e marker
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or scent proteins (e.g. green fluorescent proteins (%E?’ and their
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cell, a polycistronic transcript having an IRES operably linked to the second or subsequent open
reading frame in the transcript allows the sequential translation of that downstream open reading”
25 frame to produce the two or more polypeptides encoded by fhe same transcript. The IRES can be
| of varying length and from various sources, e.g. encephalomyocarditis virus (EMCY) or
picornavirus. Various IRES sequences and their use in vector construction has been previously N
described (Pelletier et la., 1988; Jang et al., 1989; Davies et al., 1992; Adam et al., 1991; Morgan
et al., 1992; Sugimoto et al., 1994; Ramesh et al., 1996; Mosser et al., 1997). The downstream
30 coding sequence isoperatively linked to the 3‘end of the IRES at any distance that will not
| negatively affect the expression of the downstream gene. The optimum or permissible distance
between tﬁe IRES and the start of the downsiream gene can be readily determined by varying the

 distance and measuring expression as a function of the distance.



to select for reconmbinant cells. 20 In accordance with the teachings
herein, the present invention provides al so a nethod f27 Stplembexp00d8ssi on of
an anti-apoptosis gene, a selectable anplifiable nmarker gene and at | east
one gene S of interest in a host cell. Said nmethod conprising the steps:
(L) i ntwoadiegsosnng i nto a host cell popul ation, preferadyeponizoessa hanster host
cell popul ation, the nucleic acid4sequences that encode for an
anti-apoptosis gene, a selectable anplifiable marker gene, and at | east one

- gene of interest,’” 25 wherein said genes are operatively |inked to at

| east one regul atory sequence allow ng for expression of said genes, and
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either integrated into the host cell’s genome or an artificial chromosome/mini-chromosome or

located episomally so as to be stably maintained within the host cell.

A “selectable marker gene;’ is a gene that only allows cells carrying the gene to be specifically -
25 selected for or against in the presence of a corresponding selection agent. By way of illustration,
an antibiotic resistance gene can be used as a positive selectable marker gene that allows the host
cell transformed with the gene to be positively selected for in the presence of the corresponding
antibiotic; a non-transformed host cell would not be capable of growth or survival under the
selection culture conditions. Selectable markers can be positive, negative or bifunctional.
a0 Positive selectable markers allow selection for cells carrying the marker by confeming resistance
to a drug or compensate for a metaboﬁc or catabolic defect in the host cell. In contrast, negative
selection markers allow cells carrying the marker to be selectively eliminated. For example,

using the HSV-tk gene as a marker will make the cells sensitive to agents such as acyclovir and




production of several desired polypeptides. The genetically nodified host
cells described herein not only encode for the genes “h&eptanbar@8Pdnsi bl e
for the enhanced cell survival, e.g. an anti- apoptosis gene and an
anplifiable sel ectable marker gene, but optionally for any gene of interest
20 encwoiosgs3dwr a desired peptide. Accordingly, the prwErenesesnventi on al so
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Fab fragments may al so be produced in the nean tinme by genetic engineering.

Furt her .anti bo fr s include, F(gbh')2 fra s. . which may be

pr e&?@ﬁO%glﬂﬁ,ﬁﬂ%éﬂ&@,%%ﬁBi“@%ﬁ?{jﬁ gﬁ%[v#egﬁg%g?rﬂpg @%ﬁ% ‘5&%@? & l’éﬁ %eeri ng
t Squl-fa f Si . ' of pRgNERioctestdpt ch 0

g%ng% gt on dyﬁao t’hlg&tegﬁ gtﬁ@%ﬁ%ﬁ%‘?‘?ﬁ‘%ﬂ“@?&%ﬁ and of the |ight

c hai protei YGFP)hed ¢heim@riante fromrAsuonsa aistaTia ahd Rgnilia rauformia ghether spegiesabl e =

bondPRg-GPen TR et o GRu BRRs o RAAIRER ooy 7O B

f r aomRelb@ fanrecopibimmt 8dlebi | i sed. It is advantageous to |ink the variable
regions of the heavy and F of the light chain by a short peptide fragnent,
e.g. of 10 to 30 amno acids, preferably 15 amno 15 acids. In this way a
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population, preferé,bly into 2 hamster host cell population, the nucleic acid sequences that encode
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for an anti-apoptosis geﬁe, a selectable amplifiable marker gene, and at least one gene of interest,’
25 wherein said genes are operatively linked to at least one regulatory sequence allowing for
expression of said genes, and (ji.) cultivating said host cell population under conditions wherein
said genes are expressed. Methods, teaching to a skitled person in the art how to introduce one or
more polynucleotides into a host cell are exemplary described above. Moreover, examples are
also given by the invention how one or more genes can be linked with at least one regulatory
30  sequence allowing for expression of said genes. Moreover, it is also described that is preferred to
to place at least the anti-apoptosis and the selectable amplifiable marker gene in close spatial
proximity to allow for a more effective amplification of the anti-apoptosis gene. Host cells,

suitable for expressing said genes are those mentioned by the invention. Suitable candidates of



(1988, PNAS 16: 5879-5883). 20 In recent years, variou trategqi have
been devel oped for preparing scFv as a nultineric der?@%lepég‘%gefﬁﬁgﬁ S
intended to lead, in particular, to reconbinant antibodies with inproved
phar macoki neti ¢ and biodistribution properties as well as with increased
bi ndi n§vReFE®Yy. I n order to achieve multinerisati arcTafrosbsmescFv, scFv
were prepared as fusion proteins3ith nultinerisation domains. The

mul ti merisation domai ns maybe, e.g. the CH3 region of an 1 gG or 25 coiled
coil structure (helix, structures) such as Leucin-zi pper domai ns. However,
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g nipedye 8Akibody proteins fromthe s prior art can be found in Hu et al.
(1996, Cancer Res. 56: 3055-61). By triabody the skilled person neans a:
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20 encoding. for a desired peptide. Accordingly, the present invention also provides to persons |

skilled in the art 2 process for producing a pro’éein of interest in a host cell, comprising (i.)

cultivating any host cells of this invention under conditions which are favorable for the

expression of the énti—apoptosis gene and the gene(s) of interest, and (ii.) isolating the protein:of

interest from the cells and/or the cell culture supernatant. Also provided is the use of said cells’

25 for the production of at least one desired protein encoded by a gene of interest.

- Desired lﬁroteins are those mentioned above. Especially, desired proteins/polypeptides are for
example, but not limited to insulin, insulin-like growth factor, hGH, {PA, cyfokines, such as
interleukines (IL), e.g. IL-1, IL-2, IL-3, 14, 1L-5, -6, IL~7, IL-8, IL-9, 1L.-10, IL-11, IL~12,

30 ]L—lB, -4, 1-15, 1L-16, I.-17, IL-18, interferon (IFN) alpha, IFN beta, IFN gamma, IFN
~ omega or IFN tau, tumor necrosisfactor (TNF), such as TNF alpha and TNF beta, TNF gamma,
TRAIL; G-CSF, GM-CSF, M-CSF, MCP-1 and VEGF. Also included is the production of

erythropoietin or any other hormone growth factors. The method according to the invention can
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20 interest. More preferred are host cells conprising nultiple copies of
those genes, at least of the anti-apoptosis gene and tdfeSepigrabaranpe
anplifiable marker gene. Miltiple copies of those genes are obtainable by
met hods al so descri bed herein, e.g by gene-anplification processes, and/or
by pr % @i0pEshost cells with nultiple gene copi es iFCEEBRI3OW0REr way, known
to person skilled in the art (e3§. introducing concateners of the
gene(s)). 25 Suitable anti-apoptosis genes are but not limted to those
listed in Table 2. Preferred are host cells conpr|3|n nultlple copi es of
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-popul ati on of host cells showng a viability of at |east about 50% when s

cul PRted for 9 days. Furthernore, host cells are suitable and preferred
by the present invention that show a viability of at |east about 60% after

8 days of cultivatjon reover, eII re pmeani ng of
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at Ie st..an .ipcrea e|n | val t 0 7-, 8-,

or T}l“‘}”x/lbﬁ"r H‘Efg’r ogt, Fﬁegfplgtgﬁﬁgfn%g %Hdszg %I];ﬁfis%n ich is not

{EDd'aElu@drn% WAL sRPR| deplidnitiaan iobiines coldirting m:famranéd/larlmkembse host cel |

popul ations having an’increase in_ is survival_ of at. ﬁa]?‘h ooutIESBO% and
a tr

eve rpemﬂeémﬁcreﬂaran@wda peotein of thiskipd idmeraes aseleRheigF S
sur Vuf\égé -t gtgp ot g}tﬁ Jf?ﬁ? h{ﬁ%ﬂﬁn%ﬂ ﬁfet or artOre ddscribdt in WiistSr &fﬂ.

cul tTv e parental cell population. Suitable host cells
or Hhvess, PHAR 1p0§87D#BB3IN i n t he nmeaning of the present invention includes
20 hamster cells, preferably BHK21, BHK TK , CHO CHO Ki, CHO DUKX,

CHO DUKX BI, and CHO D344 cells or the deri vatlves/progenl es of any of

iuchn%ée’nt |ybdi'é3 vaflads itfidowds| have bebie dewdbped for preparing scFv as a multimeric
derivative. This is intended to lead, in particular, to recombinant antibodies with mpmved
'pharmacolqnetlc and biodistribution properties as well as with increased binding avidity. In order
to achieve mulfimerisation of the scEv, - sCFv were prepared as fusion proteins with
multimerisation domains. The multimerisation domains may be, e.g. the CH3 region of an IgG or

25 coiled coil structure (helix structures) such as Leucin-zipper domains. However, there are also
strategies in which the interaction between the VE/VL regions of the scFv are used for the
multimerisation (e.g. dia-, tri- an& pentabodies). By diabody the skilled person means a bivalent
homodimeric scFv derivative. The shortening of the Linker in an scFv molecule to 5- 10 amino
acids leads to the formation of homodimers in which an inter-chain VH/VL-superimposition

30 takes place. Diabodies may additionally be stabilised by the incorporation of disnlphide bridges.
Examples of diabody-antibody proteins from the prior art can be found in Perisic et al. (1994,
Structure 2: 1217-1226). .




are CHO DXA4, CHO DUKX, CHO Ki and BHK21, and even nore gartlcul arly

CHO D4 and CHO DUKX cells. In a further enbodi nent &f 9@@"}99@%@9&

i nvention host cells also mean nurine nyeloma cells, preferably NSO and
Sp2/ 0 or the derivatives/progenies of any of such cell' 25 line. However,
der i vawouseslosngeni es of those cells, other nmammual i arcweres/e063 ncl udi ng but
not limted to human, mce, rat 3nonkey, and rodent cell lines, or
eukaryotic cells, including but not limted to yeast, insect and plant

- cells, can also be used in the neaning of this invention for production
pur pB@'emmbsdJy iﬁhekﬂ;ledl patommenss arbivadenti hoamtiinimis tscEedéryatitrolti cogsists of 2ased
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i ntroduced 1nto ce s alre W ng increased cell viability as
descri bed herein or whether the anti -apopt 0si s gene(s) along wth a

sel egt abl. e rrp' abl e markervmll rod
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mar k s) co-transfected with the gene of interest, to identify cells that

have #rapencsead 1q the forgafien eftimers; nt er est . Typical |y, the transfected host
cglls are subj ected to selection for expression of the selectable
mar ker-('s) culturing in selection nedium e.g. for about 2 weeks.
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sufficient expressi of he h product (s) and al so of

t he %&%ﬁ@sﬁ@%&%@ &h@v?@‘%ﬁoﬁqﬁb?hg‘f@ %g)ich sel ection step can be
performed on cell pools or it can be comnbined vvlth cl one selection by,
e.g., limted dilution. Selection can be supported by fl uorescence

act i Peefeagd dwit cells of dhy presant (EvagB)n i thesealspartbpd iharen ansk which stcheing GFP i s
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co-transfected with the gene of interest, to identify cel s that have

i ncofficapaplesis eme wperibe selectable amplifiablenyaykergens. Mﬂlﬂaletqoaw& pEthwegigmest cel | s
are subleched bgﬁ%%lftlldg%fshggslc&%d %@heﬁgwge&f u%%' %ctegs%% fo (s) by

culturing 1n's Fect on
providing host cells with multiple gene copies in any other way, known to person slﬂllad inthe

art (e.g. introducing concatemers of the gene(s)).

25 _ | _
Suitable anti-apoptosis genes are but not limited to those listed in Table 2. Preferred are host
cells conipxising multiple copies of a BCL~xI. encoding gene and multiple copies of any one of
the selectable amplifiable marker genes listed in Table 3. The most preferred selectable
ampliﬁélﬁle marker gene is a DHFR encoding gene.

30

' Host cells suitable for protein production are showing over-expression of the anti-apoptosis
protein that is at least about 30-fold mcreased, preferably at least about 50-fold, even more




contains the selective agent which is specific for the

anplifiable marker used before to' 25 generate a host 3Z%Pp§?ﬂ§ﬁ§9W%ed
viability. The selection step can be perfornmed on cell pools or can be
conbined with clone selection by, e.g., limted dilution. Selectlon can be
suppor wed3183093f | uor escence activated cell sorting (PACEpodd30@an appropriate
mar ker such as GFP is used for 8%®lection. Optionally, cells can undergo
further anplification steps to increase the copy nunber at |east of the

~gene of interest, if another selectable anplifiable narker was used for
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obt afuhiation: gechalacax 8¢t abir & day, cullivaiioe apreobtanala(edn S%eelflgurﬁé it can
be C&ﬁpbﬂ% ‘gﬂ%ﬁy%lﬂﬂﬁ Gl 136t aR¥ncr Qm 5 iV bEst lgds{ éﬂohf)ﬁb% 2BrQCLion can

suppo uorescence actli vate sorting (FACS), if an
apprﬁmp?—; &t @Mﬁ%@ﬂﬁ\@aommmdds the@t%ntaécﬁlmu}famn, @éﬂl@as nermodifie Byrotei n of

I nt erest efer bl ecov r reted 15
pol yisen EPRREan el MiEE PERECH i b cel o T ARl BB S50

W t hatitiva ofee nsa*stoxbwummaind evieh thére pEaslodry host qa:llrpdp}ﬂatldﬁ& mﬁtgeann of

i nterest from other reconblggnﬁéﬁrotelns nd h cell roteins in a way

t hatEERFS B FHYIERY Of showhsheas pATSE B Ond- ey O%FOWP?F@ est are

obt %'ﬂfefbareﬁmléeﬂlbd fatist.ep, .cells and/or partlcul ate cell debris are renoved

fromthe culture dium or lysate. The product of interest thereafter is
purified from contam nant sol uble proteins, 20 polypeptides and nucleic
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col ums, preci féver se hadex

6 GiXRisRY Eéil%hﬁreferéﬂﬁr MZQQBEMTYKO CIE0) CHO-RT, CHO-DURK] Qﬂoemmgqa resin
such as DEAF. In general, nethods t-eachi ng a skilled person how to purify

a praod SIHO-B&Héroelloguibe dukptiesivengenips hbany of shdheell dine. Reetiqularly proforred
are CHO-DG44, CHO-DUKX, CHO-K1 and BHK?21, and even more particularly CHO-DG44

and CHO-DUKX cells. In a further embodiment of the present invention host cells also mean
murine myeloma cells, preferably NSO and Sp2/0 or the derivatives/progenies of any of such cell’

25 line. However, derivatives/progenies of those cells, other mammalian cells, including but not
Himited to human, mice, rat, monkey, and rodent cell lines, or eukaryotic cells, including but not
limited o yeast, insect and plant cells, can also be used in the meaning of this invention for
production purposes. |

30 The selection of recombinant host cells showing increased viability and expressiilg high levels of
2 desired protein generally is 2 multi-step process. Selection strategy depends on whether cells
are co-transfected at least by all three relevant genes (anti-apoptosis gene, selectable amplifiable
marker gene(s), gene(s) of interest, and optionally additional selection marker gene(s)) in



known in the art. Such nethods are for exanple described by Harris and
Angal , Protein' 25 Purification Methods, in Ri ckwood arfSeRiemRerél® The
Practical Approach Series, IRL Press (1995) or Robert Scopes, Protein
Purification, Springer-Verlag (1988), both incorporated by reference. One
gener aWwosushgmer of the present invention is to provieEyeropesson skilled in
the art with host so cells showdng an increased cell survival. Cell
survival can be increased by inhibiting or delaying programred cell death,
" e.g, apoptosis, by any nethods as described herein. The nost sufficient
way fafaller) Rdemer e lgbnebd) o interestiwill thie ntroeiacednigtoodells hirsady shawritg tnerdasedt o provi de
~a host cell with pultiple cqpies of at |east a Gt r Ol o%sli oduced
ant i< yebilEg s deseribedhgemm o ffiethar the RatRBARlossS; 858 B RE /P °03/ 083093
PCT/ FRARL08 Qe %ill GintrSdueBe Blio KRNCHIT bAiSssE PWdA dehal) oficperessi on of those
antl-a?popt 0SI'S gene copies. The present invention also provides host
cells, conprising at |l east 5 copies of a heterol ogous anti-apoptosis gene.
Al's oyi ded are : risd s Lo
et P AR it Sooan efiSRh S i ooRRY drpblieflr @R Smrl O 49 Beofn 1 s
pr ovthaRe(d) @6 tranebdtal with gy peviend interokte asideify ol et hive igcapwetedtheenbodi ment
at |l east. 50 copi es,. d.in a furiher tbodi gent .at l.east .100 copies of the
het eieBHBRIURREH; iry%lﬁg& %l@@g@ﬁég st c%‘ﬁ“@%@ﬁfl %c? Fﬁ}%‘%ﬁl 58S rggs?%les sever al
met hpdg defecBbhihirk&d) bp ehiBBihgiif sélBion tediY e feampiid wesksCholloaddg cel | s,
conprising nmultiple copies otg an heterologous anti-apoptosis gene. Those

met Hbadscells ereuckposndtstepraserto suscessivebidinergasingoaraounissed; the agp elegtion ()

st epw ol i fi [ at | ; ;
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dos agae(®ithatselbatasle amplifidide enavkey gena(s) mid theugeae(shnf interag optib sufficigaihe by use

and introduction of episonmal,plasmds .as d ribed abov WY r using
i n eaipﬁeﬁ%onaﬁéfﬁ? Petealogbls Ao ey Lad . b ScheRner ?b%?(sﬁfa‘%“s")é(ﬁfbed f or
exanphstaikd MapRedectbn stép cadRperfoRisd @deRtposls e itehd bbyortishal witcelond s

Sui tabl e anti-apoptosi s genes are any of those |listed in Table

r 2._or
desceleptéan b reg.nlimifed) dileion; Selepfion: Gag heasupportsd Ry arerespents A8 at‘fdnselﬁum ei c
Ci ol | sk foPdecBbnt Ne sequences encoded
B %&%ﬁggﬁﬁggi‘“@@’%gﬁéﬁﬁﬂk&é%%%}%bﬂﬁ SEO D NO 7, SEQID NO 9 or SEQ
| D-NG 11, or any functional variants or nutants (degenerative and non
degenerative) thereqf.. Preferred is host ¢ ri.si ' pi es of a
gengﬁéﬁ&ﬁﬂ? Cqsﬁrsug%l%}éis-t ?%Eso © %a’_s-fffe%rmr l%affe){ﬁg rgF’ ‘2%5% 5 EH 1I{i,‘tp%'(1 ﬁ,tﬁée)md even
mor excREGHR ke Qénelflopllonsily BURRBabler anlififiabler gent,i whith difes from eher ef erred
is a host cell comprising nultiple copies of a nucleic aci% .%Evi ng the
sequelsstablsfamplifiable magter geng ysehbeiore taEenqgraie ts host @@@qf Eriered vi ak‘?ﬁ D NO 7,
FQ | RPd bHREY FANAL eXREdRALT (R selBetignt s
deg‘ie%ﬁé%dlg\ygﬁsaf%&n%e% argelgg%%%?daﬁs\?e). thereof. In %ﬁ?urt her enbodi nent the
ant i maepoatsinsfected with tliogtinn gf BBires, tofidentify cells that have incorporated the gene
of interest. Typically, the transfected host cells are subjected to selection for expression of the
selectable marker(s) by culturing in selection medium. Optionally, the selection medivm also
contains the selective agent which is specific for the selectable amplifiable marker used before to’
25 generate a host cell of enhanced viability. The selection step can be performed on cell pools or it
- can be combined with clone selection by, e.g., limited dilution. Selection can be supported by

fiuorescence activated cell sorting (FACS) if an appropriate marker such as GFP is used for

selection. Optionally, cells can undergo further amplification steps to increase the copy number

at least of thé gene of interest, if another selectable amplifiable marker was used for transfection.
30

In the third case, recombinant host cells or production cell lines already expressing the gene(s) of

interest are co-transfected with the anti-apoptosis gene(s), the selectable amplifiable marker

gene(s) and optionally with additional selection marker gene(s) and/or gene(s) of inferest,




2s having the sequence of SEQID NO 2 is preferred. A's referre re host
cells conprising different anti-apoptosis genes, e.g. ggggetp@éeqéj@% t hose
listed in Table 2 or any of the others described herein. In a nore
preferred enbodi nent of this invention, at |east one copy of the mxture
encodewofoafsigushet er ol ogous BCL-xL. 30 Suitabl e host reaidpesi@oes any of those
described in the present inventidh, e.g. those nentioned in Table 1. Mre
preferred are host cells of hanster or nurine origin, e.g. marine nyel ona

‘cells, Even nore preferred are CHO or BHK cells, particularly CHO D4,
BHK2 T’,helBhkmﬂl@S,dlé@,t fragpidicanes Gao-DURIeblidig beiocopbinatproddbail cel |'s or

t he ' | i [ r_ 2 : 2CT/ EP03/ 03063
43 gﬁéﬁgf% ﬁfg# %%ﬁ?fﬁhggrﬁ{%%% %%4?@%?@%%%&%%%@%?50 O K1

and BrekEwly igendicaduinarkey g6idQ) D@dduliarits GHe:IRIGK medilm. foHebdut Gelvksksdescr i bed
abov n.be.addi tional L.y nodified by iniroducing at. l.east.one heterol ogous
s ge‘r(:i)gﬁ 1y thg sgleptiagy, 2$O{AS 353% rfFlteF'i’]‘(Fe?ﬁePgWEJﬁ‘s‘B %@H%e&’ﬁéh%ost cells
CONMpEdlectably fikei() Wed GePrefo Sinerfe MBlboRibRRhOflodndRASASindePAIdwRgH above,

and further conprising at |east one gene of interest. The practice of the

prestiib the, gels 716 Fxmpsel topdiiseyto- suereseiucly inmseasingeamomaiscof e aswhiGeng i onal i o

t echpd I ' I J: . olo and
o TH2uER aflnisE co-anyip oo e itluB0on i i) ol UMM SrnblBBNO O0Y
f ul | Jarkies géngsamd dptiondlly wrranefetted igeme(s) tofiintereSamtit sufficieBaedpraasian of a@t ,

Mol e oni ng:.. ‘A _Laborat ory Minual ., 2 d., Cold Sprin rb

' Laboir%gétt??ey F%’S%‘,%S‘&@F‘ae gﬁ?ﬁ& %iﬁ%‘%r %acﬂ} S?fwg%%s{; dl?fsﬁ?ﬁépg@i_‘glh?‘g{ Curr ent
R ot pandd 6r itrvan bl coeibinad vRHOLIBAY sdldeB8 by e gatiatled LAY RictiorEsmewy i al

Mol ecul ar Eéigé@g%, |RL Press (1991); is Goeddel ed., Gene Expression
TechBPYLRLDY, fnce prtyated cgldh sorfing ERAGRIelt|an @pprgprige giarker genersaesas or |
Cl onGrp isaRel ARadidsibs, of Eukaryotic CGenes, Bartlett Publ. (1990); Wi et al.,
eds., Reconbi nant DNA Met hodol ogy,' Academ c Press (1989); Kriegler, Cene
Transfer and Expression, Stockton Press (1990); MPherson at at, PCR A

Pr ack D IRL_Press at  Oxfard University Press (1991):, Gait ed.,
ai git;ll'rlﬁcj?koéég?i (E}g&%}%ﬁt hlgs?rgfeégéﬁ ;OVWF% I%Jﬁm ngukgeeé'ﬁ%ﬁs A& 1 %ansf er
Vect prigpepiide, Mpitomd beanecdvetad Srofl BT fall 1Pshidsef expebssed iDL 4 Sorefery bipnal. .
Bi ot.echnol o (1991); Pol|ard et al., eds., Animal Cell Culture, Humana
Prest ?&?ﬁﬁ%’ ter &p ptem of njegest fromgihqr peonefrinanf prpsginsaand host egllan | ¢ .

Li ssprothih A a why'qRdt ns‘ﬁﬁétantfﬁﬂy glo%héno@ O B AGHE @fp?i%t 95. ﬁt oh terdsfGld cal

Approach, I'RL Press at Oxford Unlversity Presss aned et al.,

eds. obtamegAs efirss slep.ropllnand/ospanticwiste cyil debyis kiegemoeddom thegrlwamedingt ocol s i n
Cyt . h / |.e CoiaiRd d\%?' W.rt user, Cenetic
Engi ne %%f?igﬂ%f ﬁ&# Aﬁa&s@ﬁ?ﬂ%ﬁe} & bt ,'fﬁn%ﬁg xﬁg h%“’mg ,Sg?ﬁﬁgrl?:?tﬁiné’r ed., ,
WCH, polypieptiies radafiBlcioiatidst foe examiyile by Wattivastionadn imhdynonifiedy ofibe-agdmmg Press,
columns, ethanol precipitation, reverse phé.se HPLC, Sephadex chromatography,
chromatography on silica or on a cation exchange resin such as DEAE. In general, methods

D;

teaching a skilled person how to purify a protein heterologous expressed by host cells, are well
known in the art. Such methods are for example described by Harris and Angal, Protein

25 Purification Methods, in Rickwood and Hames eds., The Practical Approach Series, IRL Press
' (1995) or Robert Scopes, Protein Purification, Springer-Verlag (1988), both incorporated by
reference. '

One genefal subject of the present invention is to provide a person skilled in the art with host
30 cells showing an increased cell survival. Cell survival can be increased by inhibiting or delaying
programmgd cell death, e.g, apoptosis, bj any methods as described herein. The most sufficient
way to enhance cell survival in the meaning of this invention is to provide a host cell with

multiple copies of at Ieast a heterologous introduced anti-apoptosis gene and culturing the host




Inc.), and Harlow et al., eds., Antibodies: A Laborato 7 All
- publications and patent applications nentioned in thi sﬁiﬁge{ém%@égﬁaﬁ are

i ndicative of the level 30 of skill of those skilled in the art to which
this invention pertains. Al publications and patent applications cited
her ei n V0 @/0892by i ncor porated by reference in theirpenEpmeiogsi N order to
nore fully describe the state of42the art to which this invention pertains.
The invention generally described above will be nore readily understood by

~reference to the fol |l owi ng exanpl es, which 27 Septerrber 2006 WD 03/083093

P|C|T | iy Inda Genlivans a&ﬂmémélb%xprmﬁm@%hOWﬁne+ayopms gane cppieso abepmﬁ?t
it o el Qoo s 1801 < BE AR RY B 80 5 468k SR RumelelS P Romitr o "G

chi ngae. Ahaptmdedwmstdaﬂmoﬁpﬂmwg afledsalaecdpmwhasreml@oﬂdnaéapopmﬁyrre i nked
i MMuUNoSs ant assa FACS: orescence actjvated. cell sorter HITC

f | uoPEECHOHOVEotifiP %H’é‘feéu  PIRvideshoshpells, epomsising 26 least?0 capiss Bint hi ne

and fdovidr dinBedimbRt 4t RS 50 Eﬁp%snﬁid #al ORHAGFEYdintent bf Rast VBKcopiBl mge exate
PAGE: pol yacryl am de gel el ectrophor esis PBS: phosphate buffe sal i ne

PCR: hwplpseusam-a@mtms gag(s) iTha prepent iventioroprovidesweverdl mehedp-tpamkilledver se

R e o T T

adh emtieapopmble geree Thadb nidtliddo iheludd but@%dz hotdintited e tHobKHdtabad dbdvie( e.gro ) ( Ur | aub
et aI .1983 rmane in su nsion.in the serumfree nedium
rfliﬁﬁg %ﬁ&ﬂog%wn@ﬁwﬂéﬁaﬁp@aow $‘3ﬁ‘eﬁ‘§7ﬁ"c‘i3<§¥1%| ne and

selectlve agent, (i) mcreasmg gene dosage of at least one heterologous mtroduced anti-

apoptosis gene by use and introduction of episomal plasmids as described above, (m.) or using in
vitro amplification systems based on DNA-concatemers as described for example by Monaco et

al., 1996, incorporated herein by reference.

15 Suitable anti-apoptosis genes are any of those listed in Table 2 or described herein in general,
particularly encoded by any of the nucleic acid sequences referred to in Table 2 or by any of the
sequences encoded by SEQ ID NO:1, SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:7, SEQ ID
NO:9 or SEQ ID NO:ll, or any functional variants or mutants (degenerative and non
degenerative) thereof. Preferred is a host comprising multiple copies of a gene encoding for

20 BCL-xL or BCL-2, more preferred for BCL~xL, and even more preferred for BCL-xL of human

_or hamster origin. Even more preferred is a host cell comprising multiple copies of a nucleic acid
having the sequence of any one of SEQ ID-NO:1, SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:7,
SEQ ID NO:9 or.SEQ ID NO:11, or any functional variants or mutants (degenerative and non
degenerative) thereof. In a further embodiment the anti-apoptosis gene encoding BCL-2 or'

25 having the sequence of SEQ ID NO:2 is preferred. Also preferred are host cells comprising

- different anti-apoptosis genes, e.g. selected fiom those listed in Table 2 or any of the others
described herein. In a more preferred embodiment of this invention, at least one copy of the

nixture encodes for a heterologous BCL-x1L..

30 Suitable host cells are any of those described in the present invention, e.g. those mentioned in
Table 1. More preferred are host cells of hamster or murine origin, e.g. murine myeloma cells.
Even more preferred are CHO or BHK cells, particularly CHO-DG44, BHK21, BHK TK, CHO,
CHO-X1, CHO-DUKX, CHO-DUKX B1, and CHO—DG44 cells or the derivatives/progenies of



30 thym dine (Invitrogen, Carlsbad, CA), were incubated_i el | ure
flasks at 37Cin i hunidified atnosphere containing S%Qé%p?%t?q@%bére
seeded at a concentration of 2x105 <cells/m in fresh nediumevery two to
three days and cell suspensions (500 |I) were analyzed for cell nunber and
vi abi | wowsnssoaszg a CASXL cell counter (Schaerfe Syst equ/ressosedy). Viability
was al so confirnmed by trypan bl ues dye exclusion. Single cell cloning was
done by standard 35 dilution technology in 96-well chanbers. For the

"DHFR: based sel ection of stable transfected CHO D&A4 cells CHO S-SFM |
med iy ofvsiidhosel] Tyep dxeD phifaed e HO-TIGHAN CHAD USRS ACHOBHF Rad 33 BR Igene
anplif,ication was achiev % addi ng 20 nM MI'X (Si gma, Gernany) as
ain?"F‘?‘ﬂPFéﬁ’ggp&g%?’P% T A€ medi um For batch cultivation clones were
seeded in duplicate into cell culture flasks (T25) containing 12 nml of the
appropriate nmediumand kept for 7 or_9 27 Septenber 2006 WO 03/083093
PCTHeroelodeaded sbovtops be pdditinnally modified by dntradaeing aidepstone bstpralogosh nedi um

When I t.] . | :S; S- SFM |
FodP, Gl S et 56 Bt BB i bR BB BpuSBE HUHE, 1 ST
pas saesnf a0 ahfi-apopedsts geny psdastrited above, tixbfiptheseonpesiof atlesst mCE@eDB44  becane
adherent) and seeded at a concentration of 2x105 cells/m in fresh nmedi um
eveF’;’e’W\D to 5 three days. i | 2, Expression vectors The basic vector

pBI D, based on the pAD-CW vector (Werner et al., 1998), nedi ates

constitutive expression of the_heterol ogous genes driven by the@ng/
pr oWbe @ractieehah ther pregent inventipadwill emploganHesnebewisetipdiciyd cofysrfonbne as

RAr f d BlcéNe l;AM

o iR Be it b i oy PRl Gl ey AR Blcky ot o e s AN SE) and
¢l oftedikilindfoont: e thecrtc Ehese mathniguesi are fulkyidisvitised inothel c8ednk literturp e .e.g esul t i ng
in QpBI | CA e human .homl ogous, of , bcl - Xlhaa( SEQ . 1 ank -
Accggtg%ﬂﬁl\%r‘?gle M‘Hﬁ% @fmﬁﬁ‘gg‘bﬁ&@?@E apﬁlNgdS,ﬁgﬁgr?Baﬁl%% (Iz-lgﬁsﬂsb? on Nunber
ML 3 9 @50rat¥Ry Bresd, QORI S;ﬂih? Hid¥Bor, . EXI%EYY) Ansubel prk, Gamdmd|Protosols Far the |
construction of pBI D-bcl-2, bcl-2 was at, first PCI?— aﬁﬁﬁlse? f rom human
t ot Molguiar M&!ﬁ@ﬁo#ﬁ@ﬁdﬂiﬁfﬁvﬁ@dp@@?@lm‘ﬂﬁﬁ? A%y s U0 t r ogen,

r o Erem. i ' exc) ' let gat into the
v CREBL ot o BBt Tichndli, GER PRn IR el el 2R, | ) i
Prre Mathodls $erdCloning; RESAmelysix bf Enkegyndiot Gafes,dbmdet! Puld S@AYg¥iu etal.agds, 1998) was

cloped i,nto. t fill.ed jn Xpal,si.te, 20 | P-. S L lL.Lp the
bi cgff‘?ngﬂ?adﬁ éﬂ%ﬁeé&%ﬁﬁﬂ%& %Pac}?glbe%rﬁﬁ%gﬁ g[‘.‘%&%:\%én\%}eg%%’ﬂgm%g the basis
f or EkpRssidi) Stockieh Peds CfoopBMRPRGkontt dby PERt A PrasticalgApieach,) IRANPessE=B el enent
from pBlD-sl CAM bcl - xL by, Sal |/ Xhol degest i,on agg rﬂ:ﬁ Q%bﬁn
p SERmferdbniversity RegspdP21) Halt adingligonucleotide Synthesis (1934); Mille os eds.,
20 Gene Transfer Vectors for Mammalian Cells (1987); Butler ed., Mammalian Cell Biotechnology
(1991); Pollard et al., eds., Animal Cell Culture, Humana Press (1990); Freshney et al., eds.,
Culture of Animal Cells, Alan R. Liss (1987); Studzinski, ed., Cell Growth and Apoptosis, A
Practical Approach, IRL Press at Oxford University Presss (1995); Melamed et al., eds., Flow
Cytometry and Sorting, Wiley-Liss (1990); Current Protocols in Cytometry, John Wiley & Sons, *
25 Inc. (updated); Wirth & Hauser, Genetic Engineering of Animals Cells, in: Biotechnology Vol.
2, Pithler ed., VCH, Weinheim 663-744; the series Methods of Enzymology (Academic Press,
' Inc.), and Harlow et al., eds., Antibodies: A Laboratory Mannal (1987). '

All publications and patent applications mentioned in this specification are indicative of the level

30 of skill of those skilled in the art to which this invention pertains. All publications and patent
_' applications cited herein are hereby incorporated by reference in their entirety in order to more
ﬁ.ﬁly describe the state of the art to which this invention pertains. The invention generally

' described above will be more readily understood by reference to the following examples, Whiph



secreted al kal i ne phosphat ase under control of the -.SV4?¥ gr onot er éﬂg ont ech,
Palo Alto, CA). pG.2-Control contains the firefly luc pPRIEMPRL 2008

SV40 pronoter (Pronega, Madison,' 25 USA). 3. Transient and stable
transfections Transfections were conducted usi ng Fugene6 reagent (Roche

D agnowwi @egsiombH, Mannheim  Germany). Per transfectpemeidsmosd(err)
exponentially growing CHO- D44 calls in 2m HT- 30 suppl enented CHO S- SFM |
medi um were seeded in a well of a 6-well chanber. A total of 4 jig

"~ plasm d-DNA and 10 (err)l Fugene6 reagent were used for each transfection,
f ol | 8%ihegEby Aeclysted msrdy fordhe piposewdl illusbationaf cerfim ermbadiments ofibE poasémins wer e
perf gramel | i.nlie g _.s cells were harvested 48 hours
post ﬂ{rangfaggﬁelon%.un@?gds@a T‘éﬂ?%@'gt;@%f%ﬂg%he medi um was 27 Sept enber
2006 f |' WD 03/083093 PCT/ EP03/ 03063 46 replaced with HT-free

CHO S-SFM |- nedi um 72 hours post transfection and the m xed cell

popul ati ons were selected for two weeks prior to analysis or cloning with
medi IXANIPIIBESS every 310 4 days. Single cell cloning was done by standard
di lution technol ogy. For anplification of the heterol ogous genes,

eg| gltegiqﬁg,'gto the chronosones of the host cells, single cells derived s

i nt

fro genetically nodified host cell popul ation were seeded into

96- WeHO: c hanbehinetetbamstecovirpi ned 200 pl HT-free CHO S-SFM | nedi um

suppbDerRat ed \giliydroZtlae MdifEise Anplified single cell clones were selected
rifg ”-Week%ngﬁ@ nded | culture flasks. Fi 4. sICAMELISA to

g?lcéj &}Afers i sucolg?rﬁggé%ﬁéﬁg%bgnﬁﬁg% ntified by ELI SA with standard

pr ot 'S (Au ST Ry Ly ared of ﬂ,eupdat ed) using two in house devel oped

sl cA eci f i dUAFRGE BHBIOCHREhodi es (as  described for exanple in US

pat eHBEVNo. 5 hoparadish pergxidass 091)  whereby one of the antibodies is a

HRPGHonj ugat deiPexaethiseayd ihymidirg ed sl CAM protein was used as a standard.

sanplRES: wer e inferaplyibesprassentey site Spect ra Fl uor Pl us reader ( TECAN,

Crai MBei m GCarethwhyyate 15 '.. 5. Reporter enzyme assays The firefly _

| uci PAGEse r epolyaaylamide\gebelectophertsis was det ermi ned with the Luciferase

AssaPB8yst em phosphat&bufiiehsafivbdi son, W) according to protocol. SEAP

act i PCRy was mpelsidfacichair RRadtidd G eat EscAPe SEAP kit from Cl ontech (Palo

A t oPT: CA) accefdhidigm iddidy ot ocol . Sanpl es were anal yzed 20 using a Spectra

Fl uoRTRIOR: T € @6lRfse trdieeMNasd X fill 8l BhaitiEdtRElY) - 6. Western blot analysis

et

'+

SEAP: secreted alkaline phosphatase

SDS: sodinm dodecyl sulfate '

sICAM: soluble intracellular adhesion molecule
25 .

Methods

| 1. Cell culture .

CHO-DG44/dhfr™ (Urlaub et al., 1983), grown permanently in suspension in the serum-free
medium CHO-S-SEMII (Fvitrogen, Carlsbad, CA) supplemented with hypoxanthine and

30 thymidine (Invitrogen, Carlsbad, CA), were incubated in cell culture flasks at 37°C in 2
~ humidified atmosphere containing 5% CO,. Cells were seeded at a concentration of 2x10°
cells/ml in fresh medium every two to three days and cell suspensions (500 pl) were analyzed for

cell number and viability using a CASY1 cell counter (Schasrfe System; Germany). Viability

was also confirmed by trypan blue dye exclusion. Single cell cloning was done by standard

35  dilution technology in 96-well chambers. For the DHFR-based selection of stable transfected
CHO-DG44 cells CHO-S-SFMII medium without hypoxanthine and thymidine was used.

~ DHFR-based gene amplification was achieved by adding 20 nM MTX (Sigma, Germany) as
amplifying selection agent to the medium. For baich cultivation clones were seeded in duplicate

into cell culture flasks (T25) containing 12 ml of the appropriate medium and kept for 7 or 9

by the'.



The BCL-2 and BCL-xL expression of the parent al host cel] and the
T Saab st 246

genetically nodified host cells was confirnmed by West Si s.
About 1x106 cells were extracted hi 25 500 | lysis buffer (1% Triton
X-100, 15 nmM NaCl, 10 mM Tris-HCI pH 7.5 with 50 g/m phenyl

met hane¥obfasags f 1 uori de and 200 pl of the protease ipghiekizes3cockt ail
Conpl ete from Roche Diagnostics)4s The |ysates were clarified by
centrifugation at 13.000 xg for 10 min. Protein concentrations were
“determ ned by Bradford -assay according to the manufacturer's protocol

( Bi odfysdn thetinmubator wishouGadiding alyrfresh mediomadiiyen CHO-DGAédiache warewwaltwatehen st or ed

Po 10vMmeishice 0 sG-St AORIR Vs hoflefboRia i Rodel sl M i) €1 €

el ec(Sigink,0Bérmeany)Fer passaging ebllawvas erypainipedaie the frbseniet ofcgrm CEADEBAD, CA) .

After blockjng with 5% skimmlk, proteigns re detected using nouse

mono PRSIt seeder 2b pPaneRtcy a§5%0§f@)@ﬁﬁdp$®h Fs@eﬂi“f"@’ﬂ%,“ A
specigfbsady@r 27 Septenber 2006 WO 03/083093 PCT/ EP03/ 03063 47 BCL-2 or
BCL-xL. Proteins were visualized with an anti-nouse peroxi dase-coupl ed
secondary antibody (D anova GrbH, Hanburg, Gernmany) using ECL detection
syst gm .sha i osci ences, Freiburg, Germany). s 7. Quantification of
apop?bs%lg%ﬁcg}ﬁ{ed DNA | evel s were quantified using a fluorescence-based
TUNEThedasiy velbr pBIDs basdcas tHehpADIC &N veckan(Wemeo et @B) 1998),166diatek | s wer e
harvest ed,, washed. with PBS a

d t ted with 1% f | dehyd | uti
o P aRssiftiva Brgtesgion;0fAbe DelgiolERR Gonet Cau bY Sk NN, Bt 5 e

tipe a@ditish, YBIPerlchbdQdhé M&iﬁ%@ﬁé@@ﬁl{pﬁﬁﬁlﬂe seatiefakeiC@é Mo Bxanipid BB t O
- manufacturer's protocol. FITC and PI em ssion profiles of 10.000 cells per

sarrppe?%e%% sipeMywesisalsted s HipHBSRY fremment Gowt pADICAM CWener & alg| ow |
B R e S et PO T
e e e T o™
cont A3 T80T 2 ShParD N cRg b e rBien duaes Pt it sBre i Ben F aye
(100! egtbion RrelBRSas BIBRBETorORE codélicisie PAPBIDbEII tel-2 wid &t Sk PeRLution. -
Cells were incubated in 200 | staining solution for. 15 mn at 37C.

Subsegnbified from: hemetitetst Kk apdswbelonss &do ihe POBES -TPRQuUEIgRRAETCIR 400 | 20
e s Croeogsh THBiRG S Hom BT N s B g e 0 assay
Hy br catresperiding BooRI yibe of pBIDDRAIngrKIRMAv-DINGY polpmstierase thie tiilled iDRimebexclisd. pr obes
( >10ﬁ§]§gp-?)cli-xil fragment of pDD6 (Fussenegger ef al., 1998) was cloned into the filled in Xbal site
20  of pBID-SICAM resulting in the bicistronic expression vector pBID-sICAM-bel-xL. This vector
‘ ~ was the basis for the construction of pBID-bel-xL ‘by eliminating the sSICAM-IRES eleroent from
pBID-sICAM-bel-xL by Sali/Xhol digestion and religation. pSEAP2-Control harbors the human
secreted alkaline phosphatase under control of the SV40 promoter (Clontech, Palo Alto, CA).
pGL2-Control contains the firefly luciferase driven by the SV40 promoter (Promega, Madison,’

25 USA).

" 3. Transient and siable transfections
Transfeqtions were conducted using Fugene6 reagent (Roche Diagnostics GmbH, Manpheim,
_ Germany). Per transfection 0,6x10° exponentially growing CHO-DG44 cells in 2mi HT-
30 supplemented CHO-S-SFMII medium were seeded in a well of a 6-well chamber. A total of 4 pg
plasmid-DNA and 10 pl Fugene6 reagent were used for each transfection, following the protocol
. of the manufacturer. Transient fransfections were performed in triplicate and supernatant and
cells were harvested 48 hours post transfection. For stable transfections the medinm was




25 carried out according to standard protocols describ I n, Aysu et al.,
1994, updated. Specificity of hybridization is achi evggSeRte[rﬂ)gr%&lG

post - hybri di zati on washes, whereby the critical paraneters are the ionic
strength of the final wash solution and the tenperature at which the wash
I S car W0=3/083993 St ringent conditions are achi eved byp@BEfRGHOSNHY t he wash in
0.2xSSC/0.1% SDS at 65C. For highly stringent conditions the wash is
performed in 0.1xSSC/0.1% SDS at 30 65C. 27 Septenber 2006 WO 03/083093

- PCT/ EP03/03063_48 Exanple 1. Overexpression of survival and product genes
in t rfﬂlgqeéﬁﬂﬂhﬁa‘-@ea@I@-Srﬁmhom Ipgstt iranseptiont and the @ixed el ubl e

I nter . | : ' . . for

i o platbe oSl ol B Sl ook 1 SERBISTR olfplnd it Becb WA ERIY

et i ol Zotyi £ddys.Rjngle cell tlaninp evak Godd besiepiant dildtion tedhaclogq For adplifaatioebf entry
and b nt infection (Bellag et al., 1999; rlin et al., 1990 For
ot arthe Reis DR e dneetpbn ite e Suiposomon ot gtz s el il Segabbs bel - 2
ors baonx b nfiged! ffictivalyl uiobifea hedt call 9&?&%@%@ 3RaBd ftdd6-WeR chahfetMuancodi ng
pl asm d pBl D-sl CAM were co-transfected.in triplicate with either the pBID

bel - zonigmeh2Q 1l JFi-fie ¢RE-S-S0YHmediun mupplpmemedwitlri2g e MEX Amplified
~ dhf r -glafd & - ; v i _
i 1 ReegRl etk Sied AP il o0 SPRBPLMREIERIRIE Y o SUSPens! O

suppl emented wi th hyopxant hi ne and thym dine. sICAMtiters in supernatants °
vere gu Q%MEF 48 hours post transfection by ELI SA using in house produced
s| CAM ssg ¢™anti bodi es. \Wereas BCL-2 expression dranatically reduced .
s 1oCAMIQUNdites irDsipeinatailio Yesd c’blﬂahﬁﬁmv EXIS APRH R stafdik @ Plofochle kA NdubEPR RBS ST ON
mcresg&d th%&ke_l d of sICAM by 60% 15 (Figure 2A). These data were

conf ilPikdindptedEnsing tp ciishopse slepslppedssICANM hipasifin gnomsrional | atbpdipy (as
DSEAGRscRRA foP bR b 317a 0 Y LAl | 3 of
BCL-2 and BCL- XI wer e %?é g_engré F%?hg’gy%ﬂgalﬁ’ a co olﬁng o€| a g{ekzstct of

s | CAW BRPO-zowjngatedoanibpdy. Hurified gl oteinFvesused 2B, stalldsrd, Samples dere t 0

asse he i ppact,, of 7 -xL _expression on cellular
prod?&?%hgéég%%ﬁﬁqo 3’?%6?25&@%‘%%‘?5@? s(jf{:‘ "B&d product proteins, 20
i gentical production profiling was perfornmed using the intracellul ar

| uci ferase reporter (exchanging pBlI D-sl CAM by pG.2-Control). Luciferase

pr oddctRBRRHAPHA S PEti cs correlated with af orenmenti oned SEAP and sl CAM
EXPY THE Ry i ok Fopbdh o i< i P RO Rbtbrin St VAR e iR ]A@%%%Et\é& (bel-2)

i npact of fhese apoptosis-'suppression genes on the overa ctivity=of

CHO- emyPrexspgaMadisgns Wcyordmg dupiotbepk SBAEtactivityoFasoessurediwish iecGrest

( aolSeAiR Sl P BaABhadrale A, 3D Reiog S PRl Pt forg e b

cal | ssitdd SEecCRFhB0 D) radanTECAN) Crakbsit) Gefinang)spensi on.

6. Western blot analysis 7
The BCIL-2 and BCL-xL expression of the parental host cells CHO-DG44 and the gepetically
modified host cells was confirmed by Western Blot analysié. About 1x10° cells were extracted it
25 500 pl lysis buffer (1% Triton X~100, 15 mM NaCl, 10 mM Tris-HC! pH 7.5 with 50 pg/ml
phenyl methanesulfonyl fluoride and 200 pl of the protease inhibitor cocktail Complete from
Roche Diagnostics). The lysates were clarified by centrifugation at 13.000 xg for 10 min. Protein
concentrations were dgtermined by Bradford assay according to the ‘manufacturer’s protocol
(Bio-Rad Laboratories GmbH, Munich, Germany). The extracts were then stored at —80°C until
‘_30 needed. Equal amounts of protein (20 pg) were subjected to 10% SDS-PAGE (Novex;
" Invitrogen, Carlsbad, CA) and subsequenily eleciroblotted onio nifrocellulose membranes
(Tnvitrogen, Carlsbad, CA). After blocking with 5% skim milk, proteins were detected using
mouse monoclonal antibodies from Santa Cruz Biotechnology (Santa Cruz, CA) specific for




Al t hough transient transfection experinents enable highly.reliabl
information on the netabolic engineering capacity of E@t%ﬁ"pg?’lﬂg‘ﬁ@o@enes
over a wide range of cell types and copy nunbers, 30 only stable m xed
popul ati ons can confirm beyond doubt the observed phenotype. Therefore

s| CAMWO px#ssgesof i | es of 6 m xed popul ati ons for eachkCpBPB/sIEAM pBI D- bel -2,
pBl D- sl CAM pBI D- bcl -xL, pBI D sI4€AM pBI D configuration were generat ed.
Transfected. cell populations were selected for the expression of the

“het erol ogous genes by DIi FR-based sel ection 27 Septenber 2006 WO 03/083093
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9. Hybridization assay

Hybridization analysis of DNA or RNA blots using either DNA or RNA probes (>100 bp) is
25 camied out according to standard profocols described in Ausubel et al, 1994, updated.

Specificity of hybridization is achieved in the post-hybridization washes, whereby the critical

parameters are the ionic strength of the final wash solution and the temperature at which the

wash is carried out. Stringent conditions are achieved by performing the wash in 0.2xSSC/0.1%

SDS at 65°C. For highly stringent conditions the wash is performed in 0.1xSSC/0.1% SDS at

30 65°C.
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anplified) and HWI BX-3, HWI BX-4 (anplified). 30 Vi ab ity of aI cell
clones in batch cultivation in cell culture fl asks vvas gt@ B8 Q:ﬁ?ily f or
a period of one week. As seen in Figure 4 all non-anpl |f|ed cell clones,

i ncluding the vector-only control, exhibited simlar viability profiles
cl ear | W&0H@80y t he negligible effect of BCL-2 and BO/ERG/smGs vi ability. At
day 7 viability was down to apprdRimately 30 - 40% in all cases. 27

Sept enber 2006 WO 03/083093 PCT/ EP03/ 03063 50 However, significant.

increases in cell viability could be observed during the decline phase of
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outperformng BCL,2 with respect to cell death protection (Figure 5). In
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cel | Fhd dondnien cold thetapeutic SIEAM Jsoleiertereliulae agHetidh nffidduie) tomy
exprtﬁ Sf cell 1ipes, (HVNI BC— 3/4) and-no viable cells.in tge transgenl o
cont P8 C@‘g‘ﬁlm@i’ﬁ’é dor chjgayires, bipdingmd eprayantsy intgragtionnof His samaonreold abi ity

asml eﬂoloﬂgstap%gém Higngs RS RhoNRdwRich 45 ﬁ%ﬁ:h& t&FG&PSzﬁ@f agays REf cent age

cells which initiate apoptOsis progra assesse ., 4 and 6
u5| nigfegtion (Rsflestodn w%mm: éltLal\IEl999)s §a§/df(tﬁiegm5@8®)ent uieansiest apredgion 2 al nost

no t al | rations

Si gn&?ﬁg@ag’%ﬁssﬁg gré%e%rz gfr‘gt?ncﬂ]@e?rf)& < 3’%*02?@(}5% tf ga@ 4. The

I eassICAM:em&ﬁg pRsiid ﬁ?ﬁ)AﬁSAMW&fk ¢otradistected u@&ﬂﬂﬁﬁtﬁl\ﬁﬂl &imbi the pBID! | oned by
rpz%g)%g@; ceI ls with 10% and the transgenic control cell s al ready

1of theigggenic cpptrq) pB1IE (Figure d) iyte dhirdefigient (FONHY- 185 i ous
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potential of BCL-XL is at least three-fold higher conpared to BCL-2, where
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io near the detection limt and conparabl e arental CHO D&X4 cell s.
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non- a lified transgenic cell lines BCL-2 and BCL-xL expression |l evels were

i nc{@sangingRRID-HEAM byrRiHd-Camiod). pueiferss nredustiomgharemerisios perralated ow for a

- S UT Tyrift) EVemBRtRnESF SEXB and sICAM expression profiles confirming the positive (bel-xL) and

negative (bel-2) impact of these apoptosis-suppression genes on the overall productivityof
CHO-DG44 cells (Figure 2C). Reduced production of desired proteins following expression of”
25 BCL-2 has also been observed in COS-7 cells (ATCC CRL-~1651), anchorage-dependent CHO-
K1 (ATCC CCL-61) and CHO-DUKX cells (ATCC CRI-9096) adapted for growth in
suspension.
Although transient transfection experiments enable highly reliable information on the metabolic
engineering éapacity of heterologous genes over a wide range of cell types and copy numbers,
30  only stable mixed populations can confirm beyond doubt the observed phenotype. Therefore
- sICAM titer profiles of 6 mixed populations for each pBID-sICAM/pBID-bcl-2, pBID-
SICAM/pBID-bcl-xL,, pBID-sICAM/pBID configuration were generated. Transfected . cell
populations were selected for the expression of the heterologous genes by DHFR-based selection-



anti-apoptosis effect (Figure 5). Conparable results re obt ained with
cells transfected with pBl D sl CAM bcl -xL, an expressy\%ﬁ Seetanger @t a
dicistronic configuration. In this set-up 30 translation of sICAMin the
first cistron of the transcription unit was initiated in a classical cap-
depend¥®At03/pgdpiier and of bcl-xL in the second ci strorPdIYEREHB0¢3INdependent
manner driven by an |RES el emen#? derived fromthe encephal onyocarditis
virus. The selectable anplifiable marker dhfr was contained in a separate
“transcription unit on the same vector. 27 Septenber 2006 WD 03/083093
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T ot dbidBien ESHoR At ol o efots eIttt oy ot g A
mani fold attached to a suction device (for detail ed protocol see Ausubel

et al., 1994, updated). The amount of genom c DNA that should be blotted
wi |l depend on the relative abundance of the target sequence that will be
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then carried out to g?lér rﬁ%dgée th [s)lungance ag?%@{] g ﬁ ) %r E

sequences i n amptasisoisteble BICAN pegdacing celheong®0 Fol | owi ng t he prot ocol of .the
Gene | mages random prinme | abelling nodul e (Arersham Bi osci ences, Frei burg,

Germany) random prinmed F1TC dUTP | abel l ed bcl-2 and bcl-xL specific probes
as e Fyeier evhlnakionsfi theeffict an{emutabq:tbsid e@:@m@gﬁﬂmemﬂhpoﬁmmmcmm ai ned by

Eco qQn of pBl Dbcl -2 or the bcl - ific 730 bp Pyull/Bcll
fragplhgf’i? %ﬁﬁw& SeFupr ?ﬁbaéﬁhgw"?w &e Iashlq:s)t m@%ﬁ% aemslaiong pe
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cet dintitedncatp dikiitéon( Mﬁ@eﬁmtﬁnﬂzmlweemhdummf inCHUese OHORBSFBIIDNal s
medium (non-amplified cell clones) and one including a single round of MTX-induced DHFR-
based amplification by supplementing the HT-free CHO-S-SFMII medium with 20 nM MTX
(amaplified cell clones). The cell clones were écreened for the highest sSICAM producers by
ELISA and for each gene confignration the best two cell clones were selected for further’

25  analysis. In addition to pBID-SICAM these cell clones also contain one of the following

' constructs: (i) pBID (vector-only control) in HMNI—I, HEMNIE-2 (not amplified) and HMNI-3,
HMNI-4 (amplified), (i) pBID-bcl-2 in HMNIBC-1, HMNIBC2 (not amplified) and
HMNIBC-3, HMNIBC-4 (amplified), (jii.) pBID-belxL in HMNIBX-1, HMNIBX-2 (not
amplified) and HMNIBX-3, HMNIBX-4 (amplified).

30 Viability of all cell clones in batch cultivation in cell culture flasks was monitored daily for a

period of one week. As seen in Figure 4 all non-amplified cell clones, including the vector-only
~ control, exhibited similar viability profiles clearly showing the negligible effect of BCL-2 and -
BCL-XL on viability. At day 7 viability was down to approximately 30 — 40% in all cases.
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20  near the detection limit and comparable to the parental CHO-DG44 cells. This indicates survival

2

~ gene expression is not upregulated by DHFR-based selection as was shown to ocour in an earlier
report following G418-mediated selection which biased results towards enhanced survival (Tey

et al., 2000a). BCL—?. and BCL-xL expression profiles could be increased at least 80- to 100-feld

and 30- to 40-fold, respectively, by DHFR-based amplification compared to the transgenic’

25 control HMNI-1 and the parental CHO-DG44 (HMNIBC-3/4 and HMNIBX-3/4; Figure 12A and
12B). In the non-amplified transgenic cell lines BCL-2 and BCL-xL expression levels were
increased less than 10-fold. This protein level was obviously to low for a sufficient protective
anti-apoptosis effect (Figure 5). Comparable results were obtained with cells ﬁ‘ansfected with
pBID-sICAM-bcl-xL, an exptression vector with a dicistronic configuration. In this set-up

s0  translation of SECAM in the first cistron of the transcription unit was initiated in a classical cap-
dependent manner and of bel-xL in the second cistron in cap-independent manner driven by an
IRES element derived from the encephalomyocarditis virus. The selectable axﬁpliﬁable marker

dhfr was contained in a separate transcription unit on the same vector.




1998). M tochondri a-specific staining was significantl cre n cells
cultivated in the 30 absence of serum conpared to cell éT%Pﬁ'@?ﬁfge %n the
presence of serum FACS-nediated analysis quantified an up to 3-fold boost
in specific mtochondria content (Figure 8). Gven the clear anplification
of m twohseskeda under serumfree conditions it is str@ingosbnsnard to
suggest that successful anti-apéptosis engineering of serumindependent
cell lines requires increased BCL-2 27 Septenber 2006 WO 03/083093
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bcl -xL cDNA. The resulting 700 bp cDNA product was subcloned into a
TA-type cloning vector (Invitrogen) and t he nucl eoti de sequence of both
str S was determ ned on an 3 au rratlc sequencer (Applied
BP’S@P?Pﬂﬁ%g WPteRastion of ens cRpnp™ ZQ:;AH‘ g% Feci fic (M3 reverse, T7)
and gene specific 15 primers (Bel forl and Bcl revl) to |n|t|ate t he
exten5| on reaction in the Big Dye Term nator Cycle Sequencing reaction
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I solation o
determine the abundance of the becl-2 or bel-xL sequences in the blotted DNA preparations.

20 Following the protocol of the Gene Images random prime labelling module (Amersham
‘Biosciences, Freiburg, Germany) random-primed FITC-{UTP labelled bel-2 and bel-xL specific
probes are generated, using either the bcl-2 specific 640 bp fragment obtained by EcoRI
digestion of pBID-bcl-2 or the bel-xL ‘specific 730 bp Pvull/Bell fragment generated frem
digestion of pBID-bel-xL as template in the labelling reaction. Hybridisation is performed’
25 ovemight at 65°C in a hybridization oven according to the Gene Tmages random prime labelling
- module protocol. After hybridisation the filter is washed twice with 0.2x SSC/0.1% SDS at 65°C
for 20 min before proceeding with the antibody development and the detection ag:cordjng to the
 Gene Imageé CDP-Star detection module (Amersham Biosciences). Quaﬁtiﬁcation of the signals
is performed using the VDS-CL Imager System (Amersham Biosciences). Signal intensities of
30 bal-2 or bel-xL specific signals from the genomic DNA, isolated from the transgenic cells, are
o éompared, to a standard curve of defined molecule numbers of either the pBID-bcl-2 or the
}SBID-bcI-xL expression plasmid (numbers calculated on the basis of the molecular weight of the
plasmids), respectively, and are used fo estimate the absolute amount of target DNA within the



30 3" end Adaptor-1ligated genom c CHO D&A4 DNA served as, ten‘%mte i{} a
nested PCR. The primary PCR was conducted with a conbiAaiaP 2896 ner s

conplementary to the adaptor and a bcl-xL 27 Septenber 2006 WD 03/083093
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of an inner adaptor priner and asmested bcl-xL specific prinmer (Bcl rev6é -
or Bel for3, respectively). The resulting DNA fragments with sizes between
0.5 kb and 1.8 kb, starting with a known sequence at the bcl-xI primer end
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| N dddicopiesof aplcleguetieds? dribel-xIdpéne. mi ni gene as anplifiable selectable

mar ker (see for exanple EP 0 393 438). 20 Exanple 6: GCeneration of hanster
bcl -xL del etion nutants Several hanster bcl-xL nmutants with different
deleti ons of the non-conserved unstructured |loop region were cloned as

f ol |IExaeaplB4:i e¥fogplatidreofmitoghuhdan duhber b3'scremchdditivesach del eti on nut ant were'
25 generated separately by PCR, joined together via a newy introduced Notl
Pestriction site, cloned directly into ‘the eukaryotic expression vector

PBI B fhviotd tdqidiBted? oS £ 4148 BTG RBUENEL SHosagPah ofdeel t@ Bdhitre 3ipnitickgtsi dues
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'With a focus on determining the serum-dependence of the specific mitochondria content, CHO-

DG44 cells were cultivated either in suspension in serum-free CHO-S-SFMII medium or as_
adherent cells in CHO-S-SFMII medium supplemented with 10% FCS. Following cultivation for_
25 two weeks under stated conditions, the cells of both cultures were profiled for their specific
mitochondria content using MitoTracker Green FM, a mitochondrion-specific fluorescent dye.
As MitoTracker Green FM accumulates in mitochondria in a membrane potential-independent
manner it is a well-established tool for the quantification of these organelles (Metivier et al.,
1998). Mitochondria-specific staining was significantly increased in cells cultivated in the
30 absence of serum compared to cells cultivated in the presence of serum. FACS-mediated analysis
quantified an up to 3-fold boost in specific mitochondria content (Figure 8). Given the clear
amplification of mitochondria under serum-free conditions it is straightforward to suggest that

sucoessful anti-apoptosis engineering of serum-independent cell lines requires increased BCL-2




(i) 5 part: 27 Septenber 2006 WD 03/083093 PCT/ EP03/ (03063, 55 a
vector-specific upstream prinmer conbined with del26 (5' @F‘W&?@C@
GCCGC ACTCCAGCTGTATCCTTTCTGG 3') (SEQ ID NO 19) b) vector-specific
upstream prinmer conbined with del46 (5" - ATAGTTATGCTGC
GCCCCOECPERIFBATTCAGITCCTTCTG 3') (SEQ I D NO 20) s PC)/Ev@nieds- speci fic
upstream prinmer conbined with dei®%6 (5 - ATAGITTATGCTGCG
GCCGCTACCGCGEEECTGICCECC- 3" ) (SEQ ID NO 21) (ii) 3" part a)
~vector-specific downstream priner conbined with del63 (5" - AAGTAAGAAGCG
GCCEEARTIND GpreaAdiCIsAEIc GACHmpasale ) fof SheQificDinkiOnse® A apOpthis weachiverspeci fi c

downstre Ijrer comj ned with del83 (5' - AAGTAAGAAGC
G&c?éﬁﬂk%g]éﬁ{&cﬁ@?m GOGCTG 3') (SEQ ID NO 23) For the generation of
the del etion mutants pBI D/ bcl - xLdel 26-83 having the nt and as sequences of

SEQ I D NGs: 5 and 6, respectively, pBID bcl-xLdel 46-83 having the nt and as
sequences of -is SEQID NOs: 7 and 8, respectively, pBID bcl-xLdel 66-83

nt ASEQ I D Nos: 9 and 10, respectively, and
“r‘h@f gflg%? avi ng)t e]%? and as sequences of SEQ ID NGs: 11 and

respectrvel y, the PCR fragnents del26 and del 83, del46 and del83,

| ?ﬁ%ﬁﬁﬁ“ﬁ RGO et PP o & 1 CAGCRRE TG A QL AALEGRRAGT LT,
pBI @mnﬁ@@%@ls én@%ﬂm&tasarref:r BQHMAYTNGGA(H@QA@AGYG&@@BWG of the
del et ed am no aci ds 8@%— del26-83 neans, that in this nputant..am no acids

26 SEQ BRNG: Idhweredesigrad. Fhesapymersaeare Recddn giscdiemB I (Retcspipe REFERENCES
6] Tforoo)ivAch s 1Rl 10l 8 53R 95 o Wi o8R: CBo-RuDeal | M

9, 152- 156 Ausub F. et al., Current
pr ot@4t @rlanb nttﬂle&BSato dlitgh ﬂlyyiammex/homlkgue@ bend. @ﬂﬁAr 'B!h'frrpﬂgﬂtmgs'@@cr ates and

B e (e
eds. seqivbte st DN AsRatide fvag deterAiigodydi h ABI E‘I.Mamt@hatm stpacc (Bapliddet t
PUblBlos]jrgttgagls, V%Eeﬁevpstagt? GermEa%;)ertlﬁgaxlrec%?'lsggc%a E’I: rever%g T%) |3a||1_1d I?;Ear?es gpec c:91
15 primers (Bel forl and Bel revi) to initiate the extension reaction in the Big Dye Terminator
Cycle Sequencing reaction according to the manufacturer’s protocol (Applied Biosystems).
Homology search against GenBank and EMZB:L databanks confirmed the identity of the isolated
cDN.i& and that it was comprising the entire coding region of the hamster bel-xL, gene,
In 6rder to determine the true 5” and 3° end sequence of the hamster bel-xL coding region a
20 genomic walking approach was used. For the isolation of the genomic region covering the very
5" end and 3'end of the coding region, resPecﬁvely, the following primers, based on the hamster
bel-xL, sequence, were deéigned: _
(i) overlapping primers Bel rev5 (5'-CATCACTAAACTGACTCCAGCTG-3"; SEQ ID NO: 15)
and Bel rev6 (5'-TGACTCCAGCTGTATCCITTCTG-3"; SEQ ID NO: 16) located downstream ™
25 ofthe 5°end of the coding region and with complementarity to the coding strand for the isolation
| ofthe 5end |
(11) overlapping primers Bel for2 (5" -GACGGGCATGACTGTGGCTG-3'; SEQ ID NO: 17) and
Bel for3 (5 "“TGACTGTGGCTGGTGTGGTTCT-3"; SEQ ID NO: 18) Tocated upstream of the
3’end of the codmg region with complementarity to the non-coding strand for the isolation of the

30 3'end.

Adaptor-ligated genomic CHO-DG44 DNA served as template in 2 nested PCR. The primary
PCR was conducted with a combination of primers complementary to the adaptor and a bel-xL
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1988, 85(1 5879 - 5883 Itoh,.Y. et at Bi ot echng}mBl oen 1995
48 fhegOneBtep RigPCR wes repeated this fimg using idfhe reagiion the Samstergpecifi man, RJ.,

007 155} 4éef%g?s%@?@ﬁé@%@%‘éﬂﬁiﬁiﬁﬁﬁﬁﬁ?%2‘5’{“%"" e on
Pr e§B NO? o) Kyt 8'end. pmmaﬂ@oMl reBi (1 -TOGGCTICFAGHESACTTCEGACTGAA
GAGAGAGCC-3"; SEQ.ID NO: 20). By this way a complete bel-xL. coding region of hamster
origin was obtained (Figure 9). The primers Eco-Bcl for and Xho-Bel rev include in addition to
- the bel-xL sequence a restriction enzyme site for EcoRI or Xhol, respectively, for subcloning
15 purposes into the eukaryotic expression vector pBID, resulting in pBID/bcl-xL (Figure 10). This
vector, based on the pAD-CMV vector (Werner et al., 1998), mediates constifutive expression of
the heterologous genes driven by the CMV promoter/enhancer. In addition, pBID encodes the

dhfr mini gene as amplifiable selectable marker (see for example EP 0 393 438).

20
‘Example 6: Generation of hamster bel-xL, deletion mutants

Several hamster bél-xL mutants with different deletions of the non-conserved unstructured loop
region were cloned as follows. Briefly, the 5" end and the 3” end of each deletion mutant were’ )
25 generated separately by PCR, joinéd together via a newly introduced Notl restriction site, cloned
directly into the eukaryotic expression vector pBID and confirmed by sequencing analysis.
Deleted amino acid residues were thereby uniformely replaced by a sequence of 4 alanines
which serve as a linker to bridge the adjacent domains. The expressibn veotor pBID/bel-xL,
containing the hamster bel-<T, wildtype cDNA, was used as template in the PCRs with various
30  primer combinations to generate the required components for the 5° or 3" part of the coding
region upstream or downstream of the deleted DNA sequence (Figure 11):

(1) 5° part:
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For the generation of the deletion mutants pBID/bcl-x1.del26-83 having the nt and aa sequences
of SEQ ID NOs: 5 and 6, respectively, pBID/bcl-x1.deld6-83 having the nt and aa sequences of
15 SEQ ID:NOs: 7 and 8, respecﬁvely, pBID/bel-xLdel66-83 having the nt and aa sequences of
SEQ ID Nos: 9 and 10, respectively, and pBID/bel-xLdel46-63 having the nt and aa sequences of
SEQ ID NOs: 11 and 12, respectively, the PCR fragments del26 and del83, del46 and del83,
del66 and del83 or del46 and del63, respectively, were joined vig the infroduced Notl resiriction
site and cloned into the expression vector pBID as EcoRI/SnaBI restriction fragment. Numbers
20 are indicative of the deleted amino acids, e.g. del26-83 means, that in this mutant amino acids 26
1o 83 of the hamster wildtype BCL-xL sequence were deleted.

REFERENCES CITED _ "

N~ B

~ Adam, MLA. et al., J Virol 1991, 65, 4985 - 4990
Al-Rubeai, M. et al., Curr Opin Biotechnol 1998, 9, 152-156

Ausubel, FM. et al,, Current protocols in molecular biology. New York: Greene Publishing
Associates and Wiley-Interscience. 1994 (updated)

30 Bella, J. et al, J Struct Biol 1999, 128, 69-74
Boise, L.H. et al., Cell 1993, 74, 597 - 608
Bothwell et al. eds., Methods for Cloning and Analysis of Eukaryotic Genes, Bartlett Publ., 199¢
Brown ed., Essential Molecular Biology, IRL Press, 1991
Butler ed., Mammalian Cell Biotechnology, 1991



Si monson, C.C. et al., Proc Natl Acad Sci USA 1983, 80
gﬁ%‘S‘ﬁ'b l\?qqs et at.

Simpson, N. H et at, Biotechnol Bioeng 1997, 54,1-16

Bi ot echnol Bi oeng 1998, 59, 90-98 Sinpson, N H et at, Biotechnol Bioeng
1999, 64, 174-186 30 Studzinski, ed., Cell Gowh and Apoptosis. A

Pract i eadozdgqappach, IRL Press ‘at Oxford University BRrpems#ep Sugi noto et
at, Biotechnology 1994, 12, 694 -56698 Terada, S. et at, Cytotechnol ogy
1997, 25, 17-23 Tey, B. T. et at, Biotechnol Bioeng 2000a, 68, 31-43 35

- Tey, B. T. et at, JBiotechnol 2000b, 79, 147-159 Tusjinoto, Y., Genes to

Cel Icﬁﬁ;%?gsSetaﬁgﬁmboj@w isbpobg-637 et at, Cell 1983, 33, 405-412 \\erner,
R et Earsc 1998, 48,870-880 --- ---- ---- 27
Sept Pr?)[égf 6t6a1 é(B%f@ ﬁ‘ﬂfﬂgm&&g‘%&b@e@%% 58 Wgler, M et al., Proc
Nat | @otm BT etuSATiDGO Bioterind 3955 IR3301% rt h and Hauser, Genetic

Engi n I n otechnol ogy Vol. 2, Pi pier ed. VCH,
Wi n e| m’ ggg %ﬂjﬂﬁ&ﬁg@ é651924 19% conbi nant DNA Met hodol ogy, Academ C
P esdeZengisy,

MM&E@‘%@WW@%‘PGO 69,466 Re{P Cyt ol 1980, 68, 251- 306
Zangmssna&ht,a et@l. @gbzorec;ﬁbza;geqtvgslzamemg 1999, 64, 108-119 Zanghi, LA et

i bt et T 200 10 OO0
Grb HF&lBtad, KD. etl:2)ButibBiockant 2000h267, 60416580 oved survi val properties and
met hﬁqﬁel%f{ mnygﬁ;@mﬁylcgg 5855d@0> Case 1-1314 <160> 25 <170> Patentln
o Franek, o al< Tnmunol Lett 1996, 52, 139-144. . L
‘ Freshney et al., eds., Culture of Animal Cells, Alan R. Llss, 1987 '
Fussenegger, M. et al., Nat Biotechnol 1998, 16, 468-472
Fussenegger, M. et al., Cytotechnology 2000, 32, 45-61
Gait ed., Oligonucleotide Synthesis, 1984
15 Goeddel ed., Gene Expression Technology, Academic Press, 1991
Gossen, M. et al., Curr Opi Biotech 1994, 5, 516 - 520
Goswami, J. et al., Biotechnol Bioeng 1999, 62, 632-640
Green, D.R. et al., Science 1998, 281, 1309 — 1312

Haber, D.A. et al., Somatic Cell Genetics 1982, §, 499 - 508

20 Harlow et al., eds., Antibodies: A Laboratory Manual, 1987

Harris and Angal, Protein Purification: A Practical Approach, Pickwood and Hames, eds., IRL
Press, 1995

Hemann, C. et al,, DNA Cell Biol 1994, 13(4), 437 - 445
Hu et al., Cancer Res. 1996, 56,3055 -3061
25 Huston C. et al.,, PNAS 1988, 85(16) 5879 - 5883
Tioh, Y. et al., Biotechnol Bioeng 1995, 48, 118-122
Jang, S.K. et al,, J Virol 1989, 63, 1651 - 1660
Kaufman, R.J., Methods in Enzymolagy 1990, 183, 537 - 566
Kortt et al., Protein Engineering 1997, 10, 423 - 433 '
30 Kriegler, Gene Transfer and Expression, Stockton Press, 1990
Kyte, J. et al., J Mol Biol 1982, 157, 105 - 132
Laken, H.A. et al., Curr Opin Biotechnol 2001, 12,175 - 179
Loyvejoy et al., Science 1993, 259, 1288 - 1293
Marlin, S. D. et al., Nature 1990, 344, 70-77
35 Mastrangelo, A. J. et al., Trends Biotechnol 1998, 16, 88-95
Mastrangelo, A.J.et al., Biotechnol Bioeng 1999, 65, 298-305
Mastrangelo, A. J. et al., Biotechnol Bioeng 2000a, 67, 555-564
Mastrangelo, A. J. et al., Biotechnol Bioeng 2000b, 67, 644-554




<211> 926 <212> DNA [ <213> Hono sapiens <400> 1 gaaéé ttt ctct

agaatcttat cttggctttg gatcttagaa gagaatcact 60 aaccag

Rierghen <

éCttC

gagt gagcag gtgttttgga caatggactg gttgagccca 120 tccctattat aaaaatgtct
cagagcaacc gggagctggt ggttgacttt ctctcctaca 180 agctttccca gaaaggatac
agct ggwgtos/ogsgest t agt ga t gt ggaagag aacaggactg 240 aggeamEpesjBeagggact gaa
t cggagat gg agacccccag t gccat caat 5ggcaacccat 300 cctggcacct ggcagacagc
cccgcggt ga at ggagccac tgcgcacagc agcagtttgg 360 atgcccggga ggtgatcccc
‘at ggcagcag taaagcaagc gctgagggag gcaggcgacg 420 agtttgaact gcggtaccgg
cgg g}!demtemangt daPCRy A@rmmmmmm&mawxfdﬁﬂlmwggda@ﬂgwﬁt at cagagc

ttt

tttt ¢ cc %g%&aﬁmg@“%

% act ggggt cg cattgtggcc
tag acaaggagat gcaggtattg

c
gt gaYecdl§aStat glo 019@9@@%1:%6{ g 660 accacctaga gccttggatc
Ccagadeaeds. Qa@ﬂlg%&ﬂaﬁzoiﬁﬁéﬁgtl@g%g 6935291513 atg 720 ggaacaatgc agcagccgag

tca tga 780 cgggcatgac tgtggccggc
g?géﬁf"@ﬁ%gs'%@@% 3@@%@ 63%1695; cag 840 acactgacca tccactctac
cct cMelinderpDcatal pﬁm@ollmw&,aﬂaﬁ%b&%cgt cca 900 gccgecattg ccaccaggag
aacog 2% as Vckton ol Bk @42 D Sapi ens  <400> 2

t gatt gaaga cacccéct
t aacyieracesL-teg ¢lt, tGepre

Se
Ro

15

20

30

s

2@9”%3%5588%@53?@@4

ct cagcéc tgccacctg 420
Bzot nology 1993, 11,1271 - (1:12791 g g

Pack et al., J. Mol. Biol. 1995, 246,28 - 34

Pan, G. et al., J Biol Chem 1998, 273, 5841-5845

Pelletier, J. et al., Nature 1988, 334, 320 - 325

Perisic O, et al.; Structure 1994, 2, 1217 - 1226

Pollard et al., eds., Animal Cell Culture, Humana Press, 1990
Ramesh, N. et al., Nucl Acids Res 1996, 24, 2697 - 2700
Reynolds, I.E. et al., Exp Cell Res 1996, 225, 430 - 436

Sambrook et al, Molecular Cloning: A Laboratory Mannal, 2 Ed., Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, N.Y., 1989

Sanfelin, A. et al., Biotechnol Bioeng 1999, 64, 46-_53

Sanfeliu, A. et al., Biotechnol Bioeng 2000, 70, 421-427

Scopes, R., Protein Purification, Springer Verlag, 1988

Simonson, C.C. et al., Proc Natl Acad Sci USA 1983, 80, 2495 - 2499
Simpson, N. H. et al., Biotechnol Bioeng 1997, 54, 1-16

Simpson, N.E. et al., Biotechnol Bioeng 1998, 59, 90-98

Simpson, N.H. et al., Biofechnol Bioeng 1999, 64, 174-186

Studzinski, ed., Cell Growth and Apoptosis: A Practical Approach, IRL Press at Oxford

University Press 1995
Sugimoto et al., Biotechnology 1994, 12, 694 - 698
Terada, S. et al., Cytotechnology 1997, 25, 17-23
Tey, B. T. et al., Biotechnol Bioeng 2000a, 68, 31-43
Tey, B. T. et al., J Biotechnol 2000b, 79, 147-159
Tusjimoto, Y., Genes to Cell 1998, 3, 697 - 707

Utrlaub, G. et al., Cell 1983, 33, 405-412

Werner, R. G. et al., Arzneim.-Forsch./Drug.Res. 1998, 48, 870 830

cggtccaa caaagcacat claataaaat agctggatta 60
1P o84t ut Y 9ot gggaget ggggcgagag gtgecgttgg 120
CCCogadb ok écmt@%zgéiﬂo P8I Y- 1qgcacgct gg gagaacgggg tacgacaacc 180 ( 27
'ﬁﬁ‘b’} E’%Fd %g -2/ 12- gggagat agt gat gaagt ac

3 240 cgggagat gt gggcgccgcecg -

cccdgsey . E.mgahc&zamhmmgg%ﬂé(lﬁ,ﬂé%dﬁﬁ:cc
- ccaggy chtcgcg@fbggwg%@gggﬁgw asgqf cgccge 360 tgcagacccc ggctgecccce

gc

ggc cc ccC
et

300 agcccgggca cacgccccat




t ggt ccacct
t cgccgagat

ggccct ccge
gt ccagccag

cggt ggt gga ggagctcttc

agttcggt gg

ggt cat gt gt

acat cgeerdsogioggat gact

acggaggct g
tcgggggttg

. aaat cagagt

cac
ébggag%

act gLab|

gagat gcagg
ct agagcctt
aat gcagcag
at gact gt gg
gaccacct ac
cattgctacc
Cricetul us

ggtaggtgca
gagt gcgggt
tgttgcttce

g HEAICHE905

cccéatggc

tggccttttt
t att ggt gag
ggat ccagga
ct gagagccg
ctggt gt gat
t cacatctcg
aggagaacca
griseus

Leu Ser Tyr Lys

<400> 4 Met Ser

acgacttctc
cgcccttcac

t gaact gggg
gt ggagagcg t caaccggga
gagt acct ga accggcacct
tct ggt gat g skgagt ct ggg
gggctcctgg gcaat gggag
cggcgtgtcc ctacctcctc

caagcgggcg
ctgcacctga

agggacgggg

<40 -1

60 q&r&ﬁ% &mﬁ%‘%@%&%& Lty
t cccaga T

C cagdlagp4la edd, Reababigant PN etgrdelogy, dagtdadic Rrdss G88Ygcaa

gg cgﬂffg%ﬂtc%@sﬂ%(ﬁs“ ggcee

gty ccgtaadqg caagcgct ga-

gagdiagehjol. ﬁa@t@g&@@@bﬂ@&ﬁ%@t@&& &4 b‘g?c cc

LF 23BAC Bidi&iand!

ggt cgcat t g

agtcagttt agtgatgtcg

bagn, 9o aaboR3ct ct
ctccttcggt ggagccctct

t cggat cgca agtt ggat gg
caacggcggc tgggacactt
gaaaggccag gagcgcttca
tctgctggge tctctcttca
cctcccaccc tatccccacc
cta 863 <210> 4 - ' ..
G n Ser

STPEReRed

ccgccgcetac

c'cggcgact 480

cgcgcggggadcgeptemgecediB40

gaggattgtg
gat gt cgccc

gccttctttg 600
ct ggt ggaca 660

gcacacctgay@isengoat a 720

ct gaggccac
gct gt ggagce

aggt ccgaga 780
cggcgaaat a 840

ctctggacaa agcgttcact 900
CCC aliptdrgel. 6t af 1 Broc AR3I0kad S 1S1980,377, 3572>35MNA <213> Cricetul us gri seus

aagagaacag

acagcagcag
gagaggcagg
agcttcat at
t ccgggat gg
gt gt ggaaag

.ccacct acct

t cgt ggaact
accgct ggtt
gt cggaagt g
acaact ct ct

<211> 233

_ gﬁg@ ccatctgt -
gﬁ%g% c ac%%gctc 120

180
240
300
360
420
480
540
600
660
720

gact gaggcc
cccatcctgg
tttggatgca
cgatcagttt
aaccccaggg
ggt aaact gg
cgt agacaag
gaat gaccac
ct acggaaac
cctgacgggc
acaagacagt 780

cttcagccac 840

<212> PRT <213>

Asn Arg Gu Leu Val Val Asp Phe




151015 "'.. Leu Ser Gn Lys GIyTyr Ser TrpSerGIn -Au
Ju 20 25 30 Asn Arg Thr Gu Ala Pro Gu Gy Thr Sg]g%ﬁ’ﬁmﬁ?bﬁggu Thr
Pro 35 40 45 ',. 27 Septenber 2006 WD 03/083093 PCT/ EPO3/ 03063 -3/12- Ser
Ala Ile Asn Gy Asn Pro Ser Trp H's Leu Ala Asp Ser Pro Ala 50 55 60 Val .
Asn G woNsmssbhy Gy His Ser Ser Ser Leu Asp Al a Arg fdnepddbzesdd 70 75 80
Ile Pro Met Ala Ala Val Lys G n Ala Leu Arg Gu Ala Ay Asp Gu 85 90 95
Phe Gu Leu Arg Tyr Arg Arg Ala Phe Set Asp.Leu Thr Ser A n Leu 100 105
110 His Ile Thr Pro @y Thr Ala Tyir/@n Ser Phe u A n Val Val Asn- 115
120 125 du Leu Phe Arg Asp Gy Val Asn Trp Gy Arg Ile Val Al a Phe Phe
130 135 140 Ser Phe@y Ay Ala Leu Cys Val GQu Ser Val Asp Lys u Met dn
145 150 155 160 Val Leu Val Ser Arg lle Ala Ser Trp Net Ala Thr Tyr Leu
Asn Asp 165 170 175 His Leu Qu Pro Trp Ite G@n Asp Asn. dy Ay Trp Asp
Thr Phe Val 180 185 190 G u Leu Tyr Gy Asn Asn Ala Ala Ala Gu Ser Arg
Lys d u_ 195 200 205 Arg Phe AS-Arg Trp Phe Leu Thr Ay Met Thr
val ét@WHSWGZN 215 220 Leu Leu Ay Ser Leu Phe Ser Arg Lys 225

230 <210> 5 <211> 540 <212> DNA
<110> Boehringer Ingelheim Pharma GmbHE &Co. XK@

<120> Host cells having improved survival properties and methods to
generate such cells

<130> Casge 1-1314 - - : : -
<160> 25

<170> PatentIn version 3.1

«210> 1

<211> 926

<212> DHA
<213> Homo sapiens

<400> 1 :

: gaatctecttt ctctecctte agaatcttat cttggetttg gatcttagaa gagaatcact 60
E aaccagagac gagactcagt gagtgagceag gtgttttgga caatggactg gttgagcecca 120
§ teccetattat aaaaatgtcoet Cagagcaacc gagagetagt gottgacttt ctetcoctaca 18¢
§ agctttcocea gaaaggatac agetggaghbe agtttagtga tgtggaagag aacaggactg 240
| aggcecccaga agggactgaa teggagatgg agacccccag tgccatcaat ggcaaccceat 300
cdtggcacct ggeagacagce cccegeagtga atggagccac tgcgcacagc agcagtttgyg ~ 360
atgoceggga ggtgatccoe atggecageag taaagcaage gotgagggag gcaggegacg 420
-agtttgaact gcgogtacogg cgggcattca gtgacctgac atcccagete cacatcaccc 480
cagggacage atatcagage tttgaacagg tagtgaatga actettecgg gatggggtaa 540
actggggtey cattgtggcee tttttetect teggegggge actgtgegtyg gaaagegtag . 600
acaaggagat geaggtattg gtgagtegga tegeagettag gatggecact tacctgaatg 660
accacctaga gecttggate caggagaacg geggetgoga tacttttgtg gaactotatg 720
ggaacaatgc agragccgag agccdaaagg gecaggaacg cttcaacege tggttectga 780
cgggeatgac tgtggecgge gtggttcetge tgggcteact ctteagtegg aaatgaccag 840

acactgacca tecactetac eccteccacce cettetetge tecaccacat ccteegteca 200
gocgecattyg ccaccaggag aaccog : 926
<210> 2

<211l> 911

<212> DNA

<213> Homo sapiens

<400> 2
tgattgaaga cacccccteg tccaagaatg caaagcacat ccaataaaat agetggatta 60

taacteccetet tettteteta ggggecgtgg ggtgggaget ggggcgagag gtgoegttgg 120
cceccgttge ttttoctetg 'ggaaggatgyg cgcacgetgg gagaacggdg tacgacaacc 180



(del 26- 83)

<213> Artificial Sequence <220> <223> Del etion nutant_of SE

<400> 5 atgtctcaga gcaaccggga gctagtggtt g%@tgFPtEg@f’ g(lqﬁacaagct
ctcccagaaa 60 9gatacagct ggagtgcggc cgcagcagca gccgtaaagc aagcgctgag
agaggccggc 120 gatgagtttg agctgcggta ccggcgggcg ttcagtgatc taacatccca
gctt caM #/08BPW accccaggga ctgcatatca aagctttgaa cagpCEBRIIM30E: gaact ctt
ccgggat ggg 240 27 Septenber 2006 WO 03/083093 PCT/ EP03/ 03063 -4/12-

<£00> 4

Met Ser Gln Ser Asn Arg Glu Leu Val Val Asp Phe Leu Ser Tyr Lys

1

5

i0

15

Leu Ser Gln Lys Gly Tyr Ser Trp Ser Gln Phe Ser Asp Val -Glu Glu
' 25

20

30

Asn Arg Thr Glu Ala Pro Glu Gly Thr Glu Ser Glu Arg Glu Thr Pro

35

40

45

gt aaact ggg gtcgcatt gt ggCCtttttC t tEfggtg gagccctctg tgtggaaagc 300
- gt agacaa at gcaggt att C tc caa tt ggat c cacct acctg 360
aatg “Sg 3%% a%‘%% g%% Slgg gaa% ‘g 420
tacg %ﬁ%%a %‘F a ié* t ggttt 480
ct gag’;% S F e Qo ety Bt 9oLl 490
<210> <°§1§%9 PETES 8F%‘T39§8a%§ﬁ€ cace 2o>4 23>
Del et‘ig@ﬁc g i ?t'§@ ?ﬁgﬁsg% %%g CHHIGS 6 FHEFIGRFC G nt%hr Asn Arg
au Le‘=§°%ﬁ§a e Rarap. s AL posioigeay ACkiSE Hlys @y Tyr
Ser 1997 IPeAF Ct,&F PIHGRCHIY RPRCHETIDFAIIEEEY PENEE iR a B Arg Q u
Aa g oF B ugf@@agggg y%@ 2 gasgrogaeq i;;gaﬁs a PR Ser Asp
Leu B PRI sI39-EC WIEPSFETHPRCHSEES 36T Tyr Bh Ser Phe
U AFOVECLY ST PP RCALPICHPeSEC70 PE60°al A%h Trp Oy
Arg TR A BRI SIEF P Y TEPPINPICYRegage cogegaaata
aaatcagagt tgttgettee cggegtgtce ctacctecte ckcectggacaa agegtitcact 200
¢ceaacctga ¢ 911
<210> 3
<211> B63
«<212> DNA
<213> Cricetulus griseus
<400> 3
cagagcagac ccagbgagtyg agcaggtgtt ttggacaatg gactggtitga gceceatcetgt 60
attataaaaa tgtctecagag caaccgggag ctagtggtig actttctete ctacaagete 120
tecoagaaag gatacagety gagtcagttt agtgatgtoeg aagagaacag gactgaggec 180
ccagaaggaa chtgaatcaga gagggagace cccagtgeca tcaatggcaa cccatcctgg 240
cacctggegg acageccege ggtaaatgga geocactggec acageageag tttggatgea 300
cgggaggtaga tococcatgge agecgtaaag caagegoetga gagaggocgg cgatgaghtt 360
gagctgeggt aceggeggge gttcagtgat ctaacatcce agettcatat aaccccaggg 420
actgcatatc aaagetttga acaggtagtg aatgaactct-tccgggatgg ggtaaactgg 480
ggtegeattyg tggecttttt ctecttoggt ggagoeoctet gtgtggaaag cgtagacaag 540
gagatgcagg tattggbgag tcoggatcgea agttggatgg ccacctacch gaatgaccac 600
ctagagectt ggatccagga caacggegge tgggacactt tegtggdact ctacggaaac 660
aatgcagcag ctgagagoog gaaaggcocag gagecgcttca accgotgghbt cctgacggge 720
" atgactgtgg ctggtgtggt tetgctggge tcetetetteca gteggaagtyg acaagacagt 780
gaccacctac tecacatcecteg ccoteccacce tatceccoccace acaactctet ctitcagecac 840
cattgctace aggagaacca cta 863
<210> 4
<211> 233
<212> PRT
<213> Cricetulus griseus




85 90 95 Cys Val GQu Ser Val Asp Lys Gu Met G n Val Leu Val Ser Arg Ile
100 105 110 Ala Ser Trp Met Ala Thr Tyr Leu Asn Asp H €71S€RtemRer@peb Trp 11e
115 120 125 Gn Asp Asn Ay Ay Trp Asp Thr Phe Val Qu Leu Tyr Ay Asn
Asn 130 135 140 Ala Ala Ala Qu Ser Arg Lys Gy An dQu Arg Phe Asn Arg Trp
Phe ' . wo dbAssdPb0 155 160 Leu Thr Ay Met Thr Val Al acdpped@ssval Leu Len
Ay Ser Leu Phe 165 170 175 Ser Arg Lys 27 Septenber 2006 8y8ye WO
03/083093 PCT/ EP0O3/ 03063 -5/12- <21?> 7 <211> 600 <212> DNA <213>
‘Artificial Sequence <220> c223>-%{&2ion mutant of SEQ ID NO:3 (del46-83)
<400> 7 atgtctcaga gcaaccggga gctagtggtt gactttctct cctacaagct ctcccagaaa
60 dgutieats Agysdychgt Pre Sgrdargits denghgadsm Sgydyegdlggc cccagaagga 120
act gaat c#g agagggcggc cgéagcagca gccgt aaagfc aagcgct gag agaggccggc 180
gatgagtttg agctgcggta ccggcgggcg ttcagtgatc taacatccca gcttcatata 240
acccHayda @lwyéds JhcaChalts tSegarcagyiaytipp Algdagt®etValcgggat ggg 300

gt aa®ét ggg gtcgcattgt7@gecctttttc tcctt’&ggt g gagccct ct g8@ gt ggaaagc 360

gt agacaagg agat gcaggt attggtgagt cggatcgcaa gttggatggc cacctacctg 420

aat gdde dre Meigage dlegvajales &dygad.aabeydoegdiin Jm&trdtspt Glegt ggaact ¢ 480

t acggaaaca at gcagd@&gc tgagagccgg a@d@dggccagg agcgcttf$aa ccgetggttc 540

ctgacgggca tgactgtggc tggtgtggtt ctgctgggct ctctcttcag tcggaagtga .600
<210%h8 &d2llew 469 Tyr Arg Arg Ala Phe Ser Asp.Let Thr Sexr Gln Leu

100 105 110

His Tle Thr Pro Gly Thr Ala Tyr Gln Ser Phe Glu Gln Val Val Asn -
115 120 125

Glu Leu Phe Arg Asp Gly Val Asn Trp Gly Arg Ile Val Ala Phe Phe
130 135 140

Ser Phe Gly Gly Ala Leu Cys Val Glu Ser Val Asp Lys Glu Met Gln
i4s 150 155 160

Val Leu Val Ser Arg Ile Ala Ser Trp Met Ala Thr Tyr Leu Asn Asp
165 170 175

His Leu Glu Pro Trp Ile Gln Agp Asn Gly Gly Trp Asp Thr Phe Val
180 185_ : 180

Glu Leu Tyr Gly Asn Asn Ala Ala Ala Glu Ser Arg Lys Gly Gln Glu
195 200 205

Arg Phe Asn Arg Trp Phe Leu Thr Gly Met Thr Val Ala Gly Val Val
210 215 220

Leu Leu Gly Ser Leu Phe Ser Arg Lys
225 230

<210> 5

<21ll> 540

<212> DNA

<213> Artificial Sequence

<220>
<223> Deletion mutant of SEQ ID W0:3 (del26-83}

<400> 5

atgtcetcaga geaaccggga getagbggtt gactttctet cctacaaget cteecagaaa 60

ggatacagct ggagtgogge cgeagcagea gecgtaaage a'agcgctgag agaggeegge i20

gatgagtttg agctgeggta ccggcgggeg tteagtgate taacatccea gctteatata 180
_ acceccaggga ctgcatatca aagetttgaa caggtagtga atgaactctt cegggatgag 240



<212> PRT <213> Artificial Sequence <220> <223> Deletion nutant of SEQ ID
NO 4 (del 46-83) <400> 8 Met Ser G n Ser Asn Arg G u L&uSspipmbel 2088y Phe
Leu Ser Tyr Lys 1 5 10 15 Leu Ser Gn Lys Ay Tyr Ser Trp Ser G n Phe Ser
Asp Val Qu Gu 20 25 30 Asn Arg Thr Qu Ala Pro AQu Gy Thr u Ser Qu
Arg Al avgNsmssbs 35 40 45 '.. Ala Ala Ala Val Lys G pcdmshsids Arg Gn Ala
Gy Asp Au Phe Qu 50 55 60 Leu Arg Tyr Arg Arg Ala Phe Ser Asp Len Thr
Ser An Leu Hs Ile 65 70 75 80 Er Pro Ay Thr Ala Tyr A n Ser Phe Qu
~G@n Val val Asn Qu Leu 85 90 95~ ézArg Asp Ay Val Asn Trp Ay Arg Ile
Val AtaPREoPIatcoat tph gIctor tE05-Cribegrs SEacentds PUBEaaaye 03/ V83093
PCT/ EPBS038% 392 69CRIIC GELHIMIRIi| UopEepcERsItraba@ay Serctvadtadsp 188s A u Met
d n VvaFgasegec Fegagerity 2Bteeaaose raaggeddes gdgacsattTegrderectsl a TR0 Tyr Len
Asn ASpI¥HE8cE @fITEFays 3 oiadrcrgy asagierappoadhgptidee artagtcAsn Moy Gy Trp
Asp ThE2EHECY/Ho2tIFoEe F9T5FIHE0 HFBLIBOL qptcopgabragasatodl a A4 Ala G u
Ser Arg Lys Ay A@n Qu Arg Phe 165 170 175 Asn Arg Trp Phe Leu Thr Ay
Met Thr Val Ala Ay Val Val Leu Leu 180, 185 - 190 Gy Ser Leu Phe Ser Arg

Lys <23%<510> 9
<211> 179

. <212> PRT
<213> Artificial Sequence

<220>
<223> Deletion-mutant of SEQ ID NO:4 (del26-83) -

<400> 6
Met Ser Gin Ser Asn Arg Glu Lieu Val Val Asp Phe Leu Ser Tyr Lys
1 5 1o 15

Leu Ser Gln Lys Gly Tyr Ser Trp Ser Ala Ala Ala Ala Ala Ala Val
' 20 25 ' 30

Lys Gln Ala Leu Arg Glu Ala Gly Asp Glu Phe Glu Leu Arg Tyr Arg
35 40 : 45

Arg Ala Phe Ser Asp Leu Thr Ser Gln Leu His Ile Thr Pro Gly Thr
50 55 ) 60

Ala Tyr Gln Ser Phe Glu Gln Val Val Asn Glu Leu Phe Arg Asp Gly
65 70 75 80

Val Asn Trp Gly Arg Ile Val Ala Phe Phe Ser Phe Gly Gly Ala Leu
85 ' a0 95

Cys Val Glu Ser Val Asp Lys Glu Met Gln Val Leu Val Ser Arg Ile
100 , . 165 _ 110

Ala Ser Trp Met Ala Thr Tyr Leu Aen Asp His Leu Glu Pro Trp Ile
115 120 125

Gln Asp Asn Gly Gly Trp Asp Thr Phe Val Glu Leu Tyr Gly Asn Asn
130 135 140

Ala Ala aAla Glu Ser Arg Lys Gly Gln Glu Arg Phe Asn Arg Trp Phe
145 150 155 160

Leu Thr Gly Met Thr Val Ala Gly Val Val Leu Leu Gly Ser Leu Phe
165 ) 170 : - 175

‘Ser Arg Lys




- caggt agt ga at gaactctt

<212> DNA <213> Artificial Sequence <220> <223> Del etion nutant
<400> 9 [ atgtctcaga gcaacc&@é@pﬁﬁﬁéﬁ Bﬂﬁ
ctcccagaaa 60 ggatacagct ggagtcagtt tagtgatgtc
cccagaagga 120 actgaatcag agagggagac ccccagtgcc
at caat yarm/ogsmaerat cct g gcacctggcg 180 gacagccccg cygoicagepggesoggcagcageca
gccgt aaagc aagcgct gag agaggccggc 240 gatgagtttg agctgcggta ccggcgggcg
ttcagtgatc taacatccca gcttcatata %dpjzaccccaggga ctgcat atca aagctttgaa
ccgggat ggg” ol Ut aaact ggg gtcgcattgt ggcctttttc
t gt ggaaagc 420 g¢tagacaagg agat gcaggt attggtgagt
cggatdigead’ gtt ggat ggc cacctacctg 480 aatgaccacc tagagccttg gatccaggac
aacgdiidgcetédgggacacttt cgtggaactc 540 tacggaaaca at gcagcagc tgagagccgg
aaaggriCagd®agcgct t caa ccgectggttc 600 ctgacgggca tgactgtgge tggtgtggtt
ct gctiggctaztt Eicdiel o3sgrueregyaagt ga 660 <216> 10 <211> 219 <212> PRT <213>
Artificial Sequence <220> <223> Deletion nutant of SEQ ID NO 4 (del66-83)
<400:22D0 Met Ser- G n Ser Asn Arg GQu.Leu Val Val Asp Phe Leu Ser Tyr Lys 1
5 10<2p3>2 DeSepiantyeran200b SEAGDBP (B83G9BL6PEIY EPO3/ 03063 -7/ 12- Leu Ser G n
Lys@y Tyr Ser Trp Ser A n Phe Ser Asp Val GQu Qu 20 25 30 Asn Arg. Thr
AQu Moaa-Pro Qu Ay Thr Qu Ser Au Arg Qu Thr Pro 3.5.40 45 Ser Ala lle
Asn dlgpcicayaPacraBegadhr poidigbaditn oA¢E AL Sekadeegeti|cicetraBsac) 69

<211> 660
of SEQ ID NO 3 (del 66-83)
gactttctct cctacaagct
gaagagaaca ggact gaggc

tccttcggtg gagccctctg

ggatacaget ggagtcagtt tagtgatgbc gaagagaaca ggactgagge cccagaagga 120

actgaatcag agagggcedge cgcagcagea gecogtaaage aagegctgag agaggecgge 180

gatgagtttg agctgeggta ceggegggeg ttcagtgate taacatccca getteatata . 240

accccaggga ctgcatatca aagcetttgaa caggtagtga atgaactett coaggatggyg 300

gtaaactggy gtegeattgt ggecttttbe tectteggtg gageccetetg tgtggaaago 360
' gtagacaagg'agatgcaggt attggtgagt cggatcgcaa gttggatgge caccetacctg 420

aatgaccace tagagoettg gabceaggac aacggcegget gggacacttt cgtggaacte 480

tacggaaaca atgcagcagc tgagagcogg aaaggccagg agegetteaa ccgetggtte 540

ctgacgggca tgactgtgge tggtgtggti ctgetggget ctetcttcag tcggaagtga 600

<210> 8

<211l> 199

<212> PRT

«213> Artificial Sequence

<220>

<223> Deletion mutant of SEQ ID NO:4 {del46-83)

<400> 8

Met Ser Gln Ser Asn Arg Glu Leu Val Val Asp Phe Leu Ser Tyr Lys

1 5 10 15

Leu Ser Gln Lys Gly Tyr Ser Trp Ser Gln Phe Ser Asp Val Glu Glu
20 . 25 ' 30

Asn Arg Thr Glu Ala Pro Glu Gly Thr Glu Ser Glu Arg 2la Ala Ala
35 40 45

Ala Ala Ala Val Lys Gln Ala Leu Arg Glu Ala Gly Asp Glu Phe Glu
50 55 : 60 .

Leu Arg Tyr Arg Arg Ala Phe Ser Asp Leu Thr Ser @ln Leu His Ile
65 70 75 8¢

Thr Pro Gly Thr Ala Tyr Gln Ser Phe Glu Gln Val Val Asn Glu Leu
B85 90 : 85

Phe Arg Asp Gly Val Asn Trp Gly Arg Ile Val Ala Phe Phe Ser Phe
100 105 110 o




Val
80
95
105
115
Au
Tyr

Ala Ala Ala Ala Ala Ala Val Lys Gn Ala Leu Arg Au_ Ala Ay 65 70 75
Asp Gu Phe Qu.Lea Arg Tyr Arg Arg Al a. Phe Ser AsBﬂ?éBte'TWPrgéqs 85 90
Gn Leu His Ile Thr Pro Gy Thr Ala Tyr An Ser Phe Gn dn Val 100
110 Val Asn Qu Leu Phe Arg Asp Ay Val. Asn Trp Gy Arg Ile Val Al a
12vdl@mssoPhe Phe Ser Phe Ay Ay Ala Leu Cys Valpd@mpoSemsval Asp Lys
130 135 140 Met Gn Val Len Val Ser Arg Ile Ala Ser Trp Met Al aThr
Leu 145 150 155 160 Asn AspVE ﬁ Leu Gu Pro Trp Ile An Asp Asn Ay

p Asp Thr 165 170 175 Phe / u Leu Tyr Asn Asn Ala Ala Al a
du S%IIY i3] AE%/ e (¥= ¥8b Gl8sSero¥aigrar Gy Ay MPH&%%&%PQUTW Phe Leu Thr
Gy Met Thrit Ala Ay 19%%00 205 Val VaR5Leu Leu Gy Ser Leu Phe Ser
Arg gys 210 215 <210> 11 <211> 660 <212> DNA <213> Artificial Sequence
c220V3225%5 Arg | de| M ARY 5P ¥t BEQTRD 1o Bey den 4erelis 1e100> 11 at gt ctcaga
gcaaccggdP getagt ggtt gacdtftctct cct acaagkt® ct cccagaaa 60 ggat acagct
ggagtcagtt tagtga gaagagaaca ggact gaggc cccagaagga 120 27 Sept enber
2006 © ]VKPG%FHB§3 S%PC?EEP@B/@EDG%YJ%PEQ$’%%ﬁéﬁaﬁﬁﬁngg&gggcggc cgcagcagceg
at%fgag ccact ggccaltlgcagcagt 180 3Bggat gcac gggagdffat ccccatggca

ag agaggccggc 240 gatgagtttg agctgcggta ccggcgggcg

Aaeaq}la:t ger 3gg Lys Gly Gln Glu Arg Phe

175

gt aa
gccgt aaa c aagcgct

t t cagi¥gably

170

" Asn Arg Trp Phe Leu Thr @ly Met Thr val Ala Gly Val vVal Leu Leu
180 185 150

Gly Ser Leu Phe Ser Arg Lys
185

<210> 9

<21l> 660
<212> DNA
<213>

<220>
<223

<400> 9
atgtctcaga

. ggatacagct

actgaatcag
gacagccocy
gatgagtittg

' accccaggga

gtaaactggy
gtagacaagg
aatgaccace
tacggaaaca
ctgacgggea

<210> 1.0
<211> 219
«<212> PRT
<213>

<220
<223

<400> 10

goaaccggga
ggagtcagtt
agagggagac
cggtageggc
agetgeggta
ctgecatatca
gtegeattgt
agatgcagqgt
tagagecttyg
atgcagcagc
tgactgtgge

Artificial Sequence

getagtggtt
tagtgatgte
ccccagtgee
cgcagcageca
ccggegggeg
aagctttgaa
ggecttttte
attggtgagt
gateccaggac
tgagagcegg
tggtgtggtt

Artificial Sequence

gactttetet
gaagagaaca
atcaatggea
gecegtaaage
ttecagtgatc
caggtagtga
teoctteggtyg
cggatcgecaa
aacggeoggcet
aaaggcocagy
ctgetggget

Deletion mutant of SEQ ID NO:3 {(del66-83)

cctacaagct
ggactgagge
acccatcctg
aagegcetgag
taacatcecca
atgaactatk
gagccctety
gttggatgge
gggacacttt
agegcetteaa
ctctetteag

Deletion mutant of SEQ ID NC:4 {delG6-83)

ctcocagaaa
cecagaagga
gecacctggeyg
agaggecgge
getteatata
cegggatgag
tgtggaaage
cacctacctg
cgtggaacte
cegetggtte
tecggaagtga

Met Ser Gin Ser Asn Arg Glu Leu Val Val Agp Phe Leu Ser Tyr Lys

1

5

10

is

60
120
180
240
300
360
420
480
540
600
660




acccca a ct catatca as cttt as caggtagtga ggg 5 g g atgaactctt cc at ggg
360 gtaaactggg gtcgcattgt ggcctttttc tccttcggtg gagccctdtIenrtemnbe: c 420
gt agacaagg agat gcaggt attggtgagt cggatcgcaa gttggatggc cacctacctg 480

aat gaccacc tagagccttg gatccaggac aacggcggct gggacacttt cgtggaactc 540

t acggagasesi@sagcage t gagagccgg aaaggccagg agcgctt cpapfsusnioggt t ¢ 600
ctgacgggca tgactgtggc tggtgtggtt ctgctgggcet ctctcttcag tcggaagtga 660

<210> 12 <211> 219 <212> PRT <213>2é{%|f|0|al Sequence <220> <223>

-Del etion nmutant of SEQ I D NCc4 (de <400> 12. Met Ser @ n Ser Asa Arg
G u Leu Val Val Asp_The Leu Ser Tyr Lys 1 5 10 15 Leu Ser An Lys Ay Tyr
Ser THP* S&F. EPnlPh&IBetyraASH: VAP SeF Gl FheFexsigp VahdHule Thr Gu Ala Pro
Gu Gy Thr A u?%er Gu Arg Ala2Ala Ala 35 40 480Ala Ala Val Asn Ay Al a
Thr Hs Ser Ser Ser Leu Asp Ala Arg so 55 60 Gu Val Ile Pro Met Al a
Al a vafn By St e roaflp @y Thr Ll Fer gHluziry $lghrye G u The A u Leu
Arg Tyr Arg 3% g Ala Phe Ser A8p Leu Thr- Ser 85590 95 Qdn Leu Hs Ile Thr
Pro Ay Thr Ala Tyr A n Ser Phe Gu G n VvVal 100 105 110 Val Asn G u Leu
Phe AFYF Alp GeyAYhClARFOTPYS &by TAP P Bewdilajpep S¢ Pre2)al25 The Phe Ser
Phe Ay &y Ala Leu Cys V& G u Ser Val A$® Lys G u 130 135 140 Met dn
Val Leu Val- Ser Arg Ile Ala Ser Trp Met Ala Thr. Tyr Leu 145 150 155 160 .
Asn AES} A3 Harg ﬁlPrPéaTH? V?fbl'@grﬁlﬁesélmu@w Gly Arppslgsp Thr 165 170 175

Asp Glu Phe Glu.Leu Arg Tyr Arg Arg Ala.Phe Ser Asp Leu Thr Ser.
85 - 90 95

Gln Leu His Ile Thr Pro Gly Thr Ala Tyr Gln Ser Phe Glu Gln Val
i0¢0 . 105 ‘ 110

Val Asn Glu Leu Phe Arg Asp Gly Val Asn Trp Gly Arg Ile Val Ala
115 120 ' i25

Phe Phe Ser Phe Gly Gly Ala Leu Cys Val Glu Ser Val Asp Lys Glu
130 135 . 140

Met Gln Val Leu Val Ser Arg Ile Ala Ser Trp Met Ala Thr Tyr Leu
145 150 155 160

Asn Rep His Leu Glu Pro Trp Ile Gln Asp Asn Gly Gly Trp Asp Thr
165 . 170 175

Phe Val Glu Leu Tyr Gly Asn Asn Ala Ala Ala Glu Ser Arg Lys Gly
180 185 . 150

Cln Glu Arg Phe Asn Arg Trp Phe Leu Thr Gly Met Thr Val Ala Gly'
195 ‘ 200 205 .

Val Val Ieu Leu Gly Ser Leu Phe Ser Arg Liys
210 215

<210> 11

<21l> 660

<212> DNA

<213> Artificial Sequence

<220>
<223> Deletion mutant of SEQ ID NO:3 (del46-63)

«400> 11
atgtcteaga gcaaccggga getaghtggtt gactttcteot cctacaaget ctcccagaaa - B0
. ggatacagct ggagtcagtt tagtgatgte gaagagaaca ggactgaggc cccagaagga 120




Leu Len Gy Ser
<213> Riotosisaesal
13 gccaccat gt ctcagagcaa accgggag 28

<220> <223> g%iqg_
- <221> Y <222> (4)..(4) <223> Y nea é or
.a"g)g% Eoag RI3gaarIgE FCgCagCd (JLARSLRIRT ST IPECaORBCATIRTS

Artificial

(19)
mean

gi gCaC
gatgagttty
acoccaggga
gtaaactggg
gtagacaagg
aatgaccacc
tacggaaaca

Sequence

gggaggtgat
agctgeggta
ctgcatatca
gtcogecattgt
agatgcaggt
tagagecttg
atgcagcage
tgactgtoge

Sequence

cececatggea
ceggegggey
aagctttgaa
ggecttttte
attggtgagt
gatccaggac
tgagagecgg
tggtgtgatt

gccgtaaage
ttecagtgatc
caggtagtga
tectteggtg
cggatoegeaa
aacggcgget
aaaggccagg
ctgetggget

cl..

aagogetgag
Caacatccea
atgaactett
gagccctetyg
gttggatggce
gggacacttt
agcgetteaa
ctcltoticag

revl)

agaggccgge
getteatata
ccgggatggg
tgtggaaagc
cacctaccty
tgtggaactc
cegetggtte
teggaagtga

Ala Gy 195 200 205t i
<211> 28

£
.300
360
420
480
540
600

660

27 Septenber 2006 WO 03/083093 PCT/ EP03/03063 -9/12- P he Val Qu Leu Tyr
Ay Asn Asn Ala Ala Ala Gu Ser Arg Lys Gy 180 185 180SeptemBen2®iy Phe .
Asn Arg Trp Phe Leu Thr Ay Mt Thr Val
Leu Phe Ser Arg Lys 210 215 <210> 13
<220> F <223> A i gonucl egiirgtpésnbesr evl)
<210> 14 <211> 24
nucl eotid (Bcl

Val Val

<212> DNA

<400>

<212> DNA <213>
.. <220> ', 'L
<220> <221> Y <222>

- (

<223> R

ctgacgggca

«210> 12

<211i> 218

<212 PRT . ] . o .
<213> Artificial Sequence '

<220>

<223> Deletion mutant of SEQ ID NO:4- (del26-83)

<400> 12

Met Ser Gln Ser Asn Arg Glu Leu Val Val Asp Phe Leu Ser Tyr Lys
L 5 10 i5
Glu

Glu

Gln Lys Gly Tyr Ser Trp Ser Gln Phe Ser Asp Val

20 25 ‘30

Leu Ser

Thr Glu Ala Pro Glu Gly Thr Glu Ser Glu Arg Ala Ala

35 40 45

Asn

Ala Ala Val Asn Gly Ala Thr Gly His Ser Ser Ser Leu Asp Ala

50 - 55 60

‘Glu Val Ile Pro Met Ala Ala Val Lys Gln Ala Leu Arg Glu Ala Gly
- 65 70 ‘ 75 80

Glu Phe Glu Leu Arg Tyr Arg Ala Phe Ser Asp Leu Thr Ser

Agp
85 20 95

Gilu Glnt val

110

Thr Ala Gln Ser Phe

105

Ile Thr
100

Gln Leu His Pro Gly

Glu Val Ile Val ala

115

Val Asn Leu Phe Arg Asp Gly Aen

120

Gly Arg
125

Trp

Val Glu Ser Val Glu

140

Phe Phe

130

Ser Phe Gly Gly aAla Leu

135

Cys Asp Lys

Leu
160

Met Ile Ala Met Ala Thrxr

145

Gl Val Leu Val Ser Ser

150

Arg Trp

155

Leu Glu Ile Asn Thxr

165

His Asp

175

Asn Asp Gln Asp

170

Bro Trp Gly Gly Trp



<400> 14 '.. tcayttccga ctgaagagyg arcc 24 <210> 15 <211> 23 27 Septenber
2006 WD 03/ 083093 PCT/ EP03/ 03063 10/ 12- <212> DNA <213% Sepiembeg 2g10 -
‘Sequence <220> <223> digonucleotid (Bcl revs) <400> 15 catcactaaa
ctgactccag ctg 23 77 <210> 16 <211> 23 <212> DNA <213> Artifici al
Sequeng® osngiedy> <223> Aigonucleotid (Bcl reve) <4QQ%mlsh@act ccage :
tgtatccttt ctg 23 <210> 17 <211> 20 <212> DNA <213> Artificial Sequence
<220> <223> Aigonucleotid (Ecl for2).  <400> 17 gacgggcatg actgtggctg 20
<210> 18 <211> 22 <212> DNA <2134k ticial Sequence <220>
Phe Val Glu Leu Tyr Gly Asn &sn Ala Ala Ala Glu Ser Arg Lys Gly

180 185 190

Gln Glu Arg Phe Asn Arg Trp Phe Leu Thr Gly Met Thr Val Ala Gly
185 200 205

Val Val Leu Leu Gly Ser Leu Phe Ser Arg Lys
- 210 215

«<210> 13

<211=> " 28

«212> DNA - : - : -
«213> Artificial Seguence '

<220>
<223> Oligonucleotid (Bcl revl)

<400> 13
geccaccatgt cteagageaa accgggag 28

=<210> 14

<21l> 24

<212> - DNA

<213> Artificial Sequence

<220>
<223> Oligonucleotid (Bcl revl)

<220>
o =221l> Y
 <222> (4)..(4)
<223> Y means T or C

<220>

<221> Y

<222> {(19)..(19)
«<223> Y means T or C

<220

<221> R

<222 (22)..(22)
<223> R means G or A

<400> 14

teayttecga ctgaagagyg arce ' 24

<210 15
<21l> 23




<223> digonucleotid (Bcl fora) <400> 18 tgactgtggc tggtgtggtt ct 22
<210> 19 <211> 3.7 <212> DNA <213> Artificial SequencerXSepBemeeztes 2006
WO 03/ 083093 PCT/ EP03/ 03063 -11/12- <220> <223> Aigonucleotid (Eco-Bc
for) <400> 19 tccggaattc gccaccatgt ctcagagcaa ccgggag 37 <210> 20 |E
<211> b o3m8g DNA <213> Artificial Sequence <220>pcgg@3nodebd gonucl eotid
(Xho-Bcl rev) <400> 20 tccgctcgag tcacttccga ctgaagagag agcc 34 <210> 21
<211> 41 <212> DNA <213> Artificiqggﬁgguence <220> <223> digonucleotid
ccgc

- (del26 < > 21 atagttatgc tgcgg ctccagctgt atcctttctg g 41 <210>
22 <2iil>§:4£%<g12> DNA <213> Artificial Sequence <220>

3 ificial Sequence

<220>
<223> OQligonucleotid (Bel revs)

<400> 15 ‘ :
catcactaaa ctgactecag ckg . 23

<210> 16

<211x= 23

<212> DNA :
<213> Artificial Sequence

<220> _
<223> Oligonucleotid (Bel revs)

<400> 16
" tgactceage tgtateettt ctg . 23

<210> 17

<211> 20

<212> DNA

«<213> Artificial Sequence

<220
<223> Oligonucleotid (Bcl forz)

<400> 17 .
gacgggeaty actgtggetg . ‘ 20

<210> 18

<211l> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Oligonucleotid {Bcl for3)

<400> 18
tgactgtgge tggtgtggtt ct : c ' 22

<210> 19

<21l> 37

<212> DNA

<213> Artificial Sequence




<223> digonucleotid (del46) <400> 22 atagttatgc tgcggccgcc ctctctgatt
cagttccttc tg 42 <210> 23 <211> 38 <212> DNA <213> AZ7i3épderabersi®bience
<220> <223> digonucletid (del 66) <400> 23 27 Septenber 2006 WO 03/083093
PCT/ EP0O3/ 03063 12/12 atagttatgc tgcggccgct accgcgggge tgtccgec 38 <210> 24
<211> ) o3mgshgy DNA <213> Artificial Sequence '.. <EZA%po5dnes :
A igonucleotid (del63) <400> 24 aagtaagaag cggccgcagc agcggt aaat ggagccactg
gc 42 <210> 25 <211> 42 <212> DNQ > Artificial Sequence <220> <223>-
-Aigonygleotid (de183) <400> 25 gt'adgaag cggccgcagec agcagccgt a _
aagca o pt enber 006 WD 03/ 083093 PCT/ EP03/ 03063 59 CLAI M5
%&ﬁgné%g?m% ?°té§E§%k§%E €Al I'y nodified by introducing nucl eic acid

sequeq&gs gat encode for an anti-apoptosis gene, a selectable anplifiable

mar kq.rccggaa ’tc gc%agéatg%acszécagggc egggg%];.g 37
<210> 20
<211> 34
<212 DNA

<213> Artificial Sequence

<220>
<2235 Oligonuclectid (Xho-Bel rev)

<400> 20
tcegetegag tcacttocga ctgaagagag agec 34

<210> 21

<21l> 41

<212> DNA

<213> Artificial Sequence

<220>
<223> Oligonuclecotid {(del2s)

<400> 21
atagttatgec tgeggeoegea ctecagetgt atcctttetg g .41

«210> 22

<211l> 42

.<212> DNA

<213> Artificial Sequence

<220
<223> Oligonucleotid {del4é)

<400> 22
atagttatge tgeggeegee ctotetgatt cagtteoctte tg g 42 -

<210> 23

<211> 38

<212> DNa

<213> Artificial Sequence

<220
<223> Oligonucletid (delgs)

<400> 23




Te— T
- £

interest.- 2. A host cell of claim11, wherein the host cell is a Chinese
Hanster Ovary (CHO cell or a Baby Hanster Kidney (BHKY Septdmber@0® A host
cell according to claiml or 2, wherein the host cell is a CHO D4,

CHO K, CHO DUKX, CHO DUKX B1, CHO Pro-5, V79, Bl14AF28-G3, BHK 21, BHK TK,
HaX, oWO @HMB30%3(2254-62.2) cell, or the progeny of argrmdo3msiseh cell |ine.

4. A murine nyeloma cell genetically nodified by introducing nucleic acid
sequences that encode for an antj 18pgpt 0sis gene, a selectable anplifiable
mar k a ne oS of interest. 5. A host cell of claim
4, \/\%?%%% aé)‘:%gg%c ggl °Ps g%gg%s%et 98p2/ 0- Agl4 cell, or the pr36’geny of
any of such cell line. 6. A host cell according to any of clains 1 to 5,
wher eipqt hg,anti - apopt osis gene encodes for a menber of the Bel -
super, il{ﬂ)l)é that can act as cell death repressor. 20 7. A host ceII
accor H@,any one of clainms 1 to 6, V\,he/ra\lel n theI anti-apoptosi s gene
encod BCL-2, BCL-w, BFL-1 MCL BOO, BRAG 1, NR-13,

aim%t%&b?\i_:f% 1, LMAs-HL or CED-9. 8. A host cell accordi ng to
any OEEGOf claims | to 6, wherein the anti-apoptosis gene encodes for

BCL- x t cell according to any one of clains 1 to 7,
wher el ‘r?]%f he a%c’%ucgeoufioé tl193;ene has the sequence of SEQID NO 1|, SEQ ID

,<4§§ NOS SEQIDNOS SEQIDNO? SEQ ID NO 9 or SEQ I D NO 11,
or a active fra nment, variant, or derivative thereof. 10. A
host %% ag%%% FHCC ToP0 aaqﬁﬁg%ar?g °8F%i5H919¢ 0 7, encoding for BEB-xL. 30 11.

A host ceII according to any one of clains 1 to 7, wherein the

antl - ? is gene has the sequence of SEQID NO 1, , SEQID NO 3, SEQID '
NO 7, SEQID NG9 or SEQID NO 11, or any biologically
actl V91 gpent, yari ant, or derivative thereof. 12. A host cell according

to an ne oF ¢l ai to9 wherein the selectable anplifiable marker

gene %n%od%’ét oF mc?in%yﬁ'?‘e@FSI ate reductase (DHFR), glutanine synthetase, CAD,
adeno e 27 Septerrber 2006 WD 03/083093 PCT/ EP03J03063 60 deam nase,
aden Eg.ft] a]; éll\@ Za/r;t het ase, | MP 5'-dehydrogenase, xanthi ne guani ne
phosp or bo %ﬂonfl? 751888853 )HaPRTase, thymi di ne ki nase, thymidyl ate

synt h&\%dase P glycoprotein 170 ri bonucl eoti de reductase, asparagine

synt gl nosucci nat e nt het ase, or ni t hi ne decar boxyl ase HMG CoA

r edusfd aagé ??‘@ﬂca%sagﬁﬁﬁﬁﬁt PRRERRFCHE et




s threonyl -t RNA synt hetase or Na K+- ATPase. 13. A host cell according to
any one of clains | to 12, wherein the anti-apoptosis é@ PEGTBRAILE06 f or
BCL-xL and the sel ectable anplifiable marker gene for DHFR, gl utam ne

synt hetase, CAD, adenosi ne deam nase, adenyl ate deam nase, UWP synt het ase,
| VP 5' wdaliggtossgenase, xant hi ne guani ne phosphori bosdr/Eroaesséser ase, -
HGPRTase, thym di ne ki nase, thymsglyl ate 10 synthetase, P glycoprotein 170,
ri bonucl eoti de reductase, asparagi ne synthetase, arginosuccinate
synt het ase, ornithine decarboxylase, HMG CoA - reductase,

acetyl gl ucosam nyl transferase, threonyl-tRNA synthetase or

Na( e¢r Al®r r) - ATPase 14. A host cell according to any of clains 1 to 12,
wherein the anti-apoptosis gene encodes for BCL-xL and the sel ectable
anplifiable marker gene for DHFR is 15. A host cell according to any of

, | b|
ot T Afict fose SO R BleB A BRELT AP bgfe s R el P Do bRIRYEl y 11 nked
to at f‘Ea?é‘ta“EﬁEOPt?%b aenss étﬁ?]e@t@d%lm ahle maikey génsy ard pir lea ioon gerfe ofai d genes.

16. A medrbabd of expressing an anti-apoptosis gene, an sel ectable
anplifiable marker gene and at |east one gene of interest in a mammalian

host2| c Al host calipef] cldimgl, vaﬁre(xﬁ}helH&mquglatrtﬁn%ea& (Haﬁléfé@w dmtcteﬁ%kh t
opul a sequences that encode for ™ an anti-apoptosis
geﬁe B%@éﬁ Bﬁﬁ‘l“”?r@ﬁ‘ﬁ qurrar ker gene and a gene(s) of int grgst
ergi e ) tor
ggq u32 n%e gthgll Q&Q,F g{o 013"83 0? g?{x%#‘ g%ﬁ fg': E}éﬁ%gﬁo(' ﬁ@\@g sa?/d host

cel | tHrends VilPeB MARRB G dildh-21; BHE fReHaK].or25 17. A

net hodBHK-mmmele)gelmmlpt@enﬁa%yeﬁédcﬁcahsm ng an enhanced expression
| evel of an anti-apoptosis gene corrprl sing: (a) introducing into a

Wﬂ{ﬂm' Aamurtiesiny€lelnh &nrgéhi&imgﬁ &b&c&@%@mm@ ueﬁ&g%lﬁt for an
anti - n el ecla mar ker (6] i ona
oo %ﬁﬁ%* o S EopRpi} B “%Rﬁer%r’h SElF g R 20 5RR 206 BBy | | kel

t5o at ofdnistesone regul at ory 30 sequence allow ng for expression of said
genes; (t@ cultivating said cell popul ation under conditions where at | east
sai d- shostogh |06 claim ti Wherpin dhe hast tellris g 2150 oniS@29ah gl damedlj erdpopogaiyofgene ar e
expr esaghf sadhdelMibeh are favourable for obtaining nultiple copies at |east
of the anti-apoptosis-gene; (c) selecting cells fromthe cell popul ation

~ that. |Adﬁ§mnab@mm§&0 /f‘é&lﬂh@ﬁt@i WiRASH ﬂfefauﬁla optdsis 86k len@ig P i's gene.
en

27 Se Sﬁﬂﬁr 3 PC /EP 063 ol 18- The met of claim
17, V\hp&er ern B 8ar°ea§ Hﬁ?‘#&%ﬁ'@%’& into the rramml i an

20 7. A host cell according to any one of claims 1 to 6, wherein the anti-apoptosis gene encodes
for BCL~xL, BCL-2, BCL-w, BFL-1, A1, MCL-1, BOO, BRAG-1, NR-13, CDN-1, CDN-2,
CDN-3, BHRF-1, LMWS5-HL or CED-9. | |

8. ‘A host cell according to any one of claims 1 to 6, wherein the anti-apoptosis gene encodes
for BCL-xL or BCL-2.

25 9. A host cell according to any one of claims 1 to 7, wherein the anti-apoptosis gene has the
sequence of SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO7,
SEQ ID NO:9 or SEQ ID NO:11, or any biclogically active fragment, variant, or derivative.
thereof.

10. A host cell according to any one of claim 1 to 7, encoding for BCL-xL.

30 11, A host cell according to any one of claims 1 to 7, wherein the anti-apoptosis gene has the
sequence of SEQ ID NO:1, , SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:7, SEQ ID NO:9 or
SEQ ID NO:11, or any biologically active fragment, variant, or derivative thereof,

12. A host cell according to any one of claims 1 to 9, wherein the selectable amplifiable marker
gene encodes for dihydrofolate reductase (DHFR), glutamine synthetase, CAD, adenosine




host cell population. 19. The nethod of any one of clains 16 to 18, wherein
the manmmal i an host cells are nmurine nyel oma or hanst e27 &eptosibes 2006 The
met hod of claim 19, wherein the hanster cells are Chinese Hanster Ovary
(CHO cells or Baby Hanster Kidney (BHK) cells. 21. The method of any one
of cl amwtsosbB3obo 18, wherein the manmal i an host cell per/&EGoswks SP2/ 0- Agl 4
cell. 22. The nethod of any. one @f clains 15 to 19, wherein the
‘anti-apoptosis gene encodes for BCL- 10 xL, BCL-2, BCL-w, BFL-1, A, MCL-1,

: Botoh d%f rhse, M&’enb@ate @Nﬂﬂase GNP 2ynthdtide SIMP BHiRhydrogédibxiithing gwdnRed. 23. The
met hod_,of .an Q@ ) a spgene
encode? hoﬂ%}} "é?ﬁ%li' Wic.? %Cwe’ %ﬁrmm?ehﬂ%ﬁo’f nya%lrh]tee g&'ﬁ{e aéf mI3)916 to 22,
wher ei glyeapeoteint 178, ohanaeleotige n sedygiass, h AspaEapinen cyntlighseyf ASMOSYBIRES, 1 or SEQ
| D NO @mthofase, ldehitihe3decibbkylide NIMEG CoBQelidtiNe) doetyifitddsininNOtréhsferasGEQ | D NO

&egenewiﬁoﬁx}ef?ﬁ?hsﬁﬁlgw SR oo ot saﬁ§ one of ol ai g 16 10 22

‘wher t t t hod of
any v Hon ot AR 8555 4R AT RURS whfrit a“‘?""%"l’mmﬁ“% he
sequenfoe B@sxisrl i sebcwblesmuplifpbianakersgae (fos %smhe?asesseg | D

NO: 9 OCAﬁEﬁlldn&mé\@anﬁﬂase CHdeﬁgflMe GeusihaseTGMIEf ¢y@ gm&t SI\/IB/ﬁ-rdbliydtc&emSe mut ant s

sk o, MRS S JIPTEL i W 2

#ncodesynfhstase, h dglywa@f-’@l a17@s r@hm%‘? fygfaseq| pFPAAEIAG SXTHRGHS F’ase CAD,

8 adegOﬁtgaos&aﬁﬂﬂena%&aﬂenylmmmteamem@;ylw SIMGhetha@? feliRtase,
5 e h r sf erase, HGPRTase
P hym (AR RER iy RALALOE ARl s BURRRRRGH RRWLALIRED €] 00

ngt e&@gt i g%ﬁ%%%?‘%gg%@caﬁboxyl gégs %%%éﬁg%eaﬁﬁpﬁég’hg ace{)}f%s?? ucosam nyl

t r ansf BEGgd, and 3l selsetableypmplifisble myvhergang éar DiIFRn k - ATPase. 28. The net hod
of any one of clainms 16 to 21, wherein the anti - apopt osi s gene&ncodes for

BCL-15¢A hapicpell pecosding toraapsiof clawisi i il 4bWaerein Hiecintioppiosis gompHRs ¥ net hod of

gener afiplifiablo FARTIS: éid dhdShe Gele(s) @ iHEiest 416 op@atiatpliakdden @06t 0O

03/083093 %Téegﬁgn%é a é)“%?ig T expression of said genes.

16. A method of expressing an anti-apoptosis gene, an selectable amplifiable marker gene and at
least ane gene of inferest in a mammalian host cell comprising:

20 () introducing into a hamster host cell population the nucleic acid sequences that encode for
an anti-apoptosis gene, a selectable amplifiable marker gene, and a gene(s) of interest,
wherein said genes are operatively linked to at least one regulatory sequence allowing for
expression of said genes; '

(b) cultivating said host cell population under conditions where said genes are expressed.

25 17. A method of generating mammalian bost cells showing an enhanced expression level of an .
anti-apoptosis gene comprising:

(a) introducing into a mammalian host cell population nucleic acid sequences that encode for
an anti—apoptosis gene, a selectable amplifiable marker gene, and optionally at least one
gene of interest, wherein said genes are operatively linked to at least one regulatory

30 sequence allowing for expression of said genes;

) cultivating said cell population under conditions where at least said selectable amplifiable
marker gene and said anti-apoptosis gene are expressed, and which are favourable for
obtaining multiple copies at Jeast of the anti-apoptosis gene;

_ (c) selecting cells from the cell population that incorporate multiple copies at least of the
35 anti-apoptosis gene.




(a) introducing into a manmal i an host cell popul ation an anti-apoptosis

. gene and the DHFR gene; (b) anplifying the antl-apopt@g%e%%wée 08 he
presence of nethotrexate. 30. The nethod of claim 29, wherein the
anti - apoptosi s gene encodes for BO-2 or BA-xL. s 31. The nmethod of claim
29, whwiodisesiopee anti - apopt osi s gene encodes for BC -pdi/Er@Zoe3odhe nmet hod of
any of clains 29 to 31, wherein the host cells are nmurine nyel oma or

hanster cells. 33. The nethod of any of clainms 29 to 31, wherein the

| harrqtaerhecﬁbﬂhsd af aaﬁhwe@ﬁeréfﬁ%t She@Y & HierdsCHGhrGRbE SR thBaM kARt er Ki dney
( BHK) %{%{ %lgn &a . Host cells obtalnable by a nethod of any one of clains
16 to W8 hod for inhibiti ng or delaying cell death in a host

ceII 0 S cultiv | 1s ccordl of clains 1 to 15
99 RBPED Af et mik o 1815)15, $horh S R b S Heatie "expr cosed

|n suchyeloma othenstegeellsh i s i nhibited or delayed in said host cells. 36. The

nmet hod according to claim35, wherein the cell death is caused by

pr o@PaRieometbed o cliim 1 athireindite hathstenvelihad Ghinest Hamstas)vanh EBOhcdllse cel |

deat h 4rBaboWaAREPKidR MIP.) &11s38. The nmethod according to any one of clainms
16 to 33 or 35 to 37, wherein the cells are cultivated in a serum and/ or

pr ot2gi Thef mefod W taly eneBflcihs BP0 48,PKREEH Shd BlamBlaAsH RoR R iPNGO&N Of

i nter host™ cell, conprising: 20 (a) cultivating cells according to
any o?ﬁ&/%mtt ql?o 15 or 34 under conditions which are favourabl e for the

"6 Piscnehes ssty-an ofaRRR 1o, MERGia et oBons e oo R UL cul ¢ e
Buper @,MLZAI@CLUS@IE-H aﬁbM(EIfécB@OdBB@G-b, NR;B&DNHaIGW-Z CBNES or 34 for

- producgHRE-10f MAW SR ASICES, protein encoded by a gene of interest. 2s 41. A
host cell conprising at |east 5 copies of a heterol ogous anti-apoptosis

genes, THednetod FShy 684 bf GARR 'i?lﬁi 19 whkrelnQBS hntil&hopoki ?&ie%céﬁeg‘ grgcgl.ogous
antl-dﬁb 0‘%@2 gene. 43. A host cell conprising a east 20 copies of a
het er g‘ ntl-apopt 0osis gene. 44. A host cell conmprising at |east 50
copl of het ero anti ptosi.s gene. 45, A host_cell conprising
B T g o0 ot S8 B AREoia A ARG BRI £5n BesnS SHUGEt rbor
25006 M(SBQHDMQ@HSBQ’M@#Z)E‘EQBHBHO m,@EQADhMScSEEQ I&N’.hﬁ',cﬁ; IPo any of
EQ y

cla L
BCL' ”,BN%@ 6&34%11) Wi EioR aﬁ’\}&ﬁnl a8 R%éz&ﬁ%%?nﬁ%& eh%uvea.@fl XCDN 3,

BHRF- 1708;C %‘E“’@ t

25. The method of any one of claims 16 to 22, wherein the anti-apoptosis gene encodes for BCL-
«L. .

20 26. The method of any one of claims 16 to 22, wherein the anti-apoptosis gene has the seciuence
' of SEQ ID NO:1, SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:7, SEQ ID NO:9 or SEQ ID
NO:11, or any functional fragments, variants or mutants (degenerative and non degenerative)
thereof.

27. The method of any one of claims 16 to 26, wherein the selectable amplifiable marker gene .
25 encodes for the dihydrofolate reductase (DHFR), glutamine synthetase, CAD, adenosine
deaminase, adenylate deaminase, UMP synthetase, IMP 5'-dehydrogenase, xanthine guanine
phosphoribosyl transferase, HGPRTase, thymidine kinase, thymidylate synthetase, P
glycoprotein 170, ribonucleotide reductase, asparagine synthetase, arginosuccinate
synthetase, ornithine decarboxylase, HMG CoA reductase, acetylglucosaminyl trensferase,
30 threonyl-tRNA synthetase or Na'K'-ATPase. |

28. The method of any one of claims 16 to 21, wherein the anti-apoptosis gene encodes for BCL-
xL and the selectable amplifiable marker gene for DHFR.

29. A method of generating a mammalian host cell comprising:



47. A host cell according to any of clainms 41 to 45, wherein the
anti-apoptosis gene is BCL-xL s or BCL-2. 48. A host €EFEPEE®SF &My to any
of clains 41 to 45, wherein the anti-apoptosis gene has the sequence of of
SEQIDNO1 or SEQIDNO2, SEQIDNO3, SEQIDNOS5, SEQID NO7, SEQID
NO 9 owdais@siobs NO 11 or any functional fragments, vapépBkGosiss mutants
(degenerative and non degeneratiwe) thereof. to 49. A host cell according
to any of clainms 41 to 45, wherein the anti-apoptosis gene is BCL-xL. 50.

- A host (a§ @dttodB&isE e @&aﬁﬁmﬁmn&tc&iﬁdgmﬁéﬂaﬁﬂﬁa%mp%@rgeﬁmmﬁebm cell is a
mur i ne lgrel,doma or hanster cell. 51. A host cell according to any of
clainms 4F%% 49, wherein the host cell is a Chinese Hanster Ovary (CHO

cel | ofb) amBhtyingHhe@itiespolfiosis gshe(BtHe)pré&ehde.of AthbBexafe. oSt cel | according to
cl ai m 50, wherein the marine nmyeloma cell. is a NSO or SP2/0-Agl4 cell, or

t he 30r Digenythed ofIMm@D, Whirkin €@ dntildpBstosi®gene Andtided fof BLE-2@€BCI-HLNg to any of
“claine 41 to 49, wherein the host cell 1s a CHO D&A4, CHO K, CHO DUKX,

GHO-3DUKRE fBdthod $#Q1dih @9 pwherdifl xhe&hﬁ%ago@gen%%oaés foBBRIEK: . Hak,
BHK- 21(2254-62.2), or the progeny of any of such cell line. 20 54. A host

cel 132aTkometheWof My dPylaiis 20/t85 IBwKbleih thehdst cbll drb furia®HigElofla Bg h@hstdreast one
hetero @gous gene of interest. 55. A host cell according to any of clains

| to 15, or 34 conprising at least 5 copies of the heterol ogous
ant i, ' ene, 56. hgst_cel.l .according to of, cl ai 1 to 15, or
34 é%%ﬁé&ﬁ%ﬂs oft2] SE dRin D 8 A cxiyin pCHSRIS R Alliafe CAet oot DRt o o
gene. 10)xechvenBaby Hamster Bidney (BHB) eally. of clains | to 15- or 34 conprising -
at | east 20.copies of the heterologous anti-apoptosis gene. 58. A host
el 134cdess eellspltaingblehy agnetkadaliany one of clabms b6 toF8. conpri sing at | east 50
copi es of the heterol ogous anti-gfo tosis gene. 30 59. A host cell
acc@pdisngethod oy inbibitingaor fislayingoeell leatbrin 3vhasbelh; icomprisieg culéeasing 108 copi es of
tP 2% 5%1?3%63 ﬁo a% bf ana%%tA 06 ISR ursibr %@ﬂl}i@lﬁ%&é&@ﬁhﬁ%&&ﬁ@wogs

. ,Si,ng.a.nucl ei.c acl.d seguence encoding a
bi ol oGRS Eeic FRRresisc iy FGh il cul Gl B il of B 4f s RPAF IR, )2
UC L ol 3¥oMing RS cRESIS"SBer8h (RE Rl RoslOhsemuls 7' 5ro3 QBRI RA' 7Y
15 death. :

37. The method of claim 35, wherein the cell death is caused by apoptosis.

38. The method according to any one of claims 16 to 33 or 35 to 37, wherein the cells are
cultivated in a serum and/or protein free culture medium.

39. A process for producing a protein of interest in a host cell, comprising;

20 (a) cultivating cells according to any of claims 1 to 15 or 34 under conditions which are
favourable for the expression of the anti-apoptosis gene and the gene(s) of interest;

(b) isolating the protein of interest from the cells and/or the cell culture supematant.

40. Use of a cell according to atiy of claims 1 to 15 or 34 for production of at least one protein
encoded by a gene of interest.

25 41. A host cell comprising at least 5 copies of a heterologous anti-apoptosis gene.
42. A host cell comprising at least 10 copies of a beterologous anti-apoptosis gene.

43. A host cell comprising at least 20 copies of a heterologous anti-apoptosis gene.

44. A host cell comprising at least 5O copies of a heterologous anti-apoptosis gene.

45. A host cell comprising at least 100 copies of a heterologous anti-apoptosis gene.




thereof; s (b) functional fragnents, variants or nutantgs %ge eneratlve and
non degenerative) of the nucleic acid sequence def i nedi éh'eq

nucl eic acid having at |east 95% honol ogy to the nucleic acid sequence
defined in (a); or (d) a nucleic acid which hybridizes to any of the

nucl ei woaiostosequences defined in (a), (b), or 10 (edredessstri ngent
conditions. 61. A DNA conprisinge6a nucleic acid sequence encodi ng a

bi ol ogically active bcl-xL gene, wherein the nucleic acidis: (a) a

nuclgi & nasicel Batdig fo My S8 SMBRCE 18111 SFRR Q- ap AehdodesStef? | D NO 9,

fS EnQCtllgﬁ};l%"V t% W=m§&‘:§?@2ﬁ%§é@ gg&%ﬁ%ﬁg ﬁgrg]bﬁ\é) of any

of t heCRNe), BHRF-LJiIMWSddluenCEB-%efined in (a); (c) a nucleic acid having at
| east 95% honol ogy to any of the nucleic acid sequences defined in (a); or.
(d) 4. Hbebtarit acaording b aly df phbvimsid iz tosdS, whenein thé anthrepoptesisegene sd3CL-skquences
defi negtBar-ga), (b), or 20 (c) under stringent conditions. 62. A DNA
conprising a nucleic acid sequence. encoding a biologically active bcl -

geneg, A%bmutd&%raﬁgtts% oPfclatff U] B M) WherSE@hd &Moﬁ%ﬁ@é Bhd\Be 7, SEQ | D

o o1 fepiagh o B B0 rENCEE or S RO, S TSR0 5B AL 3GHEH,"F © *™

cl ai nsNEJ, S5QaD NO:9 or SEQ ID NO:11, or any fimctional fragments, variants or mutants
(degenerative and non degenerative) thereof.

10 49. A host cell according to any of claims 41 to 45, wherein the anti-apoptosis gene i§ BCL-xL.

50. A host cell étccording to any of claims 41 to 49, wherein the host cell is a murine hybridoma
or hamster cell.

51. A host cell according to any of claims 41 to 49, wherein the host cell is a Chinese Hamster
Ovary (CHO) cell or 2 Baby Hamster Kidney (BHK) cell.

15 52, A host cell according to claim 50, wherein the murine myeloma cell is a NSO or SP2/0-Agl4
cell, or the progeny of any of such cell line.

53. A host cell according to any of claims 41 to 49, wherein the host cell is a CHO-DG44, CHO-
K1, CHO-DUKX, CHO-DUKX B1, CHO Pro-5, V79, B14AF28-G3, BHK-21, BHK TK,
HakK, BHK-21(2254-62.2), or the progeny of any of such cell line.

20 54, A host cell according to any of claims 41 to 53, further comprising at least one heterologous
gene of interest.

55. A host cell according to any of claims 1 to 15, or 34 comprising at least 5 copies of the
‘heterologous anti-apoptosis gene.

56. A host cell according to any of claims 1 to 15, or 34 comprising at least 10 copies of the

s heterologous anti-apoptosis gene.

57. A host cell eccording to any of claims 1 to 15, or 34 comprising at least 20 copies of the
heterologous anti-apoptosis gene.

58. A host cell according to amy of claims 1 to 15, or 33 comprising at least 50 copies of the
heterologous anti-apopfosis gene.

30 59. A host cell according to any of claims 1 to 15, or 34 comprising at least 100 copies of the
- heterologous anti-apoptosis gene.
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60. A DNA comprising a mucleic acid sequence encoding a biologically active bel-xL gene,
wherein the nucleic acid is:

(2) a nucleic acid having the sequence of SEQ ID NO:3, or the complementary strand
thereof;

(b) functional fragments, variants or mutants (degenerative and non degenerative) of the
nucleic acid sequence defined in (a);

(c) a nucleic acid having at least 95% homology to the nucleic acid sequenée defined in (a);
or

(d) 2 nucleic acid which hybridizes to any of the nucleic acid sequences defined in (a), (b), or
(c) under stringent conditions. . )

61. A DNA comprising a nucleic acid sequence encoding a biologically active bcl-xL. gene, |
" wherein the nucleic acid is:

(a) a nucleic acid having the sequence of SEQ ID NO:5, SEQ ID NO:7, SEQ ID NO:9, SEQ
ID NO:11, or the complementary strand of any of those;

(b) functional variants or mutants (degenerative and non degenerativej of any of the nucleic
acid sequences defined in (2);

(c) anucleic acid having at least 95% homology to any of the nucleic acid sequences defined
in (a); or

~ (d) anucleic acid which hybndlzes to any of the nuclelc acid sequences defined in (a), (b), or
(c) under stringent conditions.

62. A DNA comprising a nucleic acid sequence encoding a biologically active bel-xL, gene
having the sequence of SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:7, SEQ ID NO:9 or SEQ
ID NO:11.

63. A polypeptide encoded by a DNA according to any of claims 60 to 62.

64. A host cell comprising a DNA according to claims 60 to 62.






