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endonul eol yti ¢ degradation of DNA at nucl eosomal intervals (Wllie et al.,

1980). so Serum conponents have been_ identified as major effective .
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increasingly used in industry due to their straightforward adaptation for growth in serum-/
protein-free media and their consideration as safe production hosts by key regulatory agencies.
20
During the standard biopharmaceutically 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 active cellular suicide program activated as a result of either extrinsic
25 or intrinsic signals, such as serum deprivation, nutrient limitation, oxygen limitation and
" mechanical stress. Apoptosis is characterized by plasma membrane blebbing, cell volume loss,
nuclear condensation, and endonuleolytic degradation of DNA at nucleosomal intervals (Wyllie

et al., 1980).

0 Serum 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



protein purification, and reduction of the potential for introduction of
pat hogens, such as prions or viruses. However, om ssion of serumoften
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al ., 1994; Sanfeliu et al., 1999). Another ocussed on

apopt ogiugbesy piedgichrig cheni cal add| tives for bl ocki ng key effectors of
apopt osi s response nechanisns (Mastrangelo et al., 1999; Sanfeliu et "al.,
2000; Sinpson et al., 1998; Zanghi et al., 2000). An alternative strategy
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PCT/ EPQMaQt%Qfg%lo é al., 1999; Sanfeliu et al., 2000; Simpson et al., 1998; Zanghi et al., 2000). An
alternative strategy represents a genetic approach. It includes the manipulation of the cell itself
using anti-apoptotic survival genes or engineered anti-apoptosis determinants derived from
25 survival-maintaining regulatory networks or viruses (Cotter et al., 1995; Chung et al., 1998;
Fussenegger et al., 2000; Mastrangelo et al., 1998, 2000a and 2000b; Mercille et al., 1999a and
1999b; Pan et al., 1998; Simpson et al., 1999; Terada et al., 1997; Tey et al., 2000a and 2000b).

Of the latter strategy bcl-2 and bel-xL, two apoptosis suppressors and key members of a family
30 of highly conserved pro- (for example bad, bak, bax, bok, bcl-xS, bik, bid, hrk, bim, blk, bel-y)
and anti-apoptotic (for example bcl-2, bel-xL, blc-w, bfl-1, al, mcl-1, boo, brag-1, nr-13, bhrf-1,
ced 9, cdn-1, cdn-2, cdn-3) response regulator gemes, have been postulated to be potent

candidates for anti-apoptosis engineering in the biotech community.



Bel -2 has been shown to nodul ate induction of caspase-9-dependent apoptosis
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BCL-xL-based metabolic engineering 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., 2000a and 2000b have described a positive effect of BCL-

xL expression on survival of hamster cells.

However, in all those reports either hon-production cell lines such as human T cells and CD34"
hematopoietic 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 présence of serum and in most cases even as
adherent cells. Studies on the effect of serum withdrawal on the survival of recombinant cells
expressing heterologous 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-



insult caused by serumw thdrawal m ght al so be del ayed due to stil
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wi thin t hwoa/samw35 Only few experinents have been perf or ®meda/EPa3/poesiuct i on
rel evant reconbinant cell lines adapt#ed on and constantly grown in
suspension in serumfree nedium These conditions are nost favored in

bi ot echdeqga;1 elli=Te 0 i ls are.al sp nor
fragile and | églg%#g{l)%%%ﬂ I'n ﬁgce&% | ctg'? {l%ﬁt %@%Tg\g\fgﬁl O%gtkusaquﬁfmigﬁﬁﬁ on ce
exper i mshvavakrie bdtshoqultoeriwias folbowdd fin sSHEaicédylss TEXPK & Shegotifali M8 L&D hral
were cul.tivated der thos éﬁn i ti.gns. S%rvival of cultures expressing in
addi t i orlinsrlilltt %3#‘8?‘53 S uETBRLYBIGTRY Pﬁ%?‘to‘”\‘}% udelasied; dusyta stilh rmgeingOusracelalire
cel | s afréRHoAAY cbelel b¥ 2l . e i about. t he effect of
BCL- xL express§§n okgv?gﬁﬁgﬁﬁgyéﬁféﬁ§§?£g?ﬂﬁ%g%Sé@@%@, adapt ed and

per manent|ly grown under serumfree conditions. 15 Fromthe above

di scussiQn, f*e\l}v éf <ahpa egt tgat th?re ids a ne(fd in the biotech comunity
for further I'nereasing ¢afq PYiaBFiemed @) prequetioy isievam recpmbingnt galbtlast o
serum f nésptgt @Mdﬁd%ﬂﬂstaﬁﬂﬁ'g!r&hﬁdnfs%peﬁﬁbﬂrfhfs'éﬁﬁn-ﬁre@qﬂ‘?&ﬂ}ﬁn T8Ese. conditions are

bi opharmaceuticals for therapeutic and di agnostic use. & extension of
cel | sufifst&vossd H Bieteghaeiory tindustrysnawesaps | Hus at ¢l hathbaimsé atlisoner Msphasge

in bat i nf.l ductivit d
cost-of Farey G icbt FbulE s o SOl T sl Bl Pl Rtr gt reidesrived in
pr oduct iwbivhpOHOE cuits bxbrogakey Rirtb@ébn GRsb 'dultiiatddMundep tﬁth%o nﬁﬁﬁgé. %ﬁ%ﬁﬂi ‘ofln

strategies are provided to further inprove the surviva production ce
lines gffiies exgessing ip additers betarilegous BGle2uwerer iempronedi bun liffhed s bhsRgi0es

are bas n 5 (o] ring . host |l s;ipn.order to inprove the

intr ace?ﬂaﬁaﬁlﬁe%%} %&an iggp%‘éo?%t %Lﬁﬁ]ie‘g]g?&‘%g Eo@%‘@l@bﬁgg&% the pliget ofhBER-XL
sur pri sexmgbssidnosindiabiliv@burvival bensdt cells, iaBigtad fhd Perfandfiiy AR hRer Serdfil- 0
genes can substantially inprove cell viability w thout show ng any negative
ef f ect Wditém& productivity. 30 SUMVARY OF THE I NVENTION It has been
dempnstrated, that the expression of a non-anplified heterol ogous
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dramatically inprove the viability
extension or cell survival at high viabilities as the cells reach the stationary phase in batch

20 cultures would significantly influence productivity and cost-effectiveness, whereby every

additional day gained during the production phase would make a great contribution.

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 viability 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, €.g. BCL-2 or BCL-xL has only a minor effect on the viability/survival of cells



cells, particularly when established and cultivated under serumfree
conditions. Apoptosis 5 delay/inhibition is achieved by inproving the
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the high yield protein production. The present invention therefore provides
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expressed, and which are favourable WO 03/083093 PCT/ EP03/ 03063 6 for
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within the cells. Preferred are host cells of mammalian ofigin, more preferred murine
hybridoma/myelomas or hamster cells, especially if adapted and constantly grown in serum-free
and/or protein-free media.
25
The present invention also provides a method of generating mammalian host cells showing such
an enhanced expression level of an anti-apoptosis gene, comprising (i.) introducing into a
mammalian 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
30  genes are operatively linked to at least one regulatory sequence allowing for expression of said
genes, (ii.) 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



5 selectable anplifiable marker gene and at | east one gene of interest in a
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of CHO D44 cells 10 cotransfected with pBlI D-sl CAM and either pBID,

pBI D-bcl -2 or pBI D-bcl-xL, selected and
20  Finally, the present invention also provides a person skilled in the art with a new anti-apoptosis

gene originally isolated from hamster (Cricetulus griseus), and also with several mutants of that
gene. Both, wild type and modified gene(s) can be used in any of the inventive processes,
described herein, to improve cell viability and cell productivity. Furthermore, the present
invention is also directed to the proteins, which are encoded by any of these new anti-apoptosis

25 genes.

BRIEF DESCRIPTION OF THE DRAWINGS

30  Figure 1 schematically shows the expression vector designs used for the transfection of CHO-
DG44 cells. P/E means a composite unit that contains both enhancer and promoter element, P a
promoter element and T a transcription termination site required for polyadenylation of

transcribed messenger RNA. sSICAM refers to the gene of interest and bel-2 or bel-x1 to the anti-



cultivated in hypoxanthine/thymdine free CHO S-SFM | nedi um (1 nvitrogen,
Carl sbad, CA). Each value resulted froman average sl CAM production of six
m xed popwiDaBiossns3 during a 3 day culture period over 5 pREIEPEI03085 Fi gur e
4 assesses the viability of clonal celll lines HWNI-1/2 (control cell Iines
cotransfected with pBID sl CAM and pBID), HW BC-1/2 (cotransfected with

pBlI D-s| CAM and pBI D-bcl-2) and HWNI BX-1/2 (cotransfected wi th pBI D-sl CAM
and pBupbesis genesddifi mgfess o theyarhplifidhle eeleetpblatmaken ditiydewiolaiergdustyssaibl ue

dye exclusion. . The recombi nant. CHO.-DGA4 cells were . ted and cultivated
in hy p%‘%%\‘ﬁt“?fﬁ?f’é‘fstqﬁ? ﬁ]i??j? témﬁs?%%u%t%w&ﬁmnaeg%sr% Ptil(?ll\?ll ?’ogen, 20
Carlsbad, CA). Figure 5 shows the percent viability profiles, using trypan
bl ue dye exclusion, of nethotrexate- anplified cell clones HWN -3/4

( cont r Blgure? Icompaiss tesoexmapssioachrefilefiof frapsemlys ransiecied CH8)-BO44 qalindBdionry

(cotransfected w t N | - BX-

(cot r oty aepselint o BB CRMBACAEr oo F5 Ry SRl ateedy Palo
cul ti valibo T A)NandnitpBigards DCnEGLIBneohPromega, adSesFMI) wasdiormgfeeted twitgen,
Carl sbad, CA) and the resence of 20 nM MIX. Figure 6 shows the apoptosis
char aceidier §Bi @Cbﬂamgﬁlr@x%@@&ﬁﬂqlm-%m4 cell clones 30
expressing BCL-2 or BCL-xL. Percentage of apoptotic cells anong HWNI -3/ 4

(control cell lines cotransfected with pBI D sl CAM and pBI D), BMNI BC- 3/ 4
( cot r apBfes B eghows tSICABL BxpietAdh paofilepBf Erablel mXedapupubidenBXf ITHO-DG44 cells

b o A ROFPREE Ay A R DRIE AN et SR P o g PO A PR iy 1elfhiss andy
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and 6 using a rescence-based TUNEL assay (BD Biosciences Phar n%rr_l,
- XL

San Di Egch Ch)e reBulipd o aphvamsige KECAMsiredustiohof sinmixedipopulati@e dupingrad3

in different reconbinant CHO- 5 D&X4 cell clones. It conmpares BCL-2 (Fig.
7A)  anBUBEP PRHOY @Y S PABRSE pression in either unanplified (BCL-2:

HWI BC- 1/ 2; BCL-xL: HWNI BX-1/2) or anplified (BCL-2: HW BC- 3/4; BCL-XxL:
HWNI BX- 3/ 4) cell clones expressing the anti-apoptosis genes in ' .
nonoci Figuond essessen thieguakilitysf clonat Pelblpwﬁtm-lé%&@n@ﬁ gies gotpnsestadsitie d

to the e ' |- ALK |1
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Sant a EnIRITIBK OB ClabRAR@tddSavita pBIDZICAN s pBIDObA-al ) Bilring ar 7-dBELbatth and

an anti-nouse peroxi dase-coupl ed secondary anti body .(Di aém&a (?TH’ Hanmbur g,

Ger nangyltivation period using trypan blue dye exclusion. The recombinant CHO-DG44 cells were
selected and cultivated in hypoxanthine/thymidine free CHO-S-SFMII medium (Invitrogen,

20  Carlsbad, CA).

Figure 5 shows the percent viability profiles, using trypan blue dye exclusion, of methotrexate-
amplified cell clones HMNI-3/4 (control cell lines 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 nM 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), HMNIBC-3/4 (cotransfected with pBID-sICAM
and pBID-bcl-2) and HMNIBX-3/4 (cotransfected with pBID-sICAM and pBID-bcl-xL) batch
cultures in hypoxanthine/thymidine free CHO-S-SFMII medium (Invitrogen, Carlsbad, CA) plus



Figure 8 shows the MtoTracker-based quantification (Ml ecul ar Probes,
Eugene, OR) of the 15 mtochondria content in CHO- D344 cells grown in the
presence wod3ag®ence of serum FACS- nedi ated m t ochondri Car@mms/e306kr e
performed on CHO- D344 cells cultivate8d in the presence (grey line) of 10%
serum and in the absence (black line) of serum Figure 9 shows the

nucl eot | de. sequence and predi cted open reading frame of new hanster bcl-xL
20 gene?Q BMOMEX Nisze assesssd af daysrhet 3¢ Gebinga freg-hasgst EYBHRLs agsay (BD
conposi ; . ayand 3" untransl ated regi on have been
obtainé%ﬁ?égﬁgggggﬁggggﬁgﬁégha dét'e codi ng region froma cDNA cl one.
Figure 10 schematically shows the eukaryotic expression vector design. P/E
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to the hanster anti-apoptosis bcl-X and fr tothe’a
sel ect allagplified KBCLel:hiININIBE!- 842 B(Hduibt HYENIBXG- 142)r @vanipl ified B8 -2 hEMINIRC-of

transcrjpt I-Ni L) At hthin.a transcription.unit. .30 Figure 11.shows
schermat 1 4aPLy-+ e YEHERER gl ihes BRSG)E Tat AM-PORANS garmrl PeRpiRroRe
hanst ercdagiburakiofl Al lafBptBRE %@ﬁe? e?T&@.io%xwaseg&hﬁé}e&e&&w@&hq 0XbG44) and
encodi n% the hanster bcl- xL wildtype cDNA, served as tenplate in the PCRs.
Usi ng asleddbionlit pomiueingy BEMIOYL-Bpewitral ccaliDlingy. 0BRGHBs PETE 1030682 @ouse

pri mer V. d ifhc .iner del? eld6 or..del6 h rj ous
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pr oductBCLXIagid @r aoM@buyeseotidgRsdongled Weddhddt dntibb@y (Mhh6ta 6nibeE tHein@Bdr%n
enzyne site was newy introduced by the gene specific priners, and SnaBl,
| ocat edOG@#Yh t he pronoter/enhancer (P/E) region. For the generation of
the 5 various 3 ends of the deletion nmutants a conbinati on of vector
specific prinmer 2 (VSP2) and gene specific priners del63 or del83 were
gsed arii(;igmieeBh Ismws? t}ierlgﬁﬁmcﬂieﬂbhrfed Sluﬁﬁiﬁ@%n\(MdieﬁchrghebesL iBugéne, \?{ﬁof the
igested.with Notl, |oc wi.t hin the sequence of the gene specific

pri her mitoGhgngia, %Pr,ltemdeiﬁli@-%%f FelmeIarItiRdhE BFSIFReat A q%é@ce RF eapm. FCS-he
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON 15 The present invention provides
host cells which are genetically nodified by introducing nucleic acid
sequenc@surelvadho®B giRsesciddtida BeqiRhic #PRGREALIE 0P8N foad g TRIRCs ARlven /AR Hdl-ak) e

mar ker gene, an , ) ' ,
20 gene (SEQ ID NOS: 3 and 4). The nucleotide sequence represents a composite sequence

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 eukaryotic expression vector design. P/E means a composite
25 unit that contains both enhancer and promoter element, P a promoter element and T a
transcription termination site required for polyadenylation of transcribed messenger RNA. bcl-
XL refers to the hamster anti-apoptosis bcl-xL ¢cDNA and dhfr 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
hamster bcl-xL deletion mutants. The expression vector pBID/bcl-xL, encoding the hamster bcl-

xL wildtype cDNA, served as template in the PCRs. Using a combination of vector specific



at | east one gene of interest. In a preferred enbodi nent the anti-apoptosis
gene, the selectable anplifiable nmarker gene and the gene(s) of interest
are oper awpowelog3obs nked to at | east one regulatory sequen®ETAIPO®IORY f Or
expression of said genes. In a nore ppPeferred enbodi nent the 20
anti-apoptosis, the selectable anplifiable marker gene and the gene(s) of
interest are operatively |linked to only one pronotor sequence allow n% for
co- expmesasitoh (YBPHapwer gene spedific aristdsele 26@rct@i£6r pedelbfbiba Yasises dhends of the
anti-a .0Si s n he | e | | & r catiwely
T nkod B g s Vet is R S TR albe it A PRI BB B0 w Rl
genes. with &otl Wot Reticte rbagirltaoh , enz e gateelas newll ftediucah bef thb ogshe cepletisic
includes the introduction of nmore than 25 one anti-apoptosis gene. Ié?élte :

cel | s o aadiSpaBhilecapdiwithindne prrmotericrbancss (FF) Beiem & onieigcaapen
ene(s),. I k1t h 5Y) k:f1 abl r.ker td I
SPTR 2 valioge s pe oH U AARAERGERED) SoRBHlalbh 8P eclR ke BRfMCAR! (A1) dha
enabl egeselspaifioprinferssdelbl er tdeld3sk et wdd ladtthe eédultiigoPER. froducd Sard3@s with

anplification of the_anti - i ). It i h by th t
ARG IETIC ERLATE T o RPN LN XL i
efficieny %qugca&ﬁu BRIk tehfidaftt it F). FY BleSofbtnlbh b@ﬁ%}%ﬁ'ésﬁion

acting protelns, are sufficrent to I nprove survival of the host
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encodi ng,, 1.083093 PCT/ EPQ3/ 03063., 1 segu . neti cal | (fied
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cell survival attributed to an delayed or inhibited programred cell death,

e.g. apoptosis, within the 5 host cells. It has been surprisingly found
that a popul ation of host cells nodified by any nethod of this invention

are bei [V - @ﬁereinthetotal viability of
cells |@£§TL#PJ§£§§6{&§?I§§P@%EW@T& e 5). After a 8-day batch
cultivation viability of at |east about 60%is achievable by host cells
generated according to this invention, In a further enmbodi nent of th
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preferred embodiment the anti-apoptosis, 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) together
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 protéins, which are sufficient to improve survival of

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



functional, and include the protection of the cell fromcell death due to
inhibition or delay of apoptosis or natural cell death. Ways of neasuring
cel | vi abwbioBpsawp3 survivability are well known 20 in the &CT/EPBY0306Xanpl e,
cell viability can be determ ned by ptWase contrast m croscopy,

fl uorescence mcroscopy or flow cytonmetry using non-cell perneabl e dyes
such as trypan blue, propidiumiodide or a conbination of propidium

i odi depeguenai ne orange. Those nethods are exenplary described in Current
Protocols in Cytonmetry, John Wley & Sons, Inc., updated, incorporated by
reference. 25 The term ,pernentely cultivated under serumfree conditions”
means fatically ndifedci®Ist cellzictondaiy tonhis Snvatibn areethatuetteized by amehhaneed cell
conditions, but also cell transformation, cell ex&n ion by ml tiiol.yitﬂg
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expressiop level .of an_, anti-apoptosj.s gene, conpri sin (4., dntroduci n
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to at kedivetionespwipilyafosroglls sthieners pérmenfoly chbivated prdes popmofics sopfitigesmes
(ii.) cultivating said.cel ul at i on. under. Lfl . .sai d
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of the anti-apoptosis gene, and (iii.) selecting cells fromthe cell.

popal afliherefarpdiost erdlsichariegterized aacrysiins! ¥ oy withigthe waaping et the preseatinveiehos| s
gene. It is preferred to place at |least the anti-apoptosis and the

sel ectabl e anplifiable marker gene in close spatial proximty to allow for
a nor e “6EH otability” amybélf pesivabnisohe ehiity of a-tajgsheds ioscopéinte torpapan glixejapd 15
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be commonly introduced into the host cell. In a nore preferred enbodi nent
of hi $n ribe s Fere cxapples sPbrviahilibheamte deisHpingdi &y porse SPRiTast THGEPSCOPY,

fluorescence microscopy or flow cytometry using non-cell permeable dyes such as trypan blue,

propidium iodide or a combination of propidium iodide/acridine orange. Those methods are
exemplary described in Current Protocols in Cytometry, John Wiley & Sons, Inc., updated,
incorporated by reference.

25
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, e.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 condition where at least the anti-apoptosis gene is expressed in such that cell death is



sel ectabl e anplifiable marker gene are operatively linked to each other,
e.g. by using a common 20 pronotor to allow for co-expression of said
genes. | nwe oBosiober preferred enbodi nent the anti-apopt osiPETFEPIR)306he

sel ectable anplifiable nmarker gene and the gene(s) of interest are encoded
by only one DNA nolecule, e.g. if all of these genes are placed on the
sane expression vector, and wll be com"mnl(i/ i ntroduced in said host cell.
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are described exanplary in Figure 7. Expression
In a further preferred embodiment the anti-apoptosis gene, the selectable amplifiable marker

gene and the gene(s) 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. In a
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 cells 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 gene, and is generally grown under the same or substantially the same conditions as

the genetically modified cell according to the present invention, .g. modified by introducing and



20 levels of an anti-apoptosis gene can be further increased by applying
the principles of this invention on the nodification procedure of host
cells, e.gomysIowst her increasing the copy nunber of thePEemtEPOZMIPE OSi S
gene. Al so conceivable is the introdugtion of nultiple copies of one or
nore anti-apoptosis genes into a host cell. 25 "Host cells" or "target
cells" in the neaning of the present invention are hanster cells,
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modified according to any method of this invention, are provided by this invention. In a further
embodiment, the present invention also concerns to host cells showing a level of over-expression
15 which is at least 50-fold increased, compared to cells not modified in the meaning of this
invention. In another embodiment host cells are provided, showing a level of over-expression
that is at least about 100-fold increased compared to the expression-level of cells which are not -
modified in any way disclosed by this invention. Expression-level achievable by host cells
generated by a method of the present invention are described examplary in Figure 7. Expression
20 levels of an anti-apoptosis gene can be further increased by applying the principles of this
invention on the modification procedure of host cells, e.g. by further increasing the copy number
of the anti-apoptosis gene. Also conceivable is the introduction of multiple copies of one or more

anti-apoptosis genes into a host cell.

25 “Host cells” or “target cells” in the meaning of the present invention are hamster cells, preferably
BHK21, BHK TK', CHO, CHO-K1, CHO-DUKX, CHO-DUKX B1, and CHO-DG44 cells or
the derivatives/progenies 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. In a
further 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
murine and hamster cells which can be used in the meaning of this invention are also
summarized in Table 1. However, derivatives/progenies of those cells, other mammalian cells,

including but not limited to human, mice, rat, monkey, and rodent cell lines, or eukaryotic cells,
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origin. Commercially available media such as Ham's F12 (Sigma, Delsenhofen, Germany),
RPMI-1640 (Sigma), Dulbecco’s Modified Eagle’s Medium (DMEM; Sigma), Minimal

10 Essential 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
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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), glutamine, glucose or
other equivalent 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

.0  with a suitable amount of serum can also be used for the cultivation of host cells. For the growth



15 In a further enbodiment of this invention cells are preferred, wherein
survival is prolonged by introducing nucleic acid sequences encoding for
BCL- xL, B®D-03/08#8at-w, BFL-1, A, MCL-1, BOO BRAG |, NR-P8I/EPDMI3IDS3 CDN- 2,
CDN-3, BHRF-1, LMAb-HL or CED-9. In a4nore preferred enbodi nent, the
nucl ei ¢ acid sequence encodi ng the anti-apoptosis gene of the present 20
invention is a DNA nolecule froma vertebrate species. A preferred
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preferably from Cricetulus griseus. Also preferred is a nucleic acid having
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is intended to 1 nclude any nucleic "acid sequence that will be transcribed

andistransl ated into an anti-apoptosis protein either in vitro or upon
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20 invention is a DNA 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 ID
NO:5, SEQ ID NO:7, SEQ ID NO:9, and SEQ ID NO:11 are modified variants of the nucleic
acid sequence of SEQ ID NO: 3. Most preferred is a sequence of SEQ ID NO:1 or SEQ ID
30  NO:3. 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
encoding 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
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encoding a BCL-xL 10 protein is of human origin, in a nore preferred
enbodi ment it is of hanmster origin. In this context, a nucleic acid coding

for a Bthe %finkidoml didugicglentivirf” bRAK beti-apestosie Polypepiedy, ifb etniis of Mor k1 st
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i sol at eghighshiek R0&H as, for example, TUNEL assay, Annexin V assay, acridine orange/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 & Soms, Inc., updated).
25
The terms “functional biologically active polypeptide(s)” or “functional biologically active
fragment(s)” refers to polypeptide(s) or fragment(s) having the functional biological activity of
anti-apoptosis peptide. This means, that a functional biologically active polypeptide or a
functional biologically 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.



15 fromCricetulus griseus. The use of an anti-apoptosis protein encoded by
this sequence or any functional fragnments, variants or nutants
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BCL-xL protein is encoded by a bcl-x gene. It is known from the human bcl-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 (short form). The BCL-xS lacks a section of 63 amino acids found in
the BCL-xL. BCL-xS 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
embodiment a 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 further preferred embodiment the present invention provides, modified variants of the
hamster bcl-xL gene, especially of the hamster bcl-xL gene encoded by SEQ ID NO:3 as

mentioned above. Such modified variants include but are not limited to nucleic acids molecules



fragments of these nolecules. The term "functional nutant" al so includes
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conprising a nucleic acid sequence encoding a biologically is active bcl-xL
gene, wherein the nucleic acid is selected from(a) a nucleic acid having
they A “functional fragment” also means a DNA molecule, which encodes for a functionally active

portion of the hamster bcl-xL gene, especially of the nucleic acid having the sequence of SEQ ID
NO:3. Examples of preferred functional fragments of a hamster bel-xL gene are the nucleic acid
molecules having the sequence of SEQ ID NO:5, 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 SEQID
NO:3, SEQ ID NO:5, SEQ ID NO:7, SEQ ID NO:9 or SEQ ID NO:11 and encoding for a
fimctional biologically active bel-xL gene of hamster. The term “variants” refers in general to an
30  alternate form of a polynucleotide, which may have a substitution, deletion or addition of one or

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



sequence of SEQID NO 5, SEQID NO 7, SEQ ID NO 9, SEQ ID NO 11, or the
conplenentary strand of any of those; (b) functional variants or nutants
(degener awpwa/083d3 non degenerative) of any of the nucl ei ®CadgiPd3/g®eiinces
defined in (a); (c) a nucleic acid haWi ng at | east 95% honol ogy to any of
the nucleic acid sequences defined in (a); and (d) a nucleic acid which
hybridi zes to 20 any of the nucleic acid sequences defined in (a), (b),

(C) undBegaierdtivgemuitantsidicféroins genarala torddMA prokefcules ehhving dififerentt nudieic pﬁtcéé e nt

encodi %%5'%5%831@8?%@51% chophPatites e i Hefed aRitie 268 shildfer FIER Y
NQ. 3, ghl@ﬂ@c%mdsﬁﬁch [2nbKdeé 1for$&uﬂ@eﬂﬁe%a0{ng35@ainﬂld\ﬁéld sequehcd hfﬁlch is

protelns enc by anyone of those uences, nentioned above, result

in a neneded bylaey of Steaisiiancesiof EQIBNG:ZrSES: [IBNO: SLSHR PN RA:7, ‘PHE R NG9

one or f..these hanst er nts in any inventive process which
proPon@s Egﬁ) b]slls\?ﬁégﬁt‘qrﬁhveﬁ’l“t‘tﬁlﬁtth%ﬁ'eggel aying apoptosis, as described

herein, is a highly preferred enbodi ment of the present invention. The
present invention is therefore also directed to aégglypeptlde whi ch i s

encoded\dogrdinrg/todhe ebaveateserikadeispechcthe praserliByRbion alsodrrYides abbA comPESng

d f f..nl I
SRSl ol Bt LA RS PR s 03 R GRLOI20%,
Pol ynugkleetd drntepanklcACsds SavingNae sBqlenoe of SHQ (ﬂD BOrEBankhAcompintmtay.

bcl -xL (human) Z23115 nr-13 (chi cken) AF120211 E) I-xL %gouse L35049
bclox L strang thergefdbla fB'éqﬁ-O%E“% Dbcyiriapban mytagt (degenesaf S vE)

AF120456 th%&l%%%é@ Qgﬁglﬁéggen%/%hl i Jgke(%?e@%h LSkichd ﬁax(lﬁ%h) lehét%%) h&Rblogd to

(Epst ein- 1 Barr virus hanst er)
AJ 271728 hadleiw achiusaangndesiTibéd hm@ kihd (@ & mudmcm%mlchbhybnmzemm ofisbe 746

Z\XQSE 4];;1;:;],2{0 \éﬁlzgéﬂée)g)lgl%lgg ﬂp%ine%gﬁ%%g 91 b c undgrh St ntUc2:07r§1 1t10nsd i I(Jresegn% )

invention further provides a DNA comprising a nucleic acid sequence encoding a biologically

15 active bel-xL gene, wherein the nucleic acid is selected from (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 degenerative) of
any of the nucleic acid sequnces defined in (a); (c) a nucleic acid having at least 95% homology
to any of the nucleic acid sequences defined in (a); and (d) a nucleic acid which hybridizes to

20 any of the nucleic acid sequences defined in (a), (b), or (c) under stringent conditions. In a more
preferred embodiment the present invention is also directed to a DNA comprising a nucleic acid
sequence encoding a biologically active bcl-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 hamster BCl-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 described herein, is a highly preferred embodiment of the 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.



ncl -1 (human) AF147742 cdn-2 (human) AAQ5493 ntl-1 (nouse) U35623
(NAGENESEQ) ntl-1 (rat) AF115380 ntl-1 (chicken) AF120210 boo (nobuse)

AF102501 wor3@siobsiman) AAQ@5494

( NAGENESEQ)

brag-1

(hunmea)/EP820863 ced- 9

L26545 (C. elegans) A "nucleic acid s®quence" as used herein refers to an

ol i gonucl eot i de,
t hereof and to DNA or
si ngl e TABHB2b| emmwlag@eﬂi@ﬁtk@bﬂﬂ supsriagilie or antisense strand. The

nuc

el ant

| eoti de or

RNA of genom c or

synthetic 5

pol ynucl eotide and fragments and portions

origin, which may be

b Tor|Eoasl ioue. | BEMITAF A Np-c haprieige | COATIRIR Ro)]
are pdbghyk(lamedndes WA have a codi ng mslédﬁlélﬁ]é@§M| MI225 at ur al | y
occur r|bagxlklhetser valliZ@¥9of a codi ng sequence, for .gxanple, a variant |of
t he cddchgl safjuence dI348EA | D NO 1, SEQ ID NO 2, SEQ|{ D NO 3, SEQ I D NQ|5,
10 SEQbtBxN@hickeDFQ 1239 or SEQ ID NO 11. As known in the art, an
alleli (chgmlﬁ‘l@atn s ahv1adgser nate form ofphd-pol ynucl edtA™ieo45éi ch may have a
substiitutsh ﬁqf:l eti mlggo@ddi tion of onBePEsvi@y € nucl eotides which dogs
not su@gf y alt pe function of|dfrer ed pglHRepti de. The
fgnctl o 4% ype |s in general]é§}9§@§ﬁgd byl t he functi ona
bi ol og %? W t 2 encodi ng pp ypep rde Therefore not
subst g (hapstgr) er {8t i onof thel encoded—po es—5—eans—that
t he Ie&@LWdhmP@Wctloﬂ§$9%Wbloglcal actldp?xsqﬁLQﬁi E@ngg@ég pol ypepti de ils
at | eddcl-w0mousgior e JFe¥6red at | east PORAKICEVEE) nore preferred at | dast
100% orbchwr(aat):onparedAF%GtZHé correspondi ng wi L d-type encoded polypeptide.
WO 03/|®8BDaRmRaGY/ EPOBUDBMG3 20 The ter|g elngﬂﬂiaﬁg" reﬂt&stz,nthe i nher dnt
proper|tai mﬁgﬁCifiC'@EQﬂEﬂCES of nucleatldes ina nqg%gmg QEQ such as a
gene i r—a—RNA—t-e—serve—ps—terptates—o nLHcala of tiher
pol ynefiaclalné@umas) ono| AELHE42i n bi of ogi cpddng¥ GusEsys ha‘\a‘f’xﬂé5‘é93def| ned
sequenjgecldf (m®uselc] eofWde®3(i .e. rRNA, tRNA, ot her RNA(MNAGENESER)or ami no
aci ds |and-1 (&) bi ol og Aﬁl153;800perti es repulting thereffom Thus a gene
eRcodeSnd4m®hkkhﬁ i TAFt202d0ri ption and|transl ation of nRNA produced by
that geye (Rbaskyces t haFpoxstoein in a cel L gfuﬁeag] bi of stem Botih
t he clodi ng sﬁ)and t he nucl eoti de sequecr@e3 of Whl) h |MQ§§J19LZEQI) to the
MRNA slequence _and is| usually provided {n sequencetis Ir\nc andinoen—codi ng
st r andbragbdhumemhe {3%B3te for the  |cedd L26545

(C. elegans)

10

15

A “nucleic acid sequence”

as used herein refers to an oligonucleotide, nucleotide or

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

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 naturally occurring allelic variant of a coding sequence, for example, 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 polynucleotide, which may have a substitution, deletion or addition of one or

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

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

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

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

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

corresponding wild-type encoded polypeptide.



10 transcription, of a gene or cDNA can be referred to as encoding the
protein or other product of that gene or cDNA. A nucleic acid that encodes
a protei nworislosa®es any nucl ei c acids that have different PocnaPesioee
sequences but encode the sane am no a¥i d sequence of the protein due to the
degeneracy of the genetic code. Nucleic acids and nucl eoti de sequences t hat
encode proteins nmay include introns. 15 The term "cDNA" in the context of
this invention refers to deoxyribonucl eic acids produced by. réverse

transcrj ption and.typicall ecqnd-strand. s i :
pr oduc e tspm eneding ?@?@f&&éﬁﬁ%é eFeélié)éo ,eng %%8%%5%?@% H%%}? (?{[ﬂi;eﬁ 01103 i ng
or sengeiandcia, ARA-SAANE iR chrodidsofRNGe SIRNMdo sefrel a3 tgmphitas| fonsynibests of

herei n upper case letters (e.g. BCL-xL) indicate pol ypepti q%% (e.qg.
pr oducethern polygere and pnaweinolepulgs dn| kigksgicah Peoqestes draymge agdetfief %Pﬂaence of

i ndi cat es paql ynucl i, d e. ) N Ly, ok thid1al
Speti {TENOR (Ehergifyarayr Spet KPR molefEhl bPRRihY, kil SHOIRS Bl
ref ler eﬁ%?&aieme%ﬁﬁing hlgeréﬁam.enﬁwh gaﬂli)et &nodﬂa? apaseing ilﬁehram';cg'mtiog snd iransletion of
"pol ypeptide” is used interchangeably with am no acid .residue seq or
pr ot ei mRNehgradatest by thet geneynreduces theprokdn s 8%1{]%1? Oéﬁeblf’gﬁbﬁa ?ys%%ﬁoqﬁgﬁerm
al so incl.ude proteins e | af.| I BRARNAe SedubhGUgd 1
reacti ‘(‘ﬁéng ﬁté%‘q? &8%1,%&%%% g%q%gn%ta f I“lyhﬁna?gsdﬁftegf,%%lt%%syl at i on,qtu *
acet yl aéia§l, proviasd e rsgadnco istingyr aidehon-podicg siramdy. useth désf theatenpiae dnel the

changes, for exanple 30 fusions o of he roteins, .amno .acid.,s e
subst i trenscEpEon, @éRedensRs CHN/A FELPE I ﬁ"sf?‘{ tehis BEoRREdie prtERer SR of 4
pol ypeﬁqtai: g disiisha, mRhSEULR Bl BicBhaSa bidteiRiintioaiscaly fusnat baidakhat have

y. 0

acti vi r eXanple certain amno aci d sequence substitutions can be
made i gifferemhyelegidetiequenced Isut ennaterthy sarge amislogicid searencesditirgpreeudtscte thad a

protein can be gbtained with [ike.properties, 3 :
PCT/ EPdegensaes of she genfticoods: ﬁt%f?&p aciils ad, PP%IS&%dre\égéggﬂ"%g%ﬁ%ee“é&e- ppotems
pr ot ei %l“—f qﬁ%g aufacoded by nucleic acid sequence of SEQ ID NGO 1, SEQ ID
NO 3, % 1o, SEQID NGO 7, SEQID NG9 or SEQ ID NO 11 , or any

funetional fragnent, variant or nutant (degenerative and non degenerative)

t hereof  Am no,acid,sulstitutiops.that oVi s i

BCL XL THEIS Besss ihieecta 8F tph MREpBROIrds d HARMBORI NG SR BRAAER by 1 e
et al . reydrseMhscrBitidh-and byicalBbsetdii-sti@Aynihasis oD RN & paoter RNAerdduced by
site-specific nutagenesis or_ pol ynerase chain reaction nedi %t ed i

mut agenesie. Brilonble-sandsd, wi dRNAuaPlsrele d1s oty ﬁ%&&% or sense and a non-coding or

antisense strand.

20
In general as used herein upper case letters (e.g. BCL-xL) indicate polypeptides (e.g. products of

gene expression) and lower case letters (e.g. belxL) indicates polynucleotides (e.g. genes).
Additionally, throughout this specification, the singular form “a”, “an” and “the” include plural
references unless the context clearly dictates otherwise.
25
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-translationally modified through reactions that include, but are not limited to, glycosylation,
acetylation, phosphorylation or protein processing. Modifications and changes, for example
30  fusions 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 functional activity.
For example 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



As mentioned above, the present invention concerns genetically nodified
host cells and also 10 nethods for generating such host cells. In one
enbodi merwp oslogsobost cel |l s conpri se heterol ogous i ntrodu®ed/nPos/yinex! eoti de
sequences that encode an anti-apoptosiis gene, a selectable anplifiable

mar ker gene and optionally at |east one gene of interest. The "sel ectable
anplifiable nmarker gene" has the properties of a selectable marker gene,

b ]yt t ﬁd Hiehﬁ&[b%'h d_wﬁa lal prefertProticatthe BAIi-xE. protegessenendengncaded by oneleiccaspd es
o] e gene ich survive in intra-chron I t o]

form &fquemee QfeTHQ {lp MP1L. SRE 1R @%S%@i@%; %@@rﬁ)x%@a% @r‘fﬁéﬁ{@?ﬁ%@
o o B G119 B! FaBhenC Yhiith S5 AR (dBRAEARYE 28 168 MEkRRC) The
present i nvent’ion particular pfovi des host cells, conprising not only
one co ﬂié]{@ﬁ /amiriordcid sutsseitiitivns ithe [poptids finctjenalybeguivaianB(lsihgpatypaptigeseby
copies of said ant]-apaptosi ene,. e.g. r 10,

c g pPes u;f?f the, y&ﬁ?ﬁ%ﬁﬁd@%&ﬁfﬁ% 3hids §g¥te(}‘g ﬁg’. } E@&Sg&% 2%751 t%%éel??,s P%?rzi %

obt al ngpl.e. b L §ind¥itd-fBfeciRt HRehoCRSRY bSpBBmlidrase ¢Hin @shetibnanédidted a
manmmal i an cpea%i?H pg ul ati (1)11- nluclg%icc acid ggequenclgs%at encode for an

ant i - apmgenésss geiteynderlyse wrilabhad semienéd. abl e mar ker gene, and optionally
at | east one gene of interest, wherein said genes are operatively |inked
to at | east one regulatory sequence allowi ng for expression of said 25

genes, A@irheﬂtioﬁl%htabgleé,itﬁg pPédelt GRkhtiROBsHcREIsOfnUnEiely @odidictli et coltsearel alto

| east said selectable anplifiable marker gene and said anti-apoptosis gene
ar eo ex prefissle dor gandrafing shchahest tellso habmfeemb?d?mém therhasbeals Icpmﬁpéghgfﬁﬁoi%go&g

| east of the anti-apopt.osis FUPRY j C t |1
popal adiBHEHER S BP ar AT e B odd e ki AR RE B Fro O MplBE,
gene. AfrRnidnenad opiaxy at ledss ofy gémy oL thttestp/The é'selecthiblastmplifble marker
anti-apoptosis and the sel ectabl e anplifiabLe rker 30.gene in_.close.
spat i alge dws ithe properties 106w ssleisble ket 7ire PRI HqRLY iaHﬁWBFm&’HQ"aﬂon (e,
anti - apopt 0si s r ef | I ey reiogd] . Lbed
her ei n,gelgefrgt?negasat%{%ﬁgala-r%tg ﬁl-egpg%?%ési eﬁéﬁ‘gﬁlcjtahe sel ef:ﬂt g%t:ﬂ a{eC%fr%andlzgig?Iihglgl)Iogei}&rﬂ(;al_ ©
encgdedhhyndsbeiab o) DifAhepbre itbafl ael glso bbigngeniarent © fhtsdertaie amplifishiae
el 1 - e 31D aT0d ks AERSOSOB I SONIBTE: RErErRCH OBt RRRETERS
this t eS5H00 NEde BHARP j i i
sel ec?g)%%. ésrrlgﬁt f%lé g%l (2)'§]!1r‘(tg{r-é l?égr ngﬂﬁrél%a‘%%e opeér g?%é?g@%ﬁ%ﬁ tﬁl)) Ogdgglﬁ %qtnﬁebru,t
g. ao P;comlpilrisﬁggamﬂtjpﬂnfmgpi_ep Dﬁmﬁ onti-apopiodin gerfeoe. gomoredhredsiGbR0.070 &al ) weifes.
S .S nerated in such a manner conprise for exanple at |east 5
copi es Ogﬁletlﬁggﬁ?‘f%@%%laﬁf’%taﬂsIggli‘eer ol ogous anti - apopt osi s ggne. In a further

embgdi ment host cells conprise for exanple at |east 10 copies of the

i ncor por at ed het erol ogous anti-apopt osis gene. | n another odj nent, host
Such host cells are obtainable, for example, by tlge method comprising (iSrlrrtl)tro urcrz?ng nto a

mammalian 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 sequence allowing for expression of said
25 genes, (ii.) cultivating 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
obtaining multiple copies at least of the anti-apoptosis gene, and (iii.) selecting cells from the cell
population that incorporate rﬁultiple 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
50  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



cells are obtainable conprising at | east 50 copies of the introduced

het er ol ogous anti-apoptosis gene. In further enbodi ment host cells

conpri se worosesmppl e at | east 100 copies of a 10 incor por RCEFEPOBROID| ogous
anti-apoptotic gene. Appropriate anti22apoptosis genes are those nentioned
above, in particular those listed in Table 2, e.g. those encoding for any
of the BCL-xL polypeptides described herein. In general, host cells _ are
pr ef ermert foyfcrted entbpdménsof dospretiyidriie ekpression ofspEsIPOPIpsLens 2Bd Y ther 5

et GBSO e N Bl by
progr té@llowsteatod co MRbiesdbiebiaiegenas.e host cells not only conprising

the anti-apoptosis gene in copy nunbers, which allow to inprove cell
survival but also showi ng high | evel of expression of the gene of interest,

al so coded by the,.geneticall I £ 1] S. t
thet hi Brecens srsras s G st o Bl Fhe e fPlats ARISREReRIRAT g
the nepdterdBhé asti-apspiosisgetd. dn aofurthpo phbsdimentihestwicllh cumptiea dirngratple at
dramatical |y decreased cell %r owh rates or genetic inst a}gi | i ti@'ﬂan{g1t

wi t houleass 1Regaies pEthernessporaied hefseolpeg aatiapPpipsiRigene 1 gaether SN dog] n
of interes . I r [ ' ! TR a side
R e A e
the viaki ITht furter cehbosiihyntneess ucdlisgcamprises fan exdmple natp éease 460 ecapyess obya

m croscopy or now 25 cytonetry, quantifying apoptosj.s by TUNEL or_Anpexin V
as sty sincopeted Astarelaseys ﬁ%‘&ﬁ%tgt“f i4%8F-s A@@TOEEH&%A aﬁh'c?pggltgflﬁaﬁngﬁ oF &ﬁ%e
genet i FeVoTE N th 9NES, QY fhosea¥8bdhg fRanyagese BYL-xL
Sout he@ﬁﬁ%ﬁ%dfgﬁy%?%ﬁﬂgﬁg%g{agé gf&&guanti tati%e (I)DCR. In %hi S ?nventi on, for
exanpl polypepidb$ descabed heremhanced cel |l survival is given, if the expression
30 level of the anti-apopotsis gene, e.g. the bcl-xL gene, reaches

intracel lular survival -effective concentrations of the encoding

pol ypept bR AORNALEIL 4@ fréRrB@bgRhinveftidlr &fpridin@ theCaikil apoptosisdehe G eapy
enhanced cel | survival i's provided for exanple, when the |evel faqr bcl-xL

gene ewpbessilowingits ¢xpressiop abdevsts which axpapfieisndy ighaorambaaesurival ofdhe

popul ati.on hgving, at .l.east an VO 03 PCH/ / [ i n
Curvi vt Bopd i AR o5Qsiieid dnSggiinba iell e MAGHereAda R LERRE
conpar ggt bflyt Einpridd e M bniCepopteip gend iwropMamentprseivichedllow tannpreveeasle in
survival of at |east about 30% and even nore preferred an .increase,i

survi valrvivel Bt alasshovape bistsleyslaeh epresign of fhe gene ofgintegesigglsq. 8?“1039&?/3%6
conmpar 0 _+4h I ' 1l ividbell for @&h SO
gi ven, Eg%eélﬁaltg Elloglgfset% ﬁ@@la%eglg.t %%%ﬁ%g B%tu tEl %%lt%gtg%}:eéﬁﬁés Laiétl?[ggsg(%nablee _a? ter a
culsbi vahti-apopedis gehedfavthgrtay snaxithum eéfeaindn redagimpt afsipepigein eate N thdaslepding to
the. cerrmstealy Sressad £ SO AAFIE 1 S9a0s DRDTTioaABE RapoLrD s Agn PO
suffi Citk?e%roﬁ@&%?%th regard to the protein of interest are well known for a skilled person in the

art. They include but are not limited to, for example, generating growth curves, monitoring the

viability of cells by measuring exclusion of non-petmeable dyes by microscopy or flow
25 cytometry, quantifying apoptosis by TUNEL or Annexin V assays, determination of product
titers by ELISA and evaluation of the genetic stability of the transfected genes over several

passages by Southern and dot blot analysis or quantitative PCR.

In this invention, for example, a sufficiently enhanced cell survival is given, if the expression
30 level of the anti-apopotsis gene, e.g. the bcl-xL gene, reaches intracellular 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 bcl-xL gene

expression, or for any other anti-apoptosis gene results in a cell population having at least an



cell survival is reached, when at |east about 60% of the cell population is
viable after 8 days. In a further enbodinent, a sufficient enhanced cell
survi val we oapkioeyed, when at | east about 75% of 10 the ceCiI/EPopedoati on is
viable after 7 days, furthernore if a3 | east about 85% of the cells are
viable after 6 days. The "sel ectabl e anplifiable marker gene" usually
encodes an enzyme which is required for growh of eukaryotic cells under

t hose jg@Rshetih QasivarOf atleastplbeut 2096 astet £6t,db) &, arrﬁ’:dafy icalsivetion gompark@éto Hene

may encode DHFR which gene is_ anplifi.ed vvhenah C a
Cher ewiar¢ntalsel peppation diercprefusd & K INPRESB SHEY &) @ f&gf&ﬁit a%%@s{%; %‘Igg%‘{eé“
(M) . Ihe pr%ﬂei bildcEchs€ ﬁ’?%{’l@%ly of = ElaSCIRR S0gaResa bl 71ah| 6r Bday enltivaion

anpl i PR PE SR genes can be used to carry. out the pr esent
I nventdompard%bfo mer@mew el pdsmﬂamlneGuffbh@ltmﬂl Juivisl s s BEengwhes af jeasted

in Table 3, see _Kaufman, hods | 185;

i ncor pboat 68749t thet ‘éﬂ‘é}‘ﬁf"‘éi N% %(SCYi? ﬁgﬁ% gtg{dtlgglﬁegl%éeone% c‘(éﬁlﬁg%rf%én ¥ ed
accor dj Lith I8l aufvivalne eNgeagised whent 4t lsast about

i nvent |p%%t°t5fv%\'h€éﬂ>eé {%d%g%ggtﬂéb%gféﬁéprﬁcﬂ abl elv mar ker a%leﬁg enélodesasf (?r Zead

pol ypeﬁﬂ%@étﬂimwlhgetvhxﬂ)lé afiet 9-day omludatmm o pavthercerpeefidenisa SI{ BRIER) ¢ enhan,

gl ut am ne synt het asg, i
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guanine phosphoribosyl transferase, HGPRTase, thymidine kinase, thymidylate synthetase, P

25 glycoprotein 170, ribonucleotide reductase, asparagine synthetase, arginosuccinate synthetase,

ornithine decarboxylase, HMG CoA reductase, acetylglucosaminyl transferase, threonyl-tRNA
synthetase or Na'K'-ATPase.

A preferred selectable amplifiable marker gene is the gene encoding dihydrofolate reductase
30 (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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a preferred process, the anti-apoptosis gene additionally encodes for any one of the genes listed

in Table 2. In a more preferred method the anti-apoptosis gene encodes for BCL-2 or BCL-xL,

and in a even more preferred method for BCL-xL.

15

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 D78586 (human)
transcarbamylase:
Dihydroorotase)
Adenosine deaminase K02567 (human) Xyl-A- or adenosine,
M10319 (mouse) 2’deoxycoformycin
AMP (adenylate) deaminase |D12775 (human) Adenine, azaserine,
J02811 (rat) 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

phosphoribosyltransferase

limiting xanthine

Mutant HGPRTase or mutant
thymidine kinase

J00060 (hamster)

M13542, K02581 (human)

J00423, M68489(mouse)

M63983 (rat)

Hypoxanthine, aminopterin,
and thymidine (HAT)




WO 03/ 083093 PCT/ EP03/ 03063 25 M36160 (herpesvirus) Thym dyl ate synt het ase
D00596 (human) 5-Fl uor odeoxyuridine ML3019 (nobuse) L12138 (rat)

P- gl ycoprwbDasnsd¥® (MVDR1) AF016535 (human) Miltipl e drugsPpCa&/EP03/0368398
(rmouse) adriamycin, vincristine, col%hicine Ri bonucleotide reductase
ML24223, K02927 (mouse) Aphidicolin G utam ne synthetase AF150961 (hanster)
Met hi oni ne sul foxi mne U09114, M0803 (nouse) (IMSX) M29579 (rat)

Aspar agi ne synt het ase M2783MBbEatstherppsyilispspart yl hydroxamate, M27396
( human rhfnfi 3k kvhthdaddzacyt 00306 (kis824H0 (nouse) |BFhaddd¢oxgtiidine

Ar gi nijnosucci nate synt het asg,xX83@3@dudeyran) Canayani ne M31690 (nouse)
Mzglf;é (bovi ne) O nithine d 1%, @}/ibase M34158 (ruman)

a- gorofrethyl-ornthin | ML6982 , 3 reductase
L0018£?"%ﬂ%’f’6‘#}(‘ﬂ§%{\}@;’%‘%r§d§é3g 5‘% 8 (hurrargj. Qg‘g‘;{?f&t Gosani ny|
M65621 (human) Tuni canycin &’é‘?‘?& Thr eonyl RSt et ase "Mp318D
(human)_Borrelidin Na+K+- ATPase J05096 (hu qropte
Sui t ahRébdnusteotids tedugtase usi ¥ 124333FROSPES Gﬂ%eier Aphidieplin| act apl e
anpl i f{iCiitamimesyktetaace  manAF1 96t €hdmsstendr ef er ahMethigningsukigrémiita or
hanst @r cel | s.. More pref err Hd0%ird, M08 ouse ATCC(MRX)9096) and CHO D344
(Ulaub et al., Cell 33[2], |¥06579 @y, 1983) celljs which are

Asparagine synthetase M27838 (hamster) B-Aspartyl hydroxamate,
M27396 (human) Albizziin, 5" Azacytidine
U38940 (mouse)
U07202 (rat)
Argininosuccinate synthetase |X01630 (human) Canavanine
M31690 (mouse)
M26198 (bovine)
Ornithine decarboxylase M34158 (human) a-Difluoromethylornithine
J03733 (mouse)
M16982 (rat)
HMG-CoA reductase 100183, M12705 (hamster) | Compactin
M11058 (human)
N-Acetylglucosaminyl M55621 (human) Tunicamycin
transferase
Threonyl-tRNA synthetase M63180 (human) Borrelidin
Na'K'-ATPase J05096 (human) ' Ouabain

M14511 (rat)

Suitable host cells for using a DHFR encoding gene as a selectable amplifiable marker are
mammalian cells, preferably murine myeloma or hamster cells. More preferred are CHO-DUKX
(ATCC CRL-9096) and CHO-DG44 (Urlaub et al., 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 gene 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, a 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 bcl-xL gene of human or hamster origin, even more preferably having the
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The present invention is suitable to generate host cells for the production of biopharmaceutical
polypeptides/proteins. The invention is particularly suitable for the high-yield expression of a
large 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 mentioned by the term “desired product“. The selected sequence can be full length or a
truncated gene, a fusion or tagged gene, and can be a cDNA, a genomic DNA, or a DNA
fragment, preferably, a cDNA. It can be the native sequence, i.e. naturally occurring form(s), or
30 can 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,
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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
Alto, CA.

30 In a preferred embodiment the expression vector comprises at least one nucleic acid sequence
which is a regulatory sequence necessary for transcription 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
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(IRES) is included in some constructs. IRES is defined below. In order to optimize expression it

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 extra inappropriate alternative translation

25  initiation codons or other sequences that may interfere with or reduce expression, either at the
level of transcription or translation. Alternatively consensus ribosome binding sites can be

inserted immediately 5°of the start codon to enhance expression. To produce a secreted
polypeptide, the selected sequence will generally include a signal sequence encoding 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 after the protein

crosses the ER membrane. The selected sequence will generally, but not necessarily, include its

own signal sequence. Where the native signal sequence is absent, a heterologous signal sequence
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on one, two 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 selectable 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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pronot &feof FdiexMRhRUA kitlabR2&BrERA WEtof 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 a
25 functional fragments thereof as described in WO97/15664. Preferably at least the anti-apopotsis

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

An “enhancer”, as used herein, refers to a polynucleotide sequence that acts on a promoter to
enhance transcription 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’or 3'to 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
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coding regions or in the case of a secretory leader, contiguous and in reading frame. However,

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 upsiream 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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nucleic acid sequences may be integrated into the cell’s genome or an extra artificial

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 to up-regulate endogenous or heterologous gene expression,

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,
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(open 15 reading frames) to be translated froma singl ranscript in an
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encodeditbytetrinateaatshe fizs stapi godon;Tanul thEgm@giptb@ould be released from the ribosome,
resulting in the translation of only the first encoded polypeptide in the mRNA. In a eukaryotic

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 the same transcript. The IRES can be
of varying length and from various sources, e.g. encephalomyocarditis virus (EMCV) or
picornavirus. Various IRES sequences and their use in vector construction has been previously |
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 the IRES and the start of the downstream gene can be readily determined by varying the

distance and measuring expression as a function of the distance.
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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.
50  Positive selectable markers allow selection for cells carrying the marker by conferring 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
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anpl i fi'g gené a east one gene Interest 1n a host cell.
Sai d nab kedctcforqeeombimgnt dedlsst eps: (i.) introducing into a host cell

popul ation, preferably into a hanmster host cell population, the nucleic
aci d sequences that encode for an anti-apoptosis gene, a selectable

anply fi130).Eo/MBhdeekitH GRE tea@ﬁﬁg@heﬂeﬁfi%e 9f&§eIQQH€erﬁ’fonl prbeites hlso 4omethed gbnilfeai d
genes are operatively linked'to at | east one regj atory sequence al | owi ng

for exgppessponf ef aa’a1adolgeﬂegen®ﬁc’ﬁekeptab)€ auplifiapla matkes gprp Msat least pne gene

popul atolfolgtelflg g?rrl acﬁosglce 19851 ¥ehSh " tomprising the steps: (i.) introducing into a host cell

population, preferably into a hamster host cell population, the nucleic acid sequences that encode
for an anti-apoptosis gehe, 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 (ii.) cultivating said host cell population under conditions wherein
said genes are expressed. Methods, teaching to a skilled 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
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expression of the anti-apoptosis gene and the gene(s) of interest, and (iZ.) 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 proteins are those mentioned above. Especially, desired proteins/polypeptides are for
example, but not limited to insulin, insulin-like growth factor, hGH, tPA, cyfokines, such as
interleukines (IL), e.g. IL-1, IL-2, IL-3, IL-4, IL-S, IL-6, IL-7, IL-8, IL-9, IL-10, IL-11, IL-12,
30 IL-13, IL-14, IL-15, IL-16, IL-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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mul tinmerisation domains. The nultinerisation domains nmaybe, e.g. the CH3
region of an 1gG or 25 coiled coil structure (helix structures) such as

b o E e s e S o o uied for the oo
derivative. This is intended to lead, In particular, to recombinant anti%odies with mmproved
pharmacokinetic and biodistribution properties as well as with increased binding avidity. In order
to achieve multimerisation of the scFv, scFv were prepared as fusion proteins with
multimerisation domains. The multimerisation domains may be, e.g. the CH3 region of an IgG or

s coiled coil structure (helix structures) such as Leucin-zipper domains. However, there are also
strategies in which the interaction between the VH/VL regions of the scFv are used for the
multimerisation (e.g. dia-, tri- and 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 disulphide bridges.
Examples of diabody-antibody proteins from the prior art can be found in Perisic et al. (1994,

Structure 2: 1217-1226).
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20 interest. More preferred are host cells comprising multiple copies of those genes, at least of the
anti-apoptosis gene and the selectable amplifiable marker gene. Multiple copies of those genes
are obtainable by methods also described herein, e.g by gene-amplification processes, and/or by
providing host cells with multiple gene copies in any other way, known to person skilled in the
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 comprising multiple copies of a BCL-xL encoding gene and multiple copies of any one of
the selectable amplifiable marker genes listed in Table 3. The most preferred selectable
amplifiable 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 increased, preferably at least about 50-fold, even more
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the present rnvention includes” 20 hanster cells, preferably BHK21, BHK TK
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and CH@, BAdpar&fhilcell popultibar t her enbodi ment of the present invention host
cells also nean nurine nyeloma cells, preferably NSO and Sp2/0 or the

derivatives/ progeni es of any of such cell 25 |ine. However,
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cells, can al so be used in the nmeaning of this invention for
and CHO-DG44 cells or the derivatives/progenies of any of such cell line. Particularly preferred
are CHO-DG44, CHO-DUKX, CHO-K1 and BHK21, 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
limited to human, mice, rat, monkey, and rodent cell lines, or eukaryotic cells, including but not

limited to 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 expressing high levels of
a desired protein generally is a 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



production purposes. 30 The sel ection of reconbinant host cells show ng
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selectable marker(s) by culturing in selection medium. Optionally, the selection medium 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
fluorescence 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 the 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 interest,



at least of the gene of interest, if another selectable anplifiable marker
was used for transfection. 30 In the third case, reconbi nant host cells or
product i owoaaioB30b3 nes al ready expressing the gene(s) of PoT@EPeF0306F €
co-transfected with the anti-apoptosi# gene(s), the selectable anplifiable
mar ker gene(s) and optionally with additional selection nmarker gene(s)
and/ or gene(s) of interest, WO 03/083093 PCT/ EP0O3/ 03063 41 whereby markers
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honogenous preparations of the protein of interest are obtained. As a
first step, cells and/or particulate cell debris are renmoved fromthe
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from cont am nant sol uble proteins; 20 pol ypeptides and nucleic acids, for
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Spr engepolifeplides {nti9iB)eic ddd) forrexampte; By Gdctynative be ivAt@oaffinity or ion-exchange

columns, ethanol precipitation, reverse phase HPLC, Sephadex chromatography,

chromatography on silica or on a cation exchange resin such as DEAE. In general, methods

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 general 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
programmed cell death, e.g, apoptosis, by 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 least a heterologous introduced anti-apoptosis gene and culturing the host
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partlcularl encoded by any of the nucleic acid sequences referred to in
Tabl e 2lot 9%3/1%93063}%@ FeIKRHGEIERE: encoded- by SEQ ID NO. 1, SEQ I D NO 3,
SEQID NO5 SEQIDNO7, SEQID NO9 or SEQ ID NO 11, or any functional
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her ei n.or hamsterori ginpFeenemeraprefersdiine hest 6¢ll epmprising aptliinla copies pariclgipacidopy
of the y ving 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 from 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

mixture encodes for a heterologous BCL-xL.

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-K1, CHO-DUKX, CHO-DUKX B1, and CHO-DG44 cells or the derivatives/progenies of



m xture encodes for a heterol ogous BCL-xL. 30 Suitable host cells are any
of those described in the present invention, e.g. those nentioned in Table
1. More pwefoansad3 are host cells of hamster or nurine ori @CH/EP83/QR063TUri ne
nyeloma cells. Even nore preferred a#3e CHO or BHK cells, particularly

CHO D44, BHK21, BHK TK , CHO, CHO K1, CHO DUKX, CHO DUKX Bl, and CHO D4
cells or the derivatives/progenies of WO 03/083093 PCT/ EP03/ 03063 43 any
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and f uHbbwsells aegeribed ﬁ]g)v@tcah éaaddiﬁnaalganedim‘ﬂed biyritizodwing af heasporzciaterelogbug he

present invention w|l unl ess .ot herw se i ndi d, conventio
t echni gersolomterest|sugh 611‘6[@}:53 DRGCRL VARt 8IS JiPRCBS | Oﬁtu?eﬁﬁ rcé’mp%nlgflgt&{]i and
the li g&g gcg]ose 1eaﬂ tosfcs[?né I hgs&lfbe@ﬁﬁodenaﬁchﬁnﬁfe} corh ﬁ§ﬁg Taﬁl%ﬁ'sﬂ'o@l@%%n@b?

fully rent literature. See e.qg. nbrook et al.

Mol eculmgredt] oni ng. A Laboratory Mnual, 2nd Ed., Cold Spr| ng Har bor
Laboratory Press, Cold Spring Harbor, N.Y. (1989); Ausubel et al., Current
Protocols in Ml ecular Biology (1987, updated); Brown ed., Essenti al

Mol eculrge Bl @OPf tht RlreRneESvend I Will érfipl edﬁl%bs Stherwise riﬂdland eSiveritional
Technol og Academ c 'Press (1991); Bothwe et al. eds. Met hods , f or
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Practi gaibReR" @tagh MdRcubireSkonitg: mwo@atbl‘y Wedrsial, y2"Prid s Qold Spying Glibord.

A i gonucl eoti de Synt hesis (1984); Mller ., 20 _Cene rans er,
Vect or babasatormrhiredsi LielbaInrig Hotbpy; Nevit I(é?89éad A“S%ﬁ‘iﬁﬁl B nC%?rFt rotocols in
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Press ture Ani nal . Alan"R Liss
(1987) Gostdedzédrs ldene elﬂxpreﬁﬁinl T@Slﬁwﬂd’gyankbaﬂpmpi Fsess, (1291 PrRcthvell etAﬁperach
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of Ani ma I ot ec | ogy Vol Pi ed VCH, Wi nheim
663- 74&xptessios eStbetonBrdse (K996); MeRhersimogyal R&‘éﬁe%rfmaqﬁp@ls&pproaqlicm Paerg at

publ | CATORDHHE B PR Sl (s Er T ENE B o LM A Golos oo
I nd}, catd e TPinsth &/ dcft€ 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, Piihler ed., VCH, Weinheim 663-744; the series Methods of Enzymology (Academic Press,

Inc.), and Harlow et al., eds., Antibodies: A Laboratory Manual (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
fully 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, which



30 of skill of those skilled in the art to which this invention pertains.
Al'l publications and patent applications cited herein are hereby

I ncor por awed3log3opef erence in their entirety in order to mpC&EPOaDI0G3
describe the state of the art to whicl this invention pertains. The

i nvention generally described above will be nore readily understood by
reference to the foll ow ng exanpl es, which WO 03/-083093 PCT/ EP03/ 03063 44
are her @b&lerqbylm@@@bd@pr@lwfor dle plﬁeomfpliwrm)mqf lcedain gmbedingsntsced the jpresent
enbodi rren r.esen |on and are not intended to limt the

i nvent i O E&IO% dare Rc’t lgte@%\}ﬁﬂ h&BBYeé\t/lP%fn ORsY E%HO chi nese hanster ovary
DHFR: di hydrofol ate reduct ase 10 ELI SA: enzyne-linked inmunosorbant assay
FACS: fluorescence activated cell sorter FITC fluorescein isothiocyanate
HRPO. horseradi sh peroxi dase HT: hypoxanthine and thym dine 15 | RES:

i ntesnap Mgig@a entry site MIX: nmethotrexate PAGE: pol yacryl anm de gel

el ectrophoresi’s™ PBS: phosphate buffered saline PCR polynerise chain
reaction 20 Pl : propidiumiodide RT-PCR reverse transcriptase -

pol yrer reactlon SEAP: secreted al kal i ne phosphatase SDS: sodi um
dodecyl fat e %ﬁgﬁ% #) nt racel | ul ar adhesi on nol ecule 25 Met hods
1. Cell ture (U laub et al., 1983), grown permanently
in susp@%ﬁon i n PAEIRIRIRT ng nmedi um CHO-S-SFM | (I nvitrogen, Carl sbad,
CA) 1supBHESENt ed shizymetipbed HRENPOROTRARE2sS3Y t hyni di ne (I nvitrogen, Carl sbad,
CA), werFACBncubat fubrescene dctivated oelbsdrteasks at 37C in a

FITC: fluorescein isothiocyanate
HRPO: horseradish peroxidase
HT: hypoxanthine and thymidine
15 IRES: internal ribosome entry site
MTX: methotrexate
PAGE: polyacrylamide gel electrophoresis
PBS: phosphate buffered saline
PCR: polymerase chain reaction
20 PL propidium iodide ‘
RT-PCR: reverse transcriptase — polymerase chain reaction
SEAP: secreted alkaline phosphatase
SDS: sodium dodecyl sulfate
sICAM: soluble intracellular adhesion molecule
25 :
Methods

1. Cell culture ,
CHO-DG44/dhfi™ (Urlaub et al., 1983), grown permanently in suspension in the serum-free
medium CHO-S-SFMII (Invitrogen, Carlsbad, CA) supplemented with hypoxanthine and
30 thymidine (Invitrogen, Carlsbad, CA), were incubated in cell culture flasks at 37°C in a
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 (Schaerfe 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 batch cultivation clones were seeded in duplicate

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



hum di fi ed at nosphere containing 5% CO2. Cells were seeded at a
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using a CASY1l cell counter (Schaerfe ®ystem GCermany). Viability was also
confirmed by trypan blue dye exclusion. Single cell cloning was done by’
standard 35 dilution technology in 96-well chanbers. For the DHFR-based
sel ect idays @fths trebbaort wihsfteddiag angifesDEedivne | WherCBBEDSHM dellpmgramlivatad ut

hypoxant hi ne and t hym di d. ..DHFR-based gepe anplj.f,i i O was
achi evdd s prseears gt MW@%e@PWPBg aﬁﬁlw’?@?% %gﬁtl ééﬁi SshH™
agent t&;.the B! |yt d heRizel PREHe WedsBndeestReurh ICHIOAb G4t e
into cgﬁgh{ébl turéelggll%g sas%%g%’lceglgrﬁ%‘iyﬁyggﬂlu rQHHl of\fféhe -appropriate medi um
and kepbecdnor adherant)andGeoBid0s :aa@ac@@axiamtogﬁwyﬁe;@lls/nﬂ iy &ipsh mediume eYHy Ghater
wi t hout, addi ng any fresh nmedium Wen CHO- DA4 cells were cultivated in

t he Spr dEERERYS0f serum CHO-S-SFM | nedi um was suppl enented with 10% f et al
calf serum ('Sigma, Germany). For passaging cells were trypsinized (in the
presence of serum CHO D344 becane adherent) and seeded at a concentration
of 2x1@5 Ewirkessiarveriors resh nmedi um every two to 5 three days. 2. Expression
vectors, The basic ve r .pBl D, base Iy ( r : .
1958) . Thedpogecial RaD: dirve on BRcRaBin MYy BAGH G haLs ToeBE mElialt
by t he ceMfitRiRNBlRéssRANGNERhetdrBlogdfls geltbistdrdren Bt ENDO gpesmbtes entivncemilni

O R Ll e St v o e LS
and cl gnegh %Q%EF@%%\W@%%F hpgﬁﬁ& ]?§alf IFi, DAL ];r@ﬁlgﬁ)@dlalm (PRIRYr et1 al.,

resulting uman honol ogous o -xL (SEQ1D NO 1
GenBank 998 ek tloned\itb etie ca23pdinjing sifesb@inaIIN SOSRID) NOpBID CGen@ltink iAqdEsi on

the. coneANbr T homap eiesslercts. obbeist SERLIDT NEL. Bl diverminy” S
human tﬁﬁ‘hs% q%i'g (gﬁégg’w&i AL e RERRorl NEHBE: $1120DM0wHRCl®Hed into the
en, rl sbad, )

(I'nvitrog . Fromthere it was excised using EcoRl and
| i gat edxpression hvectorsoas ésipovediBog the eRhstgictien off PBIIBbCltE | brd-2Kves ¢bv-fRAPCR-

pol ynerase. the filled in -exci sed RES-.bcl - xL f f
(Fusseri‘é‘gg’é{’sgeﬁc“&l mi@%;‘% 2B eTHbe PSdStlﬂéo A9 ng il thg C%&%ZVC?C%%
PBI D- s A6 Sallctak 186hd, "CANEFRINE i tBére ORi WaP XREIBES ueihgVBESRY and ligated into the
pBlI D-sI' CAM bcl -xL. This vector was the basis for the construction of

pBI D- balorrespangting| BavRd site og pBIR. YrmaNKiemes-IaNApalymerasmibepBiad i Rk grcised |
by Sal I | .di ' i gat i - -
obcr ot AR ik el PR RE AR AR PP V%0 P @l 36 10E Aty BpRRe |

Pal f AlJfeBISAICAM resulting in the bicistronic expression vector pBID-sICAM-bel-xL. This vector
was the basis for the construction of pBID-bcl-xL by eliminating the sSICAM-IRES element from

pBID-sICAM-bcl-xL by Sall/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 stable transfections

Transfections were conducted using Fugene6 reagent (Roche Diagnostics GmbH, Mannheim,

Germany). Per transfection 0,6x10° exponentially growing CHO-DG44 cells in 2ml HT-
30  supplemented CHO-S-SFMII medium were seeded in a well of a 6-well chamber. A total of 4 ug

plasmid-DNA and 10 pl Fugene6 reagent were used for each transfection, following the protocol

of the manufacturer. Transient transfections were performed in triplicate and supernatant and

cells were harvested 48 hours post transfection. For stable transfections the medium was



pA.2- Control contains the firefly luciferase driven by the Sv40 pronoter
(Pronega, Madison, 25 USA). 3. Transient and stable transfections

Tr ansf ectworis/os@@pe conduct ed usi ng Fugene6 reagent (RochePDrapo®aiosss GrbH,
Mannheim  Cermany). Per transfectiord60, 6x106 exponentially grow ng

CHO- DXA4 cells in 2m HT- 30 suppl enented CHO- S-SFM | nedi um were seeded in
a well of a 6-well chanber. A total of 4 gg plasm d-DNA and 10 | Fugene6
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CHO S-SFM | nmedi um suppl enented with 20 nM MI'X. Anplified single cell

cl ones were selected during 3 weeks and expanded into cell culture flasks.
4. sl CAM BICHH BIS4l CAM titers in supernatants were quantified by ELISA

wi th standard. protocols (Ausubel et al. 1994, updated) using two_in house

: , 1994, )
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from PromageduiagiaspRctY ot PaAEiRY (Tmm%%heiﬁ@%%na%‘)l vity was
measured wth the Geat EscAPe SEAP kit from Contech (Palo Alto, CA)
accofding to protocol. Sanples were analyzed 20 using a Spectra Fluor Plus
reader (T Nf Crai | shei Cermany). 6. Western blot analysis The BCL-2 and
BCL- xL X?\?eggstf’o‘?{‘z ’fzefzﬁgézg’%)ar ental host cells CHO D&4 and the genetically
nodi f i e¢thé asdflyaatikeassaspsitiichsyine adtiwitPbsdsicferBiid iRt SivzifeAbO Whsay ShRm

cells were extracted in . o _
from Promega (Madison, WI) according to protocol. SEAP activity was measured with the Great

EscAPe SEAP kit from Clontech (Palo Alto, CA) according to protocol. Samples were analyzed

he

20  using a Spectra Fluor Plus reader (TECAN, Crailsheim, Germany).

6. Western blot analysis
The BCL-2 and BCL-xL expression of the parental host cells CHO-DG44 and the genetically
modified host cells was confirmed by Western Blot analysis. About 1x10° cells were extracted in
25 500 pl lysis buffer (1% Triton X-100, 15 mM NaCl, 10 mM Tris-HCI 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 determined 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 subsequently electroblotted onto nitrocellulose membranes
(Invitrogen, Carlsbad, CA). After blocking with 5% skim milk, proteins were detected using

mouse monoclonal antibodies from Santa Cruz Biotechnology (Santa Cruz, CA) specific for



25 500 | lysis buffer (1% Triton X-100, 15 mM Nad, 10 mm Tris-HC1 pH 7.5
with 50 gg/m phenyl nethanesul fonyl fluoride and 200 gl of the protease
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Proteins were visualized with an anti-nouse peroxi dase-coupl ed secondary
ant sbody OwirifedoCagorkaitbur g, Ger many) using ECL detection system
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cytonmetriy of | abel j t.ochondri a 500.0Q0 cells per sanple were harvested,
washed appkyRedRBsme %ﬁggﬁﬁjﬁg@i&ﬁcﬁoﬂﬂ%‘@}yni@gpar af or mal dehyde in PBS for 15 nin
at 4C. After a second PBS wahhing step the cells were ready for the

fl uorescence-based staining of their mtochondria. A PBS sol ution
cont ai 8. nglde0d romdvhodf lubdedrimitochmddini on- sel ective MtoTracker Green FM dye

ol | 5 WIS elbaint FiTBiS0 ore: BERFRG: COHI on Py TS g Aedeiyil o
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Ausubelwgd prapared &98¢Aa 1uBNREBEK solution. Cells were incubated in 200 pl staining solution for .

15 min at 37°C. Subsequently, the cells were washed twice with PBS, resuspended in 400 pl

20 PBS and subjected to flow cytometric analysis. The green fluorescence emission of 10.000 cells

per sample was determined.

9. Hybridization assay

Hybridization analysis of DNA or RNA blots using either DNA or RNA probes (>100 bp) is
25 carried out according to standard protocols 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.



Specificity of hybridization is achieved in the post-hybridization washes,
whereby the critical paranmeters are the ionic strength of the final wash
sol uti on wod3wgmwIt enperature at which the wash is carri e®ComPI3/&063 ngent
conditions are achieved by perform ngtst 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. WO 03/083093 PCT/ EP03/ 03063 48 Exanple 1: Overexpression of
sur Vi vaxadijsle pf 0QHetex@aRESN bf sirviabar¥roaud geitiaslih eransieie ahb etablemode col d

t herapeutic- sl CAM (sol ubl e intercellular adhesion nolecule 1) conpetes with
the CAM receptor for rhinovirus binding and prevents interaction of this

conmon I ef | I : i . I i J i red
For el e sl FLRRER o Sl A et ABRERROAGUILE ) poppaSLbEl
1990) . thonCda aictepdora$sre slinevitusobintingn and iprevexpsr éstsiaction of thist cerapopt osdd s
genes bcl -2 or bcl-xL on the production,of sl CAM al amounts cgf t he

s| CAM éfielogicaly 2prsTHtE thei b Y ceprrier ohid is zemuired fop Pl SApAne SERscdrem
ei t her ix}i@?t&féﬂﬂ%lla%? bt 2 9%%1%%‘2&1%0&} I[ﬂi-‘r ASARANsSes R RraRBLR &btasbs 1)

into dhir cl ent e 10°¢c were grown pernmanently in
sus pensif amtiapoptosis sgamasntict-2 eomediximotHide $r@fivtibn fl SICAM cgeal, ai@amhts befdthe CA)

o CREASE g OB LS A e A LB L
sl CAM $pggi| ﬂﬁ]@-@ﬂtﬂpé‘p{h%%sofg‘éhf%rc%ﬁﬁoﬁ@lﬂﬁgﬁ 9 $iht6 ThAL &Rtdne BHO-DRANTRE
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confirned.by SEAP.expr ion profiles.(exchangin I e . .
o SeAp? TEiTEs Y CaRf Gt FRgReRate R e PR B G s igy
BCL- 2 apgerBfthnts X#er@ﬁu@nﬁﬁecgefeeﬁcﬁﬂrs pasthednstdafion dyCBIS Nakkigi ial hafst agbdwled
s| CAM BCL-2 or sl CAM BCL-xL expression (Figure 2B). Al so, in order to

assess sihdMhweciisentihpdies. Whersty BOLanexporsior drarestisedly sedised B gyl ripdietion
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20 identical production profiling was performed using the intracellular luciferase reporter

(exchanging pBID-sICAM by pGL2-Control). Luciferase production characteristics correlated
with aforementioned SEAP and sICAM expression profiles confirming the positive (bcl-xL) and
negative (bcl-2) impact of these apoptosis-suppression genes on the overall productivity of
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 CRL-9096) adapted for growth in
suspension.
Although transient transfection experiments enable highly reliable information on the metabolic
engineering capacity 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
sSICAM 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



Al t hough transient transfection experinents enable highly reliable
informati on on the netabolic engineering capacity of heterol ogous genes
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dhfr-anplified gene expression of bcl-2 and bcl-xL on viability and

apopt osi s of stable sl CAM producing cell clones 15 For the eval uation of
the effect of anti-apoptosis engineering on the viability of transgenic
CHO D4 cell lines in serumfree batch cultivation, the highest

s| CAM pExatupler?y @&iffdct pHgiufir-atriplifisd gend expfestioniof vel-Z aid badapudratinbifisy aaich,
generated by stable co-transfection of CHO D344 with either
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conmbi nati ons, were selected for further analysis. Two parallel single cell
cloning procedures by 20 imted cell dilution in 96-well chanbers were
conductléu thoealuatiohldf threeefaCHOE SitiSHidptosisnaginearifgon tlenmphbilityeof teamlsperdd ORES)

and one_j.ncl uding a single round qf. X-i.nduced - based amplification
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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

(amplified cell clones). The cell clones were screened for the highest SICAM producers by
ELISA and for each gene configuration 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-1, HMNI-2 (not amplified) and HMNI-3,
HMNI-4 (amplified), (fi.) pBID-bcl-2 in HMNIBC-1, HMNIBC-2 (not amplified) and
HMNIBC-3, HMNIBC-4 (amplified), (iii.) pBID-bcl-xL 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 éffect 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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40-4,0l Qearf 18 H%Eﬂiéﬁ?ii?ﬁit e @?Fp%MQh@meh{al CHO-DGLoda! Bds irdidai® survival

transgenic 25 control HVWNI -1 and the parental CHO DX4 (HWN BC-3/4 and,
HWVNI BX-g8helexfEesyiomes hpupnagulated by DHFR-based selection as was shown to occur in an earlier

report following G418-mediated selection which biased results towards enhanced survival (Tey
et al., 2000a). BCL-2 and BCL-xL expression profiles could be increased at least 80- to 100-fold
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 transfected with
pBID-sICAM-bcl-xI,, an expression vector with a dicistronic configuration. In this set-up
30  translation of sSICAM in the first cistron of the transcription unit was initiated in a classical cap-
dependent marmer and of bcl-xL in the second cistron in cap-independent manner driven by an
IRES element derived from the encephalomyocarditis virus. The selectable amplifiable marker

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



12B). In the non-anplified transgenic cell lines BCL-2 and BCL-xL
expression levels were increased |ess than 10-fold. This protein | evel was
obvi ousl| ywomslogsws or a sufficient protective anti-apopto®cCI/EPhs/ems3 (Figure
5). Conparable results were obtained Mith cells transfected with

pBI D- s| CAM bcl - xL, an expression vector with a dicistronic configuration.
In this set-up 30 translation of sICAMin the first cistron of the

t r anscHipBtdeRAlel Hinkly$RS A BEL IAERIBOL-AL shels@éd ahti-apdptose pagidestingrarneiifiend
of bcl-xL in the second cistron in cap-independent manner driven by .an
| RES eltltevigh devel wapressionnof ithese roapival| daigrounands {5 aypd dn opfRr 9epxdhibsne

anplifi abl rker .. dhf al i ri. ot liel. ONn
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BCL- 2 andiBeoxditiomdi at ed anti - apoptosi s engi neering exenplifies that high
| evel expression of these survival determnants is required in order to
exhibbit any significant protective effects in CHO D&4 cells cultivated
permanent|ly under serumfree nmediumconditions. 5 Exanple 3: Determ nation
of gene copy nunbers by dot bl ot analysis Copy nunbers of heterol ogous

anti - afExainfge $: g@vesmhedtiod ofgelEcdopy nuinbessgriada dlatanslyes genomre of 10 the
transfected host cells CHO D4 are deternined by dot blot analysis. For
this purpose genomic DNA is isolated fromthe transgenic and the parental

CHO- - e ik mth | |
l?gt%p?%&J&Y@&%ﬁ?&ok&%&nﬁ%g&h@p&%%&b gLy oﬁyﬁlﬂﬁﬁﬁeﬁegm theBlcpoMe &f
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a mani fgheh ALihAe Bed1ahe GRnsmsd BRI & aVsae Kif #omdBibgdd @dehpGesndnys accobdiaybel
et al., 1994, updated). The anobunt of genom c DNA that_ should be blotted

wil | dépérecprotpcthef the menufastuag Vatinesameunty of thergsremiclDieéh ssuallyretypsn 0.pe

subsequent |y, sought by. hybri di zat.i on_ pr gbi i.di i S
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S equenGeEmbrand. SmbtsBhheBioRihps, aRéibaty, Grsmaiy) wsigd owanffoldataphat wcakuatibnt he
Cene | mages random primne | abel l'ing nodul e (Amersham_ Bi osci ences, Frejburg,
Ger manydevica kg eiledwaotpeotaea ymsuled ikt al- B Ye MPatetly THE PIoHns e gFofHe %d\%bes

are ge rtasilgﬁﬂ b%sﬂlgg%cgkg? g%qefng %nb(ﬁé' ﬁ%a A f?d)?%kl&nc@% tﬂcp tafr &% cORfaf 'vﬁlﬁ ;ﬁe by

EcoRl i'gestion o or t specific 730 bp Pvull/Bc
f r agmentubgqueitht eshght &y hytirgkztion rprobing BERbidizatidn asalysisph dben carriefleout to

bl | e Sockl O EL1 0 5200, 15, Be8! oL Ted. 25, OYer AN 0% SECLR R,
20 Following the protocol of the Gene Images random prime labelling module (Amersham
Biosciences, Freiburg, Germany) random-primed FITC-dUTP labelled bcl-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 from
digestion of pBID-bcl-xL as template in the labelling reaction. Hybridisation is performed

25 overnight at 65°C in a hybridization oven according to the Gene Images 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 according to the
Gene Images CDP-Star detection module (Amersham Biosciences). Quantification of the signals

is performed using the VDS-CL Imager System (Amersham Biosciences). Signal intensities of

30  bcl-2 or bel-xL specific signals from the genomic DNA, isolated from the transgenic cells, are
compared to a standard curve of defined molecule numbers of either the pBID-bcl-2 or the
pBID-bcl-xL expression plasmid (numbers calculated on the basis of the molecular weight of the

plasmids), respectively, and are used to estimate the absolute amount of target DNA within the



nodul e protocol. After hybridisation the filter is washed twice with 0.2x
SSC/ 0. 1% SDS at 65C for 20 min before proceeding with the anti body

devel opmewD oansBobhe detection according to the GCene | nag®sTEDR3/G0a3
detection nodul e (Amrersham Bi osci ence®). Quantification of the signals is
performed using the VDS-CL I mager System (Amersham Bi osci ences). Signal
intensities of 30 bcl-2 or bcl-xL specific signals fromthe genom c DNA,
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that are being conpared, part of the hanster nbh-1 gene (myc-basic notif
honol o@TQLIaeSI s used as an internal control gene probe in a second

hybrid 'BéPtIl sqgetﬁgcﬁgéﬂk agalxmhﬁage& A0% i %@Heraf‘%é& 1rﬁfoﬁhéiﬁ% BAd mﬂghfylﬁg 1@e bek-2t he

first genetically rmdl i ed host cells generated by
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her ei n). can be ned at | east 5, 10, 20, 50 or 100 copies
of a héPQFBPISﬁBg%I‘?IEI %%‘Fb@ﬁ II_C? "€Exanpl e 4: Mbdul ation of

m t ochondri a nunber by serum additi ves 15 The obvi ous requirenent for a
hi gh BCL-2 or BCL-xL dosage in order to achieve significant survival

i npact i n CHO- D&G44 ncIer mf ree.conditi i nitiated specul ations
to whdideapleds M"P‘g@ |I%1IQ,°I}H]P IbertbPIé?@Irb?‘gc{]@% HRsitivity to

programred cell death is dependent on serum This hypothesis is even nore
convi ncing as serum has been found to be a 20 key factor for apoptosis
pr ot ectThenotaviisheqauseenti fooe fighd BCA-20e BCIraLadospeeninf oiday fopchiee sigafiemt

modul ators (Ijke BCL- xL thaf gu

ser um GUPRYR] PachH R t‘ﬁ%gig%gfﬁ%w%w\@% hoRdMT c%ﬂ (IIUII?S g{@tg%gg?l&%% 19 Ber e
cul ti valedn & Eh*éefmﬂoehmeeémém bt SBérdforé r RasiGi®y So Spidgtanimadd wellodeas is
adherent cells in CHO S-SFM | nedi um suppl enented with 1%% CS. FoI I oyﬁa

cul ti vatepemiehben sEumad hisesipothesid dy CEANETE CHNBICIIAHSSEIHR pansfogpd iRy
cul 2tour & \Igctor o %focl)II)tgsqs I;)PotecttlIaﬁlaIld %Q@aﬁfsé hfitochondria are a major platform for cell death

modulators (like BCL-2 and BCL-xL).
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

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



m tochondria content using MtoTracker Geen FM a m tochondrion-specific
fluorescent dye. As MtoTracker G een FM accunulates in mtochondria in a
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the quantification of these organelles (Metivier et al., 1998).
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presencs ML ®S BiPredsifaStovEld ot @finpensdty o spépifd tindréadds &M appptosis Inddbligbrizoost
in specific mtochondria content (Figure 8). Gven the clear anplification
of m t asfosiathd witlhyhges organellesf ree conditions it is straightforward to
suggest that successful anti-apoptosis engineering of serumindependent
cell lines requires increased BCL-2 WO 03/083093 PCT/ EP03/ 03063 53 or

BCL- xL expression |levels to conpensate for specific increases in apoptosis
machi neries associated with these organelles. 5 Exanple 5: d oning of
hanst erExgaplg f: ¢ Oigning ef hansterfchgles primer (Bel forl: 5'-GCCACCATGT
CTCAGAGCAAACCGGGAG 3'; SEQ ID NO 13) and 3'end prinmer (Bel revl:

5' - TCAYTTCCGACTGAAGAGYGARCC-3'; SEQ I D NGO 14) were designed. These

pri mer sTheefollowids iend aride -(Bek forlRT 5 RGR GACCAJIGT GTE AGAGASAEICGGGAG-3";

[ ne IS0 B0 U3) ah 3candatimer BT B Sol Gl L GARd A RAGGRRE o

bel - xL S%Q?\Ifﬁ ﬁ@elég%&letd(eﬂgngcp G hePpre RN WErO &S iR Ons S&) RTEECR RE&rding to

TA-type ctoning vector (Invitrogen) and the nucleotide 'sequence of both
cDNA stpraincsl (kestrateneCailshed, GA) em 1A@ toB BN A dsolated fremgbe hamster celldins CHE-

. ; . e
and gorobha b b s etEmihe PRPRe KGR SBR LYy TS e 706
extens ibg)rbﬂﬁﬁﬁ}r&ﬁﬂzt s lsliSc1Ghed idRa TR %‘kﬁﬁn% R HAEYEH] ang thcearldotide -

according to the manufacturer's protocol (Applied Biosystens). Honol ogé/
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used. For the isolation of the_genonm c region covering the very 5 end and
3' end dfydhSeqeachg Feagion acGaEdinsclo; the| panyigeiures|s) Pmm?@{ éﬁpﬁéﬁ% Bigsysismishn
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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, respectively, the following primers, based on the hamster

bel-xL sequence, were designed:

(i) overlapping primers Bel rev5 (5'-CATCACTAAACTGACTCCAGCTG-3"; SEQ ID NO: 15)

and Bcl rev6 (5'-TGACTCCAGCTGTATCCTTTCTG-3"; SEQ ID NO: 16) located downstream
25 of the 5’end of the coding region and with complementarity to the coding strand for the isolation

of the 5’end

(ii) overlapping primers Bcl for2 (5-GACGGGCATGACTGTGGCTG-3"; SEQ ID NO: 17) and

Bél for3 (5-TGACTGTGGCTGGTGTGGTTCT-3"; SEQ ID NO: 18) located upstream of the

3’end of the coding 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 a nested PCR. The primary

PCR was conducted with a combination of primers complementary to the adaptor and a bcl-xL



(ii1) overlapping primers Bcl.for2 (5 - GACGGGCATGACTGIGCCTG 3'; SEQ I D NO
17) and Bel for3 (5 -TGACTGITGCCTGGIGIGGITCT-3'; SEQ ID NO 18) | ocated
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non-codi ng strand for the isolation of4 the 30 3" end. Adaptor-ligated
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1998) , omati weeabiainad (Fignts Ve T8 PRECE Q?P@FAHOE 3ad ﬁﬁ’tﬂé‘gﬁm%b&? “Jje‘ﬂé‘égﬁ‘ro?\%n

by the 0 e : 4.0 @0, dfk- rsuBt1BhingeNe

as arrpltl |%11b Le S 1(E:écet gg?%qﬁgornkéeﬂ} gggé{effg? Egggirrglr 2@%%@%@3%%@3%8). Sl210 Exlgrgrpl e

6: Seneugidsesinaf thh@akirgotibexprrisicdetestdr plIPutesntting Se pBAbchakéFignreptd)- Xiis

mutants with different _d i ons t he n- served unstructure
r egi on VRElPE bapesiaLthg A yeclgr ﬁ&fi T e{]ﬂe @8 em?dbﬁﬁ%s %oﬂgltgﬁvee?ﬁ’?%gfsgglgog h
del eti qp. Jut mgo\a'@rg%?e@&i&%nw leedVBie pRIrAbtSYshHaMcPCOR ad diicig HBIDY@IdcEEs thea a
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expr es sihfimming géror aspBiplifahly sctastablemarkiy (sse fueranply BhaPIE#3%). Del et ed ani no
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Example 6: Generatibn of hamster bcl-xL deletion mutants

Several hamster bel-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, joined 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 expression vector pBID/bcl-xL,
containing the hamster bel-xL 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:



whi ch serve as a linker to bridge the adjacent domains. The expression
vector pBID/ bcl-xL, containing the hanster bcl-xL wildtype cDNA was used
as tenpl awe ossiobe PCRs with various 30 priner conbi nati omETIERPO3j@3v6s at e t he
requi red conponents for the 5 or 3 $art of the coding region upstream or
downstream of the del eted DNA sequence (Figure 11): (i) 5 part: WO

03/ 083093 PCT/ EP03/ 03063 55 a) vector-specific upstream prinmer conbi-ned
with del26 (' -vARBGHIATRR TGz anCpamcr ACTEGAECRERATAZT TICATAGI TATSEQGUGNG

19) b t f 6

(5 - AT AGTT AT O CE RS %%Wé&@@ BFID no 20) 5 o)
Vect or - SpecCiyyi GoHlpsth e RIp'sﬁ@a[m LN @8mpirc @ﬁ%@@lﬁé C%M@f‘fmc
GCCGCTA c%eoc (SEQ ID NO 21) (ii) 3' part

vect or-specifi GGG@@I@@’E@TﬁEﬁﬁT%ﬁﬁTﬁE& TGEG-30(BEQ KIBNOMGTAAGAAGCG

GC;?IAAATGGA CT -3' . (SEQ |.D ) .22 - i fi
dowrfst ream YEFIOL SRS &P é%l{é% %ﬂb %ﬁm& (lg)—AvleA:é”H‘A%Wéé&
G@C@A@A@AG@@W@@TGI@E@C@ NSE@ ) Nevr2myhe generation of

the deletion mutants pBI D/ bcl -xLdel 26-83 having the nt and as sequences of
SEQ | D (N8 pa&t and 6, respectively, pBI D/ bel - deeI 46-83 having the nt and as

sequences of r.es .t' b I -
havi ng t he Vﬁatoggp%cg%%gggtreﬁn §E5‘elr[3°ﬁi§)gr:l 9 anod e?% %respecﬁﬁeg%(%ﬁd
pBI D bel - XLdeI 46c 68 (NCAGCHETAN ATEGAGCRAUTGCES 3 9f(SEQHD NO: Bs: 11 and
12, respectively, the PCR fragnments del26 and del83, del46 and del83

del®6 and dégaesiorgpacific ad@dvrxa@%rs pritagi sempipet ywitheded83 ¢ 1A GTAAGRAGC
i ntroduced Not | @gq ect or
pBI D as EcoRI/ gﬁtc':%é{:'rl c |on QA%{(@%QWUQ (gge)a e ﬁ%:ﬁgﬁ e of the

del eted am no aC| ds, e.g. del26- 83 nmeans, that |n this mutant am no acids
26 to 83 of the ham;ter wil.dty CI.]i se e re dg@et ed., REFERENCES
CI TED Ens thgigereraion ofghe QPletloIH gy ﬁ@? having, KNP SEUCIRES et

pr ot Og'lif E?@ T@)Qt Eﬂf‘ lre%}%%ﬁvel%e%\/ﬂ- él@&d@l-ﬁ%uélﬁﬁawfg Me R tan@laa seddehEQ&NSE

nol ec York: G eene Publishing Associates and
W ey- | SE@IBDCNEBCE. arﬁ%ékespsepﬂmlgdelD/bcl-deel% -83 having the nt and aa sequences of

SEQ ID Nos: 9 and 10, respectively, and pBID/bcl-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 via the introduced NotI restriction
site and cloned into the expression vector pBID as EcoR1/SnaBI restriction fragment. Numbers
20 are indicative of the deleted amino acids, e.g. del26-83 means, that in this mutant amino acids 26

to 83 of the hamster wildtype BCL-xL sequence were deleted.
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an anti-apoptosis gene, a selectable anplifiable marker gene, and at | east
one gene of



interest. 2. A host cell of claim1l1, wherein the host cell is a Chinese
Hanster Ovary (CHO cell or a Baby Hanster Kidney (BHK) cell. 10 3. A host
cell accowdioagsioed claiml1l or 2, wherein the host cell is ®CTHPIEBH43

CHO KI, CHO DUKX, CHO-DUKX B I, CHO®ro-5, V79, Bl14AF28-G3, BHK-21, BHK
TK", HaK, or BHK-21(2254-62.2) cell, or the progeny of any of such cell
line. 4. A nmurine nyeloma cell genetically nodified by introducing nucleic
aci d sequences that encode for an anti-apoptosis gene, a selectable

anplifi rker gene, and at |east one gene is of interest. 5. A host
cell of"claim4, wherein the host cell is a NSO or 'SP2/0-Agl 4 cell, or the
progeny of any of such cell line. 6. A host cell according to any of

clainms 1 5, erein the anti-apgptosi.s gene encodes for a nenber of the
Bel 52 du pérolfagh‘%’f?f %F{h 8%{}?"13?3’51 medifisd by datsedncingppusiale peid sgquences thetenceds |
accor di ngfdrancanfi-apoptasis gdel aselbctableCampiieibs maillte pané,i andPabas iohe PRAE of
encodescﬁ@g eBCL-xL, BCL-2, BCL-w, BFL-1, A, ML-1, BOO BRAG 1, NR-13,
CDN- 1, f "CDN-3, BHRF-1, LMMb-HL or CED-9. 8. A host cell according to

| ai : .ei h t.i- t 0Si f
B0 - Xt 2o nefef b of clsf . ERER 4l hORT BT  SHPRESE et Gr R O iy
wher ei n t BebyaHeainstgpKidneyi(BHFAwellhas the sequence of SEQ ID NG|, SEQ ID
NO 2, SEQ ID NO 3, SEQ ID NO 5, SEQID NO 7, SEQID NO9 or SEQ ID NO 11,

or mny 3bi Alhogi el degordintg toesldimalgoe) twheven itertost coll arGHAtDGe4, CHOMEDICHA0. A
host cel | pggoer di R cd & _enceeing f X 30Q.11.
A host cgghégag’féggiﬁg éormﬁ?lgggﬁ%)fiyzgl’nlgi@ tzcg3 gg,’ B é{rl gll’ngpflfg%c’ ok 8
anti - apo i (3 23 o¢lh o theguagsnyof any efychpeNding, . SEQ ID NO 3, SEQ ID
NO 5, SEQID NO 7, SEQID NO9 or SEQ ID NO 11, or any biologically active
f r agneft , Aviapripg myelemey cell \eenptically repdifed byointradueing nyeleic acid egianges thatny

one of cl@coBe forta aBti-apoptosis geﬁé@@ seKeLigbTeabiptifiablkinhdrkéd e NRidk:e [eastg%%\%ene

encodes for. di hydrofol ate reductase (DHFR), gl utanm ne synthet ase,

aderosi ne” 63083093 PCT/ EP03/ 03063 60 deani nase, adenyl at e deam nase,

UWP synt het ase, | 5' - dehydr ogenase, xanthjne i ne . phosphori bosyl
t ransf &r agél,oss—@gFé\g@%@ gh‘?fﬁ‘?raﬁngfge Epﬁé’gﬁ Isg m Qi%i%?(gl@ﬂtcﬁ@i ¥fdhe ppogeny of
gl ycopr ot aiyrofsuch ce;lllimmucl_ eoti de reductase, asparagi ne synthet ase,

ar gi nosucci nat e
6. A host cell according to any of claims 1 to 5, wherein the anti-apoptosis gene encodes for a

member of the Bcl-2 superfamily that can act as cell death repressor.

20 7. A host cell according to any one of claims 1 to 6, wherein the anti-apoptosis gene encodes
for BCLxL, BCL-2, BCL-w, BFL-1, Al, 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 NO:7,
SEQ ID NO:9 or SEQ ID NO:11, or any biologically 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



synt het ase, ornithine decarboxyl ase, HVMG CoA reductase, acetylglucosam nyl
transferase, 5 threonyl-tRNA synthetase or Na+K+- ATPase. 13. A host cell
accor di ngwoosasspodvne of clainms 1 to 12, wherein the anti - 200fPOFIB6Fene
encodes for BCL-xL and the sel ectabl@® anplifiable marker gene for DHFR,
gl'utam ne synthetase, CAD, adenosi ne deam nase, adenyl ate deam nase, UW

tSynt h;at asﬁmniﬂfe %'%eﬂemftéiﬁéaﬁ,ﬁfgge% &IMPxgithbiass INIPaslidehy@oganpisariahthind guanine
ransf er age S i Se 1. ARES

gl ycopr oth‘P?hfl%?syii %8%5_%‘?‘%% hg%ﬁﬁlgg%c?ﬂ a?g}él ,a}gays %gl_lrag%i ﬁ%’gnsﬁﬂahégfs Ra/_g@,%tasg P
ar gi nosugglycoptageiny nli7Ret aibenucieotide hireductise.ar FORGPEESe S a6pA HeHQRIcgTate

acetyl gl i P askh yhoA RACENE! SRtasacen KeemAfERRS
14 A hog?ﬂtggﬂla}é}wmlttﬁﬁé‘%@irﬁé@hsh HAR o c taglacesamiNgt

cording to +0f clainse 1 to 12, wherein the
ant{ - apoﬁ?‘@@’?@"‘&&cﬂ%s ]&%858@11\%1% %&f—aﬁ and the sel ectable anplifiable
mar ker@gene for DHFR. . is 15. A hgst,cell z coEdingt to an\P/ of .clains 1.to
14, wh&F.eh Rogtiell apeqrdingdp e oge geRiaims hdo d&1 Whersigithe aulisPPRtPsip BN FRREFS
gene and fbhBCIeRE (a3yl thé stlettablesdmplifablepmndker \vehy fori DEFR, tglutamideesymthetase,

regul at or e nce al | [ i { ' 6 of
expr essi n%@p%%{’?@%%%ﬁ@é?‘% aggﬂ éj&égﬁﬁégﬂa%t agl ﬁ%ﬁ%ﬁ%ﬁé (%reah?ke ,EMg’e
and at |xeathine geanjath @hesphioribesys Stansisrasenbirat fase Hogidipg| lflnﬁsanﬁlwﬁgg?e 20
(@) i nt rq*;ﬁ%leﬁge,i fl”gg%%d@ie}fﬂiéiﬁr iTost ribehiclgeidsl atdwstaseheaspacigiicc @ailsbtase, "
sequences t.hat encode Tor . an antl.,apopt gsi a ct e abl e
mar ker géﬁ%‘?o%ﬁmﬁteger?é(?&‘ftaS?’ i rﬂ%@é@"[, & gbrog' {r%g%’ai fggﬁeségjﬁe ?g@%dé{#\/el y
| i nked t acetyldlea@samuonyé traesferass, trgonydtRNAcenihicfageoityaflorATER$r essi on of said
genes; (b) cultivating said host cell popul ation under conditions where

sai d genes hastecetbaueemsismito @ df laivhs nietohldl vdferaye ther autti-appphesisgane sncordsstfor

cel | s ShOYENGT A GADEALIEXRPRAMIC rallRY Sbnofor BHFRANT | - aPOPLOSI S gene

conprising’ (a) Introducing I a manmall an host cell popul ation nucleic

id i . 0% .
B e R i e R R

arrﬁfif I on ; one’ f ‘interest,
wher ei n samdifgeéiﬂemaaieé gspeead itE@ Bona(Prideimterest fre OpgLaty Mglqké%lﬁ? & Eﬁaﬁt ong)
sequence LIS duBliceiRWesE TR Bxpessiar 6F @R@mes.(b) cul tivating said cell
popul ati on under conditions where at | east said selectable anplifiable

mar ker 1gene @R §0&:Pralink-aRARLHSHDsd PBke, ahScR¥bR:HIiflaBRAnMRECEena 204 at
f avour abl e for .ning, mul t '1?1' e east of the anti-apoptosis

obt 1.co]c])l es t | )
gene; (c)leaBE EPRFLIABIFSt MR PRRIARL PSt 58 BPHPY 81t hat i ncor por at e

mul tiple copies at |east of the 3 t - t OS] . WO 03/ 08309
PCRP EE’O 3/ @3 (i%gg)ducing into a hamster host ce?l p%gufatlog e micleic doid Es"equences:%{\a{% 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 host 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;

(b) 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 least of the anti-apoptosis gene;

(c) selecting cells from the cell population that incorporate multiple copies at least of the
35 anti-apoptosis gene.



61 18. The method of claim 17, wherein the gene(s) of interest is
introduced into the manmal i an host cell population. 19. The nethod of any
one of clworms/08H930 18, wherein the mamual i an host cells &Ca&/RP03/)3063

nyel oma or hanster cells. 5 20. The n®t hod of claim 19, wherein the hanster
cells are Chinese Hanster Ovary (CHO cells or Baby Hanster Kidney (BHK)

cell's. 1%11“ heﬁﬁ%&%&%@%ﬁg@z}ﬁ%?ﬂﬁ tﬁ’e{ g&{e 2@ 1ﬁt@rersf)1s11%tro&ﬁl%ﬁqm6 thb endRARRd an

host ce e nmet hod of any one of clains
15 to 19, 0\%“&1 watanant i - apopt osi s gene encodes for BCL- 10 xL, BCL-2,
BCL-w, BFL-1, ., MCL-1, BOO, BRAG |, NR-13, CDN-1, CDN-2, CDN-3, BHRF-1,

LMAB- HILO. &heeeghgd of ny e ofelaiply 16 toaksy Vehreciprthe mampaling hiost odlls GRaRWHRE t he
ant i -apogﬁy@bﬁagﬁﬁmgeﬁzaﬁi@s for BCL- xL or BCL-2. 24. The nethod of any one
of clainms 16 to 22, wherein the anti-apoptosis gene has the sequence is of

SEQ | DZ(NQ‘ b 1ABhSERE Eﬁlrh@92wh§%ﬁ 1he nds@r cSllQrk Rh¥Ssd Habfeter Id% N CTHOPEENY D
NG 9 or %Dﬁ‘\?lg” (])'ﬂ mﬁj rf@tl onal fragnents, variants or nutants
(fjegeneraﬂI MET s ! dﬂ% t9%e) thereof. 25. The method of any one of
clainms_16_to rein th ntl popt05| e encod s for

26. Thél- %Gﬁvgn%}’yoﬂ‘ée gt ¢ Fﬁ? 968 & n\kﬁf‘e%lmn% (ﬁﬁ%ﬁ%)sf’%
gene has SH0-2eqdenite of SEQ ID NQI SEQID NO 3, SEQID N05 SEQ I D

NO 7, SEQID NO9 or SEQID NO 11, or any functional fragnents, variants
or mut aptEhe(ileed of aty oe dithimen s de yenekictin\thy antl-hgopeesis gehé endddes fmt BOD- of

any one Qf I apl b r ene
25 %ncod@g‘ S@l‘?ﬁ %g‘#{g %Efld%fé\ﬁtrjgdldclmse ?%ﬁe:llg)ﬁR %tdgn%{lﬁéb;bﬂ?he asg
CAD, aderi®¥dRHel, [dWirHboes CERtEnyl at e deani nase, UWP synt hetase, |MP

5' -dehydrogenase, xanthine. guani ne phosphoribosyl transferase, HGPRTase,

t hym d3. eThe methed of mwwm@faniarrxsyﬁtth 82 awhereiR thgnicepoptoss gene zocodes for BCL-

ri bonucl egt j,dg8cfeduct ase, asparagi ne synthetase, arginosuccinate

synt het ase or ni t i ne decar boxyl ase, HMG CoA reduct ase, acetyl gl ucosamn nyl

of oy il e@d%?gﬁ}?@% Of‘g%ﬁls\sf\%er e ﬁ re% tﬂy%ﬁ ﬁﬁ)@ﬁ?engﬁas s h@?d

f -
Bous XL e HRADROEL PRSP BHIOE: SR ADPKESHAB For, BHERDD NG, SEGTD

NO:9 or SEQ ID NO:11, or any functional fragments, variants or mutants (degenerative and
non degenerative) thereof.

25. The method of any one of claims 16 to 22, wherein the anti-apoptosis gene encodes for BCL-
xL.

20  26. The method of any one of claims 16 to 22, 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 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 transferase,

30 threonyl-RNA 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:



29. A nethod of generating a manmmalian host cell conprising: WO 03/083093
PCT/ EP0O3/ 03063 62 (a) introducing into a mammal i an host cell popul ation an
ant i - apopwosdBssyene and the DHFR gene; (b) anplifying thecampo3/eqept osi s
gene in the presence of nethotrexate.6230. The nethod of claim 29, wherein
the anti-apoptosis gene encodes for BCl-2 or BCl-xL. 5 31. The nethod of
claim 29,(a)/\'ﬁ@tfoﬁh¢1n% o anhamaRR BSst Sell pogul g demti- giopBsls gdne ad@ theTDHFR

met hod of any of clainms 29 to 31, wherein the host cells are nmurine nyel oma
or hanster 2¢&1s. 33. The nethod of any of clainms 29 to 31, wherein the

hanster qB) hfphfyengOhe A6 QPbBOEE @énclralie/predabdf aethosrerdte.Baby Hanst er Ki dney
(BHK) cells. EO 34. Host cg?l s obtai nable by a nethod of any one of clains

16 to 33.The3ncthod'Bt &19ih DO wikdddih Bhd dritbapdiptodR g@vé Bcodes For Bt Nod BCRxIDOSt

cell, conprising cultivating host cells according to any of clains 1 to

" 15, or 3 BAryinfGho S 0Ndhint 09 Sy&h Shdnti-§RDlosts Rn8BhdodeARRIBESIIS gene i s

expressed in such that cell death is i'nhibited or delayed in said host

cells. 336 199, Ll ' oS 8t Rarhst
caused ByrenanbELhat GriARA 0G0 3P, ShaLR HphostCEIER rhlbiioaRycloedl Rubdier
the cell ¢§e&th is caused by apoptosis. 38. The nethod according to any one
of clains 16 to 33 or 35 to 37, wherein the cells are cultivated in a

ser um dhdVhermethed ef anf ofeddaigis| 20utp & Lmwdiprgin the Sampatep eellscase Ghinesp Hamsier Rlyasy
protein C(fZHG)tdéﬂ%fBhﬁyﬁaﬁ%iKQ&ieg,(B gillgi ng: 20 (a) cultivating cells
according to any of clains 1 to 15 or 34 under conditions which are

Ta\wur@Aplr@osfteéust&ﬁaiﬁamésgain%@h&fof_tmoaebifcﬁﬁ@somﬁi?:,.gene and the gene(s) of
interest; (b) isolating the proteinof interest fromthe cells and/or the

cell ng.t ?{)ﬁwﬁﬂﬁ of‘%]ﬁﬂftingﬂ'de@?ngéelﬁd@ﬁll lin QG6RF AN LohrRMS &ﬁti@tiﬁ%?ﬁ%stl to

15 or r production of_at | é&ast one protejn encoded, by a gene

i nt er est .cells agaording {gsanycef flampgd tesihgr gf" ¥ "SICO@HE%% ‘é@eléf atalg?ﬁétﬂé‘? dMByous

ant i - apopipepiosis geneis expessefl ihesdh el dellaieathris aihitgtedtor ldelaged ihGanidpiseself a

het er ol ogous anti-apoptosis gene. 43. A host cell conprising at |east 20

copi es3efTi Methel tlcegduss ANElhinRBPWdSietn HNesll dédh iAchesd byepbgaamxd sing

at | east 50.copies of a heterol ogous anti-apoptosis gene. 45. A host cell
Mpri si ag]t | east 100 copies of a heterol ogous anti-apoptosis gene. WO

co
03/ 0839?.31{;%& 5(? g% 81‘31%? §5, 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 supernatant.

40. Use of a cell according to any 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 heterologous 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 50 copies of a heterologous anti-apoptosis gene.

45. A host cell comprising at least 100 copies of a heterologous anti-apoptosis gene.



63 46. A host cell according to any of clainms 37'to 41, wherein the
anti-apoptosi s gene encodes for BCL-xL, BCL-2, BCL-w, BFL-I, A, ML-1,
BOO, BRAGVO,03Mm53098, CDN-1, CDN-2, CDN-3, BHRF-|, LMAB- HL POT/EREDDS3 47. A
host cell according to any of clains &1 to 45, wherein the anti-apoptosis
gene is BCL-xL 5 or BCL-2. 48. A host cell accordi ng to any of clains 41

to 45, 1yphensitRef] Q@ccﬁ'&ﬁlg t@- bPELfnIPN® Ahlasvvﬁep@n t 9td§fs ?ﬁe i3 dePfHiO 1

o, S N RAPLE B B i, 3, R b D Lot e

and non d&o+ie BAIRRN-4) LMWES-¢0f or CBD4B. A host cell according to any of
clains 41 to 45, wherein the anti-apoptosis gene is BCL-xL. 50. A host

cel | agr.ox Hbsigell acestidingfto@hfiofieladds B ¢85, wheremi the bhid-apoysidsic gbie isBELxlr i ne
hybrl domab B hanmster cell. 51. A host cell according to any of clainms 41
to 49, whéreinh-the host cell is a Chinese Hanster Ovary (CHO cell or a

Baby r I 0,
wher e ALThECPLF TRty i AL T i3 S 85 g5ty B R BbPsi Ref BRI
progeny ofquenge of of dBINO:T pe SESBIDA\TGé’stSE&ﬁD Egc%rstﬁQléDtlﬂ OzhySER 1D
(C:::—E}I BEK?(JN@O] &G WGt 98Q hﬁygﬂ il HK- 21, BHK T%@le—%ﬁt
BH|K|-21(2i§3g689fa§yea%4n?1r¥7g6??fa%¥.? }i%ﬁregrglil of such cell-line. 20 54. A host
ce according to any of cl ai 41 to 5 rth t t

hetier ofdfbhest Cﬁléﬁ%coégmg 2 &1 a1§’5 4 o ﬁgs‘f’{‘%@ﬂt %E‘ﬁg? rplﬁ(ssllsp ngﬁsyﬁg S’&II' g.ln rens
1 to 15, or 34 conprising at |l east 5 COEI es of the heterol ogqus

ant i - apdph bestsel epeordmg to Any o8 elagnas #1 ftD veiergin thes hasy ot 15 mprae hyhridoms  of
34 conprigyinamset céieast 10 copies of the 25 heterol ogous anti-apoptosis
gene. 57. A host cell according to any of clainms 1 to 15, or 34 conprising

224 : e:?gog(ﬂo&%ﬂ%c%ﬂ an RN AMIYAUD @nWhg%&PﬂieQﬂSﬁcﬂleﬁgtCliﬁﬁese?{%gﬁér
conprising at |eas

copi ez of ?Ch&)f%%ﬁgﬁéy%&éiﬁ)ﬁ%’f%ép e“ﬁB gg 59. ,% host cel |

accordin t | 34 ) i

Fhas " aboh bpgal eceiinean slamans heied hosgargarens pikis) ssseatRe P o

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,
HaK, 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
25 heterologous anti-apoptosis gene.

57. A host cell according 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 any of claims 1 to 15, or 33 comprising at least 50 copies of the
heterologous anti-apoptosis 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.



64 60. A DNA conprising a nucleic acid sequence encoding a biologically
active bcl-xL gene, wherein the nucleic acid is: (a) a nucleic acid having
t he sequewoa3n8308EQ | D NO 3, or the conplenentary strand PCh@EPe®3065 (b)
functional fragnents, variants or nut@nts (degenerative and non
degenerative) of the nucleic acid sequence defined in (a); (c) a nucleic
acid hgoiAPNA teanisihb%tuehsit agy dequérte emacdieg @ biolapicdyumtive bbbk Lngeiej n

(a); or . i id which hybridizes to any of the nucleic acid
ke R o001

sequences (b), or 10 (c) under stringent conditions. 61. A

DNA conmpri;ph Nehcfid UeldehviRs itk SQRALARE 8f FFPIDNNO, botiRItsiapletnentty ¥@and
bcl - xL genet erein the nucleic acid is: (a) a nucleic acid having the
sequence of 1@@’@’ID NG5 SEQIDNO 7, SEQID NO9, SEQ ID NO 11, or the

conpl ene [ f se: | [ varl : nts
(dggenerg@?@émééﬁﬁﬁ%%ﬁﬁé%gﬁg$QW%G%f%BPhgnééé?kﬁﬂg%nugﬁgréﬂg‘%@%ﬁggéggﬁ%is
dﬁfi nedI i n pagleiceeid sgqurnep dpneddndahavi ng at | east 95% honol ogy to any of

t he nuclei ¢ acid sequences defi in (a); or .a nucleic aci 1 ch
ybr i 28 p@sisi S Erianh kst S5 dohamalb o B Suiis s Seeefon Seepd ) 20
(c) under sbringent conditions. 62. A DNA conprising a nucleic acid
sequence encoding a biologically active bcl-xL gene having the sequence of

SEQ | D Nad3a nseleiclapidghish hgbilizes tnany of Srauchinoidseguesrdefippdg (2)1 {b), 3. A

pol,ypept i de(ghgasadimentcdii@gcording to any of claims 60 to 62. 25 64. A
host cell conprising a DNA according to clains 60 to 62.

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;

15 (b) functional variants or mutants (degenerative and non degenerative) of any of the nucleic
acid sequences defined in (a);

(c) anucleic 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
20 (c) under stringent conditions.

62. A DNA comprising a nucleic acid sequence encoding a biologically active bcl-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.

25 64. A host cell comprising a DNA according to claims 60 to 62.



