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~~ (57) Abstract: The present invention relates to genefically engineered mammalian host celis comprising an enhanced level of active

anti-apoptosis genes and methods to generate such host cells. More particularly, the invention pertains to methods which modulate

the level of anti-apoptesis active genes within host cells and to host cells showing an enhanced cell viability by delaying/inhibiting

programmed cell death naturally occurring in such cells. The present invention also provides new anti-apoptosis genes suitable fro

: B the preparing host cells showing an enhanced cell viability by delaying/inhibiting programmed cell death naturally occumng in such
cells,
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1w Sermm components have been identified as major effective apoptosis-protective agents.
However, there is a strong drive within the biotechnology industry, also pushed by the key
regulatory agencies for drug registration, towards the development of serum-free and protein-
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using anti-apoptotic survival genes or engineered anti-apoptosis determinants derived from’
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_ Of th_e laiter strategy bel-2 and bel-xL, two apoptosis suppressors and key members of a family
30 of highly conserved pro- (for example bad, bak, bax, bok, bel-xS, bik, bid, hrk, bim, blk, bel-y)
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candidates for anti-apoptosis engineering in the biotech community. |
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survival of reconbinant cells e@pressing heterologous BCL-2 or. BCL-xL did
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serumcultivated cells were either seeded into conpletely serum 27
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BCL-xI-based metabolic engincering has been described for human T cells and CD34"
hematopoietic cells, respectively (US patent No. 6,143,291, WO 00/75291). Fussenegger et al. -
25 al.,, 1998 and also Mastrangelo et al., 20002 and 2000b have described a positive effect of BCL-

. xL expression on survival of hamster cells.

However, in all those reports either non-production cell lines such as human T cells and CD34"
hematopdietic' 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 c_ells. Studies on the eﬁ'ect of serum withdrawal on the survival of recombinant cells

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

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

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

30 SUMMARY OF THE INVENTION

It has been demonstrated, that the expression of a non-amplified heterologous introduced anti-
apoptosis gene, e.g. BCL-2 or BCL~xL has only a minor effect on the viability/survival of cells
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mul ti pl fusd by ete FreschC%éntioh, thitarnelomeRopkpsifegdna! s ahfitdpbptogis pekt&at i ng

cells fro ell popul ati on that: incqrporate tjple copies at |east
of the_%’ﬁ a8 ! 5 &g . tﬁhlﬁt‘?qlﬁ? %“%bgﬁﬁmﬁq °¢ E‘agﬁh%‘%‘ﬁ‘fwﬁn t1 on,
there '&gﬁﬁféﬂ%&?iﬁ%ﬂﬁ%ﬁﬁ@sﬁn 1896 £ 8 Aedidd Pt@R! On HRPURLEY) éelgﬁaaaﬁm gene,

an sel.ect.abl e anp I abl'e.mar ker gene- and at | east one gene: I nterest in
a naminl BGxhower-exprassing callsis enhageedAfor axpmplodee Figyre Aiand 3). hewfawe, thost
~cell p 190, ‘ ' i _ .

anti - apop gisf.“g&&éﬁﬁf‘“’gdégéﬁ éerg abt € ggngﬁ%%&ﬁgé%wn%? g‘?ﬂgg%gr\d%ed?r%ﬁt caensgélﬁe (s)
of | nt epasiSdulariResel or siirile pesdnstiar eclbfistsabimd/ alsy Wwith lesghdde tatgeha@astsncine '
regul atory se nce .al.l ow.ng. for . expression, of sai enes,. and (b. -
Cu't 1 v AT SRgve riits it BRnE s R o B eelis oL HERBFHGIN! genes
are expieptasfhrothins 8 Aow dle ReRGSE vabilltper Pfoaﬁ&ﬂﬁl Prodeastsi an be iRfoVed fr a
provi ded a nethod of generating a mammualian host cell conprising:-(a)

't A d Uty guffigieds maneRdapicatpdradagedithe projsot Wyeipnaayer thetart eopeipiean that gene
d th » i fvina i t.05 - ' .
of ot HAPUEE B vidoR i fobactt bl bt CAABNAR) 8 180G, ol B prolieP oo

pr ovi deptodition prebéssespisitiathe higheyidiy pmtein production. -

In a first aspect of the present invention, there is provided a hamster host cell genetically
modified by introducing nucleic acid sequences that encode for an anti-apoptosis gene, a

selectable amplifiable marker gene, and at least one gene of interest.

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

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

In a third aspect of the present invention, there is provided a host cell as defined in the second
aspect, wherein the host cell is a NSO or SP2/0-Agl4 cell, or the progeny of any of such cell

line.



met hod as defined above. In an eighth aspect of the present invention,
there is provided a method for inhibiting or del ayi ng2Z&eptamebark0d®h a host
cell, conprising cultivating host cells as defined above under conditions
where at |east the anti-apoptosis gene is expressed in such that cell death
is inhibited or delayed in said host cells. Mnipulation of host cells by
any of these nethods provides host cells conprising at | east a high copy
nunber of an anti-apoptosis gene. In a ninth aspect of the present
-invention there is provided a process for producing a protein of interest
in a host “cell conprising (a.) cultiv&ing cells as defined above under
conditions which are favourable for the expression of the anti-apoptosis
gene and the gene(s) of interest and (b.) isolating the protein of

i Nt er esAn tmBadithde magbd genativdllP endintered bit cellslhbvin@inpuped patiaatpropenica tent h

el nocddE et Sprblaet Porvoelet et BrE S DR aR S5 o gene of

i Nt er eSgurvivad pﬂ:libelﬁlaﬁéte bhdad a8 pR hhadted lo@:l Pf Q@A hintl-#popwtis @enes twikhivethe s pr ovi ded

a host cell conprjsing.at |least .5 copies of.a heterol ogo antt-apopt05|s
gene. J p‘f“éﬁ?’rﬂi‘@r ¥508°St 6 £°1 %ftW%?lﬁa“as% 51T thege eft T Avent i on,

- there i kybpidénid/ai@cloBashd Shmster dells, esfcially ifhdaited @dbnstAitly @envineis safima

het er ol pgou ant sis gene. In a thirteenth aspect of the present
inventi%%”mEQEWBeF@Q Pﬁ@ﬁded a host cell conprising at |east 20 copies of

a heterol ogous anti-apoptosis gene. In a fourteenth aspect of the present

invention, there i-s vi ded a.host c St. Q copi es of
a het erlgll 69‘% AFTL- &n tRPETCR GuRion erﬁ ’1S| qﬁzlboélcf%a "HHEE pr esent
[ nventri.ﬁﬁknmﬁlﬁ'@rlﬁstic&ll@ﬂﬂwh@&dclﬁaﬂmﬁaﬁnee&bkpr&@mﬁ)lldvdldfgnahtbh}mpﬁism g copi es of

a heterolo ous t.0Si S eent h as ct o resent
i nvent i G1P Wﬁn %g ﬁﬂ@d‘ggﬁﬁﬁh?bﬁﬂfP “ﬁémhnﬁﬁ%té Smagmﬁﬁééﬁgence
(en)codl ngmaliebfoﬁ h@ghtg—qiﬁipbbsﬁ(gbhélha dektale ag@ﬁfﬁabi&llz\hﬁikﬂ Qenbhﬁldmmbﬁaam' acidis:
a) a cleic ac avi t he. se quence o
! oS RS Scat PLisn SPE i ey et ghir Sty o
mut ant Sseqokage Bifdwilid %e ealﬁtéssﬁﬁrbf(ielgegmésa(ﬂ )l&)ltr&fmg bed llell: paiutatiom@hdbr sequence

def i ned d % ho h
el o1 coREPE Wik e PTG Fp b e S e SO L RORE e

hybri di &esxpgrésainyndofhidhhge Aualrsile aci d sequences defined in (a), (b), or
(c) under stringent conditions. In a seventeenth aspect of.the present
invention, there is provided a DNA conprising a nucleic acid sequence
encoding a biologically active bcl-xL gene, wherein the nucleic acid is:




(a) a nucleic acid having the sequence of SEQ ID NO5, SEQD NGO 7, SEQID
NO 9, SEQ ID NO 11, or the conplementary strand of ary SSPtefes 90 b)
functional variants or nutants (degenerative and non degenerative) of any
of the nucleic acid sequences defined in (a); (c) a nucleic acid having at
| east 95% honol ogy to any of the nuckeic acid sequences defined in (a); or
(d) an ¢ .acid which. hyhridizes to any of the nucleic acid sequences
def i ned Uf?’ln‘?"("’é‘}‘?g ’(“BS“\,IA’Q QPex %@e‘ﬁh © AEiaPPRITHY 2508 78 (/i3 selecting cells fisimght eent h

- aspect dhe tHb pppubsient thatninestbérats, milliglE @opiss B R4bdSdHR INARGRIR bkNT 2
nucl ei ¢ acid sequence encoding a biologically active bcl-xL gene having the
.sequence of SEQ ID NGO 3, SEQIDNO5, SEQIDNG7, SEQID NG9 or SEQ ID
NO. 11. InA filthrispret efcthe bressmpastntio, thére iPFoReRt a BB bE BiprestiiEiEadys Pr OVi ded

a pol ypepddisis a as defined in the sixteenth to eighteenth
aspect s. 96517 Seg%%%ggge%&amrg%lﬁ marieh 8Tt 7t leaysone gene of terpyt dsent
i iyl bpgnaisasnaph ey Attt s PN

e si xhgaat b aspects. Finally, e present_ invention also
provi des a perls%ﬂl?éél%}lttﬁaggﬁﬁ e fOE%n?ﬁlfath?%s grdfelsrtable applifisblssakegene
ori gi nakfap: #lo} ganedsX efoimterratymiherein( Gid gedbdlhrd op@halia® Sked 3Gt BLE QM t h
sever al reghili A ne. Bath,.w.ld type and nodified gene(s) can be
used inrean§ _%:‘ﬁge@ﬁgéﬁ flr%f\}en%gé‘vreexp f)ers%%%gfssélél,geaﬁsg‘}di (d guitizstime faid hest eelbr ove cel |
vi abi | i PSPuBHeR wdpr copdiichsothiendint spid detstaleaskpiessed. the present invention is
-al so directed to the proteins, which are encoded by any of these new anti -

apoptosi s .genes. BRI EF DESCRI PTI ON OF- THE DRAW NGS Figure 1 -schematically
shows t eaeswth esertonf decpresend antgivs, theedisf@bviddiea trhansif SChdeifY 2 CHO DGA4

- cells: RLE OB onposi.t e unj hat .cont ai ns both enhancer_ and pronoter
el enent, P a&gfo Sfrarlc@e e(:r%gg’fl@lﬁ%r@n ’Ehﬂé“fmﬁ 1P 3 feqppaian drsticel pppidationansi t e

requi r eahtifapoptpns weteayd diei DHFRS gent;r @ SGiplibat: %Sﬁﬁ%gﬁmgﬂ\lﬁeﬂesﬂn%yl refers to
t he geggr# %‘#{EE_%B%?I nd bcl-2 or bcl-xI to the anti 27 Septenber 2006 WO
03/ 083 & 3 7 apoptosis genes. dhfr refers to the anplifiable
sel ect abl e marker di hydrofol ate reductase. An arrow indicates the site of
transcry.pf i initiation within a. trapscriptign unit. { Figure 2 conpares
the ex ptrnei E‘&g)%h %F%effla?fegmtﬂmsfﬁgdﬂgqng?ﬂ’ |10ere fsapreyided Bost crits ebtsimmbledhyl & 48 hours
s post methersfsalefinedmboven Fi gure 2A pBID-sI CAM in Figure 2B pSEAP2- Contr ol

(d ontech, Palo

In an eighth aspect of the present invention, there is provided a method for inhibiting or
delaying cell death in a host cell, comprising cultivating host cells as defined above under
- conditions where at least the anti-apoptosis gene .is expressed in such that cell death is
inhibited or delayed in said host cells. ‘

Manipulation of host cells by any.of these methods provides host cells comprising at least a

high copy number of an anti-apoptosis gene.

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

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

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

5 copies of a heterologous anti-apoptosis gene,



Alto, CA) and in Figure 2C pG.2-Control (Pronmega, Mdison, W) was
cotransfected with either pBlD-bcl-2, pBID-bcl-xL or tHeapiEresI2098) D,
Figure 3 shows sl CAM expression profiles of stable m xed popul ati ons of
CHO- DA4 cells 10 cotransfected w g pBl D-sl CAM and either pBI D,

pBI D-bcl -2 or pBID-bcl-xL, selected and cultivated in '
hy pox aiit hiwediit 3pat ofi theprbseaan@inkidrSthskeNb prorided ahos( ddiivdotnpageat 1@atriosbad, CA).
Each vg(l) ue orfeﬁ%l:}o%d &S'r gm.an aver age s| CAM pr oducti on of six m xed

“popul atons Adring a3 a8y P CUIE U e period over 5 passages. is Figure 4
assesses the viability of clonal cell lines EMNI-1/2 (control cell I|ines

cotran it h | D-sl CAM and pBI D), H C-1/ cotransfected with
0B b s Feag et sare Bt e YA Pas A Tl PR TS5 b o cam
and pBROedpids-of b hetekaloigouy aati-dpapéngisigadech cul tivation period using trypan bl ue
dye exclusion. The reconbi nant CHO D344 cells were selected and cultivated
i n hypoxant hi ne/thym di ne free CHO-S-SFM | nedi um (I nvitrogen, 20 -
Car | sbhada fo@agenthFspret &f the whemsntehdornp dremdnprovideba hast geligpmpridirgesat leagi ng trypan
~blue d | usiqn .hotrexate- anplified cell clones HWI-3/4

(cont réﬁc%%IO??P%%Iglogé%sﬁqg%?&ggotggégﬁt h pBlI D-sl CAM and pBI D), HWI BC3/4.
(cotransfected with pBI D-sl CAM and pBI D-bcl -2) and HWNI BX-3/4 2s

(cotra i %bq . ) ri . 9- atch
cul ti vgﬁ gﬁ&ﬁiﬁl %k%}:ggﬁg%ﬁ??éﬁe t n@?#d?%e%‘?@é%%@% K ns‘gl&%ﬁ%/ﬁa I nvi t rogen,
Car | sba@f} copixy obmbkterblegovp rssapvp®sioger20 NnM MIX. Figure 6 shows the apoptosis -
characteristics of- nethotrexate-anplified CHO D44 cell clones 30 .

expressing BCL-2 or BCL-xL. Percentage of apoptotic cells anong HWNI -3/ 4
(cont r &l a giztetnth pspess of dutpresers fimentén, tictehis pBvided h ONA eomsbrigiBE BnucleivNl BC- 3/ 4

t i £ h..nBl . ) \ /
(cot r ahy Sapbipe thiddild Bl R bR it Wiakndifnld B K G, |
hy pox anediditevid hammgthe eeqhiense o SHER 82 BENS, |or hediompiefrentaiyt stragrbthere@af)sbad,  CA)
I 2 006. P P 0 M .ML.X
e LI B OG0B A
Bi osci enié esuitivadifired ém{a);Jaha Dickiogcldavingi aleag 93%slvowdog e thédstieicn bl ot

anal ysj - - i i.ff. C i t . D44 cel |
ol onos i ok bl By o slill G LR pBERARI 0 s B 02 O
. ei t her sequengaplefihédoid () BB). 0(c) kMt BOrgehtTon@@bnsxL: HVNTBX- 1/2) or anplified

(BCL-2: HWNI BC- 3/4; BCL-xL: HVMNIBX-3/4) cell clones expressing the

anti - apopt osi s genes in nonocistronic
‘ In a seventeenth aspect of the present invention, there is provided a DNA comprising a

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

or (c) under stringent conditions.

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

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

- DNA as defined in the sixteenth to eighteenth aspects.



configuration. Anti-apoptosis gene expression was conpared to the parental
(CHO D&44) and sl CAMonly producing (HWN -1) control €&Beptenibes 2048 ot ei ns
wer e detected using nouse io nonocl onal antibodies from Santa Cruz

Bi ot echnol ogy (Santa Cruz, CA) specgfic for BCL-2 or, BCL-xL and an .

anti - nouse peroxi dase-coupl ed secondary anti body (D anova GrbH, Hanburg,
Germany). Figure 8 shows the MtoTracker-based quantification (Ml ecul ar
Probes, Eugene, OR) of the 1s mtochondria content in CHO DX44 cells grown
~in the presence and absence of serum FACS- nedi ated mi tochondria counts
-were perfornmed on CHO- D344 cells cultivated in the presence (grey line) of

10% se in the sence.(black.line) of I u Fiqure 9 ws t he -
nucleo??%gﬁggghgﬁggign Iﬁ?glﬁéFgﬁmbﬁgﬁl? 889%§§?¥§%g°8%”ﬁ§% ter bcl-xL
20 genes {SmEE iInBheiNOSeenth tarightédnth dSpectnauc| eot i de sequence represents a
conposite sequence whereby the 5° and 3' untranslated regi on have been
obt ai ned from genom c clones and the coding region froma cDNA cl one.

Fi gur e Fingllycthe e dnyoptiar ahigs theé@kmr%%ﬁkiglﬂéitpﬁ@s@i with\eerevoeniitesi gn. P/ E
Means  gp&RstRARh %ri%ig%ﬁr i46thiba WOALnGRRE AERZDA! 560N 30E Glso ARG QAP €7

elenent, P a prono element and T a transcription termnation site
requi r EWEEOL gt graadiafh atilddypegnd medifist genseticands sed gy RAMe ientivex L 1 ef er s
- to thephRaRte Hestiidd 1RRAD I RhpRovd el XtabiliePMNY @01 Prédéelvith OrkRGnRMPR ki | abl e

sel ectabl e marker di hydrofol ate reductiase. An arrow indicates the site of
{r anscPIHE BHCRIRES it diecied Rrbeprateine W pIcpd bRy of the BPYBRE 11 Shows
- schematpdpdslsitehdie ~general cloning strategy used for the generation of the .
hanst er bcl-xL del etion nutants. The expression vector pBID bcl-xL,
encodi ng the hanmster bcl- xL wildtype cDNA, served as tenplate in the PCRs.
Usi ng BRILFDENIRIPTION OICEHRDIBRRGNGSC 27 Septenmber 2006 WO 03/ 083093

PCTI EPO3/ 03063 9 priner 1 (VSP1) and gene specific prinmer del26, deld46 or
del66 the various 5 ends of the deletion nmutants were generated. For sub

cl oni ngighhel REFMAHUGESs hbbarkssidh VY e Qs HARE ffhsfolidnlbetpid-. for which

arestriction enzyne site was newy introduced by the gene specific

pri mer PO44 selisshkpheans ¢ eoppnogitsnitihat copainphasinenbancersnd armmster eneent, Pegi on.  For
t he genekdhdiancl@hent A8 T &/ Bhrdsliftiod 1RGSR skd Rqlifddehl pAyMLAMD & _ |
conbi nati on of vector_specific primer 2 (VSP2) and ehe specific priners
de163 Bosgrbeg nczssnger Sl nefors b gR gl pesesh orpelrddatheni th i

br okenads-nes) were digested with Notl, |ocated within the sequence of the
gene specific prinmer,




and EcoRl, |l ocated upstreamof the term nator region (T). For the
construction of the expression vectors containing the2d&eptangrer@féant s of
the hanster bcl-xL cDNA (pBlI D/ bcl-xL del) a 5° and 10 a 3' cDNA fragnent
were cloned directionally into the SnaBl/EcoRl digested vector pBID.

DETAI L%D aPESE@RI PTI ON OF THE | NVENTI ON i s The presentpdIYEPe3H3n&N provi des
host cells which are genetically 7odified by introducing nucleic acid
sequences that encode for an anti-apoptotic gene, a selectable anplifiable
mar ker gene, and at |east one gene of interest. In a referred, enbodi ment

t he apentesisagamgs. cibifsroffanie, the anplifipile selpstable maskerrdi red¥ctagen@iand. t he
0eneh S e ARl 68 br e ﬁ%ﬁ%ﬁhhth%&&s&&tﬁhuhﬁa“ one_regul ator y

sequence allTow ng for expression of salid gen I'n a nore preferred
errbodl mant t he 20 ant i - apopt 03| s, the selectable arrpl i fiabl e marker gene

and ene i nt er est r. r onot or
seq éﬂt‘&% ﬁf’ﬁné ]e %fotgar?s%?tl%ﬁf%fe&eﬁ Ilj ano!l%w%g%lgeferred
enbpditrmnsfedtiva. BﬂFﬂgm%pﬁpﬁ)BE])-’ilcmﬂlﬂ H@uﬁéﬂ@@ﬂBﬁPB—%ﬂﬁdyll (Claddch, Paibker gene
are operatlvel | inked to only one pronot seguence al | ow

o A 64394 iR AC s G APropirEb PO eRTD O e COLEPABhE B

nModigfih & 3BN9R1, ﬁﬁ%cq&éﬁhéww he introduction of nore than. 25 one

ant | -ap%pt oSl s ‘gene st ce ied in this manner all ow co-expression
of the anti-apoptosis gene(s) together wth an sel ectable anplifiable

rar £ 3oy 1R e wRARE R sfole BBl Bt FRRIRPERTE) el ©

1laut colrG6fed@d avith me):aCAM aﬂti ettm pBID| pBABHLLS ios p@@neaes:)t,, detecied asﬂdo_vm by the

current invention that an ant o t 0sJ n rovides a
nDréuEW?F%thﬂmﬁﬁﬁﬁﬁﬁ &%ﬁbggﬁﬁﬁt &We?%ﬁﬁggaﬁé' -apoptotic
act iggh P Rhiked ﬁt\ﬁ aattvétfage Sehbi ﬁﬂoﬁﬁﬁhoh%f biﬁmﬁtﬁé’@p fbiaturiaf a 3dag host

cell's conpare ost cells w thout any anplifi anti-apoptosis protein
enc@dlitmgperiadweripassages ------------ 27 Sept enber 2006 WO 03/ 083093

PCTI EPO3/ 03063 10 sequence. | Cenetical |y nodified host cells according
to this inventi on are characterized by an enhanced cell survival

att ﬁ@m&eﬁbsmes&be ﬂﬁiﬁw cbnalicﬂhh??stmm-ﬂi%(maﬂmﬂde]bﬁdws colesuts f@lcteé]f&tjﬁh d )

n._t I PI, nd t t
pop PP i AMand gD, SN B et R BB A A SBMATERR B ar o bei ng
cul R x-tfzog cotbmIfRAR! with OB MD-sICANK Cirld pbmlb@ltﬂ) dhrdfy hi 7Mapfbagdl |s is at

| east about 50% (see al so ure 5).- After a 8-day batch cultlvatlon

vi alghltivationcperigd uS@aslIYPa!bbllle Xfms:ps EhmmmbméntbQHﬁd%G% &flissWgener at ed
aCCQLIULDY 2P chitiated Y FpSARthireRnfinilite L A& CRIPEYARN mddfum (nvitrogen,

206 Carlsbad, CA).

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

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

HMNIBC-3/4 (cotmnsfected 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
i presence of 20 oM MTX.

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

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



this invention, cell viability of at |east about 75%is obtainable for a
7-day batch cultivation. In 10 another enbodi nent, aft&f Sapembey2006
cultivation period cell viability of at |east about 85% can be achieved.
Equi val ent levels of viability are not known in the art, at |east not for
serum WOD8/0830%) ti vati on, especially for cells which POTEPSHINEN el y
cultivated under serum free condi®ions, and/or in connection with serum
free production of biopharmaceuticals. Viability described in the art is

~lim % of | l,s aft - day batgch cul tivati swam_ et aL,

1 00075 Tt BT asfefic Boiech €t 6 Bl B fiucietnte bt ARG RESRRTE |\ "Fhe
meanBigcieficet Plearhiigg BaniDisgtApn. "Cell viability" or "cell survival" is
the ability of a target cell to continue to remin.alive and functional,
~and include the protection of the cell fromcell death due to inhibition or

del apigafe 7 3BARURWESH bRA IR SBEL-9684 BcL\ys @ﬁer@ﬁ%ﬁbﬂﬂnﬁ%b— viability
[k h t. F e, ce

or survivability are we nown 20 in the art. For exanp viability
can B&4d«eldinasdt bgmpiress BCEh (HigsTAndnsr BELoby (Fig.f TR)cwxpesssiorcin either oscopy or

f 1 ow %Iﬂﬁgﬁﬁ i v £6l ) such.as p&u -

propi di um | odi eib@g@@?ﬁg@hggﬂg%v%@o%ﬁ%ﬁ Sﬁdﬁ”u]dﬁ?ﬁleggf‘?mcpénge.

: Thﬁsmmlscmads HMBEIB X361 kch I’c%jbndeglqjtésbiﬁg ﬂhmalﬁslip’o@ﬁhﬁis Fiefdsdf Ghdnobigtrdnid ﬁm?t ry,
John W, ey .& Sons, Inc., updated, incorporate y re ce.. 25 The term
,,pe‘?‘?’?gﬁ\l’éﬁgfl’ aﬂt‘f GBI BERFURRPTSHOR: EP FBPA A Paﬁ@nfa{&fé'Wéf Wbt only -
cel | sTCamk-bhlyaprodmbides RRINION NRALENdEl 1H6Y. WbleiR ewsaNdktdcdedN Ssind Wousd SO cel |

transformation, cell expansion b mj-ltI-P| ying the nunber. of  cells and also .

de| | meneslongbantipodjes fremiSania Crvg Bi 4 log0(SHite 1 1GA) sperifipfos 862 pnvent i on
| . i nhi Di & i nocel i h
ce 1 BEER S 3 it IR el oo SR oty OB Hbllulte 0% | ¢

as deswrnprd above, under condition where at |east the anti-apoptosis gene
is expressed in such that cell death is 27 Septenber 2006 WD 03/083093
PCT/ EPO3/ 03063 H inhibited or delayed in said host cells. In a preferred
enboglpi®g shosglthe ﬂﬁmér-&@édjgl}%ﬁﬁ&ﬁbﬁ (MoRieaRE PRbed) rﬂﬁém ofghd death,

he present invention also provides nethods

nore preferably by, apoptosis. [
i g‘@ﬁ%‘iha’cliirﬁ’gcﬂﬁﬁzr’m (EE -Ipa44 cellsigraymsinghs prgsamee and ghsencn o8 scrwepFACSEi on | evel

Of | alodiitbd nHRORIEAA o Gl Yelbhild \th ChoIDBA O GHh Th tyPpredBETT™ | AN

cel | popul ation nuclerc acid sequences that 'encode 10r an anti -apoptosis
gene(grey lingpédfdObadeiven amdinitlid ablséree (iadkdmepsfizerurand optional |y at | east one
gene of interest, wherein said genes are operatively linked to at |east
oné regul atory sequence allowi ng for expression of said genes, (ii.)

cul tHipt Orfowdthe nEdddtidp bt afdprefidRH oﬁéiﬂ@hdihfﬂ&n%ﬁﬂe% Rdmste@ Bdilxrsai d

sel ectable to %ﬁiﬂl I fiabl e marker. gene and sai d anti-apoptosis gene are

b pr 858 dFEQIY NGY: oh 28d ) Ko magfpeiiderequenice roprosenté 2 composiic 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'eukaryatic expression vector design. P/E means a composite-
25 unit that contains both enhancer and promoter element, P a promofer element and T a
transcription termination site required for polyadenylation of transcribed messenger RNA. bel-
xL refers to the hamster anti-apoptosis bel-xL. ¢cDNA and dhfi to the amplifiable selectable
marker dihydrofolate reductase. An arrow indicates the site of transcription initiation within a
transcription unit,
30 '
Figure 11 shows schematically the general cloning strategy used for the generation of the
hawmster belxL deletion mutants. The expression vector pBID/bel-xL, encoding the hamster bel-
xL wildtype cDNA, served as template in the PCRs. Using a combination of vector specific



obtaining multiple copies at |east of the anti-apoptosi ene, a bii.)
selecting cells fromthe cell population that incor pOIZZt%pFﬁwqqrgSQéCOpi es
at |east of the anti-apoptosis gene. It is preferred to place at |east the
anti-apoptosis and the selectable anplifiable marker gene in close spati al
proxi MYOPHHIR | ow for a nore effective anplificati FETEPOYREW3aNt | - apopt osi s
gene. Therefore in 15 preferred &rbodi nent of nethod descri bed above, at

| east the anti-apoptosis and the selectable anplifiable are encoded by the
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- dbnpad PN Tngnent maresiened digectignallyinto fie SreRLEaR]; digested vesiordBIR cel1s. A
"parental cell"” nmeans a cell that does not show enhanced expression of the
anti- apoptosis gene, and is generally grown under the sanme or substanti al
|y the sane conditions as the genetically nodified cell according to the
pre ' ' nodif L Qtroduci ng and 27 Septenber 2006 WO
03/3§§3é§ﬂ¥§#ﬁ§33§?§§@%§89%@hﬁQﬁ%@ﬁ?&ﬁﬁg the nucleic acid sequences that
encode for the anti-apoptosis gene(s), a selectable anplifiable marker
gene, and optionally at |east one _gene of interest, "Increased expression”
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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) fogether
with an selectable amplifiable marker, and optionally with-a gene of interest. The selectable
amplifiable marker not only enables selection of stable transfected host cell clones but also
| 30  amplification of the anti-apoptosis gene(s). It is shown by the current invention that
- amplification of an anti-apoptosis gene provides a more efficient method for achieving
intracellular levels of anti-apoptotic acting proteins, which are sufficient to improve survival qf

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



30-fold increased conpared to the expression-|level of said gene in host
cells which are not nodified according to any nethod &f Serfemhbendeefi i on,
are provided by this invention. In a further enbodinment, the present

i nvention al so concerns to host cells showing a | evel of over-expression is
whi ch we esrbgsbdast 50-fol d i ncreased, conpared to celpcs/mpedosogdi fied in the
meaning of this invention. In amother enbodi nent host cells are provided,
showing a | evel of over-expression that is at |east. about 100-fold
~i'ncreased conpared to the expression-level of cells which are not nodified
- in aseypenway di scl osed by this invention. Expression-I|level achievable by hos
cells generated by a nethod of the present invention are described -
exanplary-in Figure 7. Expression 20 |levels of an anti-apoptosis gene can
be Gendteslly inbdifie@bes cdll adqupdiyg foothistigveptibmare pharsctarized hy an enhaverdtdethn on t he

nmodi fication procedure of host, cells, e.q. further increasing the copy
nunﬁ'&ﬁ"a]o‘?m{bﬁgdéﬁ’]ﬁ‘ ﬂ%%%@%ﬁ?&@?ﬁ&ﬁﬁé@%ﬁ é‘p‘?@mﬁ’l@’l&?ﬁ @Sduct i on of
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"Host cells™ or "target Cells"” in'the meaning of the F_r,esent i pvention are

hamef tis ipwdntion aysrteingrculiivpble dpne leasE} Hays) whereipdhe ilityopiseBeioat  cHO- DUKX

Bl , ,and 4 cell t ' ' tes: f ch cell

i née_a@g é’P |cdﬁsref3y SBerglgérs 3 ffee%%?ﬁ@—%gﬁm@m QR%EBHKZL and

eveg0%as schivvatile by Rekt CHISOsEXstdedund o tDilXinveition. Inlarfugher fmbedimentafbodi ment

of the, present inventiqn host. c al so. nea I,n el gma..celds, 30

- pr eftidt EReafiopcsilayiepilay oF ot IE%?%P@%bg?ﬂﬁogwg@ﬁ??%m%?‘ﬁ@gfﬁﬁy of such
€l bndthd@mbBXAERY, Gfierd] 6-dRHEdIRLIBA PelieBABYialiRly l0F avIRist BboupB5ecanbed in the

meani ng of this invention are also summarized in Table 1. Howeyver,

der ashievied.cBquivalens devsls off vistilitycare apt knovsy othe gt loast ot £on serum ifigg| ydi ng but
not J..pi.ted . natld GRs 4l | i M@fion®’
eukg'!rd?gﬁog’ %Sé’?‘f‘w ceffd Gficn'dié pe‘%%%c EE‘?%J er %%.%% #‘%é o 03/ 683093

PCT hiPt3in ;3062 tiorl. Frithi serim fieer grodudtionatf Hisphatengetivaly.c¥igbility desedbedaind pl ant

cells, can_ alsq be ed in the I n f this. inventio afdaacul arly for
t he ﬂ}fr%d%ll%ﬁ‘?g&f’ ﬂ%ﬁgﬁﬁﬁa@"gﬁt %T?Z"i?aypﬁ%? FWE.V&‘PB\@“M nfrrg"lt?’eﬁdg id mar iyne
B 0gYgkioR) hef kbild dhh@sterifedabootdin Aty witkif BRrmdiine OASpreimt ilBRAd@H03 S 2/0- A
14 ATCC CRL- 1581 BHK21 ATCC -10 BHK TI C ECACC No. 85011423 _

“Cell viability” or “celll survival” is the ability of a target cell to continue to remain alive and
functional, and include the protection of the cell fiom cell death due to inhibition or delay of
apoptosis or natural cell death. Ways of measuring cell viability or survivability are well known
20 in the art, For example, cell viability can be detenmined by phase conirast microscopy,
fluorescence microscopy or flow cytometry using non-cell penueaﬁle dyessuch 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 & Sops, Inc., updated,

incorporated by reference.

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

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

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

under conditi_on where at least the anti-apoptosis gene is expressed in such that cell death is




HaK ATCC CCL-15 2254-62.2 (BHK-21 derivative ATCC CRL-8544 CHO ECACC No.
8505302 CHO K1 ATCC CCL-61 CHO DUKX ATCC CRL- 9096 (= 201S8ptrinber 2008Y dhfr)
CHO DUKX Bl ATCC CRL-9010 CHO-DA4 Ul aub et al.; Cell 33[2],405-412, 1983
CHO Pro-5 ATCC CRL-1781 [ V79 ATCC CCC-93 Bl14AF28-G3 ATCC CCL-14 CHL ECACC
No. 87WDIBMB309H Host cells are nost preferred, when dEpygsentabl i shed, '
adapted, and conpletely cultivatad under serumfree conditions, and
optignally in media which are free of any protein/peptide of aninal

origin.,. Commercially available nmedia such as Hamls F12 (Signma

Dei SEAHHTIR, dataypaith §31d hoptpgtls. s Aoprebras@bodimepie celb dest B sH alicitg) o s

Medi i Q%FA?@% itH(g(a‘Je BS | Alosivedi um (MEM Sigma), |scove's
Modi f1 eed ecco' s }\l/gg%xﬁ’m I %%lr S?gﬂ%@ 0CSZD CHO (I nvitrogen, Carl sbad,
CA), CHO S-Invtirogen), serumfree CHO Medium (Sigma), and protein-free

CHO Medium (Sigma) are exenpl ary appropriate nutrient solutions. Any of
t he' Thejegont inEgntine also Pspadas ethods of gepeaiing manalianhogheglls ispowmg @npounds

anhesedf |G o%]ngﬂ@_ %M{o'cy E QW fiﬁ\fcﬁd% ( as

iE\S)r(lsuI In, e?reg#&%@rﬁ@ ggi er ma?p rovﬁt a%@h%s (P%su I n ?‘Fk@%?om h

f actmamymalinl ¢ell fopulatiornvualciciagich seimencésdbat aabds foman reatjrpeptosis gpiwpaphat e)
buf f suych.. HEPES), nucl eosi de ch as adenpsine., thym dine),

o urTRAlE Wb Blus b gefk ShE SRRy P M oiE (RRCHP R NARERGRACL: ¢\ ace
el ergendssare dpeyativelydinkb® cestdedsy orup il o8 HeGuen iyl ot fob exprogiondFdaidt
appropriate concentrations that would be_known to those skilled in the

art .8e0G%: {#e cyitwatig: saicpelh inopplatione uides condidens  whete i Ipastisdieh selecbler erred,

RuUt ERHALLS k_ ' 0 be used
or B o o B e B AR 00 v

- 03/ GbodeE RUtipleropito8068!t aitbe atidpopivst simernd (iigenletingablly fromdic ¢lld cel | s
eXPre5aA% G SELERL ARNEIOENTA JUKd Aol aollan e, Agenh Lisgded To the
cul t'ur e" nmedi um e present “I'mvention al s0 concerng hi' gh- FeVel expr essi on
of aincarit ileaapthpt mtiapogiosie and theseldotdble?amplifiable marker gene in close spatial

proximity to allow for a more effective amplification of the anti-apoptosis gene. Therefore in

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

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

In a farther preferred embodiment the anti-apoptosis gene, the selectable amplifiable marker
- gene and the gene(é) of interest are encoded by only one DNA molecule, e.g. if all of these genes
_ are placed on the same expression vector, and will be commonly introduced in said host cell. Ina”
25 ‘more preferred embodiment, the anti-apoptosis, the selectable amplifiable marker gene and the
' gene(s) of interest are not onty encoded by one DNA-molecule but also are operatively linked to

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

Host _cellé genetically modified by any method according to this invention show an increased
30 expression of an anti-apoptosis protein compared to non-transfected as well as non-amplified
parental cells. A “parental cell” means a cell that does not show enhanced expression of the anti-
apoptosis gené., and is generaily grown under the same or substantiaily the same conditions as
the genetically modified cell according to the present invention, e.g. modified by introducing and



- particul ar

s superfamly in order to inprove the viability of the host cells

preferably of production cells as described above. Ger%§98FﬁE'&ﬁ"|380@or t he
bcl -2 superfam |y are therefore suitable to generate host cells according
to this invention. Thus host cells genetically nodified by introducing

nucl ei WoBI08B0$X ( sequences that encode for a gene ofrctEPRoDeL superfam |y,
a selectable anplifiable nmarker dgéne, and at |east one gene of interest
are within the nmeani ng of the present invention. In Table 2 to exanples of

- menbers bel ong| ng@ao the bcl-2 superfam |y, that inhibit _or dela
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speoopﬁsnal]&apleaa‘teneg@ewémtmﬂtate is a rramml. More preferably, a nucleic
acid of the present invention encodes pol ypepti des desi gnated BCL- xL or
BCL-2. The BCL-xL-encoding gene is the nost preferred. In a further

& ef BiekdZte, BEIENTBA hlso phvides B cellg did ategmenatly eneibiidigy mrmamd xL is
i sol ated from hanst er, preferablyfromCrlcetuI
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any of these genes encoded from other vgg{, Erate sp é&s are also suitable
to dﬁY@P"%JP ap?p@erpﬁrggcg\qpeqt@gfﬁeilﬁ, A IBYIERH, SRO "“&B?oleﬁ“ﬁ OVPEIPEFEhucl eot i de

SeqUEARGEat ]18%9 t 60-ERd iR f¥self coflpRre@' {e RRARESG-Rvd FFREIIOVhidip e G0l s

aving the sequence given by any of the Genbank Accession -
Nunbeedified ueetm wa¥ atifchosad bmsrpn@esmb@rlimasmaﬂ@@l achigvahlet bhgost Pe@% pt enber

No. Fsneage Bl it i freslh it aslBiRa Bl indlaS in RN S8, 00505
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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 muitiple copies of one or more

anti-apoptosis genes into a host cell.

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

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

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



et-al., Cell 74, 597 - 608, 1993. In WO 95/006342 i sol atlon of the BCL-xL
encodi ng sequence is exenplary described. 5 A nucl ei cASeRtesini<ReR
encoding for an anti-apoptosis protein is intended to include any nucleic
acid sequence that will be transcribed and translated into an

anti - apoOPs/eIsS protein either in vitro or upon intred@Eeeieemssof the

encodi ng sequence into a target tell. The anti-apoptosis protein encoding
sequences can be native (wld- typé’) genes as well as naturally occurring

~(by to spontaneous nutation), or reconbinantly engi neered nutants and

var imhiding bt totdibied tv gesst, dmssct and dlaht a@iﬁmalsomm in it m@qmg\ﬁﬁlt@m s,
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apoptotic function, of the encoded pol ypeptide is nmintained and not
substantial ly al tered A preferred encoded pol ypeptide has at |east 50%
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haviGHO-DRECE Bhct i onal_bi ol ogi cal MTCGIGRL10 ant i —anont osis np“ ide. This
mea@HODIGHH a functional bi ol ogi cAUilanbet eli,(el33[A) 4051414983 a  fluncti onal

bi g ety active fragnment has pATCELRL-BIBY nore preferred atf | east 80%
andyepen 30 nore preferred at | eabAT@O@G®O3nore of thé functional

bi ofEURES- GacliviTy conpared 0 f neTcceaiespondi ng w I d-type ant|i - apopt osi s
pratain.—‘*z’f September 2006 WO 03| EBRPPNJ {100/ 03063 16 The [nodi fi ed
nuc. erc—aci-d—seqguencescan be prepared usi ng_standard technigques wel | known
t'o one of skill in the art, e.g. site-specific mutagenesis or polynerase
chaiHbst @&lle wmﬁ@wfﬁagwhwhmmhm | adlaptd; apd eempigtelyronbiviated mode

| arl f I I
par tsé}I%lﬁll g re c%n ilgnser rg gpt?c():naﬂj)(( lﬁl 151]1u a %&lh(l:chae?rtle o8 & ggy”fr%tem?pep&&e of animal .

origin. - Commercially available media such as Ham’s F12 (Sigma, Deisenhofen, Germany),
RPMI-1640 (Sigma), Dulbecco’s Modified Eégle’s Medium (DMEM; Sigma), Minimal
10 Bssential Medium (MEM; Sigma), Iscove’s Modified Dulbecco’s Medium (IMDM; Sigma), CD-
CHO (Invitrogen, .Carlsbad, CA), CHO-S-Invtirogen), serum-free CHO Medium (Sigma), and
protein-free CHO Medium (Sigma) are exemplary appropriate nutrient solutions. Any of the-
media may be supplemented as necessary with a variety of compounds examples of which are

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

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

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




| sol at ed pol ynucl eotide of SEQ ID NO 1 (identical wth GenBank Accession
Number z23115), s SEQ ID NO'3, SEQ ID NO'5, SEQ | D NO %/ Sepdgmbey R#69 or SEQ
I D NO 11. The invention also includes functionally equivalent nucleic acid
sequences to those sequences and to any other BCL-xL encodi ng sequences, .
I ncl udivp@spgeeanbi nant |y engi neered nutants and vari aidsepesddosincat ed
versions and fragnents, functionak equivalents, derivatives, honol ogs and
fusions of those nucleic acids. I one preferred enbodi nent, the nucleic

- acid sequence encoding a BCL-xL 0 protein is of human origin, in a nore
pr efaad seldetiataddienetivhlly imadifiedfcelia epiressingrthe iselectdble périesa swablexselectiomucl ei ¢
acid caodi rb%g{ or_a %cl - xL,.honol ogous gene of hanster has been identified
for 38FR 133dpeq torthaen pY o provided by the present invention. The

i sol ated hanster bcl-xlI gene is a matter of nucleic acid having SEQ I D
NO 3 whi ch has been isolated and cloned 15 from Cfi cetul us griseus. The use

of dihearasentapieption plso poneems highrevsh expressionof an suhapentosis gengefhthe belrct i onal

fra - rd : " t i t her eof ,
SR e e b S b s B

i s alemribbdatoee @mboehicoding farfthe hohd spparfaenly arethenaforosuitable teegeneraterhost ei ¢ aci d
sequences encqdi.ng. BCL- xL..from ot her | es..ar al s enconpassed in the
e U N B P R AL
IS Geyuendds @t bRRAL FTaNzeRe bf kb bﬂ%@gfﬁfﬁlﬁﬂyﬁa@l&tﬂﬁl&faﬂpﬁﬂiblﬁﬁi&iﬁﬂg@@y! es are
produced, one of which codes for BCL-xL, (long form ,and, one of . which codes

f or apdiEt Jeast g gone B ingrest PR WELIL the tpogaies of teepierwh inyentipn. JnilableZci ds f ound -

[N . : : [ efore it

1 shafb b iCbaen (Rl 1B SRR pog il BT S, e &

gendieath of mpaptesig, .ard histeth Mot prateied of thexifamdlylnd dnaremalisa, ECelegans ontvamk , or a

BCL- 2. mut ant i th inproved.ant.i-apoptosi s.properties.:i enc sed, e.g.

by 358, P13 rorlgr ot RS e eyrislVe B RR i fedioh SRt O RCERT S

r eQi(BAE-PR6nsIbRE rédicscBEI MBI Nhe Qirofobipitab ixtibidol toy apbptodie Allittlaaé apr ot ein

variants (Chang et al., 1997; Figyeroa et al., 2001). 30 In a further

pr efSBiabikcapdigsas plemii-apprions é@éﬁt’m?qlﬁﬁéﬂf’?f%mﬁ thsnresst INVEIHPR- ed vari ants of
e hanster bcl-xL gene, especially of the hanmster bcl-xL gene encoded by

SEQ ID NO 3 as nentioned above. Such nodified variants include but are not
| i mile ecfther cmbbdimented His invindow bells @7 pBfptednwhereia GoGiva\d ©8lo083093

PCT/.EP03/.03063 .17 .,havi ng t he e f t 1 17, SEQ ID
o dsHiaBgR ek i s i BEE AL, Pt SR, B AL MO e ot e
and BGO, BRYGAE MNR113CDNAEIGIIN-2, CDN-3, BHRF-1, LMW5-HL or CED-9. In a more

preferred embodiment, the nucleic acid sequence encoding the anti-apoptosis gene of the present

Al

20. invenf;ion 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 D
NO:5, SEQ ID NO:7, SEQ ID NO:9, and SEQ I NO:11 are modified vadiants of the nucleic
acid sequence of SEQ ID NO: 3. Most preferred is a sequence of SEQ ID NO:1 or SEQ ID
3 NO3. Any homologs of any of these genes encoded from other vertebrate species are also

. .suitable to carry out the present invention. Moreover, also preferred are nucleotide sequences
éncoding for any of the anti-apoptosis genes of Table 2, particularly having the sequence given
by any of the Genbank Accession Numbers cited in Table 2. Examples for anti-apoptosis acting



A "functional mutant” includes but is not limted to a DNA nol ecul e havi ng
at least 95% s preferably 96% nore preferably 97% &¢a&eriamiergPed er abl y
98% and nost preferably 99% honol ogy to anyone of the nucleic acid
sequences desri bed above, preferably to anyone of the nucleic acids having
t he sewoanossonf SEQ ID NO 3, SEQ ID NO 5, SEQ | D NOptrasestdidEs NO 9 or SEQ
I D NO 11. The nmutation nmay be cawnsed by insertions, substitutions and/or

del eti ons of one or nore nucl eotides of the original nucleic acid sequence.
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CoquBndbit agli, B i Phedeqiodfippy sl s ot uciok sl Lok SEG | D
NG 1 profigbdCuilosil HBLyp@5iS hab wh ekt N, bR RELAR] b 1o g CaliClychimdlgne Of
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" Degewdifiztdi natiratiytceotrsing pidlesf theergodiag pblypeptidA nol ecul es havi ng di f f er ent

nucl ei ¢ acid sequences but encoding for pol ypeptides having the identical
am no acid sequence. This neans, that any nucleic acid which encodes for a

pol yPleptfuletional\Bislg gichleaca iy Liami ASPEMEHE 01‘?%% e, 16 By ANy of the
sequences, of SEQ | B NG 3, SEQ 1D sy N7 %:EE%&?%% i,
20 * can be determined by quantitative apoptosis assays on transfected cells expressing the particular '
polypeptide such as, for example, TUNEL assay, Annexin V assay, actidine 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 & Sons, Inc., updated).

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

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

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

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

corresponding wild-type anti-apoptosis protein.



5 or SEQID NG 11 is a degenerative nutant thereof. According to the
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bcl - xL i cken) Z2311 . . .
the present invention. However, nucleic acid sequences encoding BCL-xL from other species are

also encompassed in the meaning of this invention.

20 |
BCL~xL protein is encoded by a bel-x gene. It is known from the human bel-xL gene, that two
different RNA molecules are produced, one of which codes for BCL~xL (long form) and one of
which codes for BCL-xS (shoxt form). The BCL-xS lacks 2 section of 63 amino acids found, in
the BCL~xL. BCL~%S has been shown to favor apoptosis, and therefore it is preferable to use a-

25 ¢DNA for expression of the BCL-xL rather than a genomic fragment. In another preferred

A embodiment 2 BCL-xL mutant, or a BCL-2 mutant, with improved anti-apoptosis properties is.
encompassed, e.g. by deleting a non-conserved region between the BH3 and BH4 conserved
regions and thus increasing the protein stability of the mutant protein variants (Chang et al.,
1997; Figueroa et al., 2001).

30
In a firther preferred embodiment the present invention provides, modified variants of the
hamster bel-xL gene, especially of the hamster bel-xL gene encoded by SEQ ID NO:3 as

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




bcl -2 (huiman) ML3995 bhfr-1 AF120456 bcl-2 (nouse) ML6506 gherpesvi rus)
bcl-2 (rat) L14680 bhfr-1 (Epstein- A22899 bcl-2 (chi &Keigpembes@doiBar r
virus) bcl-2 (hanmster) AJ271720 bcl-w (human) U59747 | mns-HL (African
L09548 Dbcl-w (nouse) U59746 swi ne fever virus) bcl-w (rat) AF096291 bfl-1
(humarwow2pss@d cdn-1 (human) AAQ5492 Al (nouse) U2ICTAPGIBIGENESEQ ntl-1 -
(human) AF147742 cdn-2 (human) AMXO5493 ntl-1 (nouse) U35623 ( NAGENESEQ
ncl-1 (rat) AF115380 ntl-1 (chicken) AF120210 boo (nouse) AF102501 cdn-3

- (human) AAQ5494 ( NAGENESE brag-1 (human) 5821 -9 126545 C.

el ebpying)thasequence &f SEQIDINGy EQCIPJ%Q& &@&j@mﬁpeﬂ o f%? ﬁfg‘ngtﬂ any

ol i i | &%ggé; ' fragments and portions
the%g%%%%gﬁ&mé#@&ﬁ& 0 ﬁé’gr%g(?nh%ﬁlo syint!tvﬁjeatthi&?:&s o?i gi n, whi cﬁ may be
single or double stranded and represent the sense or antisense strand. The
ol ynuycl eoti.des of, .t he. i nventign.in d | el L 4.1 eqi erei n one
gr #D&%“"%B{i%rfgutﬁ%l{/émqﬁdeeéE’ufégp?ogggalt%y%t%Qﬁl&ﬁd%%ﬁ%%&ﬂ&d%i 1’? i&gr?a ty included
ar epRfkdby 96RO hioHe prefitii 9Ty @vén foe pEferstdy) 98Ytcandwhost ipréferablyn@tr al | y-
occurring allelic variant, of, a coding s ence, foqr _ex | e ... _variant of
t hebeprlpgitosaermelidhe puddeasid SF«I&E&?@S%E@%%E REyeppre 3{%"%@?%‘? gfs‘éﬁg ID NO 5,
0 fRRid RibOhdving R Jefueb 8 9EQIBNR, B I> A%0sgBQ IDNOIE SBQ Dan allelic

vartant I's an alternate formof a poi nucleotide, which nmay have a
sub¥0ig et iSHQ MeN6tfiloThe muetitine ey bst cavaed by ingegions, niwbEwiqad(ifi ch does

not bstaptially alter fhe f . e | The
 FangSBR: BFon patoR ahfbeesfer 7GRl il RRGRIEE RO RtGral T

1P ginaghﬁ’_&llsloflﬁélﬁcliéswy ﬁn&cﬁmatbf' iolfag'eauy; m;]z@ﬁhgpﬁmdtdgtéﬁorll diieseeicprentantof )
substantially alter the function of the encoded,polypeptides is,means, that
t he#Yeicthe ghove mentiogeh nuqieie pod iraelpoulss; Y"WB?“B? alhﬁ 0%536 §§8§E’B“8|9§6‘g§t ide is
at @%&?&b}fﬁ%@t 10a81684, RS BrefRMIPeT 4t BASTO78R Yanso® pesferiily 6f frledseosed at | east
100% or re conpared to the “corresponding wld-type encoded polypeptide.
27 swhwesthpreferdly6of at least 99% to anyone of these molecules, or at least to functional

fragments of these molecules. The term “functional mutant” also includes any functional

15 biological active fragment, deletion or insertion mutant of any of the above mentioned nucleic
acid molecules, wherein biological active part of those fragments shows at least 95%, preferably
of at least 96%, more preferably of at least 97%, even more preferably of at least 98%, and most
preferabiy of at least 99% homology to the biological active part of the belxL gene of hamster.

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

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

s0  alternate form of a polynucleotide, which may have a substitution, deletion or addition of one or

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



WO 03/ 083093 20 PCT/ EP03/ 03063 The term "encodi ng" refers to the inherent
property of specific sequences of nucleotides in a nuél Septembea0®uch as a
gene in chronobsone or a NRNA, to serve as tenplates for synthesis of other
pol ynmers .and macronol ecul es i n biological processes having a defined
sequena® @fosmInucl eotides (i.e. tRNA tRNA, other RNATEHoseakes) or am no
acids and the biological propertises resulting therefrom Thus a gene
encodes a protein, if transcri ptidri and transl ation of nRNA produced by

t hat gene produces the protein in a cell or other biological system Both
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of gbe nicleic acid sequences defined in (2); and (d) a mucleic 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 bel-xL gene having the sequence of SEQ ID NO:3, SEQ

ID NO:5, SEQ ID NO:7, SEQ ID NO:9 or SEQ ID NO:11.

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

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

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

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

sequence which is a maturally occurring allelic variant of a coding sequence, for exainple, a’
variant of the coding sequence of SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:5,
SEQ ID NO:7, SEQ ID NO:9 or SEQ ID NO:11. As known in the art, an allelic variant is an
alternate form of a polynucieotide, which may have a substitution, deletion or addition of one or

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

function 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 finctional 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.



t he same expression vector, and wll therefore be commnly introduced into
the host cell. In a 27 Septenber 2006 WD 03/ 083093 PC?T%B@FB@O@@OG& nor e
preferred enbodi nent of this nethod the expression of the anti-apoptosis
gene and of the selectable anplifiable marker gene are operatively |inked
to eacNWAYBH3 e. g. by using a common pronotor al | CRETAEPOSAISTO- expr essi on
of said genes. s Host cells geneted in such a nmanner conprise for exanple
at least 5 copies of the incorporated heterologous anti-apoptosis gene. In
a further enbodi nent host cells conprise for exanple at |east 10 copies of
t he incorporated heterol ogous anti-apoptosis gene. |n.another enbodi nent
oSty 66 behoffifiVoten BARb SubRAPloblfoipetifio sbaieflos A imaslestdet figal nt roduced
het er 6l dgous an %-apopt osIs gene. I n further emnbodi nent host cells
conpmilsie abidy suwekanplgenain dheonsisomoOr 8 oPiNA, tofserye as epiatey 196 Erlsdisdt er ol ogous

anti -apoptotic ne. ropri.ate I - |.S:nge. é Jyenti oned
2o EieR TR pe, PR oy i ol BRRNeS Tading °F B ool or=n O20Y
af ]Edﬁ@eﬁﬁed A e hﬂQ{Al,pﬂ@M,dB&edem inhﬂ&uhaﬁ} of mia agidnendl the fidogicd| | s ar iS
preferred by the invention conprisi t he .ant.i - apapt osi ene. i n_.copy
nunipEepsriies resphting thepedroay Eﬁ&% B %@*egeé’r%e%# E‘PP%F@W&PP? P%P‘*g%l ”y“fﬁi gh to
enhapeg i ' At dthdtbd1bgiey s@tentl Botly theg
progranﬁiﬁdgg@yﬁgﬁg&%?@%?gw%%gﬂ g?eélp%rost cel I% ﬁ%te only conpri sing

t he cading st tiees nacleptide sequencspyf Whighds ddentigal do thg MRNA sequapscodnd Bel |

survi val but. $O _show i I | i nt er est,
a1 sty gatg, Y pteie il dpd EeoRbe FEREETRLE Bp o [BUATHES: b | T ST
fohe thhahgsdn, boh geabiraDNAp caskd rftried tehs émndiag tR(pratein craghep purluet efene havi ng

t he maxi num ef fect on red Cthi on of apo t.osii at e vvitlhout. I %ﬁh&% to
dr arfert 2628 PN 4 a88ero aer) thif egdes Aarala spchyles afy gbqlele peigs A bR o1

Wt hﬁ’figre]ﬁnﬂﬁ&ﬁ{d@é&{ul A0R8GHt eREbde it aRE kit doid delfuantd OF thegreteth due to i protein

of interest are well known for a skilled person in-the art. They include
but degemeracy of it gemetic eoder Bincleis aeids @nd pupleotide; sEGUPPSVIOH LEPYFRC i t ori ng
the _vi.a idi.tg of cells by neasuring exclusion of non-perneabl e dyes by

i crioRdd 1311%1;1 "ow 25 cytonetry, quantifying apoptosis by TUNEL or Annexin
M assays, determ nation of product titers by ELISA and eval uati on of the

genetic stability of the transfected genes over several. by
Sout%éﬁ%%@%{mﬁh%@%@@#@mﬁ% T ?Qa?wgl@eﬁ?le e @ﬁﬁ%ﬁﬁ%@gn tion, for
exarnpldse ﬁn&ﬁkﬁb&iﬂ%ﬁa@%@dﬁﬂ%ﬂm}ﬂmﬁéﬂé Wi MRINA 6r @het ®NA pfodtidee byx pr essi on
- 30 l'evel of the anti-apopotsis gene, e.g. the bcl-xL gene, reaches

i nt raogeeb. Il dewble-airandod: |a- a4 andlemule hasholthg Feding pssegpe BRI

poly. Eﬁ%&: @npared to the parental, non-anplified cell. A sufficient
enhdncea cell ‘survival is provided for exanple, when the |level for bcl-xL
gene expression, or for any other anti-apoptosis gene results in a cel

Pop uIll.‘l %:[31{ 2 a? gs‘@d%%reﬁ} uplpgracsatse fiflers (e.g. BCL~xL) indicate polypeptides (e.g. products of

gene expression) and lower case letters (e.g. bel-xL) indicates polynucleotides (e.g. genes).
Additionatly, thrdﬁghout this specification, the singular form “a”, “an” and “the” include pluyal

references unless the context clearly dictates otherwise.

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

underlying nucleic acid coding sequence and a protein can be obtained with like properties. As
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at |east about' 20% after a 6-, 7-, 8-, or 9-day culti val GRIEHBEPE to the
parental cell population. More preferred is an increase in survival of at

| east about 30% and even nore preferred an increase in survival of at

| east MHBO8WY, after a 6-, 7-, 8-, or 9-day cul tivariduEPosozmpared to the
parental cell population. SufficiZ¢nt cell survival is also given, when at

| east 5 about 50% of the cultivated cells are viable after a cultivation

“period of 9 days. If the anti- aBOEt 0si s gene encodes for BQ -xL,

suf fhestiepad aheve a praferadaprotein i) To{gHE equence eaeaded By mscleisadof t he
cel l Vi d—:t]ﬁ %qd@/ ' I160A. r E(gfiﬁ ' uf ficient
enhasﬁ@{eegce %%@l sufr\@le'(ias 1'S %ngﬂéﬁgg@vﬁghs’ gtﬂQﬁggg(?gé out g%dg/?g{r S?k?se cell

popUuDaiOdA i@ auy drictomd fregmentdeariant dmmetantf (degenentiendudomedegenesativeX f i ci ent
enhgpce ell swurvival,.is _achiev en;at Leas out 75% of, i, the cell
o o IRt Aims oGy b Rutions 1 Dy & Tonehebb BB BER ML nEio Bl Bebos of i he
cel liige of e Wyd@bpiRithi@fndes ofanslay scidsI{kBytc &ell.oF. M1l Biod sl 10534320 1982) k&r gene”

usual |y encodes an enzynme which is required for growh of eukaryotic cells
undéie Rrppsed by pasferpg; Sitespecific AREREEness, & PelyEeTase CBAR FRISUPR AB1ted s nar ker

gene ];@%é C 1%5%‘&% ; | lified when a host cell transfected
the(r%lévm ﬁ&?észagfsom I'n ‘feéi%cgicsﬂg%egge%gpt he sel ective agent, nethotrexate
(MrX). The non-limted exenplary selectable genes in Table 3 are al so
anpljfiable ker ,genes,, which can be use : u e__present
b eRbonel Bhoier o sy Hoion et MRl iRl R epr gl o
b Tadthdls Jor SR atingEuubiBet cdVR] QS cinBoditiexihe Ggst cellB&oniyzite héibrolok8RD) ,

i ncaor porated by reference. 20 Accaordingly, host cells eti Cﬁﬁﬂl nodi fi ed
ac c dRERdHeed o utglepkiderfepoaess hat Berddn 8 ATthanoplosis gaRsy sslederl pppitahle
| NV G G eenkIRY %htgbxf[aﬁg af féa&c&ébéeﬁ? %@ekt@%@ “Sadck®le SRMEBRCASRS: for a

pol ypepti'de havi unction o i hydrof ol at e reductase (DHFR),
gl utgene s dhaprbparaesaf aGaRstable ahen Pemre bueuiditionsly, alleepplifieativadh¢-nase, UWP

synthet ase, LMR 5 -dehydr nase, thi uani.r ri bogyl

t7 ariSrari o R GORRIRRE WhRILBVFR B B REAISRRICHL BB,

& Y abfmeisemal bid) oﬂthﬁ(gewitseﬁtdndalgb&mgeh hasﬂgd 'acaﬁﬁa:tlalyisélectﬁﬂsmh&?ﬂi%én

ar gi nosucci nate synt hetase, ornithine_decarpoxyl ase, H A reduct ase,
acet8FPy Men Selif 35 ic SPQST FBRFODRHF &e@?@%ﬁﬁe Péfﬁw ARYeguen BRTRIaR: - ATPase.

A pripbRidsatbss BIRC Eﬁﬁﬁ&i@%i :%dl'[ﬁléig cﬁ%"hf"@ GRRRubsl AtPapdpRiseREe Bund

di hydr of ol ate reductase ch is necessary for the biosynthesis

of pemprisiog mgHiplecopies kf saif aitieapDpPiPFs gensec.gimore tha S, i9.80 Fhomddicopisy acki ng
puri - g 1 s.f.herefore useful as a dom nant selectable nmarker
S __

to selec €s’ in such cells growing in nmedium | acki ng
purines. The selection agent used in conjunction with a DHFR gene is

et rk?}c]; )és%:tceeﬂé wex 'tai:ﬂ?: e, %regx%g[ple, by the method comprising (i.) introducing into a
mammalian cell population'nucleic acid sequences that encode for an anti-apoptosis gene, a
selectable amp]iﬁéble 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, (i) culiivating said cell population under conditions where at least said selectable
amplifiable marker gene and said anti-apoptosis gene are expressed, and which are favorable for
obtainjng'multiple copies at least of the anti-apoptosis gene, and (iii.) selecting cells from the cell
population that incorporate ﬁluitiple copies at least of the anti-apoptotic gene. As mentioned
- above, it is preferred to place at least the anti-apoptosis and the selectable amplifiable marker

30 gene in close spatial proximity to allow a more effective amplification of the anti-apoptosis gene.

| Therefore in preferred embodiment of method described herein, at least the anti-apoptosis and
the selectéble amplifiable are encoded by the same DNA molecule ,e.g. both genes are placed on

the same expression vector, and will therefore be commonly introduced into the host cell. In a
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i ncl udes a method of generating a manmalian host cel |l &bmSPieBIbgg2¢46 )

i ntroducing into a mammal i an host cell popul ation an anti-apoptosis gene, a
DHFR encoding gene, and (ii.) anplifying the anti-apoptosis gene in the

pr esen®éd ax083m: hotrexate. In a nore preferred enboderoEErozniost he present

i nvention, the anti-apoptosis ger®@ and the DHFR encodi ng s gene are pl aced
on the same DNA-nol ecul e when introduced in the host cell. 1n a nore

~ preferred enbodiment both genes are oberative |l i nked to each other and

|
t r amaee pisddred prbadigneshef thisewatnd the ermsessipn oﬁ\@%ﬁcﬂﬂéﬁﬂ@' 9ois g5 7e¢ eeted cel I s
ar & LY abh it Ea&épn%é%%mggﬁwmqgéa&r&%g@%'byg?_;% alchfmgisence of

serum an reasin starting wth ho n the nediumto
MT X peaanaterdiioadnganscdietpression 3f saMd gemes. 2000 NnM nore typically between 2 nMio
and 1000 nM The concentration of MIX is increased gradually by a factor

between 2 and 10. In a preferred process, the anti-apoptosis gene

addifdspertis lo¥nepasOid @fcH Diamiey caistise forleRamgle aekad:t 5sbsids of the dtiperakkd 1 n a nore
preferred method the anti-apoptosis gene encodes for BCIT-Z or BCL-xL, and

i n Aelsdpsats mrti-propfasisr gege.fa hBetheroymindinepf hostceliyegrppnse fafgxamplante

anphit . o . Fkgqg, E ' sRaRs Sel ecti on
Agerll%ay %Eéo@g?%ﬁfen %ﬁﬁ%ﬁdﬁtﬂ%’%ﬁ% gn uct. go%is 9%69 ( harrIslﬂﬂtﬁ}gord)}&%el1?ﬁ F)f(;t rexat e
( MIlls &6 @BRBablevompising tioleasd 50 icopies of thd D duqed deistalegoucautrinopiosi1.3003

human 794 (rat). ‘ r hamoyl -.ph hat e .\P

N PIRGRE i LTt SEPRYMER, AP oS NI B oA E L Bl THm) ®

for aRgRAIRAEY (hegflogolk hdpeptoliczete. Asesnite)antlapopiosis gedtd 26 th¢seuman)

Xyl - A= or- adenosi ne, MLO319 (npuse). 2' deox coformcin ANPééag@g%at e)
deamirtioredrsbover I parinnlas fhoag lisied e, Tagle As 25 these %W%z%i&ﬂy(qf 9 rnycin UWP
Syntpﬁﬂpﬁ@pé:ﬁg’@e%@iﬁeﬁ‘ﬁ%ﬁl 6- Azauri di ne, p yrazofuran

In general, host cells are preferred by the invention comprising the anti-apoptosis gene in copy
15 numbers allowing its expression at levels which are sufficiently high to enhance survival of the
cell population by inhibiting or delaying progfammed cell death. More preferred are host cells
not only comprising the anti-apoptosis geneé in copy numbers which allow to improve cell
survival but also sﬁowing high level of expression of the gene of interest, also encoded by the
genetically modified host cells. Methods to find out the highest-tolerable expression level for an
20  anti-apoptosis gene having the maximum effect on reduction of apoptosis rate without leading to
dramatically decreased cell growth rates or genetic instabilities and without 2 negative impact on
the productivity with regard to the protein of interest are weil known for a skilled person in the
art. They include but are not limited to, for example, generating growth curves, monitoring the
viaBi]ity of cells by measuring exclusion of non-peimeable dyes by microscopy or flow:
25 cytomeiry, quantifying apoptosis by TUNEL or Annexin V assays, determination of product
| titers by ELISA and evaluation of the gepetic stability of the transfected genes over several
passages by Southern and dot blot analysis or quantitative PCR. :

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

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

expression, or. for any other anti-apoptdsis gene resulis in a cell population having at least an



| MP 5 dehydr ogenase J04209 (hanster) Mycophenolic acid J04208 (human)
MB3934 (nouse) Xant hi ne-guani ne X00221 (B. coli) Mcoplrisptemberiz®0di th ho
hori bos Itransferase |imtin xanthi ne Mutant HGPRTase or mnutant JO0060
(hanster) Hypoxanthine, am nopterin, thymdine |Idnase ML3542, K02581
(humanWOod##eB3¢43y m di ne (HAT) 100423, M58489(npuse) WEBEBB/O3eadt) 27

Sept enber 2006 WO 03/ 083093 PCT#EP03103063 25 M 36160 a esvirus _
Thyni dyl at e synt het ase D00596 (human) 5- Fl uor odeoxyuridi ne ML3019 (nouse)
-L12138 (rat) P-glycoprotein 170 (I\/DR%v) AF016535 ( human) I\/Ultl pl e drugs,

e. gincreZ8 38 8B vigalmisb Jeastabo P afier § Pndri St 9tribday @uivehpLt@asdiB fifc| eot i de

duct 0292 AF150961
( haRE e pel B mER Mo Bt Ao i v L o SO B S 70 (rat )
,(Aﬁ p@b@gﬁmzl@t?mmms & APii63 81 {theastsdbent) S(MSaﬂexp#,t’M 8- hmﬁ a;nﬁtvétmn M27396
uman) - izziin
Ar gPQWH@EFQJE dis, QF@%?R?W@OR%I#%%W@ %3{ %ég dgaftm)us e)
WP61R8: 663 vdriRd c@ﬁ%twbm e GRPB K asRaliVRtdD r(ddwm)iays If the anti-

a-Difluoronmethylornithine 703733 (nouse) I\/[L6982 gr at‘z I\/E‘r CoA reduct ase
L 00¢8Btosiveero)sacotiesntor BL)- xbﬁp@@gﬂt el survival is also given, when at Jeast about

60% of the cell are viable after 9-day cultivation. In another embodiment a sufficient enhanced
céll survival is reached, when at least about 60% of the cell population is viable after 8 days. In a
further embodiment, a sufficient enhanced cell survival is achieved, when at least ab'out '_75% of

10 thecell population is viable after 7 days, furthermore if at least about 85% of the cells are viable
after 6 days.

The “selectable amplifiable marker gene” usually encodes an enzyme which is required for
growih of eukaryotic cells under those conditions. For example, the selectable ampliﬁable
15 marker gene may encode DHFR which gene is amplified when a host cell transfected therewith
is grown in the presence of the selective agent, methotrexate (MTX). The non-limited exemplary
selectable genes in Table 3 are also amplifisble marker genes, which can be used to carry out the
present invention. For a review of the gelectable amplifiable marker genes listed in Table 3, see
Kaufman, Methods in Enzymology, 185:537-566 (1990), incorporated by reference.
20 Accordingly, host cells genetically modiﬁed according to any method described herein are '
encompassed bjr this invention, wherein the selectable amplifiable marker gene encodes for a
polypepﬁde having the function of dihydrofolate reductase (DHFR), glutamine synthetase, CAD,
.adenosine deaminase, adenylate deaminase, UMP synthetase, IMP 5'-dehydrogenase, xanthine
guanine phosphoribosyl transferase, HGPRTase, thymidine kinase, thymidylate synthetase, P
25 glycoprotein 170, ribonucleotide reductase, asparagine synthetase, arginosuccinate synthetase,
| omithine decarboxylase, HMG CoA reductase, acetylglucosaminyl transferase, threonyl-tRNA
synthetase or Na'K*-ATPase.

A preferfed selectable amplifiable marker gene is the gene encoding dihydrofolate reductase

s0 (DHFR) which is necessary for the biosynthesis of purines. Cells lacking the DHFR gene will
not groW on medimﬁ lacking purines. The DHFR gene is therefore useful as a dominant
 selectable -marker to select and amplify genes in such cells growing in medium Iacking purines.
The selection agent used in conjunction with a DHFR gene is methotrexate (MTX). The present



ML1058 (human) N-Acetyl gl ucosam nyl M5621 (hunman) Tuni camycin transferase
Thr eonyl -t RNA synt het ase M53180 (human) Borrelidin Na2? REPeober 38006
(human) CQuabain ML4511 (rat) Suitable host cells for using a DHFR encodi ng
gene as a selectable anplifiable marker are nmammalian cells, preferably
mur i newi@slogaepd or hanster cells. Mre preferred are KH@EDMEs3 (ATCC
CRL-9096) and CHO D4 (Url aub etzd4al ., Cell 33[2], 405 - 412, 1983) cells
which are s deficient in DBFR activity . To extend the DHFR anplification

- met hod to of her cel ' _mutant DHFR gene t hat ncodes a protein

wi t WV EGR dhere FFSH‘J“@F% @e?%&?@é%‘é‘&gél i'@ rFOE’BHP‘BEc,(f) on with

host inf8ddctg! i@ a ﬁ&ﬂnﬂﬂlﬁn '119£t &Rl ﬁbﬂ%ﬁa@ﬁn@%o@ﬂﬂﬂ%ﬂ@ w%mk%&a&% DHF:?

gene (Sinobnsonet a 83; Wgler et al beret al

Anot 8rBF, EWDEdi smnitfying thm@wnpfem igone wl the nsendeckfsmetbattexdiel Insa wiske: h are
gﬁn:ﬁrleféﬁ'la& pgcﬂ;héﬂt%? ﬂPeVpreée%Iéf; 1 SJhr{ﬂe Ea}#l dép%'P&)sg ega,gi 2RWEDERR dn @&%ﬁ?“wde for

I -apopt oSI'S gene one gene oF erest. In
as f ugenb ere phatbd ol ﬂnrsame Dive\-minletale phgad intioducgé irethe host awlﬂ Ihombreqetiesed encodes
for a anti-a 0S]. S i ste able 2 er for the
bot -hibogihent Woaf Benes e BhaBleY FhEad 15 . olher, B TBrcHRIoRY GRDNRS L o1
Or i GlofmdVrdnidR: ARSI A 0kdnsiaandd Bells 46 c&lﬁvﬁﬁ@ti@ :&Qﬁﬁle/ 8%983093

PCT/ EP03/ 03063 26 sequernce of SEQ D NO 1, SE 3 _SE NO 5, SEQ
| D NesermediEm i thebrenceet sgrm andpngyeasingiamayntsaf with e i, variant

genetlgﬁflﬂ qgﬁgﬁgé%ya@%gp uﬁ%gﬁpn%a‘%%og% ‘%&93@3"81%% twg%}a Eginlzgde for

bc| -and, IOOQmM DhiFRngamiiomoiMAK it masshsed peadyeliyebpd fictor betwadn el 100 &t

preferred this.invention.and theref ub ect of resent

v ited bisiipene R SinnfBisHenn TRy Snceltlo by ok Benam Rt < he
presiﬂrltablem\/%m&mg&f@ﬁeﬂmd%d&he bfRSiopfsi Qs Bca8QUST BOL2- &FBIEIL-QEI S gene, a
sel ectabl e anplifiable marker gene and one gene of interest, wherein the
ant i g Fop eEmorg prpierred d @‘iﬁ&@P‘LTabl e 2,0r io any other described herein
and the selectable anplifiable marker gene is any of the genes listed in
Table 3. The term"selection agent” refers to a substance that interferes
with the gromh or survival of a host cell that is deficient in a

part § For, exanpl e, to select for the presence of is
an %ﬁgf !g?el ?@Fﬁﬂ’%ﬁﬁe@ﬁ@ﬁrﬁ&geﬂ (ani nogl ycosi de phosphot r ansf er ase)

LC):

I N [Seldcibid Afiiplifiabe! | | Accession Number Selection Agent
- |Marker Gene -
. | Dihydrofolate reductase | M19869 (hamster) Methotrexate (MTX)

E00236 (mouse)

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

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

synthetase: Aspartate 78586 (human)

transcarbamylase:

Dihydroorotase) .

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

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

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

M33934 (mouse)

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

phosphoribosyliransferase limiting xanthine

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

thymidine kinase {M13542, K02581 (human)  |and thymidine (HAT)
J00423, M68489(m0use) ‘ '
M63983 (rat) .
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In particular

Suitable host cells for using a DHFR: encoding gene as 2 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
deficient in DHFR activity. To extend the DHFR amplification method to other cell types, a-

mutant DHFR geﬁe 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).

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

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

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

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

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



t echni ques for constructing suitable vectors, includin descri pt.j.on of -
the functional conponents such as pronoters, enhancer%?%eé’?efﬁ‘ct?%%g‘g and

pol yadenyl ati on signals, selection narkers, origins of replication, and
splicing signals, are reviewed in considerable details in Sanbrook et al.,
1989 aw® a3@s@ences cited therein. Vectors may incl usairesiomese not |limted -
to 20 plasm d vectors, phagem dsz26cosm ds, articificial/mni-chronosones,
or viral vectors such as baculovirus, retrovirus, adenovirus,
“adeno-associ ated virus, herpes sinplex virus, retroviruses

b?c seguEmplof §BQ ID T¥2:1 sSRQID HQ:3, SHQ 2 3):-5SHRH BOs7,4HQ I} _919"%911 $8R cont ai n
" B ook i omg BN TS, Vet BE frlehf [ e bdfocfe 3RAHGH HRnivch, 00T "

gengerdor sel ection in bacteria. A variety of eukaryotic expression 25
vectors, containing a cloning site into which a pol ynucl eoti de can be
operativel y-l+nked, are well nown in the art and sonme are commercially

vaj Piaft 8 By S @ﬁ%ﬁldleiéaﬁl& leds thddnb@le f6¥ iyt r ogen,
%ar ﬂggt?gﬁsg& Prgin%gigee%/gdi sog, or BD EB?Lgesci ences d ogqta‘g Palo Alto,

, ] ch,
CA. DR gene, avd ef lonstoe geneofiinterest arp moshasefened by thysventiop gapiessd¥eat | east
one_nucleke acid s | i ¢ wRBHYR G 66Mar Yy for
traﬁ@éﬁtﬁgﬁgﬁr%%’g 'ﬁ%ﬁ%‘?ﬁ?ﬁ%?ﬂﬁﬁ%e?aél(%%%%gﬁggfeyquences that ‘encode for a
peppiesant vemtipapbingasing &t leastheterslogousf dnti-apnjgosls penet 3 seldsbsblopdifieblon  vect or
conprises at | east one.reqgul ajor.y seqguence allow.ng the tr Il ption and
t t aFerkEr e 209 ?S%Einéﬁg&tﬁgﬁo%{m agfg%gﬁeg&%y 836 gg%g@% I:'Z(agx pr essi on)
197 LiEoMECABRTbdl SerROME Metseldchible RiMHEGMSe hokker Rencitahy apibpigasisdispdne, the
- selectable "anplifiable maker gene, and a gene of interest. "Regul atory
. seqirebahd&3. i ncl ude pronoters, enhancers, termni nation and pol yadenyl ation
signals, 5 and other expression control elenents. Both inducible and
constitutive regulatory sequences are known in the art to function in
var ITheisermeistledtipp @gent Tredfirs 6r & pitistenc thst intefetes withyhe growinerssunayalef 2y _
conpri se r ter.upstreamqf the ge sequence t ed,
tra g‘f‘ft"?lb&!ag‘ﬁg‘ir’?"?w’c“i %ﬁ”éﬂ&“ﬁ? $ﬁ%ﬁ';lie‘)|r ﬁaqgﬁ?’g% ?elgcﬁ???éhe %ﬂg%ség%e%yl ation

51 0B bniRRGILSBGERancT Béne IRETATH ABEAGHIIokian ghosphétiansfiasd) in s irhesfeobddarell t 0 t he
nucleic acid in the construct correspondi né[g to the first nucleic acid
i ncéhepamtibiotis Geaeticiit (3418 isgisedkallip seleghpacgept can; algo congprise Wﬂ?fé%r sor; the

tra gg&ﬁ"’ Phich ﬁadeﬁ%lépq lfog ﬁgxkﬂ%&é et XBY agQY B %ﬁ)lﬁ‘jﬂﬁ@ i@ JTHRRblifiaBROUENCES.

The Termtranscr rmnation’site fers to a nucleotide sequence
not gedd if theegicemblotmakat genb ecliBdends of ampljBahde sfledtzbiemader. dior expuper et ch of

seq es t e transcrihe t hat us 0, 4. nat e
¢ r ANk it felinfoort el ety At PRI SAOR Ot DRER AEARPILP b A" o
81 0B@bctidh Qpingase biltosimaial tofiBse listed il Badleslye at is a specific site at the
3' end of eukaryotic nMRNA and the post-transcriptional addition in the

The present invention is suitable to generate host cells for the production of biopharmacentical
polypeptides/proteins. The invention is particularly suitable for the high-yield expression of a
Jarge number of different genes of interest by cells showing an enhanced cell viability and-
25, productivity. “Gene of interest”, “gelected sequence”, or “product gene” have the same meaﬁing
" herein and refer to a polynucleotide sequence of any length that encodes a product of interest,
also menﬁoned by the term “desired product®. The selected sequence can be full length or 2
mmcated_gené, a fusion or tagged gene, and can be a cDNA, a genbmic DNA., or a DNA
fragment, preferably, a cDNA. It can be the native sequence, i.e. naturally occurring form(s), or

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

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



nucl eus of a sequence of about 100 - 200 adeni ne nucl eotides (polyA tail)
to the cleaved 3'end. The pol yadenyl ation signal sequ@r?c%epit%tl’%&’égst he
sequence AATAAA |ocated at about 10 - 30 nucleotides upstreamfromthe
site of cleavage, plus a downstream sequence. Various polyadenylation

el emren¥@ 63p830%nown, e.g. SV40 | ate and early pol yA, POA/EB@ANS] yA. 20
Transl ational regulatory elenmentd7include a translational initiation site
(AUG, stop codon and poly A signal for each individual polypeptide to be

d. An int | rib nt it | R i s Jncluded j
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t he nucletc aci Sequence to be expressed to elimnate potentially extra
i nadpiativisatrefragnents titcioof andamsy ethéropolpmephidest that £asn S ah 38BRStHPher

sequences_ th i nterfere.with. or r r ' .o -af the

e NG T oE PR e oy ifiapdiche R, BB BIRh RampbIp 0

Bi ngieNtboSive@Belod be inserted imediately 5 of the start codon to enhance
expression. To produce a secreted polypeptide, the sel ected sequence wll
generally include a signal sequence encoding a | eader peptide that directs

(e el eshaalo ol YRRRIAGILR! 399 o Rl kbl TRRRIees vher ¢ 30

t he e routed for secretion. The_ | eader peptide is often
but senutncesti or&hetarologoas gonped withrrespsciite thei hesterells evan idhe itredycpt $5ARIRC and i s

cl eaved off. b j gnal .pepti d - : rQt.ef R
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foNC Ibbick geins, inteodicad @tval hasestpy hout eell, Winr definition a&itexodogoiggeat. sequence is
absent, a heterol ogous signal sequence 27 Septenber 2006 WD 03/083093
PCT/ EPO3/ 03063 29 can be fused to the sel ected sequence. Nunerous signal
S CAYRREASEAL Sl WMol EiEHAIntrodRAd Y&l el @ Harenamuenseldlatabases such
as GenBank and EMBL. The expression vector can contain a single

t r aneeosteneding BEL by byvgireand iexpression vealon npreleahbpkayots, g\%if‘é{ent he .
sel ect |if] - [ 8A6% I nt erest,
naki“hoégg %?m:?bgi gr%%‘ @h@%%@ﬁ@%e %I?re%t@ﬂ% rﬂglaﬂdr %Or?k %%é igt i on?ﬁ%@g‘l sone of
tshe kgewmeso topapear akilludliy thé nkt ald desotibmieint various tpvblicssions. Jr arasticutar or

pronot er/ enhancer. Alter | vel t he .expr essj on. vect a one or
mor dPRGPRSe 19T CORHUEHAS: tvﬁéb’ﬁf dP@H’é% i %n‘iee&cr&\ﬁgﬂe% é]f < %r]f1 cl%g%gxpr essed
fr obmp&RAEALEn b pRuCER! dnfifnddRt] tetmitbfith @&T Polyidenylatidnpdigrals, seledtionont ai ni ng

the same or_different io regulatory sequences. |n anothe a%%q(;:]rénative nor e
t hamnaskess, exisins <o) teplicption. ord HHPRE SIMAISOHE TETIEWEDH b C?l}sgﬁ@%ki units,

eac fsa&@m\gfie ieP%‘LI,%Qg ‘aﬁ‘% P55 80de0 Litdd e RHP NS MayP incRBE b ard 6t Sirfiked! the

el ement's ‘nentr’oned above, can be. used and introduced into a host cell by
R0- tplansf extdrgrplngenids, ®enidsnericificiabinidshiomosenyeso oy #iralovectoresichta oduced

transcription units..  Any conbinatian of . el.e S h._\ can be

b R R e R
bacteriophages. The eukaryotic expression vectors will typically contain also prokaryotic
sequences that facilitate the propagation of the vector in bacteria such as an origin of replication

and antibiotic resistance genes for selection in bacteria. A variety of eukaryotic expression-

25 vectors, containing a cloning site into which a polynucleotide can be operatively linked, are well

known in the art and some are commercially available from companies such as Stratagene, La

- Jolla, CA; Invitrogen, Carlsbad, CA; Promega, Madison, WI or BD Biosciences Clontech, Palo
Alio, CA. '

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



I s expressed. Further elenents as deenmed necessary nmay bg ;gtOSiti ned on an
expressi on vector such as additional anti-apoptosis geheBRFMPEers) of
interest or selection nmarkers. The prerequisite for the present invention
is the co-introduction of the anti-apoptosis gene and the selectable

anpl i fwelob/essomker gene at the sane time, either in ewapred/medsr anscri ption
units on one or two vectors or Both in one transcription unit in a single
vector, to allow for the co 20 anplification of the anti-apoptosis gene
~along with the selectable anplifiable narker gene. In a further
embo@kpression) pfitke amcleotidsooqurness thps wacode or e ldptpdpitesisagepe.ithe atleatabimker gene
and al e ené(s) ;of intere are being incorporated at the sane tine,
eithﬁpﬂ(ﬁé@@bﬂg&ﬁe&%&gﬁ@?ﬁ?@% tUni ts on one, two or nore vectors or in
one or nore transcription unit in a single vector, to allow for the
co-anplification of the anti-apoptosis gene along w.th the. sel.ectable

anpl THOBEBIOEY FARRCPS dREINTPIORGIcEe RERESCTD foriialPR 413?1;’%@%}10& d to place
al | SAYhdr eﬁ?reﬁwn-ceﬁeate@aﬁemsaﬁemtiﬂ&cﬁﬁé ﬁﬁ&ﬁk%ﬁ%ﬁuﬂit@?%@eﬂ@ésk@é gene in
close spatial proxinmty to allow a nore effective anplification of the

ant i kngpopn theiag tg émt.mnr%efaao@rcsﬂ txpes-Slramsediptionally repdatont elanesnts narmally
anti-apont 0Si S an ct ' | f.] e 23 sane DNA
mol €Cu lr"e',“’eE g.pé‘?m(ﬁ?rd"rlﬁospga%g)%g? %? %g%qugg%dﬂ 0oﬂr‘i3 g“%%@é@’g‘?’g%@# 4 'rtellﬁt\?nect or, and
W | laniihefrddation s, aahapoliadenyiitiodcsiigabsaquémet Tie: thms tramediptiondlt initmtiénur t her 30

nore . preferred tq place hoth genes in one transcripti.on ynit, e. by usin
B SoS i et PR A COPuR GOBTHROGHDE 58 Dis i B kiR Acilhcatmaritd .ot | o oF -
@1 Gn@ehe pri FRRICEPD 9., 200 GRVIO RRB38 088 tRhdiBRG §30ARBn3Gte May Promoter”

_refers to a pol ynucl edti de sequence t hat controls transcription of a gene
or oeduenid the mpmetsr isequescesphn torme frgpseripticaal tormigplinroite Tefpis| lades signal s
for Pralell I b 00 L Nt 1Ak l.on. er used
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of tdequemedsetit bel tmmsmribad,ethias conet BINA. gobtoerakel tar geminzietisnsaiptipn.s The onot er s,

i ncl udi nstitutive, inducible.,and .repressjbl.e pr ters.froma vari et
of iR PHon stgnml cediengs & SR bR P fe v PuBh el e oy o
dat abaseficSdieht Ak PeNBITieukaidlicaiRN AN H3pdRt-Rnseiptiohdl Hidfitioh GA &He

pol ynucl eoti des (from e.&.mge ositories such as AICC as well as ot her

h
conmiiclepapt vseanense of aheat 1 adeningjnpeleotides (oky/otag) ribe eleavedidhendact i vity

of t . | ignal . 24-or

ex iSO R Blion GRS e O H0E, £2 SR A RERRASECHA 2 bl 20 e
opermcientides qupstream (fremChecsite b€ dleadrages dplby aa dbwhstmemc bdqnencee Mermted
transacti vator protein TA). Bing] f the tTA t he t IS, L,nhibited
1 i  Bfhedty ard pebpbn P SV s P GG htebo S AERGPRSA Ut oo,
et alhdiofakilang daaintsholilie RAAFERMS] ingBfion @i.ta(AUGﬁamE readbn a@hd al ., 1989
and Gossen et al., 1994. Among the eukaryotic pronoters that have been

i derRoly Aetigng fog cpedhipdividibpalyRephids torheggrpresied) Aa ipemakrinsone snty sithanst er
Pr Ok es) i@ fnchid€d 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 exira inappropriate alternative iranslation
25  initiation codons or other sequences that may interfere with or reduce expression, either at the
level of transcription or translation. Alterpatively consensus ribosome binding sites can be
inserted 'immediately 57of the start codon to enhance expression. To produce a secreted
polypeptide, the selected sequence will generally include a signal sequence enéoding a leader
peptide that directs the newly synthesized polypeptide to and through the ER membrane where
30 the polypeptide can be routed for secretion. The leader peptide is often but not universally at the
amino terminus of a secreted protein and is cleaved off by signal peptidases afier the protein
crosses the ER membrane. The selocted sequence will generally, but not necessarily, include its

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



as Wbiquitin S27a gene and functional fragnments thereof [ I n
W97/ 15664, the SV40 early pronoter, adenovirus mnajor 27%{%@%‘3@%&3?8@ nouse
nmet hal | ot hi onein-1 pronoter, Rous sarcoma virus long term nal repeat and
human cyt omegal ovirus i mmedi ate early pronmoter (CW). O her heterol ogous
rnatrrrnatl‘i"érq:“r g‘ﬂoters include, e.g., actin pronoter, PCA#EMM§IEbUlin
prom)ter, heat - shock pronoters. ﬂ'ue af orenenti oned pronoters are well 20
"known in the art. Any of the above rrentioned pronoter is highly suitable

to cem b@lfbsearﬂ@l thdddidcRliSeqidiCe. QRRAE i a@[s% £ax! 1dd¥ ANhe 2ARQRL OS1 S

gene in all of the |nvent|ve host ce herern. For ‘exanple, a
sut | amilable,fopsegnenge dasghases SﬁdIaSIGﬁnB@nlumd@ABhe anti-apoptosis gene and the
sel ectabl e anplifiable marker gene in a manmmalian host cell conprisses an
_anti-apoptosis gene, a selectable anplifiable marker gene, and the hanster

pr ondhe exéssiohevedsin euuictntainS2sluElg aRBeiftion Wk iRl the agimppesikher eof as

descri be 7/ 15 Pr ferabl y at |east the anti-apopotsis gene is
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on a pronpter to enhance tl‘anSCI‘IptIOI‘l a gene or c I Ng Sequence to
whi cRlefenis o fisesamei nremeter prrmmotednmhaneer Aherpmtvb't &xesr—;xpmasmcmcs cane

rel ati r Ok e ve been .found 5' or
57 o et bR b il B R S AU R A e codt ng
sequm@ta ttiwcﬁptmnTlum:tefvmheeaohnhmmﬁmnﬁﬁt bentmhﬁgedleuﬁﬁierwm&imﬁOMSt ream
rmd transcri on latiLon sife or at conS|derabIe di stances from .
tﬁe rgnf%%%?eq %ﬂ"Fﬁg’& 4“‘?{ alfpraatfyeBore A ANg CEPIRSRPD HFEto  SQmEpisingaFe Ofber 2006
WO Oﬂxbﬁﬁeﬂﬂ&ﬂﬂ%/@&@ edaaaaﬁahﬁ& “caf By Sk&Por Yh@%réski&? OF BAGbY ot 4 mPr OOt er's.

A Iarge nunber of enhancers froma variety o ferent sources are well

knowrlSRFRt mentigned @howe. Fanche wseil ead introduned hate @shos’mﬁﬂ hyscocemsfastion @ iy.  SV40

enhageaintCiBOHANGS! BAA6 ane! 808 i
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depoglements ®n eah hvegtor tche h&Tﬂﬁsm aswidrlg as the ﬁmﬁﬁptmnmascaralsufﬁcwnﬂﬁl vi dual

ur mber of . pal ynucl eot.i des co r|SJn r onot er nces (such
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exanpick, asalaﬂdlﬁénali heitisdpbiogs NEeReE], egeieds) et R SIRfok MREE The ong

enhancers.. "transcription unit” defines a region within a construct that

~ cont %FP‘E‘?Q”B% fog thepregeng) Ergaiiongs ae corintroduption of Bwnhvapepfemﬁ gettveangethe s
CoNt iddR1eVn fdri!igﬁbﬂs%k %m@%&&ﬂﬁ@ ﬂn&ﬁhﬁgéér{:lgﬁ%ﬁgﬁpt? %@%ﬂ%ﬁe and

transcri bed ma sl ng e pronoter, and as r Fent genes are
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t he
gene(s) of interest are being incorporated at the same time, either in separate transcription units

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

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

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

| amplifiable are encoded by the same DNA molecule, e.g. if both genes are placed on the same
expression vector, and will therefore be commonly introduced into the host cell. Tt 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.



‘or sequence elenents are positioned in a way that per

amougteShab A HERMERIAARPRR fdsangarlss

F

15 unit: "Operatively |linked" neans that two or nore nucleic acid sequences
Erfts’?pﬁeﬂ@ﬁfgqpaf ﬂnct i on
in their intended manner. For exanple, a pronoter and/or enhancer is
operatively linked to a coding sequence if it acts in cis to control or 20
nodul atve d@logsedsr anscri ption of the |inked sequence. Gagembhiess but not
necessarily, the DNA sequences tat are operatively |linked are contiguous
and, where necessary to join tw protein -coding regions or in the case of
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and/lafown i ie@rtOAny of the above mentioned promoter is highly suitable to controll and initiate

the éxpression of at least the anti-apoptosis gene in all of the inventive host cells described

 herein. For example, a sutiable expression vector for introducing the anti-apoptosis gene and the

selectable amplifiable marker gene in a mammalian host cell comprisses an anti-apoptosis gene,

a selectable amplifiable marker gene, and the hamster promoter of the Ubiquitin S27a gene or '

25  functional fragments thereof as described in W(097/15664. Preferably at least the anti-apopotsis
gene is under control of said hamster promoter of the Ubiguitin S27a gene.

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

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

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

* site or at considerable distances from the promoter, although in practice enhancers may overlap
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endogenous or het erol ogous gene expression, 30 Inprovenent of either the
stability of the nRNA encoding for BCL-xL or of the protein itself (e.g.
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anplification systens based on DNA concateners (Mnaco et al., 1996). A
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' qlﬁantumtatlve PCR nethods. It is W|th| n the knowl edge of a person skilled in
the art how to choose the nost suitable controls and to perform such
assays. One exanple of such a nethod is given by the Exanples described

her ei“OperBiively inkedt” hesdss #REEF SiafordMAVRIc RABieqb@lchs orCRFudate %ﬁ@ﬂt@tm%d in such
that they caonprise multiple to copies at | east of thé introduced :
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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 upstream or
downstream of the coding sequence and even at some distance. A polyadenylation site is
operatively linked to a coding sequence if it is located at the 3"end of the coding sequence in a
way that transcription proceeds through the coding sequence into the polyadenylation signal.
Linking is accomplished by recombinant methods known in the art, e.g. using PCR

30 methodology, by ligation at suitable restrictions sites or by annealing. Synthetic oligonucleotide
linkers or adaptors can be used in accord with conventional practice if suitable restriction sites

are not present,
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I ndependent ribosone entry site for translation of t he open reading frane
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nonoci strasnsezand code for the synthesis of only onerqukrosdsnes Wth a
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eukaryotic genes, which is renoved froma newly tr anscribed nmRNA
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- nmucleic acid sequences may be integrated imto the cell’s genome or an extra artificial

chromosome/mini-chromosome or may be located episomally. This approach can be combined

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

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

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

30  improvement of either the stability of the mRNA encoding for BCL~xL or of the protein itself
(e.g. deletion of protease-susceptible regions not relevant for the biological function of the
protein), increasing the translation of the mRNA, or increasing gene dosage by use of episomal
plasmids (based on viral sequences for replication origins, such as .SV40, polyoma, adenovirus,
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el ECtIO]f:ZI may al so be made by fl uorescence activated cell soqrting (FACS)

usi nige, framinstantshe fisst siop codom, asd, theamamsornt Reould brareleapsdafion dhayoqsaMact osi dase
or fre':s%gsn(f ﬁl%tn‘a%ﬁﬁgﬂ &sm:ﬁf tHe firll &&Badd! ﬂﬁ%@ﬁtﬁﬁ% the mRNA. In a eukaryotic

cell, a polycisironib transcript having an IRES operably linked to the second or subsequent open

reading frame in the transcript allows the sequential translation of that downstream open reading”

25 frame to produce the two or more polypeptides encoded by fhe same transcript. The IRES can be
| of varying length and from various sources, e.g. encephalomyocarditis virus (EMCY) or
picornavirus. Various IRES sequences and their use in vector construction has been previously N
described (Pelletier et la., 1988; Jang et al., 1989; Davies et al., 1992; Adam et al., 1991; Morgan
et ., 1992; Sugimoto et al., 1994; Ramesh et al, 1996; Mosser et al., 1997). The downstream
30 coding sequence isoperatively linked to the 3end of the IRES at any distance that will not
| negatively affect the expression of the downstream gene. The optimum or permissible distance
between tﬁe IRES and the start of the downsiream gene can be readily determined by varying the

 distance and measuring expression as a function of the distance.



proteins (GFP) and their variants from Aequorea victoria and Renilla
reniforms or other species; red fluorescent proteins27 Skpembsc2lt
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reconbi nant cells. 20 In accordance with the teachings herein, the present
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gene, a selectable anplifiable maker gene and at | east one gene S of
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20 methods can be determined by routine procedures. For stable transfectants the comsiructs are

either integrated into the host cell’s genome or an artificial chromosome/mini-chromosome or

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

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

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




del ayed or inhibited progranmed cell death. Beneficial strategies have been
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constantly grown in suspension and especially in serumfree-nmedium Cells
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- marker gene, but optionally for any gene of interest 20 encoding for a.
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PCT/b 3%03/0033983 f;ﬁ?)m al so be advant ageously used for production of antibodies
or f aénr?%lrﬂs tpf]%‘ereg?l.n‘ Such fragnents include e.g. Fab fragments (Fragnent
anti gen-bi ndi ng, = Fab). Fab fragnents consist of the variable regions of
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heawy sé¢idMtoraechnitindobeetlsi ght chain (VL). These are referred to as Fv
fragments (Fragnent variable = fragnent of the variable part). Since these
Fv- fragnents | ack the coval ent bonding of the two chains by the cysteines
% UG 6 AR Wit R 1S hinkd WoreikVthb HRAGER Tnberfof pRSVidE alkbabinbihs@dor the i S
advant ageous to link the variable regions of the heavy and '

expression of an anfi-apoptosis gene, a selectable amplifiable marker gene and at least one gene

of interest in a host cell. Said method comprising the steps: (i.) introducing into a host cell
population, preferébly into 2 hamster host cell population, the nucleic acid sequences that encode
for an anﬁ—apc;ptosis geﬁe, a selectable amplifiable marker gene, and at least one gene of interest,’
25 wherein said genes are operatively linked to at least one regulatory sequence allowing for
expression of said genes, and (ji.) cultivating said host cell population under conditions wherein
said genes are expressed. Methods, teaching to a skitled person in the art how to introduce one or
more polynucleotides into a host cell are exemplary described above. Moreover, examples are
also given by the invention how one or more genes can be linked with at least one regulatory
30  sequence allowing for expression of said genes. Moreover, it is also described that is preferred to
to place at least the anti-apoptosis and the selectable amplifiable marker gene in close spatial
proximity to allow for a more effective amplification of the anti-apoptosis gene. Host cells,

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



F of the light chain by a short peptide fragnent, e.g. .of 10 to am no
acids, preferably 15 amino 15 acids. In this way a si ﬁgﬁépﬁgﬁﬁfggo%rand

i s obtained consisting of VH and VL, linked by a peptide |linker. An

anti body protein of this kind is known as a single-chain-Fv (scFv).

Exanpl &€ 03gB368E Fv- ant i body proteins of this kind knoerimamothe prior art
are described in Huston et al. (38988, PNAS 16: 5879-5883). 20 In recent
years, various strategi es have been devel oped.for preparing scFv as a
multinmeric derivative. This is intended to lead, in particular, to
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20 encoding. for a desired peptide. Accordingly, the present invention also provides to persons
skilled in the art 2 process for producing a pro’éein of interest in a host cell, comprising (i.)
cultivating any host cells of this invention under conditions which are favorable for the
expression of the énti—apoptosis gene and the gene(s) of interest, and (ii.) isolating the protein:of
interest from the cells and/or the cell culture supernatant. Also provided is the use of said cells’

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

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

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

erythropoietin or any other hormone growth factors. The method according to the invention can



~ 15 F Preferred host cells of the present invention are those described
herein and which are being characterized by an enhancéd eptemkes20P§al . | n
particular, preferred are host cells genetically nodified by any nethod
according to this invention, conprising the nucleic acid sequences that
encodeWIBI%3ant i - apopt osi s gene, a sel ect abl e anpl RG/ERIB/G30R%r ker gene and
at |l east one gene of 20 interest37More preferred are host cells conprising
mul ti pl e copies of those genes, at |east of the anti-apoptosis gene and
the selectable anplifiable marker gene. Multiple copies of those genes are
obt alsehb hévabipgeresliiosksl fat soduetioorafsatbadiss of fagmenys Freg el FIBMETE at i on

r ocesses, lor b rovi di ng. 11 i | ies in an
b harRagyF e A iengtts Pt Mt Bafg, Fal i Fhehhl: BoER%OAD Y
fpngﬁ%megioﬁg‘ oitm_;g; g@%(ﬁﬁﬁ;}}r a%?mﬂznog%bér?ayahe hdjaqmpﬁtustast waivesThase but not

imted to those listed iin Table 2. Preferred are .host .. . risin
mul @2 be fresd By profease diesstion. e&wmim%‘?g ‘é{’ﬂee%%liaﬁﬁ%o%%ﬁ%gmg any ong of
the fp\gtr?%‘rg%ﬁ fa 4 %J fyrg@dc%d E@&E?ﬁeaﬁﬁ&ﬂ%y' gdefidtRCbnpifedrapl Busgher Zingbodpst

pre sel ec mplifiable marker gene is a DHFR encodi ng, gene. 30

Hos tiragrabits ishide dF(ble)F Grgpemnss evhich mayube peparsd bys olohlc eV g §ftssi on of

-the anti-apoptosis protei-n that is at |east about 30-fold increased,

preﬁ’@sﬁbly at | east about 50-fold, even nore 27 Septenber 2006 WO
03/ 083093 PCT/ EP03/ 03063 39 preferably at |east about 100-fold increased
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meani ng s invention, en at |east about 75% of the
cel |Fvifogticnt aervfiat etabilisedblt és ddvantageohemdink Thedayieble regions of erheafit®di nent, a

host cel | ylatiqn is syitable and fenr . viability
of é’fﬂ}eé@f&‘gﬁb‘ma%@%pﬁ?cg’r Mh S ﬁ‘ﬁhetpégt qacﬁ%?{)ﬁe ca Zst%ﬁg{to the anti
150 3PRAPIRShS ﬁdéﬁ@glﬁglefﬁagﬁ&qtmﬁa i€ oblainedl abisistihy o6 VIhandi VI6(itket bpr 9 day
cultivation, 75% after 8-day  cultivation, and about 8%‘V %fﬁer day

cul tpeptidei linkera A aptihadly proiein ﬂ?b@@é&‘e‘@?@&?éswe'%%‘, gy Examples o o o
part | JAR ' ' | iok AR B@&schiPedSkhN@ etafl. at | east
abo&gg%ﬁﬁﬁ?ﬁbééﬁsﬁﬁg%gmgr 9- a&k ulolfirai\itafi on conpared to the parental
cel |(1988pPNABI16n5879451883). i s not nodified by gene-anplification nethods. Mre
preferred are those host cell popul ations having an increase in

20 In recent years, various strategies have been developed for preparing scFv as a rqultimeric
derivative. This is intended to lead, in particular, to recombinant antibodies with improved
pharmacokinetic and biodistribution propesties as well as with increased binding avidity. In order
to achieve mulfimerisation of the scEv, - sCFv were prepared as fusion proteins with
multimerisation domains. The multimerisation domains may be, e.g. the CH3 region of an IgG or

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

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



I's survival of at |east about 30% and even nore preferred are host cell
popul ati ons having an increase in survival of about atZ2f 88RemeeniR0650%
after a 6-, 7-, 8-, or 9-day cultivation conpared to the parental cell
popul ation. Suitable host cells or host cell population in the neaning of

t he prwxemsnsiosssenti on includes 20 hanster cells, predfwmrmbddgsiBHK21, BHK TK
, CHO, CHO Ki, CHO DUKX, CHO DUKx#8BI, and CHO DX4 cells or the
derivatives/ progeni es of any of such cell line. Particularly preferred are
- CHO- DA4, CHO- DUKX, CHO-Ki and BHK21, and even nore particul arly CHO DG44
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Follow ng that, cells are exposed stepw se to successi velﬁ I ncreasi ng
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activated cel s sorti n%ab(lFA I T an_appropriate marker such as GFP is
us edaitipgpoptepia genend the selectable amphfiable 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 conipxising multiple copies of a BCL~xI. encoding gene and multiple copies of any one of
the selectable amplifiable marker genes listed in Table 3. The most preférred selectable
ampliﬁélﬁle marker gene is a DHFR encoding gene.

30

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




In the second case, suitable host cells are transfecte t le t he
gene(s) of interest and the selectable marker gene(s)%%ﬁéﬂwﬁr%éé%

sel ectabl e anplifiable gene, which differs fromthe selectable anplifiable
mar ker gene used before to generate the host cells of enhanced viability.
20 Af t wiowaigheost r ansfected cells are screened or sel ectagomisodseast for the
expression of the selection nmarRer co-transfected wth the gene of
interest, to identify cells that have incorporated the gene of interest.
“Typically, the transfected host cells are subjected to selection for

expriggiiably abfeastabouts Kl0dfoldaibtreasnd eampared) toishe exnresgionrigyel of spid weteioit nedi um
ti P 1 i | ecti t which
o BB which BBl BOSER I By e OF Al ity 251 PEF 12 RO, S €

generate a host cell of enhanced viability. The selection step can be

erforped on c Jpool s or i an, be conbi neqd.. wi th,clone ction by,
B g iRt quipble i anpolaion sE o s R BEE S YBBOIY Hert i PPuPUSTRe
agt i seBtvarkd Ted 9 a5 PiriemidréGost dells A8 sARIBIORE] pAd fErrdEyBE pfebkad ifventidnP i s used
for selection. Optionally, cells can unde(;“gé) further anplification steps

to itAdrsbawae vighiliy et ut 68% aftep Srdays of erdtivgione Merepver.dicekeells g anot her

sel gghal Lfiab : f | Q. : he third
case, r e%: ?ﬂ%%;oiﬁmﬁﬁgﬁ% p reg%g?a%tg%o%%ﬁé Io?%%éspé% ?032%3 bg fgS ressi ng
t he wahiefos pt ledst 7 idayse iembthar antodiniend redfostoicl giopilstiontihenitable endipofearmed, s

th J b i fiabl ) d t] |l ith
aaa: sy scal el ok pd ooy 3 ghelh e oyl Pl asf Bk gp 2ensy
$E Pt HOPBSis fes INBORADSIORDilE bf ERB6®Eafe Yday cultivntlny 75t aRersdL f f er ent
fromithe ones used for establishing the reconbinant productjon cell [|ine
ar e YEBgtionand ahag 85 %rafter day pulfivation pegobidablesie. §eea1i5)1§m§ éﬁrj @é?sé%frs 0

sel ecfié AQ pfflﬁfrcglglldf &8l Cfhvite at ida6 A Erdast ﬂf‘sﬁvx\ggthg 8flat Bk Mou BRI bftdr LY

culturing’in ection medium for about 2 5 Optionally, the selection
medi ti-cdnoed-day ailltivatiotheompareddo thegpazegtshcellgipulations whinhds otgnedsiied byhe s

| t abl e;. K db t te t . i - ti
ey N D e L R AR
:mcrsiaﬁ?tan g;fatmaat tuastt ﬂ)o?f 3(_!%,eaxﬂr’r¢ﬂ(ei1;1)ydra @r(?[fﬁlﬁddeﬁlé ihoft @?qmpalafiﬁs_chavmgmnbi j f ykat
eas, e.antl-apo 0OSI S ene( s n e Sel ecC e a I,Tra e mar Ker
genén‘afﬁ%‘ﬁeé‘bﬁqfﬁﬂé}iqu;pﬂb%- f lregsﬁ about PQ‘% %@ﬁaég)w, ?rfﬂb%%ye%%r?‘ﬁﬂ% pomaRAred; ci ent

eXPrig R fAfenR e popuifi@isd. the anti-apoptosis gene product is obtained. Each
sel ection step can be performed on cell 10 pools or it can be conbined with

clone selection by, e.g., limted dilution. Selection can be supported by

flu &6 IV rti. ' : | er gene
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be recovered fromhost cell |ysates if expressed W thout a secretory
si greafl CHO-DG44 cells or the derivatives/progenies of any of such cell line. Particularly preferred

are CHO-DG44, CHO-DUKX, CHO-K1 and BHK?21, and even more particularly CHO-DG44

and CHO-DUKX cells. In a further embodiment of the present invention host cells also mean

murine myeloma cells, preferably NSO and Sp2/0 or the derivatives/progenies of any of such cell’

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

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



It is necessary to purify the protein of interest fromother reconbinant
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cells | a | ea 1 I 0 Si s
geneﬁXPW‘g@f‘ ﬂ‘ °§P‘é% F“?Pfi?g‘ﬁ)ﬁ(?f) aﬁl?oqﬁ%‘ po(.s)ls% ee‘frﬁ‘@%?@gnprl si ng
at |ieasthind® Ha@PtdSction e cai e frefo nﬂéﬁlﬁﬁeﬂ?@bls@t 1’£|c&§156 cafbingipiigsclomnd in a
further enbodi ment at |'east 100 copies the heterolo ous a%‘imlfpopt 0si s

geneglsptionThy ag.climited dilwtion: Selsctinporandsssuwprtsdhy HRmptraee 3(9“33
er Ss%ﬂmg@%?@)ﬂf??}é ?@ﬁ%ﬁa‘% AERE AbEasiPRishesi fof &lldcBen.CONMPT i Sing nul tiple

ous anti-apoptosis gene. Those nethods include but
are not limted to those described above: e.g. (i.) stepw se anplification

el chihe eapies, ST o B T Mg otdel B LR BBk R, Y 0 <

| nt rQEpese Bitkbr g@REP! Gftichalge B%eié)ﬁabﬂ‘é%zﬁpﬁablﬂt geneUwhich ndifférs efpins ahal

pl asm ds as descrlbedabov lii.) or using jin tro anpljfication
systselﬁﬁtab'&mhﬁﬁb loRgarken ﬁ@ﬁt‘@ﬁéb@foﬁocﬁéﬁﬁ?tla E}@cﬂ"f’\sf)?e\ﬂéfaﬁﬁa@ i ﬁ%ﬁ@co et
9% btk Qs ef‘scfaén RRLRBEE at lesst Tt thé BhiRedivhi of ARORIREHS genes
are any o ose |ste e 2 or described herein in general,

~ marker co-iransfected with the gene of interest, to identify cells that have incorporated the gene

of interest. Typically, the transfected host cells are subjected to selection for expression of the
selectable ma.rkcr(s) by cultnring in selection medium. Optionally, the selection mediuvm 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 dilntion. Selection can be supported by
ﬂuoresceﬁce 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)r of interest,




particularly encoded by any of the nucleic acid sequenﬁg refe %)to I n
Table 2 or by any of the sequences encoded by SEQ I D $ep tgrp_aée

SEQID NGO 51 SEQID NO 7, SEQID NO9 or SEQ ID NO 11, or any functlonal
variants or nutants (degenerative and non degenerative) thereof..

Pr ef er WOd3/0830¢8 host conprising nultiple copies of argarmpomrmicesdi ng for 20
BCL-xL or BCL-2, nore preferred #br BCL-xL, and even nore preferred for
BCL- XL of human or hanster origin. Even nore preferred is a host cell
'corrprl SI ng rrult|£I e copies of a nucleic acid having the sequence of any

one qup s ugEder estabitishdng ecedombiyant7prodisHay ¢l NO. 9 or
de Se?%% i .NV%S%{ oo np MAEH Aot AL BBV BT SE BB WY Cone "
encotiempwiCint®doted2matiay igag () y afgriag de sdéctBE@bM@oQ ab&u’c @ ebeksr ed. AI o)
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are celifode qrpaser Srpwisentoy Wécfﬁﬁﬂéﬂﬁ rcreasipgnamaits of gthe tampliingent i oned
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%%%%44 cells or éeﬁaggem es Sept enher 2006
e oty k- piEp PAmbe petfonpedoneddl r ed are
GIHO Wor fﬂd@l Bt mbEe@-wifh aeﬁle Edﬂ:@&m bg,pagt |1jﬁﬂiedrd1ﬂugﬂ4@e% Sa0heCHO- DUKX
cells. | s described above can be additionally nodified by

i nt r%’ﬁ‘&ff b uoreseRce artyaiee cell st (FACY), Yanappoprise areder sgigehch #fat t he

pr esgRP id aERE k@&ktighsO concerns host cells conprising multiple copies of
an anti-apoptosis gene as descri bed above, and further conprising at |east

one gene of int er est. The practice of the present invention will

enpl vu se cat ed | onal 0.t echni ques of cell

bi ol'g%yp}mé]‘ffecu i ol%re€7r£ elr?cog‘?f r&l fit Bﬁ”owdlaﬂd % Re STF%& whi ch are

in  pdigpeptide, br m&mmberemetdﬂe?mm host Eé]ﬂ?&tds@ﬁé)@tﬁbﬁsmﬁfoﬁtésﬂdeibrﬂmgﬁdl osed in
urrent literature. See e nbrook et at, Ml ecular Coning: A

th
Lagoﬁ & B Ring rurify aheeerofem@ﬁ J&t% qthariFssombingsh paat%mymdrleefsceﬂw d

B ol oy (1087 " b o) ity HomidRon b e P ER aResh o AL P e

(1992 nquA@ée@eﬂep,esﬂs atx@&nea@mﬁatesdl @ﬂbn?emhmb@ﬁomtbade!mmml@dwms (1991) ;
Bot t ) r nd An S f. Eukaryotic Cenes,
ot Wehhat I pdfie ot MEEAHRLAE: § G014 A0H ADBLYSLD BB iSEHS" f
20 polypepudes and nucleic acids, for example, by fract;lonatlon on immunoaffinity or ion-exchange

columns, ethanol precipitation, reverse phé.se 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, Spnnger—Verlag (1988), both incorporated by

reference

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

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




Recombi nant DNA Met hodol ogy, ' Academni ¢ Press (1989); K%z%%}’%bﬂ%a% A |

- Transfer and . Expression, Stockton Press (1990); MPhe

Practical Approach, IRL Press at Oxford University Press (1991); Gait ed.,
A igonucl eotide Synthesis (1984); MIller & Calos eds., 20 Gene Transfer
Vect or V0 &083smal i an Cel s (1987); Butler ed., Manmmpdi/Eres@sics

Bi ot echnol ogy (1991); Pollard et42al., eds., Animal Cell Culture, Humana
Press (1990); Freshney et al., eds., Culture of Animal Cells, Alan It.

- Li ssgéé%?); St udzi nski, ed., Cell Gowth and 'Apopt‘osi s, A Practical

Appr edls pnderrpndiiensallgwingbig explosiiowefithosy apti@pepfotil S@6 popitde Theprsed al .,

eds. ; r t I /| ey-Lj 0).4 rrent Pratocols in
Oyt olBRe ST sl SBlabllly e eack X RS of ¢ BPbIaeol ifipoploStlc, T
Engi peer Alsg poifvided iareetiost detih, lcsmpiising &ileiseINapiea @¥ a HetkrologousnGrdppiosis ed. ,

VCH, Weinhei m 663-744; the_series Nethods ?Is Enzynpl Cég (t@éade,m ¢ Press,

I nc. §S-MarengT g PEeinventioR also PRV AR, BSh eols o BsmE et ol GBS (2 987) . Al |
PYbl infodtiek @RBoARENPRISRE SRBRidsCad RNSHBE dnftRRitnddR af RhS 16085Hitd sk on are

i ndicative of the level 30 of skill of those skilled in the art to which
t hi sheterolegeysomtipmpentesingenels). The pissent dnvicotien pravidpsscseral methedsite askilnd ci t ed

her e] rs e LN r e e L entin In order to
nor eﬂl Q?‘%ﬁﬁ&'pe dﬁ[é—glgare‘l’ g’ege?l Fle sStﬁ élfﬁelosgge]]%héeo%&’r?@ﬁ%é @ﬂélg#él |°sr} aflrlll\glgé%qtl?%ﬁs pertains.
The antivapopiosis geyen Fhese myethode ixtude bok aabostdinviieldto Bpsadeseribcd aboveye.gn@pr st ood by
reference to .the.fol i ng exanpl.es, which 27 Septenher 2006 WO 03/083093
T AT AREORIO o (1o PPl g st GPORA ¢ daden BY an

id | Uselectivd Qfen®l (iCF idcdabing NBaRslidgRik Sof0dt fehf &{eeﬁ&&%loEbﬂVﬁ%ﬂ&@d afpgl. ar e. not
intended to limt the invention in any way. EXAMPLES - Abbrevi ati ons CHO

chi npsBlopis genedty use am&/intrm@wﬂwéﬁp@ﬁkplmga @(Sjimqrﬂvg@abme,ﬁéﬁimzusi@siw me- | i nked
i : : ' FJTC:
1 orad ApAfCarBR ablemd W o DAL SRERRAE B Lol B tor Ganp R/ ihuack M ° 1

and dh{9Gincerpotfed iefed by rfeeemsal ri bosone entry site MIX: nethotrexate .
PAGE: pol yacryl am de gel el ectrophoresis PBS: phosphate buffered saline

T

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

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

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

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

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

nixture encodes for a heterologous BCL-x1L..

30 Suitable host cells are any of those described in the present invention, e.g. those mentioned in

Table 1. More preferred are host cells of hamster or murine origin, e.g. murine myeloma cells.
Even more preferred are CHO or BHK celis, particularly CHO-DG44, BHK21, BHK TK', CHO,
CHO-X1, CHO-DUKX, CHO-DUKX B1, and CHO—DG44 cells or the derivatives/progenies of



PCR pol ynmerase chain reaction 20 Pl: propidiumiodid - T rse
transcri ptase - polynerase chain reaction SEAP: secre?gggé’%%gfefrr?@sg

phosphat ase SDS: sodi um dodecyl sulfate sl CAM sol uble intracellular
adhesi on nol ecule 25 Methods 1. Cell culture CHO D344/ dhfr(err) (Ul aub
et al .wob988pgs grown permanently in suspension in thpergpozmndsr ee nedi um
CHO S-SFM | (I nvitrogen, Carlsbaas CA) supplenented wth hypoxanthi ne and
30 tthym dine (Invitrogen, Carlsbad, CA), were incubated in cell culture
‘flasks at 37Cin i humdified atnnosphere containing 5% CQ2. Cells were
seedgf ofbuch @UNKRNMat pfferell 2« TIF0-DXe4, THO-DUKX,r €80-Kiedid MEK2I y two to

three days and cell suspensions (500 |) were analyzed for cell nunber and
Vi aB?’F‘F‘ﬁ?‘%ﬁgﬂﬁd)g é@W&E‘iﬁer (Schaerfe System Germany). Viability

was al so confirnmed by trypan blue dye exclusion. Single cell cloning was

done by standard 35 dilution technology in 96-well chambers. For the
D RiobtesBsidesertisd ebawe ca be addbiically mediied by dnrodPn XSRSt stcesleoss S |

medi i 4 ho ' 1 1 i - ene
A e i Gl T

anptagiss ofgn aeii-apdintads gege ad ddsaritied abowg andrfurtbar coogirising etieast vae gam of| ones were
seeded in duplicate into cell culture flasks (T25) containing 12 m of the
appP%?fﬁtate medi um and kept for 7 or 9 27 Septenber 2006 WD 03/083093

PCT/ EP0O3/ 03063 45 days in the incubator w thout adding any fresh nedi um

When CHO- DA4 cells were cultivated in the tgre$en_ce_ of serum, S- SFM |
" nedThenprastics ob Blecpresenk invantion wilbsmployy- uelagsr otherwjisgipdieatzdy eanveniitdfhny) . For
as L . |1 ' | e e 4 Dbecane
B SR SR LA IYEER ol tfhl Bl Coltbuiehe, BESRERES ol 3 e MR ol um
evethe skilboftane i theharte Ehaba yechnikuds ar@ fullpdischmed orthe ewrept btemiae.0¥esies. vect or

ConSEEDE gt Al Ml CREn A Fber o, Hmesty ZneBoal O iRE ey,

Pr ompbdR4tbRN PRBE ECold | Shrink OHABEH N.¥D,(1988);,DAanber es al hCugdi rProlobsls dene as
anplifiable selectabl'e marker (see_for exanple EP
Molecular Biology (1987, updated); Brown ed., Bssential Molecular Biology, IRL Press (1991);
15 Goeddel ed., Gene Expression Technology; Academic Press (1991); Bothwell et al. eds,
Methods for Cloning and Analysis of Eukaryotic Genes, Bartlett Publ. (1990); Wu et al., eds,,
Recombinant DNA. Methodology, Academic Press (1989); Kregler, Gene Transfer and
Expression, Stockton Press (1990); McPherson et al., PCR: A Practical Approach, IRL Press at
Oxford University Press (1991); Gait ed., Oligonucleotide Synthesis (1984); Miller & Calos eds.,
20 Gene Transfer Vectors for Mammalian Cells (1987); Butler ed., Mammalian Cell Biotechnology
(1991); Pollard et al, eds., Animal Cell Culture, Humana Press (1990); Freshney ct al., eds.,
Culture of Animal Cells, Alan R. Liss (1987); Studzinski, ed., Cell Growth and Apoptosis, A
Practical Approach, IRL Press at Oxford University Presss (1995); Melamed et al;, eds., Flow
Cytometry and Sorting, Wiley-Liss (1990); Current Protocols in Cytometry, John Wiley & Sons, *
25 Inc. (updated); Wirth & Hauser, Genetic Engineering of Animals Cells, in: Biotechnology Vol.
2, Pithler ed., VCH, Weinheim 663-744; the serics 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
ﬁ.ﬁly describe the state of the art to which this invention pertains. The invention generally

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



0 393 438). sICAM was isolated as H ndlI1/Sall f'ragrren%.,g Q’@AD
(Werner et al,, 1998) and cloned into the correspondi Epe ez dl II and
Sall) of pBID, resulting in pBID- sl CAM The hunan hom)l ogous of bcl -

(SEQ I D NO 1, GenBank Accession Nunmber Z23115) and bcl-2 (SEQ I D NG 3,
GenBanwoAcee®msi on Nunber ML3995) were cloned into thecieposspeessi on vectors
as follows. For the constructiondaf pBlID-bcl-2, bcl-2 was at first PCR-
amplified from hunan total RNA and subcloned into the pCR2.1-TOPO cl oning

“vector _ (lnvitro Carl sbad, CA). Fromthere it was excised using EcoRl
and Predwteby inoky tlmely &rthegqmasuoﬁyl@wmn of icerdnin mp@liments of thg prdseniow DNA
pol yHRLASE, o ﬁﬁf bcl -xL fragment of pDD6 '
(Fuséme’%eggerﬁqt ﬂo}tn?eﬂ%d;tg La%ﬂgc one a’t& e filled in Xbal site 20 of

pBID-sl CAM resul ting in the bi ci stroni c expressi on vector .

pBl D- s| CAM bcl -xL. This vector was the basis for the construction of

pBI D-bcl -xL by elimnating the sl CAMIRES el enent from pBID sl CAM bcl -xL
by SEMMDEsdi gestion and reli.gati on. pSEAP2-Control harbors the human
secreted al kal i ne phosphat ase under control of the Sv40 pronoter (C ontech,
Pal OA%Itegml&é) pA.2- Cont r ol cont ains the firefly I_uciAf erase driven by the
.Sv40~pronoter. (Pronmega, Madi son, 25 USA). 3. Transient and stable
tran€HExt i ons cﬁlmméia&mtetmmymere conduct ed usi ng Fugene6 reagent (Roche

D agDOsRE: CS dro'ﬁﬁt@lﬂﬂuﬂiase Cer rrany) Per transfection 0,6x10(err)

§¥PopERiA-al Iy n 2m HI- 30 suppl enented CHO S-SFM |
nedlg gere s I'ﬂ&e é?bgﬂﬂﬂlé chanber. A total of 4 jig
°T6° ‘é" Ya

pl as reagent were used for each transfection,
foll 19 the Pt?ﬁ‘i? FOLUGFYaN, rranuf acturer. Transient transfections were
perf din F@O’ﬁﬁ%esuper natant and cells were harvested 48 hours
post ransfec ihige 284 Bypedieg ansf ecti ons the nedi um was 27 Sept enber

2006IRES: m@eﬁd&@owmmm@s/ 03063 46 replaced with HT-free
CHO MI8-M | meatitholre®®e hour s post transfection and the m xed cell
popuPAGEDNs wpphaawkmidead] élestrophresieeks prior to analysis or cloning with
medi RBS:c hange phesphatybufddad shlilays. Single cell cloning was done by standard

di | upCRN t echpolyagitse fain @agionf i cation of the-heterol ogous genes,
kot Rk at ed i npeopidign idE@Osomes of the host cells, single cells derived s

f r onrePURsEd %@ﬁhh&%&hﬁm@%&lﬁ&%@%ﬁ@owl ation were seeded into

96- v@Apchanbgécgetgdma]mQ néphated 200 pl HI-free CHO-S-SFM I nedi um
suppgsgent ed Wik, 4033 Anplified. single cell clones were sel ected

durlﬁgAﬁ,Iwee Solft} m%g dﬂe@itoﬂn?o%clul culture flasks. F i

25

Methods
| 1. Cell culture .

CHO-DG44/dhfr™ (Urlaub et al., 1983), grown permanently in suspension in the serum-free

medium CHO-S-SEMII (Fvitrogen, Carlsbad, CA) supplemented with hypoxanthine and

30 thymidine (Invitrogen, Carlsbad, CA), were incubated in cell culture flasks at 37°C in 2

~ humidified atmosphere containing 5% CO,. Cells were seeded at a concentration of 2x10°

cells/ml in fresh medium every two to three days and cell suspensions (500 pl) were analyzed for

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

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

35  dilution technology in 96-well chambers. For the DHFR-based selection of stable transfected

CHO-DG44 cells CHO-S-SFMII medium without hypoxanthine and thymidine was used.

~ DHFR-based gene amplification was achieved by adding 20 nM MTX (Sigma, Germany) as

amplifying selection agent to the medium. For baich cultivation clones were seeded in duplicate

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



. el ectroblo

4. sICAMELISA to sICAMtiters in supernatants were quantified b SA with
standard protocols (Ausubel et al., 1994, updated) us{kkgé%ﬂi%"l?%zﬁ%se

devel oped sl CAM speci fi c nonocl onal antibodies (as described for exanple
in US patents No. 5,284,931, 5,475,091), whereby one of the antibodies is
a HRPOwonjaesg@sed anti body. Purified sl CAM protein wasTapembh&s a st andard.
Sanpl es were analyzed using a Sp#ctra Fluor Plus reader (TECAN,
Crailsheim Germany). 15 '.. 5. Reporter enzynme assays The firefly
“luci.ferase reporter enzyne activity was determ ned with the Luciferase

As s aylaysyis therimcubstonwitheowedding aydiresh meding) Wiso TRP-RY%44eePy ﬁ'gl@@glﬁ.vatstﬁp |
v % Bki 5
A t ot [kpYeEnel B Bt RICHO T, PR e SN i R0 "B SAORBREN L0 0

Fl uo(SiBint,sGermashr Fdr Pasibing Cely warb eiypinigal (imihe) presénceifstrumCHODGahal ysi s
The BCL-2 d BCL-xL expression of the par |. host cells CHC& 4 and the
genegmelaagﬁ?ﬁﬂnﬁisé?ﬁeﬁ&%?C@%’P‘P@ﬁ%gpg’gﬁf F‘gﬁé@ %&%W@Pﬁ‘ BFt ™Al ysi s.
Aboutprdxdgf cells were extracted hi 25 500 | lysis buffer (1% Triton

X-100, 15"mM NaCl, 10 mM Tris-HCl pH 7.5 with 50 g/m phenyl
met hanesul fonyl fluoride and 200 pl of the protease inhibitor cocktail

Conpl,et che Diagnostics). The lysates were clarified by
cent r21 f%ﬁg 'ﬁfgﬂnv%%r‘{js. 000 xg for 10 min. Protein concentrations were

det efite gmsic gm&‘ B0 tHaseasmayheapAlgr(dVngécmort (Wemen af akt 1993), mcﬁﬂam':] ocol |

Bi o- Rad Laboratori e H, ni ch, rmany) ., T xtract re en store
Lo aomnine ostsoRB ot e belsEou st crnpn i st CRE, BiraiieeoliBiof Hio; oot o
t9 19&@1&9&?@%&&&\@%& o ighfiDAQhp i EA1E ShaabldrkanFesSBP SREWRTED Y

ted onto nitrocel l'ul ose nenbranes (Invitrogen, Carlshad, CA).

Af t eP 3930BR). RICAM: wassimplater! ras FHR@IY Sallofregment FomepARsicAMI(Wemeiget Hpuse

cpect ) ipd B R B2 CchepRRRE TS Gindli bl SRS, BET B 5P 2 o
BCL- sICANEr Ghe ibnmaneiomologous lof zbebbdiM(SEQaB) m:il; @uBmlqoélc@si;idm@ém;{mf 21: te?on
cyst e ek SRR RER: Bk At WAl o W% Btart okt Bt on of
apoptRsbsioh RUERNCEIENA Favak corinetich 8N bBIDBEl-2)Hehd Radf htufise PORACe- based

TUNEL- assay (BD Biosciences PharM ngen, San D ego, CAz) 1x106 cells were
nar vagpEEd femnbumen tePBAA M ubdaRdd g he PRRal OB EPHEE, IS ol Ut | on

in P&%vifh‘aﬁen} F(Taﬁisﬁ}.@atc.éb.c'Frgrﬁl {hOW R 9y RN REH tdsﬂ{éahcoRI and ligated into the -
corresponding EcoRI site of pBID. Using Klenow-DNA. polymerase the filled in Pmel-excised . -
IRES-bel-xL fragment of pDD6 (Fussenegger ef al., 1998) was cloned into the filled in Xbal site

20  of pBID-SICAM resulting in the bicistronic expression vector pBID-sICAM-bel-xL. This vector

‘ ~ was the basis for the construction of pBID-bel-xL ‘by eliminating the sSICAM-IRES eleroent from
pBID-sICAM-bel-xL by Sali/Xhol digestion and religation. pSEAP2-Control harbors the human
secreted alkaline phosphatase under control of the SV40 promoter (Clontech, Palo Alto, CA).
pGL2-Control contains the firefly luciferase driven by the SV40 promoter (Promega, Madison,’

25 USA).

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




washi ng step using PBS the cells were fixed in 70-% et ol . and yzed
according to the to manufacturer's protocol. FITC and g?% R’ieé'ﬂ%e 28@4 ofiles
of 10.000 cells per sanple were analyzed using a FACSCal i bur

(Becton-Di ckinson). 8. Flow cytonetry of |abeled mtochondria 500.000 cells
per saMsl ®/08#pE harvest ed, washed with PBS, ‘and treareriErmsiodnei% 15
par af or mal dehyde in PBS for 15 m4a at 4C. After a second PBS washing step
the cells mere ready for the fluorescence-based staining of their

~mtochondria. A PBS solution containi ng 500 pMof the
i t o dRRIASH Wi BdHEee CHO-KAFYT mediam & Wtdy@sﬁ‘imﬂe%ﬁl thﬁ npxehed] Eugene

qi‘ém §§? In 200

stal ‘313@% Eﬁﬂ%nléfc %@% mn 9507%&&%&5)231038%‘4"% r11e c Qsaé‘%g'e vvashed
twic e3 4 ﬁay@%ngle edhslpmngletdts dnneﬂﬁ;Osthmﬂﬂi dBfioanethaclbge (Fbeainpkﬁdahmf

cyto n fI escence_.em ssio s per

t Th 00,
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according tag standard rotocols described in Ausubel et al., 1994, updated.
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conditions are achieved by performng the vvash in 0.2xSSC/0.1% SDS at 65C.

For ?g%é@f%gent conditions the wash is performed in 0.1xSSC/ 0. 1% SDS
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which is required for ¢ entry and subséqué ection et al.
1999;2 HRPQicpnjugated aqhbméﬁdjmﬁ%ﬁl(uW@rbwm wasewd me nt stafadlr Sasplen wesx pr essi on

of a op S the rodu tion of sl CAM equal

am)u%Zgl gibg?(&%ﬁ%’ﬁ?guﬁlrﬁa&“p(l I%‘ﬁ Se co-transfected in

trsiplicate with either the pBID- bcl-2, pBI Dbcl xL or the isogenic control

pBI D (e#%ure 1) into dhfr-deficient CHO D&4. The io cells were grown

per Rfer GHOBEITEAYSi on in the serumfree medi um CHO-S-SFM |

(1 NV IThE BEPRy IndEREAsS R Eter Yy SRRV RFRAL 8eihdd JRUORY RRLRIR di ne.
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sICAMtiters in supernatants were quanti ction by
ELI SAouskragega(Madison, Whmgcarding to protocol. SEAP activity was measured with the Great

EscAPe SEAP kit from Clontech (Palo Alto, CA) according to protocol. Samples were analyzed
20 using a Spectra Fluor Plus réader (TECAN, Crailsheim, Germany).

6. Western blot analysis ,
The BCIL-2 and BCL-xL expression of the parental host cells CHO-DG44 and the gepetically
modified host cells was confirmed by Western Blot analysi5. About 1x10° cells were extracted it
25 500 pl lysis buffer (1% Triton X~100, 15 mM NaCl, 10 mM Tris-HC! pH 7.5 with 50 pg/ml
phenyl methanesulfonyl fluoride and 200 pl of the protease inhibitor cocktail Complete from
Roche Diagnostics). The lysates were clarified by centrifugation at 13.000 xg for 10 min. Protein
concentrations were dgtermined by Bradford assay according to the ‘manufacturer’s protocol
(Bio-Rad Laboratories GmbH, Munich, Germany). The extracts were then stored at —80°C until
‘_30 needed. Equal amounts of protein (20 pg) were subjected to 10% SDS-PAGE (Novex;
" Invitrogen, Carlsbad, CA) and subsequenily eleciroblotted onio nifrocellulose membranes
(Tnvitrogen, Carlsbad, CA). After blocking with 5% skim milk, proteins were detected using
mouse monoclonal antibodies from Santa Cruz Biotechnology (Santa Cruz, CA) specific for




sI-CAM specific anti bodi es. \Wereas BCL-2 expression dr uced
s| CAM production to 10% of the control pBID, ectopic %@%&%&%’@5& on

i ncreased the yield of sl CAM by 60% 15 (Figure 2A). These data were
confirmed by SEAP expression profiles (exchangi ng pBl D-sl CAM by
pSEAPW@BH8s®B) denonstrating that observed product POWERIBAB@ESt eri stics of
BCL-2 and BCL- xL were of generat7? rather than a conbinatorial effect of

sl CAM BCL-2 or sl CAM BCLxL expression (Figure 2B). Also, in order to
~assess whether the inpact of BCL-2 and BCL-xL expression on cellular
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expression profifes confirmng the positive (bcl-xL) and negative (bcl-2)
i npact of these apoptosis-suppression-genes on the overall productivity=of

. 2C). Reduced production of desired proteins -
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Dl i FR-based sel ection 27 .Septenber 2006 WD 03/083093 PCT/ EP03/ 03063 49 in
HT-free CHO-S-SFM | nedium Figure 3 shows the absolute slCAMyield
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20 PBS and subjected to flow cytometric analysis. The green ﬂuorescence emission of 10.000 cells

i

per sample was determined.

9. Hybridization assay

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

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

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

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

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

30 65°C.
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Exanpl e 2: Effect of dhfr-anplified gene expression of nd_bcl - xL on
viability and apoptosis of stable sl CAM produci ng cel ?Pg%tﬁ@"gei'%oqﬁor t he

eval uation of the effect of anti-apoptosis engineering on the viability of
transgenic CHO D344 cell lines in serumfree batch cultivation, the _

hi ghesW®03@8PHr oduci ng cel |l popul ati ons out of 6 nPEEEPKBING3 popul ations

each, generated by stable co-traM8fection of CHO D&44 with either

pBl D- sl CAM pBI D- bcl -2, pBI D-sl CAM pBI D- bcl -xL or pBI D-sl CAM pBI D vect or
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 (exchanging pBID-sICAM by pGL2-Contro}). Luciferase production characteristics correlated
with aforementioned SEAP and sICAM expression profiles confirming the positive (bel-xL) and
negative (bel-2) impact of these apoptosis-suppression genes on the overall productivityof
CHO-DG44 cells (Figure 2C). Reduced production of desired proteins following expression of”
25 BCL-2 has also been observed in COS-7 cells (ATCC CRL-~1651), anchorage-dependent CHO-
K1 (ATCC CCL-61) and CHO-DUKX cells (ATCC CRI-9096) adapted for growth in
suspension.
Although transient transfection experiments enable highly reliable information on the metabolic
engineering éapacity of heterologous genes over a wide range of cell types and copy numbers,
30  only stable mixed populations can confirm beyond doubt the observed phenotype. Therefore
- sICAM titer profiles of 6 mixed populations for each pBID-sICAM/pBID-bcl-2, pBID-
SICAM/pBID-bclxI,, pBID-sICAM/pBID configuration were generated. Transfected . cell
populations were selected for the expression of the heterologous genes by DHFR-based selection-



foll owed by BCL-2 expressing cells wth 10% and the transgenic contr ol
cells already with 30% apoptotic cells. At day 6 the & FPBIRMEE 2888 ween
the various transfected cell lines was even nore pronounced. The

apopt osi s-suppressi ng potential of BCL-xL is at |east three-fold higher
conpar W@ 03/88388L - 2, where 30% of apoptotic cells comPOTEPIV@OHEO% i n BCL- XL
expressing cells is were found a#?this stage. In the transgenic control
cell's, not expressing any heterol ogous anti- apoptosis gene, the number of
~apoptotic cells anmounted already to 60% In order to confirmthe
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OECUbn EICAM pesllukiic! with @R&S redudd @/\50% fdr8asBAL Al 6k Sﬁﬁhﬁiﬁdcﬂﬁsémhé?h bi ased

resul ts towards enhanced survival (Te et al., 200 -2 and BCL-xL
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ant i - apoptosis effect (Figure 5) Corrparable results were obtained with
cells transfected with pBID sl CAM bcl-xL, an expression vector with a
dicistronic configuration. In this set-up 30 translation of sICAMin the

F i1 SExfehie 2 ONEREct R Bhik! raﬁigﬁﬁéd Bioh oS- 3 AlitbbREeeh {idhiflyGhgss! cal cap-

dependent nmanner and of Dbcl.-xL I n t e second cistron in cap-independent
manner dri venajipptass of sRBlS sKI Advhprmduciag celbelofissom t he encephal orryocar ditis.
virus. The selectable anplifiable marker dhfr was contained in a separate
transcription unit on the sanme vector. 27 Septenber 2006 WO 03/083093
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20 limited cell dilution in 96-well chambers were conducted, one in HT-free CHO-S-SFMII
medium (non-amplified cell clones) and one including a single round of MTX-induced DHFR-
based amplification by supplementing the HT-free CHO-S-SFMII medium with 20 nM MTX
(amaplified cell clones). The cell clones were écreened for the highest sSICAM producers by
ELISA and for each gene confignration the best two cell clones were selected for further’

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

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

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

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



~genonmi ¢ DNA is isolated fromthe transgenic and the page gt%g_g-ioé 4 cell
lines by using the comercially avail abe Genom c Bl oo e from
Q agen (Hilden, Germany) according to the protocol of the manufacturer.
Various anmounts of the genom c DNA, usually between 0,5 jig and 15 g, are
appl i eWQa @083 i cate in al kaline buffer to positivelBCTaHPas/0p868 Hybond N+
nyl on 15 nenbrane. (Anersham Bi o§¢i ences, Freiburg, Germany) using a

mani fold attached to a suction device (for detailed protocol see Ausubel
et al., 1994, updated). The anount of genomic DNA that should be blotted
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genom ¢ DNA of the arental cell line CHO ue to the endogenous
bc! -gpoptagis see, thp nye @famp@ﬁgﬂﬁbtmﬂ@éah%t@ﬁ@@transgenlc signals. The
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each sanple gene copy n er ce and multiplied by 5
pg, dimstedi‘féasteﬁa b]gt ailysis wasrpbﬁmtnepieﬁgml?l denkenwstratesronly basalt BGh-20FigA cont ent s
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5@0%& tﬂé’hétbdioﬁ@ﬁrh@éhdro@ﬁaﬁﬁrh’ﬂs 1O phenSRCHO-DGY$ telRf TidE irBidateppinfiyat he filter
of Vt ggge t];}éprrgstswn 1s notf upregulated 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—?. and BCL-xL expression profiles could be increased at least 80- to 100-feld
and 30- to 40-fold, respectively, by DHFR-based amplification compared to the transgenic’
25 control HMNI-1 and the parental CHO-DG44 (HMNIBC-3/4 and HMNIBX-3/4; Figure 12A and
12B). In the non-amplified transgenic cell lines BCL-2 and BCL-xL expression levels were
increased less than 10-fold. This protein level was obviously to low for a sufficient protective
anti-apoptosis effect (Figure 5). Comparable results were obtained with cells ﬁ‘ansfected with
pBID-sICAM-bcl-xL, an exptression vector with a dicistronic configuration. In this set-up

s0  translation of SECAM in the first cistron of the transcription unit was initiated in a classical cap-

dependent manner and of bel-xL in the second cistron in cap-independent manner driven by an
IRES element derived from the encephalomyocarditis virus. The selectable amplifiable marker

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




probes. By this nethod genetlcally nodi fied host cells 9 er at.ed ﬁé
I ntroducing and anplifying the bcl-2 10 or bcl-xL gen@ (% bar 208 cr i bed
herein) can be determ ned, conprising at |east 5, 10, 20, 50 or 100 copi es
of a heterol ogous bcl-2 or bcl-xL gene. Exanple 4: Mdul ati on of

m t ochwediiossessunber by serum additives is The obvi ommmespbesenment for a

hi gh BCL-2 or BCL-xL dosage in oistder to achieve significant survival

i mpact in CHO D&4 grown under serumtfree conditions initiated specul ations
"to whether the mtochondria content and therefore sensitivity to

pr ogrigndeedled ahdlysicaf BCLS adePENAEAbhedited entivapopidsisseninparingesiemplifieseven nore
convi nci ng as, serum has been fpgra to be a. 20 key factor, for 15 tosis

pr ot 8t High leyahexpaession of these spnal detempipants jparegpires 1 erdetnior Sy deat h
O d U; i fdait %dté&a\r@@ﬁa&s MEIERSIDY) el LltididOpbttnafthiNCluflelsruiidfiréd e

serum dependence of the specific mtochondria content, CHO DG4 cells were
cul tiedire gowditidner i n suspension in serumfree CHO S- SFMI medi um or as
herent cells in CHO-S-SFM 1 medi um suppl emented with 10% FCS. Fol | owi ng
cultivation for. 25 two weeks under stated conditions, the cells of both
cultures were profiled for their specific mtochondria content using

MtqJracker G een FM a_m tochondrio i c.fluorescent dye. As
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potenti al -i ndependent manner it is a well-established tool for the

quantification of these organelles (Metivier at al. 1998).
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subsequently sought by hybridization probing. Hybridization analysis is then carried out fo
determine the abundance of the bel-2 or bel-xL sequences in the blotted DNA preparations.
20 Following the protocol of the Gene hnages random prime labelling module (Amersham
‘Biosciences, Freiburg, Germany) random-primed FITC-{UTP labelled bel-2 and bel-xL specific
probes are generated, using either the bcl-2 specific 640 bp fragment obtained by EcoRI
digestion of pBID-bcl-2 or the belxL ‘specific 730 bp Pvull/Bell fragment generated frem
digestion of pBID-bel-xL as template in the labelling reaction. Hybridisation is performed’

25 ovemight at 65°C in a hybridization oven according to the Gene Tmages random prime labelling
- module protocol. After hybridisation the filter is washed twice with 0.2x SSC/0.1% SDS at 65°C
for 20 min before proceeding with the antibody development and the detection ag:cordjng to the
 Gene Imageé CDP-Star detection module (Amersham Biosciences). Quaﬁtiﬁcation of the signals
is performed using the VDS-CL Imager System (Amersham Biosciences). Signal intensities of
30 bal-2 or bel-xL specific signals from the genomic DNA, isolated from the transgenic cells, are
o éompared, to a standard curve of defined molecule numbers of either the pBID-bcl-2 or the
}SBID-bcI-xL expression plasmid (numbers calculated on the basis of the molecular weight of the
plasmids), respectively, and are used fo estimate the absolute amount of target DNA within the



i o protocol (lnvitrogen, Carlsbad, CA) on 1 gg total | sol ate om t he
hamster cell line CHO D&4 (Urlaub et al., 1983) to Eg?a‘#%l??etmﬁ)éfﬂﬁ%ter :
honol ogue of bcl-xL cDNA. The resulting 700 bp cDNA product was subcl oned
into a TA-type cloning vector (Invitrogen) and the nucl eotide sequence of
bot h cBK3gsIENds was determ ned on an ABlI 373A aut ormaversesmepuencer
(Applied Biosystens, Witerstadtsz Germany) using vector specific (M3
reverse, T7) and gene specific 15 priners (Bel forl and Bcl revl) to
“initiate the extension reaction in the Big Dye Term nator Cycle Sequenci ng

Lo %@ﬁ&ﬂ:ﬁﬂ)ﬁﬁ@@xﬁﬁkﬁlﬁ%@i&zﬁ@oﬂ@@ﬂiﬁﬁéﬂ% gehopioDBIA0L théd\pakntelceBilagy st ens) .
Honol o search agai nst GenBank and, EMBL dat a?q%nks cog?i?rrred the identity
of t%&'i&%‘l"aﬂ‘éfdm orpsiogereus beli2 and bkl geneprare suogractid fhedrapsgsniGg r egi on
of tdeaRa : A ¢ SRip1dsCardl BRI dHIAR B el DA cBntedtSt 3' end
sequse ce @égﬁgq%%%ser cfmisge codi r? region a 20 )Ser?om' o \/\gleki ng approach

was easlesimpieoip obtain the génmtcopynmufiber her qgg andvingltipbied einS pp\hesadiog SiigddNary 5 end

d Yend of t. di ng. i Ct i ] , based
o et ol o Bpehebf B gARBEED S muples bl AR HERE BpRAD, DR0E
I eV Saftof tHe/hhinated MIW&&%@E@I@M&? 459n insonehl y Budtrol gar oe of

5' - TGACTCCAGCTGTATCCTTTCTIG 3 ;: S I D 1 16) l.ocat ownst,r S 0
5 he P5oRsHg WQ@@Y@B&%@M@@% og @Qm%ﬁﬁ% r?%F‘)eﬁ?éPﬂ‘C%ﬁ &eﬂ% °f ﬁ'@%@%{]di ng
strapghesor the isolation of the Yend (ii) overlapping primers Bcl.for2

(5' ~GACGGGCATGACTGIGGCTG 3' ; SEQ ID NO_ 17) and. Bel for3.
(5' -Byohisnetederatrahnardifiw Bost ca@enamztedhy ingpducingand amplifyingdkahd® t he Yend

of th il |0 ' | t i t d for the
RoolABrER. Y s 3sShb pb R Uefhlnke, GulbB BTGRP I BRE, (20 L
t enm1lb@cepitsbfa heesdlegbubPtik-2 okfbel-yik gerer y PCR was conducted with a conbi nation
of priners conplenentary to the adaptor and a bcl-xL 27 Septenber 2006 WO
03/ 083093 PCT/ EP03103063 54 specific primer (Bcl revs or Bcl for?2,
respectively). A secondary PCR was perfornmed on the primary PCR products
Wi t Exampledri nidodwatiof of aritochordria agkabirdy spminradditiznesd a nested bcl-xL specific
rimer (Bcl revée or Bel for3, respectively). The resulting DNA fragnents
ith sizes between 0.5 kb and 1.8 kb, 'starting with a known sequence at

t he Tl sb¥loud FdqiREm&n dord digh B ENdas BCIL-AL Aokl i00iea ) adisve sipaifiantc DNA of
various |length, were cloned into.a TA-type cl.oning vector (lnvitrogen) and
f ur sAEvah Ampaey dy GHONGHe ownavdey sprum-fige| cqudigiops, difiad iSPF@“%\WS Yr agnent s
cont aj ' TRy CInl] t ' %@ns‘?tﬁ £h odi ng region
and%@r?&%gcfgél :ﬂp‘g%héﬁe}glﬁencestg#me@t@ﬁgﬁt he \pfyof'o ?ﬁ%érﬁ%(ggkgiﬁggﬁr ggi on.

Bas @ldpandetivnsemsier (Thisdypothésiy ivsevéromore convincing as serum has been found to be a

20 key factor for apoptosis protection and because mitochondria 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

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




the One-Step RT-PCR was repeated this tine using in the_reaction the
hanmster specific 5 end io primer Eco-Bcl for 27 September 2006
(5' - TCCGGAATTCGCCACCATGTCTCAGAGCAACC GGGAG 3'; SEQ ID NO 19) and 3'end
prinmer Xho-Bcl rev (5'-TCCGCTCGAGTCACTTCCGACTGAA GAGAGAGCC-3'; SEQ I D NG
20) . DByowphesossay a conpl ete bcl-xL codi ng regi on of PoamBe3n3es3ori gi n was
obtained (Figure 9). The prinmers3Eco-Bcl for and Xho-Bcl rev include in
addition to the bcl-xL sequence a restriction enzynme site for EcoR or
~Xhol , respectively, for subcloning is purposes into the eukaryotic
expr(&s'&ﬁlbml,vapte@morp BivEls to asniptisalg fon spdaifiy incteasek if Fpgpiosts h@rhindiiss vector,
based on, t.he_.p ctor (Werner at al., 1998), nediates constitutive
expr3é§°§’raffﬁ“8?h ?SﬁQIQ?E?EFoI ogous genes driven by the CW pronoter/enhancer.
In addition, pBID encodes the dhfr mni gene as anplifiable sel ectable
mar ker (see for exanple EP 0 393 438). 20 Exanple 6: Ceneration of hanster
bcl -xL deletion nutants Several hanster bcl-xL nutants with different

I tructured | oop region were cloned as
?sgl f’éia‘ﬁiﬁ%rl e‘?@ﬁmﬁ%ﬁ @l %W an {‘he 3" end of each deletion nutant were'
25 generated separately by PCR, joined together via a newly introduced Notl
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Homology search against GenBank and EMBL databanks confirmed the identity of the isolated

cDN.i& and that it was comprising the entire coding region of the hamster bel-xL, gene,

In order to determine the true 5" and 3° end sequence of the hamster bel-xL coding region a
20 genomic walking approach was used. For the isolation of the genomic region covering the very
5" end and 3'end of the coding region, resPecﬁvely, the following primers, based on the hamster
bel-xL, sequence, were deéigned: _
(i) overlapping primers Bel rev5 (5'-CATCACTAAACTGACTCCAGCTG-3"; SEQ ID NO: 15)
and Bel rev6 (5'-TGACTCCAGCTGTATCCITTCTG-3"; SEQ ID NO: 16) located downstream ™
25 ofthe 5°end of the coding region and with complementarity to the coding strand for the isolation
| ofthe 5end |
(11) overlapping primers Bel for2 (5" -GACGGGCATGACTGTGGCTG-3'; SEQ ID NO: 17) and
Bel for3 (5 "“TGACTGTGGCTGGTGTGGTTCT-3"; SEQ ID NO: 18) Tocated upstream of the
3’end of the codmg region with complementarity to the non-coding strand for the isolation of the
30 3'end.

Adaptor-ligated genomic CHO-DG44 DNA served as template in 2 nested PCR. The primary
PCR was conducted with a combination of primers complementary to the adaptor and a bel-xL




GCCGCAGCAGCGGTAAATGGAGCCACTGGC-3') (SEQ ID NO 22) 10 9} vect or - agemflc
downstream pri mer conbi ned with del83 (5' - AAGTAAGAAGC <7 September
GGCCGCAGCAGCAGCCGTAAAGCAAGCGCTG 3" ) (SEQ I D NGO 23) For the generation of
the del etion mutants pBI D/ bcl - xLdel 26-83 having the nt and as sequences of

SEQ | Dwi@s/usipoand 6, respectively, pBlID bcl-xLdel 46-/@3ndvayeszogs t he nt and as
sequences of is SEQID NGs: 7 asd 8, respectively, pBlID bcl-xLdel 66-83
having the nt and as sequences of SEQ ID Nos: 9. and 10, respectively, and

" pBI D/ bcl - xLdel 46-63 having the nt and as sequences of . SEQ ID NGs: 11 and
12, spedfepdmee(Be] rdviier Mfdmag:mmﬁselg)e W gecamiiryd BCR 3yasdretfdtnedeh the183,

del66, and 83 .or deld6 a el 63 respectivel vver 'oi t he
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del e del26-83 neans, that in this nutant am_no acids

ed am no aci
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|otechnol Bioeng 1998, 5/,164-171 Cotter, T. G et
JDTNéhdk9)Bami Saimdoprithe9 Kol 189- (HICABLTCSAGNCUCTTCCHACTGAAT ol 1992,

66 M et al c 69, 566
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~ the belxL sequience a Tesiriction enzyme site for EcoRI or Xhol, respectively, for subcloning
15 purposes into the eukaryotic expression vector pBID, resulting in pBID/bcl-xL (Figure 10). This
vector, based on the pAD-CMV vector (Werner et al., 1998), mediates constifutive expression of
the heterologous genes driven by the CMV promoter/enhancer. In addition, pBID encodes the

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

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

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

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

- ggaacaat.gc agcagccgag

cccgcggt ga at ggagccac
at ggcagcag taaagcaagc
cgggcattca gtgacctgac
tttgaacagg tagtgaatga
tttttctcct tcggcggggce
gt gagt cgga secgcagcttg
cagaacaacg dcggct ggga
agccgaaagg gccaggaacg

t gcgcacagc a'cagtttgg

360

gct gagggagegeerigmbacdh20

at cccagctc cacat caccc
actcttccgg gat ggggt aa
act gt gco@aase@eot ag
gat ggccact tacctgaatg
tacttttgtg gaactctatg
cttcaaccgc tggttcctga

cgggwgl@am btgﬂ ggmgmm@g&ztmmsngggsma@smt t cagt cgg aaat gaccag

aca

QCCQ
saplens

at 96

g
t acgagﬁlgc%”

e

N A

480
540
600
660
720
780
840
900
3> anD

aaga caccccctcg tccaagaat g caaagcacat ccaat aaaat
agctwoat :ilae&O, Relcaabinang DNA Methotlslogy, A adanic ®oisg (989t gggagct ggggcgagag

%é%lcf'%%@%@%%%"“%gﬁ%"i%g

gggdgaghigl. Ag st da BigtechndiBieng 11899 Gfgt8Y
ng@ﬁﬁ@hgﬁﬁggﬂﬁgﬂﬁﬂ&ﬂmﬂ9$&§QGQM96QQQQQ§CCQC

-agcccgggea

t gcagacccc
t ggt ccacct
t cgccgagat
cggt ggt gga
agt t cggt gg
acat CgCCCt
acggaggct g
tcgggggt tg

aaat cagagt

cacgccccat
ggct gcceccc
ggccct ccge
gt ccagccag
ggagctettc
ggt cat gt gt
gt ggat gact
ggt aggt gca
gagt gcgggt
tgttgcttce

ccagccgcat
ggcgecgeceg
caagcgggcg
ct gcacct ga
agggacgggg
gt ggagagcg
gagt acct ga
tctggtgatg
gggct cct gg
cggcgt gt cc

cccgcgaccce
cggggect ge
acgacttctc
cgccct tcac
t gaact gggg
t caaccggga
accggcacct
t gagt ct ggg
gcaat gggag

ctacctcctc

a gaggggct ac
accgggcatc

ggt cgccagg

.gct cagcccg

ccgecegcet ac
cgcgcgggga
gaggattgtg
gat gt cgccc
gcacacct gg
ct gaggccac

gct gt ggagce

ct ct ggacaa

gagt gggat g
ttctcctccce
acct cgcecge
gtgccacctg
cgcggcgact
cgctttgeca
gecttctttg
ct ggt ggaca
at ccaggat a
aggt ccgaga
cggcgaaat a
agcgt t cact

gaaggat gg cgcacgct gg gagaacgggg
03/083093 PCT/ EPO3/ 03063 -2/ 12-

240
300
360
420
480
540
600
660
720
780
840
900




cccaacctga c 911 <210> 3 <211> 863 <212> DNA <213> Ciéf: |1 E geus
<400> 3 cagagcagac ccagtgagtg agcaggtgtt ttggacaatg ga g?ﬁ 8%%@ tctgt
60 attataaaaa tgtctcagag caaccgggag ctagtggttg actttctctc ctacaagctc 120
t cccagaaag gatacagctg gagtcagttt agtgatgtcg aagagaacag gact gaggcc 180 _

ccagaag@p@/eignat caga gagggagacc cccagtgcca tcaat ggcaeyesmsaioest 99 240

cacct ggcgg
cgggaggt ga

gagctgcggt

actgcatatc

ggtcgcattg
gagat gcagg
ct agagcct t
aat gcagcag
at gact gt g
gaccSERU

l®)

acagccccgce
t ccccat ggc
accggcggge
aaagctttga
tggccttttt
tattggt gag
ggat ccagga
ct gagagccg

Ctgﬁéﬂ&@ﬁgt

ggt aaat gga
agccgt aaag

gccact ggcc
caagcgct ga

gt t cagt gat -ct ApZatccc

acaggt agtg
ctccttcggt
t cggat cgca
caacggcggc
gaaaggccag

t ct gct gggce
cct cccaccc

aat gaact ct
ggagccct ct
agtt ggat gg
t gggacact t
gagcgcttca
tctctcttca
tat ccccacc

acagcagcag
gagaggcagg
agctt cat at
t ccgggat gg
gt gt ggaaag
ccacct acct
t cgt ggaact
accgct ggtt
gt cggaagt g
acaactctct

tttggatgca
cgatcagttt
aaccccaggg
ggt aaact gg
cgt agacaag
gaat gaccac
ct acggaaac
cct gacgggc
acaagacagt

‘cttcagccac

300
360
420
480
540
600
660
720
780
840

cattgctacc aggagaacca cta 863 <210> 4 - ' .. <211> 233 <212> PRT <213>

Cri CE%W’USB‘(}ﬁ%?—%’EHﬁ-’ Ingplbsiny PhexmaSEpbiGefo S&F Asn Arg G u Leu Val Val Asp Phe
Leu Ser Tyr Lys 1 51015 "'.. Leu Ser Gn Lys Ay Tyr Ser Trp Ser d n Phe
Ser A&P>Vallogy gel@syhgng Sinpgovess Fupyiya¥hprogettissaam gedr=Fy Thr A u Ser
A u genprake sPek @45 35 40 45 ', . 27 Septenber 2006 WO 03/ 083093

PCT/ EPO3/ 03063
<130> Casge 1-1314 - - : : .

<160> 25

<170> PatentIn version 3.1

<210> 1

<211l> 2926

<212> DNA

<213> Homo sapiens

<400> 1 )

gaatctecttt ctctecctte agaatcttat cttggetttg gatcttagaa gagaatcact 60
aaccagagac gagactcagt gagtgagceag gtgttttgga caatggactg gttgagcecca 120
teccetattat aaaaatgtcoet Cagagcaacc gagagetagt gottgacttt ctetcoctaca 18¢
agctttcocea gaaaggatac agetggaghbe agtttagtga tgtggaagag aacaggactg 240
aggcecccaga agggactgaa teggagatgg agacccccag tgccatcaat ggcaaccceat 300
cdtggcacct ggeagacagce cccegeagtga atggagccac tgcgcacagc agcagtttgyg 360
atgoceggga ggtgatccoe atggecageag taaagcaage gotgagggag gcaggegacg 420
-agtttgaact gcgogtacogg cgggcattca gtgacctgac atcccagete cacatcaccc 480
cagggacage atatcagage tttgaacagg tagtgaatga actettecgg gatggggtaa 540
actggggteg cattgtggee tttttetoet teggoegggge actgtgegty gaaagegtag 600
acaaggagat geaggtattg gtgagtegga tegeagettag gatggecact tacctgaatg 660
accacctaga gecttggate caggagaacg geggetgoga tacttttgtg gaactotatg 720
ggaacaatgc agragccgag agccdaaagg gecaggaacg cttcaacege tggttectga 780
cgggeatgac tgtggecgge gtggttcetge tgggcteact ctteagtegg aaatgaccag 840
acactgacca tecactetae cctoceacoe cettetetge tecaccacat ccteegteca 200
gccgccattg coaccaggag aaccog : 926
<210> 2

<211l> 911

<212> DNA

<213> Homo sapiens

<400> 2 .

tgattgaaga cacccccteg tccaagaatg caaagcacat ccaataaaat agetggatta 60
taacteccetet tetttetetg ggggcocgtgg ggbgggaget ggggcgagag gtgecgtigg 120
cceccgttge ttttoctetg 'ggaaggatgyg cgcacgetgg gagaacggdg tacgacaacc 180



55 60 Val

-3/12- Ser Ala Ile Asn Gy Asn Pro Ser Trp His Leu Ala%fgg Ser Pro Al a 50
Asn Gy Ala Thr Ay H's Ser Ser Ser Leu Asp plegiber ¢08%,|

70 75 80 Ile Pro Met Ala Ala Val Lys An Ala Leu Arg Au Ala Ay Asp Gu
85 90 95 Phe Qu Leu Arg Tyr Arg Arg Ala Phe Set Asp.Leu Thr Ser A n Leu

100 109v0i@wos3wxs |le Thr Pro @y Thr Ala Tyr A n Ser RUBERBM30E n Val Val

Asn- 115 120 125 du Leu Phe Arg Asp Ay Val Asn Trp Ay Arg Ile Val Al a
Phe Phe 130 135 140 Ser Phedy G I Leu QIS Val Qu Ser Val Asp Lys Qu
- Met Gln 1%?5 15%1551 Val Leu %ég%er Ar eAIa Ser Trp Net Al a Thr
Tyr 159 (rpeiokaty pactitess ot C??;S Wn'ay ay
Trp ASHI at “F8Y T EEIFHO “FULEH T ?9%*’ tﬁcé‘% ‘A‘fa A? YAadu
Ser "%‘-’? ;céc‘ﬁc c""’fﬁ%‘-"?&o""z‘i%gaﬁsgg R gg"%e L2%° Thr Gy
qeAl V&l F7H°99E 551@95%9 E‘é’ﬁFﬁ?&ﬁ" “E2u PR’ Ser Arg
ctggfﬁ HAEH)GFRICRFTT %‘?ff EENACSFLISTRF (IPPIITRFT Seqﬁ%%ce <220>
<223> CISSF%tatgmaBrFtr?ﬁ?%‘fﬁago?t%E TN S HE 2 BIUEPIIW FHSTH ISP Yt ct »
T SRRy SRIRLE agct

gcaac SEEB6" 9ga§ %
72

o g SR cAR A st Ao St e oo

0

acggaggctyg ggtaggtgea tctggtgatg tgagtcoctagg ctgaggecac aggtccgaga 780
tegggagttg gagtgegggt ggacteetgg geaatgggag getgtggage cggogaaata 840
aaatcagagt tgttgetteoc cggegtgtoce ctacctecte ctetggacaa agegttcact 200
¢ceaacctga ¢ 911
<210> 3

<211> B63

«<212> DNA

<213> Cricetulus griseus

<400> 3

cagagcagac ccagbgagtyg agcaggtgtt ttggacaatg gactggtitga gceceatcetgt 60
attataaaaa tgtctecagag caaccgggag ctagtggtig actttctete ctacaagete 120
tecoagaaag gatacagety gagtcagttt agtgatgtoeg aagagaacag gactgaggec 180
ccagaaggaa chtgaatcaga gagggagace cccagtgeca tcaatggcaa cccatcctgg 240
cacctggegg acageccege ggtaaatgga geocactggec acageageag tttggatgea 300
cgggaggtaga tococcatgge agecgtaaag caagegoetga gagaggocgg cgatgaghtt 360
gagctgeggt aceggeggge gttcagtgat ctaacatcce agettcatat aaccccaggg 420
actgcatatc aaagetttga acaggtagtg aatgaactct-tccgggatgg ggtaaactgg 480
ggtegeattyg tggecttttt ctecttoggt ggagoeoctet gtgtggaaag cgtagacaag 540
gagatgcagg tattggbgag tcoggatcgea agttggatgg ccacctacch gaatgaccac 600
ctagagectt ggatccagga caacggegge tgggacactt tegtggdact ctacggaaac 660
aatgcagcag ctgagagoog gaaaggcocag gagecgcttca accgotgghbt cctgacggge 720
atgactgtgg ctggtgtggt tctgctggge tctetettea gteggaaghtyg acaagacagt 780
gaccacctac tecacatcecteg ccoteccacce tatceccoccace acaactctet ctitcagecac 840
cattgctace aggagaacca cta 863
<210> 4

<211> 233

<212» PRT

<213> Cricetulus griseus

<£00> 4

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

1

5

i0

15

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

20

30

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

35

40

45




taacatccca gcttcatata 180

at gaact ct t 26 S§QPIRRIF0%I0 27

-4/ 12- gtaaactggg gtcgcattgt
300 gtagacaagg agat gcaggt
360 aatgap@enesérgagecttg

gatgagtttg agctgcggta ccggcgggeg ttcagtgatc
accccaggga ctgcatatca aagctttgaa caggt agtga
Sept enber 2006 WO 03/ 083093 PCT/ EP03/ 03063
ggcctttttc tccttcggtg gagecctctg tgtggaaage

at t ggt gagiee@gat cgcaa gttggatggc cacctacctg

gat ccaggac aacggcggct gggacacttt cgtggaactc 420 tacggaaaca atgcagcagc
t gagagccgg aaaggccagg agcgcttcaa ccgctggttc 480 ctgacgggca tgactgtggce
‘tggtgtggtt ctgacgggct ctctcttcag ‘t?cgé%agt ga 540 <210> 6 <211> 179 <212>

PRT <213> Artificial Sequence - <220> <223> Del etion-mutant of SEQ ID NO: 4
(delZgrZdp Ik/58> ByMein 8eg SEF Tr8eHindmu/Klg Sbn SeePrvatlaval Asp Phe Leu Ser
Tyr Lys 501 5 10 15 Leu 8r A n Lys Gy & Ser Trp Ser Ala Ala Ala Ala Ala
Ala Val 20 25 30 Lys G n Ala Leu Arg Gu Ala Ay Asp Gu Phe Qu Leu Arg
Tyr Aedy 2sh G 40z 4Br FngHN SePherSser Asp AspuAThArSeilu@al Leu His Ile Thr
Pro @y Thr 50 55 607®la Tyr A n Ser 7Phe Gu A n Val &al Asn G u Leu Phe
Arg Asp Ay 65 70 75 80 Val Asn Trp Gy Arg Ile Vval Ala Phe Phe Ser Phe
Ay Gly HoaMdteal8R18VLAS Ly OEdn Vidle Bw ABgrélMaklaASDy [Asp @wu Met G n Val Leu
Val Ser Arg Ile B30 105 110 Ala See® Trp Met, Ala THS Tyr Leu Asn Asp Hi s

Len Qu Pro Trp Ile - 115 120 125 _ :
Fhe Glu Leu Arg Tyr Arg Arg Ala Phe Ser Asp.Leu Thr Ser Gln Leu

100 105 119
His Tle Thr Pro Gly Thr Ala Tyr Gln Ser Phe Glu Gln Val Val Asn -
115 120 125

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

Ser Phe Gly Gly Ala Leu Cys Val
i4s 150

@lu Ser Val Asp Lys Glu Met Gln
155 160

Val Leu

Hig Leu

Val Ser Arg
165

Glu Pro Trp

Ile Ala Ser

Trp Met Ala Thr Tyr

170

Leu Asn Asp
175

_ acceccaggga ctgcatatca aagetttgaa caggtagtga atgaactctt cegggatgag

Ile Gln Asp Asn Gly Gly Trp Asp Thr Phe Val

180 i85 : 190

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

Phe Leu Thr Gly Met Thr Val Ala Gly Val Val
215 220

Arg Phe Asn Arg Trp
210

Leu Leu Gly Ser Leu Phe Ser Arg Lys
225 230

<210> 5

<21ll> 540

<212> DNA

<213> Artificial Sequence

<220>
<223> Deletion mutant of SEQ ID N0:3 (del26-83}

<400> 5

§tgtctcaga geaaccggga getagbggtt gactttctet cctacaaget ctcecagaaa 60
ggatacagct ggagtgegge cgeagcagea gecgtaaage aagogcotgag agaggocgge i20
gatgagtttg agctgeggta ccggcgggeg tteagtgate taacatccea gctteatata 180
2490



Gn Asp Asn Ay Ay Trp Asp Thr Phe Val Gu Leu Tyr Asn Asn 130 135 140
Ala Ala Ala Qu Ser Arg Lys Ay An Gu Arg Phe Asn Ar%]sr%em%rmﬂﬁ 145 _
150 155 160 Leu Thr Ay Met Thr Val Ala Ay Val Val Leu Len Ay Ser Leu Phe
165 170 175 Ser Arg Lys 27 Septenber 2006 8y8ye WO 03/083093

PCT/ EPO33 38§83 - 5/ 12- <210> 7 <211> 600 <212> DNA <pdprpodVoddsii ci al
Sequence <220> c223> Deletion nutant of SEQ ID NO:3 (del46-83) <400> 7
at gt ct caga gcaaccggga gctagtggtt g z tctct cctacaagct ctcccagaaa 60

" ggat acagct ggagtcagtt tagtgatgtc g‘g 3 gaaca ggact gaggc cccagaagga 120
act gEEELUGIAY AGEYEYFE*© cgeaytabe & GEekaagrIcantRrgC ey gecgc 180
gat g &GEIG2EY AUgEIRFEAT GEHITHETE FATRBYIfEg a it JDakasst exdshagetis cat3la 240
accc @2§RFA2EE FegrIACEhT A§eTaInga R acagRAcTlt Yavasrgdbcegagareygat4fdy 300

gt aa&GFIHAG2HT AHEBRICGEC JYeBALCeHE RARIBTIATg RIFSghReECETIFITiqggaaki§c 360

gt ag&EaasyIay dogekargeac Joubphioghltctegtgaacy cartgttaggateapeagtasct ackioy 420
aat gaccacc tagagccttg gatccaggac aacggcggct gggacacttt cgtggaactc 480

t acggaaaca at gcagcagc tgagagccgg aaaggccagg agcgcttcaa ccgctggttc 540
ctg aégg ficaét gact gt ggc tggtgtggtt ctgctggget ctctcttcag tcggaagtga 600
<210=281%2173% 199 <212> PRT <213> Artificial Sequence <220> <223>

Del etP&?r mB¥ANt of SEQ ID NO 4 (del 46-83)
<213> Artificial Sequence

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

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

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

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

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

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

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

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

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

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

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

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

‘Ser Arg Lys




<400> 8 Met Ser A n Ser Asn Arg Gu Leu Val Val Asp Phe_Leu Ser Tyr Lys 1
510 15 Leu Ser Gn Lys Ay Tyr Ser Trp Ser @ n Phe sé?%?k?%ﬂf?@% Gu 20
25 30 Asn Arg Thr Au Ala Pro Qu @y Thr Au Ser Qu Arg Ala Ala Ala 35
40 45 '.. Ala Ala Ala Val Lys Gn Ala Leu Arg Gn Ala Ay Asp Gu Phe Qu
50 55 6@ oslogmoArg Tyr Arg Arg Ala Phe Ser Asp Len Thicto@oszsédés Leu His Ile
65 70 75 80 Thr Pro Ay Thr Ala Tyr An Ser Phe Qu G n Val VvVal Asn GQu
Leu 85 90 95 Phe Arg Asp Ay Val es%l'rp Gy Arg Ile vVal Ala Phe Phe Ser
- Phe 100 105 110 27 Septenber 2008 03/ 083093 PCT/ EP03/ 03063 -6/12- Gy
Ay Ala Leu cys Val du Ser val Asp Lys Gu Met A n Val Leu 115 120 125
Val &a0>Ary Ile Ala Ser Trp Met Ala Thr Tyr Len Asn Asp His Leu 130 135 140
- ' <21Gu #00. Trp Ile G.n Asp Asn Ay Gy Trp Asp Thr Phe Val G u Lea 145
150 438>1602 Tyr Gy Asn Asn Ala Ala Ala Gu Ser Arg Lys Ay Gn Gu Arg

Phe <2885 W@ifitGapbsteatencerp Phe Leu Thr Ay Met Thr Val Ala Ay Val Val
Leu Leu 180, 185 - 190 Ay Ser Leu Phe Ser Arg Lys 195 <210> 9 <211> 660
<212:22DNA <213> Artificial Sequence . '
<223> Deletion mutant of SEQ ID NO:3 (del46-83)
«400=> 7
atgtetcaga geoaaccggga gectagtggtt gacttbetet ccotacaaget ctcccagaéa 60
ggatacaget ggagtcagtt tagtgatgbc gaagagaaca ggactgagge cccagaagga 120
actgaatcag agagggcedge cgcagcagea gecogtaaage aagegctgag agaggecgge 180
gatgagtttg agctgeggta ceggegggeg ttcagtgate taacatccca getteatata . 240
accccaggga ctgcatatca aagcetttgaa caggtagtga atgaactett coaggatggyg 300
gtaaactggy gtegeattgt ggecttttbe tectteggtg gageccetetg tgtggaaago 360
' gtagacaagg'agatgcaggt attggtgagt cggatcgcaa gttggatgge caccetacctg 420
aatgaccace tagagoettg gabceaggac aacggcegget gggacacttt cgtggaacte 480
tacggaaaca atgcagcagc tgagagcogg aaaggccagg agegetteaa ccgetggtte 540
ctgacgggca tgactgtgge tggtgtggti ctgetggget ctetcttcag tcggaagtga 600
<210> 8
<211l> 199
<212> PRT
«213> Artificial Sequence
<220>
<223> Deletion mutant of SEQ ID NO:4 {del46-83)
<400> 8 :
Met Ser Gln Ser Asn Arg Glu Leu Val Val Asp Phe Leu Ser Tyr Lys
1 5 10 15

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

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

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

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

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

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




<220> <223> Del eti on nmutant of SEQ I D NO 3 (del66 83) _<400> 9 at
gcaaccggga gctagtggtt gactttctct cctacaagct ctcccagaaa 6@'98559

ggagt cagtt tagtgatgtc gaagagaaca ggactgaggc cccagaagga 120 actgaatcag
agagggagac ccccagtgcc atcaatggca acccatcctg gcacctggcg 180 gacagccccg
cggt agsgpes/emeRngcagca gccgt aaagc aagcgct gag agaggccgarrdflezoegpat gagtttg
agct gcggta ccggcgggecg ttcagtgatc taacatccca gcttcatata 300 accccaggga

tctcaga

c:gcat?Eca aagct::??a faggtagtga éga ctctt fc?ggatggg 228 g:aaactggg
g cgca cc c tccttce ctc gt ggaaagc gt agacaagg
agat gt gg?dﬁPd@ﬁtvébéﬂﬂdgﬁhg:g déF9581 qu&BO aat gaccacc

t gggacacttt éﬁ?ggaactc 540

cgcttcaa ccgctggttc 600 ctgacgggca

chEchy PepdERgE 660 <216> 10 <211>
PRT <213> Arti¥Pcial Sequence 1&220> <223> Del etion.nutant of

SEQ ID NO 4 (del66-83) <400> 10 Met Ser G n Ser Asn Arg Gu Leu Val Va

Asp PHE PeuToedleyFin gsp ApnsClynCly Tpy 2spptemBee V23081 Wer 03/ 083093

PCT/ Brf@3/ 03063 -7/ 12- 1B®u Ser G n Lys@5¢ Tyr Ser Trp S&F°A n Phe Ser Asp

Val Gu Qu 20 25 30 Asn Arg. Thr Gu Ala Pro Au Ay Thr -Qu Ser Au Arg

G u TE Bhphsm Asnglaygla 8dp FuaSer dradys@ly Adm BRoASePhdrp H s Len Ala Asp

Ser Pro Ala 50 55 3% Vval Ala Ala AFa Ala Ala Ala VAISLys G n Ala Leu Arg

Gu Ala dy 65 70 75 80
" Asn Arg Trp Phe Leu Thr @ly Met Thr val Ala Gly Val Val Leu Leu

tagagccttg dad® ccaggac aacggctifc t acggaaaca

at gcagcagc tga gccgg aaaggccag
t gact‘%t % Lot Sex d’%’?g"@?j’cgl%t
219 <21

180- 185 190
Gly Ser Leu Phe Ser Arg Lys
185
<210> 9
<211l> 660
<212> DNA :
<213> BArtificial Sequence
<220>
<223> Deletion mutant of SEQ ID NO:3 (delé6-83)
<400> 8
atgtctcaga gecaaccggga getagtggtt gactttetet cctacaaget ctcccagaaa 60
. ggatacagct ggagtcagtt tagtgatgte gaagagaaca ggactgagge cocagaagga 120
actgaatcag agagggagac ccccagtgec atcaatggeoa acceatcctg geacctggeg 180
gacagccoog cggtagogge cgcagcagcea gecgtaaage aagegctgag agaggecgge 240
. gatgagtttg agetgeggta ceggugggeg ttecagtgate taacatccoca gettcatata 300
- accecaggga ctgcatatca aagetttgaa caggtagtga atgaactett ccgggatagg 360
gtaaactggg gtegeattgt ggecttttte teoctteggbtg gagecctetg tgtggaaage 420
gtagacaagg agatgcaggt attggtgagt cggatcgeaa gtitggatgge cacctacctg 480
aatgaccace tagagecttg gatccaggac aacggegger gggacacttt cgtggaacte 540
tacggaaaca atgcagoagce tgagageocgg aaaggeocagqg agegettceaa cogetggttce 600
ctgacgggca tgactgtgge tggtgtggtt ctgetggget cteteticag toggaagtga 660
<210> 10
<21ll> 219
<212> PRT
<213> Artificial Sequence
<220> ’
<223> Deletion mutant of SEQ ID NG:4 {delG6-83)
<400> 10

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

1

5

10

is




Asp Qu Phe GQu.Lea Arg Tyr Arg Arg Al a. Phe Ser Asp Leu Thr Ser. 85 90 95
Gn Leu His Ile Thr Pro Ay Thr Ala Tyr G n Ser Phe G r2/cepteraber 2006 105
110 Val Asn GQu Leu Phe Arg Asp Ay Val Asn Trp Gy Arg Ile val Ala 115
120 125 Phe Phe Ser Phe Ay Ay Ala Leu Cys Val du Ser Val Asp Lys Qu

' 130 1% dxAfdzoedet G n Val Len Val Ser Arg Ile Al a Seperdimsdhks Al aThr Tyr
Leu 145 150 155 160 Asn Asp His Leu Gu Pro Trp Ile An Asp Asn Ay dvy
Trp Asp Thr 165 170 175 Phe Val G,}J kﬁu Tyr Ay Asn Asn Ala-Ala Ala Qu
-Ser Arg Lys Ay 180 185 190 G n Gin/ g Phe Asn Arg Trp Phe Leu Thr Gy
Met Thr. Val "Ala G 195 200 205 Val Val Leu Leu Gy Ser Leu Phe Ser Arg
Lys 216" 25 Sy Gﬁ! L1 8sr Bop Sex2dbn PhpSexod s VAR tG1#1 @lval  Sequence c220>
<223> Del etion fitant of SEQ | DA0O 3 (deld6-63) 38400> 11 atgtctcaga
gcaacc ggg ctagtggtt gactttctct cctacaagct ctcccagaaa 60 ggatacagct

ggagt & gaggtgﬁfg%é RrRathy S4¢ Fhggalor §agdiiucken§iadla 220 27 Sept enber
2006 WO 03/%783093 PCT/ EP03/ 88063 -8/ 12- act g&at cag agagggcggc cgcagcagcg
gt aaat ggag ccactggcca cagcagcagt 180 ttggatgcac gggaggtgat ccccatggca
gcegt $adla HGelet §ay Aagalir 655 TrR40s §ar gdgt 2y SegdrgcAigt a ccggcgggeg

tt cagt gaP@ taacatccca gct®tatata .300 acd®ca a ct catatca as cttt as

caggt agt ga - 5 atgaactctt cc at 360
99 Vr:%. g.la %ﬂg AlagA%a Alg Ala Val Lys gc%% A]gag %.'eu Arg Glu Ala Gly
65

70 75 80

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

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

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

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

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

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

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

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

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

<210> 11

<21l> 660

<212> DNA

<213> Artificial Sequence

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

«400> 11
atgtctcaga gcaaccgaga getagbtggtt gactttct:ct‘cctacaagct cteoccagaaa - B0
. ggatacagct ggagtcagtt tagtgatgte gaagagaaca ggactgagge cccagaagga 120




gtaaactggg gtcgcattgt ggecctttttc tccttcggtg gagecctctg tgtggaaage 420

gt agacaagg agat gcaggt attggt gagt cggatcgcaa gtt ggat ggc2taepteabet g0¥80
aat gaccacc tagagccttg gatccaggac aacggcggct gggacacttt cgtggaactc 540
t acggaaaca atgcagcagc tgagagccgg aaaggccagg agcgcttcaa ccgctggttc 600

ct gaco@odesuect gt ggc tggtgtggtt ctgctggget ctctctt eperpa@aa0t ga 660
<210> 12 <211> 219 <212> PRT <213> Artificial Sequence <220> <223>

Ser
Au
Thr
Al a
Arg
Pro
Phe AP
Phe
Val
Asn

Del etion nutant of SEQ I D NCc4- (de%%? 83) <400> 12 Met Ser G n Ser Asa Arg
- Qu

Le Val Val Asp The Leu Ser T\ s 1510 15 Leu Ser Gn Lys Gy Tyr
ey G9PBRECISE [ CIR_ICATSE Qﬁﬁﬁa%§3?92€F%E§9$H§a RATAAFAFEThr 1@Pu Ala Pro
dat N2 TIRRTCIBF [FORFYEINCE FIOFTRaEC MPcAtAy 392998¢oVval A8 Ay Al a
IR L HICERTITRR (CPTHIREY ACRIWAFC SRROBECTE IEGRRANR 11 8%ro0 Met Al a
V& 96 STORRPECR (POAF t@aﬁ RIFERYHP2 BPRrOECHSs BPI9REIPIE u 3Pfe G u Leu
g ﬁ%\%ﬁ??%@%@ EEASE oSt 999tISIgcsst Yy YE99®agcLeu 430s |l e Thr
%‘39’@: rFt&ggt EeateyRa\ategamyciersctaertgal ASR Q u Leu
PFEFH PIRETCTRS (PRFFIRIER) JR/CGITISE\VIIIRAREEE 199-9FPTFEED5  SERe Phe Ser
& c@z%\la&gﬁw 285 LHNGRIGEPY BEPISLAIIARIFIEY Al erIrsestiss 1400 Met G n
c& AR IPF FIRFHFIgEF HIFTIAACT AP TRICRITYAIIRRGFI2145 6680 155 160
Asp H's Leu Qu Pro Trp Ile @ n Asp Asn Ay Ay Trp Asp Thr 165 170 175
<210> 12
<211> 219

<212 PRT . ]
<213> Artificial Sequence

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

<400> 12
Met Ser Gln Ser Asn Arg Glu Leu Val Val Asp Phe Leu Ser Tyr Lys
L 5 10 i5

Leu Ser @ln Lys Gly Tyr Ser Trp Ser Gln Phe Ser Asp Val Glu Glu
20 25 ‘30

Asn Arg Thr Glu Ala Pro Glu Gly Thr Glu Ser Glu Arg Ala Ala Bla
35 40 45

Ala Ala Val Bsn Gly Ala Thr Gly Hig Ser Ser Ser Leu Asp Ala Arg
50 55 60

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

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

Gln Leu His Ile Thr Pro Gly Thr Ala Tyr Gln Ser Phe Glu Gln Val
100 105 110

Val Asn Glu Leu Phe Arg Asp Gly Val Asn Trp Gly Arg Ile Val ala
115 iz20 125

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

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

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



27 Septenber 2006 WO 03/083093 PCT/ EP03/03063 -9/12- P_he Val Qu Leu Tyr
dy Agn Asn Ala Ala Ala Gu Ser Arg Lys Ay 180 185 180 Sepiemben20i&; Phe

‘Asn Arg Trp Phe Leu Thr Ay Met Thr Val Ala Ay 195 200 205t i Val Val
Leu Len Gy Ser Leu Phe Ser Arg Lys 210 215 <210> 13 <211> 28 <212> DNA
<213> Wigdshé®bal Sequence <220> F <223> Qi gonucl eqidGkdoiBlossy €Vl ) <400>.
13 gccaccatgt ctcagagcaa accgggag 28 <210> 14 <211> 24 <212> DNA <213>

Artificial Sequence <220> <223> d.gonucleotid (Bcl revl) '.. <220>"','..
©<221> Y <222> (4)..(4) <223> Y meadd FBor C!.. <220> <221> Y <222>

(19)..(19) <223> Y neans T or C <220> <221> R <222> (22)..(22)
Phe Val Glu Leu Tyr Gly Asn &sn Ala Ala Ala Glu Ser Arg Lys Gly
i80 i85 190

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

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

«<210> 13

<211=> " 28

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

<220>
<223> Oligonucleotid (Bcl revl)

<400> 13
geccaccatgt cteagageaa accgggag 28

=<210> 14

<21l> 24

<212> - DNA

<213> Artificial Sequence

<220>
<223> Oligonucleotid (Bcl revl)

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

<220>

<221> Y :

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

<220

<221> R

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

<400> 14

teayttecga ctgaagagyg arce ' 24

<210 15
<21l> 23




<223> R neans G or A <400> 14 '.. tcayttccga ctgaagagyg arcc 24 <210> 15
<211> 23 27 Septenber 2006 WO 03/083093 PCT/ EP03/ 030627 S¥plember2085> DNA
<213> Artificial Sequence <220> <223> digonucleotid (Bcl revs) <400> 15
catcactaaa ctgactccag ctg 23 77 <210> 16 <211> 23 <212> DNA <213>

Artifi eicdsodsogience <220> <223> digonucl eotid (BClpegideses#00> 16
tgactccagc tgtatccttt ctg 23 <210> 17 <211> 20 <212> DNA <213> Artifici al

Sequence <220> <223> d igonucleogtg)fﬁfL for2) <400> 17 gacgggcatg
12>" DNA _

.actgtggﬁgg]%g_ <210> 18 <211> 22

<213> Artificial Sequence

<220>
<223> OQligonucleotid (Bel revs)

<400> 15 ‘ :
catcactaaa ctgactecag ckg . 23

<210> 16

<211x= 23

<212> DNA :
<213> Artificial Sequence

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

<400> 16
" tgactceage tgtateettt ctg . 23

<210> 17

<211> 20

<212> DNA

«<213> Artificial Sequence

<220
<223> Oligonucleotid (Bcl forz)

<400> 17 .
gacgggeaty actgtggetg . ‘ 20

<210> 18

<211l> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Oligonucleotid {Bcl for3)

<400> 18
tgactgtgge tggtgtggtt ct : c ' 22

<210> 19

<21l> 37

<212> DNA

<213> Artificial Sequence




<213> Artificial Sequence <220> <223> digonucleotid (Bcl fora) <400> 18
tgactgtggc tggtgtggtt ct 22 <210> 19 <211> 3.7 <212> 20N\Pept@tder 2006i fi ci al
Sequence 27 Septenber 2006 WO 03/083093 PCT/ EP03/03063 -11/12- <220> <223>
A igonucleotid (Eco-Bcl for) <400> 19 tccggaattc gccaccatgt ctcagagcaa
ccgggawodéossogsl0> 20 | E <211> 34 <212> DNA <213> ArpdqfiisgkadesSequence

<220> <223> digonucleotid (Xho-Bcl rev) <400> 20 tccgctcgag tcacttccga _
ct gaagagag agcc 34 <210> 21 <211>1411<74]£212> DNA <213> Artificial Sequence-
- <220>_55223> A gonucl eotl d (del26) > 21 atagttatgc tgcggccgca ' _

ct Cca<gzg39t Oatiggr}utc& t%.dg (Eco B012]f0> 22 <2l1> 42

<400> 19
tcecggaatte gecaccatgt ctcagageaa cegggag 37

<210> 20

«211> 34

<212> DNA

<213> Artificial Sequence

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

<400> 20
tcegetegag tcacttocga ctgaagagag agec 34

<210> 21

<21l> 41

<212> DNA

<213> Artificial Sequence

<220>
<223> Oligonuclecotid {(del2s)

<400> 21
atagttatgec tgeggeoegea ctecagetgt atcctttetg g .41

«210> 22

<211l> 42

.<212> DNA

<213> Artificial Sequence

<220
<223> Oligonucleotid {del4é)

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

<210> 23

<211> 38

<212> DNa

<213> Artificial Sequence

<220
<223> Oligonucletid (delgs)

<400> 23




<212> DNA <213> Artificial Sequence <220> <223> digonucleotid (del46)

<400> 22 atagttatgc tgcggccgecc ctctctgatt cagttccttc tg7septenbd2008 <211>

38 <212> DNA <213> Artificial Sequence <220> <223> digonucletid (del 66)

<400> 23 27 Septenber 2006 WO 03/083093 PCT/ EP03/03063 12/12 atagttatgc

.t gcggc®grasnamweycgggge tgtccgec 38 <210> 24 <211> 42pCRE¥D2m30ENA <213>

Artificial Sequence '.. <220> <223> digonucleotid (del63) <400> 24

%ﬁ%taagaag cggccgecagce agcggt aaat ggggqg%gtgcﬁp 42 7210?d2?d<iéé> 4240;2132
< [ equence <220> <Z223> (i gonucl eoti e <400>

aagtééégggé%%difé%%%%§£%§§§%¥ﬁFaEéﬁﬁ%%%gcgc tg 42 27 Septenber 2006 WO

03/ 083093 PCT/ EP03/ 03063 - ‘ _

<210> 24

<211> 42

<212> DNA

<213> Artificial Sequence

<220>
«223> Oligonucleotid {dele3)

<400> 24 .
aagtaagaag cggccgcage ageggtaaat ggagecactg ge 42

<210> 25

<211> 42

<212> DNA

<213> Artificial Sequence

<220>
<223> Oligonucleotid {(del83)

<400> 25 :
aagtaagaag cggeogeago agcagccegta aagcaagege tg ' 42




59 CLAIM5S s 1. A hanster host cell genetically nodified by introducing
nucl ei c acid sequences that encode for an anti-apopto yer2006

sel ectabl e anplifiable marker gene, and at | east one gene of interest. 2.
A host cell of claim1l, wherein the host cell is a Chinese Hanster Ovary
(CHO welds/gmssa Baby Hanster Kidney (BHK) cell. io B1/ERehesés cel |

according to claiml or 2, wheretsth the host cell is a CHO D&44, CHO K,

CHO DUKX, CHO DUKX Bl1l, CHO Pro-5, V79, Bl14AF28-G3, BHK 21, BHK TK, HaX, or
BHK 21(2254-62.2) cell, or the progeny of any of such cell line. 4. A
murine nyeloma cell genetically nodified by introducing nucleic acid
sequenaesmst hat  encode for an anti-apoptosis gene, a sel ectable anplifiable
mar ker gene, and at |east one gene is of interest. 5 A host cell of claim
4, wherein the host cell is a NSO or SP2/0-Agl4 cell, or the progeny of

y pf ' . host. cel ccordi to.,any of clains 1 to 5,
\;\aﬁher%i g{: eteg_ﬁ%%t-cgl’p[}g%%eggﬁllgﬁlﬁ%‘ﬁ@edelﬁ’clg oG ﬂg‘r@%gﬂxﬁ’f’eﬁ g gagqden
super f ¥ A ADHRREDteER Beney 2 seleetahle amphifidble mprkes gene, agbat7least oho genecw] |

accor dimegesto any one of clains 1 to 6, wherein the anti-apoptosis gene
encodes for BCL-xL, BCL-2, BCL-w, BFL-1, A, MCL-1, BOO, BRAG 1, NR-13,

CDN-2L, AGHist el of Gl 31£, vHeRin fhe Hobf1 tirl?baqr:hti@%&&ﬁm_ tsér RaQEHO el 8%00][ ding to
any on ; erein the anti-apoptosis gene éncodes or
B&_XLESQ%%TE%"%B}’%)R%% cell accordi ngptg any o%e of claims 1 to 7,
er-gi | - t QS ne, has .t he seque _ |, SEQID
% 5 Qﬁ%ﬁﬁﬁé‘j{"ﬁ‘ﬁﬁé@fﬁ“ﬁsﬂ% 5‘,”11%&‘6@%‘0{%3?,% a%@@ﬁ%‘*@%%ﬁg@@l D NO.11,
or anyDBHRS. SHOAIUEXRY, | GO Rrergn¥i9, BUAAT28r53, BHKPd; BER THs Halheweof . 10. A

host CBHK-ZK2254HB2(0) cél) of the pRipenPéf dak dF fich célPlife. e€ncoding for BCL-xL. 30 11.
A host cell according to any one of clainms 1 to 7, wherein the

NG 5 e B S BQIRANS ARl By roige pRAdic acid s Ty
1 5, . : 1’90 . ] , _or any. Dbiologically
active fr a%@%%o?néﬁ%?gﬁgﬁf Belsy 2 é‘?"h‘?}ﬁ é‘ﬁf‘qﬂﬁpé’é?er g?Pf?a“i%l?Q’Tt OREFFCaccor di ng
Bo anyofdnE™st claims | to 9, wherein the selectable anplifiable marker
gene encodes_ for di hydrofol ate reductase (DHFR), gl utam ne synthetase, CAD,
aderosfhestrrll of gl flewhareio dhe e @81/i98 NS0 SETOERGIAIGHDGE3he progeny of

any of such cell line. B '

6. A host cell according to any of claims 1 to 5, wherein the anti-apoptosis gene encodes for a
member of the Bel-2 superfamily that can act as cell death repressor.

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

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

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

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

30 11, A host cell according to any one of claims 1 to 7, wherein the anti-apoptosis gene has the

sequence of SEQ ID NO:1, , SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:7, SEQ ID NO:9 or
SEQ ID NO:11, or any biologically active fragment, variant, or derivative thereof,

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




60. deam nase, adenyl ate deam nase, UMP synthetase, | MP 5'-dehydrogenase,
xant hi ne guani ne phosphori bosyl transferase, HGPRTase27ﬁﬁyﬁmﬂkm80Q$nase

t hym dyl ate synthetase, P glycoprotein 170, ribonucl eotide reductase,
aspar agi ne synt hetase, arginosuccinate synthetase, ornithine

decar bewogyizasmes HVG CoA reduct ase, acetyl gl ucosam nyl ptrarshsikase, S

t hreonyl -t RNA synt het ase or Na Ki#ATPase. 13. A host cell according to any
‘one of clains | to 12, wherein the anti-apoptosis gene encodes for BCL-xL

— and t h@eaﬁﬂia@@hd&iyﬁt@ﬂ&hﬂ:ﬁds@ﬁbﬁ?%?ﬂtﬁﬁﬁsegﬂm Sf-dﬁhy@HE&aStg b;m peandient het ase,

5' deh&d’ gﬁg ge&nifﬁ‘}% ki fe guanl ngl osphor Efo%ﬁ ans ragagcl EPGPRTase

t hym dglmeopmtﬁas d704 hijbanaglpetide T ugw hasRRginep gy ’@ﬁ%oﬁws‘lc?@”
r i bonu@ne@taha %rﬁﬁﬂh&ﬂ@ﬁ&oxﬂﬁé,aﬂﬁﬂ} maASMﬁdmammglamamﬂmme

nt he é%%’lnh{]%ﬁd&cﬁi@ HVG CoA - reduct ase,

cet yl hsferase, reonyl -t RNA synt het ase or

' rr)-AlPase, 1 r o 10 12,

wher gr%‘lﬁ(ﬂﬁ‘ r?f"for %ty(ﬁeg?%e encodes%egw%&%&%g%t%& e sel ect abl e
anpl i f foaRG- hhméﬁh@@l@tabbrmlmﬁableumarm gene o DHER,, |ghupmping &yoietass any of
cl al mecAny Qdelaémﬁd\lﬂﬁiﬁhd%etdm@n)?ﬁé acaa;ﬂﬁa(mtaosw gatetass, hMPSSé-ldelgtdajglemse:: .
anpl i er e i nke

2ol kol TREE! pASARR0%:1 HGs0R0E ApRnic EE AR, Yified *ﬁﬂo ﬁfd?’m‘:‘?a.yd genes.
6. A ssthetage, ofP exbm%tpﬁg B aﬁb‘?ﬂnﬁweosﬁegu“g@ﬁe asparagins o SYOSl

- anpl i fb.l?ﬁbﬁlc@iﬂﬁﬂéer spiftigasand crbithidecasiectibexysae HMGNt efwst nemmasa;amml i an

popul a8 %ﬁ%ﬂraﬁ%ﬂ#ﬁﬂéﬁ‘?‘ %L%ﬁ%éﬁ%‘#@%ﬁﬁfm b ot apoptosi s

oot 198G R e TR 7 wRERE o U RSl ShodfIR
sequenBGLanJ ﬂllﬂfeleﬁtﬁble@;wl@%@? }f@fge@a fr ffs: (b) cultivating said host

cel Ih@opul ation under conditions where said genes are expressed. 25 17. A

Adpstgs eecording tonmsrefrlaians IHodd, whareis thaasfirangptasis ssmedhe b essi on
I evel aﬁplaﬂableaﬁhﬂkeﬁg&i@tmltﬁe geites) Of edest 49 opéafively linkadioi a Jeashdne a

manmal | an _host cel | ul I sequences that encode for an
ant i -a %g%eqa@ﬁgaﬁoa g@%%gﬂ’% ﬁpﬁdgl abl e marker gene, and optionally
ne of |nt rest wherein e an [ | i nked
to afbaﬁéjéegﬁ od 13 fﬂ?}“a ?f"%%%‘i?gh%“ sef cjf‘ag%/?fdﬁ ’?ﬁ e ?ndp g@}egﬁgg%' sai d
genes; leeatpn@gﬂmuo&mrwglm@ lankmsmﬂl@pmnsmder condi ti ons where at | east

sai d sel ectable anplifiable narker ,gene and said anti-apoptosj s gene are
@Xpres@mﬁma\mt@hhmﬁeﬁMHam@awﬁhemwm@gﬁq}iﬁn"?ﬁfgﬁ‘éﬂ elsifels at | east

of the aphian@RapRitesd Sen@EH Selectable amplifiable marker gene, and a gene(s)r of interest,
wherein said genes are operatively linked to at least one regulatory sequence allowing for
expression of said genes; '

(b) cultivating said host cell population under conditions where said genes are expressed.

25 17. A method of generating mammalian bost cells showing an enhanced expression level of an .
anti-apoptosis gene comprising:

(a) introducing into a mammalian host cell population nucleic acid sequences that encode for
an anti—apoptosis gene, a selectable amplifiable marker gene, and optionally at least one
gene of interest, wherein said genes are operatively linked to at least one regulatory

30 sequence allowing for expression of said genes;

) cultivating said cell population under conditions where at least said selectable amplifiable
marker gene and said anti-apoptosis gene are expressed, and which are favourable for
obtaining multiple copies at Jeast of the anti-apoptosis gene;

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




(c) selecting cells fromthe cell popul ation that i ncogzgorate rrultllg\oe
. copies at least of the 35 anti-apoptosis gene. 27 Sep

03/083093 PC1/ EP03/03063 61 18. The met hod of claim 17, wherein the
gene(s) of interest is introduced into the manmalian host cel | popul ati on.
19. Thwonswsseed of any one of clains 16 to 18, whereipciresmmssral i an host
cells are murine nyeloma or hanster cells. s 20. The nethod of claim 19,
wherein the hanster cells are Chinese Hanster Ovary (CHO cells or Baby

- HamsigeThdnei6Y of A 17,80 hefein b e-'ri oEfladt &f infdiicQNBidPthe thaidBiaab to 18,
wher ein %?-FZI SPml i an host cel I O or SP2/0-Agl4 cell. 22. The met hod

of any110 % ns 15 to 19, V\/nerel n the anti-apoptosis gene encodes for

xL,.BCL-2 BCL- BOO, ,.BRAG.1,,. NR- 13, . CDN- 1,
Con19: T RensbE o s i o kgt s th, 18 BTG b st B 1t AR of
cl ai n@l@ommziiﬂmsmmﬁlbm the anti-apoptosis gene encodes for BCL- xL or
BCL-2. 24. The nethod of any one of clains 16 to 22, wherein the
ant i20apepmetbpd ofydzim Hh vhetsin @emmeuaae@mmsﬁlmw\larp (CEBYIx4l® NO 2, SEQ
| D NO: & BaBFRiatrsteMRidney @8R} UNC 7, SEQ ID NO:9 or SEQ ID NO 11, or any

functional fragnents, variants or nutants (degenerative and non

degeneriad inkbd WRahP@he of elainl €6 %Woﬂhéi‘ém%'é’nﬁﬂ&aﬁin RbsRicBm id NSO r22,
V\herelgjié#lﬁg?gtl-apopt osi s gene encodes for BCL- xL. 20 26. -The method of

any on 16 to 22, wherein the anti-apopt 03| s gene has the

seq . E JDN05 SE ol SEQ I D
S8 oo Pn ST B N i e BonBig s e 50,10,

(Odeger?@r,mﬁfé, BOG-w; BFLdb geln 844Gl VBPO, BBéthb,fNRZ‘i CDNd, GBNR3dCBN-Bny one of

- cl ai megERFLHOLRAY s ek D bhe sel ectable anplifiable marker gene . 25
encodes for the dihydrofol ate reductase (DHFR), gl utam ne synthetase, CAD,

ade'lgsrﬁé%etﬁ&%ﬂaﬂ ¥fe o%ﬂﬁ@%@ﬂ%@eﬂﬂﬁéﬁn%pﬁwk&ﬁteﬁ@&m fYRCL-
5' decf?ih (ﬁ&:}g xanthl ne guani ne phosphoribosyl “"transferase, HGPRTase,

t hym t hym dyl ate synt het ase, P glycoprotein 170,
rib eot educt a t het,ase, ar ucci nate
syn%ﬁgﬁﬁ’ th?ff?#ﬂ”ﬁ |°H8°§§e'§}5§@ ?%s ‘ﬁ BEBRP?%?RPC%%&S tﬁ & & YCucosani nyl
tsr ansfdr&;&'b]]) NO:1 or 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 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-
«L. .

20 26. The method of any one of claims 16 to 22, wherein the anti-apoptosis gene has the seciuence
' of SEQ ID NO:1, SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:7, SEQ ID NO:9 or SEQ ID
NO:11, or any functional fragments, variants or mutants (degenerative and non degenerative)
thereof.

27. The method of any one of claims 16 to 26, wherein the selectable amplifiable marker gene .
25 encodes for the dihydrofolate reductase (DHFR), glutamine synthetase, CAD, adenosine
deaminase, adenylate deaminase, UMP synthetase, IMP 5'-dehydrogenase, xanthine guanine
phosphoribosyl transferase, HGPRTase, thymidine kinase, thymidylate synthetase, P
glycoprotein 170, ribonucleotide reductase, asparagine synthetase, arginosuccinate
synthetase, ornithine decarboxylase, HMG CoA reductase, acetylglucosaminyl trensferase,
30 threonyl-tRNA synthetase or Na'K'-ATPase. |

28. The method of any one of claims 16 to 21, wherein the anti-apoptosis gene encodes for BCL-
xL and the selectable amplifiable marker gene for DHFR.

29. A method of generating a mammalian host cell comprising:



30 tbreonyl -t RNA synthetase or Na k -ATPase. 28. The nethod of any one of
clainms 16 to 21, wherein the anti-apoptosis gene encodééSeperBer2006. and
the sel ectable anplifiable marker gene for DHFR 29. A nethod of generating
a mammal i an host cell conprising: 27 Septenber 2006 WO 03/083093

PCT/ EPO® @aRf83 62 (a) introducing into a manmal i an ReFkpBRAsdss popul ation an
anti-apoptosis gene and the DHFRe2gene; (b) anplifying the anti-apoptosis
gene in the presence of nethotrexate. 30. The nethod of claim 29, wherein
~the a giﬁﬁﬂﬁé@m‘ﬁoﬂﬁﬁ&nﬁﬁ&%&%cﬁpﬁoﬁ@ﬁo@a@h optokis gefe ahll-thel DEFREL hod  of
claim 29, wherein the anti-apoptosisS gene encodes for BCO -xL. 32. The

nmet hod oﬁe%?ny of clains 29 to 31, wherein the host cells are nurine nyel ona
or hang@) amplifyrg the antidapoptosis gedelin the@hresanivé ofnetotbrme. 29 to 31, wherein the
hanster cells are Chinese Hanster Ovary .(CHO cells or Baby Hanster Kidney

( BHKD, Thd déthod 6f oldm 2bpwheréift hesan@iipaptosibhec iicoded ol B2 0f Ba@pyL.one of cl ai ns
16 to 33. 35. A nethod for inhibiting or delaying cell death in a host -

cel 131, Tiamaethed o¥3:14mI20] Wihdrkifl She %L apoptadis %en@%ﬁ@ﬂéd REBLRxBNY of claims 1 to 15
or 34 under conditions where at |east the anti- apoptosis gene is expressed
i N acThd Method el dny deathitns 29 tb BY) Wlicksl t@hostekmyse niukin Aiydloh@Sk haalits. 36. The
nmet ho eﬁgcordl ng to claim35, wherein the cell death is caused by
programed cell is death. 37. The nethod of claim 35, wherein the cell
deat,h 4 b 0Pt Q.S 38, Th t hod cordi.n apy.one of clains
T6- Co b BRHSES: a3y 5P RIS 3 31 herdl e FRirB oY il TRt 08RG, - anct o

pr ot ei (¢HQ)ssllvon Balyy Eamster Kidneg BHHE) enllscess for producing-a protein of -
interest in a host cell, conprising: 20 (a) cultivating cells according to
#ny 34¢ Hest gellsepbipinable by agnetlzd ofiae enecefiediiime bt 38hi ch are favourable for the
expression of the anti-apoptosis gene and the gene(s) of interest; (b)

i sol34t ifngnethed for ishibitingofr dcgrmge@ll dentrin taost edll, sompisieg cultieatipglhostcul t ur e
super naflgRtcordify td a8y of cRintel lto AGCHRT T BkHe Qordition? fwidrd b Rast th@ adtp Or 34 for
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tet er olegthbous anti - apopt osi s gene.

37. The method of claim 35, wherein the cell death is caused by apoptosis.

38. The method according to any one of claims 16 to 33 or 35 to 37, wherein the cells are
cultivated in a serum and/or protein free culture medium.

39. A process for producing a protein of interest in a host cell, comprising;

20 (a) cultivating cells according to any of claims 1 to 15 or 34 under conditions which are
favourable for the expression of the anti-apoptosis gene and the gene(s) of interest;

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

40. Use of a cell according to atiy of claims 1 to 15 or 34 for production of at least one protein
encoded by a gene of interest.

25 41. A host cell comprising at least 5 copies of a heterologous anti-apoptosis gene.
42. A host cell comprising at least 10 copies of a beterologous anti-apoptosis gene.

43. A host cell comprising at least 20 copies of a heterologous anti-apoptosis gene.

44. A host cell comprising at least 5O copies of a heterologous anti-apoptosis gene.

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




44. A host cell conprising at |east 50 copies of a hetero u
anti-apoptosis gene. 45. A host cell conprising at Iea%zté%g@“@%ﬁﬁogg of a
het er ol ogous anti -apoptosi s gene. 27 Septenber 2006 WD 03/083093

PCT/ EPO3/ 03063 63 46. A host cell according to any of clains 37 to 41,
wher ei wad3essast | - apopt osi s gene encodes for BCL-xL, pd&¥&kprodmzoBCL- w, BFL-1,
A, MCL-1, BOO BRAG 1, NR 13, CBB-1, CDN-2, CDN-3, BHRF-1, LMMb-HL or
CED-9. 47. A host cell according to any of clains 41 to 45, wherein the

ant i4628 (B4t QS §ccﬂf‘diﬁgtosan PGk ehlms 18141 Bherdn tBmtiApbtelis f&lelen@fie@ftli Ng to any

of cl 1 erel.n_t I - a ence of of
SEQ | @@%"ﬁ gﬁs%%?g] 1 SEE ﬁé%@?@é%@ﬁ%‘ig@ é@@f[ﬂﬁ%? SEQ I D
NO 9 o@DEEQBmE\DIM(SthnyCEDfﬁbtlonaI fragnents, variants or nutants
(degenerative and non degenerative) thereof. to 49. A host cell according
to diyAdbstcelinenprditg tooanyf clatims é1 1o 450 wheneini the pupeneptosisgeneisiBCIBLL - xL.  50.

A hostggifl.2according to any of clains 41 to 49, wherein the host cell is a-
murine hybridoma or hanster cell. 51. A host cell accordi ng to any of

cl a'@A%Sﬂ&H@%ﬁdﬁ@tﬁ#ﬁM%Mﬁl &elb, Wherdin @ RRESD gRhe hid/@ey (CHO

cell or _a Bab ne c rding to

cl ai m BEGhHE M‘ﬁgﬁr@ Fﬁ’é)é W%eﬁQ%@ l\zgﬁséEﬁc}ﬂSE%% S/?gﬁﬂ cell, or

t he prE@gnﬁEQthNP dfor §EQHD:§IQUL onany S@ctignahfagmad, [vaganoedionigntso any of

cI ai éﬁhﬁ%nd\mﬁﬂ?eﬁeﬁﬁ@ yRsdof.cel | is a CHO D44, CHO K, CHO DUKX,
B1l, CHO Pro-5, V79, Bl14AF28-G3, BHK-21," BHK TK-, HaK

BHK: 431A%8§4e1ﬁ20c39amg% k6 QMRS AN 4 whBinthe SiCApoBLis ghichEBCRAI54. A host

cell according to any of claims 41 tfo 53, further corrpr|5| ng at | east one -

het gnoA Begiee] adBRBnPlo o 0P eSS 4196 49/ v tRlokt RGO Bt hifbrditaOf cl ai m

to 15, or 34lconpr|5|ng at least 5 copies of the heterologous
antl-a 5‘6 Btgqc'se gene. 56. A host ceII according to any of claims 1 to 15, or

at |.east 10 c 25 hetero 0 anti-a opt05|s
genging Stﬁgﬁé‘ I‘%@F"ﬁ’é’c‘lg %‘% %ﬂit Pﬁesgaégme BEorrprl si ng
at | e@?mﬁoﬁﬁﬁm&&r@mabhaamhmﬁrd@x@ﬂlé)@ﬂt i -apoptosis gene. 58. A host

cell according to any of clains 1 to 15, or 33 conprising at |east 50
Bopis@sA dbsticklbaccording to claim 50, wherein the murine myeloma cell is a NSO or SP2/0-Agl4 |

cell, or the progeny of any of such cell line.

53. A host cell according to any of claims 41 to 49, wherein the host cell is a CHO-DG44, CHO-
K1, CHO-DUKX, CHO-DUKX B1, CHO Pro-5, V79, B14AF28-G3, BHK-21, BHK TK,
HakK, BHK-21(2254-62.2), or the progeny of any of such cell line.

20 54, A host cell according to any of claims 41 to 53, further comprising at least one heterologous
gene of interest.

55. A host cell according to any of claims 1 to 15, or 34 comprising at least 5 copies of the
‘heterologous anti-apoptosis gene.

56. A host cell according to any of claims 1 to 15, or 34 comprising at least 10 copies of the

s heterologous anti-apoptosis gene.

57. A host cell dccording to any of claims 1 to 15, or 34 comprising at least 20 copies of the
heterologous anti-apoptosis gene.

58. A host cell according to amy of claims 1 to 15, or 33 comprising at least 50 copies of the
heterologous anti-apopfosis gene.

30 59. A host cell according to any of claims 1 to 15, or 34 comprising at least 100 copies of the
- heterologous anti-apoptosis gene.



het er ol ogous anti-apoptosis gene. 30 59. A host cell according to any of
claims 1 to 15, or 34 conprising at |east 100 copies of’ PaRieMBgs 20048 ogous
anti -apoptosi s gene. 27 Septenber 2006 WD 03/083093 PCT/ EP03/ 03063 64 60.
A DNA conprising a nucleic acid sequence encoding a biologically active
bcl - xLywpesessseswherein the nucleic acid is: (a) a nugkeirpesaged havi ng the
sequence of SEQ ID NO 3, or the gonplenmentary strand thereof; s (b)
functional fragnents, variants or nutants (degenerative and non
- deg@0.es TNA bmpfisihd@ midlesd KA sfibribe SRGMBNCE HlRbEOMY dotivd BYLxI( ggnea Nucl ei C
acid Q%%& %%u&%gﬁgd%§96honnlogy to the nucleic acid sequence defined in
(a); or %%?la nacrerc acid which hybridizes to any of the nucleic acid
sequenges sdekicnRMll hivid@ine deflenc®of SHY (I5)NORJGF (] EdrhISHént&PNERd ONS. 61. A
DNA conp ISIPg a nucl el c acid sequence encoding a biologically active
bel - xL &% wherein the nucleic acid is: (a) a nucleic acid having the
Y

3ol SapaAtaiet %%%*%Smﬁ%@%é%u%‘o%iﬁeﬁ%% Pl on BP0 Tt ants
((jdfegener%l‘l Sjed ﬁ‘iﬁ%’ﬁeé@é’lé%@r bive) of any of the nucLei c acid sequence?
the ndd) g pd Bl fdefsty Rihob}o BeyRiest 83 oatent MRS ° 0"
hybridi z& to any of the nucleic acid sequences defined in (a), (b), or 20
Sequen LA ML, sk BT Boioy 5t e eI BER SeEseRian 8ot % Ghe" sequence
of SEQ | @®) hele8strifEgt ¢dddiions, SEQ ID NO7, SEQID NO9 or -SEQ ID NO 11.

63. A pol ypeptide encoded by a DNA according to any of clainms 60 to 62. 2s
64. 61 A EXNA ceinprisiugrprivsieitgacal Bijserwe cocalingga thiolegiealiysactive bol-d2 gene,

" wherein the nucleic acid is:

(2) 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 degenerativej of any of the nucleic
acid sequences defined in (2);

(c) anucleic acid having at least 95% homology to any of the nucleic acid sequences defined
in (a); or

~ (d) anucleic acid which 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 bel-xL, gene
having the sequence of SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:7, SEQ ID NO:9 or SEQ
ID NO:11.

63. A polypeptide encoded by a DNA according to any of claims 60 to 62.

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




