Met hods for Inproving Viability and Productivity in Cell Culture Field of
the I nvention The present invention relates to nethods of increasing

vi abi | i t ywendogrsedacti on of secreted proteins in fed batrchuseéanynss c cel |
cul ture. Background of the Invention Manmalian cell culture is the system
of choice for many reconbi nant protein production processes due to its
ability to produce proteins with proper post-translational nodifications.
Wth increasi ngudanBys adrU bhgihvd 8gBNtni 81 §f a8 g8 YALitgNi@Xde3ts t 0 i nprove
process efficiency by increasing pro ctt reld. Attarning the grans per
liter production |evels of biother ap(g“:;ﬁ-i—n‘—léé in comrercial production
processes relies upon the optim zation of both manmalian cell culture and

engi neering nethods . I|nherenty;Liy Q¥ ROt R JeNsity, protein-free
manmmal i an_cell cultures is the probremof ceff death of which apoptosis can

account for up to BOGFEREH tYPFHAr  6d-BEE cH BEoP et Cor iNGRaaEEd i n
response to staessorsargsuehoastnohréferecancdgpowtdinbact deddeprdhvat i on,
oxygen depl et|,on,, L 0xi nqaccipylation, and shear stress (CGoswam et al .,
Bi ot echnol . Bioeng. 62:632-640 (1999)) . Apoptosis limts the maxi num
viable cell density, accelerates the onset of the death phase and
potentially decreases heter ghcifpieangreft eha IivehdidrChi ang and Si sk,

Bi ot echngly. Bi oen 9-792 e
Bi oeng. gg 211- 22%a %% 237 ceZ? 1%(39?)13 tth%;S%%m 55 %ce Bi ot eaq%ol Bi oeng.

85: 589- 600 (296‘219131“%‘? (ﬂrlofc%l%r?dfo%%%oé plB?C(?tSé%T’n%lle t‘BH&én@bl]iM?YlMO 1154
(1994)). Apoptosisiucs mroresud tvioh @roperpbex -networkiofalsi gnal i ng pat hways

initiating fromAeth;insi dg;and,oldsi;de meafg@&dmng%éma%tlyg in the
activation of caspases that execute the final stages of cell death. Various
met hods Cﬁ aﬁBﬁﬁ pgtlvatlon exists to improve process efficiency by

increasing product yield. Attaining the grams per liter

production levels of biotherapeutics in commercial production
processes relies upon the optimization of both mammalian cell
culture and engineering methods.

Inherent in current high density, protein-free mammalian

20 cell cultures is the problem of cell death of which apoptosis
can account for up to 80% in a typical fed-batch bioreactor,
induced in response to stressors such as nutrient and growth
factor deprivation, oxygen depletion, toxin accumulation, and
shear stress (Goswami et al., Biotechnol. Biceng. 62:632-640

25 (1999)). Apoptosis limits the maximum viable cell density,
accelerates the onset of the death phase and potentially
decreases heterologous protein yield (Chiang and Sisk,
Biotechnol. Biceng. 91:779-792 (2005); Figueroa et al.,
Biotechnol. Biceng. 73:211-222 (2001), Metab. Eng. 5:230-245

30 (2003), Biotechnol Bioeng. 85:589-600 (2004); Mercille and
Massie, Biotechnol. Biceng. 44:1140-1154 (199%94)).

Apoptosis is a result of a complex network of signaling
pathways initiating from both inside and outside the cell,
culminating in the activation of caspases that execute the

35 final stages of cell death. Various methods of apoptosis
prevention have been used to maintain cell viability during

extended production runs in mammalian cell culture (Arden and



prevention have been used to maintain cell viability during extended
production runs in mamalian cell culture (Arden andBet enbaugh, Trends

Bi ot echnoWoO.20®2152414- 180 (2004); Vives et al., Metab. Eng@CTAIS2®4/401385
(2003)). Altering the extracellular environnment through nedia

suppl enmentation of gromh factors, hydrolysates, and limting nutrients has
| ed to increased protein production and decreased apoptosis (Burteau et al
., In Vitro Getdnddeyn, Bﬁ@hdsAﬂbﬂbcﬁﬁﬂZQizzga (2003ppaZzhangeand Robi nson

Cyt ot echnol ogy 4§%t§g (2@0@%)1351Q%53;pseg[gggy gﬁye turned to chem cal
and genetic strategles {6 i phibit he apoptotic S|§ % cascade from
ehy tary

within the c&FF*3°s &%%%%PHVb¥”@FHt*jEPB?%éﬁﬁbP SBP o ®4- 716 (2002),
Bi ot echnol . Bioeng fa8ids:329r 38 1(2803) ) anReseat chenhst haare sf oaumndetihat

over - expr Gsskgnlr@regg&?%rg%’ﬂad p?Qcﬁlﬁ&%ﬁt% lyp. canear .6gkbs; can prolong
viability in cel grown in_bigreactors preventing apggt05|s upst ream of

caspase actl05??5ﬁ“(%%§ﬂanlhéﬁh5FoCbl%uﬁ?’ KBSt Pandel v étt &’ Trends
Bi ot echnol . 189@8-/98h{k098y; RdBents éwtaﬁaﬂmOEWQié@hmw 74BKDErsg) - 80: 706- 716

(2002) Tey @Ehéﬂ resegréﬂeggaﬁﬂﬁoturﬁ@% %élﬂ%ﬁ@c&?ggg)géﬂy@ g|0teChn0|
Bi oeng. 68: 31- optotlcjﬂgnes thgt %unctlon in the

nt|-
nltochondrlaﬁtﬁﬁxﬁéSfl ﬁéPH%%ytE% ghﬁsaéﬂpﬁ g thirée“gr'olps, nanely 1
) those ﬂﬂatwatmﬂeéhtyXﬂﬁ ﬁﬁ@mﬁa@h%aﬁraé'gBlOW§WWQ#sI@ﬁ@Phe Bcl -2 fanmily of
proteins; 2 )77Hm1$elgh@tooa§:; gno@e@famwaylcte@gdl $T:upb-oL0 i@bd DL, the

apopt osone c ex and those_that act Iate in the pat hway,
e.g. caspasgn?ﬁh|8| nghex%ﬁﬁg gﬁ% unction f|%y of The” najopity of these

genes have bééﬁﬂgﬂéﬁﬁ%d“bya@V§TCékb?ééélmﬁﬂpﬁéﬂﬂﬁﬁlhﬁﬁm&Pl%ﬁiéxpre55|on
syst ens, andgkﬁmﬁ@ﬂEbﬁﬁ&ﬁSt&hﬁb@fﬁﬁﬁknﬁimﬁ@@bbﬂﬁﬁsom&ﬁnﬁxprﬁsSiOn of two or

nor e gengs, %% s%eéb%’%%tfl&?”?e%s%{]f%rteﬁ pat, fMBQ€ra?1%[§E¥"a%%Lhas been

det er m ned. anpl es 1 ncl tive e and a
del etion nut &ht- 5¥eﬂﬁﬁ@l€X?¢F¥W-|h6éﬁkﬁéeﬁﬁ§8(FﬁﬁﬁéF%éﬁEFl

Biotechnol. Biceng. 80:706-716 (2002); Tey et al., J
Biotechnol. 79:147-159 (2000) and Biotechnol. Bioeng. 68:31-
43 (2000)).

20 The anti-apoptotic genes that function in the
mitochondrial apoptotic pathway can be divided into three
groups, namely 1) those that act early in the pathway, e.g.,
members of the Bcl-2 family of proteins; 2) those that act
mid-pathway to disrupt or inhibit the apoptosome complex,

25 e.g., Aven and 3) those that act late in the pathway, e.g.,
caspase inhibitors, XIAP. The functionality of the majority
of these genes have been studied by over-expressing them in
mammalian expression systems, and in some cases the effect of
combined over-expression of two or more genes, each derived

30 from a different part of the pathway has been determined.
Examples include 1) the additive effect of Bcl-XL and a
deletion mutant of XIAP (XIAPA) in CHO cells (Figueroa et
al., Metab. Eng. 5:230-245 (2003)); 2) EIB-19K and Aven in
BHK cells (Nivitchanyong et al., Biotechnol. Bioeng. 98:825-

35 841 (2007)) and 3) Bcl-XL, Aven and XIAPA (Sauerwald et al.,
Biotechnol. Biceng. 81:329-340 (2003)).

One of the major activators of the apoptosis cascade is
the protein p53. One mechanism by which p53 activates

2



al ., Metab. Eng. 5:230-245 (2003)); 2 ) E1B-19K and Aven in BHK cells
(Nivitchanyong et al ., Biotechnol. Bioeng. 98:825- 841 (2007)) and 3 )
Bcl - XL, Avernoavid2d{7AP D (Sauerwal d et al., Biotechnol. BCOArsge09d®171829- 340
(2003)). One of the mmjor activators of the apoptosis cascade is the
protein p53. One nmechani sm by which p53 activatesapoptosis is through
up-regul ati on of a subset of proapoptosis proteins including BNIP3 (Yasuda
et al ., J . aPt@osi€hemtn2ddsnl241b-21a(1998)) a stheeefor @,roup regul ati on of
PSS may be ofe.af, 06, RLL0gl RAl)fAGIOLR L] gggaaang apopt 98' $101p53 can be

degraded in rouq Gitin mediated degradatidn gwal\/DMZ
(nuri ne doubfFBeTi rueel?tlgent) (1EBBNG etTh%ﬂfeforéurLfFéﬁFg@aaﬁé@P Cﬁrlﬁj’é Tar get
5:3-8 (2005) )nay'ﬁwspeoa/ferchexgaﬁesispﬂn fettMOMRrbhasrtihe quobential to | ower p53

I evel s ang b¥5§>ga%”§é%gr58&!1 it c@ﬂ%ptd??é)&;h B 8Y1iQYS! Yeqibteyvas shown that
in the presence of stress signals, CHO cel | line over-expressi ng NDWV2

coul d survi vESPGITGEF°F ri’a(’EBT”TYJrV ac%]?%‘far @H“t“(? APFY St PeERd Y Bat ch cul ture
(Arden et al (BonBiedt echn@hrrBito€ageer9PrédIaBddt (2607) )200%he. vari ous

approaches d@ﬁ&é' Q%Qrae@@é@séﬁbnl Bﬁfm@eh% Ctth%l ﬁotFHnQQ!HEtﬂoVI1ENe]J”'%\!>@ succeeded
to varying dﬁ% vert hel ess, h % . cont i nuous neg}c/:l devel op
met hods to i Yeefsém Sfﬁefbsrlc?audfi on, easpﬁgﬁ?%ﬁsi y [HE18Pgelsddl e

commer ci af pm@ILRHOWOnthaBr peftkﬁe@éwq@mﬁoﬁf oftrehe Doanings FAIQeell . Gowth

Profiles of qelhé dvlerﬂe&pg@@@mﬁ @I@Mf r&mlaosaﬂvaﬂgf%@b@nﬂpfeuB&Lr@ D, MDM 2 and
XIAP D . Figure 2 . Ia Pr of & nees ner atced from
cotransfectlonp of "B f‘ Li Govth Profiles of
cell lines g@h@?%ﬁhéalf rEi}ﬁ\e@‘ér t9r7aﬁ%]f‘e6ét4| éﬁpodf) ) E1819K and MDM 2. A ) Viable
Cell Density; B ) 1md egiaioed \Apphbecrial | abensbey; aCoye Dawn-iegubat i on of

Caspase 357 Eigure 4,. G h praotiles of.cald Lines Lrapsfyected wth
Nevertheless, there is a continuous need to develop methods
to increase protein production, especially in large-scale

commercial production.

20 Brief Description of the Drawings

Figure 1. Growth Profiles of cell lines generated from
co-transfection of Bcl-2A, MDM-2 and XIAPA.
Figure 2. Growth Profiles of cell lines generated from
o-transfection of Bcl-XL, MDM-2 and XIAPA.
25 Figure 3. Growth Profiles of cell lines generated from
co-transfection of E1B19K and MDM-2. A) Viable Cell Density;
B) Integrated Viable Cell Density; C) Down-regulation of
Caspase 3/7
Figure 4. Growth profiles of cell lines transfected with
30 MDM2%°* in shake flask batch culture.
A. Transfected host was 1013A
B. Transfected host was C1835A
Figure 5. Growth profiles of 1013A cell line transfected
with DM2™""® in shake flask fed-batch culture. A) Viable cell
35 density; B) % viability.
Figure 6. Antibody titers during fed batch CHO culture.

Summary of the Invention
3




MDM2 D300A in shake flask batch culture. A . Transfected host was 1013A B .
Transfected host was C1835A Figure 5 . Gowth profiles of 1013A cell line
transf ectwo 20152082 D300A i n shake fl ask fed-batch cul Paras2009p4uBRbI €
cell density; B) %viability. Figure 6 . Antibody titers during fed batch
CHO cul ture. Summary of the InventionOne aspect of the invention is a

met hod of increasing cell viability in a fed batch mammalian cell culture,
conprising cul turong aapeesal tian ieekhtildnnes oV ekt eXProgs shdgavbM D300A.

Anot her aspect, pf, ;L § ?"r?}?ti Qi S, 2ATELARY 1 0F dNGr &gsing, cel | viability in

a fed batch mammalian c cul ture, conprisi ng. culturing a mammal i an cel |
| i ne over expfe¥ii¥g  VOVE “DSOUA 2afitf™ 1 B9 LAn Ot He PV aspeet <8t %he i nventi on
is a nethod @bMi*fi¢reasi ng production of a secreted protein in a Chinese

Hamster Ogary (CHQ\.dned hatch celd, culfure,, cmprising gul turing a CHO cel |
| i ne over-expressi ng%NDMZ D300A and one_or nore genes encodi ng the secreted

protein. AnotAereiadpecicidf ViHe ithv et Poh*t L5 ePRBE G PRt easi ng
producti on ofuatwsecretredipiod euatining EhmareséidHamstierliOearyey(-CHO) fed batch

cell cul turecs.gomrihgivgecuktid RgsBxCHO cel | Iine over-expressing MOV
D300A and E1B19K ;?”d Qne_or nore tggnes encodi.ng the s c(%t ed protein.
[

Anot her aspect of “tHESF nV&TETF on a HEthod of Pt ess production of a
secr et ed 1pr otte¢rrasang ravidneseonHafrst erecOverdy PECHOR fedk atets<el | cul ture,

conpri sing cubhdddgva CHthceldeal br@noverr exptessi BgnVOMEngnd E1B19K and
one or nore genes .enco gctﬁe secreted protein. Nﬁﬂg&aerangsggct of the

i nvention is-an 1sofat e&lgpo?yn&ép%o()tvieéée éncoding a pol ypept i de o(]:Corrpri si ng

the ami no aclMarsegUencEcRoWN A SEOSFEA NOetgin-

Another aspect of the invention is a method of
15 increasing production of a secreted protein in a Chinese
Hamster Ovary (CHO) fed batch cell culture, comprising
culturing a CHO cell line over-expressing MDM2"°°* and E1B19K
and one or more genes encoding the secreted protein.
Another aspect of the invention is a method of
20 increasing production of a secreted protein in a Chinese
Hamster Ovary (CHO) fed batch cell culture, comprising
culturing a CHO cell line over-expressing MDMZ and EIB19K and
one or more genes encoding the secreted protein.
Another aspect of the invention is an isolated
25 polynucleotide encoding a polypeptide comprising the amino
acid sequence shown in SEQ ID NO: 4.
Another aspect of the invention is an isolated
polypeptide comprising a polypeptide having the sequence
shown in SEQ ID NO: 4.

30
Detailed Description of the Invention
All publications, including but not limited to patents
and patent applications, cited in this specification are
herein incorporated by reference as though fully set forth.
35 As used herein and in the claims, the singular forms

w

a,” “and,” and “the” include plural reference unless the
context clearly dictates otherwise. Thus, for example,

reference to “a polypeptide” is a reference to one or more
4



Anot her aspect of the invention is an isol ated pol ypeptide conprising a

pol ypepti de having the sequence shown in SEQID NO 4 . Detailed

Descri pt iwo 2009/t5ka71 nventi on Al publications, includi ngChots2ev0t041185ri ted to
patents and patent applications, cited in this specification are herein

i ncorporated by reference as though fully set forth. A s used herein and in
the clains, the singular forns "a," "and," and "the" include plural

ref erence unbessdphedsoOnhexinaheas laqudi-elatrestidRerwksen Thushostor exanpl e,
reference to_ja nolypeptide' is a reference to one or morepol ypeptides and
i ncludes equivalents t er&of  known to those skilled in the art. The term

MDVR2 as used her eflif r&Ferr®MorhiteA VONR (MO Sp53 Biradi ¥RYp & n honol og)
havi ng a pol ypeptindensequeace rohowsy)i haGenBankoageessiorenusraer NP_002383

(SEQ I D N@Z sl]rov?rpqn_ngnBanIhgccte%Em)rll;jn%gngé(r %‘% b‘§§%3hq5§@ I}DI‘ §6§r§ to human

E1B19K protein, having a pol ypeptide sequence shown in GenBank accession
nunber NP_004322°)(SEQ ID NOs: 5 and 6). The term "apoptotic R genes" as
used herein ref ershd gegerid$léNcodivngd greotén nsfehatto Whein dvétsexpressed in

a tcel | ,fCOtnf gkoéélll%f, e%iﬁ@glf gsgioity@!@ﬁ&c{eps&%léncéeﬁlﬁn\/\’ﬂ@rbte%@m@{ e?- to tgg

untr anst ect e cell.. enpl ar ot nes ar nt1apoptotic ne ers
of the Bcl-2%famiy’ ?W@Ieﬁd%]%@f%ggg- 2(,SE§CFB(%‘,%SBI5(:-8\113/%05S E1B19K, caspase

i nhi bi tod8, for eXempkentreopAfrifcanv¢nes(iathiubed dresedf wfopt 0si s)

i ncl udi ng Xl APhanN@nXbAR Dprand net hert , preteicRs-idekveds iin geldiigycl e

regul ation, for exan‘g nd NDIVIZt()Ar%jle1 et .al Bi oPro?c]eCsosi ng J

|l e p27_a , :
Mar ch/ Apri | 5359 (15 0+ S;eésé%selrs\%/% d et a fleﬁ?}bﬁqrhgfée%osmlpﬁae Sumrer 2002,

61- 68 (2002) thargemapsfegited cBilot geinislary BPeRIjiifeeicne97216020614, (2007)).
Cel | death capohetieasditedsbyr rat hmds oweddi iknowmtiuaithescart, H#or exanpl e by

measurings\i abl &;,¢el 1, Pensi by (YCD) and, pareent LW viahLl Ify.,gnd by

family (inhibitors of apoptosis), including XIAP and XIAPA,
and other proteins involved in cell cycle regulation, for
example p27 and MDM2 (Arden et al., BioProcessing J.
March/April 23-28 (2004); Sauerwald et al., Bioprocessing J.

20 Summer 2002, 61-68 (2002); Arden et al., Biotechnol.
Bioengineer. 97:601-614, (2007)). Cell death can be measured
by methods well known in the art, for example by measuring
Viable Cell Density (VCD) and percent (%) viability, and by
calculating integrated viable cell density (IVCC).

25 Activation of apoptosis can be measured by measuring caspase
activity using well known methods.

The term “polypeptide” means a molecule that comprises
at least two amino acid residues linked by a peptide bond to
form a polypeptide. Small polypeptides of less than 50 amino

30 acids may be referred to as “peptides”. Polypeptides may
also be referred as “proteins.”

The term “polynucleotide” means a molecule comprising a
chain of nucleotides covalently linked by a sugar-phosphate
backbone or other equivalent covalent chemistry. Double and

35 single-stranded DNAs and RNAs are typical examples of
polynucleotides.

The term “complementary sequence” means a second

isolated polynucleotide sequence that is antiparallel to a
5



calculating integrated viable cell density (1VCC) . Activation of apoptosis
can be neasured by neasuring caspase activity using well known nethods. The
term " polypeptyvdedi7means a nol ecul e that conprises at | @astustevs/oarsfno aci d

residues |inked by a peptide bond to forma pol ypeptide. Small pol ypeptides
of less than 50 am no acids may be referred to as "peptides”. Pol ypeptides

may al so be referred as "proteins.” The term "pol ynucl eoti de" neans a

nol ecul e conptisi Ngoaatchabol piucnuet et keesncovalentby ddpked-dby a

sugar- phoslo“g%%%%}g??%% %ﬁ{sﬁ’ n@SEy ec%u't}{g'n%% eSQJ}’Q%' e”é t%@e@l?‘étl y. Double and

singl e-stran pical exanples o nucl eoti des . The
term "conpl eﬁ‘éhff%eg@qﬁeﬁ%‘éwe“ﬁéan Y@%%@d’ndsil%l &P@W%P #tic! eot i de
sequence t hateinsen@rti parcakbedblooafidrstng solkatieck-pekymisel eoti de sequence

and that SO@Eiﬁ%l@&@i&okbg&ﬁllgomﬁQ@”éc%rdet&Ja@ﬁe@%ﬁdAeQE' des in the

first polynucl eoti de sequence. Typi call such "conpl enentary sequences”

are capabl e 6PY G ﬁfﬁﬁ]d&dﬁ%l@egt?%ﬁdéﬁ& PO hUBIPEBPT tfénol ecul e such as
doubl e- st r andeddiBNAnerwidoubhe-fStrpandeda RNA pahemn:denbl dredegndere . appropri at e

conditions wth tﬂ?e frktgt-Josebat ef@apgla\/@e%ﬁ@ﬂeggm%qugwﬁ ofhe term
"vector" means poI Ynucl eotj de capable of bein Pl icated within a

bi ol ogi cal sﬂ?gfré% BP 17t car e W@&O%Jecia\;veéﬁs TchE sY¥tes” Yect or
pol ynucl @6t i deged ppieed pucortvatanel efents, pslghicasoordegi hgpigfeliepl i cati on

pol yadenyl at i-0fk SingRadnlk s SehREt O MBEKEIS, rthatatunction to facilitate
the duplication drefln?l ntenance of th se ol ynucl eot des _in a b| gl ogi cal

on, s . Qr se arkers hat fu nct
systen1 ExanBP SucC blb og|cal sys enB nmay &é a ce VIFUS

ani mal , pl anftacindarecdsstipticedipn @Irog@@ailensy@ﬂ @rffstlllﬁﬁel i zi ng bi ol ogi cal
corrponent S C@Bﬁ‘p{&l@&tﬂ%@' igat bRg1eyivact &fstedhe pahymucleotiddes conprising
a vector 1§ayb loglca9 sy@'yémgoma?/c'ijrllc Sud%ra hcyqr I, d\?lr%fs,tahnelsm%l plant,

and reconstituted biological systems utilizing biological

components capable of duplicating a vector. The

polynucleotides comprising a vector may be DNA or RNA

molecules or hybrids of these.

20 The term “expression vector” means a vector that can be
utilized in a biological system or a reconstituted biological
system to direct the translation of a polypeptide encoded by
a polynucleotide sequence present in the expression vector.

As used herein, the term “fed batch cell culture” means

25 a cell culture process which is based on feeding of a growth
limiting nutrient substrate to the culture. The fed batch
strategy is typically used in bio-industrial processes to
reach a high cell density in a bioreactor. Numerous
strategies have been devised to improve viability and

30 ultimately productivity of fed batch cell cultures. 1In the
present invention, an alternative approach is described,
whereby a combination of apoptotic® genes are over-expressed
in a host cell. An uxpectedly high increase in the
production of secreted proteins was demonstrated by cells

35 engineered to over-express both MDM2 and E1B19K in the light
of published results describing that expression of MDM-2
alone increased productivity by maximum of 2-fold (Arden et
al., Biotechn. Bioengin. 97:601-614, 2007), and expression of

6



The term "expression vector” means a vector that can be utilized in a

bi ol ogi cal systemor a reconstituted biological systemto direct the

t ransl at iwo 2069/1524161 ypept i de encoded by a pol ynucl eot i decsasee@aoe71ps esent
in the expression vector. As used herein, the term"fed batch cell culture”
means a cell culture process which is based on feeding of a growth limting
nutrient substrate to the culture. The fed batch strategy is typically used
i n bio-industrsadk,prbaessesitibleath adopt G scehd idensiing taria bi oreactor.

Numer ous str @%%&% £3a gc?‘vn%tb%?%qugl &%%E&&”B%Oyecr‘é'té@ng!tr‘orté!u?é“qn%t i mat el y

productivity tures. In resent invention, an
al ternative &ppt o&@ﬁo@@/léé%%pﬁb@ﬁ BitsePetif) a C%Lh%'lhﬁét iGrtotioptotic R
genes are oveerexdqreessednpntise Isosdile(seIdbscﬂrbedx:pe(thedﬂbyardmlgh henewease in the

productiog o ete d gqggs(;r dsiengipgered to
over - exprgssfdéLecor %%Iv%pgngggdl%iis&@{?nqt@ lég?dﬁhg}{ %fél ?ﬁéd@eggl ts

descri bi ng t RAtPEXPFesEi%n b RoRE 2 oAl 6?1‘ée]1sncr%%]§edt]b‘°r GdGEE Vi ty by maxi mum
of 2-fold (AddemtébnadlemonsBrategichAnsidBi 6errgitnbe @ EiB0Ic 64 pd200 P, and

expressi on oLEIRLI9K . aldAeugly i;phhbidkh ng, aRept as) %oa&@bﬂegm@/wgz cell
yields, did noé\zélc%ﬁ Ease production of secreted proteins in cel |

(V\DZOO?/ 124166 et enbaugh) . Further, cell lines generat ed during the
studi es dBscri bedThq rrhecEx anpesobet e gheeridgera expressedlELB19K only had

l ess than opbismdriggomtdanproper,t iescrand hwuexpr essi aitoaveds.cndhus, the
present inventi ion.d dermnst rated a significant benefit for production of
secreted protlel ns i n mammal i an cells by co-expressing MDM2 and E1B19K. The
present invention°z saPeksiert bels thenbrenator dlsl §y v dgefrihg nut ant NVDMVR,
which is useflu&reia@,lh@a:ermt hogs 10ty tihe al vemhiomn manBei enbedi ment  of the

i nventi ofsi s g, feLhod, i f rlsﬂﬁ %%E'c”&n%e!a' ¥r|m%9i$d léﬁh W @ f 8¢k batch mammal i an
cel l culture conpr|S| g culturing a ian cel I ne overexpreSS|ng
expre331ng one or more apoptotlc genes and evaluating cell

viability.
The methods of the invention are useful for increasing

viability in mammalian fed batch cell culture, such as

20 Chinese Hamster Ovary (CHO) cell culture, myeloma or
hybridoma cell culture. In particular, the methods of the
invention are useful for increasing the integrated viable
cell count (IVCC) of CHO cell cultures. The cell lines
useful in the method of the invention express one or more

25  apoptosis® genes. In particular, the genes encoding MDM2 (SEQ
ID NOs 1 and 2), MDM2"°°* (SEQ ID NOs 3 and 4), EIB19K (SEQ ID
NOs: 5 and 6), Aven (SEQ ID NOs: 7 and 8), Bcl-LX (SEQ ID
NO:s 9 and 10), Bcl-2A (SE ID NO: 11 and 12), and XIAPA (SEQ
ID NOs: 13 and 14) can be used. Expression of the apoptosis®

30 genes can be achieved by transfection techniques known to
those skilled in the art. The cell lines generated are
superior hosts for the development of production cell lines
expressing proteins of interest such as peptides, peptide
fusions, growth factors, hormones, antibodies, designed

35 ankyrin repeat proteins (DARPins) and other polypeptides
useful for therapeutic, diagnostic or research purposes. CHO
cell lines useful in the method of the invention include CHO-
K1 (Invitrogen, Carlsbad, CA) and CHOK1SV (Lonza Biologics,

7



one or nore apoptotic R genes and evaluating cell viability . The nethods
of the invention are useful for increasing viability in mammualian fed batch
cel | cul twopeposises17as Chi nese Hanster Ovary (CHO cell edrtuse@9/onies ona or
hybridoma cell culture. In particular, the methods of the invention are
useful for increasing the integrated viable cell count (1VCC) of CHO cell
cultures. The cell lines useful in the nmethod of the invention express one
or nore apopkosidh, Rugﬁneﬂyeidmapaﬁﬁé£ulsaful tihetgeresnhencading MOMR2 (SEQ I D
NGs 1 and 2) ol and 4), E1B19K (SEQ ID NGs: 5 and
6), Aven (SEQ’ !%QN(Q,S; Ugﬁgﬁg} Q% 2 NgEQ ID NO:s 9 and 10), Bcl-2 D (SE
ID NO 11 and 12) 1" d4f8 XI98°"D {'SEO-FDV/NGEE U5 AAdC4) 1o BEtised.

Expressi on oExplhessapopiresikssiRigenes sarmwwethetd eved lyetranstect i on

techni ques k'ﬂ%‘@ vtaQuéQOa%%ui?kNol ed1 4 '?ubﬁ@r afhbn Jchﬁr%?léelll' nes..gguerated are
superior hosts for the devel opnent_ of “production cell |ines expressing

protei ns of PATEFESY SUdRIAPEptTdes s peptPdé st o?féd HPOWh fact ors,
hor nones, anbtrboditésn desegreddankyreinsrigpeall priot.ei fissh DARRIvRE) and ot her

pol ypept i des ,us@fdth of Of s tsfﬂ@ﬁ?ﬂl%'a!ht CangdbagnQsti€ Qr 16#@@%&@&&%90595 CHO
cell lines useful in the of the i nv%gtl on include

(Invitro &EFiéBédO”%ﬁ$xéﬁﬁ eEeK SV (torh?s %PElB&W%sgéf%ﬁﬁﬁ UK) .
Myel ona gpnegr%@ftupflWpﬁheom@tuhédtiofdw hteo itheexitdconsi oiclcade JNS@Sand Sp2/ 0.

In the present ﬂ,H'éVQBBl\D_L%blE he-use of 16ekd dellmesréz\égg@woe§§¢ergg apoptosis R

genes al lows these cell |ines tOA(I;cea]‘:%I;]_nlijC val ue: Sinf;i‘s out, %H‘De f.ol.d hi gher
t han control tTI 9 ncr@ase ?ongew of yfecti bat ch cultdr @ p °to 7 days,

and i nprove bP@%éPFOWeoijE%%ﬂP@?éH O&r strefursipy ‘2‘3—1? ibflletf. eKRESF SitABr oved
production is sigriithi éaptroanthscan fresuktt i nFbovemanproductioneasts for

conpl ex Riol 99} nd_.at bdodTE. nate prQ f er| or
quality gge to ?eﬁog%ab%%ﬁgégﬁ}gs BF% ys;eg&g%eghe&ncgﬁ g?aaﬁe‘a , as lysed
cells rel easé‘abLf*ec?t éage%lr\uved 7 days longer in culture when compared to

control cell line.
Another embodiment of the invention is a method of
increasing production of a secreted protein in a CHO fed

20 batch cell culture, comprising culturing a CHO cell line
over—-expressing at least one apoptoticR genes and one or more
genes encoding the secreted protein, and measuring the titer
of the secreted protein. Particulary useful cell lines in
the methods of the invention are CHO cell lines over-

25 expressing MDM2 and E1B19K, an a cell line over-expressing
MDM2""°°* alone. Use of these cell lines in the methods of the
invention resulted in 5- to 7-fold increased titers of
secreted proteins in fed batch culture of up to 21 days.

Over-expression of proteins in a cell can be achieved by

30 well known methods, either transiently or by stable
expression (Davis et al., Basic Methods in Molecular Biology,
21 ed., Appleton & Lange, Norwalk, CT, 1994; Sambrook et al.,
Molecular Cloning: A Laboratory Manual, 3™ ed., Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, NY, 2001).

35 The present invention also provides isolated mutant MDM2
polynucleotides, vectors comprising these polynucleotides,
isolated host cells, polypeptides obtainable from expression

of these polynucleotides, methods for expressing the
8



t hat degrade product. Accordingly, these |lines are superior hosts for the
devel opnent of production cell |ines expressing a protein or proteins of

i nt er est .wbanovepsatipl e, a CHO cel |l |ine over-expressi ng WDVRISRBOOA1BRached
2-fold increased | VCC val ues and survived 7 days |longer in culture when
conpared to control cell line. Another enbodi nent of the invention is a
nmet hod of increasing production of a secreted protein in a CHO fed batch
cell cul turepoC@ristN@rcuhd liﬁli\/@@bi@ﬁﬂ'@l&@ﬂel:hd)cilsl']@foﬁ/ﬁngex}}% essing at |east
one apoptoti n n [ n codin e sgcereted protein,
and neasuri ng B%rgl%tllg;g%lr%i%%f Qtﬁgg égér)pet%ggg o%zttggn&q’lgafgﬁ ‘cul E}? useful cell
lines in theCABRITGEsCBT aPHemEFtﬁ\?éﬁt?foﬁhérjé“’@ﬂ@%félclanl ?%é@e%v%?refi‘presa ng
MDM2 and E1Bi9Kietanoa ekl fld nepover-iexpr egsk ngo IVOWR142300As adrane. Use of

these cel b |ipes,in o%h&e@h@&ﬁ%of?farteh%séﬂ}’le%&%er @ﬁ tedohd 5- to 7-fold

increased titers of secreted proteins iIn batch culture of up to 21
days. Over - eXpr&gsi'Bi é’fOlﬁiP?ﬁ%d% FH 5a]&ek?e1 UE%{?] tﬁeeél%”?ﬁsév*é]&eﬁlfy wel | known
met hods, eit herydapangéent Tye orutbyt strabl eolexppesssonr Deifsl ets al ., Basic
Met hods in N@hg@%ﬁﬁrbghggggMaJ%@goﬁgcelprE%EQHQ&akénﬂﬁxeggg“ﬁlk CT, 1994;

Sanbr ook et al Mol ecul ar Cl onin A Labor atory Manual, 3rd ed., Cold
Spring Har boPrf%Lk%rla?o?@ SBregsd et d8prtthg™” Pla?%]t}r Wh?\lfYth%Oaﬁe The pr esent
i nvent i oA0al secprovidels icsefatedsmi ant INDVRuped pructieot ndess iveet or s

conpri sing tlaels@stpghyrﬁgjlcl eotides, isolated host cells, polypeptides
obt ai nable frome re55| on O(%f t hese po, O%nucl eot i dfast met hods for expressing

t hepol ypept i des o REPF Ry &Rt Foh, "ERd- 178t hdd¥ 6F°1%i%g the pol ynucl eoti des

and pol ypept Pééﬁllﬁ@ﬂe@wq AvEntiséng drreleorpgestidconsvard thet hods of the
i nvention Ca@e@%dé%eghdcv&r id s retyo:0h §Jp%Cicf)1in§leﬁllé§£i11§}atsie®ﬁ§lceThe

pol ynucl epti des_and v, ctor of ,Lhe inhvention are use g they encode
mut ant gg?ypgptl es? u&alﬁo%e used 1o ex orwé]sé t%ere E@typepti des. The

mut ant MDMVR ﬁé?%@p?lﬂéé’pép@%éPmrlééng the mUtant human MDM

In the MDM2™"%* a putative caspase cleavage site
(AspValProAspCyslyslys) identified in the wild type MDM2 was
destroyed to confer MDMZ more resistant to degradation, and

20 further increase MDM2 levels in the cell during culture. The
polynucleotides of the invention may be produced by chemical
synthesis such as solid phase polynucleotide synthesis on an
automated polynucleotide synthesizer. Alternatively, the
polynucleotides of the invention may be produced by other

25  techniques such as PCR based duplication, vector based
duplication, or restriction enzyme based DNA manipulation
techniques. Techniques for producing or obtaining
polynucleotides of a given known sequence are well known in
the art.

30 The polynucleotides of the invention may also comprise
at least one non-coding sequence, such as transcribed but not
translated sequences, termination signals, ribosome binding
sites, mRNA stabilizing sequences, introns and
polyadenylation signals. The polynucleotide sequences may

35 also comprise additional sequences encoding additional amino
acids. These additional polynucleotide sequences may, for
example, encode a marker or tag sequence such as a hexa-

histidine peptide (Gentz et al., Proc. Natl. Acad. Sci. (USA)
9



they can be used to inprove cell viability and increase production of
secreted proteins in the cell when they are reconbi nantly overexpressed or

i nt r oducewolzyosatskar means into a host ani mal or tissue. PONAISa@POEtI8Hf t he
invention is an isolated pol ynucl eotide conprising a pol ynucl eoti de havi ng
t he sequence shown in SEQ ID NO 3 or a conplenentary sequence thereof. The
pol ynucl eoti de sequence shown in SEQ ID NO 3 encodes a pol ypepti de

conpri sing the:gmut-ast husan dVDOWBe DB0RQAptiden chhe(yDben R30QA., eiputative

caspase cl ea‘é%‘gieeﬁ 7{7% él?%?vﬁ'%spa%%ﬁ@/%e u%”tf'%Atel%n' Dethe il d type

MDM2 was destr more resistant radation, and
further increas®WbhPt-evels in the cell during culture The
pol ynucl eoti des ofndtheri anventhait baytire ipreducediby eohemcal synthesis such

as solid Qha%‘émgpﬁ'sm%’calneqtsbgaec %D/Bm}%% §e9&1d@”h§\#& ”Qtﬁef!zu@f?!;é/ nyclgotide
synt hesi zer. Alternatively, the po ynucleotl es of the invention may be

produced by 6PH3$2FBdﬁhl&ues“§h8ﬁ°%§SP€ﬁtﬁﬁséﬂvﬁﬁﬁPPc%ﬁﬁ 8ict{eéPor based
dupl i cati on, mefntragst ng glolenuenzy heedhaded! DONAI nanicpuhatliconidechnirques.

Techni ques fgh\plrn%dg%f&s%n%tﬁal& eggiy&%&@&g& ges; ok giken known
sequence are wel| known in the art. ol ynuc] eotides of the invention

may al so comprfsBvattteadt %ﬁ@oﬁbﬁﬂcﬁéFﬁ Sedﬁ%ﬁ%%ngsﬁ%ﬁnﬁgﬂ?Fﬁﬂscr|bed but
not trandfat edokeguehcestener mvaatdonmsy grrakcsrondsibosbre ebiipeiaig sites, MRNA

stabi li zi ng g@@uel%@sdeﬂi%amhaag Rekyadenykatd qmoﬁikgmleaslaﬂhe
polynucleotld gye }glso o rise addltlgn seguences encodi ng
addi ti onal aRi A9 acr ﬁe§%a§881t|ona OBy nlidSEot e "S&quences may, for
exanpl e, enced@ﬂélﬁar%@wﬁétSia@aséqﬂéﬁ@QS@M@heh@ﬁathexahlstldlne pepti de

(Centz et a| bacul%‘v@@use%labjapovgcaﬁrus%%i sucH USAY B4, 821284 2 (1988)rspr the HA
peptide ggVIso et_ al Cel |, 37.767-778 (1984)). which facilitate the

purl fi Catl on O Vdég(sjesﬁolf)?‘f)lepﬁax V1Sruses, pseu les’/ ¥iruses,
picornaviruses and retroviruses and vectors derived from
combinations thereof, such as cosmids and phagemids.

The vectors of the invention can be formulated in
microparticles, with adjuvants, lipid, buffer or other

20 excipients as appropriate for a particular application.

In one embodiment of the invention the vector is an
expression vector. Expression vectors typically comprise
nucleic acid sequence elements that can control, regulate,
cause or permit expression of a polypeptide encoded by such a

25 vector. Such elements may comprise transcriptional enhancer
binding sites, RNA polymerase initiation sites, ribosome
binding sites, and other sites that facilitate the expression
of encoded polypeptides in a given expression system. Such
expression systems may be cell-based, or cell-free systems

30 well known in the art. Nucleic acid sequence elements and
parent vector sequences suitable for use in the expression of
encoded polypeptides are also well known in the art. An
exemplary plasmid-derived expression vector useful for
expression of the polypeptides of the invention comprises an

35 E. coli origin of replication, an aph(3’)-la kanamycin
resistance gene, HCMV immediate early promoter with intron A,
a synthetic polyA sequence and a bovine growth hormone

terminator. Another exemplary plasmid derived expression
10



Anot her enbodi ment of the invention is a vector conprising an isol ated

pol ynucl eoti de having a sequence shown in SEQID NO 3 . The vectors of the
i nvent i orwaneowsefial for mai ntai ni ng pol ynucl eoti des, deplriusatog718s

pol ynucl eoti des, or driving expression of a polypeptide encoded by a vector
of the invention in biological systens, including reconstituted biol ogical
systens. Vectors nmay be chronosonal -, episonal and virus-derived such as
vectors deriweduﬂfaam@@@ker&ah:pha&nbdsgmbaﬁtaﬁhapbagﬁﬁ ahransposons, yeast

epi somes, insert).qn, elel eg%ﬁ Sin YE2SL GRLOoMmsonal, el.ements, ; hacyl, \%{' ruses,

papova viruses such a vaCC|n|a Vi T useés, adenOV|ruses 0 pox
Vi r uses, pseﬁﬂﬁWéﬁﬂe§a¥¥Fu§%§En6F%OEW%V|%W@é%a%ﬁ@aFéYﬂ&VWPH§é§n§nd vectors
deri ved fronhﬁanmwnaht@@®1pmeﬁﬁmémm§uch as cosm ds and phagem ds . The

vectors of the i ”Xr?dl Q”erﬁo%'achﬁnJ QEmul atad. i i €L Oa%aﬁ%ﬂt%ﬁ nddit h

adj uvants, lipid, er or other excipients as appropriate for a
particul ar apptt c,cé)f“%]r?lnpn o‘F?étéﬁb%fdltﬁ%n{“V@Ptf% i AVRTRSEBA*THE vector is an
expressi on vectorcelExpreeeseonneectiorschyq callly: cenpeiise neclsei c acid

sequence el eggpt st Bat. 6aR.coNt 5oL,y 180Ul AL €, CAUSE-OF, RET Hbi; expression of
a pol ypeptide encoded by such ‘a vector. Such el ements may conprise

transcripti onaf “RAERTEr “BRANG=5ites; RNATPOT yiter dse " AF'Ei ation sites,
ri bosone1Bi ndiingplsictess sand ot enveidmgses hatactacidmytas.e the expression of

encoded pol ypeptddescid %agay@%na%pcra@z%prrhg§¥§&ﬂmusSulcfﬁe@%péquél on systens
may be cell-based, aor cel reeéP% known in the art. Nucleic acid

sequence eIeﬁBﬁf@saHHO%%?éﬁ? Sre 'ﬂ§gaﬁﬁﬁ%b§f%uﬁﬁéﬁ?%C?&FSJ§€ in the
expr essi on ofsetitndeds pélypeptlicdessiar el .s@o%%el IV-Rnovwvesnmt brnoart . An

exenpl ary pl asfidedehd vVedaeXesst on,Veediohsuseiidsp égﬁ o@xpr ession of the
rises an E_. col of replication,

gglgBﬁFgﬁsesﬁg%(%gﬁygﬂ%f %;?q¥§nc Séhers ﬁéwﬁh?ﬁ%%h Pat Piy promoter with
intron A, invention may be provided as individual cells, or populatlons

of cells. Populations of cells may comprise an isolated or

cultured population of cells or cells present in a matrix

such as a tissue.

20 Introduction of a polynucleotide, such as a vector, into
a host cell can be effected by methods well known to those
skilled in the art (Davis et al., Basic Methods in Molecular
Biology, 2" ed., Appleton & Lange, Norwalk, CT, 1994;
Sambrook et al., Molecular Cloning: A Laboratory Manual, 3*

25  ed., Cold Spring Harbor Laboratory Press, Cold Spring Harbor,
NY, 2001). These methods include calcium phosphate
transfection, DEAE-Dextran mediated transfection,
microinjection, cationic lipid-mediated transfection,
electroporation, transduction, scrape loading, ballistic

30 introduction and infection.

Another embodiment of the invention is an isolated
polypeptide comprising a polypeptide having a sequence shown
in SEQ ID NO: 4. SEQ ID NO: 4 is a polypeptide comprising
variant human MDM2 protein with a D300A substitution. The

35 polypeptides of the invention may be produced by chemical
synthesis, such as solid phase peptide synthesis, on an
automated peptide synthesizer. Alternatively, the

polypeptides of the invention can be obtained from
11



a synthetic pol yA sequence and a bovine growth hornone term nator. Another
exenpl ary plasm d derived expressionvector conprises an E . coli origin of
replicatiwo,2eusany (4') -la kananycin resi stance gene, PROMS268QUETIBRR Vi I US
|l ong term nal repeat sequences, HCW imedi ate early pronoter and an SV40
| at e pol yA sequence. Anot her enbodi nent of the invention is an isolated
host cell conprising a vector of the invention. Representative host cell
exanpl es inCbuﬂﬁukﬂéhaﬁ%sCéﬁ&ﬁhﬂ@aﬂkﬁéiﬁ&h@ﬁb%ﬁk&Uﬁ?1&& Sk efit ococci,

St aphyl ococci §1P”ftr%r 0&%%%&5 sy&?ﬁg sobd ER Q%Cc%ﬁoc%é‘é/%”gg&ﬁ eria, B.

subtilis and aureu s such as uver , Saccharonmyces,
Basi domycet eba%ﬁﬁﬁéesaﬁllﬁpc%eﬁﬁﬁ A@ﬁéFg‘?qumu§><tliar‘f§e€%s%?elef<%msi§éﬁ“ as
Dr osophi | a S2yatshsSpoaomsenarSh9a; cani aat raeel bsssuehpassCHO, COS, Hela,

Cla7, 3T3; BH 293, £V Lo Bowesarelanonm @odysl aupia.and,pl ant cells,

such as gyrmos erm or angi ospérm cel host cells in the nethods of
t he i nventi of® eﬁebbred%rﬁeﬂlo&sa??@s\%ﬂ‘ifaﬂn cEPT $SL6F FoparHtd 6ns of cel | s.
Popul ati ons oficbeld scimaypeqoaprd se @r iisodatied oy teuhtiured popul ation of

cell's or cel kgopr e%eeﬁe iRea JRGFLX Lselé%mbﬁ%n% éip%%eelorl fer oduigti on of a
pol ynucl eoti de, such as a_vector, into a hos el | can bhe effected by

met hods wel | “RAGHT 6%%&%% Jsal?ellF%d)Oilep?WeldﬁFt (Tﬁzi\?FsSké'tllﬁ? in thasic
Met hods il Mekecullar r8icinogy,ot2ad edthpidpy éborrk&atiange,; £hNor wal k, CT, 1994;

Sanbr ook et @blypepMﬁ?!ﬂ@s@lélfafhéjigmeﬂglonp‘ Lahonat apMaals, (@ d ed., Cold
Spring Har bor, oratonglﬁPress bor NY, 2001) . These

ci U pROSpHAL " lrogng? 3@% %es BERE-18XF ran nedi at ed

met hods |ncIu8e tarei 'l
transfecti onpohirwoi fif edt Fon,ircattom éUWCledthe%leaFe@d treamsfrecteon,

el ectropor at isaen geeaﬂemyp@étldegrmebgowdeg,oﬂoelelck@ﬁdr@/ lsﬂ_f;ri’anUCtl on and
i nfecti ops Anot her _embodi ment of the invention is an_isolated gﬂypeptl de

conprising a“pdlypeptidé having a segtiefce “SROWR L Seauence, as

as naturally occurring, or partially synthetic sequences
derived in part from a naturally occurring sequence or an
entirely synthetic sequence.
Another embodiment of the invention is a method for
20 expressing a polypeptide comprising the steps of providing a
host cell of the invention; culturing the host cell under
conditions sufficient for the expression of at least one
polypeptide comprising the sequence shown in SEQ ID NO: 4.
Host cells can be cultured under any conditions suitable
25  for maintaining or propagating a given type of host cell and
sufficient for expressing a polypeptide. Culture conditions,
media, and related methods sufficient for the expression of
polypeptides are well known in the art. For example, many
mammalian cell types can be aerobically cultured at 37°C
30 using appropriately buffered DMEM media while bacterial,
yeast and other cell types may be cultured at 37°C under
appropriate atmospheric conditions in LB media.
In the methods of the invention the expression of a
polypeptide can be confirmed using a variety of different
35 techniques well known in the art. For example, expression of
MDM2%*°"? can be confirmed by Western blot or assaying ability

of MDM2*°" to inhibit caspases.
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in SEQIDNO 4. SEQID NO 4 is a polypeptide conprising variant human
MDM2 protein with a D300A substitution. The pol ypeptides of the invention
may be prwouve@dsby7chem cal synthesis, such as solid phasg/yse@viodass

synt hesis, on an automated peptide synthesizer. Alternatively, the

pol ypepti des of the invention can be obtained fronpol ynucl eoti des encodi ng
t hese pol ypeptides by the use of cell-free expression systens such as
reticul ocyte |ysatie baseshtexpressioansSyishense Wbeatibgarmext ract based
expression s e nd cher.i chj li -extract. . ed ex SSi on systens.
The ponpept%g%?g%FetcétF%v%%ffgﬁﬁiéﬁggfgﬁhbgggﬁfgggé %?gé%ﬁ%éssion and
isolation fromcells harboring a nucleic acid sequence of the invention by
t echni ques wekémgareewn in the art, such as reconbi nant expression of easily
(solated gffinity ] ahel ety polypeptides. Those.gkildedin the art will -
recogni ze other techniques for obtalning the pol ypeptides of the invention.
The pol ypept FHRESHE PPRYER | o SFayctorprisedf 48 B1rkpof A5épt i des
conpri si ng acpotyeeptédeecak tielenwant befsiftiysetbrigietht v seepaxdt pol ypepti de.
Such second pol ypeptldes may,be header, or.seer et oLy signal ; sequences, a

pre- or pro- or prepro-protein sequence, as well as naturally occurring, or
partially.syqthet.ic se nces derived in part froma naturally occurring
sequence¥8r D DEisals SEl % ¢ sequence. Another enbodi ment of the

i nvention iscglfg£ﬂggn;pr expressing a pol ypeptide conprising the steps of

provi ding a the invention; culturing the host cell under

condi tions sufficigitishoretihe; expigssi eno0bqgats, | easignongx)pol ypepti de
comprisi ng the_seauence. shown, .0 58O, D NG (4o, fostycells can be cultured
under any cofdrtq6ns sui tabl & F6F maint al'vi ig°of 'propagati ng a given type
of host dell (andrisanfTxHceftlfgre expressspmng Manpeotappeptide deCidnagee
conditions, gedir cantkdiekbatedinetdieds safd coiemed of dlenexpaessi on of

pol ypeptides are el dnawg, i nthe Aty FAL1EXAMPLE, MY ining 30
mM Glucose and supplemented with 6mM L-Glutamine (Invitrogen
Cat. No. 10313-021). 1In some instances, another animal
20 protein-free medium containing various concentrations
including 60mM glucose (defined as the high glucose medium)
was used. Fetal Bovine serum was purchased from Hyclone
Labs, Logan, UT (Cat. No. SH30071.03). Cell cultures were
monitored by a Cedex automated cell counting instrument
25 (Innovatis, Germany). Integrated viable cell count (IVCC,
cell-day/ml) was calculated using the following formula:
IVCC (dl) = [VCD (d0) + VCD (dl)]/2 +VCD (d0) ,
where VCD = viable cell density

30 Expression vectors:

Coding sequence of Bcl-2A (SEQ ID NO: 11) was cloned
under the CMV promoter into the pCDNA™3.1 (+) vector having
Neo®. Coding sequence of Bcl-XL (SEQ ID NO: 9) was cloned
under the CMV promoter into the pCDNA™3.1 (+) vector having

35 Zeo®. Coding sequence of MDM2 (SEQ ID NO: 3) was cloned
under the CMV promoter into the pCDNA™3.1 (+) vector having
Neo®. pBUDCE4.1 vector designed to constitutively express

E1B-19K (EF-la promoter), either alone or in conjunction with

13



mammal i an cell types can be aerobically cultured at 37C using appropriately
buf fered DVEM nedi a while bacterial, yeast and other cell types nay be

cul tured WO 28Ase1der appropri ate atnmospheric conditi on®Crusk®omedssn. | n
the nethods of the invention the expression of a polypeptide can be
confirmed using a variety of different techniques well known in the art.
For exanpl e, expression of MDMR2A300D can be confirmed by Western blot or
assayi ng abi hivky @frvMMNIABOODHae bedl bkic.caspases itdhenphesentali pventi on

W |l now be g?d?‘ggdhpgg ‘%%Qn%%%r ?5@%4&0 iqb% ol 'ﬁ%@&ﬁ%%ec' fic,

non-limting exa | es | oW n CHO cel |l Ilines
over expr essi ﬁ@p%ﬁpﬁﬁﬁ%ﬁ%ﬁi& @@We@%t@rér%ﬁsyf@ﬁnloﬁs%la%éi fpagcvedft ures for
peak viabl e eeldl.denséternnbongeviiy, 7caspases3(Zoact i vatbpi, **and i mproved

producti op Ofexé]_ﬁ‘gsrs%ﬁdve%rtgk %a@s geh@a‘%%ha%f l%“{?'lr!\é%t RQ%ene@4 le.cul ture :
CHOKI SV cell line (Lonza Biologies, Slo designated as the Control

cell 1ine CLO3AP AT IGERI° KﬁEF?]&anAT@?ﬁeelcﬁP ey ChY é¢ti on, Manassas,
USA) , desi gratetbsasntretComnasokore]duckemeyCtB835inger enccwlyt ared in CD-CHO

medi um (Cat . 1NQnt %QZ@ &)1&111 ﬂ%%%ﬂ&%ﬂm&%%%ﬁ’% 1) ex%@@&ﬁd?ﬂ ng 30 mM

d ucose and sutg nge ﬁné g am ne Inv%t ré:) g:at

10313- 021) . %"haslt“ﬁ ceem éﬂ%ﬁéh FOaniTEr prof r 885 di um

cont ai ni A varsoushcbireaser ati ons i ncl udi ng 60MM gl ucose (defined as the

hi gh gl ucose nedi um was used. Fetal Bovine serumwas purchased from

Hycl one LabsG Logan, UL Catto NO= celil§0 7L 03) Cell cultures were nonitored
by a Cedex a nt (lnnovatis, Gernmany) .

| nt egr at ed vi abl efrelxboeouriel (¢WMCCre cel ICH@Télﬁvr’erllNaLSnea‘lf@I ated using the
fol |l owi ng fortﬁbﬂﬁecké/mi(cw\)aﬁo[ly@mﬁo@'!nélﬂio'hsvgﬁ)e(x@'ré:iéi%n"‘ywo(r@ gq) , where
VCD = viagble cell density. .

as shown 1mn Transfectomas were selected using a

combination of 400 pg/ml hygromycin, 400 pg/ml genticin, or

300 ug/ml Zeocin. About 200 resulting transfectomas were
expanded into 24-well plate and caspase 3/7 activity
determined by APO-ONE assay (Promega, Madison, WI). Two
20 measurements were performed; a) early in growth phase (~day 3
post-seeding) following treatment with Staurosporine to
induce apoptosis; and b) late in growth phase (~day 10 post-
seeding), at which time, a subset of wild-type cells has
progressed into apoptosis. Transfectomas that had reduced
25 caspase 3/7 activities in both cases were further expanded
and top two to four clones were subjected to shake-flask
batch growth profile studies.
Promising cell lines were cryopreserved. Shake-flask
cultures of selected lines were tested for reduced caspase 3
30 activity by FLOW, using fluorescent-labeled antibodies
specific for caspase 3 (BD Bioscience; Cat. #68652X/550557).
Selected cell lines were C-coded and submitted for cell
banking. These cell lines underwent ten to 15 passage
stability testing in the absence of antibiotics, which were
35 used as selection agents. The cell lines generated are shown
in Table 1. Expression of each transgene was confirmed in a

select set of cell lines by Western blot.
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Expressi on vectors
under the CW pronoter

Codi ng sequence of Bcl-2 D (SEQ ID NO 11) was cl oned

into the pCDNA(tn) 3.1(+) vector having Neo(r).

Codi ng sewoeneésefi7Bcl - XL (SEQ ID NO 9 ) was cl oned uneemr/ush@o@imspr onot er
into the pCDNA(tn) 3. 1(+) vector having Zeo(r). Coding sequence of MDM2 ( SEQ
ID NO 3 ) was cloned under the CW pronoter into the pCDNA(tm 3. 1(+)

vector having Neo(r). pBUDCE4 .1 vector designed to constitutively express
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BxM

MDM?2, Bcl-XL

EMX-

MDM2, E1B19K, XIAPA

Shake-flask cultures of apoptotic® cell lines:

Selected apoptotick cell lines were cultured in batch

mode in CD-CHO medium supplemented with 6mM Glutamine and the

requisite antibiotic selection agent (s).

formulated with 30 mM glucose.

CD-CHO medium is

Additionally, select Ab-

expressing cell lines were cultured in a custom formulated

animal protein-free medium supplemented with 6mM glutamine

and 60mM glucose.

Caspase 3/7 activity Assay:

About 3x10° cells of each clone were seeded in one ml of

growth medium in a 24-well plate.

seeding, about 1x10° cells were

96well plate. Staurosprine

On day 4 (d4) post

transferred in triplicate to a

(2uM fc) was added and the cells

were incubated for 16h before assaying for caspasel3/7

activity by APO-ONE kit

(BD Labs).

The procedure was

15



batch growth profile studies. Promsing cell |lines were cryopreserved.
Shake-fl ask cultures of selected lines were tested for reduced caspase 3
activity WQ 2p908241asi ng fl uorescent -1 abel ed anti bodi es ®p&aistéo/ofiBs caspase
3 (BD Bioscience; Cat. #68652X/550557) . Selected cell lines were C- coded
and submtted for cell banking. These cell |ines underwent ten to 15
passage stability testing in the absence of antibiotics, which were used as
sel ection ageepéate]ihen cabl, &ies genesatesbsapeishows dnictabl e The.

Expr essi on of o f o f_cell lines by
Western bl ot. Ta%yth‘g@gh Q%ﬁ ﬁg%&yjt Eir%gegr 0 S&S%%{ﬁt%cctsig%gloln | i nes:

Sel ect ed apopPbt iBYR ¥l eFﬁ)"ﬁl%dV\/bri*té) b tur éasﬁ‘r bgfl%t?pﬁ’ﬁﬁ%tllcn CD- CHO

medi um suppl exenteed fwiltch s6mddtEdut asrienewandohhermeequiy site antdreicoti c

sel ecti on5aggggl§§ss_t)s (&GR g mediumis formulated with 30 mM gl ucose.

Addi tionally, select Abexpr essing cell lines were cultured in a custom
formul ated ani mal protein-free nmedi um suppl enented with 6mM gl utam ne and
60TM gl ucoseAnfnspasef Hpdpacticli¢londs sy FfldwouttoBat®y:5 cel | s of each cl one

were seeded in ong,Jy. QLlangm rEdi W blme@claﬂ cyxﬁlthrg ate. On day 4 (d4)
post seeding, about IxIO5 ¢ were transferred in triplicate to a 96wel |

plate. St aurHéb}i“?rﬁé(“(%er‘%ﬁ S\Rﬁﬁe ddd&l dnd lzﬁ‘ée]r}ePF%t%ré“?Wé‘ﬁﬁﬁt ed for
16h bef ol@ assayistguforpocaspace8/ Foladbirvidly byrARGeONEKives{BD Labs) . The

procedure waspepeat egs onTdl Q. 1excepte that l%tcay&%pgumecy\e@ﬁem tted. The

cl ones t hat d sign ntly | ower, cas ase act t n th days were
expanded i nt gg%thally I% 7% %Dng 8?)&%“8?? hﬁt&iﬂd L%Jlfm%aﬁg e Cfoect edycl ones

was confirnmedhey. onWWtﬂerthBﬁ aﬁ%tirygﬁélf( geee biglconyted Anah ySITS - of

apopt oti cR chenes:dbynt |—Q\é/s§zy§e@nﬂt£ﬁ/ Aot eskixI £) BieetismcEy om exponenti al

cul tures ywere Wt %drgvxpo fro ke flask into, 24wel| plates, incubated
vy ow

antibo re su jec 1ng %em £o dhalysis b

cytometry.

Example 1
Effect of MDM2 on Bcl-2A expressing cell lines

20 Growth profiles (SF/Batch) of BMX-13 and BMX-39,
expressing Bcl-2A, MDM2 and XIAPA, as well as double
transfected cell line BX-61 expressing Bcl-2A and XIAPA, B-31
expressing Bcl-2A alone, and the control Cl013A were
analyzed. The peak viable cell count (VCD) of the control

25  cell line reached 6x10e6 cellsm/ml whereas those of BMX
clones reached about 11x10e6 cells/ml. Cell lines expressing
Bcl-2A and/or XIAPA had intermediate VCD (Figure 1A). BMX
clones had higher integrated viable cell count (IVCC)
compared to B-31 or BX-61. BMX-39 had a 44% increase in IVCC

30 over control as compared to 23% for B-31. XIAPA had no
incremental effect on IVCC when used in conjunction with Bcl-
2A (Figure 1B). High IVCC correlates with high viability of
cells in the long term culture in a bioreactor, resulting in
increased product yields. Further, biopharmaceuticals

35 generated from a production cell line derived from an
apoptotic® host cell line may be of superior quality. Cell
lines BMX-13 and BMX-39 demonstrated caspase 3/7

downregulation by 10-fold and 16-fold, respectively when
16



Wi th Staurosporine (2 mMfc) for 16h, harvested and washed once in PBS. The
cells were then incubated with CytoPerm (Cat. No. 2075KK, BD Bi oScience) to
fix and peore@biseaed t hem Foll owi ng a PBS wash, cells weraszooubased with
FI TCl abel ed anti-caspase3 (Cat. No. 68654, BD Bi oSci ence) anti body before
subjecting themto analysis by flow cytonmetry. Exanple 1 Effect of NMDM2 on
Bcl - 2D expressing cell lines Gowh profiles (SF/ Batch) of BMX-13 and
BMX- 39, expr esspargaBesd -teDroMR @ 3X| ARrDi rasngveht i apogdeosthlice transfected
cell line BX e I P B-31 r.e |-2 D
al one, and thg}ccggr(lfgifo\§k§ %g %C l\ﬁeF% Zdr%gl %%éle%% 33 aﬁxa\qklldaﬁfe ce? count
(VCD) of thel&dntTroP"edifoff rP@WPé%l%Hé‘GlQ&IOGeBa%@SIeémm wher eas those of
BMX cl ones reached about 1IxIGCe b cells/m. Cell lines expressing Bcl-2 D
and/or XIAP D had internediate VCD { Eglir e, A) . BMX clones had higher
integrated viable cell count (IVCC pared to B-31 or BX-61. BMX-39 had a
44% i ncrease in | VCELfagdy of dfM2obn BeloH gessimgoged ¥ diangs 31. Xl AP D had
Pg)i ncrHerrﬁnT <\':1/I eféj%xthoﬁrdf\i@g:sﬁ@r%@ tEE‘n:Q@&}tb'ﬁ'CEijlQIDOW tB'SLMEQll‘ 2D (Figure
. Hg r atesvvlt I s n the long term
culture in a Clg:oBng%c 4 “*Pesuitng 5 ﬁ(\ﬁf %@Mgas%%%mggu& “yietds " Furt her,
bi ophar naceufcpc%‘élg@riféﬁe&?é@g thCén%Ua peodurs woh! c?él Ehe |0r?@té@¥ iagéd from an
apoptoti ¢0R hos¢ cehlb ddraecrmyialbea of Tﬁup@eraikomml tkyl Ceht icogs BMX- 13
and BMX-39 de e aspas f a 16-fol d,
respectively \i\!ﬁ%’re]o%{:to%1‘tL ac%eg ?%?et %Sgé%er?d?%?(ge%gg%gﬁ Q%{lrge%sn%%ﬁt ?gapopt otic
ef fect of théxl&érfé@% rereleHoPeRF | 134 At OBléi/r%tlndFB%f@ﬁﬁhd ¥&d 12- and
6-fol d downr egudateixoneofingaspasesonlbxanpl et2riddiect ofD.MDMRr on Bel - XL

expressing cellydines,Goukhydr gki las ofnd Bipbe Jflansfgcked BxMX-Q, BxMWXI |

15 cells/ml. BxMX clones had higher IVCC compared to Bx-51 with

34% increase in IVCC over control as compared to 18% for Bx-
51 (Figure 2B). Co-transfection of Bcl-XL and MDMZ only
(without XIAPA) failed to generate cell lines with higher VCD
or extended longevity (data not shown). Thus, XIAPA and MDM2
20 are likely to function synergistically towards achieving the
high IVCC observed in BxMX-01, BxMX-11 and BxMX-25 cell
lines. Caspase 3/7 activity was down-regulated 7- , 5-, and
8-fold in BxMX-01, BxMx-11 and BxMX-25, respectively, as

compared to control Cl013A.
25

Example 3
Effect of MDM2 on E1B19K expressing cell lines

Growth profiles of EM-15 and EM-70 expressing E1B19K and

MDM2 are shown in Figure 3. For comparison, in a separate

30 experiment, cell lines expressing EI1B19K and AVEN (EA-167),
or expressing E1B19K, AVEN and XIAPA (EAX-197) as well as the
transfection host cell line, Cl013A were included. The peak
viable cell density (VCD) of control cell line reached 6x10e6
cells/ml whereas those of EM clones reached about 12x10e6

35 cells/ml to 16x10e6 cells/ml. The maximum VCD for EA-167 and
EAX-197 was 13.6 — 13.9x10e6 cells/ml. The EM clones had
higher IVCC compared to EA-167 or EAX-197. EM-70 had a 100%

increase in IVCC over control as compared to 23% increase
17



and BxMX- 25, expressing Bcl-XL, MDM2 and XIAP D in conparison to Bx-51
expressing Bcl-XL alone as well as the control cell |ine CL013 were

eval uat edvOTh@/p5eak vi abl e cell count (VCD) of control eertuskimmsTienched
bxl Ce b cells/mM whereas those of BxMX cl ones reached about 12xl| 0e6
cells/m (Figure 2A) . Cell lines expressing Bcl-XL only had internediate
VCD. For exanple, the peak VCD of cell line Bx-51 was | OxICe b cells/m.
BxMX cl ones baér hicgbes1 [t¥ECGc-ampar emhitodd%, 531amid kiB84%rieneseaseatn | VCC
over control r % [.e J.ansfection of
Bcl - XL and Nf)%gl C‘ﬂF{B@ &% g%%h%x%%%bf)?éflor?% %Eé% eﬁér@altcée%gl% lines with
hi gher VCD oﬁclé%&Véﬁaequ Bh@%vﬁw PRrEtrE S Aot” §Hb%mf)xperﬂ1f|*ﬁf§ XI AP D and MDMR
are likely tanfunehboyosynergi.st Btcaielcymbbvm.deg acheeviayg theohigh |1 VCC
observed §n BXMCAL, KMkl Ad; BXMG25, cell lines. Gaspase 3/7 activity
was down-regul a 8-tfold BxMX-A , BxMk-11 and BxMX- 25,
respect i vel yOba%rvﬁgnb%rEéqdlﬁoa%W Bq C@ibll§ReSExacr?pFéar33fEFFé%ri °6f MDM2 on
El Bl 9K expr &3B8idrxg @eld andneshEGr 6mtlrdprofddnesaiod cEME limeandi M 70

expressing ELBLIK angd Mc@fa‘% shat et & @HEQ ot skQkn)CoONPAsdasen, in a
separate exp% rrent celll s expre |n%L BlegK ang 1@\/EN§%A 167), or
expr essi n8 Bl gk~ AVEN SnlaM Aﬁnf)pE(DqEZ; 997) TAEWEFFS 45t ARt ansf ect i on
host cel 10| ﬁé%p@r@%wrméﬁfemltrﬁ?@l G@é‘dolTﬁ@lﬁéak Kdrapperagabbndéisity (VCD) of
control cell 1kvne meachednbx|Oe @n@@IoLséfﬂca\A/@%@@sﬂ@&s&le& &M cl ones
reached abou xI 08§01c3%alcsrlltngo bxl Ce. b %fso n xi mim VCD for
EA- 167 and Sﬁ 3 13. 94 B&8 celfa ‘T’ﬁ Jlfl@lecl oynes ad hi gher
| VCC conpar eé‘St%e@EAll%f? aBPVEAX-T9TCE EWPV{PlhﬁalJaS 180% RIFEEEES N | VCC over
control as ceapsyeditlD 23%ifnar easeover ce€anrt othiore BEA-1164s Thi s dat a,

along w45 the Ieas%ﬁn&*}%top‘éﬁiéthﬂc‘? ’b%%e Wér%séé §1§;179*§o§59ﬂ% weg g jhot

suffici ent for achi evin obser ve hi s experi ment
(Ni vi t chanyonhg %t var". theBIIB‘f%S(,thﬁéfpaB’leoéﬁb aﬁ%“@@’ Sﬂi (2G67)9td not

necessarily have the highest IVCC.
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suggests that MDWM2 contributed to the increase in | VCC observed in EM 15

and EM 70 cell lines. Co-transfection of E1B19K, MDM2 and XIAP D failed to
gener at e wol2bodviseas wi t h hi gher VCD or | VCC as conpar ed PCo/uySd@wma4mes shown)
Caspase 3/7 activity in EM 15 and EM 70 cell lines were 13% and 30%

respectively, fromthe control Cl1013A. For conparison, EA- 167and EAX- 197
had 37% and 20% of caspase 3/7 activity as that of C1013A control.

Apopt osi s was al so confirmed by FLCW.m descri bed above. 91% of control
cells were positive for aspase n%{ Lhereas 1 - 30% usells within cell
| i nes expressing apopt ot sitive. Cell I|ines
with the | owest caspasetd/ Exactiaiinpyw{laggtyB: 3dpadiPMiofunledessdrily have
the hi ghest LMGC. | @éaﬂﬁ{keAécgél@hn@9ﬁQE gm{]a@s%%\%l(n%g m&nin%thDMZ The vect or
expressin pe_human ength c nbank Accessi on

MB2424. 1) gwanIs?‘”% Jt%’. Retr From JohA Lﬁi“o 3Ki ns UM var s Vec‘tT)%e "DVR D300A

expr essi on vé@@%?at\ﬁﬁsblgéﬁevaﬁr@dmbyaqeﬁeﬂ% g thud afgléﬁ@%fi@l\ﬁ/i PHM®InuUt agenesi s
pri mer 5 ' get g@i&@al@@‘gﬁg{c&tgaﬁa@bg@&%@t:ﬁ@i a@é@ﬁﬁa@@@t@é@g@g &SEQ ([]SEQ | D NO
15, resulti ng, |nlA§ l%cemslnt o;eﬁla%tem rg)tS|otf| n 89%Sl th g g in
substitution of ASpaFtic adid fof AN He i'n the predicte D300A
protei n. TheCmaAxgéfesitstiasticonef riredrbic segderfsi nganPseiVINVE D300A DNA
sequencelds shosmrttien 1BEQ 1D NQAte3dnandnkheuproede €€ 6a VDM rD3AbRr Ot ei n

sequence is show ip SE@h!eDn%(%JzDAOA DA S &%"é!e”%% eclakoas Wel.l as its

wi | d-type counter ar%JJ was use ransrent and stabl e transfectl ons . The
MDMV2 D300A aﬁdamwevwlledilﬁﬁfé M&Méte A ohete SERAtSI%ent | SP¥Rptes¥@d in Hek293
cells. West enn ty:of. demorsteatedapt esence «6f whigher itewels-wofoeMDM2 D300A in

the cells whep,comaredLo,ihe f\é‘r'@a%)é@@né\@'}(@’ s&%ﬁige%dn@geéﬁ%n@“t ant

protein S nore remstag;;mto proteol ytic degradation than the wild type
NDVR nple 5 he and MDMZ wild type proteins were transiently

expressed in Hek293 cells. Western blot demonstrated

23 i the cells when

presence of higher levels of MDM
compared to the wild type MDM2, suggesting the mutant protein
was more resistant to proteolytic degradation than the wild

20  type MDM2.

Example 5
Generation of MDM2”*%°* _expressing cell lines

Stable cell lines over-expressing MDM2"°%* or WT MDM2
25 proteins were generated as described in Example 1. Two host
cell lines, Cl013A and C1835A were used. The list of cell

lines used in growth profile studies is shown in Table 2.
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Example 6
Effect of MDM2 on longevity and viability of CHOK1l host cell
lines
(Shake-Flask/Batch)
Bl and B5
Using

expressing the MDM2D300A gene are shown in Figure 4.
Centocor proprietary protein-free medium,

cell density

cells/ml,
cells/mL.

a

longevity a

batch cultu

culture for up to 20 days,

(VCD) of
nd that of
Cell lines
s compared

res,

the peak viable
C1013A control cell line was 8x10°

the C1835A control cell line was 5x10°

over-expressing MDM2"°°°* had increased

to the control cell lines. In fed-

Bl and B5 cell lines were maintained in

whereas the untransfected host

cell as well as the cells derived from bulk selected pool

following transfection with MDM2"°"® lost viability by day 14

of the cult

ure

(Figure 5).
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passage Stability Study) Exanple 8 Productivity Studies Using NDW

Over -expressing Host Cell Lines . The cell line, A4, over-expressing MO\
and Bl , oweneoyprsessi ng MDM2 D300A were transfected w t hrPaTsSecaiviTant

anti body heavy and |ight chain expression vector. The transfection m xture
was first bul k selected using glutam nefree nedia containing @ utam ne
Synt het ase suppl enents and 25 mM MSX. Subsequently, the m xture was pl ated
in nmethocult for isolation of indivta=.1ec#ones About 100 resul tingtransf
ectomas per transfectj.qn | ate a 14-day
spent titer was % ?g-iqi By—hepherotre s ;g- Bi-&H&for t he MDMVR
and MDMVRD300A ceIThdKﬁé%ﬁéxbreggiﬁgdG%ﬁﬁﬁasmmewedgﬁﬁhgﬁLllandS§ﬂ§n|f|cantly
hi gher than Eh@tBEDt)vgf%@i’eQﬁergV@ﬂVIZfIB@UAGJ&]B:SAﬂbj\M&It@@ was 24- 3 ng/L. In a
separate sxperlmsntSt t Stu s, were %rangfect eﬂQtNDNQ and E1B19K
and one clon82 ENro°stabl yexpr ssing E1Bi9K 3hd "ftansfected with
a reconbinan?gﬁéavyeaﬁéﬂPPghﬂ\@ﬁawﬁl&HFV%GﬂVdEXﬁ¥%§§¢@h¢@édﬁbﬁheDoral et al
., Bi ot echnobegfiro@ngana 103: &B20606 e 2009)1i tThecdavanst eethome1m Xt ure was
first bulk s t t t n t am ne

Synt het ase sgégféﬁgh %hggé%?% %gkgimnﬁggfcgﬁgggfggﬁ 9§g%é?a %ther cel

l i nes includ® ﬁ”éf@léﬂ”ﬁbﬁﬁ??bl)ThTIE@SREe%jEH@ﬁm' EIABRI"A4, B5, BMX13.
Fol | owi ng0bukklselieat aron at oii R@daysssabbhe sdr whwvivegeseldrs hwgteer subj ected to

a shake-fl ask.fed alaat%sswﬁ%e EM(O: R Qéf'g)eQe?)?téthgé( titgLs of >700 ny/L
on d23 mhereas the titers of the remainin | ines did not exceed 100

ng/ L (Fi gur e®85§°ce ﬂﬁtgfpﬁﬁﬁﬁFﬁaP:gﬁﬁﬁﬂFe GP1EHOKI SV was transfeced with
vectors expressing E1IB19K and MDM2 . Two days later antibiotic selection

protocol wasrhBid izat epbaxBycilaE 8811 alihedNvedDefpRELEM GBMb Sn VaEE el i m nated
wher eas tEe antipiotic resistant _cellrs ransi ected poo ad survi ved.

passage Stability Study)

Peak VCD (10°/mL)

MUT - B5 (-) geneticin (pl) 6.7

MUT - B5 (+) geneticin (pl)

6.4
MUT - B5 (-) geneticin (pl5) 9.1
MUT - B5 (+) geneticin (pl5) 7.3

MUT - D6 (-) geneticin (pl) 4.6
MUT - D6 (+) geneticin (pl) 4.5
MUT - D6 (-) geneticin (pl5) 4.6
MUT - D6 (+) geneticin (pl5) 5.4

Example 8
Productivity Studies Using MDM2 Over-expressing Host Cell
Lines.
20 The cell line, A4, over-expressing MDM2 and Bl, over-

23092 yere transfected with a recombinant

expressing MDM
antibody heavy and light chain expression vector. The
transfection mixture was first bulk selected using glutamine-

free media containing Glutamine Synthetase supplements and 25
25  uM MSX. Subsequently, the mixture was plated in methocult

for isolation of individual clones. About 100 resulting
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These cells were used for perform ng a shake-flask fedbatch gromh profile
study. 2e5cells/mM was seeded in Mach-1 medi um cont ai ni ng suppl enents.
Starting wayge®/15ed1e cultures were fed daily a nutrient mrCIx/uskooglounsse and
amno acids. Cell counts and titer was neasured daily. The present

i nvention now being fully described, it will be apparent to one of ordinary
skill in the art that many changes and nodificati ons can be nmade thereto

wi t hout departimygrebromd ber Spishkte @ficsCope @ﬁcp&rh%daprptﬂﬂd@dwéﬂllai nms. Cl ai ns

1. A nethod 9£U§@BEQQ%JnQa&%%enylggkl:&¥sm@ﬁ%m%gpbng TB&Q% Ian cel

culture, conprising culturing a an i neé” over - expr essi ng NDMVR
D300A . 2 . ArAethéddIdf-itRET €aSi Ay CBMP A%9BPYIRPOPnCE f éd4 YAt ch manmal i an
cell cul tureegxcomaringi ANFoGRI$ twsireng0 angrramald ahgrciglibaht e hoyer expr essi ng

MDIVR D800§ a@ﬁm&%ﬁ%gKﬁf%lon&QQEQ?$Q94rQ$(ﬁb@@ﬂ]%mQEhawﬂp§Ee§q©ybe nmanmal i an
cell Iine is a Chinese Hanster Ovary (CHO cell line . . The net hod of

claim 3 wherein the CEEPTAFE P Mg  eHE! %SVSC?l%é’eﬁ%tW 6t° &% i m 3
wherein the GHD ¢BMR $dncnE@1BEIFCHOL KdrSVecléne, EHeO mekhod ofbrebsirm 1 or 2

vvlhe_rei 2 \tAﬂe @@mhiaaa 8ol whd rt%h&&ﬂ%%gﬁ%dombh%t tzﬁa dnyalgdrrFt h0d60f
claim er ell line i . . od of claim
wherein the ?Tf]%? ﬁE g% n%n?%%y i-§P8p2r 6" @eN%O?thoﬁ@fh%%ngf ‘claim1 or 2
wherei n tlhe Ranrrdtinah. (?GIOanﬂrnéOBs5% [9Br i296fm- cdhk tiarefedionThe net hod of

]gl gi m1l or 2pwherei fat he reelduivw abiddibd @$indt gl east n50% at ndd -days of the
e

containing Glutamine Synthetase supplements and 25uM MSX.

For comparison, several other cell lines including C1013A

(control), C1013M, C1013J, Cl1013K, A4, B5, BMX13. Following
15 bulk selection for 29days, the surviving cells were subjected

to a shake-flask fed-batch study. EM70 provided antibody

titers of >700 mg/L on d23 whereas the titers of the

remaining cell lines did not exceed 100 mg/L (Figure 6).

An exponential culture of CHOK1SV was transfeced with vectors
20 expressing EI1B19K and MDM2. Two days later antibiotic

selection protocol was initiated. By day 29, all

untransfected cells were eliminated whereas the antibiotic

resistant cells (transfected pool) had survived.

These cells were used for performing a shake-flask fed-

25  batch growth profile study. 2e5cells/ml was seeded in Mach-1

medium containing supplements. Starting day-2, the cultures

were fed daily a nutrient mix of glucose and amino acids.

Cell counts and titer was measured daily.

30 The present invention now being fully described, it will
be apparent to one of ordinary skill in the art that many
changes and modifications can be made thereto without

departing from the spirit or scope of the appended claims.
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batch cell culture. 11. The nethod of claiml or 2 wherein the cell
viability is at |l east 40% at 20 days of the fed batch cell culture. 12. The
met hod ofwol2aéamsi41or 2 wherein the viable cell density iPpsTAIS2000A8118% X 106
cells/ mL at 15 days of the fed batch cell culture. 13. A nethod of

i ncreasing production of a secreted protein in a Chinese Hanster Ovary
(CHO fed batch cell culture, conprising culturing a CHO cell line
over - expressi ng MDM2 D300A and one otidmmse genes encodi ng the secreted
protein.14. A method of increasing production of a secreted protein in a
Chi nese Hanster Ovary (CHO) fed batch cell culture, conprising culturing a
CHO cel | |ine ovet-expredwdngt NDVReEBOGACahd VEABIOK vai® oredoratvbre genes
encodi ng the secr et edapfiotiahnce 115 cufcuret, hoshofi si Mg easifiggpeoduct i on of a
secreted protein in e r ch cell culture,
conprising cul tur| ng%a o T%‘ﬁ”?%@é c())\%r@ %i(pﬁggsgngf glg“ﬁ/%al\?'té ‘and E1B19K and
one or nore genes enéolﬂ‘?’ﬁtj)dt AE ‘Seeretied prbt eitAPIE.LYTHe ardEA0PSE cl ai ns 13
to 15 wherein the tiwemmafiabhe1Secnetwed, peoieining cattheast a600 ng/ L. 17.
The nethod of clai ”Bm]dr?&nélqaﬁc ereln fhe_ QﬂQeQS’Mg hibfg-ios JGHO Kl . 18. The
met hod of clains 13to 15 wherein the CHO c line is CHO KI SV. 19. The
nmet hod of claim 13 t&'85%herein the secret ed protein is an anti body heavy
chain and an anti bodyhtinghthodhai mla20.1 An 2 stkated thel yawrel éat | de encodi ng

a pol ypeptide compri sing fihe am.nenacd SemenCe, SHOWRkN SEQ D NO 4 .

line.

4. The method of claim 3 wherein the CHO cell line is
CHO-K1.

5. The method of claim 3 wherein the CHO cell line is
CHO-K18SV.

6. The method of claim 1 or 2 wherein the mammalian
cell line is a myeloma cell line.

7. The method of claim 6 wherein the myeloma cell line
is NSO.

8. The method of claim 6 wherein the myeloma cell line
is Sp2/0.

9. The method of claim 1 or 2 wherein the mammalian
cell line is a hybridoma cell line.

10. The method of claim 1 or 2 wherein the cell
viability is at least 50% at 14 days of the fed
batch cell culture.

11. The method of claim 1 or 2 wherein the cell
viability is at least 40% at 20 days of the fed
batch cell culture.

12. The method of claim 1 or 2 wherein the viable cell
density is at least 4 x 10° cells/ mL at 15 days of
the fed batch cell culture.

13. A method of increasing production of a secreted
protein in a Chinese Hamster Ovary (CHO) fed batch
cell culture, comprising culturing a CHO cell line
over-expressing MDM2"*°"* and one or more genes
encoding the secreted protein.
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21. The isol ated pol ynucl eotide of claim 19 having the sequence shown in
SEQ ID NO 3 or a conplenentary sequence thereof. 22. A vector conprising
an i sol atwo 2polypeuac| eot i de havi ng the sequence shown i nPEEQSk@INEIS3 . 23.
The vector of claim?2l1 that is an expression vector. 24. An isol ated host
cell conmprising the vector of claim?21. 25. An isol ated pol ypepti de
conprising a polypeptide having the sequence shown in SEQID NO 4 . 26. A
met hod for expressing aetfpolypepincdeacoRppisdurgibherstepscreteaa . providing

t he host cell of ClabQBéém_§anth gg!%gagggrbggryo%hopqu y r conditions
sufficient for the expression of de conprisin e sequence
shown in SEI?l D NO Eell culture, comprlslng culturlng a CHO cel llne

2P3002 4and E1B19K and one or more

over-expressing MDM
genes encoding the secreted protein.

15. A method of increasing production of a secreted
protein in a Chinese Hamster Ovary (CHO) fed batch
cell culture, comprising culturing a CHO cell line
over-expressing MDM2 and E1B19K and one or more
genes encoding the secreted protein

16. The method of claims 13 to 15 wherein the titer of
the secreted protein is at least 600 mg/L.

17. The method of claims 13 to 15 wherein the CHO cell
line is CHO-KI1.

18. The method of claims 13 to 15 wherein the CHO cell
line is CHO-K1SV.

19. The method of claim 13 to 15 wherein the secreted
protein is an antibody heavy chain and an antibody
light chain.

20. An isolated polynucleotide encoding a polypeptide
comprising the amino acid sequence shown in SEQ ID
NO: 4.

21. The isolated polynucleotide of claim 19 having the
sequence shown in SEQ ID NO: 3 or a complementary
sequence thereof.

22. A vector comprising an isolated polynucleotide
having the sequence shown in SEQ ID NO: 3.

23. The vector of claim 21 that is an expression wvector.

24. An isolated host cell comprising the vector of claim
21.

25. An isolated polypeptide comprising a polypeptide
having the sequence shown in SEQ ID NO: 4.

26. A method for expressing a polypeptide comprising the
steps of:

a. providing the host cell of claim 23; and
b. culturing the host cell under conditions
sufficient for the expression of the polypeptide
comprising the sequence shown in SEQ ID NO: 4.
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