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induced in response to conditions such as nutrient and growth

factor deprivation, oxygen depletion, toxin accumulation, and
shear stress (Goswami et al., Biotechnol Bioeng 62:632-640
(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 Bioeng 91:779-792 (2005); Figueroca et al.,
Biotechnol Bioeng.73:211-222 (2001), Metab Eng 5:230-245
(2003), Biotechnol Bioeng 85:589-600 (2004); Mercille and
Massie, Biotechnol Bioeng 44:1140-1154 (1994)).

Apoptosis is a result of a complex network of signaling
pathways initiating from both inside and outside the cell,
culminating in the activation of cysteine aspartate proteases
(caspases) that mediate the final stages of cell death. See

Fig. 1. Various methods of apoptosis prevention have been
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Fig. 1 . Various nethods of apoptosis prevention have
beenused to naintain cell viability during extended
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(199531t Re) | eeding rablefnat Ve tsUgak syl ebuding its
detrimental effect on cell growth. The two most common cell
culture waste products are lactate and ammonia. Numerous
strategies have been devised to address the accumulation of
excessive lactate build-up including 1) maintaining low
medium glucose concentrations (Kurokawa et al.,
BiotechnolBioceng 44:95-103 (1994); Xie and Wang, Biotechnol
Biceng 43:1175-1189 (1993); Zhang et al., J Chem Technol
Biotechnol 79:171-181 (2004); Zhou et al., Biotechnol Bioeng
46:579-587 (1995)); 2) feeding alternative sugars, including
fructose (Martinelle et al., Biotechnol Bioeng 60:508-517
(1998), Altamirano et al., J Biotechnol 110:171-179 (2004)
and J Biotechnol 125:547-556 (2006), Walschin and Wu, J
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fructose (Martinelle et al ., Biotechnol Bioeng

60: 508-517 (1998), Altamrano et al ., J Biotechnol
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(2006), Wal schin and Wi, JBiotechnol 131:168-176
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andel®idtQome complex, e.g., Aven and 3) those that act
late in the pathway, e.g., caspase inhibitors such as 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 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) E1B-19K and Aven in BHK cells
(Nivitchanyong et al., Biotechnol Bioeng 98:825-841 (2007))
and 3) Bcl-XL, Aven and XIAPA (Sauerwald et al., supra,
(2003); Sauerwald et al, Biotechnol Bioeng 94:362-369
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mutant of XIAP (XIAPD) in CHO cells (Figueroa et al .,

Met ab. Eng. 5:230-245 (2003)); 2 ) E1B-19K and Aven in
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Figs. 6A and 6B show daily lactate replenishment of
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apoptotic® cell lines. A) (e), control and EA167: O, un-fed
and B, lactate-fed) and B) EAX197 (&, un-fed and V¥, lactate-
fed) .

Figs. 7A-7G show growth and metabolic profiles of
control and apoptotic® cell lines EA167 and EAX197 in the
presence or absence of lactate feeding. Control (e), EAlG7
(d, un-fed and M, lactate-fed), EAX197 (A, un-fed and Vv,
lactate-fed).

Figs. 8A-8G show profiles of amino acids depleted by
apoptotic® cell lines upon lactate feeding. Control (e),
EAl167 (O, un-fed and M, lactate-fed), EAX197 (A, un-fed and
¥, lactate-fed).

Figs. 9A-9D show growth profiles and lactate
accumulation profiles of control and apoptotic® cell lines EAX
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apoptotic R cell lines upon lactate feeding. Control
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a) culturing a eukaryotic cell line expressing one or

more heterologous apoptotic-resistant (apoptotic®) genes and
one or more genes of interest; and
b) maintaining a high glucose media feed during the

exponential and stationary phases of the cell culture.

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.

As used herein, the term “fed batch cell culture” means
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
5
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hests) of CHO cell cultures. The method of the invention
comprises the steps of culturing a cell line expressing one
or more heterologous apoptotic-resistant (apoptotic®) genes
and one or more genes of interest; and maintaining a high
glucose media feed during the exponential and stationary
phases of the cell culture. These lines are superior hosts
for the development of production cell lines expressing
proteins of interest such as peptides, peptide fusions,
growth factors, hormones, antibodies, designed 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,
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for the devel opnent of production cell |ines
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In the method of the invention, the ability of the
apoptotic® cell lines to consume or produce less lactate that
would otherwise accumulate as waste provides for culture
strategies to allow growth under conditions of high glucose
as well as following glucose depletion. In different

embodiments, the methods of the invention provide for
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Wa8itive value towards improving the apoptosis®
characteristics of the host cell line into which it was
transfected. Within the above constraints, triple
transfectants were generally superior to double
transfectants, which in turn were superior to transfectants
over-expressing only one anti-apoptotic transgene.
Consequently, following trsansfection with appropriate
expression vectors, clones were obtained with variable levels
of expression of E1B-19K, Aven, and XIAPA. The expression
level of E1B-19K was relatively low and rare clones that had
high expression level of EIB-19K were either unstable or had

poor growth properties (data not shown). In the Examples
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yStem.

increases the cell’s resistance to caspase activation and
this is verified in Fig. 3 by the very low caspase activity
of EAX197 even after treatment with staurosporine.
Furthermore, the use of a mutant of XIAP (XIAPA) provides
enhanced apoptosis resistance relative to the wild type XIAP
protein. Thus, the protective capacity of the deletion
mutant of XIAP (XIAPA) may be significant even if the
expression of the protein is not high in these CHO lines.

In the Examples below, the role of one or more anti-
apoptotic gene(s) in cell metabolism was investigated.

Nutrient consumption and metabolite production were
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detesdd ned Babhbe €onsUMbbero Hfs*l actatRWas Aegenarlsal the
depleted lactate (Fig. 6). The results presented in the
Examples below show that the apoptotic® cultures consumed the
added lactate and maintained high VCD and viabilities for
four to seven additional days as compared to control cultures
(for un-fed and lactate-fed cultures, respectively; Fig. 7A
and B). An added process benefit is that lower levels of
lactate in cultures of apoptotic® cell lines will result in
lower osmolarity and higher pH, both of which are highly
desirable for superior product quality.

Previous researchers have detected lactate consumption
in hybridoma, NSO myeloma and CHO cultures (deZengotita et
al., 2000; Zhou et al., 1995 and 1997; Burky et al., 2007;
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The utilization of amino acids as an energy source in the TCA
cycle is likely to lead to the accumulation of ammonia.
Consequently, a reduction in ammonia production suggests that
the apoptotic® cell lines may be obtaining a lower relative
fraction of their TCA energy requirements from amino acids
compared to the control cells, which is reasonable when
considering that the apoptotic® cells are also consuming more
lactate as a carbon source. It should be pointed out however
that the drop in ammonia is transitory and the apoptotic®
cells may still utilize amino acids as an energy source.
Indeed, three amino acids, isoleucine, leucine and valine,

all branched-chain amino acids were consumed more rapidly by
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of pyruvate into Acetyl-CoA from lactate in the apoptotic®
cell lines may enhance the demand for oxalcacetate. 1In
contrast, there may be less of a demand for Acetyl CoA in the
control cell lines since they are not consuming lactate and
thus they generate aspartate from oxalocacetate. Indeed, this
lack of demand for Acetyl CoA could be driving the build-up
of lactate as an alternative by-product to Acetyl CoA in the
control cells over the first seven days of the cell culture.
Alternatively, a lack of lactate consumption in the control
cells could lead to a limitation in the supply of Acetyl-CoA

and a concomitant increase in the production of aspartate.
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toalimtation in the supply of Acetyl-
éBn%%ﬁV#%ﬁPntﬁé?@%ééaﬁﬁaFﬁeobﬂ%HH@ﬂl6ﬁn%ﬁlnlng hlgher than

aspaddat echieserdesddst srageuddud.catihves ofrhehghhened

cycl e ener.get.i csS in ceII |nes reSS|n .
Srer Lo T SN STPROLGH: A BASRE: |t BFefal] dine
MhenhbaqﬂﬂﬂeUWas wmﬁﬂmdednssaVEﬂtaplﬁopermﬁnzﬁduede, lactate

%%BQ@HEHbe'wHé é%@%ﬁﬁ%d31n|£§é¥%&%ﬁ%RVééﬂﬂ 1EH§sf$Hé% qf was
the consunmed | actate, in the present invention it has

BEEH SReoTTs Br ACERP Tt ébo%@%ﬁﬁ%?nRtee?%qu%%eédéBﬁ§%ﬁ%
asouhul @t edehatiatee whbahuldtde@ﬁ aavgstd probhett. This

i_ncrease ngevi t | VCC. totl R cel
EMGEEae dradn Ry | o b Y e 1L BPOR oL R
Igéng@lwqqenl@yleoﬁswmgwhée aTe wkan e@incble&i“t anergy harem

EB@E§téS]&&th§S@fﬁéd§éV1Eh§£o&fH%%elhl88%5&3@11@% to lactate
cultured in nmediumcontaining | actate or

CORt aFMihghi GReT U Than st 5]?1%Iagrldlc&§ﬁc%ﬁtvi‘%ﬂtj1 6‘ﬁ516‘Ftate
gbucmm&atéﬂhbkesgppnMMQnaed vo abyid ictiy teoel d Matober, in

RURPQS L& ta1n%h5 %;grﬁ 9L CRldd) | ”fhé!‘hﬁ}%d 36hatF YRS

pr ovi de on sour ce
eoAR LT 0F Ldas %@bs@ér PEJaPPP POt 0t¢dl RiGeF| w4§ nes

\@ﬁ@ﬂlﬂca\mayph@w@eckh@a ahé:@rmpr&m;roi ncaddinthep. t orhis
gg gose (d a_not omn en Ia tate accunulated

%wﬁﬁ Gr 6ttt a'Fhl n°tnd Mg §Tudose Teallh,

control cell lines amassed more than 20mM lactate, which may
have been toxic. The apoptotic® cell lines on the other hand,
were consuming the lactate early in the growth phase and thus
able to maintain higher numbers of viable cells that
translated to an increase in IVCC of 170% over control (Fig.
9C) .

Since the apoptotic® cell lines consumed lactate and
achieved higher IVCC, production cell lines expressing
proteins of interest such as therapeutic antibodies derived
from apoptotic® host cell lines achieved significantly higher

titers compared to production cell lines derived from control
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suggests that the apoptotic R cells cannot perform
gl uconeogenesi s from pyruvate or obtain enough energy
WO e@mitsaes ate, but if glucose is provided in PCT/US2009/047178
conj unction to lactate the cells can consurme both t he
Hgoflen wel Ly Sl@}h%%t ’%‘tEeaCC ted. ar, suppl ement ed
he 'cul't ure. reove um Zontal mpn hi ah
gpmm@s@a(%mwf itheof] V@d;ng aww VOD1aadomt &isl m%yes F4rgs
QAnfa1 ofn 2RAPt 1AL RGBLE I hd NER MRS u8L gNif i€BBE] Y¥roteins
hi gher than that of control cell [ines. This is due to
Pﬁel?%?F*Fhat in the high glucose nedium the control
cell lines amassed nore than 2QmM | actate, which may
have been toxic. The apoptotic R cell lines on the
ot her handTheepescorisdniagt tdre Widdt ave kradepcirhbedherith

geewth, phaseandedhius sagl epd O fMRI Nhgh iy Highel ngﬂwe%
of viable cells that transﬁ)ate to an increase in I VCC

of 170% over control (Fig._9C Since the apoptotic R
cell lines consuned | act atw&—échl eved hi gher 1VCC,
product i nes_ expr.essi qteins_of interest
such gs ?]ﬁeer aplelﬁtwllegaEn}fa“EJl&l és&goercfei/ed 1 F5% Asopt ot i ¢
Rxhoss$sigal lantin@sordciviievednss grrirel eaat¥aediighehake tidiessk
campared A0 PéQﬁ%a{b@% E@M &ér&‘?ﬁc def by (féizuftrom:aspase 3

control cell [ines her ti ers [ strate
66%}’11“?3&1“ é&ﬁn%%"c‘?cé]onﬁéﬁé% [ W%“Qifanﬁs?ﬁ@erftﬁé‘l (MMP)

antit apophesi sugenas Icﬂnﬁﬁﬁﬂﬂ‘ﬁ&\ldrﬁﬁndehétébd’l&&eppﬁdﬂlﬁdﬂl@n
theEﬁ eUt%ﬁl Flggger erggslns to theEeSECEEQ?O cSﬁpt
invention Wl [ now deSCribed Wi th reterence’to t
flohtowinglespenifi¢ cif ndn- Exmetﬂsr@neﬂén@rhieisap@aﬁpi%sgdn@s
hhe £} lowing Exam escrCHQ celdsuhbResn Ovuer @XPEESSI g
anti - apopt osi s rgenes were anal yzed i n shake fl ask

Eartay tlfod?r LBeBK VA e e Rt | CHéNSPL §YS 1OHgevi ty,
caspase-3 activation and nitochondrial nmenbrane
potenialal ahhMVMethodiddi tional ly, nutrient consunption

and netabolite production in these cell |lines were
Cepacwlkure:t hat of control cell lines to determne if

the expression of anti-apoptosis genes had any effect
on the nutGHOEAEY comsunpiieonlamel Medbei¢te Slough, UK),

aesumiald B ERe neummlape cellifeulct b €n SYale®Bitured in cD-
CHO medium (Cat. No. 10743-011, Invitrogen, Carlsbad, CA),
containing 30 mM Glucose and supplemented with 6mM L-Glutamine
(Invitrogen Cat. No. 10313-021). In some instances, another
animal 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 (Innovatis,
Germany) . Integrated viable cell count (IVCC, cell-day/ml) was
calculated using the following formula:

IVCC (dl) = [VCD (d0) + VCD (dl)]1/2 +VCD (d0) ,
where VCD = wviable cell density

Plasmid construction:
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Materials and Methods : Cell culture : CHOKI SV cel |
line (Lonza Biol ogies, Slough, UK) , designated as the

wa@wnsd4ixel | 1ine Cl013A, was cul tured in CDOMI/IBZI0UMM7178
(Cat. No. 10743- 011 Invitrogen Carl sbad, CA),
cont ai ni n% %?) uco: ngls I erren}led Vl‘ﬂttlve‘i’ | oress
L- d ut am ne ICnV| r og en Ca? % f@Sf% 6‘;2]13 dome”

EnSt ac e éﬁoph@vot@m makliprot eilener ee xmdqou}mmctlon with

@QBh aj ¢ r»saet@yﬁ LENGEH bALd QRS chSLHAING 18OMDhyong et.
Iucose_{) efined as the hl%h gl ucose nmedi um was used

étal? i'ne T8%r (i Wes SpEF Shs¥d *fiom HyE] éremphps), was as
Beganibddl inCatueNea1SHB08Y 1, 03)0.2.Celrhe cblldnikr @scver erefers
n r 5&% aut cell counting
Eﬁsﬁ%rﬁee%t %F vati sfl %Ggggrtt'a%d% I ntegrated viable
cel | count® @PYEL, ara:@moﬁcrayﬁmg MEKPESF B L RtEE tasi Tigs

thestpldu Bg Eosmia a hVOE, (Al a=LE &H$1%)C$Némz%to the

I /2+VCD where VCD = vi abl e, cel | n
BT T OREE PAEE ) (78 pBOPEESF o0 JEELOF - HosrgAgd Thon tons
@dmswiqet i vébyglex drres sinEd B- 4 M€ seBF<hal preommst er )
ei ther alone or in conjunction with Aven (CW

pronoter) and has been described (N vitchanyong et
generatigpf ageptatdd geeldydisesing XI AP D (CW

pronot er) A%%x@@n@@tsl%rll Q%chﬂe S%J%ﬁiwhgveéeﬁ' 11ne2x9z9£
The bl ank vector refers e or

LR o SR uh e hRe b S PR POV R &) was

©BNBCE uct-ed Bby91§+znmmg aadHeawpland 4al Hi gl Sehaian CONA pCMV-

§9 PAther %Q 5536%'%:@36& Rk %SQE:ES‘SE*L‘]%% gﬁc%he, Cat.

talne ron1 onz i ol ogl es, er a
é8eal th IBeEehsejvitzcEnanat |i‘ﬁ?06‘ldlﬁgob<f d?checﬂa@éf@cturer s
e B8Smendt i8xponems idaly scpb b tre-0fs reHO SV cehk Léne plated

was_transfected with pB 4
A8 kBT 0 sl et B ET SRe Ak g Uyl Zeocin
B BYUDCEANsIeEk Bohs K- Avendan ceipOMVXI APODy/mITZgnsin and

o r e 0 e ou
SEhlang, Sgohpel 12 Vo ngsasnes Pl appte 1. ot
AR R URER s T P BEOMMEN AP T B, ffF\Wer%@/stranSfeCtlon were

@Qﬁ&ncﬁéc&@ﬁlfdeéhaDﬁze&@drS c&\@@&sqﬂ/at adtmlrg/aa\e»ehbs@fm&s

romﬂﬂxﬁgghugwc ntalﬂ QQ wen ng, l;@o esign in absence
ransfectlons i , "and "3%above €ocin an

of the respective antlblotlcs for ten passages

Table 1

Cell Line Vector(s) transfected Genes over-expressed Clones
selected by

Control None None None

Blank PBUDCE4.1 None Zeo

E64 PBUDCE4.1-E1B-19K E1B19K Zeo

EAG3 PBUDCE4.1-E1B-19K-Aven EI1B-19K, Aven Zeo

EAl12

EAl67

EA190

EAXG64 PBUDCE4.1-E1B-19K-Aven E1B-19K, Aven, XIAPA Zeo, Hygro

EAX99 and pCMV-XIAPA
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400mg/ M Hygromycin (for transfection #4), see Table 1

About 200 antibiotic resistant clones from each
W@ e@nssBel i on were expanded and anal yzed for ceGpHSHMBY/(47178

activity as described bel ow. Prom sing clones

upderwent stability testing in absence of the

Fespective antibiotics for ten passages. Table 1 Cel

Li ne Vector (s) transfected Genes over-expressed

C ones selwrgctediby, Qoruomeh:olt\bf@ll\lqaeel\me @v@n&ped by

BAGS pHUDCEA 11 ETE 10RO Aver EABUTOK  AVdT 2860 B

EA[Le@?l@Alze@@lmeﬁzxsthUDczEMombsElBmlesbe s ElBea%d on
A\/;@Pa%gqa&PQtZ@@% THQ0 1EAX &%&Q@a%’%ﬁ@ AR t@%é&e&é%

Initiall a control cell line was devel oped
B9 EF ahSHOEL P g ??R§QNC§HE1%%dﬁ%ﬁ suﬁﬁeqwemﬁéysvsee|¢s the
|cbﬁ€réﬁﬂtdﬂ&|eﬁhérﬂb.bﬁQCbﬁpéf&Méﬂt&ﬂt Tid Qi BS priheseng
cell Ilnes h an ave about . 20% Y
CORparEd t o éjﬂﬁYran %%tedwgéﬁtroqu}(fwgé%a Sncetine
CHOKI S\ mais edubs edpienolby pug@d-tasnt hel £ohitnesl eeer¢8$in@ea

h@d@“ar@@&%@ nﬁ@l&g t-ﬁieeGgoéiprs%%@ PY-APORIOLEGI Y to the
cell line, 197 as well as the control cell |ine

%@Pléf%%ﬁe&sédr?%om‘@?éilaéib%r ocﬁfcﬁl%ﬂy celt 1°9lilngg i ture was
expsessi ng deppdedmeanty hodykmsi ngrihesGS @Xpr essi on
vector according to the manufacturer's reconmendati on.
Amtlbody in ceII culture was neasured by hbphelonetry

apoptoflc‘R ceII I|nes Selected apoptotlc R cel
lines wer Qg tafetrintoract e lBal ehehotes FuEDiTHDin un-fed

%@th%&i@pﬁheﬂﬁn@}ﬁﬁ rd@dtlhm6§ﬁh\ﬂ>ﬁelﬂeaﬂbﬂewﬁﬂd dalieGlutamine and

t. tib | ect t
et P rhb R RE T i BPBk of Wb abT: pePgsinents,
tekl betﬂicriesflovier eufedeni bl bpottate cf oceldpllénkshwetre fed with
hQ8£§E§1&ﬁ§¥pm@gig?9hﬁiggctate they had depleted.

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. On day 4 (d4) post
seeding, about 1x10° cells were transferred in triplicate to a
9owell plate. Staurosprine (2uM fc) was added and the cells
were incubated for 16h before assaying for caspase3/7 activity
by APO-ONE kit (BD Labs). The procedure was repeated on dl10,
except that Staurosporine was omitted. The clones that had
significantly lower caspase3/7 activity on both days were
expanded into SF. The apoptotic® nature of the selected clones
was confirmed by flow cytometry analysis (see below) and in
some instances, by measuring the mitochondrial membrane

potential.
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Additionally, select Ab-expressing cell lines were
cultured in a custom fornul ated ani mal protein-free
wore@oas4sippl enented wi th 6mM gl ut ami ne and 60PGA/US2009/047178
gl ucose. Caspase 3/7 activity Assay: About 3xI O 5
%nlissof %acthonevaeie se ded |n one ! m rof grow h

G & A ", T8 - = - —— St

seedi ng, aout Ix1O Eetmlﬁqmeleepbnamtsﬁaér rcedtines were
%E‘cf?&f% %r‘bg @agf@\’@akepk@é@k 1%tt%u§@§egfi Qﬁa(t% nMrﬁ&)bated

was ad and the cel wer e i ncubated for bef ore

é‘(éélayﬁﬁgﬂfoéipoéé%%a%?é% ‘fcécf?m]t%hrb?aﬂmf@%a@t wggrpd once

Labsps. Tine peoctedidre wasnrepeai-eddoni e @yt@?é&ﬁt ¢dhat No.
S ine._.was o The, cl ones

glbgﬁlhgl %%Pllosfﬁ%cre caspgsefs"a)nf1 ACt Vi ?ilzoer(f1 Eo{eﬁ days 1oving

wepPes emndedliﬂt@@lnﬂfhleamml@bl Elwﬁahﬁledoanthe

%Qéﬁgé@ﬁ @a@neﬁo vva@e@%qnf Bt I hbaw Syt BT ¥e fore
anal ysis (see and in sone instances, b

y

ﬁﬁﬁ%%ﬂﬂ@ ttﬁémn?? c?d}‘?&ﬁ(c‘}ﬁ?a}PY et ﬁﬁéoﬁ%‘i]’éht i al
. Anal ysis of apoptotic R clones by flow cytonetry:
O ceIIs fromexo en cultures wer e
v 2 SR EM& Zet | pl at es,
i ncubat ed Gailtlly Stfamrm@r fhesk ZuiWuirey fore WBhhdrawn on do
hacvesied and washed,qage, i %%%‘urgg 019191{4 3(5‘{3@1" e-fhen »
i ncubated with CytoPerm (Cat. .

BPBSEi end&y W%r?l%P%‘?GIHEEFi’r?édﬁlﬁhféda?ﬁéhﬁoof@élsﬁﬁmﬁ’h"gh a
PBSowashi,c Q@IthSanEFCB_/ei noubat arhy\MathEM',C-plrﬁbah:edr, MI) as
anti cas 68654, ci ence antlbody

For e L aatt ) THOC o AnAT o1 S By 1 o by Canetry

WLb dehrhdilicab m‘dﬂwéap@@ et aﬂalGMNPye@ssay Cells
fromshake flask cultures were wi thdrawn on d6
post - seedi ng and i ncubated with Staurosporine (5 nv
fc) for 2 hours. They were subsequently washed and
processed with |ipophilic cationic dye, JC 1 (Caynman
Labs, Ann Arbor, M) as per manufacturer's
recommendation. Plates were read at FL535and FL595 and
the ratio was cal cul ated. Western bl otting: About |xlIO
7 cells fromindicated cell lines were harvested,
washed in PBS and |lysed in RIPA buffer containing 1%
NP- 40, 120nM Tris-Hcl, 150nM NaCl, O .2mM PMSF and | niv
EDTA. Fifty mcrograns of cytosolic protein from each
sanpl e was
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| oaded on a 4-12% NuPAGE gradi ent gel and separated by
SDS- PAGE in a Novex system (I nvitrogen) . Separated
wee@vasribands were transferred onto nitrocel | BEDES20891047178
anal yzed by using: 1) an anti-nouse antibody to human
1B 19K’bllt 0 d| lution, (Cat No. DP-17, Cal Bi ochem
=2 ) an anti - Rabbit antl body to human
Aven, %Péﬂ 8% (E%%mN?%d Ja%%%llbe?P llnes were
Bi oSci ence an anti -
éﬁtfveb@feﬁﬁrt Maﬁbﬁﬁnl%ws ¢@at L Need 611631%2,% kBljfluros@ﬁﬂewé@)ng 1%
nvpThe, above Protocal,, 1s0akutidg bhemantidodings 148 ethTa
ptl m zed and_st andaﬁl zed usi.ng_known uantl i es

wa
Fﬁbﬁgme%a%)fa%? Puritad ES B AOR I AT AT IXPARD L& as
puadékaszed of Aok € OMMANGEI ghadtinrtcesl The prmtreitadblanddS-PAGE
wer I te
ey B o ahay R} . Bevar At il on of Dands were
ﬁfé?%%ﬁﬁ‘e@ @6ﬁ@e@ﬁfrréﬁtqeéﬁ§1@$ﬁ At grelnedi By using: 1) an
capcendu st |a@ﬁlg$d§a|‘do %@MaHEEﬁEDQ|9|Kt,$§ a@;gjol\g@itlan, Cat No .
oduct re dete usi a
g)%aslf/l’ze ARTBRT U lrgbﬁ% e8hehtrati of™ WAkt déf g%m neqtlkk)))?dy
ftb olwumany écthonl ahdl0fsidg 1 ¢ Cammpe|Ca tetio al §126394) BD Ami no
%ngél&ﬁﬂﬁ @393§5§9 Q%.Hpggﬁ(yﬁt%réntﬁd$gﬁg% an@@%@dy to

using a reversed-phase colum (Waters) .

ééﬁ%lf‘ ati®enh (GAd %%ar@@ﬂél?’rz%?l%r?s(‘}ﬂeaﬁ%)pt othihé- F‘@%‘i’%t ant
@ebtoctcme&nélhusﬂig afhecahkibodies wsed, iwad h}lp‘il&ﬁkldcy and

t he x ression Iasmds th t Ver e %E)ansfe ted_in

stan usi ntities eac { %url 1ed
case o ‘generat gflf‘ thes dnd the s
é@ént91(,s)AV@Qedn<ﬂdﬁIAPsopatclm@sqdwefrprﬂaﬂglﬁm@,ql@ﬁragovsces The
$heve; i hahakl fede abl%\o%hIQ@ celly kbnegeddstied Rie (cr
representative of nultiple clones that were generat ed

fFBht B3t t Fanstetti®onMThe name of each cell line was
derived fromthe anti-apoptotic genes that were

Eg%nég,&f eCatte%nI pn%_ O;péfba oriol#§% gcaerLclzgintra%# Fiori;ze)&%gﬁh% én_el%_ g
(E) , AverfopApnangtXinARfDal X)key Thee¢ahot at¢omnd waste
PORLOtd G cRe MELd DB MSEdi 1o Liefer E@o@ aﬁ?c'olmalcle&ear‘iﬂ%}zer

as been transfected by one or nore of these
ARTPLHPb st PP GRS tIAR "ahoitterie Rl c@f 1T 1efn &8I el
kAal s 5s Stodeymees e=t al, 1994). Amino acids were measured by
HPLC (Waters, Milford, MA), using a reversed-phase column
(Waters) .
Example 1
Generation and characterization of apoptotic-resistant cell
lines

A list of cell lines used in this study, the
expression plasmids that were transfected in each case to
generate the cell lines and the selection agent(s) used for
isolating the transfectomas is shown in Table 1 above. The
cell lines listed are representative of multiple clones that
were generated from each transfection. The name of each cell
line was derived from the anti-apoptotic genes that were

transfected into the host cell line. For example, EAX197 is a
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characterized by Western blotting, caspase 3/7
activity and mtochondrial nenbrane potential (data
woi09asmwn) . The single transfectant E64, or BOUDE®09/047178
transf ectants EA63 EA112 EA167 and EA190, all
essed el s 1K, t hat back nd

Mlg 0 stélf%ed |n con?rovffch un ranﬁgec ed e 'Igl PN
IXﬁﬁBA QiOls,ZE\heCﬁoitétteOfﬂouﬂPQi@W@ t ranisf b@ctlamlsto gelfer to a
cbﬂ?slﬁﬁ!t%%taﬂgs&ﬁ%§7t§§9£§§§%%.Qgtgmglﬁf%%%e(oﬂaﬁg%k
and Aven (-55 KbDa) . Cell lines EA63 and EA190
ERpt eFEBF 4 GnPETICant | evel s of EL1B-19K but only very
| ow | evel u1af afuetot i tdel flomescebéd limesithatudernere

i ual
R e b e Do e e B W 3
wgqhomgé MERXIAE @ﬁaem@gﬂdaéﬁl YO EATYP) exp?be%s@dlgle
g@aggf@éﬂaeﬁgl eve) Zor_pfdo@lbhet Bf@rﬁsﬂ@c@faﬁtBSEAeeﬁ F?@k@;’i EA167
a S O rve I N u I N e
OARr B SR MR Ll BAb LR gl 0% apove
bechabiurantl cAven ddardvedsibetlicevedttrol peurtthrensfected cell
endogenaus,AV efe PHAL @i yago it Mas Yk suald zed WD 1:nes

%ost-l mune but not with pre-immune sera (Sauerwald et
pl112 zpbZilehatrmtessied, P2oDdJLB-THE (rhrfsteceed ARh (
geae | aeks theefinsds sihy 881 9O e&@irassemlmlﬁawmbelmels

S ir the.bi o] ogi.cal tivity of
Bro %Hse%@%ﬁery tl?anis ecjt eSfAv%%nl s%é‘cl | gﬁtfour cell
émabis etrhatthafﬁret seendgenby st cowieek pag t theA deKDas band,

%Uﬁ&m&tﬂl%pﬁ?ﬁﬁmerﬁ -degradald QpvpLgust, QlfaméY?n ' EAYERY,
observed ell lines_ that over-expressed

5%\6?%1 rFPiWéoﬁp%n%%Wﬁ rWPEhY YR féKeXE’e@fr%?@atdW%ctable

peodustst @fllStm:é@rpﬁ)Itéester e observed pr evi ously

when Aven was [- esse with Becl Sauer wal t .
al ., 2008) orgEB ‘ﬁ ue(?%%\ervtﬁer?pﬁg |st1 YRR Eg in

@bsewianar@rf@)vte@d@nrmr@ﬁaﬂwe, tHélerpr @@@vmrth@f ragerpinant

wasn shoH filacaptl yed oML 18 EHéF@d%o%éﬁ@@gngﬁmb§®teln as it
i ncl udi ng EAX197 over - ex ressing EIB-19K, Aven and

XPAP B REer BSEY Ayisy RN ngf kgt SESTOHMYe sera
t(sansfectced tXb AP, D0tes shgnidi aant | godower Ttenpasedtdaed

tAOgne Qgenays Jc}?e ?1?%5‘? sﬂgearh%t agc &% Apnl'B.lrc%t ﬁ;a@e kg\g)etne

t hat e apparent erencel n expreSS|o .
ﬁéPmefifPtXItAPlﬂﬁ@lJXItﬂQP biededrdde asxprainedf itheparetayn -

thesdifdanencerins @atd-bogdyehi ndingget f{ cdrenaxrofndhese
twe, Lordm, of Lhe anti - apophotl ¢ Lot el N, The apparent, |
degradation product of Aven, was observed in all cell lines
that over-expressed this protein in conjunction with E1B-19K.
Degradative products of similar sizes were observed previously
when Aven was over-expressed with Bcl-XL (Sauerwald et al.,
2005) or Bcl-2 (Figueroa, unpublished observations).
Additionally, the expression of Aven was significantly lower in
triple transfectants, including EAX197 over-expressing E1B-19K,
Aven and XIAPA.

Interestingly, the level of expression of transfected
XIAPA was significantly lower compared to the endogenous levels

of the intact XIAP protein. Note that the apparent difference
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expression | evel difference between the endogenous
XI AP and the transgenic XI AP D questions the

waeowwnsBw i on of this transfected protein in pPEUESINNNYT7178
apoptosis. Indeed this study suggests that there is
not _always a direct correlation be
Irevei® of a g g%%elgn Sl apopt Z%| ¢ éeﬁﬁggfnaﬂ e PRyt ned
apom@su@ |thﬁ| @1ff@?mﬁelprm@h@d@ahl@wgereféﬁCae@@t lof

lhBge &AL RREPE P Bn@§L£ %ﬁﬂ 1\Wasr &X&H nNednkofpparent
caspase 3/7 activit E as this activit

ﬁFBW%t%]sO“aﬁe*’ﬁbl%Jaﬁye&ﬁnﬁF P’ aegree %?W%é’l%%%&% gfd the
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untreated or vehicle (DMSO)-treated, had 1% or less caspase 3-
positive population. However, 91% of the control cell
population was positive for caspase 3 following staurosporine
treatment. In contrast, only 9% of the population derived from
cell line EAX197 and 30% of that derived from cell line EAl67
were positive for caspase 3, confirming the apoptotic® phenotype
of these two cell lines.

To examine if the resistance to apoptosis leads to
increased longevity, multiple EA cell lines were grown in
shake-flasks (batch mode) and both viable cell density (VCD)

and integrated viable cell count (IVCC) were monitored.
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compare the characteristics of the apoptotic® nature of EA167

and EAX197 versus control. As seen in the assay results of
Fig. 2C, both EAl67 and EAX197 had higher MMP than the control

cell line.

Example 2
Effect of E1B-19K on viable cell density of CHOK1SV

The growth profiles of double transfectants over-
expressing E1B-19K in conjunction with Aven (EAl167), triple
transfectants over-expressing E1B-19K in conjunction with Aven
and XIAPA (EAX197), as well as the transfectant over-expressing
E1B-19K only (E64) are compared to the control (host) cell line
in Fig. 4. While the peak VCD of the control cell line reached
7.7x10° cells/ml and the peak VCD of E64 (expressing E1B-19K
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7.7x1 0 6 cells/mM and the peak VCD of E64 (expressing
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the beginning of the batch culture, namely, glucose, glutamate
and glutamine, were monitored. Additionally, the accumulation
of the waste products ammonia and lactate were also monitored.
Shown in Fig. 5 are the levels of these metabolites when EAX197
and EAl167 as well as control cell line were cultured in batch
mode in shake-flasks in commercial CD-CHO medium. As shown in
Fig. 5A, glucose is rapidly depleted from the medium of all
three cell lines by day-6 or day-7 post-seeding. No
significant differences in glutamine depletion were discernable
between apoptotic®™ and control cell lines and glutamate levels
did not vary greatly for the three cell lines across all days
(data not shown). All three cell lines showed an accumulation

of lactate during early cell growth phase up to day-4 (Fig.
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(data not shown) . Al three cell lines showed an

accunul ation of lactate during early cell growh phase
waipoovosday-4 (Fig.5B) . In the control cell | iP@&l/US2009/047178
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PReldVerd frahf®rielii8vel s of the apoptotic R |ines
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eb the contbol gl l1ilhengrag. Wel)l,, it is possible to

sel ect rare apopLotl g Rghones, flrsombvious that the
characteristics of the apoptotic® cell lines are dramatically
different from that of the control cell lines. However, when
multiple clones are examined under somewhat different
experimental conditions, a wide spectrum of phenotypes is
observed among the apoptosis® transfectants. Since phenotypic
variability exists in clonal isolates of the control cell line
as well, it is possible to select rare apoptotic® clones from
control cell line by utilizing a suitable screening regimen.
In this respect, Mattanovich and Borth (2006) have reviewed the
application of cell sorting to isolate rare variants with

desirable properties from wild-type (control) cell line.

23



control cell line by utilizing a suitable screening

reginen. In this respect, Mttanovich and Borth (2006)
whawe/1583v3 ewed the application of cell sortingP@DUS2009/047178
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while the lactate decline was only from 2.7 to 2.4g/L in the

control culture over the same time period. Thus, the lactate
appears to be consumed in the apoptotic® cell lines at an
accelerated rate compared to the control cell lines for at
least 7 days following addition of supplemental lactate.

The effect of lactate supplementation on VCD and cell
viability is shown in Figs. 7A and 7B, respectively. As
previously observed (Fig. 5A), the VCD of the un-fed apoptotic”
cell lines declined rapidly starting at day-8 (EAl167) and day-9
(EAX197). This is presumably because one or more essential
media components, including glucose and/or lactate, have been

exhausted in these cultures. The control cell line exhibited a
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The concentrations of each of the twenty am no acids

were nonitored periodically in control cell lines as
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cell lines 1s a so of interest to consider. As shown in Fig.

8E, the control cell lines accumulated aspartic acid in the
culture medium over the first six days while there was a
decline in the aspartic acid levels over that same time period
for all four apoptotic® cultures. Additionally, the apoptoticF
cell lines secrete significantly more alanine (Fig. 8F) over
the first 6 days as compared to the control cell line, while
all the cell lines consume it at later times. Also, the
apoptotic® cell lines produce more homocysteine over the entire

cell culture in comparison to the control cell lines (Fig. 8G).

Example 6
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As in the case with IVCC, the lactate profiles of both lines
differed somewhat from that observed in CD-CHO medium (Fig.
5D). Consistent with previous results with the CD-CHO medium,
the apoptotic® cell line in the custom formulation medium
initiated net lactate consumption earlier (by day 2, as shown
in Fig. 9D) than the control and the maximum lactate level was
much lower (1.2g/L compared to 2.4g/L for the control cell
line). The control cell exhibited a net production of lactate
until day 5 at which point the control cells also began to
consume the lactate in the medium. Since the CD-CHO medium is

a commercial formulation with a propriety composition, it was
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Example 8
Effect of over-expression of E1B19K+AVEN +/- XIAPA in blocking

apoptosis

The major activators of the apoptosis cascade in

mitochondria are shown in Fig. 1. In our attempt to develop
an apoptotic-resistant CHO cell line, we selected three anti-
apoptotic genes that act at early, mid- and late stage of
apoptosis. These genes were E1B19K (E), AVEN (A) and XIAPA
(X). CHOK1SV, the widely used transfection host cell line
was transfected with E1B19K+AVEN with/without XIAPA. A large
number of transfectomas were screened and a few clones from
each transfection were selected for further study. Growth
profile study of these cell lines show that they reach very
high VCD and in general, their IVCC was about two-fold higher
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profile study of these cell |ines show that they reach
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glucose condition as compared to standard conditions (i.e.,

seeding density of 0.3e6c¢c/ml in medium containing 4.8g/L

glucose) .

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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one or nore genes of interest; and b ) maintaining a

hi gh gl ucose nedia feed during the exponential and
waeeavisaay y phases of the cell culture. 2 . ThRCTES1N02047178

of claim1l wherein the eukaryotic cell line is a

Chi nese Hanster Ovary (CHO cell line. 3 . The nethod

of claim2 wherein the CHO cell line is CHOKI. 4

The method of claim?2 mhe&éEﬂ_ghe CHO cell line is
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cont ai,ns I@Qﬂwaﬁ@qy 9l 1cAs€11ud0se Theinetbod Qfriclakm1
mhereln t he apo ic Rgenes are E|l Bl 9K and AVEN.
f%poWﬁgﬂﬁﬂtﬁBB B?aEHQ%aﬁylﬁh%ﬁﬁ?éﬁ tPReCApoptiot FES R
geneSZfurTM@ﬁmﬁmﬁﬁrbS&ﬂXhAPlDWheﬂQu1The gethoebtaflc cell

m Lot QPL9 Bcl-2 D . 13.
% h\glg% 5 C allbaﬁwﬂs %\/\hérgé &hHg)‘?CEI?)i e]ﬁnel i ne
consuﬁ’fes “éle%wfmﬂhatde@lfl%ﬂcatlaté doetigr tthe €80 1celdl ttape is
exporenti al phase. 14. The nethod of claiml mherein
the CHO cell line secretes |less |actate durln%
cel I Cul t Ure "PSHent i @i*PhasBeHad a"eHo et |1ﬁ86 is

neb-ko8it.ai ni ng one or nore apoptotic R genes.15. The
met hod of r the Vi I n
Ve o i b O8Ol B REA ¥ R SnkeolEnaLLY
hee| bhgeVivey OBt e éere- culture i s extended.

6. The method of claim 5 wherein the myeloma cell line
is NSO.

7. The method of claim 5 wherein the myeloma cell line
is Sp2/0.

8. The method of claim 1 wherein the eukaryotic cell

line is a hybridoma.

9. The method of claim 1 wherein the high glucose media
feed contains about 60mM glucose.

10. The method of claim 1 wherein the apoptotic® genes
are E1B19K and AVEN.

11. The method of claim 10 wherein the apoptotic® genes
further comprise XIAPA.

12. The method of claim 1 wherein the apoptotic® gene
is Bcl-2A.

13. The method of claim 1 wherein the CHO cell line
consumes accumulated lactate during the cell culture
exponential phase.

14. The method of claim 1 wherein the CHO cell line
secretes less lactate during the cell culture exponential
phase than a CHO cell line not containing one or more

apoptotic® genes.
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17. The nethod of claim1l wherein the titer of the

cell culture is increased. 18. The nmethod of claim1l
wob@pesni1l he integrated viable cell count (1 VOX)T/O820091€47178

cell culture is increased. 19. The nethod of claim1l

wher ei th]echeII lar calci.umflux i.s reduced. 20. .The
e hetSor Hrariecolaf Seliiny i Leduseth A3palNgers

petenty alvaPs iacreaseded2l. The nethod of claiml
wher eijg .t hengenes o af of nteriast gncade ancantiody sheavine
chain and an anti body |ight chain.
cell culture is extended.

17. The method of claim 1 wherein the titer of the cell
culture is increased.

18. The method of claim 1 wherein the integrated viable
cell count (IVCC) of the cell culture is increased.

19. The method of claim 1 wherein the cellular calcium
flux is reduced.

20. The method of claim 1 wherein the mitochondrial
membrane potential is increased.

21. The method of claim 1 wherein the genes of interest

encode an antibody heavy chain and an antibody light chain.

31



