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METHODS AND COMPOSITIONS FOR INCREASING LONGEVITY
AND PROTEIN YIELD FROM A CELL CULTURE This application claims
priority from U.S. Serial No. 60/590,349 filed on July 23, 2004. This
application claims only subject matter disclosed in the aforementioned
provisional 15 application and therefore presents no new matter.
BACKGROUND OF THE INVENTION Culturing cells in vitro, especially in
large bioreactors, has been the basis of the production of numerous
biotechnology products, and involves the elaboration by these cells of
protein products into the support medium, from which these products are
isolated and further 20 processed prior to use clinically. The quantity of
protein production over time from the cells growing in culture depends on
a number of factors, such as, for example, cell density, cell cycle phase,
cellular biosynthesis rates of the proteins, condition of the medium used to
support cell viability and growth, and the longevity of the cells in culture
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before they succumb to programmed cell death, or apoptosis). Various methods of improving

the viability and lifespan of the cells in culture have been developed, together with methods
of increasing productivity of a desired protein by, for example, controlling nutrients, cell
density, oxygen and carbon dioxide content, lactate dehydrogenase, pH, osmolarity,
catabolites, etc. For example, increasing cell density can make the process more productive,
but can also reduce the lifespan of the cells in culture. Therefore, it may be desirous to
reduce the rate of proliferation of such cells in culture when the maximal deﬁsity is achieved,
s0 as to maintain the cell population in its most productive state as long as possible. This
results in increasing or extending the bioreactor cycle at its production peak, elaborating the
desired protein products for a longer period, and this results in a higher yield from the

bioreactor cycle.



vector that prevents cell cycle progression and induces a so-called

. pseudo-senescent state that blocks further cell division and expands the
protein synthesis capacity of the cells in culture; in other words, the
pseudo-senescent state can be induced by transforming the cells with a 0
vector expressing a cell cycle inhibitor (Bucciarelli et al., US Patent
2002/0160450 Al; idem., WO 02/16590 A2). The latter method, by
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Other approaches have focused on the use of caspase inhibitors for preventing or
delaying apoptosis in cells. See, for example, US Patent No. 6,586,206. Still other approaches
have tried to use apoptosis inhibitors such as members of the Bel-2 family for preventing or
delaying apoptosis in cells. See Arden er al., Bioprocessing Journal, 3:23-28 (2004). These
approaches have yielded unpredictable resulis; for example, in one study, expression of Bel-2
increased cell viability but did not increase protein production. See Tey e al. Biotechnol,
Bioeng. 68:31-43 (2000}, Another example described overexpression of Bel-2 proteins to
delay apoptosis in CHO cells, but Bel-x1. increased protein production whereas Bel-2
decreased protein production (see W(Q03/083093). A further example described experiments
using expression of Bel-2 proteins to prolong the survival of Sp2/0-Agld (ATCC # CRL-
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It is apparent, therefore, that improved host cells for high level expression
of recombinant 5 proteins and methods for reliably increasing recombinant
protein production, in particular the production of antibodies and antibody
fragments, multispecific antibodies, fragments and single-chain
constructs, peptides, enzymes, growth factors, hormones, interleukins,

interferons, and vaccines, in host cells are greatly to be desired.
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culture methods incorporating novel combinations of factors includin
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human papilomavirus type 16 (HPV-16) oncoproteins F6 and E7, and combinations thereof,

Additiopally, caspase inhibitors, as described herein, may also contribute to blocking or
reducing apoptosis, thus increasing cell survival and increasing the production of
recombinant proteins by said cells in culture. A further class of anti-apoptotic agents that can
be used in these cultures to enhance production of recombinant proieins includes certain
members of the cytokine type I superfamily, such as erythropoietin (EPO). EPO, as a
prototype molecule of this class, is a major modifier of apoptosis of multiple cell types, not
just erythrocytes, and thus has more general cytoprotective functions, such as in endothelial
cells, myocardial cells, tubular epithelial celis of the kidney, skin, and neurons [cf, review by

P. Ghezzi and M. Brines, Cell Death and Differentiation 11 (suppl. 1), s37-s44, July 2004].
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selection of cell clones with desired properties, cell culture media, growth
conditions, bioreactor configurations, and cell types to create cell culture
conditions in which the 5 longevity of the cell culture is increased and/or
made optimal and the yield of a desired recombinant protein is increased.
These cell culture methods include suspension, perfusion, and fed-batch
methods of production. See Tey el al., J. Biotechmol. 79: 147-159 (2000);
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Healthy cells of each clone were split into iwo equal portions. One was treated with CHX for

2 h and the other left untreated. The viable cells in these two cultures were then measured by
MTT assay and the ratios of viable cell populations treated (CHX ) vs. unireated (CHXD
were plotted. As shown in the top panel, CHX treatment resulted in 30% reduction of
viability in Sp2/0 cells, while only 6% reduction in Sp-E26 cells. Seven of the 31 clones
screened (indicated by *) performed significantly better (<20% reduction of viability) than
Sp2/0 but not as well as Sp-E26. For the 24 clones screened in the second experiment
(bottom panel), CHX treatment resulted in ~50% reduction of viability in Sp2/0 cells and
<20% reduction of viability in Sp-E26. Ten of the 24 clones (indicated by * or #*) screened
performed significantly better (<30% reduction) than Sp2/0, and 6 of them (indicated by Y
matched or were better than Sp-E26 (<20%). E28 and E36 are two additional control clones
that perform better than Sp2/0 but not as well as Sp-E26,
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(Nexin V-positive and 7-AAD-negative) is indicated in the lower-right

quadrant. Figure 4 shows the DNA fragmentation in Sp2/0 treated by

CHX. In contrast, Sp-E26 cells are resistant to the treatment. 5 Figure 5

shows the growth profiles of Sp2I0 and Sp-E26 cells in T-flasks. Healthy

cells (>95% viability) were seeded in T-flasks at an initial cell density of

200,000/ml. Viable and dead cells were counted daily using Guava
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pared to Bel-2-EEE clones.
Figure 10 shows the results of immunoblot analyses of 665 B4.1C1, Sp2/0, Raji, Daudi, Sp-
EEE (87-29 clone) and Sp-EEE (7-16 clone) cell Iysates. A. Blots stained with a human Bel-
2 specific antibody (Santa Cruz Biotechnology, Inc). B. Blot stained with an anti-Bel-2
antibody (Santa Cruz Biotechnology, Inc) that recognizes mouse and human Bel-2.
Figure 11 shows growth curves (A) and viability (B) of Sp-EEE clones compared to Sp2/0
cells grown in media supplemented with 10% fetal bovine serum.
Figure 12 shows growth curves (A) and viability (B) of Sp-EEE clones compared to Sp2/0
cells grown in media supplemented with 1% fetal bovine serum.
Figure 13 shows growth curves (A) and viability (B) of Sp-EEE clones compared to Sp2/0

cells grown in serum-free media.

Figure 14 shows methotrexate kill curves for Sp-EEE (87-29 clone) cells.



30

5 Figure 15 shows a graph of flow cytometry results using Guava Express

comparing Sp-EEE clones grown in the presence or absence of Img/ml

zeocin. Cells were fixed and penneabilized before staining with

phycoerythrin conjugated anti-Bel-2 antibody (Santa Cruz Biotechnology,

Inc). 5 Figure 16 shows the map of the pdHL2 vector used to transfect

Sp2/0 cells to obtain the 665.2B9 clone with humanized antibody
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~ Figure 22 shows the levels of human Bcl-2 expressed by clone 665.2B9#4
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Figures 23 and 24 show the profiles of cell viability and viable cell density, respeciively, of
clone 665.2B%#4 cultured in 0.6 and 1 uM of MTX and the Bel-2-negative clone #13 cultured
in 0.3 uM MTX with or without spiking L-glutamine and glucose. Healthy cells (>95%

Seqél\é/l

viability} were seeded in roller bottles at an initial celi density of 200,000/ml. On day 2 and 4
(arrows indicated), a nutrient supplement solution containing glucose and L-glutamine was
added to the “spiked” culiure. Viable and dead cells were counted daily using Guava
ViaCount reagent and PCA instrumentation.

Figure 25 shows the process schematics for biceractor feeding strategies.

Figure 26 shows the growth curves (VCD and the viability) of 665.2B9.1E4 and 665.B4.1C1
cell lines by Process #1, which does not feed recombinant insuiin, and Process #2, which is
based on Process #1 with a modified linoleic acid and lipid feeding schedule and an
additional feeding of insulin.

Figure 27 shows the antibody vields of 665.2B9.1E4 and 665.B4,1C1 cell lines in Processes
#1 and #2. The final yield of 665.2B9.1E4 cells was 0.42 g/L in Process #1 and 0.55 /L in
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additional feeding of insulin. Figure 27 shows the antibody yields of
665.2B9.1E4 and 665.B4.1 C | cell lines in Processes #1 and #2. The final
yield of 665.2B9.1E4 cells was 0.42 g/L in Process #1 and 0.55 g/L in 6
Process Q. For comparison, 665.134.1 C1 cells delivered a higher final
yield of 1.5 g/L in both processes. Figure 28 shows the daily specific
antibody productivities (per cell basis). As shown in the figure, the
Prooge5#2B §ot Eepmalistra dirbdvirageltialbliQh e highapfrekinsddely 15 g/L in
bo ay 5 throughout the course of cultivation for both processes. The
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recoR et YRStRA MHRALETIOR:f A6 COMBRAFI RSN SUEN8Snduction of

apoptosis in the host cells and permit enhanced recombinant protein production in the host

cells. Protein production can be boosted still further by addition of one or more caspase
inhibitors (e.g., caspase 1 and/or 3 inhibitors) (Bin Yang et al. Nephron Experimental
Nephrology 2004;96:e39-e51), and/or by addition of one or more members of the cytokine
type I superfamily, such as erythropoietin (EPO), into the growth medium of the cells. A
pan-caspase iphibitor is particularly effective in this regard.

The present inventors also have found that production of recombinant proteins, such as
antibodies or antibody fragments, can be significantly enhanced in the host cell by co-
expression of an apoptosis inhibitor, such as Bel-2. In particular, protein production is
significantly enhanced in a myeloma cell line, such as Sp2/0, that is stably transfected with an
expression vector encoding an antibody or antibody fragment and that is co-transfected with

an expression vector encoding an apoptosis inhibitor, such as Bel-2. Increased production of
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antibodies or antibody fragments, can be significantly enhanced in the
host cell by co- expression of an apoptosis inhibitor, such as Bcl-2. In
particular, protein production is iO significantly enhanced in a myeloma cell
line, such as Sp2/0, that is stably transfected with an expression vector
encoding an antibody or antibody fragment and that is co-transfected with
an expression vector encoding an apoptosis inhibitor, such as Bel-2,
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ThuiNBEeBY.£DBARGINGARS RMAHRLALRIOIGINS RIRAUER D oninst apoptosis, and it was
therefore hypothesized as a method to increase the lifespan of certain host cells in culture that
are used for the production of proteins, thereby enhancing the amount of proteins produced
and isolated. Since antibodies are produced by B-lymphocytes, particalarly by myeloma
cells, over-expression of an anti-apoptotic Bel-2 family member, such as Bel-2, Bel-xg Bel-w
or mutant varieties of these proteins, inhibits apoptosis, resulting in increased cell density and
longer culture survival. Hence, transfection of anti-apoptotic Bel-2 family genes avoids the -
necessity to prolong the cell culture by interfering with the cell cycle per se, as others have
proposed (ibid.). Similarly, transfection of fibroblasts with genes for Bel-2 results in over-
expression of Bel-2 in these cells, resulting again in an antagonism of apoptosis and

increasing the lifespan of these cells, with a concomitant increase in the production and
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and isolated. Since antibodies are produced by B-lymphocytes,

particularly by myeloma cells, over-expression of an anti-apoptotic Bel-2

family member, such as Bcl-2, Bcl-xL, Bcl-w or mutant varieties of these

proteins, inhibits apoptosis, resulting in increased cell density and longer

culture survival. Hence, transfection of anti-apoptotic Bel-2 family genes

avoids the 30 necessity to prolong the cell culture by interfering with the
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these cells, resulting again in an antagonism of apoptosis an asing
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upon cytokine withdrawal, interleukin-6 (IL-6)-dependent murine myeloma
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nplsubclopes,thatshow improved 0 longevity and recombinant protein  ~
cellylar HRaRoR gt Ay eHEEralibh AL Bl gk R o Eas feamptifsh Blspgsdih-risk
typedfiptasisrasigiastif theiEelEiing celulanisnostalizationandadtimately
complete. malignant transformatign, such as high-risk type HPV
exa B e or APl (3 SEMFTS TRBP eI B0 For
ultragicah flght tisovinl EengesdteihMa 81id ETy2BIGEKE 1k lepidaxntatapogteatied, from
T j lj e 417-21, 2002).
ey b PG e e TR
(but BahhferhasipUTRiagTEa (s remrat dpobidsieib Labidhioug 0Bt Hovisasalot
all peSiiloBRrERA RIS h ISR bRNERERE: F3Pe23mAR0 L QUENS have

_ noé Il+papillor_navirus oncoproteins have anti-apoptotic effect. For '
repog Fﬁa@%ma#%aifé%%@%%ﬁmﬂa? BRECIrA T el 6 Roteimpis
(Livef boyirieosnsclos, seusitjzes Della:ichapopiosieaf0d bt @ taldWiralo g2 9Bat

e e S A S SR O R e b
Yongeicelat b2, ¥onselMey B42is4 7153200 Byptide aftdtebinting peptititental
evidARIAME §b&§%ﬁttﬁmﬁj§9%@%mpmtein has anti-apoptotic activity in HPV-positive
turnor cells (Butz er al., Proc Natl Acad Sci USA 97, 6693-7, 2000}, However, other HPV
oncoproteins can have the opposite effect; the E2 protein induces apoptosis in the absence of
other HPV proteins (Webster ef ol., J Biol Chem 275, 87-94, 2000). Continuous expression of
both the E6 and E7 proteins is known to be required for optimal proliferation of cervical
cancer cells and that the two viral proteins exert distinct effects on cell survival (DeFilippis et
al., ¥ Virol 77, 1551-63, 2003). The primary iéltracellular target attributed to HPV-16 E6 is
p53. E6 forms a ternary complex with pS3 and a cellular ubiquitin ligase, E6AP, resulting in
the ubiquitination and degradation of p33 through the proteosome pathway and inactivation
of p53. On the other hand, HPV-16 E7 proteigm_interacts and destabilizes the tumor suppressor

protein Rb. Moreover, levels of a variety of other intracellular proteins involved in apoptosis
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evidence was obtained that HPV E6 oncoprotein has anti-apoptotic
activity in HPV-positive tumor cells (Butz et at, Proc Natl Acad Sci USA
97, 6693-7, 2000). However, other HPV ?5 oncoproteins can have the
“opposite effect; the E2 protein induces apoptosis in the absence of other
HPV proteins (Webster et at, J Biol Chem 275, 87-94, 2000). Continuous
expression of both the E6 and E7 proteins is known to be required for
and Q@tinyalqopeﬁfemztiowm‘ wrewvicdtodaneenlasistanbothad T ttwofvitabpcaliRg as
X t e [ ikppis et _at, J ol77 15 163
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emﬁ&qlgeg@mgﬁmggﬁ&{e%tam to aging-culture-condition induced
apoptosis and therefore prolong the I|fespan of the cell culture. It was

Genegation of New Hogt Liells Expressing Siral Ani-aponiatie (eng: 6 oncoprotein
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Wi h |m roved re culture-condition induced apoptosis.
SR N v G R R e S ey e
withphysiptetyical Erapetitie svoddsl amdaﬂmﬁfﬁnslptetﬁﬂﬁmfﬁﬂt&mcaﬂdm&éﬁﬂresmn of
| ner ew Host Expre Viral

g eSS RS e e
Pmt@@nerated that constitutively express viral anti- apoptotic genes, such as

The htP%/cé{@c%@MéX&E%%%&%PS&%GR&B}%%? &%Q&ﬁﬁﬁ%‘f’ﬁg tedfpréduc& ion that

an expression vector that encodes a recombinant proteln of interest an
can “‘&%S@?Eﬁfé?%bfﬁrme e Theapth foticageries Fazsmms il @igrfizaneyinedsed

prot@ﬁ@dhtﬁﬁﬂ @BlBfsihd reCTHTbRAt oY ekginart heaasleellcampe sssantialycins,
ny eII U|tab for ecomb nant p oteln g roduction that can bé

rans 0 ﬁ’?&ﬂe @WP ﬁrﬂf‘ﬁﬁ Eé)n%g S8 Mg Agimon choices.
The mlad)gdnwmh be mutoduced into the host cell by any suitable method that results in

constitutive or inducible expression of the genes, i.¢., any method that permits stable

such

integration of the genes into the host cell chromosome while permitting expression of the
genes. Methods for stable transformation of host cells with a gene of interest are well known
in the art, A particularly advantageous method is to use a retroviral vector that encodes the
viral anti-apoptosis genes. Suitable vectors include the LSXN vector (Miller ef al.
Biotechniques 7, 980-90, 1989).

Advantageously, the vector used to transfect the host cell contains a selectable marker that
permits selection of cells containing the vector. Suitable selection markers, such as enzymes
that confer antibiotic resistance on transfected cells, are well known in the art. Afier

transfection, cells are maintained in a medium containing the selection agent, such as an
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?0 proteins, host cells such as CHO and COS cells are advantageous,
while for other proteins, such as antibodies, host cells such as myeloma
cells and CHO cells are the common choices. The viral genes can be
introduced into the host cell by any suitable method that results in
constitutive or inducible expression of the genes, i.e., any method that
permits stable integration of the genes into the host cell chromosome
antipyhile pehytmgeipressionef thb@hgeae Cillethnds felairblend cloned by

limiHADSRRRALRR EhAsL Galls willya gene of interest are well known in the
. 3 .

art, A particularly advantageous method is to use a retroviral vector that
The ghdig &8 eviiat apirrapioposis g dnins Serablb wehiitpsdachsdesthd by
challeBXibbvRStRNIMIllRRataLBioteshnigy %%gto%%? 539 198 oheximide (CEX.
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viral apti-apoptosis genes tend to demonstrate significant onset 0
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pernsipopiblicheetivition Melbasisaldeieatingapapiesisarg b aguninde.
C- Annexin_V binding assay,

..art and include example, cell syrface Fl _
S SLAES AP RN CLER) Ol SUBERr TRIRLE S Goeich
s pagpregsingitdefvinalcanticapaftosisgnendthattels canben®. tansiested

Al [ ( oding the recombinant protein of choice. . .
e Jotar i 8 e AR R e i i o
diffeggnidamibsgeleaiahlcomatber umdivitomadtodubroomainape elkaiyotc
transP6t94a edirertication. OranAnRlifirklevedor hat.permiis Siable .. cicmec% by

. ,inte%ratjon and subsequent gene amplification of the expression cassette.
Mg AMEectors are well known in the art and include, for example, the

Upopdtidcive cieuitabiie bibniss paeticdl achh et dorpradustirnelantingdiesmrea
to Prgggcaﬂ%bg%% eg‘ra g)tgj?ltg When griglampl'fiable expression cassette is e
used, | adﬁvangargeouslyfégﬁfgfﬁs EHSCTER ST SPRETRRSE & arereiRtehbid
serughé seléetaldiéimarkBriusediny the pettavirabiecton ialanwisalectionrdby
adding one or more caspase inhibitors (e.g., caspase 1 ot 3) to the culture medium.
Preferably the caspase inhibitor acts to inhibit one or more of caspase 3, caspase 9 and/or
caspase 12. A cell-penetrating caspase inhibitor advantageously is used, and a pan-caspase
inhibitor is particularly advantageous. Suitable inhibitors such as Z-VAD-fink and Ac-
DEVD-cho are well known in the art. Alternatively, the cell line can be further transfected to
express a caspase inhibitor, such as Aven or XIAP, to enhance its growth properties by
affecting apoptosis. In this regard, certain members of the cytokine type 1 superfamily, such
as EPO, can also increase cell survival by having anti-apoptotic and cytoprotective actions.
The methods described above generate a cell line that can be used for transfection with
essentially any desired gene. However, the skilled artisan will reco gnize that established cell

lines that constitutively express a desired protein, and particularly a recombinant protein, can
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transfected cells. Once again, suitably transfected cells can be selected
and then cloned by limiting dilution. :0 Upon selection of suitable clones,
the cells can be placed in a suitable medium and cultured to produce the
desired protein of interest. The medium can contain serum or, preferably,
be serum-free. In addition, cell longevity and protein production also can
be increased by adding one or more caspase inhibitors (e.g., caspase 1

be saiss8jtenthetcuitfimenmbditim. sBtabty ablyothacaipade inkibio Bass #erit titi-

apeﬁgﬁsgée%gy%e%fmggez%b%aspase 9 and/or '.5 caspase 12. A
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Example 2 below. The protein of interest can be essentially any protein
ragpte EhpE orsd cRlb b de daiied uBrmaten ik Rogs el Bxsnopibinant
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) iapody, 19G-scFy or -scFv, fusion antibodies, - or Fab-peptide
mfe%}é ?ngi%ﬁﬁfitgﬁ]ﬁéfg@%%é‘?{@&ﬁrﬁ%&rdﬁ%}-‘ﬁ%ﬁ%Wrﬁ%%ﬁ?ﬁ@mml
and #zBnorsC Thidé, maflodsn zaulirus@pplespiratonnsybaysibdalirusepaptlonaed for

viruses,.Herpes viruses, Hantaan..virus, Ebola viruses, Rota virus, .

PO U et A ek PR e eloena ColLines, “Yibardarsirs SO
or ra\iEYBaenheljalAimgnaxcs asdNPOxaBUREEARE ; ancoitiorsdisteld lind, such as
fbrdIRY MRACGNSS: PL.ARROFNQTAIGD DSIAIBRY Tef ints.goiren;, The,

'r host cells described herein are particulearly Slﬁ{ggl%%g%ﬁsaﬂ%ﬁ%l%ﬁf gel ial and
gliomagslistion of antibodies and antibody fragments in myeloma cell lines as

described in Examples 1 and 2, as well as recombinant growth factors

Rec¢mpindn PN BeGSEEdvbiGiSh, EBEEXrédn shronthapoiatiihiihermones,

_ interleukins (e.g., IL-1 through IL-31), interferons (e.g., alpha, beta,
Pno@gm}hhgm%@ﬁgéhggﬁﬁcts of co-expressing Bel-2, a naturally ocourring apoptosis

inhibitor, in recombinant CHO cells producing a chimeric antibody. See Tey ef al,

Biotechnol. Bioeng. 68:31-43 (2000). Although increased cell culture life was observed,
antibody production did not increase over equivalent cells that lacked Bcl-2 expression.
However, the present inventors have found that production of recombinant antibody from
myeloma celis is significantly increased when the cells also express Bel-2.
Advantageously, the myeloma cell line is stably transfected with an expression cassette
encoding the antibody or antibody fragment. A suitable expression cassette contains one or
more promoters that controls expression of the antibody heavy and light chains (of singie
chain in the case of an scl'v) together with a selectable marker as described above. A
particularly useful vector is pdHL?2, which contains a selectable marker gene comprising a

promoter operatively linked to a DNA sequence encoding a selectable marker enzyme; a
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5 and enzymes. These methods could be applied to any number of cell
lines that are used for production of recombinant proteins, including other
myeloma cell lines, such as marine NSO or rat I'B2/0; epithelial lines,
such as CHO and HEIC 293; mesenchymal cell lines, such as fibroblast
lines COS-1 or COS-7; and neuronal cells, such as retinal cells, as well as
glial and glioma cells. !0 Recombinant Antibody Expression in Cells
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DNA sequence encoding a selectable marker enzyme; a 12 transcription
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the AidMRIN sfinterdst apenbiancacalemontheiveshdiaalectablieaas efure
gene a the transcription unit, which stimulates transcription of both the
medS el 5 :
selec
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of Miahauriptibpidfdpdihithe Selactably marfengenelats buifestict cassstte and that
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sequences can be ligated into pdHL2, which is an amplifiable vect
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(lnvehaitcongiant, Aregien.antgeanamplifiiahle rdbin aene seaghaantielled by

eparate promqters. See Leung et al., Tumor Targeting, 2:184, (1996) and
ren RN P O ARA GOS0 DRRY b5 HAE VBRI oA siecion and
genetransidictedintm tellmhigdforeXampisagle cnopotstiond Kelectioncar heulting
cell R fge[l%%dcg)ﬂed out as above and compared to production in cells that do not express

an apoptosis inhibitor.

The methods describe initial preparation of a cell line expressing an antibody or antibody
fragment that is subsequently transfected with a vector expressing Bcl-2 or a similar inhibitor.
However, the skilled artisan will recognize that cell lines can be established that
constitutively express Bel-2 or another anti-apoptotic protein, which can be subsequently
transformed with a suitable vector encoding the antibody or antibody fragment,
Representative examples to illustrate the present invention are given below. Example 1
describes the incorporation of HPV-16 E6/E7 into Sp2/0 cell leads to an improved cell clone,
Sp-E26, showing characteristics of reduced/delayed apoptosis. Example 2 describes a methed

to improve host cell lines by over-expression of the HPV-16 E7 element alone. Example 3
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the addition of 0.1 tM or a suitable concentration of methotrexate (MTX)
into the culture media. Amplification can be carried out in a stepwise
fashion with increasing concentration 5 of MTX, up to 3 M or higher. Cells
stably transfected with the expression cassette and that constitutively
express the antibody of interest can therefore be obtained and
characterized using methods that are well known in the art. See also
deschbampi@g@beinmoN&emﬁe@@Mﬁ mmm@mgeMG@mbaeﬁeQ&@ﬁ@iﬂ@a
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describes a method to improve host cell lines by over-expression of the
HPV-16 E7 element alone. Example 3 13 describes using the improved
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StableXpfessioniriheeeled for resistance to treatment by cycioheximide (CHX), a potent

apoptosis-inducing agent. Briefly, healthy cells (viability >95%, Figure 1C and D) were
incubated In medium containing 25 pg/mi of CHX and cell morphology was examined under
a microscope. While more than 50% of parent Sp2/0 cells underwent morphology change
after two to three hours of incubation and became fragmented (Figure 1A), several E6/E7
transfected clones showed less extent of morphology change, indicating resistance to
apoptosis. The best clone, designated as Sp-E26, showed no apparent morphology change
upon four hours of treatment (Figure 1B).

To avoid tedious visual examination, MTT assay was used to access the changes in viable
cell population. Afer the healthy cells were incubated with or without CHX under normal
culture condition for 2-3 h, MTT dye was added to the wells. Afier further incubation for two
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0 Example 9 describes the methods to improve Sp-E26 by introduction of

Bel-2 expression in the cell. Example 10 describes using the improved

cell line, Sp-EEE, as a host to develop cell clones producing a

recombinant Ab. Example | 1 describes the use of fed-batch reactor

profiles and feeding schedules to optimize yield. 5 Example 1. Generation

of apoptosis-resistance cell clones by stable expression of HPV-16 E6
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detected (Figure 4). In contrast, under identical treatment conditions, the genomic DNA of

Sp-E26 was still intact, showing no appearance of DNA fragmentation (Figure 4).

Presence of HPV E6 and E7genes in Sp-E26

To coniirm that K6 and E7 genes are stably present in the genome of Sp-E26 cells,
oligonucleotide primers specific for B6 and E7 genes were designed and used in 2 PCR
reaction with the genomic DNA extracted from Sp-E26 as the template, resulting in a ~700
bp DNA fragment. The PCR product was cloned and confirmed 1o be B and E7 genes by
DNA sequencing. No E6 and E7 genes were detected in the parent Sp2/0 celis.



CHX-induced apoptosis in Sp-E26 and the parent Sp2/0 cells was
evaluated by Annexin V 0 staining and DNA fragmentation assay. After
being incubated in the medium containing 25 g/ml of CHX, the cells were
harvested and stained with Guava Nexin reagent (equivalent of Annexin
V staining) and analyzed in a Guava Personal Cell Analysis system
(Guava Technologles h|e ). Figure 3 shows that while more than 30% of
L A BtV positive when exposed to CHX treatment

for about 1.5 h, |nd|cat|on of apoptosis, 5 Sp-E26 remained healthy,
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Example 2. Generation of apoptosis-resistance cell clonés by stabl

Seq“%%%%%%g%baPHBW@W@%%@%@M% éﬁl@bow-‘éi’ﬁfr‘éﬁ ifragment
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trunf%g(“% p%\lg’vﬂ?s g gb%%}%%t%t]ﬁmcﬁonal because the level of p33 expression in
Sp-E26 was found to be more stable than that in Sp2/0.

"Thus, to evaluate whether IIPV-16 E7 gene alone is sufficient to have anti-apoptotic effect
and to improve the growth properties of Sp2/0 cells, transfection of Sp2/0 cell with HPV-16
E7 is performed as follows:

(i) The DNA sequence encoding E7 is cloned from Sp-E26 cell by RT-PCR. Proper
restriction sites are introduced to facilitate the ligation of the gene into 2 mammalian
expression vector, pRe/CMV (Invitrogen). Transcripiion of the viral gene within the vector,
designated as E7pRc, is directed from CMV promoter-enhancer sequences. The vector also
contains a gene cenferring neomycin resistance, which is transcribed from the §V40
promoter.

(ii)  Sp2/0 cells are transfected with the expression vector containing the expression
cassette of HPV-16 E7 gene. Briefly, 5 ug of E7pRe is linearized by Scal and transfected

into the cell by electroporation.
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coding sequence for the N-terminal 8 amino acid residues of E6 and the
complement sequence for the C-terminal 8 codons of E7, respectively,
the amplicon of full-length E6 and 5 E7 is expected to be -850 bp.
However, amplification of the genomic DNA prepared from Sp-E26 cell
with E6-N8+ and E7-C8" resulted a PCR fragment of only -700 bp. DNA
sequencing of the 700 bp PCR product revealed a deletion of a 182
(i) polftrscteotiely fragrhbntrsrdim thesketgbaedlsThe ifeictvie G61G<hB0S ng/ml)
for llgj@gg!,s[esulted from splicing and encodes a truncated E6 peptide with
N-terminal 43 amino acid residues. Considering the major '.0 physiological
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to treatment by 5 cycloheximide (CHX), & potent apoptosis-inducing
extragirdhiom) e atspied reduaBmpsbBomnarectaeisrakb SR frestifuand analyzed with
agarSQNainiRe2a1geésd of CHX or in the absence of CHX for 3-4 hours under

normal culture condjtions, followed_by the addition of MTT dye into the

(VD efEPIRARP Yt THELBRIRSTIS w6 FetiE T Ryagted By Southern blot

(genomic level), Northern blot (mRNA level), and immumoblot (protein level) analysis,
Expression of intracellular proteins that are involved in apopiesis processes and affected by
E7 protein are examined by immunoblotting analyses.

(viii) The growth properties of selected E7-transfectants are evaluated in T-flagk and in a
3L-batch bioreactor. The transfectants show improved growth properties, 1.8, achieving
higher maximum cell density and longer survival time, over the parent Sp2/0 cell in batch

cultures are considered 1o be better host cells,

Example 3. High-level expression of hLL2 IgG in Sp-E26.

In this example, Sp-E26 is used as a host to generate cell clones producing hLL2, a
humanized anti-CD22 Ab develoﬁad for treating patients with NHL and autoimmune
diseases. An hLL2-producing clone, 87-2-C9, was previously penerated by using Sp2/0 cell
as & host (Losman et al., Cancer 80, 2660-2666, 1997), in which case, only one positive clone

(a frequency of ~2.5 x 10°7) was identified after transfection, and the maximum productivity
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solubilized by adding a lysis buffer contain SDS and HCI. The plates are
incubated overnight 0 at 37 C and an OD reading is performed at 590 nm
using an ELISA plate reader. Cell clones showing resistance to CI-I1X
treatment are selected and expanded for further analyses. (vi) The
anti-apoptosis property of E7-transfected cells is evaluated by Annexin V
staining and DNA fragmentation assays. In the Annexin V assay, after
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pg/ml) for 10 days. G418-resistant cells were subcloned in 96-well cell culture plates by

limiting dilution (0.5 cells/well). A surviving clone, designated as 607E1C12, was obtained
for evaluation. Two subclones, designated as 607-3u-8-7G7 and 607-3u-8-2D10, of 607-3u-8
without E6/E7 transfection were also selected. The Py of these three clones were
determined and there were no significant difference (Table 1). These results suggest that
introducing E6/E7 genes into the cell does not alter the ability of cells produsing Ab.

Next, 607E1C12, 607-3u-8-7G7 and 607-3u-8-2D10 were adapted to grow in serum-free
medium and the productivities of these clones were determined. All cells were growing well
in serum-free medium. The final antibody productivity of clone 607E1C12 was maintained at
150 mg/L, while the two clones without E6/E7 were substantially reduced. In addition, the
productivity of 607E1C12 were stable after a freeze (for cryopreservation) and thaw cycle

(Table 1)
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productivities of these clones can be further enhanced by gene
amplification with MTX. This example demonstrated the advantage of
using Sp-E26 over its parent Sp2/0 cell as a host for the development of
cell clones producing recombinant proteins. 0 Example 4. Improvement of
Ab-producing cell lines by stable expression of HPV16 E6 and E7 genes.
607-3u-8 cells were originally generated from Sp2/0 by transfection to
produce a humanized monoclonal Ab. The clone was developed by gene
plification (with MTX) and subcloning 5 to enhance the maximum (Ab)
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evalatRRSP BABAARR Wik Serm 2Rk ies.a apoptotic properties. The nucleic acid

e -

sequence for the Bel-2-EEE is depicted as SEQ. ID. No. 3; the corresponding amino acid
sequence for the Bel-2-EEE protein is depicied as SEQ. ID. No. 4.

A 116 bp synthetic DNA duplex was designed based on the coding sequence for
amino acid residues 64 — 101 of human Bcl-2. The codons for residues 69, 70 and 87 were
all changed to those for glutamic acid (E). The entire sequence was extraordinarily GC rich
and had numerous poly G and poly C runs. Conservative changes were made to several
codons to break up the G and C runs and decrease the overall GC content.

Two 80-mer oligonucleotides were synthesized that, combined, span the 116 bp
sequence and overlap on their 3’ ends with 22 bp (See SEQ. ID. No. 5 & 6). The
oligonucleotides were annealed and duplex DNA was generated by primer extension with
Taq DNA polymerase. The duplex was amplified using the PCR primers, Bel-2-EEE PCR
Left (5-TATATGGACCCGGTCGCCAGAGAAG-3"), and Bcl-2-EEE PCR Right (5%~
TTAATCGCCGGCCTGGCGGAGGGTC-37).
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607-3u-8-7G7 127 16 (3) 74 10 (4) 607-3u-8-2D 10 140 4 (3) 35 2 (2)
607E1C12 154(1) 14213(6) 607E1C12 (Cryo) 145 f 17 (5) a. Determined
by protein purification of IgG from terminal culture supernatants. b. The
number in parenthesis indicates the sample size, c. Cells had been frozen
for cryopreservation. Example 5. Generation and Characterization of a
genetically modified Sp2/O cell line 5 that Constitutively Expresses a
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Three strongly positive wells (#7, #25 and #87) were chosen for further evaluation
and sub-cloning. Limiting dilution plating resulted in <20 positive wells per 96-well plate,
indicaiing a very high probability (>99%) that the cells in individual wells are in fact cloned.
Initially, 23 subclones from the three original wells were analyzed by Guava Express using
anti-hBcl-2-PE (Figuwre 8). The results confirmed that the original wells contained mixed cell
clones. Well #7 yielded clones with the strongest signal and well #25 had those with the
lowest. Clones 7-12, 7-16, 87-2 and 87-10 were expanded for further analysis.
Subsequently, some initially slower growing subclones were similarly analyzed and cne
clone, 87-29, gave a signal that was 20% higher than any other clone and was expanded for
further analysis. Two high expressing SP-EEE clones (87-29 and 7-16) were compared to
the untransfected Sp2/0, Raji and Daudi cells (Figure 9). The Sp-EEE clones expresses about
20-fold higher than Raji and Daudi cells, which are both known to express Bel-2 at
presumably normal cell levels. Sp2/0 cells were negative. This was further verified by anti-
Bel-2 immunoblot (Figure 10). Bcl-2 was not detected with a human Bel-2 specific antibody
in 5p2/0 cells even with high protein Joading (50K cells) and long exposure of X-ray film.
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105 bp fragment was gel isolated and ligated with hBcl-2-pucl9 vector
(ATCC 79804) that was digested with Tthl and NgoMI to generate
hBcl-2(EEE)-puc 19. The sequence of this 5 construct was confirmed. A
948 by insert fragment was excised from hBcl-2 (EEE)-pucl9 with EcoRl
and ligated with pZeoSV2+ vector that was digested with EcoRI and
treated with alkaline phosphatase. The resulting construct is hBcl-2

ImnEREblhZebS I 2 SpiaticBiE18vB\k (06) feare thew Hansfegtidtbycognizes
moRle ?%Qa%ﬁrﬂ&ﬁ&l"#gi‘@gig B2, ﬁ-@%%ﬁ%@@@% DGdN1s. even

standard protocol for Sp2/0 cells. The cells were into six 96-well

withfieh Prpiginderdinecl Bt solialodiearesion e W Giss! Whetiiberd /ey Bel-

2 exBRAs Al Df7eesin Was addecklaHissMRMAHGEN IR AAWENS e Ess than the
Bdug_ ded. to 24-well %[fe%%fand analyzed by western blot with anti- hBcl-2

lonsiR7 A&l b BHE D VEHB RRIBRHSAit HBHg el elbgiones and
Sp2BalefisE EfubeXpieEBiamcldied eaplis tdrane:ohiotiigalo 0L SHIONEEIR. These
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are ftoym A warcdeipoasratethdidde nepdly aticttie:BelopeBEE (BiateErslightlyand
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#7, #25 and #87) were chosen for further eva‘uatlon :0 and sub-cloning.

subqlowiti gl Gifdot plafivegerssndion Srpoesakiaienwells per 96-well plate,
indigatingrayeerisharehabiity (o0 Hhatie ceds mindividualwellsimou
are in fact cloned. Initjally, 23 subclones from the three original wells were
Wea%eﬁgkﬂz@o%@ OB NHRUL TGS DFesolp EORitibeng)/ PR Esima hich
dengggndirdried thattheworignalinedsseosiained tixpaeeth slonesciWWeli#ine 11). In
o, yielded clones with the strongest signal and well #25 had those with the
1 R B TS U Ve sl v e
Bel-driaisisan Sediseg benthsisomeintialadlenepg rowifg 308 gnest Weré/hen
ioilar V : a signal tha 260/ .
e e S R R R Sl e
87-Xigrls eprassing write Hehendanssy 29earrdl 2)1 6y wastesetimparatyative 87-29

celiditiranshected ap2iBn Rainand Davdicells (Figure 9). The Sp-EEE clones
expresses about t0 20-fold higher than Raji and Daudi cells, which are

The FRTRRRBI 1 exXpr s B % GRS RS ety Spefieells

sugaiekaIned aivem T3 Arascintbaramrifieth by ani Belidemanolion (Fgkren of
%gﬁ) Bel-2 \@éas nof.detected with a human Bcl-2 specific antibody in Sp2/0
ML S B HATRR hiGRCERORSm TiSHG TB6R Lo fOf 4P iBHG ERrsienbt wekip:

Sp2fllnells can be employed with the SP-EEE cells,

Bcl-2 15 a pro-survival/anti-apoptotic protein. It has been demonstrated by several
groups that a Bel-2 deletion mutant missing the flexible loop domain (FLD) has an enhanced
ability to inhibit apoptotosis (Figueroa e al., 2001, Biotechnology and Bioengineering, 73,
211-222; Chang ef al., 1997, EMBO J.,16, 968-977). More recently, it was demonstrated that
mutation of 1 to 3 8/T residues in the FL.ID of Bel-2 to glutamic acid, which mimics
phosphorylation, significantly enhances its anti-apoptotic ability (Deng ef o/, 2004, PNAS,
101, 153-158). The triple mutant (T69E, S7OE and S87E) provided the most significant
survival enhancement. Here, the present invention teaches the generation of a similar Bel-7
triple mutant construct (Bel-2-EEE), which is used to stably transfect Sp2/0 cells.

All the aforementioned experiments demonstrate that expression of Bel-2-EEE

reduces apoptosis rates in Sp2/0 celis. This effect was largely dose dependent, in that clones
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20 Immunoblot analysis with an anti-Bel-2 MAb (C-2, Santa Cruz Biotech.)

that recognizes mouse, rat and human Bcl-2 did not detect any Bcl-2 from

untransfected Sp2/0 cells, even with high protein loading (100K cells) and

long exposure time (Fig. | OB). If there is any Bel- 2 expressed in Sp2/0 :

cells, it is at a level that is more than 2 orders of magnitude less than the 5
withaﬁééé'EEE in clone 87-29. Growth curves were compared for five Sp-EEE

S HHIBRESRACSI5370 CANE Y #h 1R g R P oM Shies e dpval e dlicheal clone,
87-2%)\antage over-Ip2Mhikls cAlhasesitheed (eriRed shbuaiid B4129) alsss

cor gg%gﬁggal%j%%%gér%\)/%@cghgcl-z-EEE. As 7-12 and 7-16 are from the

ame origina ave nearly identical properties (Bcl-2-EEE levels
andl e SukiR-dditideyctireyliire (B GAGiiarapirametedysivielintighs! dne Fhaal

levddeRt A B’r‘ﬁ%ﬁc&@g?%ﬁ?@ﬁ%&%@gé@g éZé%%t%‘é?é& 35 Qﬂégﬁ%&%g%%% cells.

evaluation. The clones were plated in media supplemented wi
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conhapitRiedphast0iboTeimR% BI0ranate aduahdensity: ARt had MR pertics
dth n4 dcﬁ%/s i cgeased survival compared to Sp2/0 cells (Figure 11). In
A R KPR PG 16 A Bur aen HB8 S0Pt S e Rény st preniifiethiatber

witisBIT, dndiier|b-ool-2drkabeir sipsiaetants hadasiniasurivatadyaniagex)
ure 1

ver Sp2/0 (Fi transferred directly into serum free media,
e S S8 15 GSHLBIETA IR o et ol Hie
thamfe4Bil Hiligrdensitysibifure S ruraachrseiuiviep BEE BEAHAD&Fu2es. The
ce I = nger.than S cells. The methotrexate (MTX)
i e A E SRS o B S0 L et o
amppBedhatiiih b MIHCEsle htretiosropthoai /st safficipatfoie titiad: of Sp2/0
cel SIRCURN ShMEXsTEsiaiRRL SIgRes r Bl g am;g%%&ﬁg@ﬁ t%%nai

amplification protocols used for Sp2/0 cells can be émployed wit

densyi (e daiis 21 68 8- Satlfivaraimlia Sptamsprocinu fastbe BAE
expaesTinSiratEd-by severak BruPsEiabeBeh dslo i muERLMissRg.he,
addftlﬁ)gaggﬁlog domain glzLDg ;:Laﬁs an enggnced 25 ability to inhibit
apop otosiga(ﬁéﬂxgrlg SVE] 15 BF T Hioteenh 6105y ST Bikifdietpiig S one,
whichl daPParGhenerendditid884MBO J.,26, 968-977). More recently, it was
derQns '?é%d%%trn% tation of 110.3 SIT residyes in the F E of Bcl-2 to .
_glutamicgaci , Wﬁlg Y r%?n?%ge%eﬁéegp 01%]7 a%%rgll,éj&%ﬁl icanty eRhEhERTRs S
resigiti-Bpro peo HE bl Draegrebinhn? 00 iR NXS, a0 -AES: 158)a Thiestiplector
contIHERDIHT 09k w3 10k AREmBLR) Bf@c\éig?%%?d@%% SAnieant 05U (VAT o
enhancement. Here, the present invention teaches the generation of a
mustinaigiemdtsnbel-2-EEE expression and survival advantage following transfection and
amplification and during extended culture. It is unlikely that the stably transfected Bel-2-
EEE gene wiil be Jost during subsequent transfection and therefore the survival properties
should not diminish, It is possible that MTX amplification could even improve the sarvival
of producing clones via increasing expression of Bel-2 proteins. Indeed, this was the case
with the hVIN-14 664.B4 cell line, which was transfected with wild type Bel-2. Following
amplification and sub-cloning, the Bel-2 level increased several fold and cell survival

improved significantly.
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triple mutant construct (Bcl-2-EEE), which is used to stably transfect
Sp2/0 cells. All the aforementioned experiments demonstrate that
expression of Bcl-2-EEE reduces apoptosis rates in Sp2/0 cells. This
effect was largely dose dependent, in that clones 21 with higher
expression levels survived longer than those with lower levels. The best
clone, 87-29, grows to a 15 - 20% higher cell density and survives an
Exoaolitional Hupbodaysent o b+ eb e b 20RTeeH0R AR QAN TN tck culture by
Bcl-2-EEBtabkl enmionpi®I-2 B)isapprosigately 20-fold higher than
normal 5 levels in Daudi or Raji cells. No Bel-2 expression was detected in
/0 cells, As described in Example 6,
BreS SH2roEesWere transfected with a similar construct
for expression of wild type Bel-2 and a clone with exceptional growth
propeitidsloand EhPBhcay prigtubivinwaisdsiitateth VUhsruthisalone o produce
2 hta6d:Bd masanplified furth ' ’\P -2 levels.ingreased .
| L1\/B§i§1ni1‘icantly. UItima%kflﬁg,é{wh’é §r§1%§é\ﬂz ZJ,XE& ﬁﬁ%% eéte?ﬁ |heg‘ wagor designated
e Hed @R Gk inErsferieing Gadlerorbiss 4B 44 Hava S 6ABHEI The

pdHhighesdhaasG64t B4sclibig patigulares %P?%}Q@%?%ﬁﬁiﬁé‘tﬁé fly Ictth, gene

and. growth properties. The, Bcl-2-EEE level in 87-29'is approximate
that oS Y'%V?e%ern%s}%‘fﬂa%%ﬁaﬁ%éﬁ%wth‘émeﬁtherm@at%@ammm(@m'@mgzz., I.

Imnpeite. Mﬂéeﬁgmﬁmra{@m@tfié}mmggdmml t ;,ggt%q;@f&@ygsg%pof

| o grow for one addition ay and reach a maxima
o B A G A TR o Ay was
MetFHHEP TORREORBIET apsipebbeihgrSprE 261taltdina TRehBOFAREE 2 vector is
hovBXBIeSSing B/ -2B6lapenwhic ' additional 4 - 6 days survival
o over th%%arentql gf%o%?ﬁ%ﬁ%%ﬁ%‘%ﬂ%“ 6%%5%%%%\}@0&8 hows
the 74 PRITRAVERRS SEiARTEA RS IPREc SRR S ahd proas iepresente ddwyethends to

nt2983- 297 ¢clefigvpiusgiuiias an apoptosis- 20 resistant host for expressing a

re inant protein upon transfection with a suitable vector containing
thg%rg@e‘%fﬁ %&%%E%‘?ﬁf@#%ﬂm%féﬂ% HraEpreFateg vathiiineasisd pédha

Vectwsmuémﬂiaﬁmm% ﬁﬂf%z%e?wesﬁm ﬁ&u&v@@&&%@%%@ initiated 48
ollowing.transfection and . amplification a uring extended culture. It is
hour nﬁ%glf?/%ﬁga BRI I GoERE BEIGs L HAEMTX.
Amplifisséquefitsarisfectibodnddheraforediiesen/ial pEppasiesRashauldry

conc%&iﬁﬂQﬁﬁ% I éﬁ\gossible that MTX amplification could even improve the
survival of producing clones via increasing expression of Bel-2 proteins.

Indeéch R washiscade sohh A hifiehiibh 664 BATCR htireswdhithwias o 0.3
uM, HaRafacieanwith wildi e ﬁgk&tﬁ%fo@qﬂ%{) of the antibody was increased to about
100 mg/L.. To improve cell growth properties, 665.2B9 cells were transfected with a plasmid
expression vector (Figure 17) containing the human Bel-2 gene by electroporation. Bel-2
gene was excised from pB4 plasmid purchased from ATCC (pB4, catalog # 79804) using
EcoR1I sites and inserted into MCS of mammalian expression vector pZeoSV(+) using the
same restriction enzyme. Since zeocin resistance gene is part of the vector, transfected cells
were placed into medium containing zeocin ranging from 50 — 300 pg/mL. Stable clones
were selected from media containing 300 mg/ml zeocin and subcloned in media without
zeocin by plating into 96-well plates at a density of 0.5 cell/100 ul/well. The media without
zeocin was used thereafter. Formation of clones in wells was confirmed by visual
observation under a microscope. Cells from the wells with only I cluster of cells were

expanded. Each 96-well plate produced around 30 clones, from whick 14 clones were
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amplification and sub-cloning, the Bcl-2 level increased several fold and
cell survival improved significantly. 30 22 Example 6. Improvement of
Ab-producing cell survival in stationary batch culture by stable expression
of a human 13c1--2 gene, Generation of a Bcl-2-transfected cell clone A
cell clone 665.2B9 was originally generated from Sp2/0 by transfection to
produce 5 a humanized monoclonal anti-CEA Ab (Qu et at., unpublished

rand@BliliRlededeioftiasignated ThNd4nditkdcnaistiised tR:tansiRetn2r2/0

cells to qbtain the cell.clone 665.2B9. The pdHL2 vector was first
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can b% 9ene.raI1ny transfecte b¥_ electroporation with linearized pdHL2

HEEOR AL O S R RN 6‘&%—?% vector used in this instance. Selection
can be initiated 48 hours after transfection by incubating cells with
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~from ATCC (pB4, catalog # 79804) using ',5 Eco and inserted into
Biotrtrmlotim@nmalian ©epreseichiectes pRegSv ¢l wsitustfis 1$anie and

inol R CHORLPZYNE, SINGRZSRSINISNISIANER SeRS,IE PAR of the veslor, .

_transfected cells_were placed into medium containing zeocin ranging from
spingpg gb@eéqw_ds%’gw Jizadion buffer (0.5 mL) at —20°C (SCB cat. # sc- 3623) was

added dropwise while vortexing, followed by 15 min incubation on ice. Cells were then spun

and washed two times with 0.5 mL FCM wash buffer (SCB cat. # sc- 3624), Final cell pellet

was resuspended in 100 pL. of FCM wash buffer and stained for Bel-2 intraceliular protein
with 10 pL of anti-Bel-2 mouse monoclonal antibody conjugated to PE (obtained from SCB).
Incubation was performed at room temperature in dark for one hour. Two washes with 0.5
ml of FCM wash buffer followed. The final cell pellet was resuspended with 0.4 mL FCM
wash buffer and the cells analyzed on Guava PC. Mean vaiues of the fluorescence intensity
{MFT) for each clone were compared to control staining with non-specific, isotype mouse
1gG1 conjugated with PE. The results summarized in Table 2 confirm that clone 665.2R9#4
expresses a higher level of Bel-2 protein compared to the parental cell line. A zeocin-resistant
clone (#13) that showed a similar growth profile as the parent 665.2B9 was negative for Bel-

2 staining, confirming that Bcl-2 expression is necessary for the improvement of growth.
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were selected from media containing 300 mg/ml zeocin and subcloned in
media without zeocin by plating into 96-well plates at a density of 0.5
cell/l 00 uL/well. The media without {O zeocin was used thereafter.
Formation of clones in wells was confirmed by visual observation under a
microscope. Cells from the wells with only 1 cluster of cells were
expanded. Each 96-well plate produced around 30 clones, from which 14
clones were 23 randomly selected for further studies. The growth
Tabbharbotecidtidsr dé thlestinibh dstwvaraed balGated Bystaity cell counting and

viabitity ASUTE ik, M A0 U agentand Tava PEA. From the
14 clédls evaluated in 24-wglf\plates (Figure$/egn ¥9YAdne Bel-2-
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cl > cU U cl d
den@itied3and 5 prolonged cditsurvival) was identifféd and designated as
66552B8#4.(or clone #4). Cepparing to the pareng £65.2B9 clone, clone
#4 grew to a higher cell density (-1.7-fold) and survived 4 to 6 days longer
in &ﬂﬁ%ﬁé%FigureS 20, 21), 8Ad as a consequence bf better growth, the
NoR/jR¥iat alane i was increased to about 170 mg/kas determined by
ELISAintiteation and Protein A column purification. 10 Bel-2 expression in
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centrifuged for 5 minutes at 1500 rpm, washed three times with Ix PBS. t 5
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ellets for, incybated on jce. Fixation.solution was remove
vl SRR LS S H R QP AG B RSB et o clone
665 PBEeahiliZatientivefferd Obm )] a( B20C (SEB/eptisi san 3623 uwas Raglded

. i i rtexing. followe inincubation on i Is were .
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1.0 oot M iSe 1s3B2atyoiinathes| Upetidts wdbore sl dpER0ad inalO6F pliont FCMIid not
reve‘éﬁﬁ@ g&ﬁg@gﬁg&g@f&{&ﬁ @Fg%r%q%cellular protein with 10 L of

anti-Bel-2 mouse monoclona Ibody conjugated to PE (obtained from
SCB). Incubation was performed at room temperature in dark for one

Exapyiie. 'rwd waxties vwinpgsiuefios ot o oeish iR fidrvafionesicirisalting cell
pellet wastadifended with 0.4 mL. FCM 25 wash buffer and the cells
an%yzed on Guav§\rilé>1%é Mean values of the Ilu rescence jntensit

MONIOrIng N consumption in the cell cultures near the tenng{ai phase, it
was found that glucose and L-glutamine are the first components to be consumed.
Experiments were carried out to determine whether supplementation of these limiting
nutrients would improve the final antibody yields, Two types of cultures were initiated:
spiked fed batch - where these limiting components were supplemented upon their
consumption; and unfed batch - without nutrients supplementation. Tested were Bel-2-

positive clone 665.2B9#4 growing in medium containing 0.6 and I uM of MTX and the Rel-

2-negative clone #13 growing in 0.3 pM MTX. Figures 23 and 24 show the profiles of cell
viability and cell density in both culture types until they reached terminal stage. Protein
yields, expressed as mg/L, are shown in Table 3. The results of this experiment suggest that

nutrient spiking improves total yield of produced antibody about 2-fold for all cultures.



(MFI) for each clone were compared to control staining with non-specific,
isotype mouse 1gG1 conjugated with PE. The results summarized in
Table 2 confirm that clone 665.2B9#4 expresses a higher level of Bcl-2
protein compared to the parental cell line. A zeocin-resistant clone (#13)
that showed a similar growth profile as the parent 665.2B9 was negative
for Bel 30 2 staining, confirming that Bcl-2 expression is necessary for the
improvement of growth. 24 Table 2. Intracellular level of Bcl-2 determined
Tatly Luavibexppessuctel] iidid brackeaurt @Widas665.2B9 84 42

etsri diiejore t e assay g epsure healthy'ce Wwele Used. .y
-665-2B9-cefts-stainetwith-am isttybe-matehed-meHsodglantibody

PE&ScHp gaed. With Guava Expréss analysis it was fpgmd that the
intensitigs; of fluorescent stainigggcorresponding to B? g levels are rising
Wi}é MTX a@ﬁlification of clone 665.2B9#4, 5 suggesting co-amplification
of _PE%%E e dhfr gene. To Eoinpare intracellular B662 levels of

b, Average of Lo b g
U C OO0

2. Delgnshy PaiR %@f&?ﬁ“ﬁf&?ﬁ’i‘ﬁ'@ analysis was performed on cell lysates of
- I-al-O-aactivel-and-elene-tla-tRel-2-nagative using an
anti-human Bci-2 antibody. Densitometric evaluation showed that Bcl-2
Exagigitabof disireB85RBEAchtbyeimgiirte b. 6ol IMT KrisddcisiEangaetbpst the
cells in 0.6eatmbiEXaiplpdeite of Clone #13 did not O reveal the presence

of Bet-2 protein Fi%ure 22). Example 7. Improved Ab-produetion of clone
663 SE9APAHERT Pafch WRiRie BN atemaBny fitonsorfbbimerestion o

prodoaaUiBPEdMth cedl fouliresmnear e . HAINA PRAS Sty RWAS TOUNTL cung
ot azth?%lécﬁf% a}ﬂd f@ﬁu{%guéng{are the first components to be consumed.
YERperments were cared out o S eI whBtHeFSubRsTTe RestitH 869
200291,3?@@11iqﬂﬁm@hda_umtsimmukdcmmaive(therﬁnﬁhanﬂbmg@iﬁkiwﬂmﬁmﬁﬁ
clongfv%élgﬁ@ﬁ@c‘(gg i g‘%ﬁ@gﬁﬂjiiﬁcaﬁon and had a final productivity of ~20 mg/L. To

improve the growth property and eventually the Ab productivity, 482.2C4A cells were

transfected with a plasmid expression vector containing the human Bel-2 gene by
electroporation as described in Example 6. The transfectants were selected in medium
containing 750 pg/ml of Zeocin after three weeks.

Zeocin-resistant cells were treated with 25 ug/mi of CHX for 5 hours to eliminate
apoptosis-sensitive cells, Treated cells were washed twice with fresh culture medium to
remove CHX and resuspended in fresh growth medium. After recovering for 24 h, the viable
cells were cloned into 96-well cell culture plates by limiting ditution (0.5 cells/well). Clones
emerged in the wells in two weeks and were screened for Ab production, resistance to CHX-
induced apoptosis, as well as growth profiles. Those clones performed better than the parent
482.2C4A in all aspects are selected and further characterized. The best performer is
expecied to be more robust when growing under stress condition, resist to aging-culture-
condition induced apoptosis, and have a higher maximum Ab productivity (ca.150% or

better) comparing to the parent 482.2C4A cell,
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spiked fed batch - where these limiting components were supplemented
upon their consumption; and unfed batch - without nutrients
supplementation. Tested were Bel-2 !0 positive clone 665.289#4 growing
in medium containing 0.6 and 1 .tM of MTX and the Bel- 2-negative clone
#13 growing in 0.3 sM MTX. Figures 23 and 24 show the profiles of cell
viability and cell density in both culture types until they reached terminal

Exastip@e Praisirdyielils: eXBressechamOFp-F16 ShaniithIAfg:RovERGnt of cell
results of geisnekpetipretiesuggest that nutrient spiking improves total
yield of produced antibody about 2-fold for all cultures. is 25 Table 3.
AntitoliySpdiet siansrsr baithapinmideomitisns \CeMIsTEXobbe human
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wellghnfiorviecks|arbarrasingbpecien toi yere wripificarionedrpdradss. finabell as
gro@@ﬁz‘é@!iyétm&@@léﬂgé?e?z‘%rgliﬂés%?‘fﬁamﬁ%%}ﬁ BEapaity.An. Fayseg;;&@éﬁ, in

the Ab productivity, 482.2C4A cells were_transfected with a plasmi
2l agpesis 5T B R i R i Be bosyeriépyce reiopetiBN 46
E6/EesetiBed I EERAMie:fied e HEansie etaniswIRS 56lasle drife Medid Thndition and
;esis‘%gxﬂt%i%ir}% ZSU(? t%/rpl of Zeocin after three weeks. Zeocin-resistant cells

e A B R S YRR BRRINSES B RO T S AR Si5E26 and Sp/EEE
cellapoptdsis-gensitivieecblist Fibateccattbinenewasheaodvigsowith fresh

culture medium to remove CHX and resuspended in fresh growth

medium. After recovering for 24 h, the viable
Example 10. Improved production of recombinant proteins with the Sp-EEE cell line,

There are two paths that can be taken when developing a cell line with enhanced
survival for production of recombinant proteins. One method, which has been accomplished
quite successfully, as described in Example 6, involves stable transfection of an already
producing cell line with a pro-survival gene, such as Bel-2. However, this method requires
additional transfection, selection and cloning steps, thereby lengthening the cell line
development process by at least two months and possibly much more. Further, screening for
the “best” clone s rather invelved, since a number of parameters need to be determined for
each clone, including growth/survival, Bel-2 expression level and productivity. Thus, only a
small number of clones can be evaluated. It is quite possible that clones with the highest
productivity may not have superior survival and vice versa. An alternative strategy,
employed here, is to develop a parental cell line with superior growth and survival properties,
which is subsequently transfected with the expression vector for production of the desired
protein.

Compared to Sp2/0 celis, the Sp-EEE cells continue to grow for one additional day,
reach a maximal density that is 15 — 20% higher, and survive an additional 4 — 6 days in

culture. The celis retain their enhanced growth and survival properties when subsequently
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cells were cloned into 96-well cell culture plates by limiting dilution (0.5
cells/well). Clones emerged in the wells in two weeks and were screened
for Ab production, resistance to CHX- induced apoptosis, as well as
growth profiles. Those clones performed better than the parent 20
482.2C4A in all aspects are selected and further characterized. The best
performer is expected to be more robust when growing under stress
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cloneegtainitig-RPY HigheE 6/E demnthBeidd b Eiisupeatesithemomyohyst
rowi : f gndition a sistant t .
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with the Sp-EEE cell line. There are two paths that can be taken when
developing a cell line with enhanced survival for production of

Exatephmbinkapareieing-Roednesaost miich-hasthesn assonlishad-29,

quite SUBIC&%%];%”}-" as described in Example 6, involves stable transfection
of an already p?oducing cell line with a pro-survival gene, such as Bcl-2.
HoWetest fiB ¥ié thud re quicescladditieh 2B ransfeation, seleetiomantinto serum-

o e o e Sr L S S L B kg Torote
medipadH 2Eve (erramerieioSd, [ §HES eontimber bipaldietersaseddasbe
subcHRIBETHRAIQL; for several months. The adapted cells were scaled up from T-flasks to
roller bottles for banking. A master cell bank (MCB) for each cell line was created with
1x107 viabie cells in each 1-mL vial using an FBS-free cryopreservation solution composed
of 45% conditioned medium (medium that is collected as supernatant after centrifugation of a
culture in the exponential growth phase), 10% DMSO and 45% HSFM. The MCE cell lines
were designated 665.2B9.1E4 (without Bcl-2 gene) and 665.84.1C1 {with Bcl-2 gene),
respectively. The growth properties and antibody production of these two clones were
compared under batch culture conditions.

Experiments were conducted in 3-L bench-scale bioreactors using the above cells
expanded from the MCB, The 3-L bioreactor system is the scale-down model of a 25001,
cGMP bioreactor system. Therefore, the evaluation resulis would support the suitability of

these cell lines for large-scale commercial manufacturing,
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25 each clone, including growth/survival, Bel-2 expression level and
productivity. Thus, only a small number of clones can be evaluated. It is
quite possible that clones with the highest productivity may not have
superior survival and vice versa. An alternative strategy, employed here,
is to develop a parental cell line with superior growth and survival
properties, which is subsequently transfected with the expression vector
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Tably Standandonetsoels, ssughhas electroporation. The transfectants are
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bioreactor cultures. Example 11. Improved Ab-production of Bel-2
Tabledridtubsteftesling6bBB4.1Cl in bioreactor Both 665.2B9#4 and the

o = oo atda a

u O 00J. anmpreo-werewea Gl O HH~— e
mestiauibhe cells were adaptegdameustomizes. ormwiation.of 85{9%””'3
serum-free_medium (HSFM) (Immunomedics PN 10070) containing 3 M

MIBEEeBlinuous subculfi3fein T-flasks for several months. The
adainelgicaid/eledaerted) i tremiT-flasks to

Tipid 500X

B-mercaptosthanol/EDTA BME, 0.01M; EDTA, 0.1mM.

MEM Vitamin Solution (100x), as solvent, Choline

ImmuVitamin Chiotide, 500meg/L.; Myo-inositol. 600mg/L.

TEC solution Transferrin solution (4mg/mL), as solvent; CaCl2,
125mM,; Ethanolamine-HC! 1g/L.

Insulin 4dmg/mi

The fed-batch experiments were conducted in 3L Bellco spinner-flask bioreactor
systems (Belico glasses, Vineland, NJ) with 2 I of working volume. The bioreactor
temperature, pH and dissolved oxygen (DO) were monitored and controlled by single loop
controllers. The reactor temperature was controlled at 37°C by a heating blanket, The culture
pH was controlled at 7.3 by the addition of CO, or 6% NapyCOs. Aeration was performed

through a cylindrical sintered sparger at 10mb/min. YO was contolied above 40% of air
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roller bottles for banking. A master cell bank (MCB) for each cell line was
created with 1 x 107 viable cells in each 1-ml, vial using an FBS-free
cryopreservation solution composed 15 of 45% conditioned medium
(medium that is collected as supernatant after centrifugation of a culture
in the exponential growth phase), 10% DMSO and 45% HSFM. The MCB
cell lines were designated 665.2B91E4 (without Bel-2 gene) and
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were delivered to the culture via continuous feeding and pulse feeding. The continuous
feeding solutions were pump transferred into the reactor continuously using peristaltic pumps
(Watson-Marlow 101U/R). The pulse feeding solutions were pulse fed once a day into the
culture,

Two fed-batch feeding strategies were developed and applied to both cell lines.
Process #1 does not feed recombinant insulin during the cultivation, Process #2 is designed
based on Process #1 with a modified linoleic acid and lipid feeding schedule and an
additional feeding of insulin.

The following tables summarize the feedings of both processes for both cell lines.
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TC Soy Plus 120g/L Linoleic acid/cyclodextrin 1.5mg/ml HD lipid 500X
(3-merca toethanol/EDTA BME, 0.01M; EDTA, 0.1mM. ImmuVitamin
MEM Vitamin Solution (100x), as solvent; Cboline Chloride, 500mg/L;
Myo-inositol, 600mg(L. TEC solution Transferrin solution (4mg/mL), as
solvent; CaCl2, 125mM; Ethanolamine-HCI Ig/L. Insulin 4m ml The
fed-batch experiments were conducted in 3L Bellco spinner-flask
Tabigcredisenss 8 systelhinBHifcib§ldgges, Vineland, NJ) with 2 L of working
volume. The bioreactor.temperature, pH and dissolved oxygen (DO) were

Continwesniesiimgd controlled by single loop controllers. The reactor

temperatisenas eaniieigd at 37C by mteatingidineRaEedadiure pH
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nutrients (See figure 25 for the overall process schematics). Concentrated
nutrient solutions were delivered to the culture via continuous feeding and
pulse feeding. The continuous feeding solutions were pump transferred
into the reactor continuously using peristaltic pumps (Watson-Marlow
101U/R). The pulse feeding solutions were pulse fed once a day into the
?0 culture. Two fed-batch feeding strategies were developed and applied

Table Dothocelk iegy: Eequgsggﬂg@@qsmot feed recombinant insulin during
the cultlvatlon Process #2 |s deS|gned based on Process #1 Wlth a

ot-thsulti—*5-The-following tables-summarize-tt ings-of-both
plQeess@xportabiiced Ustes— 30 TaiREPRus Keedine Bats (ulldavker opg.
1134 GoMensitusétivihp [_Kbe@t@dmﬂiémaﬁw Contimuels FeedindRete
my,ger ay Dgnsity {ggiis/mL) Glucosg@and Glutarpime tipmuCZ immycsS
DRa¥g 014 - Uy EB B U Da3am I.0; T.7/E6 0§00 Qg 3T .01 - g 5E6-
DRER0 Da 4am;2-5585E6 0 90 U Day4 m 2.51-4.5E6 ) 150 § Daygam
Dé:5E-6 5E6 0.6190 5B 50m 4.51-7.5k6 0 0 120 Da y6od 51 =" |12E6 § U
Da2emDay7 if £3BEGH0 120 if >13.1E6 0 0 150 Rulse feeding|Pulseg
Digedin mE Dayl ¥CsBoy Plus LA/CD lipid TEC Immu BME/EDTA 90
D{gH0og/L) (1.50amgHES00X) Solution Yitamin Day3 12.504 3 15 Da #2025 8
Day6 - 7.51 ~ 12E6 0 0 120
i <13E6 0 0 120
Day7 if>13.1E6 0 0 150
if < 10E6 0 { 90
Day8 if 10.1 ~ 13E6 0 0 120
if>~13.1E6 0 0 150
Puise feeding
Pulse Feeding (ml)
Day TC Soy Plusy LA/CD Lipid TEC Immu BME | Insulin
(120g/L) [(1.5mg/ml)] (500X) | Solution | Vitamin | /EDTA |(4mg/ml)
Day3 12.5 2 3 - - 15 -
Dav4d 25 4 - - - - -
Day5 50 & - 4 15 15 4
Day6 60 4 - 8 - - b
Day7 60 4 - - - 15 8
DayR 50 - - - - - 2
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DayS5012-41515 Day660828--Day760-1---Day82531
Table 7: Process #2 for cell line 665.2B9.1E4 Continuous feeding
Expected Viable Cell Continuous Feeding Rate (ml/day) Day Density
(cells/mL) Glucose and Glutamine ImmuC2 ImmuCS Day2 0.4 - 0.7 E6
6000 Day3am1.0-1.7E6 0600 Da3 m1.01 --- 25E6 090 0 Da 4am
2.51-3.5E6 090 0 Day4 m 2.51-4.5E6 0 150 0 Da 5am 4.51-6.5E6 0 0
Tab@O8 [Facoass #15br-7eBEO0@5120.10ay6 7.51 - 12E6 0 0 120 Day? if <13E6
00120if>13.1E6 00 150 if<10136 0090 Days if 10.1 - 13E6 0 0 120

Conifrib8s¥Ee0if20 150 Pulse feeding Pulse Feediu (mg Day TC Soy Plus

l\quICD Li |de"w;§‘g E InsulinCgh2agius (Ele&mémb)t(f(ﬁﬂm&;&olution
#HMIn a ay --4--Da 0
6. 41E1E Dav6 by @u%gSe and%}lutalg‘me % mHiuC2 IE]IIXI%?
Day2 0.4~0.7 B6 60 0 0
Day3am 1.0~1.7E6 0 S0 0
Day3pm 1.01 ~2.5E6 0 120 0
Day4am 2.51~3.5E6 0 0 50
Daydpm 2.51~4.5E6 0 0 90
Day5am 4.51~6.5E6 0 0 120
Dayipm | 4.51~7.5E6 ] & 150
Dayo 7.51 ~ 12E6 0 0 180
if <15E6 0 0 180
DL 89 15,186 0 0 240
if < 1QE6 0 0 120
Dayi0 if 10,1 ~ 13E6 0 0 150
if >13.1E8 5 0 180
Pulse feeding
Pulse Feeding (mlL)
Day TC Soy Pius LA/CD Lipid . Tmmu
(20gL) | (15mgmD) | (sooy |VECSolution| P | BME/EDTA
Day3 12.5 4 3 - 15
Day4 25 8 - - - -
Days 50 12 - 4 15 15
Dayé 60 8 2 g - -
Day7 60 = i - - i5
Dayg 60 - - - - -
Day% 60 - - - - 15
Dayl10 50 - - ) - )
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Day8 50 - - - - 8 32 Table 8: Process #1 for cell line 665.B4.1C1
Continuous feeding Expected Viable Cell Continuous Feeding Rate

(ml/day) Day Density (cells/m7.) Glucose and Glutamine ImmuC2 i

bnmuCS Day20.4-0.7E66000 Day3am 1.0-1.7E60900 Da3m
1.01 .., 2.5E6 0120 0 Dayd4am 2.51-3.5E6 0060 Da4 m 2.51-4.5E6 00
90 Da Sam 4.5P-6.5E6 0 0 120 Da S m 4.51--7.5E6 0 0 150 Day6 7.51 -
Tablie BOPO00=388 PayAl 1812 6651 BEG® 0 180 if>15.1E6 0 0 240 if < 10E6 0
10120 Day10if10.1 _13E6 00 150 if>13.1E6 0 0 180 Pulse feeding

Conpylges Eediding (mL Day TC Soy Plus LA/CD Lipid Immu (120g)L) (1.5m

1ml) (50%%égégg§géygiegﬁ\htamin BAKEEEEAFREUR: RAd dnBday)l5 Da

Y35 8 | Ry @enihRy 4 Hule DA G805 8 - 1RAG 601 - 15

Da 8.60Day9 60.----15 PaylO50-- - -

Day? 0.4~ 0.7 E6 60 0 0
Day3am 1.0~ 1.7E6 0 SG 0
Day3pm 1.01 ~2.5E6 0 120 0
Davéam 2.51~3.5H6 0 0 60
Daydpm 2.51~4 5H { 0 80
Day5am 4.51~6.5E6 { 0 120
Day5pm 4.51~7.5E6 0 0 150

Day6 7.51 ~ 12E6 0 0 180

if <15E6 0 G 180
Day7, 8,9 iF>15.1E6 0 0 240
if < 1056 0 0 120
Dayl0 if 10.1 ~ 1356 i 0 150
if >13.1E6 v 0 180
Pulse feeding
Puise Feeding (L)
Day oY | LACD | Lipid | TBC | Tomu | BME ( ﬁf;‘};;l)
(120g/L) (L.5mg/ml)] (500X) | Solution | Vitamin | /EDTA

Day3 12.5 2 3 - - 15 -

Day4 25 4 - - - - -

Day5s 50 6 - 4 15 15 4

Dayé 60 4 - 8 - - 3

Day7 60 4 - - - 15 5

Day8 60 4 - - - - 8

Day9 60 4 -4 15 15 8

Day10 60 - - - - 1- §

During the cultivation, bioreactor samples were taken periodically for off-lin
analysis. The viable cell density (VCD} and the cell viability were measured by Microscopic
counting using a hemocytometer after staining with 0.4% trypan biue dye. The glucose,
lactate, glutamine, ammonia concentrations were measured using a Nova Bioprofile 200. The

antibody concentration was determined by HPLC using a protein A affinity chromatography

column (Applied Biosystems, P/N 2-1001-00).

The specific antibody productivity was calculated by dividing the cumulative

antibody produced by the time integral of the total viable cell in the culture:
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33 Table 9: Process #2 for cell line 665.B4.1CI Continuous feedin
Expected Viable Cell Continuous Feeding Rate mi/da Day Density
(cells/mL) Glucose and Glutamine ImmuC2 ImmuC5 Day2 0.4-0.7E6 60 0
" 0 Day3am 1.0-1.7E6 0900 Da3 m 1.01 2.5E6 0120 0 Day4am
2.51-3.5E6 0 0 60 Day4pm 2.51-4.5E6 0 0 900 Da 5am 4.51-6.5E6 00
120 DaySpm 4.51-7.5E6 00 150 Day6 7.51 - 12E6 00 180 Da 7, 8, 9 if
<15EQ 0db Y50y fAAIE 60 O 24 |L< 10E6 0 0 120 DaylO if10.1-13E6
Oy 150 i %ﬁﬁ 180 Pulse fe&ding Pulse Feeding (m TCSo Day
Plusy LA/C L|p|d C Immu i BME (4ms~m1) (120 /L) (LSmg/ml)
(500X) Solution Vitamin /EDTA Dab 12.52 3 15 Day4254----- Da5 50
6-415154 Da6604-8--8 Day? 60F 4 ---158 Day8 60 4 8 Day9

fj 899 Al 313 8o RAUED BY e TrabeBum Rute; LEL0-V10+ V(QZ'Dr'I Vi)l —10)

Figure 26 shows the growth curves (VCD and the viability) of both cell lines by
Process #1 and Process #2. By Process #1, 665.2B9. 124 cells grew to attain a maximal VCD
of 1%107 viable cells/ml on day 6 with 86% of viability. After day 6, VCD and V% decreased
quickly and the culture was harvested on day 8. Process #2 helped the culture reach a higher
VCD of 1.2 x107 viable cells/ml and sustain one day longer.

As compared to 665.2B9.1E4 cells, 665.B4.1C1 cells exhibited much better growth in
both processes. In Process #1, its VCD reached 2x107 viable cells/ml on day 7 with 97%
viability. The culture also maintained this VCD and V% for two more days before it started
to decline. The culture was harvested on day 11. In Process #2, 665.B4.1C1 cells showed a
similar growth profile as in Processes #1. More specifically, the cells reached the highest
VCD of 2.3x107 viable cells/ml and the viability declined a little slower with the harvest

occurring on day 11. This observation was somewhat different from the 665.2B9.1E4 cell

line, which demonstrated a growth advant&ge: n Process #2.

'The antibody yields of two cell lines in Processes #1 and #2 were compared in figure
27. The final yield of 665.2B9.1E4 cells was 0.42 g/L in Process #1 and 0.55 g/L in Process
#2. For comparison, 665.B4.1C1 cells delivered a higher final yield of 1.5 g/L in both

processes.

The daily specific antibody productivities (per cell basis) were calculated and are
shown in figure 28. As shown in the figure, the 665.2B%.1E4 cells had an average daily
Oy of approximately 15 pg/cell/day throughout the course of cultivation for beth
processes. The additional day of growth at the highest VCD in Process #2 resulied in a higher
final antibody concentration.

The 665.B4.1C1 cells showed a similar daily specific antibody productivity profile in
both processes with Process #1 yielding slightly higher productivity. The daily Oy were
maintained between 20~25 pg/cell/day until day 9. Thereafter the productivity declined.
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5 During the cultivation, bioreactor samples were taken periodically for

off-line analysis. The viable cell density (VCD) and the cell viability were
measured by microscopic counting using a hemocytometer after staining

with 0.4% trypan blue dye. The glucose, lactate, glutamine, ammonia
concentrations were measured using a Nova Bioprofile 200. The antibody
concentration was determined by HPLC using a protein A affinity
chr@mapag‘r@pmdﬂﬂmcﬂﬂﬁﬁwwlmbmgsﬁhm%@m2{10@:131D(Ds;t1eTbﬁﬁbited a
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2 5 Figure 26 shows the growth curves (VCD and the viability) of
denwaﬂtr%témhﬁé@lwﬁb%eé%%@ AP e g8 ity thFoheisegl fine lo enhance its

oroWfo 28 %iEheel s grew teeatirina maviinah VICRoRhdixl 8:4d4rkl ef&elbslgelscale
on day 6 with 86% qf viability, After day, 6, VCD and V% decr
com R BAHO L R R RSt O 4By PRCARBa o a diicel wse
Theanbtthrc&igemdrpmbngdmerm&m@dme Qv hdabtelidelis/mlaapcbatistaibone: skilled
onger. I com dto 9.1E4 cells, 665.B4.1C1 cell
i A AP R R MBS Bty i
are mn@t&tﬁ&lm@mm&@eﬂsmtbwmwﬁwnh 97% viability. The culture
also maintained this VCD and V% for two more days before it started to
decline. The culture was harvested on day 11. In Process #2, 665.B4.1Cl
cells showed a similar growth profile as in Processes #l. More specifically,
the cells reached the highest 15 VCD of 2.3x107 viable cells/ml and the
viability declined a little slower with the harvest occurring on day 1.1. This
observation was somewhat different from the 665.2B9.1E4 cell line,
which demonstrated a growth advantage in Process #2. The antibody
yields of two cell lia es in Processes #1 and #2 were compared in figure
27. The final yield of 665.2B9.IE4 cells was 0.42 g/L in Process #1 and
0.55 g/L in Process a0 #2. For comparison, 665.B4.1C1 cells delivered a
higher final yield of 1.5 g/L in both
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processes. The daily specific antibody productivities (per cell basis) were
calculated and are shown in figure 28. As shown in the figure, the
665.2B9.IE4 cells had an average daily Q[MADb of approximately 15
pg/cell/day throughout the course of cultivation for both 25 processes. The
additional day of growth at the highest VCD in Process #2 resulted in a
higher final antibody concentration. The 665.B4.1Cl cells showed a

WHA BInitar glgiyspecific antibody productivity profile in both processes with
Process #1 yielding slightly higher productivity. The daily Q[MAb] were
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mediuBTGAUG B ARFINGH 5 FPmRREREIED e 882:aBAHEAERIANEN NS, said host
cell coﬁ\%’é B¢ Gl el ding &ﬁh%@@%&oﬁiﬁ@%&ﬁﬂ%ﬁﬁtﬁﬂ& Hog;ﬁ}gg %H%Wllléﬁ‘em said host
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> I|n éPogen Cé)ﬁcgcits? °g?33/\1/t ¥ e&%‘ﬁ%f%‘ﬂﬁ@? L §§?§f‘erluofp§e°?Hedla in a

reactor modeled for large-scale commercial preparation of a

3. bi%sms it i %H%é‘é‘%fﬁ%ﬁﬁ‘é*dﬁﬁ%|ﬁ?@aﬁsﬁé‘egp$ﬁéc or derivative
thereofpy Wm‘ﬁfb‘%ea FELeEEHS B gsd herein can be modified, as appropriate,
b one skilled in the art. All publications, patents and patent applications,
4. retelincascestittined dereih, wheraie meddrpovatesd! hisrein eithelial cell, or a
mah"ﬂ?@re‘i@ﬁt&lmeﬂfeur entirety. 36 WHAT IS CLAIMED IS: 1. A method of
making a recombinant protein, comprising culturing a host cell in a
5. slitailethmbgicndimde ctomditiohg suitable fothekgpression ofBaict HEK 293 cell.
recombinant protein, wherein said host cell comprises a nucleic acid
6.  sHguenckodnoodidnsaid cedombinhatpratain aad winerein saickhastngelbell, or a
malignhastbeemheiestified by an agent that inhibits apoptosis and wherein said
host cell is a lymphocyte, an epithelial cell, or a mesenchymal cell or a

7. malghanbiomdhereel Jaithewnetbod ascaudingdo.clainl wheksin, paid

host cell is a myeloma cell. 3. The method according to claim 2 wherein

8. Shid pyslemacaiiis an-BRa/? ¢allordsrly ﬁBY@Dng?f? ok %6?9&9@ HSPeer

cell or rat YB2/0 cell. 4. The method according to claim | Wherein said host

9. Gﬁjll '%%&8@'598&%& ‘!0 U 1 wherein the host cell is first modified with the agent
that inhibits apoptosis.

10.  The method according to claim 1 wherein said agent that inhibits apoptosis is a
heterologous protein expressed by said host cell.

1. The method according to claim 10 wherein said heterologous protein is encoded by a
nucteic acid sequence integrated in the chromosomal DNA of said host cell.

12, The method according to claim 10 wherein said agent that inhibits apoptosis is a
papillomavirus E6 protein.

13, The method according to claim 10 wherein said agent that inhibits apoptosis is a
papiliomavirus E7 protein.

14. The method according to claim 10 wherein said agent that inhibits apoptosis is a
papillomavirus E6 protein and a papiliomavirus E7 protein.



malignant form thereof. 5. The method according to claim 3 wherein said

epithelial cell is a CHO or HEK 293 cell. 6. The method according to claim

| wherein said host cell is a mesenchymal cell, or a malignant form

thereof. 7. The method according to claim 6 wherein said mesenchymal

cell is a fibroblast. 8. The method according to claim 7 wherein said

fibroblast is a COS-1 or COS-7 cell. 9. The method according to claim |
15.  whereiethe hesteslidsdirsl.mediednutihthe RoeRh (NALINRIAERs apoptosis is an
apopto@P ARIR3S é&e&gﬁﬁﬂﬁ#%@%@@fﬂ&ﬂ%@ﬁ%@ds ﬁﬁﬁ%ﬂcﬁ@'d agent that

inhibits apoptosis is a heterologous protein expressed by said host cell.
16. ﬁe}ﬁ?ﬁgtg&%ﬁgﬂg@gsl z'%@?@%%é" irsgé g?g% IQ@@?@{%? Ozlélss %%&iegw from the
“}gmuP CéRﬁ&S e Sl oat cgﬁfxﬁzﬁ; e 'me%ﬁdg dccordli’ng 0 cciélr'ngllfg? %g%%%%qd M-

agent that inhibits apoptosis is a papillomavirus E6 protein. 13. The
z r]ll thod ac ordin%éto claim 10 wherein said agent that inhibits apoptosis is
T PG B ORI 1l MRE e AR B HG RsTcRaRpiges at least one
caspasqRRINIS s aid agent that inhibits apoptosis is a papillomavirus E6 protein
and a papillomavirus E7 protein. 37 15. The method according to claim 10
18 \hereirthod pegrariog & idRipitd Apdisississr hsatpeptobisiinilsiteriected from the
group culistiag fropastecBIcRTAHY: GRapoptdsissiptibitdrand BarFres prssthgdbitors.
according to claim 15 wherein said apoptosis inhibitor is selected from the
19.  groapetnsistingofBcla cBeh-x17, BilewejBehi@ERLiBhofl, iKSeBcled, from the group
consistilBel gKY BBI-Brénd MeEVDIRoTheametlaxiadtording to claim | wherein
said medium further comprises at least one caspase inhibitor. 18. The
20.  ratheeieecasdingido laimin 7 whersinssaithaspasainbiites is s8lectedeenously
added ftem the GRaMB epOSISHINGNAf GaBRBSEN 16 ASPASERe SARPASERD,
caspase-12 and pan-caspase inhibitors. 19. The method according to
21, daiMdefhwhereingaild inhinitaris %@l@ﬁé&dsﬁmk%%&m}gpag%%%szmge%ber of the
Cytokil%-wﬁprgﬂ&%@@/ﬁ-chq, Aven and XIAP. 20. The method according to
claim 1 wherein said medium further comprises an exogenously

22, The method according to claim 21 wherein said member of the cyiokine type I
superfamily is erythropoietin.

23, The method according to claim 1, wherein said recombinant protein is selected from the
group consisting of immunoglobulins, peptides, enzymes, growth factors, hormones, vaccines,
tymphokines and cytokines.

24, The method according to claim 23 wherein said recombinant protein is an
immunoglobulin selected from the group consisting of antibodies, antibody fragments,
multispecific antibodies, and single chain antibodies.

25.  The method according to claim 23 wherein said protein is a growth factor selected from
the group consisting of Erythropoietin, G-CSF, GM-CSF, EGF, VEGF, and thrombopoietin.

26.  The method according to claim 23 wherein said protein is a iymphokine selected from the
group consisting of any of 1L-1 to IL-31, alpha interferon, beta interferon, gamma interferon and

consensus interferon.

27.  The method according to any preceding claim wherein the celi is placed in a serum free
medium and cultured to produce the protein.
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added agent that inhibits apoptosis and/or functions as a cytoprotective
agent. 21. The method according to claim 20 wherein said exogenous
agent is a member of the cytokine type | superfamily. 22. The method
according to claim 21 wherein said member of the cytokine type |
superfamily is erythropoietin. 23. The method according to claim 1,
wherein said recombinant protein is selected from the group consisting of
immunoglobulins, peptides, enzymes, growth factors, hormones,
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i proteln IS a Iym hokine selected from the group consisting of any of IL-I
3L iShe mathgiperinterfersrilbBtrite sTsAscArRpH teidrp eaiiyl of at least 6 days.
consensus interferon. 27. The method according to any preceding claim
wherein the cell is placed in a serum free medium and cultured to
produce the protein. 38 28. A host cell comprising an exogenous nucleic
acid sequence encoding a recombinant protein that inhibits apoptosis,
wherein the host cell is Sp-E26 or Sp-EEE. 29. The method of claim 1,
resulting in an increase in cell culture longevity of at least 2 days. 30. The
method of claim 1, resulting in an increase in cell culture longevity of at
least 4 days. 31. The method of claim 1, resulting in an increase in cell
culture longevity of at least 6 days. 39 SEQUENCE LISTINGS SEQ.: ID
No. 1: Complete sequence of the hMNI4pdHL2 vector. LOCUS
hNN14pdHL2 9780 bp DNA circular SYN 26-MAR-2004 DEFINITION
hMN214pdHL2 vector. BASE COUNT 2441 a 2630 c 2366 g 2343 t
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1 ttccataggc tccgceccccce tgacgagcat cacaaaaatc gacgctcaag tcagagctag
61 cgaaacccga caggactata aagataccag gcgtttcccc ctggaagctc cctcgtgegce
121 tctccetgttc cgaccctgec gettaccgga tacctgtceg cctttctecc ttcgggaage 181
gtggcgcttt ctcatagctc acgctgtagg tatctcagtt cggtgtaggt cgttcgetce 241
aagctgggct gtgtgcacga accccccgtt cagcccgacc getgegcctt atccggtaac 301

tatcgtcttg agtccaacce gotagugeaneastiaiggegasiogcage agecactggt 361
aacaggatta gcagagcgag gtatgtaggc ggtgctacag agttcttgaa gtggtggect 421

SEQadriaNgot! esagiRgAqgeatraipit guaeigRrIGIstasigRa gecagttacc 481
ttcggaaaaa gagttggtag ctcttgatcc ggcaaacaca ccaccgctgg tagcggtggt 541
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1861 tttggacaaa ccacaactag aatgcagtga aaaaaatgct ttatttgtga aatttgtgat
1921 gctattgctt tatttgtaac cattataagc tgcaataaac aagttaacaa caacaattgc
1981 attcatttta tgtttcaggt tcagggggag gtgtgggagg ttttttaaag caagtaaaac
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3661 tatcatcgct gcactccgec cgaaaagtgc gctcggctct gccaaggacg

cggggcgegt 3721 gactatgegt gggctggage aaccgcectgce tgggtgcaaa

ccctttgcgce ccggactcgt 3781 ccaacgacta taaagagggc aggctgtcct

ctaagcgtca ccacgacttc aacgtcctga 3841 gtaccttctc ctcacttact ccgtagctcc
agcttcacca gatccctcga ctctagaggc 3901 cttaagggcc ttactgagca
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agcaggtgge
cactacacge
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cttoccagge
tgtgatogott
gagegggtec
ggtggggctc
cteoocagoago
gotecooggad
gggegegtea
tageggaghbg
catatgeggt
toegottoct
gctractcaa
atgtgagcaa

tggactcecga
agcaggggaa
agaagagcech
cgggetoteg
acgcageaty
ctitocacgg
cactgtecoc
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agctgoctcy
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aggecggtaat
aaggcocagea

ggagagcaat
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gcatcagagoe
gtaaggagas
toggtoegtte
acagaatcag
ageegtagas
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5521 gttttccect cctcagcaag ccctcatagt cctttttaag ggtgacaggt cttacagtca
5581 tatatccttt gattcaattc cctgagaatc aaccaaagca aatttttcaa aagaagaaac
5641 ctgctataaa gagaatcatt cattgcaaca tgatataaaa taacaacaca
ataaaagcaa 5701 ttaaataaac aagcaatagg gaaatgttta agttcatcat ggtacttaga
cttaatggaa 5761 tgtcatgcct tatttacatt ttcaaacagg tactgaggga ctcctgtctg
SEQS fgaﬁggic 821 tatt tac tttccacaac ct ttag{]gga%gctata ct %%att
Bl éi?‘* aanl alanecl opbmane WOIEE, .
obtalAaGlC % ttcccacttc taggga cg act ggcagga agcagg ca
mLWaggc tatttgggga 6001 agggaaaata aaaccactag gtaaacttgt
agctgtggtt tgaagaagtg gttttgaaac 6061 actctgtcca gccccaccaa accgaaagtc
caggctgagc aaaacaccac ctgggtaatt 6121 tgcatttcta aaataagttg aggattcagc
cgaaactgga gaggtcctct tttaacttat 6181 tgagttcaac cttttaattt tagcttgg Rep ori
agtictagttdgoreaaact fa te::624d-gacticiasamatgediag.antte
aattctsaermgatagct tat gct 6301 gcactccgcec cgaaaagtgce getcggctct
gccaaggacg c&g‘%&@’ég} gactaétgzcgt 6361 gggctggagc aac gcctgc
t99atgcaaR CERRHGIE-ELataeH ecaaeaacia, 64tk iaaa Caceo
aggctgtmatate:egcgtca ccacgacttc aacgtcctga gtaccttctc 6481 ctcacttact
ccgtagctcc agcttccc atccctcga gcacacagga cctcaccatg B54F<L SV40 genome
agat99a0] diaiealeehgliclianie, 08aasAa. I aRR0M0. ARlIRERAIR, 0001
gcaggetiga@englggaca tatatatggg tgacaatgac atccactttg cctttctctc A6661
cacaggtgtsracteecaggptesaactgca ggagagcggt ggaggtgttg tgcaacctgg

6721 ccggleeetg coectgteet getecgeate tggeticgat ticaccacat attggatgag
6781 P%g%ﬁgg%cgggc?acé‘tgggaaéq’a gtc {Egagtggaw NS

agccagatag 6841 cagtacgatt aactatgcgce egiegetanaagatagatt acaatatcge

gagacaacgc 6901 caagaacaca ttgttcctgc aaatggacag c,tgagaccc
G ] s .-:h 0 G’ sra E ar i m

REERTIwTecr R
tgggccccggt 7021 caccgtctcc tcaggtgagt ccacaacs tetetGict vx -
attcagctta aatagatttt 7081 actgcatttg ttggggggga aatgtgtgta tctgaatttc
a?d’@ttatg ‘ Talir: 56 : AR
gccccaap‘%% 1c‘fagggca ggccaggcct 7201 gaccttggct ttggggcagg
gagggggcta aggtgaggca ggtg agegaggttca 7261 cacccaatgc

cEdigagcesayasactyga CRBIBDEECRgEREIGAGTT CERTEACTCIG

GATAAGCCTG




7321 ggggcctcetg cgecetgggce ccagctctgt cccacaccgce ggtcacatgg

caccacctct 7381 cttgcagcct ccaccaaggg cccatcggtc ttcccectag caccctcece

caagagcacc 7441 tctgggggca cagcggccct gggctgcectg gtcaaggact

acttccccga accggtgacg 7501 gtgtcgtgga actcaggcgc cctgaccagce

ggcgtgcaca ccttcceggc tgtcctacag 7561 tcctcaggac tctactcect cagcagcegtg
SEQIIPRAEEIC GRleRA0EAd Q&Q&&%ﬁs@%ﬁ%ﬂg&&éwa (Ctgcaacqt

gaatcacaag cccagcaaca ccaaggtgga caagagagtt 7681 ggtgagaggc
cagcacaggg agggagggtg tctgctggaa gccaggctca gegceteectge 7741
ATRAYACHRAG CCragntala £AICCLRaaeCagI0r AL BEEURMIAC ELBISIISEI A A
6T A;égl @gcacccgg agcctctgcc cgececcactc atgctcaggg agagggtctt ctggcttttt

1 @a%gctct gggcaggcac aggctaggtg cccctaaccc aggccctgca

TATORASHZEREOTT GOAT AaHYYe 00 AC EATAGHCREPGUREARICLYIGGCGC
CG&?&% cctgacctaa 7981 gcccacccca aaggcecaaac tctccactee

ctcagctcgg acaccttctc tcctcccaga 8041 ttccagtaac tcccaatctt ctetctgcag
GGGGgescasalc gigaddaaiefe a¢atat BIUCQAOCAaG CEoaduagCACGCT
cc Fpalegeagy cctcgeccte cagetcaagg cgggacaggt 8161 geectagagt

a_?cct catc cagggacagg ccccagccgg gtgctgacac gtccacctcc 8221
GO SR AER R A0 GHbboen G RACTEE b6 CHAREBTREC

TCERGagggaga ccctcatgat ctcccggacc cctgaggtca catgegtggt ggtggacgtg
8341 agccacgaag accctgaggt caagttcaac tggtacgtgg acggcegtgga

GO RA bCI GecLaAA AG SBHed oA bGAEAENaR GRcHgEACHCCCT

CCETOggHygr cagegtectc 8461 accgtcctge accaggactg getgaatgge

e N G L

CCAtygBcagey geeggetegg cecaccctet geectgagag tgaccgetgt 8641
CTEEERRCEICH HEalRradq 9Ca905e00R 9239526839 @&%ﬁ?@%&%ﬂﬁ%ﬂ

8701 cgggaggaga tgaccaagaa ccaggtcage ctgacctgee tggtcaaag
CTuetat#e6 8761 agcgacatcg ccgtggagty ggagagcaat gggcagecgg

GGEOaRTARLIR GARIGENAGE B8P E PEIGLCEIBR I09PRICLaR FRBCISAUG REsHalR
caagctcac cgtggacaag 8881 agcaggtggc agcaggggaa cgtcttctca
GT(?J& %catgaggc tctgcacaac 8941 cactacacgc agaagagcct ctccctgtct

AGCOIUpiaea! (aGHEgA0YICC gguaagq Q0L coacycics COg0CI e TGGAT

G A@gg}tg(a}cﬁgg aggatgcttg gcacgtaccc cgtctacata 9061 cttcccaggc
acccagcatg gaaataaagc acccaccact gccctgggcec cctgcgagac 9121

CTAGYAIGRECHRCETHY gICAGHCTGONAIGaYYE I8 ARt g grat: 0 apgUaA.GOraA TGC
CTTTGTGGAA

CTGTACGGCC CCAGCATGCG GCCTCTGTTT GATTTCTCCT GGCTGTCTCT
GAAGACTCTG

CTCAGTTTGG CCCTGGTGGG AGCTTGCATC ACCCTGGOTG CCTATCTGGG
CCACAAGTGA-3



9181 gagcgggtcc cactgtccce acactggcecc aggcggtgca ggtgtgectg
ggccgcectag 9241 gatggggctc agccaggggc tgeectcgge agggtggggag
atttgccagc gtggccctcc 9301 ctccagcagc agctgectcg cgcegtttcgg tgatgacggt
gaaaacctct gacacatgca 9361 gctcccggag acggtcacag cttgtctgta
agcggatgcc gggagcagac aagcccgtca 9421 gggcgcgtca gcgggtgttg
SEQIRIINIIAY 90aaSRACCAIGRRCSAELLAOIR0GAR.481 tageggagty
tatactggct taactatgcg gcatcagagc agattgtact gagagtgcac 9541 catatgcggt
gtgaaatacc gcacagatgc gtaaggagaa aataccgcat caggcgctct 9601

BRI VIRV Re et e g yCiosaeasy @aagataioa 19664 ks
3 QP%}%?S aggcggtaat acggttatcc acagaatcag gggataacgc aggaaagaac
aggaa aaggccagca aaaggccagg aaccgtaaaa aggccgcgtt
61 GCSFAREMAREFEQ.QTE ANOP QAFDhGReEE BRIV I FOMGE TSI BRI PERIEYRR

DF % ﬁncer and promoter respectively, that are present in the
- % L2 vector used to transfect the SP2/0 cells to obtain the

121 6B BRIBBORE. ALVMFIHERPREPNY GROIACAEFGGYHC KNS CNZAGHGY

DNI TA GCTTTTTGCA AAAGCCT GG CCTCcAAAAA (n~F-Ji
dhfr SV40 on (2749-2832) 2761 AGCCTCCTCA CTACTTCTGG

81 NATAEETONG RECGECYBACEE EETEMRIEE DXSFEEAANA FAdt VGACT

TLGIWAmgnome 2821 c12-3AAAAAAT GTCAGCCA TGGGGCGGAG
AATGGGCGGA ACTGGGCGGA GTTA CGGGCG SV40 Early promoter
2881 GGATGGGCGG AGTTAGGGGC GGGACTA~ GG TTGCTGACTA
ATTGAGATGC ATGCTTTGCA SV40 Enh (2908-2979) 29411
TACTTCTGCC TGCTGCGGAG CCTGGGC-ACT TTCCACACC
GGTTGCTGAC TAATTGAGAT




SV40 Enh (2980-3051) 3001 GCATGCTTTG CATACTTCTG
CCTGCTGGGG AGCCTGGGGA CTTTCCACAC CCTAACTGAC LI pro
3061 ACACATTCCA CAGTCGA A GAATATGGAT AGTGGGTGTT
TATGACTCTG GATAAGCCTC 4 SEQ. ID. NO. 3: Nucleic acid sequence
of Bcl-2-EEE gene 5' ATGGCGCACG CTGGGAGAAC GGGGTACGAT

SEQACREGCAGA ASTGAEGAA GTACATCCAT TATAAGCTGT
CGCAGAGGGG CTACGAGTGG GATGCGGGAG ATGTGGGCGC

_.CGCGCCCCCG GGGGCCGCCC CCGCACCGGG CATCTTCTCC

g,;?G EEECAGARAACA L ERT AR A  EeATEHIGEEEIGACCAC
REEEARTESCE A HACKA €8 CTGCAGA CTCCGGCTGC
TCCTGGAGCA GCTGCAGGAC CTGCGCTCGA ACCGGTGCCA
CCTGTGGTCC ACCTGACCCT CCGCCAGGCC GGCGACGACT
TCTCCCGCCG CTACCGCCGC GACTTCGCCG AGATGTCCAG
CCAGCTGCAC CTGACGCCCTTCACCGCGCG GGGACGCTTT
GCCACGGTGG TGGAGGAGCT CTTCAGGGAC GGGGTGAACT
GGGGGAGGAT TGTGGCCTTC TTTGAGTTCG GTGGGGTCAT
GTGTGTGGAG AGCGTCAACC GGGAGATGTC GCCCCTGGTG
GACAACATCG CCCTGTGGAT GACTGAGTAC CTGAACCGGC
ACCTGCACAC CTGGATCCAG GATAACGGAG GCTGGGATGC
CTTTGTGGAA CTGTACGGCC CCAGCATGCG GCCTCTGTTT
GATTTCTCCT GGCTGTCTCT GAAGACTCTG



CTCAGTTTGG CCCTGGTGGG AGCTTGCATC ACCCCGGGTG
CCTATCTGGG CCACAAGTGA-3'5 SEQ. ID. NO. 4: Amino acid
sequence of Bcl-2-EEE protein 1 MAHAGRTGYD NREIVMKYIH
YKLSQRGYEW DAGDVGAAPP GAAPAPGIFS SQPGHTPIB'A 61 .
ASRDPVAREE PLQTPAAPGA AAGPALEPVP PVVHLTLRQA

| SEQQ@[}E@%R}éBi@ PEA %‘g@)LH 121 LTPFTARGRF ATVVEELFRD
GVNWGRIVAF FEFGGVMCVE SVNREMSPLV DNIALWMTEY 181

57 CHf F&GF NOEWDALUETYEASHIRPAP BREGHAIGEETTCGAGCGCA
GGTE&?&LQ/’% FLERNTEARG SEG-1D. NO. 5: Bel-2-EEE Left (80) 5'
GGACCCGGTCGCCAGAGAAGAACCGCTGCAGACTCCGGCTGCTCCT
GGAGCAG CTGCAGGACCTGCGCTCGAACCGGTGC-3' 7 SEQ. ID.
NO. 6: Bel-2-EEE Right (80) 5'
CGCCGGCCTGGCGGAGGGTCAGGTGGACCACAGGTGGCACCGGTT
CGAGCGCA GGTCCTGCAGCTGCTCCAGGAGCAGCC-3' 8



