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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

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
processed prior to use clinically. The quantity of protein production over time from the cells
growing in culture depends on anumber 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 cellsin culture (i.e., how long
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 adesired 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 cellsin culture. Therefore, it may bedesirousto
reduce the rate of proliferation of such cellsin culture when the maximal density is achieved,
so asto maintain the cell population in its most productive state aslong aspossible. This
results in increasing or extending the bioreactor cycle at its production peak, elaborating the
desired protein products for alonger period, and this results in ahigher yield from the

bioreactor cycle.
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Many different approaches have been pursued to increase the bioreactor cycle time,
such as adjusting the medium supporting cell proliferation, addition of certain growth-
promoting factors, aswell asinhibiting cell proliferation without affecting protein synthesis.
One particular approach aimsto increase the lifespan of cultured cells via controlling the cell
cycle by use of genes or antisense oligonucleotides to affect cell cycle targets, whereby a cell
isinduced into a pseudo-senescence stage by transfecting, transforming, or infecting with a
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 cellsin culture;
in other words, the pseudo-senescent state can be induced by transforming the cells with a
vector expressing acell cycle inhibitor (Bucciarelli et al, US Patent 2002/0160450 Al;
idem., WO 02/16590 A2). The latter method, by inhibiting cell duplication, seeksto force
cells into a state that may have prolonged cell culture lifetimes, as described by Goldstein and
Singal (Exp Cell Res 88, 359-64, 1974; Brenner et al, Oncogene 17:199-205, 1998), and
may beresistant to apoptosis (Chang et al, Proc Natl Acad Sci USA 97, 4291-6, 2000;
Javeland et al, Oncogene 19, 61-8, 2000).

Still another approach involves establishing primary, diploid human cells or their
derivatives with unlimited proliferation following transfection with the adenovirus El genes.
The new cell lines, one of which isPER.C6 (ECACC deposit number 96022940), which
expresses functional Ad5 EIA and EIB gene products, can produce recombinant
adenoviruses, aswell as other viruses (e.g., influenza, herpes simplex, rotavirus, measles)
designed for gene therapy and vaccines, aswell asfor the production of recombinant
therapeutic proteins, such ashuman growth factors and human antibodies (Vogels et al., WO
02/40665 A2).

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 Bcl-2 family for preventing or
delaying apoptosis in cells. See Arden et al, Bioprocessing Journal, 3:23-28 (2004). These
approaches have yielded unpredictable results; for example, in one study, expression of Bcl-2
increased cell viability but did not increase protein production. See Tey et al Biotechnol
Bioeng. 68:31-43 (2000). Another example described overexpression of Bcl-2 proteins to
delay apoptosis in CHO cells, but Bcl-xL increased protein production whereas Bcl-2
decreased protein production (see WO03/083093). A further example described experiments
using expression of Bcl-2 proteins to prolong the survival of Sp2/0-Agl4 (ATCC # CRL-
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1581, hereafter referred to as Sp2/0) cells in cultures, however, the cell density of the Bcl-2
expressing clones were 20 to 50% lower than that of their parental cultures, raising concerns
for their practical application in biopharmaceutical industry (see WO03/040374).

It is apparent, therefore, that improved host cells for high level expression of recombinant
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.

SUMMARY OF THE INVENTION

Accordingly, it isan object of the present invention to provide improved host cells
and methods to increase the longevity and recombinant protein yields of acell culture by
introducing into the cells agents that inhibit senescence or that promote cell survival, e.g.,
anti-apoptotic agents. The use of such agents preferentially increases the lifespan and
viability of cellsin culture used for the production of a desired recombinant protein,
concomitantly increasing the productivity of such cellsin culture, and thereby the optimal
yield of the desired protein. Preferably, the apoptosis inhibitors used in the method of the
present invention include but are not limited to Bcl-2 and its family members. Alternately, the
longevity and recombinant protein yields of acell clone can be improved by introducing into
the cell agents that down-regulate the level of intracellular pro-apoptotic proteins, such asp53
and Rb, or up-regulate intracellular anti-apoptotic proteins, such as Bcl-2. Preferably, the
regulatory agents used in the method of the present invention include, but are not limited to,
human papillomavirus type 16 (HPV-16) oncoproteins E6 and E7, and combinations thereof.
Additionally, 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 cellsin culture. A further class of anti-apoptotic agents that can
be used in these cultures to enhance production of recombinant proteins includes certain
members of the cytokine type | superfamily, such as erythropoietin (EPO). EPO, asa
prototype molecule of this class, isamaor modifier of apoptosis of multiple cell types, not
just erythrocytes, and thus has more general cytoprotective functions, such asin endothelial
cells, myocardial cells, tubular epithelial cells 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].



20

WO 2007/015691 PCT/US2005/026224

The present invention also teaches cell culture methods incorporating novel
combinations of factors including, but not limited to, transfection vectors, screening and
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
longevity of the cell cultureisincreased and/or made optimal and the yield of a desired
recombinant protein isincreased. These cell culture methods include suspension, perfusion,
and fed-batch methods of production. See Tey et al., J. Biotechnol. 79: 147-159 (2000);
Zhang et al, J. Chem. Technol. Biotechnol. 79: 171-181 (2004); Zhou et ah, Biotechnol.
Bioeng. 55: 783-792 (1997).

Unless otherwise defined, all technica and scientific terms used in the invention have
the same meaning as commonly understood by one of ordinary skill in the art. In addition, the
contents of all patents and other references cited herein are incorporated by reference in their

entirety.

BRIEF DESCRIPTION OF DRAWINGSFIGURES

Figure 1 shows visual images of Sp2/0 and Sp-E26 cells treated with cycloheximide (+ CHX)
or untreated (- CHX).

Figure 2 shows the results of screening HPV E6/E7 transduced cells that are more resistant to
CHX treatment. A total of 55 clones were screened; in the first experiment, 31 clones were
screened (top panel); in the second experiment, 24 clones were screened (bottom panel).
Healthy cells of each clone were split into two 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. untreated (CHX")
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 **)
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.



WO 2007/015691 PCT/US2005/026224

Figure 3 shows the dot plots of GuavaNexin V assay. The percentage of early apoptotic cells
(Nexin V-positive and 7-AAD-negative) isindicated 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.

Figure 5 shows the growth profiles of Sp2/0 and Sp-E26 cellsin T-flasks. Healthy cells
(>95% viability) were seeded in T-flasks a an initial cell density of 200,000/ml. Viable and
dead cells were counted daily using Guava ViaCount reagent (Guavatechnologies, Inc.) and
PCA instrumentation (Guava Technologies, Inc.). Accumulation OfNH * and lactate also was
monitored.

Figure 6 compares the growth profiles of Sp2/0 and Sp-E26 cells as determined for a batch
culture in 3-L bioreactors. Healthy cells (>95% viability) were seeded in the bioreactors & an
initial cell density of 250,000/ml. Cells were counted daily by trypan blue and microscope.
Figure 7 shows arepresentative immunoblot stained with Bcl-2 (100) antibody (Santa Cruz
Biotech.) and developed with enhanced chemiluminescence for screening of clones for Bcl-2-
EEE expression.

Figure 8 shows a graph of flow cytometry results using Guava Express. Cells were fixed and
permeabilized before staining with phycoerythrin-conjugated anti-Bcl-2 antibody (Santa Cruz
Biotechnology, Inc.) Several sub-clones are compared.

Figure 9 shows a graph of flow cytometry results using Guava Express. Cells were fixed and
permeabilized before staining with phycoerythrin conjugated anti-Bcl-2 antibody (Santa Cruz
Biotechnology, Inc.). Sp2/0, Raji and Daudi cells were compared to Bcl-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 lysates. A. Blots stained with ahuman Bcl-
2 specific antibody (Santa Cruz Biotechnology, Inc). B. Blot stained with an anti-Bcl-2
antibody (Santa Cruz Biotechnology, Inc) that recognizes mouse and human Bcl-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 curvesfor Sp-EEE (87-29 clone) cells.
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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
permeabilized before staining with phycoerythrin conjugated anti-Bcl-2 antibody (Santa Cruz
Biotechnology, Inc).

Figure 16 showsthe map of the pdHL 2 vector used to transfect Sp2/0 cells to obtain the
665.2B9 clone with humanized antibody sequences and the SV40 promoter and enhancer
sequences.

Figure 17 showsthe map of DNA plasmid with incorporated Bcl-2 gene, used for transfection
of clone 665.2B9

Figures 18 and 19 show the growth profiles of Bcl-2 transfected clones 665.2B%#4, Bcl-2
negative clones and untransfected control. Healthy cells (>95% viability) were seeded in 24-
well plates a an initial cell density of 400,000/ml. Viable and dead cells were counted daily
using Guava ViaCount reagent and PCA instrumentation.

Figures 20 and 2 1 show growth profiles of Bcl-2 transfected clone 665.259 #4 and Bcl-2
negative clonesin different MTX concentration. Healthy cells (>95% viahility) were seeded
in T-flasks & initial cell density of 100,000/ml. Viable cell density and viability were counted
daily using Guava ViaCount reagent and PCA instrumentation.

Figure 22 showsthe levels of human Bcl-2 expressed by clone 665.2B9#4 in increasing
concentrations of MTX and clone #13 detected by Western blotting.

Figures 23 and 24 show the profiles of cell viability and viable cell density, respectively, of
clone 665.2B9#4 cultured in 0.6 and 1 uM of MTX and the Bcl-2-negative clone#13 cultured
in 0.3 pM MTX with or without spiking L-glutamine and glucose. Healthy cells (>95%
viability) were seeded in roller bottles a an initial cell density of 200,000/ml. On day 2 and 4
(arrows indicated), anutrient supplement solution containing glucose and L-glutamine was
added to the "spiked" culture. Viable and dead cells were counted daily using Guava
ViaCount reagent and PCA instrumentation.

Figure 25 shows the process schematics for bioeractor feeding strategies.

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

Figure 27 shows the antibody yields of 665.2B9.1E4 and 665.B4.1C1 cell lines in Processes
#1and #2. Thefinal yield of 665.2B9.1E4 cellswas 0.42 g/L in Process #1 and 0.55 g/L in
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Process #2. For comparison, 665.B4.1C1 cells delivered ahigher 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 665.2B9.1E4 cells had an average daily QimA,] of approximately 15 pg/cell/day
throughout the course of cultivation for both processes. The additional day of grown & the

highest VCD in Process #2 resulted in a higher final antibody concentration.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides improved compositions, including host cell lines, and
methods for enhanced production of recombinant proteins in such cell lines. Cell lines have
been created that congtitutively express one or more anti-apoptotic genes and that can be
transfected with an expression construct encoding aprotein or peptide of interest, where
expression of the anti-apoptotic gene(s) prolongs survival of the transfected cell in culture
and provides for enhanced yields of the protein or peptide of interest.

Specificaly, the present inventors have created from Sp2/0 myeloma cell linetwo novel cell
lines, referred to as Sp-E26 and Sp-EEE, which show enhanced survival in batch culture. Sp-
E26 and Sp-EEE constitutively express the E6 and E7 proteins of HPV-16 and a Bcl-2
mutant, referred to as Bcl-2-EEE, respectively. In addition, recombinant protein production,
and particularly production of recombinant antibodies and antibody fragments, can be
improved upon transfecting either Sp-E26 or Sp-EEE with an expression vector for the
recombinant protein of interest. The E6/E7 or Bcl-2-EEE proteins delay induction 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:€39-€51), and/or by addition of one or more members of the cytokine
type | superfamily, such as erythropoietin (EPO), into the growth medium of the cells. A
pan-caspase inhibitor isparticularly effectivein thisregard.

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 asBcl-2. In particular, protein production is
significantly enhanced in amyeloma cell line, such as Sp2/0, that is stably transfected with an
expression vector encoding an antibody or antibody fragment and that i s co-transfected with

an expression vector encoding an apoptosis inhibitor, such as Bcl-2. Increased production of
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antibody can also be obtained from ahost cell transfected with the E6/E7 gene. Recombinant
protein production can be boosted still further by addition of one or more caspase inhibitors
into the growth medium of the cells. A pan-caspase inhibitor isparticularly effective in this
regard. Also, recombinant protein production can be enhanced by feeding EPO, or another
anti-apoptotic cytokine, into the medium of the cell culture.

Physiological, or programmed, cell death, referred to as apoptosis (Kerr et al, Br J Cancer.,
26:239-257, 1972) is essential for proper tissue development and maintenance and is
controlled by an intrinsic genetic program that has been conserved in evolution (Ellis et al ,
Annu Rev Cell Biol, 7, 663-698, 1991). Hence, when cells grow in artificial environments,
such as ex vivo cultures, this genetic endowment results in afinite lifespan. Therefore, the
utility of such cell cultures for the production of proteins used in medicine and industry, as
well asresearch, is dependent on maintaining such cultures for extended lifespan, or cycles,
before they die according to apoptotic mechanisms.

Methods and agents have been discovered that act independently on cell proliferation and cell
death events, by differentiating cell cycle from apoptotic effects. Bcl-2, awell-known
intracellular regulator of apoptosis (Vaux et al, Nature 335, 440-2, 1988), is aproto-
oncogene that has been found to have an anti-apototic effect that is genetically different from
its inhibitory influence on cell cycle entry (Huang et al, EMBO J 16, 4628-38, 1997). Two
homologues of Bcl-2, Bcl-X, and Bcl-w, also extend cell survival, but other members of the
Bcl-2 family, such as Bax and Bak, are pro-apoptotic (Oltvai et al , Cell 74, 609-19, 1993;
Chittenden et al, Nature 374, 733-6, 1995; Farrow et al, Nature 374, 731-3, 1995; Kiefer et
al, Nature 374, 736-9, 1995). Other anti-apoptotic genes include Bcl-6 and Mcl-L

Thus, Bcl-2 and certain of its family members exert protection against apoptosis, and it was
therefore hypothesized as amethod 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, particularly by myeloma
cells, over-expression of an anti-apoptotic Bcl-2 family member, such asBcl-2, BCI-x, Bcl-w
or mutant varieties of these proteins, inhibits apoptosis, resulting in increased cell density and
longer culture survival. Hence, transfection of anti-apoptotic Bcl-2 family genes avoidsthe -
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 Bcl-2 results in over-
expression of Bcl-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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isolation of recombinant proteins. It has also been observed that upon cytokine withdrawal,
interleukin-6 (1L-0)-dependent murine myeloma cells expire asif they undergo apoptosis. It
was also found that IL-6-receptors in such cells could beregulated by Bcl-2 or Bel-xL in
extending apoptosis (Schwarz et ah, Cancer Res 55:2262-5, 1995).

Recent literature has also demonstrated that a mutant Bcl-2 possessing three point mutations
(TB9E, S70E and S87E) exhibited significantly more anti-apoptotic activity compared to wild
type or single point mutants (Deng et ah, PNAS (101) 153 - 158, 2004). Thus, the invention
teaches the construction of an expression vector for aBcl-2-EEE triple mutant, which was
then used to transfect Sp2/0 cellsto create Sp-EEE clones and subclones that show improved
longevity and recombinant protein production.

Other agents, such as oncogenic viruses, can aso oppose apoptosis aspart of their eliciting
cellular immortalization and ultimately complete malignant transformation, such as high-risk
type HPV oncoproteins E6 and E7 (Finzer et ah, Cancer Lett 188, 15-24, 2002). For
example, the viral E6 protein effectively blocks the epidermal apoptotic response to
ultraviolet light (Storey, Trends Mol Med 8, 417-21, 2002). It has aso been suggested, from
indirect evidence, that the human papillomavirus may cause reduced apoptosis in squamous
(but not basal cell) carcinoma (Jackson et al., Br J Cancer 87, 319-23, 2002). However, not
all papillomavirus oncoproteins have anti-apoptotic effect. For example, other studies have
reported that the papillomavirus E6 protein of bovine species sensitizes cells to apoptosis
(Liu et al., Virology 295, 230-7, 2002), which isin contrast to other studies showing that
HPV- 16 E7 gene protects astrocytes against apoptosis induced by certain stimuli (Lee et ah,
Yonsei Med J42, 471-9, 2001). By use of E6-binding peptide aptamers, direct experimental
evidence was obtained that HPV E6 oncoprotein has anti-apoptotic activity in HPV-positive
tumor cells (Butz et ah, 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 et ah, JBiol Chem 275, 87-94, 2000). Continuous expression of
both the E6 and E7 proteins isknown to berequired for optimal proliferation of cervical
cancer cells and that the two viral proteins exert distinct effects on cell survival (DeFilippis et
ah, JVirol 77, 1551-63, 2003). The primary intracellular target attributed to HPV-16 E6is
p53. E6 forms aternary complex with p53 and acellular ubiquitin ligase, EGAP, resulting in
the ubiquitination and degradation of p53 through the proteosome pathway and inactivation
of p53. On the other hand, HPV-16 E7 protein interacts and destabilizes the tumor suppressor

protein Rb. Moreover, levels of avariety of other intracellular proteins involved in apoptosis
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and cell cycle pathways were reported to be regulated by E6 and E7 transformation, such as
Bcl-2, Bel-xL, p73, MDM2, p21, cyclins and cdc, cdk proteins, etc. Changes in the
expression of these proteins will greatly influence the physiological properties of the cell. The
present inventors therefore hypothesized that transfection of cellsin culture by HPV- 16 E6
and E7 would be very effective in generating genetically modified clones that areresistant to
aging-culture-condition induced apoptosis and, therefore, prolong the lifespan of the cell
culture. It was aso postulated that introduction into acell of either HPV- 16 oncoprotein E7
or E6 alone might be sufficient to generate genetically modified clones With improved
resistance to aging-culture-condition induced apoptosis. When the cell is arecombinant
protein-producing clone, the improved physiological properties would in turn trandlate into
enhanced overall protein productivity.

Generation of New Host Cells Expressing Viral Anti-apoptotic Genes

Host cells, such as myeloma host cells, can be generated that constitutively express viral anti-
apoptotic genes, such asHPV-16 E6 and E7 proteins. These host cells can betransfected
with an expression vector that encodes arecombinant protein of interest and co-expression of
the anti-apoptotic genes results in significantly increased production of the recombinant
protein.

The host cell can be essentially any host cell suitable for recombinant protein production that
can be stably transformed with the viral anti-apoptosis genes. For many recombinant
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.
Thevira 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 while permitting expression of the
genes. Methods for stable transformation of host cells with a gene of interest are well known
inthe art. A particularly advantageous method isto use aretroviral vector that encodes the
viral anti-apoptosis genes. Suitable vectors include the LSXN vector (Miller et al.
Biotechniques 7, 980-90, 1989).

Advantageoudly, 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 inthe art. After

transfection, cells are maintained in amedium containing the selection agent, such as an
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antibiotic, and screened for resistance to the marker. Cells can be selected and cloned by
limiting dilution using conventional methods.

The ability of the viral anti-apoptosis genesto increase cell viability can betested by
challenging the cells with an agent that induces apoptosis, such as cycloheximide (CHX).
Cellsthat do not express the viral anti-apoptosis genestend to demonstrate significant onset
of apoptosis, whereas cells expressing the genes exhibit drastically reduced apoptotic activity.
Methods of detecting apoptosis are well known in the art and include, for example, cell
surface FITC- Annexin V binding assay, DNA laddering assay and TUNEL assay.

Upon selection of suitable cells expressing the viral anti-apoptosis genes, the cells can be
transfected with an expression vector encoding the recombinant protein of choice. The
expression vector can be avector suitable for transient expression or, advantageously, can be
an episomal vector containing a eukaryotic origin of replication, or an amplifiable vector that
permits stable integration and subsequent gene amplification of the expression cassette.
Suitable vectors arewell known inthe art and include, for example, the pdHL 2 vector, which
isparticularly suited for production of antibodies and antibody fragments. When an
amplifiable expression cassette isused, it advantageously contains a selectable marker that is
different from the selectable marker used in the retroviral vector, to alow selection of
transfected cells. Once again, suitably transfected cells can be selected and then cloned by
limiting dilution.

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 or 3) to the culture medium.

Preferably the caspase inhibitor actsto inhibit one or more of caspase 3, caspase 9 and/or
caspase 12. A cell-penetrating caspase inhibitor advantageoudly isused, and a pan-caspase
inhibitor isparticularly advantageous. Suitable inhibitors such as Z-VAD-fmk 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 | superfamily, such
as EPO, can also increase cell survival by having anti-apoptotic and cytoprotective actions.
The methods described above generate a cell linethat can be used for transfection with
essentially any desired gene. However, the skilled artisan will recognize that established cell

lines that constitutively express adesired protein, and particularly arecombinant protein, can
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be subsequently transformed with a suitable vector encoding the viral or Bcl-2 family anti-
apoptosis genes. See Example 2 below.

The protein of interest can be essentially any protein that can be produced in detectable
quantities in the host cell. Examples include traditional 1gG type antibodies, F(ab') , or Fab
fragments, scFv, diabody, 1gG-scFv or Fab-scFv fusion antibodies, 1gG- or Fab-peptide toxin
fusion proteins, or vaccines [e.g., including not limited to, Hepatitis A, B or C; HIV,
influenza viruses, respiratory syncytial virus, papilloma viruses, Herpes viruses, Hantaan
virus, Ebola viruses, Rota virus, Cytomegalovirus, Leishmania RNA viruses, SARS, maaria,
tuberculosis (Mycobacteria), Anthrax, Smallpox, Tularemia, and otherslisted in

WWW.vaccines.org, incorporated herein by reference in its entirety] . The host cells described

herein are particularly suitable for highly efficient production of antibodies and antibody
fragments in myeloma cell lines as described in Examples 1and 2, aswell asrecombinant
growth factors (e.g., EPO, G-CSF, GM-CSF, EGF, VEGF, thrombopoietin), hormones,
interleukins (e.g., IL-I through IL-31), interferons (e.g., apha, beta, gamma, and consensus),
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 murine NSO
or rat YBZ2/0; epithelial lines, such as CHO and HEK 293; mesenchymal cell lines, such as
fibroblast lines COS-I or COS-7; and neuronal cells, such asretina cells, aswell as glial and

glioma cells.

Recombinant Antibody Expression in Cells Expressing Apoptosis Inhibitors

Prior work has described the effects of co-expressing Bcl-2, anaturally occurring apoptosis
inhibitor, in recombinant CHO cells producing a chimeric antibody. See Tey et ah,
Biotechnol Bioeng. 68:31-43 (2000). Although increased cell culture life was observed,
antibody production did not increase over equivalent cellsthat lacked Bcl-2 expression.
However, the present inventors have found that production of recombinant antibody from
myeloma cells is significantly increased when the cells also express Bcl-2.

Advantageoudly, 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 single
chain inthe case of an scFv) together with a selectable marker as described above. A
particularly useful vector ispdHL2, which contains a selectable marker gene comprising a

promoter operatively linked to aDNA segquence encoding a selectable marker enzyme; a
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transcription unit having apromoter operatively linked to aDNA sequence encoding the
protein of interest; an enhancer element between the selectable marker gene and the
transcription unit, which stimulates transcription of both the selectable marker gene and the
first transcription unit compared to the transcription of both the selectable marker gene and
the first transcription unit in the absence of the first enhancer. The vector also contains a
blocking element having apromoter placed between the first enhancer and the selectable
marker gene, which selectively attenuates the stimulation of transcription of the selectable
marker gene. VH and V L sequences can be ligated into pdHL 2, which is an amplifiable vector
containing sequences for the human light chain constant region, the heavy chain constant
region, and an amplifiable dhfr gene, each controlled by separate promoters. See Leung & al.,
Tumor Targeting 2:184, (1996) and Losman et a., Cancer 80:2660-2667, (1997). This vector
can betransfected into cells by, for example, electroporation. Selection can be performed by
the addition of 0.1 UM or a suitable concentration of methotrexate (MTX) into the culture
media. Amplification can be carried out in a stepwise fashion with increasing concentration
of MTX, up to 3 uM 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 Example 4, below. After selection
and cloning, the antibody-expressing cell line can then betransfected with an expression
vector that encodes an anti-apoptosis gene, such asBcl-2. For example, the vector pZeoSV
(Invitrogen, Carlsbad, CA) containing the Bcl-2 gene fused to an SV40 promoter is
transfected into the cell using a suitable method such as electroporation, and selection and
gene amplification can be carried out if necessary. Antibody production using the resulting
cell line can be carried 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 avector expressing Bcl-2 or asimilar inhibitor.
However, the skilled artisan will recognize that cell lines can be established that
constitutively express Bcl-2 or another anti-apoptotic protein, which can be subsequently
transformed with a suitable vector encoding the antibody or antibody fragment.
Representative examplestoillustrate 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 method

to improve host cell lines by over-expression of the HPV- 16 E7 element alone. Example 3
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describes using the improved cell, Sp-E26, as ahost to develop cell clones producing a
recombinant Ab. Example 4 describes the enhanced production of Mab observed for an
antibody-producing cell line that co-expresses the E6/E7 element. Example 5 describes the
generation and characterization of amodified Sp2/0 cell line that constitutively expresses a
mutant Bcl-2 (Bcl-2-EEE) possessing three point mutations, resulting in improved longevity.
Example 6 describes the improved growth properties of an antibody-producing cell line that
expresses Bcl-2. Example 7 describes the enhanced production of MAb observed for the Bcl-
2 expressing cell line of Example 6. Example 8 describes the methods to improve acell clone
producing low-level recombinant protein by introduction of Bcl-2 expression in the cell.
Example 9 describes the methods to improve Sp-E26 by introduction of Bcl-2 expression in
the cell. Example 10 describes using the improved cell line, Sp-EEE, as ahost to develop
cell clones producing arecombinant Ab. Example 11 describes the use of fed-batch reactor

profiles and feeding schedules to optimizeyield.

Example 1. Generation of apoptosis-resistance cell clones by stable expression of
HPV-16 E6 and E7 genes.

Selection of cell clones resistant to CHX treatment

Sp2/0 cells were transduced with an LXSN retroviral vector containing the expression
cassette of HPV-16 E6 and E7 genes a& an MOI (multiple of infection) of 10:1. After
recovery for 24 h, the infected cells were selected in G418 (1000 pg/ml) for 10 days. G418-
resistant cells were cloned in 96-well cell culture plates by limiting dilution (0.5 cells/well).
Stable infectants were screened for resistance to treatment by cycloheximide (CHX), apotent
apoptosis-inducing agent. Briefly, healthy cells (viability >95%, Figure 1C and D) were
incubated in medium containing 25 pg/ml of CHX and cell morphology was examined under
amicroscope. 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 IB).

To avoid tedious visual examination, MTT assay was used to access the changes in viable
cell population. After the healthy cells were incubated with or without CHX under normal
culture condition for 2-3 h, MTT dye was added to the wells. After further incubation for two
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hours, the cells were solubilized by adding alysis buffer contain SDS and HCI. The plates
were incubated overnight a 370C and OD reading was performed a 590 run using an ELISA
plate reader. As shown in Figure 2, the viable cell population was significantly reduced when
Sp2/0 cells were treated with CHX. By comparison, under the same treatment conditions
(concentration of CHX and length of time), Sp-E26 cells tolerated better against CHX
treatment. With this method, a large number of clones can be screened and selected for

further analyses (Figure 2).

Anti-apoptosis property of Sp-E26.

CHX-induced apoptosis in Sp-E26 and the parent Sp2/0 cells was evaluated by Annexin V
staining and DNA fragmentation assay. After being incubated in the medium containing 25
pg/ml of CHX, the cells were harvested and stained with GuavaNexin reagent (equivalent of
Annexin V staining) and analyzed in a Guava Persona Cell Analysis system (Guava
Technologies, Inc.). Figure 3 showsthat while more than 30% of Sp2/0 cells became
Annexin V positive when exposed to CHX treatment for about 1.5 h, indication of apoptosis,
Sp-E26 remained healthy, showing no increase in early apoptotic cells.

The induction of apoptosis by CHX can berevealed by analysis of the formation of
intracellular oligonucleosomal DNA fragments, ahallmark of apoptosis. The cellular DNA
was extracted from CHX-treated and untreated Sp-E26 and Sp2/0 cells and DNA laddering
assay was performed. In Sp2/0 cells treated with CHX, extensive DNA fragmentation was
detected (Figure 4). In contrast, under identical treatment conditions, the genomic DNA of
Sp-E26 was till intact, showing no appearance of DNA fragmentation (Figure 4).

Presence of HPV E6 and E7genes in Sp-E26

To confirm that E6 and E7 genes are stably present in the genome of Sp-E26 cells,
oligonucleotide primers specific for E6 and E7 genes were designed and used in a PCR
reaction with the genomic DNA extracted from Sp-E26 asthe template, resulting in a-700
bp DNA fragment. The PCR product was cloned and confirmed to be E6 and E7 genes by
DNA sequencing. No E6 and E7 genes were detected in the parent Sp2/0 cells.
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Improved growth properties of Sp-E26

The growth properties of Sp-E26 were evaluated in T-flask (Figure 5) and 3L-batch
bioreactor (Figure 6). Sp-E26 showed improved growth properties over the parent Sp2/0 cell

in batch cultures, achieving higher maximum cell density and longer survival time.

Example2. Generation of apoptosis-resistance cell clones by stable over-expression of
HPV16 E7 gene.

The structure of the poly-cistronic HPV 16 E6 and E7 genes integrated into the genome of
clone Sp-E26 was analyzed by PCR using the primer pair E6-N8* (5'-ATG TTT CAG GAC
CCA CAG GAG CGA-3) andE7-C8- (5-TTA TGGTTT CTG AGA ACA GAT GGG-3)
and DNA sequencing. Since the sequences of primer E6-N8+ and E7-C8™ match with the
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
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 poly-nucleotide fragment
fromthe E6 gene. The defective E6 geneislikely resulted from splicing and encodes a
truncated E6 peptide with N-terminal 43 amino acid residues. Considering the major
physiological activity attributed to E6 isits ability to down-regulate p53 expression, the
truncated E6 protein is probably not fully functional because the level of p53 expression in
Sp-E26 was found to be more stable than that in Sp2/0.

Thus, to evaluate whether HPV- 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 isperformed asfollows:

0] 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 amammalian
expression vector, pRc/CMV (Invitrogen). Transcription of the viral gene within the vector,
designated as E7pRc, is directed from CMV promoter-enhancer sequences. The vector also
contains a gene conferring neomycin resistance, which istranscribed from the SV40
promoter.

(i) Sp2/0 cells are transfected with the expression vector containing the expression
cassette of HPV-16 E7 gene. Briefly, 5ug of E7pRc islinearized by Seal and transfected
into the cell by electroporation.
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(iii)  After recovery for 24 hours, the transfected cells are selected in G418 (1000 pg/ml)
for 10 days.

(iv)  GA4l8-resistant cells are then cloned in 96-well cell culture plates by limiting dilution
(0.5 cells/well). Stable transfectants are selected and screened for resistance to treatment by
cycloheximide (CHX), apotent apoptosis-inducing agent.

(v)  Healthy cells (viability >95%) are incubated in medium containing 25 pg/ml of CHX
or in the absence of CHX for 3-4 hours under normal culture conditions, followed by the
addition of MTT dye into the wells. After further incubation for two hours, the cells are
solubilized by adding alysis buffer contain SDS and HCI. The plates are incubated overnight
at 37 0C and an OD reading isperformed a 590 nm using an ELISA plate reader. Cell clones
showing resistance to CHX treatment are selected and expanded for further anayses.

(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 being incubated in the
medium containing 25 pg/ml of CHX, the cells are harvested and stained with GuavaNexin
reagent (equivalent of Annexin V staining) and analyzed in a Guava Personal Cell Analysis
system (Guava Technologies, Inc.). Inthe DNA fragmentation assay, the cellular DNA is
extracted from CHX-treated and untreated E7-transfectants and Sp2/0 cells and analyzed with
agarose gel electrophoresis,

(vii) Expression of the viral oncogene in E7-transfectants is evauated by Southern blot
(genomic level), Northern blot (MRNA level), and immunaoblot (protein level) anaysis.
Expression of intracellular proteins that are involved in apoptosis processes and affected by
E7 protein are examined by immunoblotting analyses.

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

cultures are considered to be better host cells.

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

In this example, Sp-E26 isused as ahost to generate cell clones producing hLL2, a
humanized anti-CD22 Ab devel obed for treating patients with NHL and autoimmune
diseases. An hLL2-producing clone, 87-2-C9, was previously generated by using Sp2/0 cell
asahost (Losman et al, Cancer 80, 2660-2666, 1997), in which case, only one positive clone
(afrequency of -2.5 x 1077) was identified after transfection, and the maximum productivity
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(P, defined asthe concentration of the antibody in conditioned terminal culture medium in
T-flask, of the only hLL2-producing clone, before amplification, was 1.4 mg/L. Transfection
of Sp-E26 cell with the same hLL2pdHL 2 vector and by using similar procedures as
described by Losman et al. (Cancer 80, 2660-2666, 1997) resulted in more than 200 stable
hLL2-producing clones, afrequency of >10*). The P of 12 randomly selected clones was
evaluated and found to be between 13 and 170 mg/L, with amean of 50 mg/L. The
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 ahost

for the development of cell clones producing recombinant proteins.

Example 4. Improvement of Ab-producing cell lines by stable expression of HPV 16
E6 and E7 genes.

607-3u-8 cells were originaly generated from Sp2/0 by transfection to produce a humanized
monoclonal Ab. The clone was developed by gene amplification (with MTX) and subcloning
to enhance the maximum (Ab) productivity up to 150 mg/L, which decreased to ~100 mg/L
following weaning off serum supplement in the culture medium.. To obtain higher antibody
productivity under serum-free condition, E6/E7 genes of HPV - 16 were introduced into 607-
3u-8 and the effect of E6/E7 on Ab-productivity was evaluated as follows. 607-3u-8 cells
maintained in HSFM supplemented with 10% FBS and 3uM MTX were transduced with an
LXSN retroviral vector containing the expression cassette of HPV-16 E6 and E7 genes & an
MOI of 10: 1. After recovery for 24 h, stably transfected cells were selected in G418 (400
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-8-2D 10, of 607-3u-8
without E6/E7 transfection were also selected. The P, 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 ater the ability of cells producing Ab.

Next, 607El C12, 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 607El Cl 2 were stable after afreeze (for cryopreservation) and thaw cycle
(Table 1)
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Table 1. The productivities of Ab-producing clones

7
Clone With serum Poac (D27 Serum-free
607-3u-8-7G7 127 + 16 (3)b 74 + 10 (4)
607-3u-8-2D10 140 + 4 (3) 35+ 2 (2)
607E1C12 154 (1) 142 + 13 (6)
607E1C12 (Cryo)° 145 £ 17 (5)

a. Determined by protein purification of 1gG 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 geneticaly modified Sp2/0 cell line
that Constitutively Expresses a Mutant Bcl-2

Evidence suggests that a mutant Bcl-2 possessing three point mutations (T69E, S70E
and S87E) exhibits significantly more anti-apoptotic activity compared to wild type or single
point mutants (Deng et ah, PNAS 101: 153 - 158, 2004). Thus, an expression vector for this
triple mutant (designated as Bcl-2-EEE) was constructed and used to transfect Sp2/0 cells for
increased survival and productivity, particularly in bioreactors. Clones were isolated and
evaluated for Bcl-2-EEE expression level, growth and apoptotic properties. The nucleic acid
sequence for the Bcl-2-EEE isdepicted as SEQ. ID. No. 3; the corresponding amino acid
sequence for the Bcl-2-EEE protein is depicted 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
al changed to those for glutamic acid (E). The entire sequence was extraordinarily GC rich
and had numerous poly G and poly Cruns. 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, Bcl-2-EEE PCR
Left (5-TATATGGACCCGGTCGCCAGAGAAG-S), and Bcl-2-EEE PCR Right (5-
TTAATCGCCGGCCTGGCGGAGGGTC-S).
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The 126 bp amplimer was then cloned into pGemT PCR cloning vector. The Bcl-2-
EEE-pGemT construct was digested with Tthl and NgoMI restriction endonucleases and the
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)-pucl9. The sequence of this
construct was confirmed.

A 948 bp insert fragment was excised from hBcl-2 (EEE)-pucl9 with EcoRI and
ligated with pZeoSV 2+ vector that was digested with EcoRI and treated with alkaline
phosphatase. The resulting construct ishBcl-2 (EEE)-pZeoSV 2+.

$p2/0 cells (5.6 x 106) were then transfected by electroporation with 60 pg of hBcl-2
(EEE)-pZeoSV 2+ following the standard protocol for Sp2/0 cells. The cells were plated into
six 96-well plates that were incubated without selection for 48 hours. After two days, 800
pa/ml of zeocin was added to the media
Cells from 40 wells were expanded to 24-well plates and analyzed by western blot with anti-
hBcl-2 and anti- 3 actin. All but 5 of the 40 showed medium to high levels of Bcl-2-EEE
expression. The results for one of four gels are shown in Figure 7. An Sp2/0 derived hMN 14
cell line (Clone 664.B4) that was previously transfected with wild type Bcl-2 was used as a
positive control (+). Aswas demonstrated by Deng et al, the Bcl-2-EEE migrates slightly
slower than wild type Bcl-2 in SDS-PAGE.

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,
indicating avery high probability (>99%) that the cellsin individual wells arein fact cloned.
Initialy, 23 subclones from the three original wells were analyzed by Guava Express using
anti-hJBcl-2-PE (Figure 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 one
clone, 87-29, gave asignal 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 Bcl-2 at
presumably normal cell levels. Sp2/0 cells were negative. Thiswas further verified by anti-
Bcl-2 immunoblot (Figure 10). Bcl-2 was not detected with ahuman Bcl-2 specific antibody
in Sp2/0 cells even with high protein loading (50K cells) and long exposure of X-ray film.
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Immunoblot analysis with an anti-Bcl-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. 10B). If there isany Bcl-
2 expressed in Sp2/0 cells, it isat alevel that ismore than 2 orders of magnitude less than the
Bcl-2-EEE in clone 87-29. Growth curves were compared for five Sp-EEE subclones and
Sp2/0 cells. Three Sp-EEE subclones displayed a clear advantage over Sp2/0 cells. These
three (7-12, 7-16 and 87-29) also express the highest levels of Bcl-2-EEE. As7-12 and 7-16
are from the same original well and have nearly identical properties (Bcl-2-EEE levels and
growth curves), they likely originated from the same initial clone. The best two SP-EEE
subclones 7-16 and 87-29 were used for further evaluation.

The clones were plated in media supplemented with 10%, 1% or 0% serum (without
weaning) and cell density and viability were monitored. In 10% serum 87-29 grew to ahigh
density and had more than 4 days increased survival compared to Sp2/0 cells (Figure 11). In
1% serum, all cells grew to about 35 - 40% of the density achieved in 10% serum and the
Bcl-2-EEE transfectants had a similar survival advantage over Sp2/0 (Figure 12). When
transferred directly into serum free media, the Sp2/0 cells only grew to 600K cells/ml while
87-29 cells grew to atwo-fold higher density (Figure 13). In each serum concentration 87-29
cells survived 4 - 6 days longer than Sp2/0 cells.

The methotrexate (MTX) sensitivity was determined for 87-29 (Figure 14). The data
suggests that aminimum MTX concentration of 0.04 uM is sufficient for initial selection of
MTX-resistant clones. Therefore, the same selection and amplification protocols used for
Sp2/0 cells can be employed with the SP-EEE cells.

Bcl-2 isapro-survival/anti-apoptotic protein. It has been demonstrated by several
groupsthat aBcl-2 deletion mutant missing the flexible loop domain (FLD) has an enhanced
ability to inhibit apoptotosis (Figueroa et al., 2001, Biotechnology and Bioengineering, 73,
211-222; Chang et al, 1997, EMBO J.,16, 968-977). More recently, it was demonstrated that
mutation of 1to 3 S/T residues in the FLD of Bcl-2 to glutamic acid, which mimics
phosphorylation, significantly enhances its anti-apoptotic ability (Deng et al. 2004, PNAS,
101, 153-158). The triple mutant (T69E, S70E and S87E) provided the most significant
survival enhancement. Here, the present invention teaches the generation of asimilar Bcl-2
triple mutant construct (Bcl-2-EEE), which isused 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
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with higher expression levels survived longer than those with lower levels. The best clone,
87-29, growsto a 15 - 20% higher cell density and survives an additional 4 - 6 days
compared to untransfected Sp2/0 cells.

The Bcl-2-EEE level in clone (87-29) is approximately 20-fold higher than normal
levelsin Daudi or Rgji cells. No Bcl-2 expression was detected in untransfected Sp2/0 cells.
Asdescribed in Example 6, hMN-14-expressing Sp2/0 cells were transfected with asimilar
construct for expression of wild type Bcl-2 and a clonewith exceptional growth properties
and enhanced productivity was isolated. When this clone (664.B4) was amplified further
with MTX, the Bcl-2 levels increased significantly. Ultimately, the amplified (3 uM MTX)
cell line was sub-cloned and the Bcl-2 level of one clone (664.B4.1C1) was two-fold higher
than 664.B4. Thisparticular subclone has superior productivity and growth properties. The
Bcl-2-EEE level in 87-29 is approximately two-fold higher than the level of Bcl-2 in the
amplified 664.B4.1Cl. 87-29 cells have a growth rate that is comparable to that of Sp2/0
cellsand can apparently continue to grow for one additional day and reach amaximal
density that is 15- 20% higher than Sp2/0. A similar property was found for the E6/E7
expressing Sp-E26 cell line. The Bcl-2-EEE expressing 87-29 clone, which provides an
additional 4 - 6 days survival over the parental Sp2/0 cells, is superior to the Sp-E26 clone,
which only survives one additional day.

The Sp-EEE cell line as represented by the 87-29 clone isuseful ‘as an apoptosis-
resistant host for expressing a recombinant protein upon transfection with a suitable vector
containing the gene for that recombinant protein. In order for this cell lineto be useful it
must maintain its Bcl-2-EEE expression and survival advantage following transfection and
amplification and during extended culture. It isunlikely that the stably transfected Bcl-2-
EEE gene will be lost during subsequent transfection and therefore the survival properties
should not diminish. It ispossible that MTX amplification could even improve the survival
of producing clones viaincreasing expression of Bcl-2 proteins. Indeed, this was the case
with the hMN-14 664.B4 cell line, which was transfected with wild type Bcl-2. Following
amplification and sub-cloning, the Bcl-2 level increased several fold and cell survival

improved significantly.
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Example 6. I mprovement of Ab-producing cell survival in stationary batch culture by
stable expression of a human Bcl-2 gene.

Generation of aBcl-2-transfected cell clone

A cell clone 665.2B9 was originaly generated from Sp2/0 by transfection to produce
ahumanized monoclonal anti-CEA Ab (Qu et ah, unpublished results). A vector, designated
hMN14pdHL 2, was used to transfect Sp2/0 cellsto obtain the cell clone 665.2B9. The
pdHL 2 vector was first described by Gillies et ah, and had an amplifiable murine dhfr gene
that allows subsequent selection and amplification by methotrexate treatment (Gillies et ah, J.
Immunol. Methods 125:191 (1989)). Generally, the pdHL 2 vector provides expression of
both 1gG heavy and light chain genes that are independently controlled by two
metallothionine promoters and IgH enhancers. A diagram of the hMN14pdHL 2 vector is
shown in Figure 16. SEQ. ID. No. 1 shows the sequence of the vector; SEQ. ID. No. 2 shows
the 72 bp sequence defined asthe enhancer sequence; the promoter sequence corresponds to
nt2908-2979 of hMN14pdHL 2.

Sp2/0 cells can be generally transfected by electroporation with linearized pdHL 2
vectors such asthe hMN14pdHL 2 vector used in this instance. Selection can be initiated 48
hours after transfection by incubating cells with medium containing 0.05to 0.1 pM MTX.
Amplification of inserted antibody sequences is achieved by a stepwise increase in MTX
concentration upto 5 uM.

The clone was subjected to gene amplification with MTX increased stepwise to 0.3
MM, a which point the maximum productivity (Pmax) 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 Bcl-2 gene by electroporation. Bcl-2
gene was excised from pB4 plasmid purchased from ATCC (pB4, catalog # 79804) using
EcoRI 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 adensity 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 amicroscope. 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
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randomly selected for further studies. The growth characteristics of these clones were
evaluated by daily cell counting and viability measurements with ViaCount reagent and
Guava PCA. From the 14 clones evaluated in 24-well plates (Figures 18, 19), one Bcl-2-
transfected clone showing improved growth characteristics (higher cell densities and
prolonged cell survival) was identified and designated as 665.2B9#4 (or clone #4).
Comparing to the parent 665.2B9 clone, clone #4 grew to ahigher cell density (~1.7-fold)
and survived 4 to 6 days longer in T-flasks (Figures 20, 21), and as a consequence of better
growth, the P__ of clone #4 was increased to about 170 mg/L as determined by ELISA

titration and Protein A column purification.

Bcl-2 expression in 665.2B9#4

To confirm that the improved growth properties of 665.2B9#4 were resulted from
transfection of Bcl-2, intracellular level of human Bcl-2 protein was measured by using
Guava Express reagent and Guava PCA instrument. Briefly, 4 x 10° cells placed in 1.5m
spin-tubes were centrifuged for 5 minutes & 1500 rpm, washed three times with Ix PBS.
Supernatants were carefully aspirated. Fixation solution (10x, 60 pL) from Santa Cruz
Biotechnology (SCB), Inc. (cat. # sc- 3622) was added to cell pellets for 15 min and
incubated on ice. Fixation solution was removed with 4x 1 mL PBS at 49C, eachtime
spinning as described. Permeabilization buffer (0.5 mL) a -200C (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). Fina cell pellet
was resuspended in 100 pL of FCM wash buffer and stained for Bcl-2 intracellular protein
with 10 pL of anti-Bcl-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 values of the fluorescence intensity
(MFI) for each clone were compared to control staining with non-specific, isotype mouse
IgGI conjugated with PE. The results summarized in Table 2 confirm that clone 665.2B9%#4
expresses ahigher level of Bcl-2 protein compared to the parental cell line. A zeocin-resistant
clone (#13) that showed a similar growth profile asthe parent 665.2B9 was negative for Bcl-

2 staining, confirming that Bcl-2 expression is necessary for the improvement of growth.
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Table 2. Intracellular level of Bcl-2 determined by Guava Express.

Viability®

Cell Mean FI (AU)
(%)
665.2B9 84 42
665.2B9#4 97 110
Clone #13 92 14
Non-specific antibody 12
staining

a. Determined before the assay to ensure healthy cells were used,
b. 665.2B9 cells stained with an isotype-matched mouse IgGlantibody, PE-conjugated.

With Guava Express analysis it was found that the intensities of fluorescent staining
corresponding to Bcl-2 levels are rising with MTX amplification of clone 665.2B%4,
suggesting co-amplification of Bcl-2 with the dhfr gene. To compare intracellular Bcl-2
levels of amplified cells, Western blotting analysis was performed on cell lysates of clone
665.2B9#4 (Bcl-2 positive) and clone #13 (Bcl-2 negative) using an anti-human Bcl-2
antibody. Densitometric evaluation showed that Bcl-2 signal of clone 665.2B9#4 growing in
1.0 pM MTX is 2x stronger than the cellsin 0.6 uM MTX. A lysate of Clone #13 did not
reveal the presence of Bcl-2 protein (Figure 22).

Example 7. Improved Ab-production of clone 665.2B9#4 under batch culture
condition.

By monitoring nutrients consumption in the cell cultures near the terminal 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 Bcl-2-
positive clone 665.2B9#4 growing in medium containing 0.6 and 1 uM of MTX and the Bcl-
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 termina stage. Protein
yields, expressed asmg/L, are shown in Table 3. The results of this experiment suggest that
nutrient spiking improvestotal yield of produced antibody about 2-fold for all cultures.
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Table 3. Antibody production under batch culture conditions

CAMTX (uM) Unzﬁld ?St o » kmamha
g/L)

665.2B9#4/0.6 117 286

665.2B9#4/1.0 1560 296

Clone #13/0.3 74.1 165

a. Determined by Protein A column purification.
_b. Average of two purifications.

Example 8. Introduction of Bcl-2 geneinto a cell line producing low-level of
recombinant protein.

A cdll clone 482.2C4A was originally generated from Sp2/0 by transfection to
produce a bispecific Ab in the form of an 1gG (anti-CEA) and two scFv (anti-DTPA) (Leung
etal, J.Nuc. Med. 41: 270P, 2000; Hayes et al, Proc. Am. Asso. Cancer. Res. 43: 969,
2002), each of which is covalently linked to the C-terminus of the 1gG heavy chain. The
clone was subjected to gene amplification and had afinal productivity of ~20 mg/L. To
improve the growth property and eventually the Ab productivity, 482.2C4A cells were
transfected with aplasmid expression vector containing the human Bcl-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 pg/ml 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 dilution (0.5 cells/well). Clones
emerged in the wells in two weeks and were screened for Ab production, resistance to CHX-
induced apoptosis, aswell as growth profiles. Those clones performed better than the parent
482.2C4A in all aspects are selected and further characterized. The best performer is
expected 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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Example9. Introduction of Bcl-2 geneinto Sp-E26 for afurther improvement of cell
growth properties.

Sp-E26 cells are transfected with aplasmid expression vector containing the human
Bcl-2-EEE gene, as described in Example 5, by electroporation. The transfectants are
selected in medium containing 500 pg/ml of Zeocin after three weeks.

Zeocin-resistant cells are treated with 25 pg/ml of CHX for 5 hours to eliminate apoptosis-
sensitive cells. Treated cells are washed twice with fresh culture medium to remove CHX and
resuspended in fresh growth medium. After recovering for 24 h, the viable cells are cloned
into 96-well cell culture plates by limiting dilution (0.5 cells/well). Clones emergein the
wells in two weeks and are screened for resistance to CHX-induced apoptosis, aswell as
growth profiles. Those clones perform better than the parent Sp-E26, aswell as Sp-EEE, in
all aspects are selected and further characterized. The best performer containing HPV - 16
E6/E7 and Bcl-2-EEE is expected to be more robust when growing under stress condition and
resistant to aging-culture-condition-induced apoptosis than the parent Sp-E26 and Sp/EEE

cells; therefore, it isabetter host cell for recombinant protein production.

Example 10. Improved production of recombinant proteins with the Sp-EEE céll line.

There are two paths that can betaken 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 apro-survival gene, such asBcl-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” cloneisrather involved, since anumber of parameters need to be determined for
each clone, including growth/survival, Bcl-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 andvice versa. An alternative strategy,
employed here, isto develop aparental 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 cells, the Sp-EEE cells continue to grow for one additional day,
reach amaximal density that is 15- 20% higher, and survive an additional 4- 6 daysin

culture. The cellsretain their enhanced growth and survival properties when subsequently
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transfected with genes for the production of recombinant proteins, such as IgG, antibody
fragments and fusion proteins, growth factors, such as G-CSF, GM-CFS, EPO, EGF, VEGF,
cytokines, such as an interleukin family member (IL-I - 1L-31), or interferon family
members (such as alpha, beta or gamma interferon), oligonucleotides, peptides, hormones,
enzymes, or vaccines (e.g., Hepatitis A, B or C, aswell as others described above).

A DNA vector, such aspdHL 2, containing one or more expression cassettes for
recombinant protein(s), such asan IgG, isused totransfect Sp-EEE cells by standard
methods, such as electroporation. The transfectants are plated in 96-well plates and clones
are analyzed for protein production by established techniques such as ELISA or Biacore.
Productive clones are subjected to increasing concentrations of MTX in the culture media
over several months to amplify the genetic copy number. Since the Bcl-2-EEE-expressing
clones grow to -20% higher cell density and survive a least an additional 4 days as
compared to clones generated in Bcl-2 negative Sp2/0 cells, the former will produce at least
20% more recombinant protein in standard flask or roller bottle culture. An even greater

increase isrealized in suspension, perfusion or fed-batch bioreactor cultures.

Example 11. Improved Ab-production of Bcl-2 transfected clone 665.84.1C1 in
bioreactor

Both 665.2B9#4 and the parent clone 665.2B9 of Example 6 were weaned into serum-
free media. The cells were adapted to a customized formulation of hybridoma serum-free
medium (HSFM) (Immunomedics PN 10070) containing 3 pM MTX by continuous
subculture in T-flasks 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
IXIO 7 viable cellsin 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% DM SO and 45% HSFM. The MCB cell lines
were designated 665.2B9.1E4 (without Bcl-2 gene) and 665.B4.1C1 (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 isthe scale-down model of a 2500-L
cGMP bioreactor system. Therefore, the evaluation results would support the suitability of

these cell lines for large-scale commercial manufacturing.
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The same growth HSFM asthat used in creating the MCB (Immunomedics PN
10070) was used to maintain the cell line and prepare the inoculum. Basal HSFM, a
customized formulation based on the growth HSFM with customized modifications
(Immunomedics PN 10194), was used in the 3-L fed-batch bioreactor process. Both media
contain insulin and transferrin asthe only trace proteins. Additional 0.1% Pluronic F68 was
incorporated into the formulation to protect cells from shear caused by agitation and aeration.
Thismedia aso contained 3 UM MTX.

The specific characteristics of the continuous feeding solutions and the pulse feeding
solutions are shown in tables 4 and 5 asfollows:

Table4: Continuous feeding solutions

Solutions Formulation (Dissolve in WFI unless specified)

Glucose and glutamine Glucose, 13.3g/L; Glutamine, 20mM

solution (G/G)
. Glucose, 13.3g/L; Glutamine, 20mM; PNS A, 50ml/L;
ImmuC2 solution NaOH, 50mM

I C5 solutio Glucose, 26.6g/L; Glutamine, 40mM; PNS A, 100ml/L;
i D | NaOH, 100mM

Tables: Pulse feeding Solutions

Solutions Formulation (Dissolve in WFI unless specified)
TC Soy Plus 120g/L

Linoleic acid/cyclodextrin | 1.5mg/ml

HD lipid 500X

B-mercaptoethanol/EDTA | BME, 0.01M; EDTA, 0.1mM.
MEM Vitamin Solution (100x), as solvent; Choline

ImmuYVitamin Chloride, 500mg/L; Myo-inositol, 600mg/L.

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

Insulin 4mg/ml

The fed-batch experiments were conducted in 3L Bellco spinner-flask bioreactor
systems (Bellco glasses, Vineland, NJ) with 2 L 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 370C by a heating blanket. The culture
pH was controlled a 7.3 by the addition of CO, or 6% Na,COs. Aeration was performed
through a cylindrical sintered sparger a 10mI/min. DO was controlled above 40% of air
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saturation by intermittent sparging of O, into the medium. A constant agitation rate of 50 ~
60rpm was used throughout the cultivation.

A frozen via from MCB was thawed and recovered in T-flasks in approximately 1to
2 weeks. The cells were then expanded from T-flasksto roller bottles prior to inoculation into
the bioreactors. Cells were cultured a 379C in a 5% CO, atmosphere and maintained in the
exponential growth phase throughout the expansion process.

Prior to the inoculation, 1.2 liters of Basa HSFM was pump-transferred into the
bioreactor aseptically. The medium was air saturated to calibrate the dissolved oxygen (DO)

‘probe. A medium sample was also taken to calibrate the pH probe. Once pH probes and DO

probes were calibrated, both controllers were set to AUTO modes. Once the system reached
set points of pH (7.3) and temperature (379C), calculated amount of inoculum from roller
bottle was pump transferred into the bioreactor. The post-inoculation viable cell density
(VCD) was around 2x10°vial cells/ml.

The feeding strategy is as follows. During the cultivation, concentrated nutrient
solutions were fed into the bioreactor to provide the cells with necessary and non-excessive
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-Mariow 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 amodified 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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Table 6: Process#1 for cell line 665.2B9.1E4

Continuous feeding
Day Expected Viable Cell Continuous Feeding Rate (ml/day)
Density (cells/mL) | Glucose and Glutamine ImmuC2 ImmuCS5

Day2 0.4 ~0.7E6 60 0 0
Day3am 1.0 ~1.7E6 0 60 0
Day3pm 1.01 ~2.5E6 0 90 0
Day4am 2.51~3.5E6 0 90 0
Day4pm 2.51~4.5E6 0 150 0
DaySam 4.51~6.5E6 0 0 90
DaySpm 4.51~7.5E6 0 0 120

Day6 7.51 ~ 12E6 0 0 120

Day7 if <13E6 0 0 120

if>13.1E6 0 0 150
Pulse feeding
Pulse Feeding (mL)
Day TC Soy Plus LA/CD Lipid TEC Immu
(120gL) | (1.5mg/ml) | (500X) | Solution | Vitamin |EME/EDPTA

Day3 12.5 4 3 - - 15

Day4 25 8 - - - -

Day5s 50 12 - 4 15 15

Day6 60 8 2 8 - -

Day7 60 - 1 - - -

Day8 25
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Table 7: Process#2 for cdl line 665.2B9.1E4

Continuous feeding
pay Expected Viable Cell Continuous Feeding Rate (ml/day)
Density (cells/mL) | Glucose and Glutamine ImmuC2 ImmuC5
Day?2 0.4~0.7E6 60 0 0
Day3am 1.0 ~ 1.7E6 0 60 0
Day3pm 1.01 ~2.5E6 0 90 0
Day4am 2.51~3.5E6 0 90 0
Day4pm 2.51~4.5E6 0 150 0
Day5am 4.51~6.5E6 0 0 90
Day5pm 4.51~7.5E6 0 0 120
Day6 7.51 ~ 12E6 0 0 120
Day7 if <13E6 0 0 120
if >13.1E6 0 0 150
if <10E6 0 0 90
Day8 if 10.1 ~ 13E6 0 0 120
if>13.1E6 0 0 150
Pulse feeding
Pulse Feeding (mL)
Day TC Soy Plus| LA/CD Lipid TEC Immu BME | Insulin
(120g/L) |(1.5mg/ml)| (500X) | Solution | Vitamin | /EDTA |(4mg/ml)
Day3 12.5 2 3 - - 15 -
Day4 25 4 - - - - -
Day5 50 6 - 4 15 15 4
Day6 60 4 - 8 - - 8
Day7 60 4 - - - 15 8
Day8 50 - - - - - 8
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Table 8: Process #1 for cell line 665.B4.1C1

Continuous feeding
Day Expected Viable Cell Continuous Feeding Rate (ml/day)
Density (cells/'mL) | Glucose and Glutamine TmmuC2 ImmuC5
Day?2 0.4~0.7E6 60 0 0
Day3am 1.0~ 1.7E6 0 90 0
Day3pm 1.01 ~2.5E6 0 120 0
Day4am 2.51~3.5E6 0 0 60
Day4pm 2.51~4.5E6 0 0 90
Day5am 4.51~6.5E6 0 0 120
Day5pm 4.51~7.5E6 0 0 150
Day6 7.51 ~ 12E6 0 0 180
if <15E6 0 0 180
Day7. 8,9 if>15.1E6 0 0 240
if <10E6 0 0 120
Day10 if 10.1 ~ 13E6 0 0 150
if>13.1E6 0 0 180
Pulse feeding
Pulse Feeding (mL)
Da; TC Soy Plus LA/CD Lipid . Immu
Y (20WL) | (Lsme/ml) | (s00x) |TEC Solution| ot | BME/EDTA
Day3 12.5 4 3 - - 15
Day4 25 8 - - - -
Day5 50 12 - 4 15 15
Day6 60 8 2 8 - -
Day7 60 - 1 - - 15
Day8 60 - - - - -
Day9 60 - - - - 15
Dayl10 50 - - - - -
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Table9g: Process #2 for cell line 665.84.1C1

Continuous feeding
Day Expected Viable Cell Continuous Feeding Rate (ml/day)
Density (cells/mL) | Glucose and Glutamine ImmuC2 ImmuC5
Day2 0.4 ~0.7E6 60 0 0
Day3am 1.0 ~1.7E6 0 90 0
Day3pm 1.01 ~2.5E6 0 120 0
Day4am 2.51~3.5E6 0 0 60
Day4pm 2.51~4.5E6 0 0 90
Day5am 4.51~6.5E6 0 0 120
DaySpm 4.51~7.5E6 0 0 150
Day6 7.51 ~ 12E6 0 0 180
if <15E6 0 0 180
Day7. 8,9 if>15.1E6 0 0 240
if <10E6 0 0 120
Day10 if 10.1 ~ 13E6 0 0 150
if >13.1E6 0 0 180
Pulse feeding
Pulse Feeding (mL)
Day | 'S5 | La/cD | Lipid | TEC | Immu | BME (ﬁg}gl)
(120g/L) (1.5mg/ml)| (500X) | Solution | Vitamin | /EDTA
Day3 12.5 2 3 - - 15 -
Day4 25 4 - - - - -
Day5 50 6 - 4 15 15 4
Day6 60 4 - 8 - - 8
Day7 60 4 - - - 15 8
Day8 60 4 - - - - 8
Day9 60 4 - 4 15 15 8
Day10 60 - - - - 1- 8

During the cultivation, bioreactor samples were taken periodicaly 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 aNova Bioprofile 200. The
antibody concentration was determined by HPLC using aprotein 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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([Mabltt « Vi1 —[Mab]to « Vio
j'ol VCD « Vit

Q[MAb] = ,in which

(VCDtO . VtO + VCDtl . Vil)(li - tO)
2

fol VCD «Vdit is approximated by the Trapezium Rule:

Figure 26 shows the growth curves (VCD and the viability) of both cell lines by
Process #1 and Process #2. By Process #1, 665.2B9.1E4 cells grew to attain amaxima VCD
of IxIO7 viable cellsml 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 xIO7viable 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 2X| ¥ viable cellsml 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.B4.1Cl cells showed a
similar growth profile as in Processes #1. More specificaly, the cells reached the highest
VCD of 2.3x|1 O viable cellml 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 advantage in 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 ahigher 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 665.2B9.1E4 cells had an average daily
Qqvan] of approximately 15 pg/cell/day throughout the course of cultivation for both
processes. The additional day of growth at the highest VCD in Process #2 resulted 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 dlightly higher productivity. The daily Qvay Were
maintained between 20-25 pg/cell/day until day 9. Thereafter the productivity declined.
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Comparing with the 665.2B9.1E4 cell line, the 665.B4.1C1 cell line exhibited a
higher specific antibody productivity of 20-25 pg/cell/day as compared to 15 pg/cell/day.
Combining with its better growth, the 665.B4.1C1 cell line tripled the final antibody yield to
15 g/L as compared to 0.55 g/L achieved by the 665.2B9.1E4 cell line. These results
demonstrate the benefit of incorporating BcJ-2 gene into the host cell line to enhance its
growth and antibody yield in serum-free media in a bioreactor modeled for large-scale
commercial preparation of a recombinant protein, in this case an antibody for clinical use.
The methods and processes disclosed herein can be modified, as appropriate, by one skilled
in the art. All publications, patents and patent applications, and references contained therein,

are incorporated herein by reference in their entirety.
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WHAT ISCLAIMED IS

1. A method of making arecombinant protein, comprising culturing ahost cell in a suitable
medium under conditions suitable for expression of said recombinant protein, wherein said host
cell comprises anucleic acid sequence encoding said recombinant protein and wherein said host

cell has been modified by an agent that enhances survival of said host cell.

2. The method according to claim 1, wherein said agent that enhances survival of said host

cell is an agent that inhibits apoptosis.

3. The method according to claims 1or 2, wherein said host cell is alymphocyte, an

epithelial cell, amesenchymal cell or aneuronal cell, or amalignant form thereof.
4. The method according to claim 3 wherein said host cell isamyeloma cell.

5. The method according to claim 4 wherein said myelomacell is an Sp2/0 cell or derivative
thereof, amurine NSO cell or rat YB2/0 cell.

6. The method according to claim 3 wherein said host cell isan epithelial cell, or a .

malignant form thereof.
7. The method according to claim 5 wherein said epithelial cell isaCHO or HEK 293 cell.

8. The method according to claim 3 wherein said host cell is amesenchymal cell, or a

malignant form thereof.
9. The method according to claim 8 wherein said mesenchymal cell isafibroblast.
10. The method according to claim 9 wherein said fibroblast isa COS-1 or COS-7 cell.

11 The method accordingto claim 3 wherein said host cell isaneuronal or glia cell, or a

malignant form thereof.

12. The method according to claim 11wherein said neuronal cell is aretinal cell, aglial cell or

agliomacell. cell.

13. The method accordingto claim 3 wherein said agent that enhances survival of said host

cell isaheterologous protein expressed by said host cell.
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14. “The method according to claim 13 wherein said heterologous protein is encoded by a

nucleic acid sequence integrated in the chromosomal DNA of said host cell.

15. The method according to claim 13 wherein said agent that enhances survival of said host

cell is apapillomavirus E6 protein.

16. The method according to claim 13 wherein said agent that enhances survival of said host

cell isapapillomavirus E7 protein.

17. The method according to claim 13 wherein said agent that enhances survival of said host

cell isapapillomavirus E6 protein and a papillomavirus E7 protein.

18. The method according to claim 13 wherein said agent that enhances survival of said host

cell is an apoptosis inhibitor selected from the Bel-2 family of apoptosis inhibitors.

19. The method according to claim 18 wherein said apoptosis inhibitor is selected from the
group consisting of Bcl-2, Bcl-xL, Bcl-w, Bcel-EEE, Bhrfl, KS-Bcl-2, E1B-19K, Bcl-6 and Mcl-I.

20. The method according to claims 1 or 2 wherein said medium further comprises &t least one

caspase inhibitor.

21, Themethod according to claim 20 wherein said caspase inhibitor is selected from the

group consisting of caspase-1, caspase-3, caspase-9, caspase-12 and pan-caspase inhibitors.

22. The method according to claim 20 wherein said inhibitor is selected from the group
consisting of Z-VAD-fink, Ac-DEVD-cho, Aven and XIAP.

23. The method according to claims 1 or 2 wherein said medium further comprises an

exogenously added agent that inhibits apoptosis and/or functions as a cytoprotective agent.

24, The method according to claim 23 wherein said exogenous agent is amember of the

cytokine type | superfamily.

25. The method according to claim 24 wherein said member of the cytokinetypel

superfamily is erythropoietin.

26. The method according to claims 1or 2, wherein said recombinant protein is selected from
the group consisting of immunoglobulins, peptides, enzymes, growth factors, hormones, vaccines,

lymphokines and cytokines.
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27. The method according to claim 26 wherein said recombinant proteinisan = ~ ~

immunoglobulin selected from the group consisting of antibodies, antibody fragments,

multispecific antibodies, and single chain antibodies.

28. The method according to claim 26 wherein said protein isa growth factor selected from
the group consisting of Erythropoietin, G-CSF;GM-CSF,EGF, VEGF, and thrombopoietin.

29. The method according to claim 26 wherein said protein isalymphokine selected from the

group consisting of any of IL-1 to IL-31, aphainterferon, betainterferon, gamma interferon and

consensus interferon.

30. The method according to claim 1, wherein the host cell isfirst modified with the agent
that enhances survival of said host cell said agent that enhances survival of said host cell isan

agent that inhibits apoptosis.

31 The method according to claim 30, wherein said host cell is alymphocyte, an epithelial

cell, amesenchymal cell or aneuronal cell, or amalignant form thereof.
32. The method according to claim 31 wherein said host cell isamyeloma cell.

33. The method according to claim 32 wherein said myeloma cell isan Sp2/0 cell or

derivative thereof, amurine NSO cedll or rat YB2/0 cell.

34. The method according to claim 31wherein said host cell is an epithelial cell, or a

malignant form thereof.
35. The method accordingto claim 33 wherein said epithelial cell isa CHO or HEK 293 cell.

36. The method according to claim 31 wherein said host cell isamesenchymal cell, or a

malignant form thereof.
37. The method according to claim 36 wherein said mesenchymal cell isafibroblast.
38. The method according to claim 37 wherein said fibroblastisa COS-1 or COS-7 cell.

39. The method according to claim 31wherein said host cell isaneuronal or glia cell, or a

malignant form thereof.
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40. The method according to claim 39 wherein said neuronal cell isaretuiaTcell 7aglial cell or

aglioma cell. cell.

41. The method accordingto claim 30 wherein said agent that enhances survival of said host
cell isaheterologous protein expressed by said host cell.

42. The method according to claim 41 wherein said heterologous protein is encoded by a

nucleic acid sequence integrated in the chromosomal DNA of said host cell.

43. The method according to claim 4 1 wherein said agent that enhances survival of said host

cell isapapillomavirus E6 protein.

44. The method accordingto claim 41wherein said agent that enhances survival of said host

cell is apapillomavirus E7 protein.

45. The method accordingto claim 4 1wherein said agent that enhances survival of said host

cell is apapillomavirus E6 protein and a papillomavirus E7 protein.

46. The method according to claim 4 1wherein said agent that enhances survival of said host

cell isan apoptosis inhibitor selected from the Bcl-2 family of apoptosis inhibitors.

47. The method accordingto claim 46 wherein said apoptosis inhibitor is selected from the
group consisting of Bcl-2, Bcl-xL, Bcl-w, Bcl-EEE, Bhrfl, KS-Bcl-2, E1B-19K, Bcl-6 and
Mcl-L

48. The method accordingto claim 30 wherein said medium further comprises at least one

caspase inhibitor.

49. The method according to claim 48 wherein said caspase inhibitor is selected from the
group consisting of caspase-1, caspase-3, caspase-9, caspase-12 and pan-caspase inhibitors.

50. The method according to claim 48 wherein said inhibitor is selected from the group
consisting of Z-VAD-fmk, Ac-DEVD-cho, Aven and XIAP.

51 The method according to claim 48 wherein said medium further comprises an

exogenously added agent that inhibits apoptosis and/or functions as a cytoprotective agent.

52. The method according to claim 51wherein said exogenous agent is a member of the

cytokine type | superfamily.
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53. The method according to claim 52 wherein said member of the cytolonelypel  — -~

superfamily iserythropoietin.

54, The method according to claim 52, wherein said recombinant protein is selected from the
group consisting of immunoglobulins, peptides, enzymes, growth factors, hormones, vaccines,

lymphokines and cytokines.

55. The method according to claim 54 wherein said recombinant protein isan
immunoglobulin selected from the group consisting of antibodies, antibody fragments,

rnultispecific antibodies, and single chain antibodies.

56. The method according to claim 54 wherein said protein is a growth factor selected from

the group consisting of Erythropoietin,, G-CSF, GM-CSF, EOF, VEGF, and thrombopoietin.

57. The method according to claim 54 wherein said protein is alymphokine selected from the
group consisting of any of IL-1 toIL-31, alpha interferon, beta interferon, gamma interferon and

consensus interferon.

58. A host cell comprising an exogenous nucleic acid sequence encoding arecombinant

protein that enhances survival of said host cell.

59. The host cell according to claim 58 wherein said recombinant protein that enhances
survival of said host cell is selected from the group consisting of papillomavirus E6 protein,

papillomavirus E7 protein and the Bcl-2 family of apoptosis inhibitors.

60. The host cell according to claim 59 wherein said protein is selected from the group

consisting of Bcl-2, Bel-xL, Bcl-w, Bcl-EEE, Bhrfl, KS-Bcl-2, E1B-19K, Bcl-6 and Mcl-I.
61. The host cell according to claim 59 wherein the host cell shows resistance to apoptosis.
62. The host cell accordingto claim 6 1 wherein the host cell is Sp-E26.

63. The host cell accordingto claim 6 1 wherein the host cell is Sp-EEE.

64. The host cell accordingto claim 61 wherein said host cell further comprisesanucleic acid

sequence encoding arecombinant protein of interest.
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65. The host cell according to claim 64, wherein said recombinant protein is selected :from the

group consisting of immunoglobulins, peptides, enzymes, growth factors, hormones, vaccines,

lymphokines and cytokines.

66. The host cell according to claim 65 wherein said recombinant protein isan
immunoglobulin selected from the group consisting of antibodies, antibody fragments,

multispecific antibodies, and single chain antibodies.

67. The host cell according to claim 65 wherein said protein isagrowth factor selected from

the group consisting of Eythropoietin, G-CSF;GM-CSF, EOF, VEGF, and thrombopoietin.

68. The host cell according to claim 65wherein said protein is alymphokine selected from
the group consisting of any of IL-I to IL-31, apha interferon, beta interferon, gamma interferon

and consensus interferon.

69. The host cell according to any of claims 61-68 wherein said host cell is selected from the
group consisting of lymphocytes, epithelial cells, mesenchymal cells and neurona cells, or

malignant forms thereof.
70. The host cell according to claim 69 wherein said host cell isamyeloma cell.

71. The host cell according to claim 70 wherein said myeloma cell isan Sp2/0 cell or
derivative thereof, amurine NSO cell, or arat YB2/0 cell.

72. The host cell according to claim 69 wherein said host cell is an epithelial cell.

73. The host cell according to claim 72 wherein said epithelial cell isa CHO or HEK 293 cell.
74. The host cell according to claim 69wherein said host cell isamesenchymal cell.

75. The host cell according to claim 74 wherein said mesenchymal cell isafibroblast.

76. The method according to claim 75 wherein said fibroblast isa COS-1 or COS-7 cell.

77. The host cell according to claim 69 wherein said host cell isaneurona cell or glia cell.

78. The host cell according to claim 77 wherein said neuronal cell isaretinal cell, aglial cell

or aglioma cell.
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79. A cell culture comprising aclonal population’of host cells according to ary oTclaims 61-

68 in amedium suitable for cell growth.

80. The cell culture according to claim 79 wherein said medium comprises at least one caspase
inhibitor.

81 The cell culture according to claim 80 wherein said caspase inhibitor is selected from the

group consisting of caspase-1, caspase-3, caspase-9, caspase-12 and pan-caspase inhibitors.

82. The cell culture according to claim 81wherein said inhibitor is selected from the group
consisting of Z-VAD-frnk, Ac-DEVD-cho, Aven and XIAP.

83. The cell culture according to claim 79, wherein said medium further comprises an

exogenously added agent that inhibits apoptosis and/or functions as a cytoprotective agent.

84. The cell culture according to claim 83 wherein said exogenous agent is amember of the

cytokinetype | superfamily.

85. The cell culture according to claim 84 wherein said member of the cytokinetype |

superfamily is erythropoietin.

86. The method according to claim 3 wherein said host cells are cultured in aperfusion
reactor.

87. The method according to any of claim 30 wherein said host cells are cultured in a

perfusion reactor.

88. The method according to claim 3wherein said host cells are cultured in afed-batch

culture.

89. The method according to claim 30 wherein said host cells are cultured in afed-batch

culture

90. The method according claim 3wherein said host cells are cultured in suspension.

91. The method according to claim 30 wherein said host cells are cultured in suspension.
92. The methods of claims 86, resulting in anincrease in cell culture longevity of a least 2

days.
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94, The method of claim 90, resulting in an increasein cell culture longevity of at least 2 days.

95. The methods of claims 87, 89, or 91, resulting in an increase in cell culture longevity of at
least 2 days.

96. The method of claim 86, resulting in an increase in cell culture longevity of at least 4

days.

97. The methods of claims 88, resulting in an increase in cell culture longevity of at least 4

days.
98. The method of claim 90, resulting in an increasein cell culture longevity of a least 4 days.

99. The methods of claims 87, 89, or 91, resulting in an increase in cell culture longevity of a
least 4 days.

100. The method of claim 86, resulting in an increase in cell culture longevity of at least 6
days.

101. The methods of claims 88, resulting in an increase in cell culture longevity of at least 6
days.

102. Themethod of claim 90, resulting in an increase in cell culture longevity of at least 6

days.

103. The methods of claims 87, 89, or 91, resulting in an increase in cell culture longevity of

at least 6 days.
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SEQUENCE LISTINGS
SEQ.: ID. No. 1: Complete sequence of the hMN14pdHL 2 vector.
LocUs hWN14pdHL2 9780 bp DNA circul ar SYN 26- MAR- 2004
DEFI NI TI ON hWN14pdHL2 vect or.
BASE COUNT 2444411 A 263300 C 2366 g 2343 t
ORIG N
1 ttccataggc tccgeecccce t gacgagcat cacaaaaat c gacgct caag t cagaggt gg
61 cgaaacccga caggactata aagat accag gcgtttcccce ct ggaagctc cctcgtgege
121 tctcctgttc cgaccctgcc gcttaccgga tacctgtccg cctttctccce tt cgggaagc
181 gtggcgettt ctcatagctc acgct gt agg tatctcagtt cggt gt aggt cgttcgcetcc
241 aagct gggct gt gt gcacga accccccgtt cagcccgacc gctgcgcecett at ccggt aac
301 tatcgtcttg agt ccaaccc ggt aagacac gacttatcgc cact ggcagc agccact ggt
361 aacaggatta gcagagcgag gt at gt aggc ggt gct acag agttcttgaa gt ggt ggcct
421 aactacggct acactagaag gacagtattt ggtat ctgcg ctctgctgaa gccagttacc
481 ttcggaaaaa gagtt ggt ag ctcttgatcc ggcaaacaaa ccaccgct gg t agcggt ggt
541 ttttttgttt gcaagcagca gattacgcgc agaaaaaaag gat ct caaga agatcctttg
601 atcttttcta cggggt ctga cgctcagt gg aacgaaaact cacgttaagg gattttggtc
661 atgagattat caaaaaggat cttcacctag atccttttaa att aaaaatg aagttttaaa
721 tcaatctaaa gtatatatga gt aaacttgg tctgacagtt accaatgctt aat cagt gag
781 gcacctatct cagcgatctg tctatttcgt tcat ccat ag ttgcctgact ccecegtegtg
841 tagataacta cgat acggga gggcttacca tctggcccca gt gct gcaat gat accgcga
901 gacccacgct caccggctcc agatttatca gcaat aaacc agccagccgg aagggccgag
961 cgcagaagtg gtcctgcaac tttatccgcc tccat ccagt ctattaattg ttgccgggaa
1021 gctagagtaa gtagttcgcc agt t aat agt ttgcgcaacg ttgttgccat tgct gcaggc
1081 atcgtggtgt cacgctcgtc gtttggtatg gcttcattca gctccggttc ccaacgatca
1141 aggcgagtta cat gatcccc catgttgtge aaaaaagcgg ttagctcctt cggtcctccg
1201 atcgttgtca gaagt aagt t ggccgcagtg ttatcactca tggttatggc agcact gcat
1261 aattctctta ctgtcatgcc at ccgt aaga tgcttttctg tgact ggt ga gt act caacc
1321 aagtcattct gagaat agtg tat gcggcga ccgagttgcet cttgcccgge gt caacacgg
1381 gataataccg cgccacat ag cagaacttta aaagt gctca tcatt ggaaa acgttcttcg
1441 gggcgaaaac t ct caaggat cttaccgctg ttgagatcca gttcgatgta acccact cgt
1501 gcacccaact gatcttcagc atcttttact ttcaccagcg tttctgggtg agcaaaaaca
1561 ggaaggcaaa at gccgcaaa aaagggaat a agggcgacac ggaaatgttg aatactcata
1621 ctcttccttt ttcaatatta ttgaagcatt tatcagggtt attgtctcat gagcggat ac
1681 atatttgaat gtatttagaa aaat aaacaa at aggggttc cgcgcacat t t ccccgaaaa
1741 ggccacctga cgtct aagaa accattatta tcat gacatt aacct at aaa aat aggcgt a
1801 tcacgaggcc ctttcgtctt caagaattcc gat ccagaca t gat aagat a catt gat gag
1861 tttggacaaa ccacaact ag aat gcagt ga aaaaaat gct ttatttgtga aatttgtgat
1921 gctattgctt tatttgtaac cattataagc t gcaat aaac aagttaacaa caacaattgc
1981 attcatttta tgtttcaggt t cagggggag gt gt gggagg ttttttaaag caagt aaaac
2041 ctctacaaat gt ggt at ggc tgatt at gat ct aaagccag caaaagt ccc atggtcttat
2101 aaaaat gcat agctttagga ggggagcaga gaact t gaaa gcatcttcct gttagtcttt
2161 cttctcgtag act t caaact tatacttgat gectttttcce t cct ggacct cagagaggac
2221 gcctgggt at t ct gggagaa gtttatattt ccccaaat ca atttctggga aaaacgtgtc
2281 actttcaaat tcctgcat ga tccttgtcac aaagagtctg aggt ggcctg gttgattcat
2341 ggcttcctgg t aaacagaac tgcctccgac tat ccaaacc atgtctactt tacttgccaa
2401 ttccggttagt tcaataagtc ttaaggcatc at ccaaactt ttggcaagaa aat gagctcc
2461 tcgtggtggt tctttgagtt ctctactgag aactatatta attctgtcct ttaaaggtcg
2521 attcttctca ggaat ggaga accaggtttt cctacccata at caccagat tctgtttacc
2581 ttccactgaa gaggttgtgg tcattctttg gaagtacttg aactcgttcc t gagcggagg
2641 ccagggt cgg tctccgttct tgccaatccc catattttgg gacacggcga cgatgcagtt
2701 caatggtcga accat gaggg caccaagct a getttttgeca aaagcct agg cct ccaaaaa
2761 agcctcctca ctacttctgg aat agct cag aggccgaggc ggcct cggcec tctgcat aaa
2821 taaaaaaaat t agt cagcca t ggggcggag aat gggcgga act gggcgga gt t aggggcg
2881 ggat gggcgg agt t aggggc gggact at gg ttgctgacta att gagat gc atgctttgca
2941 tacttctgcc t gct ggggag cct ggggact ttccacacct gottgctgac t aat t gagat
3001 gcatgcetttg catacttctg cctgct gggg agcct gggga ctttccacac cct aact gac
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3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
5161
5221
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821
5881
5941
6001
6061
6121
6181
6241
6301
6361
6421
6481
6541
6601

acacattcca
aacaat t gat
gt cagt gt ag
attact agcc
ctgaccaata
tatttgggga
gttttgaaac
ct gggt aat t
tttaacttat
taagtttatc
t at cat cgct
gact at gcgt
ccaacgact a
gtaccttctc
ctt aagggcc
cttggtagca
at at gggt ga
agctgaccca
gt aaggccag
ct ccaaagct
gcggt agegg
tcgccaccta
t ggaaat caa
aact ct gagg
ggt cagaaaa
gaactttatt
acgcttcttg
ct aacat gcc
acaccat cct
ccgccatctg
ttctatccca
t cccaggaga
ct gacgctga
cagggcct ga
tgcccccacc
ttttccacag
tcctcct cct
tttgcacctg
tactcaattt
t aaaaat cat
acccacaagc
gttttcccct
tatatccttt
ct gct at aaa
tt aaat aaac
t gt cat gcct
tattgagtac
at t aaaat gt
ttcccacttc
agggaaaat a
actctgtcca
tgcatttcta
tgagttcaac
gacttctaaa
gcact ccgcce
gggct ggagc
t aaagagggc
ct cactt act
ggat ggagct
gcaggcttga

cagt cgact a
gatt aat gcc
tagatttcac
cagcccagcc
tt gaaaagaa
agggaaaat a
actctgtcca
tgcatttcta
t gagt t caac
gacttct aaa
gcact ccgcc
gggct ggage
t aaagagggc
ctcacttact
ttact gagca
acagct acag
caat gacat ¢
gagcccaagc
tcaggat gt g
gctgatctac
t agcggt acc
ctact gccag
acgt gagt ag
gggt cggat g
gcat gcaaag
aaggaat agg
gtctccttge
ct gt gat t at
gtttgcttct
at gagcagt t
gagaggccaa
gt gt cacaga
gcaaagcaga
gct cgeccgt
t gct cct cag
gggacct acc
tggcttt aat
tggtttctct
ctcttat aag
ccttcattct
cttctgtcct
cct cagcaag
gattcaattc
gagaat cat t
aaacaat agg
tatttacatt
tttccacaac
t gcaaaggt t
taggggtt cg
aaaccact ag
gccccaccaa
aaat aagttg
cttttaattt
atgtatttag
cgaaaagt gc
aaccgcct gc
aggct gt cct
ccgt agctcc
gt at cat cct
ggt ct ggaca

gaat at ggat
cct gagct ct
at gacat ctt
cat act aaga
tagaccttcg
aaaccact ag
gccccaccaa
aaat aagttg
cttttaattt
atgtatttag
cgaaaagt gc
aaccgcct gc
aggct gt cct
ccgtagctcc
cacaggacct
gt aaggggct
cactttgcct
agcct gagceg
ggtacttctg
t ggacat cca
gact t cacct
caat at agcc
aatt t aaact
acgt ggccat
ccct cagaat
gggaagct ag
tataattatc
ccgcaaacaa
ttcctcagga
gaaat ct gga
agt acagt gg
gcaggacagc
ct acgagaaa
cacaaagagc
ttccagcctg
cctattgcgg
tatgctaatg
ctttcctcat
ggact aaat a
attttaccct
cacagt cccc
ccct cat agt
cct gagaat ¢
cattgcaaca
gaaatgttta
tttaaacagg
ctaatttaat
ct at aaagct
act ggcagga
gt aaact t gt
accgaaagt c
aggat t cagc
t agct t gagt
aatttcgacc
gct cggcet ct
t gggt gcaaa
ct aagcgt ca
agcttcacca
cttcttggta
t at at at ggg

agt gggt gt t
gttcttagta
at aat aaacc
gttatattat
act ggcagga
gt aaact t gt
accgaaagt c
aggat t cagc
t agct t gagt
aatttcgacc
gct cggcet ct
t gggt gcaaa
ct aagcgt ca
agcttcacca
caccat ggga
cacagt agca
ttctctccac
ccagcgt ggg
tagcctggta
cccggcacac
t caccat cag
tctatcggtc
ttgcttcctc
tctttgccta
ggct gcaaag
gaagaaact ¢
t gggat aagc
cacacccaag
actgtggctg
actgcctctg
aaggt ggat a
aaggacagca
cacaaagt ct
tt caacaggg
accccctccc
t cct ccagct
tt ggaggaga
ttaataatta
tgtagtcatc
at cat cct ct
t gggccat gg
cctttttaag
aaccaaagca
t gat at aaaa
agtt cat cat
t act gaggga
ccacactata
gagagacaaa
agcaggt cat
agct gt ggt t
caggct gagc
cgaaact gga
agttctagtt
aattctcatg
gccaaggacg
ccctttgege
ccacgacttc
gatccctcga
gcaacagct a
t gacaat gac
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tatgactctg
acat gt gaac
t gt aaat gaa
gtctgtctca
agcaggt cat
agct gt ggt t
caggct gagc
cgaaact gga
agttctagtt
aattctcatg
gccaaggacg
ccctttgege
ccacgacttc
gatccctcga
tggagct gt a
ggct t gaggt
aggt gt ccac
t gacagagt g
ccagcagaag
tggt gt gcca
cagcct ccag
gttcggccaa
agttggatcc
aagcat t gag
agct ccaaca
aaaacat caa
atgctgtttt
ggcagaact t
caccat ct gt
ttgtgtgect
acgccctcca
cct acagcect
acgcct gcga
gagagtgtta
atcctttggc
catctttcac
at gaat aaat
ttatctgttg
ct aaggcgca
gcaagacagt
t aggagagac
ggt gacaggt
aatttttcaa
t aacaacaca
ggtactt aga
ctcctgtctg
ct gt gagat t
tatattctat
gt ggcaaggc
t gaagaagt g
aaaacaccac
gaggt cct ct
t ccccaaact
tttgacagct
cggggcgegt
ccggact cgt
aacgt cct ga
gcacacagga

caggt aaggg
atccactttg

gat aagcct g
atttactt gt
agtaatttgc
cagcctgctg
gt ggcaaggc
t gaagaagt g
aaaacaccac
gaggt cct ct
t ccccaaact
tttgacagct
cggggcgegt
ccggact cgt
aacgt cct ga
ct ct agaggc
tcatcctctt
ct ggacat at
t ccgacat cc
accat cacct
ccaggt aagg
agcagattca
ccagaggaca
gggaccaagg
cgcaattcta
tttactgcaa
aaacaattta
gattttaaat
ctgtctgtcc
tgttacttaa
cttcatcttc
gct gaat aac
at cgggt aac
cagcagcacc
agt cacccat
gagggagaag
ct ct gaccct
ct cacccccce
aaagt gaat ¢
ttttaccaac
taaccattta
cctccctcaa
ttgcttcctt
cttacagtca
aagaagaaac
at aaaagcaa
cttaat ggaa
ccaagggccg
aaaaacattc
aact cagcaa
tatttgggga
gttttgaaac
ct gggt aat t
tttaacttat
taagtttatc
t at cat cgct
gact at gcgt
ccaacgact a
gtaccttctc
cctcaccatg
gctcacagt a
cctttctctc
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6661
6721
6781
6841
6901
6961
7021
7081
7141
7201
7261
7321
7381
7441
7501
7561
7621
7681
7741
7801
7861
7921
7981
8041
8101
8161
8221
8281
8341
8401
8461
8521
8581
8641
8701
8761
8821
8881
8941
9001
9061
9121
9181
9241
9301
9361
9421
9481
9541
9601
9661
9721

cacaggtgtc
ccggtccctg
ttgggt gcga
cagt acgat t
caagaacaca
tt gt gcaagc
caccgtctcc
actgcatttg
cacct t ggga
gacct t ggct
cacccaat gc
ggggcctctg
ctt gcagcct
tctgggggca
gt gt cgt gga
t cct caggac
cagacct aca
ggt gagaggc
ct ggacgcat
cttcacccgg
cccaggct ct
caggt gct gg
gcccacccca
ttccagt aac
gcccaccgtg
gccct agagt
atctcttcct
cccaaggaca
agccacgaag
gccaagacaa
accgtcctgc
gccct cccag
cgagggccac
accaacct ct
cgggaggaga
agcgacat cg
cctcecegtge
agcaggt ggc
cact acacgc
cccegetcece
cttcccaggc
t gt gat ggt t
gagcgggt cc
ggt ggggct ¢
ct ccagcagc
gct cccggag
gggcgegt ca
t agcggagt g
cat at gcggt
tccgettcct
gct cact caa
at gt gagcaa

cact cccagg
cgcct gt cct
caggcacctg
aact at gcgc
ttgttcctge
ctttacttcg
t caggt gagt
ttggggggga
gt cagaaagg
tt ggggcagyg
ccat gagccc
cgccct gggce
ccaccaaggg
cagcggccct
act caggcgc
tctact ccct
t ct gcaacgt
cagcacaggg
cccggetatg
agcct ctgec
gggcaggcac
gct cagacct
aaggccaaac
tcccaatctt
cccaggt aag
agcctgcatc
cagcacct ga
ccct cat gat
accct gaggt
agccgcggga
accaggact g
cccccatcga
at ggacagag
gt cct acagg
t gaccaagaa
ccgt ggagt g
t ggact ccga
agcaggggaa
agaagagcct
cgggctctcg
acccagcat g
ctttccacgg
cact gt cccc
agccaggggc
agct gcct cg
acggt cacag
gcggotgttg
t at act ggct
gt gaaat acc
cgct cact ga
aggcggt aat
aaggccagca

t ccaact gca
gctccgceatc
gaaaaggt ct
cgt cgct aaa
aaat ggacag
gcttcccectg
ccttacaacc
aatgtgtgta
gt cat t ggga

gagggggct a
agacact gga

ccagct ct gt
cccat cggtc
gggct gect g
cct gaccagce
cagcagcgt g
gaat cacaag
agggagggt g
cagccccagt
cgccccactc
aggct aggt g
gccaagagcc
t ct ccact cc
ct ctct gcag
ccagcccagg
cagggacagg

act cct gggg
ct cccggacc

caagt t caac
ggagcagt ac
gct gaat ggc
gaaaaccat c
gccgget cgg
gcagccccga
ccaggt cagc
ggagagcaat
cggctccttce
cgtcttctca
ctccctgtct
cggt cgcacg
gaaat aaagc
gt caggccga
acact ggccc
t gccct cggce
cgcgtttcgg
cttgtctgta
gcggot gt cg
t aact at gcg
gcacagat gc
ctcgctgecgce
acggttatcc
aaaggccagg

ggagagcggt
t ggct t cgat
t gagt ggatt
agat agat tt
cct gagaccc
gtttgcttat
tctctcttct
tctgaatttc
gccccaagct
aggt gaggca
cgct gaacct
cccacaccgc
ttcccecctgg
gt caaggact
ggcgt gcaca
gt gaccgt gc
cccagcaaca
tctgct ggaa
ccagggcagc
at gct caggg
cccct aaccce
at at ccggga
ct cagct cgg
agcccaaatc
cctcgecectc
ccccagcecgg
ggaccgt cag
cct gaggt ca
t ggt acgt gg
aacagcacgt
aaggagt aca
t ccaaagcca
cccaccct ct
gaaccacagg
ct gacct gcc
gggcagecgg
ttcctctata
tgctccgtga
ccgggt aaat
aggatgcttg
acccaccact
gt ct gaggcc
aggct gt gca
agggt ggggg
t gat gacggt
agcggat gcc
gggcgcagec
gcat cagagc
gt aaggagaa
tcggtcgttc
acagaat cag
aaccgt aaaa
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ggaggtgttg
ttcaccacat
ggagaaattc
acaat at cgc
gaagacaccg
t ggggccaag
attcagctta
aggt cat gaa
ttctggggca
ggt ggcgeca
cgcggacagt
ggt cacat gg
caccctcctc
acttccccga
ccttccecgge
cct ccagcag
ccaaggt gga
gccaggct ca
aaggcaggcc
agagggt ct t
aggccctgca
ggaccct gcc
acaccttctc
tt gt gacaaa
cagct caagg
gt gct gacac
tcttcctcett
cat gcgt ggt
acggcgt gga
accgggt ggt
agt gcaaggt
aaggt gggac
gccct gagag
t gt acaccct
t ggt caaagg
agaacaact a
gcaagct cac
t gcat gaggc
gagt gcgacg
gcacgt accc
gccct gggec
t gagt ggcat
ggt gt gect g
atttgccagc
gaaaacct ct
gggagcagac
at gacccagt
agat t gt act
aat accgcat
ggct gcggeg
gggat aacgc
aggccgcegt t

t gcaacct gg
at t ggat gag
at ccagat ag
gagacaacgc
gggtctattt
ggaccccggt
aatagatttt
ggact aggga
ggccaggcct
gccaggt gca
t aagaaccca
caccacct ct
caagagcacc
accggt gacg
t gt cct acag
ct t gggcacc
caagagagt t
gcgctcct ge
ccgt ct gect
ctggcttttt
cacaaagggg
cct gacct aa
tcctcccaga
act cacacat
cgggacaggt
gt ccacctcc
ccccccaaaa
ggt ggacgt g
ggt gcat aat
cagcgtcctc
ct ccaacaaa
ccgtggggtg
t gaccgct gt
gcccccat cc
cttctatccc
caagaccacg
cgt ggacaag
t ct gcacaac
gccggcaagce
cgtctacata
cct gcgagac
gagggaggca
ggccgcect ag
gt ggccctcc
gacacat gca
aagcccgt ca
cacgt agcga
gagagt gcac
caggcgct ct
agcggt at ca
aggaaagaac

gctggegt tt
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SEQ: ID. No. 2: Enhancer and promoter sequences of the SV40 enhancer and promoter
respectively, that are present in the hMN-14pdHL 2 vector used to transfect the SP2/0 cellsto
obtain the 665.2B9 clone.

hLL2pdHL2
| > Rep ori
2701 CAATGGTCGA ACCA'IJpAGGG CACCAAGCTA GCTTTTTGCA AAAGCCTA:GG
CCTCCAAAAA < '
dhfr
SV40 ori (274 9-2832 ) |II
2761 AGCCTCCTCA CTACTTCTGG AATAGCTCAG AGGCCGAGGC GpCCTCGGCC
TCTGCATAAA I
nlt of SV40 genome
2821 T:IAAAAAAAAT TAIK3TCAGCCA TGGGGCGGAG AATGGGCGGA ACTGGGCGGA
GTTAGJGGGCG

SV40 Early pronoter

2881 GGATGGECEG AGTTAGEGEC  GGGACTA JIGS TTGCTGACTA ATTGAGATCGC

ATGCTTTGCA I
SVA0 Erth (2908-2979)
|

2941 TACTTCTGOC TGCTGGGGAG  CCTGGGGACT  TTCCACACHr  GGTTGCTGAC

TAATTGAGAT

[ SVA0 Enh (2980- 3051)

3001 GCATGCTTTG  CATACTTCTG  CCTGCTGGGG  AGCCTGGGGA  CTTTCCACAC

CCTAACTGAC

C»Li pro

3061  ACACATTCCA CAGTCGACI TA GAATATGGAT AGTGGGTGIT TATGACTCTG

GATAAGCCTG |
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SEQ. ID. NO. 3: Nucleic acid sequence of Bcl-2-EEE gene

5'-

ATGGCGCACGCTGGGAGAAC GGGGTACGAT AACCGGGAGA TAGTGATGAA
GTACATCCAT

TATAAGCTGTCGCAGAGGGG CTACGAGTGG GATGCGGGAG ATGTGGGCGC
CGCGCCCCCG

GGGGCCGCCC CCGCACCGGG CATCTTCTCC TCCCAGCCCG GGCACACGCC
CCATCCAGCC

GCATCCCGCGACCCGGTCGC CAGAGAAGAA CCGCTGCAGA CTCCGGCTGC
TCCTGGAGCA

GCTGCAGGAC CTGCGCTCGA ACCGGTGCCA CCTGTGGTCC ACCTGACCCT
CCGCCAGGCC

GGCGACGACT TCTCCCGCCG CTACCGCCGC GACTTCGCCG AGATGTCCAG
CCAGCTGCAC

CTGACGCCCT TCACCGCGCG GGGACGCTTT GCCACGGTGG TGGAGGAGCT
CTTCAGGGAC

GGGGTGAACT GGGGGAGGAT TGTGGCCTTC TTTGAGTTCG GTGGGGTCAT
GTGTGTGGAG

AGCGTCAACC GGGAGATGTC GCCCCTGGTG GACAACATCG CCCTGTGGAT
GACTGAGTAC

CTGAACCGGC ACCTGCACAC CTGGATCCAG GATAACGGAG GCTGGGATGC
CTTTGTGGAA

CTGTACGGCCCCAGCATGCG GCCTCTGTTT GATTTCTCCT GGCTGTCTCT
GAAGACTCTG

CTCAGTTTGG CCCTGGTGGG AGCTTGCATC ACCCTGGGTG CCTATCTGGG
CCACAAGTGA-3
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SEQ. ID. NO. 4: Amino acid sequence of Bcl-2-EEE protein

1 MAHAGRTGYD NREIVMKYIH YKLSQRGYEW DAGDVGAAPP GAAPAPGIFS
SQPGHTPHPA

61 ASRDPVAREE PLQTPAAPGA AAGPALEPVP PVVHLTLRQA GDDFSRRYRR
DFAEMSSQLH

121 LTPFTARGRF ATVVEELFRD GVNWGRIVAF FEFGGVMCVE SVNREMSPLV
DNIALWMTEY

181 LNRHLHTWIQ DNGGWDAFVE LYGPSMRPLF DFSWLSLKTL LSLALVGACI
TLGAYLGHK



WO 2007/015691 PCT/US2005/026224

SEQ. ID. NO. 5: Bcl-2-EEE Leéft (80)

5'GGACCCGGTCGCCAGAGAAGAACCGCTGCAGACTCCGGCTGCTCCTGGAGCAG
CTGCAGGACCTGCGCTCGAACCGGTGC-3'



WO 2007/015691 PCT/US2005/026224

SEQ. ID. NO. 6: Bcl-2-EEE Right (80)

5'CGCCGGCCTGGCGGAGGGTCAGGTGGACCACAGGTGGCACCGGTTCGAGCGCA
GGTCCTGCAGCTGCTCCAGGAGCAGCC-3'
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