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Inhibition of Apoptosis Process and Improvement of Cell Performance

Related Applications
[0001] This application claims priority to U.S. provisional application
60/303,813 filed July 10, 2001 incorporated by reference in its entirety.

Field of the Invention

[0002] The present invention relates to preventing or delaying programmed
cell death in a recombinant cell. More specifically, the present invention relates
to inhibiting programmed cell death in a recombinant cell by expressing one or
more anti-apoptotic polypeptides in the cell.

[0003] The present invention further relates to increasing a recombinant
cell's production of a cell-related product, e.g., recombinant protein such as an
antibody by expressing one or more anti-apoptotic polypeptides in the cell.

In addition, the present invention provides recombinant cells expressing anti-
apoptotic polypeptides. Such cells are useful for cellular therapy or for
producing cell-related products, especially in large-scale bioreactors of

commercial production.

Background of the Invention

[0004] The production of high value therapeutic or diagnostic proteins by
eukaryotic cells in the pharmaceutical or commercial manufacturing
environment is subject to stringent constraints with regard to available
fermentation vessel volume and fermentation process time. From the
perspective of a manufacturing fermentation suite over a period of time,
production efficiency comes from maximizing the rate of protein production per
unit time while in operation, and minimizing the operational down time, and
minimizing the fraction of operating time during which the production rate is
low.

[0005] One broad approach to increasing protein productivity in the
manufacturing setting is to increase the density of the cells in the vessel.

Considerable increases in cell density can be achieved through the
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development of appropriately balanced culture medium formulations, by
nutrient feeding approaches, and by perfusion of medium through systems that
retain the cells. These approaches, in addition to increasing cell density, can
also be effective in increasing the overall lifetime of batch cultures.

[0006] Another basic approach to increasing manufacturing productivity is to
increase the rate of protein production by the cells, themselves, i.e., increasing
the specific cellular productivity (amount of protein produced/cell/day).
Traditionally, the way in which cells with high rates of productivity are attained
comes about as a multi-step process in which, first, a large population of cells
are transected with the gene for the protein of interest, and second, single cell
clones of the larger population are grown out, and the higher producing cell
lines are identified and selected for further cell line development. The
heterogeneity with regard to protein production rate that manifests in a
transfected cell population is generally ascribed to differences primarily in the
position of integration of the new genetic material into the host cell's genome
and secondarily in the total number of DNA sequences integrated (the copy
number). Accordingly, methods for targeting the site of heterologous DNA
integration into the host genome have also been developed, such that the DNA
sequences can be integrated into sites associated with high levels of
transcription into RNA. Examples of these approaches are provided by U.S.
Patents 5,648,267, 5,733,779, 6,017,733 and 6,159,730 pertaining to the
NEOSPLA vector , and U.S. Patents 5,830,698 and 5,998,144 pertaining to
homologous recombination.

[0007] Also, co-transfection of the gene for the protein of interest with
another gene for a protein that confers resistance to toxic agent offers a way to
select for high producing cells. By exposing growing cells to increasing
concentrations of such a toxic agent, cells with higher copy number of the
resistance gene are selected. These cells are often found to have undergone
a process of genomic amplification of the resistance gene. Co-amplification of
the adjacent gene coding for the protein of interest often leads to an increase in

the level of cellular specific production of the desired protein (Ringold, J. Mol.
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Appl. Genetic 1(3): 165-75 (1981); Kaufman, J. Mol. Biol. 159(4): 601-21
1982).

[0008] In an area of biological research with an origin entirely separate from
the biochemical engineering of cell culture manufacturing processes, a great
deal has been learned over the past decade about apoptosis, a process of
programmed cell death. The conceptual breakthrough accompanying these
developments is that there is a natural physiological process, which results in
cell death. Cell death, of course, can also occur as a direct and immediate
result of trauma, which destroys cell integrity, whereupon the cell or its
remnants proceed to necrose. Apoptosis can be initiated by a wide variety of
circumstances or stimuli, natural or developmental in nature, as part of a
disease process, or in response to physiological stress. Developmental
processes, whereby organs mature or reorganize, for example, can involve the
death of specific kinds of cells, to make way for the emergence of other new
kinds of cells. Understanding apoptosis at the genetic and biochemical levels,
and the search for ways in which to intervene, either to promote it or to stop i,
has thus emerged as an area of considerable interest in medical sciences.
[0009] Apoptosis, however, has also become appreciated as a major route
for the cell death that occurs as a matter of course during in vitro culture of
mammalian cells. A basic form of cell culture, done both in the laboratory and
in large scale manufacturing environments, is termed batch culture. A batch
culture is initiated with a healthy, actively growing cell inoculant; the culture
grows to a peak cell density, enters a period of decline, and runs a course until
the cell population dies off. The latter declining phase of cell culture is a time
when the environment becomes stressful to the cells, as nutrients become
depleted, and the concentrations of toxic metabolites increases. Additionally,
the fermentation environment, itself, can offer other stressful factors, such as
shear forces created by the hardware, fluid and gas turbulence associated with
mixing, and the movement of the culture through pipes and lines. All of these
factors (nutrient limitation, toxic agents in the medium, and physical stresses)
have been demonstrated to initiate apoptosis in cells in culture, and thus to

play a role in the limiting the life expectancy of the culture as a whole.
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[0010] Several of proteins that play key roles in the apoptotic process have
recently been discovered, and their genes isolated and cloned. E1B-19K is an
adenovirus protein, which is an anti-apoptotic member of the Bcl-2 protein
family. The cell's response to an infection is to initiate the apoptosis cascade.
This defense mechanism is used to eliminate infected cells from tissues.
However, certain viruses have developed a method to combat the apoptosis
response by encoding proteins expressed early in the infection process that
suppress apoptosis. During adenoviral infection, the viral gene expression in
cells is regulated by the E1 region of the adenovirus genome. The E1 region is
composed of two transcription units, E1A and E1B. The E1B unit encodes two
distinct tumor antigens of adenovirus, 19 kDa and 55 kDa proteins. An inhibitor
of apoptosis, E1B-19K’s action is understood to be similar to that of anti-
apoptotic protein Bcl-2, which inhibits apoptosis at multiple stages in the cell
death pathway. One mechanism of apoptotic suppression is thought to be
through stabilization of the mitochondrial membrane, thereby preventing
release of cytochrome C and other pro-apoptotic factors in the cytosol. (Vander
Heiden Cell 91 (5): 627-37 (1997)). Cytochrome C is involved in binding to
Apaf-1 in a complex involved in the initiation of the caspase cascade. Zou J.
Biol. Chem. 274 (17): 11549-56 (1999). Bcl-2 family members (Bcl-X.) also
block activation of Apaf-1 by directly binding to Apaf-1. (Hu et al., J. Biol. Chem
273 (10): 5481-5 (1998); PNAS 95 (8): 4386-91 (1998)).

[0011] Another anti-apoptotic protein is Aven, a ubiquitous membrane
protein. Aven’s anti-apoptotic activity is attributed to its ability to inhibit
caspase 9 activation by interfering with the self-association of the caspase
activator Apaf-1 (Chau Mol. Cell. 6:31-40 (2000)). Aven has also been shown
to enhance the anti-apoptotic activity of Bcl-X_ in BHK (baby hamster kidney)
cells, which suggests an interaction between Aven and Bcl-X, (Chau (2000)).
[0012] All of the above described various approaches to increasing protein
productivity have succeeded in practice to varying degree. Nevertheless there
is still a need to develop methods to increase production of cell-related product,

e.g., recombinant proteins, especially in large-scale commercial production. In
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addition, there is a need to develop methods for prevention or delaying

programmed cell death.

Summary and Objects of the Invention

[0013] An object of the invention is to provide a method for preventing or
delaying programmed cell death in a recombinant cell wherein the cell is not a
mouse myeloma cell. The method includes expressing or inducing the
expression of one or more anti-apoptotic polypeptides, e.g., cellular Bcl-x,, Bcl-
2, Aven, or viral proteins E1B-19K, and p35 in the cell such that programmed
cell death in the cell is prevented or delayed, wherein when expressing one
anti-apoptotic polypeptide in the cell the anti-apoptotic polypeptide is not a Bcl-
x_ interacting factor, e.g., Aven.

[0014] More specifically, it is an object of the present invention to provide a
method for preventing or delaying programmed cell death in a recombinant cell
containing one or more heterologous polynucleotides encoding one or more
desired polypeptides, e.g., antibodies such as anti-CD154 (IDEC-131), anti-
CD20 antibodies (e.g., RITUXAN®, a chimeric anti-CD20 having FDA approval
for treatment of non-Hodgkin’s lymphoma, which is produced by ATCC
Accession No. 69119, Zevalin™), anti-CD80 (IDEC 114) antibodies, anti-CD23
antibodies (IDEC 152), anti-CD4 antibodies (IDEC 151), and anti-tumor antigen
antibodies, enzymes, receptors, cytokines, cell-surface factors, cell
metabolites, cell-secretion factors, viral factors, and membrane-associated
factors.

[0015] It is another object of the invention to provide a method of increasing
production of a cell-related product by a recombinant cell. The method
includes expressing or inducing the expression of one or more anti-apoptotic
polypeptides in the cell such that production of the cell-related product by the
cell is increased, wherein when expressing one anti-apoptotic polypeptide in
the cell the anti-apoptotic polypeptide is not a Bcl-x_ interacting factor, e.g.,
Aven.

[0016] It is yet another object of the invention to provide a method of

increasing production of a recombinant cell. The method includes expressing
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or inducing the expression of one or more anti-apoptotic polypeptides in the
cell such that production of the recombinant cell is increased, wherein when
expressing one anti-apoptotic polypeptide in the cell the anti-apoptotic
polypeptide is not a Bcl-x, interacting factor, e.g., Aven.

[0017] It is another object of the invention to provide a recombinant cell
useful for producing cell-related product. The recombinant cell expresses or
can be induced to express at least two anti-apoptotic polypeptides.

[0018] Itis yet another object of the invention to provide a population of cells
useful for producing one or more biological functions of the cells. The
population of cells express or can be induced to express at least two anti-
apoptotic polypeptides.

[0019] Itis still another object of the invention to provide a population of cells
useful for cellular therapy. The population of cells express or can be induced

to express one or more anti-apoptotic polypeptides.

Brief Description of the Figures

[0020] Figure 1 depicts the NEOSPLA expression vector used to express the
antibody IDEC 131.

[0021] Figure 2 depicts the inducible expression vector, plasmid PX + E1B-
19K.

[0022] Figure 3 depicts the inducible expression vector, plasmid PX + Aven +
E1B-19K.

[0023] Figure 4 depicts the Aven cDNA polynucleotide and Aven polypeptide
amino acid sequences.

[0024] Figure 5 depicts the E1B-19K cDNA polynucleotide and E1B-19K
polypeptide amino acid sequences.

[0025] Figure 6 depicts data with respect to cell viability: comparing the 3-day
survival of glucose-deprived cultures of cells (1) transfected with GFP alone,
(2) transfected with GFP + Aven, (3) transfected with GFP + E1B-19K, (4)
transfected with GFP + Aven + EIB19K, and (5) non-transfected parental cells.
[0026] Figure 7 depicts data with respect to cell viability: comparing the 3-day

survival of glucose-deprived cultures of cells transfected (1) with GFP alone,
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(2) with GFP + Aven, (3) with GFP + E1B-19K, (4) with GFP + Aven + EIB19K,
each culture in the presence and absence of steroid induction.

[0027] Figure 8 depicts data with respect to inducible expression of anti-
apoptotic polypeptides: comparing the batch culture performance of steroid-
induced cells expressing E1B-19K and Aven to the non-transfected CHO cell
line with respect to viability and antibody production level.

[0028] Figure 9 depicts data with respect to inducible expression of anti-
apoptotic polypeptides: comparing the batch culture performance of cells
transfected with E1B-19K and Aven with- and without steroid induction of the
expression of these transfected genes, with respect to viability and antibody
production level.

[0029] Figure 10 contains results which indicate that a CHO cell line (CHO-
K1) undergoes apoptosis following serum deprivation and spent medium.
[0030] Figure 11a and 11b contains cell viability data relating to CHO cells
cultured in 10% FBS that express Aven, Bcl-x;, and Bcl-x_ + Aven
subsequently culture i.e., exposed to serum-free medium.

[0031] Figure 12a, b and c also contain viability data wherein CHO cells that
express Aven, Bcl-x., and Bcl-x_ + Aven are cultured to serum free medium
and cell viability measured after such culturing.

[0032] Figure 13a, b and c depict the inducible expression system utilized in
the examples.

[0033] Figure 14 shows the inducible expression of anti-apoptosis genes a-
Aven and a-E1B-19K in CHO cells.

[0034] Figure 15 contains glucose deprivation experimental results using 6-
well cultures.

[0035] Figures 16-21 contain the results glucose deprivation experiments
conducted in spinner flask cultures.

[0036] Figure 22 depicts schematically the production of a CHO cell line that
expresses IDEC-131 and the subject inducible expression vector containing
anti-apoptotic genes. |

[0037] Figures 23-26 contain other spinner flask results.
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[0038] Figure 27 compares relative expression of IDEC 131 in different cell
lines under induced or non-induced conditions.

[0039] Figures 28-31 contain the results of bioreactor study #1.

[0040] Figures 32-34 contain the results of bioreactor study #2.

[0041] Figures 35-37 contain the results of bioreactor study #3.

Detailed Description of the Invention

[0042] As described above, the present invention relates to prevention or
delaying programmed cell death in a recombinant cell, especially a
recombinant cell, preferably a mammalian cell producing cell-related product.
It is a discovery of the present invention that inhibiting apoptosis in a cell
increases cell viability and cell performance. Therefore the present invention
provides methods to preventing or delaying programmed cell death in a
recombinant cell by expressing one or more anti-apoptotic polypeptides in the
cell. The present invention also provides methods to increasing production of a
cell-related product in a recombinant cell by expression one or more anti-
apoptotic polypeptides in the cell. In addition, the present invention provides
recombinant cells useful for producing cell-related product or cellular therapy.
[0043] The capacity of this approach to inhibit cell death in mammalian and
other eukaryotic cells in culture potentially can be used to improve production
of any native or heterologous protein or virus produced by the cells of interest.
Native and heterologous product targets of interest would include but are not
limited to antibodies, cytokines, growth factors, hormones, serum proteins,
receptors, enzymes, ligands, cell secretory factors, cell metabolities, and viral
vectors that are produced by mammalian or other eukaryotic cells naturally or
following genetic manipulation. The genetic manipulation techniques would
include standard recombinant DNA techniques in which the target gene of
interest is integrated into the mammalian genome or an extra-chromosomal
element in order to allow expression of the integrated gene as a heterologous
protein. The technology described in this application will be appropriate for all
mammalian and other eukaryotic cell lines for which apoptosis occurs during

the cell culture process. Appropriate cell lines include but are not limited to
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Chinese Hamster Ovary (CHO), Baby Hamster Kidney (BHK), human
embryonic kidney (HEK) 293, NSO myeloma, COS, NFO mammalian cells and
other eukaryotic cells such S$f-9, Sf-21, and Trichoplusia ni insect cells. These
cell lines can be obtained from sources such as American Type Culture
Collection (ATCC). Such technology may be appropriate for any eukaryotic
cells that undergo programmed cell death and can be genetically manipulated
to generate heterologous proteins of interest such as those listed above.
[0044] Target proteins and viruses would include those that can be produced
in a mammalian or other eukaryotic cells for biotechnology or pharmaceutical
applications. Several possible proteins of interest for application with this
technology include but are not limited to growth factors and cytokines such as
human growth hormone, granulocyte-colony stimulating factor (growth factor),
granulocyte macrophage colony stimulating factor, erythropoietin, interleukins
1alpha and beta, 2, 3, 4, 6, 8, 10, 11,13,15,17, and 18, interferon alpha and
gamma, endothelial growth factor, epidermal growth factor, fibroblast growth
factor, insulin, leptin, nerve growth factors, tumor necrosis factor-alpha, platelet
derived growth factors, transforming growth factor, bone morphogenic protein,
and stem cell factor; enzymes such as nucleases, trypsin, aprotinin, and
kinases; cell culture reagents such as laminin, collagen, and fibronectin;
plasma and serum proteins such as transferrin tissue plasminogen activator,
plasminogen, plasmin, and thrombin and factors VIII, IX, and X; monoclonal
antibodies to cytokines, cytokine receptors, growth factors, and other
receptors, ligands, and cell-associated factors; receptors such as tumor
necrosis factor receptors 1 and 2; erythropoietin receptors, transferrin
receptors, interleukin receptors, leptin receptor, P and L selectins, ICAM,
VCAM,; ligands such as FAS ligand and CD ligands; metabolites such lipids,
fats, nucleotides, and carbohydrates; viral vectors such as adenoviruses,
retroviruses, and adeno-associated viruses. Although this list includes many
currently produced heterologous protein and other product, the technology will
be equally appropriate for other current and future proteins and products in
which the producing eukaryotic cells in culture undergo apoptosis during the

production process.
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[0045] According to the present invention, expression of one or more anti-
apoptotic polypeptides in a cell can be achieved by any suitable means known
to one skilled in the art. For example, one can introduce one or more
polynucleotide constructs encoding one or more anti-apoptotic polypeptides.
Such constructs can be expression constructs and can include at least one
inducible promoter operably linked to the polynucleotide encoding one or more
anti-apoptotic polypeptides. In one embodiment, an ecdysone inducible
system is used to control the expression of one or more anti-apoptotic
polypeptides in a dose-dependent manner by a steroid. Such system is
described in detail in U.S. Patent No. 5,534, 418, the entire contents of which is
incorporated herein by reference.

[0046] Other promoters are also applicable. Examples of suitable viral
transcription promoters useful in eukaryotic cells are those from simian virus
40, adenovirus, rous sarcoma virus and cytomegalovirus. Transacting
transcription activators that stimulate transcription of heterologous genes can
be employed to activate a promoter. For example, SV 40 T antigen,
adenovirus E1A and E1B proteins can act on certain viral promoters of
heterologous genes, including the CMV major intermediate early (MIE)
promoter. Other molecules with transactivating activity include the immediate
early proteins of herpes virus, C-myc, and genes of human and simian AIDS
virus.

[0047] In another embodiment, the expression construct includes an
inducible promoter and a screenable or selectable marker such that cells
expressing one or more anti-apoptotic polypeptides can be selected or
detected. Any suitable selection or screening markers can be used for the
present invention, e.g., green fluorescence protein (GFP) or enhanced green
fluorescence protein (EGF).

[0048] According to the present invention, one or more anti-apoptotic
polypeptide can be expressed. Anti-apoptotic polypeptide includes any
polypeptides having an activity of inhibiting or decreasing apoptosis in a cell.
For example, an anti-apoptotic polypeptide can be encoded by heterologous

polynucleotides, e.g., genes in eukaryotic cells or viruses. In one embodiment,
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an anti-apoptotic polypeptide is a member of Bcl-2 family, Aven family,
adenovirus or baculovirus anti-death protein family, or a fragment thereof. In
another embodiment, an anti-apoptotic polypeptide is Bcl-2, Bcl-x., Aven, E1B-
19K, or p35. In yet another embodiment, when expressing one anti-apoptotic
polypeptide, it is not Aven, a Bcl-x, interacting factor, a factor protecting cells
from caspase-1 induced apoptosis, a factor inhibiting the activation of
caspases by cytochrome ¢ and dATP, a factor that binds to anti-apoptosis Bcl-
2 members, or a factor that binds to Apaf-1.

[0049] In a recombinant cell, anti-apoptotic polypeptide can be expressed
alone or in combination with others. For example, one can express just Aven
or co-express Aven and E1B-19K. One or more expression constructs can be
used to express two or more anti-apoptotic polypeptides. In one embodiment,
a recombinant cell expresses Aven in combination with one or more other anti-
apoptotic polypeptides.

[0050] Recombinant cells of the present invention include any suitable cells
known and available to one skilled in the art. In one embodiment, the
recombinant cells are mammalian cells, e.g.,human, murine, or rodent cells. In
another embodiment, the recombinant cells are BHK cells or CHO cells such
as CHO 5C11. In addition, methods of the present invention can be applied to
recombinant cells in a large-scale bioreactor or culture device of commercial
production. Other suitable cells include COS, CV-1, SP2/0 and hybridomas.
[0051] According to one embodiment, recombinant cells of the present
invention contain one or more heterologous polynucleotides encoding one or
more desired polypeptides. Such polypeptides can be any including without
limitation antibodies, enzymes, receptors, cytokines, cell-surface factors, cell
metabolites, cell-secretion factors, viral factors, and membrane-associated
factors. In one embodiment, such polypeptides are antibodies including
without limitation anti-CD154 (gp 39) antibodies (IDEC-131), anti-CD20
(Rituxan®, Zevalin™) antibodies, anti-CD80 (B7.1) antibodies (IDEC 114), anti-
CD23 antibodies (IDEC 152), anti-CD4 antibodies (IDEC 151), and anti-tumor

antigen antibodies.

11
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[0052] According to another feature of the present invention, expressing one
or more anti-apoptotic polypeptides increases production of a cell-related
product by a recombinant cell. A cell-related product can be any product
produced because of cell performance. For example, a cell-related product
can be expression of recombinant or endogenous proteins, antibodies,
enzymes, receptors, cytokines, cell-surface factors, membrane-associated
factors, or polynucleotides. In one embodiment, a cell-related product is a viral
factor, a cell metabolite, or any cellular components. In another embodiment, a
cell-related product can be the cell itself.

[0053] The present invention also provides recombinant cells useful for
producing cell-related product. These cells express or can be induced to
express one or more anti-apoptotic polypeptides. In one embodiment, these
cells express at least two anti-apoptotic polypeptides. These cells can also be
used for cellular therapy because of their increased viability and cell
performance, e.g., increased production of cell-related product.

[0054] To further illustrate the invention, the following examples are provided.
These examples are not intended, nor are they to be construed, as further

limiting the invention.

Example 1
Vectors and Transfection

[0055] An IDEC proprietary expression vector, referred to as NEOSPLA
(figure 1), contains the neomycin phospotransferase gene divided into exons 1
and 2, the human immunoglobulin light chain coding for antibody IDEC 131,
the murine dihydrofolate reductase gene, and the human immunoglobulin
heavy chain gene coding for antibody IDEC 131. This NEOSPLA vector was
used in the first round of transfections during the development of the cell lines
of the preferred embodiment of this invention. The NEOSPLA expression
vector is substantially described in U.S. Patents 5,648,267, 5,733,779,
6,017,733, 6,159,730, all four of which are incorporated in their entirety by

reference herein.

12
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[0056] A humanized anti-CD154 antibody (IDEC 131) is the desired high
value protein produced by the embodiments of this invention as described
herein. CD154 is a ligand for CD40, which is a cell surface molecule of
immature and mature B lymphocytes, which when cross linked by antibodies,
induces B cell proliferation. The anti-CD154 antibody has been substantially
described in U.S. Patent 6,001,358, which is incorporated in its entirety by
reference herein.

[0057] An inducible promoter system is utilized in the preferred embodiment
over a constitutive promoter in that it was considered possible that constitutive
expression of anti-apoptotic genes could interfere with cell division over the
long term, in a production cell line, which is required to grow continuously. It is
entirely possible, however, that in some particular embodiments of this
invention, constitutive expression of anti-apoptotic genes could be appropriate
and desirable.

[0058] The vector pVgRXR (from Invitrogen, Carlsbad, CA), utilized in the
preferred embodiments of the present invention, features an ecdysone-
inducible expression system. Both subunits of a functional hybrid ecdysone
steroid hormone receptor from Drosophila are constitutively expressed from the
regulator vector pVgRXR, while the hybrid ecdysone-responsive promoter (p-
A-HSP), which ultimately drives expression of the gene of interest, is located
on a second steroid hormone inducible expression vector. Mammalian cells are
first transfected with pVgRXR and then stable cell lines, presumptively
expressing the functional hybrid ecdysone steroid hormone receptor are
selected by exposure to Zeocin. In the presence of the inducer steroid,
ponasterone A, the functional hybrid ecdysone steroid hormone receptor binds
upstream of the hybrid ecdysone responsive promoter, thereby activating
expression of the gene of interest. When steroid hormone is supplied to these
cell lines their ability to stimulate transcription from a steroid hormone inducible
promoter can be measured by transient transfection of an inducible expression
vector with a readily measurable gene product such as beta galactosidase.
Most of these stable Zeocin resistant cell lines will not induce a steroid

responsive gene.

13
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[0059] After establishing a modified cell line that stably expresses the hybrid
steroid hormone receptor at a level sufficient to support steroid induction, a
plasmid containing the gene of interest under the control of a steroid
responsive promoter, as well as the dominant selectable marker gene for
puromycin, is transfected into this cell line. Cell lines stably expressing the
promoter are then derived by selection for puromycin. These cell lines are then
assayed for their ability to induce the genes of interest when steroid hormone is
provided. Most of these cell lines are not inducible by steroid. As noted supra,
the steroid induction system has been substantially described by Evans in U.S.
Patent 5,534,418, which is hereby incorporated in its entirety by reference.
[0060] This ecdysone-inducible system was used in the second and third
rounds, respectively, of the post-antibody IDEC 131 stages of development of
the cell line embodiments of this invention. The second transfection step was
the introduction of pVgRXR into the IDEC 131 cell line. The third transfection
step was the introduction of an ecdysone-inducible genes, either with or
without the gene for green fluorescent protein (GFP).

[0061] The Invitrogen expression vector pIND was modified so as to be able
to accommodate up to three further genes of interest, and was additionally
modified by the removal of the dominant selectable marker gene neomycin
phosphotransferase and its replacement with the selectable puromycin
resistance gene. In these subsequent rounds of transfection, modifications of
the expression vector included embodiments carrying the Aven gene, the E1B-
19K gene, and both genes together, in each case with and without GFP.
Examples of such vectors are depicted in figures 2 and 3. Figure 2 depicts the
modified Invitrogen expression vectors PX + E1B-19K; figure 3 depicts the
modified Invitrogen vector PX + Aven + E1B-19K. Vectors such as these were
used in the third round of transfections, to create cell lines expressing these
two anti-apoptotic proteins, both singly, and in combination. When GFP is
expressed in these CHO cells, in response to steroid induction, it provides a
positive marker of protein expression, which is useful in sorting and selecting

high-expressing steroid inducible cells by flow cytometry.
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[0062] The detailed sequence listings for the Aven cDNA polynucleotide and
Aven polypeptide amino acid sequences are shown in figure 4; sequence
listings for the E1B-19K cDNA polynucleotide and E1B-19K polypeptide amino

acid are shown in figure 5.

Example 2
Derivation of Cell Populations

[0063] Mammalian cells used in the commercial manufacture of therapeutic
proteins, such as Chinese Hamster Ovary (CHO) cells, are immortalized cell
lines which can continue to undergo continuous rounds of division, generation
after generation, indefinitely. This stands in marked contrast to primary cultures
of normal diploid animal cells, which have a finite lifespan that manifests as
senescence and cessation of division at approximately 50 generations.

[0064] In general, the standard level of homogeneity of a cell line is achieved
by having a cell population derive from a single cell. It is not considered to be
absolutely provable that a population has a single cell ancestral source, but
rigorous methods have been established which are accepted as creating a very
high probability that this is the case. This procedure, known as single cell
cloning, is accomplished by diluting suspended cells in culture medium to a
point where, statistically, there is less than one cell in the unit volume which is
aliquoted into a cell culture well. Visual and automated methods back up the
statistical method to assure the presence of not more than one cell per culture
well. As small populations emerge within these wells, they can thus be
considered highly likely to be single cell derived. This approach is the one used
in the development of cell populations used in examples 7 and 8, detailed
below.

[0065] Another approach to obtaining a homogeneous cell population is to
select a pool of cells, which are phenotypically homogeneous by criteria that
can be measured by flow cytometry. Flow cytometry is a method that measures
fluorescent or light scattering characteristics of individual cells, one by one, and
on the basis of these measurements makes a decision to collect or to reject

each cell. This is a powerful method that can create highly homogeneous pools
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of cells, which can then be expanded and banked as a particular population.
However homogeneous this population may be, and it may be indistinguishable
by any measure from a single cell-derived population as described above, it is
not considered clonal, as defined by the single cell source standard. An
advantage of this flow cytometric method is that large populations,
homogeneous for desired features, can be obtained much more quickly than
can populations that originate as single cells. This flow cytometry selection
procedure is the one used in the generation of populations used in examples 5
and 6, below. The flow cytometry selectable feature was the expression of

green fluorescent protein (GFP), as detailed below.

Example 3
Cell Line History

[0066] The CHO 5C11 cell line, the immediate parent of the cell lines

described in this invention, has two features significant features that support

the expression of the anti-apoptotic genes and demonstration of the inventive
method and preferred embodiments described herein. The parent cell line
secretes a desired protein, antibody IDEC 131, and it expresses a cytosolic
hybrid ecdysone steroid hormone receptor, which is a component of a system
whereby expression of anti-apoptotic genes is induced.

[0067] The CHO 5C11 cell line originates from the Chinese Hamster Ovary
cell line, CHO DG44, developed at Columbia University (Urlaub, PNAS 83 (17):
6519-23 (1986)). The CHO DG44 line is deficient in its expression of
dihydrofolate reductase (DHFR), and is thus dependent on the expression of a
transfected DHFR in order to acquire a resistance to methotrexate, a toxic
agent used to select for genomic amplification. In the development to its
present state, the CHO 5C11 line has undergone two major transfection events
since the DG44 stage of its development.

[0068] The first transfection of the CHO DG44 line was with the NEOSPLA
vector containing the coding sequence for an antibody, IDEC 131. Selection in
neomycin was performed under conditions in which populations are likely to

have been derived from a single cell, and antibody-producing cell lines were
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expanded. One of the resulting high producing neomycin-resistant cell lines,
G418, was selected for further development.

[0069] The antibody producing G418 cell line was subjected to further
selective pressure and antibody-expression amplification by growth in stepwise
increasing methotrexate at concentrations of 5 nM, 50 nM, and finally 500 nM,
each step conducted under selection conditions in which populations are likely
to have been derived from a single cell to yield a cell line, identified as 500E9.
[0070] In a second transfection step, this 500 nM methotrexate-resistant cell
line was transfected by electroporation with the vector pVgRXR and selected in
Zeocin (from Invitrogen Corp., Carlsbad, CA), which confers a steroid-inducible
expression system in the host cell. The resulting post-transfection Zeocin-
resistant cell lines were selected under conditions in which cell lines are likely
to have been derived from a single cell. These individual cell lines were then
tested for inducibility by transient transfections with a steroid inducible beta-
galactosidase gene, to yield the steroid-receptor inducible cell line, CHO 5C11.
The cell line CHO 5C11 has a single integration site of the plasmid pVgRXR,
reinforcing its probable derivation from a single cell.

[0071] In a third transfection step, the CHO 5C11 line was then used as a
parent for the series of transfected lines used in the inventive examples
disclosed herein. The Invitrogen vector system was modified to allow the
further expression of up to three further separate genes and the introduction of
the dominant selectable marker for puromycin resistance. Accordingly, six
vectors systems were constructed containing, respectively (1) green
fluorescent protein (GFP), (2) GFP + Aven, (3) GFP + E1B-19K, and (4) GFP +
Aven + E1B-19K (5) E1B-19K, and (6) Aven + EIB-19K. GFP is a fluorescing
marker protein, the expression of which allows selection by a flow cytometry.
Aven and E1B-19K are the genes for the two above described anti-apoptotic
proteins.

[0072] In the case of the plasmids containing GFP, post-transfection cell
populations were first grown under puromycin-selective pressure to yield stable
protein-expressing pools of the various transfected populations. The ability of

each of these populations to express the transfected genes in response to
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steroid induction was tracked by monitoring the expression of steroid-induced
GFP in a flow cytometer, and highly fluorescing cells were positively selected
and pooled by flow cytometry. Expression of the other newly transected genes
was verified by Western-blot studies of cell lysates. This approach yields a cell
population that is homogeneous with regard to rates of protein expression, but
the population is not derived from a single cell.

[0073] In another approach, cells derived from transfections and puromycin-
selected for stable transformation with a vector containing E1B-19K (number 5,
as listed above) and with a vector containing E1B-19K and Aven (number 6, as
listed above) were isolated into potentially single cell cultures and expanded to
the point whereby highly inducible populations could be identified. Such
potentially single-cell-derived populations were then expanded by serial
culture, and ultimately used in experimental examples 3 and 4, as detailed

below.

Example 4
Cell Culture Systems and Media

[0074] The CHO 5C11 line has been grown in a serum-free medium CHO
SSFM Il, a Gibco product (Grand Island, NY). Cell cultures are grown

continuously by sequentially passing a portion of a high cell density culture to a
new culture with fresh medium. In experimental examples 7 and 8, as detailed
below, a glucose-free variant of the serum-free CHO SSFM Il medium was
used. Experimental studies, using batch or terminal cultures, have been
conducted in small-scale systems, such as cell culture dishes, containing
culture volumes of 1 to 2 ml, and spinner flasks, containing cultures of 50 to
200 ml in volume.

[0075] The practice of this invention can be applied to a wide variety of cell
types, culture systems, and culture media. In general, commercial culture
systems include bioreactor vessels with volumes that range between 1 and
50,000 liters. Cells, in general, are grown in free suspension, but examples of
attachment-dependent and aggregated cells are also common. Numerous

references address means for large scale cultures and related considerations;
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an exemplary reference is R.J. Freshney, Animal Cell Culture” A Practical
Approach, 2" Ed., Oxford University Press, New York, 1992 and M. Butler,
Mammalian Cell Biotechnology: A Practical Approach, Oxford University Press,
New York, 1991. A representative reference detailing cell culture medium
considerations is the ATCC Media Handbook, Cote al. al., published by the
American Type Culture Collection, Rockville, MD, 1984.

Example 5
[0076] In this study, depicted in figure 6, the survival of cells (1) transfected

with GFP alone, (2) with GFP and Aven, (3) with GFP and E1B-19K, (4) with
GFP and the combination of Aven and EIB19K, and (5) non-transfected
parental cells was compared in 3 day cultures, in cell culture dishes. Cells were
grown in normal medium, i.e., CHO SSFM lI, until the initiation of the
experimental culture, whereupon the medium was changed to a glucose-free
medium, and induction of transfected genes effected by the addition of 5 pM
ponasterone A. The glucose-free environment subjects cells to a critical
nutrient crisis, and thus creates a strong apoptotic stimulus.

[0077] By the conclusion of day 1 in the glucose-free environment, all
cultures, which had an initial viability of 95%, have suffered a loss in viability,
but the viability of Aven + E1B-19K culture has dropped to 80%, while all other
cultures have dropped to approximately 70%. The Aven + E1B-19K culture
continues to show significantly higher viability over other cultures over the next
two days. At the conclusion of day 2, a significant difference in viability has
emerged between the two cultures representing E1B-19K-transfection and the
Aven-transfection vs. the two control cultures, represented by the GFP (alone)
and the non-transfected parental line. Thus, on day 2, the viability of the Aven
+ E1B-19K culture stands at 80%, the viability of the Aven and the E1B-19K
cultures both stand at approximately 60 %, while the control cultures stand at
30% to 40%. By day 3, the Aven + E1B-19K culture stands at 75% viability, the
E1B-19K culture stands at 45% viability, and the Aven culture and both control

cultures show zero viability.
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[0078] These data show that the expression of each gene, E1B-19K alone
and Aven alone, has an anti-apoptotic effect in CHO cells stressed by nutrient
deprivation, and that the effect of the expression of E1B-19K alone is
considerably greater than that of Aven alone. The effect of the two genes, E1B-
19K and Aven, together is synergistic with respect to their individual effect, i.e.,
the effect of combined expression is greater than the simple addition of their
individual effects. The latter conclusion is supported by the observation that
while Aven alone appears to offer no survival margin benefit on day 3, its
expression in combination with E1B-19K confers a 20% greater survival margin

over the cells expressing E1B-19K alone.

Example 6
[0079] In this study, depicted in figure 7, the performance of cells (1)

transfected with GFP alone, (2) transfected with GFP and Aven, (3) transfected
with GFP and E1B-19K, (4) transfected with GFP and the combination of Aven
and EIB19K, and (5) non-transfected parental cells was compared. Each of the
five cell types was cultured in the presence and absence of ponasterone A,
thus creating a total of 10 experimental groups.

[0080] Two days before the initiation of the test spinner cultures, 5 uM
ponasterone A was added to the media of cells which were to have the steroid
present during the experimental period, in order to have full induction of the
anti-apoptotic genes. Each experimental culture was initiated by seeding 250K
cells/ml in spinner flasks in normal glucose-containing medium. At day 2, the
medium was changed to glucose-free medium, and the culture continued.
[0081] For ease in visualizing the data, results from the experiment are
distributed into five graphs showing viability as a function of days in culture.

o Fig 7a shows the precipitous loss of viability that occurs by day 2 in the
control GFP-alone cultures, with and without ponasterone A.

e Fig 7b shows the Aven cultures, with and without ponasterone A, and that
the presence of the ponasterone (which induces Aven expression) does
have an effect in increasing the survival of a small percentage of cells
through the third day of culture.
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¢ Fig 7c shows the E1B-19K cells, with and without ponasterone A, and that
the viability of both cultures is significantly greater than that of controls (fig
6a) and Aven alone (fig 6b), and that the presence of the steroid effects a
markedly increased survival.

e Fig 7d shows the E1B-19K + Aven cells, with and without ponasterone A.
The viability of these cells in the presence of ponasterone extends is at
80% on day 3, when all other cultures have already completely failed, and
it is not until well into the fifth day of culture that viability drops to zero.

e Fig 7e focuses on the two most disparate groups for the purpose of a
head-to-head comparison, the GFP control group, showing poor viability
and the E1B-19K group, showing very high viability; each of the two cell
types in the presence of ponasterone.

[0082] These data confirm the results of example 1 in that expression each
of E1B-19K alone and Aven alone has an anti-apoptotic viability-increasing
effect, that the effect of E1B-19K alone is very significant and greater than that
of Aven alone, and that the expression of the two genes in combination yields a
synergistic effect, i.e., a result larger than that which would be expected from
the addition of the individual gene effects. That the anti-apoptotic effects are
specifically linked to the expression of these transfected genes is further
supported by the observation that the effects are entirely dependent on the

steroid induction.

Example 7
[0083] This study, depicted in figure 8, involved the comparison of the

performance of the stable cell line transfected with both E1B-19K and Aven vs.
the performance of parent 5C11 line, as a control, with regard to both cell
culture growth and antibody production. The transfected cell line (E1B-19K and
Aven ) in this example, as well as in example 4, was derived by single cell
cloning following the transfection.

[0084] Spinner flask cultures were seeded at 3 x 10° cells/ml and grown as
batch culture for 9 days. The steroid ponasterone at 5 uM, a concentration,

which effectively induces the transfected steroid-inducible genes, was added to
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both cultures. Culture samples were withdrawn daily to obtain cell counts and
for antibody concentration measurements by ELISA.

[0085] The data show the cultures to have very parallel performance until
day 6. On day six narrow differences are apparent in that the viability of the
control culture has fallen slightly below that of the E1B-19K + Aven culture, and
the antibody titer of the E1B-19K + Aven has increased slightly above that of
the control culture. Over the next three days these differences became
progressively larger. By day 9 the viability of the control culture has fallen to
28%, while the E1B-19K + Aven culture has a 78% viability. The final titer of
the control culture was 247 mg/L, while that of the E1B-19K + Aven culture has

reached 309 mg/L, an increase of approximately 20%.

Example 8
[0086] This study, depicted in figure 9, represents a test of the effectiveness

of the steroid induction in the cell line stably transfected with E1B-19K plus
Aven. Thus, two cultures of E1B-19K plus Aven cells were seeded at 300K
cells/ml; 5 uM ponasterone A was added to one (experimental) culture on day
two, while the other (control) culture received no steroid. The two cultures
showed very parallel performance during the first 6 days of culture, with the
steroid-induced culture showing but marginally better viability. By day 8,
viability of the control culture had dropped to 60% while the steroid-induced cell
line remained 90% viable. On day 9, viability of the control culture was 35%
while the steroid-induced culture was 70%. Finally, on day 10, the control
culture was 30% viable, while the induced cell line was 40% viable. The final
titer of the control culture was 240 mgs/liter, while the final titer of the steroid-
induced culture was 290 mgs/liter, an increase of approximately 20%.

[0087] Examples 7 and 8 are cases in which the apoptotic stress is that of
the nutrient depletion and toxicity build up over the course of a batch culture
extending over a nine to ten-day period. Apoptosis manifests as the precipitous
die off of cells which begins, in the case of control cells, around the 6™ or 7"
day of a batch culture. The conclusion of the first two examples, together, is

that the combined effect of the expression of transfected anti-apoptotic genes
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E1B-19K and Aven is to extend the life time of the cultures, to increase the
culture antibody titer by approximately 20%, and that the activity of these two

gene are indeed dependent on the steroid induction.

Example 9
Other Protein Therapeutic Product Examples

[0088] The foregoing examples, representing one embodiment of this
invention, pertain to the production of a humanized anti-CD154 antibody (IDEC
131). CD154 is a ligand for CD 40, which is a cell surface molecule of
immature and mature B lymphocytes, which when cross-linked by antibodies,
induces B cell proliferation.

[0089] Preferred examples of therapeutic protein products, particularly
antibodies, and the manufacture thereof by mammalian cell fermentation
processes toward which those skilled in the art could apply this inventive
method are as follows:

[0092] Antibodies to human RSV fusion protein, as described in U.S. Patents
5,811,524, 5,840,298, 5,866,125, 5,939,068, 5,955,364, and 5,958,765.
[0093] Antibodies to human CD20, designed for the treatment of B cell
lymphoma, as described in U.S. Patents 5,736,137 and 5,776,456.

[0094] Chimeric recombinant antibodies, including an old world monkey
portion and a human portion, for human therapy, as described in U.S. Patents
5,658,570, 5,681,722, 5,693,780, 5,750,105, and 5,756,096.

[0095] Antibodies to human CD23, monoclonals containing human gamma 1
constant domains, which inhibit IL-4 induced IgE production by B cells, as
described in U.S. Patent 6,011,138.

[0096] Primatized antibodies against human B7.1 (CD80) and B7.2 (CD86),
useful as specific immunosuppressants in the treatment of autoimmune
diseases and the prevention of transplant rejection, as described in U.S. Patent
6,113,898.

[0097] Chimeric antibodies against human CD4 gamma 1 constant domains,
containing old world monkey variable sequences and human constant domain

sequences, as described in U.S. Patent 6,136,310.

23



WO 03/006607 PCT/US02/21606

Example 10
Aven Enhances The Function Of Bcl-x; Following Serum Deprivation

[0098] Many mammalian cells require serum to proliferate in culture unless
they have been adapted to grow in serum-free environments. Serum provides
cells with growth factors, nutrients, metabolites, hormones, and cytokines and
has been shown to provide anti-apoptotic effects during bioreactor cultivation.
We have shown that CHO-K1 to undergo apoptosis following serum deprivation
(Fig. 10 and Mastrangelo et al., Bioreg. Bioeng. 67 (5): 544-54 (2000), Figueroa
et al., Bioreg. Bioeng. 7(3):211-222 (2001)). Since the depletion of nutrients
and growth factors can occur during the production of biological products,
serum deprivation studies were initiated as a model for this environment in cell
culture.

[0099] In order to determine if cells could be engineered to overcome this
insult, CHO cells grown in 10% FBS and expressing Aven, Bcl-x,, and Bcl-

x +Aven were subsequently exposed to serum-free medium. Viability was
then monitored at multiple days post deprivation, as shown in Figure 11A. The
engineered cell lines were observed to outperform the parental CHO K-1 cells
by 2-days post serum deprivation. Aven expression provided protection during
the first 2 days following serum deprivation and allowed the culture to maintain
viability greater than 90% at this time. In fact, the viability of the CHO-aven
cells was higher than that of the CHO-bcl-x; at 2 days withdrawal and
comparable to that of CHO-bcl-x, +aven. However, the protection offered by
the expression of Aven was minimal after 2-days post serum withdrawal when
compared to the protection offered by Bcl-x.. Overall, CHO-bcl-x +aven
outperformed CHO-bcl-x;, CHO-aven and the parental CHO K-1. The
enhanced protection offered by the combination of Aven and Bcl-x, was
apparent by 3-days post serum deprivation and sustained for 5 days following
exposure to serum free medium. CHO-bcl-x +aven maintained a viability
greater than 85% viability; whereas, the CHO-K1 viability was just over 20%
and CHO-bcl-x, displayed a viability of less than 60% at this same time. A
viability measurement was also taken at 9 days post-withdrawal to see if the

protection was sustained for extended periods (Fig. 11B). At 9-days post-
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serum deprivation, the parental CHO-K1 cells viability was 7% viability and the
cell expressing one anti-apoptotic gene had viabilities slightly above 10%.
However, the CHO-bcl-x, +aven maintained viability of 24%, which was double

that of the cell expressing only one gene and three-fold higher than the control.

Example 11
Aven Enhances The Function Of Bcl-x, Under 4-And 5-Day Spent Medium

[0100] The accumulation of metabolic waste products and cellular cytosolic

debris, along with the depletion of nutrients and growth factors, is often
encountered toward the end of many bioreactor runs and may create an
environment unfavorable for cell survival. In order to model such an
environment, CHO cells were exposed to medium from 4-and 5-day cultures
and the effects of expressing Aven, Bcl-x. and Bcl-x +Aven were evaluated. In
order to generate the spent medium, CHO K-1 cells were passaged and
expanded in DMEM complete medium for 4-or 5-days prior to medium
collection. A significant difference between 4-and 5-day spent medium was
observed in the viability of the cells at collection time. Following 4-days of CHO
K-1 expansion, the medium (yellow/orange color) was acidified by the
accumulation of metabolic waste products, depletion of serum (buffering
solution properties), and culture autocrine signals, however, the culture
remained viable (greater than 75% viability)but was 100% confluent. After 5-
days of culturing, CHO K-1 viability had diminished severely to below 30%
viability and the cells were completely detached from the flask accompanied by
further acidification of the culture medium (strong yellow color). The continued
acidification of the medium is likely to be attributable primarily to the presence
of a large percentage of cell death and lysis and the release of the cellular
contents into the medium. As shown in Figure 10, the exposure of CHO cells to
4-and 5-day spent medium culture conditions induced apoptosis.

[0101] In order to examine cell viabilities in spent medium, cells were washed
twice with PBS to ensure removal of serum and then exposed to spent culture
medium. Following exposure to 4-day spent medium, engineered CHO K-1 cell
lines displayed higher viabilities than the parental CHO K-1 (Figure 12A and
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12B) at almost all time points. The expression of Aven alone enhanced
viabilities for 3-days post exposure at which point viability dropped to a level
comparable to parental CHO K-1 levels (Figure 12A). To determine if this was
a characteristic of the clone or the expressed gene, two different CHO-aven
clones were exposed to the 4-day spent medium. Interestingly, both clones
demonstrated the same characteristic pattern of protection in which viability
was enhanced for the first three days and then declined to the level at or below
wild-type CHO cells. In contrast, the CHO cells expressing Bcl-x. showed a
different pattern of sensitivity to the 4-day spent medium (Figure 12B). At 1-
day post exposure, CHO-bcl-x, had the most significant drop in viability when
compared to the other cell lines including the CHO-K1. By 2-days post
exposure, CHO-bcl-x; viability had stabilized and expression of Bcl-x_ offered
protection compared to parental CHO-K1 for the duration of the exposure to
spent medium. The viability of CHO-bcl-x, +aven was equal to or better than
CHO-aven, CHO-bcl-x; and parental CHO K-1 at all days exposure to 4-day
spent medium. The cell line carrying two anti-apoptosis genes maintained a
viability greater than 85% throughout the duration of the 4 day exposure to 4-
day spent medium, while the viability of the parental CHO-K1 and CHO-aven
was approximately 40% at this same time point.

[0102] Cell death rates were significantly increased following exposure to 5-
day spent medium as compared to that in 4-day spent medium. Cell culture
viability for cells exposed to the 5-day spent medium dropped severely
following 2-days exposure as shown in Figure 12C. While the viability of the
CHO-K1 was at 68% in 4-day spent medium, the level had dropped
precipitously to 14% as a result of the increased toxicity of the 5-day medium.
Once again, however, the engineered CHO cell lines outperformed parental
CHO K-1. The expression of Aven in two different clones offered some
protection against programmed cell death induced by exposure to 5-day spent
medium when compared against the parental CHO K-1. Expression of Bcl-x,
offered even more protection against the toxicity with a viability that exceeded
40% in the 5-day spent medium. The rate of cell death following exposure to
5-day spent medium was altered the most by the co-expression of Bcl-x, and
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Aven with a viability of 48% after 2 days in the environment. However, the
enhanced protection offered by the expression of two genes over Bcl-x_ alone
was not as great in the more toxic 5-day spent medium as observed previously
in the 4-day medium. The viability of the CHO-bclx +aven was consistently
nearly 20 percentage points higher than CHO-bclx, in 4-day spent medium
whereas the difference was less than 8 percentage points in the highly acidified

and toxic 5-day spent medium.

Example 12
Additional Deprivation Studies Using Ecdysone Inducible Expression System

[0103] The ecdysone inducible system and vector systems used in this
example and described previously are depicted schematically in Figure 13a &
13b respectively. As further shown in Figure 13c, RXR and VgEcR are
expressed from pVgRXR, and the addition of a ligand (i.e., ponasterone A)
induces heterodimer RXR and VgECR to bind to hybrid ecdysone response
element (EGRE) with transcription activated from the VP16 transactivation
domain in the modified ecdysone receptor.

[0104] As shown in Figure 14, CHO cells containing this inducible expression
system that express a-GFP, a-Aven or a-E1B-19K were induced with 5uM
ponasterone A.

[0105] As shown in Figures 15 glucose deprivation experiments were
conducted using this inducible expression system (wherein cell populations in
6-waell cultures were induced with 5uM ponasterone for 48 hours before the
start of the experiment) and cell viability measured over time. Figure 16
contains spinner flask results for the GFP control group, Figure 17 for cells that
express E1B-19K, and Figure 18 contains results comprising cell viability of
cells that express E1B-19K vs GFP under glucose deprivation conditions in
spinner flasks.

[0106] Figure 19, 20 and 21 respectively contain the results of experiments
wherein the expression of Aven, Aven + E1B19K, and Aven + E1B19K vs. GFP

are compared after induction with ponasterone A.
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[0107] These results provide further evidence that Aven and E1B-19K are
stably expressed after induction, with ponasterone A, that Aven alone provided
little protection against apoptosis initiated by glucose deprivation, but that co-
expression of Aven significantly enhanced E1B-19K protection against

apoptosis initiated by glucose deprivation.

Example 13
Results With IDEC-131 Anti-Apoptotic Cell Line (14C6)

[0108] In this example, an IDEC-131 expressing CHO cell line (single cell

isolate) is contacted with 500nM methotrexate and transfected with pVgRXR
Vector (Invitrogen vector) that constitutively expresses steroid receptor
heterodimer to produce the 5C11 which is cultured under Zeocin resistance
conditions.

[0109] These cells are then transfected with the same inducible expression
vector modified to certain anti-apoptotic genes (Modified Invitrogen vector
contains Aven + E1B-19K genes), and the cells induced with ponasterone A
and the transfected cells cultured under Zeocin/puromycin resistance
conditions (These experiments are shown schematically in Figure 22).

[0110] Cell lines were then compared to the original 500 E9 cell line based on
criteria including growth rate, specific productivity (pg/cell/day),inducible protein
expression (by western blot), and antibody titer (ELISA/HPLC).

[0111] Inthese experiments, 14 cell lines were evaluated, expressing E1B-
19K and expressing both Aven and E1B19K. Three experiments were
conducted at 100mL volume, 1x duplicate, 2x triplicate, under induced and non-
induced conditions.

[0112] The results of these experiments are contained in Figure 22-26. The
results contained therein shown that the expression of E1B19K prolonged cell
culture duration (w/wo induction), but had a demonstrable effect on cell growth
and did not enhance antibody production.

[0113] By contrast, cells which co-expressed Aven + E1B 19K had extended

duration of cell cultures up to 3 days after induction, and significantly enhanced
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antibody titers (up to 20-30% relative to parent CHO cell line 500E9). These

cells exhibit low-level constitutive expression of these anti-apoptotic genes.

Example 14
Bioreactor Reactor Study #1

[0114] In these experiments, three cell lines (14C6, 15C3 and 15E2) were

evaluated in 5L bioreactors in a fed batch process. Three experiments were

conducted using a single reactor, duplicate reactors under, induced vs. non-
induced, conditions and using 3 different processes, and high density seeding.
[0115] The results of these bioreactors studies are contained in Figures 28-
31. The results of this study show that both the induced and non-induced 15C3
cell line had higher cell viability, viable cell density and titer than S00ES.

[0116] The experimental results further indicate that the specific productivity
of 15C3 was higher than 14C6, but both were lower than the 500 EO cell line. It
was also observed that ponasterone induction did not improve antibody titers of
the 15C3 cell line.

Example 15
Bioreactor Study #2

[0117] In these experiments the 15C3 antibody producing cell line was

cultured under induced early log phase conditions again using ponasterone A
as the inducing agent. These results are contained in Figures 32-37 and show
that non-induced cultures produced higher viabilities, cell densities, and titers
than the 500E9 cell line.

[0118] Specifically, in non-induced cultures antibody titers were 20-30%
higher than in the 500E9 cell line. It was also observed that induction
increased culture longevity but did not improve antibody titers and that specific

productivity was lower than in the 500E9 cell line.
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Example 16
Bioreactor Study #3

[0119] A third bioreactor study was conducted wherein the same 500E9 and

15C3 cell line were seeded at high density in 100% fresh medium, and induced
at mid-log phase. The results of this study are contained in Figures 35-37.
These results show that 15C3 cultures produced higher cell derivatives and
titers than 500E9 with non-induced culture titers being 20-30% higher than for
500E9. Induction again increased culture longevity but did not improve
antibody titers. The results also show that specific productivity of 15C3 was
lower than 500E9.

[0120] Thus, in conclusion the results of the experiments described in the
previous examples demonstrate that the CHO DG44 cell line undergoes
apoptotic cell death when subjected to extended culture and glucose
deprivation, and that cell lines which express the anti-apoptotic genes alone or
in combination exhibit an increase in cell viability and productivity in spinner
flask and bioreactor cultures for CHO cell lines that express both of the tested
anti-apoptotic genes (Aven and E1B-19K genes).

[0121] These results indicate that the expression of one or more anti-
apoptotic genes, preferably under regulation of an inducible promoter as in the
Ecdysone inducible expression system provides a viable means of enhancing
the specific productivity of cell cultures, e.g., mammalian cell cultures producing
a desired recombinant protein.

[0122] All patent and non-patent references cited this application are
incorporated by reference in their entirety herein.

[0123] While the findings detailed description has described several
embodiments of the present invention, it is to be understood that the above
description is illustrative only and not limiting of the disclosed invention. The

invention is to be limited only by the claims which follow.
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Claims

1. A method for preventing or delaying programmed cell death in a
recombinant cell, wherein the cell is not a mouse myeloma cell
comprising
expressing one or more anti-apoptotic polypeptides in the cell such that

programmed cell death in the cell is prevented or delayed,
wherein when expressing one anti-apoptotic polypeptide in the

cell the anti-apoptotic polypeptide is not Aven.

2. The method of claim 1, wherein the cell comprises one or more
heterologous polynucleotides encoding one or more desired

polypeptides.

3. The method of claim 1, wherein the desired polypeptides are selected
from the group consisting of antibodies, enzymes, receptors, cytokines,
cell-surface factors, cell metabolites, cell-secretion factors, viral factors,

and membrane-associated factors.

4, The method of claim 3, wherein the antibodies are selected from the
group consisting of anti-CD154 antibodies (IDEC-131), anti-CD20
antibodies (Rituxan®, Zevalin™, anti-B7 antibodies (IDEC 114), anti-
CD23 antibodies (IDEC 152), anti-CD4 antibodies (IDEC151), and anti-

tumor antigen antibodies.

5. The method of claim 1, wherein expression of one or more anti-apoptotic
polypeptides is controlled by at least one inducible heterologous
promoter operably linked to a polynucleotide encoding said one or more

anti-apoptotic polypeptides.

6. The method of claim 5, wherein the inducible heterologous promoter is

inducible by a steroid.
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10.

11.

12.

13.

14.

15.

The method of claim 5, wherein the inducible heterologous promoter is

an ecdysone promoter.

The method of claim 5, wherein the recombinant cell further comprises a
screenable or selectable marker operably linked to said at least one

inducible heterologous promoter.

The method of claim 8, wherein the screenable or selectable marker is
green fluorescence protein (GFP) or enhanced green fluorescence
protein (EGF).

The method of claim 1, wherein the anti-apoptotic polypeptides are

encoded by genes in eukaryotic cells or viruses.
The method of claim 1, wherein the anti-apoptotic polypeptides are
selected from the group consisting of Bcl-x., Bcl-2, Aven, E1B-19K, and

p35.

The method of claim 1 comprising expressing one anti-apoptotic

polypeptide.

The method of claim 12, wherein the anti-apoptotic polypeptide is E1B-
19K.

The method of claim 1 comprising expressing at least two anti-apoptotic

polypeptides.

The method of claim 14, wherein said at least two anti-apoptotic

polypeptides include E1B-19K and Aven.
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16.

17.

18.

19.

20.

21.

22.

23.

24.

The method of claim 1, wherein the recombinant cell is a mammalian

cell.

The method of claim 16, wherein the recombinant cell is selected from

the group consisting of human cells, murine cells, and rodent cells.

The method of claim 16, wherein the recombinant cell is a CHO cell.
The method of claim 18, wherein the recombinant cell is CHO 5C11.
The method of claim 16, wherein the recombinant cell is a BHK cell.

The method of claim 1, wherein the recombinant cell is in a large scale

bioreactor or culture device of a commercial production.

A method of increasing production of a cell-related product by a

recombinant cell comprising

expressing one or more anti-apoptotic polypeptides in the cell such that
production of the cell-related product by the cell is increased,
wherein when expressing one anti-apoptotic polypeptide in the

cell the anti-apoptotic polypeptide is not Aven.

The method of claim 22, wherein the cell-related product is selected
from the group consisting of recombinant protein, antibody, enzyme,
receptor, cytokine, cell-surface factor, cell metabolite, cell-secretion

factor, viral factor, membrane-associated factor, and polynucleotide.

The method of claim 23, wherein the antibodies are selected from the
group consisting of anti-CD154 antibodies (IDEC-131), anti-CD20
antibodies (Rituxan®, Zevalin™, anti-B7 antibodies (IDEC 114), anti-
CD23 antibodies (IDEC 152), anti-CD4 antibodies (IDEC151), and anti-

tumor antigen antibodies.
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25.

26.

27.

28.

29.

30.

31.

32.

33.

The method of claim 22, wherein expression of one or more anti-
apoptotic polypeptides is controlled by at least one inducible
heterologous promoter operably linked to a polynucleotide encoding said
one or more anti-apoptotic polypeptides.

The method of claim 25, wherein the inducible heterologous promoter is

inducible by a steroid.

The method of claim 25, wherein the inducible heterologous promoter is

an ecdysone promoter.

The method of claim 25, wherein the recombinant cell further comprises
a screenable or selectable marker operably linked to said at least one

inducible heterologous promoter.

The method of claim 28, wherein the screenable or selectable marker is
green fluorescence protein (GFP) or enhanced green fluorescence
protein (EGF).

The method of claim 22, wherein the anti-apoptotic polypeptides are

encoded by genes in eukaryotic cells or viruses.
The method of claim 22, wherein the anti-apoptotic polypeptides are
selected from the group consisting of Bcl-x,, Bcl-2, Aven, E1B-19K, and

p35.

The method of claim 22 comprising expressing one anti-apoptotic

polypeptide.

The method of claim 32, wherein the anti-apoptotic polypeptide is E1B-
19K.
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34. The method of claim 22 comprising expressing at least two anti-
apoptotic polypeptides.

35. The method of claim 34, wherein said at least two anti-apoptotic

polypeptides include E1B-19K and Aven.

36. The method of claim 22, wherein the recombinant cell is a mammalian

cell.

37. The method of claim 36, wherein the recombinant cell is selected from

the group consisting of human cells, murine cells, and rodent cells.

38. The method of claim 36, wherein the recombinant cell is a CHO cell.

39. The method of claim 38, wherein the recombinant cell is CHO 5C11.

40. The method of claim 36, wherein the recombinant cell is a BHK cell.

41. The method of claim 22, wherein the recombinant cell is in a large scale

bioreactor or culture device of a commercial production.

42. A method of increasing production of a recombinant cell comprising
expressing one or more anti-apoptotic polypeptides in the cell such that
production of the recombinant cell is increased, wherein when
expressing one anti-apoptotic polypeptide in the cell the anti-apoptotic

polypeptide is not Aven.

43. A recombinant cell useful for producing cell-related product expressing

or capable of expressing at least two anti-apoptotic polypeptides.
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44.

45.

46.

47.

48.

49.

50.

51.

The recombinant cell of claim 43, wherein the anti-apoptotic

polypeptides are encoded by genes in eukaryotic cells or viruses.

The recombinant cell of claim 43, wherein the anti-apoptotic
polypeptides are selected from the group consisting of Bcl-x., Bcl-2,
Aven, E1B-19K, and p35.

The recombinant cell of claim 43, wherein said at least two anti-apoptotic

polypeptides include E1B-19K and Aven.

The recombinant cell of claim 43, wherein the cell-related product is
selected from the group consisting of recombinant protein, antibody,
enzyme, receptor, cytokine, cell-surface factor, cell metabolite, cell-
secretion factor, viral factor, membrane-associated factor, and

polynucleotide.

The recombinant cell of claim 43, wherein the antibody is selected from
the group consisting of anti-CD154 antibodies (IDEC-131), anti-CD20
antibodies (Rituxan®, Zevalin™, anti-B7 antibodies (IDEC 114), anti-
CD23 antibodies (IDEC 152), anti-CD4 antibodies (IDEC 151), and anti-

tumor antigen antibodies.

The recombinant cell of claim 43, wherein expression of one or more
anti-apoptotic polypeptides is controlled by at least one inducible
heterologous promoter operably linked to a polynucleotide encoding said

one or more anti-apoptotic polypeptides.

The recombinant cell of claim 49, wherein the inducible heterologous

promoter is inducible by a steroid.

The recombinant cell of claim 49, wherein the inducible heterologous

promoter is an ecdysone promoter.
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52.

53.

54.

55.

56.

57.

58.

59.

60.

The recombinant cell of claim 49, wherein the recombinant cell further
comprises a screenable or selectable marker operably linked to said at

least one inducible heterologous promoter.

The recombinant cell of claim 52, wherein the screenable or selectable
marker is green fluorescence protein (GFP) or enhanced green

fluorescence protein (EGF).

The recombinant cell of claim 43, wherein the recombinant cell is a

mammalian cell.

The recombinant cell of claim 43, wherein the recombinant cell is
selected from the group consisting of human cells, murine cells, and

rodent cells.

The recombinant cell of claim 43, wherein the recombinant cell is a CHO

cell.

The recombinant cell of claim 56, wherein the recombinant cell is CHO
5C11.

The recombinant cell of claim 43, wherein the recombinant cell is a BHK

cell.

The recombinant cell of claim 43, wherein the cell produces cell-related
product in a large scale bioreactor or culture device of commercial

production.
A population of cells useful for producing one or more biological

functions of the cells expressing or capable of expressing at least two

anti-apoptotic polypeptides.
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61. A population of cells useful for cellular therapy expressing or capable of

expressing one or more anti-apoptotic polypeptides.
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Aven ¢cDNA polvnucleotide and Aven polypeptide amino acid
sequences

The IDEC Aven polynucleotide sequence has a mutation in the second codon
(improved Kozak) as compared to the published native Aven sequence whereby the
native CAG has changed to ACC (underlined) in the IDEC sequence. This codon change
results in a change from glutamine (Q) as the second amino acid residue of the published
native polypeptide to arginine (N, underlined) in the IDEC Aven polypeptide.

IDEC’s Aven cDNA sequence:

ATGACCGCGGAGCGAGGAGCTCGGGGAGGCCGTGGGCGGCGGCCAGGCCGC
GGCCGGCCTGGCGGAGATCGCCACAGCGAGCGGCCCGGAGCCGCAGCGGCG
GTAGCCAGAGGCGGCGGCGGAGGCGGCGGCGGGGACGGAGGCGGACGCCG
GGGCCGTGGCCGTGGCCGGGGCTTCCGCGGCGCTCGCGGAGGCCGAGGAGG
AGGAGGCGCCCCGCGAGGCAGCCGCCGGGAGCCGGGAGGCTGGGGCGCAGG
GGCCAGCGCGCCGGTTGAAGATGACAGCGATGCAGAGACCTATGGAGAAGA
GAATGATGAACAGGGAAATTATTCTAAAAGAAAGATTGTCTCTAACTGGGAT
CGATATCAAGATATTGAAAAAGAGGTCAATAATGAAAGTGGAGAGTCACAG
AGGGGAACAGATTTCAGTGTCCTCCTTAGCTCTGCAGGGGACTCATTCTCACA
GTTCCGGTTTGCTGAGGAGAAAGAATGGGATAGTGAAGCTTCTTGTCCAAAA
CAGAATTCAGCATTTTATGTGGATAGTGAGTTATTGGTTCGAGCCCTTCAAGA
GCTGCCTCTCTGCCTCCGACTCAACGTTGCTGCCGAACTGGTCCAGGGTACAG
TTCCTTTAGAGGTTCCTCAGGTGAAACCAAAGAGAACTGATGATGGCAAGGG
ATTAGGGATGCAGTTAAAGGGGCCCTTGGGGCCTGGAGGAAGGGGGCCCATC
TTTGAGCTGAAATCTGTGGCTGCTGGCTGCCCTGTGTTGCTGGGCAAAGACAA
CCCAAGCCCGGGTCCTTCAAGGGATTCTCAGAAACCCACTTCCCCACTGCAG
TCAGCAGGAGACCATTTGGAAGAAGAACTAGATCTGTTGCTTAATTTAGATG
CACCTATAAAAGAGGGAGATAACATCTTACCAGATCAGACGTCTCAGGACCT
GAAATCCAAGGAAGATGGGGAGGTGGTCCAAGAGGAAGAAGTTTGTGCAAA
ACCATCTGTGACTGAAGAAAAAAACATGGAACCTGAGCAACCAAGTACCTCC
AAAAATGTTACCGAGGAAGAGCTGGAAGACTGGTTGGACAGCATGATTTCCT
AA :

IDEC’s Aven polypeptide sequence

MNAERGARGGRGRRPGRGRPGGDRH SERPGAAAAVARGGGGGGGGDGGGRR
GRGRGRGFRGARGGRGGGGAPRGSRREPGGWGAGASAPVEDDSDAETYGEEN
DEQGNYSKRKIVSNWDRYQDIEKEVNNESGESQRGTDFSVLLSSAGDSFSQFRFA
EEKEWDSEASCPKQNSAFYVDSELLVRALQELPLCLRLNVAAELVQGTVPLEVP
QVKPKRTDDGK GLGMQLK GPLGPGGRGPIFELKSVAA GCPVLLGKDNPSPGPSR
DSQKPTSPLQSAGDHLEEELDLLLNLDAPIKEGDNILPDQTSQDLKSKEDGEVVQ -
EEEVCAKPSVTEEKNMEPEQPSTSKNV TEEELEDWLDSMIS
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E1B-19K ¢DNA polynucleotide and E1B-19K polypeptide
amipo acid sequences

Adenovirus E1B-19K Types 5 and 2, and their respective translated polypeptide
sequences are shown below. The construct used by IDEC is of Type 5. Type 2 is shown
for the sake of comparison. The disparate regions berween the adenovirus type 2 and type
5 translated polypeptide sequence, set out below, are underlined in the sequence listing.

Type2: Q EEARR

Type 5: QQQEEA R

E1B-19K (adenovirus type 5) published cDNA sequence:

ATGGAGGCTTGGGAGTGTTTGGAAGATTTTTCTGCTGTGCGTAACTTGCTGGA
ACAGAGCTCTAACAGTACCTCTTGGTTTTGGAGGTTTCTGTGGGGCTCATCCC
AGGCAAAGTTAGTCTGCAGAATTAAGGAGGATTACAAGTGGGAATTTGAAGA
GCTTTTGAAATCCTGTGGTGAGCTGTTTGATTCTTTGAATCTGGGTCACCAGG
CGCTTTTCCAAGAGAAGGTCATCAAGACTTTGGATTTTTCCACACCGGGGCGC
GCTGCGGCTGCTGTTGCTTTTITGAGTTITTATAAAGGATAAATGGAGCGAAGA
AACCCATCTGAGCGGGGGGTACCTGCTGGATTTTCTGGCCATGCATCTGTGGA
GAGCGGTTGTGAGACACAAGAATCGCCTGCTACTGTTGTCTTCCGTCCGCCCG
GCGATAATACCGACGGAGGAGCAGCAGCAGCAGCAGGAGGAAGCCAGGCGG
CGGCGGCAGGAGCAGAGCCCATGGAACCCGAGAGCCGGCCT GGACCCTCGG
GAATGA

E1B-19K (adenovirus type 5) polypeptide sequence:

MEAWECLEDFSAVRNLLEQSSNSTSWFWRFLWGSSQAKLVCRIKEDYKWEFEE
LLKSCGELFDSLNLGHQALFQEKVIKTLDFSTPGRAAAAVAFLSFIKDKWSEETH
LSGGYLLDFLAMHLWRAVVRHKNRLLLLSSVRPAIIPTEEQQQQQEEARRRRQE
QSPWNPRAGLDPRE

E1B-19K (adenovirus type 2) published ¢cDNA sequence:

ATGGAGGCTTGGGAGTGTTTGGAAGATTTTTCTGCTGTGCGTAACTT! GCTGGA
ACAGAGCTCTAACAGTACCTCTTGGTTTTGGAGGTTTCTGTGGGGCTCATCCC
AGGCAAAGTTAGTCTGCAGAATTAAGGAGGATTACAAGTGGGAATTTGAAGA
GCTTTTGAAATCCTGTGGTGAGCTGTTTGATTCTTTGAATCTGGGTCACCAGG
CGCTTTTCCAAGAGAAGGTCATCAAGACTTTGGATTTTTCCACACCGGGGCGC
GCTGCGGCTGCTGTTGCTTTTTTGAGTTTTATAAAGGATAAATGGAGTGAAGA
AACCCATCTGAGCGGGGGGTACCTGCTGGATTTTCTGGCCATGCATCTGTGGA
GAGCGGTGGTGAGACACAAGAATCGCCTGCTACTGTTGTCTTCCGTCCGCCC
GGCAATAATACCGACGGAGGAGCAACAGCAGGAGGAAGCCAGGCGGCGGCG
GCGGCAGGAGCAGAGCCCATGGAACCCGAGAGCCGGCCTGGACCCTCGGGA
ATGA

E1B-19K (adepovirus type 2) polypeptide sequence:

MEAWECLEDFSAVRNLLEQSSNSTSWFWRFLWGSSQAKLVCRIKEDYKWEFEE
LLKSCGELFDSLNLGHQALFQEKVIKTLDFSTPGRAAAAVAFLSFIKDKWSEETH
LSGGYLLDFLAMHLWRAVVRHKNRLLLLSSVRPAIIPTEEQQQEEARRRRRQEQ
SPWNPRAGLDFRE
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6-well glucose deprivation experiments. Cell populations were induced
with 5 mcMPonasterone A for 48 hours before the start of experiment.
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FIGURE 10

Apoptosis Induced By Various Culture Conditions. DNA analysis of CHO cells: (A)
following exposure to Staurosporine (B) post-serum-withdrawal (C) post-SV infection
(D) following exposure to 5-day spent medium and (E) following exposure to 4-day spent

medium.
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FIGURE 11A
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FIGURE 12A
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FIGURE 12B
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FIGURE 12C
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1. RXR & VgEcR are expressed
from pVgRXR. v

2. Addition of ligand (i.e. ponasterone)
induces heterodimer RXR & VgEcR
‘to bind the hybrid ecdysone response
clement (E/GRE).

3. Transcription is activated from the
VP16 transactivation domain in the
maodified ecdysone receptor.
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FIGURE 13C
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E Glucose Deprivation Studies

6-well glucose deprivation experiments. Cell populations were induced with 5
mcMPonasterone A for 48 hours before the start of experiment
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FIGURE 17

Glucose Deprivation
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AVEN & E1B19K vs

Glucose Deprivation
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IDEC-131 Anti-apoptotic Cell Line (14C6)

*IDEC-131 (single cell
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sZeocin resistance
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FIGURE 23
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FIGURE 25
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FIGURE 27
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