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IMPROVED METHODS AND COMPOSITIONS FOR INCREASING
LONGEVITY AND PROTEIN YIELD FROM A CELL CULTURE

FIELD OF THE INVENTION

[0061] Various embodiments of the present invention concern methods and compositions for
increasing longevity and/or protein yield from a cell line. In particular embodiments, the cell
line may be a hybridoma cell line that produces antibodies or antibody fragments. In more
particular embodiments, the methods may comprise transfecting a cell line with one or more
genes, such as genes encoding B6, E7 and/or Bel-2 or related proteins. Such proteins are not
limited to their native sequence, but may include one or more substituted amino acids, such
as a Bel-2 with point mutations at T69E, STOE and S87E. Other embodiments concern
mammalian cell lines that are capable of growth and protein production in serum-free
medium. Such cell lines may be used in methods of protein production, by transfecting the
cell line with an expression vector that expresses a heterologous protein, such as an antibody,
bispecific antibody, multivalent antibody or multispecific antibody or fragment thereof. In
preferred embodiments, the cell line may be transfected in serum-free medium, providing
considerable time savings in avoiding having to adapt the transfected cell line for serum-fiee

growth and protein production.
BACKGROUND OF THE INVENTION

[0002] Culturing cells in vitro, especially in large bioreactors, has been the basis of the
production of numerous bictechnology 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 a number of factors, such as, for exarnple, cell
density, cell cycle phase, cellular biosynthesis rates of the proteins, condition of the medivm
used to support cell viability and growth, and the longevity of the cells in 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 a desired protein by, for example, controlling nutrients,
cell density, oxygen and carbon dioxide content, lactate dehydrogenase, pH, osmolarity,
catabolites, etc. For example, increasing cell density can make the process more productive,

but can also reduce the lifespan of the cells in culture. Therefore, it may be desirous to
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reduce the rate of proliferation of such cells in culture when the maximal density is achieved,
$0 as to maintain the cell population in its most productive state as long as possible. This
results in increasing or extending the bioreactor cycle at its production peak, elaborating the
desired protein products for a longer period, and this results in a higher yield from the

bioreactor cycle.

[6003] Many different approaches have been pursued to increase the bioreactor oycle time,
such as adjusting the medium supporting cell proliferation, addition of certain growth-
promoting factors, as well as inhibiting cell proliferation without affecting protein synthesis.
One particular approach aims to increase the lifespan of cultured cells via controlling the cell
cyele by use of genes or antisense oligonucleotides to affect cell cycle targets, whereby a cell
is induced 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 cells in culture;
in other words, the psendo-senescent state can be induced by transfecting the cells with a
vector expressing a cell cycle inhibitor (Bucciarelli et al., U.S. Patent Appl. 2002/0160450
Al; WO 02/16590 A2). The latter method, by inhibiting cell duplication, seeks to 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; Bremner et al., Oncogene 17:199-205, 1998), and may
be resistant to apoptosis (Chang et al., Proc Natl Acad Sci USA 97, 4291-6, 2000; Javeland et
al,, Oncogene 19, 61-8, 2000).

[0004] Still another approach involves establishing priinary, diploid human cells or their
derivatives with unlimited proliferation following transfection with the adenovirus El genes.
The new cell lines, one of which is PER.C6 (ECACC deposit number 96022940), which
expresses functional Ad5 E1A and E1B gene products, can produce recombinant
adenoviruses, as well as other viruses (e.g., influenza, herpes simplex, rotavirus, measles}
designed for gene therapy and vaccines, as well as for the production of recombinant
therapeutic proteins, such as human growth factors and human antibodies (Vogels et al., WO
02/40665 A2).

[0605] Other approaches have focused on the use of caspase inhibitors for preventing or
delaying apoptosis in cells. See, for example, U.S. Pat. No. 6,586,206, Still other approaches
have tried to use apoptosis inhibitors such as members of the Bel-2 family for preventing or
delaying apoptosis in cells. See Arden et al., Bioprocessing Journal, 3:23-28 (2004). These

approaches have yielded unpredictable resuits. For example, in one study, expression of Bel-
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7 increased cell viability but did not increase protein production. (See Tey et al., Biotechnol.
Bioeng. 68:31-43, 2000.) Another example disclosed overexpression of Bcl-2 proteins to
delay apoptosis in CHO cells, but Bel-xL increased protein production whereas Bcl-2
decreased protein production (see WOO3/ 083093). A further example disclosed experiments
 using expression of Bel-2 proteins to prolong the survival of :SPZJ}O';Ag14 (ATCC # CRL-

1581, hereafter referred to as Sp2/0) cells in cultures. However, the cell density of the Bel-2
expressing clones were 20 to 50% lower than that of their parental cultures, raising concerns

for their practical appiication in biopharmaceutical industry (see WO03/040374; U.S.
6,964,199), '

[0006] It is apparent, therefore, that improved host cells for high level expression of
recombinant proteins and methods for reliably increaéing recombinant protein production, in
particular the production of antibodies and antibody fragments, multispecific antibodies,
fragments and single-chain constructs, peptides, enzymes, growth factors, ﬂormones,
interleukins, interferons, and vaccines, in host cells are needed in the art. A need also exists
for cell lines that are pre-adapted to grow in ssrum-free or serum»déplated medium, that can
be transfected with expression vectors under serum free conditions and used for protein
| production without going through a lengthy adaptation period before serum-free growth and
pz"otein‘ production. ‘. - '

SUMMARY

[6007] Accordﬁngiy, it is an object of the present disclosure to provide improved host cells

and methods to increase the longevity and/or recombinant protein yields of a cell culture by
infroducing into the cells agents fhat inhibit senescence or that promote cell survival, e.g.,
anti-apoptotic agents. The use of such agents preferentially increases the lifespan and
vigbility of cells in culture used for the production of 2 desired recombinant protein,
concomitantly increasing the productivity of such cells in cultare, and thereby the optimal
yield of the desired protein. Preferably, the apoptosis inhibitors used in the method of the
present disclosure include but are not limited to Bel-2 and its family members. Alternately,

the longevity and recombinant protein yields of a cell clone can be improved by introducing
info the cell agents that down-regulate the level of intraceltular pro-apoptotic proteins, such
as p53 and RY, or up-regulate intraceliutar anti-apopiotic proteins, such as Bel-2.

[0007a] In one aspect, there is provided 2 mammalian cell Tine that is transfected wiﬁial gene

encoding Bel-2 with T69E, ST0E and S87E mutations and adapted to grow, be transfected in and

produce protein in serum-free medinm.
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[0007b] In another asi;ect,-‘ghere is provided a protein produced by a celi line as defined above.

[0007¢] In a further aspect, there is provided a method of protein production comprising;

- 2) obtaining a mammalian cell line transfected with a gene encoding Bcl-2 with
T69E, S70E and S87E mutation, said cell line adapted to grow in serum-free medium;

b) freezing the transfected cell line in serum free medium;
c) thawing the frozen cell line in serum free medium;
d) transfeéting the thawed cell line with one or more expression vectors under

serum-free conditions; and

¢} - producing one or more proteins from the one or more expression vectors by
culturing the cell line in serum-free medium.

[0008] Preferably, the regulatory agents used in the method of the present disclosure include,
but are not limited to, human papillomavirus type 16 (HPV-16) oncoproteins E6 and E7, anti-
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apoptosis protein Bel-2 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 cells in culture. A
further class of ant-apoptotic agents that can be used in these cultures to enhance production
of recombinant proteins includes certain members of the cytokine type I superfamily, such s
erythropoietin (EPO). EPO, as a prototype molecule of this class, is a major modifier of

apoptosis of multiple cell types, not just erythrocytes, end thus has more gcneral
- cytoprotective functions, such as in 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, Tuly 2004 ]. "

100101 In various embodments the cell lines that have been fransfected with one or more
regulatory agents, such as HPV-16, B6, B7 and/or Bel-2 may be pre»adapted for growth in
serum-free medium. Such pre-adapted cell lines, including but not limited to the Sp/ESF cell
- line (see Examples below), are able to undergo further transformation, under serum-froe
conditions, with one or more expressmn vectors, thus a]lomg expression and protein
production under serum-free conditions without extensive time required for adaption to
serum—free growth. This surprising result allows protem production under serum free or low
serum conditions; grovxd.mg si gmﬁcant savings on medium cost. At fhe same tu:ne
transfection and protem production under serum-free conditions saves substantial time
needed for serum-free adaptation that is required when using standard mammalian cell lines,
which are only transfectable under serum-rich conditions and require an additional 6 to 12

months o adapt to serum-free protein producﬁc)n.

[0011] The present disclosure also teaches cell cuiture methods incorporating novel

combinations of factars inchuding, but not Himited to, transfection vectors, screening and
seléction 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 culture is increased and/or mads optimal and the yield of a desired
recombinant protein is increased. These cell culture methods include suspension, perfusion,
and fed-batch methods of production. Ses Tey et al,, . Biotechnol. 79: 147-159 (2000);

Zhang et al., J. Chem. Technol. Biotechnol. 79: 171-181 (2004); Zhou &t al., Biotechnol.
Bioeng. 55: 783-792 (1997).
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[0012] Unless otherwise defined, all fechnical and scientific terms used herein have their
plain and ordinary meaning. In addition, the contents of all patents and other references cited

herein are incorporated by reference in their entirety.
BRIEF DESCRIPTION OF DRAWINGS/FIGURES

[0013] FIG. 1 shows visual images of Sp2/0 and Sp-E26 cells treated with cycloheximide
(+CHX) or untreated (-CHX).

[6014] FIG. 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.sup.T) vs.
untreated (CHX.sup.-) 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 about 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% rediuction} 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.

[0015] FIG. 3 shows the dot plots of Guava Nexin V assay. The percentage of early
apoptotic cells (Nexin V-positive and 7-AAD-negative) is indicated in the lower-right
quadrant.

10016] FIG. 4 shows the DNA fragmentation in Sp2/0 treated by CHX. In contrast, Sp-E26

cells are resistant to the treatment.

[0017] FIG. 5 shows the growth profiles of Sp2/0 and Sp-E26 cells in T-flasks, Healthy
cells (>95% viability) were seeded in T-flasks at an initial cell density of 200,000/ml. Viable
and dead cells were counted daily using Guava ViaCount reagent (Guava technologies, Inc.)
and PCA instrumentation (Guava Technologies, Inc.). Accumulation of NH," and lactate

also was monitored.
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[6018] FIG. 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 at an initial cell density of 250,000/ml. Cells were counted daily by trypan blue

and microscope.

[0019] FIG. 7 shows a representative immunoblot stained with Bel-2 (100) antibody (Santa
Cruz Biotech.) and developed with enhanced chemiluminescence for screening of clones for

Bel-2-EEE expression.

[0020] FIG. 8 showsa graﬁh 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.

{0021] FIG. 9 shows a graph of flow cytometry resulis 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 Bel-2-EEE

clones.

[0022] FIG. 10 shows the tesults of immunoblot analyses of 665.B4.1C1, Sp2/0, Raji, Dandi,
Sp-EEE (87-29 clone) and Sp-EEE (7-16 clone) cell lysates. (A) Blots stained with a human
Bel-2 speciﬁcﬁantibody (Santa Cruz Biotechnology, Inc). (B) Blot stained with an anti-Bcl-2

antibody (Santa Cruz Biotechnology, Inc) that recognizes mouse and human Bcl-2.

[0023] FIG. 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. ]

[0024] FIG. 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.

[0025] FIG. 13 shows growth curves (A) and viability (B) of Sp-EEE clones compared to

Sp2/0 cells grown in serum-free media.
[0026] FIG. 14 shows methotrexate kill curves for Sp-EEE (87-29 clone) cells.

[6027] FIG. 15 shows a graph of flow cytometry results using Guava Express comparing Sp-
EEE clones grown in the presence or absence of 1 mg/ml zeocin. Cells wére fixed and
permeabilized before staining with phycoerythrin conjugated anti-Bel-2 antibody (Santa Cruz
Biotechnology, Inc).
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[0028] FIG. 16 shows the 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

SCquences.

[0029] FIG. 17 shows the map of DNA plasmid with incorporated Bel-2 gene, used for
transfection of clone 665.2B9.

[0603¢] FIG. 18 and FIG. 19 show the growth profiles of Bel-2 transfected clones
665.2R94#4, Bel-2 negative clones and untransfected control. Healthy cells (>95% viability)
were seeded in 24-well plates at an initial cell density of 400,000/ml. Viable and dead cells

were counted daily using Guava ViaCount reagent and PCA instrumentation.

[0031] FIG. 26 and FIG. 21 show growth profiles of Bel-2 transfected clone 665.259#4 and
Bcl-2 negative clones in different MTX concentration. Healthy cells (>95% viability) were
seeded in T-flasks at initial cell density of 100,000/ml. Viable cell density and viability were

counted daily using Guava ViaCount reagent and PCA. instrumentation.

[06032] FIG. 22 shows the levels of human Bcl-2 expressed by clone 665.2B9#4 in increasing
concentrations of MTX and clone # 13 detected by Western blotting.

[0033] FIG. 23 and FIG. 24 show the profiles of cell viability and viable cell density,
respectively, of clone 665.2B9%4 cultured in 0.6 and 1 .mu.M of MTX and the Bcl-2-negative
clone # 13 cultured in 0.3 .mu.M MTX with or without spiking L-glutamine and glucose.
Healthy cells (>95% viability) were seeded in roller bottles at an initial cell density of
200,000/ml. On day 2 and 4 (arrows indicated), a nutrient supplement solution containing
glucose and L-glutamine was added to the "spiked" culture. Viable and dead cells were

counted daily using Guava ViaCount reagent and PCA instrumentation.

[0034] FIG. 25 shows the viability in serum-free medium of adapted Sp/EEE sub-clones
over 5 days of culture.

[0035] FIG. 26 illustrates the viable cell density of serum-free Sp/EEE sub-clones over 5
days of culture.

DETAILED DESCRIPTION OF THE INVENTION
{0036} As used herein, “a” or “an” may mean one or more than one of an item.

[0637] As used herein, the terms “and” and “or” may be used to mean either the conjunctive
or disjunctive. That is, both terms should be understood as equivalent to “and/or” unless

otherwise stated.
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[0038] As used herein, the term “about” means plus or minus ten percent, Le., “about 1007

means a number between 90 and 110.

[0039] An antibody, as described herein, refers to a full-length (i.e., naturally occurring or
formed by normal immunoglobulin gene fragment recombinatorial processes)
immunoglobulin molecule (e.g., an Ig(¥ antibody) or an immunologically active (i.e.,
specifically binding) portion or analog of an immunoglobulin molecule, like an antibody

fragment.

{6046] An antibody fragment is a portion of an antibody such as F(ab),, F(ab’),, Fab, Fv, sFv
and the like. Regardless of structure, an antibody fragment binds with the same antigen that
is recognized by the intact antibody. The term “antibody fragment” also includes any
synthetic or genetically engineered protein that acts like an antibody by binding to a specific
antigen to form a complex. For example, antibody fragments include isolated fragments
consisting of the variable regions, such as the “Fv” fragments consisting of the variable
regions of the heavy and light chains, recombinant single chain polypeptide molecules in
which light and heavy variable regions are connected by a peptide linker (“scFv proteins™),
and minimal recognition units (CDR) consisting of the amino acid residues that mimic the

hypervariable region.

[0041] As used herein, the term antibody fusion protein refers to a recombinantly produced
antigen-binding molecule in which two or more of the same or different scFv or antibody
fragments with the same or different specificities are linked. Valency of the fusion protein
indicates how many binding arms or sites the fusion protein has to a single antigen or epitope;
i.e., monovalent, bivalent, trivalent or multivalent. The multivalency of the antibody fusion
protein means that it can take advantage of multiple interactions in binding to an antigen, thus
increasing the avidity of binding to the antigen. Specificity indicates how many antigens or
epitopes an antibody fusion protein is able to bind; i.e., monospecific, bispecific, trispecific,
multispecific. Using these definitions, a natural antibody, e.g., an IgG, is bivalent because it
has two binding arms but is monospecific because it binds to one epitope. Monospecific,
multivalent fusion proteins have more than one binding site for an epitope but only binds to
one such epitope, for example a diabody with two binding site reactive with the same antigen.
The fusion protein may comprise a single antibody component, a multivalent or multispecific
combination of different antibody components, or multiple copies of the same antibody
component. The fusion protein may additionally comprise an antibody or an antibody

fragment and a therapeutic agent. Examples of therapeutic agents suitable for such fusion
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proteins include immunomodulators ("antibody-immunomodulator fusion protein”) and
toxins ("antibody-toxin fusion protein"). One preferred toxin comprises a ribonuclease

(RNase), preferably a recombinant RNase.
Cell Lines

[6042] Various embodiments of the present invention concern improved compositions,
including host cell lines, and methods for enhanced production of recombinant proteins in
such cell lines, Cell lines have been created that constitutively express one or more anti-
apoptotic genes and that can be transfected with an expression construct encoding a protein 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.

[0043] Specific embodiments concern derivatives of the Sp2/0 myeloma cell line that provide
novel cell lines, referred to as Sp-E26, Sp-EEE and Sp-ESF, which show enhanced survival
in batch culture. Sp-E26 constitutively expresses the E6 and E7 proteins of HPV-16. Sp-
EEE and Sp-ESF constitutively express a Bel-2 mutant, referred to as Bel-2-EEE. In
addition, recombinant protein production, and particularly production of recombinant
antibodies and antibody fragments, can be improved upon transfecting Sp-E26, Sp-EEE or
Sp-ESF with an expression vector for the recombinant protein of interest. The E6/E7 or Bel-
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 I superfamily, such as erythropoietin (EPO), into the

growth medium of the cells. A pan-caspase inhibitor is particularly effective in this regard.

[0044] Further, the Sp-EEE cell line can be pre-adapted for growth and protein production in
serum-free or low-serum conditions, resulting in serum-free pre-adapted cell lines such as Sp-
ESF. The Sp-ESF and similar cell lines may be transfected with one or more expression
vectors encoding a protein of interest, such as an antibody, antibody fragment, bispecific
antibody, etc. The use of serum-free conditions for transfection, which is unique among
mammalian cell lines available for transfection and protein production, saves a significant

amount of time required for adaptation to serum-free growth.
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[0045] Production of recombinant proteins, such as antibodies or antibody fragments, can be
significantly enhanced in the host cell by co-expression of an apoptosis inhibitor, such as Bel-
2. In particular, protein production is significantly enhanced in a myeloma cell line, such as
Sp2/0, that is stably transfected with an expression vector encoding an antibody or antibody
fragment and that is co-transfected with an expression vector encoding an apoptosis inhibitor,
such as Bel-2. Tncreased production of antibody can also be obtained from a host 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 is particularly 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.

[0046] Physiological, or programmed, cell death, referred to as apoptosis (Kerr et al., BrJ
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 a finite lifespan. Therefore, the
utility of such cell cultures for the production of proteins used in medicine and industry, as
well as research, is dependent on maintaining such cultures for extended lifespan, or cycles,

before they die according to apoptotic mechanisms.

[0047] Methods and agents have been discovered that act independently on cell proliferation
and cell death events, by differentiating cell cycle from apoptotic effects. Bel-2, a well-
known intracellular regulator of apoptosis (Vaux et al., Nature 335, 440-2, 1988), is a proto-
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 [ 16, 4628-38, 1997). Two
homologues of Bcl-2, Bel-xy and Bel-w, also extend cell survival, but other members of the
Becl-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 Bel-6 and Mcl-1.

[0048] Thus, Bel-2 and certain of its family members exert protection against apoptosis, and
it may be used in a method to increase the lifespan of certain host cells in culture that are
used for the production of proteins, thereby enhancing the amount of proteins produced and
isolated. Over-expression of an anti-apoptotic Bcl-2 family member, such as Bel-2, BCl-xr,

Bel-w or mutant varieties of these proteins, inhibits apoptosis, resulting in increased cell
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density and longer culture survival. Hence, transfection of anti-apoptotic Bel-2 family genes
avoids the necessity to prolong the cell culture by interfering with the cell cycle per se, as
others have proposed (ibid.). Similarly, transfection of fibroblasts with genes for Bcl-2
results in over-expression of Bel-2 in these cells, resulting in an antagonism of apoptosis and
increasing the lifespan of these cells, with a concomitant increase in the production and
isolation of recombinant proteins. It has also been observed that upon cytokine withdrawal,
interleukin-6 (IL-6)-dependent murine myeloma cells expire as if they undergo apoptosis. It
was also found that IL-6-receptors in such cells could be regulated by Bcl-2 or Bel-xy, in
extending apoptosis (Schwarz et al,, Cancer Res 55:2262-5, 1995).

[0649] It has been reported that a mutant Bel-2 possessing three point mutations (T69E, S70E
and S87E) exhibited significantly more anti-apoptotic activity compared to wild type or
single point mutants (Deng et al., PNAS (101) 153-158, 2004). Thus, various embodiments
concern the construction of an expression vector for a Bel-2-EEE triple mutant, which was
then used to fransfect Sp2/0 cells to create Sp—EEE'clones and subclones that show improved

longevity and recombinant protein produciion.

{00501 Other agents, such as oncogenic viruses, can also oppose apoptosis as part of their
eliciting cellular‘immortaﬁzation and ultimately complete malignant transformation, such as
high-risk type HPV oncoproteins E6 and E7 (Finzer et al., 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 also 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 is in contrast to other studies showing that
HPV-16 E7 gene protects astrocytes against apoptosis induced by certain stimuli (Lee et al.,
Yonsei Med J 42, 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 al., Proc Natl Acad Sci USA 97, 6693-7, 2000). However, other HPV
oncoproteins can have the opposite effect. The E2 protein induces apoptosis in the absence
of other HPV proteins (Webster et al., T Biol Chem 275, 87-94, 2000).



WO 2007/615848 PCT/US2006/027820

12
[0051] Continuous expression of both the E6 and E7 proteins is known to be required for
optimal proliferation of cervical cancer cells and the two viral proteins exert distinct effects
on cell survival (DeFilippis et al., ¥ Virol 77, 1551-63, 2003). The primary intracellular
target attributed to HPV-16 E6 is p53. E6 forms a ternary complex with p53 and a cellular
ubiquitin ligase, E6AP, resulting in the ubiquitination and degradation of p33 through the
proteosome pathway and inactivation of p53. On the other hand, HPV-16 E7 protein
interacts and destabilizes the tumor suppressor protein Rb. Moreover, levels of a variety of
other intracellular proteins involved in apoptosis and cell cycle pathways were reported to be
regulated by E6 and E7 transformation, such as Bel-2, Bel-x, p73, MDM2, p21, cyclins and
cde, 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 cells in culture by HPV-16E6 and E7 would be effective in generating
genetically modified clones that are resistant to aging-culture-condition induced apoptosis
and, therefore, prolong the lifespan of the cell culture. It was also postulated that introduction
into a cell of either HPV-16 oncoprotein E7 or B6 alone might be sufficient to generate
genetically modified clones with improved resistance to aging-cuiture-condition induced
apoptosis. When the cell is a recombinant protein-producing clone, the improved

physiological properties would in turn translate into enhanced overall protein productivity.

Generation of New Host Cells Expressing Viral Anti-Apoptotic Genes

[0052] Host bells, such as myeloma host cells, can be generated that constitutively express
viral anti-apoptotic genes, such as HPV-16 E6 and E7 proteins. These host cells can be |
transfected with an expression vector that encodes a recombinant protein of interest and co-
expression of the anti-apoptotic genes results in significantly increased production of the

recombinant protein.

[6053] 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. Other examples of useful host cell lines are VERO and HeLa cells,
Chinese hamster ovary (CHO) cell lines, W138, BHK, COS-7, 293, HepG2, 3T3, NSO, NS1,
RIN and MDCK cell lines. Cell lines of use may be obtained from commercial sources, such
as the COS-1 (e.g., ATCC CRL 1650), COS-7 (e.g., ATCC CRL-1651), HEK293, BHK21
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(e.g., ATCC CRL-10), P3X3Ag8.653 (ATCC CRL-1580), CHO (e.g., ATCC CRL 1610) and
BSC-1 (e.g., ATCC CRL-26) cell lines. The viral (e.g., E6/E78) and/or eukaryotic 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 in the art. A particularly
advantageous method is to use a retroviral vector that encodes the viral anti-apoptosis genes.
Suitable vectors include the LSXN vector (Miller et al. Biotechniques 7, 980-90, 1989).
However, any alternative methods known in the art, such as electroporation or cell fusion,

may be utilized.

[0054] Advantageously, the vector used to transfect the host cell contains a selectable marker
that permits selection of cells containing the vector. Suitable selection markers, such as
enzymes that confer antibiotic resistance on transfected cells, are well known in the art. After
transfection, cells are maintained in a medium containing the selection agent, such as an
antibiotic, and screened for resistance to the marker. Cells can be selected and cloned by

lirniting dilution using conventional methods.

[0055] The ability of the viral anti-apoptosis genes to increase cell viability can be tested by
challenging the cells with an agent that induces apoptosis, such as cycloheximide (CHX).
Cells that do not express the viral anti-apoptosis genes tend 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 FTTC-Annexin V binding assay, DNA laddering assay and TUNEL assay.

[6056] Upon selection of suitable cells expressing the viral anti-apopiosis genes, the cells can
be transfected with an expression vector encoding the recombinant protein of choice. The
expression vector can be a vector 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 are well known in the art and include, for example, the pdHL2 vector, which
is particularly suited for production of antibodies and antibody fragments. When an
amplifiable expression cassette is used, it advantageously contains a selectable marker that is
different from the selectable marker used in the retroviral vectbr, to allow selection of
transfected cells. Once again, suitably transfected cells can be selected and then cloned by

limiting dilution.
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[0657] Upon selection of suitable clones, the cells can be placed in a suitable medivm 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
mediuam. Preferably the caspase inhibitor acts to inhibit one or more of caspase 3, caspase 9
and/or caspase 12. A cell-penetrating caspase inhibitor advantageously is used, and a pan-
caspase inhibitor is particularly advantageous. Suitable inhibitors such as Z-VAD-fmk and
Ac-DEVD-cho (SEQ ID NO: 7) are well known in the art, Aiternatiireiy, the cell line can be
farther 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
I superfamily, such as EPO, can also increase cell survival by having anti-apoptotic and

cytoprotective actions.

[0058] The methods described above generate a cell line that can be used for transfection
with essentially any desired gene. However, the skilled artisan will recognize that established
cell lines that constitutively express a desired protein, and particularly a recombinant protein,
can be subsequently transfected with a suitable vector encoding the viral or Bel-2 family

anti-apoptosis genes. See Example 2 below.

10059] The protein of interest can be essentially any protein that can be produced in
detectable quantities in the host cell. Examples include traditional IgG type antibodies, Fab’,
Fab, F(ab"), or F(ab), fragments, scFv, diabody, IgG-scFv or Fab-scFv fusion antibodies,
IeG- 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, malaria, tuberculosis (Mycobacteria), Anthrax, Smallpox, Tularemia, and
others listed 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 1 and 2, as well as
recombinant growth factors (e.g., EPO, G-CSF, GM-CSF, EGF, VEGF, thrombopoietin),
hormones, interleukins (e.g., IL-1 through I1-31), interferons (e.g., alpha, 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 YB2/0; epithelial lines, such as CHO and HEK 293; mesenchymal cell
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lines, such as fibroblast lines COS-1 or COS-7; and neuronal cells, such as retinal cells, as

well as glial and glioma cells.

Recombinant Antibody Expression in Cells Expressing Apoptosis Inhibitors

[0060] Prior work has described the effects of co-expressing Bel-2, a naturally occurring
apoptosis inhibitor, in recombinant CHO cells producing a chimeric antibody. (See Tey et
al., Biotechnol. Bioeng, 68:31-43 (2000).) Although increased cell culture life was observed,
antibody production did not increase over equivalent cells that lacked Bcl-2 expression.
However, the present inventors have found tﬁat production of recombinant antibody from

myeloma cells is significantly increased when the cells also express Bel-2.

[0061] Advantageously, the myeloma cell line is stably transfected with an expression
cassette encoding the antibody or antibody fragment. A suitable expression cassette contains
one or more promoters that controls expression of the antibody heavy and light chains (of
single chain in the case of an scFv) together with a selectable marker as described above. A
particularly useful vector is pdHL2, which contains a selectable marker gene comprising a
promoter operatively linked to a DNA sequence encoding a sclectable marker enzyme; a
transcription unit having a promoter operatively linked to a DNA sequence encoding the
profein 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.

[0062] The vector also containg a blocking element composed of a promoter placed between
the first enhancer and the selectable marker gene, which is potentially useful for selectively
attenuating the stimulation of transcription of the selectable marker gene. Vyand Vi
sequences can be ligated into pdHL2, 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 et al., Tumor Targeting 2:184,
(1996) and Losman et al., Cancer 80:2660-2667, (1997). This vector can be fransfected into
cells by, for example, electroporation. Selection can be performed by the addition of .1 pM
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 pM 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



WO 2007/015848 PCT/UR2006/027820

16
well known in the art. See also Example 4, below. After selection and cloning, the antibody-
expressing cell line can then be transfected with an expression vector that encodes an anti-
apoptosis gene, such as Bcl-2. For example, the vector pZeoSV (Invitrogen, Carlsbad, Calif.)
containing the Bel-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.

[0063] Alternatively, a suitable host cell may be transfected with an apoptosis inhibitor, such
as a mutant Bel-2 gene, then adapted for growth in serum-free medium prior to further
transfection, preferably in serum-free medium, with an expression vector encoding a desired
protein of interest. 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.

[0064] Representative examples to ﬂlustrate the present invention are given below. Example
1 describes that 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 describes using Sp-E26 as a host to develop transfectants 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. Exampie 5 describes the
geﬁeration and characterization of a modified Sp2/0 cell line (designated Sp-EEE) that
constitutively expresses a mutant Bel-2 (Bel-2-EEE) possessing three poiht mutations,
resulting in improved longevity. Example 6 describes the improved growth properties of an
antibody-producing cell line that expresses Bel-2. Example 7 describes the enhanced
production of MAD observed for the Bel-2 expressing cell line of Examplé 6. Example 8
describes the methods to improve a cell clone producing low-level recombinant protein by
introduction of Bel-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 the use of Sp-
EEE as a host to develop transfectants producing a recombinant Ab. Example 11 describes
the use of fed-batch reactor profiles and feeding schedules to optimize yield. Example 12
describes the generation of a subclone of Sp-EEE capable of growth as well as transfection in

serum-free media.

[0065] While preferred embodiments are illustrated herein by way of cell lines transfected
with one or more genes encoding inhibitors of apoptosis known in the art, the skilled artisan

will realize that in alternative embodiments, various substitutions, deletions or insertions may



WO 2007/015848 PCT/GR2006/027820

17
be made in the coding and/or non-coding sequence of such genes within the scope of the
claimed methods and compositions, so long as the encoded protein exhibits the same
physiological function (anti-apoptosis) as the native protein. In certain embodiments, the
encoded protein(s) may exhibit 80% or greater sequence identity with the native (wild-type)
protein, more preferably 85% or greater, more preferably 90% or greater, more preferably
95% or greater, more preferably 98% or greater, more preferably 99% or greater, most

preferably 99.5% or greater sequence identity.

Antibodies
[0666] Various embodiments may concern antibodies and/or antibody fragments expressed
from the transfected cell lines of interest. The term “antibody” is used herein to refer to any
antibody-like molecule that has an antigen binding region, and includes antibody fragments
such as Fab’, Fab, F(ab’},, single domain antibodies (DABs), Fv, scFv (single chain Fv), and

“the like. Techniques for preparing and using vatious antibody-based constructs and

| fragments are well known in the art. Means for preparing and characterizing antibodies are
also well known in the art (See, e.g., Harlowe and Lane, 1988, Antibodies: A Laboratory
Manual, Cold Spring Harbor Laboratory). Antibodies of use may also be commercially
obtamed from a wide variety of known sources. For example, a variety of anﬁbody secreting
hybndoma lines are available from the American T"ype Culture Collection (ATCC Manassas,
VA). A large number of antibodies against various disease targets, including but not himited
to tumor-associated antigens, have been deposited at the ATCC and are available for use in
the claimed methods and compositions. (See, for example, U.S. Patent Nos. 7,060,802;
7,056,509, 7,049,060; 7,045,132; 7,041,803; 7,041,8.02; 7,041,293; 7,038,018; 7,037,498,
7,012,133; 7,001,598; 6,998,468; 6,994,076, 6,994,852, 6,989,241; 6,974,863; 6,965,018,
6,964,854; 6,962,981; 6,962,813, 6,956,107; 6,951,924; 6,949,244; 6,946,129; 6,943,020,
6,939,547; 6,921,645; 6,921,645; 6,921,533; 6,919,433; 6,919,078; 6,916,475, 6,903,681;
6,899,879; 6,893,625; 6,887,468; 6,887,466; 6,884,594, 6,881,405; 6,878,812; 6,873,580,
6,872,568; 6,867,006; 6,864,062; 6,861,511, 6,861,227, 6,861,226; 6,838,282; 6,835,549,
6,835,370; 6,824,780; 6,824,778; 6,812,206; 6,793,924; 8,783,758, 6,770,450; 6,767,711,
6,764,681; 6,764,679; 6,743,898; 6,733,981; 6,730,307; 6,720,15; 6,716,966; 6,709,653,
6,693,176; 6,692,908; 6,689,607; 6,689,362; 6,689,355; 6,682,737; 6,682,736, 6,682,734,
6,673,344; 6,652,852; 6,635,482; 6,630,144, 6,610,833; 6,610,294; 6,605,441, 6,605,279,
6,596,852; 6,592,868; 6,576,745; 6,572;856; 6,566,076; 6,562,618; 6,545,130; 6,544,749,
6,534,058, 6,528,625; 6,528,269; 6,521,227; 6,518,404; 6,511,665; 6,491,9135; 6,488,930,



WO 2007/015848 PCTAISZ006/027820

18
6,482,598; 6,482,408; 6,479,247, 6,468,531, 6,468,529; 6,465,173; 6,461,823; 6,458,356;
6,455,044; 6,455,040, 6,451,310; 6,444,206" 6,441,143; 6,432,404 6,432,402; 6,419,928,
6,413,726, 6,406,694; 6,403,770; 6,403,091; 6,395,274; 6,383,759; 6,383,484; 6,376,654,
6,372,215; 6,359,126; 6,355,481; 6,355,444; 6,355,245; 6,355,244 6,346,246, 6,344,198;
6,340,571; 6,340,459 each incorporated herein by reference with respect to the ATCC deposit
number for the antibody-secreting hybridoma cell lines and the associated target antigens for
the antibodies or fragments thereof) These are exemplary only and a wide variety of other
antibody-secreting hybridomas are known in the art. The skilied artisan will realize that
antibody-secreting hybridomas against almost any disease-associated antigen may be
obtained by a simple search of the ATCC, PubMed and/or USPTO databases for antibodies
against a selected disease-associated target of interest. The antigen binding domains of the
cloned antibodies may be amplified, excised, ligated into an expression vector, transformed
into an adapted host cell and used for protein production, using standard techniques well
known in the art.

Production of Antibody Fragments

[0067] Some embodiments of the claimed methods and/or compositions may concern
antibody fragments. Exemplary methods for producing antibody fragments are disclosed in
U.S. Pat. No. 4,036,945; U.S. Pat. No. 4,331,647; Nisonoff et al., 1960, Arch. Biochem.
Biophys., 89:230; Porter, 1959, Biochem. I., 73:119; Edelman et al., 1967, METHODS IN
ENZYMOLOGY, page 422 (Academic Press), and Coligan et al. (eds.), 1991, CURRENT
PROTOCOLS IN IMMUNOLOGY, (John Wiley & Sons).

[0068] Other methods of forming antibody fragments, such as separation of heavy chains to
form monovalent light-heavy chain fragments, further cleavage of fragments or other
enzymatic, chemical or genetic techniques also may be used, so long as the fragments bind to
the antigen that is recognized by the intact antibody. For example, Fv fragments comprise an
association of Vi and Vi, chains. This association can be noncovalent, as described in Inbar
et al., 1972, Proc. Nat'l. Acad. Sci. USA, 69:2659. Alternatively, the variable chains may be
linked by an intermolecular disulfide bond or cross-linked by chemicals such as

glutaraldehyde. See Sandhu, 1992, Crit, Rev. Biotech., 12:437.

[0069] Preferably, the Fv fragments comprise Vy and Vi, chains connected by a peptide
linker. These single-chain antigen binding proteins (sFv) are prepared by constructing a

structural gene comprising DNA sequences encoding the Vi and Vi, domains, connected by
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an oligonucleotides linker sequence. The structural gerne is ingerted into an expression vector
that is subsequently introduced into a host cell. The recombinant host cells synthesize a
single polypeptide chain with a linker peptide bridging the two V domains. Methods for
producing sFv’s are well-known in the art. See Whitlow et al., 1991, Methods: A Companion
0 Methods in Enzymology 2:97; Bird et al., 1988, Science, 242:423; U.S. Pat. No.
4,946,778; Pack et al., 1993, Bio/Technology, 11:1271, and Sandhu, 1992, Crit. Rev.
Biotech., 12:437.

[0070] Another form of an antibody fragment is a peptide coding for a single
complementarity-determining region (CDR). CDR peptides ("minimal recognition units")
can be obtained by constructing genes encoding the CDR of an antibody of interest. Such
genes are prepared, for example, by using the polymerase chain reaction to synthesize the
variable region from RNA of antibodyuprodﬁcing cells. See Larrick et al., 1991, Methods: A
Companion to Methods in Enzymology 2:106; Ritter et al. (eds.), 1995, MONOCLONAL
ANTIBODIES: PRODUCTION, ENGINEERING AND CLINICAL APPLICATION, pages
166-179 (Cambridge University Press); Birch et al., (eds.), 1995, MONOCLONAL
ANTIBODIES: PRINCIPLES AND APPLICATIONS, pages 137-185 (Wiley-Liss, Inc.).
Where an antibody-secreting hybridoma cell line is publicly available, the CDR sequences
encoding anti gen—Einding speciﬁcity may be obtained, incorporated into chimeric or

humanized antibodies, and used.
Chimeric and Humanized Antibodies

[0071] A chimeric antibody is a recombinant protein in which the variable regions ofa
human antibody have been replaced by the variable regions of, for example, a mouse
antibody, including the complementarity-determining regions (CDRs) of the mouse antibody.
Chimeric antibodies exhibit decreased immunogenicity and increased stability when
administered fo a subject. Methods for constructing chimeric antibodies are well known in
the art (e.g., Leung et al., 1994, Hybridoma 13:469).

{0072] A chimeric monoclonal antibody may be humanized by transferring the mouse CDRs
from the heavy an;d light variable chains of the mouse immunoglobulin into the
corresponding variable domains of a human antibody. The mouse framework regions (FR) in
~ the chimeric monoclonal antibody are also replaced with human FR sequences. To preserve
the stability and antigen specificity of the humanized monoclonal, one or more human FR

residues may be replaced by the mouse counterpart residues. Humanized monoclonal
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antibodies may be used for therapeutic treatment of subjects. The affinity of humanized
antibodies for a target may also be increased by selected modification of the CDR sequences
(W00029584A1). Techniques for production of humanized monoclonal antibodies are well
known in the art. (See, e.g., Jones et al., 1986, Nature, 321:522; Riechmann et al., Nature,
1988, 332:323; Verhoeyen et al., 1988, Science, 239:1534; Carter et al., 1992, Proc. Nat'l
Acad. Sci. USA, 89:4285; Sandhu, Crit. Rev. Biotech., 1992, 12:437; Tempest et al., 1991,
Biotechnology 9:266; Singer et al., J. Immunol., 1993, 150:2844.)

[60773] Other embodiments may concern non-human primate antibodies. General techniques
for raising therapeutically useful antibodies in baboons may be found, for example, in
Goldenberg et al., WO 91/11465 (1991), and in Losman et al., Int. I. Cancer 46: 310 (1990).

Human Antibodies

[0074] Methods for producing fully human antibodies using either combinatorial approaches
or transgenic animals transformed with human immunoglobulin loci are known in the art
(e.g., Mancini et al., 2004, New Microbiol. 27:315-28; Conrad and Scheller, 2005, Comb.
Chem. High Throughput Screen, 8:117-26; Brekke and Loset, 2003, Curr. Opin. Phamacol.
3:544-50; each incorporated herein by reference). Such fully human antibodies are expected
t(; exhibit even fewer side effects than chimeric or humanized antibodies and to function in
vivo as essentially endogenous human antibodies. In certain embodiments, the claimed

methods and procedures may utilize human antibodies produced by such techniques.

[06675] In one alternative, the phage display technique may be used to generate human
antibodies (e.g., Dantas-Barbosa et al., 2005, Genet. Mol. Res. 4:126-40, incorporated herein
by reference). Human antibodies may be generated from normal humans or from humans
that exhibit a particular disease state, such as cancer (Dantas-Barbosa et al., 2005). The
advantage to constructing human antibodies from a diseased individual is that the circulating

antibody repertoire may be biased towards antibodies against disease-associated antigens.

[06076] In one non-limiting example of this methodology, Dantas-Barbosa et al. (2005)
constructed a phage display library of human Fab antibody fragments from osteosarcoma
patients. Generally, total RNA was obtained from circulating blood Iymphocytes (Jd.).
Recombinant Fab were cloned from the i, v and k chain antibody repertoires and inserted
into a phage display library (Jd.). RNAs were converted to cDNAs and used to make Fab
cDNA libraries using specific primers against the heavy and light chain immunoglobulin

sequences (Marks et al., 1991, J. Mol. Biol. 222:581-97, incorporated herein by reference).
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Library construction was performed according to Andris-Widhopf et al. (2000, In: Phage
Display Laboratory Marual, Barbas et al. (eds), 1¥ edition, Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, NY pp. 9.1 to 9.22, incorporated herein by reference). The final
Fab fragments were digested with restriction endonucleases and inserted into the
bacteriophage genome to make the phage display library. Such libraries may be screened by
standard phage display methods, as known in the art. The skilled artisan will realize that this
technique is exemplary only and any known method for making and screening human

antibodies or antibody fragments by phage display may be utilized.

[0077] In another alternative, transgenic animals that have been genetically engineered to
produce human antibodies may be used to generate antibodies against essentially any
jmmunogenic target, using standard immunization protocols. A non-limiting example of
such a system is the XenoMouse® (e.g., Green et al., 1999, J. Immunol. Methods 231:11-23,
incorporated herein by reference) from Abgenix (Fremont, CA). In the XenoMouse® and
similar animals, the mouse antibody genes have been inactivated and replaced by functional

human antibody genes, while the remainder of the mouse immune system remains intact.

[0078] The XenoMouse® was transformed with germliine-configured YACs (yeast artificial
chromosomes) that contained portions of the human IgH and Igkappa loci, including the
majority of the variable region sequences, along accessory genes and regulatory sequences.
The human variable region repertoire may be used to generate antibody producing B cells,
which may be processed into hybridomas by known techniques. A XenoMouse® immunized
with a target antigen will produce human antibodies by the normal immune response, which
may be harvested and/or produced by standard technigues discussed above. A variety of
strains of XenoMouse® are available, each of which is capable of producing a different class
of antibody. Such human antibodies may be coupled to other molecules by chemical cross-
linking or other known methodologies. Transgenically produced human antibodies have been
shown to have therapeutic potential, while retaining the pharmacokinetic properties of normal
human antibodies (Green et al., 1999). The skilled artisan will realize that the claimed
compositions and methods are not limited to use of the XenoMouse® system but may utilize

any transgenic animal that has been genetically engineered to produce human antibodies.
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EXAMPLES

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

[6079] Sp2/0 cells were transduced with an LXSN retroviral vector containing the expression
cassette of HPV-16 E6 and E7 genes at 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), a potent
apoptosis-inducing agent. Briefly, healthy cells (viability>95%, FIGS. 1C and D) were
incubated in medium containing 25 pg/ml of CHX and cell morphology was examined under
a microscope. While more than 50% of parent Sp2/0 cells underwent morphology change
after two to three hours of incubation and became fragmented (FIG. 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 (FIG. 1B).

[6080] To avoid tedious visual examination, the 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 hours, the cells were solubilized by adding a lysis buffer contain SDS and HCl. The
plates were incubated overnight at 37° C and OD reading was performed at 590 nm using an
ELISA plate reader. As shown in FIG. 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 (FIG. 2).

Anti-Apoptosis Property of Sp-E26

[0081] 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 Guava Nexin reagent
(equivalent of Annexin V staining) and analyzed in a Guava Personal Cell Analysis system
{Guava Technologies, Inc.). FIG. 3 shows that while more than 30% of Sp2/0 cells became
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Annexin V positive when exposed to CHX treatment for about 1.5 h, indicating apoptosis,

while Sp-E26 remained healthy, showing no increase in easly apoptotic cells.

[6082] The induction of apoptosis by CHX can be revealed by analysis of the formation of
intracellular oligonucleosomal DNA. fragments, a hallmark 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 (FIG. 4). In contrast, under identica! treatment conditions, the genomic DNA of Sp-
E26 was still intact, showing no appearance of DNA ﬁégmentation (FIG. 4).

Presence of HPV E6 and E7 Genes in Sp-E26 Cells

[0083] To confirm that E6 and E7 genes are stably present in the genome of Sp-E206 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 as the template, resulting in an about
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.

Improved Growth Properties of Sp-E26

[0084] The growth properties of Sp-E26 were evaluated in T-flask (FIG. 5) and 3L-batch
bioreactor (FIG. 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.

Example 2. Generation of Apoptosis-Resistance Cell Clones by Stable Over-
Expression of HFV16 E7 Gene

[0083] 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”
(ATGTTTCAGGACCCACAGGAGCGA; SEQ ID NO: 8) and E7-C¥
(TTATGGTTTCTGAGA ACAGATGGG; SEQ ID NO: 9) and DNA sequencing. Since the
sequences of primer F6-N8" and B7-C8 match with the coding sequence for the N-terminal 8
amino acid residues of E6 and the complementary sequence for the C-terminal 8 codons of
E7, respectively, the amplicon of full-length 16 and E7 is expected to be about 850 bp.
However, amplification of the genomic DNA prepared from Sp-E26 cell with E6-N§" and
E7-C8 resulted a PCR fragment of only about 700 bp. DNA sequencing of the 700 bp PCR
product revealed a deletion of a 182 poly-nucleotide fragment from the E6 gene. The
defective E6 gene likely resulted from splicing and encodes a truncated E6 peptide with N-
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terminal 43 amino acid residues. Considering the major physiological activity attributed to
E6 is its 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 fo be more stable
than that in Sp2/0.

[6086] 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 is performed as follows:

(i) The DNA sequence encoding E7 is cloned from Sp~E26 cell by RT-PCR. Proper
restriction: sites are introduced to facilitate the ligation of the gene into a mammalian
expression vector, pRc/CMV (Invitrogen). Transcription of the viral gene within the
vector, designated as ‘ETpRc, is directed from CMV promoter-enhancer sequences.
The vector also contains a gene conferring neomyecin resistance, which is transcribed
from the SV40 promoter.

(ii) Sp2/0 cells are transfected with the expression vector containing the expression
cassette of HPV-16 E7 gene. Briefly, 5 pg of E7pRc is linearized by Scal and
transfected into the cell by electroporation.

(iii) After recovery for 24 hours, the transfected cells are selected in G418 (1 000
ng/ml) for 10 days.

(iv) G418-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), a potent 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 inio the wells. After further incubation for two
hours, the cells are solubilized by adding a lysis buffer contain SDS and HCI. The
plates are incubated overnight at 37° C and an OD reading is performed at 590 nm
using an ELISA plate reader. Cell clones showing resistance to CHX treatment are
selected and expanded for further analyses.

(vi) The anti-apoptosis property of E7-transfected cells is evaluated by Annexin V
staining and DNA fragmentation assays. In the Annexin V assay, after being
incubated in the mediwm containing 25 pg/ml of CHX, the cells are harvested and
stained with Guava Nexin reagent (equivalent of Annexin V staining) and analyzed in

a Guava Personal Cell Analysis system (Guava Technologies, Inc.). In the DNA
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fragmentation assay, the cellular DNA is extracted from CHX-treated and untreated
F7-transfectants and Sp2/0 cells and analyzed with agarose gel electrophoresis.
(vii) Bxpression of the viral oncogene in E7-transfectants is evaluated by Southern
blot {genomic level), Northern blot (mRNA level), and immunoblot (protein level)
analysis. Expression of intracellular proteins that are involved in apoptosis processes
and affected by B7 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-L.evel Expression of hLL2 IgG in Sp-E26

[0087] In this example, Sp-E26 is used as a host to generate cell clones producing hL.L2, 2
humanized anti-CD22 Ab developed for treating patients with NHL and autoimmune
diseases. An hLL2-producing clone, 87-2-C9, was previously generated by using Sp2/0 cell
as a host (Losman et al., Cancer 80, 2660-2666, 1997), in which case, only one positive clone
(a frequency of about 2.5x1 0"y was iéentiﬁed after transfection, and the maximum
productivity (Pmax), defined as the concentration of the antibody in conditioned terminal
culture medium in T-flask, of the only hLLL2-producing clone, before amplification, was 1.4
mg/L. Transfection of Sp-E26 cell with the same hLL2pdHL2 vector and by using similar
procedures as described by Losman et al. (Cancer 80, 2660-2666, 1997) resulted in more than
200 stable hlLL2-producing clones, a frequency of >104). The Prax of 12 randomly selected
clones was evaluated and found to be between 13 and 170 mg/L, with a mean 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 a host
for the development of cell clones producing recombinant proteins.

Example 4. Improvement of Ab-Producing Cell Lines by Stable Expression of HFV16
E6 and E7 Genes

[0088] 607-3u-8 cells were originally 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
about 100 mg/L following weaning off serum supplement in the culture medium. To obtain

higher antibody productivity under serum-free conditions, E6/E7 genes of HPV-16 were
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introduced into 607-3u-8 and the effect of E6/E7 on Ab-productivity was evaluated as

follows.

[6089] 607-3u-8 cells maintained in HSFM supplemented with 10% FBS and 3 pM MTX
were transduced with an LXSN retroviral vector containing the expression cassetie of HPV-
16 E6 and E7 genes at 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-8-2D10, of 607-3u-8 without E6/E7 transfection were also selected. The Pppax of

these three clones were determined and there were no significant difference (Table 1).

[0096] These results suggest that introducing B6/E7 genes into the cell does not alter the
ability of cells producing Ab. Next, 607E1C12, 607-3u-8-7G7 and 607-3u-8-2D10 were
adapted to grow in serum-free medium and the productivities of these clones were
determined. All cells were growing well in serum-free medium. The final antibody
productivity of clone 607E1C12 was maintained at 150 mg/L, while the two clones without
E6/E7 were substantially reduced. In addition, the productivity of 607E1C12 was stable after

a freeze (for cryopreservation) and thaw cycle (Table 1)

TABLE 1

The productivities of Ab-producing clones

Pray(me/L)°
Clone With serum Serum-free
607-3u-8-7G7 127+ 16 (3)° 74+ 10 (4)
607-3u-8-2D10 140+ 4 (3) 35+ 2(2)
607E1C12 154 (1) 142+ 13 (6)
607E1C12 (Cryo)° 1454 17(5)

*Determined by protein purification of IgG from terminal culture supernatants.
wThe number in parenthesis indicates the sample size.

°*Cells had been frozen for cryopreservation.
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Example 5. Generation and Characterization of a2 Genetically Modified Sp2/0 Cell
Line that Constitatively Expresses a Mutant Bel-2

[0091] Evidence suggests that a mutant Bel-2 possessing three point mutations (T69E, S708 _
and S87E) exhibits significantly more anti-apoptotic activity compared to wild type or single
point mutants (Deng et al.,, PNAS 101: 153-158, 2004). Thus, an expression vector for this
triple mutant (designated as Bel-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 Bel-2-EEE is depicted as SEQ ID NO. 3; the corresponding amino acid
sequence for the Bel-2-EEE protein is depicted as SEQ ID NO. 4. |

[0092] A 116 bp synthetic DNA duplex was designed based on the coding sequence for
amino acid residues 64-101 of human Bcl-2. The codons for residues 69, 70 and 87 were all
changed to those for glutamic acid (E). The entire sequence was extraordine‘irﬂy GC rich and
had nmumerous poly G and poly C runs. Conservative changes were made to several codons to

break up the G and C runs and decrease the overall GC content.

{0093] 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 NOs. 5 and 6). The
oligonucleotides were annealed and duplex DNA was generated by primer extension with
Tag DNA polymerase. The duplex was amplified using the PCR primers, Bcl-2-EEE PCR
Left (TATATGGACCCGGTCGCCAGAGAAG; SEQ ID NO: 10), and Bel-2-EEE PCR
Right (TTAATCGCCGGCCTGGCGGAGGGTC; SEQ ID NO: 11).

[0094] The 126 bp amplimer was then cloned into pGemT PCR cloning vector. The Bel-2-
EEE-pGemT construct was digested with Tthl and NgoMI restriction encionucleases 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.

[0095) A 948 bp insert fragment was excised from hBcl-2 (EEE)-pucl9 with EcoRT and
ligated with pZeoSV2+ vector that was digested with EcoRI and treated with alkaline
phosphatase. The resulting construct is hBcl-2 (EEE)-pZeoSV2+.

[0096] Sp2/0 cells (5.6x10°%) were then transfected by electroporation with 60 pg of hBcl-2
(EEE)-pZeoSV2+ following the standard protocol for Sp2/0 cells. The cells were plated into
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six 96-well plates that were incubated without selection for 48 hours. After two days, 800

ug/ml of zeocin was added to the media.

[0097] Cells from 40 wells were expanded to 24-well plates and analyzed by western blot
with anti-hBel-2 and anti-beta 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 FIG. 7. An Sp2/0
derived hMN 14 cell line (Clone 664.B4) that was previously transfected with wild type Bel-
2 was used as a positive control (+). As was demonstrated by Deng et al., the Bcl-2-EEE
migrates slightly slower than wild type Bcel-2 in SD3-PAGE.

[0098] 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 a very high probability (>99%) that the cells in individual wells are in fact cloned.
Initially, 23 subclones from the three original wells were analyzed by Guava Express using
anti-hBcl-2-PE (FIG. 8). The results confirmed that the original wells contained mixed cell
clones. Well #7 yielded clones with the strongest signal and well #25 bad 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 a signal that was 20% higher than any other clone and was expanded for

further analysis.

[0099] Two high expressing SP-EEE clones (87-29 and 7-16) were compared to the
untransfected Sp2/0, Raji and Daudi cells (FIG. 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. This was further verified by anti-Bel-2
immunoblot (FIG. 10). Bcl-2 was not detected with a human Bel-2 specific antibody in
Sp2/0 cells even with high protein loading (50K cells) and long exposure of X-ray film.
Immunoblot analysis with an anti-Bcl-2 MAb (C-2, Santa Cruz Biotech.) that recognizes
mouse, rat and human Bel-2 did not detect any Bel-2 from untransfected Sp2/0 cells, even
with high protein loading (100K cells) and long exposure time (FIG. 10B). If there is any
Bel-2 expressed in Sp2/0 cells, it is at a level that is more than 2 orders of magnitude less
than the Bel-2-EEE in clone 87-29.

[0100] 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 Bel-2-EEE. As 7-12 and 7-16 are from the same
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original well and have nearly identical properties (Bcl-2-BEE 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.

[6101] 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 a high
density and had more than 4 days increased survival compared to Sp2/0 cells (FIG. 11). In
1% serum, all cells grew to about 35-40% of the density achieved in 10% serum and the Bel-
2-BEE transfectants had a similar survival advantage over Sp2/0 (FIG. 12). When transferred
directly into serum free media, the Sp2/0 cells only grew to 600K cells/ml while 87-29 cells
grew to a two-fold higher density (FIG. 13). In each serum concentration 87-29 cells
survived 4-6 days longer than Sp2/0 cells,

[0102] The methotrexate (MTX) sensitivity was determined for 87-29 (FIG. 14). The data
suggests that a minimum MTX concentration of 0.04 pM 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.

[0103] Bcl-2 is a pro-survival/anti-apoptotic protein. It bas been demonstrated by several
groups that a Bel-2 deletion mutant missing the flexible loop domain (FLD) has an enhanced
ability to inhibit apoptotosis (Figueroa 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 1 to 3 §/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, a similar Bel-2 triple mutant construct (Bcl-2-EEE), was used

to stably transfect Sp2/0 cells.

[0104] All the aforementioned experiments demonstrate that expression of Bel-2-EEE
reduces apoptosis rates in Sp2/0 cells. This effect was largely dose dependent, in that clones
with higher expression levels survived longer than those with lower levels. The best clone,
87-29, grows to a 15-20% higher cell density and survives an additional 4-6 days compared
to untransfected Sp2/0 cells.

[0105] The Bcl-2-EEE level in clone (87-29) is appi‘oximateiy 20-fold higher than normal
levels in Daudi or Raji cells. No Bcl-2 expression was detected in untransfected Sp2/0 cells.

As described in Example 6, hMN-14-expressing Sp2/0 cells were transfected with a similar
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construct for expression of wild type Bel-2 and a clone with exceptional growth properties
and ethanced productivity was isolated. When this clone (664.B4) was amplified further
with MTX, the Bcl-2 levels increased significantly. Ultimately, the amplified (3 pM MTX)
cell line was sub-cloned and the Bel-2 level of one clone (664.B4.1C1) was two-fold higher
than 664.B4. This particular 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.B4,1C1. 87-29 cells have a growth rate that is comparable to that of Sp2/0
cells and can apparently continue to grow for one additional day and reach a maximal density
that is 15-20% higher than Sp2/0. A similar property was found for the E6/E7 expressing Sp-
126 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.

[0106] The Sp-EEE cell line as represented by the 87-29 clone is useful 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 line to be useful it
must maintain its Bcl-2-EEE expression and survival advantage following transfection and
amplification and during extended culture. It is unlikely that the stably transfected Bcl-2-
EEE gene will be lost during subsequent transfection and therefore the survival propetties
should not diminish. It is possible that MTX amplification could even improve the survival
of producing clones via increasing expression of Bel-2 proteins. Indeed, this was the case
with the hMN-14 664.B4 cell line, which was transfected with wild type Bel-2. Following
amplification and sub-cloning, the Bcl-2 level increased several folld and cell survival

improved significantly.

[0107] The final Sp/EEE clone (#87-29) has a growth rate that is comparable to the parental
Sp2/0 cells. However; the Sp/EEE 87-29 cells continue to grow for one additional day, reach
a maximal density that is 15 — 20% greater and display an additional 4 — 6 days survival
compared to Sp2/0. Further, the Sp/EEE cell line was considerably more tolerant to serum

deprivation compared to Sp2/0 cells,

Example 6. Improvement of Ab-Producing Cell Survival in Stationary Batch Culture
by Stable Expression of a Human Bel-2 Gene
Generation of a Bel-2-Transfected Cell Clone
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[6108] A cell clone 665.2B9 was originally generated from Sp2/0 by transfection to produce
a humanized monoclonal anti-CEA Ab (Qu et al., unpublished results). A vector, designated
hMN14pdHL2, was used to transfect Sp2/0 cells to obtain the cell clone 665.2B9. The
pdHL2 vector was first described by Gillies et al., and had an amplifiable murine dhir gene
that allows subsequent selection and amplification by methotrexate treatment (Gillies et al., I.
Immunol. Methods 125:191 (1989)). Generally, the pdHL2 vector provides expression of
both IgG heavy and light chain genes that are independently controlled by two
metallothionine promoters and [gH enhancers. A diagram of the h(MN14pdHL2 vector is
shown in FIG. 16. SEQ ID NO. 1 shows the sequence of the vector; SEQ ID NO. 2 shows
the 72 bp sequence defined as the enhancer sequence; the promoter sequence corresponds to
nt2908-2979 of hAMN14pdHI.2,

[0109] Sp2/0 cells can be generally transfected by electroporation with linearized pdHL2
vectors such as the hMN14pdHL2 vector used in this instance. Selection can be initiated 48
hours after transfection by incubating cells with medium containing 0.05 to 0.1 pM MTX.
Amplification of inserted antibody sequences is achieved by a stepwise increase in MTX

concentration up to 5 pM.

[0110] The clone was subjected to gene amplification with MTX increased stepwise to 0.3
M, at 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 (FIG. 17) containing the human Bel-2 gene by electroporation. Bel-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/m! zeocin and subcloned in media without zeocin by
plating into 96-well plates at a density of 0.5 cell/100 ul/well. The media without zeocin

was used thereafter.

{0111] Formation of clones in wells was confirmed by visual observation under a
microscope. Cells from the wells with only 1 cluster of cells were expanded. Each 96-well
plate produced around 30 clones, from which 14 clones were 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 (FIGS. 18, 19), one Bcl-2-transfected clone showing improved
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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 a higher cell density ( about 1.7-fold) and survived 4 to 6 days longer in T-flasks
(FIGS. 20, 21), and as a consequence of better growth, the P.sub.max of clone #4 was
increased to about 170 mg/L as determined by ELISA titration and Protein A column

purification.

Bel-2 Expression in 665, 2B9%#4

10112] To confirm that fhe improved growth properties of 665.2B%4 were resulted from
tranéfection of Bcl-2, intracellular level of human Bel-2 protein was measured by using
Guava Express reagent and Guava PCA instrument. Briefly, 4x10.sup.5 cells placed in 1.5
ml spin-tubes were centrifuged for 5 minutes at 1500 rpm, washed three times with 1xPBS.
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 4x1 mL PBS at 4° C., each time

spinning as described.

{0113] Permeabilization buffer (0.5 mL) at -20° C (SCB cat. # sc-3623) was added dropwise
while vortexing, followed by 15 min incubation on ice. Cells were then spun and washed two
times with 0.5 mL FCM wash buffer (SCB cat. # sc-3624). Final cell pellet was resuspended
in 100 uL of FCM wash buffer and stained for Bel-2 intracellular protein with 10 pL of anti-
Bel-2 mouse monoclonal antibody conjugated to PE (obtained from SCB). Incubation was
performed at room temperature in dark for one hour. Two washes with 0.5 mL of FCM wash
buffer followed. The final cell pellet was resuspended with 0.4 mL FCM wash buffer and the
cells analyzed on Guava PC. Mean 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 a higher level of
Bcl-2 protein compared to the parental cell line. A zeocin-resistant clone (#13) that showed a
similar growth profile as the parent 665.2B9 was negative for Bcl-2 staining, confirming that

Bel-2 expression is necessary for the improvement of growth.
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TABLE 2

_ntracetlular level of Bel-2 defermined by Chsava Express,

Vinhility®
Cell (% Mean FI (AU}
865,289 B4 42
G655 oF 110
Cloned] 3 a2 14
Non-gpecific antibody 12

staining

*Digtermined before the assay to ensure healthy cells were s,
b655.289 cells stpined with an isotype-matched mouse IgGlantibody, FE~
copfugnter.

[0114] 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 665.2B9%#4,
suggesting co~amplification of Bel-2 with the dhir gene. To compare intracellular Bel-2
Jevels 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
aritibody. Densitometric evaluation showed that Bel-2 signal of clone 665.2B%%4 growing in
1.0 uM MTX is 2x stronger than the cells in 0.6 uM MTX. A lysate of Clone #13 did not
reveal the presence of Bel-2 protein (FIG. 22).

Example 7. Improved Ab-Production of Clone 665.2B%#4 Under Batch Culture

Condition

19115] 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 Bel-2-
positive clone 665.2B9#4 growing in medium containing 0.6 and 1 pM of MTX and the Bel-
J-negative clone #13 growing in 0.3 uM MTX. FIGS. 23 and 24 show the profiles of cell
viability and cell density in both culture types until they reached terminal stage. Protein
yields, expressed as mg/L, are shown in Table 3. The results of this experiment suggest that

nutrient spiking improves total vield of produced antibody about 2-fold for all cultures.
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TABLE 3

Agitibody praduction yader bateh culture conditions

Unfed batch® Bpiked fed buol®

CelliWTX {phi} fmig/Ly fmg/L}
$65. IBEANLE 117 286
665.0BOH4.0 154" G
Clone 3103 F4.1 165

"Determined by Protain A columa pwification,
UAverape of two purifications.
Example 8. Introduction of Bel-2 Gene into a Cell Line Producing Low-Level of

Recombinant Protein

[0116] A cell clone 482.2C4A was originally generated from Sp2/0 by transfection to
produce a bispecific Ab in the form of an IgG (anti-CEA) and two scFv (anti-DTPA) (Leung
et al., 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 IgG heavy chain. The
clone was subjected to gene amplification and had a final productivity of about 20 mg/L. To
improve the growth property and eventually the Ab productivity, 482.2C4A cells were
transfected with a plasmid expression vector containing the human Bel-2 gene by
electroporation as described in Example 6. The transfectants were selected in medium

containing 750 pg/ml of Zeocin after three weeks.

[0117] Zeocin-resistant cells were treated with 25 pg/ml of CHX for 5 hours to elin}inate
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, as well as growth profiles. Those clones performed better than the parent
482.2CA4A 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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Example 9. Introduction of Bel-2 Gene into Sp-E26 for a Further Improvement of
Cell Growth Propertics

[0118] Sp-E26 cells are transfected with a plasmid expression vector containing the human
Bcl-2-EEE gene, as described in Example 3, by electroporation. The transfectants are

selected in medium containing 500 pg/ml of Zeocin after three weeks.

[0119] Zeocin-resistant cells are freated 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
emerge in the wells in two weeks and are screened for resistance to CHX-induced apoptosis,
as well as growth profiles. Those clones perform better than the parent Sp-E26, as well as
Sp-EEE, in all aspects are selected and further characterized. The best performer containing
HPV-16 E6/E7 and Bel-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 is a better host cell for recombinant protein production.

Example 10, Improved Production of Recombinant Proteins with the Sp-EEE Cell
Line | -

[0120] There are two paths that can be taken when developing a cell line with enhanced
survival for production of recombinant proteins. One method, which has been accomplished
quite successfully, as described in Example 6, involves stable transfection of an already
producing cell line with a pro-survival gene, such as Bcl-2. However, this method requires
additional transfection, selection and cloning steps, thereby lengthening the cell line
development process by at least two months and possibly much more. Further, screening for
the "best” clone is rather involved, since a number of parameters need to be determined for
cach clone, including growth/survival, Bel-2 expression level and productivity. Thus, only a
small number of clones can be evaluated. It is quite possible that clones with the highest
productivity may not have superior survival and vice versa. An alternative strategy,
emploved here, is to develop a parental cell line with superior growth and survival properties,
which is subsequently transfected with the expression vector for production of the desired

protein.

{0121} Compared to Sp2/0 cells, the Sp-EEE cells continue to grow for one additional day,

reach a maximal density that is 15-20% higher, and survive an additional 4-6 days in culture.
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The cells retain their enhanced growth and survival properties when subsequently 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-1-IL-31), or interferon family members (such as alpha,
beta or gamma interferon), oligonucieotides, peptides, hormones, enzymes, or vaccines (e.g.,

Hepatitis A, B or C, as well as others desctibed above).

[0122] A DNA vector, such as pdHL.2, containing one or more expression cassettes for
recombinant protein(s), such as an IgG, is used to transfect Sp-EEE cells by standard
methoeds, 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 Bel-2-EEE-expressing
clones grow to about 20% higher cell density and survive at 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 is realized in suspension, perfusion or fed-batch bioreactor cultures.

Example 11. Improved Ab-Prodaction of Bel-2 Transfected Clone 665.B4.1C1 in

Bioreactor

[0123] Both 665.2B9#4 and the parent clone 665.2B% of Example 6 were weaned into serum-
free media. The cells were adapted to a customized fonnuiaﬁon of hybridoma serum-free

- medium (HSFM) (Immunomedics PN 10070) containing 3 uM 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
1x107 viable cells in each 1-mL vial using an FBS-free cryopreservation solution composed
of 45% conditioned medium (medium that is collected as supernatant after centrifugation of a
culture in the exponential growth phase), 10% DMSO and 45% HSFM. The MCB cell lines
were designated 665.2B9.1E4 (without Bel-2 gene) and 665.B4.1C1 (with Bel-2 gene),
respectively. The growth properties and antibody production of these two clones were

compared under batch culture conditions.

[0124] Experiments were conducted in 3-L bench-scale bioreactors using the above cells

expanded from the MCB. The 3-L bioreactor system is the scale-down model of a 2500-L
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¢GMP bioreactor system. Therefore, the evaluation results would support the suitability of

these cell lines for large-scale commercial manufacturing.

[0125] The same growth HSFM as that 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 as the only trace proteins. Additional 0.1% Pluronic F68 was
incorporated into the formulation to protect cells from shear caused by agitation and aeration.
This media also contained 3 pM MTX.

[0126] The specific characteristics of the continuous feeding solutions and the pulse feeding

solutions are shown in tables 4 and 5 as follows:

TABLE 4

Continuous feeding solufions

Solutions Formulation {Dissolve in WFT unless specified)

Glucose and glutamine  Glugose, 13.3 g/l; Glulsming, 20 mM
selution (G/'G)

T2 solution G.mc:ase, 13.3 ¢/l Glatanine, 20 mdd;
PNS A, S0 ml/L; NaQH, 50 mM
T3 solution (Hucose, 26.6 o/L; Glrdaming, 40 mM;

PNS A, 100 mlL; WNaOH, 100 mM

TABLE 5

Pulse feeding Solutions

Formulation

Solutions {Dissolve in WP unless specified)

TC Soy Plus 120 gL

Lmoleic acid/cyclodextrin = 1.5 mgfm!

HD hipid 506X

f-mercaptoethanol/EDTA  BME, 0.01 M; EDTA, 0.1 mM.

I Vitamin MEM Viamin Solution (100x), a5 solvent;
Choline Chloride, 500 mg/L; Myo-inositol,
600 mg/LL.

TEC solution Transferrin solution {4 mg/mL), as solvent;

CaCl2, 125 mM; Ethanolamine-HCl 1 g/l
Insulin 4 mgimi
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[0127] The fed-batch experiments were conducted in 3L Bellco spinner-flask bioreactor
systems (Bellco glasses, Vineland, N.I.) 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 37°C by a heating blanket. The
culture pH was controlled at 7.3 by the addition of COz or 6% Na;COs3. Aeration was
performed through a cylindrical sintered sparger at 10 ml/min. DO was controlled above
40% of air saturation by intermittent sparging of O, into the medium. A constant agitation

rate of 50 about 60 rpm was used throughout the cultivation.

[0128] A frozen vial from MCB was thawed and recovered in T-flasks in approximately 1 to
2 weeks. The cells were then expanded from T-flasks to roller bottles prior to inoculation
into the bioreactors. Cells were cultured at 37°C in a 5% CO, atmosphere and maintained in

the exponential growth phase throughout the expansion process.

[0129] Prior to the inoculation, 1.2 liters of Basal 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 (37°C), calculated amount of inoculum from roller
bottle was pump transferred into the bioreactor. The post-inoculation viable cell density

(VCD) was around 2x10.sup.5 vial cells/ml.

[0130] 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. 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 petistaltic pumps (Watson-Marlow 101U/R). The pulse feeding

solutions were pulse fed once a day into the culture.

[0131] Two fed-batch feeding strategies were developed and applied to both cell Iiﬁes.
Process #1 does not feed recombinant insulin during the cultivation. Process #2 is designed
based on Process #1 with a modified linoleic acid and lipid feeding schedule and an
additional feeding of insulin. The following tables summarize the feedings of both processes

for both cell lines.
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TABLE 6

PCT/USZ006/027820

Process #1 for gell line 65528814

Expecied Viable Cell

Continuons feeding

Continons Feeding Rate (mb/iday)

Glucose and

Day Dengity {cellsfml) Ghiamine  TmmaC2  InnuCs
Day 2 (A, TEB a0 { {
ey Jam  LO-LYES ] il 1
Dy 3 por LOI-2.5E4 o =1 iy
Day 4 am  2.31~3.5E8 3 ¥ {1
Day 4 pm 251-4.5E6 i 150 g
Dy 5 am  4.51~6.5E8 @ {x 44
Dy 5 pm 4.51~7.3E8 i {t i)
Day 6 T.51~12E6 0y ¥ 120
Ty 7 if <L3E8 G i 124
if »13.1E6 H ) 154
Pulss feeding
Pulse Feeding {mL)
TC Sow
Plus LACD Lipid TEC Immu BME

Day (120 gLy (15 mgml) (500X Solution ¥itwwin EDTA

Day 3 1235 4 3 e — L&

Dhay 4 35 % — — — —

Day 3 30 12 - 4 15 15

Day 6 B 8 2 8 — —

Day 7 &0 e 1 — — o

Day 8 25




WO 2007/013848 PCT/US2006/027820

40

TABLE 7

Trocess #2 for cell line 663,280,154

Continuoue feeding

Expected Viable Call Continsous Feading Rete {mibiday)
Dax Density (rollsiml} Ghicose and Glataming  DanmC2  TmomuCd
Day 2 {.4~0.7E6 & f il
Day 3am  LO~L7ES i &0 &
Doy 3 pm LBI~L5ES i a4 U
Dy 4 a1 2.51-3.5E5 { o ¢
Dray 4 pm 251-4.5E6R { 150 L
Day 3 am  4.51~55E0 { 0 i}
Dy & pm 4.51~7.3E8 0 0 1204
Day & 7.5 L~12EG 0 a 120
Day 7 if <13E6 {¥ 0 120
IT »13.1F6 U 0 13
Day® if <1056 { a Bl
i 10.4~1386 & 0 13
0 0 150

if 213.1E6

Pulze feeding

Pulse Feading (mL]

TC 8oy Plus  LANTD Lipid  TEI  Imme BME  Insulin

Py 220 gL (LS mgimly (300X} Solution Vikamin EDTA {4 mgiml)
Dav 3 12.5 2 3 e e 15 —
Day 4 a5 4 —— — — e [
Ty 5 50 g e 4 15 13 4
BDay 6 0 4 — % — — &
Pay 7 Gl 4 —_— — —_ 15 8
Day 8 50 — — — —_ e 8
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TABLE 8

Process #1 for cell Hne 663.34.1C1

Continutous feeding

Expected Contingous Feeding Rate (mifday)

Wiahle Cell Glucose snd
Day Dengity {cells'mlL) Gintamine  Immud?  ImmuCS
Day 2 0.4~0.TEG Al il {l
Dy 3 am PAO~1TESR (¥ ] £
Diax 3 pm L~25E8 ¥ 130G i
By 4 am 2513558 ¥ £ ity
Daydpm 2514558 ¥ 0 o)
Bay 5 am £.51~65E06 b f 14
Bay Spm 4517558 0 {2 150
Day & T51~12Ed ¥ 2 1B
Bay 7, 8,8 I <13E6 { ¥ 18D

=15 1848 ¥ o 244
Day 10 if 210ES ¥ i 120

i 10.1-13E4 [ ) 134

if »13.186 0 0 180

TABLE B-countirmred
Propess #1 for ol line 605,84, [C1
Puise faeding
Pules Feading (ml)
T Soy

Plus LA Lipid TELC Tmee BAIES
ey 112G &Ly (1.3 meimly  JSU0KY Bolutlonn VWitwein EREDTA
Ty 3 123 4 3 — e 13
D 4 25 & S— — - —
Day § 50 12 — 4 15 15
Dy & a0 B 2 B — —_
Doy 7 60 —_— 1 —_ — 13
Deane B &0 — —_ — _— —
Day H 60 — — — . 15
Dry 10 D R e — — —_
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TABLE 9

Process #2 dor cell lize 665.B4.1C1L

Continuous feeding

Expected Viable Cell Continuous Feeding Rabs {miday)
Day Deusity {cellsimL) Glocose and Glutamine  ImmnC2 IS
Dy 2 0.4-~0,7E6 &0 o s
Day 3 am 1.0-1.7E8 0 e g
Day 3 pm 1LDM~2Z3EG 0 120 n
Day 4 am  2.51~3.556 Y ¥ a0
Bav4pm  231~45E6 o I S0
Day 5 am  &51~63F6 ¢ ¥ 120
Pay 5 pm 4.51~7.5E§ o o 150
Day 6 511736 0 o 18D
Dav 7,8, 9 i <l3E6 L i 180

if »15.1E8 O I 240
Day 18 it <10ES Q ¥ 120

if 10.1~13E6 ) 0 130

if>131Ef 0 ] 180

Pulse feeding
Pulee Feoding (ml.)
TC Soy Phie LACD Lipd  TBC T BME/  Insulin

Day (120 ¢fl) (15 megimiy  (S00X) Solation Vitamin EDTA {4 mgiml)
Day 3 125 2 3 — — 15 —
Phay 4 25 4 — — i — —_
Day 5 50 & o 4 i5 15 4
Dhay & G 4 e R —_— e &
Duay 7 e 4 — — - 15 i
Dy B & 4 — — e B
Dhay 9 &l 4 — i5 15 8
Dy 10 G0 — e —_— — 1- B

10132] During the cultivation, bioreactor samples were taken periodically for off-line
analysis. The viable cell density (VCD) and the cell viability were measured by microscopic
counting using a hemocytometer after staining with 0.4% trypan blue dye. The glucose,
lactate, glutamine, ammonia concentrations were measured using a Nova Bioprofile 200.
The antibody concentration was determined by HPLC using a protein A affinity
chromatography column (Applied Biosystems, P/N 2-1001-00).
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[0133] The specific antibody productivity was calculated by dividing the cumulative
antibody produced by the time integral of the total viable cell in the culiure:

Mabl; - Vi — [Mably ¥,
([Mabl; Vi [Mebly 41 which
o veD-va

Chngapy =

it

f VCD- Ve is approximated by the

it )

(VCDLg « Vig + VOB, Vi Hel - 1)
A

o

Trapezium Rule:

[0134] By Process #1, 665.2B9.1E4 cells grew to attain a maximal VCD of 1x107 viable
cells/ml on day 6 with 86% of viability. After day 6, VCD and V% decreased quickly and
the culture was harvested on day 8. Process #2 helped the culture reach a higher VCD of

1.2x107 viable cells/ml and sustain one more day. .

[0135] As compared to 665.2B9.1E4 cells, 665.B4.1C1 cells exhibited much better growth in
both processes. In Process #1, its VCD reached 2x10" viable cells/m] on day 7 with 97%
v.iability-.. 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, 665.84.1C1 cells showed a
similar growth profile as in Proceéses #1. More specifically, the cells reached the highest
VCD 0f2.3x10’ viable cells/ml and the viability declined a little slower with the harvest
occurring on day 11, This observation was somewhat different from the 665.2B9.1E4 cell

line, which demonstrated a growth advantage in Process #2.

[0136] The antibody yields of two cell lines in Processes #1 and #2 were compared. 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, 665.84.1C1 cells delivered a higher final yield of 1.5 g/L in both processes.

[0137] The daily specific antibody productivities (per cell basis) were calculated and the
665.2B9.1E4 cells had an average daily Qpap) 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.

[0138] The 665.B4.1C1 cells showed a similar daily specific antibody productivity profile in
both processes with Process #1 yielding slightly higher productivity. The daily Qpmay; were
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maintained between about 20 to 25 pg/cell/day until day 9. Thereafier the productivity

declined.

[0139] Compared with the 665.2B9.1E4 cell line, the 665.B4.1C1 cell line exhibited a higher
specific antibody productivity of about 25 pg/cell/day as compared to 15 pg/cell/day.
Combining with its better growth, the 665.84.1C1 cell line tripled the final antibody yield to
1.5 g/L as compared to 0.55 g/L achieved by the 665.2B9.1E4 cell line. These results
demonstrate the benefit of incorporating Bel-2 gene into the host cell line to enhance its
growth and antibody vield 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.
Example 12. Development of Sp/ESF Serum Free Pre-Adapted Cell Line

[6140] A standard protocol for cell transformation and protein production is summarized as
follows. Sp2/0 cells, or Sp2/0 derived lines are maintained in 10% FBS and transfected by
electroporation with an expression vector containing the gene of interest. While maintaining
the transfectant cell lines in media supplemented with 10% FBS, attempts are made to
amplify the expression by step-wise increases in methotrexate (MTX) in the culture media.
This amplification process, which only seems to work on occasion and typically with cell

* lines having lower initial productivity, usually takes 4 — 8 months. Once MTX amplification
is completed, the clones are gradually adapted for growth in serum-free media over a period

of 3 — 6 months, which typically results in a loss of productivity of up to 50%.

[0141] Since the Sp/EEE cell line showed enhanced growth and survival properties as well as
superior tolerance to serum deprivation, it was decided to explore the feasibility of
developing an Sp/EEE cell line that is pre-adapted to growth in serum-free media and use this
line for transfection, cloning and amplification. The following describes the development of
the Sp/ESF (Sp/BEE serum-free) cell line. Feasibility for production of cloned proteins, such
as antibodies or fragments, was demonstrated by transfection with the C-AD2-Fab-h679-

- pdHI.2 expression vector.
Adaptation to growth in serum-free media and subcloning

[0142] Sp/BEE cells were adapted to growth in serum-free media (SEM) over a 2-month
period. In an attempt to determine if transfection is feasible in SFM without FBS, serum
free-adapted Sp/EEE cells were plated in a Hmiting dilution to determine if they would
recover from low density. Cells were plated at a concentration of 5 cells/well in the first row

of a 96-well plate and diluted 2-fold down the plate. Seven clones total resulted from the
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limiting dilution. These results demonstrate that the cells can survive under the conditions
necessary for transfection. Growth curve experiments were performed using four of the
seven subclones to select the clone with the most favorable growth properties. The four
clones (#1, 3, 4, and 5), as well as the parental clone, were split to a density of 3x10° cells/ml
in a T25 flask in 6 m! of culture media. The cell viability (FIG. 25) and density (FIG. 26)

were monitored until zero viability was reached.

[0143] Of the subclones, #3 survived 24 hours longer than any other subclone or the parental
cell line. In addition, subclones #3 and #1 reached higher maximal cell density (3.2 to 3.3
million/mnlL, FIG. 26) than the other clones. This suggests that subclone #3 may be better
adapted to undergo successful transfection. Therefore, subclone #3 was given a new

designation of Sp/ESF and used for subsequent transfections.
Tmnsféction of Sp/ESF cells with h679-4D2

{0144] Based on the above data Sp/ESF cells (subclone #3) were transfected by
electroporation with 30 ug of h679-AD2-pdHL2 following standard protocol for Sp2/0 cells.
After 48 hours cells were selected with 0.1 uM MTX. As a control Sp/EEE cells in 10% FBS
were also transfected with h679-AD2-pdHL2 by electroporation under the same conditions.
After 10 days plates were ready for screening via ELISA using BSA-IMP-260 coated plates.
For both transfections approximately 130 of 400 wells contained positive clones. Positive
Sp/ESF cells from wells with the 40 highest OD readings were transferred to 24-well plates
and the MTX was increased to 0.2 uM MTX. After the cells in the 24-well plates reached
terminal, further screening by BIACORE analysis using an HSG sensorchip was performed.
Four of the screened clones had a productivity of > 50 mg/L. The highest producing clone
(1679-AD2-SF #T6) had an initial productivity of 82 mg/L. These initial productivity results
were very similar to those obtained from a previous transfection of this construct using
Sp/EEE cells in 10% FBS.

AMPLIFICATION

[0145] The h679-AD2-SF# T6 clone was selected for MTX amplification. After 2 weeks the
MTX concentration was increased from 0.2 uM to 0.4 uM. After only 2 MTX increases,

some amplification in productivity can already be observed.
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Tabie 10
MTX Concentration Productivity
0.1 pM MTX 82 mg/l
0.2 pM MTX 93 mg/L
0.4 pM MTX 103 mg/L

CONCLUSIONS

[0146] The data presented above for Sp/ESF indicate that transfection, cloning by limiting
dilution and MTX amplification can all be accomplished under serum-free conditions in less
than a month. This was demonstrated with the transfection of the h679-Fab-AD2-pdHL2
expression vector, resulting in the initial very high production of 82 mg/L, which could be
amplified to 103 mg/L in two weeks. Further amplification is expected with a longer time of
MTX exposure. The initial productivity of the best clone (T6) of 82 mg/L surpasses the
initial productivity of the best h679-AD2-pdHL2 clone (5D8) from the original transfection
of the parent Sp/EEE cell line carried out in 10% FBS, which was around 50 mg/L. Sp/ESF
cells have also been transfected with EPO-DDD2-pdHI.2 for production of erythropoietin.
[0147] As shown in Table 11, which compares the key pérameters of Sp/ESF with those of
the existing PER.C6 cell line (Jones et al in Biotechnol. Prog. 2003, 19: 163-168), Sp/ESP

excels PER.C6 in many categories.
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Table 11
Sp/ESP PER.C6
Parental Cell line Mouse myeloma | Human embryonic retina + El
Anti-apoptotic gene Bcl-2-EEE None
Transfection Method Electroporation Lipofectamine
Efficiency 130/400 ?
Growth Suspension Adherent
Medium SFM 10% FBS
Screening Growth Suspension Adherent
Medium SFM 10% FBS
Selected clones Growth Suspension Suspension
Medium SFM SFM
Adaption time | None 4 weeks
Doubling time ~12h 30-33h
Cell culture Vessel . T-25 Roller bottle
Medium SFM SFM
Maximal density | 3.3 x 10° /mL 5x 10° /mL
Productivity 103 mg/L of Fab* | 300-500 mg/L of IgG
* Equivalent to 300 mg/L of 1gG |
Hakte

All of the COMPOSITIONS and/or METHODS and/or APPARATUS disclosed and claimed

herein can be made and executed without undue experimentation in light of the present

disclosure. While the compositions and methods of this invention have been described in

terms of preferred embodiments, it will be apparent to those of skill in the art that variation
may be applied to the COMPOSITIONS and/or METHODS and/or APPARATUS and in the

steps or in the sequence of steps of the method described herein without departing from the

concept, spirit and scope of the invention. More specifically, it will be apparent that certain

agents which are both chemically and physiologically related may be substituted for the

agents described herein while the same or similar results would be achieved. All such similar

substitutes and modifications apparent to those skilled in the art are deemed to be within the

spirit, scope and concept of the invention as defined by the appended claims.
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CLAIMS

1. A mammalian cell line that is transfected with a gene encoding Bel-2 with T69E,
S70F and S87E mutations and adapted to grow, be transfected in and produce protein in serum-
free medium.

2. The cell line of claim 1, that is further transfected in serum-free medium with a
plasmid encoding a protein of interest and a selectable marker protein.

3. The cell line of claim 1, wherein the cell line is capable of being frozen and thawed
in serum-free medium.

4. The cell line of claim 2, wherein the plasmid encodes an antibody, humanized
antibody, chimeric antibody, human antibody, bispecific antibody, multispecific antibody,
multivalent antibody or fragment thereof.

5. The cell line of claim 1, wherein the cell line that is transfected with a gene
encoding Bel-2 with T69E, S70E and S87E mutations exhibits growth to a density that is equal
to or greater than the density exhibited by the untransfected cell line.

6. The cell line of claim 2, wherein protein production from the cell line that is
transfected with a gene encoding Bel-2 with T69E, STOE and S87E mutations is greater than
the protein production from the parent cell line.

7. The cell line of claim 6, wherein the plasmid is chromosomally integrated.

8. The cell line of claim ! wherein the cell line is a myeloma cell line selected from the
group consisting of Sp2/0, an Sp2/0 derivative, NSO or YB2/0.
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9. The cell line of claim 2, wherein the cell line is selected from the group consisting
of CHO, HEK 293, HEK 293T, C0OS-1, COS-7, HepG2, BHK21, P3X3Ag8.653 and BSC-1.

10. A protein produced by a cell line according to claim 2 or claim 8.

11. The protein of claim 10, wherein the protein is an antibody, humanized antibody,
chimeric antibody, human antibody, bispecific antibody, multispecific antibody, multivalent

antibody or fragment thereof.

12. The protein of claim 10, wherein the protein is a growth factor, hormone,

interleukin, interferon, cytokine or enzyme.

13. The protein of claim 12, wherein the protein is selected from the group consisting
of EPO, G-CSF, GM-CSF, EGF, VEGF, thrombopoietin, I1.-1 through IL.-31, interferon-alpha,

interferon-beta and interferon-gamma.

14, A method of protein production comprising:

a) obtaining a mammalian cell line transfected with a gene encoding Bel-2 with

T69E, S70E and S87E mutation, said cell line adapted to grow in serum-free medium;

b) freezing the transfected cell line in serum free medium,
c) thawing the frozen cell line in serum free medium;
d) transfecting the thawed cell line with one or more expression vectors under

serum-free conditions; and

e) producing one or more proteins from the one or more expression vectors by

cuituring the cell line in serum-free medium.

15. The method of c¢laim 14, wherein the expression vector encodes an antibody,
humanized antibody, chimeric antibody, human antibody, bispecific antibody, multispecific

antibody, multivalent antibody or fragment thereof.
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16. The method of claim 14, wherein the cell line that is transfected with a gene
encoding Bel-2 with T69E, S70E and S87E mutations exhibits growth to a density that is equal

to or greater than the density exhibited by the untransfected cell line.

17. The method of claim 14, wherein protein production from the cell line that is
transfected with a gene encoding Bel-2 with T69E, S70E and S87E mutations is greater than

protein production from the parent cell line.

18. The method of claim 14, wherein said cell line is a myeloma cell Iine.

19. The method of claim 18, wherein the myeloma cell line is Sp2/0 or a derivative

thereof, a murine NSO or rat YB2/0 cell line.

20. The method of claim 14, wherein the cell line is selected from the group consisting

of CHO, HEK 293, HEK 293T, COS-1, COS-7, Hep(G2, BHK21, P3X3Ag8.653 and BSC-].

21. The method of claim 14, further comprising growing the cell line in medium

comprising erythropoietin.

22. The method of claim 14, further comprising growing the cell line in medium
comprising at least one caspase inhibitor selected from the group consisting of Z-VAD-fmkand
Ac-DEVD-cho (SEQ 1D NO: 7).
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<130> 40923-0194usl
<140> 11/187,863
<141> 2005-07-25
<150> 60/590,349
<151> 2004-07-23
<160> 11

<170> Patentln Ver.
<210> 1

<211s 9780

<212> DNA

<213> artificial Seguence
<220

<223>

nucleotide construct

<400> 1

ticcataggc
cgaaaccega
toctoetgttc
gtggegettt
aagctgggct
tatcgtcttg
aacaggatta
aactacggct
Treggaaaaa
trrrtightt
atcttttcta
atgagattat
tcaatctaaa
geaccrarct
tagataacta
gacccacget
cgcagaagtyg
gctagagtaa
atcgtggigt
aggcgagrta
ategttgtca
aattctctta
aagtecattct
gataataccg
gggcgaaaac
geacccaact
ggaaggcaaa
ctcttecttt

teogoeeceed
caggactata
cgaccetgec
ctcatagete
gtgtgcacga
agtccaacco
gcagagegag
acactagaag
gagttggtag
gcaagcagea
cggggtctga
caaaaaggat
gratatatga
cagcgatctg
cgatacggga
caccggetec
gtcctgeaac
gtagttegee
cacgcetegte
catgatcecce
gaagtaagtt
ctgtcatgcec
gagaatagty
cgccacatag
tctcaaggat
gatcttcage
atgeccgcaaa
ttcaatatta

tgacgagcat
aagataccag
gcrtaccgga
acgcrgtagg
acceceegtt
ggtaagacac
gtatgtaggce
gacagiattt
ctottgatec
gattacgcegc
cgeteagtag
cttcacctag
gtaaacttgg
tctatttoegt
gyggctracca
agatttatca
trtatcecgec
agttaatagt
gtttggtatyg
catgttgtge
ggccgeagty
atccgraaga
tatgeggoga
cagaacttta
citaccgeiyg
atcttttact
aaagggaata
ttgaagcatt

cacasagatc
gegtttceecc
tacetgteeyg
tatctcagtt
cageccgace
gacttatcgc
ggtgctacag
ggtatctycg
ggcaaacaaa
agaaaaaaay
aacgadaact
atccttitaa
totgacagtt
tcatccatay
tetggeoeea
gcaataaacc
tcecatccagt
trgcgcaacy
gettcatica
asaaaagcgg
tratcactca
tgctrrrcty
ccgagttget
aaagtgctca
ttgagatcca
thcaccageg
agggrgacac
tatcagygtlt

page

pescription of Artificial Sequence: Synthetic

gacgctcaag
ctggaagetc
cettrctocc
cggtgtaggt
getgegectt
Cacrggcage
agrtcttgaa
ctctgctgaa
ccaccgctog
gatcrcaaga
cacgttaagg
attaaaaatg
accaatgett
ttgcctgact
gtgctgcaat
agecagecgy
¢tattaattg
ttgttgecat
getecggtic
ttagetectt
tggttatgge
tgactagtga
cttgoeoeggc
tcattggaaa
gttcgatgta
Trtcotgagtyg
ggazatgity
attgtctcat
1

METHODS AND COMPOSITIONS FOR INCREASING LONGEVITY AND

tcagagytyy 3

cctegtocgc
ttcgggaage
cgttegctoc
atccggtaac
agecactggt
gtggtggcct
geeagttace
tageggtogt
agatccittg
gattrtggtc
aagttrttaaa
aatcagtgag
ccecgtegty
gataccgcga
aagggeogag
Trgocgggaa
tgctgcaggc

ccaacgatea 1

cggtectecy
agcactygeat
gtactcaacc
grcaacacyg
acgttettcg
acccactegt
agcaaaaaca
aatactcata
gagcggatac

PCT/US2006/027820
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atatttgaat
ggccacctga
tcacgaggeo
Tttggacaaa
gctattgctt
attcattria
ctctacaaat
aaaaatgcat
ctrotogtay
gcotgggrat
actttcaaat
ggcttectgy
trccggttigt
teghggtggl
attcttctca
ttccactgaa
ccagggtegg
caatggrcga
agectcctea
taansaaazat
ggatgggcgg
tacttctgee
gecatgetttg

. acacattcca

aacaattgat
gtcagtgtag
attactageo
ctgaccaata
tatttgggga
gttttgaaac
ctgggtaatt
tttaacttat
Taagtttatc
tatcateget
gactatocot
¢caacgacta
gtacettete
ctiaagggce
cttggragea
atatgogtga
agcrgaccca
gtaaggccag
ctccazaget
gcggtageag
tegoracota
tggaaatcaa
aactctgagg
ggtcagaaaa
gaactrtatt
acgerictig
ctaacatgcc
acacecatcct
ccgeeaterg
trctateeca
tceccaggaga
ctgacgetga
cagggcectga
tgececooacc
ttttccacag
tecteetect
tttgcacctg
tactcaattt
taaaaatcat

gtatttagaa
cgtctaagaa
ctttegtott
ccacaactag
tatttgtaac
tgtttcaggt
gtggtatggc
agcrttagga
acttcaaact
tCtgggagaa
teetgeatga
taaacagaac
tcaataagtc
tctttgagtt
ggaatggaga
gaggttgtdg
tereegttet
accatgaaad
ctacttetgg
tagtcageca
agttaggggce
tycrggggag
catacttctg
cagtcgacta
gattaatgcc
tagatttcac
cagceecagec
ttgazaagaa
agggaaaata
actctgteca
tgeatitcta
tgagttcaac
gacttctaza
gcactecgec
gggctggage
taaagaggge
ctcacttact
ttactgagea
acagctacag
caatgacatc
gagcecaage
tcaggatgtg
gctgatetac
tagcggtace
ctactoccag
acgtgagtag
gggtcggaty
geatgcaaag
aaggaatagg
gtctectige
ctgtgattat
gittgcttct
atgagcagtt
gagaggeeaa
gtgtcacaga
gcaaagcaga
gctegeoogt
tgctectcag
gggacctacc
tggetttaat
tggtrtctet
ctetrtataag
ccttcattct

aaataaacad
accattatta
caagaattcc
aatgcagtga
cattataage
tcagggogag
tgattatgat
ggggageaga
tatacttgat
gtttatattt
tecttgicac
tgeetecgac
ttaaggeatc
ctctactgag
accaggtrtt
tcattettty
tgccaatcec
caccaageta
aatagctcag
tggagceggag
gggactatgg
cctggyggact
ceegetgggyg
gaatatrggat
cctgagetct
atgacatctt
catactaagd
tagaccticg
aaaccactag
gcececcaccaa
aaataagtiy
ctittaattt
atgtatttag
cgaaaaglgc
gaccgoeergl
aggctgtcct
ccgragetec
cacaggacct
gtaaggggct
cactttgect
agectgageg
ggtacttcty
tggacatcca
gacttcacct
caatatagcec
aatttaaact
acgtggceat
ccctcagaat
gggaagctag
tataattatc
ccgoaaacaa
ttectcagga
gaaatctgga
agtracagtgg
graggacage
ctacgagaaa
cacaaagagc
ticcageoetg
cectattgegg
tatgctaatg
cttrecteat
ggactaaata
attttaccct

40923194, app

ataggggtic
teatgacatt
gatccagaca
aaaaaatgct
tgcaataaac
gtgtggyagy
ctaaagcecag
gaacttgaaa
gectrrrtoe
ccceaaatea
aaagagtctg
tatccaaace
atccaaactt
aactatatta
cctaccecata
gaagracttg
catatytigg
gertrrtgea
aggccgagyc
aatgggegga
trgctgacta
riccacacct
agccetgggga
agtgggtgtt
gticttagta
ataataaacc
grratattat
actggeagga
graaactigt
accgaaadtc
aggattcagc
tagcttgagt
aatttcgacc
gcteggetct
tgggtgeada
ctaagcgrtca
agctrteacca
caccatogga
cacagtagca
foctetecac
ccagegtygd
tagcetygta
CCCggracac
tcaccatcag
teratcgghc
ttgcreectc
tctttgecta
ggctgcaaag
gaagaaactc
taggataage
cacacccaag
actgtggetg
actgeotety
aaggtagata
adggacagea
cacaaagtct
Ttcaacaggy
accecetece
tectocaget
ttggaggaga
ttaataatta
tgtagtcatc
atcatectct

pPage

cgegeacatt
aacctataaa
tgataagata
ttatttogtga
sagttaacaa
ttttttaaag
caaaagtccc
gcatcttcct
tcectggacct
atttctggga
aggtggcctg
atgtctactt
ttggraagas
attcrgtect
atcaccagat
aactecgttcc
gacacggcga
aaagectagy
ggeectogycec
actgggeggda
atrgagatgce
ggttgctgac
ctttccacac
tatgactctg
acatgtgaac
tgtaaatgaa
gtctgtctca
agcaggteat
agctgtgott
caggcetgage
cgaaactgga
agttctagtt
aattctcatg
gccaaggacy
cocottigooe
ccacgacttc
gatcectega
tggagctgta
ggcttgaggt
aggrgtecac
tgacagagtg
ccagcagaag
tggtgtgeca
cagectecag
gttcgpccaa
agttggatcc
zagcattgag
agttccaaca
agaacatcaa
atgergttt
ggcagaactt
caccatctgt
Ttgtgtgect
acgecoetoca
cctacagect
acgeetgega
gagagtgtia
atcctttgge
catctttcac
atgaataaat
ttatctytto
ctaaggogea
gcaagacagtr
2

teeccgaada
aataggcgta
cattgatgag
aatttgtgat
caacaatigc
caagtaaaac
atggtcertat
gttagecttt
cagagaggac
aaaacgrgtc
grigattcat
tacttgecaa
aatgagctcc
tTtaaagytcg
tergrttace
tgagcggagy
cgatgcagtt
cctccaaaaa
tctgcataaa
grtaggggcy
atgetrroca
taattgagat
cetaactgac
gataagecty
atttacrigt
agtaatttoc
cageetgetyg
gtggcaaggc
tgaagaagty
aaaacaccac
gaggtcotct
tceocaaact
trtgacaget
cguggcgcyt
ceggactcgt
aacgtoctga
ctctagagge
tecatectott
ctggacatat
tecgacatee
accatcacct
ccaggtaagy
agcagattca
ccagaggaca
gggaccaagy
cgcaaticta
trtactgcaa
azacaatita
gattttaaat
ctgtctotcc
tgttacttaa
cttcatetrte
gctgaataac
atcgggtaac
cagcagcace
agrcacccat
gagggagaag
ctctgaccct
ctcaccClce
aaagrtgaatc
ttttaccaad
taaccattta
ccteccteaa
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. acccacaage
gttttceoct
tatatecttt
ctgctataaa
ttaaataaac
tgltcatgect
tattygagtac
attaaaatgt
ttegcacttc
agggaaaata
actctgteca
tgcattteta
tgagttcaac
gacttctaaa
geacteegec
gagrtggage
taaagaggoc
ctecacttact
ggatggagct
gcaggettga
cacaggtgtc
ccggtecety
ttgggtocga
cagtacgatt
caagaacaca
Tigtgcaagc
caccgtctee
actgcatttg
caccttogga
gaccttgoct
cacccaatyc
gaggectetyg
cttgcagect
tctgggggca
otgtegtygga
tcocetcaggac
cagacctaca
gotgagaggc
ctggacgeat
ctteaccegy
cccaggetet
caggtgctyy
gcccacceca
ttccagiaac
geccaccgtyg
gcoctagagt
atcitcttoct
cccaaggaca
agecacgaag
gceaagacaa
accgtoccotge
geeetooccag
cgagggecac
accaacctct
cgggaggaga
agcgacatog
ecteecgtge
agcaggtggc
¢actacacge
ccocgetece
crtocccagge
tygtgatggtt
gagcgagtec

cttectgtect
cctcagcaag
gattcaatic
gagaatcatt
gaacaaragyg
tatttacatt
tTticcacaac
tgcaaaggtt
taggggttcg
aaaccactag
gceccaccaa
azataagrttg
crtttaattt
atgtatttag
cgaaaagtgc
aaccgectgce
aggctgtcct
ccgtagetcc
gtatcatect
ggtctggaca
cactcccagg
cgectgtect
caggcacctg
aactatgege
tigrtecctge
ctttacttcg
tcaggtgagt
ttggygagyga
gteagaaagd
ttgoggcagy
ccatopagece
cgeeetggge
cLaccaaggyg
cagcggecct
actcaggege
totacteect
tctgcaacgt
cagcacagog
ceceggctatg
agectotgoe
gggcaggcac
gcrcagacct
aaggecaaac
tCccaarcet
cccaggtaag
agectgeate
cagcacctga
cectcatgat
accctogagyt
agccgeggga
accaggactyg
ccocccatega
atggacagag
gtcctacagy
tgaccaagaa
ccgtggagty
tggactccga
agcaggggaa
agaagagect
cgggercteg
acccagcaty
ctitecacgg
cactgtecec

cacagtceee
cccteatagt
cctgagaatc
cattgcaaca
gaaatgttta
Tttaaacagy
ctaatttaat
ctataaaget
actggcagga
gtaaacttgt
accgaaagtc
aggattcage
tagcttgagt
aatttcgacc
gctoggetct
tgggtgcaaa
ctaagcgtca
agettcacca
cttctiggta
tatatatgog
tocaactgea
gctecgeatc
gaaaaggtct
cgtegetaaa
aaatggacag
gerteocety
ccttacaacc
aatgtgtgta
gtecattggga
gagggggcta
agacactgga
ccagetetat
cccatcggtc
aggctgecty
cctgaccage
cagcagegtg
gaatcacaag
a2gggaggatg
cagceccagt
cgeceeeactc
aggctaggtg
gcecaagagee
tctecacted
ctectctgeag
ccagececagg
cagggacagg
actcctygag
cteccggace
caagttcaac
ggagcagtac
gcrgaatggeo
gaaaaccatc
gccggotogg
gcageeecga
ccaggtcagce
ggagagcaat
cggerectic
cgtettotca
crcecctgtet
cagtcgoacy
gaaataaagc
grcaggecga
acactggeec

40923194, app

tgggceatyg
cetttttaag

aaccaaagca
tgatatadaa
agttcatcat
tactgaggga
ccacactata
gagagacaaa
agcaggtceat
agcrgtgott
caggctgagc
cgaaactgga
agttctaght
aattcteatg
gocaaggacy
ceetttgege
ceacgacttc
gatcecctcga
gcaacagota
tgacaatgac
ggagagcggt
tggettogat
tgagtggatt
agatagattt
cctgagaccc
gtrtgettat
tctetetict
tctgaatttc
geeccaaget
aggtgaggea
cgetgaacct

cccacaccye

ttcoccoceetag
gtcaaggact
ggcgtycaca
gtgaccgtgc
cccagoaaca
Tctgctggaa
ccaggocage
atgctcaggy
ccectaacco
atatrccggga
ctecagetcgy
agcecaadatc
cctogeectc
cccragecgg
ggaccgtcag
cctgaggtea
tagtacgtgg
aacagcacgt
aaggagtaca
tCcaaageea
cccaccctet
daaccacagg
ctgaccrgec
gggcageegyg
ttectoctata
tgotecegtga
ccgggtaaat
aggatgettg
acceaccact
gtctgaggec
aggctgtoca

Page

taggagagac
ggtgacaggt
aatttttcaa
taacaacaca
ggtacttaga
ctectgtcty
ctgtgagatt
tatattctat
gtggcaaggc
tgaagaagtg
agaalaccac
gaggrcctct
teeccaaact
fttgacagct
cggagegegt
ccggactegt
zacgtcctga
gcacacagga
caggtaagqag
atccactitg
ggaggrotig
ticaccacat
ggagaaattc
acaatatcgc
gaagacaccy
Tggggocaag
attcagetta
aggtcatgaa
tLctgegaca
ggtggcgeca
cgeugacagt
ggtcacatoug
caccctcoctc
acrrcccega
ccttecegge
ccrccageag
ccaaggtgga
geeaggetca
aaggcaggec
agagggtctt
aggeccctgca
ggacccrgec
acaccttete
ttgtgacaaa
cagctcaagg
gtgctgacac
tettectett
catgcgtggt
acggcgtaga
accgggtggt
agtgcaagyt
aaggtgggac
geeetgagag
tgtacaccct
tggtcaaags
agaacaacta
gcaagcetcac
tgcatgaggc
gagtagcgacy
gcacgtaccc
gccctggygce
tgagtggeat
%gtgtgcctg

ttgertectt
citacagtca
aagaagaaac
ataaaagcaa
cttaatggas
ccaagogocg
aadaacattc
aactcagcaa
tatttgggga
glttrtgaaac
ctoggtaatt
tttaacttat
taagfttatc
tatcateget
gactatgegt
ccaacgacta
gtaccttctc
ccteaccatg
gctcacagta
ccrttctcte
tgcaacctgg
attggatgag
atccagatag
gagacaacgc
goatctattt
ggaccccggt
aatagatttt
ggactaggda
ggccaggact
gcecaggtgcea
taagaaccea
caccacctct
caagageace
accggtgacg
tgtectacag
cttgggcacc
caagagagtt
gegetectge
ccgtctgect
ctggecttttt
cacaaaggcg
cctgacctaa
tecteoccaga
actcacacat
cgggacaggt
gtccaccice
cececcaaaa
ggtggacgty
ggtgcaiaat
cagegtectc
crecaacaaa
cegtgogaty
tgaccgetgt
geeceeatoo
cttetateccc
caagaccacy
cgtggacaag
tctgcacaac
gecggcaage
¢gtctacata
cctgegagac
gagggaggca
ggcecgectag
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ggtggggctc
ctccageagc
gctcoceggad
gggegegtca
tagcggagty
catatgcggt
teegettect
gctcactcaa
atgtgagcaa

P
420
DA

<210
<21l>
<212>
<213>

<220>
<223>

agecaggyyc
agetocctey
acggtcacag
gegygrygteg
tatactgget
gtgaaatacc
cgercactga
aggcggtaat
aaggecagea

tgececteggo
cgegrttcyg
ctigtcrgta
gegggtgtcg
taactatgcg
geacagatge
ctcgetgegc
acggttatcc
aaaggeeagy

Aartificial seouence

nucleotide sequence

<400> 2

caatggtcga
agcectecetca
taaaazaaat
ggatgggcag
tactictgec
gcatgetttg
acacattcea

<210> 3

<211> 720
«212> DNA
<213>

<220
<223>

accatgaggy
ctacttctgg
tagtcagcea
agttraggggc
tgctggygag
catactictg
cagtegacta

caccaagcta
aatagctcag
tggogeggag
gggactatgg
cctggogact

cctgctogog
gaatatggat

arvificial seguence

nucleotide sequence

<400> 3

atggcgeacg
tataagctgt
9gggccgeee
gcatcecgey
gctgcaggac
ggrgacgact
ctgacgeect
ggggtgaact
agcgtcaace
ctgaaccygyc
crgtacggec
ctcagrttgy

4
239
PRT

<210>
<211s
<212>
<213>

<220>
<223>

ctgggagaac
cgcagagggg
ccgeaccggg
acccggtege
ctgcgerega
tctecegecy
teaccgegeg
gggggaggat
gggagatgtc
acctgeacac
ccagcatgeg
ccctygtagy

protein

ggggtacgat
ctacgagtygg
catcttctec
cagagaagasa
aceggtgcca
ctaccgeogo
gggacgetit
tgtggecttc
geeectggtg
ctggatccag
geceretgett
agcrrgeatc

Artificial Seguence

40923194 .app

aggotgggyg
tgatgacogt
agcggatgee
gggegeagec
gcatcagagce
gtaaggagaa
tcggtcatte
acagaatcag
aaccgtaaaa

gctttttgea
aggecgagge
aatgggegga
ttgctgacta
trccacacot
agcctgggga
agtgggtgtt

aaccgggaga
gatgcgggag
tecoccagiceg
ccgotgeaga
cctatggtec
gacttcgecg
gccacggtag
TTtgagitcg
gacaacatcg
gataacggag
gatttctcct
accctgagty

Page

attigecage
gaaaacctct
gggagcagac
atgacccagt
agattgtact
aataccgcat
ggetgcageg
gogataacge
aggecgegtt

pescription of Artificial Sequence: Synthetic

aaagcctagg
ggceteggoc
actgggcgga
attgagatgc
ggttgctgac
ctttccacac
tatgactcty

pescription of Artificial Sequence: Synthetic

tagtgatgaa
atgtgggcge
goCacacgee
ctcoggetge
acctgaccct
agatgrecag
tggaggaget
gtggggteat
ccetgtogat
getgggatye
ggetgtcct
cctatctggg

pescription of Artificial Sequence: synthetic

4

gtggeectce
gacacatgca
aagcccgtea
cacgtagega
gagagtgcac
caggcgetet
agcggratca
aggaaagaac
gctggegttt

cctecaaaad
tctgeataaa
gttaggggcy
atgetttgca
taattgagat
cctaactygac
gataagcoty

gtacatccat
cgegeecncy
ccatecagec
tcoctggagea
cegeeaggee
ccagetgeac
ctteagggac
gtgrgtygad
gactgagtac
cttigiggaa
gaagactctg
ccacaagtga
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<400> 4

Met
1
Lys
Gly
rhe
Pro
65
Ala
L.eu
Ata
Arg
Gly
145
e
Mat
Gly

Leu

Leu
225

Ala
TYr
Asp
sepr
50
val
Ala
Arg
Glu
Fhe
130
Arg
val
Thr
Gly
rhe

210
val

<210> 5

«211>
«212>
<213>

<220>

<223

ggacccggtc gccagagaag aaccgctgca gactcecggct getectggag cagetgeagy

His
Ile
val

35
Ser
Ala
Gly
Gln
Met
115
Ala
e
ASn
Glu
Trp
195

ASp

Gly

80
DNA
artificial Sequence

Ala
His

20
Gly
Glin
Arg
Pro
Ala
100
Ser
Thr
val
Arg
Tyr
180
AsSp

Phe

Ata

Gly
g
TV
Ala
Pro
Glu
Ala
85
Gly
Ser
val
Ala
Gly
165
Leu
aAla

Ser

Cys

Arg
Lys
Ala
Gly
Glu

70
Leu
Asp
Gln
val
Phe
150
Met
Asn
Phe

Tre

e
230

oligonucieotide

<400> 5

acetgcgoic gaaccggtgo

<210> &

<211> 80

Thr
Leu
Pro
His

53
Pro
Glu
ASp
Leu
Glu
i35
Phe
ser
aArg
val
Lau

215
Thr

aly
ser
pro

40
Thr
lL.eu
Pro
Phe
His
120
Gy
Glu
Pro
His
Giu
200

ser

Leu

Tyr
Glin
Gly
Pro
GIn
val
ser
105
Leu
L.eu
Phe
Leu
Leu
185
Leu

Leu

Gly

40923194 . app
Asp Asn Arg Glu
10

Arg
Ala
His
Thr
Pro

80
Arg
Thr
Phe
Gly
val
170
His
Tyr

LysS

Ala

Gly Tyr Glu

Ala
Pro
Pro

75
Pro
Arg
Pro
Arg
Gly
155
ASp
Thr
Gly

Thr

Tyr
235

Pro
Ala

60
Ala
vai
Tyr
Phe
ASp
140
val
Asn
Trp
Pro
Ley

220

l.eu

Page 5

Ala

45
Ala
Ala
val
Arg
Thr
125
Gly
Met
Iie
e
Ser
205

Leu

Gly

Description of Artificial Seguence: Synthetic

Ile
Trp

30
Pro
ser
Pro
His
Arg
110
Ala
val
Cys
Ala
Gin
190
Mmet

Ser

His

val

15
ASp
Gly
Arg
Gly
Leu

a5
Asp
Arg
Asn
val
L.euy
i75
Asp
Arg

Leu

Lys

Mat
Ala
Ile
ASD
Ata

80
Thr
rhe
Gly
Trp
Glu
160
Trp
Asn

Pro

Ata

PCT/USZH06/027820
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80
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<212> DNA
<213 artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
otigonucleotride

<400> 6
cgccoggtety goggagpgtc agotggacca caggtggeac cggtrcgagc gcaggtectg 60
cagetgetce aggageagec 80

<210> 7

<211> 4

<212> PRT

<213> Artificial Sequence

<220>
223> Description of Artificial sequence: Synthetic
peptide

<400> 7
Asg GTu val Asp

<210> B

<211> 24

<212> DNA

<213> artificial Sequence

<220>
<223> Description of artificial Sequence: Synthetic
primer ’

<400> 8
atgtttcagg acccacagga goga 24

<210> §

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> pescription of Artificial Sequence: synthetic
primer

<400> 9
ttatggitic tgagaacaga tgug 24

<210> 10

<211> 25

<212> DNA

<213 Artificial Sequence

<220>
<223> pescription of Artificial Sequence: Synthetic
primer

<400> 10
tatatggacc cggtcgecag agaag 25
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<210> 11

<211> 25

<212> DNA .

<213> Artificial Sequence

<220> .
«223> pescription of Artificial Sequence: synthetic
primer

<400> 11
ttaatcgesy goctggcgga gggtc 25
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