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MDA-7 PROTEIN VARIANTS HAVING ANTIPROLIFERATIVE
ACTIVITY

This application claims priority to U.S. Application No. 60/632,423, which
was filed on December 2, 2004, and which is hereby incorporated by reference in
its entirety.

The subject matter of this provisional application was developed at least in
part, using funds of National Institute of Health/National Cancer Institute Grant
No. CA098712, so that the United States Government has certain rights herein.

This patent disclosure contains material that is subject to copyright
protection. The copyright owner has no objection to the facsimile reproduction by
anyone of the patent document or the patent disclosure as it appears in the U.S.
Patent and Trademark Office patent file or records, but otherwise reserves any and
all copyright rights.

All patents, patent applications and publications cited herein are hereby
incorporated by reference in their entirety. The disclosures of these publications
in their entireties are hereby incorporated by reference into this applicatiqn in
order to more fully describe the state of the art as known to those skilled therein as

of the date of the invention described herein.

Background

The melanoma differentiation-associated gene 7 (mda-7) gene was
identified by a subtractive hybridization technique using cDNA libraries prepared
from actively proliferating melanoma cells and from melanoma cells which had
been induced to terminally differentiate by treatment with recombinant human
fibroblast interferon (IFN-B) and the protein kinase C activator mezerein (United
States Patent No. 6,720,408 by Fisher et al., issued April 13, 2004; Jiang and
Fisher, 1993, Mol. Cell. Different. 1:285-299; Jiang et al., 1995, Oncogene
11:2477-2486). MDA-7 is a cytokine related to the Interleukinl0 (IL-10) family.
MDA-7 has been characterized as a protein having 206 amino acids with a size of
23.8 kDa and a sequence as set forth in SEQ ID NO:2 (Genbank Accession
Number U16261; Jiang et al., 1995, Oncogene 11:2477-2486). MDA-7 has
subsequently been renamed Interleukin-24 (IL-24), but will be referred to herein
as MDA-7 or MDA-7/IL-24.
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Summary Of The Invention
The invention provides for polypeptides, which are fragments of MDA-7

protein and their use in modulating cell proliferation. The invention is based, at
least in part, on the discovery that various subfragments of MDA-7 exhibit
antiproliferative activity and/or inhibit the activity of intact MDA-7. Accordingly,
the invention provides, among other things; for methods and compositions that
may be used in the treatment of disorders of cell proliferation, including cancer.

The invention provides for MDA-7 variants including MDA-7 fragments
that modulate cell proliferation. Some inhibit proliferation (as does MDA-7).
Others have modest proliferation-enhancing effects.

One aspect of the invention is the surprising discovery that variants
deriving from either the N-terminal or the C-terminal half of MDA-7 exhibit
antiproliferative activity which approximates the level of antiproliferative activity
of wild-type MDA-7.

Another aspect of the invention are methods of using theMDA-7 variants
to modulate the activity of other interleukins such as IL-10, IL-20 or
endogenously expressed mda-7 itself to thereby treat certain conditions.

The invention provides for compositions comprising the MDA-7 protein
variants, and methods of using such variants for either (depending on the variant)
inhibiting or promoting cell proliferation and/or differentiation.

The wild-type human MDA-7 protein sequence is 206 amino acids in
length as follows:

Met Asn Phe Gln Gln Arg Leu GIn Ser Leu Trp Thr Leu Ala Arg Pro Phe Cys Pro
Pro Leu Leu Ala Thr Ala Ser GIn Met Gln Met Val Val Leu Pro Cys Leu Gly Phe
Thr Leu Leu Leu Trp Ser GIn Val Ser Gly Ala Gln Gly Gln Glu Phe His Phe Gly
Pro Cys GIn Val Lys Gly Val Val Pro GIn Lys Leu Trp Glu Ala Phe Trp Ala Val
Lys Asp Thr Met Gln Ala Gln Asp Asn Ile Thr Ser Ala Arg Leu Leu Gln Gln Glu
Val Leu GIn Asn Val Ser Asp Ala Glu Ser Cys Tyr Leu Val His Thr Leu Leu Glu
Phe Tyr Leu Lys Thr Val Phe Lys Asn Tyr His Asn Arg Thr Val Glu Val Arg Thr
Leu Lys Ser Phe Ser Thr Leu Ala Asn Asn Phe Val Leu Ile Val Ser Gln Leu GIn
Pro Ser GIn Glu Asn Glu Met Phe Ser Ile Arg Asp Ser Ala His Arg Arg Phe Leu
Leu Phe Arg Arg Ala Phe Lys Gln Leu Asp Val Glu Ala Ala Leu Thr Lys Ala Leu
Gly Glu Val Asp Ile Leu Leu Thr Trp Met Gln Lys Phe Tyr Lys Leu (SEQ ID
NO:2).
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The invention provides for an isolated “MV1” polypeptide that is from
about 145 amino acids to about 175 amino acids in length, and wherein the MV 1
polypeptide is at least about 90 percent identical to a regioh from about amino
acid 104 to about amino acid 206 of SEQ ID NO: 2. The invention also provides
for an isolated “MV2” polypeptide that is from about 130 amino acids to about
155 amino acids in length, and wherein the MV2 polypeptide is at least about 90
percent identical to a region from about amino acid 63 to about amino acid 206 of
SEQ ID NO: 2. The invention provides for an isolated “MV3” polypeptide that is
from about 115 amino acids to about 138 amino acids in length, and wherein the
MYV3 polypeptide is at least about 90 percent identical to a region from about
amino acid 80 to about amino acid 206 of SEQ ID NO: 2. The invention provides
for an isolated “MV4” polypeptide that is from about 90 amino acids to about 110
amino acids in length, and wherein the MV4 polypeptide is at least about 90
percent identical to a region from about amino acid 104 to about amino acid 206
of SEQ ID NO: 2. The invention also provides for an isolated “MV5” polypeptide
that is from about 70 amino acids to about 80 amino acids in length, and wherein
the MV5 polypeptide is at least about 90 percent identical to a region from about
amino acid 131 to about amino acid 206 of SEQ ID NO: 2. The invention further
provides for an isolated “MV6” polypeptide that is from about 45 amino acids to
about 55 amino acids in length, and wherein the MV6 polypeptide is at least about
90 percent identical to a region from about amino acid 159 to about amino acid
206 of SEQ ID NO: 2. The invention provides for an isolated “MV7” polypeptide
that is from about 122 amino acids to about 146 amino acids in length, and
wherein the MV7 polypeptide is at least about 90 percent identical to a region
from about amino acid 48 to about amino acid 180 of SEQ ID NO: 2. The
invention provides for an isolated “MV8” polypeptide that is from about 100
amino acids to about 120 amino acids in length, and wherein the MV8 polypeptide
is at least about 90 percent identical to a region from about amino acid 48 to about
amino acid 158 of SEQ ID NO: 2. The invention also provides for an isolated
“MV9” polypeptide that is from about 75 amino acids to about 90 amino acids in
length, and wherein the MV9 polypeptide is at least about 90 percent identical to a
region from about amino acid 48 to about amino acid 130 of SEQ ID NO: 2. The
invention also provides for an isolated “MV10” polypeptide that is from about 53
amino acids to about 63 amino acids in length, and wherein the MV 10 polypeptide
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is at least about 90 percent identical to a region from about amino acid 48 to about
amino acid 104 of SEQ ID NO: 2. The invention provides for an isolated
“MVAB” polypeptide that is from about 32 amino acids to about 59 amino acids
in length, and wherein the MVAB polypeptide is at least about 90 percent
identical to a region from about amino acid 63 to about amino acid 101 of SEQ ID
NO: 2. The invention also provides for an isolated “MVEF” polypeptide that is
from about 35 amino acids to about 60 amino acids in length, and wherein the
MVEF polypeptide is at least about 90 percent identical to a region from about
amino acid 159 to about amino acid 201 of SEQ ID NO: 2. |

In one embodiment, the invention provides for an MV1 polypeptide
having an amino acid sequence of SEQ ID NO: 3. In one embodiment, the
invention provides for an MV2 polypeptide having an amino acid sequence of
SEQ ID NO: 4. In one embodiment, the invention provides for an MV3
polypeptide having an amino acid sequence of SEQ ID NO: 5. In one
embodiment, the invention provides for an MV4 polypeptide having an amino
acid sequence of SEQ ID NO: 6. In one embodiment, the invention provides for
an MV polypeptide having an amino acid sequence of SEQ ID NO: 7. In one
embodiment, the invention provides for an MV6 polypeptide having an amino
acid sequence of SEQ ID NO: 8. In one embodiment, the invention provides for
an MV7 polypeptide having an amino acid sequence of SEQ ID NO: 9. In one
embodiment, the invention provides for an MV8 polypeptide having an amino
acid sequence of SEQ ID NO: 10. In one embodiment, the inv-ention provides for
an MV9 polypeptide having an amino acid sequence of SEQ ID NO: 11. In one
embodiment, the invention provides for an MV10 polypeptide having an amino
acid sequence of SEQ ID NO: 12. In one embodiment, the invention provides for
an MVAB polypeptide having an amino acid sequence of SEQ ID NO: 13. In one
embodiment, the invention provides for an MVEF polypeptide having an amino
acid sequence of SEQ ID NO: 14.

In one embodiment, these peptides of the invention can be linked to a
stabilizing molecule. In another embodiment, the stabilizing molecule is a
protein. In a further embodiment, the stabilizing molecule is a Glutathione-S-
Transferase (GST) protein. The invention provides for a peptidomimetic of any of

the polypeptides of the invention.
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The invention also provides for an isolated nucleic acid encoding any of
the polypeptides of the invention. The invention provides a nucleic acid encoding
any of the polypeptides of the invention linked to a nucleic acid encoding a
secretory peptide. The invention also provides for a nucleic acid under the control
of a promoter and wherein the nucleic acid is linked to a conditionally replicable
vector. In one embodiment, the nucleic acid encodes the MV4 polypeptide and
where the secretory peptide comprises a secretory peptide of wild-type MDA-7, a
cleavage signal peptide of gamma-interferon, an amino terminal leader sequence
of mouse immunoglobulin light chain precursor. In one embodiment, the nucleic
acid is linked to a conditionally replicating viral vector. In another embodiment,
the nucleic acid is linked to a replication deficient viral vector. In another
embodiment, the nucleic acid is contained within a liposome.

The invention also provides for a composition comprising the polypeptide
of the invention. The invention also provides for a composition comprising a
nucleic acid encoding the polypeptide of the invention.

The invention provides for a host cell containing a nucleic acid molecule
encoding any of the polypeptides of the invention, wherein the nucleic acid is
operably linked to a promoter and is expressed by the cell. In one embodiment,
the host cell is a dendritic cell or a stem cell. The invention provides for a host
cell containing a nucleic acid molecule encoding a polypeptide of the invention,
linked to a second nucleic acid encoding a secretory peptide, wherein the first and
second nucleic acids are operably linked to a promoter and the first and second
nucleic acids are expressed and secreted by the cell. In one embodiment, the host
cell is a dendritic cell or a stem cell.

The invention provides for a method of modulating proliferation of a cell,
comprising administering, to the cell, an effective amount of a peptide of the
invention. The invention also provides a method for modulating proliferation of a
cell, comprising introducing into the cell, a nucleic acid of the invention. The
invention also provides
a method for inhibiting proliferation of a cell, the method comprising introducing
into the cell an effective amount of the peptide of the invention. The invention
also provides a method for inhibiting cell growth in a subject suffering from a cell
proliferative disorder, the method comprising administering an effective, amount

of the polypeptide of the invention. In one embodiment, the disorder is cancer. In
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anothef embodiment, the cell is a tumor cell. The invention provides a method
for inhibiting proliferation of a cell, the method comprising introducing into the
cell an effective amount of a nucleic acid encoding the peptide of the invention.
In another embodiment, the invention provides for a method for inhibiting cell
growth in a subject suffering from a cell proliferative disorder, the method
comprising administering an effective, amount of a nucleic acid encoding the
polypeptide of the invention. In one embodiment, the administration of the nucleic
acid is via a nucleic acid vector, or a liposome. In another embodiment, the
administration of the nucleic acid is via a virus, a replication defective viral
vector, a replication conditional viral vector, a non-integrating virus, an
adenovirus, AAV, VSV, Epstein Barr virus, measles, an integrating virus, a
lentiviruses, a retroviruses, a plasmid, a synthetic delivery system, a liposome, a
cationic polymer, a dendritic cell, a stem cell, or any combination thereof. In
another embodiment, the method further comprises administering to the subject: a
chemotherapeutic agent, a generator of free radicals, radiation therapy, an anti-ras
agent, an anti-cancer antibody, or an anti-proliferative agent in combination with
the polypeptide. ‘

The invention provides for a method for treating inflammation in a subject,
the method comprising administering, to the subject, an effective amount of the
polypeptide of the invention. The invention also provides for a method for
treating inflammation in a subject, the method comprising administering, to the
subject, an effective amount of a nucleic acid encoding the polypéptide. In one
embodiment, the method further comprises administering to the subject an anti-
inflammatory agent in combination with the polypeptide.

The invention provides an antibody that specifically binds to the
polypeptide of the invention. The invention also provides for an anti-idiotypic
antibody that specifically binds to Bip/GRP78 in the same way that M4, a
polypeptide having the amino acid sequence shown in SEQ ID NO: 6, binds to
Bip/GRP78.

The invention provides for a polypeptide comprising M4, a polypeptide
having the amino acid sequence shown in SEQ ID NO: 6, linked to an amino acid
sequence of glutathione-S-transerfase.

The invention provides for a method for treating a tumor in a subj ecf, the

method comprising introducing into cells of a subject a nucleic acid encoding a
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polypeptide of the invention and a secretory peptide so that the cells express and
secrete the polypeptide of the invention and wherein the expression and secretion
of the polypeptide induces transformed-cell specific apoptosis.- In one
embodiment, the secretory peptide comprises a secretory peptide selected from the
group consisting of: a secretory peptide of wild-type MDA-7, a cleavage signal
peptide of gamma-interferon, and an amino terminal leader sequence of mouse
immunoglobulin light chain precursor.

The invention provides for a method for inducing an anﬁ-tumor bystander
activity from a cell, the method comprising introducing into a cell a nucleic acid
encoding a polypeptide of the invention, and a secretory peptide under the control
of a promoter, so that the cell expresses and secretes the polypeptide of the
invention, and wherein the expression and secretion of the polypeptide induces
bystander anti-tumor activity. In one embodiment, the cell into which the nucleic
acid is introduced is a normal cell.

The invention provides for a method for inducing anti-tumor apoptosis in a
subject, the method comprising introducing into tumor cells of a subject a nucleic
acid encoding a polypeptide of the invention, wherein the expression of the
polypeptide induces anti-tumor apoptosis in the subject. The invention provides.
for a method for inhibiting angiogenesis in a tumor, the method comprising
introducing into oﬁe or more cells of the tumor a nucleic acid encoding a
polypeptide of the invention. ' The invention provides for a method for enhancing
activity of an anti-cancer treatment regime of a subject, the method comprising
administering to the subject a polypeptide of the invention in combination with the
anti-cancer treatment regime. In one embodiment, the anti-cancer treatment
regime comprises radiation, monoclonal antibody therapy, chemotherapy, or
radioisotope therapy.

The invention provides for a method for identifying a compound capable
of acting as a surrogate of M4 (SEQ ID NO: 6) by binding to Bip/GRP78
intracellularly, the method comprising: (a) contacting a cell with a test compound,
wherein the cell expresses Bip/GRP78; (b) determining whether p38 MAPK is
activated, wherein the activation of p38 MAPK indicates that the test compound
acts as a surrogate of M4 (SEQ ID NO: 6).

In one embodiment, the determination of whether p38 MAPK is activated

comprises a determination of whether p38 MAPK is phosphorylated.
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The invention provides for a method for inducing anti-tumor apoptosis in a
subject, the method comprising introducing into tumor cells of a subject a nucleic
acid encoding a polypeptide of SEQ ID NO:6, or the polypeptide of SEQ ID NO:
6 linked to glutathione-S-transferase, wherein the expression of the polypeptide
induces anti-tumor apoptosis in the subject. The invention provides for a method
for'inhjbiting angiogenesis in a tumor, the method comprising introducing into
one or more cells of the tumor a nucleic acid encoding a polypeptide of SEQ ID
NO:6, or the polypeptide of SEQ ID NO: 6 linked to glutathione-S-transferase.
The invention provides for a method for enhancing activity of an anti-cancer
treatment regime of a subject, the method comprising administering to the subject
a polypeptide of SEQ ID NO:6, or the polypeptide of SEQ ID NO: 6 linked to
glutathione-S-transferase in combination with the anti-cancer treatment regime.
In one embodiment, the anti-cancer treatment regime comprises radiation,
monoclonal antibody therapy, chemotherapy; or radioisotope therapy. The
invention provides for a method for inducing an anti-tumor bystander activity
from a cell, the method comprising introducing into a cell a nucleic acid encoding
(a) a polypeptide of SEQ ID NO:6, or the polypeptide of SEQ ID NO: 6 linked to
glutathione-S-transferase, and (b) a secretory polypeptide, both (a) and (b) under
the control of a promoter, so that the cell expresses and secretes the polypeptide,
and wherein the expression and secretion of the polypeptide induces bystander
anti-tumor activity. The invention provides for a method for stimulating the
immune system to produce additional cytokines, such as interferon gamma, TNF-
alpha and interleukin-6 and downregulates TGF-beta, the method comprising
administering to a subject in need thereof an effective amount of a polypeptide of
SEQ ID NO:6 (M4), or the polypeptide of SEQ ID NO: 6 linked to glutathione-S-
transferase. In one embodiment, the administration of the nucleic acid comprises
administration via a virus, a replication defective viral vector, a replication
conditional viral vector, a non-integrating virus, an adenovirus, AAV, VSV,
Epstein Barr virus, measles, an integrating virus, a lentiviruses, a retroviruses, a
plasmid, a synthetic delivery system, a liposome, a cationic polymer, a dendritic

cell, a stem cell, or any combination thereof.

Brief Description Of The Figures
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Figure 1. This figure shows a schematic representation of MDA-7 variants M1-
M10. Each of the following is an embodiment of the invention. In this example,
M1 is from amino acid 48 to 206, M2 is from amino acid 63 to 206, M3 is from
amino acid 80 to 206, M4 is from amino acid 104 to 206, M5 is from amino acid
131 to 206, M6 is from amino acid 159 to 206, M7 is from amino acid 48 to 180;
MS is from amino acid 48 to 158, M9 is from amino acid 48 to 130, and M10 is
from amino acid 48 to 104.

Figures 2A-B. These figures show bar diagrams that show the effect of the
polypeptides of the invention on tumor growth (via a colony forming assay) and
on cell killing (via a HeLa cell assay). Fig. 2A shows the effect of the
polypeptides of the invention on a colony forming assay. Fig. 2B shows the
polypeptidés induced killing of HeLa cells.

Figure 3. Effect of MDA-7 variants on colony formation of HeLa cells in
monolayer colony formation.

Figure 4. Effect of MDA-7 variants on monolayer colony formation of prostate
carcinoma cell line DU145.

Figure 5. This figure shows a schematic representation of domain clones of
MDA-7 where AB domain includes amino acid 63-101 of wild-type MDA-7,
where CD domain includes amino acids 105 to 154, and where the EF domain
includes amino acids 159 to 201.

Figure 6. Effect of different domains on killing activity in HeLa cells.

Figure 7. Effect of MDA-7 domains on the killing effect of MDA-7 on DU145
cells.

Figures 8A-8E. Identifying the regions of functional activity of MDA-7/IL-24.
Fig 8A: Schematic representation of N-terminal deletion mutations generated in
the MDA7/IL-24 gene. Fragments were cloned in the expression vector pREP4.
Figs. 8B, 8C and 8D: Effect of various deletion mutants on colony formation in
cancer and normal cells. HeLa, DU-145 and P69 cells were transfected with
different deletion constructs of MDA-7/IL-24 and the next day cells were
subcultured and selected for colony formation ability in the presence of
hygromycin for two weeks. Colonies > 50 cells were counted and plotted. Fig. 8E:
Expression of 3X Flag-tagged deletion constructs of MDA-7/IL-24 after transient

transfection into HeLa cells.

PCT/US2005/043673
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Figures 9A-9G. M4 exhibits.similar biological properties and activities as full-
length MDA-7/IL-24. Figs. 9A and 9B: Expression of MDA-7/IL-24 and M4
following adenovirus transduction. Adenoviruses expressing the full-length MDA-
7/IL-24 or the M4 construct were analyzed for mRNA expression by Northemn
blotting (Fig. 9A) and protein expression by Western blotting (Fig. 9B). HeLa
cells were infected with 100 pfu/cell of Ad.vec (lacking any gene insert), Ad.mda-
7 (containing the full-length mda-7/IL-24 gene) or Ad.M4 (containing the M4
deletion construct) and mRNA and protein expression was determined 48 h
postinfection. Fig. 9C: Ad.M4 reduces cell viability selectively in cancer cells.
The indicated cell type was seeded in 96-well plates and infected with different
pfu of Ad.vec, Ad.mda-7 or Ad.M4. After 5 days viability was assessed by MTT
assay and plotted as the ratio to Ad.vec treatment. Fig. 9D: Cancer-specific colony
formation inhibitory activity of Ad.M4. DU145, HeLa, T47D and P69 cells were
infected with different pfu’s of viruses and next day cells were subcultured at
clonal densities in 60-mm dishes and allowed to form colonies for 2 weeks. After
2 weeks colonies > 50 cells were counted and cloning efficiencies were calculated
by dividing the number of colonies formed by the number of cells initially seeded.
Fig. 9E: Ad.M4 induces apoptotic cell death in various cancer cells, but not in
immortalized normal prostate cells. DU-145, HeLa, T47D and P69 cells were
seeded in 6-well plates at a density of 2 x 105/well and the next day were infected
with 100 pfu/cell of Ad.vec, Ad.mda-7 or Ad.M4. Twenty h later, the cells were
trypsinized, washed twice with PBS and stained with allophycocyanin (APC)
labeled Annexin V (BD Biosciences Pharmingen, San Diego, CA) and analyzed
by flow cytometry. The amount of apoptotic cells was quantified using the FlowJo
6.3.1 program. Figs. 9F and 9G: Full-length MDA-7/IL-24 and M4 localize in the
ER. DU-145 (Fig. 9F) and P69 (Fig. 9G) cells were infected with 100 pfu/ cell of
Ad.M4 or Ad.mda-7. After 24 h post-infection, cells were fixed and MDA-7/IL-24
and M4 protein was detected by indirect immunofluorescence using anti-mda-
7/IL-24 rabbit polyclonal antibodies. Colocalization was determined by using
antibodies against the ER marker protein, Calregulin. Images of MDA-7/IL-24
and Calregulin were merged.

Figures 10A-10G. Mutation analysis of helix C and helix F of M4 and MDA-
7/1L-24 confirms the importance of these regions in médiating cancer-selective

growth inhibitory activity. Fig. 10A: Schematic representation of mutations

10
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generated in M4 targeting the C and F helices. Regions were either deleted or
mutated and the resultant constructs were cloned in the vector pREP4. Figs. 10B,
10C and 10D: Dependence on intact helices C and F in M4 for optimal cance-
rselective growth inhibitory activity. HeLa (Fig. 10B), DU-145 (Fig. 10C) and
P69 (Fig. 10D) were transfected with different deletion constructs of M4 and the
next day cells were subcultured and selected for colony formation ability in the
presence of hygromycin for two weeks. Colonies > 50 cells were counted and
plotted. Fig. 10E: Schematic of mutations at helices C and F of full-length MDA-
7/IL-24. Figs. 10F and 10G: Importance of the C and F helices of MDA-7/IL-24
in eliciting maximum growth inhibitory activity in cancer cells. HeLa and P69
cells were transfected with mutant constructs of MDA-7/IL-24. The next day cells
were subcultured and selected for colony formation ability in the presence of
hygromycin for two weeks. Colonies > 50 cells were counted and plotted. Full-
length MDA-7/IL-24 and M4 were used as controls.

Figures 11A-11E. Full-length MDA-7/IL-24 and M4 bind to BiP/GRP78.
Fig.11A: Coimmunoprecipitation of MDA-7/IL-24 and M4 with endogenous
BiP/GRP78. HeLa cells were infected with 100 pfu/cell of Ad.mda-7, Ad.M4 or
Ad.vec and immunoprecipitation analysis was performed 48 h later using
BiP/GRP78 antibodies. Fig. 11B: Coimmunoprecipitation of Flag-tagged MDA-
7/IL-24 or M4 with BiP/GRP78. Flag-tagged MDA-7/IL-24 or M4 and Myc-
tagged BiP/GRP78 were cotransfected into HeLa cells. Forty-eight h post-
transfection BiP/GRP78 was immunoprecipitated using BiP/GRP78 polyclonal
antibodies. Samples were washed gently and separated on 12 % SDS-PAGE and
probed with Flag-M2 antibodies. Fig. 11 B confirms coimmunoprecipitation of
MDA-7/IL-24 and M4 with BiP/GRP78, and shows the expression and
immunoprecipitation profile of Myc-tagged BiP/GRP78 using myc antibodies.
Fig. 11C: The MDA-7/IL-24 deletion mutants M1, M2 and M3 bind to
BiP/GRP78. Samples, as shown in Fig. 11B, were immunoprecipitated using
BiP/GRP78 polyclonal antibodies and co-immunoprecipitation was performed
using Flag-M2 monoclonal antibodies. Fig. 11D: Confirmation of expression of
Flag-Tagged C plus F helix mutants of MDA-7/IL-24 and M4. Expression of the
indicated Flag-tagged mutants of MDA-7/IL24 and M4 at helices C and F, full-
length MDA-7/IL-24 and M4 was confirmed with Flag-M2 monoclonal
antibodies. Fig. 11E: MDA-7/IL-24 and M4 mutants at helices C and F do not

11
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bind BiP/GRP78. Co-immunoprecipitation experiments were performed using the
mutants described in Fig. 11D and probed with Flag-M2 monoclonal antibodies.
Figures 12A-12D. Full-length MDA-7/IL-24 protein and proteins encoded by the
M1, M2, M3 and M4 mutants co-localize with BiP/GRP78 in the ER. Fig. 12A:
HeLa cells were transiently transfected with Flag-tagged full-length MDA-7/IL-24
or the indicated deletion mutants of MDA-7/IL-24. Twenty-four h post-
transfection, cells were fixed and MDA-7/IL-24 protein was detected by indirect
immunofluorescence using Flag M2 antibodies. Colocalization was determined by
using antibodies against BiP/GRP78. Images of BiP/GRP78 and MDA-7/IL-24
were merged. Fig. 12B: MDA-7/IL-24, M1 and M4 induce phosphorylation of
p38 MAPK, while inactive mutants M2 and M3 are devoid of activity. HeLa cells
were transfected with constructs expressing full-length MDA-7/IL-24, specific
deletion mutants of MDA-7/1L-24, M4 or specific sequence mutations in MDA-
7/1L-24 or M4. Twenty-four hr post-transfection, cells were lysed and
phosphorylation status of p38 was confirmed using phospho-p38 antibodies. Total
p38 protein was also determined. Fig. 12C: Activation of Gadd34 and Gadd153
by full-length MDA-7/IL-24, M1 and M4. HeL a cells were transfected with the
indicated constructs and 24 h later cells were lysed and RNA was isolated and
Northern were blotting was performed using probes specific for Gadd34 and
Gadd153. Full-length mda-7/IL-24 and the active mutants M/ and M4 induced
Gadd34 and Gadd153 gene expression as confirmed by Northern blotting, while
inactive mutants induced reduced Gadd34 as well as Gadd153 expression. The
housekeeping gene gapdh was used to confirm equal loading of samples. Fig.
12D: Proposed model of the molecular mechanism of mda-7/IL-24-induced
apoptosis. MDA-7/IL-24 protein (gray diamond) delivered by Ad.mda-7 localizes
in the endoplasmic reticulum (ER) where it interacts with BIP/GRP78 that might
result in activation of a yet unidentified molecule (X) and generation of “ER
stress” that involves activation of p38 MAPK and induction of GADD family
genes culminating in apoptosis. The secreted MDA-7/IL-24 interacts with its
cognate receptors on the cell surface that activates a signaling cascade resulting in
apoptosis. However, whether this signaling cascade also involves “ER stress”
remains to be determined.

Figures 13A-13B. Ad.M4 displays potent antitumor activity in vivo in an

experimental human breast tumor xenograft nude mouse model. T47D human
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breast carcinoma cells were injected subcutaneously in the left and right flanks of
male athymic nude mice. After tumors were formed, intratumoral injections of
different Ad were given only to the tumors on the left side at a dose of 1 x 10® pfu.
Injections were given three times a week in the first week followed by two
injections for the next two weeks. At the end of the experiment the animals were
sacrificed and the tumors were removed and weighed. Fig. 13A describes the
tumor volume on the left side while Fig. 13B describes the tumor volume on the
right side.

Figure 14. Equivalent bystander activity of mda-7/IL-24 and M4 as measured in
HeLa cells, DU-145 cells and A549 cells.

Detailed Description Of The Invention
When the mda-7 gene was introduced into a wide spectrum of human

cancers, growth of cancer cells was inhibited (United States Patent No. 5,710,137
by Fisher, issued January 20, 1998; United States Patent No. 6,355,622 by Fisher,
issued March 12, 2002; Jiang et al., 1996, Proc. Natl. Acad. Sci. US.A. 93:9160-
9165; Su et al., 1998, Proc. Natl. Acad. Sci. U.S.A. 95:14400-14405; Madireddi et
al., 2000, Adv. Exptl. Med. Biol. 465:239-261; Saeki et al., 2000, Gene Ther.
7:2051-2057; Huang et al., 2001, Oncogehe 20:7051-63; Mhashilkar et al., 2001,
Mol. Med. 7:271-282; Cao et al., 2002, Mol. Med. 8:869-876; Kawabe et al.,
2002, Mol. Ther. 6:637-644; Lebedeva et al., 2002, Oncogene 21:708-718; Pataer
et al., 2002, Cancer Res. 62:2239-2243; Saeki et al., 2002, Oncogene 21:4558-
4566, Sarkar et al., 2002, Proc. Natl. Acad. Sci. U.S.A. 99:10054-10059; Su et al.,
2001, Proc. Natl. Acad. Sci. U.S.A. 98:10332-10337; Pataer et al., 2003, J.
Thorac. Cardiovasc. Surg. 125:1328-1335; Sauane et al., 2003, Cytokine Growth
Factor Rev. 14:35-51; Sauane et al., 2003, J. Cell. Physiol. 196:334-345; Su et al.,
2003 Oncogene 22:1164-1180; Yacoub et al., 2003, Mol. Cancer Therapeut.
2:623-632). mda-7 has been observed to suppress growth in cancer cells which
either do not express, or which contain defects in, both retinoblastoma ("Rb") and
p53 tumor suppressor genes, indicating that mda-7 mediated growth inhibition
does not depend on these elements (Jiang et al., 1996, Proc. Natl. Acad. Sci.
U.S.A. 93:9160-9165). In contrast to the anti-proliferative effect on various
cancer cells, no significant growth inhibitory effect was apparent when this gene

was introduced into normal human fibroblast or epithelial cells (Jiang et al., 1996,

13



10

15

20

25

30

WO 2006/060680 PCT/US2005/043673

Proc. Natl. Acad. Sci. U.S.A. 93:9160-9165; Madireddi et al., 2000, Adv. Exptl.
Med. Biol. 465:239-261; Saeki et al., 2000, Gene Ther. 7:2051-2057; Mhashilkar
et al., 2001, Mol. Med. 7:271-282).

The cancer-selective activity of mda-7 in most cases appears not to be a
consequence of differences in mda-7 expression, protein production or secretion
following infection with Ad.mda-7 (Mhashilkar et al., 2001, Mol. Med. 7:271-
282; Lebedeva et al., 2002, Oncogene 21:708-718; Su et al., 2003 Oncogene
22:1164-1180). In specific cell types, including breast, pancreatic and prostate
carcinomas, melanomas and malignant gliomas, induction of apoptosis correlates
with changes in the ratio of pro-apoptotic proteins (such as Bax and Bak) to anti-
apoptotic proteins (such as Bcl-2 and Bcl-xL), thereby shifting the balance from
survival to programmed cell death (International Patent Application No.
PCT/US03/21237, by Fisher et al., published as WO 04/005481 on January 15,
2004 by the Trustees of Columbia University; Saeki et al., 2000, Gene Ther.
7:2051-2057; Lebedeva et al., 2002, Oncogene 21:708-718; Su et al., 2003
Oncogene 22:1164-1180). Changes in cell cycle are also evident in some, but not
all, cancer cells infected with Ad.mda-7 (Saeki et al., 2000, Gene Ther. 7:2051-
2057; Lebedeva et al., 2002, Oncogene 21:708-718; Su et al., 2003 Oncogene
22:1164-1180). A cell cycle change seen in Ad.mda-7-infected melanomas, non-
small cell lung carcinomas, prostate carcinomas and certain malignant gliomas is
an increase in the proportion of cells in the G2/M phase (Saeki et al., 2000, Gene
Ther. 7:2051-2057; Lebedeva et al., 2002, Oncogene 21:708-718; Su et al., 2003
Oncogene 22:1164-1180). Apoptosis induction associates with activation of the
caspase cascade in specific tumor systems, including activation of caspase-9 and
caspase-3 and cleavage of PARP, a caspase substrate (Saeki et al., 2000, Gene
Ther. 7:2051-2057; Mhashilkar et al., 2001, Mol. Med. 7:271-282; Pataer et al.,
2002, Cancer Res. 62:2239-2243).

As an approach to more efﬁciently administer mda-7 and to begin to
define the mechanism by which mda-7 selectively affects cancer cell proliferation,
a replication-incompetent adenovirus (Ad.mda-7) was constructed (International
Patent Application No. PCT/US02/26454, by Fisher et al., published as WO
03/016499 on February 27, 2003 by the Trustees of Columbia University; Su et
al., 1998, Proc. Natl. Acad. Sci. U.S.A. 95:14400-14405). Studies in the context

of breast carcinoma cells demonstrated that Ad.mda-7 selectively induced growth
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suppression and this process occurred by induction of programmed cell death
(apoptosis) (Su et al., 1998, Proc. Natl. Acad. Sci. U.S.A. 95:14400-14405). In
contrast, as observed with transfection, infection of normal mammary epithelial
and HBL-100 cells with Ad.mda-7 did not significantly affect growth or reduce
viability. Analysis of the potential mechanism by which mda-7 induced apoptosis
indicated up-regulation of the pro-apoptotic molecule Bax uniquely in breast
cancer cells, irrespective of their p53 gene status. Additionally, the level of the
pro-apoptotic protein Bcl-2 was reduced in multiple breast carcinoma cells
following Ad.mda-7 infection.

It has further been observed that the anti-cancer effects of mda-7 gene or
MDA-7 protein could be enhanced by concurrent exposure to radiation and/or
other free radical generators (International Patent Application No.
PCT/US03/28512, by Fisher et al., published as WO 04/060269 on July 22, 2004
by the Trustees of Columbia University and Virginia Commonwealth University).
For example, Yacoub et al. (2003, Mol. Cancer Ther. 2:623-632) report that
MDA-7 protein, in combination with agents that generate free radicals, can
selectively inhibit the proliferation of renal carcinoma cells relative to their non-
malignant counterparts.

As mentioned above, native (wild-type) MDA-7 protein has 206 amino
acids (SEQ ID NO:2). It would be desirable to identify a smaller fragment of
MDA-7 that could be used therapeutically, as techniques for administering peptide
therapies are more refined than techniques for administering protein. The
invention addresses this need by providing biologically active MDA-7 variants
that are smaller than the native protein.

The following references are heerby incorporated by reference: Fisher,
Cancer Res 65(22):10128-10138 (2005); Lebedeva et al., Mol Therapy 11(1):4-18
(2005); and Su et al., Oncogene 24:7552-7566 (2005).

For clarity of description, and not by way of limitation, the detailed
description of the invention is divided into the following subsections:

@) MDA-7 variants;

(i1) assays to confirm MDA-7 variant activity;

(iii))  use of a MDA-7 variant as a gene therapy;

(iv)  useof a MDA-7 variant as a peptide therapy;

v) combined therapy using MDA-7 variants; and
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(vi)  conditions which may be treated.

As used herein, mda-7 (italicized and lower case letters) refers to the gene
or a corresponding nucleic acid; MDA-7 (all capital letters) refers to a protein,
Mda-7 (initial capital letter only) refers collectively to nucleic acids, proteins and
peptides. ’

MDA-7 Protein Variants

»n

The terms “peptide,” "polypeptide,” and "protein" are used
interchangeably to refer to a polymer of amino acid residues, and are not limited
to a minimum length. Thus, peptides, oligopeptides, dimers, multimers, and the
like, are included within the definition. Both full-length proteins and fragments
thereof are encompassed by the definition. The terms also include post-expression
modifications of the polypeptide, for example, glycosylation, acetylation,
phosphorylation, and the like. Furthermore, for purposes of the present invention,
a "polypeptide" refers to a protein which includes modifications, such as deletions,
additions, and substitutions (generally conservative in nature), to the native
sequence, as long as the protein maintains the desired activity. These
modifications may be deliberate, as through site-directed mutagenesis, or may be
accidental, such as through mutations of hosts which produce the proteins or
errors due to PCR amplification.

By "isolated" is meant, when referring to a polynucleotide or polypeptide
of the invention, that the indicated molecule is substantially separated, ¢.g., from
the whole organism in which the molecule is found or from the cell culture in
which the antibody is produced, or is present in the substantial absence of other
biological macromolecules of the same type. For example, recombinant DNA
molecules contained in a vector are considered isolated for the purposes of the
present invention. Further examples of isolated DNA molecules include
recombinant DNA molecules maintained in heterologous host cells or purified
(partially or substantially) DNA molecules in solution. Isolated RNA molecules
include in vivo or in vitro RNA transcripts of the DNA molecules of the present
invention. Isolated nucleic acid molecules according to the present invention
further include such molecules produced synthetically.

A "modulator"of the polypeptides or polynucleotides or an "agent" herein
is an agonist or antagonist that interferes with the binding or activity of such

polypeptides or polynucleotides. Such modulators or agents include, for example,
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polypeptide variants, whether agonist or antagonist; antibodies, whether agonist or
antagonist; soluble receptors, usually antagonists; small molecule drugs, whether
agonist or antagonist; RNAI, usually an antagonist; antisense molecules, usually
an antagonist; and ribozymes, usually an antagonist. In some embodiments, an
agent is a subject polypeptide, where the subject polypeptide itself is administered
to an individual. In some embodiments, an agent is an antibody specific for a
subject "target" polypeptide. In some embodiments, an agent is a chemical
compound such as a small molecule that may be useful as an orally available drug.
Such modulation includes the recruitment of other molecules that directly effect
the modulation. For example, an antibody that modulates the activity of a subject
polypeptide that is a receptor on a cell surface may bind to the receptor and fix
complement, activating the complement cascade and resulting in lysis of the cell.
An agent which modulates a biological activity of a subject polypeptide or
polynucleotide increases or decreases the activity or binding at least about 10%, at
least about 15%, at least about 20%, at least about 25%, at least about 50%, at
least about 80%, or at least about 2-fold, at least about 5-fold, or at least about 10-
fold or more when compared to a suitable control.

The use of the word "a" or "an" when used in conjunction with the term
"comprising" in the claims and/or the specification may mean "one," but it is also

nn

consistent with the meaning of "one or more," "at least one," and "one or more
than one."

The term "MDA-7" as used herein refers to a protein having essentially the
amino acid sequence set forth as SEQ ID NO:2, having Genbank Accession
Number U16261. A nucleic acid encoding MDA-7 may have the coding sequence
as set forth in SEQ ID NO:1, Genbank Accession No. U16261, or another
sequence which, when translated, produces a protein having essentially the same
amino acid sequence as SEQ ID NO:2. It should be noted that the portion of the
nucleic acid sequence presented as SEQ ID NO:1 which constitutes the protein
encoding region extends from nucleotide 275 to nucleotide 895. The definition of
Mda-7 embraces functional equivalents of the nucleic acid and protein which vary
in insignificant ways from the native molecules; for example, it includes isolated
nucleic acids which hybridize to the nucleic acid sequence set forth as SEQ ID
NO:1 under stringent hybridization conditions, €.g., hybridization in 0.5 M
NaHPOq, 7 percent sodium dodecyl sulfate ("SDS"), 1 mM ethylenediamine
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teﬁaacetic acid ("EDTA") at 65°C, and washing in 0.1x SSC/0.1 percent SDS at
68°C (Ausubel et al., 1989, Current Protocols in Molecular Biology, Vol. I, Green
Publishing Associates, Inc., and John Wiley & Sons, Inc. New York, at p. 2.10.3),
as well as the proteins encoded by such hybridizing sequences. The nucleic acid
molecule can be a cDNA molecule, a genomic DNA molecule, a cRNA molecule,
a siRNA molecule, an RNAi molecule, an mRNA molecule, an anti-sense
molecule, and/or a ribozyme. It can also be the complement of any of these. The
definition of Mda-7 also includes nucleic acids and proteins which are at least 80,
90, or 95 percent homologous to SEQ ID NOS: 1 and 2 respectively, where
homology is determined using standard software, (see below). It also includes
nucleic acids having essentially the sequence set forth as SEQ ID NO:1, but
modified to contain restriction sites appropriate for insertion into a particular
expression vector, and proteins or peptides modified to contain residues that alter
stability or cellular compartmentalization.

The term "MDA-7 variant," as used herein, refers to a polypeptide,
wherein the sequence of said polypeptide has at least about 80 percent, or at least
about 85, 90 or 95 percent sequence identity to the corresponding sequence of
wild-type MDA-7 (SEQ ID NO:2). Percent identity is calculated by determining
the ratio of identical amino acids divided by total amino acids, and then
multiplying the ratio by 100. In one embodiment, the MDA-7 protein variant can
be a polypeptide having up to about 180 amino acids, or up to about 110 amino
acids, or from about 40 to about 70 amino acids. The amino acid sequence of
native (i.e., wild type) MDA-7 is set forth in SEQ ID NO:2.

Percent identity between sequences can be manually determined or can be
determined using software and a computer, which can determine homology and
identity. For example, such software is known in the art, e.g., the GCG package,
NCBI BLAST or MacVector.

In one embodiment, an MDA-7 protein variant comprises a polypeptide
having an amino acid sequence that corresponds to SEQ ID NO: 2 from about
amino acid 50 to about amino acid 149, wherein the amino acid sequence that
corresponds to SEQ ID NO:2 of the variant has at least 90 percent identical
residues to SEQ ID NO:2. The invention provides for MDA-7 protein variants
that correspond to the wild-type sequence of MDA-7 (SEQ ID NO:2) such that the
MDA-7 protein variant has about 90 percent identical residues with the wild-type
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sequence. In another embodiment, the MDA-7 protein variant comprises a
polypeptide comprising () a first amino acid sequence that corresponds to SEQ
ID NO: 2 from about amino acid 50 to about amino acid 149, wherein the first
amino acid sequence has at least 90 percent identical residues to SEQ ID NO:2,
(b) and a second amino acid sequence from about 10 to about 50 amino acid
residues. In one embodiment the second amino acid sequence has no identity to
SEQ ID NO:2. In another embodiment, the second amino acid sequence has up to
50 percent identity to SEQ ID NO:2.

The invention also provides for an MDA-7 polypeptide comprising an
amino acid sequence that has about 90% identity to: from about amino acid 50 to
about amino acid 149 of SEQ ID NO: 2. In one embodiment, the MDA-7
polypeptide is not the following polypeptide: Asp Ala Glu Ser Cys Tyr Leu Val
His Thr Leu Leu Glu Phe Tyr Leu Lys Thr Val Phe Lys Asn Tyr His Asn Arg Thr
Val Glu Val Arg Thr Leu Lys Ser Phe Ser Thr Leu Ala Asn Asn Phe Val Leu Ile
Val Ser Gln Leu Gln Pro Ser. In another embodiment, the MDA-7 polypeptide is
not the following polypeptide: Met Gln Met Val Val Leu Pro Cys Leu Gly Phe
Thr Leu Leu Leu Trp Ser Gln Val Ser Gly Ala Gln Gly Gln Glu Phe His Phe Gly
Pro Cys GIn Val Lys Gly Val Val Pro Gln Lys Leu Trp Glu Ala Phe Trp Ala Val
Lys Asp Thr Met GIn Ala Gln Asp Asn Ile Thr Ser Ala Arg Leu Leu Gln Gln Glu
Val Leu Gln Asn Val Ser Gln Glu Asn Glu Met Phe Ser Ile Arg Asp Ser Ala His
Arg Arg Phe Leu Leu Phe Arg Arg Ala Phe Lys Gln Leu Asp Val Glu Ala Ala
Leu Thr Lys Ala Leu Gly Glu Val Asp Ile Leu Leu Thr Trp Met Gln Lys Phe Tyr
Lys Leu.

In non-limiting embodiments of the invention, the invention provides for
the following MDA-7 variants (“MVX” polypeptides):

MV1, a protein having anti-proliferative activity, corresponds to amino
acid residues 48-206 of wild-type MDA-7. In one embodiment, MV1 is a protein
having an amino acid sequence from about 130 amino acids to about 190 amino
acids in length. In another embodiment, MV1 is a protein having an amino acid
sequence from about 145 amino acids to about 175 amino acids in length. In
another embodiment, MV1 is a protein having about 160 amino acids. In one
embodiment, the MV 1 protein has at least about 80 percent identity to amino acids
from about 48 to about 206 of SEQ ID NO:2. In another embodiment, the MV1

protein has at least about 85 percent identity to amino acids from about 48 to
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about 206 of SEQ ID NO:2. In another embodiment, the MV 1 protein has at least
about 90 percent identity to amino acids from about 48 to about 206 of SEQ ID
NO:2. In another embodiment, the MV1 protein has at least about 95 percent
identity to amino acids from about 48 to about 206 of SEQ ID NO:2. In another
embodiment, the MV1 protein has at least about 99 percent identity to amino acids
from about 48 to about 206 of SEQ ID NO:2. .

MV2, a protein having slight proliferative activity, corresponds to amino
acid residues 63-206 of wild-type MDA-7. In one embodiment, MV2 is a protein
having an amino acid sequence from about 115-amino acids to about 170 amino
acids in length. In another embodiment, MV2 is a protein having an amino acid
sequence from about 130 amino acids to about 155 amino acids in length. In
another embodiment, MV?2 is a protein having about 144 amino acids. In one
embodiment, the MV2 protein has at least about 80 percent identity to amino acids
from about 63 to about 206 of SEQ ID NO:2. In another embodiment, the MV2
protein has at least about 85 percent identity to amino acids from about 63 to
about 206 of SEQ ID NO:2. In another embodiment, the MV2 protein has at least
about 90 percent identity to amino acids from about 63 to about 206 of SEQ ID
NO:2. In another embodiment, the MV2 protein has at least about 95 percent
identity to amino acids from about 63 to about 206 of SEQ ID NO:2. In another
embodiment, the MV2 protein has at least about 99 percent identity to amino acids
from about 63 to about 206 of SEQ ID NO:2.

MYV3, a protein having slight proliferative activity, corresponds to amino
acid residues 80-206 of wild-type MDA-7. In one embodiment, MV3 is a protein
having an amino acid sequence from about 105 amino acids to about 150 amino
acids in length. In another embodiment, MV3 is a protein having an amino acid
sequence from about 115 amino acids to about 138 amino acids in léngth. In
another embodiment, MV3 is a protein having about 127 amino acids. In one
embodiment, the MV 3 protein has at least about 80 percent identity to amino acids
from about 80 to about 206 of SEQ ID NO:2. In another embodiment, the MV3
protein has at least about 85 percent identity to amino acids from about 80 to
about 206 of SEQ ID NO:2. In another embodiment, the MV3 protein has at'least
about 90 percent identity to amino acids from about 80 to about 206 of SEQ ID
NO:2. In another embodiment, the MV1 protein has at least about 95 percent
identity to amino acids from about 48 to about 206 of SEQ ID NO:2. In another
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embodiment, the MV3 protein has at least about 99 percent identity to amino acids
from about 80 to about 206 of SEQ ID NO:2.

MV4, a protein having ant-i-proliferative activity, corresponds to amino
acid residues 104-206 of wild-type MDA-7. In one embodiment, MV4 is a
protein having an amino acid sequence from about 80 amino acids to about 120
amino acids in length. In another embodiment, MV4 is a protein having an amino
acid sequence from about 90 amino acids to about 110 amino acids in length. In
another embodiment, MV4 is a protein having about 103 amino acids. In one
embodiment, the MV 4 protein has at least about 80 percent identity to amino acids
from about 104 to about 206 of SEQ ID NO:2. In another embodiment, the MV4
protein has at least about 85 percent identity to amino acids from about 104 to
about 206 of SEQ ID NO:2. In another embodiment, the MV4 protein has at least
about 90 percent identity to amino acids from about 104 to about 206 of SEQ ID
NO:2. In another embodiment, the MV4 protein has at least about 95 percent
identity to amino acids from about 104 to about 206 of SEQ ID NO:2. In another
embodiment, the MV4 protein has at least about 99 percent identity to amino acids
from about 104 to about 206 of SEQ ID NO:2.

MVS5, a peptide having slight proliferative activity, corresponds to amino
acid residues 131-206 of wild-type MDA-7. In one embodiment, MV5 is a
protein having an amino acid sequence from about 60 amino acids to about 90
amino acids in length. In another embodiment, MVS is a protein having an amino
acid sequence from about 70 amino acids to about 80 amino acids in length. In
another embodiment, MVS5 is a protein having about 77 amino acids. In one
embodiment, the MV'5 protein has at least about 80 percent identity to amino acids
from about 131 to about 206 of SEQ ID NO:2. In another embodiment, the MV5
protein has at least about 85 percent identity to amino acids from about 131 to
about 206 of SEQ ID NO:2. In another embodiment, the MV5 protein has at least
about 90 percent identity to amino acids from about 131 to about 206 of SEQ ID
NO:2. In another embodiment, the MV5 protein has at least about 95 percent
identity to amino acids from about 131 to about 206 of SEQ ID NO:2. In another
embodiment, the MV5 protein has at least about 99 percent identity to amino acids
from about 131 to about 206 of SEQ ID NO:2.

MV6, a peptide having slight proliferative activity, corresponds to amino
acid residues 159-206 of wild-type MDA-7. In one embodiment, MV6 is a
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protein having an amino acid éequence from about 40 amino acids to about 60
amino acids in length. In another embodiment, MV6 is a protein having an amino
acid sequence from about 45 amino acids to about 55 amino acids in length. In
another embodiment, MV6 is a protein having about 48 amino acids. In one
embodiment, the MV6 protein has at least about 80 percent identity to amino acids
from about 159 to about 206 of SEQ ID NO:2. In another embodiment, the MV6
protein has at least about 85 percent identity to amino acids from about 159 to
about 206 of SEQ ID NO:2. In another embodiment, the MV6 protein has at least
about 90 percent identity to amino acids from about 159 to about 206 of SEQ ID
NO:2. In another embodiment, the MV6 protein has at least about 95 percent
identity to amino acids from about 159 to about 206 of SEQ ID NO:2. In another
embodiment, the MV6 protein has at least about 99 percent identity to amino acids
from about 159 to about 206 of SEQ ID NO:2. |

MV7, a protein having slight proliferative activity, corresponds to amino
acid residues 48-180 of wild-type MDA-7. In one embodiment, MV7 is a protein
having an amino acid sequence from about 110 amino acids to about 160 amino
acids in length. In another embodiment, MV7 is a protein having an amino acid
sequence from about 122 amino acids to about 146 amino acids in length. In
another embodiment, MV7 is a protein having about 134 amino acids. In one
embodiment, the MV7 protein has at least about 80 percent identity to amino acids
from about 48 to about 180 of SEQ ID NO:2. In another embodiment, the MV7
protein has at least about 85 percent identity to amino acids from about 48 to
about 180 of SEQ ID NO:2. In another embodiment, the MV 7 protein has at least
about 90 percent identity to amino acids from about 48 to about 180 of SEQ ID
NO:2. In another embodiment, the MV7 protein has at least about 95 percent
identity to amino acids from about 48 to about 180 of SEQ ID NO:2. In another
embodiment, the MV7 proteiri has at least about 99 percent identity to amino acids
from about 48 to about 180 of SEQ ID NO:2.

MV?3, a protein having slight proliferative activity, corresponds to amino
acid residues 48-158 of wild-type MDA-7. In one embodiment, MV8 is a protein
having an amino acid sequence from about 90 amino acids to about 130 amino
acids in length. In another embodiment, MVS$ is a protein having an amino acid
sequence from about 100 amino acids to about 120 amino acids in length. In

another embodiment, MV8 is a protein having about 112 amino acids. In one
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embodiment, the MV8 protein has at least about 80 percent identity to amino acids
from about 48 to about 158 of SEQ ID NO:2. In another embodiment, the MV8
protein has at least about 85 percent identity to amino acids from about 48 to
about 158 of SEQ ID NO:2. In another embodiment, the MV8 protein has at least
about 90 percent identity to amino acids from about 48 to about 158 of SEQ ID
NO:2. In another embodiment, the MV8 protein has at least about 95 percent
identity to amino acids from about 48 to about 158 of SEQ ID NO:2. In another
embodiment, the MV 8 protein has at least about 99 percent identity to amino acids
from about 48 to about 158 of SEQ ID NO:2.

MV9, a peptide having slight proliferative activity, corresponds to amino
acid residues 48-130 of wild-type MDA-7. In one embodiment, MV9 is a protein
having an amino acid sequence from about 70 amino acids to about 100 amino
acids in length. In another embodiment, MV?9 is a protein having an amino acid
sequence from about 75 amino acids to about 90 amino acids in length. In another
embodiment, MV9 is a protein having about 84 amino acids. In one embodiment,
the MV9 protein has at least about 80 percent identity to amino acids from about
48 to about 130 of SEQ ID NO:2. In another embodiment, the MV9 protein has at
least about 85 percent identity to amino acids from about 48 to about 130 of SEQ
ID NO:2. In another embodiment, the MV9 protein has at least about 90 percent
identity to amino acids from about 48 to about 130 of SEQ ID NO:2. In another
embodiment, the MV9 protein has at least about 95 percent identity to amino acids
from about 48 to about 130 of SEQ ID NO:2. In another embodiment, the MV9
protein has at least about 99 percent identity to amino acids from about 48 to
about 130 of SEQ ID NO:2.

MV10, a peptide having anti-proliferative activity, corresponds to amino
acid residues 48-104 of wild-type MDA-7. In one embodiment, MV10 is a
protein having an amino acid sequence from about 50 amino acids to about 70
amino acids in length. In another embodiment, MV 10 is a protein having an
amino acid sequence from about 53 amino acids to about 63 amino acids in
length. In another embodiment, MV10 is a protein having about 58 amino acids.
In one embodiment, the MV 10 protein has at least about 80 percent identity to
amino acids from about 48 to about 104 of SEQ ID NO:2. In another
embodiment, the MV 10 protein has at least about 85 percent identity to amino
acids from about 48 to about 104 of SEQ ID NO:2. In another embodiment, the
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MV 10 protein has at least about 90 percent identity to amino acids from about 48
to about 104 of SEQ ID NO:2. In another embodiment, the MV 10 protein has at

least about 95 percent identity to amino acids from about 48 to about 104 of SEQ
ID NO:2. In another embodiment, the MV 10 protein has at least about 99 percent
identity to amino acids from about 48 to about 104 of SEQ ID NO:2.

MVAB (AB domain), a peptide having anti-proliferative activity,
corresponds to amino acid residues 63-101 of wild-type MDA-7. In one
embodiment, MVAB is a protein having an amino acid sequence from about 32
amino acids to about 59 amino acids in length. In another embodiment, MVAB is
a protein having an amino acid sequence from about 35 amino acids to about 46
amino acids in length. In another embodiment, MVAB is a protein having about
39 amino acids. In one embodiment, the MV AB protein has at least about 80
percent identity to amino acids from about 63 to about 101 of SEQ ID NO:2. In
another embodiment, the MV AB protein has at least about 85 percent identity to
amino acids from about 63 to about 101 of SEQ ID NO:2. In another
embodiment, the MVAB protein has at least about 90 percent identity to amino
acids from about 63 to about 101 of SEQ ID NO:2. In another embodiment, the
MV AB protein has at least about 95 percent identity to amino acids from about 63
to about 101 of SEQ ID NO:2. In another embodiment, the MV AB protein has at
least about 99 percent identity to amino acids from about 63 to about 101 of SEQ
ID NO:2.

MVCD (CD domain), a peptide having anti-proliferative activity,
corresponds to amino acid residues 105-154 of wild-type MDA-7. In one
embodiment, MVCD is a protein having an amino acid sequence from about 35
amino acids to about 100 amino acids in length. In another embodiment, MVCD
is a protein having an amino acid sequence from about 42 amino acids to about 85
amino acids in length. In another embodiment, MVCD is a protein having about
50 amino acids. In one embodiment, the MVCD protein has at least about 80
percent identity to amino acids from about 105 to about 154 of SEQ ID NO:2. In
another embodiment, the MVCD protein has at least about 85 percent identity to
amino acids from about 105 to about 154 of SEQ ID NO:2. In another
embodiment, the MVCD protein has at least about 90 percent identity to amino
acids from about 105 to about 154 of SEQ ID NO:2. In another embodiment, the

MVCD protein has at least about 95 percent identity to amino acids from about
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105 to about 154 of SEQ ID NO:2. In another embodiment, the MVCD protein
has at least about 99 percent identity to amino acids from about 105 to about 154
of SEQ ID NO:2.

MVEEF (EF domain), a peptide having anti-proliferative activity,
corresponds to amino acid residues 159-201 of wild-type MDA-7. In one
embodiment, MVEF is a protein having an amino acid sequence from about 35
amino acids to about 60 amino acids in length. In another embodiment, MVEF is
a protein having an amino acid sequence from about 40 amino acids to about 56
amino acids in length. In another embodiment, MVEF is a protein having about
43 amino acids. In one embodiment, the MVEF protein has at least about 80
percent identity to amino acids from about 159 to about 201 of SEQ ID NO:2. In
another embodiment, the MVEF protein has at least about 85 percent idéntity to
amino acids from about 159 to about 201 of SEQ ID NO:2. In another
embodiment, the MVEF protein has at least about 90 percent identity to amino
acids from about 159 to about 201 of SEQ ID NO:2. In another embodiment, the
MVEEF protein has at least about 95 percent identity to amino acids from about
159 to about 201 of SEQ ID NO:2. In another embodiment, the MVEF protein
has at least about 99 percent identity to amino acids from about 159 to about 201
of SEQ ID NO:2.

In embodiments, where the desired effect is an inhibition of cell
proliferation, the MDA-7 variant is M1, M4 or M10.

Some embodiments of the invention are as follows:

M1 is an embodiment of MV1 having SEQ ID NO:3, and is a 159 amino
acid peptide having a sequence as set forth from residues 48-206 of SEQ ID
NO:2. The amino acid sequence of M1 is as follows: Gly Ala Gln Gly GIn Glu
Phe His Phe Gly Pro Cys Gln Val Lys Gly Val Val Pro Gln Lys Leu Trp Glu Ala
Phe Trp Ala Val Lys Asp Thr Met GIn Ala Gln Asp Asn Ile Thr Ser Ala Arg Leu
Leu GIn GIn Glu Val Leu Gln Asn Val Ser Asp Ala Glu Ser Cys Tyr Leu Val His
Thr Leu Leu Glu Phe Tyr Leu Lys Thr Val Phe Lys Asn Tyr His Asn Arg Thr Val
Glu Val Arg Thr Leu Lys Ser Phe Ser Thr Leu Ala Asn Asn Phe Val Leu Ile Val
Ser GIn Leu Gln Pro Ser GIn Glu Asn Glu Met Phe Ser Ile Arg Asp Ser Ala His
Arg Arg Phe Leu Leu Phe Arg Arg Ala Phe Lys Gln Leu Asp Val Glu Ala Ala
Leu Thr Lys Ala Leu Gly Glu Val Asp Ile Leu Leu Thr Trp Met Gln Lys Phe Tyr
Lys Leu (SEQ ID NO:3).
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© M2 is an embodiment of MV2 having SEQ ID NO:4, and is a 144 amino

acid peptide having a sequencé as set forth from residues 63-206 of SEQ ID
NO:2. The amino acid sequence of M2 is: Gly Val Val Pro Gln Lys Leu Trp Glu
Ala Phe Trp Ala Val Lys Asp Thr Met GIn Ala Gln Asp Asn Ile Thr Ser Ala Arg
Leu Leu Gln Gln Glu Val Leu Gln Asn Val Ser Asp Ala Glu Ser Cys Tyr Leu Val
His Thr Leu Leu Glu Phe Tyr Leu Lys Thr Val Phe Lys Asn Tyr His Asn Arg Thr
Val Glu Val Arg Thr Leu Lys Ser Phe Ser Thr Leu Ala Asn Asn Phe Val Leu Ile
Val Ser GIn Leu GIn Pro Ser Gln Glu Asn Glu Met Phe Ser Ile Arg Asp Ser Ala
His Arg Arg Phe Leu Leu Phe Arg Arg Ala Phe Lys Gln Leu Asp Val Glu Ala
Ala Leu Thr Lys Ala Leu Gly Glu Val Asp Ile Leu Leu Thr Trp Met Gln Lys Phe
Tyr Lys Leu (SEQ ID NO:4).

M3 is an embodiment of MV3 having SEQ ID NO:$5, and is a 127 amino
acid peptide having a sequence as set forth from residues 80-206 of SEQ ID
NO:2. The amino acid sequence of M3 is: Gln Ala Gln Asp Asn Ile Thr Ser Ala
Arg Leu Leu Gln GIn Glu ValLeu GIn Asn Val Ser Asp Ala Glu Ser Cys Tyr Leu
Val His Thr LeuLeu Glu Phe Tyr Leu Lys Thr Val Phe Lys Asn Tyr His Asn Arg
ThrVal Glu Val Arg Thr Leu Lys Ser Phe Ser Thr Leu Ala Asn Asn PheVal Leu
Ile Val Ser Gln Leu GIn Pro Ser Gln Glu Asn Glu Met PheSer Ile Arg Asp Ser
Ala His Arg Arg Phe Leu Leu Phe Arg Arg Ala Phe Lys Gln Leu Asp Val Glu
Ala Ala Leu Thr Lys Ala Leu Gly GluVal Asp Ile Leu Leu Thr Trp Met Gln Lys
Phe Tyr Lys Leu (SEQ ID NO:5).

M4 is an embodiment of MV4 having SEQ ID NO:6, and is a 103 amino
acid peptide having a sequence as set forth from residues 104-206 of SEQ ID
NO:2. The amino acid sequence of M4 is: Glu Ser Cys Tyr Leu Val His Thr Leu
Leu Glu Phe Tyr Leu Lys Thr Val Phe Lys Asn Tyr His Asn Arg Thr Val Glu Val
Arg Thr Leu Lys Ser Phe Ser Thr Leu Ala Asn Asn Phe Val Leu Ile Val Ser Gln
Leu GIn Pro Ser Gln Glu Asn Glu Met Phe Ser Ile Arg Asp Ser Ala His Arg Arg
Phe Leu Leu Phe Arg Arg Ala Phe Lys Gln Leu Asp Val Glu Ala Ala Leu Thr
Lys Ala Leu Gly Glu Val Asp Ile Leu Leu Thr Trp Met GIn Lys Phe Tyr Lys Leu
(SEQ ID NO:6).

MS5 is an embodiment of MV5 having SEQ ID NO:7, and is a 76 amino
acid peptide having a sequence as set forth from residues 131-206 of SEQ ID
NO:2. The amino acid sequence of M5 is: Arg Thr Leu Lys Ser Phe Ser Thr Leu
Ala Asn Asn Phe Val Leu Ile Val Ser Gln Leu Gln Pro Ser Gln Glu Asn Glu Met
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Phe Ser Ile Arg Asp Ser Ala His Arg Arg Phe Leu Leu Phe Arg Arg Ala Phe Lys
GIn Leu Asp Val Glu Ala Ala Leu Thr Lys Ala Leu Gly Glu Val Asp Ile Leu Leu
Thr Trp Met Gln Lys Phe Tyr Lys Leu (SEQ ID NO:7).

M6 is an embodiment of MV6 having SEQ ID NO:8, and is a 48 amino
acid peptide having a sequence as set forth from residues 159-206 of SEQ ID
NO:2. The amino acid sequence of M6 is: Met Phe Ser Ile Arg Asp Ser Ala His
Arg Arg Phe Leu Leu Phe Arg Arg Ala Phe Lys Gln Leu Asp Val Glu Ala Ala
Leu Thr Lys Ala Leu Gly Glu Val Asp Ile Leu Leu Thr Trp Met Gln Lys Phe Tyr
Lys Leu (SEQ ID NO:8).

M7 is an embodiment of MV7 having SEQ ID NO:9, and is a 133 amino
acid peptide having a sequence as set forth from residues 48-180 of SEQ ID
NO:2. The amino acid sequence of M7 is: Gly Ala Gln Gly Gln Glu Phe His Phe
Gly Pro Cys GIn Val Lys Gly Val Val Pro GIn Lys Leu Trp Glu Ala Phe Trp Ala
Val Lys Asp Thr Met Gln Ala Gln Asp Asn Ile Thr Ser Ala Arg Leu Leu Gln Gln
Glu Val Leu Gln Asn Val Ser Asp Ala Glu Ser Cys Tyr Leu Val His Thr Leu Leu
Glu Phe Tyr Leu Lys Thr Val Phe Lys Asn Tyr His Asn Arg Thr Val Glu Val Arg
Thr Leu Lys Ser Phe Ser Thr Leu Ala Asn Asn Phe Val Leu Ile Val Ser Gln Leu
Gln Pro Ser GIn Glu Asn Glu Met Phe Ser Ile Arg Asp Ser Ala His Arg Arg Phe
Leu Leu Phe Arg Arg Ala Phe Lys GIn Leu (SEQ ID NO:9).

M8 is an embodiment of MV8 having SEQ ID NO:10, and is a 111 amino
acid peptide having a sequence as set forth from residues 48-158 of SEQ ID
NO:2. The amino acid sequence of M8 is: Gly Ala Gln Gly Gln Glu Phe His Phe
Gly Pro Cys GIn Val Lys Gly Val Val Pro Gln Lys Leu Trp Glu Ala Phe Trp Ala
Val Lys Asp Thr Met Gln Ala Gln Asp Asn Ile Thr Ser Ala Arg Leu Leu GIn GIn
Glu Val Leu Gln Asn Val Ser Asp Ala Glu Ser Cys Tyr Leu Val His Thr Leu Leu
Glu Phe Tyr Leu Lys Thr Val Phe Lys Asn Tyr His Asn Arg Thr Val Glu Val Arg
Thr Leu Lys Ser Phe Ser Thr Leu Ala Asn Asn Phe Val Leu Ile Val Ser GIn Leu
GlIn Pro Ser Gln Glu Asn Glu (SEQ ID NO:10).

M9 is an embodiment of MV9 having SEQ ID NO:11, and is a 83 amino
acid peptide having a sequence as set forth from residues 48-130 of SEQ ID
NO:2. The amino acid sequence of M9 is: Gly Ala GIn Gly Gln Glu Phe His Phe
Gly Pro Cys Gln Val Lys Gly Val Val Pro Gln Lys Leu Trp Glu Ala Phe Trp Ala
Val Lys Asp Thr Met Gln Ala Gln Asp Asn Ile Thr Ser Ala Arg Leu Leu GIn Gln
Glu Val Leu GIn Asn Val Ser Asp Ala Glu Ser Cys Tyr Leu Val His Thr Leu Leu
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Glu Phe Tyr Leu Lys Thr Val Phe Lys Asn Tyr His Asn Arg Thr Val Glu (SEQ
ID NO:11).

M10 is an embodiment of MV 10 having SEQ ID NO:12, and is a 57
amino acid peptide having a sequence as set forth from residues 48-104 of SEQ
ID NO:2. The amino acid sequence of M10 is: Gly Ala Gln Gly Gln Glu Phe His
Phe Gly Pro Cys Gln Val Lys Gly Val Val Pro Gln Lys Leu Trp Glu Ala Phe Trp
Ala Val Lys Asp Thr Met Gln Ala Gln Asp Asn Ile Thr Ser Ala Arg Leu Leu Gln
Gln Glu Val Leu GIn Asn Val Ser Asp Ala Glu (SEQ ID NO:12).

Peptide MAB is an embodiment of MVAB having SEQ ID NO:13, and is
a 39 amino acid peptide having a sequence as set forth from residues 63-101 of
SEQ ID NO:2. The amino acid sequence of MAB is: Gly Val Val Pro Gln Lys
Leu Trp Glu Ala Phe Trp Ala Val Lys Asp Thr Met GIn Ala Gln Asp Asn Ile Thr
Ser Ala Arg Leu Leu Gln Gln Glu Val Leu Gln Asn Val Ser (SEQ ID NO:13).

Peptide MCD is an embodiment of MVCD having SEQ ID NO:14, and is
a 50 amino acid peptide having a sequence as set forth from residues 105-154 of
SEQ ID NO:2. The amino acid sequence of MCD is: Ser Cys Tyr Leu Val His
Thr Leu Leu Glu Phe Tyr Leu Lys Thr Val Phe Lys Asn Tyr His Asn Arg Thr Val
Glu Val Arg Thr Leu Lys Ser Phe Ser Thr Leu Ala Asn Asn Phe Val Leu Ile Val
Ser Gln Leu GIn Pro Ser (SEQ ID NO:14).

Peptide EF is an embodiment of MVEF having SEQ ID NO:15, and is a 43
amino acid peptide having a sequence as set forth from residues 159-201 of SEQ
ID NO:2. The amino acid sequence of MEF is: Met Phe Ser Ile Arg Asp Ser Ala
His Arg Arg Phe Leu Leu Phe Arg Arg Ala Phe Lys GIn Leu Asp Val Glu Ala
Ala Leu Thr Lys Ala Leu Gly Glu Val Asp Ile Leu Leu Thr Trp Met GIn (SEQ ID
NO:15). '

A MDA-7 variant of the invention may comprise or be linked to a
molecule that facilitates its biological activity. As a first example, such molecule
may be a secretory signal peptide; where a nucleic acid encoding a MDA-7
variant is introduced into a cell, said secretory peptide would facilitate the
secretion of the MDA-7 variant so as to produce a "bystander” effect (Su et al.
Proc Natl Acad Sci U S A. 2001; 98:10332-10337). The secretory peptide may be
the secretory peptide of wild-type MDA-7 (i.e., residues 1-48), or another
naturally occurring or synthetic secretory peptide e.g. cleavable signal peptide of
human gamma-interferon (Colley et al. J Biol Chem. 1989, 264:17619-17622) or
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the NH2-terminal leader sequence of mouse immunoglobulin light chain precursor
(Koren et al., Proc Natl Acad Sci U S A. 1983, 80: 7205-7209). As a second
example, the molecule may facilitate cell or tissue compartmentalization; e.g., the
molecule may be a KDEL peptide that would favor retention of the variant in the
endoplasmic reticulum, or the molecule may facilitate passage across a cell
membrane, into the nucleus or through the blood brain barrier. As a third non-
limiting example, utilization of the FFAT motif, a membrane targeting
determinant found in several apparently unrelated lipid binding proteins (Loewen
et al., EMBO J. 2003, 22: 2025-2035) may be used to facilitate targeting to the
cell membrane. As a fourth non-limiting example, the 15-residue targeting motif
of cAMP-dependent protein kinase anchoring protein (d-AKAPI) which targets
proteins to either ER or mitochondria depending on interaction with each
organelle (Ma and Taylor, J Biol Chem. 2002, 277: 27328-27336) may be used for
targeting to both these organelles simultaneously.

Proteins targeted to the ER by a secretory leader sequence can be released
into the extracellular space as a secreted protein. For example, vesicles containing
secreted proteins can fuse with the cell membrane and release their contents into
the extracellular space--a process called exocytosis. Exocytosis can occur
constitutively or after receipt of a triggering signal. In the latter case, the proteins
may be stored in secretory vesicles (or secretbry granules) until exocytosis is
triggered. Similarly, proteins residing on the cell membrane can also be secreted
into the extracellular space by proteolytic cleavage of a
"linker" holding the protein to the membrane.

A MDA-7 variant of the invention may comprise elements or be linked to
elements that improve its stability or activity. These modifications include but are
not limited to N-terminal acetylation or C-terminal amidation, incorporation of D-
amino acids or unnatural amino acids including but not limited to [3-alanine,
ornithine, hydroxyproline; or substitution at the peptide termini with biotin or long
chain alkanes; addition of certain side chain modifications including but not
limited to phosphorylation of serine, threonine or tyrosine residues; cyclisation via
intramolecular disulphide bond formation; and formation of cyclic amides or
radioconjugates. Stabilization of the peptide or protein may be further achieved

by, as non-limiting examples, utilization of matrices that enhance delivery,
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increase stability or achieve controlled release rate such as natural and synthetic
biopolymers and cell responsive matrices (Zisch et al., 2003, Cardiovasc Pathol
12: 295-310), or alginate microcapsules (Schneider et al., 2003, J Microencapsul
20:627-636).

The MDA-7 variants of the invention may be produced by any method
known in the an.. Such methods include but are not limited to chemical synthesis
and recombinant DNA techniques.

The terms "nucleic acid molecule,”" "nucleotide,” "polynucleotide," and

"nucleic acid" are used interchangeably herein to refer to polymeric forms of

~ nucleotides of any length. They can include both double- and single-stranded

sequences and include, but are not limited to, cDNA from viral, prokaryotic, and
eucaryotic sources; mRNA; genomic DNA sequences from viral (e.g. DNA
viruses and retroviruses) or prokaryotic sources, RNAi, cCRNA, anti-sense
molecules, ribozymes and synthetic DNA sequences. The term also captures
sequences that include any of the known base analogs of DNA and RNA.
"Operably linked" refers to an arrangement of elements wherein the;
components so described are configured so as to perform their desired function.

Thus, a given promoter operably linked to a coding sequence is capable of

effecting the expression of the coding sequence when the proper transcription

factors, etc., are present. The promoter need not be contiguous with the coding
sequence, so long as it functions to direct the expression thereof. Thus, for
example, intervening untranslated yet transcribed sequences can be present
between the promoter sequence and the coding sequence, as can translated introns,
and the promoter sequence can still be considered "operably linked" to the coding
sequence.

With regard to production of MDA-7 variants using recombinant DNA
techniques, the invention provides for nucleic acids encoding said variants. Such
nucleic acids may either be nucleic acid fragments of the aforelisted mda-7
nucleic acids encoding the variants, or may be nucleic acids designed, using the
genetic code, to encode such variants.

For example, but not by limitation, M1 is encoded by a nucleic acid having
SEQ ID NO:16, M2 is encoded by a nucleic acid having SEQ ID NO:17, M3 is
encoded by a nucleic acid having SEQ ID NO:18, M4 is encoded by a nucleic acid
having SEQ ID NO:19, M5 is encoded by a nucleic acid having SEQ ID NO:20,
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M6 is encoded by a nucleic acid having SEQ ID NO:21, M7 is encoded by a
nucleic acid having SEQ ID NO:22, M8 is encoded by a nucleic acid having SEQ
ID NO:23, M9 is encoded by a nucleic acid having SEQ ID NO:24, M10 is
encoded by a nucleic acid having SEQ ID NO:25, AB domain is encoded by a
nucleic acid having SEQ ID NO:26, CD domain is encoded by a nucleic acid
having SEQ ID NO:27 and EF domain is encoded by a nucleic acid having SEQ
ID NO:28. _

A nucleic acid encoding a MDA-7 variant of the invention may be
comprised in a suitable vector molecule, and may optionally be operatively linked
to a suitable promoter element, for example, but not limited to, the
cytomegalovirus immediate early promoter, the Rous sarcoma virus long terminal
repeat promoter, the human elongation factor 1a promoter, the human ubiquitin ¢
promoter, etc.. It may be desirable, in certain embodiments of the invention, to
use an inducible promoter. Non-limiting examples of inducible promoters include
the murine mammary tumor virus promoter (inducible with dexamethasone);
commercially available tetracycline-responsive or ecdysone-inducible promoters,
etc. In non-limiting embodiments of the invention, the promoter may be
selectively active in cancer cells; one example of such a promoter is the PEG-3
promoter, as described in International Patent Application No. PCT/US99/07199,
Publication No. WO 99/49898 by Fisher et al., published on October 7, 1999;
other non-limiting examples include the prostate specific antigen gene promoter
(O'Keefe et al., 2000, Prostate 45:149-157), the kallikrein 2 gene promoter (Xie et
al., 2001, Human Gene Ther. 12:549-561), the human alpha-fetoprotein gene
promoter (Ido et al., 1995, Cancer Res. 55:3105-3109), the c-erbB-2 gene
promoter (Takakuwa et al., 1997, Jpn. J. Cancer Res. 88:166-175), the human
carcinoembryonic antigen gene promoter (Lan et al., 1996, Gastroenterol.
111:1241-1251), the gastrin-releasing peptide gene promoter (Inase et al., 2000,
Int. J. Cancer 85:716-719), the human telomerase reverse transcriptase gene
promoter (Pan and Koenman, 1999, Med. Hypotheses 53:130-135), the
hexokinase II gene promoter (Katabi et al., 1999, Human Gene Ther. 10:155-164),
the L-plastin gene promoter (Peng et al., 2001, Cancer Res. 61:4405-4413), the
neuron-specific enolase gene promoter (Tanaka et al., 2001, Anticancer Res.
21:291-294), the midkine gene promoter (Adachi et al., 2000, Cancer Res.
60:4305-4310), the human mupin gene MUCI promoter (Stackhouse et al., 1999,
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Cancer Gene Ther. 6:209-219), and the human mucin gene MUC4 promoter
(Genbank Accession No. AF241535), which is particularly active in pancreatic
cancer cells (Perrais et al., J Biol Chem. 2001, 276:30923-30933).

Suitable expression vectors include virus-based vectors and non-virus
based DNA or RNA delivery systems. Examples of appropriate virus-based gene
transfer vectors include, but are not limited to, pCEP4 and pREP4 vectors from
Invitrogen, and, more generally, those derived from retroviruses, for example
Moloney murine leukemia-virus based vectors such as LX, LNSX, LNCX or
LXSN (Miller and Rosman, 1989, Biotechniques 7:980-989); lentiviruses, for
example human immunodeficiency virus ("HIV"), feline leukemia virus ("FIV")
or equine infectious anemia virus ("EIAV")-based vectors (Case et al., 1999, Proc.
Natl. Acad. Sci. U.S.A. 96: 22988-2993; Curran et al., 2000, Molecular Ther.
1:31-38; Olsen, 1998, Gene Ther. 5:1481-1487; United States Patent Nos.
6,255,071 and 6,025,192); adenoviruses (Zhang, 1999, Cancer Gene Ther. 6:113-
138; Connelly, 1999, Curr. Opin. Mol. Ther. 1:565-572; Stratford-Perricaudet,
1990, Human Gene Ther. 1:241-256; Rosenfeld, 1991, Science 252:431-434;
Wang et al., 1991, Adv. Exp. Med. Biol. 309:61-66; Jaffe et al., 1992, Nat. Gen.
1:372-378; Quantin et al., 1992, Proc. Natl. Acad. Sci. U.S.A. 89:2581-2584;
Rosenfeld et al., 1992, Cell 68:143-155; Mastrangeli et al., 1993, J. Clin. Invest.
91:225-234; Ragot et al., 1993, Nature 361:647-650; Hayaski ef al., 1994, J. Biol.
Chem. 269:23872-23875; Bett et al., 1994, Proc. Natl. Acad. Sci. U.S.A.
91:8802-8806), for example Ad5/CMV-based El-deleted vectors (Li et al., 1993,
Human Gene Ther. 4:403-409); adeno-associated viruses, for example pSub201-
based AAV2-derived vectors (Walsh et al., 1992, Proc. Natl. Acad. Sci. U.S.A.
89:7257-7261); herpes simplex viruses, for example vectors based on HSV-1
(Geller and Freese, 1990, Proc. Natl. Acad. Sci. U.S.A. 87:1149-1153);
baculoviruses, for example AcMNPV-based vectors (Boyce and Bucher, 1996,
Proc. Natl. Acad. Sci. U.S.A. 93:2348-2352); SV40, for example SVluc (Strayer
and Milano, 1996,Gene Ther. 3:581-587); Epstein-Barr viruses, for example
EBV-based replicon vectors (Hambor et al., 1988, Proc. Natl. Acad. Sci. U.S.A.
85:4010-4014); alphaviruses, for example Semliki Forest virus- or Sindbis virus-
based vectors (Polo et al., 1999, Proc. Natl. Acad. Sci. U.S.A. 96:4598-4603);
vaccinia viruses, for example modified vaccinia virus (MVA)-based vectors

(Sutter and Moss, 1992, Proc. Natl. Acad. Sci. U.S.A. 89:10847-10851) or any
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other class of viruses that can efficiently transduce human tumor cells and that can
accommodate the nucleic acid sequences required for therapeutic efficacy.

Non-limiting examples of non;virus-based delivery systems which may be
used according to the invention include, but are not limited to, so-called naked
nucleic acids (Wolff et al., 1990, Science 247:1465-1468), nucleic acids
encapsulated in liposomes (Nicolau et al., 1987, Methods in Enzymology
198:157-176), nucleic acid/lipid complexes (Legendre and Szoka, 1992,
Pharmaceutical Reseairch 9:1235-1242), and nucleic acid/protein complexes (Wu
and Wu, 1991, Biother. 3:87-95).

MDA-7 may also be produced by yeast or bacterial expression systems. For
example, bacterial expression may be achieved using plasmids such as pGEX
expression system (Amersham Biosciences, Piscataway, NJ), pQE His-tagged
expression system (Qiagen, Valencia, CA), pET His-tagged expression system
(EMD Biosciences, Inc., La Jolla, CA), or IMPACT expression system (New
England Biolabs, Beverly, MA).

Depending on the expression system used, nucleic acid may be introduced
by any standard technique, including transfection, transduction, electroporation,
bioballistics, microinjection, etc.

In non-limiting embodiments of the invention, the expreséion vector is an
El-deleted human adenovirus vector of serotype 5. To prepare such a vector, an
expression cassette comprising a transcriptional promoter element operatively
linked to a MDA-7 variant coding region and a polyadenylation signal sequence
may be inserted into the multiple cloning region of an adenovirus vector shuttle
plasmid, for example pXCJL.1 (Berkner, 1988, Biotechniques 6:616-624). In the
context of this plasmid, the expression cassette may be inserted into the DNA
sequence homologous to the 5’ end of the genome of the human serotype 5
adenovirus, disrupting the adenovirus E1 gene region. Transfection of this shuttle
plasmid into the E1-transcomplementing 293 cell line (Graham et al., 1977, J.
General Virology 36:59-74), or another suitable cell line known in the art, in
combination with either an adenovirus vector helper plasmid such as pJM17
(Berkner, 1988, Biotechniques 6:616-624; McGrory et al., 1988, Virology
163:614-617) or pPBHG10 (Bett et al., 1994, Proc. Natl. Acad. Sci. U.S.A. 91:
8802-8806) or a Clal-digested fragment isolated from the adenovirus 5 genome
(Berkner, 1988, Biotechniques 6:616-624), allows recombination to occur
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between homologous adenovirus sequences contained in the adenovirus shuttle
plasmid and either the helper plasmid or the adenovirus genomic fragment. This
recombination event gives rise to a recombinant adenovirus genome in which the
cassette for the expression of the foreign gene has been inserted in place of a
functional E1 gene. When transcomplemented by the protein products of the
human adenovirus type 5 E1 gene (for example, as expressed in 293 cells), these
recombinant adenovirus vector genomes can replicate and be packaged into fully-
infectious adenovirus particles. The recombinant vector can then be isolated from
contaminating virus particles by one or more rounds of plaque purification
(Berkner, 1988, Biotechniques 6:616-624), and the vector can be further purified
and concentrated by density ultracentrifugation.

In a non-limiting embodiment of the invention, a nucleic acid encoding a
MDA-7 variant, in expressible form, may be inserted into the modified Ad
expression vector pAd.CMV (Falck-Pedersen et al., 1994, Mol. Pharmacol.
45:684-689). This vector contains, in order, the first 355 base pairs from the left
end of the adenovirus genome, the cytomegalovirus immediate early promoter,
DNA encoding splice donor and acceptor sites, a cloning site for the mda-7
variant gene, DNA encoding a polyadenylation signal sequence from the globin
gene, and approximately three kilobase pairs of adenovirus sequence exfending
frdm within the E1B coding region. This construct may then be introduced into
293 cells (Graham et al., 1977, J. Gen. Virol. 36:59-72) together with plasmid
JM17 (above), such that, as explained above, homologous recombination can
generafe a replication defective adenovirus containing MDA-7 variant encoding
nucleic acid.

The invention provides a method of producing polypeptide by providing
an isolated nucleic acid of the invention and expressing it in an expression system
to produce the polypeptide. Both cell-based and cell-free expression systems can
be used to practice the method. Both prokaryotic and eukaryotic expression
systems are suitable. For example, the expression system may comprise a host cell
transfected with an isolated nucleic acid molecule of the invention, forming a
recombinant host cell, which can be cultured. Cell- free expression systems
suitable for practicing the method include wheat germ lysate expression systems,
rabbit reticulocyte expression systems, ribosomal displays, and E. coli lysate

expression systems. The invention provides a polypeptide produced by both cell-
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based and cell-free expression systems. It provides a polypeptide produced by
these systems with mammalian, insect, plant, yeast, or bacterial host cells.

The invention provides for an antibody, or antigen-binding fragment
thereof, that binds to the polypeptide of SEQ ID NO:3,4, 5,6, 7,8, 9, 10, 11, 12,
13, or 14.

The invention also provides for peptidomimetic compounds that are
structurally similar to the MDA-7 variants provided by the invention. Generally, a
peptidomimetic of a compound X refers to a compound in which chemical
structures of X necessary for functional activity of X have been replaced with
other chemical structures that mimic the conformation of X. Peptidomimetics are
currently exploited to overcome problems associated with their parent peptides.
Improvements provided by the peptidomemtic over the parent peptide include
increased selectivity, oral bioavailability and prolonging the activity by hindering
enzymatic degradation within the organism. Peptidomimetics can include organic
compounds and modified peptides that mimic the three-dimensional shape of a
parent peptide. Examples of peptidomimetics include MDA-7 variants of the
invention comprising a peptide portion in which the peptide backbone is
substituted with one or more benzodiazepine molecules (see e.g., James, G. L. et

al., (1993) Science 260:1937-1942).

Assays To Confirm MDA-7 Variant Activity

A MDA-7 variant of the invention may be tested for activity in modulating
cell proliferation and/or differentiation.

"Modulating cell proliferation" includes promoting or inhibiting
proliferation in general as well as under particular conditions such as, for example,
colony formation in monolayer or soft agar. The effect of a MDA-7 variant on
proliferation may be evaluated by measuring the rate at which a population of
cells proliferate (e.g., the doubling time) or by measuring the percentage of cells
in mitosis (e.g., the number of cells in metaphase). In one embodiment, the
MDA-7 variant modulates proliferation by at least about 5, 10, 20, 30, 40, or 50
percent. “Slight” activity as defined herein refers to modulation of about 5-15
percent.

The modulatory activity of a MDA-7 variant may be tested by either

introducing a nucleic acid encoding the variant, in expressible form, into a test
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cell, for example by transfection or by transduction using a viral vector, as set
forth in the preceding section. Suitable test cells include cells whose proliferation
is modulated by native MDA-7, including malignant cells such as, but not limited
to, the cell lines used in the working examples described below. Alternatively, the
modulatory activity of a MDA-7 variant may be tested by exposing a test cell to
an effective concentration of variant polypeptide. An effective concentration of
the protein or peptide may be in the range of 18 to 50 ng pef microliter.

In an embodiment of the invention, the ability of a MDA-7 variant to
modulate cell proliferation may be assayed as follows. The proliferation rate may
be determined by ability of cells to form colonies on 6 cm tissue culture dishes, 2-
3 weeks after treatment with MDA-7 variants and respective controls. Herein,
effect on cell proliferation in the presence or absence of a growth inhibitory or
apoptosis inducing substance or molecule is measured by the ability of cells to
grow and divide to form foci of > 50 cells/ colony. This is an indirect measure of
cell survival and is determined relative to colony numbers formed by a similar
number of cells of the same cell type, comparatively measured in the absence of
the inhibitor or some other related neutral control substance or molecule.
Approximately 5x10° to 5x10° cells may be plated and allowed to attach in
appropriate growth medium before treatment with MDA-7 variants by DNA
transfection or infection with appropriate viral vector or purified protein.
Surviving cells may be scored as visible colonies after incubation in presence or
absence of a selective drug, for example after, 2-3 weeks. The resultant colonies
(comprising foci of > 50 cells/ colony) may be visualized by staining plates with
Giemsa dye (Su et al., 1998, Proc. Natl. Acad. Sci USA, 95: 14400-14405).

Use Of A MDA-7 Variant As A Gene Therapy

A MDA-7 variant may be used to modulate cell proliferation in a subject,
wherein a nucleic acid encoding the variant, in expressible form, may be
introduced into a cell of the subject.

In non-limiting embodiments, the nucleic acid encoding the MDA-7
variant may be contained in a viral vector, operably linked to a promoter element
that is inducible or constitutively active in the target cell. In non-limiting
embodiments, the viral vector is a replication-defective adenovirus. In non-

limiting embodiments, the viral vector is selected from the group consisting of
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retrovirus, adenovirus, adeno-associated virus, vaccinia virus, herpesvirus and
polyoma virus.

In a non-limiting embodiment of the invention, a viral vector containing a
nucleic acid encoding a MDA-7 variant, such as an MVX polypeptide operably
linked to a suitable promoter element, may be administered to a population of
target cells at a multiplicity of infection (MOI) ranging from 10-100 MOL

In another non-limiting embodiment, the amount of a viral vector
administered to a subject may be 1x10° pfu to 1x10'? pfu.

In non-limiting embodiments, a nucleic acid encoding a MDA-7 variant,
comprised in a vector or otherwise, may be introduced into a cell ex vivo and then
the cell may be introduced into a subject. For example, a nucleic acid encoding a
MDA-7 variant may be introduced into a cell of a subject (for example, an
irradiated tumor cell, glial cell or fibroblast) ex vivo and then the cell containing
the nucleic acid may be optionally propagated and then (with its progeny)

introduced into the subject.

Use Of A MDA-7 Variant As A Peptide Therapy

Alternatively, a MDA-7 variant may be used in polypeptide therapy of a
subject in need of such treatment. As such, the MDA-7 variant of the invention
may be prepared by chemical synthesis or recombinant DNA techniques, purified
by methods known in the art, and then administered to a subject in need of such
treatment. MDA-7 variant may be comprised, for example, in solution, in
suspension, and/or in a carrier particle such as microparticles, liposomes, or other
protein-stabilizing formulations known in the art. In a non-limiting example,
formulations of MDA-7 variant peptides may stabilized by addition of zinc and/or
protamine stabilizers as in the case of certain types of insulin formulations.

The invention provides both nucleic acid and polypeptide compositions,
each comprising a carrier. They may, for example be provided as vector
compositions, and/or host cell compositions. The carrier may be a
pharmaceutically acceptable carrier or an excipient. In non-limiting embodiments,
a MDA-7 variant may be linked covalently or non-covalently, to a carrier protein.
In an embodiment of the invention, the carrier protein is non-immunogenic.

In non-limiting embodiments, a MDA-7 variant polypeptide is

administered in an amount which achieves a local concentration in the range of 18
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to 50 ng per microliter. For example, a subject may be administered a range of
50-100 mg per kilogram. For a human subject, the dose range may be between
1000-2500 mg/day.

Combined Therapy Using MDA-7 Protein Variants
The invention further encompasses the use of MDA-7 variants in

combination with other forms of therapy. For example, it encompasses the use of
MDA-7 variants in combination with other agents that have an anti-proliferative
effect, including, but not limited to, radiation therapy and chemotherapeutic
agents.

As a first non-limiting example, a MDA-7 variant may be administered
together with a generator of free radicals (International Patent Application No.
PCT/US03/28512, by Fisher et al., published as WO 04/060269 on July 22, 2004
by the Trustees of Columbia University and Virginia Commonwealth University).
Examples of free radical generators include, but are not limited to arsenic trioxide,
NSC656240, 4-HPR, and cisplatin. Examples of ROS include but are not limited
to singlet oxygen, hydrogen peroxide, superoxide anion, hydroxyl radicals,
peroxynitrite, and oxidants. In other embodiments, the free radical generators are
arsenic trioxide, NSC656240 or 4-HPR. In other embodiments, the disruptor of
mitochondrial membrane potential is PK 11195.

As a second non-limiting example, a MDA-7 variant may be administered
together with a regimen of radiation therapy (International Patent Application No.
PCT/US03/28512, by Fisher et al., published as WO 04/060269 on July 22, 2004
by the Trustees of Columbia University). In non-limiting embodiments, a MDA-7
variant may be administered together with between 2 and 100 Gy of radiation,
either as a single treatment or in multiple treatments. In one non-limiting
embodiment of the invention, one external treatment of 2 Gy may be administered
each of 5 days a week for six weeks for a total of 60 Gy. If intraoperative
radiation is administered, the amount administered may be between 3 and 15 Gy
total. In one embodiment, the amount of radiation administered is around 6 Gy.

As a third non-limiting embodiment, a MDA-7 variant may be
administered together with an anti-ras agent (International Patent Application No.
PCT/US02/26454, by Fisher et al., published as WO 03/016499 on February 27,
2003 by the Trustees of Columbia University); particularly in the treatment of a
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disorder of cell proliferation associated with a mutation in a ras gene. Suitable
anti-ras agents include, but are not limited to, small interfering RNAs (RNAi),
antisense RNA (including but not limited to oligonucleotides having
phosphorothioate residues), or famesyl transferase inhibitors.

As a fourth non-limiting embodiment, a MDA-7 variant may be
administered together with a chemotherapy agent, including, but not limited to,
interferon alpha, tamoxifen, cisplatin, daunorubicin, carmustine, dacarbazine,
etoposide, fluorouracil, ifosfamide, methotrexate, mitomycin, mitoxanthrone HCI,
vincristine, vinblastine, and adriamycin, to name a few.

As a fifth non-limiting embodiment, a MDA-7 variant may be
administered together with an anti-cancer antibody, such as, but not limited to,
trastuzumab (Herceptin).

Further, a MDA-7 variant may be administered together with more than
one other anti-proliferative agent (e.g., free radical generator, radiation, anti-ras
agent, chemotherapeutic agent, anticancer antibody, etc.).

The amounts of anti-proliferative therapy added to the dose of MDA-7
may be those doses conventionally used for such therapy. Alternatively, the
combination of MDA-7 with another form of antiproliferative therapy may allow

for the use of lower doses of said antiproliferative therapy.

Conditions Which May Be Treated
The invention, in particular non-limiting embodiments, provides for the

treatment of disorders characterized by excessive cell proliferation. Such
disorders include, but are not limited to, non-malignant conditions, including but
not limited to psoriasis, keratoacanthoma, polycythemia, non-neoplastic recurrent
nodular goiter, subglottic cysts, capillary hemangioma, benign osteoma, uterine
leiomyomas and other non-malignant neoplasms or recurrent cysts, and malignant
conditions including but not limited to, cancers of the skin, such as basal cell
carcinoma, squamous cell carcinoma and melanoma; cancers of the nervous
system such as glioblastoma, astrocytoma, and oligodendroma; cancers of the
bone such as osteosarcoma; leukemias; lymphomas; breast cancer; ovarian cancer;
prostate cancer; testicular cancer; bladder cancer; cancers of the gastrointestinal
system such as gastric cancer, duodenal cancer, colon and rectal cancer;

hepatocellular carcinoma, carcinoma of the pancreas, carcinoma of the gall
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bladder, adrenal cancer, renal cell carcinoma, and cancers of the lung such as
small cell and non-small cell carcinoma and mesothelioma.

The invention provides for the treatment of a proliferative disease, such as
a mammary adenocarcinoma, non- small cell lung carcinoma, breast tumors, lung
tumors, prostate tumors, colon tumors, stomach tumors, bladder tumors,
glioblastomas, and/or skin cancer.

In another non-limiting embodiment, the invention provides a means to
restrict or limit inflammatory disease by inhibiting the activity of mda-7 and other
inflammatory cytokines such as IL-10 and IL-20. Such disorders include, but are
not limited to, inflammatory bowel disease, chronic asthma and other pulmonary
inflammatory diseases, inflammatory neurodegenerative disorders, cutaneous T-
cell lymphomas, rheumatoid arthritis, psoriasis etc., whose pathologies involve the
activity of pro-inflammatory cytokines, the inhibition of which could result in

alleviation of symptoms.

Examples
EXAMPLE 1: Construction of mda-7 deletion expression vectors and

expression of mda-7 deletion mutants in cells

MATERIALS AND METHODS:

Human cancer cell lines and cell culture: Human cervical carcinoma (HeLa)
and prostate carcinoma (DU-145) derived cell lines were obtained from the ATCC
(Manassas, VA) and grown in Dulbecco’s modification of Eagle’s medium
supplemented with 10% fetal calf serum and maintained in an cell culture
incubator at 37°C with 5% CO, aﬁnosphere and 100% humidity. Cells were
selected with 50 pg/ml hygromycin where applicable, e.g. after transfection with
the pREP4 vector or other constructs cloned in the pREP4 vector. Transfection to
introduce plasmid DNA into cells for gene expression was performed utilizing
Lipofectamine 2000 reagent according to conditions recommended by the
manufacturer (Invitrogen, Carlsbad, CA).

Monolayer growth and colony formation assay: To study the effect of various
constructs, transfection of these was performed using Lipofectamine 2000 reagent
with the pREP4 vector (Invitrogen, Carlsbad, CA) as control or with pREP4 into

which specific domains of mda-7 had been cloned. Around 5x10° to 5x10* cells
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were plated and allowed to attach in appropriate growth medium before
transfection with pREP4 plasmid DNA containing no insert, full-length wild-type
or variant MDA-7, followed by incubation for 2-3 weeks while applying selection
with 50 pg/ml hygromycin, to inhibit growth of non-transfected cells. After
colony formation, plates were stained with Geimsa stain and colonies containing
>50 cells/colony were scored as previously described (Su et al., 1998, Proc. Natl.
Acad. Sci USA, 95: 14400-14405). Transfection was performed in triplicate sets
to obtain statistically valid colony counts for each transfection.

Construction of mda-7 deletion expression vectors: The variant forms of full
length MDA-7 (constructs M1 to M10, MAB, MCD and MEF) were constructed
utilizing PCR with specific primers whose sequence defined and delimited regions
encompassing the specific amino acid coordinates of MDA-7 as described above.
Essential regulatory signals including addition of an initiator methionine codon at
the start of each open reading frame and translational stop codon at the end was
also introduced by means of PCR by their incorporation into the specific primers
used to construct the variants, where necessary. Other transcriptional regulatory
sequences that drove transcription of plasmid in transfected cells, including the
promoter and polyadenylation site were contained in the pREP4 vector sequence
abutting the plasmid multiple cloning sites utilizéd to clone specific MDA-7
sequences generated by PCR. All constructs were sequence verified to confirm
the deletion encoded as well as integrity of the open reading frame to be

expressed.

- RESULTS:

Using a PCR based strategy, ten distinct deletion constructs encompassing
amino acid coordinates of the MDA-7 protein including 48-206 (M1), 63-206
(M2), 80-206 (M3), 104-206 (M4), 131-206 (MS) and 159-206 (M6) making up a
set of amino-terminal deletions and encompassing amino acid coordinates 48-180
(M?7), 48-158 (M8), 48-130 (M9) and 48-104 (M10) making up a set of carboxyl-
terminal deletions were cloned into the mammalian expression vector pPREP4
(Invitrogen, Carlsbad, CA). This vector system has been previously utilized to
analyze growth suppressive effects of the mda-7 gene (Jiang et al., 1996, Proc
Natl Acad Sci U S A. 93:9160-9165). Deletions were constructed semi-randomly
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at approximately 20 amino acid intervals between positions 48-159 from the N-
terminal and between positions 104 to 180 from the C-terminus (Fig. 1).

The phenotypic effect of expressing individual mutant constructs was
initially analyzed in HeLa (human cervical cancer) cells due to their high _
transformation efficiency and relatively high susceptibility to mda-7 induced
apoptosis (Jiang et al., 1996, Proc Natl Acad Sci U S A. 93:9160-9165).
Transfected cells were plated at densities of between 5x10° to 5x10° cells per dish
and transfected with respective expression vectors. Controls included empty
pREP4 vector or pREP4 encoding the entire mda-7 reading frame (Figs. 2A and
2B, pREP4 and MDA?7 bars). The effect on cell survival after exposure to
different mda-7 deletion mutants was scored as average number of colonies
formed (comprising of >50 cells/colony) and derived from average values of
colony numbers from 3 plates per construct. While the negative control, pREP4,
gave an average of 110 colonies, full-length mda-7 expressing plates gave an
average of 60 colonies/plate. By contrast, cells expressing M2, M3, M5, M7, M8
and M9 had minimum to no effect on colony formation compared to pREP4
control. Constructs M1, M4 and M10 however had significant growth inhibitory
effects forming average colony numbers of 60 for M1, 50 for M4 and 20 for M10
respectively. Therefore M1, M4 and M10 showed the ability to partially or fully
reproduce the growth inhibitory effect of wild-type MDA-7. The remaining
constructs tested displayed slight or no apparent influence on cell growth and
survival when over expressed in HeLa cells (Figs. 2A and 2B). When the
experiment was repeated in DU-145 (human prostate cancer) cells, all three
constructs, M1, M4 and M10 were statistically comparable in inhibitory activity to
full length MDA-7, showing an average of 50% inhibition in colony formation
compared to pREP4 vector (60 versus 150 average number of colonies; Fig. 4).
These series of experiments with deletion variants of mda-7, in particular M1, M4
and M10 indicate that specific regions to MDA-7, when expressed in isolation,
can retain the capacity of cancer cell killing hitherto only demonstrated by the
intact native molecule.

Three additional internal deletion variants were constructed that
approximated the major helical regions of the MDA-7 molecule. Thus the AB-,
CD- and EF-domain constructs were delineated based on a helical overlay or

threading of the known IL-10 crystal structure onto the predicted structure of
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MDA-7 since both belong to the four-helix bundle family of cytokines (Pestka et
al., Annu Rev Immunol. 2004, 22:929-979). The basis of constructing these
variants was to follow, at least partially, a rational structure-based framework of
mutagenesis since helical regions have been shown to be impoﬁant for cytokine
activity of the four-helix bundle cytokines (Pestka et al., Annu Rev Immunol.
2004, 22:929-979). Expression constructs were made by cloning PCR generated
molecules into the pREP4 vector and these were tested in colony formation assays
as with the previous series of variants (M1 to M10).

Transfection experiments utilizing the AB, CD and EF- series variants
were variations of those performed using the M1-M10 series, in that each
construct was co-transfected with vector (v), wild-type full length expressing
construct (M) and in combinations with each other (Fig. 6) as opposed to
transfection alone with the M1-M10 series. The total amount of input DNA per
transfection was maintained by adjusting the concentrations of vector, MDA-7
and deletion construct DNAs to ensure that the extent of inhibition was
comparable between different points. This experimental design permitted the
determination of interference or synergy of activity of mutants with the wild-type
molecule or with each other.

In HeLa cells, AB-domain (“MAB”), when co-transfected with full length
MDA-7, was able to re;/erse the growth inhibiting ability of MDA-7 (Fig. 6,
v+M+AB bar), as did v+M+EF, vtM+AB+CD, v+M+BC+EF, v+tM+AB+EF,
v+AB+CD+EF. However v+M+CD did not have any influence on the inhibitory
activity of full length MDA-7.

When a similar series of experiments was performed in DU-145 cells a
similar pattern of inhibition was observed (Fig. 7). From these results it appears
that at least certain partial helical domains of MDA-7 (i.e., the AB and EF
domains), when co-expressed with the wild-type molecule, are able to reverse the
growth inhibitory properties of the wild-type through currently unknown
mechanisms. These might involve protein-protein interactions between full-length
MDA-7, co-expressed variants and other cellular mediators of MDA-7 activity
that might be distributed between active full-length MDA-7 containing complexes
and inactive variant associated complexes.

The results obtained with constructs M1, M4 and M10 demonstrate that
specific regions of the MDA-7 polypeptide are able to induce apoptosis in
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transformed cells. The M1 peptide corresponds to the entire active region of
MDA-7, less the first 46 amino acids comprising the majority of N-terminal signal
sequence. Removal of this sequence has been shown to impair the ability of cells
to secrete MDA-7 protein. However, recent studies have demonstrated that this
truncated molecule (lacking the secretory peptide) has the capacity to induce
transformed cell specific apoptosis by localizing in the endoplasmic reticulum and
likely induces apoptosis via the unfolded protein response as has been previously
demonstrated indirectly for the wild-type molecule (Sauane et al., Cancer Res.
2004, 64: 2988-2993). The two non-overlapping constructs M4 and M10 still
retain apoptosis inducing activity individually, despite being trﬁncated forms of
the MDA-7 peptide as well as not having a common region to which this activity

may be attributed.

EXAMPLE 2: Bip/GRP78 is an intracellular target for MDA-7/1L-24
induction of cancer-specific apoptosis

Mda-7/IL-24 is a unique member of the IL-10 gene family that induces
cancer-selective growth suppression and apoptosis in a wide spectrum of human
cancers in cell culture, animal models and in clinical trials. Using deletion
analysis, a specific mutant of MDA-7/IL-24, M4, consisting of amino acids 104 to
206 is described that retains the cancer-specific growth suppressii'e and apoptosis-
inducting properties of the full-length protein. MDA-7/IL-24 and M4 physically
interact with BiP/GRP78, localize in the endoplasmic reticulum and activate p38
MAPK and GADD gene expression culminating in apoptosis. These studies
present novel insights into the mechanism of action of MDA-7/IL-24 and provide
an opportunity to develop improved therapeutic versions of this cancer-specific
apoptosis-inducing cytokine.

Mda-7/IL-24 has considerable potential for cancer gene therapy, recently
validated in patients. Novel insights are provided into the mechanism of action of
this cancer-specific apoptosis-inducing cytokine gene, identifying a specific
deletion mutant M4 containing ~50% of the full-length protein that retains the
properties of the unmodified MDA-7/IL-24 protein. Rationally designed
mutational analysis indicates the importance of specific regions in the C and F
helices of MDA-7/IL-24 and interactions with BiP/GRP78 in mediating cancer-

selective killing properties. These findings elucidate new targets and approaches
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that can be used to develop improved applications of this novel cytokine for
cancer gene therapy. Mda-7/IL-24 is an intriguing multifunctional gene product
that exhibits considerable potential as a gene therapy for cancér (Fisher et al.,
2003; Fisher, 2005; Gupta et al., 2005; Lebedeva et al., 2005a). When
administered by means of a replication incompetent adenovirus (Ad.mda-7),
growth suppression and apoptosis are induced in a broad spectrum of tumor cells
both in vitro and in vivo in human tumor xenograft models, while no harmful
effects are observed in normal cells (Fisher et al., 2003; Fisher, 2005; Gupta et al.,
2005; Lebedeva et al., 2005a). In a Phase I clinical trial involving adenovirus
administration of mda-7/IL-24 intratumorally into advanced carcinomas and
melanomas, this novel cytokine was found to be safe and demonstrated profound
tumor-specific apoptosis induction and significant clinical activity (Fisher et al.,
2003; Cunningham et al., 2005; Fisher, 2005; Gupta et al., 2005; Lebedeva et al.,
2005a; Tong et al., 2005). Based on these provocative findings clinical trials are
ongoing using mda-7/IL-24 for melanoma and other human cancers.

Studies using Ad.mda-7 in melanoma cells establish Vifally expressed
mda-7/IL-24 induces an alteration in the ratio of pro-apoptotic to anti-apoptotic
proteins culminating in induction of apoptosis, effects not observed in normal or
immortal human melanocytes (Lebedeva et al., 2002). Experiments investigating
the mechanism underlying this differential apoptotic effect demonstrated that
Ad.mda-7 induced a dose- and time-dependent induction of a family of growth
arrest and DNA damage inducible (GADD) genes, GADD153, GADD45c. and
GADD34, through p38 mitogen activated protein kinase (MAPK) in melanoma,
but not in normal immortal melanocytes (Sarkar et al., 2002b). Activation of the
GADD:s following infection with Ad.mda-7 has also been shown to occur
selectively in human malignant glioma and prostate and ovarian carcinomas
versus normal primary astrocytes, prostate epithelial cells and mesothelial cells
(Su et al., 2003). These findings suggest that induction of these key molecules
may be essential for mda-7/1L-24 selective apoptosis-induction in specific cancer
cells.

Mda-7/1L-24 is localized on human chromosome 1q32-33 (Blumberg et
al., 2001; Huang et al., 2001). The ~2kb mda-7/IL-24 mRNA encodes a

polypeptide of 206-amino acids. Sequence analysis reveals mda-7/1L-24 is a
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member of the class-2 cytokine family that includes IL-10, IL-19, IL-20, IL-22,
IL-26, and IFN-y (Pestka et al., 2004). In these contexts, mda-7/IL-24 is expected
to adopt an a-helical structure (six a-helices labeled A-F) similar to the crystal
structure of IL-10 (Pestka et al. 2004; Walter, 2004; Xu et al., 2004). Consistent
with the classification of mda-7/IL-24 as a cytokine, the N-terminal 48-amino
acids of the protein form a signal peptide. Expression studies confirm mda-7/IL-
24 is secreted as a 1578-amino acid protein that is variably glycosylated at one or
more of its three N-linked glycosylation sites (Sauane et al., 2003b).

Like other class-2 cytokines, mda-7/IL-24 binds to cell-surface receptors
(IL-20R1/IL-20R2 or IL22R1/IL-20R2 heterodimers) (Dumoutier and Renauld,
2002; Wang et al., 2002), and activates the JAK/STAT signaling pathway
(Dumoutier et al.,, 2001; Kotenko et al., 2002; Wang et al., 2002; Pestka et al.,
2004). Consistent with its role as a cytokine, exogenously added MDA-7/1L-24
has been shown to induce apoptosis in cancer cells that is dependent on the
presence of its cognate cell-surface receptors (Chada et al. 2005; Su et al., 2005b).
However, in contrast to the specific action of most cytokines on a few specific cell
types, mda-7/IL-24 displays nearly ubiquitous apoptosis-inducing properties in
human melanomas, osteosarcomas, fibrosarcomas, mesotheliomas, malignant
gliomas and carcinomas of the breast, cervix, colon, liver, lung, nasopharynx,
ovary and prostate (Sarkar et al., 2002a; Fisher et al., 2003; Sauane et al., 2003b;
Fisher, 2005; Gupta et al., 2005; Lebedeva et al., 2005a). In contrast, no
detrimental effect has been observed in a spectrum of normal cells, including skin
and lung fibroblasts, melanocytes, mesothelial cells, astrocytes and epithelial cells
from the breast, prostate and ovary (Sarkar et al., 2002a; Fisher et al., 2003;
Sauane et al., 2003b; Fisher, 2005; Gupta et al., 2005; Lebedeva et al., 2005a).

Studies initially focused on the role of mda-7/1L-24 receptor-mediated
JAK/STAT signaling in inducing apoptosis (Sauane et al., 2003a). Using a series
of tyrosine kinase (TK) inhibitors, Genistein and AG18, a JAK-selective inhibitor,
AG490, and cells defective in specific JAK/STAT signaling pathways studies
showed that TK activation was not required for Ad.mda-7-induced apoptosis
suggesting that mda-7/IL-24 cancer specific apoptotic activity was JAK/STAT-
independent (Sauane et al., 2003a). The ability of this cytokine to kill cancer cells

in a JAK/STAT independent manner was also verified using exogenously added
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recombinant GST-MDA7/IL-24 fusion protein, which induced apoptosis in
transformed but not in normal cells as observed for virus-delivered mda- 7/1L-24
(Sauane et al., 2004a). Additionally, GST-MDA7/IL-24 proteih caused apoptosis
in JAK/STAT deficient cell lines and in cells lacking IL-20R1/IL-20-R2 or IL-
22R1/IL-20R2 receptors suggesting that mda-7/IL-24-induced cancer specific
killing was indeed JAK/STAT-independent and it could occur through
mechanisms independent of binding to cognate receptors (Sauane et al., 2004a).
Further support for lack of a canonical cytokine mechanism of inducing cancer-
specific apoptosis comes from studies using a non-secreted version of mda-7/IL-
24 lacking the signal peptide Ad.SP-mda-7 (Sauane et al., 2004b). Virally
expressed SP-mda-7 displayed comparable apoptosis inducing activity as full-
length Ad.mda-7 (Sauane et al., 2004b). These findings show that mda-7/IL-24-
mediated apoptosis can be triggered through an undefined intracellular mode of
action as well as via secretion or by a combination of both processes (Sauane et
al., 2004b; Su et al., 2005a; Gupta et al., 2005).

Several lines of evidence suggest mda-7/IL-24 intracellular-mediated
apoptosis may involve endoplasmic reticulum (ER) signaling. First, localization
studies employing |
Ad.mda-7, Ad.SP-mda-7 and GST-MDA-7/IL-24 indicate that the ER/Golgi
compartment is a primary site of localization of MDA-7/IL-24 (Sauane et al.,
2004a; Sauane et al., 2004b). Second, Ad.mda-7 induces GADD gene expression
that is classically associated with ER stress responses (Sarkar et al., 2002b; Su et
al., 2003). Third, Ad.mda-7 infection of H1299 non-small cell lung carcinoma
cells leads to upregulation of IP3R (inositol triphosphate receptor) (Mhashilkar et
al., 2003) an ER localized intracellular calcium release channel implicated in
apoptosis (Fry, 2001; Rao et al., 2002b).

In addition to cell-based studies, direct interactions have been shown
between the class-2 cytokine IFN-y and the ER resident chaperone BiP/GRP78.
Based on amino acid sequence homology among the class-2 cytokines, mda-7/IL-
24 also contains one or more putative BiP/GRP78 binding sites that could impact
ER signaling responses. Since BiP/GRP78 is involved in binding unfolded
polypeptides to promote folding into a
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3-D structure, it was possible to identify a deletion mutant of mda-7/IL-24 that
would activate ER signaling in a similar manner as wild type mda-7/IL-24. The
data show that the ER variant protein BiP/GRP78 acts as an intracellular target for
MDA-7/IL-24, documenting the importance of binding with subsequent activation
of the down stream targets p38 MAPK and GADD in mediating apoptosis
selectively in cancer cells. A truncated version of MDA-7/IL-24 was also
identified, M4 consisting of amino acids 104 to 206 of the full-length protein, that
retains BiP/GRP78 binding, localizes in the ER and induces biochemical changes
promoting growth suppression and apoptosis uniquely in tumor cells, both in vitro
and in vivo. The present studies also show a non-canonical intracellular mode of
apoptosis-induction by the IL-10 family member mda-7/IL-24 and éuggest a small
molecule mimetic of mda-7/IL-24 activity may be developed that selectively
induces apoptosis in cancer cells.

RESULTS

Mapping functional regions of mda-7/IL-24 that mediate cancer-specific
growth suppression

To test the hypothesis that mda-7/IL-24 induces apoptosis through an
intracellular receptor-independent mechanism, a series of mda-7/IL-24 deletion
mutants (M1-M6) were constructed. The mutants were guided by secondary
structure predictions of MDA- 7/IL-24 defined by amino acid sequence and
structural homology with IL-10 (Walter and Nagabhushan, 1995). In the first
mutant (M1), the signal peptide that directs secretion of mda- 7/1L-24 is deleted
(Sauane et al., 2004b). In M2, the signal peptide and residues prior to a-helix A
are deleted. Mutants M3-M6 correspond to peptides that contain putative MDA-
7/IL-24 a-helices B, C, D, E and F (M3), C, D, E, and F (M4), D, E, and F (M5),
and E and F (M6). This strategy was adopted to define fragments of MDA-7/IL-24
that might be biologically active even if they cannot adopt a completely folded
three-dimensional structure or be secreted into the culture media to bind cell-
surface receptors.

Mutants M1-M6 were transiently expressed in cancer (HeLa and DU-145)
and normal (P69) cell lines and their ability to suppress cell growth was evaluated
(Figs. 8B, 8C and 8D). M1, which lacks the signal peptide amino acids 1-47, had
significant growth suppressive properties in HeLa and DU-145 cells (Figs. 8B and
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8C), without altering growth in SV40-immortalized normal human prostate
epithelial (P69) cells (Fig. 8D). Deletion of residues from 1-62 and 1-79 of the
full-length mda-7/1L-24 gene in constructs M2 and M3, respectively, resulted in
molecules that were devoid of growth suppressive activity (Fig. 8). Deletion of
residues 1-103 (M4, corresponding to a-helices C, D, E, and F) retained the
functional activities of the full-length MDA-7/IL-24 gene product, inducing
cancer-specific growth suppression in HeLa and DU-145 cells (Figs. 8B and 8C).
Transfection of the M4 construct into additional cancer cell lines, including
LNCaP (prostate carcinoma) and T47D (breast carcinoma) decreased colony
formation, whereas no colony inhibition was observed in P69 (Fig. 8D) or
FM516-SV (an SV40 T-antigen immortalizéd normal human melanocyte cell
line). Further deletion of residues 1-130 (M5) or 1-159 (M6) rendered the
molecule inactive in cancer-specific cell growth suppression activity.

To characterize the expression levels of the mutants, M1-M6 were
subcloned into a pCMV3x Flag vector. The Flag M1-M6 were expressed in
HeLa, DU-145, and P69 cells and quantified by Western blotting using an anti-
Flag antibody. Expression of deletion mutants from the flag-tagged constructs
revealed that functional protein was synthesized for full-length MDA-7/1L-24,
M1, M2, M3 and M4 (Fig. 8E). However, no flag-tagged proteins were detected
for the MS or M6 constructs (Fig. 8E).

Ectopic expression of M4 by adenovirus induces cancer cell-specific apoptosis

Ectopic expression by means of an adenovirus provides efficient delivery
of gene products in proliferating and non-proliferating cells permitting evaluation
of biological function of wild type and mutant suppressor genes. To begin to
define how M4, which contains literally one-half of the novel cytokine MDA-
7/IL-24, elicits similar cancer-specific growth suppressing properties as the full-
length molecule, a replication incompetent type 5 adenovirus expressing M4, }
Ad.M4, was constructed. HeLa cells were infected with 50 pfu/cell of Ad.vec (Ad
lacking a gene insert), Ad.mda-7 (Ad containing the full-length mda-7/1L-24
without UTRs) or Ad.M4 (Ad containing the M4 mutant), 24 hr later RNA was
isolated and Northern blotting was performed (Fig. 9A). Additionally, cells were
lysed and levels of MDA-7/IL-24 and M4 proteins were determined by Western
blotting (Fig. 9B). Infection of HeLa cells with Ad.M4 produced a single MDA-
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7/IL-24 protein of ~15-kDa, whereas Ad.mda-7 generated multiple bands, because
of glycosylation, ranging in size from ~20- to ~25-kDa (Fig. 9B). Similar results
were obtained when normal primary human fetal astrocytes '(PHFA), FM516-SV
or P69 cells were infected with Ad.mda-7 or Ad.M4.

The impact of Ad.M4 and Ad.mda-7 virus infection on the survival of
cancer and normal cells was evaluated. HeLa, DU-145 and P69 cells were
infected with 100 pfu/cell of Ad.vec or 10, 25, 50 or 100 pfu/cell of Ad.M4 or
Ad.mda-7. Cell viability was monitored by MTT assays performed at days 1, 3
and 5. These experiments confirmed a dose-dependent decrease in cell viability in
DU-145 and HeLa cells following infection with Ad.M4 or Ad.mda-7 (Fig. 9C).
In contrast, no discernible effect was evident on viability of P69 cells even after
infection with100 pfu/cell of Ad.M4 or Ad.mda-7 (Fig. 9C). Definitive decreases
in cancer cell viability were evident with as little as 10 pfu/cell of Ad.M4 or
Ad.mda-7 in DU-145 and HeLa cells (Fig. 9C). Inhibition of long-term viability
was documented using clonal survival assays (Fig. 9D). In these experiments,
Ad.M4 and Ad.mda-7 resulted in a profound decrease in survival of DU-145 and
HelLa cells, even when cells were infected with 10 pfu/cell of virus. In contrast, as
had been observed in the MTT assays, no significant effect was apparent on
colony formation versus Ad.vec infected P69 cells, even when infected with 100
pfu/cell of Ad.M4 or Ad.mda-7. These studies confirm similar restricted anti-
proliferative and anti-survival effects of Ad.M4 versus Ad.mda-7 in cancer cells,
with no apparent toxic effects in normal cells.

Annexin V staining, which monitors carfy apoptotic changes in cells, was
determined by FACS analysis in P69, DU-145, HeLa and T47D (breast
carcinoma) cells 24 hr after infection with 100 pfu/cell of Ad.vec, Ad.M4 or
Ad.mda-7 (Fig. 9E). Infection of P69 cells with Ad.vec, Ad.M4 or Ad.mda-7
resulted in ~5-8 % Annexin V positive stained cells, while ~35-40% of DU145,
~50-55% of HeLa and ~25-30% of T47D cells stained Annexin V positive after
infection with Ad.M4 or Ad.mda-7 (Fig. 9E). These results show that both M4 and
MDA-7/IL-24 display similar apoptotic-inducing properties in cancer cells,
without prompting apoptosis in normal cells. A lack of apoptosis-inducing
properties was also apparent in normal PHFA and FM516-SV cells. These results
show that the M4 mutant, which consists of four of the six putative a-helices of

MDA-7/1L-24 (a-helices C, D, E and F), retains the same cancer-specific growth-
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suppressive and apoptosis-inducing properties as the full-length molecule.
Furthermore, M4 does not contain a signal sequence and is not secreted from
cells. This data provides additional support for a novel intracellular mode of
cancer cell-specific killing by mda-7/IL-24.

M4, like mda-7/IL-24, localizes in the endoplasmic reticulum

Mda-7/1L-24 can induce cancer cell-specific killing that is not dependent
on interactions with the canonical I1-20/IL-22 receptor chains or the JAK/STAT
signaling pathway (Sauane et al., 2003a; Su et al., 2005a). This provokes the
obvious question of what intracellular target might mediate the selective
intracellular killing of cancer cells by mda-7/IL-24. Previous studies revealed
MDA-7/IL-24 localizes in the ER in both normal and cancer cells prompting us to
determine if M4 also localizes to the ER.

To address this question, the subcellular localization of M4 and MDA-
7/IL-24 was analyzed in DU-145 and P69 cells after infection with Ad.M4 or
Ad.mda-7 (Figs. 9F and 9G). Immunofluorescence detection was standardized at
different time points to avoid ambiguous changes in localization that might occur
as a result of loss of internal membrane integrity due to apoptotic events induced
by M4 or MDA-7/IL-24 in DU-145 cancer cells. Like full-length MDA-7/IL-24
protein, M4 was localized in the ER compartment in both cancer and normal cells
(Figs. 9F and 9G).

Hydrophobic residues in the C and F helices of the M4 and MDA-7/IL-24 .
proteins are required for biological activity

Studies by Vandenbroeck et al. (2002) identified a conserved
DnaK/BiP/GRP78 binding site in all IL-10 family members, including mda-7/IL-
24 that may be necessary to assist in the folding of these molecules
(Vandenbroeck et al., 2002). The conserved DnaK/BiP/GRP78 binding site is
located on helix C and consiéts of the eight-residue sequence TLLEFYLK in mda-
7/IL-24. In the three-dimensional structure of IL-10 and IFN-y, the helix C
DnaK/BiP/GRP78 binding site is positioned next to a second highly conserved
amino acid sequence (KALGEVD in mda-7/IL-24) located in helix F. In contrast
to the conserved segment in helix C, the conserved sequence in helix F has not
been shown to interact with DnaK/BiP/GRP78. Because MDA-7/IL-24 and M4

both localize to the ER upon expression in cells, a potential role of these
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conserved residue segments, located in helices C and F, was investigated in
mediating killing by M4 and MDA-7/IL-24.

To explore the role of conserved residues in helices C (TLLEFYLK) and F
(KALGEVD) of MDA-7/IL-24 in inducing cancer cell-specific killing, a second
set of mutants was made (M4A-M4G). The last 7 residues of MDA-7/IL-24 were
deleted in M4A, resulting in the mutant containing residues 104-199. M4B
(residues 119-206) corresponds to a deletion of helix C, which‘contains the
DnaK/BiP/GRP78 binding site. M4C is the same length as M4 (104-206), but
helix C residues TLLEFYLK, were mutated to AGDATAGA. In M4D, the entire
F helix was deleted and the construct retained residues 104 to 187 of MDA-7/IL-
24. In M4E, conserved residues in helix F,

(KALGEVD), were mutated to GAHGAVA. M4F (residues 119-187) is a double
deletion mutant where both MDA-7/IL-24 helices C and F were removed.
Finally, M4G is a double mutation construct where both the conserved residues in
helices C and F were mutated as previously described for mutants M4C and M4E
(Fig. 10A).

The various constructs were evaluated for functional activity using colony
(clonal) formation assays in HeLa and DU-145 cancer cells and ih normal P69
cells. These experiments demonstrated that mda-7/IL-24, M4, and M4A reduced
hygromycin resistant colony formation relative to control pREP4 transfected cells
to an equivalent degree in both HeLa and DU-145 cells, withoﬁt significantly
altering colony formation in normal P69 cells (Figs. 10B, 10C and 10D).
Mutations or deletions of either the C or F helices, M4B, M4C, M4D and M4E,
modestly reduced colony formation in HeL.a and DU-145 cells as compared with
transfection with mda-7/1L-24, M4 or M4A. The M4F and M4G mutants, which
contain mutations or deletions in both the C and F helices, were devoid (HeLa) or
displayed minimal (DU-145) colony inhibitory activity (Figs. 10B and 10C). None
of these additional mutants affected colony formation in P69 cells (Fig. 10D).
These data show a role for the C and F helices of the MDA-7/IL-24 protein in
mediating cancer-specific activity of the M4 deletion mutant of mda-7/1L-24.
When either site was mutated or deleted there was a disruption of the activity and
functionality was essentially extinguished when both sites were deleted or

mutated.
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To examine further the role of helix C and F residues in mediating killing
by MDA-7/IL-24, mutations were generated in the conserved regions of helices C
and F in full-length MDA-7/IL-24. In MDA?7 (C), helix C of MDA-7/IL-24 was
mutated from TLLEFYLK to TLAGSRLG, and in MDA7 (C/F) both the C and F
helices of MDA-7/IL-24 were mutated. In mutant MDA-7 (C/F), a-helix C
residues TLLEFYLK were mutated to residues TLAGSRLG and a-helix F
residues KALGEVD were mutated to residues GAHGAVA. (Fig. 10E). The
mutation introduced in MDA-7 (C) is different than other helix C mutations made
in M4 due to difficulties in generating the construct, while mutations in the
conserved region of helix F were identical to those used in the M4 constructs.

The effect of these mutations on colony formation in cancer and normal
cell lines using colony formation assays was evaluated (Figs. 10F and 10G).
Mutations in helix C disrupted the functional activity of MDA-7/IL-24 and
mutations in both the C and F (C/F) helices abrogated the cancer-specific
inhibitory activity of MDA-7/IL-24, resulting in a similar number of colonies as
observed in pREP4 vector-transfected cultures (Fig. 10F). However, these
colonies were morphologically smaller than colonies formed in vector control
transfected cellé, suggesting retention of some growth modulating activity. No
effect was observed in P69 cells with either of these MDA-7/IL-24 mutants (Fig.
10G). These studies confirm that both the C and F helices of the MDA-7/IL-24
protein are crucial for maintaining optimum mda-7/IL-24 cancer-specific growth
suppressive activity.
ER variant BiP/GRP78 interacts with MDA-7/IL-24 and M4

These data show a potential involvement of conserved residues in a-
helices C and F in mediating the cancer-specific inhibitory activity of both M4
and full-length MDA-7/IL-24. Because the conserved region of helix C in IFN-y
has been shown to interact with DnaK and BiP/GRP78, experiments were
performed to investigate whether BiP/GRP78 and MDA-7/IL-24 bind to one
another. Ectopic expression of MDA-7/IL-24 and M4 protein by adenovirus
transduction followed by immunoprecipitation (IP) using
BiP/GRP78 antibodies confirmed a physical interaction between these molecules
(Fig.
11A).
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To further expldre the interaction between BiP/GRP78 and MDA-7/IL-24
or M4, MDA-7/IL-24 or M4 was transiently expressed in HeLa cells to
characterize BiP/GRP78 interactions. However, as seen in Fig. 11A, an interaction
between BiP/GRP78 and MDA-7/IL-24 or M4 was only evident when cells were
infected with Ad.mda-7 or Ad.M4. To overcome this problem, MDA-7/IL-24 and
BiP/GRP78 were simultaneously expressed with different affinity tags, i.e., Flag
or Myc, and Co-IP analyses was repeated (Fig 11B). Flag-tagged MDA-7/IL-24 or
M4 were transiently transfected with myc-tagged BiP/GRP78 into HeLa cells and
IP was performed using 9E10 Myc monoclonal antibodies. The protein samples
were electroblotted and developed with the Flag antibody M2. As can be seen in
Fig. 11B, MDA-7/IL-24 and M4 Co-IP with BiP/GRP78 demonstrating a physical
interaction between these two molecules. Co-IP of MDA-7/IL-

24 and M4 with BiP/GRP78 was also observed when polyclonal BiP/GP78
antibody was used for IP. Similarly, cotransfection of HeLa cells with Flag-tagged
M1, M2 or M3 with BiP/GRP78 resulted in Co-IP with 9E10myc antibodies
confirming interaction of these MDA-7/IL-24 mutants with BiP/GRP78 (Fig.
11C). Experiments were also performed in a reverse direction. For example, IP
was performed using Flag antibodies and the membrane was probed with the Myc
antibody 9E10. This experiment also confirmed BIP/GRP78 interaction with
MDA-7/1L-24 and M4, as well as M1, M2 and M3, only when both molecules
were simultaneously transfected into HeLa cells.

To investigate further the putative roles of the C and F helices of MDA-
7/IL-24 and M4 in mediating interaction with BiP/GRP78, flag tagged mutants of
MDA-7/IL-24 and M4 were constructed at the C as well as the F helices. Fig. 11D
shows expression of the flag-tagged wild type MDA-7/IL-24 and M4 as well as
the C plus F (C/F) mutants of MDA-7/IL-24 and M4. These mutants were used to
examine whether disruption of these regions altered interaction with BiP/GRP78
in HeLa (Fig. 11E) and P69 cells. BiP/GRP78 was immunoprecipitated using
BiP/GRP78 antibodies and the membrane was probed with Flag antibodies (Fig.
11E). The C/F helix mutants of MDA-7/IL-24 and M4 lost their ability to bind to
BiP/GRP78 (Fig. 11E). Similar results were obtained using normal P69 cells,
indicating that BiP/GRP78 binding is dependent on the integrity of the conserved
residues located in helices C and F. These studies confirm that BiP/GRP78
interacts with MDA-7/IL-24 and M4 through the conserved residues in helices C
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and/or F ahd mutation of these residues prevents binding and abrogates the
cancer-specific apoptosis inducing properties of full-length MDA-7/IL-24 as well
as M4. These studies confirm MDA-7/IL-24-BiP/GRP78 interactions occur in
both normal and cancer cells and that this physical interaction by itself, although
necessary for apoptosis-induction in cancer cells, does not mediate growth
suppression or apoptosis induction by this novel cytokine in normal cells.
M4 Induces Activation of p38 MAPK and GADD Gene Family Expression
Previous observations have shown MDA-7/IL-24 activates p38 MAPK in
a number of target cancer cells, but not normal cells, thereby resulting in induction
of the pro-apoptotic GADD family of genes causing apoptosis selectively in
cancer cells (Sarkar et al., 2002b; Su et al., 2003). Blocking p38 MAPK activation
in melanoma cells using pharmacological inhibitors or through a dominant-
negative strategy or antisense blocking of GADD gene expression inhibits or
reduces, respectively, apoptosis induction by Ad.mda-7 (Sarkar et al., 2002b).
These findings argue that this signaling pathway is relevant for apoptosis
induction by mda-7/IL-24 in specific cancer cells. Based on these considerations,
various MDA-7/IL-24 and M4 mutants, including M1 (lacking the signal peptide,
amino acids 1 to 48), M2, M3, M4 and various point or deletion mutations in M4,
were tested to determine if they retain the ability to induce phoshorylation of p38
MAPK and induce GADD gene expression. As shown in Fig. 12B, full length
MDA-7/IL-24, M1 and M4 proteins retain the ability to maximally promote p38
MAPK phosphorylation. In contrast, M2, M3, M4 and M5 do not induce p38
MAPK phosphorylation. Analysis of the downstream targets of p38 indicated
maximum induction of both GADD34 and GADD153 mRNA by MDA-7/IL-24,
M1 and M4 (Fig. 12C). Similarly, reduced phosphorylation of p38 MAPK and
induction of GADD34 and GADD153 mRNA was apparent in variants encoding
helix C or helix C plus F (C/F) mutants of full-length MDA-7/IL-24, MDA7 (C)
and MDA7 (C/F), and in the M4 mutants M4C, M4E, M4F and MFG (Fig. 12C).
Although the mechanism by which MDA-7/IL-24 and M4 induce p38 MAPK
phosphorylation remains to be determined, the present study identifies a relevant
downstream target gene family that is activated after BIP/GRP78 binding and
which is critical for MDA-7/IL-24 and M4 to induce apoptosis selectively in
cancer cells (Fig. 12D).
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M4 retains antitumor properties in vivo in a human tumor nude mouse
xenograft model

Ad.mda-7, which expresses the full-length mda-7/IL-24 gene, has potent
antitumor activity in nude mice containing human tumor xenografts {Su et al.,
1998; Madireddi et al., 2000; Sarkar et al.; 2005). Based on this consideration,
studies were designed to determine if M4, administered by adenovirus, would
display antitumor activity and how it would compare with Ad.mda-7. Since M4
lacks a signal peptide, plus an additional 54 amino acids of the full length MDA-
7/IL-24, the effect of an adenovirus expressing an M1 gene construct, Ad.Sp-mda-
7 (Sauane et al., 2004b) was also tested. For the tumor studies, a scheme known
in the art (Sarkar et al., 2005) was utilized in which tumors were established on
both sides of an animal and the therapeutic agent was applied to one side of the
animal and its effect on the injected and non-injected tumor sites were determined
over time. This approach provides insight into “antitumor bystander” activity (Su
et al., 2001; Su et al., 2005b; Chada et al., 2005), which is an inherent property of
mda-7/1L-24 that significantly increases its therapeutic utility {Fisher et al., 2003;
Lebedeva et al., 2005b; Tong et al., 2005; Fisher, 2005). Intratumoral injection of
Ad.M4 and Ad.Sp-mda-7 in established T47D human breast cancer xenografts in
nude mice significantly inhibited tumor growth on the left side (injected site)
when compared to that of control (untreated) or Ad.vec (control empty
adenovirus) injected animals (Figs. 13A and 13B). However, Ad.M4 and Ad.Sp-
mda-T7 exerted no discernible effect on the tumors on the uninjected right side.
However, injection of Ad.mda-7 completely eradicated tumors on the left side and
markedly inhibited the growth of the tumors on the right side. These findings
indicate that although Ad.M4 and Ad.Sp-mda-7 significantly inhibited tumor
growth, because of the lack of secretory ability, they did not show any “antitumor
bystander” activity. In contrast, Ad.mda-7 eradicated primary (left-sided) and
significantly inhibited distant (right-sided) tumors indicating that it has potent

“antitumor bystander” activity.

DISCUSSION

To define the mechanism by which MDA-7/IL-24, an IL-10 family
cytokine, selectively induces apoptosis in cancer cells without interactions with its
cell-surface receptors (IL-20R1/IL-20R2, IL-22R1/IL-20R2) and without
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JAK/STAT activation, a series of MDA7/IL-24 deletion mutants were constructed
and evaluated for growth-suppressing and apoptosis-inducing activity in cancer
and normal cells. This analysis revealed the MDA7/IL-24 deletion mutant
containing amino acids 104 to 206 (M4), exhibits apoptosis-inducing activities
indistinguishable from the full-length protein.

The MDA-7/IL-24 deletion mutant M4 lacks the signal sequence and two
(o- helices, A and B) of the six putative o-helices of the wild-type protein. Despite
the deletion of 50% of the MDA-7/IL-24 amino acid sequence, the M4 mutant
selectively induces apoptosis in cancer cells by activating p38 MAPK and
promoting GADD34 and GADD153 gene expression. MDA-7/IL-24 mutants, M1
(lacking the signal sequence) and M4, were also evaluated in nude mice
containing human breast tumor xenografts established on both sides of the animals
(Sarkar et al., 2005). In this model, Ad.mda-7 injected in the left flank of the
animals efficiently reduced the size of tumors in the left as well as the right flanks
of the mice. In contrast, Ad.MI and Ad.M4 reduced the size of tumors at the site
of virus injection (left flank), but had no effect on the tumor located on the right
flank of the animal. Because Ad.M! and Ad.M4 do not contain signal sequences,
the data support an intracellular mechanism of MDA-7/1L-24 anti-tumor action.
Furthermore, since at least 50% of the putative MDA-7/IL-24 receptor binding
sites has been deleted in the M4 mutant, it appears that MDA-7/IL-24 receptor
interactions are not essential for its apoptosis-inducing activity. However, as
shown in the xeongraft tumor model, secreted MDA-7/IL-24 can induce cancer
cell apoptosis in a paracrine manner (e.g., ‘bystander activity’) at distantly located
tumors, presumably by receptor-mediated mechanisms (Chada et al., 2005; Su et
al., 2005b). Further studies are required to determine if addition of a secretory
signal to M4 will permit this truncated MDA-7/IL-24 protein to induce ‘bystander
activity’.

A requirement for MDA-7/IL-24-, M1-, and M4-mediated cancer cell
apoptosis is an interaction with the ER chaperone BiP/GRP78. Disrupting MDA-
7/IL-24 : BiP/GRP78 or M4 : BiP/GRP78 interactions by mutating the conserved
BiP/GRP78 binding site in helix C prevented cancer cell apoptosis and the
activation of p38 MAPK and the GADD genes. These results suggest that MDA-
7/IL-24 binding to the chaperone BiP/GRP78 in a cancer cell-specific context may
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induce ER stress signals and ultimately apoptosis by activating the GADD genes
through p38 MAPK (Fig. 12D).

MDA-7/IL-24 mutants M2 and M3, which do not induce apoptosis, have
intact BiP/GRP78 binding sites in helices C and F. Thus, M2 and M3 mutants
bind BiP/GRP78 and localize to the ER, but these mutants did not induce similar
p38 MAPK phosphorylation or GADD gene expression. These results suggest
BiP/GRP78 binding is required, but not sufficient, for MDA-7/IL-24-mediated
cancer cell apoptosis. The results are consistent with BiP/GRP78’s primary role of
assisting in the proper folding of a variety of secreted proteins, including other
members of the IL-10 family which contain conserved BiP/GRP78 binding sites
in their sequences (Vanderbrock et al., 2002). Inactive M2 and M3 mutants both
contain residues 104-206 of MDA-7/IL-24 (M4), which is able to selectively
induce apoptosis in cancer cells. Considering that these inactive constructs interact
with BiP/GRP78, apparently, in addition to stabilization by chaperones, a higher
level of regulation may be operational to control the activity of MDA-7/IL-24.
This regulation might be mediated by the interaction of MDA-7/IL-24 with as yet
unidentified protein(s) (Protein X) in addition to BiP/GRP78 to which M1 and
M4, but not M3 or M3, interact thereby activating downstream signaling cascades,
such as p38 MAPK phosphorylation and subsequent GADD gene induction (Fig.
12D).

At least some insight into the connection between MDA-7/IL-24 :
BiP/GRP78 interactions and cancer cell apoptosis can be obtained from recent
studies on the activation mechanisms of the ER stress response (Rao et al., 2002a;
Rao et al., 2004; Rao et al., 2002b). In particular, the activation of the membrane
associated transcription factor ATF6, which induces several ER stress reéponse
genes, is controlled by a competition between the luminal domain of ATF6 and
unfolded proteins in the ER for BiP/GRP-78 (Shen et al., 2002; Shen and Prywes,
2004; Shen et al., 2005). Under normal conditions, ATF6 is kept in a sequestered
inactive form by interactions with BiP/GRP-78. However, dissociation of
BiP/GRP78 from ATF6 activates the transcription factor, which results in the
induction of several ER stress response genes (Yoshida et al., 1998). Thus, in
cancer cells, the expression of MDA-7/IL-24, M1, and M4 may compete for
BiP/GRP78 leading to ATF6 activation, and possibly other signaling molecules
that regulate cancer cell apoptosis. In contrast, the additional MDA-7/IL-24
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residues found in the inactive M2 and M3 mutants, may shield or prevent high-
affinity interactions with BiP/GRP78 and possibly other ER proteins that regulate
apoptosis (Fig. 12D). These studies also show the ER is extremely sensitive to the
type of protein/peptide required to induce BiP/GRP78-mediated cancer cell
apoptosis.

Based on its multifunctional therapeutic properties (Fisher, 2005; Fisher et
al., 2003; Gupta et al., 2005; Lebedeva et al., 2005a), mda-7/IL-24 is being hailed
as a potential ‘magic bullet’ for cancer gene therapy (Fisher, 2005) and M4 may
provide a means of further enhancing its applications as an anti-tumor agent.
Because of its small size, the delivery of M4 is predicted to be more efficient
thereby augmenting in vivo activity. A number of cytokines are currently being
evaluated for cancer gene therapy, including IL-2, IL-4 and IL-12, which exert
their anti-tumor effects predominantly by modulating the immune system. Among
them, mda-7/IL-24 belongs to a highly select group, perhaps only rivaled by
interferon, that can directly induce apoptosis, promote profound ‘bystander
activity’, inhibit angiogenesis, augment anti-tumor immune responses and
promote radiosensitization (Fisher et al., 2003; Fisher, 2005; Gupta et al., 2005;
Lebedeva et al., 2005a). Moreover, these results describe a novel mechanism of
action and properties of MDA-7/IL-24 providing an opportunity to develop
strategies for augmenting its potential as a therapeutic agent (Fisher, 2005).

In summary, MDA-7/IL-24 is an a-helical cytokine that has tremendous
potential as a gene therapy for cancer. These studies identified a peptide of MDA-
7/IL-24 (M4, residues 104-206) that mimics the biological properties of the full-
length protein. The Experimental evidences confirm that interactions with the ER
chaperone BiP/GRP78 are critical for .the ability of MDA-7/IL-24 or M4 to induce
cancer cell apoptosis. This data provides and explanation for how virally
expressed MDA-7/IL-24 induces apoptosis without the need for cell-surface
receptor interactions or the JAK/STAT signaling pathway (Sauane et al., 2003a).
It also provides a possible explanation for why MDA-7/IL-24 is able to kill
diverse types of cancer cells. Finally, the effectiveness of MDA-7/IL-24 in
selectively inducing apoptosis in cancer cells, but not normal cells, is consistent
with cancer cells already being under significant metabolic stress. Thus,
MDA7/IL-24 peptides may lead to new therapeutics that selectively target and kill

cancer cells based on their increased level of stress compared to normal cells.
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MATERIALS AND METHODS
Cell Culture and Transfection Assays

HeLa (human cervical carcinoma), DU-145 (human prostate carcinoma),
T47D (human breast carcinoma), and FM516-SV (SV40 T Ag-immortalized
normal human melanocyte) cell lines were grown in Dulbecco’s modified Eagle’s
medium (DMEM) supplemented with 10% fetal calf serum at 37°C in a 5% CO,
incubator. SV40 T Ag-immortalized normal human prostate epithelial cells P69
were grown in serum free media supplemented with EGF (Bae et al., 1994).
Primary human fetal astrocytes (PHFA) were grown in DMEM with 10% fetal
calf serum. The various cell types were transfected using Lipofectamine 2000
(Invitrogen) or Superfect (Qiagen) according to the manufacturer’s instruction and
were incubated for 24 to 48 h before further experimental manipulation was
performed as outlined in specific figure legends.
Construction of MDA-7/IL-24 mutants

Serial N-terminal deletion mutants of MDA-7/IL-24 (M1 to M6) were

generated by PCR using a common antisense primer and corresponding sense

~ primers (Table 1; Supplemental Data). M1 (a.a. 48-206) was devoid of the signal

peptide. In M2 (a.a. 63-206) the a-helical domain A was disrupted in the middle.
In M3 (a.a. 80-206), the a-helical domain B was disrupted in the middle. M4 (a.a.
104-206) contained the C, D, E and F O-helical domains. M5 (a.a. 131-206)
contained only the D, E and F a-helical domains, while M6 (a.a. 159-206)
contained the E and F a-helical domains. A Kozak sequence including the start
codon (GCCACCATG) was added in front of the mutants for better expression.
Mutants were cloned into the HindIII and BamHI sites of the vector pREP4
(Invitrogen), which contains a hygromycin resistance gene selection marker.
Similar deletion mutants were also made in the HindIII and BamHI sites of the
vector pCMV3X Flag (Sigma) containing three flag tags at the N-terminus.
Additional mutations were made in deletion mutant M4 (M4A to M4G) by PCR
using the primers as described in Table 1 (Fig. 3A). These mutants either had
deletions or scanning mutations. M4A (a.a. 104-199) was kept as a control due to
lack of a restriction site at the C-terminus. In M4B (a.a. 119-206), a-helix C was
deleted, in M4D (a.a. 104-187) a-helix F was deleted and in M4F (a.a. 119-187)
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both C and F a-helices were deleted. In M4C (a.a. 104-206), TLLEFYLK
residues in a-helix C were mutated to residues AGDATAGA, while in M4E
KALGEVD residues in o-helix F were mutated to residues GAHGAVA. Double
mutant M4G had the same mutations at C and F a-helices. A similar approach
was employed to make mutations in the helicés C and F of full length MDA-7/IL-
24. In mutant MDA7(C), TLLEFYLK residues in a-helix C were mutated to
residues TLAGSRLG. The construct was generated by adding a restriction site
Xbal in the middle, by PCR both the 5’ and 3° DNA fragments were amplified
and both the fragments were ligated into HindIII and BamHI sites of pREP4 (see
Table 1 for details). In mutant MDA7 (C/F), the same mutations were made in o-
helix C and KALGEVD residues in a-helix F were mutated to residues
GAHGAVA. For making the mutant MDA7 (C/F), mutant MDA7(C) was used as
a template. However MDA7 (C/F) contained 1-199 residues of full-length wild
type MDA7/IL-24 due to absence of a restriction endonuclease site at the end. The
construct M4A served as a control for MDA7 (C/F) as removal of the last 7
residues had no effect on the activity of M4 (Fig. 3E). All the mutants were cloned
into the HindIII and BamHI sites of pREP4. Both mutant MDA7(C) and MDA7
(C/F) were also cloned in vector pPCMV3Xflag vector to generate flag tagged
versions of these proteins in HindIII and BamHLI sites of the vector. The
authenticity of all the constructs was confirmed by sequence analysis.
Construction of Recombinant Adenoviruses

The construction of Ad.mda-7 (replication incompetent adenovirus expressing
mda-T7/1L-24) was described previously. Similar approaches were used to
construct and purify Ad.M4 (replication incompetent adenovirus expressing the
mutant M4) (Holmes et al., 2003; Leszczyniecka et al., 2002). M4 was cloned in
the shuttle vector (pOtg-CMYV) and the replication defective adenovirus was
prepared by homologous recombination with the E1 and E3 regions deleted
parental adenoviral vector in E.coli as described previously (Holmes et al., 2003).
Stock virus preparations were diluted in DMEM containing 1% fetal bovine
serum and inoculated onto cell monolayers at the indicated plaque forming units
(pfu). After 2 h of virus adsorption at 37°C with regular rotation of plates, the

virus inoculum was removed and DMEM containing 10% fetal bovine serum was
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added to the infected monolayers and cells were incubated at 37°C for the
indicated times. The empty adenoviral vector (Ad.vec) was used as a control.
MTT Assays

Cells were seeded in 96-well tissue culture plates (1.5 x 10 cells per well)
and next day infected with Ad.vec, Ad.mda-7 and Ad.M4 at multiple pfu’s for
different time points as described in results. After incubation for specific times,
medium was removed and 100 pl of fresh medium containing 0.5 mg/ml 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) solution was
added to each well and incubated for 4 h in a 5% CO?2 incubator at 37°C. The
precipitate was solubilized in an equal volume of solubilization solution (0.01 N
HCl in 10 % SDS). After complete mixing plates were read using BioRad
multiplate reader Model 550 at 595 nm (Lebedeva et al., 2000). Cell viability was
assessed as a ratio between optical densities of treated cells to Ad.vec infected
cells. A statistical analysis of the results was performed using the Analysis
ToolPack provided by Microsoft Excel. A Student two-sample ¢ test, assuming
uneqilal variances, was used to determine the equality of the means of two
samples. The confidence level a was 0.05.
Colony Formation Assays

Cancer cells, HeLa, DU-145 and T47D, and normal cells, P69, FM516-SV
and PHFA, were transfected with 20 ug of DNA using either Lipofectamine 2000
(Invitrogen) or Superfect (Qiagen). The next day, cells were subcultured at 1 x 10°
cells for HeLa, Du-145 and T47D, or 2 x 10° cells for P69, FM515-SV or PHFA
in 60-mm dishes and selected for colony forming ability in the presence of various
concentrations of hygromycin (400 pg/ml for HeLa, 300 pg/ml for Du-145 and
200 pg/ml for the other cell lines). The amount of hygromycin was standardized
prior to performing experiments with the different cell types. Media containing
hygromycin was replaced every 4 days. After 2 weeks of incubation, colonies
were fixed in 4% formaldehyde and stained with Giemsa. Colonies > 50 cells
were enumerated under a dissection microscope. To determine the effect of
adenovirus transduction, cells were infected with 10, 50 or 100 pfu/cell with
Ad.vec, Ad.mda-7, Ad.M4 and Ad.mda-7-SP- (adenovirus containing a mutant of
mda-7/IL-24 lacking the secretory peptide region). The next day 200-500 cells
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were seeded to determine colony forming ability. After 2 weeks colonies were
fixed, stained and colonies > 50 cells were enumerated.
RNA Isolation and Northern Blot Analysis

Total RNA was extracted from the cells by using Qiagen RNeasy kit
according to the manufacturers’ protocol and Northern blotting was performed as
described previously (Lebedeva et al., 2002; Leszczyniecka et al., 2002; Su et al.,
1998). Fifteen pg of RNA were denatured and electrophoresed in 1.2% agarose
gel with 3% formaldehyde, transferred to nylon membranes and sequentially
hybridized with **P—labeled cDNA probes as described earlier (Su et al., 1998).
The cDNA probes were full-length mda-7/1L-24 and human gadd34, gadd153 and
gapdh.
Western Blot Analysis _

Cells were harvested in radioimmunoprecipitation assay (RIPA) buffer
(1X phosphate buffered saline [PBS], 1% NP-40, 0.5% sodium deoxycholate.
0.1% sodium dodecyl sulfate [SDS]) containing a protease inhibitor cocktail
(Sigma, St. Louis, MO). Protein was quantified using BioRad protein Assay mix
and 25-100 pg protein per lane was analyzed on a 12% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE). Separated samples were
transferred onto a nitrocellulose membrane and the membranes were blocked with
5% milk for 1 h. Membranes were incubated overnight at 4°C in Tris buffered
saline —tween (TBS-T) containing different dilutions of primary antibodies: anti-
MDA-7/IL-24 (1:5000 in 5% BSA); anti-phospho p38 (1:1000 in 5% BSA). The
membrane was then washed stringently in TBS-T three times followed by
incubation for 1 h in 1:5000 dilution of horseradish peroxidase—labeled anti-
mouse or anti-rabbit secondary antibody. After washing three times in TBS-T,
bands were visualized using ECL Western Blotting kit (Amersham Biosciences,
Piscataway, NJ).
Annexin V binding assays

Cells were seeded in 6-well plates (5 x 10° cells per well) and the next day
cells were infected with 100 pfu/cell of the indicated virus. After 24 h cells were
trypsinized, washed with complete medium and PBS, resuspended in 500 pl of
binding buffer containing 2.5 mM CaCl, and stained with FITC labeled Annexin-
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V (BD Biosciences, Palao-Alto, CA) and PI for 15 min at room temperature. Flow
cytometry was performed immediately after staining (Lebedeva et al., 2003).
Co-Immunoprecipitation of BiP/Grp78 with MDA-7/IL-24 and Its Mutants

Cells were infected with Ad.vec, Ad.M4 or Ad.mda-7 or transfected with
various plasmid (Flag tagged MDA7 or M4 and Myc tagged BiP) constructs in a
100-mm dish and after 48 h cells were rinsed with ice-cold phosphate buffered
saline (PBS). Cells were lysed in 1 ml of immunoprecipitation buffer containing
25 mM Tris-Cl pH8.0, 137 mM NaCl, 2.5 mM KCl, 1% Triton X-100 and
protease inhibitor mix. Cells were scrapped from the plates, transferred into
microfuge tubes and rotated at 4°C for 30 minutes. Tubes were centrifuged for 10
min at 13,000 rpm and 10 pl of supernatant were incubated with 50% Protein A
agarose and rotated at 4°C for 1 h to eliminate non-specific interactions. Samples
were centrifuged and mixed with anti BiP/Grp78 or 9E10 myc monoclonal
antibodies (1:200) dilution and rotated overnight at 4°C. Immune-complexes were
precipitated with 25 ul of 50% protein A agarose for 2 h. The immonoprecipitates
were washed very gently with the IP buffer three times so that the co-immuno
precipitating molecules were not lost and at the same time non-specific
interactions were inhibited. The immunoprecipitates were resuspended in 50 pl of
10 mM Tris-Cl pH 8.0 and 1 mM EDTA and resolved by SDS-PAGE. The
proteins were then transferred to nitrocellulose membranes and probed with
primary (anti-MDA-7/IL-24 or anti-M2) antibodies over night followed by
probing with horseradish peroxidase-conjugated antibodies specific for the heavy
chain of IgG. Secondary antibodies specific for heavy chain were used as size of
MDA-7/IL-24 corresponds to the size of light chain of IgG and it interfered with
the detection of MDA-7/IL-24. Membranes were also probed with either anti-
BiP/GRP78 or 9E10 antibodies to determine the amounts of immunoprecipitates.
The dilution of primary antibodies used for immunoblotting was 1:1000 for
MDA-7/IL-24, 9E10, BiP/GRP78 as well as anti-FLAG M2 and the dilution of
secondary antibodies was 1:10,000. Blots were visualized with ECL reagents
(Amersham Biosciences, Piscataway, NJ).
Immunofluorescence

DU-145 and P69 cells (1 x 10%) were grown on two chamber slides (BD
Falcon Biosciences, Bedford, MA). The next day, cells were infected with 50
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pfw/cell of Ad.mda-7 or Ad.M4 and after 24 h, cells were fixed in 4%
paraformaldehyde in PBS for 30 min, permeabilized by 0.1% Triton X-100 in
PBS for 10 min. Cells were rinsed in PBS and blocked by 5% BSA in PBS for2 h
and then incubated with anti-MDA-7/IL-24 antibody and the anti-ER protein
Calregulin overnight (1:500 dilution of both the antibodies). Cells were washed
three times 5 min each in PBS and incubated with FITC conjugated anti-rabbit
(for green channel detection) and anti-mouse rhodamine (for red channel
detection) secondary antibodies (Molecular Probes) for 2 h at room temperature.
Cells were washed three times 5 min each in PBS at room temperature. Slides
were mounted and cells were visualized using a Zeiss LSM 510 fluorescence and
a 100 X objective. For localization of MDA-7/IL-24 deletion mutant protein
HeLa, DU-145 or P69 cells were transfected with Flag-tagged DNA constructs
and after 24 h of transfection immunostaining was performed as described earlier.
Cells were incubated with mouse anti-Flag M2 (Sigma, St. Louis, MO) and rabbit
anti BiP/GRP78 primary antibodies overnight. FITC conjugated anti mouse and
rhodamine conjugated anti rabbit secondary antibodies were used to detect flag
tagged MDA-7/IL-24 deletion proteins and BiP/GRP78, respectively.
Animal Tumorigenicity Studies

T47D human breast carcinoma cells (2 x 10°) were injected
subcutaneously in 100 ul of PBS in the left and right flanks of male athymic nude
mice (N CR™™. 4 weeks old; ~20 g body weight). After the establishment of
visible tumors of ~75 mm’, requiring ~4-5 days, intratumoral injections of
different Ad were given only to the tumors on the left side at a dose of 1 x 10
pfu/cell in 100 pl. The injections were given 3 times a week for the first week and
then twice a week for two more weeks to a total of seven injections. At least 5
animals were used per experimental point. Tumor volume was measured twice
weekly with a caliper and calculated using the formula 76 x larger diameter x
(smaller diameter)®. At the end of the experiment the animals were sacrificed and

the tumors were removed and weighed.

EXAMPLE 3: Bystander Antitumor Actvity of mda-7/IL-24 and M4
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Experimental Design: Previous studies by Su et al. (Oncogene, 2005, 24:7552-
7566) indicate that infection of normal cells with Ad.mda-7 results in secretion of
MDA-7/IL-24 protein that affects the growth and response to radiation of tumor
cells, i.e., a “bystander antitumor” activity. In the experiment shown, early
passage primary human fetal astrocytes (PHFA) were seeded in complete growth
medium (Dulbecco’s modified Eagle’s medium supplemented with 10% fetal
bovine serum) at 2 X 10° cells per 60-mm tissue culture plate. The next day the
cells were transfected with the indicated expression constructs, vector, mda-7 (an
expression construct expressing mda-7/1L-24), mda-D-74 (an expression vector
expressing a control gene that is not secreted) or IL10M4 (an expression construct
in which the IL-10 secretory signal sequence has been linked to the M4 gene
construct), by lipofectamin following the manufacturer’s (Invitrogen) instructions.
After 24 hr incubation, the transfected cells were overlaid with 5 X 10* (HeLa) or
1 X 10° (DU-145 or A549) in 0.4% agar/medium. Forty-eight hr later, the cultures
were either irradiated or mock-irradiated with 2 Gy of y-ray. After 10 days
incubation, with agar overlay every 2 days, colonies > 2 mm in size were counted.
The data presented in Fig. 14 is the average of 3 independent plates with S.D.
indicated.

Results: Both secreted mda-7/IL-24 and M4 suppress agar growth to a similar
extent in HeLa and DU-14S cells (Fig. 14). In contrast, neither mda-7/IL-24 nor
M4 suppress growth of A549 cells in agar (which lack canonical IL-20/1L-22
receptors for MDA-7/IL-24 and do not respond to secreted MDA-7/IL-24 with a
bystander effect). Additionally, when treated with 2 Gy of radiation, a potentiation
of cancer-growth suppression, in HeLa and DU-145 cells, but not in A549 cells,
was evident under circumstances where MDA-7/IL-24 or M4 was produced and
secreted. Additionally, colony size was generally smaller in cultures containing
PHFA cells transfected with mda-7/1L-24 of IL10M4.

Both mda-7/IL-24 and M4 display equivalent cancer growth suppressive
properties, which is dependent on the presence of canonical IL-20/IL-22 receptors
for MDA-7/IL-24. In addition, as previously documented for MDA-7/IL-24,
secretion of M4 also results in enhanced cancer cell growth suppression following
radiation treatment. These results indicate that secreted M4 displays similar

“bystander antitumor” activity as does secreted MDA-7/IL-24.
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Various publications, patents and patent applications are cited herein, the
contents of which are hereby incorporated by reference in their entireties.

While the foregoing invention has been described in some detail for
purposes of clarity and understanding, these particular embodiments and examples
are to be considered as illustrative and not restrictive. It will be appreciated by
one skilled in the art from a reading of this disclosure that various changes in form

and detail can be made without departing from the true scope of the invention.
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What is claimed is:

1. An isolated MV1 polypeptide that is from about 145 amino acids to
about 175 amino acids in length, and wherein the MV1 polypeptide is at least
about 90 percent identical to a region from about amino acid 104 to about amino

acid 206 of SEQ ID NO: 2.

2. An isolated MV2 polypeptide that is from about 130 amino acids to
about 155 amino acids in length, and wherein the MV2 polypeptide is at least
about 90 percent identical to a region from about amino acid 63 to about amino
acid 206 of SEQ ID NO: 2. |

3. An isolated MV 3 polypeptide that is from about 115 amino acids to
about 138 amino acids in length, and wherein the MV 3 polypeptide is at least
about 90 percent identical to a region from about amino acid 80 to about amino

acid 206 of SEQ ID NO: 2.

4. An isolated MV4 polypeptide that is from about 90 amino acids to
about 110 amino acids in length, and wherein the MV4 polypeptide is at least
about 90 percent identical to a region from about amino acid 104 to about amino

acid 206 of SEQ ID NO: 2.

5. An isolated MVS polypeptide that is from about 70 amino acids to
about 80 amino acids in length, and wherein the MV5 polypeptide is at least about
90 percent identical to a region from about amino acid 131 to about amino acid

206 of SEQ ID NO: 2.

6. An isolated MV6 polypeptide that is from about 45 amino acids to
about 55 amino acids in length, and wherein the MV 6 polypeptide is at least about
90 percent identical to a region from about amino acid 159 to about amino acid
206 of SEQ ID NO: 2.

7. An isolated MV7 polypeptide that is from about 122 amino acids to
about 146 amino acids in length, and wherein the MV7 polypeptide is at least
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about 90 percent identical to a region from about amino acid 48 to about amino
acid 180 of SEQ ID NO: 2.

8. An isolated MV8 polypeptide that is from about 100 amino acids to
about 120 amino acids in length, and wherein the MV 8 polypeptide is at least
about 90 percent identical to a region from about amino acid 48 to about amino

acid 158 of SEQ ID NO: 2.

9. An isolated MV9 polypeptide that is from about 75 amino acids to
about 90 amino acids in length, and wherein the MV9 polypeptide is at least about
90 percent identical to a region from about amino acid 48 to about amino acid 130

of SEQ ID NO: 2.

10.  Anisolated MV10 polypeptide that is from about 53 amino acids to
about 63 amino acids in length, and wherein the MV 10 polypeptide is at least
about 90 percent identical to a region from about amino acid 48 to about amino

acid 104 of SEQ ID NO: 2.

11.  An MVAB polypeptide that is from about 32 amino acids to about
59 amino acids in length, and wherein the MV AB polypeptide is at least about 90
percent identical to a region from about amino acid 63 to about amino acid 101 of

SEQ ID NO: 2.

12.  An MVEF polypeptide that is from about 35 amino acids to about
60 amino acids in length, and wherein the MVEF polypeptide is at least about 90
percent identical to a region from about amino acid 159 to about amino acid 201

of SEQ ID NO: 2.
13.  The peptide of any of claims 1-12 linked to a stabilizing molecule.

14.  The peptide of claim 13, where the stabilizing molecule is a

protein.

15.  The peptide of claim 14, where the stabilizing molecule is a

Glutathione-S-Transferase (GST) protein.
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16.  Anucleic acid encoding a polypeptide of any of claims 1-12.

17. A method of modulating proliferation of a cell, comprising

administering, to the cell, an effective amount of a peptide of any of claims 1-12.

18. A method for modulating proliferation of a cell, comprising

introducing into the cell, a nucleic acid of claim 16.

19. A method for inhibiting proliferation of a cell, the method
comprising introducing into the cell an effective amount of the peptide of claim 3,
4,7 or 10.

20. A method for inhibiting cell growth in a subject suffering from a
cell proliferative disorder, the method comprising administering an effective,

amount of the polypeptide of any of claims 3, 4, 7 or 10 to the subject.
21. The method of claim 20, wherein the disorder is cancer.
22, The method of claim 20, wherein the cell is a tumor cell.

23. A method for inhibiting proliferation of a cell, the method
comprising introducing into the cell an effective amount of a nucleic acid

encoding the peptide of claim 3, 4, 7 or 10.

24. A method for inhibiting cell growth in a subject suffering from a
cell proliferative disorder, the method comprising administering an effective,
amount of a nucleic acid encoding the polypeptide of any of claims 3, 4, 7 or 10 to

the subject.

25. The method of claim 24, wherein the administration of the nucleic

acid is via a nucleic acid vector, or a liposome.

26. The method of claim 24, wherein the administration of the nucleic
acid is via a virus, a replication defective viral vector, a replication conditional

viral vector, a non-integrating virus, an adenovirus, AAV, VSV, Epstein Barr
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virus, measles, an integrating virus, a lentiviruses, a retroviruses, a plasmid, a
synthetic delivery system, a liposome, a cationic polymer, a dendritic cell, a stem

cell, or any combination thereof.

27.  The method of claim 24, wherein the method further comprises
administering to the subject: a chemotherapeutic agent, a generator of free
radicals, radiation therapy, an anti-ras agent, an anti-cancer antibody, or an anti-

proliferative agent in combination with the polypeptide.

28. A method for treating inflammation in a subject, the method
comprising administering, to the subject, an effective amount of the polypeptide
of any of claims 2, 3, 5,6,7,8,9, 11 or 12.

29. A method for treating inflammation in a subject, the method
comprising administering, to the subject, an effective amount of a nucleic acid

encoding the polypeptide of claim 2, 3,5, 6,7, 8,9, 11 or 12.

30.  The method of claim 28, wherein the method further comprises
administering to the subject an anti-inflammatory agent in combination with the

polypeptide.

31.  An antibody that specifically binds to the polypeptide of any of

claims 1-13.

32.  The MV1 polypeptide of claim 1, having an amino acid sequence
of SEQ ID NO: 3.

33.  The MV2 polypeptide of claim 2, having an amino acid sequence
of SEQ ID NO: 4.

34.  The MV3 polypeptide of claim 3, having an amino acid sequence
of SEQ ID NO: 5.

35.  The MV4 polypeptide of claim 4, having an amino acid sequence
of SEQ ID NO: 6.
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36.  The MVS polypeptide of claim 5, having an amino acid sequence
of SEQ ID NO: 7.

37.  The MV6 polypeptide of claim 6, having an amino acid sequence
of SEQ ID NO: 8.

5 38.  The MV7 polypeptide of claim 7, having an amino acid sequence
of SEQ ID NO: 9. |

39.  The MVS8 polypeptide of claim 8, having an amino acid sequence
of SEQ ID NO: 10. '

40.  The MV9 polypeptide of claim 9, having an amino acid sequence
10 of SEQ ID NO: 11.

41.  The MV10 polypeptide of claim 10, having an amino acid
sequence of SEQ ID NO: 12.

42.  The MVAB polypeptide of claim 11, having an amino acid
sequence of SEQ ID NO: 13.

15 43.  The MVEF polypeptide of claim 12, having an amino acid
sequence of SEQ ID NO: 14.

44. A peptidomimetic of the polypeptide of any of claims 1-12.

45. A nucleic acid encoding a polypeptide of any of claims 1-12 linked

to a nucleic acid encoding a secretory peptide.

20 46.  The nucleic acid of claim 45, wherein the nucleic acid is under the
control of a promoter and wherein the nucleic acid is linked to a conditionally

replicable vector.

47, The nucleic acid of claim 45, wherein the nucleic acid encodes the

MV4 polypeptide and where the secretory peptide comprises a secretory peptide
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of wild-type MDA-7, a cleavage signal peptide of gamma-interferon, an amino

terminal leader sequence of mouse immunoglobulin light chain precursor.

48. The nucleic acid of claim 44, wherein the nucleic acid is linked to a

conditionally replicating viral vector.

5 49. The nucleic acid of claim 44, wherein the nucleic acid is linked to a

replication deficient viral vector.

50. The nucleic acid of claim 44, wherein the nucleic acid is contained

within a liposome.

51. A composition comprising the polypeptide of any one of claims 1-

10 12.

52. A composition comprising a nuc.leic acid encoding a polypeptide of

any one of claims 1-12 and 32-43.

53. A host cell containing a nucleic acid molecule encoding any of the
polypeptides of claim 1-12 or 32-43, wherein the nucleic acid is operably linked to

15 a promoter and is expressed by the cell.

54. The host cell of claim 53, wherein the host cell is a dendritic cell or

a stem cell.

55. A host cell containing a nucleic acid molecule encoding a
polypeptide of any of claims 1-12 or 32-43, linked to a second nucleic acid
20 encoding a secretory peptide, wherein the first and second nucleic acids are
operably linked to a promoter and the first and second nucleic acids are expressed

and secreted by the cell.

56. The host cell of claim 53, wherein the host cell is a dendritic cell or

a stem cell.
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57. A method for treating a tumor in a subject, the method comprising
introducing into cells of a subject a nucleic acid encoding a polypeptide of any of
claims 3, 4, 7, 10, or 32-43 and a secretory peptide so that the cells express and
secrete the polypeptide of any of claims 3, 4, 7, 10, or 32-43 and wherein the
expression and secretion of the polypeptide induces transformed-cell specific

apoptosis.

58.  The method of claim 49, wherein the secretory peptide comprises a
secretory peptide selected from the group consisting of: a secretory peptide of
wild-type MDA-7, a cleavage signal peptide of gamma-interferon, and an amino

terminal leader sequence of mouse immunoglobulin light chain precursor.

59. A method for inducing an anti-tumor bystander activity from a cell,
the method comprising introducing into a cell a nucleic acid encoding a
polypeptide of any of claims 3, 4, 7, 10, or 32-43, and a secretory peptide under
the control of a promoter, so that the cell expresses and secretes the polypeptide of
claim 3, 4, 7, 10, or 32-43, and wherein the expression and secretion of the

polypeptide induces bystander anti-tumor activity.

60. The method of claim 57, wherein the cell into which the nucleic

acid is introduced is a normal cell.

61. A method for inducing anti-tumor apoptosis in a subject, the
method comprising introducing into tumor cells of a subject a nucleic acid
encoding a polypeptide of any of claims 3, 4, 7, 10, or 32-43, wherein the

expression of the polypeptide induces anti-tumor apoptosis in the subject.

62. A method for inhibiting angiogenesis in a tumor, the method
comprising introducing into one or more cells of the tumor a nucleic acid

encoding a polypeptide of any of claims 3, 4, 7, 10, or 32-43.

63. A method for enhancing activity of an anti-cancer treatment regime

of a subject, the method comprising administering to the subject a polypeptide of
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any of claims 3, 4, 7, 10, or 32-43 in combination with the anti-cancer treatment

regime.

64.  The method of claim 60, wherein the anti-cancer treatment regime
comprises radiation, monoclonal antibody therapy, chemotherapy, or radioisotope

therapy.

65.  An anti-idiotypic antibody that specifically binds to Bip/GRP78 in
the same way that M4, a polypeptide having the amino acid sequence shown in
SEQ ID NO: 6, binds to Bip/GRP78.

66. A polypeptide comprising M4, a polypeptide having the amino acid
sequence shown in SEQ ID NO: 6, linked to an amino acid sequence of

glutathione-S-transerfase.

67. A method for identifying a compound capable of acting as a
surrogate of M4 (SEQ ID NO: 6) by binding to Bip/GRP78 intracellularly, the

method comprising:

(@ contacting a cell with a test compound, wherein the cell

expresses Bip/GRP78;

(b)  determining whether p38 MAPK is activated, wherein the
activation of p38 MAPK indicates that the test compound acts as a
surrogate of M4 (SEQ ID NO: 6).

68.  The method of claim 63, wherein the determination of whether p38
MAPK is activated comprises a determination of whether p38 MAPK is
phosphorylated.

69. A method for inducing anti-tumor apoptosis in a subject, the
method comprising introducing into tumor cells of a subject a nucleic acid
encoding a polypeptide of SEQ ID NO:6, or the polypeptide of SEQ ID NO: 6
linked to glutathione-S-transferase, wherein the expression of the polypeptide

induces anti-tumor apoptosis in the subject.
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70. A method for inhibiting angiogenesis in a tumor, the method
comprising introducing into one or more cells of the tumor a nucleic acid
encoding a polypeptide of SEQ ID NO:6, or the polypeptide of SEQ ID NO: 6

linked to glutathione-S-transferase.

71. A method for enhancing activity of an anti-cancer treatment regime
of a subject, the method comprising administering to the subject a polypeptide of
SEQ ID NO:6, or the polypeptide of SEQ ID NO: 6 linked to glutathione-S-

transferase in combination with the anti-cancer treatment regime.

72.  The method of claim 69, wherein the anti-cancer treatment regime
comprises radiation, monoclonal antibody therapy, chemotherapy, or radioisotope

therapy.

73. A method for inducing an anti-tumor bystander activity from a cell,
the method comprising introducing into a cell a nucleic acid encoding (a) a
polypeptide of SEQ ID NO:6, or the polypeptide of SEQ ID NO: 6 linked to
glutathione-S-transferase, and (b) a secretory polypeptide, both (a) and (b) under
the control of a promoter, so that the cell expresses and secretes the polypeptide,
and wherein the expression and secretion of the polypeptide induces bystander

anti-tumor activity.

74. A method for stimulating the immune system to produce additional
cytokines, such as interferon gamma, TNF-alpha and interleukin-6 and
downregulates TGF-beta, the method comprising administering to a subject in
need thereof an effective amount of a polypeptide of SEQ ID NO:6 (M4), or the
polypeptide of SEQ ID NO: 6 linked to glutathione-S-transferase.

75.  The method of any one of claims 69-74, wherein the administration
of the nucleic acid comprises administration via a virus, a replication defective
viral vector, a replication conditional viral vector, a non-integrating virus, an
adenovirus, AAV, VSV, Epstein Barr virus, measles, an integrating virus, a
lentiviruses, a retroviruses, a plasmid, a synthetic delivery system, a liposome, a

cationic polymer, a dendritic cell, a stem cell, or any combination thereof.
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Figures 11C-11D
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SEQUENCE LISTING

<110> Columbia University

Fisher,
Gupta,

Paul B.
Pankaj

<120> MDA-7 VARIANTS HAVING ANTIPROLIFERATIVE

ACTIVITY
<130>

<160> 28

<170>

<210> 1

<211> 1700
<212> DNA
<213> Homo

<400> 1

cttgcctgea
cacagctatg
aaccagctge
catgactgtg
gggaggaagg
cctgtggact
gatggttgtg
ccagggccaa
gtgggaagcc
ccggcectgetg
ccacaccctg
tgaagtcagg
acaactgcaa
gtttctgeta
ccttggggaa
tagaccagga
cccttectat
caggattatt
ctctggatge
ttaatgtcag
cagcagaata
agtggatggyg
gattgttaaa
cacactgtct
ttgaaaagta
acatttcatt
tcecttetttt
ttgctgatgg
ataaaagaca

<210> 2
<211> 206
<212> PRT
<213> Homo

<400> 2

19240.565

sapien

aacctttact
cctetgattg
ctccaggecag
atgaggagct
ccaggaggaa
ttagccagac
ctcecttgec
gaattccact
ttectgggectg
cagcaggagg
ctggagttct
actctgaagt
cccagtcaag
ttcecggagag
gtggacattc
cctcectecce
gctgttcact
gtcaaagaag
tgtgaagagt
tatttcaact
ttgtgcccca
tgcttagtaa
aaacagagag
gctgatatct
aacgataaaa
tceccacccac
tttatcctag
tgacattgca
acataactca

sapien

tctgaaatga
gtgaatggtg
ccagccctcea
gctttegcecceca
cacgagactg
ccttectgece
tgggttttac
ttgggccctg
tgaaagacac
ttctgcagaa
acttgaaaac
cattctctac
aaaatgagat
cattcaaaca
ttctgacctg
cctggcactg
ggacacttca
tcattcttta
ctacagagaa
gaagttctat
tgcttcttta
gtacttaata
ggatgcttgg
gcagggacag
tgtggattaa
actcgccagce
tcattcttcee
cctggatgta

FastSEQ for Windows Version 4.0

cttccacggce
aaggtgcctg
agcatcactt
atttaacacc
agagatgaat
tcectttgetg
cctgcttete
ccaagtgaag
tatgcaagct
cgtctcggat
tgttttcaaa
tctggccaac
gttttccatc
gttggacgta
gatgcagaaa
gtttgttccce
cgececettgge
agcagcgcca
gattcttgta
ttatttgtga
cccctcacaa
aactgtggtg
atgtaaaact
agcattgggg
agtgcccagce
tcaccccatce
ctaatcttcc
ctatccaatc

tgggacggga
tctaactttt
acaggaccag
aagaagaatt
tttcaacaga
gcgacagcect
tggagccagg
ggggttgttc
caggataaca
gctgagagct
aactaccaca
aactttgttc
agagacagtg
gaagcagctc
ttctacaagc
tgtgtcattt
catgggtccc
gtgacagtca
tttattacaa
gactgtaagt
tccttgecac
ctttttttgg
gaacttcaga
tgggggtaag
acaaagcaga
atccctttcece
acttgagtgt
tgtgatgaca

PCT/US2005/043673

accttccacc
ctgtaaaaag
agggacaaga
gaggctgcectt
ggctgcaaag
ctcaaatgca
tatcaggggc
cccagaaact
tcacgagtgc
gttaccttgt
atagaacagt
tcatcgtgtce
cacacaggcg
tgaccaaagc
tctgaatgte
caaacagtct
attcttggcc
gggaaggtgce
ctctatttaa
tacatgaagg
agtgtggggce
cctgtctttg
gcatgaaaat
gtgcatctgt
tcctcaataa
cttggtgccce
caagctgacc
ttcecctgeta

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1700
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Met
1
Phe
Leu
Ala
val
65
Gln
Leu
Leu
Val
val
145
Ser

Phe

val

Asn
Cys
Pro
Gln
50

Pro
Ala
Gln
Glu
Glu
130
Leu
Ile

Lys

Asp

<210> 3

<211>
<212>
<213>

<400> 3

Gly
1
Val
Met
val
Leu
65
Thr
Phe
Phe
Ala

Glu
145

Ala
val
Gln
Leu
50

Leu
Val
Val
Ser
Phe

130
vVal

<210> 4

Phe
Pro
Cys
35

Gly
Gln
Gln
Asn
Phe
115
vVal
Ile
Arg

Gln

Ile
195

159
PRT
Homo sapien

Gln
Pro
Ala
35

Gln
Glu
Glu
Leu
Ile
115

Lys

Asp

Gln
Pro
20

Leu
Gln
Lys

Asp

Val
100

Tyr
Arg
Val
Asp
Leu

180
Leu

Gly
Gln
20

Gln
Asn
Phe
val
Ile
100
Arg

Gln

Ile

Gln
Leu
Gly
Glu
Leu
Asn
85

Ser
Leu
Thr
Ser
Ser
165

Asp

Leu

Gln
5
Lys
Asp
Val
Tyr
Arg
85
val
Asp

Leu

Leu

Arg
Leu
Phe
Phe
Trp
70

Ile
Asp
Lys
Leu
Gln
150
Ala

val

Thr

Glu
Leu
Asn
Ser
Leu
70

Thr
Ser
Ser

Asp

Leu
150

Leu
Ala
Thr
His
55

Glu
Thr
Ala
Thr
Lys
135
Leu
His
Glu

Trp

Phe
Trp
Ile
Asp
55

Lys
Leu
Gln
Ala
val

135
Thr

Gln
Thr
Leu
40

Phe
Ala
Ser
Glu
val
120
Ser
Gln
Arg

Ala

Met
200

His
Glu
Thr
40

Ala
Thr
Lys
Leu
His
120
Glu

Trp

Ser
Ala
25

Leu
Gly
Phe
Ala
Ser
105
Phe
Phe
Pro
Arg
Ala

185
Gln

Phe
Ala
25

Ser
Glu
vVal
Ser
Gln
105
Arg

Ala

Met

Leu
10

Ser
Leu
Pro
Trp
Arg
Cys
Lys
Ser
Ser
Phe
170

Leu

Lys

Gly
10

Phe
Ala
Ser
Phe
Phe
90

Pro
Arg
Ala

Gln

Trp
Gln
Trp
Cys
Ala
75

Leu
Tyr
Asn
Thr
Gln
155
Leu

Thr

Phe

Pro
Trp
Arg
Cys
Lys
75

Ser
Ser
Phe

Leu

Lys
155

Thr
Met
Ser
Gln
60

val
Leu
Leu
TYyr
Leu
140
Glu
Leu

Lys

Tyr

Cys
Ala
Leu

Tyr
60

Asn
Thr
Gln
Leu
Thr

140
Phe

Leu
Gln
Gln
45

val
Lys
Gln
val
His
125
Ala
Asn
Phe

Ala

Lys
205

Gln
val
Leu

45
Leu

Tyr
Leu
Glu
Leu
125

Lys

Tyr

Ala
Met
30

val
Lys
Asp
Gln
His
110
Asn
Asn
Glu
Arg
Leu

190
Leu

val
Lys
30

Gln
val
His
Ala
Asn
110
Phe

Ala

Lys

Arg

Val

vSer

Gly
Thr
Glu
95

Thr
Arg
Asn
Met
Arg

175
Gly

Lys
15

Asp
Gln
His
Asn
Asn
95

Glu
Arg

Leu

Leu

PCT/US2005/043673

Pro
vVal
Gly
vVal
Met
80

val
Leu
Thr
Phe
Phe
160
Ala

Glu

Gly
Thr
Glu
Thr
Arg
Asn
Met
Arg

Gly
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<211>
<212>
<213>

<400>

144
PRT
Homo sapien

4

Gly Vval

1
Thr Me

t

Glu Vval

Thr Leu

50

Arg Thr

65

Asn Phe
Met Phe
Arg Ala

Gly Glu

13

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

<400>

0

5

Vval Pro

Gln Ala
20

Leu Gln

35

Leu Glu

val Glu
Val Leu

Ser Ile
100

Phe Lys

115

Val Asp

126
PRT
Homo sapien

5

Gln Ala Gln Asp

1

Leu Gln

Leu Glu

val Glu

50

Val Leu

65

Ser Ile

Phe Lys

Val Asp

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

<400>

6

Asn Val
20

Phe Tyr

35

Val Arg

Ile Val
Arg Asp
Gln Leu

100

Ile Leu
115

103
PRT
Homo sapien

6

Gln
S
Gln
Asn
Phe
val
Ile
85
Arg
Gln

Ile

Asn
5
Ser
Leu
Thr
Ser
Ser
85
Asp

Leu

Lys
Asp
val
Tyr
Arg
70

val
Asp

Leu

Leu

Ile
Asp
Lys
Leu
Gln
70

Ala

val

Thr

Leu
Asn
Ser
Leu
55

Thr
Ser
Ser

Asp

Leu
135

Thr
Ala
Thr
Lys
55

Leu
His
Glu

Trp

Glu Ser Cys Tyr Leu Val His

1

5

Trp
Ile
Asp
40

Lys
Leu
Gln
Ala
val

120
Thr

Ser
Glu
val
40

Ser
Gln
Arg

Ala

Met
120

Thr

Glu
Thr
25

Ala
Thr
Lys
Leu
His
105
Glu

Trp

Ala
Ser
25

Phe
Phe
Pro
Arg
Ala

105
Gln

Ala Phe
10
Ser Ala

Glu Ser
Val Phe
Ser Phe
75

Gln Pro
90

Arg Arg
Ala Ala

Met Gln

Arg Leu
10

Cys Tyr
Lys Asn
Ser Thr
Ser Gln
75

Phe Leu
90

Leu Thr

Lys Phe

Trp
Arg
Cys
Lys
60

Ser
Ser
Phe

Leu

Lys
140

Leu
Leu
Tyr
Leu
60

Glu
Leu

Lys

Tyr

Ala

Leu

Tyr
45

Asn
Thr
Gln
Leu
Thr

125
Phe

Gln
val
His
45

Ala
Asn
Phe

Ala

Lys
125

Leu Leu Glu Phe Tyr

10

Val
Leu
30

Leu
Tyr
Leu
Glu
Leu
110
Lys

Tyr

Gln
His
30

Asn
Asn
Glu
Arg
Leu

110
Leu

Leu

PCT/US2005/043673

Lys Asp
15

Gln Gln
Vval His
His Asn
Ala Asn

80

Asn Glu
95

Phe Arg
Ala Leu

Lys Leu

Glu val
15

Thr Leu
Arg Thr
Asn Phe
Met Phe

80

Arg Ala

Gly Glu

Lys Thr
15
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Val Phe

Ser Phe

Gln Pr
.50

Arg Ax

65

Ala Al

Met Gl

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

<400>

(o]

g

a

n

7
75

Lys
Ser
35

Ser
Phe

Leu

Lys

PRT
Homo sapien

7

Arg Thr

1
val Se

Asp Se

Leu As

50
Leu Le
65

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

<400>

r

r

p

U

8
48

Leu

Glin

Ala

35

Val

Thr

PRT
Homo sapien

8

Asn
20

Thr
Gln
Leu

Thr

Phe
100

Lys
Leu
20

His
Glu

Trp

Tyr
Leu
Glu
Leu
Lys

85
Tyr

Ser
Gln
Arg
Ala

Met

His
Ala
Asn
Phe
70

Ala

Lys

Phe
Pro
Arg
Ala

Gln
70

Asn
Asn
Glu
55

Arg

Leu

Leu

Ser
Ser
Phe
Leu

55
Lys

Met Phe Ser Ile Arg Asp Ser

1

5

Arg Ala Phe Lys Gln Leu Asp

20

Gly Glu Vval Asp Ile Leu Leu

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

<400>

9
13

35

3

PRT
Homo sapien

9

Gly Ala Gln Gly Gln Glu Phe

1

5

Val Val Pro Gln Lys Leu Trp

20

Met Gln Ala Gln Asp Asn Ile

Arg
Asn
40

Met
Arg

Gly

Thr
Gln
Leu
40

Thr

Phe

Ala
Val

Thr

40

His

Glu

Thr

Thr Val Glu
25
Phe Val Leu

Phe Ser Ile

Ala Phe Lys
75
Glu Val Asp
90

Leu Ala Asn
10

Glu Asn Glu

25

Leu Phe Arg

Lys Ala Leu

Tyr Lys Leu
75

His Arg Arg
10

Glu Ala Ala

25

Trp Met Gln

Val
Ile
Arg
Gln

Ile

Asn
Met
Arg

Gly
60

Phe
Leu

Lys

Arg
val
45

Asp

Leu

Leu

Phe
Phe
Ala

45
Glu

Leu
Thr

Phe
45

Thr
30

Ser
sSer

Asp

Leu

val
Ser
30

Phe

val

Leu

Lys
30
Tyr

Phe Gly Pro Cys Gln Val

10

Ala Phe Trp Ala Val

25

Leu
Gln
Ala
val

Thr
95

Leu
15

Ile
Lys

Asp

Phe
15
Ala

Lys

Lys
15

PCT/US2005/043673

Lys
Leu
His
Glu

80
Trp

Ile
Arg
Gln

Ile

Arg
Leu

Leu

Gly

Lys Asp Thr

30

Ser Ala Arg Leu Leu Gln Gln Glu

4
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35

Val Leu Gln

50
Leu Le
65

u Glu

Thr val Glu

Phe Val Leu

Phe Se

r Ile
115

Ala Phe Lys

13

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

<400>

Gly Al
1

val Va

Met Gl

Val Le
50

Leu Le

65

Thr Va

Phe Va

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

<400>

Gly Al
1

Val Va

Met Gl

val Le
50

Leu Le

65

Thr Va

0

10
111
PRT"

Asn Val
Phe Tyr

vVal Arg
85

Ile Val

100

Arg Asp

Gln Leu

Homo sapien

10
a Gln

1l Pro
n Ala
35
u Gln
u Glu

1l Glu

1l Leu

11
83
PRT

Gly Gln
5

Gln Lys

20

Gln Asp

Asn Val

Phe Tyr

Val Arg
85

Ile Val
100

Homo sapien

11
a Gln

1 Pro
n Ala
35
u Gln
u Glu

1 Glu

Gly Gln
5

Gln Lys

20

Gln Asp

Asn Val

Phe Tyr

Ser
Leu
70

Thr

Ser

Ser

Glu
Leu
Asn
Ser
Leu
70

Thr

Ser

Glu

Leu

Asn

Ser

Leu
70

Asp
55

Lys
Leu

Gln

Ala

Phe
Trp
Ile
Asp
55

Lys

Leu

Gln

Phe
Trp
Ile
Asp

55
Lys

40
Ala

Thr
Lys
Leu

His
120

His
Glu
Thr
40

Ala
Thr

Lys

Leu

His
Glu
Thr
40

Ala

Thr

Glu
val
Ser
Gln

105
Arg

Phe
Ala
25

Ser
Glu
val

Ser

Gln
105

Phe
Ala
25

Ser

Glu

Val

Ser
Phe
Phe
90

Pro

Arg

Gly
10

Phe
Ala
Ser
Phe
Phe

90
Pro

Gly
Phe
Ala
Ser

Phe

Cys
Lys
75

Ser

Ser

Phe

Pro
Trp
Arg
Cys
Lys
75

Ser

Ser

Pro
Trp
Arg
Cys

Lys
75

Tyr
60

Asn
Thr
Gln

Leu

Cys
Ala

Leu

Tyr
60
Asn

Thr

Gln

Cys
Ala

Leu

Tyr
60
Asn

45
Leu

Tyr
Leu
Glu

Leu
125

Gln
val
Leu
45

Leu
Tyr

Leu

Glu

Gln
Val
Leu
45

Leu

Tyr

val
His
Ala
Asn

110
Phe

val
Lys
30

Gln
val
His
Ala

Asn
110

val
Lys
30

Gln
Val

His

His
Asn
Asn
95

Glu

Arg

Lys
15

Asp
Gln
His
Asn
Asn

95
Glu

Lys
15

Asp
Gln
His

Asn

PCT/US2005/043673

Thr
Arg
Asn
Met

Arg

Gly
fhr
Glu
Thr
Arg

80
Asn

Gly
Thr
Glu
Thr

Arg
80
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<210> 12

<211> 57

<212> PRT

<213> Homo sapien

<400> 12
Gly Ala Gln Gly Gln Glu Phe His Phe Gly Pro Cys Gln Val Lys Gly
1 5 10 15
Val Val Pro Gln Lys Leu Trp Glu Ala Phe Trp Ala Val Lys Asp Thr
20 25 ‘ 30
Met Gln Ala Gln Asp Asn Ile Thr Ser Ala Arg Leu Leu Gln Gln Glu
35 40 45
Val Leu Gln Asn Val Ser Asp Ala Glu
50 55
<210> 13
<211> 39
<212> PRT

<213> Homo sapien

<400> 13
Gly Val val Pro Gln Lys Leu Trp Glu Ala Phe Trp Ala Val Lys Asp
1 5 10 - 15
Thr Met Gln Ala Gln Asp Asn Ile Thr Ser Ala Arg Leu Leu Gln Gln
20 25 30
Glu val Leu Gln Asn Val Ser
35
<210> 14
<211> 50
<212> PRT

<213> Homo sapien

<400> 14
Ser Cys Tyr Leu Val His Thr Leu Leu Glu Phe Tyr Leu Lys Thr Val
1 5 10 15
Phe Lys Asn Tyr His Asn Arg Thr Val Glu Val Arg Thr Leu Lys Ser
20 25 30
Phe Ser Thr Leu Ala Asn Asn Phe Val Leu Ile Val Ser Gln Leu Gln
35 40 45
Pro Ser
50

<210> 15

<211> 43

<212> PRT

<213> Homo sapien

<400> 15
Met Phe Ser Ile Arg Asp Ser Ala His Arg Arg Phe Leu Leu Phe Arg
1 5 10 15
Arg Ala Phe Lys Gln Leu Asp Val Glu Ala Ala Leu Thr Lys Ala Leu
20 25 30
Gly Glu Val Asp Ile Leu Leu Thr Trp Met Gln

6
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35

<210> 16
<211> 477
<212> DNA

<213> Homo sapien

<400> 16

ggggcccag
aaactgtgg
agtgcccgg
cttgtccac
acagttgaa
gtgtcacaa
aggcggttt
aaagccctt

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

17
432
DNA
Homo

<400> 17

ggggttgttc
caggataaca
gctgagagct
aactaccaca
aactttgttc
agagacagtg
gaagcagctc
ttctacaagce

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

18
381
DNA
Homo

<400> 18

atgcaagctc
gtctcggatg
gttttcaaaa
ctggccaaca
ttttccatca
ttggacgtag
atgcagaaat

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

19
309
DNA
Homo

<400> 19

gagagctgtt
taccacaata
tttgttctca
gacagtgcac

ggccaagaat
gaagccttcect
ctgctgcagc
accctgectgg
gtcaggactc
ctgcaaccca
ctgctattcc
ggggaagtgg

sapien

cccagaaact
tcacgagtgc
gttaccttgt
atagaacagt
tcatcgtgtc
cacacaggcg
tgaccaaagc
tec

sapien

aggataacat
ctgagagctg
actaccacaa
actttgttct
gagacagtgce
aagcagctct
tctacaagct

sapien

accttgtcca
gaacagttga
tcgtgtcaca
acaggcggtt

40

tccactttggg
gggctgtgaaa
aggaggttctg
agttctacttg
tgaagtcattc
gtcaagaaaat
ggagagcattc
acattcttectg

gtgggaagcc
ccggetgetg
ccacaccctg
tgaagtcagg
acaactgcaa
gtttctgcta
ccttggggaa

cacgagtgcc
ttaccttgte
tagaacagtt
catcgtgtca
acacaggcgg
gaccaaagcc
c

caccctgctg
agtcaggact
actgcaaccc
tctgctattc

ccectgccaag
gacactatgce
cagaacgtct
aaaactgttt
tctactctgg
gagatgtttt
aaacagttgg
acctggatgc

ttctgggetyg
cagcaggagg
ctggagttct
actctgaagt
cccagtcaag
ttccggagag
gtggacattc

cggcectgcetge
cacaccctge
gaagtcagga
caactgcaac
tttctgctat
cttggggaag

gagttctact
ctgaagtcat
agtcaagaaa
cggagagcat

7

tgaagggggt
aagctcagga
cggatgctga
tcaaaaacta
ccaacaactt
ccatcagaga
acgtagaagc
agaaattcta

tgaaagacac
ttctgcagaa
acttgaaaac
cattctctac
aaaatgagat
cattcaaaca
ttctgacctg

agcaggaggt
tggagttcta
ctctgaagtc
ccagtcaaga
tcecggagagce
tggacattct

tgaaaactgt
tctctactet
atgagatgtt
tcaaacagtt

PCT/US2005/043673

tgtteccceccecag
taacatcacg
gagctgttac
ccacaataga
tgttctcatc
cagtgcacac
agctctgacc
caagctc

tatgcaagct
cgtctcggat
tgttttcaaa
tctggccaac
gttttccate
gttggacgta
gatgcagaaa

tctgcagaac
cttgaaaact
attctctact
aaatgagatg
attcaaacag
tctgacctgg

tttcaaaaac
ggccaacaac
ttccatcaga
ggacgtagaa

60

120
180
240
300
360
420
480

60

120
180
240
300
360
420
432

60

120
180
240
300
360
381

60

120
180
240
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gcagctctga
tacaagctc

<210> 20
<211> 228
<212> DNA
<213> Homo

<400> 20

gtcaggactc
ctgcaaccca
ctgctattcc

ggggaagtgg

<210> 21
<211> 144
<212> DNA
<213> Homo

<400> 21

atgttttcca
" cagttggacg
tggatgcaga

<210> 22
<211> 399
<212> DNA
<213> Homo

<400> 22

ggggcccagg
aaactgtggg
agtgcccggce
cttgtccaca
acagttgaag
gtgtcacaac
aggcggtttce

<210> 23
<211> 333
<212> DNA
<213> Homo

<400> 23

ggggcccagg
aaactgtggg
agtgccecggce
cttgtccaca
acagttgaag
gtgtcacaac

<210> 24
<211> 249
<212> DNA
<213> Homo

<400> 24
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ccaaagccct tggggaagtg gacattctte tgacctggat gcagaaattc

sapien

tgaagtcatt
gtcaagaaaa
ggagagcatt
acattcttct

sapien

tcagagacag
tagaagcagc
aattctacaa

sapien

gccaagaatt
aagccttctg
tgctgcagca
ccctgectgga
tcaggactct
tgcaacccag
tgctattccg

sapien

gccaagaatt
aagccttctg
tgctgcagca
ccetgetgga
tcaggactct
tgcaacccag

sapien

ctctactctg
tgagatgttt
caaacagttg
gacctggatg

tgcacacagg
tctgaccaaa

ccactttggg
ggctgtgaaa
ggaggttctg
gttctacttg
gaagtcattc
tcaagaaaat
gagagcattc

ccactttggg
ggctgtgaaa
ggaggttctg
gttctacttyg
gaagtcattc
tcaagaaaat

gccaacaact
tccatcagag
gacgtagaag
cagaaattct

cggtttctge
gceettgggg

ccctgccaag
gacactatgc
cagaacgtct
aaaactgttt
tctactctgg
gagatgtttt
aaacagttg

ccctgecaag
gacactatgce
cagaacgtct
aaaactgttt
tctactctgg

gag

ttgttctcat
acagtgcaca
cagctctgac
acaagctce

tattccggag
aagtggacat

tgaagggggt
aagctcagga
cggatgctga
tcaaaaacta
ccaacaactt
ccatcagaga

tgaagggggt
aagctcagga
cggatgctga
tcaaaaacta
ccaacaactt

cgtgtcacaa
caggcggttt
caaagccctt

agcattcaaa
tcttectgace

tgttcececag
taacatcacg
gagctgttac
ccacaataga
tgttctcatce
cagtgcacac

tgttceccag
taacatcacg
gagctgttac
ccacaataga
tgttctcatce

300
309

60

120
180
228

60
120
144

60

120
180
240
300
360
399

60

120
180
240
300
333
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ggggcccagg
aaactgtggg
agtgcccgge
cttgtccaca
acagttgaa

<210> 25
<211> 171
<212> DNA
<213> Homo

<400> 25

ggggcccagg
aaactgtggg
agtgceccggce

<210> 26
<211> 117
<212> DNA
<213> Homo

<400> 26

ggggttgtte
caggataaca

<210> 27
<211> 150
<212> DNA
<213> Homo

<400> 27

agctgttacc
cacaatagaa
gttctcatcg

<210> 28
<211> 129
<212> DNA
<213> Homo

<400> 28

atgttttcca
cagttggacg
tggatgcag

gccaagaatt
aagccttctg
tgctgcagca
ccctgetgga

sapien

gccaagaatt

aagccttetg

tgctgcagca

sapien

cccagaaact

tcacgagtgce

sapien

ttgtccacac
cagttgaagt
tgtcacaact

sapien

ccactttggg
ggctgtgaaa
ggaggttctg
gttctacttg

ccactttggg
ggctgtgaaa
ggaggttctg

gtgggaagcc
ccggetgetyg

cctgctggag
caggactctg
gcaacccagt

ccctgccaag
gacactatgc
cagaacgtct
aaaactgttt

ccctgccaag
gacactatgc
cagaacgtct

ttctgggctg
cagcaggagg

ttctacttga
aagtcattct

tgaagggggt
aagctcagga
cggatgctga
tcaaaaacta

tgaagggggt
aagctcagga

cggatgctga

tgaaagacac
ttctgcagaa

aaactgtttt
ctactctggce
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tgttcceccag
taacatcacg
gagctgttac
ccacaataga

tgttcececcag
taacatcacg

g

tatgcaagct
cgtcteg

caaaaactac
caacaacttt

tcagagacag tgcacacagg cggtttctgc tattccggag agcattcaaa
gceccttgggg aagtggacat tcttctgacc

tagaagcagc

tctgaccaaa

60

120
180
240
249

60
120
171

60
117

60
120
150

60
120
129
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