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DESCRIPTION

DEGUELIN AS A CHEMOPREVENTIVE AGENT FOR LUNG CANCER

BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention relates generally to the fields of cancer biology and cancer therapy.
More particularly, it concerns the use of deguelin and derivatives thereof in combination with a

second agent in the treatment and prevention of lung cancer disease.

2. Description of Related Art

In the United States, lung cancer leads all other cancers in both incidence and mortality
rate (Khuri et al., 2001). Lung cancer is the primary cause of cancer death among both men and
women in the U.S., and worldwide. The five-year survival rate among all lung cancer patients in
the U.S., regardless of the stage of disease at diagnosis, is only 13%. This contrasts with a five-
year survival rate of 46% among cases detected while the disease is still localized. However,
only 16% of lung cancers are discovered before the disease has spread.

Early detection is difficult since clinical symptoms are often not seen until the disease has
reached an advanced stage. Currently, diagnosis is aided by the use of chest x-rays, analysis of
the type of cells contained in sputum and fiberoptic examination of the bronchial passages. -
Treatment regimens are determined by the type and stage of the cancer, and include surgery,
radiation therapy and/or chemotherapy. Despite recent advances in radiotherapy and
chemotherapy modalities, the severe morbidity of lung cancer and the poor 5-year survival rates
have not improved (Khuri et al., 2001).

Thus, cancer chemoprevention is a logical and obvious strategy to help alleviate this
disease (Watenberg, 1992; Kelloff et al., 1994). Chemoprevention targets the multistep process
of carcinogenesis with chemical agents that delay, reverse, or block cancer development (Lee et
al., 2001). The exposure of aerodigestive tract epithelium to carcinogenic and tumor-promoting
agents often leads to histologic changes over large areas of the tissue, resulting in a field
cancerization with potential multifocal unsynchronized, premalignant and primary malignant
lesions (Lotan, 1996). One of the major needs in cancer prevention is the development of new,
effective and safe chemopreventive agents, especially agents targeted at mechanisms known to

be involved in the process of carcinogenesis.
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Carcinogenesis is a multistep process that is driven by various genetic defects (Ahmadian
et al., 1999). Among these defects is the proto-oncogene ras, which participates in the early
phase of tumor development (Kinzler et al., 1996). Ras mutations have been found in a wide
variety of human malignancies including lung cancer. Oncogenic mutations in ras result in
activation of downstream signaling proteins, including the RaffMEK/ERK (Robinson et al.,
1997) and the PI3K/Akt pathway (Rodriguez-Viciana ef al., 1997), regulating cell proliferation,
viability, and differentiation in both normal and transformed cell types. PI3K/Akt in particular
has demonstrated a clear role in oncogenic transformation (Di Cristofano ef al., 2000).

Since clinical studies have showed that chemoprevention of aerodigestive tract cancer is
feasible and effective (Hong ef al., 1997; Benner et al., 1992; Lee et al., 2001), there has been a
shift of interest toward the strategies of early detection and effective chemoprevention, and much
effort has been devoted to the discovery and development of new chemopreventive agents.
Retinoids, antihormones, antioxidants, biologic modifiers, nonsteroidal anti-inflammatory
agents, trace elements, and ornithine decarboxylase (ODC) inhibitors are examples of
chemopreventive agents that have been used successfully in either animal experimental
carcinogenesis models or clinical trials (Watenberg, 1992; Kelloff ez al., 1994). However,
undesirable side effects or resistance of lung cancer cells to these agents limit their long-term
clinical use as chemopreventive agents. Therefore, the present invention provides novel agents to

effectively treat and prevent lung cancer with minimal toxicity.

SUMMARY OF THE INVENTION

The present invention is directed to a chemopreventive therapy for lung cancer disease
and overcomes the deficiencies in the art of current therapies such as radiotherapy and
chemotherapy in combating lung cancer disease. The present invention addresses the need for
more desirable chemopreventive agents to overcome toxicity, side effects or resistance offered
by current chemopreventive agents in the treatment and prevention of lung cancer disease. The
present invention provides a chemopreventive strategy for the treatment and prevention of lung
cancer with minimal toxicity, side effects or resistance.

Thus, the present invention provides a method of inhibiting growth in a lung cancer cell
comprising contacting the cell with a therapeutically effective amount of deguelin or a derivative
thereof in combination with a second agent. It is contemplated in some embodiments of the
invention that the second agent is an inhibitor of the signal transduction pathway involved in

proliferation and apoptosis. Such an inhibitor includes, but is not limited to, a PI3K inhibitor, a
2
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MAPK inhibitor or a JNK inhibitor. It is further contemplated that in other embodiments of the
invention, the second agent may be a chemotherapeutic agent such as taxol or doxorubicin or a
radiotherapeutic agent.

In particular embodiments, the present invention provides a deguelin derivative in
combination with a second agent for inhibiting lung cancer disease. Deguelin derivatives
contemplated by the present invention include but are not limited to: 6a,2a-dehydrorotenone,
methoxyrot-2'-enoic acid, tephrosin, 7S-hydroxydeguelin, rotenone, 7a,13a-dehydrodeguelin, 12-
hydroxyrotenone, 12,12a-dehydrorotenone, isorotenone, 4-chlororot-2'-enoic acid, 1,2-
dihydrodeguelin, 2-phenylselenyl-1,2-dihydrodeguelin, or bromorot-2'-enoic acid.

In other embodiments, the invention, further comprises a method of inducing apoptosis in
lung cancer cells comprising contacting the cell with a therapeutically effective amount of
deguelin or a derivative thereof in combination with a second agent.

In further embodiments of the present invention, the lung cancer cell is a cell culture or a
tissue culture. In yet a further embodiment of the invention, the lung cancer cell is in a mammal
such as a human. In still further embodiments of the invention, the lung cancer cell is a
premalignant lung cancer cell, a malignant lung cancer cell, or a metastatic lung cancer cell. In
further embodiments of the invention, the cancer to be treated with deguelin or derivatives
thereof include, but are not limited to, breast cancer, prostate cancer, ovarian cancer, or head &
neck cancer.

In particular embodiments of the invention, the lung cancer cell is a non-small cell lung
cancer cell, a small cell lung cancer cell, or a rare lung cancer cell. In a further embodiment, the
non-small cell lung cancer is a squamous cell carcinoma, an adenocarcinoma or a large cell
carcinoma. In still yet a further embodiment, the small cell lung cancer is a lymphocytic small
cell lung cancer, a intermediate small cell lung cancer or a combined small cell lung cancer.

In a particular embodiment, the combined small cell lung cancer further comprises small
cell lung cancer and squamous cell carcinoma. In a further embodiment, the combined small cell
lung cancer further comprises small cell lung cancer and adenocarcinoma. In still a further
embodiment, the rare lung cancer cell is a adenoid cystic carcinoma, a mesothelioma, a
hamartoma, a lymphoma or a sarcoma. In some embodiments, the lung cancer cell is a carcinoid
tumor cell. Any type of lung cancer cell is contemplated within the scope of the present
invention.

The present invention further provides a method for treating or preventing lung cancer in
a subject comprising providing to the subject a therapeutically effective amount of deguelin or

derivative thereof, in combination with a second agent. In a particular embodiment, the
3
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invention further provides a method of inducing apoptosis in a lung cancer cell. Derivatives of
degulein contemplated for use in the present invention in combination with a second agent for
treating and preventing lung cancer include but are not limited to: 6a,2a-dehydrorotenone,
methoxyrot-2'-enoic acid, tephrosin, 7S-hydroxydeguelin, rotenone, 7a,13a-dehydrodeguelin, is
12-hydroxyrotenone, 12,12a-dehydrorotenone, isorotenone, 4-chlororot-2'-enoic acid, 1,2-
dihydrodeguelin, 2-phenylselenyl-1,2-dihydrodeguelin, or bromorot-2'-enoic acid. In yet a
further embodiment, the second agent contemplated for use in the present invention for treating
or preventing lung cancer in a subject is an inhibitor of the signal transduction pathways
involved in proliferation and apoptosis. Such an inhibitor include but is not limited to a PI3K,
MAPK or JNK inhibitor. Other second agents contemplated in the present invention include, but
are not limited to chemotherapeutic agents such as taxol or doxorubicin, or radiotherapeutic
agents.

In another embodiment of the present invention, a therapeutically effective amount of
deguelin or a derivative thereof is provided to a subject before the second agent, after the second
agent or at the same time as the second agent for treating or preventing lung cancer in the
subject. In further embodiments of the invention, deguelin or a derivative thereof is provided
once, or more than once. In a particular embodiment of the invention, a therapeutically effective
amount of deguelin or a derivative thereof is provided to a subject intratumorally, intravenously,
intraperitoneally, intramuscularly, orally, or by inhalation

In another embodiment of the invention, the second agent is provided once or more than
once to the subject. In yet another embodiment of the invention, a therapeutically effective
amount of the second agent is provided to a subject intratumorally, intravenously,
intraperitoneally, intramuscularly, orally, or by inhalation.

In a further embodiment, deguelin or a derivative thereof in combination with a second
agent is provided once or more than once to a subject.

In some embodiments, the present invention provides a method for treating or preventing
lung cancer in a subject comprising providing to the subject a therapeutically effective amount of
deguelin or derivative thereof in combination with a second agent and an additional therapeutic
modality. Such additional therapeutic modalities include but are not limited to photodynamic
therapy or surgery.

In yet another embodiment, the present invention provides a method for assaying for the
inhibition of lung cancer cell growth comprising: (a) providing a lung cancer cell sample; (b)
contacting the cell with an effective amount of deguelin or derivative thereof and a second agent;

(c) analyzing the cell for growth inhibition; and, (d) comparing the inhibition of the cell growth
4
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in step (c) with the inhibition of a lung cancer cell in the absence of deguelin or derivative
thereof and a second agent, wherein the difference in growth inhibition represents the growth
inhibitory effect of deguelin or derivative thereof and a second agent.

In a further embodiment, the invention contemplates analyzing growth inhibition in a
lung cancer cell by MTT assay. In yet a further embodiment, the invention contemplates
analyzing a lung cancer cell for induction of apoptosis by FACS. In still yet a further
embodiment, the present invention contemplates analyzing a lung cancer cell for inhibition of
Akt activity by PI3K assay.

In still yet other embodiments, the present invention contemplates a pharmaceutical
composition comprising deguelin derivatives and a second agent. Such deguelin derivatives
contemplated by the invention are: 6a,2a-dehydrorotenone, methoxyrot-2'-enoic acid, tephrosin,
7S-hydroxydeguelin, rotenone, 7a,13a-dehydrodeguelin, is 12-hydroxyrotenone, 12,12a-
dehydrorotenone, isorotenone, 4-chlororot-2'-enoic acid, 1,2-dihydrodeguelin, 2-phenylselenyl-
1,2-dihydrodeguelin, or bromorot-2'-enoic acid, but are not limited to such derivatives.

In other embodiments, the present invention contemplates a pharmaceutical composition
comprising deguelin and a second agent wherein the second agent is an inhibitor of the signal
transduction pathways involved in proliferation and apoptosis. Such an inhibitor include but is
not limited to a PI3K, MAPK or JNK inhibitor. The second agent may also be a
chemotherapuetic agent or a radiotherapeutic agent. The chemotherapuetic agent may include,
but not be limited to, taxol or doxorubicin.

It is contemplated that any method or composition described herein can be implemented
with respect to any other method or composition described herein.

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 consistent with the meaning of

2% &L

“one or more,” “at least one,” and “one or more than one.”

Other objects, features and advantages of the present invention will become apparent

- from the following detailed description. It should be understood, however, that the detailed

description and the specific examples, while indicating specific embodiments of the invention,
are given by way of illustration only, since various changes and modifications within the spirit
and scope of the invention will become apparent to those skilled in the art from this detailed

description.
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BRIEF DESCRIPTION OF THE DRAWINGS

The following drawings form part of the present specification and are included to further
demonstrate certain aspects of the present invention. The invention may be better understood by
reference to one or more of these drawings in combination with the detailed description of

specific embodiments presented herein.

FIG. 1 - Structure of deguelin.

FIGS. 2A-2B - Comparison of responses of normal (NHBE), premalignant (1799, 1198),

and malignant (1170) HBE cells to growth-inhibitory effects of deguelin. (FIG. 2A) Cells were

seeded in 96-well culture plates (2000-5000 cells/well) and treated with indicated concentrations
of deguelin for 1, 2, or 3 days. Cell viability was measured by MTT assay. Results are expressed
relative to the cell density of DMSO-treated cells at day 1. Each value is the mean (+ SD) of six
identical wells. (FIG. 2B) Effects of deguelin on cell cycle of 1799 cells and NHBE cells. 1799
cells or NHBE cells exposed to 0.1 % DMSO (con) or to indicated concentrations of deguelin for
either 3 days (NHBE cells) or 1, 2, or 3 days (1799 cells) were analyzed for DNA content
(propidium iodide uptake).

FIG. 3 - Evidence of apoptosis in 1799 cells treated with deguelin, 1799 cells were

treated with 10° M to 107 M of deguelin for 3 days. Following harvest, fixation, and
permeabilization of the cells, TUNEL analysis was performed using an APO-BRDU staining kit
(Phoenix Flow Systems, San Diego, CA). All values presented are the percentage of cells as
determined by light scatter. The percentage of dead cells was determined by FACS analysis of
propidium iodide-stained nuclei.

FIGS. 4A-4B - Protection of premalignant HBE cells from deguelin-induced cell death
by activated Akt. (FIG. 4A) Viability of 1799 infected with AdSCMV-Myr.Akt-HA in response
to deguelin treatment. 1799 HBE cells were either uninfected (con) or infected with either 5 x10°
particles per cell (p/cell) of AASCMV or 1 x10% or 5 x10° p/cell of AdSCMV-MyrAkt-HA in the
KSFM for 1 day, and then treated with 107 M or 10° M deguelin for 2 days. Results are

expressed relative to the cell density of untreated cells. Each value is the mean (+ SD) of five
identical wells. (FIG. 4B) Activated Akt protects 1799 cells from deguelin-induced apoptosis.
Induction of apoptosis by 10”7 M of deguelin in 1799 cells that were uninfected (con) or infected
with indicated titers (p/cell) of either AASCMYV or AdSCMV-Myr.Akt-HA was analyzed by flow

cytometry.
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FIG. 5. - Flow cytometry analysis of deguelin on HBE cells. FACS analysis was

performed on H1299 and squamous HBE cells untreated (0 d) or treated with the 107-M
deguelin for 1, 2, or 3 days. All values presented are percentages of cells determined by light
scatter.

FIGS. 6A~6B. - Growth-inhibitory effects of deguelin on NSCLC cell proliferation.
(FIG. 6A) Cells were seeded in 96-well culture plates (2000-4000 cells/well) and treated with

indicated concentrations of deguelin for 1, 2, or 3 days. Cell viability was measured by MTT

assay. Results are expressed relative to the cell density of DMSO-treated cells at day 1. Each
value is the mean (+ SD) of six identical wells. (FIG. 6B) The growth inhibitory effects of
deguelin on normal and squamous HBE cells were compared with the effect on NSCLC cells.
FIG. 7. - Growth-inhibitory effects of deguelin derivatives on NSCLC cell proliferation.
Cells were seeded in 96-well culture plates (2000-4000 cells/well) and treated with indicated

concentrations of deguelin for 1, 2, or 3 days. Cell viability was measured by MTT assay.
Results are expressed relative to the cell density of DMSO-treated cells at day 1. Each value is
the mean (+ SD) of six identical wells.

FIG. 8. — Deguelin inhibits cell proliferation in vivo. Growth of NSCLC xenografts is
inhibited by treatment of deguelin. The results are expressed as the mean (+ SD) tumor volume

(calculated from at least 5 mice) relative to the initial volume.
FIGS. 9A-9D. - Anti-angiogenic activity of deguelin. (FIG. 9A) CAMs after incubation

with Thermanox coverslips containing vehicle (Con), deguelin (1 or 5 nM) or RA (1 pg) as a
positive control or for 48 h (circle indicate the placement of coverslip). (FIG. 9B) The anti-
angiogenic effect of deguelin was evaluated by calculating the percentage of positive eggs. [
empty coverslip as control; M RA 1 pg/egg; 1 deguelin 1 or 5 nmole/egg. Each value
represents the mean + SE. (FIG. 9C) Appearance of matrigel from mice. The effects of deguelin
on bFGF-induced angiogenesis in vivo was analyzed by matrigel plug assay using nude mouse.
Matrigel alone (Con) - negative control, 100 ng/ml bFGF and 72 units/ml heparin in a vehicle of
0.1% BSA/PBS (bFGF) - positive control, 5 nmole deguelin alone, and 5 nmole deguelin plus
bFGF were included. (FIG. 9D) Proliferation of HUVEC cells treated with indicated doses of
deguelin for 3 days was analyzed by MTT assay. Bars, means + SD of a representative
experiment done in triplicate from five independently performed experiments for each cell line.

FIG. 10. Deguelin sensitizes cancer cells to chemotherapeutic agents. The indicated

doses of paclitaxel(taxol), doxorubicin, or 4Gy of irradiation (Rad) were added for 1 day before

MTT analysis. Results are expressed relative to the density of untreated cells. Bars, means + SD
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of a representative experiment done in six identical wells from five independently performed
experiments.
FIG. 11. Deguelin inhibits cell growth in prostate, breast, head & neck and ovarian

cancer cell lines.

DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

Lung cancer is the primary cause of cancer death among both men and women
worldwide. Despite recent advances in radiotherapy and chemotherapy modalities, the severe
morbidity of lung cancer and the poor 5-year survival rates have not improved. Cancer
chemoprevention provides and obvious strategy in overcoming the deficiencies in alleviating this

disease.

L The Present Invention

The present invention concerns the use of the chemopreventive agent deguelin, a natural
product isolated from Mundulea serica (Leguminosae). In particular, the present invention
provides a method for treating and preventing lung cancer employing deguelin in combination
with a second agent such as, but not limited to, inhibitors of the signal transduction pathways
involved in the cell proliferation and apoptosis. The present invention also employs the use of
derivatives of deguelin in combination with a second agent. The present invention contemplates
as a second agent PI3K inhibitors, MAPK inhibitors and JNK inhibitors. In some embodiments,
the present invention contemplates chemotherapeutic agents such as taxol or doxorubicin as a
second agent. The present invention also contemplates radiotherapeutic agents as a second
agent.

The present invention provides evidence for the first time that the Akt activity is
consititutively active in premalignant HBE cell line, and that deguelin acts through this pathway.
Thus, this provides an opportunity for the use of deguelin, in combination with a second agent,
as a therapeutic or chemopreventive combination therapy against lung cancer. Deguelin (a)
blocks proliferation of premalignant and malignant HBE cells through induction of the
apoptosis; (b) is active at nanomolar levels and has no cytotoxicity on HBE cells, showing its
therapeutic efficacy; and (c) selectively blocks Akt activity in either 2 PI3K-dependent or -
independent manner, thereby attenuating the activity of a major antiapoptotic pathway.
Conversely, overexpression of constitutively active Akt protected cells from deguelin-mediated

apoptosis.
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The role of deguelin as an inhibitor of Akt activation also has particular clinical
implications where constitutive activation of Akt occurs at a high frequency (e.g., NSCLC; Yano
et al., 1998). It has been reported that the manipulation of Akt activity alters the sensitivity of
NSCLC cells to chemotherapy and irradiation and that addition of a PI3K inhibitor or
transfection of kinase-dead Akt into cells with high levels of Akt activity causes dramatic
sensitization to these treatments (Brognard et al., 2001). Therefore, targeting Akt using deguelin
can enhance the efficacy of chemotherapy and radiation therapy and increase the apoptotic
potential of NSCLC cells.

The results presented herein demonstrate that deguelin inhibits premalignant and
malignant HBE cell proliferation without a detectable cytotoxicity on mnormal HBE cells.
Presumably, this occurs as a result of the ability of deguelin to diminish the signal transduction
pathway involving PI3K and Akt, which may explain its potency and specificity. Thus, the
present invention provides for the use of deguelin in combination with a second agent, such as a
inhibitor of the signal transduction pathway, as a novel drug. The specific sensitivity of 1799,
squamous HBE cells and NSCLC cells to deguelin raises the possibility of its potential to be used
in the clinic as a chemopreventive agent for the early stages of lung carcinogenesis as well as a

therapeutic agent against lung cancer.

IL Deguelin and Derivatives Thereof

Deguelin belongs to the family of rotenone compounds. Rotenone, deguelin and related
compounds (rotenoids) are the active ingredients of botanical insecticides used for at least 150
years to control crop pests (Negherbohn, 1959; Fukami et al., 1971). They have been used even
longer as fish poisons by native tribes to obtain food (Negherbohn, 1959; Fukami et al., 1971)
and more recently in fish management to achieve the desired balance of species (e.g., the 1997
treatment of Lake Davis in California; California Dept. Fish and Game, 1997). The acute toxicity
of rotenone to insects, fish, and mammals is attributable to inhibition of NADH:ubiquinone
oxidoreductase activity as the primary target (Fukami and Wilkinson, 1976; Hollingworth and
Ahammadsahib, 1995).

Rotenoids are known not only as toxicants, but also as candidate anticancer agents based
on three observations: (a) dietary rotenone reduces the background incidence of liver tumors in
mice (Cunningham et al., 1995) and mammary tumors in rats (Hansen ez al., 1965); (b) prevents
cell proliferation induced by a peroxisome proliferator in mouse liver (Cunningham et al., 1995);
and (c) deguelin and three of its derivatives inhibit phorbol ester-induced ornithine

decarboxylase (ODC) activity as a measure of cancer chemopreventive potency (Gerh#user et
9
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al., 1995; Luyengi et al., 1994). The commercial rotenone-containing botanicals or extracts
thereof are complex mixtures of rotenoids and other natural products that provide the opportunity
for action on multiple biochemical targets. It has been hypothesized that rotenone and other
rotenoids inhibit NADH:ubiquinone oxidoreductase and induced ODC activities by totally
different mechanisms. An alternative hypothesis is that the inhibition of NADH:ubiquinone
oxidoreductase activity is coupled to the cancer chemopreventive action (Figueras and Gosalvez,
1973, Gosalvez et al., 1976) and to the lowering of induced ODC activity (Gerhéuser et al.,
1996; Rowlands and Casida, 1997) so the same primary target may be involved. A study by
Rowlands and Casida (1997) with rotenone and deguelin led to the proposal that inhibition of
NADH:ubiquinone oxidoreductase activity blocks multiple signal transduction pathways,

possibly modulated by reactive oxygen species, that regulate ODC activity.

A. Deguelin Derivatives

Derivatives of deguelin are known in the art and have been shown to be involved in
regulating activity of molecules such as ODC and to play a role in cancer prevention. These
derivatives include but are not limited to: tephrosin, (-)-13 hydroxytephrosin, and (-)-13a
hydroxydegulin which have been found to inhibit orinthine decarboxylase (ODC) activity
induced by 12-O-tetradecanoylphorbol 13-acetate (TPA), in mouse epidermal cancer cells. Other
derivatives of deguelin contemplated in the present invention are 6a,2a-dehydrorotenone,
methoxyrot-2'-enoic acid, 7S-hydroxydeguelin, 7a,13a-dehydrodeguelin, 12-hydroxyrotenone,
12,12a-dehydrorotenone, isorotenone, 4-chlororot-2'-enoic acid, 1,2-dihydrodeguelin, 2-

phenylselenyl-1,2-dihydrodeguelin, and bromorot-2'-enoic acid.

III.  Imhibitors of PI3K, MAPK, JNK

The present invention contemplates the use of a second agent in combination with
deguelin or derivatives thereof as a lung cancer therapy. In particular the present invention
contemplates inhibitors of the PI3K, MAPK and JNK signaling pathways as the second agent in

combination with deguelin or derivatives thereof for treating lung cancer.

A. PI3K Inhibitors

PI3K has an active role in oncogenic transformation (Chang et al., 1997). PI3K also
affects many biologic functions, such as cell survival, apoptosis, and glucose transport (Toker et
al., 1997; Vanhaesbrock et al., 1997). Recent findings further support the concept that PI3K is

involved in the development of cancer. Specifically, PIK3CA, encoding pl10a, has been
10
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amplified in human ovarian cancer cell lines (Shayesteh et al., 1999), and an oncogenic mutant
of p85 that can transform mammalian fibroblasts in collaboration with the v-raf oncogene has
been isolated (Jimenez et al, 1998). In addition, a partially transformed phenotype in
mammalian fibroblasts transfected with constitutively active form of pl110o has been
demonstrated (Klippel et al, 1998). The tumor suppressor protein PTEN, which
dephosphorylates the D3-lipid product of PI3K, phosphatidylinositol 3,4,5-triphosphate,
interferes with potentially oncogenic signals emanating from PI3K (Maehama et al, 1999;
Cantley et al., 1999).

The transforming activity of PI3K is correlated with its ability to induce activating
phosphorylation in Akt protein kinase (also called protein kinase B (PKB)). Akt phosphorylates
a number of proapoptotic and antiapoptotic proteins, including the Bcl-2 family member BAD,
caspase-9, cyclic AMP-response element-binding protein, IkappaB kinase alpha (IKK«), and
forkhead transcription factor-1 (Di Cristofano ez al., 2000). It has been demonstrated that Akt is
an important and probably essential downstream component of the oncogenic signal from PI3K
(Di Cristofano et al., 2000; Toker et al., 1997; Vanhaesbrock et al., 1997; Chang et al., 1997,
Shayesteh ez al., 1999; Jimenez et al., 1998; Klippel et al, 1998), and thus compounds that
inhibit PI3K/Akt activity are of particular interest.

The present invention therefore contemplates the use of PI3K inhibitors in combination
with deguelin or a derivative thereof as a lung cancer therapy. Phosphatidylinositol 3-kinase
inhibitors are well know to those of skill in the art, and have been crucial in deciphering the roles
of PI3Ks in cellular processes. Such inhibitors that are contemplated for use in the present
invention include, but are not limited to, LY294002 and wortmannin which are both potent and
specific PI3K inhibitors. LY294002, a synthetic compound that was designed as a PI3K inhibitor
based on the flavonoid quercetin (Vlahos e al., 1994), was shown to inhibit phosphatidylinositol
3-kinase inhibitor by competing for phosphatidylinositol 3-kinase binding of ATP. LY294002
was shown to act in vivo as a highly selective inhibitor of phosphatidylinositol 3 (PI3) kinase
(Vlahos et al., 1994). LY294002 has also been shown to block PI3 kinase-dependent Akt
phosphorylation and kinase activity. Although the reported ICsq of LY294002 is about 500-fold
higher than that of wortmannin, LY294002 is widely used in cell biology as a specific PI3K
inhibitor because it is much more stable in solution than wortmannin. At concentrations at
which L'Y294002 fully inhibits the ATP-binding site of PI3K, it has no inhibitory effect against a
number of other ATP-requiring enzymes including PI4-kinase, EGF receptor tyrosine kinase,

src-like kinases, MAP kinase, protein kinase A, protein kinase C, and ATPase.
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B. MAPK and JNK Inhibitors

Among the key signaling pathways regulating mammalian cell growth and differentiation
is the MKK/ERK pathway, comprised of MAP kinases, ERK1/2, and MAP kinase kinases,
MKX1/2 (Lewis et al., 1998). INK belongs to the family of MAPKs, of which ERK and p38 are
well characterized homologous members. ERK1/2 and MKK1/2 are acutely stimulated by
growth and differentiation factors in pathways mediated by receptor tyrosine kinases,
heterotrimeric G protein-coupled receptors or cytokine receptors, primarily through p21Ras-
coupled mechanisms. These enzymes are ubiquitous and are generally expressed at micromolar
levels in mammalian cells (Huang and Ferrell, 1996), although some variation in expression
between different tissues has been noted (Boulton and Cobb, 1991; Moriguchi ez al., 1995). It
has been demonstrated that different cell types utilize the MKK/ERK pathway to modulate
responses as varied as cell proliferation, cell growth arrest and lineage-specific gene expression

Enhancement of MKK or ERK activity in response to cell stimulation involves
phosphorylation at residues located within the activation lip of each kinase. In the case of MKK,
phosphorylation at two serine residues (Ser’'%/Ser’? in human MKK1; Ser**%/Ser*®® in human
MKXK?2) by upstream protein kinases, Raf-1, c-Mos or MEKK (MAPK kinase kinase), leads to
maximal enzyme activation. Subsequently, MKK1/2 activates ERK1/2 by phosphorylating
regulatory threonine and tyrosine residues (Thr**%/Tyr*™ in hERK1; Thr'®/Tyr'® in hERK?2).
Thus, MKKs fall within a relatively rare class of protein kinases with dual specificity toward
Ser/Thr and Tyr residues on exogenous substrates. _

Selective cell-permeable kinase inhibitors of the signal transduction provide a useful tool
in the present invention. These include mitogen-activated protein kinase (MAPK)/extracellular
signal-regulated kinase (ERK) kinase (MEK) inhibitors such as but are not limited to: PD98059,
PD184352 and U0126 which are noncompetitive inhibitors of MEK 1 and MEK2.

U0126 (1,4-diamino-2,3-dicyano-1,4 bis[2-aminophenylthio]butadiene) was recently
described as a novel inhibitor of MKK1 and MKK2 (Favata, 1998). The compound, identified in
a screen for mhibitors of AP-1 transactivation in a cell-based reporter assay, inhibited phorbol
12-myristate 13-acetate (PMA)-induction of genes controlled by the 12-O-tetradecanoyl-phorbol
13-acetate (TPA) response element (TRE), at a concentration of 1-2uM. U0126 inhibits both
MKXK1 and MKK2 at submicromolar concentrations in vitro, and appears to be more effective
toward constitutively active MKK1/2 mutants than MKK activated by phosphorylation (Favata,
1998).

U0126 has properties in common with the widely used PD098059 inhibitor, sharing the

ability to inhibit the MKK/ERK pathway in response to mitogenic stimulation. Unlike
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PD098059, U0126 exhibits similar potency for both MKX1 and MKK?2, higher affinity for MKK
binding and enhanced solubility in aqueous solution. In intact cells, U0126 blocks ERK
activation at one-tenth the concentration of PD098059, and inhibits MKK activity without
interfering with phosphorylation and activation of MKK. The available information comparing
inhibition of several protein kinases suggests selectivity for MKK1 and MKK2. PD098059 is a
selective inhibitor of MKK1 and blocks MKK/ERK activation in intact cells. PD184352 inhibits
cell cycle progression through inhition of the ERK1/2 pathway.

Other MAPK and JNK inhibitors which may be employed in the present invention
include but are not limited to: Ro092210, LLZ16402 and 1783277 which are compounds
isolated from microorganisms. Ro092210 and LLZ16402 are inhibitors of MEK1 and MEK2 that
compete with ATP. 1783277 has a similar structure to Ro092210 and LLZ16402. L783277 is
reported to inhibit Jun-N-terminal kinase (JNK)/p38 MAPK pathways upstream of MAPK.

IV.  Anticancer Therapy

In some embodiments, the present invention contemplates the use of a chemotherapeutic
agent, such as taxol or doxorubicin, as a second agent in combination with deguelin or deguelin
derivatives in treating or preventing lung cancer. In further embodiments, the second agent

contemplated for use with deguelin or derivatives thereof may be a radiotherapeutic agent.

A. Taxol/Paclitaxel

Paclitaxel, also known as taxol is a diterpene alkaloid thus it possesses a taxane skeleton
in its structure. Paclitaxel is extracted from the bark of the Pacific yew (Taxus brevifolia) as a
natural compound having anti-cancer activity (Fuchs and Johnson, 1978). Paclitaxel works
against cancer by interfering with mitosis. Paclitaxel is a taxoid drug, widely used as an
effective treatment of primary and metastatic cancers.

Paclitaxel (Taxol) is widely used in the treatment of breast, ovarian, and other solid
tumors. Randomized clinical trials have shown a survival advantage among patients with
primary breast cancer who received paclitaxel in addition to anthracycline-containing adjuvant
chemotherapy (Eifel ez al., 2001). Furthermore, paclitaxel is effective for both metastatic breast
cancer (Holmes et al., 1991; Nabholtz et al., 1996; Bishop et al., 1999) and advanced ovarian
cancer (McGuire et al., 1996; Piccart et al., 2000). The antitumor activity of paclitaxel is unique
because it promotes microtubule assembly and stabilizes the microtubules, thus preventing
mitosis (Huizing et al., 1995). Paclitaxel does this by reversibly and specifically binding to the B

subunit of tubulin, forming microtubule polymers thereby stabilizing them against
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depolymerization and thus leading to growth arrest in the G2/M phase of the cell cycle (Gotaskie
and Andreassi, 1994). This makes taxol unique in comparison to vincristine and vinblastine
which cause microtubule disassembly (Gatzemeier ez al., 1995). Additionally, recent evidence
indicates that the microtubule system is essential to the release of various cytokines and
modulation of cytokine release may play a major role in the drug's antitumor activity (Smith et
al., 1995).

However, some patients are resistant to paclitaxel therapy, and the characteristics of
patients who will benefit from the drug have not been well defined. Identification of molecular
characteristics predictive of paclitaxel sensitivity or resistance could aid in selecting patients to
receive this therapy. Thus, in particular embodiments, the present invention relates to paclitaxel
sensitivity in a patient having cancer.

Previous reports have demonstrated that paclitaxel resistance is due to a variety of
mechanisms such as up-regulation of anti-apoptotic Bcl-2 family members, such as Bel-2 and
Bcl-X (Tang et al., 1994); up-regulation of membrane transporters (e.g., mdr-1), resulting in an
increased drug efflux-(Huang et al., 1997); mutations in beta-tubulin resulting in abolishment of
paclitaxel binding (Giannakakou ez al., 1997); and up-regulation of ErbB2 (HER2) through
inhibition of cyclin-dependent kinase-1 (Cdk1), resulting in delayed mitosis (Yu ét al., 1998).

Due to the antimitotic activity of paclitaxel it is a useful cytotoxic drug in treating several
classic refractory tumors. Paclitaxel has primarily been use to treat breast cancer and ovarian
cancer. It may also be used in treating head and neck cancer, Kaposi's sarcoma and lung cancer,
small cell and non-small cell lung cancer. It may also slow the course of melanoma. Response
rates to taxol treatment varies among cancers. Advanced drug refractory ovarian cancer
responds at a 19-36% rate, previously treated metastatic breast cancer at 27-62%, and various
lung cancers at 21-37%. Taxol has also been shown to produce complete tumor remission in
some cases (Guchelaar et al., 1994).

Paclitaxel is given intravenously since it irritates skin and mucous membranes on contact.
It is typically administered intravenously by a 3 to 24 hour infusion three times per week
(Guchelaar et al., 1994).

B. Doxorubicin

Doxorubicin ~ hydrochloride,  5,12-Naphthacenedione,  (8s-cis)-10-[(3-amino-2,3,6-
trideoxy-a-L-lyxo-hexopyranosyl)oxy]-7,8,9,10-tetrahydro-6,8,11-trihydroxy-8-(hydroxyacetyl)-
1-methoxy-hydrochloride (hydroxydaunorubicin hydrochloride, Adriamycin) is used in a wide
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antineoplastic spectrum. It binds to DNA and inhibits nucleic acid synthesis and mitosis, and
promotes chromosomal aberrations.

Administered alone, it is the drug of first choice for the treatment of thyroid adenoma and
primary hepatocellular carcinoma. It is a component of first-choice in combination with other
agents for the treatment of ovarian tumors, endometrial and breast tumors, bronchogenic oat-cell
carcinoma, mnon-small cell lung carcinoma, gastric adenocarcinoma, retinoblastoma,
neuroblastoma, mycosis fungoides, pancreatic carcinoma, prostatic carcinoma, bladder
carcinoma, myeloma, diffuse histiocytic lymphoma, Wilms' tumor, Hodgkin's disease, adrenal
tumors, osteogenic sarcoma soft tissue sarcoma, Ewing's sarcoma, thabdomyosarcoma and acute
lymphocytic leukemia. It is an alternative drug for the treatment of islet cell, cervical, testicular
and adrenocortical cancers. It is also an immunosuppressant.

Since doxorubicin is poorly absorbed it is administered intravenously.  The
pharmacokinetics of this chemotherapeutic agent are multicompartmental. Distribution phases
have half-lives of 12 minutes and 3.3 hr. The elimination half-life is about 30 hr. Forty to 50%
is secreted into the bile. Most of the remainder is metabolized in the liver, partly to an active
metabolite (doxorubicinol), but a few percent is excreted into the urine. In the presence of liver

impairment, the dose should be reduced.
Appropriate doses are, for an adult, administered intravenously, are 60 to 75 mg/m2 at
21-day intervals, or 25 to 30 mg/m2 on each of 2 or 3 successive days repeated at 3- or 4-wk

intervals, or 20 mg/m2 once a week. The lowest dose should be used in elderly patients, when
there is prior bone-marrow depression caused by prior chemotherapy or neoplastic marrow
invasion, or when the drug is combined with other myelopoietic suppressant drugs. The dose

should be reduced by 50% if the serum bilirubin lies between 1.2 and 3 mg/dL and by 75% if
above 3 mg/dL. The lifetime total dose should not exceed 550 mg/m 2 in patients with normal
heart function and 400 mg/m2 in persons having received mediastinal irradiation. Alternatively,
30 mg/m?2 on each of 3 consecutive days, repeated every 4 wk may be administered. Exemplary
doses may be 10 mg/m2, 20 mg/m2, 30 mg/m2 , 50 mg/m2, 100 mg/m2, 150 mg/m2, 175
mg/m2, 200 mg/m2, 225 mg/m?2 , 250 mg/mZ, 275 mg/m2, 300 mg/m2, 350 mg/mZ, 400 mg/m2,
425 mg/m2, 450 mg/m2, 475 mg/m2, 500 mg/m2. Of course, all of these dosages are

exemplary, and any dosage in-between these points is also expected to be of use in the present

invention.
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C. Radiotherapy

Radiotherapy, also called radiation therapy, involves the use of ionizing radiation to treat
cancers and other diseases. Ionizing radiation deposits energy that injures or destroys cells in the
area being treated (the "target tissue") by damaging their genetic material, and thereby inhibiting
cell proliferation. Ionizing radiation induces the formation of hydroxyl radicals, placing the cells
under oxidative stress. These radicals damage DNA, which causes cytotoxicity.

Radiotherapeutic agents that cause DNA damage are well known in the art and have been
extensively used. Radiotherapeutic agents, through the production of oxygen-related free
radicals and DNA damage, may lead to cell death or apoptosis. These agents may include, but
are not limited to, y-rays, X-rays, and/or the directed delivery of radioisotopes to tumor cells
(known as internal radiotherapy). Internal radiotherapy may further include but is not limited to,
brachytherapy, interstitial irradiation, and intracavitary irradiation. Other radiotherapeutic agents
that are DNA damaging factors include microwaves and UV-irradiation. These factors effect a
broad range of damage on DNA, on the precursors of DNA, on the replication and repair of
DNA, and on the assembly and maintenance of chromosomes.

Other approaches to radiation therapy are also contemplated in the present invention.
Such techniques may comprise intraoperative irradiation, in which a large dose of external
radiation is directed at the tumor and surrounding tissue during surgery; and particle beam
radiation therapy which involves the use of fast-moving subatomic particles to treat localized
cancers. Radiotherapy may further involve the use of radiosensitizers and/or radioprotectors to
increase the effectiveness of radiation therapy. Radiolabeled antibodies may also be used to
deliver doses of radiation directly to the cancer site, this is known as radioimmunotherapy.

Dosage ranges for X-rays range from daily doses of 50 to 200 roentgens for prolonged
periods of time (3 to 4 wk), to single doses of 2000 to 6000 roentgens. Dosage ranges for
radioisotopes vary widely, and depend on the half-life of the isotope, the strength and type of
radiation emitted, and the uptake by the neoplastic cells.

V. Adjunct Cancer Therapy

In the context of the present invention, it is contemplated that deguelin or derivatives
thereof may be used in combination with a second agent. It is further contemplated that the
second agent may be a PI3K, MAPK, or JNK inhibitor or an anticancer therapy such as taxol,
doxorubicin or radiotherapy. It may also prove effective to combine deguelin and a second agent
with an adjunct agent such as chemotherapy, gene therapy, hormonal therapy or immunotherapy
that targets cancer/tumor cells.
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To kill cells, inhibit cell growth, inhibit metastasis, inhibit angiogenesis or otherwise
reverse or reduce the malignant phenotype of cancer cells, using the methods and compositions
of the present invention, one would generally contact a cell with deguelin or derivatives thereof
in combination with a second agent such as a PI3K, MAPK, or JNK inhibitor; or an anticancer
therapy such as taxol, doxorubicin or radiotherapy. All of these compositions would be provided
in a combined amount effective to kill or inhibit proliferation of the cell. This process may
involve contacting the cells with deguelin or derivatives thereof in combination with a second

agent or factor(s) at the same time. This may be achieved by contacting the cell with a single

‘composition or pharmacological formulation that includes both agents, or by contacting the cell

with two distinct compositions or formulations, at the same time, wherein one composition
includes the deguelin or derivates thereof and the other includes the second agent.

Alternatively, treatment with deguelin or a deguelin derivative may precede or follow the
second agent treatment by intervals ranging from minutes to weeks. In embodiments where the
second agent is applied separately to the cell, one would generally ensure that a significant
period of time did not expire between the time of each delivery, such that the agent would still be
able to exert an advantageously combined effect on the cell. In such instances, it is contemplated
that one would contact the cell with both modalities within about 12-24 hours of each other and,
more preferably, within about 6-12 hours of each other, with a delay time of only about 12 hours
being most preferred. In some situations, it may be desirable to extend the time period for
treatment significantly, however, where several days (2, 3, 4, 5, 6 or 7) to several weeks (1,23,
4,5, 6, 7 or 8) lapse between the respective administrations.

It also is conceivable that more than one administration of either deguelin, or derivatives
thereof in combination with a second agent such as a PI3K, MAPK, or JNK inhibitor; or
anticancer therapy such as taxol, doxorubicin or radiotherapy will be desired. Various
combinations may be employed, where deguelin or derivatives thereof is “A” and the second

agent is “B”, as exemplified below:

A/B/A B/A/B B/B/A A/A/B B/AJA A/B/B B/B/B/A B/B/A/B
A/A/B/B A/B/A/B A/B/B/A B/B/A/A B/A/B/A B/A/A/B B/B/B/A
A/A/A/B B/A/A/A A/B/AJA A/JA/B/A A/B/B/B B/A/B/B B/B/A/B

Other combinations are contemplated. Again, to achieve cell killing, both agents are delivered to

a cell in a combined amount effective to kill the cell.
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As stated above, a further combination with adjunct therapies is envision. Adjunct agents
or factors suitable for use in combination with the present invention include any chemical
compound or treatment method with anticancer activity. These compounds or methods include
alkylating agents, topoisomerase I inhibitors, topoisomerase II inhibitors, antitumor antibiotics,
RNA/DNA antimetabolites, DNA antimetabolites, antimitotic agents, nitrosureas, as well as

antibodies and corticosteroid hormones.

a. Chemotherapy
An adjunct therapy contemplated in the present invention is chemotherapy. Adjunct
chemotherapies may include, for example, cisplatin (CDDP), carboplatin, procarbazine,
mechlorethamine, cyclophosphamide, camptothecin, ifosfamide, melphalan, chlorambucil,
busulfan, nitrosurea, dactinomycin, daunorubicin, doxorubicin, bleomycin, plicomycin,
mitomycin, etoposide (VP16), tamoxifen, raloxifene, estrogen receptor binding agents, taxol,
gemcitabien, navelbine, farnesyl-protein tansferase inhibitors, transplatinum, 5-fluorouracil,

vincristin, vinblastin and methotrexate, or any analog or derivative variant of the foregoing.

b. Immunotherapy

Immunotherapeutics, generally, rely on the use of immune effector cells and molecules to
target and destroy cancer cells. The immune effector may be, for example, an antibody specific
for some marker on the surface of a tumor cell. The antibody alone may serve as an effector of
therapy or it may recruit other cells to actually effect cell killing. The antibody also may be
conjugated to a drug or toxin (chemotherapeutic, radionuclide, ricin A chain, cholera toxin,
pertussis toxin, efc.) and serve merely as a targeting agent. Alternatively, the effector may be a
lymphocyte carrying a surface molecule that interacts, either directly or indirectly, with a tumor
cell target. Various effector cells include cytotoxic T cells and NK cells.

Generally, the tumor cell must bear some marker that is amenable to targeting, i.e., is not
present on the majority of other cells. Many tumor markers exist and any of these may be
suitable for targeting in the context of the present invention. Common tumor markers include
carcinoembryonic antigen, prostate specific antigen, urinary tumor associated antigen, fetal
antigen, tyrosinase (p97), gp68, TAG-72, HMFG, Sialyl Lewis Antigen, MucA, MucB, PLAP,

estrogen receptor, laminin receptor, erb B and p155.
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c. Genes
In yet another embodiment, the secondary treatment is a secondary gene therapy in which
a second therapeutic polynucleotide is administered before, after, or at the same time a first
therapeutic polynucleotide encoding all of part of an MDA-7 polypeptide. Delivery of a vector
encoding either a full length or truncated MDA-7 in conjuction with a second vector encoding
one of the following gene products will have a combined anti-hyperproliferative effect on target
tissues. Alternatively, a single vector encoding both genes may be used. A variety of proteins

are encompassed within the invention, some of which are described below.

i Inducers of Cellular Proliferation

The proteins that induce cellular proliferation further fall into various categories
dependent on function.. The commonality of all of these proteins is their ability to regulate
cellular proliferation. For example, a form of PDGF, the sis oncogene, is a secreted growth
factor. Oncogenes rarely arise from genes encoding growth factors, and at the present, sis is the
only known naturally-occurring oncogenic growth factor. In one embodiment of the present
invention, it is contemplated that anti-sense mRNA directed to a particular inducer of cellular
proliferation is used to prevent expression of the inducer of cellular proliferation.

The proteins FMS, ErbA, ErbB and neu are growth factor receptors. Mutations to these
receptors result in loss of regulatable function. For example, a point mutation affecting the
transmembrane domain of the Neu receptor protein results in the neu oncogene. The erbA
oncogene is derived from the intracellular receptor for thyroid hormone. The modified
oncogenic ErbA receptor is believed to compete with the endogenous thyroid hormone receptor,
causing uncontrolled growth.

The largest class of oncogenes includes the signal transducing proteins (e.g., Src, Abl and
Ras). The protein Src is a cytoplasmic protein-tyrosine kinase, and its transformation from
proto-oncogene to oncogene in some cases, results via mutations at tyrosine residue 527. In
contrast, transformation of GTPase protein ras from proto-oncogene to oncogene, in one
example, results from a valine to glycine mutation at amino acid 12 in the sequence, reducing ras
GTPase activity.

The proteins Jun, Fos and Myc are proteins that directly exert their effects on nuclear

functions as transcription factors.

19



10

15

20

25

30

WO 2004/032876 PCT/US2003/032263

ii. Inhibitors of Cellular Proliferation

The tumor suppressor oncogenes function to inhibit excessive cellular proliferation. The
inactivation of these genes destroys their inhibitory activity, resulting in unregulated
proliferation. The tumor suppressors p53, p16 and C-CAM are described below.

High levels of mutant p53 have been found in many cells transformed by chemical
carcinogenesis, ultraviolet radiation, and several viruses. The p53 gene is a frequent target of
mutational inactivation in a wide variety of human tumors and is already documented to be the
most frequently mutated gene in common human cancers. It is mutated in over 50% of human
NSCLC (Hollstein et al., 1991) and in a wide spectrum of other tumors.

The p53 gene encodes a 393-amino acid phosphoprotein that can form complexes with
host proteins such as large-T antigen and E1B. The protein is found in normal tissues and cells,
but at concentrations which are minute by comparison with transformed cells or tumor tissue

Wild-type p53 is recognized as an important growth regulator in many cell types.
Missense mutations are common for the p53 gene and are essential for the transforming ability of
the oncogene. A single genetic change prompted by point mutations can create carcinogenic
p53. Unlike other oncogenes, however, p53 point mutations are known to occur in at least 30
distinct codons, often creating dominant alleles that produce shifis in cell phenotype without a
reduction to homozygosity. Additionally, many of these dominant negative alleles appear to be
tolerated in the organism and passed on in the germ line. Various mutant alleles appear to range
from minimally dysfunctional to strongly penetrant, dominant negative alleles (Weinberg, 1991).

Another inhibitor of cellular proliferation is p16. The major transitions of the eukaryotic
cell cycle are triggered by cyclin-dependent kinases, or CDK’s. One CDK, cyclin-dependent
kinase 4 (CDK4), regulates progression through the G;. The activity of this enzyme may be to
phosphorylate Rb at late G;. The activity of CDK4 is controlled by an activating subunit, D-type
cyclin, and by an inhibitory subunit, the p16™* has been biochemically characterized as a
protein that specifically binds to and inhibits CDK4, and thus may regulate Rb phosphorylation
(Serrano et al., 1993; Serrano et al., 1995). Since the pl6™* protein is a CDK4 inhibitor
(Serrano, 1993), deletion of this gene may increase the activity of CDK4, resulting in
hyperphosphorylation of the Rb protein. p16 also is known to regulate the function of CDKS6.

p16INK4 belongs to a newly described class of CDK-inhibitory proteins that also includes
p16®, p19, p21"4F! and p27°®'. The p16™4 gene maps to 9p21, a chromosome region
frequently deleted in many tumor types. Homozygous deletions and mutations of the pl16™~*
gene are frequent in human tumor cell lines. This evidence suggests that the p16™** gene is a

tumor suppressor gene. This interpretation has been challenged, however, by the observation
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that the frequency of the p16™<*

gene alterations is much lower in primary uncultured tumors
than in cultured cell lines (Caldas et al., 1994; Cheng et al., 1994; Hussussian et al., 1994; Kamb
et al., 1994; Mori et al, 1994; Okamoto et al., 1994; Nobori et al., 1995; Orlow et al., 1994;
Arap et al., 1995). Restoration of wild-type p16INK4 function by transfection with a plasmid
expression vector reduced colony formation by some human cancer cell lines (Okamoto, 1994;
Arap, 1995).

Other genes that may be employed according to the present invention include Rb, mda-7,
APC, DCC, NF-1, NF-2, WT-1, MEN-I, MEN-I, zacl, p73, VHL, MMACI1/PTEN, DBCCR-1,
FCC, rsk-3, p27, p27/p16 fusions, p21/p27 fusions, anti-thrombotic genes (e.g., COX-1, TFPI),
PGS, Dp, E2F, ras, myc, neu, raf; erb, fins, trk, ret, gsp, hst, abl, E1A, p300, genes involved in
angiogenesis (e.g., VEGF, FGF, thrombospondin, BAI-1, GDAITF, or their receptors) and MCC.

iii. Regulators of Programmed Cell Death

Apoptosis, or programmed cell death, is an essential process for normal embryonic
development, maintaining homeostasis in adult tissues, and suppressing carcinogenesis (Kerr et
al., 1972). The Bcl-2 family of proteins and ICE-like proteases have been demonstrated to be
important regulators and effectors of apoptosis in other systems. The Bcl-2 protein, discovered
in association with follicular lymphoma, plays a prominent role in controlling apoptosis and
enhancing cell survival in response to diverse apoptotic stimuli (Bakhshi ez al., 1985; Cleary and
Sklar, 1985; Cleary et al., 1986; Tsujimoto et al., 1985; Tsujimoto and Croce, 1986). The
evolutionarily conserved Bcl-2 protein now is recognized to be a member of a family of related
proteins, which can be categorized as death agonists or death antagonists.

Subsequent to its discovery, it was shown that Bcl-2 acts to suppress cell death triggered
by a variety of stimuli. Also, it now is apparent that there is a family of Bcl-2 cell death
regulatory proteins which share in common structural and sequence homologies. These different
family members have been shown to either possess similar functions to Bcl-2 (e.g., Belxr, Bely,
Bels, Mcl-1, A1, Bfl-1) or counteract Bel-2 function and promote cell death (e.g., Bax, Bak, Bik,
Bim, Bid, Bad, Harakiri).

d. Surgery
Approximately 60% of persons with cancer will undergo surgery of some type, which
includes preventative, diagnostic or staging, curative and palliative surgery. Curative surgery
includes resection in which all or part of cancerous tissue is physically removed, excised, and/or

destroyed. Tumor resection refers to physical removal of at least part of a tumor. In addition to
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tumor resection, treatment by surgery includes laser surgery, cryosurgery, electrosurgery, and
miscopically controlled surgery (Mohs’ surgery). It is further contemplated that the present
invention may be used in conjunction with removal of superficial cancers, precancers, or
incidental amounts of normal tissue.

Upon excision of part of all of cancerous cells, tissue, or tumor, a cavity may be formed
in the body. Treatment may be accomplished by perfusion, direct injection or local application
of the area with an additional anti-cancer therapy. Such treatment may be repeated, for example,
every1,2,3,4,5, 6, or 7 days, orevery 1, 2, 3,4, and 5 weeks orevery 1, 2, 3, 4, 5,6, 7, 8, 9,
10, 11, or 12 months. These treatments may be of varying dosages as well.

e. Hormonal Therapy
Hormonal therapy may also be used in conjunction with the present invention or in
combination with any other cancer therapy previously described. The use of hormones may be
employed in the treatment of certain cancers such as breast, prostate, ovarian, or cervical cancer
to lower the level or block the effects of certain hormones such as testosterone or estrogen. This
treatment is often used in combination with at least one other cancer therapy as a treatment

option or to reduce the risk of metastases.

f. Other agents

It is contemplated that other agents may be used in combination with the present
invention to improve the therapeutic efficacy of treatment. These additional agents include
immunomodulatory agents, agents that affect the upregulation of cell surface receptors and GAP
junctions, cytostatic and differentiation agents, inhibitors of cell adehesion, or agents that
increase the sensitivity of the hyperproliferative cells to apoptotic inducers. Immunomodulatory
agents include tumor necrosis factor; interferon alpha, beta, and gamma; IL-2 and other
cytokines; F42K and other cytokine analogs; or MIP-1, MIP-1beta, MCP-1, RANTES, and other
chemokines. It is further contemplated that the upregulation of cell surface receptors or their
ligands such as Fas / Fas ligand, DR4 or DR5 / TRAIL would potentiate the apoptotic inducing
abililties of the present invention by establishment of an autocrine or paracrine effect on
hyperproliferative cells. Increases intercellular signaling by elevating the number of GAP
junctions would increase the anti-hyperproliferative effects on the neighboring hyperproliferative
cell population. In other embodiments, cytostatic or differentiation agents can be used in
combination with the present invention to improve the anti-hyerproliferative efficacy of the

treatments. Inhibitors of cell adehesion are contemplated to improve the efficacy of the present
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invention. Examples of cell adhesion inhibitors are focal adhesion kinase (FAKSs) inhibitors and
Lovastatin. It is further contemplated that other agents that increase the sensitivity of a
hyperproliferative cell to apoptosis, such as the antibody ¢225, could be used in combination

with the present invention to improve the treatment efficacy.

B. Formulations and Routes for Administration

‘Where clinical applications are contemplated, it will be necessary to prepare
pharmaceutical compositions in a form appropriate for the intended application. Generally, this
will entail preparing compositions that are essentially free of pyrogens, as well as other
impurities that could be harmful to humans or animals. ‘

One will generally desire to employ appropriate salts and buffers to render delivery
vectors stable and allow for uptake by target cells. Buffers also will be employed when
recombinant cells are introduced into a patient. Aqueous compositions of the present invention
in an effective amount may be dissolved or dispersed in a pharmaceutically acceptable carrier or
aqueous medium. Such compositions also are referred to as inocula. The phrase
“pharmaceutically or pharmacologically acceptable” refers to molecular entities and
compositions that do not produce adverse, allergic, or other untoward reactions when
administered to an animal or a human. As used herein, “pharmaceutically acceptable carrier”
includes any and all solvents, dispersion media, coatings, antibacterial and antifungal agents,
isotonic and absorption delaying agents and the like. The use of such media and agents for
phamiaceutically active substances is well known in the art. Except insofar as any conventional
media or agent is incompatible with the vectors or cells of the present invention, its use in
therapeutic compositions is contemplated. Supplementary active ingredients also can be
incorporated into the compositions.

The composition(s) of the present invention may be delivered orally, nasally,
intramuscularly, intraperitoneally, In some embodiments, local or regional delivery of deguelin
or derivatives thereof in combination with a second agent, to a patient with cancer or pre-cancer
conditions will be a very efficient method of delivery to counteract the clinical disease.
Similarly, chemo- or radiotherapy may be directed to a particular, affected region of the subject’s
body. Regional chemotherapy typically involves targeting anticancer agents to the region of the
body where the cancer cells or tumor are located. Other examples of delivery of the compounds
of the present invention that may be employed include intra-arterial, intracavity, intravesical,

intrathecal, intrapleural, and intraperitoneal routes.
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Intra-arterial administration is achieved using a catheter that is inserted into an artery to
an organ or to an extremity. Typically, a pump is attached to the catheter. Intracavity
administration describes when chemotherapeutic drugs are introduced directly into a body cavity
such as intravesical (into the bladder), peritoneal (abdominal) cavity, or pleural (chest) cavity.
Agents can be given directly via catheter. Intravesical chemotherapy involves a urinary catheter
to provide drugs to the bladder, and is thus useful for the treatment of bladder cancer.
Intrapleural administration is accomplished using large and small chest catheters, while a
Tenkhoff catheter (a catheter specially designed for removing or adding large amounts of fluid
from or into the peritoneum) or a catheter with an implanted port is used for intraperitoneal
chemotherapy. Abdomen cancer may be treated this way. Because most drugs do not penetrate
the blood/brain barrier, intrathecal chemotherapy is used to reach cancer cells in the central
nervous system. To do this, drugs are administered directly into the cerebrospinal fluid. This
method is useful to treat leukemia or cancers that have spread to the spinal cord or brain.

Alternatively, systemic delivery of the chemotherapeutic drugs may be appropriate in
certain circumstances, for example, where extensive metastasis has occurred. Iniravenous
therapy can be implemented in a number of ways, such as by peripheral access or through a
vascular access device (VAD). A VAD is a device that includes a catheter, which is placed into
a large vein in the arm, chest, or neck. It can be used to administer several drugs simultaneously,
for long-term treatment, for continuous infusion, and for drugs that are vesicants, which may
produce serious injury to skin or muscle. Various types of vascular access devices are available.

The active compositions of the present invention may include classic pharmaceutical
preparations. Administration of these compositions according to the present invention will be
via any common route so long as the target tissue is available via that route. This includes but is
not limited to, oral, nasal, or buccal routes. Alternatively, administration may be by orthotopic,
intradermal, subcutaneous, intramuscular, intraperitoneal or intravenous injection.  Such
compositions would normally be administered as pharmaceutically acceptable compositions,
described supra. The drugs and agents also may be administered parenterally or
intraperitoneally. The term “parenteral” is generally used to refer to drugs given intravenously,
intramuscularly, or subcutaneously.

Solutions of the active compounds as free base or pharmacologically acceptable salts can
be prepared in water suitably mixed with a surfactant, such as hydroxypropylceliulose.
Dispersions also can be prepared in glycerol, liquid polyethylene glycols, and mixtures thereof
and in oils. Under ordinary conditions of storage and use, these preparations contain a

preservative to prevent the growth of microorganisms.
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The therapeutic compositions of the present invention may be administered in the form of
injectable compositions either as liquid solutions or suspensions; solid forms suitable for solution
in, or suspension in, liquid prior to injection may also be prepared. These preparations also may
be emulsified. A typical composition for such purpose comprises a pharmaceutically acceptable

carrier. For instance, the composition may contain 10 mg, 25 mg, 50 mg or up to about 100 mg

- of human serum albumin per milliliter of phosphate buffered saline. Other pharmaceutically

acceptable carriers include aqueous solutions, non-toxic excipients, including salts,
preservatives, buffers and the like. Examples of non-aqueous solvents are propylene glycol,
polyethylene glycol, vegetable oil and injectable organic esters such as ethyloleate. Aqueous
carriers include water, alcoholic/aqueous solutions, saline solutions, parenteral vehicles such as
sodium chloride, Ringer's dextrose, efc. Intravenous vehicles include fluid and nutrient
replenishers. Preservatives include antimicrobial agents, anti-oxidants, chelating agents and inert
gases. The pH, exact concentration of the various components, and the pharmaceutical
composition are adjusted according to well known parameters. Suitable excipients for
formulation with deguelin or derivatives thereof in combination a second agent include
croscarmellose sodium, hydroxypropyl methylcellulose, iron oxides synthetic), magnesium
stearate, microcrystalline cellulose, polyethylene glycol 400, polysorbate 80, povidone, silicon
dioxide, titanium dioxide, and water (purified).

Additional formulations are suitable for oral administration. Oral formulations include
such typical excipients as, for example, pharmaceutical grades of mannitol, lactose, starch,
magnesium stearate, sodium saccharine, cellulose, magnesium carbonate and the like. The
compositions take the form of solutions, suspensions, tablets, pills, capsules, sustained release
formulations or powders. When the route is topical, the form may be a cream, ointment, salve or
spray.

An effective amount of the therapeutic agent(s) is determined based on the intended goal,
for example (i) inhibition of tumor cell proliferation or (ii) elimination of tumor cells. The term
“unit dose” refers to physically discrete units suitable for use in a subject, each unit containing a
predetermined-quantity of the therapeutic composition calculated to produce the desired
responses, discussed above, in association with its administration, i.e., the appropriate route and
treatment regimen. The quantity to be administered, both according to number of treatments and
unit dose, depends on the subject to be treated, the state of the subject and the protection desired.
Precise amounts of the therapeutic composition also depend on the judgment of the practitioner

and are peculiar to each individual.

25



10

15

20

25

30

WO 2004/032876 PCT/US2003/032263

C. Therapeutically Effective Amounts of Deguelin and Derivatives Thereof

Treatment or prevention of a lung cancer with a therapeutically effective amount of a
deguelin or derivatives thereof in combination with a second agent such as a PI3K, MAPK, or
JNK inhibitor, or an anticaner therapy such as taxol, doxorubicin or radiotherapy varies
depending upon the host treated and the particular mode of administration. In one embodiment
of the invention the dose range of a deguelin or derivatives thereof in combination with a second
agent used will be about 0.5mg/kg body weight to about 500mg/kg body weight. The term
“body weight” is applicable when an animal is being treated. When isolated cells are being
treated, “body weight” as used herein should read to mean “total cell weight”. The term “total
weight may be used to apply to both isolated cell and animal treatment. All concentrations and
treatment levels are expressed as “body weight” or simply “kg” in this application are also
considered to cover the analogous “total cell weight” and “total weight” concentrations.
However, those of skill will recognize the utility of a variety of dosage range, for example,
1mg/kg body weight to 450mg/kg body weight, 2mg/kg body weight to 400mg/kg body weighty,
3mg/kg body weight to 350mg/kg body weighty, 4mg/kg body weight to 300mg/kg body
weight, Smg/kg body weight to 250mg/kg body weighty, 6mg/kg body weight to 200mg/kg
body weight, 7mg/kg body weight to 150mg/kg body weighty, 8mg/kg body weight to 100mg/kg
body weight, or 9mg/kg body weight to 50mg/kg body weight. Further, those of skill will
recognize that a variety of different dosage levels will be of use, for example, Img/kg, 2mg/kg,
3mg/kg, 4mgkg, Smgkg, 7.5mgkg, 10 mg/kg, 12.5mg/kg, 15mgkg, 17.5mg/kg, 20mg/kg,
25mg/kg, 30mg/kg, 35mg/kg, 40mg/kg, 45 mg/kg, 50mgkg, 60mg/kg, 70mg/kg, 80mg/kg,
90mg/kg, 100mg/kg, 120mg/kg, 140mg/ke, 150mg/ke, 160mg/kg, 180mg/kg, 200mg/kg, 225
mg/kg, 250mgkg, 275mg/kg, 300mgkg, 325mgkg, 350mgkg, 375mgkg, 400mgkg,
450mg/kg, 500mg/kg, 550mg/kg, 600mg/kg, 700mg/kg, 750mg/kg, 800mgkg, 900mg/ke,
1000mg/kg, 1250mg/kg, 1500mg/kg, 1750mg/kg, 2000mg/kg, 2500mg/kg, and/or 3000mg/kg.
Of course, all of these dosages are exemplary, and any dosage in-between these points is also
expected to be of use in the invention. Any of the above dosage ranges or dosage levels may be
employed for deguelin or derivatives thereof in combination with second agent.

“Therapeutically effective amounts” are those amounts effective to produce beneficial
results, particularly with respect to cancer treatment, in the recipient animal or patient. Such
amounts may be initially determined by reviewing the published literature, by conducting in
vitro tests or by conducting metabolic studies in healthy experimental animals. Before use in a

clinical setting, it may be beneficial to conduct confirmatory studies in an animal model,
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preferably a widely accepted animal model of the particular disease to be treated. Preferred
animal models for use in certain embodiments are rodent models, which are preferred because
they are economical to use and, particularly, because the results gained are widely accepted as
predictive of clinical value.

As is well known in the art, a specific dose level of active compounds such as deguelin or
derivatives thereof in combination with a second agent, for any particular patient depends upon a
variety of factors including the activity of the specific compound employed, the age, body
weight, general health, sex, diet, time of administration, route of administration, rate of
excretion, drug combination, and the severity of the particular disease undergoing therapy. The
person responsible for administration will determine the appropriate dose for the individual
subject. Moreover, for human administration, preparations should meet sterility, pyrogenicity,
general safety and purity standards as required by FDA Office of Biologics standards.

In some embodiments, deguelin or derivatives thereof in combination with a second
agent will be administered. As long as the dose of the second agent does not exceed previously
quoted toxicity levels, the effective amounts of the second agents may simply be defined as those
amounts effective to reduce the cancer growth when administered to an animal in combination
with the deguelin or derivatives thereof This is easily determined by monitoring the animal or
patient and measuring those physical and biochemical parameters of health and disease that are
indicative of the success of a given treatment. Such methods are routine in animal testing and
clinical practice.

In some embodiments of the present invention chemotherapy may be administered, as is
typical, in regular cycles. A cycle may involve one dose, after which several days or weeks
without treatment ensues for normal tissues to recover from the drug's side effects. Doses may be
given several days in a row, or every other day for several days, followed by a period of rest. If
more than one drug is used, the treatment plan will specify how often and exactly when each
drug should be given. The number of cycles a person receives may be determined before
treatment starts (based on the type and stage of cancer) or may be flexible, in order to take into
account how quickly the tumor is shrinking. Certain serious side effects may also require doctors

to adjust chemotherapy plans to allow the patient time to recover.

V1. EXAMPLES
The following examples are included to demonstrate preferred embodiments of the
invention. It should be appreciated by those of skill in the art that the techniques disclosed in the

examples which follow represent techniques discovered by the inventor to function well in the
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practice of the invention, and thus can be considered to constitute preferred modes for its
practice. However, those of skill in the art should, in light of the present disclosure, appreciate
that many changes can be made in the specific embodiments which are disclosed and still obtain

a like or similar result without departing from the spirit and scope of the invention.

EXAMPIE 1
MATERIALS AND METHODS

Preparation of Deguelin. Deguelin (FIG. 1) was synthesized from the natural product
rotenone (Sigma-Aldrich, Milwaukee, W1) in four steps to provide material in >98% pure, as
previously described (Anzenveno, 1979).

.Cells and Cell Cultures. A lung carcinogenesis model that includes normal,
premalignant, and malignant HBE cells was used in this study. Normal HBE (NHBE) cells were
purchased from Clontech (Palo Alto, CA). For the purpose of this study, premalignant cell lines
were defined as immortalized nontumorigenic HBE cells (1799 cells) or immortalized
nontumorigenic HBE cells exposed to carcinogen (1198 cells), and malignant cell lines were
defined as immortalized tumorigenic HBE cells (1170 cells). The premalignant and malignant
cell lines were derived from a single-cell subclone of the BEAS-2B cell line, which is an HBE
cell immortalized with a hybrid adenovirus/simian Virus 40 (Reddel e al., 1988). To develop the
immortalized and tumorigenic HBE cell lines, BEAS-2B cells were inserted into rat fracheas that
had been denuded of bronchial epithelium; beeswax pellets containing either cigarette smoke
condensate (CSC) or no treatment were also inserted into the rat tracheas. The tracheas were
placed subcutaneously in nude mice. Tumors developed 6 months later. Cell lines that exhibited
various levels of tumorigenicity in nude mice were derived from the tumors. 1799 is a
nontumorigenic cell line derived from BEAS-2B cells exposed to a beeswax pellet alone. Cell
lines derived from BEAS-2B cells exposed to beeswax pellets containing CSC include the 1198
cell line, which is nontumorigenic, and the 1170-1 cell line, which is tumorigenic. Tumorigenic
1170-1 cells exhibit an adenocarcinoma appearance. The 1799, 1198, and 1170-1 were obtained
from Dr. Andres Klein-zanto, Fox Chase Cancer Center, Philadelphia, PA (Klein-Szanto et al.,
1992). The characteristics of these cell lines have been described in detail (Kim et al., 1995).
Squamous HBE cells were induced by growing HBE cells to confluence on 10-cm tissue culture
plates coated with a thin matrix of fibronectin (Upstate Biotechnology, Inc., Lake Placid, NY)
and collagen (Celtrix Laboratories, Inc., Palo Alto, CA) as previously described (Lee et al.,

1996). The NHBE cells, 1799 cells, and squamous HBE cells were grown in keratinocyte serum-
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free medium (KSFM; Life Technologies, Inc., Gaithersburg, MD) containing 2 pg/ml of
epidermal growth factor (EGF) and bovine pitutary extract (Reddel ez al., 1988), whereas 3%
serum is required for the growth of 1198 and 1170-1 cells (20). Cells were grown on tissue
culture plasticware (Falcon; Bector, Dickinson, Bedford, MA) at 37 °C in a humidified
atmosphere with 5% C0,. For the analyses of growth inhibition, cell cycle, and induction of
apoptosis by deguelin, NHBE cells, HBE cell lines, and squamous HBE cells were cultured in
KSFM (Life Technologies) containing 2 pug/ml of EGF and bovine pitutary extract.

Cell Treatment with Deguelin and Determination of Growth Inhibition. To measure
the effects of deguelin on cell proliferation, NHBE, 1799 cells, 1198 cells, and 1170 cells were
transferred onto 96-well plates at densities ranging from 2 x 10° to 4 x 10° cells/ well. After 1
day, the cells were changed to the fresh medium containing various concentrations of deguelin
dissolved in DMSO (final concentration, 0.1%). Control cultures received 0.1% dimethyl
sulfoxide (DMSO) as did the deguelin-treated cultures. To determine whether deguelin-induced
antiproliferative effects on premalignant HBE cells was mediated through the inhibition of
PI3K/Akt pathway, 1799 cells and HBE cells were transferred onto 96-well plates, and infected
with AdSCMV (5 x 10° particles/cell), an empty virus, or AASCMV-MyrAkt-HA (1 x10° or 5 x
10° particles/cell), an adenoviral vector expressing constitutively active Akt (MyrAkt), in KSFM.
After 1 day of infection, cells were treated with 107 M or 10°M of deguelin, or 0.1% DMSO as
a control, and then incubated for 2 days. The viability of treated cells was measured by 3-(4,5-
dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide (MTT) assay as previously described
(Lee et al., 2002). Six replicate wells were used for each analysis. The drug concentration
required to cause 50% cell growth inhibition (ICso) was determined by interpolation from dose-
response curves.

Cell Cycle Analysis. Cells were plated on 10-cm dishes 1 day before treatment. After
treatment with deguelin for 3 days, floating and adherent cells were harvested by trypsinization,
fixed with 1% paraformaldehyde and 70% ethanol, stained with propidium iodide (PT), and
subjected to flow cytometric analysis to determine the percentages of cells in specific phases of
the cell cycle (Gy, S, and G,/M) as described previously (Sun et al., 1997).

Apoptosis assay. Normal, premalignant, and malignant HBE cells were exposed to
various doses of deguelin for 3 days. Morphologic characteristics of the cells were observed with
a light microscope at x200. Both adherent and floating cells were combined for the assessment of
apoptosis using the APO-BRDU staining kit (Phoenix Flow Systems, San Diego, CA). Briefly,
floating and attached cells dispersed with trypsin-EDTA were pelleted, washed, and fixed by 1%

paraformaldehyde followed by 70% ethanol. The fixed cells were washed and incubated with
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DNA-labeling solution containing terminal deoxynucleotidyl transferase (TdT) reaction buffer,
TdT enzyme, and bromodeoxyuridine triphosphate (Br-dUTP). Cells were rinsed, resuspended
with fluorescein-PRB-I antibody solution, and analyzed by flow cytometry in the presence of Pl/
RNase solution. All analyses were performed based on 3000 to 10,000 events using a FACScan
flow cytometer (Becton Dickinson, San Jose, CA) equipped with a 488-nm argon ion laser and
CellQuest software. A dual display of DNA area (linear red fluorescence) and Br-dUTP
incorporation (FITC-PRB-1 ) was used to determine the percentage of apoptotic ceils.

The percentage of dead cells was determined by fluorescent-activated cell sorting
(FACS) analysis of Pl-stained nuclei. Apoptosis was also determined by the detection of
nucleosomal DNA fragmentation, which was measured using the TACS apoptotic DNA
laddering kit (Trevigen, Inc., Gaithersburg, MD) according to the manufacturer’s protocol. To
determine whether deguelin-induced apoptosis was mediated through the inhibition of the
PI3K/Akt pathway, 2 x 10° 1799 cells or squamous HBE cells were seeded onto 6-well plates.
After 1 day, cells were infected with AASCMV (5 x 10 particles/cell) or AdSCMV-MyrAkt-HA
(1x 10° or 5 x 10° particleslcell) in KSEM, followed by the treatment with either 107 M deguelin
or 0.1% DMSO as a control, and then incubated for 2 days. Apoptosis was analyzed using the
APO-BRDU staining kit (Phoenix Flow Systems) as described above.

Immunoblotting. Whole cell lysates were prepared in lysis buffer (50 mM N-[2-
hydroxymethyl]- piperazine-N'-[2-ethanesulfonic acid] [HEPES; pH 7.5], 150 mM NaCl, 1.5
mM MgCly, ImM EDTA, 0.2 mM EGTA, 1% NP40, 10% glycerol, 1 mM dithiothreitol (DTT),
1 mM phenylmethylsulfonyl fluoride, 20 mM sodium fluoride, 5 mM sodium orthovanadate, 10
pg/ml aprotinin, . 10pg/ml leupeptin, 2 pg/ml pepstatin, and 1 mM benzamidine) as described
previously (Lee ef al., 2002). Equivalent protein concentrations were resolved in sodium dodecyl
sulfate-polyacrylamide gels and transferred to a nitrocellulose membrane. After the blocking of
transblotted membrane in Tris-buffered saline (TBS) containing 0.05% Tween 20 (TBST) and
5% low fat milk, the membrane was incubated with primary antibody at the appropriate dilution
in TBS-5% low-fat milk at 4 °C for 16 h and washed with TBST. The immunoblots were
visualized using the ECL kit (Amersham, Inc., Arlington Heights, IL) according to the
manufacturer's directions. Rabbit polyclonal antibodies against human pAkt (Ser473), Akt, and
pGSK-3B (Ser9), and mouse monoclonal antibody against human anti-pMAPK (Thr202/Tyr204)
were purchased from Cell Signalinng Technology (Beverly, MA). Rabbit polyclonal anti-
glycogen synthase (GSK)-3 o/p (BD Transduction Laboratories, Lexington, KY), rabbit

polyclonal anti-Bax and anti-caspase-3 antibodies (Pharmingen, San Diego, CA), rabbit

30



10

15

20

25

30

WO 2004/032876 PCT/US2003/032263

polyclonal anti-Bcl2 and rabbit polyclonal anti-poly (ADP-ribose) polymerase (PARP) antibody
(VIC 5) (Roche Molecular Biochemicals, Indianapolis, IN), goat antibodies against Erk-1, Erk-2,
and P-Actin (Senta Cruz Biotechnology, Inc., Santa Cruz, CA) were used for western blot
analysis.

PI3K Assay. 1799 cells cultured in KSFM containing 107 M deguelin for different time
periods were lysed in lysis buffer. PI3K was immunoprecipitated from 500 pg of cellular protein
using pan-anti-p85 antibody (Upstate Biotechnology, Waltham, MA), which coprecipitates the
pl10 catalytic subunit of PI3K, and subsequent lipid kinase assay was performed as described
previously (Sibilia e al., 2000). Briefly, the mixture was incubated with gentle rocking at 4 °C
for 12 h, 10 mg of protein A-sepharose (Amersham Pharmacia Biotech) were added, and the
incubation was continued for another 2 h. The immunoprecipitates were washed, in tandem,
three times with lysis buffer, twice with 0.1 M Tris/HCI, pH 7.5, containing 0.5 M LiCl, and 10
UM sodium vanadate, and twice with 10 mM Tris/HCI, pH 7.5, containing 100 mM NaCl, 10
LM sodium vanadate, and 1 mM EDTA. Adequate amounts of the washed antibody conjugates,
in 10 pl, were added to 80 pl of 30 mM Hepes, pH 7.5, containing 125 uM ATP, 10 pCi of
[0—"2P] ATP, and 6.25 mM MgCl,, and the reaction was initiated by adding 20 pg of bovine
brain extract (Type 1; Sigma) suspended in 10 pl of 30 mM Hepes, pH 7.5. After 10 min at 37
°C, the reaction was terminated by adding 5 pl of 1 M EDTA and 25 pl of 5 M HCl followed by
160 pl of chloroform:methanol (1:1 ; v/v). Samples were centrifuged at 6,000 x g for 5 min, and
the lower organic phase was removed, applied to 1% oxalic acid-treated TLC plates, and then
developed with n-propanol:2 M acetic acid (65:35) overnight. After drying, spots were located
by autoradiography and compared with standards. The autoradiograms were scanned by a
Photodyne image system and quantified using the NIH Image program (version 1.59).

ERK 1/2 Kinase assay. ERK1/2 activity was determined by analyzing MAPK-induced
phosphorylation of myelin basic protein (MBP) as previously described (Lee et al., 2002).
Briefly, 1799 cells cultured in KSFM containing 107 M deguelin for different time periods were
lysed in lysis buffer, and ERK-1 and -2 were immunoprecipitated from 100 pg of cell extracts
with antibodies (1 pg) that recognize ERK-1 and -2 (Santa Cruz Biotechnology) by rotation at 4
°C for overnight. The totat volume was adjusted to 0.5 ml with lysis buffer. Protein A sepharose
beads (20 pl) (Amersham Pharmacia Biotech) were added and incubated at 4 °C for 2 hour. The
beads were washed three times with lysis buffer and once with kinase buffer (20 mM Hepes [pH
7.51, 20 mM B-glycerol phosphate, 10 mM PNPP, 10 mM MgCl,, 1 mM dithiothreitol, 50 mM

sodium vanadate). Kinase assays were performed by incubating the beads with 30 pl kinase
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buffer to which 20 mM cold ATP, 5 uCi [yYP] ATP (2000 cpm/pmol), and 2 pg MBP (Cell
Signaling Technology) were added. The kinase reaction was performed at 30°C for 20 min. The
samples were suspended in Laemmli buffer, boiled for 5 min, and the samples were analyzed by
SDS-PAGE. The gel was dried and autoradiographed.

Generation of AdSCMV-HA-Myr-Ak. An adenoviral vector expressing a full-length
human Akt with the Src myristoylation signal fused in-frame to the c-Akt coding sequence with
HA (MyrAkt-HA) (Franke ef al., 1995) under the control of cytomegalovirus (CMV) promoter
(AdSCMV-MyrAkt-HA) was constructed using the pAd-shuttle vector system, as previously
described (Ji et al, 2002). The presence of MyrAkt-HA was confirmed by dideoxy-DNA
sequencing and western blot analysis on Akt and HA. The function of Ad5SCMV-MyrAkt-HA
was examined by a western blot analysis on pGSK-3p (Ser9). Viral titers were determined by
plaque assays and spectrophotometric analysis. The vectors for adenovirus construction were
kindly provided by Dr. Jack A. Roth (The University of Texas M. D. Anderson Cancer Center,
Houston, TX).

Northern Analysis. NHBE cells and squamous-HBE cells were lysed in 40 M
guanidinium isothiocyanate and total cellular RNA was extracted as described previously (Lee et
al., 1996). RNA was subjected to electrophoresis (20 pg per lane) on a 1% agarose gel
containing 2% formaldehyde, transferred to a nylon membrane (Zeta-Probe, Bio-Rad), and
hybridized to an [o-*?P]dCTP-labeled transglutaminase (TG) or involucrine (Inv) cDNA. Equal

loading of each RNA sample was examined by observing the intensity of 18s and 28s.

EXAMPLE 2: DEGUELIN INHIBITS CELL GROWTH PROLIFERATION IN HBE
CELLS

Differential Responses of Normal, Premalignant, and Malignant HBE Cells to
Deguelin. To investigate the potential of deguelin as a lung cancer chemopreventive agent, the
effects of deguelin on the growth of NHBE, two premalignant HBE cell lines, and one malignant
HBE cell line, which together constitute an in vitro lung carcinogenesis model were examined.
In the MTT assay after 3 days of treatment, deguelin inhibited the growth of premalignant and
malignant HBE cell lines at a concentration range of 10° M to107 M (ICso < 10 M) in a dose-
and time-dependent manner (FIG. 2A). The premalignant 1799 cells were the most sensitive to
deguelin; the viable number of 1799 cells was reduced by treatment of deguelin for 1 day at

concentration as low as 10° M. In contrast, deguelin had a minimal effect on NHBE viability,
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suggesting that deguelin acts specifically on neoplastically transformed HBE cells. Flow
cytometry was performed to further characterize the effects of deguelin on cell proliferation. Cell
cycle arrest in the G2/M phase was observed in 1799 cells treated with deguelin for 3 days at a
range of concentration: 17.3% and 40.2% of the 1799 cells treated with 10° M to 107 M
deguelin, respectively, were accumulated at the G2/M phase compared with the 9.6% of 1799
cells treated with DMSO (FIG. 2B). Analysis of 1198 and 1170 cells treated with deguelin in a
same condition showed similar pattern in cell cycle distribution (data not shown), whereas
deguelin did not induce detectable change in NHBE cell cycle. Thus, the results of the present
invention demonstrate that deguelin significantly inhibits the growth of premalignant HBE cells
as well as malignant HBE cells with minimal cytotoxicity to normal HBE cells and that
premalignant 1799 cells were the most sensitive to deguelin-induced antiproliferative effects of
deguelin, indicating the potential of deguelin as a chemopreventive agent against lung cancer.
The mechanism through which deguelin inhibits cell growth was investigated, and it was found
that deguelin treatment led to G2/M cell cycle arrest and rapid apoptosis in premalignant and
malignant HBE cells in dose- and time-dependent manner, while it had little effects on normal
HBE cells treated in a similar fashion.

Induction of Apoptosis by Deguelin in vitro. The mechanism by which deguelin
inhibits the growth of premalignant and malignant HBE cells was investigated. After treating
1799 cells with deguelin for 3 days, typical morphological changes of apoptosis was observed,
including membrane blebbing, increased refractoriness, and chromatin condensation (data not
shown). Flow cytometry, following the terminal deoxynucleotidyl transferase (TdT)-mediated
dUTP-biotin nick end labeling (TUNEL), showed that deguelin has a potent apoptotic activity of
deguelin in 1799 cells (FIG. 3). Exposure to more than 10® M deguelin for 3 days induced
significant levels of apoptosis in 1799 cells; 10 M deguelin induced apoptosis in 68.5 % of
1799 cells, and 107 M deguelin induced apoptosis in more than 90% of cells. Programmed cell

death produces a characteristic pattern of DNA fragmentation resulting from cleavage of nuclear

.DNA; thus, DNA fragmentation was also assessed. Three days of treatment with deguelin

induced the generation of nucleosomal-sized ladders of DNA fragments in the 1799 cells in a
dose-dependent manner. DNA fragmentation was also observed in 1799 cells treated with 107"M
deguelin for 1 day. 1198 and 1170 cells treated with same concentrations of deguelin for 3 days
showed similar patterns in TUNEL and DNA fragmentation analyses, whereas treatment of
deguelin for 1 day did not induce apoptotic events in 1198 and 1170 cells (data not shown),
confirming the sensitivity of 1799 cells to deguelin. Consistent with the results from MTT assay,

NHBE cells treated with deguelin showed neither TUNEL-positive cell population nor DNA
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fragmentation by deguelin treatment. Western blot analysis was also performed to determine
whether deguelin induces an activation of the caspase-3, a key executioner of apoptosis, and
cleavage of PARP, a substrate of caspase-3 proteolysis. A significant decrease in the 32-kDa
caspase-3 proenzyme accompanied by a concomitant increase in the induction of the 89-kDa
fragment of PARP cleaved from the 113-kDa form of PARP were shown in 1799 cells treated
with more than 10 M deguelin for 3 days. The regulation of Bcl protein family by deguelin in
1799 cells was further analyzed. Deguelin induced a dose-dependent increase in the level of Bax,
in association with the mild decrease in the Bcl-2 expression in these cells, whereas the Bel-xL
level was not affected. Similar effects of deguelin on the regulation of these proteins in 1198 and
1170 cells treated with deguelin in same condition were observed (data not shown).

Thus, the present invention demonstrates that deguelin induces the increase in the
expression of Bax (Miyashita and Reed, 1995) and decrease in Bcl-2 in premalignant and
malignant HBE cells, suggesting that changes in the ratio of Bax:Bcl-2 contribute to the
apoptotic activity of deguelin in these cells. However, the modulation of Bcl family by deguelin
was also observed in malignant HBE cells treated under the same condition, which suggested the
presence of another mechanism that is responsible for the sensitivity of premalignant HBE cells

to deguelin.
EXAMPLE 3: EFFECT OF DEGUELIN ON AKT EXPRESSION AND ACTIVITY

PI3K/Akt Pathway is Constitutive Active in Premalignant HBE Cells. To explore the
mechanism responsible for the induction of apoptosis by deguelin in 1799 cells, PI3K and
MAPK, which have a major role in regulating cell proliferation and apoptosis (Robinson et al.,
1997; Rodriguez-Viciana et al., 1997), were investigated to determine their involvment in
deguelin-mediated apoptosis in 1799 cells. The level of phospho-Akt (pAkt) on Ser473 and
phospho-P44/42 MAPK (pP44/42 MAPK) on Thr202/Tyr204 were examined in normal,
premalignant, and malignant HBE cells that were incubated in serum-free KSFM for 1 day to
remove exogenous activators of PI3K/Akt and MAPK. The level of pAkt was higher in
premalignant and malignant HBE cells than in NHBE cells, whereas pP44/42 MAPK
(Thr202/Tyr204) level was same in these cells. The 1799 cells displayed the highest level of
pAkt (S473) in growth factor withdrawal condition. To ensure that NHBE cells that did not
exhibit S473 phosphorylation were capable of phosphorylating S473 upon stimulation, IGF-I
was added, and S473 phosphorylation was measured. IGF-I increased S473 phosphorylation of

NHBE cells irrespective of endogenous levels, indicating that the IGF-IR signaling pathway that
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leads to Akt activation is intact in NHBE cells. The fact that S473 phosphorylation was
maintained in premalignant and malignant HBE cell lines under growth factor withdrawal
indicated that Akt was constitutively active in these cells. The highest level of pAkt in 1799 cells
suggested that the PI3K/Akt pathway plays an important role in cell survival in this cell line.

Inhibition of PI3K/Akt Activity by Deguelin in Premalignant HBE Cells. In
determining the mechanism that mediates the effects of deguelin on premalignant HBE cells, the
involvement of PI3K/Akt and MAPK pathways, which lead to increased cell proliferation or cell
viability and are crucial for tumorigenesis (Sibilia et al., 2000; Franke et al., 1995) have been
investigated. Numerous studies showed that the Akt pathway provides a critical cell survival
signal for tumor progression by phosphorylation of a number of downstream proteins, including
BAD, caspase-9, Forkhead transcription factors, IKK, Raf, and p21-activated protein kinase
(Kobayashi ef al., 1999; Moore et al., 1998).

The effects of deguelin on PI3K/Akt and MAPK activity in 1799 cells were next
examined. The results from lipid kinase assay indicated that treatment of the 1799 cells with 107
M deguelin for 1 day decreased PI3K activity without changing the protein levels of PI3K
components p85c. and pl10o . MAPK activity was not affected by the treatment of deguelin in
the 1799 cells, suggesting that deguelin suppresses activation of the PI3K/Akt pathway in 1799
cells. Activation of the PI3K pathway generally causes selective phosphorylation of downstream
effectors, such as Akt at Ser473/Thr308, GSK-3a/p at Ser9/21, and FKHR at
Thr241/Ser256/Ser319 (Grimberg et al., 2000); therefore, the levels of pAkt (Ser473) and
pGSK-3p (Ser9) were also examined by western blot analysis. The levels of pAkt (Ser473) and
pGSK-33 (Ser9) were decreased in 1799 treated with deguelin in a time-dependent manner,
whereas Akt, GSK-30/B, and B-Actin expression levels were not affected. Downregulation of the
pAkt level by deguelin was correlated with the phosphorylation of the endogenous Akt-kinase
substrate GSK-3p. Interestingly, the pAkt level was reduced after 7 h of treatment and was
virtually undetectable after 14 h, although the activity of PI3K remained unaltered 14 h post-
treatment and was suppressed after 24 h of treatment, suggesting that deguelin inhibits Akt
activity through more than one pathway, including the inhibition of PI3K activation.

Protection of Deguelin-induced HBE Cells Death by Activation of PI3K/Akt in
Premalignant. To confirm the premise that deguelin-induced apoptosis was mediated through
the inhibition of P13K/Akt activation, an adenovirus expressing an activated form of Akt with
Src myristoylation signal fused in-frame to the c-Akt coding sequence with HA (AdSCMV-
Myr.AktHA) was constructed. To examine the induction of Myr.AktHA expression by
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Ad5CMV-Myr.Akt.HA, 1799 cells were infected with indicated titers of either empty virus
(Ad5CMV) or virus expressing constitutively active Akt (AdSCMV-Myr.Akt.HA) for 3 days,
based on previous report. A time course of gene nduction in HBE cells by adenoviral vector
under the control of CMV promoter showed target gene expression beginning at 1 day, maximal
expression at day 3, and rapid decrease after day 5 (Lee et al., 2002). Western blot analysis
exhibited that AJSCMV-Myr.Akt-HA induces a dose-dependent increase in the expression of

HA and Myr.Akt.HA, which displayed a reduced mobility relative to Akt due to HA tag with no

change in endogenous Akt. The activity of AdSCMV-Myr.Akt.HA in the 1799 cells was verified
by western blot analysis on pGSK-3p, a downstream effector of Akt. Accordingly, the 1799 cells
were infected with increased doses of AdSCMV-Myr.AktHA and then were tested for
susceptibility to treatment with 107 M or 10 M deguelin. 1799 cells infected with AdSCMV-
Myr.Akt HA showed a viral dose-dependent increase in cell survival in response to deguelin
treatment (FIG. 4A). More than 80% of viable cells were observed in 1799 cells treated with107
M of déguelin that were infected with 5 x 10° M particles/cell of AdSCMV-Myr. Akt.HA, and
even 10° M deguelin did not decrease the viable cell number. The empty virus (AdSCMV) did
not rescue 1799 cells from deguelin-mediated cell death. To determine whether the recovery of
cell viability by AdSCMV-Myr.AktHA was a result of protection from deguelin-induced
apoptosis, 1799 cells infected with AdSCMV-Myr.Akt HA and then treated with deguelin as
described above were collected and tested for susceptibility to the deguelin-induced apoptosis
using the APO-BRDU staining kit. About 40% of untreated or empty virus-infected cells showed
induction of apoptosis by 107 M of deguelin (FIG. 4B) compared with less than 10% of
Ad5CMV-Myr. Akt HA- infected 1799 cells, suggesting that the induction of apoptosis by
deguelin in 1799 cells is due in part to inhibition of the PI3K/Akt-mediated antiapoptotic
pathways. Taken together, these results suggested a crucial role of PI3K/Akt in deguelin-induced
apoptosis.

Effects of Deguelin on Squamous Differentiated HBE Cells. Evidence is provided that

PI3K is activated upon adenovirus interaction with o, integrins and that this event is required for

‘adenovirus internalization (Li et al.,, 1998). The premalignant and malignant cell lines used in

this study were derived from an HBE cell immortalized with a hybrid adenovirus/simian virus
40. The phosphorylation of Akt in squamous HBE cells that mimic bronchial metaplasia, a
potentially premalignant lesion induced in smokers (Lee et al, 1996) was investigated, to
confirm whether the increase in pAkt level in 1799 cells account for the premalignant stage of
HBE cells. In tissue cultures, squamous HBE cells can be induced by growing HBE cells on

tissue culture plates coated with a thin matrix of fibronectin and collagen or by the treatment
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with interferon (IFN)-r, transforming growth factor (TGF)-P, or phorbol esters (Jetten ef al,
1986), and treatment with all-trans-retinoic acid, a known chemopreventive agent, inhibits this
process (Lee et al, 1996). Prior studies demonstrated the increased expression of
transglutaminase, involucrin, K5, and K13 in squamous HBE cells (Lee et al., 1996). After the
induced expression of squamous marker genes, such as transglutaminase (TGase) and involucrin
(Invol), was confirmed by northern blot analysis, western blot analysis on pAkt and pGSK-3p
was performed to examine the activation of PI3K/Akt in squamous HBE cells. The level of pAkt
and pGSK-3p was markedly induced in squamous HBE cells (S) compared to NHBE cells (N),
whereas the expression of Akt and GSK-30/f was same, indicating the activation of Akt in
squamous HBE cells. It was then determined whether deguelin inhibits the activation of
P13K/Akt pathway in squamous HBE cells. The elevated levels of pAkt (Ser473) and pGSK-3f
(Ser9) observed in squamous HBE cells were down-regulated by deguelin in a time-dependent
manner. The apoptotic effects of deguelin and the involvement of PI3K/Akt pathway in
squamous HBE cells were examined. After pronounced morphologic changes were observed in
squamous HBE cells treated with deguelin at a concentration range of 10° M to 107 M for 1 day,
the deguelin-mediated apoptosis was identified by examining reduction in the inactive form of
caspase-3 and increase in PARP cleavage. Whether deguelin induces apoptosis in squamous
HBE cells by suppressing the PI3K/Akt pathway was examined. For this study, squamous HBE
cells infected with either AASCMV or Ad5CMV-Myr.Akt-HA were treated with with 10" M or
10 M of deguelin. Squamous HBE cells were protected from deguelin-induced cell death by the
overexpression of constitutively active Akt, which was consistent with the results from 1799
cells treated with deguelin in similar conditions. According to western blot analysis, 1799 cells
infected with Ad5CMV-Myr.AktHA showed increased level in the 32-kDa caspase-3
proenzyme accompanied by a decrease in the 89-kDa fragment. These findings indicated that
deguelin induces apoptosis in squamous HBE cells by inhibiting PI3K/Akt pathway,

Akt was found to be constitutively active in premalignant and malignant HBE cells
compared to NHBE cells. The activity of Akt is higher in 1799 cells (an immortalized HBE cell
line) than in 1198 cells (an immortalized HBE cells exposed to carcinogen) or in 1170 cells (a
malignant HBE cells). It has been demonstrated that overexpression of Akt is an early event
during sporadic colon carcinogenesis (Phillips et al., 1998). In addition, increased expression
and/or activation of Akt have been observed in normal OSE from women with BRCA mutations
(Shayesteh ef al., 1999) and premalignant mammary hyperplasia that has an increased risk of

progressing to tumors (Strange et al., 2001).
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These findings suggest that activation of Akt is a common feature in early stage during
the multistep carcinogenesis.. The data provided herein now provide evidence that deguelin is an
optimal agent for attacking Akt as it selectively blocked the activation of Akt in 1799 cells.
Consequently, overexpression of constitutively active Akt protected 1799 cells from deguelin-
induced apoptosis, indicating that the inhibition of Akt by deguelin is the mechanism that
mediates its apoptotic effects in 1799 HBE cells. A partial and delayed inhibition of PI3K
activity compared to the inhibition of Akt activity was observed in response to deguelin,
suggesting that there are more than one mechanism that mediate the suppression of Akt activity
by deguelin. It has been demonstrated that Akt can be activated independent of PI3K and MAPK
by Ca**/calmodulin-dependent protein kinase kinase where the increase in the intracellular Ca®*
concentration promotes survival of some cultured neurons (Yano et al, 1998). It was also
observed that treatment of deguelin inhibits PI3K/Akt activity in 1198 and 1170 cells, and that
constitutive Akt rescued these cell lines from deguelin-mediated apoptosis. Nevertheless, higher
Akt activity in 1799 cells compared to 1198 and 1170 cells might result in increased relative
sensitivity of the 1799 cells to deguelin. Studies on whether this unique mechanism applies to
other PI3K inhibitors were performed, and it was observed that 1Y294002, a representiative
PI3K inhibitor that blocks ATP binding to pl10a PI3K catalytic domain; displayed much
weaker efficacy in growth inhibition of premalignant HBE cells than deguelin (unpublished
data); 1Y294002 required more than 10 pM to induce detectable cell growth inhibition in
premalignant and malignant HBE cells, and it showed significant cytotoxicity on NHBE cells
unlike deguelin.

EXAMPLE 4: DEGUELIN REGULATES EXPRESSION OF COX-2

Of the COX enzymes, COX-1 has been found to be constitutively expressed in cells and
plays a role in normal cell metabolic functions. COX-2 on the other hand, is found to be induced
and expressed in heoplastic growth. COX-2 has been found to be involved in the prevention of
lung carcinogenesis and to be regulated by Akt. Thus, it was determined whether deguelin
regulates the expression of COX-2 in lung cancer cells. Normal, premalignant, and malignant
lung cancer cells, NHBE, 1799, 1198, and 1170, were treated with 1 nM, 10 nM, or 100 nM
deguelin for 1 day and COX-1 and COX-2 expression were analyzed by northern blotting.
COX-2 expression was observed to be higher in premalignant cells (HBE 1799, 1198 cells)
compared to the malignant (HBE 1170) or normal cells.
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It was also observed that induced COX-2 expression was downregulated by deguelin in
the premalignant cells. In this study, the protein and mRNA expression of COX-1 and COX-2
were tested in 1799 and squamous (Sq) HBE cells. These cells were treated with 1 nM, 10 nM,
or 100 nM deguelin and the COX-1 and COX-2 RNA and analyzed by northern blotting and
western blotting. Equal amount of mRNA in cach lane was confirmed by northemn blot analysis
using GAPDH (data not shown).

EXAMPLE 5: APOPTOTIC EFFECT OF DEGUELIN ON HBE CELLS

The apoptotic effect of deguelin was further assessed in HBE cells. Cells were treated
with 107 M deguelin for 1, 2, or 3 days. Apoptosis was analyzed by flow cytometry as described
above. All cell lines tested showed 60% or greater apoptosis by day 2 or day 3 as is demonstrated
for H1299 and squamous HBE cells (FIG. 5). To confirm the apoptotic activity in these cells,
bax and bcl-2 expression were analyzed by western blotting. Increased bax expression was
observed in the cell lines and correlated with the apoptotic activity observed by FACS analysis.
Thus, it was determined that deguelin increases bax expression thereby inducing the apoptotic
activity in lung cancer cells. Bcl-2 expression was not found to be regulated in the presence of

deguelin in the cells lines tested.

EXAMPLE 6: GROWTH INHIBITORY EFFECT OF DEGUELIN AND DEGUELIN
DERIVATIVES ON NSCLC CELLS

To further investigate the chemopreventive activity of deguelin, inhibition of cell
proliferation was determined in normal, premalignant and malignant non-small cell lung cancer
cells (NSCLC). Cells were transferred onto 96-well plates at densities ranging from 2 x 10° to 4
x 10° cells/ well. After 1 day, the cells were changed to fresh medium containing various
concentrations of deguelin or deguelin derivatives dissolved in DMSO (final concentration,
0.1%). Control cultures received 0.1% dimethyl sulfoxide (DMSO) as did the deguelin- or
deguelin derivative-ireated cultures. Cells were treated with 107 M or 10° M of deguelin; 0.01
uM, 0.1 pM, 0.5 pM, or 1 uM each of a deguelin derivative; or 0.1% DMSO as a control, and
then incubated for 3 days. The viability of treated cells was measured by 3-(4,5-dimethylthiazol-
2-y1)-2,5-diphenyltetrazolium bromide (MTT) assay as previously described (Lee et al., 2002).
Six replicate wells were used for each analysis. The drug concentration required to cause 50%

cell growth inhibition (ICsp) was determined by interpolation from dose-response curves. The
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deguelin derivatives used were: 6a,2a-dehydrorotenone; methoxyrot-2'-enoic acid; tephrosin; 7S-
hydroxydeguelin,  rotenone;  7a,13a-dehydrodeguelin;  12-hydroxyrotenone;  12,12a-
dehydrorotenone; isorotenone; 4-chlororot-2'-enoic acid; 1,2-dihydrodeguelin; 2-phenylselenyl-
1,2,-dihydrodeguelin; 2-phenylselenyl-1,2-dihydrodeguelin; and bromorot-2'-enoic acid. The
ICso for deguelin was found to be 107 M to 10 M depending on the cell line. As shown in
Table 1 and FIG. 6, most cells were sensitive to deguelin at 107 M to 10° M. The deguelin
derivatives: methoxyrot-2'-enoic acid, tephrosin, 7S-hydroxydeguelin and bromorot-2'-enoic acid
appeared to be the most effective of the compounds in inhibiting cell growth in NSCLC cells.
Table 2; FIG. 7.
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EXAMPLE 7: ANTITUMOR AND ANTI-ANGIOGENIC ACTIVITY OF DEGUELIN

The antitumor effect of deguelin was tested using an in vivo model. H1299 cells were
injected into the dorsal flank of athymic nude mice. Once tumor volume reached 40-80 mm?’,
treatment for 5 consecutive days with 4 or 8 mg/kg deguelin began. Tumors were measured
every other day for 15 days. Growth of NSCLC xenografts was found to be inhibited by
treatment of deguelin at 4 mg/kg or 8 mg/kg concentrations compared to the control (FIG. 8).
The results are expressed as the mean (+ SD) tumor volume (calculated from at least 5 mice)
relative to the initial volume.

The anti-angiogenic activity of deguelin was assessed using a CAM assay. Chick
embryos were incubation for 3 days after which, about 2 ml of egg albumin was removed from
the embryo with a hypodermic needle to allow the CAM and yolk sac to drop away from the
shell membrane. On day 3.5, the shell was punched out and removed and the shell membrane
was peeled away. For testing of inhibition of angiogenesis, sample-loaded Thermanox™
coverslips containing vehicle control, 1-5 pM of deguelin, or 1 pg of retinoic acid (RA) as a
positive control were air dried and applied to the chorioallantoic membrane (CAM) surface of
4.5-day-old chick embryos, and the embryos were incubated for 2 days. After the two day
incubation period, 500 pl of 10% fat emulsion was injected into the chorioallantoic membrane
and observed microscopically.

Retinoic acid, an anti-angiogenic compound, was used as a positive control for
determining anti-angiogenic response. When the deguelin-treated CAM showed an avascular
zone to a degree similar to that of the the RA-treated CAM, the response was scored as positive,
and results were calculated as the percentage of positive eggs among the total number of eggs
tested. This independent experiment was repeated three times with more than 20 eggs. Treatment
with deguelin substantially reduced new vessel formation in chick embryos without any signs of
thrombosis and hemorrhage and with negligible egg lethality (FIG. 9A; circle indicate the
placement of coverslip. The anti-angiogenic activity of deguelin (5 nmol/egg) was 59.2% (FIG.
9B).

Inhibition of angiogenesis by deguelin was also evaluated using the Matrigel™ plug
assay, an established in vivo angiogenesis model, using nude mice. Matrigel alone was used as a
negative control, 100 ng/ml bFGF and 72 units/ml heparin in a vehicle of 0.1% BSA/PBS

(bFGF) for a positive control, 5 nmole deguelin alone, and 5 nmole deguelin plus bFGF were
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included. Seven days after injection, mice were sacrificed. Control plugs, in which Matrigel™
was injected with heparin alone, showed few vessels, but basic fibroblast growth factor (bFGF)
at 100 ng/ml) strongly enhanced vessel development in the plugs. Deguelin was found to
markedly inhibit bFGF-induced angiogenesis (FIG. 9C). Moreover, deguelin effectively
suppressed proliferation of HUVEC cells treated with 0.01, 0.1, 1 or 10 uM of deguelin for 3
days (FIG. 9D). Inhibition of cell proliferation was observed at 0.1, 1 and 10 uM concentrations
of deguelin in these cells. All of these findings indicated the anti-angiogenic activity of

deguelin:

- EXAMPLE 8: DEGUELIN ENHANCES THE EFFICACY OF CHEMOTHERAPEUTIC

AGENTS

Additional studies were conducted to determine whether deguelin can sensitize cells
resistant to a chemotherapeutic agent. H1299 NSCLC cells were incubated with deguelin (100
nM) for 2 days. 10 nM paclitaxel (taxol), 50 nM doxorubicin, or 4Gy of irradiation (Rad) were
added for 1 day of deguelin treatment followed by MTT analysis (FIG. 10). The results showed
that deguelin sensitizes cancer cells to chemotherapeutic agents and enhances the growth

inhibitory effect of these agents.

" EXAMPLE 9: DEGUELIN INHIBITS CELL GROWTH PROLIFERATION IN OTHER

CANCER CELLS

It was next determined whether deguelin can inhibit cell growth in cancer cells other than
lung cancer cells. Cancer cells, such as breast, prostate, head & neck and ovarian cells were
treated with 10 M, 10"M, 10%M, or 10°M deguelin for 3 or 5 days, and cell growth inhibition
analyzed by MTT assay. Deguelin was found to inhibit cell proliferation in these cells in a dose
dependent manner. Cell proliferation was found to more effectively inhibited at a concentration
of 107 M to 10°® M (FIG. 11). This data thus, supports the results observed in lung cancer cells

and provides deguelin is an effective chemopreventive agent in treating various cancers.

St ste sfe sie sk sk sfesfe e sfe sfeskesie sk

All of the compositions and/or methods disclosed and claimed herein can be made and

executed without undue experimentation in light of the present disclosure. While the
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compositions and methods of this invention have been described in terms of preferred
embodiments, it will be apparent to those of skill in the art that variations may be applied to the
compositions and/or methods and in the steps or in the sequence of steps of the method described
herein without departing from the concept, spirit and scope of the invention. More specifically,
it will be apparent that certain agents which are both chemically and physiologically related may
be substituted for the agents described herein while the same or similar results would be
achieved. All such similar substitutes and modifications apparent to those skilled in the art are
deemed to be within the spirit, scope and concept of the invention as defined by the appended

claims.
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CLAIMS
A method of inhibiting growth in a lung cancer cell comprising contacting the cell with a
therapeutically effective amount of deguelin or a derivative thereof in combination with a

second agent.

The method of claim 1, wherein inhibiting comprises inducing apoptosis in the lung
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10.

11.

12.

13.

14.

15.

cancer cell.

The method of claim 1, wherein the second agent is a PI3K, MAPK or JNK inhibitor.

The method of claim 1, wherein the second agent is a chemotherapeutic agent.

The method of claim 4, wherein the chemotherapeutic agent is taxol or doxorubicin.

The method of claim 1, wherein the second agent is a radiotherapeutic agent.

The method of claim 1, wherein the deguelin derivative is 6a,2a-dehydrorotenone.

The method of claim 1, wherein the deguelin derivative is methoxyrot-2'-enoic acid.

The method of claim 1, wherein the deguelin derivative is tephrosin.

The method of claim 1, wherein the deguelin derivative is 7S-hydroxydeguelin.

The method of claim 1, wherein the deguelin derivative is rotenone.

The method of claim 1, wherein the deguelin derivative is 7a,13a-dehydrodeguelin.

The method of claim 1, wherein the deguelin derivative is 12-hydroxyrotenone.

The method of claim 1, wherein the deguelin derivative is 12,12a-dehydrorotenone.

The method of claim 1, wherein the deguelin derivative is isorotenone.
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The method of claim 1, wherein the deguelin derivative is 4-chlororot-2'-enoic acid.
The method of claim 1, wherein the deguelin derivative is 1,2-dihydrodeguelin.

The method of claim 1, wherein the deguelin derivative is 2-phenylselenyl-1,2-
dihydrodeguelin.

The method of claim 1, Wherein the deguelin derivative is bromorot-2'-enoic acid.
The method of claim 1, wherein the cancer cell is a cell culture.

The method of claim 1, wherein the cancer cell is a tissue culture.

The method of claim 1, wherein the cancer cell is in a mammal.

The method of claim 22, wherein the mammal is a human.

The method of claim 1, wherein the cancer cell is a premalignant cancer cell.

The method of claim 1, wherein the cancer cell is 2 mali gnant cancer cell.

The method of claim 1, wherein the cancer cell is a metastatic cancer cell.

The method of claim 1, wherein the cancer cell is a non-small cell lung cancer cell, a

small cell lung cancer cell, or a rare lung cancer cell.

The method of claim 27, wherein the non-small cell lung cancer is a squamous cell

carcinoma, an adenocarcinoma or a large cell carcinoma.

The method of claim 27, wherein the small cell lung cancer is a lymphocytic small cell

lung cancer, a intermediate small cell lung cancer or a combined small cell lung cancer.
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The method of claim 29, wherein combined small cell lung cancer further comprises

small cell lung cancer and squamous cell carcinoma.

The method of claim 29, wherein combined small cell lung cancer further comprises

small cell lung cancer and adenocarcinoma.

The method of claim 27, wherein a rare lung cancer cell is a adenoid cystic carcinoma, a

mesothelioma, a hamartoma, a lymphoma or a sarcoma.

The method of claim 27, wherein the lung cancer cell is a carcinoid tumor cell.

A method for treating or preventing lung cancer in a subject comprising providing to the
subject a therapeutically effective amount of deguelin or derivative thereof in
combination with a second agent.

The method of claim 34, further comprising inducing apoptosis in the cancer cell.

The method of claim 34, wherein the second agent is a PI3K, MAPK or JNK inhibitor.
The method of claim 34, wherein the second agent is a chemotherapeutic agent.

The method of claim 37, wherein the chemotherapeutic agent is taxol or doxorubicin.

The method of claim 34, wherein the second agent is a radiotherapeutic agent.

The method of claim 34, wherein the deguelin derivative is 6a,2a-dehydrorotenone.

The method of claim 34, wherein the deguelin derivative is methoxyrot-2'-enoic acid.

The method of claim 34, wherein the deguelin derivative is tephrosin.

The method of claim 34, wherein the deguelin derivative is 7S-hydroxydeguelin.

The method of claim 34, wherein the deguelin derivative is rotenone.
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The method of claim 34, wherein the deguelin derivative is 7a,13a-dehydrodeguelin.

The method of claim 34, wherein the deguelin derivative is 12-hydroxyrotenone.

The method of claim 34, wherein the deguelin derivative is 12,12a-dehydrorotenone.

The method of claim 34, wherein the deguelin derivative is isorotenone.

The method of claim 34, wherein the deguelin derivative is 4-chlororot-2'-enoic acid.

The method of claim 34, wherein the deguelin derivative is 1,2-dihydrodeguelin.

The method of claim 34, wherein the deguelin derivative is 2-phenylselenyl-1,2-
dihydrodeguelin.

The method of claim 34, wherein the deguelin derivative is bromorot-2'-enoic acid.

The method of claim 34, wherein the cancer is a premalignant cancer.

The method of claim 34, wherein the cancer is a malignant cancer.

The method of claim 34, wherein the cancer is a metastatic cancer.

The method of claim 34, wherein the cancer is a non-small cell lung cancer, a small cell

lung cancer, or a rare lung cancer cell.

The method of claim 56, wherein the non-small cell lung cancer is a squamous cell

carcinoma, an adenocarcinoma or a large cell carcinoma.

The method of claim 56, wherein the small cell lung cancer is a lymphocytic small cell

lung cancer, a intermediate small cell lung cancer or a combined small cell lung cancer.
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71.

The method of claim 58, wherein combined small cell lung cancer further comprises

small cell lung cancer and squamous cell carcinoma.

The method of claim 58, wherein combined small cell lung cancer further comprises

small cell lung cancer and adenocarcinoma.

The method of claim 56, wherein the rare lung cancer is a adenoid cystic carcinoma, a

mesothelioma, a hamartoma, a lymphoma or a sarcoma.

The method of claim 56, wherein the lung cancer is a carcinoid tumor.

The method of claim 34, wherein deguelin is provided to the subject before the second

agent.

The method of claim 34, wherein deguelin is provided to the subject after the second

agent.

The method of claim 34, wherein deguelin is provided to the subject at the same time as

the second agent.

The method of claim 34, wherein deguelin is provided once.

The method of claim 34, wherein deguelin is provided more than once.

The method of claim 34, wherein the second agent is provided once.

Then method of claim 34, wherein the second agent is provided more than once.

The method of claim 34, wherein deguelin in combination with a second agent is

provided once.

The method of claim 34, wherein deguelin in combination with a second agent is

provided more than once.
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84.

The method of claim 34, wherein deguelin and the second agent are provided to a subject

intratumoraly, intravenously, intraperitoneally, intramuscularly, orally, or by inhalation.
The method of claim 34, further comprising photodynamic therapy, or surgery.

A method for assaying for the inhibition of lung cancer cell growth comprising: a)
providing a lung cancer cell sample; b) contacting the cell with an effective amount of
deguelin or derivative thereof and a second agent; ¢) analyzing the cell for growth
inhibition; and, d) comparing the inhibition of the cell growth in step (c) with the
inhibition of a lung cancer cell in the absence of deguelin or derivative thereof and a
second agent, wherein the difference in growth inhibition represents the growth
inhibitory effect of deguelin or derivative thereof and a second agent.

The method of claim 74, wherein growth inhibition is analyzed by MTT assay.

The method of claim 74, further comprising analyzing the sample for induction of

apoptosis.
The method of claim 76, wherein induction of apoptosis is analyzed by FACS.

The method of claim 74, further comprising analyzing the sample for inhibition of Akt

activity.

The method of claim 78, wherein inhibition of Akt activity is analyzed by PI3K assay.
The method of claim 74, wherein the second agent is a PI3K, MAPK or JNK inhibitor.
The method of claim 74, wherein the second agent is a chemotherapeutic agent.

The method of claim 81, wherein the chemotherapeutic agent is téxol or doxorubicin.
The method of claim 74, wherein the second agent is a radiotherapeutic agent.

The method of claim 74, wherein the deguelin derivative is 6a,2a-dehydrorotenone.
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The method of claim 74, wherein the deguelin derivative is methoxyrot-2'-enoic acid.
The method of claim 74, wherein the deguelin derivative is tephrosin.

The method of claim 74, wherein the deguelin derivative is 7S-hydroxydeguelin.

The method of claim 74, wherein the deguelin derivative is rotenone.

The method of claim 74, wherein the deguelin derivative is 7a,13a-dehydrodeguelin.

The method of claim 74, wherein the deguelin derivative is 12-hydroxyrotenone.

The method of claim 74, wherein the deguelin derivative is 12,12a—dehydroroténone.

The method of claim 74, wherein the deguelin derivative is isorotenone.

The method of claim 74, wherein the deguelin derivative is 4-chlororot-2'-enoic acid.
The method of claim 74, wherein the deguelin derivative is 1,2-dihydrodeguelin.

The method of claim 74, wherein the deguelin derivative is 2-phenylselenyl-1,2-
dihydrodeguelin.

The method of claim 74, wherein the deguelin derivative is bromorot-2'-enoic acid.

The method of claim 74, wherein the cancer sample is a non-small cell lung cancer, a

small cell lung cancer, or a rare lung cancer.

The method of claim 97, wherein the non-small cell lung cancer is a squamous cell

carcinoma, an adenocarcinoma or a large cell carcinoma.

The method of claim 97, wherein the small cell lung cancer is a lymphocytic small cell

lung cancer, a intermediate small cell lung cancer or a combined small cell lung cancer.
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The method of claim 99, wherein combined small cell lung cancer further comprises

small cell lung cancer and squamous cell carcinoma.

The method of claim 99, wherein combined small cell lung cancer further comprises

small cell lung cancer and adenocarcinoma.

The method of claim 97, wherein the rare lung cancer is a adenoid cystic carcinoma, a

mesothelioma, a hamartoma, a lymphoma or a sarcoma.
The method of claim 97, wherein the lung cancer is a carcinoid tumor cell.

A pharmaceutical composition comprising deguelin or derivative thereof and a second

agent.

The pharmaceutical composition of claim 104, wherein the second agent is a PI3K,
MAPK or JNK inhibitor.

The pharmaceutical composition of claim 104, wherein the second agent is a

chemotherapeutic agent.

The pharmaceutical composition of claim 106, wherein the chemotherapeutic agent is

taxol or doxorubicin.

The pharmaceutical composition of claim 104, wherein the second agent is a

radiotherapeutic agent.

The pharmaceutical composition of claim 104, wherein the deguelin derivative is 6a,2a-

dehydrorotenone.

The pharmaceutical composition of claim 104, wherein the deguelin derivative is

methoxyrot-2'-enoic acid.
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116.
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119.

120.

121.

The pharmaceutical composition of claim 104, wherein the deguelin derivative is

tephrosin.

The pharmaceutical composition of claim 104, wherein the deguelin derivative is 7S-

hydroxydeguelin.

The pharmaceutical composition of claim 104, wherein the deguelin derivative is

rotenone.

The pharmaceutical composition of claim 104, wherein the deguelin derivative is 7a,13a-

dehydrodeguelin.

The pharmaceutical composition of claim 104, wherein the deguelin derivative is 12-

hydroxyrotenone.

The pharmaceutical composition of claim 104, wherein the deguelin derivative is 12,12a-

dehydrorotenone.

The pharmaceutical composition of claim 104, wherein the deguelin derivative is

isorotenone.

The pharmaceutical composition of claim 104, wherein the deguelin derivative is 4-

chlororot-2'-enoic acid.

The pharmaceutical composition of claim 104, wherein the deguelin derivative is 1,2-

dihydrodeguelin.

The pharmaceutical composition of claim 104, wherein the deguelin derivative is 2-

phenylselenyl-1,2-dihydrodeguelin.

The pharmaceutical composition of claim 104, wherein the deguelin derivative is

bromorot-2'-enoic acid.
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