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Description
PI3K ANTAGONISTS AS RADIOSENSITIZERS

Cross Reference to Related Applications

This application is based on and claims priority to United States
Provisional Application Serial Number 60/401,864, filed August 8, 2002,
herein incorporated by reference in its entirety.

Grant Statement

This work was supported by grants R01-CA58508, R01-CA70937,
R01-CA89674, R21-CA89888, P30-CA68485, and P50-CA90949 from the
U.S. National Institutes of Health (NIH). Thus, the U.S. government has

certain rights in the presently claimed subject matter.

Technical Field

The presently claimed subject matter generally relates to methods for
enhancing radiotherapy via inhibition of PI3K signaling. More particularly,
the methods of the presently claimed subject matter involve administration of
a PI3K antagonist to a target tissue in a subject, whereby the radiosensitivity
of a target tissue in a subject is increased.

Table of Abbreviations

Akt - protein kinase B

Bad - a member of the Bcl-2 family of apoptosis
regulators

Bcl-2 - a family of apoptosis regulatory molecules

BFGF - basic fibroblast growth factor

BPDGFRs - platelet-derived growth factor beta receptors

C57BL/6d - a strain or mouse available from the Jackson

Laboratory, Bar Harbor, Maine, United States

of America
CEA - carcinoembryonic antigen
DMEM - Dulbecco's Modified Eagle Medium
DMSO - dimethylsulfoxide
EDTA - ethylenediaminetetra-acetic acid
EGF - epidermal growth factor
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M-CSF
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32p
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epidermal growth factor receptor
fibroblast growth factor receptor

a receptor for VEGF

gram

glioblastoma multiforme

green fluorescent protein

a glioblastoma cell line

glycoprotein

Grays

hematoxylin and eosin
hypoxia-inducible factor-1 alpha
human umbilical vein endothelial cell
iodine 125

iodine 131

intracellular adhesion molecule-1
interferon-alpha

interferon-gamma

insulin-like growth factor-I
immunoglobulin G

interleukin

intensity modulated radiation therapy
kilovolt peak

liter

Lewis lung carcinoma cell line

molar

macrophage colony stimulating factor
megahertz

National Institutes of Health
phosphorus 32

polyacrylamide gel electrophoresis

phosphate buffered saline

phosphate buffered saline with Triton X-100
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PDGF - platelet derived growth factor
PDGFR - platelet derived growth factor receptor
pfu - plaque-forming unit(s)
PI3K - phosphatidylinositol 3-kinase
PKB - protein kinase B
PMSF - phenylmethylsulphonyl fluoride
RTK - receptor tyrosine kinase
SDS - sodium dodecyl sulfate
Seg-1 - a human adenocarcinoma cell line
Ser - serine
SQ20B - a radioresistant squamous cell carcinoma line
T98 - a human melanoma cell line
Tm - melting temperature
TNF - tumor necrosis factor
U1 - a human melanoma cell line
us7 - a human glioblastoma cell line
VEGF - vascular endothelial growth factor
vWif - von Willebrand factor
Background Art

Cells respond to external stimuli in a number of ways, including by
proliferating, differentiating, surviving, or dying. One class of mediators of
such responses is the receptor tyrosine kinases (RTKs). RTK activity is
initiated by the binding of a ligand (e.g., a growth factor) to the extracellular
domain of the RTK, which in turn induces autophosphorylation of the
tyrosine kinase domain located within the cell. Autophosphorylation of an
RTK leads to the activation of different intracellular pathways through which
the signal generated by the binding of the ligand is transmitted. The
activities of RTKs are very tightly regulated, since abnormal RTK signal
transduction can lead to aberrant cellular proliferation, tumor formation, and
cancer.

One current approach to treating tumor formation and cancer in

patients is the use of localized ionizing radiation. Radiation causes rapidly
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proliferating cells, such as tumor and cancer cells, to undergo cell death by
apoptosis, both in vivo and in vitro (Antonakopoulos et al., 1994, Li et al.,
1994; Mesner et al, 1997). Current radiation therapy is frequently
unsuccessful at completely eradicating cancer cells from a patient, however.
This is true for at least two reasons. One reason cancer can recur is that it
is often not possible to deliver a sufficiently high dose of local radiation to Kill
tumor cells without concurrently creating an unacceptably high risk of
damage to the surrounding normal tissue. Another reason is that tumors
show widely varying susceptibilities to radiation-induced cell death. Thus,
the inability of local radiation to control tumor growth is a significant clinical
outcome leading to unsuccessful cancer therapy (Lindegaard et al., 1996;
Suit, 1996; Valter et al., 1999).

One obstacle to designing effective radiotherapy is that there is a
poor correlation between cellular responses to ionizing radiation in vitro and
in vivo. For example, glioblastoma multiforme (GBM) is insensitive to
radiation treatment, and has a universally fatal clinical outcome in both
children and adults (Walker et al., 1980; Wallner et al., 1989; Packer, 1999).
In vitro studies, however, show that human GBM celi lines exhibit
radiosensitivity that is similar to that seen in cell lines derived from more
curable human tumors (Allam et al., 1993; Taghian et al., 1993). In accord
with the clinical data, the use of in vivo animal models has shown that GBM
tumors in vivo are much more radioresistant than the cell lines used to
produce them are in vifro (Baumann et al., 1992; Allam et al., 1993; Taghian
et al., 1993; Advani et al., 1998; Staba et al., 1998). Thus, the inability to
predict the radiosensitivity of a tumor in vivo based upon in vitro
experimentation continues to be a significant obstruction to the successful
design of radiotherapy treatments of human cancers.

Tumor cells could show enhanced radiosensitivity in vitro compared
to in vivo due to the absence of an angiogenic support network in vitro, the
presence of which appears to contribute to a tumor’s radioresistance in vivo.
The response of tumor microvasculature to radiation is dependent upon the
dose and time interval after treatment (Kallman et al., 1972; Song et al.,
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1972; Hilmas & Gillette, 1975; Johnson, 1976; Yamaura et al., 1976; Ting et
al., 1991). Tumor blood flow decreases when high doses of radiation in the
range of 20 Grays (Gy) to 45 Gy are used (Song et al., 1972). In contrast,
blood flow increases when relatively low radiation doses, for example below
500 rads, are administered (Kallman et al., 1972; Hilmas & Gillette, 1975;
Johnson, 1976; Yamaura et al., 1976; Gorski et al., 1999). In irradiated
mouse sarcomas, for example, blood flow increased during the 3 to 7 days
immediately following irradiation (Kallman et al, 1972). Thus, the
microvasculature might serve to protect tumor cells from radiation-induced
cell death.

RTK activation has been shown to enhance the viability of endothelial
cells, such as are found in blood vessels, in response to irradiation (Gorski
et al., 1999; Geng et al., 2001; Paris et al., 2001). Vascular endothelial
growth factor (VEGF) could be involved in this effect. VEGF is a potent
angiogenic growth factor that normally acts directly on vascular endothelium
to promote the survival of newly formed vessels (Alon et al., 1995;
McMahon, 2000). VEGF has also been implicated in tumor proliferation
(Bell et al., 1999), and several transformed cell lines express unusually high
levels of VEGF (Kieser et al., 1994; Grugel et al., 1995; Graeven et al.,
1999). In addition, elevated VEGF expression is clinically relevant as it is
associated with worsened prognosis (Valter et al., 1999).

Elevated VEGF levels also correlate with radiation stress and
radiotherapy resistance (Shintani et al, 2000). For example, VEGF
expression is elevated in such radioresistant tumors as malignant glioma
and melanoma (Liu et al., 1995). Interfering with VEGF signal transduction
increases the in vitro radiosensitivity of glioblastoma and melanoma tumor
models (Geng et al., 2001). These data suggest a role for VEGF in
promoting cellular survival following radiotherapy. The mechanisms by
which VEGF exerts this protective effect have not been elucidated, however.

Both in vitro and in vivo experiments have suggested that VEGF
expression is induced when cells or tumors are exposed to ionizing radiation
(Katoh et al., 1995; Gorski et al., 1999). For example, when growing Lewis
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lung carcinoma (LLC) cells are treated in vitro with different doses of
irradiation, VEGF levels showed a dose-dependent increase within 24 hours
of treatment (Gorski et al., 1999). Several other human tumor cell lines also
showed an increase in VEGF expression after in vitro exposure to radiation,
including Seg-1 (esophageal adenocarcinoma), SQ20B (a radioresistant
squamous cell carcinoma line), U1 (melanoma), and T98 and U87
(glioblastoma; Gorski et al., 1999). Tumors produced in vivo by implanting
LLC, Seg-1, or SQ20B cells into mice also showed enhanced VEGF
expression after exposure to radiation (Gorski et al., 1999).

The induction of VEGF expression is associated with increased
radioresistance of these cells and tumors. Neutralizing antibodies to VEGF,
a soluble extracellular component of the Flk-1 receptor (one of three VEGF
receptors so far identified), and a Flk-1-specific inhibitor are all able to
eliminate this resistance phenotype both in vitro and in vivo, presumably by
interfering with the interaction of VEGF with its receptor(s) (Gorski et al.,
1999; Geng et al., 2001). Currently, however, effective strategies for
enhancing the radiosensitivity of tumors in vivo by interfering with VEGF
signal transduction are not available.

Protein kinase B, also called Akt, is another example of an RTK that
is involved in promoting cellular survival. Akt is activated by several different
growth factors, including insulin-like growth factor-I (IGF-1), epidermal growth
factor (EGF), basic fibroblast growth factor (bFGF), insulin, interleukin-6
(IL8), and macrophage colony stimulating factor (M-CSF; Datta et al., 1999).
In vitro studies have shown that constitutively active Akt can block stimulus-
induced cell death by phosphorylating mediators of apoptosis (Datta et al.,
1999). These mediators include Bad, a member of the Bcl-2 family, and
caspase-9. Phosphorylation of Bad or caspase-9 results in the inhibition of
its pro-apoptotic functions (Datta et al., 1997; Cardone et al, 1998). In
addition, other members of the apoptotic machinery, as well as several
transcription factors, contain the Akt consensus phosphorylation site (Datta
et al., 1999). Taken together, these observations strongly suggest that Akt
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might play a role in enhancing cellular survival in response to apoptotic

" stimuli.

Akt can be activated through the phosphatidylinositol 3-kinase (PI13K)
pathway (Fantl et al., 1993), although PI3K-independent activation of Akt
also occurs (Cheng et al., 1996; Shaw ef al., 1998; Yano et al., 1998; Filippa
et al., 1999; Ushio-Fukai et al., 1999). PI3K catalyzes the addition of a
phosphate group to the inositol ring of phosphoinositides normally present in
the plasma membrane of cells (Wymann & Pirola, 1998). The products of
these reactions, including phosphatidyl-4,5-bisphosphate and phosphatidyl-
3,4,5-trisphosphate, are potent second messengers of several RTK signals
(Cantley, 2002). In vitro studies have indicated that Akt and PI3K are
involved in growth factor-mediated survival of various cell types (Datta ef al.,
1999), including neural cells (Yao & Cooper, 1995; Dudek et al., 1997;
Weiner & Chun, 1999), fibroblasts (Kauffmann-Zeh et al., 1997; Fang et al.,
2000), and certain cells of hematopoietic origin (Katoh et al., 1995; Kelley et
al., 1999; Somervaille et al., 2001).

Recent evidence suggests that the cellular survival pathways
involving VEGF and Akt/PI3K might overlap. For example, neovascular
endothelial cells upregulate the expression of platelet-derived growth factor
B receptors (BPDGFRs) during such processes as wound healing,
inflammation, and glioma tumorigenesis (Wang et al., 1999). Treatment of
these cells with PDGF increases the expression of VEGF, and this increase
is dependent on PI3K (Wang et al., 1999). Akt and PI3K are also involved in
the VEGF-induced upregulation of intracellular adhesion molecule-1 (ICAM-
1; Radisavljevic ef al., 2000). Finally, Akt has been shown to be involved in
tumor-induced angiogenesis, an effect mediated through VEGF in
conjunction with hypoxia-inducible factor-1o (HIF-1a; Gao et gl., 2002).
However, the involvement of the Aki/PI3K pathway in the generation of
downstream signals for cellular survival induced by VEGF has not been
established in vivo.

Thus, there exists a long-felt need in the art for effective therapies for

treating tumors that are resistant to conventional therapies, including
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radiotherapy. To address this need, the presently claimed subject matter

. provides a method for enhancing the radiosensitivity of cells in a target

tissue via administration of a PI3K antagonist.
Summary

The presently claimed subject matter provides a method for
increasing the radiosensitivity of a target tissue in a subject. In one
embodiment, the method comprises administering a PI3K antagonist to a
subject, whereby the radiosensitivity of the target tissue is increased.

The presently claimed subject matter also provides a method for
suppressing tumor growth in a subject, the method comprising: (a)
administering a P13K antagonist to a subject bearing a tumor to increase the
radiosensitivity of the tumor; and (b) treating the tumor with ionizing
radiation, whereby tumor growth is suppressed.

The presently claimed subject matter also provides a method for
inhibiting tumor blood vessel growth, the method comprising: (a)
administering a PI3K antagonist to a subject bearing a tumor to increase the
radiosensitivity of tumor blood vessels; and (b) treating the tumor with
ionizing radiation, whereby tumor blood vessel growth is inhibited. A PI3K
antagonist can also be administered after irradiation as maintenance therapy
for the prevention of vascular regrowth.

The methods of the presently claimed subject matter are useful for
radiosensitizing target tissues, suppressing tumor growth, and inhibiting
tumor vascularization in mammalian subjects including but not limited to
human subjects. The methods can be used for any suitable target tissue,
including but not limited to vascular tissue, vascular endothelium, and
tumors such as radiation resistant tumors.

A PI3K antagonist can be administered as a minimally therapeutic
dose, although higher doses can be used as well. Representative doses of
ionizing radiation include but are not limited to a subtherapeutic dose and a
therapeutic dose.

Representative PI3K antagonists include LY294002 and wortmannin;
small molecules that specifically bind PI3K, including, but not limited to
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SU6668, SU11248, and Genistein; small molecules that inhibit the activation
of downstream mediators of PI3K signaling; a dominant negative PI3K
polypeptide; and neutralizing antibodies to PI3K.

Accordingly, it is an object of the presently claimed subject matter to
provide novel methods for radiosensitizing target tissues, including tumors.
This and other objects are achieved in whole or in part by the presently
claimed subject matter.

An object of the presently claimed subject matter having been stated
above, other objects and advantages of the presently claimed subject matter
will become apparent to those of ordinary skill in the art after a study of the
following description of the presently claimed subject matter and non-limiting
Examples.

Detailed Description

l. Radiosensitivity

In one embodiment, a novel method for increasing the radiosensitivity
of a target tissue in a subject via administration of a PI3K antagonist is
provided. The method comprises administering a PI3K antagonist to the
subject, whereby the radiosensitivity of a target tissue is increased. The
presently claimed subject matter also provides a method for suppressing
tumor growth in a subject. The method comprises: (a) administering a PI3K
antagonist to a subject bearing a tumor to increase the radiosensitivity of the
tumor; and (b) treating the tumor with ionizing radiation, whereby tumor
growth is suppressed. The presently claimed subject matter also provides a
method for inhibiting tumor blood vessel growth. The method comprises: (a)
administering a PI3K antagonist to a subject bearing a tumor to increase the
radiosensitivity of tumor blood vessels; and (b) treating the tumor with
ionizing radiation, whereby tumor blood vessel growth is inhibited.

The term “radiosensitivity” as used herein to describe a target tissue
refers to a quality of susceptibility to treatment using ionizing radiation. This
susceptibility can result from direct effects of the radiation on the cells of the
target tissue themselves. For example, radiation can cause the cells of the

target tissue to undergo apoptosis as a result of either DNA damage or
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another cell autonomous mechanism. Alternatively, radiosensitivity can
result from indirect effects, such as effects on the microenvironment of the
cells of the target tissue, for example, on the blood vessels supplying
nutrients and oxygen to the target tissue. Thus, radiotherapy can be used to
suppress the growth of a radiosensitive target tissue.

Radiosensitivity can be quantified by determining a minimal amount of
ionizing radiation that can be used to delay target tissue growth. Thus, the
term “radiosensitivity” refers to a quantitative range of radiation susceptibility.

The term "target tissue” refers to any cell or group of cells present in a
subject. This term includes single cells and populations of cells. The term
includes but is not limited to cell populations comprising glands and organs
such as skin, liver, heart, kidney, brain, pancreas, lung, stomach, and
reproductive organs. It also includes but is not limited to mixed cell
populations such as bone marrow. Further, it includes but is not limited to
such abnormal cells as neoplastic or tumor cells, whether individually or as a
part of solid or’metastatic tumors. The term “target tissue” as used herein
additionally refers to an intended site for accumulation of a ligand following
administration to a subject. For example, the methods of the presently
claimed subject matter employ a target tissue comprising a tumor.

The term “suppressing tumor growth” refers to an increase in a
duration of time required for a tumor to grow a specified amount. For
example, treatment can extend the time required for a tumor fo increase in
volume 3-fold relative to an initial day of measurement (day 0) or the time
required to grow to a volume of 1 cm?®.

The terms “radiation resistant tumor” and “radioresistant tumor” each
generally refer to a tumor that is substantially unresponsive to radiotherapy
when compared to other tumors. Representative radiation resistant tumor
models include glioblastoma multiforme and melanoma.

The term “increase”  as used herein to refer to a change in
radiosensitivity of a tumor refers to change that renders a tumor more
susceptible to destruction by ionizing radiation. Alternatively stated, an

increase in radiosensitivity refers to a decrease in the minimal amount of
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ionizing radiation that effectively suppresses tumor growth. An increase in
radiosensitivity can also comprise suppressed tumor growth or inhibited
tumor blood vessel growth when a PI3K antagonist is administered with
radiation as compared to a same dose of radiation alone. In one example,
an increase in radiosensitivity refers to an increase of at least about 2-fold, in
another example to an increase of at least about 5-fold, and in still another
example an increase of at least 10-fold. In one embodiment of the presently
claimed subject matter, an increase in radiosensitivity comprises a
transformation of a radioresistant tumor to a radiosensitive tumor.

The methods of the presently claimed subject matter are useful for
increasing the radiosensitivity of a target tissue, for suppressing tumor
growth, and/or for inhibiting tumor blood vessel growth in any subject. Thus,
the term “subject” as used herein includes any vertebrate species, for
example, warm-blooded vertebrates such as mammals and birds. More
particularly, the methods of the presently claimed subject matter are
contemplated for the treatment of tumors in mammals such as humans, as
well as those mammals of importance due to being endangered (such as
Siberian tigers), of economic importance (animals raised on farms for
consurhption by humans) and/or social importance (animals kept as pets or
in zoos) to humans, for instance, carnivores other than humans (such as
cats and dogs), swine (pigs, hogs, and wild boars), ruminants and livestock
(such as cattle, oxen, sheep, giraffes, deer, goats, bison, and camels), and
horses. Also contemplated is the treatment of birds, including those kinds of
birds that are endangered or kept in zoos, as well as fowl, and more
particularly domesticated fowl or pouliry, such as turkeys, chickens, ducks,
geese, guinea fowl, and the like, as they are also of economic importance to
humans.

The term “tumor” as used herein encompasses both primary and
metastasized solid tumors and carcinomas of any tissue in a subject,
including but not limited to breast; colon; rectum; lung; oropharynx;
hypopharynx; esophagus'; stomach; pancreas; liver; gallbladder; bile ducts;

small intestine; urinary tract including kidney, bladder and urothelium; female
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genital tract including cervix, uterus, ovaries (e.g., choriocarcinoma and
gestational trophoblastic disease); male genital tract including prostate,
seminal vesicles, testes and germ cell tumors; endocrine glands including
thyroid, adrenal, and pituitary; skin (e.g., hemangiomas and melanomas),
bone or soft tissues; blood vessels (e.g., Kaposi's sarcoma); brain, nerves,
eyes, and meninges (e.g., astrocytomas, gliomas, glioblastomas,
retinoblastomas, neuromas, neuroblastomas, Schwannomas and
meningiomas). The term “tumor” also encompasses solid tumors arising
from hematopoietic malignancies such as leukemias, including chloromas,
plasmacytomas, plagues and tumors of mycosis fungoides and cutaneous T-
cell lymphomal/leukemia, and lymphomas including both Hodgkin's and non-
Hodgkin's lymphomas. The term “tumor” also encompasses radioresistant
tumors, including radioresistant variants of the any of the tumor listed above.
The term “about”, as used herein when referring to a measurable value
such as an amount of weight, time, dose (e.g. radiation dose), etc. is meant
to encompass in one example variations of +20% or +10%, in another
example 5%, in another example 1%, and in yet another example £0.1%
from the specified amount, as such variations are appropriate to perform the
disclosed method.
1. PI13K Antagonists

The presently claimed subject matter provides methods for increasing

the radiosensitivity of a target tissue via administration of a PI3K antagonist.
Any suitable PI3K antagonist can be used in accordance with the methods of
the presently claimed subject matter, wherein the antagonist has a capacity
to increase the radiosensitivity of a target tissue. In one embodiment, a
PI3K antagonist also shows anti-angiogenic activity or angiostatic activity.
The term “PI3K antagonist” as used herein refers o a molecule 6r
other chemical entity having a capacity for specifically binding to PI3K to
thereby inhibit a PI3K biological activity. The term “PI3K antagonist” as used
herein also refers to a molecule or other chemical entity having the capacity
for preventing Akt activation, including but not limited to broad-spectrum

receptor tyrosine kinase inhibitors that prevent radiation-induced activation
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of the PI3K/Akt signaling pathway. Stated another way, an aspect of the
presently claimed subject matter pertains to the observation that broad-
spectrum receptor tyrosine kinase inhibitors prevent radiation-induced
activation of the PI3K/Akt signaling pathway. PI3K antagonists include but
are not limited to small molecule inhibitors, neutralizing antibodies, and
soluble PI3K polypeptides.

The term “binding” refers to an affinity between two molecules, for
example, an inhibitor and a target molecule. As used herein, “specific
binding” means a preferential binding of one molecule for another in a
mixture of molecules. The binding of an inhibitor to a target molecule can be
considered specific if the binding affinity is about 1 x 10* M™" to about 1 x 10°
M or greater.

II.LA. Small Molecules

The term “small molecule” as used herein refers to a compound, for
example an organic compound, with a molecular weight of in one example
less than about 1,000 daltons, in another example less than about 750
daltons, in another example less than about 600 daltons, and in still another
example less than about 500 daltons. A small molecule also in one example
has a computed log octanol - water partition coefficient in the range of about
—4 to about +14, and in another example in the range of about -2 to about
+7.5.

Wortmannin and LY294002 are small molecule antagonists of PI3K
(Wang et al, 1999; Radisavljevic et al., 2000; Brognard ef al., 2001).
Preparation/synthesis schemes and structural information for wortmannin
and LY294002 are disclosed in Powis et al., 1994 and U.S. Patent 5,480,906
and in Vlahos et al., 1994, respectively, and references therein. SU6668 (3-
[2,4-dimethyl-5-(2-ox0-1,2-dihydro-indol-3-ylidenemethyl)-1 H-pyrrol-3-yl]-
propionic acid), SU11248, and Genistein (4',5,7-trihydroxyisoflavone) are
small molecule antagonists of PI3K. That is, these broad-spectrum receptor
tyrosine kinase inhibitors have been observed to prevent radiation-induced
activation of the PI3K/Akt signaling pathway, in accordance with the
presently claimed subject matter.
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Further, broad-spectrum RTK inhibitors that attenuate radiation-
induced activation of Akt include SU6668 and SU11248. The broad-
spectrum tyrosine kinase inhibitor Genistein also attenuates Akt activation in
irradiated vascular endothelium.

lI.B. Soluble PI3K Polypeptides
The term “soluble PI3K polypeptide” refers to a PI3K polypeptide that

inhibits PI3K signaling. In one embodiment, a soluble PI3K polypeptide
comprises a truncated PI3K polypeptide having an ability to bind to
mediators of signal transduction upstream of PI3K, to heterodimerize with
native PI3K, to bind to PI3K thereby inactivating PI3K, or a combination
thereof. The truncated soluble form of PI3K can also display inhibition of
PI3K signaling and/or suppression of tumor growth and tumor blood vessel
growth. Although it is not applicants’ desire to be bound by any particular
theory of operation, it is believed that soluble PI3K binds to and sequesters
mediators of signal transduction upstream of PI3K, thereby limiting the
availability of these mediators to pass on their proliferative and/or survival
signals. Although it is not applicants’ desire to be bound by any particular
theory of operation, it is believed that soluble PI3K also functions as a
dominant negative receptor by forming inactive heterodimers with native
PI3K or by interacting with substrate-binding region of PI3K.

The terms "nucleic acid molecule" and “nucleic acid” each refer to
deoxyribonucleotides or ribonucleotides and polymers thereof in single-
stranded, double-stranded, or triplexed form. Unless specifically limited, the
term encompasses nucleic acids containing known analogues of natural
nucleotides that have similar properties as the reference natural nucleic acid.
The terms “nucleic acid molecule” and “nucleic acid” can also be used in
place of “gene”, “cDNA”, or “mRNA”". Nucleic acids can be synthesized, or
can be derived from any biological source, including any organism.

The term "substantially identical’, as used herein to describe a degree
of similarity between nucleotide sequences, refers to two or more sequences
that have in one embodiment at least about least 60%, in another

embodiment at least about 70%, in another embodiment at least about 80%,
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in another embodiment about 90% to about 99%, in another embodiment
about 95% to about 99%, and in still another embodiment about 99%
nucleotide identity, when compared and aligned for maximum
correspondence, as measured using a sequence comparison algorithm
(described herein below under the heading “Nucleotide and Amino Acid
Sequence Comparisons”) or by visual inspection. In one embodiment, the
substantial identity exists in nucleotide sequences of at least about 100
residues, in another embodiment in nucleotide sequences of at least about
150 residues, and in yet another embodiment in nucleotide sequences
comprising a full length coding sequence. The term “full length”, as used
herein refers to a complete open reading frame encoding a functional
soluble PI3K polypeptide.

In one aspect, substantially identical sequences can comprise
polymorphic sequences. The term “polymorphic” refers to the occurrence of
two or more genetically determined alternative sequences or alleles in a
population. An allelic difference can be as small as one base pair.

In another aspect, substantially identical sequences can comprise
mutagenized sequences, including sequences comprising silent mutations.
A mutation can comprise a single base change.

Another indication that two nucleotide sequences are substantially
identical is that the two molecules specifically or substantially hybridize to
each other under stringent conditions. In the context of nucleic acid
hybridization, two nucleic acid sequences being compared can be
designated a “probe” and a “target”. A “probe” is a reference nucleic acid
molecule, and a “target” is a test nucleic acid molecule, often found within a
heterogeneous population of nucleic acid molecules. A “target sequence” is
synonymous with a “test sequence”.

In one embodiment, a nucleotide sequence employed for
hybridization studies or assays includes probe sequences that are
complementary to or mimic at least an about 14 to 40 nucleotide sequence
of a nucleic acid molecule of the presently claimed subject matter. in

another embodiment, probes comprise 14 to 20 nucleotides, or even longer
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where desired, such as 30, 40, 50, 60, 100, 200, 300, or 500 nucleotides or
up to the full length of any one of the sequences of the presently claimed
subject matter. Such probes can be readily prepared by, for example,
chemical synthesis of the fragment, by application of nucleic acid
amplification technology, or by introducing selected sequences into
recombinant vectors for recombinant production.

The phrase "hybridizing specifically to" refers to the binding,
duplexing, or hybridizing of a molecule only to a particular nucleotide
sequence under stringent hybridization and wash conditions when that
sequence is present in a complex nucleic acid mixture (e.g., total cellular
DNA or RNA).

The phrase “hybridizing substantially to” refers to complementary
hybridization between a probe nucleic acid molecule and a target nucleic
acid molecule and embraces minor mismatches that can be accommodated
by reducing the stringency of the hybridization media to achieve the desired
hybridization.

"Stringent hybridization conditions™ and "stringent hybridization wash
conditions" in the context of nucleic acid hybridization experiments such as
Southern and Northern blot analysis are both sequence- and environment-
dependent. Longer sequences hybridize specifically at higher temperatures.
An extensive guide to the hybridization of nucleic acids is found in Tijssen,
1993. Generally, highly stringent hybridization and wash conditions are
selected to be about 5°C lower than the thermal melting point (Tm) for the
specific sequence at a defined ionic strength and pH. Typically, under
"stringent conditions” a probe will hybridize specifically to its target
subsequence, but to no other sequences.

The Tm is the temperature (under defined ionic strength and pH) at
which 50% of the target sequence hybridizes to a perfectly matched probe.
Very stringent conditions are selected to be equal to the Tm for a particular
probe. An example of stringent hybridization conditions for Southern or
Northern Blot analysis of complementary nucleic acids having more than
about 100 complementary residues is overnight hybridization in 50%
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formamide with 1 mg of heparin at 42°C. An example of highly stringent
wash conditions is 15 minutes in 0.1X SSC at 65°C. An example of stringent
wash conditions is 15 minutes in 0.2X SSC buffer at 65°C. See Sambrook
et al., 1989, for a description of SSC buffer. Often, a high stringency wash is
preceded by a low stringency wash to remove background probe signal. An
example of medium stringency wash conditions for a duplex of more than
about 100 nucleotides is 15 minutes in 1X SSC at 45°C. An example of low
stringency wash for a duplex of more than about 100 nucleotides is 15
minutes in 4X to 6X SSC at 40°C. For short probes (e.g., about 10 to 50
nucleotides), stringent conditions typically involve salt concentrations of less
than about 1M Na+ ion, typically about 0.01 to 1M Na+ ion concentration (or
other salts) at pH 7.0-8.3, and the temperature is typically at least about
30°C. Stringent conditons can also be achieved with the addition of
destabilizing agents such as formamide. In general, a signal to noise ratio of
2-fold (or higher) than that observed for an unrelated probe in the particular
hybridization assay indicates detection of a specific hybridization.

The following are examples of hybridization and wash conditions that
can be used to identify nucleotide sequences that are substantially identical
to reference nucleotide sequences of the presently claimed subject matter: a
probe nucleotide sequence in one example hybridizes to a target nucleotide
sequence in 7% sodium dodecyl sulfate (SDS), 0.5M NaPO,, 1 mM EDTA at
50°C followed by washing in 2X SSC, 0.1% SDS at 50°C; in another
example, a probe and target sequence hybridize in 7% sodium dodecyl
sulfate (SDS), 0.5M NaPO,, 1 mM EDTA at 50°C followed by washing in 1X
SSC, 0.1% SDS at 50°C; in another example, a probe and target sequence
hybridize in 7% sodium dodecyl sulfate (SDS), 0.5M NaPO4, 1 mM EDTA at
50°C followed by washing in 0.5X SSC, 0.1% SDS at 50°C; in another
example, a probe and target sequence hybridize in 7% sodium dodecyl
sulfate (SDS), 0.5M NaPO,, 1 mM EDTA at 50°C followed by washing in
0.1X SSC, 0.1% SDS at 50°C; in another example, a probe and target
sequence hybridize in 7% sodium dodecyl sulfate (SDS), 0.5M NaPOQOq, 1
mM EDTA at 50°C followed by washing in 0.1X 8SC, 0.1% SDS at 65°C.
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A further indication that two nucleic acid sequences are substantially
identical is that the proteins encoded by the nucleic acids are substantially
identical, share an overall three-dimensional structure, or are biologically
functional equivalents. These terms are defined further under the heading
“Polypeptides” herein below. Nucleic acid molecules that do not hybridize to
each other under stringent conditions are still substantially identical if the
corresponding proteins are substantially identical. This can occur, for
example, when two nucleotide sequences are significantly degenerate as
permitted by the genetic code.

The term “conservatively substituted variants” refers to nucleic acid
sequences having degenerate codon substitutions wherein the third position
of one or more selected (or all) codons is substituted with mixed-base and/or
deoxyinosine residues (Ohtsuka et al., 1985; Batzer ef al., 1991; Rossolini et
al., 1994).

The term “subsequence” refers to a sequence of nucleic acids that
comprises a part of a longer nucleic acid sequence. An exemplary
subsequence is a probe, described herein above, or a primer. The term
"primer" as used herein refers to a contiguous sequence comprising in one
example about 8 or more deoxyribonucleotides or ribonucleotides, in another
example 10-20 nucleotides, and in still another example 20-30 nucleotides of
a selected nucleic acid molecule. The primers of the presently claimed
subject matter encompass oligonucleotides of sufficient length and
appropriate sequence so as to provide initiation of polymerization on a
nucleic acid molecule of the presently claimed subject matter.

The term “elongated sequence” refers to a sequence comprising
additional nucleotides (or other analogous molecules) incorporated into
and/or at either end of a nucleic acid. For example, a polymerase (e.g., a
DNA polymerase) can add sequences at the 3' terminus of a nucleic acid
molecule. In addition, a nucleotide sequence can be combined with other
DNA sequences, such as promoters, promoter regions, enhancers,
polyadenylation signals, intronic sequences, additional restriction enzyme

sites, multiple cloning sites, and other coding segments.
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The term “complementary sequences”, as used herein, indicates two
nucleotide sequences that comprise antiparallel nucleotide sequences
capable of pairing with one another upon formation of hydrogen bonds
between base pairs. As used herein, the term “complementary sequences”
means nucleotide sequences which are substantially complementary, as can
be assessed by the same nucleotide comparison set forth above, or is
defined as being capable of hybridizing to the nucleic acid segment in
question under relatively stringent conditions such as those described
herein. An example of a complementary nucleic acid segment is an
antisense oligonucleotide.

The term “gene” refers broadly to any segment of DNA associated
with a biological function. A gene encompasses sequences including but not
limited to a coding sequence, a promoter region, a cis-regulatory sequence,
a non-expressed DNA segment that is a specific recognition sequence for
regulatory proteins, a non-expressed DNA segment that contributes to gene
expression, a DNA segment designed to have desired parameters, or
combinations thereof. A gene can be obtained by a variety of methods,
including cloning from a biological sample, synthesis based on known or
predicted sequence information, and recombinant derivation of an existing
sequence.

The presently claimed subject matter also encompasses chimeric
genes comprising a nucleotide sequence encoding a soluble PI3K
polypeptide. The term “chimeric gene”, as used herein, refers to a gene
comprising a heterologous promoter region operatively linked to a nucleotide
sequence encoding a soluble PI3K polypeptide.

The term “operatively linked”, as used herein, refers to a functional
combination between a promoter region and a nucleotide sequence such
that the transcription of the nucleotide sequence is controlled and regulated
by the promoter region. Techniques for operatively linking a promoter region
to a nucleotide sequence are known in the art.

The term “heterologous”, as used herein to refer to a promoter or any

other nucleic acid, refers to a sequence that originates from a source foreign
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to an intended host cell or, if from the same source, is modified from its
original form. Thus, a heterologous nucleic acid in a host cell includes a
gene that is endogenous to the particular host cell but has been modified, for
example by mutagenesis or by isolation from native cis-regulatory
sequences. The term “heterologous nucleic acid” also includes non-
naturally occurring multiple copies of a native nucleotide sequence. The
term “heterologous nucleic acid” also encompasses a nucleic acid that is
incorporated into a host cell's nucleic acids, however at a position wherein
such nucleic acids are not ordinarily found. A representative heterologous
nucleic acid comprises a recombinant nucleic acid, as described further
herein below.

The term “recombinant” generally refers to an isolated nucleic acid
that is replicable in a non-native environment. Thus, a recombinant nucleic
acid can comprise a non-replicable nucleic acid in combination with
additional nucleic acids, for example vector nucleic acids, which enable its
replication in a host cell.

The term “vector” is used herein to refer to a nucleic acid molecule
having nucleotide sequences that enable its replication in a host cell. A
vector can also include nucleotide sequences to permit ligation of nucleotide
sequences within the vector, wherein such nucleotide sequences are also
replicated in a host cell. Representative vectors include plasmids, cosmids,
and viral vectors. A vector can also mediate recombinant production of a
soluble PI3K polypeptide.

The term “construct’, as used herein to describe an expression
construct, refers to a vector further comprising a nucleotide sequence
operatively inserted with the vector, such that the nucleotide sequence is
expressed.

The terms “recombinantly expressed” or ‘recombinantly produced”
are used interchangeably to generally refer to the process by which a
polypeptide encoded by a recombinant nucleic acid is produced.

The term “heterologous expression system” refers to a host cell

comprising a heterologous nucleic acid and the polypeptide encoded by the
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heterologous nucleic acid. For example, a heterologous expression system
can comprise a host cell transfected with a construct comprising a
recombinant nucleic acid, or a cell line produced by introduction of
heterologous nucleic acids into a host cell genome.

Nucleic acids of the presently claimed subject matter can be cloned,
synthesized, recombinantly altefed, mutagenized, or combinations thereof.
Standard recombinant DNA and molecular cloning techniques used to
isolate nucleic acids are known in the art. Site-specific mutagenesis to
create base pair changes, deletions, or small insertions is also known in the
art as exemplified by publications. See e.g., Sambrook et al., 1989; Silhavy
et al., 1984; Glover & Hames, 1995; and Ausubel, 1995.

in one embodiment, the presently claimed subject matter provides a
viral construct encoding soluble PI3K polypeptides. The presently claimed
subject matter also provides a recombinantly expressed and isolated soluble
PI3K polypeptide.

The term "substantially identical”, as used herein to describe a level of
similarity between a soluble PI3K polypeptide and a protein substantially
identical to a soluble PI3K polypeptide, refers to a sequence that is at least
35% identical to a given sequence when compared over the full length of a
soluble PI3K protein. In one embodiment, a protein substantially identical to
soluble PI3K comprises an amino acid sequence that is at least about 35%
to about 45% identical to a given sequence, in another embodiment at least
about 45% to about 55% identical to a given sequence, and in still another
embodiment at least about 55% to about 65% identical to a given sequence
when compared over the full length of a soluble PI3K polypeptide. Methods
for determining percent identity are defined herein below under the heading
“Nucleotide and Amino Acid Sequence Comparisons”.

Substantially identical polypeptides also encompass two or more
polypeptides  sharing a conserved three-dimensional structure.
Computational methods can be used to compare structural representations,

and structural models can be generated and easily tuned to identify
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similarities around important active sites or ligand binding sites (Barton,
1998; Saqi et al., 1999; Henikoff et al., 2000; Huang et al., 2000).

Substantially identical proteins also include proteins comprising amino
acids that are functionally equivalent to amino acids of any one of the
provided sequences. The term “functionally equivalent” in the context of
amino acid sequences is known in the art and is based on the relative
similarity of the amino acid side-chain substituents (Henikoff & Henikoff,
2000). Relevant factors for consideration include side-chain hydrophobicity,
hydrophilicity, charge, and size. For example, arginine, lysine, and histidine
are all positively charged residues; alanine, glycine, and serine are all of
similar size; and phenylalanine, tryptophan, and tyrosine all have a generally
similar shape. By this analysis, described further herein below, arginine,
lysine, and histidine; alanine, glycine, and serine; and phenylalanine,
tryptophan, and tyrosine; are defined herein as biologically functional
equivalents.

In making biologically functional equivalent amino acid substitutions,
the hydropathic index of amino acids can be considered. Each amino acid
has been assigned a hydropathic index on the basis of their hydrophobicity
and charge characteristics, these are: isoleucine (+ 4.5); valine (+ 4.2);
leucine (+ 3.8); phenylalanine (+ 2.8); cysteine (+ 2.5); methionine (+ 1.9);
alanine (+ 1.8); glycine (-0.4); threonine (-0.7); serine (-0.8); tryptophan
(-0.9); tyrosine (-1.3); proline (-1.6); histidine (-3.2); glutamate (-3.5);
glutamine (-3.5); aspartate (-3.5); asparagine (-3.5); lysine (-3.9); and
arginine (-4.5).

The importance of the hydropathic amino acid index in conferring
interactive biological function on a protein is generally understood in the art .
See e.g., Kyte & Doolittle, 1982. It is known that certain amino acids can be
substituted for other amino acids having a similar hydropathic index or score
and still retain a similar biological activity. In making changes based upon
the hydropathic index, one example involves the substitution of amino acids
whose hydropathic indices are within 2 of the original value, another
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example involves those that are within +1 of the original value, and yet
another example involves those within +0.5 of the original value.

It is also understood in the art that the substitution of like amino acids
can be made effectively based on hydrophilicity. U.S. Patent No. 4,554,101
describes that the greatest local average hydrophilicity of a protein, as
governed by the hydrophilicity of its adjacent amino acids, correlates with its
immunogenicity and antigenicity, e.g., with a biological property of the
protein. It is understood that an amino acid can be substituted for another
having a similar hydrophilicity value and still obtain a biologically equivalent
protein.

As detailed in U.S. Patent No. 4,554,101, the following hydrophilicity
values have been assigned to amino acid residues: arginine (+ 3.0); lysine
(+ 3.0); aspartate (+ 3.0 £ 1); glutamate (+ 3.0 + 1); serine (+ 0.3);
asparagine (+ 0.2); glutamine (+ 0.2); glycine (0); threonine (-0.4); proline
(-0.5+1); alanine (-0.5); histidine (-0.5); cysteine (-1.0); methionine (-1.3);
valine (-1.5); leucine (-1.8); isoleucine (-1.8); tyrosine (-2.3); phenylalanine
(-2.5); tryptophan (-3.4).

In making changes based upon similar hydrophilicity values, one
example involves the substitution of amino acids whose hydrophilicity values
are within +2 of the original value, another example involves those that are
within %1 of the original value, and still another example involves those
within £0.5 of the original value.

The term “substantially identical” also encompasses polypeptides that
are biologically functional equivalents. The term “functional” includes activity
of a soluble PI3K polypeptide in inhibiting PI3K signaling and increasing
radiosensitivity of a tumor, as described herein. Methods for assessing a
radiosensitizing function are described herein.

The presently claimed subject matter also provides functional
fragments of a soluble PI3K polypeptide. Such functional portion need not
comprise all or substantially all of the amino acid sequence of an

extracellular portion of a native PI3K gene product.
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The presently claimed subject matter also includes functional
polypeptide sequences that are longer sequences than that of an
extracellular portion of a native soluble PI3K polypeptide. For example, one
or more amino acids can be added to the N-terminus or C-terminus of a
soluble PI3K polypeptide. Methods of preparing such proteins are known in
the art.

Nucleotide and Amino Acid Sequence Comparisons. The terms

"identical" or percent "identity" in the context of two or more nucleotide or
polypeptide sequences, refer to two or more sequences or subsequences
that are the same or have a specified percentage of amino acid residues or
nucleotides that are the same, when compared and aligned for maximum
correspondence, as measured using one of the sequence comparison
algorithms disclosed herein or by visual inspection.

The term “substantially identical” in regards to a nucleotide or
polypeptide sequence means that a particular sequence varies from the
sequence of a naturally occurring sequence by one or more deletions,
substitutions, or additions, the net effect of which is to retain biological
activity of a gene, gene product, or sequence of interest.

For sequence comparison, typically one sequence acts as a
reference sequence to which test sequences are compared. When using a
sequence comparison algorithm, test and reference sequences are entered
into a computer program, subsequence coordinates are designated if
necessary, and sequence algorithm program parameters are selected. The
sequence comparison algorithm then calculates the percent sequence
identity for the designated test sequence(s) relative to the reference
sequence, based on the selected program parameters.

Optimal alignment of sequences for comparison can be conducted,
e.g., by the local homology algorithm of Smith & Waterman, 1981, by the
homology alignment algorithm of Needleman & Wunsch, 1970, by the
search for similarity method of Pearson & Lipman, 1988, by computerized
implementations of these algorithms (GAP, BESTFIT, FASTA, and TFASTA
in the GCG® WISCONSIN PACKAGE® available from Accelrys Inc., San
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Diego, California, United States of America), or by visual inspection. See
generally, Ausubel, 1995.

One example of an algorithm for determining percent sequence
identity and sequence similarity is the BLAST algorithm, which is described
by Altschul et al., 1990. Software for performing BLAST analyses is publicly
available through the National Center for Biotechnology Information
(http://www.ncbi.nlm.nih.gov/). This algorithm involves first identifying high
scoring sequence pairs (HSPs) by identifying short words of length W in the
query sequence, which either match or satisfy some positive-valued
threshold score T when aligned with a word of the same length in a
database sequence. T is referred to as the neighborhood word score
threshold. These initial neighborhood word hits act as seeds for initiating
searches to find longer HSPs containing them. The word hits are then
extended in both directions along each sequence for as far as the
cumulative alignment score can be increased. Cumulative scores are
calculated using, for nucleotide sequences, the parameters M (reward score
for a pair of matching residues; always > 0) and N (penalty score for
mismatching residues; always < 0). For amino acid sequences, a scoring
matrix is used to calculate the cumulative score. Extension of thevword hits
in each direction are halted when the cumulative alignment score falls off by
the quantity X from its maximum achieved value, the cumulative score goes
to zero or below due to the accumulation of one or more negative-scoring
residue alignments, or the end of either sequence is reached. The BLAST
algorithm parameters W, T, and X determine the sensitivity and speed of the
alignment. The BLASTN program (for nucleotide sequences) uses as
defaults a wordlength W=11, an expectation E=10, a cutoff of 100, M=5, N=-
4, and a comparison of both strands. For amino acid sequences, the
BLASTP program uses as defaults a wordlength (W) of 3, an expectation (E)
of 10, and the BLOSUM®62 scoring matrix (Henikoff & Henikoff, 1992).

In addition to calculating percent sequence identity, the BLAST
algorithm also performs a statistical analysis of the similarity between two
sequences (Karlin & Altschul, 1993). One measure of similarity provided by
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the BLAST algorithm is the smallest sum probability (P(N)), which provides
an indication of the probability by which a match between two nucleotide or
amino acid sequences would occur by chance. For example, in one
example a test nucleic acid sequence is considered similar to a reference
sequence if the smallest sum probability in a comparison of the test nucleic
acid sequence to the reference nucleic acid sequence is less than about 0.1,
in another example less than about 0.01, and in yet another example less
than about 0.001.

[I.C. PI3K Antibodies

The presently claimed subject matter further provides a PI3K

antagonist comprising an antibody that specifically binds PI3K. Optionally, a
PI3K antagonist can further comprise a carrier for sustained bioavailability of
the antibody at a tumor. The disclosure herein reveals that a prolonged or
sustained release of PI3K antagonist is optiona!ly employed to enhance the
therapeutic effect of combined PI3K antagonism and radiation.

The term “antibody” indicates an immunoglobulin protein, or functional
portion thereof, including a polyclonal antibody, a monoclonal antibody, a
chimeric antibody, a hybrid antibody, a single chain antibody (e.g., a single
chain antibody represented in a phage library), a mutagenized antibody, a
humanized antibody, and antibody fragments that comprise an antigen
binding s\ite (e.g., Fab and Fv antibody fragments). In one embodiment, an
antibody of the presently claimed subject matter is a monoclonal antibody.

Techniques for preparing and characterizing antibodies are known in
the art. See e.g., Harlow & Lane, 1988 and U.S. Patent Nos. 4,196,265;
4,946,778; 5,091,513; 5,132,405; 5,260,203; 5,677,427, 5,892,019;
5,085,279; 6,054,561. Single chain antibodies can be identified by
screening a phage antibody library, for example as described by U.S. Patent
Nos. 6,174,708; 6,057,098; 5,922,254; 5,840,479; 5,780,225; 5,702,892;
and 5,667,988.

An antibody of the presently claimed subject matter can further be
mutagenized or otherwise modified to improve antigen binding and/or
antibody stability. For example, to prevent undesirable disulfide bond
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formation, a nucleotide sequence encoding the variable domain of an
antibody or antibody fragment can be modified to eliminate at least one of
each pair of codons that encode cysteines for disulfide bond formation.
Recombinant expression of the modified nucleotide sequence, for example
in a prokaryotic expression system, results in an antibody having improved
stability. See U.S. Patent No. 5,854,027.

The term “sustained bioavailability” is used herein to describe a
composition comprising a PI3K antagonist and a carrier, whereby the
bioavailability of a PI3K antagonist at a tumor site is sufficient to achieve
radiosensitization of a tumor. The term “sustained bioavailability” also refers
to a bioavailability sufficient to inhibit blood vessel growth within the tumor.
The term “sustained bioavailability” encompasses factors including but not
limited to sustained release of a PI3K antagonist from a carrier, metabolic
stability of a PI3K antagonist, systemic transport of a composition comprising
a PI3K antagonist, and effective dose of a PI3K antagonist. Representative
approaches for preparing a sustained bioavailability composition are
described herein below under the heading “Carriers”.

As disclosed herein, an immediate response of tumor blood vessels
to radiation is a decrease in tumor blood flow. This response can diminish
administration of an anti-tumor composition (e.g., a PI3K antagonist).
Recognizing this response, the disclosure of the presently claimed subject
matter provides that sustained bioavailability of a PI3K antagonist, for
example by selection of a carrier and administration regimen that achieve
sustained bioavailability, can improve anti-tumor activity. One example of
carrier comprises a gene therapy vector encoding a PI3K antagonist.

A method comprising a carrier or administration approach for
sustained bioavailability can also improve therapies directed toward
modulation of other components of the PI3K signaling pathway. For
example, treatments that employed direct administration of an anti-VEGF
antibody (in the absence of a carrier or administration regimen for sustained
bioavailability of the antibody at the tumor) showed variable anti-tumor
efficacy in different tumor types (Gorski et al., 1999; Lee et al., 2000). In
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addition, therapeutic effects were not observed when sub-therapeutic or
minimally therapeutic doses of the anti-VEGF antibody were used. Thus,
the presently claimed subject matter further provides an improved method
for inhibiting tumor growth, the method comprising administration of a gene
therapy vector encoding an inhibitor of VEGF signaling, whereby
bioavailability of the inhibitor at a tumor is sustained, and whereby tumor
growth delay is improved.
[I.LD. Sustained Bioavailability

The term “sustained bioavailability” is used herein to describe a
composition comprising a PI3K antagonist and a carrier, whereby the
bioavailability of a PI3K antagonist at a tumor site is sufficient to achieve
radiosensitization of a tumor. The term “sustained bioavailability” also refers
to a bioavailability sufficient to inhibit blood vessel growth within the tumor.
The term “sustained bioavailability” encompasses factors including but not
limited to sustained release of a PI3K antagonist from a carrier, metabolic
stability of a PI3K antagonist, systemic transport of a composition comprising
a PI3K antagonist, and effective dose of a PI3K antagonist. Representative
approaches‘ for preparing a sustained bioavailability composition are
described herein below under the heading “Carriers”.

As disclosed herein, an immediate response of tumor blood vessels
to radiation is a decrease in tumor blood flow. This response can diminish
administration of an anti-tumor composition (e.g., a PI3K antagonist).
Recognizing this response, the disclosure of the presently claimed subject
matter provides that sustained bioavailability of a PI3K antagonist, for
example by selection of a carrier and administration regimen that achieve
sustained bioavailability, can improve anti-tumor activity. One example of
carrier comprises a gene therapy vector encoding a PI3K antagonist.

A method comprising a carrier or administration approach for
sustained bioavailability can also improve therapies directed toward
modulation of other components of the PI3K signaling pathway. For
example, treatments that employed direct administration of an anti-VEGF

antibody (in the absence of a carrier or administration regimen for sustained
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bioavailability of the antibody at the tumor) showed variable anti-tumor
efficacy in different tumor types (Gorski et al., 1999; Lee et al., 2000). In
addition, therapeutic effects were not observed when sub-therapeutic or
minimally therapeutic doses of the anti-VEGF antibody were used. Thus,
the presently claimed subject matter further provides an improved method
for inhibiting tumor growth, the method comprising administration of a gene
therapy vector encoding an inhibitor of VEGF signaling, whereby
bioavailability of the inhibitor at a tumor is sustained, and whereby tumor
growth delay is improved.

1. Therapeutic Compositions

In accordance with the methods of the presently claimed subject
matter, a composition that is administered to increase the radiosensitivity of
a target tissue in a subject comprises: (a) a PI3K antagonist; and (b) a
pharmaceutically acceptable carrier. Any suitable carrier that facilitates drug
preparation and/or administration can be used.

lHlLA. Carriers

The carrier can be a viral vector or a non-viral vector. Suitable viral
vectors include adenoviruses, adeno-associated viruses (AAVs),
retroviruses, pseudotyped retroviruses, herpes viruses, vaccinia viruses,
Semiliki forest virus, and baculoviruses. In one embodiment of the presently
claimed subject matter, the carrier comprises an adenoviral gene therapy
construct that encodes a PI3K antagonist.

Suitable non-viral vectors that can be used to deliver a PI3K
antagonist include but are not limited to a plasmid, a nanosphere (Manome
et al., 1994; Saltzman & Fung, 1997), a peptide (U.S. Patent Nos. 6,127,339
and 5,574,172), a glycosaminoglycan (U.S. Patent No. 6,106,866), a fatty
acid (U.S. Patent No. 5,994,392), a fatty emulsion (U.S. Patent No.
5,651,991), a lipid or lipid derivative (U.S. Patent No. 5,786,387), collagen
(U.S. Patent No. 5,922,356), a polysaccharide or derivative thereof (U.S.
Patent No. 5,688,931), a nanosuspension (U.S. Patent No. 5,858,410), a
polymeric micelle or conjugate (Goldman et al., 1997) and U.S. Patent Nos.
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4,551,482, 5,714,166, 5,510,103, 5,490,840, and 5,855,900), and a
polysome (U.S. Patent No. 5,922,545).

Where appropriate, two or more types of carriers can be used
together. For example, a plasmid vector can be used in conjunction with
liposomes. Currently, one embodiment of the presently claimed subject
matter envisions the use of an adenovirus.

In one embodiment, a composition of the presently claimed subject
matter comprises a PI3K antagonist and a carrier to effect sustained
bioavailability of the PI3K antagonist following administration to a tumor-
bearing subject. The term “sustained bioavailability” is used herein to refer
to a bioavailability of a PI3K antagonist sufficient to achieve
radiosensitization of a tumor. The term “sustained bioavailability” also refers

to a bioavailability of a PI3K antagonist sufficient to inhibit blood vessel

. growth within a tumor. The term “sustained bioavailability” encompasses

factors including but not limited to prolonged release of a PI3K antagonist
from a carrier, metabolic stability of a VEGF-R2 inhibitor, systemic transport
of a composition comprising a PI3K antagonist, and effective dose of a PI3K
antagonist.

Representative compositions for sustained bioavailability of a PI3K
antagonist can include but are not limited to polymer matrices, including
swelling and biodegradable polymer matrices, (U.S. Patent Nos. 6,335,035;
6,312,713; 6,296,842; 6,287,587; 6,267,981; 6,262,127; and 6,221,958),
polymer-coated microparticles (U.S. Patent Nos. 6,120,787 and 6,090,925) a
polyol:oil suspension (U.S. Patent No. 6,245,740), porous particles (U.S.
Patent No. 6,238,705), latex/wax coated granules (U.S. Patent No.
6,238,704), chitosan microcapsules, and microsphere emulsions (U.S.
Patent No. 6,190,700).

One embodiment for sustained bioavailability of a PI3K antagonist
comprises a gene therapy construct comprising a gene therapy vector, for
example a gene therapy vector described herein below.

Viral Gene Therapy Vectors. In one embodiment, viral vectors of the

presently claimed subject matter are disabled; e.g. replication-deficient.

-30-



WO 2004/016211 PCT/US2003/025015

10

15

20

25

30

That is, they lack one or more functional genes required for their replication,
which prevents their uncontrolled replication in vivo and avoids undesirable
side effects of viral infection. In one embodiment, all of the viral genome is
removed except for the minimum genomic elements required to package the
viral genome incorporating the therapeutic gene into the viral coat or capsid.
For example, it is desirable to delete all the viral genome except: (a) the
Long Terminal Repeats (LTRs) or Inverted Terminal Repeats (ITRs); and (b)
a packaging signal. In the case of adenoviruses, deletions are typically
made in the E1 region and optionally in one or more of the E2, E3, and/or E4
regions. Other viral vectors can be similarly deleted of gehes required for
replication. Deletion of sequences can be achieved by recombinant means,
for example, involving digestion with appropriate restriction enzymes,
followed by religation. Replication-competent self-limiting or self-destructing
viral vectors can also be used.

Nucleic acid constructs of the presently claimed subject matter can be
incorporated into viral genomes by any suitable means known in the art.
Typically, such incorporation is performed by ligating the construct into an
appropriate restriction site in the genome of the virus. Viral genomes can
then be packaged into viral coats or capsids using any suitable procedure.
In particular, any suitable packaging cell line can be used to generate viral
vectors of the presently claimed subject matter. These packaging lines
complement the replication-deficient viral genomes of the presently claimed
subject matter, as they include, for example by incorporation into their
genomes, the genes that have been deleted from the replication-deficient
genome. Thus, the use of packaging lines allows viral vectors of the
presently claimed subject matter to be generated in culture.

Suitable packaging lines for retroviruses include derivatives of PA317
cells, y-2 cells, CRE cells, CRIP cells, E-86-GP cells, and 293GP cells. Line
293 cells can be used with adenoviruses and adeno-associated viruses.

Plasmid Gene Therapy Vectors. A soluble PI3K polypeptide can also

be encoded by a plasmid. Advantages of a plasmid carrier include low

toxicity and easy large-scale production. A polymer-coated plasmid can be
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delivered using electroporation as described by Fewell et al, 2001.
Alternatively, a plasmid can be combined with an additional carrier, for
example a cationic polyamine, a dendrimer, or a lipid, that facilitates delivery
(Baher et al., 1999; Maruyama-Tabata et al., 2000; Tam et al., 2000).

Liposomes. A PI3K antagonist of the presently claimed subject
matter can also be delivered using a liposome. For example, a
recombinantly produced soluble PI3K polypeptide can be encapsulated in
liposomes. Liposomes can be prepared by any of a variety of techniques
that are known in the art. See e.g., Dracopoli et al., 1997; Lasic & Martin,
1995; Janoff, 1999; Gregoriadis, 1993; Betageri et al., 1993.; and U.S.
Patent Nos. 4,235,871; 4,551,482; 6,197,333; and 6,132,766. Temperature-
sensitive liposomes can also be used, for example THERMOSOMES™, as
disclosed in U.S. Patent No. 6,200,598. Entrapment of a PI3K antagonist
within liposomes of the presently claimed subject matter can be carried out
using any conventional method in the art. In preparing liposome
compositions, stabilizers such as antioxidants and other additives can be
used.

Other lipid carriers can also be used in accordance with the claimed
presently claimed subject matter, such as lipid microparticles, micelles, lipid
suspensions, and lipid emulsions. See e.g., Labat-Moleur et al., 1996; and
U.S. Patent Nos. 5,011,634; 6,056,938, 6,217,886; 5,948,767; and
6,210,707.

[[I.LB. Targeting Ligands

As desired, a composition of the presently claimed subject matter can
include one or more ligands having affinity for a specific cellular marker to
thereby enhance delivery of a PI3K antagonist to a tumor in vivo. Ligands
include antibodies, cell surface markers, peptides, and the like, which act to
home the PI3K antagonist to a tumor, including the tumor vasculature.

The terms “targeting” and “homing”, as used herein to describe the in
vivo activity of a ligand following administration to a subject, each refer to the
preferential movement and/qr accumulation of a ligand in a target tissue

(e.g., a tumor) as compared with a control tissue.
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The term “control tissue” as used herein refers to a site suspected to
substantially lack binding and/or accumulation of an administered ligand.
For example, in one embodiment, a non-cancerous tissue can be a control
tissue.

The terms “selective targeting” of “selective homing” as used herein
each refer to a preferential localization of a ligand that results in one
embodiment in an amount of ligand in a target tissue that is about 2-fold
greater than an amount of ligand in a control tissue, in another embodiment
in an amount that is about 5-fold or greater, and in still another embodiment
in an amount that is about 10-fold or greater. The terms “selective targeting”
and “selective homing” also refer to binding or accumulation of a ligand in a
target tissue concomitant with an absence of targeting to a control tissue, or
the absence of targeting to all control tissues.

The terms “targeting ligand” and “targeting molecule” as used herein
each refer to a ligand that displays targeting activity. In one embodiment, a
targeting ligand displays selective targeting. Representative targeting
ligands include peptides and antibodies.

The term “peptide” encompasses any of a variety of forms of peptide
derivatives, that include amides, conjugates with proteins, cyclized peptides,
polymerized peptides, conservatively substituted variants, analogs,
fragments, peptoids, chemically modified peptides, and peptide mimetics.
Representative peptide ligands that show tumor-binding activity include, for
example, those described in U.S. Patent Nos. 6,180,084 and 6,296,832.

The term “antibody” indicates an immunoglobulin protein, or functional
portion thereof, including a polyclonal antibody, a monoclonal antibody, a
chimeric antibody, a hybrid antibody, a single chain antibody (e.g., a single
chain antibody represented in a phage library), a mutagenized antibody, a
humanized antibody, and antibody fragments that comprise an antigen
binding site (e.g., Fab and Fv antibody fragments). Representative antibody
ligands that can be used in accordance with the methods of the presently
claimed subject matter include antibodies that bind the tumor-specific

antigens Her2/neu (v-erb-b2 avian erythroblastic leukemia viral oncogene
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homologue-2; Kirpotin et al., 1997; Becerril et al., 1999) and antibodies that
bind to CEA (carcinoembryonic antigen; Ito et al., 1991). See also U.S.

- Patent Nos. 5,111,867; 5,632,991; 5,849,877; 5,948,647; 6,054,561 and

PCT International Publication No. WO 98/10795.

In an effort to identify ligands that are capable of targeting to multiple
tumor types, targeting ligands have been developed that bind to target
molecules present on tumor vasculature (Baillie et al., 1995; Pasqualini &
Ruoslahti, 1996; Arap et al., 1998; Burg et al., 1999; Ellerby ef al., 1999).

A targeting ligand can also comprise a ligand that specifically binds to a
radiation induced target molecule. lonizing radiation induces proteins in
tumor vascular endothelium through transcriptional induction and/or
posttranslational modification of cell adhesion molecules such as integrins
(Hallahan et al., 1995; Hallahan et al., 1996; Hallahan et al., 1998; Hallahan
& Virudachalam, 1999). For example, radiation induces activation of the
integrin a2pP3, also called the fibrinogen receptor, on platelets. The induced
molecules can serve as binding sites for targeting ligands. A representative
peptide ligand that binds to irradiated tumors comprises Biapcitide
(ACUTECT® available from Diatide, Inc. of Londonberry, New Hampshire,
United States of America), which specifically binds to glycoprotein (GP)
lIb/Illa receptors on activated platelets (Hawiger et al.,, 1989; Hawiger &
Timmons, 1992; Hallahan et al., 2001).

Antibodies, peptides, or other ligands can be coupled to drugs (e.g., a
PI3K antagonist) or drug carriers using methods known in the art, including
but not limited to carbodiimide conjugation, esterification, sodium periodate
oxidation followed by reductive alkylation, and glutaraldehyde crosslinking.
See e.g., Bauminger & Wilchek, 1980; Dracopoli et al., 1997; Goldman et al.,
1997; Kirpotin et al., 1997; Neri et al., 1997; Park et al., 1997; Pasqualini et
al., 1997; U.S. Patent No. 6,071,890; and European Patent No. 0 439 095.
Alternatively, pseudotyping of a retrovirus can be used to target a virus
towards a particular cell (Marin et al., 1997).

A composition of the presently claimed subject matter comprises in
one embodiment a PI3K antagonist and a pharmaceutically acceptable
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carrier. Suitable formulations include aqueous and non-aqueous sterile
injection solutions, which can contain anti-oxidants, buffers, bacteriostats,
bactericidal antibiotics, and solutes which render the formulation isotonic
with the bodily fluids of the intended recipient; and aqueous and non-
aqueous sterile suspensions which can include suspending agents and
thickening agents. The formulations can be presented in unit-dose or multi-
dose containers, for example sealed ampoules and vials, and can be stored
in a frozen or freeze-dried (lyophilized) condition requiring only the addition
of sterile liquid carrier, for example water for injections, immediately prior to
use. Examples of useful ingredients are sodium dodecyl sulfate (SDS), for
example in the range of 0.1 to 10 mg/ml, in another example about 2.0
mg/ml; and/or mannitol or another sugar, for example in the range of 10 to
100 mg/ml, in another example about 30 mg/ml; phosphate buffered saline
(PBS), and any other formulation agents conventional in the art.

The therapeutic regimens and pharmaceutical compositions of the
presently claimed subject matter can be used with additional adjuvants or
biologibal response modifiers including, but not limited to, the cytokines
interferon alpha (IFN-a), interferon gamma (IFN-y), interleukin 2 (IL2),
interleukin 4 (IL4), interleukin 6 (IL6), tumor necrosis factor (TNF), or other
cytokine affecting immune cells.

IV.  Therapeutic Methods
The disclosed PI3K antagonists are useful as radiosensitizing agents.

Thus, in one embodiment, the presently claimed subject matter provides a
method for suppressing tumor growth comprising: (a) administering a PI3K
antagonist to a subject bearing a tumor to increase the radiosensitivity of the
tumor; and (b) treating the tumor with ionizing radiation, whereby tumor
growth is delayed. Also provided is a method for inhibiting tumor blood
vessel growth via administration of a PI3K antagonist.

While applicants do not intend to be bound by any particular theory of
operation, a PI3K antagonist is believed to effectively suppress tumor growth
by blocking reperfusion of an irradiated tumor. Specifically, a PI3K

antagonist can block processes that require PI3K, including the mediation of
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growth factor signals that result in endothelial cell infiliration and budding of
tumor blood vessels. Similarly, a PI3K antagonist is believed to effectively
inhibit the growth of tumor blood vessels by blocking the ability of growth
factors to mediate blood vessel growth. For example, a PI3K antagonist can
block processes mediated by VEGF signal transduction.

IV.A. Administration of a PI3K Antagonist

Suitable methods for administration of a composition of the presently

claimed subject matter include but are not limited to intravascular,
subcutaneous, intramuscular, intraperitoneal, or intratumoral administration.
For delivery of compositions to pulmonary pathways, compositions can be
administered as an aerosol or coarse spray. A delivery method is selected
based on considerations such as the type of PI3K antagonist, the type of
carrier or vector, toxicity of the PI3K antagonist, therapeutic efficacy of the
PI3K antagonist, and the condition of the tumor to be treated. In one
embodiment of the presently claimed subject matter, intravascular
administration is employed.

In one embodiment, a therapeutically effective amount of a
composition of the presently claimed subject matter is administered to a
subject. A “therapeutically effective amount” is an amount of a composition
comprising a PI3K antagonist sufficient to produce a measurable anti-tumor
response (e.g., an anti-angiogenic response, a cytotoxic response, and/or
tumor regression). Actual dosage levels of active ingredients in a
therapeutic composition of the presently claimed subject matter can be
varied so as to administer an amount of the active compound(s) that is
effective to achieve the desired therapeutic response for a particular subject.
The selected dosage level will depend upon a variety of factors including the
activity of the therapeutic composition, formulation, the route of
administration, combination with other drugs or freatments, tumor size and
longevity, and the physical condition and prior medical history of the subject
being treated. Determination and adjustment of a therapeutically effective
dose, as well as evaluation of when and how to make such adjustments, are

known to those of ordinary skill in the art of medicine.
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In one embodiment of the presently claimed subject matter, a
minimally therapeutic dose of a PI3K antagonist is administered. The term
“minimally therapeutic dose” refers to the smallest dose, or smallest range of
doses, determined to be a therapeutically effective amount as defined herein
above.

IV.B. Radiation Treatment

For treatment of a radiosensitized target tissue, the target tissue is

irradiated concurrent with, or subsequent to, administration of a composition
comprising a PI3K anta'gonist. In accordance with the methods of the
presently claimed subject matter, the target tissue can be irradiated daily for
2 weeks to 7 weeks (for a total of 10 treatments to 35 treatments).
Alternatively, target tissues can be irradiated with brachytherapy utilizing
high dose rate or low dose rate brachytherapy internal emitters.

Subtherapeutic or therapeutic doses of radiation can be used for
treatment of a radiosensitized target tissue as disclosed herein. In one
embodiment, a subtherapeutic or minimally therapeutic dose (when
administered alone) of ionizing radiation is used. For example, the dose of
radiation can comprise at least about 2 Gy ionizing radiation, in another
example about 2 Gy to about 6 Gy ionizing radiation, and in yet another
example about 2 Gy to about 3 Gy ionizing radiation. When radiosurgery is
used, representative doses of radiation include about 10 Gy to about 20 Gy
administered as a single dose during radiosurgery or about 7 Gy
administered daily for 3 days (about 21 Gy total). When high dose rate
brachytherapy is used, a representative radiation dose comprises about 7
Gy daily for 3 days (about 21 Gy total). For low dose rate brachytherapy,
radiation doses typically comprise about 12 Gy administered twice over the
course of 1 month. '®| seeds can be implanted into a target tissue and can
be used to deliver very high doses of about 110 Gy to about 140 Gy in a
single administration.

Radiation can be localized to a target tissue using conformal
irradiation, brachytherapy, stereotactic irradiation, or intensity modulated
radiation therapy (IMRT). The threshold dose for treatment can thereby be
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exceeded in the target tissue but avoided in surrounding normal tissues. For
treatment of a subject having two or more target tissues, local irradiation
enables differential drug administration and/or radiotherapy at each of the
two or more target tissues. Alternatively, whole body irradiation can be
used, as permitted by the low doses of radiation required following
radiosensitization of the target tissue.

Radiation can also comprise administration of internal emitters, for
131 for treatment of thyroid cancer, NETASTRON™ and
QUADRAGEN® pharmaceutical compositions (Cytogen Corp. of Princeton,

example

New Jersey, United States of America) for treatment of bone metastases,
and 32P for treatment of ovarian cancer. Other internal emitters include '#°i,
iridium, and cesium. Internal emitters can be encapsulated for
administration or can be loaded into a brachytherapy device.

Radiotherapy methods suitable for use in the practice of this presently
claimed subject matter can be found in Leibel & Phillips, 1998, among other
sources.

Examples

The following Examples have been included to illustrate modes of the
presently claimed subject matter. Certain aspects of the following Examples
are described in terms of techniques and procedures found or contemplated
by the present inventor to work well in the practice of the presently claimed
subject matter. These Examples illustrate standard laboratory practices of
the inventors. In light of the present disclosure and the general level of skill
in the art, those of skill will appreciate that the following Examples are
intended to be exemplary only and that numerous changes, modifications,
and alterations can be employed without departing from the scope of the
presently claimed subject matter.

Example 1
Akt is Phosphorylated in Response to lrradiation

HUVEC cells were obtained from Clonetics and were maintained in
EBM-2 medium supplemented with EGM™-2MV SINGLEQUOTS® (Bio-
Whittaker, Inc., Walkersville, Maryland, United States of America). An

-38-



WO 2004/016211 PCT/US2003/025015

10

15

20

25

30

Eldorado-8 Cobalt-60 -teletherapy unit (Atomic Energy of Canada Limited,
Mississauga, Ontario, Canada) was used to irradiate endothelial cell cultures
at a dose rate of 0.84 Gy per minute. Delivered doses ranging from 0 to 12
Gy were verified by use of thermoluminescence detectors.

In order to determine if Akt is phosphorylated in response to
irradiation, cultured HUVEC cells were serum starved for 4 hours, exposed
to irradiation, and the phosphorylation of Akt was examined in cell extracts
by Western blotting. Total cellular protein was extracted after radiation
treatment as follows. Cells were counted and then washed with iced-cold
PBS twice before the addition of lysis buffer (M\-PER™ mammalian protein
extraction reagent; Pierce Chemical Company, Rockford, lllinois, United
States of America; or 20 mM Tris, 150 mM NaCl, 1 mM EDTA, 1% Triton X-
100, 2.5 mM sodium pyrophosphate, 1 mM phenylmethylsulphonyl! fluoride
(PMSF), and 1 mg/ml Leupeptin (Roche Molecular Biochemicals,
Indianapolis, Indiana, United States of America)). Protein concentrations
were quantified using the Biorad method (Bradford, 1976). 50 ug protein
was loaded into each well of an 8% sodium dodecyl sulfide-polyacrylamide
gel electrophoresis (SDS-PAGE) gel and separated by electrophoresis. The
proteins were subsequently transferred onto 0.45 pm nitrocellulose
membranes. Membranes were blocked by incubation for 2 hours at room
temperature in phosphate buffered saline-Triton (PBST: 0.9% NaCl, 0.3%
Triton X-100, pH 7.4) containing 10% nonfat dry milk.

The presence of Akt protein on the membrane was determined as
follows. The membranes were incubated with a 1:1000 dilution of rabbit
antibody directed against either phosphorylated (Ser-473) or non-
phosphorylated human Akt overnight at 4°C. Rabbit antibodies were
obtained from Cell Signaling Technology, Beverly, Massachusetts, United
States of America. The blots were then washed with PBST to remove
unbound rabbit antibodies. The washed blots were then incubated for 1
hour at room temperature with a donkey anti-rabbit IgG secondary antibody
(Amersham Biosciences, Piscataway, New Jersey, United States of
America) diluted 1:1000 in PBST. The blots were again washed with PBST
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to remove unbound donkey antibodies. The presences of both
phosphorylated and non-phosphorylated human Akt were determined by
chemiluminescent detection of donkey anti-rabbit/rabbit anti-human Akt
complexes using the ECL™ detection system (Amersham Biosciences)
according to the manufacturer's protocol, followed by autoradiography.

Dose-dependent phosphorylation of Akt occurred rapidly after
treatment with radiation. A radiation dose of 1 Gy led to an increase in Akt
phosphorylation, with doses of 3, 6, 9, and 12 Gy resulting in considerable
Akt phosphorylation. These effects were not due to the induction of
additional Akt protein synthesis, as the amount of Akt present in the cells did
not change detectibly following irradiation.

Phosphorylation of Akt was also time-dependent. A radiation dose of
3 Gy induced Akt phosphorylation within 5 minutes and peak Akt
phosphorylation occurred 15 minutes after irradiation. Akt phosphorylation
was maintained at 30 minutes, but by 60 minutes the phosphorylated Akt
content of the cell returned to pre-irradiation levels. This effect was also not
due to the induction of additional Akt protein synthesis, as the amount of Akt
present in the cells did not change detectibly following irradiation.

Example 2
Akt Phosphorylation in Response to Irradiation is Mediated by PI3K

Wortmannin (Sigma-Aldrich Corp., St. Louis, Missouri, United States
of America) was stored in the dark at 4°C and dissolved in dimethylsulfoxide
(DMSO). LY294002 [2-(4-Morpholinyl)-8-phenyl-4H-1-benzopyran-4-one;
BIOMOL Research Laboratories, Inc., Plymouth Meeting, Pennsylvania,
United States of America] was stored in DMSO at -20°C. Wortmannin
and/or LY294002 were diluted in medium immediately before administration
to cell cultures.

In order to test whether or not the phosphorylation of Akt in response
to irradiation is mediated by PI3K, HUVEC cells were exposed to radiation
as described in Example 1 either with or without prior treatment with various
PI3K antagonists. For those cultures tfreated with antagonist, either
wortmannin (4 nM) or LY294002 (2 uM) were added to cultures 30 minutes
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prior to irradiation. Controls used included untreated cells, cells treated with
one antagonist or the other alone, and radiation alone. As a positive control
for Akt phosphorylation, HUVEC cells treated with vascular endothelial
growth factor (VEGF) were also examined since exposure of HUVEC cells to
VEGF has been shown to result in rapid phosphorylation of Akt.

After radiation treatment, total cellular protein was isolated, separated
by SDS-PAGE, and transferred to nitrocellulose filters as described in
Example 1. Total Akt protein levels in each lane were assayed by Western
analysis as described in Example 1.

The phosphorylation of Akt is mediated by PI3K as evidenced by the
strong inhibition of Akt phosphorylation when either wortmannin (4 nM) or
LY294002 (2 puM) were added to the HUVEC cultures 30 minutes prior to
irradiation. Either wortmannin or LY294002 inhibited Akt phosphorylation
following treatment of HUVEC with 3 Gy. These PI3K antagonists had no
effect on total Akt levels.

Wortmannin and LY294002 have been shown to inhibit DNA-PK
activity (Rosenzweig et al., 1997), so in order to determine if the inhibition of
Akt phosphorylation attributed to wortmannin and LY294002 was due to
specific inhibition of PI3K activity, a dominant negative PI3K construct was
introduced into HUVEC cells. Adenovirus vector AXCAAp85 (Sakaue ef al.,
1997; Kitamura et al., 1998) was obtained from Wataru Ogawa (Kobe
University School of Medicine, Kobe, Japan). It encodes a mutant p85
regulatory subunit that is unable to bind the p110 subunit of PI3K (Hara et
al., 1994). HUVEC cells were transduced with AXCAAp85 or a similar
recombinant adenovirus encoding green fluorescent protein (GFP) at 10-100
plague-forming units (pfu)/cell. 24 hours post-infection, infected cells were
subjected to treatment with irradiation and analyzed as described in
Example 1. Briefly, adenovirus-containing cells were treated with 3 Gy
irradiation and total cellular protein was isolated a 0, 15, 30, and 60 minutes
post-irradiation. Isolated proteins were analyzed by immunoblot and the
phosphorylation of Akt at these time points was determined. The GFP-
encoding adenovirus vector did not affect the phosphorylation of Akt, as Akt
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phosphorylation in these cells mirrored that seen in HUVEC cells that did not
harbor an adenovirus vector. However, HUVEC cells containing the
AxCAAp85 vector showed undetectable Akt phosphorylation at 15 minutes,
and barely detectible phosphorylation at 30 minutes. Thus, the dominant
negative PI3K construct virtually eliminated Akt phosphorylation, indicating
that the inhibition of radiation-induced Akt phosphorylation observed when
HUVEC cells are pre-treated with wortmannin or LY294002 is mediated by
PI3K.

Example 3
PI3K Antagonists Enhance Apoptosis in Response to lonizing Radiation

To determine whether PI3K antagonists enhance the activities of
intrinsic cell death mechanisms induced by irradiation, apoptosis in HUVEC
cells was studied following PI3K inhibition. HUVEC celis were treated with
wortmannin (4 nM) or with LY294002 (2 uM) as described in Example 2.
Cells were treated 30 minutes later with 3 Gy of ionizing radiation. Cultures
were stained 24 hours later with hematoxylin and eosin (H&E) to reveal
apoptotic nuclei. Stained cells were then examined by light microscopy. For
each treatment group, four high power fields (40x objective) were examined,
and both the number of cells with apoptotic nuclei and the total number of
cells were determined. From these numbers, the percentage of apoptotic
cells for each group was calculated.

Only 2% of cells were undergoing apoptosis in the population of
control cells not exposed to ionizing radiation. Unirradiated cells exposed to
wortmannin or to LY294002 showed 3% and 2% apoptotic cells, respectively
(p = 0.8). Radiation treatment alone induced a moderate increase in
apoptosis (5-6% of cells; p < 0.05, Bonferroni t test). However, pretreatment
of HUVEC cells with wortmannin or LY294002 significantly enhanced
radiation-induced apoptosis. HUVEC cells pretreated with LY294002 or
wortmannin prior to irradiation showed an increase in apoptotic nuclei to
16% and 17% of cells, respectively (p < 0.001).

Apoptosis was confirmed by the presence of cellular DNA
fragmentation. DNA fragmentation was assayed as follows. After treatment
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with radiation and/or PI3K antagonists, HUVEC cells were placed in the
incubator for 24 hours. The medium was collected in centrifuge tubes to
retain any floating, apoptotic cells. The remaining cells were trypsinized and
added to the collected medium. The tubes were spun down at 2500 rpm for
10 minutes at 4°C. To the cell pellets, 500 uL. of DNA Lysis Buffer (5 mM
Tris-HCI pH 7.4, 20 mM EDTA, and 0.5% Triton X-100) was added, along
with 25 pL of 20 mg/mL proteinase K and 60 pL of 10% SDS. This mixture
was incubated at 50°C for 1 hour. 600 pL of chloroform was then added.
The tubes were shaken and then spun for ten minutes at 14,000 RPM. The
aqueous layer was removed to a new tube and 2 volumes of cold 95%
ethanol were added. The DNA was allowed to precipitate for one hour
followed by centrifugation as before. The DNA pellet was then resuspended
in TE (10 mM Tris, 1 mM EDTA, pH 8.0). 10 pug of DNA was run on a 2.0%
agarose gel stained with ethidium bromide. The gel was then photographed
under UV light. DNA laddering typical of apoptosis was observed.

Example 4
P13K Antagonists Suppress Clonogenic Potential in Response to Radiation

The ability of PI3K antagonist to suppress the clonogenic potential of
HUVEC cells treated with radiation was assayed by clonogenic survival
analysis. The ability of HUVEC cells treated with LY294002 30 minutes prior
to irradiation to form colonies was compared to that of HUVEC cells treated
with either radiation or LY294002 alone, and also to that of untreated
HUVEC cells. Clonogenic survival analysis was performed as previously
described (Geng et al., 2001). Briefly, groups of three HUVEC culture plates
were treated at each of four radiation dose levels: 2, 4, 6, and 8 Gy, either
with or without prior treatment with PI3K antagonists as described in
Example 2. After treatment with radiation and/or antagonists, cells were
trypsinized, counted by hemocytometer, and subcultured into fresh medium.
After 14 days, the cells were fixed with cold methanol and stained with 1%
methylene blue. Colonies with greater than 50 cells were counted and the
surviving fraction was determined. The plating efficiency of unirradiated
HUVEC cells treated with LY294002 for 30 minutes was reduced to 70% of
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that seen for untreated control cells. LY294002 treatment significantly
enhanced radiation-induced cytotoxicity compared to HUVEC treated with
radiation alone (p < 0.05, Bonferroni t test).

Example 5
Tumor Models

The GL261 glioblastoma cell line was obtained from Dr. Daryl Bigner
(Duke University, Durham, North Carolina, United States of America).
GL261 cells were maintained in Dulbecco's Modified Eagle Medium (DMEM)
with Nutrient Mixture F-12 1:1 (Invitrogen Corporation, Carlsbad, California,
United States of America) with 7% fetal calf serum, 0.5%
penicillin/streptomycin, and 1% sodium pyruvate. Cells were incubated in a
37°C, 5% CO, incubator. GL261 cells form tumors following injection into a
dorsal skin fold window chamber as described in Example 6 or
subcutaneous injection into the hind limbs of C57BL/6J mice as described in
Example 7. Additionally, the GL261 glioblastoma model shows high levels
of VEGF expression and radiation resistance in vivo (Gorski et al., 1999).
Prior to implantation in the mouse, cells were trypsinized and counted using
a hemocytometer. Cells were washed in complete medium and 1 0° celis
were injected subcutaneously into the hind limb or into the dorsal skin fold
window as described in the Examples below.

Example 6
Tumor Vascular Window Model

Penicillin/streptomycin solution (200 pl; available from GIBCO™
Invitrogen Corporation of Carlsbad, California, United States of America)
was injected into the hind limb of the mouse prior to preparation of the
window chamber. The dorsal skin fold window chamber (Leunig et al., 1992)
was prepared using a 3-gram plastic frame, which was applied to the skin of
a test animal and remained attached for the duration of the study.

To prepare a test animal for application of the plastic frame, the
dorsal midline was found along the animal’s back, and a clip was placed to
hold the skin in position. A template, equivalent to the outer diameter of the

chamber, was traced, producing the outline of the incision. A circular cut
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was made tracing the perimeter of the outline (a circular area about 7 mm in
diameter), followed by a crisscross cut through the center of the circular
area, thus producing four skin flaps. The epidermis of the four flaps was
removed using a scalpel with an effort to follow the hypodermis superior to
the fascia. The area was then trimmed and manicured with a pair of fine
forceps and iris scissors. During surgery, the area was kept moist by
applying moist drops of phosphate buffered saline (PBS) with 1%
penicillin/streptomycin solution.

The template was removed and the top piece of the chamber was
fixed with screws. The bottom portion of the chamber was put in place and
the top portion of the chamber was carefully positioned on the cut side, so
that the window and the circular incision were fitted. Antibiotic ointment was
applied to keep the area clear of infection. The three screws that hold the
chamber together were then put into the chamber holes and tightened so
that the skin was not pinched, thus avoiding diminished circulation.

10° GL261 cells were implanted into the dorsal skin fold window
chamber. Blood vessels developed over 1 week. Tumor vasculature was
observed in response to various treatments as described below. To
document changes in tumor blood vessels, the window frame was marked
with coordinates, which were used to photograph the same microscopic field
prior to treatment (0 hours) and at 96 hours post-treatment. Vascular
windows were photographed using a 4X objective to obtain a 40X total
magnification. Color slides were scanned into PHOTOSHOP® software
(Adobe Systems, Inc., San Jose, California, United States of America).
Scanned slides were analyzed using IMAGE-PRO® software (Media
Cybemetics, Silver Spring, Maryland, United States of America) as
described below.

Vascular centerlines were positioned by IMAGE-PRO® software and
verified by an observer blinded to the treatment groups. Tumor blood
vessels were quantified using IMAGE-PRO® software, which quantified the
vascular length density of blood vessel within the microscopic field. The
mean vascular length density and the standard error of the mean were

-45 -



WO 2004/016211 PCT/US2003/025015

10

15

20

25

30

calculated for each treatment group. The mean and 95% confidence
intervals of vascular length density for each treatment group were calculated
and variance was analyzed by the General Linear Models and Bonferroni t
test.

The vascular window model allowed direct measurement of the
vascular response to ionizing radiation. Five mice were studied in each of
the treatment groups. LY294002 (3 mg/Kg) was injected intraperitoneally 15
minutes prior to irradiation into appropriate treatment groups. Vascular
windows were treated with 3 Gy superficial X-rays using 80 kVp (Pantak X-
ray Generator). The mean vascular length densities of treatment group were
determined at O hours, which was the time at which the radiation treatments
were commenced. For each treatment group, the mean vascular length
densities at 0 hours were defined as 100%.

At 96 hours post-irradiation, the mean vascular length densities were
determined for each treatment group and compared to the mean vascular
length densities of each treatment group at 0 hours. The mean vascular
length density of tumor blood vessels receiving neither radiation nor
antagonist treatment increased to 111% as compared to the same vessels at
the 0 hour time point. Administration of LY294002 in the absence of
radiation treatment achieved insignificant regression of tumor blood vessels
(85%; p = 0.41). Tumors treated with 3 éy alone showed minimal vascular
response to radiation (63%; p = 0.13). However, treatment with LY294002
prior to irradiation resulted in a marked reduction in mean vascular length
density at 96 hours, which was 5% of that seen at the 0 hour time point.

Example 7
Power Doppler Sonography

Power Doppler sonography was used to study the response of tumor
blood vessels to ionizing radiation. This method utilizes amplitude to
measure blood flow in microvasculature. Tumors were imaged with a 10-5
MHz ENTOS® linear probe (Advanced Technology Laboratories, Inc.,
Bothell, Washington, United States of America) attached to an HDI® 5000
diagnostic ultrasound system (Advanced Technology Laboratories, Inc.).
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Power Doppler sonography images were obtained with the power gain set to
82%. Care was taken to minimize motion artifact. A 20-frame cineloop
sweep of the entire tumor was obtained with the probe perpendicular to the
long axis of the lower extremity along the entire length of the tumor.

The images were analyzed using HDI® software (Advanced
Technology Laboratories, Inc). This software allows direct evaluation of
Power Doppler cineloop raw data. Color area was recorded for the entire
tumor. Five mice were included in each treatment group. Values for color
area were averaged for each tumor set and treated groups were compared
to controls using the unpaired student t-test.

GL261 glioma tumors were implanted in the hind limb of C57BL/6J
mice as described in Hallahan et al., 1998. Briefly, 10° viable GL261 cells
suspended in 0.2 ml of a 0.6% agarose solution were introduced into the
hind limb of the mouse by subcutaneous injection. Tumors were grown to a
diameter of about 0.7 cm to about 1.1 cm and then irradiated with 3 Gy
ionizing radiation. Power Doppler analysis of tumor blood flow was
measured on day 0, day 3, and day 7 after radiation treatment. Doppler
sonography showed that tumor blood flow was obliterated in response to
treatment with LY294002 prior to irradiation. Blood flow was unchanged
after treatment with either radiation or LY294002 alone.

Example 8
Tumor Volume Assessment

GL261 tumors were generated by subcutaneous injection of 108 cells
into the right thighs of C57BL/6 mice as described in Example 6. Mice were
stratified into four groups so that the mean tumor volume of each group was
comparable. An equal number of large and intermediate size tumors were
present in each group.

GL261 tumor-bearing mice were treated with 24 Gy ionizing radiation
administered in 8 fractionated doses over 10 days. LY294002 was
administered at 3 mglkg by intraperitoneal injection 15 minutes prior to
irradiation on days 1, 3, 5, and 7 of radiation therapy. Control mice received

identical doses and schedules of either LY294002 alone or radiation alone.
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Twice each week, tumor volumes were measured using skin calipers
as previously described (Grugel et al., 1995; Advani et al., 1998; Staba et
al., 1998). Briefly, tumor volumes were calculated using the formula:

axbxc/2,
where a = maximal width dimension, b = maximal length dimension, and ¢ =

maximal depth dimension, which was derived from the formula for

calculating the volume of an ellipsoid (md3/6). Data were calculated as the
percent of original (day 0) tumor volume and graphed as fractional tumor
volume plus or minus one standard deviation for each treatment group.

Growth delay was defined as the number of days required for tumors
to reach a volume of 1 cm®. Untreated control tumors reached 1 cm® at 7
days. Tumors treated with either radiation or LY294002 alone showed
minimal growth delay compared to untreated controls (9 days). However,
the combination of LY294002 followed by radiation significantly delayed
tumor gfowth when compared to radiation or LY294002 alone (p = 0.04).
Tumors in mice treated with LY294002 prior to irradiation demonstrated
growth delay that extended beyond 15 days.

Example 9
Antibodies and Other Reagents

An adenovirus encoding a mutant regulatory subunit of p85 (Ad.Ap85)
was kindly provided by Wataru Ogawa (Kobe University School of Medicine,
Kobe, Japan; see Kotani et al., 1999; Sakaue et al., 1997). Antibodies to
phosphoserine-473 Akt, total Akt, caspase 3, caspase 9, and caspase 9
cleaved fragment were obtained from New England Biolabs (Beverly,
Massachusetts, United States of America). Antibodies to cytochrome C and
anti-poly (ADP-ribose)polymerase (PARP) were obtained from Oncogene
Research Products (Boston, Massachusetts, United States of America).
Antibodies to cytochrome C oxidase subunit IV (CytOx4) were obtained from
CLONTECH™ (Palo Alto, California, United States of America). Antibodies
to actin and tubulin were obtained from Santa Cruz Biotechnology Inc.

(Santa Cruz, California, United States of America).
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Example 10
Caspase and PARP Assays

Cells were also assayed for apoptosis, caspase 3, and PARP
cleavage by Western immunoblot. Apoptosis assays utilized propidium
iodide staining of nuclei. Apoptotic nuclei were counted, and the percentage
of cells undergoing apoptosis was quantified in three separate experiments.
The‘mean and standard of the mean were calculated. Caspase 3 inhibitor
IV was obtained from Oncogene Research Products, (Boston,
Massachusetts, United States of America). Caspase inhibitor was added to
cells at a concentration of 100 uyM for 60 minutes prior to irradiation.
Statistical differences of p < 0.05 using the Student's t test were considered
significant.

Example 11
Cell Lysis and Immunoblot Analysis.

HUVEC were treated at the indicated times and washed twice with
PBS and lysed in lysis buffer (20 nM Tris, 150 mM NaCl, 1 mM EDTA, 1%
Triton X-100, 2.5 mM sodium pyrophosphate, 1 mM phenylmethylsulfonyl
fluoride, and 1 pg/ml leupeptin). Protein concentrations were quantified by
the BioRad method. 20 pg of total protein were loaded into each well and
separated by 8 or 12 % SDS-PAGE gel, depending on the size of the target
protein being investigated. The proteins were transferred onto nitrocellulose
membranes (Hybond ECL, Amersham, Arlington Heights, lllinois, United
States of America) and probed with antibodies for the phosphorylated Akt,
total Akt, caspase 3, caspase 9, cytochrome C, or PARP.

Example 12
Irradiation and Cytochrome Release

Apoptosis is preceded by cytochrome C release from mitochondria
(Green & Reed, 1998). To determine whether cytochrome C is released
from the mitochondria following irradiation, the subcellular localization of
cytochrome C was assessed. Cells were lysed in hypotonic fractionation
buffer mix from CLONTECH™ (Palo Alto, California, United States of
America), incubated on the ice for 10 minutes, then homogenized in an ice-
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cold Dounce tissue grinder from Fisher Scientific (St. Louis, Missouri, United
States of America). Cell homogenates were transferred to 1.5 ml
microcentrifuge tubes, and centrifuged at 700 x g for 10 minutes. Proteins
within the supernatant were cytosolic fractions, with the pellet containing
mitochondrial fractions. 5-10 pg of each cytosolic and mitochondrial fraction
isolated from induced cells and control cells were loaded onto a 12% SDS-
PAGE gel. After separation, proteins were transferred to nitrocellulose,
which were probed with an anti-cytochrome C antibody at a 1:100 dilution in
blocking buffer.

Autoradiographs of Western immunoblots using antibody specific for
cytochrome C were prepared. Immunoblots using antibodies specific for
cytochrome C oxidase 4 and actin were used as controls. Western blot
analysis revealed that mitochondrial cytochrome C decreased, while
cytochrome C in the cytosolic fraction increased in HUVEC treated with
radiation and Ad.Ap85. Cytochrome C remained within the mitochondria
following treatment with either Ad.Ap85 alone or radiation alone.

Example 13
Involvement of Caspases 3 and 9 in Aki-Mediated Apoptosis

Cytochrome C activates the apoptotic cascade through cleavagé of
caspase 9. To characterize the mechanisms by which Ad.Ap85 regulates
apoptosis in irradiated endothelial cells, caspases 3 and 9 were studied.
HUVEC cells were transduced with Ad.GFP or Ad.Ap85 for 24 hours
followed by irradiation. Total protein was extracted at 6 hours after
irradiation. Autoradiographs of Western immunoblot using antibody specific
for caspases 3 and 9 were prepared. Following serum starvation, éach of
the caspases was cleaved to form proteolytic products. Caspases 3 and 9
were not cleaved following treatment with either Ad.Ap85 alone or radiation
alone. HUVEC transduced with Ad.Ap85 showed cleavage of caspases 3
and 9 at 6 hours following irradiation.

Upon activation, caspase 3 cleaves numerous proteins involved in
cell structure, signaling, and repair, and is essential for DNA fragmentation.
PARP is one of the downstream substrates for caspase 3 (Granville ef al.,
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1998). To determine whether caspase 3 activation is essential for apoptosis
induced by radiation and mutant Ad.Ap85, HUVEC were treated with
caspase 3 inhibitor V. PARP cleavage and subsequent apoptosis were
studied in Western immunoblots using anti-PARP antibodies. Following
treatment with radiation and Ad.Ap85, PARP was cleaved within endothelial
cells, whereas caspase 3 inhibitor IV prevented PARP cleavage. Caspase 3
inhibitor IV also prevented apoptosis induced by radiation in Ad.Ap85
transduced endothelial cells. Untreated control and Ad.GFP transduced
cells each had 3% of apoptotic cells. Cells treated with 3 Gy alone or
Ad.GFP + 3 Gy had 6%, and 7% apoptotic cells, respectively. Cells treated
with Ad.Ap85 and 3 Gy showed 21% apoptotic cells. Caspase inhibitor 1V
added to cells treated with Ad.Ap85 and 3 Gy reduced the percentage of
apoptotic cells to 3%.

Discussion of Examples 9-13

Akt attenuation of programmed cell death occurs through several
independent mechanisms. One such mechanism involves the Bcl gene
family members, which are directly phosphorylated by Akt and participate in
the Aki-mediated anti-apoptotic effect (Krasilnikov, 2000). Bcl-2 and p53 are
two well-characterized proteins known to regulate radiation-mediated
apoptosis. Bcl-2 and its homologue, Bcl-x encode membrane-associated
proteins that protect cells from DNA damage-induced apoptosis.

As disclosed herein, PI3K inhibitor or radiation alone can promote
HUVEC apoptosis. Most importantly, the number of apoptotic bodies within
HUVEC increased dramatically when treated by the PI3K inhibitor and
radiation together as compared to treatment with radiation or the PI3K
dominant negative alone. Additionally, a radiation dose- and time-dependent
activation of Akt phosphorylation in endothelial cells was found. PI3K
inhibition resulted in enhancement of endothelial apoptosis and diminished
viability, suggesting that the PI3K participates in radiation-induced
phosphorylation of Akt and subsequent enhancement of cell viability.

Akt-enhanced cell survival might occur through maintenance of
mitochondrial integrity. Induction of apoptosis by Akt inactivation correlated
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with the disruption of mitochondrial membrane integrity and cytochrome ¢
release. Radiation might induce the loss of mitochondrial membrane
potential, opening of the permeability transition pore and the release of
cytochrome C (Taneja et al., 2001). The present disclosure shows that PI3K
dominant negative promoted apoptosis within irradiated HUVEC.
Cytochrome C was released into the cytosol only upon treatment with
radiation and mutant p85 together. Cytochrome C release into cytosol
interacts directly with Apaf-1 in the cytoplasm leading to the ATP dependent
formation of the apoptosome. This complex recruits and activates the
protease caspase 9 (Brunelle & Chandel, 2002). Caspase 3 has been
shown to be indispensable for apoptosis induced by numerous cytotoxic
stimuli (Janecki et al., 2000). For that reason, caspase 3 inhibitor 1V was
used to determine whether caspase 3 is essential for apoptosis induced
within HUVEC treated with Ad.Ap85 and radiation.

The resilience of vascular endothelium to cytotoxic effects of ionizing
radiation can be overcome by overexpression of p85 with mutation within the
SH2 domain. This genetic construct inhibited radiation-induced Akt
phosphorylation and subsequently enhances radiation-induced apoptosis
within vascular endothelial cells. These findings support PI3K as a
therapeutic target in aberrant vascular endothelium during treatment with
jonizing radiation.

Example 14
Effect of SU11248 on Radioresistance
To determine whether prolonged growth delay correlated with

reduction in tumor blood flow, amplitude modulated Power Doppler was used
to monitor blood flow. Reduced blood fiow in tumors treated with SU11248
and radiation correlated with improved tumor growth delay. Tumors treated
with SU11248 and radiation approached significant reduction in blood flow
as compared to tumors treated with radiation alone ( p < 0.053).

To determine whether broad spectrum RTK inhibition enhances the
cytotoxic effects of radiation on vascular endothelium, SU11248 was added

30 minutes prior to irradiation. HUVECs were treated with vehicle control,
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and either 100 nM SU11248 or vehicle combined with 6 Gy. The percentage
of endothelial cells demonstrating apoptotic nuclei 24 hours post treatment
was determined for each experimental group. Untreated control cells show
2% apoptotic nuclei as compared to 7 and 8 % after treatment with SU11248
or radiation, respectively (p > 0.1). HUVEC treated with SU11248 followed
by 6 Gy showed 21% of cells with apoptotic nuclei at 24 hours, which was
significantly greater than either agent alone (p < 0.02), or untreated control
cells (p < 0.001). To determine whether enhanced apoptotic response in
endothelial cells treated with SU11248 results in reduced clonogenic cell
survival, HUVEC were subcultured and colony formation was quantified.
HUVEC treated with SU11248 prior to irradiation showed a significant
reduction in clonogenic survival as compared to radiation alone (p < 0.05).

Growth factors produced by tumors could enhance the viability of
tumor vascular endothelium. To determine whether SU11248 enhances
radiation-induced destruction of tumor vasculature, SU11248 was
administered to mice prior to irradiation with 3 Gy. Tumor vascular linear
density was measured by use of intravital tumor vascular window.
Representative photographs of tumor vasculature before and 48 hours after
treatment with SU11248, 3 Gy, or SU11248 followed by 3 Gy indicated that
RTK inhibition increases tumor vascular destruction as compared to either
agent alone. Five mice were freated in each of the treatment groups, and
the vascular length density after treatment was quantified. Mean vascular
length densities over four days are shown as a bar graph. Within 72 hours,
vascular length density in tumors was significantly reduced to 8% of that at 0
hours (p < 0.01). In comparison, tumors treated with either 3 Gy or SU11248
alone showed an insignificant reduction in vascular length density to 75 and
84% that of O hour, respectively. Combined SU11248 and 3 GY achieved
significantly greater reduction in vascular length density as compared to
either agent alone (p < 0.05).

Destruction of tumor vasculature results in ischemia, which could
reduce radiosensitivity of tumors. To determine whether SU11248 enhances

tumor growth delay in irradiated tumors, mice bearing LLC and GL261 hind
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limb tumors were treated with intraperitoneal injection of 40 mg/kg SU11248
or control vehicle 30 minutes prior to each 3 Gy dose of radiation for a total
of seven administrations. Both the inhibitor and radiation were discontinued
after day 8. Time to doubling of LLC tumor size was 5, 6, 8 and 16 days for
vehicle, SU11248, vehicle + 21 Gy, and SU11248 + 21 Gy, respectively.
Both LLC and GL261 tumors showed a significant increase in tumor growth
delay when SU11248 was added prior to daily 3 Gy fractions as compared to
either agent alone (p < 0.05).

Upon the discontinuation of therapy, tumors rapidly regrow. To
determine whether maintenance of SU11248 beyond the completion of
radiation improved growth delay, this RTK inhibitor was administered twice
daily continuously in groups treated with radiation alone or SU11248 and
radiation. Beginning after day 8, three groups (drug alone, radiation +
vehicle, and combined therapy) were maintained with twice daily
intraperitoneal administrations of 20 mg/kg SU11248 for an additional 7
days. Maintenance treatment was discontinued after day 17, and
subsequently resumed after four days of drug holiday. Each of the
maintenance groups showed significantly delays in growth to 4-fold that of
day O tumors (p < 0.05 in all groups). Re-initiation of SuU11248 at day 21
produced a second phase of tumor growth delay.

Example 15
Effect of SU6668 on Phosphorylation of Akt
Broad spectrum RTK inhibitors were tested for their abilities to

attenuate radiation-induced phosphorylation of Akt. SU6668, a tyrosine
kinase inhibitor of VEGFR, PDGFR, FGFR, and c-Kit, was added to
endothelial cells prior to irradiation. Western immunoblots using phospho-
specific antibodies to phosphorylated Akt (P-Akt) were prepared. SUGG68
blocked radiation-induced phosphorylation of Akt, whereas SU5416, which is
VEGF receptor specific, did not attenuate radiation-induced activation of Akt
in endothelial cell cultures.

Phosphorylation of MEK and Erk proteins was also investigated.

Erk1/2 was activated following a single 3 Gy dose of irradiation. Erk was
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phosphorylated within 15 minutes, which resolved within 60 minutes.
SU6668 is a broad spectrum inhibitor of split kinase domain RTKs, including
Flk-1, Flt-1, PDGFR, fibroblast growth factor receptor (FGFR), and c-Kit
(Mendel et al, 2003). SU6668 was added 30 minutes prior to irradiation and
attenuated Erk 1/2 phosphorylation, but did not entirely eliminate activation
of this pathway.
Example 16
PDGF Receptor Activity and Akt Signaling

The role of RTKs in radiation-induced activation of the Akt signaling

pathway was examined by studying a panel of tyrosine kinase inhibitors
including PDGF receptor antagonists in primary culture endothelial celis.
PDGF receptor antagonists including SU6668, SU11248, and STI571,
attenuated radiation-induced phosphorylation of both Akt and Erk.
Conversely, inhibition of MEKK and ErbB did not inhibit radiation-induced
activation of Akt and Erk1/2.  Similar efficacy in blocking Erk1/2
phosphorylation in irradiated endothelial cells was found.

To determine to the level of phosphorylation of PDGF receptor,
GL261 mouse tumor models were sectioned and stained. A phospho-
specific antibody to PDGFRp Tyr751 (Cell Signaling Technology, Beverly,
Massachusetts, United States of America) was used. Tumors produced by
injecting GL261 murine glioma cells into the hind limb of C57BL6 mice were
stained for phospho-PDGFRB and visualized using immunohistochemistry.
Phbspho-PDGFRB staining was graded as 2+ relative to staining in negative
controls.

To determine whether cytotoxic therapy alters PDGFRp
phosphorylation, the tumor was irradiated (3 Gy) and snap frozen following
irradiation. Irradiated tumors showed increased phosphorylation of PDGFRp
as compared to untreated controls. Positive staining for phosphorylated
PDGFR was found in endothelium and tumor stroma.

To investigate the effect of a PDGF receptor antagonist on
phosphorylation, SU11248 was administered one hour prior to 3 Gy, which
markedly attenuated radiation-induced PDGFR phosphorylation. Western

A
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immunoblots were performed to verify radiation induced an increase in
phosphorylation of PDGFRB. Protein extracted from irradiated HUVEC had
increased phosphorylation of PDGFR.

Example 17
TUNEL Staining of Tumor Sections

To determine whether SU11248 interacts with radiation through the

induction of apoptosis in tumor endothelium, TUNEL staining of tumor
sections was utilized. Tumor sections were co-stained for the endothelial
marker von Willebrand factor (vWF) and TUNEL. Following treatment with
either 3 Gy or SU11248 alone, apoptotic cells could not be detected.
Tumors treated with radiation and SU11248 showed TUNEL positive
endothelial cells with no apoptotic tumor cells at 24 hours following
treatment.

Example 18
Involvement of SP1 in Radiation-Induced Akt Phosphorylation

Acid sphingomyelinase induces the production of ceramide, which is
in turn converted to sphingosine and later S1P. S1P binds to the EDG-1
receptor, which in turn activates PI3K and Akt (Garcia-Barros et al., 2003).

In order to test whether S1P can participate in radiation-induced Akt
phosphorylation, two inhibitors of ceramide signal transduction, flumonisin
and MAPP, were used. These antagonists were added to HUVEC in culture.
HUVEC were irradiated and total protein was extracted. @ Western
immunoblot utilizing the antibody specific for the phosphorylated form of Akt
were prepared. Akt was phosphorylated in response to VEGF and 3 Gy
irradiation. Flumonisin and MAPP did not attenuate Akt phosphorylation.
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it will be understood that various details of the presently claimed

subject matter can be changed without departing from the scope of the

presently claimed subject matter. Furthermore, the foregoing description is
for the purpose of illustration only, and not for the purpose of limitation--the
presently claimed subject matter being defined by the claims.
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CLAIMS
What is claimed is:

1. A method for increasing the radiosensitivity of a target tissue in a
subject comprising administering a PI3K antagonist to the subject, whereby
the radiosensitivity of the target tissue is increased.

2 The method of claim 1, wherein the target tissue is endothelial
tissue.

3. The method of claim 2 wherein the endothelial tissue is vascular
endothelium.

4. The method of claim 1, wherein the target tissue is a tumor.

5. The method of claim 4, wherein the tumor comprises a radiation
resistant tumor.

6. The method of claim 1, wherein the target tissue comprises
vasculature supplying blood flow to a tumor.

7. The method of claim 1, wherein the subject is a mammal.

8. The method of claim 1, wherein the administering a PI3K
antagonist comprises administering a minimally therapeutic dose of a PI3K
antagonist.

0. The method of claim 1, wherein the administering comprises
administering a composition comprising:

(@) a PI3K antagonist; and

(b)  a pharmaceutically acceptable carrier.

' 10.The method of claim 1, wherein the PI3K antagonist comprises
Wortmannin.

11.The method of claim 10, wherein the Wortmannin is administered
in an amount ranging from about 1 to about 1000 mg/kg.

12.The method of claim 1, wherein the PI3K antagonist comprises
LY294002.

13.The method of claim 12, wherein the LY294002 is administered in
an amount ranging from 1 to about 1000 mg/kg.

14.The method of claim 1, wherein the PI3K antagonist is a dominant
negative PI3K polypeptide.
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15.The method of claim 1, wherein the PI3K antagonist is SU6668.

16. The method of claim 1, wherein the PI3K antagonist is SU11248.

17.The method of claim 1, wherein the PI3K antagonist is Genistein.

18.A method for suppressing tumor growth in a subject, the method
comprising:

(a) administering a PI3K antagonist to a subject bearing a tumor to

increase the radiosensitivity of the tumor; and
(b) treating the tumor with ionizing radiation, whereby tumor
growth is suppressed.

19.The method of claim 18, wherein the subject is a mammal.

20.The method of claim 18, wherein the administering a PI3K
antagonist comprises administering a minimally therapeutic dose of a PI3K
antagonist.

21.The method of claim 18, wherein the administering a PI3K
antagonist comprises administering a composition comprising:

(@) a PI3K antagonist; and

(b)  a pharmaceutically acceptable carrier.

22.The method of claim 18, whérein the PI3K antagonist comprises
Wortmannin.

23.The method of claim 22, wherein the Wortmannin is administered
in an amount ranging from 1 to about 1000 mg/kg.

24.The method of claim 18, wherein the PI3K antagonist comprises
LY294002.

25.The method of claim 24, wherein the LY294002 is administered in
an amount ranging from 1 to about 1000 mg/kg.

26.The method of claim 18, wherein the PI3K antagonist is a
dominant negative PI3K polypeptide.

27.The method of claim 18, wherein the PI3K antagonist is SU6668.

28.The method of claim 18, wherein the PI3K antagonist is SU11248.

29.The method of claim 18, wherein the PI3K antagonist is Genistein.

30.The method of claim 18, wherein the tumor comprises a radiation

resistant tumor.
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31.The method of claim 18, wherein the treating the tumor with
ionizing radiation comprises treating the tumor with a subtherapeutic dose of
jonizing radiation.

32.A method for inhibiting tumor blood vessel growth, the method
comprising:

(a)  administering a PI3K antagonist to a subject bearing a tumor to

increase the radiosensitivity of tumor blood vessels; and

(b)  treating the tumor with ionizing radiation, whereby tumor blood

vessel growth is inhibited.

33 The method of claim 32, wherein the administering a PI3K
antagonist comprises administering a minimally therapeutic dose of a PI3K
antagonist.

34 The method of claim 32, wherein the administering a PI3K
antagonist comprises administering a composition comprising:

(a) aPI3K antagonist; and

(b)  a pharmaceutically acceptable carrier.

35.The method of claim 32, wherein the PI3K antagonist comprises
Wortmannin.

36.The method of claim 35, wherein the Wortmannin is administered
in an amount raging from 1 to about 1000 mg/kg.

37.The method of claim 32, wherein the PI3K antagonist comprises
LY294002.

38.The method of claim 37, wherein the LY294002 is administered in
an amount raging from 1 to about 1000 mg/kg.

39.The method of claim 32, wherein the PI3K antagonist is a
dominant negative PI3K polypeptide.

40.The method of claim 32, wherein the PI3K antagonist is SU6668.

41.The method of claim 32, wherein the PI3K antagonist is SU11248.

42.The method of claim 32, wherein the PI3K antagonist is Genistein.
43.The method of claim 32, wherein the subject is a mammal.

44.The method of claim 32, wherein the tumor comprises a radiation

resistant tumor.
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45.The method of claim 32, wherein the treating the tumor with
ionizing radiation comprises treating the tumor with a subtherapeutic dose of
ionizing radiation.

46.The method of claim 32, further comprising reducing the vascular

length density of the tumor blood vessels.
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