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(57) ABSTRACT

Methods of determining prognosis in a subject with a
hyperproliferative disease, including determining expres-
sion and/or function of 14-3-3 zeta in the subject, are
disclosed. Also disclosed are methods of making a pharma-
ceutical agent that modulates apoptosis, including the steps
of obtaining one or more candidate, testing the one or more
candidate substances to determine their ability to modulate
the expression and/or function of 14-3-3 zeta, selecting a
candidate substance determined to modulate the expression
and/or function of 14-3-3 zeta, and making a pharmaceutical
composition that includes the selected candidate substance.
In addition, methods of treating a subject with a hyperpro-
liferative disease, including making a pharmaceutical agent
by the methods set forth herein, and administering the
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14-3-3 ZETA OVER-EXPRESSION AS A POOR
PROGNOSIS FACTOR, AND A
THERAPEUTIC TARGET IN MULTIPLE
CANCER TYPES

This application claims the benefit of U.S. Provisional
Application No. 60/501,786, filed on Sep. 10, 2003, which
is incorporated by reference in its entirety.

The government owns rights in the present invention
pursuant to grant number USAMRMC DAMD-17-01-0306
from the U.S. Army.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to the fields of
cancer biology and molecular biology. More particularly, it
concerns methods of determining prognosis in a subject with
a hyperproliferative disease that involve determining
expression and/or function of 14-3-3 zeta in the subject. It
also concerns methods of making a pharmaceutical agent
that modulates apoptosis, including the steps of obtaining
one or more candidate, testing the one or more candidate
substances to determine their ability to modulate the expres-
sion and/or function of 14-3-3 zeta, selecting a candidate
substance determined to modulate the expression and/or
function of 14-3-3 zeta, and making a pharmaceutical com-
position that includes the selected candidate substance. In
addition, the present invention concerns methods of treating
a subject with a hyperproliferative disease, including mak-
ing a pharmaceutical agent by any of the methods set forth
herein, and administering the pharmaceutical agent to a
subject.

2. Description of Related Art

The 14-3-3 proteins constitute a family of highly con-
served dimeric proteins that are ubiquitously expressed in
eukaryotic organisms (Aitken et al., 1992). These proteins
were originally isolated in 1967 (Moore and Perez, 1967).
The name “14-3-3” is derived from the particular migration
pattern on two-dimensional DEAE-cellulose chromatogra-
phy and starch gel electrophoresis (Moore and Perez, 1967).
In humans, nine isoforms have been found to be encoded by
seven 14-3-3 genes. The encoded proteins have a molecular
weight of 29 kDa -31 kDa.

High levels of 14-3-3 proteins were originally shown to
exist in neuronal tissue, and it was originally thought that
they were neuron-specific (Moore and Perez, 1967). How-
ever, they have now been shown to be widely distributed and
present at low levels in most mammalian tissues. Proteins
that show a high degree of similarity have been cloned and
sequenced from a wide range of other eukaryotic organisms
including plants, insects, amphibians and yeast (Aitken et
al., 1992).

The 14-3-3 family is highly conserved over a wide range
of mammalian species, and the 14-3-3 isoforms can be found
in an extremely broad range of tissues. There are very high
levels of many isoforms in brain tissue, particular Purkinje
cells in the cerebellum (Watanabe et al., 1991). High levels
of beta and gamma isoforms are also found, the latter of
which is believed to be specific for the brain (Isobe et al.,
1991). There are also high levels of some isoforms in adrenal
medulla and intestine, platelets, and testis (Ichimura et al.,
1991). Other isoforms are expressed in spleen, skin, ear, and
tongue (Aitken et al., 1992). Homologues of 14-3-3 proteins
have been found in a broad range of eukaryotic organisms
and are probably ubiquitous (reviewed in Wang and Shakes,
1996; Rosenquist et al., 2000).
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Crystal structures of both the tau and zeta isoforms of
14-3-3 show that they are highly helical, dimeric proteins
(Xiao et al., 1995; Liu et al., 1995). Each monomer is
composed of nine anti-parallel a.-helices, organized into an
N-terminal and a C-terminal domain. The dimer creates a
large negatively charged channel. Those regions of the
14-3-3 proteins which are invariant throughout all of the
isoforms are mainly found lining the interior of this channel,
while the variable residues are located on the surface of the
protein (Aitken et al., 2002). This channel might recognize
common features of target proteins, so the specificity of
interaction of 14-3-3 isoforms with diverse target proteins
may involve the outer surface of the protein (Aitken et al.,
2002). The N-terminal residues of all 14-3-3 homologues are
variable, and are involved in dimer formation (Aitken et al.,
2002).

The known functions of the 14-3-3 class of proteins
include a wide range of cell signaling processes as well as
development and growth regulation. The first function of
this family of proteins that was described was activation of
tyrosine and tryptophan hydroxylases, the rate-limiting
enzymes involved in catecholamine and serotonin biosyn-
thesis, essential for the synthesis of dopamine and other
neurotransmitters (Ichimura et al., 1988). Subsequently, it
was shown that 14-3-3 could regulate (inhibit) activity of
protein kinase C (PKC) (Aitken et al., 1990; Toker et al.,
1990). 14-3-3 was then found to be a novel type of chap-
erone protein that modulates the interaction between com-
ponents of signal-transduction pathways (Aitken, 1996).
Previous studies indicated that different 14-3-3 isoforms
have overlapping roles within cells as they bind many of the
same target proteins (Yaffe, 2002).

In the mid-1990’s, numerous reports showed that 14-3-3
proteins could interact with a wide range of protein kinases,
phosphatases, and other signaling proteins (reviewed in
Aitken et al, 2002), which implies that 14-3-3 proteins
mediate the formation of protein complexes involved in
signal transduction, trafficking and secretion, perhaps to
bind to different signaling proteins on each subunit of the
dimer, as a novel type of ‘adapter protein.’

In addition, 14-3-3 proteins play a role in suppression of
apoptosis. They bind many proteins involved in regulation
of apoptosis, such as BAD (Zha et al., 1996), A20 (De Valck
et al., 1997), Forkhead (Brunet et al., 1999), and ASK1
(Zhang et al., 1999). Compromising 14-3-3 function by
overexpression of a competitive 14-3-3 binding peptide
rendered cells more sensitive to apoptotic stimuli (Masters
and Fu, 2001).

One of the kinases that has been shown by the inventors
to interact with 14-3-3 proteins is phosphatidylinositol 3-ki-
nase (PI-3-kinase). The PI-3 kinases represent a ubiquitous
family of heterodimeric lipid kinases that are found in
association with the cytoplasmic domain of hormone and
growth factor receptors and oncogene products. PI3Ks act as
downstream effectors of these receptors, are recruited upon
receptor stimulation and mediate the activation of second
messenger signaling pathways through the production of
phosphorylated derivatives of inositol (Fry et al., 1994).
PI3Ks have also been implicated in many cellular activities
including growth factor mediated cell transformation, mito-
genesis, protein trafficking, cell survival and proliferation,
DNA synthesis, apoptosis, neurite outgrowth and insulin-
stimulated glucose transport reviewed in (Fry et al.,1994).

The PI3-kinase enzyme heterodimers most commonly
consist of a 110 kD (p 110) catalytic subunit associated with
an 85 kD (p85) regulatory subunit. Recently however, three
smaller regulatory subunits have been identified, two 55 kD
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subunits (p55.alpha. and p55.gamma.) and one 50 kD sub-
unit (p50.alpha.) (Shin et al., 1998). Modulation of PI3-
kinase activity by 14-3-3 zeta in cancer cells is not estab-
lished from previous studies. (Munday et al, 2000,
Guthridge et al., 2000; Liu et al., 1996). These previous
studies concerned hematopoietic rather than cancer cells.

Cancer is a major cause of morbidity and mortality in the
si U.S. Breast cancer, for instance, now affects as many as
one in eight women during their lifetime (Ries et al., 1999;
Sondik 1994). In many regions of the world, breast cancer
is the more frequently occurring malignant disease in
women (Forbes, 1997). Methods of diagnosing and treating
breast cancer are a major research focus in the U.S.

Although many biomarkers for breast cancers (e.g., estro-
gen receptor, ErbB2, Bcl-2) have been discovered during
the last decades, ideal prognostic factors for breast cancers
are still lacking (Rogers et al., 2002). For instance, only
about 30% of breast cancers overexpress c-erb2, epidermal
growth factor receptor, cyclin D1, or c-myc (reviewed in
Welch and Wei, 1998).

There is no clear role of 14-3-3 isoforms in human cancer.
In particular, there has been no previous report on tumor
promoting function of 14-3-3 isoforms in human cancers.
Recently, however, loss of 14-3-3 sigma gene expression
was found to be a frequent event in breast cancer (Ferguson
et al., 2000). The 14-3-3 sigma isoform is believed to be
responsible for instituting the G, cell cycle checkpoint
response to DNA damage in human cells (Hermeking et al.,
1997; Chan et al., 2000). Although 14-3-3 sigma has been
associated with tumor suppression (Ferguson et al., 2000),
this function has not been ascribed to other 14-3-3 isoforms.
Another study found that levels of the alpha, beta, delta, and
zeta isoforms of 14-3-3 were the same in both normal and
transformed cells (Vercoutter-Edouart et al.,, 2001). These
results indicate that the precise role of the 14-3-3 family of
proteins in human cancer remains ill-defined.

Therefore, the identification of the precise role of 14-3-3
proteins in human cancer may provide valuable insight that
can be applied in the clinical care of cancer patients.
Detailed elucidation of any relationship between 14-3-3
expression and cancer could provide new forms of cancer
therapy. Knowledge of a correlation between 14-3-3 protein
levels and cancer severity or cancer type could be applied in
formulating accurate prognosis of cancer patients, and could
also be applied in designing targeted therapeutic and pre-
ventive strategies.

SUMMARY OF THE INVENTION

The inventors have discovered that 14-3-3 zeta expression
is elevated in many types of human cancers, including breast
cancer, sarcomas, lung cancer, liver cancer, uterine cancer,
and stomach cancer. It has further been determined that
14-3-3 zeta is overexpressed in over 70% of human breast
cancers, soft tissue sarcomas, and in many breast cancer cell
lines, lung cancer cell lines, and soft tissue sarcoma cell
lines. The inventors found that patients with 14-3-3 zeta-
overexpressing breast cancers had significantly lower dis-
ease-free and overall survival rates. These findings demon-
strate that overexpression of 14-3-3 zeta is a frequent event
in multiple types of cancers, is associated with poor prog-
nosis, and can be used as a novel molecular marker to assess
the agressiveness of a variety of cancer types and the need
for more vigorous therapies. In addition, 14-3-3 zeta is a
novel clinical therapeutic target in multiple cancer types, and
blocking 14-3-3 zeta expression and/or function is an effec-
tive strategy to inhibit multiple types of cancers.
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Certain embodiments of the present invention generally
pertain to methods of determining prognosis in a subject
with a hyperproliferative disease. Determining prognosis
involves a prediction of the probable course and outcome of
adisease, or the likelihood of recovery from a disease. These
methods of determining prognosis involve determining
expression and/or function of 14-3-3 zeta in a subject. Any
method of determining expression and/or function of 14-3-3
zeta in a subject that is known to those of ordinary skill in
the art is encompassed within the embodiments of the
invention.

In some embodiments, expression and/or function of
14-3-3 zeta is measured in a body fluid sample or tissue
sample from the subject. Any body fluid sample from a
subject is contemplated by the embodiments of the present
invention. For example, in certain embodiments, the body
fluid sample is a serum sample, a plasma sample, a blood
sample, a cerebrospinal fluid sample, a urine sample, or a
sample of fluid aspirated from a hyperproliferative lesion
such as a breast lesion. Similarly, any tissue sample from a
subject is contemplated by the embodiments of the present
invention. In certain embodiments, for example, the tissue
sample may be tissue from a hyperproliferative lesion in a
subject. The hyperproliferative lesion may be a cancer, such
as breast cancer, lung cancer, ovarian cancer, brain cancer,
liver cancer, cervical cancer, colon cancet, renal cancer, skin
cancer, head & neck cancer, bone cancer, esophageal cancer,
bladder cancer, uterine cancer, lymphatic cancer, stomach
cancer, pancreatic cancer, testicular cancer, lymphoma, or
leukemia.

In some specific embodiments of the present invention,
expression and/or function of 14-3-3 zeta is measured in a
cell in a subject. Any cell in a subject is contemplated by the
present invention. For example, the cell may be a cell from
a hyperproliferative lesion, such as a cancer of any of the
types previously set forth. In certain particular embodi-
ments, the cell is a breast cancer cell.

Any subject is contemplated for inclusion in the embodi-
ments of the present invention. In certain specific embodi-
ments, for example, the subject is a human. The human may
be afflicted by a hyperproliferative disease, such as a cancer.
For example, as set forth above, the cancer may be breast
cancer, lung cancer, ovarian cancer, brain cancer, liver
cancer, cervical cancer, colon cancer, renal cancer, skin
cancer, head & neck cancer, bone cancer, esophageal cancer,
bladder cancer, uterine cancer, lymphatic cancer, stomach
cancer, pancreatic cancer, testicular cancer, lymphoma, or
leukemia. In some embodiments, the patient is a breast
cancer patient.

Any method of determining expression and/or function of
14-3-3 zeta known to those of ordinary skill in the art is
contemplated for inclusion in the embodiments of the
present invention. For example, determining expression
and/or function of 14-3-3 zeta may be measured by western
blot analysis, immunohistochemistry, and/or protein array.
In some embodiments, expression and/or function of 14-3-3
is measured by determining mRNA transcription as an
indirect measure of 14-3-3 zeta protein expression in a cell.
In other embodiments, measuring 14-3-3 zeta expression is
determined by measuring gene copy number of 14-3-3 zeta
as an indirect measure of 14-3-3 zeta protein expression in
a cell. Gene copy number may be measured by any method
known to those of ordinary skill in the art, such as FISH,
array CGH, Southern blot analysis, and/or quantitative real
time PCR.

Certain other embodiments of the present invention are
generally concerned with methods of making a pharmaceu-
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tical agent that modulates apoptosis, including the steps of:
(1) obtaining one or more candidate substances; (2) testing
the one or more candidate substances to determine their
ability to modulate the expression and/or function of 14-3-3
zeta; (3) selecting a candidate substance determined to
modulate the expression and/or function of 14-3-3 zeta; and
(4) making a pharmaceutical composition comprising the
selected candidate substance. Any candidate substance is
contemplated by the present invention. For example, the
candidate substance may be a small molecule, a peptide, a
polypeptide, a protein, a polynucleotide, antibody, or an si
RNA. In some embodiments, the candidate substance is si
RNA.

In some embodiments, the methods of the present inven-
tion further include administering the pharmaceutical agent
to a subject having a hyperproliferative disease. The hyper-
proliferative disease may be a cancer, such as a cancer of any
of the types set forth above. In some embodiments, the
cancer is breast cancer.

In some embodiments, the present invention includes
contacting the candidate substance with a cell and measuring
expression and/or function of 14-3-3 zeta in the cell. Any
cell is contemplated for inclusion in the present invention.
For example, the cell may be a cell in a subject, such as a
human. The human may be a patient with cancer, such as a
patient with breast cancer.

Any method of testing the one or more candidate sub-
stances to determine their ability to modulate the expression
and/or function of 14-3-3 zeta known to those of ordinary
skill in the art is contemplated for inclusion in the present
invention. For example, testing the one or more candidate
substances to determine their ability to modulate the expres-
sion and/or function of 14-3-3 zeta may further be defined as
testing the one or more candidate substances to determine
their ability to modulate the interaction of 14-3-3 zeta with
PI-3-kinase. Ability to modulate any mechanism of interac-
tion of 14-3-3 zeta with PI-3-kinase is contemplated by the
methods of the present invention. For example, testing of the
interaction of 14-3-3 zeta with the p85 subunit of PI3-kinase
is contemplated, as is testing of the interaction of 14-3-3 zeta
with serine 83 of the p85 subunit of PI-3-kinase.

Some embodiments of the present invention pertain to
methods of treating a subject with a hyperproliferative
disease that involve making a pharmaceutical agent by any
of the methods set forth above, and administering the
pharmaceutical agent to a subject. Although any subject is
contemplated for inclusion in the methods of the present
invention, in some embodiments the subject is a patient with
cancer. The subject may have any type of cancer. Some
examples of cancer types have been set forth above. For
example, in certain embodiments, the cancer is breast can-
cer.

It is specifically contemplated that any limitation dis-
cussed with respect to one embodiment of the invention may
apply to any other embodiment of the invention. Further-
more, any composition of the invention may be used in any
method of the invention, and any method of the invention
may be used to produce or to utilize any composition of the
invention.

The use of the term “or” in the claims is used to mean
“and/or” unless explicitly indicated to refer to alternatives
only or the alternative are mutually exclusive, although the
disclosure supports a definition that refers to only alterna-
tives and “and/or.”
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Throughout this application, the term “about” is used to
indicate that a value includes the standard deviation of error
for the device or method being employed to determine the
value.

23t}

As used herein the specification, “a” or “an” may mean
one or more, unless clearly indicated otherwise. As used
herein in the claim(s), when used in conjunction with the
word “comprising,” the words “a” or “an” may mean one or
more than one. As used herein “another” may mean at least

a second or more.
BRIEF DESCRIPTION OF THE DRAWINGS

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

FIG. 1A, FIG. 1B, FIG. 1C, FIG. 1D. Specific silencing
of 14-3-3 zeta reduces cell proliferation by inducing a G,
arrest. FIG. 1A: Colony formation in soft agar of 435.neo
(M) and 435.1433 zeta (O) cells in indicated serum concen-
trations. Colonies were counted and the fold increase in
colony numbers determined. The data show that increased
14-3-3 zeta expression in 435.1433 zeta cells leads to
increased colony formation. FIG. 1B: 435.neo (M) and
435.1433 zeta (O) cells were exposed to y-radiation, and
apoptosis was assayed by FACS analyses of annexin-posi-
tive cells at 0 hour and after 72 hours. The data show that
higher 14-3-3 zeta expression in 435.1433 zeta cells confers
resistance to [R-induced apoptosis. FIG. 1C: MDA-MB-435
cells were transfected by mock (<), control (00), or 14-3-3
zeta (M) siRNA. Cells were plated in 24-well plates in either
10% or 0.5% serum and counted on the indicated days to
determine the growth rate. FIG. 1D: The indicated cell lines
were treated with control (OJ) or 14-3-3 zeta () siRNAs.
The cells were collected 72 hours post-transfection and cell
cycle G, percentage were determined by FACS analysis.
These data show that downregulation of 14-3-3 zeta by
siRNA leads to reduced cell proliferation by inducing a G,
arrest.

FIG. 2A, FIG. 2B, FIG. 2C, FIG. 2D, FIG. 2E, FIG. 2F.
Silencing 14-3-3 zeta by siRNA sensitizes cells to stress-
induced apoptosis and reduces tumorigenic properties of
breast cancer cells. FIG. 2A: MCF-7 cells were treated with
14-3-3 zeta (M), or control (O) siRNAs. Forty-eight hours
post-transfection, the cells were split into multiple plates,
allowed to attach for 24 hours, and replenished with serum-
free media. At the indicated time points, apoptotic cells were
identified by annexin-V staining and FACS analysis. FIG.
2B: MCF-7 breast cancer cells and HelLa cervical cancer
cells were treated as discussed in Example 1 and propidium
iodide staining and FACS analysis identified the sub-Gl
phase. FIG. 2C: MCF-7 cells were treated as in FIG. 2A
except a duplicate well of cells were also treated with
7Z-VAD-FMK caspase inhibitor for 24 hours in serum-free
media. The annexin-positive cells were analyzed as in FIG.
2A. FIG. 2D: MCF-7 and MDA-MB-435 cells were trans-
fected with 14-3-3 zeta (B) or control (CJ) siRNAs. Colony
formation in 10% FBS soft agar was determined by crystal
violet staining on day 14. FIG. 2E and FIG. 2F: MDA-MB-
435 cells were treated with mock (), control (CJ) or 14-3-3
zeta (M) siRNA, and 1x10° cells were injected into the
mammary fat pads of SCID mice (10 mice/group). In FIG.
2E, tumor onset was determined by measurable tumors on
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the indicated days. In FIG. 2F, the tumor volume was
determined by measuring the length and width of the tumors
on the indicated days.

FIG. 3. Overexpression of 14-3-3 zeta correlates to poor
survival in breast cancer patients. 14-3-3 zeta protein expres-
sion was measured by immunohistochemical (IHC) analysis
in primary invasive breast carcinomas from 107 patients,
who had chemotherapies after mastectomy, with a median
follow-up time of 72 months. Representative 14-3-3 zeta
THC staining in breast cancer specimens (n=107) was graded
as negative, weakly positive, moderately positive, or
strongly positive for 14-3-3 zeta overexpression. Benign
breast epithelial cells and stromal components were negative
or weakly positive for 14-3-3 zeta staining. Overall and
disease-free survival curve of patients with tumors having
low (negative, weak, moderately positive) (—) (n=59) or
high (strongly positive) (---) (n=48) 14-3-3 zeta expression.

FIG. 4A, FIG. 4B, FIG. 4C, FIG. 4D. 14-3-3 zeta binds to
p85 and modulates PI3K activity and Akt activation. FIG.
4A: MCF-7 and H1299 cells were stably transfected with
HA-14-3-3 zeta expression vector. Cells were either grown
in 10% FBS/DMEM media (+), serum starved for 18 hours
(=), or serum starved for 18 hours then stimulated with 10%
FBS/DMEM media for 10 or 30 minutes (10", 30"), lysed and
immunoprecipitated with HA antibody to bring down 14-3-3
zeta and 14-3-3 zeta binding proteins. Interaction of HA-14-
3-3 zeta and endogenous p85 was analyzed by western
blotting using anti-p85. Immunoprecipitation with [gG was
included as a negative control. FIG. 4B: MCF-7 cells stably
transfected with HA-14-3-3 zeta were treated as in FIG. 4A.
—/+ indicates cells were serum starved for 18 hr and then
stimulated for 10 minutes. Cell lysates were immunopre-
cipitated with antibodies to p85, p110 or IgG as control.
Interactions of endogenous p85 and p110 with HA-14-3-3
zeta were analyzed by western blotting using anti-HA to
detect bound 14-3-3 zeta. These data indicates 14-3-3 zeta
can associate with both subunits of PI3K. FIG. 4C: MCF-7
cells were treated with siRNA to 14-3-3 zeta or a control.
Cells were serum starved for 18 hours then stimulated with
Heregulin for 10 minutes (-/+ HRG), lysed and immuno-
precipitated with a general phospho-tyrosine antibody
(PY20) to pull down activated receptor tyrosine kinases and
associated proteins. Immunoprecipitates were subjected to
PI-3K assays. Kinase activity was determined by production
of PIP3. The data show downregulation of 14-3-3 zeta
reduces PI3K activity when stimulated with Heregulin. FIG.
4D: MCF-7 and MDA-MB-435 cells were treated with
siRNA to 14-3-3 zeta or a control. Forty-eight hours post-
transfection, the cells were split into multiple plates, allowed
to attach for 24 hours and replenished with serum-free media
for 18 hours. Cells were re-stimulated with 10% FBS/
DMEM media and collected at the indicated time points
(minutes). Akt activity was determined by measuring Akt
phosphorylation status using western blot analysis with a
phospho-serine 473 Akt antibody. Immunoblot of Akt was
used as a loading control. The data indicate 14-3-3 zeta is
important for Akt activation by serum.

FIG. 5A, FIG. 5B, FIG. 5C, FIG. 5D, FIG. 5E. Mutation
of serine 83 on p85 reduces 14-3-3 zeta association, reduces
PI3K activity and sensitizes cells to apoptosis under serum-
free conditions. FIG. 5A: MCF-7 cells were stably trans-
fected with HA-14-3-3 zeta and histidine tagged (HIS) wild
type p85 (p85™") or p85 with serine 83 mutated to alanine
(p85°*34) or an empty vector. Expression levels were deter-
mined by western blot analysis using p85 antibody (upper
panel) and HA antibody (lower panel). FIG. 5B: Stably
transfected MCF-7 cells in FIG. 5A were serum starved for
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18 hours and stimulated with 10% FBS/DMEM media,
lysed, and immunoprecipitated with p85 antibody or HIS
antibody to bring down total p85 or HIS-tagged p85. Asso-
ciation of HA-14-3-3 zeta with the indicated p85 proteins
was determined by western blot analysis using HA antibody
(lower panel) and IP efficiency was determined by western
blot with p85 antibody. The data indicate that serine 83 is
important for 14-3-3 zeta association with p85. FIG. 5C:
MCF-7 cells stably transfected as in FIG. 5A were grown in
10% FBS/DMEM media, lysed and immunoprecipitated
with a phospho-tyrosine antibody (PY20) to pull down
activated receptor tyrosine kinases and associated proteins.
Immunoprecipitates were subjected to PI3K assays (left
panel). PI3K activity was determined by production of PIP3.
The graph represents relative percent PI3K activity for the
indicated p85 proteins (right panel). Data shown is a quan-
titative analysis of PI-3K activity determined by dividing the
intensity of the PIP3 signal by the intensity of the PIP3 and
origin signals. FIG. 5D: MCF-7 cells in FIG. 5A were
maintained in 10% FBS/DMEM media. Akt activity was
measured by western blot analysis using phospho-serine 473
Akt antibody. Immunoblot of Akt was used as loading
control. Relative intensity of phospho-Akt was calculated by
dividing the band intensity of phospho-Akt by Akt. The
vector phospho-Akt/Akt ratio was set as in F1G. 4. FIG. 5E:
MCF-7 cells in FIG. 5A were serum starved for the indicated
time periods. Apoptotic cells were identified by TUNEL and
FACS analysis. The data indicate that 14-3-3 zeta associa-
tion with p85 is necessary for complete activation of PI-3K
and Akt and disruption of 14-3-3 zeta association with p85
sensitizes cells to apoptosis induced by serum starvation.

DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

The present invention seeks to exploit the inventors’
discovery by providing for methods of determining prog-
nosis in a subject with a hyperproliferative disease, such as
cancer, that involve determining 14-3-3 zeta expression
and/or function in a subject. For example, increased 14-3-3
zeta expression in a biopsy sample from a tumor of a subject
with cancer may be used to indicate poorer prognosis, and
the need for a more aggressive therapeutic regimen.

The present invention also provides for methods of mak-
ing a pharmaceutical agent that modulates apoptosis, involv-
ing the steps of: (1) obtaining one or more candidate
substances; (2) testing the one or more candidate substances
to determine their ability to modulate the expression and/or
function of 14-3-3 zeta; (3) selecting a candidate substance
determined to modulate the expression and/or function of
14-3-3 zeta; and (4) making a pharmaceutical composition
that includes the selected candidate substance. The present
invention also provides for methods of treating a subject
with a hyperproliferative disease, including making a phar-
maceutical agent by any of the methods set forth herein, and
administering the pharmaceutical agent to the subject.

A. 14-3-3 Zeta Protein

Throughout this application, the term “14-3-3 zeta” is
intended to refer to the exemplified 14-3-3 zeta molecules as
well as all 14-3-3 zeta homologues from other species. The
full-length amino acid sequence of the human 14-3-3 zeta
protein is provided herein, and is designated SEQ 1D NO:1
(GenBank Accession Number NP__003397).

The term “14-3-3 zeta” refers to both “wild-type” and
“mutant” 14-3-3 zeta. Wild-type 14-3-3 zeta refers to a
14-3-3 zeta molecule having normal 14-3-3 zeta activity, as
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exemplified by SEQ ID NO:1. Mutant 14-3-3 zeta includes
sequence variants of 14-3-3 zeta that may or may not have
reduced 14-3-3 zeta activity.

Inherent in the definition of sequence variants is the
concept that there is a limit to the number of amino acid
changes that may be made within a defined portion of the
molecule and still result in a molecule with an acceptable
level of equivalent biological activity, i.e., ability of 14-3-3
zeta to modulate cell death. Sequence variants are thus
defined herein as those polypeptides in which certain, not
most or all, of the amino acids may be substituted. Of course,
a plurality of distinct proteins/polypeptides/peptides with
different substitutions may easily be made and used in
accordance with the invention.

Amino acid sequence variants of the polypeptide can be
substitutional mutants or insertional mutants. Insertional
mutants typically involve the addition of material at a
non-terminal point in the peptide. This may include the
insertion of a few residues; an immunoreactive epitope; or
simply a single residue. The added material may be modi-
fied, such as by methylation, acetylation, and the like.
Alternatively, additional residues may be added to the N-ter-
minal or C-terminal ends of the peptide.

Amino acid substitutions are generally based on the
relative similarity of the amino acid side-chain substituents,
or example, their hydrophobicity, hydrophilicity, charge,
size, and the like. An analysis of the size, shape and type of
the amino acid side-chain substituents reveals that arginine,
lysine and histidine are all positively charged residues; that
alanine, glycine and serine are all a similar size; and that
phenylalanine, tryptophan and tyrosine all have a generally
similar shape. Therefore, based upon these considerations,
arginine, lysine and histidine; alanine, glycine and serine;
and phenylalanine, tryptophan and tyrosine; are defined
herein as biologically functional equivalents.

Throughout this application, the terms “14-3-3 zeta activ-
ity,” “14-3-3 zeta expression,” and “14-3-3 zeta function”
refer to the activity, expression, and function of the 14-3-3
zeta protein. As used herein in this application, 14-3-3 zeta
protein includes 14-3-3 zeta proteins from any and all
species, including the human protein. 14-3-3 zeta activity or
14-3-3 zeta function refers to the functional activity of the
14-3-3 zeta protein. Any method known to those of skill in
the art can be used to quantitate functional activity of the
14-3-3 protein. For example, increased cell death can be
used as a measure of decreased 14-3-3 zeta activity.

14-3-3 zeta expression refers to expression of the 14-3-3
protein. 14-3-3 zeta expression can be measured directly,
such as by protein assays. For example, 14-3-3 zeta expres-
sion can be measured by western blot analysis, immunohis-
tochemistry, protein array, or any method known to those of
skill in the art. Alternatively, 14-3-3 expression can be
measured indirectly, such as by measurement of 14-3-3 zeta
mRNA transcription and/or stability, measurement of gene
copy number of the 14-3-3 zeta gene in a cell, or any method
known to those of skill in the art.

In certain embodiments, the 14-3-3 zeta protein may be
purified. Generally, “purified” will refer to a 14-3-3 zeta
protein composition that has been subjected to fractionation
to remove various other proteins, polypeptides, or peptides,
and which composition substantially retains its activity.
Purification may be substantial, in which the 14-3-3 zeta is
the predominant species, or to homogeneity, which purifi-
cation level would permit accurate degradative sequencing.

The 14-3-3 zeta protein purified from a natural source or
from recombinantly-produced material. Those of ordinary
skill in the art would know how to produce these polypep-
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tides from recombinantly-produced material. This material
may use the 20 common amino acids in naturally synthe-
sized proteins, or one or more modified or unusual amino
acids.

Any method known to those of ordinary skill in the art can
be used to purify the 14-3-3 zeta protein. Purification
methods, for example, may result in 14-3-3 zeta protein that
has been purified to at least about 20%, 25%, 30%, 35%,
40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,
90%, 95% and up to about 100% homogeneity. Alterna-
tively, 14-3-3 zeta protein may be purified to at least or at
most about 20%-95%, 30%-90%, 40%-80%, 50%-75%,
20%-50%, 50%-70%, 50%-90%, 70%-90% and ranges in
between. The term “homogeneity” refers to the percent of
14-3-3 zeta protein as compared to the total amount of
protein (by molecule). The term “about” refers to the impre-
cision of determining protein amounts, and is intended to
include at least one standard deviation of error for any
particular assay or calibration for measuring protein con-
centration. For example, if protein concentration and homo-
geneity is measured by gel electrophoresis with coomassie
gel staining, 14-3-3 zeta protein that has been purified to at
least about 25% homogeneity means that the sample placed
on the gel is at least 25% 14-3-3 zeta, as compared to total
protein concentration by molecule, plus or minus the stan-
dard deviation for a protein gel stained with coomassie dye.

B. Candidate Substances

The present invention includes methods of making a
pharmaceutical agent that modulates apoptosis, including
the steps of obtaining one or more candidate, testing the one
or more candidate substances to determine their ability to
modulate the expression and/or function of 14-3-3 zeta,
selecting a candidate substance determined to modulate the
expression and/or function of 14-3-3 zeta, and making a
pharmaceutical composition that includes the selected can-
didate substance.

Apoptosis, or programmed cell death, is an essential
process for normal embryonic development, maintaining
homeostasis in adult tissues, and suppressing carcinogenesis
(Kerr et al., 1972). Apoptosis refers to, for example, cell
shrinkage, chromatin condensation, nucleus concentration,
disappearance of microvillus on the cell surface, plasma
membrane blebbing, apoptotic body formation, gap between
peripheral cells accompanied with cell shrinkage, and
removal by phagocytes (Japan Clinic, vol.54, No. 7 (1996)).
Apoptosis or programmed cell death plays an important role
in individual development and homeostasis maintenance in
a living body. It has been gradually made clear that abnor-
mality of apoptosis causes diseases such as cancers, autoim-
mune diseases and nervous diseases.

Any method of testing a candidate substance known to
those of ordinary skill in the art is contemplated by the
present invention. For example, assays to assess ability of
the candidate substance to modulate expression and/or func-
tion of 14-3-3 zeta are contemplated. The assays may
comprise random high-throughput screening of large librar-
ies of candidate substances. Alternatively, the assays may be
used to focus on particular classes of compounds selected
with an eye towards structural attributes that are believed to
make them more likely to modulate the function of this
molecule. The assays may be cell-free assays, in vitro
assays, in cyto assays, in vivo assays, or any assay technique
known to those of skill in the art.

By function, it is meant that one may assay for effects on
function of 14-3-3 zeta. For example, a candidate substance
can be analyzed for its ability to bind to 14-3-3 zeta.
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Alternatively, the candidate substance can be analyzed for its
ability to interfere with the ability of 14-3-3 zeta to prevent
cell death. For example, the cell can be analyzed for apop-
tosis and other histological changes associated with cell
death.

A modulator of the expression and/or function of 14-3-3
zeta is any substance that can inhibit or promote the expres-
sion and/or function of 14-3-3 zeta.

The candidate substance can be a candidate substance
suspected of either inhibiting or promoting apoptosis.

1. Modulators

As used herein the term “candidate substance” refers to
any molecule that may potentially inhibit or enhance apo-
ptotic cell death. The candidate substance may be a protein
or fragment thereof, a small molecule, an antibody, or even
a polynucleotide.

The candidate substance may also be small interfering
RNA (“siRNA”) molecules. siRNA’s for mammalian sys-
tems are typically composed of double-stranded RNA with
19 to 28, preferable 19 to 23, nucleotide RNA strands, a two
nucleotide overhand at the 3' end and an optional 5' phos-
phate group (Yang et al., 2001; Elbashir et al., 2002). Such
siRNA’s provide a highly active and selective method for
reducing the expression of targeted genes by utilizing the
RNA interference post-translational gene silencing pathway.
Interference of gene expression by interfering RNA is rec-
ognized as a naturally occurring mechanism for silencing
alleles during development in plants, invertebrates and ver-
tebrates.

It may prove to be the case that the most useful pharma-
cological compounds will be compounds that are structur-
ally related to 14-3-3 zeta protein, i.e., mimics. Using lead
compounds to help develop improved compounds is known
as “rational drug design” and includes not only comparisons
with known inhibitors and activators, but predictions relat-
ing to the structure of target molecules.

The goal of rational drug design is to produce structural
analogs of biologically active polypeptides or target com-
pounds. By creating such analogs, it is possible to fashion
drugs, which are more active or stable than the natural
molecules, which have different susceptibility to alteration
or which may affect the function of various other molecules.
In one approach, one would generate a three-dimensional
structure for a target molecule, or a fragment thereof. This
could be accomplished by x-ray crystallography, computer
modeling or by a combination of both approaches.

It also is possible to use antibodies to ascertain the
structure of a target compound activator or inhibitor. In
principle, this approach yields a pharmacore upon which
subsequent drug design can be based. It is possible to bypass
protein crystallography altogether by generating anti-idio-
typic antibodies to a functional, pharmacologically active
antibody. As a mirror image of a mirror image, the binding
site of anti-idiotype would be expected to be an analog of the
original antigen. The anti-idiotype could then be used to
identify and isolate peptides from banks of chemically- or
biologically-produced peptides. Selected peptides would
then serve as the pharmacore. Anti-idiotypes may be gen-
erated using the methods described herein for producing
antibodies, using an antibody as the antigen.

On the other hand, one may simply acquire, from various
commercial sources, small molecule libraries that are
believed to meet the basic criteria for useful drugs in an
effort to “brute force” the identification of useful com-
pounds. Screening of such libraries, including combinatori-
ally generated libraries (e.g., peptide libraries), is a rapid and
efficient way to screen large number of related (and unre-
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lated) compounds for activity. Combinatorial approaches
also lend themselves to rapid evolution of potential drugs by
the creation of second, third and fourth generation com-
pounds modeled of active, but otherwise undesirable com-
pounds.

Candidate compounds may include compounds isolated
from natural sources, such as animals, bacteria, fungi, plant
sources, including leaves and bark, and marine samples may
be assayed as candidates for the presence of potentially
useful pharmaceutical agents. It will be understood that the
pharmaceutical agents to be screened could also be derived
or synthesized from chemical compositions or man-made
compounds. Thus, it is understood that the candidate sub-
stance identified by the present invention may be peptide,
polypeptide, polynucleotide, small molecule inhibitors or
any other compounds that may be designed through rational
drug design starting from known inhibitors or stimulators.

Other suitable modulators include antisense molecules,
ribozymes. and antibodies (including single-chain antibod-
ies or expression constructs coding thereof), each of which
would be specific for a given target molecule. Such com-
pounds are described in greater detail elsewhere in this
document. For example, an antisense molecule that bound to
a translational or transcriptional start site, or splice junc-
tions, would be ideal candidate inhibitors.

In addition to the modulating compounds initially iden-
tified, the inventors also contemplate that other sterically
similar compounds may be formulated to mimic the key
portions of the structure of the modulators. Such com-
pounds, which may include peptidomimetics of peptide
modulators, may be used in the same manner as the initial
modulators.

A modulator (i.e., inhibitor or activator) according to the
present invention may be one which exerts its inhibitory or
activating effect upstream, downstream or directly on the
function of the 14-3-3 zeta protein. Regardless of the type of
inhibitor or activator identified by the present screening
methods, the effect of the inhibition or activator by such a
compound results in an altered expression and/or function of
14-3-3 zeta compared to the absence of the added candidate
substance.

2. In vitro Assays

A quick, inexpensive and easy assay to run is an in vitro
assay. Such assays can be run quickly and in large numbers,
thereby increasing the amount of information obtainable in
a short period of time. A variety of vessels may be used to
run the assays, including test tubes, plates, dishes and other
surfaces such as dipsticks or beads. One example of a cell
free assay is a binding assay. While not directly addressing
function, the ability of a candidate substance to modulate
14-3-3 7zeta expression and/or function is strong evidence of
a related biological effect. For example, binding of a mol-
ecule to a target may, in and of itself, be inhibitory, due to
steric, allosteric or charge-charge interactions. The target
may be either free in solution, fixed to a support, expressed
in or on the surface of a cell. Either the target or the
compound may be labeled, thereby permitting determining
of binding. Usually, the target will be the labeled species,
decreasing the chance that the labeling will interfere with or
enhance binding. Competitive binding formats can be per-
formed in which one of the agents is labeled, and one may
measure the amount of free label versus bound label to
determine the effect on binding.

A technique for high throughput screening of compounds
is described in WO 84/03564, U.S. Pat. No. 6,457,809, U.S.
Pat. No. 6,406,921, and U.S. Pat. No. 5,994,131. Large
numbers of small peptide test compounds are synthesized on
a solid substrate, such as plastic or some other surface.
Bound polypeptide is detected by various methods.
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3. In cyto Assays

In certain embodiments of the present invention, the
method of making a pharmaceutical agent that modulates
apoptosis involves contacting the candidate substance with
a cell. The cell can then be assayed for various parameters
associated with modulation of 14-3-3 zeta activity. For
instance, the cells can be directly assayed for binding
inhibition of 14-3-3 zeta expression. Immunohistochemical
techniques, confocal techniques, or other techniques to
assess binding are well known to those of skill in the art.

Various cell lines can be utilized for such screening
assays, including cells specifically engineered for this pur-
pose. Examples of cells used in the screening assays include
cancer cells, cells infected with a virus, foam cells, mac-
rophages, neuronal cells or dendritic cells. The cell may be
a stimulated cell, such as a cell stimulated with a growth
factor. One of skill in the art would understand that the
invention disclosed herein contemplates a wide variety of in
cyto assays for measuring parameters that correlate with
modulation of 14-3-3 zeta activity.

Depending on the assay, culture may be required. The cell
may be examined using any of a number of different
physiologic assays to assess for modulation of 14-3-3 zeta
activity. Alternatively, molecular analysis may be per-
formed, for example, looking at protein expression, mRNA
expression (including differential display of whole cell or
polyARNA) and others such as measurement of 14-3-3 gene
copy number.

4. In vivo Assays

In vivo assays involve the use of various animal models,
including transgenic animals that have been engineered to
have specific defects, or carry markers that can be used to
measure the ability of a candidate substance to reach and
effect different cells within the organism. Due to their size,
ease of handling, and information on their physiology and
genetic make-up, mice are a preferred embodiment, espe-
cially for transgenics. However, other animals are suitable as
well, including rats, rabbits, hamsters, guinea pigs, gerbils,
woodchucks, cats, dogs, sheep, goats, pigs, cows, horses and
monkeys (including chimps, gibbons and baboons). Assays
for modulators may be conducted using an animal model
derived from any of these species.

In such assays, one or more candidate substances are
administered to an animal, and the ability of the candidate
substance(s) to alter one or more characteristics, as com-
pared to a similar animal not treated with the candidate
substance(s), identifies a modulator. The characteristics may
be any of those discussed above with regard to the functions
associated with 14-3-3 zeta (e.g., cell survival).

The present invention provides methods of screening of a
candidate substance that can modulate death of a cancer cell.
Treatment of these animals with test compounds will involve
the administration of the compound, in an appropriate form,
to the animal. Any animal model of cancer known to those
of skill in the art can be used in the screening techniques of
the present invention. Administration will be by any route
that could be utilized for clinical or non-clinical purposes,
including but not limited to oral, nasal, buccal, intratumoral,
or even topical. Alternatively, administration may be by
intratracheal instillation, bronchial instillation, intradermal,
subcutaneous, intramuscular, intraperitoneal. inhalation or
intravenous injection.

Determining the effectiveness of a compound in vivo may
involve a variety of different criteria. Also, measuring tox-
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icity and dose response can be performed in animals in a
more meaningful fashion than in in vitro or in cyto assays.

C. Nucleic Acids, Vectors and Regulatory Signals

The present invention involves methods of making a
pharmaceutical agent that modulates apoptosis, that involves
testing one or more candidate substances to determine their
ability to modulate expression and/or function of 14-3-3
zeta. [n some embodiments of the present invention, the
candidate substance is included in an expression cassette
that includes a promoter, active in a particular cell, such as
a cell in a subject, operably linked to a polynucleotide
encoding the modulator.

Throughout this application, the term “expression cas-
sette” is meant to include any type of genetic construct
containing a nucleic acid coding for a gene product in which
part or all of the nucleic acid encoding sequence is capable
of being transcribed. The transcript may be translated into a
protein, but it need not be. Thus, in certain embodiments,
expression includes both transcription of a gene and trans-
lation of a mRNA into a polypeptide.

As used in this application, the term “polynucleotide”
refers to a nucleic acid molecule, RNA or DNA, that has
been isolated free of total genomic nucleic acid. Therefore,
a “polynucleotide encoding a modulator of 14-3-3 zeta”
refers to a nucleic acid segment that contains a sequence that
encodes a modulator of 14-3-3 zeta activity, yet is isolated
away from, or purified and free of, total genomic DNA and
proteins.

The present invention also encompasses derivatives of
14-3-3 zeta that have certain amino acid changes in com-
parison to 14-3-3 zeta protein. The mRNA sequence encod-
ing the full-length amino acid sequence of human 14-3-3
zeta 1s provided below as SEQ ID NO:2 (GenBank Acces-
sion Number NM__003406).

The term “gene” is used for simplicity to refer to a
functional protein, polypeptide, or peptide-encoding unit. As
will be understood by those in the art, this functional term
includes genomic sequences, cDNA sequences, and smaller
engineered gene segments that express, or may be adapted
to express, proteins, polypeptides, domains, peptides, fusion
proteins, and mutants. The nucleic acid molecule encoding
a modulator of 14-3-3 zeta may comprise a contiguous
nucleic acid sequence of the following lengths or at least the
following lengths: 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100,
120, 140, 160, 180, 200, 220, 240, 260, 280, 300, 325, 350,
375, 400, 450, 500, 550, 600, 650, 700, 750, 800, 850, 900,
950, 1000, 1100, 1200, 1300, 1400, 1500, 1600, 1700, 1800,
1900, 2000, 2500, 3000, 3500, 4000, 4500, 5000, 5500,
6000, 6500, 7000, 7500, 8000, 8500, 9000, 9500, 10000,
11000, 12000 or more nucleotides, nucleosides, or base
pairs, or any number of sequences that are encompassed in
between each of these specified numbers of sequences. Such
sequences may be complementary to SEQ ID NO:2 (14-3-3
zeta-encoding sequence).

The candidate substances of the present invention may
include isolated DNA segments and recombinant vectors
incorporating DNA sequences that encode a modulator of
14-3-3 7eta. In certain embodiments, the DNA segment may
substantially correspond to a portion of SEQ ID NO:2.
Accordingly, sequences that have about 70%, about 75%,
about about 80%, 85%, about 90%, or about 95%, and any
range derivable therein, such as, for example, about 70% to
about 80%, and more preferably about 81% and about 90%;
or even more preferably, between about 91% and about
99%; of amino acids that are identical or functionally
equivalent to the amino acids of SEQ ID NO:1 are contem-
plated by the present invention.
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Vectors of the present invention are designed, primarily,
to transform cells with a therapeutic gene encoding a modu-
lator of 14-3-3 zeta in which the gene is under the control of
regulated eukaryotic promoters (i.e., inducible, repressable,
tissue specific).

The term “promoter” will be used here to refer to a group
of transcriptional control modules that are clustered around
the initiation site for RNA polymerase II. One of ordinary
skill in the art would be familiar with use of promoters. Any
promoter familiar to one of ordinary skill in the art is
contemplated by the present invention.

Enhancers were originally detected as genetic elements
that increased transcription from a promoter located at a
distant position on the same molecule of DNA. This ability
to act over a large distance had little precedent in classic
studies of prokaryotic transcriptional regulation. Subsequent
work showed that regions of DNA with enhancer activity are
organized much like promoters. That is, they are composed
of many individual elements, each of which binds to one or
more transcriptional proteins. One of ordinary skill in the art
would be familiar with use of enhancers, and the types of
enhancers that are available.

Promoters and enhancers have the same general function
of activating transcription in the cell. They are often over-
lapping and contiguous, often seeming to have a very similar
modular organization. Taken together, these considerations
suggest that enhancers and promoters are homologous enti-
ties and that the transcriptional activator proteins bound to
these sequences may interact with the cellular transcriptional
machinery in fundamentally the same way.

Another signal that may prove useful is a polyadenylation
signal. Such signals may be obtained from the human
growth hormone (hGH) gene, the bovine growth hormone
(BGH) gene, or SV40. One of ordinary skill in the art would
be familiar with use of polyadenylation signals.

The use of internal ribosome binding sites (IRES) ele-
ments are used to create multigene, or polycistronic, mes-
sages. IRES elements are able to bypass the ribosome
scanning model of 5-methylatd cap-dependent translation
and begin translation at internal sites (Pelletier and Sonen-
berg, 1988). One of ordinary skill in the art would be
familiar with techniques involving use of IRES elements.

In any event, it will be understood that promoters are
DNA elements which when positioned functionally
upstream of a gene leads to the expression of that gene. Most
transgene constructs of the present invention are function-
ally positioned downstream of a promoter element.

D. Gene Transfer

1. Viral Vectors

Certain embodiments of the present invention pertain to
methods of making a pharmaceutical agent that modulates
apoptosis and methods of treating a subject using one of the
pharmaceutical agents of the present invention. In certain
embodiments, the selected candidate substance that is iden-
tified in the claimed methods of making a pharmaceutical
agent is an expression cassette carried in a viral vector that
is capable of modulating the expression and/or function of
14-3-3 zeta. A “viral vector” is meant to include those
constructs containing viral sequences sufficient to (a) sup-
port packaging of the expression cassette and (b) to ulti-
mately express a recombinant gene construct that has been
cloned therein.

a. Adenoviral Vectors

One method for delivery of the recombinant DNA
involves the use of an adenovirus expression vector.
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Although adenovirus vectors are known to have a low
capacity for integration into genomic DNA, this feature is
counterbalanced by the high efficiency of gene transfer
afforded by these vectors.

Adenoviruses are currently the most commonly used
vector for gene transfer in clinical settings. Among the
advantages of these viruses is that they are efficient at gene
delivery to both nondividing an dividing cells and can be
produced in large quantities. In many of the clinical trials for
cancer, local intratumor injections have been used to intro-
duce the vectors into sites of disease because current vectors
do not have a mechanism for preferential delivery to tumor.

The vector comprises a genetically engineered form of
adenovirus. Knowledge of the genetic organization or aden-
ovirus, a 36 kb, linear, double-stranded DNA virus, allows
substitution of large pieces of adenoviral DNA with foreign
sequences up to 7 kb (Grunhaus and Horwitz, 1992). In
contrast to retrovirus, the adenoviral infection of host cells
does not result in chromosomal integration because aden-
oviral DNA can replicate in an episomal manner without
potential genotoxicity. Also, adenoviruses are structurally
stable, and no genome rearrangement has been detected after
extensive amplification.

Adenovirus is particularly suitable for use as a gene
transfer vector because of its mid-sized genome, ease of
manipulation, high titer, wide target-cell range and high
infectivity. Both ends of the viral genome contain 100-200
base pair inverted repeats (ITRs), which are cis elements
necessary for viral DNA replication and packaging. The
early (E) and late (L) regions of the genome contain different
transcription units that are divided by the onset of viral DNA
replication. The E1 region (E1A and E1B) encodes proteins
responsible for the regulation of transcription of the viral
genome and a few cellular genes. The expression of the E2
region (E2A and E2B) results in the synthesis of the proteins
for viral DNA replication. These proteins are involved in
DNA replication, late gene expression and host cell shut-off
(Renan, 1990). The products of the late genes, including the
majority of the viral capsid proteins, are expressed only after
significant processing of a single primary transcript issued
by the major late promoter (MLP). The MLP (located at 16.8
m.u.), is particularly efficient during the late phase of
infection, and all the mRNA’s issued from this promoter
possess a 3'-tripartite leader (TPL) sequence which makes
them preferred mRNA’s for translation.

Generation and propagation of the current adenovirus
vectors, which are replication deficient, depend on a unique
helper cell line, designated 293, which was transformed
from human embryonic kidney cells by AdS5 DNA fragments
and constitutively expresses El proteins (Graham et al.,
1977). Since the E3 region is dispensable from the aden-
ovirus genome (Jones and Shenk, 1978), the current aden-
ovirus vectors, with the help of 293 cells, carry foreign DNA
in either the E1, the D3 or both regions (Graham and Prevec,
1992).

Helper cell lines may be derived from human cells such
as human embryonic kidney cells, muscle cells, hematopoi-
etic cells or other human embryonic mesenchymal or epi-
thelial cells. Alternatively, the helper cells may be derived
from the cells of other mammalian species that are permis-
sive for human adenovirus. Such cells include, e.g., Vero
cells or other monkey embryonic mesenchymal or epithelial
cells. As stated above, the preferred helper cell line is 293.

The adenovirus vector may be replication defective, or at
least conditionally defective, the nature of the adenovirus
vector is not believed to be crucial to the successful practice
of the invention. The adenovirus may be of any of the 42
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different known serotypes or subgroups A-F. Adenovirus
type 5 of subgroup C is the preferred starting material in
order to obtain the conditional replication-defective aden-
ovirus vector for use in the present invention. This is because
Adenovirus type 5 is a human adenovirus about which a
great deal of biochemical and genetic information is known,
and it has historically been used for most constructions
employing adenovirus as a vector.

Adenovirus growth and manipulation is known to those of
skill in the art, and exhibits broad host range in vitro and in
vivo. This group of viruses can be obtained in high titers,
e.g., 10°-10'" plaque-forming units per ml, and they are
highly infective. The life cycle of adenovirus does not
require integration into the host cell genome. The foreign
genes delivered by adenovirus vectors are episomal and,
therefore, have low genotoxicity to host cells. No side effects
have been reported in studies of vaccination with wild-type
adenovirus (Couch et al., 1963; Top et al., 1971), demon-
strating their safety and therapeutic potential as in vivo gene
transfer vectors.

b. Retroviral Vectors

The retroviruses are a group of single-stranded RNA
viruses characterized by an ability to convert their RNA to
double-stranded DNA in infected cells by a process of
reverse-transcription (Coflin, 1990). The resulting DNA then
stably integrates into cellular chromosomes as a provirus
and directs synthesis of viral proteins. The integration results
in the retention of the viral gene sequences in the recipient
cell and its descendants. The retroviral genome contains
three genes, gag, pol, and env that code for capsid proteins,
polymerase enzyme, and envelope components, respec-
tively. A sequence found upstream from the gag gene
contains a signal for packaging of the genome into virions.
Two long terminal repeat (LTR) sequences are present at the
5" and 3' ends of the viral genome. These contain strong
promoter and enhancer sequences and are also required for
integration in the host cell genome (Coffin, 1990). One of
ordinary skill in the art would be familiar with construction
and use of retroviral vectors.

C. AAV Vectors

Adeno-associated virus (AAV) is an attractive vector
system for use in the present invention as it has a high
frequency of integration and it can infect nondividing cells,
thus making it useful for delivery of genes into mammalian
cells in tissue culture (Muzyczka, 1992). AAV has a broad
host range for infectivity (Tratschin, et al.,, 1984; Laughlin,
et al., 1986; Lebkowski, et al., 1988; McLaughlin, et al.,
1988), which means it is applicable for use with the present
invention. Details concerning the generation and use of
rAAV vectors are described in U.S. Pat. No. 5,139,941 and
U.S. Pat. No. 4,797,368, each incorporated herein by refer-
ence. One of ordinary skill in the art would be familiar with
generation and use of AAV vectors.

d. Other Viral Vectors

Other viral vectors are familiar to those of ordinary skill
in the art, and may be employed as constructs in the present
invention. Examples include herpesvirus vectors and vac-
cinia virus vectors. Vectors derived from viruses such as
poxvirus may be employed. A molecularly cloned strain of
Venezuelan equine encephalitis (VEE) virus has been
genetically refined as a replication competent vaccine vector
for the expression of heterologous viral proteins (Davis et
al., 1996). Studies have demonstrated that VEE infection
stimulates potent CTL responses and has been sugested that
VEE may be an extremely useful vector for immunizations
(Caley et al.,, 1997). It is contemplated in the present
invention, that VEE virus may be useful in targeting den-
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dritic cells. In other embodiments of the present invention,
lentiviral vectors or pox viral vectors are used. One of
ordinary skill in the art would be familiar with the wide
range of viral vectors that are available for use in the claimed
invention.

With the recent recognition of defective hepatitis B
viruses, new insight was gained into the structure-function
relationship of different viral sequences. In vitro studies
showed that the virus could retain the ability for helper-
dependent packaging and reverse transcription despite the
deletion of up to 80% of its genome (Horwich et al., 1990).
This suggested that large portions of the genome could be
replaced with foreign genetic material. Chang et al. recently
introduced the chloramphenicol acetyltransferase (CAT)
gene into duck hepatitis B virus genome in the place of the
polymerase, surface, and pre-surface coding sequences. It
was cotransfected with wild-type virus into an avian
hepatoma cell line. Culture media containing high titers of
the recombinant virus were used to infect primary duckling
hepatocytes. Stable CAT gene expression was detected for at
least 24 days after transfection (Chang et al., 1991).

e. Gene Delivery Using Modified Viruses

A polynucleotide may be housed within a viral vector that
has been engineered to express a specific binding ligand.
The virus particle will thus bind specifically to the cognate
receptors of the target cell and deliver the contents to the
cell. Anovel approach designed to allow specific targeting of
retrovirus vectors was developed based on the chemical
modification of a retrovirus by the chemical addition of
lactose residues to the viral envelope. This modification can
permit the specific infection of hepatocytes via sialoglyco-
protein receptors.

Another approach to targeting of recombinant retroviruses
was designed in which biotinylated antibodies against a
retroviral envelope protein and against a specific cell recep-
tor were used. The antibodies were coupled via the biotin
components by using streptavidin (Roux et al., 1989). Using
antibodies against major histocompatibility complex class I
and class II antigens, they demonstrated the infection of a
variety of human cells that bore those surface antigens with
an ecotropic virus in vitro (Roux et al., 1989).

2. Nonviral Vectors

a. Examples of Non-Viral Vectors

Several non-viral methods for the transfer of expression
vectors into cells also are contemplated by the present
invention. These include calcium phosphate precipitation
(Graham and Van Der Eb, 1973; Chen and Okayama, 1987,
Rippe et al., 1990) DEAE-dextran (Gopal, 1983), electropo-
ration (Tur-Kaspa et al., 1986; Potter et al., 1984), direct
microinjection (Harland and Weintraub, 1985), DNA-loaded
liposomes (Nicolau and Sene, 1982; Fraley et al., 1979) and
liofectamine-DNA complexe, cell sonication (Fechheimer et
al., 1987), gene bombardment using high velocity micro-
projectiles (Yang et al., 1990), polycations (Boussif et al.,
1995) and receptor-mediated transfection (Wu and Wu,
1987; Wu and Wu, 1988). Some of these techniques may be
successfully adapted for in vivo or ex vivo use. One of
ordinary skill in the art would be familiar with the use of
nonviral vectors, and techniques involving non-viral vec-
tors.

E. Methods of Measuring Protein Expression

The present invention concerns methods of measuring
prognosis in a subject with a hyperproliferative disease that
include obtaining a cell or a body fluid sample from the
subject and measuring increased expression and/or function
of 14-3-3 zeta in the cell. Any method known to those of
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skill in the art can be used to measure increased expression
and/or function of 14-3-3 zeta in the cell. A wide variety of
techniques to measure protein expression in a cell or in a
body fluid sample are known and familiar to one of ordinary
skill in the art. Examples of these techniques include, but are
not limited to, western blot analysis, immunohistochemistry
staining, ELISA, and protein detection chips (tumor marker
array).

1. Western Blot Analysis

Western blot analysis is an established technique that is
commonly employed for analyzing and identifying proteins.
The proteins are first separated by electrophoresis in poly-
acrylamide gel, then transferred (“blotted”) onto a nitrocel-
lulose membrane or treated paper, where they bind in the
same pattern as they formed in the gel. The antigen is
overlaid first with antibody, then with anti-immunoglobulin
or protein A labeled with a radioisotope, fluorescent dye, or
enzyme. One of ordinary skill in the art would be familiar
with this commonly used technique for quantifying protein
in a sample.

2. ELISAs

Immunoassays, in their most simple and/or direct sense,
are binding assays. Certain preferred immunoassays are the
various types of enzyme linked immunosorbent assays (ELI-
SAs) and/or radioimmunoassays (RIA) known in the art.
Immunohistochemical detection using tissue sections is also
particularly useful. However, it will be readily appreciated
that detection is not limited to such techniques, and/or
western blotting, dot blotting, FACS analyses, and/or the
like may also be used. One of ordinary skill in the art would
be familiar with use of ELISAs and other immunchis-
tochemical assays.

3. Immunohistochemistry

Techniques using antibodies be used in conjunction with
both fresh-frozen and/or formalin-fixed, paraffin-embedded
tissue blocks, such as blocks prepared from a tumor biopsy,
prepared for study by immunohistochemistry (IHC). The
method of preparing tissue blocks from these particulate
specimens has been successfully used in previous IHC
studies of various prognostic factors, and/or is well known
to those of skill in the art (Brown et al., 1990; Abbondanzo
et al., 1999; Allred et al., 1990). One of ordinary skill in the
art would be familiar with immunohistochemistry as a
means to study protein expression and/or function.

4. Protein Array Technology

Protein array technology allows high-throughput screen-
ing for gene expression and molecular interactions. Protein
array technology is discussed in detail in Pandey and Mann
(2000) and MacBeath and Schreiber (2000), each of which
is herein specifically incorporated by reference. Protein
arrays appear as new and versatile tools in functional
genomics, enabling the translation of gene expression pat-
terns of normal and diseased tissues into protein product
catalog. Protein function, such as enzyme activity, antibody
specificity, and other ligand-receptor interactions and bind-
ing of nucleic acids or small molecules can be analyzed on
a whole-genome level.

a. Protein Biochip Assays

These arrays, which contain thousands of different pro-
teins or antibodies spotted onto glass slides or immobilized
in tiny wells, allow one to examine the biochemical activi-
ties and binding profiles of a large number of proteins at
once. To examine protein interactions with such an array, a
labeled protein is incubated with each of the target proteins
immobilized on the slide, and then one determines which of
the many proteins the labeled molecule binds.
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The basic construction of protein chips has some simi-
larities to DNA chips, such as the use of a glass or plastic
surface dotted with an array of molecules. These molecules
can be DNA or antibodies that are designed to capture
proteins. Defined quantities of proteins are immobilized on
each spot, while retaining some activity of the protein. With
fluorescent markers or other methods of detection revealing
the spots that have captured these proteins, protein microat-
rays are being used as powerful tools in high-throughput
proteomics and drug discovery.

Glass slides are still widely used, since they are inexpen-
sive and compatible with standard microarrayer and detec-
tion equipment. However, their limitations include multiple-
based reactions, high evaporation rates, and possible cross-
contamination. Matrix slides offer a number of advantages,
such as reduced evaporation and no possibility of cross-
contamination, but they are expensive. Nanochips for pro-
teomics have the same advantages, in addition to reduced
cost and the capability of multiple-component reactions.

The earliest and best-known protein chip is the Protein-
Chip by Ciphergen Biosystems Inc. (Fremont, Calif.). The
ProteinChip is based on the surface-enhanced laser desorp-
tion and ionization (SELDI) process. Known proteins are
analyzed using functional assays that are on the chip. For
example, chip surfaces can contain enzymes, receptor pro-
teins, or antibodies that enable researchers to conduct pro-
tein-protein interaction studies, ligand binding studies, or
immunoassays. With state-of-the-art ion optic and laser
optic technologies, the ProteinChip system detects proteins
ranging from small peptides of less than 1000 Da up to
proteins of 300 kDa and calculates the mass based on
time-of-flight (TOF).

The ProteinChip biomarker system is the first protein
biochip-based system that enables biomarker pattern recog-
nition analysis to be done. This system allows researchers to
address important clinical questions by investigating the
proteome from a range of crude clinical samples (i.e., laser
capture microdissected cells, biopsies, tissue, urine, and
serum). The system also utilizes biomarker pattern software
that automates pattern recognition-based statistical analysis
methods to correlate protein expression patterns from clini-
cal samples with disease phenotypes.

Some systems can perform biomarker discovery in days
and validation of large sample sets within weeks. Its robotics
system accessory automates sample processing, allowing
hundreds of samples to be run per week and enabling a
sufficient number of samples to be run, which provides high
statistical confidence in comprehensive studies for marker
discovery and validation.

b. Microfluidic Chip-Based Immunoassays

Microfluidics is one of the most important innovations in
biochip technology. Since microfluidic chips can be com-
bined with mass spectrometric analysis, a microfluidic
device has been devised in which an electrospray interface
to a mass spectrometer is integrated with a capillary elec-
trophoresis channel, an injector, and a protein digestion bed
on a monolithic substrate (Wang et al., 2000). This chip thus
provides a convenient platform for automated sample pro-
cessing in proteomics applications.

These chips can also analyze expression levels of serum
proteins with detection limits comparable to commercial
enzyme-linked immunosorbent assays, with the advantage
that the required volume sample is markedly lower com-
pared with conventional technologies.

c. Tissue Microarray Technology

Tissue microarray technology provides a high-throughput
approach for linking genes and gene products with normal
and disease tissues at the cellular level in a parallel fashion.
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Compared with classical in situ technologies in molecular
pathology that are very time-consuming, tissue microarrays
provide increased throughput in two ways: up to 1000 tissue
specimens can be analyzed in a single experiment, either at
the DNA, RNA, or protein level; and tens of thousands of
replicate tissue microarrays can be generated from a set of
tissues. This process provides a template for analyzing many
more biomarkers than has ever been possible previously in
a clinical setting, even using archival, formalin-fixed speci-
mens.

d. Nanoscale Protein Analysis

Most current protocols including protein purification and
automated identification schemes yield low recoveries that
limit the overall process in terms of sensitivity and speed.
Such low protein yields and proteins that can only be
isolated from limited source material (e.g., biopsies) can be
subjected to nanoscale protein analysis: a nanocapture of
specific proteins and complexes, and optimization of all
subsequent sample-handling steps, leading to a mass analy-
sis of peptide fragments. This focused approach, also termed
targeted proteomics, involves examining subsets of the
proteome (e.g., those proteins that are specifically modified,
bind to a particular DNA sequence, or exist as members of
higher-order complexes or any combination thereof). This
approach is used to identify genetic determinants of cancer
that alter cellular physiology and respond to agonists.

F. Methods of Indirectly Measuring Gene Expression

The present invention concerns methods of measuring
prognosis in a subject with a hyperproliferative disease that
include obtaining a cell or a body fluid sample from the
subject and measuring increased expression and/or function
of 14-3-3 zeta in the cell. Although expression and/or
function of 14-3-3 zeta can be measured by one of the
previously discussed assays, 14-3-3 zeta expression and/or
function can be measured indirectly. For example, one can
measure mRNA transcription in a cell or measurement of
gene copy number in a cell.

1. Southern Blot Analysis

One of skill in the art would be familiar with the wide
range of techniques for detecting levels of specific DNA
fragments in a cell. One of the most well-known techniques
is Southern blot analysis. Southern blot analysis is a tech-
nique for transferring DNA fragments separated by agarose
gel electrophoresis to a nitrocellulose filter, on which spe-
cific fragments can then be detected by their hybridization to
probes, which were labeled radioactively in the original
technique but are now often labeled using nonradioactive
methods.

2. Fluorescence In Situ Hybridization

Fluorescence in situ hybridization is a physical mapping
approach that uses fluorescein tags to detect hybridization of
probes with metaphase chromosomes and with the less-
condensed somatic interphase chromatin. One of ordinary
skill in the art would be familiar with this commonly used
technique.

FISH methods can be used to detect microdelections that
are not visible by standard cytogenetic banding patterns.
FISH technology allows for the rapid determination of
whether specific genes, loci, or regions are present or if
deletions or amplifications have occurred. The sizes of these
regions detected by FISH are usually much larger than
detectable by PCR or Southern blot, yet much smaller than
visualized microscopically by standard cytogenetics. This
ability of FISH technology allows for its use in the diagnosis
of cancer, prenatal, postnatal, and genetic diseases.
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3. Measurement of mRNA

Gene expression may be determined by measuring the
production of RNA. The RNA (e.g., mRNA) may be isolated
and/or detected by methods well known in the art. Following
detection, one may compare the results seen in a given cell
line or individual (e.g., a tumor sample or a cell isolated
from a body fluid sample) with a statistically significant
reference group of control cells. Alternatively, one may
compare production of RNA in cell lines transformed with
the same gene operably linked to various mutants of a
promoter sequence. In this way, it is possible to identify
regulatory regions within a novel promoter sequence by
their effect on the expression of an operably linked gene.

4. DNA Arrays and Gene Chip Technology

DNA arrays and gene chip technology provides a means
of rapidly screening a large number of DNA samples for
their ability to hybridize to a variety of single stranded DNA
probes immobilized on a solid substrate. Specifically con-
templated are chip-based DNA technologies such as those
described by Hacia et al. (1996) and Shoemaker et al.
(1996). These techniques involve quantitative methods for
analyzing large numbers of genes rapidly and accurately.
The technology capitalizes on the complementary binding
properties of single stranded DNA to screen DNA samples
by hybridization. Pease et al. (1994); Fodor et al. (1991).
Basically, a DNA array or gene chip consists of a solid
substrate upon which an array of single stranded DNA
molecules have been attached. For screening, the chip or
array 1s contacted with a single stranded DNA sample which
is allowed to hybridize under stringent conditions. The chip
or array is then scanned to determine which probes have
hybridized. In a particular embodiment of the instant inven-
tion, a gene chip or DNA array would comprise probes
specific for chromosomal changes evidencing the develop-
ment of a neoplastic or preneoplastic phenotype. In the
context of this embodiment, such probes could include
synthesized oligonucleotides, cDNA, genomic DNA, yeast
artificial chromosomes (YACs), bacterial artificial chromo-
somes (BACs), chromosomal markers or other constructs a
person of ordinary skill would recognize as adequate to
demonstrate a genetic change.

A variety of gene chip or DNA array formats are described
in the art, for example U.S. Pat. Nos. 5,861,242 and 5,578,
832 which are expressly incorporated herein by reference.
One of ordinary skill in the art would be familiar with the
range of techniques available using DNA arrays.

5. Array CGH

The microarray-based form of comparative genomic
hybridization (array CGH) detects and maps DNA sequence
copy number variation throughout the entire genome onto a
cytogenetic map supplied by metaphase chromosomes (Kal-
lioniemi et al., 1992). The use of metaphase chromosomes as
the hybridization target has previously limited the resolution
of CGH to 10-20 Mb, prohibited resolution of closely
speaced aberrations, and only allowed linkage of CGH
results to genomic information and resources with cytoge-
netic accuracy. Array-based CGH, on the other hand, pro-
vides the capability to map copy number aberrations relative
to the genome sequence, with the resolution being deter-
mined by the spacing of the clones. In array CGN, arrays of
genomic VAC, P1, cosmid or cDNA clones are used as the
hybridization target in place of the metaphase chromosomes
(Solinas-Toldo et al., 1997; Pinkel et al., 1998; Pollack et al.,
1999; Snijders et al., 2000). Relative copy number is then
measured at these specific loci by hybridization of fluores-
cently labeled test and reference DNAs as in conventional
CGN (Pinkel et al., 1998). Since the clones used on the array
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contain sequence tags, their positions are accurately known
relative to the genome sequence, and genes mapping within
regions of copy number alteration can be readily identified
using genome databases.

Recently, array CGH has been used to identify DNA copy
number variation in breast cancer tumors (Albertson, 2003).
Albertson (2003), which provides useful information per-
taining to array CGH techniques, is herein specifically
incorporated by reference. In addition, alterations in DNA
copy number in bladder tumors have been recently described
(Veltman et al., 2003). Veltman et al., 2003, which also
provides useful information pertaining to array CGH tech-
nology, is herein specifically incorporated by reference.

6. Quantitative Real Time PCR

Quantitative real-time PCR is based on the technique of
polymerase chain reaction (PCR) and can determine gene
duplications or deletions (Walker, 2002). Furthermore, small
mutations, including single base changes, can be identified
by melting curve analysis following PCR. Real-time poly-
merase chain reaction allows one to monitor the progress of
the PCR as it occurs in real time. Therefore, the data is
collected throughout the PCR process compared to regular
PCR, which collects data at the end of the reaction. The
real-time PCR product is detected during each amplification
cycle by labeling the PCR product as it accumulates in each
cycle with a highly specific, double-stranded fluorescent
DNA binding dye. The amount of fluorescence is either
directly or indirectly associated with the accumulation of the
newly amplified DNA. The more rapid a significant increase
in fluorescence is observed indicates a higher starting copy
number of the nucleic acid target. The number of amplicons
generated is directly proportional to the increase in the
reporter fluorescent signal and amplicon detection is capable
of detecting as small as a 2-fold change. Real-time PCR
methods are becoming a favorable option for cancer marker
analysis (Bernard, 2002). Recently, quantitative real-time
PCR has been used to identify DNA copy number variation
in breast cancer tumors (Konigshoff, 2003).

G. Pharmaceutical Preparations and Therapeutic Methods
1. Overview

The present invention generally concerns methods of
making a pharmaceutical agent that modulates apoptosis,
that includes the steps of obtaining one or more candidate
substances, testing the one or more candidate substances to
determine their ability to modulate the expression and/or
function of 14-3-3 zeta, selecting a candidate substance
determined to modulate the expression and/or function of
14-3-3 zeta, and making a pharmaceutical composition that
includes the selected candidate substance. Certain other
embodiments of the present invention involve methods of
treating a subject with a hyperproliferative disease, that
involve making a pharmaceutical agent by any of the
methods set forth in this application, and administering the
pharmaceutical agent to a subject.

2. Pharmaceutical Compositions

Pharmaceutical compositions of the present invention
comprise an effective amount of a selected candidate sub-
stance that has been determined to modulate the expression
and/or function of 14-3-3 zeta, dissolved or dispersed in a
pharmaceutically acceptable carrier or aqueous medium.
Aqueous compositions of selected candidate substances that
are gene therapy vectors are also contemplated. The phrases
“pharmaceutical composition” or “pharmacologically effec-
tive” or “pharmaceutically acceptable” refer to molecular
entities and compositions that do not produce an adverse,
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allergic or other untoward reaction when administered to an
animal, or a human, as appropriate.

As used herein, “pharmaceutical composition” includes
the selected candidate substance, plus any and all solvents,
dispersion media, coatings, antibacterial and antifungal
agents, isotonic and absorption delaying agents and the like.
The use of such media and agents for pharmaceutical active
substances is well known in the art. Except insofar as any
conventional media or agent is incompatible with the active
ingredient, its use in the therapeutic compositions is con-
templated. Supplementary active ingredients can also be
incorporated into the compositions. For human administra-
tion, preparations should meet sterility, pyrogenicity, general
safety and purity standards as required by FDA Office of
Biologics standards.

The biological material should be extensively dialyzed to
remove undesired small molecular weight molecules and/or
lyophilized for more ready formulation into a desired
vehicle, where appropriate. The active compounds will then
generally be formulated for parenteral administration, e.g.,
formulated for injection via the intravenous, intramuscular,
sub-cutaneous, intralesional, or even intraperitoneal routes.
The preparation of an aqueous composition containing an
active agent of the invention disclosed herein as a compo-
nent or active ingredient will be known to those of skill in
the art in light of the present disclosure. Typically, such
compositions can be prepared as injectables, either as liquid
solutions or suspensions; solid forms suitable for using to
prepare solutions or suspensions upon the addition of a
liquid prior to injection can also be prepared; and the
preparations can also be emulsified.

The pharmaceutical forms suitable for injectable use
include sterile aqueous solutions or dispersions; formula-
tions including sesame oil, peanut oil or aqueous propylene
glycol; and sterile powders for the extemporaneous prepa-
ration of sterile injectable solutions or dispersions. In all
cases the form must be sterile and must be fluid to the extent
that easy syringability exists. It must be stable under the
conditions of manufacture and storage and must be pre-
served against the contaminating action of microorganisms,
such as bacteria and fungi.

Solutions of the active compounds as free base or phar-
macologically acceptable salts can be prepared in water
suitably mixed with a surfactant, such as hydroxypropylcel-
lulose. Dispersions can also be prepared in glycerol, liquid
polyethylene glycols, and mixtures thereof and in oils.
Under ordinary conditions of storage and use, these prepa-
rations contain a preservative to prevent the growth of
microorganisms.

An agent or substance of the present invention can be
formulated into a composition in a neutral or salt form.
Pharmaceutically acceptable salts, include the acid addition
salts (formed with the free amino groups of the protein) and
which are formed with inorganic acids such as, for example,
hydrochloric or phosphoric acids, or such organic acids as
acetic, oxalic, tartaric, mandelic, and the like. Salts formed
with the free carboxyl groups can also be derived from
inorganic bases such as, for example, sodium, potassium,
ammonium, calcium, or ferric hydroxides, and such organic
bases as isopropylamine, trimethylamine, histidine, procaine
and the like. In terms of using peptide therapeutics as active
ingredients, the technology of U.S. Pat. Nos. 4,608,251,
4,601,903; 4,599,231, 4,599,230; 4,596,792; and 4,578,770,
each incorporated herein by reference, may be used.

The carrier can also be a solvent or dispersion medium
containing, for example, water, ethanol, polyol (for example,
glycerol, propylene glycol, and liquid polyethylene glycol,
and the like), suitable mixtures thereof, and vegetable oils.
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The proper fluidity can be maintained, for example, by the
use of a coating, such as lecithin, by the maintenance of the
required particle size in the case of dispersion and by the use
of surfactants. The prevention of the action of microorgan-
isms can be brought about by various antibacterial and
antifungal agents, for example, parabens, chlorobutanol,
phenol, sorbic acid, thimerosal, and the like. In many cases,
it will be preferable to include isotonic agents, for example,
sugars or sodium chloride. Prolonged absorption of the
injectable compositions can be brought about by the use in
the compositions of agents delaying absorption, for
example, aluminum monostearate and gelatin.

Sterile injectable solutions are prepared by incorporating
the active compounds in the required amount in the appro-
priate solvent with various of the other ingredients enumer-
ated above, as required, followed by filtered sterilization.
Generally, dispersions are prepared by incorporating the
various sterilized active ingredients into a sterile vehicle
which contains the basic dispersion medium and the
required other ingredients from those enumerated above. In
the case of sterile powders for the preparation of sterile
injectable solutions, the preferred methods of preparation
are vacuum-drying and freeze-drying techniques which
vield a powder of the active ingredient plus any additional
desired ingredient from a previously sterile-filtered solution
thereof. The preparation of more, or highly, concentrated
solutions for direct injection is also contemplated, where the
use of DMSO as solvent is envisioned to result in extremely
rapid penetration, delivering high concentrations of the
active agents to a small tumor area.

Upon formulation, solutions will be administered in a
manner compatible with the dosage formulation and in such
amount as is therapeutically effective. The formulations are
easily administered in a variety of dosage forms, such as the
type of injectable solutions described above, but drug
release capsules and the like can also be employed.

For parenteral administration in an aqueous solution, for
example, the solution should be suitably buffered if neces-
sary and the liquid diluent first rendered isotonic with
sufficient saline or glucose. These particular aqueous solu-
tions are especially suitable for intravenous, intramuscular,
subcutaneous and intraperitoneal administration. In this con-
nection, sterile aqueous media which can be employed will
be known to those of skill in the art in light of the present
disclosure. For example, one dosage could be dissolved in 1
ml of isotonic NaCl solution and either added to 1000 ml of
hypodermoclysis fluid or injected at the proposed site of
infuision, (see for example, “Remington’s Pharmaceutical
Sciences” 15th Edition, pages 1035-1038 and 1570-1580).
Some variation in dosage will necessarily occur depending
on the condition of the subject being treated. The person
responsible for administration will, in any event, determine
the appropriate dose for the individual subject.

The active agents disclosed herein may be formulated
within a therapeutic mixture to comprise about 0.0001 to 1.0
milligrams, or about 0.001 to 0.1 milligrams, or about 0.1 to
1.0 or even about 10 milligrams per dose or so. Multiple
doses can also be administered.

In addition to the compounds formulated for parenteral
administration, such as intravenous or intramuscular injec-
tion, other pharmaceutically acceptable forms include, e.g.,
tablets or other solids for oral administration; liposomal
formulations; time release capsules; and any other form
currently used, including cremes.

One may also use nasal solutions or sprays, aerosols or
inhalants in the present invention. Nasal solutions are usu-
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ally aqueous solutions designed to be administered to the
nasal passages in drops or sprays. Nasal solutions are
prepared so that they are similar in many respects to nasal
secretions, so that normal ciliary action is maintained. Thus,
the aqueous nasal solutions usually are isotonic and slightly
buffered to maintain a pH of 5.5 to 6.5. In addition, anti-
microbial preservatives, similar to those used in ophthalmic
preparations, and appropriate drug stabilizers, if required,
may be included in the formulation. Various commercial
nasal preparations are known and include, for example,
antibiotics and antihistamines and are used for asthma
prophylaxis.

Additional formulations which are suitable for other
modes of administration include vaginal suppositories and
pessaries.

Oral formulations include such normally employed
excipients as, for example, pharmaceutical grades of man-
nitol, lactose, starch, magnesium stearate, sodium saccha-
rine, cellulose, magnesium carbonate and the like. These
compositions take the form of solutions, suspensions, tab-
lets, pills, capsules, sustained release formulations or pow-
ders. In certain defined embodiments, oral pharmaceutical
compositions will comprise an inert diluent or assimilable
edible carrier, or they may be enclosed in hard or soft shell
gelatin capsule, or they may be compressed into tablets, or
they may be incorporated directly with the food of the diet.
For oral therapeutic administration, the active compounds
may be incorporated with excipients and used in the form of
ingestible tablets, buccal tables, troches, capsules, elixirs,
suspensions, syrups, wafers, and the like. Such compositions
and preparations should contain at least 0.1% of active
compound. The percentage of the compositions and prepa-
rations may, of course, be varied and may conveniently be
between about 2 to about 75% of the weight of the unit, or
preferably between 25-60%. The amount of active com-
pounds in such therapeutically useful compositions is such
that a suitable dosage will be obtained.

The tablets, troches, pills, capsules and the like may also
contain the following: a binder, as gum tragacanth, acacia,
cornstarch, or gelatin; excipients, such as dicalcium phos-
phate; a disintegrating agent, such as corn starch, potato
starch, alginic acid and the like; a lubricant, such as mag-
nesium stearate; and a sweetening agent, such as sucrose,
lactose or saccharin may be added or a flavoring agent, such
as peppermint, oil of wintergreen, or cherry flavoring. When
the dosage unit form is a capsule, it may contain, in addition
to materials of the above type, a liquid carrier. Various other
materials may be present as coatings or to otherwise modify
the physical form of the dosage unit. For instance, tablets,
pills, or capsules may be coated with shellac, sugar or both.
A syrup of elixir may contain the active compounds sucrose
as a sweetening agent methyl and propylparabens as pre-
servatives, a dye and flavoring, such as cherry or orange
flavor.

3. Liposomes and Nanoparticles

The use of liposomes and/or nanoparticles is also con-
templated for use in the pharmaceutical compositions of the
present invention. The formation and use of liposomes is
generally known to those of skill in the art, and is also
described below.

Nanocapsules can generally entrap compounds in a stable
and reproducible way. To avoid side effects due to intracel-
lular polymeric overloading, such ultrafine particles (sized
around 0.1 pm) should be designed using polymers able to
be degraded in vivo. Biodegradable polyalkyl-cyanoacrylate
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nanoparticles that meet these requirements are contemplated
for use in the present invention, and such particles may be
are easily made.

Liposomes are formed from phospholipids that are dis-
persed in an aqueous medium and spontaneously form
multilamellar concentric bilayer vesicles (also termed mul-
tilamellar vesicles (MLVs). MLVs generally have diameters
of from 25 nm to 4 um. Sonication of MLV results in the
formation of small unilamellar vesicles (SUVs) with diam-
eters in the range of 200 to 500 A, containing an aqueous
solution in the core.

The following information may also be utilized in gen-
erating liposomal formulations. Phospholipids can form a
variety of structures other than liposomes when dispersed in
water, depending on the molar ratio of lipid to water. At low
ratios the liposome is the preferred structure. The physical
characteristics of liposomes depend on pH, ionic strength
and the presence of divalent cations. Liposomes can show
low permeability to ionic and polar substances, but at
elevated temperatures undergo a phase transition which
markedly alters their permeability. The phase transition
involves a change from a closely packed, ordered structure,
known as the gel state, to a loosely packed, less-ordered
structure, known as the fluid state. This occurs at a charac-
teristic phase-transition temperature and results in an
increase in permeability to ions, sugars and drugs.

Liposomes interact with cells via four different mecha-
nisms: Endocytosis by phagocytic cells of the reticuloen-
dothelial system such as macrophages and neutrophils;
adsorption to the cell surface, either by nonspecific weak
hydrophobic or electrostatic forces, or by specific interac-
tions with cell-surface components; fusion with the plasma
cell membrane by insertion of the lipid bilayer of the
liposome into the plasma membrane, with simultaneous
release of liposomal contents into the cytoplasm; and by
transfer of liposomal lipids to cellular or subcellular mem-
branes, or vice versa, without any association of the lipo-
some contents. Varying the liposome formulation can alter
which mechanism is operative, although more than one may
operate at the same time.

4. Dosage

Certain embodiments of the present invention pertain to
methods of treating a subject with a hyperproliferative
disease that involve administering a pharmaceutical agent of
the present invention. An effective amount of the therapeutic
or preventive agent is determined based on the intended
goal, for example modulation of 14-3-3 activity. The quan-
tity to be administered, both according to number of treat-
ments and dose, depends on the subject to be treated, the
state of the subject and the protection desired. Precise
amounts of the therapeutic composition also depend on the
judgment of the practitioner and are peculiar to each indi-
vidual.

In certain embodiments, it may be desirable to provide a
continuous supply of the therapeutic compositions to the
patient. For topical administrations, repeated application
would be employed. For various approaches, delayed release
formulations could be used that provide limited but constant
amounts of the therapeutic agent over an extended period of
time. For internal application, continuous perfusion of the
region of interest may be preferred. This could be accom-
plished by catheterization, post-operatively in some cases,
followed by continuous administration of the therapeutic
agent. The time period for perfusion would be selected by
the clinician for the particular patient and situation, but times
could range from about 1-2 hours, to 2-6 hours, to about
6-10 hours, to about 10-24 hours, to about 1-2 days, to about
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1-2 weeks or longer. Generally, the dose of the therapeutic
composition via continuous perfusion will be equivalent to
that given by single or multiple injections, adjusted for the
period of time over which the doses are administered.

Those of skill in the art are well aware of how to apply
gene delivery to in vivo and ex vivo situations. For viral
vectors, one generally will prepare a viral vector stock.
Depending on the kind of virus and the titer attainable, one
will deliver 1x10%, 1x10°, 1x10°%, 1x107, 1x10% 1x10°
1x10%°, 1x10" or 1x10'? infectious particles to the patient.
Similar figures may be extrapolated for liposomal or other
non-viral formulations by comparing relative uptake effi-
ciencies. Formulation as a pharmaceutically acceptable
composition is discussed below.

5. Treatment of Artificial and Natural Body Cavities

One of the prime sources of recurrent cancer is the
residual, microscopic disease that remains at the primary
tumor site, as well as locally and regionally, following tumor
excision. In addition, there are analogous situations where
natural body cavities are seeded by microscopic tumor cells.
The effective treatment of such microscopic disease would
present a significant advance in therapeutic regimens.

Thus, in certain embodiments, a cancer may be removed
by surgical excision, creating a “cavity.” Both at the time of
surgery and thereafter (periodically or continuously), the
therapeutic composition of the present invention is admin-
istered to the body cavity. The volume of the composition
should be sufficient to ensure that the entire surface of the
cavity is contacted by the expression cassette.

In one embodiment, administration simply will entail
injection of the therapeutic composition into the cavity
formed by the tumor excision. In another embodiment,
mechanical application via a sponge, swab or other device
may be desired. Either of these approaches can be used
subsequent to the tumor removal as well as during the initial
surgery. In still another embodiment, a catheter is inserted
into the cavity prior to closure of the surgical entry site. The
cavity may then be continuously perfused for a desired
period of time.

6. Tracers to Monitor Gene Expression Following Admin-
istration

Because destruction of microscopic tumor cells cannot be
observed, it is important to determine whether the target site
has been effectively contacted with the expression cassette.
This may be accomplished by identifying cells in which the
expression construct is actively producing the desired
polypeptide product. It is important, however, to be able to
distinguish between the exogenous polypeptide and that
present in tumor and nontumor cells in the treatment area.
Tagging of the exogenous polypeptide with a tracer element
would provide definitive evidence for expression of that
molecule and not an endogenous version thereof. Thus, the
methods and compositions of the claimed invention may
involve tagging of the polypeptide encoded by the expres-
sion cassette with a tracer element.

One such tracer is provided by the FLAG biosystem. The
FLAG  polypeptide is an  octapeptide  (Asp-
TyrLysAspAspAspAspLys) and its small size does not dis-
rupt the expression of the delivered gene therapy protein.
The coexpression of FLAG and the protein of interest is
traced through the use of antibodies raised against FLAG
protein.

Other immunologic marker systems, such as the 6xHis
system (Qiagen) also may be employed. For that matter, any
linear epitope could be used to generate a fusion protein with
the desired polypeptide so long as (i) the immunologic
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integrity of the epitope is not compromised by the fusion and
(ii) the functional integrity of the desired polypeptide is not
compromised by the fusion.

7. Secondary Treatment

a. General

Certain embodiments of the claimed invention provide for
a methods of treating a subject with cancer using one of the
identified pharmaceutical agents of the present invention. In
each of these embodiments, the subject may be receiving
secondary antihyperplastic therapy. Examples of secondary
antihyperplastic therapy include chemotherapy, radio-
therapy, immunotherapy, phototherapy, cryotherapy, toxin
therapy, hormonal therapy or surgery. Thus, the claimed
invention contemplates use of the claimed methods and
compositions in conjunction with standard anti-cancer thera-
pies. The patient to be treated may be an infant, child,
adolescent or adult.

A wide variety of cancer therapies, known to one of skill
in the art, may be used in combination with the compositions
of the claimed invention. Some of the existing cancer
therapies and chemotherapeutic agents are described below.
One of skill in the art will recognize the presence and
development of other anticancer therapies which can be used
in conjugation with the compositions comprising expression
cassettes and will further recognize that the use of the
secondary therapy of the claimed invention will not be
restricted to the agents described below.

In order to increase the effectiveness of a an expression
construct encoding a polypeptide that modulates 14-3-3 zeta
activity, it may be desirable to combine these compositions
with other agents effective in the treatment of hyperprolif-
erative disease. These compositions would be provided in a
combined amount effective to kill or inhibit proliferation of
the cell. This process may involve contacting the cells with
the expression construct and the agent(s) or second factor(s)
at the same time. This may be achieved by contacting the
cell with a single composition or pharmacological formula-
tion that includes both agents, or by contacting the cell with
two distinct compositions or formulations, at the same time,
wherein one composition includes the expression construct
and the other includes the second agent.

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

Various combinations may be employed. For example, the
inhibitor of 14-3-3 zeta is therapy is “A” and the secondary
agent, such as radio- or chemotherapy, is “B™:
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Administration of the therapeutic expression constructs of
the present invention to a patient will follow general proto-
cols for the administration of chemotherapeutics, taking into
account the toxicity, if any, of the vector. It is expected that
the treatment cycles would be repeated as necessary. It also
is contemplated that various standard therapies, as well as
surgical intervention, may be applied in combination with
the described hyperproliferative cell therapy.

b. Radiotherapy

Radiotherapy include radiation and waves that induce
DNA damage for example, y-irradiation, X-rays, UV-irra-
diation, microwaves, electronic emissions, radioisotopes,
and the like. Therapy may be achieved by irradiating the
localized tumor site with the above described forms of
radiations. It is most likely that all of these factors effect a
broad range of damage DNA, on the precursors of DNA, the
replication and repair of DNA, and the assembly and main-
tenance of chromosomes.

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

In the context of the present invention radiotherapy may
be used in addition to using the tumor cell specific-peptide
of the invention to achieve cell-specific cancer therapy.

c. Surgery

Surgical treatment for removal of the cancerous growth is
generally a standard procedure for the treatment of tumors
and cancers. This attempts to remove the entire cancerous
growth. However, surgery is generally combined with che-
motherapy and/or radiotherapy to ensure the destruction of
any remaining neoplastic or malignant cells. Thus, in the
context of the present invention surgery may be used in
addition to using the tumor cell specific-peptide of the
invention to achieve cell-specific cancer therapy.

In the case of surgical intervention, the compositions of
the present invention may be used preoperatively, to render
an inoperable tumor subject to resection. Alternatively, the
present invention may be used at the time of surgery, and/or
thereafter, to treat residual or metastatic disease. For
example, a resected tumor bed may be injected or perfused
with a formulation comprising an expression construct. The
perfusion may be continued post-resection, for example, by
leaving a catheter implanted at the site of the surgery.
Periodic post-surgical treatment also is envisioned.

In certain embodiments, the tumor being treated may not,
at least initially, be resectable. Treatments with therapeutic
viral constructs may increase the resectability of the tumor
due to shrinkage at the margins or by elimination of certain
particularly invasive portions. Following treatments, resec-
tion may be possible. Additional treatments subsequent to
resection will serve to eliminate microscopic residual dis-
ease at the tumor site.

A typical course of treatment, for a primary tumor or a
post-excision tumor bed, will involve multiple doses. Typi-
cal primary tumor treatment involves a 6 dose application
over a two-week period. The two-week regimen may be
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repeated one, two, three, four, five, six or more times. During
a course of treatment, the need to complete the planned
dosings may be re-evaluated.

The treatments may include various “unit doses.” Unit
dose is defined as containing a predetermined-quantity of the
therapeutic composition. The quantity to be administered,
and the particular route and formulation, are within the skill
of those in the clinical arts. A unit dose need not be
administered as a single injection but may comprise con-
tinuous infusion over a set period of time. Unit dose of the
present invention may conveniently may be described in
terms of plaque forming units (pfu) for a viral construct.
Unit doses range from 10°, 10*, 10°, 10°, 107, 108, 10°, 10*°,
10, 102, 10" pfu and higher.

d. Chemotherapeutic Agents

Cancer therapies also include a variety of combination
therapies with both chemical and radiation based treatments.
Combination chemotherapies include, for example, cisplatin
(CDDP), carboplatin, procarbazine, mechlorethamine,
cyclophosphamide, camptothecin, ifosfamide, melphalan,
chlorambucil, bisulfan, nitrosurea, dactinomycin, daunoru-
bicin, doxorubicin, bleomycin, plicomycin, mitomycin, eto-
poside (VP16), tamoxifen, taxol, transplatinum, 5-fluorou-
racil, vincristin, vinblastin and methotrexate or any analog
or derivative variant thereof. The term “chemotherapy” as
used herein is defined as use of a drug, toxin, compound,
composition or biological entity which is used as treatment
for cancer. These can be, for example, agents that directly
cross-link DNA, agents that intercalate into DNA, and
agents that lead to chromosomal and mitotic aberrations by
affecting nucleic acid synthesis.

Agents that directly cross-link nucleic acids, specifically
DNA, are envisaged and are shown herein, to eventuate
DNA damage leading to a synergistic antineoplastic com-
bination. Agents such as cisplatin, and other DNA alkylating
agents may be used.

Agents that damage DNA also include compounds that
interfere with DNA replication, mitosis, and chromosomal
segregation. Examples of these compounds include adria-
mycin (also known as doxorubicin), VP-16 (also known as
etoposide), verapamil, podophyllotoxin, and the like.
Widely used in clinical setting for the treatment of neo-
plasms, these compounds are administered through bolus
injections intravenously at doses ranging from 25-75 mg/m>
at 21 day intervals for adriamycin, to 35-100 mg/m* for
etoposide intravenously or orally.

e. Immunotherapy

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

Immunotherapy, thus, could be used as part of a combined
therapy, in conjunction with the expression cassette. The
general approach for combined therapy is discussed below.
Generally, the tumor cell must bear some marker that is
amenable to targeting, i.e., is not present on the majority of
other cells. Many tumor markers exist and any of these may
be suitable for targeting in the context of the present
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invention. Common tumor markers include carcinoembry-
onic antigen, prostate specific antigen, urinary tumor asso-
ciated antigen, fetal antigen, tyrosinase (p97), gp68, TAG-
72, HMFG, Sialyl Lewis Antigen, MucA, MucB, PLAP,
estrogen receptor, laminin receptor, erb B and p153.

f. Genes

In yet another embodiment, the secondary treatment is a
gene therapy in which a different expression cassette than
the one disclosed herein is administered before, after, or at
the same time as the expression cassette of the claimed
invention. Delivery may comprise use of a vector encoding
polypeptide of the claimed invention in conjunction with a
second vector encoding an additional gene product such as
p53. Alternatively, a single vector encoding both genes may
be used. A variety of secondary gene therapy proteins are
envisioned within the invention.

g. Other Cancer Therapies

Examples of other cancer therapies include phototherapy,
cryotherapy, toxin therapy, or hormonal therapy. One of skill
in the art would know that this list is not exhaustive of the
types of treatment modalities available for cancer and other
hyperplastic lesions.

G. EXAMPLES

The following examples are included to demonstrate
preferred embodiments of the invention. It should be appre-
ciated by those of skill in the art that the techniques
disclosed in the examples which follow represent techniques
discovered by the inventor to function well in the practice of
the invention, and thus can be considered to constitute
preferred modes for its practice. However, those of skill in
the art should, in light of the present disclosure, appreciate
that many changes can be made in the specific embodiments
which are disclosed and still obtain a like or similar result
without departing from the spirit and scope of the invention.

Example 1

Materials and Methods

RNA interference of 14-3-3 zeta in mammalian cell
culture. siRNA duplexes were synthesized based on a 14-3-3
zeta-specific sequence (SEQ ID NO:3) and a scrambled
sequence (SEQ ID NO:4) by Darmacon Research Inc., CO.
One million cells were seeded onto a 10-cm culture dish 24
hr prior to transfection in DMEM/F12 containing 10% FBS.
50 pl of siRNA duplexes (20 uM stock) were added to 750
ul Opti-MEM I (Invitrogen) containing 20 pl Plus Reagent
(Invitrogen), mixed and incubated for 15 min at room
temperature. Then 30 ul Lipofectamine (Invitrogen) was
mixed and incubated with 750 pl Opti-MEM 1. After incu-
bation, two parts were mixed and incubated for another 15
min at room temperature. This combination was then
assorted with 5 ml Opti-MEM I and added to cells that were
pre-washed once with 5 ml Opti-MEM 1. Five hours post-
transfection, 6.5 ml of DMEM/F12 with 20% FBS were
added to the cells. The transfection solution was removed 24
hours post-transfection and replaced with DMEM/F12 con-
taining 10% FBS.

Immunohistochemical Staining of 14-3-3 zeta. 5 pm
sections from formalin-fixed paraflin-embedded tissue block
were deparaffinized and rehydrated. The slides were sub-
jected to heat-induced epitope retrieval in 0.01 M citrate
buffer (pH 6.0). After blocked for 30 min in 3% hydrogen
peroxide, and then in normal horse serum for 20 min, the
slides were incubated with 14-3-3 zeta antibody (C-16,
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Santa Cruz biotechnology, Santa Cruz, Calif.) at a dilution
of 1:2000 for 30 min at room temperature. Immunodetection
was performed with the LSAB2 system (DAKO, Carpinte-
ria, Calif.). 3-3'-diaminobenzidine was used for color devel-
opment, and hematoxylin was used for counterstaining.

Cytochrome C Staining. Mcf-7 cells were transfected
with control or 14-3-3 zeta siRNA. Forty-eight hours post
transfection cells were split to microscope slides. The next
day, cells were replenished with serum free media. At 0 and
48 hours serum free, slides were fixed and stained with
anti-cytochrome C (Pharmingen) followed by Alexa-Fluor
594 (Molecular Probes) secondary antibody and nuclei were
stained with DAPI. Fluorescent signals were preserved by
SlowFade Antifade Kit (Molecular Probes) and samples
were analyzed by immunofluorescence microscopy and
2D-deconvolution (Tan et al., 2002). Cells with diffuse
cytochrome C staining were counted as positive for cyto-
chrome C release.

Western Blot Analysis. Sarcomas and normal tissues were
homogenized in lysis buffer (PBS containing 1% Triton
X-100, 0.5% sodium deoxycholate, 0.1% SDS, 100 pg/ml
phenylmethylsulfonyl fluoride, and 0.02% sodium azide)
followed by centrifugation at 12,000xg for 10 min at 4° C.
to remove cell debris. Two hundred pg of protein from both
tumor and normal samples were separated by SDS-PAGE
(12% gel for p16 and CDK4 and 8% gel for RB) and
transferred onto nitrocellulose membranes (Bio-Rad Labo-
ratories, Hercules, Calif.). The membranes were blocked
with 5% dried milk in TBS (0.05% Tween in PBS), probed
with antibodies (1:1000 dilution), washed with TBS, and
probed with proper secondary antibodies (against mouse
1gG or rabbit IgG). Enhanced chemiluminescence was pet-
formed to detect the target protein on the membrane, accord-
ing to the manufacturer’s protocol (Amersham Corp.,
Arlington Heights, I11.). To confirm the results in a stringent
manner, membranes were stripped and reprobed with
another antibody to the same proteins of interest (pl6,
CDK4, and RB).

Example 2

14-3-3 Zeta Expression is Elevated in Sarcomas
and Primary Breast Cancer

A 29 kDa protein (p29) with a polyclonal anti-pl6 anti-
body was detected in the sarcoma and primary breast cancer
tissue specimens, presumably due to cross-reaction. Western
blot analysis using anti-pl6 antibody (which recognized
p29) was performed in more than 50 soft tissue sarcoma
samples. Interestingly, p29 expression was elevated in
60-70% of the sarcomas as well as in more than 70%
primary breast tumors compared with autologous normal
tissues. The p29 protein from a sarcoma specimen was
purified to homogeneity. The p29 was purified by three
steps: (a) preparative SDS-PAGE followed by gel extraction,
(b) hydrophobic interaction chromatography, and (c) pre-
parative HPLC. Purified p29 migrated as a single band of 29
kDa in a SDS-PAGE gel when stained by Coommassie blue.
Microsequencing of in-gel digestion fragments of purified
p29 revealed it as a known protein, 14-3-3 zeta. The iden-
tification was confirmed by immunoblotting analysis of
sarcoma and breast tumors using a 14-3-3 zeta-specific
antibody, which gave an expression patterns similar to p29.
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Example 3

14-3-3 Zeta is Expressed in Multiple Tumor Types

THC analysis of 14-3-3 zeta on a Tissue Array was
conducted, which confirmed that 14-3-3 zeta was overex-
pressed in breast carcinoma. In addition, 14-3-3 zeta over-
expression was detected in cancers of lung, liver, uterus, and
stomach compared to their respective normal tissues. The
tissue array slide from IMGENEX (cat# IMH-343/BA2) has
20 normal tissues and 19 different types of tumors (each
tumor has one care) from human origin. The normal tissues
include skin, breast, spleen, skeletal muscle, lung, liver,
gallbladder, pancreas, stomach, small intestine, colon, rec-
tum, kidney cortex, kidney medulla, bladder, prostate,
uterus, placenta, umbilical cord, and fetal brain. The tumors
include squamous cell carcinoma of the lung, bronchioloal-
veolar carcinoma of the lung, adenoid cystic carcinoma of
the salivary gland, hepatocellular carcinoma, diffuse type
adenocarcinoma of the stomach, intestinal type adenocarci-
noma of the stomach, stromal sarcoma of the stomach,
malignant lymphoma of the colon, mucinous carcinoma of
the colon, adenocarcinoma of the rectum, malignant Schwa-
noma of the colon, renal cell carcinoma, poorly differenti-
ated transitional carcinoma of the bladder, squamous cell
carcinoma of the cervix, endometrial adenocarcinoma of the
uterus, pheochromocytoma of the adrenal gland, metastatis
adenocarcinoma of the liver (from bile duct), metastatic
adenocarcinoma (from colon) of the ovary, and infiltrating
ductal carcinoma of the breast. These results are further
supported by immunoblot analysis showing that 14-3-3 zeta
expression was elevated in many breast cancer, lung cancer,
and sarcoma cell lines compared to normal breast and lung
epithelial cell lines as well as in normal smooth muscle cells.

Example 4

14-3-3 Zeta Expression Enhances the Malignant
Transformation of Cancer Cells

Elevated 14-3-3 zeta expression enhances the malignant
transformation of breast cancer cells. MDA-MB-435 breast
cancer cells were transfected with an expression vector for
hemagglutinin (HA)-tagged 14-3-3 zeta and established
pooled stable transfectants (435.1433 zeta) expressing exog-
enous 14-3-3 zeta. The 435.1433 zeta cells did not exhibit
enhanced cell growth under normal culture conditions (data
not shown). However, in soft agar colony formation assays,
the increase of 14-3-3 zeta in 435.1433 zeta cells led to a
moderate increase of transforming colonies with 10% serum
and a more dramatic increase of colonies without serum
(FIG. 1A). This indicates that 14-3-3 zeta can enhance the
anchorage-independent growth of cancer cells. Additionally,
elevated expression of 14-3-3 zeta conferred MDA-MB-435
cells resistance to y-radiation-induced apoptosis (FIG. 1B).

Example 5

Blocking 14-3-3 Zeta Expression Inhibits
Malignant Transformation of Cancer Cells

To further investigate the role of 14-3-3 zeta in cancer
progression and to determine whether blocking 14-3-3 zeta
expression would inhibit malignant transformation and can-
cer development, small interfering RNA (siRNA) duplexes
were used to specifically silence the expression of 14-3-3
zeta in multiple cancer cell lines. After 24 hours of trans-
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fection, the 14-3-3 zeta siRNA efliciently inhibited 14-3-3
zeta expression without affecting the expression of 14-3-3
beta, the 14-3-3 isoform most homologous to 14-3-3 zeta.
This inhibition effect of 14-3-3 zeta siRNA could persist for
approximately 6-7 days.

14-3-3 zeta siRNA-treated cells displayed dramatic mot-
phology changes with cellular shrinkage and membrane
blebbing, phenotypes characteristic of apoptotic cells, while
the control siRNA-treated cells showed no morphology
changes under the same experimental conditions. Cell
growth rate assays revealed approximately 50% growth
inhibitions in MDA-MB-435 and MCF-7 cells treated with
14-3-3 zeta siRNA compared to those treated with the
control siRNA in both 10% and 0.5% serum (FIG. 1C, and
data not shown). This was at least partly due to an increase
in cells arrested at the G, phase of the cell cycle in 14-3-3
zeta siRNA-treated cells, as shown by fluorescence-acti-
vated cell sorter (FACS) analysis of two breast cancer cell
lines, a cervical carcinoma cell line (Hel.a), and a lung
cancer cell line (H1299) after 14-3-3 zeta siRNA treatment
(FIG. 1D). Further studies were conducted to determine
whether 14-3-3 zeta siRNA alters the expression of G, phase
cell cycle regulators. Compared to the control siRNA-
treated cells, 14-3-3 zeta siRNA-treated cells exhibited a
marked increase in p,,~~ " and p21%* expression, whereas
p16™%4 and Cyclin D1 expression were not changed sig-
nificantly except in H1299. Therefore, the G, arrest from
14-3-3 zeta silencing may result from up-regulating the
cyclin-dependent kinase inhibitors p27*%" and p21<7*.
Similar results were observed when cells are treated with
another 14-3-3 zeta siRNA duplex targeting a different
mRNA region (data not shown).

Example 6

14-3-3 Zeta is Involved in the Stress-Induced
Apoptotic Response

Studies were conducted to investigate the role of 14-3-3
zeta in stress-induced apoptotic responses. Under serum
starvation conditions, MCF-7 and HeLa cells treated with
14-3-3 zeta siRNA showed a remarkable increase in apop-
totic annexin-positive (FIG. 2A) and sub-G, (FIG. 2B)
populations compared to cells treated with control siRNA,
indicating that silencing of 14-3-3 zeta sensitized these
cancer cells to stress-induced apoptosis. To understand the
underlying mechanisms, the activation of two major apop-
tosis pathways (death receptor pathway and mitochondria
pathway; Wajat, 2002) in cancer cells was investigated after
14-3-3 zeta siRNA treatment. While no significant difference
in Fas activation was found between 14-3-3 zeta siRNA and
control siRNA-treated cells (data not shown), immunostain-
ing of cytochrome C clearly demonstrated its release from
mitochondria in 14-3-3 zeta siRNA-treated MCF-7 cells
after serum withdrawal. Immunoblot analysis of caspase-9
showed a decrease of pro-caspase-9 in 14-3-3 zeta siRNA-
treated cells, indicative of activation of caspase-9 by pro-
teolytic cleavage. An examination of downstream caspase
substrates such as poly (ADP-ribose) polymerase (ARP) and
Prao”* also revealed their cleavage in 14-3-3 zeta siRNA-
treated cells. Thus, downregulation of 14-3-3 zeta could
sensitize cancer cells to apoptosis through activation of the
mitochondria pathway. Moreover, an increased BAD
expression was detected in 14-3-3 zeta siRNA-treated cells.
BAD is a known 14-3-3 ligand and a pro-apoptotic molecule
facilitating cytochrome C release. It was therefore proposed
that downregulation of 14-3-3 zeta increases BAD protein
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levels through yet undefined mechanisms leading to
increased cytochrome C release and subsequent caspase
activation. Furthermore, addition of a caspase inhibitor
(Z-VAD-FMK) to the 14-3-3 zeta siRNA-treated MCF-7
cells in serum-free media effectively blocked PARP cleav-
age and 14-3-3 zeta siRNA failed to sensitize these cells to
stress-induced apoptosis (FIG. 2C). Therefore, the sensiti-
zation to stress-induced apoptosis by 14-3-3 zeta siRNA
may require sequential events, involving the up-regulation
of BAD, increased cytochrome C release, caspase activa-
tion, and caspase substrate cleavages.

Downregulation of 14-3-3 zeta also inhibited the trans-
forming properties of cancer cells, as 14-3-3 zeta siRNA-
treated MDA-MB-435 and MCF-7 cells formed less soft
agar colonies than the control group (FIG. 2D). This indi-
cated the potential of targeting 14-3-3 zeta in blocking
malignant transformation. To test this, MDA-MB-435 cells
were transfected with 14-3-3 zeta siRNA or control siRNA,
and then cells were injected into the mammary fat pads
(mfp) of female SCID mice. The mice in the 14-3-3 zeta
siRNA group demonstrated markedly delayed tumor onset
and reduced tumor growth (FIG. 2E, FIG. 2F), which
paralleled with 14-3-3 zeta reduction, p27°7! upregulation,
and increased TUNEL positive apoptotic cells in the tumors
grown in the mfp. Thus, a brief blockage of 14-3-3 zeta was
sufficient to suppress tumorigenicity of MDA-MB-435
breast cancer cell line in vivo.

Example 7

14-3-3 Zeta Expression Provides Prognostic
Information in Patients with Cancer

14-3-3 zeta is a biomarker for poor prognosis of breast
cancer. To further investigate the impact of 14-3-3 zeta
overexpression on cancer progression in patients, IHC
analysis of 14-3-3 zeta was performed in primary invasive
breast carcinomas from 107 patients, who were treated with
cyclophosphamide, methotrexate, and 5-fluorouracil after
mastectomy with a median follow-up time of 62 months
(Yang et al., 2002). Among these patients’ samples, 22 were
negative or weakly positive for 14-3-3 zeta expression,
whereas 89 were moderately or strongly positive, i.e., had
14-3-3 zeta overexpressions to different extents. Positive
14-3-3 zeta signals were observed mainly in the cytoplasm
of the breast carcinoma cells, whereas benign breast epithe-
lial cells and stromal components were negative or weakly
positive for 14-3-3 zeta staining under the same experimen-
tal conditions. Using Kaplan-Meier analyses, high 14-3-3
zeta scores in breast tumors (n=48) are significantly asso-
ciated with reduced disease-free survival (P=0.02) and
reduced overall survival (P=0.01) (FIG. 3). Thus, 14-3-3
zeta 1s a biomarker for poor prognosis of breast cancers.
Compared to known poor prognostic markers such as HER2
or uPA overexpression, 14-3-3 zeta strong positive staining
were observed in more patients (approximately 45% for
14-3-3C compared to 30% for HER2 and 15% for uPA
(Rogers et al., 2002). Therefore, monitoring 14-3-3 zeta
protein levels in breast cancer specimens may provide
additional prognostic information to the current clinical and
pathological parameters.

In this study, it has been demonstrated that 14-3-3 zeta is
overexpressed in multiple human primary tumors and cancer
cell lines representing a frequent event in cancer develop-
ment of a broad spectrum of cancer types. Downregulation
of 14-3-3 zeta led to G, arrest by upregulation of p27%7*
and p21<* in all cancer cells examined, indicating that
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14-3-3 zeta may be a key factor utilized by many types of
cancer cells to control certain common pathways during
cancer progression. Mechanisms underlying 14-3-3 zeta
ablation-induced p275%* and p21 <" upregulation are cur-
rently under investigation. Downregulation of 14-3-3 zeta
also sensitizes cancer cells to apoptosis, indicating 14-3-3
zeta plays an essential role in cancer cell survival and 14-3-3
zeta might be used as a predictive marker for response to
chemotherapy in cancer patients. A brief blockade of 14-3-3
zeta expression by siRNA (up to 7 days) considerably
inhibited tumor onset and tumor growth from breast cancer
cells in vivo, signifying 14-3-3 zeta is an attractive thera-
peutic target in human cancers. The significant association
between 14-3-3 zeta overexpression and poor survival of
breast cancer patients further demonstrates the clinical
potential of 14-3-3 zeta as a prognostic marker and a
therapeutic target.

Example 8

14-3-3 Zeta Gene Amplification is Correlated with
its Overexpression in Cancer Patients

Based on the study on samples from normal tissues,
criteria were set up for 14-3-3 zeta gene amplification as the
following. The upper limit cut-off value was set to the
mean+3 SD of the technical variation found in the analysis
of 10 normal breast tissue samples. Samples with less than
19% of cells having >2 copies of 14-3-3 zeta gene per cell
were classified as “normal”; samples with 19% or more cells
having >2 copies, the average copy number being between
2 and 5, and the ratio of 14-3-3 zeta to chromosome 8 being
21 were classified as “low”; samples with more than 19%
cells having >2 copies, the average copy number being 25,
and the ratio of 14-3-3 zeta to chromosome 821 were
regarded as “high.” Forty-three breast cancers were ana-
lyzed for the 14-3-3 zeta gene and the chromosome 8
centromere using dual-color FISH. 11/43 (25.6%) of
samples were normal, 9/43 (20.9%) of samples were low,
and 22/43 (51.2%) of samples showed high amplification. In
about 70% of cases, there is a correlation between 14-3-3
zeta gene amplification and protein expression.

Example 9

14-3-3 Zeta Interacts With PI3-Kinase

Methods

14-3-3 zeta stable transfections. To generate 14-3-3 zeta
stable transfectants, one million cells were seeded onto a 100
mm tissue culture plate 24 hours prior to transfection in
DMEM/F12 medium containing 10% FBS. MCF-7 and
MDA-MB-435 breast cancer and H1299 lung cancer cell
lines were used to generate HA-tagged 14-3-3 zeta stable
transfectants. P85 stable transfectants were made by stably
transfecting both HA-14-3-3 zeta and the HIS-tagged p85
contructs in the MCF-7 breast cancer cell line.

10 pg of DNA were added to 750 pl of Opti-MEM 1
(Invitrogen) containing 20 ul of Plus Reagent (Invitrogen),
mixed and incubated for 15 minutes at room temperature. At
the same time, 30 ul of Lipofectamine (Invitrogen) were
mixed and incubated with 750 pl of Opti-MEM 1. After
incubation, the two parts were mixed and incubated for
another 15 minutes at room temperature. This combination
was diluted with 5 m] of Opti-MEM I and added to cells that
were pre-washed once with 5 ml of Opti-MEM 1. Five hours
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post-transfection, 6.5 ml of DMEM/F12 media with 20%
FBS were added to the cells. The transfection solution was
removed 24 hours post-transfection and replaced with
DMEM/F12 medium containing 10% FBS. At 48 hours post
transfection, cells were split to a very light density in 100
mm tissue culture plates and media containing 800 ug/ml. of
G418 drug selection. Cells were maintained in selection
media until single colonies of cells formed in the dish.
Multiple colonies were selected, expanded and screened for
the expression of HA-14-3-3 zeta protein by Western blot
analysis. Clones with the highest expression were selected
and expanded further.

Western Blot Analysis. Proteins were separated and ana-
lyzed by harvesting cells in 500 pl or less of 14-3-3 zeta lysis
buffer (50 mM Tris-HCl pH 7.5, 150 mM NaCl, 2 mM
EGTA, 2 mM MgSO,, 0.1% Tween-20, protease cocktail
inhibitor, 1 mM PMSF, 20 mM NaF, 1 mM Na,VO,, 20 mM
[-glycerophosphate) and allowed to incubate on ice for 20
minutes or stored at —80° C. until used. Cells were further
lysed by six passes through a 22 gauge needle. Cellular
debris was pelleted by centrifugation at 14000 rpm for 15
minutes at 4° C. The supernatant was transferred to a new
tube and the Bradford Method determined protein concen-
tration. The indicated amount of protein lysate was resus-
pended in 6xSDS lysis buffer and heated at 100° C. for 5
minutes. The lysate was then separated by SDS-PAGE. The
proteins were transferred to a nitrocellulose membrane and
probed with the respective antibodies.

Immunoprecipitation. To determine protein—protein
association, cells were harvested in 14-3-3 zeta lysis buffer
(50 OM Tris-HCI pH 7.5, 150 mM NaCl, 2 mM EGTA, 2
mM MgSO,, 0.1% Tween-20, protease cocktail inhibitor, 1
mM PMSF, 20 mM NaF, 1 mM Na,VO,, 20 mM p-glyc-
erophosphate) and allowed to incubate on ice for 20 minutes.
Cells were further lysed by six passes through a 22 gauge
needle. Cellular debris was pelleted by centrifugation at
14000 rpm for 15 minutes at 4° C. The supernatant was
transferred to a new tube and the Bradford Method deter-
mined protein concentration. Immunoprecipitation (IP) was
performed by adding the indicated antibodies to 1 mg of
total cellular lysate which was incubated overnight at 4° C.
In some cases, cell lysates were pre-cleared by incubating 30
ul of protein G beads with lysate for 1 hour and recovering
lysate to a new tube. After incubation with antibody, 40 pl
of protein G agarose beads were added and incubated for 2
hours more to pull down immune complexes. Beads with
attached antibodies and proteins were recovered by centrifu-
gation at 5000 rpm at 4° C. followed by five washes with
lysis buffer. The bead complexes were then used in other
assays or resuspended in 30 pl of lysis buffer with 5 pl of
6xSDS loading dye and analyzed by Western blot analysis.

PI3K Assay. To determine the activity of PI3K from
MCF-7 cells treated with siRNA, cells were serum starved
for 18 hours. Where indicated, cells were re-stimulated with
20 ng/ml of Heregulin for 10 minutes. Cells were lysed and
immunoprecipitated with 1 pg of phosphotyrosine-20 anti-
body (Signal Transduction Laboratories, Inc.). Immune
complexes were washed three times with lysis buffer and
once with kinase buffer (20 mM Tris-HCI, pH 7.5, 100 mM
NaCl, and 0.5 mM EGTA). The beads were resuspended in
50 ul of kinase buffer with 0.2 mg/ml of phosphatidylinosi-
tol. Then 20 pCi of [y-**P]ATP and 20 mM MgCl, were
added for 10 minutes at room temperature. Reactions were
terminated by adding 150 pl of chloroform/methanol, and
phosphatidylinositol was extracted with 100 pl of chloro-
form. The organic phase was washed with methanol/1M
HCL (1:1) and lyophilized. Following reuspension in 15 pl
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of chloroform, phosphatidylinositol was spotted on a silica
gel 60 thin layer chromatography plate and resolved in
chloroform/methanol/28% ammonium hydroxide/water (86:
76:10:14) for 45 minutes. Phosphorylated products were
visualized by autoradiography.

Induction of Akt activity. To determine the contribution of
14-3-3 zeta to Akt activation, 1x10° cells stably expressing
full length 14-3-3 zeta or C-terminal deleted 14-3-3 zeta
were plated in 100 mm tissue culture plates and allowed to
attach overnight. Cells were washed three times with serum
free media and replenished with serum free media. Cells
were starved for 18 hours and either left unstimulated or
stimulated for 10 minutes with media containing 10% FBS.
Treated cells were washed once with 5 mL of 1xPBS and
harvested in 14-3-3 zeta lysis buffer. Lysates were analyzed
as in Western blot analysis with the indicated phospho-
specific antibodies and reprobed with the native antibody as
a loading control.

Site Directed Mutagenesis of p85. To change the amino
acid serine 83 to alanine on p8S5, a p85 expression vector
containing the p85 cDNA was used as the mutagenesis
template. The QuickChange site directed mutagenesis kit
from Stratagene (La Jolla, Calif.) was used to carry out the
mutagenesis of p85 according to the manufactures protocol.
Sequencing of the mutated plasmid was used to confirm the
amino acid change in the expression plasmid.

TUNEL Assay for measurement of apoptosis. For analysis
of apoptosis using terminal deoxynucleotide transferase
dUTP nick end labeling (TUNEL), 6x10° cells were plated
in 60 mm tissue culture plates and allowed to attach over-
night. Apoptosis was induced in the cells by serum free
conditions and collected at the designated times. Cells were
harvested into a 15 mL tube by collecting the media from the
plate, which includes floating cells, and trypsinizing the
attached cells. Cells were pelleted by centrifugation at 1200
rpm. The pellet was washed with 3 mL of 1xPBS and then
resuspended in 1% paraformaldehyde in PBS and placed on
ice for 30 minutes. Cells were pelleted and washed with
1xPBS and then resuspended in 70% ethanol and placed
overnight at -20° C. Apoptosis was detected using the
APO-BRDU kit from Phoenix Flow Systems (San Diego,
Calif.) following the manufacturer’s protocol. Briefly, fixed
cells were pelleted and washed twice with 1 mL of Wash
buffer. Cells were then resupended in 50 ul of DNA Labeling
Solution (TdT reaction buffer, Tdt enzyme and Br-dUTP)
and incubated at 37° C. for 3 hours. After incubation, 1 mL
of Rinse buffer was added to the reaction and cells were
pelleted and washed again in Rinse buffer. The cells were
resupended in 100 ul of Antibody Solution and incubated in
the dark at room temperature for 2 hours. Cells were stained
with Propidium Iodide/RNase A solution and analyzed by
flow cytometry.

Results

14-3-3 zeta associates with phosphatidylinositol-3-kinase
(PI3K) in cancer cells. The previous results indicate that
blocking 14-3-3 zeta in cancer cells by siRNA sensitizes
these cells to apoptosis and reduces their growth. This
indicates that 14-3-3 zeta mediates an essential survival and
growth signal within cancer cells. Phosphatidylinositol-3-
kinase (PI3K) and its down stream signaling molecule Akt
regulate apoptosis and cell growth in many cell types
(Vivanco and Sawyers, 2002). Other studies using hemato-
poietic cells have suggested 14-3-3 may modulate PI-3K;
however, the role of 14-3-3 in regulating PI3K is not
established in cancer cells (Guthridge et al., 2000; Munday
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et al., 2000). Therefore, it is hypothesized that 14-3-3 zeta
could associate with PI3K and modulate PI3K activity in
human cancer cells to mediate survival signals and growth.

Immunoprecipitation of HA-14-3-3 zeta from MCF-7
cells stably transfected with a HA-14-3-3 zeta expression
vector pulled down the endogenous p85 subunit in 10%
serum conditions but not in cells deprived of serum (FIG.
4A, left). It was then determined if this association was
serum dependent by starving these cells and then re-stimu-
lating them with 10% serum. Association of HA-14-3-3 zeta
and endogenous p85 could be restored 10 minutes after
serum addition (FIG. 4A, left). This same pattern was also
demonstrated in the H1299 lung cancer cell line stably
transfected with HA-14-3-3 zeta (FIG. 4A, right). In addi-
tion, immunoprecipitation of either the endogenous p85 or
p110 subunit demonstrated association with HA-14-3-3 zeta
(FIG. 4B). The results indicate that 14-3-3 zeta associates
with PI-3K in a serum dependent manner and suggests
14-3-3 zeta may be involved in PI3K activation by growth
factors in the serum.

14-3-3 zeta modulated phosphatidylinositol-3-kinase
(PI3K) activity. The association of p85 regulatory subunit
and pl10 catalytic subunit is required for PI3K activity
(Cantley, 2002) and 14-3-3 binding to PI3K may modulate
its activity. Therefore, it was hypothesized that 14-3-3 zeta
association with p85 could enhance PI3K kinase activity in
breast cancer cells. To investigate if PI-3K activity was
modulated by 14-3-3 zeta, MCF-7 cells were transfected
with control or 14-3-3 zeta siRNA. Cells were starved and
then stimulated with the growth factor, Heregulin. MCF-7
14-3-3 zeta siRNA treated cells indeed exhibited reduced
activation of PI3K in response to Heregulin stimulation
compared to control siRNA treated cells (FIG. 4C). The data
indicated that silencing of 14-3-3 zeta reduced PI-3K acti-
vation by growth factor.

Blocking 14-3-3 zeta inhibited Akt activation. PI3K is a
well-known upstream activator of the survival signaling
kinase, Akt (Vivanco and Sawyers, 2002). The Akt kinase is
known to regulate signaling pathways involved in cell
survival and proliferation (Vivanco and Sawyers, 2002).
PI3K converts phosphatidylinositol 4,5-bisphosphate (PIP2)
to phosphatidylinositol 3,4,5-trisphosphate (PIP3) in the cell
membrane. The lipid by-product PIP3, generated by PI3K,
activates Akt (Cantley, 2002). These results demonstrate that
blocking 14-3-3 zeta reduces PI3K activity thereby reducing
the production of PIP3 in the cells. Therefore, downregula-
tion of 14-3-3 zeta may affect downstream cell survival
pathways by inhibiting Akt activity. To test this hypothesis,
MDA-MB-435 and MCF-7 cells were transfected with con-
trol or 14-3-3 zeta siRNA, serum starved, or starved then
stimulated with 10% serun for various times (FIG. 4D).
Activation of Akt, as measured by Akt phosphorylation
using phospho-serine473-Akt specific antibody, was
reduced by 14-3-3 zeta siRNA compared to the control
MDA-MB-435 cells. In the controls, Akt was dramatically
activated 20 minutes and remained elevated after serum
addition compared to the basal (+). In contrast, activation of
Akt in cells treated with 14-3-3 zeta siRNA was minimal at
20 minutes and did not increase by 45 minutes. A similar
trend was demonstrated in the MCF-7 cell line. In the
MCF-7 controls, Akt was activated 20 minutes after serum
addition and remained elevated up to 60 minutes. In con-
trast, activation of Akt was reduced during this same time
period in 14-3-3 zeta siRNA treated cells. These results
indicate that 14-3-3 zeta regulates the signaling pathway
involved in Akt activation partly by regulating the kinase
activity of PI3K.
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Serine 83 of p85 is necessary for 14-3-3 zeta association,
PI3K activation and anti-apoptosis. It was next determined
whether 14-3-3 zeta binding to p85 is critical for 14-3-3
zeta’s effects on PI3K/Akt activation and anti-apoptosis by
disrupting the binding of 14-3-3 zeta to p85. Most 14-3-3
zeta binding partners contain at least one consensus 14-3-3
zeta binding site that consists of a phosphorylated serine
residue (Rittinger et al., 1999). Analysis of the p85 protein
sequence revealed a possible consensus 14-3-3 zeta binding
site surrounding serine 83 of p85. Using site directed
mutagenesis, serine 83 of p85 was mutated to alanine
(S83A). MCF-7 cells expressing HA-14-3-3 were then sta-
bly transfected with expression vectors encoding histidine
tagged wild type p85 (p85™") and p85 with serine 83 to
alanine (p85°%*4). Expression of these constructs in MCF-7
cells achieved proteins levels similar to endogenous p85
(FIG. 5A). To determine if association was reduced between
14-3-3 zeta and pes™ >, stable MCE-7 cells were serum
starved for 18 hours and then stimulated with 10% serum
media for 10 minutes. Cells were lysed and immunopreci-
pated (IP) with antibodies to p85 and to HIS-tag on p835, then
western blot with anti-HIS and anti-HA to determine IP
efficiency and 14-3-3 zeta binding. HA-14-3-3 zeta associa-
tion with p85°**# was greatly reduced compared to p85”” in
both p85 and HIS IP (FIG. 5B). The data indicate that 14-3-3
zeta associates with p85, at least partly through binding to
serine 83 on p85. Furthermore, mutation of serine 83 on p85
reduced activation of PI3K by 35% compared o pgs”~ in
cells maintained in 10% serum media (FIG. 5C). In addition,
activation of Akt was reduced in pys™>>* cells maintained in
10% serum media (FIG. 5D). Apoptosis induced by serum
starvation was also elevated in cells expressing p§5°>+
compared to p85”7 (FIG. 5E). These results indicate that
14-3-3 zeta associates with p85 through serine 83 thereby
modulating PI3K/Akt activation and cell survival in
response to stress induced apoptosis.

14-3-3 zeta interacts with both the p85 and p110 subunits
of PI3-kinase. Interaction between 14-3-3 zeta and PI3-
kinase were examined by immunoprecipitation followed by
western blot analysis. MCF-7 and H1299 cells were stably
transfected with an HA-14-3-3 zeta expression vector.
Immunoprecipitation of HA-tagged 14-3-3 zeta effectively
brought down p85 subunit in a phosphorylation-dependent
manner. On the other hand, immunoprecipitation of either
p85 or p110 subunit also brought down HA-14-3-3 zeta, as
revealed by western blot using HA antibodies.

Example 10

Assays to Identify Modulators of Death of a
Cancer Cell

Using the teachings of the specification and the knowl-
edge of those skilled in the art, one can conduct assays to
identify modulators of death of a cancer cell. Candidate
substances suspected of modulating 14-3-3 zeta activity can
first be identified. The candidate substance may include, but
are not limited to, small molecules, peptides, polypeptides,
proteins, nucleic acids, or any molecule suspected of modu-
lating 14-3-3 zeta activity. The candidate substance may
then be contacted with the cancer cell, and modulation of
death of the cancer cell can be measured. Any method
known to those of skill in the art can be used to contact the
candidate substance with the cancer cell. For example, the
candidate substances can be applied to a culture of cancer
cells in vitro. Alternatively, animal models of cancer well
known to those of skill in the art can be used in these assays
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to identify modulators of death of a cancer cell. Modulation
of cell death can include either an increase in cell death, or
an inhibition of cell death relative to a control cell that has
not been contacted with the candidate substance.

Example 11

Clinical Trials of the Use of Modulators of 14-3-3
Zeta Expression and/or Function in the Treatment
of Diseases in General

This example is generally concerned with the develop-
ment of human treatment protocols using modulators of
14-3-3 zeta expression and/or function in the treatment of
diseases, such as hyperproliferative diseases. Examples of
these diseases include cancer, such as breast cancer. A more
detailed example pertaining to cancer is discussed in the
next example.

The various elements of conducting a clinical trial,
including patient treatment and monitoring, will be known
to those of skill in the art in light of the present disclosure.
The following information can be used as a general guide-
line for use in administering modulators of 14-3-3 zeta
expression and/or function in clinical trials.

Patients with the targeted disease can be newly diagnosed
patients or patients with existing disease. Patients with
existing disease may include those who have failed to
respond to at least one course of conventional therapy.

The modulator of 14-3-3 zeta activity may be a substance
that either inhibits 14-3-3 zeta expression and/or function, or
alternatively may be a substance that promotes 14-3-3 zeta
expression and/or function. The modulator may be admin-
istered alone or in combination with another therapeutic
agent. The agents may be administered intravenously, orally,
topically, intratumorally, or by another mechanism that is
specific to the disease that is being treated. The agent may
be administered during a procedure, such as intraoperatively.

One of ordinary skill in the art would determine an
appropriate starting dose, or the starting dose would be
dictated by a clinical protocol. Dose escalation may be done
by 100% increments until drug related toxicity of a specific
level develops. Thereafter dose escalation may proceed by
25% increments. The administered dose may be fraction-
ated.

The modulator of 14-3-3 zeta activity may be adminis-
tered over a short infusion time or at a steady rate of infusion
over a period of days. The modulator may be administered
alone or in combination with other agents. The infusion
given at any dose level will be dependent upon the toxicity
achieved after each.

Physical examination, laboratory tests, and other clinical
studies specific to the disease being treated may, of course,
be performed before treatment and at intervals of about 3-4
weeks later. Laboratory studies can include CBC, differen-
tial and platelet count, urinalysis, SMA-12-100 (liver and
renal function tests), coagulation profile, and any other
appropriate chemistry studies to determine the extent of
disease, or determine the cause of existing symptoms. If
necessary, appropriate biological markers in serum can be
monitored.
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Example 12

Clinical Trials of the Use of Modulators of 14-3-3
Zeta Activity in the Treatment of Cancer

This example is concerned with the development of
human treatment protocols using modulators of 14-3-3 zeta
activity in the treatment of cancer. The various elements of
conducting a clinical trial, including patient treatment and
monitoring, will be known to those of skill in the art in light
of the present disclosure. The following information can be
used as a general guideline for use in administering modu-
lators of 14-3-3 zeta activity in clinical trials pertaining to
cancer treatment.

Patients with cancer chosen for clinical study will typi-
cally have failed to respond to at least one course of
conventional therapy. Measurable disease is not required.

The modulator of 14-3-3 zeta activity may be adminis-
tered alone or in combination with another chemotherapeu-
tic agent. The administration may be intravenously, directly
into the tumor, topically, or in any other manner known to
those of skill in the art. The starting dose may be 0.5 mg/kg
body weight. Three patients may be treated at each dose
level in the absence of grade >3 toxicity. Dose escalation
may be done by 100% increments (0.5 mg, 1 mg, 2 mg, 4
mg) until toxicity is detected. Thereafter dose escalation
may proceed by 25% increments.

The modulator of 14-3-3 zeta activity may be adminis-
tered over a short infusion time or at a steady rate of infusion
over a 7 to 21 day period. The modulator may be adminis-
tered alone or in combination with the anti-cancer drug. The
infusion given at any dose level will be dependent upon the
toxicity achieved after each. Increasing doses of the modu-
lator of 14-3-3 zeta activity in combination with an anti-
cancer drug will be administered to groups of patients until
approximately 60% of patients show unacceptable toxicity.
Doses that are % of this value could be defined as the safe
dose.

Physical examination, tumor measurements, and labora-
tory tests can, of course, be performed before treatment and
at intervals of about 3-4 weeks later. Laboratory studies
should include CBC, differential and platelet count, urinaly-
sis, SMA-12-100 (liver and renal function tests), coagulation
profile, and any other appropriate chemistry studies to
determine the extent of disease, or determine the cause of
existing symptoms. Also appropriate biological markers in
serum can be monitored.

To monitor disease course and evaluate the anti-tumor
responses, it is contemplated that the patients may be
examined for appropriate tumor markers every 4 weeks, if
initially abnormal. Laboratory studies such as a CBC, dif-
ferential and platelet count, coagulation profile, and/or
SMA-12-100 shall be performed weekly. Appropriate clini-
cal studies such as radiological studies should be performed
and repeated every 8 weeks to evaluate tumor response.

Clinical responses may be defined by acceptable measure.
For example, a complete response may be defined by the
disappearance of all measurable disease for at least a month.
Whereas a partial response may be defined by a 50% or
greater reduction of the sum of the products of perpendicular
diameters of all evaluable tumor nodules or at least 1 month
with no tumor sites showing enlargement. Similarly, a mixed
response may be defined by a reduction of the product of
perpendicular diameters of all measurable lesions by 50% or
greater with progression in one or more sites.

All of the methods disclosed and claimed herein can be
made and executed without undue experimentation in light

20

25

40

45

50

60

65

44

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

<160> NUMBER OF SEQ ID NOS: 4

<210> SEQ ID NO 1

<211> LENGTH: 245

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

Met Asp Lys Asn Glu Leu Val Gln Lys Ala
1 5 10

Glu Arg Tyr Asp Asp Met Ala Ala Cys Met
20 25

Gly Ala Glu Leu Ser Asn Glu Glu Arg Asn
35 40

Lys Leu Ala Glu Gln

Lys Ser Val Thr Glu

Leu Leu Ser Val
45

Ala
15

Gln
30

Ala Tyr
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-continued
Lys Asn Val Val Gly Ala Arg Arg Ser Ser Trp Arg Val Val Ser Ser
50 55 60
Ile Glu Gln Lys Thr Glu Gly Ala Glu Lys Lys Gln Gln Met Ala Arg
65 70 75 80
Glu Tyr Arg Glu Lys Ile Glu Thr Glu Leu Arg Asp Ile Cys Asn Asp
85 90 95
Val Leu Ser Leu Leu Glu Lys Phe Leu Ile Pro Asn Ala Ser Gln Ala
100 105 110
Glu Ser Lys Val Phe Tyr Leu Lys Met Lys Gly Asp Tyr Tyr Arg Tyr
115 120 125
Leu Ala Glu Val Ala Ala Gly Asp Asp Lys Lys Gly Ile Val Asp Gln
130 135 140
Ser Gln Gln Ala Tyr Gln Glu Ala Phe Glu Ile Ser Lys Lys Glu Met
145 150 155 160
Gln Pro Thr His Pro Ile Arg Leu Gly Leu Ala Leu Asn Phe Ser Val
165 170 175
Phe Tyr Tyr Glu Ile Leu Asn Ser Pro Glu Lys Ala Cys Ser Leu Ala
180 185 190
Lys Thr Ala Phe Asp Glu Ala Ile Ala Glu Leu Asp Thr Leu Ser Glu
195 200 205
Glu Ser Tyr Lys Asp Ser Thr Leu Ile Met Gln Leu Leu Arg Asp Asn
210 215 220
Leu Thr Leu Trp Thr Ser Asp Thr Gln Gly Asp Glu Ala Glu Ala Gly
225 230 235 240
Glu Gly Gly Glu Asn
245
<210> SEQ ID NO 2
<211> LENGTH: 2834
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 2
gcccactcce accgecaget ggaaccctgg ggactacgac gtccctcaaa ccttgettet 60
aggagataaa aagaacatcc agtcatggat aaaaatgagce tggttcagaa ggccaaactg 120
gcecgagcagg ctgagcgata tgatgacatg gcagecctgca tgaagtetgt aactgagcaa 180
ggagctgaat tatccaatga ggagaggaat cttctcoctcag ttgettataa aaatgttgta 240
ggagcccgta ggtcatcttg gagggtcgtce tcaagtattg aacaaaagac ggaaggtget 300
gagaaaaaac agcagatggc tcgagaatac agagagaaaa ttgagacgga gctaagagat 360
atctgcaatg atgtactgtce tcttttggaa aagttcttga tccccaatge ttcacaagea 420
gagagcaaag tcttctattt gaaaatgaaa ggagattact accgttactt ggctgaggtt 480
gcegetggtg atgacaagaa agggattgtce gatcagtcac aacaagcata ccaagaaget 540
tttgaaatca gcaaaaagga aatgcaacca acacatccta tcagactggg tctggeccett 600
aacttctctg tgttectatta tgagattctg aactccccag agaaagectg ctetettgea 660
aagacagctt ttgatgaagc cattgctgaa cttgatacat taagtgaaga gtcatacaaa 720
gacagcacgc taataatgca attactgaga gacaacttga cattgtggac atcggatacc 780
caaggagacg aagctgaagc aggagaagga ggggaaaatt aaccggcctt ccaacttttg 840
tetgectcat tctaaaattt acacagtaga ccatttgtca tccatgetgt cccacaaata 900
gttttttgtt tacgatttat gacaggttta tgttacttct atttgaattt ctatatttece 960
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-continued

catgtggttt ttatgtttaa tattagggga gtagagccag ttaacattta gggagttatc 1020
tgttttcate ttgaggtgge caatatgggg atgtggaatt tttatacaag ttataagtgt 1080
ttggcatagt acttttggta cattgtggct tcaaaaggge cagtgtaaaa ctgcttccat 1140
gtctaagcaa agaaaactgc ctacatactg gtttgtcetg gecggggaata aaagggatca 1200
ttggttccag tcacaggtgt agtaattgtg ggtactttaa ggtttggagc acttacaagg 1260
ctgtggtaga atcatacccc atggatacca catattaaac catgtatatc tgtggaatac 1320
tcaatgtgta cacctttgac tacagctgca gaagtgttcc tttagacaaa gttgtgaccce 1380
attttactct ggataaggqgc agaaacggtt cacattccat tatttgtaaa gttacctget 1440
gttagctttc attatttttg ctacactcat tttatttgta tttaaatgtt ttaggcaacc 1500
taagaacaaa tgtaaaagta aagatgcagg aaaaatgaat tgcttggtat tcattacttce 1560
atgtatatca agcacagcag taaaacaaaa acccatgtat ttaacttttt tttaggattt 1620
ttgottttgt gatttttttt tttttttttt gatacttgcc taacatgcat gtgctgtaaa 1680
aatagttaac agggaaataa cttgagatga tggctagctt tgtttaatgt cttatgaaat 1740
tttcatgaac aatccaagca taattgttaa gaacacgtgt attaaattca tgtaagtgga 1800
ataaaagttt tatgaatgga cttttcaact acttteteta cagettttea tgtaaattag 1860
tettggttet gaaacttctc taaaggaaat tgtacatttt ttgaaattta ttccttattce 1920
cetottggea getaatggge tettaccaag tttaaacaca aaatttatca taacaaaaat 1980
actactaata taactactgt ttecatgtee catgatecece tetettecte ceccaccetga 2040
aaaaaatgag ttectatttt ttetgggaga gggggggatt gattagaaaa aaatgtagtg 2100
tgttecattt aaaattttgg catatggecat tttctaactt aggaagecac aatgttettg 2160
gceccatcatyg acattgggta geattaactg taagttttgt gettecaaat cactttttgg 2220
tttttaagaa tttettgata ctettatage ctgecttcaa ttttgatcet ttattettte 2280
tatttgteag gtgcacaaga ttacctteet gttttageet tetgtettgt caccaaccat 2340
tettacttgg tggecatgta cttggaaaaa ggccgeatga tetttetgge tecactecagt 2400
gtctaaggea ccetgettee tttgettgea teccacagac tattteccte atectattta 2460
ctgoagcaaa tctcoteetta gttgatgaga ctgtgtttat ctecetttaa aaccctacet 2520
atcoctgaatg gtetgteatt gtetgecttt aaaatcette ctetttette ctectetatt 2580
ctctaaataa tgatggggcet aagttatacc caaageotcac tttacaaaat atttecteag 2640
tactttgcag aaaacaccaa acaaaaatgc cattttaaaa aaggtgtatt ttttetttta 2700
gaatgtaagc tcctcaagag cagggacaat gttttcoctgta tgttetattg tgectagtac 2760
actgtaaatg ctcaataaat attgatgatg ggaggragtg agtcttgatg ataagggtga 2820
gaaactgaaa tccc 2834
<210> SEQ ID NO 3
<211> LENGTH: 21
<212> TYPE: RNA
<213> ORGANISM: Artificial Segquence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

Primer
<400> SEQUENCE: 3
aaaguucuug auccccaaug c 21
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52

-continued

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 4

LENGTH: 19

TYPE: RNA

ORGANISM: Artificial Sequence
FEATURE:

Primer
<400> SEQUENCE: 4

cagucgcguu ugcgacugg

OTHER INFORMATION: Description of Artificial Sequence:

Synthetic

19

What is claimed is:

1. A method of determining prognosis in a subject with
breast cancer, comprising determining overexpression of
14-3-3 zeta protein (SEQ ID NO:1) in a breast tumor sample
from said subject relative to expression of 14-3-3 zeta
protein in breast tissue from a subject that does not have
breast cancer, wherein said overexpression of 14-3-3 zeta
protein indicates that said subject with breast cancer has a
lower survival rate as compared to a subject with a breast
cancer that does not overexpress 14-3-3 zeta protein.

2. The method of claim 1, wherein the subject with breast
cancer is a human.

3. The method of claim 1, wherein determining expres-
sion of 14-3-3 zeta protein is measured by western blot
analysis, immunohistochemistry, and/or protein array.

4. The method of claim 1, wherein the breast cancer is
metastatic breast cancer.

5. The method of claim 3, wherein determining expres-
sion of 14-3-3 zeta protein is measured by western blot
analysis.

6. The method of claim 3, wherein determining expres-
sion of 14-3-3 zeta protein is measured by immunohis-
tochemistry.

7. The method of claim 3, wherein determining expres-
sion of 14-3-3 zeta protein is measured by protein array.

8. A method of diagnosing breast cancer, lung cancer,
liver cancer, uterine cancer, or stomach cancer in a subject,
comprising determining overexpression of 14-3-3 zeta pro-
tein (SEQ ID NO:1) in a breast, lung, liver, uterine, or
stomach tissue test sample, respectively, from said subject
relative to expression of 14-3-3 zeta protein in breast, lung,
liver, uterine, or stomach tissue control sample from a
subject that does not have breast cancer, lung cancer, liver
cancer, uterine cancer, or stomach cancer, respectively,
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wherein said overexpression of 14-3-3 zeta protein indicates
that the patient from which the test sample was obtained has
breast cancer, lung cancer, liver cancer, uterine cancer, or
stomach cancer, respectively.

9. The method of claim 8, wherein the subject is a human.

10. The method of claim 8, wherein determining overex-
pression of 14-3-3 zeta protein is measured by western blot
analysis, immunohistochemistry, and/or protein array.

11. The method of claim 10, wherein determining expres-
sion of 14-3-3 zeta protein is measured by western blot
analysis.

12. The method of claim 10, wherein determining expres-
sion of 14-3-3 zeta protein is measured by immunohis-
tochemistry.

13. The method of claim 10, wherein determining expres-
sion of 14-3-3 zeta protein is measured by protein array.

14. The method of claim 8, wherein the method is a
method of diagnosing breast cancer, wherein the tissue test
sample is breast tissue.

15. The method of claim 8, wherein the method is a
method of diagnosing lung cancer, wherein the tissue test
sample is lung tissue.

16. The method of claim 8, wherein the method is a
method of diagnosing liver cancer, wherein the tissue test
sample is liver tissue.

17. The method of claim 8, wherein the method is a
method of diagnosing uterine cancer, wherein the tissue test
sample is uterine tissue.

18. The method of claim 8, wherein the method is a
method of diagnosing stomach cancer, wherein the tissue
test sample is stomach tissue.
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