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ABSTRACT

Methods and kits for diagnosis, prognosis and treatment of
metastatic tumors are provided where the metastatic tumor is
characterized by changes in expression of +++, ++and/or 11a
variants of Mena.
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A

B

++ nucleotide sequence

Human: TTCTATTTAGGG

Mouse: TTCTATTTAGGG

Invasive: TTCTATTTAGGG
SEQ ID NO:1

+++ nucleotide sequence
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++ inferred amino acid sequence

Human: FYLG

Mouse: FYLG

Invasive: FYLG
SEQID NO:2

Human: GCCCAGAGCAAGGTTACTGCTACCCAGGACAGCACTAATTTGCGATGTATTTTCTGT
Mouse: GCCCAGAGCAAGGTTACTGCTACGCAGGACAGCACTAATTTGCGATGTATTITICTGT
Invasive: GCCCAGAGCAAGGTTACTGCTACGCAGGACAGCACTAATTTGCGATGTATTTICTGT

SEQ ID NO:3

+++ inferred amino acid sequence

Human; AQSKVTATQDSTNLRCIFC

Mouse: AQSKVTATQDSTNLRCIFC

Invasive: AQSKVTATQDSTNLRCIFC
SEQ ID NO:4

FIGURE 4A-4B
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METASTASIS SPECIFIC SPLICE VARIANTS
OF MENA AND USES THEREOF IN
DIAGNOSIS, PROGNOSIS AND TREATMENT
OF TUMORS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation-in-part of and
claims priority of PCT International Patent Application No.
PCT/US2008/001343, filed Jan. 31, 2008, which designates
the United States of America and which claims the benefit of
U.S. Provisional Patent Application No. 60/899,303, filed
Feb. 2, 2007, the contents of which are incorporated by ref-
erence.

STATEMENT OF GOVERNMENT SUPPORT

[0002] This invention was made with government support
under grant number CA100324 awarded by the National Can-
cer [nstitute, U.S. Department of Health and Human Services.
The government has certain rights in the invention.

BACKGROUND OF THE INVENTION

[0003] Various publications are referred to in parentheses
throughout this application. Full citations for these references
may be found at the end of the specification immediately
preceding the claims. The disclosures of these publications
are hereby incorporated by reference in their entireties into
the subject application to more fully describe the art to which
the subject application pertains.

[0004] One out of three cancers diagnosed among U.S.
women is due to breast cancer; 212,920 new invasive breast
cancer cases and an additional 61,980 in situ breast cancer
cases are expected to be diagnosed in the U.S. in 2006.
Around 40,970 women are expected to die from breast cancer
in 2006 in the U.S. alone (American Cancer Society, Breast
Cancer Facts and Figures 2006). The metastasis of 10-15% of
patients with breast cancer is aggressive and can take between
3-10 years to be manifested after the initial diagnosis. Cur-
rently, the prognosis in 70% of patients cannot be accurately
determined resulting in the unnecessary treatment of many
patients who will not benefit and may be injured by radiation
and chemotherapy. The availability of an antibody and asso-
ciated polymerase chain reaction (PCR) primer pair that
uniquely and specifically identifies metastatic disease will
allow for accurate prediction of disease course and allow
appropriate treatment.

[0005] Invasion of tumor cells into surrounding tissue and
intravasation into blood and Iymphatic vessels is implicated
in the progression of metastatic breast cancer. This multi-step
process involves a number of phenotypic changes which
occur sequentially and give rise to a hyper-invasive cell
(Condeelis et al., 2005). In an effort to identify these indi-
vidual events and to understand the molecular events under-
lying these phenotypic changes, animal models have been
developed as well as a chemotaxis assay that isolates the in
vivo invasive cells from the average primary tumor cells
(APTC) (Wyckoff et al., 2000). Chemotaxis based isolation
of the invasive cells and subsequent gene expression analysis
have resulted in the identification of an invasion specific gene
expression signature in invasive cells (Wang et al., 2004). In
these studies a number of genes have been identified which
need to be co-ordinately up-regulated in the invasive cells in
order for invasion to lead to metastasis (Wang et al., 2006).
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[0006] Oneofthe key genes of the invasion signature is that
coding for the cytoskeletal protein Mena. Mena is a member
of the Ena/VASP family of proteins. These proteins are regu-
latory molecules which control cell movement, motility and
shape in a number of cell types and organisms. They are
proposed to function by preventing the actin filaments from
being capped by capping proteins at their barbed ends (Barzik
et al.,, 2005). The anti-capping activity of Mena has been
proposed to amplify the barbed end output of the cofilin and
Arp2/3 complex pathways, which is sufficient to increase
metastatic potential in mammary tumors (Wang et al., 2006).
Ena/VASP proteins are also constituents of the adherence
junctions necessary to seal membranes in the epithelial sheet
and control actin organization on cadherin adhesion contact
(Scott et al., 2006). This process is frequently perturbed in
cancer. Ena/VASP proteins contain specific domains includ-
ing the N-terminal EVH1 domain, which plays an essential
role in intracellular protein localization by interacting with
proline-rich motifs found in proteins such like zyxin and
vinculin (Prehoda et al., 1999). The proline-rich domain in
the center is known to mediate interaction with proteins hav-
ing the SH3 and WW domains and also with the actin mono-
mer binding protein profilin (Gertler et al., 1996). The C-ter-
minal domain of Mena contains an EVH2 domain that is
involved in tetramerization of the protein and also binding to
G- and F-actin (Kuhnel et al., 2004). The interaction of the
EVH2 domain with the growing ends of the actin filaments is
essential for targeting the Ena/VASP to lamellipodia and
filopodia (Loureiro et al., 2002). Mena is upregulated in
mouse and rat invasive breast cancer cells (Wang et al., 2004)
and overexpressed in human breast cancer tissues (Di
Modugno et al.,, 2004). Both mouse and human Mena
homologs have been cloned and sequenced, and a number of
splice variants have been identified (Gertler et al., 1996;
Urbanelli et al., 2006).

[0007] Recently it has been shown that splice variants can
work very efficiently as cancer biomarkers (Brinkman 2004,
Venables 2006). However, there remains a need to identify
splice variants that are upregulated specifically in metastatic
cancer cells, such as metastatic breast cancer cells.

SUMMARY OF THE INVENTION

[0008] The invention provides a method for determining
whether a subject has a metastatic tumor comprising assaying
ablood, tissue and/or tumor sample of the subject for expres-
sion of the ++ and/or +++ variant of Mena, wherein overex-
pression of the ++ and/or +++ variant of Mena indicates the
presence of a metastatic tumor.

[0009] The invention also provides a method for determin-
ing whether a subject has a metastatic tumor comprising
assaying a blood, tissue and/or tumor sample of the subject
for expression of the ++ and/or +++, and 1la variants of
Mena, wherein overexpression of the ++ and/or +++ variants
and decreased expression of the 1la variant of Mena,
together, indicates the presence of a metastatic tumor.

[0010] The invention provides a method for assessing the
efficacy oftherapy to treat a metastatic tumor in a subject who
has undergone or is undergoing treatment for a metastatic
tumor, the method comprising assaying a blood, tissue and/or
tumor sample of the subject for expression of the ++ and/or
+++ variant of Mena, wherein overexpression of the ++ and/
or +++ variant of Mena is indicative of a need to continue
therapy to treat the tumor.
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[0011] The invention also provides a method for assessing
the efficacy of therapy to treat a metastatic tumor in a subject
who has undergone or is undergoing treatment for a meta-
static tumor, the method comprising assaying a blood, tissue
and/or tumor sample of the subject for expression of the ++
and/or +++, and 11a variants of Mena, wherein overexpres-
sion of the ++ and/or +++ variants and decrease in expression
of 11a variant of Mena is indicative of a need to continue
therapy to treat the tumor.

[0012] The invention further provides a method for assess-
ing the prognosis of a subject who has a metastatic tumor,
comprising assaying a blood, tissue and/or tumor sample of
the subject for expression of the ++ and/or +++ variant of
Mena, wherein the subject’s prognosis improves with a
decrease in expression of the ++ and/or +++ variant of Mena.
[0013] The invention further also provides a method for
assessing the prognosis of a subject who has a metastatic
tumor, comprising assaying a blood, tissue and/or tumor
sample of the subject for expression of the ++ and/or +++, and
11a variants of Mena, wherein the subject’s prognosis
improves with a decrease in expression of the ++ and/or +++
variants of Mena, and an increase in the 11a variant of Mena.
[0014] The invention provides a method of inhibiting
metastasis of a tumor in a subject, the method comprising
reducing the presence or activity of the ++ isoform (SEQ ID
NO:2) and/or +++ isoform (SEQ ID NO:4) of Mena in the
subject and/or increasing the presence or activity of Mena 1 1a
(SEQ ID NO:24).

[0015] The invention provides a method for screening for a
candidate compound that inhibits metastasis of a tumor, the
method comprising contacting the compound with a cell line
or tissue culture that express the ++ isoform (SEQ ID NO:2)
and/or +++ isoform (SEQ ID NO:4) of Mena and/or Mena
11a (SEQ ID NO:24), wherein reduction in the expression of
the ++ and/or +++ isoform of Mena is indicative that the
compound is a candidate compound for inhibiting metastasis
of a tumor or wherein lack of reduction in the expression of
the ++ and/or +++ isoform of Mena is indicative that the
compound is not a candidate compound for inhibiting
metastasis of a tumor, and/or wherein increase in the expres-
sion of Mena 11a is indicative that the compound is a candi-
date compound for inhibiting metastasis of a tumor or
wherein lack of increase in the expression of Mena 11a is
indicative that the compound is not a candidate compound for
inhibiting metastasis of a tumor.

[0016] The invention provides a purified polypeptide,
where the polypeptide is overexpressed in a metastatic tumor,
and an isolated nucleic acid molecule encoding the polypep-
tide, where the polypeptide comprises the amino acid
sequence of the ++ isoform (SEQ ID NO:2) and/or +++
isoform (SEQ ID NO:4) of Mena.

[0017] The invention provides kits for detecting the pres-
ence or absence of a metastatic tumor, where the kits com-
prise an antibody, a peptide or an aptamer that specifically
binds to the ++ isoform (SEQ ID NO:2) or +++ isoform (SEQ
1D NO:4) of Mena or Mena 11a (SEQ ID NO:24) and/or a
probe or PCR primers that specifically hybridize to nucleic
acid encoding the ++ isoform (SEQ ID NO:2) or +++ isoform
(SEQ ID NO:4) of Mena or Mena 11a (SEQ ID NO:24).

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1A-1B. Quantification of Mena isoforms by
QRT-PCR in MTLn3 rat allograft model (A) and PyMT
mouse transgenic model (B). The expression of transcripts
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containing Mena++ and Mena+++ exons are upregulated
while those containing Mena 11a are downregulated specifi-
cally in the invasive tumor cell population as compared to the
APTC. The levels of transcript observed using pan Mena
primers (Mena), and ++ and +++ primers are increased while
that observed using 11a primers is greatly reduced in both
animal tumor models. *11a message was undetectable in the
PyMT mouse transgenic invasive tumor cells. The error bars
show standard errors of mean (SEM) performed on three
biological repeats and three technical repeats.

[0019] FIG. 2. Mena isoforms ++ and +++ are over-ex-
pressed in metastatic MTLn3 cells as determined by QRT-
PCR. The pan Mena primer shows a four fold over-expression
in the invasive cells. The ++ and +++ isoforms characteristic
of invasive tumor cells show over expression in the invasive
tumor cells, circulating tumor cells in blood and in tumor cells
growing as lung mets. The error bars show standard errors of
mean (SEM) performed on three biological repeats and three
technical repeats.

[0020] FIG. 3. Mena +++ splice variant is expressed in
human breast cancer cell lines. MDA231 shown on left and
T47D shown on right.

[0021] FIG. 4A-4B. Sequence alignment for ++ and +++
exons in invasive cells aligned with published mouse and
human sequences. The ++exon nucleotides (SEQ ID NO:1)
and their inferred amino acid sequence (SEQ 1D NO:2) are
aligned in A and the +++ exon nucleotides (SEQ ID NO:3)
and their inferred amino acid sequence (SEQ 1D NO:4) are
aligned in B.

[0022] FIG. 5. Strategy for primer design for each of the
Mena exons and Smart RACE.

[0023] FIG. 6. Effect of magnetic bead separation process
in the gene expression pattern of the invasive cells.

[0024] FIG. 7. Effect of needle containment in the gene
expression pattern of the invasive cells.

[0025] FIG. 8. Enhancement of tumor cell migration when
Mena 3+ is expressed. Area is a measure of cell migration.
wt=wild type.

[0026] FIG.9. Inhibition of metastatic tumor cell migration
when Mena is inhibited with mito, a molecule that redirects
Mena to the wrong place in the cell.

[0027] FIG. 10. QRT-PCR assessment of Mena splice vari-
ant expression in FNA samples from PyMT induced mouse
mammary tumors. Levels of Mena+++ and Mean 1la in
metastatic tumors (n=9) were compared to those found in
adenomas/MIN (n=9). The result is expressed as fold change.
Error bars show standard error of mean and p values indicate
results of Student T test.

[0028] FIG. 11. QRT-PCR assessment of Mena splice vari-
ant expression in FNA samples from human breast lesions.
Levels of Mena+++ and Mena 11a in 4 invasive ductal carci-
nomas (IDC) were compared to those found in a fibroad-
enoma (FA). The result is expressed as a fold change.

DETAILED DESCRIPTION OF THE INVENTION

[0029] The invention provides a method for determining
whether a subject has a metastatic tumor comprising assaying
ablood, tissue and/or tumor sample of the subject for expres-
sion of the ++ and/or +++ variant of Mena, wherein overex-
pression of the ++ and/or +++ variant of Mena indicates the
presence of a metastatic tumor.

[0030] The invention also provides a method for assessing
the efficacy of therapy to treat a metastatic tumor in a subject
who has undergone or is undergoing treatment for a meta-
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static tumor, the method comprising assaying a blood, tissue
and/or tumor sample of the subject for expression of the ++
and/or +++ variant of Mena, wherein overexpression of the
++ and/or +++ variant of Mena is indicative of a need to
continue therapy to treat the tumor.

[0031] The invention further provides a method for assess-
ing the prognosis of a subject who has a metastatic tumor,
comprising assaying a blood, tissue and/or tumor sample of
the subject for expression of the ++ and/or +++ variant of
Mena, wherein the subject’s prognosis improves with a
decrease in expression of the ++ and/or +++ variant of Mena.
[0032] In any of the methods, the expression of the ++
and/or +++ variant of Mena can be compared to expression of
Mena 1la, ie. Mena++/Menalla expression ratio or
Mena+++/Mena 11a expression ratio.

[0033] The method for determining whether a subject has a
metastatic tumor can comprise assaying a blood, tissue and/or
tumor sample of the subject for expression of the ++ and/or
++4+, and 1 la variants of Mena, wherein overexpression of the
++ and/or +++ variants and decreased expression of the 11a
variant of Mena, together, indicate the presence of a meta-
static tumor. The method for assessing the efficacy of therapy
to treat a metastatic tumor in a subject can comprise assaying
ablood, tissue and/or tumor sample of the subject for expres-
sion of the ++ and/or +++, and 11a variants of Mena, wherein
overexpression of the ++ and/or +++ variants and decreased
expression of the 11a variant of Mena is indicative of a need
to continue therapy to treat the tumor. The method for assess-
ing the prognosis of a subject who has a metastatic tumor can
comprise assaying a blood, tissue and/or tumor sample of the
subject for expression of the ++ and/or +++, and 11a variants
of Mena, wherein the subject’s prognosis improves with a
decrease in expression of the ++ and/or +++ variants of Mena
and an increase in expression of the 11a variant of Mena.
[0034] The tumor can be, for example, a secretory epithe-
lial tumor. The tumor can be, for example, a breast, pancreas,
prostate, colon, brain, liver, lung, head or neck tumor.
[0035] As used herein, changes in the expression of the ++,
+++ and 11a variants of Mena mean changes in expression
relative to their levels in normal tissue or relative to their
levels in in situ (non-metastatic) carcinomas. The expression
of the ++, +++ or 11a Mena variant can be normalized relative
to the expression of protein variants that are not changed in
expression in a metastatic tumor. Examples of proteins that
could be used as controls include those of the Ena/VASP
family that are unchanged in their expression in metastatic
cells, including the 140K and 80K isoforms of Mena, and
VASP. Other examples of proteins or genes that could be used
as controls include those listed as relatively unchanged in
expression in Condeelis et al. (2005). Such controls include
N-WASP, Racl, Pakl, and PKCalpha and beta. Preferred
controls include the 80K and 140K isoforms of Mena and
VASP.

[0036] Theexpressionofthe ++, +++ and/or 11a variants of
Mena may be detected in vitro or in vivo. The expression may
be detected at the level of the nucleic acid variant and/or at the
level of the protein isoform. Where expression is detected in
vitro, a sample of blood, tumor, tissue or cells from the subject
may be removed using standard procedures, including biopsy
and aspiration. Cells which are removed from the subject may
be analyzed using immunocytofluorometry (FACS analysis).
The expression of the ++, +++ and/or 11a variants of Mena
may be detected by detection methods readily determined
from the known art, including, without limitation, immuno-
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logical techniques such as Western blotting, hybridization
analysis, fluorescence imaging techniques, and/or radiation
detection.

[0037] The blood, tissue, cell or tumor sample can be
assayed using an agent that specifically binds to the ++ iso-
form (SEQ ID NO:2) or +++ isoform (SEQ ID NO:4) or 11a
(SEQ ID NO:24) (Table 1) of Mena. The agent that specifi-
cally binds to Mena ++, +++ or 11a can be, for example, an
antibody, a peptide or an aptamer. As used herein, the term
“antibody” encompasses whole antibodies and fragments of
whole antibodies wherein the fragments specifically bind to
Mena ++, +++ or 11a. Antibody fragments include, but are not
limited to, F(ab'), and Fab' fragments and single chain anti-
bodies. F(ab'), is an antigen binding fragment of an antibody
molecule with deleted crystallizable fragment (Fc) region and
preserved binding region. Fab' is 4 of the F(ab'), molecule
possessing only %4 of the binding region. The term antibody is
further meant to encompass polyclonal antibodies and mono-
clonal antibodies. Antibodies may be produced by techniques
well known to those skilled in the art. Polyclonal antibody, for
example, may be produced by immunizing a mouse, rabbit, or
rat with purified polypeptides encoded by the ++ and/or +++
variants of Mena. Monoclonal antibody may then be pro-
duced by removing the spleen from the immunized mouse,
and fusing the spleen cells with myeloma cells to form a
hybridoma which, when grown in culture, will produce a
monoclonal antibody. The antibody can be, e.g., any of an
IgA, IgD, IgE, IgG, or IgM antibody. The IgA antibody can
be, e.g., an IgA1 or an IgA2 antibody. The IgG antibody can
be, e.g., an IgG1, IgG2, I1gG2a, IgG2b, IgG3 or IgG4 anti-
body. A combination of any of these antibodies subtypes can
also be used. One consideration in selecting the type of anti-
body to be used is the size of the antibody. For example, the
size of 1gG is smaller than that of IgM allowing for greater
penetration of IgG into tissues. The antibody can be a human
antibody or a non-human antibody such as a goat antibody or
amouse antibody. Antibodies can be “humanized” using stan-
dard recombinant DNA techniques.

TABLE 1

Human Mena Sequences

Mena ++
FYLG (SEQ ID NO: 2)
ttctatttag gg (SEQ ID NO: 1)
Mena +++
AQSKVTATQD STNLRCIFC (SEQ ID NO: 4)

gcccagagca aggttactge tacccaggac (SEQ ID NO: 3)
agcactaatt tgcgatgtat tttctgt

Mena lla

RDSPRKNQIV FDNRSYDSLH R (SEQ ID NO: 24)
acgggattet ccaaggaaaa atcagattgt (SEQ ID NO: 25)
ttttgacaac aggtcctatg attcattaca

cag

[0038] Aptamers are single stranded oligonucleotides or
oligonucleotide analogs that bind to a particular target mol-
ecule, such as a protein. Thus, aptamers are the oligonucle-
otide analogy to antibodies. However, aptamers are smaller
than antibodies. Their binding is highly dependent on the
secondary structure formed by the aptamer oligonucleotide.
Both RNA and single stranded DNA (or analog) aptamers can
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be used. Aptamers that bind to virtually any particular target
can be selected using an iterative process called SELEX,
which stands for Systematic Evolution of Ligands by EXpo-
nential enrichment.

[0039] Theagent that specifically binds to Mena ++, +++ or
11a may be labeled with a detectable marker. Labeling may
be accomplished using one of a variety of labeling tech-
niques, including peroxidase, chemiluminescent, and/or
radioactive labels known in the art. The detectable marker
may be, for example, a nonradioactive or fluorescent marker,
such as biotin, fluorescein (FITC), acridine, cholesterol, or
carboxy-X-rhodamine, which can be detected using fluores-
cence and other imaging techniques readily known in the art.
Alternatively, the detectable marker may be a radioactive
marker, including, for example, a radioisotope. The radioiso-
tope may be any isotope that emits detectable radiation, such
as, for example, >°S, **P, or *H. Radioactivity emitted by the
radioisotope can be detected by techniques well known in the
art. For example, gamma emission from the radioisotope may
be detected using gamma imaging techniques, particularly
scintigraphic imaging.

[0040] The expression of Mena ++, +++ or 11a in a subject
may be detected through hybridization analysis of nucleic
acid extracted from a blood, tumor, tissue or cell sample from
the subject using one or more nucleic acid probes which
specifically hybridize to nucleic acid encoding Mena ++, +++
or 11a. The nucleic acid encoding the ++isoform of Mena can
have the nucleotide sequence set forth in SEQ ID NO:1. The
nucleic acid encoding the +++ isoform of Mena can have the
nucleotide sequence set forth in SEQ ID NO:3. The nucleic
acid encoding Mena 11a can have the nucleotide sequence set
forth in SEQ IDNO:25. The nucleic acid probes may be DNA
or RNA, and may vary in length from about 8 nucleotides to
the entire length of the ++ or +++ nucleic acid variant of
Mena. Hybridization techniques are well known in the art, see
e.g. Sambrook and Russell (2001). The probes may be pre-
pared by a variety of techniques known to those skilled in the
art, including, without limitation, restriction enzyme diges-
tion of Mena nucleic acid; and automated synthesis of oligo-
nucleotides whose sequernce corresponds to selected portions
of the nucleotide sequence of the Mena nucleic acid, using
commercially-available oligonucleotide synthesizers, such
as the Applied Biosystems Model 392 DNA/RNA synthe-
sizer. Combinations of two or more nucleic acid probes, cor-
responding to different or overlapping regions of nucleic acid
encoding Mena ++, +++ or 1la may be used to assay a
diagnostic sample for expression of Mena ++, +++ or 11a.

[0041] The nucleic acid probes may be labeled with one or
more detectable markers. Labeling of the nucleic acid probes
may be accomplished using a number of methods known in
the art (e.g., nick translation, end labeling, fill-inend labeling,
polynucleotide kinase exchange reaction, random priming, or
SP6 polymerase) with a variety of labels (e.g., radioactive
labels, such as >S, >2P, or *H, or nonradioactive labels, such
as biotin, fluorescein (FITC), acridine, cholesterol, or car-
boxy-X-rhodamine (ROX)).

[0042] The sample can be assayed using PCR primers that
specifically hybridize to nucleic acid encoding the ++isoform
(SEQ ID NO:2) or +++ isoform (SEQ ID NO:4) of Mena or
Mena 11a (SEQID NO:24). The nucleic acid encoding the ++
isoform of Mena can have the nucleotide sequence set forth in
SEQ ID NO:1. The nucleic acid encoding the +++ isoform of
Mena can have the nucleotide sequence set forth in SEQ ID
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NO:3. The nucleic acid encoding Mena 11a can have the
nucleotide sequence set forth in SEQ ID NO:25.

[0043] The sample can be assayed for the ++variant of
Mena, for the +++ variant of Mena, or for both the ++variant
and the +++ variant of Mena.

[0044] In addition, or alternatively, other splice variants of
Mena may be overexpressed during metastasis of some
tumors.

[0045] Overexpression of the ++ and/or +++ variant of
Mena can occur in combination with overexpression of one or
more of, for example, Arp 2/3 complex subunit p21, Arp 2/3
complex subunit p16, actinin alpha 3, capping protein alpha
1, epidermal growth factor receptor (EGFR), WAVE 3, actin
gamma, [IM-kinase 1, cofilin 1, Rock 1, RhoA or protein
kinase Cz. The detection of the expression of these genes has
been described (e.g., Kamai et al., 2003; Otsubo et al., 2004;
Wang et al., 2004).

[0046] The invention still further provides methods of
inhibiting metastasis of a tumor in a subject, the method
comprising reducing the presence or activity of the ++ iso-
form (SEQ ID NO:2) and/or +++ isoform (SEQ ID NO:4) of
Mena in the subject. The method can also include increasing
the presence or activity of Mena 11a (SEQ ID NQO:24) in the
subject. The method can involve intervention at the level of
DNA, RNA, and/or protein. For example, the presence or
activity of the isoform can be reduced by addition of an
antisense molecule, a ribozyme, or an RNA interference
(RNAi) molecule to the tumor, where the antisense molecule,
ribozyme or RNAi molecule specifically inhibits expression
of the isoform. The antisense molecule, ribozyme, or RNAi
molecule can be comprised of nucleic acid (e.g., DNA or
RNA) or nucleic acid mimetics (e.g., phosphorothionate
mimetics) as are known in the art. Methods for treating tissue
with these compositions are also known in the art. The anti-
sense molecule, ribozyme or RNAi molecule can be added
directly to the cancerous tissue in a pharmaceutical compo-
sition that preferably comprises an excipient that enhances
penetration of the antisense molecule, ribozyme or RNAi
molecule into the cells of the tissue. The antisense molecule,
ribozyme or RNAI can be expressed from a vector that is
transfected into the cancerous tissue. Such vectors are known
in the art.

[0047] The presence or activity of the isoform can be
reduced by addition of an antibody or aptamer to the tissue,
wherein the antibody or aptamer specifically binds to and
reduces the activity of the isoform in the tissue. The antibody
or aptamer can be added directly to the tissue, preferably in a
pharmaceutical composition comprising an agent that
enhances penetration of the antibody or aptamer into the
tissue. The antibody or aptamer can be encoded on a vector
that is used to transfect the cancerous tissue.

[0048] The invention also provides methods for screening
for a candidate compound that inhibits metastasis of a tumor,
where the method comprises contacting the compound with a
cell line or tissue culture that express the ++ isoform (SEQ ID
NO:2) and/or +++ isoform (SEQ ID NO:4) of Mena and/or
Mena 11a (SEQ ID NO:24), wherein reduction in the expres-
sion of the ++ and/or +++ isoform is indicative that the com-
pound is a candidate compound for inhibiting metastasis of a
tumor or wherein lack of reduction in the expression of the ++
and/or +++ isoform of Mena is indicative that the compound
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is not a candidate compound for inhibiting metastasis of a
tumor, and/or wherein increase in the expression of Mena 11a
is indicative that the compound is a candidate compound for
inhibiting metastasis of a tumor or wherein lack of increase in
the expression of Mena 11ais indicative that the compound is
not a candidate compound for inhibiting metastasis of a
tumor.

[0049] The invention provides a purified polypeptide,
where the polypeptide is overexpressed in a metastatic tumor,
the polypeptide comprising the amino acid sequence of the ++
isoform (SEQ ID NO:2) and/or +++ isoform (SEQ ID NO:4)
of Mena. The invention also provides isolated nucleic acids
encoding these polypeptides. The isolated nucleic acid can be
DNA or RNA. The nucleic acid can comprise the nucleotide
sequence for ++ variant (SEQ ID NO: 1) and/or +++ variant
(SEQ ID NO:3) of Mena.

[0050] Laboratory tests of patient biopsy tissue using stan-
dard protocols for detection of the expression of nucleic acid
variants or protein isoforms can be performed in conventional
pathology labs. The invention provides kits for these tests.
Kits of the present invention for detecting the presence or
absence of a metastatic tumor can contain an antibody, a
peptide or an aptamer that specifically binds to the ++ isoform
(SEQ ID NO:2) or +++ isoform (SEQ ID NO:4) of Mena or
Mena 11a (SEQ ID NO:24). Alternatively, or in addition, the
kits can contain a probe or PCR primers that specifically
hybridize to nucleic acid encoding the ++isoform (SEQ 1D
NO:2) or +++ isoform (SEQ ID NQO:4) of Mena or Mena 11a
(SEQ ID NO:24). The nucleic acid encoding the ++ isoform
of Mena can have the nucleotide sequence set forthin SEQ ID
NO:1. The nucleic acid encoding the +++ isoform of Mena
can have the nucleotide sequence set forth in SEQ ID NO:3.
The nucleic acid encoding Mena 1 1a can have the nucleotide
sequence set forth in SEQ ID NO:25. The kits can include
agents for detecting two of, or all of, Mena++, Mena+++ and
Mena 11a.

[0051] The present invention is illustrated in the following
Experimental Details section, which is set forth to aid in the
understanding of the invention, and should not be construed
to limit in any way the scope of the invention as defined in the
claims that follow thereafter.

Experimental Details

Materials and Methods

[0052] Isolation of Invasive Tumor Cells by in vivo Inva-
sion Assay and Fluorescence-Activated Cell Sorting of Pri-
mary Tumor Cells. MTLn3-derived mammary tumors in rats
(Wang et al., 2004), the PyMT driven mouse breast cancer
transgenic model, and the in vivo invasion assay were used as
described previously (Wang etal., 2004; Wyckoff et al., 2000)
to study the gene expression pattern of invasive subpopula-
tions of carcinoma cells within live primary tumors. The in
vivo invasion assay uses microneedles filled with Matrigel
and growth factors to collect invasive tumor cells from pri-
mary tumors. Microneedles are held in a clamping device and
positioned in the primary tumor with a micromanipulator.
One tenth of the volume from each needle was used to deter-
mine the number of cells collected. Collected cells were a
mixture of carcinoma cells (75%) and macrophages (25%).
From the remaining 9/10 volume from the microneedle, mac-
rophages were removed by magnetic separation using CD11b
beads (Mitenyl Biotech, USA), and RNA was extracted from
purified carcinoma cells as described before (Wang et al.,
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2004). To isolate the average primary tumor cells (APTCs), a
small piece of tumor was separated from the whole tumor,
minced, and filtered twice through a nylon filter to obtain a
single cell suspension. To isolate the tumor cells from blood,
right auricular puncture was performed in anesthetized ani-
mals; red blood cells were lysed using ammonium chloride
lysis buffer. To purify cancer cells from the lung metastasis, a
portion of the lung was minced, and filtered twice through a
nylon filter to obtain a single cell suspension. Fluorescence-
activated cell sorting (FACS) was performed on the resulting
single cell suspensions based on their green fluorescent pro-
tein (GFP) expression in tumor cells. GFP-positive tumor
cells were collected into a tube and lysed directly for RNA
extraction. All of the procedures were done on ice or at 4° C.

[0053] Controls for Invasion Specific Gene Expression Pat-
tern. To detect microneedle-sampling effects on gene expres-
sion, cell lines used to prepare tumors and tumor cells FACs
sorted from primary tumors were subjected to microneedle
collection, matrigel, and epidermal growth factor (EGF). The
gene patterns resulting from these stimuli were not related to
the invasion signature shown previously (Wang et al., 2004)
as the genes regulated by EGF and matrigel were removed
from the final analysis. The effect of needle containment of
the invasive cells after they enter the microneedle was ana-
lyzed and the data is presented in FIG. 6. Finally, concerning
the effect of using antibody beads directed against invasive
cells to separate cell types, the expression of genes related to
the invasion signature of tumor cells is unaffected as shown in
FIG. 7 and as discussed in the results and discussion section.
Thus, only the environment within the primary tumor gener-
ates the pattern of gene expression of invasive cells.

[0054] Cell lines and Cell Culture. MTLn3 rat adenocarci-
noma, and human breast cancer cell lines MDA-231 and
T47D were procured from the American Type Culture Col-
lection (ATCC), Manassas, Va. The culture conditions for
MTLn3 werealpha MEM with 5% FBS. MDA-231 and T47D
were grown in Dulbecco/Vogt Modified Eagle’s Minimal
Hssential Medium (DMEM) with 10% fetal bovine serum
(FBS), insulin and Selenium.

[0055] RT-PCR and QRT-PCR. Real time-polymerase
chain reaction (RT-PCR) and quantitative real-time PCR
(QRT-PCR) were performed using primers mentioned in
Table 2. QRT-PCR was performed using SyBr Greenkit, ABI
9700 sequence detector, and data analysis was performed
using ABI Prism 2.0 software (Applied Biosystems Foster
City, Calif). A strategy for the primer sequence design is
given in FIG. 5.

[0056] RACE, Cloning and Sequencing. Both 3' and 5
RACE were performed using Invitrogen RACE ready cDNA
kit (sequences given in Table 2 and the RACE primer design
strategy is given in FIG. 5) and cloned using Invitrogen TOPO
TA cloning kit, following manufacturer’s protocol. Briefly
PCR was performed using two internal primers for the ++ and
+++ sequences (Table 2) and an oligo dT primer for the 5'and
poly G primer for the 3' ends. The PCR products were eluted
form the gel and cloned into pCR-TOPO vector. The ligated
vector was transformed into chemically competent cells; the
selected clones were sequenced using MI13 primers.
Sequence alignment was performed using DNASTAR soft-
ware.
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TABLE 2

Primer Sequences

Mena primer sequences

1. AGAGGATGCCAATGTCTTCG (SEQ ID NO: 5)
2. TGTCTAGGCAATGTTGGCC (SEQ ID NO: 6)
3. GATTCAAGACCATCAGGTTGTG (SEQ ID NO: 7)

(Forward primer for ++ and
+4++)

4. CAATGTTGGCCCTAAATAGAA (SEQ ID NO: 8)
(++ specific reverse
primer)

d4. TTCTATTTAGGGCCAACATTG (SEQ ID NO: 9)

(++ specific forward
primer for RACE)

5. TACATCGCAAATTAGTGCTGTC (SEQ ID NO: 10)
(+++ specific reverse
primer)

ds. GACAGCACTAATTTGCGATGT (SEQ ID NO: 11)

(+++ specific forward
primer for RACE)

6. CCAACCAGAAAACCTTGGG (SEQ ID NO: 12)
(external forward primer
for 1la)
7. TGCTTCAGCCTCTCATAGTCA (SEQ ID NO: 13)
(external forward primer
for 1la)
8. GAGCGAGAGAGGCAGAG (SEQ ID NO: 14)
9. GCTCGGAAGCAGAGGAGTCT (SEQ ID NO: 15)
10. TTCTCCTTGGAGAATCCCG (SEQ ID NO: 23)

Pan Mena Primer

Forward: CGGCAGTAAGTCACCTGTCA (SEQ ID NO: 16)
Reverse: CTTCAGCTTTGCCAGCTCTT (SEQ ID NO: 17)

Smart Primers

SMART II ™ A Oligonucleotide for RACE

AAGCAGTGGTATCAACGCAGAGTACGCGGG (SEQ ID NO: 18)

3'-RACE CDS Primer A (SMART I) for RACE

AAGCAGTGGTATCAACGCAGAGTACT (T) (SEQ ID NO: 19)

30V N

(N=24, C, G, ox T; V=24, G, or

C)

5'-RACE CDS Primer A (T) 25V N (SEQ ID NO: 20)

(N=A, C, G or T, V=2, G, or

C)

Long : CTAATACGACTCACTATAGGGCAAGC (SEQ ID NO: 21)
AGTGGTATCAACGCAGAGT

Short: CTAATACGACTCACTATAGGGC (SEQ ID NO: 22)

Results and Discussion

[0057] Specific isoforms of Mena that are upregulated or
downregulated in invasive breast cancer cells have been iden-
tified. Different models were utilized including the MTLn3
rat adenocarcinoma allograft model, the PyMT mouse trans-
genic breast cancer model and a number of human breast
cancer cell lines. Mena expression is upregulated 3-4 fold in
invasive primary breast cancer cells (Wang et al., 2004). Con-
trols done to determine the effects of manipulations used to
collect invasive tumor cells from the primary mammary
tumor demonstrate that the expression of the invasion isoform
of Mena is not induced by cell collection. Only the tumour
microenvironment induces the expression of these isoforms.
In this study the stability of this overexpression was deter-
mined, i.e. the invasive cells collected by in vivo invasion
assay showed a 3-4 fold upregulation in Mena expression
when compared to APTCs. Therefore, the cells were followed
and separated from the blood and from the lung met. Using
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the MTLn3 and mouse PyMT transgenic models, the invasive
cells were collected and separated by in vivo invasion assay,
and the APTCs by FACS sorting.

[0058] RT-PCR analysis showed that amplicons containing
the Mena++ and Mena+++ exons were upregulated while
amplicons containing Mena 11a were downregulated specifi-
cally in the invasive tumor cell population as compared to the
APTC. QRT-PCR studies confirmed the RT-PCR finding and
showed upregulation ofboth ++ and +++ exons and the down-
regulation of the 11a exon specifically in the invasive tumor
cells isolated from both mammary tumor models, MTLn3
(FIG. 1A) and mouse PyMT model (FIG. 1B). An amplicon
specific for the + exon was also detected in APTC and inva-
sive tumor cells. Similar levels of a splice variant that did not
contain either the ++ or the +++ was detected in both invasive
tumor cells and APTC. This indicates that the increased
expression of pan Mena are mainly due to the splice variants
++ and +++.

[0059] FIG. 2 shows that the ++ and +++ splice variant of
Mena message remains up-regulated in the cells that have
intravasated into blood and the cells that have formed suc-
cessful metastases (mets) in the lung. This indicates that the
change in expression level is due to a stable genetic change in
the metastatic cells. The 11a splice variant was not detected in
the lung metastasis indicating at least an eight fold down
regulation.

[0060] The results of the RT-PCR and QRT-PCR showed
that both the ++ and +++ exons are up-regulated in the inva-
sive cells. However, it was unclear if the exons are present in
a single transcript or on separate transcripts. To address this
question, ++ and +++ bearing transcripts from the invasive
PyMT mouse transgenic tumors were cloned and sequenced.
RACE analysis was selected in order to identify transcripts
that contained the ++ and +++ exons. The results provide a
consensus sequence from at least 10 clones for each tran-
script. The results show a 100% match with the published
mouse sequences and demonstrated that the ++ and +++
exons are in separate transcripts. The alignments for the ++
and +++ sequences are shown in FIG. 4.

[0061] FIGS. 6 and 7 show that both the 2+ and 3+ variants
remain elevated at the mRNA level in tumor cells circulating
in the blood, thus making possible a blood assay for these
variants. PCR, nucleic acid probes and/or antibody staining
can thus be used to diagnose metastatic disease using a blood
sample.

[0062] FIG. 8 shows enhancement of tumor cell migration
when Mena 3+ is expressed. Importantly, as shown in FIG. 9,
inhibition of metastatic tumor cell migration occurs when
Mena is inhibited, in this case using mito, a molecule that
redirects Mena to the wrong place in the cell. This result
establishes that inhibition of Mena function inhibits migra-
tion of metastatic cells and therefore is a good strategy for
inhibiting metastasis.

[0063] Fine Needle Aspiration (FNA) biopsies were per-
formed on 18 mice with PyMT induced mammary tumors
ranging in age from 10to 26 weeks. Nine animals had 2-3 mm
tumors at the stage of adenoma/MIN without any signs of
invasion, and 9 mice had 1-2 ¢cm invasive carcinomas with
histologically confirmed lung metastasis. FNA obtained
material was snap frozen in liquid nitrogen and stored at
-163°C. prior to QRT-PCR analysis. Good quality RNA was
isolated from all 18 samples with amount ranging from 0.5-2
pg. Tumors were grouped according to the stage into: 1) early
tumors (adenomas/MIN) and 2) late tumors (invasive meta-
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static carcinomas). The difference in Mena isoform expres-
sion is shown as a fold change in invasive metastatic carcino-
mas compared to adenomas/MINs (FIG. 10). A 7.5 fold
increase in Mena+++ expression was observed in metastatic
carcinomas when compared with adenomas/MINs. Expres-
sion of Mena 11a decreased to 30% in invasive lesions.

[0064] Tissue was also obtained by FNA biopsy for QRT-
PCR analysis of Mena+++ and Mena 11a isoforms for 4
invasive ductal carcinomas (IDC) of the breast and one
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Mena 2+ and 3+ are invasion isoforms, predicts that the same
morphogenetic strategy is used for normal organ morphogen-
esis and tumor metastasis. This suggests that Mena 2+ and 3+
will be useful targets for the diagnosis and therapy of all
common adenocarcinomas in adult humans. In particular, the
invention described herein will be applicable to tumors such
as breast, prostate, pancreas, colon, brain, liver, lung, and
head and neck tumors.

TABLE 3
Clinical and demographical patient data
PATIENT ID

Clinical and
Pathological
Parameters 4109 5609 41609 42409 52009
Diagnosis FA* IDC** IDC** IDC** IDC**
Grade NA##* 6/9 9/9 8/9 8/9
Size 40x33x15 25x20x17 15x14x1.1 S51x16x12 1.7x1.6x1.2
ER NA + - + -
PR NA + - + -
Her2 NA 1-2+ - - 2+
Lymph Node NA 10/21 0/5 Micrometastases NYE###%
Metastasis (>2 mm)
Age 20 59 ! 72 75
Mena+++ NA 0.3 3.39 34.84 10.99
Fold Change
RNA (ug) 238 44 1.2 3.76 34
*Fibroadenoma
**Invasive Ductal Carcinoma;
*#*¥Not Applicable;
*##4Not yet Examined

fibroadenoma (FA). IDC carcinomas were classified accord- REFERENCES

ing to the Bloom Richardson scale as follows: 1 moderately ) )

and 3 poorly differentiated. The clinical and demographical [0067] Barzik M, Kotova T I, Higgs H N et al. Ena/VASP

data including patients’ age tumor size, lymph node status,
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of metastatic cells and therefore the potential of metastatic
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[0066] All human adenocarcinomas are derived from epi-
thelial organs that may share a common morphogenetic strat-
egy at the molecular level (Condeelis and Pollard, 2006;
Wang et al., 2004, 2005). The invasion signature, of which
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280(31):28653-62.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 25

<210> SEQ ID NO 1
<211> LENGTH: 12
<212> TYPE: DNA

<213> ORGANISM: Human

<400> SEQUENCE: 1
ttetatttag gg

<210> SEQ ID NO 2
<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Human
<400> SEQUENCE: 2

Phe Tyr Leu Gly

1

<210> SEQ ID NO 3
<211> LENGTH: 57
<212> TYPE: DNA

<213> ORGANISM: Human

<400> SEQUENCE: 3

12

geccagagea aggttactge tacccaggac agcactaatt tgegatgtat tttetgt 57

<210> SEQ ID NO 4
<211> LENGTH: 19
<212> TYPE: PRT

<213> ORGANISM: Human

<400> SEQUENCE: 4

Ala Gln Ser Lys Val Thr Ala Thr Gln Asp Ser Thr Asn Leu Arg Cys

1 5 10

Ile Phe Cys

15
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-continued

<210> SEQ ID NO 5

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 5

agaggatgcc aatgtctteg 20

<210> SEQ ID NO 6

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 6

tgtctaggca atgttggcce 19

<210> SEQ ID NO 7

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Forward primer for Mena ++ and +++

<400> SEQUENCE: 7

gattcaagac catcaggttyg tg 22

<210> SEQ ID NO 8

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Mena ++ specific reverse primer

<400> SEQUENCE: 8

caatgttgge cctaaataga a 21

<210> SEQ ID NO 9

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Mena ++ specific forward primer for RACE

<400> SEQUENCE: 9

ttctatttag ggccaacatt g 21

<210> SEQ ID NO 10

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Mena +++ specific reverse primer

<400> SEQUENCE: 10

tacatcgcaa attagtgetg te 22
<210> SEQ ID NO 11

<211> LENGTH: 21

«<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence



US 2010/0047240 A1 Feb. 25,2010
10

-continued

<220> FEATURE:
<223> OTHER INFORMATION: Mena +++ specific forward primer for RACE

<400> SEQUENCE: 11

gacagcacta atttgcgatg t 21

<210> SEQ ID NO 12

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: External forward primer for Mena 1la

<400> SEQUENCE: 12

ccaaccagaa aaccttggg 19

<210> SEQ ID NO 13

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: External reverse primer for Mena lla

<400> SEQUENCE: 13

tgetteagee tetcatagte a 21

<210> SEQ ID NO 14

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 14

gagcgagaga ggcagag 17

<210> SEQ ID NO 15

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 15

gecteggaage agaggagtcet 20

<210> SEQ ID NO 16

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Pan Mena forward primer

<400> SEQUENCE: 16

cggcagtaag tcacctgtea 20

«<210> SEQ ID NO 17

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

«<220> FEATURE:

<223> OTHER INFORMATION: Pan Mena reverse primer

«<400> SEQUENCE: 17
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-continued
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cttcagettt gccagetett

<210> SEQ ID NO 18

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: SMART Primer II for RACE

<400> SEQUENCE: 18

aagcagtggt atcaacgcag agtacgcggyg

<210> SEQ ID NO 19

<211> LENGTH: 57

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: SMART Primer I for RACE
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (57)..(57)

<223> OTHER INFORMATION: n is a, ¢, t or g

<400> SEQUENCE: 19

aagcagtggt atcaacgcag agtact n

<210> SEQ ID NO 20

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: 5'-RACE CDS Primer
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (28)..(28)

<223> OTHER INFORMATION: n is a, ¢, g or t

<400> SEQUENCE: 20

at n

<210> SEQ ID NO 21

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 21

ctaatacgac tcactatagyg gcaagcagtyg gtatcaacge agagt

<210> SEQ ID NO 22

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 22
ctaatacgac tcactatagg ge
«<210> SEQ ID NO 23

<211> LENGTH: 19

«<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence

20

30

57

28

45

22
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<220> FEATURE:

<223> OTHER INFORMATION: lla specific reverse primer

<400> SEQUENCE: 23
ttctecttgg agaatccecyg
<210> SEQ ID NO 24
<211> LENGTH: 21
<212> TYPE: PRT

<213> ORGANISM: human

<400> SEQUENCE: 24

19

Arg Asp Ser Pro Arg Lys Asn Gln Ile Val Phe Asp Asn Arg Ser Tyr

1 5 10

Asp Ser Leu His Arg
20

<210> SEQ ID NO 25
<211> LENGTH: 63
<212> TYPE: DNA
<213> ORGANISM: human

<400> SEQUENCE: 25

15

acgggattet ccaaggaaaa atcagattygt ttttgacaac aggtectatyg attcattaca 60

cag

63

1. A method for determining whether a subject has a meta-
static tumor comprising assaying a blood, tissue and/or tumor
sample of the subject for expression of the ++ and/or +++
variant of Mena, wherein overexpression of the ++ and/or
+++ variant of Mena indicates the presence of a metastatic
tumor.

2. A method for assessing the efficacy of therapy to treat a
metastatic tumor in a subject who has undergone or is under-
going treatment for a metastatic tumor, the method compris-
ing assaying a blood, tissue and/or tumor sample of the sub-
ject for expression of the ++ and/or +++ variant of Mena,
wherein overexpression of the ++ and/or +++ variant of Mena
is indicative of a need to continue therapy to treat the tumor.

3. A method for assessing the prognosis of a subject who
has a metastatic tumor, comprising assaying a blood, tissue
and/or tumor sample of the subject for expression of the ++
and/or +++ variant of Mena, wherein the subject’s prognosis
improves with a decrease in expression of the ++ and/or +++
variant of Mena.

4. The method of claim 1, wherein the tumor is a secretory
epithelial tumor.

5. The method of claim 1, wherein the tumor is a breast,
pancreas, prostate, colon, brain, liver, lung, head or neck
tumor.

6. (canceled)
7. The method of claim 1, wherein the sample is assayed

using an agent that specifically binds to the ++ isoform (SEQ
1D NO:2) or +++ isoform (SEQ ID NO:4) of Mena.

8. The method of claim 7, wherein the agent is an antibody,
a peptide or an aptamer.

9. The method of claim 7, wherein the agent is labeled with
a detectable marker.

10. The method of claim 1, wherein the sample is assayed
using at least one nucleic acid probe that specifically hybrid-
izes to nucleic acid encoding the ++ isoform of Mena or the
+++ isoform of Mena, wherein the ++ isoform of Mena has
the amino acid sequence set forth in SEQ ID NO:2 and the
+++ isoform of Mena has the amino acid sequence set forth in
SEQ ID NO:4, and/or wherein the sample is assayed using
PCR primers that specifically hybridize to nucleic acid
encoding the ++ isoform of Mena or the +++ isoform of
Mena, wherein the ++ isoform of Mena has the amino acid
sequence set forth in SEQ ID NO:2 and the +++ isoform of
Mena has the amino acid sequence set forth in SEQ ID NO:4.

11. The method of claim 10, wherein the nucleic acid probe
is DNA or RNA.

12. The method of claim 10, wherein the nucleic acid probe
is labeled with a detectable marker.

13. (canceled)

14. The method of claim 10 wherein the nucleic acid
encoding the ++ isoform of Mena has the nucleotide sequence
set forth in SEQ ID NO:1.

15. The method of claim 10 wherein the nucleic acid
encoding the +++ isoform of Mena has the nucleotide
sequence set forth in SEQ ID NO:3.

16. The method of claim 1, wherein the sample is assayed
for the ++ variant of Mena.

17. The method of claim 1, wherein the sample is assayed
for the +++ variant of Mena.

18. The method of claim 1, wherein the sample is assayed
for both the ++ variant and the +++ variant of Mena.

19. The method of claim 1, wherein overexpression of the
++ and/or +++ variant of Mena occurs in combination with
overexpression of one or more of Arp 2/3 complex subunit
p21, Arp 2/3 complex subunit p16, actinin alpha 3, capping
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protein alpha 1, epidermal growth factor receptor (EGFR),
WAVE 3, actin gamma, LIM-kinase 1, cofilin 1, Rock 1,
RhoA or protein kinase Cz.

20. A method of inhibiting metastasis of a tumor in a
subject, the method comprising reducing the presence or
activity of the ++ isoform (SEQ ID NO:2) and/or +++ isoform
(SEQ ID NO:4) of Mena in the subject.

21-25. (canceled)

26. A method for screening for a candidate compound that
inhibits metastasis of a tumor, the method comprising con-
tacting the compound with a cell line or tissue culture that
express the ++ isoform (SEQ ID NO:2) and/or +++ isoform
(SEQ ID NO:4) of Mena, wherein reduction in the expression
of the ++ and/or +++ isoform of Mena is indicative that the
compound is a candidate compound for inhibiting metastasis
of a tumor or wherein lack of reduction in the expression of
the ++ and/or +++ isoform of Mena is indicative that the
compound is not a candidate compound for inhibiting
metastasis of a tumor.

27-29. (canceled)

30. A purified polypeptide, where the polypeptide is over-
expressed in a metastatic tumor, the purified polypeptide
comprising the amino acid sequence of the ++ isoform (SEQ
ID NO:2) and/or +++ isoform (SEQ ID NO:4) of Mena.

31-33. (canceled)

34. A kit for detecting the presence or absence of a meta-
static tumor, the kit comprising an antibody, a peptide or an
aptamer that specifically binds to the ++ isoform (SEQ ID
NO:2) or +++ isoform (SEQ ID NO:4) of Mena or Mena 11a

Feb. 25,2010

(SEQID NO:24) and/or a probe or PCR primers that specifi-
cally hybridize to nucleic acid encoding the ++ isoform (SEQ
ID NO:2) or +++ 1soform (SEQ ID NO:4) of Mena or Mena
11a (SEQ ID NO:24).

35-38. (canceled)

39. The method of claim 1, wherein expression of the ++
and/or +++ variant of Mena is compared to expression of
Mena 11a.

40. The method of claim 1, comprising assaying a blood,
tissue and/or tumor sample of the subject for expression of the
++ and/or +++ and 11a variants of Mena, wherein overex-
pression of the ++ and/or +++ variants and decreased expres-
sion of the 11a variant of Mena, together, indicate the pres-
ence of a metastatic tumor.

41-42. (canceled)

43. The method of claim 40, wherein the sample is assayed
using an agent that specifically binds to Mena 11a (SEQ ID
NO:24).

44. The method of claim 40, wherein the sample is assayed
using at least one nucleic acid probe that specifically hybrid-
izes to nucleic acid encoding Mena 11a or using PCR primers
that specifically hybridize to nucleic acid encoding Mena 11a,
wherein Mena 11a has the amino acid sequence set forth in
SEQ ID NO:24.

45. The method of claim 44, wherein the nucleic acid
encoding Mena 11a has the nucleotide sequence set forth in
SEQ ID NO:25.

46-49. (canceled)
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