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ABSTRACT

Method and kits are provided for the detection and diagnosis
of metastatic disease. More particularly, the methods and
kits employ compounds that can detect EphA2, a specific
epithelial cell tyrosine kinase that is overexpressed in meta-
static tumor cells. In one embodiment the compound is an
antibody capable of binding to an epitope of EphA2.
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ANTIBODIES AS A CANCER DIAGNOSTIC

RELATED APPLICATIONS

[0001] This application claims priority under 35 U.S.C. §
119(e) to U.S. Provisional Application No. 60/149,259, filed
Aug. 17, 1999, which is expressly incorporated by reference
herein.

FIELD OF THE INVENTION

[0002] The present invention relates to diagnosis of meta-
static disease. More particularly, this invention relates to
reagents that can detect a specific epithelial cell tyrosine
kinase that is overexpressed in metastatic tumor cells. Most
particularly, this invention relates to reagents which bond to
an intracellular epitope of the epithelial cell tyrosine kinase,
and the use of these reagents for cancer diagnosis.

BACKGROUND AND SUMMARY OF THE
INVENTION

[0003] Cancer cell metastasis requires cellular capacity to
1) detach from a primary tumor, 2) migrate and invade
through local tissues, 3) translocate to distant sites in the
body (via lymph or blood), 4) colonize a foreign site, and 5)
grow and survive in this foreign environment. All of these
behaviors are linked to cell adhesions. Cell adhesions con-
trol the physical interactions of cells with their microenvi-
ronment. Cell adhesions also initiate signals that dictate
tumor cell growth, death, and differentiation.

[0004] Various cancer cells, including breast cancer cells,
are known to exhibit altered cell adhesion. As compared to
normal breast epithelia, transformed human breast epithelial
cells have decreased cell-cell contacts and increased inter-
actions with the surrounding extracellular matrix. These
changes facilitate increased detachment and migration of
cancer cells away from cell colonies and are directly linked
with alteration in tyrosine phosphorylation of cell membrane
proteins. Tyrosine phosphorylation is a potent form of cell
signal transduction, and alteration in levels of tyrosine
phosphorylation is believed to be important for tumor cell
invasiveness. Thus, regulation of tyrosine phosphorylation
represents a promising target for therapeutic intervention
against metastatic cancer. Tyrosine phosphorylation is con-
trolled by cell membrane tyrosine kinases, and increased
expression of tyrosine kinases is known to occur in meta-
static cancer cells.

[0005] Identification of increased expression of cell mem-
brane tyrosine kinases would aid in the diagnosis and
treatment of metastatic diseases. One such tyrosine kinase is
EphA2. A member of the Eph family of tyrosine kinases
known as Eplirins, EphA2 is a transmembrane receptor
tyrosinie kinase with a cell-bound ligand.

[0006] Although cloned a decade ago, see Lindberg, R. A.
and Hunter, T., “cDNA Cloning and Characterization of Eck,
an Epithelial Cell Receptor Protein-tyrosine Kinase in the
Epl/elk Family of Protein Kinases,” Mo. Cell. Biol. 10 (12),
6316-6324 (1990), rather little is known about EphA2
function, largely because EphA2-specific antibodies previ-
ously have been difficult to generate.

[0007] To facilitate research on EphA2,an improved
method for generating a panel of monoclonal antibodies
specific for tyrosine phosphorylated proteins has been devel-
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oped. Using this method, a multiplicity of EphA2 recogniz-
ing monoclonal antibodies has been generated. These anti-
bodies have been used to show that EphA2 is overexpressed
in metastatic breast, lung, colon, and prostate cells. Because
EphA2 is expressed differently in normal and metastatic
cells, EphA2-specific antibodies are useful in the diagnosis
of metastatic disease. Antibodies produced by one particular
hybridoma recognize an intracellular epitope of EphA2 and
have been shown to be highly specific in binding to EphA2.

[0008] Thus, one aspect of this invention is a compound
which specifically binds to an intracellular epitope of
EphA2. In a preferred embodiment, the compound is an
antibody specific for a domain of the EphA2 protein. How-
ever, natural or artificial ligands, peptides, anti-sense, ATP
analogies, or other small molecules capable of specifically
targeting EphA2 may be employed. A second aspect of this
invention is a method for generating antibodies which
recognize EphA2 intracellular epitopes. Another aspect of
this invention is the use of EphA2-specific antibodies in the
diagnosis of metastatic disease. An additional aspect of this
invention is a diagnostic reagent specific for detecting
EphA2, any fragment thereof, or DNA or RNA coding for
the EphA2 protein.

[0009] Additional features of the present invention will
become apparent to those skilled in the art upon consider-
ation of the following detailed description of preferred
embodiments exemplifying the best mode of carrying out
the invention as presently perceived.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1A-C showN a series of western blots show-
ing EphA2 expression in cell lines derived from human
prostate cells;

[0011] FIG. 1A is a western blot showing EphA2 expres-
sion in various human prostate cancer cell lines;

[0012] FIG. 1B is a western blot showing EphA2 expres-
sion in human prostatic epithelial cell line ML.C and expres-
sion in that cell line after transformation by oncogenic
K-Ras or X-irradiation;

[0013] FIG. 1C is similar to FIG. 1B, except showing
expression in human prostatic epithelial cell line 267B1 and
expression in that cell line after transformation by oncogenic
K-Ras or X-irradiation;

[0014] FIG. 2 is a western blot showing EphA2 expression
in various human mammary epithelial cell lines;

[0015] FIG. 3A-B shows EphA2 localization in the cell
membranes of various mammary epithelial cell lines, as seen
by immunofluorescence microscopy;

[0016] FIG. 3A shows EphA2 localization in sites of cell
adhesion in normal MCF-10A cells; and

[0017] FIG. 3B shows EphA2 redistribution in malignant
cells.

DETAILED DESCRIPTION OF THE
INVENTION

[0018] Antibodies specific for EphA2 have been isolated
through an improved method. The method employed is
designed for increased sensitivity and diversity of respond-
ing hybridomas. According to this method, tyrosine phos-
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phorylated proteins from Ras-transformed human epithelial
cells are isolated by affinity chromatography using existing
phosphotyrosine-specific antibodies. The tyrosine phospho-
rylated proteins are then used as an immunogen for produc-
ing monoclonal antibodies. Low-dose amounts of tyrosine
phosphorylated proteins are injected proximal to lymph
nodes, every other day, over a ten day period (the RIMMS
strategy). B cells from engorged lymph nodes are then
isolated and fused with a Bcl-2-overexpressing myeloma, to
minimize apoptosis after fusion. This method results in
increased diversity, specificity, and cost-effectiveness of
hybridoma production. The hybridomas are first screened to
identify those hybridomas producing antibodies capable of
distinguishing malignant from normal cancer cells. To date,
at least 450 such hybridomas have been identified.

[0019] Hybridomas which are specific to EphA2 have
been selected. Use of the RIMMS strategy has resulted in the
production of various monoclonal antibodies that specifi-
cally bind EphA2. Of the first four hybridomas character-
ized, two recognize independent epitopes on EphA2. The
first, D7, recognizes an intracellular epitope. The second,
B2D6, binds to an extracellular epitope. D7 has proven to be
highly specific for an intracellular epitope of EphA2 and this
specificity provides much of the current basis for diagnosis
of metastatic tumors.

[0020] Tt is known in the art to use antibodies to detect the
presence or overexpression of a specific protein. Because
EphA2 is overexpressed in metastatic cells, EphA2-specific
antibodies of this invention may be used to detect this
overexpression and, thus, to detect metastatic disease. Such
techiques include but are not limited to western blotting, dot
blotting, precipitation, agglutination, ELISA assays, immu-
nohistochemistry, in situ hybridization, flow cytometry on a
variety of tissues or bodily fluids, and a variety of sandwich
assays. These techniques are well known in the art. See, for
example, U.S. Pat. No. 5,876,949, hereby incorporated by
reference. When antibodies specific for an intracellular
epitope of EphA2 are used, the cells must be lysed and
incubated with the antibody. The above techniques may be
performed on whole-cell lysates, or EphA2 may be sepa-
rated out for testing, such as by immunoprecipitation. The
D7 antibodies of this invention are highly specific for an
intracellular epitope of EphA2 and have proven to be
sensitive to differential expression of EphA2 in metastatic
cells. Other techniques, such as immunohistological stain-
ing, require whole cells, and may further require cell layers
of a particular cell density. Such tests require an antibody
specific for an extracellular epitope of EphA2.

[0021] The antibodies of this invention may be used to
detect metastatic disease in a wide variety of tissue samples.
For instance, research using EphA2-specific antibodies has
revealed that altered EphA2 expression occurs in breast,
kidney, prostate, lung, and colon cells, and it is believed that
altered EphA2 expression occurs in other types of cell
metastasis, particularly epithelial malignancies. EphA2-spe-
cific antibodies may be used to detect metastasis in biopsied
tumor tissue. Also, samples of a variety of body fluid
samples, such as blood, plasma, spinal fluid, saliva, and
urine, can be tested with the antibodies of the present
invention. Altered EphA2 expression in these samples indi-
cates the presence of metastatic disease.

[0022] Additionally, other antibodies may be used in com-
bination with the antibodies of the present invention to
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provide further information concerning metastatic disease
state. For example, the EphA2 of metastatic cells exhibits
altered tyrosine phosphorylation. In normal breast epithelial
cells, EphA2 is expressed and is tyrosine phosphorylated.
However, in metastatic breast epithelial cells, EphA2 is
overexpressed, and the EphA2 is not tyrosine phosphory-
lated. Because a test quantizing EphA2 expression some-
times may lead to an ambiguous result, it may be desirable
to determine tyrosine phosphorylation, as well as the mag-
nitude of EphA2 expression. Thus, a method of diagnosis
using the antibodies of this invention in combination with
phosphotyrosine-specific antibodies provides data for deter-
mining the state of metastatic disease.

[0023] Moreover, the EphA2-specific antibodies of this
invention can be exploited to detect changes in EphA2
localization which are associated with metastasis. In normal
breast and prostate epithelial cells, EphA2 is enriched in
within cites of cell adhesion. Conversely, in metastatic
prostate cells EphA2 is diffusely distributed, and in meta-
static breast cancer cells EphA2 is redistributed into the
membrane ruffles. Techniques such as immunohistological
staining or immunofluorescent microscopy are well known
in the art and may be used to visualize EphA2 distribution.
See, for example, U.S. Pat. No. 5,514,554, hereby incorpo-
rated by reference. EphA2 expression can be detected by
using antibodies capable of detecting whole EphA2 or
fragments of the EphA2 protein. Other methods of detecting
altered EphA2 expression include detecting DNA or RNA
sequences coding for the EphA2 protein.

[0024] 1In order to detect overexpression or altered distri-
bution of EphA2, the EphA2-specific antibodies may be
labeled covalently or non-covalently with any of a number
of knowfn detectable labels, such fluorescent, radioactive, or
enzymatic substances, as is known in the art. Alternatively,
a secondary antibody specific for the antibodies of this
invention is labeled with a known detectable label and used
to detect the EphA2-specific antibodies in the above tech-
niques.

[0025] Preferred labels include chromogens dyes. Among
the most commonly used are 3-amino-9-cthylcarbazole
(AEC) and 3,3'-diaminobenzidine tetrahydroclholoride
(DAB). These can be detected using light microscopy. Also
preferred are fluorescent labels. Among the most commonly
used fluorescent labeling compounds are fluorescein isothio-
cyanate, thodamine, phycoerythrin, phycocyanin, allophy-
cocyanin, o-phtlhaldelhyde and fluorescamine. Chemilumi-
nescent and bioluminescent compounds such as luminol,
isoluminol, theromatic acridinium ester, imidazole, acri-
dinium salt, oxalate ester, luciferin, luciferase, and aequorin
also may be used. When the fluorescent-labeled antibody is
exposed to light of the proper wavelenigtlh, its presence can
be detected due to its fluorescence.

[0026] Also preferred are radioactive labels. Radioactive
isotopes which are particularly useful for labeling the anti-
bodies of the present invention include *H, '*°I, 131, 3°S,
32P, and '*C. The radioactive isotope can be detected by such
means as the use of a gamma counter, a scintillation counter,
or by autoradiography.

[0027] Another method in which the antibodies can be
detectably labeled is by linking the antibodies to an enzyme
and subsequently using the antibodies in an enzyme immu-
noassay (EIA) or enzyme-linked immunosorbent assay
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(ELISA). The enzyme, when subsequently exposed to its
substrate, reacts with the substrate and generates a chemical
moiety which can be detected, for example, by spectropho-
tometric, fluorometric, or visual means. Enzymes which can
be used to detectably label antibodies include, but are not
limited to malate dehydrogenase, staphylococcal nuclease,
delta-5-steroid isomerase, yeast alcohol dehydrogenase,
alpha-glycerophosphate dehydrogenase, triose phosphate
isomerase, horseradish peroxidase, alkaline phosphatase,
asparaginase, glucose oxidase, beta-galactosidase, ribonu-
clease, urease, catalase, glucose-6-phosphate dehydroge-
nase, glucoamylase, and acetylcholinesterase. Other meth-
ods of labeling and detecting antibodies are known in the art
and are within the scope of this invention.

EXAMPLE 1

[0028] The antibodies produced by the D7 hybridoma are
used to detect differential expression of EphA2 between
normal prostate epithelial cells and metastatic cells. FIG. 1
shows EphA2 expression in various human prostate cell
lines. Referring first to FIG. 1A, three metastatic cell lines,
LNCAP, DU145, and PC3, are tested for levels of EphA2
expression. It is known that, of these three cell lines, LNCAP
is the least invasive, DU145 is somewhat more invasive, and
PC3 is the most invasive. EphA2 expression is determined
by western blotting with D7 antibodies. As can be seen in
FIG. 1A, EphA2 expression positively correlates with inva-
siveness.

[0029] 1In FIG. 1B, D7 antibodies are used to test EphA2
expression in normal MLC cells as compared to expression
in transformed cells. Normal MLC cells, MLC cells which
have been transformed by K-Ras, and MLC cells with have
been transformed by X-irradiation are studied. As can be
seen in FIG. 1B, EphA2 is overexpressed in both of the
transformed cell lines. FIG. 1C shows results similar to FIG.
1B, except the normal cell line is 267B1. As with FIG. 1B,
FIG. 1C shows that EphA2 is overexpressed in the trans-
formed cells. In sum, FIG. 1 demonstrates that EphA2-
specific antibodies detect changes in metastatic cells, and
that tests using these antibodies indicate the level of meta-
static invasiveness.

EXAMPLE 2

[0030] EphA2 antibodies are used to detect altered EphA2
expression in metastatic mammary cells. EphA2 is
expressed in normal mammary epithelial cells. FIG. 2 illus-
trates altered EphA2 expression in mammary tumor cell
lines. As can be seen in FIG. 2, western blots from whole cell
lysates using D7 antibodies reveal that EphA2 expression is
completely absent in cells derived from non-metastatic
breast tumors (ZR75-1, BT474, SKBR3, MDA-MB-435).
By contrast, EphA2 is overexpressed in metastatic breast
cancer cell lines (MDA-MB-435, MDA-MB-231). Thus,
EphA2 antibodies detect altered EphA2 expression in breast
cancer cells, which can be used to diagnose metastasis.
Moreover, in non-metastatic breast epithelial cells, loss of
EphA2 occurs early in the disease, and testing with EphA2-
specific antibodies provide information relevant to invasive-
ness even when other known markers remain normal. Thus,
D7 antibodies are useful as a diagnostic, even in early stages
of disease.

EXAMPLE 3

[0031] EphA2 antibodies in combination wvitlh other
antibodies are used to detect further alterations in EphA2
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expression. As discussed above in Example 2, wvesterni
blots using D7 can distinguish between non-metastatic and
metastatic tumors, with non-metastatic tumors failing to
express EphA2, and metastatic cells overexpressing EphA2.
However, different results are found when tyrosine phos-
phorylation is studied. Using a phosphotyrosine-specific
antibody, it has been found that EphA2 is phosphorylated in
normal cells, but it is not phosphorylated in metastatic cells.
Thus, while EphA2 specific antibodies can qualitatively
detect a difference between metastatic and non-metastatic
mammary tumor cells, diagnostics incorporating both an
EphA2-specific antibody and a phosphotyrosine-specific
antibody provides a sensitive test for distinguishing between
normal, non-metastatic, and metastatic mammary cells.

EXAMPLE 4

[0032] Immunofluorescently labeled EphA2-specific anti-
bodies detect redistribution of EphA2 expression in trans-
formed cells. The EphA2-specific antibodies used in this
example are produced by a cell line known as B2D6, and
these antibodies are specific for an extracellular epitope of
EphA2. As seen in FIG. 3A, immunofluorescence with
B2D6 demonstrates that EphA2 is found within sites of
cell-cell contact in normal cells. However, in transformed
cells, shown in FIG. 3B, EphA2 is redistributed. Further-
more, in metastatic cells EphA2 is found in the membrane
ruffles. Similarly, in normal prostate epithelial cells, EphA2
is found within sites of cell-cell adhesion, but in metastatic
prostate epithelial cells, EphA2 is overexpressed and the
expression is diffusely distributed. Therefore, immunofiuo-
rescence using EphA2-specific antibodies provides an addi-
tional means for diagnosing the transformation and meta-
static state of tumor cells.

[0033] As shown in Examples 1-4, overexpression, redis-
tribution, and phosplhornlation of EphA2 in metastatic cells
provide various bases for diagnosis of metastatic tumors
using EphA2-specific antibodies. Immuniohistochemistry or
Western blotting may be used to monitor the change of
EphA2 expression in biopsied samples of patient breast
tissue, prostate tissue, or tissue from other tumors. Addi-
tionally, D7 and other EphA2-specific antibodies can be
used to monitor plasma, urine, and other body fluids to
detect altered expression of EphA2, which would signal
metastasis. Detection of altered tyrosine phosphorylation of
EphA2 in combination with information concerning an
alteration of EphA2 expression further aids in diagnosis of
metastatic disease.

[0034] Although the invention has been described in detail
with reference to preferred embodiments, variations and
modifications exist within the scope and spirit of the inven-
tion as described and defined in the following claims.

What is claimed is:
1. A method for detecting the presence of metastatic cells
in a cell population comprising the steps of

lysing at least a portion of the cell population,

incubating the lysed cells , with a reagent capable of
specific binding to an epitope of EphA2 to allow,
antibody binding to said epitope, and

detecting compound-epitope binding.
2. The method of claim 1 wherein the reagent is an
antibody.
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3. The method of claim 2 wherein the epitope of EphA2
is and intracellular epitope of EphA2.

4. The method of claim 3 wherein the antibody is pro-
duced by hybridoma cell line D7.

5. The method of claim 2 wherein the antibody is labeled
with a detectable label, and the detecting step includes
detecting the label.

6. The method of claim 5 wherein the antibody is labeled
wvitlh a fluorescent label and the detecting step comprises
detecting the fluorescent label.

7. The method of claim 5 wherein the antibody is labeled
with a radioactive label and the detecting step comprises
detecting the radioactive label.

8. The method of claim 1 wherein the cell population
comprises cells from a breast or prostate tissue biopsy.

9. The method of claim 1 wherein the cell population is
harvested from a body fluid selected from the group con-
sisting of blood, plasma, spinal fluid, saliva, and urine.

10. The method of claim 9 wherein the detecting step
includes a diagnostic method selected from the group con-
sisting of ELISA assays and flow cytometry.

11. The method of claim 1 wherein the incubating and
detecting steps comprise western blotting methodology.

12. The method of claim 11 further comprising the steps
of providing a second antibody having phosphotyrosine
specificity, and western blotting with the second antibody.

13. The method of claim 1 wherein the metastatic cells are
selected from the group consisting of breast, prostate, lung,
and colon cancers.

14. An antibody which specifically binds to an intracel-
Iular epitope of EphA2.

15. The antibody of claim 14 bound to a detectable label.

16. The antibody of claim 14 which is a monoclonal
antibody.

17. A method for detecting the presence of metastatic cells
in a cell population comprising the steps of:

incubating the cells with a reagent capable of specific
binding to a compound associated with EphA2 expres-
sion, and

detecting reagent-compound binding.

18. The method of claim 17 wherein the reagent is an
antibody.

19. The method of claim 17 wherein the compound is
selected from the group consisting of EphA2, a fragment of
EphA2, DNA coding for the EphA2 protein, and RNA
coding for the EphA2 protein.

20. The method of claim 17 further comprising the step of
fixing the cells on a slide, and the detecting step comprises
immunofluorescence staining.

21. A kit for detecting the presence of metastatic cells in
a cell population comprising

an antibody capable of specific binding to an epitope of
EphA2, and

means for detecting antibody-epitope binding.

22. The kit of claim 21 wherein the means for detecting
antibody-epitope binding is a label bound to the antibody.

23. The kit of claim 21 further comprising an antibody
having phosphotyrosine specificity.

24. A method for detecting the presence of metastatic or
potentially metastatic cells in a cell population comprising:

lysing at least a portion of the cell population;

incubating the lysed cells with a reagent capable of
specific binding to EphA2 to allow binding of the
reagent to EphA2; and
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detecting reagent-EphA2 binding, wherein reagent-
EphA2 binding is indicative of the presence of meta-
static or potentially metastatic cells in the cell popula-
tion.

25. The method of claim 24 wherein the reagent com-
prises an antibody, and wherein detecting reagent-EphA2
binding comprises detecting antibody-EphA2 binding.

26. The method of claim 25 wherein the antibody binds to
an intracellular epitope of EphA2.

27. The method of claim 25 wherein the antibody is
produced by hybridoma cell line D7.

28. The method of claim 25 wherein the antibody is
labeled with a detectable label, and wherein detecting
reagent-EphA2 binding comprises detecting the label.

29. The method of claim 28 wherein the antibody com-
prises at least one of a fluorescent label, a chemiluminescent
label, a bioluminescent label, an enzymatic label, a chro-
mogenic label and a radiolabel, wherein detecting reagent-
EphA2 binding comprises detecting at least one detectable
label.

30. The method of claim 24 wherein the cell population
comprises cells selected from the group consisting of breast
cells, kidney cells, prostate cells, lung cells and colon cells.

31. The method of claim 24 wherein the cell population
comprises epithelial cells.

32. The method of claim 24 wherein the cell population
comprises cells selected from the group consisting of breast
cancer cells, kidney cancer cells, prostate cancer cells, lung
cancer cells and colon cancer cells.

33. The method of claim 24 wherein the cell population
comprises epithelial cancer cells.

34. The method of claim 24 wherein the cell population
comprises metastatic or potentially metastatic cancer cells.

35. The method of claim 34 wherein the metastatic or
potentially metastatic cancer cells comprise cells selected
from the group consisting of breast cancer cells, kidney
cancer cells, prostate cancer cells, lung cancer cells, and
colon cancer cells.

36. The method of claim 34 wherein the metastatic or
potentially metastatic cancer cells comprise epithelial cancer
cells.

37. The method of claim 24 wherein the cell population
comprises cells from a tissue biopsy.

38. The method of claim 37 wherein the tissue comprises
breast tissue or prostate tissue.

39. The method of claim 24 wherein the cell population
comprises cells from a body fluid.

40. The method of claim 39 wherein the body fluid is
selected from the group consisting of blood, plasma, spinal
fluid, saliva, and urine.

41. The method of claim 24 wherein detecting reagent-
EphA2 binding comprises utilizing a diagnostic method
selected from the group consisting of an ELISA assay, a
Western blot, and flow cytometry.

42. The method of claim 24 wherein detecting reagent-
EphA2 binding comprises utilizing a Western blot; the
method further comprising Western blotting with a second
antibody having phosphotyrosine specificity.

43. A method for detecting the presence of metastatic or
potentially metastatic cells in a cell population comprising:

incubating at least a portion of the cell population with a
reagent capable of binding to EphA2 to allow binding
of the reagent to EphA2; and

detecting reagent-EphA2 binding, wherein reagent-
EphA2 binding is indicative of the presence of meta-
static or potentially metastatic cells in the cell popula-
tion.



US 2007/0161064 Al

44. The method of claim 43 wherein the reagent com-
prises an antibody and wherein detecting reagent-EphA2
binding comprises detecting antibody-EphA2 binding.

45. The method of claim 44 wherein the antibody binds to
an intracellular epitope of EphA2.

46. The method of claim 44 wherein the antibody is
produced by hybridoma, cell line D7.

47. The method of claim 44 wherein the antibody binds to
an extracellular epitope of EphA2.

48. The method of claim of claim 44 wherein antibody-
EphA2 binding yields a bound complex comprising a whole
cell.

49. The method of claim 48 wherein detecting antibody-
EphA2 binding comprises subjecting the bound complex to
immunohistochemical staining.

50. The method of claim 44 wherein the antibody is
produced by hybridoma cell line B2D6.

51. The method of claim 44 wherein the bound antibody
comprises a detectable label; and wherein detecting anti-
body-EphA2 binding comprises detecting the label.

52. The method of claim 44 wherein the bound antibody
comprises at least one of a fluorescent label, a chemilumi-
nescent label, a bioluminescent label, an enzymatic label, a
chromogenic label and a radiolabel; and wherein detecting
antibody-Eph2 binding comprises detecting, at least one
detectable label.

53. The method of claim 43 wherein the cell population
comprises cells selected from the group consisting of breast
cells, kidney cells, prostate cells, lung cells and colon cells.

54. The method of claim 43 wherein the cell population
comprises epithelial cells.

55. The method of claim 43 wherein the cell population
comprises cells selected from the group consisting of breast
cancer cells, kidney cancer cells, prostate cancer cells, lung
cancer cells and colon cancer cells.

56. The method of claim 43 wherein the cell population
comprises epithelial cancer cells.

57. The method of claim 43 wherein the cell population
comprises metastatic or potentially metastatic cancer cells.

58. The method of claim 57 wherein the metastatic or
potentially metastatic cells comprise cells selected from the
group consisting of breast cancer cells, kidney cancer cells,
prostate cancer cells, lung cancer cells, and colon cancer
cells.

59. The method of claim 43 wherein the metastatic or
potentially metastatic cells comprise epithelial cancer cells.

60. The method of claim 43 wherein the cell population
comprises cells from a tissue biopsy.

61. The method of claim 60 wherein the tissue comprises
breast tissue or prostate tissue.

62. The method of claim 43 wherein the cell population
comprises cells from a body fluid.

63. The method of claim 62 wherein the body fluid is
selected from the group consisting of blood, plasma, spinal
fluid, saliva, and urine.

64. The method of claim 43 wherein detecting reagent-
EphA2 binding comprises utilizing a diagnostic method
selected from the group consisting of and ELISA assay, a
Western blot, anal flow cytometry.

65. The method of claim 43 wherein detecting reagent-
EphA2 binding comprises utilizing a Western blot; the
method further comprising Western blotting with a second
antibody having phosphotyrosine specificity.

66. A method for detecting the presence of metastatic or
potentially metastatic cells in a cell population comprising:

lysing at least a portion of the cell population;
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incubating the lysed cells with a reagent capable of
specific binding to nucleic acid comprising RNA or
DNA encoding at least a portion of an EphA2 protein
to allow binding of the reagent to the nucleic acid; and

detecting reagent-nucleic acid binding, wherein reagent-
nucleic acid binding is indicative of the presence of
metastatic or potentially metastatic cells in the cell
population.
67. The method of claim 66 wherein the nucleic acid
comprises RNA.
68. A method for detecting the presence of cancer cells in
a selected cell population comprising:

assaying at least a portion of the selected cell population
for at least one of

a change in EphA2 expression level;
a change in EphA2 localization pattern; and
a change in EphA2 phosphorylation content

as compared to the EphA2 expression level, localization
pattern and phosphorylation content in an analogous
normal cell population;

wherein the change is indicative of the presence of a

cancer cell in the selected cell population.

69. The method of claim 68 wherein a change in EphA2
expression level, localization pattern or phosphorylation
content is indicative of the presence of metastatic cancer
cells in the cell population.

70. The method of claim 68 wherein a change in EphA2
expression level is indicative of the presence of nonmeta-
static cancer cells in the cell population.

71. The method of claim 68 wherein assaying the cell
population comprises incubating at least a portion of the
selected cell population with a reagent capable of binding to
EphA2 to allow binding of the reagent to EphA2; and
detecting reagent-EphA2 binding.

72. The method of claim 71 wherein the reagent is an
antibody.

73. The method of claim 72 wherein the antibody is
produced by hybridoma D7 or B2D6.

74. A method for determining the disease stage in a cell
population comprising cancer cells, the method comprising:

assaying at least a portion of the cell population for at
least one of

EphA2 expression level;
EphA2 localization; and
EphA2 phosphorylation content; and

determining the disease stage of the cancer cells.

75. The method of claim 74 wherein assaying the cell
population comprises incubating at least a portion of the
cancer cell population with a reagent capable of binding to
EphA2 to allow binding of the reagent to EphA2; and
detecting reagent-EphA2 binding.

76. The method of claim 75 wherein the reagent is an
antibody.

77. The method of claim 76 wherein the antibody is
produced by hybridoma D7 or B2D6.

78. An isolated antibody which specifically binds to an
intracellular epitope of EphA2.

79. The isolated antibody of claim 78 which is a mono-
clonal antibody.



