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1
METHODS FOR DIAGNOSING AND
MONITORING THE PROGRESSION OF
CANCER

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is the U.S. national phase application of
international application number PCT/US2006/043654, filed
Nov. 8, 2006, which claims the benefit of U.S. provisional
patent application Nos. 60/780,626, filed Mar. 9, 2006, and
60/734,993, filed Nov. 8, 2003, the disclosures of which are
incorporated herein by reference in their entireties.

FIELD

The present invention relates generally to the field of can-
cer and more specifically to cancer diagnosis and prognosis.

BACKGROUND

Many transmembrane proteins are proteolytically released
from the cell surface by a process known as ectodomain
shedding. Shedding occurs under normal physiologic condi-
tions and can be increased in certain pathologies. Among the
many receptors for which ectodomain shedding has been
demonstrated is c-Met, the hepatocyte growth factor (“HGF”)
receptor tyrosine kinase (Komada et al., FEBS Lett 1993,
328:25-9, Wajih et al., Circ Res 2002; 90:46-52). HGF is a
pleiotropic heparin-binding protein identified and isolated
based on observations of its mitogenic activity on hepatocytes
and epithelial cells, and independently identified and isolated
based on observations of its ability to stimulate cell motility
(scatter factor or SF). (Comoglio et al., Semin Cancer Biol
2001; 11:153-65, Funakoshi et al., Clin Chim Acta 2003;
327:1-23). HGF is typically produced by cells of mesenchy-
mal origin and acts in a paracrine manner on a variety of
cellular targets including epithelial and endothelial cells,
hematopoietic cells, neurons and melanocytes during embry-
onic development and throughout adulthood, in normal and
pathological processes (Birchmeier et al., Nat Rev Mol Cell
Biol 2003; 4:915-25). HGF is essential for embryonic devel-
opment, where it is involved in somite migration, limb bud
and limb skeletal muscle formation, placenta formation
(Schmidt et al., Nature 1995; 373:699-702, Uehara et al.,
Nature 1995:373:702-5) and later in organogenesis (Rosario
et al., Trends Cell Biol 2003; 13:328-35), in neural develop-
ment (Birchmeier et al., Trends Cell Biol 1998:8:404-10) and
in tissue repair and regeneration (Jin et al., J Pharmacol Exp
Ther 2003; 304:654-60, Huh et al., Proc Natl Acad Sci USA
2004; 101:4477-82). While the role of HGF in adult homeo-
stasis is not yet completely understood, a growing body of
evidence suggests that it is an endogenous tissue protective
factor for several major organs and has potent antifibrotic
activity (Liu, Am J Physiol Renal Physiol 2004; 287:F7-16).

The MET oncogene was isolated from a human osteogenic
sarcoma cell line that had been chemically mutagenized in
vitro. Transforming activity was due to a DNA rearrangement
where sequences from the TPR (translocated promoter
region) locus on chromosome 1 fused to sequences from the
MET locus on chromosome 7 (TPR-MET) (Furge et al.,
Oncogene 2000; 19:5582-9). This rearrangement has been
found in patients with gastric carcinoma (Yu et al., Cancer
2000; 88:1801-6). Isolation of the full-length MET proto-
oncogene coding sequence revealed structural features of a
membrane spanning receptor tyrosine kinase (Furge et al.,
Oncogene 2000; 19:5582-9). The identification of HGF as the
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natural ligand for c-Met and the identity of SF and HGF
united a collection of findings demonstrating that a single
receptor transduced multiple biological activities including
motility, proliferation, survival and branching morphogen-
esis (Birchmeier et al., Nat Rev Mol Cell Biol 2003; 4:915-
25). Activation of the c-Met intrinsic tyrosine kinase (TK)
activity was required for all of these activities. Consistent
with its relationship with HGF, c¢-Met is widely expressed
early in development, deletion ofthe gene is embryonic lethal
in mice, and widespread expression persists throughout adult-
hood (Birchmeier et al., id). Both HGF and c-Met are upregu-
lated after kidney, liver or heart injury, suggestive of a general
mechanism of protection against tissue damage, as well as
one of tissue repair and regeneration (Matsumoto et al., Kid-
ney Int 2001; 59:2023-38, Michalopoulos et al., Science
1997, 276:60-6, Nakamura et al., J Clin Invest 2000; 106:
1511-9).

HGF and c-Met are implicated in a wide variety of human
malignancies including colon, gastric, bladder, breast, kid-
ney, liver, lung, head and neck, thyroid and prostate, but also
sarcomas, hematological malignancies, melanoma and cen-
tral nervous system (CNS) tumors (Birchmeier et al., Nat Rev
Mol Cell Biol 2003; 4:915-25, Birchmeier et al., Ciba Found
Symp 1997, 212:230-40). Through paracrine signaling, over-
expression of ligand and/or receptor, autocrine loop forma-
tion and/or receptor mutation and gene rearrangement, this
signaling pathway can enhance tumor cell growth, prolifera-
tion, survival, motility and invasion. Inappropriate c-Met sig-
naling in disease can resemble, at least in part, developmental
transitions between epithelial and mesenchymal cell types
normally regulated by HGF. Among the many genes upregu-
lated in response to activation of this pathway is that of the
receptor itself, creating the potential for c-Met overexpres-
sion in otherwise normal target cells through persistent ligand
stimulation; consistent with this, c-Met overexpression is
widely observed in cancers of epithelial origin where para-
crine delivery of HGF results in dysregulated signaling,
whereas cells of mesenchymal origin that normally express
HGF often acquire c-Met expression, and several sarcomas
display autocrine c-Met signaling (Furge et al., Orcogene
2000; 19:5582-9). Importantly, the c-Met pathway activates a
program of cell dissociation and increased cell motility
coupled with increased protease production that has been
shown to promote cellular invasion through extracellular
matrices, and that closely resembles tumor metastasis in vivo
(Birchmeier et al., Ciba Found Symp T1p 1997, 212:230-40).
In addition, pathway activation in vascular cells stimulates
tumor angiogenesis, facilitating tumor growth for cancers
that are growth limited by hypoxia, and promoting tumor
metastasis. Hypoxia alone upregulates c-Met expression and
enhances HGF/SF signaling in cultured cells and mouse
tumor models (Pennacchietti et al., Cancer Cell 20033 3:347-
61).

Early diagnosis is a key strategy in cancer treatment.
Although it is known that c-Met is overexpressed in certain
cancers, a need exists for a screening test for c-Met that is
sensitive, cost-efficient, and can be used for diagnosis, deter-
mining stage of disease, prognosis, and/or assessing the effi-
cacy of therapeutic intervention. The invention is directed to
this and other ends.

SUMMARY

The present invention generally relates to methods for
diagnosing cancer in a patient or methods for identifying a
patient having an increased risk of developing cancer. The
methods provide for analysis of patient samples to identify
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the presence of tumor cells in the patient due to the observa-
tion that tumor cells expressing c-Met shed more c-Met
ectodomain than their normal tissue counterparts, indepen-
dent of changes in overall c-Met expression levels, and that
this shedding is enhanced with increasingly malignant phe-
notype. Moreover, the methods for diagnosis provide that
c-Met ectodomain shedding can be quantitated in cell lysates,
culture supernatants, and biological samples, such as blood
and urine, and that c-Met levels are measurable before tumors
become palpable yet correlate directly with tumor volume.
Thus, it was concluded that for a variety of cancers, c-Met
ectodomain shedding provides a reliable and practical indi-
cator of, among other things, malignant potential and overall
tumor burden.

A method foridentifying a patient having an increased risk
of developing cancer which comprises the steps of measuring
an amount of soluble c-Met ectodomain in a biological
sample of the patient; and detecting an increased concentra-
tion of soluble c-Met ectodomain in the biological sample
when compared to the concentration of soluble c-Met
ectodomain in a corresponding biological sample from a con-
trol population, wherein an increased concentration of
soluble c-Met ectodomain identifies the patient as having an
increased risk of developing cancer. The biological sample
includes, but is not limited to, blood plasma or urine. The
concentration of soluble c-Met ectodomain in a urine sample
and a blood plasma sample is measured and the combined
measurement can be used to determine if the patient has the
increased risk of developing cancer. An increased concentra-
tion of soluble c-Met ectodomain can identify the patient as
having an increased risk of developing metastatic cancer.

In one aspect, a soluble c-Met ectodomain level of about
3500 pg c-Met per mg urine creatinine or greater is indicative
of an increased risk of developing cancer in the patient. In a
further aspect, a soluble c-Met ectodomain level of about
4900 pg c-Met per mg urine creatinine or greater is indicative
of an increased risk of developing cancer in the patient. In a
further aspect, a soluble c-Met ectodomain level of about
3800 pg c-Met per mg urine creatinine or greater is indicative
of an increased risk of developing cancer in the patient. In a
detailed aspect, a soluble c-Met ectodomain level of about
4200 pg c-Met per mg urine creatinine or greater is indicative
of an increased risk of developing cancer in the patient. In a
detailed aspect, a soluble c-Met ectodomain level of about
4500 pg c-Met per mg urine creatinine or greater is indicative
of an increased risk of developing cancer in the patient. The
cancer diagnosis can be a cancer of the urinary tract. The
cancer includes, but is not limited to, kidney cancer, renal
cancer, prostate cancer, bladder cancer, renal cell carcinoma,
or breast cancer.

A method for monitoring the progression of cancer in a
patient is provided which comprises the steps of measuring an
amount of soluble c-Met ectodomain in a first biological
sample at a first time point, measuring an amount of soluble
¢-Met ectodomain in a second biological sample at a second
time point, and determining progression of cancer in the
patient based upon a change in amount of soluble c-Met
ectodomain in the first biological sample compared to the
second biological sample. The amount of soluble c-Met
ectodomain in a urine sample or blood plasma sample, or a
combination thereof, is measured and the combined measure-
ment is used to determine the progression of cancer.

A method for measuring the response to cancer therapy in
a patient is provided which comprises the steps of measuring
an amount of soluble c-Met ectodomain in a biological
sample of the patient at a first time point, measuring an
amount of soluble c-Met ectodomain in a second biological
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sample of the patient at a second time point, and determining
response to cancer therapy in the patient based upon the
change in amount of soluble c-Met ectodomain in the first
biological sample compared to the second biological sample.
In one aspect, a decrease in the amount of soluble c-Met
ectodomain in the first biological sample compared to the
second biological sample indicates a positive response to
cancer therapy in the patient. The cancer therapy can be an
anti-cancer drug, for example, a chemotherapeutic agent, ion-
izing radiation therapy or hormone ablation therapy.

A method of assaying for an amount of c-Met ectodomain
present in a biological sample from a human patient, said
method is provided which comprises assaying the biological
sample to determine an amount of ¢-Met ectodomain present
in the biological sample from the patient, and comparing the
amount of c-Met ectodomain present in the biological sample
from the patient to an amount of c-Met ectodomain found in
a biological sample of a control population, wherein an
increase in the amount of c-Met ectodomain found in the
sample of the patient compared to the amount of c-Met
ectodomain found in the sample of the control population is
indicative of the patient having cancer.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1. c-Met shedding in a cultured cell model of breast
tumor progression. 1A. Reducing SDS-PAGE and immuno-
blot analysis of the c-Met expression in four mammary cell
lines; p145 isthe intact c-Met beta subunit. In this model, M2,
M3 and M4 represent derivatives ofthe normal breast cell line
M1 with increasingly malignant phenotype. The normal
mammary epithelial cell line B5/589 was used as a positive
control for c-Met expression, and lysates were immunoblot-
ted forbeta actin to confirm equal sample loading. 1B. Reduc-
ing SDS-PAGE and immunoblot analysis of c-Met
ectodomain shedding by cell lines M1, M2, M3 and M4.
Culture supernatant from B5/589, as well as a purified recom-
binant c-Met ectodomain IgG Fe fusion protein (358-MT,
R&D Systems) were used as positive controls of c-Met shed-
ding and ectodomain recognition, respectively. Molecular
masses of predominant c-Met ectodomain fragments are indi-
cated in kDa at left.

FIG. 2. Quantitation of c-Met shedding using an electro-
chemiluminescent two site immunoassay. 2A. Standard curve
of purified recombinant ¢-Met ectodomain-IgG fusion pro-
tein (358-MT). Mean values from quadruplicate samples are
shown as log[soluble c-Met] in ng/ml vs. log[signal intensity]
in relative units. Standard deviations are smaller than the
symbol size. 2B. Analysis of sample quenching in a431
human epidermoid carcinoma cells. Cells were serum
deprived for 24 h and soluble c-Met ectodomain was mea-
sured in the presence and absence of added 358-MT. Mean
values of quadruplicate samples from 358-MT (358MT, open
bar), A431 conditioned medium (A431, dark gray bar), and
A431 conditioned medium+358-MT (obs, light gray bar) are
shown +/-standard deviation. The expected sum of 358-MT
and A431 conditioned medium sample signals is also shown
(exp, dark-gray/open bar). 2C. Soluble c-Met in 24 h B5/589
conditioned media (BS, open bar) was filtered using a 10 kDa
cutoff molecular sieve and soluble c-Met in the filtrate was
measured (YM10, dark gray bar). 24 h B5/589 conditioned
medium (open bar) was immunodepleted using an
ectodomain-specific monoclonal antibody (mAb D024,
Upstate Biotechnology; light gray bar). 2D. HGF binding
(ng/ml) was measured in samples containing equivalent
amounts of a c-Met Fc fusion protein (open squares) and
c-Met ectodomain present in B5/589 conditioned medium
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(black circles), as a function of the concentration of HGF
added (ng/ml). Error bars represent standard deviation; where
no bars are seen, the deviation is smaller than the symbol size.

FIG. 3. Quantitation of c-Met expression and shedding in a
cultured cell model of breast tumor progression. Cell surface
and soluble c-Met levels were measured in the MCF10A
derived cell lines M1 (open bars), M2 (light gray bars), M3
(dark gray bars) and M4 (black bars). Non-ionic detergent
extractable c-Met is expressed as pg/ug cell protein (Cellular
c-Met, top panel); c-Met ectodomain present in 24 h cell
conditioned medium is shown expressed as pg/ug cell protein
(Soluble ¢-Met, 2"/ panel) and after normalization to deter-
gent extractable c-Met (Soluble/Cellular, 37 panel). The per-
centage of detergent extractable c-Met that became soluble in
24 h is shown in the bottom panel.

FIG. 4. Quantitation of c-Met expression and shedding in
paired cell line models of cancer progression. Cell line pairs,
each derived from a single patient, were compared for levels
of cellular (top panel) and soluble (2”¢ panel) c-Met. These
data were used to calculate the amount of soluble receptor
shed after 24 h corrected for cellular receptor (3™ panel) and
the amount of soluble receptor produced in 24 h as a percent-
age of cellular receptor (bottom panel). Cell lines derived
from normal tissue (open bars) corresponding to the tissue of
tumor origin were paired with tumor-derived cell lines (light
gray bars) and other tumor derived cell lines (dark gray bars)
were paired with cell lines derived from corresponding meta-
static lesions (black bars). CRL7636 is a normal skin cell line;
CRL7637 is a skin melanoma cell line; HTB125 is a normal
mammary gland cell line; HTB126 is a mammary gland duc-
tal carcinoma cell line; CCL228 is a colorectal adenocarci-
noma cell line; CCL227 is a lymph node metastasis of col-
orectal adenocarcinoma cell line; UOK124 is a renal cell
carcinoma cell line; and UOK124 LN is a lymph node
metastasis of renal cell carcinoma cell line.

FIG. 5. Genetically modified cultured cell models of can-
cer progression. 5A. The human prostate cancer derived cell
line PC3 (open bars), a derived metastatic variant PC3M
(black bars) and PC3M transfected with an ADXA gene
expression plasmid (+MxA, gray bars) were compared for
levels of cellular (top panel) and soluble (2”7 panel) c-Met.
These data were used to calculate the amount of soluble
receptor shed after 24 h corrected for cellular receptor (3'7
panel) and the amount of soluble receptor produced in 24 h as
a percentage of cellular receptor (bottom panel). 5B. The
human breast cancer derived cell line C100 (black bars) and a
C100 derivative cell line cloned after transfection with an
NM23 gene expression plasmid (H1.177, gray bars) were
compared for levels of cellular and soluble c-Met as in Panel
A.

FIG. 6. c-Met shedding in mice bearing human tumor cell
xenografts. Soluble human c-Met concentrations in plasma
(ng/ml, upper panels) or urine samples (pg/ml, lower panels)
obtained from mice bearing subcutaneous UOK261 human
bladder carcinoma (left panels) or U-87 MG human glioblas-
toma (right panels) cell xenografts plotted against the corre-
sponding tumor volume (mm®) in each mouse at the time of
sample procurement. Values represent the mean of triplicate
measurements; standard deviations are smaller than the sym-
bol size. Each line and corresponding R* value represent a
best fit linear regression analysis forced through the origin
and were performed using GraphPad Prism software.

FIG. 7. Creatinine normalized c-Met values of human
patient urine samples. FIG. 7 provides a column scattergram
illustrating the c-Met values in human patient urine sample.
The Y axis shows c-Met pg/mg creatinine. The following
acronyms are used on the X (Category) axis: HLRCCrefers to
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Hereditary Leiomyomatosis and Renal Cell Carcinoma (in-
herited kidney cancer syndrome); BPH refers to Benign Pro-
static Hypertrophy (possibly prelude to prostate cancer); CaP
refers to Prostate Cancer; CaB refers to Bladder Cancer; and
PRC refers to Papillary Renal Cancer, sporadic, not inherited.
Each data point is shown as a symbol. The horizontal line
represents the median. Statistical analysis was not performed
for this data set.

FIG. 8. Creatinine normalized c-Met mean values of
human patient urine samples. FIG. 8 provides a bar graph
illustrating the mean values of c-Met in the patient popula-
tions. The Y axis shows c-Met pg/mg creatinine. The follow-
ing acronyms are used on the X (Category) axis: HLRCC
refers to Hereditary Leiomyomatosis and Renal Cell Carci-
noma (inherited kidney cancer syndrome); BPH refers to
Benign Prostatic Hypertrophy (possibly prelude to prostate
cancer); CaP refers to Prostate Cancer; CaB refers to Bladder
Cancer; and PRC refers to Papillary Renal Cancer, sporadic,
not inherited. Statistical analysis was not performed for this
data set.

FIG. 9. Creatinine normalized c-Met values over “No
Malignancy” group. F1G. 9 provides a bar graph illustrating
normalized c-Met values over “No Maligancy group”. The Y
shows fold increase in c-Met. The following acronyms are
used on the X (Category) axis: HLRCC refers to Hereditary
Leiomyomatosis and Renal Cell Carcinoma (inherited kidney
cancer syndrome); BPH refers to Benign Prostatic Hypertro-
phy (possibly prelude to prostate cancer); CaP refers to Pros-
tate Cancer; CaB refers to Bladder Cancer; and PRC refers to
Papillary Renal Cancer, sporadic, not inherited. Statistical
analysis was not performed for this data set.

FIG. 10: Sequence for c-Met extracellular domain. FIG. 10
provides the sequence for the c-met extracellular domain,
SEQ ID NO: 1 showing the functional domains. The c-Met
ectodomain comprises residues 25 to 932 of the c-Met extra-
cellular domain.

FIG. 11: c-Met full length sequence. FIG. 11 provides the
full length c-Met sequence, SEQ ID NO:2.

FIG. 12: c-Met in normal patients versus patients with
bladder cancer. FIG. 12 provides a box and whisker graph
illustrating c-Met shedding in a group of normal patients
versus patients with bladder cancer. The box extends from the
25" percentile to the 757 percentile, with a horizontal line at
the median (50” percentile). Whiskers extend down to the
smallest value and up the largest.

FIG. 13: Immunodepletion of plasma samples.

DETAILED DESCRIPTION
Overview

The present inventors have observed, after analyzing
patient samples, that tumor cells expressing c-Met shed more
c-Met ectodomain than their normal tissue counterparts,
independent of changes in overall c-Met expression levels,
and that this shedding is enhanced with increasingly malig-
nant phenotype. Moreover, the present inventors have
observed, after further analysis, that c-Met ectodomain shed-
ding can be quantitated in cell lysates, culture supernatants,
and biological samples, such as blood and urine, and that
c-Met levels are measurable before tumors become palpable
yet correlate directly with tumor volume. Thus, it was con-
cluded that for a variety of cancers, c-Met ectodomain shed-
ding provides a reliable and practical indicator of, among
other things, malignant potential and overall tumor burden.
The observation and conclusion that c-Met can be detected in
urine and provides a reliable and practical indicator of malig-
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nant potential and overall tumor burden was particularly sur-
prising given the large size of the c-Met ectodomain, the low
expression levels of c-Met, the acidic pH of urine, and the
protease content in urine.

This invention provides, inter alia, methods and assays for
diagnosing cancerin a subject, identifying a patient having an
increased risk of developing cancer, monitoring the progres-
sion of cancer in a subject, measuring a clinical parameter
related to cancer in subject, and measuring the therapeutic
response to a cancer drug. In a particularly preferred embodi-
ment, the present invention provides methods and assays for
diagnosing bladder cancer in a subject, monitoring the pro-
gression of bladder cancer in a subject, measuring a clinical
parameter related to bladder cancer in subject, and measuring
the therapeutic response to a cancer drug for the treatment of
bladder cancer.

“Cancer” refers to any of a number of diseases that are
characterized by uncontrolled, abnormal proliferation of
cells, as well as any of a number of characteristic structural
and/or molecular features. A “cancerous cell” is understood
as a cell having specific structural properties, lacking differ-
entiation and in many instances, being capable of invasion
and metastasis, see DeVita, V. et al. (eds.), 2001, Cancer
Principles and Practice of Oncology, 6th. Ed., Lippincott
Williams & Wilkins, Philadelphia, Pa.). The term cancer
includes, for example, cancers of the female reproductive
organs including, for example, ovarian cancer, cervical can-
cer and uterine cancer; lung cancer; breast cancer; renal cell
carcinoma; Hodgkin’s lymphoma; Non-Hodgkin’s lym-
phoma; cancers of the genitourinary system including, for
example, kidney cancer, prostate cancer, bladder cancer, and
urethral cancer; cancers of the head and neck; liver cancer;
cancers of the gastrointestinal system including, for example,
stomach cancer, esophageal cancer, small bowel cancer or
colon cancer; cancers of the biliary tree; pancreatic cancer;
cancers of the male reproductive system including, for
example, testicular cancer; Gestational trophoblastic disease;
cancers of the endocrine system including, for example, thy-
roid cancer, parathyroid cancer, adrenal gland cancer, carci-
noid tumors, insulinomas and PNET tumors; sarcomas,
including, for example, Ewing’s sarcoma, osteosarcoma,
liposarcoma, leiomyosarcoma, and rhabdomyosarcoma;
mesotheliomas; cancers of the skin; melanomas; cancers of
the central nervous system; pediatric cancers; and cancers of
the hematopoietic system including, for example, all forms of
leukemia, myelodysplastic syndromes, myeloproliferative
disorders and multiple myeloma. Cancers referred to in the
present methods include those wherein the c-Met signaling
pathway is overexpressed, accompanied by increased pro-
tease production and/or contributes to malignancy. Exem-
plary cancers include, for example urological cancers, such as
bladder cancer; carcinomas, such as bladder, breast, cervical,
cholangiocarcinoma, colorectal, oesophageal, gastric, head
and neck, kidney, liver, lung, nasopharyngeal, ovarian, pan-
creas/gall bladder, prostrate and thyroid carcinomas; muscu-
loskeletal carcinomas, such as, osteosarcoma, synovial sar-
coma, and rhabdomyosarcoma; soft tissue sarcomas, such as,
MFH/fibrosarcoma, leiomyosarcoma, and kaposi’s sarcoma;
haematopietic malignancies, such as, multiple myeloma,
lymphomas, adult T-cell leukemia, acute myelogenous leu-
kemia, and chronic myeloid leukemia; and other neoplasms,
such as glioblastomas, astrocytomas, melanoma, mesothe-
lioma, and Wilms’ tumor (Birchmeier etal., Nat Rev Mol Cell
Bio 2003 4(12):912-925.

In certain embodiments, the present invention provides
methods of diagnosing cancer in a patient or methods for
identifying a patient having an increased risk of developing
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cancer. Diagnosis, as used herein, includes not only the initial
identification of a cancer associated with c-met ectodomain
shedding in a patient but confirmatory testing, or screening in
patients who have previously been identified as having or
likely to have a cancer associated with c-met ectodomain
shedding. The methods include the steps of providing a bio-
logical sample from the patient, measuring the amount of
soluble c-Met ectodomain in the biological sample, prefer-
ably a urine and/or blood plasma sample, and determining if
the patient has a greater likelihood of cancer based on the
amount of c-Met measured. A patient has a greater likelihood
ofhaving cancer when he has a c-Met level that is greater than
the mean c-Met level in a non-cancerous population.

In certain embodiments, a patient having a greater likeli-
hood of cancer will have an amount of c-Met present in a
biological sample, preferably a urine and/or plasma sample,
that is at least two times the mean amount of c-Met present in
a corresponding sample from a non-cancerous control popu-
lation, at least three times the mean amount of c-Met present
in a corresponding sample from a non-cancerous control
population, at least four times the mean amount of c-Met
present in a corresponding sample from a non-cancerous
control population, or at least seven times the mean amount of
c-Met present in a corresponding sample from a non-cancer-
ous control population.

The present inventors have analyzed patient samples and
after analysis concluded that the mean c-Met levels in a non-
cancerous control population (n=30) is 4193 mg c-Met per
mg urine creatinine with a standard error of 335. Further
statistical analysis has shown that the lower 95% confidence
level is 3508 mg c-Met per mg urine creatinine and the higher
95% confidence level is 4878 mg c-Met per mg urine creati-
nine. Accordingly, in certain embodiments of the present
invention, a measurement of c-Met of about 3500 or greater,
about 3800 or greater, about 4200 or greater, about 4500 or
greater, or about 4900 c-Met per mg urine creatinine or
greater, in a urine sample from a patient will be indicative of
a greater likelihood of cancer in the patient. Similarly, a
measurement of c-Met of less than about 3500 ¢c-Met per mg
urine creatinine will indicate that the patient has a smaller risk
than the general population of having cancer.

The present inventors have analyzed the patient data and
concluded that the mean c-Met levels in a population (n=12)
having bladder cancer is 10,600 mg c-Met per mg urine
creatinine with a standard error of 2678. Further statistical
analysis has shown that the lower 95% confidence level is
4709 mg c-Met per mg urine creatinine and the higher lower
95% confidence level is 16,500 mg c-Met per mg urine crea-
tinine. Accordingly, in certain embodiments of the present
invention, a measurement of c-Met of about 4700 or greater,
about 6000 or greater, about 7000 or greater or about 8000 or
greater, c-Met per mg urine creatinine or greater, in a urine
sample from a patient, will be indicative of a greater likeli-
hood of having cancer, in particular bladder cancer

A human sample value, obtained in triplicate or greater
replicates, with a mean above the upper limit of the normal
range (defined by the upper 95% Confidence Interval, or 4878
pg c-Met/mg Creatinine), and determined to be significantly
different (as defined using the Student’s t-test or other appro-
priate statistical analysis) from the normal mean presented
herein (4193 pg ¢-Met/mg Creatinine), indicates a greater
likelihood of having cancer or other hyperplastic disease, in
particular bladder cancer.

A patient having a greater likelihood of having cancer can
then be further screened to determine whether the subject
does, in fact, have cancer. These screening methods include,
for example, conventional work-ups to determine risk factors
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that are associated with cancer, a history and physical or
neurological exam with particular attention to obvious
lesions; palpable masses; ulcerations; swelling or enlarge-
ment of any masses or organs; erosion of bone; laterality; size
and number of palpable lymph nodes; vision changes, focal
deficit, tumor impingement on a specific nerve or structure;
evidence of increased intracranial pressure; evidence of
obstructive hydrocephalus. A diagnosis of cancer can be con-
firmed, for example, by imaging tests such as X-rays, nuclear
scans and/or biopsies.

The methods ofthe invention rely, in part, on measuring the
amount of c-Met in a sample. The c-met protooncogene is
transmembrane protein that is derived from a 170 kDa pre-
cursor. The mature c-met protein is composed of a 50 KDa o
subunit that is linked by 2 disulfide bonds to a 145 kDA
subunit. The c-Met ectodomain comprises residues 25 to 932
ofthe c-Met extracellular domain, SEQ ID NO: 1, as shown in
FIG. 11.

Asused herein, the phrase “measuring the amount ofc-Met
or soluble c-Met ectodomain” means any direct or indirect
quantitative assay for c-Met ectodomain, including fragments
thereof.

Biological sample refers to a biological tissue or biological
fluid from a patient or human patient. The biological tissue
can be assayed for c-Met ectodomain as a detergent extract of
the tissue. Biological tissue from a patient can be extracted
with non-ionic detergent buffer solutions as described herein
for preparing cell extracts. The tissue can be minced or
ground (at 4° C. or on ice) to maximize surface area available
for extraction, and generally the extraction (also on ice) is
performed for amuch longer period (2-3 hours) as opposed to
a few minutes for cultured cells.

A variety of biological samples can be useful in practicing
the methods of the invention including, for example, blood,
serum, plasma, urine, salivary fluid, ascite fluid and the like.
A preferred biological sample is urine.

Such assays provide valuable means of monitoring the
status of neoplastic diseases. In addition to improving prog-
nostication, knowledge of the disease status allows the
attending physician to select the most appropriate therapy for
the individual patient. For example, patients with a high like-
lihood of relapse can be treated rigorously, usually involving
systemic chemotherapy and/or radiation therapy. When there
is a lesser likelihood of relapse, less aggressive therapies can
be chosen. Because of the severe patient distress caused by
the more aggressive therapy regimens, it would be desirable
to distinguish with a high degree of certainty those patients
requiring such aggressive therapies. See for example, U.S.
Pat. No. 5,674,753, incorporated herein by reference in its
entirety.

The present methods are useful for screening a wide variety
of neoplastic diseases, including both solid tumors and
hematopoietic cancers. Exemplary neoplastic diseases
include carcinomas, such as adenocarcinomas and melano-
mas, and squamous cell carcinomas of the head and neck;
mesodermal tumors, such as neuroblastomas and retinoblas-
tomas; sarcomas, such as osteosarcomas, Ewing’s sarcoma,
and various leukemias; and lymphomas. Of particular interest
are gynecologic cancers including ovarian, cervical, vaginal,
endometrial and vulval cancers; gastrointestinal cancer, such
as, stomach, colon and esophageal cancers; urinary tract can-
cer, such as, bladder and kiduney cancers; skin cancer; liver
cancer; prostate cancer; lung cancer; and breast cancer. Of
still further particular interest are gynecologic cancers; breast
cancer; urinary tract cancers, especially bladder cancer; lung
cancer; gastrointestinal cancer, such as, stomach, colon and
esophageal cancers; and liver cancer. Even further of particu-
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lar interest are gynecologic cancers and breast cancer. Tumors
which are known to overexpress intact c-Met may be good
candidates for target neoplastic diseases for the assays of this
invention, that is, such tumors may release into body fluids the
c-Met ectodomain protein at elevated levels above normal.
Particularly well studied are tumors of the breast and adeno-
carcinomas of the vulva which have been confirmed to over-
express c-Met. Preferably, in regard to tumors of the lung and
cervix, squamous cell carcinomas have been particularly
associated with elevated levels of c-Met. ¢c-Met measure-
ments have been determined to be markers for breast cancer
and to provide valuable information diagnostically and prog-
nostically, in correlation with other markers, such as, hor-
mone receptor measurements, for example, with estrogen
receptors (ERs) and progesterone receptors (PRs).

The body fluids that are of particular interest in assaying for
the c-Met ectodomain protein according to the methods of
this invention include blood, serum, semen, breast exudate,
saliva, sputum, urine, cytosols, plasma, ascites, pleural effu-
sions, amniotic fluid, bladder washes, bronchioalveolar lav-
ages, and cerebrospinal fluid. Blood, serum, plasma, and
urine are useful for screening according to the methods of this
invention. The assays of this invention may also be useful in
detecting and/or quantitating said c-Met ectodomain protein
in tissue extracts.

From a knowledge of the structure of the external domain
of the c-Met, a number of monoclonal or polyclonal antibod-
ies can be generated that specifically recognize that protein.
Because said c-Met ectodomain protein is found to exist
freely in the biological fluids of mammals, it is possible to
detect and/or quantitate the levels of that protein. Utilizing
current antibody detection techniques that can quantitate the
binding of monoclonal antibodies, made specifically to
epitopes on the external domain of the c-Met, in particular to
epitopes on the N-terminal, one can determine the amount of
said c-Met ectodomain protein in the fluids of cancer patients.

Such an assay can be used to detect tumors, quantitate their
growth, and help in the diagnosis and prognosis of the human
disease. The assays can also be used to detect the presence of
cancer metastasis, as well as confirm the absence or removal
of all tumor tissue following surgery, cancer chemotherapy
and/or radiation therapy. It can further be used to monitor
cancer chemotherapy and tumor reappearance. Representa-
tive immunoassays involve the use of monoclonal or poly-
clonal antibodies which can be appropriately labeled to detect
and/or quantitate said c-Met ectodomain protein in the body
fluids of mammals.

Diagnosis is based on analyzing the sample for amount of
c-Met and comparing it to a reference value, where the refer-
ence value serves to assist in differentiating those with cancer
or a certain stage of cancer from other individuals. Statistical
analysis routines can be performed to develop predictive
models for identification of the different clinical parameters
described herein. Measuring an “amount” in a sample means
quantifying c-Met by determining, for example, the relative
or absolute amount of protein.

A variety of assays for detecting c-Met are known in the art
and include direct and indirect assays for c-Met protein.
Immunoassays, including radioimmunoassays, enzyme-
linked immunoassays and two-antibody sandwich assays as
described further below, are useful in the methods of the
invention. Furthermore, monoclonal and polyclonal anti-c-
Met antibodies useful in immunoassays can be readily
obtained from a variety of sources.

A variety of immunoassay formats, including competitive
and non-competitive immunoassay formats, antigen capture
assays and two-antibody sandwich assays also are useful the
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methods of the invention (Self and Cook, Curr. Opin. Bio-
technol. 7:60-65 (1996)). In one embodiment, a method of the
invention relies on one or more antigen capture assays. In an
antigen capture assay, antibody is bound to a solid phase, and
sample is added such that c-Met antigen is bound by the
antibody. After unbound proteins are removed by washing,
the amount of bound antigen can be quantitated, if desired,
using, for example, a radioassay (Harlow and Lane, Antibod-
ies A Laboratory Manual Cold Spring Harbor Laboratory:
New York, 1988)). Immunoassays can be performed under
conditions of antibody excess, or as antigen competitions, to
quantitate the amount of antigen and, thus, determine a level
of c-Met.

Enzyme-linked immunosorbent assays (ELISAs) can be
useful in certain methods of the invention. An enzyme such as
horseradish peroxidase (HRP), alkaline phosphatase (AP),
[-galactosidase or urease can be linked, for example, to an
anti-c-Met antibody or to a secondary antibody for use in a
method of the invention. A horseradish-peroxidase detection
system can be used, for example, with the chromogenic sub-
strate tetramethylbenzidine (TMB), which yields a soluble
product in the presence of hydrogen peroxide that is detect-
able at 450 nm. Other convenient enzyme-linked systems
include, for example, the alkaline phosphatase detection sys-
tem, which can be used with the chromogenic substrate p-ni-
trophenyl phosphate to yield a soluble product readily detect-
able at 405 nm. Similarly, a 3-galactosidase detection system
can be used with the chromogenic substrate o-nitrophenyl-f3-
D-galactopyranoside (ONPG) to yield a soluble product
detectable at 410 nm, or a urease detection system can be used
with a substrate such as urea-bromocresol purple (Sigma
Immunochemicals, St. Louis, Mo.). Useful enzyme-linked
primary and secondary antibodies can be obtained from a
number of commercial sources such as Jackson Immuno-
Research (West Grove, Pa.) as described further below.

In certain preferred embodiments, c-Met ectodomain is
detected and measured using chemiluminescent detection.
For example in certain embodiments, c-Met ectodomain spe-
cific antibodies are used to capture c-Met ectodomain present
in the biological sample and a antibody specific for the c-Met
ectodomain specific antibodies and labeled with an chemilu-
minescent label is used to detect the c-Met ectodomain
present in the sample. Any chemiluminescent label and detec-
tion system can be used in the present methods. Chemilumi-
nescent secondary antibodies can be obtained commercially
from various sources such as Amersham. Methods of detect-
ing chemiluminescent secondary antibodies are known in the
art and are not discussed herein in detail.

Fluorescent detection also can be useful for detecting
c-Met in certain methods of the invention. Useful fluoro-
chromes include, without limitation, DAPI, fluorescein,
Hoechst 33258, R-phycocyanin, B-phycoerythrin, R-phyco-
erythrin, rhodamine, Texas red and lissamine. Fluorescein or
rhodamine labeled 02-MG-, HA-, TIMP-1- or YKL-40-spe-
cific binding agents such as anti-a2-MG, anti-HA, anti-
TIMP-1, or anti-YKIL-40 antibodies, or fluorescein- or
rhodamine-labeled secondary antibodies can be useful in the
invention. Useful fluorescent antibodies can be obtained
commercially, for example, from Tago Immunologicals (Bur-
lingame, Calif.) as described further below.

Radioimmunoassays (RIAs) also can be useful in certain
methods of the invention. Such assays are well known in the
art. Radioimmunoassays can be performed, for example, with
125Tlabeled primary or secondary antibody (Harlow and
Lane, supra, 1988).

A signal from a detectable reagent can be analyzed, for
example, using a spectrophotometer to detect color from a

10

15

20

25

30

35

40

45

50

55

60

65

12

chromogenic substrate; a radiation counter to detect radia-
tion, such as a gamma counter for detection of '*°I; or a
fluorometer to detect fluorescence in the presence of light of
a certain wavelength. Where an enzyme-linked assay is used,
quantitative analysis of the amount of c-Met can be per-
formed using a spectrophotometer such as an EMAX Micro-
plate Reader (Molecular Devices, Menlo Park, Calif.) in
accordance with the manufacturer’s instructions. The assays
of the invention can be automated or performed robotically, if
desired, and that the signal from multiple samples can be
detected simultaneously.

The methods of the invention also encompass the use of
capillary electrophoresis based immunoassays (CEIA),
which can be automated, if desired. Immunoassays also can
be used in conjunction with laser-induced fluorescence as
described, for example, in Schmalzing and Nashabeh, Elec-
trophoresis 18:2184-93 (1997), and Bao, J. Chromatogr. B.
Biomed. Sci. 699:463-80 (1997). Liposome immunoassays,
such as flow-injection liposome immunoassays and liposome
immunosensors, also can be used to detect c-Met or to deter-
mine a level of c-Met according to certain methods of the
invention (Rongen et al., J. Immunol. Methods 204:105-133
(1997)).

Sandwich enzyme immunoassays also can be useful in
certain methods of the invention. In a two-antibody sandwich
assay, a first antibody is bound to a solid support, and the
antigen is allowed to bind to the first antibody. The amount of
c-Met is quantitated by measuring the amount of a second
antibody that binds to it.

Quantitative western blotting also can be used to detect
c-Met or to determine a level of c-Met in a method of the
invention. Western blots can be quantitated by well known
methods such as scanning densitometry. As an example, pro-
tein samples are electrophoresed on 10% SDS-PAGE Laem-
mli gels. Primary murine monoclonal antibodies, for
example, against c-Met are reacted with the blot, and anti-
body binding confirmed to be linear using a preliminary slot
blot experiment. Goat anti-mouse horseradish peroxidase-
coupled antibodies (BioRad) are used as the secondary anti-
body, and signal detection performed using chemilumines-
cence, for example, with the Renaissance
chemiluminescence kit (New England Nuclear; Boston,
Mass.) according to the manufacturer’s instructions. Autora-
diographs of the blots are analyzed using a scanning densito-
meter (Molecular Dynamics; Sunnyvale, Calif.) and normal-
ized to a positive control. Values are reported, for example, as
a ratio between the actual value to the positive control (den-
sitometric index). Such methods are well known in the art as
described, for example, in Parra et al., J. Vasc. Surg. 28:669-
675 (1998).

As described herein above, immunoassays including, for
example, enzyme-linked immunosorbent assays, radioimmu-
noassays and quantitative western analysis, can be useful in
the diagnostic methods ofthe invention. Suchassays typically
rely on one or more antibodies, for example, anti-c-Met anti-
bodies. As used herein, the term “antibody” is used in its
broadest sense to include polyclonal and monoclonal anti-
bodies, as well as polypeptide fragments of antibodies that
retain binding activity for c-Met of at least about 1x10° M.
One skilled in the art understands that antibody fragments
such as anti-c-Met antibody fragments and including Fab,
F(ab'), and Fv fragments can retain binding activity for c-Met
and, thus, are included within the definition of the term anti-
body as used herein. Methods of preparing monoclonal and
polyclonal antibodies are routine in the art, as described, for
example, in Harlow and Lane, supra, 1988.
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The term antibody, as used herein, also encompasses non-
naturally occurring antibodies and fragments containing, at a
minimum, one V,, and one V, domain, such as chimeric
antibodies, humanized antibodies and single chain Fv frag-
ments (scFv) that specifically bind c-Met. Such non-naturally
occurring antibodies can be constructed using solid phase
peptide synthesis, produced recombinantly or obtained, for
example, by screening combinatorial libraries consisting of
variable heavy chains and variable light chains as described
by Borrebaeck (Ed.), Antibody Engineering (Second edition)
New York: Oxford University Press (1995). A variety of use-
ful anti-c-Met monoclonal and polyclonal antibodies are well
known in the art and, in many cases, are commercially avail-
able.

The present invention also provides, inter alia, novel meth-
ods for diagnosis and prognosis evaluation for cancer.

In one aspect, the amount of soluble c-Met in a biological
sample is determined in different patient samples for which
either diagnosis or prognosis information is desired, to pro-
vide profiles. An profile of a particular sample is essentially a
“fingerprint” of the state of the sample. A normal state may be
distinguished from a cancerous state, and within cancerous
states, different prognosis states (good or poor long term
survival prospects, for example) can be determined. Diagno-
sis may be done or confirmed by comparing patient samples
with the known profiles. By assessing the evolution of c-Met
levels at different times during disease progression, the stage
of disease can be determined as well as the likely prognosis.

A principle of diagnostic testing is the correlation of the
results of a procedure with particular clinical parameters. The
correlation necessarily involves a comparison between two or
more groups distinguished by the clinical parameter. A clini-
cal parameter could be, for example, presence or absence of
disease, risk of disease, stage of disease, severity of disease,
class of disease or response to treatment of disease. Accord-
ingly, the diagnostician uses this correlation to qualify the
status of a subject with respect to the clinical parameter. That
is, the diagnostician uses the results of a procedure on a
subject to classify or diagnose a subject status with respect to
a clinical parameter, the confidence of the diagnosis/classifi-
cation being related to the classifying or splitting power of the
signs or symptoms used in the test.

The methods described herein for quantifying soluble
c-met in a biological sample provides information which can
be correlated with pathological conditions, predisposition to
disease, therapeutic monitoring, risk stratification, among
others. Although the data generated from the methods of this
invention is suited for manual review and analysis, data pro-
cessing using high-speed computers can be utilized as well.

The present methods are particularly useful for diagnosing
conditions, evaluating whether certain drugs will have a
desired effect, and determining prognoses. The present meth-
ods can be used for early detection of cancer as well as for the
optimization of treatment protocols and analysis of biopsy
samples. The present methods can also be used to optimize
chemotherapy through assessment of the effect that the che-
motherapy has on c-Met levels.

In certain embodiments, the invention provides methods
for monitoring the progression of cancer in a patient. The
method comprises the steps of providing a first biological
sample from the patient, preferably a urine and/or blood
plasma sample, measuring the amount of soluble c-Met in the
first biological sample at a first time point, providing a second
biological sample from the patient, measuring the amount of
soluble ¢c-Met in the second biological sample at a second
time point, and determining progression of the disease state in
the patient based upon the change in the amount of soluble
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c-Met in the biological sample. In certain embodiments, the
amount of soluble c-Met ectodomain in a urine and blood
plasma sample will be measured at a first time point and the
amount of soluble c-Met ectodomain in a second urine and
blood plasma sample will be measured at a second time point
and the combined measurement will be used to determine
progression of the cancer in the patient. By measuring the
amount of c-Met in a patient sample over time, a clinician will
be able to determine whether the cancer has, for example,
regressed and whether the subject has been effectively
treated. A clinician can therefore utilize these measurement
for tailoring treatment appropriately. A subject whose cancer
has regressed after treatment with an anti-cancer agent will
have less detectable c-Met than he did before the treatment.
Similarly, a subject whose cancer has remained stable during
treatment will have similar levels of c-Met as he did before
treatment, and a subject whose cancer has worsened will have
increased c-Met levels.

In certain embodiments, the present invention provides
methods for measuring the response to cancer therapy com-
prising the steps of providing a first biological sample, pref-
erably a urine and/or blood plasma sample, measuring the
amount of soluble c-Met in the first biological sample at a first
time point, providing a second biological sample from the
patient, measuring the amount of soluble c-Met in the second
biological sample at a second time point, and determining
response in the patient based upon the change in the amount
of soluble c-Met present in the biological sample. In certain
embodiments, the amount of soluble c-Met ectodomain in a
urine and blood plasma sample will be measured at a first time
point and the amount of soluble c-Met ectodomain in a second
urine and blood plasma sample will be measured at a second
time point and the combined measurement will be used to
determine patient response. The subject may be a positive
responder, poor responder, or non-responder. For use herein,
a positive responder, is a subject who positively responds to
treatment, i.e., a subject who experiences success in amelio-
ration of the cancer, including any objective or subjective
parameter such as abatement; remission; diminishing of
symptoms or making the condition more tolerable to the
patient; slowing in the rate of degeneration or decline; making
the final point of degeneration less debilitating; or improving
a subject’s physical or mental well-being. A positive
responder is one in which any toxic or detrimental side effects
ofthe biologically active agent is outweighed in clinical terms
by therapeutically beneficial effects. A non-responder is a
subject who doesn’t respond to the treatment or doesn’t
respond to a satisfactory level. A poor responder is a subject
who responds to treatment but not at the level of the positive
responder.

In certain embodiments, the cancer therapy will include the
administration of an anti-cancer drug. A clinician or other
suitable professional can use the information regarding a
subject’s likely response level to certain anti-cancer drugs to
determine an appropriate treatment regimen for the patient. In
certain embodiments, increasing dosages can be provided for
those patients that are indicated to be poor responders or
non-responders. In certain embodiments, patients that are
indicated to be poor responders, or non-responders will
receive a different class of drugs or therapy. In certain
embodiments, the cancer therapy will be ionizing radiation,
hormone ablation therapy, and the like.

Generally, the amount of soluble c-Met ectodomain
present in the sample of a patient with premalignant cancer
will be less than the amount of soluble c-Met ectodomain
present in the sample of a patient with a low grade cancer, and
the amount of soluble c-Met ectodomain present in the
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sample of a patient with a low grade cancer will be less than
the amount of soluble c-Met ectodomain present in the
sample of a patient with a high grade metastatic cancer.
Anti-cancer drugs are known in the art and include, for
example chemotherapeutic agents, alone, or in combination
with, radiation treatment, surgical treatment, or treatments
using biological or immunomodulatory agents. Chemothera-
peutic drugs useful in treating cancer include alkylating
agents, antimetabolites, natural products, hormones and
antagonists (reviewed in B. A. Chabner and D. L. Longo Eds.
Cancer Chemotherapy and Biotherapy, 3rd Edition, 2001).
These include, for example, nitrogen mustards, including, for
example, mechlorethamine, cyclophosphamide, ifosfamide,
melphalan, and chlorambucil; ethylenimines and meth-
ylmelamines, including, for example, hexamethylmelamine
and thiotepa; alkyl sulfonates, including, for example, busul-
fan, carmustine, lomustine, semustine, and streptozocin; tria-
zenes, including, for example, dacarbazine and temozola-
mide, folic acid analogs, including, for example,
methotrexate and trimetrexate S-fluoropyrimidines includ-
ing, for example, fluorouracil, floxuridine, ftorafur, capecit-
abine, and eniluracil, cytidine analogs, including cytarabine;
S-azacytidine, gemcitabine, purine analogs and related
inhibitors, including, for example, mercaptopurine, thiogua-
nine, fludarabine, cladribine, and pentostatin; vinca alka-
loids, including, for example, vinblastine, and vincristine;
taxanes including paclitaxel and docetaxel, topoisomerase 11
inhibitors, including, for example, etoposide, amsacrine and
teniposide; topoisomerase 1 targeting agents including,
including, for example, camptothecin, topotecan, irinotecan,
and karenitecin, antibiotics, including, for example, dactino-
mycin, daunorubicin, doxorubicin, bleomycin, plicamyein,
and mitomycin; enzymes, including, for example, L-Aspara-
ginase; biological response modifiers, including, for
example, IL-2, interferon-alfa I1.-1, IL-2, 1L.-4, 1L.-12, tumor
necrosis factor and macrophage colony stimulating factor,
platinum coordination complexes, including, for example,
cisplatin, oxaloplatin, and carboplatin; anthracenediones,
including, for example, mitoxantrone; thalidomide and
derivatives including, for example, revemid, proteosome
inhibitors including, for example, bortezomib, substituted
ureas, including, for example, hydroxyurea; methylhydrazine
derivatives, including, for example, procarbazine; adrenocor-
tical suppressants, including, for example, mitotane and ami-
noglutethimide; — adrenocorticosteroids, including, for
example, prednisone; progestins and dexamethasone, includ-
ing, for example, hydroxyprogesterone caproate, medrox-
yprogesterone acetate, and megestrol acetate; estrogens,
including, for example, diethylstilbestrol and ethinyl estra-
diol; antiestrogens, including, for example, tamoxifen;
androgens, including, for example, testosterone propionate
and fluoxymesterone; antiandrogens, including, for example,
flutamide; and gonadotropin releasing hormone analogs,
including, for example, leuprolide, aromatase inhibitors
including, for example, anastrazole (brand name Arimi-
dex®), exemestane (brand name Aromasin®), and letrozole
(brand name Femara®); antibodies directed against cell sur-
face molecules including, for example, rituximab, trastu-
zumab, CAMPATH, cetuximab and bevacizumab, including
antibodies conjugated to toxins, including, for example, gem-
tuzumab, and antibodies conjugated to radioisotopes includ-
ing, for example, ibritumomab; anti-cancer antibodies that
have been humanized to avoid the development of human
antimouse antibodies; small molecule tyrosine kinase inhibi-
tors including, for example, gleevec and iressa (reviewed in
Noble et al., Science. 2004; 303:1800-5); faranesyl trans-
ferase inhibitors including, for example, R115777 (tipifarnib,
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Zarnestra®), SCH66336 (lonafarnib, Sarasar®) and BMS-
214662, including formulations of chemotherapy drugs
including, for example, liposomal formulations, including
arsenic trioxide, including cancer differentiating agents
including, for example, all trans retinoic acid, including can-
cer treatments of any kind that are expected to reduce tumor
growth, tumor invasiveness, tumor metastasis or overall
tumor burden. Methods of administering chemotherapeutic
agents for treating cancer are known in the art. (Goodman and
Gilman’s The Pharmacological Basis of Therapeutics, Ninth
Edition).

The term “cancer therapy” refers to cancer treatment of any
kind expected to reduce tumor growth rate, tumor invasive-
ness, tumor metastasis, or overall tumor burden, including for
example, the administration of anti-cancer agents, ionizing
radiation therapy, hormone ablation therapy, surgical inter-
vention, and the like.

The invention provides a number of methods, reagents, and
compounds that can be used for the diagnosis and prognosis
of cancer. It is to be understood that this invention is not
limited to particular methods, reagents, compounds, compo-
sitions, or biological systems, which can, of course, vary. It is
also to be understood that the terminology used herein is for
the purpose of describing particular embodiments only, and is
not intended to be limiting. As used in this specification and
the appended claims, the singular forms “a”, “an”, and “the”
include plural referents unless the content clearly dictates
otherwise.

“About” as used herein when referring to a measurable
value such as an amount, a temporal duration, and the like, is
meant to encompass variations of £20% or £10%, more pref-
erably +5%, even more preferably 1%, and still more pref-
erably +0.1% from the specified value, as such variations are
appropriate to perform the disclosed methods.

Unless defined otherwise, all technical and scientific terms
used herein have the same meaning as commonly understood
by one of ordinary skill in the art to which the invention
pertains. Although any methods and materials similar or
equivalent to those described herein can be used in the prac-
tice for testing of the present invention, the preferred materi-
als and methods are described herein.

EXAMPLES

Reagents and Cell Culture

Full length purified recombinant human hepatocyte growth
factor (HGF) protein was obtained from R&D Systems (294-
HG, Minneapolis, Minn.). Antibodies against c-Met were
obtained from R&D Systems (Minneapolis, Minn.) or
Upstate Biotechnology (DO-24 anti-c-Met mAb; Lake
Placid, N.Y.) as noted below.

The following human normal/tumor and primary tumor/
metastasis cell line pairs derived from single individuals were
obtained from ATCC and maintained according to ATCC
recommendations: CRL7636 (normal skin) and CRL7637
(skin melanoma), HTB125 (normal mammary gland) and
HTB126 (mammary gland ductal carcinoma), and CCL.228
(colorectal adenocarcinoma) and CCL227 (lymph node
metastasis of colorectal adenocarcinoma). The human cell
line pair UOK124 (renal cell carcinoma) and UOK124 LN
(Ilymph node metastasis of renal cell carcinoma), as well as
UOK261 (bladder cancer) were developed at the Urologic
Oncology Branch, National Cancer Institute, National Insti-
tutes of Health, Bethesda, Md. 20892 USA; Athauda et al.,
Clin. Cancer Res. 12: 4154-4162, 2006). UOK 124, UOK 124
LN, UOK261, A431 (epidermoid carcinoma), U-87 MG
(glioblastoma), C100 (breast carcinoma), H1.177 (C100
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transfected with Nm23), PC3 (prostate carcinoma), PC3M
(PC3 derived metastatic variant) and PC3M MxA (PC3M
transfected with MxA) cells were maintained in DMEM
supplemented with 10% fetal bovine serum, antibiotics and
antimycotics. B5/589 human mammary epithelial cells were
cultured as previously described (Stahl et al.,, Biochem J
1997; 326:763-72). The MCF-10A derived breast epithelial
celllines 141-M4 (MCF-10A or M1, MCF10AT1k.cl2 or M2,
MCF-10CATh or M3 and MCF-10CA1a.cll or M4) (Santner
et al., Breast Cancer Res Treat 2001; 65:101-10) were
obtained from the Barbara Ann Karmanos Cancer Institute
(Detroit, Mich.) and were maintained in DMEM/F-12 supple-
mented with 5% horse serum, 0.029M sodium bicarbonate,
10 mM HEPES, penicillin and streptomycin at 37° C. and 5%
CQO,. This culture medium was supplemented with 10 pug/ml
insulin, 20 ng/ml EGF, 0.5 pg/ml hydrocortisone and 100
ng/ml cholera toxin for the M1 and M2 cell lines.
SDS-PAGE and Immunoblotting

Analysis of cellular and soluble c-Met by immunoprecipi-
tation and immunoblotting was performed as described pre-
viously (Stahl et al., Biochem J 1997;326:763-72). Samples
for soluble c-Met analysis were obtained by harvesting con-
ditioned media (cell culture supernatants) prior to detergent
extraction; conditioned media was subjected to high speed
centrifugation and 0.2 micron filtration to remove cells and
debris. To obtain cellular c-Met samples, intact cells were
serum deprived for 16 or 24 h as noted, lysed in cold buffer
containing non-ionic detergents and protease and phos-
phatase inhibitors and cleared by high speed centrifugation.
After immunoprecipitation of clarified detergent extracts for
2 h on ice, immunocomplexes were captured using immobi-
lized protein-G (GammaBind G-Agarose, Pharmacia),
washed, eluted with SDS sample buffer and subjected to
SDS-PAGE and electrophoretic transfer to PVDF membranes
(Immobilon P, Millipore). Immunodetection was performed
by conventional methods using enhanced chemilumines-
cence (ECL Plus, Amersham).

Electrochemiluminescence Immunoassays

Streptavidin coated 96-well plates designed specifically
for use in a Meso Scale Discovery (MSD) Sector 2400 Imager
were first blocked with I-Block solution (300 pl/well, 1 h;
Applied Biosystems catalog #A1300) that had been prepared
according to the manufacturers instructions. Wells were then
washed 3 times with PBS (150 pl/well).

For c-Met ectodomain assays, a biotin-tagged, affinity
purified c-Met ectodomain specific capture antibody (R&D
BAF 358 diluted in 0.5% BSA in PBS) was added to each well
(5ug/ml, 25 pl/well) for 1 h with shaking. Wells were washed
3 times with PBS before adding samples or standards (R&D
358-MT recombinant c-Met ectodomain-IgG-Fe fusion pro-
tein in PBS+0.5% BSA). Standards (100 ul/well) were added
to generate a curve from 0.01 ng/ml to 100 ng/ml in semi-log
increments for 1 h with shaking. Samples for soluble c-Met
analysis were obtained by harvesting conditioned media (cell
culture supernatants) prior to detergent extraction; condi-
tioned media was subjected to high speed centrifugation and
0.22 micron filtration to remove cells and debris, then stored
at -80° C. prior to c-Met quantitation. In some cases condi-
tioned media was concentrated using Centricon YM-10
microconcentration units (Millipore, Inc.) prior to analysis,
as described in the text, or subjected to a single round of
immunodepletion using the human c-Met ectodomain spe-
cific monoclonal antibody D024 (Upstate Biotechnology)
followed by antibody capture with protein G agarose. Wells
were washed 3 times with PBS before adding detection anti-
body (R&D AF 276 labeled with MSD Sulfotag diluted in
0.5% BSAinPBS) at 1 ug/ml, 25 pl/well for 1 h with shaking.

20

25

40

45

60

65

18
Wells were then washed 4 times with PBS before adding
MSD Read Buffer T with surfactant (150 pl/well) and then
read immediately in a MSD Sector 2400 Imager.

For cellular c-Met assays, intact cells at 80% confluence
were serum deprived for 24 h, washed twice with cold PBS
and then lysed in cold buffer containing non-ionic detergents
and protease and phosphatase inhibitors. Detergent extracts
were clarified by high speed centrifugation and applied to
96-well plates as described for soluble ¢c-Met ectodomain
samples, above.

c-Met assays can be performed on biological sample, e.g.,
biological tissue or biological fluid from a patient or human
patient. The biological tissue can be assayed for c-Met
ectodomain as a detergent extract of the tissue. Biological
tissue from a patient can be extracted with non-ionic deter-
gent buffer solutions as described herein for preparing cell
extracts. The tissue can be minced or ground (at 4° C. or on
ice) to maximize surface area available for extraction, and
generally the extraction (also on ice) is performed for a much
longer period (2-3 hours) as opposed to a few minutes for
cultured cells. See, for example, U.S. Pat. No. 5,674,753.

For HGF immunoassays, I-Block treated plates were
coated as described above with an affinity purified HGF spe-
cific capture antibody (R&D MAB 694 diluted in 0.5% BSA
in PBS) that had been biotin labeled. Wells were washed as
described above before adding samples or standards (R&D
294-HG recombinant HGF protein in PBS+0.5% BSA); stan-
dards were added to generate a curve from 0.03 ng/ml to 30
ng/ml in semi-log increments. Wells were washed before
adding detection antibody (R&D AF-294 labeled with MSD
Sulfotag diluted in 0.5% BSA in PBS) at 1 ug/ml, 25 ul/well.
Wells were then washed 4 times with PBS before adding Read
Buffer T and reading in a MSD Sector 2400 Imager.

All samples were measured in quadruplicate unless other-
wise noted. Mean values from negative control wells were
subtracted from all other raw values and a standard curve was
then constructed by plotting signal intensity against 358-MT
c-Met Fe fusion protein or recombinant HGF protein standard
concentration. A non-linear regression curve fitting algorithm
(Microsoft Excel or GraphPad Prism software) was used to
generate an equation from which sample values for c-Met or
HGF concentration were derived from mean signal intensity
values. Mean values among groups were compared for sta-
tistically significant differences using unpaired t-test (paired
human cell lines) or analysis of variance (ANOVA; MCF10A
derived cell lines); R and P values are presented in the text
and figure legends.

Human Tumor Xenografts in Mice

Subconfluent UOK261 and U-87 MG cells were
trypsinized, washed two times in PBS to remove serum and
then resuspended in HBSS at a concentration of 1x107 cells/
ml. One hundred microliters containing 1x10° cells were
injected subcutaneously into the right flank of 12-week-old
male SCID/beige mice (Taconic Inc., Germantown, N.Y.).
Tumor growth was monitored weekly by caliper measure-
ments and tumor volume was calculated based on the formula
(lengthxlengthxwidth)/6. Blood was obtained via the tail vein
or retromandibular perforation; samples were collected in the
presence of citrate as an anticoagulant were centrifuged at
1500 rpm, 4° C. to remove cells and plasma samples were
stored at —80° C. prior to analysis. At each of three weekly
time points 4 mice were sampled per group. Samples were
analyzed for soluble c-Met using the electrochemilumines-
cence immunoassay described above; values shown represent
the mean of triplicate measurements. In FIG. 6, standard
deviations are smaller than the symbol size in all cases.
Mouse urine sample pH was adjusted to pH 7.5 with Trizma-
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HCI, 2M, pH 8.0 (Sigma), then centrifuged at 1500 rpm for 5
minutes to remove cells and debris. Pooled SCID/beige not-
mal mouse plasma was used as a diluent for standard curves
and was obtained in bulk from Taconic Inc. Pooled urine from
normal SCID/beige mice was pH-corrected and used as a
diluent for standard curves run in assays to measure c-Met
concentration in mouse urine samples. R and P values from
linear regression analysis of mouse data are presented in the
text and figure legends.

c-Met Shedding by Cultured Cells: Characterization and
Assay Development

c-Met ectodomain shedding was examined in a cultured
cell model of breast cancer progression where successive
derivatives of the parent cell line show increasing malignancy
(Santner et al., Breast Cancer Res Treat 2001, 65:101-10).
MCF-10A (M1) is a spontaneously immortalized normal
breast epithelial cell line which was transfected with activated
Hras and xenografted in mice to obtain the premalignant
MCF10AT1k.c12 (M2) cell line. Subsequent passages in mice
and single cell cloning facilitated the isolation of cell lines
that produced tumors with the phenotypic characteristics a
low grade carcinoma (MCF-10CA1h or M3) and ahigh grade
metastatic carcinoma (MCF-10CAla.cll or M4). In contrast
to many carcinoma derived cell lines where c-Met is overex-
pressed, cell surface c-Met expression among the four cul-
tured cell lines appeared to decrease with increasingly malig-
nant phenotype (FIG. 1A). Nonetheless, analysis of c-Met
shedding over 16 h by immunoblotting with ectodomain-
specific monoclonal antibodies showed progressively higher
ectodomain levels from normal cells to those displaying a
metastatic phenotype (FIG. 1B). c-Met ectodomain frag-
ments of approximate molecular masses 75, 85 and 100 kDa
were the predominant species observed, similar to those
observed in the normal human mammary epithelial cell line
B5/589 (FIG. 1B) and to the predominant species present in
cell culture supernatants and human plasma as reported pre-
viously [3-7]. These c-Met reactive protein bands were
detectable with several antibodies against the c-Met
ectodomain, but not with polyclonal antisera raised against a
peptide corresponding to the carboxyl terminal c-Met
sequence (data not shown).

To better characterize c-Met shedding across a range of cell
lines and biological samples, a two site immunoassay was
developed to provide greater sensitivity, higher throughput
and more precise quantitation than immunoblotting. Distinct
human c-Met specific antibodies are used for capture and
detection; capture antibodies were biotin labeled for use with
streptavidin coated multiwell plates and the amount of detec-
tion antibody bound was measured by electrochemilumines-
cence generated using ruthenium chelates in the presence of
sacrificial redox co-reactants. The optimized c-Met immu-
noassay has a threshold of detection of 750 fg for the purified
recombinant c-Met ectodomain protein and a dynamic range
of four log units (FIG. 2A). Sample quenching or hypersen-
sitivity that could occur in complex biological samples was
investigated by adding known amounts of recombinant c-Met
ectodomain to cultured cell supernatants from B5/589 mam-
mary epithelial cells (data not shown) or A431 epidermoid
carcinoma cells (FIG. 2B). both of which contained shed
c-Met ectodomain as determined by immunoblotting. Agree-
ment between expected and observed c-Met concentrations
indicated the absence of any interference (FIG. 2B). Ultrafil-
tration of B5/589 conditioned medium through a membrane
with a 10 kDa cutoff removed all of the c-Met signal, consis-
tent with the ectodomain molecular masses observed by
immunoblotting (FIG. 2C). The c-Met selectivity of the
immunoassay was tested by subjecting B5/589 conditioned
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medium to immunodepletion using a monoclonal antibody
against ¢c-Met ectodomain (DO-24) that was distinct from
either capture or detection antibody used in the immunoassay.
As shown in FIG. 2C, a single round of immunodepletion
resulted in an 80% loss of signal.

To determine whether shed c-Met ectodomain fragments
could act as competitive antagonists of ligand binding by cell
surface receptors, the two site c-Met immunoassay was
adapted to analyze the HGF binding capacity of c-Met frag-
ments cultured cells conditioned medium. A purified recom-
binant full length c-Met ectodomain-IgG Fc fusion protein
was used as positive control for HGF binding. The amount of
c-Met ectodomain present in B5/589 conditioned medium
was determined from a c-Met-Fc standard curve and assays
were designed such that equal amounts of c-Met ectodomain
in B5/589 conditioned medium and in the c-Met Fc fusion
protein preparation were captured in replicate wells. Purified
recombinant HGF was added to two sets of wells at concen-
trations of 10, 100 and 300 ng/ml; one set of wells was then
detected using anti-c-Met and the other with anti-HGF. An
HGF standard curve was created using the same HGF detec-
tion antibody and an HGF-specific capture antibody. No
change in c-Met detection was observed in c-Met Fc contain-
ing wells that had bound HGF, indicating that bound HGF did
not interfere with c-Met capture or detection (data not
shown). As shown in FIG. 2D, the c-Met Fc fusion protein
bound HGF in direct proportion to the amount added,
whereas no HGF binding was detected for the c-Met fragment
present in B5/589 conditioned medium. These results, con-
sistent with prior studies (Wajih et al., Circ Res 2002; 90:46-
52), show that the predominant c-Met ectodomain fragments
found in B5/589 cell culture supernatants have lost meaning-
ful HGF binding capability. In light of the observation that the
B5/589 c-Met ectodomain fragments are very similar in size
and distribution to those shed by a variety of cultured cell
lines as well as to what has been found in human plasma
(Wajih et al., Circ Res 2002; 90:46-52), c-Met shedding does
not yield a soluble receptor fragment that could compete
efficiently for ligand binding by intact cellular c-Met.
c-Met Shedding Correlates with Malignancy in Cultured Cell
Cancer Models

Quantitative analysis of c-Met shedding by the MCF 10A
derived breast cancer cell lines that were analyzed previously
by immunoblotting showed excellent agreement in the trends
among the cell lines for both cellular c-Met expression and
c-Met ectodomain shedding (FIG. 1B and FIG. 3, upper pan-
els). The external recombinant protein standard in the immu-
noassay allows results to be expressed in absolute terms, e.g.
receptor concentration or number per total cellular protein or
per cell. This enables realistic comparisons between succes-
sive experiments, different cell lines or with other biological
samples. Manipulation of the numerical results also offers
insight into trends in shedding relevant to molecular mecha-
nism, such as determining shedding rate per cellular receptor
(FIG. 3, 37 panel) or the percentage of cellular receptor shed
per time interval (FIG. 3, bottom panel). In the MCF10A
derived model of breast cancer progression, the steady state
cellular c-Met expression level is progressively and signifi-
cantly lower at each step of increasingly malignant phenotype
(ANOVA R*=0.998; P<0.0001). In contrast, c-Met shedding
is significantly increased with the change from premalignant
(M2) to malignant (M3) phenotype (FIG. 3, 2" panel, t-test
P<0.001). This trend is maintained in the metastatic (M4) cell
line (FIG. 3, 2" and 3" panels) and shedding in M4 is nearly
four-fold higher than its normal counterpart M1 when
expressed as a function of available cellular c-Met (FIG. 3,
bottom panel; 4 group ANOVA R*>0.995; P<0.0001). The
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observed trends in expression and shedding are consistent
with significant and progressive increases in proteolytic
activity characteristic of advancing breast cancer.

Cellular and soluble ¢c-Met levels in a series of paired
human cell lines, each obtained from a single cancer patient,
derived from tumor vs. corresponding normal tissue or, pri-
mary tumor vs. distant metastatic lesion were measured. Spe-
cifically, the paired cell lines were derived from normal skin
(CRL7636) and skin melanoma, (CRL7637), normal mam-
mary gland (HTB125) and mammary gland ductal carcinoma
(HTB126), colorectal adenocarcinoma (CCL.228) and lymph
node metastasis of colorectal adenocarcinoma (CCL227),
and renal cell carcinoma (UOK124) and lymph node metasta-
sis of renal cell carcinoma (UOK124 LN).

All four cell line pairs exhibited one overall trend similar to
that displayed by the MCF10A model: significantly greater
c-Met shedding rate with more malignant phenotype (FIG. 4,
2" 3% and 4” panels). In contrast, cellular c-Met levels
varied widely among the paired lines (FIG. 4, top panel).
Relative to the normal skin derived cell line CRL7636, cel-
lular c-Met was 60% lower then in the paired melanoma
derived cell line CRL7637 (top panel), while soluble c-Met
concentration was 60% greater (2 panel), contributing to a
4-fold greater c-Met shedding rate per cell protein (3™ panel)
and per receptor (4 panel) correlating with the acquisition of
malignancy. These findings suggest that, similar to the
MCF10A derived cell lines, significantly increased pro-
teolytic activity was the primary cause of the observed trend.
In contrast, in the cell line pair derived from normal mam-
mary gland and ductal carcinoma (HTB125 and HTB126),
acquisition of malignancy correlated with 2.5 fold greater
cellular c-Met level (top panel) and 4-fold greater soluble
c-Met level (27 panel) producing a 2.5 fold greater c-Met
shedding rate per cell protein (3™ panel). This trend repre-
sented only a modest increase in the percentage of cellular
c-Met shed in 24 h (bottom panel), suggesting that unlike the
MCF10A derived breast cancer model, receptor overexpres-
sion contributed significantly to the increased receptor shed-
ding observed with malignant transformation. This difference
in underlying mechanism of increased c-Met shedding
between two breast cancer cell models could reflect the onco-
genic heterogeneity in breast cancer that is becoming more
broadly appreciated.

Similar in trend to HTB125 and HTB126, but remarkable
in magnitude, the cell line derived from a lymph node
metastasis of colorectal carcinoma (CCL227) showed
40-fold greater cellular c-Met expression relative to the pri-
mary tumor derived cell line (CCL228) and 75-fold greater
rate of c-Met shedding per total cell protein (FIG. 4, upper
two panels). Correcting these values for receptor protein
yielded a 2.7 fold greater shedding rate in the metastasis-
derived line relative to the primary tumor line (FIG. 4, 3™
panel). The renal cell carcinoma derived cell line UOK 124
and corresponding lymph node metastasis derived line
UOK124 LN showed little difference in cellular c-Met
expression (top panel), while soluble c-Met level was 60%
greater in UOK124 LN (2nd panel), contributing to a 3-fold
greater c-Met shedding rate per cellular receptor (3™ panel)
and a doubling of the percentage of cellular receptor shed in
24 h (bottom panel). Thus, similar to the trends observed for
the MCF10A derived breast carcinoma model and the skin
melanoma cell line pair, significantly greater proteolytic
activity was likely to be responsible for the greater c-Met
shedding rate that correlated with increased malignancy.

In addition to cultured normal/tumor or tumor/metastasis
cell line pairs, cellular and soluble c-Met levels in two geneti-
cally engineered models representing reconstitution of
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metastasis suppressor genes in aggressively malignant pros-
tate and breast tumor derived cell lines were examined. The
prostate cancer cell line PC3 is tumorigenic in mice but not
metastatic; PC3M is a PC3 derived cell line that is aggres-
sively tumorigenic and metastatic (Chu et al., Cancer Genet
Cytogenet 2001; 127:161-7.) This phenotypic difference was
exploited to identify genes whose loss could contribute to
metastasis in prostate cancer, leading to the identification of
the MxA gene as a suppressor of metastasis (Aebi et al., Mo/
Cell Biol 1989; 9:5062-72 and unpublished observations).
Upon reconstitution of Mx A expression in PC3M, the aggres-
sive metastatic phenotype of cultured cell xenografts in mice
is reverted to that of the parental cell line (unpublished obser-
vations). Cellular c-Met expression in PC3M was nearly
double that of PC3; restoration of MxA expression was asso-
ciated with an even greater cellular c-Met expression level
(FIG. 5A, top panel). Shedding by PC3M was 50% greater
than that of the parental cell line, consistent with the overall
trend of increased shedding with increasing malignancy
observed in other cell models (FIG. 5A, 2" panel ), and appar-
ently driven by increased c-Met expression. While the abso-
lute level of c-Met shedding in PC3M and PC3M MXA trans-
fectants was similar, a lower the rate of c-Met shedding per
cellular receptor was detected in MXA transfectants (FIG. 5A,
3 and 4” panels). These results suggest that Mx A expression
had no significant effect on c-Met expression, but suppressed
the shedding mechanism to a level comparable to that dis-
played by the non-metastatic PC3 cell line.

In contrast to the PC3 based model of prostate cancer
metastasis, a dramatic effect on cellular c-Met expression was
exhibited by the metastasis suppressor gene Nm23 in a
genetically engineered cell model of breast cancer progres-
sion (FIG. 5B). In this model, the breast cancer cell line C100,
which aggressively forms primary tumors and metastases in
mouse xenografts, was reverted to a non-metastatic pheno-
type upon transfection with Nm23 (H1.177) (Leone et al.,
Oncogene 1993; 8:2325-33]. Correlated with the loss of
metastatic phenotype was 70% lower cellular c-Met expres-
sion in H1.177 relative to the parental cell line (FIG. 5B, top
panel) and 75% lower soluble c-Met production (FIG. 5B, 2"/
panel). A 20% lower level of c-Met shedding per cellular
receptor was also associated with Nm23 expression (FIG. 5B,
3 and 4” panels), suggesting that shedding was attenuated
primarily through the suppression of c-Met expression by
Nm?23.
c-Met Shedding Correlates with Tumor Burden in Tumor
Xenograft Mouse Models

It was observed that cultured tumor cells expressing c-Met
tended to shed more c-Met ectodomain than their normal
tissue counterparts, independent of changes in overall c-Met
expression level, and that this tendency was enhanced with
increasingly malignant phenotype. Two different human
tumor cell lines were injected subcutaneously with known
c-Met shedding rates (data not shown) into immunocompro-
mised (SCID/Beige) mice and thereafter measured tumor
volume and plasma soluble c-Met levels at weekly intervals.
The cell line UOK261 was derived from a human bladder
carcinoma and displayed a relatively high level of soluble
c-Met in culture, whereas the cell line U-87 MG was derived
from a human glioblastoma and displayed a lower level of
c-Met shedding in culture. c-Met signaling is suspected of
playing an important role in the progression of both cancers
represented by these models [Burgess et al., Cancer Res
2006; 66: In Press; Rosenetal.,J Urol1997; 157:72-8; Cheng
etal.,J Clin Oncol 2002; 20:1544-50.) Note that the antibod-
ies used in the immunoassay described here do not cross-react
with mouse c-Met, thus the assay was conducted in the
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absence of any normal soluble murine c-Met background; any
c-Met detected originated from the human tumor xenografts.
Pooled plasma samples obtained from the same strain of mice
was used as a diluent for the recombinant c-Met ectodomain-
Fe standard curve, so that the absolute soluble c-Met values
obtained could be related directly to those obtained from
cultured cell experiments, as well as to future animal studies.

Remarkably, soluble human c-Met was easily detected in
plasma samples obtained from several mice receiving
UOK261 xenografts more than a week before subcutaneous
tumors became palpable (data not shown). Non-palpable
tumors up 5.0 mm? in volume are difficult to detect radiologi-
cally and represent an early but nonetheless clinically rel-
evant stage of tumorigenesis. The soluble c-Met fragments
measured in the immunoassay were similar in size to the
fragments found in cultured cell conditioned media, as deter-
mined by SDS-PAGE and immunoblotting (data not shown).
With increasing tumor mass, each mouse showed significant
weekly increases in plasma c-Met levels (P<0.05; data not
shown); these data were pooled and plotted as plasma c-Met
against tumor volume (FIG. 6, left upper panel). Regression
analysis demonstrated a direct linear relationship between
circulating soluble c-Met concentration and tumor burden
(FIG. 6, left upper panel, R>=0.944; n=4 animals). Consistent
with the lower level of c-Met shedding by cultured U-87 MG
cells, soluble c-Met was not detected in plasma samples from
mice receiving the U-87 MG glioblastoma xenografts before
the tumors became palpable. Nonetheless, the smallest mea-
surable tumors were each associated with plasma c-Met lev-
els that were well above the threshold of detection, and each
mouse showed significantly increasing c-Met concentrations
measured at weekly intervals (P<0.05; data not shown).
Regression analysis of the pooled data plotted as c-Met con-
centration against tumor volume also supported a direct linear
soluble ¢c-Met/tumor burden relationship (FIG. 6, right upper
panel, R*=0.933; n=4 animals).

As shown in the left lower panel of FIG. 6, subcutaneous
UOK261 xenografts produced urinary soluble c-Met concen-
trations that were detectable at very small tumor sizes and that
increased linearly with tumor burden over weekly intervals
(R*=0.922, P<0.01, n=4 animals). Urinary soluble c-Met
concentrations were typically less that Yio00™ of correspond-
ing plasma c-Met concentrations (FIG. 6, left lower panel).
Urine samples from mice receiving U-87 MG xenografts also
contained soluble c-Met at early stages of tumor growth that
increased significantly with time in each mouse (P<0.05; data
not shown), and group data showed a similar direct linear
relationship between c-Met concentration and overall tumor
burden (FIG. 6, right lower panel; R*=0.953, n=4 animals).

These results demonstrate that soluble c-Met produced by
tumor derived cultured cell xenografts can be detected in
plasma at very early stages of tumorigenesis, and that urinary
c-Met concentration is a reliable indicator of the soluble
c-Met level in plasma. These data further support the overall
fidelity of c-Met shedding as an index of malignant pheno-
type, tumor progression and tumor burden in c-Met express-
ing models of oncogenesis. The simplicity and sensitivity of
the assay described here make it amenable to high throughput
screening.
c-Met Shedding in a Group of Normal Patients and Patients
with Cancers Delineated in FIGS. 7-9.

Soluble c-Met was measured in urine samples as described
in for mouse urine, with the exception that the standard curve
was generated in phosphate buffered normal saline, not
pooled mouse urine. Urine creatinine was measured using a
standard, commercially available spectrophotometric
method which is routinely used in medical laboratories.
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Samples for all assays were performed in triplicate or qua-
druplicate. Prior to measurements, samples were centrifuged
to remove cells and debris, filtered through 0.22 micron fil-
ters, and the pH was adjusted to 7.4.

c-Met Shedding in a Group of Normal Patients and Patients
with Bladder Cancer.

Soluble c-Met was measured in urine samples as described
in for mouse urine, with the exception that the standard curve
was generated in phosphate buffered normal saline, not
pooled mouse urine. Urine creatinine was measured using a
standard, commercially available spectrophotometric
method which is routinely used in medical laboratories.
Samples for all assays were performed in triplicate or qua-
druplicate. Prior to measurements, samples were centrifuged
to remove cells and debris, filtered through 0.22 micron fil-
ters, and the pH was adjusted to 7.4. Values of soluble c-Met
were obtained from the raw data using the standard curve (run
in every assay); the standard curve was generated as
described, final values are expressed as pg/ml. Urine creati-
nine was also measured against a standard curve and values
are expressed as mg/ml. Corrected c-Met/creatinine values
are expressed as pg/mg. Statistical analysis was performed
using GraphPad Prism software, using assumptions and con-
ventions accepted throughout the research community. t-test
at the p<0.05 level is the standard method for comparing the
mean value obtained from patient replicates to the normal
group mean, i.e. determining if any difference is unlikely to
be due to chance. See FIG. 12.

Normals were healthy adult volunteers with no medical
history of cancer and asymptomatic for diseases of the kid-
ney, prostate, bladder or urinary tract at the time the sample
was obtained, as established by routine medical laboratory
tests, physical exam, and interview.

Bladder cancer samples were obtained from adult patients
with biopsy proven (graded and staged by a licensed patholo-
gist) bladder cancer or TCC (transitional cell carcinoma,
which originates in ureteral epithelium, generally classified
with bladder cancer). Patients had active or stable disease and
samples were obtained prior to any surgical intervention.

Table 1 below provides the soluble c-Met measurements as
pg per mg urine creatinine.

TABLE 1
Statistics Normals Bladder Cancer
Number of values 30 12
Minimum 892.3 1498
25% Percentile 3071 4343
Median 4344 6658
75% Percentile 5719 13990
Maximum 7742 33090
Mean 4193 10600
Standard Deviation 1835 9278
Standard Error 335 2678
Lower 95% Confidence 3508 4709
Interval
Higher 95% Confidence 4878 16500
Interval
KS Distance 0.09099 0.2363
P Value P>0.10 P>0.10
Passed Normality Test Yes Yes
(*=0.05)
P Value Summary 18 ns
Coefficient of Variation 43.76% 87.49%
Geometric mean 3689 7644

Adaptation of the Soluble c-Met Immunoassay for Analysis
of Human Plasma Samples.

Initial measurements of soluble c-Met in human plasma
samples obtained from normal healthy volunteers, using the
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recombinant 358-MT c-Met-Ig fusion protein (R&D Sys-
tems) as standard and the same assay protocol used for cul-
tured cell supernatants, revealed very high soluble c-Met
levels were present.

Experiments confirm that the measurements were reliable
and not due to a factor present in plasma other than bona fide
c-Met protein:

1. Samples of goat plasma and mouse plasma were mea-
sured to determine whether a plasma constituent other than
c-Met might contribute to signal intensity. Because the assay
reagents do not cross-react with c-Met protein from mouse or
goat, any reading above background would be grounds to
suspect a contributory factor in human plasma other than
c-Met. Neither goat nor mouse samples displayed soluble
c-Met reading above background.

2. Samples of human plasma were diluted with three dif-
ferent buffers over a four log range and then measured in the
assay. In many cases, artifactual readings do not decrease
linearly with dilution. Using Tris-HCI, PBS or de-ionized
water, the signal present in human plasma directly in propor-
tion to dilution factor.

3. Samples of human plasma were subjected to denaturing
conditions (heating to 95° C. for 30 minutes) prior to mea-
surement of soluble c-Met in that assay. Under these condi-
tions, many plasma proteins are precipitated. Samples sub-
jected to this protocol did not show c-Met readings above
background.

4. Samples of human plasma were subjected to immun-
odepletion of c-Met prior to measurement in the assay. Ide-
ally, repeated rounds of immunodepletion should remove
soluble c-Met from the sample, reducing the measured value
to background levels. The protocol used and results obtained
from a representative experiment are shown below. To control
for the non-specific removal of c-Met from the sample by the
protein G beads used to capture immunocomplexes, a mock
immunodepletion was performed on human plasma samples
in parallel which using a goat-derived IgG directed against a
protein not present in human plasma.

5. Samples of human plasma subjected to immunodeple-
tion were analyzed by SDS-PAGE and immunoblotting with
another anti-c-Met antibody not used in the immunoassay. A
standard curve of 358-MT samples were run in parallel to
estimate the amount of soluble c-Met present. Results were
consistent with the immunodepletion experiments shown
below (data not shown). Crude estimates of soluble c-Met in
human plasma based on immunoblotting were in the range of
100 ng/ml.

Protocol for Immunodepletion (ID) of Soluble ¢-Met from
Human Plasma:
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1. To 5 ml human plasma add anti-c-Met R&D AF276 (1
pg/mlofplasma) and incubate onice for 1 hour; agitate gently
every 15 min. In parallel for MOCK samples, add Goat IgG
(Rockland) at the same concentration. Repeat all subsequent
steps with both ID and MOCK samples.

2. Add Protein G-Sepharose (Amersham; 30 pl/m1 plasma)
and rotate at 4 C for 1 hour.

3. Spin at 3000 rpm at 4° C. 1-2 minutes in Eppendorf
desktop centrifuge to pellet beads. Remove supernatant. Take
sample from supernatant (store on ice) and repeat steps 1-3
three more times for a total of four immunodepletion steps.

In FIG. 13, the upper panel shows rounds 1 through 4 of
immunodepletion on the category (x) axis, and signal strength
in the assay on the Y-axis. The undepleted plasma samples
value is shown as a blue bar next to each round of immun-
odepletion. Signal values are listed numerically above each
bar. Background value is approximately 1500 units. The bot-
tom panel shows the immunodepletion samples alone to bet-
ter visualize the degree of depletion. Variation between trip-
licate samples is consistent less than 2%.

The results of all experiments support the conclusion that
100% of the signal generated by assay of soluble c-Met in
plasma represent bona fide c-Met protein. Measurement of
soluble c-Met protein in human plasma samples obtained
from a small set of healthy volunteers suggests that the nor-
mal concentration range is approximately 100 ng/ml. Analy-
sis of a larger sample set is underway. Given the sensitivity of
the assay and the initial concentration estimate, it should be
possible to dilute plasma samples 100-fold prior to measure-
ment, using approximately 100 microliters of final volume
per well. This should allow replicates of 4 to 6 wells/sample
to be generated from very small (10 microliter) plasma
samples.

From the foregoing description, various modifications and
changes in the compositions and methods will occur to those
skilled in the art. All such modifications coming within the
scope of the appended claims are intended to be included
therein. Each recited range includes all combinations and
sub-combinations of ranges, as well as specific numerals
contained therein.

All publications and patent documents cited above are
hereby incorporated by reference in their entirety for all pur-
poses to the same extent as if each were so individually
denoted.

Although the foregoing invention has been described in
detail by way of example for purposes of clarity of under-
standing, it will be apparent to the artisan that certain changes
and modifications are comprehended by the disclosure and
can be practiced without undue experimentation within the
scope of the appended claims, which are presented by way of
illustration not limitation.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 2
<210>
<211>
<212>
<213>
«220>
<223>

SEQ ID NO 1

LENGTH: 980

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic construct

«<400> SEQUENCE: 1

Met Lys Ala Pro Ala Val Leu Ala Pro Gly Ile Leu Val Leu Leu Phe

1 5 10

15
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Thr

Ile

Leu

300

Ile

Gln

Gln

Ala

Lys

380

His

Arg

Asp

Thr

Asn

45

Hisg

Asp

Pro

Gly

Tyr

125

Cys

Glu

Pro

Lys

Tyr

205

Glu

Val

Phe

Leu

Asn

285

Thr

Leu

Ile

Ser

Phe

365

Asn

Cys

Arg

Leu

Phe
445

30

Phe

Ile

Leu

Asp

Gly

110

Tyr

Gln

Val

Asp

Asp

190

Phe

Thr

Leu

Glu

Asp

270

Ser

Glu

Gln

Gly

Lys

350

Pro

Asn

Phe

Asp

Phe

430

Ile

Thr

Phe

Gln

Cys

95

Val

Asp

Arg

His

Cys

175

Arg

Pro

Lys

Pro

Ser

255

Ala

Gly

Lys

Ala

Ala

335

Pro

Ile

Val

Asn

Glu

415

Met

Lys

Lys

Ala

Leu

Lys

80

Phe

Trp

Asp

His

Cys

160

Val

Phe

Asp

Asp

Glu

240

Asn

Gln

Leu

Arg

Ala

320

Ser

Asp

Lys

Arg

Arg

400

Tyr

Gly

Gly
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30

Asp

Val

465

Leu

Asn

Ile

Cys

Cys

545

Cys

Gly

Ser

Thr

625

Ser

Pro

Thr

His

Ser

705

Ala

Ser

Phe

Phe

Leu

785

Gly

Ile

Leu

Phe

Pro

Leu

450

Val

Asp

Gln

Pro

Leu

530

Val

Leu

Gly

Asn

Cys

610

Val

Asn

Val

Leu

Ile

690

Ile

Val

Tyr

Ile

Cys

770

Asn

Arg

Cys

Lys

Asp

850

Val

Thr

Val

Ser

Asn

Leu

515

Ser

Arg

Pro

Thr

Lys

595

Thr

Gly

Gly

Ile

Leu

675

Ser

Leu

Lys

Arg

Ser

755

Phe

Ser

Asn

Cys

Thr

835

Leu

Met

Ile

Ser

His

Gly

500

Asn

Ala

Ser

Ala

Arg

580

Phe

Leu

Pro

His

Thr

660

Thr

Ile

Glu

Leu

Glu

740

Thr

Ala

Val

Phe

Thr

820

Lys

Ile

Ile

Ala

Arg

Pro

485

Tyr

Gly

Pro

Glu

Ile

565

Leu

Asp

Thr

Ala

Gly

645

Ser

Leu

Gly

Cys

Lys

725

Asp

Trp

Ser

Ser

Thr

805

Thr

Ala

Tyr

Ser

Asn

Ser

470

Val

Thr

Leu

Pro

Glu

550

Tyr

Thr

Leu

Leu

Met

630

Thr

Ile

Thr

Gly

Tyr

710

Ile

Pro

Trp

Gly

Val

790

Val

Pro

Phe

Val

Met

Leu

455

Gly

Ser

Leu

Gly

Phe

535

Cys

Lys

Ile

Lys

Ser

615

Asn

Thr

Ser

Gly

Lys

695

Thr

Asp

Ile

Lys

Gly

775

Pro

Ala

Ser

Phe

His

855

Gly

Gly

Pro

Pro

Val

Cys

520

Val

Leu

Val

Cys

Lys

600

Glu

Lys

Gln

Pro

Asn

680

Thr

Pro

Leu

Val

Glu

760

Ser

Arg

Cys

Leu

Met

840

Asn

Asn

Thr

Ser

Glu

Ile

505

Arg

Gln

Ser

Phe

Gly

585

Thr

Ser

His

Tyr

Lys

665

Tyr

Cys

Ala

Ala

Tyr

745

Pro

Thr

Met

Gln

Gln

825

Leu

Pro

Glu

Ser

Thr

Val

490

Thr

His

Cys

Gly

Pro

570

Trp

Arg

Thr

Phe

Ser

650

Tyr

Leu

Thr

Gln

Asn

730

Glu

Leu

Ile

Val

His

810

Gln

Asp

Val

Asn

Glu

Pro

475

Ile

Gly

Phe

Gly

Thr

555

Asn

Asp

Val

Met

Asn

635

Thr

Gly

Asn

Leu

Thr

715

Arg

Ile

Asn

Thr

Ile

795

Arg

Leu

Gly

Phe

Val

Gly

460

His

Val

Lys

Gln

Trp

540

Trp

Ser

Phe

Leu

Asn

620

Met

Phe

Pro

Ser

Lys

700

Ile

Glu

His

Ile

Gly

780

Asn

Ser

Asn

Ile

Lys

860

Leu

Arg Phe Met

Val

Glu

Lys

Ser

525

Cys

Thr

Ala

Gly

Leu

605

Thr

Ser

Ser

Met

Gly

685

Ser

Ser

Thr

Pro

Val

765

Val

Val

Asn

Leu

Leu

845

Pro

Glu

Asn

His

Ile

510

Cys

His

Gln

Pro

Phe

590

Gly

Leu

Ile

Tyr

Ala

670

Asn

Val

Thr

Ser

Thr

750

Ser

Gly

His

Ser

Gln

830

Ser

Phe

Ile

Phe

Thr

495

Thr

Ser

Asp

Gln

Leu

575

Arg

Asn

Lys

Ile

Val

655

Gly

Ser

Ser

Glu

Ile

735

Lys

Phe

Lys

Glu

Glu

815

Leu

Lys

Glu

Lys

Gln

Leu

480

Leu

Lys

Gln

Lys

Ile

560

Glu

Arg

Glu

Cys

Ile

640

Asp

Gly

Arg

Asn

Phe

720

Phe

Ser

Leu

Asn

Ala

800

Ile

Pro

Tyr

Lys

Gly
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865

Asn

Asn

Thr

Trp

Pro

945

Thr

Lys

«210>
«211>
«212>
«213>
«220>
«223>

«<400>

Asp

Lys

Val

Lys

930

Asp

Ala

Gln

Ile

Ser

Pro

915

Gln

Gln

Leu

Ile

Asp

Cys

900

Asn

Ala

Asn

Leu

Lys
980

SEQUENCE :

Met Lys Ala Pro

1

Thr

Ser

Glu

Gly

65

Val

Pro

Lys

Gln

Val

145

Ile

Val

Ile

Gly
225

Phe

Leu

Glu

Thr

50

Ala

Ala

Cys

Asp

Leu

130

Phe

Phe

Ser

Asn

Pro

210

Phe

Arg

Val

Met

35

Pro

Thr

Glu

Gln

Asn

115

Ile

Pro

Ser

Ala

Phe

195

Leu

Met

Asp

Gln

20

Asn

Ile

Asn

Tyr

Asp

100

Ile

Ser

His

Pro

Leu

180

Phe

His

Phe

Ser

Pro

885

Glu

Asp

Ile

Phe

Leu
965

SEQ ID NO 2
LENGTH :
TYPE: PRT
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Synthetic construct

1408

2

Ala

5

Arg

Val

Gln

Tyr

Lys

85

Cys

Asn

Cys

Asn

Gln

165

Gly

Val

Ser

Leu

Tyr
245

870

Glu

Asn

Leu

Ser

Thr

950

Leu

Val

Ser

Asn

Asn

Ile

70

Thr

Ser

Met

Gly

His

150

Ile

Ala

Gly

Ile

Thr

230

Pro

Ala

Ile

Leu

Ser

935

Gly

Leu

Leu

Asn

Met

Val

55

Tyr

Gly

Ser

Ala

Ser

135

Thr

Glu

Lys

Asn

Ser

215

Asp

Ile

Val

His

Lys

920

Thr

Leu

Gly

Ala

Gly

Lys

40

Ile

Val

Pro

Lys

Leu

120

Val

Ala

Glu

Val

Thr

200

Val

Gln

Lys

Lys

Leu

905

Leu

Val

Ile

Phe

Pro

Glu

25

Tyr

Leu

Leu

Val

Ala

105

Val

Asn

Asp

Pro

Leu

185

Ile

Arg

Ser

Tyr

Gly

890

His

Asn

Leu

Ala

Phe
970

Gly

10

Cys

Gln

His

Asn

Leu

90

Asn

Val

Arg

Ile

Ser

170

Ser

Asn

Arg

Tyr

Val
250

875

Glu

Ser

Ser

Gly

Gly

955

Leu

Ile

Lys

Leu

Glu

Glu

75

Glu

Leu

Asp

Gly

Gln

155

Gln

Ser

Ser

Leu

Ile

235

His

Val

Glu

Glu

Lys

940

Val

Trp

Leu

Glu

Pro

His

60

Glu

His

Ser

Thr

Thr

140

Ser

Cys

Val

Ser

Lys

220

Asp

Ala

Leu

Ala

Leu

925

Val

Val

Leu

Val

Ala

Asn

45

His

Asp

Pro

Gly

Tyr

125

Cys

Glu

Pro

Lys

Tyr

205

Glu

Val

Phe

Lys

Val

910

Asn

Ile

Ser

Lys

Leu

Leu

30

Phe

Ile

Leu

Asp

Gly

110

Tyr

Gln

Val

Asp

Asp

190

Phe

Thr

Leu

Glu

Val

895

Leu

Ile

Val

Ile

Lys
975

Leu

15

Ala

Thr

Phe

Gln

Cys

95

Val

Asp

Arg

His

Cys

175

Arg

Pro

Lys

Pro

Ser
255

880

Gly

Cys

Glu

Gln

Ser

960

Arg

Phe

Lys

Ala

Leu

Lys

80

Phe

Trp

Asp

His

Cys

160

Val

Phe

Asp

Asp

Glu

240

Asn
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34

Asn

Thr

Lys

305

Tyr

Leu

Ser

Tyr

Cys

385

Thr

Arg

Gln

Asp

Val

465

Leu

Asn

Ile

Cys

Cys

545

Cys

Gly

Asn

Ser

Thr

625

Ser

Pro

Thr

Phe

Phe

Ser

290

Lys

Val

Asn

Ala

Val

370

Leu

Leu

Thr

Phe

Leu

450

Val

Asp

Gln

Pro

Leu

530

Val

Leu

Gly

Asn

Cys

610

Val

Asn

Val

Leu

Ile

His

275

Tyr

Arg

Ser

Asp

Glu

355

Asn

Gln

Leu

Glu

Ser

435

Thr

Val

Ser

Asn

Leu

515

Ser

Arg

Pro

Thr

Lys

595

Thr

Gly

Gly

Ile

Leu

Tyr

260

Thr

Met

Ser

Lys

Asp

340

Pro

Asp

His

Arg

Phe

420

Glu

Ile

Ser

His

Gly

500

Asn

Ala

Ser

Ala

Arg

580

Phe

Leu

Pro

His

Thr

660

Thr

Phe

Arg

Glu

Thr

Pro

325

Met

Phe

Phe

Asn

405

Thr

Val

Ala

Arg

Pro

485

Tyr

Gly

Pro

Glu

Ile

565

Leu

Asp

Thr

Ala

Gly

645

Ser

Leu

Leu

Ile

Met

Lys

310

Gly

Leu

Asp

Phe

Tyr

390

Ser

Thr

Leu

Asn

Ser

470

Val

Thr

Leu

Pro

Glu

550

Tyr

Thr

Leu

Leu

Met

630

Thr

Ile

Thr

Thr

Ile

Pro

295

Lys

Ala

Phe

Arg

Asn

375

Gly

Ser

Ala

Leu

Leu

455

Gly

Ser

Leu

Gly

Phe

535

Cys

Lys

Ile

Lys

Ser

615

Asn

Thr

Ser

Gly

Val

Arg

280

Leu

Glu

Gln

Gly

Ser

360

Lys

Pro

Gly

Leu

Thr

440

Gly

Pro

Pro

Val

Cys

520

Val

Leu

Val

Cys

Lys

600

Glu

Lys

Gln

Pro

Asn

Gln

265

Phe

Glu

Val

Leu

Val

345

Ala

Ile

Asn

Cys

Gln

425

Ser

Thr

Ser

Glu

Ile

505

Arg

Gln

Ser

Phe

Gly

585

Thr

Ser

His

Tyr

Lys

665

Tyr

Arg

Cys

Cys

Phe

Ala

330

Phe

Met

Val

His

Glu

410

Arg

Ile

Ser

Thr

Val

490

Thr

His

Cys

Gly

Pro

570

Trp

Arg

Thr

Phe

Ser

650

Tyr

Leu

Glu

Ser

Ile

Asn

315

Arg

Ala

Cys

Asn

Glu

395

Ala

Val

Ser

Glu

Pro

475

Ile

Gly

Phe

Gly

Thr

555

Asn

Asp

Val

Met

Asn

635

Thr

Gly

Asn

Thr

Ile

Leu

300

Ile

Gln

Gln

Ala

Lys

380

His

Arg

Asp

Thr

Gly

460

His

Val

Lys

Gln

Trp

540

Trp

Ser

Phe

Leu

Asn

620

Met

Phe

Pro

Ser

Leu

Asn

285

Thr

Leu

Ile

Ser

Phe

365

Asn

Cys

Arg

Leu

Phe

445

Arg

Val

Glu

Lys

Ser

525

Cys

Thr

Ala

Leu

605

Thr

Ser

Ser

Met

Gly

Asp

270

Ser

Glu

Gln

Gly

Lys

350

Pro

Asn

Phe

Asp

Phe

430

Ile

Phe

Asn

His

Ile

510

Cys

His

Gln

Pro

Phe

590

Gly

Leu

Ile

Tyr

Ala

670

Asn

Ala

Gly

Lys

Ala

Ala

335

Pro

Ile

Val

Asn

Glu

415

Met

Lys

Met

Phe

Thr

495

Thr

Ser

Asp

Gln

Leu

575

Arg

Asn

Lys

Ile

Val

655

Gly

Ser

Gln

Leu

Arg

2la

320

Ser

Asp

Lys

Arg

Arg

400

Tyr

Gly

Gly

Gln

Leu

480

Leu

Lys

Gln

Lys

Ile

560

Glu

Arg

Glu

Cys

Ile

640

Asp

Gly

Arg
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-continued

675 680 685

His Ile Ser Ile Gly Gly Lys Thr Cys Thr Leu Lys Ser Val Ser Asn
690 695 700

Ser Ile Leu Glu Cys Tyr Thr Pro Ala Gln Thr Ile Ser Thr Glu Phe
705 710 715 720

Ala Val Lys Leu Lys Ile Asp Leu Ala Asn Arg Glu Thr Ser Ile Phe
725 730 735

Ser Tyr Arg Glu Asp Pro Ile Val Tyr Glu Ile His Pro Thr Lys Ser
740 745 750

Phe Ile Ser Thr Trp Trp Lys Glu Pro Leu Asn Ile Val Ser Phe Leu
755 760 765

Phe Cys Phe Ala Ser Gly Gly Ser Thr Ile Thr Gly Val Gly Lys Asn
770 775 780

Leu Asn Ser Val Ser Val Pro Arg Met Val Ile Asn Val His Glu 2la
785 790 795 800

Gly Arg Asn Phe Thr Val Ala Cys Gln His Arg Ser Asn Ser Glu Ile
805 810 815

Ile Cys Cys Thr Thr Pro Ser Leu Gln Gln Leu Asn Leu Gln Leu Pro
820 825 830

Leu Lys Thr Lys Ala Phe Phe Met Leu Asp Gly Ile Leu Ser Lys Tyr
835 840 845

Phe Agp Leu Ile Tyr Val His Asn Pro Val Phe Lys Pro Phe Glu Lys
850 855 860

Pro Val Met Ile Ser Met Gly Asn Glu Asn Val Leu Glu Ile Lys Gly
865 870 875 880

Asn Asp Ile Asp Pro Glu Ala Val Lys Gly Glu Val Leu Lys Val Gly
885 890 895

Asn Lys Ser Cys Glu Asn Ile His Leu His Ser Glu Ala Val Leu Cys
900 905 910

Thr Val Pro Asn Asp Leu Leu Lys Leu Asn Ser Glu Leu Asn Ile Glu
915 920 925

Trp Lys Gln Ala Ile Ser Ser Thr Val Leu Gly Lys Val Ile Val Gln
930 935 940

Pro Asp Gln Asn Phe Thr Gly Leu Ile Ala Gly Val Val Ser Ile Ser
945 950 955 960

Thr Ala Leu Leu Leu Leu Leu Gly Phe Phe Leu Trp Leu Lys Lys Arg
965 970 975

Lys Gln Ile Lys Asp Leu Gly Ser Glu Leu Val Arg Tyr Asp Ala Arg
980 985 990

Val His Thr Pro His Leu Asp Arg Leu Val Ser Ala Arg Ser Val Ser
995 1000 1005

Pro Thr Thr Glu Met Val Ser Asn Glu Ser Val Asp Tyr Arg Ala
1010 1015 1020

Thr Phe Pro Glu Asp Gln Phe Pro Asn Ser Ser Gln Asn Gly Ser
1025 1030 1035

Cys Arg Gln Val Gln Tyr Pro Leu Thr Asp Met Ser Pro Ile Leu
1040 1045 1050

Thr Ser Gly Asp Ser Asp Ile Ser Ser Pro Leu Leu Gln Asn Thr
1055 1060 1065

Val His Ile Asp Leu Ser Ala Leu Asn Pro Glu Leu Val Gln Ala
1070 1075 1080

Val Gln His Val Val Ile Gly Pro Ser Ser Leu Ile Val His Phe
1085 1090 1095
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-continued

Asn Glu Val Ile Gly Arg Gly His Phe Gly Cys Val Tyr His Gly
1100 1105 1110

Thr Leu Leu Asp Asn Asp Gly Lys Lys Ile His Cys Ala Val Lys
1115 1120 1125

Ser Leu Asn Arg Ile Thr Asp Ile Gly Glu Val Ser Gln Phe Leu
1130 1135 1140

Thr Glu Gly Ile Ile Met Lys Asp Phe Ser His Pro Asn Val Leu
1145 1150 1155

Ser Leu Leu Gly Ile Cys Leu Arg Ser Glu Gly Ser Pro Leu Val
1160 1165 1170

Val Leu Pro Tyr Met Lys His Gly Asp Leu Arg Asn Phe Ile Arg
1175 1180 1185

Asn Glu Thr His Asn Pro Thr Val Lys Asp Leu Ile Gly Phe Gly
1190 1195 1200

Leu Gln Val Ala Lys Ala Met Lys Tyr Leu Ala Ser Lys Lys Phe
1205 1210 1215

Val His Arg Asp Leu Ala Ala Arg Asn Cys Met Leu Asp Glu Lys
1220 1225 1230

Phe Thr Val Lys Val Ala Asp Phe Gly Leu Ala Arg Asp Met Tyr
1235 1240 1245

Agsp Lys Glu Tyr Tyr Ser Val His Asn Lys Thr Gly Ala Lys Leu
1250 1255 1260

Pro Val Lys Trp Met Ala Leu Glu Ser Leu Gln Thr Gln Lys Phe
1265 1270 1275

Thr Thr Lys Ser Asp Val Trp Ser Phe Gly Val Val Leu Trp Glu
1280 1285 1290

Leu Met Thr Arg Gly Ala Pro Pro Tyr Pro Asp Val Asn Thr Phe
1295 1300 1305

Asp Ile Thr Val Tyr Leu Leu Gln Gly Arg Arg Leu Leu Gln Pro
1310 1315 1320

Glu Tyr Cys Pro Asp Pro Leu Tyr Glu Val Met Leu Lys Cys Trp
1325 1330 1335

His Pro Lys Ala Glu Met Arg Pro Ser Phe Ser Glu Leu Val Ser
1340 1345 1350

Arg Ile Ser Ala Ile Phe Ser Thr Phe Ile Gly Glu His Tyr Val
1355 1360 1365

His Val Asn Ala Thr Tyr Val Asn Val Lys Cys Val Ala Pro Tyr
1370 1375 1380

Pro Ser Leu Leu Ser Ser Glu Asp Asn Ala Asp Asp Glu Val Asp
1385 1390 1395

Thr Arg Pro Ala Ser Phe Trp Glu Thr Ser

1400 1405
What is claimed: 55 tive to that in the biological fluid from the control popu-
1. A method for identifying a patient having an increased lation indicates that the patient has an increased risk of
risk of developing cancer comprising; developing cancer.
determining the concentration of soluble c-Met 2. The method of claim 1 wherein the biological fluid is
ectodomain in a biological fluid from the patient, and blood plasma or urine.
comparing the concentration of soluble c-Met ectodomain .3 - The method of claim 1 wherein the biological fluid is
in the biological fluid from the patient to the concentra- U0
tion of soluble c-Met ectodomain in a corresponding 4. The method of claim 3 wherein a soluble c-Met
biological fluid from a control population, ectodomain level from about 3500 pg c-Met per mg urine

65 creatinine to about 4900 pg c-Met per mg urine creatinine is
indicative of an increased risk of developing cancer in the
patient.

wherein an increased concentration of soluble c-Met
ectodomain in the biological fluid from the patient rela-
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5. The method of claim 3 wherein a soluble c-Met
ectodomain level of about 3500 pg c-Met per mg urine crea-
tinine or greater is indicative of an increased risk of develop-
ing cancer in the patient.

6. The method of claim 3 wherein a soluble c-Met
ectodomain level of about 4900 pg c-Met per mg urine crea-
tinine or greater is indicative of an increased risk of develop-
ing cancer in the patient.

7. The method of claim 3 wherein soluble c-Met
ectodomain level of about 3800 pg c-Met per mg urine crea-
tinine or greater is indicative of an increased risk of develop-
ing cancer in the patient.

8. The method of claim 3 wherein a soluble c-Met
ectodomain level of about 4200 pg c-Met per mg urine crea-
tinine or greater is indicative of an increased risk of develop-
ing cancer in the patient.

9. The method of claim 3 wherein a soluble c-Met
ectodomain level of about 4500 pg c-Met per mg urine crea-
tinine or greater is indicative of an increased risk of develop-
ing cancer in the patient.

10. The method of claim 1 wherein the concentration of
soluble c-Met ectodomain in a urine sample and a blood
plasma sample from the patient is measured and the com-
bined measurement is used to determine if the patient has an
increased risk of developing cancer.

11. The method of claim 1 wherein an increased concen-
tration of soluble c-Met ectodomain in the biological fluid
from the patient relative to that in the biological fluid from the
control population indicates that the patient has an increased
risk of developing metastatic cancer.

12. The method of claim 1 wherein the cancer is a cancer of
the urinary tract.

13. The method of claim 12 wherein the cancer is kidney
cancer, renal cancer, bladder cancer, or renal cell carcinoma.

14. The method of claim 13 wherein the cancer is bladder
cancer.

15. The method of claim 1 wherein the cancer is prostate
cancer.

16. The method of claim 1 wherein the cancer is breast
cancer.

17. A method of measuring the concentration of soluble
c-Met ectodomain present in a biological fluid from a human
patient comprising:

determining the concentration of soluble c-Met

ectodomain present in a biological fluid from the patient,
and

comparing the concentration of soluble c-Met ectodomain

present in the biological fluid from the patient to the
concentration of soluble c-Met ectodomain in a corre-
sponding biological fluid from a control population.

20
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18. The method of claim 17 wherein the biological fluid is
blood plasma or urine.

19. The method of claim 17 wherein the biological fluid is
urine.

20. The method of claim 19 wherein a soluble c-Met
ectodomain level from about 3500 pg c-Met per mg urine
creatinine to about 4900 pg c-Met per mg urine creatinine
indicates that the patient has an increased risk of developing
cancer.

21. The method of claim 19 wherein a soluble c-Met
ectodomain level of about 3500 pg c-Met per mg urine crea-
tinine or greater indicates that the patienthas an increased risk
of developing cancer.

22. The method of claim 19 wherein a soluble c-Met
ectodomain level of about 4900 pg c-Met per mg urine crea-
tinine or greater is indicative of an increased risk of develop-
ing cancer in the patient.

23. The method of claim 19 wherein soluble c-Met
ectodomain level of about 3800 pg c-Met per mg urine crea-
tinine or greater is indicative of an increased risk of develop-
ing cancer in the patient.

24. The method of claim 19 wherein a soluble c-Met
ectodomain level of about 4200 pg c-Met per mg urine crea-
tinine or greater is indicative of an increased risk of develop-
ing cancer in the patient.

25. The method of claim 19 wherein a soluble c-Met
ectodomain level of about 4500 pg c-Met per mg urine crea-
tinine or greater is indicative of an increased risk of develop-
ing cancer in the patient.

26. The method of claim 17 wherein the concentration of
soluble c-Met ectodomain in a urine sample and a blood
plasma sample from the patient is measured and the com-
bined measurement is used to determine if the patient has an
increased risk of developing cancer.

27. The method of claim 17 wherein an increased concen-
tration of soluble c-Met ectodomain in the biological fluid
from the patient relative to that in the biological fluid from the
control population indicates that the patient has an increased
risk of developing metastatic cancer.

28. The method of claim 17 wherein the cancer is a cancer
of the urinary tract.

29. The method of claim 28 wherein the cancer is kidney
cancer, renal cancer, bladder cancer, or renal cell carcinoma.

30. The method of claim 29 wherein the cancer is bladder
cancer.

31. The method of claim 17 wherein the cancer is prostate
cancer.

32. The method of claim 17 wherein the cancer is breast
cancer.
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