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(57) ABSTRACT

The present invention is based on the discovery that three
proteins, Cystatin B, Chaperonin 10, and Profilin are present
in the urine of patients with bladder cancer, a cancer of
epithelial origin. Accordingly, the present invention is
directed to methods for prognostic evaluation of cancers of
epithelial origin and to methods for facilitating diagnosis of
cancers of epithelial origin by monitoring the presence of
these markers in biological samples. The invention is also
directed to markers for therapeutic efficacy.

APPROACH TO BLADDER CANCER BIOMARKER DISCOVERY

URINE SPECIMENS — CANCER PATIENTS VS. NORMAL
TISSUE — TUMOR VS. NORMAL
CELL CULTURE — HIGH GRADE CANCER CELLS VS. NON-CANCEROQUS CELLS

2 DIMENSIONAL GEL PROTEOMIC ANALYSIS

IDENTIFICATION OF PROTEINS WHICH ARE UNIQUE OR MORE HIGHLY
EXPRESSED IN CANCER BY USE OF MASS SPECTROSCOPY

VALIDATE OR TEST FOR THESE CANGER SPEGIFIC PROTEINS
IN URINE OR SERUM OF CANCER PATIENTS
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METHODS FOR DIAGNOSIS AND PROGNOSIS OF
EPITHELIAL CANCERS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation-in-part of Inter-
national (PCT) Patent Application No. PCT/US2006/
003049 filed on Jan. 30, 2006, which claims the benefit
under 35 U.S.C. § 19(e) of U.S. Provisional Patent Appli-
cation No. 60/648,110 filed Jan. 28, 2005; the contents of
each application are incorporated herein by reference in their
entirety.

GOVERNMENT SUPPORT

[0002] This work was supported by National Institute of
Health grant number 2R37 CA37393. The government has
certain rights to the invention.

BACKGROUND OF THE INVENTION

[0003] One of the most important factors in the survival of
cancer is detection at an early stage. Clinical assays that
detect the early events of cancer offer an opportunity to
intervene and prevent cancer progression. With the devel-
opment of gene profiling and proteomics there has been
significant progress in the identification of molecular mark-
ers or “biomarkers” that can be used to diagnose and
prognose specific cancers. For example, in the case of
prostate cancer, the antigen PSA (for prostate specific anti-
gen) can be detected in the blood and is indicative of the
presence of prostate cancer. Thus, the blood of men at risk
for prostate cancer can be quickly, easily, and safely
screened for elevated PSA levels.

[0004] Even though there has been significant progress in
the field of cancer detection, there still remains a need in the
art for the identification of new biomarkers for a variety of
cancers that can be easily used in clinical applications. For
example, to date there are relatively few options available
for the diagnosis of breast cancer using easily detectable
biomarkers. Overexpression of EGFR, particularly coupled
with down-regulation of the estrogen receptor, is a marker of
poor prognosis in breast cancer patients. Other known
markers of breast cancer include high levels of M2 pyruvate
kinase (M2 PK) in blood (U.S. Pat. No. 6,358,683), high
ZNF217 protein levels in blood (WO 98/02539), and dif-
ferential expression of a newly identified protein in breast
cancer, PDEBC, which is useful for diagnosis (U.S. patent
application No. 20030124543). Cell surface markers such as
CEA, CA-125 and HCG are frequently elevated in the serum
of patients with locally advanced and metastatic bladder
cancer (Izes et al., ] Urol. Jun;165(6 Pt 1): 1908-13, 2001),
and studies involving circulating levels of tumor-related
proteins such as matrix metalloproteinase-2 (Gohji et al.,
Cancer Research 56:3196, 1996), hepatocyte growth factor
(Gohji et al., J. Clin. Oncol. 18:2963, 2000), and tissue
polypeptide antigen (Maulard-Durdux et al., J. Clin. Oncol.
15:3446, 1997) have shown promise. These biomarkers offer
alternative methods of diagnosis: however, they are not
widely used. Furthermore, despite the use of a number of
histochemical, genetic, and immunological markers, clini-
cians still have a difficult time predicting which tumors will
metastasize to other organs.

[0005] The identification of cancer biomarkers is particu-
larly relevant to improving diagnosis, prognosis, and treat-
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ment of the disease. As such, there is need in the art to
identify alternative biomarkers that can be quickly, easily,
and safely detected. Such biomarkers may be used to diag-
nose, to stage, or to monitor the progression or treatment of
a subject with bladder cancer, in particular, an invasive,
potentially metastatic stage of the disease.

SUMMARY OF THE INVENTION

[0006] The present invention is based on the surprising
discovery that three proteins, Cystatin B, Chaperonin 10,
and Profilin (also referred to as “epithelial cancer markers”),
are present in the urine of patients with bladder cancer, a
cancer of epithelial origin. Accordingly, the present inven-
tion is directed to methods for prognostic evaluation of
cancers of epithelial origin and to methods for facilitating
diagnosis of cancers of epithelial origin by monitoring the
presence of these markers in biological samples. The inven-
tion is also directed to markers for therapeutic efficacy. In
particular, the amount of Cystatin B detected in urine
correlates with disease status such that Cystatin B levels can
be used to predict the presence of invasive bladder cancer.
Thus, measuring the level of Cystatin B, Chaperonin 10,
and/or Profilin proteins in urine provides a quick, easy, and
safe screen that can be used to both diagnose and prognose
bladder cancer in a patient. Alternatively, the absence of
these markers can provide an indication that the patient does
not have bladder cancer.

[0007] In one embodiment, a method for facilitating the
diagnosis of cancer of an epithelial origin in a patient is
provided. The method comprises obtaining a biological
sample, preferably a voided urine specimen, from a patient
and detecting the presence or absence of at least one
epithelial cancer biomarker (Cystatin B, Chaperonin 10, or
Profilin) in the sample, wherein the presence of at least one
epithelial cancer biomarker is indicative of cancer of epi-
thelial origin.

[0008] Biological samples, for example, can be obtained
from blood, tissue (e.g. tumor or breast), serum, stool, urine,
sputum, cerebrospinal fluid, nipple aspirates and supernatant
from cell lysate. One preferred biological sample is urine.

[0009] As used herein, “cancer of epithelial origin” refers
to cancers that arise from epithelial cells which include, but
are not limited to, breast cancer, basal cell carcinoma,
adenocarcinoma, gastrointestinal cancer, lip cancer, mouth
cancer, esophageal cancer, small bowel cancer and stomach
cancer, colon cancet, liver cancer, bladder cancer, pancreas
cancer, ovary cancer, cervical cancer, lung cancer, breast
cancer and skin cancer, such as squamous cell and basal cell
cancers, prostate cancer, renal cell carcinoma, and other
known cancers that effect epithelial cells throughout the
body.

[0010] In one embodiment, a method for facilitating the
diagnosis of bladder cancer in a patient is provided. The
method comprises obtaining a biological sample, preferably
a voided urine specimen, from a patient and detecting the
presence or absence of at least one epithelial cancer biom-
arker (Cystatin B, Chaperonin 10, or Profilin) in urine
sample, wherein the presence of at least one epithelial cancer
biomarker is indicative of bladder cancer.

[0011] In another embodiment, the method for diagnosing
a cancer of epithelial origin is provided. The method com-
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prises measuring the level of at least one epithelial cancer
biomarker present in a biological sample (test sample) from
a patient and comparing the observed level of at least one
marker (Cystatin B, Chaperonin 10, or Profilin) with the
level of the marker present in a control sample of the same
type. Higher levels of markers in the test sample, as com-
pared to the control sample, is indicative of cancer of
epithelial origin. The cancer of epithelial cancer may be
breast cancer, basal cell carcinoma, adenocarcinoma, gas-
trointestinal cancer, lip cancer, mouth cancer, esophageal
cancer, small bowel cancer, stomach cancer, colon cancer,
liver cancer, bladder cancer, pancreas cancer, ovary cancer,
cervical cancer, lung cancer, skin cancer, prostate cancer,
and/or renal cell carcinoma.

[0012] In one preferred embodiment, the methods of the
invention are used for early detection of cancer. For
example, a patient can be screened by a physician during
their physical.

[0013] In one embodiment, a method for diagnosing blad-
der cancer is provided. The method comprises measuring the
level of at least one epithelial cancer biomarker (Cystatin B,
Chaperonin 10, or Profilin) present in a biological sample
(the test sample) from a patient and comparing the observed
level of at least one marker with the level of the marker
present in a control sample of the same type. Higher levels
of markers in the test sample, as compared to the control
sample, is indicative of bladder cancer.

[0014] In one embodiment, a method for diagnosing inva-
sive bladder cancer in a patient is provided. The method
comprises measuring levels of Cystatin B epithelial cancer
biomarker present in a biological sample obtained from the
patient (test sample) and comparing the level of Cystatin B
in the test sample with the level of Cystatin B present in a
non-invasive cancer control sample. A higher level of Cys-
tatin B in the test sample as compared to the level of Cystatin
B in the control sample is indicative of invasive bladder
cancer.

[0015] The term “control sample” refers to a biological
sample (e.g. blood, urine, tumor) obtained from a “normal”
or “healthy” individual(s) that is believed not to have cancer.
Controls may be selected using methods that are well known
in the art. Once a level has become well established for a
control population, array results from test biological samples
can be directly compared with the known levels.

[0016] The term “non-invasive control sample” refers to a
biological sample obtained from a individual(s) that has a
non-invasive form of cancer. Once a level has become well
established for a control population, array results from test
biological samples can be directly compared with the known
levels.

[0017] The term “test sample” refers to a biological
sample obtained from a patient being tested for a cancer of
epithelial origin.

[0018] The present invention also contemplates the assess-
ment of the level of epithelial cancer biomarker present in
multiple test samples obtained from the same patient, where
a progressive increase in the amount of the marker over time
indicates an increased aggressiveness (e.g. metastatic poten-
tial) of the cancer tumor. As such, the levels of the epithelial
cancer biomarker serve as a predictor of disease status and
stage.
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[0019] The present invention further contemplates the
assessment of epithelial cancer biomarker/s to monitor the
therapeutic efficacy of a treatment regime designed to treat
a patient having a cancer of epithelial origin (e.g. bladder
cancer).

[0020] In one aspect of the invention, epithelial cancer
biomarker levels (e.g. (Cystatin B, Chaperonin 10, or Pro-
filin) present in a test biological sample are measured by
contacting the test sample, or preparation thereof, with an
antibody-based binding moiety that specifically binds to the
epithelial cancer biomarker, or to a portion thereof.

[0021] In certain embodiments, the protein level of an
epithelial cancer biomarker or a level of cystatin B is
measured by a method comprising contacting a test sample,
or a preparation thereof, with an antibody based binding
moiety which specifically binds the epithelial cancer biom-
arker or to Cystatin B to form an antibody-epithelial cancer
biomarker complex, and detecting the presence of the com-
plex, thereby measuring the level of epithelial cancer biom-
arker present.

[0022] In certain embodiments, the antibody-based bind-
ing moiety is labeled with a detectable label. The label may
be a radioactive label, a hapten label, a fluorescent label, and
an enzymatic label.

[0023] In certain embodiments, the antibody-based bind-
ing moiety is an antibody. In some embodiments, the anti-
body is a monoclonal antibody.

[0024] Antibody-based immunoassays are the preferred
means for measuring levels of biomarkers. However, any
means known to those skilled in art can be used to assess
biomarker levels. For example, biomarker levels can be
assessed by mass spectrometry, including SELDI mass spec-
trometry.

[0025] Ina further embodiment, the invention provides for
kits that comprise means for measuring at least one epithe-
lial cancer biomarker in a biological sample. Such kits
optionally contain directions for use. The kit comprises a
container for holding a biological sample (e.g. urine
sample), and at least one antibody that specifically binds an
epithelial cancer biomarker. In certain embodiments, the kit
comprises a container for holding the urine sample.

[0026] Inoneembodiment, the kit comprises two antibod-
ies that specifically bind to an epithelial cancer biomarker. In
one embodiment, one antibody is immobilized on a solid
phase and one antibody is detectably labeled. The kits can
comprise anti-Cystatin B, anti-Chaperonin 10, and/or anti-
Profilin antibodies.

[0027] In another aspect, a method for assessment of a
cancer of epithelial origin is provided. The method com-
prises measuring the level of at least one epithelial cancer
biomarker (Cystatin B, Chaperonin 10, or Profilin) present
in a biological sample (the test sample) from the subject and
determining whether the level of the marker is higher than
a predetermined level. Higher levels of the marker in the test
sample, as compared to the predetermined level, is indica-
tive of an increased risk of cancer progression. Any of the
assay and measurement methods described herein are appli-
cable to this method of assessment.

[0028] In certain embodiments, the sample from the sub-
ject is a blood, tissue, serum, plasma, stool, sputum, cere-
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brospinal fluid, nipple aspirate, or tissue sample. In an
exemplary embodiment, the biological sample is a urine
sample.

[0029] In certain embodiments, the cancer of epithelial
origin is bladder cancer, breast cancer, basal cell carcinoma,
adenocarcinoma, gastrointestinal cancer, lip cancer, mouth
cancer, esophageal cancer, small bowel cancer, stomach
cancer, colon cancer, liver cancer, pancreas cancer, ovary
cancer, cervical cancer, lung cancer, skin cancer, prostate
cancer, and renal cell carcinoma. In an exemplary embodi-
ment, the cancer of epithelial origin is bladder cancer.

[0030] In certain embodiments, the level of the epithelial
cancer biomarker (e.g., Cystatin B) is compared to a prede-
termined level. The predetermined level may be based on the
level of the epithelial cancer biomarker normally found in
biological samples of healthy subjects. In some embodi-
ments, the predetermined level may be based on a prior
measurement of the subject’s epithelial cancer biomarker. In
other embodiments, the predetermined level may be based
on the subject’s level of the biomarker prior to treatment. In
some embodiments, the subject’s epithelial cancer biomar-
ker may be monitored over time (e.g., monthly, quarterly,
bi-yearly, vearly, every 2 years, every 5 years).

[0031] In some embodiments, the determination of an
epithelial cancer biomarker (e.g., Cystatin B) at a level
higher than a predetermined level indicates that the subject
is at an increased risk of cancer progression relative to a
subject, or relative to the subject at an earlier time, having
the epithelial cancer biomarker level equal to or less than the
predetermined level.

[0032] In certain embodiments, the cancer progression is
a recurrence of cancer, an increase of metastatic activity,
and/or a progression in cancer grade or stage.

[0033] Incertain embodiments, the epithelial cancer biom-
arker measured is Cystatin B. Cystatin B protein may be
measured using an immunoassay as described herein. Alter-
natively, cystatin B protein may be measured by mass
spectrometry.

[0034] Other aspects of the invention are disclosed infra.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] The accompanying drawings, which are incorpo-
rated in and constitute a part of this specification, illustrate
embodiments of the invention and, together with the
description, serve to explain the objects, advantages, and
principles of the invention.

[0036] FIG. 1 is a flow diagram showing the approach to
epithelial cancer biomarker discovery.

[0037] FIG. 2 shows comparative 2D-PAGE of invasive
bladder tumor tissue and normal bladder tissue reveals many
potential spots. The circled spot was identified by mass
spectroscopy to be Cystatin B.

[0038] FIG. 3 shows a graph depicting the results of a
semi-quantitative Western Blot analysis of Cystatin B
detected in voided urine specimens.

[0039] FIG. 4 shows a series of 2D-PAGE depicting the
proteomic analysis of bladder cancer patient urine and
tissue. 2D SDS-PAGE was used to separate proteins across
a charge range of pI 3-10, and through a 4-20% acrylamide
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gradient. High grade bladder cancer patients’ urine (FIG.
4A) were compared to urine from normal age-matched
controls (FIG. 4B). Bladder cancer tissue (FIG. 4C) was
compared to normal patient matched urothelial tissue (FIG.
4D). The arrow points to the peptide spot corresponding to
cystatin B.

[0040] FIG. 5 shows pictures depicting the immunohis-
tochemical analysis of cystatin B expression in bladder
cancer tissue. Immunohistochemical staining using cystatin
B monoclonal antibody showed increased cystatin B levels
in bladder cancer compared to normal bladder tissue (FIG.
5A). Additionally, percent high intensity cystatin B staining
for normal and TCC tissue sections are shown (FIG. 5B).
Scale bars indicate 200 um. FIG. 5C shows a graphical
representation of the immunohistochemical sample analysis.

[0041] FIG. 6 provides a picture and graphs depicting the
analysis of cystatin B levels in urine from bladder cancer
patients and normal age-matched controls. FIG. 6 A shows a
representative western blot of urine samples using mono-
clonal cystatin B antibody. Lane 1 (+) is MGH-U1 total cell
lysate (positive control) used to normalize signals between
individual western blots. Lane 2 (++) represents protein
isolated from pooled urine specimens and TCC tissue.
Cystatin B levels in patient urines were quantified by
chemiluminscence image scan using a ProXPRESS imaging
system. It should be noted that an image acquisition artifact
was present in all images obtained with this system, as seen
in lane 7. Significantly higher levels of cystatin B were
found in TCC with increasing tumor grade (FIG. 6B), and
stage (FIG. 6C).

[0042] FIG. 7 provides graphs depicting that urinary cys-
tatin B level is predictive of time to TCC disease recurrence
and disease grade/stage progression. Kaplan Meier analysis
was used to estimate (FIG. 7A) disease recurrence-free
survival time, and (FIG. 7B) grade/stage progression-free
survival time, for patients with high (cutoff=0.54) or low
urinary cystatin B levels. High cystatin B was significantly
associated with earlier disease recurrence (p=0.01) and stage
or grade progression (p<0.001, log rank test). Perpendicular
lines indicate censored data.

DETAILED DESCRIPTION OF THE
INVENTION

[0043] We have discovered that three proteins, Cystatin B,
Chaperonin 10, and Profilin (referred to herein as “epithelial
cancer markers”), are present in the urine of patients that
have cancers of epithelial origin. Levels of Cystatin B
present in urine samples of patients correlate with the
presence of bladder cancers, in particular invasive bladder
cancers.

[0044] Theterm “aggressive” or “invasive” with respect to
cancer refers to the proclivity of a tumor for expanding
beyond its boundaries into adjacent tissue (Darnell, .
(1990), Molecular Cell Biology, Third Ed., W. H. Freeman,
NY). Invasive cancer can be contrasted with organ-confined
cancer wherein the tumor is confined to a particular organ.
The invasive property of a tumor is often accompanied by
the elaboration of proteolytic enzymes, such as collagenases,
that degrade matrix material and basement membrane mate-
rial to enable the tumor to expand beyond the confines of the
capsule, and beyond confines of the particular tissue in
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which that tumor is located. Invasive bladder cancer
includes invasive into Muscularis Propria and/or Lamina
Propria.

[0045] The term “metastasis”, as used herein, refers to the
condition of spread of cancer from the organ of origin to
additional distal sites in the patient. The process of tumor
metastasis is a multistage event involving local invasion and
destruction of intercellular matrix, intravasation into blood
vessels, lymphatics or other channels of transport, survival
in the circulation, extravasation out of the vessels in the
secondary site and growth in the new location (Fidler, et al.,
Adv. Cancer Res. 28, 149-250 (1978), Liotta, et al., Cancer
Treatment Res. 40, 223-238 (1988), Nicolson, Biochim.
Biophy. Acta 948, 175-224 (1988) and Zetter, N. Eng. I.
Med. 322, 605-612 (1990)). Increased malignant cell motil-
ity has been associated with enhanced metastatic potential in
animal as well as human tumors (Hosaka, et al., Gann 69,
273-276 (1978) and Haemmerlin, et al., Int. J. Cancer 27,
603-610 (1981)).

[0046] As used herein, a “biological sample” refers to a
urine sample obtained from a patient. Biological samples,
for example, can be obtained from blood, tissue (e.g. tumor
or breast), serum, stool, urine, sputum, cerebrospinal fluid,
nipple aspirates and supernatant from cell lysate. One pre-
ferred biological sample is urine.

[0047] Inapreferred embodiment, the biological sample is
treated as to prevent degradation of epithelial cancer biom-
arkers. Methods for inhibiting or preventing degradation
include, but are not limited to, treatment of the sample with
protease, freezing the sample, or placing the sample on ice.
Preferably, prior to analysis, the samples are constantly kept
under conditions as to prevent degradation of the markers.

[0048] As used herein, a “tumor sample” refers to a
portion, piece, part, segment, or fraction of a tumor, for
example, a tumor which is obtained or removed from a
subject (e. g., removed or extracted from a tissue of a
subject), preferably a human subject.

[0049] As used herein, Cystatin B refers to the protein of
Genebank accession NM__000100.2, NP__ 000091 (Homo-
sapiens). The term also encompasses species variants,
homologues, allelic forms, mutant forms, and equivalents
thereof.

[0050] As used herein, Chaperonin 10 refers to the protein
of Genebank accession, protein, AAAS0953 (Homosapi-
ens). The term also encompasses species variants, homo-
logues, allelic forms, mutant forms, and equivalents thereof.

[0051] As used herein, Profilin refers to the protein of
Genebank accession, protein, A28622 (Homosapiens). The
term also encompasses species variants, homologues, allelic
forms, mutant forms, and equivalents thereof.

[0052] The present invention is directed to methods for
facilitating diagnosis of cancers of epithelial origin in a
patient. In one embodiment, the method comprises obtaining
a biological sample from a patient and detecting the pres-
ence or absence of at least one epithelial cancer biomarker
(Cystatin B, Chaperonin 10, or Profilin) in the sample,
wherein the presence of at least one marker is indicative of
the presence of cancer of epithelial origin.

[0053] In another embodiment, the methods involve mea-
suring levels of at least one epithelial cancer biomarker
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(Cystatin B, Chaperonin 10, or Profilin) in a test sample
obtained from a patient being tested for cancer, and com-
paring the observed levels to the levels of the epithelial
cancer biomarker found in a control sample, for example a
sample obtained from an individual patient or population of
individuals that do not to have cancer. Levels of at least one
epithelial cancer biomarker higher than levels that are
observed in the normal control indicate the presence of
cancer of epithelial origin. The levels of biomarkers can be
represented by arbitrary units, for example as units obtained
from a densitometer, luminometer, or an Elisa plate reader.

[0054] As used herein, “a higher level of at least one
epithelial cancer biomarker in the test sample as compared
to the level in the control sample” refers to an amount of at
least one biomarker that is greater than an amount of the
same biomarker present in a control sample. The term
“higher level” refers to a level that is statistically significant
or significantly above levels found in the control sample.
The “higher level” can be for example 1.2 fold to 1.9 fold
higher. Preferably, the “higher level” is at least 2 fold
greater, or even 3 fold greater.

[0055] The term “‘statistically significant” or “signifi-
cantly” refers to statistical significance and generally means
a two standard deviation (2SD) above normal, or higher,
concentration of the marker.

[0056] For purposes of comparison, the test sample and
control sample are of the same type, that is, obtained from
the same biological source. The control sample can also be
a standard sample that contains the same concentration of
the epithelial cancer biomarker that is normally found in a
biological sample that is obtained from a healthy individual.

[0057] In one aspect of the invention, a secondary diag-
nostic step can be performed. For example, if a level of at
least one epithelial cancer biomarker is found to indicate the
presence of cancer, then an additional method of detecting
the cancer can be performed to confirm the presence of the
cancer. Any of a variety of additional diagnostic steps can be
used, such as ultrasound, PET scanning, MRI, or any other
imaging techniques, biopsy, clinical examination, ducto-
gram, or any other method.

[0058] The present invention further provides for methods
of prognostic evaluation of a patient suspected of having, or
having, cancer of epithelial origin. The method comprises
measuring the level of at least one epithelial cancer biom-
arker (Cystatin B, Chaperonin 10, or Profilin) present in a
test biological sample obtained from a patient and compar-
ing the observed level with a range of at least one epithelial
cancer biomarker levels normally found in biological
samples (of the same type) of healthy individuals. A high
level for example, is indicative of a greater potential for
metastatic activity and corresponds to a poor prognosis,
while lower levels indicate that the tumor is less aggressive
and correspond to a better prognosis.

[0059] Additionally, disease progression can be assessed
by following the levels of at least one epithelial cancer
biomarker in an individual patient. For example, changes in
the patients condition can be monitored by comparing
changes expression levels of Cystatin B, Chaperonin 10, or
Profilin in the patient over time. Progressive increases in the
levels of at least one epithelial cancer biomarker is indica-
tive of increased potential for tumor invasion and metastasis.
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[0060] The prognostic methods of the invention also are
useful for determining a proper course of treatment for a
patient having cancer. A course of treatment refers to the
therapeutic measures taken for a patient after diagnosis or
after treatment for cancer. For example, a determination of
the likelihood for cancer recurrence, spread, or patient
survival, can assist in determining whether a more conser-
vative or more radical approach to therapy should be taken,
or whether treatment modalities should be combined. For
example, when cancer recurrence is likely, it can be advan-
tageous to precede or follow surgical treatment with che-
motherapy, radiation, immunotherapy, biological modifier
therapy, gene therapy, vaccines, and the like, or adjust the
span of time during which the patient is treated.

[0061] The methods of the invention are suitable to diag-
nose or prognose any cancer of epithelial origin, including
but not limited to , breast cancer, basal cell carcinoma,
adenocarcinoma, gastrointestinal cancer, lip cancer, mouth
cancer, esophageal cancer, small bowel cancer and stomach
cancer, colon cancer, liver cancer, bladder cancer, pancreas
cancer, ovary cancer, cervical cancer, lung cancer, breast
cancer and skin cancer, such as squamous cell and basal cell
cancers, prostate cancer, renal cell carcinoma, and other
known cancers that effect epithelial cells throughout the
body.

[0062] In one preferred embodiment, the cancer of epi-
thelial origin is bladder cancer.

Measuring Levels of at Least One Epithelial Cancer Biom-
arker

[0063] The levels of at least one epithelial cancer biom-
arker, as described herein, can be measured by any means
known to those skilled in the art. In the present invention, it
is generally preferred to use antibodies, or antibody equiva-
lents, to detect levels of at least one epithelial cancer
biomarker protein in biological samples.

[0064] Inoneembodiment, levels of at least one epithelial
cancer biomarker protein are measured by contacting the
biological sample with an antibody-based binding moiety
that specifically binds to at least one epithelial cancer
biomarker, or to a fragment of at least one epithelial cancer
biomarker. Formation of the antibody-epithelial cancer
biomarker complex is then detected as a measure of the
epithelial cancer biomarker levels.

[0065] The term “antibody-based binding moiety” or
“antibody” includes immunoglobulin molecules and immu-
nologically active determinants of immunoglobulin mol-
ecules, e.g., molecules that contain an antigen binding site
which specifically binds (immunoreacts with) to the epithe-
lial cancer biomarker to be detected, e.g. Cystatin B, Chap-
eronin 10, or Profilin. The term “antibody-based binding
moiety” is intended to include whole antibodies, e.g., of any
isotype (IgG, IgA, 1gM, IgE, etc), and includes fragments
thereof which are also specifically reactive the epithelial
cancer biomarker protein. Antibodies can be fragmented
using conventional techniques. Thus, the term includes
segments of proteolytically-cleaved or recombinantly-pre-
pared portions of an antibody molecule that are capable of
selectively reacting with a certain protein. Non limiting
examples of such proteolytic and/or recombinant fragments
include Fab, F(ab")2, Fab', Fv, dAbs and single chain anti-
bodies (scFv) containing a VL, and VH domain joined by a
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peptide linker. The scFv’s may be covalently or non-co-
valently linked to form antibodies having two or more
binding sites. Thus, “antibody-base binding moiety”
includes polyclonal, monoclonal, or other purified prepara-
tions of antibodies and recombinant antibodies. The term
“antibody-base binding moiety” is further intended to
include humanized antibodies, bispecific antibodies, and
chimeric molecules having at least one antigen binding
determinant derived from an antibody molecule. In a pre-
ferred embodiment. the antibody-based binding moiety
detectably labeled.

[0066] “Labeled antibody”, as used herein, includes anti-
bodies that are labeled by a detectable means and include,
but are not limited to, antibodies that are enzymatically,
radioactively, fluorescently, and chemiluminescently
labeled. Antibodies can also be labeled with a detectable tag,
such as c-Myc, HA, VSV-G, HSV, FLAG, V5, or HIS.

[0067] In the diagnostic and prognostic methods of the
invention that use antibody based binding moieties for the
detection of at least one epithelial cancer biomarker, the
level of at least one epithelial cancer biomarker present in
the biological samples correlate to the intensity of the signal
emitted from the detectably labeled antibody.

[0068] In one preferred embodiment, the antibody-based
binding moiety is detectably labeled by linking the antibody
to an enzyme. The enzyme, in turn, when exposed to it’s
substrate, will react with the substrate in such a manner as
to produce a chemical moiety which can be detected, for
example, by spectrophotometric, fluorometric or by visual
means. Enzymes which can be used to detectably label the
antibodies of the present invention include, but are not
limited to, malate dehydrogenase, staphylococcal nuclease,
delta-V-steroid isomerase, yeast alcohol dehydrogenase,
alpha-glycerophosphate dehydrogenase, triose phosphate
isomerase, horseradish peroxidase, alkaline phosphatase,
asparaginase, glucose oxidase, beta-galactosidase, ribonu-
clease, urease, catalase, glucose-VI-phosphate dehydroge-
nase, glucoamylase and acetylcholinesterase. Chemilumi-
nescence is another method that can be used to detect an
antibody-based binding moiety.

[0069] Detection may also be accomplished using any of
a variety of other immunoassays. For example, by radioac-
tively labeling an antibody, it is possible to detect the
antibody through the use of radioimmune assays. The radio-
active isotope can be detected by such means as the use of
a gamma counter or a scintillation counter or by audorad-
iography. Isotopes which are particularly useful for the
purpose of the present invention are *H, ', 3°S, “C, and
preferably '2°1.

[0070] Tt is also possible to label an antibody with a
fluorescent compound. When the fluorescently labeled anti-
body is exposed to light of the proper wave length, its
presence can then be detected due to fluorescence. Among
the most commonly used fluorescent labeling compounds
are CYE dyes, fluorescein isothiocyanate, rhodamine, phy-
coerytherin, phycocyanin, allophycocyanin, o-phthaldehyde
and fluorescamine.

[0071] An antibody can also be detectably labeled using
fluorescence emitting metals such as '3*Eu, or others of the
lanthanide series. These metals can be attached to the
antibody using such metal chelating groups as diethylen-
etriaminepentaacetic acid (DTPA) or ethylenediaminetet-
raacetic acid (EDTA).
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[0072] An antibody also can be detectably labeled by
coupling it to a chemiluminescent compound. The presence
of the chemiluminescent-antibody is then determined by
detecting the presence of luminescence that arises during the
course of a chemical reaction. Examples of particularly
useful chemiluminescent labeling compounds are luminol,
luciferin, isoluminol, theromatic acridinium ester, imida-
zole, acridinium salt and oxalate ester.

[0073] As mentioned above, levels of at least one epithe-
lial cancer biomarker protein can be detected by immunoas-
says, such as enzyme linked immunoabsorbant assay
(ELISA), radioimmunoassay (RIA), Immunoradiometric
assay (IRMA), Western blotting, or immunchistochemistry,
each of which are described in more detail below. Immu-
noassays such as ELISA or RIA, which can be extremely
rapid, are more generally preferred. Antibody arrays or
protein chips can also be employed, see for example U.S.
Patent Application Nos: 20030013208A1; 20020155493 A1,
20030017515 and U.S. Pat. No. 6,329,209; 6,365,418,
which are herein incorporated by reference in their entirety.

Immunoassays

[0074] “Radioimmunoassay” is a technique for detecting
and measuring the concentration of an antigen, biomarker to
be detected, using a labeled (e.g. radioactively labeled) form
of the antigen. Examples of radioactive labels for antigens
include *H, *C, and '*’I. The concentration of antigen in a
biological sample is measured by having the antigen in the
biological sample compete with the labeled (e.g. radioac-
tively) antigen for binding to an antibody that specifically
binds the antigen. To ensure competitive binding between
the labeled antigen and the unlabeled antigen, the labeled
antigen is present in a concentration sufficient to saturate the
binding sites of the antibody. The higher the concentration of
antigen in the sample, the lower the concentration of labeled
antigen that will bind to the antibody.

[0075] In a radioimmunoassay, to determine the concen-
tration of labeled antigen bound to antibody, the antigen-
antibody complex must be separated from the free antigen.
One method for separating the antigen-antibody complex
from the free antigen is by precipitating the antigen-antibody
complex with an anti-isotype antiserum. Another method for
separating the antigen-antibody complex from the free anti-
gen is by precipitating the antigen-antibody complex with
formalin-killed S. aureus. Yet another method for separating
the antigen-antibody complex from the free antigen is by
performing a “solid-phase radioimmunoassay” where the
antibody is linked (e.g., covalently) to Sepharose beads,
polystyrene wells, polyvinylchloride wells, or microtiter
wells. By comparing the concentration of labeled antigen
bound to antibody to a standard curve based on samples
having a known concentration of antigen, the concentration
of antigen in the biological sample can be determined.

[0076] A “Immunoradiometric assay” (IRMA) is an
immunoassay in which the antibody reagent is radioactively
labeled. An IRMA requires the production of a multivalent
antigen conjugate, by techniques such as conjugation to a
protein e.g., rabbit serum albumin (RSA). The multivalent
antigen conjugate must have at least 2 antigen residues per
molecule and the antigen residues must be of sufficient
distance apart to allow binding by at least two antibodies to
the antigen. For example, in an IRMA the multivalent
antigen conjugate can be attached to a solid surface such as
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a plastic sphere. Unlabeled “sample” antigen and antibody
to antigen which is radioactively labeled are added to a test
tube containing the multivalent antigen conjugate coated
sphere. The antigen in the sample competes with the mul-
tivalent antigen conjugate for antigen antibody binding sites.
After an appropriate incubation period, the unbound reac-
tants are removed by washing and the amount of radioac-
tivity on the solid phase is determined. The amount of bound
radioactive antibody is inversely proportional to the con-
centration of antigen in the sample.

[0077] The most common enzyme immunoassay is the
“Enzyme-Linked Immunosorbent Assay (ELISA).” ELISA
is a technique for detecting and measuring the concentration
of an antigen using a labeled (e.g. enzyme linked) form of
the antibody. There are different forms of ELISA, which are
well known to those skilled in the art. The standard tech-
niques known in the art for ELISA are described in “Meth-
ods in Immunodiagnosis”, 2nd Edition, Rose and Bigazzi,
eds. John Wiley & Sons, 1980; Campbell et al., “Methods
and Immunology”, W. A. Benjamin, Inc., 1964; and Oeller-
ich, M. 1984, J. Clin. Chem. Clin. Biochem., 22:895-904.

[0078] In a “sandwich ELISA”, an antibody (e.g. anti-
cystatin B, anti-chaperonin 10, or anti-profilin) is linked to
a solid phase (i.e. a microtiter plate) and exposed to a
biological sample containing antigen (e.g. cystatin B, chap-
eronin 10, and/or profilin). The solid phase is then washed
to remove unbound antigen. A labeled antibody (e.g. enzyme
linked) is then bound to the bound-antigen (if present)
forming an antibody-antigen-antibody sandwich. Examples
of enzymes that can be linked to the antibody are alkaline
phosphatase, horseradish peroxidase, luciferase, urease, and
B-galactosidase. The enzyme linked antibody reacts with a
substrate to generate a colored reaction product that can be
measured.

[0079] In a “competitive ELISA”, antibody is incubated
with a sample containing antigen (i.e. at least one epithelial
cancer biomarker). The antigen-antibody mixture is then
contacted with a solid phase (e.g. a microtiter plate) that is
coated with antigen (i.e., at least one epithelial cancer
biomarker). The more antigen present in the sample, the less
free antibody that will be available to bind to the solid phase.
A labeled (e.g., enzyme linked) secondary antibody is then
added to the solid phase to determine the amount of primary
antibody bound to the solid phase.

[0080] In a “immunohistochemistry assay” a section of
tissue is tested for specific proteins by exposing the tissue to
antibodies that are specific for the protein that is being
assayed. The antibodies are then visualized by any of a
number of methods to determine the presence and amount of
the protein present. Examples of methods used to visualize
antibodies are, for example, through enzymes linked to the
antibodies (e.g., luciferase, alkaline phosphatase, horserad-
ish peroxidase, or .beta.galactosidase), or chemical methods
(e.g., DAB/Substrate chromagen). It is also contemplated
that tissue microarrays can be used in methods of the
invention.

[0081] Other techniques may be used to detect at least one
epithelial cancer biomarker, according to a practitioner’s
preference, based upon the present disclosure. One such
technique is Western blotting (Towbin et at., Proc. Nat.
Acad. Sci. 76:4350 (1979)), wherein a suitably treated
sample is run on an SDS-PAGE gel before being transferred
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to a solid support, such as a nitrocellulose filter. Detectably
labeled anti-biomarker antibodies can then be used to assess
the levels of at least one epithelial cancer biomarker, where
the intensity of the signal from the detectable label corre-
sponds to the amount biomarker present. Levels can be
quantitated, for example by densitometry.

Mass Spectometry

[0082] In addition, at least one epithelial cancer biomarker
may be detected using Mass Spectrometry such as MALDI/
TOF (time-of-flight), SELDI/TOF, liquid chromatography-
mass spectrometry (LC-MS), gas chromatography-mass
spectrometry (GC-MS), high performance liquid chroma-
tography-mass spectrometry (HPLC-MS), capillary electro-
phoresis-mass spectrometry, nuclear magnetic resonance
spectrometry, or tandem mass spectrometry (e.g., MS/MS,
MS/MS/MS, ESI-MS/MS, etc.). See for example, U.S.
Patent Application Nos: 20030199001, 20030134304,
20030077616, which are herein incorporated by reference.

[0083] Mass spectrometry methods are well known in the
art and have been used to quantify and/or identify biomol-
ecules, such as proteins (see, e.g., Li et al. (2000) Tibtech
18:151-160; Rowley et al. (2000) Methods 20: 383-397; and
Kuster and Mann (1998) Curr. Opin. Structural Biol. 8:
393-400). Further, mass spectrometric techniques have been
developed that permit at least partial de novo sequencing of
isolated proteins. Chait et al., Science 262:89-92 (1993);
Keough et al., Proc. Natl. Acad. Sci. USA. 96:7131-6
(1999); reviewed in Bergman, EXS 88:133-44 (2000).

[0084] In certain embodiments, a gas phase ion spectro-
photometer is used. In other embodiments, laser-desorption/
ionization mass spectrometry is used to analyze the sample.
Modern laser desorption/ionization mass spectrometry
(“LDI-MS?) can be practiced in two main variations: matrix
assisted laser desorption/ionization (“MALDI”) mass spec-
trometry and surface-enhanced laser desorption/ionization
(“SELDI”). In MALDI, the analyte is mixed with a solution
containing a matrix, and a drop of the liquid is placed on the
surface of a substrate. The matrix solution then co-crystal-
lizes with the biological molecules. The substrate is inserted
into the mass spectrometer. Laser energy is directed to the
substrate surface where it desorbs and ionizes the biological
molecules without significantly fragmenting them. How-
ever, MALDI has limitations as an analytical tool. It does
not provide means for fractionating the sample, and the
matrix material can interfere with detection, especially for
low molecular weight analytes. See, e.g., U.S. Pat. No.
5,118,937 (Hillenkamp et al.), and U.S. Pat. No. 5,045,694
(Beavis & Chait).

[0085] In SELDI, the substrate surface is modified so that
it is an active participant in the desorption process. In one
variant, the surface is derivatized with adsorbent and/or
capture reagents that selectively bind the protein of interest.
In another variant, the surface is derivatized with energy
absorbing molecules that are not desorbed when struck with
the laser. In another variant, the surface is derivatized with
molecules that bind the protein of interest and that contain
a photolytic bond that is broken upon application of the
laser. In each of these methods, the derivatizing agent
generally is localized to a specific location on the substrate
surface where the sample is applied. See, e.g., U.S. Pat. No.
5,719,060 and WO 98/59361. The two methods can be
combined by, for example, using a SELDI affinity surface to
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capture an analyte and adding matrix-containing liquid to
the captured analyte to provide the energy absorbing mate-
rial.

[0086] For additional information regarding mass spec-
trometers, see, e.g., Principles of Instrumental Analysis, 3rd
edition., Skoog, Saunders College Publishing, Philadelphia,
1985; and Kirk-Othmer Encyclopedia of Chemical Technol-
ogy, 4.sup.th ed. Vol. 15 (John Wiley & Sons, New York
1995), pp. 1071-1094.

[0087] Detection of the presence of a marker will typically
involve detection of signal intensity. This, in turn, can reflect
the quantity and character of a polypeptide bound to the
substrate. For example, in certain embodiments, the signal
strength of peak values from spectra of a first sample and a
second sample can be compared (e.g., visually, by computer
analysis etc.), to determine the relative amounts of particular
biomolecules. Software programs such as the Biomarker
Wizard program (Ciphergen Biosystems, Inc., Fremont,
Calif.) can be used to aid in analyzing mass spectra. The
mass spectrometers and their techniques are well known to
those of skill in the art.

[0088] Any person skilled in the art understands, any of
the components of a mass spectrometer (e.g., desorption
source, mass analyzer, detect, etc.) and varied sample prepa-
rations can be combined with other suitable components or
preparations described herein, or to those known in the art.
For example, in some embodiments a control sample may
contain heavy atoms (e.g. ">C) thereby permitting the test
sample to mixed with the known control sample in the same
mass spectrometry run.

[0089] In one preferred embodiment, a laser desorption
time-of-flight (TOF) mass spectrometer is used. In laser
desorption mass spectrometry, a substrate with a bound
marker is introduced into an inlet system. The marker is
desorbed and ionized into the gas phase by laser from the
ionization source. The ions generated are collected by an ion
optic assembly, and then in a time-of-flight mass analyzer,
ions are accelerated through a short high voltage field and let
drift into a high vacuum chamber. At the far end of the high
vacuum chamber, the accelerated ions strike a sensitive
detector surface at a different time. Since the time-of-flight
is a function of the mass of the ions, the elapsed time
between ion formation and ion detector impact can be used
to identify the presence or absence of molecules of specific
mass to charge ratio.

[0090] In some embodiments the relative amounts of one
or more biomolecules present in a first or second sample is
determined, in part, by executing an algorithm with a
programmable digital computer. The algorithm identifies at
least one peak value in the first mass spectrum and the
second mass spectrum. The algorithm then compares the
signal strength of the peak value of the first mass spectrum
to the signal strength of the peak value of the second mass
spectrum of the mass spectrum. The relative signal strengths
are an indication of the amount of the biomolecule that is
present in the first and second samples. A standard contain-
ing a known amount of a biomolecule can be analyzed as the
second sample to provide better quantify the amount of the
biomolecule present in the first sample. In certain embodi-
ments, the identity of the biomolecules in the first and
second sample can also be determined.
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[0091] Inone preferred embodiment, at least one epithelial
cancer biomarkerlevels are measured by MALDI-TOF mass
spectrometry.

Antibodies

[0092] The antibodies for use in the present invention can
be obtained from a commercial source. Alternatively, anti-
bodies can be raised against the epithelial cancer biomarker
polypeptide, or a portion of the epithelial cancer biomarker
polypeptide.

[0093] Antibodies for use in the present invention can be
produced using standard methods to produce antibodies, for
example, by monoclonal antibody production (Campbell,
AM., Monoclonal Antibodies Technology: Laboratory
Techniques in Biochemistry and Molecular Biology,
Elsevier Science Publishers, Amsterdam, the Netherlands
(1984); St. Groth et al., J. Immunology, (1990) 35: 1-21; and
Kozbor et al., Immunology Today (1983) 4:72). Antibodies
can also be readily obtained by using antigenic portions of
the protein to screen an antibody library, such as a phage
display library by methods well known in the art. For
example, U.S. Pat. No. 5,702,892 (U.S.A. Health & Human
Services) and WO 01/18058 (Novopharm Biotech Inc.)
disclose bacteriophage display libraries and selection meth-
ods for producing antibody binding domain fragments.

Detection Kit

[0094] The present invention is also directed to commer-
cial kits for the detection and prognostic evaluation of
bladder cancer and for the diagnosis of invasive bladder
cancer. The kit can be in any configuration well known to
those of ordinary skill in the art and is useful for performing
one or more of the methods described herein for the detec-
tion of at least one epithelial cancer biomarker. The kits are
convenient in that they supply many if not all of the essential
reagents for conducting an assay for the detection of at least
one epithelial cancer biomarker in a biological sample. In
addition, the assay is preferably performed simultaneously
with a standard or multiple standards that are included in the
kit, such as a predetermined amount of at least one epithelial
cancer biomarker protein or nucleic acid, so that the results
of the test can be quantitated or validated.

[0095] The Kkits include a means for detecting at least one
epithelial cancer biomarker levels such as antibodies, or
antibody fragments, which selectively bind to at least one
epithelial cancer biomarker protein. The diagnostic assay kit
is preferentially formulated in a standard two-antibody bind-
ing format in which one at least one epithelial cancer
biomarker-specific antibody captures the biomarker in a
patient sample and another epithelial cancer biomarker-
specific antibody is used to detect captured at least one
epithelial cancer biomarker. For example, the capture anti-
body is immobilized on a solid phase, e.g., an assay plate, an
assay well, a nitrocellulose membrane, a bead, a dipstick, or
a component of an elution column. The second antibody, i.e.,
the detection antibody, is typically tagged with a detectable
label such as a calorimetric agent or radioisotope.

[0096] In one preferred embodiment, the kit comprises a
means for detecting levels of at least one epithelial cancer
biomarker in a sample of urine. In a specific embodiment,
the kit comprises a “dipstick” with at least one anti-epithelial
cancer biomarker antibody or fragments, immobilized
thereon, which specifically bind a epithelial cancer biomar-
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ker protein. Specifically bound epithelial cancer biomarker
protein can then be detected using, for example, a second
antibody that is detectably labeled with a calorimetric agent
or radioisotope.

[0097] In other embodiments, the assay kits may employ
(but are not limited to) the following techniques: competi-
tive and non-competitive assays, radioimmunoassay (RIA),
bioluminescence and chemiluminescence assays, fluoromet-
ric assays, sandwich assays, immunoradiometric assays, dot
blots, enzyme linked assays including ELISA, microtiter
plates, and immunocytochemistry. For each kit the range,
sensitivity, precision, reliability, specificity and reproduc-
ibility of the assay are established by means well known to
those skilled in the art.

[0098] The above described assay kits would further pro-
vide instructions for use and a container to hold the urine
sample.

[0099] All references cited above or below are herein
incorporated by reference.

[0100] The present invention is further illustrated by the
following Examples.

[0101] These Examples are provided to aid in the under-
standing of the invention and are not construed as a limita-
tion thereof.

EXAMPLE I

Proteomic Analysis of Voided Urine, Bladder
Cancer Tissue and Cell Lines for Biomarker
Discovery in Transitional Cell Carcinoma

Introduction

[0102] There is a need for new biomarkers to aid in the
diagnosis and management of cancers of epithelial origin.
Urine can serve as an excellent medium for epithelial cancer
biomarker discovery and analysis. Proteomic analysis by
two-dimensional polyacrylamide gel electrophoresis (2D
PAGE) is one effective tool to analyze the proteome of
human specimens. 2D PAGE was used to analyze voided
urine, human bladder tumor and normal tissue, and human
derived bladder cancer cell lines as a method for biomarker
discovery.

Methods
Urine

[0103] Under IRB approved protocol, voided urine speci-
mens were collected from sixty-three patients prior to diag-
nostic cystoscopy with biopsy and twenty-two age-matched
control patients with no clinical evidence of bladder cancer
and no history of malignancy. Total urinary protein was
isolated and quantified. Equivalent amounts of protein from
individual patients were pooled into three groups: 1. State
Ta, high grade; 2. Stage Ta, low grade; 3. Normal controls.
Eight patients were included in each group. A total of 40 ng
of protein from each group (5 ng per patient) were analyzed
and compared by 2D PAGE.

Tissue

[0104] UnderIRB approved protocol, bladder tumor tissue
and normal urothelium were harvested from the cystectomy
specimen of a patient with stage T3 N1 MO transitional cell
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carcinoma. Tissue specimens were immediately frozen in
liquid nitrogen and total protein was then isolated and
quantified. 40 ng of protein from each tumor and normal
tissue were analyzed and compared by 2D PAGE.

Cell Lines

[0105] Fractionated protein was isolated from two previ-
ously described cell lines: 1. MGH-UT, cultured from high
grade transitional cell carcinoma of the bladder and highly
tumorigenic in nude mice; 2. MGH-U4, cultured from a
patient with severe urothelial atypia and non-tumorigenic in
nude mice. 40 ng of each cytoplasmic, nuclear and mem-
brane protein fractions from each cell line were analyzed
and compared by 2D PAGE.

[0106] For all above specimens, unique protein spots were
isolated and analyzed by liquid chromatography mass spec-
troscopy-mass spectroscopy (LCMS-MS).

Results

[0107] Analysis by 2D PAGE established a number of
protein spots at common molecular weights (MW) and
isoelectric points (pl) across the 3 groups of urine specimens
which represent the common or normal urinary proteome.
Similarly, we demonstrated common proteomic spectra for
tissue specimens and also for cell lines. The proteomic
spectra of urine from Ta high grade patients, tumor tissue
and MGH-UT1 cell line revealed several similar peptide spots
in the MW range 10-15 kD and pI 8-10 which were not
present or have identified three of these proteins as Cystatin
B, an endogenous cysteine proteinase inhibitor, Chaperonin
10, a heat shock protein, and profilin, a cytoskeletal protein.

Conclusions

[0108] We demonstrate the discovery of three novel biom-
arkers for cancers of epithelial origin.

EXAMPLE 1I

Immunostaining for Cystatin B in Bladder Cancer
Tissue

Methods

[0109] Normal bladder and bladder cancer tissue were
immunostained using mouse monoclonal anti-cystatin B
antibody and counterstained with Haematoxylin. Immun-
ostaining was performed using the bladder cancer tissue
microarray BL801 (US Biomax Inc, Rockville, Md.). The
tissues were deparaflinized, endogenous peroxide blocked in
3% hydrogen peroxide in methanol, and microwave antigen
retrieval performed using Antigen Unmasking Solution.
Blocking was performed using 5% normal horse serum and
endogenous biotin blocked using Avidin/Biotin kit. Tissue
was incubated with mouse monoclonal anti-cystatin B/Stefin
B antibody, clone A6/2 (GeneTex, Inc, San Antonio, Tex.),
followed by anti-mouse biotinylated secondary antibody,
amplified using ABC kit, and developed using DAB. Tissue
was counterstained using Gill’s Hematoxylin #3 (Sigma-
Aldrich, St. Louis, Mo.), and blued using Tacha’s Bluing
Solution (Biocare, Concord, Calif.). All reagents were pur-
chased from Vector Laboratories, Burlingame, Calif., except
where noted. All images were captured at equal exposure
time.
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Results

[0110] The levels of Cystatin B in samples from individu-
als with bladder cancer were significantly higher than the
levels observed in samples of normal bladder tissue.

EXAMPLE III

Cystatin B as a Tissue and Urinary Biomarker of
Bladder Cancer Recurrence and Disease
Progression

Introduction

[0111] Bladder cancer is the second most common geni-
tourinary malignancy in the United States. In 2006, there
were an estimated 61,420 newly diagnosed cases of bladder
cancer and an estimated 13,060 deaths due to cancer of the
bladder (Jemal, A. et al. CA Cancer J Clin 2006;56: 106-30).
Among all newly diagnosed cases, approximately 70%
present as superficial tumors (stages Ta, T1, or Tis); how-
ever, up to 50-70% of those cases will recur after resection
and approximately 10-20% will progress to invasive disease
(T2 or greater) (Rubben, H. et al. J Urol 1988;139: 283-5).
Pathologic data, including grade, stage, and associated car-
cinoma in-situ at initial presentation have provided some
insight into the risk of disease progression to muscularis
propria invasion (Althausen, A. F. et al. J Urol 1976;116:
575-80; Herr, H. W. J Urol 2000;163: 60-1). Nevertheless,
the ability to predict which patients will ultimately progress
remains a significant challenge. An improved ability to
accurately predict which patients will recur and ultimately
progress to invasive and potentially metastatic disease
would greatly enhance the ability to treat patients with
bladder cancer. Such prognostic information could help
tailor surveillance schedules or shift treatment algorithms to
a more aggressive or conservative pathway, depending on
the specific risk profile of each patient.

[0112] In the molecular era, there has been a concerted
effort to identify new biomarkers of invasion or risk of
progression to invasive disease. Cliromosomal alterations in
tumor tissue samples have been observed with TCC grade
and stage, with loss of 9q an early phenomenon (Lindgren,
D., et al. Oncogene 2006:25: 2685-96), whereas loss of 17p,
3p, 13q, 18q and 10q are found more frequently in higher
grade and stage transitional cell carcinoma (TCC) (Knowles,
M. A. Mol Pathol 2001;54: 215-21). Tumor suppressor
genes, such as p53 and Rb have been extensively studied in
bladder cancer; however, both of these markers have dem-
onstrated variable predicative value in assessing the risk for
disease progression and survival (Habuchi, T. et al. Urology
2005;66: 64-74). Cell cycle regulatory proteins p27 and
Ki-67 may have some prognostic value for predicting recur-
rence and disease progression; however, further studies are
necessary, and these markers are not yet clinically applicable
(Kamai, T. et al. Br J Cancer 2001;84: 1242-51; Korkol-
opoulou, P. Hum Pathol 2000;31: 751-60; Liukkonen, T. et
al. Eur Urol 1999;36: 393-400).

[0113] As described herein, a proteomic approach was
applied to bladder cancer biomarker discovery to identify a
cathepsin protease inhibitor, cystatin B (Stefin B), in bladder
cancer tissue. Cystatin B can be used as a bladder cancer
biomarker in both patient tissue and urine. It should be
understood that these results are contemplated to be indica-
tive of the usefulness of cystatin B obtained from a variety
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of biological samples in all types of cancers of epithelial
origin. Thus, these results provide evidence that cystatin B
is useful to assess risk of cancer progression (for example,
recurrence of cancer, increase of metastatic activity, and/or
progression in cancer grade or stage) in cancers of epithelial
origin, such as bladder cancer.

Materials and Methods
Urine Specimen Collection and Protein Isolation

[0114] Under an IRB approved protocol, pre-cystoscopy
voided urine specimens were collected from patients who
had positive findings on initial diagnostic or surveillance
office cystoscopy. Voided urine specimens were also
obtained from age-matched controls. The period of urine
specimen collection was from March 2003 through October
2004. This study included 51 TCC patients, with a mean age
of 75 years (range 46-76) and 23 normal controls, mean age
71 years (range 47-87). Of the TCC patients, 42 had Ta
discase, 4 T1, and 5 T2. 14 were grade 1, 18 grade 2, and 16
grade 3, with no grade data available for 3 patients. Eighty-
two percent of the TCC patients had recurrent disease at
initial sample collection.

[0115] Voided urine specimens were immediately cooled
to 4° C. and then transferred for storage at -80° C. within
hours. For processing, samples were thawed on ice, diluted
in 1 volume of 10 mM ammonium bicarbonate buffer pH8,
supplemented with protease inhibitors (1 mM PMSF, 5 mM
phenanthroline and 5 mM benzamidine (Sigma-Aldrich)),
and centrifuged at 3000xg to remove insoluble material.
Samples were concentrated by centrifugation using Centri-
con Plus-20, 5000 MWCO devices (Millipore) and aliquots
lyophilized.

Tissue Specimen Collection and Protein Isolation

[0116] Bladder wmor tissue and normal urothelium from
the grossly normal contralateral bladder wall were harvested
from the cystectomy specimen of individual patients with
known stage T3 N1 MO transitional cell carcinoma, under
an IRB approved protocol. Tissue specimens were immedi-
ately frozen in liquid nitrogen. For processing, frozen tissue
specimens were ground to powder and suspended in 10 mM
ammonium bicarbonate buffer/pH8, supplemented with pro-
tease inhibitors (1 mM PMSEF, 5 mM Phenanthroline and 5
mM Benzamidine (Sigma-Aldrich)). Samples were homog-
enized and fractionated into water-soluble and 2% CHAPS
detergent-soluble fractions, concentrated as above, and ali-
quots lyophilized.

Proteomic Analysis by 2D-PAGE

[0117] Protein concentrations of all specimens were deter-
mined using the BCA protein assay (Pierce, Rockford, I11.).
Equivalent protein aliquots (10 pg) from individual urine
specimens were pooled into Ta, high-grade and normal
control groups. Fight patients were included in each of the
pooled groups. Forty micrograms of protein from each of the
pooled groups were resuspended in isoelectric focusing
buffer and loaded onto isoelectric focusing gel-strips of pl
3-10 (Biorad Laboratories, Hercules, Calif.). Forty micro-
grams of protein from each of the tissue specimens, tumor
and normal urothelium were prepared for isoelectric focus-
ing in a similar manner. Proteins were separated using a
linear voltage ramp from 0-8000V. Gel strips were then
loaded onto 10-20% gradient SDS-PAGE Criterion gels
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(Biorad Laboratories) and proteins were separated by
molecular weight at 185V for 90 minutes. Gels were fixed in
10% methanol+7% acetic acid, stained with SyproRuby
(Biorad Laboratories) overnight and destained with the 10%
methanol+7% acetic acid solution.

[0118] Gels were imaged using a 16-bit fluorescent imag-
ing system (ProXPRESS 2D Proteomic Imaging System,
PerkinElmer, Waltham, Mass.) and spectra of peptide spots
were analyzed and compared. Several unique peptide spots
were identified. Each of these spots of interest were isolated,
digested in trypsin and prepared for analysis by tandem mass
spectrometry (LCMS/MS) coupled with bioinformatic pro-
cessing to permit peptide sequence matching and protein
identification.

Immunohistochemical Staining

[0119] Immunohistochemical staining was performed
using a commercially available bladder cancer tissue
microarray BL80! (US Biomax Inc, Rockville, Md.) con-
sisting of 36 TCC specimens and 33 normal urothelial
specimens. The patient population included 26 male and 10
female TCC specimens with a mean patient age of 59.4 years
(range 37-88), and 26 male and 7 female normal control
specimens from patients of mean age 61.4 years (range
40-88). Of the TCC specimens, 8 were grade 1, 16 were
grade 2, and 12 were grade 3. No staging data was available.
The tissues were deparaffinized, endogenous peroxide
blocked in 3% hydrogen peroxide in methanol, and micro-
wave antigen retrieval performed using Antigen Unmasking
Solution. Blocking was performed using 5% normal horse
serum and endogenous biotin blocked using Avidin/Biotin
kit. Tissue was incubated with mouse monoclonal anti-
cystatin B/Stefin B antibody, clone A6/2 (GeneTex, Inc, San
Antonio, Tex.), followed by anti-mouse biotinylated second-
ary antibody, amplified using ABC kit, and developed using
DAB. Tissue was counterstained using Gill’s Hematoxylin
#3 (Sigma-Aldrich, St. Louis, Mo.), and enhanced using
Tacha’s Bluing Solution (Biocare, Concord, Calif.). All
reagents were purchased from Vector Laboratories, Burlin-
game, Calif., except where noted.

Semi-Quantitative Western Blot Analysis

[0120] Investigation of Cystatin B expression in urine was
performed using semiquantitative Western blot analysis of
isolated protein (25 pg) from all individual urine specimens.
In order to decrease the impact of potential variability
between blots, each individual western blot contained a mix
of age-matched controls and bladder cancer patient urines.
Protein from the pooled specimens and original tumor tissue
from which the protein was identified were used as positive
controls. Protein isolated from the cell culture lysate of a
previously described TCC cell line, MGH-U1 (Lin, C. W. et
al. Cancer Res 1985;45: 5070-9), was used as a second
positive control. This cell line had previously been shown by
Western blot to express cystatin B. The expression band
from 20 pg of the same preparation of MGH-U1 total cell
lysate was used as a standard to normalize each band from
individual patients. PVDF membranes (Immobilon-P, Mil-
lipore, Billerica, Mass.) were probed for Cystatin-B using
monoclonal anti-human Cystatin B antibody (R&D Sys-
tems, Inc., Minneapolis, Minn.). Chemiluminescent western
blot output was captured using a 16-bit fluorescent imager
(ProXPRESS 2D Proteomic Imaging System, PerkinElmer),
which provides a linear range of 4 logs. Phoretix Total Lab
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software (Nonlinear USA, Inc., Durham, N.C.) was then
used to quantify band intensity.

Clinical Data Collection and Statistical Analysis

[0121] For each voided urine specimen obtained, patho-
logic data was obtained following the subsequent tumor
resection in that patient. Clinical data on each patient was
then prospectively recorded for the entirety of the follow-up
period. The period of urine specimen collection was March
2003 through October 2004. The clinical follow-up contin-
ued through January 2007. Clinical data included whether or
not the patient had recurrent tumor or disease progression,
and pathologic stage and grade of recurrent tumors. Follow-
up identified 25 patients with subsequent TCC recurrence
and 22 without. No follow up was possible for four patients.
Of the 47 patients, 13 underwent grade or stage progression.

[0122] Clinicopathological factors were analyzed using a
non-parametric analysis of variance test (Fisher’s Exact
test). For contingency tables greater than 2x2, Fisher’s Exact
test was calculated using an online server, which is available
on the world wide web with the extension physics.csbsj-
u.edu/stats/exact. Kaplan Meier analysis was used to deter-
mine the predictive value of cystatin B for time to TCC
recurrence and progression, with survival curves compared
with the log-rank (Mantel-Cox) test (Mantel, N. Cancer
Chemother Rep 1967;50: 163-70). Univariate and multivari-
ate Cox regression analysis was used in a backward stepwise
likelihood ratio procedure for grade, stage and cystatin B.
Hazard ratios and 95% confidence intervals were calculated
for variables with significance determined by the Wald test
(Katz, M. H. Multivariable Analysis. A practical guide for
clinicians. 2nd ed: New York: Cambridge University Press;
2006). Statistical analyses were performed using SPSS 14.0
software (SPSS Inc, Chicago, IlL.).

Results
Proteomic Profiling of Bladder Cancer

[0123] 2D-PAGE proteomic profiles from tissue isolated
from an advanced transitional cell carcinoma (Stage T3 N1
MO) and from normal adjacent urothelium were compared
(FIG. 4C-D). Additionally, profiles from high-grade TCC
and normal control urine specimens were compared (FIG.
4A-B). Multiple peptide spots were identified as differing
between the TCC and normal control proteomes. Several of
the most dramatically different proteins were excised,
trypsinized, and identified by mass spectrometry. One pro-
tein of interest at approximately pI 8-9 and MW 14 kD was
identified as cystatin B (stefin B), an inhibitor of the cathe-
psin family of proteases.

Cystatin B is Increased in Bladder Cancer Tissue

[0124] Increased immunohistochemistry cystatin B stain-
ing intensity was observed in bladder cancer tissue com-
pared to normal bladder, and this was most distinct in high
grade TCC tissue (FIG. 5B). Some staining was observed in
normal bladder, but this was largely confined to the epithe-
lial cell layer (FIG. 5A). Immunostaining was analyzed by
a pathologist blinded to the subgroups; the percentage of
specimens with high cystatin B intensity increased signifi-
cantly with tumor grade (p=0.008, Fisher’s Exact test) (FIG.
5C).
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Urinary Cystatin B Correlates with TCC Grade and Stage

[0125] Using semi-quantitative western blot analysis,
individual bladder cancer patients’ urine specimens were
probed to determine whether cystatin B was associated with
TCC disease presence, tumor grade or stage. A representa-
tive urine western blot is shown in FIG. 6A. Cystatin B
levels in bladder cancer patient urine were higher with
increasing tumor stage (FIG. 6B). Based on analysis of
cystatin B levels, a cutoff value was imposed at the 65
percentile of the entire population (normals+TCC). This
cutoff’ value was calculated to be 0.54 normalized band
intensity units. High urinary cystatin B levels (20.54) were
found to correlate with tumor grade (divided into grade 1
(n=14), grade 2 (n=18), or grade 3 (n=16), as designated by
the pathologist report), p=0.02 (Fisher’s Exact test). Cystatin
B levels were also found to be significantly associated with
tumor stage (Ta n=42, T1 n=4, T2 n=5), p=0.01 (Fisher’s
Exact test) (CIS, carcinoma in-situ) (FIG. 6C).

Urinary Cystatin B as a Marker for TCC Recurrence and
Grade/Stage Progression

[0126] Cystatin B levels were also determined to be
indicative of disease recurrence and stage and/or grade
progression. Patients with high cystatin B levels (20.54)
had a higher risk of disease recurrence, compared to patients
with a low cystatin B level (<0.54), p=0.03 (Fisher’s Exact
test, two sided). For analysis of time to recurrence, survival
curves were determined using Kaplan Meier analysis. Mean
follow-up time was 2.4 years, with maximum 3.6 years.
Patients with high cystatin B levels had an earlier time to
disease recurrence, compared to patients with low cystatin B
levels (FIG. 7A, log rank test, p=0.005). Patients with high
cystatin B levels had a median time to disease recurrence of
28.0 months (95% CI 20.5-35.5 months) compared to those
with low cystatin B levels who had a median time to
recurrence of 39.0 months (95% CI 35.9-42.1 months).
Patients with high cystatin B levels showed 86% disease
recurrence, whereas 57% of patients with low cystatin B
levels showed disease recurrence.

[0127] Grade/stage progression was defined as an increase
in tumor grade or stage at the time of subsequent recurrence,
or development of locally advanced disease (2T3) or meta-
static disease. Patients with high cystatin B levels were
found to have a higher risk of earlier grade/stage progres-
sion, compared to patients with a low cystatin B level (Log
Rank Test, p<0.001). Kaplan Meier survival curves indi-
cated the mean disease progression-free time for patients
with low levels of cystatin B was 41.4 months (95% CI
39.4-43.4 months) compared to those with high levels of
cystatin B with mean time to stage progression of only 30.0
months (95% CI 25.1-34.8) (FIG. 7B). Median progression
time was not reached for patients with low cystatin B levels
over the maximum follow-up time (43 months), as only 10%
underwent grade or stage progression, whereas 65% of
patients with high cystatin B levels progressed.

[0128] Multivariate Cox regression analysis was used to
model the risk for disease recurrence adjusted for grade,
stage and cystatin B. High cystatin B level was a statistically
significant variable predicting disease recurrence., with a
hazard ratio 0f3.0 (95% CI1.3-6.9, p=0.01). High grade and
stage were both found to increase the hazard ratio of TCC
recurrence in univariate analysis, but neither of these param-
eters reached statistical significance and were not retained as
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recurrence predictors in the final multivariate model. Simi-
larly, high cystatin B was a statistically significant variable
in the multivariate model for TCC stage and/or grade
progression, with a hazard ratio of 11.8 (95% CI 2.6-53.6,
p=0.001).

Discussion

[0129] Proteomic technology was used to identify protein
changes in both TCC tissue and voided urine samples.
Bladder cancer has a natural history of multi-focality and
recurrence, and the ability to identify those patients who are
more likely to progress could significantly affect treatment
and management strategies at the time of initial diagnosis.
Protein biomarkers of disease progression may serve as
indicators for earlier aggressive treatment of superficial
disease, or alter the algorithm for surveillance of high-risk
patients. Additionally, a dependable urinary biomarker of
invasive disease could prove to be a valuable complemen-
tary or alternative test to cytology and cystoscopy in the
surveillance for recurrent disease.

[0130] Cystatin B (Stefin B) was identified as a urinary
and tissue biomarker for TCC of the bladder. Cystatin B is
an inhibitor of cathepsin proteases (Turk, V. and Bode, W.
FEBS Lett 1991;285: 213-9). Many cathepsin proteases are
increased in cancer (reviewed in (Kos, J. and Lah, T. T.
Oncol Rep 1998:5: 1349-61)), and as their activity is con-
trolled by cysteine protease inhibitors, such as cystatin B, it
is becoming clear that the balance of the protease/inhibitor
axis may be important. Cystatin B protein levels have been
shown to correlate with tumor presence and stage in other
types of cancer. In ovarian, lung and laryngeal cancers,
cystatin B is upregulated (Ebert, E. et al. Adv Exp Med Biol
1997:421: 259-65; Kastelic, L. et al. Cancer Lett 1994:82:
81-8; Smid, L. et al. Eur Arch Otorhinolarvngol 1997;254
Suppl 1: S150-3). In colorectal cancer, serum cystatin B
correlates with Dukes Stage, with highest levels in Stage D.
Furthermore, high serum Cystatin B correlated with a sig-
nificantly increased risk of colorectal cancer-associated
death (Kos, I. et al. Clin Cancer Res 2000;6: 505-11).
Cystatin B level also correlates with disease stage in squa-
mous cell carcinomas of the head and neck (Strojan, P. et al.
Clin Cancer Res 2000;6: 1052-62).

[0131] Inbladder cancer, the loss of cathepsin D correlates
with increased stage, grade and tumor morphology (Dick-
inson, A. J. et al. I Urol 1995;154: 237-41; Tokyol, C. et al.
Tumori 2006;92: 230-5). As loss of cathepsin protease
activity may correspond with increased inhibitor (i.e. cys-
tatin), these results are intriguing and may be consistent with
the present data showing increased cystatin B levels in
bladder cancer. The balance of the cathepsin/cystatin axis
may vary in different tissues and tumor types, and cathepsin
protease expression and secretion has been shown to be
different in different cell lines (Heidtmann, H. H. et al. Clin
Exp Metastasis 1997;15: 368-81). Even greater sensitivity as
a biomarker of bladder cancer may come from later studies
using a combination of both cathepsin and cystatin levels.

[0132] As described herein, cystatin B may be used as a
tissue and urine biomarker for TCC of the bladder, associ-
ated with grade, stage, recurrence and progression. Interest-
ingly, three TCC patients who had carcinoma in-situ (CIS)
in addition to their primary tumor, also had elevated Cystatin
B levels in their voided urine. Clinically-associated CIS
increases the likelihood of progression to high-grade inva-
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sive disease. CIS is also genetically consistent with invasive
TCC than with superficial TCC (Rosin, M. P. et al. Cancer
Res 1995;55: 5213-6; Spruck, C. H. 3" et al. Cancer Res
1994;54: 784-8). The elevated expression of cystatin B in
those with CIS further supports this protein as a marker
associated with invasive TCC and risk of invasion.

[0133] Although elevated urinary cystatin B levels did not
necessarily differentiate between those who do and do not
recur, it did correlate with a shorter time to recurrence, and
a higher risk of recurrence. Furthermore, patients with
elevated urinary cystatin B levels also had a greater risk of
grade/stage progression, with a shorter time period before
progression occurred. Multivariate analysis demonstrated
that cystatin B was an independent predictive variable for
disease progression, outperforming standard pathologic
data, such as grade and stage. Such predictive information
regarding time to recurrence and risk of progression would
benefit the ability to effectively treat and monitor patients
with TCC. Those patients with superficial TCC at risk for a
more rapid recurrence and disease progression could be
followed with a more frequent schedule of surveillance,
whereas those with biomarker evidence of low risk could be
surveyed less frequently. Other patients with high risk T1
discase and at greater risk of progression by validated
biomarkers, may be more appropriately managed with
aggressive surgical resection. In addition to altering surveil-
lance and treatment algorithms, a predictive biomarker, such
as cystatin B could be helpful in stratifying patients by risk
for clinical trials of current or novel therapies for TCC.

[0134] In order to be adopted into clinical use, new
biomarkers must significantly improve the predictive ability
of current nomograms. In recent years, several other prom-
ising bladder cancer biomarkers have been identified
(reviewed in (Konety, B. R. and Getzenberg, R. H. J Urol
2001;165: 600-11)). It is possible that multiplexing cystatin
B with cathepsins or other urinary biomarkers, such as
calreticulin (Kageyama, S. et al. Clin Chem 2004;50: 857-
66), NMP-22 (Gutierrez Banos, J. L. et al. Urol Int 2001;66:
185-90; Landman, J. et al. Urology 1998;52: 398-402),
BLCA-4 (Konety, B. R. et al. Clin Cancer Res 2000;6:
2618-25; Van Le, T, 8, et al. Urology 2005;66: 1256-60) or
matrix metalloproteinases (MMPs), such as MMP-2 and/or
MMP-9 (Moses, M. A. et al. Cancer Res 1998;58: 1395-9),
may add significant predictive power. Certainly, if they
involve different tumor progression mechanisms, their levels
may be independent of each other, thus adding additional
sensitivity and specificity to cytology or urinary analysis.

[0135] Using a proteomic discovery approach, increased
tissue and urinary cystatin B levels in bladder cancer were
identified and validated. It was also demonstrated that
elevated urinary cystatin B levels correlate with TCC grade
and stage. Compared with conventional clinicopathologic
data, elevated cystatin B is a highly significant predictor of
disease recurrence and progression.

What is claimed is:
1. A method for facilitating the diagnosis of a patient for
a cancer of epithelial origin comprising:

a. obtaining a biological sample from the patient; and

b. detecting the presence or absence of at least one
epithelial cancer biomarker in the biological sample,
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wherein the presence of at least one epithelial cancer
biomarker is indicative of cancer of epithelial origin,
and wherein the epithelial cancer biomarker is selected
from the group consisting of Cystatin B, Chaperonin

10, and Profilin.
2. A method for diagnosing a cancer of epithelial origin in

a patient comprising:

a. measuring at least one epithelial cancer biomarker
levels present in a biological sample obtained from the
patient, a test sample;

b. comparing the level of at least one epithelial cancer
biomarker in the test sample with the level of epithelial
cancer biomarker present in a control sample; wherein
a higher level of at least one epithelial cancer biomar-
ker in the test sample as compared to the level of
epithelial cancer biomarker in the control sample is
indicative of cancer of epithelial origin, and wherein
the epithelial cancer biomarker is selected from the
group consisting of Cystatin B, Chaperonin 10, and
Profilin.

3. The method of claim 1 or 2, wherein the cancer of
epithelial origin is selected from the group consisting of
breast cancer, basal cell carcinoma, adenocarcinoma, gas-
trointestinal cancer, lip cancer, mouth cancer, esophageal
cancer, small bowel cancer, stomach cancer, colon cancer,
liver cancer, bladder cancer, pancreas cancer, ovary cancer,
cervical cancer, lung cancer, skin cancer, prostate cancer,
and renal cell carcinoma.

4. A method for facilitating the diagnosis of bladder
cancer in a patient comprising:

a. obtaining a biological sample from the patient; and

b. detecting the presence or absence of Cystatin B in the
biological sample, wherein the presence of Cystatin B
epithelial cancer biomarker is indicative of bladder
cancer.

5. A method for diagnosing bladder cancer in a patient

comprising:

a. measuring the levels of Cystatin B present in a bio-
logical sample obtained from the patient, a test sample;

b. comparing the level of Cystatin B in the test sample
with the level of Cystatin B epithelial cancer biomarker
present in a control sample;

wherein a higher level Cystatin B in the test sample as
compared to the level of Cystatin B in the control
sample is indicative of bladder cancer.
6. A method for diagnosing invasive bladder cancer in a
patient comprising:

a. measuring the levels of Cystatin B present in a bio-
logical sample obtained from the patient, a test sample;

b. comparing the level of Cystatin B in the test sample
with the level of Cystatin B present in a non-invasive
control sample;

wherein a higher level Cystatin B in the test sample as

compared to the level of Cystatin B in the non-invasive

control sample is indicative of invasive bladder cancer.

7. The method of claim 1, 2, 4. 5, or 6 wherein the
biological sample is urine.

8. The method of claim 1 or 4 wherein the presence or

absence of at least one epithelial cancer biomarker or
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Cystatin B is detected using an antibody-based binding
moiety which specifically binds to at least one epithelial
cancer biomarker or to Cystatin B.

9. The method according to claim 8 wherein the antibody-
based binding moiety is labeled with a detectable label.

10. The method according to claim 9 wherein the label is
selected from the group consisting of a radioactive label, a
hapten label, a fluorescent label, and an enzymatic label.

11. The method according to claim 8 wherein the anti-
body-based binding moiety is an antibody.

12. The method according to claim 11, wherein the
antibody is an monoclonal antibody.

13. The method of any of claims 2, 5 or 6 wherein the
level of at least one epithelial cancer biomarker or Cystatin
B is measured by measuring the protein level of at least one
epithelial cancer biomarker protein or Cystatin B.

14. The method of claim 13 wherein the protein level of
epithelial cancer biomarker or level of Cystatin B is mea-
sured by a method comprising the steps of:

a. contacting the test sample, or preparation thereof, with
an antibody-based binding moiety which specifically
binds the epithelial cancer biomarker or to Cystatin B
to form an antibody-epithelial cancer biomarker com-
plex; and

b. detecting the presence of the complex, thereby mea-

suring the level of epithelial cancer biomarker present.

15. The method according to claim 14 wherein the anti-
body-based binding moiety is labeled with a detectable
label.

16. The method according to claim 15 wherein the label
1s selected from the group consisting of a radioactive label,
a hapten label, a fluorescent label, and an enzymatic label.

17. The method according to claim 14 wherein the anti-
body-based binding moiety is an antibody.

18. The method according to claim 17 wherein the anti-
body is an monoclonal antibody.

19. A kit for detecting at least one epithelial cancer
biomarker in a urine sample comprising a container for
holding a urine sample, and at least one antibody that
specifically binds an epithelial cancer biomarker.

20. The kit of claim 19 wherein the kit comprises two
antibodies that specifically bind to at least one epithelial
cancer biomarker, one antibody is immobilized on a solid
phase and one antibody is detectably labeled.

21. A kit for detecting Cystatin B in a urine sample
comprising a container for holding a urine sample, and at
least one antibody that specifically binds Cystatin B.

22. The kit of claim 21 wherein the kit comprises two
antibodies that specifically bind to Cystatin B, one antibody
is immobilized on a solid phase and one antibody is detect-
ably labeled.

23. The kit of claim 19 or 21, further comprising direc-
tions for use.

24. A method for assessment of a cancer of epithelial
origin, the method comprising:

(a) assaying for cystatin B in a sample obtained from a
subject; and

(b) determining whether cystatin B is present at a level
higher than a predetermined level,

thereby indicating whether the subject is at an increased
risk of cancer progression.
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25. The method of claim 24 wherein the sample is selected
from the group consisting of a urine, blood, serum, plasma,
stool, sputum, cerebrospinal fluid, nipple aspirate, and tissue
sample.

26. The method of claim 24 wherein the sample is a urine
sample.

27. The method of claim 24 wherein the cancer of
epithelial origin is selected from the group consisting of
bladder cancer, breast cancet, basal cell carcinoma, adeno-
carcinoma, gastrointestinal cancer, lip cancer, mouth cancer,
esophageal cancer, small bowel cancer, stomach cancer,
colon cancer, liver cancer, pancreas cancer, ovary cancer,
cervical cancer, lung cancer, skin cancer, prostate cancer,
and renal cell carcinoma.

28. The method of claim 24 wherein the cancer of
epithelial origin is bladder cancer.

29. The method of claim 24 wherein the predetermined
level is based on the level of cystatin B normally found in
biological samples of healthy subjects.
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30. The method of claim 24 wherein the predetermined
level is based on a prior measurement of the subject’s
cystatin B level.

31. The method of claim 24 wherein the predetermined
level is based on the subject’s cystatin B level prior to
treatment.

32. The method of claim 24 wherein the subject’s cystatin
B level is monitored over time.

33. The method of claim 24 wherein the cancer progres-
sion is a recurrence of cancer.

34. The method of claim 24 wherein the cancer progres-
sion is an increase of metastatic activity.

35. The method of claim 24 wherein the cancer progres-
sion is a progression in cancer grade or stage.

36. The method of claim 24 wherein cystatin B protein is
assayed.

37. The method of claim 36 wherein the cystatin B protein
is assayed for by an immunoassay or by mass spectrometry.
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