
BLADDER CANCER BIOMARKERS AND USES THEREOF This
application claims the benefit of US Provisional
Application 60/676,921 filed May 2, 2005 and US
Provisional Application 60/729,056 filed October 21,
2005, which are here-in incorporated by reference.
TABLES This application includes a compact disc in
duplicate (2 compact discs: Tables - Copy 1 and Tables
- Copy 2), which are hereby incorporated by reference
in their entirety. Each compact disc is identical and
contains the following files (corresponding to Tables
1 - 7 and 11-12): TABLE DESCRIPTION SIZE CREATED Text
File Name 1 Bladder cancer 90 KB 10/17 /2005 TABLE1
.TXT biomarkers 2 Bladder cancer 710 KB 10/17 /2005
TABLE2.TXT biomarkers disclosed in PCT Application
Number PCT/US04/020836 3 Bladder cancer 121 KB 10/17
/2005 TABLE3.TXT biomarker products of Table 1 4 Early
Stage Bladder 176 KB 10/17/2005 TABLE4.TXT cancer
biomarkers 5 Early Stage Bladder 746 KB 10/17/2005
TABLE5.TXT cancer biomarkers disclosed in PCT
Application Number PCT/US04/0208366 Bladder cancer 144
KB 10/17/2005 TABLE6.TXT biomarker products of Table 4
7 Biomarkers which 70 KB 10/17/2005 TABLE7.TXT
differentiate bladder cancer from normal, whether
bladder cancer be early stage or not. 11 Biomarker
which 75 KB 10/17/2005 TABLE11.TXT distinguish as
between bladder cancer as compared with either
testicular or renal cell carcinoma. 12 Bladder cancer
72 10/17/2005 TABLE12.TXT biomarker products of Table
11 1. Field of the Invention The invention encompasses
the identification and selection of novel bladder
cancer biomarkers including biomarkers for early stage
bladder cancer as well as the identification and
selection of novel biomarker combinations which are
differentially expressed in individuals with bladder
cancer or superficial bladder cancer as compared with
individuals without bladder cancer. The measurement of
expression of the products of the biomarkers and
combinations of biomarkers of the invention
demonstrates particular advantage in diagnosing
individuals as having bladder cancer. Further
encompassed are polynucleotides and proteins which
specifically and/or selectively hybridize/bind to the
products of the biomarkers of the invention. The
invention also provides for methods of using the
products of the biomarkers of the invention in the
identification of compounds that bind and/or modulate
the activity of the biomarker genes of the invention.
The compounds identified via such methods are useful
for the development of assays to study bladder cancer
and bladder cancer progression. Further, the compounds
identified via such methods are useful as lead
compounds in the development of prophylactic and
therapeutic compositionsfor the prevention, treatment,
management and/or amelioration of bladder cancer or a
symptom thereof. 2. Background of the Invention
Bladder cancer is the fourth most commonly diagnosed
cancer in men and the eighth most commonly diagnosed
cancer in women (Greenlee et al. Cancer Statistics,
2001). Exposure to cigarette smoke, aromatic amines,
coal combustion by-products, chlorinated compounds and
certain aldehydes have been shown to increase a
person's risk of getting bladder cancer. Bladder
cancer itself has a low impact on mortality, however,
metastasis of the cancer to other sites increases the
risk of mortality substantially. As such, a diagnostic
method which identified bladder cancer would be a
benefit. In particular, a diagnostic method which
allowed early detection and intervention would be of
great benefit. Currently used screening methods of
bladder cancer include the use of cystoscopies;
bladder wash and/or a urinary cytologic examination.
Each of these methods allows a physician to look at
the bladder and/or cells of the bladder to detect
tumours or other bladder cell abnormalities. These
methods however are expensive and are therefore not
practical as screening methods for persons who are not
suspected of having an increased risk of bladder
cancer. Another common screening technique is
hematuria analysis (i.e. looking for blood in urine).
Although hematuria is the most common presenting
symptom of bladder cancer, it can also indicate many
other potential diagnosis (i.e. low specificity). For
example, prospective analysis of patients attending a
hematuria clinic in the United Kingdom only 19.2% of
patients having gross hematuria were determined to
have bladder cancer as determined by cytoscopy. In
addition, these methods become even less specific and
sensitive for those patients with earlier stages of
bladder cancer. Thus there is a need in the art for a
method for screening for bladder cancer which is
relatively inexpensive and sufficiently sensitive and
specific so as to improve the detection of those
patients at risk for bladder cancer. There is also a
need for a method which has a greater ability to
screen for bladder cancer at relatively early stages
so as to allow for early intervention and more
treatment options for those patients found to have
bladder cancer. 3. Summary of the InventionThe
invention encompasses the identification and selection
of novel bladder cancer biomarkers and the
identification and selection of superficial (early
stage) bladder cancer biomarkers as well as
identification of combinations of these biomarkers so
as to provide a simple and relatively inexpensive test
to provide improved screening for bladder cancer. The
methods disclosed herein along with the products of
the biomarkers and combinations of biomarkers
identified using these methods demonstrate particular
advantage in screening patients to identify those with
an increased risk of bladder cancer. As would be
understood, in order to measure the products of
biomarkers of the invention, polynucleotides and
proteins which specifically and/or selectively
hybridize/bind to the products of the biomarkers
identified, and derivatives thereof, of the invention
are also encompassed within the scope of the invention
as are kits containing said polynucleotides and
proteins for use in diagnosing individuals as having
bladder cancer. Further encompassed by the invention
is the use of the polynucleotides and proteins which
specifically and/or selectively hybridize to the
product of the biomarkers of the invention to monitor
bladder cancer progression in an individual and to
monitor the efficacy of therapeutic regimens. The
invention also provides for the identification of
methods of using the products of the biomarkers of the
invention in the identification of novel therapeutic
targets for bladder cancer. 3.1 Definitions The
following definitions are provided for specific terms
which are used in the following written description.
As used herein, the term "31end" refers to the end of
an mRNA up to the last 1000 nucleotides or 1/3 of the
mRNA, where the 3' terminal nucleotide is that
terminal nucleotide of the coding or untranslated
region that adjoins the poly-A tail, if one is
present. That is, the 3' end of an mRNA does not
include the poly-A tail, if one is present. The "3'
region" of a gene refers to a polynucleotide
(double-stranded or single-stranded) located within or
at the 3' end of a gene, and includes, but is not
limited to, the 3' untranslated region, if that is
present, and the 3' protein coding region of a gene.
The 3' region is not shorter than 8 nucleotides in
length and not longer than 1000 nucleotides in length.
Other possible lengthsof the 3' region include but are
not limited to 10, 20, 25, 50, 100, 200, 400, and 500
nucleotides. As used herein, the term "51end" refers
to the end of an rnRNA up to the first 1000
nucleotides or 1/3 of the mRNA (where the full length
of the mRNA does not include the poly A tail),
starting at the first nucleotide of the mRNA. The
"51region" of a gene refers to a polynucleotide
(double-stranded or single-stranded) located within or
at the 5' end of a gene, and includes, but is not
limited to, the 5' untranslated region, if that is
present, and the 5' protein coding region of a gene.
The 5' region is not shorter than 8 nucleotides in
length and not longer than 1000 nucleotides in length.
Other possible lengths of the 5' region include but
are not limited to 10, 20, 25, 50, 100, 200, 400, and
500 nucleotides. As used herein, the term "amplified",
when applied to a nucleic acid sequence, refers to a
process whereby one or more copies of a particular
nucleic acid sequence is generated from a template
nucleic acid, preferably by the method of polymerase
chain reaction (Mullis and Faloona, 1987, Methods
Enzymol., 155:335). "Polymerase chain reaction" or
"PCR" refers to an in vitro method for amplifying a
specific nucleic acid template sequence hi some
embodiments, the PCR reaction involves a repetitive
series of temperature cycles and is typically
performed in a volume of 50-100 ml. The reaction mix
comprises dNTPs (each of the four deoxynucleotides
dATP, dCTP, dGTP, and dTTP), primers, buffers, DNA
polymerase, and nucleic acid template. The PCR
reaction can comprise providing a set of
polynucleotide primers wherein a first primer contains
a sequence complementary to a region in one strand of
the nucleic acid template sequence and primes the
synthesis of a complementary DNA strand, and a second
primer contains a sequence complementary to a region
in a second strand of the target nucleic acid sequence
and primes the synthesis of a complementary DNA
strand, and amplifying the nucleic acid template
sequence employing a nucleic acid polymerase as a
template-dependent polymerizing agent under conditions
which are permissive for PCR cycling steps of (i)
annealing of primers required for amplification to a
target nucleic acid sequence contained within the
template sequence, (ii) extending the primers wherein
the nucleic acid polymerase synthesizes a primer
extension product. "A set of polynucleotide primers"
or "a set of PCR primers" can comprise two, three,
four or more primers. In one embodiment, an exo- Pfu
DNA polymerase is used to amplify a nucleic acid
template in PCR reaction. Other methods
ofamplification include, but are not limited to,
ligase chain reaction (LCR), polynucleotidespecific
based amplification (NSBA), or any other method known
in the art. As used herein, the "amino terminal"
region of a polypeptide refers to the polypeptide
sequences encoded by polynucleotide sequences
(double-stranded or singlestranded) located within or
at the 5' end of an mRNA As used herein, the "amino
terminal" region refers to the amino terminal end of a
polypeptide up to the first 300 amino acids or 1/3 of
the polypeptide, starting at the first amino acid of
the polypeptide. The "amino terminal" region of a
polypeptide is not shorter than 3 amino acids in
length and not longer than 350 amino acids in length.
Other possible lengths of the "amino terminal" region
of a polypeptide include but are not limited to 5, 10,
20, 25, 50, 100 and 200 amino acids. As used herein,
the term "analog" in the context of proteinaceous
agent (e.g., proteins, polypeptides, peptides, and
antibodies) refers to a proteinaceous agent that
possesses a similar or identical function as a second
proteinaceous agent but does not necessarily comprise
a similar or identical amino acid sequence of the
second proteinaceous agent, or possess a similar or
identical structure of the second proteinaceous agent.
A proteinaceous agent that has a similar amino acid
sequence refers to a second proteinaceous agent that
satisfies at least one of the following: (a) a
proteinaceous agent having an amino acid sequence that
is at least 30%, at least 35%, at least 40%, at least
45%, at least 50%, at least 55%, at least 60%, at
least 65%, at least 70%, at least 75%, at least 80%,
at least 85%, at least 90%, at least 95% or at least
99% identical to the amino acid sequence of a second
proteinaceous agent; (b) a proteinaceous agent encoded
by a nucleotide sequence that hybridizes under
stringent conditions to a nucleotide sequence encoding
a second proteinaceous agent of at least 5 contiguous
amino acid residues, at least 10 contiguous amino acid
residues, at least 15 contiguous amino acid residues,
at least 20 contiguous amino acid residues, at least
25 contiguous amino acid residues, at least 40
contiguous amino acid residues, at least 50 contiguous
amino acid residues, at least 60 contiguous amino
residues, at least 70 contiguous amino acid residues,
at least 80 contiguous amino acid residues, at least
90 contiguous amino acid residues, at least 100
contiguous amino acid residues, at least 125
contiguous amino acid residues, or at least 150
contiguous amino acid residues; and (c) a 



proteinaceous agent encoded by a nucleotide sequence
that is at least 30%, at least 35%, atleast 40%, at
least 45%, at least 50%, at least 55%, at least 60%,
at least 65%, at least 70%, at least 75%, at least
80%, at least 85%, at least 90%, at least 95% or at
least 99% identical to the nucleotide sequence
encoding a second proteinaceous agent. A proteinaceous
agent with similar structure to a second proteinaceous
agent refers to a proteinaceous agent that has a
similar secondary, tertiary or quaternary structure to
the second proteinaceous agent. The structure of a
proteinaceous agent can be determined by methods known
to those skilled in the art, including but not limited
to, peptide sequencing, X-ray crystallography, nuclear
magnetic resonance, circular dichroism, and
crystallographic electron microscopy. To determine the
percent identity of two amino acid sequences or of two
nucleic acid sequences, the sequences are aligned for
optimal comparison purposes (e.g., gaps can be
introduced in the sequence of a first amino acid or
nucleic acid sequence for optimal alignment with a
second amino acid or nucleic acid sequence). The amino
acid residues or nucleotides at corresponding amino
acid positions or nucleotide positions are then
compared. When a position in the first sequence is
occupied by the same amino acid residue or nucleotide
as the corresponding position in the second sequence,
then the molecules are identical at that position. The
percent identity between the two sequences is a
function of the number of identical positions shared
by the sequences (i.e., % identity=number of identical
overlapping positions/total number of positions times
100%). hi one embodiment, the two sequences are the
same length. The determination of percent identity
between two sequences can also be accomplished using a
mathematical algorithm. A preferred, non-limiting
example of a mathematical algorithm utilised for the
comparison of two sequences is the algorithm of Karlin
and Altschul, 1990, Proc. Natl. Acad. Sci. U.S.A.
87:2264-2268, modified as in Karlin and Altschul,
1993, Proc. Natl. Acad. Sci. U.S.A. 90:5873-5877. Such
an algorithm is incorporated into the NBLAST and
XBLAST programs of Altschul et al., 1990, J . MoL
Biol. 215:403. BLAST nucleotide searches can be
performed with the NBLAST nucleotide program
parameters set, e.g., for score=100, wordlength=12 to
obtain nucleotide sequences homologous to a nucleic
acid molecules of the present invention. BLAST protein
searches can be performed with the XBLAST program
parameters set, e.g., to score-50, wordlength=3 to
obtain amino acid sequences homologous to a protein
molecule of the present invention. To obtain gapped
alignments for comparison purposes, Gapped BLAST can
be utilised asdescribed in Altschul et al, 1997,
Nucleic Acids Res. 25:3389-3402. Alternatively,
PSIBLAST can be used to perform an iterated search
which detects distant relationships between molecules
(Id.). When utilising BLAST, Gapped BLAST, and
PSI-Blast programs, the default parameters of the
respective programs (e.g., of XBLAST and NBLAST) can
be used (see, e.g., the NCBI website). Another
preferred, non-limiting example of a mathematical
algorithm utilised for the comparison of sequences is
the algorithm of Myers and Miller, 1988, CABIOS 4:1
1-17. Such an algorithm is incorporated in the ALIGN
program (version 2.0) which is part of the GCG
sequence alignment software package. When utilising
the ALIGN program for comparing amino acid sequences,
a PAM120 weight residue table, a gap length penalty of
12, and a gap penalty of 4 can be used. The percent
identity between two sequences can be determined using
techniques similar to those described above, with or
without allowing gaps m calculating percent identity,
typically only exact matches are counted. As used
herein, the term "analog" in the context of a
non-proteinaceous analog refers to a second organic or
inorganic molecule which possess a similar or
identical function as a first organic or inorganic
molecule and is structurally similar to the first
organic or inorganic molecule. As used herein, the
term "biomarker" refers to a gene that is
differentially expressed in individuals having bladder
cancer or a stage of bladder cancer as compared with
those not having bladder cancer, or said stage of
bladder cancer (although individuals may have other
disease(s)) and can include a gene that is
differentially expressed in individuals having
superficial bladder cancer as compared with those not
having bladder cancer. The term "biomarker specific
primers" as used herein refers to a set of primers
which can produce double stranded DNA complementary to
a portion of one or more RNA products of the biomarker
of the invention. For example, the primers can i
include a first primer which is a sequence that can
selectively hybridize to RNA, cDNA or EST
complementary to a biomarker of the invention to
create an extension product and a second primer
capable of selectively hybridizing to the extension
product, which are used to produce double stranded DNA
complementary to a biomarker of the invention.The term
"biomarker specific probe" as used herein refers to a
probe selectively and specifically hybridizes to RNA
products of a unique biomarker. In one embodiment a
biomarker specific probe can be a probe having a
fluorophore and a quencher, for example a TaqMan(r)
probe or a Molecular Beacon(r) probe. In another
embodiment a biomarker specific probe is a probe which
is attached to an array and selectively and
specifically hybridizes to one or more RNA products
(or cDNA, EST or PCR products corresponding to said
RNA products) of a unique biomarker. A biomarker
specific probe can include oligonucleotide probes and
can also include longer probes (e.g. 100, 150, 200,
250, 300, 350, 400, 450, 500 Nucleotides etc.). As
used herein, the term "bladder cancer" refers to a
disease in which the cells lining the urinary bladder
lose the ability to regulate their growth resulting in
a mass of cells that form a tumor. As used herein, the
term "early bladder cancer" or "superficial bladder
cancer" refer to non invasive bladder tumours (e.g.
type Ta or Tia as determined in accordance with the
AJCC guidelines) (Herr et al. 2001) As used herein,
the term "blood nucleic acid sample" refers to nucleic
acids derived from blood and can include nucleic acids
derived from whole blood, centrifuged lysed blood,
serum free whole blood or fractionated blood including
peripheral blood leukocytes (PBLs) or other fractions
of blood as described herein. By whole blood is meant
unfractionated blood and includes a drop of blood
wherein a drop of blood includes volumes of 5ml, l
Oml, 15ml, 20ml, 25ml, 30ml . By centrifuged lysed
blood or 'lysed blood' is meant unfractionated whole
blood that is mixed with lysis buffer and centrifuged
as described herein (see Example X). By serum free
blood is meant unfractionated whole blood wherein the
serum or plasma is removed by centrifugation as
described herein (see Example X). Preferably, a blood
nucleic acid sample is whole blood or centrifuged
lysed blood and is total RNA, mRNA or is a nucleic
acid corresponding to mRNA, for example, cDNA isolated
from said blood. A nucleic acid sample can also
include a PCR product derived from total RNA, mRNA or
cDNA. As used herein, the "carboxy terminal" region of
a polypeptide refers to the polypeptide sequences
encoded by polynucleotide sequences (double-stranded
or singlestranded) located within or at the 31 end of
an mRNA, and. As used herein, the "carboxyterminal"
region refers to the carboxy terminal end of a
polypeptide up to 300 amino acids or 1/3 of the
polypeptide from the last amino acid of the
polypeptide. The "3' end" does not include the polyA
tail, if one is present. The "carboxy terminal" region
of a polypeptide is not shorter than 3 amino acids in
length and not longer than 350 amino acids in length.
Other possible lengths of the "carboxy terminal"
region of a polypeptide include, but are not limited
to, 5, 10, 20, 25, 50, 100 and 200 amino acids. As
used herein, the term "tissue sample" refers to cells
derived from a tissue which is not blood and can
include bladder tissue, brain tissue, heart tissue,
lung tissue, lymph node, and the like. A "tissue
nucleic acid sample" is total RNA, mRNA or is a
nucleic acid corresponding to RNA, for example, cDNA.
A tissue nucleic acid sample can also include a PCR
product derived from total RNA, mRNA or cDNA. As used
herein, the term "combination of the biomarkers of the
invention" refers to any one or more biomarkers as
disclosed in Table 1, Table 3, Table 4, Table 6, Table
7 and Table 10, Table 11 or Table 12 . Combination of
biomarkers of the invention also includes and any
combinations of any two or more biomarkers as
disclosed in Table 1 and Table 2 so long as at least
one of the biomarker of said combination is from Table
1. Combination of biomarkers of the invention also
includes and any combinations of any two or more
biomarkers as disclosed in Table 4 and Table 5 so long
as at least one of the biomarkers of said combination
is from Table 4. Combination of biomarkers of the
invention also includes and any combinations of any
two or more biomarkers as disclosed in Table 11 and
Table 2 so long as at least one of the biomarker of
said combination is from Table 11. As used herein, the
terms "compound" and "agent" are used interchangeably.
As used herein, "consisting essentially of refers to
the maximum number of biomarkers that are useful to
diagnose or screen for bladder cancer and/or diagnose
or screen for superficial bladder cancer. In one
embodiment, a biomarker for the diagnosis of bladder
cancer and/or superficial bladder cancer consists
essentially of at least any of up to 1, 2, 3, 4, 5, 6,
7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,
25, 30, 35, 40, 45, 50, 100, 125, 150, 175, 200, 225,
250 or all of the biomarkers of Table 1. In another
embodiment, abiomarker for the diagnosis of bladder
cancer consists essentially of at least any of up to
1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20, 25, 30, 35, 40, 45, 50, 100, 125, 150,
175,200 or all of the biomarkers of Table 7. In
another embodiment, a biomarker for the diagnosis of
bladder cancer consists essentially of at least any of
up to 1, 2, 3, 4, 5, 6, 7, 8, 9 or all of the
biomarkers of Table 10. In another embodiment, a
biomarker for the diagnosis of bladder cancer consists
essentially of at least any of up to 1, 2, 3, 4, 5, 6,
7, 8, 9, 10, 11, 13, 15, 20, 25, 30, 35, 40, 45, 50,
100, 125, 150, 175, 200 of the biomarkers of Table 1
in combination with at least any of up to 1, 2, 3, 4,
5, 6, 7, 8, 9, or 10, 15, 20, 30, 40, 50, 100, 200,
300, 400, 500, 1000, 1500, 2000, 2500, 3000, 3500,
4000 or all of the biomarkers as disclosed in PCT
Application Number PCT/US04/020836 and which are
provided in Table 2. In another embodiment, a
biomarker for the diagnosis of superficial or early
stage bladder cancer consists essentially of at least
any of up to 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12,
13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45,
50, 100, 125, 150, 175, 200, 225, 250, 275, 300, 325,
350, 375, 400, 425, 450, 475, 500 or all of the
biomarkers of Table 4. In another embodiment, a
biomarker for the diagnosis of superficial bladder
cancer consists essentially of at least any of up to
1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20, 25, 30, 35, 40, 45, 50, 100, 125, 150,
175, 200, 225, 250, 275, 300, 325, 350, 375, 400, 425,
450, 475, 500 of the biomarkers of Table 4 in
combination with at least any of up to 1, 2, 3, 4, 5,
6, 7, 8, 9, or 10, 15, 20, 30, 40, 50 100, 150, 200,
250, 300, 350, 400, 450, 500, 1000, 1500, 2000, 2500
or all of the biomarkers as disclosed in PCT
Application Number PCT/US04/020836 and which are
provided in Table 5. In another embodiment, a
biomarker for the diagnosis of bladder cancer and/or
superficial bladder cancer consists essentially of at
least any of up to 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40,
45, 50, 100, 125, 150, 175, 200, 225, 250 or all of
the biomarkers of Table 11. In another embodiment, a
biomarker for the diagnosis of bladder cancer and/or
superficial bladder cancer consists essentially of at
least any of up to 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40,
45, 50, 100, 125, 150, 175, 200, 225, 250 or all of
the biomarkers of Table 12. As used herein, the term
"control" or "control sample" in the context of this
invention refers to one or more tissue nucleic acid
samples and/or a blood nucleic acid samples and/or one
or more individuals who are classified as having
prostate cancer, having one or more stages of bladder
cancer including superficial bladder cancer; not
having bladder cancer or not having a stage of bladder
cancer (e.g. superficial bladder cancer); using those
techniquesknown to a person skilled in the art (for
example NMP22(r)BladderChek(r) to detect elevated
levels of a nuclear matrix protein (called NMP22(r))
in the urine, intravenous pyloegram (IVP) imaging, CT
scan, MRI scan, bone scan or ultrasound, and the
like). The term control or control sample can also
refer to the compilation of data derived from samples
of one or more individuals who have been diagnosed as
normal (not having bladder cancer), having bladder
cancer, or having a stage of bladder cancer (e.g.
superficial bladder cancer). As would be understood by
a person skilled in the art - the term control is used
in the context of the experiment and will depend upon
the desired comparisons. As used herein, the term
"control" in the context of screening for a
prophylactic or therapeutic agent refers to a standard
or reference for an assay or methodology to which
other conditions can be compared. As used herein, the
term "data" or "biomarker data" generally refers to
data reflective of the abundance or level of a product
of a biomarker including either or both of RNA and
protein encoded by the biomarker. As used herein, the
term "derivative" in the context of proteinaceous
agent (e.g., proteins, polypeptides, peptides, and
antibodies) refers to a proteinaceous agent that
comprises an amino acid sequence which has been
altered by the introduction of one or more amino acid
residue substitutions, deletions, and/or additions.
The term "derivative" as used herein also refers to a
proteinaceous agent which has been modified, i.e., by
the covalent attachment of any type of molecule to the
proteinaceous agent. For example, but not by way of
limitation, an antibody may be modified, e.g., by
glycosylation, acetylation, pegylation,
phosphorylation, amidation, derivatization by known
protecting/blocking groups, proteolytic cleavage,
linkage to a cellular ligand or other protein, etc. A
derivative of a proteinaceous agent may be produced by
chemical modifications using techniques known to those
of skill in 



the art, including, but not limited to specific
chemical cleavage, acetylation, formylation, metabolic
synthesis of tunicamycin, etc. Further, a derivative
of a proteinaceous agent may contain one or more
non-classical amino acids. A derivative of a
proteinaceous agent possesses a similar or identical
function as the proteinaceous agent from which it was
derived.As used herein, the term "derivative" in the
context of a non-proteinaceous derivative refers to a
second organic or inorganic molecule that is formed
based upon the structure of a first organic or
inorganic molecule. A derivative of an organic
molecule includes, but is not limited to, a molecule
modified, e.g., by the addition or deletion of a
hydroxyl, methyl, ethyl, carboxyl or amine group. An
organic molecule may also be esterified, alkylated
and/or phosphorylated. As used herein "diagnosis of
bladder cancer" or "bladder cancer diagnosis"
"screening for bladder cancer" "screening for a stage
of bladder cancer" according to one aspect of the
invention refers to a process of determining the
likelihood of a person having bladder cancer and/or
having superficial bladder cancer. The terms refer to
both traditional medical diagnostic techniques for
diagnosing or screening for bladder cancer or a stage
of bladder cancer, as well as diagnosis and/or
screening methods as encompassed by the invention.
Traditional medical diagnostic techniques for
diagnosing bladder cancer include physical exam and
history, medical evaluation including urine test, and
appropriate laboratory tests which can include
NMP22(r)BladderChek(r) to detect elevated levels of a
nuclear matrix protein (called NMP22(r)) in the urine,
intravenous pyloegram (IVP) imaging, CT scan, MRI
scan, bone scan or ultrasound, and the like. In a
specific embodiment, "diagnosis of prostate cancer"
refers to a determination as between two options: e.g.
that an individual has bladder cancer or a specific
stage of bladder cancer or that an individual does not
have bladder cancer or a specific stage of bladder
cancer. In a specific embodiment, the term "diagnosis
or screening for bladder cancer" refers to a
determination as between two options, e.g. for
"diagnosis of bladder cancer", a determination of the
likelihood that an individual has bladder cancer or
that an individual does not have bladder cancer. For
"diagnosis of superficial bladder cancer", a
determination of the likelihood that an individual has
superficial bladder cancer or does not have bladder
cancer. In another specific embodiment, "diagnosis"
refers to a determination as between three options
where one option is that it cannot be determined with
sufficient degree of certainty whether an individual
has bladder cancer or does not have bladder cancer
(e.g. a determination that a result is untenable). In
another embodiment, "diagnosis of or screening for
bladder cancer" can include an option that it cannot
be determined with sufficient degree of certainty as
to whether an individualcan be characterized as having
bladder cancer or a specific stage of bladder cancer
or does not have bladder cancer or a specific stage of
bladder cancer. As would be understood by a person
skilled in the art, in this context a "sufficient
degree of certainty" depends upon the medical
requirements for both the sensitivity and specificity
of the diagnosis. More particularly the sufficient
degree of certainty includes greater than 50%
sensitivity and/or specificity, greater than 60%
sensitivity and/or specificity, greater than 70%
sensitivity and/or specificity, greater than 80%
sensitivity and/or specificity, greater than 90%
sensitivity and/or specificity and 100% sensitivity
and/or specificity. As used herein, the term
"differential expression" refers to a difference in
the level of expression of the RNA and/or protein
products of one or more biomarkers of the invention,
as measured by the amount or level of RNA or protein.
In reference to RNA, it can include difference in the
level of expression of mRNA, and/or one or more
spliced variants of mRNA of the biomarker in one
sample as compared with the level of expression of the
same one or more biomarkers of the invention as
measured by the amount or level of RNA, including mRNA
and/or one or more spliced variants of mRNA in a
second sample. "Differentially expressed" or
"differential expression" can also include a
measurement of the protein, or one or more protein
variants encoded by the biomarker of the invention in
a sample or population of samples as compared with the
amount or level of protein expression, including one
or more protein variants of the biomarker or
biomarkers of the invention. Differential expression
can be determined as described herein and as would be
understood by a person skilled in the art. The term
"differentially expressed" or "changes in the level of
expression" refers to an increase or decrease in the
measurable expression level of a given product of the
biomarker as measured by the amount of RNA and/or the
amount of protein in a sample as compared with the
measurable expression level of a given product of the
biomarker in a second sample. The first sample and
second sample need not be from different patients, but
can be samples from the same patient taken at
different time points. The term "differentially
expressed" or "changes in the level of expression" can
also refer to an increase or decrease in the
measurable expression level of a given biomarker in a
population of samples as compared with the measurable
expression level of a biomarker in a second population
of samples. As used herein, "differentially expressed"
when referring to a single sample can be measured
using the ratio of the level of expression of a given
biomarker in saidsample as compared with the mean
expression level of the given biomarker of a control
population wherein the ratio is not equal to 1.0.
Differentially expressed can also be used to include
comparing a first population of samples as compared
with a second population of samples or a single sample
to a population of samples using either a ratio of the
level of expression or using p-value. When using
p-value, a measure of the statistical significance of
the differential expression, a nucleic acid transcript
including hnRNA and mRNA is identified as being
differentially expressed as between a first and second
population when the p-value of less than 0.3, 0.2,
0.1, less than 0.05, less than 0.01, less than 0.005,
less than 0.001 etc. are considered statistically
significant. When determining differential expression
on the basis of the ratio of the level of gene product
expression, an RNA or protein gene product is
differentially expressed if the ratio of the level of
its RNA or protein product in a first sample as
compared with that in a second sample is greater than
or less than 1.0. For instance, a ratio of greater
than I 5 for example 1.2, 1.5, 1.7, 2, 3, 4, 10, 20,
or a ratio of less than 1, for example 0.8, 0.6, 0.4,
0.2, 0.1. 0.05, of RNA or protein product of a gene
would be indicative of differential expression. In
another embodiment of the invention, a nucleic acid
transcript including hnRNA and mRNA is differentially
expressed if the ratio of the mean level of expression
of a first transcript in a nucleic acid population as
compared with its mean level of expression in a second
population is greater than or less than 1.0. For
instance, a ratio of greater than 1, for example 1.2,
1.5, 1.7, 2, 3, 4, 10, 20, or a ratio less than 1, for
example 0.8, 0.6, 0.4, 0.2, 0.1. 0.05 would be
indicative of differential expression. In another
embodiment of the invention a nucleic acid transcript
including hnRNA, and mRNA is differentially expressed
if the ratio of its level of expression in a first
sample as compared with the mean of the second
population is greater than or less than 1.0 and
includes for example, a ratio of greater than 1, for
instance 1.2, 1.5, 1.7, 2, 3, 4, 10, 20, or a ratio
less than l , for example 0.8, 0.6, 0.4, 0.2, 0.1.
0.05. "Differentially increased expression" refers to
1.1 fold, 1.2 fold, 1.4 fold, 1.6 fold, 1.8 fold, or
more, relative to a standard, such as the mean of the
expression level of the second population.
"Differentially decreased expression" refers to less
than 1.0 fold, 0.8 fold, 0.6 fold, 0.4 fold, 0.2 fold,
0.1 fold or less, relative to a standard, such as the
mean of the expression level of the second population.
As used herein, the term "drug efficacy" refers to the
effectiveness of a drug. "Drug efficacy" is usually
measured by the clinical response of the patient who
has been or isbeing treated with a drug. A drug is
considered to have a high degree of efficacy, if it
achieves desired clinical results, for example, the
reduction of the symptoms of osteoarthritis or the
prevention of osteoarthritis progression as described
in the present specification. The amount of drug
absorbed may be used to predict a patient's response.
A general rule is that as the dose of a drug is
increased, a greater effect is seen in the patient
until a maximum desired effect is reached. If more
drug is administered after the maximum point is
reached, the side effects will normally increase. As
used herein, the term "effective amount" refers to the
amount of a compound which is sufficient to reduce or
ameliorate the progression and or severity of bladder
cancer or one or more symptoms thereof, prevent the
development, recurrence or onset of bladder cancer Or
one or more symptoms thereof, prevent the advancement
of bladder cancer or one or more symptoms thereof, or
enhance or improve the prophylactic or therapeutic
effect(s) of another therapy. As used herein, the term
"fragment" in the context of a proteinaceous agent
refers to a peptide or polypeptide comprising an amino
acid sequence of at least 5 contiguous amino acid
residues, at least 10 contiguous amino acid residues,
at least 15 contiguous amino acid residues, at least
20 contiguous amino acid residues, at least 25
contiguous amino acid residues, at least 40 contiguous
amino acid residues, at least 50 contiguous amino acid
residues, at least 60 contiguous amino residues, at
least 70 contiguous amino acid residues, at least
contiguous 80 amino acid residues, at least contiguous
90 amino acid residues, at least contiguous 100 amino
acid residues, at least contiguous 125 amino acid
residues, at least 150 contiguous amino acid residues,
at least contiguous 175 amino acid residues, at least
contiguous 200 amino acid residues, or at least
contiguous 250 amino acid residues of the amino acid
sequence of a polypeptide or a protein, hi a specific
embodiment, a fragment of a protein or polypeptide
retains at least one function of the protein or
polypeptide, hi another embodiment, a fragment of a
protein or polypeptide retains at least one, two,
three, four, or five functions of the protein or
polypeptide. Preferably, a fragment of an antibody
retains the ability to immunospecifically bind to an
antigen. As used herein, the term "fusion protein"
refers to a polypeptide that comprises an amino acid
sequence of a first protein or polypeptide or fragment
thereof, or functional fragment thereof, or an analog
or derivative thereof, and an amino acid sequenceof a
heterologous protein, polypeptide, or peptide (i.e., a
second protein or polypeptide or fragment, analog or
derivative thereof different than the first protein or
fragment, analog or derivative thereof). In one
embodiment, a fusion protein comprises a prophylactic
or therapeutic agent fused to a heterologous protein,
polypeptide or peptide. In accordance with this
embodiment, the heterologous protein, polypeptide or
peptide may or may not be a different type of
prophylactic or therapeutic agent. As used herein, the
terms "gene expression pattern", "gene expression
profile" are used interchangeably and comprise the
pattern of expression of the RNA or protein products
of two or more biomarkers of the invention. For
example, the gene expression pattern or profile having
reference to the RNA products can also be termed a
"nucleic acid array expression profile" and
constitutes the hybridization of a plurality of target
nucleic acid sequences hybridized to a plurality of
nucleic acid probes on an array to differentiate as
between bladder cancer or early stage bladder cancer
individuals as compared with non bladder cancer
individuals. "Gene expression pattern", "gene
expression profile" and can also refer to a pattern of
the level of abundance of proteins corresponding to
two or more biomarkers of the invention as is
determined by any methodology known in the art for
measuring the levels of said proteins. For example,
the pattern can be a mathematical representation of
the pattern e.g. a mathematical equation, vector etc.
As used herein, the terms "hybridizing to" and
"hybridization" refer to the sequence specific
non-covalent binding interactions with a complementary
nucleic acid, for example, interactions between a
target nucleic acid sequence and a nucleic acid member
on an array. As used herein, the term "immunoglobulin"
refers to a protein consisting of one or more
polypeptides substantially encoded by immunoglobulin
genes or antigen binding fragment thereof. The
recognized human immunoglobulin genes include the
kappa, lambda, alpha (IgAl and IgA2), gamma (IgGl,
IgG2, IgG3, IgG4), delta, epsilon and mu constant
region genes, as well as the myriad immunoglobulin
variable region genes. Full-length immunoglobulin
"light chains" (about 25 Kd or 214 amino acids) are
encoded by a variable region gene at the NH2-terminus
(about 110 amino acids) and a kappa or lambda constant
region gene at the COOH-terminus. Full-length
immunoglobulin "heavy chains" (about 50 Kd or 446
amino acids), are similarly encoded by a variable
region gene (about 116 aminoacids) and one of the
other aforementioned constant region genes, e.g.,
gamma (encoding about 330 amino acids). As used
herein, the term "in combination" in reference to
therapy refers to the use of more than one therapies
{e.g., more than one prophylactic agent and/or
therapeutic agent). The use of the term "in
combination" does not restrict the order in which
therapies {e.g., prophylactic and/or therapeutic
agents ) are administered to a subject. A first
therapy {e.g., a first prophylactic or therapeutic
agent) can be administered prior to {e.g., 5 minutes,
15 minutes, 30 minutes, 45 minutes, 1 hour, 2 hours, 4
hours, 6 hours, 12 hours, 24 hours, 48 hours, 72
hours, 96 hours, 1 week, 2 weeks, 3 weeks, 4 weeks, 5
weeks, 6 weeks, 8 weeks, or 12 weeks before),
concomitantly with, or subsequent to {e.g., 5 minutes,
15 minutes, 30 minutes, 45 minutes, 1 hour, 2 hours, 4
hours, 6 hours, 12 hours, 24 hours, 48 hours, 72
hours, 96 hours, 1 week, 2 weeks, 3 weeks, 4 weeks, 5
weeks, 6 weeks, 8 weeks, or 12 weeks after) the
administration of a second therapy {e.g., a second
prophylactic or therapeutic agent) to a subject. As
used herein, the term "indicative of disease" or
"indicative of bladder cancer" when referring to an
expression pattern indicates an expression pattern
which is diagnostic of bladder cancer and/or early
stage bladder cancer and can include a pattern 



which increases the likelihood that an individual has
bladder cancer and/or early stage bladder cancer. As
used herein, the term "internal coding region" of a
gene refers to a polynucleotide (double-stranded or
single-stranded) located between the 5' region and the
3' region of a gene as defined herein. The "internal
coding region" is not shorter than 8 nucleotides in
length and can be as long or longer than 1000
nucleotides in length. Other possible lengths of the
"internal coding region" include but are not limited
to 10, 20, 25, 50, 100, 200, 400, and 500 nucleotides.
The 5', 3' and internal regions are non-overlapping
and may, but need not be contiguous, and may, but need
not, add up to the full length of the corresponding
gene. As used herein, the term "internal polypeptide
region" of a polypeptide refers to the polypeptide
sequences located between the amino terminal region
and the carboxy terminal region of a polypeptide, as
defined herein. The "internal polypeptide region" of a
polypeptide is not shorter than 3 amino acids in
length and can be as long as or longer than350 amino
acids in length. Other possible lengths of the
"internal polypeptide region" of a polypeptide
include, but are not limited to, 5, 10, 20, 25, 50,
100 and 200 amino acids. The amino terminal, carboxy
terminal and internal polypeptide regions of a
polypeptide are non-overlapping and may, but need not
be contiguous, and may, but need not, add up to the
full length of the corresponding polypeptide. As used
herein, "isolated" or "purified" when used in
reference to a nucleic acid means that a naturally
occurring sequence has been removed from its normal
cellular (e.g., chromosomal) environment or is
synthesised in a non-natural environment (e.g.,
artificially synthesised). Thus, an "isolated" or
"purified" sequence may be in a cell-free solution or
placed in a different cellular environment. The term
"purified" does not imply that the sequence is the
only nucleotide present, but that it is essentially
free (about 90-95% pure) of non-nucleotide material
naturally associated with it, and thus is
distinguished from isolated chromosomes. -As used
herein, the terms "isolated" and "purified" in the
context of a proteinaceous agent (e.g., a peptide,
polypeptide, protein or antibody) refer to a
proteinaceous agent which is substantially free of
cellular material and in some embodiments,
substantially free of heterologous proteinaceous
agents (i.e., contaminating proteins) from the cell or
tissue source from which it is derived, or
substantially free of chemical precursors or other
chemicals when chemically synthesized. The language
"substantially free of cellular material" includes
preparations of a proteinaceous agent in which the
proteinaceous agent is separated from cellular
components of the cells from which it is isolated or
recombinantly produced. Thus, a proteinaceous agent
that is substantially free of cellular material
includes preparations of a proteinaceous agent having
less than about 30%, 20%, 10%, or 5% (by dry weight)
of heterologous proteinaceous agent (e.g., protein,
polypeptide, peptide, or antibody; also referred to as
a "contaminating protein"). When the proteinaceous
agent is recombinantly produced, it is also preferably
substantially free of culture medium, i.e., culture
medium represents less than about 20%, 10%, or 5% of
the volume of the protein preparation. When the
proteinaceous agent is produced by chemical synthesis,
it is preferably substantially free of chemical
precursors or other chemicals, i.e., it is separated
from chemical precursors or other chemicals which are
involved in the synthesis of the proteinaceous agent.
Accordingly, such preparations of a proteinaceous
agent have less thanabout 30%, 20%, 10%, 5% (by dry
weight) of chemical precursors or compounds other than
the proteinaceous agent of interest. Preferably,
proteinaceous agents disclosed herein are isolated. As
used herein, the term "level of expression" refers to
the determination of the quantity of a given nucleic
acid or protein corresponding to a gene as determined
by methods known to a person skilled. In reference to
RNA, hnRNA, rnRNA or spliced variants of mRNA
corresponding to abiomarker of the invention, level of
expression can be determined by hybridization as well
as other measurements such as quantitative real-time
RT PCR, which includes use of SYBR(r) green, TaqMan(r)
and Molecular Beacons technology. Note that as used
herein the determination of differential levels of
expression can include a visual inspection of
differences as between the quantity of a given nucleic
acid or protein, for example by analyzing the northern
blot or western blot. As used herein, a "ligand" is a
molecule that specifically binds to a polypeptide
encoded by one of the genes of a biomarker of the
invention. A ligand can be a nucleic acid (RNA or
DNA), polypeptide, peptide or chemical compound. A
ligand of the invention can be a peptide ligand, e.g.,
a scaffold peptide, a linear peptide, or a cyclic
peptide. Li a preferred embodiment, the polypeptide
ligand is an antibody. The antibody can be a human
antibody, a chimeric antibody, a recombinant antibody,
a humanized antibody, a monoclonal antibody or antigen
binding fragment thereof,, or a polyclonal antibody.
The antibody can be an intact immunoglobulin, e.g., an
IgA, IgG, IgE, IgD, IgM or subtypes thereof. The
antibody can be conjugated to a functional moiety
(e.g., a compound which has a biological or chemical
function (which may be a second different polypeptide,
a therapeutic drug, a cytotoxic agent, a detectable
moiety, or a solid support. A polypeptide ligand e.g.
antibody of the invention interacts with a
polypeptide, encoded by one of the genes of a
biomarker, with high affinity and specificity. For
example, the polypeptide ligand binds to a
polypeptide, encoded by one of the genes of a
biomarker, with an affinity constant of at least 107M
1 , preferably, at least 108M 1, IO9M 1, or 1010 M 1 .
As used herein, the term "majority" refers to a number
representing more than 50% (e.g., 51%, 60%, or 70%, or
80% or 90% or up to 100%) of the total members of a
composition. The term "majority", when referring to an
array, it means more than 50% (e.g.,51%, 60%, or 70%,
or 80% or 90% or up to 100%) of the total nucleic acid
members that are stably associated with the solid
substrate of the array. As used herein, the terms
"manage", "managing" and "management" refer to the
beneficial effects that a subject derives from a
therapy (e.g., a prophylactic or therapeutic agent)
which does not result in a cure of osteoarthritis. In
certain embodiments, a subject is administered one or
more therapies to "manage" osteoarthritis so as to
prevent the progression or worsening of the
osteoarthritis. As used herein, "mRNA integrity"
refers to the quality of mRNA extracts from either
tissue samples or blood samples. In one embodiment,
mRNA integrity is determined by examining whether the
RNA is degraded when examined by methods well known in
the art, for example, by RNA agarose gel
electrophoresis (e.g., Ausubel et al., John Weley &
Sons, Inc., 1997, Current Protocols in Molecular
Biology). Preferably, the mRNA samples have good
integrity (e.g., less than 10%, preferably less than
5%, and more preferably less than 1% of the mRNA is
degraded) to truly represent the gene expression
levels of the cartilage or blood samples from which
they are extracted. As used herein, the terms
"non-responsive" and refractory" describe patients
treated with a currently available therapy which is
not clinically adequate to treat and/or relieve one or
more symptoms of bladder cancer. As used herein,
"normal" refers to an individual or group of
individuals who have not shown any evidence of bladder
cancer, or symptoms thereof including blood in urine,
and have not been diagnosed with bladder cancer or the
possibility that they may have bladder cancer.
Preferably said "normal" rers to an individual or
group of individuals who is not at an increased risk
of having bladder cancer. In addition, preferably said
normal individual(s) is not on medication affecting
bladder cancer and has not been diagnosed with any
other disease. More preferably normal individuals have
similar sex, age as compared with the test samples.
"Normal", according to the invention, also refers to a
samples isolated from normal individuals and includes
total RNA or mRNA isolated from normal individuals. A
sample taken from a normal individual can include RNA
isolated from a tissue sample. As used herein,
"nucleic acid(s)" is interchangeable with the term
"polynucleotide(s)" and it generally refers to any
polyribonucleotide or polydeoxyribonucleotide, which
may be unmodified RNA or DNA or modified RNA or DNA
orany combination thereof. "Nucleic acids" include,
without limitation, single- and doublestranded nucleic
acids. As used herein, the term "nucleic acid(s)" also
includes DNAs or RNAs as described above that contain
one or more modified bases. Thus, DNAs or RNAs with
backbones modified for stability or for other reasons
are "nucleic acids". The term "nucleic acids" as it is
used herein embraces such chemically, enzymatically or
metabolically modified forms of nucleic acids, as well
as the chemical forms of DNA and RNA characteristic of
viruses and cells, including for example, simple and
complex cells. A "nucleic acid" or "nucleic acid
sequence" may also include regions of single- or
doublestranded RNA or DNA or any combinations thereof
and can include expressed sequence tags (ESTs)
according to some embodiments of the invention. An EST
is a portion of the expressed sequence of a gene
(i.e., the "tag" of a sequence), made by reverse
transcribing a region of mRNA so as to make cDNA. As
defined herein, a "nucleic acid array" refers a
plurality of unique nucleic acids (or "nucleic acid
members") attached to a support where each of the
nucleic acid members is attached to a support in a
unique pre-selected region. In one embodiment, the
nucleic acid member attached to the surface of the
support is DNA. In a preferred embodiment, the nucleic
acid member attached to the surface of the support is
either cDNA or oligonucleotides. In another preferred
embodiment, the nucleic acid member attached to the
surface of the support is cDNA synthesised by
polymerase chain reaction (PCR). The term "nucleic
acid", as used herein, is interchangeable with the
term "polynucleotide". In another preferred
embodiment, a "nucleic acid array" refers to a
plurality of unique nucleic acids attached to
nitrocellulose or other membranes used in Southern
and/or Northern blotting techniques. As used herein, a
"nucleic acid probe" includes nucleic acids capable of
binding to a complementary sequence of a nucleic acid
member on an array through sets of non-covalent
bonding interactions, including complementary base
pairing interactions. As used herein, a nucleic acid
probe may include natural (i. e., A, G, C, or T) or
modified bases (7-deazaguanosine, inosine, etc.). In
addition, the bases in nucleic acid probes may be
joined by a linkage other than a phosphodiester bond,
so long as it does not interfere with hybridization
(i.e., the nucleic acid probe still specifically binds
to its complementary sequence under standard stringent
or selective hybridization conditions). Thus, nucleic
acidprobes may be peptide nucleic acids in which the
constituent bases are joined by peptide bonds rather
than phosphodiester linkages. As used herein "nucleic
acid target" or "nucleic acid member" is defined as a
nucleic acid capable of binding to an array. The
nucleic acid target can either be an isolated nucleic
acid sequence corresponding to a gene or portion
thereof, or the nucleic acid target can be total RNA
or mRNA isolated from a sample. Preferably, the
nucleic acid target or nucleic acid markers are
derived from human cartilage, blood, or synovial fluid
extracts. More preferably, the nucleic acid targets
are single- or double-stranded DNA, RNA, or DNARNA
hybrids, from human cartilage, blood, or synovial
fluid total RNA extracts, and preferably from mRNA
extracts. In one embodiment, a conventional nucleic
acid array of 'target' sequences bound to the array
can be representative of the entire human genome, e.g.
Affymetrix chip, and the isolated biomarker consisting
of or comprising two or more of the genes described in
Table 1 or gene probes is applied to the conventional
array. In another embodiment, sequences bound to the
array can be an isolated oligonucleotide, cDNA, EST or
PCR product corresponding to a biomarker of the
invention total cellular RNA is applied to the array.
As used herein, the term "oligonucleotide" is defined
as a molecule comprised of two or more
deoxyribonucleotides and/ or ribonucleotides, and
preferably more than three. Its exact size will depend
upon many factors which, in turn, depend upon the
ultimate function and use of the oligonucleotide. The
oligonucleotides maybe from about 8 to about 1,000
nucleotides long. Although oliognucleotides of 8 to
100 nucleotides are useful in the invention, preferred
oligonucleotides range from about 8 to about 15 bases
in length, from about 8 to about 20 bases in length,
from about 8 to about 25 bases in length, from about 8
to about 30 bases in length, from about 8 to about 40
bases in length or from about 8 to about 50 bases in
length. As used herein, the phrase "pharmaceutically
acceptable salt(s)," includes, but is not limited to,
salts of acidic or basic groups that may be present in
compounds identified using the methods of the present
invention. Compounds that are basic in nature are
capable of forming a wide variety of salts with
various inorganic and organic acids. The acids that
can be used to prepare pharmaceutically acceptable
acid addition salts of such basiccompounds are those
that form non-toxic acid addition salts, i.e., salts
containing pharmacologically acceptable anions,
including but not limited to sulfuric, citric, maleic,
acetic, oxalic, hydrochloride, hydrobromide,
hydroiodide, nitrate, sulfate, bisulfate, phosphate,
acid phosphate, isonicotinate, acetate, lactate,
salicylate, citrate, acid citrate, tartrate, oleate,
tannate, pantothenate, bitartrate, ascorbate,
succinate, maleate, gentisinate, fumarate, gluconate,
glucaronate, saccharate, formate, benzoate, glutamate,
methanesulfonate, ethanesulfonate, benzenesulfonate,
p-toluenesulfonate and pamoate (i.e.,
l,r-methylene-bis-(2-hydroxy-3-naphthoate)) salts.
Compounds that include an amino moiety may form
pharmaceutically acceptable salts with various amino
acids, in addition to the acids mentioned above.
Compounds that are acidic in nature are capable of
forming base 



salts with various pharmacologically acceptable
cations. Examples of such salts include alkali metal
or alkaline earth metal salts and, particularly,
calcium, magnesium, sodium lithium, zinc, potassium,
and iron salts. As used herein, "polynucleotide"
encompasses double-stranded DNA, singlestranded DNA
and double-stranded or single-stranded RNA of more
than 8 nucleotides in length. As used herein,
"polypeptide sequences encoded by" refers to the amino
acid sequences obtained after translation of the
protein coding region of a gene, as defined herein.
The mRNA nucleotide sequence for each of the
biomarkers of the invention is identified by its
Genbank Accession number (see Table 3 and/or Table 6
and/or Table 12) and the corresponding polypeptide
sequence is identified by a Protein Accession number
(see Table 3 and/or Table 6 and/or Table 12). When a
protein or fragment of a protein is used to immunize a
host animal, numerous regions of the protein may
induce the production of antibodies which bind
specifically to a given region or three-dimensional
structure on the protein; these regions or structures
are referred to as epitopes or antigenic determinants.
As used herein, "antigenic fragments" refers portions
of a polypeptide that contains one or more epitopes.
Epitopes can be linear, comprising essentially a
linear sequence from the antigen, or conformational,
comprising sequences which are genetically separated
by other sequences but come together structurally at
the binding site for the polypeptide ligand.
"Antigenic fragments" may be up toany one of 5000,
1000, 500, 400, 300, 200, 100, 50 or 25 or 20 or 10 or
5 amino acids in length. As used herein, "pre-selected
region", "predefined region", or "unique position"
refers to a localised area on a substrate which is,
was, or is intended to be used for the deposit of a
nucleic acid and is otherwise referred to herein in
the alternative as a "selected region" or simply a
"region." The pre-selected region may have any
convenient shape, e.g., circular, rectangular,
elliptical, wedge-shaped, etc. In some embodiments, a
pre selected region is smaller than about 1 cm2, more
preferably less than 1mm2, still more preferably less
than 0.5 mm2, and in some embodiments less than 0.1
mm2. A nucleic acid member at a "pre-selected region",
"predefined region", or "unique position" is one whose
identity (e.g., sequence) can be determined by virtue
of its position at the region or unique position. As
used herein, the terms "prevent", "preventing" and
"prevention" refer to the prevention of the
development, recurrence or onset of mild
osteoarthritis or one or more symptoms thereof
resulting from the administration of one or more
compounds identified in accordance the methods of the
invention or the administration of a combination of
such a compound and another therapy. The term,
"primer", as used herein refers to an oligonucleotide,
whether occurring naturally as in a purified
restriction digest or produced synthetically, which is
capable of acting as a point of initiation of
synthesis when placed under conditions in which
synthesis of a primer extension product, which is
complementary to a nucleic acid strand, is induced,
i.e., in the presence of nucleotides and an inducing
agent such as a DNA polymerase and at a suitable
temperature and pH. The primer may be either
single-stranded or doublestranded and must be
sufficiently long to prime the synthesis of the
desired extension product in the presence of the
inducing agent. The exact length of the primer will
depend upon many factors, including temperature,
source of primer and the method used. For example, for
diagnostic applications, depending on the complexity
of the target sequence, the oligonucleotide primer
typically contains 15-25 or more nucleotides, although
it may contain fewer nucleotides. The factors involved
in determining the appropriate length of primer are
readily known to one of ordinary skill in the art. In
general, the design and selection ofprimers embodied
by the instant invention is according to methods that
are standard and well known in the art, see
Dieffenbach, C.W., Lowe, T.M.J., Dveksler, G.S. (1995)
General Concepts for PCR Primer Design. In: PCR
Primer, A Laboratory Manual (Eds. Dieffenbach, CW, and
Dveksler, G.S.) Cold Spring Harbor Laboratory Press,
New York, 133-155; Innis, M.A., and Gelfand, D.H.
(1990) Optimization of PCRs. In: PCR protocols, A
Guide to Methods and Applications (Eds. Innis, M.A.,
Gelfand, D.H., Sninsky, JJ., and White, TJ.) Academic
Press, San Diego, 3-12; Sharrocks, A.D. (1994) The
design of primers for PCR. In: PCR Technology, Current
Innovations (Eds. Griffin, H.G., and Griffin, A.M,
Ed.) CRC Press, London, 5-11. As used herein, the term
"probe" means oligonucleotides and analogs thereof and
refers to a range of chemical species that recognise
polynucleotide target sequences through hydrogen
bonding interactions with the nucleotide bases of the
target sequences. The probe or the target sequences
may be single- or double-stranded RNA or single- or
doublestranded DNA or a combination of DNA and RNA
bases. A probe is at least 8 nucleotides in length and
less than the length of a complete gene. A probe may
be 10, 20, 30, 50, 75, 100, 150, 200, 250, 400, 500
and up to 2000 nucleotides in length. Probes can
include oligonucleotides modified so as to have a tag
which is detectable by fluorescence, chemiluminescence
and the like. The probe can also be modified so as to
have both a detectable tag and a quencher molecule,
for example Taqman(r) and Molecular Beacon(r) probes.
The oligonucleotides and analogs thereof may be RNA or
DNA, or analogs of RNA or DNA, commonly referred to as
antisense oligomers or antisense oligonucleotides.
Such RNA or DNA analogs comprise but are not limited
to 2-'O-alkyl sugar modifications, methylphosphonate,
phosphorothiate, phosphorodithioate, formacetal,
3'-thioformacetal, sulfone, sulfamate, and nitroxide
backbone modifications, and analogs wherein the base
moieties have been modified. In addition, analogs of
oligomers may be polymers in which the sugar moiety
has been modified or replaced by another suitable
moiety, resulting in polymers which include, but are
not limited to, morpholino analogs and peptide nucleic
acid (PNA) analogs (Egholm, et al. Peptide Nucleic
Acids (PNA)- Oligonucleotide Analogues with an Achiral
Peptide Backbone, ( 1992)).Probes may also be mixtures
of any of the oligonucleotide analog types together or
in combination with native DNA or WSfA. At the same
time, the oligonucleotides and analogs thereof may be
used alone or in combination with one or more
additional oliognucleotides or analogs thereof. As
used herein, the term "product of the biomarker" or
"biomarker product" refers to the RNA or protein which
corresponds or is encoded by the biomarker (i.e. is
transcribed from the gene or genetic element or is
translated from RNA which is transcribed from the gene
or genetic element). For example, in some embodiments
RNA resulting from the biomarker can include one or
more of the following species; hnRNA, mRNA, and/or one
or more spliced variants of mRNA. m some embodiments,
proteins resulting from the molecular marker can
include any proteins found in blood which correspond
to the RNA resulting from the biomarker. As used
herein, the terms "prophylactic agent" and
"prophylactic agents" refer to any compound(s) which
can be used in the prevention of osteoarthritis. In
certain embodiments, the term "prophylactic agent"
refers to a compound identified in the screening
assays described herein. In certain other embodiments,
the term "prophylactic agent" refers to an agent other
than a compound identified in the screening assays
described herein which is known to be useful for, or
has been or is currently being used to prevent or
impede the onset, development and/or progression of
osteoarthritis or one or more symptoms thereof. As
used herein, the phrase "prophylactically effective
amount" refers to the amount of a therapy (e.g., a
prophylactic agent) which is sufficient to result in
the prevention of the development, recurrence or onset
of osteoarthritis or one or more symptoms thereof. As
used herein, the terms "protein" and "polypeptide" and
"proteinaceous agent" are used interchangeably to
refer to a chain of amino acidslinked together by
peptide bonds which optionally can comprise natural or
non -natural amino acids. Optionally, the protein or
peptide can comprise other molecules in addition to
amino acids. Said chain can be of any length. In a
specific embodiment, a protein is composed of less
than 200, less than 175, less than 150, less than 125,
less than 100, less than 50, less than 45, less than
40, less than 35, less than 30, less than 25, less
than 20, less than 15, less than 10, or less than 5
amino acids linked together by peptide bonds. In
another embodiment, a protein is composedof at least
200, at least 250, at least 300, at least 350, at
least 400, at least 450, at least 500 or more amino
acids linked together by peptide bonds. As used
herein, "a plurality of or "a set of refers to more
than two, for example, 3 or more, 10 or more, 100 or
more, or 1000 or more, or 10,000 or more. As used
herein, the terms "RNA portion" and "a portion thereof
in context of RNA products of a biomarker of the
invention refer to an RNA transcript comprising a
nucleic acid sequence of at least 6, at least 9, at
least 15, at least 18, at least 21, at least 24, at
least 30, at least 60, at least 90, at least 99, or at
least 108, or more nucleotides of a RNA product of a
biomarker of the invention. As used herein the term
"product of the biomarker of the invention" refers to
the RNA and/or the protein expressed by the gene
corresponding to the biomarker of the invention. The
"RNA product of a biomarker of the invention" includes
one or more products which can include heteronuclear
RNA ("hnRNA"), niRNA, and all or some of the spliced
variants of mRNA whose measure of expression can be
used as a biomarker in accordance with the teachings
disclosed herein. The "protein product of a biomarker
of the invention" includes one or more of the products
of the biomarker which can include proteins, protein
variants, and any post-translationally modified
proteins. As used herein, the term "selectively
amplified" or "selective amplification", refers to a
process whereby one or more copies of a particular
target nucleic acid sequence is selectively generated
from a template nucleic acid. Selective amplification
or selectively amplified is to be compared with
amplification in general which can be used as a method
in combination with, for example, random primers and
an oligodT primer to amplify a population of nucleic
acid sequences (e.g. mRNA). Selective amplification is
preferably done by the method of polymerase chain
reaction (Mullis and Faloona, 1987, Methods Enzymol.
155:335). As used herein, the term "selectively binds"
in the context of proteins encompassed by the
invention refers to the specific interaction of any
two of a peptide, a protein, a polypeptide, and an
antibody, wherein the interaction preferentially
occurs as between any two of a peptide, protein,
polypeptide and antibody preferentially as
comparedwith any other peptide, protein, polypeptide
and antibody. For example, when the two molecules are
protein molecules, a structure on the first molecule
recognises and binds to a structure on the second
molecule, rather than to other proteins. "Selective
binding", "Selective binding", as the term is used
herein, means that a molecule binds its specific
binding partner with at least 2-fold greater affinity,
and preferably at least 10-fold, 20-fold, 50-fold,
100-fold or higher affinity than it binds a
non-specific molecule. As used herein "selective
hybridization" in the context of this invention refers
to a hybridization which occurs as between a
polynucleotide encompassed by the invention and an KNA
, or its complement thereof, or protein product of the
biomarker of the invention, wherein the hybridization
is such that the polynucleotide preferentially binds
to the RNA products of the biomarker of the invention
relative to the RNA products of other genes in the
genome in question. In a preferred embodiment a
polynucleotide which "selectively hybridizes" is one
which hybridizes with a selectivity of greater than
70%, greater than 80%, greater than 90% and most
preferably of 100% (i.e. cross hybridization with
other RNA species preferably occurs at less than 30%,
less than 20%, less than 10%). As would be understood
to a person skilled in the art, a polynucleotide which
"selectively hybridizes" to the RNA product of a
biomarker of the invention can be determined taking
into account the length and composition. As used
herein, "specifically hybridizes", "specific
hybridization" refers to hybridization which occurs
when two nucleic acid sequences are substantially
complementary (at least about 65% complementary over a
stretch of at least 14 to 25 nucleotides, preferably
at least about 75% complementary, more preferably at
least about 90% complementary). See Kanehisa, M.,
1984, Nucleic acids Res., 12:203, incorporated herein
by reference. As a result, it is expected that a
certain degree of mismatch is tolerated. Such mismatch
may be small, such as a mono-, di- or tri-nucleotide.
Alternatively, a region of mismatch can encompass
loops, which are defined as regions in which there
exists a mismatch in an uninterrupted series of four
or more nucleotides. Numerous factors influence the
efficiency and selectivity of hybridization of two
nucleic acids, for example, the hybridization of a
nucleic acid member on an array to a target nucleic
acid sequence. These factors include nucleic acid
member length, nucleotide sequence and/or
composition,hybridization temperature, buffer
composition and potential for steric hindrance in the
region to which the nucleic acid member is required to
hybridize. A positive correlation exists between the
nucleic acid length and both the efficiency and
accuracy with which a nucleic acid will anneal to a
target sequence. In particular, longer sequences have
a higher melting temperature (TM) than do shorter
ones, and are less likely to be repeated within a
given target sequence, thereby minimizing non-specific
hybridization. Hybridization temperature varies
inversely with nucleic acid member annealing
efficiency. Similarly the concentration of organic
solvents, e.g., formamide, in a hybridization mixture
varies inversely with annealing 



efficiency, while increases in salt concentration in
the hybridization mixture facilitate annealing. Under
stringent annealing conditions, longer nucleic acids,
hybridize more efficiently than do shorter ones, which
are sufficient under more permissive conditions. As
used herein, the term "specifically binds" refers to
the interaction of two molecules, e.g., a ligand and a
protein or peptide, or an antibody and a protein or
peptide wherein the interaction is dependent upon the
presence of particular structures on the respective
molecules. For example, when the two molecules are
protein molecules, a structure on the first molecule
recognises and binds to a structure on the second
molecule, rather than to proteins in general.
"Specific binding", as the term is used herein, means
that a molecule binds its specific binding partner
with at least 2-fold greater affinity, and preferably
at least 10-fold, 20-fold, 50-fold, 100-fold or higher
affinity than it binds a non-specific molecule. As
herein used, the term "standard stringent conditions"
and "stringent conditions" means hybridization will
occur only if there is at least 95% and preferably, at
least 97% identity between the sequences, wherein the
region of identity comprises at least 10 nucleotides.
In one embodiment, the sequences hybridize under
stringent conditions following incubation of the
sequences overnight at 42C, followed by stringent
washes (0.2X SSC at 65 C). The degree of stringency of
washing can be varied by changing the temperature, pH,
ionic strength, divalent cation concentration, volume
and duration of the washing. For example, the
stringency of hybridization may be varied by
conducting the hybridization at varying temperatures
below the melting temperatures of the probes. The
melting temperature of the probe may be calculated
using the following formulas:For oligonucleotide
probes, between 14 and 70 nucleotides in length, the
melting temperature (Tm) in degrees Celcius may be
calculated using the formula: Tm=81.5+16.6(log [Na+])
+ 0.41(fraction G+C)-(600/N) where N is the length of
the oligonucleotide. For example, the hybridization
temperature may be decreased in increments of 5 C from
68 C to 42 C in a hybridization buffer having aNa+
concentration of approximately IM. Following
hybridization, the filter may be washed with 2X SSC,
0.5% SDS at the temperature of hybridization. These
conditions are considered to be "moderate stringency"
conditions above 5O0C and "low stringency" conditions
below 50C. A specific example of "moderate stringency"
hybridization conditions is when the above
hybridization is conducted at 55C. A specific example
of "low stringency" hybridization conditions is when
the above hybridization is conducted at 45C. If the
hybridization is carried out in a solution containing
formamide, the melting temperature of the annealing
nucleic acid strands may be calculated using the
equation Tm=81.5+16.6(log [Na +]) + 0.41(fraction G +
C)-(0.63% formamide)-(600/N), where N is the length of
the probe. For example, the hybridization may be
carried out in buffers, such as 6X SSC, containing
formamide at a temperature of 42 0C. In this case, the
concentration of formamide in the hybridization buffer
may be reduced in 5% increments from 50% to 0% to
identify clones having decreasing levels of homology
to the probe. Following hybridization, the filter may
be washed with 6X SSC, 0.5% SDS at 50 C. Hybridization
conditions are considered to be "moderate stringency"
conditions when hybridization fluids are comprised of
above 25% formamide and "low stringency" conditions
when hybridization fluids are comprised of below 25%
formamide. A specific example of "moderate stringency"
hybridization conditions is when the above
hybridization is conducted at 30% formamide. A
specific example of "low stringency" hybridization
conditions is when the above hybridization is
conducted at 10% formamide. As used herein, the terms
"subject" and "patient" and "individual" are used
interchangeably to refer to an animal (e.g., a mammal,
a fish, an amphibian, a reptile, a birdand an insect).
In a specific embodiment, a subject is a mammal (e.g.,
a non-human mammal and a human). In another
embodiment, a subject is a pet (e.g., a dog, a cat, a
guinea pig, a monkey and a bird), a farm animal (e.g.,
a horse, a cow, a pig, a goat and a chicken) or a
laboratory animal (e.g., a mouse and a rat). In
another embodiment, a subject is a primate (e.g., a
chimpanzee and a human). In another embodiment, a
subject is a human. As used herein, the term
"synergistic" refers to a combination of a compound
identified using one of the methods described herein,
and another therapy (e.g., agent), which is more
effective than the additive effects of the therapies.
Preferably, such other therapy has been or is
currently being to prevent, treat, manage or
ameliorate bladder cancer or a symptom thereof. A
synergistic effect of a combination of therapies
(e.g., prophylactic or therapeutic agents) permits the
use of lower dosages of one or more of the therapies
and/or less frequent administration of said therapies
to a subject with bladder cancer. The ability to
utilize lower dosages of a therapy (e.g., a
prophylactic or therapeutic agent) and/or to
administer said therapy less frequently reduces the
toxicity associated with the administration of said
agent to a subject without reducing the efficacy of
said therapies in the prevention, treatment,
management or amelioration of bladder cancer. In
addition, a synergistic effect can result in improved
efficacy of therapies (e.g., agents) in the
prevention, treatment, management or amelioration of
bladder cancer. Finally, a synergistic effect of a
combination of therapies (e.g., prophylactic or
therapeutic agents) may avoid or reduce adverse or
unwanted side effects associated with the use of
either therapy alone. As used herein, the terms
"therapeutic agent" and "therapeutic agents" refer to
any compound(s) which can be used in the treatment,
management or amelioration of bladder cancer or one or
more symptoms thereof. As used herein, the term
"therapeutically effective amount" refers to that
amount of a therapy (e.g., a therapeutic agent)
sufficient to result in the amelioration of bladder
cancer or one or more symptoms thereof, prevent
advancement of bladder cancer cause regression of
bladder cancer, or to enhance or improve the
therapeutic effect(s) of another therapy (e.g.,
therapeutic agent. As used herein, the terms "treat",
"treatment" and "treating" refer to the reduction or
amelioration of the progression, severity and/or
reoccurrence of bladder canceror one or more symptoms
thereof resulting from the administration of one or
more compounds identified in accordance the methods of
the invention, or a combination of one or more
compounds identified in accordance with the invention
and another therapy. As used herein, the term "up
regulated" or "increased level of expression" in the
context of this invention refers the product of a gene
which is expressed wherein the measure of the product
demonstrates an increased level of expression of the
gene, as can be determined using array analysis or
other similar analysis, in tissue or blood isolated
from an individual having bladder cancer or an
identified disease state or stage of of bladder cancer
as determined by AJCC staging guidelines as compared
with the same gene in tissue or blood isolated from
normal individuals or from an individual with a
different identified disease state or stage. An
"increased level of expression" according to the
present invention, is an increase in expression of at
least 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%,10% or more,
for example, 20%, 30%, 40%, or 50%, 60%, 70%, 80%, 90%
or more, or greater than 1-fold, up to 2-fold, 3-fold,
4-fold, 5-fold, 10-fold, 50-fold, 100-fold or more as
measured, for example, by the intensity of
hybridization according to methods of the present
invention. For example, up regulated sequences
includes sequences having an increased level of
expression in tissue or blood isolated from
individuals characterised as having bladder cancer as
compared with tissue isolated from normal individuals.
Up regulated sequences can also include sequences
having an increased level of expression in tissue or
blood isolated from individuals characterised as
having one stage of bladder cancer as compared to
another stage of bladder cancer. BRIEF DESCRIPTION OF
THE DRAWINGS The invention will now be described in
relation to the drawings in which: Figure 1 is a
graphical representation of an embodiment of the
invention showing all 2 1 possible combinations of
ratios of the seven biomarkers noted in Example 9. The
ROC for each classifier of logistic regression
resulting from each possible combination of biomarkers
is noted in blue. For each resulting classifier, the
sensitivity is noted in red wherethe specificity is
set at 90%. The specificity for each classifier
wherein the sensitivity is set at 90% is noted in
green. Figure 2 is a graphical representation of an
embodiment of the invention showing all possible 210
of two ratios of the seven biomarkers noted in Example
9. The ROC for each classifier of logistic regression
resulting from each possible combination of biomarkers
is noted in blue. For each resulting classifier, the
sensitivity is noted in red where the specificity is
set at 90%. The specificity for each classifier
wherein the sensitivity is set at 90% is noted in
green. Figure 3 is a graphical representation of an
embodiment of the invention showing 1295 of the 1330
possible combinations of three ratios of the seven
biomarkers noted in Example 9 (note that an exhaustive
search can be done, but in this case was not
completed). The ROC for each classifier of logistic
regression resulting from each possible combination of
biomarkers is noted in blue. For each resulting
classifier, the sensitivity is noted in red where the
specificity is set at 90%. The specificity for each
classifier wherein the sensitivity is set at 90% is
noted in green. Figure 4 is a graphical representation
of an embodiment of the invention showing 5250 of the
5985 possible combinations of four ratios of the seven
biomarkers noted in Example 9 (note that an exhaustive
search can be done by merely increasing the length of
computer time for analysis). The ROC for each
classifier of logistic regression resulting from each
possible combination of biomarkers is noted in blue.
For each resulting classifier, the sensitivity is
noted in red where the specificity is set at 90%. The
specificity for each classifier wherein the
sensitivity is set at 90% is noted in green. 3.2
Embodiments Described herein is a composition
comprising a collection of two or more isolated
polynucleotides, each of the polynucleotides
selectively hybridizing to a biomarker. These
biomarkers are genes identified in Table 1. In one
embodiment, the composition can be usedto measure the
level of expression of each of any of least two of
these biomarkers listed in Table 1. In one embodiment,
the polynucleotides of the composition are useful in
quantitative RT-PCR (QRT-PCR). Described herein is a
composition comprising a collection of two or more
isolated polynucleotides, each of the polynucleotides
selectively hybridizing to a biomarker. These
biomarkers are genes identified in Table 1 and/or in
Table 2. In one embodiment, the composition can be
used to measure the level of expression of each of any
of least two of these biomarkers listed in Table 1
and/or in Table 2. In one embodiment, the
polynucleotides of the composition are useful in
quantitative RT-PCR (QRT-PCR). Described herein is a
composition comprising a collection of two or more
isolated polynucleotides, each of the polynucleotides
selectively hybridizing to a biomarker. These
biomarkers are genes identified in Table 11. In one
embodiment, the composition can be used to measure the
level of expression of each of any of least two of
these biomarkers listed in Table 11. hi one
embodiment, the polynucleotides of the composition are
useful in quantitative RT-PCR (QRT-PCR). Described
herein is a composition comprising a collection of two
or more isolated polynucleotides, each polynucleotide
selectively hybridizing to an RNA product of a
biomarker . The RNA products of the biomarkers are
identified in Table 3. In one embodiment, the
composition can be used to measure the level of
expression of at least two of these RNA products. In
one embodiment, the polynucleotides of the composition
are useful in quantitative RT-PCR (QRT-PCR). Described
herein is a composition comprising a collection of two
or more isolated polynucleotides, each polynucleotide
selectively hybridizing to a biomarker. These
biomarkers are genes identified in Table 4. In one
embodiment, the composition can be used to measure the
level of expression of at least two of these
biomarkers. In one embodiment, the polynucleotides of
the composition are useful in quantitative RT-PCR
(QRT-PCR). Described herein is a composition
comprising a collection of two or more isolated
polynucleotides, each the polynucleotide selectively
hybridizing to a biomarker. The biomarkers are genes
identified in Table 4 and Table 5, and at least one of
these biomarkers is selected from Table 4. In one
embodiment, the composition can be used to measure the
levelof expression of at least two of the biomarkers.
In one embodiment, the polynucleotides of the
composition are useful in quantitative RT-PCR
(QRT-PCR). Described herein is a collection of two or
more isolated polynucleotides each polynucleotide
which selectively hybridizing to an RNA product of a
biomarker, wherein the RNA products of the biomarkers
are identified in Table 6. In one embodiment, the
composition is used to measure the level of expression
of at least two of the RNA products. In one
embodiment, the polynucleotides of the composition are
useful in quantitative RTPCR (QRT-PCR). Described
herein is a composition comprising a collection of two
or more isolated polynucleotides, each polynucleotide
selectively hybridizing to a biomarker. The biomarkers
are genes identified in Table 7. In one embodiment,
the composition is used to measure the level of
expression of at least two of the biomarkers. In one
embodiment, the polynucleotides of the composition are
useful in quantitative RT-PCR (QRT-PCR). 



Described herein is a composition comprising a
collection of two or more isolated polynucleotides,
each polynucleotide selectively hybridizing to a
biomarker. The biomarkers are genes identified in
Table 10. In one embodiment, the composition is used
to measure the level of expression of at least two of
the biomarkers. In one embodiment, the polynucleotides
of the composition are useful in quantitative RT-PCR
(QRT-PCR). Described herein is a composition
comprising a collection of two or more isolated
proteins each isolated protein which binds selectively
to a protein product of a biomarker , wherein the
biomarkers are selected from the group consisting of
the genes as set out in Table 1. In one embodiment,
the composition is used to measure the level of
expression of at least two of the biomarkers.
Described herein is a composition comprising a
collection of two or more isolated proteins, each
isolated protein which binds selectively to a protein
product of a biomarker , wherein the biomarkers are
the genes as set out in Table 1 and Table 2, at least
one of the biomarkers is selected from Table 1. In one
embodiment, the composition is used to measure the
level of expression of at least two of the biomarkers.
Described herein is a composition comprising a
collection of two or more isolated proteins each
isolated protein which binds selectively to a protein
product of a biomarker , wherein the protein products
of the biomarkers are the proteins as set out in Table
3, In oneembodiment, the composition is used to
measure the level of expression of at least two of the
protein products. Described herein is a composition
comprising a collection of two or more isolated
proteins each isolated protein binding selectively to
a protein product of a biomarker , wherein the
biomarkers are the genes as set out in Table 4. hi one
embodiment, the composition is used to measure the
level of expression of at least two of the biomarkers.
Described herein is a composition comprising a
collection of two or more isolated proteins, each
isolated protein which binds selectively to a protein
product of a biomarker , wherein the biomarkers are
selected from the group consisting of the genes as set
out in Table 4 and Table 5, at least one of the
biomarkers is selected from Table 4. n one embodiment,
the composition is used to measure the level of
expression of at least two of the biomarkers.
Described herein is a composition comprising a
collection of two or more isolated proteins each
isolated protein which binds selectively to a protein
product of a biomarker , wherein the protein products
of the biomarkers are selected from the proteins as
set out in Table 6. hi one embodiment, the composition
is used to measure the level of expression of at least
two of the protein products. Described herein is a
composition comprising a collection of two or more
isolated proteins, each isolated protein binding
selectively to a protein product of a biomarker,
wherein the biomarkers are selected from the genes as
set out in Table 7. In one embodiment, the composition
is used to measure the level of expression of at least
two of these biomarkers. Described herein is a
composition comprising a collection of two or more
isolated proteins, each isolated protein binding
selectively to a protein product of a biomarker ,
wherein the biomarkers include the genes as set out in
Table 10. hi one embodiment, the composition is used
to measure the level of expression of at least two of
the biomarkers. In the compositions described herein
in the above paragraphs, the isolated proteins are
ligands to a protein product of a biomarker, and these
ligands can be antibodies, including monoclonal
antibodies. hi the compositions described herein in
the above paragraphs, the isolated polynucleotides can
be single or double stranded RNA, or single or double
stranded DNA. Described herein is a method of
diagnosing or prognosing bladder cancer in an
individual, comprising the steps of:a) determining the
level of one or more RNA transcripts expressed in
blood obtained from the individual, wherein the one or
more RNA transcripts corresponds to the one or more
biomarkers of Table 1, and b) comparing the level of
each of the one or more RNA transcripts in the blood
according to step a) with the level of each of the one
or more RNA transcripts in blood from one or more
individuals not having bladder cancer, wherein
detecting differential expression of each of the one
or more RNA transcripts in the comparison of step b)
is indicative of bladder cancer in the individual of
step a). Described herein is a method of diagnosing or
prognosing bladder cancer in an individual, comprising
the steps of: a) determining the level of two or more
RNA transcripts expressed in blood obtained from the
individual, wherein the two or more RNA transcripts
corresponds to the one or more biomarkers of Table 1
and Table 2, wherein at least one of the RNA
transcripts corresponds to abiomarker of Table 1, and
b) comparing the level of each of the one or more RNA
transcripts in the blood according to step a) with the
level of each of the one or more RNA transcripts in
blood from one or more individuals not having bladder
cancer, wherein detecting differential expression of
each of the one or more RNA transcripts in the
comparison of step b) is indicative of bladder cancer
in the individual of step a). Described herein is a
method of diagnosing or prognosing bladder cancer in
an individual, comprising the steps of: a) determining
the level of one or more RNA transcripts expressed in
blood obtained from the individual, wherein thr one or
more RNA transcripts corresponds to the one or more
biomarkers of Table 4, and b) comparing the level of
each of the one or more RNA transcripts in the blood
according to step a) with the level of each of the one
or more RNA transcripts in blood from one or more
individuals not having bladder cancer, wherein
detecting differential expression of each of the one
or more RNA transcripts in the comparison of step b)
is indicative of bladder cancer in the individual of
step a). Described herein is a method of diagnosing or
prognosing bladder cancer in an individual, comprising
the steps of:a) determining the level of two or more
RNA transcripts expressed in blood obtained from the
individual, wherein the two or more RNA transcripts
corresponds to the one or more biomarkers of Table 4
and Table 5, wherein at least one of the RNA
transcripts corresponds to a biomarker of Table 4, and
b) comparing the level of each of the one or more RNA
transcripts in the blood according to step a) with the
level of each of the one or more RNA transcripts in
blood from one or more individuals not having bladder
cancer, wherein detecting differential expression of
each of the one or more RNA transcripts in the
comparison of step b) is indicative of bladder cancer
in the individual of step a). Described herein is a
method of diagnosing or prognosing bladder cancer in
an individual, comprising the steps of: a) determining
the level of one or more RNA transcripts expressed in
blood obtained from the individual, wherein the one or
more RNA transcripts corresponds to the one or more
biomarkers of Table ,7, and b) comparing the level of
each of the one or more RNA transcripts in the blood
according to step a) with the level of each of the one
or more RNA transcripts in blood from one or more
individuals not having bladder cancer, wherein
detecting differential expression of each of the one
or more RNA transcripts in the comparison of step b)
is indicative of bladder cancer in the individual of
step a). Described herein is a method of diagnosing or
prognosing bladder cancer in an individual, comprising
the steps of: a) determining the level of one or more
RNA transcripts expressed in blood obtained from the
individual, wherein the one or more RNA transcripts
corresponds to the one or more biomarkers of Table 10,
and b) comparing the level of each of the one or more
RNA transcripts in the blood according to step a) with
the level of each of the one or more RNA transcripts
in blood from one or more individuals not having
bladder cancer, wherein detecting differential
expression of each of the one or more RNA transcripts
in the comparison of step b) is indicative of bladder
cancer in the individual of step a). Described herein
is a method of diagnosing or prognosing bladder cancer
in an individual, comprising the steps of:a)
determining the level of one or more RNA transcripts
expressed in blood obtained from the individual,
wherein each the one or more RNA transcripts
corresponds to a biomarker selected from the
biomarkers listed in Table 1 and b) comparing the
level of each of the one or more RNA transcripts in
the blood according to step a) with the level of each
of the one or more RNA transcripts in blood from one
or more individuals having bladder cancer, c)
comparing the level of each of the one or more RNA
transcripts in the blood according to step a) with the
level of each of the one or more RNA transcripts in
blood from one or more individuals not having bladder
cancer, d) determining whether the level of the one or
more RNA transcripts of step a) classify with the
levels of the transcripts in step b) as compared with
levels of the transcripts in step c), wherein the
determination is indicative of the individual of step
a) having bladder cancer. Described herein is a method
of diagnosing or prognosing early stage bladder cancer
in an individual, comprising the steps of: a)
determining the level of one or more RNA transcripts
expressed in blood obtained from the individual,
wherein each the one or more RNA transcripts
corresponds to a biomarker selected from the
biomarkers listed in Table 4 and b) comparing the
level of each of the one or more RNA transcripts in
the blood according to step a) with the level of each
of the one or more RNA transcripts in blood from one
or more individuals having early stage bladder cancer,
c) comparing the level of each of the one or more RNA
transcripts in the blood according to step a) with the
level of each of the one or more RNA transcripts in
blood from one or more individuals not having bladder
cancer, d) determining whether the level of the one or
more RNA transcripts of step a) classify with the
levels of the transcripts in step b) as compared with
levels of the transcripts in step c), wherein the
determination is indicative of the individual of step
a) having early stage bladder cancer.Described herein
is a method of diagnosing or prognosing bladder cancer
in an individual, comprising the steps of: a)
determining the level of one or more RNA transcripts
expressed in blood obtained from the individual,
wherein each the one or more RNA transcripts
corresponds to a biomarker selected from the
biomarkers listed in Table 7 and b) comparing the
level of each of the one or more RNA transcripts in
the blood according to step a) with the level of each
of the one or more RNA transcripts in blood from one
or more individuals having bladder cancer, c)
comparing the level of each of the one or more RNA
transcripts in the blood according to step a) with the
level of each of the one or more RNA transcripts in
blood from one or more individuals not having bladder
cancer, d) determining whether the level of the one or
more RNA transcripts of step a) classify with the
levels of the transcripts in step b) as compared with
levels of the transcripts in step c), wherein the
determination is indicative of the individual of step
a) having bladder cancer. Described herein is a method
of diagnosing or prognosing bladder cancer in an
individual, comprising the steps of: a) determining
the level of one or more RNA transcripts expressed in
blood obtained from the individual, wherein each the
one or more RNA transcripts corresponds to a biomarker
selected from the biomarkers listed in Table 10 and b)
comparing the level of each of the one or more RNA
transcripts in the blood according to step a) with the
level of each of the one or more RNA transcripts in
blood from one or more individuals having bladder
cancer, c) comparing the level of each of the one or
more RNA transcripts in the blood according to step a)
with the level of each of the one or more RNA
transcripts in blood from one or more individuals not
having bladder cancer, d) determining whether the
level of the one or more RNA transcripts of step a)
classify with the levels of the transcripts in step b)
as compared with levels of the transcripts in step
c),wherein the determination is indicative of the
individual of step a) having bladder cancer. Described
herein is are methods, including methods if diagnosing
and/or prognosing bladder cancer, wherein the blood
sample consists of whole blood, a drop of blood, or
whole blood or a drop of whole blood that has been
lysed. Described herein is are methods, including
methods if diagnosing and/or 



prognosing bladder cancer, which further comprising
the step of isolating RNA from the blood samples,
Described herein is are methods, including methods if
diagnosing and/or prognosing bladder cancer, which
comprise the step of determining the level of each of
the one or more RNA transcripts, which may include
quantitative RT-PCR (QRT-PCR). The QRT-PCR in some
instances utilizes primers which hybridize to the one
or more transcripts or the complement thereof. The
primers include those that are 15-25 nucleotides in
length. Described herein is are methods, including
methods if diagnosing and/or prognosing bladder
cancer, which comprise the step of determining the
level of each of the one or more RNA transcripts
comprises hybridizing a first plurality of isolated
nucleic acid molecules that correspond to the one or
more transcripts, to an array comprising a second
plurality of isolated nucleic acid molecules.In these
methods, the first plurality of isolated nucleic acid
molecules comprises RNA, DNA, cDNA, PCR products or
ESTs. Described herein is a kit for diagnosing or
prognosing bladder cancer comprising: a) two biomarker
specific priming means designed to produce double
stranded DNA complementary to a biomarker selected
from any of Tables 1, 4, 7, or 10; 11, or 13 wherein
the first priming means contains a sequence which can
selectively hybridize to RNA, cDNA or an EST
complementary to the biomarker to create an extension
product and the second priming means capable of
selectively hybridizing to the extension product; b)
an enzyme with reverse transcriptase activity, c) an
enzyme with thermostable DNA polymerase activity, and
d) a labeling means; wherein the primers are used to
detect the quantitative expression levels of the
biomarker in a test subject.Described herein is a
method of diagnosing or prognosing bladder cancer in
an individual, comprising the steps of: a) determining
the level of one or more proteins expressed in blood
obtained from the individual, wherein the one or more
proteins is encoded by one or more biomarkers listed
in Table 1, and b) comparing the level of each of the
one or more proteins in the blood according to step a)
with the level of each of the one or more proteins in
blood from one or more individuals not having liver
cancer, wherein detecting a difference in the levels
of each of the one or more proteins in the comparison
of step b) is indicative of liver cancer in the
individual of step a). Described herein is a method of
diagnosing or prognosing bladder cancer in an
individual, comprising the steps of: a) determining
the level of one or more proteins expressed in blood
obtained from the individual, wherein the one or more
proteins is encoded by the one or more biomarkers of
Table 1, and b) comparing the level of each of the one
or more proteins in the blood according to step a)
with the level of each of the one or more proteins in
blood from one or more individuals having bladder
cancer, c) comparing the level of each of the one or
more proteins in the blood according to step a) with
the level of each of the one or more proteins in blood
from one or more individuals not having bladder
cancer, d) determining whether the level of the one or
more proteins of step a) classify with the levels of
the proteins in step b) as compared with levels of the
proteins in step c), wherein the determination is
indicative of the individual of step a) having bladder
cancer. Described herein are methods including a
method for diagnosing or prognosing bladder cancer,
which comprise the step of determining the level of
each of the one or more proteins which comprises the
use of one or more antibodies, wherein each of the one
or more antibodies is specific for a protein product
of a biomarker listed in Table 3.Described herein are
methods including a method for diagnosing or
prognosing bladder cancer, which comprise one or more
antibodies which can be a monoclonal antibody, fv.
scfv, dab, fd, fab, and fab'2. Described herein are
methods of identifying biomarkers and/or combinations
of biomarkers useful in the prognosis and/or diagnosis
of bladder cancer, comprising comparing expression
levels of biomarkers from individuals who are known to
have bladder cancer with the levels from individuals
who are known not to have bladder cancer, the
biomarkers being selected from Table 1 and/or Table 2
or Table 7 or Table 10 or Table 11 and/or Table 12.
Described herein are methods of identifying biomarkers
and/or combinations of biomarkers useful in the
prognosis and/or diagnosis of early stage bladder
cancer, comprising comparing expression levels of
biomarkers from individuals who are known to have
early stage bladder cancer with the levels from
individuals who are known not to have bladder cancer,
the biomarkers being selected from Table 3 and/or
Table 4. 4. Tables The objects and features of the
invention can be better understood with reference to
Tables 1-7 which are included after the Examples
Section of the instant specification. Table 1 is a
table showing, in one embodiment of the invention,
biomarkers which differentiate as between bladder
cancer and normal. Biomarkers are annotated on the
basis of their gene ID. Column 1 is the AffySpotID,
Column 2 is the p value, Column 3 is the Fold Change
(Bladder Cancer/Control), Column 4 is the GenelD,
Column 5 is the Gene Symbol, and Column 6 is the Gene
Description. Table 2 is a table showing, in one
embodiment of the invention, biomarkers which
differentiate as between bladder cancer and normal as
previously identified in PCT Patent Application
PCT/US04/020836. Biomarkers are annotated on the basis
of their gene ID. Number. Column 1 is the Gene ID,
Column 2 is the Human KNA Accession Number,Column 3 is
the Human Protein Accession Number, Column 4 is the
Gene Symbol, and Column 5 is the Gene Description.
Table 3 is a table showing, in one embodiment,
products corresponding to the biomarkers identified in
Table 1, including RNA products referred to by the
nucleic acid reference accession numbers and protein
products referred to by the protein reference
accession numbers. Genes are annotated and identified
on the basis of their gene ID. Column 1 is AffySpotID,
Column 2 is the Gene ID, Column 3 is Human RNA
Accession Number, Column 4 is the Human Protein
Accession Number, Column 5 is the Gene Symbol, and
Column 6 is the Gene Description. Table 4 is a table
showing, in one embodiment of the invention,
biomarkers which differentiate as between early stage
bladder cancer and normal. Biomarkers are annotated on
the basis of their gene ID. Column 1 is AffySpotID,
Column 2 is the Gene ID, Column 3 is the Gene Symbol,
Column 4 is Human RNA Accession Number, Column 5 is
the Human Protein Accession Number, and Column 6 is
the Gene Description. Table 5 is a table showing, in
one embodiment of the invention, biomarkers which
differentiate as between early stage bladder cancer
and normal as previously identified in PCT Patent
Application PCT/US04/020836. Biomarkers are annotated
on the basis of their gene ID. Column 1 is the Gene
ID, Column 2 is the Human RNA Accession Number, Column
3 is the Human Protein Accession Number, Column 4 is
the Gene Symbol, and Column 5 is the Gene Description.
Table 6 is a table showing, in one embodiment,
products corresponding to the biomarkers identified in
Table 4 including RNA products referred to by the
nucleic acid reference accession numbers and protein
products referred to by the protein reference
accession numbers. Genes are annotated and identified
on the basis of their gene ID. Column 1 is AffySpotID,
Column 2 is the Gene ID, Column 3 is the Human RNA
Accession Number, Column 4 is the Human Protein
Accession Number, and Column 5 is the Gene Symbol.
Table 7 is a table showing, in one embodiment,
biomarkers which are found in common as between Table
1 and Table 4. Column 1 is the AffySpotID, Column 2 is
the pvalue, Column 3 is the GenelD, Column 4 is the
Gene Symbol, Column 5 the Human KNA Accession Number,
and Column 5 is the Protein Accession Number. Table 8
is a table illustrating data that can be used to form
an ROC curve based on expression data applied to a
mathematical model that uses the logit. Table 9 is a
table listing possible Reporter Genes and the
Properties of the Reporter Gene Products. Table 10 is
a table showing, in one embodiment, a particular
selection of the biomarkers identified in Table 1 and
further annotated in Table 3. Table 11 is a table
showing, in one embodiment, a selection of 349
biomarkers also identified in Table 1 which
distinguish as between bladder cancer as compared with
either testicular or renal cell carcinoma. Biomarkers
are annotated on the basis of their gene ID. Column 1
is the AffySpotID, Column 2 is the Repr RNA Accession
Number, Column 3 is the Gene ID, Column 4 is the Gene
Symbol, Column 5 is the Fold Change (Bladder
Cancer/Control), Column 6 is the Regulation in Disease
p value Bladder Cancer/Control (BCvC), Column 7 is the
Fold Change (Bladder Cancer vs. Other Cancer), and
Column 8 is the Regulation in Bladder Cancer p value
(Bladder Cancer vs. Other Cancer). Table 12 is a table
showing, in one embodiment, selected products
corresponding to the biomarkers identified in Table
11, including RNA products referred to by the nucleic
acid reference accession numbers and protein products
referred to by the protein reference accession
numbers. Genes are annotated and identified on the
basis of their gene ID. Column 1 is the AffySpotID,
Column 2 is the Gene ID, Column 3 is the Gene Symbol,
Column 4 is the Human RNA Accession Number, and Column
5 is the Human Protein Accession Number. Table 13 is a
table showing, in one embodiment, a particular
selection of the biomarkers identified in Table
1.Table 14 is a table showing accession numbers to the
sequences of human RNA products and human protein
products corresponding to the selected biomarkers in
Table 13. Table 15 is selection of biomarker specific
primers to the biomarkers listed in Table 13 and which
were used in accordance with Example 4. Table 16 shows
the results of quantitative real time RT-PCR (QRT-PCR)
of the RNA products of the biomarkers listed in Table
13 as described in Example 4. Table 17, in one
embodiment of the invention, is a demonstration of
isolated antibodies which selectively bind to the
protein products of the biomarkers listed in Table 13
and which are commercially available. Table 18, in one
embodiment of the invention, is a selection of
biomarker specific primers and corresponding biomarker
specific probes which selectively amplify double
stranded DNA complementary to the noted RNA products
which are products of the biomarkers noted in Table
13. Table 19, in one embodiment of the invention,
shows selected 2 gene combinations which can be used
to screen for bladder cancer. Table 20, shows one
embodiment of the invention of a collection of
classifiers utilizing combinations of four ratios of
biomarkers where the biomarkers are selected from
those biomarkers in Table 13. Table 21, shows one
embodiment of the invention of a collection of
classifiers utilizing combinations of three ratios of
biomarkers where the biomarkers are selected from
those biomarkers in Table 13. Table 22, shows one
embodiment of the invention of a collection of
classifiers utilizing combinations of two ratios of
biomarkers where the biomarkers are selected from
those biomarkers in Table 13.16 Table 23, shows one
embodiment of the invention of a collection of
classifiers utilizing combinations of ratios of
biomarkers where the biomarkers are selected from
those biomarkers in Table 13. 5. Detailed Description
of the Invention The practice of the present invention
employs in part conventional techniques of molecular
biology, microbiology and recombinant DNA techniques,
which are within the skill of the art. Such techniques
are explained fully in the literature. See, e.g.,
Sambrook, Fritsch &Maniatis, 1989, Molecular Cloning:
A Laboratory Manual, Second Edition ; Oligonucleotide
Synthesis (MJ. Gait, ed., 1984); Nucleic Acid
Hybridization (B.D. Harnes & SJ. Higgins, eds., 1984);
A Practical Guide to Molecular Cloning (B. Perbal,
1984); and a series, Methods in Enzymology (Academic
Press, Inc.); Short Protocols In Molecular Biology,
(Ausubel et al., ed., 1995). AUpatents, patent
applications, and publications mentioned herein, both
supra and infra, are hereby incorporated by reference
in their entireties. The invention as disclosed herein
identifies biomarkers and biomarker combinations
useful in diagnosing bladder cancer and/or early stage
bladder cancer. In order 



to use these biomarkers, the invention teaches the
identification of the products of these biomarkers
including the RNA products and the protein products.
The invention further encompasses the
oligonucleotides, cDNA, DNA, RNA, PCR products,
synthetic DNA, synthetic RNA, and fragments thereof,
or other combinations of naturally occurring modified
nucleotides that specifically and/or selectively
hybridize to the RNA products of the biomarkers of the
invention. The invention further discloses proteins,
peptides, antibodies, ligands, and fragments thereof
including antigen binding fragments that specifically
and/or selectively hybridize to the protein products
of the biomarkers of the invention. The measuring of
the expression of the RNA product(s) of the biomarkers
and combination of biomarkers of the invention, can be
done by using those polynucleotides which are specific
and/or selective for the RNA product(s) of the
biomarkers of the invention to quantitate
theexpression of the RNA product(s). In a specific
embodiment of the invention, the polynucleotides which
are specific and/or selective for the RNA products are
probes or primers m one embodiment, these
polynucleotides are in the form of a nucleic acid
probes which can be hybridized to a manufactured
array. In another embodiment, commercial arrays can be
used to measure the expression of the RNA product and
the invention teaches which combination of genes to
analyze hi another embodiment, the polynucleotides
which are specific and/or selective for the RNA
products of the biomarkers of the invention are used
in the form of probes and primers in techniques such
as quantitative real-time RT PCR, using for example
SYBR(r)Green, or using TaqMan(r) or Molecular Beacon
techniques, where the polynucleotides used are used in
the form of a forward primer, a reverse primer, a
TaqMan labelled probe or a Molecular Beacon labelled
probe. In one specific embodiment, the results
generated from measuring the level of expression of
the RNA products of the invention can be input into a
model of the invention which is used to identify the
combinations of biomarkers to determine a diagnosis as
defined by the model hi a preferred embodiment, the
same method is used to generate the expression data
used to generate the mathematical model as is used to
diagnose the test individual. The invention further
contemplates the use of proteins or polypeptides as
disclosed herein and would be known by a person
skilled in the art to measure the protein products of
the biomarkers of the invention. Techniques known to
persons skilled in the art (for example, techniques
such as Western Blotting, hnmunoprecipitation, protein
microarray analysis and the like) can then be used to
measure the level of protein products corresponding to
the biomarkers of the invention. As would be
understood to a person skilled in the art, the measure
of the level of expression of the protein products of
the biomarkers of the invention requires a protein
which specifically or selectively binds to one or more
of the protein products corresponding to each
biomarker of the invention. Data representative of the
level of expression of the protein products of the
biomarker of the invention can then be input into the
model generated to identify the combination in order
to determine a diagnosis as defined by the model. In a
preferred embodiment, the same method is used to
generate the expression data used to generate the
mathematical model as is used to diagnose the test
individual.5.1 Samples for Use in the Invention Unless
otherwise indicated herein, a bladder tissue sample
from a subject may be used in accordance with the
methods of the invention, as can a blood sample, a
serum sample, and a lymph node sample. Examples of
subjects from which such a sample may be obtained and
utilized in accordance with the methods of the
invention include, but are not limited to,
asymptomatic subjects, subjects manifesting or
exhibiting 1, 2, 3, 4 or more symptoms of bladder
cancer, subjects clinically diagnosed as having
bladder cancer and or early stage bladder cancer,
subjects predisposed to bladder cancer (e.g., subjects
with a family history of bladder cancer, subjects with
a genetic predisposition to bladder cancer, and
subjects that lead a lifestyle that predisposes them
to bladder cancer or increases the likelihood of
developing bladder cancer), subjects suspected of
having bladder cancer, subjects undergoing therapy for
bladder related disorders, subjects with bladder
cancer and at least one other condition (e.g.,
subjects with 2, 3, 4, 5 or more conditions), subjects
not undergoing therapy for bladder cancer, subjects
determined by a medical practitioner (e.g., a
physician) to be healthy or bladder cancers-free
(i.e., normal), subjects that have been treated for
bladder cancer including subjects which have been
treated successfully for bladder cancer, subjects that
are managing their bladder cancer and subjects that
have not been diagnosed with bladder cancer. In
another embodiment, the subjects from which a sample
may be obtained and utilized have early stage bladder
cancer. In a further embodiment, the subject from
which a sample may be obtained is a test individual
wherein it is unknown whether the person has bladder
cancer, and/or it is unknown what stage of bladder
cancer the test individual has. 5.1.1 Tissue In one
aspect, a tissue sample is obtained is obtained using
any known method from one or more subjects. In a
specific embodiment, tissue is obtained from
individuals suspected of having bladder cancer.
Preferably, the tissue samples are stored in liquid
nitrogen until needed. In a specific embodiment, a
minimum of 0.05 g of tissue sample is isolated to
obtain total RNA. In another embodiment, a minimum of
0.025 g tissues sample is isolated to obtain total
RNA. A tissue sample that is useful according to the
invention is inan amount that is sufficient for the
detection of one or more nucleic acid sequences or
amino acid sequences according to the invention. 5.1.2
Blood hi one aspect of the invention, a sample of
blood is obtained from a subject according to methods
well known in the art. A sample of blood may be
obtained from any subject as described herein m some
embodiments, a drop of blood is collected from a
simple pin prick made in the skin of a subject. A drop
of blood, as disclosed herein encompasses volumes of
less than 1 ml. In some embodiments, the drop of blood
collected from a pin prick is all that is needed.
Blood may be drawn from a subject from any part of the
body (e.g., a finger, a hand, a wrist, an arm, a leg,
a foot, an ankle, a stomach, and a neck) using
techniques known to one of skill in the art, in
particular methods of phlebotomy known in the art. The
amount of blood collected will vary depending upon the
site of collection, the amount required for a method
of the invention, and the comfort of the subject.
However, an advantage of one embodiment of the present
invention is that the amount of blood required to
implement the methods of the present invention can be
so small that more invasive procedures are not
required to obtain the sample. For example, in some
embodiments, all that is required is a drop of blood.
This drop of blood can be obtained, for example, from
a simple pinpri ck hi some embodiments, any amount of
blood is collected that is sufficient to detect the
expression of one, two, three, four, five, ten or more
genes listed in any of Table 1- 7, or 10-12. As such,
in some embodiments, the amount of blood that is
collected is 1ml or less, 500 ml or less, 250 ml or
less, 200 ml or less, 100 ml or less, 50 ml or less,
20 ml or less, 10 ml or less, 1 ml or less, 0.5 ml or
less, 0.1 ml or less, or 0.01 ml or less. However, the
present invention is not limited to such embodiments.
In some embodiments more blood is available and in
some embodiments, more blood can be used to effect the
methods of the present invention. As such, in various
specific embodiments, 0.001 ml, 0.005 ml, 0.01 ml,
0.05 ml, 0.1 ml, 0.15 ml, 0.2 ml, 0.25 ml, 0.5 ml,
0.75 ml, 1 ml, 1.5 ml, 2 ml, 3 ml, 4 ml, 5 ml, 10 ml,
15 ml or more of blood is collected from a subj ect i
another embodiment, 0.001 ml to 15 ml, 0.01 ml to 10
ml, 0.1 ml to 10 ml, 0.1 ml to 5 ml, 1 to 5 ml of
blood is collected from a subject.In some embodiments
of the present invention, blood is stored within a
K3/EDTA tube. In another embodiment, one can utilize
tubes for storing blood which contain stabilizing
agents such as disclosed in U.S. Patent No. 6,617,170
(which is incorporated herein by reference). In
another embodiment the PAXgeneTM blood RNA system
provided by PreAnalytiX, a Qiagen/BD company may be
used to collect blood. In yet another embodiment, the
TempusTM blood RNA collection tubes, offered by
Applied Biosystems may be used. Tempus(tm) collection
tubes provide a closed evacuated plastic tube
containing RNA stabilizing reagent for whole blood
collection. The collected blood collected is
optionally but preferably stored at refrigerated
temperatures, such as 4 0C or on ice, prior to use in
accordance with the methods of the invention, hi some
embodiments, the blood is maintained at 4 0C or on ice
for only 1 hour, 2 hours, 3 hours, 4 hours 5 hours, 6
hours, 7 hours, 8 hours 10 hours or up to 24 hours hi
some embodiments, in addition to storage of the blood
or instead of storage of the blood, isolated nucleic
acid or proteins are stored for a period of time for
later use. Storage of such biomarkers can be for an
hour or more, a day or more, a week or more, a month
or more, a year or more, or indefinitely. hi one
aspect, whole blood is obtained from a normal
individual or from an individual diagnosed with, or
suspected of having osteoarthritis according the
methods of phlebotomy well known in the art. Whole
blood includes unfractionated whole blood which
includes blood wherein the serum or plasma has been
removed and the RNA or rnRNA from the remaining blood
sample has been isolated in accordance with methods
well known in the art (e.g., using, preferably, gentle
centrifugation at 300 to 800 xg for 5 to 10 minutes)
hi a specific embodiment, unfractionated whole blood
also encompasses whole blood treated by mixing the
blood with lysing buffer (e.g., Lysis Buffer (IL):
0.6g EDTA; 1.Og KHCO2, 8.2g NH4Cl adjusted to pH 7.4
(using NaOH)), the sample is centrifuged and the cell
pellet retained, and RNA or mRNA extracted in
accordance with methods known in the art (e.g. "lysed
whole blood") (see for example Sambrook et al. ) . The
use of whole blood is preferred since it avoids the
costly and time-consuming need to separate out the
cell types within the blood (Kimoto, 1998, MoI. Gen.
Genet 258:233-239; Chelly J et al., 1989, Proc. Nat.
Acad. Sci. USA 86:2617-2621; Chelly J et al., 1988,
Nature 333:858-860).In some embodiments of the present
invention, whole blood collected from a subject is
fractionated (i.e., separated into components). In
specific embodiments of the present invention, blood
cells are separated from whole blood collected from a
subject using techniques known in the art. For
example, blood collected from a subject can be
subjected to Ficoll-Hypaque (Pharmacia) gradient
centrifugation. Such centrifugation separates
erythrocytes (red blood cells) from various types of
nucleated cells and from plasma. In particular,
Ficoll-Hypaque gradient centrifugation is useful to
isolate peripheral blood leukocytes (PBLs) which can
be used in accordance with the methods of the
invention. By way of example but not limitation,
macrophages can be obtained as follows. Mononuclear
cells are isolated from peripheral blood of a subject,
by syringe removal of blood followed by Ficoll-Hypaque
gradient centrifugation. Tissue culture dishes are
pre-coated with the subject's own serum or with AB+
human serum and incubated at 37C for one hour.
Non-adherent cells are removed by pipetting. Cold (4C)
1mM EDTA in phosphate-buffered saline is added to the
adherent cells left in the dish and the dishes are
left at room temperature for fifteen minutes. The
cells are harvested, washed with RPMI buffer and
suspended in RPMI buffer. Increased numbers of
macrophages can be obtained by incubating at 370C with
macrophage-colony stimulating factor (M-CSF).
Antibodies against macrophage specific surface
markers, such as Mac-1, can be labeled by conjugation
of an affinity compound to such molecules to
facilitate detection and separation of macrophages.
Affinity compounds that can be used include but are
not limited to biotin, photobiotin, fluorescein
isothiocyante (FITC), or phycoerythrin (PE), or other
compounds known in the art. Cells retaining labeled
antibodies are then separated from cells that do not
bind such antibodies by techniques known in the art
such as, but not limited to, various cell sorting
methods, affinity chromatography, and panning. Blood
cells can be sorted using a using a fluorescence
activated cell sorter (FACS). Fluorescence activated
cell sorting (FACS) is a known method for separating
particles, including cells, based on the fluorescent
properties of the particles. See, for example,
Kamarch, 1987, Methods Enzymol 151:150-165. Laser
excitation of fluorescent moieties in the individual
particles results in a small electrical charge
allowing electromagnetic separation of positive and
negative particles from a mixture. An antibody
orligand used to detect a blood cell antigenic
determinant present on the cell surface of particular
blood cells is labeled with a fluorochrome, such as
FITC or phycoerythrin. The cells are incubated with
the fluorescently labeled antibody or ligand for a
time period sufficient to allow the labeled antibody
or ligand to bind to cells. The cells are processed
through the cell sorter, allowing separation of the
cells of interest from other cells. FACS sorted
particles can be directly deposited into individual
wells of microliter plates to facilitate separation.
Magnetic beads can be also used to separate blood
cells in some embodiments of the present invention.
For example, blood cells can be sorted using a using a
magnetic activated cell sorting (MACS) technique, a
method for separating particles based on their ability
to bind magnetic beads (0.5-100 m diameter). A variety
of useful modifications can be performed on the
magnetic microspheres, including covalent addition of
an antibody which specifically recognizes a cell-solid
phase surface molecule or hapten. A magnetic field is
then applied, to physically manipulate the selected
beads. In a specific embodiment, antibodies to a blood
cell surface marker are coupled to magnetic beads. The
beads are then mixed with the blood cell culture to
allow binding. Cells are then passed through a
magnetic field to separate out cells having the blood
cell surface markers of interest. These cells can 



then be isolated. In some embodiments, the surface of
a culture dish may be coated with antibodies, and used
to separate blood cells by a method called panning.
Separate dishes can be coated with antibody specific
to particular blood cells. Cells can be added first to
a dish coated with blood cell specific antibodies of
interest. After thorough rinsing, the cells left bound
to the dish will be cells that express the blood cell
markers of interest. Examples of cell surface
antigenic determinants or markers include, but are not
limited to, CD2 for T lymphocytes and natural killer
cells, CD3 for T lymphocytes, CDl I a for leukocytes,
CD28 for T lymphocytes, CD19 for B lymphocytes, CD20
for B lymphocytes, CD21 for B lymphocytes, CD22 for B
lymphocytes, CD23 for B lymphocytes, CD29 for
leukocytes, CD14 for monocytes, CD41 for platelets,
CD61 for platelets, CD66 for granulocytes, CD67 for
granulocytes and CD68 for monocytes and
macrophages.Whole blood can be fractionated into cells
types such as leukocytes, platelets, erythrocytes,
etc. and such cell types can be used in accordance
with the methods of the invention. Leukocytes can be
further separated into granulocytes and agranulocytes
using standard techniques and such cells can be used
in accordance with the methods of the invention.
Granulocytes can be separated into cell types such as
neutrophils, eosinophils, and basophils using standard
techniques and such cells can be used in accordance
with the methods of the invention. Agranulocytes can
be separated into lymphocytes (e.g., T lymphocytes and
B lymphocytes) and monocytes using standard techniques
and such cells can be used in accordance with the
methods of the invention. T lymphocytes can be
separated from B lymphocytes and helper T cells
separated from cytotoxic T cells using standard
techniques and such cells can be used in accordance
with the methods of the invention. Separated blood
cells (e.g., leukocytes) can be frozen by standard
techniques prior to use in the present methods. A
blood sample that is useful according to the invention
is in an amount that is sufficient for the detection
of one or more nucleic acid or amino acid sequences
according to the invention. In a specific embodiment,
a blood sample useful according to the invention is in
an amount ranging from 1 ml to 100 ml, preferably 10
ml to 50 ml, more preferably 10 ml to 25 ml and most
preferably 10 ml to 1 ml. 5.1.3 Serum In one aspect of
the invention, serum is obtained from a subject by
first isolating a blood sample, and subsequently
spinning the sample so as to separate the serum from
the remainder of the blood in accordance with methods
well known in the art. A serum sample may be obtained
from any subject as described herein. The amount of
serum collected will vary depending upon the site of
collection of th eblood, the amount required for a
method of the invention, and the comfort of the
subject. However, an advantage of one embodiment of
the present invention is that the amount of blood
required to provide sufficient serum to implement the
methods of the present invention can be so small that
more invasive procedures are not required to obtain
the sample. For example, in some embodiments, all that
is required is a drop of blood and the amount of serum
that is collected is 1ml or less, 500 ml or less, 250
ml or less, 200 ml or less, 100 mil or less, 50 ml or
less, 20 mlor less, 10 ml or less, 1 ml or less, 0.5
ml or less, 0.1 ml or less, or 0.01 ml or less.
However, the present invention is not limited to such
embodiments. In some embodiments more blood is
available and in some embodiments, more blood can be
used to obain sufficient serum to effect the methods
of the present invention. 5.2 RNA Preparation In one
aspect of the invention, RNA is isolated from an
individual in order to measure the RNA products of the
biomarkers of the invention. RNA is isolated from
tissue samples as described herein. Samples can be
from a single patient or can be pooled from multiple
patients. In another aspect, RNA is isolated directly
from blood samples of persons with osteoarthritis as
described herein. Samples can be from a single patient
or can be pooled from multiple patients. Total RNA is
extracted from the tissue samples according to methods
well known in the art. In one embodiment, RNA is
purified from tissue according to the following
method. Following the removal of a tissue of interest
from an individual or patient, the tissue is quick
frozen in liquid nitrogen, to prevent degradation of
RNA. Upon the addition of a volume of tissue
guanidinium solution, tissue samples are ground in a
tissuemizer with two or three 10-second bursts. To
prepare tissue guanidinium solution ( 1 L) 590.8 g
guanidinium isothiocyanate is dissolved in
approximately 400 ml DEPC-treated H2O. 25 ml of 2 M
Tris- Cl, pH 7.5 ( 0.05 M final) and 20 ml Na2EDTA
(0.01 M final) is added, the solution is stirred
overnight, the volume is adjusted to 950 ml, and 50 ml
2-ME is added. Homogenized tissue samples are
subjected to centrifugation for 10 min at 12,000 x g
at 12C. The resulting supernatant is incubated for 2
min at 65C in the presence of 0.1 volume of 20%
Sarkosyl, layered over 9 ml of a 5.7M CsCl solution
(O.lg CsCl/ml), and separated by centrifugation
overnight at 113,000 x g at 22C. After careful removal
of the supernatant, the tube is inverted and drained.
The bottom of the tube (containing the RNA pellet) is
placed in a 50 ml plastic tube and incubated overnight
(or longer) at 4C in the presence of 3 ml tissue
resuspension buffer (5 mM EDTA, 0.5% (v/v) Sarkosyl,
5% (v/v) 2-ME) to allow complete resuspen sion of the
RNA pellet. The resulting RNA solution is extracted
sequentially with 25:24:1 phenol/chloroform/isoamyl
alcohol, followed by 24:1 chloroform/isoamyl alcohol,
precipitated by the addition of 3 M sodium acetate, pH
5.2, and 2.5 volumes of 100% ethanol, and resuspended
in DEPC water (Chirgwin et al., 1979, Biochemistry,
18:5294). Alternatively, RNA is isolated from tissue
according to the following single step protocol. The
tissue of interest is prepared by homogenization in a
glass teflon homogenizer in 1ml denaturing solution
(4M guanidinium thiosulfate, 25 mM sodium citrate, pH
7.0, 0.1M 2-ME, 0.5% (w/v) N-laurylsarkosine) per
lOOmg tissue. Following transfer of the homogenate to
a 5-ml polypropylene tube, 0.1 ml of 2 M sodium
acetate, pH 4, 1ml water-saturated phenol, and 0.2 ml
of 49:1 chloroform/isoamyl alcohol are added
sequentially. The sample is mixed after the addition
of each component, and incubated for 15 min at 0-40C
after all components have been added. The sample is
separated by centrifugation for 20 min at 10,000 x g,
4C, precipitated by the addition of 1ml of 100%
isopropanol, incubated for 30 minutes at -2O0C and
pelleted by centrifugation for 10 minutes at 10,000 x
g, 4C. The resulting RNA pellet is dissolved in 0.3 ml
denaturing solution, transferred to a micro fuge tube,
precipitated by the addition of 0.3 ml of 100%
isopropanol for 30 minutes at -200C, and centrifuged
for 10 minutes at 10,000 x g at 4C. The RNA pellet is
washed in 70% ethanol, dried, and resuspended in
100-200 ml DEPC-treated water or DEPC-treated 0.5% SDS
(Chomczynski and Sacchi, 1987, Anal. Biochem.,
162:156). Preferably, the tissue samples are finely
powdered under liquid nitrogen and total RNA is
extracted using TRIzol(r) reagent (GIBCO/BRL).
Alternatively, RNA is isolated from blood. In one
embodiment, RNA is isolated by the following protocol.
Lysis Buffer is added to blood sample in a ratio of 3
parts Lysis Buffer to 1 part blood (Lysis Buffer (IL)
0.6g EDTA; 1.Og KHCO2, 8.2g NH4Cl adjusted to pH 7.4
(using NaOH)). Sample is mixed and placed on ice for
5-10 minutes until transparent. Lysed sample is
centrifuged at 1000 rpm for 10 minutes at 4C, and
supernatant is aspirated. Pellet is resuspended in 5
ml Lysis Buffer, and centrifuged again at 1000 rpm for
10 minutes at 40C. Pelleted cells are homogenized
using TRIzol(r) (GIBCO/BRL) in a ratio of
approximately 6 ml of TRIzol(r) for every 10 ml of the
original blood sample andvortexed well. Samples are
left for 5 minutes at room temperature. RNA is
extracted using 1.2 ml of chloroform per 1ml of
TRIzol(r). Sample is centrifuged at 12,000 x g for 5
minutes at 40C and upper layer is collected. To upper
layer, isopropanol is added in ratio of 0.5 ml per 1ml
of TRIzol(r). Sample is left overnight at -20C or for
one hour at -2O0C. RNA is pelleted in accordance with
known methods, RNA pellet air dried, and pellet
resuspended in DEPC treated ddHaO. RNA samples can
also be stored in 75% ethanol where the samples are
stable at room temperature for transportation.
Alternatively, RNA is isolated from synovial fluid
using TRIzol(r) reagent (GBCO/BRL) as above. Purity
and integrity of RNA is assessed by absorbance at
260/280nm and agarose gel electrophoresis followed by
inspection under ultraviolet light. 5.3 Biomarkers of
the Invention In one embodiment, the invention
provides biomarkers and biomarker combinations wherein
the measure of the level of expression of the product
or products of said biomarkers is indicative of
bladder cancer. In another embodiment, the invention
provides biomarkers and biomarker combinations,
wherein the measure of the level of expression of the
product or products of said biomarkers can be used to
diagnose whether an individual has bladder cancer
and/or early stage bladder cancer. Table 1 provides a
list of the gene names and the associated gene ID
(formerly locus link ID)for the biomarkers of the
invention wherein the measure of the level of
expression of the biomarkers, either individually, or
in combination, can be used to diagnose an individual
as having bladder cancer; or not having bladder
cancer. As would be understood by a person skilled in
the art, the gene ID can be used to determine the
sequence of all the RNA transcripts and all of the
proteins which correspond to the biomarkers listed.
Table 2 provides biomarkers disclosed in PCT
Application Number PCT/US04/020836 which can be used
in combination with one or more of the biomarkers
disclosed in Table 1 as taught herein to diagnose
bladder cancer or to differentiate as between a person
having bladder cancer or not having bladder
cancer.Table 3 in particular discloses reference
accession numbers corresponding to the RNA products of
the biomarkers and reference accession numbers
corresponding to the protein products of the
biomarkers listed in Table 1. Table 4 provides a list
of the gene names and the associated gene ID for the
biomarkers of the invention wherein the measure of the
level of expression of the biomarkers, either
individually, or in combination, can be used to
diagnose an individual as having early stage bladder
cancer; or not having bladder cancer. As would be
understood by a person skilled in the art, the gene ID
can be used to determine the sequence of all the RNA
transcripts and all of the proteins which correspond
to the biomarkers listed. Table 5 provides biomarkers
disclosed in PCT Application Number PCT/US04/020836
which can be used in combination with one or more of
the biomarkers disclosed in Table 4 as taught herein
to diagnose early stage bladder cancer or to
differentiate as between a person having early stage
bladder cancer or not having bladder cancer. Table 6
in particular discloses reference accession numbers
corresponding to the RNA products of the biomarkers
and reference accession numbers corresponding to the
protein products of the biomarkers listed in Table 4.
Table 7 in particular discloses a list of the gene
names and the associated gene ID for the biomarkers of
the invention which differentiate bladder cancer from
non bladder cancer. Table 10 in particular discloses a
list of the gene names and associated gene IDs for a
selection of biomarkers identified in Table 1 which
differentiate bladder cancer from non bladder cancer.
Table 11 provides a list of the gene names and the
associated gene ID (formerly locus link ID)for a
selection of biomarkers of the invention wherein the
measure of the level of expression of the biomarkers,
either individually, or in combination, can be used to
diagnose an individual as having bladder cancer; or
not having bladder cancer. As would be understood by a
person skilled in the art, the gene ID can be used to
determine the sequence of all the RNA transcripts and
all of the proteins which correspond to the biomarkers
listed.Table 12 in particular discloses reference
accession numbers corresponding to the RNA products of
the biomarkers and reference accession numbers
corresponding to the protein products of the
biomarkers listed in Table 11. The invention thus
encompasses the use of those methods known to a person
skilled in the art and outlined herein to measure the
expression of these biomarkers and combinations of
biomarkers for each of the purposes outlined above.
5.4 Combinations of Biomarkers In one embodiment,
combinations of biomarkers of the present invention
includes any combination of any number up to 2, 3, 4,
5, 6, 7, 8, 10, 20, 30, 40, 50, 100, 125, 150, 175,
200 or all of the biomarkers listed in Table 1. In
another embodiment of the invention, combinations of
biomarkers of the present invention include any
combination of any one or any number up to 1, 2, 3, 4,
5, 6, 7, 8, 10, 20, 30, 40, 50, 100 125, 150, 175, 200
or all of the biomarkers listed in Table 1 in
combination with any one or any number up to 1, 2, 3,
4, 5, 6, 7, 8, 10, 20, 30, 40, 50, 100, 250, 500, 750,
1000, 1500, 2000, 2500, 3000, 3500, 4000 or all of the
biomarkers listed in Table 2, the measurement of
expression of the products of which can be used for
diagnosing whether an individual has bladder cancer or
does not have bladder cancer. In another embodiment,
combinations of biomarkers of the present invention
includes any combination of any number up to 2, 3, 4,
5, 6, 7, 8, 10, 20, 30, 40, 50, 100, 150, 200, 250,
300, 350, 400, 450, 500, 1000, 1250, 1500, 1750, 2000,
or all of the RNA and/or protein products listed in
Table 3. In another embodiment, combinations of 



biomarkers of the present invention includes any
combination of any number up to 2, 3, 4, 5, 6, 7, 8,
10, 20, 30, 40, 50, 100, 125, 150, 175, 200, 250, 300,
350, 400, 450, 500 or all of the biomarkers listed in
Table 4. In another embodiment of the invention,
combinations of biomarkers of the present invention
include any combination of any one or any number up to
1, 2, 3, 4, 5, 6, 7, 8, 10, 20, 30, 40, 50, 100, 125,
150, 175, 200, 250, 300, 350, 400, 450, 500 or all of
the biomarkers listed in Table 4 in combination with
any one or any number up to 1, 2, 3, 4, 5, 6, 7, 8,
10, 20, 30, 40, 50, 100, 150, 200, 250, 300, 350, 400,
450, 500, 1000, 1250, 1500, 1750, 2000, 2250, or all
of the biomarkers listed in Table 5, the measurement
of expression of the products of which can be used for
diagnosing whether an individual has early bladder
cancer or does not have bladder cancer. In another
embodiment, combinationsof biomarkers of the present
invention includes any combination of any number up to
2, 3, 4, 5, 6, 7, 8, 10, 20, 30, 40, 50, 100 150, 200,
250, 300, 350, 400, 450, 500, 1000, 1250, 1500, 1750,
2000, 2250, 2500, 2750, 3000, 3250, or all of the RNA
and/or protein products listed in Table 6. In another
embodiment of the invention, combinations of
biomarkers of the present invention include any
combination of any one or any number up to 1, 2, 3, 4,
5, 6, 7, 8, 10, 20, 30, 40, 50, 75, 100, 125, 150,
175, 200 or all of the biomarkers listed in Table 7.
.In another embodiment, combinations of biomarkers of
the present invention includes any combination of any
number up to 2, 3, 4, 5, 6, 7, 8, 9 or all of the
biomarkers listed in Table 10. For instance, the
number of possible combinations of a subset ni ofn
genes is described in Feller, Intro to Probability
TJieory, Third Edition, volume 1, 1968, ed. J. Wiley,
using the general formula: ml/(n)l (m-n)\ In one
embodiment, where n is 2 and m is 19, there are: 19! =
19 x 18 x 17 x 16 x 15 x 14 x l 3x12x11x1
0x9x8x7x6x5x4x3x2x1 2 1 (19-2)1 (2x1) (19x 18x 17x 16x
15x 14 x l 3x12x1 1x10x9x8x7x6x5x4x3x2x1) 1.216 I Q17
= 171 7.11 W 14 unique two-gene combinations. The
measurement of the gene expression of each of these
two-gene combinations can independently be used to
determine whether a patient has bladder cancer. In
another specific embodiment in which m is 19 and n is
three, there are 19!/3!(19- 3)! unique three-gene
combinations. Each of these unique three-gene
combinations can independently serve as a model for
determining whether a patient has bladder cancer. 5.5
Selection of Particularly Useful Combinations of
Biomarkers Although combinations of the biomarkers in
any of the Table 1-7, andlO-13 of the invention are
useful for diagnosing bladder cancer and/or early
bladder cancer respectively, the invention further
provides a means of selecting and evaluating
combinationsof biomarkers from any particular Table or
combination of Tables which can be used to diagnose
bladder cancer. In order to identify useful
combinations of biomarkers a mathematical model is
used to develop a classifier which is able to
differentiate as between bladder cancer and/or early
bladder cancer and non bladder cancer using the data
reflective of the level of expression of each
biomarker of a combination of biomarkers where each
biomarker is selected from those biomarkers identified
in one or more of the Tables 1-7 and 10-13.
Classifiers are then evaluated or scored for their
ability to differentiate as between bladder cancer
and/or early bladder cancer and non bladder cancer to
select those classifiers (and thus those combinations
of biomarkers) which are best able to diagnose an
individual as having bladder cancer and/or early
bladder cancer. Classifiers are created by using data
representative of the level of expression of the
product of two or more selected biomarkers for each
individual within a training population and applying a
mathematical model. The phenotypic characteristics of
the training population is important in order to
ensure that the resulting classifier has the desired
utility. For example, in one embodiment, the training
population used is comprised of two phenotypic
subgroups - individuals who are known to have bladder
cancer, and individuals who are known not to have
bladder cancer and the biomarkers are selected from
Table 1 and/or Table 2 or Table 7 or Table 10 or Table
11 and/or Table 12. hi another embodiment, the
training population used is comprised of two
phenotypic subgroups - individuals who are known to
have early stage bladder cancer, and individuals who
are known not to have bladder cancer and the
biomarkers are selected from Table 3 and/or Table 4.
The data which is input into the mathematical model
can be any data which is representative of the
expression level of the product of a biomarker. hi one
embodiment, the data input into the mathematical model
for each biomarker is data obtained using any method
known to a person skilled in the art to measure the
level of gene expression including measuring the RNA
product of the biomarker and/or measuring the protein
product of the biomarker. In a preferred embodiment,
the data input into the mathematical model is data
obtained using quantitative real-time PCR (qRT-PCR).In
order to identify particularly useful combinations of
biomarkers, it is possible to develop a classifier for
each possible combination of biomarkers for any one of
Table 1, Table 2, Table 1 and Table 2 combined, Table
4, Table 5, Table 4 and Table 5 combined, Table 7 or
Table 10 can and then score the classifiers so as to
select from the scored classifiers those which are the
most useful for diagnosing bladder cancer or early
bladder cancer. In order to develop classifiers, a
mathematical model is used. Mathematical models which
are useful in accordance with the invention can be
selected from the following: a regression model, a
logistic regression model, a neural network, a
clustering model, principal component analysis,
nearest neighbour classifier analysis, linear
discriminant analysis, quadratic discriminant
analysis, a support vector machine, a decision tree, a
genetic algorithm, classifier optimization using
bagging, classifier optimization using boosting,
classifier optimization using the Random Subspace
Method, a projection pursuit, and weighted voting. The
classifier generated are subsequently scored and/or
ranked as outlined in section 5 so as to identify
those classifiers of sufficient sensitivity and/or
specificity to diagnose individuals as having bladder
cancer and/or early bladder cancer. In order to score
the classifiers, classifiers can be tested to
determine the ability of the classifier to correctly
call each individual of the training population as
described herein. The classifier generated can also be
evaluated or scored by determining the ability of the
classifier to correctly call one or more individuals
of a "scoring population". The scoring population is
similar to the training population described in
Section 5.7 below, however the scoring population is
made up of one or more individuals not used to
generate the classifier. As such the scoring
population is comprised of individuals who have
already been diagnosed as having e.g. bladder cancer
(the first phenotypic subgroup) and individuals not
having bladder cancer (the second phenotypic
subgroup). In one embodiment, the scoring population
includes members of the training population in
addition to one or more members not used in the
training population. In some embodiments, five percent
or less, ten percent or less, twenty percent or less,
thirty percent or less, fifty percent or less, or
ninety percent or less of the members of the training
population are common to the scoring population.As
would be understood by a person skilled in the art,
this allows one to predict the ability of the
classifiers to properly characterize an individual
whose phenotypic characterization is unknown. The
resulting classifiers can be used to diagnosis an
unknown or test individual to determine whether said
test individual has bladder cancer and/or early stage
bladder cancer. In one embodiment, two or more
classifiers ("classifier group") can be used determine
the diagnosis of a test individual. For instance, in
some embodiments, the top 10 ranking classifiers, the
top 20 ranking classifiers, or the top 100 ranking
classifiers are selected hi some embodiments, any of
the top 1 to top 500 ranking classifiers is selected
hi instances classifier groups are used for diagnosis,
in one embodiment each classifier contributes one vote
to the diagnosis of the test subject such that
diagnosis of the test subject is determined as a
result of a combination of classifi ers hi other
embodiments, different weighting schema applied to
each classifier. For example, weighting schema can
include weighting on the basis of factors such as the
original score the classifier, the logs odd ratio
("logit"), the size of the coefficients for each
classifier, some combination thereof and the like. In
one embodiment, the classifier or classifier group is
used directly for the diagnosing as described above.
In another embodiment however, the combination
identified can be used independently of the classifier
which identified the genes. For example, the gene
expression profile resulting from the 10 genes can be
monitored to evaluate a test individual wherein the
gene expression profile of the test individual is
compared to the gene expression profile of the 10
genes from individuals having bladder cancer and a
gene expression profile of the 10 genes in individuals
not having bladder cancer. 5.6 Data for input into
Mathematical Models to Select Particularly Useful
Biomarker Combinations for Diagnosis of Bladder Cancer
and Early Stafie Bladder Cancer For example, in order
to identify those biomarkers which are useful in
diagnosing an individual as having bladder cancer, or
not having bladder cancer, data reflective of the
level of expression of one or more of the mRNA
products of the biomarkersof Table 1 and/or Table 2
and/or Table 7 and/or Table 10 and/or Table 11 are
used within a training population of individuals, the
first phenotypic subgroup having bladder cancer, and a
second phenotypic subgroup of individuals not having
bladder cancer. For purposes of characterizing the
training population into the prescribed phenotypic
subgroups^ any method of bladder cancer diagnosis can
be used. In a preferred embodiment, a cytoscopy is
utilized to determine diagnosis of bladder cancer for
purposes of the training population. In another
embodiment, in order to identify those biomarkers
which are useful in diagnosing an individual as having
early stage bladder cancer, or not having bladder
cancer, data reflective of the level of expression of
one or more of the mRNA products of the biomarkers of
Table 4 and/or Table 5 from individuals within a
training population comprised of individuals having
early stage bladder cancer and individuals not having
bladder cancer. In another embodiment data reflective
of the level of expression of one or more protein
products of the biomarkers of Table 1 and/or Table 2
and/or Table 7 and/or Table 10 are used in a training
population of individuals, the first phenotypic
subgroup having bladder cancer, and a second
phenotypic subgroup of individuals not having bladder
cancer. For purposes of characterizing the training
population into the prescribed phenotypic subgroups,
any method of bladder cancer diagnosis can be used. In
another embodiment data reflective of the level of
expression of one or more protein products of the
biomarkers of Table 1 and/or Table 2 and/or Table 7
and/or Table 10 and/or Table 11 are used in a training
population of individuals, the first phenotypic
subgroup having bladder cancer, and a second
phenotypic subgroup of individuals not having bladder
cancer. For purposes of characterizing the training
population into the prescribed phenotypic subgroups,
any method of bladder cancer diagnosis can be used.
5.7 The Training Population In some embodiments, the
reference or training population includes between 10
and 30 subjects. In another embodiment the training
population contains between 30-50 subjects. In still
other embodiments, the reference population includes
two or morepopulations each containing between 50 and
100, 100 and 500, between 500 and 1000, or more than
1000 subjects. In some embodiments, members of each
phenotypic subgroup (i.e. bladder cancer and non
bladder cancer members) of the training population are
preferably selected such that each phenotypic subgroup
of the training population has a similar distribution
with respect to at least one, two, three, four, five,
six, one or more, two or more, three or more, four or
more, five or more, six or more, between one and 1000
other phenotypes. For example, age, sex, genetic
variation information (e.g., gene SNP mutations,
restriction fragment length polymorphisms,
microsatellite markers, restriction fragment length
polymorphisms, and presence, absence or
characterization of short tandem repeats.), treatment
regimens; co-morbidities; concentrations of
metabolites, blood chemistry levels, and/or other
indicators of health and/or wellness. 5.8 Mathematical
Models 5.8.1 Regression Models In some embodiments the
expression data for each combination of biomarkers to
be tested are used in within a regression model,
preferably a logistic regression model. Such a
regression model will determine an equation for each
possible combination of biomarkers tested, each
equation providing a coefficient to be multiplied by
the data reflective of the expression level of each
individual biomarker represented by the model. In
general, the multiple regression equation of interest
can be written Y =a +biX1+b2X 2 + +bkX k +e where 7,
the dependent variable, is presence (when 7 is
positive) or absence (when 7 is negative) of the first
phenotypic trait of (e.g., having mild
osteoarthritis). This model says that the dependent
variable 7 depends on Ic explanatory variables (the
measured values representative of the level of the
gene product in the tissue of interest for the Ic
select genesrom subjects in the first and second
phenotypic subgroups in the training population), plus



an error term that encompasses various unspecified
omitted factors. In the above-identified model, the
parameter b\ gauges the effect of the first
explanatory variable X \ on the dependent variable Y,
holding the other explanatory variables constant.
Similarly, /?2 gives the effect of the explanatory
variable X2 on Y, holding the remaining explanatory
variables constant. The logistic regression model is a
non-linear transformation of the linear regression.
The logistic regression model is termed the "logit"
model and can be expressed as where, hi is the natural
logarithm, logexp, where exr=2.7 1828 ..., p is the
probability that the event Y occurs, p(Y=l), p/(l- r)
is the "odds ratio", ln[p/(l-p)] is the log odds
ratio, or "logit", and all other components of the
model are the same as the general regression equation
described above. It will be appreciated by those of
skill in the art that the term for a and e can be
folded into the same constant. Indeed, in preferred
embodiments, a single term is used to represent aand
e. The "logistic" distribution is an S-shaped
distribution function. The logit distribution
constrains the estimated probabilities (p) to lie
between 0 and 1. In some embodiments of the present
invention, the logistic regression model is fit by
maximum likelihood estimation (MLE). In other words,
the coefficients (e.g., a, b\ , / ?2, ...) are
determined by maximum likelihood. A likelihood is a
conditional probability (e.g., P(Y|X), the probability
of Y given X). The likelihood function (L) measures
the probabilityof observing the particular set of
dependent variable values (Y1, Y2, ..., Yn) that occur
in the sample data set. It is written as the
probability of the product of the dependent variables:
The higher the likelihood function, the higher the
probability of observing the Ys in the sample. MLE
involves finding the coefficients (a, b\ , / 2, . ..)
that makes the log of the likelihood function (LL < 0)
as large as possible or -2 times the log of the
likelihood function (-2LL) as small as possible. In
MLE, some initial estimates of the parameters a,b\ , /
2, ... are made. Then the likelihood of the data given
these parameter estimates is computed. The parameter
estimates are improved the likelihood of the data is
recalculated. This process is repeated until the
parameter estimates do not change much (for example, a
change of less than .01 or .001 in the probability).
Examples of logistic regression and fitting logistic
logistic regression models are found in Hastie, The
Elements of Statistical Learning, Springer, New York,
2001, pp. 95-100 which is incorporated herein in its
entirety. 5.8.2 Neural Networks In another embodiment,
the expression measured for each of the biomarkers of
the present invention can be used to train a neural
network. A neural network is a two-stage regression or
classification model. A neural network has a layered
structure that includes a layer of input units (and
the bias) connected by a layer of weights to a layer
of output units. For regression, the layer of output
units typically includes just one output unit.
However, neural networks can handle multiple
quantitative responses in a seamless fashion. As such
a neural network can be applied to allow
identification of biomarkers which differentiate as
between more than two populations. In one specific
example, a neural network can be trained using
expression data from the products of the biomarkers in
Table 1 including those noted in Table 3 to identify
those combinations of biomarkers which are specific
for bladder cancer as compared with not having bladder
cancer. As a result, the trained neural network can be
used to directly identify combination of biomarkers
useful as stage specific biomarkers. In some
embodiments, the back-propagation neural network (see,
for exampleAbdi, 1994, "A neural network primer", J.
Biol. System. 2, 247-283) containing a single hidden
layer often neurons (ten hidden units) found in
EasyNN-Plus version 4.Og software package (Neural
Planner Software Inc.) is used. Neural networks are
described in Duda et al., 2001, Pattern
Classification, Second Edition, John Wiley & Sons,
Inc., New York; and Hastie et al., 2001, The Elements
of Statistical Learning, Springer-Verlag, New York
which is incorporated herein in its entirety. 5.8.3
Other Mathematical Models The pattern classification
and statistical techniques described above are merely
examples of the types of models that can be used to
construct a model for bladder cancer classification,
for example clustering as described on pages 2 11-256
of Duda and Hart, Pattern Classification and Scene
Analysis, 1973, John Wiley & Sons, Inc., New York,
incorporated herein by reference in its entirety;
Principal component analysis, (see for JoUiffe, 1986,
Principal Component Analysis, Springer, New York,
incorporated herein by reference); nearest neighbour
classifier analysis, (see for example Duda, Pattern
Classification, Second Edition, 2001, John Wiley &
Sons, Inc; and Hastie, 2001, The Elements of
Statistical Learning, Springer, New York); linear
discriminant analysis, (see for example Duda, Pattern
Classification, Second Edition, 2001, John Wiley &
Sons, Inc; and Hastie, 2001, The Elements of
Statistical Learning, Springer, New York; Venables &
Ripley, 1997, Modern Applied Statistics with s-plus,
Springer, New York); Support Vector Machines (see, for
example, Cristianini and Shawe-Taylor, 2000, An
Introduction to Support Vector Machines, Cambridge
University Press, Cambridge, Boser et al, 1992, "A
training algorithm for optimal margin classifiers, in
Proceedings of the 5th Annual ACM Workshop on
Computational Learning Theory, ACM Press, Pittsburgh,
PA, pp. 142-152; Vapnik, 1998, Statistical Learning
Theory, Wiley, New York, all of which are incorporated
herein by reference.) 5.9 Choice of Biomarkers
Combinations to Select Classifiers It is preferred to
select all of the biomarkers for use in subsequent
sections. Thus all possible combinations of biomarkers
are evaluated using data representative of thelevel of
the products of each of the biomarkers. In some
embodiments, it is not possible to choose all possible
combinations, so subsets of biomarkers are first
chosen and then combinations of the subset of
biomarkers are used. As would be understood, a
selection criteria based on the desired number of
selected biomarkers will depend upon the resources
available for obtaining the data representing the
level of the product of the biomarker and/or the
computer resources available for calculating and
evaluating classifiers of all or a portion of possible
combinations of the selected biomarkers. In some
embodiments, the desired number of selected biomarkers
which can be evaluated is 4,000; 3,000; 2,000; 1,000;
900; 800; 700; 600; 500; 400; 300; 200; 190; 180; 170;
160; 150; 140; 130; 120; 110; 100; 90; 80; 70; 60; 50;
40; 30; 20; 10. In one embodiment of the invention,
each possible combination of the biomarkers in Table 1
are evaluated. In another embodiment of the invention,
each possible combination of 2, 3, 4, 5, 6, 7, 8, 9,
10, 20, 30, 40, 50, 60, etc biomarkers of Table 1 are
evaluated. In another embodiment of the invention,
each possible combination of 2 and/or 3 and/or 4
and/or 5 and/or 6 and/or 7 and/or 8 and/or 9 and/or 10
of all of the biomarkers of Table 1 are evaluated. In
another embodiment of the invention, each possible
combination of 2 and/or 3 and/or 4 and/or 5 and/or 6
and/or 7 and/or 8 and/or 9 and/or 10 of a portion of
the biomarkers of Table 1 are evaluated. In another
embodiment of the invention, the portion of the
biomarkers of Table 1 which are evaluated are 20, 30,
40, 50, 60, 70, 80, 90, 100, 125, 150, 175, 200, 225,
or 250 of the biomarkers in Table 1. hi yet another
embodiment of the invention, the portion of the
biomarkers of Table 1 which are selected are ranked on
the basis of individual p value wherein the p value is
indicative of each biomarkers individual ability to
differentiate between members having bladder cancer
and members not having bladder cancer, and then the
top 60, 50, 40, 30, 20, or 10 individually ranked
biomarkers are selected and each possible combination
of 2 and/or 3 and/or 4 and/or 5 and/or 6 and/or 7
and/or 8 and/or 9 and/or 10 of all of the selected
biomarkers are utilized to create classifiers, which
classifiers are evaluated for the ability to
differentiate as between members having bladder cancer
and members not having bladder cancer. In yet another
embodiment, subsets of biomarkers of Table 1 are
chosen whose p value is less than 0.5; less than 0.1,
less than 0.05, less than 0.01, less than 0.005, less
than 0.001, less than 0.0005, less than 0.0001, less
than 0.00005, less than 0.00001, less than 0.000005,
less than 0.000001 etc. In someembodiments, subsets of
biomarkers of Table 1 are chosen on the basis of the
level of differential expression displayed by the
biomarker products as between the two or more trait
subgroups. Note that in measuring differential fold
change in blood, the fold change differences can be
quite small, thus in some embodiments, selection of
biomarkers is based on a differential fold change
where the fold change is greater than 1.2, greater
than 1.3, greater than 1.4, greater than 1.5, greater
than 1.6, greater than 1.7, greater than 1.8, greater
than 1.9, greater than 2.0, greater than 2.1, greater
than 2.2, greater than 2.3, greater than 2.4, greater
than 2.5, greater than 2.6, greater than 2.7, greater
than 2.8, greater than 2.9, greater than 3.0, greater
than 3.1, greater than 3.2. greater than 3.3, greater
than 3.4 greater than 3.5, greater than 4.0 and the
like. In some embodiments, it is helpful to select
biomarkers for forming combinations on the basis of
both p value and fold change as would be understood by
a person skilled in the art. Thus in some embodiments,
biomarkers are first selected as outlined above on the
basis of the p value resulting from the biomarker data
and then a subselection of said biomarkers is chosen
on the basis of the differential fold change
determined from the biomarker data m other
embodiments, biomarkers are first selected on the
basis of differential fold change, and then
subselection is made on the basis of p value. In some
embodiments, the use of one or more of the selection
criteria and subsequent ranking permits the selection
of the top 2.5%, 5%, 7.5%, 10%, 12.5%, 15%, 17.5%,
20%, 30%, 40%, 50% or more of the ranked biomarkers
for use in forming classifiers. .In another embodiment
of the invention, each possible combination of the
biomarkers in Table 1 and Table 2 combined are
evaluated with the proviso that at least one biomarker
from Table 1 is included in the combinations
evaluated. In another embodiment of the invention,
each possible combination of 1, 2, 3, 4, 5, 6, 7, 8,
9, 10, 20, 30, 40, 50, 60, etc biomarkers of Table 1
in combination with 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 20,
30, 40, 50, 60, etc biomarkers of Table 2 are
evaluated. In another embodiment of the invention, an
exhaustive search for combinations of 2 and/or 3
and/or 4 and/or 5 and/or 6 and/or 7 and/or 8 and/or 9
and/or 10 of all of the biomarkers of Table 1 and
Table 2 combined are evaluated. In another embodiment
of the invention, each possible combination of 2
and/or 3 and/or 4 and/or 5 and/or 6 and/or 7 and/or 8
and/or 9 and/or 10 of a portion of the biomarkers of
Table 1 and Table 2 are evaluated. In another
embodiment of the invention, the portion of the
biomarkers of Table 1 and Table 2 which are evaluated
are 20, 30, 40, 50, 60, 70, 80, 90, 100, 125, 150,
175, 200, 225, or 250 ofthe biomarkers in Table 1
combined with 1 2, 3, 4, 5, 6, 7, 8, 9, 10, 20, 30,
40, 50, 75, 100, 150, 200, 300, etc of the biomarkers
in Table 2 are utilized. In yet another embodiment of
the invention, the portion of the biomarkers of Table
1 and Table 2 which are selected are ranked on the
basis of individual p value wherein the p value is
indicative of each biomarkers individual ability to
differentiate between members having bladder cancer
and members not having bladder cancer, In yet another
embodiment, subsets of biomarkers of Table 1 and Table
2 are chosen whose p value is less than 0.5; less than
0.1, less than 0.05, less than 0.01, less than 0.005,
less than 0.001, less than 0.0005, less than 0.0001,
less than 0.00005, less than 0.00001, less than
0.000005, less than 0.000001 etc. In some embodiments,
subsets of biomarkers of Table 1 and Table 2 are
chosen on the basis of the level of differential
expression displayed by the biomarker products. Note
that in measuring differential fold change in blood,
the fold change differences can be quite small, thus
in some embodiments, selection of biomarkers is based
on a differential fold change where the fold change is
greater than 1.2, greater than 1.3, greater than 1.4,
greater than 1.5, greater than 1.6, greater than 1.7,
greater than 1.8, greater than 1.9, greater than 2.0,
greater than 2.1, greater than 2.2, greater than 2.3,
greater than 2.4, greater than 2.5, greater than 2.6,
greater than 2.7, greater than 2.8, greater than 2.9,
greater than 3.0, greater than 3.1, greater than 3.2.
greater than 3.3, greater than 3.4 greater than 3.5,
greater than 4.0 and the like. In some embodiments, it
is helpful to select biomarkers for forming
combinations on the basis of both p value and fold
change as would be understood by a person skilled in
the art. Thus in some embodiments, biomarkers are
first selected as outlined above on the basis of the p
value resulting from the biomarker data and then a
subselection of said biomarkers is chosen on the basis
of the differential fold change determined from the
biomarker data. In other embodiments, biomarkers are
first selected on the basis of differential fold
change, and then subselection is made on the basis of
p value. In some embodiments, the use of one or more
of the selection criteria and subsequent ranking
permits the selection of the top 2.5%, 5%, 7.5%, 10%,
12.5%, 15%, 17.5%, 20%, 30%, 40%, 50% or more of the
ranked biomarkers are used such that each possible
combination of 2 and/or 3 and/or 4 and/or 5 and/or 6
and/or 7 and/or 8 and/or 9 and/or 10 of all of the
selected biomarkers are utilized to create
classifiers, which classifiers are evaluated for the
ability to differentiate as between members having
bladder cancer and members not having bladder
cancer.In another embodiment of the invention, each
possible combination of the biomarkers in Table 4 are
evaluated. In another embodiment of the invention,
each possible combination of 2, 3, 4, 5, 6, 7, 8, 9,
10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 150, 200,
250, 300, 350, 400, 450, 500 etc biomarkers of Table 4
are evaluated. In another embodiment of the invention,
each possible combination of 2 and/or 3 and/or 4
and/or 5 and/or 6 and/or 7 and/or 8 and/or 9 and/or 10
of all of the biomarkers of Table 4 are evaluated. In
another embodiment of the invention, each possible
combination of 2 and/or 3 and/or 4 and/or 5 and/or 6
and/or 7 and/or 8 and/or 9 and/or 10 of a portion of
the biomarkers of Table 4 are 



evaluated. In another embodiment of the invention, the
portion of the biomarkers of Table 4 which are
evaluated are 20, 30, 40, 50, 60, 70, 80, 90, 100,
125, 150, 175, 200, 225, 250, 300, 350, 400, 450 or
500 of the biomarkers in Table 4. In yet another
embodiment of the invention, the portion of the
biomarkers of Table 4 which are selected are ranked on
the basis of individual p value wherein the p value is
indicative of each biomarkers individual ability to
differentiate between members having superficial
bladder cancer and members not having bladder cancer,
and then the top 60, 50, 40, 30, 20, or 10
individually ranked biomarkers are selected and each
possible combination of 2 and/or 3 and/or 4 and/or 5
and/or 6 and/or 7 and/or 8 and/or 9 and/or 10 of all
of the selected biomarkers are utilized to create
classifiers, which classifiers are evaluated for the
ability to differentiate as between members having
superficial bladder cancer and members not having
bladder cancer. In yet another embodiment of the
invention, the portion of the biomarkers of Table 4
which are selected are those whose p value is less
than 0.5; less than 0.1, less than 0.05, less than
0.01, less than 0.005, less than 0.001, less than
0.0005, less than 0.0001, less than 0.00005, less than
0.00001, less than 0.000005, less than 0.000001 etc.
In some embodiments, subsets of biomarkers of Table 4
are chosen to form combinations for input into
classifiers on the basis of the level of differential
expression displayed by the biomarker products. Note
that in measuring differential fold change in blood,
the fold change differences can be quite small, thus
in some embodiments, selection of biomarkers is based
on a differential fold change where the fold change is
greater than 1.2, greater than 1.3, greater than 1.4,
greater than 1.5, greater than 1.6, greater than 1.7,
greater than 1.8, greater than 1.9, greater than 2.0,
greater than 2.1, greater than 2.2, greater than 2.3,
greater than 2.4, greater than 2.5, greater than 2.6,
greater than 2.7, greater than 2.8, greater than 2.9,
greater than 3.0, greater than 3.1, greaterthan 3.2.
greater than 3.3, greater than 3.4 greater than 3.5,
greater than 4.0 and the like. In some embodiments, it
is helpful to select biomarkers for forming
combinations on the basis of both p value and fold
change as would be understood by a person skilled in
the art. Thus in some embodiments, biomarkers are
first selected as outlined above on the basis of the p
value resulting from the biomarker data and then a
subselection of said biomarkers is chosen on the basis
of the differential fold change determined from the
biomarker data. In other embodiments, biomarkers are
first selected on the basis of differential fold
change, and then subselection is made on the basis of
p value. In some embodiments, the use of one or more
of the selection criteria and subsequent ranking
permits the selection of the top 2.5%, 5%, 7.5%, 10%,
12.5%, 15%, 17.5%, 20%, 30%, 40%, 50% or more of the
ranked biomarkers are used such that each possible
combination of 2 and/or 3 and/or 4 and/or 5 and/or 6
and/or 7 and/or 8 and/or 9 and/or 10 of all of the
selected biomarkers are utilized to create
classifiers, which classifiers are evaluated for the
ability to differentiate as between members having
bladder cancer and members not having bladder cancer.
In another embodiment of the invention, each possible
combination of the biomarkers in Table 4 and Table 5
combined are evaluated with the proviso that at least
one biomarker from Table 4 is included in the
combinations evaluated. In another embodiment of the
invention, each possible combination of 1, 2, 3, 4, 5,
6, 7, 8, 9, 10, 20, 30, 40, 50, 60, etc biomarkers of
Table 4 in combination with 1, 2, 3, 4, 5, 6, 7, 8, 9,
10, 20, 30, 40, 50, 60, etc biomarkers of Table 5 are
evaluated. In another embodiment of the invention, an
exhaustive search for combinations of 2 and/or 3
and/or 4 and/or 5 and/or 6 and/or 7 and/or 8 and/or 9
and/or 10 of all of the biomarkers of Table 4 and
Table 5 combined are evaluated. In another embodiment
of the invention, each possible combination of 2
and/or 3 and/or 4 and/or 5 and/or 6 and/or 7 and/or 8
and/or 9 and/or 10 of a portion of the biomarkers of
Table 4 and Table 5 are evaluated. In another
embodiment of the invention, the portion of the
biomarkers of Table 4 and Table 5 which are evaluated
are 20, 30, 40, 50, 60, 70, 80, 90, 100, 125, 150,
175, 200, 225, or 250, 300, 350, 400, 450, 500 of the
biomarkers in Table 4 combined with 1, 2, 3, 4, 5, 6,
7, 8, 9, 10, 20, 30, 40, 50, 75, 100, 150, 200, 300,
500, 1000, 1250, 1500, 1750, 2000, 2250 etc of the
biomarkers in Table 5 are utilized. In yet another
embodiment of the invention, the portion of the
biomarkers of Table 4 which are selected are ranked on
the basis of individual p value wherein the p value is
indicative of each biomarkers individual ability to
differentiatebetween members having superficial
bladder cancer and members not having bladder cancer,
and then the top 60, 50, 40, 30, 20, or 10
individually ranked biomarkers are selected and each
possible combination of 2 and/or 3 and/or 4 and/or 5
and/or 6 and/or 7 and/or 8 and/or 9 and/or 10 of all
of the selected biomarkers are utilized to create
classifiers, which classifiers are evaluated for the
ability to differentiate as between members having
superficial bladder cancer and members not having
bladder cancer. . Li yet another embodiment of the
invention, the portion of the biomarkers of Table 4
and Table 5 which are selected are those whose p value
is less than 0.5; less than 0.1, less than 0.05, less
than 0.01, less than 0.005, less than 0.001, less than
0.0005, less than 0.0001, less than 0.00005, less than
0.00001, less than 0.000005, less than 0.000001 etc.
In some embodiments, subsets of biomarkers of Table 4
and/or Table 5 are chosen to form combinations for
input into classifiers on the basis of the level of
differential expression displayed by the biomarker
products. Note that in measuring differential fold
change in blood, the fold change differences can be
quite small, thus in some embodiments, selection of
biomarkers is based on a differential fold change
where the fold change is greater than 1.2, greater
than 1.3, greater than 1.4, greater than 1.5, greater
than 1.6, greater than 1.7, greater than 1.8, greater
than 1.9, greater than 2.0, greater than 2.1, greater
than 2.2, greater than 2.3, greater than 2.4, greater
than 2.5, greater than 2.6, greater than 2.7, greater
than 2.8, greater than 2.9, greater than 3.0, greater
than 3.1, greater than 3.2. greater than 3.3, greater
than 3.4 greater than 3.5, greater than 4.0 and the
like. In some embodiments, it is helpful to select
biomarkers for forming combinations on the basis of
both p value and fold change as would be understood by
a person skilled in the art. Thus in some embodiments,
biomarkers are first selected as outlined above on the
basis of the p value resulting from the biomarker data
and then a subselection of said biomarkers is chosen
on the basis of the differential fold change
determined from the biomarker data. In other
embodiments, biomarkers are first selected on the
basis of differential fold change, and then
subselection is made on the basis of p value. In some
embodiments, the use of one or more of the selection
criteria and subsequent ranking permits the selection
of the top 2.5%, 5%, 7.5%, 10%, 12.5%, 15%, 17.5%,
20%, 30%, 40%, 50% or more of the ranked biomarkers
are used such that each possible combination of 2
and/or 3 and/or 4 and/or 5 and/or 6 and/or 7 and/or 8
and/or 9 and/or 10 of all of the selected biomarkers
are utilized to create classifiers,which classifiers
are evaluated for the ability to differentiate as
between members having bladder cancer and members not
having bladder cancer. hi another embodiment of the
invention, each possible combination of the biomarkers
in Table 7 is evaluated. In another embodiment of the
invention, each possible combination of any of up to
2, 3, 4, 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100,
125, 150, 175, 200 etc of Table 7 are evaluated. In
another embodiment of the invention, biomarkers in
Table 7 are ranked on the basis of individual p value
(as noted in Table 1) wherein the p value is
indicative of each biomarkers individual ability to
differentiate between members having bladder cancer
and members not having bladder cancer, and then the
top 60, 50, 40, 30, 20, or 10 individually ranked
biomarkers are evaluated in all possible combinations
so as to select those combinations which are most able
to differentiate as between members having bladder
cancer and members not having bladder cancer. In yet
another embodiment, combinations of 2 and/or 3 and/or
4 and/or 5 and/or 6 and/or 7 and/or 8 and/or 9 and/or
10 of all of the biomarkers of Table 7 are utilized to
create classifiers which can differentiate as between
bladder cancer and non bladder cancer. In yet another
embodiment combinations of 2 and/or 3 and/or 4 and/or
5 and/or 6 and/or 7 and/or 8 and/or 9 and/or 10 of up
to 2, 3, 4, 5, 10, 20, 30, 40, 50, 60, 70, 80, 90,
100, 125, 150, 175, or 200 of Table 7 are used to
create classifiers which are then evaluated for their
ability to differentiate as between bladder cancer and
non bladder cancer. In yet another embodiment
combinations of 2 and/or 3 and/or 4 and/or 5 and/or 6
and/or 7 and/or 8 and/or 9 and/or 10 of the top 200,
175, 150, 125, 100, 90, 80, 70, 60, 50, 40, 30, 20 or
10 of Table 7 (on the basis of p value) are used to
create classifiers which are then evaluated for their
ability to differentiate as between bladder cancer and
non bladder cancer. In yet another embodiment of the
invention, the portion of the biomarkers of Table 7
which are selected are those whose p value is less
than 0.5; less than 0.1, less than 0.05, less than
0.01, less than 0.005, less than 0.001, less than
0.0005, less than 0.0001, less than 0.00005, less than
0.00001, less than 0.000005, less than 0.000001 etc.
In some embodiments, subsets of biomarkers of Table 7
are chosen to form combinations for input into
classifiers on the basis of the level of differential
expression displayed by the biomarker products. Note
that in measuring differential fold change in blood,
the fold change differences can be quite small, thus
in some embodiments, selection of biomarkers is based
on a differential fold change where the fold change is
greater than 1.2, greater than 1.3,greater than 1.4,
greater than 1.5, greater than 1.6, greater than 1.7,
greater than 1.8, greater than 1.9, greater than 2.0,
greater than 2.1, greater than 2.2, greater than 2.3,
greater than 2.4, greater than 2.5, greater than 2.6,
greater than 2.7, greater than 2.8, greater than 2.9,
greater than 3.0, greater than 3.1, greater than 3.2.
greater than 3.3, greater than 3.4 greater than 3.5,
greater than 4.0 and the like. In some embodiments, it
is helpful to select biomarkers for forming
combinations on the basis of both p value and fold
change as would be understood by a person skilled in
the art. Thus in some embodiments, biomarkers are
first selected as outlined above on the basis of the p
value resulting from the biomarker data and then a
subselection of said biomarkers is chosen on the basis
of the differential fold change determined from the
biomarker data. In other embodiments, biomarkers are
first selected on the basis of differential fold
change, and then subselection is made on the basis of
p value. In some embodiments, the use of one or more
of the selection criteria and subsequent ranking
permits the selection of the top 2.5%, 5%, 7.5%, 10%,
12.5%, 15%, 17.5%, 20%, 30%, 40%, 50% or more of the
ranked biomarkers are used such that each possible
combination of 2 and/or 3 and/or 4 and/or 5 and/or 6
and/or 7 and/or 8 and/or 9 and/or 10 of all of the
selected biomarkers are utilized to create
classifiers, which classifiers are evaluated for the
ability to differentiate as between members having
bladder cancer and members not having bladder cancer.
In yet another embodiment, all combinations of 2
and/or 3 and/or 4 and/or 5 and/or 6 and/or 7 and/or 8
and/or 9 and/or 10 of all of the biomarkers of Table
10 are utilized to create classifiers which can
differentiate as between bladder cancer and non
bladder cancer. In another embodiment of the
invention, each possible combination of 2, 3, 4, 5, 6,
7, 8, 9, 10, 20, 30, 40, 50, 60, etc biomarkers of
Table 11 are evaluated. In another embodiment of the
invention, each possible combination of 2 and/or 3
and/or 4 and/or 5 and/or 6 and/or 7 and/or 8 and/or 9
and/or 10 of all of the biomarkers of Table 11 are
evaluated. In another embodiment of the invention,
each possible combination of 2 and/or 3 and/or 4
and/or 5 and/or 6 and/or 7 and/or 8 and/or 9 and/or 10
of a portion of the biomarkers of Table 11 are
evaluated. In another embodiment of the invention, the
portion of the biomarkers of Table 11 which are
evaluated are 20, 30, 40, 50, 60, 70, 80, 90, 100,
125, 150,175, 200, 225, or 250 of the biomarkers in
Table 11. In yet another embodiment of the invention,
the portion of the biomarkers of Table 11 which are
selected are ranked on the basis of individual p value
wherein the p value is indicative of each biomarkers
individual ability to differentiate between members
having bladder cancer and members not having bladder
cancer, and then the top 60, 50, 40, 30, 20, or 10
individually ranked biomarkers are selected and each
possible combination of 2 and/or 3 and/or 4 and/or 5
and/or 6 and/or 7 and/or 8 and/or 9 and/or 10 of all
of the selected biomarkers are utilized to create
classifiers, which classifiers are evaluated for the
ability to differentiate as between members having
bladder cancer and members not having bladder cancer i
yet another embodiment of the invention, the portion
of the biomarkers of Table 11 which are selected are
those whose p value is less than 0.5; less than 0.1,
less than 0.05, less than 0.01, less than 0.005, less
than 0.001, less than 0.0005, less than 0.0001, less
than 0.00005, less than 0.00001, less than 0.000005,
less than 0.000001 etc. In some embodiments, subsets
of biomarkers of Table 11 are chosen to form
combinations for input into classifiers on the basis
of the level of differential expression displayed by
the biomarker products. Note that in measuring
differential fold change in blood, the fold change
differences can be quite small, thus in some
embodiments, selection of biomarkers is based on a
differential fold change where the fold change is
greater than 1.2, greater than 1.3, greater than 1.4,
greater than 1.5, greater than 1.6, greater than 1.7,
greater than 1.8, greater than 1.9, greater than 2.0,
greater than 2.1, greater than 2.2, greater than 2.3,
greater than 2.4, greater than 2.5, greater than 2.6,
greater than 2.7, greater than 2.8, greater than 2.9,
greater than 3.0, greater than 3.1, greater than 3.2.
greater than 3.3, greater than 3.4 greater than 3.5,
greater than 4.0 and the like. In some embodiments, it
is helpful to select biomarkers for forming
combinations on the basis of both p value and fold
change as would be understood by a person skilled in
the art. Thus in some embodiments, biomarkers are
first selected as outlined above on the basis of the p
value resulting from the biomarker data and then a
subselection of said biomarkers is chosen on the basis
of the differential fold change determined from the
biomarker data. In other embodiments, biomarkers are
first selected on the basis of differential fold
change, and then subselection is made on the basis of
p value. In some embodiments, the use of one or more
of the selection criteria and subsequent ranking
permits the selection of the top 2.5%, 5%, 7.5%, 10%,
12.5%, 15%, 17.5%, 20%, 30%, 40%, 50% or more of the
ranked biomarkers areused such that each possible
combination of 2 and/or 3 and/or 4 and/or 5 and/or 6
and/or 7 



and/or 8 and/or 9 and/or 10 of all of the selected
biomarkers are utilized to create classifiers, which
classifiers are evaluated for the ability to
differentiate as between members having bladder cancer
and members not having bladder cancer. In another
embodiment of the invention, each possible combination
of the biomarkers in Table 11 and Table 2 combined are
evaluated with the proviso that at least one biomarker
from Table 11 is included in the combinations
evaluated. In another embodiment of the invention,
each possible combination of 1, 2, 3, 4, 5, 6, 7, 8,
9, 10, 20, 30, 40, 50, 60, etc biomarkers of Table 11
in combination with 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 20,
30, 40, 50, 60, etc biomarkers of Table 2 are
evaluated. In another embodiment of the invention, an
exhaustive search for combinations of 2 and/or 3
and/or 4 and/or 5 and/or 6 and/or 7 and/or 8 and/or 9
and/or 10 of all of the biomarkers of Table 1 and
Table 2 combined are evaluated. In another embodiment
of the invention, each possible combination of 2
and/or 3 and/or 4 and/or 5 and/or 6 and/or 7 and/or 8
and/or 9 and/or 10 of a portion of the biomarkers of
Table 11 and Table 2 are evaluated. In another
embodiment of the invention, the portion of the
biomarkers of Table 11 and Table 2 which are evaluated
are 20, 30, 40, 50, 60, 70, 80, 90, 100, 125, 150,
175, 200, 225, or 250 of the biomarkers in Table 11
combined with 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 20, 30,
40, 50, 75, 100, 150, 200, 300, etc of the biomarkers
in Table 2 are utilized. In yet another embodiment of
the invention, the portion of the biomarkers of Table
11 which are selected are ranked on the basis of
individual p value wherein the p value is indicative
of each biomarkers individual ability to differentiate
between members having bladder cancer and members not
having bladder cancer, and then the top 60, 50, 40,
30, 20, or 10 individually ranked biomarkers are
selected and each possible combination of 2 and/or 3
and/or 4 and/or 5 and/or 6 and/or 7 and/or 8 and/or 9
and/or 10 of all of the selected biomarkers are
utilized to create classifiers, which classifiers are
evaluated for the ability to differentiate as between
members having bladder cancer and members not having
bladder cancer. In yet another embodiment of the
invention, the portion of the biomarkers of Table 11
and Table 2 which are selected are those whose p value
is less than 0.5; less than 0.1, less than 0.05, less
than 0.01, less than 0.005, less than 0.001, less than
0.0005, less than 0.0001, less than 0.00005, less than
0.00001, less than 0.000005, less than 0.000001 etc.
In some embodiments, subsets of biomarkers of Table 11
and/or Table 2 are chosen to form combinations for
input into classifiers on the basis ofthe level of
differential expression displayed by the biomarker
products. Note that in measuring differential fold
change in blood, the fold change differences can be
quite small, thus in some embodiments, selection of
biomarkers is based on a differential fold change
where the fold change is greater than 1.2, greater
than 1.3, greater than 1.4, greater than 1.5, greater
than 1.6, greater than 1.7, greater than 1.8, greater
than 1.9, greater than 2.0, greater than 2.1, greater
than 2.2, greater than 2.3, greater than 2.4, greater
than 2.5, greater than 2.6, greater than 2.7, greater
than 2.8, greater than 2.9, greater than 3.0, greater
than 3.1, greater than 3.2. greater than 3.3, greater
than 3.4 greater than 3.5, greater than 4.0 and the
like. In some embodiments, it is helpful to select
biomarkers for forming combinations on the basis of
both p value and fold change as would be understood by
a person skilled in the art. Thus in some embodiments,
biomarkers are first selected as outlined above on the
basis of the p value resulting from the biomarker data
and then a subselection of said biomarkers is chosen
on the basis of the differential fold change
determined from the biomarker data. In other
embodiments, biomarkers are first selected on the
basis of differential fold change, and then
subselection is made on the basis of p value. In some
embodiments, the use of one or more of the selection
criteria and subsequent ranking permits the selection
of the top 2.5%, 5%, 7.5%, 10%, 12.5%, 15%, 17.5%,
20%, 30%, 40%, 50% or more of the ranked biomarkers
are used such that each possible combination of 2
and/or 3 and/or 4 and/or 5 and/or 6 and/or 7 and/or 8
and/or 9 and/or 10 of all of the selected biomarkers
are utilized to create classifiers, which classifiers
are evaluated for the ability to differentiate as
between members having bladder cancer and members not
having bladder cancer. 5.10 Evaluation of Classifiers
Once one or more classifiers have been computed using
a mathematical model, the classifiers can be evaluated
to determine which of the classifiers are most
effective for the desired purpose. In one preferred
embodiment of the invention, each classifier is
evaluated or scored for its ability to properly
characterize each individual of the training
population as having bladder cancer or not having
bladder cancer. For example one can evaluate the
classifiers using cross validation Leave One out Cross
Validation, n-fold cross validation, jackknife
analysis using standard statistical methods and
disclosed. As used herein the process of evaluating
the classifiers is termed as "scoring. In some
embodiments, scoring is done using the training
population. In other embodiments, scoring is done
using a"scoring population" as described herein. In
yet other embodiments, scoring is done using both the
"training population" and the "scoring population" Li
one embodiment, the scoring population includes
members of the training population in addition to one
or more members not used in the training population.
In some embodiments, five percent or less, ten percent
or less, twenty percent or less, thirty percent or
less, fifty percent or less, or ninety percent or less
of the members of the training population are common
to the scoring population. In some embodiments, the
Percent Correct Predictions statistic is used to score
each classifier. The "Percent Correct Predictions"
statistic assumes that if the estimated p is greater
than or equal to 0.5, then the event is expected to
occur and to not occur otherwise. By assigning these
probabilities zeros and ones, a comparison can be made
to the values of the samples in the training
population to determine what percentage of the
training population was sampled correctly. In one
embodiment, the method used to evaluate the classifier
for its ability to properly characterize each
individual of the training population is a method
which evaluates the classifiers sensitivity (TPF, true
positive fraction) and 1-specificity (TNF, true
negative fraction). For example, in one embodiment the
Receiver Operating Characteristic ("ROC") is utilised.
The ROC provides several parameters to evaluate both
the sensitivity and specificity of the diagnostic
result of the equation generated. For example, in one
embodiment the ROC area (area under the curve) is used
to evaluate the equations. In a preferred embodiment,
an ROC area greater than 0.5, 0.6, 0.7, 0.8, 0.9 is
preferred. A perfect ROC area score of 1.0 on the
other hand indicates with both 100% sensitivity and
100% specificity. As would be understood by those of
skill in the relevant arts, area under the curve
converts the two dimensional information contained in
the ROC curve into one dimensional information. In
other embodiments, information from the two
dimensional aspect of the ROC curve is utilized
directly. For example, the ROC curve also provides
information with respect to the sensitivity and
specificity of the classifier. In some embodiments,
classifiers are selected on the basis of either
sensitivity or specificity. This can be an important
scoring indicator. For example, a diagnostic
classifier with high specificity (i.e. smaller number
of false negatives) may be important in situations
where it is safer to misdiagnosis an individual as
having disease rather than misdiagnosing a person as
normal.Therefore in some embodiments, a cutoff can be
set for either sensitivity or specificity and the
classifier ranked or scored on the basis of the
remaining variable. In some embodiments, ROC curves
are generated for each classifier using any known
method to generate data. In some embodiments data is
generated using microarray. In some embodiments data
is generated utilizing quantitative RT-PCR. In some
embodiments, a classifier is a weighted logistic
regression model characterized by a multicategory
logit model. For example, in some embodiments, a
classifier discriminates between two different trait
groups. In other embodiments, a classifier
discriminates between more than two different trait
groups. Logit models, including multicategory logit
models are described in Agresti, An Introduction to
CategoricalData Analysis, John Wiley & Sons, Inc.,
1996, New York, Chapters 7 and 8, which is hereby
incorporated by reference. Table 8 illustrates the
data that is used to form an ROC curve based on
expression data applied to a mathematical model that
uses the logit: Table 8: Values for the logit l
ln[p/(l - p)] Presence / Absence of a Trait 0.98 Y
0.97 Y 0.95 Y 0.93 Y 0.91 N 0.11 Yln[p/(l - p)]
Presence / Absence of a Trait 0.07 N 0.03 N Each row
in Table 8 corresponds to a different specimen in the
scoring population. The left column represents the
results of the logit for the classifier being sampled.
The specimens in Table 8 are ranked by the logit score
listed in the left hand column. The right hand column
details the presence or absence of the trait that is
being considered by the regression equation. Table 8
can be used to compute a ROC curve in which each row
in Table 8 is considered a threshold cut-off value in
order to compute ROC curve data points. Then, the area
under the ROC curve can be computed in order to assess
the predictive quality of the classifier. 5.11
Products of the Biomarkers of the Invention As would
be understood by a person skilled in the art, the
identification of one or more of a combination of
biomarkers which are differentially expressed as
between bladder cancer and non bladder cancer allows
the diagnosis of bladder cancer for a test individual
using data reflective of the expression of the
products of the biomarkers (genes) of the combination
identified. The products of each of the biomarkers of
the invention includes both RNA and protein. RNA
products of the biomarkers of the invention are
transcriptional products of the biomarkers of the
invention and include populations of hnRNA, mRNA, and
one or more spliced variants of mRNA. To practice the
invention, measurement of one or more of the
populations of the RNA products of the biomarkers of
the invention can be used for purposes of diagnosis.
More particularly, measurement of those populations of
RNA products of the biomarkers which are
differentially expressed as between bladder cancer
and/or early bladder cancer and non bladder cancer are
encompassed herein. In one embodiment of the
invention, the RNA products of the biomarkers of the
invention which are measured is the population of RNA
products including the hnRNA,the n RNA, and all of the
spliced variants of the mRNA. In another embodiment,
the RNA products of the biomarkers of the invention
which are measured are the population of mRNA. In
another embodiment of the invention the RNA products
of the biomarkers of the invention which are measured
is the population of mRNA which is expressed in blood.
In yet another embodiment of the invention, RNA
products of the biomarkers of the invention which are
measured are the population of one or more spliced
variants of the mRNA. In yet another embodiment of the
invention, RNA products of the biomarkers of the
invention which are measured is the population of one
or more spliced variants of the mRNA which are
expressed in blood. In another embodiment the RNA
products of the biomarkers of the invention are all
mRNA corresponding to the locus link (Gene ID)
identified in any one of Tables 1-2, 4-5, 7 and 10. In
another embodiment of the invention the RNA products
of the biomarkers of the invention which are measured
are the RNA products corresponding to the locus link
(gene ID) in any one of Tables 3 and 6. In another
embodiment of the invention the RNA products of the
biomarkers of the invention which are measured are
those RNA products corresponding to the locus link
(gene ID) which are expressed in blood. Protein
products of the biomarkers of the invention are also
included within the scope of the invention and include
the entire population of protein products arising from
a biomarker of the invention. As would be understood
by a person skilled in the art, the entire population
of proteins arising from a biomarker of the invention
include proteins, protein variants arising from
spliced mRNA variants, and post translationally
modified proteins. In one embodiment the protein
products of the biomarkers of the invention are all
proteins corresponding to the locus link (Gene ID)
identified in any one of Tables 1-2, 4-5, 7 and 10 -
11. In another embodiment of the invention the protein
products of the biomarkers of the invention which are
measured are the proteins corresponding to the locus
link (gene ID) in any one of Tables 3 and 6. In
another embodiment of the invention the protein
products of the biomarkers of the invention which are
measured are those proteins corresponding to the locus
link (gene ID) which are expressed in blood. To
practice the invention, measurement of one or more of
the populations of the protein products of the
biomarkers of the invention can be used for purposes
of diagnosis. More particularly, measurement of those
populations of protein products of the biomarkers
which are differentially expressed as
betweenindividuals with bladder cancer and/or early
stage bladder cancer and individuals without bladder
cancer are useful for purposes of diagnosis and are
encompassed herein. In one embodiment of the invention
the protein products of the biomarkers of the
invention which are measured are the entire population
of protein products translated from the RNA products
of the biomarkers of the invention. In another
embodiment, the protein products of the biomarkers of
the invention are those protein products which are
expressed in blood. In yet another embodiment of the
invention, the protein products of any one or more of
the biomarkers of the invention are any one or more of
the protein products translated from any one or more
of the mRNA spliced variants. In yet another
embodiment 



of the invention, the protein products of the
biomarkers of the invention are any one or more of the
protein products translated from any one or more of
the mRNA spliced variants expressed in blood. 5.12 Use
of the Combinations Identified to Diagnose Bladder
Cancer and/or Early Stage Bladder Cancer As described
herein, the application of a mathematical model (e.g.
logistic regression etc.) using the data corresponding
to the level of expression of each biomarker of the
tested biomarker combination creates a classifier.
Classifiers use mathematical functions to convert data
representative of the level of expression of each of
the biomarkers of the tested biomarker combination
into a diagnostic determination as between whether an
individual has bladder cancer and/or early stage
bladder cancer or does not. Classifiers can be used
directly to diagnose an individual as having bladder
cancer and/or early bladder cancer or not having
bladder cancer, by providing data for a test
individual for input into a classifier or each
classifier in a classifier group resulting in a
diagnostic determination. For example, where the
classifier is developed using logistic regression the
classifier takes the form as follows: where Xl, X2, .
..XIc of the equation represent the measured values
representative of the level of the gene product in the
tissue of interest for the k select biomarkers of the
combination used to generate the classifier. Thus to
diagnose a test individual, measurement values foreach
biomarker of the equation are input and the value of Y
determines the diagnosis of said test individual. The
combinations identified can also be used independently
of the classifier. For example, if a classifier is
chosen (e.g. has an ROC area under the curve score of
0.9 indicating high sensitivity and high specificity)
which uses three biomarkers then one can measure the
abundance of the products for each of the three
biomarkers in a test individual and compare the
measurement of the abundance of each of the three
biomarkers with one or more individuals from a control
population of individuals having bladder cancer and/or
early bladder cancer from a control population of
individuals not having bladder cancer so as to
determine whether the pattern of expression of the
test individual is more similar to the controls having
bladder cancer and/or early bladder cancer and not
having bladder cancer. In a preferred embodiment, one
would use the classifier generated so as to diagnose
an individual, e.g., by the measure of the level of
expression of the RNA and/or protein products of the
biomarkers of the combination identified in a test
individual for input into the classifier. In one
embodiment, the same method is used to generate the
expression data used to generate the mathematical
model as is used to diagnose the test individual. 5.13
Use of the Combinations Identified to Monitor
Regression of Bladder Cancer The invention teaches the
ability to identify useful combinations of biomarkers
and classifiers for those combinations for the
purposes of diagnosing an individual as having early
stage bladder cancer or not having bladder cancer. It
would be understood by a person skilled in the art
that combinations and classifiers which are diagnostic
for early stage bladder cancer as compared with not
having bladder cancer are also useful in determining
whether an individual has regressed with regards to
the severity of their bladder cancer, for example, in
response to treatment. For example, an individual can
be diagnosed as having early stage bladder cancer
prior to treatment using one or more of the
combinations identified. Subsequent to treatment the
individual could again be tested to determine whether
said individual still has early stage bladder cancer.
In the event that the individual can no longer be
identified the stage prior to treatment, this may in
itself suggest treatment is effective. In addition,
the treatment may lead to regression of the stage of
bladder cancer such that the individual now is
diagnosed as not having bladder cancer.5.14
Polynucleotides Used to Measure the Products of the
Biomarkers of the Invention As a means of measuring
the expression of the RNA products of the biomarkers
of the invention, one can use one or more of the
following as would be understood by a person skilled
in the art in combination with one or more methods to
measure RNA expression in a sample of the invention:
oligonucleotides, cDNA, DNA, RNA, PCR products,
synthetic DNA, synthetic RNA, or other combinations of
naturally occurring of modified nucleotides which
specifically hybridize to one or more of the RNA
products of the biomarkers of the invention. In
another specific embodiment, the oligonucleotides,
cDNA, DNA, RNA, PCR products, synthetic DNA, synthetic
RNA, or other combinations of naturally occurring of
modified nucleotides oligonucleotides which
selectively hybridize to one or more of the RNA
products of the biomarker of the invention are used.
In a preferred embodiment, the oligonucleotides, cDNA,
DNA, RNA, PCR products, synthetic DNA, synthetic RNA,
or other combinations of naturally occurring of
modified nucleotides oligonucleotides which both
specifically and selectively hybridize to one or more
of the RNA products of the biomarker of the invention
are used. 5.15 Techniques to Measure the RNA Products
of the Biomarkers of the Invention Array Hybridization
In one embodiment of the invention, the polynucleotide
used to measure the RNA products of the invention can
be used as nucleic acid members stably associated with
a support to comprise an array according to one aspect
of the invention. The length of a nucleic acid member
can range from 8 to 1000 nucleotides in length and are
chosen so as to be specific for the RNA products of
the biomarkers of the invention. In one embodiment,
these members are specific and/or selective for RNA
products of the biomarkers of the invention. In yet
another embodiment these members are specific and/or
selective for the mPvNA products of the biomarkers of
the invention. In a preferred embodiment, these
members are specific and/or selective for all of the
variants of the mRNA products of the biomarkers of the
invention. In yet another preferred embodiment, these
members are specific and/or selective for one or more
variants of the mRNA products of the biomarkers of the
invention. The nucleic acid members may be single or
double stranded, and/or may be oligonucleotides or PCR
fragments amplified from cDNA. Preferably
oligonucleotides are approximately 20-30 nucleotides
in length. ESTs are preferably 100 to 600 nucleotides
inlength. It will be understood to a person skilled in
the art that one can utilize portions of the expressed
regions of the biomarkers of the invention as a probe
on the array. More particularly oligonucleotides
complementary to the genes of the invention and or
cDNA or ESTs derived from the genes of the invention
are useful. In some embodiments of the invention the
polynucleotides capable of specifically and/or
selectively hybridizing to RNA products of the
biomarkers of the invention can be spotted onto an
array for use in the invention. For oligonucleotide
based arrays, the selection of oligonucleotides
corresponding to the gene of interest which are useful
as probes is well understood in the art. More
particularly it is important to choose regions which
will permit hybridization to the target nucleic acids.
Factors such as the Tm of the oligonucleotide, the
percent GC content, the degree of secondary structure
and the length of nucleic acid are important factors.
See for example US Patent No. 6,551,784. In one
embodiment, the array consists of sequences of between
10-1000 nucleotides in length capable of hybridizing
to one or more of the products of each of the
biomarkers of the invention as disclosed in Table 1,
Table 2, Table 4, Table 5 and Table 7 and/or Table 10
and/or Table 11 including those specific RNA and/or
protein products noted in Table 3 and Table 6 and/or
Table 12. The target nucleic acid samples that are
hybridized to and analyzed with an array of the
invention are preferably from human cartilage, blood
or synovial fluid. A limitation for this procedure
lies in the amount of RNA available for use as a
target nucleic acid sample. Preferably, at least 1
microgram of total RNA is obtained for use according
to this invention. Lesser quantities of RNA can be
used in combination with PCR and primers directed to
the mRNA subspecies (e.g. poly T oligonucleotides).
Target Preparation The targets for the arrays
according to the invention are preferably derived from
human blood and/or human bladder tissue. A target
nucleic acid is capable of binding to a nucleic acid
probe or nucleic acid member of complementary sequence
through one or more types of chemical bonds, usually
through complementary base pairing, usually through
hydrogen bond formation.As used herein, a "nucleic
acid derived from an mRNA transcript: or a "nucleic
acid corresponding to an mRNA" refers to a nucleic
acid for which synthesis of the mRNA transcript or a
sub-sequence thereof has ultimately served as a
template. Thus, a cDNA reverse transcribed from an
mRNA, an RNA transcribed from that cDNA, a DNA
amplified from the cDNA, an RNA transcribed from the
amplified DNA, etc., are all derived from or
correspond to the mRNA transcript and detection of
such derived or corresponding products is indicative
of or proportional to the presence and/or abundance of
the original transcript in a sample. Thus, suitable
target nucleic acid samples include, but are not
limited to, mRNA transcripts of a gene or genes, cDNA
reverse transcribed from the mRNA, cRNA transcribed
from the cDNA, DNA amplified from a gene or genes, RNA
transcribed from amplified DNA, and the like. The
nucleic acid targets used herein are preferably
derived from human cartilage, blood or synovial fluid.
Preferably, the targets are nucleic acids derived from
human cartilage, blood or synovial fluid extracts.
Nucleic acids can be single- or double-stranded DNA,
RNA, or DNA-RNA hybrids synthesised from human
cartilage, blood or synovial fluid mRNA extracts using
methods known in the art, for example, reverse
transcription or PCR. In the simplest embodiment, such
a nucleic acid target comprises total mRNA or a
nucleic acid sample corresponding to mRNA (e.g., cDNA)
isolated from tissue or blood samples. In another
embodiment, total mRNA is isolated from a given sample
using, for example, an acid
guanidinium-phenol-chloroform extraction method and
polyA mRNA is isolated by oligo dT column
chromatography or by using (dT)n magnetic beads (see,
e.g., Sambrook et al., Molecular Cloning: A Laboratory
Manual (2nd ed.), VoIs. 1-3, Cold Spring Harbor
Laboratory, (1989), or Current Protocols in Molecular
Biology, F. Ausubel et al., ed. Greene Publishing and
Wiley-Interscience, New York (1987). In a preferred
embodiment, total RNA is extracted using TRIzol(r)
reagent (GIBCO/BRL, Invitrogen Life Technologies, Cat.
No. 15596). Purity and integrity of RNA is assessed by
absorbance at 260/280nm and agarose gel
electrophoresis followed by inspection under
ultraviolet light. In some embodiments, it is
desirable to amplify the target nucleic acid sample
prior to hybridization, for example, when limited
quantities of tissue are used. One of skill in the art
will appreciate that whatever amplification method is
used, if a quantitative result isdesired, care must be
taken to use a method that maintains or controls for
the relative frequencies of the amplified nucleic
acids. Methods of "quantitative" amplification are
well known to those of skill in the art. For example,
quantitative PCR involves simultaneously coamplifying
a known quantity of a control sequence using the same
primers. This provides an internal standard that may
be used to calibrate the PCR reaction. The high
density array may then include probes specific to the
internal standard for quantification of the amplified
nucleic acid. Detailed protocols for quantitative PCR
are provided in PCR Protocols, A Guide to Methods and
Applications, Innis et al., Academic Press, Inc. N.Y.,
(1990). Other suitable amplification methods include,
but are not limited to polymerase chain reaction (PCR)
(Innis, et al., PCR Protocols. A Guide to Methods and
Application. Academic Press, Inc. San Diego, (1990)),
ligase chain reaction (LCR) (see Wu and Wallace, 1989,
Genomics, 4:560; Landegren, et al., 1988, Science,
241:1077 and Barringer, et al., 1990, Gene, 89:117,
transcription amplification (Kwoh, et al., 1989, Proc.
Natl. Acad. ScL USA, 86: 1173), and self-sustained
sequence replication (Guatelli, et al., 1990, Proc.
Nat. Acad. ScL USA, 87: 1874). In a particularly
preferred embodiment, the target nucleic acid sample
mRNA is reverse transcribed with a reverse
transcriptase and a primer consisting of oligo dT and
a sequence encoding the phage T7 promoter to provide
single-stranded DNA template. The second DNA strand is
polymerized using a DNA polymerase. After synthesis of
doublestranded cDNA, T7 RNA polymerase is added and
RNA is transcribed from the cDNA template. Successive
rounds of transcription from each single cDNA template
results in amplified RNA. Methods of in vitro
transcription are well known to those of skill in the
art (see, e.g., Sambrook, supra.) and this particular
method is described in detail by Van Gelder, et al.,
1990, Proc. Natl. Acad. ScL USA, 87: 1663-1667 who
demonstrate that in vitro amplification according to
this method preserves the relative frequencies of the
various RNA transcripts. Moreover, Eberwine et al.
Proc. Natl. Acad. ScL USA, 89: 3010-3014 provide a
protocol that uses two rounds of amplification via in
vitro transcription to achieve greater than 106 fold
amplification of the original starting material
thereby permitting expression monitoring even where
biological samples are limited. Labelling of Target or
Nucleic Acid ProbeEither the target or the probe can
be labelled. Any analytically detectable marker that
is attached to or incorporated into a molecule may be
used in the invention. An analytically detectable
marker refers to any molecule, moiety or atom which is
analytically detected and quantified. Detectable
labels suitable for use in the present invention
include any composition detectable by spectroscopic,
photochemical, biochemical, immunochemical,
electrical, optical or chemical means. Useful labels
in the present invention include biotin for staining
with labelled streptavidin conjugate, magnetic beads
(e.g., Dynabeads(tm)), fluorescent dyes (e.g.,
fluorescein, texas red, rhodamine, green fluorescent
protein, and the 



like), radiolabels (e.g., 3H, 125I, 35S, 14C, or 32P),
enzymes (e.g., horse radish peroxidase, alkaline
phosphatase and others commonly used in an ELISA), and
colorimetric labels such as colloidal gold or colored
glass or plastic (e.g., polystyrene, polypropylene,
latex, etc.) beads. Patents teaching the use of such
labels include U.S. Pat. Nos. 3,817,837; 3,850,752;
3,939,350; 3,996,345; 4,277,437; 4,275,149; and
4,366,241, the entireties of which are incorporated by
reference herein. Means of detecting such labels are
well known to those of skill in the art. Thus, for
example, radiolabels may be detected using
photographic film or scintillation counters,
fluorescent markers may be detected using a
photodetector to detect emitted light. Enzymatic
labels are typically detected by providing the enzyme
with a substrate and detecting the reaction product
produced by the action of the enzyme on the substrate,
and colorimetric labels are detected by simply
visualizing the colored label. The labels may be
incorporated by any of a number of means well known to
those of skill in the art. However, in a preferred
embodiment, the label is simultaneously incorporated
during the amplification step in the preparation of
the sample nucleic acids. Thus, for example,
polymerase chain reaction (PCR) with labelled primers
or labelled nucleotides will provide a labelled
amplification product. In a preferred embodiment,
transcription amplification, as described above, using
a labelled nucleotide (e.g. fluoresceinlabelled UTP
and/or CTP) incorporates a label into the transcribed
nucleic acids.Alternatively, a label may be added
directly to the original nucleic acid sample (e.g.,
mRNA, polyA mRNA, cDNA, etc.) or to the amplification
product after the amplification is completed. Means of
attaching labels to nucleic acids are well known to
those of skill in the art and include, for example,
nick translation or end-labelling (e.g. with a
labelled RNA) by kinasing of the nucleic acid and
subsequent attachment (ligation) of a nucleic acid
linker joining the sample nucleic acid to a label
(e.g., a fluorophore). In a preferred embodiment, the
fluorescent modifications are by cyanine dyes e.g.
Cy-3/Cy-5 dUTP, Cy-3/Cy-5 dCTP (Amersham Pharmacia) or
alexa dyes (Khan, et al., 1998, Cancer Res.
58:5009-5013). In a preferred embodiment, the two
target samples used for comparison are labelled with
different fluorescent dyes which produce
distinguishable detection signals, for example,
targets made from normal cartilage are labelled with
Cy5 and targets made from mild osteoarthritis
cartilage are labelled with Cy3. The differently
labelled target samples are hybridized to the same
microarray simultaneously. Li a preferred embodiment,
the labelled targets are purified using methods known
in the art, e.g., by ethanol purification or column
purification. In a preferred embodiment, the target
will include one or more control molecules which
hybridize to control probes on the microarray to
normalize signals generated from the microarray.
Preferably, labelled normalization targets are nucleic
acid sequences that are perfectly complementary to
control oligonucleotides that are spotted onto the
microarray as described above. The signals obtained
from the normalization controls after hybridization
provide a control for variations in hybridization
conditions, label intensity, "reading" efficiency and
other factors that may cause the signal of a perfect
hybridization to vary between arrays. In a preferred
embodiment, signals (e.g., fluorescence intensity)
read from all other probes in the array are divided by
the signal (e.g., fluorescence intensity) from the
control probes, thereby normalizing the measurements.
Preferred normalization targets are selected to
reflect the average length of the other targets
present in the sample, however, they are selected to
cover a range of lengths. The normalization control(s)
also can be selected to reflect the (average) base
composition of the other probes in the array, however,
in a preferred embodiment, only one or a
fewnormalization probes are used and they are selected
such that they hybridize well (i.e., have no secondary
structure and do not self hybridize) and do not match
any target molecules. Normalization probes are
localised at any position in the array or at multiple
positions throughout the array to control for spatial
variation in hybridization efficiency. In a preferred
embodiment, normalization controls are located at the
corners or edges of the array as well as in the
middle. Hybridization Conditions Nucleic acid
hybridization involves providing a denatured probe or
target nucleic acid member and target nucleic acid
under conditions where the probe or target nucleic
acid member and its complementary target can form
stable hybrid duplexes through complementary base
pairing. The nucleic acids that do not form hybrid
duplexes are then washed away leaving the hybridized
nucleic acids to be detected, typically through
detection of an attached detectable label. It is
generally recognized that nucleic acids are denatured
by increasing the temperature or decreasing the salt
concentration of the buffer containing the nucleic
acids. Under low stringency conditions (e.g., low
temperature and/or high salt) hybrid duplexes (e.g.,
DNA:DNA, RNA:RNA, or RNA:DNA) will form even where the
annealed sequences are not perfectly complementary.
Thus specificity of hybridization is reduced at lower
stringency. Conversely, at higher stringency (e.g.,
higher temperature or lower salt) successful
hybridization requires fewer mismatches. The invention
provides for hybridization conditions comprising the
Dig hybridization mix (Boehringer); or formamide-based
hybridization solutions, for example as described in
Ausubel et al., supra and Sambrook et al. supra.
Methods of optimizing hybridization conditions are
well known to those of skill in the art (see, e.g.,
Laboratory Techniques in Biochemistry and Molecular
Biology, Vol. 24: Hybridization With Nucleic acid
Probes, P. Tijssen, ed. Elsevier, N.Y., (1993)).
Following hybridization, non-hybridized labelled or
unlabeled nucleic acid is removed from the support
surface, conveniently by washing, thereby generating a
pattern of hybridized target nucleic acid on the
substrate surface. A variety of wash solutions are
known to those of skill in the art and may be used.
The resultant hybridization patterns oflabelled,
hybridized oligonucleotides and/or nucleic acids may
be visualized or detected in a variety of ways, with
the particular manner of detection being chosen based
on the particular label of the test nucleic acid,
where representative detection means include
scintillation counting, autoradiography, fluorescence
measurement, calorimetric measurement, light emission
measurement and the like. Image Acquisition and Data
Analysis Following hybridization and any washing
step(s) and/or subsequent treatments, as described
above, the resultant hybridization pattern is
detected. Li detecting or visualizing the
hybridization pattern, the intensity or signal value
of the label will be not only be detected but
quantified, by which is meant that the signal from
each spot of the hybridization will be measured and
compared to a unit value corresponding to the signal
emitted by a known number of end labelled target
nucleic acids to obtain a count or absolute value of
the copy number of each end-labelled target that is
hybridized to a particular spot on the array in the
hybridization pattern. Methods for analyzing the data
collected from hybridization to arrays are well known
in the art. For example, where detection of
hybridization involves a fluorescent label, data
analysis can include the steps of determining
fluorescent intensity as a function of substrate
position from the data collected, removing outliers,
i.e., data deviating from a predetermined statistical
distribution, and calculating the relative binding
affinity of the test nucleic acids from the remaining
data. The resulting data is displayed as an image with
the intensity in each region varying according to the
binding affinity between associated oligonucleotides
and/or nucleic acids and the test nucleic acids. The
following detection protocol is used for the
simultaneous analysis of two cartilage samples to be
compared, where each sample is labelled with a
different fluorescent dye. Each element of the
microarray is scanned for the first fluorescent color.
The intensity of the fluorescence at each array
element is proportional to the expression level of
that gene in the sample.The scanning operation is
repeated for the second fluorescent label. The ratio
of the two fluorescent intensities provides a highly
accurate and quantitative measurement of the relative
gene expression level in the two tissue samples. In a
preferred embodiment, fluorescence intensities of
immobilized target nucleic acid sequences were
determined from images taken with a custom confocal
microscope equipped with laser excitation sources and
interference filters appropriate for the Cy3 and Cy5
fluors. Separate scans were taken for each fluor at a
resolution of 225 mm2 per pixel and 65,536 gray
levels. Image segmentation to identify areas of
hybridization, normalization of the intensities
between the two fluor images, and calculation of the
normalized mean fluorescent values at each target are
as described (Khan, et al., 1998, Cancer Res.
58:5009-5013. Chen, et al., 1997, Biomed. Optics
2:364-374). Normalization between the images is used
to adjust for the different efficiencies in labelling
and detection with the two different fluors. This is
achieved by equilibrating to a value of one the signal
intensity ratio of a set of internal control genes
spotted on the array. In another preferred embodiment,
the array is scanned in the Cy 3 and Cy5 channels and
stored as separate 16-bit TIFF images. The images are
incorporated and analysed using software which
includes a gridding process to capture the
hybridization intensity data from each spot on the
array. The fluorescence intensity and
backgroundsubtracted hybridization intensity of each
spot is collected and a ratio of measured mean
intensities of Cy5 to Cy3 is calculated. A linear
regression approach is used for normalization and
assumes that a scatter plot of the measured Cy5 versus
Cy3 intensities should have a slope of one. The
average of the ratios is calculated and used to
rescale the data and adjust the slope to one. A ratio
of expression not equal to 1 is used as an indication
of differential gene expression. In a particularly
preferred embodiment, where it is desired to quantify
the transcription level (and thereby expression) of
one or more nucleic acid sequences in a sample, the
target nucleic acid sample is one in which the
concentration of the mKNA transcript(s) of the gene or
genes, or the concentration of the nucleic acids
derived from the mRNA transcript(s), is proportional
to the transcription level (and therefore expression
level) of that gene. Similarly, it is preferred that
the hybridization signal intensity be proportionalto
the amount of hybridized nucleic acid. While it is
preferred that the proportionality be relatively
strict (e.g., a doubling in transcription rate results
in a doubling in mRNA transcript in the sample nucleic
acid pool and a doubling in hybridization signal), one
of skill will appreciate that the proportionality can
be more relaxed and even non-linear and still provide
meaningful results. Thus, for example, an assay where
a 5 fold difference in concentration of the target
mRNA results in a 3- to 6-fold difference in
hybridization intensity is sufficient for most
purposes. Where more precise quantification is
required, appropriate controls are run to correct for
variations introduced in sample preparation and
hybridization as described herein. In addition, serial
dilutions of "standard" target rnRNAs are used to
prepare calibration curves according to methods well
known to those of skill in the art. Of course, where
simple detection of the presence or absence of a
transcript is desired, no elaborate control or
calibration is required. For example, if an nucleic
acid member on an array is not labelled after
hybridization, this indicates that the gene comprising
that nucleic acid member is not expressed in either
sample. If a nucleic acid member is labelled with a
single color, it indicates that a labelled gene was
expressed only in one sample. The labelling of a
nucleic acid member comprising an array with both
colors indicates that the gene was expressed in both
samples. Even genes expressed once per cell are
detected ( 1 part in 100,000 sensitivity). A
difference in expression intensity in the two samples
being compared is indicative of differential
expression, the ratio of the intensity in the two
samples being not equal to 1.0, preferably less than
0.7 or greater than 1.2, more preferably less than 0.5
or greater than 1.5. RT-PCR In aspect of the
invention, the level of the expression of the RNA
products of the biomarkers of the invention can be
measured by amplifying the RNA products of the
biomarkers from a sample using reverse transcription
(RT) in combination with the polymerase chain reaction
(PCR). In accordance with one embodiment of the
invention, the RT can be quantitative as would be
understood to a person skilled in the art. Total RNA,
or mRNA from a sample is used as a template and a
primer specific to the transcribed portion of a
biomarker of the invention is used to initiate reverse
transcription. Methods of reverse transcribing RNA
into cDNA are well known anddescribed in Sambrook et
al., 1989, supra. Primer design can be accomplished
utilizing commercially available software (e.g.,
Primer Designer 1.0, Scientific Sofware etc .). using
methods that are standard and well known in the art.
One embodiment of a protocol used to design and select
primers encompassed by the invention describes the
principle and steps involved in the design of primers
for use in real-time PCR with SYBR-Green assay.
Preferably, this protocol uses The National Center for
Biotechnology Information (NCBI) search engine and
application of PrimerQuest primer design software. The
PrimerQuest is web-base software developed for
Integrated DNA Technologies, Inc. (IDT). This software
is based on Primer3 developed by the Whitehead
Institute for Biomedical Research. hi one embodiment
guidelines used for designing primers encompassed by
the 



invention are that the product or amplicon length be
100-150 bases, that the optimum Tm preferably be 6O0C,
with acceptable ranges from 58-620C, and that the most
preferable GC content be 50%, with preferable ranges
from 45-55% also being acceptable. It is helpful that
complementary strings of the three bases at the 3'
-end of each primer to itself or the other primer be
avoided in order to reduce "primer-dimer" formation.
Also it is helpful that complementary sequences within
a primer sequence and between the primers of a pair be
avoided. Preferably, runs of 3 or more G's or C s at
the 3'-end are avoided, as well as single base repeats
greater than 3 bases. Unbalanced distribution of G/C-
and A/T rich domains preferably are avoided, and in
one particular embodiment the primer has a G or C is
the 3'- end. It is helpful that the 3'-end of the
primers not be a T since primers with a T at the
3'-end have a greater tolerance to mismatch. It is
also helpful to avoid mismatches, especially at the
3'-end; and it is useful to position at least 7 unique
bases at the 3'-end. Once can also select useful
primers using a scoring scheme so as to help avoid
self complementarity of the primers chosen. Thus for
example, a score of + 1 for a given match, - 1 for a
mismatch, -2 for a single pb gap and then primer
selected with as low a score as possible, but in one
embodiment primers having a score less than 5.
Preferably, genomic amplification is avoided, and as
such, it is preferable that any one primers should
span an intron. Preferably, primers should be designed
so that one half or at least 7 nucleotides of the
primer hybridizes to the 3' end of one exon and the
remaining to the 5' end of the adjacent exon. hi
addition in a furtherselected embodiment, primers are
designed across exon-exon junction so as to
differentiate or prevent amplification of genomic
sequences. In another selected embodiment, primers are
designed so as to avoid known SNPs. Primer Software
programs can be used to aid in the design and
selection of primers encompassed by the instant
invention, such as " The Primer Quest software" which
is available through the following web site link:
biotools.idtdna.com/primerquest/. The following
website links are useful when searching and updating
sequence information from the Human Genome Database
for use in biomarker primer design: 1) the NCBI
LocusLink Homepage: www.ncbi.nlm.nih.gov/LocusLink/,
and 2) Ensemble Human Genome Browser:
www.ensembl.org/Homo_sapiens, preferably using
pertinent biomarker information such as Gene or
Sequence Description, Accession or Sequence ID, Gene
Symbol, RefSeq #, and/or UniGene #. Once the correct
target DNA Sequence has been obtained from which the
primers will be generated, it is preferable to note
the Exon-Intron Boundaries from links of the LocusLink
or from the Ensembl Gene Browser for the Gene
Interest. One preferable means to optimize primer
design is to use the three options of BASIC, STANDARD
and ADVANCE, in the PrimerQuest software. A preferable
use of the BASIC Function of PrimerQuest software is
first, under Sequence Information, to enter the name
of the primer into the [Name] box and Cut and paste
the target sequence into [Sequence] box, selecting to
design a PCR Primer using the parameter settings of
Real-Time PCR. Under the standard sequence design, it
is preferable to select 50 as the Number of Primer Set
to Return and human as the Mispriming Library to use.
In one embodiment, it is helpful to enter the
following selections under the Advanced Function of
Standard Primer Design: Optimum Primer Size:20 (nt),
Optimum Primer Tm:60 (0C), Optimum Primer GC%:50 (%),
Product Size Range: 100-150. Further, under the
standard function, the following options preferably
can be fine-tuned; the primer selection;Targets,
Excluded Regions, Included Regions and Start Codon
Position. In another embodiment.Once the required
parameters are entered or selected, the Primer Quest
search for the possible primer selections is initiated
producing a detail description on potential forward
and reverse primers, including the actual sequence,
its start position, length, Tm, GC%, product size
penalties values, and a means to predict secondary
structure - mFold. The following two criteria are most
useful: preferably delta G should be greater than -3.0
kcal.mol-1, and preferably the TM should be less than
5O0C and not greater than 550C. The dot plot is a
little more difficult to interpret, but in general it
is preferable not to select a primer that produces a
long diagonal line of black dots in the dot plot since
it is most likely to form a hairpin. Preferably, the
primer should be unique to the target sequence and not
match to a pseudogene, which can be verified by using
[BLAST] to examine the specificity of the primer.
Preferably, the OligoAnalyzer 3.0 provided by IDT
BioTools can be used to examine the possibility of
Self-Dimer and Hetero-Dimer formation. Preferably, the
information and guidelines provided by IDT BioTools or
Primer 3 can be used for the selection of the best
possible primer pair(s) for the investigation of the
Biomarkers of the instant invention. It is preferable
that only those primers that produced a single
amplicon with the size matched to the expected
product, as determined by the melting curve analysis
and agarose gel electrophoresis separation be used in
the biomarker investigation. The following related
references are hereby incorporated by reference;
Dieffenbach, C.W., Lowe, T.M.J., Dveksler, G.S. (1995)
General Concepts for PCR Primer Design. In: PCR
Primer, A Laboratory Manual (Eds. Dieffenbach, CW, and
Dveksler, G.S.) Cold Spring Harbor Laboratory Press,
New York, 133-155, Innis, M.A., and Gelfand, D.H.
(1990) Optimization of PCRs. In: PCR protocols, A
Guide to Methods and Applications (Eds. Innis, M.A.,
Gelfand, D.H., Sninsky, JJ., and White, TJ.) Academic
Press, San Diego, 3-12, Sharrocks, A.D. (1994) The
design of primers for PCR. hi: PCR Technology, Current
Innovations (Eds. Griffin, H.G., and Griffin, A.M,
Ed.) CRC Press, London, 5-11. The product of the
reverse transcription is subsequently used as a
template for PCR. PCR provides a method for rapidly
amplifying a particular nucleic acid sequence by using
multiple cycles of DNA replication catalyzed by a
thermostable, DNAdependent DNA polymerase to amplify
the target sequence of interest. PCR requires the
presence of a nucleic acid to be amplified, two
single-stranded oligonucleotide primers flanking the
sequence to be amplified, a DNA polymerase,
deoxyribonucleoside triphosphates, a buffer and salts.
The method of PCR is well known in the art. PCR, is
performed as described in Mullis and Faloona, 1987,
Methods Enzymol., 155: 335, which is incorporated
herein by reference. PCR is performed using template
DNA (at least 1 fg; more usefully, 1-1000 ng) and at
least 25 pmol of oligonucleotide primers. A typical
reaction mixture includes: 2 ml of DNA, 25 pmol of
oligonucleotide primer, 2.5 ml of 1OH PCR buffer 1
(Perkin-Elmer, Foster City, CA), 0.4 ml of 1.25 mM
dNTP, 0.15 ml (or 2.5 units) of Taq DNA polymerase
(Perkin Elmer, Foster City, CA) and deionized water to
a total volume of 25 ml. Mineral oil is overlaid and
the PCR is performed using a programmable thermal
cycler. The length and temperature of each step of a
PCR cycle, as well as the number of cycles, are
adjusted according to the stringency requirements in
effect. Annealing temperature and timing are
determined both by the efficiency with which a primer
is expected to anneal to a template and the degree of
mismatch that is to be tolerated. The ability to
optimize the stringency of primer annealing conditions
is well within the knowledge of one of moderate skill
in the art. An annealing temperature of between 30C
and 72C is used. Initial denaturation of the template
molecules normally occurs at between 92C and 99C for 4
minutes, followed by 20-40 cycles consisting of
denaturation (94-990C for 15 seconds to 1 minute),
annealing (temperature determined as discussed above;
1-2 minutes), and extension (72C for 1 minute). The
final extension step is generally carried out for 4
minutes at 720C, and may be followed by an indefinite
(0-24 hour) step at 4C. QRT-PCR, which is quantitative
in nature, can also be performed to provide a
quantitative measure of gene expression levels. In
QRT-PCR reverse transcription and PCR can be performed
in two steps, or reverse transcription combined with
PCR can be performed concurrently. One of these
techniques, for which there are commercially available
kits such as Taqman (Perkin Elmer, Foster City, CA),
is performed with a transcript-specific antisense
probe. This probe is specific for the PCR product
(e.g. a nucleic acid fragment derived from a gene) and
is prepared with a quencher and fluorescent reporter
probe complexed to the 5'end of the oligonucleotide.
Different fluorescent markers are attached to
different reporters, allowing for measurement of two
products in one reaction. When Taq DNA polymerase is
activated, it cleaves off the fluorescent reporters of
the probe bound to the template by virtue of its
5'-to-3' exonuclease activity. In the absence of the
quenchers, the reporters now fluoresce. The color
change in the reporters is proportional to the amount
of each specific product and is measured by a
fluorometer; therefore, the amount of each color is
measured and the PCR product is quantified. The PCR
reactions are performed in 96 well plates so that
samples derived from many individuals are processed
and measured simultaneously. The Taqman system has the
additional advantage of not requiring gel
electrophoresis and allows for quantification when
used with a standard curve. A second technique useful
for detecting PCR products quantitatively without is
to use an intercolating dye such as the commercially
available QuantiTect SYBR Green PCR (Qiagen, Valencia
California). RT-PCR is performed using SYBR green as a
fluorescent label which is incorporated into the PCR
product during the PCR stage and produces a
flourescense proportional to the amount of PCR
product. Both Taqman and QuantiTect SYBR systems can
be used subsequent to reverse transcription of RNA.
Reverse transcription can either be performed in the
same reaction mixture as the PCR step (one-step
protocol) or reverse transcription can be performed
first prior to amplification utilizing PCR (two-step
protocol). Additionally, other systems to
quantitatively measure mRNA expression products are
known including Molecular Beacons(r) which uses a
probe having a fluorescent molecule and a quencher
molecule, the probe capable of forming a hairpin
structure such that when in the hairpin form, the
fluorescence molecule is quenched, and when hybridized
the flourescense increases giving a quantitative
measurement of gene expression. QRT-PCR using
TaqMan(tm), SybrGreen, Molecular Beacons(r) and the
like to can be used to determine a quantification
value reflective of the level of RNA which is
amplified. Flourescence is measured at a set threshold
level of fluorescence (at least above background
fluorescence) and the cycle at which the threshold
level is reached is determined (Ct value) Thus the Ct
value is the concentration-dependent PCR cycle number
at which the fluorescence of the amplified product
(amplicon) is at the preset threshold level.
Thethreshold value can be the level in which
fluorescence becomes distinguishable over background
or more preferably at a level reflective of
exponential amplification. For the purposes of
identifying values for input into the mathematical
model, preferably DCt is used. DCt is the change in Ct
value as determined between the product of the gene
being measured (i.e. amplified) and a control gene
(sometimes called a housekeeping gene). As would be
understood by a person skilled in the art, the control
gene is supposed to be a gene for which the level of
expression does not change. Typical control genes are
B-Actin, or GAPDH. Additional techniques to
quantitatively measure RNA expression include, but are
not limited to, polymerase chain reaction, ligase
chain reaction, Qbeta replicase (see, e.g.,
International Application No. PCT/US87/00880),
isothermal amplification method (see, e.g., Walker et
al. (1992) PNAS 89:382-396), strand displacement
amplification (SDA), repair chain reaction, Asymmetric
Quantitative PCR (see, e.g., U.S. Publication No.
US200330134307A1) and the multiplex microsphere bead
assay described in Fuja et al., 2004, Journal of
Biotechnology 108:193-205. The level of gene
expression can be measured by amplifying RNA from a
sample using transcription based amplification systems
(TAS), including nucleic acid sequence amplification
(NASBA) and 3SR. See, e.g., Kwoh et al (1989) PNAS USA
86:1 173; International Publication No. WO 88/10315;
and U.S. Patent No. 6,329,179. In NASBA, the nucleic
acids may be prepared for amplification using
conventional phenol/chloroform extraction, heat
denaturation, treatment with lysis buffer and minispin
columns for isolation of DNA and RNA or guanidinium
chloride extraction of RNA. These amplification
techniques involve annealing a primer that has target
specific sequences. Following polymerization, DNA/RNA
hybrids are digested with RNase H while double
stranded DNA molecules are heat denatured again. In
either case the single stranded DNA is made fully
double stranded by addition of second target specific
primer, followed by polymerization. The
double-stranded DNA molecules are then multiply
transcribed by a polymerase such as T7 or SP6. In an
isothermal cyclic reaction, the RNA's are reverse
transcribed into double stranded DNA, and transcribed
once with a polymerase such as T7 or SP6. The
resulting products, whether truncated or complete,
indicate target specific sequences.Several techniques
may be used to separate amplification products. For
example, amplification products may be separated by
agarose, agarose-acrylamide or polyacrylamide gel
electrophoresis using conventional methods. See
Sambrook et al., 1989. Several techniques for
detecting PCR products quantitatively without
electrophoresis may also be used according to the
invention (see for example PCR Protocols, A Guide to
Methods andApplications, Innis et al., Academic Press,
Inc. N.Y., (1990)). For example, chromatographic
techniques may be employed to effect separation. There
are many kinds of chromatography which may be used in
the present invention: adsorption, partition,
ionexchange and molecular sieve, HPLC, and many
specialized techniques for using them including
column, paper, thin-layer and gas chromatography
(Freifelder, Physical 



Biochemistry Applications to Biochemistry and
Molecular Biology, 2nd ed., Wm. Freeman and Co., New
York, N.Y., 1982). Another example of a separation
methodology is done by covalently labeling the
oligonucleotide primers used in a PCR reaction with
various types of small molecule ligands. In one such
separation, a different ligand is present on each
oligonucleotide. A molecule, perhaps an antibody or
avidin if the ligand is biotin, that specifically
binds to one of the ligands is used to coat the
surface of a plate such as a 96 well ELISA plate. Upon
application of the PCR reactions to the surface of
such a prepared plate, the PCR products are bound with
specificity to the surface. After washing the plate to
remove unbound reagents, a solution containing a
second molecule that binds to the first ligand is
added. This second molecule is linked to some kind of
reporter system. The second molecule only binds to the
plate if a PCR product has been produced whereby both
oligonucleotide primers are incorporated into the
final PCR products. The amount of the PCR product is
then detected and quantified in a commercial plate
reader much as ELISA reactions are detected and
quantified. An ELISA-like system such as the one
described here has been developed by the Raggio
Italgene company under the C-Track trade name.
Amplification products must be visualized in order to
confirm amplification of the nucleic acid sequences of
interest. One typical visualization method involves
staining of a gel with ethidium bromide and
visualization under UV light. Alternatively, if the
amplification products are integrally labeled with
radio- or fluorometrically-labelednucleotides, the
amplification products may then be exposed to x-ray
film or visualized under the appropriate stimulating
spectra, following separation. In one embodiment,
visualization is achieved indirectly. Following
separation of amplification products, a labeled,
nucleic acid probe is brought into contact with the
amplified nucleic acid sequence of interest. The probe
preferably is conjugated to a chromophore but may be
radiolabeled hi another embodiment, the probe is
conjugated to a binding partner, such as an antibody
or biotin, where the other member of the binding pair
carries a detectable moiety. hi another embodiment,
detection is by Southern blotting and hybridization
with a labeled probe. The techniques involved in
Southern blotting are well known to those of skill in
the art and may be found in many standard books on
molecular protocols. See Sambrook et al., 1989, supra.
Briefly, amplification products are separated by gel
electrophoresis. The gel is then contacted with a
membrane, such as nitrocellulose, permitting transfer
of the nucleic acid and non-covalent binding.
Subsequently, the membrane is incubated with a
chromophore-conjugated probe that is capable of
hybridizing with a target amplification product.
Detection is by exposure of the membrane to x-ray film
or ion-emitting detection devices. One example of the
foregoing is described in U.S. Patent No. 5,279,721,
incorporated by reference herein, which discloses an
apparatus and method for the automated electrophoresis
and transfer of nucleic acids. The apparatus permits
electrophoresis and blotting without external
manipulation of the gel and is ideally suited to
carrying out methods according to the present
invention. Nuclease Protection Assays hi another
embodiment of the invention, Nuclease protection
assays (including both ribonuclease protection assays
and Sl nuclease assays) can be used to detect and
quantitate the RNA products of the biomarkers of the
invention. In nuclease protection assays, an antisense
probe (labelled with, e.g., radiolabeled or
nonisotopic) hybridizes in solution to an RNA sample.
Following hybridization, single-stranded, unhybridized
probe and RNA are degraded by nucleases. An acrylamide
gel is used to separate the remainingprotected
fragments. Typically, solution hybridization is more
efficient than membrane-based hybridization, and it
can accommodate up to 100 mg of sample RNA, compared
with the 20- 30 mg maximum of blot hybridizations. The
ribonuclease protection assay, which is the most
common type of nuclease protection assay, requires the
use of RNA probes. Oligonucleotides and other
single-stranded DNA probes can only be used in assays
containing Sl nuclease. The single-stranded, antisense
probe must typically be completely homologous to
target RNA to prevent cleavage of the probe:target
hybrid by nuclease. Northern Blots A standard Northern
blot assay can also be used to ascertain an RNA
transcript size, identify alternatively spliced RNA
transcripts, and the relative amounts of RNA products
of the biomarker of the invention, in accordance with
conventional Northern hybridization techniques known
to those persons of ordinary skill in the art. In
Northern blots, RNA samples are first separated by
size via electrophoresis in an agarose gel under
denaturing conditions. The RNA is then transferred to
a membrane, crosslinked and hybridized with a labelled
probe. Nonisotopic or high specific activity
radiolabeled probes can be used including
random-primed, nick-translated, or PCR-generated DNA
probes, in vitro transcribed RNA probes, and
oligonucleotides. Additionally, sequences with only
partial homology (e.g., cDNA from a different species
or genomic DNA fragments that might contain an exon)
may be used as probes. The labelled probe, e.g., a
radiolabeled cDNA, either containing the full-length,
single stranded DNA or a fragment of that DNA sequence
may be any length up to at least 20, at least 30, at
least 50, or at least 100 consecutive nucleotides in
length. The probe can be labelled by any of the many
different methods known to those skilled in this art.
The labels most commonly employed for these studies
are radioactive elements, enzymes, chemicals that
fluoresce when exposed to ultraviolet light, and
others. A number of fluorescent materials are known
and can be utilised as labels. These include, but are
not limited to, fluorescein, rhodamine, auramine,
Texas Red, AMCA blue and Lucifer Yellow. A particular
detecting material is anti-rabbit antibody prepared in
goats and conjugated with fluorescein through an
isothiocyanate. Proteins can also be labelled with a
radioactive element or with an enzyme. The radioactive
label can be detected by any of thecurrently available
counting procedures. Non-limiting examples of isotopes
include 3H, 14C, 32P, 35S5 36Cl, 5 1Cr, 57Co, 58Co,
59Fe, 90Y, 1251, 131 I, and 186Re. Enzyme labels are
likewise useful, and can be detected by any of the
presently utilised colorimetric, spectrophotometric,
fluorospectrophotometric, amperometric or gasometric
techniques. The enzyme is conjugated to the selected
particle by reaction with bridging molecules such as
carbodiimides, diisocyanates, glutaraldehyde and the
like. Any enzymes known to one of skill in the art can
be utilised. Examples of such enzymes include, but are
not limited to, peroxidase, beta-D-galactosidase,
urease, glucose oxidase plus peroxidase and alkaline
phosphatase. U.S. Patent Nos. 3,654,090, 3,850,752,
and 4,016,043 are referred to by way of example for
their disclosure of alternate labelling material and
methods. 5.16 Techniques to Measure the Protein
Products of the Biomarkers of the Invention Protein
Products Standard techniques can also be utilised for
determining the amount of the protein or proteins of
interest present in a sample. For example, standard
techniques can be employed using, e.g., immunoassays
such as, for example, Western blot,
immunoprecipitation followed by sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE),
immunocytochemistry, and the like to determine the
amount of the protein or proteins of interest present
in a sample. A preferred agent for detecting a protein
of interest is an antibody capable of binding to a
protein of interest, preferably an antibody with a
detectable label. For such detection methods, protein
from the sample to be analyzed can easily be isolated
using techniques which are well known to those of
skill in the art. Protein isolation methods can, for
example, be such as those described in Harlow and Lane
(Harlow, E. and Lane, D., Antibodies: A Laboratory
Manual, Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, New York (1988)). Preferred methods for
the detection of the protein or proteins of interest
involve their detection via interaction with a
protein-specific antibody. For example, antibodies
directed a protein of interest can be utilised as
described herein. Antibodies can be generated
utilising standard techniques well known to those of
skill in the art. See, e.g.,Section 5.19.1 of this
application and Section 5.2 of U.S. Publication No.
20040018200 for a more detailed discussion of such
antibody generation techniques, which is incorporated
herein by reference. Briefly, such antibodies can be
polyclonal, or more preferably, monoclonal. An intact
antibody, or an antigen binding antibody fragment (
e.g., Fab or F(ab') 2) can, for example, be used.
Preferably, the antibody is a human or humanized
antibody. For example, antibodies, or fragments of
antibodies, specific for a protein of interest can be
used to quantitatively or qualitatively detect the
presence of the protein. This can be accomplished, for
example, by immunofluorescence techniques. Antibodies
(or fragments thereof) can, additionally, be employed
histologically, as in immunofluorescence or
immunoelectron microscopy, for in situ detection of a
protein of interest. In situ detection can be
accomplished by removing a histological specimen
{e.g., a biopsy specimen) from a patient, and applying
thereto a labelled antibody thereto that is directed
to a protein. The antibody (or fragment) is preferably
applied by overlaying the labelled antibody (or
fragment) onto a biological sample. Through the use of
such a procedure, it is possible to determine not only
the presence of the protein of interest, but also its
distribution, its presence in cells {e.g.,
chondrocytes and lymphocytes) within the sample. A
wide variety of well-known histological methods (such
as staining procedures) can be utilised in order to
achieve such in situ detection. Immunoassays for a
protein of interest typically comprise incubating a
biological sample of a detectably labelled antibody
capable of identifying a protein of interest, and
detecting the bound antibody by any of a number of
techniques well-known in the art. As discussed in more
detail, below, the term "labelled" can refer to direct
labelling of the antibody via, e.g., coupling {i.e.,
physically linking) a detectable substance to the
antibody, and can also refer to indirect labelling of
the antibody by reactivity with another reagent that
is directly labelled. Examples of indirect labelling
include detection of a primary antibody using a
fluorescently labelled secondary antibody. For
example, the biological sample can be brought in
contact with and immobilized onto a phase support or
carrier such as nitrocellulose, or other support which
is capable of immobilizing cells, cell particles or
soluble proteins. The support can then bewashed with
suitable buffers followed by treatment with the
detectably labelled fingerprint gene-specific
antibody. The phase support can then be washed with
the buffer a second time to remove unbound antibody.
The amount of bound label on support can then be
detected by conventional means. By "phase support or
carrier " in the context of proteinaceous agents is
intended any support capable of binding an antigen or
an antibody. Well-known supports or carriers include
glass, polystyrene, polypropylene, polyethylene,
dextran, nylon, amylases, natural and modified
celluloses, polyacrylamides, gabbros, and magnetite.
The nature of the carrier can be either soluble to
some extent or insoluble for the purposes of the
present invention. The support material can have
virtually any possible structural configuration so
long as the coupled molecule is capable of binding to
an antigen or antibody. Thus, the support
configuration can be spherical, as in a bead, or
cylindrical, as in the inside surface of a test tube,
or the external surface of a rod. Alternatively, the
surface can be flat such as a sheet, test strip, etc.
Preferred supports include polystyrene beads. Those
skilled in the art will know many other suitable
carriers for binding antibody or antigen, or will be
able to ascertain the same by use of routine
experimentation. One of the ways in which a specific
antibody can be detectably labelled is by linking the
same to an enzyme and use in an enzyme immunoassay
(EIA) (Voller, A., "The Enzyme Linked Immunosorbent
Assay (ELISA)", 1978, Diagnostic Horizons 2:1-7,
Microbiological Associates Quarterly Publication,
Walkersville, MD); Voller, A. et al, 1978, J. Clin.
Pathol. 31:507-520; Butler, J.E., 1981, Meth. Enzymol.
73:482-523; Maggio, E. (ed.), 1980, Enzyme
Immunoassay, CRC Press, Boca Raton, FL; Ishikawa, E.
et al., (eds.), 1981, Enzyme Immunoassay, Kgaku Shoin,
Tokyo). The enzyme which is bound to the antibody will
react with an appropriate substrate, preferably a
chromogenic substrate, in such a manner as to produce
a chemical moiety which can be detected, for example,
by spectrophotometric, fluorimetric or by visual
means. Enzymes which can be used to detectably label
the antibody include, but are not limited to, malate
dehydrogenase, staphylococcal nuclease, delta-5-
steroid isomerase, yeast alcohol dehydrogenase,
alpha-glycerophosphate, dehydrogenase, triose
phosphate isomerase, horseradish peroxidase, alkaline
phosphatase, asparaginase, glucose oxidase,
beta-galactosidase, ribonuclease, urease, catalase,
glucose-6-phosphatedehydrogenase, glucoamylase and
acetylcholinesterase. The detection can be
accomplished by colorimetric methods which employ a
chromogenic substrate for the enzyme. Detection can
also be accomplished by visual comparison of the
extent of enzymatic reaction of a substrate in
comparison with similarly prepared standards.
Detection can also be accomplished using any of a
variety of other immunoassays. For example, by
radioactively labelling the antibodies or antibody
fragments, it is possible to detect a protein of
interest through the use of a radioimmunoassay (RIA)
(see, for example, Weintraub, B., Principles of
Radioimmunoassays, Seventh Training Course on 



Radioligand Assay Techniques, The Endocrine Society,
March, 1986, which is incorporated by reference
herein). The radioactive isotope (e.g., 1251, 131 1,
35S or 3H) can be detected by such means as the use of
a gamma counter or a scintillation counter or by
autoradiography. It is also possible to label the
antibody with a fluorescent compound. When the
fluorescently labelled antibody is exposed to light of
the proper wavelength, its presence can then be
detected due to fluorescence. Among the most commonly
used fluorescent labelling compounds are fluorescein
isothiocyanate, rhodamine, phycoerythrin, phycocyanin,
allophycocyanin, o -phthaldehyde and fluorescamine.
The antibody can also be detectably labelled using
fluorescence emitting metals such as 152Eu, or others
of the lanthanide series. These metals can be attached
to the antibody using such metal chelating groups as
diethylenetriaminepentacetic acid (DTPA) or
ethylenediaminetetraacetic acid (EDTA). The antibody
also can be detectably labelled by coupling it to a
chemiluminescent compound. The presence of the
chemiluminescent-tagged antibody is then determined by
detecting the presence of luminescence that arises
during the course of a chemical reaction. Examples of
particularly useful chemiluminescent labelling
compounds are luminol, isoluminol, theromatic
acridinium ester, imidazole, acridinium salt and
oxalate ester. Likewise, a bioluminescent compound can
be used to label the antibody of the present
invention. Bioluminescence is a type of
chemiluminescence found in biological systems in,
which a catalytic protein increases the efficiency of
the chemiluminescentreaction. The presence of a
bioluminescent protein is determined by detecting the
presence of luminescence. Important bioluminescent
compounds for purposes of labelling are luciferin,
luciferase and aequorin. Protein Arrays Polypeptides
which specifically and/or selectively bind to the
protein products of the biomarkers of the invention
can be immobilized on a protein array. The protein
array can be used as a diagnostic tool, e.g., to
screen medical samples (such as bladder tissue and/or
blood) for the presence of the polypeptides protein
products of the biomarkers of the invention. The
protein array can also include antibodies as well as
other ligands, e.g., that bind to the polypeptides
encoded by the biomarkers of the invention. Methods of
producing polypeptide arrays are described, e.g., in
De Wildt et al., 2000, Nature Biotech. 18:989-994;
Lueking et al., 1999, Anal. Biochem. 270:103-111; Ge,
2000, Nuc. Acids Res. 28:e3 ; MacBeath and Schreiber,
2000, Science 289:1760-1763; International Publication
Nos. WO 01/40803 andWO 99/51 773Al; and U.S. Patent
No. 6,406,921. Polypeptides for the array can be
spotted at high speed, e.g., using commercially
available robotic apparatus, e.g., from Genetic
MicroSystems and Affymetrix (Santa Clara, California,
USA) or BioRobotics (Cambridge, UK). The array
substrate can be, for example, nitrocellulose,
plastic, glass, e.g., surface-modified glass. The
array can also include a porous matrix, e.g.,
acrylamide, agarose, or another polymer. For example,
the array can be an array of antibodies, e.g., as
described in De Wildt, supra. Cells that produce the
polypeptide ligands can be grown on a filter in an
arrayed format. Polypeptide production is induced, and
the expressed antibodies are immobilized to the filter
at the location of the cell. Information about the
extent of binding at each address of the array can be
stored as a profile, e.g., in a computer database. In
one embodiment the array is an array of protein
products comprising of any number of up to 1, 2, 3, 4,
5, 6, 7, 8, 9, 10, 15, 20, 25, 30, 35, 40, 45, 50, all
or any combination of the biomarkers of the invention.
In another embodiment the array is an array of protein
products consisting essentially of any number of up to
1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25, 30, 35, 40,
45, 50, all or any combination of the biomarkers
listed in Table 1. Inanother embodiment the array is
an array of protein products consisting essentially of
any number of up to 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15,
20, 25, 30, 35, 40, 45, 50, all or any combination of
the biomarkers listed in Table 1 including those noted
in Table 3 and any number of up to 1, 2, 3, 4, 5, 6,
7, 8, 9, 10, 15, 20, 25, 30, 35, 40, 45, 50 from Table
2 wherein at least one biomarker of said combinations
is selected from Table 1. In another embodiment the
array is an array of protein products consisting
essentially of any number of up to 1, 2, 3, 4, 5, 6,
7, 8, 9, 10, 15, 20, 25, 30, 35, 40, 45, 50, all or
any combination of the biomarkers listed in Table 4.
In another embodiment the array is an array of protein
products consisting essentially of any number of up to
1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25, 30, 35, 40,
45, 50, all or any combination of the biomarkers
listed in Table 4 including those noted in Table 6 and
any number of up to 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15,
20, 25, 30, 35, 40, 45, 50 from Table 5 wherein at
least one biomarker of said combinations is selected
from Table 4 In another embodiment the array is an
array of protein products consisting essentially of
any number of up to 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15,
20, 25, 30, 35, 40, 45, 50, all or any combination of
the biomarkers listed in Table 7. In one aspect, the
invention provides for antibodies or antigen binding
fragments thereof, that are bound to an array which
selectively bind to the protein products of the
biomarkers of the invention. 5.17 Protein Production
Standard recombinant nucleic acid methods can be used
to express a polypeptide or antibody of the invention
(e.g., a protein product of a biomarker of the
invention). Generally, a nucleic acid sequence
encoding the polypeptide is cloned into a nucleic acid
expression vector. Of course, if the protein includes
multiple polypeptide chains, each chain must be cloned
into an expression vector, e.g., the same or different
vectors, that are expressed in the same or different
cells. If the protein is sufficiently small, i.e., the
protein is a peptide of less than 50 amino acids, the
protein can be synthesised using automated organic
synthetic methods. Polypeptides comprising the 5'
region, 3' region or internal coding region of a
biomarker of the invention, are expressed from nucleic
acid expression vectors containing only those
nucleotide sequences corresponding to the 5' region,3'
region or internal coding region of a biomarker of the
invention. Methods for producing antibodies directed
to protein products of a biomarker of the invention,
or polypeptides encoded by the 5' region, 3' region or
internal coding regions of a biomarker of the
invention. The expression vector for expressing the
polypeptide can include, in addition to the segment
encoding the polypeptide or fragment thereof,
regulatory sequences, including for example, a
promoter, operably linked to the nucleic acid(s) of
interest. Large numbers of suitable vectors and
promoters are known to those of skill in the art and
are commercially available for generating the
recombinant constructs of the present invention. The
following vectors are provided by way of example.
Bacterial: pBs, phagescript, PsiX174, pBluescript SK,
pBs KS, rNH8a, pNHl 6a, pNHl 8a, pNH46a (Stratagene,
La Jolla, California, USA); pTrc99A, rKK223-3,
pKK233-3, pDR540, andpRIT5 (Pharmacia, Uppsala,
Sweden). Eukaryotic: pWLneo, pSV2cat, pOG44, PXTI, pSG
(Stratagene) pSVK3, pBPV, pMSG, and pSVL (Pharmacia).
One preferred class of preferred libraries is the
display library, which is described below. Methods
well known to those skilled in the art can be used to
construct vectors containing a polynucleotide of the
invention and appropriate
transcriptional/translational control signals. These
methods include in vitro recombinant DNA techniques,
synthetic techniques and in vivo recombination/genetic
recombination. See, for example, the techniques
described in Sambrook &Russell, Molecular Cloning: A
Laboratory Manual, 3rd Edition, Cold Spring Harbor
Laboratory, N.Y. (2001) and Ausubel et ah, Current
Protocols in Molecular Biology (Greene Publishing
Associates and Wiley Interscience, N.Y. (1989).
Promoter regions can be selected from any desired gene
using CAT (chloramphenicol transferase) vectors or
other vectors with selectable markers. Two appropriate
vectors are pKK232-8 and pCM7. Particular named
bacterial promoters include lad, lacZ, T3, T7, gpt,
lambda P, and trc. Eukaryotic promoters include CMV
immediate early, HSV thymidine kinase, early and late
SV40, LTRs from retrovirus, mouse metallothionein-I,
and various artknown tissue specific promoters. In
specific embodiments, the promoter is an inducible
promoter. In other embodiments, the promoter is a
constitutive promoter. In yet other embodiments, the
promoter is a tissue-specific promoter.Generally,
recombinant expression vectors will include origins of
replication and selectable markers permitting
transformation of the host cell, e.g., the ampicillin
resistance gene of E. coli and S. cerevisiae
auxotrophic markers (such as URA3, LEU2, HIS3, and
TRPl genes), and a promoter derived from a highly
expressed gene to direct transcription of a downstream
structural sequence. Such promoters can be derived
from operons encoding glycolytic enzymes such as
3-phosphoglycerate kinase (PGK), a-factor, acid
phosphatase, or heat shock proteins, among others. The
polynucleotide of the invention is assembled in
appropriate phase with translation initiation and
termination sequences, and preferably, a leader
sequence capable of directing secretion of translated
protein into the periplasmic space or extracellular
medium. Optionally, a nucleic acid of the invention
can encode a fusion protein including an N-terminal
identification peptide imparting desired
characteristics, e.g., stabilization or simplified
purification of expressed recombinant product. Useful
expressionvectors for bacteria are constructed by
inserting a polynucleotide of the invention together
with suitable translation initiation and termination
signals, optionally in operable reading phase with a
functional promoter. The vector will comprise one or
more phenotypic selectable markers and an origin of
replication to ensure maintenance of the vector and
to, if desirable, provide amplification within the
host. Suitable prokaryotic hosts for transformation
include E. coli, Bacillus subtilis, Salmonella
typhimurium and various species within the genera
Pseudomonas, Streptomyces, and Staphylococcus,
although others may also be employed as a matter of
choice. As a representative but nonlimiting example,
useful expression vectors for bacteria can comprise a
selectable marker and bacterial origin of replication
derived from commercially available plasmids
comprising genetic elements of the well known cloning
vector pBR322 (ATCC 37017). Such commercial vectors
include, for example, pKK223-3 (Pharmacia Fine
Chemicals, Uppsala, Sweden) and pGEMl (Promega,
Madison, Wisconsin, USA). The present invention
provides host cells genetically engineered to contain
the polynucleotides of the invention. For example,
such host cells may contain nucleic acids of the
invention introduced into the host cell using known
transformation, transfection or infection methods. The
present invention also provides host cells genetically
engineered toexpress the polynucleotides of the
invention, wherein such polynucleotides are in
operative association with a regulatory sequence
heterologous to the host cell which drives expression
of the polynucleotides in the cell. The present
invention further provides host cells containing the
vectors of the present invention, wherein the nucleic
acid has been introduced into the host cell using
known transformation, transfection or infection
methods. The host cell can be a eukaryotic host cell,
such as a mammalian cell, a lower eukaryotic host
cell, such as a yeast cell, or the host cell can be a
prokaryotic cell, such as a bacterial cell.
Introduction of the recombinant construct into the
host cell can be effected, for example, by calcium
phosphate transfection, DEAE, dextran mediated
transfection, or electroporation (Davis, L. et ah,
Basic Methods in Molecular Biology (1986)). Cell-free
translation systems can also be employed to produce
such proteins using RNAs derived from the DNA
constructs of the present invention. Any host/vector
system can be used to express one or more of the genes
listed in Table 2 or splice variants. Appropriate
cloning and expression vectors for use with
prokaryotic and eukaryotic hosts are described by
Sambrook et al, in Molecular Cloning: A Laboratory
Manual, Second Edition, Cold Spring Harbor, New York
(1989), the disclosure of which is incorporated herein
by reference in its entirety. The most preferred host
cells are those which do not normally express the
particular polypeptide or which expresses the
polypeptide at low natural level. In a specific
embodiment, the host cells are engineered to express
an endogenous gene comprising the polynucleotides of
the invention under the control of inducible
regulatory elements, in which case the regulatory
sequences of the endogenous gene may be replaced by
homologous recombination. As described herein, gene
targeting can be used to replace a gene's existing
regulatory region with a regulatory sequence isolated
from a different gene or a novel regulatory sequence
synthesised by genetic engineering methods. Such
regulatory sequences may be comprised of promoters,
enhancers, scaffoldattachment regions, negative
regulatory elements, transcriptional initiation sites,
regulatory protein binding sites or combinations of
said sequences. Alternatively, sequences which affect
the structure or stability of the RNA or protein
produced may be replaced, removed, added, or otherwise
modified by targeting, including polyadenylation
signals. mRNAstability elements, splice sites, leader
sequences for enhancing or modifying transport or
secretion properties of the protein, or other
sequences which alter or improve the function or
stability of protein or RNA molecules. The host of the
present invention may also be a yeast or other fungi.
In yeast, a number of vectors containing constitutive
or inducible promoters may be used. For a review see,
Ausubel et al. (eds), Current Protocols in Molecular
Biology, Vol. 2, Greene Publish. Assoc. & Wiley
Interscience, Ch. 13 (1988); Grant et al., 1987,
"Expression and Secretion Vectors for Yeast", Methods
Enzymol. 153:516-544; Glover, DNA Cloning, Vol. II,
IRL Press, Wash., D.C., Ch. 3 (1986); Bitter, 1987,
"Heterologous Gene Expression in 



Yeast", Methods Enzymol. 152:673-684; and Strathern et
al. (eds), The Molecular Biology of the Yeast
Saccharomyces, Cold Spring Harbor Press, VoIs. I and
II (1982). Potentially suitable yeast strains include
Saccharomyces cerevisiae, Schizosaccharomyces pombe,
Kluyveromyces strains, Candida, or any yeast strain
capable of expressing heterologous proteins.
Potentially suitable bacterial strains include
Escherichia coli, enterobacteriaceae such as Serratia
marescans, bacilli such as Bacillus subtilis,
Salmonella typhimurium, pseudomonads or any bacterial
strain capable of expressing heterologous proteins. If
the protein is made in yeast or bacteria, it may be
necessary to modify the protein produced therein, for
example by phosphorylation or glycosylation of the
appropriate sites, in order to obtain the functional
protein. Such covalent attachments may be accomplished
using known chemical or enzymatic methods. Various
mammalian cell culture systems can also be employed to
express recombinant protein. Examples of mammalian
expression systems include the monkey COS cells such
as COS-7 lines of monkey kidney fibroblasts, described
by Gluzman, 1981, Cell 23:175 (1981), Chinese Hamster
Ovary (CHO) cells, human kidney 293 cells, human
epidermal A431 cells, human Colo205 cells, 3T3 cells,
CV-I cells, normal diploid cells, cell strains derived
from in vitro culture of primary tissue, primary
explants, HeLa cells, mouse L cells, BHK, HL-60, U937,
HaK, C127, 3T3, or Jurkat cells, and other cell lines
capable of expressing a compatible vector. Mammalian
expression vectors will comprise an origin of
replication, a suitable promoter and also any
necessary ribosome-binding sites,polyadenylation site,
splice donor and acceptor sites, transcriptional
termination sequences, and 5' flanking nontranscribed
sequences. Microbial cells employed in expression of
proteins can be disrupted by any convenient method,
including freeze-thaw cycling, sonication, mechanical
disruption, or use of cell lysing agents. Recombinant
polypeptides produced in bacterial culture are usually
isolated by initial extraction from cell pellets,
followed by one or more salting-out, aqueous ion
exchange or size exclusion chromatography steps. In
some embodiments, the template nucleic acid also
encodes a polypeptide tag, e.g., penta- or
hexa-histidine. Recombinant proteins can be isolated
using an technique well-known in the art. Scopes
(Protein Purification: Principles and Practice,
Springer-Verlag, New York (1994)), for example,
provides a number of general methods for purifying
recombinant (and non-recombinant) proteins. The
methods include, e.g., ion-exchange chromatography,
sizeexclusion chromatography, affinity chromatography,
selective precipitation, dialysis, and hydrophobic
interaction chromatography. Variations, modifications,
and other implementations of what is described herein
will occur to those of ordinary skill in the art
without departing from the spirit and scope of the
invention. In order that the invention described
herein may be more fully understood, the following
example is set forth. It should be understood that
this example is for illustrative purposes only and are
not to be construed as limiting this invention in any
manner. 5.18 Methods for Identifying Compounds for Use
in the Prevention, Treatment. Management or
Amelioration of Bladder Cancer or a Symptom Thereof
5.18.1 Methods for Identifying Compounds that Modulate
the Expression or Activity ofaBiomarker The present
invention provides methods of identifying compounds
that bind to the products of the biomarkers of the
invention. The present invention also provides methods
for identifying compounds that modulate the expression
and/or activity of the products of the biomarkers of
the invention. The compounds identified via such
methods are useful for the development of one or more
animal models to study bladder cancer. Further, the
compounds identified via such methods are useful as
lead compounds in the development of prophylacticand
therapeutic compositions for prevention, treatment,
management and/or amelioration of osteoarthritis or a
symptom thereof. Such methods are particularly useful
in that the effort and great expense involved in
testing potential prophylactics and therapeutics in
vivo is efficiently focused on those compounds
identified via the in vitro and ex vivo methods
described herein. The present invention provides a
method for identifying a compound to be tested for an
ability to prevent, treat, manage or ameliorate
bladder cancer or a symptom thereof, said method
comprising: (a) contacting a cell expressing a protein
product of one or more biomarkers of the invention or
a fragment thereof, or a RNA product of one or more
biomarkers of the invention or a fragment thereof with
a test compound; and (b) determining the ability of
the test compound to bind to the protein product,
protein fragment, RNA product, or RNA portion so that
if a compound binds to the protein product, protein
fragment, RNA product, RNA portion, a compound to be
tested for an ability to prevent, treat, manage or
ameliorate bladder cancer or a symptom thereof is
identified. The cell, for example, can be a yeast cell
or a cell of mammalian origin. Determining the ability
of the test compound to bind to the protein product,
protein fragment, RNA product, or RNA portion can be
accomplished, for example, by coupling the test
compound with a radioisotope or enzymatic label such
that binding of the test compound to the protein
product, protein fragment, RNA product, or RNA portion
can be determined by detecting the labelled compound
in a complex. For example, test compounds can be
labelled with I, S, C, or H, either directly or
indirectly, and the radioisotope detected by direct
counting of radioemmission or by scintillation
counting. Alternatively, test compounds can be
enzymatically labelled with, for example, horseradish
peroxidase, alkaline phosphatase, or luciferase, and
the enzymatic label detected by determination of
conversion of an appropriate substrate to product. In
a specific embodiment, the assay comprises contacting
a cell which expresses a protein product of one or
more biomarkers of the invention or a fragment
thereof, or a RNA product of one or more biomarkers of
the invention or a fragment thereof, with a known
compound which binds the protein product, protein
fragment, RNA product, or RNA portion to form an assay
mixture, contacting the assay mixture with a test
compound, and determining the ability of the test
compound to interact with the protein product, protein
fragment, RNA product, or RNA portion, wherein
determining the ability of the test compound to
interact with theprotein product, protein fragment,
RNA product, or RNA portion comprises determining the
ability of the test compound to preferentially bind to
the protein product, protein fragment, RNA product, or
RNA portion as compared to the known compound. The
present invention provides a method for identifying a
compound to be tested for an ability to prevent,
treat, manage or ameliorate bladder cancer or a
symptom thereof, said method comprising: (a)
contacting a protein product of one or more biomarkers
of the invention or a fragment thereof, or a RNA
product of one or more biomarkers of the invention or
a portion thereof with a test compound; and (b)
determining the ability of the test compound to bind
to the protein product, protein fragment, RNA product,
or RNA portion so that if a compound binds to the
protein product, protein fragment, RNA product, or RNA
portion, a compound to be tested for an ability to
prevent, treat, manage or ameliorate bladder cancer or
a symptom thereof is identified. Binding of the test
compound to the protein product or protein fragment
can be determined either directly or indirectly. In a
specific embodiment, the assay includes contacting a
protein product of one or more biomarkers of the
invention or a fragment thereof, or a RNA product of
one or more biomarkers of the invention or a portion
thereof with a known compound which binds the protein
product, protein fragment, RNA product, or RNA portion
to form an assay mixture, contacting the assay mixture
with a test compound, and determining the ability of
the test compound to interact with the protein
product, protein fragment, RNA product, or RNA
portion, wherein determining the ability of the test
compound to interact with the protein product, protein
fragment, RNA product, or RNA portion comprises
determining the ability of the test compound to
preferentially bind to the protein product, protein
fragment, RNA product, or RNA portion as compared to
the known compound. Techniques well known in the art
can be used to determine the binding between a test
compound and a protein product of a biomarker of the
invention or a fragment thereof, or a RNA product of a
biomarker of the invention or a portion thereof. In
some embodiments of the above assay methods of the
present invention, it may be desirable to immobilize a
RNA product of a biomarker of the invention or a
portion thereof, or its target molecule to facilitate
separation of complexed from uncomplexed forms of the
RNA product or RNA portion, the target molecule or
both, as well as to accommodateautomation of the
assay. In more than one embodiment of the above assay
methods of the present invention, it may be desirable
to immobilize either a protein product of a biomarker
of the invention or a fragment thereof, or its target
molecule to facilitate separation of complexed from
uncomplexed forms of one or both of the proteins, as
well as to accommodate automation of the assay.
Binding of a test compound to a protein product of a
biomarker of the invention or a fragment thereof can
be accomplished in any vessel suitable for containing
the reactants. Examples of such vessels include
microtiter plates, test tubes, and micro-centrifuge
tubes. In one embodiment, a fusion protein can be
provided which adds a domain that allows one or both
of the proteins to be bound to a matrix. For example,
glutathione-S-transferase (GST) fusion proteins can be
adsorbed onto glutathione sepharose beads (Sigma
Chemical; St. Louis, MO) or glutathione derivatized
microtiter plates, which are then combined with the
test compound or the test compound and either the
non-adsorbed target protein or a protein product of a
biomarker of the invention or a fragment thereof, and
the mixture incubated under conditions conducive to
complex formation (e.g., at physiological conditions
for salt and pH). Following incubation, the beads or
microtiter plate wells are washed to remove any
unbound components and complex formation is measured
either directly or indirectly, for example, as
described above. Alternatively, the complexes can be
dissociated from the matrix, and the level of binding
of a protein product of a biomarker of the invention
or a fragment thereof can be determined using standard
techniques. Other techniques for immobilizing proteins
on matrices can also be used in the screening assays
of the invention. For example, either a protein
product of a biomarker of the invention or a fragment
thereof, or a target molecule can be immobilized
utilising conjugation of biotin and streptavidin. A
biotinylated protein product of a biomarker of the
invention or a target molecule can be prepared from
biotin-NHS (N-hydroxy-succinimide) using techniques
well known in the art (e.g., biotinylation kit, Pierce
Chemicals; Rockford, IL), and immobilized in the wells
of streptavidin-coated 96 well plates (Pierce
Chemical). Alternatively, antibodies reactive with a
protein product of a biomarker of the invention or a
fragment thereof can be derivatized to the wells of
the plate, and protein trapped in the wells by
antibody conjugation. Methods for detecting such
complexes, in addition to those described above for
the GST-immobilized complexes, include immunodetection
ofcomplexes using antibodies reactive with a protein
product of a biomarker of the invention, as well as
enzyme-linked assays which rely on detecting an
enzymatic activity associated with a protein product
of a biomarker of the invention or a fragment thereof,
or target molecule. The interaction or binding of a
protein product of a biomarker of the invention or a
fragment thereof to a test compound can also be
determined using such proteins or protein fragments as
"bait proteins" in a two-hybrid assay or three hybrid
assay {see, e.g., U.S. Patent No. 5,283,317; Zervos et
al. (1993) Cell 72:223-232; Madura et al. (1993) J.
Biol. Chem. 268:12046-12054; Bartel et al. (1993)
Bio/Techniques 14:920-924; Iwabuchi et al. (1993)
Oncogene 8:1693-1696; and International Publication
No. WO 94/10300). The present invention provides a
method for identifying a compound to be tested for an
ability to prevent, treat, manage or ameliorate
osteoarthritis or a symptom thereof, said method
comprising: (a) contacting a cell expressing a protein
or RNA product of one or more biomarkers of the
invention with a test compound; (b) after an
incubation period, determining the amount of the
protein or RNA product present in (a); and (c)
comparing the amount in (a) to that present in a
corresponding control cell that has not been contacted
with the test compound, so that if the amount of the
protein or RNA product is altered relative to the
amount in the control, a compound to be tested for an
ability to prevent, treat, manage or ameliorate
osteoarthritis or a symptom thereof is identified. In
a specific embodiment, the expression level(s) is
altered by 5%, 10%, 15%, 25%, 30%, 40%, 50%, 5 to 25%,
10 to 30%, at least 1 fold, at least 1.5 fold, at
least 2 fold, 4 fold, 5 fold, 10 fold, 25 fold, 1 to
10 fold, or 5 to 25 fold relative to the expression
level in the control as determined by utilising an
assay described herein {e.g., a microarray or RT-PCR)
or an assay well known to one of skill in the art. In
alternate embodiments, such a method comprises
determining the amount of the protein or RNA product
of any of at least 2, at least 3, at least 4, at least
5, at least 6, at least 7, at least 8, at least 9, at
least 10, at least 12, at least 15, at least 20, at
least 25, at least 30, at least 35, at least 40, at
least 45, at least 50, 1 to 5, 1-10, 5- 10, 5-25, or
10-40, all or any combination of the biomarkers of the
invention as listed in Table 1 (including those
specific products noted in Table 3), or as listed in
table 1 (including those specific products noted in
Table 3) in combination with any one or more of the
productsof the biomarkers listed in Table 2, present
in the cell and comparing the amounts to those present
in the control. In yet other alternate embodiments,
such a method comprises determining the amount of the
protein or RNA product of any of at least 2, at least
3, at least 4, at least 5, at least 6, at least 7, at
least 8, at least 9, at least 10, at least 12, at
least 15, at least 20, at least 



25, at least 30, at least 35, at least 40, at least
45, at least 50, 1 to 5, 1-10, 5-10, 5-25, or 10- 40,
all or any combination of the biomarkers of the
invention as listed in Table 4 (including those
specific products noted in Table 6), or as listed in
table 4 (including those specific products noted in
Table 6) in combination with any one or more of the
products of the biomarkers listed in Table 5, present
in the cell and comparing the amounts to those present
in the control. The cells utilised in the cell-based
assays described herein can be engineered to express a
biomarker of the invention utilising techniques known
in the art. See, e.g., Section III entitled
"Recombinant Expression Vectors and Host Cells" of
U.S. Patent No. 6,245,527, which is incorporated
herein by reference. Alternatively, cells that
endogenously express a biomarker of the invention can
be used. For example, immortalized bladder tissue
cells can be used. In a specific embodiment,
chondrocytes are isolated from a "normal" individual,
or an individual with bladder cancer and/or early
stage bladder cancer and are incubated in the presence
and absence of a test compound for varying amounts of
time (i.e., 30 min, 1 hr, 5 hr, 24 hr, 48 hr and 96
hrs). When screening for prophylactic or therapeutic
agents, a clone of the full sequence of a biomarker of
the invention or functional portion thereof is used to
transfect immortalized bladder tissue cells. The
transfected cells are cultured for varying amounts of
time (i.e., 1, 2, 3, 5, 7, 10, or 14 days) in the
presence or absence of test compound. Following
incubation, target nucleic acid samples are prepared
from the cells and hybridized to a nucleic acid probe
corresponding to a nucleic acid sequence which is
differentially expressed in a cell derived from
normal, bladder cancer or early bladder cancer cells.
The nucleic acid probe is labelled, for example, with
a radioactive label, according to methods well-known
in the art and described herein. Hybridization is
carried out by northern blot, for example as described
in Ausubel et al., supra or Sambrook etal., supra).
The differential hybridization, as defined herein, of
the target to the samples on the array from normal
relative to RNA from any one of bladder cancer or
early bladder cancer is indicative of the level of
expression of RNA corresponding to a differentially
expressed cell specific nucleic acid sequence. A
change in the level of expression of the target
sequence as a result of the incubation step in the
presence of the test compound, is indicative of a
compound that increases or decreases the expression of
the corresponding chondrocyte specific nucleic acid
sequence. The present invention also provides a method
for identifying a compound to be tested for an ability
to prevent, treat, manage or ameliorate bladder cancer
or a symptom thereof, said method comprises: (a)
contacting a cell-free extract with a nucleic acid
sequence encoding a protein or RNA product of one or
more biomarkers of the invention and a test compound;
(b) determining the amount of the protein or RNA
product present in (a); and (c) comparing the
amount(s) in (a) to that present to a corresponding
control that has not been contacted with the test
compound, so that if the amount of the protein or RNA
product is altered relative to the amount in the
control, a compound to be tested for an ability to
prevent, treat, manage or ameliorate bladder cancer or
a symptom thereof is identified. In a specific
embodiment, the expression level(s) is altered by 5%,
10%, 15%, 25%, 30%, 40%, 50%, 5 to 25%, 10 to 30%, at
least 1 fold, at least 1.5 fold, at least 2 fold, 4
fold, 5 fold, 10 fold, 25 fold, 1 to 10 fold, or 5 to
25 fold relative to the expression level in the
control sample determined by utilising an assay
described herein {e.g. , a microarray or RT-PCR) or an
assay well known to one of skill in the art. In
alternate embodiments, such a method comprises
determining the amount of a protein or RNA product of
at least 2, at least 3, at least 4, at least 5, at
least 6, at least 7, at least 8, at least 9, at least
10, at least 12, at least 15, at least 20, at least
25, at least 30, at least 35, at least 40, at least
45, at least 50, 1 to 5, 1-10, 5-10, 5-25, or 10-40,
all or any combination of the biomarkers of the
invention present in the extract and comparing the
amounts to those present in the control. In certain
embodiments, the amount of RNA product of abiomarker
of the invention is determined, in other embodiments,
the amount of protein product of a biomarker of the
invention is determined, while in still other
embodiments, the amount of RNA and protein product of
a biomarker of the invention is determined. Standard
methods andcompositions for determining the amount of
RNA or protein product of a biomarker of the invention
can be utilised. Such methods and compositions are
described in detail above. In specific embodiments, in
a screening assay described herein, the amount of
protein or RNA product of a biomarker of the invention
is determined utilising kits. Such kits comprise
materials and reagents required for measuring the
expression of any number up to at least 1, at least 2,
at least 3, at least 4, at least 5, at least 6, at
least 7, at least 8, at least 9, at least 10, at least
15, at least 20, at least 25, at least 30, at least
35, at least 40, at least 45, at least 50, or more
protein or RNA products of at least 1, at least 2, at
least 3, at least 4, at least 5, at least 6, at least
7, at least 8, at least 9, at least 10, at least 15,
at least 20, at least 25, at least 30, at least 35, at
least 40, at least 45, at least 50, all or any
combination of the biomarkers of the invention. In
specific embodiments, the kits may further comprise
one or more additional reagents employed in the
various methods, such as: (1) reagents for purifying
RNA from blood, or tissue; (2) primers for generating
test nucleic acids; (3) dNTPs and/or rNTPs (either
premixed or separate), optionally with one or more
uniquely labeled dNTPs and/or rNTPs (e.g.,
biotinylated or Cy3 or Cy5 tagged dNTPs); (4) post
synthesis labeling reagents, such as chemically active
derivatives of fluorescent dyes; (5) enzymes, such as
reverse transcriptases, DNA polymerases, and the like;
(6) various buffer mediums, e.g., hybridization and
washing buffers; (7) labeled probe purification
reagents and components, like spin columns, etc.; and
(8) protein purification reagents; (9) signal
generation and detection reagents, e.g.,
streptavidin-alkaline phosphatase conjugate,
chemifluorescent or chemiluminescent substrate, and
the like. In particular embodiments, the kits comprise
prelabeled quality controlled protein and or RNA
transcript (preferably, mRNA) for use as a control. In
some embodiments, the kits are qRT-PCR kits. In other
embodiments, the kits are nucleic acid arrays and
protein arrays. Such kits according to the subject
invention will at least comprise an array having
associated protein or nucleic acid members of the
invention and packaging means therefore. Alternatively
the protein or nucleic acid members of the invention
may be prepackaged onto an array. In a specific
embodiment, kits for measuring a RNA product of a
biomarker of the invention comprise materials and
reagents that are necessary for measuring the
expressionof the RNA product. For example, a
microarray or RT-PCR kit may be used and contain only
those reagents and materials necessary for measuring
the levels of RNA products of any number of up to at
least 1, at least 2, at least 3, at least 4, at least
5, at least 6, at least 7, at least 8, at least 9, at
least 10, at least 15, at least 20, at least 25, at
least 30, at least 35, at least 40, at least 45, at
least 50, all or any combination of the biomarkers of
the invention. Alternatively, in some embodiments, the
kits can comprise materials and reagents that are not
limited to those required to measure the levels of RNA
products of any number of up to 1, 2, 3, 4, 5, 6, 7,
8, 9, 10, 15, 20, 25, 30, 35, 40, 45, 50, all or any
combination of the biomarkers of the invention. For
example, a microarray kit may contain reagents and
materials necessary for measuring the levels of RNA
products any number of up to 1, 2, 3, 4, 5, 6, 7, 8,
9, 10, 15, 20, 25, 30, 35, 40, 45, 50, all or any
combination of the biomarkers of the invention, in
addition to reagents and materials necessary for
measuring the levels of the RNA products of any number
of up to at least 1, at least 2, at least 3, at least
4, at least 5, at least 6, at least 7, at least 8, at
least 9, at least 10, at least 15, at least 20, at
least 25, at least 30, at least 35, at least 40, at
least 45, at least 50 or more genes other than the
biomarkers of the invention. In a specific embodiment,
a microarray or RT-PCR kit contains reagents and
materials necessary for measuring the levels of RNA
products of any number of up to at least 1, at least
2, at least 3, at least 4, at least 5, at least 6, at
least 7, at least 8, at least 9, at least 10, at least
15, at least 20, at least 25, at least 30, at least
35, at least 40, at least 45, at least 50, all or any
combination of the biomarkers of the invention, and
any number of up to 1, 2, 3, 4, 5, 10, 15, 20, 25, 30,
35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95,
100, 125, 150, 175, 200, 225, 250, 300, 350, 400, 450,
500, 1000, 5000, 15,000 20,000 or more genes that are
not biomarkers of the invention, or any number of
1-10, 1-100, 1-150, 1-200, 1-300, 1-400, 1- 500,
1-1000, 25-100, 25-200, 25-300, 25-400, 25-500,
25-1000, 100-150, 100-200, 100-300, 100-400, 100-500,
100-1000 or 500-1000, 1000 - 5000, 5000 - 10,000,
10,000 - 20,000 or more genes that are not biomarkers
of the invention. For nucleic acid micoarray kits, the
kits generally comprise probes attached to a support
surface. The probes may be labeled with a detectable
label. In a specific embodiment, the probes are
specific for the 5' region, the 3' region, the
internal coding region, an exon(s), an intron(s), an
exon junction(s), or an exon-intron junction(s), of
any number of up to 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15,
20, 25, 30, 35, 40, 45, 50, all or anycombination of
the biomarkers of the invention. The microarray kits
may comprise instructions for performing the assay and
methods for interpreting and analyzing the data
resulting from the performance of the assay. The kits
may also comprise hybridization reagents and/or
reagents necessary for detecting a signal produced
when a probe hybridizes to a target nucleic acid
sequence. Generally, the materials and reagents for
the microarray kits are in one or more containers.
Each component of the kit is generally in its own a
suitable container. For RT-PCR and/or qRT-PCR kits,
the kits generally comprise pre-selected primers
specific for particular RNA products (e.g., an
exon(s), an intron(s), an exon junction(s), and an
exon-intron junction(s)) of any number of up to 1, 2,
3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25, 30, 35, 40, 45,
50, all or any combination of the biomarkers of the
invention. The RT-PCR and/or qRT-PCR kits may also
comprise enzymes suitable for reverse transcribing
and/or amplifying nucleic acids (e.g., polymerases
such as Taq), and deoxynucleotides and buffers needed
for the reaction mixture for reverse transcription and
amplification. The RTPCR kits may also comprise probes
specific for any number of up to 1, 2, 3, 4, 5, 6, 7,
8, 9, 10, 15, 20, 25, 30, 35, 40, 45, 50, all or any
combination of the biomarkers of the invention. The
probes may or may not be labeled with a detectable
label (e.g., a fluorescent label). Each component of
the RT-PCR kit is generally in its own suitable
container. Thus, these kits generally comprise
distinct containers suitable for each individual
reagent, enzyme, primer and probe. Further, the RT-PCR
kits may comprise instructions for performing the
assay and methods for interpreting and analyzing the
data resulting from the performance of the assay. For
antibody based kits, the kit can comprise, for
example: (1) a first antibody (which may or may not be
attached to a support) which binds to protein of
interest (e.g., a protein product of any number of up
to 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25, 30, 35,
40, 45, 50, all or any combination of the biomarkers
of the invention); and, optionally, (2) a second,
different antibody which binds to either the protein,
or the first antibody and is conjugated to a
detectable label (e.g., a fluorescent label,
radioactive isotope or enzyme). The antibodybased kits
may also comprise beads for conducting an
immunoprecipitation. Each component of the
antibody-based kits is generally in its own suitable
container. Thus, these kits generally comprise
distinct containers suitable for each antibody.
Further, the antibodybased kits may comprise
instructions for performing the assay and methods for
interpreting and analyzing the data resulting from the
performance of the assay. Reporter gene-based assays
may also be conducted to identify a compound to be
tested for an ability to prevent, treat, manage or
ameliorate osteoarthritis or a symptom thereof. In a
specific embodiment, the present invention provides a
method for identifying a compound to be tested for an
ability to prevent, treat, manage or ameliorate
osteoarthritis or a symptom thereof, said method
comprising: (a) contacting a compound with a cell
expressing a reporter gene construct comprising a
reporter gene operably linked to a regulatory element
of a biomarker of the invention (e.g., a
promoter/enhancer element); (b) measuring the
expression of said reporter gene; and (c) comparing
the amount in (a) to that present in a corresponding
control cell that has not been contacted with the test
compound, so that if the amount of expressed reporter
gene is altered relative to the amount in the control
cell, a compound to be tested for an ability to
prevent, treat, manage or ameliorate osteoarthritis or
a symptom thereof is identified. In accordance with
this embodiment, the cell may naturally express the
biomarker or be engineered to express the biomarker.
In another embodiment, the present invention provides
a method for identifying a compound to be tested for
an ability to prevent, treat, manage or ameliorate
osteoarthritis or a symptom thereof, said method
comprising: (a) contacting a compound with a cell-free
extract and a reporter gene construct comprising a
reporter gene operably linked to a regulatory element
of a biomarker of the invention (e.g., a
promoter/enhancer element); (b) measuring the
expression of said reporter gene; and (c) comparing
the amount in (a) to that present in a corresponding
control that has not been contacted with the test
compound, so that if the amount of expressed reporter
gene is altered relative to the amount in the control,
a compound to be tested for an ability to prevent,
treat, manage or ameliorate osteoarthritis or a
symptom thereof is identified. Any reporter gene
well-known to one of skill in the art may be used in
reporter gene constructs used in accordance with the
methods of the invention. Reporter genes refer to a
nucleotide sequence encoding a RNA transcript or
protein that is readily detectable either by its
presence (by, e.g., RT-PCR, Northern blot, Western
Blot, ELISA, etc.) or activity. Non-limiting examples
of reporter genes are listed in Table 9, infra.
Reporter genes may be obtained and the nucleotide
sequence of the elements determined by any method
well-knownto one of skill in the art. The nucleotide
sequence of a reporter gene can be obtained, e.g., 



from the literature or a database such as GenBank.
Alternatively, a polynucleotide encoding a reporter
gene may be generated from nucleic acid from a
suitable source. If a clone containing a nucleic acid
encoding a particular reporter gene is not available,
but the sequence of the reporter gene is known, a
nucleic acid encoding the reporter gene may be
chemically synthesised or obtained from a suitable
source (e.g., a cDNA library, or a cDNA library
generated from, or nucleic acid, preferably poly A+
RNA, isolated from, any tissue or cells expressing the
reporter gene) by PCR amplification. Once the
nucleotide sequence of a reporter gene is determined,
the nucleotide sequence of the reporter gene may be
manipulated using methods well-known in the art for
the manipulation of nucleotide sequences, e.g.,
recombinant DNA techniques, site directed mutagenesis,
PCR, etc. (see, for example, the techniques described
in Sambrook et al., 1990, Molecular Cloning, A
Laboratory Manual, 2d Ed., Cold Spring Harbor
Laboratory, Cold Spring Harbor, NY and Ausubel et al.,
eds., 1998, Current Protocols in Molecular Biology,
John Wiley & Sons, NY, which are both incorporated by
reference herein in their entireties), to generate
reporter genes having a different amino acid sequence,
for example to create amino acid substitutions,
deletions, and/or insertions. Table 9: Reporter Genes
and the Properties of the Reporter Gene Products
Reporter Gene Protein Activity & Measuremen t CAT
(chloramphenicol acetyltransferase) Transfers
radioactive acetyl groups to chloramphenicol or
detection by thin layer chromatography and
autoradiography GAL (beta-galactosidase) Hydrolyzes
colorless galactosides to yield colored products. GUS
(beta-glucuronidase) Hydrolyzes colorless glucuronides
to yield colored products.LUC (luciferase) Oxidizes
luciferin, emitting photons GFP (green fluorescent
protein) Fluorescent protein without substrate SEAP
(secreted alkaline phosphatase) Luminescence reaction
with suitable substrates or with substrates that
generate chromophores HRP (horseradish peroxidase) hi
the presence of hydrogen oxide, oxidation of
3,3',5,5'-tetramethylbenzidine to form a colored
complex AP (alkaline phosphatase) Luminescence
reaction with suitable substrates or with substrates
that generate chromophores hi accordance with the
invention, cells that naturally or normally express
one or more, all or any combination of the biomarkers
of the invention can be used in the methods described
herein. Alternatively, cells can be engineered to
express any one or more, all or any combination of the
biomarkers of the invention, or a reporter gene using
techniques wellknown in the art and used in the
methods described herein. Examples of such techniques
include, but are not to, calcium phosphate
precipitation (see, e.g., Graham & Van der Eb, 1978,
Virol. 52:546), dextran-mediated transfection, calcium
phosphate mediated transfection, polybrene mediated
transfection, protoplast fusion, electroporation,
encapsulation of the nucleic acid in liposomes, and
direct microinjection of the nucleic acid into nuclei.
In a specific embodiment, the cells used in the
methods described herein are chondrocytes, lymphocytes
(T or B lymphocytes), monocytes, neutrophils,
macrophages, eosinophils, basophils, erythrocytes or
platelets. In a preferred embodiment, the cells used
in the methods described herein are bladder cells. In
another preferred embodiment, the cells used in the
methods described herein are lymphocytes. In another
preferred embodiment, thecells used in the methods
described herein are leukocytes. In another preferred
embodiment, the cells used in the methods described
herein are all cells in blood hi another embodiment,
the cells used in the methods described herein are
immortalized cell lines derived from a source, e.g., a
tissue. Any cell-free extract that permits the
translation, and optionally but preferably, the
transcription, of a nucleic acid can be used in
accordance with the methods described herein. The
cell-free extract may be isolated from cells of any
species origin. For example, the cell-free translation
extract may be isolated from human cells, cultured
mouse cells, cultured rat cells, Chinese hamster ovary
(CHO) cells, Xenopus oocytes, rabbit reticulocytes,
wheat germ, or rye embryo (see, e.g., Krieg & Melton,
1984, Nature 308:203 and Dignam et al., 1990 Methods
Enzymol. 182:194-203). Alternatively, the cell-free
translation extract, e.g., rabbit reticulocyte lysates
and wheat germ extract, can be purchased from, e.g.,
Promega, (Madison, WI). In a preferred embodiment, the
cell-free extract is an extract isolated from human
cells. In a specific embodiment, the human cells are
HeLa cells, lymphocytes, or bladder cells. In addition
to the ability to modulate the expression levels of
RNA and/or protein products a biomarker of the
invention, it may be desirable, at least in certain
instances, that compounds modulate the activity of a
protein product of a biomarker of the invention. Thus,
the present invention provides methods of identifying
compounds to be tested for an ability to prevent,
treat, manage or ameliorate bladder cancer or a
symptom thereof, comprising methods for identifying
compounds that modulate the activity of a protein
product of one or more biomarkers of the invention.
Such methods can comprise: (a) contacting a cell
expressing a protein product of one or more biomarkers
of the invention with a test compound; (b) after an
incubation period determining the activity level of
the protein product; and (c) comparing the activity
level to that in a corresponding control cell that has
not been contacted with the test compound, so that if
the level of activity in (a) is altered relative to
the level of activity in the control cell, a compound
to be tested for an ability to prevent, treat, manage
or ameliorate bladder cancer or a symptom thereof is
identified. In a specific embodiment, the activity
level(s) is altered by up to 5%, 10%, 15%, 25%, 30%,
40%, 50%, 5 to 25%, 10 to 30%, at least 1 fold, at
least 1.5 fold, at least 2 fold, 4fold, 5 fold, 10
fold, 25 fold, 1 to 10 fold, or 5 to 25 fold relative
to the activity level in the control as determined by
utilising an assay described herein (e.g., a
microarray or RT-PCR) or an assay well known to one of
skill in the art. In alternate embodiments, such a
method comprises determining the activity level of a
protein product of any number of up to at least 2, at
least 3, at least 4, at least 5, at least 6, at least
7, at least 8, at least 9, at least 10, at least 12,
at least 15, at least 20, at least 25, at least 30, at
least 35, at least 40, at least 45, at least 50, 1 to
5/1-10, 5-10, 5-25, or 10-40, all or any combination
of the biomarkers of the invention present in the cell
and comparing the activity levels to those present in
the control. The present invention provides methods of
identifying compounds to be tested for an ability to
prevent, treat, manage or ameliorate bladder cancer or
a symptom thereof, comprising: (a) contacting a
cell-free extract with a nucleic acid encoding a
protein product of one or more biomarkers of the
invention and a test compound; (b) after an incubation
period, determining the activity level of the protein
product; and (c) comparing the activity level to that
in a corresponding control that has not been contacted
with the test compound, so that if the level of
activity in (a) is altered relative to the level of
activity in the control, a compound to be tested for
an ability to prevent, treat, manage or ameliorate
bladder cancer or a symptom thereof is identified. In
a specific embodiment, the activity level(s) is
altered by 1% ? 5%, 10%, 15%, 25%, 30%, 40%, 50%, 5 to
25%, 10 to 30%, at least 1 fold, at least 1.5 fold, at
least 2 fold, 4 fold, 5 fold, 10 fold, 25 fold, 1 to
10 fold, or 5 to 25 fold relative to the activity
level in the control as determined by utilising an
assay described herein (e.g., a microarray or qRT-PCR)
or an assay well known to one of skill in the art. In
alternate embodiments, such a method comprises
determining the activity level of a protein product of
any number of up to at least 1, at least 2, at least
3, at least 4, at least 5, at least 6, at least 7, at
least 8, at least 9, at least 10, at least 12, at
least 15, at least 20, at least 25, at least 30, at
least 35, at least 40, at least 45, at least 50, 1 to
5, 1-10, 5-10, 5-25, or 10-40, all or any combination
of the biomarkers of the invention present in the
sample and comparing the activity levels to those
present in the control. Standard techniques can be
utilised to determine the level of activity of a
protein product of a biomarker of the invention.5.18.2
Biolo gical Activity of the Compounds Upon
identification of compounds to be tested for an
ability to prevent, treat, manage or ameliorate
bladder cancer or a symptom thereof (for convenience
referred to herein as a "lead" compound), the
compounds can be further investigated. For example,
the compounds identified via the present methods can
be further tested in vivo in accepted animal models of
cancer and preferably bladder cancer. Further, the
compounds identified via the methods can be analyzed
with respect to their specificity. . In one
embodiment, the effect of a lead compound can be
assayed by measuring the cell growth or viability of
the target cell. Such assays can be carried out with
representative cells of cell types involved in bladder
cancer {e.g., bladder lining cells). Alternatively,
instead of culturing cells from a patient, a lead
compound may be screened using cells of a cell line.
Many assays well-known in the art can be used to
assess the survival and/or growth of a patient cell or
cell line following exposure to a lead compound; for
example, cell proliferation can be assayed by
measuring Bromodeoxyuridine (BrdU) incorporation (see,
e.g., Hoshino et al, 1986, Int. J . Cancer 38, 369;
Campana et al., 1988, J. Immunol. Meth. 107:79) or
(3H)-thymidine incorporation (see, e.g., Chen, J.,
1996, Oncogene 13:1395-403; Jeoung, J., 1995, J .
Biol. Chem. 270:18367-73), by direct cell count, by
detecting changes in transcription, translation or
activity of known genes such as proto-oncogenes
(e.g.,fos, myc) or cell cycle markers (Rb, cdc2,
cyclin A, Dl, D2, D3, E, etc). The levels of such
protein and RNA (e.g., mRNA) and activity can be
determined by any method well known in the art. For
example, protein can be quantitated by known
immunodiagnostic methods such as Western blotting or
immunoprecipitation using commercially available
antibodies. mRNA can be quantitated using methods that
are well known and routine in the art, for example,
using northern analysis, RNase protection, the
polymerase chain reaction in connection with the
reverse transcription. Cell viability can be assessed
by using trypan-blue staining or other cell death or
viability markers known in the art. In a specific
embodiment, the level of cellular ATP is measured to
determined cell viability. Differentiation can be
assessed, for example, visually based on changes in
morphology. Animal ModelsCompounds can be tested in
suitable animal model systems prior to use in humans.
Such animal model systems include but are not limited
to rats, mice, chicken, cows, monkeys, pigs, dogs,
rabbits, etc. Any animal system well-known in the art
may be used. In certain embodiments, compounds are
tested in a mouse model. Compounds can be administered
repeatedly. Accepted animal models can be utilised to
determine the efficacy of the compounds identified via
the methods described above for the prevention,
treatment, management and/or amelioration of bladder
cancer or a symptom thereof. Toxicity The toxicity
and/or efficacy of a compound identified in accordance
with the invention can be determined by standard
pharmaceutical procedures in cell cultures or
experimental animals, e.g., for determining the LD50
(the dose lethal to 50% of the population) and the
ED50 (the dose therapeutically effective in 50% of the
population). Cells and cell lines that can be used to
assess the cytotoxicity of a compound identified in
accordance with the invention include, but are not
limited to, peripheral blood mononuclear cells
(PBMCs), Caco-2 cells, and Huh7 cells. The dose ratio
between toxic and therapeutic effects is the
therapeutic index and it can be expressed as the ratio
LD5 ZED5 . A compound identified in accordance with
the invention that exhibits large therapeutic indices
is preferred. While a compound identified in
accordance with the invention that exhibits toxic side
effects may be used, care should be taken to design a
delivery system that targets such agents to the site
of affected tissue in order to minimize potential
damage to uninfected cells and, thereby, reduce side
effects. The data obtained from the cell culture
assays and animal studies can be used in formulating a
range of dosage of a compound identified in accordance
with the invention for use in humans. The dosage of
such agents lies preferably within a range of
circulating concentrations that include the ED50 with
little or no toxicity. The dosage may vary within this
range depending upon the dosage form employed and the
route of administration utilised. For any agent used
in the method of the invention, the therapeutically
effective dose can be estimated initially from cell
culture assays. A dose may be formulated in animal
models toachieve a circulating plasma concentration
range that includes the IC50 (i.e., the concentration
of the compound that achieves a half-maximal
inhibition of symptoms) as determined in cell culture.
Such information can be used to more accurately
determine useful doses in humans. Levels in plasma may
be measured, for example, by high performance liquid
chromatography. Design of Congeners or Analogs The
compounds which display the desired biological
activity can be used as lead compounds for the
development or design of congeners or analogs having
useful pharmacological activity. For example, once a
lead compound is identified, molecular modeling
techniques can be used to design variants of the
compound that can be more 



effective. Examples of molecular modeling systems are
the CHAEM and QUANTA programs (Polygen Corporation,
Waltham, MA). CHARM performs the energy minimization
and molecular dynamics functions. QUANTA performs the
construction, graphic modelling and analysis of
molecular structure. QUANTA allows interactive
construction, modification, visualization, and
analysis of the behavior of molecules with each other.
A number of articles review computer modeling of drugs
interactive with specific proteins, such as Rotivinen
et al., 1988, Acta Pharmaceutical Fennica 97:159-166;
Ripka, 1998, New Scientist 54-57; McKinaly & Rossmann,
1989, Annu. Rev. Pharmacol. Toxiciol. 29:111-122;
Perry & Davies, OSAR: Quantitative Structure-Activity
Relationships in Drug Design pp. 189-193 (Alan R.
Liss, Inc. 1989); Lewis & Dean, 1989, Proc. R. Soc.
Lond. 236:125-140 and 141-162; Askew et al., 1989, J .
Am. Chem. Soc. 111:1082-1090. Other computer programs
that screen and graphically depict chemicals are
available from companies such as BioDesign, Inc.
(Pasadena, California), Allelix, Inc. (Mississauga,
Ontario, Canada), and Hypercube, Inc. (Cambridge,
Ontario). Although these are primarily designed for
application to drugs specific to particular proteins,
they can be adapted to design of drugs specific to any
identified region. The analogs and congeners can be
tested for binding to the proteins of interest (i.e.,
the protein products of a biomarker of the invention)
using the above-described screens for biologic
activity. Alternatively, lead compounds withlittle or
no biologic activity, as ascertained in the screen,
can also be used to design analogs and congeners of
the compound that have biologic activity. 5.18.3
Compounds Compounds that can be tested and identified
methods described herein can include, but are not
limited to, compounds obtained from any commercial
source, including Aldrich (1001 West St. Paul Ave.,
Milwaukee, WI 53233), Sigma Chemical (P.O. Box 14508,
St. Louis, MO 63178), Fluka Chemie AG
(Industriestrasse 25, CH-9471 Buchs, Switzerland
(Fluka Chemical Corp. 980 South 2nd Street,
Ronkonkoma, NY 11779)), Eastman Chemical Company, Fine
Chemicals (P.O Box 431, Kingsport, TN 37662),
Boehringer Mannheim GmbH (Sandhofer Strasse 116,
D-68298 Mannheim), Takasago (4 Volvo Drive, Rockleigh,
NJ 07647), SST Corporation (635 Brighton Road,
Clifton, NJ 07012), Ferro ( 111 West Irene Road,
Zachary, LA 70791), Riedel-deHaen Aktiengesellschaft
(P.O. Box D-30918, Seelze, Germany), PPG Industries
Inc., Fine Chemicals (One PPG Place, 34th Floor,
Pittsburgh, PA 15272). Further any kind of natural
products may be screened using the methods of the
invention, including microbial, fungal, plant or
animal extracts. Compounds from large libraries of
synthetic or natural compounds can be screened.
Numerous means are currently used for random and
directed synthesis of saccharide, peptide, and nucleic
acid-based compounds. Synthetic compound libraries are
commercially available from a number of companies
including Maybridge Chemical Co. (Trevillet, Cornwall,
UK), Comgenex (Princeton, NJ), Brandon Associates
(Merrimack, NH), and Microsource (New Milford, CT). A
rare chemical library is available from Aldrich
(Milwaukee, WI). Combinatorial libraries are available
and are prepared. Alternatively, libraries of natural
compounds in the form of bacterial, fungal, plant and
animal extracts are available from e.g., Pan
Laboratories (Bothell, WA) or MycoSearch (NC), or are
readily producible by methods well known in the art.
Additionally, natural and synthetically produced
libraries and compounds are readily modified through
conventional chemical, physical, and biochemical
means. Furthermore, diversity libraries of test
compounds, including small molecule test compounds,
may be utilised. Libraries screened using the methods
of the present invention can comprise a variety of
types of compounds. Examples of libraries that can
bescreened in accordance with the methods of the
invention include, but are not limited to, peptoids;
random biooligomers; diversomers such as hydantoins,
benzodiazepines and dipeptides; vinylogous
polypeptides; nonpeptidal peptidomimetics;
oligocarbamates; peptidyl phosphonates; peptide
nucleic acid libraries; antibody libraries;
carbohydrate libraries; and small molecule libraries
(preferably, small organic molecule libraries). In
some embodiments, the compounds in the libraries
screened are nucleic acid or peptide molecules. In a
non-limiting example, peptide molecules can exist in a
phage display library. In other embodiments, the types
of compounds include, but are not limited to, peptide
analogs including peptides comprising non-naturally
occurring amino acids, e.g., D-amino acids,
phosphorous analogs of amino acids, such as a-amino
phosphoric acids and a-amino phosphoric acids, or
amino acids having non-peptide linkages, nucleic acid
analogs such as phosphorothioates and PNAs, hormones,
antigens, synthetic or naturally occurring drugs,
opiates, dopamine, serotonin, catecholamines,
thrombin, acetylcholine, prostaglandins, organic
molecules, pheromones, adenosine, sucrose, glucose,
lactose and galactose. Libraries of polypeptides or
proteins can also be used in the assays of the
invention. In a specific embodiment, the combinatorial
libraries are small organic molecule libraries
including, but not limited to, benzodiazepines,
isoprenoids, thiazolidinones, metathiazanones,
pyrrolidines, morpholino compounds, and
benzodiazepines. In another embodiment, the
combinatorial libraries comprise peptoids; random
bio-oligomers; benzodiazepines; diversomers such as
hydantoins, benzodiazepines and dipeptides;,
vinylogous polypeptides; nonpeptidal peptidomimetics;
oligocarbamates; peptidyl phosphonates; peptide
nucleic acid libraries; antibody libraries; or
carbohydrate libraries. Combinatorial libraries are
themselves commercially available For example,
libraries maybe commercially obtained from, e.g.,
Specs and BioSpecs B.V. (Rijswijk, The Netherlands),
Chembridge Corporation (San Diego, CA), Contract
Service Company (Dolgoprudny, Moscow Region, Russia),
Comgenex USA Inc. (Princeton, NJ), Maybridge Chemicals
Ltd. (Cornwall PL34 OHW, United Kingdom), Asinex
(Moscow, Russia), ComGenex (Princeton, New Jersey),
Ru, Tripos, Inc. (St. Louis, Missouri), ChemStar, Ltd
(Moscow, Russia), 3D Pharmaceuticals (Exton,
Pennsylvania), and Martek Biosciences (Columbia,
Maryland).In a preferred embodiment, the library is
preselected so that the compounds of the library are
more amenable for cellular uptake. For example,
compounds are selected based on specific parameters
such as, but not limited to, size, lipophilicity,
hydrophilicity, and hydrogen bonding, which enhance
the likelihood of compounds getting into the cells. In
another embodiment, the compounds are analyzed by
three-dimensional or four-dimensional computer
computation programs. The combinatorial compound
library for use in accordance with the methods of the
present invention may be synthesised. There is a great
interest in synthetic methods directed toward the
creation of large collections of small organic
compounds, or libraries, which could be screened for
pharmacological, biological or other activity. The
synthetic methods applied to create vast combinatorial
libraries are performed in solution or in the phase,
i.e., on a support. Solid-phase synthesis makes it
easier to conduct multi-step reactions and to drive
reactions to completion with high yields because
excess reagents can be easily added and washed away
after each reaction step. Solid-phase combinatorial
synthesis also tends to improve isolation,
purification and screening. However, the more
traditional solution phase chemistry supports a wider
variety of organic reactions than solid-phase
chemistry. Combinatorial compound libraries of the
present invention may be synthesised using the
apparatus described in U.S. Patent No. 6,190,619 to
Kilcoin et al, which is hereby incorporated by
reference in its entirety. U.S. Patent No. 6,190,619
discloses a synthesis apparatus capable of holding a
plurality of reaction vessels for parallel synthesis
of multiple discrete compounds or for combinatorial
libraries of compounds. In one embodiment, the
combinatorial compound library can be synthesised in
solution. The method disclosed in U.S. Patent No.
6,194,612 to Boger et al., which is hereby
incorporated by reference in its entirety, features
compounds useful as templates for solution phase
synthesis of combinatorial libraries. The template is
designed to permit reaction products to be easily
purified from unreacted reactants using liquid/liquid
or solid/liquid extractions. The compounds produced by
combinatorial synthesis using the template will
preferably be small organic molecules. Some compounds
in the library may mimic the effects of non-peptides
or peptides. In contrast to solid phase synthesize of
combinatorialcompound libraries, liquid phase
synthesis does not require the use of specialized
protocols for monitoring the individual steps of a
multistep solid phase synthesis (Egner et al., 1995,
J.Org. Chem. 60:2652; Anderson et al., 1995, J. Org.
Chem. 60:2650; Fitch et al., 1994, J . Org. Chem.
59:7955; Look et al., 1994, J . Org. Chem. 49:7588;
Metzger et al., 1993, Angew. Chem., Int. Ed. Engl.
32:894; Youngquist et al., 1994, Rapid Commun. Mass
Spect. 8:77; Chu et al., 1995, J . Am. Chem. Soc.
117:5419; Brummel et al., 1994, Science 264:399; and
Stevanovic et al., 1993, Bioorg. Med. Chem. Lett.
3:431). Combinatorial compound libraries useful for
the methods of the present invention can be
synthesised on solid supports. In one embodiment, a
split synthesis method, a protocol of separating and
mixing supports during the synthesis, is used to
synthesize a library of compounds on solid supports
(see e.g. , Lam et al., 1997, Chem. Rev. 97:41-448;
Ohhneyer et al., 1993, Proc. Natl. Acad. Sci. USA
90:10922-10926 and references cited therein). Each
solid support in the final library has substantially
one type of compound attached to its surface. Other
methods for synthesizing combinatorial libraries on
solid supports, wherein one product is attached to
each support, will be known to those of skill in the
art (see, e.g., Nefzi et al., 1997, Chem. Rev.
97:449-472). In some embodiments of the present
invention, compounds can be attached to solid supports
via linkers. Linkers can be integral and part of the
solid support, or they may be nonintegral that are
either synthesised on the solid support or attached
thereto after synthesis. Linkers are useful not only
for providing points of compound attachment to the
solid support, but also for allowing different groups
of molecules to be cleaved from the solid support
under different conditions, depending on the nature of
the linker. For example, linkers can be, inter alia,
electrophilically cleaved, nucleophilically cleaved,
photocleavable, enzymatically cleaved, cleaved by
metals, cleaved under reductive conditions or cleaved
under oxidative conditions. In a preferred embodiment,
the compounds are cleaved from the solid support prior
to high throughput screening of the compounds. If the
library comprises arrays or microarrays of compounds,
wherein each compound has an address or identifier,
the compound can be deconvoluted, e.g., by
crossreferencing the positive sample to original
compound list that was applied to the individual test
assays.If the library is a peptide or nucleic acid
library, the sequence of the compound can be
determined by direct sequencing of the peptide or
nucleic acid. Such methods are well known to one of
skill in the art. A number of physico-chemical
techniques can be used for the de novo
characterization of compounds. Examples of such
techniques include, but are not limited to, mass
spectrometry, NMR spectroscopy, X-ray crytallography
and vibrational spectroscopy. 5.19 Use of Identified
Compounds to Prevent. Treat, Manage or Ameliorate
Bladder Cancer or Symptoms Thereof The present
invention provides methods of preventing, treating,
managing or ameliorating bladder cancer or a symptom
thereof, said methods comprising administering to a
subject in need thereof one or more compounds
identified in accordance with the methods of the
invention. In a preferred embodiment, the subject is
human. In one embodiment, the invention provides a
method of preventing, treating, managing or
ameliorating bladder cancer or a symptom thereof, said
method comprising administering to a subject in need
thereof a dose of a prophylactically or
therapeutically effective amount of one or more
compounds identified in accordance with the methods of
the invention. In a specific embodiment, a compound
identified in accordance with the methods of the
invention is not administered to prevent, treat, or
ameliorate bladder cancer or a symptom thereof, if
such compound has been used previously to prevent,
treat, manage or ameliorate bladder cancer or a
symptom thereof. In another embodiment, a compound
identified in accordance with the methods of the
invention is not administered to prevent, treat, or
ameliorate bladder cancer or a symptom thereof, if
such compound has suggested to be used to prevent,
treat, manage or ameliorate bladder cancer or a
symptom thereof. In another embodiment, a compound
identified in accordance with the methods of the
invention specifically binds to and/or alters the
expression and/or activity level of a protein or RNA
product of only one biomarker of the invention. In yet
another embodiment, a compound identified in
accordance with the methods of the invention binds to
and/or alters the expression and/or activity level of
a protein or RNA product of any number of up to at
least 2, at least 3, at least 4, at least 5, at least
10, at least 15, at least 20, at least 25, at least
30, at least 35, at least 40 or more biomarkers of the
invention.In a specific embodiment, a compound
identified in accordance with the methods of the
invention increases or decreases the anabolic and/or
the catabolic activity of a bladder cell or
immortalized bladder cancer cell. Preferably, such a
compound increases or decreases the anabolic and/or
catabolic activity of a chondrocyte by greater than
1.0-fold, more preferably, 1.5-5-fold, and most
preferably, 5-100-fold, as compared to an untreated
bladder cell or immortalized bladder cell, hi another
embodiment, a compound identified in accordance with
the methods of the invention ameliorates at least one
of the symptoms and/or changes associated with bladder
cancer including symptoms of bladder cancer. In a 



particular embodiment, the prophylactic or therapeutic
agent administered to prevent, treat, manage or
ameliorate bladder cancer or a symptom thereof is a
synthetic compound or a natural product (e.g. a plant
extract or culture supernatant), or a mixture of
compounds. The invention also provides methods of
preventing, treating, managing or ameliorating
ameliorate bladder cancer or a symptom thereof, said
methods comprising administering to a subject in need
thereof one or more of the compounds identified
utilising the screening methods described herein, and
one or more other therapies (e.g., prophylactic or
therapeutic agents and surgery). In a specific
embodiment, such therapies are currently being used,
have been used or are known to be useful in the
prevention, treatment, management or amelioration of o
ameliorate bladder cancer or a symptom thereof
(including, but not limited to the prophylactic or
therapeutic agents listed in sections herein below).
The therapies (e.g., prophylactic or therapeutic
agents) of the combination therapies of the invention
can be administered sequentially or concurrently. In a
specific embodiment, the combination therapies of the
invention comprise a compound identified in accordance
with the invention and at least one other therapy that
has the same mechanism of action as said compound. Li
another specific embodiment, the combination therapies
of the invention comprise a compound identified in
accordance with the methods of the invention and at
least one other therapy (e.g., prophylactic or
therapeutic agent) which has a different mechanism of
action than said compound. The combination therapies
of the present invention improve the prophylactic or
therapeutic effect of a compound of the invention by
functioning together with the compound to have an
additive or synergistic effect. The combination
therapies of the present invention reduce the side
effects associated with the therapies (e.g.,
prophylactic or therapeutic agents).The prophylactic
or therapeutic agents of the combination therapies can
be administered to a subject in the same
pharmaceutical composition. Alternatively, the
prophylactic or therapeutic agents of the combination
therapies can be administered concurrently to a
subject in separate pharmaceutical compositions. The
prophylactic or therapeutic agents may be administered
to a subject by the same or different routes of
administration. In specific embodiment, a
pharmaceutical composition comprising one or more
compounds identified in an assay described herein is
administered to a subject, preferably a human, to
prevent, treat, manage or ameliorate bladder cancer or
a symptom thereof. In accordance with the invention,
the pharmaceutical composition may also comprise one
or more prophylactic or therapeutic agents.
Preferably, such agents are currently being used, have
been used or are known to be useful in the prevention,
treatment, management or amelioration of bladder
cancer or a symptom thereof. A compound identified in
accordance with the methods of the invention may be
used as a first, second, third, fourth or fifth line
of therapy for bladder cancer. The invention provides
methods for treating, managing or ameliorating bladder
cancer or a symptom thereof in a subject refractory to
conventional therapies for bladder cancer, said
methods comprising administering to said subject a
dose of a prophylactically or therapeutically
effective amount of a compound identified in
accordance with the methods of the invention. The
invention provides methods for treating, managing or
ameliorating bladder cancer or a symptom thereof in a
subject refractory to existing single agent therapies
for bladder cancer, said methods comprising
administering to said subject a dose of a
prophylactically or therapeutically effective amount
of a compound identified in accordance with the
methods of the invention and a dose of a
prophylactically or therapeutically effective amount
of one or more other therapies (e.g., prophylactic or
therapeutic agents). The invention also provides
methods for treating or managing a bladder cancer by
administering a compound identified in accordance with
the methods of the invention in combination with any
other therapy (e.g., surgery) to patients who have
proven refractory to other therapies but are no longer
on these therapies. The invention also provides
methods for the treatment ormanagement of a patient
having bladder cancer and immunosuppressed by reason
of having previously undergone other therapies. The
invention also provides alternative methods for the
treatment or management of bladder cancer where
hormonal therapy and/or biological
therapy/immunotherapy has proven or may prove too
toxic, i.e., results in unacceptable or unbearable
side effects, for the subject being treated or
managed. 5.19.1 Compounds for Use in Preventing,
Treating. Managing or Ameliorating Bladder Cancer or a
Symptom Thereof Representative, non-limiting examples
of compounds that can used in accordance with the
methods of the invention to prevent, treat, manage
and/or ameliorate bladder cancer or a symptom thereof
are described in detail below. First, such compounds
can include, for example, antisense, ribozyme, or
triple helix compounds that can downregulate the
expression or activity of a protein or RNA product of
a biomarker of the invention. Such compounds are
described in detail in the subsection below. Second,
such compounds can include, for example, antibody
compositions that can modulate the expression of a
protein or RNA product of a biomarker of the
invention, or the activity of a protein product of a
biomarker of the invention. In a specific embodiment,
the antibody compositions downregulate the expression
a protein or RNA product of a biomarker of the
invention, or the activity of a protein product of a
biomarker of the invention. Such compounds are
described in detail in the subsection below. Third,
such compounds can include, for example, protein
products of a biomarker of the invention. The
invention encompasses the use of peptides or peptide
mimetics selected to mimic a protein product of a
biomarker of the invention to prevent, treat, manage
or ameliorate bladder cancer or a symptom thereof.
Further, such compounds can include, for example,
dominant-negative polypeptides that can modulate the
expression a protein or RNA product of a biomarker of
the invention, or the activity of a protein product of
a biomarker of the invention. The methods also
encompass the use derivatives, analogs and fragments
of a protein product of a biomarker of the invention
to prevent, treat, manage or amelioratebladder cancer
or a symptom thereof. In particular, the invention
encompasses the use of fragments of a protein product
of a biomarker of the invention comprising one or more
domains of such a protein(s) to prevent, treat, manage
or ameliorate bladder cancer or a symptom thereof. Ih
another specific embodiment, the invention encompasses
the use of a protein product of a biomarker of the
invention, or an analog, derivative or fragment of
such a protein which is expressed as a fusion, or
chimeric protein product (comprising the protein,
fragment, analog, or derivative joined via a peptide
bond to a heterologous protein sequence). In specific
embodiments, an antisense oligonucleotide of at least
1, at least 2, at least 3, at least 4, at least 5, at
least 6, at least 7, at least 8, at least 9, at least
10, at least 15, at least 20, at least 25, at least
30, at least 35, at least 40, at least 45, at least
50, or more of biomarkers of the invention are
administered to prevent, treat, manage or ameliorate
bladder cancer or a symptom thereof. In other
embodiments, one or more of protein products of a
biomarker of the invention or a fragment, analog, or
derivative thereof are administered to prevent, treat,
manage or ameliorate bladder cancer or a symptom
thereof. In other embodiment, one or more antibodies
that specifically bind to a protein product of the
invention are administered to prevent, treat, manage
or ameliorate bladder cancer or a symptom thereof, hi
other embodiments, one or more dominant-negative
polypeptides are administered to prevent, treat,
manage or ameliorate bladder cancer or a symptom
thereof. Antisense, Ribozvme, Triple-Helix
Compositions Standard techniques can be utilised to
produce antisense, triple helix, or ribozyme molecules
for use as part of the methods described herein.
First, standard techniques can be utilised for the
production of antisense nucleic acid molecules, i.e.,
molecules which are complementary to a sense nucleic
acid encoding a polypeptide of interest, e.g.,
complementary to the coding strand of a
double-stranded cDNA molecule or complementary to an
mRNA sequence. Accordingly, an antisense nucleic acid
can hydrogen bond to a sense nucleic acid. The
antisense nucleic acid can be complementary to an
entire coding strand, or to only a portion thereof,
e.g., all or part of the protein coding region (or
open reading frame). An antisense nucleic acid
molecule can be antisense to all or part of a
non-coding region of the coding strand of a nucleotide
sequence encoding a polypeptide ofinterest. The
non-coding regions ("5' and 3' untranslated regions")
are the 5' and 3' sequences that flank the coding
region and are not translated into amino acids. An
antisense oligonucleotide can be, for example, any
number of up to about 5, 10, 15, 20, 25, 30, 35, 40,
45 or 50 nucleotides or more in length. An antisense
nucleic acid of the invention can be constructed using
chemical synthesis and enzymatic ligation reactions
using procedures known in the art. For example, an
antisense nucleic acid {e.g., an antisense
oligonucleotide) can be chemically synthesised using
naturally occurring nucleotides or variously modified
nucleotides designed to increase the biological
stability of the molecules or to increase the physical
stability of the duplex formed between the antisense
and sense nucleic acids, e.g., phosphorothioate
derivatives and acridine substituted nucleotides can
be used. Examples of modified nucleotides which can be
used to generate the antisense nucleic acid include
5-fluorouracil, 5-bromouracil, 5-chlorouracil,
5-iodouracil, hypoxanthine, xanthine,
4-acetylcytosine, 5-(carboxyhydroxylmethyl) uracil,
5-carboxymethylaminomethyl-2-thiouridine,
5-carboxymethylaminomethyluracil, dihydrouracil,
beta-D-galactosylqueosine, inosine,
N6-isopentenyladenine, 1-methylguanine,
1-methylinosine, 2,2-dimethylguanine, 2-methyladenine,
2-methylguanine, 3-methylcytosine, 5-methylcytosine,
N6-adenine, 7-methylguanine,
5-methylaminomethyluracil,
5-methoxyaminomethyl-2-thiouracil,
beta-D-mannosylqueosine,
5'-methoxycarboxymethyluracil, 5-methoxyuracil,
2-methylthio-N6-isopentenyladenine, uracil-5-oxyacetic
acid (v), wybutoxosine, pseudouracil, queosine,
2-thiocytosine, 5-methyl-2-thiouracil, 2-thiouracil,
4-thiouracil, 5-methyluracil, uracil-5-oxyacetic acid
methylester, uracil-5-oxyacetic acid (v),
5-methyl-2-thiouracil, 3-(3-amino-3-N-2-carboxypropyl)
uracil, (acp3)w, and 2,6-diaminopurine. Alternatively,
the antisense nucleic acid can be produced
biologically using an expression vector into which a
nucleic acid has been subcloned in an antisense
orientation (i.e., RNA transcribed from the inserted
nucleic acid will be of an antisense orientation to a
target nucleic acid of interest). Antisense nucleic
acid molecules administered to a subject or generated
in situ such that they hybridize with or bind to
cellular mRNA encoding the polypeptide of interest to
thereby inhibit expression, e.g., by inhibiting
transcription and/or translation. The hybridization
can be by conventional nucleotide complementarity to
form a stable duplex, or,for example, in the case of
an antisense nucleic acid molecule which binds to DNA
duplexes, through specific interactions in the major
groove of the double helix. An example of a route of
administration of antisense nucleic acid molecules of
the invention includes direct injection at a tissue,
e.g., a joint (e.g., a knee, hip, elbow, and knuckle),
site. Alternatively, antisense nucleic acid molecules
can be modified to target selected cells and then
administered systemically. For example, for systemic
administration, antisense molecules can be modified
such that they specifically bind to receptors or
antigens expressed on a selected cell, e.g., a T cell
or chondrocyte, surface, e.g., by linking the
antisense nucleic acid molecules to peptides or
antibodies which bind to cell surface receptors or
antigens. The antisense nucleic acid molecules can
also be delivered to cells using vectors, e.g., gene
therapy vectors, described below. To achieve
sufficient intracellular concentrations of the
antisense molecules, vector constructs in which the
antisense nucleic acid molecule is placed under the
control of a strong pol II or pol III promoter are
preferred. An antisense nucleic acid molecule of
interest can be an a-anomeric nucleic acid molecule.
An a-anomeric nucleic acid molecule forms specific
double-stranded hybrids with complementary RNA in
which, contrary to the usual a-units, the strands run
parallel to each other (Gaultier et al., 1987, Nucleic
Acids Res. 15:6625-6641). The antisense nucleic acid
molecule can also comprise a 2'-o-methylribonucleotide
(Inoue et al., 1987, Nucleic Acids Res. 15:6131-6148)
or a chimeric RNA-DNA analogue (Inoue et al., 1987,
FEBS Lett. 215:327-330). Ribozymes are catalytic RNA
molecules with ribonuclease activity that are capable
of cleaving a single-stranded nucleic acid, such as an
mRNA, to which they have a complementary region, and
can also be generated using standard techniques. Thus,
ribozymes (e.g., hammerhead ribozymes (described in
Haselhoff and Gerlach, 1988, Nature 334:585-591)) can
be used to catalytically cleave mRNA transcripts to
thereby inhibit translation of the protein encoded by
the mRNA. A ribozyme having specificity for a nucleic
acid molecule encoding a polypeptide of interest can
be designed based upon the nucleotide sequence of a
cDNA disclosed herein. For example, a derivative of a
Tetrahymena L-1 9 IVS RNA can be constructed in which
the nucleotide sequence of the active site is
complementary to the nucleotide sequence to be cleaved
in a Cech et al. U.S. Patent No. 4,987,071; and Cechet
al. U.S. Patent No. 5,1 16,742. Alternatively, an mRNA
encoding a polypeptide of interest can be used to
select a catalytic RNA having a specific ribonuclease
activity from a pool of RNA molecules. See, e.g.,
Bartel and Szostak, 1993, Science 261:1411-1418.
Triple helical structures can also be generated using
well known techniques. For example, expression of a
polypeptide of interest can be inhibited by targeting
nucleotide sequences complementary to the regulatory
region of the gene encoding the polypeptide {e.g., 



the promoter and/or enhancer) to form triple helical
structures that prevent transcription of the gene in
target cells. See generally Helene, 1991, Anticancer
Drug Des. 6(6):569-84; Helene, 1992, Ann. KY. Acad.
Sci. 660:27-36; and Maher, 1992, Bioassays
14(12):807-15. In various embodiments, nucleic acid
compositions can be modified at the base moiety, sugar
moiety or phosphate backbone to improve, e.g., the
stability, hybridization, or solubility of the
molecule. For example, the deoxyribose phosphate
backbone of the nucleic acids can be modified to
generate peptide nucleic acids (see Hyrup et al.,
1996, Bioorganic & Medicinal Chemistry 4(1): 5-23). As
used herein, the terms "peptide nucleic acids" or
"PNAs" refer to nucleic acid mimics, e.g., DNA mimics,
in which the deoxyribose phosphate backbone is
replaced by a pseudopeptide backbone and only the four
natural nucleobases are retained. The neutral backbone
of PNAs has been shown to allow for specific
hybridization to DNA and RNA under conditions of low
ionic strength. The synthesis of PNA oligomers can be
performed using standard solid phase peptide synthesis
protocols as described in Hyrup et al.,1996, supra;
Perry-O'Keefe et al., 1996, Proc. Natl. Acad. Sci. USA
93: 14670-675. PNAs can, for example, be modified,
e.g., to enhance their stability or cellular uptake,
by attaching lipophilic or other helper groups to PNA,
by the formation of PNA-DNA chimeras, or by the use of
liposomes or other techniques of drug delivery known
in the art. For example, PNA-DNA chimeras can be
generated which may combine the advantageous
properties of PNA and DNA. Such chimeras allow DNA
recognition enzymes, e.g., RNAse H and DNA
polymerases, to interact with the DNA portion while
the PNA portion would provide high binding affinity
and specificity. PNA-DNA chimeras can be linked using
linkers of appropriate lengths selected in terms of
base stacking, number of bonds between the
nucleobases, and orientation (Hyrup, 1996, supra). The
synthesis of PNA-DNA chimerascan be performed as
described in Hyrup, 1996, supra, and Finn et al, 1996,
Nucleic Acids Res. 24(17):3357-63. For example, a DNA
chain can be synthesised on a solid support using
standard phosphoramidite coupling chemistry and
modified nucleoside analogs. Compounds such as
5'-(4-methoxytrityl)amino-5'-deoxy-thymidine
phosphoramidite can be used as a link between the PNA
and the 5' end of DNA (Mag et al., 1989, Nucleic Acids
Res. 17:5973-88). PNA monomers are then coupled in a
stepwise manner to produce a chimeric molecule with a
5' PNA segment and a 3' DNA segment (Finn et al.,
1996, Nucleic Acids Res. 24(17):3357-63).
Alternatively, chimeric molecules can be synthesised
with a 5' DNA segment and a 3' PNA segment (Peterser
et al., 1975, Bioorganic Med. Chem. Lett.
5:1119-11124). In other embodiments, the
oligonucleotide may include other appended groups such
as peptides (e.g., for targeting host cell receptors
in vivo ), or agents facilitating transport across the
cell membrane (see, e.g., Letsinger et al., 1989,
Proc. Natl. Acad. Sci. USA 86:6553-6556; Lemaitre et
al., 1987, Proc. Natl. Acad. Sci. USA 84:648-652;
International Publication No. WO88/09810) or the
blood-brain barrier (see, e.g., International
Publication No. WO89/10134). In addition,
oligonucleotides can be modified with
hybridization-triggered cleavage agents (see, e.g.,
Krol et al., 1988, Bio/Techniques 6:958-976) or
intercalating agents (see, e.g., Zon, 1988, Pharm.
Res. 5:539-549). To this end, the oligonucleotide may
be conjugated to another molecule, e.g., a peptide,
hybridization triggered cross-linking agent, transport
agent, hybridization-triggered cleavage agent, etc.
Antibody Compositions In one embodiment, antibodies
that specifically bind to one or more protein products
of one or more biomarkers of the invention are
administered to a subject, preferably a human, to
prevent, treat, manage or ameliorate bladder cancer or
a symptom thereof. n another embodiment, any
combination of antibodies that specifically bind to
one or more protein products of one or more biomarkers
of the invention are administered to a subject,
preferably a human, to prevent, treat, manage or
ameliorate bladder cancer or a symptom thereof. In a
specific embodiment, one or more antibodies that
specifically bind to one or more protein products of
one or more biomarkers of the invention are
administered to a subject, preferably a human, in
combination with other types of therapies to prevent,
treat,manage or ameliorate bladder cancer or a symptom
thereof. In certain embodiments, antibodies known in
the art that specifically bind to one or more protein
products of one or more biomarkers of the invention
are administered to a subject, preferably a human,
alone or in combination with other types of therapies
to prevent, treat, manage or ameliorate bladder cancer
or a symptom thereof. In other embodiments, antibodies
known in the art that specifically bind to one or more
protein products of one or more biomarkers of the
invention are not administered to a subject,
preferably a human, alone or in combination with other
types of therapies to prevent, treat, manage or
ameliorate bladder cancer or a symptom thereof. One or
more antibodies that specifically bind to one or more
protein products of one or more biomarkers of the
invention can be administered to a subject, preferably
a human, using various delivery systems are known to
those of skill in the art. For example, such
antibodies can be administered by encapsulation in
liposomes, microparticles or microcapsules. See, e.g.,
U.S. Patent No. 5,762,904, U.S. Patent No. 6,004,534,
and International Publication No. WO 99/52563. In
addition, such antibodies can be administered using
recombinant cells capable of expressing the
antibodies, or retroviral, other viral vectors or
non-viral vectors capable of expressing the
antibodies. Antibodies that specifically bind one or
more protein products of one or more biomarkers of the
invention can be obtained from any known source.
Alternatively, antibodies that specifically bind to
one or more protein products of one or more biomarkers
of the invention can be produced by any method known
in the art for the synthesis of antibodies, in
particular, by chemical synthesis or preferably, by
recombinant expression techniques. Antibodies include,
but are not limited to, polyclonal antibodies,
monoclonal antibodies, bispecific antibodies,
multispecific antibodies, human antibodies, humanized
antibodies, camelised antibodies, chimeric antibodies,
single-chain Fvs (scFv) (see e.g., Bird et al. (1988)
Science 242:423-426; and Huston et al. (1988) Proc.
Natl. Acad. Sd. USA 85:5879-5883), single chain
antibodies, single domain antibodies, Fab fragments,
F(ab') fragments, disulfide-linked Fvs (sdFv), and
anti-idiotypic (anti-Id) antibodies (including, e.g.,
anti-Id antibodies to antibodies of the invention),
and antigen binding and/or epitope-bindingfragments of
any of the above. The term "antibody", as used herein,
refers to immunoglobulin molecules and immunologically
active fragments of immunoglobulin molecules, i.e.,
molecules that contain an antigen binding site.
Immunoglobulin molecules can be of any type {e.g.,
IgG, IgE, IgM, IgD, IgA and IgY), class {e.g., IgG1,
IgG2, IgG3, IgG4, IgA1 and IgA2) or subclass. Examples
of immunologically active fragments of immunoglobulin
molecules include F(ab) fragments (a monovalent
fragment consisting of the VL, VH, CL and CHl domains)
and F(ab')2 fragments (a bivalent fragment comprising
two Fab fragments linked by a disulfide bridge at the
hinge region) which can be generated by treating the
antibody with an enzyme such as pepsin or papain.
Immunologically active fragments also include, but are
not limited to, Fd fragments (consisting of the VH and
CHl domains), Fv fragments (consisting of the VL and
VH domains of a single arm of an antibody), dAb
fragments (consisting of a VH domain; Ward et al,
(1989) Nature 341:544- 546), and isolated
complementarity determining regions (CDRs). Antibodies
that specifically bind to an antigen can be produced
by any method known in the art for the synthesis of
antibodies, in particular, by chemical synthesis or
preferably, by recombinant expression techniques.
Polyclonal antibodies that specifically bind to an
antigen can be produced by various procedures
well-known in the art. For example, a human antigen
can be administered to various host animals including,
but not limited to, rabbits, mice, rats, etc. to
induce the production of sera containing polyclonal
antibodies specific for the human antigen. Various
adjuvants may be used to increase the immunological
response, depending on the host species, and include
but are not limited to, Freund's (complete and
incomplete), mineral gels such as aluminum hydroxide,
surface active substances such as lysolecithin,
pluronic polyols, polyanions, peptides, oil emulsions,
keyhole limpet hemocyanins, dinitrophenol, and
potentially useful human adjuvants such as BCG
(bacille Calmette-Guerin) and corynebacterium parvum.
Such adjuvants are also well known in the art. The
term "monospecific antibody" refers to an antibody
that displays a single binding specificity and
affinity for a particular target, e.g., epitope. This
term includes monoclonal antibodies. Monoclonal
antibodies can be prepared using a wide variety of
techniques known in the art including the use of
hybridoma, recombinant, and phage displaytechnologies,
or a combination thereof. See, e.g., U.S. Pat. Nos. RE
32,011, 4,902,614, 4,543,439, 4,411,993 and 4,196,265;
Kennett et al (eds.), Monoclonal Antibodies,
Hybridomas: A New Dimension in Biological Analyses,
Plenum Press (1980); and Harlow and Lane (eds.),
Antibodies. A Laboratory Manual, Cold Spring Harbor
Laboratory Press (1988), which are incorporated herein
by reference. For example, monoclonal antibodies can
be produced using hybridoma techniques including those
known in the art and taught, for example, in Harlow et
al., Antibodies: A Laboratory Manual, (Cold Spring
Harbor Laboratory Press, 2nd ed. 1988); Hamrnerling,
et al., in: Monoclonal Antibodies and T-CeIl
Hybridomas 563-681 (Elsevier, N.Y., 1981) (said
references incorporated by reference in their
entireties). Other techniques that enable the
production of antibodies through recombinant
techniques (e.g., techniques described by William D.
Huse et al., 1989, Science, 246: 1275-1281; L. Sastry
et al., 1989, Proc. Natl. Acad. Sci. USA, 86:
5728-5732; and Michelle Alting-Mees et al., Strategies
in Molecular Biology, 3: 1-9 (1990) involving a
commercial system available from Stratacyte, La Jolla,
Calif.) may also be utilised to construct monoclonal
antibodies. The term "monoclonal antibody" as used
herein is not limited to antibodies produced through
hybridoma technology. The term "monoclonal antibody"
refers to an antibody that is derived from a single
clone, including any eukaryotic, prokaryotic, or phage
clone, and not the method by which it is produced.
Methods for producing and screening for specific
antibodies using hybridoma technology are routine and
well known in the art. Briefly, mice can be immunized
with a protein product of a biomarker of the
invention, and once an immune response is detected,
e.g., antibodies specific for the protein are detected
in the mouse serum, the mouse spleen is harvested and
splenocytes isolated. The splenocytes are then fused
by well known techniques to any suitable myeloma
cells, for example cells from cell line SP20 available
from the ATCC. Hybridomas are selected and cloned by
limited dilution. Additionally, a RIMMS (repetitive
immunization multiple sites) technique can be used to
immunize an animal (Kilptrack et al., 1997, Hybridoma
16:381-9, incorporated by reference in its entirety).
The hybridoma clones are then assayed by methods known
in the art for cells that secrete antibodies capable
of binding a polypeptide of the invention. Ascites
fluid, which generally contains high levels of
antibodies, can be generated by immunizing mice with
positive hybridoma clones.Accordingly, the present
invention provides methods of generating antibodies by
culturing a hybridoma cell secreting an antibody of
the invention wherein, preferably, the hybridoma is
generated by fusing splenocytes isolated from a mouse
immunized with a protein product of a biomarker of the
invention, with myeloma cells and then screening the
hybridomas resulting from the fusion for hybridoma
clones that secrete an antibody able to bind to the
protein or protein fragment. Antibody fragments which
recognise specific epitopes of a protein product of a
biomarker of the invention may be generated by any
technique known to those of skill in the art. For
example, Fab and F(ab')2 fragments of the invention
may be produced by proteolytic cleavage of
immunoglobulin molecules, using enzymes such as papain
(to produce Fab fragments) or pepsin (to produce
F(ab')2 fragments). F(ab')2 fragments contain the
variable region, the light chain constant region and
the CHl domain of the heavy chain. Further, the
antibodies of the present invention can also be
generated using various phage display methods known in
the art. In phage display methods, functional antibody
domains are displayed on the surface of phage
particles which carry the polynucleotide sequences
encoding them hi particular, DNA sequences encoding VH
and VL domains are amplified from animal cDNA
libraries (e.g., human or murine cDNA libraries of
affected tissues). The DNA encoding the VH and VL
domains are recombined together with an scFv linker by
PCR and cloned into a phagemid vector. The vector is
electroporated in E. coli and the E. coli is infected
with helper phage. Phage used in these methods are
typically filamentous phage including fd and Ml 3 and
the VH and VL domains are usually recombinantly fused
to either the phage gene III or gene VIII. Phage
expressing an antigen binding domain that binds to a
particular antigen can be selected or identified with
antigen, e.g., using labelled antigen or antigen bound
or captured to a solid surface or bead. Examples of
phage display methods that can be used to make the
antibodies of the present invention include those
disclosed in Brinkman et al., 1995, J . Immunol.
Methods 182:41-50; Ames et al., 1995, J. Immunol.
Methods 184:177- 186; Kettleborough et al. , 1994,
Eur. J . Immunol. 24:952-958; Persic et al., 1997,
Gene 187:9-18; Burton et al., 1994, Advances in
Immunology 57:191-280; PCT Application No. PCT/GB91/O1
134; International Publication Nos. WO 90/02809, WO
91/10737, WO92/01047, WO 92/18619, WO 93/1 1236, WO
95/15982, WO 95/20401, and WO97/13844; and U.S. Patent
Nos. 5,698,426, 5,223,409, 5,403,484, 5,580,717,
5,427,908, 5,750,753, 



5,821,047, 5,571,698, 5,427,908, 5,516,637, 5,780,225,
5,658,727, 5,733,743 and 5,969,108; each of which is
incorporated herein by reference in its entirety. As
described in the above references, after phage
selection, the antibody coding regions from the phage
can be isolated and used to generate whole antibodies,
including human antibodies, or any other desired
antigen binding fragment, and expressed in any desired
host, including mammalian cells, insect cells, plant
cells, yeast, and bacteria, e.g., as described below.
Techniques to recombinantly produce Fab, Fab' and
F(ab')2 fragments can also be employed using methods
known in the art such as those disclosed in
International Publication No. WO 92/22324; Mullinax et
al, 1992, BioTechniques 12(6):864-869; Sawai et al.,
1995, AJRI 34:26-34; and Better et al., 1988, Science
240:1041-1043 (said references incorporated by
reference in their entireties). To generate whole
antibodies, PCR primers including VH or VL nucleotide
sequences, a restriction site, and a flanking sequence
to protect the restriction site can be used to amplify
the VH or VL sequences in scFv clones. Utilising
cloning techniques known to those of skill in the art,
the PCR amplified VH domains can be cloned into
vectors expressing a VH constant region, e.g., the
human gamma 4 constant region, and the PCR amplified
VL domains can be cloned into vectors expressing a VL
constant region, e.g., human kappa or lambda constant
regions. Preferably, the vectors for expressing the VH
or VL domains comprise an EF-l a promoter, a secretion
signal, a cloning site for the variable domain,
constant domains, and a selection marker such as
neomycin. The VH and VL domains may also cloned into
one vector expressing the necessary constant regions.
The heavy chain conversion vectors and light chain
conversion vectors are then co-transfected into cell
lines to generate stable or transient cell lines that
express full-length antibodies, e.g. , IgG, using
techniques known to those of skill in the art. For
some uses, including in vivo use of antibodies in
humans and in vitro detection assays, it may be
preferable to use human or chimeric antibodies.
Completely human antibodies are particularly desirable
for therapeutic treatment of human subjects. Human
antibodies can be made by a variety of methods known
in the art including phagedisplay methods described
above using antibody libraries derived from human
immunoglobulin sequences. See also U.S. Patent Nos.
4,444,887 and 4,716,111; and International Publication
Nos. WO 98/46645, WO 98/50433, WO 98/24893,
WO98/16654, WO 96/34096, WO 96/33735, and WO 91/10741;
each of which is incorporated herein by reference in
its entirety. Antibodies can also be produced by a
transgenic animal. In particular, human antibodies can
be produced using transgenic mice which are incapable
of expressing functional endogenous immunoglobulins,
but which can express human immunoglobulin genes. For
example, the human heavy and light chain
immunoglobulin gene complexes may be introduced
randomly or by homologous recombination into mouse
embryonic stem cells. Alternatively, the human
variable region, constant region, and diversity region
may be introduced into mouse embryonic stem cells in
addition to the human heavy and light chain genes. The
mouse heavy and light chain immunoglobulin genes may
be rendered non-functional separately or
simultaneously with the introduction of human
immunoglobulin loci by homologous recombination. In
particular, homozygous deletion of the JJJ region
prevents endogenous antibody production. The modified
embryonic stem cells are expanded and microinjected
into blastocysts to produce chimeric mice. The
chimeric mice are then be bred to produce homozygous
offspring which express human antibodies. The
transgenic mice are immunized in the normal fashion
with a selected antigen, e.g., all or a portion of a
polypeptide of the invention. Monoclonal antibodies
directed against the antigen can be obtained from the
immunized, transgenic mice using conventional
hybridoma technology. The human immunoglobulin
transgenes harbored by the transgenic mice rearrange
during B cell differentiation, and subsequently
undergo class switching and somatic mutation. Thus, ,
using such a technique, it is possible to produce
therapeutically useful IgG, IgA, IgM and IgE
antibodies. For an overview of this technology for
producing human antibodies, see Lonberg and Huszar
(1995, Int. Rev. Immunol. 13:65-93). For a detailed
discussion of this technology for producing human
antibodies and human monoclonal antibodies and
protocols for producing such antibodies, see, e.g.,
International Publication Nos. WO 98/24893, WO
96/34096, and WO 96/33735; and U.S. Patent Nos.
5,413,923, 5,625,126, 5,633,425, 5,569,825, 5,661,016,
5,545,806, 5,814,318, and 5,939,598, which are
incorporated by reference herein in their entirety. In
addition, companies such as Abgenix, Inc.
(Freemont,CA) and Genpharm (San Jose, CA) can be
engaged to provide human antibodies directed against a
selected antigen using technology similar to that
described above. U.S. Patent No. 5,849,992, for
example, describes a method of expressing an antibody
in the mammary gland of a transgenic mammal. A
transgene is constructed that includes a milk-specific
promoter and nucleic acids encoding the antibody of
interest and a signal sequence for secretion. The milk
produced by females of such transgenic mammals
includes, secreted-therein, the antibody of interest.
The antibody can be purified from the milk, or for
some applications, used directly. A chimeric antibody
is a molecule in which different portions of the
antibody are derived from different immunoglobulin
molecules. Methods for producing chimeric antibodies
are known in the art. See e.g., Morrison, 1985,
Science 229:1202; Oi et al., 1986, BioTechniques
4:214; Gillies et al., 1989, J. Immunol. Methods
125:191-202; and U.S. Patent Nos. 5,807,715,
4,816,567, 4,816,397, and 6,331,415, which are
incorporated herein by reference in their entirety. A
humanized antibody is an antibody or its variant or
fragment thereof which is capable of binding to a
predetermined antigen and which comprises a framework
region having substantially the amino acid sequence of
a human immunoglobulin and a CDR having substantially
the amino acid sequence of a non-human immuoglobulin.
A humanized antibody comprises substantially all of at
least one, and typically two, variable domains (Fab,
Fab', F(ab') 2 Fabc, Fv) in which all or substantially
all of the CDR regions correspond to those of a
non-human immunoglobulin (i.e., donor antibody) and
all or substantially all of the framework regions are
those of a human immunoglobulin consensus sequence.
Preferably, a humanized antibody also comprises at
least a portion of an immunoglobulin constant region
(Fc), typically that of a human immunoglobulin.
Ordinarily, the antibody will contain both the light
chain as well as at least the variable domain of a
heavy chain. The antibody also may include the CHl,
hinge, CH2, CH3, and CH4 regions of the heavy chain.
The humanized antibody can be selected from any class
of immunoglobulins, including IgM, IgG, IgD, IgA and
IgE, and any isotype, including IgG1, IgG , IgG3 and
IgG4. Usually the constant domain is a complement
fixing constant domain where it is desired that the
humanized antibody exhibit cytotoxic activity, and the
class is typically IgG1. Where suchcytotoxic activity
is not desirable, the constant domain may be of the
IgG2 class. The humanized antibody may comprise
sequences from more than one class or isotype, and
selecting particular constant domains to optimize
desired effector functions is within the ordinary
skill in the art. The framework and CDR regions of a
humanized antibody need not correspond precisely to
the parental sequences, e.g. , the donor CDR or the
consensus framework may be mutagenized by
substitution, insertion or deletion of at least one
residue so that the CDR or framework residue at that
site does not correspond to either the consensus or
the import antibody. Such mutations, however, will not
be extensive. Usually, at least 75% of the humanized
antibody residues will correspond to those of the
parental FR and CDR sequences, more often 90%, and
most preferably greater than 95%. Humanized antibody
can be produced using variety of techniques known in
the art, including but not limited to, CDR-grafting
(European Patent No. EP 239,400; International
Publication No. WO 91/09967; and U.S. Patent Nos.
5,225,539, 5,530,101, and 5,585,089), veneering or
resurfacing (European Patent Nos. EP 592,106 and EP
519,596; Padlan, 1991, Molecular Immunology
28(4/5):489-498; Srudnicka et al, 1994, Protein
Engineering 7(6):805-814; and Roguska et al. , 1994,
PNAS 91:969-973), chain shuffling (U.S. Patent No.
5,565,332), and techniques disclosed in, e.g. ., U.S.
Pat. No. 6,407,213, U.S. Pat. No. 5,766,886, WO
9317105, Tan et al., 2002, J . Immunol. 169:1119-25,
Caldas et al., 2000, Protein Eng. 13(5):353 - 60,
Morea et al., 2000, Methods 20(3):267-79, Baca et al.,
1997, J . Biol. Chem. 272(16):10678-84, Roguska et
al., 1996, Protein Eng. 9(10):895~904, Couto et al.,
1995, Cancer Res. 55 (23 Supp):5973s - 5977s, Couto et
al., 1995, Cancer Res. 55(8):1717-22, Sandhu JS, 1994,
Gene 150(2):409-10, and Pedersen et al., 1994, J .
MoI. Biol. 235(3):959-73. Often, framework residues in
the framework regions will be substituted with the
corresponding residue from the CDR donor antibody to
alter, preferably improve, antigen binding. These
framework substitutions are identified by methods well
known in the art, e.g., by modeling of the
interactions of the CDR and framework residues to
identify framework residues important for antigen
binding and sequence comparison to identify unusual
framework residues at particular positions. (See,
e.g., Queen et al., U.S. Patent No. 5,585,089; and
Riechmann et al., 1988, Nature 332:323, which are
incorporated herein by reference in their
entireties.), Single domain antibodies, for example,
antibodies lacking the light chains, can be produced
by methods well-known in the art. See Riechmann et
al., 1999, J . Irnmuno. 231:25-38; Nuttall et al.,
2000, Curr. Pharm. Biotechnol. l(3):253-263;
Muylderman, 2001, J . Biotechnol. 74(4):277302; U.S.
Patent No. 6,005,079; and International Publication
Nos. WO 94/04678, WO 94/25591, and WO 01/44301, each
of which is incorporated herein by reference in its
entirety. Further, the antibodies that specifically
bind to an antigen can, in turn, be utilised to
generate anti-idiotype antibodies that "mimic" an
antigen using techniques well known to those skilled
in the art. (See, e.g., Greenspan & Bona, 1989, FASEB
J. 7(5):437- 444; and Nissinoff, 1991, J . Immunol.
147(8):2429-2438). Such antibodies can be used, alone
or in combination with other therapies, in the
prevention, treatment, management or amelioration of
bladder cancer or a symptom thereof. The invention
encompasses polynucleotides comprising a nucleotide
sequence encoding an antibody or fragment thereof that
specifically binds to an antigen. The invention also
encompasses polynucleotides that hybridize under high
stringency, intermediate or lower stringency
hybridization conditions to polynucleotides that
encode an antibody of the invention. The
polynucleotides may be obtained, and the nucleotide
sequence of the polynucleotides determined, by any
method known in the art. The nucleotide sequences
encoding known antibodies can be determined using
methods well known in the art, i.e., nucleoside codons
known to encode particular amino acids are assembled
in such a way to generate a nucleic acid that encodes
the antibody. Such a polynucleotide encoding the
antibody may be assembled from chemically synthesised
oligonucleotides {e.g., as described in Kutmeier et
al., 1994, BioTechniques 17:242), which, briefly,
involves the synthesis of overlapping oligonucleotides
containing portions of the sequence encoding the
antibody, fragments, or variants thereof, annealing
and ligating of those oligonucleotides, and then
amplification of the ligated oligonucleotides by PCR.
Alternatively, a polynucleotide encoding an antibody
may be generated from nucleic acid from a suitable
source. If a clone containing a nucleic acid encoding
a particular antibody is not available, but the
sequence of the antibody molecule is known, a nucleic
acidencoding the immunoglobulin may be chemically
synthesised or obtained from a suitable source (e.g.,
an antibody cDNA library or a cDNA library generated
from, or nucleic acid, preferably poly A+ RNA,
isolated from, any tissue or cells expressing the
antibody, such as hybridoma cells selected to express
an antibody of the invention) by PCR amplification
using synthetic primers hybridizable to the 3' and 5'
ends of the sequence or by cloning using an
oligonucleotide probe specific for the particular gene
sequence to identify, e.g., a cDNA clone from a cDNA
library that encodes the antibody. Amplified nucleic
acids generated by PCR may then be cloned into
replicable cloning vectors using any method well known
in the art. Once the nucleotide sequence of the
antibody is determined, the nucleotide sequence of the
antibody may b e manipulated using methods well known
in the art for the manipulation of nucleotide
sequences, e.g., recombinant DNA techniques, site
directed mutagenesis, PCR, etc. (see, for example, the
techniques described in Sambrook et al., 1990,
Molecular Cloning, A Laboratory Manual, 2d Ed., Cold
Spring Harbor Laboratory, Cold Spring Harbor, NY and
Ausubel et al., eds., 1998, Current Protocols in
Molecular Biology, John Wiley & Sons, NY, which are
both incorporated by reference herein in their
entireties), to generate antibodies having a different
amino acid sequence, for example to create amino acid
substitutions, deletions, and/or insertions. Once a
polynucleotide encoding an antibody molecule, heavy or
light chain of an antibody, or fragment thereof
(preferably, but not necessarily, containing the heavy
or light chain variable domain) of the invention has
been obtained, the vector for the production of the
antibody molecule may be produced by recombinant DNA
technology using techniques well-known in the art. In
one preferred embodiment, monoclonal antibodies are
produced in mammalian cells. Preferred mammalian host
cells for expressing the clone antibodies or
antigen-binding fragments thereof include Chinese
Hamster Ovary (CHO cells) (including dhfr- CHO cells,
described in Urlaub and Chasin (1980, Proc. Natl.
Acad. Sci. USA 77:4216- 



4220), used with a DHFR selectable marker, e.g., as
described in Kaufman and Sharp (1982, MoI. Biol.
159:601-621), lymphocytic cell lines, e.g., NSO
myeloma cells and SP2 cells, COScells, and a cell from
a transgenic animal, e.g., a transgenic mammal. For
example, the cell is a mammary epithelial cell. In
addition to the nucleic acid sequence encoding the
diversified immunoglobulin domain, the recombinant
expression vectors may carry additional sequences,
such as sequences that regulate replication of the
vector in host cells (e.g., origins of replication)
and selectable marker genes. The selectable marker
gene facilitates selection of host cells into which
the vector has been introduced (see e.g., U.S. Patents
Nos. 4,399,216, 4,634,665 and 5,179,017). For example,
typically the selectable marker gene confers
resistance to drugs, such as G418, hygromycin or
methotrexate, on a host cell into which the vector has
been introduced. Preferred selectable marker genes
include the dihydrofolate reductase (DHFR) gene (for
use in dhff host cells with methotrexate
selection/amplification) and the neo gene (for G418
selection). In an exemplary system for recombinant
expression of an antibody, or antigenbinding portion
thereof, of the invention, a recombinant expression
vector encoding both the antibody heavy chain and the
antibody light chain is introduced into dhff CHO cells
by calcium phosphate-mediated transfection. Within the
recombinant expression vector, the antibody heavy and
light chain genes are each operatively linked to
enhancer/promoter regulatory elements (e.g., derived
from SV40, CMV, adenovirus and the like, such as a CMV
enhancer/AdMLP promoter regulatory element or an SV40
enhancer/AdMLP promoter regulatory element) to drive
high levels of transcription of the genes. The
recombinant expression vector also carries a DHFR
gene, which allows for selection of CHO cells that
have been transfected with the vector using
methotrexate selection/amplification. The selected
transformant host cells are cultured to allow for
expression of the antibody heavy and light chains and
intact antibody is recovered from the culture medium.
Standard molecular biology techniques are used to
prepare the recombinant expression vector, transfect
the host cells, select for transformants, culture the
host cells and recover the antibody from the culture
medium. For example, some antibodies can be isolated
by affinity chromatography with a Protein A or Protein
G. For antibodies that include an Fc domain, the
antibody production system preferably synthesizes
antibodies in which the Fc region is glycosylated. For
example, the Fcdomain of IgG molecules is glycosylated
at asparagine 297 in the CH2 domain. This asparagine
is the site for modification with biantennary-type
oligosaccharides. It has been demonstrated that this
glycosylation is required for effector functions
mediated by FcD receptors and complement CIq (Burton
and Woof, 1992, Adv. Immunol. 5 1 :l-84 ; Jefferis et
al., 1998, Immunol. Rev. 163:59-76). In a preferred
embodiment, the Fc domain is produced in a mammalian
expression system that appropriately glycosylates the
residue corresponding to asparagine 297. The Fc domain
can also include other eukaryotic post-translational
modifications. Once an antibody molecule has been
produced by recombinant expression, it may be purified
by any method known in the art for purification of an
immunoglobulin molecule, for example, by
chromatography (e.g., ion exchange, affinity,
particularly by affinity for the specific antigen
after Protein A, and sizing column chromatography),
centrifugation, differential solubility, or by any
other standard technique for the purification of
proteins. Further, the antibodies or fragments thereof
may be fused to heterologous polypeptide sequences
known in the art to facilitate purification. Gene
Therapy Techniques Gene therapy refers to therapy
performed by the administration to a subject of an
expressed or expressible nucleic acid. Any of the
methods for gene therapy available in the art can be
used according to the present invention. Exemplary
methods are described below. In specific embodiments,
one or more antisense oligonucleotides for one or more
biomarkers of the invention are administered to
prevent, treat, manage or ameliorate bladder cancer or
a symptom thereof, by way of gene therapy. In other
embodiments, one or more nucleic acid molecules
comprising nucleotides encoding one or more antibodies
that specifically bind to one or more protein products
of one or more biomarkers of the invention are
administered to prevent, treat, manage or ameliorate
bladder cancer or a symptom thereof, by way of gene
therapy. In other embodiments, one or more nucleic
acid molecules comprising nucleotides encoding protein
products of one or more biomarkers of the invention or
analogs, derivatives or fragments thereof, are
administered to prevent, treat, manage or ameliorate
bladder cancer or a symptom thereof, by way of gene
therapy. In yet otherembodiments, one or more nucleic
acid molecules comprising nucleotides encoding one or
more dominant-negative polypeptides of one or more
protein products of one or more biomarker of the
invention are administered to prevent, treat, manage
or ameliorate bladder cancer or a symptom thereof, by
way of gene therapy. For general reviews of the
methods of gene therapy, see Goldspiel et al., 1993,
Clinical Pharmacy 12:488-505; Wu and Wu, 1991,
Biotherapy 3:87-95; Tolstoshev, 1993, Ann. Rev.
Pharmacol. Toxicol. 32:573-596; Mulligan, 1993,
Science 260:926-932; and Morgan and Anderson, 1993,
Ann. Rev. Biochem. 62:191-217; May, 1993, TIBTECH
11(5):155-215). Methods commonly known in the art of
recombinant DNA technology which can be used are
described in Ausubel et al. (eds.), 1993, Current
Protocols in Molecular Biology, John Wiley & Sons, NY;
and Kriegler, 1990, Gene Transfer and Expression, A
Laboratory Manual, Stockton Press, NY. Li one aspect,
a composition of the invention comprises nucleic acid
sequences encoding one or more antibodies that
specifically bind to one or more protein products of
one or more biomarkers of the invention, said nucleic
acid sequences being part of expression vectors that
express one or more antibodies in a suitable host. In
particular, such nucleic acid sequences have promoters
operably linked to the antibodies, said promoter being
inducible or constitutive, and, optionally,
tissue-specific. In another aspect, a composition of
the invention comprises nucleic acid sequences
encoding dominant-negative polypeptides of one or
protein products of one or more biomarkers of the
invention, said nucleic acid sequences being part of
expression vectors that express dominant-negative
polypeptides in a suitable host. In particular, such
nucleic acid sequences have promoters operably linked
to the dominant-negative polypeptides, said promoter
being inducible or constitutive, and, optionally,
tissue-specific. In another particular embodiment,
nucleic acid molecules are used in which the
dominantnegative coding sequences and any other
desired sequences are flanked by regions that promote
homologous recombination at a desired site in the
genome, thus providing for intrachromosomal expression
of the dominant-negative nucleic acids (Koller and
Smithies, 1989, Proc. Natl. Acad. Sci. USA
86:8932-8935; Zijlstra et al., 1989, Nature
342:435-438).Delivery of the nucleic acids into a
patient may be either direct, in which case the
patient is directly exposed to the nucleic acid or
nucleic acid-carrying vectors, or indirect, in which
case, cells are first transformed with the nucleic
acids in vitro, then transplanted into the patient.
These two approaches are known, respectively, as in
vivo or ex vivo gene therapy. In a specific
embodiment, the nucleic acid sequence is directly
administered in vivo, where it is expressed to produce
the encoded product. This can be accomplished by any
of numerous methods known in the art, e.g., by
constructing it as part of an appropriate nucleic acid
expression vector and administering it so that they
become intracellular, e.g., by infection using
defective or attenuated retroviral or other viral
vectors (see U.S. Patent No. 4,980,286), or by direct
injection of naked DNA, or by use of microp article
bombardment (e.g., a gene gun; Biolistic, Dupont), or
coating with lipids or cell-surface receptors or
transfecting agents, encapsulation in liposomes,
microparticles, or microcapsules, or by administering
them in linkage to a peptide which is known to enter
the nucleus, by administering it in linkage to a
ligand subject to receptor-mediated endocytosis (see,
e.g., Wu and Wu, 1987, J . Biol. Chem. 262:4429-4432)
(which can be used to target cell types specifically
expressing the receptors), etc. In another embodiment,
nucleic acid-ligand complexes can be formed in which
the ligand comprises a fusogenic viral peptide to
disrupt endosomes, allowing the nucleic acid to avoid
lysosomal degradation. In yet another embodiment, the
nucleic acid can be targeted in vivo for cell specific
uptake and expression, by targeting a specific
receptor (see, e.g., International Publication Nos. WO
92/06180 dated April 16, 1992 (Wu et al.); WO 92/22635
dated December 23, 1992 (Wilson et al.); WO92/20316
dated November 26, 1992 (Findeis et al.); WO 93/14188
dated July 22, 1993 (Clarke et al.), WO 93/20221 dated
October 14, 1993 (Young)). Alternatively, the nucleic
acid can be introduced intracellularly and
incorporated within host cell DNA for expression, by
homologous recombination (Koller and Smithies, 1989,
Proc. Natl. Acad. Sci. USA 86:8932-8935; Zijlstra et
al., 1989, Nature 342:435-438). For example, a
retroviral vector can be used. These retroviral
vectors have been modified to delete retroviral
sequences that are not necessary for packaging of the
viral genome and integration into host cell DNA. The
nucleic acid sequences encoding theantibodies of
interest, or proteins of interest or fragments thereof
to be used in gene therapy are cloned into one or more
vectors, which facilitates delivery of the gene into a
patient. More detail about retroviral vectors can be
found in Boesen et al., 1994, Biotherapy 6:291-302,
which describes the use of a retroviral vector to
deliver the mdrl gene to hematopoietic stem cells in
order to make the stem cells more resistant to
chemotherapy. Other references illustrating the use of
retroviral vectors in gene therapy are: Clowes et al.,
1994, J. Clin. Invest 93:644-651; Kiem et al., 1994,
Blood 83:1467-1473; Salmons and Gunzberg, 1993, Human
Gene Therapy 4:129-141; and Grossman and Wilson, 1993,
Curr. Opin. in Genetics and Devel. 3:110-114.
Adenoviruses are other viral vectors that can be used
in gene therapy. Adenoviruses are especially
attractive vehicles for delivering genes to
respiratory epithelia. Adenoviruses naturally infect
respiratory epithelia where they cause a mild disease.
Other targets for adenovirus-based delivery systems
are liver, the central nervous system, endothelial
cells, and muscle. Adenoviruses have the advantage of
being capable of infecting non-dividing cells.
Kozarsky and Wilson, 1993, Current Opinion in Genetics
and Development 3:499-503 present a review of
adenovirus-based gene therapy. Bout et al., 1994,
Human Gene Therapy 5:3-10 demonstrated the use of
adenovirus vectors to transfer genes to the
respiratory epithelia of rhesus monkeys. Other
instances of the use of adenoviruses in gene therapy
can be found in Rosenfeld et al., 1991, Science
252:431-434; Rosenfeld et al., 1992, Cell 68:143-155;
Mastrangeli et al., 1993, J . Clin. Invest.
91:225-234; PCT Publication WO94/12649; and Wang, et
al., 1995, Gene Therapy 2:775-783. In a preferred
embodiment, adenovirus vectors are used.
Adeno-associated virus (AAV) has also been proposed
for use in gene therapy (Walsh et al., 1993, Proc.
Soc. Exp. Biol. Med. 204:289-300; U.S. Patent No.
5,436,146). Another approach to gene therapy involves
transferring a gene to cells in tissue culture by such
methods as electroporation, lipofection, calcium
phosphate mediated transfection, or viral infection.
Usually, the method of transfer includes the transfer
of a selectable marker to the cells. The cells are
then placed under selection to isolate those cells
that have taken up and are expressing the transferred
gene. Those cells are then delivered to a patient.In
this embodiment, the nucleic acid is introduced into a
cell prior to administration in vivo of the resulting
recombinant cell. Such introduction can be carried out
by any method known in the art, including but not
limited to transfection, electroporation,
microinjection, infection with a viral or
bacteriophage vector containing the nucleic acid
sequences, cell fusion, chromosome-mediated gene
transfer, microcell-mediated gene transfer,
spheroplast fusion, etc. Numerous techniques are known
in the art for the introduction of foreign genes into
cells (see, e.g., Loeffler andBehr, 1993, Meth.
Enzymol. 217:599-618; Cohen et al., 1993, Meth.
Enzymol. 217:618-644; Cline, 1985, Pharmac. Ther.
29:69-92) and may be used in accordance with the
present invention, provided that the necessary
developmental and physiological functions of the
recipient cells are not disrupted. The technique
should provide for the stable transfer of the nucleic
acid to the cell, so that the nucleic acid is
expressible by the cell and preferably heritable and
expressible by its cell progeny. The resulting
recombinant cells can be delivered to a patient by
various methods known in the art. Recombinant blood
cells (e.g., hematopoietic stem or progenitor cells)
and/or chondrocytes are preferably administered
intravenously. The amount of cells envisioned for use
depends on the desired effect, patient state, etc.,
and can be determined by one skilled in the art. Cells
into which a nucleic acid can be introduced for
purposes of gene therapy encompass any desired,
available cell type, and include but are not limited
to epithelial cells, endothelial cells, keratinocytes,
chondrocytes, fibroblasts, muscle cells, hepatocytes;
blood cells such as T lymphocytes, B lymphocytes,
monocytes, macrophages, neutrophils, eosinophils,
megakaryocytes, granulocytes; various stem or
progenitor cells, in particular hematopoietic stem or
progenitor cells, e.g., as obtained from bone marrow,
umbilical cord blood, peripheral blood, fetal liver,
etc. In a preferred embodiment, the cell used for gene
therapy is autologous to the 



patient. In one embodiment in which recombinant cells
are used in gene therapy, nucleic acid sequences
encoding antibodies of interest, or proteins of
interest or fragments thereof are introduced into the
cells such that they are expressible by the cells or
theirprogeny, and the recombinant cells are then
administered in vivo for therapeutic effect. In a
specific embodiment, stem or progenitor cells are
used. Any stem and/or progenitor cells which can be
isolated and maintained in vitro can potentially be
used in accordance with this embodiment of the present
invention (see, e.g., International Publication No. WO
94/08598, dated April 28, 1994; Stemple and Anderson,
1992, Cell 7 1-.973-985; Rheinwald, 1980, Meth. Cell
Bio. 21A:229; andPittelkow and Scott, 1986, Mayo
Clinic Proc. 61:771). Promoters that may be used to
control the expression of nucleic acid sequences
encoding antibodies of interest, proteins of interest
or fragments thereof may be constitutive, inducible or
tissue- specific. Non-limiting examples include the
SV40 early promoter region (Bernoist and Chambon,
1981, Nature 290:304-310), the promoter contained in
the 3' long terminal repeat of Rous sarcoma virus
(Yamamoto, et al., 1980, Cell 22:787-797), the herpes
thymidine kinase promoter (Wagner et al., 1981, Proc.
Natl. Acad. Sci. USA 78:1441-1445), the regulatory
sequences of the metallothionein gene (Brinster et
al., 1982, Nature 296:39-42); prokaryotic expression
vectors such as the b-lactamase promoter
(Villa-Kamaroff et al., 1978, Proc. Natl. Acad. Sci.
USA 75:3727-373 1), or the tac promoter (DeBoer et
al., 1983, Proc. Natl. Acad. Sci. USA 80:21-25); see
also "Useful proteins from recombinant bacteria" in
Scientific American, 1980, 242:74-94; plant expression
vectors comprising the nopaline synthetase promoter
region (Herrera-Estrella et al., Nature 303:209-213)
or the cauliflower mosaic virus 35S RNA promoter
(Gardner et al., 1981, Nucl. Acids Res. 9:2871), and
the promoter of the photosynthetic enzyme ribulose
biphosphate carboxylase (Herrera-Estrella et al.,
1984, Nature 310:115-120); promoter elements from
yeast or other fungi such as the Gal 4 promoter, the
ADC (alcohol dehydrogenase) promoter, PGK
(phosphoglycerol kinase) promoter, alkaline
phosphatase promoter, and the following animal
transcriptional control regions, which exhibit tissue
specificity and have been utilised in transgenic
animals: elastase I gene control region which is
active in pancreatic acinar cells (Swift et al., 1984,
Cell 38:639-646; Ornitz et al., 1986, Cold Spring
Harbor Symp. Quant. Biol. 50:399-409; MacDonald, 1987,
Hepatology 7:425-515); insulin gene control region
which is active in pancreatic beta cells (Hanahan,
1985, Nature 315:1 15-122), immunoglobulin gene
control region which is active in lymphoid cells
(Grosschedl et al., 1984, Cell 38:647-658; Adames et
al., 1985, Nature 318:533-538; Alexander et al., 1987,
MoI. Cell. Biol. 7:1436-1444), mouse mammary tumor
virus controlregion which is active in testicular,
breast, lymphoid and mast cells (Leder et al., 1986,
Cell 45:485-495), albumin gene control region which is
active in liver (Pinkert et al., 1987, Genes and
Devel. 1:268-276), alpha-fetoprotein gene control
region which is active in liver (Krumlauf et al.,
1985, MoI. Cell. Biol. 5:1639-1648; Hammer et al.,
1987, Science 235:53-58; alpha 1-antitrypsin gene
control region which is active in the liver (Kelsey et
al., 1987, Genes and Devel. 1:161-171), beta-globin
gene control region which is active in myeloid cells
(Mogram et al., 1985, Nature 315:338-340; Kollias et
al., 1986, Cell 46:89-94; myelin basic protein gene
control region which is active in oligodendrocyte
cells in the brain (Readhead et al., 1987, Cell
48:703-712); myosin light chain-2 gene control region
which is active in skeletal muscle (Sani, 1985, Nature
314:283-286), and gonadotropic releasing hormone gene
control region which is active in the hypothalamus
(Mason et al., 1986, Science 234:1372-1378). In a
specific embodiment, the nucleic acid to be introduced
for purposes of gene therapy comprises an inducible
promoter operably linked to the coding region, such
that expression of the nucleic acid is controllable by
controlling the presence or absence of the appropriate
inducer of transcription. 5.20 Pharmaceutical
Compositions Biologically active compounds identified
using the methods of the invention or a
pharmaceutically acceptable salt thereof can be
administered to a patient, preferably a mammal, more
preferably a human, suffering from bladder cancer. In
a specific embodiment, a compound or pharmaceutically
acceptable salt thereof is administered to a patient,
preferably a mammal, more preferably a human,
suffering from the following bladder cancer and/or
early stage bladder cancer. In another embodiment, a
compound or a pharmaceutically acceptable salt thereof
is administered to a patient, preferably a mammal,
more preferably a human, as a preventative measure
against bladder cancer. In accordance with these
embodiments, the patient may be a child, an adult or
elderly, wherein a "child" is a subject between the
ages of 24 months of age and 18 years of age, an
"adult" is a subject 18 years of age or older, and
"elderly" is a subject 65 years of age or older. When
administered to a patient, the compound or a
pharmaceutically acceptable salt thereof is preferably
administered as component of a composition
thatoptionally comprises a pharmaceutically acceptable
vehicle. The composition can be administered orally,
or by any other convenient route, for example, by
infusion or bolus injection, by absorption through
epithelial or mucocutaneous linings (e.g., oral
mucosa, rectal, and intestinal mucosa, etc.) and may
be administered together with another biologically
active agent. Administration can be systemic or local.
Various delivery systems are known, e.g.,
encapsulation in liposomes, microparticles,
microcapsules, capsules, etc., and can be used to
administer the compound and pharmaceutically
acceptable salts thereof. Methods of administration
include but are not limited to intradermal,
intramuscular, intraperitoneal, intravenous,
subcutaneous, intranasal, epidural, oral, sublingual,
intranasal, intracerebral, intravaginal, transdermal,
rectally, by inhalation, or topically, particularly to
the ears, nose, eyes, or skin. The mode of
administration is left to the discretion of the
practitioner. In most instances, administration will
result in the release of the compound or a
pharmaceutically acceptable salt thereof into the
bloodstream. In specific embodiments, it may be
desirable to administer the compound or a
pharmaceutically acceptable salt thereof locally. This
may be achieved, for example, and not byway of
limitation, by local infusion during surgery, topical
application, e.g., in conjunction with a wound
dressing after surgery, by injection, by means of a
catheter, by means of a suppository, or by means of an
implant, said implant being of a porous, non-porous,
or gelatinous material, including membranes, such as
sialastic membranes, or fibers. In certain
embodiments, it may be desirable to introduce the
compound or a pharmaceutically acceptable salt thereof
into the central nervous system by any suitable route,
including intraventricular, intrathecal and epidural
injection. Intraventricular injection may be
facilitated by an intraventricular catheter, for
example, attached to a reservoir, such as an Ommaya
reservoir. Pulmonary administration can also be
employed, e.g., by use of an inhaler or nebulizer, and
formulation with an aerosolizing agent, or via
perfusion in a fluorocarbon or synthetic pulmonary
surfactant. In certain embodiments, the compound and
pharmaceutically acceptable salts thereof can be
formulated as a suppository, with traditional binders
and vehicles such as triglycerides.In another
embodiment, the compound and pharmaceutically
acceptable salts thereof can be delivered in a
vesicle, in particular a liposome (see Langer, 1990,
Science 249:1527-1533; Treat et al., in Liposomes in
the Therapy of Infectious Disease and Cancer,
Lopez-Berestein and Fidler (eds.), Liss, New York, pp.
353-365 (1989); Lopez-Berestein, ibid., pp. 317-327;
see generally ibid. ). In yet another embodiment, the
compound and pharmaceutically acceptable salts thereof
can be delivered in a controlled release system (see,
e.g., Goodson, in Medical Applications of Controlled
Release, supra, vol. 2, pp. 115-138 (1984)). Other
controlledrelease systems discussed in the review by
Langer, 1990, Science 249:1527-1533 maybe used. In one
embodiment, a pump may be used (see Langer, supra;
Sefton, 1987, CRC Crit. Ref. Biomed. Eng. 14:201;
Buchwald et al., 1980, Surgery 88:507; Saudek et al.,
1989, N. Engl. J. Med. 321:574). In another
embodiment, polymeric materials can be used (see
Medical Applications of Controlled Release, Langer and
Wise (eds.), CRC Pres., Boca Raton, Florida (1974);
Controlled Drug Bioavailability, Drug Product Design
and Performance, Smolen and Ball (eds.), Wiley, New
York (1984); Ranger and Peppas, 1983, J. Macromol.
Sci. Rev. Macromol. Chem. 23:61; see also Levy et al.,
1985, Science 228:190; During et al., 1989, Ann.
Neurol. 25:351; Howard et al., 1989, J. Neurosurg.
71:105). In yet another embodiment, a
controlled-release system can be placed in proximity
of a target RNA of the compound or a pharmaceutically
acceptable salt thereof, thus requiring only a
fraction of the systemic dose. The compounds described
herein can be incorporated into pharmaceutical
compositions suitable for administration. Such
compositions typically comprise the active compound
and a pharmaceutically acceptable carrier. As used
herein the language "pharmaceutically acceptable
carrier" is intended to include any and all solvents,
dispersion media, coatings, antibacterial and
antifungal agents, isotonic and absorption delaying
agents, and the like, compatible with pharmaceutical
administration. The use of such media and agents for
pharmaceutically active substances is well known in
the art. Except insofar as any conventional media or
agent is incompatible with the active compound, use
thereof in the compositions is contemplated.
Supplementary active compounds can also be
incorporated into the compositions.The invention
includes methods for preparing pharmaceutical
compositions for modulating the expression or activity
of a polypeptide or nucleic acid of interest. Such
methods comprise formulating a pharmaceutically
acceptable carrier with an agent that modulates
expression or activity of a polypeptide or nucleic
acid of interest. Such compositions can further
include additional active agents. Thus, the invention
further includes methods for preparing a
pharmaceutical composition by formulating a
pharmaceutically acceptable carrier with an agent that
modulates expression or activity of a polypeptide or
nucleic acid of interest and one or more additional
active compounds. A pharmaceutical composition of the
invention is formulated to be compatible with its
intended route of administration. Examples of routes
of administration include parenteral, e.g.,
intravenous, intradermal, subcutaneous, oral (e.g.,
inhalation), transdermal (topical), transmucosal, and
rectal administration. Intravenous administration is
preferred. Solutions or suspensions used for
parenteral, intradermal, or subcutaneous application
can include the following components: a sterile
diluent such as water for injection, saline solution,
fixed oils, polyethylene glycols, glycerine, propylene
glycol or other synthetic solvents; antibacterial
agents such as benzyl alcohol or methyl parabens;
antioxidants such as ascorbic acid or sodium
bisulfite; chelating agents such as
ethylenediaminetetraacetic acid; buffers such as
acetates, citrates or phosphates and agents for the
adjustment of tonicity such as sodium chloride or
dextrose. pH can be adjusted with acids or bases, such
as hydrochloric acid or sodium hydroxide. The
parenteral preparation can be enclosed in ampoules,
disposable syringes or multiple dose vials made of
glass or plastic. Pharmaceutical compositions suitable
for injectable use include sterile aqueous solutions
(where water soluble) or dispersions and sterile
powders for the extemporaneous preparation of sterile
injectable solutions or dispersions. For intravenous
administration, suitable carriers include
physiological saline, bacteriostatic water, Cremophor
EL(tm) (BASF; Parsippany, NJ) or phosphate buffered
saline (PBS). In all cases, the composition must be
sterile and should be fluid to the extent that easy
syringability exists. It must be stable under the
conditions of manufacture and storage and must be
preserved against the contaminating action of
microorganisms such as bacteria and fungi. The carrier
can be a solvent or dispersion medium containing, for
example, water, ethanol, polyol (for example,glycerol,
propylene glycol, and liquid polyetheylene glycol, and
the like), and suitable mixtures thereof. The proper
fluidity can be maintained, for example, by the use of
a coating such as lecithin, by the maintenance of the
required particle size in the case of dispersion and
by the use of surfactants. Prevention of the action of
microorganisms can be achieved by various
antibacterial and antifungal agents, for example,
parabens, chlorobutanol, phenol, ascorbic acid,
thimerosal, and the like. In many cases, it will be
preferable to include isotonic agents, for example,
sugars, polyalcohols such as mannitol, sorbitol,
sodium chloride in the composition. Prolonged
absorption of the injectable compositions can be
brought about by including in the composition an agent
which delays absorption, for example, aluminum
monostearate and gelatin. Sterile injectable solutions
can be prepared by incorporating the active compound
(e.g., a polypeptide or antibody) in the required
amount in an appropriate solvent with one or a
combination of ingredients enumerated above, as
required, followed by filtered sterilization.
Generally, dispersions are prepared by incorporating
the active compound into a sterile vehicle which
contains a basic dispersion medium and the required
other ingredients from those enumerated above. In the
case of sterile powders for the preparation of sterile
injectable solutions, the preferred methods of
preparation are vacuum drying and freeze-drying which
yields a powder of the active ingredient plus any
additional desired ingredient from a previously
sterile-filtered solution thereof. Oral compositions
generally include an inert diluent or an edible
carrier. They can be enclosed in gelatin capsules or
compressed into tablets. For the purpose of oral
therapeutic administration, the active compound can be
incorporated with excipients and used in the form of
tablets, troches, or capsules. Oral compositions can
also be prepared using a 



fluid carrier for use as a mouthwash, wherein the
compound in the fluid carrier is applied orally and
swished and expectorated or swallowed.
Pharmaceutically compatible binding agents, and/or
adjuvant materials can be included as part of the
composition. The tablets, pills, capsules, troches and
the like can contain any of the following ingredients,
or compounds of a similar nature: a binder such as
microcrystalline cellulose, gum tragacanth or gelatin;
an excipient such as starch or lactose, a
disintegrating agent such as alginic acid, Primogel,
or corn starch; a lubricant such asmagnesium stearate
or Sterotes; a glidant such as colloidal silicon
dioxide; a sweetening agent such as sucrose or
saccharin; or a flavoring agent such as peppermint,
methyl salicylate, or orange flavoring. For
administration by inhalation, the compounds are
delivered in the form of an aerosol spray from a
pressurized container or dispenser which contains a
suitable propellant, e.g., a gas such as carbon
dioxide, or a nebulizer. Systemic administration can
also be by transmucosal or transdermal means. For
transmucosal or transdermal administration, penetrants
appropriate to the barrier to be permeated are used in
the formulation. Such penetrants are generally known
in the art, and include, for example, for transmucosal
administration, detergents, bile salts, and fusidic
acid derivatives. Transmucosal administration can be
accomplished through the use of nasal sprays or
suppositories. For transdermal administration, the
active compounds are formulated into ointments,
salves, gels, or creams as generally known in the art.
The compounds can also be prepared in the form of
suppositories (e.g., with conventional suppository
bases such as cocoa butter and other glycerides) or
retention enemas for rectal delivery. In one
embodiment, the active compounds are prepared with
carriers that will protect the compound against rapid
elimination from the body, such as a controlled
release formulation, including implants and
microencapsulated delivery systems. Biodegradable,
biocompatible polymers can be used, such as ethylene
vinyl acetate, polyanhydrides, polyglycolic acid,
collagen, polyorthoesters, and polylactic acid.
Methods for preparation of such formulations will be
apparent to those skilled in the art. The materials
can also be obtained commercially from Alza
Corporation and Nova Pharmaceuticals, Inc. Liposomal
suspensions (including liposomes targeted to infected
cells with monoclonal antibodies to viral antigens)
can also be used as pharmaceutically acceptable
carriers. These can be prepared according to methods
known to those skilled in the art, for example, as
described in U.S. Patent No. 4,522,811. It is
especially advantageous to formulate oral or
parenteral compositions in dosage unit form for ease
of administration and uniformity of dosage. Dosage
unit form asused herein refers to physically discrete
units suited as unitary dosages for the subject to be
treated; each unit containing a predetermined quantity
of active compound calculated to produce the desired
therapeutic effect in association with the required
pharmaceutical carrier. The specification for the
dosage unit forms of the invention are dictated by and
directly dependent on the unique characteristics of
the active compound and the particular therapeutic
effect to be achieved, and the limitations inherent in
the art of compounding such an active compound for the
treatment of individuals. For antibodies, the
preferred dosage is 0.1 mg/kg to 100 mg/kg of body
weight (more preferably, 0.1 to 20 mg/kg, 0.1-10
mg/kg, or 0.1 to 1.0 mg/kg). If the antibody is to act
in the brain, a dosage of 50 mg/kg to 100 mg/kg is
usually appropriate. Generally, partially human
antibodies and fully human antibodies have a longer
half-life within the human body than other antibodies.
Accordingly, lower dosages and less frequent
administration is often possible. Modifications such
as lipidation can be used to stabilize antibodies and
to enhance uptake and tissue penetration (e.g., into
the brain). A method for lipidation of antibodies is
described by Cruikshank et al. (1997, J. Acquired
Immune Deficiency Syndromes and Human Retrovirology
14:193). In a specific embodiment, an effective amount
of protein or polypeptide (i.e., an effective dosage)
ranges from about 0.001 to 30 mg/kg body weight,
preferably about 0.01 to 25 mg/kg body weight, more
preferably about 0.1 to 20 mg/kg body weight, and even
more preferably about 0.1 to 1.0 mg/kg, 1 to 10 mg/kg,
2 to 9 mg/kg, 3 to 8 mg/kg, 4 to 7 mg/kg, or 5 to 6
mg/kg body weight. The skilled artisan will appreciate
that certain factors may influence the dosage required
to effectively treat a subject, including but not
limited to the severity of the disease or disorder,
previous treatments, the general health and/or age of
the subject, and other diseases present. Moreover,
treatment of a subject with a therapeutically
effective amount of a protein, polypeptide, or
antibody can include a single treatment or,
preferably, can include a series of treatments. In
addition to those compounds described above, the
present invention encompasses the use of small
molecules that modulate expression or activity of a
nucleic acid or polypeptide of interest. Non-limiting
examples of small molecules include
peptides,peptidomimetics, amino acids, amino acid
analogs, polynucleotides, polynucleotide analogs,
nucleotides, nucleotide analogs, organic or inorganic
compounds (i.e.,. including heteroorganic and
organometallic compounds) having a molecular weight
less than about 10,000 grams per mole, organic or
inorganic compounds having a molecular weight less
than about 5,000 grams per mole, organic or inorganic
compounds having a molecular weight less than about
1,000 grams per mole, organic or inorganic compounds
having a molecular weight less than about 500 grams
per mole, and salts, esters, and other
pharmaceutically acceptable forms of such compounds.
It is understood that appropriate doses of small
molecule agents depends upon a number of factors
within the ken of the ordinarily skilled physician,
veterinarian, or researcher. The dose(s) of the small
molecule will vary, for example, depending upon the
identity, size, and condition of the subject or sample
being treated, further depending upon the route by
which the composition is to be administered, if
applicable, and the effect which the practitioner
desires the small molecule to have upon the nucleic
acid or polypeptide of the invention. Exemplary doses
include milligram or microgram amounts of the small
molecule per kilogram of subject or sample weight
(e.g. , about 1 microgram per kilogram to about 500
milligrams per kilogram, about 100 micrograms per
kilogram to about 5 milligrams per kilogram, or about
1 microgram per kilogram to about 50 micrograms per
kilogram). It is furthermore understood that
appropriate doses of a small molecule depend upon the
potency of the small molecule with respect to the
expression or activity to be modulated. Such
appropriate doses may be determined using the assays
described herein. When one or more of these small
molecules is to be administered to a subject (e.g., a
human) in order to modulate expression or activity of
a polypeptide or nucleic acid of the invention, a
physician, veterinarian, or researcher may, for
example, prescribe a relatively low dose at first,
subsequently increasing the dose until an appropriate
response is obtained. In addition, it is understood
that the specific dose level for any particular animal
subject will depend upon a variety of factors
including the activity of the specific compound
employed, the age, body weight, general health,
gender, and diet of the subject, the time of
administration, the route of administration, the rate
of excretion, any drug combination, and the degree of
expression or activity to be modulated.The
pharmaceutical compositions can be included in a
container, pack, or dispenser together with
instructions for administration. 5.21 Kits The present
invention provides kits for measuring the expression
of the protein and RNA products of at least 1, at
least 2, at least 3, at least 4, at least 5, at least
6, at least 7, at least 8, at least 9, at least 10, at
least 15, at least 20, at least 25, at least 30, at
least 35, at least 40, at least 45, at least 50, all
or any combination of the biomarkers of the invention.
Such kits comprise materials and reagents required for
measuring the expression of such protein and RNA
products. In specific embodiments, the kits may
further comprise one or more additional reagents
employed in the various methods, such as: (1) reagents
for stabilizing and/or purifying RNA from blood, or
tissue (2) primers for generating test nucleic acids;
(3) dNTPs and/or rNTPs (either premixed or separate),
optionally with one or more uniquely labelled dNTPs
and/or rNTPs (e.g., biotinylated or Cy3 or Cy5 tagged
dNTPs); (4) post synthesis labelling reagents, such as
chemically active derivatives of fluorescent dyes; (5)
enzymes, such as reverse transcriptases, DNA
polymerases, and the like; (6) various buffer mediums,
e.g., reaction, hybridization and washing buffers; (7)
labelled probe purification reagents and components,
like spin columns, etc.; and (8) protein purification
reagents; (9) signal generation and detection
reagents, e.g., streptavidin-alkaline phosphatase
conjugate, chemifluorescent or chemiluminescent
substrate, and the like. In particular embodiments,
the kits comprise prelabeled quality controlled
protein and or RNA isolated from a sample (e.g., blood
or chondrocytes or synovial fluid) for use as a
control. In some embodiments, the kits are RT-PCR or
qRT-PCR kits. In other embodiments, the kits are
nucleic acid arrays and protein arrays. Such kits
according to the subject invention will at least
comprise an array having associated protein or nucleic
acid members of the invention and packaging means
therefore. Alternatively the protein or nucleic acid
members of the invention may be prepackaged onto an
array. In some embodiments, the kits are Quantitative
RT-PCR kits. In one embodiment, the quantitative
RT-PCR kit includes the following: (a) primers used to
amplify each of a combination of biomarkers of the
invention; (b) buffers and enzymes including an
reverse transcripate; (c) one or more thermos table
polymerases; and (d) Sybr(r) Green. Inanother
embodiment, the kit of the invention also includes (a)
a reference control RNA and (b) a spiked control RNA.
The invention provides kits that are useful for (a)
diagnosing individuals as having bladder cancer and/or
early stage bladder cancer. For example, in a
particular embodiment of the invention a kit is
comprised a forward and reverse primer wherein the
forward and reverse primer are designed to quantitate
expression of all of the species of mRNA corresponding
to each of the biomarkers as identified in accordance
with the invention useful in determining whether an
individual has bladder cancer and/or early stage
bladder cancer or not. In certain embodiments, at
least one of the primers is designed to span an exon
junction. The invention provides kits that are useful
for detecting, diagnosing, monitoring and prognosing
bladder cancer based upon the expression of protein or
RNA products of at least 1, at least 2, at least 3, at
least 4, at least 5, at least 6, at least 7, at least
8, at least 9, at least 10, at least 15, at least 20,
at least 25, at least 30, at least 35, at least 40, at
least 45, at least 50, all or any combination of the
biomarkers of the invention in a sample. In certain
embodiments, such kits do not include the materials
and reagents for measuring the expression of a protein
or RNA product of a biomarker of the invention that
has been suggested by the prior art to be associated
with bladder cancer hi other embodiments, such kits
include the materials and reagents for measuring the
expression of a protein or RNA product of a biomarker
of the invention that has been suggested by the prior
art to be associated with bladder cancer and at least
1, at least 2, at least 3, at least 4, at least 5, at
least 6, at least 7, at least 8, at least 9, at least
10, at least 15, at least 20, at least 25, at least
30, at least 35, at least 40, at least 45 or more
genes other than the biomarkers of the invention. The
invention provides kits useful for monitoring the
efficacy of one or more therapies that a subject is
undergoing based upon the expression of a protein or
RNA product of any number of up to at least 1, at
least 2, at least 3, at least 4, at least 5, at least
6, at least 7, at least 8, at least 9, at least 10, at
least 15, at least 20, at least 25, at least 30, at
least 35, at least 40, at least 45, at least 50, all
or any combination of the biomarkers of the invention
in a sample. In certain embodiments, such kits do not
include the materials and reagents for measuring the
expression of a protein or RNA product of a biomarker
of the invention thathas been suggested by the prior
art to be associated with bladder cancer. In other
embodiments, such kits include the materials and
reagents for measuring the expression of a protein or
RNA product of a biomarker of the invention that has
been suggested by the prior art to be associated with
bladder cancer and any number of up to at least 1, at
least 2, at least 3, at least 4, at least 5, at least
6, at least 7, at least 8, at least 9, at least 10, at
least 15, at least 20, at least 25, at least 30, at
least 35, at least 40, at least 45 or more genes other
than the biomarkers of the invention. The invention
provides kits using for determining whether a subject
will be responsive to a therapy based upon the
expression of a protein or RNA product of any number
of up to at least 1, at least 2, at least 3, at least
4, at least 5, at least 6, at least 7, at least 8, at
least 9, at least 10, at least 15, at least 20, at
least 25, at least 30, at least 35, at least 40, at
least 45, at least 50, all or any combination of the
biomarkers of the invention in a sample. In certain
embodiments, such kits do not include the materials
and reagents for measuring the expression of a protein
or RNA product of a biomarker of the invention that
has been suggested by the prior art to be associated
with bladder cancer. In other embodiments, such kits
include the materials and reagents for measuring the
expression of a protein or RNA product of a biomarker
of the invention that has been suggested by the prior
art to be associated with bladder cancer and any
number of up to at least 1, at least 2, at least 3, at
least 4, at least 5, at least 6, at least 7, at least
8, at least 9, at least 10, at least 15, at least 20,
at least 25, at least 30, at least 35, at least 40, at
least 45 or more genes other than the biomarkers of
the invention. 



The invention provides kits for measuring the
expression of a RNA product of any number of up to at
least 1, at least 2, at least 3, at least 4, at least
5, at least 6, at least 7, at least 8, at least 9, at
least 10, at least 15, at least 20, at least 25, at
least 30, at least 35, at least 40, at least 45, at
least 50, all or any combination of the biomarkers of
the invention in a sample. In a specific embodiment,
such kits comprise materials and reagents that are
necessary for measuring the expression of a RNA
product of a biomarker of the invention. For example,
a microarray or RT-PCR kit may be produced for bladder
cancer and contain only those reagents and materials
necessary for measuring the levels of RNA products of
any number of up to at least 1, at least 2, at least
3, at least 4, at least 5, at least 6, at least 7,
atleast 8, at least 9, at least 10, at least 15, at
least 20, at least 25, at least 30, at least 35, at
least 40, at least 45, at least 50, all or any
combination of the biomarkers of the invention.
Alternatively, in some embodiments, the kits can
comprise materials and reagents that are not limited
to those required to measure the levels of RNA
products of any number of up tol,2, 3, 4, 5, 6, 7, 8,
9, 10, 15, 20, 25, 30, 35, 40, 45, 50, all or any
combination of the biomarkers of the invention. For
example, a microarray kit may contain reagents and
materials necessary for measuring the levels of RNA
products of not necessarily associated with or
indicative of bladder cancer, in addition to reagents
and materials necessary for measuring the levels of
the RNA products of any number of up to at least 1, at
least 2, at least 3, at least 4, at least 5, at least
6, at least 7, at least 8, at least 9, at least 10, at
least 15, at least 20, at least 25, at least 30, at
least 35, at least 40, at least 45, at least 50, all
or any combination of the biomarkers of the invention.
i a specific embodiment, a microarray or RT-PCR kit
contains reagents and materials necessary for
measuring the levels of RNA products of any number of
up to at least 1, at least 2, at least 3, at least 4,
at least 5, at least 6, at least 7, at least 8, at
least 9, at least 10, at least 15, at least 20, at
least 25, at least 30, at least 35, at least 40, at
least 45, at least 50, all or any combination of the
biomarkers of the invention, and any number of up to
1, 2, 3, 4, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55,
60, 65, 70, 75, 80, 85, 90, 95, 100, 125, 150, 175,
200, 225, 250, 300, 350, 400, 450, or more genes other
than the biomarkers of the invention, or 1-10, 1-100,
1-150, 1-200, 1-300, 1-400, 1-500, 1-1000, 25-100,
25-200, 25- 300, 25-400, 25-500, 25-1000, 100-150,
100-200, 100-300, 100-400, 100-500, 100-1000, 500-1000
other genes than the biomarkers of the invention. For
nucleic acid micoarray kits, the kits generally
comprise probes attached to a solid support surface.
The probes may be labelled with a detectable label. In
a specific embodiment, the probes are specific for an
exon(s), an intron(s), an exon junction(s), or an
exon-intron junction(s)), of RNA products of any
number of up to 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20,
25, 30, 35, 40, 45, 50, all or any combination of the
biomarkers of the invention. The microarray kits may
comprise instructions for performing the assay and
methods for interpreting and analyzing the data
resulting from the performance of the assay. In a
specific embodiment, the kits comprise instructions
for diagnosing bladder cancer. The kits may also
comprise hybridization reagents and/or reagents
necessary for detecting a signal produced when a probe
hybridizes to a target nucleic acid sequence.
Generally, the materials andreagents for the
microarray kits are in one or more containers. Each
component of the kit is generally in its own a
suitable container. For RT-PCR kits, the kits
generally comprise pre-selected primers specific for
particular RNA products (e.g., an exon(s), an
intron(s), an exon junction(s), and an exonintron
junction(s)) of any number of up to 1, 2, 3, 4, 5, 6,
7, 8, 9, 10, 15, 20, 25, 30, 35, 40, 45, 50, all or
any combination of the biomarkers of the invention.
The RT-PCR kits may also comprise enzymes suitable for
reverse transcribing and/or amplifying nucleic acids
(e.g., polymerases such as Taq), and deoxynucleotides
and buffers needed for the reaction mixture for
reverse transcription and amplification. The RT-PCR
kits may also comprise probes specific for RNA
products of any number of up to 1,2, 3, 4, 5, 6, 7, 8,
9, 10, 15, 20, 25, 30, 35, 40, 45, 50, all or any
combination of the biomarkers of the invention. The
probes may or may not be labelled with a detectable
label (e.g., a fluorescent label). Each component of
the RT-PCR kit is generally in its own suitable
container. Thus, these kits generally comprise
distinct containers suitable for each individual
reagent, enzyme, primer and probe. Further, the RT-PCR
kits may comprise instructions for performing the
assay and methods for interpreting and analyzing the
data resulting from the performance of the assay. In a
specific embodiment, the kits contain instructions for
diagnosing bladder cancer. In a specific embodiment,
the kit is a real-time RT-PCR kit. Such a kit may
comprise a 96 well plate and reagents and materials
necessary for SYBR Green detection. The kit may
comprise reagents and materials so that beta-actin can
be used to normalize the results. The kit may also
comprise controls such as water, phosphate buffered
saline, and phage MS2 RNA. Further, the kit may
comprise instructions for performing the assay and
methods for interpreting and analyzing the date
resulting from the performance of the assay. In a
specific embodiment, the instructions state that the
level of a RNA product of any number of up to 1, 2, 3,
4, 5, 6, 7, 8, 9, 10, 15, 20, 25, 30, 35, 40, 45, 50,
all or any combination of the biomarkers of the
invention should be examined at two concentrations
that differ by, e.g., 5 fold to 10-fold. For antibody
based kits, the kit can comprise, for example: (1) a
first antibody (which may or may not be attached to a
solid support) which binds to protein of interest
(e.g., a protein product of any number of up to 1, 2,
3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25, 30, 35, 40,
45,50, all or any combination of the biomarkers of the
invention); and, optionally, (2) a second, different
antibody which binds to either the protein, or the
first antibody and is conjugated to a detectable label
(e.g., a fluorescent label, radioactive isotope or
enzyme). The antibodybased kits may also comprise
beads for conducting an immunoprecipitation. Each
component of the antibody-based kits is generally in
its own suitable container. Thus, these kits generally
comprise distinct containers suitable for each
antibody. Further, the antibodybased kits may comprise
instructions for performing the assay and methods for
interpreting and analyzing the data resulting from the
performance of the assay. In a specific embodiment,
the kits contain instructions for diagnosing bladder
cancer. 6. EXAMPLES The examples below are
non-limiting and are merely representative of various
aspects and features of the present invention EXAMPLE
1 MICROARRAY CONSTRUCTION An array according to one
aspect of the invention was constructed as follows.
PCR products (~40 ul) of cDNA clones from OA cartilage
cDNA libraries, in the same 96-well tubes used for
amplification, are precipitated with 4 ul (1/10
volume) of 3M sodium acetate (pH 5.2) and 100 ul (2.5
volumes) of ethanol and stored overnight at -20C. They
are then centrifuged at 3,300 rpm at 40C for 1 hour.
The obtained pellets were washed with 50 ul ice-cold
70% ethanol and centrifuged again for 30 minutes. The
pellets are then air-dried and resuspended well in 50%
dimethylsulfoxide (DMSO) or 20 ul 3X SSC overnight.
The samples are then deposited either singly or in
duplicate onto Gamma Amino Propyl Silane (Corning
CMT-GAPS or CMT-GAP2, Catalog No. 40003, 40004) or
polylysine-coated slides (Sigma Cat. No. P0425) using
a robotic GMS 417 or 427 arrayer (Affymetrix, CA). The
boundaries of the DNA spots on the microarray are
marked with a diamond scriber. The invention provides
for arrays where 10-20,000 PCR products are spotted
onto a solid support to prepare an array. The arrays
are rehydrated by suspending the slides over a dish of
warm particle free ddH20 for approximately one minute
(the spots will swell slightly but not runinto each
other) and snap-dried on a 70-80C inverted heating
block for 3 seconds. DNA is then UV crosslinked to the
slide (Stratagene, Stratalinker, 65 mJ - set display
to "650" which is 650 x 100 uJ) or baked at 80C for
two to four hours. The arrays are placed in a slide
rack. An empty slide chamber is prepared and filled
with the following solution: 3.0 grams of succinic
anhydride (Aldrich) is dissolved in 189 ml of
l-methyl-2-pyrrolidinone (rapid addition of reagent is
crucial); immediately after the last flake of succinic
anhydride dissolved, 21.0 ml of 0.2 M sodium borate is
mixed in and the solution is poured into the slide
chamber. The slide rack is plunged rapidly and evenly
in the slide chamber and vigorously shaken up and down
for a few seconds, making sure the slides never leave
the solution, and then mixed on an orbital shaker for
15-20 minutes. The slide rack is then gently plunged
in 950C ddH20 for 2 minutes, followed by plunging five
times in 95% ethanol. The slides are then air dried by
allowing excess ethanol to drip onto paper towels. The
arrays are then stored in the slide box at room
temperature until use. EXAMPLE 2 RNA ISOLATION FROM
UNFRACTIONATED WHOLE BLOOD (a) LYSED BLOOD Ten ml of
peripheral whole blood was collected in EDTA
Vacutainer tubes (Becton Dickinson, Franklin Lakes,
NJ.) and stored on ice until processing (within 6
hours). Upon centrifugation, blood samples separated
into plasma, buffy coat and red blood cell layers. The
plasma was removed and a hypotonic buffer (1.6 mM
EDTA, 10 mM KHCO3, 153 mM NH4Cl, pH 7.4) was added to
lyse the red blood cells at a 3:1 volume ratio. The
mixture was centrifuged to yield a cell pellet, which
was dissolved and homogenized into 1.0 ml of TRIzol(r)
Reagent (Invitrogen Corp., Carlsbad, CA) and 0.2 ml of
chloroform according to the manufacture's
instructions. After centrifugation, isopropanol was
added to the aqueous phase at a 1:1 ratio and allowed
to precipitate at -2O0C. Subsequent centrifugation
yielded an RNA pellet that was resuspended in water
for experimental use. RNA quality was assessed on
Agilent 2100 Bioanalyzer RNA 6000 Nano Chips as
specified by the manufacturer, and RNA quantity was
determined by absorbance at 260 nm in a
Beckman-Coulter DU640 Spectrophotometer.Qo)
CENTRIFUGED LYSED BLOOD 10 ml whole blood is obtained
in a Vacutainer and spun at 2,000 rpm (800g) for 5 min
at 4C and the plasma layer removed. Lysis Buffer is
added to blood sample in a ratio of 3 parts Lysis
Buffer to 1 part blood (Lysis Buffer (IL) 0.6g EDTA;
l.Og KHCO2, 8.2g NH4C1 adjusted to pH 7.4 (using
NaOH)). Sample is mixed and placed on ice for 5-10
minutes until transparent. Lysed sample is centrifuged
at 1000 rpm for 10 minutes at 40C, and supernatant is
aspirated. Pellet is resuspended in 5ml Lysis Buffer,
and centrifuged again at 1000 rpm for 10 minutes at
40C. Pelleted cells are homogenized using TRIzol
(GIBCO/BRL) in a ratio of approximately 6 ml of TRIzol
for every 10 ml of the original blood sample and
vortexed well. Samples are left for 5 minutes at room
temperature. RNA is extracted using 1.2 ml of
chloroform per 1ml of TRIzol. Sample is centrifuged at
12,000 x g for 5 minutes at 4C and upper layer is
collected. To upper layer, isopropanol is added in
ratio of 0.5 ml per 1ml of TRIzol. Sample is left
overnight at -200C or for one hour at -200C. RNA is
pelleted in accordance with known methods, RNA pellet
air dried, and pellet resuspended in DEPC treated
ddH2O. RNA samples can also be stored in 75% ethanol
where the samples are stable at room temperature for
transportation. Cc)FROM SERUM FREE WHOLE BLOOD 10 ml
whole blood is obtained in a Vacutainer and spun at
2,000 rpm (800g) for 5 min at 4C and the plasma layer
removed. Pelleted cells are homogenized using TRIzol
(GIBCO/BRL) in a ratio of approximately 6 ml of TRIzol
for every 10 ml of the original blood sample and
vortexed well. Samples are left for 5 minutes at room
temperature. RNA is extracted using 1.2 ml of
chloroform per 1ml of TRIzol. Sample is centrifuged at
12,000 x g for 5 minutes at 4C and upper layer is
collected. To upper layer, isopropanol is added in
ratio of 0.5 ml per 1ml of TRIzol. Sample is left
overnight at -200C or for one hour at -200C. RNA is
pelleted in accordance with known methods, RNA pellet
air dried, and pellet resuspended in DEPC treated
ddH2O. RNA samples can also be stored in 75% ethanol
where the samples are stable at room temperature for
transportation. (d)FROM WHOLE BLOOD USING
PAXGENE(tm)2.5 ml whole blood is collected into
PAXgene Blood RNA Tubes and processed in accordance
with the instructions of the PAXgene(tm) Blood RNA Kit
protocol. In brief after storing the blood in the
PAXgene(tm) tube for at least 2 hours, the blood
sample is centriguted and the supernatant discarded.
To the remaining sample, 360 ul of the supplied Buffer
BRl is added and the sample is pipetted into the spin
column and centrifuged an then washed with numerous
wash steps and finally eluted and stored. (e) FROM
WHOLE BLOOD USING PAXGENE(tm) AND SUBSEQUENT GLOBIN
REDUCTION RNA isolated from PAXGene(tm) as noted in
(d) above is subsequently treated to selectively
remove globin mRNA as is described in Affymetrix(r)
technical note entitled "Globin Reduction Protocol".
Oligonucleotides specific for the alpha 1, alpha 2 and
beta globin species are incubated with an
oligonucleotide hybridization buffer and RNAse H used
to specifically target degradation of the globin mRNA
and the cRNA clean up column from Affymetrix used to
remove the globin mRNA. EXAMPLE 3 TARGET NUCLEIC ACID
PREPARATION AND HYBRIDIZATION Preparation of
Fluorescent DNA Probe from mRNA Fluorescently labelled
target nucleic acid samples of RNA were prepared for
analysis with an array of the invention. 1 mg Oligo-dT
primers were annealed to 10 mg of total RNA isolated
from unfractionated whole blood from patient diagnosed
with bladder cancer in a total volume of 10 ml, by 



heating to 70C for 10 min, and cooled on ice. Patients
were diagnosed as positive or negative for bladder
cancer by a registered physician. A positive colon
pathology diagnosis was followed by histological
examination of the excised tissue(s). The mRNA was
reverse transcribed by incubating the sample at 420C
for 40 min in a 25ml volume containing a final
concentration of 50 mM Tris-HCl (pH 8.3), 75 mM KCl, 3
mM MgCl2, 25 mM DTT, 25 mM unlabeled dNTPs, 400 units
of Superscript II (200 U/mL, Gibco BRL), and 15 mM of
Cy3 orCy5 (Amersham). The reaction was stopped by the
addition of 2.5ml of 50OmM EDTA and5ml of IM NaOH, and
incubation at 650C for 10 min. The reaction mixture is
neutralized by addition of 12.5ml of IM TrisHCl
(rH7.6). The labeled target nucleic acid sample was
purified by centrifugation in a Centricon-30
micro-concentrator (Amicon). Labeled nucleic acid was
denatured by heating for 2 min at 100C, and incubated
at 37C for 20-30 min before being placed on a nucleic
acid array under a 22mm x 22mm glass cover slip.
Hybridization was carried out at 650C for 14 to 18
hours in a custom slide chamber with humidity
maintained by a small reservoir of 3XSSC. The array
was washed by submersion and agitation for 2-5 min in
2X SSC with 0.1%SDS, followed by IX SSC, and 0.1X SSC.
Finally, the array was dried by centrifugation for 2
min in a slide rack in a Beckman GS-6 tabletop
centrifuge in Microplus carriers at 650 RPM for 2 min.
Total RNA (5 mg) was labeled and hybridized onto
Affymetrix U133Plus 2.0 GeneChips (Affymetrix; Santa
Clara, CA) along with other similarly prepared samples
from individuals having or not having bladder cancer
and hybridized according to the manufacturer' s
instructions. Briefly, hybridization signals were
scaled in the Affymetrix GCOS software (version
1.1.1), using a scaling factor determined by adjusting
the global trimmed mean signal intensity value to 500
for each array, and imported into GeneSpring version
7.2 (Silicon Genetics; Redwood City, CA). Signal
intensities were then centered to the 50th percentile
of each chip, and for each individual gene, to the
median intensity of the whole sample set. Only genes
called present or marginal by the GCOS software in at
least 80% of each group of samples were used for
further analysis. Differentially expressed genes were
identified using 1) the non-parametric Wilcoxon-Mann-
Whitney non-parametric test (PO. 05), 2) parametric t
test (P <0.05), and 3) unsupervised analysis method
(14). In the unsupervised analysis, the
signal-intensity filtered genes were used to select
genes with at least 2-fold change (up or down) in
expression level, away from the mean, in at least 15%
of the samples. Hierarchical cluster analysis was
performed on each comparison to assess correlation
analysis using Spearman correlation among samples for
each identified gene set as the similarity measure
with average centroid linkage in GeneSpring v6.0.
Results fromexperiments comparing individuals having
bladder cancer with individuals not having bladder
cancer are provided in Table 1. Results from
experiments comparing individuals having early stage
bladder cancer as compared with individuals not having
bladder cancer are provided in Table 4. Results from
experiments comparing individuals having bladder
cancer as compared with individuals having either
testicular cancer or renal cell carcinoma are shown in
Table 11. A selection of those genes identified in
Table 1 as biomarkers of bladder cancer are shown in
Table 10 below. These genes are particularly useful
because they demonstrate a significant fold change
with a significant p value.TABLE 10 Supervised
non-parametric:WMW Gene Name Ctrl Ctrl SD/mean BC BC
SD/mean Affy lD Accession Description mean SD Ctrl
mean SD BC BC/ctrl direction P-value BCL2- associated
X protein /// BCL2- associated X 208478 s at NM 004324
BAX protein 0.83 0.25 0.30 1.28 0.81 0.64 1.55
0.007554 insulin-like growth factor binding protein 7
/// insulin-like growth factor binding protein 201
163_s_at NM_001553 IGFBP7 7 0.83 0.28 0.34 1.29 0.87
0.68 1.56 0.030171 interferon gamma 242903_at NM_00416
IFNGR1 receptor 1 0.86 0.58 0.67 1.31 0.47 0.36 1.53
0.004288 interleukin 15 /// interleukin 205992 s at NM
000585 IL15 15 0.82 0.21 0.26 1.19 0.63 0.53 1.45
0.007554transforming growth factor, beta 1 (Camurati-
Engelmann disease) /// transforming growth factor,
beta i (Camurati- Engelmann 203085_s_at NM_000660
TGFB1 disease) 0.85 0.22 0.26 1.16 0.48 0.41 1.37
0.014664 mutL homolog 214525_x_at NM_014381 MLH3 3 (E.
coli) 1.48 0.54 0.37 0.91 0.26 0.29 0.61 0.001177 Fc
receptor homolog expressed in B 235372_at NMJ45141 '
FREB cells 1.71 0.85 0.49 1.14 0.50 0.44 0.66 ,.
0.005494 advillin /// 205539 at NM 006576 AVlL
advillin 1.42 0.51 0.36 0.95 0.28 0.29 0.67 ' 9.62E-04
retinitis pigmentosa GTPase regulator interacting
protein 1 /// retinitis pigmentosa GTPase regulator
interacting 206608 s at NM 020366 RPGRIP1 protein 1
1.50 0.55 0.37 1.01 0.21 0.21 0.67 0.01 1846
chromodomain helicase DNA binding protein 1554014 a t
NM 001271 CHD2 2 1.06 0.17 0.16 0.98 0.10 0.1 1 0.92
0.040701EXAMPLE 4 QUANTITATIVE REAL TIME RT PCR A
selection of genes from. Table 1 identified using
Affymetrix U133Plus 2.0 GeneChips and noted in Table 3
below were quantified using quantitative real time RT
PCR (QRT-PCR). Table 13 provides a list of the
selected biomarkers. Table 14 provides a list of the
products of the biomarkers noted in Table 13. A
summary of the results of the quantitative real time
RTPCR using primers as noted in Table 15 is shown in
Table 16. QRT-PCR was done using either the SYBR(r)
Green Kit from Qiagen (Product Number 204143) and/or
using Applied Biosystems PCR reagent kits (Cat
4334973). Amplicons were detected in real time using a
Prism 7500 instrument (Applied Biosystems). Reverse
transcription was first performed using the
High-Capacity cDNA Archive Kit from Applied Biosystems
(Product number 4322171) and following the protocol
utilized therein. More specifically, purified RNA as
described previously herein was incubated with Reverse
Transcriptase buffer, dNTPs, Random primers and
Reverse transcriptase and incubated for 25C for 10
minutes and subsequently for 37C for two hours and the
resulting mixture utilized as the starting product for
quantitative PCR. cDNA resulting from reverse
transcription was incubated with the QuantiTect
SYBR(r) Green PCR Master Mix as provided and no
adjustments were made for magnesium concentration.
Uracil-N-Glycosylase was not added. 5mM of both
forward primer and reverse primer specific to the
genes of the invention were added and the reaction was
incubated and monitored in accordance with the
standard protocol utilizing the ABI PRISM 7700/ABI
GeneAmp 5700/iCycler/DNA Engine Opticon. Forward and
reverse primers for the candidate biomarkers were
designed using "PrimerQuest". A tool found at
http://biotoo1s.i.dtdna.com/primetquest (Integrated
DNA Technologies, Coralville, IA). DCt measurements
for each of the genes relative to a housekeeping gene
(beta-actin) were determined The melting temperature
[Tm] in thermal dissociation, and examination on
agarose gels provided confirmation of specific PCR
amplification and the lack of primer-dimer formation
in eachreaction well. For individual target gene
analysis, changes in Ct value between each gene and
the Beta-actin house-keeping was calculated as DCt= Ct
(target gene) - Ct (house-keeping gene). QRT PCR can
also be performed on the RNA products of the remaining
biomarkers disclosed in Table 1 to the products noted
in Table 3 using, for example, the SYBR(r) Green Kit
from Qiagen (Product Number 204143). Either a one step
(reverse transcription and PCR combined) or a two step
(reverse transcription first and then subsequent PCR)
can be used. In the case of the two step protocol,
reverse transcription was first performed using the
High-Capacity cDNA Archive Kit from Applied Biosystems
(Product number 4322171) and following the protocol
utilized therein. More specifically purified RNA as
described previously herein was incubated with Reverse
Transcriptase buffer, dNTPs, Random primers and
Reverse transcriptase and incubated for 250C for 10
minutes and subsequently for 370C for two hours and
the resulting mixture utilized as the starting product
for quantitative PCR. cDNA resulting from reverse
transcription can be incubated with the QuantiTect
SYBR(r) Green PCR Master Mix as provided and no
adjustments made for magnesium concentration.
Uracil-N-Glycosylase is optional. 5mM of both forward
primer and reverse primer specific to the genes of the
invention are added and the reaction incubated and
monitored in accordance with the standard protocol
utilizing the ABI PRISM 7700/ABI GeneAmp
5700/iCycler/DNA Engine Opticon. Table 13 Selection of
biomarkers of Table 1. Table demonstrates the Hugo
Gene Name (GeneSymbol) the Entrez Gene ID (formerly
locus link) and the Gene description.BLADDER CANCER
BIOMARKERS AND USES THEREOF This application claims
the benefit of US Provisional Application 60/676,921
filed May 2, 2005 and US Provisional Application
60/729,056 filed October 21, 2005, which are here-in
incorporated by reference. TABLES This application
includes a compact disc in duplicate (2 compact discs:
Tables - Copy 1 and Tables - Copy 2), which are hereby
incorporated by reference in their entirety. Each
compact disc is identical and contains the following
files (corresponding to Tables 1 - 7 and 11-12): TABLE
DESCRIPTION SIZE CREATED Text File Name 1 Bladder
cancer 90 KB 10/17 /2005 TABLE1 .TXT biomarkers 2
Bladder cancer 710 KB 10/17 /2005 TABLE2.TXT
biomarkers disclosed in PCT Application Number
PCT/US04/020836 3 Bladder cancer 121 KB 10/17 /2005
TABLE3.TXT biomarker products of Table 1 4 Early Stage
Bladder 176 KB 10/17/2005 TABLE4.TXT cancer biomarkers
5 Early Stage Bladder 746 KB 10/17/2005 TABLE5.TXT
cancer biomarkers disclosed in PCT 



Application Number PCT/US04/0208366 Bladder cancer 144
KB 10/17/2005 TABLE6.TXT biomarker products of Table 4
7 Biomarkers which 70 KB 10/17/2005 TABLE7.TXT
differentiate bladder cancer from normal, whether
bladder cancer be early stage or not. 11 Biomarker
which 75 KB 10/17/2005 TABLE11.TXT distinguish as
between bladder cancer as compared with either
testicular or renal cell carcinoma. 12 Bladder cancer
72 10/17/2005 TABLE12.TXT biomarker products of Table
11 1. Field of the Invention The invention encompasses
the identification and selection of novel bladder
cancer biomarkers including biomarkers for early stage
bladder cancer as well as the identification and
selection of novel biomarker combinations which are
differentially expressed in individuals with bladder
cancer or superficial bladder cancer as compared with
individuals without bladder cancer. The measurement of
expression of the products of the biomarkers and
combinations of biomarkers of the invention
demonstrates particular advantage in diagnosing
individuals as having bladder cancer. Further
encompassed are polynucleotides and proteins which
specifically and/or selectively hybridize/bind to the
products of the biomarkers of the invention. The
invention also provides for methods of using the
products of the biomarkers of the invention in the
identification of compounds that bind and/or modulate
the activity of the biomarker genes of the invention.
The compounds identified via such methods are useful
for the development of assays to study bladder cancer
and bladder cancer progression. Further, the compounds
identified via such methods are useful as lead
compounds in the development of prophylactic and
therapeutic compositionsfor the prevention, treatment,
management and/or amelioration of bladder cancer or a
symptom thereof. 2. Background of the Invention
Bladder cancer is the fourth most commonly diagnosed
cancer in men and the eighth most commonly diagnosed
cancer in women (Greenlee et al. Cancer Statistics,
2001). Exposure to cigarette smoke, aromatic amines,
coal combustion by-products, chlorinated compounds and
certain aldehydes have been shown to increase a
person's risk of getting bladder cancer. Bladder
cancer itself has a low impact on mortality, however,
metastasis of the cancer to other sites increases the
risk of mortality substantially. As such, a diagnostic
method which identified bladder cancer would be a
benefit. In particular, a diagnostic method which
allowed early detection and intervention would be of
great benefit. Currently used screening methods of
bladder cancer include the use of cystoscopies;
bladder wash and/or a urinary cytologic examination.
Each of these methods allows a physician to look at
the bladder and/or cells of the bladder to detect
tumours or other bladder cell abnormalities. These
methods however are expensive and are therefore not
practical as screening methods for persons who are not
suspected of having an increased risk of bladder
cancer. Another common screening technique is
hematuria analysis (i.e. looking for blood in urine).
Although hematuria is the most common presenting
symptom of bladder cancer, it can also indicate many
other potential diagnosis (i.e. low specificity). For
example, prospective analysis of patients attending a
hematuria clinic in the United Kingdom only 19.2% of
patients having gross hematuria were determined to
have bladder cancer as determined by cytoscopy. In
addition, these methods become even less specific and
sensitive for those patients with earlier stages of
bladder cancer. Thus there is a need in the art for a
method for screening for bladder cancer which is
relatively inexpensive and sufficiently sensitive and
specific so as to improve the detection of those
patients at risk for bladder cancer. There is also a
need for a method which has a greater ability to
screen for bladder cancer at relatively early stages
so as to allow for early intervention and more
treatment options for those patients found to have
bladder cancer. 3. Summary of the InventionThe
invention encompasses the identification and selection
of novel bladder cancer biomarkers and the
identification and selection of superficial (early
stage) bladder cancer biomarkers as well as
identification of combinations of these biomarkers so
as to provide a simple and relatively inexpensive test
to provide improved screening for bladder cancer. The
methods disclosed herein along with the products of
the biomarkers and combinations of biomarkers
identified using these methods demonstrate particular
advantage in screening patients to identify those with
an increased risk of bladder cancer. As would be
understood, in order to measure the products of
biomarkers of the invention, polynucleotides and
proteins which specifically and/or selectively
hybridize/bind to the products of the biomarkers
identified, and derivatives thereof, of the invention
are also encompassed within the scope of the invention
as are kits containing said polynucleotides and
proteins for use in diagnosing individuals as having
bladder cancer. Further encompassed by the invention
is the use of the polynucleotides and proteins which
specifically and/or selectively hybridize to the
product of the biomarkers of the invention to monitor
bladder cancer progression in an individual and to
monitor the efficacy of therapeutic regimens. The
invention also provides for the identification of
methods of using the products of the biomarkers of the
invention in the identification of novel therapeutic
targets for bladder cancer. 3.1 Definitions The
following definitions are provided for specific terms
which are used in the following written description.
As used herein, the term "31end" refers to the end of
an mRNA up to the last 1000 nucleotides or 1/3 of the
mRNA, where the 3' terminal nucleotide is that
terminal nucleotide of the coding or untranslated
region that adjoins the poly-A tail, if one is
present. That is, the 3' end of an mRNA does not
include the poly-A tail, if one is present. The "31
region" of a gene refers to a polynucleotide
(double-stranded or single-stranded) located within or
at the 3' end of a gene, and includes, but is not
limited to, the 3' untranslated region, if that is
present, and the 31protein coding region of a gene.
The 3' region is not shorter than 8 nucleotides in
length and not longer than 1000 nucleotides in length.
Other possible lengthsof the 3' region include but are
not limited to 10, 20, 25, 50, 100, 200, 400, and 500
nucleotides. As used herein, the term "51end" refers
to the end of an rnRNA up to the first 1000
nucleotides or 1/3 of the mRNA (where the full length
of the mRNA does not include the poly A tail),
starting at the first nucleotide of the mRNA. The
"51region" of a gene refers to a polynucleotide
(double-stranded or single-stranded) located within or
at the 5' end of a gene, and includes, but is not
limited to, the 5' untranslated region, if that is
present, and the 5' protein coding region of a gene.
The 5' region is not shorter than 8 nucleotides in
length and not longer than 1000 nucleotides in length.
Other possible lengths of the 5' region include but
are not limited to 10, 20, 25, 50, 100, 200, 400, and
500 nucleotides. As used herein, the term "amplified",
when applied to a nucleic acid sequence, refers to a
process whereby one or more copies of a particular
nucleic acid sequence is generated from a template
nucleic acid, preferably by the method of polymerase
chain reaction (Mullis and Faloona, 1987, Methods
Enzymol., 155:335). "Polymerase chain reaction" or
"PCR" refers to an in vitro method for amplifying a
specific nucleic acid template sequence hi some
embodiments, the PCR reaction involves a repetitive
series of temperature cycles and is typically
performed in a volume of 50-100 ml. The reaction mix
comprises dNTPs (each of the four deoxynucleotides
dATP, dCTP, dGTP, and dTTP), primers, buffers, DNA
polymerase, and nucleic acid template. The PCR
reaction can comprise providing a set of
polynucleotide primers wherein a first primer contains
a sequence complementary to a region in one strand of
the nucleic acid template sequence and primes the
synthesis of a complementary DNA strand, and a second
primer contains a sequence complementary to a region
in a second strand of the target nucleic acid sequence
and primes the synthesis of a complementary DNA
strand, and amplifying the nucleic acid template
sequence employing a nucleic acid polymerase as a
template-dependent polymerizing agent under conditions
which are permissive for PCR cycling steps of (i)
annealing of primers required for amplification to a
target nucleic acid sequence contained within the
template sequence, (ii) extending the primers wherein
the nucleic acid polymerase synthesizes a primer
extension product. "A set of polynucleotide primers"
or "a set of PCR primers" can comprise two, three,
four or more primers. In one embodiment, an exo- Pfu
DNA polymerase is used to amplify a nucleic acid
template in PCR reaction. Other methods
ofamplification include, but are not limited to,
ligase chain reaction (LCR), polynucleotidespecific
based amplification (NSBA), or any other method known
in the art. As used herein, the "amino terminal"
region of a polypeptide refers to the polypeptide
sequences encoded by polynucleotide sequences
(double-stranded or singlestranded) located within or
at the 5' end of an mRNA As used herein, the "amino
terminal" region refers to the amino terminal end of a
polypeptide up to the first 300 amino acids or 1/3 of
the polypeptide, starting at the first amino acid of
the polypeptide. The "amino terminal" region of a
polypeptide is not shorter than 3 amino acids in
length and not longer than 350 amino acids in length.
Other possible lengths of the "amino terminal" region
of a polypeptide include but are not limited to 5, 10,
20, 25, 50, 100 and 200 amino acids. As used herein,
the term "analog" in the context of proteinaceous
agent (e.g., proteins, polypeptides, peptides, and
antibodies) refers to a proteinaceous agent that
possesses a similar or identical function as a second
proteinaceous agent but does not necessarily comprise
a similar or identical amino acid sequence of the
second proteinaceous agent, or possess a similar or
identical structure of the second proteinaceous agent.
A proteinaceous agent that has a similar amino acid
sequence refers to a second proteinaceous agent that
satisfies at least one of the following: (a) a
proteinaceous agent having an amino acid sequence that
is at least 30%, at least 35%, at least 40%, at least
45%, at least 50%, at least 55%, at least 60%, at
least 65%, at least 70%, at least 75%, at least 80%,
at least 85%, at least 90%, at least 95% or at least
99% identical to the amino acid sequence of a second
proteinaceous agent; (b) a proteinaceous agent encoded
by a nucleotide sequence that hybridizes under
stringent conditions to a nucleotide sequence encoding
a second proteinaceous agent of at least 5 contiguous
amino acid residues, at least 10 contiguous amino acid
residues, at least 15 contiguous amino acid residues,
at least 20 contiguous amino acid residues, at least
25 contiguous amino acid residues, at least 40
contiguous amino acid residues, at least 50 contiguous
amino acid residues, at least 60 contiguous amino
residues, at least 70 contiguous amino acid residues,
at least 80 contiguous amino acid residues, at least
90 contiguous amino acid residues, at least 100
contiguous amino acid residues, at least 125
contiguous amino acid residues, or at least 150
contiguous amino acid residues; and (c) a
proteinaceous agent encoded by a nucleotide sequence
that is at least 30%, at least 35%, atleast 40%, at
least 45%, at least 50%, at least 55%, at least 60%,
at least 65%, at least 70%, at least 75%, at least
80%, at least 85%, at least 90%, at least 95% or at
least 99% identical to the nucleotide sequence
encoding a second proteinaceous agent. A proteinaceous
agent with similar structure to a second proteinaceous
agent refers to a proteinaceous agent that has a
similar secondary, tertiary or quaternary structure to
the second proteinaceous agent. The structure of a
proteinaceous agent can be determined by methods known
to those skilled in the art, including but not limited
to, peptide sequencing, X-ray crystallography, nuclear
magnetic resonance, circular dichroism, and
crystallographic electron microscopy. To determine the
percent identity of two amino acid sequences or of two
nucleic acid sequences, the sequences are aligned for
optimal comparison purposes (e.g., gaps can be
introduced in the sequence of a first amino acid or
nucleic acid sequence for optimal alignment with a
second amino acid or nucleic acid sequence). The amino
acid residues or nucleotides at corresponding amino
acid positions or nucleotide positions are then
compared. When a position in the first sequence is
occupied by the same amino acid residue or nucleotide
as the corresponding position in the second sequence,
then the molecules are identical at that position. The
percent identity between the two sequences is a
function of the number of identical positions shared
by the sequences (i.e., % identity=number of identical
overlapping positions/total number of positions times
100%). hi one embodiment, the two sequences are the
same length. The determination of percent identity
between two sequences can also be accomplished using a
mathematical algorithm. A preferred, non-limiting
example of a mathematical algorithm utilised for the
comparison of two sequences is the algorithm of Karlin
and Altschul, 1990, Proc. Natl. Acad. Sci. U.S.A.
87:2264-2268, modified as in Karlin and Altschul,
1993, Proc. Natl. Acad. Sci. U.S.A. 90:5873-5877. Such
an algorithm is incorporated into the NBLAST and
XBLAST programs of Altschul et al., 1990, J . MoL
Biol. 



215:403. BLAST nucleotide searches can be performed
with the NBLAST nucleotide program parameters set,
e.g., for score=100, wordlength=12 to obtain
nucleotide sequences homologous to a nucleic acid
molecules of the present invention. BLAST protein
searches can be performed with the XBLAST program
parameters set, e.g., to score-50, wordlength=3 to
obtain amino acid sequences homologous to a protein
molecule of the present invention. To obtain gapped
alignments for comparison purposes, Gapped BLAST can
be utilised asdescribed in Altschul et al, 1997,
Nucleic Acids Res. 25:3389-3402. Alternatively,
PSIBLAST can be used to perform an iterated search
which detects distant relationships between molecules
(Id.). When utilising BLAST, Gapped BLAST, and
PSI-Blast programs, the default parameters of the
respective programs (e.g., of XBLAST and NBLAST) can
be used (see, e.g., the NCBI website). Another
preferred, non-limiting example of a mathematical
algorithm utilised for the comparison of sequences is
the algorithm of Myers and Miller, 1988, CABIOS 4:1
1-17. Such an algorithm is incorporated in the ALIGN
program (version 2.0) which is part of the GCG
sequence alignment software package. When utilising
the ALIGN program for comparing amino acid sequences,
a PAM120 weight residue table, a gap length penalty of
12, and a gap penalty of 4 can be used. The percent
identity between two sequences can be determined using
techniques similar to those described above, with or
without allowing gaps. In calculating percent
identity, typically only exact matches are counted. As
used herein, the term "analog" in the context of a
non-proteinaceous analog refers to a second organic or
inorganic molecule which possess a similar or
identical function as a first organic or inorganic
molecule and is structurally similar to the first
organic or inorganic molecule. As used herein, the
term "biomarker" refers to a gene that is
differentially expressed in individuals having bladder
cancer or a stage of bladder cancer as compared with
those not having bladder cancer, or said stage of
bladder cancer (although individuals may have other
disease(s)) and can include a gene that is
differentially expressed in individuals having
superficial bladder cancer as compared with those not
having bladder cancer. The term "biomarker specific
primers" as used herein refers to a set of primers
which can produce double stranded DNA complementary to
a portion of one or more RNA products of the biomarker
of the invention. For example, the primers can include
a first primer which is a sequence that can
selectively hybridize to RNA, cDNA or EST
complementary to a biomarker of the invention to
create an extension product and a second primer
capable of selectively hybridizing to the extension
product, which are used to produce double stranded DNA
complementary to a biomarker of the invention.The term
"biomarker specific probe" as used herein refers to a
probe selectively and specifically hybridizes to RNA
products of a unique biomarker. In one embodiment a
biomarker specific probe can be a probe having a
fluorophore and a quencher, for example a TaqMan(r)
probe or a Molecular Beacon(r) probe. In another
embodiment a biomarker specific probe is a probe which
is attached to an array and selectively and
specifically hybridizes to one or more RNA products
(or cDNA, EST or PCR products corresponding to said
RNA products) of a unique biomarker. A biomarker
specific probe can include oligonucleotide probes and
can also include longer probes (e.g. 100, 150, 200,
250, 300, 350, 400, 450, 500 Nucleotides etc.). As
used herein, the term "bladder cancer" refers to a
disease in which the cells lining the urinary bladder
lose the ability to regulate their growth resulting in
a mass of cells that form a tumor. As used herein, the
term "early bladder cancer" or "superficial bladder
cancer" refer to non invasive bladder tumours (e.g.
type Ta or Tia as determined in accordance with the
AJCC guidelines) (Herr et al. 2001) As used herein,
the term "blood nucleic acid sample" refers to nucleic
acids derived from blood and can include nucleic acids
derived from whole blood, centrifuged lysed blood,
serum free whole blood or fractionated blood including
peripheral blood leukocytes (PBLs) or other fractions
of blood as described herein. By whole blood is meant
unfractionated blood and includes a drop of blood
wherein a drop of blood includes volumes of 5mL l Oml,
15ml, 20ml, 25ml, 30ml . By centrifuged lysed blood or
'lysed blood' is meant unfractionated whole blood that
is mixed with lysis buffer and centrifuged as
described herein (see Example 2). By serum free blood
is meant unfractionated whole blood wherein the serum
or plasma is removed by centrifugation as described
herein (see Example 2). Preferably, a blood nucleic
acid sample is whole blood or centrifuged lysed blood
and is total RNA, niRNA or is a nucleic acid
corresponding to mRNA, for example, cDNA isolated from
said blood. A nucleic acid sample can also include a
PCR product derived from total RNA, mRNA or cDNA. As
used herein, the "carboxy terminal" region of a
polypeptide refers to the polypeptide sequences
encoded by polynucleotide sequences (double-stranded
or singlestranded) located within or at the 31 end of
an mRNA, and. As used herein, the "carboxyterminal"
region refers to the carboxy terminal end of a
polypeptide up to 300 amino acids or 1/3 of the
polypeptide from the last amino acid of the
polypeptide. The "3' end" does not include the polyA
tail, if one is present. The "carboxy terminal" region
of a polypeptide is not shorter than 3 amino acids in
length and not longer than 350 amino acids in length.
Other possible lengths of the "carboxy terminal"
region of a polypeptide include, but are not limited
to, 5, 10, 20, 25, 50, 100 and 200 amino acids. As
used herein, the term "tissue sample" refers to cells
derived from a tissue which is not blood and can
include bladder tissue, brain tissue, heart tissue,
lung tissue, lymph node, and the like. A "tissue
nucleic acid sample" is total RNA, mRNA or is a
nucleic acid corresponding to RNA, for example, cDNA.
A tissue nucleic acid sample can also include a PCR
product derived from total RNA, mRNA or cDNA. As used
herein, the term "combination of the biomarkers of the
invention" refers to any one or more biomarkers as
disclosed in Table 1, Table 3, Table 4, Table 6, Table
7 and Table 10, Table 11 or Table 12 . Combination of
biomarkers of the invention also includes and any
combinations of any two or more biomarkers as
disclosed in Table 1 and Table 2 so long as at least
one of the biomarker of said combination is from Table
1. Combination of biomarkers of the invention also
includes and any combinations of any two or more
biomarkers as disclosed in Table 4 and Table 5 so long
as at least one of the biomarkers of said combination
is from Table 4. Combination of biomarkers of the
invention also includes and any combinations of any
two or more biomarkers as disclosed in Table 11 and
Table 2 so long as at least one of the biomarker of
said combination is from Table 11. As used herein, the
terms "compound" and "agent" are used interchangeably.
As used herein, "consisting essentially of refers to
the maximum number of biomarkers that are useful to
diagnose or screen for bladder cancer and/or diagnose
or screen for superficial bladder cancer. In one
embodiment, a biomarker for the diagnosis of bladder
cancer and/or superficial bladder cancer consists
essentially of at least any of up to 1, 2, 3, 4, 5, 6,
7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,
25, 30, 35, 40, 45, 50, 100, 125, 150, 175, 200, 225,
250 or all of the biomarkers of Table 1. In another
embodiment, abiomarker for the diagnosis of bladder
cancer consists essentially of at least any of up to
1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20, 25, 30, 35, 40, 45, 50, 100, 125, 150,
175,200 or all of the biomarkers of Table 7. In
another embodiment, a biomarker for the diagnosis of
bladder cancer consists essentially of at least any of
up to 1, 2, 3, 4, 5, 6, 7, 8, 9 or all of the
biomarkers of Table 10. In another embodiment, a
biomarker for the diagnosis of bladder cancer consists
essentially of at least any of up to 1, 2, 3, 4, 5, 6,
7, 8, 9, 10, 11, 13, 15, 20, 25, 30, 35, 40, 45, 50,
100, 125, 150, 175, 200 of the biomarkers of Table 1
in combination with at least any of up to 1, 2, 3, 4,
5, 6, 7, 8, 9, or 10, 15, 20, 30, 40, 50, 100, 200,
300, 400, 500, 1000, 1500, 2000, 2500, 3000, 3500,
4000 or all of the biomarkers as disclosed in PCT
Application Number PCT/US04/020836 and which are
provided in Table 2. In another embodiment, a
biomarker for the diagnosis of superficial or early
stage bladder cancer consists essentially of at least
any of up to 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12,
13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45,
50, 100, 125, 150, 175, 200, 225, 250, 275, 300, 325,
350, 375, 400, 425, 450, 475, 500 or all of the
biomarkers of Table 4. In another embodiment, a
biomarker for the diagnosis of superficial bladder
cancer consists essentially of at least any of up to
1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20, 25, 30, 35, 40, 45, 50, 100, 125, 150,
175, 200, 225, 250, 275, 300, 325, 350, 375, 400, 425,
450, 475, 500 of the biomarkers of Table 4 in
combination with at least any of up to 1, 2, 3, 4, 5,
6, 7, 8, 9, or 10, 15, 20, 30, 40, 50 100, 150, 200,
250, 300, 350, 400, 450, 500, 1000, 1500, 2000, 2500
or all of the biomarkers as disclosed in PCT
Application Number PCT/US04/020836 and which are
provided in Table 5. In another embodiment, a
biomarker for the diagnosis of bladder cancer and/or
superficial bladder cancer consists essentially of at
least any ofup to 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40,
45, 50, 100, 125, 150, 175, 200, 225, 250 or all of
the biomarkers of Table 11. In another embodiment, a
biomarker for the diagnosis of bladder cancer and/or
superficial bladder cancer consists essentially of at
least any ofup to 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40,
45, 50, 100, 125, 150, 175, 200, 225, 250 or all of
the biomarkers of Table 12. As used herein, the term
"control" or "control sample" in the context of this
invention refers to one or more tissue nucleic acid
samples and/or a blood nucleic acid samples and/or one
or more individuals who are classified as having
prostate cancer, having one or more stages of bladder
cancer including superficial bladder cancer; not
having bladder cancer or not having a stage of bladder
cancer (e.g. superficial bladder cancer); using those
techniquesknown to a person skilled in the art (for
example NMP22(r)BladderChek(r) to detect elevated
levels of a nuclear matrix protein (called NMP22(r))
in the urine, intravenous pyloegram (IVP) imaging, CT
scan, MRI scan, bone scan or ultrasound, and the
like). The term control or control sample can also
refer to the compilation of data derived from samples
of one or more individuals who have been diagnosed as
normal (not having bladder cancer), having bladder
cancer, or having a stage of bladder cancer (e.g.
superficial bladder cancer). As would be understood by
a person skilled in the art - the term control is used
in the context of the experiment and will depend upon
the desired comparisons. As used herein, the term
"control" in the context of screening for a
prophylactic or therapeutic agent refers to a standard
or reference for an assay or methodology to which
other conditions can be compared. As used herein, the
term "data" or "biomarker data" generally refers to
data reflective of the abundance or level of a product
of a biomarker including either or both of RNA and
protein encoded by the biomarker. As used herein, the
term "derivative" in the context of proteinaceous
agent (e.g., proteins, polypeptides, peptides, and
antibodies) refers to a proteinaceous agent that
comprises an amino acid sequence which has been
altered by the introduction of one or more amino acid
residue substitutions, deletions, and/or additions.
The term "derivative" as used herein also refers to a
proteinaceous agent which has been modified, i.e., by
the covalent attachment of any type of molecule to the
proteinaceous agent. For example, but not by way of
limitation, an antibody may be modified, e.g., by
glycosylation, acetylation, pegylation,
phosphorylation, amidation, derivatization by known
protecting/blocking groups, proteolytic cleavage,
linkage to a cellular ligand or other protein, etc. A
derivative of a proteinaceous agent may be produced by
chemical modifications using techniques known to those
of skill in the art, including, but not limited to
specific chemical cleavage, acetylation, formylation,
metabolic synthesis of tunicamycin, etc. Further, a
derivative of a proteinaceous agent may contain one or
more non-classical amino acids. A derivative of a
proteinaceous agent possesses a similar or identical
function as the proteinaceous agent from which it was
derived.As used herein, the term "derivative" in the
context of a non-proteinaceous derivative refers to a
second organic or inorganic molecule that is formed
based upon the structure of a first organic or
inorganic molecule. A derivative of an organic
molecule includes, but is not limited to, a molecule
modified, e.g., by the addition or deletion of a
hydroxyl, methyl, ethyl, carboxyl or amine group. An
organic molecule may also be esterified, alkylated
and/or phosphorylated. As used herein "diagnosis of
bladder cancer" or "bladder cancer diagnosis"
"screening for bladder cancer" "screening for a stage
of bladder cancer" according to one aspect of the
invention refers to a process of determining the
likelihood of a person having bladder cancer and/or
having superficial bladder cancer. The terms refer to
both traditional medical diagnostic techniques for
diagnosing or screening for bladder cancer or a stage
of bladder cancer, as well as diagnosis and/or
screening methods as encompassed by the invention.
Traditional medical diagnostic techniques for
diagnosing bladder cancer include physical exam and
history, medical evaluation including urine test, and
appropriate laboratory tests which can include
NMP22(r)BladderChek(r) to detect elevated levels of a
nuclear matrix protein (called NMP22(r)) in the urine,
intravenous pyloegram (IVP) imaging, CT scan, MRI
scan, bone scan or ultrasound, and the like. In a
specific embodiment, "diagnosis of prostate cancer"
refers to a determination as between two options: e.g.
that an individual has bladder cancer or a specific
stage of bladder cancer or that an individual does not
have bladder cancer or a specific stage of bladder
cancer. In a specific embodiment, the term "diagnosis
or screening for bladder cancer" refers to a
determination as between two options, e.g. for
"diagnosis of bladder cancer", a determination of the
likelihood that an 



individual has bladder cancer or that an individual
does not have bladder cancer. For "diagnosis of
superficial bladder cancer", a determination of the
likelihood that an individual has superficial bladder
cancer or does not have bladder cancer. In another
specific embodiment, "diagnosis" refers to a
determination as between three options where one
option is that it cannot be determined with sufficient
degree of certainty whether an individual has bladder
cancer or does not have bladder cancer (e.g. a
determination that a result is untenable). In another
embodiment, "diagnosis of or screening for bladder
cancer" can include an option that it cannot be
determined with sufficient degree of certainty as to
whether an individualcan be characterized as having
bladder cancer or a specific stage of bladder cancer
or does not have bladder cancer or a specific stage of
bladder cancer. As would be understood by a person
skilled in the art, in this context a "sufficient
degree of certainty" depends upon the medical
requirements for both the sensitivity and specificity
of the diagnosis. More particularly the sufficient
degree of certainty includes greater than 50%
sensitivity and/or specificity, greater than 60%
sensitivity and/or specificity, greater than 70%
sensitivity and/or specificity, greater than 80%
sensitivity and/or specificity, greater than 90%
sensitivity and/or specificity and 100% sensitivity
and/or specificity. As used herein, the term
"differential expression" refers to a difference in
the level of expression of the RNA and/or protein
products of one or more biomarkers of the invention,
as measured by the amount or level of RNA or protein.
In reference to RNA, it can include difference in the
level of expression of mRNA, and/or one or more
spliced variants of mRNA of the biomarker in one
sample as compared with the level of expression of the
same one or more biomarkers of the invention as
measured by the amount or level of RNA, including mRNA
and/or one or more spliced variants of mRNA in a
second sample. "Differentially expressed" or
"differential expression" can also include a
measurement of the protein, or one or more protein
variants encoded by the biomarker of the invention in
a sample or population of samples as compared with the
amount or level of protein expression, including one
or more protein variants of the biomarker or
biomarkers of the invention. Differential expression
can be determined as described herein and as would be
understood by a person skilled in the art. The term
"differentially expressed" or "changes in the level of
expression" refers to an increase or decrease in the
measurable expression level of a given product of the
biomarker as measured by the amount of RNA and/or the
amount of protein in a sample as compared with the
measurable expression level of a given product of the
biomarker in a second sample. The first sample and
second sample need not be from different patients, but
can be samples from the same patient taken at
different time points. The term "differentially
expressed" or "changes in the level of expression" can
also refer to an increase or decrease in the
measurable expression level of a given biomarker in a
population of samples as compared with the measurable
expression level of a biomarker in a second population
of samples. As used herein, "differentially expressed"
when referring to a single sample can be measured
using the ratio of the level of expression of a given
biomarker in saidsample as compared with the mean
expression level of the given biomarker of a control
population wherein the ratio is not equal to 1.0.
Differentially expressed can also be used to include
comparing a first population of samples as compared
with a second population of samples or a single sample
to a population of samples using either a ratio of the
level of expression or using p-value. When using
p-value, a measure of the statistical significance of
the differential expression, a nucleic acid transcript
including hnRNA and mRNA is identified as being
differentially expressed as between a first and second
population when the p-value of less than 0.3, 0.2,
0.1, less than 0.05, less than 0.01, less than 0.005,
less than 0.001 etc. are considered statistically
significant. When determining differential expression
on the basis of the ratio of the level of gene product
expression, an RNA or protein gene product is
differentially expressed if the ratio of the level of
its RNA or protein product in a first sample as
compared with that in a second sample is greater than
or less than 1.0. For instance, a ratio of greater
than 1, for example 1.2, 1.5, 1.7, 2, 3, 4, 10, 20, or
a ratio of less than 1, for example 0.8, 0.6, 0.4,
0.2, 0.1. 0.05, of RNA or protein product of a gene
would be indicative of differential expression, hi
another embodiment of the invention, a nucleic acid
transcript including hnRNA and mRNA is differentially
expressed if the ratio of the mean level of expression
of a first transcript in a nucleic acid population as
compared with its mean level of expression in a second
population is greater than or less than 1.0. For
instance, a ratio of greater than I 5 for example 1.2,
1.5, 1.7, 2, 3, 4, 10, 20, or a ratio less than 1, for
example 0.8, 0.6, 0.4, 0.2, 0.1. 0.05 would be
indicative of differential expression. In another
embodiment of the invention a nucleic acid transcript
including hnRNA, and mRNA is differentially expressed
if the ratio of its level of expression in a first
sample as compared with the mean of the second
population is greater than or less than 1.0 and
includes for example, a ratio of greater than 1, for
instance 1.2, 1.5, 1.7, 2, 3, 4, 10, 20, or a ratio
less than 1, for example 0.8, 0.6, 0.4, 0.2, 0.1.
0.05. "Differentially increased expression" refers to
1.1 fold, 1.2 fold, 1.4 fold, 1.6 fold, 1.8 fold, or
more, relative to a standard, such as the mean of the
expression level of the second population.
"Differentially decreased expression" refers to less
than 1.0 fold, 0.8 fold, 0.6 fold, 0.4 fold, 0.2 fold,
0.1 fold or less, relative to a standard, such as the
mean of the expression level of the second population.
As used herein, the term "drug efficacy" refers to the
effectiveness of a drug. "Drug efficacy" is usually
measured by the clinical response of the patient who
has been or isbeing treated with a drug. A drug is
considered to have a high degree of efficacy, if it
achieves desired clinical results, for example, the
reduction of the symptoms of osteoarthritis or the
prevention of osteoarthritis progression as described
in the present specification. The amount of drug
absorbed may be used to predict a patient's response.
A general rule is that as the dose of a drug is
increased, a greater effect is seen in the patient
until a maximum desired effect is reached. If more
drug is administered after the maximum point is
reached, the side effects will normally increase. As
used herein, the term "effective amount" refers to the
amount of a compound which is sufficient to reduce or
ameliorate the progression and or severity of bladder
cancer or one or more symptoms thereof, prevent the
development, recurrence or onset of bladder cancer r
one or more symptoms thereof, prevent the advancement
of bladder cancer or one or more symptoms thereof, or
enhance or improve the prophylactic or therapeutic
effect(s) of another therapy. As used herein, the term
"fragment" in the context of a proteinaceous agent
refers to a peptide or polypeptide comprising an amino
acid sequence of at least 5 contiguous amino acid
residues, at least 10 contiguous amino acid residues,
at least 15 contiguous amino acid residues, at least
20 contiguous amino acid residues, at least 25
contiguous amino acid residues, at least 40 contiguous
amino acid residues, at least 50 contiguous amino acid
residues, at least 60 contiguous amino residues, at
least 70 contiguous amino acid residues, at least
contiguous 80 amino acid residues, at least contiguous
90 amino acid residues, at least contiguous 100 amino
acid residues, at least contiguous 125 amino acid
residues, at least 150 contiguous amino acid residues,
at least contiguous 175 amino acid residues, at least
contiguous 200 amino acid residues, or at least
contiguous 250 amino acid residues of the amino acid
sequence of a polypeptide or a protein, hi a specific
embodiment, a fragment of a protein or polypeptide
retains at least one function of the protein or
polypeptide, hi another embodiment, a fragment of a
protein or polypeptide retains at least one, two,
three, four, or five functions of the protein or
polypeptide. Preferably, a fragment of an antibody
retains the ability to immunospecifically bind to an
antigen. As used herein, the term "fusion protein"
refers to a polypeptide that comprises an amino acid
sequence of a first protein or polypeptide or fragment
thereof, or functional fragment thereof, or an analog
or derivative thereof, and an amino acid sequenceof a
heterologous protein, polypeptide, or peptide (i.e., a
second protein or polypeptide or fragment, analog or
derivative thereof different than the first protein or
fragment, analog or derivative thereof). In one
embodiment, a fusion protein comprises a prophylactic
or therapeutic agent fused to a heterologous protein,
polypeptide or peptide. In accordance with this
embodiment, the heterologous protein, polypeptide or
peptide may or may not be a different type of
prophylactic or therapeutic agent. As used herein, the
terms "gene expression pattern", "gene expression
profile" are used interchangeably and comprise the
pattern of expression of the RNA or protein products
of two or more biomarkers of the invention. For
example, the gene expression pattern or profile having
reference to the RNA products can also be termed a
"nucleic acid array expression profile" and
constitutes the hybridization of a plurality of target
nucleic acid sequences hybridized to a plurality of
nucleic acid probes on an array to differentiate as
between bladder cancer or early stage bladder cancer
individuals as compared with non bladder cancer
individuals. "Gene expression pattern", "gene
expression profile" and can also refer to a pattern of
the level of abundance of proteins corresponding to
two or more biomarkers of the invention as is
determined by any methodology known in the art for
measuring the levels of said proteins. For example,
the pattern can be a mathematical representation of
the pattern e.g. a mathematical equation, vector etc.
As used herein, the terms "hybridizing to" and
"hybridization" refer to the sequence specific
non-covalent binding interactions with a complementary
nucleic acid, for example, interactions between a
target nucleic acid sequence and a nucleic acid member
on an array. As used herein, the term "immunoglobulin"
refers to a protein consisting of one or more
polypeptides substantially encoded by immunoglobulin
genes or antigen binding fragment thereof. The
recognized human immunoglobulin genes include the
kappa, lambda, alpha (IgAl and IgA2), gamma (IgGl,
IgG2, IgG3, IgG4), delta, epsilon and mu constant
region genes, as well as the myriad immunoglobulin
variable region genes. Full-length immunoglobulin
"light chains" (about 25 Kd or 214 amino acids) are
encoded by a variable region gene at the NH2-terminus
(about 110 amino acids) and a kappa or lambda constant
region gene at the COOH-terminus. Full-length
immunoglobulin "heavy chains" (about 50 Kd or 446
amino acids), are similarly encoded by a variable
region gene (about 116 aminoacids) and one of the
other aforementioned constant region genes, e.g.,
gamma (encoding about 330 amino acids). As used
herein, the term "in combination" in reference to
therapy refers to the use of more than one therapies
{e.g., more than one prophylactic agent and/or
therapeutic agent). The use of the term "in
combination" does not restrict the order in which
therapies {e.g., prophylactic and/or therapeutic
agents ) are administered to a subject. A first
therapy {e.g., a first prophylactic or therapeutic
agent) can be administered prior to {e.g., 5 minutes,
15 minutes, 30 minutes, 45 minutes, 1 hour, 2 hours, 4
hours, 6 hours, 12 hours, 24 hours, 48 hours, 72
hours, 96 hours, 1 week, 2 weeks, 3 weeks, 4 weeks, 5
weeks, 6 weeks, 8 weeks, or 12 weeks before),
concomitantly with, or subsequent to {e.g., 5 minutes,
15 minutes, 30 minutes, 45 minutes, 1 hour, 2 hours, 4
hours, 6 hours, 12 hours, 24 hours, 48 hours, 72
hours, 96 hours, 1 week, 2 weeks, 3 weeks, 4 weeks, 5
weeks, 6 weeks, 8 weeks, or 12 weeks after) the
administration of a second therapy {e.g., a second
prophylactic or therapeutic agent) to a subject. As
used herein, the term "indicative of disease" or
"indicative of bladder cancer" when referring to an
expression pattern indicates an expression pattern
which is diagnostic of bladder cancer and/or early
stage bladder cancer and can include a pattern which
increases the likelihood that an individual has
bladder cancer and/or early stage bladder cancer. As
used herein, the term "internal coding region" of a
gene refers to a polynucleotide (double-stranded or
single-stranded) located between the 5' region and the
3' region of a gene as defined herein. The "internal
coding region" is not shorter than 8 nucleotides in
length and can be as long or longer than 1000
nucleotides in length. Other possible lengths of the
"internal coding region" include but are not limited
to 10, 20, 25, 50, 100, 200, 400, and 500 nucleotides.
The 5', 3' and internal regions are non-overlapping
and may, but need not be contiguous, and may, but need
not, add up to the full length of the corresponding
gene. As used herein, the term "internal polypeptide
region" of a polypeptide refers to the polypeptide
sequences located between the amino terminal region
and the carboxy terminal region of a polypeptide, as
defined herein. The "internal polypeptide region" of a
polypeptide is not shorter than 3 amino acids in
length and can be as long as or longer than350 amino
acids in length. Other possible lengths of the
"internal polypeptide region" of a polypeptide
include, but are not limited to, 5, 10, 20, 25, 50,
100 and 200 amino acids. The amino terminal, carboxy
terminal and internal polypeptide regions of a
polypeptide are non-overlapping and may, but need not
be contiguous, and may, but need not, add up to the
full length of the corresponding polypeptide. As used
herein, "isolated" or "purified" when used in
reference to a nucleic acid means that a naturally
occurring sequence has been removed from its normal
cellular (e.g., chromosomal) environment or is
synthesised in a non-natural environment (e.g.,
artificially synthesised). Thus, an "isolated" or
"purified" sequence may be in a cell-free solution or
placed in a different cellular environment. The term
"purified" does not imply that the sequence is the
only nucleotide present, but that it is essentially
free (about 90-95% pure) of non-nucleotide material
naturally associated with it, and thus is
distinguished from isolated chromosomes. -As used
herein, the terms "isolated" and "purified" in the
context of a 



proteinaceous agent (e.g., a peptide, polypeptide,
protein or antibody) refer to a proteinaceous agent
which is substantially free of cellular material and
in some embodiments, substantially free of
heterologous proteinaceous agents (i.e., contaminating
proteins) from the cell or tissue source from which it
is derived, or substantially free of chemical
precursors or other chemicals when chemically
synthesized. The language "substantially free of
cellular material" includes preparations of a
proteinaceous agent in which the proteinaceous agent
is separated from cellular components of the cells
from which it is isolated or recombinantly produced.
Thus, a proteinaceous agent that is substantially free
of cellular material includes preparations of a
proteinaceous agent having less than about 30%, 20%,
10%, or 5% (by dry weight) of heterologous
proteinaceous agent (e.g., protein, polypeptide,
peptide, or antibody; also referred to as a
"contaminating protein"). When the proteinaceous agent
is recombinantly produced, it is also preferably
substantially free of culture medium, i.e., culture
medium represents less than about 20%, 10%, or 5% of
the volume of the protein preparation. When the
proteinaceous agent is produced by chemical synthesis,
it is preferably substantially free of chemical
precursors or other chemicals, i.e., it is separated
from chemical precursors or other chemicals which are
involved in the synthesis of the proteinaceous agent.
Accordingly, such preparations of a proteinaceous
agent have less thanabout 30%, 20%, 10%, 5% (by dry
weight) of chemical precursors or compounds other than
the proteinaceous agent of interest. Preferably,
proteinaceous agents disclosed herein are isolated. As
used herein, the term "level of expression" refers to
the determination of the quantity of a given nucleic
acid or protein corresponding to a gene as determined
by methods known to a person skilled m reference to
RNA, hnRNA, mRNA or spliced variants of mRNA
corresponding to a biomarker of the invention, level
of expression can be determined by hybridization as
well as other measurements such as quantitative
real-time RT PCR which includes use of SYBR(r) green,
TaqMan(r) and Molecular Beacons technology. Note that
as used herein the determination of differential
levels of expression can include a visual inspection
of differences as between the quantity of a given
nucleic acid or protein, for example by analyzing the
northern blot or western blot. As used herein, a
"ligand" is a molecule that specifically binds to a
polypeptide encoded by one of the genes of a biomarker
of the invention. A ligand can be a nucleic acid (RNA
or DNA), polypeptide, peptide or chemical compound. A
ligand of the invention can be a peptide ligand, e.g.,
a scaffold peptide, a linear peptide, or a cyclic
peptide. In a preferred embodiment, the polypeptide
ligand is an antibody. The antibody can be a human
antibody, a chimeric antibody, a recombinant antibody,
a humanized antibody, a monoclonal antibody or antigen
binding fragment thereof,, or a polyclonal antibody.
The antibody can be an intact immunoglobulin, e.g., an
IgA, IgG, IgE, IgD, IgM or subtypes thereof. The
antibody can be conjugated to a functional moiety
(e.g., a compound which has a biological or chemical
function (which may be a second different polypeptide,
a therapeutic drug, a cytotoxic agent, a detectable
moiety, or a solid support. A polypeptide ligand e.g.
antibody of the invention interacts with a
polypeptide, encoded by one of the genes of a
biomarker, with high affinity and specificity. For
example, the polypeptide ligand binds to a
polypeptide, encoded by one of the genes of a
biomarker, with an affinity constant of at least 107M
1, preferably, at least 108M 1, 109M 1, or 1010 M 1 .
As used herein, the term "majority" refers to a number
representing more than 50% (e.g., 51%, 60%, or 70%, or
80% or 90% or up to 100%) of the total members of a
composition. The term "majority", when referring to an
array, it means more than 50% (e.g.,51%, 60%, or 70%,
or 80% or 90% or up to 100%) of the total nucleic acid
members that are stably associated with the solid
substrate of the array. As used herein, the terms
"manage", "managing" and "management" refer to the
beneficial effects that a subject derives from a
therapy (e.g., a prophylactic or therapeutic agent)
which does not result in a cure of osteoarthritis. In
certain embodiments, a subject is administered one or
more therapies to "manage" osteoarthritis so as to
prevent the progression or worsening of the
osteoarthritis. As used herein, "mRNA integrity"
refers to the quality of mRNA extracts from either
tissue samples or blood samples. In one embodiment,
mRNA integrity is determined by examining whether the
RNA is degraded when examined by methods well known in
the art, for example, by RNA agarose gel
electrophoresis (e.g., Ausubel et al., John Weley &
Sons, Inc., 1997, Current Protocols in Molecular
Biology). Preferably, the mRNA samples have good
integrity (e.g., less than 10%, preferably less than
5%, and more preferably less than 1% of the mRNA is
degraded) to truly represent the gene expression
levels of the cartilage or blood samples from which
they are extracted. As used herein, the terms
"non-responsive" and refractory" describe patients
treated with a currently available therapy which is
not clinically adequate to treat and/or relieve one or
more symptoms of bladder cancer. As used herein,
"normal" refers to an individual or group of
individuals who have not shown any evidence of bladder
cancer, or symptoms thereof including blood in urine,
and have not been diagnosed with bladder cancer or the
possibility that they may have bladder cancer.
Preferably said "normal" rers to an individual or
group of individuals who is not at an increased risk
of having bladder cancer. In addition, preferably said
normal individual(s) is not on medication affecting
bladder cancer and has not been diagnosed with any
other disease. More preferably normal individuals have
similar sex, age as compared with the test samples.
"Normal", according to the invention, also refers to a
samples isolated from normal individuals and includes
total RNA or mRNA isolated from normal individuals. A
sample taken from a normal individual can include RNA
isolated from a tissue sample. As used herein,
"nucleic acid(s)" is interchangeable with the term
"polynucleotide(s)" and it generally refers to any
polyribonucleotide or polydeoxyribonucleotide, which
may be unmodified RNA or DNA or modified RNA or DNA
orany combination thereof. "Nucleic acids" include,
without limitation, single- and doublestranded nucleic
acids. As used herein, the term "nucleic acid(s)" also
includes DNAs or RNAs as described above that contain
one or more modified bases. Thus, DNAs or RNAs with
backbones modified for stability or for other reasons
are "nucleic acids". The term "nucleic acids" as it is
used herein embraces such chemically, enzymatically or
metabolically modified forms of nucleic acids, as well
as the chemical forms of DNA and RNA characteristic of
viruses and cells, including for example, simple and
complex cells. A "nucleic acid" or "nucleic acid
sequence" may also include regions of single- or
doublestranded RNA or DNA or any combinations thereof
and can include expressed sequence tags (ESTs)
according to some embodiments of the invention. An EST
is a portion of the expressed sequence of a gene
(i.e., the "tag" of a sequence), made by reverse
transcribing a region of mRNA so as to make cDNA. As
defined herein, a "nucleic acid array" refers a
plurality of unique nucleic acids (or "nucleic acid
members") attached to a support where each of the
nucleic acid members is attached to a support in a
unique pre-selected region. In one embodiment, the
nucleic acid member attached to the surface of the
support is DNA. In a preferred embodiment, the nucleic
acid member attached to the surface of the support is
either cDNA or oligonucleotides. In another preferred
embodiment, the nucleic acid member attached to the
surface of the support is cDNA synthesised by
polymerase chain reaction (PCR). The term "nucleic
acid", as used herein, is interchangeable with the
term "polynucleotide". In another preferred
embodiment, a "nucleic acid array" refers to a
plurality of unique nucleic acids attached to
nitrocellulose or other membranes used in Southern
and/or Northern blotting techniques. As used herein, a
"nucleic acid probe" includes nucleic acids capable of
binding to a complementary sequence of a nucleic acid
member on an array through sets of non-covalent
bonding interactions, including complementary base
pairing interactions. As used herein, a nucleic acid
probe may include natural (i. e., A, G, C, or T) or
modified bases (7-deazaguanosine, inosine, etc.). In
addition, the bases in nucleic acid probes may be
joined by a linkage other than a phosphodiester bond,
so long as it does not interfere with hybridization
(i.e., the nucleic acid probe still specifically binds
to its complementary sequence under standard stringent
or selective hybridization conditions). Thus, nucleic
acidprobes may be peptide nucleic acids in which the
constituent bases are joined by peptide bonds rather
than phosphodiester linkages. As used herein "nucleic
acid target" or "nucleic acid member" is defined as a
nucleic acid capable of binding to an array. The
nucleic acid target can either be an isolated nucleic
acid sequence corresponding to a gene or portion
thereof, or the nucleic acid target can be total RNA
or mRNA isolated from a sample. Preferably, the
nucleic acid target or nucleic acid markers are
derived from human cartilage, blood, or synovial fluid
extracts. More preferably, the nucleic acid targets
are single- or double-stranded DNA, RNA, or DNARNA
hybrids, from human cartilage, blood, or synovial
fluid total RNA extracts, and preferably from mRNA
extracts. In one embodiment, a conventional nucleic
acid array of 'target' sequences bound to the array
can be representative of the entire human genome, e.g.
Affymetrix chip, and the isolated biomarker consisting
of or comprising two or more of the genes described in
Table 1 or gene probes is applied to the conventional
array. In another embodiment, sequences bound to the
array can be an isolated oligonucleotide, cDNA, EST or
PCR product corresponding to a biomarker of the
invention total cellular RNA is applied to the array.
As used herein, the term "oligonucleotide" is defined
as a molecule comprised of two or more
deoxyribonucleotides and/ or ribonucleotides, and
preferably more than three. Its exact size will depend
upon many factors which, in turn, depend upon the
ultimate function and use of the oligonucleotide. The
oligonucleotides maybe from about 8 to about 1,000
nucleotides long. Although oliognucleotides of 8 to
100 nucleotides are useful in the invention, preferred
oligonucleotides range from about 8 to about 15 bases
in length, from about 8 to about 20 bases in length,
from about 8 to about 25 bases in length, from about 8
to about 30 bases in length, from about 8 to about 40
bases in length or from about 8 to about 50 bases in
length. As used herein, the phrase "pharmaceutically
acceptable salt(s)," includes, but is not limited to,
salts of acidic or basic groups that may be present in
compounds identified using the methods of the present
invention. Compounds that are basic in nature are
capable of forming a wide variety of salts with
various inorganic and organic acids. The acids that
can be used to prepare pharmaceutically acceptable
acid addition salts of such basiccompounds are those
that form non-toxic acid addition salts, i.e., salts
containing pharmacologically acceptable anions,
including but not limited to sulfuric, citric, maleic,
acetic, oxalic, hydrochloride, hydrobromide,
hydroiodide, nitrate, sulfate, bisulfate, phosphate,
acid phosphate, isonicotinate, acetate, lactate,
salicylate, citrate, acid citrate, tartrate, oleate,
tannate, pantothenate, bitartrate, ascorbate,
succinate, maleate, gentisinate, fumarate, gluconate,
glucaronate, saccharate, formate, benzoate, glutamate,
methanesulfonate, ethanesulfonate, benzenesulfonate,
p-toluenesulfonate and pamoate (i.e.,
l,r-methylene-bis-(2-hydroxy-3-naphthoate)) salts.
Compounds that include an amino moiety may form
pharmaceutically acceptable salts with various amino
acids, in addition to the acids mentioned above.
Compounds that are acidic in nature are capable of
forming base salts with various pharmacologically
acceptable cations. Examples of such salts include
alkali metal or alkaline earth metal salts and,
particularly, calcium, magnesium, sodium lithium,
zinc, potassium, and iron salts. As used herein,
"polynucleotide" encompasses double-stranded DNA,
singlestranded DNA and double-stranded or
single-stranded RNA of more than 8 nucleotides in
length. As used herein, "polypeptide sequences encoded
by" refers to the amino acid sequences obtained after
translation of the protein coding region of a gene, as
defined herein. The mRNA nucleotide sequence for each
of the biomarkers of the invention is identified by
its Genbank Accession number (see Table 3 and/or Table
6 and/or Table 12) and the corresponding polypeptide
sequence is identified by a Protein Accession number
(see Table 3 and/or Table 6 and/or Table 12). When a
protein or fragment of a protein is used to immunize a
host animal, numerous regions of the protein may
induce the production of antibodies which bind
specifically to a given region or three-dimensional
structure on the protein; these regions or structures
are referred to as epitopes or antigenic determinants.
As used herein, "antigenic fragments" refers portions
of a polypeptide that contains one or more epitopes.
Epitopes can be linear, comprising essentially a
linear sequence from the antigen, or conformational,
comprising sequences which are genetically separated
by other sequences but come together structurally at
the binding site for the polypeptide ligand.
"Antigenic fragments" may be up toany one of 5000,
1000, 500, 400, 300, 200, 100, 50 or 25 or 20 or 10 or
5 amino acids in length. As used herein, "pre-selected
region", "predefined region", or "unique position"
refers to a localised area on a substrate which is,
was, or is intended to be used for the deposit of a
nucleic acid and is otherwise referred to herein in
the alternative as a "selected region" or simply a
"region." The pre-selected region may have any
convenient shape, e.g., circular, rectangular,
elliptical, wedge-shaped, etc. In some embodiments, a
pre 



selected region is smaller than about 1 cm2, more
preferably less than 1mm2, still more preferably less
than 0.5 mm2, and in some embodiments less than 0.1
mm2. A nucleic acid member at a "pre-selected region",
"predefined region", or "unique position" is one whose
identity (e.g., sequence) can be determined by virtue
of its position at the region or unique position. As
used herein, the terms "prevent", "preventing" and
"prevention" refer to the prevention of the
development, recurrence or onset of mild
osteoarthritis or one or more symptoms thereof
resulting from the administration of one or more
compounds identified in accordance the methods of the
invention or the administration of a combination of
such a compound and another therapy. The term,
"primer", as used herein refers to an oligonucleotide,
whether occurring naturally as in a purified
restriction digest or produced synthetically, which is
capable of acting as a point of initiation of
synthesis when placed under conditions in which
synthesis of a primer extension product, which is
complementary to a nucleic acid strand, is induced,
i.e., in the presence of nucleotides and an inducing
agent such as a DNA polymerase and at a suitable
temperature and pH. The primer may be either
single-stranded or doublestranded and must be
sufficiently long to prime the synthesis of the
desired extension product in the presence of the
inducing agent. The exact length of the primer will
depend upon many factors, including temperature,
source of primer and the method used. For example, for
diagnostic applications, depending on the complexity
of the target sequence, the oligonucleotide primer
typically contains 15-25 or more nucleotides, although
it may contain fewer nucleotides. The factors involved
in determining the appropriate length of primer are
readily known to one of ordinary skill in the art. In
general, the design and selection ofprimers embodied
by the instant invention is according to methods that
are standard and well known in the art, see
Dieffenbach, C.W., Lowe, T.M.J., Dveksler, G.S. (1995)
General Concepts for PCR Primer Design. In: PCR
Primer, A Laboratory Manual (Eds. Dieffenbach, CW, and
Dveksler, G.S.) Cold Spring Harbor Laboratory Press,
New York, 133-155; Innis, M.A., and Gelfand, D.H.
(1990) Optimization of PCRs. In: PCR protocols, A
Guide to Methods and Applications (Eds. Innis, M.A.,
Gelfand, D.H., Sninsky, JJ., and White, TJ.) Academic
Press, San Diego, 3-12; Sharrocks, A.D. (1994) The
design of primers for PCR. In: PCR Technology, Current
Innovations (Eds. Griffin, H.G., and Griffin, A.M,
Ed.) CRC Press, London, 5-11. As used herein, the term
"probe" means oligonucleotides and analogs thereof and
refers to a range of chemical species that recognise
polynucleotide target sequences through hydrogen
bonding interactions with the nucleotide bases of the
target sequences. The probe or the target sequences
may be single- or double-stranded RNA or single- or
doublestranded DNA or a combination of DNA and RNA
bases. A probe is at least 8 nucleotides in length and
less than the length of a complete gene. A probe may
be 10, 20, 30, 50, 75, 100, 150, 200, 250, 400, 500
and up to 2000 nucleotides in length. Probes can
include oligonucleotides modified so as to have a tag
which is detectable by fluorescence, chemiluminescence
and the like. The probe can also be modified so as to
have both a detectable tag and a quencher molecule,
for example Taqman(r) and Molecular Beacon(r) probes.
The oligonucleotides and analogs thereof may be RNA or
DNA, or analogs of RNA or DNA, commonly referred to as
antisense oligomers or antisense oligonucleotides.
Such RNA or DNA analogs comprise but are not limited
to 2-'O-alkyl sugar modifications, methylphosphonate,
phosphorothiate, phosphorodithioate, formacetal,
3'-thioformacetal, sulfone, sulfamate, and nitroxide
backbone modifications, and analogs wherein the base
moieties have been modified. In addition, analogs of
oligomers may be polymers in which the sugar moiety
has been modified or replaced by another suitable
moiety, resulting in polymers which include, but are
not limited to, morpholino analogs and peptide nucleic
acid (PNA) analogs (Egholm, et al. Peptide Nucleic
Acids (PNA)- Oligonucleotide Analogues with an Achiral
Peptide Backbone, ( 1992)).Probes may also be mixtures
of any of the oligonucleotide analog types together or
in combination with native DNA or RNA. At the same
time, the oligonucleotides and analogs thereof may be
used alone or in combination with one or more
additional oliognucleotides or analogs thereof. As
used herein, the term "product of the biomarker" or
"biomarker product" refers to the RNA or protein which
corresponds or is encoded by the biomarker (i.e. is
transcribed from the gene or genetic element or is
translated from RNA which is transcribed from the gene
or genetic element). For example, in some embodiments
RNA resulting from the biomarker can include one or
more of the following species; hnRNA, mRNA, and/or one
or more spliced variants of mRNA. In some embodiments,
proteins resulting from the molecular marker can
include any proteins found in blood which correspond
to the RNA resulting from the biomarker. As used
herein, the terms "prophylactic agent" and
"prophylactic agents" refer to any compound(s) which
can be used in the prevention of osteoarthritis. In
certain embodiments, the term "prophylactic agent"
refers to a compound identified in the screening
assays described herein. In certain other embodiments,
the term "prophylactic agent" refers to an agent other
than a compound identified in the screening assays
described herein which is known to be useful for, or
has been or is currently being used to prevent or
impede the onset, development and/or progression of
osteoarthritis or one or more symptoms thereof. As
used herein, the phrase "prophylactically effective
amount" refers to the amount of a therapy (e.g., a
prophylactic agent) which is sufficient to result in
the prevention of the development, recurrence or onset
of osteoarthritis or one or more symptoms thereof. As
used herein, the terms "protein" and "polypeptide" and
"proteinaceous agent" are used interchangeably to
refer to a chain of amino acidslinked together by
peptide bonds which optionally can comprise natural or
non -natural amino acids. Optionally, the protein or
peptide can comprise other molecules in addition to
amino acids. Said chain can be of any length. In a
specific embodiment, a protein is composed of less
than 200, less than 175, less than 150, less than 125,
less than 100, less than 50, less than 45, less than
40, less than 35, less than 30, less than 25, less
than 20, less than 15, less than 10, or less than 5
amino acids linked together by peptide bonds. In
another embodiment, a protein is composedof at least
200, at least 250, at least 300, at least 350, at
least 400, at least 450, at least 500 or more amino
acids linked together by peptide bonds. As used
herein, "a plurality of or "a set of refers to more
than two, for example, 3 or more, 10 or more, 100 or
more, or 1000 or more, or 10,000 or more. As used
herein, the terms "RNA portion" and "a portion thereof
in context of RNA products of a biomarker of the
invention refer to an RNA transcript comprising a
nucleic acid sequence of at least 6, at least 9, at
least 15, at least 18, at least 21, at least 24, at
least 30, at least 60, at least 90, at least 99, or at
least 108, or more nucleotides of a RNA product of a
biomarker of the invention. As used herein the term
"product of the biomarker of the invention" refers to
the RNA and/or the protein expressed by the gene
corresponding to the biomarker of the invention. The
"RNA product of a biomarker of the invention" includes
one or more products which can include heteronuclear
RNA ("hnRNA"), niRNA, and all or some of the spliced
variants of mRNA whose measure of expression can be
used as a biomarker in accordance with the teachings
disclosed herein. The "protein product of a biomarker
of the invention" includes one or more of the products
of the biomarker which can include proteins, protein
variants, and any post-translationally modified
proteins. As used herein, the term "selectively
amplified" or "selective amplification", refers to a
process whereby one or more copies of a particular
target nucleic acid sequence is selectively generated
from a template nucleic acid. Selective amplification
or selectively amplified is to be compared with
amplification in general which can be used as a method
in combination with, for example, random primers and
an oligodT primer to amplify a population of nucleic
acid sequences (e.g. mRNA). Selective amplification is
preferably done by the method of polymerase chain
reaction (Mullis and Faloona, 1987, Methods Enzymol.
155:335). As used herein, the term "selectively binds"
in the context of proteins encompassed by the
invention refers to the specific interaction of any
two of a peptide, a protein, a polypeptide, and an
antibody, wherein the interaction preferentially
occurs as between any two of a peptide, protein,
polypeptide and antibody preferentially as
comparedwith any other peptide, protein, polypeptide
and antibody. For example, when the two molecules are
protein molecules, a structure on the first molecule
recognises and binds to a structure on the second
molecule, rather than to other proteins. "Selective
binding", "Selective binding", as the term is used
herein, means that a molecule binds its specific
binding partner with at least 2-fold greater affinity,
and preferably at least 10-fold, 20-fold, 50-fold,
100-fold or higher affinity than it binds a
non-specific molecule. As used herein "selective
hybridization" in the context of this invention refers
to a hybridization which occurs as between a
polynucleotide encompassed by the invention and an RNA
, or its complement thereof, or protein product of the
biomarker of the invention, wherein the hybridization
is such that the polynucleotide preferentially binds
to the RNA products of the biomarker of the invention
relative to the RNA products of other genes in the
genome in question. In a preferred embodiment a
polynucleotide which "selectively hybridizes" is one
which hybridizes with a selectivity of greater than
70%, greater than 80%, greater than 90% and most
preferably of 100% (i.e. cross hybridization with
other RNA species preferably occurs at less than 30%,
less than 20%, less than 10%). As would be understood
to a person skilled in the art, a polynucleotide which
"selectively hybridizes" to the RNA product of a
biomarker of the invention can be determined taking
into account the length and composition. As used
herein, "specifically hybridizes", "specific
hybridization" refers to hybridization which occurs
when two nucleic acid sequences are substantially
complementary (at least about 65% complementary over a
stretch of at least 14 to 25 nucleotides, preferably
at least about 75% complementary, more preferably at
least about 90% complementary). See Kanehisa, M.,
1984, Nucleic acids Res., 12:203, incorporated herein
by reference. As a result, it is expected that a
certain degree of mismatch is tolerated. Such mismatch
may be small, such as a mono-, di- or tri-nucleotide.
Alternatively, a region of mismatch can encompass
loops, which are defined as regions in which there
exists a mismatch in an uninterrupted series of four
or more nucleotides. Numerous factors influence the
efficiency and selectivity of hybridization of two
nucleic acids, for example, the hybridization of a
nucleic acid member on an array to a target nucleic
acid sequence. These factors include nucleic acid
member length, nucleotide sequence and/or
composition,hybridization temperature, buffer
composition and potential for steric hindrance in the
region to which the nucleic acid member is required to
hybridize. A positive correlation exists between the
nucleic acid length and both the efficiency and
accuracy with which a nucleic acid will anneal to a
target sequence. In particular, longer sequences have
a higher melting temperature (TM) than do shorter
ones, and are less likely to be repeated within a
given target sequence, thereby minimizing non-specific
hybridization. Hybridization temperature varies
inversely with nucleic acid member annealing
efficiency. Similarly the concentration of organic
solvents, e.g., formamide, in a hybridization mixture
varies inversely with annealing efficiency, while
increases in salt concentration in the hybridization
mixture facilitate annealing. Under stringent
annealing conditions, longer nucleic acids, hybridize
more efficiently than do shorter ones, which are
sufficient under more permissive conditions. As used
herein, the term "specifically binds" refers to the
interaction of two molecules, e.g., a ligand and a
protein or peptide, or an antibody and a protein or
peptide wherein the interaction is dependent upon the
presence of particular structures on the respective
molecules. For example, when the two molecules are
protein molecules, a structure on the first molecule
recognises and binds to a structure on the second
molecule, rather than to proteins in general.
"Specific binding", as the term is used herein, means
that a molecule binds its specific binding partner
with at least 2-fold greater affinity, and preferably
at least 10-fold, 20-fold, 50-fold, 100-fold or higher
affinity than it binds a non-specific molecule. As
herein used, the term "standard stringent conditions"
and "stringent conditions" means hybridization will
occur only if there is at least 95% and preferably, at
least 97% identity between the sequences, wherein the
region of identity comprises at least 10 nucleotides.
In one embodiment, the sequences hybridize under
stringent conditions following incubation of the
sequences overnight at 42C, followed by stringent
washes (0.2X SSC at 65 C). The degree of stringency of
washing can be varied by changing the temperature, pH,
ionic strength, divalent cation concentration, volume
and duration of the washing. For example, the
stringency of hybridization may be varied by
conducting the hybridization at varying temperatures
below the melting temperatures of the probes. The
melting temperature of the probe may be calculated
using the following formulas:For oligonucleotide
probes, between 14 and 70 nucleotides in length, the
melting temperature (Tm) in degrees Celcius may be
calculated using the formula: Tm=81.5+16.6(log [Na+])
+ 0.41(fraction G+C)-(600/N) where N is the length of
the oligonucleotide. For example, the hybridization
temperature may be decreased in increments of 



5 C from 68 C to 42 C in a hybridization buffer having
a Na+ concentration of approximately IM. Following
hybridization, the filter may be washed with 2X SSC,
0.5% SDS at the temperature of hybridization. These
conditions are considered to be "moderate stringency"
conditions above 5O0C and "low stringency" conditions
below 50C. A specific example of "moderate stringency"
hybridization conditions is when the above
hybridization is conducted at 55C. A specific example
of "low stringency" hybridization conditions is when
the above hybridization is conducted at 45C. If the
hybridization is carried out in a solution containing
formamide, the melting temperature of the annealing
nucleic acid strands may be calculated using the
equation Tm=81.5+16.6(log [Na +]) + 0.41(fraction G +
C)-(0.63% formamide)-(600/N), where N is the length of
the probe. For example, the hybridization may be
carried out in buffers, such as 6X SSC, containing
formamide at a temperature of 42 0C. In this case, the
concentration of formamide in the hybridization buffer
may be reduced in 5% increments from 50% to 0% to
identify clones having decreasing levels of homology
to the probe. Following hybridization, the filter may
be washed with 6X SSC, 0.5% SDS at 50 0C.
Hybridization conditions are considered to be
"moderate stringency" conditions when hybridization
fluids are comprised of above 25% formamide and "low
stringency" conditions when hybridization fluids are
comprised of below 25% formamide. A specific example
of "moderate stringency" hybridization conditions is
when the above hybridization is conducted at 30%
formamide. A specific example of "low stringency"
hybridization conditions is when the above
hybridization is conducted at 10% formamide. As used
herein, the terms "subject" and "patient" and
"individual" are used interchangeably to refer to an
animal (e.g., a mammal, a fish, an amphibian, a
reptile, a birdand an insect). In a specific
embodiment, a subject is a mammal (e.g., a non-human
mammal and a human). In another embodiment, a subject
is a pet (e.g., a dog, a cat, a guinea pig, a monkey
and a bird), a farm animal (e.g., a horse, a cow, a
pig, a goat and a chicken) or a laboratory animal
(e.g., a mouse and a rat). In another embodiment, a
subject is a primate (e.g., a chimpanzee and a human).
In another embodiment, a subject is a human. As used
herein, the term "synergistic" refers to a combination
of a compound identified using one of the methods
described herein, and another therapy (e.g., agent),
which is more effective than the additive effects of
the therapies. Preferably, such other therapy has been
or is currently being to prevent, treat, manage or
ameliorate bladder cancer or a symptom thereof. A
synergistic effect of a combination of therapies
(e.g., prophylactic or therapeutic agents) permits the
use of lower dosages of one or more of the therapies
and/or less frequent administration of said therapies
to a subject with bladder cancer. The ability to
utilize lower dosages of a therapy (e.g., a
prophylactic or therapeutic agent) and/or to
administer said therapy less frequently reduces the
toxicity associated with the administration of said
agent to a subject without reducing the efficacy of
said therapies in the prevention, treatment,
management or amelioration of bladder cancer. In
addition, a synergistic effect can result in improved
efficacy of therapies (e.g., agents) in the
prevention, treatment, management or amelioration of
bladder cancer. Finally, a synergistic effect of a
combination of therapies (e.g., prophylactic or
therapeutic agents) may avoid or reduce adverse or
unwanted side effects associated with the use of
either therapy alone. As used herein, the terms
"therapeutic agent" and "therapeutic agents" refer to
any compound(s) which can be used in the treatment,
management or amelioration of bladder cancer or one or
more symptoms thereof. As used herein, the term
"therapeutically effective amount" refers to that
amount of a therapy (e.g., a therapeutic agent)
sufficient to result in the amelioration of bladder
cancer or one or more symptoms thereof, prevent
advancement of bladder cancer cause regression of
bladder cancer, or to enhance or improve the
therapeutic effect(s) of another therapy (e.g.,
therapeutic agent. As used herein, the terms "treat",
"treatment" and "treating" refer to the reduction or
amelioration of the progression, severity and/or
reoccurrence of bladder canceror one or more symptoms
thereof resulting from the administration of one or
more compounds identified in accordance the methods of
the invention, or a combination of one or more
compounds identified in accordance with the invention
and another therapy. As used herein, the term "up
regulated" or "increased level of expression" in the
context of this invention refers the product of a gene
which is expressed wherein the measure of the product
demonstrates an increased level of expression of the
gene, as can be determined using array analysis or
other similar analysis, in tissue or blood isolated
from an individual having bladder cancer or an
identified disease state or stage of of bladder cancer
as determined by AJCC staging guidelines as compared
with the same gene in tissue or blood ) isolated from
normal individuals or from an individual with a
different identified disease state or stage. An
"increased level of expression" according to the
present invention, is an increase in expression of at
least 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%,10% or more,
for example, 20%, 30%, 40%, or 50%, 60%, 70%, 80%, 90%
or more, or greater than 1-fold, up to 2-fold, 3-fold,
4-fold, 5-fold, 10-fold, 50-fold, 100-fold or more as
measured, for example, by the intensity of
hybridization according to methods of the present
invention. For example, up regulated sequences
includes sequences having an increased level of
expression in tissue or blood isolated from
individuals characterised as having bladder cancer as
compared with tissue isolated from normal individuals.
Up regulated sequences can also include sequences
having an increased level of expression in tissue or
blood isolated from individuals characterised as
having one stage of bladder cancer as compared to
another stage of bladder cancer. BRIEF DESCRIPTION OF
THE DRAWINGS The invention will now be described in
relation to the drawings in which: Figure 1 is a
graphical representation of an embodiment of the
invention showing all 2 1 possible combinations of
ratios of the seven biomarkers noted in Example 9. The
ROC for each classifier of logistic regression
resulting from each possible combination of biomarkers
is noted in blue. For each resulting classifier, the
sensitivity is noted in red wherethe specificity is
set at 90%. The specificity for each classifier
wherein the sensitivity is set at 90% is noted in
green. Figure 2 is a graphical representation of an
embodiment of the invention showing all possible 210
of two ratios of the seven biomarkers noted in Example
9. The ROC for each classifier of logistic regression
resulting from each possible combination of biomarkers
is noted in blue. For each resulting classifier, the
sensitivity is noted in red where the specificity is
set at 90%. The specificity for each classifier
wherein the sensitivity is set at 90% is noted in
green. Figure 3 is a graphical representation of an
embodiment of the invention showing 1295 of the 1330
possible combinations of three ratios of the seven
biomarkers noted in Example 9 (note that an exhaustive
search can be done, but in this case was not
completed). The ROC for each classifier of logistic
regression resulting from each possible combination of
biomarkers is noted in blue. For each resulting
classifier, the sensitivity is noted in red where the
specificity is set at 90%. The specificity for each
classifier wherein the sensitivity is set at 90% is
noted in green. Figure 4 is a graphical representation
of an embodiment of the invention showing 5250 of the
5985 possible combinations of four ratios of the seven
biomarkers noted in Example 9 (note that an exhaustive
search can be done by merely increasing the length of
computer time for analysis). The ROC for each
classifier of logistic regression resulting from each
possible combination of biomarkers is noted in blue.
For each resulting classifier, the sensitivity is
noted in red where the specificity is set at 90%. The
specificity for each classifier wherein the
sensitivity is set at 90% is noted in green. 3.2
Embodiments Described herein is a composition
comprising a collection of two or more isolated
polynucleotides, each of the polynucleotides
selectively hybridizing to a biomarker. These
biomarkers are genes identified in Table 1. In one
embodiment, the composition can be usedto measure the
level of expression of each of any of least two of
these biomarkers listed in Table 1. In one embodiment,
the polynucleotides of the composition are useful in
quantitative RT-PCR (QRT-PCR). Described herein is a
composition comprising a collection of two or more
isolated polynucleotides, each of the polynucleotides
selectively hybridizing to a biomarker. These
biomarkers are genes identified in Table 1 and/or in
Table 2. In one embodiment, the composition can be
used to measure the level of expression of each of any
of least two of these biomarkers listed in Table 1
and/or in Table 2. In one embodiment, the
polynucleotides of the composition are useful in
quantitative RT-PCR (QRT-PCR). Described herein is a
composition comprising a collection of two or more
isolated polynucleotides, each of the polynucleotides
selectively hybridizing to a biomarker. These
biomarkers are genes identified in Table 11. In one
embodiment, the composition can be used to measure the
level of expression of each of any of least two of
these biomarkers listed in Table 11. hi one
embodiment, the polynucleotides of the composition are
useful in quantitative RT-PCR (QRT-PCR). Described
herein is a composition comprising a collection of two
or more isolated polynucleotides, each polynucleotide
selectively hybridizing to an RNA product of a
biomarker . The RNA products of the biomarkers are
identified in Table 3. In one embodiment, the
composition can be used to measure the level of
expression of at least two of these RNA products. In
one embodiment, the polynucleotides of the composition
are useful in quantitative RT-PCR (QRT-PCR). Described
herein is a composition comprising a collection of two
or more isolated polynucleotides, each polynucleotide
selectively hybridizing to a biomarker. These
biomarkers are genes identified in Table 4. In one
embodiment, the composition can be used to measure the
level of expression of at least two of these
biomarkers. In one embodiment, the polynucleotides of
the composition are useful in quantitative RT-PCR
(QRT-PCR). Described herein is a composition
comprising a collection of two or more isolated
polynucleotides, each the polynucleotide selectively
hybridizing to a biomarker. The biomarkers are genes
identified in Table 4 and Table 5, and at least one of
these biomarkers is selected from Table 4. In one
embodiment, the composition can be used to measure the
levelof expression of at least two of the biomarkers.
In one embodiment, the polynucleotides of the
composition are useful in quantitative RT-PCR
(QRT-PCR). Described herein is a collection of two or
more isolated polynucleotides each polynucleotide
which selectively hybridizing to an RNA product of a
biomarker, wherein the RNA products of the biomarkers
are identified in Table 6. In one embodiment, the
composition is used to measure the level of expression
of at least two of the RNA products. In one
embodiment, the polynucleotides of the composition are
useful in quantitative RTPCR (QRT-PCR). Described
herein is a composition comprising a collection of two
or more isolated polynucleotides, each polynucleotide
selectively hybridizing to a biomarker. The biomarkers
are genes identified in Table 7. In one embodiment,
the composition is used to measure the level of
expression of at least two of the biomarkers. In one
embodiment, the polynucleotides of the composition are
useful in quantitative RT-PCR (QRT-PCR). Described
herein is a composition comprising a collection of two
or more isolated polynucleotides, each polynucleotide
selectively hybridizing to a biomarker. The biomarkers
are genes identified in Table 10. In one embodiment,
the composition is used to measure the level of
expression of at least two of the biomarkers. In one
embodiment, the polynucleotides of the composition are
useful in quantitative RT-PCR (QRT-PCR). Described
herein is a composition comprising a collection of two
or more isolated proteins each isolated protein which
binds selectively to a protein product of a biomarker
, wherein the biomarkers are selected from the group
consisting of the genes as set out in Table 1. In one
embodiment, the composition is used to measure the
level of expression of at least two of the biomarkers.
Described herein is a composition comprising a
collection of two or more isolated proteins, each
isolated protein which binds selectively to a protein
product of a biomarker , wherein the biomarkers are
the genes as set out in Table 1 and Table 2, at least
one of the biomarkers is selected from Table 1. In one
embodiment, the composition is used to measure the
level of expression of at least two of the biomarkers.
Described herein is a composition comprising a
collection of two or more isolated proteins each
isolated protein which binds selectively to a protein
product of a biomarker , wherein the protein products
of the biomarkers are the proteins as set out in Table
3, In oneembodiment, the composition is used to
measure the level of expression of at least two of the
protein products. Described herein is a composition
comprising a collection of two or more isolated
proteins each isolated protein binding selectively to
a protein product of a biomarker , wherein the
biomarkers are the genes as set out in Table 4. hi one
embodiment, the composition is used to measure the
level of expression of at least two of the biomarkers.
Described herein is a composition comprising a
collection of two or more isolated proteins, each
isolated protein which binds selectively to a protein
product of a biomarker , wherein the biomarkers are
selected from the group consisting of the genes as set
out in Table 



4 and Table 5, at least one of the biomarkers is
selected from Table 4. Li one embodiment, the
composition is used to measure the level of expression
of at least two of the biomarkers. Described herein is
a composition comprising a collection of two or more
isolated proteins each isolated protein which binds
selectively to a protein product of a biomarker ,
wherein the protein products of the biomarkers are
selected from the proteins as set out in Table 6. hi
one embodiment, the composition is used to measure the
level of expression of at least two of the protein
products. Described herein is a composition comprising
a collection of two or more isolated proteins, each
isolated protein binding selectively to a protein
product of a biomarker, wherein the biomarkers are
selected from the genes as set out in Table 7. In one
embodiment, the composition is used to measure the
level of expression of at least two of these
biomarkers. Described herein is a composition
comprising a collection of two or more isolated
proteins, each isolated protein binding selectively to
a protein product of a biomarker , wherein the
biomarkers include the genes as set out in Table 10.
hi one embodiment, the composition is used to measure
the level of expression of at least two of the
biomarkers. In the compositions described herein in
the above paragraphs, the isolated proteins are
ligands to a protein product of a biomarker, and these
ligands can be antibodies, including monoclonal
antibodies. In the compositions described herein in
the above paragraphs, the isolated polynucleotides can
be single or double stranded RNA, or single or double
stranded DNA. Described herein is a method of
diagnosing or prognosing bladder cancer in an
individual, comprising the steps of:a) determining the
level of one or more RNA transcripts expressed in
blood obtained from the individual, wherein the one or
more RNA transcripts corresponds to the one or more
biomarkers of Table 1, and b) comparing the level of
each of the one or more KNA transcripts in the blood
according to step a) with the level of each of the one
or more RNA transcripts in blood from one or more
individuals not having bladder cancer, wherein
detecting differential expression of each of the one
or more RNA transcripts in the comparison of step b)
is indicative of bladder cancer in the individual of
step a). Described herein is a method of diagnosing or
prognosing bladder cancer in an individual, comprising
the steps of: a) determining the level of two or more
RNA transcripts expressed in blood obtained from the
individual, wherein the two or more RNA transcripts
corresponds to the one or more biomarkers of Table 1
and Table 2, wherein at least one of the RNA
transcripts corresponds to a biomarker of Table 1, and
b) comparing the level of each of the one or more RNA
transcripts in the blood according to step a) with the
level of each of the one or more RNA transcripts in
blood from one or more individuals not having bladder
cancer, wherein detecting differential expression of
each of the one or more RNA transcripts in the
comparison of step b) is indicative of bladder cancer
in the individual of step a). Described herein is a
method of diagnosing or prognosing bladder cancer in
an individual, comprising the steps of: a) determining
the level of one or more RNA transcripts expressed in
blood obtained from the individual, wherein thr one or
more RNA transcripts corresponds to the one or more
biomarkers of Table 4, and b) comparing the level of
each of the one or more RNA transcripts in the blood
according to step a) with the level of each of the one
or more RNA transcripts in blood from one or more
individuals not having bladder cancer, wherein
detecting differential expression of each of the one
or more RNA transcripts in the comparison of step b)
is indicative of bladder cancer in the individual of
step a). Described herein is a method of diagnosing or
prognosing bladder cancer in an individual, comprising
the steps of:a) determining the level of two or more
RNA transcripts expressed in blood obtained from the
individual, wherein the two or more RNA transcripts
corresponds to the one or more biomarkers of Table 4
and Table 5, wherein at least one of the RNA
transcripts corresponds to a biomarker of Table 4, and
b) comparing the level of each of the one or more RNA
transcripts in the blood according to step a) with the
level of each of the one or more RNA transcripts in
blood from one or more individuals not having bladder
cancer, wherein detecting differential expression of
each of the one or more RNA transcripts in the
comparison of step b) is indicative of bladder cancer
in the individual of step a). Described herein is a
method of diagnosing or prognosing bladder cancer in
an individual, comprising the steps of: a) determining
the level of one or more RNA transcripts expressed in
blood obtained from the individual, wherein the one or
more RNA transcripts corresponds to the one or more
biomarkers of Table ,7, and b) comparing the level of
each of the one or more RNA transcripts in the blood
according to step a) with the level of each of the one
or more RNA transcripts in blood from one or more
individuals not having bladder cancer, wherein
detecting differential expression of each of the one
or more RNA transcripts in the comparison of step b)
is indicative of bladder cancer in the individual of
step a). Described herein is a method of diagnosing or
prognosing bladder cancer in an individual, comprising
the steps of: a) determining the level of one or more
RNA transcripts expressed in blood obtained from the
individual, wherein the one or more RNA transcripts
corresponds to the one or more biomarkers of Table 10,
and b) comparing the level of each of the one or more
RNA transcripts in the blood according to step a) with
the level of each of the one or more RNA transcripts
in blood from one or more individuals not having
bladder cancer, wherein detecting differential
expression of each of the one or more RNA transcripts
in the comparison of step b) is indicative of bladder
cancer in the individual of step a). Described herein
is a method of diagnosing or prognosing bladder cancer
in an individual, comprising the steps of:a)
determining the level of one or more RNA transcripts
expressed in blood obtained from the individual,
wherein each the one or more RNA transcripts
corresponds to a biomarker selected from the
biomarkers listed in Table 1 and b) comparing the
level of each of the one or more RNA transcripts in
the blood according to step a) with the level of each
of the one or more RNA transcripts in blood from one
or more individuals having bladder cancer, c)
comparing the level of each of the one or more RNA
transcripts in the blood according to step a) with the
level of each of the one or more RNA transcripts in
blood from one or more individuals not having bladder
cancer, d) determining whether the level of the one or
more RNA transcripts of step a) classify with the
levels of the transcripts in step b) as compared with
levels of the transcripts in step c), wherein the
determination is indicative of the individual of step
a) having bladder cancer. Described herein is a method
of diagnosing or prognosing early stage bladder cancer
in an individual, comprising the steps of: a)
determining the level of one or more RNA transcripts
expressed in blood obtained from the individual,
wherein each the one or more RNA transcripts
corresponds to a biomarker selected from the
biomarkers listed in Table 4 and b) comparing the
level of each of the one or more RNA transcripts in
the blood according to step a) with the level of each
of the one or more RNA transcripts in blood from one
or more individuals having early stage bladder cancer,
c) comparing the level of each of the one or more RNA
transcripts in the blood according to step a) with the
level of each of the one or more RNA transcripts in
blood from one or more individuals not having bladder
cancer, d) determining whether the level of the one or
more RNA transcripts of step a) classify with the
levels of the transcripts in step b) as compared with
levels of the transcripts in step c), wherein the
determination is indicative of the individual of step
a) having early stage bladder cancer.Described herein
is a method of diagnosing or prognosing bladder cancer
in an individual, comprising the steps of: a)
determining the level of one or more RNA transcripts
expressed in blood obtained from the individual,
wherein each the one or more RNA transcripts
corresponds to a biomarker selected from the
biomarkers listed in Table 7 and b) comparing the
level of each of the one or more RNA transcripts in
the blood according to step a) with the level of each
of the one or more RNA transcripts in blood from one
or more individuals having bladder cancer, c)
comparing the level of each of the one or more RNA
transcripts in the blood according to step a) with the
level of each of the one or more RNA transcripts in
blood from one or more individuals not having bladder
cancer, d) determining whether the level of the one or
more RNA transcripts of step a) classify with the
levels of the transcripts in step b) as compared with
levels of the transcripts in step c), wherein the
determination is indicative of the individual of step
a) having bladder cancer. Described herein is a method
of diagnosing or prognosing bladder cancer in an
individual, comprising the steps of: a) determining
the level of one or more RNA transcripts expressed in
blood obtained from the individual, wherein each the
one or more RNA transcripts corresponds to a biomarker
selected from the biomarkers listed in Table 10 and b)
comparing the level of each of the one or more RNA
transcripts in the blood according to step a) with the
level of each of the one or more RNA transcripts in
blood from one or more individuals having bladder
cancer, c) comparing the level of each of the one or
more RNA transcripts in the blood according to step a)
with the level of each of the one or more RNA
transcripts in blood from one or more individuals not
having bladder cancer, d) determining whether the
level of the one or more RNA transcripts of step a)
classify with the levels of the transcripts in step b)
as compared with levels of the transcripts in step
c),wherein the determination is indicative of the
individual of step a) having bladder cancer. Described
herein is are methods, including methods if diagnosing
and/or prognosing bladder cancer, wherein the blood
sample consists of whole blood, a drop of blood, or
whole blood or a drop of whole blood that has been
lysed. Described herein is are methods, including
methods if diagnosing and/or prognosing bladder
cancer, which further comprising the step of isolating
RNA from the blood samples, Described herein is are
methods, including methods if diagnosing and/or
prognosing bladder cancer, which comprise the step of
determining the level of each of the one or more RNA
transcripts, which may include quantitative RT-PCR
(QRT-PCR). The QRT-PCR in some instances utilizes
primers which hybridize to the one or more transcripts
or the complement thereof. The primers include those
that are 15-25 nucleotides in length. Described herein
is are methods, including methods if diagnosing and/or
prognosing bladder cancer, which comprise the step of
determining the level of each of the one or more RNA
transcripts comprises hybridizing a first plurality of
isolated nucleic acid molecules that correspond to the
one or more transcripts, to an array comprising a
second plurality of isolated nucleic acid molecules.In
these methods, the first plurality of isolated nucleic
acid molecules comprises RNA, DNA, cDNA, PCR products
or ESTs. Described herein is a kit for diagnosing or
prognosing bladder cancer comprising: a) two biomarker
specific priming means designed to produce double
stranded DNA complementary to a biomarker selected
from any of Tables 1, 4, 7, or 10; 11, or 13 wherein
the first priming means contains a sequence which can
selectively hybridize to RNA, cDNA or an EST
complementary to the biomarker to create an extension
product and the second priming means capable of
selectively hybridizing to the extension product; b)
an enzyme with reverse transcriptase activity, c) an
enzyme with thermostable DNA polymerase activity, and
d) a labeling means; wherein the primers are used to
detect the quantitative expression levels of the
biomarker in a test subject.Described herein is a
method of diagnosing or prognosing bladder cancer in
an individual, comprising the steps of: 



a) determining the level of one or more proteins
expressed in blood obtained from the individual,
wherein the one or more proteins is encoded by one or
more biomarkers listed in Table 1, and b) comparing
the level of each of the one or more proteins in the
blood according to step a) with the level of each of
the one or more proteins in blood from one or more
individuals not having liver cancer, wherein detecting
a difference in the levels of each of the one or more
proteins in the comparison of step b) is indicative of
liver cancer in the individual of step a). Described
herein is a method of diagnosing or prognosing bladder
cancer in an individual, comprising the steps of: a)
determining the level of one or more proteins
expressed in blood obtained from the individual,
wherein the one or more proteins is encoded by the one
or more biomarkers of Table 1, and b) comparing the
level of each of the one or more proteins in the blood
according to step a) with the level of each of the one
or more proteins in blood from one or more individuals
having bladder cancer, c) comparing the level of each
of the one or more proteins in the blood according to
step a) with the level of each of the one or more
proteins in blood from one or more individuals not
having bladder cancer, d) determining whether the
level of the one or more proteins of step a) classify
with the levels of the proteins in step b) as compared
with levels of the proteins in step c), wherein the
determination is indicative of the individual of step
a) having bladder cancer. Described herein are methods
including a method for diagnosing or prognosing
bladder cancer, which comprise the step of determining
the level of each of the one or more proteins which
comprises the use of one or more antibodies, wherein
each of the one or more antibodies is specific for a
protein product of a biomarker listed in Table
3.Described herein are methods including a method for
diagnosing or prognosing bladder cancer, which
comprise one or more antibodies which can be a
monoclonal antibody, fV. scfV, dab, fd, fab, and fab'
2. Described herein are methods of identifying
biomarkers and/or combinations of biomarkers useful in
the prognosis and/or diagnosis of bladder cancer,
comprising comparing expression levels of biomarkers
from individuals who are known to have bladder cancer
with the levels from individuals who are known not to
have bladder cancer, the biomarkers being selected
from Table 1 and/or Table 2 or Table 7 or Table 10 or
Table 11 and/or Table 12. Described herein are methods
of identifying biomarkers and/or combinations of
biomarkers useful in the prognosis and/or diagnosis of
early stage bladder cancer, comprising comparing
expression levels of biomarkers from individuals who
are known to have early stage bladder cancer with the
levels from individuals who are known not to have
bladder cancer, the biomarkers being selected from
Table 3 and/or Table 4. 4. Tables The objects and
features of the invention can be better understood
with reference to Tables 1-7 which are included after
the Examples Section of the instant specification.
Table 1 is a table showing, in one embodiment of the
invention, biomarkers which differentiate as between
bladder cancer and normal. Biomarkers are annotated on
the basis of their gene ID. Column 1 is the
AffySpotID, Column 2 is the p value, Column 3 is the
Fold Change (Bladder Cancer/Control), Column 4 is the
GenelD, Column 5 is the Gene Symbol, and Column 6 is
the Gene Description. Table 2 is a table showing, in
one embodiment of the invention, biomarkers which
differentiate as between bladder cancer and normal as
previously identified in PCT Patent Application
PCT/US04/020836. Biomarkers are annotated on the basis
of their gene ID. Number. Column 1 is the Gene ID,
Column 2 is the Human KNA Accession Number,Column 3 is
the Human Protein Accession Number, Column 4 is the
Gene Symbol, and Column 5 is the Gene Description.
Table 3 is a table showing, in one embodiment,
products corresponding to the biomarkers identified in
Table 1, including RNA products referred to by the
nucleic acid reference accession numbers and protein
products referred to by the protein reference
accession numbers. Genes are annotated and identified
on the basis of their gene ID. Column 1 is AffySpotID,
Column 2 is the Gene ID, Column 3 is Human RNA
Accession Number, Column 4 is the Human Protein
Accession Number, Column 5 is the Gene Symbol, and
Column 6 is the Gene Description. Table 4 is a table
showing, in one embodiment of the invention,
biomarkers which differentiate as between early stage
bladder cancer and normal. Biomarkers are annotated on
the basis of their gene ID. Column 1 is AffySpotID,
Column 2 is the Gene ID, Column 3 is the Gene Symbol,
Column 4 is Human RNA Accession Number, Column 5 is
the Human Protein Accession Number, and Column 6 is
the Gene Description. Table 5 is a table showing, in
one embodiment of the invention, biomarkers which
differentiate as between early stage bladder cancer
and normal as previously identified in PCT Patent
Application PCT/US04/020836. Biomarkers are annotated
on the basis of their gene ID. Column 1 is the Gene
ID, Column 2 is the Human RNA Accession Number, Column
3 is the Human Protein Accession Number, Column 4 is
the Gene Symbol, and Column 5 is the Gene Description.
Table 6 is a table showing, in one embodiment,
products corresponding to the biomarkers identified in
Table 4 including RNA products referred to by the
nucleic acid reference accession numbers and protein
products referred to by the protein reference
accession numbers. Genes are annotated and identified
on the basis of their gene ID. Column 1 is AffySpotID,
Column 2 is the Gene ID, Column 3 is the Human RNA
Accession Number, Column 4 is the Human Protein
Accession Number, and Column 5 is the Gene Symbol.
Table 7 is a table showing, in one embodiment,
biomarkers which are found in common as between Table
1 and Table 4. Column 1 is the AffySpotID, Column 2 is
the pvalue, Column 3 is the GenelD, Column 4 is the
Gene Symbol, Column 5 the Human RNA Accession Number,
and Column 5 is the Protein Accession Number. Table 8
is a table illustrating data that can be used to form
an ROC curve based on expression data applied to a
mathematical model that uses the logit. Table 9 is a
table listing possible Reporter Genes and the
Properties of the Reporter Gene Products. Table 10 is
a table showing, in one embodiment, a particular
selection of the biomarkers identified in Table 1 and
further annotated in Table 3. Table 11 is a table
showing, in one embodiment, a selection of 349
biomarkers also identified in Table 1 which
distinguish as between bladder cancer as compared with
either testicular or renal cell carcinoma. Biomarkers
are annotated on the basis of their gene ID. Column 1
is the AffySpotID, Column 2 is the Repr RNA Accession
Number, Column 3 is the Gene ID, Column 4 is the Gene
Symbol, Column 5 is the Fold Change (Bladder
Cancer/Control), Column 6 is the Regulation in Disease
p value Bladder Cancer/Control (BCvC), Column 7 is the
Fold Change (Bladder Cancer vs. Other Cancer), and
Column 8 is the Regulation in Bladder Cancer p value
(Bladder Cancer vs. Other Cancer). Table 12 is a table
showing, in one embodiment, selected products
corresponding to the biomarkers identified in Table
11, including RNA products referred to by the nucleic
acid reference accession numbers and protein products
referred to by the protein reference accession
numbers. Genes are annotated and identified on the
basis of their gene ID. Column 1 is the AffySpotID,
Column 2 is the Gene ID, Column 3 is the Gene Symbol,
Column 4 is the Human RNA Accession Number, and Column
5 is the Human Protein Accession Number. Table 13 is a
table showing, in one embodiment, a particular
selection of the biomarkers identified in Table
1.Table 14 is a table showing accession numbers to the
sequences of human RNA products and human protein
products corresponding to the selected biomarkers in
Table 13. Table 15 is selection of biomarker specific
primers to the biomarkers listed in Table 13 and which
were used in accordance with Example 4. Table 16 shows
the results of quantitative real time RT-PCR (QRT-PCR)
of the RNA products of the biomarkers listed in Table
13 as described in Example 4. Table 17, in one
embodiment of the invention, is a demonstration of
isolated antibodies which selectively bind to the
protein products of the biomarkers listed in Table 13
and which are commercially available. Table 18, in one
embodiment of the invention, is a selection of
biomarker specific primers and corresponding biomarker
specific probes which selectively amplify double
stranded DNA complementary to the noted RNA products
which are products of the biomarkers noted in Table
13. Table 19, in one embodiment of the invention,
shows selected 2 gene combinations which can be used
to screen for bladder cancer. Table 20, shows one
embodiment of the invention of a collection of
classifiers utilizing combinations of four ratios of
biomarkers where the biomarkers are selected from
those biomarkers in Table 13. Table 21, shows one
embodiment of the invention of a collection of
classifiers utilizing combinations of three ratios of
biomarkers where the biomarkers are selected from
those biomarkers in Table 13. Table 22, shows one
embodiment of the invention of a collection of
classifiers utilizing combinations of two ratios of
biomarkers where the biomarkers are selected from
those biomarkers in Table 13.Table 23, shows one
embodiment of the invention of a collection of
classifiers utilizing combinations of ratios of
biomarkers where the biomarkers are selected from
those biomarkers in Table 13. 5 . Detailed Description
of the Invention The practice of the present invention
employs in part conventional techniques of molecular
biology, microbiology and recombinant DNA techniques,
which are within the skill of the art. Such techniques
are explained fully in the literature. See, e.g.,
Sambrook, Fritsch &Maniatis, 1989, Molecular Cloning:
A Laboratory Manual, Second Edition ; Oligonucleotide
Synthesis (MJ. Gait, ed., 1984); Nucleic Acid
Hybridization (B.D. Harnes & SJ. Higgins, eds., 1984);
A Practical Guide to Molecular Cloning (B. Perbal,
1984); and a series, Methods in Enzymology (Academic
Press, Inc.); Short Protocols In Molecular Biology,
(Ausubel et al., ed., 1995). All patents, patent
applications, and publications mentioned herein, both
supra and infra, are hereby incorporated by reference
in their entireties. The invention as disclosed herein
identifies biomarkers and biomarker combinations
useful in diagnosing bladder cancer and/or early stage
bladder cancer. In order to use these biomarkers, the
invention teaches the identification of the products
of these biomarkers including the RNA products and the
protein products. The invention further encompasses
the oligonucleotides, cDNA, DNA, RNA, PCR products,
synthetic DNA, synthetic RNA, and fragments thereof,
or other combinations of naturally occurring modified
nucleotides that specifically and/or selectively
hybridize to the RNA products of the biomarkers of the
invention. The invention further discloses proteins,
peptides, antibodies, ligands, and fragments thereof
including antigen binding fragments that specifically
and/or selectively hybridize to the protein products
of the biomarkers of the invention. The measuring of
the expression of the RNA product(s) of the biomarkers
and combination of biomarkers of the invention, can be
done by using those polynucleotides which are specific
and/or selective for the RNA product(s) of the
biomarkers of the invention to quantitate
theexpression of the RNA product(s). In a specific
embodiment of the invention, the polynucleotides which
are specific and/or selective for the RNA products are
probes or primers. In one embodiment, these
polynucleotides are in the form of a nucleic acid
probes which can be hybridized to a manufactured
array. In another embodiment, commercial arrays can be
used to measure the expression of the RNA product and
the invention teaches which combination of genes to
analyze. In another embodiment, the polynucleotides
which are specific and/or selective for the RNA
products of the biomarkers of the invention are used
in the form of probes and primers in techniques such
as quantitative real-time RT PCR, using for example
SYBR(r)Green, or using TaqMan(r) or Molecular Beacon
techniques, where the polynucleotides used are used in
the form of a forward primer, a reverse primer, a
TaqMan labelled probe or a Molecular Beacon labelled
probe. In one specific embodiment, the results
generated from measuring the level of expression of
the RNA products of the invention can be input into a
model of the invention which is used to identify the
combinations of biomarkers to determine a diagnosis as
defined by the model hi a preferred embodiment, the
same method is used to generate the expression data
used to generate the mathematical model as is used to
diagnose the test individual. The invention further
contemplates the use of proteins or polypeptides as 



disclosed herein and would be known by a person
skilled in the art to measure the protein products of
the biomarkers of the invention. Techniques known to
persons skilled in the art (for example, techniques
such as Western Blotting, hnmunoprecipitation, protein
microarray analysis and the like) can then be used to
measure the level of protein products corresponding to
the biomarkers of the invention. As would be
understood to a person skilled in the art, the measure
of the level of expression of the protein products of
the biomarkers of the invention requires a protein
which specifically or selectively binds to one or more
of the protein products corresponding to each
biomarker of the invention. Data representative of the
level of expression of the protein products of the
biomarker of the invention can then be input into the
model generated to identify the combination in order
to determine a diagnosis as defined by the model. In a
preferred embodiment, the same method is used to
generate the expression data used to generate the
mathematical model as is used to diagnose the test
individual.5.1 Samples for Use in the Invention Unless
otherwise indicated herein, a bladder tissue sample
from a subject may be used in accordance with the
methods of the invention, as can a blood sample, a
serum sample, and a lymph node sample. Examples of
subjects from which such a sample may be obtained and
utilized in accordance with the methods of the
invention include, but are not limited to,
asymptomatic subjects, subjects manifesting or
exhibiting 1, 2, 3, 4 or more symptoms of bladder
cancer, subjects clinically diagnosed as having
bladder cancer and or early stage bladder cancer,
subjects predisposed to bladder cancer (e.g., subjects
with a family history of bladder cancer, subjects with
a genetic predisposition to bladder cancer, and
subjects that lead a lifestyle that predisposes them
to bladder cancer or increases the likelihood of
developing bladder cancer), subjects suspected of
having bladder cancer, subjects undergoing therapy for
bladder related disorders, subjects with bladder
cancer and at least one other condition (e.g.,
subjects with 2, 3, 4, 5 or more conditions), subjects
not undergoing therapy for bladder cancer, subjects
determined by a medical practitioner (e.g., a
physician) to be healthy or bladder cancers-free
(i.e., normal), subjects that have been treated for
bladder cancer including subjects which have been
treated successfully for bladder cancer, subjects that
are managing their bladder cancer and subjects that
have not been diagnosed with bladder cancer. In
another embodiment, the subjects from which a sample
may be obtained and utilized have early stage bladder
cancer. In a further embodiment, the subject from
which a sample may be obtained is a test individual
wherein it is unknown whether the person has bladder
cancer, and/or it is unknown what stage of bladder
cancer the test individual has. 5.1.1 Tissue In one
aspect, a tissue sample is obtained is obtained using
any known method from one or more subjects. In a
specific embodiment, tissue is obtained from
individuals suspected of having bladder cancer.
Preferably, the tissue samples are stored in liquid
nitrogen until needed. In a specific embodiment, a
minimum of 0.05 g of tissue sample is isolated to
obtain total RNA. In another embodiment, a minimum of
0.025 g tissues sample is isolated to obtain total
RNA. A tissue sample that is useful according to the
invention is inan amount that is sufficient for the
detection of one or more nucleic acid sequences or
amino acid sequences according to the invention. 5.1.2
Blood hi one aspect of the invention, a sample of
blood is obtained from a subject according to methods
well known in the art. A sample of blood may be
obtained from any subject as described herein, hi some
embodiments, a drop of blood is collected from a
simple pin prick made in the skin of a subject. A drop
of blood, as disclosed herein encompasses volumes of
less than 1 ml. hi some embodiments, the drop of blood
collected from a pin prick is all that is needed.
Blood may be drawn from a subject from any part of the
body (e.g., a finger, a hand, a wrist, an arm, a leg,
a foot, an ankle, a stomach, and a neck) using
techniques known to one of skill in the art, in
particular methods of phlebotomy known in the art. The
amount of blood collected will vary depending upon the
site of collection, the amount required for a method
of the invention, and the comfort of the subject.
However, an advantage of one embodiment of the present
invention is that the amount of blood required to
implement the methods of the present invention can be
so small that more invasive procedures are not
required to obtain the sample. For example, in some
embodiments, all that is required is a drop of blood.
This drop of blood can be obtained, for example, from
a simple pinpri ck hi some embodiments, any amount of
blood is collected that is sufficient to detect the
expression of one, two, three, four, five, ten or more
genes listed in any of Table 1- 7, or 10-12. As such,
in some embodiments, the amount of blood that is
collected is 1ml or less, 500 ml or less, 250 ml or
less, 200 ml or less, 100 ml or less, 50 ml or less,
20 ml or less, 10 ml or less, 1 ml or less, 0.5 ml or
less, 0.1 ml or less, or 0.01 ml or less. However, the
present invention is not limited to such embodiments
hi some embodiments more blood is available and in
some embodiments, more blood can be used to effect the
methods of the present invention. As such, in various
specific embodiments, 0.001 ml, 0.005 ml, 0.01 ml,
0.05 ml, 0.1 ml, 0.15 ml, 0.2 ml, 0.25 ml, 0.5 ml,
0.75 ml, 1 ml, 1.5 ml, 2 ml, 3 ml, 4 ml, 5 ml, 10 ml,
15 ml or more of blood is collected from a subject. In
another embodiment, 0.001 ml to 15 ml, 0.01 ml to 10
ml, 0.1 ml to 10 ml, 0.1 ml to 5 ml, 1 to 5 ml of
blood is collected from a subject.In some embodiments
of the present invention, blood is stored within a
K3/EDTA tube. In another embodiment, one can utilize
tubes for storing blood which contain stabilizing
agents such as disclosed in U.S. Patent No. 6,617,170
(which is incorporated herein by reference). In
another embodiment the PAXgeneTM blood RNA system
provided by PreAnalytiX, a Qiagen/BD company may be
used to collect blood. In yet another embodiment, the
TempusTM blood RNA collection tubes, offered by
Applied Biosystems may be used. Tempus(tm) collection
tubes provide a closed evacuated plastic tube
containing RNA stabilizing reagent for whole blood
collection. The collected blood collected is
optionally but preferably stored at refrigerated
temperatures, such as 4 0C or on ice, prior to use in
accordance with the methods of the invention. In some
embodiments, the blood is maintained at 4 0C or on ice
for only 1 hour, 2 hours, 3 hours, 4 hours 5 hours, 6
hours, 7 hours, 8 hours 10 hours or up to 24 hours. In
some embodiments, in addition to storage of the blood
or instead of storage of the blood, isolated nucleic
acid or proteins are stored for a period of time for
later use. Storage of such biomarkers can b e for an
hour or more, a day or more, a week or more, a month
or more, a year or more, or indefinitely. In one
aspect, whole blood is obtained from a normal
individual or from an individual diagnosed with, or
suspected of having osteoarthritis according the
methods of phlebotomy well known in the art. Whole
blood includes unfractionated whole blood which
includes blood wherein the serum or plasma has been
removed and the RNA or mRNA from the remaining blood
sample has been isolated in accordance with methods
well known in the art (e.g., using, preferably, gentle
centrifugation at 300 to 800 xg for 5 to 10 minutes).
In a specific embodiment, unfractionated whole blood
also encompasses whole blood treated by mixing the
blood with lysing buffer (e.g., Lysis Buffer (IL):
0.6g EDTA; 1.Og KHCO2, 8.2g NH4Cl adjusted to pH 7.4
(using NaOH)), the sample is centrifuged and the cell
pellet retained, and RNA or mRNA extracted in
accordance with methods known in the art (e.g. "lysed
whole blood") (see for example Sambrook et al. ) . The
use of whole blood is preferred since it avoids the
costly and time-consuming need to separate out the
cell types within the blood (Kimoto, 1998, MoI. Gen.
Genet 258:233-239; Chelly J et al., 1989, Proc. Nat.
Acad. Sci. USA 86:2617-2621; Chelly J et al., 1988,
Nature 333:858-860).In some embodiments of the present
invention, whole blood collected from a subject is
fractionated (i.e., separated into components). In
specific embodiments of the present invention, blood
cells are separated from whole blood collected from a
subject using techniques known in the art. For
example, blood collected from a subject can be
subjected to Ficoll-Hypaque (Pharmacia) gradient
centrifugation. Such centrifugation separates
erythrocytes (red blood cells) from various types of
nucleated cells and from plasma. In particular,
Ficoll-Hypaque gradient centrifugation is useful to
isolate peripheral blood leukocytes (PBLs) which can
be used in accordance with the methods of the
invention. By way of example but not limitation,
macrophages can be obtained as follows. Mononuclear
cells are isolated from peripheral blood of a subject,
by syringe removal of blood followed by Ficoll-Hypaque
gradient centrifugation. Tissue culture dishes are
pre-coated with the subject's own serum or with AB+
human serum and incubated at 37C for one hour.
Non-adherent cells are removed by pipetting. Cold (4C)
1mM EDTA in phosphate-buffered saline is added to the
adherent cells left in the dish and the dishes are
left at room temperature for fifteen minutes. The
cells are harvested, washed with RPMI buffer and
suspended in RPMI buffer. Increased numbers of
macrophages can be obtained by incubating at 370C with
macrophage-colony stimulating factor (M-CSF).
Antibodies against macrophage specific surface
markers, such as Mac-1, can be labeled by conjugation
of an affinity compound to such molecules to
facilitate detection and separation of macrophages.
Affinity compounds that can be used include but are
not limited to biotin, photobiotin, fluorescein
isothiocyante (FITC), or phycoerythrin (PE), or other
compounds known in the art. Cells retaining labeled
antibodies are then separated from cells that do not
bind such antibodies by techniques known in the art
such as, but not limited to, various cell sorting
methods, affinity chromatography, and panning. Blood
cells can be sorted using a using a fluorescence
activated cell sorter (FACS). Fluorescence activated
cell sorting (FACS) is a known method for separating
particles, including cells, based on the fluorescent
properties of the particles. See, for example,
Kamarch, 1987, Methods Enzymol 151:150-165. Laser
excitation of fluorescent moieties in the individual
particles results in a small electrical charge
allowing electromagnetic separation of positive and
negative particles from a mixture. An antibody
orligand used to detect a blood cell antigenic
determinant present on the cell surface of particular
blood cells is labeled with a fluorochrome, such as
FITC or phycoerythrin. The cells are incubated with
the fluorescently labeled antibody or ligand for a
time period sufficient to allow the labeled antibody
or ligand to bind to cells. The cells are processed
through the cell sorter, allowing separation of the
cells of interest from other cells. FACS sorted
particles can be directly deposited into individual
wells of microliter plates to facilitate separation.
Magnetic beads can be also used to separate blood
cells in some embodiments of the present invention.
For example, blood cells can be sorted using a using a
magnetic activated cell sorting (MACS) technique, a
method for separating particles based on their ability
to bind magnetic beads (0.5-100 m diameter). A variety
of useful modifications can be performed on the
magnetic microspheres, including covalent addition of
an antibody which specifically recognizes a cell-solid
phase surface molecule or hapten. A magnetic field is
then applied, to physically manipulate the selected
beads. In a specific embodiment, antibodies to a blood
cell surface marker are coupled to magnetic beads. The
beads are then mixed with the blood cell culture to
allow binding. Cells are then passed through a
magnetic field to separate out cells having the blood
cell surface markers of interest. These cells can then
be isolated. In some embodiments, the surface of a
culture dish may be coated with antibodies, and used
to separate blood cells by a method called panning.
Separate dishes can be coated with antibody specific
to particular blood cells. Cells can be added first to
a dish coated with blood cell specific antibodies of
interest. After thorough rinsing, the cells left bound
to the dish will be cells that express the blood cell
markers of interest. Examples of cell surface
antigenic determinants or markers include, but are not
limited to, CD2 for T lymphocytes and natural killer
cells, CD3 for T lymphocytes, CDl I a for leukocytes,
CD28 for T lymphocytes, CD19 for B lymphocytes, CD20
for B lymphocytes, CD21 for B lymphocytes, CD22 for B
lymphocytes, CD23 for B lymphocytes, CD29 for
leukocytes, CD14 for monocytes, CD41 for platelets,
CD61 for platelets, CD66 for granulocytes, CD67 for
granulocytes and CD68 for monocytes and
macrophages.Whole blood can be fractionated into cells
types such as leukocytes, platelets, erythrocytes,
etc. and such cell types can be used in accordance
with the methods of the invention. Leukocytes can be
further separated into granulocytes and agranulocytes
using standard techniques and such cells can be used
in accordance with the methods of the invention.
Granulocytes can be separated into cell types such as
neutrophils, eosinophils, and basophils using standard
techniques and such cells can be used in accordance
with the methods of the invention. Agranulocytes can
be separated into lymphocytes {e.g., T lymphocytes and
B lymphocytes) and monocytes using standard techniques
and such cells can be used in accordance with the
methods of the invention. T lymphocytes can be
separated from B lymphocytes and helper T cells
separated from cytotoxic T cells using standard
techniques and such cells can be used in accordance
with the methods of the invention. Separated blood
cells {e.g., leukocytes) can be frozen by standard
techniques prior to use in the present methods. A
blood sample that is useful according to the invention
is in an amount that is sufficient for the detection
of one or more nucleic acid or amino acid sequences
according to the invention. In a specific embodiment,
a blood sample useful according to the invention is 



in an amount ranging from 1 ml to 100 ml, preferably
10 ml to 50 ml, more preferably 10 ml to 25 ml and
most preferably 10 ml to 1 ml. 5.1.3 Serum In one
aspect of the invention, serum is obtained from a
subject by first isolating a blood sample, and
subsequently spinning the sample so as to separate the
serum from the remainder of the blood in accordance
with methods well known in the art. A serum sample may
be obtained from any subject as described herein. The
amount of serum collected will vary depending upon the
site of collection of th eblood, the amount required
for a method of the invention, and the comfort of the
subject. However, an advantage of one embodiment of
the present invention is that the amount of blood
required to provide sufficient serum to implement the
methods of the present invention can be so small that
more invasive procedures are not required to obtain
the sample. For example, in some embodiments, all that
is required is a drop of blood and the amount of serum
that is collected is 1ml or less, 500 ml or less, 250
ml or less, 200 ml or less, 100 ml or less, 50 ml or
less, 20 mlor less, 10 ml or less, 1 ml or less, 0.5
ml or less, 0.1 ml or less, or 0.01 ml or less.
However, the present invention is not limited to such
embodiments. In some embodiments more blood is
available and in some embodiments, more blood can be
used to obain sufficient serum to effect the methods
of the present invention. 5.2 RNA Preparation In one
aspect of the invention, RNA is isolated from an
individual in order to measure the RNA products of the
biomarkers of the invention. RNA is isolated from
tissue samples as described herein. Samples can be
from a single patient or can be pooled from multiple
patients. In another aspect, RNA is isolated directly
from blood samples of persons with osteoarthritis as
described herein. Samples can be from a single patient
or can be pooled from multiple patients. Total RNA is
extracted from the tissue samples according to methods
well known in the art. In one embodiment, RNA is
purified from tissue according to the following
method. Following the removal of a tissue of interest
from an individual or patient, the tissue is quick
frozen in liquid nitrogen, to prevent degradation of
RNA. Upon the addition of a volume of tissue
guanidinium solution, tissue samples are ground in a
tissuemizer with two or three 10-second bursts. To
prepare tissue guanidinium solution ( 1 L) 590.8 g
guanidinium isothiocyanate is dissolved in
approximately 400 ml DEPC-treated H2O. 25 ml of 2 M
Tris- Cl, pH 7.5 ( 0.05 M final) and 20 ml Na2EDTA
(0.01 M final) is added, the solution is stirred
overnight, the volume is adjusted to 950 ml, and 50 ml
2-ME is added. Homogenized tissue samples are
subjected to centrifugation for 10 min at 12,000 x g
at 12C. The resulting supernatant is incubated for 2
min at 65C in the presence of 0.1 volume of 20%
Sarkosyl, layered over 9 ml of a 5.7M CsCl solution
(O.lg CsCl/ml), and separated by centrifugation
overnight at 113,000 x g at 22C. After careful removal
of the supernatant, the tube is inverted and drained.
The bottom of the tube (containing the RNA pellet) is
placed in a 50 ml plastic tube and incubated overnight
(or longer) at 4C in the presence of 3 ml tissue
resuspension buffer (5 mM EDTA, 0.5% (v/v) Sarkosyl,
5% (v/v) 2-ME) to allow complete resuspen sion of the
RNA pellet. The resulting RNA solution is extracted
sequentially with 25:24:1 phenol/chloroform/isoamyl
alcohol, followed by 24:1 chloroform/isoamyl alcohol,
precipitated by the addition of 3 M sodium acetate, pH
5.2, and 2.5 volumes of 100% ethanol, and resuspended
in DEPC water (Chirgwin et al., 1979, Biochemistry,
18:5294). Alternatively, RNA is isolated from tissue
according to the following single step protocol. The
tissue of interest is prepared by homogenization in a
glass teflon homogenizer in 1ml denaturing solution
(4M guanidinium thiosulfate, 25 mM sodium citrate, pH
7.0, 0.1M 2-ME, 0.5% (w/v) N-laurylsarkosine) per
lOOmg tissue. Following transfer of the homogenate to
a 5-ml polypropylene tube, 0.1 ml of 2 M sodium
acetate, pH 4, 1ml water-saturated phenol, and 0.2 ml
of 49:1 chloroform/isoamyl alcohol are added
sequentially. The sample is mixed after the addition
of each component, and incubated for 15 min at 0-40C
after all components have been added. The sample is
separated by centrifugation for 20 min at 10,000 x g,
4C, precipitated by the addition of 1ml of 100%
isopropanol, incubated for 30 minutes at -2O0C and
pelleted by centrifugation for 10 minutes at 10,000 x
g, 4C. The resulting RNA pellet is dissolved in 0.3 ml
denaturing solution, transferred to a micro fuge tube,
precipitated by the addition of 0.3 ml of 100%
isopropanol for 30 minutes at -200C, and centrifuged
for 10 minutes at 10,000 x g at 4C. The RNA pellet is
washed in 70% ethanol, dried, and resuspended in
100-200 ml DEPC-treated water or DEPC-treated 0.5% SDS
(Chomczynski and Sacchi, 1987, Anal. Biochem.,
162:156). Preferably, the tissue samples are finely
powdered under liquid nitrogen and total RNA is
extracted using TRIzol(r) reagent (GIBCO/BRL).
Alternatively, RNA is isolated from blood. In one
embodiment, RNA is isolated by the following protocol.
Lysis Buffer is added to blood sample in a ratio of 3
parts Lysis Buffer to 1 part blood (Lysis Buffer (IL)
0.6g EDTA; 1.Og KHCO2, 8.2g NH4Cl adjusted to pH 7.4
(using NaOH)). Sample is mixed and placed on ice for
5-10 minutes until transparent. Lysed sample is
centrifuged at 1000 rpm for 10 minutes at 4C, and
supernatant is aspirated. Pellet is resuspended in 5
ml Lysis Buffer, and centrifuged again at 1000 rpm for
10 minutes at 40C. Pelleted cells are homogenized
using TRIzol(r) (GIBCO/BRL) in a ratio of
approximately 6 ml of TRIzol(r) for every 10 ml of the
original blood sample andvortexed well. Samples are
left for 5 minutes at room temperature. RNA is
extracted using 1.2 ml of chloroform per 1ml of
TRIzol(r). Sample is centrifuged at 12,000 x g for 5
minutes at 40C and upper layer is collected. To upper
layer, isopropanol is added in ratio of 0.5 ml per 1ml
of TRIzol(r). Sample is left overnight at -20C or for
one hour at -2O0C. RNA is pelleted in accordance with
known methods, RNA pellet air dried, and pellet
resuspended in DEPC treated ddHaO. RNA samples can
also be stored in 75% ethanol where the samples are
stable at room temperature for transportation.
Alternatively, RNA is isolated from synovial fluid
using TRIzol(r) reagent (GBCO/BRL) as above. Purity
and integrity of RNA is assessed by absorbance at
260/280nm and agarose gel electrophoresis followed by
inspection under ultraviolet light. 5.3 Biomarkers of
the Invention In one embodiment, the invention
provides biomarkers and biomarker combinations wherein
the measure of the level of expression of the product
or products of said biomarkers is indicative of
bladder cancer. In another embodiment, the invention
provides biomarkers and biomarker combinations,
wherein the measure of the level of expression of the
product or products of said biomarkers can be used to
diagnose whether an individual has bladder cancer
and/or early stage bladder cancer. Table 1 provides a
list of the gene names and the associated gene ID
(formerly locus link ID)for the biomarkers of the
invention wherein the measure of the level of
expression of the biomarkers, either individually, or
in combination, can be used to diagnose an individual
as having bladder cancer; or not having bladder
cancer. As would be understood by a person skilled in
the art, the gene ID can be used to determine the
sequence of all the RNA transcripts and all of the
proteins which correspond to the biomarkers listed.
Table 2 provides biomarkers disclosed in PCT
Application Number PCT/US04/020836 which can be used
in combination with one or more of the biomarkers
disclosed in Table 1 as taught herein to diagnose
bladder cancer or to differentiate as between a person
having bladder cancer or not having bladder
cancer.Table 3 in particular discloses reference
accession numbers corresponding to the RNA products of
the biomarkers and reference accession numbers
corresponding to the protein products of the
biomarkers listed in Table 1. Table 4 provides a list
of the gene names and the associated gene ID for the
biomarkers of the invention wherein the measure of the
level of expression of the biomarkers, either
individually, or in combination, can be used to
diagnose an individual as having early stage bladder
cancer; or not having bladder cancer. As would be
understood by a person skilled in the art, the gene ID
can be used to determine the sequence of all the RNA
transcripts and all of the proteins which correspond
to the biomarkers listed. Table 5 provides biomarkers
disclosed in PCT Application Number PCT/US04/020836
which can be used in combination with one or more of
the biomarkers disclosed in Table 4 as taught herein
to diagnose early stage bladder cancer or to
differentiate as between a person having early stage
bladder cancer or not having bladder cancer. Table 6
in particular discloses reference accession numbers
corresponding to the RNA products of the biomarkers
and reference accession numbers corresponding to the
protein products of the biomarkers listed in Table 4.
Table 7 in particular discloses a list of the gene
names and the associated gene ID for the biomarkers of
the invention which differentiate bladder cancer from
non bladder cancer. Table 10 in particular discloses a
list of the gene names and associated gene IDs for a
selection of biomarkers identified in Table 1 which
differentiate bladder cancer from non bladder cancer.
Table 11 provides a list of the gene names and the
associated gene ID (formerly locus link ID)for a
selection of biomarkers of the invention wherein the
measure of the level of expression of the biomarkers,
either individually, or in combination, can be used to
diagnose an individual as having bladder cancer; or
not having bladder cancer. As would be understood by a
person skilled in the art, the gene ID can be used to
determine the sequence of all the RNA transcripts and
all of the proteins which correspond to the biomarkers
listed.Table 12 in particular discloses reference
accession numbers corresponding to the RNA products of
the biomarkers and reference accession numbers
corresponding to the protein products of the
biomarkers listed in Table 11. The invention thus
encompasses the use of those methods known to a person
skilled in the art and outlined herein to measure the
expression of these biomarkers and combinations of
biomarkers for each of the purposes outlined above.
5.4 Combinations of Biomarkers In one embodiment,
combinations of biomarkers of the present invention
includes any combination of any number up to 2, 3, 4,
5, 6, 7, 8, 10, 20, 30, 40, 50, 100, 125, 150, 175,
200 or all of the biomarkers listed in Table 1. In
another embodiment of the invention, combinations of
biomarkers of the present invention include any
combination of any one or any number up to 1, 2, 3, 4,
5, 6, 7, 8, 10, 20, 30, 40, 50, 100 125, 150, 175, 200
or all of the biomarkers listed in Table 1 in
combination with any one or any number up to 1, 2, 3,
4, 5, 6, 7, 8, 10, 20, 30, 40, 50, 100, 250, 500, 750,
1000, 1500, 2000, 2500, 3000, 3500, 4000 or all of the
biomarkers listed in Table 2, the measurement of
expression of the products of which can be used for
diagnosing whether an individual has bladder cancer or
does not have bladder cancer. In another embodiment,
combinations of biomarkers of the present invention
includes any combination of any number up to 2, 3, 4,
5, 6, 7, 8, 10, 20, 30, 40, 50, 100, 150, 200, 250,
300, 350, 400, 450, 500, 1000, 1250, 1500, 1750, 2000,
or all of the RNA and/or protein products listed in
Table 3. In another embodiment, combinations of
biomarkers of the present invention includes any
combination of any number up to 2, 3, 4, 5, 6, 7, 8,
10, 20, 30, 40, 50, 100, 125, 150, 175, 200, 250, 300,
350, 400, 450, 500 or all of the biomarkers listed in
Table 4. In another embodiment of the invention,
combinations of biomarkers of the present invention
include any combination of any one or any number up to
1, 2, 3, 4, 5, 6, 7, 8, 10, 20, 30, 40, 50, 100, 125,
150, 175, 200, 250, 300, 350, 400, 450, 500 or all of
the biomarkers listed in Table 4 in combination with
any one or any number up to 1, 2, 3, 4, 5, 6, 7, 8,
10, 20, 30, 40, 50, 100, 150, 200, 250, 300, 350, 400,
450, 500, 1000, 1250, 1500, 1750, 2000, 2250, or all
of the biomarkers listed in Table 5, the measurement
of expression of the products of which can be used for
diagnosing whether an individual has early bladder
cancer or does not have bladder cancer. In another
embodiment, combinationsof biomarkers of the present
invention includes any combination of any number up to
2, 3, 4, 5, 6, 7, 8, 10, 20, 30, 40, 50, 100 150, 200,
250, 300, 350, 400, 450, 500, 1000, 1250, 1500, 1750,
2000, 2250, 2500, 2750, 3000, 3250, or all of the RNA
and/or protein products listed in Table 6. In another
embodiment of the invention, combinations of
biomarkers of the present invention include any
combination of any one or any number up to 1, 2, 3, 4,
5, 6, 7, 8, 10, 20, 30, 40, 50, 75, 100, 125, 150,
175, 200 or all of the biomarkers listed in Table 7.
.In another embodiment, combinations of biomarkers of
the present invention includes any combination of any
number up to 2, 3, 4, 5, 6, 7, 8, 9 or all of the
biomarkers listed in Table 10. For instance, the
number of possible combinations of a subset m of n
genes is described in Feller, Intro to Probability
TJieory, Third Edition, volume 1, 1968, ed. J. Wiley,
using the general formula: ml/(n)l (m-) \ In one
embodiment, where n is 2 and m is 19, there are: 19! =
19 x 18 x 17 x 16 x 15 x 14 x l 3x12x11x1
0x9x8x7x6x5x4x3x2x1 2 1 (19-2)1 (2x1) (19x 18x 17x 16x
15x 14 x l 3x12x11x10x9x8x7x6x5x4x3x2x1) 1.216 I Q17
171 7.11 W 14 



unique two-gene combinations. The measurement of the
gene expression of each of these two-gene combinations
can independently be used to determine whether a
patient has bladder cancer hi another specific
embodiment in which m is 19 and n is three, there are
19!/3!(19- 3)! unique three-gene combinations. Each of
these unique three-gene combinations can independently
serve as a model for determining whether a patient has
bladder cancer. 5.5 Selection of Particularly Useful
Combinations of Biomarkers Although combinations of
the biomarkers in any of the Table 1-7, andlO-13 of
the invention are useful for diagnosing bladder cancer
and/or early bladder cancer respectively, the
invention further provides a means of selecting and
evaluating combinationsof biomarkers from any
particular Table or combination of Tables which can be
used to diagnose bladder cancer. In order to identify
useful combinations of biomarkers a mathematical model
is used to develop a classifier which is able to
differentiate as between bladder cancer and/or early
bladder cancer and non bladder cancer using the data
reflective of the level of expression of each
biomarker of a combination of biomarkers where each
biomarker is selected from those biomarkers identified
in one or more of the Tables 1-7 and 10-13.
Classifiers are then evaluated or scored for their
ability to differentiate as between bladder cancer
and/or early bladder cancer and non bladder cancer to
select those classifiers (and thus those combinations
of biomarkers) which are best able to diagnose an
individual as having bladder cancer and/or early
bladder cancer. Classifiers are created by using data
representative of the level of expression of the
product of two or more selected biomarkers for each
individual within a training population and applying a
mathematical model. The phenotypic characteristics of
the training population is important in order to
ensure that the resulting classifier has the desired
utility. For example, in one embodiment, the training
population used is comprised of two phenotypic
subgroups - individuals who are known to have bladder
cancer, and individuals who are known not to have
bladder cancer and the biomarkers are selected from
Table 1 and/or Table 2 or Table 7 or Table 10 or Table
11 and/or Table 12. hi another embodiment, the
training population used is comprised of two
phenotypic subgroups - individuals who are known to
have early stage bladder cancer, and individuals who
are known not to have bladder cancer and the
biomarkers are selected from Table 3 and/or Table 4.
The data which is input into the mathematical model
can be any data which is representative of the
expression level of the product of a biomarker. hi one
embodiment, the data input into the mathematical model
for each biomarker is data obtained using any method
known to a person skilled in the art to measure the
level of gene expression including measuring the RNA
product of the biomarker and/or measuring the protein
product of the biomarker. In a preferred embodiment,
the data input into the mathematical model is data
obtained using quantitative real-time PCR (qRT-PCR).In
order to identify particularly useful combinations of
biomarkers, it is possible to develop a classifier for
each possible combination of biomarkers for any one of
Table 1, Table 2, Table 1 and Table 2 combined, Table
4, Table 5, Table 4 and Table 5 combined, Table 7 or
Table 10 can and then score the classifiers so as to
select from the scored classifiers those which are the
most useful for diagnosing bladder cancer or early
bladder cancer. In order to develop classifiers, a
mathematical model is used. Mathematical models which
are useful in accordance with the invention can be
selected from the following: a regression model, a
logistic regression model, a neural network, a
clustering model, principal component analysis,
nearest neighbour classifier analysis, linear
discriminant analysis, quadratic discriminant
analysis, a support vector machine, a decision tree, a
genetic algorithm, classifier optimization using
bagging, classifier optimization using boosting,
classifier optimization using the Random Subspace
Method, a projection pursuit, and weighted voting. The
classifier generated are subsequently scored and/or
ranked as outlined in section 5 so as to identify
those classifiers of sufficient sensitivity and/or
specificity to diagnose individuals as having bladder
cancer and/or early bladder cancer. In order to score
the classifiers, classifiers can be tested to
determine the ability of the classifier to correctly
call each individual of the training population as
described herein. The classifier generated can also be
evaluated or scored by determining the ability of the
classifier to correctly call one or more individuals
of a "scoring population". The scoring population is
similar to the training population described in
Section 5.7 below, however the scoring population is
made up of one or more individuals not used to
generate the classifier. As such the scoring
population is comprised of individuals who have
already been diagnosed as having e.g. bladder cancer
(the first phenotypic subgroup) and individuals not
having bladder cancer (the second phenotypic
subgroup). In one embodiment, the scoring population
includes members of the training population in
addition to one or more members not used in the
training population. In some embodiments, five percent
or less, ten percent or less, twenty percent or less,
thirty percent or less, fifty percent or less, or
ninety percent or less of the members of the training
population are common to the scoring population.As
would be understood by a person skilled in the art,
this allows one to predict the ability of the
classifiers to properly characterize an individual
whose phenotypic characterization is unknown. The
resulting classifiers can be used to diagnosis an
unknown or test individual to determine whether said
test individual has bladder cancer and/or early stage
bladder cancer. In one embodiment, two or more
classifiers ("classifier group") can be used determine
the diagnosis of a test individual. For instance, in
some embodiments, the top 10 ranking classifiers, the
top 20 ranking classifiers, or the top 100 ranking
classifiers are selected hi some embodiments, any of
the top 1 to top 500 ranking classifiers is selected
hi instances classifier groups are used for diagnosis,
in one embodiment each classifier contributes one vote
to the diagnosis of the test subject such that
diagnosis of the test subject is determined as a
result of a combination of classifi ers hi other
embodiments, different weighting schema applied to
each classifier. For example, weighting schema can
include weighting on the basis of factors such as the
original score the classifier, the logs odd ratio
("logit"), the size of the coefficients for each
classifier, some combination thereof and the like. hi
one embodiment, the classifier or classifier group is
used directly for the diagnosing as described above.
In another embodiment however, the combination
identified can be used independently of the classifier
which identified the genes. For example, the gene
expression profile resulting from the 10 genes can be
monitored to evaluate a test individual wherein the
gene expression profile of the test individual is
compared to the gene expression profile of the 10
genes from individuals having bladder cancer and a
gene expression profile of the 10 genes in individuals
not having bladder cancer. 5.6 Data for input into
Mathematical Models to Select Particularly Useful
Biomarker Combinations for Diagnosis of Bladder Cancer
and Early Stafie Bladder Cancer For example, in order
to identify those biomarkers which are useful in
diagnosing an individual as having bladder cancer, or
not having bladder cancer, data reflective of the
level of expression of one or more of the mRNA
products of the biomarkersof Table 1 and/or Table 2
and/or Table 7 and/or Table 10 and/or Table 11 are
used within a training population of individuals, the
first phenotypic subgroup having bladder cancer, and a
second phenotypic subgroup of individuals not having
bladder cancer. For purposes of characterizing the
training population into the prescribed phenotypic
subgroups., any method of bladder cancer diagnosis can
be used hi a preferred embodiment, a cytoscopy is
utilized to determine diagnosis of bladder cancer for
purposes of the training population. In another
embodiment, in order to identify those biomarkers
which are useful in diagnosing an individual as having
early stage bladder cancer, or not having bladder
cancer, data reflective of the level of expression of
one or more of the mKNA products of the biomarkers of
Table 4 and/or Table 5 from individuals within a
training population comprised of individuals having
early stage bladder cancer and individuals not having
bladder cancer. In another embodiment data reflective
of the level of expression of one or more protein
products of the biomarkers of Table 1 and/or Table 2
and/or Table 7 and/or Table 10 are used in a training
population of individuals, the first phenotypic
subgroup having bladder cancer, and a second
phenotypic subgroup of individuals not having bladder
cancer. For purposes of characterizing the training
population into the prescribed phenotypic subgroups,
any method of bladder cancer diagnosis can be used. In
another embodiment data reflective of the level of
expression of one or more protein products of the
biomarkers of Table 1 and/or Table 2 and/or Table 7
and/or Table 10 and/or Table 11 are used in a training
population of individuals, the first phenotypic
subgroup having bladder cancer, and a second
phenotypic subgroup of individuals not having bladder
cancer. For purposes of characterizing the training
population into the prescribed phenotypic subgroups,
any method of bladder cancer diagnosis can be used.
5.7 The Training Population In some embodiments, the
reference or training population includes between 10
and 30 subjects. In another embodiment the training
population contains between 30-50 subjects. In still
other embodiments, the reference population includes
two or morepopulations each containing between 50 and
100, 100 and 500, between 500 and 1000, or more than
1000 subjects. In some embodiments, members of each
phenotypic subgroup (i.e. bladder cancer and non
bladder cancer members) of the training population are
preferably selected such that each phenotypic subgroup
of the training population has a similar distribution
with respect to at least one, two, three, four, five,
six, one or more, two or more, three or more, four or
more, five or more, six or more, between one and 1000
other phenotypes. For example, age, sex, genetic
variation information (e.g., gene SNP mutations,
restriction fragment length polymorphisms,
microsatellite markers, restriction fragment length
polymorphisms, and presence, absence or
characterization of short tandem repeats.), treatment
regimens; co-morbidities; concentrations of
metabolites, blood chemistry levels, and/or other
indicators of health and/or wellness. 5.8 Mathematical
Models 5.8.1 Regression Models In some embodiments the
expression data for each combination of biomarkers to
be tested are used in within a regression model,
preferably a logistic regression model. Such a
regression model will determine an equation for each
possible combination of biomarkers tested, each
equation providing a coefficient to be multiplied by
the data reflective of the expression level of each
individual biomarker represented by the model. In
general, the multiple regression equation of interest
can be written Y =a +biX1+b2X 2 + +bkX k +e where 7,
the dependent variable, is presence (when 7 is
positive) or absence (when 7 is negative) of the first
phenotypic trait of (e.g., having mild
osteoarthritis). This model says that the dependent
variable 7 depends on Ic explanatory variables (the
measured values representative of the level of the
gene product in the tissue of interest for the Ic
select genesfrom subjects in the first and second
phenotypic subgroups in the training population), plus
an error term that encompasses various unspecified
omitted factors. In the above-identified model, the
parameter b\ gauges the effect of the first
explanatory variable X\ on the dependent variable Y,
holding the other explanatory variables constant.
Similarly, /?2 gives the effect of the explanatory
variable X2 on Y, holding the remaining explanatory
variables constant. The logistic regression model is a
non-linear transformation of the linear regression.
The logistic regression model is termed the "logit"
model and can be expressed as 1n[p/(l--p)]=a+ b1X
1+b2X 2 + -- - +bkX k +e or [r/(l - p)] = exp a
expbiXi expb2X2 x x exp PL expe where, hi is the
natural logarithm, logexp, where exr=2.7 1828 ..., p
is the probability that the event Y occurs, p(Y=l),
p/(l-p) is the "odds ratio", ln[p/(l-p)] is the log
odds ratio, or "logit", and all other components of
the model are the same as the general regression
equation described above. It will be appreciated by
those of skill in the art that the term for a and e
can be folded into the same constant. Indeed, in
preferred embodiments, a single term is used to
represent aand e. The "logistic" distribution is an
S-shaped distribution function. The logit distribution
constrains the estimated probabilities (p) to lie
between 0 and 1. In some embodiments of the present
invention, the logistic regression model is fit by
maximum likelihood estimation (MLE). In other words,
the coefficients (e.g., a, b\ , / ?2, ...) are
determined by maximum likelihood. A likelihood is a
conditional probability (e.g., P(Y|X), the probability
of Y given X). The likelihood function (L) measures
the probabilityof observing the particular set of
dependent variable values (Y1, Y2, ..., Yn) that occur
in the sample data set. It is written as the
probability of the product of the dependent variables:
L = PrOb (Y1 * Y2 *** Yn) The higher the likelihood
function, the higher the probability of observing the
Ys in the sample. MLE involves finding the
coefficients (a, b\ , / 2, . ..) that makes the log of
the 



likelihood function (LL < 0) as large as possible or
-2 times the log of the likelihood function (-2LL) as
small as possible. In MLE, some initial estimates of
the parameters a,b\ , / 2, ... are made. Then the
likelihood of the data given these parameter estimates
is computed. The parameter estimates are improved the
likelihood of the data is recalculated. This process
is repeated until the parameter estimates do not
change much (for example, a change of less than .01 or
.001 in the probability). Examples of logistic
regression and fitting logistic logistic regression
models are found in Hastie, The Elements of
Statistical Learning, Springer, New York, 2001, pp.
95-100 which is incorporated herein in its entirety.
5.8.2 Neural Networks In another embodiment, the
expression measured for each of the biomarkers of the
present invention can be used to train a neural
network. A neural network is a two-stage regression or
classification model. A neural network has a layered
structure that includes a layer of input units (and
the bias) connected by a layer of weights to a layer
of output units. For regression, the layer of output
units typically includes just one output unit.
However, neural networks can handle multiple
quantitative responses in a seamless fashion. As such
a neural network can be applied to allow
identification of biomarkers which differentiate as
between more than two populations. In one specific
example, a neural network can be trained using
expression data from the products of the biomarkers in
Table 1 including those noted in Table 3 to identify
those combinations of biomarkers which are specific
for bladder cancer as compared with not having bladder
cancer. As a result, the trained neural network can be
used to directly identify combination of biomarkers
useful as stage specific biomarkers. In some
embodiments, the back-propagation neural network (see,
for exampleAbdi, 1994, "A neural network primer", J.
Biol. System. 2, 247-283) containing a single hidden
layer often neurons (ten hidden units) found in
EasyNN-Plus version 4.Og software package (Neural
Planner Software Inc.) is used. Neural networks are
described in Duda et al., 2001, Pattern
Classification, Second Edition, John Wiley & Sons,
Inc., New York; and Hastie et al., 2001, The Elements
of Statistical Learning, Springer-Verlag, New York
which is incorporated herein in its entirety. 5.8.3
Other Mathematical Models The pattern classification
and statistical techniques described above are merely
examples of the types of models that can be used to
construct a model for bladder cancer classification,
for example clustering as described on pages 2 11-256
of Duda and Hart, Pattern Classification and Scene
Analysis, 1973, John Wiley & Sons, Inc., New York,
incorporated herein by reference in its entirety;
Principal component analysis, (see for JoUiffe, 1986,
Principal Component Analysis, Springer, New York,
incorporated herein by reference); nearest neighbour
classifier analysis, (see for example Duda, Pattern
Classification, Second Edition, 2001, John Wiley &
Sons, Inc; and Hastie, 2001, The Elements of
Statistical Learning, Springer, New York); linear
discriminant analysis, (see for example Duda, Pattern
Classification, Second Edition, 2001, John Wiley &
Sons, Inc; and Hastie, 2001, The Elements of
Statistical Learning, Springer, New York; Venables &
Ripley, 1997, Modern Applied Statistics with s-plus,
Springer, New York); Support Vector Machines (see, for
example, Cristianini and Shawe-Taylor, 2000, An
Introduction to Support Vector Machines, Cambridge
University Press, Cambridge, Boser et al, 1992, "A
training algorithm for optimal margin classifiers, in
Proceedings of the 5th Annual ACM Workshop on
Computational Learning Theory, ACM Press, Pittsburgh,
PA, pp. 142-152; Vapnik, 1998, Statistical Learning
Theory, Wiley, New York, all of which are incorporated
herein by reference.) 5.9 Choice of Biomarkers
Combinations to Select Classifiers It is preferred to
select all of the biomarkers for use in subsequent
sections. Thus all possible combinations of biomarkers
are evaluated using data representative of thelevel of
the products of each of the biomarkers. In some
embodiments, it is not possible to choose all possible
combinations, so subsets of biomarkers are first
chosen and then combinations of the subset of
biomarkers are used. As would be understood, a
selection criteria based on the desired number of
selected biomarkers will depend upon the resources
available for obtaining the data representing the
level of the product of the biomarker and/or the
computer resources available for calculating and
evaluating classifiers of all or a portion of possible
combinations of the selected biomarkers. In some
embodiments, the desired number of selected biomarkers
which can be evaluated is 4,000; 3,000; 2,000; 1,000;
900; 800; 700; 600; 500; 400; 300; 200; 190; 180; 170;
160; 150; 140; 130; 120; 110; 100; 90; 80; 70; 60; 50;
40; 30; 20; 10. In one embodiment of the invention,
each possible combination of the biomarkers in Table 1
are evaluated. In another embodiment of the invention,
each possible combination of 2, 3, 4, 5, 6, 7, 8, 9,
10, 20, 30, 40, 50, 60, etc biomarkers of Table 1 are
evaluated. In another embodiment of the invention,
each possible combination of 2 and/or 3 and/or 4
and/or 5 and/or 6 and/or 7 and/or 8 and/or 9 and/or 10
of all of the biomarkers of Table 1 are evaluated. In
another embodiment of the invention, each possible
combination of 2 and/or 3 and/or 4 and/or 5 and/or 6
and/or 7 and/or 8 and/or 9 and/or 10 of a portion of
the biomarkers of Table 1 are evaluated. In another
embodiment of the invention, the portion of the
biomarkers of Table 1 which are evaluated are 20, 30,
40, 50, 60, 70, 80, 90, 100, 125, 150, 175, 200, 225,
or 250 of the biomarkers in Table 1. hi yet another
embodiment of the invention, the portion of the
biomarkers of Table 1 which are selected are ranked on
the basis of individual p value wherein the p value is
indicative of each biomarkers individual ability to
differentiate between members having bladder cancer
and members not having bladder cancer, and then the
top 60, 50, 40, 30, 20, or 10 individually ranked
biomarkers are selected and each possible combination
of 2 and/or 3 and/or 4 and/or 5 and/or 6 and/or 7
and/or 8 and/or 9 and/or 10 of all of the selected
biomarkers are utilized to create classifiers, which
classifiers are evaluated for the ability to
differentiate as between members having bladder cancer
and members not having bladder cancer. In yet another
embodiment, subsets of biomarkers of Table 1 are
chosen whose p value is less than 0.5; less than 0.1,
less than 0.05, less than 0.01, less than 0.005, less
than 0.001, less than 0.0005, less than 0.0001, less
than 0.00005, less than 0.00001, less than 0.000005,
less than 0.000001 etc. In someembodiments, subsets of
biomarkers of Table 1 are chosen on the basis of the
level of differential expression displayed by the
biomarker products as between the two or more trait
subgroups. Note that in measuring differential fold
change in blood, the fold change differences can be
quite small, thus in some embodiments, selection of
biomarkers is based on a differential fold change
where the fold change is greater than 1.2, greater
than 1.3, greater than 1.4, greater than 1.5, greater
than 1.6, greater than 1.7, greater than 1.8, greater
than 1.9, greater than 2.0, greater than 2.1, greater
than 2.2, greater than 2.3, greater than 2.4, greater
than 2.5, greater than 2.6, greater than 2.7, greater
than 2.8, greater than 2.9, greater than 3.0, greater
than 3.1, greater than 3.2. greater than 3.3, greater
than 3.4 greater than 3.5, greater than 4.0 and the
like. In some embodiments, it is helpful to select
biomarkers for forming combinations on the basis of
both p value and fold change as would be understood by
a person skilled in the art. Thus in some embodiments,
biomarkers are first selected as outlined above on the
basis of the p value resulting from the biomarker data
and then a subselection of said biomarkers is chosen
on the basis of the differential fold change
determined from the biomarker data hi other
embodiments, biomarkers are first selected on the
basis of differential fold change, and then
subselection is made on the basis of p value. In some
embodiments, the use of one or more of the selection
criteria and subsequent ranking permits the selection
of the top 2.5%, 5%, 7.5%, 10%, 12.5%, 15%, 17.5%,
20%, 30%, 40%, 50% or more of the ranked biomarkers
for use in forming classifiers. .In another embodiment
of the invention, each possible combination of the
biomarkers in Table 1 and Table 2 combined are
evaluated with the proviso that at least one biomarker
from Table 1 is included in the combinations
evaluated. In another embodiment of the invention,
each possible combination of 1, 2, 3, 4, 5, 6, 7, 8,
9, 10, 20, 30, 40, 50, 60, etc biomarkers of Table 1
in combination with 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 20,
30, 40, 50, 60, etc biomarkers of Table 2 are
evaluated. In another embodiment of the invention, an
exhaustive search for combinations of 2 and/or 3
and/or 4 and/or 5 and/or 6 and/or 7 and/or 8 and/or 9
and/or 10 of all of the biomarkers of Table 1 and
Table 2 combined are evaluated. In another embodiment
of the invention, each possible combination of 2
and/or 3 and/or 4 and/or 5 and/or 6 and/or 7 and/or 8
and/or 9 and/or 10 of a portion of the biomarkers of
Table 1 and Table 2 are evaluated. In another
embodiment of the invention, the portion of the
biomarkers of Table 1 and Table 2 which are evaluated
are 20, 30, 40, 50, 60, 70, 80, 90, 100, 125, 150,
175, 200, 225, or 250 ofthe biomarkers in Table 1
combined with 1 2, 3, 4, 5, 6, 7, 8, 9, 10, 20, 30,
40, 50, 75, 100, 150, 200, 300, etc of the biomarkers
in Table 2 are utilized. In yet another embodiment of
the invention, the portion of the biomarkers of Table
1 and Table 2 which are selected are ranked on the
basis of individual p value wherein the p value is
indicative of each biomarkers individual ability to
differentiate between members having bladder cancer
and members not having bladder cancer, In yet another
embodiment, subsets of biomarkers of Table 1 and Table
2 are chosen whose p value is less than 0.5; less than
0.1, less than 0.05, less than 0.01, less than 0.005,
less than 0.001, less than 0.0005, less than 0.0001,
less than 0.00005, less than 0.00001, less than
0.000005, less than 0.000001 etc. In some embodiments,
subsets of biomarkers of Table 1 and Table 2 are
chosen on the basis of the level of differential
expression displayed by the biomarker products. Note
that in measuring differential fold change in blood,
the fold change differences can be quite small, thus
in some embodiments, selection of biomarkers is based
on a differential fold change where the fold change is
greater than 1.2, greater than 1.3, greater than 1.4,
greater than 1.5, greater than 1.6, greater than 1.7,
greater than 1.8, greater than 1.9, greater than 2.0,
greater than 2.1, greater than 2.2, greater than 2.3,
greater than 2.4, greater than 2.5, greater than 2.6,
greater than 2.7, greater than 2.8, greater than 2.9,
greater than 3.0, greater than 3.1, greater than 3.2.
greater than 3.3, greater than 3.4 greater than 3.5,
greater than 4.0 and the like. In some embodiments, it
is helpful to select biomarkers for forming
combinations on the basis of both p value and fold
change as would be understood by a person skilled in
the art. Thus in some embodiments, biomarkers are
first selected as outlined above on the basis of the p
value resulting from the biomarker data and then a
subselection of said biomarkers is chosen on the basis
of the differential fold change determined from the
biomarker data. In other embodiments, biomarkers are
first selected on the basis of differential fold
change, and then subselection is made on the basis of
p value m some embodiments, the use of one or more of
the selection criteria and subsequent ranking permits
the selection of the top 2.5%, 5%, 7.5%, 10%, 12.5%,
15%, 17.5%, 20%, 30%, 40%, 50% or more of the ranked
biomarkers are used such that each possible
combination of 2 and/or 3 and/or 4 and/or 5 and/or 6
and/or 7 and/or 8 and/or 9 and/or 10 of all of the
selected biomarkers are utilized to create
classifiers, which classifiers are evaluated for the
ability to differentiate as between members having
bladder cancer and members not having bladder
cancer.In another embodiment of the invention, each
possible combination of the biomarkers in Table 4 are
evaluated. In another embodiment of the invention,
each possible combination of 2, 3, 4, 5, 6, 7, 8, 9,
10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 150, 200,
250, 300, 350, 400, 450, 500 etc biomarkers of Table 4
are evaluated. In another embodiment of the invention,
each possible combination of 2 and/or 3 and/or 4
and/or 5 and/or 6 and/or 7 and/or 8 and/or 9 and/or 10
of all of the biomarkers of Table 4 are evaluated. In
another embodiment of the invention, each possible
combination of 2 and/or 3 and/or 4 and/or 5 and/or 6
and/or 7 and/or 8 and/or 9 and/or 10 of a portion of
the biomarkers of Table 4 are evaluated. In another
embodiment of the invention, the portion of the
biomarkers of Table 4 which are evaluated are 20, 30,
40, 50, 60, 70, 80, 90, 100, 125, 150, 175, 200, 225,
250, 300, 350, 400, 450 or 500 of the biomarkers in
Table 4. In yet another embodiment of the invention,
the portion of the biomarkers of Table 4 which are
selected are ranked on the basis of individual p value
wherein the p value is indicative of each biomarkers
individual ability to differentiate between members
having superficial bladder cancer and members not
having bladder cancer, and then the top 60, 50, 40,
30, 20, or 10 individually ranked biomarkers are
selected and each possible combination of 2 and/or 3
and/or 4 and/or 5 and/or 6 and/or 7 and/or 8 and/or 9
and/or 10 of all of the selected biomarkers are
utilized to create classifiers, which classifiers are
evaluated for the ability to differentiate as between
members having superficial bladder cancer and members
not having bladder cancer. In yet another embodiment
of the invention, the portion of the biomarkers of
Table 4 which are selected are those whose p value is
less than 0.5; less than 0.1, less than 0.05, less
than 0.01, less than 0.005, less than 0.001, less than
0.0005, less than 0.0001, less than 0.00005, less than
0.00001, less than 0.000005, less than 0.000001 etc.
In some embodiments, subsets of biomarkers of Table 4
are chosen to form combinations for input into
classifiers on the basis of the level of differential
expression displayed by the biomarker products. Note
that in measuring differential fold change in blood,
the fold change differences can be quite small, thus
in some embodiments, selection of biomarkers is based
on a differential fold change where the fold change is
greater than 1.2, greater than 1.3, greater than 1.4,
greater than 1.5, greater than 1.6, greater than 1.7,
greater than 1.8, greater than 1.9, greater than 2.0,
greater than 2.\ , greater than 2.2, greater than 2.3,
greater than 2.4, greater than 2.5, greater than 2.6,
greater than 2.7, greater than 2.8, greater than 2.9,
greater than 3.0, greater than 3.1, greaterthan 3.2.
greater than 3.3, greater than 3.4 greater than 3.5,
greater than 4.0 and the like. In some embodiments, it
is helpful to select biomarkers for forming
combinations on the basis 



of both p value and fold change as would be understood
by a person skilled in the art. Thus in some
embodiments, biomarkers are first selected as outlined
above on the basis of the p value resulting from the
biomarker data and then a subselection of said
biomarkers is chosen on the basis of the differential
fold change determined from the biomarker data. In
other embodiments, biomarkers are first selected on
the basis of differential fold change, and then
subselection is made on the basis of p value. In some
embodiments, the use of one or more of the selection
criteria and subsequent ranking permits the selection
of the top 2.5%, 5%, 7.5%, 10%, 12.5%, 15%, 17.5%,
20%, 30%, 40%, 50% or more of the ranked biomarkers
are used such that each possible combination of 2
and/or 3 and/or 4 and/or 5 and/or 6 and/or 7 and/or 8
and/or 9 and/or 10 of all of the selected biomarkers
are utilized to create classifiers, which classifiers
are evaluated for the ability to differentiate as
between members having bladder cancer and members not
having bladder cancer. In another embodiment of the
invention, each possible combination of the biomarkers
in Table 4 and Table 5 combined are evaluated with the
proviso that at least one biomarker from Table 4 is
included in the combinations evaluated. In another
embodiment of the invention, each possible combination
of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 20, 30, 40, 50, 60,
etc biomarkers of Table 4 in combination with 1, 2, 3,
4, 5, 6, 7, 8, 9, 10, 20, 30, 40, 50, 60, etc
biomarkers of Table 5 are evaluated. In another
embodiment of the invention, an exhaustive search for
combinations of 2 and/or 3 and/or 4 and/or 5 and/or 6
and/or 7 and/or 8 and/or 9 and/or 10 of all of the
biomarkers of Table 4 and Table 5 combined are
evaluated. In another embodiment of the invention,
each possible combination of 2 and/or 3 and/or 4
and/or 5 and/or 6 and/or 7 and/or 8 and/or 9 and/or 10
of a portion of the biomarkers of Table 4 and Table 5
are evaluated. In another embodiment of the invention,
the portion of the biomarkers of Table 4 and Table 5
which are evaluated are 20, 30, 40, 50, 60, 70, 80,
90, 100, 125, 150, 175, 200, 225, or 250, 300, 350,
400, 450, 500 of the biomarkers in Table 4 combined
with 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 20, 30, 40, 50,
75, 100, 150, 200, 300, 500, 1000, 1250, 1500, 1750,
2000, 2250 etc of the biomarkers in Table 5 are
utilized. In yet another embodiment of the invention,
the portion of the biomarkers of Table 4 which are
selected are ranked on the basis of individual p value
wherein the p value is indicative of each biomarkers
individual ability to differentiatebetween members
having superficial bladder cancer and members not
having bladder cancer, and then the top 60, 50, 40,
30, 20, or 10 individually ranked biomarkers are
selected and each possible combination of 2 and/or 3
and/or 4 and/or 5 and/or 6 and/or 7 and/or 8 and/or 9
and/or 10 of all of the selected biomarkers are
utilized to create classifiers, which classifiers are
evaluated for the ability to differentiate as between
members having superficial bladder cancer and members
not having bladder cancer. . In yet another embodiment
of the invention, the portion of the biomarkers of
Table 4 and Table 5 which are selected are those whose
p value is less than 0.5; less than 0.1, less than
0.05, less than 0.01, less than 0.005, less than
0.001, less than 0.0005, less than 0.0001, less than
0.00005, less than 0.00001, less than 0.000005, less
than 0.000001 etc. In some embodiments, subsets of
biomarkers of Table 4 and/or Table 5 are chosen to
form combinations for input into classifiers on the
basis of the level of differential expression
displayed by the biomarker products. Note that in
measuring differential fold change in blood, the fold
change differences can be quite small, thus in some
embodiments, selection of biomarkers is based on a
differential fold change where the fold change is
greater than 1.2, greater than 1.3, greater than 1.4,
greater than 1.5, greater than 1.6, greater than 1.7,
greater than 1.8, greater than 1.9, greater than 2.0,
greater than 2.1, greater than 2.2, greater than 2.3,
greater than 2.4, greater than 2.5, greater than 2.6,
greater than 2.7, greater than 2.8, greater than 2.9,
greater than 3.0, greater than 3.1, greater than 3.2.
greater than 3.3, greater than 3.4 greater than 3.5,
greater than 4.0 and the like. In some embodiments, it
is helpful to select biomarkers for forming
combinations on the basis of both p value and fold
change as would be understood by a person skilled in
the art. Thus in some embodiments, biomarkers are
first selected as outlined above on the basis of the p
value resulting from the biomarker data and then a
subselection of said biomarkers is chosen on the basis
of the differential fold change determined from the
biomarker data. In other embodiments, biomarkers are
first selected on the basis of differential fold
change, and then subselection is made on the basis of
p value. In some embodiments, the use of one or more
of the selection criteria and subsequent ranking
permits the selection of the top 2.5%, 5%, 7.5%, 10%,
12.5%, 15%, 17.5%, 20%, 30%, 40%, 50% or more of the
ranked biomarkers are used such that each possible
combination of 2 and/or 3 and/or 4 and/or 5 and/or 6
and/or 7 and/or 8 and/or 9 and/or 10 of all of the
selected biomarkers are utilized to create
classifiers,which classifiers are evaluated for the
ability to differentiate as between members having
bladder cancer and members not having bladder cancer.
hi another embodiment of the invention, each possible
combination of the biomarkers in Table 7 is evaluated.
In another embodiment of the invention, each possible
combination of any of up to 2, 3, 4, 5, 10, 20, 30,
40, 50, 60, 70, 80, 90, 100, 125, 150, 175, 200 etc of
Table 7 are evaluated. In another embodiment of the
invention, biomarkers in Table 7 are ranked on the
basis of individual p value (as noted in Table 1)
wherein the p value is indicative of each biomarkers
individual ability to differentiate between members
having bladder cancer and members not having bladder
cancer, and then the top 60, 50, 40, 30, 20, or 10
individually ranked biomarkers are evaluated in all
possible combinations so as to select those
combinations which are most able to differentiate as
between members having bladder cancer and members not
having bladder cancer. In yet another embodiment,
combinations of 2 and/or 3 and/or 4 and/or 5 and/or 6
and/or 7 and/or 8 and/or 9 and/or 10 of all of the
biomarkers of Table 7 are utilized to create
classifiers which can differentiate as between bladder
cancer and non bladder cancer. In yet another
embodiment combinations of 2 and/or 3 and/or 4 and/or
5 and/or 6 and/or 7 and/or 8 and/or 9 and/or 10 of up
to 2, 3, 4, 5, 10, 20, 30, 40, 50, 60, 70, 80, 90,
100, 125, 150, 175, or 200 of Table 7 are used to
create classifiers which are then evaluated for their
ability to differentiate as between bladder cancer and
non bladder cancer. In yet another embodiment
combinations of 2 and/or 3 and/or 4 and/or 5 and/or 6
and/or 7 and/or 8 and/or 9 and/or 10 of the top 200,
175, 150, 125, 100, 90, 80, 70, 60, 50, 40, 30, 20 or
10 of Table 7 (on the basis of p value) are used to
create classifiers which are then evaluated for their
ability to differentiate as between bladder cancer and
non bladder cancer. In yet another embodiment of the
invention, the portion of the biomarkers of Table 7
which are selected are those whose p value is less
than 0.5; less than 0.1, less than 0.05, less than
0.01, less than 0.005, less than 0.001, less than
0.0005, less than 0.0001, less than 0.00005, less than
0.00001, less than 0.000005, less than 0.000001 etc.
In some embodiments, subsets of biomarkers of Table 7
are chosen to form combinations for input into
classifiers on the basis of the level of differential
expression displayed by the biomarker products. Note
that in measuring differential fold change in blood,
the fold change differences can be quite small, thus
in some embodiments, selection of biomarkers is based
on a differential fold change where the fold change is
greater than 1.2, greater than 1.3,greater than 1.4,
greater than 1.5, greater than 1.6, greater than 1.7,
greater than 1.8, greater than 1.9, greater than 2.0,
greater than 2.1, greater than 2.2, greater than 2.3,
greater than 2.4, greater than 2.5, greater than 2.6,
greater than 2.7, greater than 2.8, greater than 2.9,
greater than 3.0, greater than 3.1, greater than 3.2.
greater than 3.3, greater than 3.4 greater than 3.5,
greater than 4.0 and the like. In some embodiments, it
is helpful to select biomarkers for forming
combinations on the basis of both p value and fold
change as would be understood by a person skilled in
the art. Thus in some embodiments, biomarkers are
first selected as outlined above on the basis of the p
value resulting from the biomarker data and then a
subselection of said biomarkers is chosen on the basis
of the differential fold change determined from the
biomarker data. In other embodiments, biomarkers are
first selected on the basis of differential fold
change, and then subselection is made on the basis of
p value. In some embodiments, the use of one or more
of the selection criteria and subsequent ranking
permits the selection of the top 2.5%, 5%, 7.5%, 10%,
12.5%, 15%, 17.5%, 20%, 30%, 40%, 50% or more of the
ranked biomarkers are used such that each possible
combination of 2 and/or 3 and/or 4 and/or 5 and/or 6
and/or 7 and/or 8 and/or 9 and/or 10 of all of the
selected biomarkers are utilized to create
classifiers, which classifiers are evaluated for the
ability to differentiate as between members having
bladder cancer and members not having bladder cancer.
In yet another embodiment, all combinations of 2
and/or 3 and/or 4 and/or 5 and/or 6 and/or 7 and/or 8
and/or 9 and/or 10 of all of the biomarkers of Table
10 are utilized to create classifiers which can
differentiate as between bladder cancer and non
bladder cancer. In another embodiment of the
invention, each possible combination of 2, 3, 4, 5, 6,
7, 8, 9, 10, 20, 30, 40, 50, 60, etc biomarkers of
Table 11 are evaluated. In another embodiment of the
invention, each possible combination of 2 and/or 3
and/or 4 and/or 5 and/or 6 and/or 7 and/or 8 and/or 9
and/or 10 of all of the biomarkers of Table 11 are
evaluated. In another embodiment of the invention,
each possible combination of 2 and/or 3 and/or 4
and/or 5 and/or 6 and/or 7 and/or 8 and/or 9 and/or 10
of a portion of the biomarkers of Table 11 are
evaluated. In another embodiment of the invention, the
portion of the biomarkers of Table 11 which are
evaluated are 20, 30, 40, 50, 60, 70, 80, 90, 100,
125, 150,175, 200, 225, or 250 of the biomarkers in
Table 11. In yet another embodiment of the invention,
the portion of the biomarkers of Table 11 which are
selected are ranked on the basis of individual p value
wherein the p value is indicative of each biomarkers
individual ability to differentiate between members
having bladder cancer and members not having bladder
cancer, and then the top 60, 50, 40, 30, 20, or 10
individually ranked biomarkers are selected and each
possible combination of 2 and/or 3 and/or 4 and/or 5
and/or 6 and/or 7 and/or 8 and/or 9 and/or 10 of all
of the selected biomarkers are utilized to create
classifiers, which classifiers are evaluated for the
ability to differentiate as between members having
bladder cancer and members not having bladder cancer
hi yet another embodiment of the invention, the
portion of the biomarkers of Table 11 which are
selected are those whose p value is less than 0.5;
less than 0.1, less than 0.05, less than 0.01, less
than 0.005, less than 0.001, less than 0.0005, less
than 0.0001, less than 0.00005, less than 0.00001,
less than 0.000005, less than 0.000001 etc. In some
embodiments, subsets of biomarkers of Table 11 are
chosen to form combinations for input into classifiers
on the basis of the level of differential expression
displayed by the biomarker products. Note that in
measuring differential fold change in blood, the fold
change differences can be quite small, thus in some
embodiments, selection of biomarkers is based on a
differential fold change where the fold change is
greater than 1.2, greater than 1.3, greater than 1.4,
greater than 1.5, greater than 1.6, greater than 1.7,
greater than 1.8, greater than 1.9, greater than 2.0,
greater than 2.1, greater than 2.2, greater than 2.3,
greater than 2.4, greater than 2.5, greater than 2.6,
greater than 2.7, greater than 2.8, greater than 2.9,
greater than 3.0, greater than 3.1, greater than 3.2.
greater than 3.3, greater than 3.4 greater than 3.5,
greater than 4.0 and the like. Ih some embodiments, it
is helpful to select biomarkers for forming
combinations on the basis of both p value and fold
change as would be understood by a person skilled in
the art. Thus in some embodiments, biomarkers are
first selected as outlined above on the basis of the p
value resulting from the biomarker data and then a
subselection of said biomarkers is chosen on the basis
of the differential fold change determined from the
biomarker data. In other embodiments, biomarkers are
first selected on the basis of differential fold
change, and then subselection is made on the basis of
p value. In some embodiments, the use of one or more
of the selection criteria and subsequent ranking
permits the selection of the top 2.5%, 5%, 7.5%, 10%,
12.5%, 15%, 17.5%, 20%, 30%, 40%, 50% or more of the
ranked biomarkers areused such that each possible
combination of 2 and/or 3 and/or 4 and/or 5 and/or 6
and/or 7 and/or 8 and/or 9 and/or 10 of all of the
selected biomarkers are utilized to create
classifiers, which classifiers are evaluated for the
ability to differentiate as between members having
bladder cancer and members not having bladder cancer.
In another embodiment of the invention, each possible
combination of the biomarkers in Table 11 and Table 2
combined are evaluated with the proviso that at least
one biomarker from Table 11 is included in the
combinations evaluated. In another embodiment of the
invention, each possible combination of 1, 2, 3, 4, 5,
6, 7, 8, 9, 10, 20, 30, 40, 50, 60, etc biomarkers of
Table 11 in combination with 1, 2, 3, 4, 5, 6, 7, 8,
9, 10, 20, 30, 40, 50, 60, etc biomarkers of Table 2
are evaluated. In another embodiment of the invention,
an exhaustive search for combinations of 2 and/or 3
and/or 4 and/or 5 and/or 6 and/or 7 and/or 8 and/or 9
and/or 10 of all of the biomarkers of Table 1 and
Table 2 combined are evaluated. In another embodiment
of the invention, each possible combination of 2
and/or 3 and/or 4 and/or 5 and/or 6 and/or 7 and/or 8
and/or 9 and/or 10 of a portion of the biomarkers of
Table 11 and Table 2 are evaluated. In another
embodiment of the invention, the portion of the
biomarkers of Table 11 and Table 2 which are evaluated
are 20, 30, 40, 50, 60, 70, 80, 90, 100, 125, 150,
175, 200, 225, or 250 of the biomarkers in Table 11
combined with 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 20, 30,
40, 50, 75, 100, 150, 200, 300, etc of the biomarkers
in Table 2 are utilized. In yet another embodiment of
the invention, the portion of the biomarkers of Table
11 which are selected are ranked on the basis of
individual p value wherein the p value is indicative
of each biomarkers individual ability to differentiate
between members having bladder cancer and members not
having bladder cancer, and then the top 60, 50, 40,
30, 20, or 10 individually ranked biomarkers are
selected and each possible combination of 2 and/or 3
and/or 4 and/or 5 and/or 6 and/or 7 and/or 8 and/or 9
and/or 10 of all of the selected biomarkers are
utilized to create classifiers, which classifiers are
evaluated for the ability to differentiate as between
members having 



bladder cancer and members not having bladder cancer.
In yet another embodiment of the invention, the
portion of the biomarkers of Table 11 and Table 2
which are selected are those whose p value is less
than 0.5; less than 0.1, less than 0.05, less than
0.01, less than 0.005, less than 0.001, less than
0.0005, less than 0.0001, less than 0.00005, less than
0.00001, less than 0.000005, less than 0.000001 etc.
In some embodiments, subsets of biomarkers of Table 11
and/or Table 2 are chosen to form combinations for
input into classifiers on the basis ofthe level of
differential expression displayed by the biomarker
products. Note that in measuring differential fold
change in blood, the fold change differences can be
quite small, thus in some embodiments, selection of
biomarkers is based on a differential fold change
where the fold change is greater than 1.2, greater
than 1.3, greater than 1.4, greater than 1.5, greater
than 1.6, greater than 1.7, greater than 1.8, greater
than 1.9, greater than 2.0, greater than 2.1, greater
than 2.2, greater than 2.3, greater than 2.4, greater
than 2.5, greater than 2.6, greater than 2.7, greater
than 2.8, greater than 2.9, greater than 3.0, greater
than 3.1, greater than 3.2. greater than 3.3, greater
than 3.4 greater than 3.5, greater than 4.0 and the
like. In some embodiments, it is helpful to select
biomarkers for forming combinations on the basis of
both p value and fold change as would be understood by
a person skilled in the art. Thus in some embodiments,
biomarkers are first selected as outlined above on the
basis of the p value resulting from the biomarker data
and then a subselection of said biomarkers is chosen
on the basis of the differential fold change
determined from the biomarker data. In other
embodiments, biomarkers are first selected on the
basis of differential fold change, and then
subselection is made on the basis of p value. In some
embodiments, the use of one or more of the selection
criteria and subsequent ranking permits the selection
of the top 2.5%, 5%, 7.5%, 10%, 12.5%, 15%, 17.5%,
20%, 30%, 40%, 50% or more of the ranked biomarkers
are used such that each possible combination of 2
and/or 3 and/or 4 and/or 5 and/or 6 and/or 7 and/or 8
and/or 9 and/or 10 of all of the selected biomarkers
are utilized to create classifiers, which classifiers
are evaluated for the ability to differentiate as
between members having bladder cancer and members not
having bladder cancer. 5.10 Evaluation of Classifiers
Once one or more classifiers have been computed using
a mathematical model, the classifiers can be evaluated
to determine which of the classifiers are most
effective for the desired purpose. In one preferred
embodiment of the invention, each classifier is
evaluated or scored for its ability to properly
characterize each individual of the training
population as having bladder cancer or not having
bladder cancer. For example one can evaluate the
classifiers using cross validation Leave One out Cross
Validation, n-fold cross validation, jackknife
analysis using standard statistical methods and
disclosed. As used herein the process of evaluating
the classifiers is termed as "scoring. In some
embodiments, scoring is done using the training
population. In other embodiments, scoring is done
using a"scoring population" as described herein. In
yet other embodiments, scoring is done using both the
"training population" and the "scoring population" Li
one embodiment, the scoring population includes
members of the training population in addition to one
or more members not used in the training population.
In some embodiments, five percent or less, ten percent
or less, twenty percent or less, thirty percent or
less, fifty percent or less, or ninety percent or less
of the members of the training population are common
to the scoring population. In some embodiments, the
Percent Correct Predictions statistic is used to score
each classifier. The "Percent Correct Predictions"
statistic assumes that if the estimated p is greater
than or equal to 0.5, then the event is expected to
occur and to not occur otherwise. By assigning these
probabilities zeros and ones, a comparison can be made
to the values of the samples in the training
population to determine what percentage of the
training population was sampled correctly. In one
embodiment, the method used to evaluate the classifier
for its ability to properly characterize each
individual of the training population is a method
which evaluates the classifiers sensitivity (TPF, true
positive fraction) and 1-specificity (TNF, true
negative fraction). For example, in one embodiment the
Receiver Operating Characteristic ("ROC") is utilised.
The ROC provides several parameters to evaluate both
the sensitivity and specificity of the diagnostic
result of the equation generated. For example, in one
embodiment the ROC area (area under the curve) is used
to evaluate the equations. In a preferred embodiment,
an ROC area greater than 0.5, 0.6, 0.7, 0.8, 0.9 is
preferred. A perfect ROC area score of 1.0 on the
other hand indicates with both 100% sensitivity and
100% specificity. As would be understood by those of
skill in the relevant arts, area under the curve
converts the two dimensional information contained in
the ROC curve into one dimensional information. In
other embodiments, information from the two
dimensional aspect of the ROC curve is utilized
directly. For example, the ROC curve also provides
information with respect to the sensitivity and
specificity of the classifier. In some embodiments,
classifiers are selected on the basis of either
sensitivity or specificity. This can be an important
scoring indicator. For example, a diagnostic
classifier with high specificity (i.e. smaller number
of false negatives) may be important in situations
where it is safer to misdiagnosis an individual as
having disease rather than misdiagnosing a person as
normal.Therefore in some embodiments, a cutoff can be
set for either sensitivity or specificity and the
classifier ranked or scored on the basis of the
remaining variable. In some embodiments, ROC curves
are generated for each classifier using any known
method to generate data. In some embodiments data is
generated using microarray. In some embodiments data
is generated utilizing quantitative RT-PCR. In some
embodiments, a classifier is a weighted logistic
regression model characterized by a multicategory
logit model. For example, in some embodiments, a
classifier discriminates between two different trait
groups. In other embodiments, a classifier
discriminates between more than two different trait
groups. Logit models, including multicategory logit
models are described in Agresti, An Introduction to
CategoricalData Analysis, John Wiley & Sons, Inc.,
1996, New York, Chapters 7 and 8, which is hereby
incorporated by reference. Table 8 illustrates the
data that is used to form an ROC curve based on
expression data applied to a mathematical model that
uses the logit:ln[p/(l-p)] Presence / Absence of a
Trait 0.07 N 0.03 N Each row in Table 8 corresponds to
a different specimen in the scoring population. The
left column represents the results of the logit for
the classifier being sampled. The specimens in Table 8
are ranked by the logit score listed in the left hand
column. The right hand column details the presence or
absence of the trait that is being considered by the
regression equation. Table 8 can be used to compute a
ROC curve in which each row in Table 8 is considered a
threshold cut-off value in order to compute ROC curve
data points. Then, the area under the ROC curve can be
computed in order to assess the predictive quality of
the classifier. 5.1 1 Products of the Biomarkers of
the Invention As would be understood by a person
skilled in the art, the identification of one or more
of a combination of biomarkers which are
differentially expressed as between bladder cancer and
non bladder cancer allows the diagnosis of bladder
cancer for a test individual using data reflective of
the expression of the products of the biomarkers
(genes) of the combination identified. The products of
each of the biomarkers of the invention includes both
RNA and protein. RNA products of the biomarkers of the
invention are transcriptional products of the
biomarkers of the invention and include populations of
hnRNA, mRNA, and one or more spliced variants of mRNA.
To practice the invention, measurement of one or more
of the populations of the RNA products of the
biomarkers of the invention can be used for purposes
of diagnosis. More particularly, measurement of those
populations of RNA products of the biomarkers which
are differentially expressed as between bladder cancer
and/or early bladder cancer and non bladder cancer are
encompassed herein. In one embodiment of the
invention, the RNA products of the biomarkers of the
invention which are measured is the population of RNA
products including the hnRNA,the n RNA, and all of the
spliced variants of the mRNA. In another embodiment,
the RNA products of the biomarkers of the invention
which are measured are the population of mRNA. In
another embodiment of the invention the RNA products
of the biomarkers of the invention which are measured
is the population of mRNA which is expressed in blood.
In yet another embodiment of the invention, RNA
products of the biomarkers of the invention which are
measured are the population of one or more spliced
variants of the mRNA. In yet another embodiment of the
invention, RNA products of the biomarkers of the
invention which are measured is the population of one
or more spliced variants of the mRNA which are
expressed in blood. In another embodiment the RNA
products of the biomarkers of the invention are all
mRNA corresponding to the locus link (Gene ID)
identified in any one of Tables 1-2, 4-5, 7 and 10. In
another embodiment of the invention the RNA products
of the biomarkers of the invention which are measured
are the RNA products corresponding to the locus link
(gene ID) in any one of Tables 3 and 6. In another
embodiment of the invention the RNA products of the
biomarkers of the invention which are measured are
those RNA products corresponding to the locus link
(gene ID) which are expressed in blood. Protein
products of the biomarkers of the invention are also
included within the scope of the invention and include
the entire population of protein products arising from
a biomarker of the invention. As would be understood
by a person skilled in the art, the entire population
of proteins arising from a biomarker of the invention
include proteins, protein variants arising from
spliced mRNA variants, and post translationally
modified proteins. In one embodiment the protein
products of the biomarkers of the invention are all
proteins corresponding to the locus link (Gene ID)
identified in any one of Tables 1-2, 4-5, 7 and 10 -
11. In another embodiment of the invention the protein
products of the biomarkers of the invention which are
measured are the proteins corresponding to the locus
link (gene ID) in any one of Tables 3 and 6. In
another embodiment of the invention the protein
products of the biomarkers of the invention which are
measured are those proteins corresponding to the locus
link (gene ID) which are expressed in blood. To
practice the invention, measurement of one or more of
the populations of the protein products of the
biomarkers of the invention can be used for purposes
of diagnosis. More particularly, measurement of those
populations of protein products of the biomarkers
which are differentially expressed as
betweenindividuals with bladder cancer and/or early
stage bladder cancer and individuals without bladder
cancer are useful for purposes of diagnosis and are
encompassed herein. In one embodiment of the invention
the protein products of the biomarkers of the
invention which are measured are the entire population
of protein products translated from the RNA products
of the biomarkers of the invention. In another
embodiment, the protein products of the biomarkers of
the invention are those protein products which are
expressed in blood. In yet another embodiment of the
invention, the protein products of any one or more of
the biomarkers of the invention are any one or more of
the protein products translated from any one or more
of the mRNA spliced variants. In yet another
embodiment of the invention, the protein products of
the biomarkers of the invention are any one or more of
the protein products translated from any one or more
of the mRNA spliced variants expressed in blood. 5.12
Use of the Combinations Identified to Diagnose Bladder
Cancer and/or Early Stage Bladder Cancer As described
herein, the application of a mathematical model (e.g.
logistic regression etc.) using the data corresponding
to the level of expression of each biomarker of the
tested biomarker combination creates a classifier.
Classifiers use mathematical functions to convert data
representative of the level of expression of each of
the biomarkers of the tested biomarker combination
into a diagnostic determination as between whether an
individual has bladder cancer and/or early stage
bladder cancer or does not. Classifiers can be used
directly to diagnose an individual as having bladder
cancer and/or early bladder cancer or not having
bladder cancer, by providing data for a test
individual for input into a classifier or each
classifier in a classifier group resulting in a
diagnostic determination. For example, where the
classifier is developed using logistic regression the
classifier takes the form as follows: Y a +b X +b 2X 2
+ +b kX k +e where Xl, X2, . ..XIc of the equation
represent the measured values representative of the
level of the gene product in the tissue of interest
for the k select biomarkers of the combination used to
generate the classifier. Thus to diagnose a test
individual, measurement values foreach biomarker of
the equation are input and the value of Y determines
the diagnosis of said test individual. The
combinations identified can also be used independently
of the classifier. For example, if a classifier is
chosen (e.g. has an ROC area under the curve score of
0.9 > indicating high sensitivity and high
specificity) which uses three biomarkers then one can
measure the abundance of the products for each of the
three biomarkers in a test individual and compare the
measurement of the abundance of each of the three
biomarkers with one or more individuals from a control
population of individuals having bladder cancer and/or
early bladder cancer from a control population of
individuals not having bladder cancer so as to
determine whether the pattern of expression of the
test individual is more similar to the controls having
bladder cancer and/or early bladder cancer and not
having bladder cancer. In a preferred embodiment, one
would use the classifier generated so as to diagnose
an individual, e.g., by the measure of the level of
expression of the RNA and/or protein products 



of the biomarkers of the combination identified in a
test individual for input into the classifier. In one
embodiment, the same method is used to generate the
expression data used to generate the mathematical
model as is used to diagnose the test individual. 5.13
Use of the Combinations Identified to Monitor
Regression of Bladder Cancer The invention teaches the
ability to identify useful combinations of biomarkers
and classifiers for those combinations for the
purposes of diagnosing an individual as having early
stage bladder cancer or not having bladder cancer. It
would be understood by a person skilled in the art
that combinations and classifiers which are diagnostic
for early stage bladder cancer as compared with not
having bladder cancer are also useful in determining
whether an individual has regressed with regards to
the severity of their bladder cancer, for example, in
response to treatment. For example, an individual can
be diagnosed as having early stage bladder cancer
prior to treatment using one or more of the
combinations identified. Subsequent to treatment the
individual could again be tested to determine whether
said individual still has early stage bladder cancer.
In the event that the individual can no longer be
identified the stage prior to treatment, this may in
itself suggest treatment is effective. In addition,
the treatment may lead to regression of the stage of
bladder cancer such that the individual now is
diagnosed as not having bladder cancer.5.14
Polynucleotides Used to Measure the Products of the
Biomarkers of the Invention As a means of measuring
the expression of the RNA products of the biomarkers
of the invention, one can use one or more of the
following as would be understood by a person skilled
in the art in combination with one or more methods to
measure RNA expression in a sample of the invention:
oligonucleotides, cDNA, DNA, RNA, PCR products,
synthetic DNA, synthetic RNA, or other combinations of
naturally occurring of modified nucleotides which
specifically hybridize to one or more of the RNA
products of the biomarkers of the invention. In
another specific embodiment, the oligonucleotides,
cDNA, DNA, RNA, PCR products, synthetic DNA, synthetic
RNA, or other combinations of naturally occurring of
modified nucleotides oligonucleotides which
selectively hybridize to one or more of the RNA
products of the biomarker of the invention are used.
In a preferred embodiment, the oligonucleotides, cDNA,
DNA, RNA, PCR products, synthetic DNA, synthetic RNA,
or other combinations of naturally occurring of
modified nucleotides oligonucleotides which both
specifically and selectively hybridize to one or more
of the RNA products of the biomarker of the invention
are used. 5.15 Techniques to Measure the RNA Products
of the Biomarkers of the Invention Array Hybridization
In one embodiment of the invention, the polynucleotide
used to measure the RNA products of the invention can
be used as nucleic acid members stably associated with
a support to comprise an array according to one aspect
of the invention. The length of a nucleic acid member
can range from 8 to 1000 nucleotides in length and are
chosen so as to be specific for the RNA products of
the biomarkers of the invention. In one embodiment,
these members are specific and/or selective for RNA
products of the biomarkers of the invention. In yet
another embodiment these members are specific and/or
selective for the mRNA products of the biomarkers of
the invention. In a preferred embodiment, these
members are specific and/or selective for all of the
variants of the mRNA products of the biomarkers of the
invention. In yet another preferred embodiment, these
members are specific and/or selective for one or more
variants of the mRNA products of the biomarkers of the
invention. The nucleic acid members may be single or
double stranded, and/or may be oligonucleotides or PCR
fragments amplified from cDNA. Preferably
oligonucleotides are approximately 20-30 nucleotides
in length. ESTs are preferably 100 to 600 nucleotides
inlength. It will be understood to a person skilled in
the art that one can utilize portions of the expressed
regions of the biomarkers of the invention as a probe
on the array. More particularly oligonucleotides
complementary to the genes of the invention and or
cDNA or ESTs derived from the genes of the invention
are useful. In some embodiments of the invention the
polynucleotides capable of specifically and/or
selectively hybridizing to RNA products of the
biomarkers of the invention can be spotted onto an
array for use in the invention. For oligonucleotide
based arrays, the selection of oligonucleotides
corresponding to the gene of interest which are useful
as probes is well understood in the art. More
particularly it is important to choose regions which
will permit hybridization to the target nucleic acids.
Factors such as the Tm of the oligonucleotide, the
percent GC content, the degree of secondary structure
and the length of nucleic acid are important factors.
See for example US Patent No. 6,551,784. In one
embodiment, the array consists of sequences of between
10-1000 nucleotides in length capable of hybridizing
to one or more of the products of each of the
biomarkers of the invention as disclosed in Table 1,
Table 2, Table 4, Table 5 and Table 7 and/or Table 10
and/or Table 11 including those specific RNA and/or
protein products noted in Table 3 and Table 6 and/or
Table 12. The target nucleic acid samples that are
hybridized to and analyzed with an array of the
invention are preferably from human cartilage, blood
or synovial fluid. A limitation for this procedure
lies in the amount of RNA available for use as a
target nucleic acid sample. Preferably, at least 1
microgram of total RNA is obtained for use according
to this invention. Lesser quantities of RNA can be
used in combination with PCR and primers directed to
the mRNA subspecies (e.g. poly T oligonucleotides).
Target Preparation The targets for the arrays
according to the invention are preferably derived from
human blood and/or human bladder tissue. A target
nucleic acid is capable of binding to a nucleic acid
probe or nucleic acid member of complementary sequence
through one or more types of chemical bonds, usually
through complementary base pairing, usually through
hydrogen bond formation.As used herein, a "nucleic
acid derived from an mRNA transcript: or a "nucleic
acid corresponding to an mRNA" refers to a nucleic
acid for which synthesis of the mRNA transcript or a
sub-sequence thereof has ultimately served as a
template. Thus, a cDNA reverse transcribed from an
mRNA, an RNA transcribed from that cDNA, a DNA
amplified from the cDNA, an RNA transcribed from the
amplified DNA, etc., are all derived from or
correspond to the mRNA transcript and detection of
such derived or corresponding products is indicative
of or proportional to the presence and/or abundance of
the original transcript in a sample. Thus, suitable
target nucleic acid samples include, but are not
limited to, mRNA transcripts of a gene or genes, cDNA
reverse transcribed from the mRNA, cRNA transcribed
from the cDNA, DNA amplified from a gene or genes, RNA
transcribed from amplified DNA, and the like. The
nucleic acid targets used herein are preferably
derived from human cartilage, blood or synovial fluid.
Preferably, the targets are nucleic acids derived from
human cartilage, blood or synovial fluid extracts.
Nucleic acids can be single- or double-stranded DNA,
RNA, or DNA-RNA hybrids synthesised from human
cartilage, blood or synovial fluid mRNA extracts using
methods known in the art, for example, reverse
transcription or PCR. In the simplest embodiment, such
a nucleic acid target comprises total mRNA or a
nucleic acid sample corresponding to mRNA (e.g., cDNA)
isolated from tissue or blood samples. In another
embodiment, total mRNA is isolated from a given sample
using, for example, an acid
guanidinium-phenol-chloroform extraction method and
polyA mRNA is isolated by oligo dT column
chromatography or by using (dT)n magnetic beads (see,
e.g., Sambrook et al., Molecular Cloning: A Laboratory
Manual (2nd ed.), VoIs. 1-3, Cold Spring Harbor
Laboratory, (1989), or Current Protocols in Molecular
Biology, F. Ausubel et al., ed. Greene Publishing and
Wiley-Interscience, New York (1987). hi a preferred
embodiment, total RNA is extracted using TRIzol(r)
reagent (GIBCO/BRL, Invitrogen Life Technologies, Cat.
No. 15596). Purity and integrity of RNA is assessed by
absorbance at 260/280nm and agarose gel
electrophoresis followed by inspection under
ultraviolet light. hi some embodiments, it is
desirable to amplify the target nucleic acid sample
prior to hybridization, for example, when limited
quantities of tissue are used. One of skill in the art
will appreciate that whatever amplification method is
used, if a quantitative result isdesired, care must be
taken to use a method that maintains or controls for
the relative frequencies of the amplified nucleic
acids. Methods of "quantitative" amplification are
well known to those of skill in the art. For example,
quantitative PCR involves simultaneously coamplifying
a known quantity of a control sequence using the same
primers. This provides an internal standard that may
be used to calibrate the PCR reaction. The high
density array may then include probes specific to the
internal standard for quantification of the amplified
nucleic acid. Detailed protocols for quantitative PCR
are provided in PCR Protocols, A Guide to Methods and
Applications, Innis et al., Academic Press, Inc. N.Y.,
(1990). Other suitable amplification methods include,
but are not limited to polymerase chain reaction (PCR)
(Innis, et al., PCR Protocols. A Guide to Methods and
Application. Academic Press, Inc. San Diego, (1990)),
ligase chain reaction (LCR) (see Wu and Wallace, 1989,
Genomics, 4:560; Landegren, et al., 1988, Science,
241:1077 and Barringer, et al., 1990, Gene, 89:117,
transcription amplification (Kwoh, et al., 1989, Proc.
Natl. Acad. ScL USA, 86: 1173), and self-sustained
sequence replication (Guatelli, et al., 1990, Proc.
Nat. Acad. ScL USA, 87: 1874). In a particularly
preferred embodiment, the target nucleic acid sample
mRNA is reverse transcribed with a reverse
transcriptase and a primer consisting of oligo dT and
a sequence encoding the phage T7 promoter to provide
single-stranded DNA template. The second DNA strand is
polymerized using a DNA polymerase. After synthesis of
doublestranded cDNA, T7 RNA polymerase is added and
RNA is transcribed from the cDNA template. Successive
rounds of transcription from each single cDNA template
results in amplified RNA. Methods of in vitro
transcription are well known to those of skill in the
art (see, e.g., Sambrook, supra.) and this particular
method is described in detail by Van Gelder, et al.,
1990, Proc. Natl. Acad. ScL USA, 87: 1663-1667 who
demonstrate that in vitro amplification according to
this method preserves the relative frequencies of the
various RNA transcripts. Moreover, Eberwine et al.
Proc. Natl. Acad. ScL USA, 89: 3010-3014 provide a
protocol that uses two rounds of amplification via in
vitro transcription to achieve greater than 106 fold
amplification of the original starting material
thereby permitting expression monitoring even where
biological samples are limited. Labelling of Target or
Nucleic Acid ProbeEither the target or the probe can
be labelled. Any analytically detectable marker that
is attached to or incorporated into a molecule may be
used in the invention. An analytically detectable
marker refers to any molecule, moiety or atom which is
analytically detected and quantified. Detectable
labels suitable for use in the present invention
include any composition detectable by spectroscopic,
photochemical, biochemical, immunochemical,
electrical, optical or chemical means. Useful labels
in the present invention include biotin for staining
with labelled streptavidin conjugate, magnetic beads
(e.g., Dynabeads(tm)), fluorescent dyes (e.g.,
fluorescein, texas red, rhodamine, green fluorescent
protein, and the like), radiolabels (e.g., 3H, 125I,
35S, 14C, or 32P), enzymes (e.g., horse radish
peroxidase, alkaline phosphatase and others commonly
used in an ELISA), and colorimetric labels such as
colloidal gold or colored glass or plastic (e.g.,
polystyrene, polypropylene, latex, etc.) beads.
Patents teaching the use of such labels include U.S.
Pat. Nos. 3,817,837; 3,850,752; 3,939,350; 3,996,345;
4,277,437; 4,275,149; and 4,366,241, the entireties of
which are incorporated by reference herein. Means of
detecting such labels are well known to those of skill
in the art. Thus, for example, radiolabels may be
detected using photographic film or scintillation
counters, fluorescent markers may be detected using a
photodetector to detect emitted light. Enzymatic
labels are typically detected by providing the enzyme
with a substrate and detecting the reaction product
produced by the action of the enzyme on the substrate,
and colorimetric labels are detected by simply
visualizing the colored label. The labels may be
incorporated by any of a number of means well known to
those of skill in the art. However, in a preferred
embodiment, the label is simultaneously incorporated
during the amplification step in the preparation of
the sample nucleic acids. Thus, for example,
polymerase chain reaction (PCR) with labelled primers
or labelled nucleotides will provide a labelled
amplification product. In a preferred embodiment,
transcription amplification, as described above, using
a labelled nucleotide (e.g. fluoresceinlabelled UTP
and/or CTP) incorporates a label into the transcribed
nucleic acids.Alternatively, a label may be added
directly to the original nucleic acid sample (e.g.,
mRNA, polyA mRNA, cDNA, etc.) or to the amplification
product after the amplification is completed. Means of
attaching labels to nucleic acids are well known to
those of skill in the art and include, for example,
nick translation or end-labelling (e.g. with a
labelled RNA) by kinasing of the nucleic acid and
subsequent attachment (ligation) of a nucleic acid
linker joining the sample nucleic acid to a label
(e.g., a fluorophore). In a preferred embodiment, the
fluorescent modifications are by cyanine dyes e.g.
Cy-3/Cy-5 dUTP, Cy-3/Cy-5 dCTP (Amersham Pharmacia) or
alexa dyes (Khan, et al., 1998, Cancer Res.
58:5009-5013). In a preferred embodiment, the two
target samples used for comparison are labelled with
different fluorescent dyes which produce
distinguishable detection signals, for example,
targets made from normal cartilage are labelled with
Cy5 and targets made from mild osteoarthritis
cartilage are labelled with Cy3. The differently
labelled target samples are 



hybridized to the same microarray simultaneously. In a
preferred embodiment, the labelled targets are
purified using methods known in the art, e.g., by
ethanol purification or column purification. In a
preferred embodiment, the target will include one or
more control molecules which hybridize to control
probes on the microarray to normalize signals
generated from the microarray. Preferably, labelled
normalization targets are nucleic acid sequences that
are perfectly complementary to control
oligonucleotides that are spotted onto the microarray
as described above. The signals obtained from the
normalization controls after hybridization provide a
control for variations in hybridization conditions,
label intensity, "reading" efficiency and other
factors that may cause the signal of a perfect
hybridization to vary between arrays. In a preferred
embodiment, signals (e.g., fluorescence intensity)
read from all other probes in the array are divided by
the signal (e.g., fluorescence intensity) from the
control probes, thereby normalizing the measurements.
Preferred normalization targets are selected to
reflect the average length of the other targets
present in the sample, however, they are selected to
cover a range of lengths. The normalization control(s)
also can be selected to reflect the (average) base
composition of the other probes in the array, however,
in a preferred embodiment, only one or a
fewnormalization probes are used and they are selected
such that they hybridize well (i.e., have no secondary
structure and do not self hybridize) and do not match
any target molecules. Normalization probes are
localised at any position in the array or at multiple
positions throughout the array to control for spatial
variation in hybridization efficiency. In a preferred
embodiment, normalization controls are located at the
corners or edges of the array as well as in the
middle. Hybridization Conditions Nucleic acid
hybridization involves providing a denatured probe or
target nucleic acid member and target nucleic acid
under conditions where the probe or target nucleic
acid member and its complementary target can form
stable hybrid duplexes through complementary base
pairing. The nucleic acids that do not form hybrid
duplexes are then washed away leaving the hybridized
nucleic acids to be detected, typically through
detection of an attached detectable label. It is
generally recognized that nucleic acids are denatured
by increasing the temperature or decreasing the salt
concentration of the buffer containing the nucleic
acids. Under low stringency conditions (e.g., low
temperature and/or high salt) hybrid duplexes (e.g.,
DNA:DNA, RNA:RNA, or RNA:DNA) will form even where the
annealed sequences are not perfectly complementary.
Thus specificity of hybridization is reduced at lower
stringency. Conversely, at higher stringency (e.g.,
higher temperature or lower salt) successful
hybridization requires fewer mismatches. The invention
provides for hybridization conditions comprising the
Dig hybridization mix (Boehringer); or formamide-based
hybridization solutions, for example as described in
Ausubel et al., supra and Sambrook et al. supra.
Methods of optimizing hybridization conditions are
well known to those of skill in the art (see, e.g.,
Laboratory Techniques in Biochemistry and Molecular
Biology, Vol. 24: Hybridization With Nucleic acid
Probes, P. Tijssen, ed. Elsevier, N.Y., (1993)).
Following hybridization, non-hybridized labelled or
unlabeled nucleic acid is removed from the support
surface, conveniently by washing, thereby generating a
pattern of hybridized target nucleic acid on the
substrate surface. A variety of wash solutions are
known to those of skill in the art and may be used.
The resultant hybridization patterns oflabelled,
hybridized oligonucleotides and/or nucleic acids may
be visualized or detected in a variety of ways, with
the particular manner of detection being chosen based
on the particular label of the test nucleic acid,
where representative detection means include
scintillation counting, autoradiography, fluorescence
measurement, calorimetric measurement, light emission
measurement and the like. Image Acquisition and Data
Analysis Following hybridization and any washing
step(s) and/or subsequent treatments, as described
above, the resultant hybridization pattern is detected
hi detecting or visualizing the hybridization pattern,
the intensity or signal value of the label will be not
only be detected but quantified, by which is meant
that the signal from each spot of the hybridization
will be measured and compared to a unit value
corresponding to the signal emitted by a known number
of end labelled target nucleic acids to obtain a count
or absolute value of the copy number of each
end-labelled target that is hybridized to a particular
spot on the array in the hybridization pattern.
Methods for analyzing the data collected from
hybridization to arrays are well known in the art. For
example, where detection of hybridization involves a
fluorescent label, data analysis can include the steps
of determining fluorescent intensity as a function of
substrate position from the data collected, removing
outliers, i.e., data deviating from a predetermined
statistical distribution, and calculating the relative
binding affinity of the test nucleic acids from the
remaining data. The resulting data is displayed as an
image with the intensity in each region varying
according to the binding affinity between associated
oligonucleotides and/or nucleic acids and the test
nucleic acids. The following detection protocol is
used for the simultaneous analysis of two cartilage
samples to be compared, where each sample is labelled
with a different fluorescent dye. Each element of the
microarray is scanned for the first fluorescent color.
The intensity of the fluorescence at each array
element is proportional to the expression level of
that gene in the sample.The scanning operation is
repeated for the second fluorescent label. The ratio
of the two fluorescent intensities provides a highly
accurate and quantitative measurement of the relative
gene expression level in the two tissue samples. In a
preferred embodiment, fluorescence intensities of
immobilized target nucleic acid sequences were
determined from images taken with a custom confocal
microscope equipped with laser excitation sources and
interference filters appropriate for the Cy3 and Cy5
fluors. Separate scans were taken for each fluor at a
resolution of 225 mm2 per pixel and 65,536 gray
levels. Image segmentation to identify areas of
hybridization, normalization of the intensities
between the two fluor images, and calculation of the
normalized mean fluorescent values at each target are
as described (Khan, et al., 1998, Cancer Res.
58:5009-5013. Chen, et al., 1997, Biomed. Optics
2:364-374). Normalization between the images is used
to adjust for the different efficiencies in labelling
and detection with the two different fluors. This is
achieved by equilibrating to a value of one the signal
intensity ratio of a set of internal control genes
spotted on the array. In another preferred embodiment,
the array is scanned in the Cy 3 and Cy5 channels and
stored as separate 16-bit TIFF images. The images are
incorporated and analysed using software which
includes a gridding process to capture the
hybridization intensity data from each spot on the
array. The fluorescence intensity and
backgroundsubtracted hybridization intensity of each
spot is collected and a ratio of measured mean
intensities of Cy5 to Cy3 is calculated. A linear
regression approach is used for normalization and
assumes that a scatter plot of the measured Cy5 versus
Cy3 intensities should have a slope of one. The
average of the ratios is calculated and used to
rescale the data and adjust the slope to one. A ratio
of expression not equal to 1 is used as an indication
of differential gene expression. In a particularly
preferred embodiment, where it is desired to quantify
the transcription level (and thereby expression) of
one or more nucleic acid sequences in a sample, the
target nucleic acid sample is one in which the
concentration of the niKNA transcript(s) of the gene
or genes, or the concentration of the nucleic acids
derived from the mRNA transcript(s), is proportional
to the transcription level (and therefore expression
level) of that gene. Similarly, it is preferred that
the hybridization signal intensity be proportionalto
the amount of hybridized nucleic acid. While it is
preferred that the proportionality be relatively
strict (e.g., a doubling in transcription rate results
in a doubling in mRNA transcript in the sample nucleic
acid pool and a doubling in hybridization signal), one
of skill will appreciate that the proportionality can
be more relaxed and even non-linear and still provide
meaningful results. Thus, for example, an assay where
a 5 fold difference in concentration of the target
mRNA results in a 3- to 6-fold difference in
hybridization intensity is sufficient for most
purposes. Where more precise quantification is
required, appropriate controls are run to correct for
variations introduced in sample preparation and
hybridization as described herein. In addition, serial
dilutions of "standard" target rnRNAs are used to
prepare calibration curves according to methods well
known to those of skill in the art. Of course, where
simple detection of the presence or absence of a
transcript is desired, no elaborate control or
calibration is required. For example, if an nucleic
acid member on an array is not labelled after
hybridization, this indicates that the gene comprising
that nucleic acid member is not expressed in either
sample. If a nucleic acid member is labelled with a
single color, it indicates that a labelled gene was
expressed only in one sample. The labelling of a
nucleic acid member comprising an array with both
colors indicates that the gene was expressed in both
samples. Even genes expressed once per cell are
detected ( 1 part in 100,000 sensitivity). A
difference in expression intensity in the two samples
being compared is indicative of differential
expression, the ratio of the intensity in the two
samples being not equal to 1.0, preferably less than
0.7 or greater than 1.2, more preferably less than 0.5
or greater than 1.5. RT-PCR In aspect of the
invention, the level of the expression of the RNA
products of the biomarkers of the invention can be
measured by amplifying the RNA products of the
biomarkers from a sample using reverse transcription
(RT) in combination with the polymerase chain reaction
(PCR). In accordance with one embodiment of the
invention, the RT can be quantitative as would be
understood to a person skilled in the art. Total RNA,
or mRNA from a sample is used as a template and a
primer specific to the transcribed portion of a
biomarker of the invention is used to initiate reverse
transcription. Methods of reverse transcribing RNA
into cDNA are well known anddescribed in Sambrook et
al., 1989, supra. Primer design can be accomplished
utilizing commercially available software {e.g.,
Primer Designer 1.0, Scientific Sofware etc .). using
methods that are standard and well known in the art.
One embodiment of a protocol used to design and select
primers encompassed by the invention describes the
principle and steps involved in the design of primers
for use in real-time PCR with SYBR-Green assay.
Preferably, this protocol uses The National Center for
Biotechnology Information (NCBI) search engine and
application of PrimerQuest primer design software. The
PrimerQuest is web-base software developed for
Integrated DNA Technologies, Inc. (IDT). This software
is based on Primer3 developed by the Whitehead
Institute for Biomedical Research. hi one embodiment
guidelines used for designing primers encompassed by
the invention are that the product or amplicon length
be 100-150 bases, that the optimum Tm preferably be
6O0C, with acceptable ranges from 58-620C, and that
the most preferable GC content be 50%, with preferable
ranges from 45-55% also being acceptable. It is
helpful that complementary strings of the three bases
at the 3' -end of each primer to itself or the other
primer be avoided in order to reduce "primer-dimer"
formation. Also it is helpful that complementary
sequences within a primer sequence and between the
primers of a pair be avoided. Preferably, runs of 3 or
more G's or C s at the 3'-end are avoided, as well as
single base repeats greater than 3 bases. Unbalanced
distribution of G/C- and A/T rich domains preferably
are avoided, and in one particular embodiment the
primer has a G or C is the 3'- end. It is helpful that
the 3'-end of the primers not be a T since primers
with a T at the 3'-end have a greater tolerance to
mismatch. It is also helpful to avoid mismatches,
especially at the 3'-end; and it is useful to position
at least 7 unique bases at the 3'-end. Once can also
select useful primers using a scoring scheme so as to
help avoid self complementarity of the primers chosen.
Thus for example, a score of + 1 for a given match, -
1 for a mismatch, -2 for a single pb gap and then
primer selected with as low a score as possible, but
in one embodiment primers having a score less than 5.
Preferably, genomic amplification is avoided, and as
such, it is preferable that any one primers should
span an intron. Preferably, primers should be designed
so that one half or at least 7 nucleotides of the
primer hybridizes to the 3' end of one exon and the
remaining to the 5' end of the adjacent exon. hi
addition in a furtherselected embodiment, primers are
designed across exon-exon junction so as to
differentiate or prevent amplification of genomic
sequences. In another selected embodiment, primers are
designed so as to avoid known SNPs. Primer Software
programs can be used to aid in the design and
selection of primers encompassed by the instant
invention, such as " The Primer Quest software" which
is available through the following web site link:
biotools.idtdna.com/primerquest/. The following
website links are useful when searching and updating
sequence information from the Human Genome Database
for use in biomarker primer design: 1) the NCBI
LocusLink Homepage: www.ncbi.nlm.nih.gov/LocusLink/,
and 2) Ensemble Human Genome Browser:
www.ensembl.org/Homo_sapiens, preferably using
pertinent biomarker information such as Gene or
Sequence Description, Accession or Sequence ID, Gene
Symbol, RefSeq #, and/or UniGene #. Once the correct
target DNA Sequence has been obtained from which the 



primers will be generated, it is preferable to note
the Exon-Intron Boundaries from links of the LocusLink
or from the Ensembl Gene Browser for the Gene
Interest. One preferable means to optimize primer
design is to use the three options of BASIC, STANDARD
and ADVANCE, in the PrimerQuest software. A preferable
use of the BASIC Function of PrimerQuest software is
first, under Sequence Information, to enter the name
of the primer into the [Name] box and Cut and paste
the target sequence into [Sequence] box, selecting to
design a PCR Primer using the parameter settings of
Real-Time PCR. Under the standard sequence design, it
is preferable to select 50 as the Number of Primer Set
to Return and human as the Mispriming Library to use.
In one embodiment, it is helpful to enter the
following selections under the Advanced Function of
Standard Primer Design: Optimum Primer Size:20 (nt),
Optimum Primer Tm:60 (0C), Optimum Primer GC%:50 (%),
Product Size Range: 100-150. Further, under the
standard function, the following options preferably
can be fme-tuned; the primer selection;Targets,
Excluded Regions, Included Regions and Start Codon
Position. In another embodiment.Once the required
parameters are entered or selected, the Primer Quest
search for the possible primer selections is initiated
producing a detail description on potential forward
and reverse primers, including the actual sequence,
its start position, length, Tm, GC%, product size
penalties values, and a means to predict secondary
structure - mFold. The following two criteria are most
useful: preferably delta G should be greater than -3.0
kcal.mol-1, and preferably the TM should be less than
5O0C and not greater than 550C. The dot plot is a
little more difficult to interpret, but in general it
is preferable not to select a primer that produces a
long diagonal line of black dots in the dot plot since
it is most likely to form a hairpin. Preferably, the
primer should be unique to the target sequence and not
match to a pseudogene, which can be verified by using
[BLAST] to examine the specificity of the primer.
Preferably, the OligoAnalyzer 3.0 provided by IDT
BioTools can be used to examine the possibility of
Self-Dimer and Hetero-Dimer formation. Preferably, the
information and guidelines provided by IDT BioTools or
Primer 3 can be used for the selection of the best
possible primer pair(s) for the investigation of the
Biomarkers of the instant invention. It is preferable
that only those primers that produced a single
amplicon with the size matched to the expected
product, as determined by the melting curve analysis
and agarose gel electrophoresis separation be used in
the biomarker investigation. The following related
references are hereby incorporated by reference;
Dieffenbach, C.W., Lowe, T.M.J., Dveksler, G.S. (1995)
General Concepts for PCR Primer Design. In: PCR
Primer, A Laboratory Manual (Eds. Dieffenbach, CW, and
Dveksler, G.S.) Cold Spring Harbor Laboratory Press,
New York, 133-155, Innis, M.A., and Gelfand, D.H.
(1990) Optimization of PCRs. In: PCR protocols, A
Guide to Methods and Applications (Eds. Innis, M.A.,
Gelfand, D.H., Sninsky, JJ., and White, TJ.) Academic
Press, San Diego, 3-12, Sharrocks, A.D. (1994) The
design of primers for PCR. hi: PCR Technology, Current
Innovations (Eds. Griffin, H.G., and Griffin, A.M,
Ed.) CRC Press, London, 5-11. The product of the
reverse transcription is subsequently used as a
template for PCR. PCR provides a method for rapidly
amplifying a particular nucleic acid sequence by using
multiple cycles of DNA replication catalyzed by a
thermostable, DNAdependent DNA polymerase to amplify
the target sequence of interest. PCR requires the
presence of a nucleic acid to be amplified, two
single-stranded oligonucleotide primers flanking the
sequence to be amplified, a DNA polymerase,
deoxyribonucleoside triphosphates, a buffer and salts.
The method of PCR is well known in the art. PCR, is
performed as described in Mullis and Faloona, 1987,
Methods Enzymol., 155: 335, which is incorporated
herein by reference. PCR is performed using template
DNA (at least 1 fg; more usefully, 1-1000 ng) and at
least 25 pmol of oligonucleotide primers. A typical
reaction mixture includes: 2 ml of DNA, 25 pmol of
oligonucleotide primer, 2.5 ml of 1OH PCR buffer 1
(Perkin-Elmer, Foster City, CA), 0.4 ml of 1.25 mM
dNTP, 0.15 ml (or 2.5 units) of Taq DNA polymerase
(Perkin Elmer, Foster City, CA) and deionized water to
a total volume of 25 ml. Mineral oil is overlaid and
the PCR is performed using a programmable thermal
cycler. The length and temperature of each step of a
PCR cycle, as well as the number of cycles, are
adjusted according to the stringency requirements in
effect. Annealing temperature and timing are
determined both by the efficiency with which a primer
is expected to anneal to a template and the degree of
mismatch that is to be tolerated. The ability to
optimize the stringency of primer annealing conditions
is well within the knowledge of one of moderate skill
in the art. An annealing temperature of between 30C
and 72C is used. Initial denaturation of the template
molecules normally occurs at between 92C and 99C for 4
minutes, followed by 20-40 cycles consisting of
denaturation (94-990C for 15 seconds to 1 minute),
annealing (temperature determined as discussed above;
1-2 minutes), and extension (72C for 1 minute). The
final extension step is generally carried out for 4
minutes at 720C, and may be followed by an indefinite
(0-24 hour) step at 4C. QRT-PCR, which is quantitative
in nature, can also be performed to provide a
quantitative measure of gene expression levels. In
QRT-PCR reverse transcription and PCR can be performed
in two steps, or reverse transcription combined with
PCR can be performed concurrently. One of these
techniques, for which there are commercially available
kits such as Taqman (Perkin Elmer, Foster City, CA),
is performed with a transcript-specific antisense
probe. This probe is specific for the PCR product
(e.g. a nucleic acid fragment derived from a gene) and
is prepared with a quencher and fluorescent reporter
probe complexed to the 5'end of the oligonucleotide.
Different fluorescent markers are attached to
different reporters, allowing for measurement of two
products in one reaction. When Taq DNA polymerase is
activated, it cleaves off the fluorescent reporters of
the probe bound to the template by virtue of its
5'-to-3' exonuclease activity. In the absence of the
quenchers, the reporters now fluoresce. The color
change in the reporters is proportional to the amount
of each specific product and is measured by a
fluorometer; therefore, the amount of each color is
measured and the PCR product is quantified. The PCR
reactions are performed in 96 well plates so that
samples derived from many individuals are processed
and measured simultaneously. The Taqman system has the
additional advantage of not requiring gel
electrophoresis and allows for quantification when
used with a standard curve. A second technique useful
for detecting PCR products quantitatively without is
to use an intercolating dye such as the commercially
available QuantiTect SYBR Green PCR (Qiagen, Valencia
California). RT-PCR is performed using SYBR green as a
fluorescent label which is incorporated into the PCR
product during the PCR stage and produces a
flourescense proportional to the amount of PCR
product. Both Taqman and QuantiTect SYBR systems can
be used subsequent to reverse transcription of RNA.
Reverse transcription can either be performed in the
same reaction mixture as the PCR step (one-step
protocol) or reverse transcription can be performed
first prior to amplification utilizing PCR (two-step
protocol). Additionally, other systems to
quantitatively measure mRNA expression products are
known including Molecular Beacons(r) which uses a
probe having a fluorescent molecule and a quencher
molecule, the probe capable of forming a hairpin
structure such that when in the hairpin form, the
fluorescence molecule is quenched, and when hybridized
the flourescense increases giving a quantitative
measurement of gene expression. QRT-PCR using
TaqMan(tm), SybrGreen, Molecular Beacons(r) and the
like to can be used to determine a quantification
value reflective of the level of RNA which is
amplified. Flourescence is measured at a set threshold
level of fluorescence (at least above background
fluorescence) and the cycle at which the threshold
level is reached is determined (Ct value) Thus the Ct
value is the concentration-dependent PCR cycle number
at which the fluorescence of the amplified product
(amplicon) is at the preset threshold level.
Thethreshold value can be the level in which
fluorescence becomes distinguishable over background
or more preferably at a level reflective of
exponential amplification. For the purposes of
identifying values for input into the mathematical
model, preferably DCt is used. DCt is the change in Ct
value as determined between the product of the gene
being measured (i.e. amplified) and a control gene
(sometimes called a housekeeping gene). As would be
understood by a person skilled in the art, the control
gene is supposed to be a gene for which the level of
expression does not change. Typical control genes are
B-Actin, or GAPDH. Additional techniques to
quantitatively measure RNA expression include, but are
not limited to, polymerase chain reaction, ligase
chain reaction, Qbeta replicase (see, e.g.,
International Application No. PCT/US87/00880),
isothermal amplification method (see, e.g., Walker et
al. (1992) PNAS 89:382-396), strand displacement
amplification (SDA), repair chain reaction, Asymmetric
Quantitative PCR (see, e.g., U.S. Publication No.
US200330134307A1) and the multiplex microsphere bead
assay described in Fuja et al., 2004, Journal of
Biotechnology 108:193-205. The level of gene
expression can be measured by amplifying RNA from a
sample using transcription based amplification systems
(TAS), including nucleic acid sequence amplification
(NASBA) and 3SR. See, e.g., Kwoh et al (1989) PNAS USA
86:1 173; International Publication No. WO 88/10315;
and U.S. Patent No. 6,329,179. In NASBA, the nucleic
acids may be prepared for amplification using
conventional phenol/chloroform extraction, heat
denaturation, treatment with lysis buffer and minispin
columns for isolation of DNA and RNA or guanidinium
chloride extraction of RNA. These amplification
techniques involve annealing a primer that has target
specific sequences. Following polymerization, DNA/RNA
hybrids are digested with RNase H while double
stranded DNA molecules are heat denatured again. In
either case the single stranded DNA is made fully
double stranded by addition of second target specific
primer, followed by polymerization. The
double-stranded DNA molecules are then multiply
transcribed by a polymerase such as T7 or SP6. In an
isothermal cyclic reaction, the RNA's are reverse
transcribed into double stranded DNA, and transcribed
once with a polymerase such as T7 or SP6. The
resulting products, whether truncated or complete,
indicate target specific sequences.Several techniques
may be used to separate amplification products. For
example, amplification products may be separated by
agarose, agarose-acrylamide or polyacrylamide gel
electrophoresis using conventional methods. See
Sambrook et al., 1989. Several techniques for
detecting PCR products quantitatively without
electrophoresis may also be used according to the
invention (see for example PCR Protocols, A Guide to
Methods andApplications, Innis et al., Academic Press,
Inc. N.Y., (1990)). For example, chromatographic
techniques may be employed to effect separation. There
are many kinds of chromatography which may be used in
the present invention: adsorption, partition,
ionexchange and molecular sieve, HPLC, and many
specialized techniques for using them including
column, paper, thin-layer and gas chromatography
(Freifelder, Physical Biochemistry Applications to
Biochemistry and Molecular Biology, 2nd ed., Wm.
Freeman and Co., New York, N.Y., 1982). Another
example of a separation methodology is done by
covalently labeling the oligonucleotide primers used
in a PCR reaction with various types of small molecule
ligands. In one such separation, a different ligand is
present on each oligonucleotide. A molecule, perhaps
an antibody or avidin if the ligand is biotin, that
specifically binds to one of the ligands is used to
coat the surface of a plate such as a 96 well ELISA
plate. Upon application of the PCR reactions to the
surface of such a prepared plate, the PCR products are
bound with specificity to the surface. After washing
the plate to remove unbound reagents, a solution
containing a second molecule that binds to the first
ligand is added. This second molecule is linked to
some kind of reporter system. The second molecule only
binds to the plate if a PCR product has been produced
whereby both oligonucleotide primers are incorporated
into the final PCR products. The amount of the PCR
product is then detected and quantified in a
commercial plate reader much as ELISA reactions are
detected and quantified. An ELISA-like system such as
the one described here has been developed by the
Raggio Italgene company under the C-Track trade name.
Amplification products must be visualized in order to
confirm amplification of the nucleic acid sequences of
interest. One typical visualization method involves
staining of a gel with ethidium bromide and
visualization under UV light. Alternatively, if the
amplification products are integrally labeled with
radio- or fluorometrically-labelednucleotides, the
amplification products may then be exposed to x-ray
film or visualized under the appropriate stimulating
spectra, following separation. In one embodiment,
visualization is achieved indirectly. Following
separation of amplification products, a labeled,
nucleic acid probe is brought into contact with the
amplified nucleic acid sequence of interest. The probe
preferably is conjugated to a chromophore but may be
radiolabeled hi another embodiment, the probe is
conjugated to a binding partner, such as an antibody
or biotin, where the other member of the binding pair
carries a detectable moiety. hi another embodiment,
detection is by Southern blotting and hybridization
with a labeled probe. The techniques involved in
Southern blotting are well known to those of skill in
the art and may be found in many standard books on
molecular protocols. See Sambrook et al., 1989, supra.
Briefly, amplification products are separated by gel 



electrophoresis. The gel is then contacted with a
membrane, such as nitrocellulose, permitting transfer
of the nucleic acid and non-covalent binding.
Subsequently, the membrane is incubated with a
chromophore-conjugated probe that is capable of
hybridizing with a target amplification product.
Detection is by exposure of the membrane to x-ray film
or ion-emitting detection devices. One example of the
foregoing is described in U.S. Patent No. 5,279,721,
incorporated by reference herein, which discloses an
apparatus and method for the automated electrophoresis
and transfer of nucleic acids. The apparatus permits
electrophoresis and blotting without external
manipulation of the gel and is ideally suited to
carrying out methods according to the present
invention. Nuclease Protection Assays hi another
embodiment of the invention, Nuclease protection
assays (including both ribonuclease protection assays
and Sl nuclease assays) can be used to detect and
quantitate the RNA products of the biomarkers of the
invention. In nuclease protection assays, an antisense
probe (labelled with, e.g., radiolabeled or
nonisotopic) hybridizes in solution to an RNA sample.
Following hybridization, single-stranded, unhybridized
probe and RNA are degraded by nucleases. An acrylamide
gel is used to separate the remainingprotected
fragments. Typically, solution hybridization is more
efficient than membrane-based hybridization, and it
can accommodate up to 100 mg of sample RNA, compared
with the 20- 30 mg maximum of blot hybridizations. The
ribonuclease protection assay, which is the most
common type of nuclease protection assay, requires the
use of RNA probes. Oligonucleotides and other
single-stranded DNA probes can only be used in assays
containing Sl nuclease. The single-stranded, antisense
probe must typically be completely homologous to
target RNA to prevent cleavage of the probe:target
hybrid by nuclease. Northern Blots A standard Northern
blot assay can also be used to ascertain an RNA
transcript size, identify alternatively spliced RNA
transcripts, and the relative amounts of RNA products
of the biomarker of the invention, in accordance with
conventional Northern hybridization techniques known
to those persons of ordinary skill in the art. In
Northern blots, RNA samples are first separated by
size via electrophoresis in an agarose gel under
denaturing conditions. The RNA is then transferred to
a membrane, crosslinked and hybridized with a labelled
probe. Nonisotopic or high specific activity
radiolabeled probes can be used including
random-primed, nick-translated, or PCR-generated DNA
probes, in vitro transcribed RNA probes, and
oligonucleotides. Additionally, sequences with only
partial homology (e.g., cDNA from a different species
or genomic DNA fragments that might contain an exon)
may be used as probes. The labelled probe, e.g., a
radiolabeled cDNA, either containing the full-length,
single stranded DNA or a fragment of that DNA sequence
may be any length up to at least 20, at least 30, at
least 50, or at least 100 consecutive nucleotides in
length. The probe can be labelled by any of the many
different methods known to those skilled in this art.
The labels most commonly employed for these studies
are radioactive elements, enzymes, chemicals that
fluoresce when exposed to ultraviolet light, and
others. A number of fluorescent materials are known
and can be utilised as labels. These include, but are
not limited to, fluorescein, rhodamine, auramine,
Texas Red, AMCA blue and Lucifer Yellow. A particular
detecting material is anti-rabbit antibody prepared in
goats and conjugated with fluorescein through an
isothiocyanate. Proteins can also be labelled with a
radioactive element or with an enzyme. The radioactive
label can be detected by any of thecurrently available
counting procedures. Non-limiting examples of isotopes
include 3H, 14C, 32P, 35S5 36Cl, 5 1Cr, 57Co, 58Co,
59Fe, 90Y, 1251, 131 I, and 186Re. Enzyme labels are
likewise useful, and can be detected by any of the
presently utilised colorimetric, spectrophotometric,
fluorospectrophotometric, amperometric or gasometric
techniques. The enzyme is conjugated to the selected
particle by reaction with bridging molecules such as
carbodiimides, diisocyanates, glutaraldehyde and the
like. Any enzymes known to one of skill in the art can
be utilised. Examples of such enzymes include, but are
not limited to, peroxidase, beta-D-galactosidase,
urease, glucose oxidase plus peroxidase and alkaline
phosphatase. U.S. Patent Nos. 3,654,090, 3,850,752,
and 4,016,043 are referred to by way of example for
their disclosure of alternate labelling material and
methods. 5.16 Techniques to Measure the Protein
Products of the Biomarkers of the Invention Protein
Products Standard techniques can also be utilised for
determining the amount of the protein or proteins of
interest present in a sample. For example, standard
techniques can be employed using, e.g., immunoassays
such as, for example, Western blot,
immunoprecipitation followed by sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE),
immunocytochemistry, and the like to determine the
amount of the protein or proteins of interest present
in a sample. A preferred agent for detecting a protein
of interest is an antibody capable of binding to a
protein of interest, preferably an antibody with a
detectable label. For such detection methods, protein
from the sample to be analyzed can easily be isolated
using techniques which are well known to those of
skill in the art. Protein isolation methods can, for
example, be such as those described in Harlow and Lane
(Harlow, E. and Lane, D., Antibodies: A Laboratory
Manual, Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, New York (1988)). Preferred methods for
the detection of the protein or proteins of interest
involve their detection via interaction with a
protein-specific antibody. For example, antibodies
directed a protein of interest can be utilised as
described herein. Antibodies can be generated
utilising standard techniques well known to those of
skill in the art. See, e.g.,Section 5.19.1 of this
application and Section 5.2 of U.S. Publication No.
20040018200 for a more detailed discussion of such
antibody generation techniques, which is incorporated
herein by reference. Briefly, such antibodies can be
polyclonal, or more preferably, monoclonal. An intact
antibody, or an antigen binding antibody fragment (
e.g., Fab or F(ab') 2) can, for example, be used.
Preferably, the antibody is a human or humanized
antibody. For example, antibodies, or fragments of
antibodies, specific for a protein of interest can be
used to quantitatively or qualitatively detect the
presence of the protein. This can be accomplished, for
example, by immunofluorescence techniques. Antibodies
(or fragments thereof) can, additionally, be employed
histologically, as in immunofluorescence or
immunoelectron microscopy, for in situ detection of a
protein of interest. In situ detection can be
accomplished by removing a histological specimen
{e.g., a biopsy specimen) from a patient, and applying
thereto a labelled antibody thereto that is directed
to a protein. The antibody (or fragment) is preferably
applied by overlaying the labelled antibody (or
fragment) onto a biological sample. Through the use of
such a procedure, it is possible to determine not only
the presence of the protein of interest, but also its
distribution, its presence in cells {e.g.,
chondrocytes and lymphocytes) within the sample. A
wide variety of well-known histological methods (such
as staining procedures) can be utilised in order to
achieve such in situ detection. Immunoassays for a
protein of interest typically comprise incubating a
biological sample of a detectably labelled antibody
capable of identifying a protein of interest, and
detecting the bound antibody by any of a number of
techniques well-known in the art. As discussed in more
detail, below, the term "labelled" can refer to direct
labelling of the antibody via, e.g., coupling {i.e.,
physically linking) a detectable substance to the
antibody, and can also refer to indirect labelling of
the antibody by reactivity with another reagent that
is directly labelled. Examples of indirect labelling
include detection of a primary antibody using a
fluorescently labelled secondary antibody. For
example, the biological sample can be brought in
contact with and immobilized onto a phase support or
carrier such as nitrocellulose, or other support which
is capable of immobilizing cells, cell particles or
soluble proteins. The support can then bewashed with
suitable buffers followed by treatment with the
detectably labelled fingerprint gene-specific
antibody. The phase support can then be washed with
the buffer a second time to remove unbound antibody.
The amount of bound label on support can then be
detected by conventional means. By "phase support or
carrier " in the context of proteinaceous agents is
intended any support capable of binding an antigen or
an antibody. Well-known supports or carriers include
glass, polystyrene, polypropylene, polyethylene,
dextran, nylon, amylases, natural and modified
celluloses, polyacrylamides, gabbros, and magnetite.
The nature of the carrier can be either soluble to
some extent or insoluble for the purposes of the
present invention. The support material can have
virtually any possible structural configuration so
long as the coupled molecule is capable of binding to
an antigen or antibody. Thus, the support
configuration can be spherical, as in a bead, or
cylindrical, as in the inside surface of a test tube,
or the external surface of a rod. Alternatively, the
surface can be flat such as a sheet, test strip, etc.
Preferred supports include polystyrene beads. Those
skilled in the art will know many other suitable
carriers for binding antibody or antigen, or will be
able to ascertain the same by use of routine
experimentation. One of the ways in which a specific
antibody can be detectably labelled is by linking the
same to an enzyme and use in an enzyme immunoassay
(EIA) (Voller, A., "The Enzyme Linked Immunosorbent
Assay (ELISA)", 1978, Diagnostic Horizons 2:1-7,
Microbiological Associates Quarterly Publication,
Walkersville, MD); Voller, A. et al, 1978, J. Clin.
Pathol. 31:507-520; Butler, J.E., 1981, Meth. Enzymol.
73:482-523; Maggio, E. (ed.), 1980, Enzyme
Immunoassay, CRC Press, Boca Raton, FL; Ishikawa, E.
et al., (eds.), 1981, Enzyme Immunoassay, Kgaku Shoin,
Tokyo). The enzyme which is bound to the antibody will
react with an appropriate substrate, preferably a
chromogenic substrate, in such a manner as to produce
a chemical moiety which can be detected, for example,
by spectrophotometric, fluorimetric or by visual
means. Enzymes which can be used to detectably label
the antibody include, but are not limited to, malate
dehydrogenase, staphylococcal nuclease, delta-5-
steroid isomerase, yeast alcohol dehydrogenase,
alpha-glycerophosphate, dehydrogenase, triose
phosphate isomerase, horseradish peroxidase, alkaline
phosphatase, asparaginase, glucose oxidase,
beta-galactosidase, ribonuclease, urease, catalase,
glucose-6-phosphatedehydrogenase, glucoamylase and
acetylcholinesterase. The detection can be
accomplished by colorimetric methods which employ a
chromogenic substrate for the enzyme. Detection can
also be accomplished by visual comparison of the
extent of enzymatic reaction of a substrate in
comparison with similarly prepared standards.
Detection can also be accomplished using any of a
variety of other immunoassays. For example, by
radioactively labelling the antibodies or antibody
fragments, it is possible to detect a protein of
interest through the use of a radioimmunoassay (RIA)
(see, for example, Weintraub, B., Principles of
Radioimmunoassays, Seventh Training Course on
Radioligand Assay Techniques, The Endocrine Society,
March, 1986, which is incorporated by reference
herein). The radioactive isotope (e.g., 1251, 131 1,
35S or 3H) can be detected by such means as the use of
a gamma counter or a scintillation counter or by
autoradiography. It is also possible to label the
antibody with a fluorescent compound. When the
fluorescently labelled antibody is exposed to light of
the proper wavelength, its presence can then be
detected due to fluorescence. Among the most commonly
used fluorescent labelling compounds are fluorescein
isothiocyanate, rhodamine, phycoerythrin, phycocyanin,
allophycocyanin, o -phthaldehyde and fluorescamine.
The antibody can also be detectably labelled using
fluorescence emitting metals such as 152Eu, or others
of the lanthanide series. These metals can be attached
to the antibody using such metal chelating groups as
diethylenetriaminepentacetic acid (DTPA) or
ethylenediaminetetraacetic acid (EDTA). The antibody
also can be detectably labelled by coupling it to a
chemiluminescent compound. The presence of the
chemiluminescent-tagged antibody is then determined by
detecting the presence of luminescence that arises
during the course of a chemical reaction. Examples of
particularly useful chemiluminescent labelling
compounds are luminol, isoluminol, theromatic
acridinium ester, imidazole, acridinium salt and
oxalate ester. Likewise, a bioluminescent compound can
be used to label the antibody of the present
invention. Bioluminescence is a type of
chemiluminescence found in biological systems in,
which a catalytic protein increases the efficiency of
the chemiluminescentreaction. The presence of a
bioluminescent protein is determined by detecting the
presence of luminescence. Important bioluminescent
compounds for purposes of labelling are luciferin,
luciferase and aequorin. Protein Arrays Polypeptides
which specifically and/or selectively bind to the
protein products of the biomarkers of the invention
can be immobilized on a protein array. The protein
array can be used as a diagnostic tool, e.g., to
screen medical samples (such as bladder tissue and/or
blood) for the presence of the polypeptides protein
products of the biomarkers of the invention. The
protein array can also include antibodies as well as
other ligands, e.g., that bind to the polypeptides
encoded by the biomarkers of the invention. Methods of
producing polypeptide arrays are described, e.g., in
De Wildt et 



al., 2000, Nature Biotech. 18:989-994; Lueking et al.,
1999, Anal. Biochem. 270:103-111; Ge, 2000, Nuc. Acids
Res. 28:e3 ; MacBeath and Schreiber, 2000, Science
289:1760-1763; International Publication Nos. WO
01/40803 andWO 99/51 773Al; and U.S. Patent No.
6,406,921. Polypeptides for the array can be spotted
at high speed, e.g., using commercially available
robotic apparatus, e.g., from Genetic MicroSystems and
Affymetrix (Santa Clara, California, USA) or
BioRobotics (Cambridge, UK). The array substrate can
be, for example, nitrocellulose, plastic, glass, e.g.,
surface-modified glass. The array can also include a
porous matrix, e.g., acrylamide, agarose, or another
polymer. For example, the array can be an array of
antibodies, e.g., as described in De Wildt, supra.
Cells that produce the polypeptide ligands can be
grown on a filter in an arrayed format. Polypeptide
production is induced, and the expressed antibodies
are immobilized to the filter at the location of the
cell. Information about the extent of binding at each
address of the array can be stored as a profile, e.g.,
in a computer database. In one embodiment the array is
an array of protein products comprising of any number
of up to 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25,
30, 35, 40, 45, 50, all or any combination of the
biomarkers of the invention. In another embodiment the
array is an array of protein products consisting
essentially of any number of up to 1, 2, 3, 4, 5, 6,
7, 8, 9, 10, 15, 20, 25, 30, 35, 40, 45, 50, all or
any combination of the biomarkers listed in Table 1.
Inanother embodiment the array is an array of protein
products consisting essentially of any number of up to
1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25, 30, 35, 40,
45, 50, all or any combination of the biomarkers
listed in Table 1 including those noted in Table 3 and
any number of up to 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15,
20, 25, 30, 35, 40, 45, 50 from Table 2 wherein at
least one biomarker of said combinations is selected
from Table 1. hi another embodiment the array is an
array of protein products consisting essentially of
any number of up to 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15,
20, 25, 30, 35, 40, 45, 50, all or any combination of
the biomarkers listed in Table 4. hi another
embodiment the array is an array of protein products
consisting essentially of any number of up to 1, 2, 3,
4, 5, 6, 7, 8, 9, 10, 15, 20, 25, 30, 35, 40, 45, 50,
all or any combination of the biomarkers listed in
Table 4 including those noted in Table 6 and any
number of up to 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20,
25, 30, 35, 40, 45, 50 from Table 5 wherein at least
one biomarker of said combinations is selected from
Table 4 In another embodiment the array is an array of
protein products consisting essentially of any number
of up to 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25,
30, 35, 40, 45, 50, all or any combination of the
biomarkers listed in Table 7. hi one aspect, the
invention provides for antibodies or antigen binding
fragments thereof, that are bound to an array which
selectively bind to the protein products of the
biomarkers of the invention. 5.17 Protein Production
Standard recombinant nucleic acid methods can be used
to express a polypeptide or antibody of the invention
(e.g., a protein product of a biomarker of the
invention). Generally, a nucleic acid sequence
encoding the polypeptide is cloned into a nucleic acid
expression vector. Of course, if the protein includes
multiple polypeptide chains, each chain must be cloned
into an expression vector, e.g., the same or different
vectors, that are expressed in the same or different
cells. If the protein is sufficiently small, i.e., the
protein is a peptide of less than 50 amino acids, the
protein can be synthesised using automated organic
synthetic methods. Polypeptides comprising the 5'
region, 3' region or internal coding region of a
biomarker of the invention, are expressed from nucleic
acid expression vectors containing only those
nucleotide sequences corresponding to the 5' region,3'
region or internal coding region of a biomarker of the
invention. Methods for producing antibodies directed
to protein products of a biomarker of the invention,
or polypeptides encoded by the 5' region, 3' region or
internal coding regions of a biomarker of the
invention. The expression vector for expressing the
polypeptide can include, in addition to the segment
encoding the polypeptide or fragment thereof,
regulatory sequences, including for example, a
promoter, operably linked to the nucleic acid(s) of
interest. Large numbers of suitable vectors and
promoters are known to those of skill in the art and
are commercially available for generating the
recombinant constructs of the present invention. The
following vectors are provided by way of example.
Bacterial: pBs, phagescript, PsiX174, pBluescript SK,
pBs KS, rNH8a, pNHl 6a, pNHl 8a, pNH46a (Stratagene,
La Jolla, California, USA); pTrc99A, rKK223-3,
pKK233-3, pDR540, andpRIT5 (Pharmacia, Uppsala,
Sweden). Eukaryotic: pWLneo, pSV2cat, pOG44, PXTI, pSG
(Stratagene) pSVK3, pBPV, pMSG, and pSVL (Pharmacia).
One preferred class of preferred libraries is the
display library, which is described below. Methods
well known to those skilled in the art can be used to
construct vectors containing a polynucleotide of the
invention and appropriate
transcriptional/translational control signals. These
methods include in vitro recombinant DNA techniques,
synthetic techniques and in vivo recombination/genetic
recombination. See, for example, the techniques
described in Sambrook &Russell, Molecular Cloning: A
Laboratory Manual, 3rd Edition, Cold Spring Harbor
Laboratory, N.Y. (2001) and Ausubel et ah, Current
Protocols in Molecular Biology (Greene Publishing
Associates and Wiley Interscience, N.Y. (1989).
Promoter regions can be selected from any desired gene
using CAT (chloramphenicol transferase) vectors or
other vectors with selectable markers. Two appropriate
vectors are pKK232-8 and pCM7. Particular named
bacterial promoters include lad, lacZ, T3, T7, gpt,
lambda P, and trc. Eukaryotic promoters include CMV
immediate early, HSV thymidine kinase, early and late
SV40, LTRs from retrovirus, mouse metallothionein-I,
and various artknown tissue specific promoters. In
specific embodiments, the promoter is an inducible
promoter. In other embodiments, the promoter is a
constitutive promoter. In yet other embodiments, the
promoter is a tissue-specific promoter.Generally,
recombinant expression vectors will include origins of
replication and selectable markers permitting
transformation of the host cell, e.g., the ampicillin
resistance gene of E. coli and S. cerevisiae
auxotrophic markers (such as URA3, LEU2, HIS3, and
TRPl genes), and a promoter derived from a highly
expressed gene to direct transcription of a downstream
structural sequence. Such promoters can be derived
from operons encoding glycolytic enzymes such as
3-phosphoglycerate kinase (PGK), a-factor, acid
phosphatase, or heat shock proteins, among others. The
polynucleotide of the invention is assembled in
appropriate phase with translation initiation and
termination sequences, and preferably, a leader
sequence capable of directing secretion of translated
protein into the periplasmic space or extracellular
medium. Optionally, a nucleic acid of the invention
can encode a fusion protein including an N-terminal
identification peptide imparting desired
characteristics, e.g., stabilization or simplified
purification of expressed recombinant product. Useful
expressionvectors for bacteria are constructed by
inserting a polynucleotide of the invention together
with suitable translation initiation and termination
signals, optionally in operable reading phase with a
functional promoter. The vector will comprise one or
more phenotypic selectable markers and an origin of
replication to ensure maintenance of the vector and
to, if desirable, provide amplification within the
host. Suitable prokaryotic hosts for transformation
include E. coli, Bacillus subtilis, Salmonella
typhimurium and various species within the genera
Pseudomonas, Streptomyces, and Staphylococcus,
although others may also be employed as a matter of
choice. As a representative but nonlimiting example,
useful expression vectors for bacteria can comprise a
selectable marker and bacterial origin of replication
derived from commercially available plasmids
comprising genetic elements of the well known cloning
vector pBR322 (ATCC 37017). Such commercial vectors
include, for example, pKK223-3 (Pharmacia Fine
Chemicals, Uppsala, Sweden) and pGEMl (Promega,
Madison, Wisconsin, USA). The present invention
provides host cells genetically engineered to contain
the polynucleotides of the invention. For example,
such host cells may contain nucleic acids of the
invention introduced into the host cell using known
transformation, transfection or infection methods. The
present invention also provides host cells genetically
engineered toexpress the polynucleotides of the
invention, wherein such polynucleotides are in
operative association with a regulatory sequence
heterologous to the host cell which drives expression
of the polynucleotides in the cell. The present
invention further provides host cells containing the
vectors of the present invention, wherein the nucleic
acid has been introduced into the host cell using
known transformation, transfection or infection
methods. The host cell can be a eukaryotic host cell,
such as a mammalian cell, a lower eukaryotic host
cell, such as a yeast cell, or the host cell can be a
prokaryotic cell, such as a bacterial cell.
Introduction of the recombinant construct into the
host cell can be effected, for example, by calcium
phosphate transfection, DEAE, dextran mediated
transfection, or electroporation (Davis, L. et ah,
Basic Methods in Molecular Biology (1986)). Cell-free
translation systems can also be employed to produce
such proteins using RNAs derived from the DNA
constructs of the present invention. Any host/vector
system can be used to express one or more of the genes
listed in Table 2 or splice variants. Appropriate
cloning and expression vectors for use with
prokaryotic and eukaryotic hosts are described by
Sambrook et al, in Molecular Cloning: A Laboratory
Manual, Second Edition, Cold Spring Harbor, New York
(1989), the disclosure of which is incorporated herein
by reference in its entirety. The most preferred host
cells are those which do not normally express the
particular polypeptide or which expresses the
polypeptide at low natural level. In a specific
embodiment, the host cells are engineered to express
an endogenous gene comprising the polynucleotides of
the invention under the control of inducible
regulatory elements, in which case the regulatory
sequences of the endogenous gene may be replaced by
homologous recombination. As described herein, gene
targeting can be used to replace a gene's existing
regulatory region with a regulatory sequence isolated
from a different gene or a novel regulatory sequence
synthesised by genetic engineering methods. Such
regulatory sequences may be comprised of promoters,
enhancers, scaffoldattachment regions, negative
regulatory elements, transcriptional initiation sites,
regulatory protein binding sites or combinations of
said sequences. Alternatively, sequences which affect
the structure or stability of the RNA or protein
produced may be replaced, removed, added, or otherwise
modified by targeting, including polyadenylation
signals. mRNAstability elements, splice sites, leader
sequences for enhancing or modifying transport or
secretion properties of the protein, or other
sequences which alter or improve the function or
stability of protein or RNA molecules. The host of the
present invention may also be a yeast or other fungi.
In yeast, a number of vectors containing constitutive
or inducible promoters may be used. For a review see,
Ausubel et al. (eds), Current Protocols in Molecular
Biology, Vol. 2, Greene Publish. Assoc. & Wiley
Interscience, Ch. 13 (1988); Grant et al., 1987,
"Expression and Secretion Vectors for Yeast", Methods
Enzymol. 153:516-544; Glover, DNA Cloning, Vol. II,
IRL Press, Wash., D.C., Ch. 3 (1986); Bitter, 1987,
"Heterologous Gene Expression in Yeast", Methods
Enzymol. 152:673-684; and Strathern et al. (eds), The
Molecular Biology of the Yeast Saccharomyces, Cold
Spring Harbor Press, VoIs. I and II (1982).
Potentially suitable yeast strains include
Saccharomyces cerevisiae, Schizosaccharomyces pombe,
Kluyveromyces strains, Candida, or any yeast strain
capable of expressing heterologous proteins.
Potentially suitable bacterial strains include
Escherichia coli, enterobacteriaceae such as Serratia
marescans, bacilli such as Bacillus subtilis,
Salmonella typhimurium, pseudomonads or any bacterial
strain capable of expressing heterologous proteins. If
the protein is made in yeast or bacteria, it may be
necessary to modify the protein produced therein, for
example by phosphorylation or glycosylation of the
appropriate sites, in order to obtain the functional
protein. Such covalent attachments may be accomplished
using known chemical or enzymatic methods. Various
mammalian cell culture systems can also be employed to
express recombinant protein. Examples of mammalian
expression systems include the monkey COS cells such
as COS-7 lines of monkey kidney fibroblasts, described
by Gluzman, 1981, Cell 23:175 (1981), Chinese Hamster
Ovary (CHO) cells, human kidney 293 cells, human
epidermal A431 cells, human Colo205 cells, 3T3 cells,
CV-I cells, normal diploid cells, cell strains derived
from in vitro culture of primary tissue, primary
explants, HeLa cells, mouse L cells, BHK, HL-60, U937,
HaK, C127, 3T3, or Jurkat cells, and other cell lines
capable of expressing a compatible vector. Mammalian
expression vectors will comprise an origin of
replication, a suitable promoter and also any
necessary ribosome-binding sites,polyadenylation site,
splice donor and acceptor sites, transcriptional
termination sequences, and 5' flanking nontranscribed
sequences. Microbial cells employed in expression of
proteins can be disrupted by any convenient method,
including freeze-thaw cycling, sonication, mechanical
disruption, or use of cell lysing agents. Recombinant
polypeptides produced in bacterial culture are usually
isolated by initial extraction from cell pellets,
followed by one or more salting-out, aqueous ion
exchange or size exclusion chromatography steps. In
some embodiments, the template nucleic acid also
encodes a polypeptide tag, e.g., penta- or
hexa-histidine. Recombinant proteins can be isolated
using an technique well-known in the art. Scopes
(Protein Purification: Principles and Practice,
Springer-Verlag, New York (1994)), for example,
provides a number of general methods for purifying
recombinant (and non-recombinant) proteins. The
methods include, e.g., ion-exchange chromatography,
sizeexclusion 



chromatography, affinity chromatography, selective
precipitation, dialysis, and hydrophobic interaction
chromatography. Variations, modifications, and other
implementations of what is described herein will occur
to those of ordinary skill in the art without
departing from the spirit and scope of the invention.
In order that the invention described herein may be
more fully understood, the following example is set
forth. It should be understood that this example is
for illustrative purposes only and are not to be
construed as limiting this invention in any manner.
5.18 Methods for Identifying Compounds for Use in the
Prevention, Treatment, Management or Amelioration of
Bladder Cancer or a Symptom Thereof 5.18.1 Methods for
Identifying Compounds that Modulate the Expression or
Activity ofaBiomarker The present invention provides
methods of identifying compounds that bind to the
products of the biomarkers of the invention. The
present invention also provides methods for
identifying compounds that modulate the expression
and/or activity of the products of the biomarkers of
the invention. The compounds identified via such
methods are useful for the development of one or more
animal models to study bladder cancer. Further, the
compounds identified via such methods are useful as
lead compounds in the development of prophylacticand
therapeutic compositions for prevention, treatment,
management and/or amelioration of osteoarthritis or a
symptom thereof. Such methods are particularly useful
in that the effort and great expense involved in
testing potential prophylactics and therapeutics in
vivo is efficiently focused on those compounds
identified via the in vitro and ex vivo methods
described herein. The present invention provides a
method for identifying a compound to be tested for an
ability to prevent, treat, manage or ameliorate
bladder cancer or a symptom thereof, said method
comprising: (a) contacting a cell expressing a protein
product of one or more biomarkers of the invention or
a fragment thereof, or a RNA product of one or more
biomarkers of the invention or a fragment thereof with
a test compound; and (b) determining the ability of
the test compound to bind to the protein product,
protein fragment, RNA product, or RNA portion so that
if a compound binds to the protein product, protein
fragment, RNA product, RNA portion, a compound to be
tested for an ability to prevent, treat, manage or
ameliorate bladder cancer or a symptom thereof is
identified. The cell, for example, can be a yeast cell
or a cell of mammalian origin. Determining the ability
of the test compound to bind to the protein product,
protein fragment, RNA product, or RNA portion can be
accomplished, for example, by coupling the test
compound with a radioisotope or enzymatic label such
that binding of the test compound to the protein
product, protein fragment, RNA product, or RNA portion
can be determined by detecting the labelled compound
in a complex. For example, test compounds can be
labelled with I, S, C, or H, either directly or
indirectly, and the radioisotope detected by direct
counting of radioemmission or by scintillation
counting. Alternatively, test compounds can be
enzymatically labelled with, for example, horseradish
peroxidase, alkaline phosphatase, or luciferase, and
the enzymatic label detected by determination of
conversion of an appropriate substrate to product. In
a specific embodiment, the assay comprises contacting
a cell which expresses a protein product of one or
more biomarkers of the invention or a fragment
thereof, or a RNA product of one or more biomarkers of
the invention or a fragment thereof, with a known
compound which binds the protein product, protein
fragment, RNA product, or RNA portion to form an assay
mixture, contacting the assay mixture with a test
compound, and determining the ability of the test
compound to interact with the protein product, protein
fragment, RNA product, or RNA portion, wherein
determining the ability of the test compound to
interact with theprotein product, protein fragment,
RNA product, or RNA portion comprises determining the
ability of the test compound to preferentially bind to
the protein product, protein fragment, RNA product, or
RNA portion as compared to the known compound. The
present invention provides a method for identifying a
compound to be tested for an ability to prevent,
treat, manage or ameliorate bladder cancer or a
symptom thereof, said method comprising: (a)
contacting a protein product of one or more biomarkers
of the invention or a fragment thereof, or a RNA
product of one or more biomarkers of the invention or
a portion thereof with a test compound; and (b)
determining the ability of the test compound to bind
to the protein product, protein fragment, RNA product,
or RNA portion so that if a compound binds to the
protein product, protein fragment, RNA product, or RNA
portion, a compound to be tested for an ability to
prevent, treat, manage or ameliorate bladder cancer or
a symptom thereof is identified. Binding of the test
compound to the protein product or protein fragment
can be determined either directly or indirectly. In a
specific embodiment, the assay includes contacting a
protein product of one or more biomarkers of the
invention or a fragment thereof, or a RNA product of
one or more biomarkers of the invention or a portion
thereof with a known compound which binds the protein
product, protein fragment, RNA product, or RNA portion
to form an assay mixture, contacting the assay mixture
with a test compound, and determining the ability of
the test compound to interact with the protein
product, protein fragment, RNA product, or RNA
portion, wherein determining the ability of the test
compound to interact with the protein product, protein
fragment, RNA product, or RNA portion comprises
determining the ability of the test compound to
preferentially bind to the protein product, protein
fragment, RNA product, or RNA portion as compared to
the known compound. Techniques well known in the art
can be used to determine the binding between a test
compound and a protein product of a biomarker of the
invention or a fragment thereof, or a RNA product of a
biomarker of the invention or a portion thereof. In
some embodiments of the above assay methods of the
present invention, it may be desirable to immobilize a
RNA product of a biomarker of the invention or a
portion thereof, or its target molecule to facilitate
separation of complexed from uncomplexed forms of the
RNA product or RNA portion, the target molecule or
both, as well as to accommodateautomation of the
assay. In more than one embodiment of the above assay
methods of the present invention, it may be desirable
to immobilize either a protein product of a biomarker
of the invention or a fragment thereof, or its target
molecule to facilitate separation of complexed from
uncomplexed forms of one or both of the proteins, as
well as to accommodate automation of the assay.
Binding of a test compound to a protein product of a
biomarker of the invention or a fragment thereof can
be accomplished in any vessel suitable for containing
the reactants. Examples of such vessels include
microtiter plates, test tubes, and micro-centrifuge
tubes. In one embodiment, a fusion protein can be
provided which adds a domain that allows one or both
of the proteins to be bound to a matrix. For example,
glutathione-S-transferase (GST) fusion proteins can be
adsorbed onto glutathione sepharose beads (Sigma
Chemical; St. Louis, MO) or glutathione derivatized
microtiter plates, which are then combined with the
test compound or the test compound and either the
non-adsorbed target protein or a protein product of a
biomarker of the invention or a fragment thereof, and
the mixture incubated under conditions conducive to
complex formation (e.g., at physiological conditions
for salt and pH). Following incubation, the beads or
microtiter plate wells are washed to remove any
unbound components and complex formation is measured
either directly or indirectly, for example, as
described above. Alternatively, the complexes can be
dissociated from the matrix, and the level of binding
of a protein product of a biomarker of the invention
or a fragment thereof can be determined using standard
techniques. Other techniques for immobilizing proteins
on matrices can also be used in the screening assays
of the invention. For example, either a protein
product of a biomarker of the invention or a fragment
thereof, or a target molecule can be immobilized
utilising conjugation of biotin and streptavidin. A
biotinylated protein product of a biomarker of the
invention or a target molecule can be prepared from
biotin-NHS (N-hydroxy-succinimide) using techniques
well known in the art (e.g., biotinylation kit, Pierce
Chemicals; Rockford, IL), and immobilized in the wells
of streptavidin-coated 96 well plates (Pierce
Chemical). Alternatively, antibodies reactive with a
protein product of a biomarker of the invention or a
fragment thereof can be derivatized to the wells of
the plate, and protein trapped in the wells by
antibody conjugation. Methods for detecting such
complexes, in addition to those described above for
the GST-immobilized complexes, include immunodetection
ofcomplexes using antibodies reactive with a protein
product of a biomarker of the invention, as well as
enzyme-linked assays which rely on detecting an
enzymatic activity associated with a protein product
of a biomarker of the invention or a fragment thereof,
or target molecule. The interaction or binding of a
protein product of a biomarker of the invention or a
fragment thereof to a test compound can also be
determined using such proteins or protein fragments as
"bait proteins" in a two-hybrid assay or three hybrid
assay {see, e.g., U.S. Patent No. 5,283,317; Zervos et
al. (1993) Cell 72:223-232; Madura et al. (1993) J.
Biol. Chem. 268:12046-12054; Bartel et al. (1993)
Bio/Techniques 14:920-924; Iwabuchi et al. (1993)
Oncogene 8:1693-1696; and International Publication
No. WO 94/10300). The present invention provides a
method for identifying a compound to be tested for an
ability to prevent, treat, manage or ameliorate
osteoarthritis or a symptom thereof, said method
comprising: (a) contacting a cell expressing a protein
or RNA product of one or more biomarkers of the
invention with a test compound; (b) after an
incubation period, determining the amount of the
protein or RNA product present in (a); and (c)
comparing the amount in (a) to that present in a
corresponding control cell that has not been contacted
with the test compound, so that if the amount of the
protein or RNA product is altered relative to the
amount in the control, a compound to be tested for an
ability to prevent, treat, manage or ameliorate
osteoarthritis or a symptom thereof is identified. In
a specific embodiment, the expression level(s) is
altered by 5%, 10%, 15%, 25%, 30%, 40%, 50%, 5 to 25%,
10 to 30%, at least 1 fold, at least 1.5 fold, at
least 2 fold, 4 fold, 5 fold, 10 fold, 25 fold, 1to 10
fold, or 5 to 25 fold relative to the expression level
in the control as determined by utilising an assay
described herein {e.g., a microarray or RT-PCR) or an
assay well known to one of skill in the art. In
alternate embodiments, such a method comprises
determining the amount of the protein or RNA product
of any of at least 2, at least 3 at least 4, at least
5, at least 6, at least 7, at least 8, at least 9, at
least 10, at least 12, at least 15, at least 20, at
least 25, at least 30, at least 35, at least 40, at
least 45, at least 50, 1 to 5, 1-10, 5- 10, 5-25, or
10-40, all or any combination of the biomarkers of the
invention as listed in Table 1 (including those
specific products noted in Table 3), or as listed in
table 1 (including those specific products noted in
Table 3) in combination with any one or more of the
productsof the biomarkers listed in Table 2, present
in the cell and comparing the amounts to those present
in the control. In yet other alternate embodiments,
such a method comprises determining the amount of the
protein or RNA product of any of at least 2, at least
3, at least 4, at least 5, at least 6, at least 7, at
least 8, at least 9, at least 10, at least 12, at
least 15, at least 20, at least 25, at least 30, at
least 35, at least 40, at least 45, at least 50, 1 to
5, 1-10, 5-10, 5-25, or 10- 40, all or any combination
of the biomarkers of the invention as listed in Table
4 (including those specific products noted in Table
6), or as listed in table 4 (including those specific
products noted in Table 6) in combination with any one
or more of the products of the biomarkers listed in
Table 5, present in the cell and comparing the amounts
to those present in the control. The cells utilised in
the cell-based assays described herein can be
engineered to express a biomarker of the invention
utilising techniques known in the art. See, e.g.,
Section III entitled "Recombinant Expression Vectors
and Host Cells" of U.S. Patent No. 6,245,527, which is
incorporated herein by reference. Alternatively, cells
that endogenously express a biomarker of the invention
can be used. For example, immortalized bladder tissue
cells can be used. In a specific embodiment,
chondrocytes are isolated from a "normal" individual,
or an individual with bladder cancer and/or early
stage bladder cancer and are incubated in the presence
and absence of a test compound for varying amounts of
time (i.e., 30 min, 1 hr, 5 hr, 24 hr, 48 hr and 96
hrs). When screening for prophylactic or therapeutic
agents, a clone of the full sequence of a biomarker of
the invention or functional portion thereof is used to
transfect immortalized bladder tissue cells. The
transfected cells are cultured for varying amounts of
time (i.e., 1, 2, 3, 5, 7, 10, or 14 days) in the
presence or absence of test compound. Following
incubation, target nucleic acid samples are prepared
from the cells and hybridized to a nucleic acid probe
corresponding to a nucleic acid sequence which is
differentially expressed in a cell derived from
normal, bladder cancer or early bladder cancer cells.
The nucleic acid probe is labelled, for example, with
a radioactive label, according to methods well-known
in the art and described herein. Hybridization is
carried out by northern blot, for example as described
in Ausubel et al., supra or Sambrook etal., supra).
The differential hybridization, as defined herein, of
the target to the samples on the array from normal
relative to RNA from any one of bladder cancer or
early bladder cancer is indicative of the level of
expression of RNA corresponding to a differentially
expressed cell specific nucleic acid sequence. A
change in the level of expression of the target
sequence as a result of the incubation step in the
presence of the test compound, is indicative of a
compound that increases or decreases the expression of
the corresponding chondrocyte specific nucleic acid
sequence. 



The present invention also provides a method for
identifying a compound to be tested for an ability to
prevent, treat, manage or ameliorate bladder cancer or
a symptom thereof, said method comprises: (a)
contacting a cell-free extract with a nucleic acid
sequence encoding a protein or RNA product of one or
more biomarkers of the invention and a test compound;
(b) determining the amount of the protein or RNA
product present in (a); and (c) comparing the
amount(s) in (a) to that present to a corresponding
control that has not been contacted with the test
compound, so that if the amount of the protein or RNA
product is altered relative to the amount in the
control, a compound to be tested for an ability to
prevent, treat, manage or ameliorate bladder cancer or
a symptom thereof is identified. In a specific
embodiment, the expression level(s) is altered by 5%,
10%, 15%, 25%, 30%, 40%, 50%, 5 to 25%, 10 to 30%, at
least 1 fold, at least 1.5 fold, at least 2 fold, 4
fold, 5 fold, 10 fold, 25 fold, 1 to 10 fold, or 5 to
25 fold relative to the expression level in the
control sample determined by utilising an assay
described herein {e.g. , a microarray or RT-PCR) or an
assay well known to one of skill in the art. In
alternate embodiments, such a method comprises
determining the amount of a protein or RNA product of
at least 2, at least 3, at least 4, at least 5, at
least 6, at least 7, at least 8, at least 9, at least
10, at least 12, at least 15, at least 20, at least
25, at least 30, at least 35, at least 40, at least
45, at least 50, 1 to 5, 1-10, 5-10, 5-25, or 10-40,
all or any combination of the biomarkers of the
invention present in the extract and comparing the
amounts to those present in the control. In certain
embodiments, the amount of RNA product of abiomarker
of the invention is determined, in other embodiments,
the amount of protein product of a biomarker of the
invention is determined, while in still other
embodiments, the amount of RNA and protein product of
a biomarker of the invention is determined. Standard
methods andcompositions for determining the amount of
RNA or protein product of a biomarker of the invention
can be utilised. Such methods and compositions are
described in detail above. In specific embodiments, in
a screening assay described herein, the amount of
protein or RNA product of a biomarker of the invention
is determined utilising kits. Such kits comprise
materials and reagents required for measuring the
expression of any number up to at least 1, at least 2,
at least 3, at least 4, at least 5, at least 6, at
least 7, at least 8, at least 9, at least 10, at least
15, at least 20, at least 25, at least 30, at least
35, at least 40, at least 45, at least 50, or more
protein or RNA products of at least 1, at least 2, at
least 3, at least 4, at least 5, at least 6, at least
7, at least 8, at least 9, at least 10, at least 15,
at least 20, at least 25, at least 30, at least 35, at
least 40, at least 45, at least 50, all or any
combination of the biomarkers of the invention. In
specific embodiments, the kits may further comprise
one or more additional reagents employed in the
various methods, such as: (1) reagents for purifying
RNA from blood, or tissue; (2) primers for generating
test nucleic acids; (3) dNTPs and/or rNTPs (either
premixed or separate), optionally with one or more
uniquely labeled dNTPs and/or rNTPs (e.g.,
biotinylated or Cy3 or Cy5 tagged dNTPs); (4) post
synthesis labeling reagents, such as chemically active
derivatives of fluorescent dyes; (5) enzymes, such as
reverse transcriptases, DNA polymerases, and the like;
(6) various buffer mediums, e.g., hybridization and
washing buffers; (7) labeled probe purification
reagents and components, like spin columns, etc.; and
(8) protein purification reagents; (9) signal
generation and detection reagents, e.g.,
streptavidin-alkaline phosphatase conjugate,
chemifluorescent or chemiluminescent substrate, and
the like. In particular embodiments, the kits comprise
prelabeled quality controlled protein and or RNA
transcript (preferably, mRNA) for use as a control. In
some embodiments, the kits are qRT-PCR kits. In other
embodiments, the kits are nucleic acid arrays and
protein arrays. Such kits according to the subject
invention will at least comprise an array having
associated protein or nucleic acid members of the
invention and packaging means therefore. Alternatively
the protein or nucleic acid members of the invention
may be prepackaged onto an array. In a specific
embodiment, kits for measuring a RNA product of a
biomarker of the invention comprise materials and
reagents that are necessary for measuring the
expressionof the RNA product. For example, a
microarray or RT-PCR kit may be used and contain only
those reagents and materials necessary for measuring
the levels of RNA products of any number of up to at
least 1, at least 2, at least 3, at least 4, at least
5, at least 6, at least 7, at least 8, at least 9, at
least 10, at least 15, at least 20, at least 25, at
least 30, at least 35, at least 40, at least 45, at
least 50, all or any combination of the biomarkers of
the invention. Alternatively, in some embodiments, the
kits can comprise materials and reagents that are not
limited to those required to measure the levels of RNA
products of any number of up to 1, 2, 3, 4, 5, 6, 7,
8, 9, 10, 15, 20, 25, 30, 35, 40, 45, 50, all or any
combination of the biomarkers of the invention. For
example, a microarray kit may contain reagents and
materials necessary for measuring the levels of RNA
products any number of up to 1, 2, 3, 4, 5, 6, 7, 8,
9, 10, 15, 20, 25, 30, 35, 40, 45, 50, all or any
combination of the biomarkers of the invention, in
addition to reagents and materials necessary for
measuring the levels of the RNA products of any number
of up to at least 1, at least 2, at least 3, at least
4, at least 5, at least 6, at least 7, at least 8, at
least 9, at least 10, at least 15, at least 20, at
least 25, at least 30, at least 35, at least 40, at
least 45, at least 50 or more genes other than the
biomarkers of the invention. In a specific embodiment,
a microarray or RT-PCR kit contains reagents and
materials necessary for measuring the levels of RNA
products of any number of up to at least 1, at least
2, at least 3, at least 4, at least 5, at least 6, at
least 7, at least 8, at least 9, at least 10, at least
15, at least 20, at least 25, at least 30, at least
35, at least 40, at least 45, at least 50, all or any
combination of the biomarkers of the invention, and
any number of up to 1, 2, 3, 4, 5, 10, 15, 20, 25, 30,
35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95,
100, 125, 150, 175, 200, 225, 250, 300, 350, 400, 450,
500, 1000, 5000, 15,000 20,000 or more genes that are
not biomarkers of the invention, or any number of
1-10, 1-100, 1-150, 1-200, 1-300, 1-400, 1- 500,
1-1000, 25-100, 25-200, 25-300, 25-400, 25-500,
25-1000, 100-150, 100-200, 100-300, 100-400, 100-500,
100-1000 or 500-1000, 1000 - 5000, 5000 - 10,000,
10,000 - 20,000 or more genes that are not biomarkers
of the invention. For nucleic acid micoarray kits, the
kits generally comprise probes attached to a support
surface. The probes may be labeled with a detectable
label. In a specific embodiment, the probes are
specific for the 5' region, the 3' region, the
internal coding region, an exon(s), an intron(s), an
exon junction(s), or an exon-intron junction(s), of
any number of up to 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15,
20, 25, 30, 35, 40, 45, 50, all or anycombination of
the biomarkers of the invention. The microarray kits
may comprise instructions for performing the assay and
methods for interpreting and analyzing the data
resulting from the performance of the assay. The kits
may also comprise hybridization reagents and/or
reagents necessary for detecting a signal produced
when a probe hybridizes to a target nucleic acid
sequence. Generally, the materials and reagents for
the microarray kits are in one or more containers.
Each component of the kit is generally in its own a
suitable container. For RT-PCR and/or qRT-PCR kits,
the kits generally comprise pre-selected primers
specific for particular RNA products (e.g., an
exon(s), an intron(s), an exon junction(s), and an
exon-intron junction(s)) of any number of up to 1, 2,
3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25, 30, 35, 40, 45,
50, all or any combination of the biomarkers of the
invention. The RT-PCR and/or qRT-PCR kits may also
comprise enzymes suitable for reverse transcribing
and/or amplifying nucleic acids (e.g., polymerases
such as Taq), and deoxynucleotides and buffers needed
for the reaction mixture for reverse transcription and
amplification. The RTPCR kits may also comprise probes
specific for any number of up to 1, 2, 3, 4, 5, 6, 7,
8, 9, 10, 15, 20, 25, 30, 35, 40, 45, 50, all or any
combination of the biomarkers of the invention. The
probes may or may not be labeled with a detectable
label (e.g., a fluorescent label). Each component of
the RT-PCR kit is generally in its own suitable
container. Thus, these kits generally comprise
distinct containers suitable for each individual
reagent, enzyme, primer and probe. Further, the RT-PCR
kits may comprise instructions for performing the
assay and methods for interpreting and analyzing the
data resulting from the performance of the assay. For
antibody based kits, the kit can comprise, for
example: (1) a first antibody (which may or may not be
attached to a support) which binds to protein of
interest (e.g., a protein product of any number of up
to 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25, 30, 35,
40, 45, 50, all or any combination of the biomarkers
of the invention); and, optionally, (2) a second,
different antibody which binds to either the protein,
or the first antibody and is conjugated to a
detectable label (e.g., a fluorescent label,
radioactive isotope or enzyme). The antibodybased kits
may also comprise beads for conducting an
immunoprecipitation. Each component of the
antibody-based kits is generally in its own suitable
container. Thus, these kits generally comprise
distinct containers suitable for each antibody.
Further, the antibodybased kits may comprise
instructions for performing the assay and methods for
interpreting and analyzing the data resulting from the
performance of the assay. Reporter gene-based assays
may also be conducted to identify a compound to be
tested for an ability to prevent, treat, manage or
ameliorate osteoarthritis or a symptom thereof. In a
specific embodiment, the present invention provides a
method for identifying a compound to be tested for an
ability to prevent, treat, manage or ameliorate
osteoarthritis or a symptom thereof, said method
comprising: (a) contacting a compound with a cell
expressing a reporter gene construct comprising a
reporter gene operably linked to a regulatory element
of a biomarker of the invention (e.g., a
promoter/enhancer element); (b) measuring the
expression of said reporter gene; and (c) comparing
the amount in (a) to that present in a corresponding
control cell that has not been contacted with the test
compound, so that if the amount of expressed reporter
gene is altered relative to the amount in the control
cell, a compound to be tested for an ability to
prevent, treat, manage or ameliorate osteoarthritis or
a symptom thereof is identified. In accordance with
this embodiment, the cell may naturally express the
biomarker or be engineered to express the biomarker.
In another embodiment, the present invention provides
a method for identifying a compound to be tested for
an ability to prevent, treat, manage or ameliorate
osteoarthritis or a symptom thereof, said method
comprising: (a) contacting a compound with a cell-free
extract and a reporter gene construct comprising a
reporter gene operably linked to a regulatory element
of a biomarker of the invention (e.g., a
promoter/enhancer element); (b) measuring the
expression of said reporter gene; and (c) comparing
the amount in (a) to that present in a corresponding
control that has not been contacted with the test
compound, so that if the amount of expressed reporter
gene is altered relative to the amount in the control,
a compound to be tested for an ability to prevent,
treat, manage or ameliorate osteoarthritis or a
symptom thereof is identified. Any reporter gene
well-known to one of skill in the art may be used in
reporter gene constructs used in accordance with the
methods of the invention. Reporter genes refer to a
nucleotide sequence encoding a RNA transcript or
protein that is readily detectable either by its
presence (by, e.g., RT-PCR, Northern blot, Western
Blot, ELISA, etc.) or activity. Non-limiting examples
of reporter genes are listed in Table 9, infra.
Reporter genes may be obtained and the nucleotide
sequence of the elements determined by any method
well-knownto one of skill in the art. The nucleotide
sequence of a reporter gene can be obtained, e.g.,
from the literature or a database such as GenBank.
Alternatively, a polynucleotide encoding a reporter
gene may be generated from nucleic acid from a
suitable source. If a clone containing a nucleic acid
encoding a particular reporter gene is not available,
but the sequence of the reporter gene is known, a
nucleic acid encoding the reporter gene may be
chemically synthesised or obtained from a suitable
source (e.g., a cDNA library, or a cDNA library
generated from, or nucleic acid, preferably poly A+
RNA, isolated from, any tissue or cells expressing the
reporter gene) by PCR amplification. Once the
nucleotide sequence of a reporter gene is determined,
the nucleotide sequence of the reporter gene may be
manipulated using methods well-known in the art for
the manipulation of nucleotide sequences, e.g.,
recombinant DNA techniques, site directed mutagenesis,
PCR, etc. (see, for example, the techniques described
in Sambrook et al., 1990, Molecular Cloning, A
Laboratory Manual, 2d Ed., Cold Spring Harbor
Laboratory, Cold Spring Harbor, NY and Ausubel et al.,
eds., 1998, Current Protocols in Molecular Biology,
John Wiley & Sons, NY, which are both incorporated by
reference herein in their entireties), to generate
reporter genes having a different amino acid sequence,
for example to create amino acid substitutions,
deletions, and/or insertions. Table 9: Reporter Genes
and the Properties of the Reporter Gene Products
Reporter Gene Protein Activity & Measuremen t CAT
(chloramphenicol acetyltransferase) Transfers
radioactive acetyl groups to chloramphenicol or
detection by thin layer chromatography and
autoradiography GAL (beta-galactosidase) Hydrolyzes
colorless galactosides to yield colored products. GUS
(beta-glucuronidase) Hydrolyzes colorless glucuronides
to yield colored products.LUC (luciferase) Oxidizes
luciferin, emitting photons GFP (green fluorescent
protein) Fluorescent protein without substrate SEAP
(secreted alkaline phosphatase) Luminescence reaction
with suitable substrates or with substrates that
generate chromophores HRP (horseradish peroxidase) hi
the presence of hydrogen oxide, oxidation of
3,3',5,5'-tetramethylbenzidine to form a colored
complex 



AP (alkaline phosphatase) Luminescence reaction with
suitable substrates or with substrates that generate
chromophores hi accordance with the invention, cells
that naturally or normally express one or more, all or
any combination of the biomarkers of the invention can
be used in the methods described herein.
Alternatively, cells can be engineered to express any
one or more, all or any combination of the biomarkers
of the invention, or a reporter gene using techniques
wellknown in the art and used in the methods described
herein. Examples of such techniques include, but are
not to, calcium phosphate precipitation (see, e.g.,
Graham & Van der Eb, 1978, Virol. 52:546),
dextran-mediated transfection, calcium phosphate
mediated transfection, polybrene mediated
transfection, protoplast fusion, electroporation,
encapsulation of the nucleic acid in liposomes, and
direct microinjection of the nucleic acid into nuclei.
In a specific embodiment, the cells used in the
methods described herein are chondrocytes, lymphocytes
(T or B lymphocytes), monocytes, neutrophils,
macrophages, eosinophils, basophils, erythrocytes or
platelets. In a preferred embodiment, the cells used
in the methods described herein are bladder cells. In
another preferred embodiment, the cells used in the
methods described herein are lymphocytes. In another
preferred embodiment, thecells used in the methods
described herein are leukocytes. In another preferred
embodiment, the cells used in the methods described
herein are all cells in blood hi another embodiment,
the cells used in the methods described herein are
immortalized cell lines derived from a source, e.g., a
tissue. Any cell-free extract that permits the
translation, and optionally but preferably, the
transcription, of a nucleic acid can be used in
accordance with the methods described herein. The
cell-free extract may be isolated from cells of any
species origin. For example, the cell-free translation
extract may be isolated from human cells, cultured
mouse cells, cultured rat cells, Chinese hamster ovary
(CHO) cells, Xenopus oocytes, rabbit reticulocytes,
wheat germ, or rye embryo (see, e.g., Krieg & Melton,
1984, Nature 308:203 and Dignam et al., 1990 Methods
Enzymol. 182:194-203). Alternatively, the cell-free
translation extract, e.g., rabbit reticulocyte lysates
and wheat germ extract, can be purchased from, e.g.,
Promega, (Madison, WI). In a preferred embodiment, the
cell-free extract is an extract isolated from human
cells. In a specific embodiment, the human cells are
HeLa cells, lymphocytes, or bladder cells. In addition
to the ability to modulate the expression levels of
RNA and/or protein products a biomarker of the
invention, it may be desirable, at least in certain
instances, that compounds modulate the activity of a
protein product of a biomarker of the invention. Thus,
the present invention provides methods of identifying
compounds to be tested for an ability to prevent,
treat, manage or ameliorate bladder cancer or a
symptom thereof, comprising methods for identifying
compounds that modulate the activity of a protein
product of one or more biomarkers of the invention.
Such methods can comprise: (a) contacting a cell
expressing a protein product of one or more biomarkers
of the invention with a test compound; (b) after an
incubation period determining the activity level of
the protein product; and (c) comparing the activity
level to that in a corresponding control cell that has
not been contacted with the test compound, so that if
the level of activity in (a) is altered relative to
the level of activity in the control cell, a compound
to be tested for an ability to prevent, treat, manage
or ameliorate bladder cancer or a symptom thereof is
identified. In a specific embodiment, the activity
level(s) is altered by up to 5%, 10%, 15%, 25%, 30%,
40%, 50%, 5 to 25%, 10 to 30%, at least 1 fold, at
least 1.5 fold, at least 2 fold, 4fold, 5 fold, 10
fold, 25 fold, 1 to 10 fold, or 5 to 25 fold relative
to the activity level in the control as determined by
utilising an assay described herein (e.g., a
microarray or RT-PCR) or an assay well known to one of
skill in the art. In alternate embodiments, such a
method comprises determining the activity level of a
protein product of any number of up to at least 2, at
least 3, at least 4, at least 5, at least 6, at least
7, at least 8, at least 9, at least 10, at least 12,
at least 15, at least 20, at least 25, at least 30, at
least 35, at least 40, at least 45, at least 50, 1 to
5/1-10, 5-10, 5-25, or 10-40, all or any combination
of the biomarkers of the invention present in the cell
and comparing the activity levels to those present in
the control. The present invention provides methods of
identifying compounds to be tested for an ability to
prevent, treat, manage or ameliorate bladder cancer or
a symptom thereof, comprising: (a) contacting a
cell-free extract with a nucleic acid encoding a
protein product of one or more biomarkers of the
invention and a test compound; (b) after an incubation
period, determining the activity level of the protein
product; and (c) comparing the activity level to that
in a corresponding control that has not been contacted
with the test compound, so that if the level of
activity in (a) is altered relative to the level of
activity in the control, a compound to be tested for
an ability to prevent, treat, manage or ameliorate
bladder cancer or a symptom thereof is identified. In
a specific embodiment, the activity level(s) is
altered by 1% ? 5%, 10%, 15%, 25%, 30%, 40%, 50%, 5 to
25%, 10 to 30%, at least 1 fold, at least 1.5 fold, at
least 2 fold, 4 fold, 5 fold, 10 fold, 25 fold, 1 to
10 fold, or 5 to 25 fold relative to the activity
level in the control as determined by utilising an
assay described herein (e.g., a microarray or qRT-PCR)
or an assay well known to one of skill in the art. In
alternate embodiments, such a method comprises
determining the activity level of a protein product of
any number of up to at least 1, at least 2, at least
3, at least 4, at least 5, at least 6, at least 7, at
least 8, at least 9, at least 10, at least 12, at
least 15, at least 20, at least 25, at least 30, at
least 35, at least 40, at least 45, at least 50, 1 to
5, 1-10, 5-10, 5-25, or 10-40, all or any combination
of the biomarkers of the invention present in the
sample and comparing the activity levels to those
present in the control. Standard techniques can be
utilised to determine the level of activity of a
protein product of a biomarker of the invention.5.18.2
Biolo gical Activity of the Compounds Upon
identification of compounds to be tested for an
ability to prevent, treat, manage or ameliorate
bladder cancer or a symptom thereof (for convenience
referred to herein as a "lead" compound), the
compounds can be further investigated. For example,
the compounds identified via the present methods can
be further tested in vivo in accepted animal models of
cancer and preferably bladder cancer. Further, the
compounds identified via the methods can be analyzed
with respect to their specificity. . In one
embodiment, the effect of a lead compound can be
assayed by measuring the cell growth or viability of
the target cell. Such assays can be carried out with
representative cells of cell types involved in bladder
cancer {e.g., bladder lining cells). Alternatively,
instead of culturing cells from a patient, a lead
compound may be screened using cells of a cell line.
Many assays well-known in the art can be used to
assess the survival and/or growth of a patient cell or
cell line following exposure to a lead compound; for
example, cell proliferation can be assayed by
measuring Bromodeoxyuridine (BrdU) incorporation (see,
e.g., Hoshino et al, 1986, Int. J . Cancer 38, 369;
Campana et al., 1988, J. Immunol. Meth. 107:79) or
(3H)-thymidine incorporation (see, e.g., Chen, J.,
1996, Oncogene 13:1395-403; Jeoung, J., 1995, J .
Biol. Chem. 270:18367-73), by direct cell count, by
detecting changes in transcription, translation or
activity of known genes such as proto-oncogenes
(e.g.,fos, myc) or cell cycle markers (Rb, cdc2,
cyclin A, Dl, D2, D3, E, etc). The levels of such
protein and RNA (e.g., mRNA) and activity can be
determined by any method well known in the art. For
example, protein can be quantitated by known
immunodiagnostic methods such as Western blotting or
immunoprecipitation using commercially available
antibodies. mRNA can be quantitated using methods that
are well known and routine in the art, for example,
using northern analysis, RNase protection, the
polymerase chain reaction in connection with the
reverse transcription. Cell viability can be assessed
by using trypan-blue staining or other cell death or
viability markers known in the art. In a specific
embodiment, the level of cellular ATP is measured to
determined cell viability. Differentiation can be
assessed, for example, visually based on changes in
morphology. Animal ModelsCompounds can be tested in
suitable animal model systems prior to use in humans.
Such animal model systems include but are not limited
to rats, mice, chicken, cows, monkeys, pigs, dogs,
rabbits, etc. Any animal system well-known in the art
may be used. In certain embodiments, compounds are
tested in a mouse model. Compounds can be administered
repeatedly. Accepted animal models can be utilised to
determine the efficacy of the compounds identified via
the methods described above for the prevention,
treatment, management and/or amelioration of bladder
cancer or a symptom thereof. Toxicity The toxicity
and/or efficacy of a compound identified in accordance
with the invention can be determined by standard
pharmaceutical procedures in cell cultures or
experimental animals, e.g., for determining the LD50
(the dose lethal to 50% of the population) and the
ED50 (the dose therapeutically effective in 50% of the
population). Cells and cell lines that can be used to
assess the cytotoxicity of a compound identified in
accordance with the invention include, but are not
limited to, peripheral blood mononuclear cells
(PBMCs), Caco-2 cells, and Huh7 cells. The dose ratio
between toxic and therapeutic effects is the
therapeutic index and it can be expressed as the ratio
LD50ZED50. A compound identified in accordance with
the invention that exhibits large therapeutic indices
is preferred. While a compound identified in
accordance with the invention that exhibits toxic side
effects may be used, care should be taken to design a
delivery system that targets such agents to the site
of affected tissue in order to minimize potential
damage to uninfected cells and, thereby, reduce side
effects. The data obtained from the cell culture
assays and animal studies can be used in formulating a
range of dosage of a compound identified in accordance
with the invention for use in humans. The dosage of
such agents lies preferably within a range of
circulating concentrations that include the ED50 with
little or no toxicity. The dosage may vary within this
range depending upon the dosage form employed and the
route of administration utilised. For any agent used
in the method of the invention, the therapeutically
effective dose can be estimated initially from cell
culture assays. A dose may be formulated in animal
models toachieve a circulating plasma concentration
range that includes the IC50 {i.e., the concentration
of the compound that achieves a half-maximal
inhibition of symptoms) as determined in cell culture.
Such information can be used to more accurately
determine useful doses in humans. Levels in plasma may
be measured, for example, by high performance liquid
chromatography. Design of Congeners or Analogs The
compounds which display the desired biological
activity can be used as lead compounds for the
development or design of congeners or analogs having
useful pharmacological activity. For example, once a
lead compound is identified, molecular modeling
techniques can be used to design variants of the
compound that can be more effective. Examples of
molecular modeling systems are the CHARM and QUANTA
programs (Polygen Corporation, Waltham, MA). CHARM
performs the energy minimization and molecular
dynamics functions. QUANTA performs the construction,
graphic modelling and analysis of molecular structure.
QUANTA allows interactive construction, modification,
visualization, and analysis of the behavior of
molecules with each other. A number of articles review
computer modeling of drugs interactive with specific
proteins, such as Rotivinen et al., 1988, Acta
Pharmaceutical Fennica 97:159-166; Ripka, 1998, New
Scientist 54-57; McKinaly & Rossmann, 1989, Annu. Rev.
Pharmacol. Toxiciol. 29: 111-122; Perry & Davies,
OSAR: Quantitative Structure-Activity Relationships in
Drug Design pp. 189-193 (Alan R. Liss, Inc. 1989);
Lewis & Dean, 1989, Proc. R. Soc. Lond. 236:125-140
and 141-162; Askew et al., 1989, J. Am. Chem. Soc.
111:1082-1090. Other computer programs that screen and
graphically depict chemicals are available from
companies such as BioDesign, Inc. (Pasadena,
California), Allelix, Inc. (Mississauga, Ontario,
Canada), and Hypercube, Inc. (Cambridge, Ontario).
Although these are primarily designed for application
to drags specific to particular proteins, they can be
adapted to design of drugs specific to any identified
region. The analogs and congeners can be tested for
binding to the proteins of interest {i.e., the protein
products of a biomarker of the invention) using the
above-described screens for biologic activity.
Alternatively, lead compounds withlittle or no
biologic activity, as ascertained in the screen, can
also be used to design analogs and congeners of the
compound that have biologic activity. 5.18.3 Compounds
Compounds that can be tested and identified methods
described herein can include, but are not limited to,
compounds obtained from any commercial source,
including Aldrich (1001 West St. Paul Ave., Milwaukee,
WI 53233), Sigma Chemical (P.O. Box 14508, St. Louis,
MO 63178), Fluka Chemie AG (Industriestrasse 25,
CH-9471 Buchs, Switzerland (Fluka Chemical Corp. 980
South 2nd Street, Ronkonkoma, NY 11779)), Eastman
Chemical Company, Fine Chemicals (P.O Box 431,
Kingsport, TN 37662), Boehringer Mannheim GmbH
(Sandhofer Strasse 116, D-68298 Mannheim), Takasago (4
Volvo Drive, Rockleigh, NJ 07647), SST Corporation
(635 Brighton Road, Clifton, NJ 07012), Ferro ( 111
West Irene Road, Zachary, LA 70791), Riedel-deHaen
Aktiengesellschaft (P.O. Box D-30918, Seelze,
Germany), PPG Industries Inc., Fine Chemicals (One PPG
Place, 



34th Floor, Pittsburgh, PA 15272). Further any kind of
natural products may be screened using the methods of
the invention, including microbial, fungal, plant or
animal extracts. Compounds from large libraries of
synthetic or natural compounds can be screened.
Numerous means are currently used for random and
directed synthesis of saccharide, peptide, and nucleic
acid-based compounds. Synthetic compound libraries are
commercially available from a number of companies
including Maybridge Chemical Co. (Trevillet, Cornwall,
UK), Comgenex (Princeton, NJ), Brandon Associates
(Merrimack, NH), and Microsource (New Milford, CT). A
rare chemical library is available from Aldrich
(Milwaukee, WI). Combinatorial libraries are available
and are prepared. Alternatively, libraries of natural
compounds in the form of bacterial, fungal, plant and
animal extracts are available from e.g., Pan
Laboratories (Bothell, WA) or MycoSearch (NC), or are
readily producible by methods well known in the art.
Additionally, natural and synthetically produced
libraries and compounds are readily modified through
conventional chemical, physical, and biochemical
means. Furthermore, diversity libraries of test
compounds, including small molecule test compounds,
may be utilised. Libraries screened using the methods
of the present invention can comprise a variety of
types of compounds. Examples of libraries that can
bescreened in accordance with the methods of the
invention include, but are not limited to, peptoids;
random biooligomers; diversomers such as hydantoins,
benzodiazepines and dipeptides; vinylogous
polypeptides; nonpeptidal peptidomimetics;
oligocarbamates; peptidyl phosphonates; peptide
nucleic acid libraries; antibody libraries;
carbohydrate libraries; and small molecule libraries
(preferably, small organic molecule libraries). In
some embodiments, the compounds in the libraries
screened are nucleic acid or peptide molecules. In a
non-limiting example, peptide molecules can exist in a
phage display library. In other embodiments, the types
of compounds include, but are not limited to, peptide
analogs including peptides comprising non-naturally
occurring amino acids, e.g., D-amino acids,
phosphorous analogs of amino acids, such as a-amino
phosphoric acids and a-amino phosphoric acids, or
amino acids having non-peptide linkages, nucleic acid
analogs such as phosphorothioates and PNAs, hormones,
antigens, synthetic or naturally occurring drugs,
opiates, dopamine, serotonin, catecholamines,
thrombin, acetylcholine, prostaglandins, organic
molecules, pheromones, adenosine, sucrose, glucose,
lactose and galactose. Libraries of polypeptides or
proteins can also be used in the assays of the
invention. In a specific embodiment, the combinatorial
libraries are small organic molecule libraries
including, but not limited to, benzodiazepines,
isoprenoids, thiazolidinones, metathiazanones,
pyrrolidines, morpholino compounds, and
benzodiazepines. In another embodiment, the
combinatorial libraries comprise peptoids; random
bio-oligomers; benzodiazepines; diversomers such as
hydantoins, benzodiazepines and dipeptides;,
vinylogous polypeptides; nonpeptidal peptidomimetics;
oligocarbamates; peptidyl phosphonates; peptide
nucleic acid libraries; antibody libraries; or
carbohydrate libraries. Combinatorial libraries are
themselves commercially available For example,
libraries maybe commercially obtained from, e.g.,
Specs and BioSpecs B.V. (Rijswijk, The Netherlands),
Chembridge Corporation (San Diego, CA), Contract
Service Company (Dolgoprudny, Moscow Region, Russia),
Comgenex USA Inc. (Princeton, NJ), Maybridge Chemicals
Ltd. (Cornwall PL34 OHW, United Kingdom), Asinex
(Moscow, Russia), ComGenex (Princeton, New Jersey),
Ru, Tripos, Inc. (St. Louis, Missouri), ChemStar, Ltd
(Moscow, Russia), 3D Pharmaceuticals (Exton,
Pennsylvania), and Martek Biosciences (Columbia,
Maryland).In a preferred embodiment, the library is
preselected so that the compounds of the library are
more amenable for cellular uptake. For example,
compounds are selected based on specific parameters
such as, but not limited to, size, lipophilicity,
hydrophilicity, and hydrogen bonding, which enhance
the likelihood of compounds getting into the cells. In
another embodiment, the compounds are analyzed by
three-dimensional or four-dimensional computer
computation programs. The combinatorial compound
library for use in accordance with the methods of the
present invention may be synthesised. There is a great
interest in synthetic methods directed toward the
creation of large collections of small organic
compounds, or libraries, which could be screened for
pharmacological, biological or other activity. The
synthetic methods applied to create vast combinatorial
libraries are performed in solution or in the phase,
i.e., on a support. Solid-phase synthesis makes it
easier to conduct multi-step reactions and to drive
reactions to completion with high yields because
excess reagents can be easily added and washed away
after each reaction step. Solid-phase combinatorial
synthesis also tends to improve isolation,
purification and screening. However, the more
traditional solution phase chemistry supports a wider
variety of organic reactions than solid-phase
chemistry. Combinatorial compound libraries of the
present invention may be synthesised using the
apparatus described in U.S. Patent No. 6,190,619 to
Kilcoin et al, which is hereby incorporated by
reference in its entirety. U.S. Patent No. 6,190,619
discloses a synthesis apparatus capable of holding a
plurality of reaction vessels for parallel synthesis
of multiple discrete compounds or for combinatorial
libraries of compounds. In one embodiment, the
combinatorial compound library can be synthesised in
solution. The method disclosed in U.S. Patent No.
6,194,612 to Boger et al., which is hereby
incorporated by reference in its entirety, features
compounds useful as templates for solution phase
synthesis of combinatorial libraries. The template is
designed to permit reaction products to be easily
purified from unreacted reactants using liquid/liquid
or solid/liquid extractions. The compounds produced by
combinatorial synthesis using the template will
preferably be small organic molecules. Some compounds
in the library may mimic the effects of non-peptides
or peptides. In contrast to solid phase synthesize of
combinatorialcompound libraries, liquid phase
synthesis does not require the use of specialized
protocols for monitoring the individual steps of a
multistep solid phase synthesis (Egner et al., 1995,
J.Org. Chem. 60:2652; Anderson et al., 1995, J. Org.
Chem. 60:2650; Fitch et al., 1994, J . Org. Chem.
59:7955; Look et al., 1994, J . Org. Chem. 49:7588;
Metzger et al., 1993, Angew. Chem., Int. Ed. Engl.
32:894; Youngquist et al., 1994, Rapid Commun. Mass
Spect. 8:77; Chu et al., 1995, J . Am. Chem. Soc.
117:5419; Brummel et al., 1994, Science 264:399; and
Stevanovic et al., 1993, Bioorg. Med. Chem. Lett.
3:431). Combinatorial compound libraries useful for
the methods of the present invention can be
synthesised on solid supports. In one embodiment, a
split synthesis method, a protocol of separating and
mixing supports during the synthesis, is used to
synthesize a library of compounds on solid supports
(see e.g. , Lam et al., 1997, Chem. Rev. 97:41-448;
Ohhneyer et al., 1993, Proc. Natl. Acad. Sci. USA
90:10922-10926 and references cited therein). Each
solid support in the final library has substantially
one type of compound attached to its surface. Other
methods for synthesizing combinatorial libraries on
solid supports, wherein one product is attached to
each support, will be known to those of skill in the
art (see, e.g., Nefzi et al., 1997, Chem. Rev.
97:449-472). In some embodiments of the present
invention, compounds can be attached to solid supports
via linkers. Linkers can be integral and part of the
solid support, or they may be nonintegral that are
either synthesised on the solid support or attached
thereto after synthesis. Linkers are useful not only
for providing points of compound attachment to the
solid support, but also for allowing different groups
of molecules to be cleaved from the solid support
under different conditions, depending on the nature of
the linker. For example, linkers can be, inter alia,
electrophilically cleaved, nucleophilically cleaved,
photocleavable, enzymatically cleaved, cleaved by
metals, cleaved under reductive conditions or cleaved
under oxidative conditions. In a preferred embodiment,
the compounds are cleaved from the solid support prior
to high throughput screening of the compounds. If the
library comprises arrays or microarrays of compounds,
wherein each compound has an address or identifier,
the compound can be deconvoluted, e.g., by
crossreferencing the positive sample to original
compound list that was applied to the individual test
assays.If the library is a peptide or nucleic acid
library, the sequence of the compound can be
determined by direct sequencing of the peptide or
nucleic acid. Such methods are well known to one of
skill in the art. A number of physico-chemical
techniques can be used for the de novo
characterization of compounds. Examples of such
techniques include, but are not limited to, mass
spectrometry, NMR spectroscopy, X-ray crytallography
and vibrational spectroscopy. 5.19 Use of Identified
Compounds to Prevent, Treat, Manage or Ameliorate
Bladder Cancer or Symptoms Thereof The present
invention provides methods of preventing, treating,
managing or ameliorating bladder cancer or a symptom
thereof, said methods comprising administering to a
subject in need thereof one or more compounds
identified in accordance with the methods of the
invention. In a preferred embodiment, the subject is
human. In one embodiment, the invention provides a
method of preventing, treating, managing or
ameliorating bladder cancer or a symptom thereof, said
method comprising administering to a subject in need
thereof a dose of a prophylactically or
therapeutically effective amount of one or more
compounds identified in accordance with the methods of
the invention. In a specific embodiment, a compound
identified in accordance with the methods of the
invention is not administered to prevent, treat, or
ameliorate bladder cancer or a symptom thereof, if
such compound has been used previously to prevent,
treat, manage or ameliorate bladder cancer or a
symptom thereof. In another embodiment, a compound
identified in accordance with the methods of the
invention is not administered to prevent, treat, or
ameliorate bladder cancer or a symptom thereof, if
such compound has suggested to be used to prevent,
treat, manage or ameliorate bladder cancer or a
symptom thereof. In another embodiment, a compound
identified in accordance with the methods of the
invention specifically binds to and/or alters the
expression and/or activity level of a protein or RNA
product of only one biomarker of the invention i yet
another embodiment, a compound identified in
accordance with the methods of the invention binds to
and/or alters the expression and/or activity level of
a protein or RNA product of any number of up to at
least 2, at least 3, at least 4, at least 5, at least
10, at least 15, at least 20, at least 25, at least
30, at least 35, at least 40 or more biomarkers of the
invention.In a specific embodiment, a compound
identified in accordance with the methods of the
invention increases or decreases the anabolic and/or
the catabolic activity of a bladder cell or
immortalized bladder cancer cell. Preferably, such a
compound increases or decreases the anabolic and/or
catabolic activity of a chondrocyte by greater than
1.0-fold, more preferably, 1.5-5-fold, and most
preferably, 5-100-fold, as compared to an untreated
bladder cell or immortalized bladder cell, hi another
embodiment, a compound identified in accordance with
the methods of the invention ameliorates at least one
of the symptoms and/or changes associated with bladder
cancer including symptoms of bladder cancer. In a
particular embodiment, the prophylactic or therapeutic
agent administered to prevent, treat, manage or
ameliorate bladder cancer or a symptom thereof is a
synthetic compound or a natural product (e.g. a plant
extract or culture supernatant), or a mixture of
compounds. The invention also provides methods of
preventing, treating, managing or ameliorating
ameliorate bladder cancer or a symptom thereof, said
methods comprising administering to a subject in need
thereof one or more of the compounds identified
utilising the screening methods described herein, and
one or more other therapies (e.g., prophylactic or
therapeutic agents and surgery). In a specific
embodiment, such therapies are currently being used,
have been used or are known to be useful in the
prevention, treatment, management or amelioration of o
ameliorate bladder cancer or a symptom thereof
(including, but not limited to the prophylactic or
therapeutic agents listed in sections herein below).
The therapies (e.g., prophylactic or therapeutic
agents) of the combination therapies of the invention
can be administered sequentially or concurrently. In a
specific embodiment, the combination therapies of the
invention comprise a compound identified in accordance
with the invention and at least one other therapy that
has the same mechanism of action as said compound hi
another specific embodiment, the combination therapies
of the invention comprise a compound identified in
accordance with the methods of the invention and at
least one other therapy (e.g., prophylactic or
therapeutic agent) which has a different mechanism of
action than said compound. The combination therapies
of the present invention improve the prophylactic or
therapeutic effect of a compound of the invention by
functioning together with the compound to have an
additive or synergistic effect. The combination
therapies of the present invention reduce the side
effects associated with the therapies (e.g.,
prophylactic or therapeutic agents).The prophylactic
or therapeutic agents of the combination therapies can
be administered to a subject in the same
pharmaceutical composition. Alternatively, the
prophylactic or therapeutic agents of the combination
therapies can be administered concurrently to a
subject in separate pharmaceutical compositions. The
prophylactic or therapeutic agents may be administered
to a subject by the same or different routes of
administration. In specific embodiment, a
pharmaceutical composition comprising one or more
compounds identified in an assay described herein is
administered to a subject, preferably a human, to
prevent, treat, manage or ameliorate bladder cancer or
a symptom 



thereof. In accordance with the invention, the
pharmaceutical composition may also comprise one or
more prophylactic or therapeutic agents. Preferably,
such agents are currently being used, have been used
or are known to be useful in the prevention,
treatment, management or amelioration of bladder
cancer or a symptom thereof. A compound identified in
accordance with the methods of the invention may be
used as a first, second, third, fourth or fifth line
of therapy for bladder cancer. The invention provides
methods for treating, managing or ameliorating bladder
cancer or a symptom thereof in a subject refractory to
conventional therapies for bladder cancer, said
methods comprising administering to said subject a
dose of a prophylactically or therapeutically
effective amount of a compound identified in
accordance with the methods of the invention. The
invention provides methods for treating, managing or
ameliorating bladder cancer or a symptom thereof in a
subject refractory to existing single agent therapies
for bladder cancer, said methods comprising
administering to said subject a dose of a
prophylactically or therapeutically effective amount
of a compound identified in accordance with the
methods of the invention and a dose of a
prophylactically or therapeutically effective amount
of one or more other therapies (e.g., prophylactic or
therapeutic agents). The invention also provides
methods for treating or managing a bladder cancer by
administering a compound identified in accordance with
the methods of the invention in combination with any
other therapy (e.g., surgery) to patients who have
proven refractory to other therapies but are no longer
on these therapies. The invention also provides
methods for the treatment ormanagement of a patient
having bladder cancer and immunosuppressed by reason
of having previously undergone other therapies. The
invention also provides alternative methods for the
treatment or management of bladder cancer where
hormonal therapy and/or biological
therapy/immunotherapy has proven or may prove too
toxic, i.e., results in unacceptable or unbearable
side effects, for the subject being treated or
managed. 5.19.1 Compounds for Use in Preventing,
Treating. Managing or Ameliorating Bladder Cancer or a
Symptom Thereof Representative, non-limiting examples
of compounds that can used in accordance with the
methods of the invention to prevent, treat, manage
and/or ameliorate bladder cancer or a symptom thereof
are described in detail below. First, such compounds
can include, for example, antisense, ribozyme, or
triple helix compounds that can downregulate the
expression or activity of a protein or RNA product of
a biomarker of the invention. Such compounds are
described in detail in the subsection below. Second,
such compounds can include, for example, antibody
compositions that can modulate the expression of a
protein or RNA product of a biomarker of the
invention, or the activity of a protein product of a
biomarker of the invention. In a specific embodiment,
the antibody compositions downregulate the expression
a protein or RNA product of a biomarker of the
invention, or the activity of a protein product of a
biomarker of the invention. Such compounds are
described in detail in the subsection below. Third,
such compounds can include, for example, protein
products of a biomarker of the invention. The
invention encompasses the use of peptides or peptide
mimetics selected to mimic a protein product of a
biomarker of the invention to prevent, treat, manage
or ameliorate bladder cancer or a symptom thereof.
Further, such compounds can include, for example,
dominant-negative polypeptides that can modulate the
expression a protein or RNA product of a biomarker of
the invention, or the activity of a protein product of
a biomarker of the invention. The methods also
encompass the use derivatives, analogs and fragments
of a protein product of a biomarker of the invention
to prevent, treat, manage or amelioratebladder cancer
or a symptom thereof. In particular, the invention
encompasses the use of fragments of a protein product
of a biomarker of the invention comprising one or more
domains of such a protein(s) to prevent, treat, manage
or ameliorate bladder cancer or a symptom thereof. In
another specific embodiment, the invention encompasses
the use of a protein product of a biomarker of the
invention, or an analog, derivative or fragment of
such a protein which is expressed as a fusion, or
chimeric protein product (comprising the protein,
fragment, analog, or derivative joined via a peptide
bond to a heterologous protein sequence). In specific
embodiments, an antisense oligonucleotide of at least
1, at least 2, at least 3, at least 4, at least 5, at
least 6, at least 7, at least 8, at least 9, at least
10, at least 15, at least 20, at least 25, at least
30, at least 35, at least 40, at least 45, at least
50, or more of biomarkers of the invention are
administered to prevent, treat, manage or ameliorate
bladder cancer or a symptom thereof. In other
embodiments, one or more of protein products of a
biomarker of the invention or a fragment, analog, or
derivative thereof are administered to prevent, treat,
manage or ameliorate bladder cancer or a symptom
thereof. In other embodiment, one or more antibodies
that specifically bind to a protein product of the
invention are administered to prevent, treat, manage
or ameliorate bladder cancer or a symptom thereof, hi
other embodiments, one or more dominant-negative
polypeptides are administered to prevent, treat,
manage or ameliorate bladder cancer or a symptom
thereof. Antisense, Ribozyme, Triple-Helix
Compositions Standard techniques can be utilised to
produce antisense, triple helix, or ribozyme molecules
for use as part of the methods described herein.
First, standard techniques can be utilised for the
production of antisense nucleic acid molecules, i.e.,
molecules which are complementary to a sense nucleic
acid encoding a polypeptide of interest, e.g.,
complementary to the coding strand of a
double-stranded cDNA molecule or complementary to an
mRNA sequence. Accordingly, an antisense nucleic acid
can hydrogen bond to a sense nucleic acid. The
antisense nucleic acid can be complementary to an
entire coding strand, or to only a portion thereof,
e.g., all or part of the protein coding region (or
open reading frame). An antisense nucleic acid
molecule can be antisense to all or part of a
non-coding region of the coding strand of a nucleotide
sequence encoding a polypeptide ofinterest. The
non-coding regions ("5' and 3' untranslated regions")
are the 5' and 3' sequences that flank the coding
region and are not translated into amino acids. An
antisense oligonucleotide can be, for example, any
number of up to about 5, 10, 15, 20, 25, 30, 35, 40,
45 or 50 nucleotides or more in length. An antisense
nucleic acid of the invention can be constructed using
chemical synthesis and enzymatic ligation reactions
using procedures known in the art. For example, an
antisense nucleic acid {e.g., an antisense
oligonucleotide) can be chemically synthesised using
naturally occurring nucleotides or variously modified
nucleotides designed to increase the biological
stability of the molecules or to increase the physical
stability of the duplex formed between the antisense
and sense nucleic acids, e.g., phosphorothioate
derivatives and acridine substituted nucleotides can
be used. Examples of modified nucleotides which can be
used to generate the antisense nucleic acid include
5-fluorouracil, 5-bromouracil, 5-chlorouracil,
5-iodouracil, hypoxanthine, xanthine,
4-acetylcytosine, 5-(carboxyhydroxylmethyl) uracil,
5-carboxymethylaminomethyl-2-thiouridine,
5-carboxymethylaminomethyluracil, dihydrouracil,
beta-D-galactosylqueosine, inosine,
N6-isopentenyladenine, 1-methylguanine,
1-methylinosine, 2,2-dimethylguanine, 2-methyladenine,
2-methylguanine, 3-methylcytosine, 5-methylcytosine,
N6-adenine, 7-methylguanine,
5-methylaminomethyluracil,
5-methoxyaminomethyl-2-thiouracil,
beta-D-mannosylqueosine,
5'-methoxycarboxymethyluracil, 5-methoxyuracil,
2-methylthio-N6-isopentenyladenine, uracil-5-oxyacetic
acid (v), wybutoxosine, pseudouracil, queosine,
2-thiocytosine, 5-methyl-2-thiouracil, 2-thiouracil,
4-thiouracil, 5-methyluracil, uracil-5-oxyacetic acid
methylester, uracil-5-oxyacetic acid (v),
5-methyl-2-thiouracil, 3-(3-amino-3-N-2-carboxypropyl)
uracil, (acp3)w, and 2,6-diaminopurine. Alternatively,
the antisense nucleic acid can be produced
biologically using an expression vector into which a
nucleic acid has been subcloned in an antisense
orientation (i.e., RNA transcribed from the inserted
nucleic acid will be of an antisense orientation to a
target nucleic acid of interest). Antisense nucleic
acid molecules administered to a subject or generated
in situ such that they hybridize with or bind to
cellular mRNA encoding the polypeptide of interest to
thereby inhibit expression, e.g., by inhibiting
transcription and/or translation. The hybridization
can be by conventional nucleotide complementarity to
form a stable duplex, or,for example, in the case of
an antisense nucleic acid molecule which binds to DNA
duplexes, through specific interactions in the major
groove of the double helix. An example of a route of
administration of antisense nucleic acid molecules of
the invention includes direct injection at a tissue,
e.g., a joint (e.g., a knee, hip, elbow, and knuckle),
site. Alternatively, antisense nucleic acid molecules
can be modified to target selected cells and then
administered systemically. For example, for systemic
administration, antisense molecules can be modified
such that they specifically bind to receptors or
antigens expressed on a selected cell, e.g., a T cell
or chondrocyte, surface, e.g., by linking the
antisense nucleic acid molecules to peptides or
antibodies which bind to cell surface receptors or
antigens. The antisense nucleic acid molecules can
also be delivered to cells using vectors, e.g., gene
therapy vectors, described below. To achieve
sufficient intracellular concentrations of the
antisense molecules, vector constructs in which the
antisense nucleic acid molecule is placed under the
control of a strong pol II or pol III promoter are
preferred. An antisense nucleic acid molecule of
interest can be an a-anomeric nucleic acid molecule.
An a-anomeric nucleic acid molecule forms specific
double-stranded hybrids with complementary RNA in
which, contrary to the usual a-units, the strands run
parallel to each other (Gaultier et al., 1987, Nucleic
Acids Res. 15:6625-6641). The antisense nucleic acid
molecule can also comprise a 2'-o-methylribonucleotide
(Inoue et al., 1987, Nucleic Acids Res. 15:6131-6148)
or a chimeric RNA-DNA analogue (Inoue et al., 1987,
FEBS Lett. 215:327-330). Ribozymes are catalytic RNA
molecules with ribonuclease activity that are capable
of cleaving a single-stranded nucleic acid, such as an
mRNA, to which they have a complementary region, and
can also be generated using standard techniques. Thus,
ribozymes (e.g., hammerhead ribozymes (described in
Haselhoff and Gerlach, 1988, Nature 334:585-591)) can
be used to catalytically cleave mRNA transcripts to
thereby inhibit translation of the protein encoded by
the mRNA. A ribozyme having specificity for a nucleic
acid molecule encoding a polypeptide of interest can
be designed based upon the nucleotide sequence of a
cDNA disclosed herein. For example, a derivative of a
Tetrahymena L-1 9 IVS RNA can be constructed in which
the nucleotide sequence of the active site is
complementary to the nucleotide sequence to be cleaved
in a Cech et al. U.S. Patent No. 4,987,071; and Cechet
al. U.S. Patent No. 5,1 16,742. Alternatively, an mRNA
encoding a polypeptide of interest can be used to
select a catalytic RNA having a specific ribonuclease
activity from a pool of RNA molecules. See, e.g.,
Bartel and Szostak, 1993, Science 261:1411-1418.
Triple helical structures can also be generated using
well known techniques. For example, expression of a
polypeptide of interest can be inhibited by targeting
nucleotide sequences complementary to the regulatory
region of the gene encoding the polypeptide {e.g., the
promoter and/or enhancer) to form triple helical
structures that prevent transcription of the gene in
target cells. See generally Helene, 1991, Anticancer
Drug Des. 6(6):569-84; Helene, 1992, Ann. KY. Acad.
Sci. 660:27-36; and Maher, 1992, Bioassays
14(12):807-15. In various embodiments, nucleic acid
compositions can be modified at the base moiety, sugar
moiety or phosphate backbone to improve, e.g., the
stability, hybridization, or solubility of the
molecule. For example, the deoxyribose phosphate
backbone of the nucleic acids can be modified to
generate peptide nucleic acids (see Hyrup et al.,
1996, Bioorganic & Medicinal Chemistry 4(1): 5-23). As
used herein, the terms "peptide nucleic acids" or
"PNAs" refer to nucleic acid mimics, e.g., DNA mimics,
in which the deoxyribose phosphate backbone is
replaced by a pseudopeptide backbone and only the four
natural nucleobases are retained. The neutral backbone
of PNAs has been shown to allow for specific
hybridization to DNA and RNA under conditions of low
ionic strength. The synthesis of PNA oligomers can be
performed using standard solid phase peptide synthesis
protocols as described in Hyrup et al.,1996, supra;
Perry-O'Keefe et al., 1996, Proc. Natl. Acad. Sci. USA
93: 14670-675. PNAs can, for example, be modified,
e.g., to enhance their stability or cellular uptake,
by attaching lipophilic or other helper groups to PNA,
by the formation of PNA-DNA chimeras, or by the use of
liposomes or other techniques of drug delivery known
in the art. For example, PNA-DNA chimeras can be
generated which may combine the advantageous
properties of PNA and DNA. Such chimeras allow DNA
recognition enzymes, e.g., RNAse H and DNA
polymerases, to interact with the DNA portion while
the PNA portion would provide high binding affinity
and specificity. PNA-DNA chimeras can be linked using
linkers of appropriate lengths selected in terms of
base stacking, number of bonds between the
nucleobases, and orientation (Hyrup, 1996, supra). The
synthesis of PNA-DNA chimerascan be performed as
described in Hyrup, 1996, supra, and Finn et al.,
1996, Nucleic Acids Res. 24(17):3357-63. For example,
a DNA chain can be synthesised on a solid support
using standard phosphoramidite coupling chemistry and
modified nucleoside analogs. Compounds such as
5'-(4-methoxytrityl)amino-5'-deoxy-thymidine
phosphoramidite can be used as a link between the PNA
and the 5' end of DNA (Mag et al., 1989, Nucleic Acids
Res. 17:5973-88). PNA monomers are then coupled in a
stepwise manner to produce a chimeric molecule with a
5' PNA segment and a 3' DNA segment (Finn et al.,
1996, Nucleic Acids Res. 24(17):3357-63).
Alternatively, chimeric molecules can be synthesised
with a 5' DNA 



segment and a 3' PNA segment (Peterser et al., 1975,
Bioorganic Med. Chem. Lett. 5:1119-11124). In other
embodiments, the oligonucleotide may include other
appended groups such as peptides (e.g., for targeting
host cell receptors in vivo ), or agents facilitating
transport across the cell membrane (see, e.g.,
Letsinger et al., 1989, Proc. Natl. Acad. Sci. USA
86:6553-6556; Lemaitre et al., 1987, Proc. Natl. Acad.
Sci. USA 84:648-652; International Publication No.
WO88/09810) or the blood-brain barrier (see, e.g.,
International Publication No. WO89/10134). In
addition, oligonucleotides can be modified with
hybridization-triggered cleavage agents (see, e.g.,
Krol et al., 1988, Bio/Techniques 6:958-976) or
intercalating agents (see, e.g., Zon, 1988, Pharm.
Res. 5:539-549). To this end, the oligonucleotide may
be conjugated to another molecule, e.g., a peptide,
hybridization triggered cross-linking agent, transport
agent, hybridization-triggered cleavage agent, etc.
Antibody Compositions In one embodiment, antibodies
that specifically bind to one or more protein products
of one or more biomarkers of the invention are
administered to a subject, preferably a human, to
prevent, treat, manage or ameliorate bladder cancer or
a symptom thereof hi another embodiment, any
combination of antibodies that specifically bind to
one or more protein products of one or more biomarkers
of the invention are administered to a subject,
preferably a human, to prevent, treat, manage or
ameliorate bladder cancer or a symptom thereof. In a
specific embodiment, one or more antibodies that
specifically bind to one or more protein products of
one or more biomarkers of the invention are
administered to a subject, preferably a human, in
combination with other types of therapies to prevent,
treat,manage or ameliorate bladder cancer or a symptom
thereof. In certain embodiments, antibodies known in
the art that specifically bind to one or more protein
products of one or more biomarkers of the invention
are administered to a subject, preferably a human,
alone or in combination with other types of therapies
to prevent, treat, manage or ameliorate bladder cancer
or a symptom thereof. In other embodiments, antibodies
known in the art that specifically bind to one or more
protein products of one or more biomarkers of the
invention are not administered to a subject,
preferably a human, alone or in combination with other
types of therapies to prevent, treat, manage or
ameliorate bladder cancer or a symptom thereof. One or
more antibodies that specifically bind to one or more
protein products of one or more biomarkers of the
invention can be administered to a subject, preferably
a human, using various delivery systems are known to
those of skill in the art. For example, such
antibodies can be administered by encapsulation in
liposomes, microparticles or microcapsules. See, e.g.,
U.S. Patent No. 5,762,904, U.S. Patent No. 6,004,534,
and International Publication No. WO 99/52563. In
addition, such antibodies can be administered using
recombinant cells capable of expressing the
antibodies, or retroviral, other viral vectors or
non-viral vectors capable of expressing the
antibodies. Antibodies that specifically bind one or
more protein products of one or more biomarkers of the
invention can be obtained from any known source.
Alternatively, antibodies that specifically bind to
one or more protein products of one or more biomarkers
of the invention can be produced by any method known
in the art for the synthesis of antibodies, in
particular, by chemical synthesis or preferably, by
recombinant expression techniques. Antibodies include,
but are not limited to, polyclonal antibodies,
monoclonal antibodies, bispecific antibodies,
multispecific antibodies, human antibodies, humanized
antibodies, camelised antibodies, chimeric antibodies,
single-chain Fvs (scFv) (see e.g., Bird et al. (1988)
Science 242:423-426; and Huston et al. (1988) Proc.
Natl. Acad. ScI USA 85:5879-5883), single chain
antibodies, single domain antibodies, Fab fragments,
F(ab') fragments, disulfide-linked Fvs (sdFv), and
anti-idiotypic (anti-Id) antibodies (including, e.g.,
anti-Id antibodies to antibodies of the invention),
and antigen binding and/or epitope-bindingfragments of
any of the above. The term "antibody", as used herein,
refers to immunoglobulin molecules and immunologically
active fragments of immunoglobulin molecules, i.e.,
molecules that contain an antigen binding site.
Immunoglobulin molecules can be of any type {e.g.,
IgG, IgE, IgM, IgD, IgA and IgY), class {e.g., IgG1,
IgG2, IgG3, IgG4, IgA1 and IgA2) or subclass. Examples
of immunologically active fragments of immunoglobulin
molecules include F(ab) fragments (a monovalent
fragment consisting of the VL, VH, CL and CHl domains)
and F(ab')2 fragments (a bivalent fragment comprising
two Fab fragments linked by a disulfide bridge at the
hinge region) which can be generated by treating the
antibody with an enzyme such as pepsin or papain.
Immunologically active fragments also include, but are
not limited to, Fd fragments (consisting of the VH and
CHl domains), Fv fragments (consisting of the VL and
VH domains of a single arm of an antibody), dAb
fragments (consisting of a VH domain; Ward et al,
(1989) Nature 341:544- 546), and isolated
complementarity determining regions (CDRs). Antibodies
that specifically bind to an antigen can be produced
by any method known in the art for the synthesis of
antibodies, in particular, by chemical synthesis or
preferably, by recombinant expression techniques.
Polyclonal antibodies that specifically bind to an
antigen can be produced by various procedures
well-known in the art. For example, a human antigen
can be administered to various host animals including,
but not limited to, rabbits, mice, rats, etc. to
induce the production of sera containing polyclonal
antibodies specific for the human antigen. Various
adjuvants may be used to increase the immunological
response, depending on the host species, and include
but are not limited to, Freund's (complete and
incomplete), mineral gels such as aluminum hydroxide,
surface active substances such as lysolecithin,
pluronic polyols, polyanions, peptides, oil emulsions,
keyhole limpet hemocyanins, dinitrophenol, and
potentially useful human adjuvants such as BCG
(bacille Calmette-Guerin) and corynebacterium parvum.
Such adjuvants are also well known in the art. The
term "monospecific antibody" refers to an antibody
that displays a single binding specificity and
affinity for a particular target, e.g., epitope. This
term includes monoclonal antibodies. Monoclonal
antibodies can be prepared using a wide variety of
techniques known in the art including the use of
hybridoma, recombinant, and phage displaytechnologies,
or a combination thereof. See, e.g., U.S. Pat. Nos. RE
32,011, 4,902,614, 4,543,439, 4,411,993 and 4,196,265;
Kennett et al (eds.), Monoclonal Antibodies,
Hybridomas: A New Dimension in Biological Analyses,
Plenum Press (1980); and Harlow and Lane (eds.),
Antibodies. A Laboratory Manual, Cold Spring Harbor
Laboratory Press (1988), which are incorporated herein
by reference. For example, monoclonal antibodies can
be produced using hybridoma techniques including those
known in the art and taught, for example, in Harlow et
al., Antibodies: A Laboratory Manual, (Cold Spring
Harbor Laboratory Press, 2nd ed. 1988); Hammerling, et
al., in: Monoclonal Antibodies and T-CeIl Hybridomas
563-681 (Elsevier, N.Y., 1981) (said references
incorporated by reference in their entireties). Other
techniques that enable the production of antibodies
through recombinant techniques (e.g., techniques
described by William D. Huse et al., 1989, Science,
246: 1275-1281; L. Sastry et al., 1989, Proc. Natl.
Acad. Sci. USA, 86: 5728-5732; and Michelle
Alting-Mees et al., Strategies in Molecular Biology,
3: 1-9 (1990) involving a commercial system available
from Stratacyte, La Jolla, Calif.) may also be
utilised to construct monoclonal antibodies. The term
"monoclonal antibody" as used herein is not limited to
antibodies produced through hybridoma technology. The
term "monoclonal antibody" refers to an antibody that
is derived from a single clone, including any
eukaryotic, prokaryotic, or phage clone, and not the
method by which it is produced. Methods for producing
and screening for specific antibodies using hybridoma
technology are routine and well known in the art.
Briefly, mice can be immunized with a protein product
of a biomarker of the invention, and once an immune
response is detected, e.g., antibodies specific for
the protein are detected in the mouse serum, the mouse
spleen is harvested and splenocytes isolated. The
splenocytes are then fused by well known techniques to
any suitable myeloma cells, for example cells from
cell line SP20 available from the ATCC. Hybridomas are
selected and cloned by limited dilution. Additionally,
a RIMMS (repetitive immunization multiple sites)
technique can be used to immunize an animal (Kilptrack
et al., 1997, Hybridoma 16:381-9, incorporated by
reference in its entirety). The hybridoma clones are
then assayed by methods known in the art for cells
that secrete antibodies capable of binding a
polypeptide of the invention. Ascites fluid, which
generally contains high levels of antibodies, can be
generated by immunizing mice with positive hybridoma
clones.Accordingly, the present invention provides
methods of generating antibodies by culturing a
hybridoma cell secreting an antibody of the invention
wherein, preferably, the hybridoma is generated by
fusing splenocytes isolated from a mouse immunized
with a protein product of a biomarker of the
invention, with myeloma cells and then screening the
hybridomas resulting from the fusion for hybridoma
clones that secrete an antibody able to bind to the
protein or protein fragment. Antibody fragments which
recognise specific epitopes of a protein product of a
biomarker of the invention may be generated by any
technique known to those of skill in the art. For
example, Fab and F(ab')2 fragments of the invention
may be produced by proteolytic cleavage of
immunoglobulin molecules, using enzymes such as papain
(to produce Fab fragments) or pepsin (to produce
F(ab')2 fragments). F(ab')2 fragments contain the
variable region, the light chain constant region and
the CHl domain of the heavy chain. Further, the
antibodies of the present invention can also be
generated using various phage display methods known in
the art. In phage display methods, functional antibody
domains are displayed on the surface of phage
particles which carry the polynucleotide sequences
encoding them. In particular, DNA sequences encoding
VH and VL domains are amplified from animal cDNA
libraries (e.g., human or murine cDNA libraries of
affected tissues). The DNA encoding the VH and VL
domains are recombined together with an scFv linker by
PCR and cloned into a phagemid vector. The vector is
electroporated in E. coli and the E. coli is infected
with helper phage. Phage used in these methods are
typically filamentous phage including fd and Ml 3 and
the VH and VL domains are usually recombinantly fused
to either the phage gene III or gene VIII. Phage
expressing an antigen binding domain that binds to a
particular antigen can be selected or identified with
antigen, e.g., using labelled antigen or antigen bound
or captured to a solid surface or bead. Examples of
phage display methods that can be used to make the
antibodies of the present invention include those
disclosed in Brinkman et al., 1995, J . Immunol.
Methods 182:41-50; Ames et al., 1995, J. Immunol.
Methods 184:177- 186; Kettleborough et al. , 1994,
Eur. J . Immunol. 24:952-958; Persic et al., 1997,
Gene 187:9-18; Burton et al., 1994, Advances in
Immunology 57:191-280; PCT Application No. PCT/GB91/O1
134; International Publication Nos. WO 90/02809, WO
91/10737, WO92/01047, WO 92/18619, WO 93/1 1236, WO
95/15982, WO 95/20401, and WO97/13844; and U.S. Patent
Nos. 5,698,426, 5,223,409, 5,403,484, 5,580,717,
5,427,908, 5,750,753, 5,821,047, 5,571,698, 5,427,908,
5,516,637, 5,780,225, 5,658,727, 5,733,743 and
5,969,108; each of which is incorporated herein by
reference in its entirety. As described in the above
references, after phage selection, the antibody coding
regions from the phage can be isolated and used to
generate whole antibodies, including human antibodies,
or any other desired antigen binding fragment, and
expressed in any desired host, including mammalian
cells, insect cells, plant cells, yeast, and bacteria,
e.g., as described below. Techniques to recombinantly
produce Fab, Fab' and F(ab')2 fragments can also be
employed using methods known in the art such as those
disclosed in International Publication No. WO
92/22324; Mullinax et al., 1992, BioTechniques
12(6):864-869; Sawai et al., 1995, AJRI 34:26-34; and
Better et al., 1988, Science 240:1041-1043 (said
references incorporated by reference in their
entireties). To generate whole antibodies, PCR primers
including VH or VL nucleotide sequences, a restriction
site, and a flanking sequence to protect the
restriction site can be used to amplify the VH or VL
sequences in scFv clones. Utilising cloning techniques
known to those of skill in the art, the PCR amplified
VH domains can be cloned into vectors expressing a VH
constant region, e.g., the human gamma 4 constant
region, and the PCR amplified VL domains can be cloned
into vectors expressing a VL constant region, e.g.,
human kappa or lambda constant regions. Preferably,
the vectors for expressing the VH or VL domains
comprise an EF-l a promoter, a secretion signal, a
cloning site for the variable domain, constant
domains, and a selection marker such as neomycin. The
VH and VL domains may also cloned into one vector
expressing the necessary constant regions. The heavy
chain conversion vectors and light chain conversion
vectors are then co-transfected into cell lines to
generate stable or transient cell lines that express
full-length antibodies, e.g., IgG, using techniques
known to those of skill in the art. For some uses,
including in vivo use of antibodies in humans and in
vitro detection assays, it may be preferable to use
human or chimeric antibodies. Completely human
antibodies are particularly desirable for therapeutic
treatment of human subjects. Human antibodies can be
made by a variety of methods known in the art
including phagedisplay methods described above using
antibody libraries derived from human immunoglobulin
sequences. See also U.S. Patent Nos. 4,444,887 and
4,716,1 11; and International Publication Nos. WO
98/46645, WO 98/50433, WO 98/24893, WO98/16654, WO
96/34096, WO 96/33735, and WO 91/10741; each of which
is incorporated herein by 



reference in its entirety. Antibodies can also be
produced by a transgenic animal h particular, human
antibodies can be produced using transgenic mice which
are incapable of expressing functional endogenous
immunoglobulins, but which can express human
immunoglobulin genes. For example, the human heavy and
light chain immunoglobulin gene complexes may be
introduced randomly or by homologous recombination
into mouse embryonic stem cells. Alternatively, the
human variable region, constant region, and diversity
region may be introduced into mouse embryonic stem
cells in addition to the human heavy and light chain
genes. The mouse heavy and light chain immunoglobulin
genes may be rendered non-functional separately or
simultaneously with the introduction of human
immunoglobulin loci by homologous recombination. In
particular, homozygous deletion of the JJJ region
prevents endogenous antibody production. The modified
embryonic stem cells are expanded and microihjected
into blastocysts to produce chimeric mice. The
chimeric mice are then be bred to produce homozygous
offspring which express human antibodies. The
transgenic mice are immunized in the normal fashion
with a selected antigen, e.g., all or a portion of a
polypeptide of the invention. Monoclonal antibodies
directed against the antigen can be obtained from the
immunized, transgenic mice using conventional
hybridoma technology. The human immunoglobulin
transgenes harbored by the transgenic mice rearrange
during B cell differentiation, and subsequently
undergo class switching and somatic mutation. Thus, ,
using such a technique, it is possible to produce
therapeutically useful IgG, IgA, IgM and IgE
antibodies. For an overview of this technology for
producing human antibodies, see Lonberg and Huszar
(1995, Int. Rev. Immunol. 13:65-93). For a detailed
discussion of this technology for producing human
antibodies and human monoclonal antibodies and
protocols for producing such antibodies, see, e.g.,
International Publication Nos. WO 98/24893, WO
96/34096, and WO 96/33735; and U.S. Patent Nos.
5,413,923, 5,625,126, 5,633,425, 5,569,825, 5,661,016,
5,545,806, 5,814,318, and 5,939,598, which are
incorporated by reference herein in their entirety hi
addition, companies such as Abgenix, Inc.
(Freemont,CA) and Genpharm (San Jose, CA) can be
engaged to provide human antibodies directed against a
selected antigen using technology similar to that
described above. U.S. Patent No. 5,849,992, for
example, describes a method of expressing an antibody
in the mammary gland of a transgenic mammal. A
transgene is constructed that includes a milk-specific
promoter and nucleic acids encoding the antibody of
interest and a signal sequence for secretion. The milk
produced by females of such transgenic mammals
includes, secreted-therein, the antibody of interest.
The antibody can be purified from the milk, or for
some applications, used directly. A chimeric antibody
is a molecule in which different portions of the
antibody are derived from different immunoglobulin
molecules. Methods for producing chimeric antibodies
are known in the art. See e.g., Morrison, 1985,
Science 229:1202; Oi et al., 1986, BioTechniques
4:214; Gillies et al., 1989, J. Immunol. Methods
125:191-202; and U.S. Patent Nos. 5,807,715,
4,816,567, 4,816,397, and 6,331,415, which are
incorporated herein by reference in their entirety. A
humanized antibody is an antibody or its variant or
fragment thereof which is capable of binding to a
predetermined antigen and which comprises a framework
region having substantially the amino acid sequence of
a human immunoglobulin and a CDR having substantially
the amino acid sequence of a non-human immuoglobulin.
A humanized antibody comprises substantially all of at
least one, and typically two, variable domains (Fab,
Fab', F(ab') 2 Fabc, Fv) in which all or substantially
all of the CDR regions correspond to those of a
non-human immunoglobulin (i.e., donor antibody) and
all or substantially all of the framework regions are
those of a human immunoglobulin consensus sequence.
Preferably, a humanized antibody also comprises at
least a portion of an immunoglobulin constant region
(Fc), typically that of a human immunoglobulin.
Ordinarily, the antibody will contain both the light
chain as well as at least the variable domain of a
heavy chain. The antibody also may include the CHl,
hinge, CH2, CH3, and CH4 regions of the heavy chain.
The humanized antibody can be selected from any class
of immunoglobulins, including IgM, IgG, IgD, IgA and
IgE, and any isotype, including IgG1, IgG , IgG3 and
IgG4. Usually the constant domain is a complement
fixing constant domain where it is desired that the
humanized antibody exhibit cytotoxic activity, and the
class is typically IgG1. Where suchcytotoxic activity
is not desirable, the constant domain may be of the
IgG2 class. The humanized antibody may comprise
sequences from more than one class or isotype, and
selecting particular constant domains to optimize
desired effector functions is within the ordinary
skill in the art. The framework and CDR regions of a
humanized antibody need not correspond precisely to
the parental sequences, e.g. , the donor CDR or the
consensus framework may be mutagenized by
substitution, insertion or deletion of at least one
residue so that the CDR or framework residue at that
site does not correspond to either the consensus or
the import antibody. Such mutations, however, will not
be extensive. Usually, at least 75% of the humanized
antibody residues will correspond to those of the
parental FR and CDR sequences, more often 90%, and
most preferably greater than 95%. Humanized antibody
can be produced using variety of techniques known in
the art, including but not limited to, CDR-grafting
(European Patent No. EP 239,400; International
Publication No. WO 91/09967; and U.S. Patent Nos.
5,225,539, 5,530,101, and 5,585,089), veneering or
resurfacing (European Patent Nos. EP 592,106 and EP
519,596; Padlan, 1991, Molecular Immunology
28(4/5):489-498; Studnicka et al, 1994, Protein
Engineering 7(6):805-814; and Roguska et al. , 1994,
PNAS 91:969-973), chain shuffling (U.S. Patent No.
5,565,332), and techniques disclosed in, e.g. ., U.S.
Pat. No. 6,407,213, U.S. Pat. No. 5,766,886, WO
9317105, Tan et al., 2002, J . Immunol. 169:1 119-25,
Caldas et al., 2000, Protein Eng. 13(5):353 - 60,
Morea et al., 2000, Methods 20(3):267-79, Baca et al.,
1997, J . Biol. Chem. 272(16):10678-84, Roguska et
al., 1996, Protein Eng. 9(10):895~904, Couto et al.,
1995, Cancer Res. 55 (23 Supr):5973s - 5977s, Couto et
al., 1995, Cancer Res. 55(8):1717-22, Sandhu JS, 1994,
Gene 150(2):409-10, and Pedersen et al., 1994, J .
MoI. Biol. 235(3):959-73. Often, framework residues in
the framework regions will be substituted with the
corresponding residue from the CDR donor antibody to
alter, preferably improve, antigen binding. These
framework substitutions are identified by methods well
known in the art, e.g., by modeling of the
interactions of the CDR and framework residues to
identify framework residues important for antigen
binding and sequence comparison to identify unusual
framework residues at particular positions. (See,
e.g., Queen et al., U.S. Patent No. 5,585,089; and
Riechmann et al., 1988, Nature 332:323, which are
incorporated herein by reference in their
entireties.), Single domain antibodies, for example,
antibodies lacking the light chains, can be produced
by methods well-known in the art. See Riechmann et
al., 1999, J . Irnmuno. 231:25-38; Nuttall et al.,
2000, Curr. Pharm. Biotechnol. l(3):253-263;
Muylderman, 2001, J . Biotechnol. 74(4):277302; U.S.
Patent No. 6,005,079; and International Publication
Nos. WO 94/04678, WO 94/25591, and WO 01/44301, each
of which is incorporated herein by reference in its
entirety. Further, the antibodies that specifically
bind to an antigen can, in turn, be utilised to
generate anti-idiotype antibodies that "mimic" an
antigen using techniques well known to those skilled
in the art. (See, e.g., Greenspan & Bona, 1989, FASEB
J. 7(5):437- 444; and Nissinoff, 1991, J . Immunol.
147(8):2429-2438). Such antibodies can be used, alone
or in combination with other therapies, in the
prevention, treatment, management or amelioration of
bladder cancer or a symptom thereof. The invention
encompasses polynucleotides comprising a nucleotide
sequence encoding an antibody or fragment thereof that
specifically binds to an antigen. The invention also
encompasses polynucleotides that hybridize under high
stringency, intermediate or lower stringency
hybridization conditions to polynucleotides that
encode an antibody of the invention. The
polynucleotides may be obtained, and the nucleotide
sequence of the polynucleotides determined, by any
method known in the art. The nucleotide sequences
encoding known antibodies can be determined using
methods well known in the art, i.e., nucleoside codons
known to encode particular amino acids are assembled
in such a way to generate a nucleic acid that encodes
the antibody. Such a polynucleotide encoding the
antibody may be assembled from chemically synthesised
oligonucleotides {e.g., as described in Kutmeier et
al., 1994, BioTechniques 17:242), which, briefly,
involves the synthesis of overlapping oligonucleotides
containing portions of the sequence encoding the
antibody, fragments, or variants thereof, annealing
and ligating of those oligonucleotides, and then
amplification of the ligated oligonucleotides by PCR.
Alternatively, a polynucleotide encoding an antibody
may be generated from nucleic acid from a suitable
source. If a clone containing a nucleic acid encoding
a particular antibody is not available, but the
sequence of the antibody molecule is known, a nucleic
acidencoding the immunoglobulin may be chemically
synthesised or obtained from a suitable source (e.g.,
an antibody cDNA library or a cDNA library generated
from, or nucleic acid, preferably poly A+ RNA,
isolated from, any tissue or cells expressing the
antibody, such as hybridoma cells selected to express
an antibody of the invention) by PCR amplification
using synthetic primers hybridizable to the 3' and 5'
ends of the sequence or by cloning using an
oligonucleotide probe specific for the particular gene
sequence to identify, e.g., a cDNA clone from a cDNA
library that encodes the antibody. Amplified nucleic
acids generated by PCR may then be cloned into
replicable cloning vectors using any method well known
in the art. Once the nucleotide sequence of the
antibody is determined, the nucleotide sequence of the
antibody may be manipulated using methods well known
in the art for the manipulation of nucleotide
sequences, e.g., recombinant DNA techniques, site
directed mutagenesis, PCR, etc. (see, for example, the
techniques described in Sambrook et al., 1990,
Molecular Cloning, A Laboratory Manual, 2d Ed., Cold
Spring Harbor Laboratory, Cold Spring Harbor, NY and
Ausubel et al., eds., 1998, Current Protocols in
Molecular Biology, John Wiley & Sons, NY, which are
both incorporated by reference herein in their
entireties), to generate antibodies having a different
amino acid sequence, for example to create amino acid
substitutions, deletions, and/or insertions. Once a
polynucleotide encoding an antibody molecule, heavy or
light chain of an antibody, or fragment thereof
(preferably, but not necessarily, containing the heavy
or light chain variable domain) of the invention has
been obtained, the vector for the production of the
antibody molecule may be produced by recombinant DNA
technology using techniques well-known in the art. I n
one preferred embodiment, monoclonal antibodies are
produced in mammalian cells. Preferred mammalian host
cells for expressing the clone antibodies or
antigen-binding fragments thereof include Chinese
Hamster Ovary (CHO cells) (including dhfr- CHO cells,
described in Urlaub and Chasin (1980, Proc. Natl.
Acad. Sci. USA 77:4216- 4220), used with a DHFR
selectable marker, e.g., as described in Kaufman and
Sharp (1982, MoI. Biol. 159:601-621), lymphocytic cell
lines, e.g., NSO myeloma cells and SP2 cells,
COScells, and a cell from a transgenic animal, e.g., a
transgenic mammal. For example, the cell is a mammary
epithelial cell. In addition to the nucleic acid
sequence encoding the diversified immunoglobulin
domain, the recombinant expression vectors may carry
additional sequences, such as sequences that regulate
replication of the vector in host cells (e.g., origins
of replication) and selectable marker genes. The
selectable marker gene facilitates selection of host
cells into which the vector has been introduced (see
e.g., U.S. Patents Nos. 4,399,216, 4,634,665 and
5,179,017). For example, typically the selectable
marker gene confers resistance to drugs, such as G418,
hygromycin or methotrexate, on a host cell into which
the vector has been introduced. Preferred selectable
marker genes include the dihydrofolate reductase
(DHFR) gene (for use in dhff host cells with
methotrexate selection/amplification) and the neo gene
(for G418 selection). In an exemplary system for
recombinant expression of an antibody, or
antigenbinding portion thereof, of the invention, a
recombinant expression vector encoding both the
antibody heavy chain and the antibody light chain is
introduced into dhff CHO cells by calcium
phosphate-mediated transfection. Within the
recombinant expression vector, the antibody heavy and
light chain genes are each operatively linked to
enhancer/promoter regulatory elements (e.g., derived
from SV40, CMV, adenovirus and the like, such as a CMV
enhancer/AdMLP promoter regulatory element or an SV40
enhancer/AdMLP promoter regulatory element) to drive
high levels of transcription of the genes. The
recombinant expression vector also carries a DHFR
gene, which allows for selection of CHO cells that
have been transfected with the vector using
methotrexate selection/amplification. The selected
transformant host cells are cultured to allow for
expression of the antibody heavy and light chains and
intact antibody is recovered from the culture medium.
Standard molecular biology techniques are used to
prepare the recombinant expression vector, transfect
the host cells, select for transformants, culture the
host cells and recover the antibody from the culture
medium. For example, some antibodies can be isolated
by affinity chromatography with a Protein A or Protein
G. For antibodies that include an Fc domain, the
antibody production system preferably synthesizes
antibodies in which the Fc region is glycosylated. For
example, the Fcdomain of IgG molecules is glycosylated
at asparagine 297 in the CH2 domain. This 



asparagine is the site for modification with
biantennary-type oligosaccharides. It has been
demonstrated that this glycosylation is required for
effector functions mediated by FcD receptors and
complement CIq (Burton and Woof, 1992, Adv. Immunol. 5
1 :l-84 ; Jefferis et al., 1998, Immunol. Rev.
163:59-76). In a preferred embodiment, the Fc domain
is produced in a mammalian expression system that
appropriately glycosylates the residue corresponding
to asparagine 297. The Fc domain can also include
other eukaryotic post-translational modifications.
Once an antibody molecule has been produced by
recombinant expression, it may be purified by any
method known in the art for purification of an
immunoglobulin molecule, for example, by
chromatography (e.g., ion exchange, affinity,
particularly by affinity for the specific antigen
after Protein A, and sizing column chromatography),
centrifugation, differential solubility, or by any
other standard technique for the purification of
proteins. Further, the antibodies or fragments thereof
may be fused to heterologous polypeptide sequences
known in the art to facilitate purification. Gene
Therapy Techniques Gene therapy refers to therapy
performed by the administration to a subject of an
expressed or expressible nucleic acid. Any of the
methods for gene therapy available in the art can be
used according to the present invention. Exemplary
methods are described below. In specific embodiments,
one or more antisense oligonucleotides for one or more
biomarkers of the invention are administered to
prevent, treat, manage or ameliorate bladder cancer or
a symptom thereof, by way of gene therapy. In other
embodiments, one or more nucleic acid molecules
comprising nucleotides encoding one or more antibodies
that specifically bind to one or more protein products
of one or more biomarkers of the invention are
administered to prevent, treat, manage or ameliorate
bladder cancer or a symptom thereof, by way of gene
therapy. In other embodiments, one or more nucleic
acid molecules comprising nucleotides encoding protein
products of one or more biomarkers of the invention or
analogs, derivatives or fragments thereof, are
administered to prevent, treat, manage or ameliorate
bladder cancer or a symptom thereof, by way of gene
therapy. In yet otherembodiments, one or more nucleic
acid molecules comprising nucleotides encoding one or
more dominant-negative polypeptides of one or more
protein products of one or more biomarker of the
invention are administered to prevent, treat, manage
or ameliorate bladder cancer or a symptom thereof, by
way of gene therapy. For general reviews of the
methods of gene therapy, see Goldspiel et al., 1993,
Clinical Pharmacy 12:488-505; Wu and Wu, 1991,
Biotherapy 3:87-95; Tolstoshev, 1993, Ann. Rev.
Pharmacol. Toxicol. 32:573-596; Mulligan, 1993,
Science 260:926-932; and Morgan and Anderson, 1993,
Ann. Rev. Biochem. 62:191-217; May, 1993, TIBTECH
11(5):155-215). Methods commonly known in the art of
recombinant DNA technology which can be used are
described in Ausubel et al. (eds.), 1993, Current
Protocols in Molecular Biology, John Wiley & Sons, NY;
and Kriegler, 1990, Gene Transfer and Expression, A
Laboratory Manual, Stockton Press, NY. Li one aspect,
a composition of the invention comprises nucleic acid
sequences encoding one or more antibodies that
specifically bind to one or more protein products of
one or more biomarkers of the invention, said nucleic
acid sequences being part of expression vectors that
express one or more antibodies in a suitable host. In
particular, such nucleic acid sequences have promoters
operably linked to the antibodies, said promoter being
inducible or constitutive, and, optionally,
tissue-specific. In another aspect, a composition of
the invention comprises nucleic acid sequences
encoding dominant-negative polypeptides of one or
protein products of one or more biomarkers of the
invention, said nucleic acid sequences being part of
expression vectors that express dominant-negative
polypeptides in a suitable host. In particular, such
nucleic acid sequences have promoters operably linked
to the dominant-negative polypeptides, said promoter
being inducible or constitutive, and, optionally,
tissue-specific. In another particular embodiment,
nucleic acid molecules are used in which the
dominantnegative coding sequences and any other
desired sequences are flanked by regions that promote
homologous recombination at a desired site in the
genome, thus providing for intrachromosomal expression
of the dominant-negative nucleic acids (Koller and
Smithies, 1989, Proc. Natl. Acad. Sci. USA
86:8932-8935; Zijlstra et al., 1989, Nature
342:435-438).Delivery of the nucleic acids into a
patient may be either direct, in which case the
patient is directly exposed to the nucleic acid or
nucleic acid-carrying vectors, or indirect, in which
case, cells are first transformed with the nucleic
acids in vitro, then transplanted into the patient.
These two approaches are known, respectively, as in
vivo or ex vivo gene therapy. In a specific
embodiment, the nucleic acid sequence is directly
administered in vivo, where it is expressed to produce
the encoded product. This can be accomplished by any
of numerous methods known in the art, e.g., by
constructing it as part of an appropriate nucleic acid
expression vector and administering it so that they
become intracellular, e.g., by infection using
defective or attenuated retroviral or other viral
vectors (see U.S. Patent No. 4,980,286), or by direct
injection of naked DNA, or by use of microp article
bombardment (e.g., a gene gun; Biolistic, Dupont), or
coating with lipids or cell-surface receptors or
transfecting agents, encapsulation in liposomes,
microparticles, or microcapsules, or by administering
them in linkage to a peptide which is known to enter
the nucleus, by administering it in linkage to a
ligand subject to receptor-mediated endocytosis (see,
e.g., Wu and Wu, 1987, J . Biol. Chem. 262:4429-4432)
(which can be used to target cell types specifically
expressing the receptors), etc. In another embodiment,
nucleic acid-ligand complexes can be formed in which
the ligand comprises a fusogenic viral peptide to
disrupt endosomes, allowing the nucleic acid to avoid
lysosomal degradation. In yet another embodiment, the
nucleic acid can be targeted in vivo for cell specific
uptake and expression, by targeting a specific
receptor (see, e.g., International Publication Nos. WO
92/06180 dated April 16, 1992 (Wu et al.); WO 92/22635
dated December 23, 1992 (Wilson et al.); WO92/20316
dated November 26, 1992 (Findeis et al.); WO 93/14188
dated July 22, 1993 (Clarke et al.), WO 93/20221 dated
October 14, 1993 (Young)). Alternatively, the nucleic
acid can be introduced intracellularly and
incorporated within host cell DNA for expression, by
homologous recombination (Koller and Smithies, 1989,
Proc. Natl. Acad. Sci. USA 86:8932-8935; Zijlstra et
al., 1989, Nature 342:435-438). For example, a
retroviral vector can be used. These retroviral
vectors have been modified to delete retroviral
sequences that are not necessary for packaging of the
viral genome and integration into host cell DNA. The
nucleic acid sequences encoding theantibodies of
interest, or proteins of interest or fragments thereof
to be used in gene therapy are cloned into one or more
vectors, which facilitates delivery of the gene into a
patient. More detail about retroviral vectors can be
found in Boesen et al., 1994, Biotherapy 6:291-302,
which describes the use of a retroviral vector to
deliver the mdrl gene to hematopoietic stem cells in
order to make the stem cells more resistant to
chemotherapy. Other references illustrating the use of
retroviral vectors in gene therapy are: Clowes et al.,
1994, J. Clin. Invest 93:644-651; Kiem et al., 1994,
Blood 83:1467-1473; Salmons and Gunzberg, 1993, Human
Gene Therapy 4:129-141; and Grossman and Wilson, 1993,
Curr. Opin. in Genetics and Devel. 3:110-114.
Adenoviruses are other viral vectors that can be used
in gene therapy. Adenoviruses are especially
attractive vehicles for delivering genes to
respiratory epithelia. Adenoviruses naturally infect
respiratory epithelia where they cause a mild disease.
Other targets for adenovirus-based delivery systems
are liver, the central nervous system, endothelial
cells, and muscle. Adenoviruses have the advantage of
being capable of infecting non-dividing cells.
Kozarsky and Wilson, 1993, Current Opinion in Genetics
and Development 3:499-503 present a review of
adenovirus-based gene therapy. Bout et al., 1994,
Human Gene Therapy 5:3-10 demonstrated the use of
adenovirus vectors to transfer genes to the
respiratory epithelia of rhesus monkeys. Other
instances of the use of adenoviruses in gene therapy
can be found in Rosenfeld et al., 1991, Science
252:431-434; Rosenfeld et al., 1992, Cell 68:143-155;
Mastrangeli et al., 1993, J . Clin. Invest.
91:225-234; PCT Publication WO94/12649; and Wang, et
al., 1995, Gene Therapy 2:775-783. In a preferred
embodiment, adenovirus vectors are used.
Adeno-associated virus (AAV) has also been proposed
for use in gene therapy (Walsh et al., 1993, Proc.
Soc. Exp. Biol. Med. 204:289-300; U.S. Patent No.
5,436,146). Another approach to gene therapy involves
transferring a gene to cells in tissue culture by such
methods as electroporation, lipofection, calcium
phosphate mediated transfection, or viral infection.
Usually, the method of transfer includes the transfer
of a selectable marker to the cells. The cells are
then placed under selection to isolate those cells
that have taken up and are expressing the transferred
gene. Those cells are then delivered to a patient.In
this embodiment, the nucleic acid is introduced into a
cell prior to administration in vivo of the resulting
recombinant cell. Such introduction can be carried out
by any method known in the art, including but not
limited to transfection, electroporation,
microinjection, infection with a viral or
bacteriophage vector containing the nucleic acid
sequences, cell fusion, chromosome-mediated gene
transfer, microcell-mediated gene transfer,
spheroplast fusion, etc. Numerous techniques are known
in the art for the introduction of foreign genes into
cells (see, e.g., Loeffler and Behr, 1993, Meth.
Enzymol. 217:599-618; Cohen et al., 1993, Meth.
Enzymol. 217:618-644; Cline, 1985, Pharmac. Ther.
29:69-92) and may be used in accordance with the
present invention, provided that the necessary
developmental and physiological functions of the
recipient cells are not disrupted. The technique
should provide for the stable transfer of the nucleic
acid to the cell, so that the nucleic acid is
expressible by the cell and preferably heritable and
expressible by its cell progeny. The resulting
recombinant cells can be delivered to a patient by
various methods known in the art. Recombinant blood
cells (e.g. , hematopoietic stem or progenitor cells)
and/or chondrocytes are preferably administered
intravenously. The amount of cells envisioned for use
depends on the desired effect, patient state, etc.,
and can be determined by one skilled in the art. Cells
into which a nucleic acid can be introduced for
purposes of gene therapy encompass any desired,
available cell type, and include but are not limited
to epithelial cells, endothelial cells, keratinocytes,
chondrocytes, fibroblasts, muscle cells, hepatocytes;
blood cells such as T lymphocytes, B lymphocytes,
monocytes, macrophages, neutrophils, eosinophils,
megakaryocytes, granulocytes; various stem or
progenitor cells, in particular hematopoietic stem or
progenitor cells, e.g., as obtained from bone marrow,
umbilical cord blood, peripheral blood, fetal liver,
etc. In a preferred embodiment, the cell used for gene
therapy is autologous to the patient. In one
embodiment in which recombinant cells are used in gene
therapy, nucleic acid sequences encoding antibodies of
interest, or proteins of interest or fragments thereof
are introduced into the cells such that they are
expressible by the cells or theirprogeny, and the
recombinant cells are then administered in vivo for
therapeutic effect. In a specific embodiment, stem or
progenitor cells are used. Any stem and/or progenitor
cells which can be isolated and maintained in vitro
can potentially be used in accordance with this
embodiment of the present invention (see, e.g.,
International Publication No. WO 94/08598, dated April
28, 1994; Stemple and Anderson, 1992, Cell 71:973-985;
Rheinwald, 1980, Meth. Cell Bio. 21A:229; andPittelkow
and Scott, 1986, Mayo Clinic Proc. 61:771). Promoters
that may be used to control the expression of nucleic
acid sequences encoding antibodies of interest,
proteins of interest or fragments thereof may be
constitutive, inducible or tissue- specific.
Non-limiting examples include the SV40 early promoter
region (Bernoist and Chambon, 1981, Nature 290:3 04-3
10), the promoter contained in the 3' long terminal
repeat of Rous sarcoma virus (Yamamoto, et al., 1980,
Cell 22:787-797), the herpes thymidine kinase promoter
(Wagner et al., 1981, Proc. Natl. Acad. Sci. USA
78:1441-1445), the regulatory sequences of the
metallothionein gene (Brinster et al., 1982, Nature
296:39-42); prokaryotic expression vectors such as the
b-lactamase promoter (Villa-Kamaroff et al., 1978,
Proc. Natl. Acad. Sci. USA 75:3727-373 1), or the tac
promoter (DeBoer et al., 1983, Proc. Natl. Acad. Sci.
USA 80:21-25); see also "Useful proteins from
recombinant bacteria" in Scientific American, 1980,
242:74-94; plant expression vectors comprising the
nopaline synthetase promoter region (Herrera-Estrella
et al., Nature 303:209-213) or the cauliflower mosaic
virus 35S RNA promoter (Gardner et al., 1981, Nucl.
Acids Res. 9:2871), and the promoter of the
photosynthetic enzyme ribulose biphosphate carboxylase
(Herrera-Estrella et al., 1984, Nature 310:115-120);
promoter elements from yeast or other fungi such as
the Gal 4 promoter, the ADC (alcohol dehydrogenase)
promoter, PGK (phosphoglycerol kinase) promoter,
alkaline phosphatase promoter, and the following
animal transcriptional control regions, which exhibit
tissue specificity and have been utilised in
transgenic animals: elastase I gene control region
which is active in pancreatic acinar cells (Swift et
al., 1984, Cell 38:639-646; Ornitz et al., 1986, Cold
Spring Harbor Symp. Quant. Biol. 50:399-409;
MacDonald, 1987, Hepatology 7:425-515); insulin gene
control region which is active in pancreatic beta
cells (Hanahan, 



1985, Nature 315:1 15-122), immunoglobulin gene
control region which is active in lymphoid cells
(Grosschedl et al., 1984, Cell 38:647-658; Adames et
al., 1985, Nature 318:533-538; Alexander et al., 1987,
MoI. Cell. Biol. 7:1436-1444), mouse mammary tumor
virus controlregion which is active in testicular,
breast, lymphoid and mast cells (Leder et al., 1986,
Cell 45:485-495), albumin gene control region which is
active in liver (Pinkert et al., 1987, Genes and
Devel. 1:268-276), alpha-fetoprotein gene control
region which is active in liver (Krumlauf et al.,
1985, MoI. Cell. Biol. 5:1639-1648; Hammer et al.,
1987, Science 235:53-58; alpha 1-antitrypsin gene
control region which is active in the liver (Kelsey et
al., 1987, Genes and Devel. 1:161-171), beta-globin
gene control region which is active in myeloid cells
(Mogram et al., 1985, Nature 315:338-340; Kollias et
al., 1986, Cell 46:89-94; myelin basic protein gene
control region which is active in oligodendrocyte
cells in the brain (Readhead et al., 1987, Cell
48:703-712); myosin light chain-2 gene control region
which is active in skeletal muscle (Sani, 1985, Nature
314:283-286), and gonadotropic releasing hormone gene
control region which is active in the hypothalamus
(Mason et al., 1986, Science 234:1372-1378). In a
specific embodiment, the nucleic acid to be introduced
for purposes of gene therapy comprises an inducible
promoter operably linked to the coding region, such
that expression of the nucleic acid is controllable by
controlling the presence or absence of the appropriate
inducer of transcription. 5.20 Pharmaceutical
Compositions Biologically active compounds identified
using the methods of the invention or a
pharmaceutically acceptable salt thereof can be
administered to a patient, preferably a mammal, more
preferably a human, suffering from bladder cancer. In
a specific embodiment, a compound or pharmaceutically
acceptable salt thereof is administered to a patient,
preferably a mammal, more preferably a human,
suffering from the following bladder cancer and/or
early stage bladder cancer. In another embodiment, a
compound or a pharmaceutically acceptable salt thereof
is administered to a patient, preferably a mammal,
more preferably a human, as a preventative measure
against bladder cancer. In accordance with these
embodiments, the patient may be a child, an adult or
elderly, wherein a "child" is a subject between the
ages of 24 months of age and 18 years of age, an
"adult" is a subject 18 years of age or older, and
"elderly" is a subject 65 years of age or older. When
administered to a patient, the compound or a
pharmaceutically acceptable salt thereof is preferably
administered as component of a composition
thatoptionally comprises a pharmaceutically acceptable
vehicle. The composition can be administered orally,
or by any other convenient route, for example, by
infusion or bolus injection, by absorption through
epithelial or mucocutaneous linings (e.g., oral
mucosa, rectal, and intestinal mucosa, etc.) and may
be administered together with another biologically
active agent. Administration can be systemic or local.
Various delivery systems are known, e.g.,
encapsulation in liposomes, microparticles,
microcapsules, capsules, etc., and can be used to
administer the compound and pharmaceutically
acceptable salts thereof. Methods of administration
include but are not limited to intradermal,
intramuscular, intraperitoneal, intravenous,
subcutaneous, intranasal, epidural, oral, sublingual,
intranasal, intracerebral, intravaginal, transdermal,
rectally, by inhalation, or topically, particularly to
the ears, nose, eyes, or skin. The mode of
administration is left to the discretion of the
practitioner. In most instances, administration will
result in the release of the compound or a
pharmaceutically acceptable salt thereof into the
bloodstream. In specific embodiments, it may be
desirable to administer the compound or a
pharmaceutically acceptable salt thereof locally. This
may be achieved, for example, and not byway of
limitation, by local infusion during surgery, topical
application, e.g., in conjunction with a wound
dressing after surgery, by injection, by means of a
catheter, by means of a suppository, or by means of an
implant, said implant being of a porous, non-porous,
or gelatinous material, including membranes, such as
sialastic membranes, or fibers. In certain
embodiments, it may be desirable to introduce the
compound or a pharmaceutically acceptable salt thereof
into the central nervous system by any suitable route,
including intraventricular, intrathecal and epidural
injection. Intraventricular injection may be
facilitated by an intraventricular catheter, for
example, attached to a reservoir, such as an Ommaya
reservoir. Pulmonary administration can also be
employed, e.g., by use of an inhaler or nebulizer, and
formulation with an aerosolizing agent, or via
perfusion in a fluorocarbon or synthetic pulmonary
surfactant. In certain embodiments, the compound and
pharmaceutically acceptable salts thereof can be
formulated as a suppository, with traditional binders
and vehicles such as triglycerides.In another
embodiment, the compound and pharmaceutically
acceptable salts thereof can be delivered in a
vesicle, in particular a liposome (see Langer, 1990,
Science 249:1527-1533; Treat et al., in Liposomes in
the Therapy of Infectious Disease and Cancer,
Lopez-Berestein and Fidler (eds.), Liss, New York, pp.
353-365 (1989); Lopez-Berestein, ibid., pp. 317-327;
see generally ibid. ). In yet another embodiment, the
compound and pharmaceutically acceptable salts thereof
can be delivered in a controlled release system (see,
e.g., Goodson, in Medical Applications of Controlled
Release, supra, vol. 2, pp. 115-138 (1984)). Other
controlledrelease systems discussed in the review by
Langer, 1990, Science 249:1527-1533 maybe used. In one
embodiment, a pump may be used (see Langer, supra;
Sefton, 1987, CRC Crit. Ref. Biomed. Eng. 14:201;
Buchwald et al., 1980, Surgery 88:507; Saudek et al.,
1989, N. Engl. J. Med. 321:574). In another
embodiment, polymeric materials can be used (see
Medical Applications of Controlled Release, Langer and
Wise (eds.), CRC Pres., Boca Raton, Florida (1974);
Controlled Drug Bioavailability, Drug Product Design
and Performance, Smolen and Ball (eds.), Wiley, New
York (1984); Ranger and Peppas, 1983, J. Macromol.
Sci. Rev. Macromol. Chem. 23:61; see also Levy et al.,
1985, Science 228:190; During et al., 1989, Ann.
Neurol. 25:351; Howard et al., 1989, J. Neurosurg.
71:105). In yet another embodiment, a
controlled-release system can be placed in proximity
of a target RNA of the compound or a pharmaceutically
acceptable salt thereof, thus requiring only a
fraction of the systemic dose. The compounds described
herein can be incorporated into pharmaceutical
compositions suitable for administration. Such
compositions typically comprise the active compound
and a pharmaceutically acceptable carrier. As used
herein the language "pharmaceutically acceptable
carrier" is intended to include any and all solvents,
dispersion media, coatings, antibacterial and
antifungal agents, isotonic and absorption delaying
agents, and the like, compatible with pharmaceutical
administration. The use of such media and agents for
pharmaceutically active substances is well known in
the art. Except insofar as any conventional media or
agent is incompatible with the active compound, use
thereof in the compositions is contemplated.
Supplementary active compounds can also be
incorporated into the compositions.The invention
includes methods for preparing pharmaceutical
compositions for modulating the expression or activity
of a polypeptide or nucleic acid of interest. Such
methods comprise formulating a pharmaceutically
acceptable carrier with an agent that modulates
expression or activity of a polypeptide or nucleic
acid of interest. Such compositions can further
include additional active agents. Thus, the invention
further includes methods for preparing a
pharmaceutical composition by formulating a
pharmaceutically acceptable carrier with an agent that
modulates expression or activity of a polypeptide or
nucleic acid of interest and one or more additional
active compounds. A pharmaceutical composition of the
invention is formulated to be compatible with its
intended route of administration. Examples of routes
of administration include parenteral, e.g.,
intravenous, intradermal, subcutaneous, oral {e.g.,
inhalation), transdermal (topical), transmucosal, and
rectal administration. Intravenous administration is
preferred. Solutions or suspensions used for
parenteral, intradermal, or subcutaneous application
can include the following components: a sterile
diluent such as water for injection, saline solution,
fixed oils, polyethylene glycols, glycerine, propylene
glycol or other synthetic solvents; antibacterial
agents such as benzyl alcohol or methyl parabens;
antioxidants such as ascorbic acid or sodium
bisulfite; chelating agents such as
ethylenediaminetetraacetic acid; buffers such as
acetates, citrates or phosphates and agents for the
adjustment of tonicity such as sodium chloride or
dextrose. pH can be adjusted with acids or bases, such
as hydrochloric acid or sodium hydroxide. The
parenteral preparation can be enclosed in ampoules,
disposable syringes or multiple dose vials made of
glass or plastic. Pharmaceutical compositions suitable
for injectable use include sterile aqueous solutions
(where water soluble) or dispersions and sterile
powders for the extemporaneous preparation of sterile
injectable solutions or dispersions. For intravenous
administration, suitable carriers include
physiological saline, bacteriostatic water, Cremophor
EL(tm) (BASF; Parsippany, NJ) or phosphate buffered
saline (PBS). In all cases, the composition must be
sterile and should be fluid to the extent that easy
syringability exists. It must be stable under the
conditions of manufacture and storage and must be
preserved against the contaminating action of
microorganisms such as bacteria and fungi. The carrier
can be a solvent or dispersion medium containing, for
example, water, ethanol, polyol (for example,glycerol,
propylene glycol, and liquid polyetheylene glycol, and
the like), and suitable mixtures thereof. The proper
fluidity can be maintained, for example, by the use of
a coating such as lecithin, by the maintenance of the
required particle size in the case of dispersion and
by the use of surfactants. Prevention of the action of
microorganisms can be achieved by various
antibacterial and antifungal agents, for example,
parabens, chlorobutanol, phenol, ascorbic acid,
thimerosal, and the like. In many cases, it will be
preferable to include isotonic agents, for example,
sugars, polyalcohols such as mannitol, sorbitol,
sodium chloride in the composition. Prolonged
absorption of the injectable compositions can be
brought about by including in the composition an agent
which delays absorption, for example, aluminum
monostearate and gelatin. Sterile injectable solutions
can be prepared by incorporating the active compound
(e.g., a polypeptide or antibody) in the required
amount in an appropriate solvent with one or a
combination of ingredients enumerated above, as
required, followed by filtered sterilization.
Generally, dispersions are prepared by incorporating
the active compound into a sterile vehicle which
contains a basic dispersion medium and the required
other ingredients from those enumerated above. In the
case of sterile powders for the preparation of sterile
injectable solutions, the preferred methods of
preparation are vacuum drying and freeze-drying which
yields a powder of the active ingredient plus any
additional desired ingredient from a previously
sterile-filtered solution thereof. Oral compositions
generally include an inert diluent or an edible
carrier. They can be enclosed in gelatin capsules or
compressed into tablets. For the purpose of oral
therapeutic administration, the active compound can be
incorporated with excipients and used in the form of
tablets, troches, or capsules. Oral compositions can
also be prepared using a fluid carrier for use as a
mouthwash, wherein the compound in the fluid carrier
is applied orally and swished and expectorated or
swallowed. Pharmaceutically compatible binding agents,
and/or adjuvant materials can be included as part of
the composition. The tablets, pills, capsules, troches
and the like can contain any of the following
ingredients, or compounds of a similar nature: a
binder such as microcrystalline cellulose, gum
tragacanth or gelatin; an excipient such as starch or
lactose, a disintegrating agent such as alginic acid,
Primogel, or corn starch; a lubricant such asmagnesium
stearate or Sterotes; a glidant such as colloidal
silicon dioxide; a sweetening agent such as sucrose or
saccharin; or a flavoring agent such as peppermint,
methyl salicylate, or orange flavoring. For
administration by inhalation, the compounds are
delivered in the form of an aerosol spray from a
pressurized container or dispenser which contains a
suitable propellant, e.g., a gas such as carbon
dioxide, or a nebulizer. Systemic administration can
also be by transmucosal or transdermal means. For
transmucosal or transdermal administration, penetrants
appropriate to the barrier to be permeated are used in
the formulation. Such penetrants are generally known
in the art, and include, for example, for transmucosal
administration, detergents, bile salts, and fusidic
acid derivatives. Transmucosal administration can be
accomplished through the use of nasal sprays or
suppositories. For transdermal administration, the
active compounds are formulated into ointments,
salves, gels, or creams as generally known in the art.
The compounds can also be prepared in the form of
suppositories (e.g., with conventional suppository
bases such as cocoa butter and other glycerides) or
retention enemas for rectal delivery. In one
embodiment, the active compounds are prepared with
carriers that will protect the compound against rapid
elimination from the body, such as a controlled
release formulation, including implants and
microencapsulated delivery systems. Biodegradable,
biocompatible polymers can be used, such as ethylene
vinyl acetate, polyanhydrides, polyglycolic acid,
collagen, polyorthoesters, and polylactic acid.
Methods for preparation of such formulations will be
apparent to those skilled in the art. The materials
can also be obtained commercially from Alza
Corporation and Nova Pharmaceuticals, Inc. Liposomal
suspensions (including liposomes targeted to infected
cells with monoclonal antibodies to viral antigens)
can also be used as pharmaceutically acceptable
carriers. These can be 



prepared according to methods known to those skilled
in the art, for example, as described in U.S. Patent
No. 4,522,811. It is especially advantageous to
formulate oral or parenteral compositions in dosage
unit form for ease of administration and uniformity of
dosage. Dosage unit form asused herein refers to
physically discrete units suited as unitary dosages
for the subject to be treated; each unit containing a
predetermined quantity of active compound calculated
to produce the desired therapeutic effect in
association with the required pharmaceutical carrier.
The specification for the dosage unit forms of the
invention are dictated by and directly dependent on
the unique characteristics of the active compound and
the particular therapeutic effect to be achieved, and
the limitations inherent in the art of compounding
such an active compound for the treatment of
individuals. For antibodies, the preferred dosage is
0.1 mg/kg to 100 mg/kg of body weight (more
preferably, 0.1 to 20 mg/kg, 0.1-10 mg/kg, or 0.1 to
1.0 mg/kg). If the antibody is to act in the brain, a
dosage of 50 mg/kg to 100 mg/kg is usually
appropriate. Generally, partially human antibodies and
fully human antibodies have a longer half-life within
the human body than other antibodies. Accordingly,
lower dosages and less frequent administration is
often possible. Modifications such as lipidation can
be used to stabilize antibodies and to enhance uptake
and tissue penetration (e.g., into the brain). A
method for lipidation of antibodies is described by
Cruikshank et al. (1997, J. Acquired Immune Deficiency
Syndromes and Human Retrovirology 14:193). In a
specific embodiment, an effective amount of protein or
polypeptide (i.e., an effective dosage) ranges from
about 0.001 to 30 mg/kg body weight, preferably about
0.01 to 25 mg/kg body weight, more preferably about
0.1 to 20 mg/kg body weight, and even more preferably
about 0.1to 1.0 mg/kg, 1 to 10 mg/kg, 2 to 9 mg/kg, 3
to 8 mg/kg, 4 to 7 mg/kg, or 5 to 6 mg/kg body weight.
The skilled artisan will appreciate that certain
factors may influence the dosage required to
effectively treat a subject, including but not limited
to the severity of the disease or disorder, previous
treatments, the general health and/or age of the
subject, and other diseases present. Moreover,
treatment of a subject with a therapeutically
effective amount of a protein, polypeptide, or
antibody can include a single treatment or,
preferably, can include a series of treatments. In
addition to those compounds described above, the
present invention encompasses the use of small
molecules that modulate expression or activity of a
nucleic acid or polypeptide of interest. Non-limiting
examples of small molecules include
peptides,peptidomimetics, amino acids, amino acid
analogs, polynucleotides, polynucleotide analogs,
nucleotides, nucleotide analogs, organic or inorganic
compounds {i.e.,. including heteroorganic and
organometallic compounds) having a molecular weight
less than about 10,000 grams per mole, organic or
inorganic compounds having a molecular weight less
than about 5,000 grams per mole, organic or inorganic
compounds having a molecular weight less than about
1,000 grams per mole, organic or inorganic compounds
having a molecular weight less than about 500 grams
per mole, and salts, esters, and other
pharmaceutically acceptable forms of such compounds.
It is understood that appropriate doses of small
molecule agents depends upon a number of factors
within the ken of the ordinarily skilled physician,
veterinarian, or researcher. The dose(s) of the small
molecule will vary, for example, depending upon the
identity, size, and condition of the subject or sample
being treated, further depending upon the route by
which the composition is to be administered, if
applicable, and the effect which the practitioner
desires the small molecule to have upon the nucleic
acid or polypeptide of the invention. Exemplary doses
include milligram or microgram amounts of the small
molecule per kilogram of subject or sample weight
{e.g., about 1 microgram per kilogram to about 500
milligrams per kilogram, about 100 micrograms per
kilogram to about 5 milligrams per kilogram, or about
1 microgram per kilogram to about 50 micrograms per
kilogram). It is furthermore understood that
appropriate doses of a small molecule depend upon the
potency of the small molecule with respect to the
expression or activity to be modulated. Such
appropriate doses may be determined using the assays
described herein. When one or more of these small
molecules is to be administered to a subject {e.g., a
human) in order to modulate expression or activity of
a polypeptide or nucleic acid of the invention, a
physician, veterinarian, or researcher may, for
example, prescribe a relatively low dose at first,
subsequently increasing the dose until an appropriate
response is obtained. In addition, it is understood
that the specific dose level for any particular animal
subject will depend upon a variety of factors
including the activity of the specific compound
employed, the age, body weight, general health,
gender, and diet of the subject, the time of
administration, the route of administration, the rate
of excretion, any drug combination, and the degree of
expression or activity to be modulated.The
pharmaceutical compositions can be included in a
container, pack, or dispenser together with
instructions for administration. 5.21 Kits The present
invention provides kits for measuring the expression
of the protein and RNA products of at least 1, at
least 2, at least 3, at least 4, at least 5, at least
6, at least 7, at least 8, at least 9, at least 10, at
least 15, at least 20, at least 25, at least 30, at
least 35, at least 40, at least 45, at least 50, all
or any combination of the biomarkers of the invention.
Such kits comprise materials and reagents required for
measuring the expression of such protein and RNA
products. In specific embodiments, the kits may
further comprise one or more additional reagents
employed in the various methods, such as: (1) reagents
for stabilizing and/or purifying RNA from blood, or
tissue (2) primers for generating test nucleic acids;
(3) dNTPs and/or rNTPs (either premixed or separate),
optionally with one or more uniquely labelled dNTPs
and/or rNTPs (e.g., biotinylated or Cy3 or Cy5 tagged
dNTPs); (4) post synthesis labelling reagents, such as
chemically active derivatives of fluorescent dyes; (5)
enzymes, such as reverse transcriptases, DNA
polymerases, and the like; (6) various buffer mediums,
e.g., reaction, hybridization and washing buffers; (7)
labelled probe purification reagents and components,
like spin columns, etc.; and (8) protein purification
reagents; (9) signal generation and detection
reagents, e.g., streptavidin-alkaline phosphatase
conjugate, chemifluorescent or chemiluminescent
substrate, and the like. In particular embodiments,
the kits comprise prelabeled quality controlled
protein and or RNA isolated from a sample (e.g., blood
or chondrocytes or synovial fluid) for use as a
control. In some embodiments, the kits are RT-PCR or
qRT-PCR kits. In other embodiments, the kits are
nucleic acid arrays and protein arrays. Such kits
according to the subject invention will at least
comprise an array having associated protein or nucleic
acid members of the invention and packaging means
therefore. Alternatively the protein or nucleic acid
members of the invention may be prepackaged onto an
array. In some embodiments, the kits are Quantitative
RT-PCR kits. In one embodiment, the quantitative
RT-PCR kit includes the following: (a) primers used to
amplify each of a combination of biomarkers of the
invention; (b) buffers and enzymes including an
reverse transcripate; (c) one or more thermos table
polymerases; and (d) Sybr(r) Green. Inanother
embodiment, the kit of the invention also includes (a)
a reference control RNA and (b) a spiked control RNA.
The invention provides kits that are useful for (a)
diagnosing individuals as having bladder cancer and/or
early stage bladder cancer. For example, in a
particular embodiment of the invention a kit is
comprised a forward and reverse primer wherein the
forward and reverse primer are designed to quantitate
expression of all of the species of mRNA corresponding
to each of the biomarkers as identified in accordance
with the invention useful in determining whether an
individual has bladder cancer and/or early stage
bladder cancer or not. In certain embodiments, at
least one of the primers is designed to span an exon
junction. The invention provides kits that are useful
for detecting, diagnosing, monitoring and prognosing
bladder cancer based upon the expression of protein or
RNA products of at least 1, at least 2, at least 3, at
least 4, at least 5, at least 6, at least 7, at least
8, at least 9, at least 10, at least 15, at least 20,
at least 25, at least 30, at least 35, at least 40, at
least 45, at least 50, all or any combination of the
biomarkers of the invention in a sample. In certain
embodiments, such kits do not include the materials
and reagents for measuring the expression of a protein
or RNA product of a biomarker of the invention that
has been suggested by the prior art to be associated
with bladder cancer hi other embodiments, such kits
include the materials and reagents for measuring the
expression of a protein or RNA product of a biomarker
of the invention that has been suggested by the prior
art to be associated with bladder cancer and at least
1, at least 2, at least 3, at least 4, at least 5, at
least 6, at least 7, at least 8, at least 9, at least
10, at least 15, at least 20, at least 25, at least
30, at least 35, at least 40, at least 45 or more
genes other than the biomarkers of the invention. The
invention provides kits useful for monitoring the
efficacy of one or more therapies that a subject is
undergoing based upon the expression of a protein or
RNA product of any number of up to at least 1, at
least 2, at least 3, at least 4, at least 5, at least
6, at least 7, at least 8, at least 9, at least 10, at
least 15, at least 20, at least 25, at least 30, at
least 35, at least 40, at least 45, at least 50, all
or any combination of the biomarkers of the invention
in a sample. In certain embodiments, such kits do not
include the materials and reagents for measuring the
expression of a protein or RNA product of a biomarker
of the invention thathas been suggested by the prior
art to be associated with bladder cancer. In other
embodiments, such kits include the materials and
reagents for measuring the expression of a protein or
RNA product of a biomarker of the invention that has
been suggested by the prior art to be associated with
bladder cancer and any number of up to at least 1, at
least 2, at least 3, at least 4, at least 5, at least
6, at least 7, at least 8, at least 9, at least 10, at
least 15, at least 20, at least 25, at least 30, at
least 35, at least 40, at least 45 or more genes other
than the biomarkers of the invention. The invention
provides kits using for determining whether a subject
will be responsive to a therapy based upon the
expression of a protein or RNA product of any number
of up to at least 1, at least 2, at least 3, at least
4, at least 5, at least 6, at least 7, at least 8, at
least 9, at least 10, at least 15, at least 20, at
least 25, at least 30, at least 35, at least 40, at
least 45, at least 50, all or any combination of the
biomarkers of the invention in a sample. In certain
embodiments, such kits do not include the materials
and reagents for measuring the expression of a protein
or RNA product of a biomarker of the invention that
has been suggested by the prior art to be associated
with bladder cancer. In other embodiments, such kits
include the materials and reagents for measuring the
expression of a protein or RNA product of a biomarker
of the invention that has been suggested by the prior
art to be associated with bladder cancer and any
number of up to at least 1, at least 2, at least 3, at
least 4, at least 5, at least 6, at least 7, at least
8, at least 9, at least 10, at least 15, at least 20,
at least 25, at least 30, at least 35, at least 40, at
least 45 or more genes other than the biomarkers of
the invention. The invention provides kits for
measuring the expression of a RNA product of any
number of up to at least 1, at least 2, at least 3, at
least 4, at least 5, at least 6, at least 7, at least
8, at least 9, at least 10, at least 15, at least 20,
at least 25, at least 30, at least 35, at least 40, at
least 45, at least 50, all or any combination of the
biomarkers of the invention in a sample. In a specific
embodiment, such kits comprise materials and reagents
that are necessary for measuring the expression of a
RNA product of a biomarker of the invention. For
example, a microarray or RT-PCR kit may be produced
for bladder cancer and contain only those reagents and
materials necessary for measuring the levels of RNA
products of any number of up to at least 1, at least
2, at least 3, at least 4, at least 5, at least 6, at
least 7, atleast 8, at least 9, at least 10, at least
15, at least 20, at least 25, at least 30, at least
35, at least 40, at least 45, at least 50, all or any
combination of the biomarkers of the invention.
Alternatively, in some embodiments, the kits can
comprise materials and reagents that are not limited
to those required to measure the levels of RNA
products of any number of up tol,2, 3, 4, 5, 6, 7, 8,
9, 10, 15, 20, 25, 30, 35, 40, 45, 50, all or any
combination of the biomarkers of the invention. For
example, a microarray kit may contain reagents and
materials necessary for measuring the levels of RNA
products of not necessarily associated with or
indicative of bladder cancer, in addition to reagents
and materials necessary for measuring the levels of
the RNA products of any number of up to at least 1, at
least 2, at least 3, at least 4, at least 5, at least
6, at least 7, at least 8, at least 9, at least 10, at
least 15, at least 20, at least 25, at least 30, at
least 35, at least 40, at least 45, at least 50, all
or any combination of the biomarkers of the invention.
i a specific embodiment, a microarray or RT-PCR kit
contains reagents and materials necessary for
measuring the levels of RNA products of any number of
up to at least 1, at least 2, at least 3, at least 4,
at least 5, at least 6, at least 7, at least 8, at
least 9, at least 10, at least 15, at least 20, at
least 25, at least 30, at least 35, at least 40, at
least 45, at least 50, all or any combination of the
biomarkers of the invention, and any number of up to
1, 2, 3, 4, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55,
60, 65, 70, 75, 80, 85, 90, 95, 100, 125, 150, 175,
200, 225, 250, 300, 350, 400, 450, or more genes other
than the biomarkers of the invention, or 1-10, 1-100,
1-150, 1-200, 1-300, 1-400, 1-500, 1-1000, 25-100,
25-200, 25- 300, 25-400, 25-500, 25-1000, 100-150,
100-200, 100-300, 100-400, 100-500, 100-1000, 500-1000
other genes than the biomarkers of the invention. For
nucleic acid micoarray kits, the kits generally
comprise probes attached to a solid support surface.
The probes may be labelled with a detectable label. In
a specific 



embodiment, the probes are specific for an exon(s), an
intron(s), an exon junction(s), or an exon-intron
junction(s)), of RNA products of any number of up to
1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25, 30, 35, 40,
45, 50, all or any combination of the biomarkers of
the invention. The microarray kits may comprise
instructions for performing the assay and methods for
interpreting and analyzing the data resulting from the
performance of the assay. In a specific embodiment,
the kits comprise instructions for diagnosing bladder
cancer. The kits may also comprise hybridization
reagents and/or reagents necessary for detecting a
signal produced when a probe hybridizes to a target
nucleic acid sequence. Generally, the materials
andreagents for the microarray kits are in one or more
containers. Each component of the kit is generally in
its own a suitable container. For RT-PCR kits, the
kits generally comprise pre-selected primers specific
for particular RNA products (e.g., an exon(s), an
intron(s), an exon junction(s), and an exonintron
junction(s)) of any number of up to 1, 2, 3, 4, 5, 6,
7, 8, 9, 10, 15, 20, 25, 30, 35, 40, 45, 50, all or
any combination of the biomarkers of the invention.
The RT-PCR kits may also comprise enzymes suitable for
reverse transcribing and/or amplifying nucleic acids
(e.g., polymerases such as Taq), and deoxynucleotides
and buffers needed for the reaction mixture for
reverse transcription and amplification. The RT-PCR
kits may also comprise probes specific for RNA
products of any number of up to 1,2, 3, 4, 5, 6, 7, 8,
9, 10, 15, 20, 25, 30, 35, 40, 45, 50, all or any
combination of the biomarkers of the invention. The
probes may or may not be labelled with a detectable
label (e.g., a fluorescent label). Each component of
the RT-PCR kit is generally in its own suitable
container. Thus, these kits generally comprise
distinct containers suitable for each individual
reagent, enzyme, primer and probe. Further, the RT-PCR
kits may comprise instructions for performing the
assay and methods for interpreting and analyzing the
data resulting from the performance of the assay. In a
specific embodiment, the kits contain instructions for
diagnosing bladder cancer. In a specific embodiment,
the kit is a real-time RT-PCR kit. Such a kit may
comprise a 96 well plate and reagents and materials
necessary for SYBR Green detection. The kit may
comprise reagents and materials so that beta-actin can
be used to normalize the results. The kit may also
comprise controls such as water, phosphate buffered
saline, and phage MS2 RNA. Further, the kit may
comprise instructions for performing the assay and
methods for interpreting and analyzing the date
resulting from the performance of the assay. In a
specific embodiment, the instructions state that the
level of a RNA product of any number of up to 1, 2, 3,
4, 5, 6, 7, 8, 9, 10, 15, 20, 25, 30, 35, 40, 45, 50,
all or any combination of the biomarkers of the
invention should be examined at two concentrations
that differ by, e.g., 5 fold to 10-fold. For antibody
based kits, the kit can comprise, for example: (1) a
first antibody (which may or may not be attached to a
solid support) which binds to protein of interest
(e.g., a protein product of any number of up to 1, 2,
3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25, 30, 35, 40,
45,50, all or any combination of the biomarkers of the
invention); and, optionally, (2) a second, different
antibody which binds to either the protein, or the
first antibody and is conjugated to a detectable label
(e.g., a fluorescent label, radioactive isotope or
enzyme). The antibodybased kits may also comprise
beads for conducting an immunoprecipitation. Each
component of the antibody-based kits is generally in
its own suitable container. Thus, these kits generally
comprise distinct containers suitable for each
antibody. Further, the antibodybased kits may comprise
instructions for performing the assay and methods for
interpreting and analyzing the data resulting from the
performance of the assay. In a specific embodiment,
the kits contain instructions for diagnosing bladder
cancer. 6. EXAMPLES The examples below are
non-limiting and are merely representative of various
aspects and features of the present invention EXAMPLE
1 MICROAJRRAYCONSTRUCTION An array according to one
aspect of the invention was constructed as follows.
PCR products (~40 ul) of cDNA clones from OA cartilage
cDNA libraries, in the same 96-well tubes used for
amplification, are precipitated with 4 ul (1/10
volume) of 3M sodium acetate (pH 5.2) and 100 ul (2.5
volumes) of ethanol and stored overnight at -20C. They
are then centrifuged at 3,300 rpm at 40C for 1 hour.
The obtained pellets were washed with 50 ul ice-cold
70% ethanol and centrifuged again for 30 minutes. The
pellets are then air-dried and resuspended well in 50%
dimethylsulfoxide (DMSO) or 20 ul 3X SSC overnight.
The samples are then deposited either singly or in
duplicate onto Gamma Amino Propyl Silane (Corning
CMT-GAPS or CMT-GAP2, Catalog No. 40003, 40004) or
polylysine-coated slides (Sigma Cat. No. P0425) using
a robotic GMS 417 or 427 arrayer (Affymetrix, CA). The
boundaries of the DNA spots on the microarray are
marked with a diamond scriber. The invention provides
for arrays where 10-20,000 PCR products are spotted
onto a solid support to prepare an array. The arrays
are rehydrated by suspending the slides over a dish of
warm particle free ddH20 for approximately one minute
(the spots will swell slightly but not runinto each
other) and snap-dried on a 70-80C inverted heating
block for 3 seconds. DNA is then UV crosslinked to the
slide (Stratagene, Stratalinker, 65 mJ - set display
to "650" which is 650 x 100 uJ) or baked at 80C for
two to four hours. The arrays are placed in a slide
rack. An empty slide chamber is prepared and filled
with the following solution: 3.0 grams of succinic
anhydride (Aldrich) is dissolved in 189 ml of
l-methyl-2-pyrrolidinone (rapid addition of reagent is
crucial); immediately after the last flake of succinic
anhydride dissolved, 21.0 ml of 0.2 M sodium borate is
mixed in and the solution is poured into the slide
chamber. The slide rack is plunged rapidly and evenly
in the slide chamber and vigorously shaken up and down
for a few seconds, making sure the slides never leave
the solution, and then mixed on an orbital shaker for
15-20 minutes. The slide rack is then gently plunged
in 950C ddH20 for 2 minutes, followed by plunging five
times in 95% ethanol. The slides are then air dried by
allowing excess ethanol to drip onto paper towels. The
arrays are then stored in the slide box at room
temperature until use. EXAMPLE 2 RNA ISOLATION FROM
UNFRACTIONATED WHOLE BLOOD (a) LYSED BLOOD Ten ml of
peripheral whole blood was collected in EDTA
Vacutainer tubes (Becton Dickinson, Franklin Lakes,
NJ.) and stored on ice until processing (within 6
hours). Upon centrifugation, blood samples separated
into plasma, buffy coat and red blood cell layers. The
plasma was removed and a hypotonic buffer (1.6 mM
EDTA, 10 mM KHCO3, 153 mM NH4Cl, pH 7.4) was added to
lyse the red blood cells at a 3:1 volume ratio. The
mixture was centrifuged to yield a cell pellet, which
was dissolved and homogenized into 1.0 ml of TRIzol(r)
Reagent (Invitrogen Corp., Carlsbad, CA) and 0.2 ml of
chloroform according to the manufacture's
instructions. After centrifugation, isopropanol was
added to the aqueous phase at a 1:1 ratio and allowed
to precipitate at -2O0C. Subsequent centrifugation
yielded an RNA pellet that was resuspended in water
for experimental use. RNA quality was assessed on
Agilent 2100 Bioanalyzer RNA 6000 Nano Chips as
specified by the manufacturer, and RNA quantity was
determined by absorbance at 260 nm in a
Beckman-Coulter DU640 Spectrophotometer.(V)
CENTRIFUGED LYSED BLOOD 10 ml whole blood is obtained
in a Vacutainer and spun at 2,000 rpm (800g) for 5 min
at 4C and the plasma layer removed. Lysis Buffer is
added to blood sample in a ratio of 3 parts Lysis
Buffer to 1 part blood (Lysis Buffer (IL) 0.6g EDTA;
l.Og KHCO2, 8.2g NH4C1 adjusted to pH 7.4 (using
NaOH)). Sample is mixed and placed on ice for 5-10
minutes until transparent. Lysed sample is centrifuged
at 1000 rpm for 10 minutes at 40C, and supernatant is
aspirated. Pellet is resuspended in 5ml Lysis Buffer,
and centrifuged again at 1000 rpm for 10 minutes at
40C. Pelleted cells are homogenized using TRIzol
(GIBCO/BRL) in a ratio of approximately 6 ml of TRIzol
for every 10 ml of the original blood sample and
vortexed well. Samples are left for 5 minutes at room
temperature. RNA is extracted using 1.2 ml of
chloroform per 1ml of TRIzol. Sample is centrifuged at
12,000 x g for 5 minutes at 4C and upper layer is
collected. To upper layer, isopropanol is added in
ratio of 0.5 ml per 1ml of TRIzol. Sample is left
overnight at -200C or for one hour at -200C. RNA is
pelleted in accordance with known methods, RNA pellet
air dried, and pellet resuspended in DEPC treated
ddH2O. RNA samples can also be stored in 75% ethanol
where the samples are stable at room temperature for
transportation. Cc)FROM SERUM FREE WHOLE BLOOD 10 ml
whole blood is obtained in a Vacutainer and spun at
2,000 rpm (800g) for 5 min at 4C and the plasma layer
removed. Pelleted cells are homogenized using TRIzol
(GIBCO/BRL) in a ratio of approximately 6 ml of TRIzol
for every 10 ml of the original blood sample and
vortexed well. Samples are left for 5 minutes at room
temperature. RNA is extracted using 1.2 ml of
chloroform per 1ml of TRIzol. Sample is centrifuged at
12,000 x g for 5 minutes at 4C and upper layer is
collected. To upper layer, isopropanol is added in
ratio of 0.5 ml per 1ml of TRIzol. Sample is left
overnight at -200C or for one hour at -200C. RNA is
pelleted in accordance with known methods, RNA pellet
air dried, and pellet resuspended in DEPC treated
ddH2O. RNA samples can also be stored in 75% ethanol
where the samples are stable at room temperature for
transportation. (d)FROM WHOLE BLOOD USING
PAXGENE(tm)2.5 ml whole blood is collected into
PAXgene Blood RNA Tubes and processed in accordance
with the instructions of the PAXgene(tm) Blood RNA Kit
protocol. In brief after storing the blood in the
PAXgene(tm) tube for at least 2 hours, the blood
sample is centriguted and the supernatant discarded.
To the remaining sample, 360 ul of the supplied Buffer
BRl is added and the sample is pipetted into the spin
column and centrifuged an then washed with numerous
wash steps and finally eluted and stored. (e) FROM
WHOLE BLOOD USING PAXGENE(tm) AND SUBSEQUENT GLOBIN
REDUCTION RNA isolated from PAXGene(tm) as noted in
(d) above is subsequently treated to selectively
remove globin mRNA as is described in Affymetrix(r)
technical note entitled "Globin Reduction Protocol".
Oligonucleotides specific for the alpha 1, alpha 2 and
beta globin species are incubated with an
oligonucleotide hybridization buffer and RNAse H used
to specifically target degradation of the globin mRNA
and the cRNA clean up column from Affymetrix used to
remove the globin mRNA. EXAMPLE 3 TARGET NUCLEIC ACID
PREPARATION AND HYBRIDIZATION Preparation of
Fluorescent DNA Probe from mRNA Fluorescently labelled
target nucleic acid samples of RNA were prepared for
analysis with an array of the invention. 1 mg Oligo-dT
primers were annealed to 10 mg of total RNA isolated
from unfractionated whole blood from patient diagnosed
with bladder cancer in a total volume of 10 ml, by
heating to 70C for 10 min, and cooled on ice. Patients
were diagnosed as positive or negative for bladder
cancer by a registered physician. A positive colon
pathology diagnosis was followed by histological
examination of the excised tissue(s). The mRNA was
reverse transcribed by incubating the sample at 420C
for 40 min in a 25ml volume containing a final
concentration of 50 mM Tris-HCl (pH 8.3), 75 mM KCl, 3
mM MgCl2, 25 mM DTT, 25 mM unlabeled dNTPs, 400 units
of Superscript II (200 U/mL, Gibco BRL), and 15 mM of
Cy3 orCy5 (Amersham). The reaction was stopped by the
addition of 2.5ml of 50OmM EDTA and5ml of IM NaOH, and
incubation at 650C for 10 min. The reaction mixture is
neutralized by addition of 12.5ml of IM TrisHCl
(rH7.6). The labeled target nucleic acid sample was
purified by centrifugation in a Centricon-30
micro-concentrator (Amicon). Labeled nucleic acid was
denatured by heating for 2 min at 100C, and incubated
at 37C for 20-30 min before being placed on a nucleic
acid array under a 22mm x 22mm glass cover slip.
Hybridization was carried out at 650C for 14 to 18
hours in a custom slide chamber with humidity
maintained by a small reservoir of 3XSSC. The array
was washed by submersion and agitation for 2-5 min in
2X SSC with 0.1%SDS, followed by IX SSC, and 0.1X SSC.
Finally, the array was dried by centrifugation for 2
min in a slide rack in a Beckman GS-6 tabletop
centrifuge in Microplus carriers at 650 RPM for 2 min.
Total RNA (5 mg) was labeled and hybridized onto
Affymetrix U133Plus 2.0 GeneChips (Affymetrix; Santa
Clara, CA) along with other similarly prepared samples
from individuals having or not having bladder cancer
and hybridized according to the manufacturer' s
instructions. Briefly, hybridization signals were
scaled in the Affymetrix GCOS software (version
1.1.1), using a scaling factor determined by adjusting
the global trimmed mean signal intensity value to 500
for each array, and imported into GeneSpring version
7.2 (Silicon Genetics; Redwood City, CA). Signal
intensities were then centered to the 50th percentile
of each chip, and for each individual gene, to the
median intensity of the whole sample set. Only genes
called present or marginal by the GCOS software in at
least 80% of each group of samples were used for
further analysis. Differentially expressed genes were
identified using 1) the non-parametric Wilcoxon-Mann-
Whitney non-parametric test (PO. 05), 2) parametric t
test (P <0.05), and 3) unsupervised analysis method
(14). In the unsupervised analysis, the
signal-intensity filtered genes were used to select
genes with at least 2-fold change (up or down) in
expression level, away from the mean, in at least 15%
of the 



samples. Hierarchical cluster analysis was performed
on each comparison to assess correlation analysis
using Spearman correlation among samples for each
identified gene set as the similarity measure with
average centroid linkage in GeneSpring v6.0. Results
fromexperiments comparing individuals having bladder
cancer with individuals not having bladder cancer are
provided in Table 1. Results from experiments
comparing individuals having early stage bladder
cancer as compared with individuals not having bladder
cancer are provided in Table 4. Results from
experiments comparing individuals having bladder
cancer as compared with individuals having either
testicular cancer or renal cell carcinoma are shown in
Table 11. A selection of those genes identified in
Table 1 as biomarkers of bladder cancer are shown in
Table 10 below. These genes are particularly useful
because they demonstrate a significant fold change
with a significant p value.TABLE 10 Supervised
non-parametric:WMW Gene Name Ctrl Ctrl SD/mean BC BC
SD/mean Affy ID Accession Description mean SD Ctrl
mean SD BC BC/ctrl direction P-value BCL2- associated
X protein /// BCL2- associated X 208478_s_at NM_004324
BAX protein 0.83 0.25 0.30 1.28 0.81 0.64 1.55
0.007554 insulin-like growth factor binding protein 7
/// insulin-like growth factor binding protein 201
163_s_at NM_001553 IGFBP7 7 0.83 0.28 0.34 1.29 0.87
0.68 1.56 0.030171 interferon gamma 242903_at NM_00416
IFNGR1 receptor 1 0.86 0.58 0.67 1.31 0.47 0.36 1.53
0.004288 interleukin 15 /// interleukin 205992 s at NM
000585 IL15 15 0.82 0.21 0.26 1.19 0.63 0.53 1.45
0.007554transforming growth factor, beta l (Camurati-
Engelmann disease) /// transforming growth factor,
beta l (Camurati- Engelmann 203085_s_at NM_000660
TGFB1 disease) 0.85 0.22 0.26 1.16 0.48 0.41 1.37
0.014664 mutL homolog 214525_x_at NM_014381 MLH3 3 (E.
coli) 1.48 0.54 0.37 0.91 0.26 0.29 0.61 0.001 177 Fc
receptor homolog expressed in B 235372_at NMJ 4514 1 '
FREB cells 1.71 0.85 0.49 1.14 0.50 0.44 0.66 0.005494
advillin /// 205539 at NM 006576 AVlL advillin 1.42
0.51 0.36 0.95 0.28 0.29 0.67 9.62E-04 retinitis
pigmentosa GTPase regulator interacting protein 1 ///
retinitis pigmentosa GTPase regulator interacting
206608 s at NM 020366 RPGRIP1 protein 1 1.50 0.55 0.37
1.01 0.21 0.21 0.67 0.01 1846 chromodomain helicase
DNA binding protein 1554014 at NM 001271 CHD2 2 1.06
0.17 0.16 0.98 0.10 0.1 1 0.92 0.040701EXAMPLE 4
QUANTITATIVE REAL TIME RT PCR A selection of genes
from Table 1 identified using Affymetrix U133Plus 2.0
GeneChips and noted in Table 13 below were quantified
using quantitative real time RT PCR (QRT-PCR). Table
13 provides a list of the selected biomarkers. Table
14 provides a list of the products of the biomarkers
noted in Table 13. A summary of the results of the
quantitative real time RTPCR using primers as noted in
Table 15 is shown in Table 16. QRT-PCR was done using
either the SYBR(r) Green Kit from Qiagen (Product
Number 204143) and/or using Applied Biosystems PCR
reagent kits (Cat 4334973). Amplicons were detected in
real time using a Prism 7500 instrument (Applied
Biosystems). Reverse transcription was first performed
using the High-Capacity cDNA Archive Kit from Applied
Biosystems (Product number 4322171) and following the
protocol utilized therein. More specifically, purified
RNA as described previously herein was incubated with
Reverse Transcriptase buffer, dNTPs, Random primers
and Reverse transcriptase and incubated for 25C for 10
minutes and subsequently for 37C for two hours and the
resulting mixture utilized as the starting product for
quantitative PCR. cDNA resulting from reverse
transcription was incubated with the QuantiTect
SYBR(r) Green PCR Master Mix as provided and no
adjustments were made for magnesium concentration.
Uracil-N-Glycosylase was not added. 5mM of both
forward primer and reverse primer specific to the
genes of the invention were added and the reaction was
incubated and monitored in accordance with the
standard protocol utilizing the ABI PRISM 7700/ABI
GeneAmp 5700/iCycler/DNA Engine Opticon. Forward and
reverse primers for the candidate biomarkers were
designed using "PrimerQuest". A tool found at
http://biotools.idtdna.com/primerquest (Integrated DNA
Technologies, Coralville, LA). DCt measurements for
each of the genes relative to a housekeeping gene
(beta-actin) were determined The melting temperature
[Tm] in thermal dissociation, and examination on
agarose gels provided confirmation of specific PCR
amplification and the lack of primer-dimer formation
in eachreaction well. For individual target gene
analysis, changes in Ct value between each gene and
the Beta-actin house-keeping was calculated as DCt= Ct
(target gene) - Ct (house-keeping gene). QRT PCR can
also be performed on the RNA products of the remaining
biomarkers disclosed in Table 1 to the products noted
in Table 3 using, for example, the SYBR(r) Green Kit
from Qiagen (Product Number 204143). Either a one step
(reverse transcription and PCR combined) or a two step
(reverse transcription first and then subsequent PCR)
can be used. In the case of the two step protocol,
reverse transcription was first performed using the
High-Capacity cDNA Archive Kit from Applied Biosystems
(Product number 4322171) and following the protocol
utilized therein. More specifically purified RNA as
described previously herein was incubated with Reverse
Transcriptase buffer, dNTPs, Random primers and
Reverse transcriptase and incubated for 25C for 10
minutes and subsequently for 370C for two hours and
the resulting mixture utilized as the starting product
for quantitative PCR. cDNA resulting from reverse
transcription can be incubated with the QuantiTect
SYBR(r) Green PCR Master Mix as provided and no
adjustments made for magnesium concentration.
Uracil-N-Glycosylase is optional. 5mM of both forward
primer and reverse primer specific to the genes of the
invention are added and the reaction incubated and
monitored in accordance with the standard protocol
utilizing the ABI PRISM 7700/ABI GeneAmp
5700/iCycler/DNA Engine Opticon. Table 13 Selection of
biomarkers of Table 1. Table demonstrates the Hugo
Gene Name (GeneSymbol) the Entrez Gene ID (formerly
locus link) and the Gene description.CONJUGATED
AROMATIC COMPOUNDS FOR DIAGNOSIS AND THERAPY STATEMENT
OF GOVERNMENT SUPPORT The U.S. Government may have
certain rights in the invention. Some work related to
the development of this invention was carried out
under National Cancer Institute Grant Number R43
CA89772-01. CROSS REFERENCE TO RELATED APPLICATION
This application claims the benefit of the earlier
filing date of U.S. Provisional Application No.
60/678,089, filed May 4, 2005, which is incorporated
herein by reference in its entirety. FIELD This
invention concerns methods of monitoring and altering
immune function, for example in the diagnosis and/or
treatment of infectious and neoplastic disease. It
also discloses methods of treating lesions, such as
hyperproliferative lesions associated with infectious
pathogens and/or inflammation. BACKGROUND
Immunotherapy involves the modulation of a subject's
immune response to improve an innate ability to retain
health. It has been recognized that there is a
relationship between electromagnetic fields and
biological functions, such as immunity. For example,
U.S. Patent No. 4,670,386 discloses that the
expression of strongly antigenic tumor specific
antigens is induced by exposure of tumor cells to high
frequency electromagnetic radiation that produces
cyclic, rapid, alternating changes of polarity in
dipolar molecular components of cancer cells. However,
one of the drawbacks of very high frequency radiation
is that it causes unwanted and potentially damaging
heating of biological tissue. The relationship between
electromagnetic radiation and immunity is also
illustrated by U.S. Patent No. 6,038,478, which
discloses that lymphocytes can be attracted to a
desired location in the body by applying electrodes to
the desired location and stimulating the tissue with
sufficient electric current to attract lymphocytes.
Low energy alternating current magnetic fields were
used to induce an immune response in U.S. Patent
Publication 2002/0072646. Similarly, WO 02/062418
discloses enhancing immune function by exposing a
subject to a magnetic field, or to very high frequency
electromagnetic fields that are angularly modulated.
As noted in chapter 50 of The Biomedical Engineering
Handbook (CRC Press 1995), biologic systems frequently
have electrical activity associated with them. This
activity can be a constant DC electric field, a
constant flux of charge-carrying particles or current,
or a time-varying electric field or current associated
with some time-dependent or biochemical
phenomenon.Bioelectric phenomena are associated with
the distribution of ions or charged molecules in a
biologic structure and the changes in this
distribution resulting from specific processes.
Electromagnetic bioimpedance measurements have been
used for diagnostic purposes. For example, WO
01/076475 discloses use of an alternating magnetic
field to induce electrical eddy currents in biological
tissue. An oscillator circuit is used to generate
current in a coil adjacent targeted tissue. Since the
amplitude of the resultant voltage is proportional to
the conductivity of the tissue, changes in
bioimpedance are used to detect changes in the tissue
that are associated with tumors, such as prostate
tumors. Another tissue impedence measuring device for
differentiating tissue types is disclosed in WO
01/67098. The disclosure of both of these PCT
publications (WO 01/076475 and WO 01/67098) is
incorporated herein by reference. The effect of
electromagnetic fields on biological organisms and
their cellular components has previously been
appreciated. However, it has been difficult to take
advantage of this inter relationship, and there has
been a need to more effectively couple the immune
system to external sources of modulating
electromagnetic radiation. Protein phosphatases are
composed of at least two separate and distinct
families: the protein serine/threonine phosphatases
and the protein tyrosine phosphatases (PTPs). Human
protein tyrosine phosphatases (human PTPs) are a large
and diverse family of proteins present in all
eukaryotes. Each PTP is composed of at least one
conserved domain characterized by an 11-residue
sequence motif containing cysteine and arginine
residues that are known to be essential for catalytic
activities. The sequences of PTP share no similarity
to serine or threonine, acid or alkaline phosphatases.
The diversity in structure within the PTP family
results primarily from the variety of non-catalytic
sequences attached to the NH2- or COOH- termini of the
catalytic domain. There are numerous PTPs involved in
intracellular phosphate metabolism and domains. The
diversity of the extracellular segments presumably
reflects the variety of ligands to which the PTPs are
exposed and catalyze 



phosphate transfer. PTPs generally are classified into
two subgroups. The first subgroup is made up of the
low molecular weight, intracellular enzymes that
contain a single conserved catalytic phosphatase
domain. All known intracellular type PTPs contain a
single conserved catalytic phosphatase domain.
Examples of the first group of PTPs include placental
PTP IB, T-cell PTP, rat brain PTP, neuronal
phosphatase (STEP), and cytoplasmic phosphatases that
contain a region of homology to cytoskeletal proteins.
The second subgroup of PTPs comprises high molecular
weight, receptor-linked PTPs, termed R-PTPs. The
R-PTPs generally include an intracellular catalytic
region, a single transmembrane segment, and a putative
ligand-binding extracellular domain. The structures
and sizes of the putative ligand-binding extracellular
"receptor" domains of R-PTPs are quite divergent, in
contrast to the intracellular catalytic regions of
R-PTPs which are highly homologous. All R-PTPs have
two tandemly duplicated catalytic phosphatase homology
domains, with the prominentexception of an R-PTP
termed HPTPb, which has only one catalytic phosphatase
domain. (Tsai et al., J. Biol. Chem.
266(16):10534-10543 (1991)). One example of R-PTPs is
the leukocyte common antigen (LCA) (Ralph, S. J., EMBO
J. 6:1251-1257 (1987)). LCA is a family of high
molecular weight glycoproteins expressed on the
surface of all leukocytes and their hemopoietic
progenitors. A remarkable degree of similarity is
detected with the sequence of LCA from several species
(Charbonneau et al., Proc. Natl. Acad. Sci. USA
85:7182-7186 (1988)). LCA is referred to in the
literature by different names, including T200, B220
for the B cell form, the mouse allotypic marker Ly-5,
and more recently CD45 (Cobbold et al., Leucocyte
Typing III, ed. A. J. McMichael et al., pp. 788-803
(1987)). CD45 is believed to play a critical role in T
cell activation. These studies are reviewed in Weiss
A., Ann. Rev. Genet. 25:487- 510 (1991). Another
example of R-PTPs is the leukocyte common antigen
related molecule (LAR) (Streuli et al., J. Exp. Med.
168:1523-1530 (1988)). In addition, published
application W092/01050 discloses human R-PTP-a,b and g
and reports on the nature of the structural homologies
found among the conserved domains of these three R-PTP
and other members of this protein family. The
extracellular PTPs are related to surface recognition
and adhesion molecules of leukocyte cell surface
recognition. The PTPs are not only associated with
human cells, but also present in prokaryotes and
viruses, and bacteria. In the pathogenic bacterium
Yersinia, the causative agent of bubonic plague, the
Yop2b tyrosine-specific PTP is an essential virulence
determinant. Numerous studies have demonstrated the
importance of PTPs in physiological processes.
Phenotypic defects and hyperproliferative behavior of
T-and B-lymphocytes, granulocytes and macrophages are
considered to be key issues in the development of
cancer and autoimmune diseases. SUMMARY OF THE
DISCLOSURE Disclosed herein are compounds,
compositions and methods for using such compounds and
compositions for the modulation, particularly
stimulation, of an immune response, which is useful,
for example, in the treatment of cancer. In one
embodiment, the compounds have the formula wherein Ar
comprises an aryl group substituted with at least one
electron withdrawing group; X is NH, CH2, O,-, SO2, or
B; Y and Y' independently are selected from N, CH and
B;nis Oor 1; m is from 0 to 6; R1 is H, lower alkyl,
optionally substituted phenyl or wherein R4 is an
optionally substituted phenyl group; R2 is optionally
substituted lower alkyl, aralkyl, thioalkyl,
amidoalkyl, amino, amino alkyl, nitro, azido; together
with Z forms an optionally substituted 4-7 membered
carbocyclic or heterocyclic ring; or together with R4
forms an optionally substituted phenyl group; R3 with
R2 forms an optionally substituted phenyl group or is
an optionally substituted phenyl group; and Z is H,
lower alkyl, substituted alkyl, thioalkyl, nitrile,
amino, or together with R2 forms an optionally
substituted 4-7 membered carbocyclic or heterocyclic
ring. In one embodiment, the compounds are derivatized
with a biomolecule, such as a carbohydrate, amino
acid, peptide, fatty acid, nucleoside or nucleic
acids. In one aspect, such derivatization is used to
enhance a compound's solubility and/or target a
compound to a particular tissue, cell or receptor. In
one embodiment, an optionally substituted phenyl
group, as recited with respect to the general formula
above, comprises such a biomolecule. In one
embodiment, the disclosed compounds are resonance
modulators effective to stimulate a therapeutic
response. Accordingly, disclosed herein is a method
for stimulating a therapeutic response (such as an
immune response) by administering to a subject in need
of therapy (such as immunostimulation) a
therapeutically effective amount of a resonance
modulating compound that possesses resonating
intramolecular dipole moments (or electron densities)
that allow it to interact with biological
environments. Administration of the compound can take
many forms, including, without limitation, topical
application to a target area, insertion of pellets
into the skin, placement in diseased organs, and
inhalation. The resonance modulating compounds are
capable of stimulating an immune response
characterized in part by infiltration of immune cells,
such as lymphocytes, into a target region in the
vicinity of the resonance modulating compound. The
electromagnetic properties of the target region also
change as the immune cells enter the target area, and
these electromagnetic changes can be detected (for
example by electromagnetic signals provided by the
resonance modulator) to measure the adequacy of a
subject's immune response. Deficiencies of the immune
response can be quickly detected in this manner, for
example by the absence of an expected aggregation of
immune cells, and appropriate therapeutic or
preventative interventions taken. One such
intervention is to expose the resonance modulating
compound to an external electromagnetic stimulus that
enhances the immune response both locally in the
target area, and remotely throughout the body.
Examples of such electromagnetic stimuli are
electrical currentflowing across an electrical
potential through the compound, an induced magnetic
field, or radiant energy (such as laser energy)
applied to the compound. Particular examples of
resonance modulator compounds include aryl compounds,
particularly those having an aryl group substituted
with electron withdrawing groups. In one embodiment
resonance modulator compounds have the general formula
set forth above. In certain embodiments, disclosed
compounds include, for example, compounds having the
formula above; wherein n is 0, such as compounds of
the formula wherein R7 and Rs independently are -OR 5,
-SR 5, -SO 2N(R5)2, -SO 2CN, -SO 2R6,-SO 2N3, N3,-CN,
~N(R5)C(O)R6, - R6; each R5 independently is H, lower
alkyl, carbohydrate, fatty acid, amino acid, peptide,
nucleoside or nucleic acid; R6 is lower alkyl or
C-glycoside; and Ar, X and Y are as described above.
In another embodiment, X represents a bond. Exemplary
structures wherein X represents a bond include
Exemplary embodiments of such compounds, when n = O,
are represented by the formula wherein Ar, Y, R7 and
R8 are as defined above. In one embodiment, the
compounds have the formulawherein G represents -CH -,
-C(O)-, -N-,-, -O-, or -S-; n is 0 or 1; and Y', Q, Y,
X, Ar, R7 and R8 are as set forth above. Other
compounds disclosed herein include those having the
formula wherein R5 is H, -OR 6, -SR 6, -SO 2N(R6)2,
-SO 2CN -SO 2R7,-SO 2N3,N3,-CN, - N(R6)C(0)R 7, or-R
7; R1 and R6 independently are H or lower alkyl; R2
and R7 independently are lower alkyl; and Ar is an
aryl group as set forth above. Particular embodiments
of compounds disclosed herein include arylhydrazones.
Other examples include aryl nitrohydrazones, such as
phenylhydrazones, such as polyaryl mononitro- or
dinitrophenylhydrazones, for example orwherein R1is
hydrogen, hydroxy, hydroxyphenyl (such as 2- or
4-hydroxyphenyl), acetate, phosphate, azido, nitrile,
amino, dimethylamino, sulfate, methylsulfonate,
phosphate, succinate; R2 is an unsubstituted (C6H5) or
substituted phenyl group such C H4OH, C6H4N3, C6H4CN,
4-HO-C6H4-C6H4, C6H4OPO2OH, C6H4OSO2H, C6H4NH2,
C6H4NHMe2, C6H4OSO2Me, C6H4OCO(CH2)XCO2H, or C6H5Cl;
Ar is nitrophenyl, such as C6H3-2,4(NO2)2,
C6H4-4(NO2), C6H4-3(NO2), or C6H3-2,4(NO2)2; R3 = -0-,
-S-, -CH2-, -N-,-, -CHA- and -CHOA-; where A=aryl,
ester, amide, lipid, carbohydrate, or peptide; Y = H,
(CH)xCH3 (x = 0-12), -S-CH3, nitrile, amino, nitro,
azido, succinate, or amide; and Z = H, (CH)xCH3 (x =
0-12), -S-CH3, nitrile, amino, nitro, azido,
succinate, or amide. In particular embodiments, these
compounds possess resonating intramolecular dipole
movements that are believed to be capable of
electrostatic interaction with biological
environments, and in particular examples interact with
the extracellular catalytic receptors of R-PTP, such
as those found on the R-PTP CD45+ PTP subtype, or with
lymphocytes in general. This interaction attracts
lymphocytes (such as T-lymphocytes) to target regions
to which the compound has been applied. Although the
resonance modulating compounds are capable of
non-covalent affiliations, they typically lack
substantial chemical reactivity and produce no local
chemical reactions. They nonetheless appear to
activate immune function, for example by mobilizing
lymphocytes (for example T-lymphocytes such as CD45+
T-lymphocytes, for example CD45RO+ or CD45RA+
lymphocytes) from lymphatic networks, and concentrate
immunological activity in the targeted regions of the
body that have been exposed to the compound. The
resonance modulator compounds are also capable of
stimulating the immune system at locations remote from
the targeted region, for example in the spleen, by its
interactions with the distributed networks of immune
cells, such as those found in the lymphatic system.
This mobilization of immune response can be used to
treat infections or tumors. The ability of the
disclosed compounds to activate immune system activity
remote from the site of application of the compound to
the body allows the compound to act as an immune
stimulator in the substantial absence of cytotoxicity
or other pharmacological action (such as an estrogenic
or anti-estrogenic activity) on the target cell
itself. Since the compound is activating an immune
response that affects the target cell, the body's
natural defenses are elicited to indirectly achieve a
desired therapeutic effect. Hence the drug can remain
on the surface of the body (for example on the skin),
and have its remote immunological effect without
penetrating the skin to contact a target cell(such as
a dysplastic, neoplastic, or virally infected cell).
The drug can also be dispensed in new dosage forms,
such as tablets or crystals, which provide prolonged
contact with an environment in which immunological
stimulation is desired without necessarily bringing
the drag into contact with cells that are the target
of the therapeutic intervention. Other such dosage
forms include containers (such as sealed bandages or
impermeable pouches) that may be affixed to the skin
to exert their remote immunoactivating property
without even directly contacting the body of the
subject or penetrating into or through the skin, or by
introducing the dosage form into the skin where it
exerts its effect in solid (including crystalline)
form. Dosage forms can also include tablets or
suppositories, which can be introduced into body
cavities other than blood vessels (such as the vagina,
anus or peritoneum) to dissolve in body fluids that
contact a diseased tissue (such as the vaginal cervix,
anal epithelium, or peritoneal metastases). Certain
embodiments of the disclosed compounds are cytotoxic.
Exemplary cytotoxic compounds nucleate or
self-assemble at a particular tissue, cell or
receptor, for example a target cell. In one aspect,
such compounds are selectively cytotoxic for a
particular cell-type. Targeted selfaggregation at a
tumor cell in certain examples is able to achieve
localized increases in activity of the drug. In
particular embodiments, the compound is administered
by applying it to the skin of the subject, for example
by applying it topically in a gel to the surface of
the skin, or otherwise introducing it into the skin,
for example by intradermal placement of crystals or
pellets of the compound. However the compound can also
be administered by introducing the compound into the
body, for example into a diseased organ or a tumor
(such as a malignant tumor or metastatic lesion), to
stimulate a local immune response, mobilize
lymphocytes from the lymphatic system, and direct an
immune response at the target organ or tumor. The
compound can also be administered in an aerosol
preparation for tracheobronchial or oropharyngeal
administration. In one example, the compound is
applied topically to or adjacent a metastatic or
epithelial lesion, such as a chest wall breast cancer
lesion or a cervical epithelial carcinoma. The
compound is applied to the epithelial or epidermal
surface of the subject on an area that is in
therapeutically sufficient proximity to the lesion to
stimulate the immune response in the target region. In
the example of a superficial lesion (such as a chest
wall recurrence of breast tumor or a cervical or anal
epithelial cancer), the compound is applied directly
to the lesion. In other embodiments, the compound is
not applied to a cutaneous lesion (such as a primary
tumor or cutaneous metastasis) but is instead placed
on the body surface over a subjacent tumor within the
body that the compound does not contact, such that the
tumor and compound are separated by an integumentary
structure through which the compound does not
penetrate. Hence the compound can be applied on or
over the skin of the subject to have an anti-tumor
effect on neoplastic cells deeper within the body,
such as metastatic cells within the lymphatic system,
or tumors within organs or structures such as the
uterus, breast, anus or prostate.The disclosed
compounds can be used to treat an internal or external
body surface lesion. Such lesions can include an
anogenital lesion, such as a genital or anal lesion,
for example a wart or malignancy, such as a primary
malignancy. In particular disclosed examples the
lesion is an internal lesion, s c as a genital wart of
the female reproductive tract, such as a cervical
wart. In one embodiment the lesion is a precancerous
lesion. Indeed, in some examples the lesion is a 



papillomavirus associated lesion, such as an
HPV-induced lesion. In yet other examples the lesion
is a non-venereal wart, such as a plantar wart,
filiform wart, flat wart or seborrheic wart. In
certain embodiments, the disclosed compounds can be
used to exert a prophylactic effect, such as by
treating a precancerous lesion and preventing or
delaying neoplasia of the tissue. The compounds are
particularly suitable for treating genital lesions
caused by a variety of pathologies, including cancers
of the vagina and cancers of the external genitalia,
such as primary cancers of the penis or vulva. In
particular examples, the compound is applied topically
to the body surface lesion or introduced into the
skin, for example by injection or placement of a
pellet into the lesion. Alternatively the agent is
applied in a pad to the lesion, and the pad is left in
place over the lesion for an extended period of time,
such as one or more days or a week or more. In other
examples, the lesion is a skin lesion induced by
infection or inflammation. The lesion may be a virally
induced lesion, such as a wart, for example a
papillomavirus induced wart. Alternatively, the lesion
being treated is a bacterial (for example
staphylococcus) or viral (for example herpes virus)
infection of the skin, or a skin neoplasm (for example
a skin cancer such as a squamous or basal cell
carcinoma or a primary melanoma). The immune
stimulating activity or PTP activating activity or
immunomodulating activity of the compound can be
enhanced by exposing the compound to an
electromagnetic field (such as a time varying electric
field, a time varying magnetic field, and/or a
radiating electromagnetic field), for example a field
that induces increased resonance modulation of the
compound. For example, such a field can be induced by
placing a magnetic probe in the vicinity of the
compound that has been administered to the subject, or
by providing a current that flows through the compound
between two electrodes, or by a laser that irradiates
the compound with laser energy. In particular
embodiments, activity of the immune system can be
conveniently up-regulated by applying the compound to
a target region of the skin using a convenient patch
or pellet, and inducing the electromagnetic field in a
manner that increases the resonance modulation of the
compound. In this manner, the resonance modulator on
the skin surface acts as a convenient coupler between
the externally applied electromagnetic field and the
immune system, which can increase immune function
particularly locally at the site of the resonance
modulator. However, it is also believed that immune
function can be enhanced systemically, remote from the
resonance modulating compound. The ability of the
compound to interact with PTPs (such as components of
the immune system) also allows the compound to be used
to monitor immune function. It has been observed that
application of the compound to a target region (for
example in a patch applied to the skin) mobilizes PTP
expressing cells, such as cellular components of the
immune system. The attraction of theimmune cells
apparently occurs by electrostatically interacting
with and attracting dendritic cells and other early
phase lymphoid cells. These cells aggregate in the
vicinity of the resonance modulator, and change
electromagnetic characteristics (such as bioimpedance)
in the target region in which they aggregate. The
changed electromagnetic characteristics are
detectable, for example, as a change in amplitude of
the voltage difference detectable across the target
area, even in the absence of an applied voltage
potential across the electrodes. In particular
embodiments, electrodes are placed in contact with the
compound, and the inherent varying voltages are
produced by resonance modulation of the compound over
time. The amplitude of these varying voltage
potentials is used to monitor immune function. For
example, a reduction in voltage amplitude between the
electrodes as compared to a normal control is an
indication of impaired immune function. The amplitude
of the waveform (or other electromagnetic
characteristics) may be monitored to determine a
response of the subject's immune system to the
compound. An increase in the amplitude of the voltage
over time indicates that an immune response has
occurred (and that immune effector cells such as
lymphocytes have migrated to the target region). If
the increase in amplitude falls below a predetermined
threshold (such as an expected increase of at least
10%, 25% or 50%), then further diagnostic or
therapeutic interventions may be undertaken to assess
or correct the reasons for the impaired immunity. For
example, a rigorous search can be undertaken for
infectious, toxic or neoplastic causes of the impaired
immune response. Alternatively, the immune response
can be upregulated by exposing the resonance
modulating compound to an electromagnetic field that
induces increased resonance modulation of the
compound. Another approach would be to initiate
treatment of the subject with appropriate
anti-infective or anti-neoplastic chemotherapeutic
agents. The disclosed agents are particularly
effective for treating a tumor, by administering the
agent to the subject (for example by topical
application to a target region over or adjacent a
cutaneous metastasis). An external electromagnetic
field may then optionally be applied to the agent to
increase its resonance modulation and thereby increase
its immunostimulant effect. The external
electromagnetic field may be produced, for example, by
a magnetic probe that induces a localized magnetic
field, an induced external current applied across
electrodes, or a laser that stimulates resonance
modulation of the resonance modulating compound.
Resulting increased mobilization of antigen presenting
cells (such as dendritic cells) and immune effector
cells (such as T-cells) to the target region helps
direct immunosurveillance and immune effector activity
to the tumor target. The agents can be used, for
example, to treat a cervical, anal or vaginal
carcinoma, such as a carcinoma associated with an HPV
infection in which HPV has induced a malignant
transformation of the cells. In particular
embodiments, the disclosed agents can stimulate an
immune response either through or to a RPTP expressing
cell, such as a CD45+ cell, such as a CD45+
T-lymphocyte or a RPTP or CD45+ expressing infected
cell. An example of such a cell would be a lymphocyte
produced in response to a virally infected cell, such
as a cell infected with papillomavirus, for example
human papillomavirus (HPV), or an immunodeficiency
virus (such as HIV).In particular methods of
monitoring an immune response, compound is placed in
contact with the subject (for example on or in the
skin of the subject). In one aspect of the method the
compound is a resonance modulator so that the inherent
resonance modulation of the compound yields
characteristic waveforms of the compound. The
waveforms (such as alternation of voltage potentials
or other electromagnetic waves) detected from the
compound are monitored to detect waveforms produced by
the compound that are associated with altered immune
function. In particular embodiments, the waveforms are
monitored by detecting voltage changes in the compound
over time, for example by detecting waveforms that
have a decreased amplitude from an expected increase
that would be seen over time. In some embodiments of
the method, once the waveforms have been detected that
are associated with altered immune function, a
diagnostic or therapeutic intervention may be
undertaken in response to the detection of the
waveforms. For example, the intervention can be a
diagnostic intervention designed to detect a specific
feature of the altered immunity (such as decreased
number or function or particular cells involved in the
immune response, such as T-lymphocytes) or a cause of
the altered immunity (such as infection with an
immunodeficiency virus, or the presence of a
neoplastic condition, such as a tumor, that alters
immune function). Alternatively, detection of altered
immunity results in a therapeutic intervention, such
as administration of an anti-neoplastic or
anti-infectious therapy (such as an antibiotic or
antiviral drug), and/or modulating resonance of the
compound to enhance immune function. Modulating
resonance of the compound can include applying an
induced electromagnetic field to the compound that
enhances resonance modulation of the compound, which
in turn improves immune function. In particular
embodiments, the improved immune function constitutes
improved mobilization of T-lymphocytes (such as CD45+
T-lymphocytes) to the site of application of the
resonance modulating compound. The disclosed methods
also include a method of treating a tumor by exposing
the tumor to a therapeutically effective dose of a
resonance modulating compound, and applying an
external electromagnetic field to the compound to
increase its resonance modulation of the compound and
thereby increase an anti-tumor effect of the compound
to treat the tumor. Alternatively, the method can b e
used to treat an infection (such as a bacterial
infection like Yersinia pestis infection or a viral
infection, such as an HPV or HIV infection, or other
infections in which a PTP is expressed by the
pathogen) by administering a therapeutically effective
amount of the compound. In particular examples, the
therapeutic amount is sufficient to interact with a
PTP extracellular receptor of a cell to activate the
receptor. In particular examples of either treatment,
the compound is applied to the skin of the subject, or
to an area of infection or neoplasia. The compound
may, for example, be applied as a topical gel to the
skin of the subject, or to urogenital or anogenital
epithelium (such as anal, vaginal or cervical
epithelium) that is infected with a papillomavirus
(such as HPV). In some examples, the epithelium is
dysplastic or metaplastic epithelium, such as cervical
intraepithelial or high grade or squamous
intraepithelial neoplasms (CIN/HSIL), anal
intraepithelial neoplasms (AIN/HSIL) or a squamous
carcinoma. In particular examples, the compound is
applied as a 0.25% gel that is appliedtopically to the
subject for a period sufficient to have a therapeutic
effect, such as at least five days. In particular
methods of treatment, gel is applied daily, and/or the
effective amount is at least 2 grams of a topical gel
containing at least 0.25% of the compound. The unusual
properties of the disclosed compounds also permit them
to be used in methods of concentrating dendritic cells
and/or lymphocytes, either in vitro or in vivo. For
example, RPTP+ cells, such as lymphocytes (for example
CD45+ cells, such as T-lymphocytes) can be
concentrated from biological tissue (or in culture) by
exposing the biological tissue (or cells) to an
effective amount of the agent. In one example, that
agent is applied to the skin of a subject to
concentrate RPTP+ cells (such as lymphocytes) at and
around the site of application of the agent. However,
RPTP+ cells, such as lymphocytes and/or dendritic
cells, can be attracted to any target region of the
body in which the agent is introduced, such as a
breast, colon or prostate tumor. Alternatively, the
agent can be introduced into a tissue culture that
contains RPTP+ cells such as lymphocytes and/or
dendritic cells to attract them to the agent.
Selective concentrations of sub-populations of cells
can be achieved in this manner. The agent can also be
used to increase the concentration of CD45RO+ and
CD45RB+ cells, for example by inducing expression of
these cell surface markers. In particular embodiments,
selective expression of CD45RO+ occurs, which is
involved in cytotoxic activity. Also disclosed herein
is a method for stimulating platelet levels, for
example by stimulating platelet production, for
example in the treatment of thrombocytopenia. One
embodiment of this method includes treating a subject
having reduced platelet count with a compound
disclosed herein. In certain examples the
thrombocytopenic subject has reduced platelet levels
as a result of a neoplastic, autoimmune or infectious
disorder. In particular examples, the subject has an
autoimmune thrombocytopenia, or toxic
thrombocytopenia, for example induced by cytotoxic
antineoplastic drugs. The foregoing and other objects,
features, and advantages of the disclosed compounds,
compositions and methods for their use will become
more apparent from the following detailed description
of several embodiments which proceeds with reference
to the accompanying figures. BRIEF DESCRIPTION OF THE
FIGURES FIG. 1 is a schematic illustration of the
interaction between a conjugated aryl hydrazone and
the CD45+ T-lymphocyte surface receptor. FIG. 2
illustrates the structural formula of A-007. FIG. 3 is
a schematic illustration of the resonance structures
of a conjugated aryl hydrazone. DETAILED DESCRIPTION /
. Abbreviations A-007: 4,4
'-dihydroxybenzophenone-2,4-dinitrophenylhydrazone
AMTR: A-007 Magnetic Transistor Resonator An:
AntigenAPC: Antigen Presenting Cell BDP-DNP:
2,6-Dibenzylidenecyclohexanone-2,4-dinitrophenylhydraz
one DC: Dendritic Cell DNP: Dinitrophenylhydrazone
PTP: Protein Tyrosine Phosphatase //. Terms Unless
otherwise noted, technical terms are used according to
conventional usage. Definitions of common terms in
molecular biology may be found in Benjamin Lewin,
Genes F, published by Oxford University Press, 1994
(ISBN 0-19-854287-9); Kendrew et al. (eds.), The
Encyclopedia of Molecular Biology, published by
Blackwell Science Ltd., 1994 (ISBN 0-632-02 182- 9);
and Robert A. Meyers (ed.), Molecular Biology and
Biotechnology: a Comprehensive Desk Reference,
published by VCH Publishers, Inc., 1995 (ISBN
1-56081-569-8). Variables such as used throughout the
disclosure are the same variables as previously
defined unless stated to the contrary. If any of these
terms conflict with a document that has been
incorporated by reference, the meanings of terms set
forth in this document will control. In order to
facilitate review of the various embodiments of this
disclosure, the following explanations of specific
terms are provided: Alkyl group: An alkyl group is a
branched or unbranched saturated hydrocarbon group of
1 to 24 carbon atoms, such as methyl, ethyl, n-propyl,
isopropyl, n-butyl, isobutyl, ?-butyl, pentyl, hexyl,
heptyl, octyl, decyl, tetradecyl, hexadecyl, eicosyl,
tetracosyl and the like. A "lower alkyl" group is a
saturated branched or unbranched hydrocarbon having
from 1 to 10 carbon atoms. Aryl group: Aryl group
denotes any carbon-based aromatic group including, but
not limited to, phenyl, napthyl, fluorenyl, etc. The
term "aromatic" also includes "heteroaryl groups." The
term heteroaryl refers to an aromatic group that has
at least one heteroatom incorporated within the ring
of the aromatic group. Examples of heteroatoms
include, without limitation, nitrogen, oxygen, sulfur,
and phosphorous. The aryl group can be substituted
with one or more groups including, but not limited to,
alkyl, alkynyl, alkenyl, aryl, halide, nitro, amino,
ester, ketone, aldehyde, hydroxy, carboxylic acid, or
alkoxy, or the aryl group can be unsubstituted.
Similarly, the term "aralkyl" refers to an aryl group
having an alkyl group, as defined above, attached to
the aryl group. An example of an aralkyl group is a
benzyl group. Animal: Living multi-cellular vertebrate
organisms, a category that includes, for example, 



mammals and birds. The term mammal includes both human
and non-human mammals. Similarly, the term "subject"
includes both human and veterinary subjects. Antigen:
A compound, composition, or substance that can
stimulate the production of antibodies or a T-cell
response in an animal, including compositions that are
injected or absorbed into an animal. An antigen reacts
with the products of specific humoral or cellular
immunity, includingthose induced by heterologous
immunogens. The term "antigen" includes all related
antigenic epitopes. Cancerous: Referring to a
malignant tumor or lesion. Examples include primary
cancer of the penis, vulva, vagina, uterine cervix, or
integument. An example of a cancer of the penis is an
invasive squamous cell carcinoma. One example of
cancer of the vagina is squamous cell carcinoma. Any
of these tumors can be treated with the methods
described herein. CD Markers: Cluster of
differentiation (CD) markers that can serve as cell
surface markers for different classes of lymphocytes.
A systematic nomenclature has been developed in which
CD has been determined by the binding of certain
monoclonal antibodies to certain human leukocyte
antigens (HLA). Further information about CD markers
is disclosed, for example in Roitt et al., Immunology
(6th Edition), 2001 . A certain subset of CD marker is
the CD45 marker, which is a leukocyte common antigen
(LCA). CD45 RA, CD45RB and CD45RO are restricted LCAs
that are a subset of CD45+ cells, and are further
described in Roitt, et al., Appendix 2. Certain
characteristics of these LCAs are shown in the
following table:Chemotaxis: Movement of an organism or
a single cell, such as a leukocyte, in response to a
chemical compound. As used herein, chemotaxis can
occur in response to any physical property of the
compound, including electrostatic properties.
Chemotherapy; chemotherapeutic agents: As used herein,
any chemical agent with therapeutic usefulness in the
treatment of diseases, for example diseases
characterized by abnormal cell growth, such as
neoplasms. In one embodiment, a chemotherapeutic agent
is an agent of use in treating neoplasms such as solid
tumors. One of skill in the art can readily identify a
chemotherapeutic agent of use (e.g. see Slapak and
Kufe, Principles of Cancer Therapy, Chapter 86 in
Harrison's Principles of Internal Medicine, 14th
edition; Perry et al., Chemotherapy, Ch. 17 in
Abeloff, Clinical Oncology 2nd ed., (c) 2000 Churchill
Livingstone, Inc; Baltzer L, Berkery R (eds): Oncology
Pocket Guide to Chemotherapy, 2nd ed. St. Louis,
Mosby-Year Book, 1995; Fischer DS, Rnobf MF, Durivage
HJ (eds): The Cancer Chemotherapy Handbook, 4th ed.
St. Louis, Mosby-Year Book, 1993). Derivative:
Derivative is used to refer to a compound or portion
of a compound that is derived from or is theoretically
derivable from a parent compound. Dendritic cell (DC):
Dendritic cells are the principle antigen presenting
cells (APCs) involved in primary immune responses.
Dendritic cells include plasmacytoid dendritic cells
and myeloid dendritic cells. Their major function is
to identify and process antigen in tissues, migrate to
lymphoid organs and present antigenic information in
order to activate the T-cell cascade. Immature
dendritic cells originate in the bone marrow and
reside in the periphery as immature cells. DCs are
capable of evolving from immature, antigen-capturing
cells to mature, antigenpresenting, T cell-priming
cells; converting antigens into immunogens and
expressing molecules such as cytokines, chemokines,
costimulatory molecules and proteases to initiate an
immune response. Hydrazone: A compound with the
structure R2C=NNR2, differing from a ketone or
aldehyde by the replacement of the double bonded
oxygen with the =NNR2. A hydrazone is generally formed
by the condensation of a hydrazine with a carbonyl
group. An aryl hydrazone is a hydrazone in which at
least one of the R groups is an aryl group, for
example a phenyl group (a phenylhydrazone). A
nitrophenylhydrazone is a phenylhydrazone having one
or more NO2 substitutions on the phenyl ring. Immune
response: A response of an organism to a foreign
(non-self) agent. An immune response to a stimulus is
implemented by cells of the immune system, such as a
B-lymphocyte, or a T-lymphocyte. In one embodiment,
the response is specific for a particular antigen (an
"antigenspecific response"). Infectious agent: An
agent that can infect a subject, including, but not
limited to, viruses, bacteria, and fungi. Inherent
electromagnetic waveforms: Waveforms that are produced
as a characteristic of a compound, independent of
actively induced electromagnetic phenomena, such as
intentional application of electrical currents,
electrical potentials, or magnetic fields. An example
of a waveformis the waveform produced by alternating
voltages over time, for example waveforms that
alternate between a positive and negative potential,
often in a predictable manner (for example as defined
by a sine wave). Waveforms can be monitored by a
variety of electromagnetic monitoring devices, such as
a volt meters that measures an electrical potential
across two electrodes in contact with the compound.
Intervention: An intervention is an action taken to
detect or affect a physiologic or medical state of a
subject. A diagnostic intervention detects the state
of the subject, for example by performing a laboratory
test, such as a blood test, biopsy, imaging study or
physical examination. A therapeutic intervention
affects the state of the subject, for example by
performing surgery, administering a drug or other
treatment, or performing any other therapeutic
procedure. Isolated: An "isolated" biological
component (such as a dendritic cell or lymphocyte, or
a population of those cells) has been substantially
separated or purified away from other biological
components in the cell of the organism in which the
component naturally occurs. Laboratory evidence of
impaired immunity: Objective laboratory data that is
generally medically accepted as evidence of reduced
immunity, such as a white blood cell count that is
below accepted norms in a particular laboratory,
reduced lymphocyte (such as T-lymphocyte)
concentration, or evidence of generalized impaired
activity of any cell of the immune system. In
particular examples, the data demonstrate impaired
cellular immunity or humoral immunity, or both.
Lacking chemical reactivity: Certain resonance
modulating compounds are electrostatically active but
substantially non-reactive under physiological
conditions (in the body) because of their resonance
stabilization. Such lack of chemical reactivity
results in the compound being excreted substantially
completely unchanged after systemic (such as oral or
intravenous) administration. An example of this lack
of reactivity is seen, for example, by an absence of
Nmethylarion of A-OOl in the body Leukocyte: Cells in
the blood, also termed "white cells," that are
involved in defending the body against infective
organisms and foreign substances. Leukocytes are
produced in the bone marrow. There are 5 main types of
white blood cell, subdivided between 2 main groups:
polymorphonuclear leukocytes (neutrophils,
eosinophils, basophils) and mononuclear leukocytes
(monocytes and lymphocytes). When an infection is
present, the production of leukocytes increases.
Neoplasm: An abnormal cellular proliferation, which
includes benign and malignant tumors, as well as other
proliferative disorders. . Optional or optionally:
These terms indicate that the subsequently described
event or circumstance can but need not occur, and that
the description includes instances where said event or
circumstance occurs and instances where it does not.
Papillomavirus: Papillomaviruses are small,
nonenveloped viruses with an icosahedral symmetry,
capsomere, and a double-strand circular DNA genome of
about 8,000 bp. All papillomaviruses have a similar
genetic organization. The viral genome is divided into
an early region which encodes the genes required for
viral DNA replication and cellular transformation, a
lateregion that codes for the capsid proteins, and a
regulatory region that contains the origin of
replication and many of the control elements for
transcription and replication. Papillomarviruses have
a high degree of species specificity. There are no
known examples of natural transmission of human
papillomavirus (HPV) to other species.
Papillomaviruses also display a marked degree of
cellular tropism, infecting only surface squamous
epithelia of the skin or mucosa and producing for the
most part benign epithelial tumors. Specific viral
types appear to have a preference for either cutaneous
or mucosal types. For example, HPV-1 1 does not
readily infect cutaneous epithelium from other body
sites but can infect mucosal epithelium of either the
genital or the respiratory tract. However the
papillomaviruses induce cellular proliferation and
transformation that can lead to the development of
invasive cancers. HPV infections have been associated
with the development of cervical and anal cancers.
Genital warts are usually caused by HPV. Papilloma
viruses cause small growths (warts) on the skin and
mucous membranes. Infection of the genital and anal
regions with HPV can cause warts (anogenital
condyloma) on the penis, vulva, urethra, vagina,
cervix, and around the anus (perianal). More than
fifty different types of HPV have been classified.
Several types, including 6 and 11, are associated with
raised, rough, easily visible genital warts
(especially in women). Other types are associated with
flat warts. More importantly, several types are
associated with premalignant and malignant changes in
the cervix (abnormal Pap smears). These include types
16, 18, 31, 39, 45, 51, and 52. Research also shows
that the presence of both HPV and herpes virus
together is a good predictor of the development of
cervical cancer. Lesions on the external genitalia are
easily recognized. On the penis, genital warts tend to
be drier and more limited than on the female genitalia
or around the anus of either sex. They grow best in
the moist genital area, and are raised, rough,
flesh-colored "warty" appearing tumors that may occur
singly or in clusters. Left untreated, warts around
the anus and vulva may rapidly enlarge, taking on a
"cauliflower-like" appearance. In women, HPV can
invade the vagina and cervix. These warts are flat and
not easily visible without special procedures. Because
HPV can lead to premalignant changes in the cervix
(cervical dysplasia), it is important that this
condition be diagnosed and treated. Regular Pap smears
are important for detecting HPV. Papillomavirus
associated lesion: A lesion in which there is evidence
of a papillomavirus infection, such as identification
of an HPV associated with the lesion. Pharmaceutical
agent or drug: A chemical compound or composition
capable of inducing a desired therapeutic or
prophylactic effect when properly administered to a
subject. Pharmaceutical agents include, but are not
limited to, chemotherapeutic agents and anti-infective
agents. Pharmaceutically acceptable carriers: The
pharmaceutically acceptable carriers useful in this
invention are conventional. Remington 's
Pharmaceutical Sciences, by E.W. Martin, Mack
Publishing Co., Easton, PA, 19th Edition (1995),
describes compositions and formulations suitable for
pharmaceutical delivery of the compounds herein
disclosed.In general, the nature of the carrier will
depend on the particular mode of administration being
employed. For instance, parenteral formulations
usually comprise injectable fluids that include
pharmaceutically and physiologically acceptable fluids
such as water, physiological saline, balanced salt
solutions, aqueous dextrose, glycerol or the like as a
vehicle. For solid compositions (e.g., powder, pill,
tablet, or capsule forms), conventional non-toxic
solid carriers can include, for example,
pharmaceutical grades of mannitol, lactose, starch, or
magnesium stearate. In addition to
biologically-neutral carriers, pharmaceutical
compositions to be administered can contain minor
amounts of non-toxic auxiliary substances, such as
wetting or emulsifying agents, preservatives, and pH
buffering agents and the like, for example sodium
acetate or sorbitan monolaurate. Purified: The term
"purified" does not require absolute purity; rather,
it is intended as a relative term. Thus, for example,
a purified preparation of lymphocytes is one in which
the lymphocytes are present in a greater concentration
than in its natural environment within the body.
Resonance Modulator: A compound that possesses
resonating intramolecular dipole movements (or
electrical densities) that allow it to
electrostatically interact with biological
environments. A resonance modulator is also
characterized by the emission of oscillating frequency
waves generated by the compound's intramolecular
resonance. This resonance is believed to convey the
electrical dispositions for interactions with cells of
the immune system (such as dendritic cells) to
up-regulate and/or enhance immunity. Resonance
modulators are capable of attracting immune cells,
concentrating them in a target region of the
peripheral immune system adjacent the resonance
modulator, and in some instances have a distant effect
on circulating immune cells (such as immune cells in
the peripheral blood and lymphoid tissue such as a
lymph node or the spleen). Many resonance modulators
have a crystalline structure. Examples of assays for
selecting resonance modulator candidates are disclosed
in Example 14.' Sigma waves: Sigma waves that are
recorded from crystals and tissue culture are waves
over and above the base line of electrical energy that
is generated from the heart and other biorhythms
within the body. The sigma waves therefore measure
voltage changes with time and amplitude increases with
time after exposure to A-007. Subject in need of
immunostimulation: A subject having a condition that
would benefit from general or specific stimulation of
the immune system. Examples include subjects with
immune deficiencies (such as persons infected with HIV
or who have recently received chemotherapy or other
immunosuppressive drugs), and persons with conditions
that could be improved by the stimulation of an immune
response (such as subject infected with a pathogen or
tumor that alters immune function, such as a
lymphoma). In certain examples, the subject is in need
of immunostimulation for a condition other than a
tumor, for example because of infection or
immunocompromise (for example infectious or
pharmaceutically induced immunodeficiency). In other
examples, the subject in need of immunostimulation is
a subject having laboratory evidence of impaired
immune function.Therapeutically effective dose: A dose
sufficient to inhibit or prevent advancement, or to
cause regression of the disease, or which is capable
of relieving symptoms caused by the disease, such as
pain or swelling. Thrombocytopenia: is a term for a
reduced platelet (thrombocyte) count. Normal
thrombocyte levels are known to those of skill in the
art, and those levels are easily determined by
automated means. Normal levels differ among
laboratories depending on the detection means used.
However, thrombocytopenia leads to reduced clotting
and pathological bleeding (for example from the gums,
nose, or internal organs). Waveforms associated with
altered immune function: Waveforms that are noted to
be 



present in subject having an enhanced or decreased
immune function. For example, the amplitude of voltage
potential waveforms increases over time after a
resonance modulating compound is applied to a subject.
The increase in amplitude is a consequence of normal
immune function, and is indicative of the mobilization
of immune cells (such as lymphocytes) and their
migration to the site of application of the compound.
However, an increase in amplitude that is below that
seen in the same subject at a baseline measurement
taken during health, or an increase below a range that
is statistically normal in a population of subjects,
can be taken as associated with altered (impaired)
immune function. Conversely, an increase in amplitude
that is greater than normal (as determined for a
particular individual or a population) is an
indication of supra-normal immune function. Unless
otherwise explained, all technical and scientific
terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to
which this disclosure belongs. The singular terms "a,"
"an," and "the" include plural referents unless
context clearly indicates otherwise. Similarly, the
word "or" is intended to include "and" unless the
context clearly indicates otherwise. The term
"comprises" means "includes." In addition, the
materials, methods, and examples are illustrative only
and not intended to be limiting. ///. Descriptions of
Several Embodiments Particular methods disclosed
herein concern the use of hydrazone compounds to treat
infectious, neoplastic and/or inflammatory conditions.
Exemplary methods include convenient and effective
treatment for body surface lesions, such as
infectious, neoplastic or inflammatory lesions, for
example warts. Without being bound to theory, certain
compounds act as resonance modulators and act as
activators of PTPs. In certain examples, the compound
acts as an immunostimulant and/or as a coupling agent
between the immune system and external monitors or
modulators. The compounds are believed to interact
with PTPs, for example interacting with cellular
components of the immune system (such as CD45+
receptor lymphocytes or dendritic cells) to promote
maturation of immune cells, and recruitment of other
cellular components of immunity in an immune response.
The ability of compounds to attract immune cells to
the vicinity of the modulator also allows an immune
response to be directed to a target region within the
body (such as a tumor) where an immuneresponse is
needed for treatment of a localized condition.
However, in certain embodiments, the compounds also
are capable of eliciting an immune response at distant
sites, such as remote lymphatic tissue or metastatic
lesions. The compounds therefore provide a novel
interface with the immune system that allows
information about immune status to be collected and
interventions (including manipulation of immune
function) to be performed. Resonance structures
illustrate composite electronic structures of
compounds in which electron density is delocalized.
Multiple alternative formal structures are said to be
resonance structures, and a molecule can be described
as a resonance hybrid of these structures. The
conjugated aromatic compounds disclosed herein
generally comprise multiple alternative formal
structures having delocalized electron density. An
particular example of a resonance modulator disclosed
herein is a 2,4- dipitrophenylhydrazone (referred to
as A-007), wherein the compound is and R1 is OH, R2 is
C6H4OH and X is C6H3-2,4(NO2)2. Many other examples of
resonance modulating compounds are also disclosed
herein, some of which are shown in the attached FIGS.
12, 16 and 17. These include formyl and
acetylbarbituric phenylhydrazone analogs. Another
example is
2,6-dibenzylidenecyclohexanone-2,4-dinitrophenylhydraz
one wherein X is a nitrophenyl (C6H3-2,4(NO2)2), R1 is
H, R2 is unsubstituted phenyl, and R3 is CH2The
resonance modulator compounds disclosed herein,
including 4,4'-
dihydroxybenzophenone-2,4-dinitrophenylhydrazone
(A-007), are particularly suitable to act as a sensor
and immune modulator, because they generally have an
affinity for cell membrane receptors. One example of
this affinity for RPTP+ cell membrane receptors is the
interaction between A-007 and the CD45+ T-lymphocyte
surface receptor, which is illustrated in FIG. 1.
These interactions are believed to induce maturation
of the cells with which they interact, to promote the
immune response. Example 1 Resonance Modulation with
Phenylhydrazones This example discloses particularly
suitable conjugated aromatic compounds having both
modulating and sensor properties. Certain such
compounds include polyaryl mononitro- or
dinitrophenylhydrazones, such as wherein R1is
hydrogen, hydroxy, 2- or 4-hydroxyphenyl, acetate,
phosphate, azido, nitrile, amino, dimethylamino,
sulfate, methylsulfonate, phosphate, nitroso,
succinate or another water soluble electrophilic group
capable of hydrogen bonding; R2 is C6H5, C6H OH,
C6H4N3, C6H4CN, 4-HOC6H4- C6H4, C6H4OPO2OH, C6H4OSO2H,
C6H4NH2, C6H4NHMe2, C6H4OSO2Me, C6H4OCO(CH2)XCO2H, or
C6H5Cl; and Ar is C6H3-2,4(NO2)2, C6H4-4(NO2),
C6H4-3(NO2), or C6H3- 2,4(NO2)2. As illustrated in
FIG. 3, these chemical structures are able to resonate
between multiple dipolar configurations of conjugated
electron rich/poor areas that allows/permits migrating
intermolecular hydrogen bonding, as well as
nucleophilic/electrophilic attractions with
complementary sites to exist for moments in time. As
illustrated in FIG. 1, these resonating minidipoles
are capable of attracting for example -SH, -COOH,
-NH2-CH-NH3 + that are present in amino acids (such as
cysteine, threonine, arginine), carbohydrates
(mucopolysaccharides) and glycoproteins, all of which
are essential components of cellular regulators in the
immune system. For example, simple interactions with 3
or 4 amino acids on the surface of the CD45+RA
receptor on a lymphocyte is believed to induce the
expression of a modified surface protein (RO, RB)
capable of initiating the T-cell cascade with influxes
of CD4+/CD8+ into tissues, organs and the circulation.
In the "moment in time" during which the hydrogen
bonding and attractions are modulated via electrical
stimulation, the transient electrostatic interactions
that intrinsically exist with these structures are
increased and can be quantified with NMR
spectroscopy.The presence of multiple electronegative
moieties capable of multiple resonance structures,
attached through conjugated and aryl bonds, generates
oscillating frequency waves. Certain resonance
modulators described herein (such as A-007) have a
sufficient "electron count" in that they have an
excess of electrons for electrostatic interactions.
The excess allows attraction of
electrophilic/nucleophilic centers that are present in
proteins and other biololecules, and they do not need
to react (via a transfer of electrons and covalent
bond formations) for structure stabilization. Instead,
simple "flirtations" with the environment are believed
to induce changes in other polymolecular
configurations, such as the CD45+ receptor, without
changing the structure of the resonance modulator. In
a particularly disclosed embodiment of a resonance
modulator has the formula above, wherein R1 is OH, R2
is C6H OH and X is C6H3-2,4(NO2)2 (A-007). This
compound is highly electronegative. Moreover, A-007
can be represented in several resonance forms, as
illustrated in FIG. 3, as can additional compounds
disclosed herein. Representative oscillating frequency
waves generated by the hydrazones electrostatically
interact with dendritic cells and other early phase
lymphoid cellular elements to promote immunity. The
interactions can be incorporated into one or more
Dirac equation(s) to formulate quantum molecular
changes in the skin associated with influxes of
potentially selective and diagnostic lymphocyte
components. Stabilization of certain resonance forms
of the disclosed compounds is believed to occur upon
binding, which results in alteration of frequency and
electrical effluxes from the test areas as the
resonance modulator interacts with lymphocytes. The
interactions typically are non-covalent interactions,
such as electrostatic interactions. The cycle of
resonance will be disturbed by this interaction, and
such interference has been monitored (for example by
detecting changes in waveforms of voltage over time)
and used as an indicator of activity. Variations in
the waveform patterns indicate the presence of an
evolving cellular immune response (such as the
infiltration of dendritic cells and lymphocytes). An
absence of expected waveforms or other detected
patterns of interference are also useful for detecting
an abnormal immune response that requires further
investigation and/or treatment. Hence the resonance
modulator acts as a coupling agent between immune
activity and an external monitor. The resonance
modulator is capable not only of detecting cellular
immune activity, but it also couples the immune system
to external physical modulators that can be used to
alter this activity. For example, a magnetic resonator
probe may be used to apply a magnetic field to the
surface of the skin, for example by applying the probe
to or adjacent the skin surface. The magnetic probe
activates the resonance modulator, stimulates resonant
energy efflux and promotes tissue T-cell contact.
Thus, if an individual is not able to induce an immune
modulation via unstimulated T-cell-resonance modulator
interactions, the further polarization provided by an
external programmed magnetic field can provide added
stimulus to the immune response. Use of such an
external magnetic field with A- 007 as the resonance
modulator is referred to as an AMTR (A-007 Magnetic
Transistor Resonator).Some of the disclosed methods
therefore concern the use of various resonance
modulators, such as hydrazones, that are able to
function as quantum chemical
modulators/sensors/transmitters of immune profiles.
These agents are therefore useful in documenting and
treating changes in epithelial surfaces (such as the
skin) that are connected via biological networks with
lymphatic circuits. Peripheral modulation of
lymphocytes and precursor cells in the skin is an
early warning network for systemic lymphocytes and a
natural mechanism by which living systems detect
foreign changes and objects (viruses, bacteria,
chemicals, cancer cells, etc). Invasion by cancer and
foreign chemical/biological objects can produce
electrical and emergent behavioral changes that
require monitoring/alterations to insure health. Hence
the ability to monitor the status of this peripheral
modulation provides an important new medical
diagnostic and therapeutic tool. Example 2
Anti-neoplastic and Immune Modulating Characteristics
of 4,4'-Dihydroxybenzophenone-2,4-
dinitrophenylhydrazone (A-007) This example
demonstrates that the disclosed compounds, including
4,4'-
Dihydroxybenzophenone-2,4-dinitrophenylhydrazone, have
significant anticancer activity in anticancer trials
(IND 47,470). Specifically, among fifty-three (53)
people treated with topical A-007 (as a 0.25% gel),
37% objective remissions have been observed with ten
complete responses. Table 1. Responses of Cutaneous
Metastases to A-007 0.25% Gel Applied Topically to
Cancer Lesions Twice Daily Note: KS = Kaposi's
sarcoma; H/N-head/neck; NHL=non-Hodgkins' lymphoma;
CR=complete response; PR=partial response >50%; NR=no
response). All patients t -eated had received at least
2- regimens of systemic therapy (local surgeryfor the
anogenital cancers) prior to initiating A-007. Certain
disclosed compounds do not act via a cytotoxic
mechanism. This is evidenced, for example, by a
substantial absence of A-007 induced local or systemic
toxicity. Histochemical assays,from biopsies of human
skin topically treated with A-007, confirmed that
increased infiltrates of a variety of T-lymphocytes
(CD4+, CD3+, CD8+, and CD45+) had occurred during
treatment. Increased skin infiltrates of CDl lc+
dendritic cells were also observed in treated areas.
Immunohistochemical (IHC) studies to date have found
that immune modulation had occurred in vitro and in
vivo following exposure to A-007. Hence the compounds
disclosed herein can have a therapeutic effect without
diffuse cytotoxicity that often causes collateral
clinical harm. X-ray crystallography data revealed
that A-007 (as monoclinic crystals) exists essentially
as two unique molecules, which differ only in the
orientation within the bis-diphenylmethane group,
where the rings are approximately perpendicular to
each other (and rotated approximately 90 from the
orientation of the rings in each rotamer) as shown in
the accompanying figure. Both rotamers showed strong
intramolecular hydrogen bonds between the -NH of the
-HN-N=C- moiety and an oxygen of the o-nitro group.
Thus, there are at least three unique moieties present
in A-007 that may contribute to its overall biological
activity - a dihydroxy-diphenylmethane, a hydrazone
and a dinitrophenyl moiety. However, despite A-007's
high electrophilicity, it substantially lacks chemical
reactivity under physiological conditions in the human
body. For example, the NH on the hydrazone group might
ordinarily be predicted to undergo in vivo methylation
or acylation, but such modifications are substantially
absent when A-007 is administered to a human subject.
Indeed, the drug is excreted substantially unchanged.
Furthermore, A-007 is very insoluble in body fluids
and is not extensively absorbed into the blood. A-007
has not been detected in the blood from any of the
subjects who have been treated with topical A-007.
Plasma assays of A-007 verify its stability. H X-ray
crystallography characteristics of A-007 Example 3
Effect on the Immune System The lymphatic system
includes lymphatic vessels that communicate with other
structures and organs that contain lymphatic tissue in
a specialized form of reticular connective tissue.
Lymphatic vessels include lymph capillaries, which
combine into larger lymph vessels (lymphatics) that
resemble veins in structure, but have thinner walls
and more valves. Lymph nodes are distributed
throughout the body, with the most intense
concentration in the face and neck, axillae, thoracic
cavity, intestines, groin, elbows and knees. Shallow
lymphatic channels of the skin generallyfollow veins,
while deeper lymphatics generally follow arteries.
These lymphatics function to network lymph fluid
throughout the body, but they are also an important
distributed aspect of the immune system that functions
in surveillance and defense against foreign cells,
such as microbes and cancer cells. The lymphatic
system contains numerous types of lymphocytes. Some of
these lymphocytes are T-cells that destroy foreign
cells directly or indirectly by releasing cytotoxic
substances. Other lymphocytes are B-cells that
differentiate into plasma cells that secrete
antibodies against antigens to help eliminate them.
The lymph nodes filter foreign material carried by the
lymph fluid, so that segregated foreign material can
then be destroyed by phagocytosis. The spleen, thymus
and tonsils 



are other lymphatic organs that produce B-cells,
T-cells, and other lymphocytes. When tumor cells are
present in the dermis and epidermis, dendritic cells
from the lymph system interact with the tumor cells,
and recruit other immune effector cells (such as
T-Iymphocytes) from lymphatics. CD45+ surface
receptors are present on lymphoendothelial cells, and
in particular on dendritic cells. Dendritic cells (DC)
are antigen-presenting cells (APCs) involved in the
initiation of the immune response. Serving as immune
system sentinels, DCs are responsible for antigen (An)
acquisition and subsequent transport to T-lymphocyte
rich areas. The DCs are present in lymphatic tissues,
such as peripheral cutaneous tissue, as well as in
lymphoid organs. Once immature DCs interact with an
antigen and become activated, the mature APCs are
capable of specific immune responses. Secondary
lymphoid organs, such as the skin, recruit both naive
T-lymphocytes and Anstimulated DCs (APC) into T-cell
rich lymphoid zones/networks (nodes, etc).
Co-localizing these early immune responses constitutes
cognitive T-cell activation. Both cancer and
administered chemicals can produce emergent behavior
in healthy skin with collective distributed
intelligence of lymphocyte populations. Effective
recognition responses require both DC (APCs) and
lymphocyte cytokine effectors. Because chemicals and
tumor cells often have limited expression of
microhistochemical (MHC) antigens and lack
co-stimulatory molecules, they are not effective
modulators of APCs. One mechanism for the development
and progression of cancer and allied diseases is lack
of MHC antigenic properties mat would otherwise
produce emergent behavior in lymphatic networks.
Similarly, life-threatening chemical and/or biological
contacts can also induce emergent lymphatic behavioral
patterns. The agents disclosed herein, including
A-007, are organic molecules, that are sufficiently
electrically endowed to act as a hapten/An, and/or
through electromagnetic field effects (EFE), to
modulate or up-regulate emergent lymphocyte networks.
The disclosed compounds include a new class of
renaissance molecules referred to herein as resonance
modulators. It is believed that up-regulation of the
CD45+ receptor is one initiation site for the
A-007-induced immune modulations that are observed in
patients with cancer. CD45+ is expressed on dendritic
cells, lymphocytes, monocytes, and leukocytes, as well
as some neoplastic cells, as a protein tyrosine
phosphatase (PTP), which together with other members
ofthe PTPs, are responsible for phosphorylating
tyrosine residues. Blockade of the CD45+ receptor
sites with anti-CD45 antibodies inhibits T-cell
activation and prevents mitogen (lectin) activation of
naive T-cells. CD45+ receptor surfaces contain
arginine, serine/threonine and cysteine moieties,
which can bind to and/or transfer natural ligands to
the surface of APCs, as well as hydrolyze tyrosyl
phosphates. Certain of the disclosed compounds,
including, for example, A-007 do not inhibit or block
CD45+, but up-regulate CD45+ lymphocytes and dendritic
cells (to APCs) via electrostatic/non-covalent binding
with Arg, Cys, Ser/ Threo, etc as illustrated in FIG.
1. Different resonance states of A-007 are capable of
interacting with different immune cells.
A-007-activated DCs are capable of initiating mitotic
events with naive human blood peripheral mononuclear
cells (PBMC) and up-regulating both CD45+ and CD11c+
receptors in human peripheral dendritic cells.
Dendritic cells in cancer tissue are up-regulated from
CD45RA+ to CD45RO+/CD45RB+ following exposure to
topical A-007 during topical treatment of skin
lesions. Thus, A-007 is not an inhibitor of CD45+, but
an up-regulator or modulator of the molecular sites.
These properties allow a crystal or implanted skin
pellet of A-007 to increase both local and more remote
immune cell populations (such as splenic dendritic
cell populations), and increase concentrations of
immune effector cells, such as CD8+ cytotoxic
lymphocytes (CTL). The influence that functional group
substitutions may have on A-007's
intra-/intermolecular hydrogen bonding and
electrostatic interactions is presented below. This
evidence demonstrates that A-007 has the ability to
interact peripherally in the skin and other epithelial
surfaces with dendritic cells to induce maturation of
the antigen presenting cell (APC). In addition, at
least one cell surface receptor (CD45+) appears to be
up-regulated by A-007. It is believed that this
initial interaction is via dendritic and other
lymphocyte precursors, such as antigen presenting
cells. Through this chemical interaction, APCs and
other early recognition cells are capable of being
sensed and modulated with maturation of the lymphocyte
recognition cascade - CD4+, CD8+, etc. and associated
cytokines. Some of the unusual properties of A-007
that make it suitable as an immune modulator are
illustrated by the ability of its crystals to align in
an unusual pattern when evaporated on a glass slide
between two electrical wires through which a current
was introduced. This arrangement of the crystals was
obtained by evaporating an alcoholic (5%) solution of
A-007 in air on a glass slide between two wires
respectively connected to the positive and negative
leads of a 9 volt battery. The A-007 condenses in a
circumferential pattern at the positive pole, rather
than as a diffuse "spot" over the entire field. When
evaporation of the alcoholic solution occurs in a
magnetic field, a single line of tightly agglutinated
crystals forms down the middle of the slide. Hence
A-007 has electromagnetic properties that interact
with induced electromagnetic fields. This
characteristic can also be used as a screening test
for other resonance modulators. These unusual
electromagnetic properties of A-007 are further
illustrated by the conductance of this compound. This
was measured from A-007 crystals, to which two
microelectrodes were attached using the magnification
of a dissecting microscope. The electrodes were
separated by about1.5 - 2 mm on the crystal surface
and the energy was measured from the contact. The
Fluke ScopeMeter was used to record the frequency (Hz)
generated. No external applied current was involved;
hence the measured frequencies represent a natural
physical property of the crystals. These excursions
from the baseline frequency are believed to be a
translational type of energy that is accumulated from
the environment and intermittently released. The
baseline frequency is likely from ambient
electromagnetic radiation. Excursions from the
baseline frequency of at least 30-40 Hz is generated
by the resonance of the crystals by the intermittent
excursions (indicated by the peaks in frequency) from
the baseline frequency of about 60 Hz. This ability to
emit natural frequencies of energy (for example at a
frequency of at least 20 Hz from baseline, for example
to between 30-40 Hz), and/or at least once every five
minutes (for example at least once every three
minutes) is another example of a characteristic of a
resonance modulator that allows resonance modulators
to be screened and selected for further testing. When
a crystal or a pressure pressed pellet of the chemical
is submersed into a tissue culture media with naive
human lymphocytes (obtained from peripheral blood),
lymphocytes and dendritic cells aggregate around the
crystal or pellet. Crystals (0.5 mg) of A-007 were
placed into RPMI media containing 5% bovine serum
albumin, antibiotic preservatives
penicillin/streptomycin, and naive lymphocytes
obtained from the buffy coat of blood from a healthy
person. After contact with the crystal of A-007, there
is agglutination and increased mitotic activity, as
well as colonization of activated dendritic cells into
the area of the A-007 resonance modulator agent. The
ability of an agent to induce aggregation of naive
lymphocytes in culture around a test agent is another
factor to be considered in determining whether the
agent is a resonance modulator suitable for use in the
methods disclosed herein. The ability to induce
aggregation within one hour is a particularly strong
indication that the compound is suitable for further
investigation. "Aggregation" refers to a substantial
increase in the number of lymphocytes, such as an
increase visible by microscopy. Another unusual
electromagnetic characteristic of the resonance
modulator is that an increase in amplitude of an
electromagnetic wave (such as current) can be measured
as lymphocytes mature and agglutinate around the
crystal. To obtain these waveforms, A-007 was
condensed on to sterile glass microscope slides, as
shown in Fig 4. The dried slide was immersed into a
petri dish with RPMI (5% bovine albumin), and a pair
of sterile microelectrodes were inserted into the
media (about 5 cm apart) and placed in contact with
the opposite ends of the line of A-007 and the voltage
recorded. The A-007 is not soluble in the media and
remains on the slide with continuity. No induction
currents were present; hence the measured currents
were an inherent characteristic of the resonance
modulating compound. After 1-hour of exposure to
A-007, there was an increase in amplitude of the
measured voltage over time as the lymphocytes migrate
to and attach to the A-007 crystals. Since the
crystals do not dissolve, they remain available for
continuous interactions. In vitro, the lymphocytes
eventually die after about 24 hours from lack of
cytokines needed for cellular perpetuation.Hence
another characteristic that can be used to select
resonance modulators is an ability to increase the
amplitude of alternating voltages in an inherent
current produced by the resonance modulator when the
compound is placed in culture with naive lymphocytes.
Example 4 Monitoring Immune Function As a consequence
of their extraordinary properties, the compounds
described herein (including resonance modulators) can
be used to monitor electrical activity associated with
the immune system. Exemplary compounds can be used as
an analytical device to measure and control immune
characteristics, in which there is a linear
relationship between T-lymphocyte and frequency
responses. The microbalance that exists is due to the
fact that mass sensitivity of a 50 Hz A-007 crystal is
approximately 0.057 HzCm2 g 1, which is approximately
50 times higher than that of an electronic
fine-balance with a sensitivity of 0.1mg. The crystals
can be used to measure electromagnetic properties of
cellular elements. In particular embodiments, crystals
are chosen the have a mass sensitivity of at least
about 0.01, 0.03 or 0.05 HzcnAig 1. The crystals can
be combined with quartz micro-crystals to amplify the
electrical interactions (piezoelectric resonator
effects) and improve transmission. In particular
examples, the quartz microcrystals would be provided
in an amount of 10-50% of the total weight of the
composition. The crystals are therefore capable of
readily transforming interactions between RPTP+ cell
(such as lymphocyte) populations and equivalent
electrical circuits of the cutaneous tissues which
permit a complete description of the oscillations in
the presence of the hydrazones and other resonance
modulators. Basically, the resonance modulators serve
as a resonator of dipolar movements and electrostatic
interactions with cellular elements, such as cells of
the tissue and peripheral immune system. The resonance
modulator allows these interactions to be monitored
for diagnostic purposes, and altered for therapeutic
interventions. The ability to use resonance modulating
compounds to monitor immune function permits early
diagnosis of a subject's altered ability to recognize
a biological insult, such as a toxin or foreign
antigen. For example, a subject who has been exposed
to a foreign chemical or biological agent may not
recognize the exposure and may therefore not respond
appropriately. However if the resonance modulator
detects a change in function of the immune system,
this altered immune status serves as a sentinel event
that alerts the subject to a possible unknown toxic
exposure. Similarly, subjects exposed to environmental
stresses (such as virus/bacteria and traumatic events)
may have dendritic cells that do not recognize foreign
viruses, chemicals or cancer. Functional impairment of
the dendritic cells may allow significant penetration
of immune defenses and a threat to life via emergent
behavior mechanisms. The resonance modulators may be
used in methods to detect and quantitate changes in
cellular profiles of the skin that are associated with
normal body immunity and natural surveillance
activity. Animal studies and human studies have shown
that a resonance modulator such as A-007 isnot
absorbed from the skin but will attract and
peripherally activate populations of dendritic cells,
CD8+ cytotoxic lymphocytes and other cellular
populations that are needed for the natural modulation
toward foreign exposure or irritation. In the event
that the body does not respond to the presence of the
proposed sensor/stimulant, then aggressive health
monitoring and therapies may be pursued. The
monitoring device can take the form of a patch that
maintains the resonance modulator in contact with the
skin of a subject. The patch can be periodically
attached to a voltage meter, for example a voltage
meter that provides output in the form of a waveform
tracing of the type obtained from an oscilloscope. The
amplitude of voltage changes over time is then
evaluated to determine how the amplitude changes
compare to changes that are observed in healthy
subjects. In one example, the amplitude of the voltage
waveforms would be expected to increase by a
predetermined value (for example at least 10% or 25%)
in the presence of the resonance modulator. An
amplitude change that is less than the predetermined
value is taken as an indicator of a pathologic insult,
such as exposure to a toxin or pathogen. This result
can indicate the need for more specific testing, such
as detection of environmental toxins or pathogens, or
imaging tests to detect a tumors or progression of
tumors. Alternatively, the abnormal test can prompt
the initiation of therapy (or more aggressive
therapy), such as the administration of
chemotherapeutic agents. The inherent amplitude and
amplitude changes that would be seen would differ for
each resonance modulating compound. Hence a specific
amplitude change cannot be expressed for all resonance
modulating compounds. Nonetheless, it is the
recognition of this characteristic of resonance
modulators, and their ability to act as an interface
for immune function, that serves as the basis of the
disclosed methods. Now that this characteristic has
been identified, the specific inherent amplitudes
generated by each compound and the changes in
amplitude that would be seen in specific disease
situations or in generalized immunocompromise, can be
determined. In some embodiments, a piezoelectric
crystal may be introduced into the resonance modulator
compound to provide maximum A-007 transmission through
a transducer effect. Example 5 Additional Examples of
Compounds A variety of compounds having
immunomodulatory and/or antineoplastic activity are
disclosed herein, many of these compounds also have
resonance modulating properties. These compounds are
capable of treating body surface lesions such as warts
and cancers, such as anogenital, genital, reproductive
tract, or skin cancers. In one embodiment, the
compounds have the general formulawherein Ar comprises
an aryl group substituted with at least one electron
withdrawing group; 



X is NH, CH2, O,-, SO2, or B; Q is -(CH=CH) 1n-CH-; Y
and Y' independently are selected from N, CH and B; n
is Oor 1; m is from Oto 6; R1 is H, lower alkyl,
optionally substituted phenyl or wherein R4 is an
optionally substituted phenyl group; R2 is optionally
substituted lower alkyl, aralkyl, thioalkyl,
amidoalkyl, amino, amino alkyl, nitro, azido; together
with Z forms an optionally substituted 4-7 membered
carbocyclic or heterocyclic ring; or together with R4
forms an optionally substituted phenyl group; R3 with
R2 forms an optionally substituted phenyl group or is
an optionally substituted phenyl group; and Z is H,
lower alkyl, substituted alkyl, thioalkyl, nitrile,
amino, or together with R2 forms an optionally
substituted 4-7 membered carbocyclic or heterocyclic
ring. Certain embodiments include compounds of the
formula above, wherein n is 1 or more. In one
embodiment, such compounds are represented by the
formulawherein R5 and R6 independently are -OR 7, -SR
7, -SO 2N(R7)2, -SO 2CN, -SO 2R8, -SO 2N3, N3,-CN,
-N(R 7)C(O)R8, - R7; R7 is H, lower alkyl,
carbohydrate, fatty acid, amino acid, peptide,
nucleoside or nucleic acid; and R8 is lower alkyl or
C-glycoside. In another embodiment, a compound has the
formula In certain embodiments, the compounds having
the general formula set forth above have n equal O.
Certain examples of such compounds have the formula
wherein R7 and R8 independently are -OR 5, -SR 5, -SO
2N(R5)2, -SO 2CN, -SO 2R6,-SO 2N3, N3,-CN, -N(R
5)C(O)R6, - R6; each R5 independently is H or lower
alkyl; R6 is lower alkyl; and Ar, X and Y are as
described above. Other compounds disclosed herein
include those having the formulawherein R5 is H, -OR
6, -SR 5, -SO 2N(R6)2, -SO 2CN, -SO 2R7,-SO 2N3,
N3,-CN, - N(R6)C(O)R7, or - R7; R1 and R5
independently are H or lower alkyl; R2 and R7
independently are lower alkyl; and Ar is an aryl group
as set forth above. In one particular example, the
compound is a mono or polyaryl mononitro- or
dinitrophenylhydrazone such as wherein R1is hydrogen,
hydroxy, 2- or 4-hydroxyphenyl, acetate, nitroso,
phosphate, azido, nitrile, amino, dimethylamino,
sulfate, methylsulfonate, phosphate, succinate or
another water soluble electrophilic group capable of
hydrogen bonding; R2 is C6H4OH, C6H4N3, C6H4CN,
4-HO-C6H4- C6H4, C6H4OPO2OH, C6H4OSO2H, C6H4NH2,
C6H4NHMe2 C6H4OSO2Me, C6H4OCO(CH2)XCO2H, or C6H5Cl;
and Ar represents an aryl group substituted with one
or more nitro moiety. In certain embodiments, Ar
comprises C6H3-2,4(NO2)2, C6H4-4(NO2), C6H4-3(NO2), or
C6H3-2,4(NO2)2. In a particular example, R1 is OH, R2
is C6H4OH and X is C6H3-2,4(NO2)2. In one embodiment,
useful compounds are represented by the structure:
wherein Ri is hydrogen, hydroxyl, 2- or
4-hydroxyphenyl, acetate, phosphate, azido, nitrile,
amino, dimethylamino, sulfate, methylsulfonate,
phosphate, succinate or another water soluble
electrophilic group capable of hydrogen bonding; R2 is
C6H5, C6H4OH, C6H5,C6H4N3, C6H4CN, 4-HO-C6H4-C6H4,
C6H4OPO2OH, C6H4OSO2H, C6H4NH2, C6H4NHMe2 C6H4OSO2Me,
C H4OCO (CH2)XCO2H, or C H5Cl; X is C6H3-2,4(NO2)2,
C6H4-4 (NO2), C6H4-3 (NO2), or C6H3-2,4(NO2)2; and Y
is -0-, -S-, - CH2-, -N-, -, -CHA- or -CHOA-, wherein
A is aryl, ester, amide, lipid, carbohydrate, or
peptide residues. In a particular example, R1 is OH,
R2 is C6H4OH, and Ar is C6H3-2, 4(NO2)2. In another
embodiment, the compounds have the structure:wherein
Ri is hydrogen, hydroxyl, 2- or 4-hydroxyphenyl,
acetate, phosphate, azido, nitrile, amino,
dimethylamino, sulfate, methylsulfonate, phosphate,
succinate or another water soluble electrophilic group
capable of hydrogen bonding; R2 is C H4OH, C6H4N3,
C6H4CN, CH3, 4-HO-C6H4-C6H4, C6H4OPO2OH, C6H4OSO2H,
C6H4NH2, C6H4NHMe2 C6H4OSO2Me, C6H4OCO(CH2)XCO2H, or
C6H5Cl; X is C6H3-2, 4(NO2)2, C6H4-4(NO2),
C6H4-3(NO2), or C6H3-2, 4(NO2)2; Y is H, (CH)xCH3 (x=0
-12), -S-CH3, nitrile, amino, nitro, azido, succinate,
or amide; and Z is H, (CH)xCH3 (x=0 -12), -S-CH3,
nitrile, amino, nitro, azido, succinate, or amide. In
a particular example, R1 is H or OH, R2 is C6H4OH or
C6H5 and Ar is C6H3-2, 4(NO2)2. Additional useful
compounds are disclosed in WO 94/05276 (the '276
publication), which is incorporated herein by
reference. Compounds disclosed in the '276 publication
have now been found to have immunomodulatory and/or
resonance modulating activity. Embodiments of such
compounds have the formula: wherein G represents
-CH2-, -C(O)-, -N-,-, -0-, or -S-; n is Oor 1; R7 and
R8 independently are -OR 5, -SR 5, -SO 2N(R5)2, -SO
2CN, -SO 2R6,-SO 2N3, N3,-CN, -N(R 5)C(O)R6, - R6; Ar
comprises an aryl group substituted with at least one
electron withdrawing group; X is NH, CH2, O, SO2, or
B; Q is -(CH=CH) n-CH-; Y and Y' independently are
selected from N, CH and B; each R5 independently is H
or lower alkyl; and R6 is lower alkyl. Certain
embodiments of compounds disclosed herein are
illustrated by the following formula:wherein R2 is H,
lower alkyl or optionally substituted phenyl; R3 is H,
or together with R2 forms an optionally substituted
heterocyclic or carbocyclic ring, which optionally is
fused to an aryl group; R4, R5 and R6 independently
are selected from H, -OH and -OR 7. The structures and
synthetic methods for many of the described compounds
have been previously described in U.S. Patent No.
4,732,904, which is incorporated herein by reference.
Some compounds that were not described in that patent
include 10-[(2,4-dinitrophenyl)hydrazono]-l,2-
dihydroxy-lOH-anthracen-9-one (DNPA). The synthesis of
this compound was performed by dissolving 0.1 mole of
1,2-dihydroxy- 9,10-anthraquinone in 50 ml of ethanol
and 5 ml sulfuric acid. Gently the solution was heated
to 6O0C with stirring and 0.1 mole of
2,4-dinitrophenylhydrazone in 50 ml of ethanol was
added slowly with continued stirring. The solution was
heated for 2-hrs and cooled in a refrigerator. Deep
red crystals of DNPA appeared; rap. 240-2420C; yield
92%. The product analyzed for C20Hi2N4O7 - found: C,
63.98; H, 3.46; N, 11.13; NMR and mass spectra
agreement. Additional compounds suitable for use in
the presently disclosed compositions and methods are
disclosed in WO 2004/078 174, published September 16,
2004. The compounds disclosed in this publication are
incorporated herein by reference. Additional examples
of resonance modulators are provided in Example 13.
Example 6 Formulations for Administration to Subjects
The agents can be provided in many forms, such as a
crystal, pellet or gel/cream. The agent can be
implanted, for example, subcutaneously or applied to
an epithelial surface of the patient whose immune
system maybe impaired, or who may have come in contact
with a lethal or toxic material capable of
down-regulating their immune system. The agent can be
incorporated into any form (such as a patch, or a
two-dimensional or three-dimensional matrix) that
brings it into electromagnetic contact with a target
site. "Electromagnetic contact" refers to a sufficient
proximity to exert its immune modulating effect as
described herein. In some examples, the agent is
applied to or over a lesion (such as a tumor or
dysplastic epithelium) that is being treated. The
agents can also bechemically modified if desired, for
example to form polymers. The agent is also useful to
detect changes in immune function that are associated
with cancer, in which there is a loss of
automodulation of the immune system. In one example, a
pellet of A-007 was prepared by pressing 50 mg of the
pure compound and sizing it to 16-gauge. Bulk A-007
was prepared using GLP/GMP procedures, with no
additives. Depending upon the dissolution properties
of the 100% A-007 pellet, additives (stearic acid,
povidone, etc) or other pharmaceutically acceptable
carriers may be added to it. Pellets may be
manufactured, for example, in 25 mg, 50 mg and 75 mg
doses. Adjustments in pellet concentrations may be
made according to the observed physical properties
(such as dissolution rates) and animal toxicity.
Therapeutically effective doses can be determined by
known means, and doses to be administered can be
varied depending on the condition being treated, or
the severity of a disease. The agents can also be
provided in the form of a gel, such as a preparation
of propylene glycol/methyl cellulose, for application
to a target area (such as a portion of the body) in
which it is desired to focus an immune response. The
gels may be provided in a tube, such as 50 mg of the
active agent suspended in the gel. These gels are
particularly convenient for application to the skin or
other epithelial surface (for example skin of the
chest wall, back, skin of the foot, face or anogenital
area, or cervical mucosa). In some embodiments, the
gel is dispensed from an elongated applicator tube
(such as a rectal or vaginal applicator), for example
to apply it rectally or intravaginally. Alternatively,
the pellet can be inserted into a target region, such
as the chest wall. In other examples, the agent is
suspended in tetrahydrofuran (THF) or another
non-toxic aerosol, and introduced into to the
tracheobronchial or oropharyngeal area to treat cancer
of the oral cavity or upper respiratory tract. It has
been found that the pellet stimulates the deposition
of uric acid crystals, which can result in painful
nodules. Application to the surface of the skin is
therefore more preferred than insertion into the skin,
but either approach will produce the immune modulation
described herein. Example 7 External Monitors of
Immune Activity As previously noted, the described
agents can both monitor and/or up-regulate immune
profiles in the presence of emergent behavioral
alterations that are associated with pathological
conditions. In its simplest form, the monitor is a
device for detecting changes in electromagnetic
properties of the agent, such as a resonance
modulator, as it interacts with a biological system.
The interaction can be observed either in vitro or in
vivo. Hence the monitor can be applied to a subject,
or to biological samples taken from the subject (such
as a tissue culture), for further analysis. The
resonance modulating agent (A-007) is present on the
skin of a patient with lymphoma, as a 0.25% propylene
glycol/methyl cellulose gel (0.5 g). Although shown as
a gel, it could also be applied as a cream or simple
crystals (50 mg) or a pellet (50 - 100 mg) that can be
applied on to orinserted into the epithelial surface
or the skin (or other surface) with a 16-gauge trochar
needle. In one embodiment, the agent is applied to the
skin as an orange gel, and covered with a 2 x 3
Tegaderm(r)patch with two spaced apart attached skin
surface electrode tabs of the type used as
electrocardiogram leads. The electrodes are positioned
on either side of the gel, in a position that allows
them to measure a voltage potential across the gel.
The two probes of a voltage meter are then contacted,
one probe to each electrode tab. The voltage meter
preferably is associated with an oscilloscope that
measures changes in voltage over time, so that the
amplitude of the detected voltage over time can be
seen. In particular embodiments, the voltage meter is
a Fluke(r) Scopemeter 192/196/199 having software that
permits the voltage waveforms to be filtered to remove
background voltages, and to be viewed, recorded,
measured and analyzed on a computer. Changes in the
amplitude of voltage over time are then observed to
monitor immune response to the resonance modulator.
After establishing a baseline amplitude and/or
frequency at the time the resonance modulator is
applied to the skin, the electrodes are then
subsequently attached to the oscilloscope to monitor
amplitude and frequency of electrical transmission
from the test site. For a resonance modulator such as
A-007, the amplitude of the voltage changes over time
will increase. After the patch was in place seven days
on a normal subject, the tips of the voltmeter probes
were again attached to the electrode leads, and the
changes in voltage over time were recorded. A
measurement was made of the electrical activity
associated with agglutination and increased mitotic
activity brought about by migration of activated
dendritic cells into the target area of the patch. The
amplitude of the waveform (as measured from zero)
increased by about 25%, from 3 volts to 4 volts.
Although this example has illustrated measurement of
changes in electrical activity with a voltmeter,
electrodes could also be sensed with an external laser
beam sensor that detects changes in local chemical -
cellular interactions. Since the chemical is capable
of conducting electrical energy via resonance, the
chemical will provide signals of stages of cellular
interaction associations. For example, a molecular
scanner such as a laser could be used to excite the
chemical or assay at its absorption wavelength, which
is 404 nm for A-007. One such molecular scanner is an
Edmund Industrial Optics solid state tunable laser
(wave length 425 nm) that is programmed to record or
generate specific excitations associated with A-007
resonance and cellular interactions. These
highperformance lasers may be programmed to recognize
A-007 spectral characteristics on a nano scale much
like a bar code scanner. Example 8 Enhancement of
Immune Function Modulation The disclosed compounds
also provide a relatively simple method to enhance
immune function, for example in subjects suffering
from impaired immunity. Such subjects may, for
example, have an immunodeficiency disease (such as
HIV/AIDS) or a toxin induced immune defect (such as
leucopenia induced by an antineoplastic chemotherapy
drug or an environmental toxin).Other subjects may
have an impaired immunity of the kind often seen in
subjects with malignant tumors. Alternatively, the
subject may have objective laboratory evidence of
impaired immunity, regardless of whether the ultimate
cause of the impaired immunity is known. The compound
can act as a coupling agent or interface with the
immune system that allows the immune system to be not
only monitored, but also therapeutically manipulated. 



As already shown, a targeted immune response can be
directed to a target region (such as the vicinity of a
tumor) by introducing the agent into or adjacent the
target area. Exposing the resonance modulator to an
electromagnetic field that stimulates the
electromagnetic properties of the agent then
stimulates the resonance modulator. For example, the
agent can be exposed to an external magnetic or
electrical field. One example of such an
electromagnetic field is one that signals or tunes the
frequency that would provide the highest concentration
of a resonant form of the resonance modulator (such as
one of the forms of A-007 shown in FIG. 3) to provide
maximum interface with cellular receptor surfaces. In
this example, a laser would be chosen to apply an
electromagnetic field in the form of laser energy that
possesses similar wave lengths (400-450) to those
demonstrated by A- 007. Although A-007 does not have
lasing properties, a programmed laser could recognize
its spectra characteristics. A simple magnetic field
generated by 2 AA or 3 V batteries could
non-specifically activate a surface gel of A-007 or 9
V for a subcutaneous pellet. A more specific tunable
laser would be able to scan the area and be more
specific about the optimal electromagnetic field to
apply. Selecting a desired frequency will increase the
amplitude of the voltage changes over time seen in the
resonance modulator, and in turn enhance or activate
an immune response. To treat a tumor that is present
in both the dermis and epidermis a conjugated aromatic
compound is applied to the surface of the skin over a
target area that contains the tumor. Although the
compound will attract dendritic cells and lymphocytes
into the target area, tumors can often evade normal
immune surveillance, and it is helpful to further
stimulate the immune response by heightening
activation of the resonance modulator. A magnetic
probe positioned over the area where the compound has
been applied to the skin can provide such heightened
activation. The magnetic probe is connected to a
device that includes an oscillator circuit, a
frequency counter, a voltage supply, and an
oscilloscope. The device is activated to apply a
magnetic pulse to the compound to enhance its
resonance modulating properties. An example of a
suitable magnetic pulse generator is The Magnetic
Pulser, which is a High Intensity Momentary
Time-Variant Pulsed DC Magnetic Field Therapy
Generator MODEL #: MPG5 available from Health Canada.
The Magnetic Pulser (MPG5) is designed to generate an
intense (~43,133 Gauss), momentary (~2.5mS) pulsed DC
magnetic field that can be used to stimulate the
resonance modulator compound. The magnetic pulse can
be applied for a sustained period of time, sufficient
to enhance the activity of the compound. For example,
the pulsed DC magnetic field could be applied for 5-60
minutes or longer. A simple magnetic field generated
by 2 AA or 3 V batteries would activate a surface gel
of A-007, or a 9 V battery would activate a
subcutaneous pellet. A more specific tunable laser
would beable to scan the area (such as an area to
which the compound has been topically applied) to
provide a more specific indication of the
electromagnetic field that is to be applied. Selecting
a desired frequency of the field applied would
maximize the amplitude of the energy produced by the
resonance modulator. The duration of time for which
the electromagnetic field is applied will depend on
the subject's immune status; longer periods of
stimulation would be helpful for subject's having a
poorer immune status. Although a general magnetic
field may be used , a preferred approach is to use a
wavelength or energy specific tunable transmitter for
wide regions of treatment. The effect of the treatment
can be assessed by monitoring immune status with
easily available modalities, such as peripheral T-cell
flow cytometry analysis. These readily available and
convenient tests provide additional guidance in the
selection of characteristics of an applied
electromagnetic field for a particular resonance
modulator. In one example, the applied electromagnetic
stimulus is an electric field of the type applied in
U.S. Patent No. 6,190,893, which is incorporated by
reference. The device for electrical stimulation
includes a gold wire cathode extending along one edge
of the target area, and a silver wire anode positioned
along an opposing edge of the target area. An EG&G
Princeton Applied Research Potentiostat/Galvostat
Model 263A (Oakridge, TN) is used as the source of
constant potential. The electrical stimulus can be
applied for a period of at least one hour, at a steady
potential of 100 mV. Many other devices are available
for applying the electromagnetic field to the
resonance modulator in a human body or a tissue
culture. For example, PCT Publication WO 02/102457,
which is incorporated herein by reference, discloses
such an apparatus that includes a transducer and a
generator to apply an AC signal to the transducer,
such that an electromagnetic field is generated with a
basic frequency between 0.1 Hz and 4000 Hz. A similar
device is also shown in U.S. Patent No. 5,968,527,
which is incorporated by reference. In some situations
it is desirable to use a bioimpedance device to both
provide a stimulus to the resonance modulator, and
monitor the electrical properties of the target area
to which the resonance modulator has been applied.
Direct bioimpedance measuring systems use a current
generator to generate a continuous, constant amplitude
and frequency current through a human or animal body
segment, for the purpose of measuring tissue
conductance. Frequencies in the range of 30KHz-30 MHz
have typically been used. Impedence to the continuous
current flow in the body segment generates a voltage
difference across the body segment, and a bioimpedance
meter measures the impedence in the body segment.
Examples of bioimpedance devices are shown in WO
01/76475; U.S. Patent No. 4,805,621; and U.S. Patent
No. 5,529,072. The bioimpedance probe is placed over
the target area to which the resonance modulator has
been applied, and the voltage difference is introduced
across the target area. Changes in bioimpedance are
also used to monitor the status of the subject's
immune system. It is believed that an increased
bioimpedance would be seen as immune status
improves.Example 9 Use of the Disclosed Compounds in
Treatment of Lymphoma An A-007 0.25% gel (0.5 g) was
applied to the skin of a 42 year old patient with
lymphoma, as described in Example 7, and there was
improvement in the patient's peripheral lymphocyte
profile (as measured by a total lymphocyte count) as
well as an increase in amplitude of the sigma waves,
indicating that there was increased activity in the
skin associated with A-007. The sensoring was
conducted with a Fluke(r) ScopeMeter oscilloscope and
a PC program (192/196/199) capable of recording and
sorting environmental background noise. The 25%
increase in voltage amplitude was considered a
positive modulation of immunity in this particular
example, which was consistent with the improvement in
the lymphocyte profile. Example 10 Use of the
Compounds in Treatment of Cervical Cancer A 23 year
female with early cervical cancer-in-situ who applied
the A-007 0.25% gel (2 g) daily for 5-days experienced
a dramatic cure that has lasted for over one year. The
cancer cells in the epidermis disappeared, resulting
in a normal appearing epithelium with influxes of
CD45+ Tlymphocytes. The responses are associated with
increased organization of T-lymphocyte patterns and
disappearance of cancer cells. Example 11 Protein
Tyrosine Phosphatases Human protein tyrosine
phosphatases (PTPs) are a large and diverse family of
proteins present in all eukaryotes. Each PTP is
composed of at least one conserved domain
characterized by an 11-residue sequence motif
containing cysteine and arginine residues, the latter
are known to be essential for catalytic activities.
The sequences of PTP share no similarity to serine or
threonine, acid or alkaline phosphatases. The
diversity in structure within the PTP family results
primarily from the variety of non-catalytic sequences
attached to the NH2- or COOH- termini of the catalytic
domain. There are numerous PTPs involved in
intracellular phosphate metabolism and domains. The
diversity of the extra cellular segments presumably
reflects the variety of ligands to which the PTPs are
exposed and catalyze phosphate transfer. The
extracellular-PTPs are one class of PTP receptors that
are related to surface recognition and adhesion
molecules of leukocyte cell surface recognition. The
PTPs are not only associated with human cells, but
also present in prokaryotes and viruses, and bacteria.
In the pathogenic bacterium Yersinia, the causative
agent of bubonic plague, the Yop2b tyrosine-specific
PTP is an essential virulence determinant. Numerous
studies have demonstrated the importance of PTPs in
physiological processes. Phenotypic defects and
hyperproliferative behavior of T-and B-lymphocytes,
granulocytes and macrophages are considered to be key
issues in the development of cancer and autoimmune
diseases.The catalytic domain for the PTPs has been
described in crystallographic studies, as reviewed in
Z. Jia, et al., Structural Basis for Phosphotyrosine
Peptide Recognition by Protein Tyrosine Phosphatase
IB, Science 268: 1754-1758, 1995. This reference and
Z. Xu et al., Negative regulation of CD45 by
differential homodimerization of the alternatively
splied isoforms, Nature Immunology 3:764-771, 2002,
disclose the various types of cells, bacteria and
viruses that express PTPs. The present example reviews
the interactions and results for aryl hydrazones as
PTP modulators. A review of
4,4'-dihydroxybenzophenone-2,4-dinitrophenylhydrazone
(A-007) and its structure property relationship (FIGS.
1 and 3) reveals that it does not satisfy Lipinski's
"Rule of 5". The "Rule of 5" predicts that for
absorption or permeation, a drug is more likely to
have less than five hydrogen-bond donors, less than
ten hydrogen bond receptors, the molecular weight is
less than 500 and/or the calculated log P is less than
5 (CAChe Group, Fujitsu, Beaverton, OR). Obviously
A-007 and the other hydrazones have greater than 5
hydrogen bond donors as seen by crystallography
(Klein, C.L., Gray. D., and Stevens, E.D., Crystal and
molecular structures of benzophenone phenylhydrazone
derivatives with anticancer activity, Structural
Chemistry 4: 377-383, 1993). Thus the external binding
to lymphocytes and cancer cells that are described in
this patent is in agreement with structural-behavioral
observations of the A-007 type aryl hydrazones, in
that the drug is substantially not absorbed through
the skin to which it is applied. Its effects are
therefore achieved over a distance, as would be
expected from an electromagnetic effect. As
illustrated by FIG. 1, A-007 fits well into
extracellular catalytic receptors of CD45+ PTP
subtype. Moreover, other compounds disclosed herein,
including also fit well with these receptors. Cervical
cancer cells (that had been transformed through
HPV-induced mutations) undergo cell death in the
presence of crystals of A-007; supporting A-007's
ability, through its resonance to catalyze HS - SH
dimerization of cysteine residues up-grading the
receptor and death. This has been verified in patients
with cervical cancer (Table 2). A topical gel with
0.25% of A-007 was administered intravaginally in a
dose of 2 grams daily for 5 days. A-007 induced cell
death was not observed with benign fibroblasts or
healthy epithelial cells that did not contain or had
not beentransformed by HPV. Topical application of the
compounds, including resonance modulators such as
A-007 to cervical/vaginal epithelial membranes in
subjects infected with HPV results in elimination of
cancer cells, as well as the elimination of virus
particles, and an up-regulation of CD45RO+CD4+ and
CD8+ T-lymphocytes. The ultimate therapeutic effect of
the topical application of A-007 was induction of cell
death in HIV infected cells (Table 2 and FIGS 10 and
13). As can be seen in Table 2, A-007 increased the
presence of T-lymphocytes, and particularly CD45+, CDl
23+, CD4+ and CD8+ cells. In particular examples, an
increase in CD45+, CD4+ and CD8+ cells was
particularly noted. In particular, increases of
CD45RO+, CD45RA+ and CD45RB+ were noted.*The gel
(0.25%) was administered intravaginal (2 g daily for
five days; could be repeated every 3 - 6 weeks).
**Presence & changes in HPV titers. Note: patients V-4
to V-6 and V-10 were evaluated but not treated.
CRcomplete response. ***Response and duration from
first response date. NA - not available. NC - no
change. +Changes that occurred with local treatment.
Two pathologists reviewed the IHC results,
independently. No chanj in CDl Ic noted. NED - no
evidence of disease. Although shown as a gel in this
example, the disclosed compounds could also be applied
as a cream or simple crystals (50 mg) or a pellet (50
- 100 mg) that can be applied on to or inserted into
the epithelial surface or the skin (or other surface)
with a 16-gauge trochar needle for short-term
treatments. HeLa cancer cells (HPV+) undergo
necrobiosis and death when incubated with crystals of
A-007 for 24 hours. Clear healthy cancer cells migrate
to the crystal. Then through cell membrane chemical
interphase and modulation of the PTP receptors the
cells down regulate, darken with pyknotic changes
associated with DNA agglutination resulting in death
(lower clumped dark staining cells). The attraction
that the crystals have for the cells is associated
with intramolecular resonance and associated magnetic
patterns. Naive T-lymphocytes are also activated in
the presence of A-007 with agglutination of activated
lymphocytes+. Thus, A-007 and other disclosed
compounds, such as the described hydrazones, can play
a unique role in not only sensitizing HPV positive
epithelial cells to attack by activated T-cells (Table
2) but also has direct effects on HPV positive cells
and A-007 resulting in cell and virus death (Table 2).
In the latter Table patients were no longer infected
with virus after treatments, which illustratesthat the
agent has anti-viral properties as well. Thus, A-007
has both up-regulation of CD45+ activities in
T-lymphocytes, as well as extracellular membrane
deregulation and elimination of cells infected with
HIV. These findings suggest that both HPV infected
cervical epithelial cells and T-lymphocytes contain
extracellular membrane bound PTPs with which the
disclosed agents, including A-007 can interact. The
HPV virus may contain an active extracellular PTP
receptor, which when exposed to the compounds
disclosed herein can undergo a deregulation and death.
Regardless of the actual mechanism, the disclosed
compounds have been found to have effective anti-viral
activity against HPV. Moreover, it is believed that
T-lymphocytes are activated by a resonance modulator,
such as A-007, to promote the presence of surface
membrane CD45+RO PTPs, which is believed to occur
throughHS - SH formation within the catalytic receptor
site. CD45+RA T-lymphocytes represent resting or naive
cells that are not capable of attacking foreign cells,
hence the conversion to CD45+RO markers represents an
activation of the cytotoxic arm of the cellular immune
system. As Table 2 illustrates, the resonance
modulator had substantial anti-viral (anti-HPV) and
anti-neoplastic activity. The proportion of CD45+RO
cells increases substantially after treatment with the
agent. Cells that express PTPs, such as Yersinia
pestis pathogens, or PTP+ cells that are infected 



with pathogens (such as HPV infected epithelial cells)
can also agglutinate with A-007. This agglutination is
believed to occur by oxidation of cysteine and
disulfide bond formation. This bond formation disrupts
cell integrity and cell death - releasing virus. In
the presence of A-007, viral PTP cell membrane
auto-oxidation occurs with viral inactivation. Most of
the patients in Table 1 also possessed HPV+
hyperplastic cervical cells containing HPV induced
intranuclear changes (CIN) that cleared with A-007
therapy. This further emphasizes that the disclosed
compounds, including resonance modulators such as
A-007, have the ability to destroy benign and
hyperplastic cells infected with HPV, as well as
malignant cells. Anticancer and antiviral activities
for hydrazone analogs, such as 2,6-
dibenzylidenecyclohexaone-2, 4-dinitrophenyl
hydrazone, which has improved binding affinities and
up-regulation for the PTP CD45 receptor is also
potentiated through exposure to ultraviolet light.
Ultraviolet light induces Diels-Alder reactions
between A-007 and arginine's diimine moiety and adduct
formation with cysteine's HS- moiety resulting in
up-regulation of the CD45 receptor (FIG. 1). Hence the
immune modulating, anti-viral and anti-tumor
activities of such resonance modulators can be
enhanced by exposing the compound to ultraviolet
light. Example 12 Anti-neoplastic and Immune
Modulating Characteristics of
4,4'-Dihydroxybenzophenone-2,4- dinitrophenylhydrazone
(A-007)
4,4'-Dihydroxybenzophenone-2,4-dinitrophenylhydrazone
(A-007, compound 1 in Figure 12), has produced
significant anticancer activities inpatients with anal
squamous cell cancer (Table3). A topical gel
containing 0.25% of A-007 (2 grams per day of gel) was
applied intra-anally daily for five days, and the
observed results are shown in Table 3. Table 3.
Effects of A-007 (0.25% Gel) Applied Anal to Cancer*
*The gel (0.25%) was administered topical to anal area
(daily for five days; could be repeated every 3-6
weeks); **Histology-squamous cells or adenocarcinoma;
***Response and duration from first response date.
***Changes in HPV titers; NC-no change; +Changes that
occurred with treatment. tSunderwent surgery post
5-day therapy. Example 13 Further Examples of
Disclosed Compounds 2,6-Dibenzylidenecyclohexanone-2,
4-dinitrophenylhydrazone (BDP-DNP) has 100-fold
greater imrnunomodulating anticancer activities
relative to A-007 as demonstrated by the impact of
BDP-DNP on cell growth for malignant squamous cell
cancer (SCCA-HM) growing in culture (prepost Rx).
After 24 hours incubation with BDP-DNP (0.4 mcg/mL) in
tissue culture media (L. R. Morgan, US Patent.
5,270,172) the lymphocytes underwent an impressive
stimulation (large white clumps of activated
T-lymphocytes) and destruction of the cancer cells. No
cancer cells are detected.Example 14 Characteristics
of Some Active Compounds As disclosed in the preceding
examples, compounds disclosed herein provide both a
diagnostic and therapeutic interface with the immune
system, and which independently have antitumor and
anti-viral activities (particularly against HPV and
HPV infected cells, such as vaginal and cervical
cancers associated with HPV infection. Compounds have
been disclosed that have one or more of the following
characteristics, for example at least three or five or
all of the following characteristics: Specific
attraction of CD45+ lymphocytes (for example CD45RO+
and CD45RA+ lymphocytes) to the resonance modulator
compound, either in culture or when applied to a
surface (such as the skin) of a living subject.
Upregulation of CD45RA+ to CD45RO+ lymphocytes, for
example when applied to an epithelium of a subject.
Possession of inherent electromagnetic properties, for
example the ability to form a single line of
agglutinated crystals between positively and
negatively charged points when the crystals are
evaporated, or the emission of electromagnetic energy.
Possession of properties that affect lymphocyte
migration, for example inducing aggregation of naive
lymphocytes in culture. Certain examples of the
compounds are also characterized by an ability to
increase the amplitude of alternating voltages waves
measured from the compound after it is applied to the
skin of an individual. In certain examples, the
increased amplitude is reduced in subjects having
impaired immunity, such as impaired lymphocyte
function. In one embodiment, substantially no
absorption through the skin is observed when the
compound is applied to the skin. In one embodiment,
such compounds do not satisfy LipinsM's "Rule of 5."
When applied to the skin such compounds may
substantially completely remain on the surface of the
skin, without transdermal flux. Potential resonance
modulators can also be selected based on chemical
structures that suggest resonance modulation, namely
the structural characteristics described earlier in
this specification. For example, polyaryl compounds
with electronegativity can be selected, such as
Casodex(r), Naprelan(r), Eulexin(r), and Bextra(r).
Once candidates have been selected as potential
resonance modulators, they can be easily assayed to
determine whether they induce lymphocyte blastogenesis
and activate lymphocytes. Such an assay is found in
Morgan et al., Anticancer Research 13:1763-1768
(1993), which is incorporated by reference. See also
Janossy et al., Clin. Exp. Immunol. 14:581-596 (1973).
Briefly, uptake of [3H]thymidine was measured for
lymphocytes in culture. Lymphocytes were cultured in
RPMI-1640 tissue culture medium supplemented with 10%
fetal bovine serum (FBS). Following stimulation with
the resonance modulator, tritiated thymidine (2-20
mCi/ml, specific activity 2 Ci/mmol) was added to the
cells and incubated with them. The uptake of
[3H]thymidine was stopped by the addition of cold10%
trichloroacetic acid after a selected period of time,
and the radioactivity of the samples measured in a
scintillation counter. The %lymphoblast was determined
by counting the number of blasts per high powered
field (hpf) while %activation was determined by uptake
of the rritiated thymidine. The increase voltage was
measured with an oscilloscope as in Example 7. Table 4
Prediction of Resonance Modulating Properties *The
procedure described in Fan, Morgan, et al, (Adoptive
Immunotherapy of Advanced Renal Cell Cancer using
PHA-stimulated Autologous Lymphocytes, Anticancer
Research 16, 230-239, 1993) was used to quantitate the
lymphoblasts and lymphocyte activation. This paper is
incorporated herein by reference. **Measured the
increased amplitude with an oscilloscope. This
procedure illustrates a correlation between increased
amplitude of voltage signals with enhanced activation
of lymphocytes. In particular, greater increases in
amplitude were observed with more vigorous enhancement
of lymphocyte activation. This assay can be used to
quickly screen resonance modulating agent candidates
for immune activating activity. For example, using
this assay, an increased voltage amplitude of at least
20% (for example an increased amplitude of at least
50%) can be used as a measure of resonance modulation
activity on the immune system. Resonance modulation
candidates satisfying such criteria (for example an
increase in amplitude of at least 20%) are then
selected for further use and study. Example 15 Topical
Preparations The compounds disclosed herein can be
prepared as topical preparations for application to
the skin as immunomodulators, anti-viral agents, or
anti-neoplastic preparations. In one example, the
compound comprises 2,6-Dibenzylidenecyclohexanone-2,
4- dinitrophenylhydrazone (BDP-DNP). It is placed in a
topical preparation for application to an epithelial
surface, for example by application to malignant
epithelium, such as a urogenital neoplasm, such as an
anal, vaginal or cervical neoplasm, such as cervical
CIN.The compound can be used in methods of treating a
tumor (neoplasm) by administering to an affected
subject a therapeutically effective amount of the
agent to induce regression or elimination of the tumor
cells. In particular examples, administering the
BDP-DMP comprises applying the BDP-DNP topically to
the tumor, although it can also include other forms of
administration, such as oral, inhalational, injected
or subcutaneous administration. Example 16
Inhalational Preparations The compound (in this
example A-007) in tetrahydrofuran (THF) in 5% solution
was aerosoled into the respiratory system of mice
under 15 psi of pressure for 30 sec. By releasing the
aerosol into a closed chamber in which the mice were
present. The treatment resulted in no deaths among the
treated mice. Five days later the mice were sacrificed
and the pulmonary system was examined by resecting the
trachea and lungs en block. Histological examination
of the specimens revealed that the bronchial
epithelium had increased lymphocyte infiltration (CD8+
and CD4+). Identical patterns of T-cell modulation
were seen as with topical applications to the cervix
and skin. Controls were treatment with the THF alone
with no increases in lymphocyte infiltration observed.
Example 17 Active Agent-Receptor Interactions This
example describes modeling studies used to evaluate
the binding of compounds disclosed herein with
receptors, such as CD45. These studies were conducted
with Sybyl 6.9.2 (Tripos Inc, St Louis, MO). The
models of the compounds were made from Sybyl fragments
and then optimized using the MMFF94 force field (with
MMFF94 charges). These models were then docked into
the IBZC crystal structure active site using FlexX
1.13 and the Drug Score scoring function. FlexX does
an incremental fragment based docking where various
base fragments of the ligand are docked and then the
rest of the ligand is built up from this base fragment
placement. Thus, all possible orientations and
conformations of the ligand are sampled. Figure 19
illustrates the docking of the compoundwith CD45
according to this method. In these studies, the
illustrated compound has a better binding score than
A-007 largely because it is held tighter by ARG 47 at
the entrance to the pocket with close contacts to the
dihydroxybiphenyl moiety of the compound illustrated
above. The illustrated compound has also been found to
aggregate where it binds to CD45 and exert a direct
cytotoxic activity. Example 18 General procedure for
preparation of hydrazones Method 1: Substituted
phenylhydrazines (0. 148 mol) were suspended in MeOH
(300 mL) at 5O0C and concentrated sulfuric acid (20
mL) added with stirring at 5O0C. After the hydrazine
dissolved, the substituted the substituted
benzophenone or aryl ketone (0.1 mol) in MeOH (300 mL)
was added with stirring at 5O0C over 10 minutes and
then stirred for another 30 min. The solvent was
evaporated (75%), water (500 mL) added, and the
precipitate washed with 3% aqueous NaHCO3.
Recrystallizations were from EtOH, MeOH, or acetic
acid. Complete elemental and spectral analysis were
conducted on all products. Method 2: A second general
method proceeds as follows: Substituted aryl
hydrazines (2.7 mmol) were dissolved in 15 mL MeOH and
2.1 mmol of the ketone added with stirring. Dowex 50W-
50X2-100 cation exchange resin (0.5 g) [Dow Corp.,
Baton Rouge, LA] was added. The suspension was
refluxed for 1 h at 750C on a water bath. The mixture
was filtered hot under water vacuum pressure and the
resin washed with 3 x 0.5 mL of MeOH. The contents of
the collection flask were allowed to cool to room
temperature and 20 mL of distilled water added. The
colored precipitates were filtered, dried and
recrystallized from ETOH or MeOH. Representative
yields were in the 80% range.
iV-Benzhydrylidene-N'-(2,4-dinitrophenyl)hydrazme was
prepared using method 1, yielding yellow crystals in
82% recovery from EtOH or MeOH; mp 232-234 0C; IR:
3295(N-H), 2928(Ar-H), 1612(C=N), 1590, 1504, 1416,
1334, 1127 and 1091, 834, 777, 698 and 608 cm 1;
1H-NMR(DMSO, 400 MHz): d 11.25(1 H, s, N-H), 9.07(1 H,
s), 8.37 ( 1 H, d, = 8 Hz), 8.22(1 H, d, J= 8 Hz),
7.67 (4 H, m, J = 8 Hz) 7.41 (6 H, m, J = 8 Hz); Anal.
Cald'd for C19H14N O4: C, 62.98; H, 3.86; N, 15.46.
Found: C, 63.17; H, 4.06; N,
15.49.4-Hydroxybenzophenone-2,4-dinitrophenylhydrazone
was prepared using method 2, and was obtained as red
needles that recrystallized from ETOH - yield 80%; mp
224-225 0C; IR: 3541(N-H), 3271(N-H), 3098(O-H),
2905(Ar-H), 1621(C=N), 1591, 1511, 1418, 1329, 1276,
1130, 1083, 829 and 698 cm 1 -, 1H-NMR(DMSO, 400 MHz):
d 11.23(1/2 H, s, N-H), 10.99(1/2 H, s N-H ), 10.1(1
H, s, "broad" OH), 8.8(1 H, s), 8.41 ( 1 H, d, J= 8
Hz), 8.19(1 H, d, J= 8 Hz), 7.67 (2 H, m, J = 8 Hz),
7.48 (3 H, m, J = 8 Hz), 7.28(1 H, dd, J = 8 Hz),
7.04(1 H, dd, J= 8 Hz), 6.84(1 H, dd, J= 8 Hz) ; Anal.
Calc'd. for C19H14N4O5: C, 59.07; H, 3.62. Found: C,
59.71, H, 3.84.
2,2',4,4'-Tetrahydroxybenzophenon-2,4-dinitrophenylhyd
razone was synthesized as deep red crystals that
recrystallized from EtOH - yield 75%; mp 290-291 0C;
IR: 3631(N-H), 3491(N-H), 3272(0-H), 2905(Ar-H),
1614(C=N), 1518, 1415, 1322, 1206, 1143, 1107, 974,
864 and 827 cm"1; 1H-NMR(DMSO, 400 MHz): d 11.59 ( 1
H, s, O-H), 11.15(1 H, s, N-H ), 10.12(2 H, s, O-H),
9.91(1 H, s, O-H), 8.85 ( 1 H, s), 8.48 ( 1 H, d, = 8
Hz), 8.19(1 H, d, J= 8 Hz), 7.61 ( 1 H, d, J = 8 Hz),
6.95 ( 1 H, dd, J = 8 Hz), 6.8(1 H, dd, J = 8 Hz),
6.57(1 H, s), 6.46(1 H, dd, J= 8 Hz), 6.38(1 H, s),
6.31(1 H, dd, J= 8 Hz); Anal. Calc'd. for C19Hi4N4O8:
C, 53.52; H, 3.28; N, 13.14. Found: C, 51.79; H, 3.19;
N, 13.36.
l,2-Dihydroxy-10-anthraquinone-2,4-dinitrophenylhydraz
one was synthesized from the base quinone and 2,4-DNP
using General Method 1. Yield was 92%. The reaction
mixture was refluxed for 48 h. The compound
precipitated from the reaction upon cooling and
recrystallized from dioxane/hexane as red
microcrystals; mp 240-2420C; IR: 3502(N-H), 3287(N-H),
3113(0-H), 2925(Ar- H), 2559(Ar-H), 1618(C=N), 1595,
1501, 1441, 1335, 1298, 1135, 1091 and 781 cm" 1;
1HNMR( DMSO, 300 MHz): d 11.97(1 H, s, N-H), 8.86(1 H,
s), 8.47(1 H, d, J= 6), 8.38(1 H, s), 8.24 ( 1 H, d,
J= 12 Hz), 8.17(2 H, m), 8.12 (2 H, m), 7.89 (4 H, m),
7.75 (3 H, m). Example 19 Stimulation of Platelet
Levels Another unexpected property of the disclosed
compounds, such as resonance modulators, for 



example A-007, is their ability to increase platelet
production in subjects who are administered the drugs.
For example, subjects receiving A-007 have been found
to have enlarged spleens and increased platelet
production. This increase in platelet production is
particularly advantageous for subjects suffering from
thrombocytopenia, for example induced by immune or
neoplastic disease or cytotoxic drugs used in the
treatment of such diseases. For example A-007 or
resonance modulators or other compounds disclosed
herein that are capable of stimulating platelet
production are administered to a subject in need of
such stimulation. The drugs are administered in any
manner described herein. Mice that have received A-007
in accordance with the disclosed methods have been
found to have enlarged spleens (splenomegaly) and
elevated platelet production. The compounds disclosed
herein are therefore capable of providing
extramedullarly megakaryocyte and platelet production
(outside of the bone marrow).Example 20 Treatment of
Body Surface Lesions The agents disclosed herein can
be used in the treatment of a broad variety of body
surface lesions, such as warts, HSV blisters,
psoriasis and skin cancers. These lesions are treated
by applying the agent topically to the lesion for a
sufficient period of time to induce disappearance or
regression of the lesions. For example, the agent is
applied to the surface of the lesion in a 0.25% gel,
in a dose of 2 g per day, for 3-10 days. The treatment
can be repeated as needed until resolution of the
lesion has been achieved. Other treatment regimens can
be used. For example, a higher or lower dosage of the
active ingredient can be used as clinically
appropriate. Therapeutically effective amounts of the
drag can be determined by clinicians depending on the
clinical circumstances. For example, a total dose of
1-10 g, 2-5 g, or 2-3 g can be administered topically
during a treatment regimen. Dosage regimens can be
once a day (for example nightly), twice a day, or more
often. The total duration of treatment can vary
depending on the clinical circumstances (for example
daily for 3-10 days, for example daily for 5 days),
and the treatment regimens can be repeated at
intervals as necessary. For example, treatment can be
administered daily for 5 days followed by 25 days of
no treatment followed by another course of daily
treatment for 5 days. Having illustrated and described
the principles of the invention in several examples,
it should be apparent to those skilled in the art that
the invention can be modified in specific details
without departing from such principles. I claim all
modifications coming within the spirit and scope of
the following claims.I claim: 1. A compound other than
A-007 of the formula wherein Ar comprises an aryl
group substituted with at least one electron
withdrawing group; X is NH, CH2, O,- SO2, or B;
QiS-(CH=CH) 1n-CH-; Y and Y' independently are
selected from N, CH and B; n is Oor 1; m is from Oto
6; R1 is H, lower alkyl, optionally substituted phenyl
or wherein R4 is an optionally substituted phenyl
group; R2 is optionally substituted lower alkyl,
aralkyl, thioalkyl, amidoalkyl, amino, amino alkyl,
nitro, azido; together with Z forms an optionally
substituted 4-7 membered carbocyclic or heterocyclic
ring; or together with R3 forms an optionally
substituted phenyl group; R3 with R2 forms an
optionally substituted phenyl group or is an
optionally substituted phenyl group; and Z is H, lower
alkyl, substituted alkyl, thioalkyl, nitrile, amino,
or together with R2 forms an optionally substituted
4-7 membered carbocyclic or heterocyclic ring. 2. The
compound of claim 1 wherein when X isNH and Y isN, n
is 1, R1 is R5 or both; and R5 is H or lower alkyl. 3.
The compound of claim 1, wherein Ar is aryl
substituted with one or more halogen, haloalkyl, acyl,
carboxy, carboxamido, carboalkoxy, sulfonic acid,
cyano or nitro group. 4. The compound of claim 1,
wherein Ar comprises at least two electron withdrawing
groups.5. The compound of claim 4, wherein Ar is a
dinitrophenyl group. 6. The compound of claim 1,
wherein R1 is phenyl substituted with one or more
group selected from -OR 5, -SR 5, -SO 2N(R5)2, -SO
2CN, -SO 2R5,-SO 2N , N3,-CN, -N(R 5)C(O)R6, - R6, or
combinations thereof; each R5 independently is H,
lower alkyl, carbohydrate, fatty acid, amino acid,
peptide, nucleoside or nucleic acid; and R6 is lower
alkyl or C-glycoside. 7. The compound of claim 1,
wherein R2 together with R3 forms an optionally
substituted phenyl group 8. The compound of claim 1,
wherein R3 is phenyl substituted with one or more
group selected from -OR 5, SR5, -SO 2N(R5)2, -SO 2CN,
-SO 2R5,-SO 2N3, N3 -CN, -N(R 5)C(O)R6, - R6, or
combinations thereof. 9. The compound of claim 1,
wherein n is O. 10. The compound of claim 1, wherein m
is 1, 2 or 3. 11. The compound of claim 1, wherein m
is 0 or 1. 12. The compound of claim 1, wherein both n
and m are 1. 13. The compound of claim 1, wherein n is
1 and m is 0. 14. The compound of claim 13, having the
formulawherein R5 and R6 independently are -OR 7, -SR
7, -SO 2N(R7)2, -SO 2CN, -SO 2R8,-SO 2N3, N3 -CN, -N(R
7)C(O)R8, - R7; R7 is H or lower alkyl; and R8 is
lower alkyl. 15. The compound of claim 14, having the
formula 16. The compound of claim 1, wherein X is CH2,
O, SO2, B; nis O; R1 is an optionally substituted
phenyl group or R R4 is an optionally substituted
phenyl group; R2 is optionally substituted lower alkyl
or together with Z forms an optionally substituted 4-
7 membered carbocyclic or heterocyclic ring; or
together with R4 forms an optionally substituted
phenyl group; and R3 is an optionally substituted
phenyl group. 17. The compound of claim 16, wherein
R1is phenyl substituted with one or more group
selected from -OR 5, -SR 5, -SO 2NH2, -SO 2CN, -SO
2R5,-SO 2N3, N3,-CN, -N(R 5)C(O)R6, - R6, or
combinations thereof. 18. The compound of claim 16,
wherein R and R3 form a phenyl group19. The compound
of claim 18, having the formula wherein R7 and R8
independently are -OR 5, -SR 5, -SO 2N(R5);,, -SO 2CN,
-SO 2R6,-SO 2N3, N3,-CN, -N(R 5)C(O)R6, - R6; each R5
independently is H or lower alkyl; and R6 is lower
alkyl. 20. The compound of claim 19 having the formula
21. The compound of claim 20, wherein R and R are -OH.
22. The compound of claim 21, wherein X is CH2 and Y
is N or CH. 23. The compound of claim 22, having the
formula wherein R5 is H, -OR 6, -SR 6, -SO 2N(R6)2,
-SO 2CN, -SO 2R7,-SO 2N3, N3, -CN, N(R6)C(O)R7, or -
R7;R1 and R6 independently are H or lower alkyl; and
R2 and R7 independently are lower alkyl. 24. The
compound of claim 23, wherein Ar comprises a
nitrophenyl group. 25. The compound of claim 24,
wherein Ar comprises a dinitrophenyl group. 26. The
compound of claim 25, having the formula 27. The
compound of claim 26, wherein R1 is H. 28. The
compound of claim 27, wherein R2 is methyl or ethyl.
29. The compound of claim 28, wherein R5 represents
-OR 6. 30. The compound of claim 29, having the
formula31. A pharmaceutical composition, comprising a
compound of claim 1 and a pharmaceutically acceptable
carrier. 32. The composition of claim 31, wherein the
compound has the formula 33. The composition of claim
31, wherein the composition comprises a topical gel or
solution. 34. The composition of claim 33, wherein the
topical gel or solution comprises at least about 0.25%
of the compound. 35. The composition of claim 31,
wherein the composition comprises a sustained release
dosage form. 36. The composition of claim 35, wherein
the sustained release dosage form comprises a tablet
or crystal. 37. The composition of claim 31, wherein
the composition is suitable for delivery via
inhalation. 38. The composition of claim 37, wherein
the composition comprises an aerosol. 39. A
pharmaceutical composition comprising a compound of
claim 6 and a pharmaceutically acceptable carrier. 40.
A pharmaceutical composition comprising a compound of
claim 16 and a pharmaceutically acceptable carrier.41.
A method of stimulating an immune response of a
subject in need of immunostimulation, comprising:
selecting a subject in need of immunostimulation;
administering to the subject in need of
immunostimulation a therapeutically effective amount
of a resonance modulating compound other than A-007
having the formula wherein Ar comprises an aryl group
substituted with at least one electron withdrawing
group; X is NH, CH2, O,-, SO2, or B; Q is -(CR=CH)
111-CH-; Y and Y' independently are selected from N,
CH and B; nis from Oor 1; m is from Oto 6; R1 is H,
lower alkyl, optionally substituted phenyl or wherein
R4 is an optionally substituted phenyl group; R2 is
optionally substituted lower alkyl, aralkyl,
thioalkyl, amidoalkyl, amino, amino alkyl, nitro,
azido; together with Z forms an optionally substituted
4-7 membered carbocyclic or heterocyclic ring; or
together with R3 forms an optionally substituted
phenyl group; R3 with R2 forms an optionally
substituted phenyl group or is an optionally
substituted phenyl group; and Z is H, lower alkyl,
substituted alkyl, thioalkyl, nitrile, amino, or
together with R3 forms an optionally substituted 4-7
membered carbocyclic or heterocyclic ring. . 42. The
method of claim 41, wherein selecting the subject in
need of immunostimulation comprises selecting a
subject who has laboratory evidence of impaired
immunity. 43. The method of claim 41, wherein
selecting the subject comprises selecting a subject
who is infected with an infectious pathogen.44. The
method of claim 43, wherein the infectious pathogen is
a virus. 45. The method of claim 44, wherein the
pathogen is a human papillomavirus. 46. The method of
claim 41, wherein selecting the subject comprises
selecting a subject who has dysplasia of the anus or
uterine cervix. 47. The method of claim 46, wherein
the subject is a subject who has dysplasia induced by
infection with a papillomavirus. 48. The method of
claim 4 1, wherein administering the compound
comprises administering the resonance modulating
compound to the subject intra-vaginally or
intra-anally. 49. The method of claim 48, wherein
administering the compound comprises introducing a
sustained release dosage form intra-vaginally or
intra-anally. 50. The method of claim 49, wherein the
sustained release dosage form comprises a tablet or
crystal. 51. The method of claim 41, wherein
administering the compound comprises administering the
compound topically at a site other than a cutaneous
lesion. 52. The method of claim 41, wherein
administering the compound comprises administering the
compound topically on a skin surface site, wherein the
skin surface is substantially impermeant to the
compound, and the immune response is stimulated remote
from the skin surface site. 53. The method of claim
51, wherein administering the compound comprises
administering the compound inhalationally. 54. The
method of claim 53, wherein the compound is
administered inhalationally to a subject having a
respiratory epithelium infection or tumor. 55. The
method of claim 41, wherein the immune response is
stimulated in a lymphatic 



network. 56. The method of claim 41, wherein the
compound is applied to a hyperproliferative body
surface lesion.57. The method of claim 56, wherein the
hyperproliferative body surface lesion is an anal,
cervical, oral, penile, vaginal or vulval lesion. 58.
The method of claim 56, wherein the hyperproliferative
body surface lesion is a precancerous lesion. 59. The
method of claim 58, wherein the precancerous lesion
comprises actinic keratosis, Bowenoid actinic
keratosis, arsenical keratosis, Bowen's disease, viral
keratosis, leukoplakia, erythroplaquia of queyrat, a
nevus or a wart. 60. The method of claim 56, wherein
the lesion is a primary neoplastic lesion selected
from anal cancer, cervical cancer, basal or squamous
cell carcinoma, melanoma, penile cancer, vulval
cancer, vaginal cancer or cancer of the oral mucosa.
61. The method of claim 56, wherein the body surface
lesion is a psoriasis lesion. 62. The method of claim
41, wherein Ar is aryl substituted with one or more
halogen, haloalkyl, acyl, carboxy, carboxamido,
carboalkoxy, sulfonic acid, cyano or nitro group. 63.
The method of claim 62, wherein the resonance
modulating compound is a nitrophenylhydrazone . 64.
The method of claim 62, wherein the resonance
modulating compound is a dinitrophenylhydrazone. 65.
The method of claim 64, wherein the resonance
modulating compound is a 2,4- dinitrophenylhydrazone.
66. The method of claim 41, wherein Ar comprises a
polycyclic group. 67. The method of claim 41, wherein
Ar comprises a substituted phenyl group. 68. The
method of claim 41, wherein Ar comprises at least two
electron withdrawing substituents. 69. The method of
claim 68, wherein Ar is a dinitrophenyl group.70. The
method of claim 4 1, wherein n is 0. 71. The method of
claim 4 1, wherein m is 1, 2 or 3. 72. The method of
claim 41, wherein m is 0 or 1. 73. The method of claim
41, wherein both n and m are 1. 74. The method of
claim 4 1, wherein n is 1 and m is 0. 75. The method
of claim 41, wherein the resonance modulating compound
has the formula wherein R5 and R6 independently are
-OR 7, -SR 7, -SO 2N(R7)2, -SO 2CN, -SO 2R8,-SO 2N3,
N3,-CN, -N(R 7)C(O)R8, - R7; R7 is H or lower alkyl;
and R8 is lower alkyl. 76. The method of claim 41,
wherein the resonance modulating compound has the
formula77. The method of claim 4 1, wherein the
resonance modulating compound comprises: X is a
dinitrophenyl group; R1 is H, lower alkyl, optionally
substituted phenyl or wherein R2 is lower alkyl or an
optionally substituted phenyl group; R3 is optionally
substituted lower alkyl, thioalkyl, amidoalkyl, amino,
amino alkyl, nitro, azido; together with Z forms an
optionally substituted 4-7 membered carbocyclic or
heterocyclic ring; or together with R4 forms an
optionally substituted phenyl group; R4 with R3 forms
an optionally substituted phenyl group or is an
optionally substituted phenyl group. 78. The method
according to claim 77, wherein R1 is H. 79. The method
according to claim 78, wherein the resonance
modulating compound has the formulawherein R2 is lower
alkyl; R5 is H, OH, -OR6, -SO2NH2, N3, -CN, -SO2CN,
-SO2N3 or lower alkyl; and R6 is lower alkyl. 80. The
method of claim 41, wherein administering the compound
comprises applying the compound to an epithelial
surface of the subject. 81. The method of claim 80,
wherein applying the compound to the epithelial
surface of the subject comprises applying the compound
to the surface of skin. 82. The method of claim 80,
wherein applying the compound to an epithelial surface
of the subject comprises introducing the compound into
the skin. 83. The method of claim 4 1, wherein the
method of stimulating an immune response comprises a
method of treating a tumor by stimulating the immune
response of the subject. 84. The method of claim 81,
wherein applying the compound to the skin of the
subject comprises applying the compound to an area of
skin that is over or adjacent a tumor to stimulate the
immune response of the subject. 85. The method of
claim 84, wherein the tumor is a malignant tumor. 86.
The method of claim 85, wherein the tumor is a
metastasis. 87. The method of claim 41, further
comprising enhancing immune stimulation by exposing
the compound to an electromagnetic field that induces
increased resonance modulation of the compound.88. The
method of claim 41, wherein the electromagnetic field
is produced by a magnetic probe. 89. The method of
claim 88, wherein the electromagnetic field is
produced by a current flowing between two electrodes.
90. The method of claim41, further comprising
monitoring an amplitude of a waveform generated by
resonance modulation of the compound to determine a
response of the subject's immune system to the
compound. 91. The method of claim 90, further
comprising exposing the compound to an electromagnetic
field to induce increased resonance modulation of the
compound if the amplitude is below a therapeutically
desired amplitude. 92. The method of claim41, wherein
the method of stimulating an immune response comprises
a method of stimulating an immune response by or
against a cell that expresses an extracellular
membrane-bound protein tyrosine phosphatase. 93. The
method of claim 92, wherein the cell is a T
lymphocyte, and the method of stimulating the immune
response comprises stimulating the immune response by
the T-lymphocyte against an antigen. 94. The method of
claim 93, wherein the cell is a cell that is infected
with a CD45+ virus, and the method of stimulating the
immune response comprises stimulating the immune
response against the cell that is infected with the
virus. 95. The method of claim 94, wherein the virus
is a papillomavirus or a retrovirus. 96. The method of
claim 95, wherein the virus is a papillomavirus. 97.
The method of claim 96, wherein the virus is a human
papillomavirus. 98. The method of claim 94, wherein
the virus is a retrovirus. 99. The method of claim 98,
wherein the virus is a human immunodeficiency virus.
100. The method of claim 92, wherein the cell is a
cell that is infected with a virus comprising an
active extracellular membrane-bound protein tyrosine
phosphatase, and the method ofstimulating the immune
response comprises stimulating the immune response
against the cell that is infected with the virus. 101.
A method of monitoring an immune response of a
subject, comprising: placing a resonance modulating
compound in contact with the subject to produce
inherent electromagnetic waveforms characteristic of
the resonance modulating compound compound other than
A-007 having the formula wherein Ar comprises an aryl
group substituted with at least one electron
withdrawing group; X is NH, CH2, O,-, SO2, or B; Q
is-(CH=CH) m-CH-; Y and Y' independently are selected
from N, CH and B; n is Oor 1; 6; R1 is H, lower alkyl,
optionally substituted phenyl or wherein R4 is an
optionally substituted phenyl group; R2 is optionally
substituted lower alkyl, aralkyl, thioalkyl,
amidoalkyl, amino, amino alkyl, nitro, azido; together
with Z forms an optionally substituted 4-7 membered
carbocyclic or heterocyclic ring; or together with R3
forms an optionally substituted phenyl group; R3 with
R2 forms an optionally substituted phenyl group or is
an optionally substituted phenyl group; Z is H, lower
alkyl, substituted alkyl, thioalkyl, nitrile, amino,
or together with R2 forms an optionally substituted
4-7 membered carbocyclic or heterocyclic ring; when X
is NH and Y is N, n is 1, R1 is R5 or both; and R5 is
H or lower alkyl; wherein the electromagnetic
waveforms indicate an immune state of the subject; and
monitoring waveforms produced by the compound for
waveforms associated with altered immune function.102.
The method of claim 101, wherein monitoring the
waveforms comprises detecting voltage changes across
the compound over time, without introducing an
external current or voltage potential. 103. The method
of claim 101, wherein monitoring the waveforms
associated with altered immune function comprise
detecting waveforms having a decreased amplitude. 104.
A method of treating a cancerous or precancerous
lesion, comprising applying to the lesion an effective
amount of a compound comprising a compound other than
A-007 having the formula wherein Ar comprises an aryl
group substituted with at least one electron
withdrawing group; X is NH, CH2, O,-, SO2, or B; Q is
-(CH=CH) n-CH-; Y and Y' independently are selected
from N, CH and B; n is 0 or 1; mis fromO to 6; R1 is
H, lower alkyl, optionally substituted phenyl or
wherein R4 is an optionally substituted phenyl group;
R2 is optionally substituted lower alkyl, aralkyl,
thioalkyl, amidoalkyl, amino, amino alkyl, nitro,
azido; together with Z forms an optionally substituted
4-7 membered carbocyclic or heterocyclic ring; or
together with R3 forms an optionally substituted
phenyl group; R3 with R2 forms an optionally
substituted phenyl group or is an optionally
substituted phenyl group; Z is H, lower alkyl,
substituted alkyl, thioalkyl, nitrile, amino, or
together with R2 forms an optionally substituted 4-7
membered carbocyclic or heterocyclic ring; when X is
NH and Y is N, n is 1, R1 is R5 or both; and R5 is H
or lower alkyl.105. The method of claim 104, wherein
the lesion is a hyperproliferative body surface
lesion. 106. The method of claim 104, wherein the
hyperproliferative body surface lesion is a
precancerous lesion. 107. The method of claim 105,
wherein the lesion is an anal, cervical, oral, penile,
vaginal or vulval lesion. 108. The method of claim
106, wherein the precancerous lesion comprises actinic
keratosis, Bowenoid actinic keratosis, arsenical
keratosis, Bowen's disease, viral keratosis,
leukoplakia, erythroplaquia of queyrat, a nevus or a
wart. 109. The method of claim 106, wherein the
precancerous lesion is papilloma virus associated
lesion. 110. The method of claim 104, wherein the
lesion is a primary neoplastic lesion. 111. The method
of claim 110, wherein the neoplastic lesion is anal
cancer, cervical cancer, basal or squamous cell
carcinoma, melanoma, penile cancer, vulval cancer,
vaginal cancer or cancer of the oral mucosa. 112. The
method of claim 110, wherein the primary neoplastic
lesion comprises a metastatic neoplastic lesion. 113.
The method of claim 110, wherein the lesion is a
penile lesion. 114. The method of claim 110, wherein
the lesion is a vulval or vaginal lesion. 115. The
method of claim 105, wherein the hyperproliferative
body surface lesion is an internal body surface
lesion. 116. A method of concentrating lymphocytes
from biological tissue, comprising exposing the
biological tissue to an effective amount of a compound
other than A-007 having the formulawherein Ar
comprises an aryl group substituted with at least one
electron withdrawing group; X is NH, CH2, O,-, SO2, or
B; Q is -(CH=CH) 111-CH-; Y and Y' independently are
selected from N, CH and B; n is Oor 1; m is from Oto
6; R1 is H, lower alkyl, optionally substituted phenyl
or wherein R4 is an optionally substituted phenyl
group; 



R2 is optionally substituted lower alkyl, aralkyl,
thioalkyl, amidoalkyl, amino, amino alkyl, nitro,
azido; together with Z forms an optionally substituted
4-7 membered carbocyclic or heterocyclic ring; or
together with R3 forms an optionally substituted
phenyl group; R3 with R2 forms an optionally
substituted phenyl group or is an optionally
substituted phenyl group; Z is H, lower alkyl,
substituted alkyl, thioalkyl, nitrile, amino, or
together with R2 forms an optionally substituted 4-7
membered carbocyclic or heterocyclic ring; when X is
NH and Y is N, n is 1, R1 is R5 or both; and R5 is H
or lower alkyl. 117. The method of claim 116, wherein
exposing the living organism to the effective amount
of the compound comprises applying the compound to
skin of the living organism. 118. The method of claim
117, wherein applying the compound to the skin
comprises applying a topical preparation of the
compound to the surface of the skin. 119. A method of
treating an infection in a subject, comprising:
administering to the subject a therapeutically
effective amount of a compound other than A-007 having
the formulawherein Ar comprises an aryl group
substituted with at least one electron withdrawing
group; X is NH, CH2, O,-, SO2, or B; Y and Y'
independently are selected from N, CH and B; n is Oor
1; m is from Oto 6; R1 is H, lower alkyl, optionally
substituted phenyl or wherein R4 is an optionally
substituted phenyl group; R2 is optionally substituted
lower alkyl, aralkyl, thioalkyl, amidoalkyl, amino,
amino alkyl, nitro, azido; together with Z forms an
optionally substituted 4-7 membered carbocyclic or
heterocyclic ring; or together with R3 forms an
optionally substituted phenyl group; R3 with R2 forms
an optionally substituted phenyl group or is an
optionally substituted phenyl group; Z is H, lower
alkyl, substituted alkyl, thioalkyl, nitrile, amino,
or together with R2 forms an optionally substituted
4-7 membered carbocyclic or heterocyclic ring; when X
is NH and Y is N, n is 1, R1 is R5 or both; and R5 is
H or lower alkyl. that interacts with a PTP
extracellular receptor of a cell to activate the
receptor. 120. The method of claim 119, further
comprising applying an external electromagnetic field
to the compound to increase a resonance modulation of
the compound, and thereby increase an immunostimulant
effect of the compound to treat the infection. 121.
The method of claim 119, wherein the infection is a
virus infection. 122. The method of claim 121, wherein
the virus is a papillomavirus or a retrovirus. 123.
The method of claim 122, wherein the virus is a
papillomavirus.124. The method of claim 123, wherein
the virus is a human papillomavirus. 125. The method
of claim 122, wherein the virus is a retrovirus. 126.
The method of claim 125, wherein the virus is a human
immunodeficiency virus. 127. The method of claim 119,
wherein the infection is a bacterial infection. 128.
The method of claim 119, wherein the cell is a
T-lymphocyte. 129. The method of claim 128, wherein
the cell is a CD45+ lymphocyte. 130. The method of
claim 129, wherein the cell is a CD45+ pathogen. 131.
The method of claim 130, wherein the pathogen is human
papillomavirus. 132. The method of claim 119, further
comprising enhancing interaction between the compound
and the receptor by exposing the compound and cell to
ultraviolet radiation. 133. The method of claim 119,
wherein administering the compound to the subject
comprises applying the compound to dysplastic or
metaplastic epithelium. 134. The method of claim 133,
wherein the epithelium is urogenital epithelium. 135.
The method of claim 134, wherein the urogenital
epithelium is vaginal, cervical or anal epithelium.
136. The method of claim 133, wherein administering
the compound to the subject comprises applying the
compound to a squamous cell cancer. 137. The method of
claim 136, wherein the tumor is an anal squamous cell
cancer. 138. The method of claim 119, wherein
administering comprises applying a topical gel. 139.
The method of claim 138, wherein the topical gel
comprises about 0.25% of the compound.140. The method
of claim 138, wherein applying the compound to the
subject comprises applying the compound at least daily
for a sufficient period to produce a therapeutic
effect. 141. The method of claim 141, wherein applying
the compound comprises applying the compound at least
daily for at least five days. 142. The method of claim
119, wherein the therapeutically effective amount of
the compound is at least 2 grams of a topical gel per
day, wherein the gel comprises at least about 0.25% of
the compound. 143. A method of activating a cellular
protein tyrosine phosphatase present in a cell
membrane, comprising exposing the cell to an amount of
a resonance modulator compound a compound other than
A-007 of the formula wherein Ar comprises an aryl
group substituted with at least one electron
withdrawing group; X is NH, CH2, O,-, SO2, or B; Q
is-(CH=CH) m-CH~; Y and Y' independently are selected
from N, CH and B; n is 0 or 1; m is from 0 to 6; R1 is
H, lower alkyl, optionally substituted phenyl or P R,4
Z wherein R4 is an optionally substituted phenyl
group; R2 is optionally substituted lower alkyl,
aralkyl, thioalkyl, amidoalkyl, amino, amino alkyl,
nitro, azido; together with Z forms an optionally
substituted 4-7 membered carbocyclic or heterocyclic
ring; or together with R3 forms an optionally
substituted phenyl group; R3 with R2 forms an
optionally substituted phenyl group or is an
optionally substituted phenyl group; and Z is H, lower
alkyl, substituted alkyl, thioalkyl, nitrile, amino,
or together with R2 forms an optionally substituted
4-7 membered carbocyclic or heterocyclic ring
sufficient to activate the protein tyrosine
phosphatase.144. The method of claim 143, wherein
exposing the cell to the amount of the resonance
modulator comprises applying the resonance modulator
topically to or adjacent the cell. 145. A method of
stimulating an immune response of a subject in need of
immunostimulation, comprising: selecting a subject in
need of immunostimulation; administering to the
subject a therapeutically effective amount of a
compound other than A- 007 of the formula XAr wherein
Ar comprises an aryl group substituted with at least
one electron withdrawing group; X is NH, CH2, O,-,
SO2, or B; Q is -(CH=CH) 1n-CH-; Y and Y'
independently are selected from N, CH and B; nis Oor l
; m is from 0 to 6; R1 is H, lower alkyl, optionally
substituted phenyl or wherein R4 is an optionally
substituted phenyl group; R2 is optionally substituted
lower alkyl, aralkyl, thioalkyl, amidoalkyl, amino,
amino alkyl, nitro, azido; together with Z forms an
optionally substituted 4-7 membered carbocyclic or
heterocyclic ring; or together with R3 forms an
optionally substituted phenyl group; R3 with R2 forms
an optionally substituted phenyl group or is an
optionally substituted phenyl group; and Z is H, lower
alkyl, substituted alkyl, thioalkyl, nitrile, amino,
or together with R2 forms an optionally substituted
4-7 membered carbocyclic or heterocyclic ring. 146. A
method for treating a subject having a
hyperproliferative disorder, comprising: selecting a
subject in need of immunostimulation; administering to
the subject a therapeutically effective amount of a
cytotoxic compound of the formulawherein Ar comprises
an aryl group substituted with at least one electron
withdrawing group; X is NH, CH2, O,-, SO2, or B; Q is
-(CH=CH) 1n-CH-; Y and Y' independently are selected
from N, CH and B; n is Oor 1; 6; R1 is H, lower alkyl,
optionally substituted phenyl or wherein R4 is an
optionally substituted phenyl group; R2 is optionally
substituted lower alkyl, aralkyl, thioalkyl,
amidoalkyl, amino, amino alkyl, nitro, azido; together
with Z forms an optionally substituted 4-7 membered
carbocyclic or heterocyclic ring; or together with R3
forms an optionally substituted phenyl group; R3 with
R2 forms an optionally substituted phenyl group or is
an optionally substituted phenyl group; and Z is H,
lower alkyl, substituted alkyl, thioalkyl, nitrile,
amino, or together with R2 forms an optionally
substituted 4-7 membered carbocyclic or heterocyclic
ring. 147. A method for treating thrombocytopenia,
comprising: selecting a subject having
thrombocytopenia; administering to the subject a
therapeutically effective amount of a cytotoxic
compound other than A-007 having of the formula
wherein Ar comprises an aryl group substituted with at
least one electron withdrawing group; X is NH, CH2 O,
- SO2, or B;Q is -(CH=CH) 111-CH-; Y and Y'
independently are selected from N, CH and B; n is Oor
1; m is from 0 to 6; R1 is H, lower alkyl, optionally
substituted phenyl or wherein R4 is an optionally
substituted phenyl group; R2 is optionally substituted
lower alkyl, aralkyl, thioalkyl, amidoalkyl, amino,
amino alkyl, nitro, azido; together with Z forms an
optionally substituted 4-7 membered carbocyclic or
heterocyclic ring; or together with R3 forms an
optionally substituted phenyl group; R3 with R2 forms
an optionally substituted phenyl group or is an
optionally substituted phenyl group; and Z is H, lower
alkyl, substituted alkyl, thioalkyl, nitrile, amino,
or together with R2 forms an optionally substituted
4-7 membered carbocyclic or heterocyclic ring. 148.
The method of claim 147, wherein the compound is 


