wo 2013/173476 A1 | I IO 0000 RO O R A

(43) International Publication Date
21 November 2013 (21.11.2013)

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

WIPOIPCT

(10) International Publication Number

WO 2013/173476 Al

(51

eay)

(22)

(25)
(26)
(30)

1

International Patent Classification:
CI12Q 1/68 (2006.01)

International Application Number:

PCT/US2013/041183 (74)

International Filing Date:

15 May 2013 (15.05.2013) (81)

Filing Language: English
Publication Language: English
Priority Data:

13/472,366 15 May 2012 (15.05.2012) US
Applicant: PREDICTIVE BIOSCIENCES, INC.

[US/US]; 128 Spring Street, B Annex, 400 Level, Lexing-
ton, MA 02421 (US).

(72) Inventors: SHUBER, Anthony, P.; 219 Sandtrap Court,

Northbridge, MA 01534 (US). FERNANDEZ, Cecilia; 7
Cratt Place, Jamaica Plain, MA 02130 (US).

Agents: MEYERS, Thomas, C. et al.; Brown Rudnick
LLP, One Financial Center, Boston, MA 02111 (US).

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,

[Continued on next page]

(54) Title: DETECTION OF CANCER

(57) Abstract: Assays for detecting and grading disease by assessing

o amounts of GSTP1 nucleic acid and ADAM protein in a sample, and
& 30 . .
1 methods of using the assays. In some embodiments, the assays use
2 ® single molecule sequencing to simultaneously assay both GSTP1 nucle-
2 m ic acid and ADAM protein. The methods are especially useful for de-
2 1(5]8 tecting and grading cancers, for example, prostate cancer.
o
Z %
a 0
w5
S
A NORMAL Ta T T24
n=21 n=31 n=20 n=45
NORMAL Ta T24

123 4567891011213
ADAVITD. RN -
ADAM12S

B GAPDH

ADAM12-L mRNA
FOLD INCREASE
3
—
-
—

0

C NCRMAL Ta T4
n=2 n=6 n=5

FIG. 1



WO 2013/173476 A1 WAL 00TV AU OO

™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
M, ZW. SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARTIPO (BW, GH, Published:
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK, —  with sequence listing part of description (Rule 5.2(a))
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,

—  with international search report (Art. 21(3))



WO 2013/173476 PCT/US2013/041183

DETECTION OF CANCER

CROSS-REFERENCE TO RELATED APPLICATIONS
This application is a continuation of U.S. Patent Application No. 13/472,366, filed May

15, 2012, the disclosure of which is hereby incorporated by reference in its entirety.

FIELD OF THE INVENTION

The invention relates, generally, to cancer diagnostics.

BACKGROUND OF THE INVENTION

Prostate cancer is the most commonly diagnosed disease in men over 40 years of age in
the United States. The standard-of-care for prostate screening is the prostate specific antigen
(PSA) test. The American Cancer Society reports that most men have a PSA concentration of
about 0 ng/ml to about 4 ng/ml of blood while a PSA concentration of about 10 ng/ml of blood is
indicative of a 50% chance of prostate cancer. The PSA test is known to have a high rate of false
positives. For example, PSA levels greater than 10 ng/ml are commonly observed in patients
with non-cancerous afflictions of the prostate such as prostatitis or benign prostatic hyperplasia
(BPH) (Schroder FH. Recent Results Cancer Res. 181:173-82, 2009).

As awareness of prostate cancer has increased, PSA screening has become more
prevalent. During this same period, prostate cancer survival rates have increased. One plausible
explanation for the increased survival rate is that widespread testing has led to earlier detection
and treatment of prostate cancer, thereby increasing the survival rate. Another explanation,
endorsed by many epidemiologists, is that increased screening rates, combined with mediocre
specificity in PSA testing, have resulted in many unnecessary treatments for prostate cancer.
That is, false positives have resulted in many men undergoing prostate cancer therapy when they
were not actually at risk of dying of prostate cancer.

Because of the risk of overtreatment, the U.S. Centers for Disease Control is neutral to
unfavorable toward PSA testing: “There is not enough evidence to decide if the potential benefits
of prostate cancer screening outweigh the potential risks.” (See also, Chou et al., “Screening for
Prostate Cancer, A Review of the Evidence for the U.S. Preventive Services Task Force,” issued

October 2011, available at http://www.uspreventiveservicestaskforce.org/
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uspstf12/prostate/prostateart.htm.)
Nonetheless, there are still 30,000 U.S. deaths per year from prostate cancer. Thus, there

is clearly a need for improved methods of non-invasive screening for prostate cancer.

SUMMARY OF THE INVENTION

The invention provides methods for assessing the clinical status of a patient by measuring
parameters of GSTPI nucleic acid and ADAM protein. In practice, methods of the invention
provide the ability to screen patients based upon GSTP1 and ADAM using a single assay,
thereby reducing the costs of screening for diseases indicated by levels of these biomarkers. The
invention is especially useful in the detection and grading of cancer, e.g., prostate cancer.
Because the methods of the invention are more specific in the detection of cancer than the
current standard-of-care testing, the use of the invention will result in fewer unnecessary cancer
treatments. Additionally, the methods of the invention provide a greater confidence when
identifying high-risk patients.

Methods of the invention are particularly useful in complex diagnostic assessment. The
invention allows multiplex analysis of both proteins and nucleic acids to increase the diagnostic
power and accuracy of the results. According to one aspect of the invention, a threshold
parameter of GSTP1 and ADAM protein is identified, wherein the threshold parameter is
indicative of the absence of a disease. Using the described methods, a tissue or body fluid
sample is then assayed to determine a parameter of GSTP1 nucleic acid and ADAM protein.
Once the parameter of GSTP1 nucleic acid and ADAM protein has been determined, the
measured parameter is compared to the threshold parameter to determine whether the sample is
positive for the disease. In some cases, the ADAM protein is ADAM 12.

In some embodiments, parallel analytical methods are used to measure parameters of
GSTPI nucleic acid and ADAM protein in the sample. For example, the amount of ADAM
protein may be determined with ELISA analysis or Western Blotting while genetic and/or
epigenetic information of GSTPI nucleic acid may be determined using qPCR. In some
embodiments, the degree of methylation in the GSTP1 nucleic acid is determined using bisulfite
conversion and comparison, €.g., real-time methylation specific PCR (MSP). In preferred
embodiments, a single platform is used to analyze parameters of both GSTP1 nucleic acid and

ADAM protein, for example, by binding ADAM-specific aptamers to ADAM proteins and then
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using single molecule sequencing to determine both an amount and methylation of GSTP1
nucleic acid and an amount of ADAM protein.

In some embodiments, the invention is used to detect or grade prostate cancer. Because
the methods of the invention are more specific in detecting prostate cancer than the standard-of-
care PSA test, implementation of the methods will decrease the rate of false diagnosis in patients
without prostate cancer. Thus, the increased specificity of the invention will reduce the number
of men who undergo unnecessary surgery, or are unnecessarily treated with radiation,
chemotherapeutics or hormones. Additionally, the methods described will allow for faster
identification of patients with advanced disease prostate cancer. The samples used for prostate
cancer screening may be urine, blood, ejaculate, or tissue samples, e.g, prostate tissue biopsies.

In other embodiments, the invention may be used to determine an epithelial cancer, such
as bladder cancer. Prior research by the inventors demonstrated that ADAM12 levels in the
urine from bladder cancer patients are significantly increased as compared to urine from healthy
individuals. Importantly, the inventors found that the level of ADAMI12 in urine decreased
following tumor removal and increased upon tumor recurrence. It has also been suggested that
ADAMS and/or ADAM10 can work as a biomarker for bladder cancer in a similar manner as
ADAMI12, thus it should be understood that any feature and/or aspect discussed above in
connection with the methods describing ADAM12 apply by analogy to methods describing
ADAMS and/or ADAM10 according to the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 Gene expression profiling of ADAM 12 in bladder cancer.
(A) Microarray analysis of ADAMI12-L gene expression levels in 21 normal bladder mucosa
samples, 31 Ta tumors, 20 T1 tumors, and 45 T2-4 tumors. (B) RT-PCR analysis of mRNA
expression of human ADAMI12-L, ADAMI2-S, and GADPH in normal bladder mucosa tissue
(lanes 1-3) and Ta (lanes 4-8) and T2-4 (lanes 9-13) bladder cancer. (C) Quantitative PCR
analysis of ADAM12-L mRNA expression in two normal bladder mucosa samples, six Ta, and
five T2-4 tumors. In A and C, the horizontal lines represent the average expression intensity in
each group.

Figure 2 In situ hybridization of ADAM 12 in bladder cancer.
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(A) Tumor sections from ADAMI12-MMTV-PyMT mouse breast cancer tissue. Strong
hybridization signal with ADAM12 T3 anti-sense probe is present as dark grains over the tumor
islets and only very weak signals are seen over the surrounding stroma. (B) Dark field image of
the same tumor area as in panel A. (C) Tumor sections from human bladder cancer (grade 2)
with positive signal over the tumor cell (T) using T3 anti-sense probe. (D) Dark field image of
the same tumor as in panel C. (E) Adjacent tumor sections from the same bladder tumor as in C,
D with ADAMI12 T7 sense probe hybridization with little or no signal. (F) Dark field image of
the same tumor area as in panel E. Bar in panel B=20 pum and in panel F=8 pm. Panels A and B
are the same magnification and panels C-F are the same magnification.

Figure 3 ADAM 12 immunostaining of bladder cancer tissue arrays.
Tissue sections were incubated with a polyclonal antibody to human ADAMI12 (rb122), then
detection performed with a streptavidin-biotin technique. (A) Non-muscle invasive papillary
bladder cancer (T1, grade 1) with strong positive staining for ADAMI12 in most of the tumor
cells. (B) Non-muscle invasive papillary bladder cancer (T1, grade 2) with uniform ADAM]12
cytoplasmic immunostaining confined to the perinuclear Golgi-like area. (C) Invasive bladder
cancer (T2, grade 2) with ADAM12 immunostaining localized mostly along the plasma
membranes. (D) Invasive bladder cancer (T3, grade 3) with ADAM]12 immunostaining in the
cytoplasm in some cells while other tumor cells are less intensively stained. (E) Invasive bladder
cancer (T3, grade 3) with strong ADAMI2 staining of tumor cells along the invasive front of the
tumor. (F) Invasive bladder cancer (T3, grade 3) with strong ADAM]12 immunostaining of tumor
cells located inside the blood vessels. (G) ADAMI12 immunostaining and correlation to tumor
grade 1-3 (histopathological diagnosis). The number of grade 3 tumor cases (%) positive for
ADAMI2 staining is significantly higher than the number of grade 1 tumor cases positive for
ADAMI12, p<0.005 (Chi-square; Pearson). (H) ADAM12 immunostaining and correlation to
tumor stage (TNM). The number of T2-T4 tumor cases (%) positive for ADAMI12 staining is
significantly higher than the number of Ta-T1 tumor cases positive for ADAM12, p<0.00001
(Chi-square; Pearson). Sections were counterstained with hematoxylin. Bar in panel A=20 um
and F=10 pm. Panels A, C are the same magnification and panels B, D-F are the same
magnification.

Figure 4. 4 ADAM 12 immunostaining of normal and dysplastic bladder mucosa.
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Tissue sections were incubated with polyclonal antibodies to human ADAM]I2, then detection
performed with a streptavidin-biotin technique. (A) Normal bladder urothelium exhibited weak
ADAMI12-S staining with rb116 and (B) no ADAM12 immunoreactivity with preimmune serum.
(C) The umbrella cells exhibited strong ADAMI12 positive staining. (D) The apical surface of
umbrella cells also stained with antibodies to uroplakin 3, an umbrella cell marker. (E)
Squamous epithelial cells isolated from the urine did not exhibit ADAM12 immunostaining,
whereas (F) the umbrella cells in the urine exhibited strong ADAM12 immunostaining (rb122).
Note the larger nuclei of the umbrella cells compared to the squamous cells. (G) Atypical
hyperplasia showed strong ADAM12 immunostaining in the umbrella cells, whereas the
underlying epithelium exhibited only weak staining. (H) Larger magnification of the one of the
umbrella cells shown in G. Note the strong immunoreaction, particularly along the cell
periphery. (I) Carcinoma in situ exhibited intense ADAM12 immunostaining of the epithelial
cells. (3) Transitional cell carcinoma (grade 2) demonstrated the strongest ADAMI2
immunostaining in the most non-muscle invasive tumor cells that mimic the morphology of
umbrella cells (named “umbrella-cell differentiation”). This staining pattern was found in 23 out
of 155 cases of bladder tumors (14.8%) examined in this study. Sections were counterstained
with hematoxylin. Bar in panel D=7 pm, F=5 pm, H=7 pm, I=8 um, J=20 pum. Panels A, B, E, F
are the same magnification, panels C, D are the in same magnifications, and panels G and 3 are
the same magnifications.

Figure. 5 Western blotting analysis of ADAM 12 in urine from normal controls and
bladder cancer patients.
(A) Urine from normal controls (lane 1) and from two patients with a T2-4 tumor (lane 2, 3)
prepared using reducing or nonreducing conditions were loaded onto SDS-PAGE gels,
transferred to Immobilon-P, and probed with a mixture of polyclonal antibodies against human
ADAMI12 (one directed against the cysteine-rich domain (rb122) and the other the prodomain
(rb132)), or a monoclonal antibody against ADAMI12 (6E6). The 68 and 27 kDa bands represent
the mature form and the prodomain of ADAM12, respectively. (B) Immunoprecipitate of urine
supernatant using a mixture of monoclonal antibodies (6E6, 8F8, 6C10) against ADAMI12
(lanel) and purified ADAMI2-S (lane 2) were immunoblotted with a mixture of antibodies
against the carboxy-terminus and the prodomain of ADAM12-S (rb116, rb132). (C) Estimate of
the relative amount of ADAMI12 in urine supernatant using purified ADAM12-S as standard. 40
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pg protein was loaded per lane (for the pool of normal urine (np) 6 pl was loaded, and for the
two T2-4 patients (pt 1 and pt 2) 12 pl and 4 pl was loaded, respectively). Urine samples were
immunoblotted using a mixture of polyclonal antibodies rb122 and rb132. (D) Representative
urine samples (40 ng protein per lane) from normal controls (upper panel), patients with Ta
tumors (middle panel), and patients with T2-4 tumors (lower panel) were immunoblotted with
rb122. The protein band represents the mature form of ADAM12-S at 68 kDa. On all Western
blots, a pool of normal urine is presented in the first lane (np). (E) Densitometric quantitation of
the ADAM12 68 kDa band signal present in urine from eight normal volunteers, 11 patients with
Ta tumors, four patients with T1 tumors, and 17 patients with T2-4 tumors. The pool of normal
urine (np) was used to normalize the apparent amount of ADAM12 in normal and cancer urine.
The data represent triplicate experiments with error bars denoting standard errors. *p=0.0004,
*4p=0.0001, ***p=0.00021 (Student's t-test).

Figure. 6 Western blotting analysis of ADAM 12 in urine of bladder cancer patients who
underwent surgical removal of tumor.
Urine samples were subjected to immunoblotting using rb122 and densitometric quantitation of
the resulting 68 kDa ADAM 12 band was performed. (A) In the upper panel, urine from a pool of
normal controls (np, lane 1), and from a patient (case A) with non-muscle invasive bladder
cancer prior to transurethral resection (Ta tumor, lane 2), during the surveillance period in which
no tumor could be detected (tumor free, lane 3), and when recurrence of invasive tumor was
diagnosed (T2-4, lane 4). Forty pg of total protein was applied per lane. In the lower panel, the
pool of normal urine was used to normalize the apparent amount of ADAMI12 in the cancer
urine. (B) The relative amount of ADAM12 in the urine from six cases of bladder cancer during
a follow-up study (as described in A) was quantitated (also as described in A). Averages

presented are means+standard deviation.

DETAILED DESCRIPTION OF THE INVENTION

Biomarkers are naturally occurring molecules, genes, or characteristics that can be used
to monitor a physiological process or condition. Standard screening assays have been developed
that use biomarkers to assess the health status of a patient and to provide insight into the patient’s
risk of having a particular disease or condition. Screening assays generally employ a threshold

above which a patient is screened as “positive” for the indicated disease and below which the
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patient is screened as “negative” for the indicated disease. Those tests vary not only in accuracy,
precision and reliability, but have performance characteristics, e.g., sensitivity, specificity,
positive predictive value (PPV) and negative predictive value (NPV). Test sensitivity and
specificity refer to the identification of patients with and without the disease, respectively. Fora
test to be useful, it must have high sensitivity and specificity. The PPV refers to the proportion of
persons who tested positive who have the disease, and the NPV refers to the number of persons
who tested negative for a disease and who do not have the disease.

Threshold parameters or values for any particular biomarker and associated cancer or
disease are determined by reference to literature, standard of care criteria or may be determined
empirically. In a preferred embodiment of the invention, thresholds for use in association with
biomarker panels of the invention are based upon positive and negative predictive values
associated with threshold parameters of the marker. In one example, markers are chosen that
provide 100% negative predictive value, in other words patients having values of a sufficient
number of markers (which may be only one) below assigned threshold values are not expected to
have the disease for which the screen is being conducted and can unambiguously be determined
not to need further intervention at that time. Conversely, threshold parameters can be set so as to
achieve approximately 100% positive predictive value. In that case, a critical number of
biomarker levels above that threshold are unambiguously associated with the need for further
intervention. As will be apparent to the skilled artisan, positive and negative predictive values for
certain biomarkers do not have to be 100%, but can be something less than that depending upon
other factors, such as the patients genetic history or predisposition, overall health, the presence or
absence of other markers for diseases, etc.

Threshold values for any particular biomarker and associated disease are determined by
reference to literature or standard of care criteria or may be determined empirically. In certain
embodiments of the invention, thresholds for use in association with biomarkers of the invention
are based upon positive and negative predictive values associated with threshold levels of the
marker. There are numerous methods for determining thresholds for use in the invention,
including reference to standard values in the literature or associated standards of care. The
precise thresholds chosen are immaterial as long as they have the desired association with

diagnostic output.
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In the present application, the present inventors report that the levels of ADAMS, 10, and
12 mRNAs are significantly upregulated in certain human cancers, and the present inventors
examined in more detail that particular ADAM]12 is a valuable biomarker for cancer, e.g.,
prostate and bladder cancer. Thus the invention discloses a method for detecting, screening,
monitoring and diagnosing cancers in a mammal comprising the steps of assaying a sample for
an amount of ADAM protein and GSTP1 nucleic acids.

ADAMI2 is a protease, and proteases have multiple functions in normal and
pathophysiological conditions. Matrix metalloproteases (MMPs) have been studied extensively,
and increased activity of these proteolytic enzymes has been shown to be associated with the
malignant phenotype. More recently, the ADAM family of proteins, including ADAM9, 12 and
28, has been implicated in cancer.

The present inventors have earlier reported that ADAMI12 is highly expressed by the
malignant tumor cells in several different forms of cancer. The present inventors e.g. reported
that ADAM12 mRNA was almost undetectable in normal livers, but increased in hepatocellular
carcinomas (a six-fold increase) and liver metastases from colonic carcinomas (up to a 60-fold
increase).

ADAMI2 is selectively overexpressed in glioblastomas, with a direct correlation between
the level of ADAM12 mRNA expression and cell proliferation activity. In situ hybridization and
immunohistochemical analysis demonstrated that ADAMI2 is produced by the glioblastoma
cells.

The present inventors and others have studied ADAM12 in breast cancer and found that
urinary levels of ADAMI2 correlate with breast cancer status and stage (Roy R et al.).

Most recently, the present inventors demonstrated that ADAM12 enhances mammary
tumor progression in a transgenic mouse model. When ADAMI12 expression was increased, time
of tumor onset was decreased and tumor burden, metastasis, and grade of malignancy were
increased. The present inventors also provided evidence that ADAMI12 decreases apoptosis of
tumor cells and enhances apoptosis of stromal cells.

WO 06/121710 discloses several other differentially expressed genes in bladder cancer.
WO 06/91412 demonstrates that ADAMTS-7 is a marker for cancers of general epithelial origin.
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However, the current procedure for detecting bladder tumors with potential progression is
difficult and error-prone, and new biomarkers are needed to optimize the molecular
characterization of tumors.

The ADAMs (A Disintegrin And Metalloprotease) constitute a multidomain glycoprotein
family with proteolytic and cell-adhesion activities. The ADAMs, like the MMPs, belong to the
superfamily of zinc-dependent metzincin proteases, and consist of more than 35 members that
are multidomain transmembrane proteins with protease, cell adhesive, and signaling activities.

Thus, ADAMs may play diverse roles in different tissues. They induce ectodomain
shedding of growth factors, cytokines, and their receptors, and they bind to integrins and
syndecans, influencing cell-cell and cell-matrix interactions.

The prototype ADAM contains, from the N-terminus, a signal peptide, a prodomain, a
metalloprotease domain, a disintegrin domain, a cysteine-rich domain, an epidermal growth
factor (EGF)-like domain, a transmembrane domain, and a cytoplasmic domain. Four ADAMs
(ADAMO, 11, 12, and 28) exist in alternatively spliced secreted (-S) forms that do not contain
transmembrane and cytoplasmic domains.

Glutathione S-transferase (pi class) (GSTP1) is a Glutathione S-transferases (GST)
enzyme encoded by the GSTP1 gene located on chromosome 11q13 in humans. Glutathione S-
transferases (GSTs) are a family of phase 2 enzymes that detoxify the body by breaking down
carcinogens, natural toxins, and exogenous drugs. The mechanism likely proceeds by
conjugating glutathione to hydrophobic and/or electrophilic compounds with reduced
glutathione. GSTP-null mice show increased tumorgenesis when exposed to carcinogens,
presumably because the mice are not able to effectively metabolize the carcinogens. GSTs are
categorized into 4 main classes: alpha, mu, pi, and theta, based on their biochemical,
immunologic, and structural properties. GSTP1 encodes specific GSTP1 variant proteins that
play a role in detoxification.

Hypermethylation of GSTPI regions has been implicated in the down-regulation of
GSTPI, and a corresponding reduction in the efficacy of the GSTP1-regulated detoxification
pathways. GSTP1 hypermethylation has been identified in several cancers, including prostate,
liver, renal, breast, and endometrial cancers. (See, Yuan et al., “Reduction of GSTP1 Expression
by DNA Methylation Correlates with Clinicopathological features in Pituitary Adenomas,”
Modern Pathology, vol. 21, 856-865 (2008), incorporated herein by reference in its entirety).
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Hypermethylation of GSTPI has been identified in blood, urine, and tissue samples in prostate
cancer patients, however hypermethylation of GSTP1 is not found in patients suffering only from
benign prostate hyperplasia (BPH). (See, Gonalgo et al., “Prostate Cancer Detection by GSTP1
Methylation Analysis of Postbiopsy Urine Specimens,” Clinical Cancer Research, vol. 9, 2673-
3677 (2003), incorporated herein by reference in its entirety.)

The combination of ADAM and GSTP1 screening has superior specificity as compared to
conventional cancer screening methods, e.g. a PSA test, for the detection of prostate cancer. In
one embodiment, an ADAM protein, e.g. ADAM 12, is assayed from a sample, e.g., urine, with
ELISA. In one embodiment, GSTPI nucleic acid is assayed from a sample, e.g., urine, using
real time PCR or single molecule sequencing. In one embodiment, an ADAM protein, e.g.
ADAMI12, is assayed from a sample, e.g., urine, by binding an ADAM-specific aptamer to the
ADAM and then detecting the aptamer, using real-time PCR or single molecule sequencing. In
one embodiment, methylation levels in a nucleic acid coding GSTP1 are measured with MSP or
with single molecule sequencing.

It should be understood that any feature and/or aspect discussed above in connection with
the “methods for screening” apply by analogy to methods of diagnosing, monitoring etc.

As mentioned above ADAMS and ADAM10 can also work as a biomarker for bladder
cancer in a similar manner as ADAM12, thus it should be understood that any feature and/or
aspect discussed above in connection with the methods describing ADAM12 apply by analogy to
methods describing ADAMS and/or ADAMI10 according to the present invention.

The “methods” of the present invention may include, but is not limited to determining the
metastatic potential of a tumor or determining a patient's prognosis following discovery of a
tumor. Such methods may also be used for determining the effectiveness of a therapeutic regime
used to treat cancer or other disease involving the presence of elevated levels of any of the
markers described herein.

As mentioned, the terms “diagnostic method” or “monitoring method” or ““screening
method” or “prognostic method” are used interchangeably.

Human ADAM12 is produced in two splice variants, the prototype transmembrane
ADAMI2-L and the shorter secreted ADAM12-S. The bladder cancer microarray the present
inventors used only allowed us to determine the expression levels of ADAMI12-L, whereas for

unknown reasons ADAMI12-S was not detected. However, ADAM12-S mRNA could be

10
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detected from bladder cancer tissue by RT-PCR. The present inventors therefore conclude that
bladder cancers express both ADAMI12-L and ADAMI2-S. This is consistent with previous
studies that found that levels of RNA for both forms of ADAM12 were increased in cirrhosis,
hepatocelluar carcinomas, and liver metastases from colorectal cancers compared to normal
controls.

As described herein, detection of amounts of ADAM protein can be combined with
detection of amounts of methylation of GSTP1 nucleic acid to provide a multiplex assay with
high specificity for prostate cancer.

DNA methylation is an important regulator of gene transcription and likely plays a role in
the development and progression of a number of diseases, such as cancer. Methylation is
typically limited to cytosines located 5’ to a guanine (i.e., CpG sequences), however other forms
of methylation are known. Research suggests that genes with high levels of methylation in a
promoter region are transcriptionally silent, which may allow unchecked cell proliferation.
When a promoter region has excessive methylation, the methylation is typically most prevalent
in sequences having CpG repeats, so called “CpG islands.” Undermethylation
(hypomethylation) has also been implicated in the development and progression of cancer
through different mechanisms.

Several methods have been developed to identify and quantify methylation, especially in
CpG sites, e.g., CpG islands, that are implicated in silencing promoters. Methods include a
number of bisulfite treatment sequencing methods in which genomic DNA is isolated and treated
with bisulfite. Because methylated cytosines are not affected by bisulfite treatment, the
unmethylated Cs, e.g., within a CpG site, are converted to uracil, while methylated Cs are not
converted. After sequencing, comparison of the starting DNA and the bisulfate treated DNA
indicates the location of methylation sites.

Perhaps the most widely-used method of probing methylation patterns is methylation
specific PCR (MSP) which uses two sets of primers for an amplification reaction. One primer
set is complimentary to sequences whose Cs are converted to Us by bisulfite, and the other
primer set is complimentary to non-converted Cs. Using these two separate primer sets, both the
methylated and unmethylated DNA are amplified. Comparison of the amplification products
gives insight as to the methylation in a given sequence. See Herman et al., “Methylation-specific

PCR: A novel PCR assay for methylation status of CpG islands,” P.N.A.S., vol. 93, p. 9821-26
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(1996), which is incorporated herein by reference in its entirety. This technique can detect
methylation changes as small as £ 0.1%. In addition to methylation of CpG islands, many of the
sequences surrounding clinically relevant hypermethylated CpG islands can also be
hypermethylated, and are potential biomarkers.

Beyond MSP, it is also possible to measure methylation levels by using hybridization
probes that are specific for the products of bisulfate-converted nucleic acids using real-time PCR
with primers that not complimentary to the CpG island regions of interest, or primers that
hybridize to sequences adjacent to the CpG islands. Methods of using primers having abasic and
or mismatch regions corresponding to CpG islands are disclosed in copending U.S. Patent
Application No. 12/XXX, XXX “Primers for Analyzing Methylated Sequences and Methods of
use Thereof,” filed May 15, 2012, and incorporated by reference herein in its entirety.
Additionally, it is possible to determine an amount of methylation by amplifying and directly
sequencing nucleic acids by using single molecule sequencing.

Biomarkers associated with development of prostate cancer are shown in Sidransky (US
7,524,633), Platica (US 7,510,707), Salceda et al. (US 7,432,064 and US 7,364,862), Siegler et
al. (US 7,361,474), Wang (US 7,348,142), Ali et al. (US 7,326,529), Price et al. (US 7,229,770),
O’Brien et al. (US 7,291,462), Golub et al. (US 6,949,342), Ogden et al. (US 6,841,350), An et
al. (US 6,171,796), Bergan et al. (US 2009/0124569), Bhowmick (US 2009/0017463), Srivastava
et al. (US 2008/0269157), Chinnaiyan et al. (US 2008/0222741), Thaxton et al. (US
2008/0181850), Dahary et al. (US 2008/0014590), Diamandis et al. (US 2006/0269971), Rubin
et al. (US 2006/0234259), Einstein et al. (US 2006/0115821), Paris et al. (US 2006/0110759),
Condon-Cardo (US 2004/0053247), and Ritchie et al. (US 2009/0127454). The contents of each
of the articles, patents, and patent applications are incorporated by reference herein in their
entirety. Exemplary biomarkers that have been associated with prostate cancer include: PSA;
GSTP1; PAR; CSG; MIF; TADG-15; p53; YKL-40; ZEB; HOXC6; Pax 2; prostate-specific
transglutaminase; cytokeratin 15; MEK4; MIP1-8; fractalkine; IL-15; ERGS8; EZH2; EPC1;
EPC2; NLGN-4Y; kallikrein 11; ABP280 (FLNA); AMACR; AR; BM28; BUB3; CaMKK;
CASPASE3; CDK7; DYNAMIN; E2F1; E-CADHERIN; EXPORTIN; EZH2; FAS; GAS7;
GS28; ICBPI0; ITGAS; JAGGEDI; JAM1; KANADAPTIN; KLF6; KRIP1; LAP2; MCAM;
MIB1 (MKI67); MTA1; MUC1; MYOSIN-VI; P27; P63; P27; PAXILLIN; PLCLN;
PSA(KLK3); RAB27; RBBP; RIN1; SAPKa; TPD52; XIAP; ZAG; and semenogelin II.
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Antibodies of the invention bind to an epitope of these biomarkers that is present only in prostate
tissue, in which the presence of any one of the above epitopes in the prostate tissue is indicative
of prostate cancer in the subject.

Bladder Cancer

In one embodiment, a method for facilitating the diagnosis of cancer of epithelial origin
such as bladder cancer in a patient is provided. The method comprises obtaining a biological
sample from an individual and detecting the presence or absence of ADAMI12 or a fragment
thereof in the biological sample, wherein the presence of ADAMI12 or elevated levels of
ADAMI2 is indicative of the presence of cancer of epithelial origin. In the present context, the
cancer of epithelial origin may be selected from the group consisting of breast cancer, basal cell
carcinoma, adenocarcinoma, gastrointestinal cancer, lip cancer, mouth cancer, esophageal
cancer, small bowel cancer, stomach cancer, colon cancer, liver cancer, brain, bladder cancer,
pancreas cancer, ovary cancer, cervical cancer, lung cancer, skin cancer, prostate cancer, and
renal cell carcinoma.

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 may form
a tumor, but also terms currently used in the art such as but not limited to “early bladder cancer”
or “superficial bladder cancer” referring to non-invasive bladder tumors (e.g. type Ta or Tia as
determined in accordance with the AJCC guidelines) (Herr et al. 2001) is comprised in the
present wording.

Non-muscle invasive bladder tumors can be successfully removed by transurethral
resections, but the recurrence rate is high (30% to 70%), and the progression rate of superficially
invasive cancer (T1) to muscle-invasive cancer (T2-4) is up to 60% in long-term follow-up.
Extensive research has been undertaken to define biomarkers in urine that could either add to or
replace cytology in follow-up for low-grade/stage bladder tumors.

The Sample

In the present context, the term “sample” relates to any liquid or solid sample collected
from an individual to be analyzed. Preferably, the sample is liquefied at the time of assaying.

In another embodiment of the present invention, a minimum of handling steps of the sample is
necessary before measuring the level of ADAMI2. In the present context, the subject “handling

steps” relates to any kind of pre-treatment of the liquid sample before or after it has been applied
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to the assay, kit or method. Pre-treatment procedures includes separation, filtration, dilution,
distillation, concentration, inactivation of interfering compounds, centrifugation, heating,
fixation, addition of reagents, or chemical treatment.

In accordance with the present invention, the sample to be analyzed is collected from any
kind of mammal, including a human being, a pet animal, a zoo animal and a farm animal.

In yet another embodiment of the present invention, the sample is derived from any source such
as body fluids.

Preferably, this source is selected from the group consisting of milk, semen, blood,
serum, plasma, saliva, urine, sweat, ocular lens fluid, cerebral spinal fluid, cerebrospinal fluid,
ascites fluid, mucous fluid, synovial fluid, peritoneal fluid, vaginal discharge, vaginal secretion,
ejaculate, cervical discharge, cervical or vaginal swab material or pleural, amniotic fluid and
other secreted fluids, substances and tissue biopsies from organs such as the brain, heart and
intestine.

In one embodiment of the present invention relates to a method according to the present
invention, wherein said body sample or biological sample is selected from the group consisting
of blood, urine, pleural fluid, oral washings, vaginal washings, cervical washings, tissue biopsies,
and follicular fluid.

In one embodiment of the present invention relates to a method according to the present
invention, wherein said biological sample is selected from the group consisting of blood, tissue,
serum, urine, stool, sputum, cerebrospinal fluid, nipple aspirates, and supernatant from cell
lysate.

Another embodiment of the present invention relates to a method, wherein said biological
sample is selected from the group consisting of urine, blood, plasma and serum.

In one embodiment of the present invention relates to a method according to the present
invention, wherein said sample is urine.

In one embodiment of the present invention relates to a method according to the present
invention, wherein said sample is a tissue biopsy.

The sample taken may be dried for transport and future analysis. Thus the method of the
present invention includes the analysis of both liquid and dried samples.

Clinical Sample—It is understood that a “clinical sample” encompasses a variety of

sample types obtained from a subject and useful in the procedure of the invention, such as for
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example, a diagnostic, a screening test or monitoring test of ADAMSE, ADAMI10 or ADAM12
levels. The definition encompasses as described solid tissue samples obtained by surgical
removal, a pathology specimen, an archived sample, or a biopsy specimen, tissue cultures or
cells derived there from and the progeny thereof, and sections or smears prepared from any of
these sources. Non-limiting examples are samples obtained from bladder tissue, lymph nodes,
and bladder tumors. The definition also encompasses blood, bone marrow, spinal fluid, and other
liquid samples of biologic origin, and may refer to either the cells or cell fragments suspended
therein, or to the liquid medium and its solutes.

A control sample is a source of cells or tissue for comparison purposes. A control sample
may include, inter alia, cancer-free tissue or an archived pathology sample containing any of the
markers at various levels for use as control.

Determining the ADAMI12 Level
The determination of the level of an identified marker, such as ADAMS, ADAM10

and/or ADAM]12 in a sample can be obtained by any detecting assay known to the skilled
addressee, such as but not limited to immunoassays, gene expression assays and other known
assays such as but not limited to arrays.

In one embodiment, the assay or a device operating said assay may be selected from the
group consisting of an assay, an immunoassay, a stick, a dry-stick, an electrical device, an
electrode, a reader (spectrophotometric readers, IR-readers, isotopic readers and similar readers),
histochemistry, and similar means incorporating a reference, filter paper, color reaction visible
by the naked eye.

Human ADAM12 exists in two forms ADAMI12-L (long) and ADAMI2-S (short), the
latter being the secreted form of ADAMI12. ADAMI12-S differs from ADAMI12-L at the C-
terminal end in that it does not contain the transmembrane and cytoplasmatic domains.
ADAMI2-S binds to and has proteolytic activity against insulin-like growth factor binding
protein (IGFBP)-3 and, to a lesser extent, IGFBP-5. In vitro cleavage of the 44-kDa IGFBP-3 by
ADAMI?2 yields several fragments of 10 to 20 kDa and is independent of insulin-like growth
factor (IGF) I and II. IGF I and II are proinsulin-like polypeptides that are produced in nearly all
fetal and adult tissues. Lack of IGF I and II causes fetal growth retardation in mice. The cleavage

of IGFBPs into smaller fragments with reduced affinity for the IGFs reverses the inhibitory
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effects of the IGFBPs on the mitogenic and DNA stimulatory effects of the IGFs. Seventy-five
percent of the IGFs are bound to IGFBP-3 in plasma.

Thus, one embodiment of the present invention relates to determination of level of
ADAMI2 in a sample, wherein the ADAM]12 can be both the ADAMI12-L (long) and ADAM]12-
S (short) form.

In another embodiment the ADAM12 level is determined by determining ADAM12-L.

In another embodiment the ADAM12 level is determined by determining ADAM12-S.

It is further understood by those of ordinary skill in the art, that ADAMI12 is a member of
a complex family of at least 33 similar genes. It is in addition possible that multiple forms of
ADAMI2 with small differences in amino acid sequences, or other small differences, may be
synthesized. It is further possible that one or more of the ADAMI12 genes are expressed, thereby
producing a unique variant or variants (previously referenced as nicked or fragmented or
aberrant forms) ADAMI12.

According to the present invention these variants could be measured by conventional
immunological techniques for measuring e.g. ADAMI12. An assay produced to measure the
specific ADAM]12 variant, or variants, associated with bladder cancer may result in even further
enhancement of detection efficiency.

Another embodiment of the present invention relates to determination of level of
ADAMI2 polypeptide in a sample in the form of mRNA originating from ADAM12 expression,
including all splice variants of ADAMI2.

Antibodies or binding reagents that specifically detect the markers disclosed herein may
also be used to determine the level of the markers.

An “antibody” (interchangeably used in plural form) is an immunoglobulin molecule capable of
specific binding to a target, such as a polypeptide, through at least one antigen recognition site.
As used herein, the term encompasses not only intact antibodies, but also fragments thereof,
mutants thereof, fusion proteins, humanized antibodies, and any other modified configuration of
the immunoglobulin molecule that comprises an antigen recognition site of the required
specificity. An antibody against the markers disclosed are used in the methods of the invention.

Thus in one embodiment, the determining step comprises detecting the level of ADAMI12

with an antibody that recognises e.g. ADAMI2.
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In one embodiment the antibody may be selected from the group consisting of
monoclonal antibodies and polyclonal antibodies.

In one embodiment the antibody is labelled. Such labels may be selected from the group
consisting of biotin, fluorescent molecules, radioactive molecules, chromogenic substrates,
chemi-luminescence and enzymes.

Additional support is provided in the results reported by Irwin et al. (2000) showing that
human placental trophoblasts secrete a disintegrin and metalloprotease that cleaves IGFBP-3, is
active at neutral and alkaline pH, and sensitive to o-phenanthroline. The protease secreted by
trophoblasts could be ADAM12 because mRNA for ADAMI2 is particularly abundant in the
placenta, and has the same apparent characteristics

Thus, another embodiment of the present invention relates to determination of level of
e.g. ADAM12 polypeptide in a sample, wherein said level is calculated by measuring the
specific ADAMI2 protease activity, preferably by detecting cleavage of IGFBP-3, a derivative
thereof, or any other suitable substrate for ADAM12.

In this study, ADAM12 mRNA expression was assessed by microarray analysis for the
first time. Using microarrays, the present inventors found that bladder cancers express increased
amounts of ADAMI12 mRNA and that the level strongly correlates with disease status.

Thus in an embodiment, the present invention relates to a method as described herein
wherein said determination of the level is carried out on a DNA array.

The present inventors established a qPCR method for ADAM]12 that confirmed the
increase of ADAM12 mRNA in bladder cancer.

Thus in embodiment, the present invention relates to a method as described herein
wherein said determination of the level is carried out by qPCR.

Furthermore, in situ hybridization showed that the bladder cancer cells are the site of
ADAMI?2 gene expression.

Thus in embodiment, the present invention relates to a method as described herein
wherein said determination of the level is carried out by in situ hybridization.

Immunohistochemistry demonstrated that the protein expression pattern of ADAM12
correlates with tumor grade and stage.

Thus in embodiment, the present invention relates to a method as described herein

wherein said determination of the level is carried out Immunohistochemistry.
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Detection Level of ADAM12 in the Urine

In the present application, the present inventors found that while the urine level of
ADAMI12 was low in all healthy individuals, the urine levels of ADAMI12 significantly
increased in all patients with superficial non-invasive tumors (Ta), superficial invasive (T1), and
were highest in patients with invasive cancers (T2-4). The present inventors also analyzed two
cases of Ta tumors and four cases of T1 tumors that eventually progressed to T2-4 tumors.

The present inventors found that in most of these bladder cancer cases the level of ADAMI12 in
the urine decreased following surgery, was minimal during the tumor-free period, but then
increased again upon recurrence of tumor. Thus, monitoring ADAMI2 in the urine of bladder
cancer patients might be a useful non-invasive diagnostic test, and it is possible that urinary
ADAMI12 could even be a marker of primary bladder cancer. Compared to cytology,
measurement of ADAMI12 levels was a more sensitive marker for detecting early-stage and/or
low grade tumors. Cytology is known to be less sensitive in early-stage and low-grade cancers,
therefore a combination of cytology and measurements of the ADAMI2 level could increase the
sensitivity to almost 100%.

To further validate the sensitivity, a larger sample size needs to be examined, and a larger
study of patients with non-neoplastic bladder disorders should be included to predict the
specificity of the assay. This study thus adds to our recent study on breast cancer, in which the
present inventors reported that increased urinary levels of ADAMI12 were found to correlate with
breast cancer progression. In fact, the present inventors found that the “strength” (i.e., with
regard to sensitivity, accuracy, and false-negative ratios) of ADAMI2 in differentiating patients
with breast cancer from those without was comparable to a number of other tumor markers
currently in clinical use. Together, these two studies strongly advocate for further studies to
determine the efficacy of urinary ADAM]12 level as a routine biomarker for the prediction,
diagnosis, and monitoring of progression of disease.

The present inventors here shows that ADAM]12 is present in increased amounts in urine
from bladder cancer patients when compared with the levels found in the urine of healthy
controls.

In the present study, the present inventors were able to detect ADAM12 in the urine from
all healthy individuals tested, whereas previously it was found that ADAM12 was only detected

in about 15% of control samples. The difference in detection rate could be related to differences
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in sampling and storage of the specimens or the membranes used for electrophoretic transfers in
the two studies.

The present inventors have found that Immobilon-P (PDVF) membranes more sensitive
than nitrocellulose. The present inventors investigated which cells in the bladder might produce
ADAMI2 found in the normal urine.

Immunohistochemistry analysis of normal urothelium with an antibody that recognizes
both ADAM12-L. and ADAM12-S demonstrated that the umbrella cells, the outer layer of
specialized cells, exhibited strong immunostaining, while the underlying epithelium stained more
weakly.

The present inventors therefore suggest that the normal urothelium represents the most
likely source of ADAMI12 in normal urine. The identity of ADAMI12 in urine was validated
using a number of different domain-specific antibodies. ADAM12 appears as a 68 kDa protein
band representing the mature form and a 27 kDa band representing the prodomain that remains
associated with the rest of the molecule following secretion. The 68 kDa band could represent
the mature form of ADAM12-S, a shed or otherwise truncated form of ADAM12-L, or a mixture
of the two. To examine whether ADAM12-S is present in the urine of bladder cancer patients,
the present inventors examined urine using a polyclonal antibody that specifically recognizes a
carboxy-terminus ADAM12-S peptide. The 68 kDa band was detected in urine from bladder
cancer patients, confirming the presence of ADAM12-S. In contrast, polyclonal antibodies
against the carboxy-terminus of ADAMI12-L did not detect a band in bladder cancer urine,
suggesting that full-length ADAMI12-L or a fragment truncated at the N-terminal part is not
present in significant amounts (data not shown). It is still possible, however, that ADAM12-L
could be shed from cell membranes and appear in the urine as a “tailless fragment.” Both
previous studies (22) and the data obtained in the present study demonstrate that the level of
ADAMI2 is increased in the urine of cancer patients. The present inventors hypothesize that
ADAMI12 is produced by the tumor cells and escapes into the urine—and may be designated
“tumor ADAMI12.” The present inventors also suggest that the normal urothelium produces more
ADAMI2 in the presence of a neighboring tumor—and may be designated “cytokine-induced
ADAMI12”.

Using densitometric quantitation of the 68 kDa band, the present inventors found

approximately 4-10 ng ADAMI12/ml urine in cancer urine.

19



WO 2013/173476 PCT/US2013/041183

In normal urine, ADAM12 was only weakly detected ie less than 1 pg/ml urine (FIG.
SD.E).

Thus in one embodiment, the present invention relates to any of the methods disclosed
herein, wherein the sample obtained and used is a urine sample.

Specificity and Sensitivity

The present invention relates to methods for determining whether an individual is likely
to have cancer, comprising determining the ADAMS, ADAM10 and/or the ADAM12 level in a
sample and indicating the individual as having a high likelihood of having cancer if the
parameter is at or beyond a discriminating value and indicating the individual as unlikely of
having cancer if the parameter is not at or beyond the discriminating value.

The discriminating value is a value which has been determined by measuring the
parameter in both a healthy control population and a population with known cancer thereby
determining the discriminating value which identifies the cancer population with either a
predetermined specificity or a predetermined sensitivity based on an analysis of the relation
between the parameter values and the known clinical data of the healthy control population and
the cancer population. The discriminating value determined in this manner is valid for the same
experimental setup in future individual tests.

Thus, in one embodiment, the present invention relates to a method as described herein,
wherein the reference level is predetermined.

The sensitivity of any given diagnostic test define the proportion of individuals with a
positive response who are correctly identified or diagnosed by the test, e.g. the sensitivity is
100%, if all individuals with a given condition have a positive test. The specificity of a given
screening test reflects the proportion of individuals without the condition who are correctly
identified or diagnosed by the test, e.g. 100% specificity is, if all individuals without the
condition have a negative test result.

Sensitivity is defined as the proportion of individuals with a given condition, who are
correctly identified by the described methods of the invention.

Specificity herein is defined as the proportion of individuals without the condition, who

are correctly identified by the described methods of the invention.
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Again it should be understood that any feature and/or aspect discussed above in
connection with the methods of ADAM]12 according to the invention apply by analogy to the
ADAMS and/or ADAM10 according to the invention.

Receiver-Operating Characteristics

Accuracy of a diagnostic test is best described by its receiver-operating characteristics
(ROC) (see especially Zweig, M. H., and Campbell, G., Clin. Chem. 39 (1993) 561-577). The
ROC graph is a plot of all of the sensitivity/specificity pairs resulting from continuously varying
the decision threshold over the entire range of data observed.

The clinical performance of a laboratory test depends on its diagnostic accuracy, or the
ability to correctly classify subjects into clinically relevant subgroups. Diagnostic accuracy
measures the test's ability to correctly distinguish two different conditions of the subjects
investigated. Such conditions are for example health and disease, latent or recent infection versus
no infection, or benign versus malignant disease.

In each case, the ROC plot depicts the overlap between the two distributions by plotting
the sensitivity versus 1—specificity for the complete range of decision thresholds. On the y-axis
is sensitivity, or the true-positive fraction [defined as (number of true-positive test results)
(number of true-positive+number of false-negative test results]. This has also been referred to as
positivity in the presence of a disease or condition. It is calculated solely from the affected
subgroup. On the x axis is the false-positive fraction, or 1—specificity [defined as (number of
false-positive results)/(number of true-negative+number of false-positive results)]. It is an index
of specificity and is calculated entirely from the unaffected subgroup.

Because the true- and false-positive fractions are calculated entirely separately, by using
the test results from two different subgroups, the ROC plot is independent of the prevalence of
disease in the sample. Each point on the ROC plot represents a sensitivity/-specificity pair
corresponding to a particular decision threshold. A test with perfect discrimination (no overlap in
the two distributions of results) has an ROC plot that passes through the upper left corner, where
the true-positive fraction is 1.0, or 100% (perfect sensitivity), and the false-positive fraction is 0
(perfect specificity). The theoretical plot for a test with no discrimination (identical distributions
of results for the two groups) is a 45° diagonal line from the lower left corner to the upper right
corner. Most plots fall in between these two extremes. (If the ROC plot falls completely below

the 450 diagonal, this is easily remedied by reversing the criterion for “positivity” from “greater
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than” to “less than” or vice versa.) Qualitatively, the closer the plot is to the upper left corner, the
higher the overall accuracy of the test.

One convenient goal to quantify the diagnostic accuracy of a laboratory test is to express
its performance by a single number. The most common global measure is the area under the
ROC plot. By convention, this area is always =0.5 (if it is not, one can reverse the decision rule
to make it so). Values range between 1.0 (perfect separation of the test values of the two groups)
and 0.5 (no apparent distributional difference between the two groups of test values). The area
does not depend only on a particular portion of the plot such as the point closest to the diagonal
or the sensitivity at 90% specificity, but on the entire plot. This is a quantitative, descriptive
expression of how close the ROC plot is to the perfect one (area=1.0).

Clinical utility of the markers described herein may be assessed in comparison to and in
combination with other diagnostic tools for the given conditions.

The specificity of the method according to the present invention may be from 70% to
100%, more preferably 80% to 100%, more preferably 90% to 100%. Thus in one embodiment
of the present invention the specificity of the invention is 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%., 94%, 95%., 96%, 97%, 98%, 99% or 100%.

The sensitivity of the method according to the present invention may be from 70% to 100%,
more preferably 80% to 100%, more preferably 90% to 100%. Thus in one embodiment of the
present invention the sensitivity of the invention is 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%., 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%.

The level of ADAMI12 is compared to a set of reference data or a reference value such as
the cut off value to determine whether the subject is at an increased risk or likelihood of e.g.
bladder cancer.

To increase detection efficiency the method is further combined with at least one clinical
data described below as an extra set of reference data to determine whether the subject is likely
to have bladder cancer.

To determine whether the mammal is at increased risk of bladder cancer, a cut-off must
be established. This cut-off may be established by the laboratory, the physician or on a case by
case basis by each patient.

Alternatively cut point can be determined as the mean, median or geometric mean of the

negative control group (e.g. not affected, healthy unexposed)+/—one or more standard deviations.
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Cut off points can vary based on specific conditions of the individual tested such as but not
limited to the risk of having the disease, occupation, geographic residence or exposure.

Cut off points can vary based on specific conditions of the individual tested such as but not
limited to age, sex, genetic background, acquired or inherited compromised immune function.
Doing adjustment of decision or cut off limit will thus determine the test sensitivity for detecting
bladder cancer, if present, or its specificity for excluding bladder cancer if below this limit. Then
the principle is that a value above the cut off point indicates an increased risk and a value below
the cut off point indicates a reduced risk.

In addition test samples with indeterminate results must be interpreted separately.
Indeterminate results are defined as result with an unexpectedly low level of CCLS in the
mitogen stimulated sample (PHA). The final cut point for an indeterminate CCLS results may be
decided according to the study group, especially in immunosuppressed the cut off level may be
selected at a lower level.

Cut Off Levels

As will be generally understood by those of skill in the art, methods for screening for
bladder cancer are processes of decision making by comparison. For any decision making
process, reference values based on subjects having the disease or condition of interest and/or
subjects not having the disease or condition of interest are needed.

The cut off level (or the cut off point) can be based on several criteria including the
number of subjects who would go on for further invasive diagnostic testing, the average risk of
having and/or developing e.g. bladder cancer to all the subjects who go on for further diagnostic
testing, a decision that any subject whose patient specific risk is greater than a certain risk level
such as e.g. 1 in 400 or 1:250 (as defined by the screening organization or the individual subject)
should go on for further invasive diagnostic testing or other criteria known to those skilled in the
art.

The cut-off level can be adjusted based on several criteria such as but not restricted to
group of individual tested. E.g. the cut off level may be lower in individuals with
immunodeficiency and in patients at great risk of bladder cancer, cut off may be higher in groups
of otherwise healthy individuals with low risk of developing bladder cancer.

The discriminating value is a value which has been determined by measuring the

parameter in both a healthy control population and a population, as described above.
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In the specific experimental setups described herein the level threshold of ADAMI12 useful as a
cut off value was found to be in the range of but not limited to 14 pg/ml to 1000 pg/ml.
Preferably the cut off value may be 1 pg/ml, 2 pg/ml, 3 pg/ml, 4 pg/ml, 5 pg/ml, 6 pg/ml, 7
pg/ml, 8 pg/ml, 9 pg/ml, 10 pg/ml, 11 pg/ml, 12 pg/ml, 13 pg/ml, 14 pg/ml, or 15 pg/ml.
Dilution of sample or other parameters will result in other values, which can be determined in
accordance with the teachings herein. Other experimental setups and other parameters will result
in other values, which can be determined in accordance with the teachings herein.

Large Group Screening

The cut off level can be different, if a single patient with symptoms has to be diagnosed
or the test is to be used in a screening of a large number of individuals in a population.

Although any of the known analytical methods for measuring the levels of these analytes
will function in the present invention, as obvious to one skilled in the art, the analytical method
used for each marker must be the same method used to generate the reference data for the
particular marker. If a new analytical method is used for a particular marker, a new set of
reference data, based on data developed with the method, must be generated.

Statistics

The multivariate DISCRIMINANT analysis and other risk assessments can be performed
on the commercially available computer program statistical package Statistical Analysis System
(manufactured and sold by SAS Institute Inc.) or by other methods of multivariate statistical
analysis or other statistical software packages or screening software known to those skilled in the
art.

As obvious to one skilled in the art, in any of the embodiments discussed above,
changing the risk cut-off level of a positive test or using different a priori risks which may apply
to different subgroups in the population, could change the results of the discriminant analysis for
each group.

A stability tests may be propose where ADAMI2 is highly stable with routine handling
(i.e. freezing or storage for prolonged periods of time at temperatures below 10 degrees C.); thus,
the present inventors conclude that ADAMI12 is an attractive analyte for clinical use. The data
presented here suggest that ADAMI2 is a potentially valuable marker for use in prognosis,
diagnosis, monitoring and screening of bladder cancer.

Different Expression
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As used herein, the term “differential expression” refers to a difference in the level of
expression of the RNA and/or protein products ADAM 12 possibly in combination with one or
more combinatorial 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 said sample 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

25



WO 2013/173476 PCT/US2013/041183

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 15 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 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.

Grading

The stage of a cancer tells the skilled person how far the cancer has spread. It is important
because treatment is often decided according to the stage of a cancer. There are different ways of
staging cancers. The most common is the TNM system. This is common to all cancers. TNM
stands for ‘tumor, node, metastasis’.

So this staging system takes into account how deep the tumor has grown into the bladder,
whether there is cancer in the lymph nodes and whether the cancer has spread to any other part of
the body. The TNM system is a quick and detailed way of writing down the stage of a cancer

accurately.
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Another way of staging cancers is number staging. This is used for other cancers, but not
so much for bladder cancer. There are usually 4 main stages. Stage 1 is the earliest cancer and
stage 4 the most advanced. With bladder cancer, it is more usual to refer to early (or superficial)
bladder cancer, invasive bladder cancer and advanced bladder cancer.

Cancer grade means how well developed the cell looks like under the microscope. The
more the cancer cell looks like a normal cell, the more it will behave like one

Cancer cells are usually classed as low, medium or high grade. Other may talk about
grades 1, 2, or 3, where G1 is low grade. A low grade cancer is likely to be less aggressive in its
behaviour than a high grade one. One cannot be certain how the cells will behave, but grade is a
useful indicator.

Post Treatment

The present invention describes with a desired certainty whether an individual does or
does not have recurrent bladder cancer. The present invention can be used to determine
individuals with high likelihood to have such conditions, additional follow-up medical
procedures may be recommended to determine if the individual in fact has the condition.

The differentially expressed ADAM genes identified herein also allow for the course of
treatment of bladder cancer to be monitored. The present inventors e.g. found that in most of
these bladder cancer cases the level of ADAM12 in the urine decreased following surgery, was
minimal during the tumor-free period, but then increased again upon recurrence of tumor
In this sense, a test cell population is provided from a subject undergoing treatment for bladder
cancer. If desired, test cell populations are obtained from the subject at various time points,
before, during, and/or after treatment. Expression of one or more of the ADAM genes in the test
cell population is then determined and compared to expression of the same genes in a reference
cell population which includes cells whose bladder cancer state is known. In the context of the
present invention, the reference cells have not been exposed to the treatment of interest.

If the reference cell population contains no bladder cancer cells, a similarity in the expression of
an ADAM gene in the test cell population and the reference cell population indicates that the
treatment of interest is efficacious. However, a difference in the expression of an ADAM gene in
the test cell population and a normal control reference cell population indicates a less favorable
clinical outcome or prognosis. Similarly, if the reference cell population contains bladder cancer

cells, a difference between the expression of an ADAM gene in the test cell population and the
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reference cell population indicates that the treatment of interest is efficacious, while a similarity
in the expression of an ADAM gene in the test population and a bladder cancer control reference
cell population indicates a less favorable clinical outcome or prognosis.

Additionally, the expression level of one or more ADAM genes determined in a
biological sample from a subject obtained after treatment {i.e., post-treatment levels) can be
compared to the expression level of the one or more ADAM genes determined in a biological
sample from a subject obtained prior to treatment onset (i.e., pre-treatment levels).

If the ADAM gene is an up-regulated gene, a decrease in the expression level in a post-
treatment sample indicates that the treatment of interest is efficacious while an increase or
maintenance in the expression level in the post-treatment sample indicates a less favorable
clinical outcome or prognosis.

Conversely, if the ADAM gene is a down-regulated gene, an increase in the expression
level in a post-treatment sample can indicate that the treatment of interest is efficacious while a
decrease or maintenance in the expression level in the post-treatment sample indicates a less
favorable clinical outcome or prognosis.

As used herein, the term “efficacious” indicates that the treatment leads to a reduction in
the expression of a pathologically up-regulated gene, an increase in the expression of a
pathologically down-regulated gene or a decrease in size, prevalence, or metastatic potential of
the cancer in a subject.

When a treatment of interest is applied prophylactically, the term “efficacious” means
that the treatment retards or prevents a bladder cancer tumor from forming or retards, prevents,
or alleviates a symptom of clinical bladder cancer. Assessment of bladder cancer tumors can be
made using standard clinical protocols.

In addition, efficaciousness can be determined in association with any known method for
diagnosing or treating bladder cancer. Bladder cancer can be diagnosed, for example, by
identifying symptomatic anomalies, e.g., weight loss, abdominal pain, back pain, anorexia,
nausea, vomiting and—generalized malaise, weakness, and jaundice.

It is known in the art that the level of any disease-specific molecular marker may increase
as a response to e.g. surgical operation performed to remove the primary tumor. Accordingly, a
sample taken shortly after the surgery may have e.g. an elevated ADAM12 level irrespectively of

the presence or absence of recurrent colorectal cancer, simply due to the post-treatment trauma
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and stress. Given this knowledge, a skilled practioner will select a suitable timing for initiating
the monitoring of e.g. ADAM12 shortly after the treatment. Nonetheless, any moment may be
selected.

Based on this knowledge, a skilled practitioner will initiate the monitoring of the
ADAMI2 level e.g. 3 months after the treatment. If the ADAM12 level decreases to below the
pre-determined ADAMI12 level at any time between 3 months after surgery and e.g. 6 months
after surgery and persistently stays below the pre-determined level, the individual will be likely
not to have recurrent bladder cancer. However, if the ADAM12 level remains at substantially the
same level or even increases after treatment such as but not limited to removal of the tumor as
was measured before surgery, the patient is likely to have recurrent bladder cancer.

The 3 month period post-treatment before taking the sample to determine the ADAMI12
level is similar to recommendations for the use of CEA as recurrent cancer marker. According to
these recommendations samples are taken in three months intervals after the treatment during the
first year and in six months intervals thereafter.

Marker

As used herein, the term “marker” or “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.

Combination with Other Markers

In one embodiment, measuring e.g. ADAM]12 in combination with one or more of
combinatorial marker may reduce the number of false positive and increase the discriminatory
power.

Thus in one embodiment, the present invention relates to methods as described herein,
wherein the ADAMI12 level is combined with values from at least one combinatorial marker,
such as but not limited to ADAMS and ADAM10. Any marker or test correlating to bladder
cancer or even cancer in general known to the skilled addressee may be selected.

In one embodiment the present invention the combinatorial marker is selected from the group

consisting of ADAMSE, ADAM10, MMP2 and MMP9.

29



WO 2013/173476 PCT/US2013/041183

Bladder tumor antigen (BTA), nuclear matrix protein 22 (NMP22), fibronectin and its
fragment, and cytokeratin (CK) 8, 18, 19, and 20 are among the most commonly evaluated
markers, thus is included in the term ‘“combinatorial biomarkers of the invention”, which also
refers e.g. to any one or more biomarkers as disclosed in WO 06/121710 hereby expressly
incorporated by reference in its entirety.

Commonly used test is the ImmunoCyt test. This is another test for cancer-related
substances in the urine and may be more sensitive than cytology for certain cancers. Other tests
include the BTA stat test, and the UroVysion test which looks at the DNA of the cells in bladder
washings. Some doctors find these tests useful, but most feel more research is needed before they
should be used routinely. But with the addition of e.g. ADAMI12 to such tests high
discriminatory power is obtained.

Combination with Cytology

The discriminatory power may also be enhanced by combining the level of e.g ADAM12
with the other clinical and cytological characteristics of bladder cancer.

In most cases, blood in the urine (hematuria) is the first warning signal of bladder cancer.
Sometimes, there is enough blood to color the urine. Depending on the amount of blood, the
urine may be very pale yellow-red or, less often, darker red.

In other cases, the color of the urine is normal but small amounts of blood can be found
by urine tests done because of other symptoms or as part of a general medical check-up.

Blood in the urine is not a sure sign of bladder cancer. It may also be caused by infections
of the kidneys, bladder, or urethra, other benign kidney diseases, benign tumors of the kidney,
bladder or ureter, and kidney or bladder stones. Blood may be present one day and absent the
next, with the urine remaining clear for weeks or months. With bladder cancer, blood eventually
reappears. Usually the early stages of bladder cancer cause bleeding but little or no pain.

Change in bladder habits or irratative symptoms: Having to urinate more often than usual
or having a feeling of needing to go but not being able to is also a symptom of bladder cancer.
Rarely, people with bladder cancer notice burning during urination.

If bladder cancer is suspected, doctors will recommend a cystoscopy. A cystoscope is a
slender tube with a lens and a light. It is placed into the bladder through the urethra. It permits
the doctor to view the inside of the bladder. This can be done in the office by a urologist, a

specialist in diseases of the urinary system. Usually the first cystoscopy will be with a small
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flexible fiberoptic device. Some sort of local anesthesia is used such as an anesthetic gel, but it
can be general or spinal. If suspicious areas or growths are seen, a small piece of tissue is
removed and examined (biopsy). Also at this time washings will be done for cytology.

Fluorescence cystoscopy may be used at the time of cystoscopy by e.g use of porphyrins.

Urine cytology: The urine is examined under a microscope to look for cancerous or
precancerous cells. Cytology will also be done on bladder washings taken at the time of
cystoscopy. Bladder washing samples are taken by placing a salt solution into the bladder
through a catheter and then removing the solution for microscopic testing. If the test does not
find cancer, this doesn't mean there isn't any there. The test can sometimes fail to find cancer.

Urine culture: A urine culture is done to rule out an infection. Infections and bladder
cancers can sometimes cause similar symptoms. A sample of urine is tested in the lab to see if
bacteria are present. It may take 48 to 72 hours to get the results of this test.

Biopsy: A sample of bladder tissue is removed from a suspicious area or growth, using
instruments operated through the cystoscope. The sample is examined under the microscope by a
pathologist. The biopsy procedure can identify bladder cancers and tell what type of cancer
(urothelial carcinoma, squamous cell carcinoma, adenocarcinoma, etc.) is present. It can also tell
how deeply the cancer has penetrated.

Imaging test such as Intravenous pyelogram (IVP), Retrograde pyelography, Chest x-ray,
Computed tomography (CT), Magnetic resonance imaging (MRI) scans, Ultrasound, Bone scans,
and Positron Emission Tomography (PET) scans may be combined with the markers of the
present invention.

Theranostic

The term theranostics describes the use of diagnostic testing to diagnose the disease,
choose the correct treatment regime and monitor the patient response to therapy.

In traditional medical practice therapeutic choices follow diagnosis, which may be based on
clinical signs alone, or may be made in conjunction with an in vivo or in vitro diagnostic test.
However, the effectiveness of the prescribed drug therapy and the likelihood of side effects often
cannot be predicted for individual patients.

Theranostics (therapy specific diagnostics) are being developed specifically for

predicting and assessing drug response in individual patients rather than diagnosing disease.
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Theranostic tests can be used to select patients for treatments that are particularly likely
to benefit them and unlikely to produce side-effects. They can also provide an early and
objective indication of treatment efficacy in individual patients, so that (if necessary) the
treatment can be altered with a minimum of delay.

Theranostics holds the key to improving the success rate of drug candidates entering
clinical trials (currently around 20%) and to marketing approved drugs more effectively.

Future progress in theranostics will draw on developments in pharmacogenomics, which
seeks to establish correlations between responses to specific drugs and the genetic profiles of
patients. The most common form of genetic profiling relies on the use of DNA sequence
variations called single nucleotide polymorphisms (SNPs). Currently patient genetic data is used
mainly to make drug development more efficient and cost-effective. SNP genotyping is being
used to determine genotypes associated with drug responsiveness, side effects, or optimal dose.
Nova Molecular pioneered SNP genotyping of the apolipoprotein E gene to predict Alzheimer's
disease patients' responses to cholinomimetic therapies and it is now widely used in clinical trials
of new drugs for this indication. Stratifying patients according to variables that may be predictors
of safety or efficacy can enhance the statistical power of a clinical trial.

DNA microarray technologies are being used increasingly to evaluate patient-to-patient
variations in both gene sequence and gene expression.

Personalized medicine is the use of detailed information about a patient's genotype or
level of gene expression and a patient's clinical data in order to select a medication, therapy or
preventative measure that is particularly suited to that patient at the time of administration.

The benefits of this approach are in its accuracy, efficacy, safety and speed. The term
emerged in the late 1990s with progress in the Human Genome Project. Research findings over
the past decade, or so, in biomedical research have unfolded a series of new, predictive sciences
that share the appendage-omics (genomics, proteomics, metabolomics, cytomics). These are
opening the possibility of a new approach to drug development as well as unleashing the
potential of significantly more effective diagnosis, therapeutics, and patient care.

Thus in one aspect, the present invention relates to a method for treating bladder cancer
comprising:

identifying a mammal expressing elevated levels of ADAMS, ADAMI10 and/or
ADAMI12, and
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administering to said mammal an effective amount of a drug sufficient to reduce tumor
growth or prevent metastasis.

Drugs commonly used to treat bladder cancer include valrubicin (Valstar®), thiotepa
(Thioplex®), mitomycin, and doxorubicin (Rubex®).

Kits

In one embodiment the present invention relates to a kit comprising a detection reagent
which binds to nucleic acid sequences comprising ADAM or GSTP1 and/or polypeptides
encoded thereby for the determination of cancer. In a specific embodiment of such kit reagent is
an antibody against the ADAMI12 protein.

The present invention provides kits for measuring the expression of the protein and RNA
products of ADAMI2 in combination with 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 combinational biomarkers mentioned
herein.

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 the sample (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.; (8) protein purification reagents; (9) signal generation and detection reagents,
e.g., streptavidin-alkaline phosphatase conjugate, chemifluorescent or chemiluminescent
substrate, and the like; and (10) methylation primers.

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 Kkits.

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
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nucleic acid members of the invention and packaging means therefore. Alternatively the protein
or nucleic acid members of the invention may be pre-packaged 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
transcriptase; (c) one or more thermos table polymerases; and (d) Sybr® Green. In another
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 diagnosing individuals as having cancer or
grading patients having 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 cancer based upon the expression of protein or RNA products of ADAM. e.g.,
ADAMI12, and GSTP1, possibly in combination with 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 other biomarkers. The kits are also useful
for detecting, diagnosing, monitoring and prognosing cancer, €.g., prostate cancer, based upon
the expression of protein, DNA, or RNA products of GSTPI.

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
combinatorial 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 combinatorial biomarkers of the invention.
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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 ADAM or
GSTP1 in combination with 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 combinatorial
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 ADAM or GSTP1 together with a combinatorial 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 combinatorial biomarkers.

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 ADAM or GSTP1 possibly
in combination with 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 combinatorial
biomarkers.

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.

For nucleic acid microarray kits, the kits generally comprise probes attached to a solid
support surface. The probes may be labeled 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 ADAM or GSTP1 possibly in combination with any number of
upto1,2,3,4,5,6,7,8,9, 10, 15, 20, 25, 30, 35, 40, 45, 50, all or any combination of the
combinatorial biomarkers.

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
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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 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 Kkits, 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 ADAM or GSTP1 possibly in combination with 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 combinatorial. 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 ADAM or GSTP1 and possibly 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 combinatorial biomarkers.
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 prostate 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, e.g., 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 ADAM or GSTP1 and 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
combinatorial 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 ADAM or GSTP1 and any
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combinatorial protein of interest (e.g., a protein product of any number ofupto 1,2,3,4,5,6,7,
8,9, 10, 15, 20, 25, 30, 35, 40, 45, 50, or any combination of combinatorial); 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
antibody-based 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 antibody-based
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.
Reference

In order to determine the clinical severity of bladder cancer, means for evaluating the
detectable signal of the present markers measured involves a reference or reference means.

The reference also makes it possible to count in assay and method variations, kit
variations, handling variations and other variations not related directly or indirectly to the various
ADAMI12 levels.

In the context of the present invention, the term “reference” relates to a standard in
relation to quantity, quality or type, against which other values or characteristics can be
compared, such as e.g. a standard curve.

In one embodiment the reference level is predetermined.

The reference data reflect the level of ADAM 12 for subjects having bladder cancer (also
referred to as affected, exposed, vaccinated, infected or diseased) and/or the level of ADAMI12
for normal subjects (also referred to as unaffected, unexposed, un vaccinated, uninfected, or
healthy).

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” refers 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.

37



WO 2013/173476 PCT/US2013/041183

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 poly-deoxyribonucleotide, which may be unmodified RNA or DNA or
modified RNA or DNA or any combination thereof. “Nucleic acids™ include, without limitation,
single- and double-stranded 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 double-stranded 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.

Array

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.
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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.

In another embodiment, sequences bound to the array can be an isolated oligonucleotide, cDNA,
EST or PCR product corresponding to any biomarker of the invention total cellular RNA is
applied to the array.

Thus in one aspect, the present invention relates to an array comprising a nucleic acid
which binds to at least one of the markers selected from the group consisting of ADAMS,
ADAMI10 and ADAMI12 for the determination of bladder cancer.

Reference to any prior art in this specification is not, and should not be taken as, an
acknowledgment or any form of suggestion that this prior art forms part of the common general
knowledge in any country.

All patent and non-patent references cited in the present application, are hereby expressly
incorporated by reference in their entirety.

As will be apparent, preferred features and characteristics of one aspect of the invention
may be applicable to other aspects of the invention. The invention may be embodied in other
specific forms without departing from the spirit or essential characteristics thereof. The
foregoing embodiments are therefore to be considered in all respects illustrative rather than
limiting on the invention described herein. Scope of the invention is thus indicated be the
appended claims rather than by the foregoing description, and all changes that come within the
meaning and range of equivalency of the claims are intended to be embraced by reference
therein.

Throughout this specification the word “comprise”, or variations such as “comprises” or
“comprising”, will be understood to imply the inclusion of a stated element, integer or step, or
group of elements, integers or steps, but not the exclusion of any other element, integer or step,
or group of elements, integers or steps.

The words “a”, “an”, and “the” as used herein mean “at least one” unless otherwise
specifically indicated.

In another aspect of the invention, a single assay is used to detect both nucleic acids and
proteins from a single sample. Biological samples usually do not include a sufficient amount of
DNA for detection. A common technique used to increase the amount of nucleic acid in a

sample is to perform PCR on the sample prior to performing an assay that detects the nucleic
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acids in the sample. PCR involves thermal cycling, consisting of cycles of repeated heating and
cooling of a reaction for DNA melting and enzymatic replication of the DNA. Most PCR
protocols involve heating DNA to denature the double stranded DNA in the sample, cooling the
DNA to allow for annealing of primers to the single-stranded DNA to form DNA/primer
complexes and binding of a DNA polymerase to the DNA/primer complexes, and re-heating the
sample so that the DNA polymerase synthesizes a new DNA strand complementary to the single-
stranded DNA. This process amplifies the DNA in the sample and produces an amount of DNA
sufficient for detection by standard assays known in the art, such as Southern blots or
sequencing.

A problem with detecting both nucleic acids and proteins in a single assay is that the
temperatures used for PCR adversely affect proteins in the sample, making the proteins
undetectable by methods known in the art, such as western blots. For example, the required
heating step in a PCR reaction brings the sample to a temperature that can result in irreversible
denaturation of proteins in the sample and/or precipitation of proteins from the sample.
Additionally, thermal cycling, i.e., repeated heating and cooling, can cause proteins in a sample
to adopt a non-native tertiary structure. Once denatured, the proteins usually cannot be detected
by standard protein assays such as western blots, immunoprecipitation, or
immunoelectrophoresis. Therefore a need exists for a single assay that can analyze both proteins
and nucleic acids in a sample.

Methods of the present invention can detect a target nucleic acid and a target protein in a
single assay. In certain embodiments, methods of the invention are accomplished by adding an
aptamer to a sample that binds a target protein in the sample to form an aptamer/protein
complex. An aptamer (nucleic acid ligand) is a nucleic acid macromolecule (e.g. DNA or RNA)
that binds tightly to a specific molecular target, such as a protein. Since an aptamer is composed
of DNA or RNA, it can be PCR amplified and can be detected by standard nucleic acid assays.
PCR is then used to amplify the nucleic acids and the aptamer in the sample. The amplified
nucleic acids and aptamer may then be detected using standard techniques for detecting nucleic
acids that are known in the art. Detection of the aptamer in the sample indicates the presence of
the target protein in the sample.

As used herein, "aptamer” and "nucleic acid ligand" are used interchangeably to refer to a

nucleic acid that has a specific binding affinity for a target molecule, such as a protein. Like all
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nucleic acids, a particular nucleic acid ligand may be described by a linear sequence of
nucleotides (A, U, T, C and G), typically 15-40 nucleotides long. Nucleic acid ligands can be
engineered to encode for the complementary sequence of a target protein known to associate
with the presence or absence of a specific disease.

In solution, the chain of nucleotides form intramolecular interactions that fold the
molecule into a complex three-dimensional shape. The shape of the nucleic acid ligand allows it
to bind tightly against the surface of its target molecule. In addition to exhibiting remarkable
specificity, nucleic acid ligands generally bind their targets with very high affinity, e.g., the
majority of anti-protein nucleic acid ligands have equilibrium dissociation constants in the
picomolar to low nanomolar range.

Aptamers used in the methods of the invention depend upon the target protein to be
detected. Nucleic acid ligands for specific target proteins may be discovered by any method
known in the art. In one embodiment, nucleic acid ligands are discovered using an in vitro
selection process referred to as SELEX (Systematic Evolution of Ligands by Exponential
enrichment). See for example Gold et al. (U.S. Patent Numbers 5,270,163 and 5,475,096), the
contents of each of which are herein incorporated by reference in their entirety. SELEX is an
iterative process used to identify a nucleic acid ligand to a chosen molecular target from a large
pool of nucleic acids. The process relies on standard molecular biological techniques, using
multiple rounds of selection, partitioning, and amplification of nucleic acid ligands to resolve the
nucleic acid ligands with the highest affinity for a target molecule. The SELEX method
encompasses the identification of high-affinity nucleic acid ligands containing modified
nucleotides conferring improved characteristics on the ligand, such as improved in vivo stability
or improved delivery characteristics. Examples of such modifications include chemical
substitutions at the ribose and/or phosphate and/or base positions. There have been numerous
improvements to the basic SELEX method, any of which may be used to discover nucleic acid
ligands for use in methods of the invention.

Amplification refers to production of additional copies of a nucleic acid sequence. See
for example, Dieffenbach and Dveksler, PCR Primer, a Laboratory Manual, Cold Spring Harbor
Press, Plainview, N.Y. (1995), the contents of which is hereby incorporated by reference in its
entirety. The amplification reaction may be any amplification reaction known in the art that

amplifies nucleic acid molecules, such as polymerase chain reaction, nested polymerase chain
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reaction, polymerase chain reaction-single strand conformation polymorphism, ligase chain
reaction, strand displacement amplification and restriction fragments length polymorphism.

In certain methods of the invention, the target nucleic acid and the nucleic acid ligand are
PCR amplified. PCR refers to methods by K. B. Mullis (U.S. patent numbers 4,683,195 and
4,683,202, hereby incorporated by reference) for increasing concentration of a segment of a
target sequence in a mixture of genomic DNA without cloning or purification. The process for
amplifying the target nucleic acid sequence and nucleic acid ligand includes introducing an
excess of oligonucleotide primers that bind the nucleic acid and the nucleic acid ligand, followed
by a precise sequence of thermal cycling in the presence of a DNA polymerase. The primers are
complementary to their respective strands of the target nucleic acid and nucleic acid ligand.

To effect amplification, the mixture of primers are annealed to their complementary
sequences within the target nucleic acid and nucleic acid ligand. Following annealing, the
primers are extended with a polymerase so as to form a new pair of complementary strands. The
steps of denaturation, primer annealing and polymerase extension can be repeated many times
(i.e., denaturation, annealing, and extension constitute one cycle; there can be numerous cycles)
to obtain a high concentration of an amplified segment of a desired target and nucleic acid
ligand. The length of the amplified segment of the desired target and nucleic acid ligand is
determined by relative positions of the primers with respect to each other, and therefore, this
length is a controllable parameter.

With PCR, it is possible to amplify a single copy of a specific target sequence in genomic
DNA to a level that can be detected by several different methodologies (e.g., staining,
hybridization with a labeled probe, incorporation of biotinylated primers followed by avidin-
enzyme conjugate detection, incorporation of 32P-labeled deoxynucleotide triphosphates, such
as dCTP or dATP, into the amplified segment).

In one embodiment of the invention, the target nucleic acid and nucleic acid ligand can be
detected using detectably labeled probes. Nucleic acid probe design and methods of synthesizing
oligonucleotide probes are known in the art. See, e.g., Sambrook et al., DNA microarray: A
Molecular Cloning Manual, Cold Spring Harbor, N.Y., (2003) or Maniatis, et al., Molecular
Cloning: A Laboratory Manual, Cold Spring Harbor, N.Y., (1982), the contents of each of which
are herein incorporated by reference herein in their entirety. Sambrook et al., Molecular

Cloning: A Laboratory Manual (2" Ed.), Vols. 1-3, Cold Spring Harbor Laboratory, (1989) or F.
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Ausubel et al., Current Protocols In Molecular Biology, Greene Publishing and Wiley-
Interscience, New York (1987), the contents of each of which are herein incorporated by
reference in their entirety. Suitable methods for synthesizing oligonucleotide probes are also
described in Caruthers, Science, 230:281-285, (1985), the contents of which are incorporated by
reference.

Probes suitable for use in the present invention include those formed from nucleic acids,
such as RNA and/or DNA, nucleic acid analogs, locked nucleic acids, modified nucleic acids,
and chimeric probes of a mixed class including a nucleic acid with another organic component
such as peptide nucleic acids. Probes can be single stranded or double stranded. Exemplary
nucleotide analogs include phosphate esters of deoxyadenosine, deoxycytidine, deoxyguanosine,
deoxythymidine, adenosine, cytidine, guanosine, and uridine. Other examples of non-natural
nucleotides include a xanthine or hypoxanthine; 5-bromouracil, 2-aminopurine, deoxyinosine, or
methylated cytosine, such as 5-methylcytosine, and N4-methoxydeoxycytosine. Also included
are bases of polynucleotide mimetics, such as methylated nucleic acids, e.g., 2'-O-methRNA,
peptide nucleic acids, modified peptide nucleic acids, and any other structural moiety that can act
substantially like a nucleotide or base, for example, by exhibiting base-complementarity with one
or more bases that occur in DNA or RNA.

The length of the nucleotide probe is not critical, as long as the probes are capable of
hybridizing to the target nucleic acid and nucleic acid ligand. In fact, probes may be of any
length. For example, probes may be as few as 5 nucleotides, or as much as 5000 nucleotides.
Exemplary probes are 5-mers, 10-mers, 15-mers, 20-mers, 25-mers, S0-mers, 100-mers, 200-
mers, S00-mers, 1000-mers, 3000-mers, or 5000-mers. Methods for determining an optimal
probe length are known in the art. See, e.g., Shuber, U.S. Patent Number 5,888,778, hereby
incorporated by reference in its entirety.

Probes used for detection may include a detectable label, such as a radiolabel, fluorescent
label, or enzymatic label. See for example Lancaster et al., U.S. Patent Number 5,869,717,
hereby incorporated by reference. In certain embodiments, the probe is fluorescently labeled.
Fluorescently labeled nucleotides may be produced by various techniques, such as those
described in Kambara et al., Bio/Technol., 6:816-21, (1988); Smith et al., Nucl. Acid Res.,
13:2399-2412, (1985); and Smith et al., Nature, 321: 674-679, (1986), the contents of each of

which are herein incorporated by reference in their entirety. The fluorescent dye may be linked
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to the deoxyribose by a linker arm that is easily cleaved by chemical or enzymatic means. There
are numerous linkers and methods for attaching labels to nucleotides, as shown in
Oligonucleotides and Analogues: A Practical Approach, IRL Press, Oxford, (1991); Zuckerman
et al., Polynucleotides Res., 15: 5305-5321, (1987); Sharma et al., Polynucleotides Res.,
19:3019, (1991); Giusti et al., PCR Methods and Applications, 2:223-227, (1993); Fung et al.
(U.S. Patent Number 4,757,141); Stabinsky (U.S. Patent Number 4,739,044); Agrawal et al.,
Tetrahedron Letters, 31:1543-1546, (1990); Sproat et al., Polynucleotides Res., 15:4837, (1987);
and Nelson et al., Polynucleotides Res., 17:7187-7194, (1989), the contents of each of which are
herein incorporated by reference in their entirety. Extensive guidance exists in the literature for
derivatizing fluorophore and quencher molecules for covalent attachment via common reactive
groups that may be added to a nucleotide. Many linking moieties and methods for attaching
fluorophore moieties to nucleotides also exist, as described in Oligonucleotides and Analogues,
supra; Guisti et al., supra; Agrawal et al, supra; and Sproat et al., supra

The detectable label attached to the probe may be directly or indirectly detectable. In
certain embodiments, the exact label may be selected based, at least in part, on the particular type
of detection method used. Exemplary detection methods include radioactive detection, optical
absorbance detection, e.g., UV-visible absorbance detection, optical emission detection, e.g.,
fluorescence; phosphorescence or chemiluminescence; Raman scattering. Preferred labels
include optically-detectable labels, such as fluorescent labels. Examples of fluorescent labels
include, but are not limited to, 4-acetamido-4'-isothiocyanatostilbene-2,2'disulfonic acid; acridine
and derivatives: acridine, acridine isothiocyanate; 5-(2'-aminoethyl)aminonaphthalene- 1-sulfonic
acid (EDANS); 4-amino-N-[3-vinylsulfonyl)phenyl]naphthalimide-3,5 disulfonate; N-(4-anilino-
I-naphthyl)maleimide; anthranilamide; BODIPY; alexa; fluorescien; conjugated multi-dyes;
Brilliant Yellow; coumarin and derivatives; coumarin, 7-amino-4-methylcoumarin (AMC,
Coumarin 120), 7-amino-4-trifluoromethylcouluarin (Coumaran 151); cyanine dyes; cyanosine;
4',6-diaminidino-2-phenylindole (DAPI); 5'5"-dibromopyrogallol-sulfonaphthalein
(Bromopyrogallol Red); 7-diethylamino-3-(4'-isothiocyanatophenyl)-4-methylcoumarin;
diethylenetriamine pentaacetate; 4,4'-diisothiocyanatodihydro-stilbene-2,2'-disulfonic acid; 4,4'-
diisothiocyanatostilbene-2,2'-disulfonic acid; 5-[dimethylamino]naphthalene-1-sulfonyl chloride
(DNS, dansylchloride); 4-dimethylaminophenylazophenyl-4'-isothiocyanate (DABITC); eosin

and derivatives; eosin, eosin isothiocyanate, erythrosin and derivatives; erythrosin B, erythrosin,
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isothiocyanate; ethidium; fluorescein and derivatives; 5-carboxyfluorescein (FAM), 5-(4,6-
dichlorotriazin-2-yl)aminofluorescein (DTAF), 2',7'-dimethoxy-4'5'-dichloro-6-
carboxyfluorescein, fluorescein, fluorescein isothiocyanate, QFITC, (XRITC); fluorescamine;
IR144; IR1446; Malachite Green isothiocyanate; 4-methylumbelliferoneortho cresolphthalein;
nitrotyrosine; pararosaniline; Phenol Red; B-phycoerythrin; o-phthaldialdehyde; pyrene and
derivatives: pyrene, pyrene butyrate, succinimidyl 1-pyrene; butyrate quantum dots; Reactive
Red 4 (Cibacron. TM. Brilliant Red 3B-A) rhodamine and derivatives: 6-carboxy-X-rhodamine
(ROX), 6-carboxyrhodamine (R6G), lissamine rhodamine B sulfonyl chloride rhodamine
(Rhod), rhodamine B, rhodamine 123, rhodamine X isothiocyanate, sulforhodamine B,
sulforhodamine 101, sulfonyl chloride derivative of sulforhodamine 101 (Texas Red);
N,N,N',N'tetramethyl-6-carboxyrhodamine (TAMRA); tetramethyl rhodamine; tetramethyl
rhodamine isothiocyanate (TRITC); riboflavin; rosolic acid; terbium chelate derivatives; Atto
dyes, Cy3; CyS5; Cy5.5; Cy7; IRD 700; IRD 800; La Jolta Blue; phthalo cyanine; and naphthalo
cyanine. Labels other than fluorescent labels are contemplated by the invention, including other
optically-detectable labels.

Detection of a bound probe may be measured using any of a variety of techniques
dependent upon the label used, such as those known to one of skill in the art. Exemplary
detection methods include radioactive detection, optical absorbance detection, e.g., UV-visible
absorbance detection, optical emission detection, e.g., fluorescence or chemiluminescence.
Devices capable of sensing fluorescence from a single molecule include scanning tunneling
microscope (siM) and the atomic force microscope (AFM). Hybridization patterns may also be
scanned using a CCD camera (e.g., Model TE/CCDS512SF, Princeton Instruments, Trenton, N.J.)
with suitable optics (Ploem, in Fluorescent and Luminescent Probes for Biological Activity
Mason, T. G. Ed., Academic Press, Landon, pp. 1-11 (1993)), such as described in Yershov et
al., Proc. Natl. Acad. Sci. 93:4913 (1996), or may be imaged by TV monitoring. For radioactive
signals, a phosphorimager device can be used (Johnston et al., Electrophoresis, 13:566, 1990;
Drmanac et al., Electrophoresis, 13:566, 1992; 1993). Other commercial suppliers of imaging
instruments include General Scanning Inc., (Watertown, Mass. on the World Wide Web at
genscan.com), Genix Technologies (Waterloo, Ontario, Canada; on the World Wide Web at

confocal.com), and Applied Precision Inc.
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In some embodiments, the amplicons produced with the disclosed methods include a
detectable barcode-type label to facilitate sorting of amplified products. A detectable barcode-
type label can be any barcode-type label known in the art including, for example, radio-
frequency tags, semiconductor chips, barcoded magnetic beads (e.g., from Applied Biocode,
Inc., Santa Fe Springs, CA), and nucleic acid sequences. When assessing methylation status, it
may be useful to incorporate a barcode into a nucleic acid amplification product that is
suspected to have methylation at a CpGsite, or is adjacent to a methylation site.

In some instances, primers may include a barcode such that the barcode will be
incorporated into the amplified produces. For example, the unique barcode sequence could be
incorporated into the 5° end of the primer, or the barcode sequence could be incorporated into the
3’ end of the primer. The primers may additionally comprise adaptors, e.g., as discussed below,
such that the adaptors are incorporated into the amplified products.

In alternate embodiments, the barcodes and/or the adaptors may be incorporated into the
amplified products after amplification. For example, a suitable restriction enzyme (or other
endonuclease) may be used to cut off an end of an amplification product so that a barcode can be
added with a ligase. The same steps may be used to add an adaptor, e.g., a universal adaptor to
the amplification products. These methods provide additional functionality for later processes,
for example, sorting and sequencing.

Attaching barcode sequences to nucleic acids is shown in U.S. Pub. 2008/0081330 and
PCT/US09/64001, the content of each of which is incorporated by reference herein in its entirety.
Methods for designing sets of barcode sequences and other methods for attaching barcode
sequences are shown in U.S. patent numbers 6,138,077; 6,352,828; 5,636,400; 6,172,214;
6235,475; 7,393,665; 7,544,473, 5,846,719; 5,695,934; 5,604,097; 6,150,516; RE39,793;
7,537,897, 6172,218; and 5,863,722, the content of each of which is incorporated by reference
herein in its entirety.

Barcode sequences typically include a set of oligonucleotides ranging from about 4 to
about 20 oligonucleotide bases (e.g., 8-10 oligonucleotide bases), which uniquely encode a
discrete library member preferably without containing significant homology to any sequence in
the targeted genome. The barcode sequence generally includes features useful in sequencing
reactions. For example the barcode sequences are designed to have minimal or no homopolymer

regions, i.e., 2 or more of the same base in a row such as AA or CCC, within the barcode
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sequence. The barcode sequences are also designed so that they are at least one edit distance
away from the base addition order when performing base-by-base sequencing, ensuring that the
first and last base do not match the expected bases of the sequence. In certain embodiments, the
barcode sequences are designed to be correlated to a particular subject, allowing subject samples
to be distinguished. Designing barcodes is shown U.S. Pat. 6,235,475, the contents of which are
incorporated by reference herein in their entirety.

In certain embodiments, the barcode sequences range from about 2 nucleotides to about
25 nucleotides, e.g., about 5 nucleotides to about 10 nucleotides. Since the barcode sequence is
sequenced along with the template nucleic acid to which it is attached, the oligonucleotide length
should be of minimal length so as to permit the longest read from the template nucleic acid
attached. Generally, the barcode sequences are spaced from the template nucleic acid molecule
by at least one base (minimizes homopolymeric combinations).

In certain embodiments adaptor oligonucleotides are included in the primers. In some
embodiments, the adaptors include a homopolymer region, e.g., a region of poly(A) or poly(T),
that can hybridize to a universal primer for the sequence reaction. See also Sabot et al. (U.S.
patent application number 2009/0226975), Adessi et al. (U.S. patent number 7,115,400), and
Kawashima et al. (U.S. patent application number 2005/0100900), the content of each of which
is incorporated by reference herein in its entirety. Any method known in the art may be used to
join the adaptors with the primers, for example, a ligase, a polymerase, Topo cloning (e.g.,
Invitrogen’s topoisomerase vector cloning system using a topoisomerase enzyme), or chemical
ligation or conjugation. The ligase may be any enzyme capable of ligating an oligonucleotide
(RNA or DNA) to the primers. Suitable ligases include T4 DNA ligase and T4 RNA ligase (such
ligases are available commercially, from New England Biolabs). Methods for using ligases are
well known in the art. The polymerase may be any enzyme capable of adding nucleotides to the
3" and the 5’ terminus of template nucleic acid molecules.

In certain embodiments, the target nucleic acid or nucleic acid ligand or both are
quantified using methods known in the art. A preferred method for quantitation is quantitative
polymerase chain reaction (QPCR). As used herein, "QPCR" refers to a PCR reaction performed
in such a way and under such controlled conditions that the results of the assay are quantitative,
that is, the assay is capable of quantifying the amount or concentration of a nucleic acid ligand

present in the test sample.
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QPCR is a technique based on the polymerase chain reaction, and is used to amplify and
simultaneously quantify a targeted nucleic acid molecule. QPCR allows for both detection and
quantification (as absolute number of copies or relative amount when normalized to DNA input
or additional normalizing genes) of a specific sequence in a DNA sample. The procedure
follows the general principle of PCR, with the additional feature that the amplified DNA 1is
quantified as it accumulates in the reaction in real time after each amplification cycle. QPCR is
described, for example, in Kurnit et al. (U.S. Patent Number 6,033,854), Wang et al. (U.S. Patent
Numbers 5,567,583 and 5,348,853), Ma et al. (The Journal of American Science, 2(3), (2006)),
Heid et al. (Genome Research 986-994, (1996)), Sambrook and Russell (Quantitative PCR, Cold
Spring Harbor Protocols, (2006)), and Higuchi (U.S. Patent Numbers 6,171,785 and 5,994,056).
The contents of these are incorporated by reference herein in their entirety.

Two common methods of quantification are: (1) use of fluorescent dyes that intercalate
with double-stranded DNA, and (2) modified DNA oligonucleotide probes that fluoresce when
hybridized with a complementary DNA.

In the first method, a DNA-binding dye binds to all double-stranded (ds)DNA in PCR,
resulting in fluorescence of the dye. An increase in DNA product during PCR therefore leads to
an increase in fluorescence intensity and is measured at each cycle, thus allowing DNA
concentrations to be quantified. The reaction is prepared similarly to a standard PCR reaction,
with the addition of fluorescent (ds)DNA dye. The reaction is run in a thermocycler, and after
each cycle, the levels of fluorescence are measured with a detector; the dye only fluoresces when
bound to the (ds)DNA (i.e., the PCR product). With reference to a standard dilution, the
(ds)DNA concentration in the PCR can be determined. Like other real-time PCR methods, the
values obtained do not have absolute units associated with it. A comparison of a measured
DNA/RNA sample to a standard dilution gives a fraction or ratio of the sample relative to the
standard, allowing relative comparisons between different tissues or experimental conditions. To
ensure accuracy in the quantification, it is important to normalize expression of a target gene to a
stably expressed gene. This allows for correction of possible differences in nucleic acid quantity
or quality across samples.

The second method uses sequence-specific RNA or DNA-based probes to quantify only
the DNA containing the probe sequence; therefore, use of the reporter probe significantly

increases specificity, and allows for quantification even in the presence of some non-specific
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DNA amplification. This allows for multiplexing, i.e., assaying for several genes in the same
reaction by using specific probes with differently colored labels, provided that all genes are
amplified with similar efficiency.

This method is commonly carried out with a DNA-based probe with a fluorescent
reporter (e.g. 6-carboxyfluorescein) at one end and a quencher (e.g., 6-carboxy-
tetramethylrhodamine) of fluorescence at the opposite end of the probe. The close proximity of
the reporter to the quencher prevents detection of its fluorescence. Breakdown of the probe by
the 5' to 3' exonuclease activity of a polymerase (e.g., Taq polymerase) breaks the reporter-
quencher proximity and thus allows unquenched emission of fluorescence, which can be
detected. An increase in the product targeted by the reporter probe at each PCR cycle results in a
proportional increase in fluorescence due to breakdown of the probe and release of the reporter.
The reaction is prepared similarly to a standard PCR reaction, and the reporter probe is added.
As the reaction commences, during the annealing stage of the PCR, both probe and primers
anneal to the DNA target. Polymerization of a new DNA strand is initiated from the primers,
and once the polymerase reaches the probe, its 5’-3’-exonuclease degrades the probe, physically
separating the fluorescent reporter from the quencher, resulting in an increase in fluorescence.
Fluorescence is detected and measured in a real-time PCR thermocycler, and geometric increase
of fluorescence corresponding to exponential increase of the product is used to determine the
threshold cycle in each reaction.

In certain embodiments, the QPCR reaction uses fluorescent Tagman™ methodology and
an instrument capable of measuring fluorescence in real time (e.g., ABI Prism 7700 Sequence
Detector; see also PE Biosystems, Foster City, Calif.; see also Gelfand et al., (U.S. Patent
Number 5,210,015), the contents of which is hereby incorporated by reference in its entirety).
The Tagman™ reaction uses a hybridization probe labeled with two different fluorescent dyes.
One dye is a reporter dye (6-carboxyfluorescein), the other is a quenching dye (6-carboxy-
tetramethylrhodamine). When the probe is intact, fluorescent energy transfer occurs and the
reporter dye fluorescent emission is absorbed by the quenching dye. During the extension phase
of the PCR cycle, the fluorescent hybridization probe is cleaved by the 5°-3” nucleolytic activity
of the DNA polymerase. On cleavage of the probe, the reporter dye emission is no longer
transferred efficiently to the quenching dye, resulting in an increase of the reporter dye

fluorescent emission spectra.
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The nucleic acid ligand of the present invention is quantified by performing QPCR and
determining, either directly or indirectly, the amount or concentration of nucleic acid ligand that
had bound to its probe in the test sample. The amount or concentration of the bound probe in the
test sample is generally directly proportional to the amount or concentration of the nucleic acid
ligand quantified by using QPCR. See for example Schneider et al., U.S. Patent Application
Publication Number 2009/0042206, Dodge et al., U.S. Patent Number 6,927,024, Gold et al.,
U.S. Patent Numbers 6,569,620, 6,716,580, and 7,629,151, Cheronis et al., U.S. Patent Number
7,074,586, and Ahn et al., U.S. Patent Number 7,642,056, the contents of each of which are
herein incorporated by reference in their entirety.

Detecting the presence of the aptamer in the analyzed sample directly correlates to the
presence of the target protein in that sample. In some embodiments of the invention, the amount
of aptamer present in the sample correlates to the signal intensity following the conduction of the
PCR-based methods. The signal intensity of PCR depends upon the number of PCR cycles
performed and/or the starting concentration of the aptamer. Since the sequence of the target
protein is known to generate the aptamer, detection of that specific aptamer correlates to the
presence of the target protein. Similarly, detection of the amplified target nucleic acid indicates
the presence of the target nucleic acid in the sample analyzed.

In one embodiment of the invention, during amplification of the aptamer or target nucleic
acid using standard PCR methods, one method for detection and quantification of amplified
aptamer or target nucleic acid results from the presence of a fluorogenic probe. In one
embodiment of the invention, the probe, which is specific for the aptamer, has a 6-
carboxyfluorescein (FAM) moiety covalently bound to the 5-'end and a 6-
carboxytetramethylrhodamine (TAMRA) or other fluorescent-quenching dye (easily prepared
using standard automated DNA synthesis) present on the 3'-end, along with a 3'-phosphate to
prevent elongation. The probe is added with 5'-nuclease to the PCR assays, such that 5'-nuclease
cleavage of the probe-aptamer duplex results in release of the 5'-bound FAM moiety from the
oligonucleotide probe. As amplification continues and more aptamer is replicated by the PCR or
RT-PCR enzymes, more FAM is released per cycle and so intensity of fluorescence signal per
cycle increases. The relative increase in FAM emission is monitored during PCR or RT-PCR
amplification using an analytical thermal cycler, or a combined thermal

cycler/laser/detector/software system such as an ABI 7700 Sequence Detector (Applied
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Biosystems, Foster City, Calif.). The ABI instrument has the advantage of allowing analysis and
display of quantification in less than 60s upon termination of the amplification reactions. Both
detection systems employ an internal control or standard wherein a second aptamer sequence
utilizing the same primers for amplification but having a different sequence and thus different
probe, is amplified, monitored and quantitated simultaneously as that for the desired target
molecule. See for example, "A Novel Method for Real Time Quantitative RT-PCR," Gibson, U.
et. al., 1996, Genome Res. 6:995-1001; Piatak, M. et. al., 1993, BioTechniques 14:70-81;
"Comparison of the BI 7700 System (TagMan) and Competitive PCR for Quantification of
IS6110 DNA in Sputum During Treatment of Tuberculosis," Desjardin, L.e. et. al., 1998, J. Clin.
Microbiol. 36(7):1964-1968), the contents of which are incorporated by reference, herein in their
entirety.

In another method for detection and quantification of aptamer during amplification, the
primers used for amplification contain molecular energy transfer (MET) moieties, specifically
fluorescent resonance energy transfer (FRET) moieties, whereby the primers contain both a
donor and an acceptor molecule. The FRET pair typically contains a fluorophore donor moiety
such as 5-carboxyfluorescein (FAM) or 6-carboxy-4,5-dichloro-2,7-dimethoxyfluorescein (JOE),
with an emission maximum of 525 or 546 nm, respectively, paired with an acceptor moiety such
as N'N'N'N'-tetramethyl-6-carboxyrhodamine (TAMRA), 6-carboxy-X-rhodamine (ROX) or 6-
carboxyrhodamine (R6G), all of which have excitation maximum of 514 nm. The primer may be
a hairpin such that the 5'-end of the primer contains the FRET donor, and the 3'-end (based-
paired to the 5'-end to form the stem region of the hairpin) contains the FRET acceptor, or
quencher. The two moieties in the FRET pair are separated by approximately 15-25 nucleotides
in length when the hairpin primer is linearized. While the primer is in the hairpin conformation,
no fluorescence is detected. Thus, fluorescence by the donor is only detected when the primer is
in a linearized conformation, i.e. when it is incorporated into a double-stranded amplification
product. Such a method allows direct quantification of the amount of aptamer bound to target
molecule in the sample mixture, and this quantity is then used to determine the amount of target
molecule originally present in the sample. See for example, Nazarenko, I. A. et al., U.S. Pat. No.
5,866,336, the contents of which is incorporated by reference in its entirety.

In another embodiment of the invention, the QPCR reaction using TagMan™

methodology selects a TagMan™ probe based upon the sequence of the aptamer to be quantified
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and generally includes a 5'-end fluor, such as 6-carboxyfluorescein, for example, and a 3'-end
quencher, such as, for example, a 6-carboxytetramethylfluorescein, to generate signal as the
aptamer sequence is amplified using PCR. As the polymerase copies the aptamer sequence, the
exonuclease activity frees the fluor from the probe, which is annealed downstream from the PCR
primers, thereby generating signal. The signal increases as replicative product is produced. The
amount of PCR product depends upon both the number of replicative cycles performed as well as
the starting concentration of the aptamer. In another embodiment, the amount or concentration of
an aptamer affinity complex (or aptamer covalent complex) is determined using an intercalating
fluorescent dye during the replicative process. The intercalating dye, such as, for example,
SYBR™ green, generates a large fluorescent signal in the presence of double-stranded DNA as
compared to the fluorescent signal generated in the presence of single-stranded DNA. As the
double-stranded DNA product is formed during PCR, the signal produced by the dye increases.
The magnitude of the signal produced is dependent upon both the number of PCR cycles and the
starting concentration of the aptamer.

In some embodiments the samples are assayed for the presence or absence of methylation
of a nucleic acid sequence, e.g., GSTP1, such as de-methylation, methylation, hypomethylation
and hypermethylation. Any one or combination of methods may be used for detecting
methylation as well as the different types of genetic markers from the patient’s isolated nucleic
acid. Suitable methods include real-time or quantitative PCR, digital PCR, PCR in flowing or
stationary droplets, well plates, slugs or fluid flowing segments, and the like, in capillary tubes,
microfluidic chips, or standard thermocycler based PCR methods known to those having
ordinary skill in the art. Additional detection methods can utilize binding to microarrays for
subsequent fluorescent or non-fluorescent detection, barcode mass detection using a mass
spectrometric methods, detection of emitted radiowaves, detection of scattered light from aligned
barcodes, fluorescence detection using quantitative PCR or digital PCR methods.

Still other techniques include, for example, Northern blot, selective hybridization,
cleaved amplified polymorphic sequence analysis, short tandem repeat analysis, the use of
supports coated with oligonucleotide probes, amplification of the nucleic acid by RT-PCR,
quantitative PCR or ligation-PCR, etc. These methods can include the use of a nucleic acid
probe (for example, an oligonucleotide) that can selectively or specifically detect the target

nucleic acid in the sample to detect changes at the level of a single nucleotide polymorphism,
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whole DNA-fingerprint analysis, allele specific analysis. Amplification is accomplished
according to various methods known to the person skilled in the art, such as PCR, LCR,
transcription-mediated amplification (TMA), strand-displacement amplification (SDA), NASBA,
the use of allele-specific oligonucleotides (ASO), allele-specific amplification, Southern blot,
single-strand conformational analysis (SSCA), in-situ hybridization (e.g., FISH), migration on a
gel, heteroduplex analysis, etc. If necessary, the quantity of nucleic acid detected can be
compared to a reference value, for example a median or mean value observed in patients who do
not have cancer, or to a value measured in parallel in a non-cancerous sample. Thus, it is
possible to demonstrate a variation in the level of expression.

In some embodiments, amplified templates will be sequenced. Sequencing may be
achieved by any method known in the art. DNA sequencing techniques include classic di-deoxy
sequencing reactions (Sanger method) using labeled terminators or primers and gel separation in
slab or capillary, sequencing by synthesis using reversibly terminated labeled nucleotides,
pyrosequencing, 454 sequencing, allele specific hybridization to a library of labeled
oligonucleotide probes, sequencing by synthesis using allele specific hybridization to a library of
labeled clones that is followed by ligation, real time monitoring of the incorporation of labeled
nucleotides during a polymerization step, polony sequencing, and SOLiD sequencing.
Sequencing of separated molecules has more recently been demonstrated by sequential or single
extension reactions using polymerases or ligases as well as by single or sequential differential
hybridizations with libraries of probes.

In certain embodiments, the target nucleic acid or the amplified nucleic acid or both are
detected using sequencing. Sequencing-by-synthesis is a common technique used in next
generation procedures and works well with the instant invention. However, other sequencing
methods can be used, including sequence-by-ligation, sequencing-by-hybridization, gel-based
techniques and others. In general, sequencing involves hybridizing a primer to a template to
form a template/primer duplex, contacting the duplex with a polymerase in the presence of a
detectably-labeled nucleotides under conditions that permit the polymerase to add nucleotides to
the primer in a template-dependent manner. Signal from the detectable label is then used to
identify the incorporated base and the steps are sequentially repeated in order to determine the
linear order of nucleotides in the template. Exemplary detectable labels include radiolabels,

florescent labels, enzymatic labels, etc. In particular embodiments, the detectable label may be
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an optically detectable label, such as a fluorescent label. Exemplary fluorescent labels include
cyanine, thodamine, fluorescien, coumarin, BODIPY, alexa, or conjugated multi-dyes.
Numerous techniques are known for detecting sequences and some are exemplified below.
However, the exact means for detecting and compiling sequence data does not affect the function
of the invention described herein.

An example of a DNA sequencing technique that may be used in the methods of the
provided invention is 454 sequencing (Roche) (Margulies, M et al. 2005, Nature, 437, 376-380).
454 sequencing involves two steps. In the first step, DNA is sheared into fragments of
approximately 300-800 base pairs, and the fragments are blunt ended. Oligonucleotide adaptors
are then ligated to the ends of the fragments. The adaptors serve as primers for amplification and
sequencing of the fragments. The fragments can be attached to DNA capture beads, e.g.,
streptavidin-coated beads using, e.g., Adaptor B, which contains 5'-biotin tag. The fragments
attached to the beads are PCR amplified within droplets of an oil-water emulsion. The result is
multiple copies of clonally amplified DNA fragments on each bead. In the second step, the
beads are captured in wells (pico-liter sized). Pyrosequencing is performed on each DNA
fragment in parallel. Addition of one or more nucleotides generates a light signal that is
recorded by a CCD camera in a sequencing instrument. The signal strength is proportional to the
number of nucleotides incorporated. Pyrosequencing makes use of pyrophosphate (PPi) which is
released upon nucleotide addition. PPi is converted to ATP by ATP sulfurylase in the presence of
adenosine 5' phosphosulfate. Luciferase uses ATP to convert luciferin to oxyluciferin, and this
reaction generates light that is detected and analyzed.

Another example of a DNA sequencing technique that can be used in the methods of the
provided invention is ion semiconductor sequencing. For example, lon Torrent™, by Life
Technologies, which is disclosed in U.S. patent application numbers 2009/0026082,
2009/0127589, 2010/0035252, 2010/0137143, 2010/0188073, 2010/0197507, 2010/0282617,
2010/0300559), 2010/0300895, 2010/0301398, and 2010/0304982, the content of each of which
is incorporated by reference herein in its entirety. In Ion Torrent™ sequencing, DNA is sheared
into fragments of approximately 300-800 base pairs, and the fragments are blunt ended.
Oligonucleotide adaptors are then ligated to the ends of the fragments. The adaptors serve as
primers for amplification and sequencing of the fragments. The fragments can be attached to a

surface and is attached at a resolution such that the fragments are individually resolvable.

54



WO 2013/173476 PCT/US2013/041183

Addition of one or more nucleotides releases a proton (H+), which signal detected and recorded
in a sequencing instrument. The signal strength is proportional to the number of nucleotides
incorporated.

Another example of a sequencing technology that can be used in the methods of the
provided invention is lllumina sequencing. Illumina sequencing is based on the amplification of
DNA on a solid surface using fold-back PCR and anchored primers. Genomic DNA is
fragmented, and adapters are added to the 5' and 3' ends of the fragments. DNA fragments that
are attached to the surface of flow cell channels are extended and bridge amplified. The
fragments become double stranded, and the double stranded molecules are denatured. Multiple
cycles of the solid-phase amplification followed by denaturation can create several million
clusters of approximately 1,000 copies of single-stranded DNA molecules of the same template
in each channel of the flow cell. Primers, DNA polymerase and four fluorophore-labeled,
reversibly terminating nucleotides are used to perform sequential sequencing. After nucleotide
incorporation, a laser is used to excite the fluorophores, and an image is captured and the identity
of the first base is recorded. The 3' terminators and fluorophores from each incorporated base
are removed and the incorporation, detection and identification steps are repeated.

Another example of a sequencing technology that can be used in the methods of the
provided invention includes the single molecule, real-time (SMRT) technology of Pacific
Biosciences. In SMRT, each of the four DNA bases is attached to one of four different
fluorescent dyes. These dyes are phospholinked. A single DNA polymerase is immobilized with
a single molecule of template single stranded DNA at the bottom of a zero-mode waveguide
(ZMW). A ZMW is a confinement structure which enables observation of incorporation of a
single nucleotide by DNA polymerase against the background of fluorescent nucleotides that
rapidly diffuse in an out of the ZMW (in microseconds). It takes several milliseconds to
incorporate a nucleotide into a growing strand. During this time, the fluorescent label is excited
and produces a fluorescent signal, and the fluorescent tag is cleaved off. Detection of the
corresponding fluorescence of the dye indicates which base was incorporated. The process is
repeated.

Another example of a sequencing technique that can be used in the methods of the
provided invention is nanopore sequencing (Soni G V and Meller A. (2007) Clin Chem 53:

1996-2001). A nanopore is a small hole, of the order of 1 nanometer in diameter. Immersion of
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a nanopore in a conducting fluid and application of a potential across it results in a slight
electrical current due to conduction of ions through the nanopore. The amount of current which
flows is sensitive to the size of the nanopore. As a DNA molecule passes through a nanopore,
each nucleotide on the DNA molecule obstructs the nanopore to a different degree. Thus, the
change in the current passing through the nanopore as the DNA molecule passes through the
nanopore represents a reading of the DNA sequence.

Another example of a sequencing technique that can be used in the methods of the
provided invention involves using a chemical-sensitive field effect transistor (chemFET) array to
sequence DNA (for example, as described in US Patent Application Publication No.
20090026082). In one example of the technique, DNA molecules can be placed into reaction
chambers, and the template molecules can be hybridized to a sequencing primer bound to a
polymerase. Incorporation of one or more triphosphates into a new nucleic acid strand at the 3'
end of the sequencing primer can be detected by a change in current by a chemFET. An array
can have multiple chemFET sensors. In another example, single nucleic acids can be attached to
beads, and the nucleic acids can be amplified on the bead, and the individual beads can be
transferred to individual reaction chambers on a chemFET array, with each chamber having a
chemFET sensor, and the nucleic acids can be sequenced.

Another example of a sequencing technique that can be used in the methods of the
provided invention involves using a electron microscope (Moudrianakis E. N. and Beer M. Proc
Natl Acad Sci USA. 1965 March; 53:564-71). In one example of the technique, individual DNA
molecules are labeled using metallic labels that are distinguishable using an electron microscope.
These molecules are then stretched on a flat surface and imaged using an electron microscope to
measure sequences.

Sequences can be read that originate from a single molecule or that originate from
amplifications from a single molecule. Millions of independent amplifications of single
molecules can be performed in parallel either on a solid surface or in tiny compartments in
water/oil emulsion. The DNA sample to be sequenced can be diluted and/or dispersed
sufficiently to obtain one molecule in each compartment. This dilution can be followed by DNA
amplification to generate copies of the original DNA sequences and creating "clusters" of
molecules all having the same sequence. These clusters can then be sequenced. Many millions

of reads can be generated in one run. Sequence can be generated starting at the 5' end of a given
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strand of an amplified sequence and/or sequence can be generated from starting from the 5' end
of the complementary sequence. In a preferred embodiment, sequence from strands is generated,
i.e. paired end reads (see for example, Harris, U.S. patent number 7,767,400).Nucleic acids and
proteins may be obtained by methods known in the art. Generally, nucleic acids can be extracted
from a biological sample by a variety of techniques such as those described by Maniatis, et al.,
Molecular Cloning: A Laboratory Manual, Cold Spring Harbor, N.Y ., pp. 280-281, (1982), the
contents of which is incorporated by reference herein in its entirety. Generally, proteins can be
extracted from a biological sample by a variety of techniques such as 2-D electrophoresis,
isoelectric focusing, and SDS Slab Gel Electrophoresis. See for example O'Farrell, J. Biol.
Chem., 250: 4007-4021 (1975), Sambrook, J. et al., Molecular Cloning: a Laboratory Manual,
2nd Edition, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY (1989), Anderson et
al., U.S. Patent Number 6,391,650, Shepard, U.S. Patent Number 7,229,789, and Han et al., U.S.
Patent Number 7,488,579 the contents of each of which is hereby incorporated by reference in its
entirety.

In other embodiments, antibodies with a unique oligonucleotide tag are added to the
sample to bind a target protein and detection of the oligonucleotide tag results in detection of the
protein. The target protein is exposed to an antibody that is coupled to an oligonucleotide tag of
a known sequence. The antibody specifically binds the protein, and then PCR is used to amplify
the oligonucleotide coupled to the antibody. The identity of the target protein is determined
based upon the sequence of the oligonucleotide attached to the antibody and the presence of the
oligonucleotide in the sample. In this embodiment of the invention, different antibodies specific
for the target protein are used. Each antibody is coupled to a unique oligonucleotide tag of
known sequence. Therefore, more than one target protein can be detected in a sample by
identifying the unique oligonucleotide tag attached to the antibody. See for example Kahvejian,
U.S. Patent Application Publication Number 2007/0020650, hereby incorporated by reference.

In other embodiments of the invention, antibodies with a unique nucleotide tag are added
to the sample to bind the target nucleic acid. As described above, different antibodies specific
for the target nucleic acid are used, therefore, more than one target nucleic acid can be detected
in a sample by identifying the unique oligonucleotide tag attached. Detection of the nucleotide
tag may be done by methods known in the art, such as PCR, QPCR, fluorescent labeling,

radiolabeling, biotinylation, Sanger sequencing, sequencing by synthesis, or Single Molecule
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Real Time Sequencing methods. For description of single molecule sequencing methods see for
example, Lapidus, U.S. Patent Number 7,666,593, Quake et al., U.S. Patent Number 7,501,245,
and Lapidus et al., U.S. Patent Numbers 7,169,560 and 7,491,498, the contents of each of which
are herein incorporated by reference. Antibodies for use in the present invention can be
generated by methods well known in the art. See, for example, E. Harlow and D. Lane,
Antibodies, a Laboratory Model, Cold Spring Harbor Laboratory Press, Cold Spring Harbor,
N.Y., (1988), the contents of which are hereby incorporated by reference in their entirety. In
addition, a wide variety of antibodies are available commercially.

The antibody can be obtained from a variety of sources, such as those known to one of
skill in the art, including but not limited to polyclonal antibody, monoclonal antibody,
monospecific antibody, recombinantly expressed antibody, humanized antibody, plantibodies,
and the like; and can be obtained from a variety of animal species, including rabbit, mouse, goat,
rat, human, horse, bovine, guinea pig, chicken, sheep, donkey, human, and the like. A wide
variety of antibodies are commercially available and a custom-made antibody can be obtained
from a number of contract labs. Detailed descriptions of antibodies, including relevant protocols,
can be found in, among other places, Current Protocols in Immunology, Coligan et al., eds., John
Wiley & Sons (1999, including updates through August 2003); The Electronic Notebook; Basic
Methods in Antibody Production and Characterization, G. Howard and D. Bethel, eds., CRC
Press (2000); J. Coding, Monoclonal Antibodies: Principles and Practice, 3d Ed., Academic
Press (1996); E. Harlow and D. Lane, Using Antibodies, Cold Spring Harbor Lab Press (1999);
P. Shepherd and C. Dean, Monoclonal Antibodies: A Practical Approach, Oxford University
Press (2000); A. Johnstone and M. Turner, Inmunochemistry 1 and 2, Oxford University Press
(1997); C. Borrebaeck, Antibody Engineering, 2d ed., Oxford university Press (1995); A.
Johnstone and R. Thorpe, Immunochemistry in Practice, Blackwell Science, Ltd. (1996); H.
Zola, Monoclonal Antibodies: Preparation and Use of Monoclonal Antibodies and Engineered
Antibody Derivatives (Basics: From Background to Bench), Springer Verlag (2000); and S.
Hockfield et al., Selected Methods for Antibody and Nucleic Acid Probes, Cold Spring Harbor
Lab Press (1993).

The invention will hereinafter be described by way of the following non-limiting

Examples.
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EXAMPLES
Example 1

This example describes in greater detail some of the materials and methods used in the
experiments described herein.
Microarray Gene Expression Profiling.

In this study, the present inventors analyzed 21 normal bladder biopsies and biopsies
from 31 Ta tumors, 20 T1 tumors and 45 T2-4 tumors by microarray analysis. Bladder tumor
biopsies were obtained directly from surgery after removal of the necessary amount of tissue for
routine pathology examination.

Normal bladder tissue biopsies were obtained from individuals with no history of bladder
tumors.

Tissue samples were frozen at —80° C. in a guanidinium thiocyanate solution for
preservation of the RNA. Informed consent was obtained from all patients, and the protocols
were approved by the scientific ethical committee of Aarhus County.

RNA extraction, sample labeling, hybridization to customized Affymetrix GeneChip Eos
Hu03 (Affymetrix, Santa Clara, Calif., USA), and generation of expression intensity measures
was performed as described by Dyrskjot et al.

Reverse transcription-polymerase chain reaction (RT-PCR) and quantitative PCR
(qPCR). Total RNA was extracted and isolated as described by Dyrskjot et al. One ug RNA was
treated with DNase I (Invitrogen, Carlsbad, Calif., USA) and reverse transcribed using random
hexamer primers and the Transcriptor First Strand cDNA Synthesis Kit (Roche, Indianapolis,
Ind., USA).

As a positive control, RNA was isolated from human rhabdomyosarcoma cells, RD
(ATCC number: CCL-136, American Type Culture Collection, Manassas, Va., USA).

In addition, plasmids containing the cDNA sequence of ADAMI12-L or -S were used as positive
controls. Intron-spanning primers for ADAM12-L and -S were designed as follows: primers
targeting ADAMI12-L (forward: 5-CAGCCAAGCCTGCACTTAG-3 and reverse: 5'-
AGTGAGCCGAGTTGTTCTGG-3') produced a 101 bp fragment, and primers targeting
ADAMI12-S (forward: 5'-GCTTTGGAGGAAGCACAGAC-3 and reverse: 5'-
TCAGTGAGGCAGTAGACGCA-3') produced a 135 bp fragment. Primers targeting the
reference gene glyceraldehyde-3-phosphate dehydrogenase (GAPDH) (forward: 5'-
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AAGGTCATCCCAGAGCTGAACG-3' and reverse: 5S'-TGTCATACCAGGAAATGAGC-3")
produced a 292 bp fragment. The PCR program consisted of 5 min at 95° C., followed by 35
cycles of 15 sec at 94° C., 20 sec at 55° C. (GAPDH) or 60° C. (ADAM12-L and -S), 1 min at
72° C., and a final extension step for 2 min at 72° C. Products were confirmed on a 2% agarose
gel.

qPCR was performed using the LightCycler® FastStart DNA Master SYBR Green I and
the LightCycler® QPCR machine (Roche). Primers targeting the reference gene 18S rRNA
(forward: 5'-CGCCGCTAGAGGTGAAATTC-3' and reverse: 5'-
TTGGCAAATGCTTTCGCTC-3') produced a 62 bp fragment (18). The qPCR program
consisted of 10 min at 95° C., followed by 35 cycles of 0 sec at 95° C., 8 sec at 60° C., and 22
sec at 72° C., followed by measurement of fluorescence at §2° C. for ADAM12-L and -S for 0
sec.

The qPCR program was followed by a melting point program to check the purity of PCR
products. The data were analyzed using the 2(-AAC(T)) method (25). qPCR products were
purified, TA cloned into pTZ57R/T (Fermentas International Inc., Burlington, Ontario, Canada),
transformed into DHS5a cells, and plated on Luria-Bertani (LB)-agar plates containing
carbenicillin and 5-bromo-4-chloro-3-indolyl-f-[scapjd[rJ-galactopyranoside (X-Gal). Isolated
plasmids were sequenced using M13 reverse (—49) primers at MWG Biotech, Ebersberg,
Germany.

In Situ Hybridization for ADAMI2.

Breast tumor sections from ADAM12-MMTV-PyMT and control MMTV-PyMT mice (a
mouse breast cancer model) and human bladder cancer tissue arrays were used for ADAMI2
mRNA in situ hybridization as described by Junker et al.

A human ADAMI12 PCR product (representing nucleotides (nt) 2208 to 2397 in the cysteine-rich
and EGF-like domains) was generated using full-length human ADAM12-L as a template
(GenBank number AF023476). The forward primer was 5'-
GGATCCAATAATACGACTCACTATAGGGAGAGGCACAAAGTGTGCAGATG-3’
containing a T7 RNA polymerase recognition site (italics) and an ADAM12 mRNA sequence
(underlined) and the reverse primer was 5'-

GAGAATTCATTAACCCTCACTAAAGGGAGAGTCTGTGCTTCCTCCAMGC-3 containing

60



WO 2013/173476 PCT/US2013/041183

a T3 RNA polymerase recognition site (italics) and an ADAMI12 mRNA complementary
sequence (underlined).

The resulting PCR fragment was excised from a Tris-acetate (TAE) 1% seakem agarose
gel (BMA product, Rockland, Me., USA) and purified by Spin-X (Costar, Cambridge, Mass.,
USA) as described by the manufacturer. Single-stranded sense and anti-sense ([a-35S]-UTP)—
labeled RNA probes (190 bp) were generated by in vitro transcription of the purified cDNA
fragment using T7 and T3 RNA polymerase (Roche). The labeled probes were purified on S-200
microspin columns (GE Healthcare Bio-Sciences AB, Uppsala, Sweden). 2x106 cpm were used
per section. Paraffin sections were deparaffinized and treated with 1.25 pg/ml proteinase K for 5
min (mouse sections) or 5 pg/ml proteinase K for 10 min (human sections) in 50 mM Tris-HCI, 5
mM EDTA pH 8.0.

Before use, the probes were denatured by heating to §0° C. for 3 min.

The hybridization buffer consisted of 0.3 M NaCl, 10 mM Tris-HCI, 10 mM NaH2PO4, 5 mM
EDTA, 0.02% (w/v) Ficoll 400, 0.02% (w/v) polyvinyl pyrrolidone (PVP)-40, 0.02% (w/v)
bovine serum albumin (BSA) fraction V, pH 6.8, 50% formamide, 10% dextran sulphate, 0.92
mg/ml t-RNA, 8.3 mM dithiothreitol (DTT).

In all steps, diethyl pyrocarbonate-treated water (DEPC-H20) was used. The sections
were incubated overnight at 55° C. with sense or anti-sense probes in a moist chamber
containing DEPC-H2O. After hybridization, the sections were washed under increasing
stringency at 55° C. in 2x sodium chloride-sodium citrate (SSC), 1xSSC, and 0.2xSSC
containing 0.1% SDS and 10 mM DTT. The sections were treated with RNase A (20 pg/ml) for
10 min in NTE buffer (0.5 M NaCl, 10 mM Tris-HCL, pH 7.2, 1 mM EDTA), washed in
0.2xSSC, 10 mM DTT, and dehydrated in ethanol with 0.3 M ammonium acetate. The sections
were coated in liquid photo emulsion from Ilford (Marly, Switzerland) and stored in the dark at
4° C. After 3 weeks, the sections were developed using D-19 (Sigma, St. Louis, Mo., USA) and
counterstained with Mayer's Hematoxylin (Sigma).

Tissue Arrays and Other Tissue Samples.

Four commercially available bladder cancer tissue arrays were examined. To correlate the
expression of ADAM12 with tumor grade, three tissue arrays (BC12011, BL801, and BC12012)
were obtained from Biomax, Inc. (Rockville, Md., USA).
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A total of 155 cases (age range: 38-88 years old, 46 females and 109 males) were
examined: 18 grade 1 tumor cases, 54 grade 2 tumor cases, and 83 grade 3 tumor cases. The
histopathological entities included 152 transitional cell carcinomas, 1 squamous carcinoma, and
2 adenocarcinomas. To correlate the expression of ADAM12 with tumor stage, an AccuMax
array (A215-urinary bladder cancer tissues) was obtained from ISU (ISU ABXIS Co., Stretton
Scientific Ltd. Derbyshire, UK). This array contained 45 cancer cases, with two spots for each
cancer case, and four non-neoplastic cases with one spot each. Forty of the cases were classified
according to the tumor-node-metastasis (TNM) system, and found to be Ta (eight cases), T1 (14
cases), T2 (seven cases), T3 (six cases), and T4 (five cases).

Histological grading of these 40 cases demonstrated five grade 1 tumor cases, 14 grade 2
tumor cases, and 21 grade 3 tumor cases. The pathological entities included 34 transitional cell
carcinomas, four squamous carcinomas, and two adenocarcinomas. Two cases were not
classified according to TNM, and three cases were diagnosed as carcinoma in situ. For the 40
classified cases, there were 10 female and 30 male patients (age range: 33-87 years old). Tissue
specimens were fixed in formalin, embedded in paraffin, and spots 1 mm in diameter used for
tissue arrays. Adjacent nontumorous tissue present in some of the cases on the arrays was also
examined, as were tissue specimens of normal bladder mucosa from 10 persons without bladder
cancer.

Antibodies

Antibodies against human ADAM12 used in this study were a rabbit antiserum against
the recombinant cysteine-rich domain (rb122), a rabbit antiserum against the recombinant
prodomain (rb132), a rabbit antiserum against a carboxy-terminal ADAMI12-S peptide (1b116), a
rabbit antiserum against a carboxy-terminal ADAM]12-L peptide (rb109), a rat monoclonal
antibody recognizing the disintegrin domain of ADAM12 (2E7), and mouse monoclonal
antibodies recognizing ADAM12 (6E6, 8F8, and 6C10). Antibodies to uroplakin 3 (AU1) were
obtained from American Research Products (Belmont, Mass., USA).

Immunostaining

Tissue sections were deparaffinized, treated with 0.1% hydrogen peroxide for 10 min to

inhibit endogeneous peroxidase, treated with 5 pg/ml proteinase K for 10 min in 50 mM Tris-

HCI, pH 7.5, and incubated with polyclonal antibodies to human ADAM]12 or uroplakin 3 (1:200
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in Dulbecco's Phosphate-Buffered Saline with no calcium and magnesium (PBS)) in a moist
chamber for 1 hr at room temperature.

Urine samples were mixed with equal amounts of 99% ethanol, centrifuged for 2 min in a
Cytospin microfuge (Shandon, Pittsburgh, Pa., USA) to collect cells onto glass slides, and the
cells air-dried. Cells were subsequently permeabilized with 0.2% Triton X-100 in PBS for 5 min
at room temperature and incubated with rb122 (1:200) or uroplakin 3 (1:150) for 1 hr at room
temperature. Detection was performed using the DakoChemMate detection kit (DAKO,
Glostrup, Denmark), which is based on an indirect streptavidin-biotin technique using a
biotinylated secondary antibody.

As a negative control, primary antibodies were either omitted or replaced with non-
immune rabbit or mouse serum as described. All such control sections were negatively stained.
Tumor cells were rated ADAM12-positive when the immunostaining reaction was clearly above
the negative background. Cells were examined using a Zeiss Axioplan microscope connected to
an AxioCam camera using the AxioVision software.

Western Blotting of Urine Samples

Urine samples from bladder cancer patients whose tumors had been analyzed by
microarray were also analyzed by Western blotting. Urine was collected from 11 patients with
Ta tumors (one grade 1 tumor case, nine grade 2 tumor cases, and one grade 3 tumor case), four
patients with T1 (all being grade 3 cases), and 17 patients with T2-4 tumors (16 grade 3 tumor
cases and one grade 4 tumor case).

In addition, urine from six patients with non-muscle invasive bladder tumors was
collected at three time points: a) prior to transurethral resection; b) during the surveillance period
in which no tumor could be detected; and c) when recurrence of invasive tumor was diagnosed.
Urine samples were collected immediately into sterile containers before surgery or control
cytoscopy and centrifuged, and the pellets and supernatants frozen at —80° C. Samples
containing blood were excluded.

Cytology specimens were assessed and considered positive only when malignant cells
were present. Urine samples from eight volunteers (Caucasians) with no history of bladder
tumors (age range: 25-65 years old) served as normal standards. Normal standard specimens
were selected to evaluate the specificity of the Western blot and included five cases of benign

prostatic hyperplasia and two cases of pregnancy. To reduce the amount of albumin, all urine
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samples were absorbed with Fast flow cibacron blue 3GA (Sigma) for 3 hr at 4° C. before
analyses.

Protein concentration was measured using the BCA protein assay kit (Pierce, Rockford,
I, USA). Urine samples (40 pg) or purified ADAM12-S (28,29) were boiled in SDS sample
buffer with (reducing) or without DTT (nonreducing) and resolved by NuPAGE 12% Bis-Tris
gels (Invitrogen), followed by electrophoretic transfer to Immobilon-P membranes
(polyvinylidene difluoride [PVDF] membranes from Millipore Corp. Billerica, Mass., USA).
Membranes were blocked overnight with 5% nonfat dried milk at 4° C., then incubated with
primary polyclonal or monoclonal antibodies against human ADAM]12. Horseradish peroxidase
(HRP)-conjugated goat anti-rabbit IgG and goat anti-mouse IgG were used as secondary
antibodies. Chemiluminescent detection of HRP was performed by standard methods
(Amersham Corp.).

The densities of the observed 68 kDa band were estimated from films using the NIH
Image 1.61 program (http://rsb.info.nih.gov/nih-image). Urine from each of the volunteers was
pooled and used as a normal standard on each of the Western blots. The densitometric score of
the pooled normal standard was used to normalize the apparent amount of the ADAM]12 68 kDa
band in urine from normal individuals and cancer patients. In some experiments,
immunoprecipitation of 500 pl aliquots of urine supernatant was performed as described using a
mixture of mouse monoclonal antibodies (6E6, 8F8, and 6C10) (30, 31) and subjected to
Western blot as described above.
Statistical Analysis

Statistical analysis was done using the Mann Whitney test, the Student's t-test or the Chi-
square (Pearson). P-values <0.05 were considered statistically significant—but any analysis

know to the skilled addressee may be used.

Example 2
ADAMS, 10, and 12 Gene Expression in Bladder Cancer Correlates with Disease Status

Gene expression profiling was performed using a customized Affymetrix GeneChip
array. This GeneChip contained probe sets for specific detection of 18 different ADAM
transcripts (ADAM2, 3a, 5, 8,9, 10, 11, 12, 15, 19, 20, 22, 23, 28, 29, 30, 32, and 33).
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The present inventors found that only ADAMS, 10, and 12 had a positive correlation
between gene expression and the disease stage of bladder cancer (FIG. 1A and supplemental
FIG. 1). In the present study the present inventors subsequently focused only on the expression
of ADAM12 in bladder cancer.

The GeneChip contained transcript variants of both ADAMI12-L and ADAM12-S.
ADAMI2-L was expressed at low levels in normal bladder biopsies and Ta tumors (average
expression intensity: —17 and —6, respectively), higher levels in T1 tumors (average expression
intensity: 33), and at the highest levels in T2-4 tumors (average expression intensity: §9) (FIG.
1A).

The present inventors found a highly significant difference between the expression of
ADAMI2-L in normal tissue and Ta tumors compared to T1 tumors (p=0.00074, Student's t-test)
and to T2-4 tumors (p=1.0x10-10). ADAM]12-S transcripts were not detected in the bladder
tumors using this array.

To confirm and quantitate the presence of ADAM12-L and -S mRNA in tumor tissue
from a subset of the patients analyzed by microarray (three normal, five Ta, and five T2-4), RT-
PCR and qPCR were performed. Using RT-PCR, ADAMI12-L was detected in all samples and
ADAMI12-S was largely present in the T2-4 tumor samples (FIG. 1B). The PCR products were
sequenced, and comparison of the sequences to the GenBank verified the identity of nt 2378-
2512 in ADAMI12-S (AF023477) and nt 2816-2916 in ADAM12-L (AF023476). The present
inventors developed a method for qPCR for ADAM12-L and used the method to analyze a
subset of the patients analyzed by microarray (two normal, six Ta, and five T2-4). ADAM12-L
mRNA was expressed at approximately 15-fold higher levels in T2-4 tumors compared to

normal tissue (FIG. 1C; p=0.017, Student's t-test).

Example 3
ADAM 12 Gene Expression in Bladder Cancer is Concentrated in Tumor Cells

Single-stranded sense and anti-sense 35S labeled RNA probes were generated by in vitro
transcription of ADAM12 cDNA and used for in situ hybridization on tumors obtained from the
MMTV-PyMT mouse breast cancer model in which transgenic human ADAMI12 is expressed.
Intense positive signals for ADAMI12 were found in the murine breast carcinoma cells with the

anti-sense probes (FIG. 2A,B).
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The sense probes gave only a background signal.
This result confirmed the specificity of the probes for human ADAMI12. These probes were
subsequently used to examine ADAMI12 mRNA expression in human bladder cancer tissue
(FIG. 2C-F). Positive signals for ADAMI12 were found in the tumor cells in all grades with the
anti-sense probes, while lower signals were observed in the surrounding stroma (FIG. 2C,D).
Much lower levels of signals were found with the sense probes in either the tumor cells or
in the surrounding stroma (FIG. 2E,F). These results confirm that ADAM12 mRNA is expressed

in human bladder cancer and is located primarily in the tumor cells.

Example 4
ADAM 12 Immunostaining Correlates with Tumor Grade and Stage

The distribution of ADAMI12 protein in bladder cancer tissue was evaluated by
immunohistochemistry on tissue arrays (FIG. 3A-F).

In most cases, tumor cells exhibited strong immunostaining. Areas representing apparent
invasive fronts appeared to be most intensely stained (FIG. 3E) and strongly positively stained
tumor cells could be seen in small blood vessels (FIG. 3F). A few occasional stromal cells
exhibited immunostaining.

To evaluate the correlation between ADAM]12 protein expression and tumor grade
(histological criteria), 155 cases of bladder carcinomas from three different tissue arrays were
immunostained. Samples from a great majority of the cases (87%, 135 cases) exhibited positive
ADAMI12 immunostaining. More specifically, 93% (77 cases) of grade 3, 85% (46 cases) of
grade 2, and 72% (12 cases) of grade 1 tumor samples were positive for ADAM12 (FIG. 3G).
The difference between the number of grade 3 and the number of grade 1 tumors positive for
ADAMI12 staining was found to be statistically significant (p<5x10-3; Chi-square; Pearson).

To evaluate the correlation between ADAMI12 expression and tumor stage, a tissue array with 40
cases staged according to the TNM system was evaluated (FIG. 3H). All the T2-4 tumors (18
cases) exhibited ADAMI2 positive staining, while only 32% of the Ta+T1 tumors (22 cases)

were immunoreactive for ADAMI12 (p<1x10-5; Chi-square; Pearson).

Example 5
Distinct ADAM 12 Immunostaining of Umbrella Cells in the Normal Mucosa

66



WO 2013/173476 PCT/US2013/041183

ADAMI12 protein expression was examined in adjacent nontumorous mucosa and
mucosa from patients without bladder cancer. In most cases, the normal urothelium stained very
weakly (FIG. 4A).

Interestingly, the so-called umbrella cells often exhibited intensely positive ADAMI12
staining. ADAM12 was located both intracytoplasmically and along the cell membrane in these
cells (FIG. 4C).

The identity of these cells as umbrella cells was confirmed by immunostaining with
antibodies to uroplakin 3 (FIG. 4D), an umbrella cell marker. Umbrella cells shed into the urine
were also immunoreactive with antibodies to ADAM12, whereas squamous epithelial and other
urothelial cells were negative or only weakly positive (FIG. 4E,F).

Interestingly, urothelium with atypic or dysplastic characteristics demonstrated increased
positive cytoplasmic ADAMI12 immunoreactivity (FIG. 4G-I). Finally, the present inventors
found that “umbrella-like” differentiated tumor cell in the bladder cancer tissue exhibited striking

ADAMI2 immunoreactivity (FIG. 41).

Example 6
ADAM 12 is Detected in the Urine from Bladder Cancer Patients

Purified human ADAM12-S appears as two separate bands on SDS-PAGE. The 68 kDa
band represents the metalloprotease, disintegrin, cysteine-rich, and EGF-like domains and the 27
kDa band represents the prodomain that remains non-covalently associated with the body of the
molecule following furin cleavage.

Urine from bladder cancer patients was subjected to Western blotting analysis using a
series of different ADAM12 domain-specific antibodies. Polyclonal antibodies to the cysteine-
rich domain (rb122) recognized the 68 kDa band, while polyclonal antibodies to the prodomain
(rb132) recognized the 27 kDa band (FIG. SA).

Under nonreducing conditions, a monoclonal antibody against ADAM12 (6E6) detected
a protein band migrating slightly faster than the 68 kDa protein as previously reported (35).

In addition, monoclonal antibodies to the disintegrin domain (2F7) reacted with the 68
kDa band and occasionally to a 50 kDa band that appears to be a degradation product.

Immunoprecipitation of urine supernatant using monoclonal antibodies against

ADAMI12, followed by immunoblotting with polyclonal antibodies specific for the carboxy-
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terminus of ADAM12-S (rb116) and for the prodomain and (rb132) detected ADAMI12-S in the
urine of bladder cancer patients (FIG. 5B).

To determine the approximate level of ADAM12 in urine from healthy individuals and
cancer patients, the present inventors compared the amount of ADAMI2 in urine with a standard
of purified ADAMI12-S (FIG. 5C).

Using densitometric quantitation of the 68 kDa band, the present inventors found
approximately 4-10 ng ADAMI12/ml urine in cancer urine.

In normal urine, ADAM12 was only weakly detected i.e. less than 1 ng/ml urine (FIG. 5D,E).
To further quantitate the relative amount of ADAM12 in cancer urine compared to urine from
healthy controls, the present inventors examined 32 samples (11 Ta, 4 T1, and 17 T2-4) of
cancer urine and eight samples of healthy control urine by Western blotting and densitometric
quantitation (FIG. SE).

Importantly, the relative amount of ADAM12 protein was significantly higher in urine
from patients with a Ta tumor (approximately four-fold increase; p 0.0002, Student's t-test), T1
tumor (approximately six-fold increase; p=0.0001, Student's t-test) or with an invasive bladder
tumor (T2-T4; approximately seven-fold increase; p=0.0004, Student's t-test) than in urine from
normal individuals.

The present inventors also compared the relative level of ADAM12 mRNA from the
microarray experiments with the apparent level of ADAM]I2 protein in the urine, but found no
correlation (data not shown).

Routine cytology was performed on 29 bladder cancer cases, and identified §6% of the
bladder cancers (Table 1). The level of ADAM12 in the urine of these 29 cases was examined by
Western blot. The present inventors chose to use a >2-fold increase in the relative level of
ADAMI2 compared to normal control by Western blot as “positive.” The relative levels of
ADAMI12 alone detected 97% (28/29) of the bladder cancers.

In combination with cytology, the relative level of ADAMI12 detected 100% of the tumor
cases.

Importantly, ADAM]I2 detected 100% of the Ta and T1 tumor cases, as well as 100% of the
grade 2 tumors, while cytology only detected 78% of Ta, 75% of T1, and 78% of grade 2 tumors.
To evaluate the specificity of the Western blot, the present inventors analyzed urinary levels of

ADAMI2 obtained from five cases of benign prostatic hyperplasia and two cases of pregnancy.
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The level of ADAMI12 in the urine of these cases did not differ from the control healthy

individuals.

Example 7
ADAM 12 in the Urine of Bladder Cancer Patients who Underwent Surgical Removal of Tumor

Correlates with the Presence of Tumor

The present inventors analyzed two cases of Ta and four cases of T1 tumors that all
eventually progressed to the T2-4 stage.

In all tested cases, ADAM12 was detectable in the urine prior to surgery. FIG. 6A
illustrates a patient follow-up with decreasing urinary level of ADAMI12 after removal of Ta
tumor and increasing level with recurrence of invasive tumor. In both Ta tumor cases and in one
T1 case, the level of urine ADAMI12 decreased following removal of the tumor, and increased
again with appearance of invasive tumor (FIG. 6B, case A, B, C). In one case, the urinary level
of ADAMI12 did not decrease during the period of surveillance; however, selected site biopsies

from this patient showed carcinoma in situ (FIG. 6B, case D).

Example 8§
Establishing cut-off levels for ADAMI12 and GSTP1

A cohort of 268 post-digital-rectum-exam (DRE) urine samples were analyzed for
ADAMI2 protein levels and hypermethylation of the GSTP1 promoter region. Based upon
previous biopsies, the cohort was divided into cancer negative (163) and cancer positive (105).
Notably there was a wide variety of PSA scores in both the cancer positive and the cancer
negative groups, with 23 cancer positive samples having a PSA of less than 4 ng/ml, and 19
cancer negative samples having a PSA of greater than 10ng/ml.

Using standard biostastical analysis, it was determined that the cancer positive cutoff was
GSTPI1 methylation greater than or equal to 0.41% and ADAM12 expression levels greater than
or equal to 120. The corresponding cancer negative cutoff was GSTP1 methylation less than

0.41% and ADAM12 less than 0.662.

Example 9

Comparison to measured PSA levels
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Positive and negative predictive values were assessed by analyzing the data from the

cohort of Example 8, using the cut-offs of Example 8. The positive predictive value of the cut-

offs of Example 8 was 94%, and the negative predictive value of the cut-offs of Example 8 was

100%. Based upon measured PSA values for the same cohort, the recommended PSA cut-off

was found to have a positive predictive value of 41%, and a negative predictive value of 60%.

Positive Predictive Value: ADAM12+GSTP1

Marker Cutoff PPV Sens. Spec.
GSTP1 + GSTP1>0.41% 94% (16/17) 53% (16/30) 98% (42/43)
ADAMI12 ADAM12>120 [71-100%] [34-72%] [88-100%]
Negative Predictive Value: ADAMI12+GSTP1

Marker Cutoff PPV Sens. Spec.
GSTP1 + GSTP1<0.41% 100% (10/10) 100% (30/30) 23% (10/43)
ADAMI12 ADAM12<0.662 [69-100%] [88-100%] [12-39%]
Positive Predictive Value: PSA

Marker Cutoff PPV Sens. Spec.

41% (24/58) 80% (24/30) 21% (9/43)
PSA PSAzdng/ml [29-55%] [61-92%] [10-36%]

As a means of further comparison, scores based upon the ADAM12+GSTP1 test were broken

down based upon the PSA scores of the samples. (PSA value >10ng/ml = high risk cancer; PSA

value <10 ng/ml to >4ng/ml = cancer positive; PSA value <4ng/ml = cancer negative.)

Marker Cutoff PPV Sens. Spec.
GSTP1 +
ADAM1?2 GSTP1<0.41% 100% (3/3) 43% (3/7) 100% (5/5)
PSA>10ng/ml ADAM12>120 [29-100%] [10-82%] [48-100%]
GSTP1 +
ADAMI12 GSTP1<0.41% 90% (9/10) 53% (9/17) 97% (28/29)
PSA <10 ng/ml | ADAMI2>120 [56-100%] [28-77%] [82-100%]
to >4ng/ml
(A}]S)ngllfrz GSTP1>0.41% 100% (4/4) 67% (4/6) 100% (9/9)
PSA<dng/ml ADAM12>120 [40-100%] [22-96%] [66-100%]
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Thus, the combination of ADAM12 + GSTP1 screening has greater predictive value, and greater

specificity than the standard-of-care PSA test.

Additional aspects and advantages of the invention are apparent to the skilled artisan.

Incorporation by Reference

References and citations to other documents, such as patents, patent applications, patent
publications, journals, books, papers, web contents, have been made throughout this disclosure.

All such documents are hereby incorporated herein by reference in their entirety for all purposes.

Equivalents

The invention may be embodied in other specific forms without departing from the spirit
or essential characteristics thereof. The foregoing embodiments are therefore to be considered in
all respects illustrative rather than limiting on the invention described herein. Scope of the
invention is thus indicated by the appended claims rather than by the foregoing description, and
all changes which come within the meaning and range of equivalency of the claims are therefore

intended to be embraced therein.
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CLAIMS

What is claimed is:

1. A method for screening for a disease, the method comprising:
identifying a threshold parameter of GSTP1 nucleic acid and ADAM protein, wherein
said threshold parameter is indicative of the absence of the disease;
assaying a tissue or body fluid sample to determine a parameter of GSTP1 nucleic acid
and ADAM protein; and
identifying said sample as positive for the disease if each of said GSTP1 nucleic acid and

ADAM protein are greater than said threshold parameter.

2. The method of claim 1, wherein the disease is cancer.

3. The method of claim 2, wherein the cancer is prostate cancer.

4. The method of claim 1, wherein the sample comprises blood or urine.

5. The method of claim 1, wherein the nucleic acid is DNA or RNA.

6. The method of claim 1, wherein said parameter comprises an amount of ADAM protein.

7. The method of claim 1, wherein said parameter comprises a methylation pattern in said

GSTP1 nucleic acid.

8. The method of claim 1, wherein said parameter comprises a mutation in said GSTP1

nucleic acid.

9. The method of claim 1, wherein said ADAM protein is selected from ADAM §, ADAM
10, and ADAM 12.

10. The method of claim 9, wherein said ADAM protein is ADAM 12.

11. The method of claim 1, wherein said assaying step comprises binding an aptamer to said

ADAM protein.
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12. The method of claim 1, wherein said assaying step comprises single molecule

sequencing.

13. The method of claim 12, wherein said single molecule sequencing comprises ion

semiconductor sequencing.

14. The method of claim 1, wherein said assaying step comprises amplifying said GSTP1

nucleic acid or an aptamer that binds to said ADAM protein.

15. A method for grading a disease, the method comprising:

assaying a tissue or body fluid sample to determine a parameter of GSTP1 nucleic acid
and ADAM protein;

comparing said parameter of GSTP1 nucleic acid and ADAM protein to a plurality of
reference parameters of GSTP1 nucleic acid and ADAM protein, wherein said reference
parameters are indicative of grades of said disease; and

identifying said sample as corresponding to a grade of said disease when said parameter
of GSTPI nucleic acid and ADAM protein is greater than a reference parameter corresponding to

said grade.

16. The method of claim 15, wherein the disease is cancer.

17. The method of claim 16, wherein the cancer is prostate cancer.

18. The method of claim 15, wherein the sample comprises blood or urine.

19. The method of claim 15, wherein said parameter comprises an amount of said ADAM

protein.

20. The method of claim 15, wherein said parameter comprises a methylation pattern in said

GSTP1 nucleic acid.
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