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Description
BACKGROUND OF THE INVENTION

[0001] Cancer markers are substances that can be
found in the body (usually in the blood or urine) when
cancer is present. They can be products of the cancer
cells themselves, or of the body in response to cancer or
other conditions. For several reasons, cancer markers
themselves are usually not enough to diagnose (or rule
out) a specific type of cancer. Most cancer markers can
be produced by normal cells as well as by cancer cells,
even if in smaller amounts. Sometimes, non-cancerous
diseases can also cause levels of certain cancer markers
to be higher than normal. Further, not every person with
cancer may have higher levels of a cancer marker. For
these reasons, only a small amount of cancer markers
are commonly used by mostdoctors. When a doctor does
look at the level of a certain cancer marker, he or she will
typically consider it along with the results of the patient’s
history and physical exam, and other lab tests orimaging
tests.

[0002] Screening refers to looking for cancer in indi-
viduals who have no symptoms of the disease, while early
detection is finding cancer at an early stage of the dis-
ease, when it is less likely to have spread (and is more
likely to be treated effectively). Although cancer markers
were originally investigated and developed to testfor can-
cer in people without symptoms, very few markers have
been shown to be helpful in this way.

[0003] Ovarian cancer has the highest mortality
among gynecological cancers. The lack of early symp-
toms and the absence of a reliable screening test to de-
tect ovarian cancer result in over 70% of women being
diagnosed after the disease has spread beyond the ovary
so that the prognosis is poor with approximately 12,000
deaths due to ovarian cancer annually (5-year survival
is no better than 37%). Currently, physical pelvic exam-
ination by a physician, ultrasound or measuring blood
levels for CA125 are the only standard methods available
for detection of ovarian cancer. However, none of these
methods provides a reliably consistent and accurate
method to detect ovarian cancer. Forexample, while over
80% of women with ovarian cancer will have elevated
blood levels of CA125, blood levels of CA125 are only
about 50% accurate for detecting early stage disease.
The development of an alternate and new test to reliably
and accurately detect all ovarian cancers is imperative.
Thus, what is needed is a technology that overcomes the
current lack of a reliable, accurate, safe and cost-effec-
tive test for ovarian cancer. Furthermore, what is needed
is a technology that accurately detects all ovarian can-
cers, many of which now go undetected, as well as mon-
itor disease burden throughout the course of ovarian can-
cer.

[0004] An accurate, safe, simple, and reliable test to
diagnosis ovarian cancer would benefit all women, in the
United States and worldwide, including medically under-
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served geographical areas and especially women at high
risk for developing ovarian cancer. Given that approxi-
mately 25,000 women are diagnosed with ovarian cancer
annually in the U.S., a biomarker of ovarian cancer that
is detectable in both early and late stages of disease
would not only confirm the diagnosis of ovarian cancer,
but could also potentially detect thousands of previously
undiagnosed ovarian cancers. This is especially impor-
tant for detection of ovarian cancer in early stages where
the disease is confined to the ovary, but currently ac-
counts for less than 10% of diagnosed ovarian cancers.
In these situations, surgical debulking of the diseased
ovary increases patient survival to over 90% and would
be expected to reduce medical costs. The ability to ac-
curately detect and monitor ovarian cancer in each pa-
tient through the course of her disease, would not only
serve for initial ovarian cancer diagnosis, but would also
indicate therapeutic efficacy and/or recurrent disease.
The development of a commercially available, FDA-ap-
proved ELISA-based test, for example, could become
the gold standard for clinical diagnosis of ovarian cancer.
[0005] While apoptosis is an essential biological proc-
ess for normal development and maintenance of tissue
homeostasis, it is also involved in a number of pathologic
conditionsincluding tissue injury, degenerative diseases,
immunological diseases and cancer (Lowe, S.W. and Lin,
A.W. Carcinogenesis, 2000, 21:485-495). Whether acti-
vated by membrane bound death receptors (Ashkenazi,
A. etal. J. Clin. Invest., 1999, 104:155-162; Walczak, H.
Krammer, P.H. Exp. Cell Res, 2000, 256:58-66) or by
stress-induced mitochondrial perturbation with subse-
quent cytochrome c release (Loeffler, M. and Kroemer,
G. Exp. Cell Res., 2000, 256:19-26; Wernig, F. and Xu,
Q. Prog. Biophys. Mol. Biol., 2002, 78:105-137; Takano,
T. et al. Antiox. Redox. Signal, 2002, 4:533-541), activa-
tion of downstream caspases leads to stepwise cellular
destruction by disrupting the cytoskeleton, shutting down
DNA replication and repair, degrading chromosomal
DNA, and, finally, disintegrating the cell into apoptotic
bodies (Nagata, S. Exp. CellRes., 2000, 256:12-18). The
key regulators of apoptosis include members of the bcl-
2 protein family (Farrow, S.N. and Brown, R. Curr. Opin.
Gen. Dev., 1996, 6:45-49).

[0006] The bcl-2 protein family consists of both pro-
and anti-apoptotic protein family members that act at dif-
ferent levels of the apoptotic cascade to regulate apop-
tosis. The bcl-2 family members contain at least one Bcl-
2-homology (BH) domain (Farrow, S.N. and Brown, R.
Curr. Opin. Gen. Dev., 1996, 6:45-49). Though all bcl-2
family members demonstrate membrane channel form-
ing activity, Bcl-2 (the archetypal bcl-2 family member)
channels are cation (Ca**) selective and, owing to its
exclusive ER and mitochondrial membrane localization
(Thomenius, M.J. and Distelhorst, C.W. J. Cell Sci., 2003,
116:4493-4499); the anti-apoptotic function of Bcl-2 is at
least partly mediated by its ability to prevent calcium re-
lease from the ER and subsequent mitochondrial mem-
brane perturbation and cytochrome c release. Since Bcl-
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2is overexpressed in many tumor types including ovarian
cancer (Sharma, H. et al. Head Neck, 2004, 26:733-740;
Hanaoka, T. et al. Intl. J. Clin. Oncol., 2002, 7:152-158;
Trisciuoglio, D. et al. J. Cell Physiol., 2005, 205:414-421;
Khalifeh, 1. et al. Int. J. Gynecol. Pathol., 2004, 23:
162-169; O’Neill, C.J. et al. Am. J. Surg. Pathol., 2005,
29:1034-1041), it contributes to chemoresistance by sta-
bilizing the mitochondrial membrane against apoptotic
insults. Currently, preclinical studies focus on the devel-
opment of agents to inhibit Bcl-2, including antisense ol-
igonucleotides such as G3,139 (Ackermann, E.J. et al.
J. Biol. Chem., 1999, 274:11245-11252), and small mo-
lecular inhibitors of Bcl-2 (Lickliter, J.D. et al. Leukemia,
2003, 17:2074-2080). Though such studies target Bcl-2
for therapeutic intervention, quantification of urinary Bcl-
2 has not previously been reported in the literature.
[0007] It would be advantageous to have available as-
says that provide safe, sensitive, specificand economical
methods for the detection of cancers such as ovarian
cancer, which would benefit society worldwide.

[0008] Lietal., Arch. Gynecol. Obstet., vol. 272, 2005,
pages 48-52 report a study into the expression of Bcl-2
in borderline ovarian tumours, and investigates the cor-
relation between expression of Bcl-2 and the clinico-
pathologic features of borderline ovarian tumours. Sta-
tistical analysis showed a positive correlation of Bcl-2 in
borderline ovarian tumours.

[0009] Giannoulis et al., Tech Coloprotol, vol. 8, 2004,
pages S56-S58, report an investigation into the presence
of Bcl-2 protein in the serum of patients with colorectal
cancer. Bcl-2 was detected in the serum of patients with
colorectal cancer.

BRIEF SUMMARY OF THE INVENTION

[0010] The presentinvention relates to cancer screen-
ing. Bcl-2 constitutes a biomarker for prognosis, diagno-
sis and monitoring of ovarian cancer. Bcl-2 may be used
to diagnose and monitor early stage and late stage ovar-
ian cancer. Bcl-2 may be used as a biomarker for cancer
before surgery and after relapse. Bcl-2, and agents that
bind Bcl-2 polynucleotides or polypeptides is used to de-
tect and monitor ovarian cancer.

[0011] According to the invention, a method of detect-
ing ovarian cancer in a subject, comprises detecting the
presence of Bcl-2 in a biological sample of urine from the
subject using ELISA-based immunoenzymatic detection,
wherein a level of Bcl-2 above a pre-determined thresh-
old is indicative of ovarian cancer in the subject.

[0012] Optionally, the method further comprises veri-
fying that the subject s suffering from the cancer detected
(e.g. by assessing for the presence of one or more cancer
symptoms, detecting additional cancer markers, detect-
ing the presence of the cancer through an imaging mo-
dality such as X-ray, CT, nuclear imaging (PET and
SPECT), ultrasound, MRI) and/or treating the subject for
the cancer detected (e.g. by surgery, chemotherapy,
and/or radiation).
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[0013] To assess whether urinary levels of Bcl-2 could
be used to detect ovarian cancer, urine was collected
from normal healthy volunteers, from patients with ovar-
ian cancer and measured for Bcl-2 by ELISA. The aver-
age amount of Bcl-2 in the urine of cancer patients was
generally at least 10X greater than healthy controls. In
addition, none of the urine samples collected from 35
women with benign gynecologic disease (including ter-
atomas, ovarian cysts, leiomyomas, polycystic ovarian
disease, adenofibromas or cystadenomas) had Bcl-2 lev-
els above that found in normal, healthy volunteers. Uri-
nary levels of Bcl-2 decreased up to 100% in ovarian
cancer patients following debulking surgery. The sensi-
tivity and specificity for elevated urinary Bcl-2 associated
with ovarian cancer was almost 100% while blood levels
of CA125 > 35 U/ml only identified 68% of ovarian cancer
patients. Comparison of clinical parameters indicated
that urinary levels of Bcl-2 correlated well with tumor
stage and grade. However, urinary levels of Bcl-2 were
not related to patient age or tumor size. Therefore, quan-
tification of urinary Bcl-2 by ELISA-based assays pro-
vides a safe, sensitive, specific and economical method
to detect ovarian cancer, to monitor ovarian cancer
throughout the course of disease and to predict thera-
peutic and prognostic outcome.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014]

Figure 1 is a histogram depicting urinary levels of
Bcl-2. Urinary levels of Bcl-2 are higher in patients
with ovarian cancer compared with normal healthy
volunteers. Urine was collected from normal healthy
volunteers and from patients with ovarian cancer (in-
cluding histological subtypes serous, mucinous) and
peritoneal cancer. Serous ovarian cancers were fur-
ther subdivided into stage 1 (the first three bars on
the left in the serous grouping), stage 2 (the next
eightbarsin the serous grouping (i.e., bars 4-11 from
the left of the serous grouping)) and stage 3 (the
eleven bars in the right-hand section of the serous
grouping (i.e. bars 12-22 from the left of the serous
grouping). The urine was tested in triplicate for Bcl-
2 by ELISA (ELISA kits from Bender MedSystems,
catalog #BMS244/3) and the results expressed as
the average ng/ml Bcl-2 + S.E. The data indicate
consistently elevated levels of Bcl-2 in the urine of
patients with cancer. Student t-testanalysis revealed
a statistical difference between normal and cancer
specimens at p < 0.00001.

Figure 2 is a histogram depicting urinary levels of
Bcl-2 in normal and cancer patients. Additional urine
specimens were collected from normal healthy vol-
unteers and from patients with ovarian cancer (in-
cluding histological subtypes endometroid, serous
and mucinous) and peritoneal cancer. Serous ovar-
ian cancers were further subdivided into stage 1 (7
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left-most bars in serous grouping), stage 2 (bars 8-17
from the left in the serous grouping) and stage 3 (12
right-most bars in serous grouping). The urine was
tested in triplicate for Bcl-2 by ELISA (ELISA kits
from Bender Med Systems), the results expressed
as the average ng/ml Bcl-2 and represent all the nor-
mal and the pre-surgical cancer urine specimens
tested to date. In agreement with Figure 1, the data
indicate consistently elevated levels of Bcl-2 in the
urine of patients with cancer. Student t-test analysis
reveal a statistical difference between normal and
cancer specimens at p < 0.00001.

Figures 3A and 3B are histograms demonstrating
that urinary Bcl-2 is related to tumor stage and grade,
respectively. Levels of urinary Bcl-2 were plotted
against tumor stage from all available histological
ovarian cancer subtypes (serous, endometriod, mu-
cinous). Stages I, Il, Il and V are represented by
Roman numerals with groupings underneath.
Though still considerably higher than normal con-
trols, Figure 3A illustrates that urinary levels of Bcl-
2 were lowest in stage | and Il tumors (average ng/ml
Bcl-2 = 2.2) where the disease is localized within the
ovary and peritoneal cavity, respectively. Urinary
levels of Bcl-2 were greatest among stage 1l and V
(average ng/ml Bcl-2 = 4.22) when the disease has
spread well beyond the ovary oris recurrent disease,
respectively.

Figures 4A and 4B are a pair of histograms depict-
ing the ability of urinary Bcl-2 (Figure 4A) relative to
the measurements of plasma levels of CA125 (Fig-
ure 4B) in detecting ovarian cancer. Wherever pos-
sible, levels of urinary Bcl-2 as previously shown in
Figures 1-3 were compared with plasma levels of
CA125 from the same normal healthy volunteers and
cancer patients. The latter group included patients
with mucinous ovarian cancer (Muc), primary peri-
toneal cancer (PP) and serous ovarian cancer (Se-
rous). CA125 levels were determined by ELISA (kits
from Bio-Quant, San Diego, CA, Catalog #
BQ1013T) in triplicate. The data are expressed as
the average ng/ml Bcl-2 (A) and average U/ml
CA125 (Figure 4B). The sensitivity and specificity to
detect ovarian cancer by elevated levels of urinary
Bcl-2 was almost 100%. In contrast, CA125 blood
levels > 35 U/ml, the current standard for ovarian
cancer detection, only correctly identified 68% of
ovarian cancer patients.

Figure 5 is a histogram showing that urinary Bcl-2
does not correlate with patient age. To examine
whether elevated urinary levels of Bcl-2 in cancer
patients correlated with patient age, levels of urinary
Bcl-2 (as determined previously in Figures 1-3 and
4A-4B) were compared against patient age in years.
Though the average age of normal healthy volun-
teers in this study was somewhat lower (54.8 years)
than cancer patients (66.2 years), there was no sta-
tistical difference in age between the groups due to
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the wide range in age (see insert in Figure 5). In
addition, the average age of cancer patients is in
agreement with the literature and clinical data indi-
cating that ovarian cancer generally targets peri- and
post-menopausal women. However, there did not
appear to be a correlation between urinary levels of
Bcl-2 with patient age.

Figure 6 is a histogram showing that urinary Bcl-2
does not correlate with ovarian tumor size. To ex-
amine whether elevated urinary levels of Bcl-2 in
cancer patients correlated with tumor size, levels of
urinary Bcl-2 (as determined previously in Figures
1-3 and 4A-4B) were compared against tumor size.
Tumors were grouped as: 1=microscopic in size;
3=tumors less than 3 cm; 6=tumors between 3 and
6 cm; 10=tumors greater than 6 cm and up to 10 cm;
11 =tumors greater than 10 cm. The data indicate
that there did not appear to be a correlation between
urinary levels of Bcl-2 with tumor size.

Figures 7A and 7B are a pair of histograms showing
that urinary Bcl-2 decreases after ovarian cancer de-
bunking surgery. To further test the accuracy of uri-
nary Bcl-2 to detect ovarian cancer, levels of urinary
Bcl-2 were compared in those available ovarian can-
cer patients immediately prior to (black bars) and
within 2 weeks following (grey bars) initial debulking
surgery (removal of all visible tumor) (Figure 7A).
For those 7 patients where urine samples were col-
lected before and after initial surgery, Bcl-2 levels
decreased up to 100% following surgical removal of
tumor. These data, then, suggest that the tumor is
the source of Bcl-2 found elevated in the urine of
patients with ovarian cancer and that levels of urinary
Bcl-2 parallel the presence of ovarian cancer. In ad-
dition, urine samples were collected from 5 of the 7
patients in Figure 7A on subsequent follow up clinical
visits ranging from 7 to 11 months following initial
surgery and measured for Bcl-2 (blue bars) (Figure
7B). Urinary Bcl-2 levels remained low in 3 follow-
up patients (#41, 43, 54) and became elevated in 2
patients (#5, 27). Preliminary chart review indicated
that patients #41, 43, 54 were undergoing chemo-
therapy at the time of follow-up visits and that their
ovarian cancer disease was under control. In con-
trast, chart review suggests that patients #5, 27 had
recurrent disease (5B, 27B) and that patient #27b
underwent additional tumor debulking surgery. In
agreement with the clinical information, urinary Bcl-
2 levels remained reduced in patients undergoing
chemotherapy and who had no apparent or minimal
residual disease (#41, 43, 54). Likewise, elevated
urinary Bcl-2 levels correlated with the presence of
recurrent disease (#5b, 27B) and decreased with
subsequent disease debulking (#27c).

Figures 8A and 8B show results of Bcl-2 testing in
patients with benign gynecologic disease. Urinary
samples were examined by ELISA for Bcl-2 in pa-
tients with benign gynecologic disease. Samples
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were examined in triplicate and the data expressed
as the average ng/ml of Bcl-2 = S.E (Figure 8A).
Benign gynecologic disease samples were subdivid-
ed by type (benign cystic teratoma, simple cyst, lei-
omyoma, polycystic ovary, adenofibroma, mucinous
and serous cystadenoma) with ovarian cancer pa-
tient sample #41 (white bar) serving as an internal
positive control. Average urinary Bcl-2 ng/ml = S.E.
among benign disease are indicted below their re-
spective heading. Samples from Figure 2 and Figure
3A were re-plotted to show distribution of Bcl-2 ex-
pression for this study group (n=92), shown in Figure
8B. Bcl-2 levels in benign, cancer and normal indi-
viduals ranged from 0.115-1.016 ng/ml, 1.12-9.8
ng/ml and 0-1.26 ng/ml and averaged 0.614 ng/ml,
3.4 ng/ml and 0.21 ng/ml, respectively.

Figure 9 is a histogram showing that Bcl-2 can be
secreted into cell culture conditioned medium. Con-
ditioned medium (CM) was collected from estab-
lished cancer cell lines representing ovarian
(OV2008, SKOV3, PA1), cervical (Hela), prostate
(LNCap, DU145, PC-3), head and neck (HN5a) and
lymphoma (Raji) cancers and examined by ELISA
for presence of Bcl-2. Data are expressed as the
mean of triplicate samples. The presence of Bcl-2 in
the CM of ovarian, cervical and prostate cancer cell
cultures suggests that these cancer cells produce
and secrete Bcl-2.

Figure 10 shows that Bcl-2 is over-expressed in
some cancers cells. Cell lysates from established
cancer cell lines representing ovarian (SW626,
C13), head and neck (HN5a), cervical (Hela) and
prostate (DU145) cancers were western immunob-
lotted for Bcl-2. Actin served as a loading control and
FHIOSE118 cells (SV-40 large T antigen transfected
human ovarian surface epithelial cells) served as a
normal, non-malignant ovarian surface epithelial
control cells. Following densitometric analyses, the
level of Bcl-2 was normalized to actin, noted below
the blots. Normal cells contained negligible amounts
of bcl-2 while ovarian and cervical cancer cells con-
tained the greatest amount of Bcl-2.

Figure 11 shows Bcl-2 protein concentrations fol-
lowing storage. Urine samples from normal healthy
individuals (#506, 508) and patients with ovarian
cancer (#77, 97) were originally tested for Bcl-2 as
part of this study (control) and following storage for
4 days at either room temperature (25°C), in a fridge
(4°C),ina-20°C freezer (-20°C) orin a-80°C freezer
(-80°C). All samples were tested in duplicate for uri-
nary levels of Bcl-2 using an ELISA kit (BenderMed
Systems).

Figure 12 shows Bcl-2 protein concentrations in
conditioned medium (CM) of cancer cell lines follow-
ing treatment with lysophosphatidic acid (LPA), in-
cluding DU145, a prostate cancer cell line. The figure
shows that treatment with LPA, which often feeds
back into cancer cells in the manner of an autocrine
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loop, stimulates secretion of Bcl-2 into the CM of
some cancer cell types. As these cancer cell lines
secrete Bcl-2 into their CM, as do ovarian cancer cell
lines, the in vivo tumor counterparts of such cell lines
potentially secrete Bcl-2 into biological fluids such
as urine and/or blood and may be detected using the
present invention.

BRIEF DESCRIPTION OF THE SEQUENCES
[0015]

SEQID NO:1 is human Bcl-2 DNA (GenBank acces-
sion no. M14745); coding region (CDS): bases
32-751.

SEQ ID NO:2 is human Bcl-2 protein (GenBank ac-
cession no. AAA35591).

SEQID NO:3is human Bcl-2 DNA, transcript variant
alpha (GenBank accession no. NM_000633); CDS:
bases 494-1213.

SEQ ID NO:4 is human Bcl-2 protein, transcript var-
iant alpha (GenBank accession no. NP_000624).
SEQID NO:5is human Bcl-2 DNA, transcript variant
beta (GenBank accession no. NM_000657); CDS:
bases 494-1111.

SEQ ID NO:6 is human Bcl-2 protein, transcript var-
iant beta (GenBank accession no. NP_000648).

DETAILED DESCRIPTION OF THE INVENTION

[0016] Bcl-2 is an effective molecular marker for ovar-
ian cancer. Cancer markers (also called tumor markers)
are molecules such as hormones, enzymes, and immu-
noglobulins found in the body that are associated with
cancer and whose measurement or identification is use-
fulin patient diagnosis or clinical management. They can
be products of the cancer cells themselves, or of the body
in response to cancer or other conditions. Most cancer
markers are proteins. Some cancer markers are seen
only in a single type of cancer, while others can be de-
tected in several types of cancer. Bcl-2 can be used for
a variety of purposes, such as: screening a healthy pop-
ulation or a high risk population for the presence of ovar-
ian cancer; making a diagnosis of ovarian cancer; deter-
mining the prognosis of a subject; and monitoring the
course in a subject in remission or while receiving sur-
gery, radiation, chemotherapy, or other cancer treat-
ment.

[0017] To assess whether urinary levels of Bcl-2 could
be used to detect ovarian cancer, urine was collected
from normal healthy volunteers (N=21) and from patients
with ovarian (N=34) and primary peritoneal (N=2) cancer
and measured in triplicate for Bcl-2 using commercially
available ELISA kits (BenderMedSystems, catalog
#BMS244/3) according to the manufacturer’s instruc-
tions. The results were expressed as the average ng/ml
Bcl-2 = S.E. The average amount of Bcl-2 in the urine
of healthy volunteers was 0.204 ng/ml while that from
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pre-surgical patients with cancer averaged 3.12 ng/ml,
generally at least 10X greater than that found in normal
controls. Student t-test analysis revealed a statistical dif-
ference between normal and cancer specimens at p <
0.00001. Comparison of clinical parameters indicated
that urinary levels of Bcl-2 correlated well with tumor
stage and grade (Figures 3A and 3B).

[0018] Plasma samples from some of these same in-
dividuals above were examined in triplicate for CA125
levels by a commercially available ELISA (Bio-Quant,
catalog #BQ1013T) according to the manufacturer’s in-
structions. The sensitivity and specificity for elevated uri-
nary Bcl-2 associated with ovarian cancer detection was
almost 100% while blood levels of CA125 > 35 U/ml, the
current standard for ovarian cancer detection, only cor-
rectly identified 68% of ovarian cancer patients.

[0019] To further test the accuracy for levels of urinary
Bcl-2 to detect ovarian cancer, levels of urinary Bcl-2
were compared in those available ovarian cancer pa-
tients immediately prior to and within 2 weeks following
initial debulking surgery (removal of all visible tumor). For
those 7 patients where urine samples were collected be-
fore and after initial surgery, Bcl-2 levels decreased up
to 100% following surgical removal of tumor. These data,
then, suggest that the tumor is the source of Bcl-2 found
elevated in the urine of patients with ovarian cancer. In
addition, urine samples were collected from 5 of these 7
patients on subsequent follow up clinical visits ranging
from 7 to 11 months following initial surgery and meas-
ured for Bcl-2. Urinary Bcl-2 levels remained low in 3
follow-up patients (#41, 43, 54) and became elevated in
2 patients (#5, 27). Preliminary chart review indicated
that patients #41, 43, and 54 were undergoing chemo-
therapy at the time of follow-up visits and that their ovar-
ian cancer disease was under control. In contrast, chart
review suggests that patients #5, 27 had recurrent dis-
ease and that patient #27 underwent additional tumor
debulking surgery. In agreement with the clinical infor-
mation, urinary Bcl-2 levels remained reduced in patients
undergoing chemotherapy and who had no apparent or
minimal residual disease (#41,43,54). Likewise, elevated
urinary Bcl-2 levels correlated with the presence of re-
current disease (#5, 27) and decreased with subsequent
disease debulking (#27c).

[0020] Taken together, these data indicate that quan-
tification of urinary Bcl-2 by ELISA-based assays ap-
pears to provide a novel, safe, sensitive, specific and
economical method for the detection of ovarian cancer.
Further, urinary levels of Bcl-2 can be used to monitor
the presence of ovarian cancer throughout the course of
disease and may predict therapeutic and prognostic out-
come.

[0021] In one embodiment of the method of the inven-
tion, the detecting comprises: (a) contacting the biologi-
cal sample with a binding agent that binds Bcl-2 protein
to form a complex; and (b) detecting the complex; and
correlating the detected complex to the amount of Bcl-2
protein in the sample, wherein the presence of elevated
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Bcl-2 protein is indicative of ovarian cancer. In a specific
embodiment, the detecting of (b) further comprises link-
ing or incorporating a label onto the agent, or using ELI-
SA-based immunoenzymatic detection.

[0022] Optionally, the methods of the invention further
comprise detecting a biomarker of cancer in the same
biological sample or a different biological sample ob-
tained from the subject, before, during, or after said de-
tecting of Bcl-2. In one embodiment, the biomarker of
cancer is a biomarker of reproductive cancer, such as
gynecological cancer. In another embodiment, the bi-
omarker is CA125. The subject may have elevated
CA125 level in the blood at the time the detecting of Bcl-
2 is carried out, or the subject may not have an elevated
CA125 level in the blood at the time the detecting of Bcl-
2 is carried out.

[0023] In some embodiments, the subject is suffering
from ovarian cancer, and the detecting is performed at
several time points at intervals, as part of a monitoring
of the subject before, during, or after the treatment of the
cancer.

[0024] In some embodiments, the subject exhibits no
symptoms of cancer at the time the detecting of Bcl-2 is
carried out. In other embodiments, the subject exhibits
one or more symptoms of cancer at the time the detecting
of Bcl-2 is carried out. For example, with respect to gyne-
cological cancer (e.g., ovarian cancer), the one or more
symptoms of gynecological cancer include those select-
ed from the group consisting of pelvic pain, abnormal
vaginal bleeding, abdominal swelling or bloating, persist-
entback pain, persistent stomach upset, changein bowel
or bladder pattern (such as constipation, diarrhea, blood
in the stools, gas, thinner stools, frequency or urgency
of urination, constipation), pain during intercourse, unin-
tentional weight loss of ten or more pounds, vulva or vag-
inal abnormality (such as blister, change in skin color, or
discharge), change in the breast (such as a lump, sore-
ness, nipple discharge, dimpling, redness, or swelling),
and fatigue.

[0025] Theterms"detecting" or "detect"include assay-
ing or otherwise establishing the presence or absence
of the target Bcl-2 (Bcl-2 encoding nucleic acid sequence
or Bcl-2 gene product (polypeptide)), subunits thereof,
or combinations of agent bound targets, and the like, or
assaying for, interrogating, ascertaining, establishing, or
otherwise determining one or more factual characteris-
tics of ovarian cancer, metastasis, stage, or similar con-
ditions. The term encompasses diagnostic, prognostic,
and monitoring applications for Bcl-2 and other cancer
biomarkers. The detection method is an ELISA-based
method. The detection method provides an output (i.e.,
readout or signal) with information concerning the pres-
ence, absence, or amount of Bcl-2 in a sample from a
subject. The output is quantitative (e.g., a concentration
such as nanograms per milliliter).

[0026] In an embodiment, the invention relates to a
method for detecting ovarian cancer in a subject by quan-
titating Bcl-2 protein or encoding nucleic acids (DNA or
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RNA) in a urine sample from the subject, comprising (a)
contacting (reacting) the urine sample with an antibody
specific for Bcl-2 which is directly or indirectly labeled
with a detectable substance; and (b) detecting the de-
tectable substance.

[0027] In an embodiment, the invention relates to a
method for diagnosing and/or monitoring ovarian cancer
in a subject by quantitating Bcl-2 in a biological sample,
which is urine , from the subject, comprising (a) reacting
the biological sample with an antibody specific for Bcl-2
which is directly or indirectly labeled with a delectable
substance; and (b) detecting the detectable substance.
[0028] The invention also contemplates using the
methods described herein in conjunction with one or
more additional markers ("biomarkers") for cancer.
Therefore, the invention contemplates a method for an-
alyzing a biological sample for the presence of Bcl-2 and
analyzing the same sample, or another biological sample
from the same subject, for other markers that are specific
indicators of a cancer. The one or more additional mark-
ers may be detected before, during, and/or after detection
of Bcl-2 is carried out. Examples of markers include
CA125. In a preferred embodiment, the markers are Bcl-
2 and CA125. The methods described herein may be
modified by including agents to detect the additional
markers, or nucleic acids encoding the markers.

[0029] Ovarian Cancer markers that may be used in
conjunction with the invention include, but are not limited
to: alpha fetoprotein (AFP) carbohydrate antigen 15-3
(CA15-3) carbohydrate antigen 19-9 (CA19-9) ; cancer
antigen 125 (CA125) interleukin 6 (IL-6); and beta 2 mi-
croglobulin (B2M). The selection of biological sample
(such as blood or urine) in which the aforementioned can-
cer markers are diagnostic and/or prognostic can be
readily determined by those skilled in the art.

[0030] As indicated above, the present invention pro-
vides a method for monitoring, diagnosing, or for the
prognosis of ovarian cancer, in a subject by detecting
Bcl-2 in a urine sample from the subject. In an embodi-
ment, the method comprises contacting the sample with
an antibody specific for Bcl-2 which is directly or indirectly
labeled with a detectable substance, and detecting the
detectable substance.

[0031] The methods of the invention may be used for
the detection of either an over- or an under-abundance
of Bcl-2 relative to a non-disorder state or the presence
of a modified (e.g., less than full length) Bcl-2 which cor-
relates with a disorder state (e.g., ovarian cancer), or a
progression toward a disorder state. The methods de-
scribed herein may be used to evaluate the probability
of the presence of malignant or pre-malignant cells. Such
methods can be used to detect tumors, quantitate their
growth, and assistg in the diagnosis and prognosis of
ovarian cancer. The methods can be used to detect the
presence of cancer metastasis, as well as confirm the
absence or removal of all tumor tissue following surgery,
cancer chemotherapy, and/or radiation therapy. They
can further be used to monitor cancer chemotherapy and
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tumor reappearance.

[0032] The methods of the invention are particularly
usefulinthe diagnosis of early stage ovarian cancer (e.g.,
when the subject is asymptomatic) and for the prognosis
of ovarian cancer disease progression and mortality. As
illustrated herein, increased levels of Bcl-2 detected in a
urine sample compared to a pre-determined threshold
are indicative of advanced disease stage, serous histo-
logical type, suboptimal debulking, large residual tumor,
and/or increased risk of disease progression and mortal-
ity.

[0033] The terms "sample", "biological sample", and
the like refer to a type of material known to or suspected
of expressing or containing Bcl-2, such as urine. The test
sample can be used directly as obtained from the source
or following a pretreatment to modify the character of the
sample. The sample can be obtained from animals, pref-
erably mammals, most preferably humans. The sample
can be pretreated by any method and/or can be prepared
in any convenient medium that does not interfere with
the assay. The sample can be treated prior to use, such
as applying one or more protease inhibitors to samples
such as urine (e.g., 4-(2 aminoethyl)-benzene sulfonyl
fluoride, EDTA, leupeptin, and/or pepstatin), and the like.
Sample treatment can involve filtration, distillation, ex-
traction, concentration, inactivation of interfering compo-
nents, the addition of reagents, and the like.

[0034] Preferably, Bcl-2 is detected in human urine.
[0035] Theterm "Bcl-2" refers to human B-cell lympho-
ma protein 2 (also known as B-cell CLL/lymphoma 2), an
integral outer mitochondrial protein that blocks the apop-
totic death of some cells such as lymphocytes (Cleary
M.L. et al., Cell, 1986, 47(1):19-28; Tsujimoto Y. and
Croce C.M., Proc. Natl. Acad. Sci. USA, 1986, 83:
5214-5218 ). The term "Bcl-2" includes nucleic acid se-
quences (e.g., GenBank Accession No. MI4745; SEQ ID
NO:1) encoding the Bcl-2 gene product (polypeptide), as
well as the Bcl-2 polypeptide (e.g., GenBank Accession
No. AAA35591; SEQ ID NO:2). The term includes all ho-
mologs, naturally occurring allelic variants, isoforms and
precursors of human Bcl-2 of GenBank Accession Nos.
MI4745 and AAA35591. In general, naturally occurring
allelic variants of human Bcl-2 will share significant se-
quence homology (70-90%) to the sequences shown in
GenBank Accession Nos. MI4745 and AAA35591. Allelic
variants may contain conservative amino acid substitu-
tions from the Bcl-2 sequence or will contain a substitu-
tion of an amino acid from a corresponding position in a
Bcl-2 homologue. Two transcript variants, alpha and be-
ta, produced by alternative splicing, differ in their C-ter-
minal ends. The alpha variant (GenBank Accession No.
NP_000624 (SEQ ID NO:4); and GenBank Accession
No. NM_000633 (SEQ ID NO:3)) represents the longer
transcript and encodes the longer isoform (alpha), and
beta being the shorter (GenBank Accession No. NM_
000648 (SEQ ID NO:6); GenBank Accession No. NP_
000657 (SEQ ID NO:5). The beta variant differs in the 3’
UTR and coding region compared to the alpha variant,
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as well as the C-terminal end. In a particular embodiment,
the methods, devices, and kits of the invention are spe-
cific for Bcl-2 (e.g., SEQ ID NOs: 1, 2, 3, 4, 5, and/or 6),
but not nucleic acid molecules or polypeptides known in
the art as "Bcl-2-like" molecules (e.g., employing binding
agents specific for (e.g., immunoreactive with) Bcl-2, but
not reactive with Bcl-2 like molecules), such as those
described in Ruben et al., U.S. Patent Application Pub-
lication 2002/0106731 A1, published August 8, 2002 .
[0036] The terms "subject" and "patient" are used in-
terchangeably herein to refer to a warm-blooded animal,
such as a mammal, which may be afflicted with cancer.
In some cancers, the subject is human or non-human
mammalian female. In other cancers, the subject is a
human or non-human mammalian male.

[0037] Agents that are capable of detecting Bcl-2 in
the biological samples of subjects are those that interact
or bind with the Bcl-2 polypeptide or the nucleic acid mol-
ecule encoding Bcl-2. Examples of such agents (also re-
ferred to herein as binding agents) include, but are not
limited to, Bcl-2 antibodies or fragments thereof that bind
Bcl-2, Bcl-2 binding partners, and nucleic acid molecules
that hybridize to the nucleic acid molecules encoding Bcl-
2 polypeptides. Preferably, the binding agent is labeled
with a detectable substance (e.g., a detectable moiety).
The binding agent may itself function as a label.

Bcl-2 Antibodies

[0038] Antibodies specific for Bcl-2 that are used in the
methods of the invention may be obtained from scientific
or commercial sources. Alternatively, isolated native Bcl-
2 or recombinant Bcl-2 may be utilized to prepare anti-
bodies, monoclonal or polyclonal antibodies, and immu-
nologically active fragments (e.g., a Fab or (Fab), frag-
ment), an antibody heavy chain, an antibody light chain,
humanized antibodies, a genetically engineered single
chain F, molecule (Ladne et al., U.S. Patent No.
4,946,778), or a chimeric antibody, for example, an an-
tibody which contains the binding specificity of a murine
antibody, but in which the remaining portions are of hu-
man origin. Antibodies including monoclonal and poly-
clonal antibodies, fragments and chimeras, may be pre-
pared using methods known to those skilled in the art.
Preferably, antibodies used in the methods of the inven-
tion are reactive against Bcl-2 if they bind with a K, of
greater than or equal to 107 M. In a sandwich immu-
noassay of the invention, mouse polyclonal antibodies
and rabbit polyclonal antibodies are utilized.

[0039] In order to produce monoclonal antibodies, a
host mammalis inoculated with a B¢cl-2 protein or peptide
and then boosted. Spleens are collected from inoculated
mammals a few days after the final boost. Cell suspen-
sions from the spleens are fused with a tumor cell in ac-
cordance with the general method described by Kohler
and Milstein (Nature, 1975, 256:495-497). In order to be
useful, a peptide fragment must contain sufficient amino
acid residues to define the epitope of the Bcl-2 molecule
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being detected.

[0040] If the fragment is too short to be immunogenic,
itmay be conjugated to a carrier molecule. Some suitable
carrier molecules include keyhole limpet hemocyanin
and bovine serum albumin. Conjugation may be carried
out by methods known in the art. One such method is to
combine a cysteine residue of the fragment with a
cysteine residue on the carrier molecule. The peptide
fragments may be synthesized by methods known in the
art. Some suitable methods are described by Stuart and
Young in "Solid Phase Peptide Synthesis," Second Edi-
tion, Pierce Chemical Company (1984).

[0041] Purification of the antibodies or fragments can
be accomplished by a variety of methods known to those
of skill including, precipitation by ammonium sulfate or
sodium sulfate followed by dialysis against saline, ion
exchange chromatography, affinity or immunoaffinity
chromatography as well as gel filtration, zone electro-
phoresis, etc. (Goding in, Monoclonal Antibodies: Prin-
ciples and Practice, 2d ed., pp. 104-126, Orlando, Fla.,
Academic Press). It is preferable to use purified antibod-
ies or purified fragments of the antibodies having at least
a portion of a Bcl-2 binding region, including such as Fv,
F(ab’),, Fab’ fragments (Harlow and Lane, 1988, Anti-
body Cold Spring Harbor) for the detection of Bcl-2 in the
fluids of gynecological cancer patients or those at risk,
preferably in the urine or blood of ovarian cancer patients.
[0042] For use in detection and/or monitoring of can-
cer, the purified antibodies can be covalently attached,
either directly or via linker, to a compound which serves
as a reporter group to permit detection of the presence
of Bcl-2. A variety of different types of substances can
serve as the reporter group, including but not limited to
enzymes, dyes, radioactive metal and non-metal iso-
topes, fluorogenic compounds, fluorescent compounds,
etc. Methods for preparation of antibody conjugates of
the antibodies (or fragments thereof) of the invention use-
ful for detection, monitoring are described in U.S. Patent
Nos. 4,671,958; 4,741,900 and 4,867,973.

[0043] Inone aspectofthe invention, preferred binding
epitopes may be identified from a known Bcl-2 gene se-
quence and its encoded amino acid sequence and used
to generate Bcl-2 antibodies with high binding affinity.
Also, identification of binding epitopes on Bcl-2 can be
used in the design and construction of preferred antibod-
ies. For example, a DNA encoding a preferred epitope
on Bcl-2 may be recombinantly expressed and used to
select an antibody which binds selectively to that epitope.
The selected antibodies then are exposed to the sample
under conditions sufficient to allow specific binding of the
antibody to the specific binding epitope on Bcl-2 and the
amount of complex formed then detected. Specific anti-
body methodologies are well understood and described
in the literature. A more detailed description of their prep-
aration can be found, for example, in Practical Immunol-
ogy, Butt, W. R., ed., Marcel Dekker, New York, 1984.
[0044] The present application also contemplates the
detection of Bcl-2 antibodies. Bcl-2 is a gynecological
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cancer-specific marker. Thus, detection of Bcl-2 antibod-
ies in biological fluids of a subject may enable the diag-
nosis of gynecological cancer.

Protein Binding Assays

[0045] Antibodies specifically reactive with Bcl-2, or
derivatives, such as enzyme conjugates or labeled de-
rivatives, may be used to detect Bcl-2 in various biological
samples, for example they may be used in any known
immunoassays which rely on the binding interaction be-
tween an antigenic determinant of a protein and the an-
tibodies. Examples of such assays are radioimmu-
noassays, enzyme immunoassay (e.g., ELISA), immun-
ofluorescence, immnunoprecipitation, latex agglutina-
tion, hemagglutination, and histochemical tests.

[0046] An antibody specific for Bcl-2 can be labeled
with a detectable substance and localized in biological
samples based upon the presence of the detectable sub-
stance. Examples of detectable substances include, but
are not limited to, the following radioisotopes
(e.g., 3H, 14C, 355, 125, 131]), fluorescent labels (e.g.,
FITC, rhodamine, lanthanide phosphors), luminescent
labels such as luminol; enzymatic labels (e.g., horserad-
ish peroxidase, beta-galactosidase, luciferase, alkalline
phosphatase, acetylcholinestease), biotinyl groups
(which can be detected by marked avidin, e.g., strepta-
vidin containing a fluorescent marker or enzymatic activ-
ity that can be detected by optical or calorimetric meth-
ods), predetermined polypeptide epitopes recognized by
a secondary reporter (e.g., leucine zipper pair sequenc-
es, binding sites for secondary antibodies, metal binding
domains, epitope tags). Indirect methods may also be
employed in which the primary antigen-antibody reaction
is amplified by the introduction of a second antibody, hav-
ing specificity for the antibody reactive against Bcl-2. By
way of example, if the antibody having specificity against
Bcl-2 is a rabbit IgG antibody, the second antibody may
be goat anti-rabbit gamma-globulin labeled with a detect-
able substance as described herein.

[0047] Methods for conjugating or labeling the antibod-
ies discussed above may be readily accomplished by
one of ordinary skill in the art. (See, for example, Imman,
Methods In Enzymology, Vol. 34, Affinity Techniques,
Enzyme Purification: Part B, Jakoby and Wichek (eds.),
Academic Press, New York, p. 30, 1974; and Wilchek
and Bayer, "The Avidin-Biotin Complex in Bioanalytical
Applications," Anal. Biochem. 171:1-32, 1988, regarding
methods for conjugating or labeling the antibodies with
an enzyme or ligand binding partner).

[0048] Time-resolved fluorometry may be used to de-
tectasignal. Forexample, the method described in Chris-
topoulos T.K. and Diamandis E.P., Anal. Chem., 1992:
64:342-346 may be used with a conventional time-re-
solved fluorometer.

[0049] A Bcl-2 antibody may be labeled with an en-
zyme, a substrate for the enzyme is added wherein the
substrate is selected so that the substrate, or a reaction
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product of the enzyme and substrate, forms fluorescent
complexes with a lanthanide metal. A lanthanide metal
is added and Bcl-2 is quantitated in the sample by meas-
uring fluorescence of the fluorescent complexes. The an-
tibodies specific for Bcl-2 may be directly or indirectly
labeled with an enzyme. Enzymes are selected based
on the ability of a substrate of the enzyme, or a reaction
product of the enzyme and substrate, to complex with
lanthanide metals such as europium and terbium. Exam-
ples of suitable enzymes include alkalline phosphatase
and beta-galactosidase. Preferably, the enzyme is akline
phosphatase. The Bcl-2 antibodies may also be indirectly
labeled with an enzyme. For example, the antibodies may
be conjugated to one partner of a ligand binding pair, and
the enzyme may be coupled to the other partner of the
ligand binding pair. Representative examples include
avidin-biotin, and riboflavin-riboflavin binding protein.
Preferably the antibodies are biotinylated, and the en-
zyme is coupled to streptavidin.

[0050] In an embodiment of the method, antibody
bound to Bcl-2 in a sample is detected by adding a sub-
strate for the enzyme. The substrate is selected so that
in the presence of a lanthanide metal (e.g., europium,
terbium, samarium, and dysprosium, preferably euro-
pium and terbium), the substrate or a reaction product of
the enzyme and substrate, forms a fluorescent complex
with the lanthanide metal. Examples of enzymes and
substrates for enzymes that provide such fluorescent
complexes are described in U.S. Patent No. 5,3112,922
to Diamandis. By way of example, when the antibody is
directly or indirectly labeled with alkalline phosphatase,
the substrate employed in the method may be 4-methy-
lumbeliferyl phosphate, or 5-fluorpsalicyl phosphate. The
fluorescence intensity of the complexes is typically meas-
ured using a time-resolved fluorometer, e.g., a Cyber-
Fluor 615 Immoanalyzer (Nordion International, Kanata
Ontario).

[0051] The sample, antibody specific for Bcl-2, or Bcl-
2, may be immobilized on a carrier. Examples of suitable
carriers are agarose, cellulose, dextran, Sephadex,
Sepharose, liposomes, carboxymethyl cellulose polysty-
rene, filter paper, ion-exchange resin, plastic film, plastic
tube, glass beads, polyamine-methyl vinyl ether-maleic
acid copolymer, amino acid copolymer, ethylene-maleic
acid copolymer, nylon, silk, efc. The carrier may be in the
shape of, for example, a tube, test plate, well, beads,
disc, sphere, etc. The immobilized antibody may be pre-
pared by reacting the material with a suitable insoluble
carrier using known chemical or physical methods, for
example, cyanogen bromide coupling.

[0052] In general, a Bcl-2 immunoassay method may
be competitive or noncompetitive. Competitive methods
typically employ an immobilized or immobilizable anti-
body to Bcl-2 (anti-Bcl-2) and a labeled form of Bcl-2.
Sample Bcl-2 and labeled Bcl-2 compete for binding to
anti-Bcl-2. After separation of the resulting labeled Bcl-
2 that has become bound to anti-Bcl-2 (bound fraction)
from that which has remained unbound (unbound frac-
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tion), the amount of the label in either bound or unbound
fraction is measured and may be correlated with the
amount of Bcl-2 in the biological sample in any conven-
tional manner, e.g., by comparison to a standard curve.
[0053] Preferably, a noncompetitive method is used
for the determination of Bcl-2-, with the most common
method being the "sandwich" method. In this assay, two
anti-Bcl-2 antibodies are employed. One of the anti-Bcl-
2 antibodies is directly or indirectly labeled (also referred
to as the "detection antibody") and the other is immobi-
lized or immobilizable (also referred to as the "capture
antibody"). The capture and detection antibodies can be
contacted simultaneously or sequentially with the biolog-
ical sample. Sequential methods can be accomplished
by incubating the capture antibody with the sample, and
adding the detection antibody at a predetermined time
thereafter (sometimes referred to as the "forward" meth-
od); or the detection antibody can be incubated with the
sample first and then the capture antibody added (some-
times referred to as the "reverse" method). After the nec-
essary incubation(s) have occurred, to complete the as-
say, the capture antibody is separated from the liquid test
mixture, and the label is measured in at least a portion
ofthe separated capture antibody phase or the remainder
of the liquid test mixture. Generally, it is measured in the
capture antibody phase since it comprises Bcl-2 bound
by ("sandwiched" between) the capture and detection
antibodies.

[0054] In a typical two-site immunometric assay for
Bcl-2, one or both of the capture and detection antibodies
are polyclonal antibodies. The label used in the detection
antibody can be selected from any of those known con-
ventionally in the art. As with other embodiments of the
protein detection assay, the label can be an enzyme or
achemiluminescent moiety, for example, or aradioactive
isotope, a fluorophore, a detectable ligand (e.g., detect-
able by a secondary binding by a labeled binding partner
for the ligand), and the like. Preferably, the antibody is
labeled with an enzyme that is detected by adding a sub-
strate that is selected so that a reaction product of the
enzyme and substrate forms fluorescent complexes. The
capture antibody is selected so that it provides a mode
for being separated from the remainder of the test mix-
ture. Accordingly, the capture antibody can be introduced
to the assay in an already immobilized or insoluble form,
or can be in an immobilizable form, that is, a form which
enables immobilization to be accomplished subsequent
to introduction of the capture antibody to the assay. An
immobilized capture antibody can comprise an antibody
covalently or noncovalently attached to a solid phase
such as a magnetic particle, a latex particle, a microtiter
multi-well plate, a bead, a cuvette, or other reaction ves-
sel. An example of an immobilizable capture antibody is
an antibody that has been chemically modified with a
ligand moiety, e.g., a hapten, biotin, or the like, and that
can be subsequently immobilized by contact with an im-
mobilized form of a binding partner for the ligand, e.g.,
an antibody, avidin, or the like. In an embodiment, the
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capture antibody can be immobilized using a species
specific antibody for the capture antibody that is bound
to the solid phase.

[0055] A particular sandwich immunoassay method
employs two antibodies reactive against Bcl-2, a second
antibody having specificity against an antibody reactive
against Bcl-2 labeled with an enzymatic label, and a fluor-
ogenic substrate for the enzyme. In an embodiment, the
enzyme is alkalline phosphatase (ALP) and the substrate
is 5-fluorosalicyl phosphate. ALP cleaves phosphate out
of the fluorogenic substrate, 5-fluorosalicyl phosphate,
to produce 5-fluorosalicylic acid (FSA). 5-Fluorosalicylic
acid can then form a highly fluorescent ternary complex
of the form FSA-Tb(3+)-EDTA, which can be quantified
by measuring the Th3* fluorescence in a time-resolved
mode. Fluorescence intensity is typically measured using
a time-resolved fluorometry as described herein.
[0056] The protein detection methods, devices, and
kits of the invention can utilize nanowire sensor technol-
ogy (Zhen et al., Nature Biotechnology, 2005, 23(10):
1294-1301; Lieber et al., Anal. Chem., 2006, 78(13):
4260-4269) or microcantilever technology (Lee et al., Bi-
osens. Bioelectron, 2005, 20(10):2157-2162; Wee et al.,
Biosens. Bioelectron., 2005, 20(10):1932-1938; Camp-
bell and Mutharasan, Biosens. Bioelectron., 2005, 21(3):
462-473; Campbell and Mutharasan, Biosens. Bioelec-
tron., 2005, 21(4):597-607; Hwang et al., Lab Chip, 2004,
4(6):547-552; Mukhopadhyay et al., Nano. Lett., 2005, 5
(12):2835-2388) for detection of Bcl-2 in samples. In ad-
dition, Huang et al. describe a prostate specific antigen
immunoassay on a commercially available surface plas-
mon resonance biosensor (Biosens. Bioelectron., 2005,
21(3):483-490) which may be adapted for detection of
Bcl-2. High-sensitivity miniaturized immunoassays may
also be utilized for detection of Bcl-2 (Cesaro-Tadic et
al., Lab Chip, 2004, 4(6):563-569; Zimmerman et al., Bi-
omed. Microdevices, 2005, 7(2):99-110.

Nucleic Acids

[0057] Nucleic acids including naturally occurring nu-
cleicacids, oligonucleotides, antisense oligonucleotides,
and synthetic oligonucleotides that hybridize to the nu-
cleic acid encoding Bcl-2, are useful as agents to detect
the presence of Bcl-2 in the urine of ovarian cancer pa-
tients or those at risk of ovarian cancer. The present in-
vention contemplates the use of nucleic acid sequences
corresponding to the coding sequence of Bcl-2 and to
the complementary sequence thereof, as well as se-
quences complementary to the Bcl-2 transcript sequenc-
es occurring further upstream or downstream from the
coding sequence (e.g., sequences contained in, or ex-
tending into, the 5" and 3’ untranslated regions) for use
as agents for detecting the expression of Bcl-2 in urine
samples of ovarian cancer patients or those at risk of
ovarian cancer.

[0058] The preferred oligonucleotides for detecting the
presence of Bcl-2 in biological samples are those that
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are complementary to atleast part of the cDNA sequence
encoding Bcl-2. These complementary sequences are
also known in the art as "antisense" sequences. These
oligonucleotides may be oligoribonucleotides or oligode-
oxyribonucleotides. In addition, oligonucleotides may be
natural oligomers composed of the biologically significant
nucleotides, i.e., A (adenine), dA (deoxyadenine), G
(guanine), dG (deoxyguanine), C (cytosine), dC (deoxy-
cytosine), T (thymine) and U (uracil), or modified oligo-
nucleotide species, substituting, for example, a methyl
group or a sulfur atom for a phosphate oxygen in the
inter-nucleotide phosohodiester linkage. Additionally,
these nucleotides themselves, and/or the ribose moieties
may be modified.

[0059] The oligonucleotides may be synthesized
chemically, using any of the known chemical oligonucle-
otide synthesis methods well described in the art. For
example, the oligonucleotides can be prepared by using
any of the commercially available, automated nucleic ac-
id synthesizers. Alternatively, the oligonucleotides may
be created by standard recombinant DNA techniques,
for example, inducing transcription of the noncoding
strand. The DNA sequence encoding Bcl-2 may be in-
verted in a recombinant DNA system, e.g., inserted in
reverse orientation downstream of a suitable promoter,
such that the noncoding strand now is transcribed.
[0060] Although any length oligonucleotide may be uti-
lized to hybridize to a nucleic acid encoding Bcl-2, oligo-
nucleotides typically within the range of 8-100 nucle-
otides are preferred. Most preferable oligonucleotides for
use in detecting Bcl-2 in urine samples are those within
the range of 15-50 nucleotides.

[0061] The oligonucleotide selected for hybridizing to
the Bcl-2 nucleic acid molecule, whether synthesized
chemically or by recombinant DNA technology, is then
isolated and purified using standard techniques and then
preferably labeled (e.g., with 35S or 32P) using standard
labeling protocols.

[0062] The present invention also contemplates the
use of oligonucleotide pairs in polymerize chain reactions
(PCR) to detect the expression of Bcl-2 in biological sam-
ples. The oligonucleotide pairs include a forward Bcl-2
primer and a reverse Bcl-2 primer.

[0063] The presence of Bcl-2inasample from a patient
may be determined by nucleic acid hybridization, such
as but not limited to Northern blot analysis, dot blotting,
Southern blot analysis, fluorescence in situ hybridization
(FISH), and PCR. Chromatography, preferably HPLC,
and other known assays may also be used to determine
messenger RNA levels of Bcl-2 in a sample.

[0064] The Bcl-2 encoding nucleic acid molecules con-
ceivably may be found in the biological fluids inside a
Bcl-positive cancer cell that is being shed or released in
the fluid under investigation.

[0065] Nucleic acids may be used as agents for de-
tecting Bcl-2 in biological samples of patients, wherein
the nucleic acids are labeled. The nucleic agents may be
labeled with a radioactive label, a fluorescent label, an
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enzyme, a chemiluminescent tag, a colorimetric tag or
other labels or tags that are discussed above or that are
known in the art.

[0066] Polymerase chain reaction (PCR) is a process
for amplifying one or more specific nucleic acid sequenc-
es present in a nucleic acid sample using primers and
agents for polymerization and then detecting the ampli-
fied sequence. The extension product of one primer when
hybridized to the other becomes a template for the pro-
duction of the desired specific nucleic acid sequence,
and vice versa, and the process is repeated as often as
is necessary to produce the desired amount of the se-
quence. The skilled artisan to detect the presence of de-
sired sequence (U.S. Patent No. 4,683,195) routinely us-
es polymerase chain reaction.

[0067] A specific example of PCR that is routinely per-
formed by the skilled artisan to detect desired sequences
is reverse transcript PCR (RT-PCR; Saiki et al., Science,
1985, 230:1350; Scharf et al., Science, 1986, 233:1076).
RT-PCRinvolves isolating total RNA from biological fluid,
denaturing the RNA in the presence of primers that rec-
ognize the desired nucleic acid sequence, using the prim-
ers to generate a cDNA copy of the RNA by reverse tran-
scription, amplifying the cDNA by PCR using specific
primers, and detecting the amplified cDNA by electro-
phoresis or other methods known to the skilled artisan.

[0068] As used herein, the term "ELISA" includes an
enzyme-linked immunoabsorbent assay that employs an
antibody or antigen bound to a solid phase and an en-
zyme-antigen or enzyme-antibody conjugate to detect
and quantify the amount of an antigen (e.g., Bcl-2) or
antibody present in a sample. A description of the ELISA
technique is found in Chapter 22 of the 4th Edition of
Basic and Clinical Immunology by D.P. Sites et al., 1982,
published by Lange Medical Publications of Los Altos,
Calif. and in U.S. Patent Nos. 3,654,090; 3,850,752; and
4,016,043 ELISA is an assay that can be used to quan-
titate the amount of antigen, proteins, or other molecules
ofinterestin a sample. In particular, ELISA can be carried
out by attaching on a solid support (e.g., polyvinylchlo-
ride) an antibody specific for an antigen or protein of in-
terest. Cell extract or other sample of interest such as
urine can be added for formation of an antibody-antigen
complex, and the extra, unbound sample is washed
away. An enzyme-linked antibody, specific for a different
site on the antigen is added. The support is washed to
remove the unbound enzyme-linked second antibody.
The enzyme-linked antibody can include, but is not lim-
ited to, alkaline phosphatase. The enzyme on the second
antibody can convert an added colorless substrate into
a colored product or can convert a non-fluorescent sub-
strate into a fluorescent product. The ELISA-based assay
method provided herein can be conducted in a single
chamber or on an array of chambers and can be adapted
for automated processes.

[0069] In these exemplary embodiments, the antibod-
ies can be labeled with pairs of FRET dyes, biolumines-
cence resonance energy transfer (BRET) protein, fluo-
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rescent dye-quencher dye combinations, beta gal com-
plementation assays protein fragments. The antibodies
may participate in FRET, BRET, fluorescence quenching
or beta-gal complementation to generate fluorescence,
colorimetric or enhanced chemiluminescence (ECL) sig-
nals, for example.

[0070] These methods are routinely employed in the
detection of antigen-specific antibody responses, and
are well described in general immunology text books
such as Immunology by lvan Roitt, Jonathan Brostoff and
David Male (London: Mosby, ¢ 1998. 5th ed. and Immu-
nobiology: Immune System in Health and Disease/
Charles A. Janeway and Paul Travers. Oxford: Blackwell
Sci. Pub., 1994).

Definitions

[0071] As used herein, the terms "cancer" and "can-
cerous" refer to or describe the physiological condition
inmammals thatis typically characterized by unregulated
cell growth, i.e., proliferative disorders.

[0072] As used herein, the term "tumor" refers to all
neoplastic cell growth and proliferation, whether malig-
nant or benign, and all pre-cancerous and cancerous
cells and tissues. For example, a particular cancer may
be characterized by a solid mass tumor. The solid tumor
mass, if present, may be a primary tumor mass. A primary
tumor mass refers to a growth of cancer cells in a tissue
resulting from the transformation of a normal cell of that
tissue. In most cases, the primary tumor mass is identified
by the presence of a cyst, which can be found through
visual or palpation methods, or by irregularity in shape,
texture or weight of the tissue. However, some primary
tumors are not palpable and can be detected only through
medical imaging techniques such as X-rays (e.g., mam-
mography), ultrasound, CT, and MR, or by needle aspi-
rations. The use of these latter techniques is more com-
mon in early detection. Molecular and phenotypic anal-
ysis of cancer cells within a tissue will usually confirm if
the cancer is endogenous to the tissue or if the lesion is
due to metastasis from another site.

[0073] A"sample" (biological sample) can be any com-
position of matter of interest from a human or non-human
subject, in any physical state (e.g., solid, liquid, semi-
solid, vapor) and of any complexity. The sample can be
any composition reasonably suspecting of containing
Bcl-2 that can be analyzed by the methods, devices, and
kits of the invention. Samples can include human or an-
imal samples. The sample may be contained within a test
tube, culture vessel, multi-well plate, or any other con-
tainer or supporting substrate.

[0074] The "complexity" of a sample refers to the rel-
ative number of different molecular species that are
present in the sample.

[0075] Theterms"body fluid"and"bodily fluid", as used
herein, refer to a composition obtained from a human or
animal subject. Bodily fluids include, but are not limited
to, urine, whole blood, blood plasma, serum, tears, se-
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men, saliva, sputum, exhaled breath, nasal secretions,
pharyngeal exudates, bronchoalveolar lavage, tracheal
aspirations, interstitial fluid, lymph fluid, meningal fluid,
amniotic fluid, glandular fluid, feces, perspiration, mu-
cous, vaginal or urethral secretion, cerebrospinal fluid,
and transdermal exudate. Bodily fluid also includes ex-
perimentally separated fractions of all of the preceding
solutions or mixtures containing homogenized solid ma-
terial, such as feces, tissues, and biopsy samples.
[0076] The term "ex vivo," as used herein, refers to an
environment outside of a subject. Accordingly, a sample
of bodily fluid collected from a subject is an ex vivo sample
of bodily fluid as contemplated by the subject invention.
In-dwelling embodiments of the method and device of
the invention obtain samples in vivo.

[0077] As used herein, the term "conjugate"” refers to
a compound comprising two or more molecules bound
together, optionally through a linking group, to form a
single structure. The binding can be made by a direct
connection (e.g., a chemical bond) between the mole-
cules or by use of a linking group.

[0078] As used herein, the terms solid "support”, "sub-
strate", and "surface" refer to a solid phase which is a
porous or non-porous water insoluble material that can
have any of a number of shapes, such as strip, rod, par-
ticle, beads, or multi-welled plate. In some embodiments,
the support has a fixed organizational support matrix that
preferably functions as an organization matrix, such as
a microtiter tray. Solid support materials include, but are
not limited to, cellulose, polysaccharide such as Sepha-
dex, glass, polyacryloylmorpholide, silica, controlled
pore glass (CPG), polystyrene, polystyrene/latex, poly-
ethylene such as ultra high molecular weight polyethyl-
ene (UPE), polyamide, polyvinylidine fluoride (PVDF),
polytetrafluoroethylene (PTFE; TEFLON), carboxyl mod-
ified teflon, nylon, nitrocellulose, and metals and alloys
such as gold, platinum and palladium. The solid support
can be biological, non-biological, organic, inorganic, or
a combination of any of these, existing as particles,
strands, precipitates, gels, sheets, pads, cards, strips,
dipsticks, test strips, tubing, spheres, containers, capil-
laries, pads, slices, films, plates, slides, efc., depending
upon the particular application. Preferably, the solid sup-
portis planar in shape, to facilitate contact with a biolog-
ical sample such as urine, whole blood, plasma, serum,
peritoneal fluid, or ascites fluid. Other suitable solid sup-
port materials will be readily apparent to those of skill in
the art. The solid support can be a membrane, with or
without a backing (e.g., polystyrene or polyester card
backing), such as those available from Millipore Corp.
(Bedford, MA), e.g., Hi-Flow™ Plus membrane cards.
The surface of the solid support may contain reactive
groups, such as carboxyl, amino, hydroxyl, thiol, or the
like for the attachment of nucleic acids, proteins, etc. Sur-
faces on the solid support will sometimes, though not
always, be composed of the same material as the sup-
port. Thus, the surface can be composed of any of a wide
variety of materials, such as polymers, plastics, resins,
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polysaccharides, silica or silica-based materials, carbon,
metals, inorganic glasses, membranes, or any of the
aforementioned support materials (e.g., as a layer or
coating).

[0079] Asused herein, the terms "label" and "tag" refer
to substances that may confer a detectable signal, and
include, but are not limited to, enzymes such as alkaline
phosphatase, glucose-6-phosphate dehydrogenase,
and horseradish peroxidase, ribozyme, a substrate for a
replicase such as QB replicase, promoters, dyes, fluo-
rescers, such as fluorescein, isothiocynate, rhodamine
compounds, phycoerythrin, phycocyanin, allophycocy-
anin, o-phthaldehyde, and fluorescamine, chemilumi-
nescers such as isoluminol, sensitizers, coenzymes, en-
zyme substrates, radiolabels, particles such as latex or
carbon particles, liposomes, cells, etc., which may be
further labeled with a dye, catalyst or other detectable
group.

[0080] As used herein, the term "receptor" and "recep-
tor protein" are used herein to indicate a biologically ac-
tive proteinaceous molecule that specifically binds to (or
with) other molecules such as Bcl-2.

[0081] As used herein, the term "ligand" refers to a
molecule that contains a structural portion that is bound
by specific interaction with a particular receptor protein.
[0082] As used herein, the term "antibody" refers to
immunoglobulin molecules and immunologically active
portions (fragments) of immunoglobulin molecules, i.e.,
molecules that contain an antibody combining site or
paratope. The termis inclusive of monoclonal antibodies
and polyclonal antibodies.

[0083] As used here, the terms "monoclonal antibody"
or "monoclonal antibody composition" refer to an anti-
body molecule that contains only one species of antibody
combining site capable of immunoreacting with a partic-
ular antigen. A monoclonal antibody composition thus
typically displays a single binding affinity for any antigen
with which itimmunoreacts. A monoclonal antibody com-
position is typically composed of antibodies produced by
clones of a single cell called a hybridoma that secretes
(produces) only one type of antibody molecule. The hy-
bridoma cell is formed by fusing an antibody-producing
cell and a myeloma or other self-perpetuating cell line.
Such antibodies were first described by Kohler and Mil-
stein, Nature, 1975, 256:495-497. An exemplary hybrid-
oma technology is described by Niman et al., Proc. Natl.
Acad. Set. U.S.A., 1983, 80:4949-4953. Other methods
of producing monoclonal antibodies, a hybridoma cell, or
a hybridoma cell culture are also well known. See e.g.,
Antibodies: A Laboratory Manual, Harlow et al., Cold
Spring Harbor Laboratory, 1988; or the method of isolat-
ing monoclonal antibodies from an immunological reper-
toise as described by Sasatry, et al., Proc. Natl. Acad.
Sci. USA, 1989, 86:5728-5732; and Huse et al., Science,
1981, 246:1275-1281.

[0084] As used herein, a semi-permeable membrane
refers to a bio-compatible material which is impermeable
to liquids and capable of allowing the transfer of gases
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through it. Such gases include, but are not limited to,
oxygen, water vapor, and carbon dioxide. Semi-perme-
able membranes are an example of a material that can
be used to form a least a portion of an enclosure defining
a flow chamber cavity. The semi-permeable membrane
may be capable of excluding microbial contamination
(e.g., the pore size is characteristically small enough to
exclude the passage of microbes that can contaminate
the analyte, such as cells). In a particular aspect, a semi-
permeable membrane can have an optical transparency
and clarity sufficient for permitting observation of an an-
alyte, such as cells, for color, growth, size, morphology,
imaging, and other purposes well known in the art.
[0085] As used herein, the term "bind" refers to any
physical attachment or close association, which may be
permanent or temporary. The binding can result from hy-
drogen bonding, hydrophobic forces, van der Waals forc-
es, covalent, or ionic bonding, for example.

[0086] As used herein, the term "particle" includes in-
soluble materials of any configuration, including, but not
limited to, spherical, thread-like, brush-like, and irregular
shapes. Particles can be porous with regular or random
channels inside. Particles can be magnetic. Examples of
particles include, but are not limited to, silica, cellulose,
Sepharose beads, polystyrene (solid, porous, deriva-
tized) beads, controlled-pore glass, gel beads, magnetic
beads, sols, biological cells, subcellular particles, micro-
organisms (protozoans, bacteria, yeast, viruses, and oth-
er infectious agents), micelles, liposomes, cyclodextrins,
and other insoluble materials.

[0087] A "coding sequence" or "coding region" is a
polynucleotide sequence that is transcribed into mRNA
and/or translated into a polypeptide. For example, a cod-
ing sequence may encode a polypeptide of interest. The
boundaries of the coding sequence are determined by a
translation start codon at the 5’-terminus and a translation
stop codon at the 3’-terminus. A coding sequence can
include, but is not limited to, mMRNA, cDNA, and recom-
binant polynucleotide sequences.

[0088] Asused herein, the term "polypeptide" refers to
any polymer comprising any number of two or more ami-
no acids, and is used interchangeably herein with the
terms "protein”, "gene product”, and "peptide".

[0089] As used herein, the term "nucleoside" refers to
a molecule having a purine or pyrimidine base covalently
linked to a ribose or deoxyribose sugar. Exemplary nu-
cleosides include adenosine, guanosine, cytidine, urid-
ine and thymidine.

[0090] The term "nucleotide" refers to a nucleoside
having one or more phosphate groups joined in ester
linkages to the sugar moiety. Exemplary nucleotides in-
clude nucleoside monophosphates, diphosphates and
triphosphates.

[0091] The terms "polynucleotide", "nucleic acid mol-
ecule", and "nucleotide molecule" are used interchange-
ably herein and refer to a polymer of nucleotides joined
together by a phosphodiester linkage between 5’ and 3’
carbon atoms. Polynucleotides can encode a polypep-
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tide such as Bcl-2 polypeptide (whether expressed or
non-expressed), or may be short interfering RNA (siR-
NA), antisense nucleic acids (antisense oligonucle-
otides), aptamers, ribozymes (catalytic RNA), or triplex-
forming oligonucleotides (i.e., antigene), for example.
[0092] As used herein, the term "RNA" or "RNA mol-
ecule" or "ribonucleic acid molecule" refers generally to
a polymer of ribonucleotides. The term "DNA" or "DNA
molecule" or deoxyribonucleic acid molecule" refers gen-
erally to a polymer of deoxyribonucleotides. DNA and
RNA molecules can be synthesized naturally (e.g., by
DNA replication or transcription of DNA, respectively).
RNA molecules can be post-transcriptionally modified.
DNA and RNA molecules can also be chemically synthe-
sized. DNA and RNA molecules can be single-stranded
(i.e., ssRNA and ssDNA, respectively) or multi-stranded
(e.g., double stranded, i.e., dsRNA and dsDNA, respec-
tively). Based on the nature of the invention, however,
the term "RNA" or "RNA molecule" or "ribonucleic acid
molecule" can also refer to a polymer comprising prima-
rily (i.e., greater than 80% or, preferably greater than
90%) ribonucleotides but optionally including atleast one
non-ribonucleotide molecule, for example, at least one
deoxyribonucleotide and/or at least one nucleotide ana-
log.

[0093] As used herein, the term "nucleotide analog" or
"nucleicacid analog", alsoreferred to herein as an altered
nucleotide/nucleic acid or modified nucleotide/nucleic
acid refers to a non-standard nucleotide, including non-
naturally occurring ribonucleotides or deoxyribonucle-
otides. Preferred nucleotide analogs are modified at any
position so as to alter certain chemical properties of the
nucleotide yet retain the ability of the nucleotide analog
to performits intended function. For example, locked nu-
cleic acids (LNA) are a class of nucleotide analogs pos-
sessing very high affinity and excellent specificity toward
complementary DNA and RNA. LNA oligonucleotides
have been applied as antisense molecules both in vitro
and in vivo (Jepsen J.S. et al., Oligonucleotides, 2004,
14(2):130-146).

[0094] As used herein, the term "RNA analog" refers
to a polynucleotide (e.g., a chemically synthesized poly-
nucleotide) having at least one altered or modified nu-
cleotide as compared to a corresponding unaltered or
unmodified RNA but retaining the same or similar nature
or function as the corresponding unaltered or unmodified
RNA. As discussed above, the oligonucleotides may be
linked with linkages which result in a lower rate of hydrol-
ysis of the RNA analog as compared to an RNA molecule
with phosphodiester linkages. Exemplary RNA ana-
logues include sugar- and/or backbone-modified ribonu-
cleotides and/or deoxyribonucleotides. Such alterations
or modifications can further include addition of non-nu-
cleotide material, such as to the end(s) of the RNA or
internally (at one or more nucleotides of the RNA).
[0095] The terms "isolated" or "biologically pure" refer
to material that is substantially or essentially free from
components which normally accompany the material as
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it is found in its native state.

[0096] As used in this specification, the singular forms
"a", "an", and "the" include plural reference unless the
context clearly dictates otherwise. Thus, for example, a
reference to "an antibody" includes more than one such
antibody. A reference to "a molecule" includes more than
one such molecule, and so forth.

[0097] The practice of the present invention can em-
ploy, unless otherwise indicated, conventional tech-
niques of molecular biology, microbiology, recombinant
DNA technology, electrophysiology, and pharmacology
that are within the skill of the art. Such techniques are
explained fully in the literature (see, e.g., Sambrook,
Fritsch & Maniatis, Molecular Cloning: A Laboratory Man-
ual, Second Edition (1989); DNA Cloning, Vols. | and Il
(D. N. Glover Ed. 1985); Perbal, B., A Practical Guide to
Molecular Cloning (1984); the series, Methods In Enzy-
mology (S. Colowick and N. Kaplan Eds., Academic
Press, Inc.); Transcription and Translation (Hames et al.
Eds. 1984); Gene Transfer Vectors For Mammalian Cells
(J. H. Miller et al. Eds. (1987) Cold Spring Harbor Labo-
ratory, Cold Spring Harbor, N.Y.); Scopes, Protein Puri-
fication: Principles and Practice (2nd ed., Springer-Ver-
lag); and PCR: A Practical Approach (McPherson et al.
Eds. (1991) IRL Press)).

[0098] Followingare examples thatillustrate materials,
methods, and procedures for practicing the invention.
The examples are illustrative and should not be con-
strued as limiting.

MATERIALS AND METHODS

[0099] Patient cohort. With prior institutional approval,
urine and blood samples were collected from normal
healthy control volunteers (N=21), women with benign
gynecologic disorders (N=35) and patients with ovarian
cancer (N=34) at the H. Lee Moffitt Cancer Center. All
except 8 specimens were collected prior to initial surgical
debulking, while the latter 8 specimens presented with
recurrent disease at the time of enrollment in the study.
Paraffin blocks were identified, where possible, and the
slides reviewed to confirm the histologic diagnosis ac-
cording to FIGO scores. The medical records of these
women were also reviewed and information regarding
patient age, tumor type, stage, grade, size and surgical
treatment abstracted where available.

[0100] Sample preparation. With patientinformed con-
sent, urine and plasma samples were collected from pa-
tients, anonymized and coded to protect patient identity,
and released from the H. Lee Moffitt Cancer Center for
this research protocol. All samples were keptinice. Urine
samples were treated with a standard protease inhibitor
cocktail (80 w.g/ml 4-(2 aminoethyl)-benzene sulfonyl flu-
oride, 200 pg/ml EDTA, 0.2 png/ml leupeptin, 0.2 pg/ml
pepstatin, Sigma Scientific; St. Louis, MI) and centrifuged
at 3000 x g. Urinary supernates and plasma samples
were then aliquoted and stored at -20°C.

[0101] Enzyme-linked immunosorbant assay. To
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measure Bcl-2 levels in patients’ urine, samples were
assayed using the quantitative sandwich enzyme-linked
immunosorbant assay (ELISA; R&D Systems, Minneap-
olis, MN) according to the manufacturer’s instructions.
To measure CA125 levels in subjects’ plasma, samples
were assayed by ELISA (Bio-Quant, San Diego, CA) ac-
cording to the manufacturer’s instructions. The enzymat-
ic reactions were detected at 450 nm using a Dynex MRX
plate reader (Dynex Technologies, Chantilly, VA) and
Bcl-2 results expressed as the mean absorbance of trip-
licate samples = S.E while CA125 results were ex-
pressed as the mean of duplicate samples.

[0102] Statistical analysis. Samples for Bcl-2 ELISA
were run in friplicate and the data subjected to the
Kruskal-Wallis test for normal distribution. Data were
then analyzed by the Mann-Whitney U-test to determine
statistical significance between samples from normal
controls, patients with benign disease and ovarian cancer
patients. Likewise, discrimination analyses using the
SAS system were employed to determine appropriate
membership in each group (normal vs. benign vs. can-
cer).

Example 1-Urinary Bcl-2 levels are elevated in ovarian
cancer patients

[0103] Urine and blood were collected from 90 individ-
uals with samples collected from normal controls (N=21),
women with benign disease (N=35) and women with
ovarian cancer (N=34). The latter category consisted of
women diagnosed with endometriod (N=1), mucinous
(N=7) as well as serous ovarian cancer (N=24) and pri-
mary peritoneal cancer, which is often related to ovarian
cancer, (N=2). The samples collected from women with
benign gynecologic disease consisted of women with be-
nign cystic teratomas (N=2), simple cysts (N=10), leio-
myomas (N=8), polycystic ovarian disease (N=1), ovar-
ian adenofibromas (N=4), mucinous cystadenomas
(N=2) and serous cystadenomas (N=8). Though this co-
hort comprises a small pilot study, it is representative of
a typical clinical practice with regards to histology, grade
and stage distribution.

[0104] To determine the potential suitability of urinary
Bcl-2 levels as a new molecular marker for ovarian can-
cer, urine samples from the normal controls, women with
benign gynecologic disease and patients with ovarian
cancer specimens were screened by ELISA analyses
(Figure 1). The amount of urinary Bcl-2 was generally
negligible (average 0.21 ng/ml) in normal control sam-
ples. In contrast, urinary Bcl-2 associated with ovarian
and primary peritoneal cancer, was generally >10x (3.4
ng/ml) that found in normal control samples (Fig. 1A). No
normal urine sample contained Bcl-2 >1.8 ng/ml, while
only 2 of the cancer samples exhibited Bcl-2 less than
1.8 ng/ml (1.12 ng/ml and 1.78 ng/ml). Since serous car-
cinoma represents the majority of epithelial ovarian can-
cers, urinary Bcl-2 levels in patients with serous adeno-
carcinoma were examined by disease grade (Fig. 1A)
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and stage (Fig. 1B). Though there was a tendency for
elevated Bcl-2 levels with increasing tumor grade and
stage, the difference in Bcl-2 levels between tumor grade
and stage was not statistically significant. Likewise, se-
rum creatinine was measured at time of urine collection
and indicated that urinary Bcl-2 levels were not related
to renal dysfunction (data not shown). Of note, a single
patient (#77) demonstrated extremely elevated urinary
Bcl-2 levels (>9 ng/ml) in the absence of other notable
clinical symptoms.

[0105] Table 2 summarizes the results presented in
Figures 1 and 2 for average Bcl-2 levels in urine speci-
mens. Numbers in parentheses indicate the number of
samples in each respective group. Additionally, the data
are grouped to show average Bcl-2 levels (ng/ml) be-
tween normal individuals and ovarian cancer histological
subtypes, tumor grade and tumor stage. The data show
that while the average level of Bcl-2 in the urine of healthy
volunteers is 0.204 ng/ml, that from all cancer patients
is generally 10X greater (3.12 ng/ml). In addition, urinary
Bcl-2 levels appear strongly related to tumor stage and
moderately related to tumor grade among serous ovarian
cancers (the most frequently occurring type of ovarian
cancer).

Table 2. Urinary Bcl-2 levels in Normal and Ovarian

Cancer
Sample Bcl-2 (ng/ml)
Normal (21) 0.204
Endometriod (1) 3.168
Mucinous (4) 2.35
Peritoneal (2) 1.78
Serous (29) Grade 1 (7) 2.76
Grade 2 (10) 3.98
Grade 3 (12) 3.94
Stage 1 (3) 1.92
Stage 2 (4) 3.23
Stage 3 (14) 4.07
Stage 5 (8) 4.04

Example 2-Urinary Bcl-2 in patients with benign gyne-
cological disease is not elevated

[0106] ELISA measurement of urinary Bcl-2 from 35
women with benign gynecologic disease (urine collected
just prior to patient’s treatment) indicated Bcl-2 levels av-
eraging 0.02 ng/ml with no samples >1.8 ng/ml Bcl-2, as
shown in Figure 8A. These benign diseases included be-
nign teratomas, simple cists, leiomyomas, polystronic
ovary, fibromas, and adenomas. These values were sim-
ilar to normal controls, but significantly less than ovarian
cancer samples suggesting that elevated urinary Bcl-2
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levels greater than 1.8 ng/ml was associated with ovarian
cancer.

[0107] TheKruskal-Wallis testwas used totestthe nor-
mal distribution of the data. Since the 'normal’ group
failed to meet normal distribution, likely due to small sam-
pling number, the differences between groups were an-
alyzed by the Mann-Whitney U-test. The results indicated
no significant difference between normal and benign
(p<0.5), but p<0.001 between normal and cancer or be-
nign and cancer groups. A summary of urinary Bcl-2 level
for this study group is presented in Figure 8B. Likewise
discrimination analyses using the SAS system revealed
that the probability of appropriate membership in normal/
benign or cancer group was >90%.

Example 3-Urinary Bcl-2 does not correlate with patient
age or tumor size

[0108] Comparison of clinical parameters suggested
that urinary Bcl-2 levels did not relate with patient age
(see Figure 5). Though the age range and average age
of normal controls (29-81 yr, average 48.5 = S.D. 12.7
yr) and women with benign gynecologic disease (28-84
yr, average 55.9 = S.D. 13.9 yr) was somewhat lower
that that of women with ovarian cancer (26-92 yr, average
62.2 = S.D. 13.8 yr ), the differences were not statistically
significant in this study. Similarly, urinary Bcl-2 levels did
not correlate with tumor size measured at debulking sur-
gery (Figure 6), ranging from microscopic to >10 cm and
may reflect biologic variation between individuals or var-
iation of tumor composition.

Example 4-Urinary Bcl-2 detects ovarian cancer more
accurately than CA125 in blood

[0109] To address whether elevated urinary Bcl-2 is a
better diagnosticindicator for ovarian cancer than cancer
antigen 125 (CA125), urinary Bcl-2 was compared with
CA125 levels in 12 normal controls and 23 patients with
ovarian cancer (Figures 4A and 4B). Of the patients ex-
amined, elevated urinary Bcl-2 associated with ovarian
cancer detection was almost 100%. Elevated urinary Bcl-
2 (>1.8ng/ml) identified 17/17 patients with serous ade-
nocarcinoma, 4/4 patients with mucinous ovarian cancer
and 1/2 patients with primary peritoneal cancer as ovar-
ian cancer positive (Figure 4A). None of the normal con-
trols had urinary Bcl-2 levels >1.8 ng/ml and were, then,
correctly classified as cancer-negative. In contrast, blood
levels of CA125 >35 U/ml, the current standard for ovar-
ian cancer detection, identified 13/17 or 76% of patients
with serous adenocarcinoma (Figure 4B). Likewise,
CA125 analyses identified 3/4 or 75% of patients with
mucinous ovarian cancer, though CA125 levels in these
patients ranged between 41-43 U/ml, and 1/2 or 50% of
patients with primary peritoneal cancer as cancer posi-
tive. Elevated CA125 levels also incorrectly identified
2/12 or 16% of healthy individuals as cancer-positive sug-
gesting that elevated urinary Bcl-2 appears to detect
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ovarian cancer more accurately than CA125.

Example 5-Urinary-Bcl-2 decreases after debulking sur-
gery

[0110] To further test the accuracy for high levels of
urinary Bcl-2 to detect ovarian cancer, levels of urinary
Bcl-2 were compared in 7 ovarian cancer patients imme-
diately prior to (Figures 7A and 7B, black bars) and within
2 weeks following initial debulking surgery for removal of
all visible tumor (white bars). For those patients where
urine samples were collected before and after initial sur-
gery, Bcl-2 levels decreased up to 100% following sur-
gical removal of tumor suggesting that presence of tumor
correlates well with elevated urinary Bcl-2 in ovarian can-
cer patients.

[0111] Currently, preclinical studies focus on the de-
velopment of agents to inhibit Bcl-2, including antisense
oligonucleotides and small molecular inhibitors of Bcl-2.
Though such studies target Bcl-2 for therapeutic inter-
vention, the present data indicate that quantification of
urinary Bcl-2 by ELISA-based assays may provide a nov-
el, safe, sensitive, specific and economical method for
the detection of ovarian cancer that would benefit all
women not only in the US, but worldwide including med-
ically underserved geographical areas and especially
women at high risk for developing ovarian cancer. Fur-
ther, given that approximately 25,000 women are diag-
nosed with ovarian cancer annually in the US, urinary
Bcl-2 detection of ovarian cancer in both early and late
stages of disease would not only confirm the diagnosis
of ovarian cancer, but could also potentially detect thou-
sands of previously undiagnosed ovarian cancers. This
is especially important for detection of ovarian cancer in
early stages that account for less than 10% of diagnosed
ovarian cancers, but where surgical debulking of the dis-
eased ovary increases patient survival to over 90% and
would be expected to reduce life long medical costs. Last-
ly, in addition to serving a novel diagnostic function, uri-
nary levels of Bcl-2 can be used to monitor the presence
of ovarian cancer throughout the course of disease which
may impacttherapeutic and prognostic outcome. Clearly,
larger population studies are warranted to verify the po-
tential for urinary levels of Bcl-2 to serve as a biomarker
for ovarian cancer as well as investigations into the mo-
lecular mechanism(s) responsible for elevated urinary
Bcl-2 in ovarian cancer. However, since there are no re-
ports that employ either urinary detection or Bcl-2 as a
biomarker for ovarian cancer, this pilot study suggests
that measurement of urinary Bcl-2 by ELISA may provide
an innovative, simple method to detect all ovarian can-
cers and, possibly, reduce the mortality of an insidious
disease that kills thousands of women annually.

Example 6-Urine storage conditions for Bcl-2 testing

[0112] Studies examining the storage stability of uri-
nary bcl-2 indicate that when samples are prepared with
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the addition of a cocktail of protease inhibitors these urine
samples may be stored for over 1 year at -20°C without
loss of bcl-2 detection (see 'Control’ & -20°C’ in Figure
11). This would be beneficial for individuals where it might
be desirable to re-test previous samples with current
ones. Alternately, these samples can also be stored at
4°C for up to 4 days without adversely affecting detection
of urinary Bcl-2. These are important results as they in-
dicate that the time possibly required to transport patient
urine samples (from potentially distant geographical ar-
eas) to a laboratory for Bcl-2 testing would not adversely
affect the outcome of urinary bcl-2 detection if protease
inhibitors are added to the urine samples and the urine
samples are kept cold. However, reduced Bcl-2 was
measured in samples stored at room temperature for 4
days and Bcl-2 could not be detected in urine samples
stored at -80°C; therefore, it appears prohibitive to store
urinary samples for Bcl-2 detection at either room tem-
perature or at -80°C.

Claims

1. A method of detecting ovarian cancer in a subject,
comprising detecting the presence of Bcl-2 in a bio-
logical sample of urine from the subject using ELISA-
based immunoenzymatic detection, wherein a level
of Bcl-2 above a pre-determined threshold is indic-
ative of ovarian cancer in the subject.

2. The method of claim 1, wherein said detecting com-
prises:

(a) contacting the biological sample with a bind-
ing agent that binds Bcl-2 protein to form a com-
plex;

(b) detecting the complex; and correlating the
detected complex to the amount of Bcl-2 protein
in the sample, wherein the presence of elevated
Bcl-2 protein is indicative of ovarian cancer.

3. The method of claim 2, wherein the binding agent is
immobilized on a support.

4. The method of claim 2, wherein the binding agent is
a monoclonal or polyclonal antibody.

5. The method of claim 2, wherein said detecting of (b)
further comprises linking orincorporating a label onto
the binding agent.

6. The method of claim 1, further comprising detecting
a biomarker of cancer in the same biological sample
or a different biological sample obtained from the
subject, before, during, or after said detecting of Bcl-
2.

7. The method of claim 6, wherein the biomarker of
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cancer is a biomarker of gynecological cancer.

8. The method of claim 6, wherein the biomarker is
CA125.

9. The method of claim 1, wherein said subject is suf-

fering from ovarian cancer, and wherein said detect-
ing is performed at several time points at intervals,
as part of a monitoring of the subject before, during,
or after the treatment of the ovarian cancer.

10. The method of claim 1, wherein the subject is exhib-
iting no symptoms of ovarian cancer at the time said
detecting is carried out.

11. The method of claim 1, wherein the subject is exhib-
iting one or more symptoms of ovarian cancer at the
time said detecting is carried out.

12. The method of claim 8, wherein said subject has an
elevated CA125 level in the blood at the time of said
detecting.

13. The method of claim 8, wherein said subject does
not have an elevated CA125 level in the blood at the
time of said detecting.

Patentanspriiche

1. Eine Methode zum Detektieren von Ovarialkarzinom
bei einem Patienten, die das Detektieren des Vor-
liegens von Bcl-2 in einer biologischen Urinprobe
des Patienten anhand eines Immun-Enzymnach-
weises auf ELISA-Grundlage umfasst, wobei ein
Bcl-2-Spiegel Uber einem zuvor festgelegten
Schwellenwert auf ein Ovarialkarzinom bei dem Pa-
tienten hindeutet.

2. Die Methode gemaf Anspruch 1, wobei das Detek-

tieren umfasst:

(a) das Herstellen von Kontakt zwischen der bio-
logischen Probe und einem Bindemittel, das
Bcl-2-Protein bindet, so dass sich ein Komplex
bildet;

(b) das Detektieren des Komplexes und das Kor-
relieren des nachgewiesenen Komplexes mit
der Menge des Bcl-2-Proteins in der Probe, wo-
bei das Vorliegen von erhéhtem Bcl-2-Protein
auf ein Ovarialkarzinom hindeutet.

3. Die Methode gemafll Anspruch 2, wobei das Binde-
mittel auf einer Stlitzvorrichtung immobilisiert ist.

4. Die Methode gemaf Anspruch 2, wobei das Binde-

mittel ein monoklonaler oder polyklonaler Antikérper
ist.
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Die Methode gemaR Anspruch 2, wobei das Detek-
tieren von (b) weiterhin das Verbinden oder Ein-
schlieen einer Markierung auf dem Bindemittel um-
fasst.

Die Methode gemaR Anspruch 1, die weiterhin das
Detektieren eines Krebsbiomarkers in der gleichen
biologischen Probe oder einer unterschiedlichen
biologischen Probe, die von dem Patienten gewon-
nen wurde, vor, wahrend oder nach dem Detektieren
von Bcl-2 umfasst.

Die Methode gemaR Anspruch 6, wobei der Krebs-
biomarker ein Biomarker eines gynakologischen
Krebs ist.

Die Methode gemaf Anspruch 6, wobei der Biomar-
ker CA-125 ist.

Die Methode gemaR Anspruch 1, wobei der Patient
an einem Ovarialkarzinom leidet und wobei das De-
tektieren zu mehreren Zeitpunkten in Intervallen als
Teil einer Uberwachung des Patienten vor, wahrend
oder nach der Behandlung des Ovarialkarzinoms
durchgefihrt wird.

Die Methode gemaR Anspruch 1, wobei der Patient
zu dem Zeitpunkt, an dem das Detektieren durchge-
fuhrt wird, keine Symptome eines Ovarialkarzinoms
aufweist.

Die Methode gemaf Anspruch 1, wobei der Patient
zu dem Zeitpunkt, an dem das Detektieren durchge-
fuhrt wird, ein oder mehrere Symptome eines Ova-
rialkarzinoms aufweist.

Die Methode gemaf Anspruch 8, wobei der Patient
zum Zeitpunkt des Detektierens einen erhéhten CA-
125-Blutspiegel aufweist.

Die Methode gemal Anspruch 8, wobei der Patient
zum Zeitpunkt des Detektierens keinen erhdhten
CA-125-Blutspiegel aufweist.

Revendications

Méthode de détection du cancer de 'ovaire chez un
sujet, consistant en la détection de la présence de
Bel-2 dans un échantillon biologique urinaire prélevé
chez le sujet en utilisant la détection immunoenzy-
matique a base ELISA, dans laquelle un taux de Bel-
2 supérieur a un seuil prédéterminé est indicatif d’un
cancer de I'ovaire chez le sujet.

Méthode selon la revendication 1, dans laquelle la-
dite détection comprend :
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(a) mettre I'échantillon biologique en contact
avec un agent de liaison qui se lie a la protéine
Bel-2 pour former un complexe ;

(b) détecter le complexe ; et établir un lien entre
le complexe détecté et la quantité de protéine
Bel-2 dansI’échantillon, danslaquelle la présen-
ce d’'un taux élevé de protéine Bel-2 est indicatif
d’un cancer de l'ovaire.

Méthode selon la revendication 2, dans laquelle
I'agent de liaison est immobilisé sur un support.

Méthode selon la revendication 2, dans laquelle
I'agent de liaison est un anticorps monoclonal ou po-
lyclonal.

Méthode selon la revendication 2, dans laquelle la-
dite détection en (b) comprend, en outre, la liaison
a ou lincorporation d'un traceur sur l'agent de
liaison.

Méthode selon la revendication 1 comprenant, en
outre, la détection d’'un biomarqueur de cancer dans
le méme échantillon biologique ou dans un échan-
tillon biologique différent obtenu du sujet, avant, du-
rant ou apres ladite détection de Bel-2.

Méthode selon la revendication 6, dans laquelle le
biomarqueur de cancer est un biomarqueur de can-
cer gynécologique.

Méthode selon la revendication 6, dans laquelle le
biomarqueur est CA125.

Méthode selon la revendication 1, dans laquelle ledit
sujet souffre d’'un cancer de I'ovaire, et dans laquelle
ladite détection est réalisée en divers intervalles de
temps, dans le cadre d'une surveillance du sujet
avant, durant ou apres le traitement du cancer de
I'ovaire.

Méthode selon la revendication 1, dans laquelle le
sujet ne présente aucun symptéme du cancer de
I'ovaire au moment ou ladite détection est effectuée.

Méthode selon la revendication 1, dans laquelle le
sujet présente un ou plusieurs symptéome(s) du can-
cer de l'ovaire au moment ou ladite détection est
effectuée.

Méthode selon la revendication 8, dans laquelle ledit
sujet a un taux élevé de CA125 dans le sang au
moment de ladite détection.

Méthode selon la revendication 8, dans laquelle ledit
sujet n’accuse pas un taux élevé de CA125 dans le
sang au moment de ladite détection.
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