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(57) ABSTRACT 
Disclosed are diagnostic techniques for the detection of 
human prostate, bladder and breast cancer. Genetic probes 
and methods useful in monitoring the progression and 
diagnosis of prostate, bladder and breast cancer are 
described. The invention relates particularly to probes and 
methods for evaluating the presence of RNA species that are 
differentially expressed in prostate, bladder and breast can 
cer compared to normal human prostate, benign prostatic 
hyperplasia, or normal bladder or breast tissue. 
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BIOMARKERS AND TARGETS FOR DIAGNOSIS, 
PROGNOSIS AND MANAGEMENT OF PROSTATE 

DISEASE, BLADDER AND BREAST CANCER 

[0001] The present application is a continuation-in-part of 
co-pending US. patent application Ser. No. 08/692,787 ?led 
Jul. 31, 1996. The entire text of the above-referenced 
disclosure is speci?cally incorporated by reference herein 
Without disclaimer. 

BACKGROUND OF THE INVENTION 

[0002] A. Field of the Invention 

[0003] The present invention relates generally to nucleic 
acid sequences useful as probes for the diagnosis of cancer 
and methods relating thereto. More particularly, the present 
invention concerns probes and methods useful in diagnos 
ing, identifying and monitoring the progression of prostate 
cancer, benign prostatic hyperplasia, bladder cancer or 
breast cancer through measurements of gene products. 

[0004] B. Description of the Related Art 

[0005] Genetic detection of human disease states is a 
rapidly developing ?eld (TaparoWsky et al., 1982; Slamon et 
al., 1989; Sidransky et al., 1992; Miki et al., 1994; Dong et 
al., 1995; Morahan et al., 1996; Lifton, 1996; Barinaga, 
1996). HoWever, some problems exist With this approach. A 
number of knoWn genetic lesions merely predispose to 
development of speci?c disease states. Individuals carrying 
the genetic lesion may not develop the disease state, While 
other individuals may develop the disease state Without 
possessing a particular genetic lesion. In human cancers, 
genetic defects may potentially occur in a large number of 
known tumor suppresser genes and proto-oncogenes. 

[0006] The genetic detection of cancer has a long history. 
One of the earliest genetic lesions shoWn to predispose to 
cancer Was transforming point mutations in the ras onco 
genes (TaparoWsky et al., 1982). Transforming ras point 
mutations may be detected in the stool of individuals With 
benign and malignant colorectal tumors (Sidransky et al., 
1992). HoWever, only 50% of such tumors contained a ras 
mutation (Sidransky et al., 1992). Similar results have been 
obtained With ampli?cation of HER-2/neu in breast and 
ovarian cancer (Slamon et al., 1989), deletion and mutation 
of p53 in bladder cancer (Sidransky et al., 1991), deletion of 
DCC in colorectal cancer (Fearon et al., 1990) and mutation 
of BRCA1 in breast and ovarian cancer (Miki et al., 1994). 

[0007] None of these genetic lesions are capable of pre 
dicting a majority of individuals With cancer and most 
require direct sampling of a suspected tumor, making 
screening dif?cult. 

[0008] Further, none of the markers described above are 
capable of distinguishing betWeen metastatic and non-meta 
static forms of cancer. In effective management of cancer 
patients, identi?cation of those individuals Whose tumors 
have already metastasiZed or are likely to metastasiZe is 
critical. Because metastatic cancer kills 560,000 people in 
the US each year (ACS home page), identi?cation of mark 
ers for metastatic cancer, such as metastatic prostate and 
breast cancer, Would be an important advance. 

[0009] A particular problem in cancer detection and diag 
nosis occurs With prostate cancer. Carcinoma of the prostate 
(PCA) is the most frequently diagnosed cancer among men 
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in the United States (Veltri et al., 1996). Prostate cancer Was 
diagnosed in approximately 210,000 men in 1997 and about 
39,000 men succumbed to the malignancy (Parker et al., 
1996; Wingo et al., 1997). The American Cancer Society 
expects that more than 340,000 neW cases of prostate cancer 
Will be diagnosed in 1998 (OroZco et al., 1998). Although 
relatively feW prostate tumors progress to clinical signi? 
cance during the lifetime of the patient, those Which are 
progressive in nature are likely to have metastasiZed by the 
time of detection. Survival rates for individuals With meta 
static prostate cancer are quite loW. BetWeen these extremes 
are patients With prostate tumors that Will metastasiZe but 
have not yet done so, for Whom surgical prostate removal is 
curative. Determination of Which group a patient falls Within 
is critical in determining optimal treatment and patient 
survival. 

[0010] The FDA approval of the serum prostate speci?c 
antigen (PSA) test in 1984 has subsequently changed the 
Way prostate disease Was managed (Allhoff et al., 1989; 
Cooner et al., 1990; Jacobson et al., 1995; OroZco et al., 
1998). PSA is Widely used as a serum biomarker to detect 
and monitor therapeutic response in prostate cancer patients 
(Badalament et al., 1996; O’DoWd et al., 1997). Several 
modi?cations in PSA assays (Partin and Oesterling, 1994; 
Babian et al., 1996; Zlotta et al., 1997) have resulted in 
earlier diagnoses and improved treatment. 

[0011] While an effective indicator of prostate cancer 
When serum levels are relatively high, PSA serum levels are 
more ambiguous indicators of prostate cancer When only 
modestly elevated, for example When levels are betWeen 
2-10 ng/ml. At these modest elevations, serum PSA may 
have originated from non-cancerous disease states such as 
BPH (benign prostatic hyperplasia), prostatitis or physical 
trauma (McCormack et al., 1995). Although application of 
the loWer 2.0 ng/ml cancer detection cutoff concentration of 
serum PSA has increased the diagnosis of prostate cancer, 
especially in younger men With non-palpable early stage 
tumors (Stage Tlc) (Soh et al., 1997; Carter et al., 1997; 
Harris et al., 1997; OroZco et al., 1998), the speci?city of the 
PSA assay for prostate cancer detection at loW serum PSA 
levels remains a problem. 

[0012] In current clinical practice, the serum PSA assay 
and digital rectal exam (DRE) is used to indicate Which 
patients should have a prostate biopsy (Lithrup et al., 1994; 
OroZco et al., 1998). Histological examination of the biop 
sied tissue is used to make the diagnosis of prostate cancer. 
Based upon the American Cancer Society estimate of 340, 
000 cases of diagnosed prostate cancer in 1998 and a knoWn 
cancer detection rate of about 35% (Parker et al., 1996), it 
is estimated that in 1998 over one million prostate biopsies 
Will be performed in the United States (OroZco et al., 1998). 
Clearly, there Would be much bene?t derived from a sero 
logical test that Was sensitive enough to detect small and 
early stage prostate tumors that also had suf?cient speci?city 
to exclude a greater portion of patients With noncancerous or 
clinically insigni?cant conditions. 

[0013] Several investigators have sought to improve upon 
the speci?city of serologic detection of prostate cancer by 
examining a variety of other biomarkers besides serum PSA 
concentration (Ralph and Veltri, 1997). One of the most 
heavily investigated of these other biomarkers is the ratio of 
free versus total PSA (f/t PSA) in a patient’s blood. Most 
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PSA in serum is in a molecular form that is bound to other 
proteins such as otl-antichymotrypsin (ACT) or ot2-macro 
globulin (Christensson et al., 1993; Stenman et al., 1991; 
Lilja et al., 1991). Free PSA is not bound to other proteins. 
The ratio of free to total PSA (f/tPSA) is usually signi?cantly 
higher in patients With BPH compared to those With organ 
con?ned prostate cancer (Marley et al., 1996; Oesterling et 
al., 1995; Pettersson et al., 1995). When an appropriate 
cutoff is determined for the f/tPSA assay, the f/tPSA assay 
can help distinguish patients With BPH from those With 
prostate cancer in cases in Which serum PSA levels are only 
modestly elevated (Marley et al., 1996; Partin and Oester 
ling, 1996). Unfortunately, While f/tPSA may improve on the 
detection of prostate cancer, information in the f/tPSA ratio 
is insuf?cient to improve the sensitivity and speci?city of 
serologic detection of prostate cancer to desirable levels. 

[0014] Genetic changes reported to be associated With 
prostate cancer include: allelic loss (Bova, et al., 1993; 
Macoska et al., 1994; Carter et al., 1990); DNA hyperm 
ethylation (Isaacs et al., 1994); point mutations or deletions 
of the retinoblastoma (Rb) and p53 genes (Bookstein et al., 
1990a; Bookstein et al., 1990b; Isaacs et al., 1991); and 
aneuploidy and aneusomy of chromosomes detected by 
?uorescence in situ hybridiZation (FISH) (Macoska et al., 
1994; Visakorpi et al., 1994; Takahashi et al., 1994; AlcaraZ 
et al., 1994). 
[0015] A recent development in this ?eld Was the identi 
?cation of a prostate metastasis suppresser gene, KAIl 
(Dong et al., 1995). Insertion of Wild-type KAIl gene into 
a rat prostate cancer line caused a signi?cant decrease in 
metastatic tumor formation (Dong et al., 1995). HoWever, 
detection of KAIl mutations is dependent upon direct sam 
pling of mutant prostate cells. Thus, either a primary prostate 
tumor must be sampled or else sufficient transformed cells 
must be present in blood, lymph nodes or other tissues to 
detect the missing or abnormal gene. Further, the presence of 
a deleted gene may frequently be masked by large numbers 
of untransformed cells that may be present in a given tissue 
sample. 
[0016] The most commonly utiliZed current tests for pros 
tate cancer are digital rectal examination (DRE) and analysis 
of serum prostate speci?c antigen (PSA). Although PSA has 
been Widely used as a clinical marker of prostate cancer 
since 1988 (Partin & Oesterling, 1994), screening programs 
utiliZing PSA alone or in combination With digital rectal 
examination have not been successful in improving the 
survival rate for men With prostate cancer (Partin & Oester 
ling, 1994). While PSA is speci?c to prostate tissue, it is 
produced by normal and benign as Well as malignant pros 
tatic epithelium, resulting in a high false-positive rate for 
prostate cancer detection (Partin & Oesterling, 1994). 

[0017] Other markers that have been used for prostate 
cancer detection include prostatic acid phosphatase (PAP) 
and prostate secreted protein (PSP). PAP is secreted by 
prostate cells under hormonal control (BraWn et al., 1996). 
It has less speci?city and sensitivity than does PSA. As a 
result, it is used much less noW, although PAP may still have 
some applications for monitoring metastatic patients that 
have failed primary treatments. In general, PSP is a more 
sensitive biomarker than PAP, but is not as sensitive as PSA 
(Huang et al., 1993). Like PSA, PSP levels are frequently 
elevated in patients With BPH as Well as those With prostate 
cancer. 
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[0018] Another serum marker associated With prostate 
disease is prostate speci?c membrane antigen (PSMA) 
(HorosZeWicZ et al., 1987; Carter et al., 1996; Murphy et al., 
1996). PSMA is a Type II cell membrane protein and has 
been identi?ed as Folic Acid Hydrolase (Carter et al., 
1996). Antibodies against PSMA react With both normal 
prostate tissue and prostate cancer tissue (HorosZeWicZ et 
al., 1987). Murphy et al. (1995) used ELISA to detect serum 
PSMA in advanced prostate cancer. As a serum test, PSMA 
levels are a relatively poor indicator of prostate cancer. 
HoWever, PSMA may have utility in certain circumstances. 
PSMA is expressed in metastatic prostate tumor capillary 
beds (Silver et al., 1997) and is reported to be more abundant 
in the blood of metastatic cancer patients (Murphy et al., 
1996). PSMA messenger RNA (mRNA) is doWn-regulated 
8-10 fold in the LNCAP prostate cancer cell line after 
exposure to 5-ot-dihydroxytestosterone (DHT) (Israeli et al., 
1994). 
[0019] A relatively neW potential biomarker for prostate 
cancer is human kallekrein 2 (Piironen et al., 1996). 
HK2 is a member of the kallekrein family that is secreted by 
the prostate gland. In theory, serum concentrations of HK2 
may be of utility in prostate cancer detection or diagnosis, 
but the usefulness of this marker is still being evaluated. 

[0020] As prostate cancer is one of the most prevalent 
forms of cancer in men, breast cancer is one of the most 
prevalent forms of cancer in Women. Breast cancer is the 
leading cause of death for Women betWeen 30-50 years of 
age in the United States. Pathological breast cancer staging 
(tumor siZe, nodal status) is still the most reliable method for 
predicting outcome. In contrast to other forms of cancer, 
only a feW tumor markers have been identi?ed for breast 
cancer (e.g., estrogen receptor, progesterone receptor, 
S-phase, P53, Erb-2, cathepsin D) (see, eg Slamon et al., 
1987). 
[0021] Mutational analysis of important tumor suppressor 
genes such as p53 (Elledge, 1994) and BRCA1 (Miki et al., 
1994) has recently been introduced as a diagnostic and 
prognostic test for breast cancer. HoWever, many of those 
markers are not reliable enough to be used for routine 
purposes in the clinic. TWo tumor suppressor genes that are 
mutated in a number of other cancers (Rb and p53) shoW a 
frequency of mutation of only about 30% in breast cancer 
(Cox et al., 1994). Mutations in the recently identi?ed breast 
cancer susceptibility genes BRCAl (chromosome 17q21) 
and BRCA2 (chromosome 13q13) are associated With famil 
ial breast cancer, accounting for about 5% of total breast 
cancer cases, but have not been found in sporadic breast 
cancer (Stratton and Wooster, 1996). There has yet to be 
found a single genetic change that accounts for the majority 
of sporadic breast cancers. Therefore, there is an urgent need 
for better prognostic markers in breast cancer diagnosis. 

[0022] It is knoWn that the processes of transformation and 
tumor progression are associated With changes in the levels 
of messenger RNA species (Slamonet al., 1984; Sager et al., 
1993; Mok et al., 1994; Watson et al., 1994). Recently, a 
variation on PCR analysis knoWn as RNA ?ngerprinting has 
been used to identify messages differentially expressed in 
ovarian or breast carcinomas (Liang et al., 1992; Sager et al., 
1993; Mok et al., 1994; Watson et al., 1994). By using 
arbitrary primers to generate “?ngerprints” from total cell 
RNA, folloWed by separation of the ampli?ed fragments by 
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high resolution gel electrophoresis, it is possible to identify 
RNA species that are either up-regulated or doWn-regulated 
in cancer cells. Results of these studies indicated the pres 
ence of several markers of potential utility for diagnosis of 
breast or ovarian cancer, including a6-integrin (Sager et al., 
1993), DEST001 and DEST002 (Watson et al., 1994), and 
LF4.0 (Mok et al., 1994). 

[0023] There remain, hoWever, de?ciencies in the prior art 
With respect to the identi?cation of the genes linked With the 
progression of prostate, bladder or breast cancer and the 
development of diagnostic methods to monitor disease pro 
gression. Likewise, the identi?cation of genes Which are 
differentially expressed in prostate, bladder, breast and other 
forms of cancer Would be of considerable importance in the 
development of a rapid, inexpensive method to diagnose 
cancer. 

SUMMARY OF THE INVENTION 

[0024] The present invention addresses de?ciencies in the 
prior art by identifying and characterizing RNA species that 
are differentially expressed in human prostate disease, blad 
der cancer or breast cancer, along With providing methods 
for identifying such RNA species. These RNA species and 
the corresponding encoded protein species have utility, for 
example, as markers of prostate cancer, benign prostatic 
hyperplasia (BPH), bladder cancer or breast cancer, and as 
targets for therapeutic intervention in prostate cancer, BPH, 
bladder cancer or breast cancer. The disclosed methods may 
also be applied to other tissues in order to identify differ 
entially expressed genes that are markers of different physi 
ological states of that tissue. 

[0025] The identi?ed markers of prostate cancer, BPH, 
bladder cancer or breast cancer can in turn be used to design 
speci?c oligonucleotide probes and primers. When used in 
combination With nucleic acid hybridization and ampli?ca 
tion procedures, these probes and primers permit the rapid 
analysis of prostate, bladder or breast biopsy core speci 
mens, serum samples, etc. This Will assist physicians in 
diagnosing prostate disease, bladder cancer or breast cancer, 
and in determining optimal treatment courses for individuals 
With bladder cancer, breast cancer or With prostate tumors of 
varying malignancy. The same probes and primers may also 
be used for in situ hybridization or in situ PCR detection and 
diagnosis of prostate cancer, BPH, bladder cancer or breast 
cancer. 

[0026] The identi?ed markers of prostate cancer, BPH, 
bladder cancer or breast cancer may also be used to identify 
and isolate full length gene sequences, including regulatory 
elements for gene expression, from genomic human DNA 
libraries. The cDNA sequences identi?ed in the present 
invention are ?rst used as hybridization probes to screen 
genomic human DNA libraries by standard techniques. Once 
partial genomic clones have been identi?ed, full-length 
genes are isolated by “chromosomal Walking” (also called 
“overlap hybridization”). See, Chinault & Carbon “Overlap 
Hybridization Screening: Isolation and Characterization of 
Overlapping DNA Fragments Surrounding the LEU2 Gene 
on Yeast Chromosome III.”Gene 5: 111-126, 1979. Nonre 
petitive sequences at or near the ends of the partial genomic 
clones are then used as hybridization probes in further 
genomic library screening, ultimately alloWing the isolation 
of entire gene sequences for the cancer markers of interest. 
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Those experienced in the art Will realize that full length 
genes may be obtained using the small expressed sequence 
tags (ESTs) described herein using technology currently 
available (Sambrook et al., 1989; Chinault & Carbon, 1979), 
as illustrated in Example 5 of the instant application. 

[0027] The identi?ed markers may also be used to identify 
and isolate cDNA sequences. In the practice of this method, 
the EST sequences identi?ed in the present disclosure are 
used as hybridization probes to screen human cDNA librar 
ies by standard techniques. In a preferred practice, a high 
quality human cDNA library is obtained from commercial or 
other sources. The library is plated on, for example, agarose 
plates containing nutrients, antibiotics and other standard 
ingredients. Individual colonies are transferred to nylon or 
nitrocellulose membranes and the EST probes are hybrid 
ized to complementary sequences on the membranes. 
Hybridization is detected by radioactive or enzyme-linked 
tags associated With the hybridized probes. Positive colonies 
are groWn up and sequenced by, for example, dideoxy 
nucleotide sequencing or similar methods Well knoWn in the 
art. Comparison of cloned cDNA sequences With knoWn 
human or animal cDNA or genomic sequences is performed 
using computer programs and databases Well knoWn to the 
skilled practitioner. 

[0028] In one embodiment of the present invention, the 
isolated nucleic acids of the present invention are incorpo 
rated into expression vectors and expressed as the encoded 
proteins or peptides. Such proteins or peptides may in 
certain embodiments be used as antigens for induction of 
monoclonal or polyclonal antibody production. 

[0029] One aspect of the present invention is thus, oligo 
nucleotide hybridization probes and primers that hybridize 
selectively to speci?c markers of prostate cancer, BPH, 
bladder cancer or breast cancer. These probes and primers 
are selected from those sequences designated herein as SEQ 
ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ 
ID NO:5, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ 
ID NO:10, SEQ ID NO:11, SEQ ID NO:12, SEQ ID NO:13, 
SEQ ID NO:14, SEQ ID NO:15, SEQ ID NO:16, SEQ ID 
NO:17, SEQ ID NO:19, SEQ ID NO:20, SEQ ID NO:21, 
SEQ ID NO:22, SEQ ID NO:23, SEQ ID NO:45, SEQ ID 
NO:46, SEQ ID NO:47, SEQ ID NO:83 and SEQ ID NOz85. 
Probes and primers selected from those sequences desig 
nated herein as SEQ ID NO:3, SEQ ID NO:83 and SEQ ID 
NO:85 are preferred in hybridization to markers of prostate 
disease, bladder cancer or breast cancer. The availability of 
probes and primers speci?c for such unique markers pro 
vides the basis for diagnostic kits useful for distinguishing 
betWeen BPH, prostate organ con?ned cancer and prostate 
tumors With potential for metastatic progression. Alterna 
tively, the availability of probes and primers that hybridize 
to one or more markers of breast cancer, bladder cancer or 

prostate disease provide the basis for diagnostic kits useful 
in the detection of breast cancer, bladder cancer or prostate 
disease. 

[0030] In one broad aspect, the present invention encom 
passes kits for use in detecting prostate cancer, BPH, bladder 
cancer or breast cancer cells in a biological sample. Such a 
kit may comprise one or more pairs of primers for ampli 
fying nucleic acids corresponding to one or more prostate 
cancer, BPH, bladder cancer or breast cancer marker genes. 
The kit may further comprise samples of total mRNA 
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derived from tissue of various physiological states, such as 
normal, BPH, con?ned tumor and metastatically progressive 
tumor, for example, to be used as controls. The kit may also 
comprise buffers, nucleotide bases, and other compositions 
to be used in hybridization and/or ampli?cation reactions. 
Each solution or composition may be contained in a vial or 
bottle and all vials held in close con?nement in a box for 
commercial sale. Another embodiment of the present inven 
tion encompasses a kit for use in detecting prostate, bladder 
or breast cancer cells in a biological sample comprising 
oligonucleotide probes effective to bind With high af?nity to 
markers of prostate disease, bladder cancer or breast cancer, 
in a Northern blot assay and containers for each of these 
probes. In a further embodiment, the invention encompasses 
a kit for use in detecting prostate cancer, BPH, bladder 
cancer or breast cancer cells in a biological sample com 
prising antibodies speci?c for proteins encoded by the 
nucleic acid markers of prostate cancer, BPH, bladder cancer 
or breast cancer, identi?ed in the present invention. 

[0031] In one broad aspect, the present invention encom 
passes methods for treating prostate cancer patients by 
administration of effective amounts of antibodies speci?c for 
the peptide products of prostate cancer markers identi?ed 
herein, or by administration of effective amounts of vectors 
producing anti-sense messenger RNAs that bind to the 
nucleic acid products of prostate cancer markers, thereby 
inhibiting expression of the protein products of prostate 
cancer marker genes. In another broad aspect, the present 
invention encompasses methods for treating breast or blad 
der cancer patients by administration of effective amounts of 
antibodies speci?c for the peptide products of breast or 
bladder cancer markers identi?ed herein, or by administra 
tion of effective amounts of vectors producing anti-sense 
messenger RNAs that bind to the nucleic acid products of 
breast or bladder cancer markers, thereby inhibiting expres 
sion of the protein products of breast or bladder cancer 
marker genes. Antisense nucleic acid molecules may also be 
provided as RNAs, as some stable forms of RNA With a long 
half-life that may be administered directly Without the use of 
a vector are noW knoWn in the art. In addition, DNA 
constructs may be delivered to cells by liposomes, receptor 
mediated transfection and other methods knoWn in the art. 
The method of delivery does not, in and of itself, constitute 
the present invention, but it is the delivery of an agent that 
Will inhibit or disrupt expression of the targeted mRNAs as 
de?ned herein that constitute a critical step of this embodi 
ment of the invention. Therefore, delivery of those agents, 
by any means knoWn in the art Would be encompassed by the 
present claims. 

[0032] One aspect of the present invention is novel iso 
lated nucleic acid segments that are useful as described 
herein as hybridiZation probes and primers that speci?cally 
hybridiZe to prostate cancer, BPH, bladder cancer or breast 
cancer markers. These disease markers, including both 
knoWn genes and previously undescribed genes, are 
described herein as those mRNA species shoWn to be 
differentially expressed (either up- or doWn-regulated) in a 
prostate cancer, BPH, bladder cancer or breast cancer state 
as compared to a normal prostate, bladder or breast tissue. 
The novel isolated segments are designated herein as SEQ 
ID N011, SEQ ID N012, SEQ ID N013, SEQ ID N014, SEQ 
ID N015, SEQ ID N0110, SEQ ID N0111, SEQ ID N0112, 
SEQ ID N0113, SEQ ID N0115, SEQ ID N0116, SEQ ID 
N0117, SEQ ID N0119,SEQ ID N0120,SEQ ID N0121, 
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SEQ ID N0122,SEQ ID N0123, SEQ ID N0145, SEQ ID 
N0146, SEQ ID N0183 and SEQ ID N0185. The invention 
further comprises an isolated nucleic acid of betWeen about 
14 and about 100 bases in length, either identical to or 
complementary to a portion of the same length occurring 
Within the disclosed sequences. 

[0033] The present invention comprises proteins and pep 
tides With amino acid sequences encoded by the aforemen 
tioned isolated nucleic acid segments. The invention also 
comprises methods for identifying biomarkers for prognos 
tic or diagnostic assays of human prostate cancer, BPH, 
bladder cancer or breast cancer, using the techniques of RNA 
?ngerprinting to identify RNAs that are differentially 
expressed betWeen prostate, bladder or breast cancers versus 
normal or benign tissues of the same origin. Such fnger 
printing techniques may utiliZe an oligo dT primer and an 
arbitrary primer, an oligo dT primer alone or random hex 
amers or any other method knoWn in the art. 

[0034] The invention further comprises methods for 
detecting prostate, bladder or breast cancer cells in biologi 
cal samples, using hybridiZation primers and probes 
designed to speci?cally hybridiZe to prostate, bladder or 
breast cancer markers. The hybridiZation probes are identi 
?ed and designated herein as SEQ ID N011, SEQ ID N012, 
SEQ ID N013, SEQ ID N014, SEQ ID N015, SEQ ID N017, 
SEQ ID N018, SEQ ID N019, SEQ ID N0110, SEQ ID 
N0111, SEQ ID N0112, SEQ ID N0113, SEQ ID N0114, 
SEQ ID N0115, SEQ ID N0116, SEQ ID N0117, SEQ ID 
N0119, SEQ ID N0120, SEQ ID N0121, SEQ ID N0122, 
SEQ ID N0123, SEQ ID N0145, SEQ ID N0146, SEQ ID 
N0183 and SEQ ID N0185. This method further comprises 
measuring the amounts of nucleic acid ampli?cation prod 
ucts formed When primers selected from the designated 
sequences are used. 

[0035] The invention further comprises the prognosis and/ 
or diagnosis of prostate, bladder or breast cancer by mea 
suring the amounts of nucleic acid ampli?cation products 
formed as above. The invention comprises methods of 
treating individuals With prostate, bladder or breast cancer 
by providing effective amounts of antibodies and/or anti 
sense DNA molecules Which bind to the products of the 
above mentioned isolated nucleic acids. Preferred methods 
of prognosis and/or diagnosis of breast cancer utiliZe nucleic 
acid ampli?cation products formed from the sequences 
designated as SEQ ID N013, SEQ ID N0183 and SEQ ID 
N0185 and methods of treating individuals With breast 
cancer comprise providing effective amounts of antibodies 
and/or antisense DNA molecules Which bind to the products 
of SEQ ID N013, SEQ ID N0183 and SEQ ID N0185. The 
invention further comprises kits for performing the above 
mentioned procedures, containing antibodies, ampli?cation 
primers and/or hybridiZation probes. 

[0036] The present invention further comprises production 
of antibodies speci?c for proteins or peptides encoded by 
SEQ ID N011, SEQ ID N012, SEQ ID N013, SEQ ID N014, 
SEQ ID N015, SEQ ID N0110, SEQ ID N0111, SEQ ID 
N0112, SEQ ID N0113, SEQ ID N0115, SEQ ID N0116, 
SEQ ID N0117, SEQ ID N0119, SEQ ID N0120, SEQ ID 
N0121, SEQ ID N0122, SEQ ID N0123, SEQ ID N0145, 
SEQ ID N0146, SEQ ID N0183 and SEQ ID N0185, and the 
use of those antibodies for diagnostic applications in detect 
ing prostate, bladder or breast cancer. The production of 
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antibodies speci?c for proteins or peptides encoded by SEQ 
ID NO:3, SEQ ID NO183 and SEQ ID NO185 is preferred in 
the use of those antibodies for diagnostic applications in 
detecting bladder cancer or breast cancer. The invention 
further comprises therapeutic treatment of prostate, bladder 
or breast cancer by administration of effective doses of 
inhibitors speci?c for the aforementioned encoded proteins. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0037] FIG. 1. NormaliZed quantitative RT-PCR of UC 
Band #25 (SEQ ID NO:1) shoWs that it is overexpressed in 
prostate cancers and benign prostate compared With normal 
prostate tissues. The levels are particularly high in metastatic 
prostate cancer. N=normal prostate, B=benign prostatic 
hyperplasia (BPH), NB=needle core biopsy of prostate can 
cer, T=primary prostate cancer, LM=metastatic lymph node 
prostate cancer, NC=negative control. 

[0038] FIG. 2. NormaliZed quantitative RT-PCR of UC 
Band #27 (SEQ ID NO:2) shoWs that it is elevated in 
prostate cancers compared With normal or benign prostates. 
N=normal prostate, B=benign prostatic hyperplasia (BPH), 
NB=needle core biopsy of prostate cancer, T=primary pros 
tate cancer, LM=metastatic lymph node prostate cancer, 
NC=negative control. 

[0039] FIG. 3. NormaliZed quantitative RT-PCR of UC 
Band #28 (SEQ ID NO:3) shoWs that it is elevated in 
prostate cancers, particularly in metastatic prostate cancer, 
compared With normal or benign prostates. N=normal pros 
tate, B=benign prostatic hyperplasia (BPH), NB=needle 
core biopsy of prostate cancer, T=primary prostate cancer, 
LM=metastatic lymph node prostate cancer, NC=negative 
control. 

[0040] FIG. 4. NormaliZed quantitative RT-PCR of UC 
Band #31 (SEQ ID NO:4) shoWs that it is overexpressed in 
benign and malignant prostate compared With normal pros 
tate. N=normal prostate, B=benign prostatic hyperplasia 
(BPH), NB=needle core biopsy of prostate cancer, T=pri 
mary prostate cancer, LM=metastatic lymph node prostate 
cancer, NC=negative control. 

[0041] FIG. 5. NormaliZed quantitative RT-PCR of a 
sequence from the human ?bronectin gene (SEQ ID NO:7) 
shoWs that it is doWn regulated in BPH and prostate cancer 
compared With normal prostate. N=normal prostate, B=be 
nign prostatic hyperplasia (BPH), NB=needle core biopsy of 
prostate cancer, T=primary prostate cancer, LM=metastatic 
lymph node prostate cancer, NC=negative control. 

[0042] FIG. 6. NormaliZed quantitative RT-PCR of UC 
Band #33 (SEQ ID NO:5) shoWs that it is overexpressed in 
prostate cancers compared With normal or benign prostate. 
N=normal prostate, B=benign prostatic hyperplasia (BPH), 
NB=needle core biopsy of prostate cancer, T primary pros 
tate cancer, LM=metastatic lymph node prostate cancer, 
NC=negative control. 

[0043] FIG. 7. Quantitative RT-PCR of TGF-[31 shoWs 
that it is overexpressed in prostate cancer compared to 
benign prostatic hyperplasia. N=normal prostate, B=benign 
prostatic hyperplasia (BPH), NB=needle core biopsy of 
prostate cancer, T=primary prostate cancer, LM=metastatic 
lymph node prostate cancer, NC=negative control. 

[0044] FIG. 8. Quantitative RT-PCR of CyclinA(SEQ ID 
NO:8) shoWs that it is overexpressed in prostate cancer 
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compared to normal prostate and benign prostatic hyperpla 
sia. N=normal prostate, B=benign prostatic hyperplasia 
(BPH), NB=needle core biopsy of prostate cancer, T=pri 
mary prostate cancer, LM=metastatic lymph node prostate 
cancer, NC=negative control. 

[0045] FIG. 9. Oligonucleotides used in RT-PCR investi 
gations of Her2/neu and a truncated form of Her2/neu. The 
binding sites for PCR primers are marked as P1 (NeuS‘), P2 
(Neu3‘) and P5 (Neu3‘). The truncated form of Her2/neu also 
contains the P1 binding site. The regions Within the Her2/ 
neu coding sequence are: ECD (extracellular domain), MD 
(membrane domain), and ICD (intracellular domain). 
[0046] FIG. 10. NormaliZed quantitative RT-PCR for the 
full length Her2/neu transcript shoWs that it is overexpressed 
in prostate cancers compared to normal prostate and benign 
prostatic hyperplasia. N=normal prostate, B=benign pros 
tatic hyperplasia (BPH), NB=needle core biopsy of prostate 
cancer, T=primary prostate cancer, LM=metastatic lymph 
node prostate cancer, NC=negative control. 

[0047] FIG. 11. NormaliZed quantitative RT-PCR for the 
truncated form of the Her2/neu transcript (SEQ ID NO:9) 
shoWs that it is overexpressed in prostate cancers compared 
to normal prostate and benign prostatic hyperplasia. N=nor 
mal prostate, B=benign prostatic hyperplasia (BPH), 
NB=needle core biopsy of prostate cancer, T=primary pros 
tate cancer, LM=metastatic lymph node prostate cancer, 
NC=negative control. 

[0048] FIG. 12. Ampli?cation of [3-actin cDNA from 25 
cDNAs synthesized from various prostate tissues. The 
physiological states of these tissues, being either normal 
prostates, glands With BPH or prostate tumors are given in 
Table 2. Also shoWn are molecular Weight markers displayed 
as “ladders” and three isolated bands representing the PCR 
products from pools of (left to right) normal, BPH and 
prostate cancers. 

[0049] FIG. 13 Ampli?cation of a cDNA fragment 
derived from the Hek (UC205) mRNA in the individual 
prostate cancers described in Table 2. Many, but not all, 
prostate glands With BPH are seen to have higher levels of 
expression of Hek than seen in a pool of normal glands. 
Examination of a gel also indicated that some of the PCRs 
are not in the linear phase of their ampli?cation curves. Data 
Was captured on the IS1000 and normaliZed as described in 
Table 2. 

[0050] FIG. 14. Ampli?cation of Hek Using Pooled 
cDNAs normaliZed by [3-actin. Pools of cDNAs synthesiZed 
from either normal prostates (N), prostate glands With BPH 
(B) or prostate tumors (C) Were used as templates for [3-actin 
cDNA ampli?cation. Four identical sets of PCRs Were set 
up. These Were stopped and examined after differing num 
bers of PCR cycles. The data for the 22 cycles Were 
numerically captured by the IS1000 and used to derive 
normaliZing statistics. The normaliZing statistics are 
obtained by dividing the average intensity of the three 
captured bands by the value of the three bands separately. 
These normaliZing statistics Were then used to normaliZe the 
data obtained from the mRNA of Hek (UC205). Hek mRNA 
is more abundant in the BPH and prostate cancer pools than 
in the pool of normal prostates. At 34 and 37 cycles, the 
PCRs for the BPH and cancer pools are observed in the 
linear phase of their ampli?cation curves. The data Was 
normaliZed to the [3-actin data. 
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[0051] FIG. 15. Normalized quantitative RT-PCR of UC 
28 in breast, colon, and lung cancers. UC 28 (SEQ ID NO:3) 
is overexpressed in breast cancer compared to normal tissue, 
but not overexpressed in colon and lung cancer. 

[0052] FIG. 16. Differential expression of UC 28 in 
bladder cancer. Expression of UC 28 Was examined in four 
normal bladder tissues and ?ve bladder cancer tissues by 
relative quantitative RT-PCR using [3-actin as a control for 
normaliZation. 

[0053] FIG. 17. Stimulation of UC 28 gene expression by 
Dihydrotestosterone (DHT). LnCaP cells Were cultured in 
RPMI-1640 With 10% charcoal stripped serum for 48 hours 
prior to treatment. The cells Were incubated in DHT for 24 
hours. RT-PCR of the UC 28 gene message shoWed increas 
ing UC 28 message level in LnCaP cells incubated in 
increasing concentrations (0, 0.1, 1, 10, and 100 nM) of 
DHT. RT-PCR message Was normaliZed to [3-actin. 

[0054] FIG. 18. Differential expression of UC 28 in 
prostate cancer by relative quantitative RT-PCR. Expression 
of UC 28 Was examined in pooled samples of normal 
prostate tissues compared to individual BPH and prostate 
cancer samples. 

[0055] FIG. 19. Determination of copy number of UC 28 
by human genomic DNA Southern analyses. Genomic 
human DNA Was digested With either Eco RI or Hind III and 
labeled With a UC 28 speci?c probe. A single band Was 
observed With each restriction endonuclease. 

[0056] FIG. 20. LocaliZation of the UC 28 gene to human 
chromosome 6q23-24 by FISH chromosome mapping. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0057] The present invention concerns the early detection, 
diagnosis, prognosis and treatment of bladder or breast 
cancer or prostate diseases, such as prostate cancer or benign 
prostatic hyperplasia (BPH). Markers of prostate disease, 
bladder cancer or breast cancer, in the form of nucleic acid 
sequences isolated from human prostate tumors or prostate 
cancer cell lines are disclosed. These markers are indicators 
of malignant transformation of prostate, bladder or breast 
tissues and are diagnostic of the potential for metastatic 
spread of malignant prostate tumors. 

[0058] Those skilled in the art Will realiZe that the nucleic 
acid sequences disclosed herein Will ?nd utility in a variety 
of applications in prostate, bladder or breast cancer detec 
tion, diagnosis, prognosis and treatment. Examples of such 
applications Within the scope of the present invention com 
prise ampli?cation of one or more markers of prostate 
disease, bladder cancer or breast cancer, using speci?c 
primers; detection of markers of prostate disease, bladder 
cancer or breast cancer, by hybridiZation With oligonucle 
otide probes; incorporation of isolated nucleic acids into 
vectors; expression of RNA, peptides or polypeptides from 
the vectors; development of immunologic reagents corre 
sponding to marker encoded products; and therapeutic treat 
ments of prostate, bladder or breast cancer using antibodies, 
anti-sense nucleic acids, or other inhibitors speci?c for the 
identi?ed prostate, bladder or breast cancer markers. 
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[0059] A. Nucleic Acids 

[0060] As described herein, an aspect of the present dis 
closure is 26 markers of prostate disease, including one gene 
marker for prostate disease, bladder cancer and breast can 
cer, identi?ed by RNA ?ngerprinting or quantitative RT 
PCR. These include 20 previously unknoWn gene products, 
including the gene marker for prostate, bladder and breast 
cancer, as Well as nucleic acid products of the PAP, ?bronec 
tin and cyclin A genes and a truncated nucleic acid product 
of the Her2/neu gene. The latter three gene products have 
been identi?ed in other forms of cancer, but the present 
invention is the ?rst report of overexpressionin prostate 
cancer. 

[0061] The SEQ ID NOs corresponding to the identi?ed 
markers are listed beloW. 

UC 25 SEQ ID N021 
UC 27 SEQ ID N022 
UC 28 SEQ ID N023, SEQ ID N0283, SEQ ID N0285 
UC 31 SEQ ID N024 
UC 32 SEQ ID NO:7 (?bronectin) 
UC 33 SEQ ID N025 
Cyclin A SEQ ID NO:8 
truncated neu SEQ ID NO:9 
UC 38 SEQ ID N0210 
UC 40 SEQ ID N0211 
UC 41 SEQ ID N0212 
UC 43 SEQ ID N0219 
UC 47 SEQ ID NO:47 (prostatic acid phosphatase) 
UC 201 SEQ ID N0213 
UC 204 SEQ ID N0220 
UC 205 SEQ ID N0214 (Hek) 
UC 207 SEQ ID N0215 
UC 209 SEQ ID N0216 
UC 210 SEQ ID N0217 
UC 211 SEQ ID N0221 
UC 212 SEQ ID N0222 
UC 213 SEQ ID N0223 
UC 214 SEQ ID N0245 
UC 215 SEQ ID N0246 

[0062] The biomarkers, primers and amino acid sequences 
corresponding to each SEQ ID NO are identi?ed beloW (?rst 
number of each column is SEQ ID NO). 

1. UC 25 30. UC 27 primer 60 55. UC 28 
ISH probe 

2. UC 27 31. UC 27 primer 56. UC 28 
3. UC 28 32. UC 28 primer antigenic 

peptide 
4. UC 31 33. UC 28 primer 57. UC 43 primer 
5. UC 33 35 34. UC 31 primer 58. UC 43 primer 
6. UC 214 primer 35. UC 31 primer 65 59. UC 47 primer 
7. UC 32 36. UC 32 primer 60. UC 47 primer 

?bronectin 
8. Cyclin A 37. UC 32 primer 61. UC 201 primer 
9. Truncated NEU 38. UC 33 primer 62. UC 201 primer 

10. UC 38 40 39. UC 33 primer 63. UC 204 primer 
11. UC 40 40. [5-Actin primer 70 64. UC 204 primer 
12. UC 41 41. [5-Actin primer 65. UC 205 primer 
13. UC 201 42. 5' primer 66. UC 205 primer 
14. UC 205 UC 28 mRNA 67. UC 207 primer 

(human HEK) 45 43. 3' primer 68. UC 207 primer 
15. UC 207 UC 28 2.1 75 69. UC 209 primer 

kb mRNA 
16. UC 209 44. NEU T3’ 70. UC 209 primer 

primer 
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-continued 

17. UC 210 45. UC 214 71. UC 210 primer 
18. UC 214 primer 46. UC 215 72. UC 210 primer 
19. UC 43 5O 47. UC 47 73. UC 211 primer 

(prostatic 
20. UC 204 acid 80 74. UC 211 primer 

phosphatase) 
21. UC 211 48. Amino acid 75. UC 212 primer 
22. UC 212 sequence of 76. UC 212 primer 

UC 47 
23. UC 213 49. UC 38 primer 77. UC 213 primer 
24. UC 215 primer 55 50. UC 38 primer 78. UC 213 primer 
25. UC 215 primer 51. UC 40 primer 85 79. PSA primer 
26. cyclin A primer 52. UC 40 primer 80. PSA primer 
27. cyclin A primer 53. UC 41 primer 81. [5-Actin primer 
28. UC 25 primer 54. UC 41 primer 82. [5-Actin primer 
29. UC 25 primer 
83. UC 28 85. UC 28 87. primer UC 28 

2.5 kb 
84. UC 28 amino 5 86. UC 28 amino mRNA 

acid sequence acid sequence 

[0063] In one embodiment, the nucleic acid sequences 
disclosed herein Will ?nd utility as hybridization probes or 
ampli?cation primers. These nucleic acids may be used, for 
example, in diagnostic evaluation of tissue samples or 
employed to clone full length cDNAs or genomic clones 
corresponding thereto. In certain embodiments, these probes 
and primers consist of oligonucleotide fragments. Such 
fragments should be of suf?cient length to provide speci?c 
hybridization to a RNA or DNA tissue sample. The 
sequences typically Will be 10-20 nucleotides, but may be 
longer. Longer sequences, e.g., 40, 50, 100,500 and even up 
to full length, are preferred for certain embodiments. 

[0064] Nucleic acid molecules having contiguous 
stretches of about 10, 15, 17, 20, 30, 40, 50, 60, 75 or 100 
or 500 nucleotides from a sequence selected from SEQ ID 
N011, SEQ ID N012, SEQ ID N013, SEQ ID N014, SEQ ID 
N015, SEQ ID N0110, SEQ ID N0111, SEQ ID N0112, 
SEQ ID N0113, SEQ ID N0115, SEQ ID N0116, SEQ ID 
N0117, SEQ ID N0119, SEQ ID N0120, SEQ ID N0121, 
SEQ ID N0122, SEQ ID N0123, SEQ ID N0145, SEQ ID 
N0146, SEQ ID N0183 and SEQ ID N0185 are contem 
plated. Molecules that are complementary to the above 
mentioned sequences and that bind to these sequences under 
high stringency conditions also are contemplated. These 
probes Will be useful in a variety of hybridization embodi 
ments, such as Southern and Northern blotting. In some 
cases, it is contemplated that probes may be used that 
hybridize to multiple target sequences Without compromis 
ing their ability to effectively diagnose cancer. 

[0065] Various probes and primers can be designed around 
the disclosed nucleotide sequences. Primers may be of any 
length but, typically, are 10-20 bases in length. By assigning 
numeric values to a sequence, for example, the ?rst residue 
is 1, the second residue is 2, etc., an algorithm de?ning all 
primers can be proposed: 

[0066] n to n+y 

[0067] Where n is an integer from 1 to the last number of 
the sequence and y is the length of the primer minus one (9 
to 19), Where n+y does not exceed the last number of the 
sequence. Thus, for a 10-mer, the probes correspond to bases 
1 to 10, 2 to 11, 3 to 12 . . . and so on. For a 15-mer, the 
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probes correspond to bases 1 to 15, 2 to 16, 3 to 17 . . . and 
so on. For a 20-mer, the probes correspond to bases 1 to 20, 
2to21,3to22...andsoon. 

[0068] The values of n in the algorithm above for each of 
the nucleic acid sequences is: SEQ ID N011, n=391; SEQ ID 
N012, n=614; SEQ ID N013, n=757; SEQ ID N014, n=673; 
SEQ ID N015, n—358; SEQ ID N0110, n=166; SEQ ID 
N0111, n=107; SEQ ID N0112, n=183; SEQ ID N0113, 
n=92; SEQ ID N0115, n—174; SEQ ID N0116, n=132; SEQ 
ID N0117, n—135; SEQ ID N0119, n=471; SEQ ID N0120, 
n=209, SEQ ID N0121, n=407, SEQ ID N0122, n=267, SEQ 
ID N0123, n=333, SEQ ID N0145, n=369, SEQ ID N0146, 
n=301, SEQ ID N0183, n=2087, SEQ ID N0185, n=2505. 

[0069] In certain embodiments, it is contemplated that 
multiple probes may be used for hybridization to a single 
sample. For example, a truncated form of Her2/neu could be 
detected by probing human tissue samples With oligonucle 
otides speci?c for the 5‘ and 3‘ ends of the full-length 
Her2/neu transcript. Afull-length Her2/neu transcript Would 
bind both probes, While a truncated form of the Her2/neu 
transcript, indicative of transformed cells, Would bind to the 
5‘ probe but not to the 3‘ probe. 

[0070] The use of a hybridization probe of betWeen 14 and 
100 nucleotides in length alloWs the formation of a duplex 
molecule that is both stable and selective. Molecules having 
complementary sequences over stretches greater than 20 
bases in length are generally preferred, in order to increase 
stability and selectivity of the hybrid, and thereby improve 
the quality and degree of particular hybrid molecules 
obtained. One Will generally prefer to design nucleic acid 
molecules having stretches of 20 to 30 nucleotides, or even 
longer Where desired. Such fragments may be readily pre 
pared by, for example, directly synthesizing the fragment by 
chemical means or by introducing selected sequences into 
recombinant vectors for recombinant production. 

[0071] Accordingly, the nucleotide sequences of the 
invention may be used for their ability to selectively form 
duplex molecules With complementary stretches of genes or 
RNAs or to provide primers for ampli?cation of DNA or 
RNA from tissues. Depending on the application envisioned, 
one Will desire to employ varying conditions of hybridiza 
tion to achieve varying degrees of selectivity of probe 
toWards target sequence. 

[0072] For applications requiring high selectivity, one Will 
typically desire to employ relatively stringent conditions to 
form the hybrids, e.g., one Will select relatively loW salt 
and/or high temperature conditions, such as provided by 
about 0.02 M to about 0.10 M NaCl at temperatures of about 
50° C. to about 70° C. Such high stringency conditions 
tolerate little, if any, mismatch betWeen the probe and the 
template or target strand, and Would be particularly suitable 
for isolating speci?c genes or detecting speci?c mRNA 
transcripts. It is generally appreciated that conditions can be 
rendered more stringent by the addition of increasing 
amounts of formamide. 

[0073] For certain applications, for example, substitution 
of amino acids by site-directed mutagenesis, it is appreciated 
that loWer stringency conditions are required. Under these 
conditions, hybridization may occur even though the 
sequences of probe and target strand are not perfectly 
complementary, but are mismatched at one or more posi 




































































































































