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The advent of serum prostate-specific antigen (PSA) as a biomarker
has enabled early detection of prostate cancer and, hence, im-
proved clinical outcome. However, a low PSA is not a guarantee of
disease-free status, and an elevated PSA is frequently associated
with a negative biopsy. Therefore, our goal is to identify molecular
markers that can detect prostate cancer with greater specificity in
body fluids such as urine or blood. We used the RT-PCR differential
display method to first identify mRNA transcripts differentially
expressed in tumor vs. patient-matched nontumor prostate tissue.
This analysis led to the identification of 44 mRNA transcripts that
were expressed differentially in some but not all tumor specimens
examined. To identify mRNA transcripts that are differentially
expressed in most tumor specimens, we turned to differential
display of pooled tissue samples, a technique we name averaged
differential expression (ADE). We performed differential display of
mRNA from patient-matched nontumor vs. tumor tissue, each
pooled from 10 patients with various Gleason scores. Differentially
expressed mRNA transcripts identified by ADE were fewer in
number, but were expressed in a greater percentage of tumors
(>75%) than those identified by differential display of mRNA from
individual patient samples. Differential expression of these mRNA
transcripts was also detected by RT-PCR in mRNA isolated from
urine and blood samples of prostate cancer patients. Our findings
demonstrate the principle that specific cDNA probes of frequently
differentially expressed mRNA transcripts identified by ADE can be
used for the detection of prostate cancer in urine and blood
samples.

body fluids � differential display

Early detection is important for effective treatment and
management of cancer. Prostate cancer is the most com-

monly diagnosed nonskin malignancy and the second leading
cause of cancer death in American men. For two decades, serum
prostate-specific antigen (PSA) has been widely used as a marker
for prostate cancer detection. However, elevated serum PSA
lacks the specificity required to distinguish prostate cancer from
other prostatic disorders, such as benign prostatic hyperplasia
(BPH) and prostatitis (1, 2). Furthermore, PSA also lacks the
sensitivity to detect a large fraction of early-stage tumors,
because �15% of men with a normal serum PSA level have
biopsy-proven prostate cancer (3). Histological confirmation of
prostate cancer requires multiple biopsies of the prostate using
procedures that are too invasive to repeat at regular intervals.
Therefore, a screening test for prostate cancer detection requires
a noninvasive approach that is specific and sensitive.

With these objectives, we used differential display (DD) (4, 5)
to identify mRNA transcripts that are expressed differentially in
tumor compared with matched nontumor prostate tissues from
patients who underwent radical prostatectomy. DD analysis has
been widely used to identify genes that are differentially ex-
pressed in cells and tissue samples (4, 6, 7). This sensitive
technique requires small amounts of starting RNA, and offers a

great potential for rapid identification of overexpressed and
down-regulated messages and low-abundance mRNAs that are
involved in many of the regulatory processes of the cell (8). DD
analysis of individual tumors provided information on a number
of genes, but the differential expression of several of these genes
could be verified by RT-PCR in �20% of tumors. We then
investigated the use of DD to compare pooled tumors vs. their
pooled nontumor contralateral prostate specimens; we reasoned
that this approach would more likely reveal genes differentially
expressed in the majority of samples. DD of pooled tumors is
referred to as averaged differential expression (ADE). ADE, as
expected, identified fewer genes than did DD of individual
tumors. But their expression was confirmed in �75% of the
tumors under study. Furthermore, gene changes identified by
ADE were readily detectable in urine and blood of patients with
advanced prostate cancer. Thus, ADE offers an effective strat-
egy for the identification of genes whose expression is altered in
a wide population of patients with a heterogeneous cancer such
as that of the prostate. The relative levels of overexpressed and
down-regulated genes identified in body fluids may provide a
viable option for reliable and, possibly, early detection of
prostate cancer.

Results
Identification of Genes Differentially Expressed Between Tumor and
Nontumor Prostate Tissue from Radical Prostatectomy Patients. In an
effort to identify biomarkers for prostate cancer detection, we
performed DD on tumor and matched nontumor prostate tissues
from prostatectomy patients to investigate differences in expres-
sion of numerous genes (5). DD was performed on tissues from
seven patients representing Gleason grades 3 � 3 (three pa-
tients), 3 � 4 (one patient), 4 � 4 (two patients), and 5 � 4 (one
patient), by using 24 different anchor and arbitrary primer sets
for cDNA amplification. Using this approach, we identified 286
differentially expressed cDNA bands (191 overexpressed and 95
down-regulated). Of these 286 bands, 44 (37 overexpressed and
7 down-regulated) have been extracted from the gels and
sequenced to date. The accession number and gene identity of
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each of these sequences is presented in supporting information
(SI) Table 1. Of these 44 sequenced mRNAs, only 13 matched
mRNA sequences in GenBank; the rest are expressed sequence
tags that have not been reported previously. Thus, by applying
DD to tumor and patient-matched nontumor prostate tissue, we
were able to identify a number of mRNA transcripts not reported
previously.

A representative DD of RNA amplified from tumor vs.
patient-matched nontumor prostate tissue from four different
patients using the same anchor and arbitrary primer set (H-T11C
and H-AP17) is presented in Fig. 1. DD performed on different
days with the same tissue samples using the same anchor and
arbitrary primer pairs yielded essentially the same profile (data
not shown). Notably, as expected, most of the bands were of
similar intensity in matched tumor and nontumor RNA. On the
other hand, however, bands differentially expressed in one
tumor–nontumor pair were not necessarily differentially ex-
pressed in other tumor–nontumor pairs. For example, even
tumors with the same Gleason grade differed (compare differ-
entially expressed cDNA bands identified by arrowheads in
patients 1 vs. 2, both with Gleason grades 3 � 3, and patients 3
vs. 4, both with Gleason grades 4 � 4).

Of the 44 transcripts listed in SI Table 1, most were differ-
entially expressed in only one of seven tumors and were not
studied further by RT-PCR to evaluate changes in a cross-section
of patients. However, a few were differentially expressed in
multiple tumor–nontumor pairs, and these were analyzed further
by RT-PCR with gene-specific primers, by using RNA isolated
from another set of tumor–nontumor pairs (SI Fig. 6). For
example, TRPM8 was found by DD to be overexpressed in three
of seven tumors, and RT-PCR confirmed overexpression (�1.5-
fold) in another five of six tumors (SI Fig. 6). By comparison, in
these same tumors, ADAMTS9 was down-regulated (to �0.5) in
two of six tumors and RP11-571N1 was up-regulated (�1.5-fold)
in one of six tumors, frequencies comparable to those found by

DD. Thus, DD data correlate with RT-PCR data. However,
although DD is sensitive enough to detect low-abundance tran-
script differences in individual patient samples, transcripts dif-
ferentially expressed in the majority of tumor–nontumor pairs
would need to be identified to develop reliable diagnostic
biomarkers.

Identification of mRNA Transcripts That Can Detect Prostate Cancer in
a Majority of Patients by Using ADE. To more efficiently increase
the odds of identifying transcript differences common to a
majority of tumor–nontumor pairs, DD was carried out by using
RNA pooled from multiple patients (pooled tumor RNA vs.
pooled nontumor RNA). We use the term ADE to refer to DD
of RNA pooled from multiple patients. ADE analysis of RNA
pooled from 10 different patient specimens (tumor vs. nontu-
mor) led to the identification of an mRNA transcript that was
overexpressed in the pooled tumor RNA as well as in 7 of the 10
individual tumor RNAs that comprised the pool (Fig. 2A). The
sequence of this mRNA transcript showed 100% identity to a
285-nucleotide sequence (accession no. EH613345) in KB208E9
(GenBank accession no. AP000345). Based on another ADE
analysis of RNA pooled from five patient specimens (tumor vs.
nontumor), we identified the down-regulation of an mRNA
transcript in pooled, as well as in three of the five individual,
tumor RNAs (Fig. 2B). The sequence of this mRNA transcript
showed 100% identity to a 343-nucleotide sequence (accession
no. EH613353) in rp11-442e11 (accession no. AC007707.14).
These two were the only differentially expressed transcripts that
were identified by ADE with the one primer pair used.

RT-PCR Validation of Differential Expression of KB208E9 and rp11-
442e11 in Prostate Tissue from Cancer Patients. To confirm differ-
ential expression of genes identified by ADE, we used RT-PCR
with gene-specific primers to measure KB208E9 and rp11-
442e11 transcript levels in tumor vs. nontumor pairs from 19
patients. Representative RT-PCR results from tissues (tumor vs.
nontumor) of 10 of the 19 patients is presented in Fig. 3 A and
B. KB2088E9 was overexpressed in 13, and rp11-442e11 was
down-regulated in 12 of these 19 patients. The mean tumor–
nontumor ratio of the KB208E9 transcript, normalized to

Tissue:   N   T        N    T        N    T       N     T 
Patient No.:      1               2               3             4           

Tissue:   N   T        N    T        N    T       N     T 

Fig. 1. DD analysis of RNA from tumor vs. patient-matched nontumor
prostate tissue: RNA was isolated from prostate tumor (T) and matched
nontumor (N) prostate tissue from individual patients and reverse-transcribed
with anchor primer H-T11C. The resultant cDNA was amplified with primer
H-T11C and arbitrary primer H-AP19 as described in Materials and Methods.
The PCRs for each sample were run in duplicate. The amplified products were
separated on an extended format 6% polyacrylamide gel. Differentially ex-
pressed mRNA transcripts in individual patients are indicated by arrowheads;
filled arrowheads indicate overexpressed mRNA transcripts, and open arrow-
heads indicate down-regulated mRNA transcripts in tumor, as compared with
nontumor, prostate tissue from individual patients. Tumors of patients 1 and
2 were of Gleason grade 3 � 3, and those in patients 3 and 4 were of Gleason
grade 4 � 4.

Tissue:  N  T   N   T   N   T   N   T   N   T   N   T   N   T   N   T    N  T   N   T  N   T

Patient No.:  15      17      19      18       31      23      25       30       2      38   Pool 

**

KB208E9

Tissue:  N  T   N   T   N   T   N   T   N   T   N   T   N   T   N   T    N  T   N   T  N   T

**

KB208E9

Patient No.:  Pool      15      18      23      25     38       

Tissue:  N    T   N   T   N   T   N   T   N   T  N  T

rp11-442e11

Patient No.:  Pool      15      18      23      25     38       

Tissue:  N    T   N   T   N   T   N   T   N   T  N  T

rp11-442e11

A

B

Fig. 2. Averaged differential expression (ADE) of RNA pooled from multiple
patients. RNA was isolated from tumor and patient-matched nontumor pros-
tate tissues. DD was performed on individual tumor–nontumor pairs or on
pooled tumor vs. pooled nontumor, by using anchor primer H-T11C and
arbitrary primer H-AP17. Two DD profiles of pooled RNA revealed one band
higher in tumor in 7 of 10 individual tumor–nontumor pairs and another band
lower in three of five tumor–nontumor pairs, respectively. These bands were
identified as KB208E9 (A) and rp11-442e11 (B), based on their excision, clon-
ing, sequencing, and BLAST analysis. The Gleason grades of the tumors used
in this study were 3 � 3 (patients 15, 17, and 19), 3 � 4 (patients 18 and 31),
3 � 5 (patient 23), 4 � 3 (patients 25 and 30), and 4 � 4 (patients 2 and 38). N,
nontumor tissue; T, tumor tissue.

2344 � www.pnas.org�cgi�doi�10.1073�pnas.0610504104 Bai et al.

http://www.pnas.org/cgi/content/full/0610504104/DC1
http://www.pnas.org/cgi/content/full/0610504104/DC1
http://www.pnas.org/cgi/content/full/0610504104/DC1
http://www.pnas.org/cgi/content/full/0610504104/DC1
http://www.pnas.org/cgi/content/full/0610504104/DC1


GAPDH, in 19 patients was 1.96 � 0.263, and the mean
tumor–nontumor ratio of rp11-442e11 was 0.89 � 0.09 (P � 0.01)
(Fig. 3C). Because both transcripts were analyzed in each tumor
vs. nontumor pair, we calculated the ratio of these transcripts;
the mean ratio of KB208E9/rp11-442e11 was 2.13 � 0.27 (n �
19). These data suggest that the ratio of KB208E9 to rp11-442e11
may be of diagnostic value.

Detection of KB208E9 and rp11-442e11 in Blood and Urine of Prostate
Cancer Patients. We then sought to investigate whether mRNA
transcripts identified by ADE could be detected in body fluids.
We obtained blood and urine samples from nine patients (SI
Table 2) undergoing treatment for disseminated prostate cancer.
Blood and urine specimens from nine healthy men were used as
controls. RNA was prepared from blood and urine and analyzed
for KB208E9, rp11-442e11 and GAPDH transcript levels by
RT-PCR using gene-specific primers. As shown in Fig. 4,
KB208E9 (lanes labeled probe a) and rp11-442e11 (lanes labeled
probe b) transcript levels were substantially higher in the urine
of patients (Fig. 4A) than of healthy men (Fig. 4B). Most
noticeably, the ratio of KB208E9 to rp11-442e11 in urine was
6-fold higher in prostate cancer patients (4.04 � 1.67; n � 9) than
in healthy men (0.66 � 0.12; n � 9) (Fig. 4C).

KB208E9 and rp11-442e11 were also detected in the blood of
these subjects (Fig. 5). The ratio of KB208E9 to rp11-442e11 was

2.97 � 0.42 (n � 9) in the prostate cancer patients (Fig. 5A) vs.
0.74 � 0.42 (n � 9) in the blood of the healthy men (Fig. 5 B and
C). Thus, the ratio of KB208E9 to rp11-442e11 in both urine and
blood was 4- to 6-fold higher in prostate cancer patients than in
healthy men (Figs. 4C and 5C).

We found no difference in the level of expression of PSA
mRNA between tumor vs. nontumor tissue specimens from
prostate cancer patients (data not shown). It is reported that
quantitative RT-PCR showed no difference in PSA mRNA
levels between blood samples from patients with localized
prostate cancer and healthy men (9). We also observed no
significant difference in PSA mRNA levels between blood
samples of patients undergoing treatment for disseminated
prostate cancer and healthy men (data not shown). Furthermore,
as shown in SI Table 2, there were also some prostate cancer
patients (patients D and E) on androgen-deprivation therapy
(ADT) and/or radiation therapy who had serum PSA levels �0.2
ng/ml yet had detectable levels of KB208E9 in their urine and
blood.

Discussion
Differential Display. Recent advances in several gene-detection
technologies have led to the discovery of differences in gene
expression between normal and cancer cells. Most of these
technologies rely on examining mRNA transcripts that are

KB208E9

GAPDH

Tissue:       N   T  N   T   N  T   N  T   N   T    N   T   N   T  N   T  N   T  N   T

Tumor/Non-tumor:   3.0     3.75    5.0     0.52   2.64     1.44     1.74  1.26    1.0      2.35

Patient No.:     15       16       23      25        2 1        11       12      30      36

rp11-442e11

GAPDH

Tissue:       N   T  N   T   N  T   N  T   N   T    N   T   N   T  N   T  N   T  N   T

Tumor/Non-tumor: 0.76    0.74   1.47    0.48   0.82        0.75    1.10   2.08   0.63    0.70

Patient No.:     15       16       23      25        2 1        11       12      30      36
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Fig. 3. RT-PCR analysis of genes identified by ADE. RT-PCR using gene-specific primers was carried out to analyze the levels of KB208E9 (A) and rp11-442e11
(B) mRNA in tumors and matched nontumor prostate tissue. GAPDH was included as a housekeeping gene. KB208E9 and GAPDH were amplified by using 25 cycles;
rp11-442e11, present at lower levels, was amplified by using 30 cycles. The number of PCR cycles used for each of these transcripts was determined to be in a
linear range for semiquantitative analysis. KB208E9 (A) and rp11-442e11 (B) were quantitated by densitometry, normalized to GAPDH, and expressed as a ratio
in tumor vs. nontumor (numbers below). (A and B) Data from 10 tumor–nontumor pairs. (C) Summary of data from these 10 patients plus an additional 9 patients;
the mean tumor to nontumor ratio of KB208E9 and rp11-442e11 was 1.96 � 0.263 and 0.89 � 0.09 (n � 19), respectively.
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Fig. 4. RT-PCR analysis of KB208E9 and rp11-442e11 mRNA in urine of prostate cancer patients. RNA was isolated from individual urine specimens, and RT-PCR
was performed with sequence-specific primers for KB208E9, rp11-442e11, and GAPDH. PCRs were performed for 30 cycles. Numbers below represent the ratio
of KB208E9 to rp11-442e11, based on densitometry. GAPDH is shown as an indicator of RNA in each sample. (A) The level of KB208E9 (probe a) and rp11-442e11
(probe b) in the urine RNA of a healthy man (HM1) and nine prostate cancer patients (A–I). (B) The level of KB208E9 (probe a) and rp11-442e11 (probe b) in urine
RNA of nine healthy men (HM1-HM9). (C) The mean ratio of KB208E9 to rp11-442e11 in healthy men (0.66 � 0.12; n � 9) vs. prostate cancer patients (4.04 �
1.67; n � 9). *, Approximate value; a more reliable value could not be obtained because of low rp11-442e11 levels in the sample.
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present in publicly available databases such as GenBank, EMBL,
Swiss-Prot, etc., and are limited in their ability to identify novel
mRNA transcripts that are unique to the cancer cell. DD (4, 5)
has a potential to identify mRNA transcripts that not only match
sequences in databases but also those that are novel and whose
expression is altered in a majority of prostate cancers. By using
this technique we identified mRNA transcripts that are ex-
pressed differentially in many individual tumors as compared
with matched nontumor prostate tissues from patients who
underwent radical prostatectomy. This analysis led to the iden-
tification of 44 differentially expressed mRNA transcripts of
which 31 were previously unidentified (SI Table 1). Thus, the
majority of the DD mRNA transcripts identified in this study do
not correspond to transcripts previously deposited in GenBank.
The few DD mRNA transcripts that matched GenBank tran-
scripts are reported to be altered in a variety of cancer types.

Noteworthy among the mRNA transcripts that matched se-
quences in GenBank were TRPM8 and ADAMTS9. TRPM8 was
overexpressed, and ADAMTS9 was down-regulated in tumors
from �70% of the prostate cancer patients examined (SI Fig. 6).
TRPM8 is a member of the transient receptor potential (TRP)
family of Ca2�-channel proteins that is reported to be androgen-
regulated and required for the survival of prostate cancer cells
(10) and overexpressed in several cancers including prostate,
breast, colorectal and lung (11). ADAMTS9 belongs to a
subgroup of ‘‘a distinctive and metalloproteinase with throm-
bospondin motifs’’ (ADAMTS) family of enzymes capable of
cleaving versican (chondroitin sulfate proteoglycan-2). In-
creased expression of versican is associated with the local spread
of tumor cells, potentially through destabilization of focal ad-
hesion (12). Down-regulation of ADAMTS9 therefore can result
in the accumulation of versican in the stromal compartment of
the prostate (13). Our observation that ADAMTS9 is down-
regulated in prostate tumor tissue is consistent with such a
possibility.

The expression profile of most of the genes identified in this
study varied from patient to patient (Fig. 1), in part because of
the heterogeneous nature of the disease, and in part because of
admixture of tumor cells with nontumor cells. The differential
expression of some of these genes could be verified by RT-PCR
in �20% of tumors. Thus, genes identified by DD of an
individual tumor provide information on the expression profile
of that individual, but it is not helpful in defining a profile
common to all prostate cancer patients.

ADE. Our study shows that a profile common to most prostate
cancer patients can be obtained by performing DD on pooled
RNAs from multiple patients’ tumor and matched nontumor
prostate tissues. Differentially expressed mRNA transcripts
identified by ADE were expressed in a greater percentage of
tumors (�70%) than those identified by DD of mRNA from
individual patient samples and were fewer in number.

With one primer combination, we identified two genes,
KB208E9 and rp11-442e11, which were differentially expressed
in � 70% of the prostate cancer tumors. KB208E9 was elevated
in tumor tissues of most patients who underwent radical pros-
tatectomy irrespective of whether they presented with Gleason
grade 3, 4, or 5 disease (Fig. 2). A differentially expressed cDNA
sequence of 285 nucleotides showed 100% homology to a portion
of genomic sequence (clone KB208E9, GenBank accession no.
AP000346.1, at Chr22q11.2) that contains no known genes or
expressed sequence tags. The sequence also had 97% identity
with a 277-bp region of human endogenous retrovirus K
(HERV-K) mRNA (GenBank accession no. U39937), impli-
cated in certain cancers (14), and a recent study has shown the
presence of HERV-K mRNA in human breast cancer cell lines
(15). Another cDNA sequence of 343 nucleotides showed 100%
homology to a portion of genomic sequence (clone rp11-442e11,
GenBank accession no. 007707.14, at Chr 11q23.3) that corre-
sponds to intron 4 of the RefSeq gene KIAA0999 (http://
genome.ucsc.edu). Thus, it appears that prostate cancer ex-
presses decreased levels of an alternate splice variant of
KIAA0999 that has not been identified previously. The functions
of these transcripts require further investigation.

Thus, whereas DD in general allows the detection of novel and
low-abundance mRNA transcripts with altered expression in
individual patients, ADE identifies uncommon mRNA tran-
scripts whose expression is altered in most of the patients.

Detection of Prostate Cancer. For two decades, early detection of
prostate cancer and, hence, improved clinical outcome, can be
attributed to the advent of PSA in serum as a biomarker.
However, a low PSA is not a guarantee of disease-free status, and
elevated serum PSA lacks the specificity required to distinguish
prostate cancer from other prostatic disorders. We observed no
difference in the level of expression of PSA mRNA between
tumor vs. nontumor tissue specimens from prostate cancer
patients (data not shown).

Circulating epithelial cells in cancer patients permit detection
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Fig. 5. RT-PCR analysis of KB208E9 and rp11-442e11 mRNA in blood of prostate cancer patients. RNA was isolated from individual blood specimens, and RT-PCR
was performed with sequence-specific primers for KB208E9, rp11-442e11, and GAPDH. PCRs were performed for 30 cycles. Numbers below represent the ratio
of KB208E9 to rp11-442e11, based on densitometry. GAPDH is shown as an indicator of RNA per sample. (A) The level of KB208E9 (probe a) and rp11-442e11
(probe b) in blood RNA of one healthy man (HM1) and nine prostate cancer patients (A–I). (B) The level of KB208E9 (probe a) and rp11-442e11 (probe b) in blood
RNA of nine healthy men (HM1–HM9). (C) The mean ratio of KB208E9 to rp11-442e11 in healthy men (0.74 � 0.04; n � 9) and prostate cancer patients (2.97 �
0.42; n � 9).
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of DNA- (16), protein- (17), and RNA- (18) based prostate
cancer markers. It is evident from biochemical recurrence in
nearly 25% of patients who have undergone radical prostatec-
tomy for organ-confined prostate cancer (19) that tumor cells
can escape from the primary site into the circulation during very
early stages of the disease. Prostate epithelial cells indeed have
been found in the blood of patients diagnosed with prostate
cancer (2, 20–22). It is also evident that, at an early stage,
localized primary tumors may harbor cells with metastatic
potential and exhibit a gene-expression signature matching that
observed in metastatic colonies (23, 24). Some genes that are
increased in prostate cancer tissue (25, 26) are also found to be
elevated in patient urine (27). Thus, cancer cells that enter the
circulation even during early stages of tumor growth might
display characteristics of cancer that is either likely to metasta-
size or remain indolent. Therefore we have focused on identi-
fying molecular markers that are sensitive and specific enough to
detect prostate cancer in easily obtainable body fluids such as
blood and urine.

The gene expression changes identified by ADE were readily
detectable by RT-PCR of mRNA isolated from urine and blood
of patients undergoing treatment for disseminated prostate
cancer. KB208E9 and rp11–442e1 were present at different
levels in urine and blood of prostate cancer patients relative to
healthy men, and the ratio of KB208E9 to rp11-442e11 was 4- to
6-fold higher in prostate cancer patients (Figs. 4 and 5). An
increase in KB208E9 levels was observed in all patients irre-
spective of whether the disease was in remission (patients
undergoing ADT and/or radiation therapy for biochemical re-
currence after radical prostatectomy) or hormone-refractory
(metastatic patients undergoing chemotherapy). Thus increased
KB208E9 or increased ratio of KB208E9/rp11-442e11 charac-
terizes patients with localized and advanced disease. Thus, these
studies establish proof of principle that frequently differentially
expressed mRNA transcripts identified by using ADE can be
used for the detection of prostate cancer in body fluids such as
urine and blood.

Early detection is very important for effective treatment and
management of cancer. It remains to be determined whether
KB208E9 shows a similar increase in urine or blood of patients
at the time of initial presentation with elevated PSA, which
would offer an additional screening tool for the detection of
prostate cancer. The KB208E9/rp11-442e11 ratios of prostate
cancer patients compared with healthy men show little or no
overlap (Figs. 4 and 5), suggesting that there is considerable
potential for this measurement in screening for prostate cancer.
Optimism, however, must be tempered by the small sample size
(nine prostate cancer patients and nine healthy men) and by the
fact that patients with disseminated prostate cancer may not
accurately represent patients at (or before) the time of diagnosis,
when utility as a screening tool would be relevant.

Clinical Applications. Autopsy data from American men indicates
that there is an �49% lifetime risk of developing prostate cancer.
However, the risk of having clinically detected prostate cancer in
the same population is �18% (28), suggesting that the devel-
opment and progression of prostate cancer are different in
different men. Prostate cancer is a heterogeneous disease (29)
whose development and progression involve changes in expres-
sion of a number of genes that determine oncogenic transfor-
mation, survival, and invasiveness of prostate cancer cells.
Reliable detection and prediction of outcome of the disease,
therefore, require identification of changes in expression of not
just one or two genes but a number of genes that influence
disease development and progression.

A profile of changes in expression of multiple genes can
provide a ‘‘signature’’ or a ‘‘barcode’’ that is capable of not only
discriminating prostate cancer from other prostatic disorders,

but also providing insight into the responsiveness of the disease
to currently available treatment strategies and final outcome. In
addition, such a profile might provide information about tumor
subtype characteristics, such as androgen dependence, drug
sensitivity or resistance, metastatic potential, etc. To this end, we
envision that a microarray containing selected cDNA probes for
mRNA transcripts identified in this study, along with probes for
some of the disease progression-associated genes such as hepsin
(30), GSTP1 (31), �-methylacyl-CoA racemase (AMACR) (32),
and CAMKK2 (33–37) that have been identified by using ex-
pression arrays, will help not only in the detection of prostate
cancer but also provide a signature for good and poor prognosis
of the disease (38).

Materials and Methods
Tissue Specimens. Prostate tumors were obtained from radical
prostatectomy specimens. None of the patients included in this
study had received hormonal therapy, chemotherapy, or radia-
tion therapy. This protocol was reviewed and approved by the
Institutional Review Board of Henry Ford Health System.
Cancerous tissues were graded by a pathologist according to the
Gleason scoring system. Nontumor prostate tissue was obtained
from the contralateral lobe of the same specimen. Cancer and
matched nontumor tissues were stored frozen at �80°C within
1 hour of surgical excision.

Blood and Urine Specimens. Peripheral blood and urine samples
were obtained from prostate cancer patients undergoing che-
motherapy at Henry Ford Hospital. Blood was collected in
PAXgene blood RNA tubes for RNA stabilization (Qiagen,
Valencia, CA). As the procedure requires, these tubes were
stored at room temperature for at least 2 h before RNA isolation
was performed. Urine was collected in an equal volume of lysis
buffer containing 5.64 M guanidinium thiocyanate, 0.5% sarco-
syl, 50 mM sodium acetate (pH 6.5), and 1 mM �-mercapto-
ethanol, and the pH was adjusted to 7.0 with 1.5 M Hepes (pH
8.0); these samples were frozen at �80°C until extraction of RNA
was performed. This procedure allows recovery of total RNA
(both intra- and extracellular) in urine. All patients provided
written informed consent, and protocols were approved by the
Institutional Review Board of Henry Ford Hospital.

RNA Isolation. Total RNA was extracted from frozen prostate
tissue specimens with RNeasy Mini kit (Qiagen) according to the
manufacturer’s protocols. For isolation of total cellular RNA
from blood, the PAXgene Blood RNA kit was used (Qiagen).
Isolation of RNA from urine was carried out by using the
protocol of Menke and Warnecke (39). DNA was removed by
performing on-column DNase digestion with RNase-free DNase
(Qiagen). The integrity and size distribution of RNA was
monitored by agarose gel electrophoresis.

RT-PCR DD. DD was performed by using the RNAimage kit
(GenHunter, Nashville, TN) as described by Liang and Pardee
(5). RNAs isolated from tumor and matched nontumor prostate
tissues obtained from the same surgical specimen were com-
pared by DD. RT-PCR for DD of individual surgical specimens
was performed by using 24 different primer-pair combinations
involving three anchor primers (H-T11C, H-T11G, and H-T11A)
and eight arbitrary primers (H-AP17–H-AP24) from Gen-
Hunter. RT-PCR for DD of pooled surgical specimens from
multiple patients (ADE) was performed by using anchor primer
H-T11C and arbitrary primer H-AP17. Reverse transcription of
200 ng of individual or pooled RNA was performed with
Sensiscript RT (Qiagen, Santa Clarita, CA). Reactions contain-
ing 2 �l of 10� RT buffer, 2 �l of 5 mM dNTP (final
concentration 500 �M), 2 �l of 10 �M anchor primer (final
concentration 1 �M), 2 �l of RT, 1 �l of RNase inhibitor (10
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units/�l), and 10 �l of RNase-free water were incubated at 37°C
for 30 min and then at 93°C for 5 min. Ten percent of the RT
reaction was used for subsequent PCR, in duplicate. The PCR
contained 200 nM of each anchor primer and arbitrary primer
(e.g., H-T11C and H-AP19, or H-T11C and H-AP17), 10 mM
Tris-Cl (pH 8.4), 50 mM KCl, 1.5 mM MgCl2, 5 mM DTT, 2 �M
dNTP mix, 20 Ci/mmol (1 Ci � 37 GBq) [�-33P]dATP and 2 units
Taq Polymerase (Qiagen) in a total volume of 20 �l. The cycling
parameters were 94°C for 15 sec, 40°C for 2 min, and 72°C for
30 sec, followed by 72°C for 5 min. Forty PCR cycles were
performed for amplification of RNA from both tumor and
patient-matched nontumor tissues. PCR products were sub-
jected to denaturing 6% PAGE on an extended format using
programmable Genomyx LR gel electrophoresis apparatus
(Beckman Coulter, Columbia, MD). cDNA bands that were
either more abundant or less abundant in tumor than in nontu-
mor RNA were excised, reamplified by using the same primers
used for DD, and sequenced directly or after cloning into
pGEM-T vector (Invitrogen, Carlsbad, CA), as described (5).
Clones were screened for the insert and then sequenced. Se-
quences of differentially expressed mRNA transcripts were then
searched for homology to known gene sequences in GenBank by
using the BLAST algorithm (40).

RT-PCR Analysis of Differentially Expressed Genes. To confirm dif-
ferential expression of genes identified by DD, we performed
semiquantitative RT-PCR using primers we designed based on
the sequence of the DD cDNA fragments. These primer se-

quences were 5	-gattttcaccaatgaccgccg (forward) and 5	-
ccccagcagcattgatgtcg (reverse) for TRPM8, 5	-caggggaaacagac-
gatgacaact (forward) and 5	-tgcggtaacccaagccacact (reverse) for
ADAMTS9, 5	-gagccaaaagttcttctacactgc (forward) and 5	-
agattccagatggttctgccta (reverse) for RP11-571N1, 5	-tgcctcagg-
gaatgcttaat (forward) and 5	-cctctacctgcattcccaag (reverse) for
KB208E9, 5	-ggtgtttttcagcaggctct (forward) and 5	-aaaatggt-
gggtttgaggtg (reverse) for rp11-442e11, and 5	-gagatccctccaaaat-
caagtg (forward) and 5	-ccttccacgataccaaagttgt (reverse) for
GAPDH. cMaster RTplus PCR system (Brinkman Instruments,
Westbury, NY) was used to reverse transcribe and amplify total
RNA from tissue, blood, or urine. RNA was reverse transcribed
by using oligo(dT) primer and cMaster reverse transcriptase
according to the manufacturer’s protocol. The enzyme was
inactivated for 5 min at 85°C, and cDNA was stored at �80°C
until use. Amplification of cDNA was carried out by using
primers described above for each gene. Different PCR cycle
numbers were tested for each gene to ensure that the assay was
in the linear range of amplification. The housekeeping gene
GAPDH was amplified from each sample to normalize the level
of each test gene. PCR products were run on a 2% agarose gel.
Quantitation was carried out by digital analysis of band intensity
in the gel with an Eagle Eye II Still Video system, using the
EagleSight software (version 3.2; Stratagene, La Jolla, CA).
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