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PCA3 is a specific marker of prostatic carcinoma. However, PCA3 has been detected only at RNA level and a
corresponding PCA3 protein has never been identified. The aim of this study was to develop a technique
capable of detecting PCA3 RNA on histology sections and to assess the cellular location of the molecule. Forty-
eight formalin-fixed paraffin-embedded blocks of prostatectomy specimens were selected for PCA3 detection
by in situ hybridization by both radioactive and chromogenic methods. Of the 48 sections, 28 contained
prostatic adenocarcinoma and 20 had benign tissue located distant from the tumor. Using the radioactive
detection method, 26 of 28 available cases (93%) of cancers presented at least focal cytoplasmic PCA3
expression. The benign glands located in proximity of the cancer presented PCA3 expression in eight (29%)
cases, whereas those situated distant to the tumor showed focal expression in 2 of 20 (10%) cases only. High-
grade prostatic intraepithelial neoplasia (HGPIN) expressed PCA3 in 25 of 26 (96%) cases. With the
chromogenic detection method, 22 of the 24 interpretable cases (92%) of cancers had at least focal cytoplasmic
staining. Benign glands located close to neoplastic glands expressed PCA3 in 8 (33%) cases, but none of those
distant to the tumor expressed the marker. HGPIN was positive in 17 of 24 (71%) cases. The sensitivity,
specificity, positive predictive value and negative predictive value for the detection of cancer were 93, 79, 71 and
95% for the radioactive detective method and 92, 80, 71 and 95% for the chromogenic detection method,
respectively. Our study shows that PCA3 RNA is expressed by most prostate cancers and HGPIN. Normal
glands rarely express the marker, except those located in immediate proximity of neoplastic glands, suggesting
the presence of precursor molecular changes.
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Prostate cancer is the most frequent malignancy in
men of all races and the second leading cause of
death from cancer in North America, surpassed only
by lung cancer.

Due to increased accuracy of diagnostic techni-
ques and extended screening programs, the neoplas-
tic disease, in general, tends to be discovered at an
early and potentially curable stage. The overall
mortality from prostate cancer declined for the first
time in the mid-1990s, after more than 60 years of an
increasing trend.1,2 This is largely attributable to a
declining detection of late-stage disease and in-
creased locally and regionally limited disease, likely
due to the extensive screening programs in the

prostate-specific antigen (PSA) era. Concurrently,
this decline is associated with a reduced percentage
of patients treated with conservative measures as
first-line therapy.

Sextant prostate biopsy yields 15–34% negative
results3 in patients later proven to have cancer
on subsequent biopsies. The optimal protocol
regarding the number of cores and their localization
is still a matter of debate.4 When total serum PSA
level ranges between 4 and 10ng/ml, transrectal
ultrasound-guided biopsy detects only 22% of
cancer at the first biopsy, and repeated second, third
and fourth biopsies add 10, 5 and 4% of positive
cases, respectively.5 This is explained, in part, by
the lack of detection of cancer on biopsies due to
the small number of atypical glands. Another reason
is the lack of criteria to detect abnormal glands
that have part but not all the criteria of malignancy.
Therefore, there is a need to identify new markers
specific for prostate neoplasia that may help to
detect early-stage cancers and to discriminate
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l’Hôtel-Dieu de Quebec, 11, Côte du Palais, Quebec City, QC,
Canada G1R 2J6.
E-mail: bernard.tetu@chuq.qc.ca

Modern Pathology (2007) 20, 1121–1127
& 2007 USCAP, Inc All rights reserved 0893-3952/07 $30.00

www.modernpathology.org

http://dx.doi.org/10.1038/modpathol.3800963
mailto:bernard.tetu@chuq.qc.ca
http://www.modernpathology.org


malignant from benign tissue on difficult-to-inter-
pret biopsies.

PCA3 (also known as DD3 or PCA3DD3) is one of
the most prostate cancer-specific genes ever de-
scribed. It is overexpressed in the majority of
prostate cancers including distant metastases, ex-
pressed at a negligible level in nonmalignant
prostate tissue and not expressed in other normal
or malignant tissues.6–8

As PCA3 is a noncoding gene, there is no
corresponding protein eventually detectable by
immunohistochemistry.9 Also, the cellular location
of the molecule has never been identified. In this
study, we present the development of a technique
capable of detecting and assessing the cellular
location of PCA3 RNA in prostate paraffin-em-
bedded tissue by in situ hybridization (ISH).

Materials and methods

The study population consisted of 48 patients with
prostate adenocarcinoma submitted to radical pros-
tatectomy at L’Hôtel-Dieu de Québec, Quebec,
Canada, between 1999 and 2003. Written informed
consent was obtained from all study participants.
The protocol was approved by the Institutional
Ethical Research Committee.

Of those 48 cases, we selected 28 paraffin-
embedded blocks containing a mixture of cancer
and normal glands. The benign glands present on
these sections were considered as being located
close to the tumor. In 20 separate blocks, only
normal tissue distant from the tumor was present.
The presence of high-grade prostate intraepithelial
neoplasia (HGPIN) was assessed on all sections.

ISH with Radioactive Detection Probes

ISH was performed using a 460-base, 35S-UTP-
labeled probe, generated by a T7 transcription from
a PCA3 construct subcloned in pSPT-19 plasmid
(Roche Diagnostics Corp., Indianapolis, IN, USA).
The probe included the 30 portions of exons 1 and 3
and the 50 portion of exon 4 of the PCA3 RNA
(Figure 1). Briefly, 4mm sections were cut from the
paraffin-embedded blocks in an RNase-free environ-
ment, deparaffinized, rehydrated, washed and then

digested in 2mg/ml Proteinase K solution (Roche) at
371C for 30min. After washing, the slides were
treated in an acetylation bath for 10min at room
temperature, then rewashed and dried. The slides
were subsequently hybridized overnight at 581C
with 50 ml of a 4� 104CPM/ml labeled probe. The
next day, after a stringent post-hybridization wash-
ing, the sections were exposed to an autoradiogra-
phy emulsion and stored in the dark at 41C for 2
weeks until developed. Finally, slides were counter-
stained with toluidine blue and coverslips were
placed on the slides.

ISH with Chromogenic Detection Probes

ISH was performed using a 460-base digoxigenin-
labeled probe generated by PCR from the plasmid
used in the radioactive technique. Four-micrometer-
thick tissue sections were deparaffinized, rehy-
drated, pretreated in 0.2M hydrochloric acid and
then digested with a 20mg/ml Proteinase K solution
at 371C for 10min. After washing, the slides were
fixed in neutral buffered formalin for 10min, treated
for 10min with 0.2% glycine, washed again and
immersed in an acetylation bath for 10min at room
temperature, and then rewashed and dried. The
slides were subsequently incubated for 1 h at 431C
with the hybridization buffer and hybridized over-
night at 371C with the 2 mg/ml digoxigenin-labeled
probe. The next day, after stringent post-hybridiza-
tion washing, digoxigenin-labeled probes were
detected using a mouse monoclonal anti-digoxigen-
in antibody (Roche Diagnostics), at 1:500 dilution
and 1h incubation time. Subsequently, to amplify
and visualize the positive signal, we used the
Catalyzed Signal Amplification System (Dako, CA,
USA; CSA code K1500) following the manufac-
turer’s instructions and using 3,30 diaminobenzidine
as the chromogen. Finally, the slides were counter-
stained with hematoxylin, dehydrated and cover-
slips were placed on the slides.

The positive control included in each run con-
sisted of slides where no stringent post-hybridiza-
tion washing was performed. The negative control
consisted of slides where the radiolabeled probe or
the primary anti-digoxigenin antibody was omitted.

Interpretation and Statistical Analyses

The percentage of cells expressing the marker was
evaluated for each case and with each method. The
presence of a single positive cell was defined as
positive. Negative was defined as the complete
absence of expression. The specificity, sensitivity,
positive predictive value and negative predictive
value were calculated for each detection method.
The Pearson’s correlation along with P-value was
calculated to search for a linear relationship
between percentage of positive cells and age, pre-
surgery PSA, Gleason grade and stage (the stage was
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Figure 1 Schematic representation of the PCA3 transcription
unit. The PCA3 gene consists of four exons where exon 2 is often
skipped by alternative splicing. Three alternative polyadenyla-
tions can occur in exon 4 (4a, 4b and 4c). The 460bp ISH probe
shown here targets exons 1, 3 and 4 of the PCA3 RNA and
corresponds to positions 95–120 and 286–719 in GenBank
accession number AF103907.
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converted to a continuous variable). A P-value of
less than 0.05 was considered significant.

Results

Clinical characteristics for the study population are
summarized in Table 1. The median patient age was
65 years. The median pre-surgery PSAvalue was 9.7.
All patients had a conventional prostate adenocar-
cinoma. Twelve (43%) patients had a stage pT3
tumor and four (14%) had lymph node metastases.
No patient presented distant metastases.

ISH by Radioactive Method

Marker expression for each case is depicted in Table 1.
Of the 28 tumor specimens, PCA3 RNA expression
was positive in 26 (93%) cases and 2 (7%) were
negative. In all positive cases, the PCA3 expression
was located in the cytoplasm of cancer cells (Figure
2a and b). The number of positive cells ranged from
10 to 100%, and 22 of 28 available cases (79%)
had more than 10% of cells expressing the marker
(Table 1). There was no association between the
presence or absence of expression or the extent of
PCA3 RNA expression and the age, stage, the
Gleason score or pre-surgery PSA (Table 2). The
benign glands located close to neoplastic glands

exhibited focal cytoplasmic expression in eight
(29%) cases. Overall, the radioactive method pre-
sented a sensitivity at detecting tumors of 93%, a
specificity of 79%, a positive predictive value of
71% and a negative predictive value of 95%. Of the
20 specimen blocks with normal tissue distant from
the tumor, focal PCA3 expression was present in 2
(10%) cases only. HGPIN was present in 26 of the 48
examined sections. PCA3 expression was present in
25 (96%) of 26 cases (Figure 2c). One case (4%) was
negative. The stromal cells were negative in all cases.

ISH by Chromogenic Method

Adequate and interpretable tissue was available for
24 out of 28 tumor blocks used for radioactive
detection. Detailed data are presented in Table 1.
Two cases (8%) had PCA3-negative expression. The
other 22 (92%) cases had PCA3 expression detected
in the cytoplasm (Figure 3a and b). The number of
positive cells ranged from 5 to 100%, and 18 of 24
available cases (75%) had more than 10% of cells
expressing the marker (Table 1). The two tumors
found negative by the radioactive technique were
also negative by the chromogenic method. There
was no association between the presence of PCA3
RNA or the level of expression and the age, stage,
the Gleason score or pre-surgery PSA (Table 2).

Table 1 Clinical characteristics and marker expression of the study population

Case Age pT pN Gleason
score

PSA pre-
surgery

% positive tumor cells by
PCA3 chromogenic method

% positive tumor cells by
PCA3 radioactive method

1 53 2b 0 6 9.7 100 80
2 59 2c 0 7 11 0 0
3 65 3b 1 9 6 90 90
4 64 2c 0 7 NA 90 90
5 65 3a 0 6 10 80 100
6 66 2c 0 7 4.6 90 90
7 64 3a 0 7 8.8 75 75
8 63 3a 0 7 9.9 ND 100
9 57 2c 0 6 17 25 100
10 71 3a 0 9 9.7 90 90
11 56 2b 0 9 6.9 ND 90
12 75 2c 0 6 5.6 5 50
13 71 2c 0 5 14 75 75
14 53 3a 1 7 56 90 20
15 59 2b 0 6 3.1 100 100
16 86 2b 0 7 5 75 100
17 58 3b 1 7 3.6 80 75
18 70 2c 0 6 2.8 60 75
19 69 3a 1 7 25 15 10
20 61 2c 0 7 60 75 90
21 66 2c 0 7 11 75 20
22 66 3a 0 8 0 25 30
23 66 3a 0 7 4 0 0
24 66 3a 0 8 NA 5 10
25 56 2c 0 7 6.8 5 10
26 64 2b 0 7 11 ND 75
27 66 3a 0 6 NA ND 90
28 53 2c 0 7 11 5 10

NA, not available; ND, not determined.
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Normal glands from the tumor blocks presented
focal PCA3 expression in eight (33%) cases. All 20
normal tissues remote from the tumor were negative
for the marker. HGPIN was present in 24 cases. The
marker was expressed (Figure 3c) in 17 (71%) cases.
Stromal cells were negative in all cases.

Globally, the chromogenic method of PCA3
detection in cancer cells presented a sensitivity of
92%, a specificity of 80%, a positive predictive
value of 71% and a negative predictive value of
95%.

Discussion

PCA3 was described for the first time by Busse-
makers et al7 in 1999 as a highly specific marker of
prostate carcinoma. One year later, the promoter was
sequenced by Verhaegh et al.6 According to Gandini
et al,10 only the splicing variant of exon 4 is specific
for prostate cancer. As PCA3 is highly expressed in
prostate cancer compared to normal prostate and
negative in other normal and malignant tissues, this
molecule is regarded as a potential target for
therapy11,12 or an adjunct to diagnosis.13

Using formalin-fixed paraffin-embedded prostate
adenocarcinoma, Balcerczak et al14 found by reverse
transcriptase-polymerase chain reaction (RT-PCR) a
high expression of PCA3 mRNA in well- and
moderately differentiated tumors and a low expres-
sion in high-grade tumors. However, Bialkowska-
Hobrzanska et al,15 using the same technique on
paraffin-embedded tissue, found that PCA3 is highly
expressed in prostate cancers, irrespective of stage
or Gleason score.

Landers et al16 confirmed that PCA3 is over-
expressed up to 140-fold in cancer samples com-
pared to benign prostate hyperplasia and that a
combination of PCA3, GalNAc-T3, hepsin and
PSMA can distinguish cancer tissue from benign
prostatic hyperplasia (BPH) with a 100% accuracy
rate. In a study on nine prostate-related transcripts,
PCA3 was found as the best single marker for the
detection of prostate carcinoma.17

Using laser microdissection, Thelen et al18 de-
tected PCA3 RNA by RT-PCR in all analyzed

Figure 2 ISH followed by radioactive detection. (a) Malignant
and normal glands; (b) malignant glands and (c) HGPIN.

Table 2 Proportion of prostate cancer tissue positive according to
age, Gleason score, T stage and pre-surgery PSA

Parameter PCA3-chromogenic PCA3-radioactive

Age
r 0.03 0.18
P-value 0.89 0.36

Gleason score
r �0.05 �0.11
P-value 0.8 0.59

T
r �0.09 �0.17
P-value 0.68 0.37

PSA
r 0.14 �0.10
P-value 0.54 0.63

r, Pearson’s correlation coefficient.
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prostate cancer samples. Petrovics et al19 showed
that, using this technology, a combination of PCA3,
a-methyl acyl CoA racemase (AMACR) and ETS-
related gene is capable of detecting virtually
all prostate cancers. The regulatory mechanism
of PCA3 secretion is unknown. However, von
Bokhoven et al20 and Schalken et al9 suggest that

PCA3 expression could be regulated via the andro-
gen receptor pathways.

A number of clinical translational studies inves-
tigating the role of PCA3 as a marker of prostate
cancer have been published. Jung et al21 detected
PCA3 mRNA in blood by RT-PCR. By a similar
technique, Marangoni et al22 have used PCA3 as a
marker to detect circulating prostatic cancer cells in
blood.

On a large cohort of 517 patients, Fradet et al23

demonstrated that uPM3, a test detecting PCA3 and
PSA mRNA in urine samples, can be a useful
adjunct to current methods for the detection of early
prostate cancer. The overall sensitivity and specifi-
city were 66 and 89%, respectively; the positive
predictive value was 75% and the negative pre-
dictive value was 84%. In similar studies, Tinzl
et al24 tested urine samples with the uPM3 test on
a cohort of 201 patients. The sensitivity, specificity,
positive predictive value and negative predictive
value were 82, 76, 67 and 87%, respectively.
Hessels et al25 investigated PCA3 expression by
quantitative RT-PCR assay in urine samples col-
lected after prostatic massage. The test sensitivity,
specificity and negative predictive value were 67, 83
and 90%, respectively. In a recent study by Bostwick
et al,26 PCA3 RNAwas detected by the uPM3 test in
urine samples of patients with prostate cancer
irrespective of tumor volume, location, extent and
grade. A newly developed research-use only urine
test detecting PCA3 RNA in urine (Aptima PCA3,
Gen-Probe Inc., San Diego, CA, USA) showed
a global sensitivity and specificity of 69 and 79%,
respectively.27

However, no study published to date has at-
tempted to localize the marker in tissue sections.
Our study showed for the first time a sensitivity of
92–93% for PCA3 to detect prostate cancer on tissue
sections, using either a radioactive or a nonradioac-
tive method. The advantage of the nonradioactive
approach is its possible use in a routine surgical
pathology laboratory, whereas the radioactive meth-
od requires special precautions and equipment. Two
tumors were negative by both the radioactive and
the chromogenic techniques. This suggests that
technical difficulties such as long fixation time or
tissue manipulation in non-RNase-free environment
may be responsible for this lack of marker expres-
sion rather than a true negativity.

We demonstrated for the first time that PCA3 is
located in the cytoplasm of cancer cells and is absent
in stromal cells. Furthermore, we also demonstrated
that PCA3 is significantly expressed in HGPIN. This
expression is not surprising, considering that HGPIN
is regarded as a precursor of prostate cancer. Finally,
some normal-appearing glands situated in the im-
mediate vicinity of cancer glands express PCA3,
which is virtually absent in remotely located normal
glands. This suggests a possible carcinogenic field
effect in normal glands situated close to the tumor.
However, although this marker has the potential to

Figure 3 ISH followed by chromogenic detection. (a) Malignant
and normal glands; (b) malignant glands and (c) HGPIN.
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become an adjunct in the diagnosis of prostatic
carcinoma, further studies should assess PCA3 RNA
expression in benign histopathologic entities and
prostatic cancer mimics, including atrophy, inflamed
benign glands, glandular hyperplasia in BPH no-
dules, basal cell hyperplasia, seminal vesicle glands
and atypical adenomatous hyperplasia. Analyses
should also determine whether PCA3 provides
information beyond that of currently used basal cell
markers and AMACR.

Our findings on the cellular location of PCA3
differ from those published by Schalken et al.9

Although the authors acknowledge that the exact
location of the transcripts has not yet been clearly
established, they mention that they found indica-
tions that most PCA3 transcripts are located in the
nucleus. The method used to reach this conclusion
is, however, not mentioned. In our study, PCA3 was
unequivocally expressed in cell cytoplasm and was
not detected in the nucleus using either technique.

In conclusion, we present the development of
radioactive and chromogenic ISH techniques cap-
able of detecting and localizing PCA3 RNA at the
cellular level. We found that the marker is expressed
in the cytoplasm of cancer cells, HGPIN and some
normal cells and absent in stromal cells.
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