
Abstract. Prostate cancer is the most commonly diagnosed
cancer in men and the second leading cause of cancer deaths.
The serum prostate specific antigen (PSA) is the only bio-
marker routinely used in screening. The aim of this study was
to develop a system to test the presence of circulating prostate
cells in men without a diagnosis of prostate cancer in relation
with age, serum PSA levels and prostate biopsy by determining
the co-expression of several markers such as CD82, HER-2
and matrix metalloproteinase 2 (MMP-2). For this purpose
mononuclear cells were separated from blood using differential
centrifugation and then prostate cells were identified by using
standard immunocytochemical method. Results indicated that
among 409 men screened for prostate cancer 16.6% were
positive for circulating prostate cells. Cells were positive for
MMP-2 and HER-2 in 100 and 14.3% of cases, respectively,
without an association with age or PSA levels. However, CD82
protein expression was associated with older age and low grade
tumors. It can be concluded that the study of circulating
prostate cells with various markers could be a useful comple-
mentary screening test for prostate cancer in men with
increased PSA level.

Introduction

Prostate cancer is the most commonly diagnosed cancer in
men and the second leading cause of cancer deaths in Chilean
males (1). The controversy surrounding prostate cancer

screening has prompted many medical organizations to develop
guidelines. The serum prostate specific antigen (PSA) is the
only biomarker routinely used in screening although highly
specific for the prostate an elevated level can be found in
benign conditions (2,3). The American Cancer Society and
American Urological Association advise men to obtain an
annual digital rectal examination (DRE) and serum prostate
specific antigen (PSA) test beginning at the age of 50. With
the use of screening there has been a 75% decrease in the rate
of metastatic disease at the time of diagnosis between 1992
and 2002, a migration towards earlier stage disease with 70-
80% of cases being organ confined and therefore potentially
curable (4). Total serum PSA is currently used for prostate
cancer screening, a level above 4 ng/ml is associated with an
increased risk of detecting prostate cancer, nearly 70% of
cancer cases can be detected with a PSA cut-off level of 4 ng/
ml (5). The use of PSA alone can provide a diagnostic lead
time of between 5-10 years compared with DRE, with more
than 90% of these cancers being biologically significant based
on tumor volume and grade criteria (6). Although a PSA level
of 4 ng/ml is used as a cut-off point, 22% of men with a PSA
level of between 2.5 and 4.0 ng/ml have been shown to have
clinically significant, organ confined prostate cancer (7-9)
The Prostate Cancer Prevention Trial has shown that 15%
of men with a normal DRE and PSA <4 ng/ml had cancer
diagnosed on biopsy and a 3-fold increase in cancer risk
within 10-25 years if the PSA was greater than the median
for the patient's age group (10,11). In addition PSA levels
can be affected by prostatitis, prostate manipulation as well
as medications such as finisteride and herbal supplements
such as saw palmetto that might result in unreliable cancer
detection. The early spread of cancer cells via the circulation
represents one of the failures of cancer treatment, in prostate
cancer there is at least one subpopulation of cancer cells that
disseminate early to the neurovascular structures and then to
the circulation (12). These cells can not be detected by
conventional means, but can be detected in blood samples
using immunocytochemistry. In men with prostate cancer
their presence is associated with stage, Gleason score, disease
activity and prognosis (13-16). The detection of CPCs could
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be useful as a complementary screening test for prostate
cancer, in that there is not a threshold limit and in CPC-
negative men unnecessary biopsies might be avoided.

The ·-methylacyl-CoA racemase (P504S) protein expres-
sion is not expressed in benign prostate tissue as shown in a
study of 761 cases where it was analyzed in normal tissues
and various malignant neoplasms (17). It is not prostate
specific, being found in the cellular component of blood. It
has been shown that circulating prostate cells detected in
men with prostate cancer expressed P504S (18). Therefore
the use of double immunolabelling of anti-PSA and anti-
P504S could identify malignant circulating prostate cells. It
is possible to detect circulating prostate cells positive for
P504S in apparently healthy men and this could be used as a
complementary screening test for prostate cancer.

Further sub-classification of these cells could provide
additional clinically useful information. Studies of prosta-
tectomy samples in cancer patients have shown that CD82
protein expression is lost in high grade cancer (19), the
expression of HER-2 in bone marrow micrometastasis and
CPCs is associated with androgen independence (20,21) and
MMP-2 protein expression is an important factor in metastasis
and prognosis (22). Here it is presented a prospective study
where P504S protein expression in positive CPCs is analyzed
and the association with age, serum PSA levels and prostate
biopsy results of men without evidence of prostate cancer
attending the Hospital de Carabineros de Chile and Instituto
Nacional de Geriatría, Santiago, Chile. Positive samples
were further sub-classified for CD82, HER-2 and MMP-2
expression.

Materials and methods

In this study participated men with an average age of 64.6±
SD 9.9 years, without a history of prostate cancer, prosta-
tectomy or receiving finisteride and attending the Hospital de
Carabineros de Chile, Instituto Nacional de Geriatría and
Institute of Bio-Oncología, Santiago, Chile. The criteria for
prostate biopsy were: serum PSA ≥4 ng/ml, abnormal digital
rectal examination, annual PSA velocity ≥0.75 ng/ml/year.
Thirty women were included as negative controls. After
written informed consent, details of age and family history
were considered. A 4-ml blood sample for serum PSA was
taken by using a 21-G needle collected into EDTA (Beckinson-
Vacutainer®) for circulating prostate cell detection. Each
sample was coded with a serial number and the cytologist
was blinded to patient and biopsy details. Mononuclear cells
were separated within 6 h of obtaining the sample, using gel
differential centrifugation at room temperature (Histopaque
1.077, Sigma-Aldrich) according to the manufacture's
instructions. The cells were re-suspended in 100 μl of auto-
logous plasma and 25 μl aliquots of cell suspension used to
prepare slides (sialinized Dako, USA) dried in air for 24 h
and fixed using a solution of 70% ethanol, 5% formaldehyde
and 25% phosphate buffered saline (PBS) pH 7.4 (Dako) for
5 min and washed twice with PBS. Slides were processed
without 1 h of fixation and incubated with anti-PSA clone
28A4 (Novocastra Laboratory, UK) in a concentration of
2.5 μg/ml for 1 h at room temperature. CPCs were identified
using an alkaline phosphatase (AP)-antialkaline phosphatase

system (LSAB2, Dako) with neo-fuschin as the chromogen
and levisamole as an endogenous AP inhibitor according to
manufacturer's instructions. Identification of circulating
prostate cells (PSA positive cells) was according to the
criteria of Ishage (23). A malignant CPC was defined by the
morphology of a nucleated cell and staining positive for PSA.
Positive samples underwent a second stage, for each patient
and one slide was sub-classified for each marker after antigen
blocking. Endogenous peroxidase inhibitor solution (Dako)
was used according to manufacturer's instructions. Cells
expressing CD82, HER-2 and MMP-2 were identified using
a peroxidase-based system (LSAB2, Dako) with Vector VIP
(Vector, USA) as a chromogen. The anti-CD82 clone 5B5
(Novocastra, UK) was used in a dilution of 1:50, with an
incubation at room temperature for 1 h. Positive and negative
controls were used. The expression of CD82 was classified
according the following semi-quantative scale: 0, no expres-
sion; 1+, part of the membrane positive for CD82; 2+, mem-
brane weakly positive; and 3+, membrane strongly positive.
A score of 2+ and 3+ in >10% of PSA staining cells was
considered to be positive. The anti-HER-2 (HercepTest) was
used according to manufacturer's instructions and FDA
recommendations, a score of 2+ and 3+ in >10% of PSA
staining cells was considered to be positive, according to the
criteria used (24). The anti-MMP-2 clone 1B4 (Novacastra)
was classified as 0, 1-10, 11-50 and >50% of cells PSA
positive co-expressing MMP-2 and each cell classified semi-
quantitatively as 0, 1+, 2+ and 3+ intensity as defined by
Trudel et al (25).

The results for the prostate biopsy were obtained from the
pathology report, standard hematoxylin-eosin staining was
used, and the results recorded as positive or negative for
prostate cancer, and the Gleason score noted. Clinical staging
was obtained from the case notes. Statistical analysis:
descriptive analysis was used for demographic variables, the
Student's t-test for differences in age, ANOVA for differences
in serum PSA and ¯2 for differences in the frequency of
subgroups, all tests were two-tailed. An · error of 0.05, ß error
of 0.20 and p<0.05 was considered as statistically significant.

Results

Table I shows the frequency of CPCs according to age
(Table IA) prostate specific antigen (PSA) (Table IB), and
prostate biopsy (Table IC). Table IA indicates that the
frequency of CPC detection increased in number from <55
to 56-65, 66-75 and 76 years of age in 9.9, 15.3, 18.6 and
21.5%, respectively. Men screened for prostate cancer had
an average age of 64.6 ± SD 9.9 years and an average PSA
of 2.85 ng'/ml that ranged from 0.03 to 44.6 ng/ml. Among
them, 16.6% were positive for CPCs with an average age of
65.9 ± SD 10.2 years and an average serum PSA of 6.06 ng/
ml ± SD 5.64 ng/ml. Men negative for CPCs had a similar
average age 64.4 ± SD 7.8 years (p=0.27, two-tailed t-test) but
a significantly lower average serum PSA 2.33 ± SD 2.30 ng/
ml (p<0.00026, two-tailed t-test). There was no significant
differences between groups in relation with age, but the
increasing proportion of positive cases with each age group
reached significance (p<0.034, ¯2 for trends). The number of
positive CPCs per ml of blood varied between 1 and 11/ml
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and there was no relationship between the number of cells
and age, but men with higher serum PSA values had higher
numbers of CPCs/ml detected (Table IB). Men with a PSA
<10.0 ng/ml had a significantly higher number of CPCs/ml
detected, in comparison with <2.0 ng/ml (p<0.02, two-tailed
t-test), 2.0-4.0 ng/ml (p<0.001, two-tailed t-test) and the
>4.0-10.0 ng/ml group (p<0.016, two-tailed t-test). Men with
a PSA in the range >4.0-10.0 ng/ml had a higher cell number
than those with a PSA of 2.0-4.0 ng/ml (p<0.0003, two-tailed
t-test), there were no differences between men with a PSA
<2.0 ng/ml and between 2.0-4.0 ng/ml or <2.0 ng/ml in com-
parison with the group 4.0-10.0 ng/ml.

There was an association in men with serum PSA and the
frequency of positive CPC that increased significantly with

increasing serum PSA values, when compared between
groups (p<0.0001) (Table IC). It indicated that there was
significant difference between <2.0 ng/ml in comparison to
2.0-4.0 ng/ml (p<0.0003), and >4.0-10.0 ng/ml (p<0.00001)
and >10 ng/ml (p<0.00005), as well as 2.0-4.0 ng/ml in
comparison to >4.0-10.0 ng/ml (p<0.003); and in comparison
to >10.0 ng/ml (p<0.05). There was no significance in group
>4.0-10.0 ng/ml vs. >10.0 ng/ml (p=0.09) NS (¯2 two-tailed).
There was a significant association between biopsy results
and the presence or absence of positive CPCs (p<0.0000001,
two-tailed ¯2), with a specificity of 91.8% (78/85) and
sensitivity of 85.7% (24/28). There was a false positive rate
of 7/31 (22.6%) as compared with serum PSA of 85/113
(75.2%) (p<0.0001, ¯2). The false negative rate was 4/28
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Table I. Frequency of circulating prostate cell (CPC) according to A, age; B, prostate specific antigen (PSA); C, prostate
biopsy; D, stage; E, age and serum PSA.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
A. Age (years) <55 56-65 66-75 ≥76 Total
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
No. of cells/ml blood 4.4 ±2.0 4.8±4.7 3.8±3.2 5.4±4.2
Total no. of patients positive 7 23 23 14 68
Total patients 71 150 124 65 409
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

B. PSA (ng/ml) <2.0 2.0-4 >4.0-10.0 >10.0 Total
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
No. of cells/ml blood 3.2±1.9 2.1±0.9 5.1±3.0 9.7±8.3
Total no. of patients positive 11 16 31 10 68
Total patients 215 88 82 24 409
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

C. Prostate biopsy Positive biopsy (%) Negative biopsy (%) Total (%)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
CPC (+) 24 (85.7) 7 (8.2) 31 (27.4)
CPC (-) 4 (14.3) 78 (91.8) 82 (72.6)
Total no. of patients 28 85 113
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

D. Sub-classification of CPCs in patients with a positive biopsy (n=24).
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

CD82 HER-2 MMP-2
Stage Positive/Negative Positive/Negative Positive/Negative
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Gleason 4+5 5/5 3/7 10/0
Gleason ≥6 0/14 2/12 14/0
Stage 2 4/12 3/13 16/0
Stage 3 2/6 2/6 8/0
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

E. Sub-classification of CPCs according to CD82 and HER-2.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

CD82 HER-2
–––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––

Age and serum Positive Negative Positive Negative
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Total no. of patients 22 46 8 60
Age 71.3±9.8 62.9±8.4 66.4±10.3 67.1±9.2
PSA 8.09±8.00 5.76±5.60 6.05±5.90 10.0±9.8
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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(14.3%) for positive CPCs. Among the 4 patients with
negative CPCs for prostate cancer, three of them were Gleason
score 4 and 1 was Gleason score 5 with only 5% positive
biopsy sample.

A sub-classification of CPCs was considered as seen in
Table I,D and E. All CPCs expressed MMP-2 with an intensity
of 2+ or 3+. For this reason, the classification of CPCs
according to (%) MMP-2 positivity with age and/or serum PSA
was not evaluated. The men 22/68 (32.4%) that had CD82
positive CPCs had a mean age of 71.3±9.8 years vs. 62.9±
8.4 years (p<0.005, two-tailed t-test), there was no difference
in serum PSA levels 8.09 ng/ml (range 0.4-44.5 ng/ml) vs.
5.76 ng/ml (range 0.2-20.5 ng/ml) respectively in comparison
with CD82 negative men (p=0.26, two-tailed t-test) (Table I, D).
In men CPC positive and a positive prostate biopsy (n=24),
CD82 expression was associated with low grade cancer, 5/10
(50%) Gleason 4+5 vs. 0/14 (0%) Gleason ≥6 (p<0.006, Fisher
two-tailed), but not with clinical stage 4/16 stage 2 vs. 2/8
stage 3 (p=1.0, Fisher two-tailed) (Table I, E).

Men 8/68 (11.8%) had CPCs that were HER-2 positive.
There was not significant difference in CPCs with positive
HER-2 in relation to age (p=0.85, t-test two-tailed) or serum
PSA level (p=0.19, t-test two-tailed) (Table I, F). In those men
with CPCs and with positive prostate cancer biopsy (n=25),
there was not an association of HER-2 expression with Gleason
score (p=0.61, Fisher two-tailed) or clinical stage (p=1.00,
Fisher two-tailed) (Table I, E). Fig. 1 correspond to represen-
tative images of cells analyzed in these studies. Fig. 1 corres-
pond to (A) leucocytes negative for MMP-2; (B) leucocytes
positive for P504S; (C) leucocytes positive for MMP-2, +3
positive; (D) circulating prostate cells negative for HER-2
and CD82; (E) circulating prostate cells positive for HER-2,
3+ positive; (F) circulating prostate cells positive for CD82,
2+ positive; (G) circulating prostate cells positive for P504S;
(H) circulating prostate cells positive for MMP-2 positive; (I)
circulating prostate cells positive for MMP-2 positive; (J)
circulating prostate cells for CD82 positive +3; (K) circu-
lating prostate cells negative for P504S.
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Figure 1. (A) Leucocytes negative for MMP-2; (B) Leucocytes positive for P504S; (C) Leucocytes positive for MMP-2, 3+ positive; (D) Circulating prostate
cells negative for HER-2 and CD82; (E) Circulating prostate cells positive for HER-2, 3+ positive; (F) Circulating prostate cells positive for CD82, 2+
positive; (G) Circulating prostate cells positive for P504S; (H) Circulating prostate cells positive for MMP-2 positive; (I) Circulating prostate cells negative
for P504S.
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Discussion

The incidence of clinical prostate cancer increases with age,
from 0.2 to 0.9% from 50- to 80-year-old men. However,
cancer detected as a result of an abnormal DRE or serum
PSA may be underestimated. Latent prostate cancer is
defined as an asymptomatic cancer detected only at autopsy,
published studies have show a much higher incidence of
latent cancer than in population studies of clinical cancer
(24). Latent cancer is not linearly associated with age; and
there is a plateau in the incidence of latent cancer between
60 and 70 years. The frequency of circulating prostate cells
showed a similar trend, increasing after 55 years and with a
plateau between 60 and 80 years.

The frequency of CPCs significantly increased with
serum PSA levels. In men with a serum PSA of <4.0 mg/ml,
it has been shown there is a frequency of prostate cancer of
15.0%; with a serum PSA of <2.0 ng/ml the frequency was
is 10.8%; with a serum PSA of 2.0-4.0 ng/ml it fluctuates
between 21.0 and 24.5% (25,26). In comparison the frequency
of CPCs was 5.2 and 18.2% for these two groups. In men with
a serum PSA >4.0 ng/ml the frequency of cancer detected
was between 30-38% in the range 4.0-10.0 mg/ml and
approximately 50% in the range >10.0 ng/ml (27). The
frequency of CPCs was similar in the range 4.0-10.0 mg/ml,
with a detection rate of 39.0 and 38.1%, respectively. The
number of CPCs/ml blood also increased with serum PSA
levels, tumor size could disrupt the architecture of the prostate
gland thus allowing more cells to escape or represents tumors
that have penetrated the capsule. That there was no such
relation with age would suggest that tumor size is a more
important cause of hematogenous spread.

There was a significant association with the results of the
prostate biopsy. The results showed a sensitivity of 85.7%
and specificity of 91.3%, which suggests that men with an
increased serum PSA, but negative for circulating prostate
cells might not require biopsy and undergo a period of obser-
vation. Men with a normal serum PSA, but positive CPCs
should be closely followed up or considered for prostate
biopsy. It can be suggested that a further sub-classification
of circulating prostate cells could add clinically important
information for cancer patients. The expression of MMP-2 in
all the CPCs is supporting evidence for its pivotal role in
cancer dissemination, allowing early spread of tumor cells.
That low grade cancers expressed CD82 while intermediate
and high grade cancers were negative for CD82 suggests
that CD82 expression in circulating prostate cells could be
clinically useful to select these older people for observation
status approach rather than early prostate biopsy. The expres-
sion of HER-2 is similar to that reported in studies of circu-
lating prostate cells in men with prostate cancer and without
androgen blockage (28). Larger studies are needed on these
findings to confirm that the detection of CPCs would be
clinically important as a complementary test in prostate
cancer screening programs.
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