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Abstract. Background: Whether the immunohistochemical
expression (IHCE) of the bcl2, the p53 and of the prostate
apoptosis response-4 (PAR4) proteins is associated with preoperative PSA levels, post-operative parameters of prostate
cancer (PC) pathology, surgical staging or biochemical failure
(BF) of patients with clinically localized PC who underwent
radical prostatectomy (RP) of curative intent, was investigated.
Patients and Methods: A retrospective analysis of clinical data
evaluating surgical specimens of 131 patients with PC,
consecutively treated with RP for clinically localized disease,
was performed. The IHC method of streptavidin biotin
peroxidase on paraffin tissue sections was used to detect bcl2
and p53 oncoproteins and PAR4 pro-apoptotic protein
expression in surgical specimens. Results: Statistically
significant relationships were detected between: (i) p53 IHC
expression and infiltration of periprostatic tissue (IPT;
p=0.011); (ii) tumor volume (TV; p=0.027); and (iii) bcl2
IHCE and absence of prostatic intraepithelial neoplasia (PIN)
(p=0.004). Biochemical failure (BF) was documented in 37%
of these patients. Kaplan-Meier survival curves showed that the
IHCE of bcl2 and p53 was significantly related to BF. Taking
the hazard ratio (HR) estimated from the Cox proportional
hazard regression model to be 1.00 for patients with negative
bcl2 IHCE, a value of 2.82 was found for patients with positive
bcl2 IHCE (p=0.015, 95% CI=1.22-6.47). The HR for

Correspondence to: Dr. Michael Koutsilieris, MD, Ph.D, Professor
& Chairman, Department of Experimental Physiology, Medical
School, University of Athens, Goudi 115 27, Greece. Tel: (30210)
7462597, Fax: (30210) 746 2571, e-mail: mkouts@medscape.com
Key Words: Clinically localized prostate cancer, bcl2, p53, PAR4,
biochemical failure.

0250-7005/2005 $2.00+.40

patients with positive p53 IHCE was 2.05 (p=0.048, 95%
CI=1.00-4.19). Multivariate analysis showed that only seminal
vesicle invasion (SVI), pelvic lymph node metastasis (PLNM)
and bcl2 IHCE were independent predictors for BF (HR=3.06,
3.31 and 3.15; p=0.048, p=0.031 and p=0.031 for SVI,
PLNM and bcl2 IHCE, respectively). Conclusion: Bcl2
immunohistochemical overexpression in specimens of RP
suggests high risk for BF in clinically localized PC.
The biological behavior of prostate cancer (PC) tumors
harbored by patients with clinically localized disease varies
between latent slow-growing tumors and highly aggressive
tumors, consisting of cancer cells with metastatic potential.
Radical prostatectomy (RP) is the primary treatment of
curative intent for patients diagnosed with clinically
localized PC. However, there are a large number of
surgically treated patients in whom PC already harbors
occult tumor extensions either to the extraprostatic tissue or
to distal organs, lymph nodes and bones, which are
apparently responsible for disease recurrence after RP (1,
2). Tumor grade, clinical stage and pre-treatment prostatespecific antigen (PSA) are often used as prognostic markers
for the presence of extraprostatic disease and the estimation
of risk for biochemical failure (BF) after RP, but none of
them has the power as a single prognostic factor to predict
the presence of extraprostatic disease and time-to-BF (3).
In theory, pre-operative and post-operative management
decisions for patients with PC should ideally depend on an
accurate assessment of tumor aggressiveness/metastatic
potential and a safe diagnostic test detecting the presence of
extraprostatic disease and micro metastasis. None is
available. Recently, pre-operative and post-operative
molecular staging, using reverse transcriptase-polymerase
chain reaction (RT-PCR) to detect PSA and prostate-
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specific membrane antigen (PSMA) transcripts in peripheral
blood and bone marrow biopsy have shown encouraging
correlations between the positive detection of these
transcripts with time-to-BF after RP in patients with
clinically localized PC (4-6). Nevertheless, this method is still
far from being widely accepted or routinely employed (7).
In the present study, the immunohistochemical
expression (IHCE) of bcl2, p53 and prostate apoptosis
response-4 (PAR4) protein was examined in RP specimens
of 131 patients with PC, consecutively treated with RP for
clinically localized disease in the Urology Clinic of
"Evangelismos" General Hospital in Athens, Greece, from
1-1-1994 to 12-12-2001. We report the correlation between
the above markers and several pathological and clinical
parameters of these PC patients, including BF after RP of
curative intent.

Patients and Methods
The clinical-follow up data were analyzed retrospectively, and the
surgical specimens of 131 patients (ages ranging from 47 to 76
years, median of 66) with newly diagnosed PC were reviewed. After
being clinically diagnosed with localized disease, these patients had
undergone RP and pelvic lymph node resection, as consecutively
performed in "Evangelismos" General Hospital, Athens, Greece,
between January 1994 and December 2001. Pre-operative serum
PSA concentrations ranged from 2.5 to 45.0 ng/ml with a median of
9.23 ng/ml. Pre-operative transrectal ultrasonography guidedbiopsy (TRUS-B) material was available in 83 cases for reevaluation by our expert pathologist, while for all TRUS-B, a copy
of the official pathology report with the original diagnosis from a
certified pathologist (patients diagnosed in other institutions and
referred to us for surgery) was kept on record. Follow-up
information (median follow-up period 28 months) was available for
94 patients. The remainder continued their follow-up in other
hospitals and medical units, as most of them lived in the provinces
far from Athens. PSA levels above 0.2 ng/ml, on at least two
occasions in a 2-month period, defined BF.
RP specimens were submitted fresh for routine histopathological
examination. These were weighed, stained and fixed in bufferformalin. The prostate weight ranged from 8 to 250 grams, with a
median of 45 grams. Routine processing included sectioning and
paraffin embedding of the whole prostate gland in 4-mm-thick
paraffin sections used for haematoxylin-eosin and IHC staining.
Almost all selected sections contained benign prostatic glands,
which served as internal positive controls for bcl2 and PAR4.
Tumor volume (percentage) referred to the percentage of prostate
volume involved by PC. Grading was established according to the
Gleason score (GS) differentiation system (range 2-10) (8). GS 7
carcinomas were stratified to 7a (3+4) and 7b (4+3), according to
the predominant grade, as there is increasing evidence that the
biology of 7a is different from 7b and can affect prognosis (9, 10). A
2-scale grouping was used for the final evaluation of the histological
grading, as follows: group I <7a and group II >7b. The area with
the highest GS was a selected IHC of RP specimen. High-grade
prostatic intraepithelial neoplasia (PIN) was also evaluated. Staging
was carried out according to the TNM 2002 classification (11). The
following pathological parameters were evaluated: extension of the
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Table I. Pathological characteristics of 131 radical prostatectomies
performed on patients with localized prostate cancer.
Variable (No. of RPa specimens)
Gleason Score (130)
5
6
7a
7b
8
9
x
Surgical Margins (130)
Negative
Positive
x
PINb (131)
Absent
Present
Periprostatic Tissue Invasion (130)
Absent
Present
x
Seminal Vesicle Invasion (130)
Absent
Present
x
Nodal Status (130)
Negative
Positive
x

RP specimens (%)

2 (1)
27 (21)
32 (25)
43 (33)
16 (12)
10 (8)
1
86 (66)
44 (34)
1
28 (21)
103 (79)
60 (46)
70 (54)
1
96 (74)
34 (26)
1
120 (92)
10 (8)
1

aRadical

prostatectomy;
Intraepithelial Neoplasia;
x. Status unknown.
bProstatic

tumor to stained specimen margin, extracapsular extension into
periprostatic tissue, seminal vesicle invasion (SVI) and pelvic lymph
node metastasis (PLNM).
Immunohistochemistry. The streptavidin biotin peroxidase protocol
using the DAKO LSAB+Kit Peroxidase was performed, with
commercially available antibodies: mouse monoclonal antibody
against bcl2 (clone 124; Dako, Glostrup, Denmark), at a 1:20
dilution, mouse monoclonal antibody against p53 (clone Pab240;
Dako), at a 1:50 dilution, and rabbit polyclonal antibody PAR4
(clone A-10: sc-1666, Santa Cruz Biotechnology Inc, Santa Cruz,
CA, USA), at a 1:50 dilution. Staining procedures included deparaffinization in warm xylene for 5 min with two changes of xylene
at room temperature, followed by rehydration by transfer through
graded alcohols. Endogenous peroxidase activity was blocked with
0.5% H202 in methanol for 10 min. The sections were pre-treated
with 10 mmol/L citrate buffer (pH 6.1) in a microwave for 5 min
and incubated overnight at 4ÆC with the hK10 primary rabbit
polyclonal and mouse monoclonal antibodies in 3% BSA. After
two washes of the sections in 50 mM Tris buffer (pH 7.6), the
biotinylated Link (DAKO Corporation, USA) was applied for 15 min,
and a streptavidin-peroxidase conjugate followed for another
15 min. The enzymatic reaction was developed in a freshly
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Figure 1. A: Diffuse and extensive cytoplasmic bcl2 immunohistochemical expression (IHCE) in prostate cancer (PC), B: High nuclear p53 IHCE in PC,
C: Extensive nuclear and cytoplasmic PAR4 IHCE in PC. Magnification x 200.
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Table II. Relationship between bcl2 status and other variables in 131
radical prostatectomy specimens of prostate cancer.

Table III. Relationship between p53 status and other variables in 131
radical prostatectomy specimens with prostate cancer.

Variable

Variable

Gleason Score
≤7a
7b-10
x
Surgical Margins
Negative
Positive
x
PINb
Absent
Present
Periprostatic
Tissue Invasion
Absent
Present
x
Seminal
Vesicle Invasion
Absent
Present
x
Nodal Status
Negative
Positive
x
PAR4 Status
Negative
Positive

No. of patients (%)
Patients

bcl2-negative

bcl2-positive

p valuea

61
69
1

56 (91.8)
62 (89.9)

5 (8.2)
7 (10.1)

0.77

86
44
1

78 (90.7)
40 (90.9)

8 (9.3)
4 (9.1)

0.99

28
103

21 (75.0)
98 (95.1)

7 (25.0)
5 (4.9)

0.004

60
70
1

54 (90.0)
64 (91.4)

6 (10.0)
6 (8.6)

9 (9.4)
3 (8.8)

0.99

96
34
1

87 (90.6)
31 (91.2)

0.99

120
10
1

109 (90.8)
9 (90.0)

11 (9.2)
1 (10.0)

0.99

68
63

60 (88.2)
59 (93.7)

8 (11.8)
4 (6.3)

0.37

aFisher’s

No. of patients (%)
p53 low

p53 high

p valuea

61
69
1

50 (82.0)
57 (82.6)

11 (18.0)
12 (17.4)

0.99

86
44
1

71 (82.6)
36 (81.8)

15 (17.4)
8 (18.2)

0.99

28
103

22 (78.6)
86 (83.5)

6 (21.4)
17 (16.5)

0.58

60
70
1

55 (91.7)
52 (74.3)

5 (8.3)
18 (25.7)

0.011

96
34
1

81 (84.4)
26 (76.5)

15 (15.6)
8 (23.5)

0.31

120
10
1

100 (83.3)
7 (70.0)

20 (16.7)
3 (30.0)

0.38

119
12

100 (84.0)
8 (66.7)

19 (16.0)
4 (33.3)

0.22

68
63

57 (83.8)
51 (81.0)

11 (16.2)
12 (19.0)

0.82

Patients
Gleason Score
≤7a
7b-10
x
Surgical Margins
Negative
Positive
x
PINb
Absent
Present
Periprostatic
Tissue Invasion
Absent
Present
x
Seminal
Vesicle Invasion
Absent
Present
x
Nodal Status
Negative
Positive
x
Bcl2 Status
Negative
Positive
PAR4 Status
Negative
Positive

Exact Test;
Intraepithelial Neoplasia;
x. Status unknown.

Exact Test;
Intraepithelial Neoplasia;
x. Status unknown.

prepared solution of 3, 3’-diaminobenzidine tetra hydrochloride
using DAKO Liquid DAB Substrate-Chromogen Solution for 10
min (brown color). The sections were then counterstained with
haemalum, dehydrated, cleared in xylene and mounted. For bcl2
and PAR4, internal positive controls were available. For p53, colon
carcinoma with known p53 immunoexpression was used as a
positive control.

positive=focal or diffuse staining (>10%). Nuclear p53
accumulation was categorized as negative=negative staining or
scattered positive cells in a percentage <2% without clustering of
positive cells, and as positive=>2% positive cells or <2% with
clustering, as described by Quinn et al. (12). Accordingly, PAR4
immunostainining was classified as negative=negative staining or
focal staining in a percentage up to 10% and as positive=focal or
diffuse staining (>10%).

bProstatic

Tissue markers scoring system. Most of the staining was
heterogeneous and focal in nature. In the area of strongest
staining, 1000 consecutive malignant cells were counted. The
number of cells with positive cytoplasmic staining for bcl2 and
nuclear staining for p53 were recorded. For PAR4, either
cytoplasmic or nuclear staining was regarded as positive. The
results were then grouped. The extension of cytoplasmic staining
for bcl2 in tumor areas was categorized as negative=negative
staining or focal areas of staining in a percentage up to 10%, and as
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aFisher’s

bProstatic

Statistics. For analysis of data, the patients were subdivided into
groups based on different clinical or pathological parameters. In
this analysis, p53, bcl2 and PAR4 were classified into two
categories (positive and negative groups), and the associations
between gene expression status and other qualitative variables were
analyzed using the Fisher’s Exact test. Because the distribution of
serum PSA, tumor percentage, prostate weight and patients’ age
were not Gaussian, the analysis of differences in p53, bcl2 and
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Table IV. Relationship between PAR4 status and other variables in 131
radical prostatectomy specimens with prostate cancer.
Variable

No. of patients (%)
Patients PAR4-negative PAR4-positive

Figure 2. Relationship between p53 IHCE and tumor volume in 131
radical prostatectomy specimens with prostate cancer.

PAR4 values between two groups was performed with the
nonparametric Mann-Whitney U-test.
Survival analyses were performed by constructing Kaplan-Meier
Progression Free Survival (PFS) curves, where differences between
curves were evaluated by the log-rank test, as well as by estimating
the relative risks for relapse and death using the Cox proportional
hazards regression model. Only patients for whom the status of all
variables was known were included in the multivariate regression
models, which incorporated p53, bcl2, PAR4 and all other variables
for which the patients were characterized. In the multivariate
analysis, the clinical and pathological variables that may affect
progression-free survival, including GS, surgical margins, PIN,
extra capsular periprostatic tissue invasion, seminal vesicle
invasion, nodal status and tumor percentage were adjusted.
Statistical analysis was performed using the SAS software (SAS
Institute, Cary, NC, USA).

Results
Among the 94 patients for whom follow-up data were
available, 35 (37%) presented BF. Prostate weight ranged
between 8 g and 250 g (median: 45 g), and PC tumor
volume ranged between 1% and 100% (median: 30%) of
the prostate volume. Clinicopathological characteristics of
the 131 RP specimens analyzed in this study are provided in
Table I. Pre-operative GS on transrectal ultrasonographyguided biopsies (TRUS-B) generally agreed with this
computed after RP. However, pre-operative GS was lower
in 36% and higher in 7% from this estimated on RP
specimens. Post-operative GS was taken into account in all

Gleason Score
≤7a
7b-10
x
Surgical Margins
Negative
Positive
x
PINb
Absent
Present
Periprostatic
Tissue Invasion
Absent
Present
x
Seminal
Vesicle Invasion
Absent
Present
x
Nodal Status
Negative
Positive
x

p valuea

61
69
1

34 (55.7)
34 (49.3)

27 (44.3)
35 (50.7)

0.48

86
44
1

47 (54.7)
21 (47.7)

39 (45.3)
23 (52.3)

0.46

28
103

14 (50.0)
54 (52.4)

14 (50.0)
49 (47.6)

0.83

60
70
1

28 (46.7)
40 (57.1)

32 (53.3)
30 (42.9)

0.29

96
34
1

51 (53.1)
17 (50.0)

45 (46.9)
17 (50.0)

0.84

120
10
1

62 (51.7)
6 (60.0)

58 (48.3)
4 (40.0)

0.74

aFisher’s

Exact Test;
Intraepithelial Neoplasia;
x. Status unknown.
bProstatic

steps of the study. In 61/131 specimens (47%), GS was
estimated as ≤7a and in 69/131 (53%) as ≥7b (one missing
case). In the RP specimens, the presence of positive surgical
margins (34%), seminal vesicle involvement (26%), invasion
of periprostatic tissue (54%) and pelvic lymph node
involvement (8%) were found. High grade PIN was
observed in 79% of the RP specimens.
Bcl2, PAR4 and p53 IHC expression. In the benign prostatic
tissue, basal cells expressed bcl2, and PAR4 was expressed
in both basal and secretory cells. Benign prostatic tissue was
negative for p53. Fifty-two (40%) RP specimens exhibited
some degree of bcl2 cytoplasmic expression. However, only
12/131 (9%) contained bcl2 expression of a diffuse pattern
involving more than 10% of cancer cells (positive staining).
In addition, low levels of p53 expression were detected in
73 out of 131 (56%) RP specimens. It should be noted that
p53 IHC expression in less than 2% of tumor cells and
without positive cell clustering was regarded as negative.
Consequently, only 23/131 (18%) specimens were defined
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Figure 3. Relationship between bcl2 immunoexpression and biochemical
failure in 94 patients after radical prostatectomy specimens for localized
prostate cancer.

Figure 4. Relationship between p53 immunoexpression and biochemical
failure in 94 patients after radical prostatectomy for localized prostate cancer.

as positive for p53 expression. Analysis of the PAR4 IHC
expression showed that 111/131 (85%) of the RP specimens
expressed PAR4 at low levels, but a diffuse or strong focal
expression in 10% or more of the section was observed only
in 62/131 (48%) cases (Figure 1A, B, C).
Bcl2, PAR4, p53 IHC expression vs. clinicopathological
parameters. Bcl2 expression was not found to be related to
GS, invasion of periprostatic tissue, seminal vesicle
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Figure 5. Relationship between PAR4 immunoexpression and biochemical
failure in 94 patients after radical prostatectomy for localized prostate
cancer.

involvement, PLNM or positive surgical margins.
Furthermore, there was no association of bcl2 expression with
tumor volume and prostate weight. However, there was a
significant relationship between bcl2 expression and the
absence of PIN in the RP specimen (Table II).
IHC detection of nuclear p53 expression did show a
significant positive relationship with periprostatic tissue
invasion (p=0.011) and tumor percentage (p=0.027) in RP
specimens. However, p53 expression did not show any
significant correlation with GS, seminal vesicle involvement,
PLNM, positive surgical margins, or prostate weight (Table
III, Figure 2).
In addition, PAR4 HIC expression was not associated
with GS, invasion of periprostatic tissue, seminal vesicles
involvement, positive surgical margins, tumor volume, PIN,
or prostate weight (Table IV).
Possible associations in IHC expression among the
studied biomarkers were also examined, but no statistically
significant correlation was found (Tables II and III).
Furthermore, no statistically significant relationships
between p53, bcl2, PAR4 and pre-operative serum PSA,
patient’s age or prostate weight were observed.
Prognostic value of bcl2, p53 and PAR4 expression for BF.
Univariate analysis of bcl2 expression (more than 10% of
tumor cells) and of p53 nuclear accumulation (more than
2% of tumor cells or clustering) detected an association of
both IHCE with BF of the disease. Taking the hazard ratio
(HR), estimated from a Cox proportional hazard regression
model, to be 1.00 for patients with negative bcl2, a value of
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Table V. Univariate analysis of p53, bcl2, PAR4 and other variables with
regard to BF.
Variable
P53
Negative
Positive
Bcl2
Negative
Positive
PAR4
Negative
Positive
Gleason Score
≤7a
7b-10
Surgical Margins
Negative
Positive
PIN
Absent
Present
Periprostatic
Tissue Invasion
Absent
Present
Seminal
Vesicle Invasion
Absent
Present
Nodal Status
Negative
Positive
Tumor Percentage

HRa

95% CIb

p value

1.00
2.05

1.00-4.19

0.048

1.00
2.82

1.22-6.47

0.015

1.00
0.94

0.76-1.17

0.61

1.00
2.07

1.01-4.24

0.046

1.00
1.59

0.81-3.11

0.17

1.00
0.72

0.34-1.51

0.72

1.00
3.23

1.51-6.91

0.002

1.00
3.22

1.65-6.29

0.001

1.00
3.76
1.02

1.42-9.94
1.013-1.035

0.008
<0.001

Table VI. Multivariate analysis of p53, bcl2, PAR4 and other variables
with regard to BF.
Variable
P53
Negative
Positive
Bcl2
Negative
Positive
PAR4
Negative
Positive
Gleason Score
≤7a
7b-10
Surgical Margins
Negative
Positive
PIN
Absent
Present
Periprostatic
Tissue Invasion
Absent
Present
Seminal
Vesicle Invasion
Absent
Present
Nodal Status
Negative
Positive
Tumor Percentage

HRa

95% CIb

p value

1.00
0.86

0.36-2.04

0.74

1.00
3.15

1.11-8.94

0.031

1.00
1.05

0.81-1.36

0.69

1.00
1.04

0.43-2.51

0.91

1.00
0.40

0.15-1.04

0.061

1.00
1.12

0.47-2.69

0.79

1.00
3.06

1.01-9.25

0.048

1.00
1.89

0.64-5.57

0.24

1.00
3.31
1.01

3.31-1.11
0.98-1.06

0.031
0.11

aHazard ratio (HR) estimated from Cox proportional hazard
regression model;
bConfidence interval of the estimated HR.

aHazard ratio (HR) estimated from Cox proportional hazard
regression model;
bConfidence interval of the estimated HR.

2.82 was calculated for patients with positive bcl2 (p=0.015,
95% CI=1.22-6.47). The HR was found to be 2.05 for
patients with positive p53 (p=0.048, 95% CI=1.00-4.19)
(Table IV, Figures 3 and 4). Among the 94 patients with
follow-up, high levels of p53 expression were found in 20,
and 11 of these patients relapsed (55%). In contrast, from
the low p53 expression group only 24 (32%) patients
relapsed. Accordingly, high bcl2 expression was found in 10
cases, of which 7 (70%) suffered recurrent disease. On the
other hand, from the 84 patients with low bcl2 expression,
biochemical relapse was identified in only 28 (33%). PAR4
expression did not show any correlation with clinical
outcome (Table IV, Figure 5).
Univariate Cox regression analysis showed that the
histological grade of RP specimens, the invasion of
periprostatic tissue, seminal vesicle involvement, PLNM and
tumor percentage were, as expected, strong predictors for

BF after RP. However, positive surgical margins did not
correlate significantly with BF. Furthermore, coexistence of
high grade PIN in the specimen did not carry any prognostic
significance (Table V). Multivariate analysis of parameters
evaluated in this cohort study revealed that infiltration of
periprostatic tissue, metastatic lymph node involvement and
bcl2 IHC expression were independent prognostic factors
for BF (p=0.048, p=0.031 and p=0.031; HR=3.06,
HR=3.31, HR=3.15, respectively) (Table VI).

Discussion
PC is still the most commonly diagnosed cancer with
significant lethality and morbidity. Over the past two
decades, many studies have focused on the identification of
prognostic markers that could predict which patients with
localized disease would have recurrent disease after RP.
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Conventional variables such as preoperative PSA, grade,
stage and surgical margins are not able to predict outcome in
an individual patient. Elucidation of such prognostic tissue
markers would help the clinician to distinguish tumors with
biologically aggressive behavior and such patients would
define the high-risk group for disease recurrence after RP.
Therefore, these patients would be candidates for adjuvant
radiotherapy or adjuvant hormone ablation therapy (13-15).
Many molecular tissue markers have been studied for
their immunohistochemical expression in PC, but to date no
marker has been approved for routine assessment. Some
markers such as p53, bcl2, Ki-67 (MIB1) and p27 expression
as well as neovascularity assessment hold promise, but
prospective multicenter studies are needed to confirm their
prognostic significance. According to Dunsmuir et al. (16),
the ideal IHC tissue marker would be expressed only in
tumors with an aggressive phenotype. The expression should
not be limited to parts of the heterogeneous tumor mix and
adjacent less significant areas would also harbor the same
information. The expression of this marker should be
detected from the primary site and be independent of
histological grade and other clinical variables such as stage
and PSA levels. Laboratory detection of the biomarker
should be consistent and inexpensive. With these
presuppositions, an easy-to-understand and quantifiable risk
estimate would be available for clinicians and patients.
The p53 tumor-suppressor gene, which has been very well
studied in different tumors, is located on the short arm of
chromosome 17 (17). It has a wide range of functions involved
in apoptosis, cell cycle regulation and DNA replication (1820). Mutation of the p53 gene is the most frequently reported
mutation in human cancer (19). However, there is still a
discrepancy as to the frequency of p53 mutations in PC, and as
to their prognostic role (21-26). Over-expression of p53
protein has been investigated in a large number of different
malignancies for its potential value as a prognostic marker. In
PC, p53 expression has been correlated with mutations, which
cause an increase in its half-life period and give an
opportunity for IHC detection. Some studies have shown
positive staining for p53 in PIN lesions, underlining the
hypothesis that p53 mutations may occur in pre-invasive
lesions, which could progress into aggressive PCs (27-29). In
contrast, other studies have shown p53 IHC expression to be
confined to PC, especially in higher grades, and absent in
BPH, PIN and adenosis (30-32). Studies of p53 assessment in
prostate needle biopsy have been conflicting (33-39), as a
result of tumor heterogeneity and multifocality. In contrast,
p53 IHC expression in RP specimens has shown promising
results. In previous studies with a large number of patients
(ranging from 72 to 263) and decent follow-up, the p53 status
was found to be an independent predictor of recurrence or
disease-specific survival (12, 21, 40-42). In other studies, p53
expression was a statistically significant predictor of relapse in
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univariate analysis but not in multivariate, which included
clinicopathological parameters or other tissue markers (31,
39). Negative results have also been reported. Uzoaru et al.,
in a study of 134 PC specimens, did not find any prognostic
significance for p53 expression (43). Increased p53 nuclear
protein IHC expression appears to correlate with androgen
independence (23), especially when accompanied by detection
of bcl2 over-expression (3). Reported p53 mutation rates vary
widely, from only 4% (14) to 79% (44). Mirchandani et al.
showed that within RP specimens there was widespread
heterogeneity of p53 mutations from tumor to tumor and
within single tumors, and they proposed that this may
contribute to the variation of results (45). Several reports have
also confirmed that nuclear p53 accumulation is usually
identified in locally regionally-advanced PC, in generalized
disease and is associated with high grade (3, 21, 40, 46-49),
advanced stage (3, 21, 40, 46) and resistance to hormonal
treatment (3, 49). Mutations of p53 are considered to be a late
event in prostatic carcinogenesis (50).
In addition, the bcl2 family is a group of genes that
encode for structurally-related proteins acting in the
apoptosis procedure either as inhibitors (bcl2, bcl-xl, mcl-1,
bcl-w) or as suppressors (bax, bak, bik, bad, bcl-xs) (51). The
bcl2 protein protects cells from going into apoptosis, and in
normal and hyperplastic prostatic glands it is expressed in
the cytoplasm of basal epithelial cells. Over-expression of
bcl2 due to a transforming mutation has been associated
with carcinogenesis. Over-expression of bcl2 is seen in a
lower percentage of primary tumors than p53 expression,
but the reported rates vary significantly, with a range
between 4% and 52% (3, 21, 40, 52). In previous studies a
correlation between bcl2 over-expression and higher stage
(40), GS and nuclear grade was reported (21). McDonnell
et al. (53) demonstrated a strong association between bcl2
IHC over-expression and hormone therapy resistance.
Previous studies have suggested that hormone-refractory
prostatic carcinomas characteristically present diffuse
expression of bcl2 protein throughout the tumor (53). In
localized PC treated by RP, bcl2 immunohistochemical
(IHC) expression has been an independent prognostic
marker for biochemical relapse and survival. (21, 54).
Strikingly, different results have been reported by Bylund et
al. (55), who found that bcl2 over-expression was associated
with a better outcome and by Johnson et al. (56), who found
bcl2 expression infrequent and without prognostic value.
Furthermore, a pro-apoptotic protein, designated as
PAR4, sensitizes PC cells to apoptosis, and has been induced
by growth factor starvation or serum starvation and by agents
that induce apoptosis via the increase of intracellular Ca2+
in PC cells. PAR4 is expressed in both the basal and
secretory cell compartment of benign prostatic tissue with
nuclear and cytoplasmic localization. Moreover, the PAR4
gene is widely expressed in different tissue types and is
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exclusively induced by apoptotic stimuli. PAR4 is required,
but not sufficient, to cause apoptosis in prostatic cell culture
models (57). Studies in PC cell lines and fibroblasts showed
that PAR4 over-expression caused a decrease in bcl2 levels
and also that PAR4-dependent apoptosis is inhibited by bcl2
co-expression (58). Chakraborty et al. (59) reported that
PAR4 drives trafficking and activation of Fas and Fasl to
induce PC cell apoptosis and cancer regression, and they
also suggested that PAR4 might have therapeutic potential.
In human benign prostatic tissue, PAR4 expression is
reported as both nuclear and cytoplasmic in the basal and
secretory cell compartments, while in primary advanced
cancers localization was mainly cytoplasmic and in
metastatic tumors perinuclear/nuclear (58). Cook et al. (57)
have investigated the possibility that PAR4 may be downregulated in human cancer. They studied cases of
neuroblastomas, head and neck tumors, PCs and renal cell
carcinomas (RCC). PAR4 was found down-regulated only
in RCCs. Because of the limited data concerning PAR4
IHC expression in PC and despite the previous negative
findings, we included PAR4 in our study to analyze its
possible association with bcl2 expression and the possibility
of adding information for PC prognosis after RP.
Herein, certain variables known to correlate with an
increasing risk for BF, such as pre-operative serum PSA
levels, GS and variables of tumor pathology, such as positive
surgical margins, seminal vesicle and pelvic lymph node
involvement, and invasion of periprostatic tissue with bcl2,
PAR4 and p53 were compared by assessing their ability to
predict BF after RP. Our data showed that bcl2 overexpression does not correlate with GS or parameters related
to stage of the disease, but did confirm a strong predictive
value for BF after RP. The expression of p53 was correlated
with invasion of the periprostatic tissue and tumor volume,
showing weaker but statistically significant correlation than
that of bcl2 with BF. By multivariate analysis, only infiltration
of periprostatic tissue, pelvic lymph node involvement and
bcl2 over-expression were documented as independent
prognostic markers for BF. PAR4 was of no value for
prognosis. We conclude that larger prospective studies are
necessary to determine the exact prognostic value of these
IHC parameters in RP specimens of clinically localized PC.
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