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bstract

Objective: The purpose of the study was to determine if the tumor suppressor gene phosphate and tensin homolog (PTEN) (mutated in multiple
dvanced cancers 1) in combination with Gleason scoring and serum prostate specific antigen (PSA) could be employed to better predict the
rogression of prostate carcinoma. Materials and Methods: The study group consisted of 43 patients with benign prostate hyperplasia (BPH),
5 with organ confined prostate carcinoma (OCPCa), and 18 with advanced prostate carcinoma (APCa). Prostate tissue samples were
btained from radical prostatectomy, transurethral resection, and TRUS guided trans-rectal needle biopsy and then evaluated for biomarker
xpression. The clinical stage was assessed according to tumor node metastasis classification and grade according to Gleason system. Serum
SA was measured by conventional techniques and Western blotting analysis was used to determine PTEN expression in the primary tissue.
ultivariate analysis was performed to analyze whether these markers could individually predict the progression of prostate carcinoma.

esults: APCa patients displayed higher Gleason scores and serum PSA levels. But much lower PTEN expression was detected in prostate
f APCa patients compared to patients with BPH or OCPCa. Hormone refractory (HR) and hormone sensitive (HS) APCa cases did not yield
ny significant differences in terms of Gleason scoring, serum PSA and PTEN expression. PSA levels were significantly higher in patients
ith OCPCa or APCa compared to patients with BPH. Conclusion: Our results suggested that both PTEN and serum PSA appeared to be
seful as independent markers to depict the nature of tumor behavior as benign or malign. In addition, PTEN also appeared to be useful
s an independent marker to predict the progression of prostate carcinoma. © 2004 Elsevier Inc. All rights reserved.
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. Introduction

Prostate cancer is the second leading cause of death in
en from cancer following lung carcinoma with an annual
ortality rate of 38,000 [1]. Several hundred clinical studies

sing experimental or approved chemotherapeutics failed to
mprove survival rates of patients with prostate cancer.
ecause prostate cancer is a heterogeneous disease and

* Corresponding author. Tel.: �90-242-227-4343; fax: �90-242-227-
482.
sE-mail address: sanlioglu@akdeniz.edu.tr (S. Sanlioglu).

078-1439/$ – see front matter © 2004 Elsevier Inc. All rights reserved.
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enetically unstable, treating patients with prostate cancer
till remains as a formidable task [2]. In addition, the mo-
ecular mechanism responsible for the onset of the disease is
oorly understood. Luckily, earlier detection of the prostate
ancer has been associated with an improved outcome.
hus, the detection of the prostate cancer at an earlier stage

emains as the most realistic chance for therapy [3].
Different molecular screening methods have currently

een employed to follow up the progression of prostate
ancer, but the most effective method satisfying our need is
et to be established [4,5]. The most commonly used

creening assays are based on the detection of up-regulated
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rostate specific markers such as prostate specific antigen
PSA). Currently prostate specific antigen, when it is used in
onjunction with other markers such as Gleason system or
umor node metastasis (TNM) staging is considered to be a
aluable tool to evaluate the progression of prostate cancer
6,7]. In addition, a number of potential biomarkers that are
ltered in the primary neoplasm have been identified that
ay be useful for predicting the biological activity of lo-

alized prostate cancer. Some of these markers include cell
dhesion molecules and tumor suppressor genes [8,9].
herefore, addition of biomarkers could potentially improve

he predictive value of such a biomarker profile [10].
PTEN/MMAC1 (phosphatase and tensin homolog/mu-

ated in multiple advanced cancers 1) is a tumor suppressor
ene [11] that is deregulated in a wide range of human
umors including carcinomas of the lung, breast and kidney.

ore recently PTEN tumor suppressor gene has been
hown to be down regulated in a high percentage of ad-
anced prostate cancers [12,13]. In this study, we investi-
ate the potential utility of PTEN as a prospective bio-
arker to determine its value in addition to Gleason system

nd serum PSA.

. Materials and methods

.1. Clinical assessment of patients with prostate cancer

There were 15 patients with OCPCa, 18 with APCa and
3 with BPH enrolled in our study, which was conducted at
he Urology Clinic of the University Hospital. Prostate
issue was obtained from patients undergoing radical pros-
atectomy for clinically organ-confined disease. Other tis-
ues were obtained through transurethral resection of pros-
ate (TURP) from patients with BPH and some patients with
dvanced disease because of infra-vesical obstruction. For
issue confirmation and diagnosis, patients with advanced
rostate carcinoma had a trans-rectal ultrasonography
TRUS) guided biopsy. Patients with advanced prostate
ancer were categorized into two subgroups, one subgroup
as hormone sensitive (n � 6) and the other was hormone

esistant (n � 12). The criteria for hormone sensitivity
tatus of prostate carcinoma were assessed as previously
escribed [14]. Clinical and pathological stages were as-
igned according to TNM prostate cancer pathologic staging
ystem [15].

.2. Histological grading of prostate tissue and the
pecimen processing

The processing of prostate tissue samples was performed
outinely as previously described [16]. In brief, each was
eighed, measured in three dimensions, inked, and fixed in
0% neutral buffered formalin. After fixation, the apex and
he base were amputated at a thickness of 4 to 5 mm, and

erially sectioned at 3-mm intervals in the vertical parasag- p
ttal plane. The remaining prostate was serially sectioned at
-mm intervals using a knife perpendicular to the long axis
f the gland from the apex of the prostate to the tip of the
eminal vesicles. Needle biopsy procedures were performed
sing a Siemens Sonoline Prima (Siemens, Issaquah, WA)
onsole an Endo-PII biplaner 5 to 7.5 Mhz endocavitary
robe. Biopsies were obtained using a spring-loaded biopsy
un with an 18-gauge core biopsy needle. All patients had
designated Gleason score based on the specimens obtained

hrough the radical prostatectomy and TRUS guided needle
iopsy.

.3. Western blotting analysis

Following radical prostatectomy, pathologic examination
as performed on the surgically dissected prostate. After

he confirmation of tumor presence, tumor tissue was ex-
ised from the prostate and treated as follows. Prostate
umor, BPH and control specimens were homogenized in
riton X-100 buffer with 500 mM HEPES pH:7.0, 150 mM
aCl, 10% glycerol, 1 mM EDTA, and 1.2% Triton X-100.
DS-PAGE, blotting and developing procedures of the
estern blotting assay were performed according to the

rotocol published previously [17]. A polyclonal antibody
aised against PTEN (Santa Cruz, Cat# SC-9145) was uti-
ized to detect PTEN expression in the prostate tissue. As an
nternal control, GAPDH expression was detected using
APDH antibody (Biodesign, Cat# H86504) to normalize
TEN expression in each blot. Densitometric analysis was
erformed using Scion Image software (NIH). Control sam-
les were surgically obtained from the normal part of the
rostate tissue from 10 separate patients with OCPCa. The
verage of this densitometric analysis was used to compare
nd find the percent reduction in PTEN expression in pa-
ients with BHP, OCPCa and APCa.

.4. Statistical analysis

SPSS for Windows 10.0 software was used for statistical
nalysis. Normality of the groups was tested by Shapiro-
ilk method. Student t-test or Mann–Whitney U-test were

sed for the comparison of the groups. Multivariate analysis
as performed by binary logistic regression analysis. The

rror bars for all data points in all figures portray the
tandard error of the mean (�SEM; *marks P � 0.05).

. Results

.1. Staging of the human prostate tissue and the
lassification of patients

Prostate tissue was obtained surgically from 43 patients
ith BPH, 15 with OCPCa and 18 with APCa as described

n Section 2. TNM staging was used for the clinical and

athological staging of the prostate cancer (data not shown).
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ll of the OCPCa cases were pT2. There were 16 of the
PCa patients staged as cT3aM1b and two as cT4aM1b. In

ddition, one patient had lymph node metastasis and as-
igned as cT3aN�M1b.

.2. Histo-pathologic examination of the prostate
arcinoma

Prostate tissues obtained from patients with OCPCa or
PCa were graded according to Gleason system as shown

n Fig. 1A. The mean Gleason score for OCPCa samples (n
15) was 5.93 � 0.4 compared to 7.8 � 0.2 for APCa (n
18). Moreover, APCa patients were categorized into two

ifferent subgroups based on the sensitivity to hormone
herapy. No significant variation was found based on the
leason scoring between hormone sensitive and hormone

ig. 1. Histo-pathologic analysis of the human prostate tissue. The com-
arison of Gleason scores of OCPCa (n � 15) and APCa (n � 18) is given
n Panel A. Panel B depicts the mean Gleason scores for hormone sensitive
n � 6) and hormone resistant (n � 12) advanced prostate carcinoma
atients.
esistant prostate carcinoma samples (Fig. 1B). f
.3. Alterations in the serum PSA levels and its
onnection to the staging of the prostate carcinoma

Analysis of serum PSA level as a prognostic factor for
he progression of prostate cancer illustrated that the mean
SA level of patients with BPH was approximately 8.5 �
.9 ng/mL. On the other hand, patients with OCPCa (13.8 �
.1 ng/mL) or APCa (94 � 32.6 ng/mL) both displayed
ignificantly higher levels of serum PSA. Detailed analysis
f the subcategories within APCa patients as shown in Fig.
B portrayed that despite the fact that serum PSA levels
101�38 ng/mL) were much higher in the hormone resis-
ant group compared to that of hormone sensitive group
15.2 � 4.4 ng/mL), the difference was not statistically
ignificant.

ig. 2. Quantitative analysis of the serum prostate specific antigen. The
ean PSA values for BPH (n � 43), OCPCa (n � 15) and APCa (n � 18)

amples are provided in Panel A. Panel B illustrates the mean PSA levels

or the advanced prostate carcinoma subgroups.
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.4. Analysis of PTEN expression in patients with BPH,
CPCa and APCa

Prostate samples were analyzed by Western blotting to
etermine the level of PTEN expression as described in
ection 2. A representative image of such an analysis is
laced in Fig. 3. The decrease in the level of PTEN expres-
ion did not vary much between BPH (Fig. 3A) and OCPCa
amples (Fig. 3B). On the contrary, APCa samples mani-
ested a drastic reduction in the level of PTEN expression
reater than 86% (Fig. 3C). Densitometric analysis of West-
rn blotting results exhibited no statistically important di-
ergence between BPH and OCPCa patients in terms of
TEN expression but only APCa patients unveiled such a
isparity (Fig. 4A). Furthermore, the percent decrease in
TEN expression was similar between hormone sensitive
nd hormone resistant groups in advanced prostate carci-
oma samples (Fig. 4B).

.5. Pathologic value of PTEN for the staging of prostate
arcinoma

To evaluate the importance of PTEN as a pathologic
arker for the evaluation of prostate carcinoma, univariate

nd multivariate statistical analysis were performed as
hown in Table 1 and Table 2. Cases were categorized into
wo subgroups based on the nature of tumor, one as benign
BPH) and another as malign (patients with OCPCa or
PCa). Univariate analysis result indicated that there ap-
eared to be a significant rise in PSA levels and a significant
rop in PTEN expression in prostate of patients with malign
umors compared to those patients with benign tumors. In
ddition, multivariate analysis result suggested that both
TEN (P � 0.025) and PSA (P � 0.036) could be used as
n independent marker to predict the nature of tumor

ig. 3. A representative Western blotting analysis for patients with BPH
xpression profiles. Bottom panels indicate GAPDH levels used as an intern
issue in patients with OCPCa and loaded at least once for each gel. Control
ith OCPCa are given in Panel B for comparison purposes.
(Panel A), OCPa (Panel B) and APCa (Panel C). Upper panels represent PTEN
al control. N marks control samples obtained from the normal part of the prostate
and the tumor part of the prostate tissues obtained from three different individuals
hether it is a benign or a malign tumor (Table 1). Com- p
ig. 4. PTEN expression profiles of patients with BPH (n � 43), OCPCa
n � 15) and APCa (n � 18). The reduction in PTEN expression is
ndicated as percent decrease on Y-axis in Panel A. The mean percent
ecrease for hormone sensitive and hormone resistant groups of advanced

rostate carcinoma cases is provided in Panel B.
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arison of the local and advanced prostate carcinoma sam-
les showed that all the markers tested such as PTEN, PSA
nd Gleason score, appeared to be valuable parameters to
ollow up the progression of prostate carcinoma when they
re used in combination (Table 2). However, according to
he multivariate analysis result, only PTEN (P � 0.032)
ppeared to be useful as an independent marker to predict
he progression of prostate carcinoma from localized form
o an advanced stage (Table 2).

. Discussion

Recent studies suggest that screening for prostate cancer
s identifying more patients with localized disease who are
ow potential candidates for curative local therapy. How-
ver, despite earlier detection and operative intervention,
ttempts for treating localized prostate cancer using multi-
le treatment modalities including radical surgery, radiation
herapy, chemotherapy or any of these in combination fail in
significant number of patients. The ability to better predict

ndividual patients who will have disease extension at the
ime of radical surgery or subsequently develop local recur-
ence or metastatic disease is an area of great interest for
reatment planning. Elucidating the molecular pathways in
rostate cancer is also leading to new treatment strategies
nd they include immunotherapy, gene therapy and conven-
ional drug therapy directed at cell signaling pathways as-
ociated with the process of carcinogenesis. Some of these
nclude attacking signaling pathways associated with pro-
iferation, apoptosis, cell adhesion, angiogenesis, tumor in-
asion and metastasis [18]. For these reasons, tumor sup-
ressor gene, PTEN, became a heavy area of investigation
o determine its role during the progression of prostate
ancer [19,20]. In this study we evaluate the potential utility
f a tumor suppressor gene as a pathologic marker to predict
he local extension of prostate cancer in combination with
leason system, PSA and the clinical stage at the time of

nitial diagnosis.
Seventy-six patients with prostate ailment were admitted

o the Urology Clinic of Akdeniz University, Faculty of
edicine. In addition to the serum PSA level, the level of

TEN in prostate tissues was assayed using Western blot-
ing to determine the correlation of the biomarker level with
istological grade compared to benign tissues. This would

able 1
omparison of malign and benign cases (mean-95 % confidence

nterval)

PTEN PSA

PH (n � 43) 58 (50–66) 8.5 (4.6–12.3)
align (n � 33) 75 (69–82) 57.5 (19.1–95.8)
(Univariate) 0.003 0.001
(Multivariate) 0.025 0.036
llow us to determine if there is a possible link between
TEN expression and the progression of prostate cancer.
he rationale behind this comparison is the previous docu-
ented finding that there is a tight correlation between

istological grade and disease progression [21]. Our study
lso demonstrated that there is a statistically important dif-
erence between Gleason scores of patients with APCa and
hose of OCPCa (Fig. 1A). Despite the observed difference,
ultivariate analysis result indicated that Gleason scoring

lone (P � 0.134) did not seem to be a good parameter to
istinguish patients with OCPCa from patients with APCa
Table 2). In addition, the mean Gleason scores of hormone
ensitive and hormone resistant APCa groups did not devi-
te much to generate a statistically vital divergence (Fig.
B). This finding somewhat challenges a recent report,
hich suggested high Gleason scores exclusively correlat-

ng with the androgen independent progression of prostate
ancer [22].

As a second prognostic marker, serum PSA levels were
lso analyzed in these patients with prostate cancer. Much
igher PSA values were observed in patients with OCPCa
r APCa compared to those with BPH (Fig. 2A). These
esults are also supported by a previous report indicating a
orrelation between serum PSA levels and the clinical stage
f prostate carcinoma [23]. Interestingly, based on our re-
ults PSA appeared to be a good independent marker to
redict the nature of tumor to figure out whether the patient
ave a benign or a malign tumor (Table 1). However, PSA
y itself was not useful to confirm whether patients had a
ocalized or an advanced form of prostate carcinoma (Table
). Because of this reason, preoperative PSA screening
lone to predict the behavior of prostate carcinoma in terms
f cancer progression appears to be somewhat inadequate.
o significant difference was found between HS and HR
roup in terms of serum PSA levels either (Fig. 2B).

On top of all these changes observed with Gleason score
nd the PSA level, the percent reduction in PTEN expres-
ion (86.8%) correlated well with the advanced stage of
rostate carcinoma while this reduction remained about the
ame in patients with BPH (58%) and those of OCPCa
61%). Therefore, there appeared to be an inverse correla-
ion between PTEN expression and the progression of pros-
ate cancer. PTEN was originally identified as a tumor
uppressor gene with a dual function. It is interesting to
peculate how this tumor suppressor gene’s dual function
ontributes to the progression of prostate cancer. The lipid
hosphatase activity of PTEN is essential for the regulation

able 2
omparison of local and advanced malign cases (mean-95 % confidence

nterval)

PTEN PSA Gleason

ocal (n � 15) 61 (52–71) 13.8 (7.2–20.5) 5.9 (5.0–6.8)
dvanced (n � 18) 87 (83–91) 93.8 (25.7–161.9) 7.8 (7.3–8.3)
(Univariate) 0.001 0.015 0.002
(Multivariate) 0.032 0.862 0.134
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f cell growth and apoptosis and its action is mediated
hrough PI3K pathways. However, it’s the tyrosine phos-
hatase activity, which is imperative for the cell adhesion,
igration and invasion. Interestingly, a recent molecular

tudy suggested that PTEN might be associated with tumor
ell invasion [24]. In another study, Hwang et al. suggested
hat PTEN possibly controls the formation of metastasis in
n animal metastatic lung model [25]. For the reasons men-
ioned above, pathologic value of PTEN for the purpose of
redicting the nature of prostate carcinoma was evaluated in
etail. Interestingly, PTEN exhibited a great promise to be
sed as an independent marker to predict the tumor behavior
hether it is a benign or a malign tumor (Table 1). On top
f that, our results also suggest that PTEN alone can be
lassified as an independent marker to follow up the pro-
ression of prostate carcinoma from a localized form to an
dvanced stage (Table 2).

. Conclusion

The results presented here suggest that compared to the
urrently known prognostic markers such as PSA and Glea-
on system, PTEN appeared to be an independent parameter
oth to predict the nature of prostate tumor behavior and
lso further classify it whether it is an organ confined form
r an advanced form. Combining PTEN in a biomarker
rofile with Gleason score and PSA will certainly be useful
o develop new treatment strategies for the prevention or
rogression of prostate cancer.
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