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Abstract Current methods for diagnosis and staging of pros-
tate adenocarcinoma are not sensitive enough to distinguish
between patients with indolent disease and those that should
receive radical treatment. Epithelial-mesencyhmal transition
(EMT) is a well-characterized process involved in tumor in-
vasion and metastasis. The aim of this study is to analyze the
expression of β-catenin, Snail, and E-cadherin in prostate
cancer patients with prospective evaluation of their value in
predicting disease-free survival (DFS). One-hundred-and-
three consecutive prostate carcinoma patients who underwent
radical prostatectomy and 35 patients with benign prostate
hyperplasia (BPH) were enrolled. Age, initial PSA level, tu-
mor size and clinical stage were documented for adenocarci-
noma patients and they were enrolled in active surveillance
with serum PSA levels. Recurrence was defined as PSA level
of ≥0.2 ng/ml on at least 2 occasions over a 2-month period.
Immunohistochemical staining intensity was scored as nega-
tive, weakly positive, moderately positive, and strongly posi-
tive. For Snail and β-catenin immunoreaction, the tumors
were considered nuclear positive when more than 5 % of the
nuclei of tumor cells were positively stained. Patients with

prostate cancer had weaker β-catenin (p<0.0001), Snail (p=
0.006), and E-cadherin (p=0.02) staining when compared to
BPH patients and the frequency of nuclear positivity for β-
catenin and Snail were higher in adenocarcinoma group (p<
0.0001). Increased expression and nuclear positivity of β-
catenin were associated with advanced stage (p=0.012 and
p=0.003) and higher tumor volume (p=0.013 and p=0.002).
Additionally, patients with increased Snail expression had
higher Gleason scores and tumor volume at presentation (p=
0.008 and p=0.004). However, there were no significant DFS
differences in adenocarcinoma patients who did and did not
have β-catenin, Snail, and E-cadherin expression as assessed
with log-rank test. Expressions of β-catenin, Snail, and E-
cadherin were significantly lower in prostate cancer patients
compared to BPH patients and both β-catenin and Snail had
nuclear staining pattern in patients with adenocarcinoma.
However, none of these markers predicted DFS in 36-month
follow up of our cohort.
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Introductıon

Prostate cancer is the most common neoplasm of men and
despite the progressive decrease in its incidence and mortality,
it is still the secondmajor cause of cancer-related death among
males. In 2015, the estimated new cases will be 220,800 with
approximately 27,540 deaths (12.47 %) [1]. After the intro-
duction of prostate specific antigen (PSA) testing, the number
of prostate cancer diagnoses increased but the mortality of the
disease decreased [2, 3]. It still remains the first-line biomark-
er for the detection of prostate cancer and the current focus of
prostate cancer biomarker research is to find markers for

* Caner Saygin
csaygin@yahoo.com

1 Department of Urology, Antalya Training and Research Hospital,
Antalya, Turkey

2 Department of Pathology, Van Regional Training and Research
Hospital, Van, Turkey

3 Department of Pathology, Antalya Training and Research Hospital,
Antalya, Turkey

4 Department of Internal Medicine, Istanbul University Cerrahpasa
School of Medicine, Kocamustafapasa,
Fatih 0340090 Istanbul, Turkey

Pathol. Oncol. Res. (2015) 21:1209–1216
DOI 10.1007/s12253-015-9958-z

http://crossmark.crossref.org/dialog/?doi=10.1007/s12253-015-9958-z&domain=pdf


predicting aggressiveness and disease-free survival (DFS) at
the time of diagnosis in order to operate treatment accordingly.
The National Comprehensive Cancer Network (NCCN)
guidelines define high-risk localized prostate cancer as initial
PSA greater than 20 ng/mL, clinical stage greater than or
equal to T3a and biopsy Gleason sum equal or greater than 8
[4]. However, efforts are directed towards utilizing a combi-
nation of biological rather than clinical markers that can pre-
dict prognosis and treatment response at the initial biopsy or
surgical specimen.

Epithelial-mesenchymal transition (EMT) is a process ob-
served in embryogenesis and tumor invasion which is thought
to be a general feature of cancer stem and progenitor cell
populations. They change their gene expression patterns to
lose their polarity and intercellular adhesion molecules to
transform into migrating mesenchymal cells [5]. Snail tran-
scription factor, is a well-known regulator of EMT which
down-regulates cell adhesion molecules including E-
cadherin and tight junction proteins including claudin and
occludin [6, 7]. In addition to its effects on decreasing expres-
sion of epithelial markers and up-regulation of mesencyhmal
markers, Snail also promotes cell survival independent of its
effects in EMT [8, 9]. β-catenin is associated with E-cadherin
and actin cytoskeleton, permits formation of intercellular
adherens junction and transmits contact inhibition signals
[10]. It also regulates cell proliferation and differentiation
through Wnt signal transduction pathway [11]. It has been
shown that decreased expression of E-cadherin, and increased
intensity of Snail and β-catenin with a shift of their location
from cytosol to nucleus were associated with higher Gleason
scores and advanced T stage in prostate cancer [12–14]. Re-
cent data also suggests that high Snail expression predicts
post-operative biochemical recurrence at 2 months after sur-
gery [15].

Despite the critical importance of these three proteins in
EMTand tumor progression, predictive value of these markers
in terms of aggressiveness and long-term DFS is still not fully
clarified. The aim of this study is to analyze the expression of
these three inter-related EMT biomarkers in a cohort of pros-
tate cancer patients and prospectively investigate their predic-
tive value in long-term DFS.

Materıals and Methods

Patients

A total of 103 consecutive prostate adenocarcinoma cases
diagnosed between 2008 and 2012 in Antalya Education and
Training Hospital were included in this study. All patients
underwent radical retropubic prostatectomy and tumor speci-
mens were graded and staged according to Gleason system
and TNM criteria, respectively. For statistical analysis, tumors

with a Gleason score of <7 were considered as low grade, and
tumors with a Gleason score of 7 or higher were considered as
high grade. Age, initial PSA level, tumor size and clinical
stage were documented. Post-operatively, all patients were
enrolled in active surveillance with serum PSA levels, mea-
sured every 3 months in the first year, every 6 months during
the second year, and at the end of the third year. DFS was
calculated as the time from initial surgery to biochemical fail-
ure, the latter was defined as PSA level of ≥0.2 ng/ml on at
least 2 occasions over a 2-month period [16]. In addition, 35
patients with benign prostatic hyperplasia (BPH) who
underwent open prostatectomy between February 2013 and
July 2013 were included in the study as a control group to
patients with prostate carcinoma. The study was approved by
local ethics committee of Antalya Education and Training
Hospital and written informed consent was obtained from
each patient.

Sample Preparation and İmmunohistochemistry

All radical retropubic prostatectomy specimens and open
prostatectomy materials were routinely fixed in 10 % neutral
buffered formalin and embedded in paraffin. Hematoxylen
and eosin-stained slides of radical prostatectomy materials
were reviewed to assess Gleason score and pathological stage.
Serial 3-μm sections of all prostatectomy specimens were tak-
en for immunohistochemical analysis of E-cadherin, β-caten-
in, and Snail protein expression by using Ventana Benchmark
XTautomated system. Slides were left in incubator which was
set to 560C overnight and after deparaffinization, they were
kept in EDTA solution for 60 min. Optimized antibody dilu-
tions were: E-cadherin 1:50 (Dako, UK), Snail 1:100
(AbCam, UK) and β-catenin 1:100 (abCam, UK). After pri-
mary antibody application, slides were incubated in 37 °C for
80 min. Ultraview Universal DAB kit was used to obtain
binding of polymer structures and primary antibodies in
Ventana Benchmark XT immunohistochemistry automated
system. Sections were counterstained with hematoxylin for
8 min, dehydrated with ethanol and permanently
coverslipped. Normal prostate glands were used as positive
control for all antibodies.

Staining İnterpretation

Staining results were evaluated without prior knowledge of
clincial and pathological parameters by two experienced pa-
thologists using a consensus method. Tumor cells and non-
tumoral hyperplastic prostate cells were evaluated and scored.
The staining intensity was scored as negative (-), weakly posi-
tive (+), moderately positive (++), and strongly positive (+++)
which took all membranous, cytoplasmic and nuclear staining
of each individual cell into account. Staining distributions be-
low 10 % were regarded as negative. For statistical analysis,
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negative and weak positive cases were tabulated as negative,
while moderate and strongly positive cases were grouped as
positive. Additionally, for Snail andβ-catenin immunoreaction,
the tumors were considered nuclear positive when more than
5 % of the nuclei of tumor cells were positively stained.

Statistical Analysis

Comparisons between patients with prostate adenocarcinoma
and BPH, and the associations between common prognostic
variables (i.e., Gleason score, Gleason score pattern, PSA lev-
el at diagnosis, pathologic T stage, tumor volume) and expres-
sion of β-catenin, Snail, and E-cadherin in prostate adenocar-
cinoma specimens were analyzed by Pearson’s chi-square test
and Fischer’s exact test. Student’s t test was used for continu-
ous variables. The impact of these proteins on DFS of patients
was investigated by Kaplan-Meier survival curves, and com-
parisons were made by the log-rank test. All statistical analy-
ses were performed using SPSS version 17.0 for Windows
(SPSS Inc, Chicago, IL).

Results

Clinicopathological features of our prostate adenocarcinoma
patients are given in Table 1. Mean age at diagnosis was
63.7 years and all patients underwent radical retropubic pros-
tatectomy upon diagnosis. For our patient cohort, mean PSA
level at diagnosis was 12.7 ng/mL and mean tumor volume
was found to be 6.8 mL. Fifty-five percent of the patients had
pT2 disease while 45 % had pT3 tumor. Gleason score was
lower than 7 in 56.3 % of cases.

Expression of EMTmarkers in prostatectomy specimens of
patients with prostate carcinoma were evaluated and com-
pared with BPH patients (Fig. 1 and Table 2). Patients with

prostatic adenocarcinoma had weaker β-catenin staining
when compared to BPH cases and they had significantly
higher rate of nuclear positivity (83.5 %) while BPH patients
commonly located this biomarker in their cytoplasm only with
negative nuclear staining (85.7%) (p<0.0001) (Figs. 2a, d and
3a). Similarly, prostate cancer patients had significantly lower
Snail expression in their tumor cells (p=0.006) and the fre-
quency of positive nuclear staining was higher (81.5 %) when
compared to patients with BPH (14.3 %) (p<0.0001)
(Figs. 2b, e and 3b). Moreover, expression of E-cadherin
was stronger in BPH patients when compared to prostate can-
cer patients who demonstrated less intense staining with E-
cadherin (p=0.02) (Fig. 2c and f).

Further investigation of the correlation between expres-
sion of EMT markers and common clinicopathological
prognostic variables in prostate cancer patients revealed
that increased expression and nuclear localization of β-
catenin were associated with advanced pathological tumor
stage (p=0.012 and p=0.003, respectively) and higher tu-
mor volume at presentation (p=0.013 and p=0.002, re-
spectively) (Table 3). However, neither β-catenin expres-
sion nor its staining pattern were correlated with Gleason
score and PSA at diagnosis. Likewise, patients with in-
creased Snail expression had higher Gleason scores and
tumor volume at presentation (p=0.008 and p=0.004, re-
spectively). When patients with Gleason score 7 (n=34)
were further analyzed according to their pattern, Gleason
4+3 group (n=13) did not demonstrate any differences in
terms of EMT marker expression patterns when compared
to Gleason 3+4 group (n=21). Nuclear positivity of Snail
expression and loss of expression of E-cadherin did not
correlate with common prognostic variables of prostate
adenocarcinoma.

Among 103 patients who were included in the study, 5, 4,
8, 1, and 10 cases were lost to follow-up at 6 (1 patient had
biochemical relapse at that time), 9, 12, 18, and 24 months.
Seventy-five patients completed the 36-month follow-up sur-
veillance with PSA levels. None of the patients deceased dur-
ing the follow-up. Median DFS for the entire cohort could not
be reached due to the higher number of patients with no evi-
dence of disease at their last visit. Nineteen out of 76 patients
(25 %) had progression of their disease at median time of
6 months.

After 36 months of active surveillance, data revealed
that there were no statistically significant DFS differ-
ences between prostate carcinoma patients who did and
did not have β-catenin, Snail, and E-cadherin expres-
sion (Fig. 4). Patients who had nuclear Snail and β-
catenin staining did not demonstrate survival difference
when compared to cases who did not have it (p=0.189
and p=0.332, respectively). Since the EMT biomarkers
had no survival influence in univariate tests, we did not
perform a further multivariate Cox-regression analysis.

Table 1 Clinicopathological characteristics of prostate cancer patients
(n=103)

Age, yrs 63.7±6.8

PSA at diagnosis (ng/mL) 12.7±13.8

Tumor volume (mL) 6.8±9.03

pT stage

T2a 15/103 (% 14.6)

T2b 22/103 (% 21.4)

T2c 20/103 (% 19.4)

T3a 23/103 (% 22.3)

T3b 23/103 (% 22.3)

Gleason score

4–6 58/103 (% 56.3)

7 34/103 (% 33)

8–9 11/103 (% 10.7)
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Dıscussıon

Our results showed that prostate adenocarcinoma patients had
decreased expression of common EMT markers, including β-
catenin, Snail and E-cadherin and both β-catenin and Snail
demonstrated nuclear segregation when compared to patients
with BPH. Nuclear localization of β-catenin was associated
with advanced pathological tumor stage and higher tumor
volume at presentation while patients with increased Snail

expression had higher Gleason scores and tumor volume.
Gleason score pattern 4+3 is known to be an adverse prog-
nostic factor, but we failed to demonstrate a difference in EMT
marker status in this group. Moreover, 3-year follow up of our
cohort revealed that these EMT markers failed to predict DFS
which was assessed by regular PSA measurements.

Several studies highlighted the importance of Wnt/β-
catenin pathway in prostate carcinogenesis [17]. It has been
proposed that there is a synergy between β-catenin and

Fig. 1 Graphical comparison of expression of epithelial-mesenchymal transition markers in patients with benign prostate hyperplasia (BPH) and
prostate adenocarcinoma

Table 2 Expression of epithelial-
mesenchymal transition markers
in patients with prostate
adenocarcinoma and benign
prostatic hyperplasia

Prostate adenocarcinoma Benign prostate hyperplasia p value

Age 63.7±6.8 59.4±7.1 0.002

β-catenin

Weak 23/103 (22.3 %) 3/35 (8.6 %) <0.0001
Moderate 58/103 (56.3 %) 10/35 (28.6 %)

Strong 22/103 (21.4 %) 22/35 (62.8 %)

β-catenin nuclear staining

Positive 86/103 (83.5 %) 5/35 (14.3 %) <0.0001
Negative 17/103 (16.5 %) 30/35 (85.7 %)

Snail

Negative 27/103 (26.2 %) 0/35 (0 %) 0.006
Weak 38/103 (36.9 %) 14/35 (40 %)

Moderate 36/103 (34.9 %) 20/35 (57.1 %)

Strong 2/103 (2 %) 1/35 (2.9 %)

Snail nuclear staining

Positive 84/103 (81.5 %) 5/35 (14.3 %) <0.0001
Negative 19/103 (18.5 %) 30/35 (85.7 %)

E-cadherin

Weak 21/103 (20.4 %) 3/35 (8.6 %) 0.02
Moderate 42/103 (40.8 %) 9/35 (25.7 %)

Strong 40/103 (38.8 %) 23/35 (65.7 %)
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androgen receptor pathways in which androgen receptor di-
rectly binds β-catenin to stimulate gene transcription and im-
portantly, androgen receptor itself is a transcriptional target of
β-catenin [18, 19]. The hypothetical idea of modulating an-
drogen receptor targeted genes by inhibiting nuclearβ-catenin
has been tested recently by Lee, et al. who demonstrated that a
small molecule inhibitor of nuclear β-catenin caused disrup-
tion of both Wnt/β-catenin and androgen receptor-mediated
signaling [20]. Similar to our results, a retrospective study of
132 prostate cancer patients failed to demonstrate a difference
in time to PSA progression between two patient groups with

differential β-catenin expression [21]. Despite the absence of
DFS difference between prostate cancer patients with or with-
out β-catenin expression, this biomarker can still be a prom-
ising target for future therapies.

Snail is a transcription factor that is involved in EMT via
down-regulation of E-cadherin, repression of tight junction
proteins like claudin, occludin, and zona occludens, and up-
regulation of matrix metalloproteinases [9, 13]. Our results are
in parellel to prior studies which also demonstrated a signifi-
cant association between high Snail expression and high
Gleason scores [12]. However, the impact of increased Snail

Fig. 2 Comparison of expression of epithelial-mesenchymal transition
markers in patients with benign prostate hyperplasia (BPH) and prostate
adenocarcinoma. BPH patients demonstrated higher staining intensity

with β-catenin (a), Snail (b), and E-cadherin (c), when compared to
prostate cancer patients who had decreased positivity with these
markers (d, e, and f, respectively)

Fig. 3 Patients with prostate
adenocarcinoma had higher
intensity staining with nuclear β-
catenin (a) and Snail (b). c and d
corresponds to negative controls
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expression or high nuclear Snail staining on DFS of prostate
cancer patients is highly debated. It has been proven that Snail
expression is upregulated from the earlier stages of prostate
carcinogenesis and increased expression correlated with tu-
mor de-differentiation rather than tumor progression or prog-
nosis [22, 23]. Therefore, although it is consistenly reported to
be positive in locally invasive high grade tumors, it does not
predict distant disease and long term prognosis.

The cardinal role of E-cadherin in tumorigenesis has been
established, particularly in breast [24], prostate [25, 26] and
gastric carcinomas [27]. Loss of E-cadherin expression on cell
membrane was found to be associated with high histological
grade and advanced tumor stage, and therefore with poor
prognosis. Of note, Meng Z, et al. also reported that prostate
cancer metastasis was suppressed in mice who received high
dose zileuton, 5-lipoxygenase inhibitor, which restored E-
cadherin expression [28]. However, our prospective analysis
failed to demonstrate an association between E-cadherin stain-
ing in initial prostate tumor sample and tumor stage, grade,
volume, initial PSA level and DFS.

Loss of intercellular adhesion molecules and local invasion
in tissue of origin have been accepted as early steps of carci-
nogenesis preceding lymphovascular invasion and distant me-
tastasis. Moreover, studies showed that circulating tumor cells
have down-regulated epithelial gene expression profiles,
while they demonstrate phenotypic features of mesenchymal
cells [29]. A recent study indicated that prostate cancer cells
which had stable mesenchymal-like phenotype had decreased
self-renewal capacity and pluripotency although they had in-
creased invasiveness in extracellular matrix [5]. In addition,
once the tumor cells infiltrate a distant organ they undergo

reverse EMT transition to re-gain their epithelial phenotype
with increased self renewal and proliferative capacity. There-
fore, the EMT markers tested in this study may be valuable
indicators of a locally invasive cancer (i.e., since they show
differential expression patterns in BPH and cancer tissue), but
they failed to predict long-term outcome in our carcinoma
cohort. This may in part be due to the fact that EMT is an
early event taking place in tumor progression and assessment
of primary tumor does not give any insight about the metasta-
tic potential of cells which require having other alterations to
survive in distant tissues.

To our knowledge, this is the first prospective study
analyzing prognostic significance of three important EMT
biomarkers in a large cohort of prostate adenocarcinoma
patients. One potential limitation of this study can be our
recurrence assessment with PSA rather than clinical and
imaging results. However, we still think that PSA assess-
ment is superior to clinical measures for investigating the
impact of biomarkers on DFS and it is also gold standard
for post-treatment surveillance in prostate cancer patients
[3]. Another limitation can be the short follow-up period
for this relatively less aggressive tumor. Additionally, we
did not investigate the association between EMT markers
and other well-established markers of invasiveness in pros-
tate cancer, the latter including prostate specific acid phos-
phatase (PSAP), alpha-methylacyl-CoA racemase
(AMACR), and ERG oncogene. Although DFS was cal-
culated from initial surgery to biochemical failure, the
cases with high PSA levels had multiple PSA tests after
initial detection of increase which might have changed our
initial surveillance program.

Table 3 Association between expression of epithelial-mesenchymal transition markers and prognostic parameters of prostate cancer

β-catenin staining β-catenin nuclear positivity Snail staining Snail nuclear staining E-cadherin staining

Present Absent p Present Absent p Present Absent p Present Absent p Present Absent p

Gleason score

<7 43/80 15/23 0.328 45/86 13/17 0.067 15/38 43/65 0.008 47/84 11/19 0.877 40/76 12/21 0.931

≥7 37/80 8/23 41/86 4/17 23/38 22/65 37/84 8/19 36/76 9/21

Gleason score pattern

4+3 2/8 11/26 0.443 0/4 13/30 0.144 6/18 7/16 0.725 1/6 12/28 0.370 3/9 10/25 1.000

3+4 6/8 15/26 4/4 17/30 12/18 9/16 5/6 16/28 6/9 15/25

Initial PSA value

<20 ng/mL 66/80 20/23 0.757 70/86 16/17 0.293 29/38 57/65 0.133 69/84 17/19 0.732 67/82 19/21 0.513

≥20 ng/mL 14/80 3/23 16/86 1/17 9/38 8/65 15/84 2/19 15/82 2/21

pT stage

pT2 39/80 18/23 0.012 42/86 15/17 0.003 18/38 39/65 0.213 45/84 12/19 0.448 43/82 14/21 0.242

pT3 41/80 5/23 44/86 2/17 20/38 26/65 39/84 7/19 39/82 7/21

Tumor volume

<5 mL 42/78 19/23 0.013 45/84 16/17 0.002 15/36 46/65 0.004 47/82 14/19 0.189 47/81 14/20 0.327

≥5 mL 36/78 4/23 39/84 1/17 21/36 19/65 35/82 5/19 34/81 6/20
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In conclusion, expression of β-catenin, Snail, and E-
cadherin were significantly lower in prostate cancer patients
compared to BPH patients and both β-catenin and Snail had
nuclear staining pattern in patients with adenocarcinoma.
None of these markers predicted DFS in 36-month follow
up of our cohort with univariate analysis. EMT markers can
be used to distinguish benign prostate pathologies from

invasive cancer, however their role in predicting long-term
outcome is controversial.

Conflict of Interest The authors declare no conflicts of interest or
sources of funding.

Fig. 4 Kaplan-Meier disease free survival curves for prostate carcinoma patients with and without expression of epithelial-mesenchymal transition
markers. There were no significant survival differences between patient groups for both expression and strong nuclear positivity of the markers
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