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INTRODUCTION

Prostate cancer (PC) is the most common neoplasm of 
males and despite the progressive decline in its incidence 
and mortality, it is still the second common cause of cancer-
related death among men (1). The National Comprehensive 
Cancer Network (NCCN) guidelines defined the high-risk 
localized prostate cancer as initial PSA >20 ng/ml, clinical 
stage ≥T3a and Gleason score ≥8 (2). However, these clinical 
markers do not adequately discriminate between indolent 
tumors and those that will progress to be metastatic, so 
efforts are now directed towards using a combination of 
biological rather than clinical markers to predict prognosis 
and response to therapy (3).

Several studies have reported that epithelial-mesenchymal 
transition (EMT) and cancer stem cells (CSCs) play a key 
role in metastasis and drug resistance of prostatic carcinoma. 
Understanding the determinants responsible for EMT and 
CSCs will be essential to develop new promising therapies 
for PC in the future (4).

Epithelial-mesenchymal transition is a process found in 
embryogenesis and tumor invasion which is thought to 
be a general character of cancer stem cell and progenitor 
cell populations. They lose their polarity and intercellular 
adhesion molecules to transform into invasive and 
migrating mesenchymal cells (5).

Castration can induce EMT that may enhance the stemness 
of CSCs to facilitate aggressive and metastatic behavior, 
which in turn results in castration-resistance and metastasis 
(6). Recent studies have demonstrated that EMT plays a 
critical role in tumor recurrence and that it is tightly linked 
to the biology of cancer stem cells or cancer-initiating cells 
(7).

The major changes of epithelial-mesenchymal transition 
occur at the molecular level before tumor morphology 
and the utilization of these early molecular changes may 
be crucial in predicting the prognosis of cancer (8). The 
process of EMT includes upregulation of pro-EMT proteins 
such as Twist-1, N-cadherin and fibronectin, as well as 
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down-regulation of EMT depressors as desmoplakin, 
cytokeratins, and E-cadherin (9).

Twist-1, a member of the basic helix-loop-helix transcrip-
tion factors, was reported as a key factor in EMT promoting 
metastasis of a cancer cell. Previous studies have been 
reported that Twist-1 is a master regulator of embryonic 
morphogenesis that controls cell migration and differentia-
tion under various physiological conditions and promotes 
EMT under some pathological conditions including cancer 
(10).

The Twist-1 biomarker plays a crucial role in tumor growth, 
cell invasion, and metastasis through regulation of cancer-
related functions, such as angiogenesis, and degradation 
of the extracellular matrix in various malignancies. In 
addition, it promotes EMT by repressing the expression of 
E-cadherin leading to disassembly of adherens junctions 
and increased migratory potential (11).

E-cadherin is a Ca²-dependent transmembrane protein 
that mediates cellular adhesion in normal epithelium via 
interactions with β-catenin in the cytoplasm. Its expression 
level is negatively correlated with the development of 
EMT and tumor invasion. Loss or aberrant expression of 
E-cadherin is related to PC progression, metastasis, and 
poor prognosis through two different mechanisms, cell-cell 
adhesion and paracrine action (12). Cleavage of E-cadherin 
ectodomain has been shown to create an sE-cad fragment, 
capable of inducing EMT, invasion, and proliferation in a 
paracrine manner via EGFR signaling (13).

Epithelial-mesenchymal transition could potentially offer 
a satisfactory explanation for the origin of CSCs, but the 
molecular mechanisms linking EMT to stemness are still 
unclear. The cancer stem cell theory contributes to a second 
explanation for the relapse and resistance that occurs in 
multiple tumors after therapy (7).

Enhancer of zeste homolog-2 (EZH2), a catalytic subunit 
of Polycomb Repressive Complex 2 (PRC2) responsible 
for histone H3-lysine 27 methylation, regulates gene 
transcription and chromatin structure. Some studies suggest 
that EZH2 plays a crucial role in stem cell renewal, main-
tenance, and differentiation into specific cell lineages (14). 
Moreover, it is overexpressed in aggressive solid tumors, 
including prostate cancer, and may be a useful prognostic 
marker in clinical practice with chemotherapeutic agents 
that specifically target the enzyme (15). Some studies have 
also suggested that its oncogenic activity is thought to be 
mainly mediated by silencing tumor suppressor genes. 

EZH2 is implicated in EMT activation by the inhibition of 
E-cadherin expression, and its upregulation represents one 
of the most frequent epigenetic alterations during prostate 
cancer progression (16).

Development of drugs either inhibiting EMT, CSCs or 
enhancing the expression of epithelial markers could be a 
novel strategy for PC therapy in the future (4). In the present 
study, we aimed to investigate the immunohistochemical 
expression of EMT-related molecules (Twist-1 and 
E-cadherin) and the stem cell marker EZH2 in PC and to 
assess their ability to identify high-risk patients, in a trial to 
explore their prognostic implications.

MATERIALS and METHODS

Tissue Specimens

In this retrospective cohort study, fifty formalin-fixed-
paraffin-embedded tissue specimens of PC and twenty 
cases of benign prostatic hyperplasia (BPH) as control cases 
were collected from the archive of Pathology Department, 
Zagazig University Hospitals, Egypt. The tissue specimens 
were obtained either by transrectal ultrasound-guided 
prostatic needle biopsy (15 cases, 6 paraffin blocks for each), 
open prostatectomy (5 cases), or radical prostatectomy (30 
cases) at the Urology Department during the period from 
November 2013 to December 2015. The clinicopathological 
data were retrieved from patients’ files including age; initial 
prostate-specific antigen (PSA) level, tumor stage (pT), 
Gleason score, nodal metastasis, distant metastasis and 
follow-up data. Distant metastasis was established by clinical 
features, radiology, and radio-isotopic bone scan. Metastasis 
to lymph nodes was diagnosed by histological examination 
beside PSA staining of the resected lymph nodes. None of 
the patients had received preoperative androgen ablation 
before surgery. Histopathologic diagnosis of all cases 
was reviewed by two pathologists (AE, SA) to unify the 
reproducibility of the diagnosis. According to World 
Health Organization classification of prostate cancer and 
the revised Gleason grading system, PCa specimens were 
divided into low-grade (<7) and high-grade cancers (≥7) 
(17) Tumor stages (pT) were defined based on the TNM 
prostate cancer staging system (18). The mean follow-up 
period of cancer patients was 23.32 ± 9.18 months (range 
3-36 m). All patients were followed up with a digital 
rectal examination, imaging studies and serum PSA assay 
every 3 months in the first year, semi-annually thereafter. 
Biochemical progression was defined as persistent or rising 
PSA level of >0.2 ng/ml in two consecutive blood samples 
over a 2-month period. 
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cells. Patterns other than those were regarded as aberrant 
immunoreactivity (20).

Evaluation of EZH2 Immunostaining

The nuclear staining for EZH2 in ten high power fields was 
recorded and calculated for each case and the percentage 
of positive cells was scored as follows: 0-33%, score 1; 34-
66%, score 2 and >67%, score 3. The staining intensity (0: 
negative; 1: mild; 2: moderate; 3: strong) was recorded. 
Finally, the staining index (SI) was obtained by multiplying 
the two scores: SI (0- 9). A final score of ≥4 was considered 
to be high (21).

Statistical Analysis

Continuous variables were expressed as the mean ± SD & 
median (range), and categorical variables were expressed as 
a number (percentage). Continuous variables were checked 
for normality by Shapiro-Wilk test. Mann-Whitney U-test 
was used to compare between two groups of non-normally 
distributed variables. Percent of categorical variables 
were compared using Pearson’s Chi-square test or Fisher’s 
exact test when appropriate. The trend of change in the 
distribution of relative frequencies of ordinal data was 
compared using the chi-square test for trend. Biochemical 
progression-free survival (BPFS) was calculated as the 
time from the start of treatment to date of biochemical 
progression or the most recent follow-up contact that 
a patient was known as biochemical progression free. 
Stratification of BPFS was done according to markers. 
These time-to-event distributions were estimated using 
the Kaplan-Meier plot method, and compared using the 
two-sided exact log-rank test. All tests were two-sided. A 
p-value <0.05 was considered significant. Statistical analysis 
was done using SPSS 22.0 for Windows (SPSS Inc., Chicago, 
IL, USA) and MedCalc windows (MedCalc Software bvba 
13, Ostend, Belgium). The study was approved by our local 
research ethics committee.

RESULTS

Clinicopathological Features

The mean age of cancer patients at the diagnosis was 
62.94±8.76 years, while the mean age of BPH cases was at 
58.40±11.98 years. No significant difference between the 
two groups concerning age was present (p=0.138). Gleason 
score ≥ 7 was the most common score in this cohort (56%). 
Forty percent of PC patients had pT2 disease while 60% 
had pT3-pT4. Distant metastasis was detected in 12 cases 
(24%) and lymph node involvement was observed in 24 
cases (48%). During the follow-up period, biochemical 
progression was noted in 30% of the patients. Mean serum 

Immunohistochemical Procedure

Paraffin sections of 3-5 µm were stained using the 
streptavidin-biotin-peroxidase technique. The tissue 
sections were deparaffinized in xylene and rehydrated 
through graded alcohol. Epitope retrieval by boiling in 
citrate buffer (pH 6.0) for 20 min was done and then washed 
in phosphate buffer saline (PBS). Endogenous peroxidase 
activity was blocked by incubation of slides in 3% hydrogen 
peroxide for 20 minutes. After washing with PBS, blocking 
serum was applied for 10 min. At room temperature, the 
tissue sections were incubated overnight with an anti-EZH2 
antibody (1:100, BD Biosciences, CA); Rabbit polyclonal 
anti-Twist antibody (1:50, ab50581; Abcam, Cambridge, 
UK) and monoclonal anti-E-cadherin antibody (1:50; 
Dako, Carpinteria, CA, UK). After rinsing in PBS, the 
tissues were incubated with a biotin-conjugated secondary 
antibody (Lab Vision Corporation, Fermont, USA) and 
then incubated using the streptavidin-biotin system for 1 
hour at room temperature. The sections were incubated 
with diaminobenzidine (DAB) for 15 minutes then rinsed 
with distilled water. Finally, the slides were counterstained 
with Meyer’s hematoxylin, dehydrated and mounted. 
Negative controls were made by substitution of primary 
antibodies with a non-immune serum. Normal prostatic 
glands, thyroid cancer, and breast ductal carcinoma were 
used as positive controls for E-cadherin, Twist-1, and 
EZH2, respectively. 

Scoring Criteria

At the start of this study we excluded prostate cancer cases 
showing marked heterogeneous appearance. In addition, 
during the assessment of immunohistochemical expression 
of the markers we evaluated four representative tumor 
regions (high Gleason, low Gleason, central and margin) by 
both extension and intensity.

Evaluation of Twist-1 Immunostaining

The cytoplasmic staining intensity was scored as follows: 0, 
negative; 1, weak; 2, medium; and 3, strong. The staining 
extent was scored as follows: 0, 0%; 1, 1-25%; 2, 26-50%; 
3, 51-75%; and 4, 76-100%. The final scores (0-7) were 
calculated as the sum of the intensity score and extent score. 
The staining scores of more than 3 were considered as high-
expression (19).

Evaluation of E-Cadherin Immunostaining

Membranous E-cadherin immunoreactivity was inter-
preted as normally or aberrantly immunoreactive. 
Immunoreactivity was classified as normal if the specimens 
showed strong or moderate membranous staining and 
weak or negative cytoplasmic staining in >70% of the 
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PSA level in cancer patients was 19.8± 14.02 ng/ml (range 
4-50) and 2.03±1.33 ng/ml (range 0.4-5) in BPH. Other 
clinicopathological features of PC and BPH cases are 
presented in Tables I, II.

Twist-1 Expression

The majority of PC cases (54%) showed high Twist-1 
expression in the tumor cells while 100% of BPH specimens 
showed low expression (p<0.001). Further investigation of 
the correlation between Twist-1 immunoexpression and 
clinicopathological features revealed that the increased 
expression was associated with an initial PSA level (p<0.001). 
In addition, Twist-1 immunoreactivity was up-regulated 
with increased tumor grade with statistically significant 
difference (p<0.001) (Figure 1A-C). Furthermore, a 
significant difference in Twist-1 expression was observed 
regarding the pathological tumor stage (p=<0.001), LN 
involvement (p<0.001), and distant metastasis (p=0.003).

E-Cadherin Expression 

All BPH specimens showed moderate to strong 
membranous immunoreactivity of E-cadherin (preserved 

pattern) (Figure 2), while 62% cases of PC specimens had 
aberrant E-cadherin immunoreactivity with a significant 
difference between the two groups (p<0.001).

Low-grade PC of Gleason score <7 showed aberrant 
E-cadherin immunoreactivity in only 27.3% of cases, 
while the majority of high-grade PC (89.3%) had aberrant 
expression (p<0.001) (Figure 3A-D). A significant 
correlation was found between E-cadherin expression 
patterns and initial PSA level (p<0.001). Aberrant 
E-cadherin expression was more common in advanced 
pathological stages than the early stages (p<0.001). 
Furthermore, loss of membranous E-cadherin expression 
was found in all cases associated with LN involvement and 
distant metastasis in contrast to those cases with negative 
LN and without distant metastasis (p<0.001, p=0.002, 
respectively).

EZH2 Expression

Analysis of both staining intensity and extension of nuclear 
EZH2 revealed that all cases of BPH showed a low expression 
level limited to the prostate epithelium and absent in the 
surrounding stroma, while 66% of PC cases exhibited a high 

Table I: Clinicopathological features of 50 patients with prostatic carcinoma

Characteristics No. % Characteristics No. %
Age (year) M
Mean ± SD 62.94 ± 8.76 M0 38 76%
Median (Range) 60.50 (50 - 86) M1 12 24%
<65 years 31 62% Twist-1
≥65 years 19 38% Low 23 46%
PSA (ng/mL) High 27 54%
Mean ± SD 19.86 ± 14.02 E-cadherin
Median (Range) 14.50 (4 - 50) Normal 19 38%
<10 ng/mL 16 32% Aberrant 31 62%
≥10 ng/mL 34 68% EZH2
Gleason score Low 17 34%
<7 22 44% High 33 66%
≥7 28 56% Follow-up (months)
pT Mean ± SD 23.32 ± 9.18
pT2 20 40% Median (Range) 24.50 (3 - 36)
pT3 20 40% Progression
pT4 10 20% Absent 35 70%
pN Present 15 30%
pN0 21 42%
pN1 24 48%
pNx 5 10%

Continuous variables were expressed as mean ± SD & median (range). Categorical variables were expressed as number (percentage).
Progression: Biochemical progression.
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expression level in tumor cells with a significant difference 
between the two groups (p<0.001).

Analysis of the correlation between nuclear EZH2 and 
clinicopathological parameters revealed that patients 
with high EZH2 expression had a higher initial PSA level 
and Gleason scores (p<0.001, p=0.001, respectively) at 
presentation (Figure 4A,B). Moreover, it was found that all 
cases of advanced tumor stage (pT3, pT4), LN involvement 
and distant metastasis revealed high nuclear EZH2 
expression. 

The correlation between Twist-1, E-cadherin and EZH2 
expression and the clinicopathological parameters are 
demonstrated in Table III. 

Association Between Twist-1, E-Cadherin and EZH2 
Expression

The correlation analysis of our marker expression among 
PC cases revealed a significant positive correlation between 
Twist-1 and EZH2 expression (p<0.001), while E-cadherin 
expression showed a negative correlation with both markers 
(p<0.001) (Table III).

Association of Twist-1, E-Cadherin and EZH2 Expression 
with Biochemical Progression and BPFS

During the follow-up period, 15 out of 50 patients (30%) 
showed biochemical progression at the mean time of 
29.4 months with 3 year BPFS in 63.7% of cases. We 
found that 51.9% of high Twist-1 expression, 38.7% of 
aberrant E-cadherin, and 42.4% of high EZH2 cases had 
a biochemical progression within 3 years. However, only 

Figure 1: A) Low-grade prostate cancer (Gleason score <7) shows 
negative immunoreactivity of Twist-1 (IHC; x400).
B) High-grade prostate cancer (Gleason score ≥7) shows low 
cytoplasmic immunoreactivity of Twist-1 (IHC; x400). 
C) High-grade prostate cancer (Gleason score ≥7) shows high 
cytoplasmic immunoreactivity of Twist-1 (IHC; x400).

Figure 2: Benign prostatic hyperplasia shows strong and complete 
membranous immunoreactivity of E-cadherin (preserved 
expression), (IHC; x400).

A

B
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In this study, we evaluated the expression level of Twist-1, 
E-cadherin and EZH2 in PC in a trial to assess their role in 
the pathogenesis, progression, and identification of cancer 
patients who will likely progress to aggressive disease and 
therefore need radical treatment or earlier intervention.

In the present work, Twist-1 up-regulation was observed 
only in PC as compared to BPH; denoting its role in 
neoplastic transformation and progression of cancer. 
Increased expression of Twist-1 was associated with 
the initial PSA level and Gleason grade supporting the 
previous reports about its negative impact on cancer 
cell differentiation and histological progression (24). 
However, Whiteland et al. reported that Twist-1 expression 
was indifferent between PC and BPH. In addition, they 
reported indifferent Twist-1 expression between different 
Gleason scores. They explained this discrepancy of results 
by different patient demographics (25).

Furthermore, a significant positive association between 
Twist-1 expression and TNM staging including pT stage, 
LN involvement, and distant metastases was demonstrated 
where most of the advanced stages had high Twist-1 
expression. Our data agree with previous studies that found 

4.3% of low Twist-1 expression (p<0.001), 15.8% of normal 
E-cadherin expression (p=0.086), and 5.9% of low EZH2 
expression cases (p=0.008) had a progressive disease 
(Table IV). Kaplan-Meier survival curve analysis revealed 
a significant association between high Twist-1 (p<0.001), 
aberrant E-cadherin (p=0.013) and high EZH2 expressions 
(p=0.002) and shorter BPFS (Figure 5A-C).

DISCUSSION 

Prostate cancer is the second leading cause of cancer-
related mortality in males. The transition of a subset of 
tumors from indolent to invasive disease is associated 
with a poor clinical outcome. Activation of EMT genetic 
program is a major risk factor for cancer progression (16). 
It is important to accurately predict the prognosis of cancer 
patients following surgical resection of the tumors using 
an accepted consensus to define postoperative follow-up 
schedule as well as additional treatment strategies (22). 
Therefore, individual assessment of a tumor’s aggressive 
potential is crucial for clinical decision making. The critical 
question is how to identify patients with a high-risk of 
recurrence or progression (23).

Table II: Comparison between prostatic carcinoma and BPH as regard clinicopathological features, immunohistochemical markers.

Parameters
Prostatic carcinoma (N=50) BPH (N=20)

p-value
No. (%) No. (%)

Age (year)
Mean ± SD 62.94 ± 8.76 58.40 ± 11.98

0.138Ÿ
Median (Range) 60.50 (50 - 86) 58 (40 - 80)
<65 years 31 (62%) 13 (65%)

0.814‡
≥65 years 19 (38%) 7 (35%)
PSA (ng/mL)
Mean ± SD 19.86 ± 14.02 2.03 ± 1.33

<0.001Ÿ
Median (Range) 14.50 (4 - 50) 1.75 (0.40 - 5)
<10 ng/mL 16 (32%) 20 (100%)

<0.001‡
≥10 ng/mL 34 (68%) 0 (0%)
Twist-1 
Low 23 (46%) 20 (100%)

<0.001‡
High 27 (54%) 0 (0%)
E-cadherin
Normal 19 (38%) 20 (100%)

<0.001‡
Aberrant 31 (62%) 0 (0%)
EZH2
Low 17 (34%) 20 (100%)

<0.001‡
High 33 (66%) 0 (0%)

Continuous variables were expressed as mean ± SD & median (range); categorical variables were expressed as number (percentage); Ÿ Mann-Whitney U 
test; ‡ Chi-square test; p<0.05 is significant.
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in the PC may enhance EMT by promoting E-cadherin 
switching. 

Kwok et al. observed that down-regulation of Twist-1 in 
androgen-independent PC cells increased their sensitivity 
to anticancer therapy and decreased their invasion and 
migration abilities, suggesting Twist-1 inactivation as a 
potential strategy to control the growth and metastasis of 
these cells (27). Previous studies have reported that the 
highest expression of Twist-1 was associated with high 
grade, invasion, metastases, and therefore unfavorable 
prognosis in different cancers as thyroid (28), and lung 
carcinomas (29). These results regarding Twist-1 may help 
to find a new therapeutic target to inhibit the invasion, 
progression, and metastases in PC.

high Twist-1 expression in PC and its correlation with 
disease aggressiveness and metastasis (20, 22).

The explanation for the significant association between 
Twist-1 with advanced tumor stage and the metastatic 
potential of the primary cancer is the transcriptional 
repression of E-cadherin, resulting in a loss of cellular 
adhesion and an enhancement of PC cell motility (26). 
These findings were confirmed by our results, where the 
highest Twist-1 expression was significantly associated with 
aberrant E-cadherin expression. In a previous in vitro study, 
Kwok et al. reported that by reducing the expression of 
Twist-1 in PC cell lines, E-cadherin was redistributed from 
the cytoplasm to the cell membrane (27). Consideration 
of all these data, we can guess that Twist-1 overexpression 

Figure 3: A) Low-grade prostate cancer (Gleason score <7) shows preserved immunoreactivity of E-cadherin (IHC; x400). B) High-grade 
prostate cancer (Gleason score ≥7) shows preserved immunoreactivity of E-cadherin (IHC; x400). C) High-grade prostate cancer (Gleason 
score ≥7) shows aberrant membranous immunoreactivity of E-cadherin (IHC; x400). D) High-grade prostate cancer (Gleason score ≥7) 
shows completely negative immunoreactivity of E-cadherin; note the normal immunoreactivity in the benign glands (IHC; x400).

A

C

B

D
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E-cadherin may occur during PC progression leading to 
loss of epithelial differentiation through the loss of cell 
polarity and adhesion. Furthermore, aberrant E-cadherin 
was significantly associated with advanced tumor stage, 
LN metastasis, and distant metastasis; therefore with poor 
prognosis. These results are hand in hand with Whiteland 
et al. (25). Meng et al. also reported that PC metastasis was 
inhibited in mice that received a high dose of zileuton, 
5-lipoxygenase inhibitor, which restored normal expression 
of E-cadherin (31).

On the other hand, Ipekci et al.’s analysis failed to demonstrate 
an association between E-cadherin expression and tumor 

Loss of intercellular adhesion molecules has been accepted 
as an initial step of malignant transformation preceding 
lymphovascular invasion (LVI) and distant metastasis. 
The key role of E-cadherin in carcinogenesis has been 
established, particularly in the prostate (30).

In the current study, all BPH showed preserved E-cadherin 
immunoreactivity while 62% PC cases designated 
aberrant E-cadherin immunoreactivity with a significant 
difference between the two groups. The membranous 
immunoreactivity of E-cadherin was negatively correlated 
with the initial PSA level and increased Gleason score. 
These results suggest that abnormal localization of 

Table IV: Impact of markers on biochemical progression and biochemical progression free survival.

Markers Total 
(N=50)

Biochemical progression

p-value

Biochemical Progression  Free Survival

p-valueAbsent 
(N=35)

Present 
(N=15) Mean 

(months) 1y (%) 2y (%) 3y (%)
No. (%) No. (%)

All patients 50 35 (70%) 15 (30%) 29.4 month 87.6% 67.9% 63.7%
Twist-1 
Low 23 22 (95.7%) 1 (4.3%) <0.001‡ 35.3 month 100% 95.2% 95.2% <0.001†
High 27 13 (48.1%) 14 (51.9%) 22.3 month 76.7% 39.2% ---
E-cadherin
Normal 19 16 (84.2%) 3 (15.8%) 0.086‡ 33.8 month 100% 89.5% 82% 0.013†
Aberrant 31 19 (61.3%) 12 (38.7%) 25.7 month 79.4% 49.5% ---
EZH2
Low 17 16 (94.1%) 1 (5.9%) 0.008‡ 35.5 month 100% 100% 90.9% 0.002†
High 33 19 (57.6%) 14 (42.4%) 25.4 month 81.4% 47.4% ---

Categorical variables were expressed as number (percentage); ‡ Chi-square test; § Chi-square test for trend; † Log rank test; p<0.05 is significant.

Figure 4: A) Low-grade prostate cancer (Gleason score <7) shows low nuclear immunoreactivity of EZH2 (IHC; x400). B) High-grade 
prostate cancer (Gleason score ≥7) shows high nuclear immunoreactivity of EZH2 (IHC; x400).
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stage, grade, and initial PSA level. They explained their 
results with the fact that EMT is an early event in tumor 
progression and assessment of primary tumor does not give 
any insight into the metastatic potential of cells that require 
having other alterations to survive in distant tissues (3).

Induction of EMT by different stimuli could generate 
stem-like cells with enhanced self-renewal and invasive 
capacity with a high drug resistance, which is strongly 
associated with metastasis and recurrence. However, the 
molecular mechanisms responsible for these processes are 
not completely understood (7).

EZH2 increases the proliferation and invasiveness of PC 
cells (32). The expression of EZH2 promotes the histone 
deacetylase (HDAC) activity and the enhanced HDAC 
activity leads to removal of the acetyl group from the 
histone H3K27 at the E-cadherin promoter region. This 
helps the histone methyl-transferase activity of EZH2. Tri-
methylation of histone H3 on lysine 27 leads to chromatin 
compaction and transcription factors suppression from 
binding and initiating transcription (33). Moreover, 
histone deacetylase inhibitors can prevent EZH2-
mediated suppression of E-cadherin and attenuation of cell 
invasion, suggesting a possible mechanism of therapeutic 
treatments. In addition, a large body of evidence suggests 
that pharmacological inhibition of the enzymatic activity 
of the methyl-transferase EZH2 is an attractive therapeutic 
strategy for castration-resistant prostate cancer (34).

In the present study, all BPH showed low EZH2 expression 
while 66% PC cases showed high EZH2 expression with 
a significant difference between the two groups; these 
results are similar to the observation of Matsika et al. (21). 
Moreover, a significant association was found between 
EZH2 with an initial PSA level, Gleason score, and TNM 
staging of the prostate, which confirm its crucial role in the 
promotion of carcinogenesis and progression as previously 
reported by Bryant et al. who found that EZH2 increases the 
proliferation and invasiveness of PC cells (32). A significant 
association between EZH2 and the different pathological 
parameters had also been reported by some investigators 
(21). This result contrasts with those of Varambally et al. 
who did not find a significant correlation between EZH2 
level and these pathologic parameters (35). Laitinen et al. 
also reported a significant association between EZH2 and 
Gleason score and the initial PSA level, whereas a non-
significant association with tumor stage (pT) was found 
(36).

In our study, we found a significant inverse association 
between EZH2 and E-cadherin expression where 90.9% 

Figure 5: Kaplan-Meier plots of biochemical progression free 
survival (BPFS); A) Stratified according to Twist-1 expression 
(p<0.001). B) Stratified according to E-cadherin expression 
(p=0.013). C) Stratified according to EZH2 (p=0.002).
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(TMAs) and core biopsies which, by their nature, limit 
tumor sampling and do not take into account the tumor 
heterogeneity and patchy staining expected of stem cell 
markers. The differences between our results and this 
study may also be due to using different antibody clones. 
Therefore, these observations support the suggestion that 
EZH2 can serve as a beneficial biomarker for prognostic 
purposes in a PC, as respect to risk evaluation and prognosis 
prediction. EZH2 has also been suggested as a target for 
PC immunotherapy as EZH2-based peptides are detected 
by cytotoxic T cells and immunoglobulin G in PC patients 
(42). Therefore, understanding the complex steps of EMT 
and metastasis will help in the development of improved 
anti-metastatic drug strategies that are helpful against the 
circulating metastatic cells and therapy-resistant cancer 
cells (43). 

In conclusion, the high Twist-1 expression, aberrant 
E-cadherin expression and high EZH2 in primary PC are 
considered as adverse prognostic markers of an aggressive 
tumor with high metastatic potential. Assessment of their 
expression level would help in the accurate prediction of 
the biochemical progression. Therefore, a standardized 
clinical trial with a larger sample is required to assess the 
value of these biomarkers as targeted therapy.
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