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Abstract. E‑cadherin is a key cell‑to‑cell adhesion molecule 
associated with the invasion and metastasis of tumor cells; 
however, the molecular mechanisms are not entirely under-
stood. In this study, we investigated whether downregulation 
of E‑cadherin by E‑cadherin‑specific small intefering RNA 
(siRNA) was able to promote malignant phenotypes of prostate 
cancer cells through upregulating the metastasis‑associated 
gene 1 (MTA1) in vitro. The expression levels of E‑cadherin in 
human paired prostate adenocarcinoma cell lines, PC‑3M‑2B4 
(2B4) and PC‑3M‑1E8 (1E8), were investigated using western 
blot analysis. The alteration of malignant phenotypes associated 
with decreasing E‑cadherin expression were assessed in 2B4 
cells using wound‑healing assays, solid‑phase adhesion assays, 
invasion assays and cytoskeletal staining. The expression of 
E‑cadherin and MTA1 in normal, localized and metastatic 
prostate cancer cells was analyzed using immunohistochem-
istry. Downregulation of E‑cadherin using an RNA interference 
approach led to the upregulation of MTA1 expression, decreased 
tumor cell adhesion ability as well as enhanced cell mobility, 
invasion and cellular polarity compared with the controls 
(P<0.05). E‑cadherin regulated MTA1 in a time‑dependent 
manner. The correlation between E‑cadherin and MTA1 was 
inversed in the prostate cancer group (P<0.05; rs=‑0.434). The 
data suggest that E‑cadherin plays an important role in prostate 
cancer metastasis, which is likely to be due to the regulation 

of MTA1 expression. E‑cadherin may combine with MTA1 
and alter the malignant phenotype of prostate cancer cells. A 
combined testing strategy for detecting MTA1 and E‑cadherin 
may be sufficient for selecting high‑risk patients with metastasis. 
Therefore, E‑cadherin and MTA1 may be potential powerful 
factors for the treatment of various types of cancer.

Introduction

At present, prostate cancer is recognized as one of the most 
important medical problems facing the male population. In 
the USA and Europe, prostate cancer is currently the second 
most common cause of cancer mortality in males (1,2). The 
latest statistics reveal that among males in the USA, an esti-
mated 240,890 new cancer cases and 33,720 mortalities due 
to prostate cancer occurred in 2011 (1). Prostate cancer‑related 
mortality is largely due to its high metastatic potential for 
bone and/or other organs (3,4). Clinically, the prevention and 
treatment of prostate cancer metastasis remains a significant 
challenge since the molecular mechanisms of prostate cancer 
invasion and metastasis are not well understood.

Metastasis is a complex and multi‑step process in the 
progression of malignant cancer (5). Cell migration results in the 
spreading of cancer, which is the leading cause of cancer‑related 
mortalities. In the process of cancer progression, certain cell 
adhesion molecules (CAMs) play a pivotal role in the develop-
ment of recurrent, invasive and distant metastasis (6). A loss 
or reduction in the expression of CAMs, including cadherins, 
facilitates the detachment of single cancer cells from the tumor 
bulk (7,8). One of the key molecules critical for cell‑to‑cell 
adhesion is E‑cadherin, a membrane glycoprotein located at 
cell adherent junctions (9,10). E‑cadherin aids the assembly of 
epithelial cells and maintains the quiescence of cells within 
sheets by forming adherent junctions with adjacent epithe-
lial cells (11). A number of studies have demonstrated that 
increased expression of E‑cadherin is able to inhibit invasion 
and metastasis, while a reduced expression potentiates these 
phenotypes  (11‑14). In order for epithelial cells to develop 
into cancer cells, activation of the epithelial‑mesenchymal 
transition (EMT) is required (15). EMT causes the epithelial 
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cell layers to lose polarity and cell‑cell contacts. It therefore 
triggers the remodeling of the cellular skeleton  (16,17). 
Upregulation of E‑cadherin is implicated by the activation of 
EMT (14,18), and E‑cadherin is regarded as a main indicator 
of epithelial/mesenchymal phenotype switching (19).

The metastasis-associated gene 1 (MTA1) was originally 
identified by the differential screening of a cDNA screening 
library using highly metastatic mammary adenocarcinoma 
cell lines (20). MTA1 appears to interact with, or may even 
be a member of, the histone deacetylase (HDAC) complex, 
and acts as a co‑activator of this complex (21). Studies have 
demonstrated that MTA1 overexpression is associated with 
the adhesion, invasion and metastasis of certain cancer 
cells (22‑24), and with a higher tumor grade, the development, 
microvascular invasion and poor prognosis in a number of 
malignant cancer types (25). Through repression of the estrogen 
receptor α (ERα), hypoxia‑inducible factor‑1α (HIF‑1α) and 
p53 protein, MTA1 converts cancer cells into a more aggres-
sive phenotype (26). Moreover, MTA1 has been identified to 
determine EMT phenotypes mainly through downregulating 
the expression of E‑cadherin, which leads to EMT (27,28). 
E‑cadherin can be upregulated using MTA1 small interfering 
RNA (siRNA) in melanoma cells, which was also confirmed 
in our previous study in cervical cancer cells (29,30). MTA1 
and E‑cadherin are involved in the EMT process (28), since 
the loss of E‑cadherin expression has been demonstrated to 
increase cancer metastasis progresses (13,14,31), and tumor 
cells with increased expression of MTA1 indicate more inva-
sive phenotypes (32). Negative feedback regulation is crucial 
for cells to determine their fate and maintain function during 
gene regulation. Our other study (unpublished data) provided 
information concerning the regulation of E‑cadherin expres-
sion by MTA1 when controlling malignant phenotypes in 
prostate cancer. Whether E‑cadherin has an effect on MTA1 
expression has not yet been elucidated.

In the present study, we examined whether the expression 
of MTA1 is an important contributing factor to the metastasis 
induced by E‑cadherin loss in vitro. In addition, we investigated 
the correlation between E‑cadherin and MTA1 expression 
and location in prostate cancer and metastatic prostate cancer 
tissue samples. We identified that loss of E‑cadherin expres-
sion changes the malignant phenotype of prostate cancer cells 
through an MTA1‑dependent pathway.

Materials and methods

Reagents and antibodies. All reagents were of analytical grade 
and commercially purchased. Primary antibodies against 
MTA1 were from Santa Cruz Biotechnology, Inc. (Santa Cruz, 
CA, USA). E‑cadherin was obtained from Epitomics Inc. 
(Burlingame, CA, USA). α‑tublin, β‑actin and alkaline phospha-
tase‑conjugated anti‑rabbit/mouse/goat IgGs were purchased 
from Sigma (Deisenhofen, Germany). FITC/Cy3‑conjugated 
IgG was obtained from Proteintech Group Inc. (Chicago, IL, 
USA). 4,6‑Diamino‑2‑pheylindoledi (DAPI), fibronectin (FN) 
and 3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium 
bromide (MTT) were purchased from Sigma. The SP 
histostain‑plus kit was obtained from ZhongShan Biotech Co. 
(Beijing, China). All other chemicals were of analytical grade 
and obtained from standard suppliers.

Cell lines. The human paired poorly‑metastatic prostate adeno-
carcinoma cell lines PC‑3M‑2B4 (2B4) and highly‑metastatic 
prostate adenocarcinoma cell lines PC‑3M‑1E8 (1E8) were 
kindly provided by Dr Jie Zheng (Beijing University, Beijing, 
China) (33). All cells were cultured in RPMI‑1640 medium 
(Invitrogen Life Technologies, Carlsbad, CA, USA) with 10% 
(v/v) fetal bovine serum (FBS; Sijiqing Co., Hangzhou, China), 
100 U/ml penicillin and 100 µg/ml streptomycin at 37˚C and 5% 
CO2 using a humidified incubator (Heraeus, Hanau, Germany).

Western blot analysis. For western blot analysis, cells were 
lysed in RIPA buffer containing 50 mM Tris/HCl (pH 7.2), 
150 mM NaCl, 1% NP‑40, 0.1% SDS and 0.5% (w/v) sodium 
deoxycholate. Equivalent amounts of cell extracts (150 µg) 
were separated on 10% SDS‑polyacrylamide gel (SDS‑PAGE) 
and transferred onto a polyvinylidene difluoride membrane 
(PVDF). Filters were blocked in 25  mM Tris (pH  8.0) 
containing 125 mM NaCl, 0.1% Tween 20 and 5% skimmed 
milk for 1 h, and then incubated with the diluted primary 
antibody (MTA1, 1:200; E‑cadherin, 1:2000; β‑actin, 1:1000) 
at 4˚C overnight. After incubation, the secondary antibodies 
were added (1:1000 dilution). The immunoreactive bands were 
visualized with alkaline phosphatase and 5-bromo-4-chloro-
3-indolyl-phosphate/nitro blue tetrazolium (BCIP/NBT).

Cell transfection. Cell lines were cultured in 6‑well tissue 
culture plates and flasks at 37˚C and 5% CO2 using a humidified 
incubator (Heraeus). Cells were transfected with 200 pmol/ml 
of siRNA duplex using 5 µl Lipofectamine 2000 when cells 
were 20% confluent following the manufacturer's instructions 
of Lipofectamine™ 2000 (Invitrogen Life Technologies) 
siRNA treatment. The controls included untransfected cells 
and transfected cells with a scrambled negative control 
siRNA (Ruibo Biotechnology Co., Guangzhou, China). For 
plasmid transfection, 4x105 cells/6‑well plate were prepared 
using 4 µg of plasmid and 10 µl Lipofectamine 2000 per 
well. The full length PCMV‑SPORT6 E‑cadherin plasmid 
was purchased from Yrbio (Hunan, China). It was recon-
structed to pcDNA3.1 E‑cadherin in our laboratory (Cancer 
Biology Medical Center, Tongji Hospital) and the empty 
vector pcDNA3.1 was preserved. Cells were harvested after 
48 h and protein levels were measured using western blot-
ting. E‑cadherin siRNA sequences were as follows: forward, 
5'‑CAGACAAAGACCAGGACU‑AdTdT‑3'; reverse, 3'‑dTdT 
GUCUGUUUCUGGUCCUGAU‑5'.

Wound healing assay. Exponentially growing cells were 
detached from culture plates by trypsinization and seeded 
into 6‑well plates (1x105 cells/well in complete media) with 
10% FBS in DMEM. The plates were maintained at 37˚C in 
5% CO2 at saturated humidity in an incubator overnight. The 
following day, the confluent cell monolayers were converged 
and scrape‑wounded using a micropipette tip. Floating cells 
were removed after three washes with serum‑free medium, 
while scratched cells were observed under an inverted phase 
microscope to identify the scratch widths. Cells were cultured 
in serum‑free culture media and images were captured under 
phase contrast microscopy every 12 h after wounding. For 
evaluation of ‘wound closure’, five randomly selected points 
along each wound were marked, and the horizontal distance of 
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the migrating cells from the initial wound was measured. Each 
experiment was performed twice or in triplicate. Data collected 
were as the mean ± SD. The measurements were obtained 
by measuring the area of the wound using Image J software 
(available from the National Institute of Health website at  
http://imagej.nih.gov/ij/download/).

Invasion assay. Transwell chambers with polycarbonate 
membrane filters with 24‑well inserts, 6.5 mm diameter and 
8 µm pore size (Corning Life Sciences, Corning, NY, USA) 
were coated with 1.5 mg/ml Matrigel™ (BD Biosciences, 
Franklin Lakes, NJ, USA). The lower chamber was filled 
with 600 µl RPMI‑1640 containing 20%  FBS and mouse 
embryonic fibroblast cell line (NIH 3T3) supernatant, acting 
as a chemotactic factor (CF), or just DMEM with 1% fetal calf 
serum (FCS). A total of 1x104 cells/200 µl were seeded into 
the upper compartment and incubated for 48 h at 37˚C and 
5% CO2. Following removal of the non‑migratory cells from 
the upper surface of the filter, invasive cells that had migrated 
through to the lower surface of the filter were fixed in 2.5% 
(v/v) glutaraldehyde for 15 min and stained with crystal violet 
for 10 min. The number of invasive cells were calculated 
by counting at least three randomly chosen visual fields at 
100‑fold magnification (Leica, Solms, Germany). Three inde-
pendent experiments were conducted for each set.

Solid‑phase adhesion assay. Adhesion was determined using 
an MTT assay. Exponentially growing cells were detached 
from culture plates by trypsinization. After washing, cells were 
resuspended in serum‑free medium. Equal numbers of cells 
(4x104 cells/well) were seeded into 96‑well plates precoated 
with 1 µg/ml FN (Sigma), which proved to be the most evident 
in pre‑experiments (data not shown). All FN‑coated wells were 
compared with cells seeded in 1% (w/v) bovine serum albumin 
(BSA). After 1 h of incubation at 37˚C, the plate was immersed 
in PBS containing 1 mmol/l MgCl2 to remove non‑adherent 
cells. The adhered cells were then measured using an MTT 
assay at 490 nm wavelength. Subsequently, 30 µl of MTT 
(5 mg/ml) was added 4 h prior to the end of the incubation 
period. Following incubation, the samples were centrifuged at 
2200 x g for 5 min. Once the supernatant was removed, 150 µl 
of dimethyl sulphoxide (DMSO) was added to resolve the 
crystals and the optical density (OD) values of each well was 
measured at 490 nm with a microplate reader after 15 min. 
The OD values reflect the proportion of cells adhered to the 
FN‑coated 96‑well plate. The rate of adhesion was calculated 
using the following equation: (the OD value of test/the OD 
value of control) x 100. All experiments were conducted four 
times and repeated twice.

Confocal microscopy imaging. For immunofluorescence cyto-
skeleton staining, 1x104 cells were seeded on glass coverslips 
(13 mm diameter). Once the coverslips were fixated with 
4% paraformaldehyde (Merck, Haar, Germany) in PBS, cell 
membranes were permeabilized with 0.2% (v/v) Triton X‑100 
in PBS, and non‑specific binding sites were blocked with 5% 
(w/v) BSA in PBS for 30 min at 37˚C. Treatment with the first 
antibody (α‑tublin, 1:50) was conducted at 4˚C overnight. 
Subsequently, the cells were washed three times with cold PBS 
and incubated with Cy3‑conjugated IgG (1:50 dilution) in PBS 

for 30 min at room temperature. Nuclei were stained for 5 min 
at room temperature with DAPI (2 µg/ml methanol). Cells 
were then rinsed with PBS and were observed under confocal 
microscopy (Olympus, Tokyo, Japan).

Immunohistochemistry. Tissues samples of normal prostate as 
well as localized and metastatic prostate cancer were obtained 
from the Department of Pathology at Tongji Hospital Affiliated 
to Huazhong University of Science and Technology (Hubei, 
China). Immunohistochemical staining for E‑cadherin and 
MTA1 expression were conducted following standard proce-
dures. The 5 µm paraffin sections cut on poly‑L‑lysine‑coated 
microscopy slides were deparaffinized and rehydrated in 
graded alcohol. The sections were heated in 0.01 M citrate 
buffer (pH 6.0) in a 85‑95˚C microwave oven (3 times for 5 min 
each) and the non‑specific binding sites were blocked with goat 
serum. Sections were incubated overnight at 4˚C with rabbit 
monoclonal anti‑human E‑cadherin (1:500 dilution) and goat 
polyclonal anti‑human MTA1 (1:100 dilution) and then washed 
with PBS. Biotinylated goat anti‑rabbit immunoglobulin 
(Dako, Kyoto, Japan) was then added to the sections for 30 min 
at room temperature. Peroxidase‑conjugated avidin (Dako) 
was applied once the sections had been washed with PBS. 
Peroxidase activity was detected by exposure of the sections 
to the solution of 0.05% 3,3'‑diaminobenzidine (DAB) and 
0.01% H2O2 in Tris‑HCl buffer (DAB solution) for 3‑6 min at 
room temperature. Finally, the slides were counterstained with 
hematoxylin. Negative control slides were processed similarly, 
but were incubated with PBS instead of primary antibody.

Statistical analysis. Data were analyzed using the ANOVA 
test. Statistical analysis was conducted using SPSS version 
13.0 software. P<0.05 was considered to indicate a statistically 

Figure 1. Expression of E‑cadherin in prostate carcinoma cell lines. (A) 
Protein expression levels of E‑cadherin in 2B4 cells with poor metastatic 
ability and 1E8 cells with high metastatic ability were analyzed by western 
blot analysis using specific antibodies. Expression levels were normalized 
against β‑actin expression and quantified by bars in three independent 
experiments. *P<0.05 compared with 1E8. (B) Cells were treated with 
E‑cadherin siRNA or negative control siRNA for 48 h, and expression of 
E‑cadherin and MTA1 was evaluated by western blot analysis. Expression 
levels were normalized against β‑actin expression and experiments were 
repeated three times. E‑cadherin siRNA decreased E‑cadherin expression 
and increased MTA1 expression. The quantification of the band intensities is 
shown. *P<0.05 compared with non‑treated cells (mock) and negative control 
siRNA (control siRNA) transfected cells. MTA1, metastasis‑associated gene 
1; siRNA, small interfering RNA.
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significant difference. The correlation between the indicators 
was analyzed using Spearman correlation analysis.

Results

Silencing E‑cadherin upregulates MTA1 expression. As shown 
in Fig. 1A, E‑cadherin was present in two prostate cancer cell 
lines, but at different expression levels. The protein expres-
sion levels of E‑cadherin in 2B4 cells were over 2.5‑ to 3‑fold 
higher compared with those in 1E8 cells. Since the 2B4 cells 
expressed the highest levels of endogenous E‑cadherin, we 
selected this cell line to investigate the effects of heterologous 
E‑cadherin expression on the cellular biological properties 
of prostate carcinoma cells in vitro. Western blot analysis 
demonstrated that E‑cadherin siRNA is able to specifically 
downregulate E‑cadherin expression and significantly increase 
MTA1 expression (Fig. 1B).

Silencing E‑cadherin induces migration ability of 2B4 cells. 
To determine whether E‑cadherin affects the migration ability 
of 2B4 cells, a wound healing assay was conducted. The wound 
healing ability of cells reflects their movement and migration 
on the surface on which they are anchored to for growth. At 
0, 12 and 24 h after wounding, transfected E‑cadherin siRNA 
cells demonstrated an increased level of wound healing 
compared with the mock and control siRNA cells (Fig. 2). 
At 24 h after wounding, the wound of the E‑cadherin siRNA 
transfected group had healed, while that of the cells from 
the control siRNA and mock groups had not closed (P<0.01 
compared with the control cells).

Silencing E‑cadherin alters the malignant phenotype of 2B4 
cells. The 2B4 cells were transfected with siRNA against 
E‑cadherin for 48 h and a solid‑phase adhesion assay was used 
to detect the alteration in cell adhesion ability. For the cells 

Figure 2. Downregulation of E‑cadherin expression increases migration of prostate carcinoma cells. The motility ability was analyzed using a wound healing 
assay after transfection with E‑cadherin siRNA in 2B4 cells for 48 h. Wound closure of scrape‑wounded cell monolayers over a 24 h culture period was 
assessed. Migration rate (mean ± SD; n=3) and degree of wound closure were assessed by measuring the distance between wound edges at 6 h time intervals. 
(A) Representative images (magnification, x10) at 0, 12 and 24 h after wounding from one of three independent experiments are shown. (B) Percentage of 
wound closure corresponds to the distance between wound edges in at least three randomly chosen regions (mean ± SD) normalized to 100% wound closure 
for E‑cadherin siRNA-transfected cells. For each individual experiment, control immunoblots were conducted to ensure E‑cadherin inhibition by siRNAs 
treatments (data not shown). *P<0.001 between cells transfected with E‑cadherin siRNA and mock or control siRNA cells. siRNA, small interfering RNA.

  A

  B
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with a similar concentration of surface‑coated FN, silencing 
of E‑cadherin by siRNA significantly inhibited the adhesion 
process compared with the mock and control siRNA treated 
cells (Fig. 3A). 2B4 cells were transfected with siRNA against 
E‑cadherin for 48 h and a Matrigel‑coated transwell model was 
used to detect the alteration in cell invasion ability. The number 
of cells at the lower side of the membrane reflects the invasion 
ability of the cells being investigated. The number of cells that 
invaded to the lower side of the membrane were 320.22±12.50, 
293.56±18.32 and 521.13±21.67 for the mock, control siRNA-
treated and E‑cadherin‑siRNA-treated cells, respectively. 
Compared with the mock and control‑siRNA treated group, 
the invasion ability of the cells treated with E‑cadherin siRNA 
was significantly greater (Fig. 3B and = C). Each assay was 
repeated three times. The decreased adhesion ability as well as 
an increased invasion and migration ability, influences a change 
in the architecture and composition of the cytoskeleton. To 
examine whether the inhibition of E‑cadherin expression affects 
the subcellular distribution and organization of the cytokeratin 
filaments, immunofluorescence analyses were conducted using 
E‑cadherin siRNA-transfected, control-transfected siRNA 

Figure 3. Downregulation of E‑cadherin affects cell adhesion, invasion ability and cytoskeleton construction. Cells were transfected with E‑cadherin siRNA 
or negative control siRNA for 48 h, and the adhesive ability was examined by MTT assay. All experiments were repeated three times. (A) The adhesion ability 
to solid phase was significantly downregulated in cells treated with E‑cadherin siRNA. *P<0.05 compared with non‑treated cells (mock) and negative control 
siRNA transfected cells. (B) Invasion ability was assessed using the Matrigel™‑coated transwell system. 8x103 cells/well were placed in a Matrigel‑coated 
Boyden chamber and allowed to invade for 24 h. Graph reveals the quantification of invasive cells from the lower side of the transwell inserts. *P<0.05 
compared with non‑treated cells (mock) and negative control siRNA transfected cells. (C) Representative images of invasion experiments. (D) The altered 
structure (600‑fold) of the cytoskeleton was detected using confocal microscopy. Red fluorescent staining represents the α‑tublin and blue staining represents 
the nucleus. siRNA, small interfering RNA; MTT, 3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium bromide.

  A   B

  C

  D

Figure 4. E‑cadherin regulates MTA1 expression. (A) Cells were transfected 
with E‑cadherin siRNA or negative control siRNA for 24, 36 or 48  h. 
Western blot analysis demonstrated that E‑cadherin siRNA increased MTA1 
expression at 48 h. (B) Cells were transfected with E‑cadherin full length 
plasmid for 24, 36 or 48 h. Western blot analysis demonstrated that MTA1 
expression was decreased at 48 h. The changes were quantified in the upper 
panels. *P<0.05 compared with negative control siRNA transfection. All 
experiments were repeated three times. MTA1, metastasis‑associated gene 1; 
siRNA, small interfering RNA.

  A   B
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and mock cells. In the E‑cadherin siRNA-transfected cells we 
observed an increased elongated spindle‑shape morphology 
with extended pseudopodia between adjacent cells and an 
increase in cellular polarity strength compared with the control 
siRNA and mock cells (Fig. 3D). These results suggest that 
E‑cadherin plays a key role in controling the malignant pheno-
types of 2B4 cells, including the adhesion ability, invasion 
ability and cytoskeleton organization.

E‑cadherin regulates MTA1 expression. The 2B4 cells were 
treated with E‑cadherin siRNA and full length E‑cadherin 
plasmid for various time periods between 24 and 48 h, and 
western blot analyis was used to detect E‑cadherin and MTA1 
protein expression. As demonstrated in Fig. 4A, 48 h after 
treatment with E‑cadherin siRNA, E‑cadherin expression 
was significantly downregulated, while MTA1 expression 
was significantly upregulated. Additionally, following empty 
vector pCMV‑SPORT6 transfection, MTA1 expression was 
significantly downregulated and E‑cadherin was significantly 
upregulated 48 h after treatment (Fig. 4B). All experiments 
were repeated three times.

Orientation of E‑cadherin and MTA1 protein in prostate 
tissue. E‑cadherin expression was detected predominantly in 
the cytoplasm and membrane of the prostate cancer tissues. 
MTA1 protein positive signaling was detected in the cyto-
plasm or nucleus of cancer cells. A representative result of the 
immunohistochemistry for MTA1 and E‑cadherin in prostate 
cancer is shown in Fig. 5. The samples probed with E‑cadherin 
antibody demonstrated 2+ or 3+ membrane staining of the 
epithelial cells. Cytoplasmic staining was 0‑ or 1+. The posi-
tive staining in the prostate lesions had distinct circumferential 
E‑cadherin immunoreactivity of high intensity, which revealed 
that E‑cadherin is a cell membrane protein.

Correlation between expression of E‑cadherin and MTA1 
in prostate carcinoma tissue. To further assess whether 

E‑cadherin expression levels correlate with the expression 
of MTA1 in prostate cancer metastasis, we analyzed the 
results for E‑cadherin and MTA1 immunoreactivity. Intact 
E‑cadherin immunostaining was observed in 70% (14/20) 
of benign prostatic hyperplasia (BPH), 53.6% (15/28) of 
primary cancer and 16.7% (2/12) of metastatic lesion tissues. 
MTA1 expression levels in BPH, primary cancer and meta-
static lesion tissues were 30 (6/20), 75 (21/28) and 25% 
(3/12), respectively. E‑cadherin expression was decreased in 
the prostate cancer tissues compared with the BPH tissues 
(P<0.001), while MTA expression was increased in the pros-
tate cancer tissues compared with the BPH tissues (P<0.05; 
Table I). Furthermore, we analyzed the correlation between 
the expression levels of E‑cadherin and MTA1 in the tumor 
group. As shown in Table  II, we observed a statistically 
significant correlation between E‑cadherin and MTA1 immu-
noreactivity in the prostate cancer group (P<0.05; rs=‑0.434, 
respectively).

Discussion

Cancer metastasis is a complex and multi‑step process that 
commonly leads to the mortality of cancer patients. Cell adhe-
sion molecules play an important role in the development of 
recurrent, invasive and distant metastasis in the process of 
cancer progression (6). E‑cadherin is a key cell‑to‑cell adhe-
sion molecule, which plays a significant role in the invasion 
and metastasis of tumor cells (10). In the majority of, if not all, 
cancers of epithelial origin, the loss of cell‑to‑cell adhesion 
mediated by E‑cadherin may occur concomitantly with the 
progression towards tumor malignancy (10).

The majority of previous studies indicate that E‑cadherin 
has a close correlation with metastasis and invasion of a 
number of tumors, including ovarian  (13), breast  (34,35), 
pancreatic  (36), gastric  (37) and prostate cancer  (38,39). 
With regard to prostate cancer, E‑cadherin expression in the 
cancer cells at metastasis in lymph node sites is lower than 

Figure 5. Expression of E‑cadherin and MTA1 in prostate cancer tissues. Typical results for E‑cadherin and MTA1 staining determined by immunohistochem-
istry was observed in BPH, localized prostate cancer and metastatic prostate cancer. Magnification, x200. MTA1, metastasis‑associated gene 1; BPH, benign 
prostatic hyperplasia.
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in the primary prostate cancer (38). Studies have suggested 
that prostate cancer cells with low expression of E‑cadherin 
are more invasive (40); therefore, the absence of E‑cadherin 
expression in prostate cancer predicts the potential of metas-
tasis to the bone compared with prostate cancer that does 
express E‑cadherin (41). A recent study suggested that upregu-
lating E‑cadherin expression by valproic acid inhibits prostate 
cancer cell migration (42). The effects of E‑cadherin on the 
malignant phenotype of prostate cancer cells and possible 
molecular mechanisms are not entirely understood.

MTA1 is a highly expressed with high potential to metas-
tasize in a number of cancer types (22‑24). Earlier studies 
have demonstrated an inverse correlation between the levels 
of MTA1 and E‑cadherin, and identified that increased 
MTA1 expression is associated with increased invasiveness 
and reduced expression of E‑cadherin in tumor cells (23,43). 
However, studies with regard to the expression and correla-
tion of E‑cadherin and MTA1 in prostate cancer have rarely 
been reported. In this study, we demonstrate that the loss of 
E‑cadherin is able to induce metastasis of prostate cancer cells 
through upregulated MTA1 expression.

Downregulated expression of E‑cadherin in prostate 
cancer and upregulated expression of MTA1 is consistent with 
previous studies (38,41,44). Therefore, it was hypothesized 
that there is a certain inherent connection between E‑cadherin 
and MTA1, and their coordination may lead to tumor cell 
invasion and metastasis. E‑cadherin may be upregulated by 
MTA1 siRNA in melanoma cells, which was also confirmed 
in our previous study in cervical cancer cells (29,30). MTA1 
overexpression resulted in the downregulation of E‑cadherin 
expression in ovarian cancer (23).

In the present study, E‑cadherin protein was markedly 
expressed in 2B4 (poorly‑metastatic prostate adenocarcinoma 
cell lines) cells and weakly expressed in 1E8 (highly‑meta-
static prostate adenocarcinoma cell lines) cells. To clarify the 
molecular characteristics of E‑cadherin, E‑cadherin siRNA 
was transfected into 2B4 cells for 48 h. Our results revealed 
that MTA1 expression was increased when E‑cadherin expres-
sion was decreased. E‑cadherin downregulation is one of 
the principal events during EMT and a frequently reported 
phenomena in embryonic development and cancer progres-
sion (45,46). MTA1 has been suggested to determine EMT 
phenotype, mainly through the downregulated expression 
of E‑cadherin, which leads to EMT (28). Developing cancer 
cells acquire migratory features concomitant with a loss of 
E‑cadherin expression during carcinogenesis (13,47). We iden-
tified that downregulation of E‑cadherin expression resulted 
in the promotion of 2B4 cell migration and invasion, and 
the inhibition of adhesion capability via upregulated MTA1 
in vitro.

The increased adhesion ability and increased invasion 
and migration ability is accompanied by a change in the 
architecture and composition of the cytoskeleton. EMT is a 
key step toward cancer metastasis, and E‑cadherin is regarded 
as a main indicator of the epithelial/mesenchymal phenotype 
switching (19). E‑cadherin loss is suggestive of EMT, and tumor 
cell invasion and metastasis are associated with EMT (10,48). 
Cell changes, including morphological and gene expression 
alterations, are necessary for EMT (49,50). In the present 
study, cells acquired an elongated spindle‑shape morphology 
with extended pseudopodia between adjacent cells due to a 
decrease in E‑cadherin and an increase in cellular polarity 
strength. Our results indicate that E‑cadherin may play an 
important role in the cellular polarity of prostate cancer cells. 
We identified that the protein level of MTA1 was upregulated 
when E‑cadherin was decreased. We also identified that 
expression of E‑cadherin regulates MTA1 expression in 2B4 
cells treated with E‑cadherin siRNA or full length E‑cadherin 
plasmid at different times (24‑48 h). Our data suggest that 
E‑cadherin regulates MTA1 in a time‑dependent manner.

To further investigate the expression levels of and correla-
tion between E‑cadherin and MTA1 in prostate cancer, we 
examined BPH, carcinoma in situ and metastatic carcinoma 
tissues using immunohistochemical staining. Our results 
demonstrated that there is an inverse correlation between 
protein expression of E‑cadherin and MTA1 in prostate cancer. 

Table II. Correlation between immunohistochemically detected 
expression of MTA1 and E‑cadherin in prostate cancer.

	 MTA1
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
E‑cadherin	‑	  +	 Total	 P-value	 rs

‑	 5	 18	 23	 0.005	 ‑0.434
+	 11	 6	 17
Total	 16	 24	 40

MTA1, metastasis‑associated gene 1.

Table I. Expression of E‑cadherin and MTA1 in prostate carcinoma tissue.

		  E‑cadherin	 MTA1
	 No. of	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Group	 cases	‑	  +	 P-value	‑	  +	 P-value

BPH	 20	 6	 14	 0.044	 14	 6	 0.028
Tumor	 40	 23	 17		  16	 24	
Primary cancer	 28	 13	 15	 0.030	 7	 21	 0.003
Metastatic lesion	 12	 10	 2		  9	 3	

MTA1, metastasis‑associated gene 1; BPH, benign prostatic hyperplasia.
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Loss of E‑cadherin expression in 57.5% of prostate cancer 
tissues in association with the increase of MTA expression 
in 60% of tissues, suggests that the two proteins are closely 
related to prostate cancer progression. This result suggests 
the possibility that E‑cadherin and MTA1 act together as 
prognosis predictors of metastasis and progression of prostate 
cancer. A combined testing strategy for detecting MTA1 and 
E‑cadherin may be sufficient for selecting high‑risk patients 
with metastasis.

We revealed that loss of E‑cadherin‑induced MTA1 expres-
sion in prostate cancer 2B4 cells promotes the migration and 
invasion of 2B4 cells. Our results provide a new insight into 
the mechanisms of E‑cadherin regulation of MTA1 in pros-
tate cancer, and suggests that E‑cadherin may combine with 
MTA1 and alter the malignant phenotype of prostate cancer. A 
combined testing strategy for detecting MTA1 and E‑cadherin 
may be sufficient for selecting high‑risk patients with metas-
tasis. E‑cadherin and MTA1 may be potential powerful targets 
for the treatment of various types of cancer.
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