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Abstract. Epithelial-mesenchymal transition (EMT) is a
crucial step for the invasive and metastatic properties of malig-
nant tumor cells during tumor progression. Numerous signaling
pathways are involved in the process of EMT in cancer, such as
the EMT-inducing signal transforming growth factor (TGF)-3
and the recently demonstrated PTEN/PI3K signaling pathway.
To date, no data have been reported concerning the influence
of PTEN/PI3K signaling pathway on EMT in human esopha-
geal squamous cell carcinoma (ESCC) and how TGF-f1 and
PTEN/PI3K act through multiple interconnected signaling
pathways to trigger events associated with EMT and tumor
progression. Our data showed that the PTEN/PI3K pathway
was active in human ESCC tissues in vivo, particularly in
ESCC with decreased E-cadherin and increased vimentin
protein expression, poor differentiation, deep invasion and
lymph node metastasis, which are responsible for EMT and
tumor progression. In addition, in the human ESCC cell line
(EC-1) in vitro, TGF-p1 treatment markedly induced EMT,
including morphological alterations, a decrease of E-cadherin
and an increase of vimentin levels and enhanced mobility and
invasiveness. Furthermore, the PTEN/PI3K pathway was also
activated in the process of TGF-pl-induced EMT in EC-1
cells in vitro, whereas inhibition of the PTEN/PI3K pathway
by using pcDNA3.1 PTEN partially blocked TGF-f1-induced
EMT and reduced mobility and invasiveness. These studies
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suggest that TGF-p1 and the PTEN/PI3K signaling pathway
contribute to EMT and the PTEN/PI3K signaling pathway is
a key regulator of TGF-p1-induced EMT in ESCC. Disruption
of the PTEN/PI3K pathway involved in TGF-f1-induced EMT
may provide possible routes for therapeutic intervention to
ESCC.

Introduction

Esophageal carcinoma is one of the most common malignant
tumors in the world. It has a high incidence rate in China,
especially in Henan Province, with a poor prognosis (1-3). In
spite of significant advancement in early diagnosis, surgical
intervention as well as local and systemic adjuvant therapies,
the majority of cancer deaths are attributable to tumor invasion
and metastasis that are resistant to available therapies (4,5).
Notably, it was found that malignant tumor cells increased
their cell invasion and motility in a manner similar to the
epithelial-to-mesenchymal transition (EMT) (6).

EMT is a highly conserved process required for embryonic
development, tissue remodeling and wound repair, and is also
implicated in the progression of primary tumors through inva-
sion and metastasis (7-10). During the process of EMT, the
epithelial cells lose their epithelial characteristics, including
their polarity and specialized cell-cell contacts, are converted
to a mesenchymal phenotype and further acquire a migratory
behavior, allowing them to move away from their epithelial
cell community and to integrate into surrounding tissue,
even at remote locations (11). Therefore, EMT is thought to
play a fundamental role in the invasion and metastasis of
cancer cells (12). A hallmark of EMT is the downregulation
of epithelial markers including E-cadherin and f-catenin
and the upregulation of markers related to the mesenchymal
phenotype or fibrosis including vimentin, collagens and fibro-
nectin (11,13).

Numerous signaling pathways are involved in the process
of EMT in human cancer (14). Transforming growth factor
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(TGF)-B, as a common and potent EMT-inducing signal
(11,15), can initiate cancer cells to undergo the EMT process
and thus develop an aggressive and invasive phenotype. It
has been shown, for example, that TGF-f can induce EMT in
various types of human cancer (16-18). However, the complex
molecular mechanisms underlying this TGF-fB-induced EMT
process are not yet fully understood. The tumor suppressor
gene PTEN, a negative regulator of oncogenic PTEN/PI3K
signaling pathway, can directly antagonize PI3K signal,
thereby negatively regulating aggressive tumor behavior
(19,20). Recent reports demonstrated that the PTEN/PI3K
signaling pathway contributes to EMT in cancer (21,22). Since
TGF-p and the PTEN/PI3K signaling pathway fulfill overlap-
ping roles in tumor progression, the study of the possible role
of PTEN/PI3K in TGF-f-induced EMT is warranted to shed
light for future research. To date, no data have been reported
concerning the influence of TGF-f on the PTEN/PI3K
signaling pathway in the ESCC cells and the role of this
interaction on crucial characteristics of tumor cells, such as
invasion and migration.

In the present study, we provided insight into how TGF-f31
and PTEN/PI3K act through multiple interconnected signaling
pathways to trigger events associated with EMT in esophageal
squamous cell carcinoma (ESCC). We examined the expres-
sion profile of PTEN/PI3K signal in patients with ESCC and
compared PTEN/PI3K expression with E-cadherin/vimentin
expression and clinicopathological parameters (such as inva-
sion depth and lymph node metastasis), which are all associated
with EMT and tumor progression. Furthermore, we investi-
gated the effect of TGF-f31 and PTEN/PI3K on phenotypic and
functional characteristics consistent with EMT in ESCC cells
and whether a crosstalk between TGF-1 and PTEN/PI3K
signaling pathway is required to mediate this effect.

Materials and methods

Tissue samples. The present study included formalin-fixed
and paraffin-embedded (FFPE) tissue samples of 95 patients
with histopathologically confirmed ESCC from The First
Affiliated Hospital of Zhengzhou University, Henan, China.
None of the patients had received neoadjuvant radio-/chemo-
therapy. Clinical samples used in this study were approved by
the Committee for Ethical Review of Research in our hospital.
Clinical information on the samples is summarized in Table I.

Immunohistochemistry (IHC). Sections of the 95 FFPE
tissue specimens were processed for PTEN (Zhongshan,
Beijing, China; 1:100), PI3K (Zhongshan; 1:100), E-cadherin
(Zhongshan; 1:150) and vimentin (Zhongshan; 1:100) staining
according to previously established protocols (23). Briefly,
5 pum serial sections were deparaffinized, subsequently rehy-
drated in gradients of ethanol, subjected to antigen retrieval
and incubated with primary antibodies overnight. Signal
visualization was developed by the avidin-biotin peroxidase
method using DAB, following immunohistochemical staining
analysis performed by two independent pathologists.

Evaluation of IHC staining. We assessed immunohistochem-
ical staining only in normal epithelial and cancer cells. PTEN,
PI3K and vimentin positive signals all showed brown-yellow
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granules in the cytoplasm, whereas E-cadherin showed it in
the membrane or cytoplasm. Under a microscope at x400
magnification, five fields of vision (FOVs) were randomly
selected (for each FOV, there were no fewer than 200 cells) and
the results were interpreted in accordance with the percentage
of cells and depth of stain. (i) Scored in accordance with
the percentage of positive cells in like-kind cells: 1, <30%;
2, 30-70%; 3, >70%. (ii) Scored in accordance with depth of
stain: 0, no cell coloration; 1, light yellow; 2, brown; 3, tan. The
product of (i) and (ii) was used as the total multiplied score,
where 0-1 indicates a negative score (-) and =2 a positive score
+) (23).

Cell line. The human ESCC cell line EC-1, a gift from
Professor Shihua Cao (the University of Hong Kong), was
cultured in RPMI-1640 medium (Gibco, USA) supplemented
with 10% fetal bovine serum (FBS), 100 ug/ml streptomycin
and 100 U/ml penicillin at 37°C in a humidified incubator
containing 5% CO,. The experiment cells were in logarithmic
phase.

pcDNA3.1-PTEN plasmid construction and stable transfec-
tion. Huoman PTEN cDNA was subcloned into pcDNA3.1
(Invitrogen, USA) vector with primers as follows: forward,
5-AAGCTTATGACAGCCATCATCAAAGAGAT-3' (under-
lined, HindIII) and reverse, 5'-GGATCCGGAATAAAACGG
GAAAGTGCC-3' (underlined, BamHI). pcDNA3.1-PTEN and
control empty pcDNA3.1 vector were transfected into EC-1
cells using Lipofectamine™ 2000 (Invitrogen) according to
the manufacturer's protocol, respectively. G418 was used to
select stable expression clones.

Cell treatment. To evaluate the effect of TGF-p1 on EMT,
EC-1 cells were treated with 5 ng/ml of TGF-p1 (PeproTech,
Rocky Hill, NJ, USA) for different time intervals (0, 24 and
48 h). To analyze the crosstalk of TGF-1 and PTEN/PI3K
pathway during the process of EMT, EC-1 cells were stably
transfected with pcDNA3.1-PTEN and subsequently treated
with 5 ng/ml of TGF-p1 for 48 h. After different treatment,
cells were observed and photographed for the morphological
alterations under a reversed light microscope and analyzed for
mRNA and protein levels of E-cadherin, vimentin, PTEN and
PI3K, cell motility and invasiveness as described below.

RNA preparation and quantitative real-time PCR. Total
cellular RNA was extracted from EC-1 cells with different
treatment by the TRIzol reagent (Invitrogen) according to the
manufacturer's protocols. Total RNA (2 ug) was used to
generate the first strand of DNA using the TIANScript First
Strand cDNA Synthesis kit (Tiangen, China). Quantitative
real-time PCR (qPCR) was carried out with primers specific
for PTEN (forward, 5-~ATACCAGGACCAGAGGAAACC-3'
and reverse, 5S-TTGTCATTATCCGCACGCTC-3"); PI3K
(forward, 5'"TGTAGTGGTGGACGGCGAAGTA-3' and
reverse, 5'-GGGAGGTGTGTTGGTAATGTAGCA-3");
E-cadherin (forward, 5-TGATTCTGCTGCTCTTGCTG and
reverse, 5'-CAAAGTCCTGGTCCTCTTCTCC-3"); vimentin
(forward, 5'-AATGACCGCTTCGCCAACTA-3' and reverse,
5-GCTCCTGGATTTCCTCTTCG-3') and B-actin (forward,
5'-CGGGAAATCGTGCGTGAC-3' and reverse 5"-TGGAA
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Table I. Expression of E-cadherin, vimentin, PTEN and PI3K proteins in ESCC tissues and their correlation with clinicopatho-

logical parameters.

E-cadherin Vimentin PTEN PI3K
n - +  P-value - +  P-value - +  P-value - + P-value
Normal mucosa 9 22 73 0000 67 28 0000 10 8 0000 50 45 0.001
ESCC 95 57 38 39 56 48 47 28 67
Gender
Male 55 31 24 039 23 32 089 30 25 0358 16 39 0.924
Female 40 26 14 16 24 18 22 12 28
Age (years)
<60 42 28 14 0238 20 22 0247 25 17 0.118 13 29 0.778
=60 53 29 24 19 34 23 30 15 38
Histological grade
I 21 7 14 0017 8 13 0.717 4 17 0.000 9 12 0.117
I 44 29 15 20 24 19 25 14 30
I 30 21 9 11 19 25 5 5 25
Invasion depth
Superficial muscularis 24 6 18 0.000 18 6  0.000 6 18 0.004 15 9 0.000
Deep muscularis 71 51 20 21 50 42 29 13 58
Lymph node metastasis
Yes 30 23 0.024 10 20 0299 27 3 0.000 4 26 0.019
No 65 34 31 29 36 21 44 24 41

GGTGGACAGCGAGG-3"). All reactions were performed in
triplicate on a 7300 real-time PCR detection system (Applied
Biosystems, Foster City, CA, USA), using SYBR Green
(Applied Biosystems) fluorescent dye and normalized to
B-actin mRNA levels.

Western blot analysis. EC-1 cells with different treatment were
harvested and lysed using the entire protein extraction reagent
(KeyGen, Nanjing, China) according to the manufacturer's
protocols. Thirty micrograms of protein for each sample were
electrophoresed through a 10% SDS-PAGE gel and then electro-
transferred to nitrocellulose membranes (Yili, China) by a
semi-dry transfer apparatus. The membranes were incubated
at 4°C overnight with the following primary antibodies: PTEN
(Zhongshan; 1:500), PI3K (Zhongshan; 1:500), E-cadherin
(Zhongshan; 1:800), vimentin (Zhongshan; 1:1000) and -actin
(Zhongshan; 1: 500). B-actin was measured to control for equal
loading. The experiments were performed in triplicate.

Cell invasion assay. Tumor cell invasive ability was analyzed
using an invasion chamber (Oilin, China) with Matrigel-coated
polycarbonate membrane (8 pgm pore size) in 24-well plates.
EC-1 cells with different treatment were seeded into the upper
compartment of the invasion chamber containing serum-
free medium and RPMI-1640 with 10% FBS was added in
the lower chamber as a chemoattractant. After incubation
at 37°C in 5% CO, for 24 h, cells that invaded through the
Matrigel and adhered to the lower surface were fixed in 95%
alcohol, stained with HE and counted under a reversed light

microscope. Data represent the mean (+SD) of the number of
cells counted in five random FOVs at x400 magnification in
each of 3 independent experiments.

Scratch assay. Tumor cell migratory ability was measured
by the scratch assay. EC-1 cells transfected with or without
pcDNA3.1-PTEN were planted in 6-well plates and grown to
100% confluency, respectively. A wound was then introduced
to each well by scratching the monolayer cells with a sterile
200 pl pipette tip. The cultures were washed with PBS to
remove detached cells. Subsequently, cells were allowed to
grow with or without treatment of 5 ng/ml of TGF-f1 for an
additional 48 h. At different time intervals (0, 24 and 48 h), cell
migration was photographed at a x200 magnification under a
reversed light microscope, quantitated by measuring the width
of the wounds at least five representative fields and expressed
as 1 minus the average percent of wound closure by comparing
with that at the zero time. Experiments were performed with at
least 6 replicates for each condition.

Statistical analysis. Data analyses were carried out with the
Chi-square test or t-test using SPSS version 13.0. In all statistical
analyses, P-value <0.05 was considered to indicate a statisti-
cally significant difference and all P-values were two-sided.

Results

A hallmark of EMT in ESCC tissues: downregulation
of epithelial marker E-cadherin and upregulation of
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Table II. Correlation of E-cadherin with vimentin protein
expression in ESCC tissues.
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Table IV. Correlation of PTEN with E-cadherin and vimentin
protein expression in ESCC tissues.

Vimentin E-cadherin Vimentin
E-cadherin + - r P-value PTEN + - r P-value + - r P-value
+ 10 28 -0.542 0.000 + 30 17 0481 0000 14 33 -0.587 0.000
- 46 11 - 8 40 42 6

Table III. Correlation of PTEN with PI3K protein expression
in ESCC tissues.

Table V. Correlation of PI3K with E-cadherin and vimentin
protein expression in ESCC tissues.

PI3K E-cadherin Vimentin
PTEN + - r P-value PI3K + - r P-value + - r P-value
+ 20 27 -0.607 0.000 + 19 48 -0.368 0.000 45 22 0258 0012
- 47 1 - 19 9 11 17

mesenchymal marker vimentin. To confirm the existence of
EMT in ESCC, THC was used to detect protein expression
levels of epithelial marker E-cadherin and mesenchymal
marker vimentin in ESCC tissues and corresponding normal
mucosa. Cytoplasmic or membranal E-cadherin immunore-
activity (Fig. 1A and B) was examined in 40.00% of ESCC
tissues, significantly lower than that in corresponding normal
mucosa tissues (76.84%; P<0.01) (Table I). However, cyto-
plasmic vimentin immunoreactivity (Fig. 1C and D) was
examined in 58.95% of ESCC tissues, significantly higher
than that in corresponding normal mucosa tissues (29.47%;
P<0.01) (Table I). When we assessed the correlation of
E-cadherin with vimentin protein in ESCC, a significantly
negative correlation was found (P<0.01) (Table II). In addi-
tion, in ESCC tissues, E-cadherin expression was negatively
correlated with histological grade (P<0.05), invasion depth
(P<0.01) and lymph node metastasis (P<0.05) (Table I),
whereas vimentin protein expression was positively corre-
lated with invasion depth (P<0.01) (Table I). These data
demonstrated most ESCC tissues undergo EMT and acquire
enhanced ability of invasiveness and metastasis.

The PTEN/PI3K signaling pathway is active and correlates
with EMT and tumor progression in ESCC tissues. To
investigate the role of the PTEN/PI3K pathway in ESCC,
we examined the protein levels of PTEN and PI3K in
ESCC tissues in comparison with the corresponding normal
esophageal mucosa tissues by IHC. Cytoplasmic PTEN
immunoreactivity (Fig. 1E and F) was examined in 49.47% of
ESCC tissues, significantly lower than that in corresponding
normal mucosa tissues (89.47%; P<0.01) (Table I). Moreover,
cytoplasmic PI3K immunoreactivity (Fig. 1G and H) was
examined in 70.53% of ESCC tissues, significantly higher
than that in corresponding normal mucosa tissues (47.37%;
P<0.01) (Table I). Furthermore, a significantly negative corre-
lation was found between the expression of PTEN and PI3K

protein in ESCC (P<0.01) (Table III). These data showed the
PTEN/PI3K pathway is active in most ESCC tissues.

We also examined the correlation of PTEN and PI3K
protein expression with E-cadherin protein, vimentin protein
and clinicopathological features in ESCC. As would be
expected from the role of PTEN/PI3K signaling pathway
in regulating EMT in ESCC, PTEN expression in ESCC
had a positive association with E-cadherin and a negative
association with vimentin (P<0.01) (Table IV), whereas PI3K
expression presented contrary results (P<0.05) (Table V).
Furthermore, as shown in Table I, a negative correlation was
found between PTEN protein expression and histological
grade (P<0.01), invasion depth (P<0.01) and lymph node
metastasis (P<0.01). On the contrary, a positive correlation
was found between PI3K protein expression and invasion
depth (P<0.01) and lymph node metastasis (P<0.05). These
data demonstrated that the PTEN/PI3K pathway plays a
pivotal role in the process of EMT and tumor progression
in ESCC. Additionally, our previous study also showed that
TGF-p1 correlates with EMT and tumor progression in
ESCC tissues, suggesting TGF-1 and PTEN/PI3K signaling
pathway fulfill overlapping roles and there may be a crosstalk
between them.

Treatment of EC-1 cells with TGF-f1 induces morpho-
logical and biochemical alterations consistent with EMT and
enhanced aberrant cell invasiveness and migration. TGF-f1
is a known inducer of EMT for a variety of cancer cells
(16-18). In the present study, EC-1 cells belonging to human
ESCC cell line were tested for their response to TGF-f1.
After treatment with 5 ng/ml of TGF-1, cell morphology was
observed under a reversed light microscope at different time
intervals (0, 24 and 48 h). Compared to the untreated EC-1
cells (Fig. 2A), cells treated with TGF-f1 were scattered,
elongated and spindle-shaped, i.e., characteristic of fibroblasts
(Fig. 2B and C). Notably, this morphological alteration was



ONCOLOGY REPORTS 32: 2134-2142, 2014

2138

Figure 1. Immunohistochemical images of E-cadherin, vimentin, PTEN and PI3K proteins in representative samples from ESCC tissues and corresponding
normal esophageal mucosa. (A) Strong membranal and cytoplasmic expression of E-cadherin in ESCC. (B) Strong membranal expression of E-cadherin in
normal esophageal mucosa. (C) Strong cytoplasmic expression of vimentin in ESCC. (D) Negative expression of vimentin in normal esophageal mucosa.
(E) Moderate cytoplasmic expression of PTEN in ESCC. (F) Strong cytoplasmic expression of PTEN in normal esophageal mucosa. (G) Strong cytoplasmic
expression of PI3K in ESCC. (H) Weak cytoplasmic expression of PI3K in normal esophageal mucosa (x400 magnification for A, C, E and G; x200 magnifica-
tion for B, D, F and H).

Figure 2. EC-1 cells grown to 70% confluency and then cultured in serum-free culture media overnight. Cells were treated with 5 ng/ml of TGF-f1 for up to
48 h and cell morphology consistent with EMT was observed under a reversed light microscope. (A) Untreated EC-1 cells (treatment with 5 ng/ml of TGF-31
for 0 h). (B) EC-1 cells treated with 5 ng/ml of TGF-1 for 24 h. (C) EC-1 cells treated with 5 ng/ml of TGF-1 for 48 h. All images were obtained at a x400

magnification.

time-dependent and occurred at 24 h (Fig. 2B), but became
apparent at 48 h (Fig. 2C).

In line with the morphological alteration, EMT was
characterized by suppression of epithelial marker E-cadherin
and elevation of mesenchymal marker vimentin. Quantitative
real-time PCR and western blot analysis showed that TGF-f1
treatment induced a significant decrease in E-cadherin, but a
significant increase in vimentin at both mRNA and protein
levels in EC-1 cells as compared with those in untreated cells
(P<0.01) (Fig. 3). Moreover, as shown in Fig. 3, treatment with
TGF-p1 displayed a significantly time-dependent change of
E-cadherin and vimentin at mRNA and protein levels (P<0.05).

We next examined the effect of TGF-p1 on cell invasiveness
and migration by using invasion and scratch assay, respectively.
The invasion assay demonstrated that EC-1 cells treated with
5ng/ml of TGF-P1 exhibited a significant increase in the number
of cells that traversed the membrane toward a chemoattractant
in a time-dependent manner as compared with untreated cells
(P<0.01) (Fig. 4A). Additionally, the scratch assay showed
that EC-1 cells treated with 5 ng/ml of TGF-$1 resulted in a

significant increase in the tumor cell migration distance as
compared with untreated cells (P<0.01) (Fig. 4B and C).

Taken together, these data suggest that TGF-f1 stimula-
tion promotes EC-1 cells to undergo EMT and thus develop an
aggressive and invasive phenotype.

TGF-pI1 stimulation activates PTEN/PI3K signaling and
TGF-Bl-induced EMT is partly prevented by inhibition of the
PTEN/PI3K signaling pathway in EC-1 cells. To analyze the
crosstalk between TGF-f1 and PTEN/PI3K signaling pathway
during the process of EMT in ESCC cells, we first tested
whether TGF-1 treatment activates the PTEN/PI3K pathway.
As shown in Fig. 3, EC-1 cells treated with 5 ng/ml of TGF-p1
for 48 h had lower PTEN but higher PI3K expression at both
mRNA and protein levels as compared with the untreated
cells (P<0.05), indicating TGF-p1 treatment could activate the
PTEN/PI3K signaling pathway.

Furthermore, we inhibited the PTEN/PI3K signaling
pathway by pcDNA3.1-PTEN transfection for the purpose
of demonstrating that TGF-p1-induced EMT is driven by the



ZHANG et al: TGF-BI-INDUCED EMT IN ESCC VIA PTEN/PI3K PATHWAY

>

MO0h ©24h 0O48h

0h

24 h

*

i

o
O et
*
-

o
o0
*
[

0.7

xpression

& ,<f<,'e QQ*’

2139

48k C 1.2 BO0h@D24hO48 h
. = hy %
E-cadhenin g 11
§ % %
. . g 08
Vimentin B
=
© 0.6 1
PTEN 5
EL %%
v 0.4
PI3K g i
. E 0.2
p-actin
0 i = . . 1
& & q,\@‘\ &
S \'\\Q
Q;u ~

Figure 3. Quantitative real-time PCR and western blot analysis were used to detect mRNA and protein levels of E-cadherin, vimentin, PTEN and PI3K in
EC-1 cells after treatment with 5 ng/ml of TGF-f1 for different time intervals (0, 24 and 48 h), respectively. In EC-1 cells, treatment with 5 ng/ml of TGF-f1
reduced the epithelial marker E-cadherin but increased the mesenchymal marker vimentin mRNA and protein expression, which are the hallmark of EMT.
Furthermore, this TGF-B1-induced alteration of E-cadherin and vimentin occurred in a time-dependent manner. In addition, TGF-B1 treatment decreased
PTEN but increased PI3K mRNA and protein expression, leading to PTEN/PI3K signal activation. (A) mRNA levels of E-cadherin, vimentin, PTEN and PI3K
in EC-1 cells treated with 5 ng/ml of TGF-f1 for different time intervals (0, 24 and 48 h). (B and C) Protein levels of E-cadherin, vimentin, PTEN and PI3K
in EC-1 cells treated with 5 ng/ml of TGF-B1 for different time intervals (0, 24 and 48 h). 3-actin was used as internal control. "P<0.05 and “P<0.01, compared

to the untreated EC-1 cells (treatment with 5 ng/ml of TGF-f1 for O h).

PTEN/PI3K signaling pathway. As shown in Fig. 5, after treat-
ment with 5 ng/ml of TGF-§1 for 48 h, EC-1 cells transfected
with pcDNA3.1-PTEN had higher PTEN mRNA and protein
expression as compared with cells untransfected or trans-
fected with pcDNA3.1 empty vector (P<0.01), demonstrating
the PTEN/PI3K pathway was inhibited by pcDNA3.1-PTEN
directly. Moreover, accompanied by PTEN/PI3K signal inhi-
bition, mRNA and protein levels of E-cadherin in EC-1 cells
transfected with pcDNA3.1-PTEN were clearly higher than
those in cells untransfected or transfected with pcDNA3.1
empty vector, whereas vimentin expression showed contrary
results (P<0.01) (Fig. 5). These data suggested inhibition of the
PTEN/PI3K signaling pathway by pcDNA3.1-PTEN prevents
TGF-pl-induced EMT to some extent.

The PTEN/PI3K pathway modulates TGF-f1-induced
tumor cell invasiveness and migration. To examine whether
the PTEN/PI3K pathway also modulated TGF-f1-induced
tumor cell invasiveness and migration, we measured these
two parameters after inhibition of the PTEN/PI3K signaling
pathway by pcDNA3.1-PTEN in EC-1 cells. Invasion and
scratch assay showed that, after treatment with 5 ng/ml of
TGF-p1 for 48 h, EC-1 cells transfected with pcDNA3.1-PTEN
exhibited a significant decrease in the number of traversed
cells and the cell migration distance as compared with cells
untransfected or transfected with pcDNA3.1 empty vector
(P<0.01) (Fig. 4A-C). These data demonstrate that inhibition
of the PTEN/PI3K signaling pathway by pcDNA3.1-PTEN
counteracts TGF-B1-induced tumor cell invasiveness and
migration.

Discussion

Although numerous reports have implicated EMT in the
progression of primary tumors towards invasion and metastasis

(8-10), the detailed molecular mechanisms and networks
involved in TGF-f and the PTEN/PI3K signaling pathway in
EMT and progression of ESCC remain poorly understood.

EMT can be induced or regulated by various growth and
differentiation factors including TGF-f, growth factors that
act through receptor tyrosine kinases, such as FGF and HGF,
and Notch and Wnt proteins (14). Among these, TGF-f has
received much attention as a major inducer of EMT during
cancer progression (24). In the literature TGF-f31 was shown to
induce EMT in oral (16), liver (17) and pancreatic cancer (18).
In the present study, we stimulated EC-1 cells with 5 ng/ml of
TGF-p1 for up to 48 h for the purpose of confirming TGF-f1-
induced EMT. The results showed that TGF-f1 stimulation
induced EC-1 cells to undergo a transition from the epithelial
to the spindle-like mesenchymal morphology. This change was
accompanied by the loss of E-cadherin and the gain of vimentin.
In addition, the cells obtained increased ability of invasion and
migration. Similar results were obtained for another ESCC cell
line (EC9706) in a previous study (25). Thus, TGF-f1 is also a
key factor in EMT induction of ESCC cell lines.

Another notable factor involved in EMT is the PTEN/PI3K
signaling pathway. The tumor suppressor gene PTEN is a dual
protein/lipid phosphatase whose main substrate is PIP3, a
product of PI3K (26). PTEN directly antagonizes PI3K func-
tion via abrogation of PIP3-mediated activation of downstream
signaling events and ultimately participates in the regula-
tion of the cell cycle, proliferation, apoptosis, cell adhesion
and cancer progression (6,19,27). In human tumors, PTEN
activity is lost by mutation, deletion or promoter methylation
silencing at high frequency (26,28) and PI3K is constitutively
activated in the loss of PTEN function (29,30). Therefore,
the PTEN/PI3K signaling pathway is frequently activated in
a variety of human malignant tumors (31-33). Furthermore,
activated PTEN/PI3K signaling pathway has also been iden-
tified as a central feature of EMT in tumor cells (21,34). In
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Figure 4. Invasiveness and migration of EC-1 cells are enhanced by TGF-f1 stimulation, but are partly inhibited by pcDNA3.1-PTEN transfection. For the
invasion assay, EC-1 cells untransfected and stably transfected with pcDNA3.1 or pcDNA3.1-PTEN were treated with 5 ng/ml of TGF-f1 for different time
intervals (0, 24 and 48 h), then seeded in the upper invasion chamber and incubated for an additional 24 h, respectively. After incubation, cells that invaded
through the Matrigel were fixed, stained and counted under a reversed light microscope at a x200 magnification. For the scratch assay, EC-1 cells untransfected
and stably transfected with pcDNA3.1 or pcDNA3.1-PTEN were planted in 6-well plates, grown to 100% confluency and then scratched with a sterile 200 pl
pipette tip, respectively. After making the scratch, cells were treated with 5 ng/ml of TGF-f1 for different time intervals (0, 24 and 48 h) and cell migration
distances were quantitated by measuring the width of the wounds at a x200 magnification under a reversed light microscope. (A) The number of traversed cells
is presented as mean + SD. (B) Images of EC-1 cell migration. (C) The relative migration distance is presented as 1 minus the average percent of wound closure
by comparing with that at the zero time. “P<0.01.
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Figure 5. To demonstrate that TGF-f1-induced EMT is driven by the PTEN/PI3K signaling pathway, EC-1 cells were stably transfected with pcDNA3.1-PTEN
and subsequently treated with 5 ng/ml of TGF-f1 for 48 h. In EC-1 cells, inhibition of the PTEN/PI3K signaling pathway by pcDNA3.1-PTEN partly prevented
TGF-B1-induced EMT by increasing E-cadherin and decreasing vimentin expression at mRNA and protein levels. (A) mRNA levels of E-cadherin, vimentin,
PTEN and PI3K in EC-1 cells untransfected and transfected with pcDNA3.1-PTEN or pcDNA3.1 empty vector. (B and C) Protein levels of E-cadherin,
vimentin, PTEN and PI3K in EC-1 cells untransfected and transfected with pcDNA3.1-PTEN or pcDNA3.1 empty vector. [3-actin was used as internal control.
"P<0.01, compared to cells untransfected or transfected with pcDNA3.1 empty vector.

the present study, PTEN/PI3K signal was activated in ESCC
and the activation of the PTEN/PI3K signaling pathway was
negatively correlated with EMT marker E-cadherin, but was
positively correlated with EMT marker vimentin and strongly
contributed to tumor differentiation, invasion depth and
lymph node in ESCC, suggesting the PTEN/PI3K signaling
pathway plays a potential role in EMT and tumor progression.
Indeed, in ESCC, in addition to the absence of functional
PTEN, PI3K would be activated and would promote a series
of EMT-inducing transcription factors, such as Snail (35).
Upregulation of Snail, together with other transcription
factors, leads to downregulation of EMT hallmark E-cadherin
by inhibiting E-cadherin transcription (36,37). Thus, ESCC
cells undergo EMT and acquire enhanced invasive and migra-
tory ability.

Although TGF-1 and PTEN/PI3K signaling pathway
fulfill overlapping roles in EMT, a little known coordination
mechanism has been proposed to explain their relationship in
EMT to date. It has been reported that TGF-f induces EMT by
Smad-mediated transcription regulation (11,14,15,38,39) and,
moreover, TGF-f/BMP-SMAD4 signaling pathway promotes
prostate cancer EMT and progression by PTEN deletion (40).
Furthermore, in mammary epithelial cells, TGF-f can activate
PI3K during EMT (41). Therefore, it is reasonable to postulate
TGF-B1-induced EMT is driven through the PTEN/PI3K
signaling pathway. In the present study, we first hypothesized
that the PTEN/PI3K signaling pathway is a downstream target
of TGF-f1 signal and examined PTEN and PI3K expression
levels in EC-1 cells after treatment with TGF-f1. Western blot
analysis and qPCR showed the protein and mRNA levels of
PTEN were decreased, but PI3K was increased, indicating
that downregulation of PTEN and upregulation of PI3K is
influenced by TGF-f1 stimulation (42). Although TGF-f1 also
leads to the downregulation of E-cadherin and upregulation
of vimentin in EC-1 cells according to our previous results, it
is unclear if this observed dysregulation of PTEN/PI3K and

E-cadherin/vimentin through TGF-p1 stimulation is caused by
aparallel mechanism or by a serial mechanism. Herein, we next
inhibited PTEN/PI3K signaling pathway by pc-DNA3.1-PTEN
application to confirm TGF-p1-induced EMT via PTEN/PI3K
pathway. As expected, our data showed that the enhancement
of PTEN level by pc-DNA3.1-PTEN in TGF-f1-treated EC-1
cells upregulated TGF-f1-inhibited E-cadherin expression,
but downregulated TGF-B1-promoted vimentin expression,
affirming the hypothesis that TGF-B1-induced EMT is driven
by the PTEN/PI3K signaling pathway. Additional evidence for
the modulation of TGF-f1-induced tumor cell invasiveness and
migration by PTEN/PI3K signaling pathway comes from the
invasion and scratch assay in vitro, which showed the inhibition
of the PTEN/PI3K signaling pathway by pcDNA3.1-PTEN
counteracts TGF-B1-induced tumor cell invasiveness and
migration. TGF-f1 signal can regulate the cellular process by
binding and phosphorylating TGF-f3 receptors type I (TR I)
and type II (TPR II) (43), the activated TPR I and TPR 1I then
bind to PI3K regulatory subunit p85, resulting in PI3K activa-
tion (44). In the presence of PTEN, activated PI3K function
was antagonized and therefore TGF-Bl-induced EMT and
EMT-associated mobility and invasiveness would be inhibited.

In conclusion, the present study suggests that TGF-$1 and
PTEN/PI3K signaling pathway contribute to EMT, and the
PTEN/PI3K signaling pathway is a key regulator of TGF-f1-
induced EMT in ESCC. Disruption of the PTEN/PI3K pathway
involved in TGF-f1-induced EMT may provide possible routes
for therapeutic intervention of ESCC.
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