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Abstract: The epithelial-mesenchymal transition (EMT) is an essential step in invasion and metastasis of human
cancers. Identification of EMT status would help us to properly understand the mechanism of cancer metasta-
sis and progression. In the present study, tissue microarray and immunohistochemical staining of two important
markers, E-cadherin and Vimentin, were used to characterize the EMT status in human esophageal cancer. We
selected the appropriate cut-off values of expression levels of E-cadherin and Vimentin, and found 63 out of 105
cases of esophageal cancers underwent EMT. And we also found that in the subgroup with (T, + T,), the ratio of
patients undergoing EMT was significantly higher than that in the subgroup with (Ti + T2) (P =0.0097), and in the
subgroup with metastasis, the ratio of patients undergoing EMT was significantly higher than that in the subgroup
with no metastasis (P = 0.0253). The log-rank survival analysis showed that the overall survival rate of the patients
undergoing EMT was significantly poorer than that of the patients with wide type status (P = 0.0278, HR = 2.470,
95% Cl: 1.971~2.970). In the COX model analysis, we also found that the EMT status of the esophageal cancer
patients could be used as an independent risk factor for the prediction of prognosis of this malignancy (P = 0.026,
HR = 2.306, 95% Cl: 1.103~4.824). Thus, our present study successfully established a method by using tissue
microarray and the markers, E-cadherin and Vimentin, to conveniently and properly identify the EMT status in hu-
man esophageal cancer, and revealed that the EMT status significantly associated with invasion, metastasis and
prognosis in this malignancy.
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Introduction cific transcription factors and the change of sur-
face markers of some specific proteins [6].

The epithelial-mesenchymal transition (EMT)

roles importantly in embryonic development,
furthermore, this physio-pathological process
is also needed in wound healing, tissue regen-
eration, organ fibrosis, and cancer progression
[1-4]. EMT process could confer more mesen-
chymal fibroblast-like and more motile on the
polarized epithelial cells, thus potentially
enable and promote the epithelial cancer cells
to detach from the primary tumor location, tra-
verse the basement membrane, and finally
leads to invasion and metastasis of cancer
cells [5]. It has been demonstrated that a series
of distinct molecular processes are involved in
the initiation, progression and completion of
the EMT, such as the activation of some spe-

The esophageal cancer is one of the most com-
mon types of human cancer, it ranks sixth
among all cancers in mortality and it is one of
the deadliest cancers worldwide because of its
extremely aggressive characteristics and poor
postoperative prognosis [7, 8]. According to the
histological classification, the squamous cell
carcinoma and the adenocarcinoma are the
two main types of human esophageal cancer,
and the squamous cell carcinoma represents
90% of all esophageal cancer cases worldwide
[9, 10]. Despite the development of therapeutic
options such as surgery, chemotherapy, and
radiotherapy, it’s still very important for us to
identify novel biomarkers, and to benefit the
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Table 1. Correlation between patients’ clinical parameters and EMT

transition

esophageal was significantly
associated with tumor inva-

EMT status

sion, metastasis and pa-

Clinical parameters Cases

Wide type Undergoing EMT

2 P-value tients’ postoperative progno-

Gender

Male 82 31(37.8%) 51 (62.2%)

Female 23 11 (47.8%) 12 (52.2%)
Age (years)

<60 54 19 (35.2%) 35 (64.8%)

>60 51 23 (45.1%) 28 (54.9%)
Tumor size (cm)

<35 37 14 (37.8%) 23 (62.2%)

>35 68 28 (41.2%) 40 (58.8%)
Tumor invasion depth (T)

T, +T, 37 21(56.8%) 16 (43.2%)

T, +T, 68 21 (30.9%) 47 (69.1%)
Nodal metastasis (N)

Yes 35 12 (34.3%) 23 (65.7%)

No 70 30 (42.9%) 40 (57.1%)
Distant metastasis (M)

Yes 7 0 (0.0%) 7 (100.0%)

No 78 42 (53.9%) 56 (46.1%)
TNM stage

| 6 4 (66.7%) 2 (33.3%)

Il 60 24 (40.0%) 36 (60.0%)

i 32 14 (43.8%)
\Y 7 0(0.0%)

18 (56.2%)
7 (100.0%)

ses. Therefore, the EMT
issue and its status as well,
could be recognized as an
essential marker to predict
metastasis and prognosis in
human esophageal cancer.

0.7516 0.3860

1.074 0.3001

Materials and methods

0.1113 0.7387 Patients and tissue microar-

ray
6.684 0.0097 Formalin-fixed, paraffin-em-
bedded esophageal cancer
tissue samples were collect-
ed from 105 patients who
underwent surgical resec-
tion between February 2005
and May 2006 in our hospi-

0.7143 0.3980

5.000 0.0253 tal (82 men and 23 women;
median age at diagnosis was
59 years). In addition, 5 nor-
2,955 0.0856 mal tissues from the non-

malignant portion of esopha-
gus were resected from sur-
gery and used as controls.

Values in bold signify P < 0.05.

early detection and the prognostic evaluation
of esophageal cancer patients.

E-cadherin is highly expressed in epithelial
cells, and its expression is decreased during
EMT in embryonic development, tissue fibrosis,
and cancer, and loss of E-cadherin function
could promote EMT [1]. E-cadherin has been
shown to function as a tumor suppressor inde-
pendent of its function in an adhesion complex
by sequestering 3-catenin away from the nucle-
us [11]. Vimentin is an important surface mark-
er of the cell type from mesenchymal origin,
and it has been found that this protein could
also be up-regulated in some migratory epithe-
lial cells, which contributes to the migratory
and the invasive process of metastatic epithe-
lial cancer cells [12]. In the present study, we
tried to use two surface bio-markers, E-cadherin
and Vimentin to classify the EMT status of
esophageal cancer patients in a tissue microar-
ray. And we found that EMT status in human
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No patients received pre-
operative chemotherapy or
radiotherapy. All tumor tis-
sues were confirmed as the esophageal squa-
mous cell carcinoma by using hematoxylin and
eosin (H&E) staining after surgical resection.
The clinical parameters of the patients are
shown in Table 1. Among all the patients, the
survival data of 56 patients were available.
Then, the paraffin blocks of 105 cases of
esophageal cancer tissues were used in the
construction of tissue microarray. In brief, the
H&E-stained standard slides were reviewed
from each section of esophageal cancer tis-
sues, and a representative tumor region and
the corresponding formalin-fixed paraffin-
embedded tissue block were selected for use
in the tissue microarray. The viable invasive
carcinoma tissue (epithelial cells) and sur-
rounding tumor stroma from central parts with-
in the tumors were carefully selected and
marked on the H&E slides, and then were sam-
pled for the tissue microarray block which was
assembled using a tissue-arraying instrument
(Beecher Instruments, Silver Springs, MD, USA).
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Figure 1. Immunohistochemical staining of EMT biomarkers in human esophageal tissues. In cancer tissues, we
could found high E-cadherin expression (A) and low Vimentin (B) expression in esophageal cancer tissues from wide
type group, and low E-cadherin expression (C) and high Vimentin expression (D) in esophageal cancer tissues from
undergoing EMT group. In contrast to esophageal cancer tissues, we can found that positive E-cadherin expression
(E) and negative Vimentin expression (F) were present in adjacent normal tissues from the esophagus.

Antibodies mouse/rabbit secondary antibody used in
immunohistochemical staining was purchased

Mouse anti-human E-cadherin monoclonal anti- from Dako (Glostrup, Denmark).

body and mouse anti-human Vimentin mono-

clonal antibody (both are ready to use) were Immunohistochemistry

was purchased from Maxim Biotechnology

Limited Corporation (Fuzhou, China). The horse- The paraffin-embedded esophageal cancer tis-

radish peroxidase (HRP)-labeled goat anti- sue microarray block was cut into serial
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Figure 2. Prognostic value of EMT in human esoph-
ageal cancer. The log-rank survival analysis also
showed that the overall survival rate of the patients
undergoing EMT was significantly poorer than that
of the patients with wide type status (Figure 2, P =
0.0278, HR = 2.470, 95% Cl: 1.971~2.970).

3-um-thick sections, and then the sections
dewaxed in xylene, rehydrated and graded eth-
anol solutions. Antigen was retrieved by heat-
ing the tissue sections at 100°C for 30 min
under citrate solution (10 mmol/L, PH 6.0).
Sections were cooled and immersed in pres-
ence of 0.3% hydrogen peroxide for 15 min to
block endogenous peroxidase activity, and then
rinsed in PBS for 5 min, blocked with 3% BSA at
room temperature for 20 min, and incubated
with primary polyclonal antibodies, mouse anti-
human E-cadherin monoclonal antibody and
mouse anti-human Vimentin monoclonal anti-
body, respectively, at 4°C overnight. A negative
control was performed by omitting the primary
antibodies. The sections were then incubated
with HRP-labeled goat anti mouse/rabbit sec-
ondary antibody. Diaminobenzene was used as
the chromogen and hematoxylin as the nuclear
counterstain. The sections were dehydrated,
cleared and mounted.

Evaluation of immunohistochemical staining

All slides were examined independently by two
senior pathologists who were not informed of
patients’ clinical parameters, and the immu-
nostainingintensity of E-cadherin was assessed
according to the H-score method described by
our previous reports [13, 14]: H-score = (%
tumor cells unstained x0) + (% tumor cells
stained weak x1) + (% tumor cells stained mod-
erate x2) + (% tumor cells stained strong x3).
The H-scores ranged from O (100% negative
tumor cells) to 300 (100% strong staining tumor
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cells). For the evaluation of Vimentin staining,
the rate of Vimentin positive cancer cells in all
cancer cells was calculated and the positive
rate was recorded. Results from the two pathol-
ogists were averaged and used in the statistical
analysis.

Statistical analyses

Statistical analysis was performed using the
GraphPad Prism 5.0 software package (Gra-
phPad Software, Inc., San Diego, USA). Paired
Student’s t-test, the Wilcoxon signed rank test
or the survival analysis were used where appro-
priate. The Cox model was analyzed by the
SPSS13.0 software package. A P-value of <
0.05 was deemed significant.

Results

Immunohistochemical staining of EMT makers,
E-cadherin and Vimentin, in human esopha-
geal cancer tissue microarray

In the present study, we defined the cancer
patients with H-score of E-cadherin > 60 plus
the rate of positive vimentin staining cells as
the group of undergoing EMT, and other patients
were defined as the group of wide type. As
shown in Figure 1, in the esophageal cancer
tissue from wide type group, we could found
high level of E-cadherin expression and low
level vimentin expression, while in the esopha-
geal cancer tissue from the group of undergo-
ing EMT, we could found low level E-cadherin
expression and high level expression of vimen-
tin. In contrast to esophageal cancer tissues,
we also could found that high level of E-cadherin
and negative vimentin expression in normal
esophageal tissues. Thus our results from tis-
sue microarray and immunohistochemistry
demonstrated that normal expression level of
E-cadherin as well as vimentin could be found
in normal esophageal tissues, however, loss of
E-cadherin expression and increased vimentin
expression could be found in some cases of
esophageal cancer tissues, suggesting those
cases were undergoing EMT process.

Clinical association and prognostic value of
EMT in human esophageal cancer

As shown in Table 1, we found that in the sub-

group with (T, + T,), the ratio of patients under-
going EMT was significantly higher than that in

Int J Clin Exp Pathol 2014;7(10):6943-6949
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Table 2. Prognostic factors in Cox’s proportional hazards model

o Univariate Multivariate

Clinical parameters X :
Hazard ratio 95% ClI P value Hazard ratio 95% Cl P value

Gender

Male/Female 1.111 0.437-1.415 0.768 0.856 0.407-1.803 0.683
Age (years)

>60/< 60 0.744 0.395-1.399 0.358 0.873 0.454-1.680 0.685
Tumor size (cm)

>3.5/<3.5 1.125 0.569-2.156 0.723 1.098 0.546-2.209 0.793
TNM Stage

S/ St 2.922 1.417-6.025 0.004 2.599 1.336-5.055 0.005
EMT status

EMT/Wide type 2.470 1.971-2.970 0.028 2.306 1.103-4.824 0.026

Values in bold signify P < 0.05.

the subgroup with (T, + T,) (P = 0.0097).
Moreover, we also found that in the subgroup
with metastasis, the ratio of patients undergo-
ing EMT was significantly higher than that in the
subgroup with no metastasis (P = 0.0253). The
log-rank survival analysis also showed that the
overall survival rate of the patients undergoing
EMT was significantly poorer than that of the
patients with wide type status (Figure 2, P =
0.0278, HR = 2.470, 95% Cl: 1.971~2.970). In
the COX model analysis, we also found that the
EMT status of the esophageal cancer patients
could be used as an independent risk factor for
the prediction of prognosis of this malignancy
(P=0.026, HR = 2.306, 95% CI: 1.103~4.824,
Table 2).

Discussion

It has been suggested that the frequent recur-
rence and metastasis of human esophageal
cancer leading to the failure of treatments, was
due to the invasive and metastatic nature of
this malignancy [15], which needs us to reveal
the molecular and cellular mechanism of this
physio-pathological process. As we know, the
EMT is an initial step toward cancer invasion
and metastasis, and is also an identified phe-
notype of cancer invasion and metastasis in
human cancers [16, 17]. In addition, the cells
underwent epithelial-mesenchymal transition
also showed some phenotypes of stem cells.
Mani et al. [18] reported that the induction of
an EMT in immortalized human mammary epi-
thelial cells contributed to the acquisition of
mesenchymal traits and in the expression of
stem-cell markers. Thus it's necessary for us to
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investigate the clinical applications and the
detailed mechanism of EMT in human cancers.
Our present study combined the two important
protein markers, E-cadherin and vimentin, to
identify the EMT in human esophageal cancer,
and our results showed that, the EMT status in
human esophageal cancer, was significantly
associated with tumor invasion, metastasis
and patients’ postoperative prognoses.

E-cadherin, an important regulator of the differ-
entiated epithelial phenotype, could suppress
the tumor invasion and metastasis, and main-
tain the stable cell-to-cell adhesion, and the
polarity of the epithelial cells [1]. The transcrip-
tion factor Snail, a member of the Snail super-
family of zinc-finger transcription, regulates
E-cadherin expression in various physio-patho-
logical processes [19]. Loss of E-cadherin
expression has been demonstrated to corre-
late with different clinical parameters, such as
invasion, metastasis, tumor stage, patients’
postoperative prognoses in a series of human
cancers, for example, lung, breast, uterine cer-
vix, gastric carcinomas, and ovary [12, 20-24].
E-cadherin expression level in human ovarian
cancer also suggested the response to first line
platinum-based chemotherapy and platinum
sensitivity [24]. Recently, many studies also
focused on the epigenetic changes of E-
cadherin, and correlated it with cancer progres-
sion and clinical significance, Wu et al. demon-
strated that methylation in the promoters of
E-cadherin was more common in than that in
normal skin tissue, and was correlated with dif-
ferentiation, lymph node metastasis, and clini-
cal stage, implicating that aberrant methylation

Int J Clin Exp Pathol 2014;7(10):6943-6949
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in promoters of E-cadherin may promote occur-
rence and progression of skin squamous cell
carcinoma [25].

Vimentin, an important mesenchymal marker,
usually expressed by fibroblasts, endothelial
cells, and some cells from the hematopoietic
lineages, also could be found in some epithelial
cancer cells when they are involved in EMT [26,
27]. Vimentin is firstly recognized as a contro-
versial marker of EMT, because in adult epithe-
lial cells, it could be transiently expressed in
response to various insults [1]. But it could be
used as an EMT marker in many cancers to
identify invasiveness and metastasis, namely
type 3 EMT, due its up-regulation in some epi-
thelial cancer cells, and positively correlates
with invasion and metastasis [1]. Zhao et al.
[28] showed that positive staining of vimentin
could be found in 30 of all 121 cases of bladder
cancer, and its expression level significantly
associated with tumor grade, recurrence and
patient’'s prognosis. It has been suggested
that, the combination of the two markers,
E-cadherin and vimentin, could be reasonably
to identify the EMT in many human cancers. For
example, by using E-cadherin and vimentin,
Yamada et al. identified EMT status in human
pancreatic cancer, and found that EMT status
is an important prognostic factor for pancreatic
cancer and associated with portal vein invasion
and lymph node metastasis [29]. Thus, our
present study successfully established a meth-
od by using tissue microarray and the markers,
E-cadherin and vimentin, to conveniently and
properly identify the EMT status in human
esophageal cancer, and revealed that the EMT
status significantly associated with invasion,
metastasis and prognosis in this malignancy.
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