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Abstract. The present study aimed to investigate the associa-
tion between periostin (POSTN), epithelial cadherin (E-cad) 
and vimentin (Vim) expression levels in esophageal squamous 
cell carcinoma (ESCC) tissues, and its clinicopathological 
significance. A total of 58 patients with esophageal cancer 
were enrolled. Immunohistochemistry was performed to 
quantify the expression levels of POSTN, E‑cad and Vim. 
E-cad expression was reduced in ESCC tissue, which was 
associated with severe tumor node metastasis (TNM) stage 
(P<0.001), lymphatic metastasis (P<0.001) and vascular inva-
sion (P=0.026). Conversely, Vim expression was found to be 
increased in ESCC tissues, and had associations with TNM 
stage (P=0.039) and lymphatic metastasis (P=0.039). POSTN 
overexpression observed in ESCC cells was associated with 
attenuation of E‑cad expression (P<0.001) and elevated 
expression levels of Vim (P<0.001). Additionally, significant 
correlations between the overexpression of POSTN in ESCC 
cells and clinicopathological variables including TNM staging 
(P=0.009), degree of differentiation (P<0.001), lymphatic 
metastasis (P=0.009) and vascular invasion (P=0.002) were 
verified. Multivariate analysis revealed that overexpression of 
POSTN in ESCC cancer cells is able to predict the poor prog-
nosis of patients independently of overall survival (P=0.022) 
and disease free survival (P=0.019). The preliminary findings 
of the present study demonstrate that POSTN is involved in 
the epithelial‑mesenchymal transition of ESCC cells, and may 

therefore be a predictive factor for tumor invasion and metas-
tasis, as well as an indicator of poor prognosis for patients with 
ESCC.

Introduction

Esophageal cancer is the fourth leading cause of cancer 
mortality worldwide, and is one of the most aggressive types 
of digestive tract tumor (1). The poor prognosis of esopha-
geal cancer is due to the high incidence rate of lymph node 
metastasis and the invasion of neighboring organs within a 
5‑year period following surgery, despite improvements in 
treatment (2). Investigations into the mechanisms underlying 
invasion and metastasis in esophageal cancer may contribute 
to an improved patient prognosis.

Loss of epithelial‑cadherin (E‑cad) and simultaneous 
acquisition of vimentin (Vim) in epithelial cells is an alteration 
indicative of the epithelial‑mesenchymal transition (EMT), 
which, in tumors, is a crucial step for cancer cells to obtain 
malignant properties (3). The epithelial transmembrane 
glycoprotein E-cad, a cell adhesion molecule, can regulate 
cell motility in a calcium‑dependent manner (4). Dysregulated 
E-cad expression is able to induce impairments in adhesive 
ability and abnormalities in differentiation due to genetic 
mutation, promoter region hypermethylation and suppression 
of transcription, allowing tumor cells to dissociate from the 
primary lesion (5).

Transcriptional repression is considered one of the most 
critical mechanisms underlying the downregulation of E‑cad 
expression. The type III intermediate filament protein Vim is 
normally expressed in cells of mesenchymal origin. Vim is a 
component of the cytoskeleton, is involved in cell adhesion and 
migration, and also regulates apoptosis and signal transduction 
in tumor tissues (6‑8). EMT, as a target involved in invasion 
and metastasis mechanisms, has been revealed to result in the 
poor prognosis of patients with triple negative breast cancer 
and pancreatic cancer (9,10). EMT may be directly or indi-
rectly mediated by various factors including snail, slug and 
twist. Signaling of transforming growth factor‑β is consid-
ered to exert a pivotal function in triggering and promoting 
EMT (11). Periostin (POSTN) is an important downstream 
target in this process, and has been implicated to mediate the 
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initiation of EMT triggered by twist in prostate cancer (11). As 
such, POSTN is considered as a key proteins involved in EMT.

POSTN, also termed osteoblast‑specific factor 2, is an 
evolutionarily conserved extracellular matrix (ECM) protein 
and a member of the fasciclin family (12), and has been reported 
to be overexpressed in various types of human cancer (13,14). 
POSTN is able to interact with other ECM proteins, specific 
cell surface receptors and integrins through multiple signal 
pathways affecting metastasis, invasion and angiogenesis in 
cancer development (15,16). Previous experimental results 
have revealed that POSTN has a role in mediating the promo-
tion of esophageal cancer (16,17). However, reports have yet 
to elucidate the association between POSTN and EMT in 
esophageal squamous cell carcinoma (ESCC). The present 
study hypothesized that POSTN is involved in the EMT of 
ESCC cells, and consequently facilitates cancer invasion and 
metastasis.

In the present study, the expression levels of POSTN, E‑cad 
and Vim in ESCC cells and corresponding paracarcinomatous 
normal epithelium were examined using immunohistochem-
istry. The associations of POSTN, E‑cad and Vim with 
clinicopathological features and the patients' survival status 
were investigated using univariate and multivariate analyses to 
verify whether POSTN is useful for predicting tumor malig-
nant properties and poor prognosis in patients with ESCC.

Materials and methods

Patients and tumor biopsies. A total of 58 tumor specimens 
were obtained from patients with ESCC who underwent curative 
esophagectomy at the Department of Thoracic Surgery (Anhui 
Medical University, Hefei, China), between January 2007 
and January 2008. All cases were diagnosed on a clinical 
basis with pathological confirmation and no patient received 
additional treatment prior to surgery. Of the 58 patients, there 
were 50 males and 8 females, with a median age of 61 years 
(range, 40‑82). The obtained patient characteristics included 
tumor node metastasis (TNM) stage I/II (n=16), TNM 
stage III/IV (n=42), poor differentiation (n=33), moderate and 
well differentiation (n=25), lymphatic metastasis (n=42) and 
vascular invasion (n=44). Clinical status was determined in 
accordance with the National Comprehensive Cancer Network 
Clinical Practice Guidelines in Oncology Version 2009 (18). 
All patients’ tissue specimens were fixed in 10% formalin, 
paraffin‑embedded and stained with hematoxylin and eosin 
for immunohistochemical analysis. Clinical and pathological 
data of all patients was obtained from medical records, and the 
follow‑up deadline was 17th March, 2015. The present study 
was approved by the Institutional Review Board of the Anhui 
Provincial Hospital (Anhui Medical University), and written 
informed consent was obtained from all participants.

Immunohistochemistry and evaluation. Immunohistochemical 
staining of POSTN, E‑cad, and Vim in ESCC and adjacent 
normal tissues was performed by the two‑step method (Beijing 
Zhongshan Jinqiao Biotechnology Co., Ltd., Beijing, China). 
Specimen sections (thickness, 4 µm) were dewaxed by dimeth-
ylbenzene, rinsed in phosphate‑buffered saline (PBS), boiled 
under high pressure in citrate‑buffer (10 mmol/l; pH=6.0) 
for 2 min for antigen retrieval, and treated with 3% hydrogen 

peroxide to block endogenous peroxidase activity. Each section 
was incubated with the primary mouse anti-E-cad mono-
clonal antibody (cat. no. ZM‑0092; 1:200), mouse anti‑Vim 
monoclonal antibody (cat. no. ZM‑0260) (both 1:200; Beijing 
Zhongshan Jinqiao Biotechnology Co., Ltd.), and mouse 
anti‑POSTN polyclonal antibody (cat. no. TA804575; 1:150; 
Abcam, Cambridge, UK) at 4˚C overnight. Subsequent to 
washing with PBS, the sections were incubated with the appro-
priate HRP‑labeled secondary antibody (goat antimouse IgG; 
pre‑diluted; from PV‑6000 Polink‑1 HRP DAB Detection 
System One‑step polymer detection system for Mouse and 
Rabbit antibodies, Beijing Zhongshan Jinqiao Biotechnology 
Co., Ltd.) at room temperature for 30 min. The reaction prod-
ucts were developed using a 3,3‑diaminobenzidine (DAB; 
Beijing Zhongshan Jinqiao Biotechnology Co., Ltd.) solution 
for 10 min, and dehydrated following hematoxylin counter-
staining. Negative control slides were processed with PBS 
and a confirmed positive tissue section was used as a positive 
control.

Semi-quantitative integration was used to assess the results 
of immunohistochemistry. Yellow‑brown granules located in 
cytoplasm and cytoplasmic membrane were defined as positive 
staining. Staining intensity was scored as follows: 0, negative; 
1, yellow; 2, brown; and 3, sepia. An image of the background 
was taken for reference. Scores for the average percentage of 
immunopositive cells were based on the number of stained 
cells per 100 cells in 10 high‑power fields (magnification, 
x400) from the hot spots in low power fields (magnification, 
x100), and rated as follows: 0, <10% positive cells; 1, 10‑25%; 
2, >25‑50%; 3, >50‑75%; and 4, >75% positive cells. The final 
assessment based on their product was as follows: 0, negative 
(‑); 1‑4, weak positive (+); 5‑8, moderate positive (++); and 
9‑12, strong positive (+++). The slices were independently 
evaluated by two pathologists who were blind to the clinical 
diagnosis.

Statistical analysis. Statistical analyses were completed with 
SPSS 13.0 (SPSS, Inc., Chicago, IL, USA). Experiments 
were performed in triplicate. All data were presented as the 
mean ± standard deviation. The χ2 test was used as appropriate 
for the comparison of variables. Correlations between POSTN 
and EMT markers were performed using the Spearman’s 
rank correlation test. Overall survival (OS) and disease‑free 
survival (DFS) rates were determined using a Kaplan‑Meier 
analysis and a log‑rank test. The Cox regression model was 
used for multivariate survival analysis. P<0.05 was considered 
to indicate a statistically significant difference.

Results

Expression levels of E‑cad, Vim, and POSTN in the intratu‑
moral and paracarcinomatous tissues of ESCC. E-cad was 
observed to be expressed on the squamous cell membranes, 
and attenuated notably in the ESCC tissues compared with 
the paracarcinomatous epithelium (32.8 vs. 74.1%; χ2=19.957; 
P<0.001; Fig. 1). Vim was located in the cytoplasm of fibroblasts, 
endothelial cells and squamous cells; the focus of the present 
study was just squamous cells. Vim expression was positive 
in 24/58 intratumoral cases (41.4%, χ2=26.973, P<0.001), 
significantly more than 1/58 paracarcinomatous cases (1.7%; 
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Fig. 1). POSTN expression was detected in the cytoplasm of 
fibroblasts, endothelial cells, and squamous cells. Similar to 
Vim, the present study also analyzed POSTN expression in 
squamous cells. The positive rate of POSTN expressed in the 
tumor squamous cells was 41/58 (70.7%, χ2=11.293, P=0.001), 
notably higher than 23/58 (39.7%) in the paracarcinomatous 
epithelium (Fig. 1). Data above are presented in Table I.

Correlations between POSTN and the EMT hallmark proteins 
in ESCC squamous cells. The present study analyzed the 
correlations between POSTN and the EMT hallmark proteins 
E-cad and Vim in the ESCC squamous cells according to the 
immunohistochemical score. There was an inverse correlation 
between expression levels of E‑cad and POSTN (r=‑0.339; 
P<0.001; Table II). No case expressing E‑cad was observed 
in the samples that had a POSTN score >6. By contrast, Vim 
expression was found to have a positive correlation with 
POSTN expression (r=0.130; P<0.001; Table II). Intensity of 
Vim expression was weak to moderate/high, and Vim was 
observed to be expressed positively in the presence of POSTN. 
This trend in our experiment revealed that POSTN overex-
pression was associated with E-cad attenuation as well as Vim 
enrichment (Fig. 2).

Associations between clinicopathological characteristics and 
expression levels of E‑cad, Vim, and POSTN in the ESCC 
squamous cells. The associations between expression levels 

of the proteins in the ESCC squamous cells and clinicopatho-
logical factors were analyzed by the χ2 test. E‑cad expression 
exhibited a higher positive rate in the tumor tissues with 
advanced TNM stage (χ2=12.994; P<0.001), lymphatic metas-
tasis (χ2=12.994; P<0.001) and venous invasion (χ2=4.981; 
P=0.026). Conversely, there was no statistical association 
between E‑cad status and tumor differentiation (P=0.647). 
The positive rate of Vim expression was elevated significantly 
in the cases with a terminal TNM stage (χ2=4.665; P=0.039) 
and lymphatic metastasis (χ2=4.665; P=0.039), but did not 
exhibit an association with the degree of tumor differentiation 
(P=0.072) or venous invasion (P=0.121). Notably, the overex-
pression of POSTN was validated to be significantly associated 
with all clinicopathological factors in this study, including 
TNM stage (χ2=7.739; P=0.009), tumor differentiation degree 

Table II. Associations between POSTN and the EMT hallmark 
proteins in the esophageal squamous cell carcinoma squamous 
cells.

 E-cad (SC) Vim (SC)
 ----------------------------------- -----------------------------------
POSTN (SC) r-value P-value r-value P-value

 ‑0.339 <0.001 0.130 <0.001

POSTN, periostin; EMT, epithelial‑mesenchymal transition; E‑cad, 
E‑cadherin; Vim, vimentin; SC, squamous cell.

Table I. Positive rate of E‑cad, Vim, and POSTN expression in 
the squamous cells of tumor and paracarcinomatous tissues in 
esophageal squamous cell carcinoma.

  Paracarcinomatous
 Tumor tissues tissues
 ------------------------- -----------------------------------------
 Positive Positive
Variable rate (%) rate (%) χ2 P-value

E‑cad 19/58 (32.8) 43/58 (74.1) 19.957 <0.001
Vim 24/58 (41.4) 1/58 (1.7) 26.973 <0.001
POSTN 41/58 (70.7) 23/58 (39.7) 11.293   0.001

E‑cad, epithelial cadherin; Vim, vimentin; POSTN, periostin.

Figure 1. Immunohistochemistry demonstrates expression diversity of E‑cad, 
Vim, and POSTN in the ESCC tissues. (A) E‑cad expression in the tumor 
cells (magnification, x100) receded significantly comparing with the strong 
staining in (E) the paracarcinomatous squamous cells (magnification, x200). 
(B) Vim expression in the tumor cells (magnification, x400) was stronger 
than that in (F) the paracarcinomatous squamous cells (magnification, 
x200). (C) POSTN was observed to be overexpressed in the cancer cells 
(magnification, x400), whereas it demonstrated low positive rate in (G) the 
paracarcinomatous squamous cells (magnification, x100). (D) POSTN 
expression in the tumor tissue with poor differentiation (magnification, x400) 
was denser than that in (H) the well‑differentiated tumor tissue (magnifica-
tion, x400). Scale bar=50 µm. E‑cad, epithelial cadherin; Vim, vimentin; 
POSTN, periostin; ESCC, esophageal squamous cell carcinoma.
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(χ2=15.106; P<0.001; Fig. 1), lymphatic metastasis (χ2=7.739; 
P=0.009) and venous invasion (χ2=10.896; P=0.002). These 
results are presented in detail in Table III.

Survival analysis. Survival analysis according to the 
Kaplan‑Meier method revealed that the OS (27.171±1.584 
months; Fig. 3A) and DFS (13.341±1.039 months; Fig. 3B) 
of patients with positive POSTN expression was markedly 
shorter than that of patients with negative POSTN expres-
sion (OS, 45.824±3.408 months, χ2=22.252, P<0.001; DFS, 
29.471±3.155 months, χ2=22.696, P<0.001). Similarly, patients 
with positive Vim expression tended to have a poorer prognosis 
for OS (27.833±2.235 vs. 36.029±2.628 months; χ2=5.936; 
P=0.015) and DFS (14.125±1.809 vs. 20.853±2.145 months; 
χ2=5.750; P=0.016). However, the OS (40.895±3.327 months) 
and DFS (25.263±3.100 months) of patients with positive E‑cad 
expression were markedly longer than those of patients with 
negative E‑cad expression (OS, 28.615±1.968 months, χ2=9.255, 
P=0.002; DFS, 14.564±1.389 months, χ2=9.667, P=0.002).

Multivariate analysis using the Cox regression model 
indicated that POSTN positive expression (P=0.022) and 
TNM stage (P=0.004) were independent prognostic factors 
for the OS of patients with ESCC. POSTN positive expression 
(P=0.019) remained one of the independent prognostic factors 
for the DFS of patients with ESCC, along with venous invasion 
(P=0.004) and TNM stage (P=0.008; Table IV).

Discussion

EMT has been demonstrated to be involved in several 
underlying mechanisms leading to tumor invasion, migration 
and the induction of cancer stem‑like cells in esophageal 
cancer (19,20). In the present study, expression levels of E‑cad 

and Vim in ESCC squamous cells changed abnormally and 
inversely. Reduction of the E‑cad positive rate and elevation 
of the Vim positive rate in ESCC tissues indicated that EMT 
occurred in the ESCC tissues. In addition, attenuation of E‑cad 
and enrichment of Vim in cancer cells was associated with the 
invasion and metastasis of ESCC, thus potentially affecting 
the prognosis of patients with ESCC.

The association between POSTN and EMT has been 
investigated in several types of tumors. However, conclusions 
vary depending on the type of cancer. POSTN is reported to be 
capable of enhancing EMT of nicotine‑mediated tumor cells in 
lung and gastric cancer (21,22), whereas exhibits biphasic effects 
on EMT in pancreatic cancer cells and even has a suppressive 
role in the regulation of EMT in bladder cancer cells (23,24). 
The present study aimed to elucidate the reciprocal correlation 
between POSTN and EMT in ESCC, and revealed that POSTN 
overexpression was associated with E-cad attenuation as well as 
Vim enrichment, via immunohistochemistry.

Additionally, POSTN has been reported to be able to 
upregulate snail and twist, which are regarded as negative 
regulators of E‑cad in transcription, and enhance protein 
kinase B (Akt) phosphorylation to decrease E‑cad expres-
sion (24). POSTN was deemed to be involved in the crosstalk 
between epidermal growth factor receptor and integrins at the 
plasma membranes, activating the Akt and the focal adhesion 
kinase (FAK) signaling pathways consecutively to promote 
EMT in non‑small cell lung, ovarian and colon cancer (25‑27). 
Consequently, the present data showing the reciprocal correla-
tions between POSTN and the EMT markers E‑cad and Vim 
in ESCC are consistent with previous studies.

Considering the role of POSTN as a promotional mediator 
of EMT in ESCC cells, upregulated POSTN with concomitant 
repression of E‑cad and overexpression of Vim may result in 

Figure 2. Consecutive slides from the same specimen of ESCC tissue exhibited the reciprocal association between the expression levels of POSTN and the 
EMT hallmark proteins. (A) Negative staining of E‑cad in the cancer cells under low power lens (magnification, x200) and (D) high power lens (magnification, 
x400). (B) Positive staining of Vim in the cancer cells from the same location of the same specimen under low power lens (magnification, x200) and (E) high 
power lens (magnification, x400). (C) Positive staining of POSTN in the cancer cells from the same location of the same specimen under low power lens 
(magnification, x200) and (F) high power lens (magnification, x400). Scale bar=50 µm. ESCC, esophageal squamous cell carcinoma; POSTN, periostin; EMT, 
epithelial‑mesenchymal transition; E‑cad, epithelial cadherin; Vim, vimentin.
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advanced tumor characteristics. The present study therefore 
demonstrated that POSTN expression was elevated in the ESCC 
tissues with poor differentiation, lymphatic metastasis, venous 
invasion and thus a severe TNM stage. In terms of the mecha-
nism, POSTN was previously reported to be able to combine 
to multiple integrin receptors including αvβ3, αvβ5, and α6β4, 
partially regulating the intracellular signaling pathways linked to 
phosphatidylinositol 3 kinase (PI3K) /AKT as well as FAK, and 
sequentially induce the proliferation, metastasis and invasion of 
cancer cells, and alter tumor microenvironment (11,16,28). The 
results of the present study validate the negative influences on the 
ESCC tissue due to the increased POSTN expression in cancer 
cells. In addition, previous studies of POSTN in esophageal 

cancer accentuated the significance of microenvironment inva-
sion mediated by POSTN, suggesting that POSTN may induce 
vascular endothelial growth factor expression and cooperate 
with mutant P53 to promote tumor angiogenesis and invasion 
in microenvironment (16,29,30). These findings suggest that 
POSTN may be responsible for malignant clinicopathological 
properties, and could therefore be considered as a predictive 
marker for the presence of lymph node and blood vessel invasion 
as well as histologically poor differentiation.

Since the functions of POSTN lead to the aggressive prop-
erties in ESCC cells, the survival period could be affected 
in the patients with these features induced by upregulated 
POSTN expression. The OS and DFS of POSTN positive 

Table III. Associations between clinicopathological characteristics and positive rate of E‑cad, Vim and POSTN in ESCC  
squamous cells.

 E-cad Vim POSTN
 ------------------------------------------------------ ---------------------------------------------------- -----------------------------------------------------
  Positive    Positive    Positive   
Variable n rate, % χ2 P‑value rate, % χ2 P‑value rate, % χ2 P-value

TNM stage
  I/II 16 68.8 12.994 <0.001 18.8 4.665 0.039 43.8 7.739 0.009
  III/IV 42 19.0   50.0   81.0  
Differentiation degree
  Low 33 30.3 0.210 0.647 51.5 3.243 0.072 90.9 15.106 <0.001
  Moderate/high 25 36.0   28.0   44.0  
Lymphatic metastasis
  Positive 42 19.0 12.994 <0.001 50.0 4.665 0.039 81.0 7.739 0.009
  Negative 16 68.8   18.8   43.8  
Venous invasion
  Positive 44 25.0 4.981 0.026 47.7 3.028 0.121 81.8 10.896 0.002
  Negative 14 57.1   21.4   35.7

E‑cad, epithelial cadherin; Vim, vimentin; POSTN, periostin; ESCC, esophageal squamous cell carcinoma.

Figure 3. Kaplan‑Meier analysis of OS rate DFS rate curves of patients with ESCC based on POSTN expression as positive or negative. The ESCC patients 
with POSTN positive expression had significantly shorter period than those with POSTN negative expression in (A) OS and (B) DFS. P‑values were calculated 
using the log‑rank test. OS, overall survival; DFS, disease free survival; ESCC, esophageal squamous cell carcinoma; POSTN, periostin.
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patients with ESCC were both markedly shorter than that 
of the POSTN negative patients in the univariate analysis. 
Additionally, multivariate analysis revealed that overexpres-
sion of POSTN in the ESCC cells can predict poor prognosis 
independently in OS and DFS. These data are in agreement 
with the negative impact of POSTN on the patients' survival 
in non-small cell lung cancer, breast, colorectal, prostate, and 
ovarian cancers (31‑35). The present results therefore indicated 
the pivotal role of POSTN in the progression of invasion and 
metastasis in ESCC tissues, as well as the prognostic value in 
the survival of patients with ESCC.

There were several limitations to the present study. 
Immunohistochemistry could only reflect the correlations 
between POSTN and EMT. Therefore, transfection of target 
genes, cytological analyses and xenografts on animal models 
are required to further the understanding of these correlations. 
In addition, a bias may have occurred due to the insufficient 
sample amount. The above limitations made the present 
conclusions preliminary.

In conclusion, the present study revealed that POSTN could 
be regarded as an upregulated factor in ESCC cells, promoting 
EMT, facilitating the invasion and metastasis of tumor cells, 
thus leading to a poor prognosis. These results indicated that 
suppression of the regulation between POSTN and EMT may 
provide a valid means to control tumor metastasis and the 
relapse of patients with ESCC.
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