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Abstract. Epithelial‑mesenchymal transition (EMT) 
allows neoplastic cells to gain the invasive phenotype and 
become migratory, which is required for cancer progres-
sion and metastasis. In the present study, the expression 
of EMT‑associated biomarkers and their association with 
clinicopathological parameters in laryngeal squamous cell 
carcinoma (LSCC) was investigated. E‑cadherin, N‑cadherin, 
β‑catenin and zinc finger E‑box binding homeobox 2 (ZEB2) 
protein expression was evaluated with immunohistochemistry 
in a cohort of 76  patients with operable LSCC. The 
association between these transition markers, clinicopatho-
logical parameters and their prognostic impact in LSCC 
was analyzed. Immunohistochemical analysis revealed 
that EMT‑associated proteins were differentially expressed 
between LSCC and adjacent non‑neoplastic laryngeal tissue. 
Negative E‑cadherin expression and positive N‑cadherin, 
β‑catenin and ZEB2 expression were associated with a later 

tumor (T) stage, decreasing tumor differentiation and a 
reduced overall survival (OS) time (OS: E‑cadherin, P=0.016; 
N‑cadherin, P=0.003; β‑catenin, P=0.002; ZEB2, P=0.0003). 
E‑cadherin/β‑catenin co‑expression was significantly 
associated with the majority of clinicopathological param-
eters assessed, including lymph node metastases, T stage and 
tumor cell differentiation (P=0.004, P=0.005, and P<0.001, 
respectively). Multivariate analysis indicated that T stage 
and the positive expression of β‑catenin and ZEB2 were 
independent risk factors for OS in LSCC (P=0.014, P=0.025 
and P=0.003, respectively). It was concluded that EMT 
mediates tumor progression, and reduces OS time in patients 
with LSCC. E‑cadherin/β‑catenin co‑expression may be 
associated with clinicopathological parameters. T stage, and 
the positive co‑expression of β‑catenin and ZEB2 may be 
independent predictors of prognosis in LSCC.

Introduction

Laryngeal squamous cell carcinoma (LSCC) is a common 
malignancy of the head and neck that is increasing in 
morbidity and mortality worldwide  (1). As biomarkers for 
various cancers, tumor‑node‑metastasis stage and grade may 
be insufficient to indicate a prognosis and treatment for LSCC. 
The identification of prognostic and predictive biomarkers of 
LSCC may help clinicians select more appropriate treatment 
for individual patients. Invasion and metastasis are considered 
the major clinical challenges in the treatment of cancer; the 
cellular process of epithelial‑mesenchymal transition (EMT), 
which is characterized by the loss of epithelial markers 
(including adherens junction proteins E‑cadherin, α‑ and 
β‑catenin) and increased expression of mesenchymal markers 
(including N‑cadherin and vimentin), promotes the aggressive 
behavior of cancer (2‑4).

Although certain molecular markers of the EMT processes 
have been considered in numerous cancer cell models 
in  vitro  (5‑7), the association between EMT‑associated 
molecular alterations with LSCC clinicopathological character-
istics and prognosis requires further investigation. E‑cadherin 
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binding to β‑catenin on the cytomembrane represses tumor 
progression by maintaining cellular adhesion to prevent EMT, 
cell motility and tumor metastasis  (8). Downregulation or 
loss of E‑cadherin and β‑catenin from the cytomembrane 
and nuclear β‑catenin expression are frequently observed in 
multiple cancer types, including head and neck cancer (9‑11). 
EMT has also been demonstrated to be induced by the expres-
sion of other EMT‑associated proteins, including N‑cadherin 
and zinc finger E‑box binding homeobox 2 (ZEB2; also known 
as SIP1) in various different cancer types, including head and 
neck squamous cell carcinoma (HNSCC) (12). The decreased 
expression of membranous E‑cadherin accompanied by a 
simultaneous increase in the expression of N‑cadherin (termed 
the ‘cadherin switch’) has been reported as a phenomenon 
that is associated with lymph node metastasis in HNSCC, 
and disease recurrence in LSCC  (13‑15). Furthermore, 
ZEB2, a major repressor of E‑cadherin, is associated with 
the initial stage of EMT, and promotes tumor cell migration 
and invasion (11,12). The overexpression of ZEB2 has been 
reported in different cancer types and metastatic lymph nodes 
in HNSCC tissues, and has been suggested as a candidate 
biomarker for poor prognosis (5,6,16).

Therefore, the primary objective of the present study 
was to examine the expression patterns of EMT‑associated 
markers (E‑cadherin, N‑cadherin, β‑catenin and ZEB2) in a 
cohort of patients with LSCC treated with surgery, with and 
without lymph node metastasis, using immunohistochemical 
analyses. The results of the present study indicated significant 
differences in the expression of the four EMT‑associated 
markers between LSCC and the adjacent non‑neoplastic 
laryngeal tissue. The association of these biomarkers 
with LSCC clinicopathological phenotype and prog-
nosis was analyzed. In particular, the clinicopathological 
significance of the co‑expression of E‑cadherin/N‑cadherin, 
E‑cadherin/β‑catenin, and E‑cadherin/ZEB2 in LSCC was 
assessed.

Materials and methods

Patient cohort. This retrospective study included 76 patients 
with stage I‑IVa LSCC treated from February 2007 to 
November 2013 at the Ear, Nose, and Throat (ENT) Department 
of Drum Tower Hospital, Nanjing University (Nanjing, China). 
All of the patients were male and aged 34‑87 years; none of 
the patients had been previously treated. The data collected, 
including tumor characteristics and the age at diagnosis, are 
reported in Table I, using the American Joint Committee on 
Cancer Staging Manual (2002) (17). All of the patients in the 
study provided written informed consent; the study protocol 
was performed in accordance with institutional bioethics 
guidelines and was approved by the Research and Ethics 
Committee of Drum Tower Hospital.

All of the patients underwent primary partial or total 
laryngectomy, and unilateral or bilateral cervical lymph node 
dissection at the ENT Department of Drum Tower Hospital. 
All of the collected pathology materials were reviewed after 
excision by the Department of Pathology of Drum Tower 
Hospital to confirm the diagnosis of LSCC and assess the 
degree of differentiation. Adjacent non‑neoplastic laryngeal 
tissues were used as controls.

Immunohistochemistry. Representative tissue sections of 2‑µm 
thickness were dewaxed in xylene and rehydrated in graded 
ethanol. Antigen retrieval was performed by pressure heating 
the slides in 0.01 M pH 6.0 citrate buffer (Beijing Solarbio 
Science & Technology Co., Ltd., Beijing, China). Endogenous 
peroxidase activity was quenched by treatment with 3% 
H2O2 for 15 min at room temperature, followed by incuba-
tion with non‑specific protein blocking solution 1% bovine 
serum albumin (cat. no., 11021037; Thermo Fisher Scientific, 
Waltham, USA) in PBS for 45  min at room temperature. 
Sections were subsequently incubated with primary antibodies 
against E‑cadherin (mouse monoclonal; cat. no.,  ab1416), 
N‑cadherin (rabbit polyclonal; cat. no., ab18203), β‑catenin 
(rabbit monoclonal; cat. no.,  ab32572), and ZEB2 (rabbit 
polyclonal; cat. no., ab138222; all Abcam, Cambridge, UK) 
overnight at 4˚C. The secondary reactions for all antibodies 
were performed using the Polink‑1 HRP DAB Detection 
System kit (OriGene Technologies, Inc., Beijing, China). The 
slides were rinsed, counterstained with Harris hematoxylin 
for 15 sec at room temperature, dehydrated and mounted. For 
negative controls, blocking solution was added instead of the 
primary antibody.

Immunohistochemical evaluation. All slides were assessed 
by the following evaluation method, based on other studies 
regarding LSCC, HNSCC and oral squamous cell carcinoma 
(OSCC) (18‑20). In the assessment of E‑cadherin and β‑catenin 
staining, the focus was on the cell membranes. For E‑cadherin, 
the staining was considered negative, and therefore, ‘low 
expression’, if <90% of the cells were positive for membranous 
staining. For β‑catenin, the staining of the cell membranes was 
evaluated as negative, with weak‑to‑extensive staining in the 
cytoplasm and nucleus considered positive. When considering 
N‑cadherin, the cells were negative, and therefore exhibited 
‘low expression,’ if <20% of the cells were stained. Finally, 
for ZEB2, the intensity of nuclear staining was evaluated as 
follows: 0= no staining, 1= weakly positive, 2= moderately 
positive and 3= strongly positive, and the extent of staining 
was based on the percentage of positive cells, where 1=1‑25%, 
2=26‑50%, 3=51‑75%, and 4=7 6‑100%. The total ZEB2 
immunoreactivity score was calculated as the product of the 
scores for the intensity of nuclear staining and the extent of 
staining. The scores were then divided into negative (<3) and 
positive (≥3).

Statistical analysis. Statistical analysis was performed with 
SPSS 22.0 (IBM Corp., Armonk, NY, USA). The statistical 
associations of protein expression levels with clinicopathological 
parameters were analyzed with Pearson's χ2, or Fisher's exact 
test for nominal data. Survival probability differences were 
compared with the log‑rank test, and the association of survival 
rates with the four EMT biomarkers was illustrated using 
Kaplan‑Meier survival curves. A multivariate analysis was 
performed using the Cox proportional hazards model. P<0.05 
was considered to indicate a statistically significant result.

Results

Clinicopathological characteristics and outcomes of patients 
with LSCC. The main clinicopathological characteristics of the 
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patients with LSCC in the present study are included in Table I. 
The follow‑up survival data were available for 70/76 patients 
(92.11%), with a median survival time of 38.5 months, and a 
maximum follow‑up period of 98 months.

EMT‑related markers are differentially expressed between 
LSCC and non‑neoplastic tissues. E‑cadherin, N‑cadherin, 
β‑catenin and ZEB2 were differentially expressed between 
LSCC and non‑neoplastic tissues (Fig. 1). E‑cadherin and 
β‑catenin were highly expressed in a membranous pattern in 
non‑neoplastic laryngeal tissues. In the majority of the cells of 
the tumor tissue samples, their expression on the membrane 
was predominantly reduced, and cytoplasmic expression 
patterns were diffuse (Fig. 1).

According to the immunohistochemical evaluation, posi-
tive E‑cadherin expression was observed in significantly fewer 
LSCC tissue samples (42.11%; 32/76) than non‑neoplastic 
tissue samples (100%; 76/76; P<0.001).

The β‑catenin staining pattern was also significantly 
different between LSCC and non‑neoplastic tissues (Fig. 1); 
40.79% (31/76) of the LSCC tissues were considered to exhibit 
positive staining localized in the cytoplasm and nucleus, 
whereas only 1.32% (1/76) of the non‑neoplastic tissues 
demonstrated similar staining (P<0.001).

N‑cadherin expression was observed in the cytoplasm of 
the cells in a number of LSCC tissue samples (11/76), with 
a positive rate of 14.47%, whereas its expression was not 
identified in any of the non‑neoplastic tissues (P<0.001).

The rate of the positive expression of ZEB2 in LSCC 
tissue samples was 48.68% (37/76); there was frequently 
strong staining in the nucleus and cytoplasm. However, the 
positive rate in the control group was only 9.21% (7/76), 
which was significantly different than the rate in the LSCC 
group (P<0.001); there was weak nuclear staining in a limited 
number of cells in the non‑neoplastic tissues.

Correlation of EMT marker expression with clinicopatho‑
logical parameters. As included in Table II, E‑cadherin and 
β‑catenin expression, a hallmark of EMT, was significantly 
associated with lymph node metastases, T stage and differen-
tiation status (P=0.020, P=0.002; P=0.004, P=0.003; P=0.028, 
P<0.001, respectively). It was identified that relatively reduced 
E‑cadherin staining in the membrane and increased β‑catenin 
staining in the cytoplasm and nucleus were observed in the 
majority of LSCC cases with lymph node metastases, stage T4 
or poor differentiation. N‑cadherin expression was significantly 
associated with T stage and differentiation (P=0.003; P=0.010).

As ZEB2 may repress E‑cadherin expression (5,16), it is 
reasonable to expect its increased expression to be associated 
with the tumor characteristics associated with E‑cadherin 
loss. Indeed, the expression of ZEB2 was associated with the 
lymph node metastasis status, T stage and the differentiation 
status of tumor cells in the present study (P<0.001; P<0.001; 
P=0.013).

In addition, the association of the co‑expression of 
E‑cadherin and the other three EMT‑associated biomarkers with 
clinicopathological parameters was assessed in the present study, 
as included in Table III. E‑cadherin/β‑catenin co‑expression was 
significantly associated with the lymph node metastasis status 
(P=0.004), T stage (P=0.005) and differentiation (P<0.001), 
whereas E‑cadherin/N‑cadherin or E‑cadherin/ZEB2 
co‑expression was significantly associated with only two of the 
clinicopathological parameters (T stage, P=0.001; differentia-
tion, P=0.012). However, the co‑expression of E‑cadherin with 
the other three EMT‑associated biomarkers individually was not 
associated with the localization of LSCC. Additionally, there 
was no significant association between the individual expression 
of the four EMT‑associated biomarkers and tumor localization.

Association of EMT‑associated marker expression and 
clinicopathological parameters with clinical outcome. The 
results of the univariate analysis of the biomarkers for overall 
survival (OS) are summarized in Fig. 2. Patients whose tumors 
exhibited the negative membrane expression of E‑cadherin 
(Fig. 2A; P=0.016) or positive expression of the other three 
biomarkers experienced significantly reduced OS time 
(Fig. 2B‑D; N‑cadherin, P=0.003; β‑catenin, P=0.002; ZEB2, 
P<0.001). The association between the clinicopathological 
parameters and the clinical outcome was also examined by 
log‑rank analysis (data not shown). OS time was significantly 
improved among patients with no lymph node metastases, an 
early T stage (T1‑3) and strong differentiation of tumor cells 
(χ2=4.873, P=0.027; χ2=9.567, P=0.023; χ2=6.126, P=0.047, 
respectively). Tumor localization was not significantly associ-
ated with OS (χ2=1.420, P=0.701).

Multivariate analysis. In the multivariate analysis, all of the 
analyzed factors were those identified as significant in the 

Table I. Patient clinicopathological characteristics.

Variable	 Value

Total, n	 76
Age (years)	
  Range	 34‑87
  Median	 64
Lymph node metastasis, n (%)	
  Positive	 38 (50.00)
  Negative	 38 (50.00)
Tumor stage, n (%)	
  T1‑3	 45 (59.21)
  T4	 31 (40.79)
Tumor cell differentiation, n (%)	
  Good	   8 (10.53)
  Moderate	 52 (68.42)
  Poor	 16 (21.05)
Localization, n (%)	
  Supraglottic	 14 (18.42)
  Glottic	 46 (60.53)
  Subglottic	 7 (9.21)
  Hypopharynx invaded	   9 (11.84)
Surgery type, n (%)	
  Partial laryngectomy	 3 (3.95)
  Total laryngectomy	 73 (96.05)
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univariate analyses, with the exception of tumor localization, 
using the Cox proportional hazards model (data not shown). 
The result revealed that T stage and the positive expression 
of β‑catenin or ZEB2 were independent risk factors for OS 
in LCSS (HR, 3.004; 95% CI, 1.24‑7.25; P=0.014; HR, 2.877; 
95% CI, 1.15‑7.23; P=0.025; HR, 5.278; 95% CI, 1.77‑15.70; 
P=0.003; respectively).

Discussion

EMT, a cellular program in which epithelial cells develop the 
motile and invasive properties typical of mesenchymal cells, is 

an important process in the progression, invasion and metastasis 
of cancer (1‑3). At the molecular level, EMT, which is indicated 
by changes in the expression of specific proteins, involves the 
downregulation of epithelial‑type markers, including adherens 
junction proteins, and the expression of mesenchymal proteins, 
including EMT‑associated transcription factors (21‑23). EMT 
was previously reported to be associated with aggressive 
behavior and a poor prognosis for several types of tumor, 
including HNSCC, and other studies have investigated the 
involvement of EMT specifically in LSCC (3,8,24,25). The 
present study was conducted to provide preliminary clinico-
pathological data on this topic. At present, the occurrence of 

Figure 1. Representative images of the immunostaining of E‑cadherin, N‑cadherin, β‑catenin and ZEB2 in non‑neoplastic tissues and LSCC. Magnification, 
x200. LSCC, laryngeal squamous cell carcinoma; ZEB2, zinc finger E‑box binding homeobox 2.
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Table II. Differential expression of epithelial‑mesenchymal transition‑associated biomarkers in laryngeal squamous cell 
carcinoma and non‑neoplastic tissues.

A, Association with E‑cadherin

Clinicopathological parameter	 Positive, n	 Negative, n	 χ2	 P‑value

Lymph node metastasis			   5.398	 0.020
  Positive	 11	 27		
  Negative	 21	 17		
T stage			   8.188	 0.004
  T1‑3	 25	 20		
  T4	 7	 24		
Tumor differentiation			   7.164	 0.028
  Good	 2	 14		
  Moderate	 26	 26		
  Poor	 3	 5		
Localization			   0.758	 0.860
  Supraglottic	 5	 9		
  Glottic	 21	 25		
  Subglottic	 3	 4		
  Hypopharynx invasion	 3	 6	 	

B, Association with N‑cadherin

Clinicopathological parameter	 Positive, n	 Negative, n	 χ2	 P‑value

Lymph node metastasis				    0.516a

  Positive	 7	 31		
  Negative	 4	 34		
T stage 				    0.006a

  T1‑3	 2	 43		
  T4	 9	 22		
Tumor differentiation			   9.199	 0.010
  Good	 6	 10		
  Moderate	 5	 47		
  Poor	 0	 8		
Localization			   3.069	 0.381
  Supraglottic	 2	 12		
  Glottic	 5	 41		
  Subglottic	 1	 6		
  Hypopharynx invasion	 3	 6	 	  

C, Association with β‑catenin

Clinicopathological parameter	 Positive, n	 Negative, n	 χ2	 P‑value

Lymph node metastasis			   9.207	 0.002
  Positive	 22	 16		
  Negative	 9	 29		
T stage 			   9.111	 0.003
  T1‑3	 12	 33		
  T4	 19	 12		
Tumor differentiation			   23.985	 <0.001
  Good	 15	 1		
  Moderate	 13	 39		
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EMT has been investigated in LSCC in studies that largely 
focused on the loss of membranous E‑cadherin and the overex-
pression of cytoplasmic β‑catenin (7,15,19,26,27). In the present 
study, the expression of an extended panel of EMT‑associated 
markers, including E‑cadherin, N‑cadherin, β‑catenin and 
ZEB2, was examined in a larger cohort of patients with LSCC. 
Additionally, analysis of the association between the expression 
of these markers and clinicopathological and follow‑up data 
was performed to determine important prognostic information. 
The findings of the present study indicated that four of these 
EMT‑associated proteins were differentially expressed between 
LSCC and non‑neoplastic mucosal epithelium. E‑cadherin 
expression was significantly reduced in the membrane, and 
there was a diffuse cytoplasmic staining pattern in tumor 
tissue. Previous studies reported a decrease in expression 
of the epithelial marker E‑cadherin in LSCC cell lines and 
resected samples, and some provided evidence of cytoplasmic 
E‑cadherin expression only in LSCC (26,28‑30). The results 
of the present study indicated that the E‑cadherin expression 
pattern was altered in LSCC, and are therefore, was in accord 
with the majority of previous studies.

E‑cadherin is a cell surface glycoprotein which medi-
ates intercellular adhesion through the interactions of its 
extracellular and cytoplasmic domains with β‑catenin (31). 
The destabilization of cadherin/catenin complex formation 
that results from the downregulation or loss of E‑cadherin 
expression may serve a role in tumor invasion and metas-
tasis  (32,33). A previous study identified the loss of 
membranous E‑cadherin and β‑catenin expression, in addi-
tion to increases in cytoplasmic expression, irrespective of 
the lymph node or distant metastasis status, in HNSCC (34). 
β‑catenin expression was reported in the membrane and cyto-
plasm in LSCC cells by Goulioumis et al and Galera‑Ruiz 
et al (14,33), who observed a significant association between 
β‑catenin expression and localization (glottis and supra-
glottis LSCC). β‑catenin exhibited significantly different 
expression between LSCC and non‑carcinoma tissue in the 
present study, with positive staining identified in the cyto-
plasm and nucleus of tumor tissue. Significant associations 
were identified between β‑catenin expression and lymph 
node metastases, T stage and tumor cell differentiation, but 
not with tumor localization.

Table II. Continued.

C, Association with β‑catenin

Clinicopathological parameter	 Positive, n	 Negative, n	 χ2	 P‑value

  Poor	 3	 5		
Localization			   4.678	 0.197
  Supraglottic	 8	 6		
  Glottic	 17	 29		
  Subglottic	 1	 6		
  Hypopharynx invasion	 5	 4	 	  

D, Association with zinc finger E‑box binding homeobox 2

Clinicopathological parameter	 Positive, n	 Negative, n	 χ2	 P‑value

Lymph node metastasis			   23.227	 <0.001
  Positive	 29	 9		
  Negative	 8	 30		
T stage 			   13.637	 <0.001
  T1‑3	 14	 31		
  T4	 23	 8		
Tumor differentiation			   8.626	   0.013
  Good	 13	 3		
  Moderate	 21	 31		
  Poor	 3	 5		
Localization 			   2.128	   0.546
  Supraglottic	 9	 5		
  Glottic	 20	 26		
  Subglottic	 3	 4		
  Hypopharynx invasion	 5	 4	 	

aFisher's exact test was performed instead of Pearson's χ2 test. T, tumor.
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Table III. Co‑expression of E‑cadherin and the other three epithelial‑mesenchymal transition‑associated biomarkers in laryngeal 
squamous cell carcinoma.

A, Co‑expression of E‑cadherin and N‑cadherin						    

	 E‑cadherin/N‑cadherin status, n
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Clinicopathological parameter	 +/‑	 +/+	‑ /‑	‑ /+	 χ2	 P‑value

Lymph node metastasis		 	 		     5.733	 0.125
  Positive	 10	 1	 21	 6		
  Negative	 20	 1	 14	 3		
T stage					     16.101	 0.001
  T1‑3	 25	 0	 18	 2		
  T4	 5	 2	 17	 7		
Tumor differentiation					     16.265	 0.012
  Good	 2	 0	 8	 6		
  Moderate	 24	 2	 23	 3		
  Poor	 4	 0	 4	 0		
Localization					     5.363	 0.802
  Supraglottic	 5	 0	 7	 2		
  Glottic	 20	 1	 21	 4		
  Subglottic	 3	 0	 3	 1		
  Hypopharynx invasion	 2	 1	 4	 2	 	

B, Co‑expression of E‑cadherin and β‑catenin						    

	 E‑cadherin/β‑catenin status, n
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Clinicopathological parameter	 +/‑	 +/+	‑ /‑	‑ /+	 χ2	 P‑value

Lymph node metastasis	 	 	 		     13.444	 0.004
  Positive	 9	 2	 7	 20		
  Negative	 17	 4	 12	 5		
T stage 					     12.749	 0.005
  T1‑3	 22	 3	 11	 9		
  T4	 4	 3	 8	 16		
Tumor differentiation					     25.386	 <0.001
  Good	 0	 2	 1	 13		
  Moderate	 23	 3	 16	 10		
  Poor	 3	 1	 2	 2		
Localization					      7.495	 0.586 
  Supraglottic	 3	 2	 3	 6		
  Glottic	 17	 4	 12	 13		
  Subglottic	 3	 0	 3	 1		
  Hypopharynx invasion	 3	 0	 1	 5	 	  

C, Co‑expression of E‑cadherin and ZEB2						    

	 E‑cadherin/ZEB2 status, n
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Clinicopathological parameter	 +/‑	 +/+	‑ /‑	‑ /+	 χ2	 P‑value

Lymph node metastasis	 	 	 		     27.44	 <0.001
  Positive	 7	 4	 2	 25		
  Negative	 17	 4	 13	 4		
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It has been reported that cadherin switching (a decrease 
in E‑cadherin with an increase in N‑cadherin) is a feature 
of EMT in numerous types of malignant tumor and that an 
association exists between cadherin switching and lymph 
node metastasis in a number of tumor types, including 

HNSCC (4,11,13,14). In the present study, it was only partially 
expressed in LSCC samples, while N‑cadherin expression was 
negative in the control group. Although the N‑cadherin posi-
tive rate of 14.47% detected in LSCC tissue was low, the result 
of statistical analysis revealed that there was a significant 

Table III. Continued.

C, Co‑expression of E‑cadherin and ZEB2						    

	 E‑cadherin/ZEB2 status, n
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Clinicopathological parameter	 +/‑	 +/+	‑ /‑	‑ /+	 χ2	 P‑value

T stage 					     16.590	 <0.001
  T1‑3	 20	 5	 11	 9		
  T4	 4	 3	 4	 20		
Tumor differentiation					     12.303	 0.056
  Good	 1	 1	 2	 12		
  Moderate	 20	 6	 11	 15		
  Poor	 3	 1	 2	 2		
Localization					      4.558	  0.871
  Supraglottic	 3	 2	 2	 7		
  Glottic	 16	 5	 10	 15		
  Subglottic	 2	 1	 2	 2		
  Hypopharynx invasion	 3	 0	 1	 5	 	

T, tumor; ZEB2, zinc finger E‑box binding homeobox 2.

Figure 2. Association of four epithelial‑mesenchymal transition‑associated markers with overall survival. Kaplan‑Meier overall survival curves stratified by 
the expression of (A) E‑cadherin, (B) N‑cadherin, (C) β‑catenin and (D) ZEB2. P‑values were calculated using the log‑rank test. ZEB2, zinc finger E‑box 
binding homeobox 2.
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difference in expression between the LSCC and non‑neoplastic 
tissues, and N‑cadherin expression was significantly associ-
ated with T stage and differentiation. Furthermore, there was 
no significant association between N‑cadherin expression and 
lymph node metastasis, whereas N‑cadherin expression was 
associated with T stage, tumor differentiation and poor OS. 
Greco et al (27) previously reported that N‑cadherin expres-
sion was associated with the tumor histological grade, but not 
OS. Taken together, these results indicate that the cadherin 
switch between E‑cadherin and N‑cadherin may be a clas-
sical phenomenon in tumor‑associated EMT rather than an 
individual criterion in LSCC, perhaps due to the low rate of 
positive N‑cadherin expression in this study.

ZEB2 is associated with EMT, and is therefore proposed 
to be involved in this key step of the progression of different 
types of tumor; as a repressor of E‑cadherin, the expression 
of ZEB2 is inversely associated with it (5,35). Furthermore, 
it has been reported that the co‑expression of ZEB2 and 
other EMT‑related protein markers is associated with poor 
prognosis in HNSCC and OSCC (6,20); however, to the best 
of our knowledge, no clinicopathological research has been 
conducted on the importance of ZEB2 in LSCC. The present 
study confirmed that ZEB2 expression was significantly 
increased in tumor tissue compared with non‑carcinoma 
tissue, and was directly associated with the status of lymph 
node metastases, T stage and tumor cell differentiation in 
LSCC. It was also observed that positive ZEB2 expression was 
associated with a poor prognosis in patients with LSCC; there-
fore, it is reasonable to consider ZEB2 as an EMT biomarker 
in LSCC oncogenesis, development and metastasis based on 
the conclusions of the present study.

EMT is a complex process that often involves several 
types of EMT‑associated proteins during malignant tumor 
progression and metastasis in patients  (22,36). The four 
EMT biomarkers in the present study exhibited significantly 
different expression between the LSCC and control tissues. 
Considering E‑cadherin to be a hallmark of EMT progres-
sion, the co‑expression of E‑cadherin and the other three 
EMT‑related biomarkers was also taken into account. Among 
the three types of co‑expression, E‑cadherin/β‑catenin had 
the most significant association with the clinicopathological 
characteristics of lymph node metastases, T stage and tumor 
cell differentiation. To the best of our knowledge, this is the 
first study to investigate EMT in LSCC by assessing the 
co‑expression of two biomarkers.

Each of the four EMT markers examined in the present 
study had been previously demonstrated to have clinical 
implications in other types of tumor (4‑13), and they were 
all further demonstrated to have prognostic implications for 
OS by univariate analysis in LSCC in the present study. In 
addition, patients with the loss of E‑cadherin, expression of 
N‑cadherin and overexpression of β‑catenin experienced a 
significantly reduced OS time, in accord with previous results 
derived from other tumors and LSCC (25,27,32). Furthermore, 
the effect of ZEB2 on LSCC prognosis was elucidated for the 
first time. By employing a Cox proportional hazards model, it 
was identified that T‑stage and positive β‑catenin and ZEB2 
expression were independent risk factors for adverse OS in the 
multivariate analysis. Lopez‑Gonzalez et al (36) reported that 
the overexpression of cytoplasmic β‑catenin was associated 

with poor tumor differentiation. Greco et al (27) revealed that 
the reduced expression of cytoplasmic β‑catenin was associ-
ated with high histological grade; however, they identified 
that cytoplasmic β‑catenin overexpression corresponded to 
significantly improved disease‑specific survival in certain 
patients with LSCC. Increasing tumor histological grade 
should generally correspond to reduced survival time, which is 
in accord with the results of the present study, which identified 
that patients with the overexpression of β‑catenin experienced 
worse OS. Furthermore, in the study by Greco et al T stage was 
also an independent prognostic predictor in the multivariate 
analysis, which is consistent with the present study's results.

The present study, with a cohort of 76 patients, was, to the best 
of our knowledge, the first systematic investigation of LSCC that 
utilized immunohistochemistry analysis to identify that positive 
ZEB2 expression is also an independent risk factor for LSCC 
prognosis. ZEB2, a transcriptional repressor, induces EMT by 
suppressing the expression of E‑cadherin and contributes to the 
invasiveness of malignant tumors; therefore, it has been consid-
ered as a predictor of prognosis in numerous types of cancer, 
including head and neck cancer; the high expression of ZEB2 
predicted a poor prognosis (6,37‑39). The results of the present 
study also indicated that ZEB2 expression could also be a critical 
factor in predicting the prognosis of LSCC. Further junctional 
proteins were identified as potential ZEB2 targets, and targeted 
treatment should be investigated in a clinical setting.

In conclusion, EMT, which is mediated by several 
biomarkers, serves a role in the prognosis of LSCC by 
increasing the risk of tumor metastasis, therefore reducing OS 
time. The reduction in membranous E‑cadherin expression, 
and the increase in cytoplasmic β‑catenin expression, may be 
hallmarks of the EMT process in LSCC. ZEB2 expression, as 
an independent prognostic predictor, combined with its asso-
ciation with clinicopathological parameters and OS, should be 
considered as an EMT biomarker in LSCC based on the results 
of the present study. N‑cadherin was also indicated as an EMT 
biomarker on account of its association with oncogenesis, 
development and metastasis in LSCC; however, there is still 
controversy in the literature regarding how these biomarkers 
affect survival. Therefore, more research is required to eluci-
date the association between molecular biomarkers and the 
clinicopathological characteristics of patients with LSCC.
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