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Abstract. In recent years, the incidence of laryngeal carci-
noma has been on the increase. The aim of the present study 
was to examine the expression level of endothelin-1 (ET-1) 
in laryngeal carcinoma tissues and to establish its clinical 
significance. A total of 82  cases of laryngeal carcinoma 
tissues were examined, of which 27 cases were stage I, 34 
were stage II, and 21 were stage III. The normal mucosal 
tissues beyond the surgical incision margin in the 82 laryn-
geal carcinoma patients were used as the normal control. 
An additional 80 tissue specimens collected from laryngeal 
carcinoma outpatients were used as benign lesions. ET-1 
expression levels in different tissues were determined using 
streptavidin-peroxidase  (SP) immunohistochemistry. The 
results showed that the ET-1 expression level was highest 
in laryngeal carcinoma tissues and was significantly higher 
than that in the other two groups (P<0.05). The ET-1 expres-
sion level was higher in stage III compared to that in stage I 
and II (P<0.05) and higher than that of the normal control 
(P<0.05). The ET-1 expression level was higher in stage II 
compared to that in stage I (P<0.05). In conclusion, ET-1 was 
strongly expressed in laryngeal carcinoma tissues and may 
play an important role in the pathogenesis and development 
of laryngeal carcinoma tissues. ET-1 expression in laryngeal 
carcinoma tissues was associated with the clinical staging of 
laryngeal carcinoma.

Introduction

Persistent global atmospheric pollution and lifestyle habits 
have led to an increase in the incidence of laryngeal 

carcinoma or laryngeal cancer (1). Consequently, laryngeal 
carcinoma constitutes a health burden, affecting quality of 
life. Malignant tumors are caused by multiple gene muta-
tions and are regulated by multiple factors (1). Multi-level 
and multi-target therapies are usually administered for 
malignant tumors. Specific treatment depends on the site, 
type, and stage of the tumor. Treatment may involve surgery, 
radiotherapy, or chemotherapy, alone or in combination. This 
is a specialised area which requires the coordinated expertise 
of ear, nose and throat (ENT) surgeons (otolaryngologists) 
and oncologists. A severely affected patient may require a 
laryngectomy, the complete or partial removal of the vocal 
cords (1). However, more effective treatments should be iden-
tified. Therefore, a search for a biological system that can 
regulate laryngeal carcinoma growth and identification of 
new treatment targets has become a priority for the effective 
treatment of laryngeal carcinoma.

Endothelin (ET) is a bioactive peptide produced by endo-
thelial cells that can constrict vessels vigorously (2). It can 
also enhance the constriction of myocardium and smooth 
muscles, and promote neuroendocrine. ET is a powerful 
pro-differentiation agent and a cell growth factor that can 
promote cell mitosis, participate in tumor growth and induce 
mitosis in tumor growth (3). Three types of ET have been 
identified, ET-1, ET-2 and ET3, of which ET-1 is the most 
potent biomolecule. It has been shown that ET-1 plays a 
major role in the regulation of the pathogenesis of malignant 
tumors (4). However, the relationship between ET and laryn-
geal carcinoma remains to be elucidated.

To gain a better understanding of the association between 
ET and laryngeal cancer, we studied the expression levels of 
ET in laryngeal carcinoma tissues using immunohistochem-
istry and examined the possible role of ET in the pathogenesis 
of laryngeal carcinoma.

Patients and methods

Materials. From January, 2005 to April, 2010, tumor samples 
were collected from 82 laryngeal carcinoma patients. There 
were 49 men and 33 females, with an age range of 27‑76 years 
(mean, 46.51±6.51 years). All the patients participating in 
the present study underwent pre-operative pathological 
confirmation to ensure they had not previously undergone 
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chemotherapy. Clinical pathological staging was performed 
according to the tumor node metastasis (TNM) classification 
and staging protocol. Of the 82 cases included in the study 
27 cases were stage I, 34 were stage II, and 21 were stage III. 
The normal mucosal tissues beyond the surgical incision 
margin in the 82  laryngeal carcinoma patients were used 
as the normal control. No tumor invasion was detected in 
those samples. An additional 80 tissue specimens, including 
51 cases of chorditis nodulosa and 29 vocal cord polyps, were 
collected from laryngeal carcinoma outpatients and were 
used as benign lesions. The benign lesions were confirmed 
by pathological examination.

The study protocol was approved by the Ethics Committee 
of Changzheng Hospital (Shanghai, China). Patients provided 
written informed consent.

Methods. Sample collection and preparation were performed 
by one investigator. The samples were rapidly fixed with 
100  ml/l neutral formaldehyde solution, embedded in 
paraffin, and stored at 4˚C. The specimens were cut into 4 µm 
sections and the sections were detoxified and stained with 
immunohistochemical streptavidin-peroxidase (SP) staining, 
incubated in citrate buffer (ZsBio, Beijing, China), and 
heated in a microwave (Joyn, Shanghai, China). The sections 
were stained with DAB (Boster, Wuhan, China), followed 
by re-staining with hematoxylin. Human arterial endothelial 
cell sections with a positive expression of ET-1 were used as 
the positive control, whereas tumor cell sections that were 
treated with PBS instead of primary antibody were used as 
the negative control. These sections were observed under an 
optical microscope (BX51, Olympus, Tokoyo, Japan) subse-
quent to immunohistochemical staining. Positively stained 
cells were brown, the nucleus stained with hematoxylin was 
blue, and the cytosol of negatively stained cell was color-
less. Five fields were selected randomly under a 400x field. 
A pathological image analysis system was used to draw the 
cell outlines and calculate the area ratio of positive area and 
the whole labeled area.

Statistical analysis. Measurement data were presented as 
mean ± standard deviation. The data were initially examined 
using the F-test, followed by the q-test. The paired data were 
assessed using the paired Student's t-test. Statistical analysis 
was performed with SPSS 13.0 software. P<0.05 was consid-
ered statistically significantly.

Results

Comparison of the positive expression rate of ET-1 in the 
three groups. The ET-1 expression level in the laryngeal 
carcinoma group (49.2±11.5) was significantly higher than 
those in the remaining two groups (17.5±4.1 and 6.2±2.4, 
respectively). The differences were statistically significant 
(P<0.05). The ET-1 expression level in the benign lesion 
group was higher than that in the normal control group and 
the difference was statistically significant (P<0.05; Table I).

Comparison of the positive expression rate in different TNM 
staging of laryngeal carcinoma. The highest ET-1 expression 
level was detected in stage III laryngeal carcinoma, whereas 

the lowest expression level was identified in stage I laryngeal 
carcinoma. The expression level in stage  III (78.2±18.3) 
was significantly higher than that identified in stage I and II 
(28.1±8.2 and 47.9±10.7, respectively). The differences were 
statistically significant (P<0.05). The ET-1 expression level 
in stage II was considerably higher than that in stage I, and 
the difference was statistically significant (P<0.05; Table II).

Discussion

Laryngeal carcinoma exhibits a high incidence in head 
and neck tumors and constitutes a health burden, affecting 
quality of life (5). A link exists between the ET system and 
the occurrence of malignant head and neck tumors. Although 
the number of studies on this subject is limited, results from 
existing studies have demonstrated that ET-1 promoted growth 
in laryngeal carcinoma cells  (6). Further investigation is 
required to gain a better understanding of the association of ET 
with laryngeal carcinoma. To investigate the possible connec-
tion between the ET system and the occurrence of malignant 
head and neck tumors, we verified the ET expression levels 
in laryngeal carcinoma cells and studied the effect of ET-1 
on the cell growth, apoptosis, metastasis and invasiveness of 
laryngeal carcinoma. We also investigated the possibility of 
using ET receptor antagonism to block the biological effects of 
ET-1 on the development of laryngeal carcinoma.

ET is a powerful pro-differentiation agent and multifunc-
tional cell growth factor. ET promotes cell mitosis, is involved 
in the growth of multiple tumors and induces angiogen-
esis (7,8). It also has cytokine-like effects, influences cellular 

Table I. Comparison of the positive expression rate of ET-1 in 
three groups.

			   Rate of positive
Group	 n	 Positive	 expression (%)

Laryngeal carcinoma	 82	 77	 49.2±11.5a,b

Benign lesion	 80	 27	 17.5±4.1a

Normal control	 82	 9	 6.2±2.4

aP<0.05 vs. normal control group; bP<0.05 vs. benign lesion group. 
ET-1, endothelin-1.

Table II. Comparison of the positive expression rate in dif-
ferent TNM staging of laryngocarcinoma.

			   Rate of positive
Laryngeal carcinoma	 n	 Positive	 expression (%)

Stage
  I	 27	 23	 28.1±8.2a,b

  II	 34	 33	 47.9±10.7a

  III	 21	 21	 78.2±18.3

aP<0.05 vs. III stage; bP<0.05 vs. II stage. TNM, tumor node metas-
tasis.
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DNA synthesis and positively affects the expression of proto-
oncogenes and cell proliferation. Previous findings (9) have 
shown that ET synergized with other growth factors to activate 
proto-oncogenes and promoted cell mitosis and proliferation. 
Thus, it plays an important role in the pathogenesis and tumor 
development (10). Radioimmunoassay confirmed the presence 
of ET-1 in lung, renal, breast, and pancreatic cancers  (11), 
while other studies revealed a relationship between ET-1 and 
tumor development (12). In the present study, we found that the 
expression levels of ET-1 were significantly higher in laryngeal 
benign lesion tissue compared to those in laryngeal normal 
tissue (P<0.05). This indicated that ET-1 may be involved in 
the pathogenesis of laryngeal benign lesion. The expression 
level of ET-1 was highest in laryngeal carcinoma tissue and 
significantly higher than that in laryngeal benign lesion tissue 
and normal control tissue (P<0.05). These results confirmed 
that ET-1 was strongly expressed in tumor tissues, and indi-
cated that ET-1 likely played an important role in laryngeal 
carcinoma pathogenesis.

Comparative studies on the staging and quantification 
of lung squamous cell carcinoma and adenocarcinoma, 
demonstrated that higher differentiation in tumor tissues 
inversely correlated with decreased levels of ET-1. Those 
findings suggested that ET-1 expression level was adversely 
proportional to the differentiation of lung cancer tissue, 
and further predicted that the expression level of ET-1 was 
proportional to the malignancy of lung cancer tissue (13). The 
present findings have demonstrated that the ET expression 
level was highest in stage III and lowest in stage I, while the 
ET expression level in III stage was significantly higher than 
that in stage I and II (P<0.05). In addition, the ET expression 
level in stage II was significantly higher than that in stage I 
(P<0.05). ET expression level was noteworthy in tumors in 
higher stages, which suggested that that ET expression level 
was closely associated with the clinical staging of laryngeal 
carcinoma. Furthermore, the ET expression level indicated 
the malignancy and prognosis of laryngeal tumor, which was 
consistent with previous literatures (14).

In conclusion, the results of the present study demonstrate 
ET-1 was closely associated with laryngeal tumor. ET-1 was 
highly expressed in laryngeal carcinoma and possibly played 
an important role in the pathogenesis and development of 
laryngeal carcinoma. In addition, the expression of ET-1 was 

associated with the clinical staging of laryngeal carcinoma. 
The results provide theoretical fundamental to further inves-
tigate the connection between ET-1 and the pathogenesis and 
development of laryngeal carcinoma.
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