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Abstract
AIM: To investigate the effect of endothelin-1 in the 
invasion of esophageal cancer and determine whether 
cathepsin B plays a role in the course.

METHODS: Western b lot t ing was employed to 
detect the expression of ET-1 protein in 75 samples 
of esophageal squamous cell cancer and matched 
normal esophageal mucosa. Bosentan, a dual ET (A/B)-
receptor antagonist, was used to inhibit the binding of 
endothelin-1 and its receptors and cut down its biological 
role. In vitro  matrigel invasion assays were made to 
show the invasive ability of esophageal cancer cells 
with and without bosentan. Subsequently, we evaluated 
cathepsin B activity and expression in EC9706 cell with 
and without bosentan. 

RESULTS: We found 74.7% (56/75) tumors had an 
overexpression of ET-1 protein by Western blotting. 
Bosentan significantly inhibited matrigel invasion of 
cancer cells in vitro . EC9706 cells have a positive 
expression of cathepsin B protein, and bosentan can 
down-regulate its expression and activity. 

CONCLUSION: Endothelin-1 may enhance the invasive 
ability of human esophageal cancer cells, and its role is 
correlated with cathepsin B.
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INTRODUCTION
The epidemiology of  esophageal cancer shows a striking 
geographic variation in the world. A 20% variation 
is observed between high-risk Chinese and low-risk 
western Africans[1]. Recently, advances in multiple 
therapies significantly improved the outcome of  patients 
with esophageal squamous cell carcinoma (ESCC). 
However, the overall survival remains poor after curative 
treatment[2-4]. Actually, the development of  new treatment 
protocols depends on improved knowledge of  the 
molecular mechanisms controlling tumor invasion and 
metastasis.

Endothelin-1 (ET-1) is a small 21-residue peptide[5] 
which plays a biological role by binding two receptor 
subtypes, endothelin A and endothelin B receptors, 
belonging to the family of  G-protein-linked receptors 
with seven transmembrane-spanning domains[6]. Recent 
studies[7-11] have suggested that endothelin-1 may play an 
important role in tumorigenesis, tumor progression and 
metastasis presumably by various mechanisms, including 
mitogenesis, inhibition of  apoptosis and angiogenesis.

Cathepsin B is a kind of  cysteine protease that 
actively participates in the proteolytic degradation of  the 
extracellular matrix. It is believed that cathepsin B plays 
a critical role in tumor progression, and shows an over-
expression in certain tumors of  the lung, breast, stomach, 
colon, esophagus and prostate[12-14].

To our knowledge, l i t t l e i s known about the 
significance of  ET-1 in the esophageal cancer invasion and 
metastases. In this study, we investigated the role of  ET-1 
in esophageal cancer invasion and its correlation with 
cathepsin B.

MATERIALS AND METHODS
Tissues
ESCC and adjacent almost normal tissues with size of  
about 0.5 cm3 were collected from 75 patients in Peking 
University First Hospital and Beijing Friendship Hospital. 
Fresh samples were stored in liquid nitrogen and each 
sample was confirmed by histological examination. Total 
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proteins of  the samples were extracted using Trizol 
solution (Life Technologies, Rochville, ML). 

Cell culture
A human esophageal squamous cell carcinoma cell line 
EC9706 was maintained in our laboratory. All culture 
reagents were from Invitrogen. Cells were cultured in 
serum-free medium for 24 h before experiment.

Western blotting
Cells and tissues were harvested, rinsed twice with PBS, 
and protein preparation was performed according to the 
manufacturer’s instruction (Santa Cruz). The extracted 
proteins (20 µg) were subjected to 15 % polyacrylamide 
ge l e lectrophores is in the presence of  SDS, and  
transferred onto PVDF membranes, and nonspecific 
binding was blocked with 5% nonfat dry milk for 1 h at 
room temperature. ET-1 and cathepsin B were detected 
by mouse monoclonal antibodies (Santa Cruz), and 
horseradish peroxidaselabeled anti-mouse immunoglobulin 
(Santa Cruz) was used as the secondary reagent. Detection 
was performed using an ECL system (Amersham-
Pharmacia).

In vitro matrigel invasion assay
The chemoinvasion assay was done with a Boyden 
chamber and 8-µm pore size polyvinyl pyrrolidone-free 
polycarbonate nucleopore filters (Costar, USA) according 
to prior reference[15]. The filters were coated with an even 
layer of  0.5 g/L matrigel (Becton Dickinson, America). 
The lower compartment of  the chamber was filled with 
100 nmol/L ET-1 and/or 10 µmol/L bosentan (Bachem, 
Switzerland). Serum-starved EC9706 cells (5 × 105/mL) 
were placed in the upper compartment. After 24 h of  
incubation at 37℃, the filters were removed, air dried 
and stained. The invasion was quantified by counting cells 
in ten high power fields (20% of  total filter area). Each 
experimental point was analyzed in triplicate.

Cathepsin B activity assays
The activity of  cathepsin B was determined using the 
specific substrate Z-RR-AMC (Santa Cruz) according to 
the manufacturer’s instructions. Cell pellets of  EC9706 
were lysed in assay buffer (50 mmol/L acetate buffer, 
pH 5.5, 2.5 mmol/L DTT, 2.5 mmol/L EDTA) with 
0.1% Triton X-100. The samples were centrifuged, 
and supernatants of  cells were incubated with enzyme 
substrate for 24 h. The reaction was terminated, and 
stained cells were observed for cathepsin B activity under a 
fluorescence microscope. All quantifications were done in 
triplicate.

RESULTS
Expression of endothelin-1 in paired ESCC samples at 
protein level
Western blotting was conducted to verify the differential 
expression of  ET-1 in ESCC at protein level. Results in the 
above-mentioned 75 cases showed that ET-1 protein has 
a up-regulation in 74.7% (56/75) examined ESCC tissues 
relative to the matched normal tissues (Figure 1). 

In vitro matrigel invasion assay in EC9706 cells with and 
without bosentan
EC9706 cells were able to migrate through the matrigel-
coated membrane. In our study, invasive ability remarkably 
decrease in EC9706 cells with bosentan, compared with 
the cells without bosentan (P < 0.001). Figure 2 shows the 
number of  cells penetrating matrigel in the invasion assays 
in two groups. 

Cathepsin B expression and activity in EC9706 cells with 
and without bosentan
Western blotting shows that bosentan down-regulates 
cathepsin B expressions in EC9706 cells, compared 
with the group without bosentan. Figure 3 shows the 
expressions cathepsin B protein detected by Western 
blotting in the cells with and without bosentan. Cathepsin 
B was found to be 2-fold lesser active in group with 
bosentan than in the group without bosentan. Figure 4 
shows the activity of  cathepsin B in the supernatants of  
these cells. 

DISCUSSION
It is well established that ET-1 may act as an autocrine 
or paracrine g rowth factor mediat ing through its 
receptor, ETAR or ETBR. Some findings[16-19] suggest 
that endothelin axis plays an important role in a series 
of  events related to tumor development, including 
mitogenesis[20,21] and escape from apoptosis[22,23]. Moreover, 
ET-1 expression has been l inked to induction of  
endothelial cell growth, angiogenesis[24-26] and epithelial 
to mesenchymal transition[27-29], resulting in an increased 
invasiveness and metastases of  some tumors. Our results 
showed endothelin-1 protein has a high expression in most 
esophageal cancer tissues. So we suppose that endothelin-1 

N1          C1          N2          C2          N3         C3        N4            C4

Figure 1  Overexpression of ET-1 protein in esophageal squamous cell carcinoma 
(C1-4) and matched normal esophageal mucosa (N1-4).
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Figure 2  Number of EC9706 cells penetrating matrigel with and without bosentan.



may play a role in esophageal tumor development.
One of  the features of  primary malignant esophageal 

tumors is their ability to invade locally into normal 
tissues. In order to study the effect of  ET-1 in esophageal 
cancer invasion, we used a dual pharmacologic antagonist 
of  endothelin receptor, bosentan, to test whether the 
interference with ET/ET (A, B) R autocrine loop would 
affect invasion. Bosentan is a specific competitive dual 
endothelin receptor antagonist of  low molecular weight. It 
inhibits ET-1 action through combination with both ETA 
and ETB receptors. In our invasion assays, cellular invasion 
was decreased by adding bosentan to the esophageal 
tumor cells, compared to the control group. It suggests 
that endogenous ET-1 acts as an autocrine modulator 
and its expression has a close correlation with invasion of  
esopohageal cancer cells.

Tumor invasion and metastasis is a multi-step process 
that involves, at various stages, the penetration of  host 
extracellular matrix by cancer cells. The ability of  tumor cells 
to invade tissues and metastasize is thought to involve an 
increased expression of  proteinases and/or a decrease in the 
levels of  proteinase inhibitors[30]. Penetration and degradation 
of  extracellular matrix elements of  metastasizing tumor cells 
are key steps in the metastatic cascade of  cancer cells[31]. 
ET-1, acting through ETAR or ETBR, consistently induces 
the activity of  multiple metastasis-related proteinases, such 
as matrix metalloproteinases (MMP) and the urokinase-
type plasminogen activator system (uPA)[15], and mediates 
extracellular matrix degradation. However, we have not fully 
understood the correlations among ET-1, proteinases (for 
example, cathepsin B) and invasion of  esophageal cancer.

Cathepsin B is the major representative of  the cysteine 
proteinases and is present in lysosomes of  all types of  cells 
under normal conditions. Cathepsin B is also engaged in 
proteolytic cascades to activate other proteinases, which in 
turn, mediate extracellular matrix degradation[32]. Localized 

degradation of  the extracellular matrix by proteases such 
as cathepsin B is a necessary step in tumor invasion[13,14]. 
Lin and Hughes reported that cathepsin B had an 
overexpression in esophageal adenocarcinoma[33,34]. In our 
study, bosentan can remarkably down-regulate cathepsin 
B activity and expression in esophageal cancer cell line 
EC9706. The phenomenon suggests that, via up-regulating 
cathepsin B, ET-1 may play an important role in promoting 
esophageal squamous cancer cell invasion.

In conclusion, endothelin-1 may enhance the invasive 
ability of  human esophageal cancer cells, and the role of  
endothelin-1 is correlated with cathepsin B.
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