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ErbB3-binding protein 1 inhibits tumor proliferation in 
esophageal cancer by targeting bcl-2 and p53 gene
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Abstract: Esophageal cnacer is one of the common malignant tumors with high fatality rate and morbidity, ErbB3-
binding protein 1 (EBP1) is the intracellular binding protein of ErbB3. This study aims to investigate the effect of 
EBP1 on esophageal cancer biological behavior and the underlying mechanism. In our study, esophageal cancer 
tissues and adjacent non-tumor issues were collected and the relative expression of EBP1 mRNA were examined 
by real-time PCR. EBP1 mimics is synthesised and transfected onto Eca109 cells. The effects of EBP1 on biological 
behaviors of Eca109 cells were detected by colony formation assay and flow cytometry, the expression of bcl, p53 
proteins were detected by western-blot. The results showed that EBP1 was down-regulation in NSCLC. The number 
of colony-forming units, and the tumor size and volume in vivo in the Eca109/EBP1 group was obviously lower and 
the apoptosis rate was significantly higher than the Eca109/NC group and Normal group (P<0.05). The expres-
sion of p53 protein in Eca109/EBP1 group were significantly lower, and the expression of bcl-2 were dramatically 
increased compare with Eca109/NC group and Normal group (P<0.05). Therefore, we concluded that that E-cad 
may inhibit cell proliferation of esophageal cancer in vitro and in vivo by inducing apoptosis. EBP1 may play a anti-
oncogene role in esophageal cancer.
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Introduction

Esophageal cancer is one of the common 
malignant tumors with high fatality rate and 
morbidity, including esophageal adenocarcino-
ma and esophageal squamous cell carcinoma 
(ESCC). According to the statistics of American 
Cancer Society (ACS) and National Cancer 
Institute (NCI), the fatality rate and morbidity of 
esophageal cancer rank the 6th and 8th places 
in the world, respectively [1]. There are 480000 
new cases globally each year, with the 5-year 
survival rate of only 35.45%. Particularly, the 
morbidity of ESCC in Iran and East Asia like 
China always remains high [2]. The pathogene-
sis of esophageal cancer can be attributed  
to the comprehensive action of smoking, diet, 
gastro-esophageal reflux, human papilloma- 
virus and genetic factors [3]. With the continu-
ous development of medical technology and 
research, diagnostic technology of esophageal 
cancer has been quite mature. However, how to 

find out the key effective therapeutic targets or 
biomarker molecules remains essential to the 
research, prediction and treatment of esopha-
geal cancer, due to limitation of pathological 
and genetic complexity of esophageal cancer.

ErbB3-binding protein 1 (EBP1) is the intracel-
lular binding protein of ErbB3, which partici-
pates in a series of important physiological pro-
cesses and signal transduction, and is closely 
correlated with cell differentiation and prolifer-
ation [4-6]. It is indicated in research that 
abnormal expression of EBP1 can be seen in 
multiple tumors. For instance, its declined 
expression can be observed in bladder cancer 
[7], liver cancer [8], prostate cancer [9, 10], 
breast cancer [11], salivary adenoid cystic car-
cinoma [12] and oral squamous cell carcinoma 
[13]; while abnormally high expression can be 
seen in glioma cells [14]. However, the role of 
EBP1 in esophageal cancer remains unclear; 
therefore, investigating the function of EBP1 in 
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esophageal cancer may have high research 
and clinical value. As is suggested in reports, 
EBP1 expression is closely associated with 
cancer cell proliferation and metastasis, and 
over-expression of EBP1 can effectively inhibit 
cancer cell proliferation [10, 15, 16]. Hence, it 
is speculated that EBP1 may also exert the 
function of tumor suppressor in esophageal 
cancer, serving as the potential biomarker or 
molecular target.

Materials and methods

Tissue collection

Esophageal cancer samples were obtained 
from patients with esophageal cancer that 
diagnosed in Lin County of Henan Province. 48 
pairs of primary esophageal cancer lesions as 
well as the matched para-carcinoma tissues 
were collected postoperatively with the 
patients’ consent. Both tumors and the mat- 
ched para-carcinoma tissues conformed to 
pathological diagnosis, and specimens were 
stored in liquid nitrogen immediately after de- 
tachment, and then they were transferred to 
preserve in refrigerator at -80°C. Experiments 
concerning human tissue samples in this 
research were approved by the Ethics Com- 
mittee of the Linyi hospital. 

Cell culture and reagents

Eca109 esophageal cancer cells were pur-
chased from ATCC and were cultured in PRMI- 
1640 medium (Gibco) containing 10% fetal 
bovine serum (Gibco) in a cell incubator at 5% 
CO2 and 37°C. As for the RPMU1640, fetal calf 
serum and trypsase, they were all bought from 
Gibco (USA). LipofectamineTM 2000 and Trizol 
were bought from Invitrogen (USA), which also 
supplied the total RNA isolation nut Trizol. 
Reserve transcription kit M-MLV was purchased 
from Promega (USA). SYBR premixextaq kit was 
sourced from Axygen (USA). The target genes 
along with the upstream and downstream prim-
ers of reference genes were supplied by Ribobio 
(Guangzhou). The thiazolyl blue kit (MTT) was 
purchased from Dingguo Biochemistry Ltd. 
(Beijing). The propidiumiodide (PI) was bought 
from Sigma (USA), whereas RNase A was from 
Fermentas (Canada). Lastly, the cell apoptosis 
kit was supplied by eBioscience (USA). All ani-
mal experiments were approved by the Ethics 
Committee of the Linyi hospital.

Construction of Eca109-Ebp1 stable expres-
sion cell line 

Clone primers of EBP1 gene were designed 
using Primer Premier 5.0 software, and EBP1 
gene was obtained through cloning of cDNA of 
esophageal cancer tissues. The primer se- 
quences were 5’-CGGAATTCATGTCGGGCGA- 
GGACGAGCA-3’ and 5’-CGGGATCCTCAGTCCC- 
CAGCTTCATTTTCTTCT-3’, which were loaded 
into PCDH-CMV-MCS-EF1-puro (Addgene) lenti-
viral core vector after enzyme digestion. The 
core plasmids PCDH-puro-EBP1 and PCDH-
puro, as well as the packaging plasmids psPAX2 
and pMD-2G were imported into 293T cells 
(Shanghai Cell Bank of Chinese Academy of 
Sciences) through calcium phosphate method, 
and the viruses were collected and concentrat-
ed 24 h later. Eca109 and KYSE150 cells were 
infected with viruses for 8 h; 24 h after the 
virus incubation buffer was removed, puromy-
cin (4 μg/mL, Sangon Bioengineering Company) 
was used for cell screening for 72 h; monoclone 
was selected randomly for Western blot identi-
fication, and cell line culture was further 
amplified. 

RT-PCR

The cDNA was treated as the template for dilut-
ed 20-fold with PBS. 20 μL of the mixture of 
PCR reaction system (template), 2 × PCR pre-
mixed buffer (containing enzymes required by 
PCR, buffering substance, dNTP and chelating 
agent, Takara Company) and ddH2O (at a vol-
ume ratio of 3:10:7) was utilized for amplifica-
tion. Each sample was conducted in triplicate. 
Real-time PCR machine (Thermo scientific 
Company) was adopted for detecting amplifi- 
cation. The primers used were shown as fol-
lows: Ebp1: 3’-GAAGCCTCACCTCCCAAA-5’ and 
5’-CCATTATCCAGAATCCCACA-3’; and internal 
reference GAPDH primers: 5’-ATGACCCCTTC- 
ATTGACCTCA-3’ and 5’-GAGATGATGACCCTTT- 
TGGCT-3’. The PCR conditions were shown as 
follows: 40 loops of 95°C for 7 min, 95°C for 10 
s, and 60°C for 30 s; followed by at 60°C for 30 
s, at 68°C for 2 min and at 20°C for 10 s. 

Colony formation assay in vitro

The cells of each groups in the logarithmic 
growth phase were digested and counted. A 
total of 1 ml (1 × 103 cells/ml) of cells were 
seeded in 6-well plates. Two weeks later, cells 
in each well were fixed with 100% methanol for 
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30 min and stained with 0.1% crystal violet for 
30 min. Cell colony-forming units were counted. 
Three repeats were tested.

Subcutaneous tumor formation in cells in vivo

Eca109-EBP1 or KYSE150-EBP1 cells were 
divided into two groups for injection, 100 μL 
(containing 1 × 106 cells) cell suspension was 
mixed with 100 μL matrigel (BD), and four 
5-week-old male nude mice (SPF level BALB/c 
nude mice, which were bought from Shanghai 
SiLaiKe Laboratory Animal Co., Ltd) were 
assigned in each group for subcutaneous cell 
inoculation. Cell suspension in experiment 
group was injected into posterior left leg of 

mice, while that in control group was injected 
into posterior right leg of mice, cell were grown 
for about 4 weeks, tumors were obtained for 
weighing, and photos were taken.

The cell apoptosis were analyzed by flow 
cytometry

The cells of each groups in the logarithmic 
growth phase vaccinated in 60 mm2 culture 
dishes with a density of 1 × 106 cells per dish. 
After 48 hours of the drug processing, collect 
the cells, take 4 groups of 105 cells for washing 
twice with pre-cooled PBS, and re-suspend 
them in 400 μL of 1 × Binding buffer with the 
addition of 10 μL Annexin V-FITC, blend the mix-
ture gently till it becomes even, after that, start 
the reaction avoiding light at 4°C for 15 to 20 
minutes; subsequently, 5 μL propidium iodide 
were added and mixed. At last, the cell apopto-
sis rate were detected by flow cytometer. Three 
repeats were tested.

Western blot

Cell lysis was conducted with RIPA lysis buffer 
containing protease inhibitor and phospholi-
pase inhibitor (Sigma), and cells were placed on 
ice for 20 to 30 min of incubation, followed by 
centrifugation at 14000 rpm for 15 min and 
determination of protein concentration. Lysis 
buffer with equivalent protein content was 
taken for SDS-PAGE electrophoresis, then pro-
teins were transferred onto polyvinylidene fluo-
ride membrane (PVDF), blocked with TBST con-
taining 3% BSA for 30 to 60 min at room 
temperature, and incubated with anti-EBP1  
primary antibody (1:1000, Abcam), anti-P53 
primary antibody, anti-bcl primary antibody 
(1:1000, Cell Signaling Technology), and anti-β-
actin (1:5000, Sigma) at 4°C overnight. On the 
following day, cells were washed with TBST buf-
fer for 5 min for three times, followed by incuba-
tion with rabbit or mouse secondary antibody 
(1:2000, Santa Cruz) at room temperature for 1 
h, and washing with TBST buffer for 5 min for 
three times. Cells were reacted with substrate 
and exposed. β-actin and Tubulin were treated 
as the internal reference strips of experiment, 
respectively.

Statistical analysis

All statistical analyses were performed with 
Student’s t-Test and represented as mean ± 
standard deviation (SD) unless noted other-

Figure 1. Real-time PCR for the relative expression 
level of EBP1 mRNA in esophageal cancer issues 
and adjacent non-tumor issues.

Figure 2. The expression of EBP1 were detected by 
Western-blot. A. Protein blotting stripe. B. The rela-
tive expression of EBP1 protein. *, p<0.05 versus 
the Eca109/NC group and Normal group.
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wise. No animal or sample was excluded from 
the analysis. The p values were designated as: 
*, p<0.05; **, p<0.01.

Results

Low expression of E-cad in esophageal cancer

The RT-PCR results demonstrated that the 
EBP1 mRNA expression in esophageal cancer 
issues was obviously lower than adjacent 
tissue,the results were validated by the non-
parametric sum of ranks of paired samples, 
and the difference was significant (P<0.05, 
Figure 1). It was suggested that EBP1 in esoph-
ageal cancer is low expression and plays a 
tumor inhibitory effect possibly.

E-cad were successfully transfected 

The Western blot results showed that com-
pared with the Eca109/NC group and Normal 
group, the expression of EBP1 protein in 
Eca109/EBP1 group elevated markedly (P< 
0.05, Figure 2).

EBP1 inhibit cell proliferation in vitro

The number of colony-forming units in the 
EC109/EBP1 group was obviously lower than 
the EC109/NC group and Normal group 
(P<0.05, Figure 3). It was suggested that the 
EBP1 can inhibite cell colony formation in vitro. 

EBP1 inhibit tumor growth in vivo

Esophageal cancer nude mouse subcutaneous 
planting tumor model were successfully estab-
lished, and the animals were closely calculated 
for tumor growth and tumor-formation rate for 6 
weeks. The results showed that Eca109/EBP1 
group tumors were significantly smaller in size 
and volume than Eca109/NC group and Normal 
group (P<0.05, Figure 4). It was suggested that 
the EBP1 could inhibit tumor growth in vivo.

EBP1 induced cell apoptosis

The Flow Cytometry results demonstrated that 
the apoptosis rate of cells in the EC109/EBP1 
group was significantly higher than the EC109/
NC group and Normal group (P<0.05, Figure 5). 
It was suggested that the EBP1 could promote 
cells apoptosis.

The expression of p53 and bcl-2 were detected 
by Western-blot

The Western-blot results showed that the 
expression of p53 protein in Eca109/EBP1 
group were significantly lower than Eca109/NC 
group and Normal group, whereas the expres-
sion of bcl-2 were dramatically increased com-
pare with Eca109/NC group and Normal group 
(P<0.05, Figure 6).

Figure 3. The effects of EBP1 on cell proliferation were detected by colony formation assay. **, p<0.01 versus the 
Eca109/NC group and Normal group.

Figure 4. Animal experiment in vivo, Eca109/EBP1 
group were significantly smaller in size and volume 
compared with the Eca109/NC group and Normal 
group.
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Discussion

Esophageal squamous cell carcinoma (ESCC) is 
one of the common malignant tumors with high 

fatality rate and morbidity. And also, China is 
one of the countries with high incidence. ErbB3-
binding protein 1 (EBP1) is the intracellular 
binding protein of ErbB3, which participates in 

Figure 5. The effects of EBP1 on cell apoptosis were detected by Flow Cytometry. **, p<0.01 versus the Eca109/
NC group and Normal group.

Figure 6. The expression of p53 and bcl-2 were detected by Western-blot. A. Protein blotting stripe. B. The relative 
protein content. **, p<0.01, *, p<0.05 versus the Eca109/NC group and Normal group.
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a series of important physiological processes 
and signal transduction, and is closely corre-
lated with cell differentiation and proliferation.
The abnormal expression (low or high expres-
sion) of EBP1 can be seen in multiple tumors. 
However, the role of EBP1 in esophageal cancer 
remains unclear. Therefore, we speculate that 
EBP1 may also exert the function of tumor sup-
pressor in esophageal cancer, and it could be 
served as the potential biomarker or molecular 
target.

Results in this research indicate that expres-
sion of EBP1 is reduced in human esophageal 
cancer tissues, while over-expression of EBP1 
can inhibit the proliferation significantly, viabili-
ty and colony formation ability of esophageal 
cancer Eca109 cells in vivo, and can effectively 
inhibit tumor formation ability of esophageal 
cancer cells in vivo. Our results have not been 
verified in normal esophageal cells, but it is 
verified in this research that EBP1 expression is 
remarkably higher in normal tissues than in 
esophageal cancer tissues. The above research 
results suggest that EBP1 can inhibit the gene-
sis and development of esophageal cancer. As 
has been verified in research, EBP1 expression 
is down-regulated in multiple cancer tissues, 
such as bladder cancer, prostate cancer, breast 
cancer and oral cancer, while over-expression 
of EBP1 can markedly inhibit proliferation of 
multiple cancer cells described above [7, 10, 
15, 16]. In the meantime, over-expression of 
EBP1 can inhibit tumor cell proliferation in gas-
trointestinal cancer adjacent to esophagus, 
such as tongue squamous cell carcinoma [17]. 
These studies have strongly verified our results 
and confirmed that, EBP1 can effectively inhibit 
growth of esophageal cancer cells in vivo and in 
vitro, and exerts the function of tumor suppres-
sor. So how can EBP1 inhibit the growth and 
tumor formation of esophageal cancer cells? It 
is demonstrated that EBP1 can regulate cell 
cycle and apoptosis, EBP1 expression is closely 
related to cell apoptosis, and decreasing EBP1 
expression renders enhanced cell viability while 
weakened apoptosis [18, 19]. Therefore, cell 
cycle and apoptosis are detected in this 
research, the results indicate that EBP1 expres-
sion can markedly induce apoptosis of esopha-
geal cancer cells. In terms of cell cycle, it is 
observed in Eca109/EBP1H cells that EBP1 
can remarkably inhibit G2 stage of cell cycle, 
but it has no influence on other cells, suggest-

ing that the effects of EBP1 on cell cycle may 
be dose- and cell origin-dependent. Therefore, 
the above results indicate that EBP1 controlling 
esophageal cancer cell proliferation through 
inducing apoptosis is associated with universal 
significance. EBP1 can form transcriptional reg-
ulation complex with bcl-2, and p53 [20-22]. 
Apoptosis-associated factor detection results 
suggest that EBP1 up-regulates expression of 
bcl-2 and P53 genes, and suppresses esopha-
geal cancer cell growth. Bcl-2 and P53 can 
induce apoptosis and inhibits proliferation and 
tumor formation of cancer cells; in addition, 
down-regulated expression of Rb and up-regu-
lated expression of P53 genes may be involved 
in the effects of EBP1 on esophageal cancer 
cells.

To sum up, it is verified in this research that 
EBP1 is down-expressed in esophageal cancer, 
which can regulate expression of bcl-2 and 
P53, induces esophageal cancer cell apopto-
sis, thus inhibiting the growth and tumor forma-
tion ability of esophageal cancer cells in vivo 
and in vitro. It is also revealed that EBP1 may 
play a certain role in the genesis and develop-
ment of esophageal cancer. Therefore, EBP1 
expression may be served as a potential bio-
marker or therapeutic target of esophageal 
cancer, which provides new thought and novel 
strategy for the clinical research and treatment 
of esophageal cancer. 
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