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INTRODUCTION
Esophageal cancer is one of  the most common malignant 
tumors of  mankind. About 300 000 people died of  
esophageal cancer each year in the world. The incidence 
and mortality of  esophageal cancer are unusually high in 
China, especially in the areas of  Henan, Shanxi, Hebei 
and Sichuan provinces[1]. Even though a small number of  
esophageal cancer patients survive longer than 5 years after 
initial surgical treatment, over 60% of  patients still die of  
metastasis and local recurrence[2]. It is therefore imperative 
to investigate new therapeutic strategies in the treatment of  
esophageal cancer. Due to genetic abnormalities observed 
in esophageal cancer cells, the application of  gene therapy 
has attracted the attention of  many researchers. Activation 
of  the cellular apoptotic program is a current strategy for 
the treatment of  human cancer. It has been demonstrated 
that radiation and standard chemotherapeutic drugs kill 
some tumor cells through induction of  apoptosis[3,4]. 
Upon apoptosis stimulation, several key events occur 
in mitochondria, including the release of  cytochrome c. 
The mitochondrial cytochrome c release can be inhibited 
by expression of  an antiapoptotic Bcl-2 family member 
(such as Bcl-2 or Bcl-XL) and induced by expression of  a 
proapoptotic member of  the Bcl-2 family (such as Bax or 
Bid)[5]. In fact, an increased expression of  Bcl-XL has been 
found in a variety of  cancers[6-9]. In many neoplastic cells, 
high expression of  Bcl-XL also correlates with resistance 
to conventional chemotherapy[10-13]. Bcl-XL is considered 
to be a highly promising molecular target to design new 
molecular targeted anticancer therapies.

Small interfering RNAs (siRNAs) are double-stranded 
RNA molecules that induce sequence-specific degradation 
of  homologous single-stranded RNA. It has been verified 
as a powerful tool to knock down the expression of  a 
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Abstract
AIM: To determine the inhibitory effect of the vector-
generated small interfering RNAs (siRNAs) on the 
expression of the Bcl-XL gene in established human 
esophageal cancer cells, and to investigate the effect 
of the Bcl-XL siRNAs on cell growth and apoptosis in 
esophageal cancer cells. 

METHODS: Three siRNA-expressing vectors targeting 
different sites of the Bcl-XL gene were constructed from 
pTZ-U6+1 vector. Cultured esophageal cancer cells were 
transfected with the siRNA-expressing vector (or the 
control vector) using lipofectamine 2000. Bcl-XL gene 
expression was determined with semiquantitative RT-
PCR assay and Western blotting. Among the three siRNA-
expressing vectors, the most highly functional vector 
and its effect on cell growth and apoptosis in esophageal 
cancer cells was further analyzed.

RESULTS: Of the three siRNA-expressing vectors, siRNA-
expressing vector No.1 was the most potent one which 
suppressed Bcl-XL mRNA production to 32.5% of that in 
the untreated esophageal cancer cells. Western blotting 
analysis showed that siRNA-expressing vector No.1 
markedly down-regulated the expression of Bcl-XL in 
human esophageal cancer cells. Treatment of esophageal 
cancer cells with siRNA-expressing vector No.1 resulted 
in inhibition of cell growth and induction of apoptosis. 

CONCLUSION: Down-regulation of Bcl-XL by vector-
generated small interfering RNAs can suppress cell 
growth and induce apoptosis in human esophageal 
cancer cells. 
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target protein in mammalian cells. siRNA technology has 
several major advantages over other posttranscriptional 
gene silencing techniques, such as antisense and gene 
knockout technology. It is easier to deliver, requires only 
small doses of  siRNA to produce its silencing effect, and 
can inactivate a gene at almost any stage in development[14]. 
siRNA can be synthesized in vitro, but a specific gene 
silencing induced by synthetic siRNA might not be 
maintained long enough to achieve a phenotypic change[15]. 
In order to solve this problem some investigators have 
developed several vector-based expression systems to 
produce endogenous, functional siRNA molecules in 
vivo[16,17].

In this study, we present data showing that RNAi 
technolog y can be used to down-regulate Bcl-XL 
expression, resulting in suppression of  cell growth and 
induction of  apoptosis in esophageal cancer cells Eca109. 
It can be concluded that Bcl-XL is an alternative target in 
developing new therapeutic strategies for the treatment of  
esophageal cancers.

MATERIALS AND METHODS
Preparation of siRNA-expressing vector
s iRNA-express ing vector was constr ucted f rom 
pTZ-U6+1 vector (Provided by Rossi JJ, Division of  
Molecular Biology, Beckman Research Institute of  
the City of  Hope, Duarte, California 91010, USA) 
according to the instructions of  the manufacturer. Briefly, 
a pair of  oligonucleotides were synthesized in vitro. 
Each oligonucleotide contained a 21 nucleotide target 
sequence followed by a short loop sequence, the reverse 
complement of  the target sequence, and five thymidines 
as a RNA polymerase Ⅲ transcriptional stop signal. The 
oligonucleotides were annealed in a buffer (potassium 
acetate 100 mmol/L, 30 mmol/L HEPES-KOH pH 7.4, 
and magnesium acetate 2 mmol/L) and the mixture was 
incubated at 95℃ for 5 min and then at 37℃ for 1 h. The 
double stranded oligos were cloned into the SalI and XbaI 
sites of  the pTZ-U6+1 vector where short hairpin RNAs 
were expressed under the control of  the U6 promoter. 
The target sequences, corresponding oligonucleotides and 
resulting siRNA-expressing vectors in this study are shown 
in Table 1.

Cell culture and transfection 
The human esophageal cancer cell line Eca-109 was 
obtained from Shanghai Institute of  Cell Biology, Chinese 
Academy of  Sciences. Eca-109 cells were cultured in 
medium RPMI-1640 (Invitrogen) supplemented with 10% 
fetal bovine serum (FBS) and penicillin (100 kU/L) and 
streptomycin (100 mg/L) at 37℃ in a humidified incubator 
with 5% CO2. For cell transfection, lipofectamine 2000 
(Invitrogen) was used for transfecting the siRNA-
expressing plasmids (or the control plasmids) following 
the manufacturer’s instructions. The transfected cells were 
cultured for 5 h and then transferred to fresh medium with 
10% FBS.

Semiquantitative RT-PCR analysis for Bcl-XL gene 
expression
Cells were harvested 48 h after transfection. Total RNA 

was purified using the Total RNA Isolation System 
(Qiagen). Reverse transcription-PCR was performed with 
the isolated total RNA (100 ng) using the Omniscript 
RT kit and HotStarTaq PCR kit (Qiagen) according 
to the manufacturer’s instructions. The primers were 
bc l - x l : 5 ’ -GGCCTGAAGCCGGTGCAC -3 ’ , 5 ’
-CACGGCGATACC GCTGGA -3’; β-actin: 5’-CTGG
ATGCGATTCCAAGCAC-3’, 5’-GAAGGACTTGGG
ATCGTCCGG-3’. When RT-PCR was finished, 1 µL 
from the reaction mixture was withdrawn and analyzed by 
agarose gel electrophoresis followed by ethidium bromide 
staining. The 500 bp bcl-xl bands were cut from the gel 
and extracted using a DNA gel extaction kit (Qiagen). 
DNA concentration was determined using the GeneQuant 
pro RNA/DNA Calculator (Biochrom Ltd). Bcl-XL gene 
expression was calculated by dividing the concentration 
of  the RT-PCR product of  the treated cells by the 
concentration of  the RT-PCR product of  the untreated 
cells (taken as 100%). Each point represents the average of  
triplicate tests.

Western blotting analysis
Seventy-two hours after the transfection, cells were 
washed twice in PBS and total protein was extracted in 
150 mmol/L NaCl, 50 mmol/L Tris·HCl (pH 7.5), 1% 
sodium deoxycholate, 0.1% SDS, 1% Triton X-100, 5 
mmol/L EDTA, 10 mg/mL leupeptin, 1% aprotinin and 
2 mmol/L PMSF. Ten micrograms of  protein sample 
was loaded onto a 10% SDS-PAGE and electroblotted 
onto a PVDF nylon membrane (Millipore, Bedford). 
Membranes were blocked in 0.05% Tween 20 (v/v) PBS 
containing 5% skim milk，and then incubated with rabbit 
polyclonal Bcl-XL antibodies and rabbit polyclonal β-Actin 
antibodies (Santa Cruz Biotechnology). Membranes were 
then incubated with a HRP-linked goat anti-rabbit IgG 
secondary antibody (Santa Cruz Biotechnology). Finally, 
the membrane was reacted with DAB reagent and washed 
with PBS once protein bands had appeared.

Cell growth assay
Untreated cells or the transfected cells were harvested and 
reseeded at 1 × 104 cells/well in a 12-well, flat-bottomed 
plate. Cells were cultivated with RPMI 1640 medium in 
the CO2 incubator at 37℃. The total cell number was 
determined every two days with a hematocytometer and 
under an inverted microscope (Olympus). Cell viability was 
determined by trypan blue staining. Each value represents 
the average of  triplicate wells. 

Analysis of apoptosis
Cell apoptosis was assessed under an inverted fluorescence 
microscope (Olympus).The green fluorescent DNA 
intercalant dye YO-PRO-1 was purchased from Invitrogen 
Company. Dual staining with YO-PRO and PI made it 
possible to detect early apoptotic cells that have undergone 
initial changes in permeability to small molecules. At 72 h 
post cell transfection, YO-PRO-1 dyes were added to the 
culture medium at 0.1 µmol/L for 30 min. Cell apoptosis 

was quantified by determining the percentage of  cells that 
were YO-PRO-1-positive in every 200 cells. Each value 
represents the average of  triplicate wells.



Statistical analysis
Statistical analysis was performed by the Student’s t test or 
χ2 test. P < 0.05 was considered statistically significant. 
Data are expressed as mean ± SD. Al l s tat is t ica l 
calculations were performed using SPSS10.0 statistical 
software package.

RESULTS
siRNA-expressing vector inhibit ing Bcl-X L mRNA 
expression 
We examined three siRNA-expressing vectors which 
target human Bcl-XL as shown in Figure 1A. Of  the three 
siRNA-expressing vectors, siRNA-expressing vector 

No.1 potently suppressed the synthesis of  Bcl-XL mRNA 
in human esophageal cancer cells. RT-PCR product 
quantification showed that siRNA expressing vector No.1 
suppressed Bcl-XL mRNA production to 32.5% of  that in 
the control as shown in Figure 1B. On the basis of  these 
results, we selected siRNA-expressing vector No.1 as the 
most highly functional siRNA-expressing vector in further 
studies. 

Effect of siRNA-expressing vector on Bcl-XL protein 
expression 
We evaluated the effect of  siRNA-expressing vector No.1 
on target protein Bcl-XL by Western blotting analysis. 
Figure 2 shows that siRNA-expressing vector No.1 
markedly down-regulated the expression of  Bcl-XL in 
human esophageal cancer cells as compared with untreated 
cells. However, treatment with control siRNA-expressing 
vector and empty pTZ-U6+1 vector did not change the 
expression of  Bcl-XL in human esophageal cancer cells as 
compared with untreated cells. 

Effect of siRNA-expressing vector on cell proliferation
We have analyzed siRNA-expressing vector No.1 on the 
cell proliferation of  Eca-109 esophageal cancer cells. 
Figure 3 shows that siRNA-expressing vector No.1 target 
Bcl-XL significantly inhibited the cell growth in esophageal 
cancer cells as compared with the untreated cells (P < 0.05). 
Cells treated with control siRNA expressing vector and 
empty pTZ-U6+1 vector showed only slight cell growth 
inhibition and had no difference as compared with the 
untreated cells.

Table 1  Target sequences, corresponding oligonucleotides and resulting siRNA-expressing vectors in this study

Target sequences and corresponding oligonucleotides siRNA-expressing vector

Target 1: 5´-ggaagagaacaggactgaggc-3´ (Target site: 90-110) siRNA- expressing vector No.1
Oligo 1 F: 5´-tcgaggaagagaacaggactgaggcttcaagagagcctcagtcctgttctcttccttttt-3´
Oligo 1 R: 5´-ctagaaaaaggaagagaacaggactgaggctctcttgaagcctcagtcctgttctcttcc-3´
Target 2 :5´- gaacaggtagtgaatgaactc-3´(Target site: 370-390) siRNA- expressing vector No.2
Oligo 2 F: 5´-tcgagaacaggtagtgaatgaactcttcaagagagagttcattcactacctgttcttttt-3´
Oligo 2 R: 5´-ctagaaaaagaacaggtagtgaatgaactctctcttgaagagttcattcactacctgttc-3´
Target 3: 5´- gaacgcttcaaccgctggttc-3´(Target site: 622-642) siRNA-expressing vector No.3
Oligo3 F: 5´-tcgagaacgcttcaaccgctggttcttcaagagagaaccagcggttgaagcgttcttttt-3´
Oligo 3 R: 5´-ctagaaaaagaacgcttcaaccgctggttctctcttgaagaaccagcggttgaagcgttc-3´
Control: 5´-gaggaccgttactagatcata-3´ Control siRNA- expressing vector
Oligo F: 5´-tcgagaggaccgttactagatcatattcaagagatatgatctagtaacggtcctcttttt-3´
Oligo R: 5´-ctagaaaaagaggaccgttactagatcatatctcttgaatatgatctagtaacggtcctc-3´
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Figure 1  RT-PCR analysis of the effect of siRNA-expressing vector on Bcl-XL 
gene expression. A: Argarose gel electrophoresis of the RT-PCR products. L1: 
DNA marker; L2: RT-PCR product of the untreated cells; L3: RT-PCR product 
of the empty pTZ-U6+1 vector treated cells; L4: RT-PCR product of the control 
siRNA-expressing vector treated cells; L5: RT-PCR product of the siRNA-
expressing vector No.1 treated cells; L6: RT-PCR product of the siRNA-expressing 
vector No.2 treated cells; L7: RT-PCR product of the siRNA-expressing vector 
No.3 treated cells. B: Quantification of the RT-PCR products (mean ± SD, n = 3, 
aP < 0.05 vs untreated esophageal cancer cells).

1      	   2    	    3    	     4
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Figure 2  Western blotting analysis and effect of siRNA-expressing vectors. L1: 
Untreated esophageal cancer cells; L2: Esophageal cancer cells were transfected 
with empty pTZ-U6+1 vector; L3: Esophageal cancer cells were transfected with 
control siRNA expressing vector; L4: Esophageal cancer cells were transfected 
with siRNA-expressing vector No.1.
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Bcl-XL siRNA-expressing vector potentiating apoptosis of 
esophageal cancer cells
YO-PRO-1 is a membrane-impermeable DNA-binding 
dye and is generally excluded from variable cells, whereas 
early-stage apoptotic cells are YO-PRO-1-positive. Typical 
photographs of  YO-PRO-1 staining are shown in Figure 
4A. The nucleus of  early-stage apoptotic cell was stained 
green under the inverted fluorescence microscope. Figure 
4B shows that the apoptotic cells significantly increased in 
siRNA-expressing vector No.1 treated cells compared to 
untreated cells (P < 0.05). However, treatment with control 
siRNA expressing vector and empty pTZ-U6+1 vector did 
not significantly affect the apoptosis of  esophageal cancer 
cells.

DISCUSSION
Members of  the Bcl-2 family of  proteins play important 
roles in regulating cell survival and apoptosis. The Bcl-2 
family includes pro-apoptotic members and antiapoptotic 
proteins such as Bcl-2 and Bcl-XL that inhibit apoptosis 
by blocking the release of  cytochrome C. Bcl-XL is 
over-expressed in numerous types of  cancer including 
myelomas, lymphomas, hepatomas, gastric carcinomas and 
ovarian cancers[6,7,9,18,19]. This over-expression of  Bcl-XL is 
associated with decreased apoptosis in tumors, resistance 
to chemotherapeutic drugs and a poor clinical outcome. 
In esophageal cancer, some investigators observed that 
Bcl-XL expression correlated well with depth of  tumor 
invasion, lymphatic invasion, and lymph node metastasis 
in superficial squamous cell carcinoma of  the esophagus. 
Patients with high Bcl-XL expression showed significantly 
shorter survival than those with low Bcl-XL expression[20,21]. 
However, the precise role of  Bcl-XL in the development 
of  esophageal cancer remains to be elucidated. Thus, 
the performance to specifically reduce Bcl-XL level by 
genetic means in established esophageal cancer cell lines 
should be helpful for a better understanding of  its role in 
maintaining the malignant phenotype. Several approaches 
have been developed to inhibit the function of  Bcl-XL 
including antisense, peptide nucleic acid, small organic 
compounds[22-24]. Most of  these antagonists of  Bcl-XL were 
reported to elicit spontaneous apoptosis of  cancer cells 
in vivo as well as in vitro and to enhance the sensitivity to 
chemotherapy in cancer cells. Bcl-XL has been successfully 

down-regulated by RNAi in some previous studies, but 
the down-regulation of  Bcl-XL expression by siRNA-
expressing vector or other approaches in esophageal 
squamous cell carcinoma has not been performed until 
now. 

In this study, we constructed three siRNA expressing 
vectors targetting human Bcl-XL. Down-regulation of  
Bcl-XL gene expression was observed in the esophageal 
carcinoma cell line Eca109 transfected with these three 
siRNA-expressing vectors. Of  the three siRNA-expressing 

Vi
ab

le
 c

el
l n

um
be

rs
 (

×
 1

04 )

30

20

10

0
d 2        	             d 4  	           d 6

a
a

a

Untreated
Empty pTZ-U6+1 vector
Control siRNA expressing vector
siRNA expressing vector No.1

  
  

  
  

  
  

Ap
op

to
tic

 c
el

ls
(%

 o
f 

ev
er

y 
tw

o 
hu

nd
re

d 
ce

lls
)

60

40

20

0

Untreated
Empty pTZ-U6+1 vector
Control siRNA expressing vector
siRNA expressing vector No.1

Figure 3  Effect of siRNA-expressing vector on cell growth post transfection (mean 
± SD, n = 3, aP < 0.05 vs untreated esophageal cancer cells).

Figure 4  Effect of siRNA-expressing vector targeting Bcl-XL on apoptosis of 
esophageal cancer cells. A: Photographs of YO-PRO-1 staining under the inverted 
fluorescence microscope at 72 h after transfection. 1: Untreated esophageal 
cancer cells; 2: Esophageal cancer cells were transfected with empty pTZ-U6＋1 
vector; 3: Esophageal cancer cells were transfected with control siRNA-expressing 
vector; 4: Esophageal cancer cells were transfected with siRNA-expressing vector 
No.1. B: Percentage of apoptotic cells in every 200 cells (mean ± SD, n = 3, aP < 
0.05 vs untreated cells).
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vectors, siRNA-expressing vector No.1 potently suppressed 
the synthesis of  Bcl-XL mRNA in semiquantitative RT-
PCR assay. RT-PCR product quantification showed that 
siRNA-expressing vector No.1 suppressed Bcl-XL mRNA 
production to 32.5% of  that in the untreated esophageal 
cancer cells. Western blotting analysis showed that siRNA-
expressing vector No.1 decreased the synthesis of  Bcl-XL 
protein in esophageal cancer cells. To further investigate 
the role of  Bcl-XL in the pathogenesis of  esophageal cancer, 
cell growth and apoptosis were analyzed to determine the 
functional consequence of  the siRNA-expressing vectors 
mediated decrease of  Bcl-XL in established esophageal 
cancer cells. Our data showed that knockdown of  Bcl-XL 

by siRNA-expressing vector suppressed cell growth and 
potentiated apopotosis in established esophageal cancer 
cells in a stable manner. These results were consistent 
with previous reports, Zhu et al[25] found that knockdown 
of  Bcl-XL protein expression by small interfering RNA 
inhibited the proliferation of  5-FU-resistant human 
colon cancer cells. Lei X et al[26] demonstrated that siRNA 
targeting Bcl-XL genes specifically suppressed Bcl-
XL expression and increased spontaneous apoptosis in 
the human gastric cancer cell line MGC-803. All these 
investigations suggest that Bcl-XL may serve as a potential 
target in cancer therapy. In summary, our study indicates 
that down-regulation of  Bcl-XL by siRNA-expressing 
vectors can suppress cell growth and induce apoptosis in 
human esophageal cancer cells and siRNA technique may 
provide a novel therapeutic approach in the treatment of  
human esophageal cancer.
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