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	 Background:	 HDAC1 has been shown to be closely associated with the occurrence of tumors. We aimed to investigate the 
effects of siRNA-mediated HDAC1 knockdown on the biological behavior of esophageal carcinoma cell lines.

	 Material/Methods:	 HDAC1 expression in esophageal cancer cell lines TE-1, Eca109, and EC9706 was compared by Western blot 
analysis. These cells were transfected with siRNA-HDAC1 and cell proliferation was evaluated by MTT assay to 
select the optimum cell line for subsequent experiments. The effects of siRNA-HDAC1 on the migration and in-
vasion of the selected cell line were assessed by transwell assay. The expression of cell cycle-related proteins 
cyclinD1, p21 and p27, and epithelial-mesenchymal transition (EMT)-related protein zonula occludens-1 (ZO-1), 
E-cadherin and vimentin was determined by Western blot analysis.

	 Results:	 HDAC1 expression in TE-1, Eca109 and EC9706 cells was significantly higher compared with normal esopha-
geal cell line HEEC (P<0.01). MTT assay, Western blot and RT-PCR analyses demonstrated that the inhibitory ef-
fects of siRNA on HDAC1 expression and cell viability in TE-1 cells were the highest among all cell lines, which 
was therefore used in subsequent experiments. After TE-1 cells were transfected with siRNA-HDAC1, their mi-
gration and invasion were significantly lower compared with the controls (P<0.01). CyclinD1 and vimentin ex-
pression was significantly lower compared with the controls (P<0.01), whereas the expression of p21, p27, ZO-1 
and E-cadherin was significantly higher (P<0.01).

	 Conclusions:	 The siRNA-mediated HDAC1 knockdown significantly inhibited the proliferation, migration and invasion of TE-1 
cells probably by regulating the expression of cell cycle- and EMT-related proteins.
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Background

The occurrence and development of esophageal cancer is a 
complex process involving a series of physiological changes 
including abnormal proliferation, apoptosis, invasion and me-
tastasis of cells. Clinical manifestations of esophageal cancer 
include anorexia, weight loss, perforation, etc. Under normal 
physiological conditions, intracellular levels of acetylation and 
deacetylation remain in a dynamic equilibrium, whereas histone 
deacetylases (HDACs) are abnormally activated in a variety of 
tumors, and recruited in specific promoter regions, leading to 
the inhibition of transcription of a series of genes that are in-
volved in the process of cell proliferation, differentiation, mi-
gration, invasion and metastasis [1]. HDACs are a class of en-
zymes that regulate gene transcription factors, and are divided 
into four classes including class I, II, III and IV. HDAC1, 2, 3 and 
8 belong to class I. HDAC1 is the first mammalian HDAC that 
was discovered by Taunton et al. at the Harvard University in 
1996. It is the most important member of the HDACs family 
with the closest association with tumor, and regulates gene 
transcription by acting on the corresponding histone.

Senese et al. have shown that HDAC1 deficiency in tumor cells 
can induce arrest of cell cycle in the G1 or G2/M phase, de-
creased or abnormal mitosis, and reduced cell proliferation [2]. 
The proportion of apoptotic cells is markedly increased. These 
finding suggest that the expression of HDAC1 is closely associ-
ated with cell cycle, proliferation and apoptosis of tumor cells. 
CyclinD1 is the first key protein synthesized in the G1 phase, 
and plays a crucial role in the transition between the G0/G1 
and S phase. CyclinD1 binds to cyclin-dependent protein ki-
nase (Cdk4) and forms cyclin-Cdk complexes, leading to the 
activation of protein kinase Cdk, which induces the entry of 
cells into the S phase and subsequent cell division through a 
series of regulatory actions. p21 and p27 are cyclin-dependent 
kinase inhibitors [3,4]. p21 gene is located on human chromo-
some 6, and inhibits the activity of cyclin-Cdk complexes and 
antigens involved in cell proliferation. Increased p21 expres-
sion greatly prevents the formation of cyclin-Cdk4 complexes 
and inhibits the proliferation of cells by cell cycle arrest in the 
G1 phase. p27 is located on chromosome 12, and blocks cell 
cycle in the G1 phase by inhibiting the binding of cyclinE to 
Cdk2. Previous studies have demonstrated that p21 and p27 
are negative regulators of cell cycle, and are associated with 
the proliferation and metastasis of esophageal cancer cell. They 
also have good prognostic values in esophageal cancer [5,6].

The epithelial-mesenchymal transition (EMT) is a multistage 
complex process involving multiple genes during which epi-
thelial cells gain migratory and invasive properties to become 
mesenchymal stem cells or fibroblasts. Numerous studies have 
shown that EMT is important for the occurrence, development 
and metastasis of tumors, and might be crucial for the start of 

cancer invasion and metastasis [7]. Vimentin is an intermedi-
ate filament (IF) protein that is frequently expressed in mesen-
chymal tumors. It has been known that increased expression 
of vimentin stimulates the invasion and metastasis of tumors, 
indicating that the reverse of the expression of EMT-related 
proteins may significantly inhibit the development of tumors. 
ZO-1 is a tight junction protein that controls the formation of 
tight junctions. Functional abnormity of ZO-1 plays an impor-
tant role in the occurrence and development of a wide range 
of diseases. E-cadherin is an epithelial marker whose expres-
sion deficiency is associated with the invasion, migration and 
poor prognosis of tumors [8].

Material and methods

Reagents and instruments

Esophageal cancer cell lines TE-1, Eca109 and EC9706 and nor-
mal esophageal cell line HEEC were purchased from the cell 
bank of the Chinese Academy of Sciences (catalog number: 
GNHu40; Shanghai, China). Tetrazolium reagent (MTT) and 
crystal violet were purchased from Sigma (St. Louis, MO, USA). 
Rabbit anti-cyclin D1, p21, p27 and ZO-1 antibodies were pur-
chased from Epitomics (Burlingame, CA, USA). Rabbit anti-E-
cadherin and vimentin antibodies were purchased from Abcam 
(Cambridge, MA, USA). GADPH and cell cycle assay kit were 
purchased from Beyotime Institute of Biotechnology (Shanghai, 
China). Transwell chambers were purchased from Corning 
(Corning, NY, USA). Fetal bovine serum, DMEM culture medium 
and trypsin were purchased from Gibco. The siRNA targeting 
HDAC1 (siRNA-HDAC1) and negative control (siRNA-NC) were 
synthesized by GenePharma Biotech. (Shanghai, China). The 
sequences were as follows: 5’-GCCGGUCAUGUCCAAAGUATT-3‘, 
5’-UACUUUGGACAUGACCGGCTT-3’; 5’-GCCCTGAGGGC 
CCGAACTGTTACT-3’, 5’-CAGACGCACGGCTTTGACCTTCTT -3’. 
CO2 incubator and biological safety cabinet were purchased 
from Thermo Scientific Company. Flow cytometer was pur-
chased from BD Company. Mini double vertical electrophore-
sis and mini trans-blot electrophoretic transfer cell were pur-
chased from Beijing Liuyi Instrument Factory (Beijing, China). 
Molecular Imager® ChemiDocTM XRS System was manufac-
tured by Bio-Rad Laboratories.

Western blot analysis

The expression of HDAC1 in esophageal cancer cell lines TE-1, 
Eca109 and EC9706 and normal esophageal cell HEEC was 
compared by Western blot analysis. Briefly, aliquots of 100 μl 
of cells were inoculated into each well of 96-well plates and 
cultured at 37°C in a 5% CO2 incubator. Four plates were pre-
pared for each cell line. Cells at 70% confluence were collect-
ed. Total protein was extracted using protein extraction kits 
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(Beyotime Institute of Biotechnology), and quantified using a 
BCA kit (Beyotime Institute of Biotechnology). Equal amounts 
of total protein (20 μg) were separated by SDS-PAGE electro-
phoresis and transferred to polyvinylidene difluoride mem-
branes. The membrane was blocked in TBS buffer contain-
ing 5% skim milk and 0.1% Tween20 at room temperature 
for 1 h and incubated with the appropriate primary antibody 
(1:200) overnight at pH 7.6 at 4°C with gentle shaking. The 
peroxidase-labeled secondary antibodies (1:200) were added 
and the membranes were incubated at 37°C for 1h. The mem-
branes were washed 3 times with TBST for 5 min each and 
subjected to ECL detection. The intensity of bands was detect-
ed by a Molecular Imager® ChemiDocTM XRS System (Bio-Rad 
Laboratories). The gray value of bands was analyzed by Image 
Lab 2.0 software (Bio-Rad Laboratories Inc).

MTT assay

Aliquots of 100 μl of cells were inoculated into each well of 
96-well plates and cultured at 37°C in a 5% CO2 incubator. 
Cells at 70% confluence were transfected with 100 nmol siR-
NA-HDAC1 or 50 nmol siRNA-NC using Lipofectamine 2000. 
A total of 20 μl of 5 mg/ml MTT was added to the appropri-
ate well after 24, 48, 72 and 96 h, respectively. Medium was 
discarded after 4 h, and 150 μl of DMSO was added to each 
well. The optical density of dissolved MTT crystals was mea-
sured by a plate reader (BioRad) at 560 nm.

Cell migration assay

Cells were transfected with 100 nmol siRNA-HDAC1 or 50 nmol 
siRNA-NC as described in 2.3. After 72 h, cells were digested 
and added into the upper chamber of transwell. DMEM medi-
um containing 5% FBS was added into the lower chamber. After 
24 h of culture, migrated cells were washed, fixed and stained 
with crystal violet. The transmembrane cells were counted un-
der an inverted microscopy. Mean values were obtained from 
five randomly selected fields for each well.

Cell invasion assay

Matrigel (BD Biosciences) was spread evenly on the micro-film 
of a transwell chamber. Other steps were performed as de-
scribed in 2.4. Mean values of transmembrane cells were ob-
tained from five randomly selected fields for each well.

Detection of the expression of cell cycle-and EMT-related 
proteins

Cells were transfected with 100 nmol siRNA-HDAC1 or 50 nmol 
siRNA-NC as described in 2.4. After 72 h, cells were collected 
and treated with an appropriate volume of RIPA lysis buffer. 
The mixture was vortexed for 30 sec every 10 min. After 40 

min, the mixture was centrifuged at 10000 rpm for 10 min at 
4°C. The supernatant was carefully transferred to new EP tubes 
and the concentration of total protein was measured using a 
BCA kit (Beyotime Institute of Biotechnology).

Equal amounts of total protein (20 μg) were subjected to 
Western blot analyses as described in 2.2 in order to determine 
the expression of cell cycle- and EMT-related proteins. The first 
and second antibodies were both diluted in 1: 100 before use.

Statistical analysis

Data was analyzed by SPSS11.0 (SPSS inc., Chicago, IL, USA). 
Difference between groups was analyzed by t tests. P values 
smaller than 0.05 were considered statistically significant.

Results

Comparison of HDAC1 expression in difference esophageal 
cancer cell lines and the selection of optimal cell line

As shown in Figure 1A, HDAC1 expression in cell line TE-1, 
Eca109 and EC9706 was significantly higher than that in nor-
mal esophageal HEEC cells (P <0.01 or 0.05). Moreover, the 
highest HDAC1 expression was observed in TE-1 and Eca109 
(P<0.01). After transfection of siRNA-HDAC1, HDAC1 expres-
sion in TE-1 and Eca109 were significantly decreased as shown 
by results of Western blot analyses (Figure 1B). As shown in 
Figure 1C, results of MTT assay demonstrated that the rel-
ative cell viability of TE-1 was significantly lower compared 
with Eca109 cells at 72 and 96 h after transfection, indicating 
that the inference of siRNA-HDAC1 on HDAC1 expression in 
TE-1 cells was the highest among the three cancer cells lines. 
The inhibition of siRNA-HDAC1 on cell viability was also the 
highest in TE-1 cells, which were therefore chosen for subse-
quent experiments.

Effects of siRNA-HDAC1 on the migration and invasion of 
esophageal cancer cells

As shown in Figure 2A, cell migration assay demonstrated 
that the number of migrated TE-1 cells in siRNA-HDAC1 group 
was significantly decreased (208.48±27.84 vs. 69.63±8.49, P 
<0.01) compared with the control group. Results of cell inva-
sion assay showed that the transmembrane TE-1 cells in siR-
NA-HDAC1 group was also significantly lower than that in the 
control group (132.48±12.43 vs. 38.62±3.29, P<0.01). These 
results suggested that the migration and invasion abilities of 
TE-1 cells were significantly reduced after the downregulation 
of HDAC1 expression by siRNA-HDAC1.
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B Figure 1. �(A) Western-blot analysis showing the 
expression of HDAC1 in esophageal 
cancer cell lines Eca109, TE-1, and 
EC9706, and normal esophageal HEEC 
cells (control). ** Indicates P<0.01, 
* indicates P<0.05 when compared 
with the control group. (B) Western 
blot analysis of HDAC1 expression 
in Eca109 and TE-1 transfected with 
siRNA-HDAC1. (C) MTT assay showing 
inhibitory effects of siRNA-HDAC1 
on cell viability of Eca109 and TE-1. 
** Indicates P<0.01, * indicates P<0.05 
when compared with the control 
group.

Control group siRNA-HDAC1 group

Control group siRNA-HDAC1 group

A

B

Figure 2. �(A) Cell migration assay showing the 
number of migrated TE-1 cells in the 
siRNA-HDAC1 group was significantly 
lower compared with the control 
group (P<0.01). (B) Cell invasion assay 
showing the number of migrated TE-1 
cells in the siRNA-HDAC1 group was 
significantly lower compared with the 
control group (P<0.01).
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Effects of siRNA-HDAC1 on the expression of cell cycle-and 
EMT-related proteins

As shown in Figure 3, the expression of cyclinD1 in TE-1 cells trans-
fected with siRNA-HDAC1 was significantly lower than that in the 
control group (P<0.01), whereas p21 and p27 expression was sig-
nificantly higher (P<0.01). The expression of ZO-1 and E-cadherin 
in TE-1 cells transfected with siRNA-HDAC1 was significantly up-
regulated compared with the control group (P<0.01), whereas 
vimentin expression was significantly downregulated (P<0.01).

Discussion

Numerous studies have confirmed the close association be-
tween HDAC1 dysfunction and the development of a variety 
of tumors [9]. Quint et al. have compared the expression of 
HDAC1 in 170 cases of primary hepatocellular carcinoma and 
adjacent normal tissues by immunohistochemical staining, 
and found that HDAC1 in hepatic cancer tissue is significantly 
higher than that in normal tissues and was closely related to 
the grade of tumors [10]. Cheng et al. have demonstrated that 
HDAC1 expression in hepatocellular carcinoma and tumor-as-
sociated fibroblasts is significantly higher compared with liver 
tissue and fibroblasts [11]. Studies have shown that HDACs in-
hibitors suppress the proliferation of a variety of cancer cells 

including liver cancer, lung cancer, cervical cancer, prostate 
cancer, breast cancer, colon cancer, etc. and induce their dif-
ferentiation or apoptosis [9,12].

These findings have clearly shown that HDAC1 anomalies are 
closely associated with the occurrence and development of 
malignant tumors. However, its role in esophageal cancer has 
not yet been studied. In this study, it was found that HDAC1 
expression in TE-1, Eca109 and EC9706 cells was significant-
ly increased compared with normal esophageal cells. Further, 
the interferences of siRNA-HDAC1 on HDAC1 expression and 
cell viability in TE-1, Eca109 and EC9706 cells transfected with 
siRNA-HDAC1were compared by Western blot analysis and 
MTT assay. TE-1 cells with the highest interferences of siRNA-
HDAC1 were chosen for subsequent experiments.

Lei et al. have confirmed the overexpression of HDAC1 in in-
vasive hepatic cancer tissues and significant inhibition of siR-
NA-mediated HDAC1 knockdown on cell migration. They have 
also found that HDAC1 inhibitor maspin can reverse EMT in 
prostate cancer cells [13], suggesting that HDAC1 is not only 
closely related to the occurrence and development of liver can-
cer, but also affects its metastasis. Increasingly more evidences 
have shown that EMT plays an important role in the beginning 
of tumor invasion and metastasis [14]. As a key protein in the 
G1 phase, cyclinD1 is the first protein synthesized in the G1 

Figure 3. �(A) Western blot analysis comparing the expression of cell cycle-related proteins in TE-1 cells transfected with siRNA-HDAC1 
and the control group (P<0.01). (B) Western blot analysis comparing the expression of EMT-related proteins in TE-1 cells 
transfected with siRNA-HDAC1 and the control group (P<0.01).
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phase, and is crucial for the transition between the G0/G1 to S 
phase. CyclinD1 binds to cyclin-dependent protein kinase (Cdk4) 
and forms cyclin-Cdk complexes, leading to the activation of 
protein kinase Cdk, which induces the entry of cells into the 
S phase and subsequent cell division through a series of reg-
ulatory actions [15]. In this study, the expression of cyclinD1 
in TE-1 cells transfected with siRNA- HDAC1 was significantly 
downregulated, suggested that HDAC1 might affect the pro-
liferation of cells through regulating the process of cell cycle.

ZO-1 is a tight junction protein that controls the formation of 
tight junctions. Functional abnormity of ZO-1 plays an impor-
tant role in the occurrence and development of a wide range 
of diseases. E-cadherin is an epithelial marker whose expres-
sion deficiency is associated with the invasion, migration 
and poor prognosis of tumors including esophageal carcino-
ma [16]. Vimentin is an IF protein that is frequently expressed 
in mesenchymal tumors. Increased expression of vimentin has 
been shown to stimulate the invasion and metastasis of tu-
mors [17]. These findings suggest that the reverse of the ex-
pression of EMT-related proteins may significantly inhibit the 
invasion and metastasis of tumors. Previous studies have re-
vealed the close association between HDAC1 expression and 
EMT. Peulen et al. have found that HDAC1 and Snail are im-
portant for EMT induced by E-cadherin deficiency during the 

metastasis of pancreatic cancer cells [18]. In this study, it was 
shown that the expression of ZO-1 and E-cadherin was upreg-
ulated in TE-1 cells transfected with siRNA-HDAC1, whereas 
vimentin expression was downregulated [9,19].

Conclusions

Our study revealed the overexpression of HDAC1 in esophageal 
cancer cell lines. The treatment of siRNA targeting HDAC1 sig-
nificantly reduced HDAC1 expression in TE-1 cells, and mark-
edly inhibited their migration and invasion abilities. Moreover, 
siRNA downregulated the expression of cyclinD1 and upreg-
ulated p21 and p27 expression in TE-1 cells transfected with 
siRNA-HDAC1. siRNA also increased the expression of EMT-
related protein ZO-1 and E-cadherin and reduced vimentin ex-
pression in TE-1 cells, indicating that siRNA might inhibit the 
growth of esophageal cancer cells by regulating the expression 
of cell cycle- and EMT-related proteins. This study may provide 
preliminary theoretic basis for the development of molecular 
targeted therapy for esophageal cancer.
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