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Abstract. Increasing evidence has demonstrated that histone 
deacetylase 2 (HDAC2) participates in the regulation of a 
variety of biological processes in numerous tumors. However, 
the potential role of HDAC2 in the development and progres-
sion of esophageal squamous cell carcinoma (ESCC) remains 
elusive. Immunohistochemistry was utilized to detect the 
expression of HDAC2, Cell Counting Kit‑8 was used to deter-
mine the cell proliferation, and flow cytometry was employed 
to investigate cell cycle and cell apoptosis. Finally, western 
blotting was employed to detect the protein expression of 
cyclin D1, p21, B cell lymphoma‑2 (Bcl‑2) and Bcl‑2‑associated 
X protein (Bax). The present study found that expression of 
HDAC2 protein in ESCC tissues was significantly increased 
compared with atypical hyperplasia tissues and normal 
esophageal mucosa (P<0.001). The expression of HDAC2 was 
not associated with the age or gender of patients (P>0.05), but 
was closely associated with the histological grade, invasion 
depth, tumor‑node‑metastasis stage and lymph node metas-
tasis, respectively (all P<0.001). HDAC2 small interfering 
RNA effectively downregulated the expression of HDAC2 
protein in ESCC EC9706 cells. Downregulation of HDAC2 
expression evidently inhibited cell proliferation, arrested cell 
cycle at the G0/G1 phase and induced cell apoptosis in ESCC 
EC9706 cells, coupled with increased expression of p21 and 

Bax proteins and decreased expression of cyclin D1 and Bcl‑2 
proteins. Overall, the present findings suggest that HDAC2 
may play an important role in the development and progres-
sion of ESCC and be considered as a novel molecular target 
for the treatment of ESCC.

Introduction

Esophageal cancer (EC) is a gastrointestinal cancer that is the 
eighth most common cancer and the sixth most lethal cancer 
worldwide (1‑4). The incidence of EC, particularly esophageal 
squamous cell carcinoma (ESCC), which is the most prevalent 
histological type of EC, exhibits a significant geographical 
distribution, with areas of high incidence located mainly 
in China, South Asia, East Africa and South Africa  (3,5). 
Currently, the prognosis of patients with ESCC is quite 
poor, with a 5‑year relative survival rate of <10% (6). Since 
early‑onset ESCC is asymptomatic, the majority of diagnosed 
ESCCs are already in a late stage of disease. It is therefore 
imperative to identify new molecular diagnostic markers for 
early intervention in ESCC.

Deacetylases are frequently dysregulated in numerous 
tumors (7,8), Histone deacetylase 2 (HDAC2), an important 
member of type I histone deacetylases, plays a crucial role in 
tumor onset and development (8,9). Increasing evidence has 
revealed that HDAC2 is often overexpressed in various types 
of tumors (10‑15). In addition, the ablation of HDAC2 mark-
edly inhibits tumor growth and induces apoptosis (13,14,16), 
suggesting HDAC2 functions as oncogene in these tumors. 
Most importantly, monitoring HDAC2 expression during 
treatment can act as a marker for the efficacy of HDAC 
inhibitors (HDACis), and thus the HDAC2 level represents an 
independent prognostic marker in the clinic (17,18). However, at 
present, the role of HDAC2 in the development and progression 
of ESCC remains to be elucidated. Therefore, in the current 
study, HDAC2 expression in ESCC tissue was determined by 
immunohistochemistry. EC9706 cells were also transfected 
with liposome‑mediated HDAC2 small interfering (si)RNA, 
followed by cell proliferation, cell cycle and cell‑apoptosis 
assays, and the underlying molecular mechanism was analyzed. 
Overall, the present findings indicated that HDAC2 may be a 
novel molecular target for the therapy of ESCC.
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Materials and methods

Tissue samples. For the tissue samples, 69 patients with ESCC 
were enrolled from Anyang Tumor Hospital (Anyang, China), 
an area with a high incidence of esophageal cancer (19). In 
total, 45 atypical hyperplasia tissue specimens within 3 cm 
of the tumor and another 69 samples of normal tissue were 
used as controls. Of the 69 patients with esophageal cancer, 
41 were male and 28 were female. In total, 27 patients were 
≤60 years old, and 42 patients were >60 years old. Standards 
of histological grading were as follows: Grade I, highly differ-
entiated squamous cell carcinoma, with keratin pearls and 
intercellular bridges; grade II, rare intercellular bridges that 
are not as evident as in grade I, and the cells of the special 
type of medium; and grade III, poorly differentiated squamous 
cell carcinoma, cell dispersion distribution, large and irregular 
nucleus, and absence of intercelllar bridges. Patients showed the 
following histology: Grade I, 19 patients; grade II, 27 patients; 
and grade III, 23 patients. Additionally, 22 patients exhibited 
shallow invasion to the submucosa or superficial‑layer muscle, 
and 47 patients exhibited deep invasion to deep‑layer muscle 
or fibrous membrane. Based on the Union for International 
Cancer Control 1997 tumor‑node‑metastasis (TNM) staging 
criteria, 33 patients were diagnosed with stage I‑II disease and 
36 patients were diagnosed with stage III‑IV disease. In addi-
tion, 31 patients had lymph node metastasis and 38 patients 
did not. All patients had no history of chemotherapy or 
radiotherapy. All the aforementioned specimens were fixed in 
4% paraformaldehyde, conventionally dehydrated, embedded 
in paraffin, serially sectioned (4‑6 µm thick), and stained by 
hematoxylin‑eosin (HE) staining (Beijing Zhongshan Golden 
Bridge Biotechnology Co., Ltd., Beijing, China). The classifi-
cation of normal, atypical hyperplasia and tumor tissues was 
confirmed by HE staining. The present study was approved by 
the Ethical Review Committee of the First Affiliated Hospital 
of Zhengzhou University (Zhengzhou, China) and written 
informed consent was obtained from all participants.

Evaluation of immunohistochemistry and staining. 
Immunohistochemistry was performed as previously 
described (20). Briefly, streptavidin‑peroxidase immunohisto-
chemistry (Beijing Zhongshan Golden Bridge Biotechnology 
Co., Ltd.) was performed using mouse anti‑HDAC2 mono-
clonal antibody (dilution, 1:200; catalog no., sc‑81599; Santa 
Cruz Biotechnology, Inc., Dallas, TX, USA) at a dilution 
of 1:200, and 3,3’‑diaminobenzidine chromogenic reagent 
(Beijing Zhongshan Golden Bridge Biotechnology Co., Ltd.) 
was utilized to develop the staining signal. Hematoxylin 
was used to counterstain the background, according to the 
manufacturer's protocol (Yixin Biological Technology, Inc., 
Shanghai, China). Known HDAC2‑positive slices were used 
as a positive control for each tissue, and PBS was used in place 
of primary antibody for a negative control. Under high magni-
fication (x400), 5 fields were randomly selected (cell number, 
≥200), and the percentage of stained cells and depth of staining 
were used as diagnostic criteria. Specimens were first scored 
by the percentage of positive cells: 0 for <5%; 1 for 5‑25%; 2 
for 25‑50%; 3 for 50‑75%; and 4 for ≥75%. Specimens were 
then scored by depth of staining: 1 for no or extremely light 
staining; 2 for light yellow staining; 3 for moderate yellow 

staining; and 4 for brown staining. HDAC2 protein expression 
was determined by multiplication of the positive cell number 
score and the depth of staining score, and was considered to 
indicate no expression if <3 and to indicate expression if ≥3.

Cell culture and transfection. EC9706 cells (American Type 
Culture Collection, Manassas, VA, USA) were cultured in 
RPMI‑1640 medium (Gibco; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) supplemented with 10% fetal bovine 
serum (Hangzhou Evergreen Biological Engineering Mate-
rials Co., Ltd., Hangzhou, China), 100 U/ml penicillin and 
100 µg/ml streptomycin at 37˚C in a humidified atmosphere 
containing 5% CO2. When cell confluency reached ~90%, 
cell transfection was performed with HDAC2 siRNA or 
control siRNA (Santa Cruz Biotechnology, Inc.) using Lipo-
fectamine 2000 (Invitrogen; Thermo Fisher Scientific, Inc.) in 
ESCC EC9706 cells, according to the manufacturer's protocol.

Cell proliferation assay by Cell Counting Kit‑8 (CCK‑8). Cell 
proliferation was determined using Cell Counting Kit‑8 (Beyo-
time Institute of Biotechnology, Haimen, China) according to 
the manufacturer's protocol. In brief, EC9706 cells that under-
went different treatments (untreated, and transfected with 
control siRNA or HDAC2 siRNA) were seeded into 96‑well 
culture plates (2,000 cells/well). When measured, 10% CCK‑8 
was added to 96‑well culture plates, and the absorbance value 
at 450 nm was determined using a microplate reader. The 
experiment was repeated 3 times.

Cell cycle assay by flow cytometry. The cell cycle assay was 
performed as previously described (21). In brief, the three 
groups of EC9706 cells aforementioned were harvested 
(1x106 cells per group) 48 h subsequent to transfection, washed 
with PBS and fixed with 70% ethanol at 4˚C for 30 min. Subse-
quent to washing 3 more times with cold PBS, the cells were 
resuspended in PBS containing 40 µg propidium iodide and 
100 µg RNase A, and incubated at 37˚C for 30 min. Finally, 
DNA content was analyzed by flow cytometry. This experi-
ment was repeated 3 times.

Apoptosis detection by flow cytometry. Cell apoptosis detection 
was performed as previously described (22). Briefly, the three 
groups of EC9706 cells were harvested 48 h after transfection, 
washed with cold PBS, and resuspended to a concentration 
of 1x106/ml. 100 µl of the cells were then transferred to the 
flow tube, followed by 5 µl Annexin V‑FITC (BD Biosci-
ences, Franklin Lakes, NJ, USA) and 5 µl propidium iodide 
(PI) and incubated in the dark for 15 min. Finally, 1x104 cells 
were tested and analyzed by CellQuest (BD Biosciences). The 
experiment was repeated 3 times.

Western blot analysis. Western blotting was performed 
as described in a previous study  (21). The three groups of 
EC9706 cells were lysed 48 h subsequent to transfection. The 
total protein was extracted and analyzed by western blotting, 
according to the standard procedure. The total protein extract 
was separated by 10% SDS‑PAGE, and transferred to nitrocel-
lulose (NC) membrane. The NC membrane was blocked in 
TBST containing 5% skim milk for 2 h following the addition of 
the appropriate mouse monoclonal primary antibody [HDAC2, 
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catalog no., sc‑81599; cyclin D1, sc‑70899; p21, sc‑817; B cell 
lymphoma‑2 (Bcl‑2), sc‑56015; Bcl‑2‑associated X protein 
(Bax), sc‑70407; β‑actin, sc-47778; all dilutions, 1:200] and 
incubated overnight at 4˚C. The membrane was then incubated 
with an appropriate secondary antibody at room temperature 
for 1.5 h. The NC membrane was soaked in enhanced chemi-
luminescence reagent for 1‑3 min. Specific protein bands were 
developed in a dark room. The protein expression level was 
analyzed by gray‑value analysis using Image‑Pro 5.0 software, 
with the relative expression level indicated by the ratio of target 
protein to the reference protein (β‑actin).

Statistical analysis. All data were analyzed using SPSS 13.0 
software (SPSS, Inc., Chicago, IL, USA). χ2 test, t‑test or 

one‑way analysis of variance was used to compare the differ-
ences, as appropriate. The least significant difference test was 
used for post-hoc analysis. P<0.05 was considered to indicate 
a statistically significant difference.

Results

Increased HDAC2 protein expression in ESCC tissues. To 
examine the expression and localization of HDAC2 in ESCC 
tissues, immunohistochemistry was performed on serial 
sections of ESCC, atypical hyperplasia and normal esophageal 
tissues. It was found that HDAC2 protein was localized in the 
nucleus of ESCC (Fig. 1), and expression of HDAC2 protein in 
ESCC (79.71%; 55/69) was significantly increased compared 

Table II. The association between HDAC2 protein expression and clinicopathological features in esophageal squamous cell 
carcinoma.

	 HDAC2 protein
Clinicopathological	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
features	 Total, n	 +, n	‑ , n	 Expression rate, %	 χ2	 P‑value
 
Age 					     0.086	 0.769
  >60 years	 42	 33	   9	 78.57	
  ≤60 years	 27	 22	   5	 81.48		
Gender 					     1.050	 0.305
  Male	 41	 31	 10	 75.61	
  Female	 28	 24	   4	 85.71	
Histological grade					     8.003	 0.018
  I	 19	 11	   8	 57.89	
  II	 27	 23	   4	 85.19		
  III	 23	 21	   2	 91.30		
Invasive depth					     8.490	 0.004
  Superficial layer	 22	 13	   9	 59.09	
  Deep layer	 47	 42	   5	 89.36
TNM staging					     6.654	 0.010
  I+II	 33	 22	 11	 66.67	
  III+IV	 36	 33	   3	 91.67
Lymph node metastasis					     10.134	 0.001
  No	 38	 25	 13	 65.79	
  Yes	 31	 30	   1	 96.77	

HDAC2, histone deacetylase 2; TNM, tumor‑node‑metastasis; +, expressed; ‑, not expressed.
 

Table I. HDAC2 protein expression in ESCC, atypical hyperplasia and normal esophageal mucosa epithelial tissues.

	 HDAC2 protein
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Groups	 Total, n	 +, n	‑ , n	 Expression rate, %	 χ2	 P‑value

ESCC tissues	 69	 55	 14	 79.71	 44.121	 <0.001
Mucosa adjacent to cancer	 45	 23	 22	 51.11
Normal esophageal mucosa epithelial tissues	 69	 16	 53	 23.19

HDAC2, histone deacetylase 2; ESCC, esophageal squamous cell carcinoma; +, expressed; ‑, not expressed.
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with atypical hyperplasia tissues (51.11%; 23/45) and normal 
esophageal mucosa (23.19%; 16/69) (χ2=44.121; P<0.001) 
(Table I). These findings suggest that HDAC2 plays an impor-
tant role in the occurrence and development of ESCC.

Association between HDAC2 expression and the clinico‑
pathological features of patients with ESCC. To confirm 
the underlying role of HDAC2 expression in the occurrence 
and development of ESCC, the present study analyzed the 
association between the expression of HDAC2 protein and 
clinicopathological features, including age, gender, histological 
grade, invasive depth, TNM staging and lymph node metas-
tasis. As shown in Table II, no significant associations were 
found between HDAC2 expression and age or gender (both 
P>0.05). By contrast, HDAC2 expression was associated with 
histological grade, invasive depth, TNM staging and lymph 
node metastasis (all P<0.05; Table II), indicating that HDAC2 
plays a pivotal role in the onset and development of ESCC.

HDAC2 siRNA ef fectively reduced HDAC2 protein 
expression in EC9706 cells. To preliminarily elucidate 
the function of HDAC2 in ESCC, HDAC2 siRNA was 
transfected into EC9706 cells, and western blotting was 
performed to determine the HDAC2 protein expression 
48 h after transfection. The results showed that compared 
with the untreated group and control siRNA group, 
HDAC2 protein expression was significantly decreased 
(P<0.001) (Fig. 2) in the HDAC2 siRNA group, indicating 
that HDAC2 siRNA significantly downregulated HDAC2 
protein expression in EC9706 cells.

Figure 3. HDAC2 downregulation suppressed cell proliferation and altered 
cell cycle distribution in EC9706 cells. EC9706 cells were harvested 48 h 
subsequent to transfection with HDAC2 siRNA and control siRNA or 
non‑treatment, and cell proliferation assay and cell cycle detection was per-
formed. (A) HDAC2 downregulation suppressed cell proliferation in EC9706 
cells. (B) Reduced HDAC2 level arrested the cell cycle in the G0/G1 phase in 
EC9706 cells, and cell cycle results derived from three independent experi-
ments were expressed as the mean ± standard deviation in EC9706 cells. 
*P<0.05 vs. untreated and control siRNA groups. HDAC2, histone deacety-
lase 2; siRNA, small interfering RNA.

Figure 2. HDAC2 siRNA effectively downregulated HDAC2 protein expres-
sion in EC9706 cells. EC9706 cells were harvested 48 h subsequent to 
transfection with HDAC2 siRNA and control siRNA or non‑treatment, and 
western blotting was utilized to detect the expression of HDAC2 protein. 
(A) Western blot analysis for HDAC2 protein expression in the untreated 
group, control siRNA group and HDAC2 siRNA group. (B) Semi‑quantitative 
analysis of HDAC2 protein level in three groups of EC9706 cells. β‑actin was 
used as an internal control. *P<0.05 vs. untreated and control siRNA groups. 
HDAC2, histone deacetylase 2; siRNA, small interfering RNA.

  A

  B

  A

  B

Figure 1. Immunohistochemical analysis for the expression of HDAC2 protein in ESCC tissues, atypical hyperplasia tissues and normal esophageal mucosa 
epithelial tissues. (A) Strong positive expression of HDAC2 protein in ESCC tissues; (B) positive expression of HDAC2 protein in atypical hyperplasia tissues; 
(C) negative expression of HDAC2 protein in normal esophageal mucosa epithelial tissues. HDAC2, histone deacetylase 2; ESCC, esophageal squamous cell 
carcinoma.

  A   B   C
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HDAC2 downregulation inhibited cell proliferation and 
altered cell cycle distribution in EC9706 cells. To assess 
the biological role of HDAC2 in ESCC cells, the effects of 
HDAC2 downregulation on cell proliferation and cell cycle 
were investigated in EC9706 cells. The results revealed 
that HDAC2 siRNA inhibited proliferation of EC9706 cells 
compared with the untreated group and control siRNA group 
(P<0.001) (Fig. 3A). In addition, the HDAC2 siRNA group 
contained a significantly increased proportion of G0/G1 phase 
cells (60.95±1.92%) compared with the untreated group 
(30.80±2.68%) and control siRNA group (31.66±1.58%) 
(F=198.794; P<0.001) (Fig. 3B). Subsequently, it was found that 
the HDAC2 siRNA group contained a significantly decreased 
proportion of S phase cells (22.58±1.22%) compared with 
the untreated group (30.40±2.90%) and control siRNA group 
(29.61±1.66%) (F=13.215; P=0.006) (Fig.  3B). These data 
suggest that HDAC2 plays an essential role in the regulation of 
cell proliferation and cell cycle progression in ESCC.

Suppression of HDAC2 expression induced cell apoptosis in 
EC9706 cells. To explore whether HDAC2 downregulation 
affects apoptosis in EC9706 cells, flow cytometry was utilized 
to investigate cell apoptosis in EC9706 cells subsequent to 
various treatments. The results demonstrated that the number 
of apoptotic cells in HDAC2 siRNA group (19.57±1.53%) was 
significantly increased compared with the untreated group 
(8.85±1.02%) and control siRNA group (9.13±1.18%) (F=70.383; 
P<0.001; Fig. 4A and B). In addition, the HDAC2 siRNA group 
exhibited a significantly decreased number of viable cells 

Figure 5. Effect of HDAC2 downregulation on the expression of cyclin D1, 
p21, Bcl‑2 and Bax proteins in EC9706 cells. EC9706 cells were harvested 
48 h subsequent to transfection with HDAC2 siRNA and control siRNA or 
non‑treatment, and the expression of proteins was detected by western blot 
analysis. (A) HDAC2 downregulation decreased cyclin D1 and Bcl‑2 protein 
expression and increased p21 and Bax protein expression. (B) The relative 
expression level of the proteins was assessed according to the ratio of the level 
of the interest protein in comparison to the β‑actin level. *P<0.05 vs. untreated 
and control siRNA groups. HDAC2, histone deacetylase 2; siRNA, small 
interfering RNA; Bcl‑2, B cell lymphoma 2; Bax, Bcl‑2‑associated X protein.

Figure 4. Effect of HDAC2 downregulation on cell apoptosis in EC9706 cells. EC9706 cells were harvested 48 h subsequent to transfection with HDAC2 
siRNA and control siRNA or non‑treatment, and cell apoptosis was detected by flow cytometry. (A) HDAC2 depletion induced apoptosis in EC9706 cells. 
(B) Cell apoptosis results derived from three independent experiments were expressed as the mean ± standard deviation in EC9706 cells. *P<0.05 vs. untreated 
and control siRNA groups. HDAC2, histone deacetylase 2; siRNA, small interfering RNA; FITC, fluorescein isothiocyanate.

  A

  B

  A

  B
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(68.33±2.32%) compared with the untreated group (89.65±2.62%) 
and control siRNA group (88.99±2.97%) (F=62.784; P<0.001) 
(Fig. 4A and B). These findings indicate that HDAC2 downregu-
lation markedly induces cell apoptosis in EC9706 cells.

Cell proliferation, cell cycle and apoptosis‑associated protein 
assays. To preliminarily clarify the possible molecular 
mechanisms of proliferation inhibition, cell cycle alteration 
and apoptosis induction mediated by HDAC2 downregulation, 
western blotting was utilized to investigate the expression of 
cell proliferation, cell cycle, and apoptosis‑associated proteins, 
including cyclin D1, p21, Bcl‑2 and Bax. The results showed 
that HDAC2 siRNA significantly reduced the expression of 
cyclin D1 and Bcl‑2, but increased the expression of p21 and 
Bax, compared with the untreated group and control siRNA 
group (P<0.001) (Fig. 5). These findings indicate that HDAC2 
downregulation mediated proliferation inhibition, alteration 
of cell cycle distribution and cell apoptosis are associated 
with decrease in cyclin D1 and Bcl‑2 protein expression and 
increase in p21 and Bax protein expression.

Discussion

Studies show that HDAC2 expression, a member of the 
deacetylase family, is associated with tumor onset and devel-
opment (23,24). A high level of HDAC2 is an independent 
prognostic factor for various types of tumors, including 
oral, ovarian, endometrial and gastric cancers (6,10,15). Frit-
zsche et al (25) reported a 60% increase in HDAC2 expression 
in renal cancer. Adams et al found that HDAC2 was also highly 
expressed in Hodgkin's lymphoma  (26). HDAC2 expres-
sion was significantly increased in endometrial carcinoma 
compared with normal endometrial tissue  (27). Therefore, 
the present study investigated HDAC2 expression in ESCC, 
adjacent atypical hyperplasia and normal esophageal tissues 
by immunohistochemistry. The results showed that 55 out of 
69 cases of ESCC showed HDAC2expression (79.71%), signifi-
cantly increased compared with adjacent atypical hyperplasia 
(51.11%) and normal esophageal mucosa (23.19%), suggesting 
that HDAC2 may play an important role in the onset and 
development of ESCC. However, the molecular mechanism 
requires elucidation. To confirm the possible role of HDAC2 
downregulation in ESCC, we transfected HDAC2 siRNA in 
ESCC EC9706 cells. Expression of HDAC2 was verified by 
western blot analysis. The results confirmed that HDAC2 
siRNA effectively downregulated HDAC2 expression in 
EC9706 cells, providing a basis for further functional studies.

Previous studies found that HDAC2 played an important role 
in tumor cell proliferation, cell cycle control and other cellular 
processes (28,29). A high level of HDAC expression promotes 
tumoral cell proliferation, regulates the cell cycle, increases 
tumor angiogenesis, and upregulates the expression of various 
oncogenes (27). HDAC is overexpressed in numerous types 
of tumors, coupled with inhibition of tumor suppressor gene 
expression and accelerations of tumor cell proliferation. HDAC2 
specifically binds to the promoter of p21WAF/CIP1 and thus inhibits 
p21 expression, thereby promoting cell cycle progression (30). 
Previous studies have shown that overexpression of HDACs is 
closely correlated with decreased expression of p21 (14,31), an 
important inhibitor of cyclin‑dependent kinases, and therefore 

promotes rapid proliferation of the cells. In addition, suppres-
sion of HDAC2 expression upregulates p21 expression, and 
downregulates expression of cyclin D1 and cyclin A (27), which 
impedes cell cycle progression. To further understand whether 
downregulation of HDAC2 in EC9706 regulated cell prolifera-
tion and cell cycle progression, changes in cell proliferation and 
cell cycle progression in different treatment groups of EC9706 
cells were detected. The present findings demonstrated that 
suppression of HDAC2 significantly inhibited proliferation of 
EC9706 cells. Stepwise investigation showed that the HDAC2 
siRNA group contained a significantly increased proportion of 
G0/G1 phase cells (P<0.001) and significantly decreased propor-
tion of S phase cells (P=0.006) compared with the untreated 
group and control siRNA group, indicating that HDAC2 
overexpression induced cell cycle arrest at the G0/G1 phase 
and reduced the percentage of S phase cells. This resulted in 
the blockage of DNA synthesis and cell division, and thus cell 
proliferation was suppressed. To further elucidate the under-
lying molecular mechanism, cell cycle‑associated cyclin D1 and 
p21 were examined. The results showed that HDAC2 suppres-
sion upregulated p21 expression and downregulated cyclin D1 
expression, indicating that DHAC2 suppression‑induced inhibi-
tion of proliferation and cell cycle arrest may be associated with 
changes in expression of cyclin D1 and p21.

Currently, a plethora of evidence supports the anti‑apoptotic 
effect of HDAC2 in tumor cells. Knockdown of HDAC2 in 
tumor cells leads to terminally differentiated phenotypes and 
p21 upregulation‑mediated apoptosis. Knockdown of HDAC2 
in breast cancer cells may induce the binding activity of p53, 
resulting in proliferation inhibition and cellular senescence (32). 
Inhibition of HDAC2 by histone deacetylase inhibitors reduced 
the expression level of the anti‑apoptotic gene Bcl‑2, and thus 
inducing apoptosis  (33). In the present study, it was found 
that suppression of HDAC2 significantly induced apoptosis in 
EC9706 cells. The present study further analyzed the expres-
sion of two key apoptosis‑associated proteins (anti‑apoptotic 
Bcl‑2 and pro‑apoptotic Bax). The results showed that HDAC2 
suppression induced downregulation of Bcl‑2 and upregulation 
of Bax, suggesting that HDAC2 suppression‑induced apoptosis 
of ESCC cells may be associated with downregulation of Bcl‑2 
and upregulation of Bax. However, the exact molecular mecha-
nism remains to be elucidated.

In conclusion, the present results suggest that HDAC2 over-
expression is closely associated with the onset and progression 
of ESCC. Suppression of HDAC2 expression inhibited prolif-
eration, induced cell cycle arrest, and induced cell apoptosis in 
EC9706 cells. These changes may be associated with upregu-
lation of cyclin D1 and Bcl‑2, and downregulation of p21 and 
Bax. Additional study of the HDAC2 function may provide a 
theoretical basis for target therapy of the patients with ESCC.
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