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Abstract. 5-Azacytidine is a well-known anticancer drug that 
is clinically used in the treatment of breast cancer, melanoma 
and colon cancer. It has been reported that 5-azacytidine 
suppresses the biological behavior of esophageal cancer cells. 
However, corresponding mechanisms remain unclear. In this 
study, using Transwell invasion and cell proliferation assays, 
we demonstrated that 5-azacytidine significantly inhibited the 
metastasis and proliferation of EC9706 cells, and upregulated 
the expression of cadherin 1 (CDH1) and SRY-box containing 
gene 17 (SOX17). Moreover, the inhibition of the metastasis of 
the 5-azacytidine-treated EC9706 cells was impaired following 
transfection with siRNA targeting CDH1  (CDH1  siRNA), 
and the inhibition of cell proliferation was attenuated 
following the downregulation of SOX17 by siRNA targeting 
SOX17 (SOX17 siRNA). Furthermore, 5-azacytidine remark-
ably reduced the CDH1 and SOX17 promoter methylation 
levels, suggesting that 5-azacytidine upregulates the expres-
sion of SOX17 and CDH1 by inhibiting the methylation of the 
SOX17 and CDH1 promoter. The findings of our study confirm 
that 5-azacytidine suppresses the proliferation and metastasis 
of EC9706 esophageal cancer cells by upregulating the expres-
sion of CDH1 and SOX17. The expression levels of CDH1 and 
SOX17 negatively correlate with the promoter methylation 
levels. CDH1 and SOX17 are potential indicators of the clinical 
application of 5-azacytidine.

Introduction

Esophageal cancer is the eighth most common cancer, and 
approximately 25-30 million new cases are confirmed each year. 
There are two major histological subtypes of esophageal cancer: 
esophageal adenocarcinoma and esophageal squamous cell 
carcinoma (1-3). Given the fact that the incidence of esophageal 
cancer is rising (4), it is imperative to assess the effectiveness of 
chemotherapeutic drugs for the treatment of this type of cancer, 
and to elucidate the mechanisms responsible for its develop-
ment, in order to select effective chemotherapeutic regimens.

5-Azacytidine is a common anticancer drug. It is mainly 
used in chemotherapy for various types of cancer, including 
breast cancer, melanoma and acute myeloid leukemia (5-12). 
One of the most important mechanisms responsible for its 
antitumor activity previously proposed is that the drug can 
incorporate into DNA during DNA replication and inhibit 
DNA methylation (13). DNA methylation plays an important 
role in tumorigenesis and cancer progression (14-17). Aberrant 
DNA methylation leads to the inactivation of tumor suppressor 
genes in the development and progression of cancers, including 
esophageal cancer (18-20).

Cadher in  1   (CDH1)  and SRY-box conta in ing 
gene 17 (SOX17) are two members that are aberrantly methylated 
in esophageal cancer cells. CDH1 belongs to the cadherin super-
family, and is also known as epithelial cadherin (E-cadherin) 
or uvomorulin (21). CDH1, as a tumor suppressor gene, plays 
an essential role in maintaining cell adhesion and adherent 
junctions in normal tissues (22). The expression of CDH1 is 
frequently absent in a variety of epithelial tumors in which 
normal intercellular junctions are lost (23-27). SOX17 belongs 
to the high-mobility group (HMG)-box transcriptive factor 
superfamily. It is highly conserved during evolution and plays an 
important role in the formation of embryonic germ layers (28). 
Frequent methylation of SOX17 promoter was detected in colon, 
liver, breast and lung cancers (29-31). The hypermethylation of 
the SOX17 promoter and the lower expression of SOX17 has 
previously been shown in breast cancer, resulting in cancer cell 
proliferation (32). In lung cancer cells, the promoter of SOX17 is 
also hypermethylated, leading to the silencing or the inhibition 
of SOX17 expression. In addition, SOX17 promoter methyla-
tion is remitted by 5-azacytidine in lung cancer cells (31). The 
hypermethylation of the CDH1 and SOX17 promoters and the 

5-Azacytidine suppresses EC9706 cell proliferation and 
metastasis by upregulating the expression of SOX17 and CDH1

Wenli Li,  Dan Wu,  Ziyu Niu,  Dalei Jiang,  Huan Ma,  Heming He,   
Xiangjun Xie  and  Yuanlong He

Department of Gastroenterology, Qingdao Municipal Hospital, School of Medicine, 
Qingdao University, Qingdao, Shandong 266011, P.R. China

Received September 6, 2015;  Accepted June 16, 2016

DOI: 10.3892/ijmm.2016.2704

Correspondence to: Dr Yuanlong He or Dr Xiangjun Xie, 
Department of Gastroenterology, Qingdao Municipal Hospital, School 
of Medicine, Qingdao University, 1 Jiaozhou Road, Qingdao, Shandong 
266011, P.R. China
E-mail: qdxhhyl@sina.com
E-mail: xiangjunxie2008@sina.com

Abbreviations: SOX17, SRY-box containing gene  17; CDH1, 
cadherin-1

Key words: 5-azacytidine, SRY-box containing gene 17, cadherin-1, 
proliferation, metastasis

https://www.spandidos-publications.com/10.3892/ijmm.2016.2704
https://www.spandidos-publications.com/10.3892/ijmm.2016.2704


LI et al:  5-azacytidine suppresses EC9706 cell proliferation and metastasis1048

reduced expression of CDH1 and SOX17 have been reported 
to occur in esophageal cancer (33-35). These data suggest that 
these two genes are epigenetically involved in the development 
and progression of esophageal cancer.

Based on the facts that 5-azacytidine can affect DNA meth-
ylation and that the promoters of tumor suppressor genes are 
usually downregulated by high hypermethylation in esophageal 
cancer, in this study, we aimed to examine the effects of treat-
ment with 5-azacytidine on esophageal cancer cells and to 
elucidate the mechanisms responsible for its antitumor activity 
in esophageal cancer. Our findings may help clinicians select an 
effective chemotherapeutic regimen for the treatment of esopha-
geal cancer, and may also aid in the prognostic evaluation.

Materials and methods

Cell culture. The EC9706 esophageal cancer cell line was 
purchased from the Cell Bank of Type Culture Collection 
of the Chinese Academy of Sciences  (Shanghai, China). 
The cells were cultured in Dulbecco's modified Eagle's 
medium  (DMEM) supplemented with 10%  fetal bovine 
serum (FBS) (both from Thermo Fisher Scientific, Waltham, 
MA, USA) and 100 U/ml penicillin/streptomycin (Invitrogen 
Life Technologies, Carlsbad, CA, USA), and were routinely 
incubated at 37˚C under a 5% CO2 atmosphere.

Treatment with 5-azacytidin. The EC9706 cells were seeded 
into 6-well culture plate (NEST Biotechnology, Jiangsu, 
China) at a density of 106 cells/well and cultured overnight. 
The cells were treated with 5-azacytidine (50 µM) (5-aza; 
Sigma-Aldrich, St. Louis, MO, USA) for 72 h and dimethyl 
sulfoxide (DMSO; 1:100) as the negative control.

Reverse transcription-quantitative PCR (RT-qPCR). Following 
treatment with 5-azacytidine for 72 h, total RNA was isolated 
from the EC9706 cells using TRIzol reagent (Life Technologies) 
according to the manufacturer's instructions. RNA was reverse 
transcribed using the PrimeScript® First  Strand cDNA 
Synthesis kit (Takara, Shiga, Japan) and then amplified with 
PCR primers on the iQ5 Real-time Quantitative PCR system 
(Bio-Rad, Hercules, CA, USA). The average Ct, from triplicate 
assays, was used for further calculations. Relative expression 
levels were normalized to the control and actin as the internal 
control. The reverse transcribed reaction included approxi
mately 1 µg of cDNA, 0.5 µg of each primer, 20 nmoles of 
dNTPs, 4  µl of 5X  PCR buffer, 12  units of RiboLock™ 
Ribonuclease inhibitor and 1 unit of ReverTra Ace polymerase 
in a final reaction volume of 20 µl. The PCR cycling conditions 
were as follows: 42˚C for 60 min; and 72˚C for 10 min. The 
primers used for PCR were as follows: SOX17 forward, 
5'-GGGATACGCCAGTGACGAC-3' and reverse, 5'-CCTTA 
GCCCACACCATGAAA-3'; CDH1 forward, 5'- AATGCCG 
CCATCGCTTAC-3' and reverse, 5'-TCAGGCACCTGACC 
CTTGTA-3'; and actin forward, 5'-GCACCCAGCACAA 
TGAAGA-3' and reverse, 5'-AATAAAGCCATGCCAA 
TCTCA-3'.

Western blot analysis. Total proteins were mixed by 
loading buffer and boiled for 5  min. Equivalent quanti-
ties of protein were separated by 12%  sodium dodecyl 

sulfate  (SDS)‑polyacrylamide gels and transferred onto 
polyvinylidene fluoride membranes. The membranes were 
then blocked with 10% defatted milk for 1 h at 4˚C. This was 
followed by the addition of primary antibodies specific to the 
SOX17 markers (1:1,000; species raised in, rabbit; specificity, 
rat, human and mouse; polyclonal antibody; Ab191699; Abcam, 
Cambridge, UK), anti-E‑Cadherin antibody  IgG  (CDH1; 
1:1,000; species raised in, rabbit; specificity, rat, human and 
mouse; monoclonal antibody; Ab133597; Abcam), anti‑MMP2 
antibody IgG (1:1000; species raised in, rabbit; specificity, 
rat, mouse, human; polyclonal antibody; 4022; Cell Signaling 
Technology, Danvers, MA, USA) and anti-MMP9 antibody 
IgG (1:1000; species raised in, rabbit; specificity, human; 
polyclonal antibody; 2270; Cell Signaling Technology). in 
phosphate-buffered saline (PBS) containing 5% BSA incu-
bated with the membranes at 4˚C overnight. The membranes 
were then washed and incubated with the corresponding 
horseradish peroxidase  (HRP)-conjugated secondary anti-
body (1:5,000; SC-2004; Santa Cruz Biotechnology,  Inc., 
Santa Cruz, CA, USA) for 1 h. The bound secondary antibody 
was visualized using an enhanced chemiluminescence (ECL) 
system (Pierce Biotechnology, Rockford, IL, USA).

siRNA transfection. siRNAs targeting SOX17 (SOX17 siRNA) 
and CDH1  (CDH1  siRNA) were synthesized by Shanghai 
GenePharma Co., Ltd. (Shanghai, China) and transfection was 
performed using Lipofectamine RNAiMAX (Life Technologies) 
according to the manufacturer's instructions. The negative control 
siRNA was also synthesized by Shanghai GenePharma Co., Ltd. 
The EC9706 cells were seeded in a 6-well plate at a density of 
106 cells/well and allowed to attach overnight (16 h). Subsequently, 
SOX17 siRNA, CDH1 siRNA or NC siRNA were transfected 
into the EC9706 cells at a final concentration of 50 nM using 
Lipofectamine RNAiMAX. The interference efficiency was 
detected by RT-qPCR at 48 h post-transfection.

Cell viability assay. The EC9706 cells were seeded into 
96-well culture plates (5,000 cells/well). 5-Azacytidine was 
added to the wells at a concentration of 50 µM. Cell viability 
was assayed using the Cell Counting kit-8 (CCK-8; Dojindo 
Laboratories, Kumamoto, Japan) at 1-5 days following treat-
ment with 5-azacytidine. The absorbance was measured at 
450 nm using a microplate reader.

Cell colony formation assay. Soft agar assays were performed 
to detect the colony-forming ability of the EC9706 cells at 
96 h following treatment with 5-azacytidine (50 µM). The 
cells were then resuspended and seeded into 6‑well culture 
plates (1,000 cells/well). On day 7, the cells were washed with 
PBS twice and fixed with 75% ethanol for 30 min and stained 
with 0.2% crystal violet for visualization and photographing 
by microscope (Mi 8; Leica, Wetzlar, Germany).

Apoptosis assay. Cell apoptosis was determined by flow 
cytometry using the Annexin V-FITC Apoptosis Detection 
kit (Sungene, Tianjin, China). The EC9706 cells were seeded 
in 6-well culture plates. 5-Azacytidine was added to the wells 
at the concentration of 50 µM. The cells were harvested 96 h 
following treatment with 5-azacytidine, washed in PBS and 
incubated with Annexin  V and propidium iodide  (PI) in 
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binding buffer in the dark at room temperature for 10 min. 
The stained cells were analyzed using the BD FASAria Cell 
Sorter (BD Biosciences, Franklin Lakes, NJ, USA).

Cell invasion assay. Transwell invasion chambers coated with 
Matrigel (50 µl/filter) (BD Biosciences) were performed to 
detect EC9706 cell invasion. The EC9706 cells were transferred 
on the top of the chambers (50,000 cells/chamber) in DMEM 
and the lower chambers were supplemented with DMEM 
containing 10% fetal calf serum 96 h following treatment with 
5-azacytidine (50 µM). The cells were fixed and stained with 
GenMed crystal violet after 48 h of culture.

Detection of methylation by bisulfite-assisted genomic 
sequencing PCR  (BSP). EC9706 cell genomic DNA was 
extracted 72 h following treatment with 5-azacytidine (50 µM). 
Genomic DNA (1 µg) was modified and purified according to 
the instructions provided with the EZ DNA Methylation-Gold™ 
kit (D5005, Zymo Research, Shanghai, China). Modified and 
purified genomic DNA was amplified using the primers listed 
in Table  I. The PCR products were cloned and sequenced. 
The methylation rates of each promoter were analyzed in the 
website: http://quma.cdb.riken.jp/.

Statistical analysis. Values are expressed as the means ± stan-
dard error of 3  independent experiments. The statistical 
significance of the differences was calculated using Prism soft-
ware (version 4.0a; GraphPad Software, Inc., La Jolla, CA, USA) 
by one-way analysis of variance. Values of P<0.05 and P<0.01 
were considered to indicate statistically significant differences.

Results

5-Azacytidine suppresses the proliferation and invasion of 
EC9706 cells. To examine the effects of 5-azacytidine on the 
growth of esophageal cancer cells, the EC9706 cells were 
treated with 50 µM 5-azacytidine for 72 h, and CCK-8 cell 
viability assay and Transwell assay were then performed to 
determine the effects of 5-azacytidine on cell proliferation and 
invasion. The results of CCK-8 assay revealed that the viability 
of the EC9706 cells was markedly suppressed following treat-
ment with 5-azacytidine (Fig. 1A). In addition, the results of 
Transwell invasion assay indicated that the invasive ability of 

the EC9706 cells was significantly decreased following treat-
ment with 5-azacytidine (Fig. 1B and C).

Treatment with 5-azacytidine upregulates CDH1 and SOX17 
expression in EC9706 cells. Studies have reported that CDH1 
and SOX17 are involved in the inhibition of cancer metastasis 
and growth, respectively. CDH1 and SOX17 are downregu-
lated in esophageal cancer (22,32). Therefore, in this study, 
RT-qPCR and western blot analysis were performed to analyze 
the expression of CDH1 and SOX17 in the EC9706 cells treated 
with 5-azacytidine (50 µM) for 72 h. The results revealed that 
the CDH1 and SOX17 expression levels were significantly 
increased in the 5-azacytidine treatment group, in comparison 
to the DMSO vehicle control (Fig. 2A). The results of western 
blot analysis also revealed that the CDH1 and SOX17 protein 
expression levels were significantly upregulated by 5-azacyti-
dine treatment (Fig. 2B).

5-Azacytidine inhibits EC9706 cell metastasis via the upregula-
tion of CDH1. To further confirm the involvement of CDH1 in 
the inhibition of EC9706 cell invasion induced by 5-azacytidine, 
the cells were transfected with CDH1 siRNA to knockdown 
CDH1 expression. The results of western blot analysis revealed 
that transfection with CDH1 siRNA suppressed the upregula-
tion of CDH1 that was induced by 5-azacytidine  (Fig. 3A). 
The results of Transwell invasion assay demonstrated that the 
inhibitory effects of 5-azacytidine on EC9706 cell invasion were 
impaired by transfection with CDH1 siRNA (Fig. 3B). Western 
blot analysis also revealed that 5-azacytidine significantly down-
regulated the expression of matrix metalloproteinase (MMP)2 
and MMP9. The suppressive effects of 5-azacytidine on the 
expression of MMP2 and MMP9 were attenuated by transfection 
with CDH1 siRNA (Fig. 3C). These results indicate the involve-
ment of CDH1 in the suppression of EC9706 cell metastasis by 
5-azacytidine.

5-Azacytidine inhibits EC9706 cell proliferation through the 
upregulation of SOX17. To verify the involvement of SOX17 
in the inhibition of EC9706 cell proliferation by 5-azacytidine, 
SOX17 siRNA was used to knockdown SOX17 expression. The 
results of western blot analysis revealed that transfection with 
SOX17 siRNA suppressed SOX17 expression which had been 
increased by 5-azacytidine (Fig. 4A). CCK8 growth curves 

Table I. Primer used for bisulfite-assisted genomic sequencing PCR (BSP).

Name	 Forward primer (5'→3')	 Reverse primer (5'→3')

CDH1-1	 TGATTTTAGGTTTTAGTGAG	 CAAACTCACAAATACTTTAC
CDH1-2	 GAATTGTAAAGTATTTGTGAGTTTG	 AATACCTACAACAACAACAACAAC
CDH1-3	 GTTGTTGTTGTTGTTGTAGGTATTT	 CCACTCCCATCACTAAAAAATC
SOX17-1	 AGAGTGAAGGAATATTGGA	 CAAAACTACACCTACCCC
SOX17-2	 GGGGTAGGTGTAGTTTTG	 TACCCAAAACCCCCAACC
SOX17-3	 GGTTGGGGGTTTTGGGTA	 CCCTTCACCTTCATATCC
SOX17-4	 GGATATGAAGGTGAAGGG	 CTACACACCCCTAATTTT
SOX17-5	 GTTTAAAATTAGGGGTGTG	 CTCCCCCCTCAAACTTTA

CDH, cadherin; SOX, SRY-box containing gene.
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proved that SOX17 siRNA suppressed the 5-azacytidine-induced 
growth inhibition (Fig. 4B). This finding was also supported by 
the results of colony formation assay (Fig. 4C). Flow cytom-
etry displayed the effects of 5-azacytidine and SOX17 on cell 
apoptosis. The apoptotic rate in the 5-azacytidine-treated 
EC9706 cells increased by 13.32% compared to the negative 
control (DMSO‑treated cells). Transfection with SOX17 siRNA 
abolished the 5-azacytidine-induced apoptosis of EC9706 

cells (Fig. 4D). These results indicate the involvement of SOX17 
in the inhibition of EC9706 cell proliferation by 5-azacytidine.

Methylation of CDH1 and SOX17 promoters is decreased by 
5-azacytidine in EC9706 cells. Studies have confirmed that 
5-azacytidine is able to regulate gene expression by decreasing 
the methylation of their promoters (14). We hypothesized that 
5-azacytidine upregulates the expression of CDH1 and SOX17 

Figure 2. Upregulation of cadherin 1 (CDH1) and SRY-box containing gene 17 (SOX17) expression in EC9706 cells by 5-azacytidine treatment. The expres-
sion of CDH1 and SOX17 was upregulated following treatment with 5-azacytidine in EC9706 cells. (A) RT-qPCR analysis of CDH1 and SOX17 expression. 
Compared with the vehicle control (DMSO-treated cells), the expression levels of CDH1 and SOX17 were increased approximately 7.33- and 9.30-fold, respec-
tively (**P<0.01) in the 5-azacytidine-treated EC9706 cells. (B and C) Western blot analysis of the protein expression of CDH1 and SOX17. The expression levels 
of CDH1 (**P<0.01) and SOX17 (**P<0.01) was significantly upregulated by 5-azacytidine. 5-aza, 5-azacytidine.

Figure 1. Suppression of the proliferation and invasion of EC9706 cells by 5-azacytidine. 5-Azacytidine inhibited the proliferation and metastasis of EC9706 
cells. (A) Analysis of EC9706 cell viability using the cell counting kit-8 (CCK-8). Compared with the DMSO vehicle control group, EC9706 cell viability was 
significantly inhibited 72 h following treatment with 5-azacytidine (50 µM) (**P<0.01). (B) Transwell assay of the invasion of EC9706 cells. (C) Statistical analysis 
of Transwell invasion assay. The invasive ability of the EC9706 cells treated with 5-azacytidine was significantly inhibited (**P<0.01). 5-aza, 5-azacytidine.



INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE  38:  1047-1054,  2016 1051

via their promoter methylation. BSP methylation analysis was 
performed to evaluate the methylation of the CDH1 and SOX17 
promoters. The results revealed that the promoters of CDH1 
and SOX17 were hypermethylated in the EC9706 cells. Yet, 
the methylation levels in the EC9706 cell were significantly 
reduced following treatment with 5-azacytidine (Fig. 5).

Discussion

Recently, the incidence of esophageal cancer has gradually 
increased. Esophageal cancer has become the second cause 
of cancer-related mortality in China (36). To date, the most 
common treatment for esophageal cancer is surgery, chemo-

therapy and radiotherapy, in combination. However, the 
curative effects of 5-fluorouracil (5-FU) and cisplatin (DDP), 
two basic clinical chemotherapeutic drugs for esophageal 
cancer, is unsatisfactory in patients with highly metastatic 
esophageal cancer (37,38). It has been reported that epigenetic 
behaviors, such as DNA methylation, play important roles 
in the development and metastasis of esophageal cancer. 
Previous studies have found that tumorigenesis and the metas-
tasis of esophageal cancer result from the downregulation of 
the expression of multiple tumor suppressor genes and the 
abnormal hypermethylation of their promoters (33-35). Studies 
have shown that 5-azacytidine, a clinical chemotherapeutic 
drug used in the treatment of various types of cancer, inhibits 

Figure 3. 5-Azacytidine inhibits EC9706 cell metastasis via the upregulation of cadherin 1 (CDH1). CDH1 siRNA attenuated the inhibitory effects of 5-aza-
cytidine on the metastasis of EC9706 cells. (A) Western blot analysis was used to detect the expression of CDH1 in EC9706 cells. Compared with the negative 
control (DMSO-treated cells), the expression of CDH1 was increased following treatment with 5-azacytidine (**P<0.01), whereas the expression of CDH1 was 
significantly reduced following CDH1-targeted siRNA transfection (*P<0.05). (B) Transwell assay was used to detect the invasion of EC9706 cells. EC9706 
cell invasion was significantly inhibited by 5-azacytidine (**P<0.01), but not by DMSO, whereas the invasive ability of the cells was increased by CDH1 siRNA 
transfection (**P<0.01). The panels correspond to the following groups: top left panel, DMSO-treated vehicle control; top right panel, 5-azacytidine-treated cells; 
middle left panel, cells treated with 5-azacytidine and transfected with the control siRNA; middle right panel, cells treated with 5-azacytidine and transfected 
with CDH1 siRNA; bottom panel, untreated cells. (C) Western blot analysis was used to detect matrix metalloproteinase (MMP)2 and MMP9 expression. The 
results revealed that the expression of MMP2 and MMP9 was significantly reduced following treatment with 5-azacytidine in the EC9706 cells (**P<0.01 and 
*P<0.05), while the expression of MMP2 and MMP9 was increased by CDH1 siRNA transfection (**P<0.01 and *P<0.05). 5-aza, 5-azacytidine.
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Figure 4. 5-Azacytidine inhibits EC9706 cell proliferation via the upregulation of SRY-box containing gene 17 (SOX17). The downregulation of SOX17 by 
siRNA attenuatd the inhibitory effects of 5-azacytidine on cell proliferation. (A) Western blot analysis was used to detect the expression of SOX17 in the cells 
treated with 5-azacytidine and transfected with SOX17 siRNA. Compared with the DMSO vehicle control group, the protein expression of SOX17 was increased 
by 5-azacytidine treatment (**P<0.01). siRNA targeting SOX17 significantly attenuated the 5-azacytidine-induced upregulation of SOX17 (**P<0.01). (B) Cell 
counting kit-8 (CCK-8) assay of EC9706 cell viability. EC9706 cell viability was inhibited by 5-azacytidine treatment on days 3 and 4 (*P<0.05 and **P<0.01). 
SOX17 siRNA significantly impaired the effects of 5-azacytidine on days 3 and 4 (**P<0.01). (C) Cell colony-formation assay of EC9706 cells. 5-Azacytidine 
inhibited EC9706 cell colony formation, while SOX17 siRNA hampered the effects of 5-azacytidine. (D) Flow cytometry was carried out to examine the 
apoptosis of EC9706 cells. Compared with the negative control (DMSO-treated cells), 5-azacytidine promoted the apoptosis of EC9706 cells (**P<0.01). The 
5-azacytidine-induced apoptosis was significantly inhibited by SOX17 siRNA (*P<0.05). 5-aza, 5-azacytidine.

Figure 5. Methylation of cadherin 1 (CDH1) and SRY-box containing gene 17 (SOX17) promoters is decreased by 5-azacytidine in EC9706. Methylation level 
analysis of CDH1 and SOX17 promoters. (A) Methylation analysis of CDH1 promoter in 5-azacytidine-treated EC9706 cells. Methylation level of the CDH1 
promoter was decreased significantly by 5-azacytidine. (B) Methylation analysis of SOX17 promoter in 5-azacytidine-treated EC9706 cells. Methylation level of 
SOX17 promoter was decreased significantly by 5-azacytidine. 5-aza, 5-azacytidine.
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the methylation of the promoter of multiple genes and affects 
the expression of these genes (39,40). In this study, we used 
EC9706 cells to assess the anticancer effects of 5-azacytidine 
in esophageal cancer.

This study confirmed that the proliferation and invasion 
of EC9706 cells were inhibited by 5-azacytidine, suggesting 
that 5-azacytidine is effective for the treatment of esophageal 
cancer. To investigate the mechanisms of action of 5-azacyti-
dine, we screened numbers of genes that could be related to 
the proliferation and metastasis of cancer cells by western blot 
analysis. We found that the expression levels of SOX17 and 
CDH1 were significantly upregulated in the EC9706 cells by 
5-azacytidine. Combined with the findings of previous studies, 
we hypothesized that SOX17 and CDH1 may participate in the 
5-azacytidine-mediated inhibition of cell proliferation and 
metastasis. To further confirm our hypothesis, siRNAs were 
used to knockdown the expression of SOX17 and CDH1 in the 
EC9706 cells. We found that the siRNA‑mediated downregu-
lation of CDH1 was greatly impaired by 5-azacytidine, while 
the 5-azacytidine-induced inhibition of EC9706 cell growth 
and the induction of apoptosis were significantly attenuated by 
the siRNA-mediated downregulation of SOX17. These results 
support our hypothesis that SOX17 and CDH1 are involved in 
the 5-azacytidine-induced inhibition of the proliferation and 
metastasis of EC9706 cells, respectively.

To examine the mechanisms responsible for the regulation 
of CDH1 and SOX17 expression by 5-azacytidine, the meth-
ylation of the SOX17 and CDH1 promoters was analyzed. Our 
results revealed that the methylation of the SOX17 and CDH1 
promoters was significantly decreased by 5-azacytidine treat-
ment in the EC9706 cells. This may be an important regulatory 
pattern for 5-azacytidine to regulate SOX17 and CDH1 expres-
sion.

In conclusion, the findings of our study confirm that 
5-azacytidine inhibits esophageal cancer cell proliferation and 
metastasis by exerting inhibitory effects on the methylation of 
SOX17 and CDH1 promoters. Our findings may prove to be 
beneficial to clinicians in selecting appropriate chemothera-
peutic regimens and enhancing the therapeutic effects.
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