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Background: As an important member of platinum-based chemotherapeutic drugs, cisplatin 
is effective and is commonly used in the treatment of esophageal cancer. However, repeated 
use of cisplatin usually causes severe side-effects on patients. Novel approaches should be 
explored to increase the sensitivity of cancer cells to cisplatin.
Methods: The expression level of miR-183 in esophageal cancer tissues and cell lines was 
measured by quantitative reverse transcriptase real-time PCR (qRT-PCR). The sensitivity of 
EC cell lines to cisplatin was evaluated by CCK-8 assay and flow cytometry. Luciferase 
reporter assay was used to confirm the association between miR-183 and FOXO1. The 
apoptosis pathway of EC cells was tested by Western blot assay.
Results: The expression level of miR-183 was increased in esophageal cancer patients’ 
tumor tissues and esophageal cancer cell lines. However, knockdown of miR-183 was found 
to enhance the effect of cisplatin on inducing the apoptotic cell death of esophageal cancer 
cells. In the mechanism research, we proved that FOXO1 was the target of miR-183 in 
esophageal cancer cells. Inhibition of miR-183 increased the expression of FOXO1 to 
promote the expression of Bim and Noxa. As Bim and Noxa acted as key pro-apoptotic 
proteins in mitochondrial apoptosis, inhibition of miR-183 enhanced the cisplatin-induced 
apoptosis pathway in esophageal cancer.
Conclusion: Knockdown of miR-183 enhanced the cisplatin-induced apoptosis in esopha-
geal cancer through an increase of FOXO1 expression.
Keywords: cisplatin, miR-183, esophageal cancer, FOXO1

Introduction
Esophageal cancer (EC) is the fourth most common gastrointestinal cancer and 
a leading cause of mortality in the world.1,2 Despite surgery being the most effective 
treatment for early stage and localized cancers, chemotherapy is the only option for 
patients with advanced EC to prolong their life.3,4 Cisplatin is an effective chemother-
apeutic agent that is used for the treatment of EC.5,6 However, a substantial proportion 
of EC patients do not benefit from cisplatin because of the drug resistance.7,8 

Mechanisms which determine cisplatin sensitivity in EC are required to be identified.
Cisplatin is a platinum-based drug that cross-links with DNAs and thus induces 

apoptotic cell death of cancer cells.9,10 However, EC cells usually develop some 
strategies to exhibit low sensitivity to cisplatin-induced apoptosis.11,12 Thus, redu-
cing the resistance of EC cells to apoptosis signals is an important strategy for 
sensitizing the cisplatin treatment.
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FOXO1 is a well-known tumor suppressor that regulates 
DNA repair and cell cycle transition.13,14 As an important 
transcription factor, FOXO1 facilitates cell apoptosis through 
promoting the transcriptional activities of Bim and Noxa 
which are the key pro-apoptotic proteins in the mitochondrial 
apoptosis pathway.15,16 Previous studies have reported that 
downregulation of FOXO1 induces tumorgenesis, cancer 
development, and chemoresistance.17,19 Therefore, FOXO1 
is a potential target for improving the cancer therapy.

MicroRNAs (miRNAs) are endogenous RNAs with 
19–25 nucleotides in length. Although miRNAs are single- 
stranded and non-coding, they function as gene suppressors 
through interaction with targeted mRNAs.20,21 Previous 
research has proved that dysregulation of miRNA is asso-
ciated with tumorigenesis and tumor development, because 
numerous miRNA-regulated genes are involved in various 
physiological processes including cell proliferation, differ-
entiation, metabolism, and apoptosis.22,23 Moreover, studies 
also demonstrate that aberrant expression of miRNA is 
responsible for drug resistance of various cancers.24,25 

Among these deregulated miRNAs, miR-183 has been 
reported to be involved in tumor growth and is responsible 
for poor prognosis of cancer patients.26,27 However, the 
association between miR-183 and cisplatin sensitivity of 
EC is still unclear. In the present study, we mainly explored 
the role of miR-183 in cisplatin-induced apoptosis in eso-
phageal cancer.

Materials and Methods
Cell Lines and Patients’ Specimens
EC and paired paracancerous tissues were obtained from 25 
patients who underwent resection between April 2017 and 
May 2019 at Fujian Medical University Union Hospital. We 
have obtained written informed consent from all of the 
patients. The experimental protocols were approved by the 
ethics committee of Fujian Medical University Union 
Hospital (No. 2019-ZQN-64). Human EC cell lines 
EC9706 and TE-9 were cultured under the condition recom-
mended by the vendor (Cell Bank of Shanghai Institute of 
Cell Biology, Shanghai, China). Cells were kept in a 5% CO2 

incubator at 37°C.

Quantitative Reverse Transcriptase 
Real-Time PCR (qRT-PCR)
Relative expression of miR-183 and FOXO1 was mea-
sured by using qRT-PCR analysis. Briefly, total RNAs in 
EC patients’ resected tissues and cell lines were isolated 

by using Trizol Reagent (Life Technologies, Carlsbad, CA, 
USA) according to the manufacturer’s instruction. For 
detection of miR-183, cDNAs were synthesized with 
a One Step PrimeScript miRNA cDNA Synthesis Kit 
(TaKaRa, China). For detection of FOXO1, cDNA was 
synthesized by using M-MLV Reverse Transcriptase 
(Thermo Fisher Scientific, Inc.) following the manufac-
turer’s instruction. Subsequently, relative expression of 
miR-183 and FOXO1 was detected by using SYBR 
Premix Ex Taq (TaKaRa). Fold change of miR-183 was 
normalized to U6 snRNA and fold change of FOXO1 was 
normalized to GAPDH with the comparative cycle thresh-
old method (2−ΔΔCT).

Plasmid Construction
For enforced expression of FOXO1, the eukaryotic expres-
sion vector (pcDNA3.1 plasmid containing FOXO1 open 
reading frame; Thermo Fisher Scientific, Inc.) was con-
ducted. Briefly, an open reading frame of FOXO1 gene 
was amplified by using the following primers: Forward, 
FOXO1 XhoI, 5ʹ-ATCTCGAGATGGCCGAGGCGCCTC 
AGGT-3ʹ, and reverse, FOXO1 BamHI, 5ʹ-ACGGATC 
CGCCTGACACCCAGCTATGTGTC-3ʹ. The recombi-
nant pcDNA3.1 plasmid carrying FOXO1 open reading 
frame was named as FOXO1 plasmid. For luciferase 
reporter assay, the pMIR Firefly luciferase reporter with 
FOXO1 3ʹ UTR (pMIR-REPORT™ miRNA Expression 
Reporter Vector carrying wild type of FOXO1 3ʹ UTR 
fragment with the predicted miR-183 site; Ambion; 
Thermo Fisher Scientific, Inc.) was conducted. Briefly, 
a 3ʹ UTR fragment of FOXO1 gene was amplified by 
using the following primers: Forward, FOXO1 SpeI, 5ʹ- 
ACCGCATCGTGTGCTGCTGTAGATAAGG-3ʹ, and 
reverse, FOXO1 HindIII, 5ʹ-ACGAAGCTTTTGATA 
ACAGGCTACTTGG-3ʹ. The recombinant pMIR Firefly 
luciferase reporter carrying wild type FOXO1 3ʹ UTR 
fragment was named as pMIR-FOXO1-wt. To mutate the 
seed region of the miR-183-binding sites (GUGCCAUU 
to GUGATAUU), the QuikChange Site-Directed 
Mutagenesis kit (Stratagene, Missouri, TEX, USA) was 
used based on the pMIR-FOXO1-wt following the manu-
facturer’s protocol. The conducted pMIR Firefly luciferase 
reporter carrying mutant type FOXO1 3ʹ UTR fragment 
was named as pMIR-FOXO1-mt.

Cell Transfection
FOXO1 plasmid, hsa-miR-183 mimic (miR-183), hsa-miR 
-183 antisense-oligonucleotide (anti-miR-183), negative 
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control oligonucleotide (NCO) (GenePharma Co. Ltd, 
Shanghai, China), and FOXO1 siRNA (Santa Cruz 
Biotechnology, Santa Cruz, CA, USA) were transfected into 
cells by using Lipofectamine 2000 (Invitrogen, CA, USA) 
according to the manufacturer’s instruction. Twenty-four 
hours after transfection, cells were collected for the following 
experiments.

Cell Viability Assay
Transfected EC cells were seeded into 96-well plates. 
After cell adherence on plates, the corresponding cells 
were treated with medium containing cisplatin. After 48 
hours incubation, cell viability was detected by CCK-8 
according to the manufacturer’s instruction. The absor-
bance values of each well were determined by using 
a microplate reader (Sunrise Microplate Reader, TECAN, 
Switzerland). Results were expressed as the absorbance 
relative to the NCO group. Half inhibiting concentration 
(IC50) of cisplatin to EC9706 and TE-9 was evaluated 
according to the cell viability curve.

Luciferase Reporter Assay
Recombinant pMIR-reporter (2 μg/mL), renilla luciferase 
pRL-TK plasmid (100 ng/mL, Promega, USA) and miR- 
183 mimic (or anti-miR-183) were co-transfected into 
cells by using Lipofectamine 2000. Forty-eight hours 
after transfection, luciferase activities were measured by 
using a Dual-Luciferase Reporter assay system (Promega, 
Madison, WI, USA) according to the manufacturer’s 
instruction. Relative firefly luciferase activities were deter-
mined by normalization to Renilla luciferase activities in 
each well.

Western Blot Analysis
Protein samples were prepared and mixed with SDS loading 
buffer. Equal amounts of proteins were then electrophore-
sized by 10% SDS-PAGE and transferred to a PVDF mem-
brane. Membranes were blocked in 5% non-fat milk before 
incubation with primary antibodies (Cell Signaling 
Technologies, Danvers, MA, USA). Subsequently, the mem-
branes were washed and probed with appropriate secondary 
antibodies conjugated to horseradish peroxidase. Protein 
bands were detected by using an enhanced chemilumines-
cent substrate (Thermo Fisher Scientific, Inc.).

Flow Cytometry
Cells were collected and washed twice with cold PBS. For 
detection of mitochondrial membrane potential (MMP, ΔΨ), 

cells were stained with 5,5′,6,6′-Tetrachloro-1,1′,3,3′- 
tetraethyl imidacarbo cyanine iodide (JC-1, Molecular 
Probes; Waltham, MA, USA) as an indicator. Cells emitting 
red fluorescence were considered as cells with high MMP, and 
cells emitting green fluorescence were considered as cells with 
low MMP. For measurement of apoptotic rate, an Annexin 
V-FITC Apoptosis Detection Kit (Sigma Aldrich, St. Louis, 
MO, USA) was used according to the manufacturer’s instruc-
tion. The Annexin V-positive cells were considered as the 
apoptotic cells. All of the cells were analyzed by using 
FACSAria flow cytometry (BD Biosciences, San Jose, 
CA, USA).

In vivo Experiment
Anti-miR-183-EC9706 was conducted to stably express 
miR-183 antisense nucleotide sequence by using 
a lentiviral-based system (Genechem Co., Ltd., 
Shanghai, China). For tumourigenesis assays, 5×106 of 
anti-miR-183-EC9706 or control EC9706 cells were 
inoculated subcutaneously into the BALB/c nude mice 
(4~5 weeks old). After xenografts reached 0.5 cm in 
diameter, animals were treated with cisplatin i.p. twice 
a week (2 mg/kg) until the mice were killed 25 days post- 
injection. Subsequently, the tumors were taken out for the 
following experiments. Collagenase type III was used to 
purify the tumor tissue cells. The animal experiments 
were conducted in strict accordance with the Guide for 
the Care and Use of Laboratory Animals, 8th edition, 
issued by the National Institute of Health. Experiment 
protocols were approved by the ethics committee of 
Fujian Medical University Union Hospital (JN. 
No20190515S0150117).

Statistical Analysis
Three independent experiments were performed to obtain 
the data. Data values were presented as means±standard 
deviation (SD). Statistical differences between groups 
were analyzed by One-way analysis of variance 
(ANOVA) using SPSS 15.0 software. Differences were 
considered significant when P-values were less than 0.05.

Results
miR-183 is Overexpressed in EC Patients’ 
Tumor Tissues and Cell Lines
To investigate the potential role of miR-183 in EC, the 
expression levels of miR-183 in EC patients’ tumor tissues 
and cell lines were tested by using qRT-PCR analysis. As 
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shown in Figure 1A, obviously a higher level of miR-183 
was observed in EC patients’ tumor tissues compared to the 
paracancerous tissues. Furthermore, the expression level of 
miR-183 was found to be upregulated in EC9706 and TE-9 
EC cell lines compared to the normal tissue cells and Het-1A 
which was human normal esophageal epithelial cell line 
(Figure 1B). These results suggested that an increase of 
miR-183 was a frequent event in EC.

Knockdown of miR-183 Increases the 
Sensitivity of EC Cells to Cisplatin
To explore the influence of miR-183-overexpression on the 
sensitivity of EC cells to cisplatin, we knocked down the 
miR-183 by using the miR-183 antisense-oligonucleotide 
(anti-miR-183). As shown in Figure 2A, transfection with 
anti-miR-183 significantly decreased the cellular level of 
miR-183 in EC9706 and TE-9 cell lines. Next, we treated 
the NCO-transfected or anti-miR-183-transfected EC9706 
and TE-9 cells with cisplatin at the concentration of 1 μM, 
because 1 μM cisplatin just induced relatively slight cell 
death of EC9706 and TE-9 (Figure 2B). Results of the 
CCK-8 assay revealed that the anti-miR-183-transfected 
EC9706 and TE-9 EC cells exhibited obvious higher 

sensitivity to cisplatin compared to the NCO-transfected 
EC9706 and TE-9 cells (Figure 2B). To detect the effect of 
anti-miR-183 on changing the IC50 of cisplatin to EC cells, 
we treated the anti-miR-183-transfected EC9706 and TE-9 
cells with different concentrations of cisplatin. We observed 
that anti-miR-183 can enhance the cytotoxicity of various 
concentrations of cisplatin against EC (Figure 2C). 
Specifically, IC50 of cisplatin to NCO-transfected EC9706 
was 6.4-fold higher than that to anti-miR-183-transfected 
EC9706, and the IC50 of cisplatin to NCO-transfected TE- 
9 was 7.1-fold higher than that to anti-miR-183-transfected 
TE-9 (Figure 2D). These data indicated that knockdown of 
miR-183 can increase the sensitivity of EC cells to cisplatin.

Anti-miR-183 Sensitizes EC Cells to 
Cisplatin-Induced Apoptosis
To deeply investigate the role of anti-miR-183 in cisplatin 
treatment in EC, we next tested the apoptosis pathway. As 
shown in Figure 3A and B, under the treatment of equal 
concentration of cisplatin, apoptotic rate of anti-miR-183- 
transfected EC9706 and TE-9 cells was significantly higher 
than the NCO-transfected EC9706 and TE-9 cells. 
Furthermore, we found that transfection with anti-miR-183 

Figure 1 Overexpression of miR-183 in EC tissues and cell lines. (A) Expression level of miR-183 in EC patients’ tumor tissues and paracancerous tissues was tested by qRT- 
PCR analysis. (B) QRT-PCR analysis was performed to test the expression level of miR-183 in paracancerous tissues, normal EC cell line Het-1A, and EC cell lines EC9706 
and TE-9. 
Notes: Data was expressed as mean±SD. *P<0.05 vs paracancerous tissues. #P<0.05 vs Het-1A. 
Abbreviations: EC, esophageal cancer; qRT-PCR, quantitative reverse transcriptase real-time PCR.
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promoted the collapse of mitochondrial membrane potential 
(MMP, ΔΨ) induced by cisplatin (Figure 3C). These data 
showed that transfection with anti-miR-183 can sensitize EC 
cells to cisplatin-induced apoptosis through the mitochondrial 
pathway.

FOXO1 is the Target of miR-183 in EC
To explain how anti-miR-183 promoted cisplatin-induced 
apoptosis, we next searched the potential mRNA target of 
miR-183 in EC cells. According to the public databases of 
TargetScan, miRanda, and PicTar, FOXO1, a reported 
tumor suppressor in multiple cancers,28,30 was commonly 
predicted to be the potential target of miR-183. The seed 
region of 3ʹUTR of FOXO1 mRNA paired with miR-183 
is shown in Figure 4A. Contrary to the overexpression of 
miR-183 in EC tissues (Figure 1A), expression of FOXO1 

was found to be decreased in EC tissues (Figure 4B). 
Furthermore, FOXO1 was overexpressed in EC cell lines 
at both the mRNA level (Figure 4C) and protein level 
(Figure 4D). We therefore speculated that FOXO1 might 
be the target of miR-183 in EC. After transfection with 
anti-miR-183 in EC9706 and TE-9, we observed that 
expression of FOXO1 was increased at the mRNA level 
(Figure 4E) and protein level (Figure 4F). Furthermore, 
results of luciferase reporter assay showed that co- 
transfection with miR-183 mimic decreased the luciferase 
activities of FOXO1 3ʹ UTR reporter in EC9706 and TE-9 
cells. On the contrary, anti-miR-183 increased the lucifer-
ase activities of the FOXO1 3ʹ UTR reporter (Figure 4G). 
Taken together, we demonstrated that FOXO1 was the 
target of miR-183. Overexpression of miR-183 induced 
reduction of FOXO1 in EC.

Figure 2 Anti-miR-183 increased the cisplatin sensitivity of EC cells. (A) Detection of miR-183 expression in EC9706 and TE-9 EC cells after they were transfected with 
anti-miR-183 (50 pmol/mL). (B) CCK-8 assays were performed to evaluate the cell viability of EC9706 and TE-9 cells after they were treated with anti-miR-183 (50 pmol/ 
mL) and cisplatin (1 μM). (C) Cell viability curve of NCO or anti-miR-183-transfected EC9706 and TE-9 cells under the treatment of different concentrations of cisplatin. 
(D) Transfection with anti-miR-183 decreased the IC50 of cisplatin to EC9706 and TE-9 EC cells. 
Notes: Data was expressed as mean±SD. *P<0.05. #P<0.05 vs NCO group. &P<0.05 vs cisplatin+NCO group. 
Abbreviations: EC, esophageal cancer; NCO, negative control oligonucleotide; IC50, half inhibiting concentration; CCK-8, Cell Counting Kit-8.
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Figure 3 Anti-miR-183 sensitized EC cells to cisplatin-induced apoptosis. (A) Cisplatin-induced (1 μM) apoptosis was enhanced by anti-miR-183 in EC9706 cells. 
(B) Cisplatin-induced (1 μM) apoptosis was enhanced by anti-miR-183 in TE-9 cells. (C) Cisplatin-induced (1 μM) collapse of MMP was enhanced by anti-miR-183 in 
EC9706 and TE-9 cells. 
Notes: Data was expressed as mean±SD. *P<0.05 vs cisplatin+NCO group. 
Abbreviations: EC, esophageal cancer; NCO, negative control oligonucleotide.
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Anti-miR-183 Enhances Cisplatin-Induced 
Cell Death Through the FOXO1 Pathway 
in EC
Given that FOXO1 was the target of miR-183, we next inves-
tigated whether the sensitization of anti-miR-183 on cisplatin 
was dependent on the upregulation of FOXO1. We thus co- 
transfected the EC9706 and TE-9 cells with FOXO1 siRNA to 
antagonize the effect of anti-miR-183. As shown in Figure 5A, 
FOXO1 siRNA suppressed the expression of FOXO1 in EC 
cells even though they were transfected with anti-miR-183. As 
a result, we found that FOXO1 siRNA significantly increased 
the cell viability of EC9706 and TE-9 cells which were co- 
treated with cisplatin and anti-miR-183 (Figure 5B). On the 
other hand, we directly increased the expression of FOXO1 
through transfection with FOXO1 plasmid (Figure 5C). As 
a result, we found that treatment with FOXO1 plasmid also 
can enhance the cytotoxicity of cisplatin, similarly with anti- 
miR-183 (Figure 5D). Taken together, these data indicated that 
anti-miR-183 enhanced cisplatin-induced cell death through 
the FOXO1 pathway in EC.

Anti-miR-183 Sensitizes EC Cells to 
Cisplatin-Induced Apoptosis Through the 
FOXO1 Pathway
Bim and Noxa expression is directly transactivated by 
FOXO1.15,16 Given that, we next investigated the effect of 
anti-miR-183 on regulating the Bim and Noxa expression in 
cisplatin-treated EC cells. As shown in Figure 6A, despite the 
fact that anti-miR-183 cannot increase the expression of Bim 
and Noxa in cisplatin-free EC cells, it obviously promoted the 
expression of Bim and Noxa in cisplatin-treated EC cells. 
However, knockdown of FOXO1 by using FOXO1 siRNA 
abolished the effect of anti-miR-183 on Bim and Noxa. Bim 
and Noxa are important pro-apoptosis proteins that induce 
mitochondrial apoptosis.15,16 Given that, we tested the release 
of cytochrome c and apoptosis inducing factor (AIF) from 
mitochondria. As shown in Figure 6B, we found that transfec-
tion with anti-miR-183 obviously increased the level of cyto-
chrome c and AIF in cytosol of EC cells which were treated 
with cisplatin. Meanwhile, we also observed obvious activa-
tion of caspase-9 and caspase-3 in the cisplatin and anti-miR 

Figure 4 FOXO1 is the target of miR-183 in EC. (A) Seed region of FOXO1 mRNA 3ʹ UTR paired with miR-183. (B) Expression level of FOXO1 in EC patients’ tumor 
tissues and paracancerous tissues was tested by qRT-PCR analysis. (C) mRNA level of FOXO1 in paracancerous tissues, Het-1A, TE-9, and EC9706 cells. (D) Protein level of 
FOXO1 in paracancerous tissues, Het-1A, TE-9, and EC9706 cells. (E) Anti-miR-183 increased the expression of FOXO1 in EC9706 and TE-9 cells at the mRNA level. (F) 
Anti-miR-183 increased the expression of FOXO1 in EC9706 and TE-9 cells at the protein level. (G) Effect of miR-183 mimic and anti-miR-183 on changing the luciferase 
activities of FOXO1 3ʹ UTR reporters in EC9706 and TE-9 cells. 
Notes: Data was expressed as mean±SD. *P<0.05 vs NCO group. #P<0.05 vs paracancerous tissues. &P<0.05 vs Het-1A cell line. 
Abbreviations: EC, esophageal cancer; NCO, negative control oligonucleotide; FOXO1, Forkhead box O 1; 3ʹ UTR, 3ʹ untranslated region.
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-183 co-treated EC cells (Figure 6C). However, knockdown of 
FOXO1 by using FOXO1 siRNA abolished the promotion of 
anti-miR-183 on the cisplatin-dependent apoptosis pathway of 
EC cells (Figure 6B and C). Taken together, we demonstrated 
that anti-miR-183 can sensitize EC cells to cisplatin-induced 
apoptosis through the FOXO1 pathway.

Knockdown of miR-183 Enhances the 
Anti-Tumor Effect of Cisplatin on EC 
in vivo
Control EC9706 or anti-miR-183-EC9706 were used to 
establish the human EC model on mice. We then found 
that the miR-183-inhibited EC tumors were more sensitive 
to cisplatin treatment compared to the control EC tumors 
(Figure 7A). Subsequently, we measured the expression of 
miR-183 and FOXO1 in the purified tumor tissues. We 
confirmed the knockdown of miR-183 in the anti-miR-183- 

EC9706 cells (Figure 7B). In contrast, the anti-miR-183- 
EC9706 tumors showed an obviously higher protein level 
of FOXO1. Furthermore, under the equal administration of 
cisplatin, the anti-miR-183-EC9706 tumors expressed 
a higher level of Bim and Noxa compared to the control 
tumors (Figure 7C). We thus demonstrated that knockdown 
of miR-183 can enhance the anti-tumor effect of cisplatin 
on EC in vivo.

Discussion
Cisplatin is one kind of platinum-based drug that induces 
apoptotic cell death in a wide range of cancers such as 
breast cancer, pancreatic cancer, gastric cancer, ovarian 
cancer, lung cancer, and esophageal cancer.31,36 Despite 
cisplatin-based treatment being effective for EC, cisplatin- 
resistance is still a common incidence during the course of 
chemotherapy.37 Factors that determine cisplatin sensitiv-
ity of EC are required to be identified.

Figure 5 Anti-miR-183 increased the sensitivity of EC cells to cisplatin through the FOXO1 pathway. (A) Effect of FOXO1 siRNA (50 pmol/mL) and anti-miR-183 (50 pmol/ 
mL) on changing the FOXO1 expression in EC9706 and TE-9 cells. (B) Transfection with FOXO1 siRNA (50 pmol/mL) decreased the cell death of EC9706 and TE-9 cells 
which were co-treated with anti-miR-183 (50 pmol/mL) and cisplatin (1 μM). (C) Effect of FOXO1 plasmid (2 μg/mL) on changing the FOXO1 expression in EC9706 and TE- 
9 cells. (D) Transfection with FOXO1 plasmid (2 μg/mL) increased the cell death of EC9706 and TE-9 cells which were treated with cisplatin (1 μM). 
Notes: Data was expressed as mean±SD. *P<0.05 vs cisplatin+NCO group. #P<0.05 vs cisplatin+anti-miR-183 group. &P<0.05 vs cisplatin+control plasmid group. 
Abbreviations: EC, esophageal cancer; NCO, negative control oligonucleotide; FOXO1, Forkhead box O 1; siRNA, small interfering RNA.
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Recent studies have reported that the expression profile 
of miRNA is closely associated with chemosensitivity. 
MiRNAs function as chemoresistant modulators and can be 
considered as potential therapeutic targets during cisplatin 
therapy.38,39 Among these cancer-related miRNAs, miR-183 
has been reported to be responsible for tumorigenesis and 
drug resistance in cancers including EC.26,27,40,41 Consistent 
with these previous reports, we observed significant upregu-
lation of miR-183 in EC cell lines and patients' tumor tissues. 
Moreover, we found that the cellular level of miR-183 

partially determined the sensitivity of cisplatin to EC cells. 
Our data indicated that treatment with miR-183 antisense- 
oligonucleotide can be considered as a promising adjuvant 
therapy in vitro and in vivo.

FOXO1 is a well-known tumor suppressor that inhibits 
the occurrence of chemoresistance of cancers. However, 
cancerous cells usually reduce the expression level of 
FOXO1 to promote the cell proliferation and inhibit the 
cell apoptosis.42,43 In this study, we also observed the 
significant downregulation of FOXO1 in EC cells. 

Figure 6 Anti-miR-183 sensitized EC cells to cisplatin-induced apoptosis through the FOXO1 pathway. (A) Anti-miR-183 (50 pmol/mL) increased the expression of Bim and 
Noxa in cisplatin-treated (1 μM) EC9706 and TE-9 cells, whereas the effect of anti-miR-183 was abolished by FOXO1 siRNA (50 pmol/mL). (B) Anti-miR-183 (50 pmol/mL) 
increased the release of cytochrome c and AIF in cisplatin-treated (1 μM) EC9706 and TE-9 cells, whereas the effect of anti-miR-183 was abolished by FOXO1 siRNA (50 
pmol/mL). (C) Anti-miR-183 (50 pmol/mL) enhanced the cleavage of caspase-9 and caspase-3 in cisplatin-treated (1 μM) EC9706 and TE-9 cells, whereas the effect of anti- 
miR-183 was abolished by FOXO1 siRNA (50 pmol/mL). 
Abbreviations: EC, esophageal cancer; FOXO1, Forkhead box O 1; siRNA, small interfering RNA.

Figure 7 Knockdown of miR-183 enhanced anti-tumor effect of cisplatin on EC in vivo. (A) Anti-miR-183-EC9706 or control-EC9706 cells were inoculated subcutaneously 
into the BALB/c nude mice (4~5 weeks old) followed by treatment with cisplatin i.p. twice a week (2 mg/kg). Twenty-five days post-inoculation, mice were sacrificed and the 
tumors were resected. (B) Expression level of miR-183 in the purified tumors was detected by qRT-PCR analysis. (C) Western blot analysis was used to test the protein level 
of FOXO1, Bim and Noxa in the purified tumors. 
Notes: Data was expressed as mean±SD. *P<0.05 vs control-EC9706 cells. #P<0.05 vs control-EC9706+cisplatin cells. 
Abbreviations: EC, esophageal cancer; qRT-PCR, quantitative reverse transcriptase real time PCR; FOXO1, Forkhead box O 1.
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Furthermore, we proved that the absence of FOXO1 was 
responsible for the reduction of cisplatin sensitivity to EC. 
Thus, FOXO1 can be considered as a novel target for 
improving the chemotherapy of cancer.

In our mechanism research, we proved that downregula-
tion of FOXO1 in EC cells was induced by overexpression of 
miR-183. Furthermore, our data indicated that suppression 
of miR-183 can significantly increase the expression of 
FOXO1. Subsequently, FOXO1 promoted the expression of 
Bim and Noxa which were pro-apoptotic proteins. Under the 
apoptotic signaling caused by cisplatin, Bim and Noxa 
enhanced the dysfunction of mitochondria. As a result, mito-
chondria-derived apoptotic inducers such as cytochrome 
c and AIF44,45 were released from mitochondria into the 
cytosol of EC cells. Eventually, caspases-dependent apopto-
sis was triggered (Figure 8). In summary, we proved that 
knockdown of miR-183 can enhance the cisplatin-induced 
apoptosis in esophageal cancer through an increase of 

FOXO1 expression. Intervention on the miR-183/FOXO1 
axis may represent a promising strategy for improving the 
chemotherapy of cancers.
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