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Abstract: Emerging evidence has suggested that dysregulation of microRNA-27a-3p (miR-27a-3p) may contribute 
to tumor development and progression in various types of cancers. However, its role in esophageal cancer is still 
unknown. In the present study, miR-27a-3p was significantly increased in esophageal squamous cell carcinoma 
(ESCC) tissues and cell lines. In esophageal cancer Eca109 cells, ectopic overexpression of miR-27a-3p promoted 
cell proliferation, meanwhile, cell proliferation was reduced by miR-27a-3p inhibition. Further studies showed that 
down-regulated miR-27a-3p expression could induced cell cycle arrest at the G1/S transition. In exploring mecha-
nisms underlying the promotive role, our results revealed that miR-27a-3p markedly inhibited the expression of 
F-box and WD repeat domain-containing 7 (FBXW7). FBXW7, a tumor suppressor, exhibited significantly inhibitory 
effect on Eca109 cell proliferation. Thus our observations suggested that miR-27a-3p functioned as a tumor sup-
pressor by targeting FBXW7. These findings indicated that miR-27a-3p could be considered as a potential therapeu-
tic strategy for ESCC therapy.
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Introduction

Esophageal cancer is one of the most common 
malignancies with high cancer-related morbidi-
ty and mortality worldwide [1]. Esophageal 
squamous cell carcinoma (ESCC) and esopha-
geal adenocarcinoma are the two major histo-
logic types of esophageal cancer [2]. 
Traditionally, surgery is considered the best 
treatment in early stage. In advanced esopha-
geal cancer, a multidisciplinary approach that 
includes surgery, radiotherapy, and chemother-
apy, alone or in combination has been devel-
oped [3]. However, the five-year overall survival 
of esophageal cancer is still not satisfactory 
[4]. Therefore, it is important to elucidate 
molecular mechanisms of esophageal cancer 
and to identify novel molecular targets for the 
treatment.

MicroRNAs (miRNAs) are a class of highly-con-
served, non-coding RNAs (18-25 nucleotides) 
that function as negative regulators of gene 
expression at the post-transcription level, bind-
ing to the 3’-untranslated region (3’-UTR) of 
mRNAs transcripts and targeting them for deg-
radation [5, 6]. Growing evidence showed that 
miRNAs are involved in pathogenesis of most 
cancers, where some can function as tumor 
suppressors or oncogenes [7, 8]. Aberrant regu-
lation of miRNAs has been involved in various 
tumours, including esophageal cancers. For 
example, Meng et al reported that miRNA-
330-3p functions as an oncogene in human 
esophageal cancer by targeting programmed 
cell death 4 [9]. Jiang et al suggested that miR-
1179 could promote cell invasion through 
SLIT2/ROBO1 axis in esophageal squamous 
cell carcinoma [10]. Wang et al showed that 
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miRNA-218 inhibited the proliferation and 
metastasis of esophageal squamous cell carci-
noma cells by targeting BMI1 [11]. Wang et al 
suggested that miR-145 could inhibit prolifera-
tion and invasion of esophageal squamous cell 
carcinoma by targeting c-Myc [12]. However, 
the expression and clinical significance of miR-
27a-3p in esophageal cancer remains unknown. 

To understand the role of miR-27a-3p in esoph-
ageal cancers, we investigated the expression 
of miR-27a-3p in esophageal cancer. Then, we 
introduced miR-27a-3p overexpression and 
down expression models to investigate the 
effect of miR-27a-3p on esophageal cancer cell 
proliferation. F-box and WD repeat domain-con-
taining 7 (FBXW7), a tumor suppressor in a 
number of human cancers [13], has comple-
mentary binding site of miR-27a-3p at 3’-UTRs, 
which indicated that FBXW7 is putatively poten-
tial target of miR-27a-3p. Altogether, our study 
suggested a novel mechanism via which the 
tumor oncogenic function of miR-27a-3p 
depends on FBXW7, indicating the FBXW7-miR-
27a-3p pathway as a potential therapeutic tar-
get in treatment of esophageal cancer.

Materials and methods

Clinical samples

Matched ESCC and corresponding adjacent 
non-tumor tissues were obtained from 28 
patients who underwent esophagectomy for 
primary ESCC in the Department of Cardiac 
Surgery, Zhumadian Center Hospital. None of 
the patients had received preoperative chemo-
therapy or radiotherapy. All tissue samples 
were frozen in liquid nitrogen immediately after 
resection and stored at -80°C. The histologic 
diagnosis of these tissue samples was con-
firmed by a pathologist. This study was 
approved by the Ethics Committee of First 
Affiliated Hospital of Xinxiang Medical 
University, and written informed consent was 
obtained from all patients.

Cell culture

Human ESCC cell lines TE8, Eca109, EC9706, 
KYSE30 and normal esophageal cell line NEEC 
was purchased from the Shanghai Institute of 
Biochemistry and Cell Biology (Shanghai, 
China). Cells were maintained in RPMI1640 
medium supplemented with 10% fetal bovine 

serum (FBS, Invitrogen), 100 U/ml penicillin 
and 100 μ g/ml streptomycin, within a humidi-
fied atmosphere containing 5% CO2 at 37°C.

Cell transfection

A total of 1.5 × 105 cells were seeded into 
6-well plates 24 h prior to transfection. 
Lipofectamine 2000 transfection reagent 
(Invitrogen) was used for the transient transfec-
tion of miR-27a-3p mimics, miR-27a-3p inhibi-
tor and si-FBXW7 (Genepharma) according to 
the manufacturer’s instructions. The final con-
centration of miR-27a-3p mimics, miR-27a-3p 
inhibitor or si-FBXW7 used in our study was 50 
nM.

Luciferase assay 

The FBXW7 3’-UTR was amplified from human 
genomic DNA and subcloned into the pGL3 
basic luciferase reporter plasmid using MluI 
and XhoI sites. FBXW7 3’-UTR luciferase report-
er plasmids was co-transfected with miR-27a-
3p mimics using lipofectamine 2000 reagent. 
Transfected cells were serum shocked (20%) 
for 2 h and maintained in 2% RPMI1640 medi-
um for 24 h before harvest. Dual-Luciferase 
Reporter Assay was performed according to the 
manufacturer’s instructions. Data were pre-
sented as relative luciferase activity. 

Cell proliferation assay

The transfected cells that were in the logarith-
mic growth phase were seeded into 96 well 
plates at a cell density of 1000 cells/well for 
Eca109. Cell counting kit-8 (CCK-8) solution (10 
μL) was added to one well in each group every 
24 h for four consecutive days, incubated at 
37°C for 2 h, and the optical density was mea-
sured at 450 nm on a microplate reader 
(Thermo Fisher Scientific). 

Cell cycle assay

A total of 1 × 104 transfected cells were seeded 
into 6 well plates and incubated in serum 
deprived medium for cell synchronization. 
Subsequently, cells were harvested at 24 h 
after incubating with complete medium. The 
cells were stained with PI and examined  
with a FACS flow cytometer. Data were  
analyzed with ModFit software (BD Biosci- 
ences).
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RNA extraction and quantitative real-time PCR

Total RNA was extracted from human tissues or 
cells using Trizol reagent, and purified using a 

miRNA easy column (Qiagen). The RNA was 
reversely transcribed into cDNA using a reverse 
transcript reagent kit. MiR-27a-3p expression 
was determined using TagMan microRNA 

Figure 1. miR-27a-3p was up-regulated in human ESCC cell lines and tissues. A. Relative expression of miR-27a-3p 
in four ESCC cell lines and one normal esophageal cell line NEEC was determined by qRT-PCR. B. Relative expres-
sion of miR-27a-3p in primary ESCC tissues compared to non-tumor tissues. *P < 0.05.

Figure 2. Overexpression of miR-27a-3p promoted ESCC cell proliferation. (A) Expression of miR-27a-3p were deter-
mined by qRT-PCR after transfection of miR-27a-3p mimics, inhibitors or scramble. (B) Eca109 cells transfected with 
miR-27a-3p mimics, inhibitors or scramble, were examined by CCK8 assay after different time periods. (C, D) The 
cell cycle phase of Eca109 cells transfected with miR-27a-3p mimics (C) or miR-27a-3p inhibitors (D) were analyzed 
by flow cytometry. *P < 0.05.
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assays (Applied Biosystems). U6, a small nucle-
ar RNA, was used as an internal control. Specific 
TaqMan primers, targeting mature miR-27a-3p 
or U6 were obtained from Applied Biosystems. 
Quantitative real-time PCR (qRT-PCR) was per-
formed in an ABI 7500 real-time PCR system. 
Results were presented as the relative changes 
of miR-27a-3p following normalization to U6.

Western blot

After transfection, cells were lysed using the 
mammalian protein extraction reagent RIPA 
(Beyotime) supplemented with a protease 
inhibitor cocktail (Roche) and phenylmethylsul-
fonyl fluoride (Roche). Equal amount proteins 
were separated by 8% SDS-PAGE gel and trans-
ferred to PVDF membranes (Bio-Rad). Mem- 
branes were probed with primary antibodies at 
4°C overnight followed by incubation with HRP 
conjugated secondary antibodies. β-actin 
(abcam) was used as a loading control. Protein 
was detected with Image Acquisition using 
ImageQuant™ LAS 4000 (GE Healthcare Life 
Sciences).

Statistical analysis

Statistical analyses were performed using 
SPSS version 18.0. Data are presented as 
mean ± SD. Statistical analysis was performed 
by using one-way analysis of variance, and fol-
lowed by Dunnett’s test for multiple compari-
sons and by student’s t-test for comparisons 
between two groups. P values lower than 0.05 
was considered statistically significant.

Results

miR-27a-3p is overexpressed in ESCC cell lines 
and tissues

To determine the effect of miR-27a-3p on the 
progression of ESCC, We first explored the miR-
27a-3p expression in ESCC cell lines using qRT-
PCR. The results showed that miR-27a-3p 
expression was significantly up-regulated in 
ESCC cell lines compared to normal esopha-
geal cell line NEEC (P < 0.05, Figure 1A). We 
further tested the miR-27a-3p expression in 
human ESCC tissues. We found that the expres-
sion of miR-27a-3p in ESCC tissues was signifi-

Figure 3. FBXW7 was a target of miR-27a-3p in ESCC cells. A. The potential miR-27a-3p binding sequence of FBXW7 
3’-UTR and the Mut. B. Eca109 cells were co-transfected with miR-27a-3p mimics with Wt or Mut FBXW7 3’-UTR. 
Luciferase activity was assayed. C. Protein level in Eca109 cells transfected with miR-27a-3p mimics or miR-27a-3p 
inhibitor was detected by Western blot. *P < 0.05.
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cantly higher than that in the adjacent non-
tumor tissues (P < 0.05, Figure 1A). These data 
indicated that miR-27a-3p was associated with 
the progression of ESCC. 

miR-27a-3p promotes ESCC cell proliferation

To explore the role of miR-27a-3p in esophageal 
cancer, ESCC cell line Eca109 was transfected 
with miR-27a-3p mimics or miR-27a-3p inhibi-
tor. The transfection efficiency was confirmed 
by qRT-PCR (Figure 2A). CCK8 assay showed 
cell proliferation was significantly higher in miR-
27a-3p mimics transfected Eca109 cells com-
pared to scrambled control cells. Conversely, 
miR-27a-3p inhibitor significantly decreased 
proliferation of Eca109 cells (Figure 2B). In 
addition, we analyzed the cell cycle by flow 
cytometry, our results showed that ectopic 
overexpression of miR-27a-3p induced a signifi-
cant decrease in the percentage of cells in G1/
G0 phase and an increase in the percentage of 
cells in S phase (Figure 2C), In contrast. miR-
27a-3p inhibition showed a significant increase 
in the percentage of cells in G1/G0 phase and 
a decrease in the percentage of cells in S phase 
(Figure 2D). All these data suggested that miR-
27a-3p could promote the proliferation of 
Eca109 cells. 

miR-27a-3p targets FBXW7 in ESCC cells

The 3’-UTRs of FBXW7 has binding site of miR-
27a-3p, which indicated FBXW7 is putatively 
potential target of miR-27a-3p (Figure 3A). To 
examine the effect of miR-27a-3p on FBXW7 
transcription activity, a 3’-UTR of FBXW7-
containing luciferase reporter plasmid was co-
transfected with miR-27a-3p mimics in Eca109 
cells. In the Dual-Luciferase assay, our data 
revealed that miR-27a-3p overexpression sig-
nificantly decreased wild type (Wt) but not the 
mutant (Mut) 3’-UTR luciferase activity (Figure 
3B). Furthermore, in the FBXW7 protein analy-
sis from Western blot, miR-27a-3p overexpres-
sion decreased protein level, but miR-27a-3p 
inhibition increased FBXW7 protein level 
(Figure 3C). Thus, these findings indicated that 
miR-27a-3p could inhibited the FBXW7 tran-
scription activity. 

FBXW7 knockdown increases Eca109 cell pro-
liferation

FBXW7 acted as a tumor suppressor protein in 
a number of human cancers [13]. However, it is 
less involved the role of FBXW7 in esophageal 
cancer. To study the effect of FBXW7 on ESCC 
cell proliferation, Eca109 cells were transfect-

Figure 4. Inhibition of FBXW7 promoted ESCC cell 
proliferation. A. Expression of FBXW7 was mea-
sured by qRT-PCR in Eca109 cells transfected with 
si-FBXW7 or si-NC. B. The vitality of Eca109 cells 
transfected with si-FBXW7 or si-NC was determined 
by CCK-8 assay. C. The cell cycle phase of Eca109 
cells transfected with si-FBXW7 or si-NC were ana-
lyzed by flow cytometry. *P < 0.05.
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ed with specific FBXW7 siRNA (si-FBXW7) or 
negative control siRNA (si-NC). The effect of si-
FBXW7 was detected by qRT-PCR (Figure 4A). 
CCK-8 assay showed that si-FBXW7 significant-
ly increased ESCC cell proliferation ability com-
pared to si-NC group (Figure 4B). Furthermore, 
our data revealed that si-FBXW7 decrease the 
percentage of cells in G1/G0 phase and 
increase the percentage of cells in S phase 
(Figure 4C). These data showed that inhibition 
of FBXW7 have a similar effect with miR-27a-3p 
overexpression.

Discussion

The present study was set to explore the role of 
miR-27a-3p in the regulation of proliferation of 
esophageal cancer cells and possible mecha-
nisms. In the present study, our results showed 
that miR-27a-3p was significantly increased in 
ESCC cell lines and tissues. Functional studies 
revealed that miR-27a-3p significantly promot-
ed ESCC cell proliferation, suggesting miR-27a-
3p could act as a tumor oncogene in the pro-
gression of ESCC. In addition, we identified that 
FBXW7 was a direct target of miR-27a-3p in 
ESCC cells. Thus, our results identify a new role 
of miR-27a-3p in esophageal cancer.

Numerous miRNAs have been identified as 
oncogenes or tumor suppressor in various 
human cancers [14]. For example, Wang et al 
reported that miR-27a-3p was significantly up-
regulated in peripheral blood mononuclear 
cells of pancreatic cancer patients [15]. Wataru 
et al found that miR-27a-3p was markedly up-
regulated in primary tumor samples from 
patients and associated with poor progression-
free survival of clear cell renal cell carcinoma, 
furthermore, they showed that miR-27a-3p 
could promote renal cancer cell proliferation, 
migration and invasion [16]. Xu et al revealed 
that miR-27a-3p could promote cell prolifera-
tion in glioma cells via regulation of MXI1 
expression [17]. Our data expanded the role of 
miR-27a-3p in ESCC. Forced expression of miR-
27a-3p could promote ESCC cell proliferation.

F-box/D repeat-containing protein 7 (FBXW7) 
belonged to F box protein family, which is the 
first member of the family [18]. As one of ubiq-
uitin ligase E3 complex, FBXW7 is a key factor 
of specifically recognizing substrates, regulat-
ing its expression by p53 at the transcriptional 
level [19]. Accumulating evidences suggested 

that FBXW7 play an important role in the pro-
gression of tumorigenesis. For example, Fu et 
al showed that FBXW7 overexpression could 
inhibit renal cancer cell proliferation and 
induced apoptosis [20]. Wang et al found that 
FBXW7 could inhibit hepatocellular carcinoma 
migration and invasion via Notch1 signaling 
pathway [21]. Yang et al suggested that FBXW7 
could suppress epithelial-mesenchymal transi-
tion, stemness and metastatic potential of 
cholangiocarcinoma cells [22]. Gong et al 
reported that miRNA-25 promoted gastric can-
cer proliferation, invasion, and migration by 
directly targeting FBXW7 [23]. In the present 
study, we found that inhibition of FBXW7 
remarkably promoted the proliferation of ESCC 
cells, which expanded the function of FBXW7 in 
ESCC.

In conclusion, our data showed that miR-27a-
3p promoted ESCC cell proliferation through 
FBXW7 repression. This newly identified miR-
27a-3p/FBXW7 link provided a novel therapeu-
tic strategy for the treatment of ESCC.
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