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Abstract: MicroRNAs (miRNAs) are small non-coding RNAs that promote the progression of cancer by negatively 
regulating gene expression. Down-regulation of miR-483-5p was reported in a number of cancers. However, the bio-
logical functions of miR-483-5p in esophageal squamous cell carcinomas are not fully understood. In this study, the 
expression levels of miRNAs in the immortalized human esophageal epithelial cell line SHEE and the malignantly 
transformed esophageal carcinoma cell line SHEEC were examined by miRNA microarray chip. The expression level 
of miR-483-5p was verified by a quantitative reverse transcription-polymerase chain reaction. Growth, apoptosis, 
and colony formation ability were also examined in SHEEC cells after transfection with inhibitors targeting miR-
483-5p. And the target genes of miR-483-5p were predicted using bioinformatics approaches and the expression 
profile of SHEEC cells transfected with the miRNA inhibitors. protein levels of the target gene in SHEEC cells with a 
control or miRNA inhibitors were measured using Western blotting. The expression of miR-483-5p was elevated in 
SHEEC cells as compared to the SHEE cells. Silencing of miR-483-5p expression in SHEEC cells inhibited both the 
proliferation and formation of colonies and increased apoptosis. We also identified hepatocyte nuclear factor 4α 
(HNF4A) as a target of miR-483-5p in SHEEC cells. Knockdown of HNF4A recapitulated the effects of miR-483-5p. 
Our data showed that the miR-483-5p/HNF4A axis affected the malignant transformation of immortalized human 
esophageal epithelial cells and is a potential therapeutic target for ESCC.
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Introduction

Esophageal cancer is the eighth most common 
malignancy and the sixth most common cause 
of cancer-related death worldwide. In East Asia, 
esophageal squamous cell carcinoma (ESCC) is 
the leading type of esophageal cancer [1-3]. A 
number of epidemiological investigations deter-
mined that esophageal carcinogenesis and the 
malignant development of esophageal cancers 
are complex processes that involve multiple 
etiologic factors, including genetic background, 
environmental stimuli, nutritional conditions 
and cultural habits [4-6]. Despite these epide-
miological observations, the biological mecha-
nisms involved in ESCC occurrence and pro-
gression are not fully understood [7, 8].

MicroRNAs (miRNAs) are small, non-coding 
RNAs that negatively regulate gene expression 

by binding to the 3’-untranslated region of tar-
get mRNAs, and cause translational repression 
or degradation. Past studies found that the 
deregulation of miRNAs was associated with 
human malignancies [9, 10], because they 
function as oncogenes or tumor suppressors 
and promote tumor initiation and progression. 
Therefore, the discovery of miRNAs provides 
new opportunities to explore the molecular 
mechanisms of cancer. In our study, we investi-
gated the role of miRNAs in ESCC carcinogene-
sis in vitro by using the immortalized human 
esophageal epithelial cell line (SHEE) [11, 12], 
which had a high metabolic capacity from its 
expression of several biotransformation enzy- 
mes. We also used the malignantly transformed 
esophageal carcinoma cell line (SHEEC) [13], 
which was produced by exposing SHEE cells to 
the chemical carcinogen TPA (12-O-tet-ra- 
deanoy-l phorbol-13-acetate).
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We found that the expression of miR-483-5p 
was significantly up-regulated (>2-fold) in 
SHEEC cells compared to those in SHEE cells. 
Subsequent experiments of cellular functions 
demonstrated that miR-483-5p acted as an 
oncogene by affecting cell viability, cell apopto-
sis, and colony formation of ESCC. Furthermore, 
the hepatocyte nuclear factor 4 alpha (HNF4A) 
was identified as a direct functional target of 
miR-483-5p in ESCC.

Materials and methods

Cell cultures

The SHEE and SHEEC cell lines were purchased 
from the Central Laboratory of the Tumor 
Hospital (Medical College of Shantou University, 
China). The cell lines were routinely cultivated 
in culture medium 199 (Gibco-Life Technologies, 
Carlsbad, CA) with 10% bovine serum and 100 
U penicillin/streptomycin in a humidified atmo-
sphere of 5% CO2 and 95% air. The cell shape 
and size, anchorage-dependent growth, and 
contact-inhibited growth were measured by 
phase-contrast microscopy.

The MiRNA microarray assay

The microarray assay was performed using a 
service provider (LC Sciences, Houston, TX). 
Briefly, the SHEE and SHEEC cells were washed 
with precooled phosphate-buffered saline and 
the total RNA was harvested using a TRIzol 
(Invitrogen, Carlsbad, CA) and the RNeasy Mini 
Kit (Qiagen, Venlo, The Netherlands) according 
to manufacturer protocol. The assay began 
with 4-8 μg of total RNA that was 3’-extended 
with a poly(A) tail using poly(A) polymerase. An 
oligonucleotide tag was then ligated to the 
poly(A) tail for later fluorescent dye staining. 
Hybridization was performed overnight on a 
μParaflo microfluidic chip using a micro-circula-
tion pump (Atactic Technologies, Houston, TX) 
[14, 15]. On the microfluidic chip, each detec-
tion probe consisted of a chemically modified 
nucleotide coding segment complementary to 
target microRNA (from the miRBase, http://
www.mirbase.org/) or other RNA (control or 
customer defined sequences) and a spacer 
segment of polyethylene glycol to extend the 
coding segment away from the substrate. The 
detection probes were made by in situ synthe-
sis using photo-generated reagent chemistry. 
The hybridization melting temperatures were 

balanced by chemical modifications of the 
detection probes. Hybridization was performed 
in a 100 μL 6X SSPE buffer (0.90 M NaCl, 60 
mM Na2HPO4, 6 mM EDTA, pH 6.8) containing 
25% formamide at 34°C. After RNA hybridiza-
tion, tag-conjugating Cy3 dye was circulated 
through the microfluidic chip for dye staining. 
Fluorescent images were collected using the 
GenePix 4000B laser scanner (Molecular De- 
vices, Sunnyvale, CA) and digitized using Array-
Pro image analysis software (Media Cyber- 
netics, Rockville, MD). The data were analyzed 
by first subtracting the background and then 
normalizing the signals using a LOWESS filter 
(Locally-weighted Regression) [15, 16]. 

Quantitative reverse-transcription-polymerase 
chain reaction

Based on the microarray results, the expres-
sion levels of miRNAs significantly different 
between the SHEE and SHEEC cells were exam-
ined using a quantitative reverse transcription-
polymerase chain reaction (qRT-PCR). Briefly, 
cDNA from both cell lines was reverse tran-
scribed with a miScript Reverse Transcription 
Kit (Qiagen), and then qRT-PCR was determined 
by a miScript SYBR Green PCR Kit (Qiagen). An 
amplification reaction protocol was implement-
ed for 40 cycles at 95°C for 15 seconds and 
60°C for 30 seconds. The threshold cycle (Ct) 
was defined as the fractional cycle number at 
which the fluorescence passed through the 
fixed threshold. All miRNA expression levels 
were normalized to that of U6 by the 2-ΔΔCt meth-
od. All samples were processed in triplicate.

Analysis of cell viability and apoptosis

For the cell viability assay, SHEEC cells were 
plated in 96-well plates (3×103 cells/well). After 
24 hours they were transfected with miR-483-
5p inhibitor or the negative control group (NC) 
for 24, 48 and 72 hours. The absorbance at 
450 nm was determined by a Synergy 2 micro-
plate reader (BioTek, Winooski, VT) to measure 
the transfection rate. Cell viability was evaluat-
ed with the Cell Counting Kit-8 (CCK-8; Dojindo, 
Tokyo), and was expressed as the percentage 
according to the following formula: (ODtest - 
ODblank)/(ODcontrol - ODblank), where ODtest 
was the OD of the transfected cells, ODcontrol 
was the OD of SHEEC cells, and ODblank was 
the OD of the wells without SHEEC cells. For the 
apoptosis assay, SHEEC cells were plated in six-
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well plates (5×104 cells/well), cultured for 24 
hours, and then transfected with a miR-483-5p 
inhibitor or NC. After another 48 hours, the 
cells were harvested using 0.25% trypsin, 
washed twice with ice-cold PBS, and resus-
pended in a 500 µL binding buffer (10 mM 
HEPES-NaOH [pH 7.4], 140 mM NaCl, 2.5 mM 
CaCl2). The cells were stained with 5 µL annex-
in-V-fluoresein-5-isothiocyanate (FITC) and 5 µL 
propidium iodide (PI) for 15 minutes in the dark 
at room temperature, and analyzed by flow 
cytometry (Becton Dickinson, Franklin Lakes, 
NJ). The results were expressed as the percent-
age of apoptotic cells among the total number 
of cells counted.

The colony formation assay

A colony formation assay was used to identify 
the colony forming ability of SHEEC cells and 
transfected with miR-483-5p inhibitor cells. 
Cells were trypsinized, counted and seeded for 
the colony formation assay in 6-cell plates at 
1000 cells per well. During colony growth, the 
culture medium was replaced every 3 days. The 
colony was counted only if it contained more 

Western blotting

Whole cell extracts were prepared with a cell 
lysis reagent (Sigma-Aldrich, St. Louis, MO) 
according to the manual, and the protein was 
quantified by a BCA assay (Pierce, Rockford, IL). 
The protein samples then were separated by 
SDS-PAGE (10%) and detected by Western blot-
ting using polyclonal (rabbit) anti-HNF4A (Santa 
Cruz Bio-technology, Santa Cruz, CA). Goat anti-
rabbit IgG (Pierce, Rockford, IL) secondary anti-
bodies conjugated to horseradish peroxidase 
and ECL detection systems (Super Signal West 
Femto., Pierce) were used for detection.

The luciferase reporter assay

The 3’-UTR sequence of HNF4A predicted to 
interact with the miR-483-5p or a mutated 
sequence within the target sites was synthe-
sized and inserted into the XbaI and FseI sites 
of the pGL3 control vector (Promega, Madison, 
WI). These constructs were called pGL3-HNF4A-
3’UTR-wt or pGL3-HNF4A-3’UTR-mut. For the 
reporter assay, SHEEC cells were plated onto 
24-well plates and transfected with the above 

Table 1. MiRs differentially expressed in SHEE cells and S

Upregulation of miRs Fold 
(>2)

P-
value

Downregulation 
of miRs

Fold 
(>1)

P-
value

hsa-miR-483-5p 3.59 0.000 hsa-miR-25-3p 1.81 0.000
hsa-miR-181a-5p 1.85 0.000 hsa-miR-92b-3p 2.30 0.000
hsa-miR-4787-5p 2.43 0.000 hsa-miR-92a-3p 1.69 0.001

hsa-miR-98-5p 1.70 0.000

than 50 cells, and the final num-
ber of colonies was counted on 
the 15th day after seeding. The 
colony formation rate was calcu-
lated using the following formula: 
Colony formation rate = (number 
of colonies/number of seeded 
cells) ×100‰. Each treatment 
was performed in triplicate.

Figure 1. Hierarchical cluster analysis of miRs expression. The heat map diagram shows the result of the two-way 
hierarchical clustering of genes and samples. Each column represents a miRs and each row represents a sample. 
The miRs clustering tree is shown on the bottom, and the sample clustering tree is shown at the right. The color 
scale at the top illustrates the relative expression level of a miRs.
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constructs and P-miR-483-5p or P-miR-control 
vectors using the GenJet Plus DNA in vitro 
transfection reagent (SignaGen, MD). A Renilla 
luciferase vector pRL-SV50 (Promega, Madison, 
WI) was also co-transfected to normalize the 
differences in transfection efficiency. After 48 
hours, the cells were harvested and assayed 
using the dual-luciferase reporter assay system 
(Promega, Madison, WI) according to manufac-
turer protocol. The experiment was performed 
in duplicate in three independent experiments.

Statistical analysis

All statistical analysis was determined by SPSS 
17.0 software (SPSS, Chicago, IL). Values were 
expressed as mean ± SD. The two-tailed 
Student’s test was used to compare both 
groups. Multiple-group comparisons were 
assessed using a one-way analysis of variance, 
and Tukey’s post hoc test was used to deter-
mine which groups differed from each other. 
Differences were considered significant at 
P<0.05.

Result

Microarray identification of differentially 
expressed miRNAs between SHEE and SHEEC 
cell lines

In this study, a miR microarray was used to pro-
file the changes in miRNA expression levels 
between two cell lines: the immortalized human 
esophageal cell line SHEE and the malignantly 
transformed esophageal carcinoma cell line 
SHEEC. A cluster analysis and a volcano plot 
were used to identify miRNAs with the most sig-
nificant changes in expression. We then identi-
fied 35 miRNA genes (13 upregulated and 21 
downregulated) with different expressions 

(P<0.05) in SHEEC cells when compared with 
those in SHEE cells (Figure 1). Seven of these 
miRNA genes that were differently expressed 
had a p value of <0.01. The miRNAs with differ-
ent expressions with at least a two-fold change 
had signals ≥2000 as shown in Table 1.

The expression of miR-483-5p increased in 
SHEEC cells

Based on the miRNA microarray analysis, we 
focused on the miRNAs that were the most sig-
nificantly up-regulated in SHEEC in comparison 
to SHEE. We considered their possible regula-
tory actions in carcinogenesis and examined 
their profiles using real-time RT-PCR. Only the 
miR-483-5p expression levels were substan-
tially increased in SHEEC cells when compared 
to those in SHEE cells (Table 2).

Knockdown of miR-483-5p inhibited prolifera-
tion in SHEEC cells and induced apoptosis

To determine the role of miR-483-5p in the 
SHEEC cell growth and apoptosis, SHEEC cells 
were transfected with miR-483-5p inhibitors. 
Knock-down of miR-483-5p significantly sup-
pressed cell viability (Figure 2A). In contrast, 
the rate of apoptosis in the miR-483-5p inhibi-
tors-transfected group was significantly in- 
creased when compared to the NC-transfected 
group (19.63 ± 2.89% vs. 4.41 ± 1.67%; Figure 
2B). Therefore, the suppression of cell growth 
observed after the knockdown of miR-483-5p 
in SHEEC cells may have been caused by 
apoptosis.

Knockdown of miR-483-5P inhibited colony 
growth

Next, we examined whether knockdown of miR-
483-5p affected the degree of cell malignancy 

Table 2. Identification of differentially regulated miRs by qRT-PCR
miRs Sequence 5→3’ qRT-PCR (SHEEC/SHEE) P-value
Upregulation of miRs
    hsa-miR-483-5p CUCUAG UAGU GCCGGUCGGAGA 5.25 0.000
    hsa-miR-181a-5p AACAUUCAACGCUGUCGGUGAGU 2.31 0.000
    hsa-miR-4787-5p GCGGGGGUGGCGGCGGCAUCCC 3.23 0.000
Downregulation of miRs
    hsa-miR-25-3p CGGGACUGGCCAGUGUUGAG 1.59 0.000
    hsa-miR-92b-3p UAUUGCACUCGUCCCGGCCUCC 1.06 0.070
    hsa-miR-92a-3p UAUUGCACUUGUCCCGGCCUGU 4.53 0.000
    hsa-miR-98-5p UGAGGUAGUAAGUUGUAUUGUU 2.24 0.000
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by performing colony formation assays. The 
results showed that anchorage-independent 
colony formations in the miR-483-5p inhibitors-
transfected group were markedly lower than 
those in the NC-transfected group (24.4 ± 
4.49‰ vs. 52.27 ± 3.57‰; Figure 3). Therefore, 
the expression of miR-483-5P supported an- 
chorage-independent colony growth of SHEEC 
cells and could function as an oncogene. 

miR-483-5p directly targeted HNF4A

To better understand the underlying molecular 
mechanisms, we performed a bioinformatics 
analysis using www.mirco-RNA.org, miRNA-Pic-

Tar, and TargetScan to predict the possible tar-
get gene of miR-483-5p. We found that HNF4A 
contained theoretical miR-483-5p binding sites 
in its 3’UTR. To verify these results, we con-
structed luciferase reporter vectors containing 
the wild-type (Wt) or mutant (Mut) miR-483-5p 
target sequences of the HNF4A 3’-UTR (Figure 
4A). Overexpression of miR-483-5p significant-
ly inhibited the luciferase activity of the Wt 
HNF4A 3’-UTR reporter gene, but not the Mut 
reporter gene (Figure 4C). Next, we transfected 
HNF4A siRNAs in SHEEC cells. A Western blot 
analysis revealed that HNF4A expression was 
significantly decreased by HNF4-A siRNA when 
compared to the negative control group (scram-

Figure 2. Changes in cell viability and apoptosis after knockdown of miR-483-5p. SHEEC cells were transfected with 
inhibitors and negative control (NC). At 48 hours, post-transfection and cell proliferation were measured by the CCK-
8 assay. Relative cell survival rates in the inhibitors group decreased significantly compared with the transfected 
SHEEC cells group (NT) (*P<0.05) (A). Apoptosis was determined by a flow cytometry analysis. Knockdown of miR-
483-5p led to a significant increase in apoptosis of SHEEC cells at 48 hours post-transfection, compared with the 
NT groups (*P<0.05) (B). Representative pictures of the apoptosis assay are shown in (C).
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ble control siRNA) (P<0.05). In addition, the 
inhibition of miR-483-5p markedly increased 
the expression of HNF4A (Figure 4B), but the 
silenced HNF4A did not affect the miR-483-5p 
expression. As such, HNF4A was a direct target 
of miR-483-5p in SHEEC cells.

Discussion

MiR is one of the most important post-tran-
scriptional regulators in the initiation and devel-
opment of a variety of tumors, including those 
in ESCC [17-22]. Strong evidence verified the 
important role of miR in common types of can-
cer. Among the miRNAs associated with ESCC, 
oncogenic miR-25 was proven to enhance the 
motility of ESCC cells by redistributing adher-
ens junctions and activating betacatenin sig-
naling [23]. The tumor suppressor miR-21 inhib-
ited ESCC cell growth and its invasive abilities 
and also promoted apoptosis by targeting FASL, 
TIMP3, and RECK [24]. However, only recently 
were studies conducted regarding the role of 
miR in chemically induced carcinogenesis of 
ESCC.

In this study, we used SHEEC cells, generated 
by treatment of SHEE cells with TPA to investi-
gate the role of miRNAs in chemical carcinogen-
esis. We found that the expression of miR-483-
5p was elevated in SHEEC cells when compared 
with those in the parental SHEE cells. To further 
explore the function of miR-483-5p in ESCC, we 
decreased its expression with inhibitors. After 
knockdown of miR-483-5p in SHEEC cells, we 
observed significant inhibition of proliferation 
concomitant with increased apoptosis. In addi-

ies, the role of miR-483 in tumorigenesis and 
molecular mechanisms through which miR-483 
regulates carcinogenesis remains unknown. 
Here, we demonstrated that miR-483-5p ex- 
pression levels were higher in SHEEC cells than 
in SHEE cells. According to the miRNA target 
prediction website www.mirco-RNA.org, miR-
NA-PicTar and TargetScan identified HNF4A as 
a possible target of miR-483-5p. Our results 
showed that miR-483-5p directly targeted the 
3’UTR of HNF4A, as its overexpression was 
associated with suppression of luciferase activ-
ity in a reporter plasmid driven by the 
HNF4A-3’UTR.

In addition, we observed significant upregula-
tion of HNF4A protein levels following miR-483-
5p knockdown, which indicated the post-tran-
scriptional regulation of HNF4A by targeting its 
3’UTR. HNF4A is considered the master regula-
tor of hepatocyte differentiation. Recent stud-
ies found a novel role for HNF4A in the regula-
tion of cell proliferation within multiple tissues, 
including the liver, pancreas, and kidney [28-
31]. The loss of HNF4A resulted from the induc-
tion of EMT genes and oncogenic transforma-
tion [32, 33]. Our results showed that the 
overexpression of miR-483-5p was a possible 
mechanism for the loss of HNF4A expression in 
ESCC. 

Conclusion

Our study demonstrated that miR-483-5p was 
significantly increased in SHEEC cells when 
compared with those in SHEE cells. Ectopic 
miR-483-5p resulted in the promotion and pro-

Figure 3. Changes of anchorage-independent growth by knockdown of miR-
483-5p. SHEEC cells were properly injected with inhibitors. The cells were 
harvested by trypsinization and seeded in six-well plates. The colony form-
ing experiments were performed in soft agarose. Knockdown of miR-483-5p 
(inhibitors) significant reduced colony formation in SHEEC cells, compared 
with the NC and SHEEC cells (NT) groups (*P<0.05). The data are the mean 
± SD of three replicate experiments.

tion, we found that knockdown 
of miR-483-5p effectively in- 
hibited colony growth of SH- 
EEC cells. Therefore, miR-483-
5p was involved in carcinog- 
enesis through inhibition of 
apoptosis. 

The first identification of miR-
483 was in human fetal liver. 
Recently, miR-483 was shown 
to be dysregulated and associ-
ated with lower disease-spe- 
cific survival rates in some 
cancers [25-27]. Despite the 
oncogenic role of miR-483 as 
determined by previous stud-
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liferation of the colony formation abilities of 
SHEEC cells by directly targeting HNF4A. Our 
study provides a promising therapeutic role for 
miR-483-5p in ESCC, which appears to act in 
part by mimicking the pharmacological inhibi-
tors of HNF4A.
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