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Abstract. dysregulation of micrornas (mirnas) is involved 
in the pathogenesis of esophageal cancer. mirna (mir)-542-3p 
is a tumor suppressor in multiple types of cancer. However, 
whether and how mir-542-3p contributes to the progression 
of esophageal cancer remains unknown, and this is the aim 
of the present study. in the current study, decreased expres-
sion of mir-542-3p was detected in tumor tissues compared 
with normal tissues from patients with esophageal cancer, and 
mir-542-3p expression was negatively correlated with mrna 
expression levels of ovarian tumor domain-containing ubiq-
uitin aldehyde-binding protein 1 (OTUB1) in tumor tissues 
from patients with esophageal cancer. in KYSe150 human 
esophageal squamous cell carcinoma cells, overexpression 
of miR‑542‑3p significantly decreased OTUB1 at mrna and 
protein levels, whereas downregulation of miR‑542‑3p signifi-
cantly increased OTUB1 expression. using a dual-luciferase 
assay, OTUB1 was validated to be a target gene of mir-542-3p 
in KYSe150 cells. Functionally, mir-542-3p significantly 
inhibited the migration and invasion of KYSe150 cells by 
repression of OTUB1 expression. These results demonstrated 
that mir-542-3p may promote the metastasis of esophageal 
cancer cells, and indicated that mir-542-3p may be a treat-
ment target for esophageal cancer.

Introduction

esophageal cancer is the sixth most commonly diagnosed 
cancer and the fifth leading cause of cancer motility glob-
ally (1). it was estimated that esophageal cancer accounted for 
>4% of cancer-related mortality in the uSa in 2017 (2). in 
east asia, the risk of incidence for esophageal cancer is almost 
4-fold higher compared with north america (1). The two major 
types of esophageal cancer are esophageal squamous-cell 

carcinoma and esophageal adenocarcinoma (3). owing to its 
aggressive nature and difficulty to diagnose, the overall 5‑year 
survival rate of patients with esophageal cancer is ~20% (4,5). 
Therefore, there is an urgent necessity to discover the molecular 
mechanisms that lead to the metastasis of esophageal cancer.

Micrornas (mirnas) are a class of small, non-coding, 
single-stranded rnas that are ubiquitously expressed 
in eukaryotic cells (6). Through directly binding to the 
3' untranslated region (uTr) of target gene mrna, mirnas 
induce degradation of mrna or inhibit mrna translation, 
resulting in downregulation of target gene expression (7). 
Previous studies have revealed that mrna-mirna regula-
tory networks are crucial for normal biological processes, 
including cell differentiation, migration and apoptosis (8-10). 
dysregulation of mirna expression contributes to a number 
of human diseases such as cancer (11). a microarray study has 
demonstrated that the expression levels of several mirnas 
are promising biomarkers for esophageal cancer (12). mirna 
(mir)-542-3p downregulation has been reported in several 
cancer types (13,14); however, the potential role and molecular 
mechanism of mir-542-3p in esophageal cancer remains to be 
determined.

ovarian tumor domain-containing ubiquitin alde-
hyde-binding protein 1 (oTuB1) is a hydrolase that is able to 
specifically remove ubiquitin from proteins to prevent protein 
degradation (15). By upregulating the expression of oncogenes, 
oTuB1 facilitates tumor progression in several types of 
cancers (15-17). in esophageal cancer, oTuB1 stabilizes Snail 
protein to promote the metastasis of cancer cells (18); however, 
it is unknown how oTuB1 is regulated in esophageal cancer.

in the present study, mir-542-3p and OTUB1 mrna 
expression levels were examined in normal and tumor tissues 
from patients with esophageal cancer. a negative correla-
tion was observed between mir-542-3p and OTUB1 mrna 
expression in tumor tissues. Western blotting and reverse 
transcription-quantitative Pcr (rT-qPcr) data indicated that 
OTUB1 was negatively regulated by mir-542-3p in esopha-
geal cancer cells. a dual-luciferase assay validated OTUB1 
as a target gene for mir-542-3p. Furthermore, function assays 
demonstrated that mir-542-3p inhibited the migration and 
invasion of KYSe150 human esophageal squamous cell carci-
noma cells through repression of oTuB1 expression. The data 
from the present study suggested a potential tumor suppressor 
role for mir-542-3p in esophageal cancer.
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Materials and methods

Tissue collection. Tumor tissues and matched normal tissues 
were collected from 40 patients (mean age 56.33±7.21, 
male:female = 25:15) with esophageal squamous cell carci-
noma or esophageal adenocarcinoma in Sheyang People's 
Hospital (Sheyang, china) between June 2015 and July 2017. 
Written consent was provided by all participants before the 
experiments and all procedures were approved by the ethics 
committee of Sheyang People's Hospital (irB no. SYPH1506). 
Tissues were stored in ‑80˚C upon collection.

Cell culture. Human esophageal squamous cell carcinoma cell 
line KYSe150 was purchased from american Type culture 
collection and used within 6 months. cells were maintained 
in dMeM (Sigma-aldrich, Merck Kgaa) supplemented with 
10% FBS (Gibco; Thermo Fisher Scientific, Inc.) at 37˚C.

Overexpression and downregulation of miR‑542‑3p. mir-542-3p 
mimic (5'-ugu gac aga uug aua acu gaa a-3'), mir-nega-
tive control (nc) mimic (5'-aau ucu ccg aac gug uca 
cTT-3'), mir-542-3p inhibitor (5'-uuu cag uua uca auc 
ugu cac a-3') and mir-nc inhibitor (5'-gug aca cgu 
ucg gaga auu TT-3') were synthesized by and purchased 
from Shanghai genePharma co., ltd. For overexpression or 
downregulation of mir-542-3p, mir-542-3p mimic (50 nM) or 
mir-542-3p inhibitor (50 nM) was mixed with lipofectamine® 
3000 (Invitrogen; Thermo Fisher Scientific, Inc.) in serum‑free 
dMeM medium for 15 min. The mixtures were added into 
each well in 6-well plates and incubated for 48 h before the cells 
(2x105) were harvested for subsequent experiments.

RNA extraction and RT‑qPCR. Total rna from cell lines (1x104) 
or tissue samples (50-100 mg) was extracted using Trizol reagent 
(invitrogen; Thermo Fisher Scientific, inc.) according to the 
manufacturer's protocol. For mRNA quantification, RNA was 
reverse‑transcribed into first‑stranded cDNA using PrimeScript 
rT Master Mix (Takara Bio, inc.). rT-qPcr was conducted 
using a SYBr-green qPcr Master Mix kit (Takara Bio, inc.) 
on an aBi PriSM 7900HT real-Time Pcr System (applied 
Biosystems; Thermo Fisher Scientific, Inc.) with the followed 
thermocycling parameters: initial denaturation at 95˚C for 2 min, 
40 cycles of 95˚C for 15 sec and 64˚C for 30 sec. For miRNA 
quantification, rna was reverse-transcribed with a Mir-X 
mirna First Strand Synthesis kit (Takara Bio, inc.) followed 
by qPcr with Mir-X™ mirna qrT-Pcr SYBr kit (Takara 
Bio, inc.). relative expression levels of mirna and mrna were 
calculated using the 2-ΔΔcq method (19). gaPdH and u6 served 
as internal controls for mrna and mirna, respectively. The 
primer sequences were as listed: mir-542-3p forward, 5'-TgT 
gac aga TTg aTa acT-3' and stem-loop rT primer, 5'-gTc 
gTa Tcc agT gca ggg Tcc gag gT  aTT cgc acT gga 
Tac gac cTg cgg TTT cagT-3'; oTuB1 forward, 5'-Tcg 
gTc cTa Tac aag gag TaTg c-3' and reverse, 5'-ggT cTT 
gcg gaT gTa cga gT-3'; u6 forward, 5'-gTg cTc gcT Tcg 
gca gca caT-3' and reverse, 5'-aaT aTg gaa cgc TTc 
acg aaT-3', gaPdH forward, 5'-gga gcg aga Tcc cTc 
caa aaT-3' and reverse, 5'-ggc TgT TgT caT acT TcT caT 
gg-3'. expression level of mir-542-3p was normalized to u6. 
expression level of oTuB1 was normalized to gaPdH.

Protein lysate preparation and western blotting. The anti-
bodies used were as follows: oTuB1 (cat. no. a302-917a; 
1:1,000; Bethyl laboratories, inc.); gaPdH (cat. no. g8795; 
1:5,000; Sigma‑Aldrich; Thermo Fisher Scientific, Inc.); Snail 
(cat. no. sc-393172; 1:1,000; Santa cruz Biotechnology, inc., ca, 
uSa); horseradish peroxidase-conjugated secondary antibodies 
against rabbit (cat. no. 7074, 1:10,000; cell Signaling Technology, 
danvers, Ma, uSa) and mouse (cat. no. 7076, 1:10,000; cell 
Signaling Technology). Protein lysates from cells (1x104) were 
prepared using riPa lysis buffer (roche diagnostics gmbH) 
followed by determination of protein concentration by the Bca 
method. Then, protein samples (20 µg) were separated on an 
10% SdS-Page gel and transferred to a PVdF membrane. 
The, PVdF membrane was blocked by 5% bovine serum 
albumin (BSa, Beijing Solarbio Science & Technology co., 
ltd.) at room temperature for 2 h. Following incubation with the 
primary antibody at 4˚C overnight and a secondary antibody 
at room temperature for 2 h, the bands were visualized using 
ECL Western Blot Substrate (Pierce; Thermo Fisher Scientific, 
inc.). densitometric analysis was performed by imageJ software 
(version 1.8.0; national institutes of Health). gaPdH was used 
to normalize expression data.

Dual‑luciferase reporter assay. The position 107-114 of 
3'uTr of OTUB1 (5'...uuc acc ccc uuc uuc cug uca 
ca...) mrna containing the putative target site of mir-542-3p 
(3'aaa guc aau agu uag aca gug u) was determined 
by TargetScan version 7.1 (20) and amplified from the cDNA 
of KYSe150 cells and ligated into the pgl3-basic vector 
(Promega corporation). pgl3-OTUB1-3'uTr-mutant (Mut, 
5'...uuc acc ccc uuc uuc cug gaa ca...) was created by 
introducing two site mutations into mir-542-3p potential target 
sites using QuickchangeSite-directed Mutagenesis kits (agilent 
Technologies, inc.). pgl3-OTUB1-3'uTr-WT (200 ng) or 
pgl3-OTUB1-3'uTr-Mut (200 ng) was co-transfected with 
Renilla plasmid into KYSe150 cells using lipofectamine® 
3000, followed by transfection of mir-nc mimic (10 nM) or 
miR‑542‑3p mimic (10 nM) for 48 h at 37˚C. The Dual‑Luciferase 
reporter assay System (Promega corporation) was used to 
measure the relative luciferase activity of each well. The firefly 
luciferase expression was normalized to Renilla.

OTUB overexpression plasmid construction and transfection. 
Full-length OTUB1 cdna was amplified from KYSe150 
cells and ligated to a pcdna3.1 vector (https://www.70dir.
com/seo/report_www_youbio_cn.html, YouBio) with the 
restriction sites of Kpni and Xhoi. For overexpression of OTUB1, 
pcdna3.1-OTUB1 was mixed with lipofectamine® 3000 
(invitrogen; Thermo Fisher Scientific, inc.) in serum-free 
dMeM medium for 15 min. The mixtures were then added into 
each well in 6-well plates (1x106) and incubated for 48 h at 37˚C 
before the cells were harvested for subsequent experiments.

Cell migration assay. a wound healing assay was used to 
examine the migratory ability of transfected KYSe150 cells. 
Briefly, 1x106 cells were seeded in each well of 6-well plates. 
Following transfection, as aforementioned, the cells were 
cultured in 37˚C to 90‑100% confluence. A wound area was 
made in the center of each well using a 10 µl pipette tip. The 
culture medium of the cells was replaced with serum-free 
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medium. images were captured using an inverted microscope 
(nikon corporation) at 0 and 24 h to observe the cells (magni-
fication, x100) that migrated into the wound area. The migrated 
areas were quantified using Image Pro Plus and normalized to 
the mir-nc mimic + pcdna3.1 group.

Cell invasion assay. For the cell invasion assay, Bd Matrigel 
invasion chambers (8-µm pore; Bd Biosciences) were used. 
in brief, KYSe150 cells (1x105) transfected with mir-nc 
mimic + pcdna3.1, mir-542-3p mimic + pcdna3.1 or 
mir-542-3p mimic + pcdna3.1-oTuB1 were cultured in the 
upper chamber in serum‑free DMEM at 37˚C. Following 72 h 
of invasion, cells on the upper side of the filter were removed 
and cells that invaded to the underside of the membranes were 
fixed using 8% formaldehyde at room temperature for 15 min, 
followed by staining with crystal violet at room temperature 
for 30 min. The number of invaded cells (x400) was counted 
using a light microscope (olympus corporation).

Statistical analysis. data were analyzed with graphPad 
Prism 7 (graphPad Software, inc.) and presented as the 

mean ± standard error of the mean. For in vitro experiments, 
the statistical differences were evaluated using Student's t-test 
(two groups) or using anoVa followed by newman Keuls 
method (three groups). For ex vivo experiments in tumor 
tissues, the statistical analyses were performed using paired 
Student's t-test (two groups). Pearson's correlation analysis was 
performed to determine the correlation between mir-542-3p 
and OTUB1 mrna expression levels in esophageal tumor 
tissues. P<0.05 was considered to indicate a statistically 
significant difference. All experiments were performed thrice.

Results

miR‑542‑3p is downregulated in esophageal tumor tissues. 
To investigate the role of mir-542-3p in esophageal cancer, 
rT-qPcr was performed to detect mir-542-3p expres-
sion levels in tumoral and adjacent normal tissues from 
40 patients with esophageal cancer. The results demonstrated 
that the expression of miR‑542‑3p was significantly down-
regulated in tumor tissues compared with adjacent normal 
tissues (Fig. 1a). 

Figure 1. mir-542-3p expression is decreased in esophageal tumor tissues. (a) compared with adjacent normal tissues, expression of mir-542-3p was decreased 
in tumor tissues from 40 patients with esophageal cancer. (B and c) compared with adjacent normal tissues, expression of OTUB1 (B) mrna and (c) protein was 
increased in tumoral tissues from 40 patients with esophageal cancer. (d) expression of mir-542-3p was negatively correlated with OTUB1 mrna expression in 
esophageal tumor tissues. ***P<0.0001. mir-542-3p, microrna-542-3p; OTUB1, ovarian tumor domain-containing ubiquitin aldehyde-binding protein 1.
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OTUB1 is a newly identified oncogene in esophageal 
cancer and has been reported to be regulated by mir-542-3p 
in colorectal cancer (13,18). 

in the present study, OTUB1 mRNA levels were significantly 
increased in tumor tissues compared with adjacent normal 
tissues (Fig. 1B). Western blotting revealed that the protein 
expression of OTUB1 was also significantly increased in tumor 
tissues compared adjacent normal tissues (Fig. 1c). in addi-
tion, Pearson's correlation analysis indicated that expression of 
miR‑542‑3p was significantly negatively correlated with OTUB1 
mrna expression levels in esophageal tumor tissues (Fig. 1d). 

These results suggested that mir-542-3p may inhibit esophageal 
cancer progression and act as a tumor suppressor.

Expression of OTUB1 is repressed by miR‑542‑3p in esopha‑
geal cancer cells. To further study the regulatory association 
between OTUB1 and mir-542-3p, mir-542-3p mimic was used 
to elevate mir-542-3p expression in KYSe150 cells. compared 
with cells transfected with mir-nc mimic, transfection 
with miR‑542‑3p mimic significantly increased miR‑542‑3p 
expression in KYSe150 cells (Fig. 2a). overexpression of 
miR‑542‑3p significantly decreased OTUB1 mrna levels and 

Figure 2. mir-542-3p represses OTUB1 expression in esophageal cancer cells. (a) Transfection with mir-542-3p mimic successfully increased mir-542-3p 
expression in KYSe150 cells. (B and c) overexpression of mir-542-3p decreased (B) OTUB1 mrna and (c) oTuB1 and Snail protein expression in 
KYSe150 cells. (d) Transfection of mir-542-3p inhibitor successfully decreased mir-542-3p expression in KYSe150 cells. (e and F) downregulation of 
mir-542-3p increased (e) OTUB1 mrna and (F) oTuB1 and Snail protein expression in KYSe150 cells. *P<0.05, **P<0.01 and ***P<0.0001. mir-542-3p, 
microrna-542-3p; nc, negative control; OTUB1, ovarian tumor domain-containing ubiquitin aldehyde-binding protein 1.
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oTuB1 protein levels in cells (Fig. 2B and c). conversely, 
transfection with miR‑542‑3p inhibitor significantly decreased 
mir-542-3p expression in KYSe150 cells and led to an 
increased expression of OTUB1 at mrna and protein levels 
(Fig. 2d-F). These data demonstrated that mir-542-3p may 
negatively regulate OTUB1 in esophageal cancer cells.

OTUB1 is a target gene of miR‑542‑3p in esophageal cancer 
cells. To confirm whether mir-542-3p directly regulated 
OTUB1 expression, dual-luciferase reporter assay was 
performed in KYSe150 cells. Transfection of mir-542-3p 
mimic significantly reduced luciferase activity of oTuB1 
3'uTr-WT compared with cells transfected with mir-nc 

Figure 3. OTUB1 is a target gene for mir-542-3p in esophageal cancer cells. (a) mir-542-3p mimic reduced luciferase activity of KYSe150 cells trans-
fected with oTuB1 3'uTr-WT. (B) mir-542-3p mimic did not alter luciferase activity of KYSe150 cells co-transfected with oTuB1 3'uTr-Mut. **P<0.01. 
miR‑542‑3p, microRNA‑542‑3p; Mut, mutant; NC, negative control; n.s., not significant; OTUB1, ovarian tumor domain-containing ubiquitin aldehyde-binding 
protein 1; uTr, untranslated region; WT, wild-type.

Figure 4. mir-542-3p inhibits migration of KYSe150 cells through the regulation of oTuB1. (a) overexpression of mir-542-3p reduced oTuB1 protein 
expression in KYSe150 cells, which was reversed by co-transfection of recombinant OTUB1. (B) overexpression of mir-542-3p inhibited the migratory 
ability of KYSe150 cells, which was reversed by co-transfection of recombinant OTUB1. (C) The migrated areas in B were quantified using Image Pro 
Plus and normalized to the mir-nc mimic + pcdna3.1 group. *P<0.05, **P<0.01 and ***P<0.0001. mir-542-3p, microrna-542-3p; nc, negative control; 
OTUB1, ovarian tumor domain-containing ubiquitin aldehyde-binding protein 1.
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mimic (Fig. 3a), whereas overexpression of mir-542-3p 
did not alter the luciferase activity of oTuB1 3'uTr-Mut 
(Fig. 3B). These data suggested that mir-542-3p may bind 
directly to the putative binding site in 3'uTr of OTUB1 to 
repress its expression.

miR‑542‑3p inhibits esophageal cancer cell migration and 
invasion through regulation of OTUB1. To study the biological 
function of mir-542-3p in esophageal cancer cells, wound 
healing and cell invasion assays were performed to detect cell 
migratory and invasive ability of cells transfected with the 
mir-542-3p mimic either with or without overexpression of 
OTUB1. 

Transfection of mir-542-3p mimic reduced oTuB1 
protein expression whereas co-transfection of mir-542-3p 
mimic and recombinant OTUB1 reversed the downregula-
tion of oTuB1 in KYSe150 cells (Fig. 4a). in the wound 
healing assays, overexpression of miR‑542‑3p significantly 
inhibited cell migration towards the wound areas, which 
indicated that the migration ability of cells was reduced 
(Fig. 4B and c). in addition, overexpression of OTUB1 
reversed migration inhibition induced by mir-542-3p mimic 
(Fig. 4B and c). Similarly, overexpression of mir-542-3p 
significantly inhibited the invasive ability of the cells, 
which was reversed by overexpression of OTUB1 (Fig. 5). 
The results demonstrated that mir-542-3p may inhibit the 
migratory and invasive abilities of esophageal cancer cells 
through repression of OTUB1.

Discussion

mirnas regulate a number of oncogenes and tumor suppres-
sors in cells, which can lead to the initiation and progression 
of cancer (21,22). Several miRNAs have been identified as key 
regulators of esophageal cancer development and accurate 
predictors of clinical outcome for patients with esophageal 
cancer (23-25). decreased expression of mir-542-3p has been 
observed in certain types of cancers, including hepatocellular 
carcinoma, osteosarcoma, colorectal cancer and mela-
noma (13,26-29). in the present study, mir-542-3p expression 
and function were investigated in esophageal cancer. rT-qPcr 
revealed that mir-542-3p expression was decreased in tumor 
tissues compared with adjacent normal tissues from patients 
with esophageal cancer. in KYSe150 cells, overexpression of 
mir-542-3p markedly reduced cell migratory and invasive 
abilities. Thus, consistent with its tumor suppressor role in 
other cancer types, mir-542-3p may also function as a tumor 
suppressor in esophageal cancer.

oTuB1 is a cysteine protease that removes ubiquitin 
from modified proteins to stabilize target proteins (30). 
oTuB1 is involved in the regulation of several proteins that 
are pivotal for the progression of cancer, such as estrogen 
receptor, p53 and forkhead box M1 (17,30,31). recently, 
oTuB1 was demonstrated to promote the metastasis of 
esophageal cancer by stabilizing Snail (18). mir-542-3p 
has been demonstrated to bind to 3'uTr of OTUB1 mrna 
to downregulate OTUB1 in colorectal cancer cells (13). 

Figure 5. mir-542-3p inhibits invasion of KYSe150 cells. (a) overexpression of mir-542-3p inhibited the invasive ability of KYSe150 cells, which was 
reversed by co-transfection with recombinant OTUB1. (B) Quantification of relative invaded cell number in A. ***P<0.0001. mir-542-3p, microrna-542-3p; 
OTUB1, ovarian tumor domain-containing ubiquitin aldehyde-binding protein 1.
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consistent with the previous study, an increase in OTUB1 
mrna expression was observed in tumor tissues compared 
with adjacent normal tissues from patients with esopha-
geal cancer. additionally, OTUB1 expression levels were 
inversely correlated with mir-542-3p expression levels in 
tumor tissues, and in KYSe150 cells, overexpression of 
mir-542-3p decreased OTUB1 expression.

Snail is a member of the Snail superfamily, which functions 
in cell survival and cell differentiation of cancer cells (32). 
Furthermore, the development and metastasis of cancer were 
blocked by Snail suppression (33). recently, Snail silencing 
was found to inhibit cell migration of esophageal cells (34). 
notably, in KYSe150 cells, overexpression of mir-542-3p 
decreased Snail expression. 

Finally, cell migration and invasion inhibition induced 
by mir-542-3p overexpression was partially attenuated by 
co-transfection of recombinant OTUB1 in KYSe150 cells. 
These results demonstrated that mir-542-3p may regulate 
OTUB1 to inhibit cell metastasis of esophageal cancer, which 
were consistent with a previous study about the role of OTUB1 
in esophageal cancer (18). Future studies are needed to deter-
mine whether the expression of mir-542-3p may be used as a 
biomarker to predict distant metastasis and overall survival of 
patients with esophageal cancer.

The results of the present study indicated a potential 
tumor suppressor role for mir-542-3p in esophageal cancer. 
overexpression of mir-542-3p inhibited migration and inva-
sion of esophageal cancer cells. Therefore, upregulation of 
mir-542-3p may be a potential treatment approach for patients 
with esophageal cancer.
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