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The role and mechanism of microRNA-18a-5p
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Abstract. The purpose of this study was mainly to explore
the role and mechanism of microRNA-18a-5p (miR-18a-5p)
in oral squamous cell carcinoma (OSCC). The expression
of miR-18a-5p in OSCC cells and normal cells was firstly
detected using reverse transcription-quantitative polymerase
chain reaction (RT-qPCR). The cell viability, apoptosis, migra-
tion and invasion abilities of OSCC cells were determined by
MTT, cell apoptosis, wound healing and Transwell assays
respectively. Additionally, bioinformatics software analysis
and luciferase reporter assays were performed to predict and
confirm the candidate target of miR-18a-5p. Western blot
analysis was used to assess protein expression. It was revealed
that the expression of miR-18a-5p in OSCC cells was higher
than that in normal cells. In vitro studies revealed that the cell
viability, migration and invasion abilities of OSCC cells were
promoted and cell apoptosis was inhibited by miR-18a-5p
overexpression. In addition, Smad2 was identified as a target
of miR-18a-5p. It was also revealed that miR-18a-5p over-
expression significantly inhibited the expression of Smad?2,
Smad4 and E-cadherin, and the levels of Smad7, collagen I,
transforming growth factor-§ (TGF-f), a-smooth muscle actin
(a-SMA), vimentin were enhanced. While miR-18a-5p down-
regulation presented the opposite effects. In conclusion, the
results indicated that miR-18a-5p can regulate the biological
process of OSCC by targeting Smad2 and miR-18a-5p/Smad?2
may be potential therapeutic targets for OSCC.

Introduction

Head and neck cancer, including oral squamous cell carcinoma
(OSCQ), is the sixth leading cancer worldwide (1). More than
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400,000 people succumb to OSCC every year, and the 5-year
survival rate for patients with OSCC is relatively poor (2,3).
Recently, medical technology for OSCC treatment has been
greatly improved, and treatments of OSCC mainly include
surgery, radiation or a combination of methods (4). However,
more than half of OSCC patients are diagnosed in advanced
stages. Due to the high recurrence rate and distant metastases
in patients with advanced OSCC, it is worthwhile to improve
current medical treatment approaches, and the exploration
of the molecular mechanism in the development process of
OSCC is greatly required.

MicroRNAs (miRNAs/miRs) are a class of small
non-coding RNA molecules that function in RNA silencing
and post-transcriptional regulation of gene expression (5). Due
to their important role in the pathogenesis of cancer, miRNAs
are regarded as biomarkers and therapeutic targets in various
types of cancer. Researchers revealed that the aberrant expres-
sion of miR-18a-5p was associated with the occurrence and
development of multiple malignant cancers, such as lung (6),
esophageal (7) and gastric cancer (8). However, the role and
mechanism of miR-18a-5p in OSCC are still unclear. It is
now generally accepted that the transforming growth factor-3
(TGF-p) signaling pathway also plays an important role in the
development of OSCC (9). However, the underlying mecha-
nism concerning the involvement of TGF-f in the progression
of OSCC is not yet fully understood. Smad2 as a potent
tumor-suppressive gene, is also an important component of
TGF-p signal transduction (10).

The purpose of the present study was to investigate the
role of miR-18a-5p in OSCC cells in vitro, and to explore the
molecular mechanism. We hope to provide more theoretical
basis and treatment strategies for the diagnosis and treatment
of OSCC.

Materials and methods

Cell culture and cell transfection. The OSCC cell line (SCC9)
and the primary normal human oral keratinocyte (HOK) cells
were originally acquired from the American Type Culture
Collection (ATCC, Manassas, VA, USA). SCC9 cells were
grown in RPMI-1640 medium containing 10% fetal bovine
serum (FBS; both from Invitrogen; Thermo Fisher Scientific,
Inc., Waltham, MA, USA) and 1% penicillin-streptomycin
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solution (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany),
and incubated in an incubator at 37°C with 5% CO,. HOK cells
were grown in RPMI-1640 medium containing 15% FBS, and
incubated at 37°C with 5% CO, (11).

SCC9 cells (3x10* cells/well) were transiently transfected
with the negative control (NC) (forward: 5'-UUCUCCGAA
CGUGUCACGUTT-3"; and reverse: 5"~ ACGUGACACGUU
CGGAGAATT-3"); the miR-18a-5p mimic (forward: 5'-UAA
GGUGCAUCUAGUGCAGAUAG-3'; and reverse: 5'-AUC
UGCACUAGAUGCACCUUAUU-3") or the miR-18a-5p
inhibitor (5'-CUAUCUGACUAGAUGCACCUUA-3") respec-
tively using Lipofectamine 2000 (Invitrogen; Thermo Fisher
Scientific, Inc.) according to the manufacturer's instructions.
Transfection efficiency was detected 48 h after the transfection
experiment.

MTT assay. MTT assays were performed to assess cell
viability. Logarithmic phase cells were seeded in a 96-well
plate with 1x10* cells/well and incubated at 37°C in a 5% CO,
incubator for 12, 24 or 48 h respectively, after which 20 ul of
MTT solution (5 mg/ml in distilled water) was added to each
well, and cells were incubated for a further 2 h at 37°C with 5%
CO,. The absorbance was assessed at a wavelength of 450 nm
using a microplate reader.

Cell apoptosis assay. After specific treatment, SCC9 cells
were collected and washed with cold PBS at least three times.
SCC9 cell apoptosis was assessed by cell apoptosis assay. In
brief, SCCY cells (1x10°%) from various groups (control, NC,
mimic and inhibitor) were firstly re-suspended in binding
buffer, and then labeled with Annexin V-FITC and propidium
iodide (PI) (BD Biosciences, San Diego, CA, USA) in line with
the manufacturer's instructions. Flow cytometry (BD FACS
Aria; BD Biosciences, Franklin Lakes, NJ, USA) was applied
to analyze cell apoptosis. The experiment was repeated at least
three times.

Transwell assay. In vitro invasion assays were performed
using Transwell plates (BD Biosciences) with 8-ym pores. The
SCCO cells (1x10* cells) in RPMI-1640 medium were added to
the upper chamber of the Transwell plates. Then RPMI-1640
medium containing 20% FBS as a chemo-attractant was added
to the lower chamber. After 48 h of incubation, cells on the
upper surface were removed using cotton wool and the cells on
the bottom surface of the membrane were fixed with methanol
and stained with 0.5% crystal violet. Images were captured at
an x200 magnification and the cells were counted using a light
microscope (Olympus Corporation, Tokyo, Japan).

Wound-healing assay. For the wound-healing assay, confluent
monolayers of SCC9 cells cultured in 24-well plates were
mechanically wounded using a 10-u1 pipette tip. The wells were
washed to remove cellular debris and the cells were allowed to
migrate for 48 h. Representative images were captured at an
x200 magnification under an inverted microscope (Olympus
Corporation). The experiments were repeated at least three
times. This assay was performed 48 h after transfection.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). TRIzol® reagent (Invitrogen; Thermo Fisher
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Scientific, Inc.) was used to extract the total RNA from the
cells. GAPDH or U6 was used as an internal control for mRNA
or miRNA expression. cDNAs were generated by using the
PrimeScript™ RT reagent kit (Takara Bio, Inc.) in line
with the manufacturer's instructions. SYBR Premix Ex Taq
(Takara Bio, Inc.) was carried out to analyze the synthesized
cDNAs according to the manufacturer's instructions. Primer
sequences used for gPCR were obtained as required and listed
as following: miR-18a-5p forward, 5-ACGTAAGGTGCA
TCTAGTGCAGATA-3' and reverse, 5-GTGCAGGGTCCG
AGGT-3'"; a-smooth muscle actin (a-SMA) forward, 5'-GTG
TTGCCCCTGAAGAGCAT-3' and reverse, 5'-GCTGGGACA
TTGAAAGTCTCA-3'"; E-cadherin forward, 5'-CGAGAG
CTACACGTTCACGG-3' and reverse, 5-GGGTGTCGA
GGGAAAAATAGG-3"; vimentin forward, 5-GACGCCATC
AACACCGAGTT-3' and reverse, 5'-CTTTGTCGTTGGTTA
GCTGGT-3" collagen I forward, 5-GGCTTCCCTGGTCTT
CCTGG-3' and reverse, 5'-CCAGGGGGTCCAGCCAAT-3;
TGF-f forward, 5'-GTCCCTGAAGTCAGCTGCATA-3' and
reverse, S-TGGGACAGTCCAGTTCTTCAT-3"; U6 forward,
5'-GCTTCGGCAGCACATATACTAAAAT-3' and reverse,
5'-CGCTTCACGAATTTGCGTGTCAT-3'; GAPDH forward,
5'-GGAGTCCACTGGCGTCTTCA-3' and reverse, 5'-GTC
ATGAGTCCTTCCACGATACC-3'. The 2*4% method (12)
was performed for the calculation of the relative expression
of the genes.

Western blot analysis. After specific treatment, total cellular
proteins from SCC9 cells were extracted using RIPA Buffer
(Auragene, Changsha, China). A BCA protein quantitative
kit (Thermo Fisher Scientific, Inc.) was used to assess the
concentration of protein samples. An equal amount of protein
samples (30 ug/lane) were resolved by 12% SDS-PAGE and
then transferred onto PVDF membranes. The membranes were
blocked with 5% non-fat milk at room temperature for 1 h,
followed by incubation with primary antibodies: Smad2 (cat.
no. 5339; 1:1,000; Cell Signaling Technology, Inc., Danvers,
MA, USA), Smad4 (cat. no. 46,535; 1:1,000; Cell Signaling
Technology, Inc.), Smad7 (cat. no. ab90086; dilution: 1: 1,000;
Abcam, Cambridge, MA, USA), collagen I (cat. no. ab34710;
1:1,000; Abcam), TGF-f (cat. no. 3709; 1:1,000; Cell Signaling
Technology, Inc.), a-SMA (cat. no. 68,463; 1:1,000; Cell
Signaling Technology, Inc.), vimentin (cat. no. 12826; 1:1,000;
Cell Signaling Technology, Inc.), E-cadherin (cat. no. 3195;
1:1,000; Cell Signaling Technology, Inc.), and B-actin (cat.
no. 12620; 1:1,000; Cell Signaling Technology, Inc.) at 4°C
overnight. Subsequently, the membranes were incubated
with anti-rabbit immunoglobulin G horseradish peroxidase
(HRP)-conjugated secondary antibodies (cat no. 7074;
1:2,000; Cell Signaling Technology, Inc.) at room temperature
for 2 h. Notably, secondary antibodies were not used when
the primary antibodies were HRP-conjugated. To visualize
the protein blots, an ECL kit (Applygen Technologies, Inc.,
Beijing, China) was used according the manufacturer's
protocol. Densitometric semi-quantification was performed
with ImageJ 1.38X software (National Institutes of Health,
Bethesda, MD, USA).

Dual luciferase reporter assay. To predict the targets of
miR-18a-5p, TargetScan bioinformatics software (www.
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Figure 1. miR-18a-5p is upregulated in the oral squamous cell carcinoma cell line. (A) The relative expression level of miR-18a-5p was examined using
RT-qPCR ("P<0.01 vs. normal cells). (B) A total of 48 h after transfection with miR-18a-5p mimics or the miR-18a-5p-inhibitor group, the level of miR-18a-5p
was examined using RT-qPCR. “P<0.01 vs. the control. miR-18a-5p, microRNA-15a-5p; NC, negative control; RT-qPCR, reverse transcription-quantitative

polymerase chain reaction.

targetscan.org/vert_71) was used, and results revealed that
Smad2 was a potential target of miR-18a-5p. To confirm the
direct binding sites, the wild-type (WT-Smad2) and mutant
(MUT-Smad2) 3'-untranslated region (3'-UTR) of Smad2
were cloned into a pmiR-RB-Report™ dual luciferase
reporter gene plasmid vector (Guangzhou RiboBio Co., Ltd.,
Guangzhou, China). To point-mutate the miR-18a-5p binding
domain on the 3'UTR of Smad2, a QuikChange Site-Directed
Mutagenesis Kit (Stratagene; Agilent Technologies, Inc., Santa
Clara, CA, USA) was used as per the manufacturer's instruc-
tions. SCCO cells were co-transfected with 100 ng WT-Smad2
or 100 ng MUT-Smad2 and 50 nM miR-18a-5p (miR mimic)
or 50 nM negative control (NC) using Lipofectamine® 2000
(Invitrogen; Thermo Fisher Scientific, Inc.) following the
manufacturer's protocols. Luciferase activity was assessed,
48 h later, using the Dual-luciferase assay system (Promega
Corporation, Madison, WI, USA) according to the manufac-
turer's protocol. Luciferase activity was normalized to Renilla
luciferase activity.

Statistical analysis. Experiments were performed at least three
times. All data were displayed as the mean + SD. SPSS 18.0
statistical software (SPSS, Chicago, IL, USA) was performed
for statistical analyses. Comparisons between groups were
performed by using Student's t-test or one-way analysis of vari-
ance followed by Tukey's post hoc test. P<0.05 was considered
to indicate a statistically significant difference.

Results

Upregulation of miR-18a-5p is revealed in OSCC cells. Using
the RT-qPCR method, the expression level of miR-18a-5p
in OSCC cells (SCCO9 cell line) was determined. RT-qPCR
analysis revealed that compared with primary normal human
oral keratinocyte (HOK) cells, miR-18a-5p was upregulated
in SCC9 cells (Fig. 1A). Then, SCC9 cells were transfected
with the NC, miR-18a-5p mimics or miR-18a-5p inhibitor. It
was revealed that miR-18a-5p was significantly upregulated
in the miR-18a-5p mimic-transfected SCC9 cells and down-
regulated in miR-18a-5p inhibitor-transfected SCC9 cells
(Fig. 1B).
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Figure 2. Effect of miR-18a-5p in SCC9 cell viability. A total of 48 h after
transfection with miR-18a-5p mimics or the miR-18a-5p-inhibitor group,

SCC9 cell viability was detected using MTT assays. "P<0.05 vs. the control.
miR-18a-5p, microRNA-15a-5p; NC, negative control; OD, optical density.

Effect of miR-18a-5p on the cell viability of SCC9 cells
in vitro. At 0, 12, 24 and 48 h after cell transfection, cell
viability was assessed using MTT assays. The results revealed
that miR-18a-5p mimics significantly increased SCC9 cell
viability, while miR-18a-5p inhibitor significantly decreased
SCCOI cell viability at all the time-points (Fig. 2).

Effect of miR-18a-5p on apoptosis of SCC9 cells in vitro.
Next, whether miR-18a-5p has an effect on apoptosis in SCC9
cells was determined by flow cytometry. The results revealed
that the apoptosis rate of SCC9 cells in the miR-18a-5p
inhibitor-transfection group was significantly upregulated
compared with the control group. However, the rate of apop-
tosis in the miR-18a-5p mimic-transfection group was lower
than that in the control group. Collectively, the results indicated
that miR-18a-5p mimics inhibited the apoptosis of SCC9 cells
in vitro, while the miR-18a-5p inhibitor significantly induced
SCCOI cell apoptosis (Fig. 3).

Effect of miR-18a-5p on the invasion and migration of SCC9
cells in vitro. To assess the role of miR-18a-5p in the migration
and invasion of OSCC cells, wound healing and Transwell
assays were carried out. SCC9 cells were transfected with
miR-18a-5p mimics or the inhibitor for 48 h, and then wound
healing and Transwell assays were performed. The wound
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Figure 3. Effects of miR-18a-5p on SCC9 cell apoptosis. A total of 48 h after transfection with miR-18a-5p mimics or the miR-18a-5p-inhibitor group, flow

cytometry was used to analyze cell apoptosis, and the apoptosis rate was calculated and presented. “P<0.01 vs. the control. miR-18a-5p, microRNA-15a-5p;
NC, negative control; PI, propidium iodide.
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Figure 4. Effect of miR-18a-5p on the migration and invasion abilities of SCC9 cells. A total of 48 h after transfection with miR-18a-5p mimics or the
miR-18a-5p-inhibitor group, (A and B) a wound healing assay (magnification, x100) was used to analyze cell migration, and (C and D) a Transwell assay
(magnification, x200) was used to detect cell invasion.”P<0.01 vs. the control. miR-18a-5p, microRNA-15a-5p; NC, negative control.
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Figure 5. miR-18a-5p directly targets Smad2. (A) Binding sites between the 3'-UTR of Smad2 and miR-18a-5p. (B) A dual-luciferase reporter assay was used
to detect the luciferase activity. “P<0.01 vs. NC. (C) Protein expression levels of Smad2, Smad4 and Smad7 were examined by western blotting in SCC9
cells. (D-F) mRNA levels of Smad2, Smad4 and Smad7 were assessed by reverse transcription-quantitative polymerase chain reaction. “P<0.01 vs. the control.
3'-UTR, 3"-untranslated region; miR-18a-5p, microRNA-15a-5p; NC, negative control.

healing assay revealed that compared with the control group,
SCC9Y cell migration ability significantly decreased in the
miR-18a-5p inhibitor-transfection group, while the miR-18a-5p
mimics significantly promoted the migration of SCC9 cells
(Fig. 4A and B). As revealed in Fig. 4C and D, the number
of invaded OSCC cells in the miR-18a-5p mimic-transfected
group significantly increased, while it was decreased in the
miR-18a-5p inhibitor-transfected group.

Smad? is a target of miR-18a-5p. According to the bioin-
formatics software analysis, it was observed that Smad2
was a potential target of miR-18a-5p (Fig. 5A). Thus, it was
hypothesized that miR-18a-5p may play a role in OSCC cells
by regulating Smad2. Therefore, a luciferase reporter assay
was performed. As revealed in Fig. 5B, it was revealed that
compared with the cells co-transfected with Smad2-WT and
NC, the relative luciferase activity significantly decreased
in cells co-transfected with Smad2-WT and miR-18a-5p
mimics. While no significant differences of the relative lucif-
erase activity were revealed between the cells co-transfected

with Smad2-MUT and NC, and cells co-transfected with
Smad2-MUT and miR-18a-5p mimics.

In addition, the protein expression of Smad2, Smad4 and
Smad7 was assessed in the present study. The results demonstrated
that Smad2 and Smad4 protein expression in the miR-18a-5p
mimic-transfected SCCO cells was significantly decreased, while
Smad7 expression was increased. The miR-18a-5p inhibitor had
the opposite effects on the protein expression of Smad2, Smad4
and Smad7 in SCCO cells. These results indicated that miR-18a-5p
may play a role in the TGF-f3 pathway.

The role of miR-18a-5p in the TGF-f3 pathway. Finally, the
biological function of the involvement of miR-18a-5p in the
TGF-p pathway was observed. After 48 h of transfection, the
expression of collagen I, TGF-, a-SMA, vimentin, E-cadherin
were assessed by western blotting method. Western blot analysis
confirmed that overexpression of miR-18a-5p resulted in higher
protein expression of collagen I, TGF-f, a-SMA, vimentin
and lower protein expression of E-cadherin. Additionally,
the expression of collagen I, TGF-3, a-SMA, and vimentin
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Figure 6. Effect of miR-18a-5p on the expression of collagen I, TGF-3, a-SMA, vimentin, and E-cadherin. A total of 48 h after transfection with miR-18a-5p mimics
or the miR-18a-5p-inhibitor group, (A) the protein level of collagen I, TGF-f3, a-SMA, vimentin, E-cadherin expression levels was assessed using a western blot
assay, and (B-F) the mRNA level of collagen I, TGF-3, a-SMA, vimentin and E-cadherin was detected using reverse transcription-quantitative polymerase chain
reaction. “P<0.01 vs. the control. a-SMA, a-smooth muscle actin, miR-18a-5p, microRNA-15a-5p; NC, negative control; TGF-f, transforming growth factor-f.

was reduced and E-cadherin expression was enhanced in the
miR-18a-5p inhibitor-transfected SCCO cells (Fig. 6).

Discussion

Due to its poor prognosis and low survival rate, OSCC has
become a global health problem (13). Accumulating evidence
has demonstrated the important biological function of miRNAs
in OSCC, however the underlying mechanism of miRNAs
involved in the process of cancer is still poorly understood.
The present study aimed to identify whether miR-18a-5p has
an effect on the malignant biological behaviors of OSCC cells,
and to explore the molecular mechanism.

Previous studies have identified the higher expression of
miR-18a-5p in esophageal, colon, pancreatic and liver cancer
as well as renal cell carcinoma. In addition, miR-18a-5p has
been identified to play an important role in cancer cell prolif-
eration, apoptosis, migration and invasion (7). In the present
study, it was revealed that miR-18a-5p was highly expressed

in SCC9Y cells compared with normal cells. Then the effect
of miR-18a-5p upregulation and miR-18a-5p downregulation
was investigated on SCC9 cell viability, migration, invasion
and apoptosis. The findings demonstrated that overexpression
of miR-18a-5p could promote SCC9 cell viability, migra-
tion, invasion and inhibit cell apoptosis. While miR-18a-5p
downregulation inhibited SCC9 cell viability, migration,
invasion and induced cell apoptosis. These results indicated
that miR-18a-5p acts as an oncogene to participate in OSCC
progression and tumorigenesis.

It was further revealed that Smad2 was the potential
target of miR-18a-5p, and in addition, it was determined that
miR-18a-5p negatively regulated the expression of Smad2 and
Smad4, and positively regulated the expression of Smad7.
Studies have confirmed that Smad2 and Smad4 are two major
downstream regulators in the TGF-31/Smad signaling pathway
and both of them act as tumor suppressors in many human
cancers, while Smad7 serves as a negative feedback regulator
of this pathway (14,15). Numerous studies have demonstrated
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that the TGF-B1/Smad signaling pathway is an important
pathogenic mechanism in various cancers, such as breast (16),
prostate (17), and gastric cancer (18), as well as hepatocellular
carcinoma (19) and esophageal squamous cell carcinoma (14).
Thus, we speculated that miR-18a-5p may promote OSCC
cancer cell biological progression though activation of the
TGF-p1/Smad signaling pathway and it may be an important
therapeutic strategy for OSCC. Furthermore, our results indi-
cated that miR-18a-5p could increase the expression of collagen
I, a-SMA and vimentin, but decrease E-cadherin expression.
While miR-18a-5p inhibitor presented the opposite effects. It is
well recognized, that collagen I as one of extracellular matrix
components, plays an important role cancer cell infiltration
and metastasis (20). a-SMA has been revealed to be a negative
prognostic marker and associated with cancer metastases (21).
Vimentin is now being perceived as a canonical prognostic
marker and has been revealed to have a high expression level
in many cancers (22). Previous studies have demonstrated
that E-cadherin, a well-known tumor suppressor protein (23),
is involved in the TGF-p1/Smad signaling pathway (24). All
these findings were consistent with our present study. Thus,
our findings indicated that high expression of miR-18a-5p may
indicate a poor prognosis.

In conclusion, it was demonstrated that miR-18a-5p
upregulation promoted cell viability, migration and invasion of
OSCC cells and inhibited cell apoptosis in vitro by activating
the TGF-p1/Smad2 pathway. While miR-18a-5p downregula-
tion presented the opposite effects. These data indicated that
miR-18a-5p may be a promising therapeutic target for OSCC.
However, this study is only a preliminary study of the role of
miR-18a-5p in OSCC, and there are some limitations in our
present study. In order to elucidate the role of miR-18a-5p in
OSCC, numerous experiments are still required. For instance,
the effect of miR-18a-5p on apoptosis-related proteins, such
as caspases, should be determined. The level of miR-18a-5p
in OSCC patients and the relationship between the level of
miR-18a-5p in OSCC patients with the clinical characteristics
of the patients should be clarified. In addition, in vivo studies
should be performed to reveal the effect of miR-18a-5p on
OSCC progression. These issues will be addressed in the future.
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