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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 Smad2, 
Smad4 and e-cadherin, and the levels of Smad7, collagen i, 
transforming growth factor-β (TGF-β), α-smooth muscle actin 
(α-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/Smad2 
may be potential therapeutic targets for oScc.

Introduction

Head and neck cancer, including oral squamous cell carcinoma 
(oScc), is the sixth leading cancer worldwide (1). More than 

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-β 
(TGF-β) signaling pathway also plays an important role in the 
development of oScc (9). However, the underlying mecha-
nism concerning the involvement of TGF-β in the progression 
of oScc is not yet fully understood. Smad2 as a potent 
tumor-suppressive gene, is also an important component of 
TGF-β 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% CO2. HoK cells 
were grown in rPMi-1640 medium containing 15% FBS, and 
incubated at 37˚C with 5% CO2 (11).

Scc9 cells (3xl04 cells/well) were transiently transfected 
with the negative control (nc) (forward: 5'-uuc ucc Gaa 
cGu Guc acG uTT-3'; and reverse: 5'-acG uGa cac Guu 
cGG aGa aTT-3'); the mir-18a-5p mimic (forward: 5'-uaa 
GGu Gca ucu aGu Gca Gau aG-3'; and reverse: 5'-auc 
uGc acu aGa uGc acc uua uu-3') or the mir-18a-5p 
inhibitor (5'-cua ucu Gac uaG auG cac cuua-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 1x104 cells/well and incubated at 37˚C in a 5% CO2 
incubator for 12, 24 or 48 h respectively, after which 20 µl 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% 
co2. 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, Scc9 cells (1x106) 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-µm pores. The 
Scc9 cells (1x104 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-µl 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‑qPCR). Trizol® reagent (invitrogen; Thermo Fisher 

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 qPcr were obtained as required and listed 
as following: mir-18a-5p forward, 5'-acG Taa GGT Gca 
TcT aGT Gca GaTa-3' and reverse, 5'-GTG caG GGT ccG 
aGGT-3'; α-smooth muscle actin (α-SMa) forward, 5'-GTG 
TTG ccc cTG aaG aGc aT-3' and reverse, 5'-GcT GGG aca 
TTG aaa GTc Tca-3'; e-cadherin forward, 5'-cGa GaG 
cTa cac GTT cac GG-3' and reverse, 5'-GGG TGT cGa 
GGG aaa aaT aGG-3'; vimentin forward, 5'-Gac Gcc aTc 
aac acc GaG TT-3' and reverse, 5'-cTT TGT cGT TGG TTa 
GcT GGT-3'; collagen i forward, 5'-GGc TTc ccT GGT cTT 
ccT GG-3' and reverse, 5'-cca GGG GGT cca Gcc aaT-3'; 
TGF-β forward, 5'-GTc ccT Gaa GTc aGc TGc aTa-3' and 
reverse, 5'-TGG Gac aGT cca GTT cTT caT-3'; u6 forward, 
5'-GcT TcG Gca Gca caT aTa cTa aaaT-3' and reverse, 
5'-cGc TTc acG aaT TTG cGT GTc aT-3'; GaPdH forward, 
5'-GGa GTc cac TGG cGT cTT ca-3' and reverse, 5'-GTc 
aTG aGT ccT Tcc acG aTa cc-3'. The 2ΔΔcq 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 µg/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-β (cat. no. 3709; 1:1,000; cell Signaling 
Technology, inc.), α-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 β-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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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. Scc9 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 (Scc9 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).

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 
Scc9 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 
Scc9 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 

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.

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.
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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.

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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healing assay revealed that compared with the control group, 
Scc9 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.

Smad2 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 SCC9 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 Scc9 cells. These results indicated that mir-18a-5p 
may play a role in the TGF-β pathway.

The role of miR‑18a‑5p in the TGF‑β pathway. Finally, the 
biological function of the involvement of mir-18a-5p in the 
TGF-β pathway was observed. after 48 h of transfection, the 
expression of collagen i, TGF-β, α-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-β, α-SMa, vimentin 
and lower protein expression of e-cadherin. additionally, 
the expression of collagen i, TGF-β, α-SMa, and vimentin 

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.
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was reduced and e-cadherin expression was enhanced in the 
mir-18a-5p inhibitor-transfected Scc9 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 Scc9 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-β1/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 

Figure 6. effect of mir-18a-5p on the expression of collagen i, TGF-β, α-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-β, α-SMa, vimentin, e-cadherin expression levels was assessed using a western blot 
assay, and (B-F) the mrna level of collagen i, TGF-β, α-SMa, vimentin and e-cadherin was detected using reverse transcription-quantitative polymerase chain 
reaction. **P<0.01 vs. the control. α-SMa, α-smooth muscle actin, mir-18a-5p, microrna-15a-5p; nc, negative control; TGF-β, transforming growth factor-β.
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that the TGF-β1/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-β1/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, α-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). α-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-β1/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-β1/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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