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Abstract: Mutiple microRNAs are implicated in oral squamous cell carcinoma (OSCC), which is characterized by a 
high rate of proliferation and nodal metastasis. Data from the present study showed that miR-381-3p is significantly 
underexpressed in both OSCC tissues and cell lines. Overexpression of miR-381-3p led to marked suppression of 
proliferation and cell cycle progression of OSCC cells and promotion of apoptosis. Notably, fibroblast growth factor 
receptor 2 (FGFR2) was downregulated by miR-381-3p through direct interactions with its 3’ untranslated region. 
Knockdown of FGFR2 recapitulated the growth suppressive effect of miR-381-3p. Conversely, restoring FGFR2 ex-
pression attenuated miR-381-3p-induced effects in OSCC cells. Expression patterns of miR-381-3p and FGFR2 were 
inversely correlated in OSCC tissues. Our collective results provide novel evidence that miR-381-3p acts as a tumor 
suppressor in OSCC by directly targeting FGFR2, thereby presenting a promising therapeutic target.
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Introduction

Oral cancer is the most common head-and-
neck cancer type. Oral squamous cell carcino-
ma (OSCC) accounts for ~90% total oral can-
cers, with more than 300,000 new cases diag-
nosed each year worldwide [1]. Despite consid-
erable improvements in surgery and radiation 
therapy, the 5-year survival rate of OSCC has 
not improved significantly over the past two 
decades and its incidence continues to 
increase among young people and women [2]. 
Enhanced understanding of the molecular 
mechanisms underlying the development and 
progression of OSCC is therefore essential for 
identifying novel and effective therapeutic 
targets.

MicroRNAs (miRNAs or miR) are a class of small 
noncoding RNAs that can suppress post-tran-
scriptional gene expression via binding to the 
3’-untranslated region (UTR) of messenger 
RNAs (mRNAs), effectively repressing transla-
tion or inducing sequence-specific mRNA deg-

radation [3]. As a newly identified family of gene 
regulators, miRNAs are involved in modulating 
numerous cellular processes, including prolif-
eration, differentiation and apoptosis [4]. In 
particular, emerging evidence has revealed that 
miRNAs are abnormally expressed in various 
cancers and may act as either oncogenes or 
tumor suppressor genes [4]. miRNAs have been 
shown to play critical roles in oral cancer. For 
instance, miR-1271 is markedly decreased in 
OSCC and acts as tumor suppressor [5], miR-
497 plays a key role in OSCC metastasis [6], 
and upregulation of miR-372 and -373 is asso-
ciated with lymph node metastasis and poor 
prognosis of oral carcinomas [7]. These findings 
support the significant involvement of miRNAs 
in oral tumorigenesis and progression. Recent 
miRNA microarray data showed downregulation 
of miR-381-3p in OSCC, compared with adja-
cent normal tissues [8]. Aberrant expression of 
miR-381-3p has consistently been reported in 
several human cancer types, including lung 
cancer [9], hepatocellular carcinoma [10], colon 
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cancer [11, 12] and osteosarcoma [13]. How- 
ever, the potential roles and mechanisms of 
action of miR-381-3p in human OSCC remain to 
be established.

In the current study, we showed that expression 
of miR-381-3p is suppressed in OSCC tissues 
and cell lines. Overexpression of miR-381-3p 
inhibited OSCC cell proliferation, induced cell 
cycle arrest and apoptosis, and reduced tumor 
growth in nude mice. Moreover, the oncogene, 
fibroblast growth factor receptor 2 (FGFR2), 
was identified as a direct and functional target 
of miR-381-3p in oral carcinogenesis.

Materials and methods

Patient specimens and cell culture

Surgical tumor specimens and adjacent tissue 
samples were obtained from 18 patients in  
the Second Affiliated Hospital of Nanchang 
University. None of the patients had received 
radiotherapy or chemotherapy before surgery. 
Samples were collected, immediately snap-fro-
zen in liquid nitrogen, and stored at -80°C until 
further use. This study was approved by the 
Ethic and Research Committees of the Second 
Affiliated Hospital of Nanchang University and 
written informed consent obtained from all 
patients. Human tongue squamous cell carci-
noma cell lines, SCC-9 and Tca-8113, were pur-
chased from American Type Culture Collection 
(ATCC, Manassas, VA), and cultured in Dulbe- 
cco’s modified Eagle’s medium supplemented 
with 10% fetal bovine serum and 1% antibiot-
ics. Human oral keratinocytes (HOK) were cul-
tured in oral keratinocyte medium (ScienCell 
Research Laboratories, San Diego, Carlsbad, 
CA) according to the manufacturer’s instruc-
tions. All cells were maintained in a humidified 
chamber under 5% CO2 at 37°C.

RNA extraction and quantitative real-time PCR 
(qRT-PCR)

Total RNA was extracted from tissues and cell 
cultures using TRIzol reagent and quantified 
with Nanodrop 2000 (Thermo Fisher Scientific, 
Waltham, MA). miRNAs were isolated with the 
miRNeasy Mini Kit (Qiagen, Hilden, Germany). 
qRT-PCR was performed in an Applied Bio- 
systems 7500 instrument (Applied Biosystems, 
Foster City, CA) using SYBR Premix Ex TaqTM 
(TaKaRa, Dalian, China) according to the manu-
facturer’s instructions. Expression of genes 
was evaluated based on the threshold cycle 

(Ct), and relative expression levels calculated 
using the 2-ΔΔCt method after normalization with 
reference to expression of GAPDH or U6. 

Lentivirus transduction

Lentiviral miR-381-3p and FGFR2 expression 
constructs and the respective negative control 
lentiviruses were purchased from Hanbio 
(Shanghai, China). SCC-9 and Tca-8113 cell 
lines were infected with recombinant lentivirus 
transducing units in the presence of 5 mg/mL 
polybrene (Sigma-Aldrich, St Louis, MO) accord-
ing to the manufacturer’s protocol. 

Cell proliferation and colony formation

Cell viability was determined with the 
(3-4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetra-
zolium bromide (MTT) assay. Infected SCC-9 
and Tca-8113 cells were cultured in 96-well 
plates at a density of 3.0 × 103 cells per well 
and maintained for 1, 2, 3 and 4 days, respec-
tively. MTT solution (20 μL) was added and 
incubated for 4 h at 37°C, followed by removal 
of culture medium and addition of 150 μL 
dimethyl sulfoxide. Absorbance at 490 nm was 
measured using a microplate spectrophotome-
ter (Bio-Tek Instruments Inc., Winosski, VT). The 
results were determined as an average of three 
independent experiments. For the clonogenic 
assay, 500 cells were seeded into six-well 
plates and cultured for 12 days. After fixing in 
1.0% crystal violet, visible colonies were 
counted.

Cell cycle and apoptosis analysis 

Analysis of the cell cycle and apoptosis was 
conducted as described previously [14]. For cell 
cycle analysis, SCC-9 and Tca-8113 cells were 
harvested, washed and fixed in 75% ethanol at 
4°C overnight. Fixed cells were washed with 
PBS and mixed with propidium iodide (PI, 50 
mg/mL) for 30 min. Cell cycle profiles were ana-
lyzed using a FACSCalibur flow cytometer (BD 
Biosciences, San Jose, CA). For assessment of 
apoptosis, the Annexin V/PI Apoptosis Detection 
Kit (Beyotime, Jiangsu, China) was used follow-
ing the manufacturer’s instructions. Apoptosis 
was analyzed with FACS. 

Tumor xenograft model

All animal experiments were undertaken in 
accordance with the National Institutes of 
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Figure 1. miR-381-3p expression in OSCC tissues and cell lines. A. Relative miR-381-3p expression in 18 pairs of 
OSCC specimens and matched adjacent normal specimens detected with qRT-PCR. U6 was used as an internal con-
trol. B. qRT-PCR analysis of miR-381-3p expression in OSCC cell lines (SCC-9 and Tca-8113) and HOK cells. C. SCC-9 
and Tca-8113 cells were infected with miR-381-3p or negative control lentivirus, and qRT-PCR used to determine 
miR-381-3p expression. Data represent means ± SD of three independent experiments. *P < 0.05.

Health Guide for the Care and Use of Laboratory 
Animals, with the approval of the Scientific 
Investigation Board of the Nanchang University. 
Healthy female BALB/c nude mice (4-5 weeks 
of age) were obtained from the Experimental 
Animal Center of Shanghai. SCC-9 cells (2.0 × 
106) infected with miR-381-3p or control lentivi-
rus were subcutaneously administered into 
flanks of BALB/c nude mice. Tumor sizes were 
monitored by measuring length (A) and width 
(B) with a slide caliper every 7 days, and the 
volume of implanted tumor calculated using 
the formula: V = (A × B2) × 0.5. After 5 weeks, 
mice were sacrificed, and tumors removed and 
weighed. 

Plasmid construction and luciferase reporter 
assay

The wild-type 3’-UTR sequence of FGFR2 pre-
dicted to interact with miR-381-3p or a mutated 
sequence within the target site was synthe-
sized and inserted into psiCHECK2 vector 
(Promega, Madison, WI). Wild-type or mutant 
luciferase reporter constructs were transfected 
into SCC-9 and Tca-8113 cells infected with 
miR-381-3p or control lentivirus. Forty-eight 
hours after transfection, firefly and renilla lucif-

erase activities were measured using the Dual-
Luciferase Reporter Assay System (Promega), 
according to the manufacturer’s instructions. 

Western blotting

Whole cell protein lysates of tissues and cells 
were prepared using RIPA Lysis and Extraction 
Buffer supplemented with protease inhibitors 
(Roche, Indianapolis, IN). Protein concentra-
tions were determined with a Pierce BCA Pro- 
tein Assay Kit (Pierce Biotechnology, Rockford, 
IL), and 30 μg protein loaded and separated on 
10% sodium dodecyl sulfate polyacrylamide 
gels and transferred to polyvinylidene difluoride 
membrane (Millipore, Bedford, MA). Following 
transfer, membranes were blocked with 5% 
skimmed milk and incubated with the appropri-
ate primary antibodies against FGFR2 and 
GAPDH (Proteintech Group, Wuhan, China). 
Antigen-antibody complexes on the membrane 
were detected with enhanced chemilumines-
cence reagent. 

Statistical analysis

Data are expressed as means ± standard devi-
ation (SD) of at least three independent experi-
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Figure 2. Effects of miR-381-3p on proliferation, cell cycle and apoptosis of OSCC cells. SCC-9 and Tca-8113 cells 
were infected with miR-381-3p or control lentivirus. A. Cell viability was detected with the MTT assay. B. Counting of 
colony numbers. C. Flow cytometry analysis of cell cycle progression. D. Apoptosis was measured via flow cytometry. 
Data represent means ± SD of three independent experiments. *P < 0.05.

ments. SPSS 13.0 software was used for sta-
tistical analysis. Differences between two 
groups were compared using Student’s t-test. 
Spearman’s correlation was used to determine 
the association between miR-381-3p and 
FGFR2 expression. Differences were consid-
ered statistically significant at P < 0.05.

Results

miR-381-3p is significantly downregulated in 
OSCC tissues and cell lines

Initially, we examined miR-381-3p expression in 
18 pairs of tongue OSCC specimens and ma- 

tched adjacent normal specimens. qRT-PCR 
results showed that the average expression of 
miR-381-3p is significantly lower in cancer than 
normal specimens (Figure 1A). Consistently, 
miR-381-3p expression was decreased in the 
OSCC cell lines, SCC-9 and Tca-8113, relative 
to normal HOK (Figure 1B). Our results provide 
novel evidence of miR-381-3p downregulation 
in human OSCC tissues and cell lines. 

Overexpression of miR-381-3p inhibits OSCC 
cell proliferation and induces apoptosis

To determine whether miR-381-3p dysregula-
tion modulates oral tumorigenesis, OSCC cell 
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lines SCC-9 and Tca-8113 were transduced 
with recombinant lentivirus carrying the miR-
381-3p gene and overexpression confirmed via 
qRT-PCR (Figure 1C). As evident from the MTT 
assay, miR-381-3p overexpression induced 
dramatic suppression of OSCC cell viability 
(Figure 2A). The inhibitory effect of miR-381-3p 
on OSCC cell proliferation was further con-
firmed using the colony formation assay. The 
number of colonies was significantly decreased 
in cells overexpressing miR-381-3p, compared 
to the negative control group (Figure 2B). The 
flow cytometry assay was further employed to 
measure cell cycle distribution and apoptosis. 

miR-381-3p-overexpressing cells displayed a 
significant increase in the proportion of cells at 
the G1/G0 phase and decrease in cells at the S 
phase (Figure 2C). In addition, apoptotic rate 
was significantly increased upon overexpres-
sion of miR-381-3p in the indicated cells (Figure 
2D). Our data strongly suggest that miR-381-3p 
exerts growth inhibitory effects on OSCC cells 
and acts as a potential tumor suppressor.

FGFR2 is a direct target of miR-381-3p

To clarify the mechanism by which miR-381-3p 
exerts inhibitory effects on OSCC cells, we 

Figure 3. FGFR2 is a direct downstream target of miR-381-3p. A. A fragment of FGFR2 3’-UTR containing the wild-
type (WT) miR-381-3p or mutant binding site was cloned downstream of the reporter gene vector. B. Levels of 
FGFR2 mRNA and protein were measured using qRT-PCR and western blot, respectively, in response to overexpres-
sion of miR-381-3p in SCC-9 and Tca-8113 cells. C. Luciferase activity of wild-type or mutant FGFR2 3’-UTR lucif-
erase vectors in the presence of miR-381-3p. D. FGFR2 mRNA expression in 18 pairs of tongue OSCC specimens 
and matched adjacent normal specimens. E. Scatter plot showing the correlation between miR-381-3p and FGFR2 
expression in OSCC tissues. Data represent means ± SD of three independent experiments. *P < 0.05.
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searched for target genes using two bioinfor-
matic algorithms, TargetScan and Microrna.
org. One putative target gene, FGFR2, widely 
reported to be involved in cancer cell prolifera-
tion and tumor growth, attracted our attention 
(Figure 3A). Accordingly, we examined FGFR2 
expression at the transcriptional and transla-
tional levels in the infected OSCC cells via qRT-
PCR and western blot, respectively. Overex- 
pression of miR-381-3p significantly sup-
pressed FGFR2 at both the mRNA and protein 
levels in SCC-9 and Tca-8113 cells (Figure 3B). 
To ascertain whether FGFR2 is regulated via 
direct binding of miR-381-3p to its 3’-UTR 
region, the FGFR2 3’-UTR fragment containing 
the miR-381-3p binding site and a correspond-
ing mutant fragment were subcloned into the 
psiCHEK-2 vector and transfected into SCC-9 
cells infected with miR-381-3p or control lenti-
virus (Figure 3A). Compared with the control 
group, luciferase activity was significantly sup-
pressed in psiCHEK-2-FGFR2-3’-UTR-transfect-
ed but not psiCHEK-2-FGFR2-3’-UTR mutant-
transfected cells (Figure 3C). To further estab-
lish the precise role of miR-381-3p in FGFR2 
regulation, qRT-PCR analysis of FGFR2 expres-
sion in OSCC and normal tissues was per-
formed. As shown in Figure 3D, expression of 

FGFR2 in OSCC tissues was lower than that in 
the normal tissue counterparts. In addition, 
FGFR2 and miR-381-3p levels were inversely 
correlated (Figure 3E). The results indicate that 
miR-381-3p binds directly to FGFR2 3’-UTR to 
repress its expression. 

Alterations in FGFR2 expression influence the 
effects of miR-381-3p on OSCC cells

Given that FGFR2 is closely associated with 
tumor cell proliferation [15, 16], we eliminated 
FGFR2 in SCC-9 cells using specific siRNAs, 
with a view to further exploring its function 
(Figure 4A). Functional assays disclosed that 
knockdown of FGFR2 inhibits OSCC cell prolif-
eration, induces G1 arrest, and increases apop-
tosis, resembling the inhibitory effects of miR-
381-3p (Figure 4B). To further determine 
whether deregulation of FGFR2 is involved in 
suppression of cell proliferation by miR-381-3p, 
SCC-9 cells overexpressing miR-381-3p were 
infected with FGFR2 lentivirus encoding the 
full-length sequence without the 3’UTR region 
(Figure 4C). FGFR2 overexpression led to a 
marked increase in cell proliferation and res-
cued miR-381-3p-induced cell cycle arrest and 
apoptosis (Figure 4D), providing further evi-

Figure 4. miR-381-3p suppresses OSCC growth by downregulating FGFR2. A. SCC-9 cells were transfected with 
FGFR2 siRNA or negative control. After 48 h, the FGFR2 protein level was examined via western blot analysis. B. 
MTT, cell cycle and apoptosis assays. C. SCC-9 cells were infected with NC, miR-381-3p lentivirus or miR-381-3p 
and FGFR2 lentivirus. After 48 h, FGFR2 protein levels were examined via western blot analysis. D. MTT, cell cycle 
and cell apoptosis assays. Data represent means ± SD of three independent experiments. *P < 0.05 vs. NC group, 
$P < 0.05 vs. miR-381-3p group.
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dence of its role as a downstream mediator of 
miR-381-3p.

miR-381-3p suppresses tumor growth of OSCC 
cells in nude mice

Finally, we investigated whether the in vitro 
findings are reproducible in a mouse xenograft 
model. SCC-9 cells overexpressing miR-381-3p 
or negative control were subcutaneously inject-
ed into nude mice. Consistent with in vitro 
observations, miR-381-3p significantly inhibit-
ed tumor growth in vivo (Figure 5A and 5B). The 
size of subcutaneous tumors derived from miR-
381-3p overexpressing cells was significantly 
smaller than that of control cells (Figure 5A). A 
~3-fold decrease in weight was observed in 
miR-381-3p-overexpressing tumors, compared 
to controls (Figure 5C). Additionally, miR-381-
3p overexpression led to a significant decrease 
in the number of hyperproliferative Ki-67+ tu- 
mor cells (Figure 5D). qRT-PCR and western 

blot analyses of tumor tissues confirmed ele-
vated miR-381-3p with reduced FGFR2 expres-
sion in miR-381-3p-overexpressing tumors 
(Figure 5E and 5F). 

Discussion

Emerging research suggests that miRNAs play 
essential roles in progression of OSCC [17, 18]. 
Previous miRNA microarray analyses showed 
that miR-381-3p is downregulated in OSCC tis-
sues, compared with adjacent normal tissues 
[8]. However, since then, no further expression 
or functional data on miR-381-3p in OSCC have 
been reported. Here, we demonstrate that miR-
381-3p functions as a tumor suppressor that 
negatively controls OSCC development. In our 
experiments, expression of miR-381-3p was 
significantly downregulated in OSCC tissues 
and cell lines. Functional studies revealed that 
overexpression of miR-381-3p induced inhibi-
tion of OSCC cell proliferation, cell cycle arrest 

Figure 5. Overexpression of miR-381-3p inhibits OSCC tumorigenesis in vivo. Tumors were detected every 7 days 
after implantation of SCC-9 cells infected with miR-381-3p or control lentivirus. A. Representative images of the 
tumors formed. B. Tumor volume. C. Mean weight. D. Ki-67-stained sections of transplanted tumors (×400). E. qRT-
PCR analysis of expression of miR-381-3p and FGFR2 in tumor tissues. F. Western blot analysis of FGFR2 expres-
sion in tumors. Data represent means ± SD of three independent experiments. *P < 0.05.
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and apoptosis and reduction of tumor growth in 
nude mice. Furthermore, miR-381-3p negative-
ly regulated FGFR2 expression by directly tar-
geting the 3’-UTR of its mRNA. Knockdown of 
FGFR2 recapitulated the growth suppressor 
function of miR-381-3p whereas restoring 
FGFR2 expression attenuated the effects of 
miR-381-3p in OSCC cells. 

Downregulation of miR-381-3p is a frequent 
event in multiple cancer types [10-12, 19], sug-
gesting an important role in tumorigenesis and 
tumor progression. He et al. reported that miR-
381 is significantly downregulated in CRC and 
correlated with distant metastasis and tumor, 
node, and metastasis stage, and miR-381 sig-
nificantly inhibits CRC cell invasion, migration, 
and epithelial-mesenchymal transition through 
targeting Twist1 [12]. Xia and co-workers dem-
onstrated that miR-381 expression is signifi-
cantly decreased in EOC tissues and cell lines 
and its overexpression leads to marked inhibi-
tion of EOC cell proliferation, migration, and 
invasion via YY1 suppression [20]. The group of 
Li reported that low expression of miR-381 is a 
favorite prognostic factor and enhances che-
mosensitivity of osteosarcoma through the 
LRRC4-mediated mTOR pathway [19]. On the 
other hand, miR-381 functions as an “oncomir” 
in glioma progression, increasing both in vitro 
and in vivo proliferation through regulation of 
LRRC4 [21]. These controversial results sug-
gest that the function of miR-381-3p is tumor-
specific and highly dependent on its targets in 
different cancer cell types. Consistent with pre-
vious observations, we observed frequent 
downregulation of miR-381-3p in OSCC tissues 
and cell lines. Overexpression of miR-381-3p 
inhibited OSCC cell proliferation, induced cell 
cycle arrest and apoptosis and reduced tumor 
growth in nude mice, supporting the theory that 
deregulation of miR-381-3p plays a critical role 
in modulating oral carcinogenesis.

To better understand the tumor inhibitory effect 
of miR-381-3p, bioinformatics analysis was 
used and FGFR2 identified as a putative target 
of miR-381-3p. Using the 3’-UTR luciferase 
reporter assay, FGFR2 was further confirmed 
as a direct target of miR-381-3p. Increased 
miR-381-3p expression was accompanied by 
downregulation of FGFR2 in OSCC cells. The 
FGFR2 gene, located at human chromosome 
10q26, is a member of FGFR family, which 

transduces FGF signals to cells [22]. Aberrant 
FGFR2 signaling activation has been shown to 
be involved in human carcinogenesis, and 
FGFR2 participates in several critical process-
es, such as cell proliferation, survival, migration 
and differentiation [23-26]. The crucial roles of 
FGFR2 in a variety of cancers support its poten-
tial utility as a therapeutic target. Several FGFR 
kinase inhibitors, including brivanib, dovitinib 
and SU-6668, effectively suppress tumor pro-
liferation and are currently being tested for 
application in cancer therapy [27-29]. Data 
from the current study revealed downregulation 
of FGFR2 in OSCC tissues and a positive effect 
on OSCC cell proliferation based on RNA inter-
ference experiments. Moreover, FGFR2 overex-
pression rescued the growth suppressive effect 
of miR-381-3p. In clinical tissues, FGFR2 
expression was inversely correlated with that of 
miR-381-3p. Our collective data strongly sup-
port a role of FGFR2 as a downstream mediator 
of miR-381-3p-dependent regulation of OSCC.

In summary, miR-381-3p is downregulated in 
OSCC and functions as an inhibitor of tumor 
growth through suppression of FGFR2. The 
newly discovered miR-381-3p/FGFR2 axis pro-
vides insights into the mechanisms underlying 
oral carcinogenesis and presents potential 
therapeutic targets for OSCC.
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