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Abstract. MicroRNA‑152 (miR‑152) has been reported to be 
involved in tumor development and progression in multiple 
cancers. However, the expression level, biological function 
and regulatory mechanisms of miR‑152 in oral squamous 
cell carcinoma cells (OSCC) remain unclear. The aims of 
this study were therefore to investigate the role of miR‑152 in 
OSCC and the relevant mechanism. It was found that miR‑152 
was downregulated in OSCC cell lines and tissues, and that 
decreased miR‑152 was closely associated with lymph node 
metastasis, and patient survival rate. In vitro restoration of 
miR‑152 significantly repressed cell proliferation, colony 
formation, migration and invasion of OSCC cells. Notably, 
cellular-mesenchymal to epithelial transition factor (c‑MET) 
and its downstream signaling pathway (PI3K/AKT) was 
downregulated in OSCC cells by miR‑152 through direct 
interactions with its 3' untranslated region. Restoring c‑MET 
expression attenuated miR‑152-induced inhibitory effects 
in OSCC cells. In vivo study confirmed that restoration of 
miR‑152 suppressed tumor growth in xenograft nude mice 
by repressing c‑MET. In summary, the present study high-
light miR‑152 as a tumor suppressor in OSCC through direct 
targeting c‑MET, rendering miR‑152 a promising therapeutic 
target for oral squamous cell carcinoma.

Introduction

Oral squamous cell carcinoma cells (OSCC) is the most 
common oral cancer, and accounts for ~90% total oral 
cancers (1). Despite considerable improvements in therapeutic 

strategies for OSCC over the past two decades, the 5-year 
survival rate of OSCC has not improved significantly and 
its incidence continues to increase among young people and 
women (2,3). Therefore, exploring novel molecular mecha-
nisms involved in development and progression of OSCC is 
urgently needed for identifying novel and effective therapeutic 
targets.

MicroRNAs (miRNAs) are a class of highly conserved 
endogenous, single-stranded, small non-protein-coding RNAs 
comprising ~18-25 nucleotides that inhibit gene expres-
sion at the post-transcriptional level by directly binding 
to the 3'-untranslated region (3'UTR) of messenger RNAs 
(mRNAs) (4). Through repressing the target gene, miRNAs 
are able to regulate diverse biological processes, such as 
cell proliferation, cell migration, apoptosis, differentiation, 
development, immunity, and metabolism (5,6). Importantly, 
miRNAs are dysregulated in various types of cancer as 
oncogenes or tumor suppressors (7,8). For OSCC, number of 
miRNAs have been identified to be involved in progression 
and development of OSCC (9,10), and to be used as diagnosis 
marker and therapy target.

MicroRNA‑152 (miR‑152) has been shown to be down-
regulated, and function as a tumor suppressor in many types of 
cancers, including gastric cancer (11), colorectal cancer (12), 
breast cancer (13), non-small lung cancer (14), cervical 
cancer (15), and prostate cancer (16). However, its potential 
role and mechanism in regulating OSCC carcinogenesis and 
progression remains unclear. This study aimed to reveal the 
exact role as well as the relevant mechanism of miR‑152 in the 
regulation of OSCC cell proliferation and invasion.

Materials and methods

Tissue samples. Total of 40 paired fresh surgically resected 
OSCC tumors and matched adjacent normal tissues were 
obtained from OSCC patients who were diagnosed, treated, 
and followed-up at the Department of Oral and Maxillofacial 
Surgery, School and Hospital of Stomatology, Jilin University 
(Changchun, China). Fresh frozen tissues were immediately 
frozen in liquid nitrogen and stored in liquid nitrogen until 
RNA extraction. All samples were confirmed by pathological 
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examinations. Written informed consent was obtained from all 
participants. This study was approved by the Ethics Committee 
of School and Hospital of Stomatology, Jilin University 
(Changchun, China). Patients who had received chemotherapy 
or radiotherapy prior to surgery were excluded. Clinical 
parameters, including pathological features and clinical stage, 
were retrospectively harvested and are presented in Table I.

Cell culture and transfection. The human normal oral kerati-
nocytes (hNOKs) and four human OSCC cell lines, including 
Tca8113, OSCC‑15, SCC-9, and SCC‑25, were obtained from 
American Type Culture Collection (Manassas, VA, USA), and 
cultured in DMEM/Nutrient Mixture F12 (Hyclone, Logan, UT, 
USA) supplemented with 10% fetal bovine serum (FBS, Gibco, 
USA), 100 U/ml penicillin (Sigma‑Aldrich, St. Louis, MO, 
USA), or 100  µg/ml streptomycin (Sigma‑Aldrich) in a 
humidified incubator containing 5% CO2 at 37˚C. The cells 
from passage 4 were used for all the experiments.

miR‑152 mimic or corresponding negative control 
(miR‑NC) was brought from GenePharma (Shanghai, China). 
The c‑MET overexpression vector (pCDNA3.1-c‑MET, lack 
of 3'UTR) was granted from Yue Zhao (Jilin University). 
Transfection was performed using the Lipofectamine™ 2000 
reagent (Invitrogen, Carlsbad, CA, USA) following the manu-
facturer's protocol.

Quantitative real-time PCR. Total RNA was extracted from the 
cultured cells or tissues using Trizol (Invitrogen) according to 
the manufacturer's instructions. A dual-beam ultraviolet spec-
trophotometer (Eppendorf, Hamburg, Germany) were used to 
determine purity and concentration of total RNA. Then, total 
RNA was reverse transcribed to cDNA using a PrimeScript® 
RT reagent kit (Takara Biotechnology Co., Ltd., Dalin, China) 
or the miScript Reverse Transcription kit (Qiagen, Hilden, 
Germany). The PCR were performed using SYBR premix 
real-time PCR reagent (Takara) under an ABI7900 real-time 
PCR system (Applied Biosystems, Foster City, CA, USA). 
The primers for miR‑152 and U6 were brought from Applied 
Biosystems. The primers for c‑MET and GAPDH were used in 
this study as described previously (17). U6 and GAPDH were 
applied as internal controls for miR‑152 and c‑MET mRNA, 
respectively. Relative quantification was analyzed using the 
comparative 2-ΔΔCt method.

Ce l l  p ro l i f e ra t i o n  a s s a y.  3 - (4, 5 - d i m e t hyl t h i -
azol‑2-yl)‑2,5-diphenyl tetrazolium bromide (MTT) assay 
kit (Sigma-Aldrich) were used to measure cell prolifera-
tion. In brief, the transfected cells were seeded in a 96-well 
plate (1x103 cells/well) and cultured for 1-3 days. After 
incubated for 24, 48 and 72 h respectively, 25 µl of MTT 
(10 mg/ml) was added to each well and cultured for 4 h. 
Then, the supernatant was removed, and 150 µl of dimethyl 
sulfoxide (DMSO, Sigma-Aldrich, St. Louis, MO, USA) 
was added to each well for 10 min at room temperature. 
The absorbance at 490 nm was detected with a microplate 
reader (Bio-Rad, Hercules, CA, USA).

Colony formation assay. Transfected cells were seeded in 
6-well plates (500 cells per well) and allowed to grow for 
10  days to determine their colony-forming ability. After 

70% ethanol fixation, the plate was stained with 0.1% crystal 
violet for 5 min (Sigma). Cell colonies were counted under a 
light microscope (Zeiss, Jena, Germany).

Migration and invasion assays. To determine cell migration, 
wound healing assay was performed when transfected cells 
grew to 100% confluence in 6-well plates. Wounds were 
created with a 10-µl pipette tip to scratch the culture. After 
cells were rinsed with PBS, the medium was then added, and 
cultured for 24 h at 37˚C. At 0 and 24 h after the scratch, 
the cultures were examined and photographed under a light 
microscope (Zeiss).

For invasion assay, 1x105 transfected cells were seeded 
into the upper chambers with Matrigel™ Basement Membrane 
Matrix (BD Biosciences) in free serum. Medium with 
20% FBS was added to the lower chambers to stimulate cell 
invasion. Twenty-four hours later, cells in the upper chambers 
were removed, while cells that migrated to the lower surface 
were fixed with 70% ethanol for 10 min and stained with 
0.1% crystal violet (MedChemExpress, Princeton, NJ, USA) 
for 15 min. The numbers of invaded cells were observed using 
a light microscope (magnification, x200, Zeiss) and counted in 
five randomly selected fields.

Luciferase reporter assay. miR‑152 target gene was predicted 
by three publicly available algorithms: TargetScan, PicTar, and 
miRBase. c‑MET was chosen as a target of miR‑152. c‑MET 
3'UTR regions containing predicted miR‑152 binding sites 
were amplified by PCR, and the production was subcloned 
into the pGL3 vector (Ambion, Austin, TX, USA), named as 
WT-c‑MET-3'UTR. In addition, the binding sequence of c‑MET 

Table I. Association of miR‑152 expression with clinicopatho-
logical factors of 40 OSCC patients.

	 miR‑152 expression
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables	 No. of	 Low 	 High 	 P-value
	 cases	 (n %)	 (n %)

Age (years)				    >0.05
  <60	 17	 10 (58.8)	   7 (41.2)
  ≥60	 23	 14 (60.9)	   9 (39.1)
Sex				    >0.05
  Male	 22	 13 (59.1)	   9 (40.9)
  Female	 18	 11 (61.1)	   7 (38.9)
Clinical stage				    >0.05
  I-II	 29	 14 (48.2)	 15 (51.8)
  III-IV	 11	 10 (90.9)	   1   (9.1)
Differentiated				    >0.05
  Well/moderate	 25	 14 (56.0)	 11 (44.0)
  Poor	 15	 10 (66.7)	   5 (33.3)
Lymph node				    <0.05
metastasis
  No	 30	 14 (46.7)	 16 (53.3)
  Yes	 10	 10 (100)	   0      (0)
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3'UTR was mutated using a Quik-Change™ Site‑Directed 
Mutagenesis kit (Stratagene; Agilent Technologies, Inc., 
Santa Clara, CA, USA), and also cloned into pGL3 vector, 
named as: MUT-c‑MET-3'UTR. For the luciferase reporter 
assay, SCC-9 cells were cotransfected with miR‑152 mimic 
or miR‑NC and WT-c‑MET-3'UTR or MUT-c‑MET-3'UTR 
reporter plasmid by Lipofectamine  2000. After 48  h cell 
transfection, luciferase activities were detected using a 
Dual‑Luciferase® Reporter assay kit (Promega, Madison, WI, 
USA) according to the manufacturer's protocols. The results 
were presented as the ratio of firefly luciferase activity to 
renilla luciferase activity.

Western blotting. The total cell lysates were harvested 
using a detergent lysis buffer (Sigma-Aldrich). The protein 
concentration of each sample was measured using a BCA 
protein assay kit (Bio-Rad). The protein was separated on 
10% SDS polyacrylamide gels, subsequently transferred 
to polyvinylidene difluoride (PVDF) membranes (Merck, 
Millipore, Germany). Then, the membrane were blocked with 
a 5% skim milk solution and incubated with the following 
antibodies overnight at 4˚C: anti-c‑MET (1:1,000, Santa 
Cruz Biotechnology, Inc., Santa Cruz, CA, USA), anti-AKT 
(1:2,000, Santa Cruz Biotechnology, Inc.) and anti-p-AKT 
(1:1,500, Santa Cruz Biotechnology, Inc.), anti-PI3K (1:2,000, 
Santa Cruz Biotechnology, Inc.) and anti-p-PI3K (1:1,000, 
Santa Cruz Biotechnology, Inc.), anti-GAPDH (1:5,000, 
Santa Cruz Biotechnology, Inc.). The membranes were then 
incubated with the corresponding secondary HRP-conjugated 
antibodies (1:5,000; Cell Signaling Technology, Inc., Danvers, 
MA, USA) for 2 h at room temperature. GAPDH was used as a 
loading control. Protein bands were observed by the enhanced 
chemiluminescence system (ECL kit, Millipore, Billerica, 
MA, USA) and were analyzed with the Bio-Rad ChemiDoc 
XRS system (Bio-Rad).

Mouse xenograft models. All experimental procedures were 
approved by the experimental animal ethics committee of 
Jilin University (Changchun, China). Twenty male BALB/c 
nude mice (6-week-old) were housed and maintained in a 
pathogen‑free (SPF) environment. SCC-9 cells transfected 
with miR‑152 mimic or miR‑NC (2x106) were mixed with 
Matrigel (BD Lifesciences) and injected subcutaneously into 

the right flank of each animal (n=10 each group), respectively. 
The tumor volume was measured once every five days until 
the mice were sacrificed using the following formula: tumor 
volume (V)= (length x width2)/2. The mice were sacrificed 
on day 30 after inoculation, then tumor tissues were stripped 
and weighted. The tumor xenografts were fixed and prepared 
for immunohistochemistry (IHC). IHC was performed as 
described previously (18).

Statistical analysis. Results are presented as mean ± standard 
deviation (SD) from at least three independent experiments, 
and was analyzed using version 19 SPSS statistical software 
(SPSS, Chicago, IL, USA). The data were analyzed between 
two groups using Student's t-test or more than two groups 
using one-way analysis of variance (ANOVA). Spearman's 
correlation coefficient was used to assess correlations between 
miR‑152 and c‑MET. The survival ratio was analyzed by 
Kaplan-Meier plots. For all statistical analyses, P-values 
of  <0.05 were considered to be statistically significant.

Results

miR‑152 is downregulated in both OSCC cells and clinical 
specimens. In order to examine miR‑152 expression levels, 
we first examined miR‑152 expression in the human normal 
oral keratinocytes (hNOKs) and four human OSCC cell lines 
Tca8113, OSCC‑15, SCC-9, and SCC‑25. As shown in Fig. 1A, 
miR‑152 expression was aberrantly downregulated in all 
OSCC cell lines, as compared to normal oral keratinocytes 
(hNOKs) (P<0.05). Next, we examined miR‑152 expression 
in 40 pairs of OSCC tissues and matched adjacent normal 
tissues. We found that miR‑152 expression level in OSCC 
tissues was significantly lower than those of their matched 
adjacent normal tissues (P<0.01). To further investigate the 
clinicopathological significance of miR‑152 level in OSCC 
patients, based on the mean (0.29) of all samples, patients 
were divided into two subgroups: low miR‑152 group (<0.29, 
24 cases) and a high miR‑152 group (>0.29, 16 cases). The 
results demonstrated that the decreased miR‑152 expression 
was significantly associated with lymph node metastasis 
(P<0.05), but not with age, sex, clinical stage or differentiation 
(Table  I, all P>0.05). In addition, Kaplan-Meier analysis 
revealed that the OSCC patients with low miR‑152 expression 

Figure 1. miR‑152 is downregulated in both OSCC cells and clinical specimens. (A) Relative expression of miR‑152 in the human normal oral keratinocytes 
(hNOKs) and the four human OSCC cell lines Tca8113, OSCC‑15, SCC-9 and SCC‑25. (B) Relative expression of miR‑152 in 40 human OSCC tissues and 
adjacent normal tissues. (C) Kaplan-Meier survival curves of 40 OSCC patients divided by miR‑152 expression. Log-rank test was used for survival analysis. 
The endogenous U6 RNA was used as the internal control. *P<0.05, **P<0.01.
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had poor survival rate (Fig. 1C). These results implied that 
miR‑152 could serve as a prognostic marker and play a key 
role in OSCC progression.

miR‑152 inhibits the proliferation, colony formation, 
migration, and invasion of OSCC cells. To explore the role 
of miR‑152 in OSCC, we transfected miR‑152 mimic or 
miR‑NC mimic into SCC-9 cells, then cell proliferation, 
colony formation, migration and invasion were determined 
in the above cells. It was found that SCC-9 cells transfected 
with miR‑152 mimic could significantly enhance miR‑152 
expression level compared to cells transfected with miR‑NC 

(Fig. 2A). MTT assay showed that cell viability was signifi-
cantly reduced in miR‑152-transfected cells compared with 
the miR‑NC-transfected cells (Fig. 2B). Consistent with this 
result, miR‑152 overexpression significantly decreased the 
colony formation of SCC-9 cells (Fig. 2C). Subsequently, 
we evaluated whether miR‑152 was able to suppress the 
migration and invasion of OSCC cells by wound healing and 
Transwell invasion assays. Our results showed that overex-
pression of miR‑152 caused a significantly suppression of 
cell migration (Fig. 2D), and invasion (Fig. 2E) capability in 
SCC-9 cells. These data implied that miR‑152 might play a 
suppressive role in OSCC development.

Figure 2. miR‑152 inhibits proliferation, colony formation, migration and invasion of OSCC cells. (A) Relative expression of miR‑152 was detected in 
SCC-9 cells transfected with miR‑152 mimic or miR‑NC. The endogenous U6 RNA was used as the internal control. (B-E) Cell proliferation (B), colony 
formation (C), migration (D) and invasion (E) were detected in SCC-9 cells transfected with miR‑NC or miR‑152 mimic. *P<0.05, **P<0.01.
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c‑MET is a direct target of miR‑152 in OSCC cells. miR‑152 
targets were predicted using the three algorithms: TargetScan, 
PicTar, and miRBase. A complementary sequence of miR‑152 
to the 3'UTR of c‑MET mRNA is shown in Fig. 3A. The 
dual‑luciferase reporter assay showed that that ectopic expres-
sion of miR‑152 significantly decreased the luciferase activity 
of the WT-c‑MET but not that of the MUT-c‑MET-3'UTR 
in SCC-9 cells (P>0.05, Fig. 3B). More importantly, c‑MET 
expression on mRNA and protein levels were both down-
regulated in SCC-9 cells transfected with miR‑152 mimic 
compared those of cells transfected with miR‑NC (Fig. 3C 
and D). In addition, our results also demonstrated that miR‑152 

significantly decreased p-PI3K and p-AKT protein expression, 
a downstream pathway of c‑MET (Fig. 3D). These findings 
implied that miR‑152 directly targeted c‑MET in OSCC cells.

Inverse correlation between c‑MET and miR‑152 expression 
in OSCC tissues. We next applied qRT-PCR to examine the 
c‑MET mRNA expression in 40 pairs of OSCC tissues and the 
corresponding adjacent normal tissues. As shown in Fig. 4A, 
c‑MET mRNA expression level was significantly upregulated 
in OSCC tissues compared to the adjacent normal tissues. 
Moreover, through Spearman's correlation analysis, we found 
that the expression of miR‑152 was inversely correlated with 

Figure 3. c‑MET is a direct target of miR‑152 in OSCC cells. (A) Schematic representation of the miR‑152 putative binding sites in the 3'UTR of c‑MET mRNA 
and the mutations introduced into the c‑MET-3'UTR regions. (B) Relative luciferase activity in SCC9 cells co-transfection with WT or MUT-3'UTR c‑MET 
reporter plasmids and miR‑152 mimic or miR‑NC. WT, wild-type; MUT, mutant-type. (C) Relative mRNA expression of c‑MET was measured in SCC9 cells 
transfected with miR‑152 mimic or miR‑NC. GAPDH was used as the internal control. (D) c‑MET, PI3K, p-PI3K, AKT and p-AKT protein expression were 
determined by western blotting in SCC9 cells transfected with miR‑152 mimic or miR‑NC. GAPDH was used as the internal control. *P<0.05, **P<0.01.

Figure 4. Inverse correlation between c‑MET and miR‑152 expression in OSCC tissues. (A) Relative mRNA expression of c‑MET was measured in a cohort 
of 40 human OSCC tissues and adjacent normal tissues. GAPDH was used as the internal control. (B) Spearman's correlation analysis for the correlation of 
c‑MET and miR‑152 expression levels in patients with OSCC (n=40; r=-0.512; P=0.001).
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c‑MET mRNA expression in the 40 patients with OSCC 
(r=-0.512; P=0.001; Fig. 4B).

Overexpression of c‑MET reverses the tumor suppressive 
effect of miR‑152 in OSCC. To evaluate if c‑MET is respon-
sible for the functional effects of miR‑152 in OSCC cells, 
SCC9 cells were transfected with miR‑NC, miR‑152 mimic, or 
cotransfected with miR‑152 mimic and c‑MET overexpression 
plasmid, respectively. Subsequently, cell proliferation, colony 
formation, migration and invasion were determined in the 
above cells. As indicated in Fig. 5A, the protein expression 
of c‑MET was increased in the group of cells cotransfected 
with miR‑152 mimic and c‑MET plasmid, compared with that 
transfected only with miR‑152 mimic. In addition, c‑MET 
overexpression could partially counteract the decrease of cell 

proliferation, colony formation, migration and invasion and 
migration of SCC-9 cells by miR‑152 induction (Fig. 5B-E). 
These results indicated that the suppressive effect of miR‑152 
on OSCC cells may be via inhibition of c‑MET.

miR‑152 suppresses tumorigenesis of OSCC in vivo. To 
further test the effect of miR‑152 on tumorigenesis of OSCC 
in vivo, a xenograft mouse model was established by subcu-
taneous injection of SCC-9 cells transfected with miR‑NC or 
miR‑152 mimic, and tumor growth was measured. The growth 
curve revealed that miR‑152 overexpression group exhibited 
significantly reduced tumor growth compared with miR‑NC 
group (Fig. 6A). At day 30 post-injection, the mice were sacri-
ficed, and tumor tissues were removed and weighed. miR‑152 
overexpression group had smaller size (Fig. 6B) and weight 

Figure 5. Overexpression of c‑MET reverses the tumor suppressive effect of miR‑152 in OSCC. (A) c‑MET protein expression was determined in SCC9 cells 
transfected with miR‑NC and miR‑152 mimic with/without c‑MET overexpression plasmid by western blotting. GAPDH was used as the internal control. 
(B-E) Cell proliferation, colony formation, migration and invasion were detected in SCC9 cells transfected with miR‑NC or and miR‑152 mimic with/without 
c‑MET overexpression plasmid. *P<0.05, **P<0.01.RETRACTED
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(Fig. 6C) than that of miR‑NC group. In addition, we also 
found that c‑MET expression was weaker in tumor tissues of 
miR‑152 compared to miR‑NC group by immunohistochem-
istry. These results implied that miR‑152 suppressed tumor 
growth of OSCC in vivo by repressing c‑MET.

Discussion

It was well known that the development and progression of 
OSCC is a very complicated process that involves the aber-
rant expression of number of genes and alterations of multiple 
signaling pathways (19,20). miRNAs have been reported to 
play crucial roles in the development and progression of OSCC 
through regulating various target genes (9,10), thus, exploring 
novel miRNAs in OSCC is crucially important for developing 
diagnosis marker and therapy agent. In this study, we were 
interested in the role of miR‑152 in OSCC progression.

miR‑152, a member of miR‑148/152 family, has been 
reported to be downregulated, and to function as a tumor 
suppressive miRNA in majority types of cancer (11‑16). In 
contrast, in neuroblastoma and nasopharyngeal carcinoma, 
miR‑152 expression was upregulated, suggesting that miR‑152 
acts as an oncogene miRNA (21,22). These results suggested 
that miR‑152 could serve as either oncogene or tumor suppressor 
in different types of cancer. Here, we investigated the expres-
sion of miR‑152 in OSCC tissues and cell lines, and found that 
miR‑152 expression was downregulated in OSCC cell lines 
and tissues, and decreased miR‑152 was associated with lymph 
node metastasis and overall disease-free survival of patients. 
Function assay demonstrated that miR‑152 overexpression 
suppressed OSCC cell proliferation, colony formation, migra-
tion and invasion in vitro, as well as inhibited OSCC growth in 

nude mouse model. These results implied that miR‑152 func-
tion as a tumor suppressor miRNA in OSCC.

It has been shown that miR‑152 inhibits the proliferation 
and metastases of tumors via repressing multiple genes, such 
as B7-H1 (23), PIK3CA (24), WNT‑1 (15), ALCAM (13), 
RTKN (25), neuropilin‑1 (14) and PIK3R3 (12), all of which 
are known as important mediators in tumorigenesis or metas-
tasis in enhancing cell proliferation, survival, migration, 
invasion capacity or disturbing normal cell generation cycle, 
as well as inducing cell apoptosis. Here, cellular-mesenchymal 
to epithelial transition factor (c‑MET) is indentified to be 
another important target of miR‑152 by luciferase reporter 
assay, qRT-PCR and western blotting. c‑MET, a receptor for 
hepatocyte growth factor (HGF), has been reported to promote 
tumorigenicity in a variety of cancers by increasing cellular 
proliferation, vascular invasion, epithelial-mesenchymal 
transi-tion, and migration or invasion capacity as well as 
decreasing apoptosis (25‑27). It has been showed that c‑MET 
exerts its biological role by activation of downstream signal 
transducer molecules, such as protein kinase B, ERK, and 
signal transducer and activator of transcription 3 (STAT3), 
PI3K/AKT, and Wnt signaling pathway (28-30). These studies 
indicated that inhibition of c‑MET and its downstream 
signaling could be the potential strategy for treatment of 
cancers. In OSCC, c‑MET has been shown to be upregulated 
in OSCC tissues, and its expression was associated with tumor 
stage (31). In addition, downregulating of c‑MET could inhibit 
OSCC cell proliferation and invasion (32). Thus, in our study, 
we selected c‑MET as a direct target of miR‑152, and found 
that overexpression miR‑152 significantly inhibited c‑MET 
and the downstream signaling pathway, c‑MET expression was 
upregulated in OSCC tissues, and inversely correlated with 

Figure 6. miR‑152 suppresses tumorigenesis of OSCC in vivo. (A) Tumor growth was measured every 5 days until the mice were sacrificed. (B) The mice were 
sacrificed at 30 days after inoculation, and the tumor tissues were imaged. (C) Tumor weight in the different groups. (D) c‑MET expression was determined in 
xenograft tumors by immunohistochemistry. *P<0.05, **P<0.01.
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miR‑152 expression. Of note, we found that restoring c‑MET 
expression attenuated miR‑152 induced inhibitory effects 
in OSCC cells. In vivo study confirmed that restoration of 
miR‑152 suppressed tumor growth in xenograft nude mice by 
repressing c‑MET. Collectively, these findings demonstrated 
that miR‑152 exerts suppressive role in OSCC, at least in part, 
by repressing c‑MET.

Some limitations in this study should be considered. First, 
the function of miR‑152 was evaluated through overexpression 
of miR‑152 in a gain-of-function model. Loss-of-function 
studies via downregulation of miR‑152 in OSCC cell lines 
are needed to verify our findings. Second, using two or 
more cell lines are needed to validate the role of miR‑152 in 
tumor development and progression. Third, the miR‑152 has 
multiple target genes which could influence the progression 
and metastases of OSCC, it is anticipated that more molecular 
mechanisms would be uncovered in our future study.

Taken together, this study showed that miR‑152 expression 
was downregulated in OSCC cell lines and tissues, and low 
expression is associated with lymph node metastasis and the 
overall disease-free survival of patients. Further investiga-
tion revealed that overexpression of miR‑152 inhibited cell 
proliferation and colony formation, migration and invasion, as 
well as suppressed tumor growth in vivo by repressing c‑MET. 
These results indicate that miR‑152 may serve as a useful 
therapeutic strategy for OSCC.
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