
	 wileyonlinelibrary.com/journal/cpr� Cell Proliferation 2016; 49: 628–635628  |  © 2016 John Wiley & Sons Ltd

Received: 30 May 2016  |  Accepted: 14 July 2016

DOI: 10.1111/cpr.12287

Abstract
Objectives: Tongue squamous cell carcinoma (TSCC) is the most frequent type of oral 
malignancy. Increasing evidence has shown that miRNAs play key roles in many bio-
logical processes such as cell development, invasion, proliferation, differentiation, 
metabolism, apoptosis and migration.
Materials and methods: qRT-PCR analysis was performed to measure miR-137 expres-
sion. CCK-8 analysis, cell colony formation, wound-healing analysis and invasion were 
performed to detect resultant cell functions. The direct target of miR-137 was labelled 
and measured by luciferase assay and Western blotting.
Results: We demonstrated that expression of miR-137 was downregulated in TSCC 
tissues compared to matched normal ones. miR-137 expression was downregulated in 
TSCC lines (SCC4, SCC1, UM1 and Cal27) compared to the immortalized NOK16B cell 
line and normal oral keratinocytes in culture (NHOK). In addition, we have shown that 
miR-137 expression was epigenetically regulated in TSCCs. Overexpression of miR-
137 suppressed TSCC proliferation and colony formation. Ectopic expression of miR-
137 promoted expression of the epithelial biomarker, E-cadherin, and inhibited the 
mesenchymal biomarker, N-cadherin, as well as vimentin and Snail expression, indicat-
ing that miR-137 suppressed TSCC epithelial-mesenchymal transition (EMT). We also 
showed that ectopic expression of miR-137 inhibited TSCC invasion and migration. In 
addition, we identified SP1 as a direct target gene of miR-137 in SCC1 cells. SP1 over-
expression rescued inhibitory effects exerted by miR-137 on cell proliferation and 
EMT.
Conclusions: These results indicate that miR-137 acted as a tumour suppressor in 
TSCC by targeting SP1.
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1  | INTRODUCTION

Tongue squamous cell carcinoma (TSCC) was the most frequent type 
of oral squamous cell carcinoma (OSCC) and was famous for its high 
ability of metastasis and proliferation.1–4 TSCC usually leads to dys-
function of speech, mastication and deglutition.5–7 Although recent 

development has been achieved in the therapeutic managements of 
TSCC, the mortality of TSCC is still high.8–10 It is necessary to under-
stand the molecular pathways involving in TSCC progression to find 
the novel therapeutic strategies for TSCC.

MicroRNAs (miRNAs), a class of small and non-protein-coding 
RNAs, regulate gene expression through binding to the 3′UTR of 
their target mRNAs.11–13 Increasing studies have demonstrated that 
miRNAs play a key role in many biological processes such as cell 
development, invasion, proliferation, differentiation, metabolism, 
apoptosis and migration.14–19 Emerging evidences have showed that 
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deregulated expression miRNA is correlated with cancer initiation, 
progression and promotion through modulating tumour suppressor 
gene or oncogene.20–24

Previous studies showed that miR-137 played an important role 
in the tumour development.25–30 For example, Dang et al.31 demon-
strated that miR-137 promoter methylation in oral lichen planus and 
oral squamous cell carcinoma. Wiklund et al.32 showed that aberrant 
miR-375 expression can be detected, and distinguished oral squamous 
cell carcinoma (OSCC) patient oral rinse and saliva from healthy vol-
unteers. Langevin et al.33 demonstrated that miR-137 is methylated 
in pharyngeal and laryngeal squamous cancers tissues in addition to 
the oral squamous cell carcinoma. However, the role of miR-137 in 
the TSCC was still uncovered. In this study, we demonstrated that the 
expression of miR-137 was downregulated in TSCC tissues and cells. 
Overexpression of miR-137 suppressed the TSCC cell proliferation, 
colony formation, invasion and migration. In addition, we identified 
SP1 as a direct target gene of miR-137 in SCC1 cell. SP1 overexpres-
sion rescued the inhibitory effects exerted by miR-137 on cell pro-
liferation and EMT. These results suggested that miR-137 exerted a 
suppressive role in TSCC by targeting SP1.

2  | MATERIALS AND METHODS

2.1 | Clinical tissues and cell lines cultured and 
oligonucleotide transfection

Human TSCC tissues and matched normal tissues (located >3 cm 
from the tumour tissues) were collected from the Stomatology 
Hospital of Jinan. Each patient was given written informed consent 
and the research was approved with Declaration of Helsinki and 
the ethics committee of the Stomatology Hospital of Jinan. Each 
tissue was diagnosed and confirmed by pathological examination. 
The TSCC cell lines (SCC4, SCC1, UM1 and Cal27) and immortalized 
NOK16B cell line and normal oral keratinocyte cell culture (NHOK) 
were purchased from ATCC (American Type Culture Collection) and 
were cultured in the DMEM/F12 medium supplemented with 10% 
FBS (foetal bovine serum; GIBCO, Grand Island, NY, USA). miR-137 
mimic and scramble mimic were obtained from the Genecopoeia 
(Guangzhou, China) and were transfected into the cell by using 
Lipofectamine 2000 Reagent (Invitrogen, Carlsbad, CA, USA) follow-
ing the manufacturer’s information.

2.2 | MTT assay and colony formation assay

MTT assay (3-[4, 5-dimethylthiazol-2-yl]-2, 5-diphenyl-tetrazolium-
bromide) was performed to measure the cell proliferation at 24, 48 
and 72 hours in the cells after transfection. MTT solution was put 
into the well and cells were continued to culture for 4 hours and then 
dimethylsulfoxide was added. The OD (optical density) was detected 
at 490 nm on the microplate reader. For cell colony formation analy-
sis, cells were cultured in the six-well plate and continued to culture 
for 2 weeks. Cell colony was fixed with the methanol and stained with 
crystal violet.

2.3 | Migration and invasion assay

Wound-healing analysis was performed to measure the cell migration. 
Cells were cultured in the six-well plates and transfected with miR-
137 mimic or scramble. The cell was scratched by the sterile plastic 
and washed with medium and continued to culture for 24–48 hours. 
For invasion assay, cells were cultured in the upper transwell cham-
ber (BD Biosciences, Franklin Lakes, NJ, USA) coated with Matrigel. 
Medium without serum was added in the upper chamber, where 
medium supplemented with 10% FBS in lower chamber was served 
as chemoattractant. After 48 hours, the cells which did not invade 
through the chamber were washed. Then the chamber was stained 
by methanol and crystal violet and counted with the microscope 
(Olympus, Tokyo, Japan).

2.4 | Western blot

Protein was isolated from tissue or cells by using RIPA buffer. The 
total proteins were separated using 12% SDS PAGE gel and then 
transferred to the membrane (PVDF; Millipore, Boston, MA, USA). 
The membrane was blocked by milk and then probed with SP1 anti-
body (1:1000; Sigma-Aldrich, St. Louis, MO, USA) and GAPDH anti-
body (1:5000; Santa Cruz Biotechnology, Santa Cruz, CA, USA). The 
protein signal was measured by ECL (enhanced chemiluminescence 
reagents; Thermo Scientific, Waltham, MA, USA).

2.5 | Quantitative RT-PCR

Total RNA from cells or tissues was isolated using Trizol (Invitrogen) 
following the manufacturer’s information. The relative expression of 
miR-137 and SP1 was determined using qRT-PCR according to the 
manufacturer’s description. The expression level of miR-137 and SP1 
was measured by using the 2−ΔΔCt method, where GAPDH and U6 
were used as an internal control for SP1 and miR-137 respectively.

2.6 | Dual-luciferase reporter assay

One day before transfection, cell was cultured in the 24-well plate 
for the dual-luciferase reporter assay. The SP1 3′ UTR of SP1 
cDNA containing putative site for the miR-137 was synthesized 
and inserted into the Renilla lucifearse plasmid (Promega, Madison, 
WI, USA). Cell was co-transfected with miR-137 mimic or scramble 
and pGL3-SP1-3′UTR or MUT 3′UTR for 48 hours and measured 
by the Dual-Luciferase Reporter System (Promega) according to the 
instruction.

2.7 | Trichostatin A and 5-Aza-CdR treatment

Cells were treated with the 5-aza-2′-deoxycytidine (5-Aza-CdR; 
Sigma-Aldrich) at 0.5, 1.5 and 3 μmol/L or 300 nmol/L trichostatin A 
(TSA; Sigma-Aldrich) for 24 hours. RNA of cells was purified with the 
TRIzol reagent according to the instructions, and the expression of 
miR-137 was measured by qRT-PCR.
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2.8 | Statistical analysis

Data were shown as mean ± SD. The differences between groups 
were detected by Student’s t-test. All statistical analyses used the spss 
17.0 software. P<.05 was considered to be significant.

3  | RESULTS

3.1 | The expression of miR-137 was downregulated 
in TSCC tissues and cell lines

We measured miR-137 expression in 25 TSCC tissues and the 
matched normal tissues. The expression of miR-137 was downregu-
lated in TSCC tissues compared to the matched normal tissues (Fig. 1). 
Moreover, we demonstrated that miR-137 expression was down-
regulated in TSCC cell lines (SCC4, SCC1, UM1 and Cal27) compared 
to immortalized NOK16B cell line and normal oral keratinocyte cell 
(NHOK).

3.2 | miR-137 expression was epigenetically 
regulated in TSCC cell

We treated SCC1 and UM1 cells with the DNA methylation inhibi-
tor 5-aza-CdR (AZA) and histone deacetylase inhibitor trichostatin A 

(TSA). We found that miR-137 expression was upregulated in both 
SCC1 and UM1 cells after TSA or AZA treatment (Fig. 2a,b).

3.3 | miR-137 suppressed TSCC cell proliferation and 
colony formation

The expression of miR-137 was upregulated after treatment with the 
miR-137 mimic (Fig. 3a). Ectopic expression of miR-137 suppressed 
SCC1 cell proliferation (Fig. 3b). Moreover, overexpression of miR-
137 inhibited SCC1 cell colony formation (Fig. 3c,d).

3.4 | miR-137 suppressed TSCC cell epithelial-
mesenchymal transition (EMT)

Overexpression of miR-137 promoted the expression of E-cadherin 
in SCC1 cell (Fig. 4a). Moreover, ectopic expression of miR-137 sup-
pressed the expression of N-cadherin, Snail and vimentin in SCC1 cell 
(Fig. 4b–d).

3.5 | miR-137 inhibited TSCC cell 
invasion and migration

We demonstrated that overexpression of miR-137 inhibited SCC1 
cell invasion (Fig. 5a). In addition, the wound-healing analysis showed 

F IGURE  1 The expression of miR-137 was downregulated in the TSCC tissues and cell lines. (a) The miR-137 expression in the 25 TSCC 
tissues and matched normal tissues was measured by qRT-PCR analysis. (b) The expression of miR-137 was downregulated in the TSCC 
tissues compared to the matched normal tissues. (c) The expression of miR-137 in the TSCC cell lines (SCC4, SCC1, UM1 and Cal27) and one 
immortalized NOK16B cell line and normal oral keratinocyte cell culture (NHOK) was detected by qRT-PCR

F IGURE  2 miR-137 expression was 
epigenetically regulated in TSCC cell. (a) 
The expression of miR-137 was measured 
in the SCC1 cell treated with TSA and 
5-Aza-CdR by qRT-PCR. (b) The expression 
of miR-137 was measured in the UM1 
cell treated with TSA and 5-Aza-CdR by 
qRT-PCR
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that ectopic expression of miR-137 suppressed SCC1 cell migration 
(Fig. 5b).

3.6 | miR-137 targeted SP1 in TSCC cell

TargetScan showed that SP1 was a potential target gene of miR-137 
(Fig. 6a). Ectopic expression of miR-137 suppressed the luciferase 
activity of the wild-type SP1 3′ UTR vector, whereas the mutated type 
was not changed in SCC1 cell (Fig. 6b). Overexpression of miR-137 
inhibited SP1 protein expression in SCC1 cell (Fig. 6c). Furthermore, 
the expression of SP1 was upregulated after treatment with SP1 vec-
tor (Fig. 6d). Moreover, restoration of SP1 could inhibit the expres-
sion of epithelial biomarker, E-cadherin, and induce the expression of 
mesenchymal biomarker, N-cadherin, vimentin and Snail in SCC1 cell 
(Fig. 6f–i).

4  | DISCUSSION

In our study, we demonstrated that the expression of miR-137 was 
downregulated in TSCC tissues compared to the matched normal 
tissues. miR-137 expression was downregulated in TSCC cell lines 
(SCC4, SCC1, UM1 and Cal27) compared to immortalized NOK16B 
cell line and normal oral keratinocyte cell culture (NHOK). We also 
showed that miR-137 expression was epigenetically regulated in 
TSCC cell. Overexpression of miR-137 suppressed TSCC cell prolifer-
ation and colony formation. Ectopic expression of miR-137 promoted 
the expression of epithelial biomarker, E-cadherin, and inhibited the 
expression of mesenchymal biomarker, including N-cadherin, vimen-
tin and Snail. These results suggested that miR-137 suppressed TSCC 
cell epithelial-mesenchymal transition (EMT). We also showed that 

ectopic expression of miR-137 inhibited TSCC cell invasion and migra-
tion. In addition, we identified SP1 as a direct target gene of miR-
137 in SCC1 cell. SP1 overexpression rescued the inhibitory effects 
exerted by miR-137 on cell proliferation and EMT. These results sug-
gested that miR-137 exerted a tumour suppressive role by targeting 
SP1 in TSCC.

Previous studies showed that miR-137 played an important role 
in the tumour development.25–30 For example, Shen et al.34 found 
that miR-137 expression was downregulated in lung cancer tissues. 
They demonstrated that miR-137 overexpression suppressed lung 
cancer cell proliferation, cell survival, migration and cell cycle by 
targeting nuclear casein kinase and cyclin-dependent kinase sub-
strate1(NUCKS1) expression. Liang et al.35 showed that miR-137 
expression was downregulated in the paediatric high-grade glioma, 
and CENPE, NCAPG and KIF14 were the direct target genes of miR-
137. Dong et al.36 demonstrated that the expression of miR-137 
was downregulated in the papillary thyroid carcinoma tissues and 
was negatively correlated with lymph node metastasis and TNM 
(tumour-node-metastasis) stage. Overexpression of miR-137 sup-
pressed the papillary thyroid carcinoma cell colony formation, pro-
liferation, invasion and migration through inhibiting CXCL12 (C-X-C 
motif chemokine 12) expression. Another study demonstrated that 
miR-137 expression was downregulated in the colon cancer stem cell 
compared to normal colon stem cells.37 Forced expression of miR-137 
inhibited the development of colon cancer organoids by targeting 
double cortin-like kinase 1(DCLK1) expression. Dang et al.31 demon-
strated miR-137 promoter methylation in oral lichen planus and oral 
squamous cell carcinoma. Wiklund et al.32 showed that aberrant miR-
375 expression can be detected, and distinguished oral squamous cell 
carcinoma (OSCC) patient oral rinse and saliva from healthy volun-
teers. Langevin et al.33 demonstrated that miR-137 is methylated in 

F IGURE  3 miR-137 suppressed 
the TSCC cell proliferation and colony 
formation. (a) The expression of miR-
137 was detected in the SCC1 cell after 
treatment with the miR-137 mimic. 
(b) Ectopic expression of miR-137 
suppressed the SCC1 cell proliferation. (c) 
Overexpression of miR-137 inhibited the 
SCC1 cell colony formation. (d) The relative 
colony formation number was shown. 
*P<.05, **P<.01 and ***P<.001
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pharyngeal and laryngeal squamous cancers tissues in addition to the 
oral squamous cell carcinoma. However, the role of miR-137 in the 
TSCC was still uncovered. However, the role of miR-137 in TSCC was 
still unknown. In our study, we showed that the expression of miR-
137 was also downregulated in the TSCC tissues compared to the 

matched normal tissues. MiR-137 expression was downregulated in 
TSCC cell lines (SCC4, SCC1, UM1 and Cal27) compared to immor-
talized NOK16B cell line and normal oral keratinocyte cell culture 
(NHOK). Moreover, forced expression of miR-137 suppressed TSCC 
cells cell proliferation, colony formation, migration and invasion. 

F IGURE  4 miR-137 suppressed TSCC 
cell epithelial-mesenchymal transition 
(EMT). (a) Overexpression of miR-137 
promoted the E-cadherin expression in 
the SCC1 cell. (b) The mRNA expression 
of N-cadherin was measured in the SCC1 
cell using qRT-PCR. (c) Ectopic expression 
of miR-137 suppressed the N-cadherin 
expression. (d) The mRNA expression of 
vimentin was measured in the SCC1 cell 
using qRT-PCR

F IGURE  5 miR-137 inhibited the TSCC cell invasion and migration. (a) We demonstrated that overexpression of miR-137 inhibited the SCC1 
cell invasion (Fig. 5a). In addition, we performed the wound-healing analysis to measure the cell migration. We showed that ectopic expression 
of miR-137 suppressed the SCC1 cell migration (Fig. 5b). ***P<.001
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Furthermore, ectopic expression of miR-137 promoted the expression 
of epithelial biomarker, E-cadherin, and inhibited the expression of 
mesenchymal biomarker, N-cadherin, vimentin and Snail. These data 
suggested that miR-137 acted as a tumour suppressor gene in the 
development of TSCC.

SP1 was identified as the direct target gene of miR-137 in TSCC. 
We used the TargetScan software to search the target genes of 
miR-137 and found that Sp1 was a possible target gene of miR-
137. Furthermore, ectopic expression of miR-137 suppressed the 
luciferase activity of wild-type SP1 3′ UTR vector, whereas the 

F IGURE  6 miR-137 targets SP1 in 
TSCC cell. (a) The potential target gene 
of miR-137, SP1, using TargetScan 
software. (b) Ectopic expression of miR-
137 suppressed the luciferase activity of 
wild-type SP1 3′ UTR vector, whereas 
the luciferase activity of mutated type 
was not changed in the SCC1 cell. (c) The 
protein expression of SP1 was measured by 
Western blot. (d) The protein expression of 
SP1 was measured by Western blot. (e) The 
SCC1 cell proliferation was measured by 
CCK-8 analysis. (f) The mRNA expression 
of E-cadherin was detected by qRT-PCR. 
(g) The mRNA expression of N-cadherin 
was detected by qRT-PCR. (h) The mRNA 
expression of Snail was detected by qRT-
PCR. (i) The mRNA expression of vimentin 
was detected by qRT-PCR. *P<.05, **P<.01 
and ***P<.001
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luciferase activity of mutated type was not changed in SCC1 cell. 
Overexpression of miR-137 inhibited the expression of SP1 protein 
in SCC1 cell. Sp1 is one zinc finger transcription factor which binds 
to many promoters that contains GC-rich motifs.38–40 Previous stud-
ies showed that SP1 played an important role in a lot of cellular pro-
cesses including cell apoptosis, proliferation, migration, response to 
DNA damage, immune responses and inflammation.41–47 Moreover, 
Jia et al.48 showed that miR-375 was downregulated in TSCC tis-
sues and miR-375 overexpression suppressed TSCC cell prolifera-
tion and cell cycle by targeting SP1. In this study, we showed that 
Sp1 overexpression reversed the effects of miR-137 on TSCC cell 
proliferation and EMT. Taken together, our data showed that miR-
137 regulated SP1 expression and acted as a tumour suppressor 
gene in TSCC.

In conclusion, miR-137 was downregulated in TSCC tissues and 
cells and was a potential tumour suppressor miRNA that suppressed 
TSCC cell proliferation, migration and invasion. SP1 regulation by miR-
137 might play an important role in the regulation of TSCC malignant 
behaviour. This study showed that miR-137 may be a novel therapeu-
tic target for TSCC.
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