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Abstract. The expression and function of microRNA‑149 have 
been studied in numerous types of cancer. However, thus far, 
there are no studies of microRNA‑149 in tongue squamous 
cell carcinoma (TSCC). The present study investigated the 
expression, biological function and molecular mechanism of 
microRNA‑149 in TSCC in vitro, discussing whether it may be 
a therapeutic biomarker of TSCC in the future. In the present 
study, microRNA‑149 expression in TSCC tissues, matched 
normal adjacent tissues, TSCC cell lines and normal gingival 
epithelial cells were analyzed using quantitative polymerase 
chain reaction. Following transfection with microRNA‑149 
mimics, cell proliferation, migration and invasion assays, a 
luciferase assay and western blotting were performed. The 
present study found that the expression of microRNA‑149 
was significantly decreased in TSCC tissues and cell lines 
compared with matched normal tissue and normal gingival 
epithelial cells, respectively. In addition, it was also demon-
strated that microRNA‑149 inhibited cell proliferation, 
migration and invasion by directly targeting specificity protein 
1. Therefore, the results suggested that microRNA‑149 may be 
a novel target for TSCC therapy in the future.

Introduction

Tongue squamous cell carcinoma (TSCC), the most common 
type of oral cancer, often leads to malfunctions in speech, 
mastication and deglutition (1). TSCC is well‑known for its 
high rate of proliferation and nodal metastasis; metastasis is the 
most reliable adverse prognostic factor in TSCC patients (2). 
Despite being visibly located in the oral cavity, >50% patients 

at diagnosis present with advanced stage III or IV according to 
the tumor‑node metastasis classification of malignant tumors 
system (3). Despite improvements in surgery, radiotherapy and 
chemotherapy, the 5‑year survival rate for patients with TSCC 
remains poor, mainly due to regional recurrence and lymph 
node metastasis  (4,5). An accumulating number of studies 
suggest that TSCC arises as a result of oncogene activation 
or tumor suppressor gene inactivation  (6‑8). However, the 
detailed molecular mechanism of TSCC remain unknown (5). 
Understanding the molecular pathways of TSCC carcinogen-
esis and development may be useful for improving diagnosis, 
treatment and prevention of the disease.

Altered expression of microRNA (miRNA) has been 
found in numerous types of cancer (9). miRNA is a type of 
small, single‑stranded, non‑coding RNA of between 18 and 
25 nucleotides in length that performs an important role in 
the posttranscriptional regulation of gene expression  (10). 
In total, >1,800  types of miRNA have been identified in 
miRBase version 20.0, and 1/3 of the genes in the human 
genome are regulated by miRNA (11,12). miRNA regulates 
target gene expression post‑transcriptionally via incomplete 
base pairing with the target mRNA (13). Furthermore, miRNA 
performs an important role in numerous biological processes 
including development, differentiation, proliferation, apop-
tosis, angiogenesis and metabolism. Mutations of miRNA 
have consequently been suggested to serve an important role 
in carcinogenesis (14). In addition, miRNA can function as 
either tumor suppressors or oncogenes, depending on whether 
oncogenes or tumor suppressor genes are targeted (15). Thus, 
identifying miRNA targets is critical to understand the func-
tion of miRNA in tumorigenesis and progression. The present 
study also suggests that miRNAs may be a target for cancer 
therapy.

The expression and function of (miRNA‑149) miR‑149 
have been investigated in a number of types of cancer. This 
study was aimed to investigate the expression, biological 
functions and molecular mechanisms of miR‑149 in TSCC. 
The present study found that the expression of miR‑149 was 
decreased in TSCC tissues and cell lines compared with 
matched normal tissue and normal gingival epithelial cells, 
respectively. Additionally, the present study demonstrated that 
miR‑149 suppressed cell proliferation, migration and invasion 
by directly targeting specificity protein 1 (SP1). The present 
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results improve the understanding of the mechanisms of TSCC 
carcinogenesis and progression, and identify new targets that 
may be used for the development of novel treatments of TSCC.

Materials and methods

Clinical specimens. TSCC tissue and matched normal adja-
cent tissue (NAT) for quantitative polymerase chain reaction 
(qPCR) were obtained from 62 patients who had undergone 
primary surgical treatment of oral tongue carcinoma at 
Nanfang Hospital (Guangzhou, China). None of the patients 
received treatment prior to the excision surgery. The tissues 
were flash frozen in liquid nitrogen and stored at ‑80˚C until 
use. The present study was approved by the Protection of 
Human Subjects Committee of Nanfang Hospital (Guangzhou, 
China). Written informed consent was also acquired from all 
TSCC patients.

Cell culture. TSCC Tca8113 and CAL‑27 cell lines and normal 
gingival epithelial cells were purchased from the American 
Type Culture Collection (Manassas, VA, USA). The Tca8113 
and CAL‑27 cell lines were cultured in RPMI 1640 medium 
(Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA), 
while normal gingival epithelial cells were maintained in 
minimum essential media (Gibco; Thermo Fisher Scientific, 
Inc.). All media were supplemented with 10% (v/v) fetal bovine 
serum (FBS; Gibco; Thermo Fisher Scientific, Inc.), 100 U/ml 
penicillin and 100 U/ml streptomycin. All cell lines were 
cultured at 37˚C in a humidified air atmosphere containing 5% 
CO2.

Cell transfection. miR‑149 mimics and miRNA mimics nega-
tive control (NC), obtained from Shanghai GenePharma Co., 
Ltd., (Shanghai, China), were used for the upregulation of 
miR‑149 activity in cells. Transfection was completed using 
Lipofectamine 2000 (Invitrogen, Thermo Fisher Scientific, 
Inc.), according to the manufacturer's protocol.

RNA isolation, reverse transcription and qPCR. Total RNA 
was extracted from the TSCC tissue and NAT cells and the 
Tca8113, CAL‑27 and normal gingival epithelial cells using 
TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.) 
according to the manufacturer's protocol. For complemen-
tary DNA synthesis, 1  µg RNA was mixed with 500  ng 
oligo‑deoxythymine (Promega Corporation, Madison, WI, 
USA) or microRNA specific primers (Invitrogen; Thermo 
Fisher Scientific, Inc.). The GoScipt/ImProm‑II reverse tran-
scription system (Promega Corporation) was then used to 
perform reverse transcription on the samples. The temperature 
protocol was as follows: 95˚C for 2 min; 20 cycles of 94˚C 
for 1 min; 55˚C for 1 min and 72˚C for 2 min; and 72˚C for 
5 min. qPCR was performed using an Applied Biosystems 
7500 Real‑time PCR system (Thermo Fisher Scientific, Inc.) 
and an SYBR premix Ex Taq kit (Takara, Biotechnology Co., 
Ltd., Dalian, China) following the manufacturer's protocol. All 
samples were amplified in triplicate. The levels of miR‑149 were 
normalized using U6 small nuclear RNA as the endogenous 
reference gene. The primers were obtained from Guangzhou 
RiboBio Co., Ltd. (Guangzhou, China), and sequences were 
as follows: miR‑149 forward, 5'‑TCT​GGC​TCC​GTG​TCT​TCA​

CTC​CC‑3' and reverse, 5'‑AGT​GGT​TGT​TCT​GCT​CTC​TGT​
GTC‑3'; U6 forward, 5'‑CTC​GCT​TCG​GCA​GCA​CAT​ATA​
CT‑3' and reverse, 5'‑ACG​CTT​CAC​GAA​TTT​GCG​TGT​C‑3'. 
Relative expression fold changes were calculated using the 
2‑ΔΔCq method (16).

Cell proliferation assay. To explore the effect of miR‑149 on cell 
proliferation, an MTT assay was used. Tca8113 and CAL‑27 
cells transfected with miR‑149 or negative control (NC) were 
seeded in 96‑well plates at a density of 3,000 cells/well. The 
MTT assay was performed by incubating the cells with 20 µl 
MTT (5 mg/ml; Sigma‑Aldrich, Merck Millipore, Darmstadt, 
Germany). Subsequent to incubation for 4  h at 37˚C, the 
formazan precipitates were dissolved in 200 µl dimethyl sulf-
oxide. Absorbance at 490 nm was determined using an ELISA 
reader (Bio‑Rad Laboratories, Inc., Hercules, CA, USA). All 
experiments were repeated at least 3 times.

Cell migration and invasion assays. The migration and inva-
sion of the TSCC cell lines was examined using Transwell 
chambers (8 µm; EMD Millipore, Billerica, MA, USA). The 
cell migration assay was performed with uncoated Matrigel 
(BD Biosciences, San Jose, CA, USA) whereas the cell invasion 
assays were performed with coated Matrigel (BD Biosciences). 
A total of 5x104 Tca8113 and CAL‑27 cells transfected with 
miR‑149 or NC in 200 µl serum‑free RPMI 1640 medium 
(Gibco; Thermo Fisher Scientific, Inc.) were seeded into the 
upper chamber. A volume of 500 µl RPMI 1640 medium 
containing 10% FBS was then added to the lower chamber 
as a chemoattractant. The cells were then incubated for 12 h, 
for the migration assay, and 24 h for the invasion assay. The 
cells remaining on the upper surface of the membranes were 
scraped off using cotton swabs and the membranes were fixed 
with 100% methanol (Shanghai Macklin Biochemical Co., 
Ltd, Shanghai, China) for 10 min and stained in 0.5% crystal 
violet (Beyotime Institute of Biotechnology, Haimen, China). 
The membranes were counted under an inverted microscope 
(CKX41; Olympus Corporation, Tokyo, Japan) to calculate 
their relative numbers. Each experiment was repeated at least 
3 times.

Western blotting. The TSCC cell lines were plated in 6‑well 
plates. A total of 72  h subsequent to transfection with 
miR‑149 or NC, the cells were washed and lysed in cold 
radioimmunoprecipitation assay lysis buffer (Beyotime 
Institute of Biotechnology). Subsequent to centrifugation 
at 24,150 x g for 10 min at 4˚C, the protein concentration 
was determined using a bicinchoninic acid Protein Assay 
kit (Beyotime Institute of Biotechnology). Equal amounts 
of protein were then separated by 10% SDS‑PAGE and 
transferred to polyvinylidene fluoride membranes (Beyotime 
Institute of Biotechnology). The membranes were blocked 
with 5% skimmed milk at room temperature for 2 h and 
incubated with rabbit anti‑human SP1 antibody (dilu-
tion, 1: 1,000; cat. no.,  5931; Cell Signaling Technology, 
Inc., Danvers, MA, USA) according to the protocol of 
the manufacturer at 4˚C overnight. The membranes were 
washed and then incubated with the corresponding horse-
radish peroxidase‑conjugated secondary antibody (dilution,  
1:1,000; cat. no.,  7074; Cell Signaling Technology, Inc., 
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Danvers, MA, USA) for 1 h. The protein bands were visu-
alized with an enhanced chemiluminescence kit (Pierce, 
Thermo Fisher Scientific, Inc.) and analyzed using Quantity 
One software (version 4.62; Bio‑Rad Laboratories, Inc.).

Luciferase assay. The human TSCC cell lines were plated 
in a 12‑well plate at ~90% confluence and transfected with 
a reporter plasmid, miR‑49 mimic or NC by Lipofectamine 
2000 (Thermo Fisher Scientific, Inc.) according to the 
protocol of the manufacturer. The activity of Photinus 
and Renilla luciferase in cell lysates was determined with 
the Dual‑Luciferase Reporter Assay System (Promega 
Corporation) following 48  h transfection. The Photinus 
luciferase activity was normalized to the Renilla luciferase 
activity for each transfected well. All the experiments were 
performed in triplicate.

Statistical analysis. Data were presented as the mean ± stan-
dard deviation and compared using SPSS  13.0 software 
(SPSS, Inc., Chicago, IL, USA). P<0.05 was considered to 
indicate a statistically significant difference.

Results

miR‑149 expression in TSCC tissues and cell lines. To 
explore the role of miR‑149 in TSCC carcinogenesis and 
progression, the expression of miR‑149 in TSCC tissue and 
NAT was analyzed by qPCR. As demonstrated in Fig. 1A, 
the expression of miR‑149 was significantly downregulated 
in TSCC tissues compared with NAT (P=0.017).

The expression level of miR‑149 in TSCC cell lines and 
normal gingival epithe‑lial cells was also determined. As 
shown in Fig. 1B, the miR‑149 expression level significantly 
decreased in Tca8113 (P=0.01) and CAL‑27 (P=0.005) cells 
compared with normal gingival epithelial cells. The afore-
mentioned results indicated that miR‑149 may serve a role in 
TSCC carcinogenesis and progression.

To explore the function of miR‑149 on TSCC cells, the 
present study transfected the miR‑149 mimic into Tca8113 
and CAL‑27 cells. As demonstrated in Fig. 1C, the increased 
level of expression of miR‑149 in Tca8113 (P=0.0000017) 
and CAL‑27 (P=0.0000040) cells was confirmed by qPCR.

miR‑149 inhibited cell proliferation in Tca8113 and CAL‑27 
cells. The effect of miR‑149 on cell proliferation in Tca8113 
and CAL‑27 cells was determined by MTT assay. As shown 
in Fig. 2, the level of absorbance in Tca8113 and CAL‑27 
cells transfected with miR‑149 significantly decreased 
compared with cells transfected with NC (P=0.022 for 
Tca8113; P=0.018 for CAL‑27). The aforementioned results 
verified that miR‑149 inhibited proliferation in Tca8113 and 
CAL‑27 cell lines.

miR‑149 suppressed cell migration and invasion in Tca8113 
and CAL‑27 cells. A Transwell apparatus assay was 
performed to explore the effect of miR‑149 on cell migration 
and invasion. As demonstrated in Fig. 3, the levels of migra-
tion and invasion of Tca8113 (P=0.034 for migration; P=0.025 
for invasion) and CAL‑27 (P=0.023 for migration; P=0.031 
for invasion) cells transfected with miR‑149 significantly 

Figure 1. Expression of miR‑149 in TSCC tissues and cell lines. (A) Expression of miR‑149 was significantly downregulated in TSCC tissues compared with 
NAT. (B) miR‑149 expression was also decreased in Tca8113 and CAL‑27 cell lines compared with immortalized normal gingival epithelial cells. (C) qPCR 
revealed that miR‑149 was significantly upregulated in Tca8113 and CAL‑27 cells subsequent to transfection with miR‑149 mimics. miR, mircoRNA; TSCC, 
tongue squamous cell carcinoma; NAT, normal adjacent tissue; qPCR, quantitative polymerase chain reaction.
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decreased compared with cells transfected with NC. The 
aforementioned results indicated that miR‑149 inhibited cell 
migration and invasion ability in TSCC cell lines.

SP1 was a direct target gene of miR‑149 in  vitro. To 
predict the target gene of miR‑149, bioinformatics software 
(TargetScan 7.1) was used (17). As demonstrated in Fig. 4A, 
SP1 was verified to be a direct target gene of miR‑149. A 
luciferase assay was then performed to investigate whether 
miR‑149 directly targets SP1. As shown in Fig. 4B, miR‑149 
significantly inhibited SP1 wild‑type, but not SP1 mutant, 
luciferase activity in Tca8113 and CAL‑27 cells (P=0.019 for 
Tca8113; P=0.015 for CAL‑27).

Western blotting was also performed to explore whether 
the expression of SP1 was downregulated at the protein 
level subsequent to transfection with miR‑149 in Tca8113 
and CAL‑27 cells. As demonstrated in Fig. 4C, the expres-
sion of SP1 significantly decreased in Tca8113 and CAL‑27 
cells subsequent to transfection with miR‑149 (P=0.024 for 

Tca8113; P=0.012 for CAL‑27). SP1 may therefore be a direct 
target gene of miR‑149 in vitro.

Discussion

This study demonstrated that the expression levels of certain 
types of miRNA decrease in TSCC, and that miRNA may 
function as a negative regulator of oncogenes or tumor suppres-
sors in carcinogenesis and cancer progression. miRNA is 
thereby a potential diagnostic and prognostic marker of TSCC 
with therapeutic potential (18‑20). Previous studies revealed 
that miR‑149 was downregulated in colorectal cancer, breast 
cancer, gastric cancer, glioma, melanoma and non‑small cell 
lung cancer (21‑26). This study investigated the expression, 
biological functions and molecular mechanisms of miR‑149 
in TSCC. The present study revealed that miR‑149 was signifi-
cantly downregulated in TSCC tissue and cell lines. It also 
suggested that miR‑149 may serve an important role in TSCC 
carcinogenesis and development.

An accumulating number of studies indicate that miR‑149 
functions as a tumor suppressor in numerous types of 
human cancer. For example, in colorectal cancer, miR‑149 
inhibited cell migration and invasion by targeting Forkhead 
Box M1 (21). Chan et al (22) reported that miR‑149 targeted 
G‑protein‑coupled receptor kinase‑interacting protein 
1 to suppress breast cancer cell migration, invasion and 
metastasis. In addition, miR‑149 was reported to decrease 
glioma cell growth and invasion through targeting protein 
kinase B signaling (24). Furthermore, Wang et al (23) found 
that miR‑149 suppressed cell proliferation and cell cycle 
progression via the blockade of zinc finger and BTB domain 
containing 2 in human gastric cancer. At present, little is 
known with respect to the role of miR‑149 in TSCC. The 
present study demonstrated that the upregulation of miR‑149 
inhibited the proliferation, migration and invasion of TSCC 
cells. The present study expanded the number of known 
functions of miR‑149 in cancer.

As miRNA functions by targeting mRNA, the iden-
tification of miR‑149 target genes may contribute to the 
understanding of the potential role of miRNA in carcino-
genesis and tumor development. In the present study, an 
important molecular link between miR‑149 and SP1 was 
observed. Firstly, bioinformatics software predicted that SP1 
possessed a miR‑149‑targeted seed sequence, suggesting 
that SP1 may be a putative target of miR‑149. Secondly, the 
luciferase assay showed that miR‑149 directly targeted SP1 
3'‑untranslated region. Finally, western blot analysis revealed 
that the upregulation of miR‑149 suppressed the expres-
sion of SP1 at a protein level. The aforementioned findings 
suggested that miR‑149 served a tumor suppressor role in 
TSCC carcinogenesis and progression through the direct 
targeting of SP1.

SP1, a sequence‑specific DNA‑binding protein, maps to 
12q13.1 and encodes a protein of 785 amino acids (27). It was 
the first transcription factor identified and characterized. SP1 
is widely expressed in all mammalian tissues and performs 
a number of important functions in normal tissue develop-
ment (28). The aberrant expression of SP1 has been found 
in numbers types of human cancer, and the involvement of 
SP1 in carcinogenesis and cancer progression has also been 

Figure 3. Migration and invasion assays were performed using Transwell 
chambers. The upregulation of miR‑149 decreased the (A) migration and 
(B) invasion abilities of Tca8113 and CAL‑27 cells.

Figure 2. Effect of miR‑149 on cell proliferation in tongue squamous 
cell carcinoma cells determined by MTT assay. The assay revealed that 
the upregulation of miR‑149 significantly inhibited cell proliferation in 
(A) Tca8113 and (B) CAL‑27 cells. miR, microRNA.
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verified (29‑31). An increasing number of studies suggest 
that SP1 regulates a variety of biological functions, including 
cell survival, proliferation, differentiation, migration and 
invasion  (32‑34). Additionally, several compounds with 
anti‑tumor effects, which target SP1 have been developed 
or are in development, and some of them are currently used 
clinically for cancer treatment (35‑38). Therefore, SP1 has 
been suggested to be a novel target for cancer therapy due to 
the cancer‑associated functions of the protein.

SP1 has been found to be regulated by multiple types 
of miRNA in a variety of types of cancer, including TSCC. 
miR‑29b and miR‑375 function as tumor suppressors in TSCC 
through targeting SP1 (39,40). miR‑145, miR‑133a, miR‑133b, 
miR‑22 and miR‑335 serve an important role in the biology of 
gastric cancer by regulating SP1 directly (41‑43). miR‑145 was 
also found to regulate SP1 in ovarian cancer cells sensitized 
to paclitaxel (44). In esophageal carcinoma, Wang et al (45) 
found that ectopic miR‑429 suppressed cell invasion and 
induced cell apoptosis via the blockade of SP1. Zhang et al (46) 
demonstrated that miR‑377 decreased cell growth and inva-
sion ability by inhibiting SP1. In hepatocellular carcinoma, the 
restoration of miR‑1188 inhibited cell proliferation and migra-
tion, and enhanced cell apoptosis through the down‑regulation 
of SP1 (47). In the present study, the upregulation of miR‑149 
in TSCC cell lines revealed that miR‑149 inhibited cell 
proliferation, migration and invasion via the blockade of SP1. 
miR‑149 may therefore act as a regulator of SP1.

In conclusion, the present study revealed that miR149 was 
significantly downregulated in TSCC tissue and cell lines. The 
present study also observed that miR‑149 contributed to cell 
proliferation, migration and invasion by directly targeting SP1 
in TSCC. The identified candidate target gene of miR‑149 may 
provide an understanding of potential carcinogenic mechanisms 
in TSCC. The findings of the present study have therapeutic 
implications and may be exploited for the future treatment of 
TSCC.
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