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Abstract. Oral squamous cell carcinoma (OSCC) is the 
predominant histological type of oral cancer, and poses an 
important threat to human health. MicroRNA (miRNA) 
serves important functions in the pathogenesis of OSCC, 
and in that of other types of cancer. For example, miR-545 
exhibits inhibitory functions in pancreatic ductal adeno-
carcinoma, lung cancer and hepatocellular carcinoma. In 
the present study, the function of miR-545 was assessed 
in OSCC. Obtained results indicated decreased levels of 
miR-545 in OSCC tissues when comparing with the adja-
cent normal tissues. Overexpression of miR-545 inhibited 
HSC4 cells proliferation and migration, and vice versa. 
Furthermore, miR‑545 was identified to target the 3'‑UTR 
of retinoic acid-inducible gene-I (RIG-I), and there was a 
negative association between RIG-I mRNA expression and 
miR-545 expression in the 20 OSCC tissues. In conclusion, 
the present data demonstrate the tumor suppressive role of 
miR-545 in OSCC.

Introduction

Oral cancer is considered to be part of the head and neck 
group of cancers. Oral cancer may arise from any part the 
oral cavity or oropharynx (1). Oral squamous cell carcinoma 
(OSCC) is the predominant histological type, accounting 
for ~95% of oral cancer cases in the USA in 2008 (2). 
Tobacco smoking, alcohol consumption, poor oral hygiene 
and human papilloma virus (HPV) infections are the main 
causes of OSCC (3,4). Conventional oral examination has 
been the mainstay of oral cancer screening for decades. This 

examination is able to detect tumors located in the oral cavity 
from the early stages, but fails to identify all premalignant 
oral lesions (5).

Surgery is the primary therapy for oral cancer, especially 
for patients in advanced stages. Chemotherapy and radiation 
therapy are often combined with surgical resection to treat 
patients with advanced oral cancer (6). Nevertheless, the 5-year 
survival rate is only ~50% (7). Therefore, the mechanism 
underlying OSCC development must be elucidated, in order to 
optimize treatment and improve patient survival.

MicroRNAs (miRNAs) are a type of non-protein coding 
RNA, conserved in the genomes of animals and plants (8). 
miRNAs regulate numerous genes post-transcriptionally 
by binding the 3'‑untranslated regions (UTRs) of targeted 
genes (9). A previous study revealed numerous types of 
miRNA dysregulation in cancer (10). In OSCC, multiple 
miRNAs have been identified to be differentially expressed, 
which indicates that miRNAs may be involved in the patho-
genesis of OSCC (11). Previous studies have demonstrated 
that miR-545 serves inhibitory functions in pancreatic ductal 
adenocarcinoma (12), lung cancer (13) and hepatocellular 
carcinoma (14) and the target genes of miR-545 is retinoic 
acid-inducible gene-I (RIG-I) (12,14) and cyclin D1 and 
CDK4 (13).

In the present study, the role of miR-545 in OSCC was 
assessed in vitro and in vivo, aiming to identify the under-
lying molecular mechanism of the pathogenesis of OSCC. 
We hypothesize that miR-545 inhibits OSCC by targeting 
RIG-I.

Materials and methods

Tissue samples. A total of 20 OSCC tissue samples and their 
matched adjacent normal tissues were acquired from the 
Department of Stomatology, Shunde Hospital of Guangzhou 
Medical University (Foshan, China) from September 2012 
to July 2014. Matched adjacent normal tissues were used as 
controls. The patient information is listed as follows: Median 
age, 57 years; age range: 41-76 years; sex ratio (M/F): 13/7. 
The senior pathologists of Shunde Hospital of Guangzhou 
Medical University confirmed the pathological diagnosis of 
all OSCC patients. All tissues were frozen immediately and 
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preserved in a ‑80˚C freezer for further analysis, including 
the detection of miR-545 and retinoic acid-inducible gene 
(RIG)-I mRNA. Written informed consent was obtained from 
all patients and the present study was approved by the Ethics 
Committees of Guangzhou Medical University (Guangzhou, 
China).

Cell culture. Four OSCC cell lines (HSC2, HSC4, SAS, KON) 
were acquired from the cell bank of the Chinese Academy 
of Medical Sciences (Shanghai, China). One normal oral 
keratinocyte cell line (HOK) was purchased from Applied 
Biological Material (Vancouver, Canada). OSCC lines were 
cultured in Dulbecco's modified Eagle's medium and Ham's 
F-12 medium (Sigma-Aldrich; Merck KGaA, Darmstadt, 
Germany) with 10% fetal bovine serum (Gibco; Thermo 
Fisher Scientific, Inc., Waltham, MA, USA). HOK cells 
were cultured in Prigrow series medium (cat. no. TM4074; 
Applied Biological Material) with 10% FBS.

Detection of miR‑545 in OSCC tissue samples and cell lines. 
The levels of miR-545 in 20 OSCC tissue samples and 7 cell 
lines was detected using reverse transcription-quantitative 
polymerase chain reaction (RT-qPCR). The total RNA was 
extracted from each of the 20 specimens using TRIzol® 
reagent, according to the manufacturer's protocol (Life 
Technologies; Thermo Fisher Scientific, Inc.). RNA (100 ng) 
was reverted by ImProm-II ™ Reverse Transcription system 
(Promega Corporation, Madison, WI, USA). Normalization 
was performed using the 2−ΔΔCq method (15) using 
SYBR-Green reagent (Sangon Biotech Co, Ltd., Shanghai, 
China). The primers for miR-545 were: Primer-Sense, TCA 
GTA AAT GTT TAT TAG ATG A; Primer-Anti-Sense, GTG 
CAG GGT CCG AGG TAT TC. U6 snRNA was used as the 
reference gene. The primer of U6 snRNA was listed as 
follows: Forward, 5'‑CTC GCT TCG GCA GCA CA‑3'; and 
reverse, 5'‑AAC GCT TCA CGA ATT TGC GT‑3'. The amplifi-
cation conditions were: an initial denaturation step at 95˚C 
for 10 min, followed by 40 cycles at 95˚C for 15 sec and 60˚C 
for 60 sec.

The RIG‑I mRNA level in the OSCC tissues was assayed using 
SYBR‑Green reagent (Sangon Biotech Co, Ltd.). The primers 
for RIG‑I (human) were as follows: Forward, 5'‑GGA CGT 
GGC AAA ACA AAT CAG‑3' and reverse, 5'‑GCA ATG TCA 
ATG CCT TCA TCA‑3'. The amplification conditions were: 
94˚C for 5 min; 30 cycles of 94˚C for 45 sec, 55˚C for 45 sec 
and 72˚C for 1 min; and 72˚C for 10 min.

Overexpression and downregulation of miR‑545 in OSCC 
cells. In the OSCC cell lines, miR-545 was overexpressed 
by miR-545 mimics and decreased by miR-545 antisense 
oligonucleotides (ASO), as described in a previous study (11). 
miR-545 mimics, miR-545 ASO and control miRNA were 
purchased from Sangon Biotech Co, Ltd. miRNAs were 
transfected into cells using the Lipofectamine 2000 reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.) according to 
the manufacturer's protocol. In short, cells were seeded 
to 70‑90% confluent at transfection, the miR‑545 (30 nM) 
and Lipofectamine 2000 reagent complex were added into 
cells according to the manufacturer's protocol. Cells were 

incubated at 37˚C in a CO2 incubator for 24 h prior to testing 
for transgene expression.

Cell proliferation assay. Cellular growth was analyzed using 
an MTT assay, as previously described (16‑20). Briefly, cells 
were placed into 96-well plates at a density of 5x103 cells/well. 
The MTT reagent was added into the medium at a final 
concentration of 0.1 mg/ml, and 100 µl of dimethyl sulfoxide 
was added. The optical density was measured on a microplate 
reader with a 570 nm filter.

Cell migration assay. Transwell systems were used to assess 
cell migration (21). The Transwell chambers (8.0 µm pore 
size; Sigma-Aldrich; Merck KGaA) were placed in 24-well 
plates. The miR-545 mimics- or ASO-transfected cells were 
deprived of FBS for 12 h, and subsequently added to the 
upper chambers. DMEM Medium containing 10% FBS was 
placed in the lower chambers. The cells were incubated in 
a humidified incubator at 37˚C for 24 h. Cells in the upper 
chambers were removed with cotton swabs. The cells 
attached to the lower surface were fixed in 70% ethanol for 
10 min at room temperature. The remaining ethanol was 
removed from the top of the membrane using a cotton-tipped 
applicator. Cells were then stained with 0.2% crystal violet 
into for 10 min at room temperature. The number of cells 
that had attached to the lower surface was counted in five 
randomly selected fields under a microscope (The Eclipse 
Ti2, Tokyo, Japan) (light, magnification, x200).

Prediction of the putative targets of miR‑545. The 
Targetscan software (http://www.targetscan.org/, accessed 
September 2017) was used to predict the putative targets of 
miR-545.

Dual luciferase reporter assays. Cells were seeded at 1x105 

per well and were serum-starved for 6 h pre-transfection. Since 
RIG-I is coded by the DExD/H-Box Helicase 58 (DDX58) 
gene and there are two miR-545 binding sites on DDX58 (22), 
the 3'‑UTR of RIG‑I and mutated controls were cloned and 
inserted into the reporter plasmid (cat. no. E1761; 500 ng) and 
the pGL3-control (cat. no. E1741; 100 ng; Promega Corporation, 
Madison, WI, USA). miR‑545 mimics (50 nM) were then 
transfected into the HSC4 cells containing the wild-type 
or mutant 3'‑UTR plasmids, using Lipofectamine 2000 
(Invitrogen; Thermo Fisher Scientific, Inc.). Cells were 
harvested, and luciferase activity was measured for each 
specimen after 24 h using the Dual-Luciferase Reporter 
assay system (cat. no. E1910; Promega Corporation). Mutants 
of RIG‑I 3'‑UTR were generated using the Site‑Directed 
Mutagenesis kit (Thermo Fisher Scientific, Inc.).

Western blotting analysis. Cells were frozen and lysed in lysis 
buffer (150 mM NaCl, 50 mM Tris-HCI, 1% Triton X-100 and 
0.1% SDS) with a Protease Inhibitor Cocktail (cat. no. S8820; 
Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) and a 
Phosphatase Inhibitor (cat. no. P0044; Sigma-Aldrich). For 
RIG-I analysis, a RIG-I antibody (ab132505) was used at a 
dilution of 1:1,000 and incubated at 4˚C, overnight), followed 
by detection with a peroxidase-linked antibody (ab6759; both 
Abcam, Cambridge, UK) to rabbit antibody IgG of 1:2,000 
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dilution incubated at room temperature for 2 h. Proteins 
were detected using an Enhance Chemiluminesence Western 
Blotting Detection Reagent (GE Healthcare, Chicago, IL, 
USA). Images were analyzed using Image J (National 
Institutes of Health, Bethesda, MD, USA).

Statistical analysis. All experiments were repeated three times. 
Data are presented as the mean ± the standard deviation. A 
two‑tailed Student's t‑test was used to analyze the mean value 
between two groups. One way Analysis of variance was used 
to test the mean value among three groups or more with post 
hoc contrasts by Student-Newman-Keuls test. The correlation 
between miR-545 and RIG-I levels were examined by Pearson 
correlation coefficient analysis. P<0.05 was considered to 
indicate a statistically significant difference. All calculations 
were performed using SPSS software (version 16.0; SPSS, 
Inc., Chicago, IL, USA).

Results

miR‑545 levels in OSCC tissues. To understand the function 
of miR-545, the miR-545 levels in 20 OSCC tissue samples 
and their matching adjacent normal tissues were evaluated 
using RT-qPCR. Overall, the analysis revealed a decreased 

level of miR-545 in each tumor tissue compared with the 
matched normal tissues (Fig. 1A). The mean level of miR-545 
in the 20 OSCC samples was calculated and compared to the 
mean level of miR-545 in the normal tissues. As presented in 
Fig. 1B, the mean level of miR-545 obtained for the 20 OSCC 
tissues was decreased compared with the mean in normal 
tissues (P<0.05). Similarly, a subsequent comparison revealed 
that miR-545 was more abundant in normal oral keratinocyte 
cell lines (HOK) than in four OSCC cell lines (HSC2, HSC4, 
SAS, KON; Fig. 1C) (the mean value in NOK1 or NOK2 were 
compared with the four OSCC cell line separately, P<0.05).

The in vitro role of miR‑545 in OSCC cells. As HSC4 cells 
exhibited relatively lower miR-545 levels when compared with 
the other examined OSCC cell lines, the HSC4 cells were selected 
for further investigation. The miR-545 levels were regulated 
using miR-545 mimics and miR-545 ASO transfections, which 
upregulated and downregulated miR-545, respectively. miR-545 
mimics transfection increased the level of miR-545 in HSC4 
cells, whereas miR-545 ASO transfection resulted in a decrease 
(Fig. 2A) (P<0.05). Additionally, cell growth was assessed 
following transfection. As presented in Fig. 2B, the upregulation 
of miR-545 inhibited cell growth, whereas its downregulation 
promoted cell growth in HSC4 cells. Subsequently, cell migration 

Figure 1. Low level of miR-545 in OSCC tissue samples. The miR-545 levels of 20 OSCC tissues and their matched adjacent normal tissues were assessed by 
RT-qPCR. (A) The relative miR-545 levels tumor/normal (log2) were listed. (B) The mean miR-545 values of the OSCC tissues and their matched adjacent normal 
tissues were also recorded. (C) The miR-545 levels of 4 OSCC cell lines (HSC2, HSC4, SAS, KON) and normal oral keratinocyte cells (HOK) were assayed 
by RT-qPCR. These experiments were performed in triplicate *P<0.05. OSCC, oral squamous cell carcinoma; RT-qPCR, reverse transcription-quantitative 
polymerase chain reaction; miR, microRNA.
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was investigated following transfection, and it was observed 
that miR-545 mimics decrease the number of migrating cells, 
whereas miR-545 ASO transfection results in an increase in cell 
migration in HSC4 cells (Fig. 2C) (P<0.05).

RIG‑I is a target gene of miR‑545. To understand the molecular 
mechanism of miR-545 in OSCC, its potential target gene 
was investigated. It has been reported that the 3'‑UTR of 
RIG-I may be targeted by miR-545 in pancreatic ductal 
adenocarcinoma (12). RIG-I is localized in the cytosol, where 
it recognizes the 5'‑triphosphate RNA (3p‑RNA) generated 
by viral RNA polymerases (22,23). In the present study, 
the association between miR-545 and RIG-I in OSCC was 
investigated. The binding sites were mutated as described in 
a previous study (Fig. 3A) (12). The mutated sites were cloned 
into a luciferase reporter plasmid. miR-545 mimics and the 
reporter plasmid were co-transfected into HSC4 cells. The 
activity of luciferase was assessed 12 h after transfection. The 
upregulation of miR-545 inhibited luciferase activity (P<0.05), 
whereas the mutation of binding site 1 and site 2 partly 
restored it, indicating that miR-545 targets RIG-I in HSC4 
cells (Fig. 3B). Subsequently, the RIG-I protein levels following 
miR-545 mimics transfection were determined, and it was 
identified that miR‑545 transfection inhibited the RIG‑I protein 
levels in HSC4 cells (Fig. 3C). Furthermore, the RIG-I mRNA 
expression levels were assessed in 20 OSCC tissues, and it was 
identified that RIG‑I mRNA expression was associated with 
miR-545 expression. The results obtained revealed a negative 
association between RIG-I mRNA expression and miR-545 
expression in the 20 OSCC samples (Fig. 3D) (P<0.05).

Discussion

In the present study, the function of miR-545 in OSCC was 
investigated. The present data revealed that miR-545 levels 
in OSCC tissues were lower than levels in matched adjacent 
normal tissues. Overexpression of miR-545 inhibited HSC4 
proliferation and migration, and vice versa. The potential 
target gene of miR‑545 was identified to be RIG‑I.

The antitumor role of miR‑545 have been confirmed in 
other types of cancer, including lung cancer (13), pancreatic 
ductal adenocarcinoma (12), and epithelial ovarian cancer (23). 
To the best of our knowledge, there are no reports pertaining 
to the oncogenic function of miR-545. Thus, we hypothesize 
that miR-545 exhibited an antitumor function in various types 
of cancer.

The present data demonstrated the inhibitory role of 
miR-545 in OSCC. Furthermore, a negative association 
between RIG-I mRNA expression and miR-545 expression 
was observed in the OSCC tissues. To our knowledge, this is 
the first study to highlight the function of miR‑545 and RIG‑I 
in OSCC. Notably, RIG-I is a part of the key pathway of human 
papilloma virus (HPV) infection. Non-self dsDNA of HPV may 
serve as template for transcription and induce type I interferon 
and nuclear factor-κ -B through the RIG-I pathway (24-26). 
Additionally, HPV infection was an independent factor associ-
ated with OSCC after adjusting for age, smoking and alcohol 
use (27). Thus, it is hypothesized that HPV may exploit the 
regulation mechanism of miR-545 and RIG-I in the pathogen-
esis of OSCC. The present study identified that miR‑545 was 

able to target RIG-I in OSCC cells. Besides RIG-I, miR-545 
has been demonstrated to target cyclin D1 and CDK1 in lung 
cancer (13), implying that miR-545 has multiple targets in 

Figure 2. Overexpression of miR-545 inhibited HSC4 proliferation and 
migration, and vice versa. (A) In HSC4 cells, miR-545 was overexpressed by 
miR-545 mimics transfection, and downregulated by miR-545 ASO trans-
fection. (B) The cellular proliferation of HSC4 cells, following transfection, 
was assayed by MTT analysis. (C) The migrated number of cells following 
cellular migration analysis. These experiments were performed in triplicate. 
*P<0.05. ASO, antisense oligonucleotides; NC, negative control; OD, optical 
density; miR, microRNA.
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cancer. In conclusion, the present data suggest an inhibitory 
role of miR-545 in OSCC.
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