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Abstract. Oral squamous cell carcinoma (OSCC) is the 
predominant histological type of oral cancer. The 5-year 
survival rate of OSCC is only ~50%. c-Myc is a known 
oncogene and target gene in various cancer types, including 
OSCC. The presnet study revealed that c-Myc is one of the 
target genes of miR-1294. Results indicated lower levels of 
miR-1294 in OSCC tissues samples collected from 24 patients 
with OSCC. Notably, overexpression of miR-1294 inhibited 
proliferation and migration in OSCC cell lines and inhibition 
of miR-1294 promoted cell growth and migration in OSCC 
cell lines. Moreover, miR-1294 can target the 3'UTR of c-Myc, 
as we identified a negative correlation between c-Myc mRNA 
expression and miR-1294 expression in 24 OSCC tissues. In 
conclusion, the data demonstrate the tumor suppressive role of 
miR-1294 in OSCC.

Introduction

Oral squamous cell carcinoma (OSCC) is the predominant 
histological types of oral cancer (1). Alcohol drinking, tobacco 
smoking, bad oral hygiene, and human papilloma virus infec-
tions are the main risk factors of OSCC (2,3). In China, there 
were 34.319 new cases diagnosed as oral cavity cancer in 2010, 
including 23,096 males and 11,223 females (4).

Early detection oral of cancer is currently challenging 
because although conventional oral examination can detect 
tumors located in the oral cavity from the early stages, it fails 
to identify all oral premalignant lesions (5).

Surgery is the primary therapy for oral cancer, especially 
for patients in advanced stages. Chemotherapy and radiation 
therapy are often combined with surgery in treating patients 
with advanced oral cancer. Nevertheless, the 5-year survival 
rate of patients with OSCC is only ~50% (6). Therefore, the 
mechanism underlying of OSCC development should be eluci-
dated, to optimize treatment and improve patient survival.

c-Myc is a known oncogene, as well as target gene, in 
various types of cancers, including lung (7-10) and breast 
cancer (10-12), and hepatocellular carcinoma (13,14). Previous 
studies showed that the c-Myc protein was overexpressed 
in 80% of the OSCC (15), Genome-wide profiling of OSCC 
has also shown that, among other genes, gain of c-Myc gene 
occurred at a high frequency (16).

In the present study, we investigated the function of 
miR-1294 in OSCC, and tried to provide a potential thera-
peutic target of OSCC.

Materials and methods

Tissues samples. For the present study, 24 OSCC tissues 
samples and their matched adjacent normal tissues were 
acquired from the Department of Stomatology, Stomatological 
Hospital of Jingmen City, Hubei Province, China. The patho-
logical diagnosis of all OSCC patients was confirmed by the 
senior pathologists of the Stomatological Hospital of Jingmen 
City. Tissues were frozen immediately, and preserved in 
a -80˚C freezer for further analysis, including the detection of 
miR-1294 and c-Myc mRNA. Written informed consent was 
obtained from all patients, and the present study was approved 
by the Ethics Committees of the Stomatological Hospital of 
Jingmen City.

HE staining. The 24 OSCC tissues was processed in standard 
protocol for hematoxylin and eosin (HE) staining. Briefly, 
4-µm thick sections were cut. After deparaffinization (dunk 
for 45 sec in xylene) and hydration (dunk for 45 sec in 
propanol), the slides were staining in hematoxylin for 3-5 min, 
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and washed in running water for 5 min. After differentiated 
in 1% acid alcohol (30 sec), the slides were staining in 1% 
eosin Y for 10 min. Then, these slides were dehydrated in 
increasing concentration of alcohol (each for 5 min) and clear 
in xylene for observation. These slides were observed optical 
microscope (CX23; Olympus, Shinjuku, Tokyo, Japan).

Cell culture. Overall, 4 OSCC cell lines (HSC2, HSC4, SAS 
and KON) were acquired from the Cell Bank of the Chinese 
Academy of Medical Sciences. The 4 OSCC cell lines 
were cultured in Dulbecco's modified Eagles medium F-12 
HAM (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) 
with 10% fetal bovine serum (FBS; Gibco; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA). Primary gingival kerati-
nocytes (PGK; ATCC® PCS-200-014™) were purchased from 
American Type Culture Collection (ATCC; Manassas, VA, 
USA) and cultured in Dermal Cell Basal Medium (ATCC® 
PCS-200-030™) plus one Keratinocyte Growth Kit (ATCC® 
PCS-200-040™).

Detection of miR-1294 in OSCC tissue samples and SAS 
cells. The levels of miR-1294 in the 24 OSCC tissues cells and 
HSC2, HSC4, SAS and KON cells were detected by qRT-PCR. 
In detail, the total RNA was extracted from the 24 specimens 
using the TRIzol reagent, according to the manufacturers's 
protocol (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, 
MA, USA). The level of miR-1294 was then detected by 
TaqMan miRNA RT Real-Time PCR (17). Single-stranded 
cDNA was synthesized by the TaqMan MicroRNA Reverse 
Transcription Kit (Applied Biosystems; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA), and then amplified by 
TaqMan Universal PCR Master Mix (Invitrogen; Thermo 
Fisher Scientific, Inc.) and miRNA-specific TaqMan MGB 
probes (Applied Biosystems).The U6 snRNA was used for 
normalization (18). The c-Myc mRNA levels in the OSCC 
tissues were assayed by real-time qPCR (delta Cq method 
of quantification) using the SYBR-Green reagent (Shanghai 
Shengong Biotechnology Co., Ltd., Shanghai, China) (19,20). 
The primers used for c-Myc (human) are listed as follows: F, 
5'-AAT GAA AAG GCC CCC AAG GTA GTT ATC C-3 and R, 
5'-GTC GTT TCC GCA ACA AGT CCT CTTC-3; GAP DH F, 
5'-CTG ACT TCA ACA GCG ACA CC-3' and R, 5'-TAG CCA 
AAT TCG TTG TCA TACC-3'. The following thermocycling 
conditions were maintained: 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 (21).

Overexpression and downregulation of miR-1294 in SAS 
cells. miR-1294 was overexpressed by miR-1294 mimics and 
decreased by miR-1294 antisense oligonucleotides (ASO), 
as described in a previous study (18). miR-1294 mimics, 
miR-1294 ASO and control miRNA were purchased from 
Shanghai Shengong Biotechnology Co., Ltd. miRNAs were 
transfected into cells using the Lipofectamine® 2000 reagent 
(Thermo Fisher Scientific, Inc.).

Cell proliferation assay. Cellular growth was analyzed by the 
MTT assay, as previously described (22-25). Briefly, SAS cells 
were cultured in 96-flat well plates overnight, at a cells density 
of 5x105/well. The MTT reagent (0.1 mg/ml) was added into 

the medium for 5 min, followed by the addition of 100 µl of 
DMSO. The optical density (OD) value was measured on a 
microplate reader, with a 570 nm filter.

Cell migration assay. Transwell systems were used to assess 
cell migration. In detail, the Transwell chambers (8.0 µm pore; 
Sigma-Aldrich; Merck KGaA) were placed in 24-well plates. 
The miR-1294 mimics or ASO-transfected SAS cells were 
FBS deprived for 12 h, and subsequently added to the upper 
chambers. Medium containing 10% FBS was placed in the 
lower chambers and, after 24 h, the migrating SAS cells were 
counted.

Prediction of the putative targets of miR-1294. The putative 
targets of miR-1294 were predicted by the online software 
Targetscan (http://www.targetscan.org/vert_71/). TargetScan 
predicts biological targets of miRNAs by searching for the 
presence of 8mer, 7mer, and 6mer sites that match the seed 
region of each miRNA (26).

Dual luciferase reporter assays. SAS cells were seeded at 
1x105 cells/well and were serum-starved for 6 h pre-transfec-
tion. Mutants of c-Myc 3' untranslated region (3'UTR) were 
generated using the Site-Directed Mutagenesis Kit (Huijun 
Company, China). The 3'UTR of c-Myc and mutated controls 
were cloned and inserted into the reporter plasmid (500 ng) 
(Promega Corporation, Madison, WI, USA). miR-1294 
mimics were then transfected into the SAS cells containing 
either the wild-type or mutant 3'UTR plasmids, using 
Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, 
Inc.). Twenty-four hours later, cells were harvested and the 
luciferase activity was measured using the Dual-Luciferase 
Reporter Assay System (Huijun Company).

Plasmid transfection. c-Myc overexpression plasmid 
(pcDNA3.1-c-Myc) was constructed by Sangon Biotech 
Co., Ltd. (Shanghai, China. Then, miR-1294 mimics and 
pcDNA3.1-c-Myc plasmid were co-transfected into SAS 
cells, using Lipofectamine 2000 (Invitrogen; Thermo Fisher 
Scientific, Inc.). In details, cells should be 70-90% confluent 
at the time of transfection. Diluted DNA and diluted 
Lipofectamine 2000 were mixed gently and incubated for 
20 min at room temperature. Then, the 100 µl of complexes 
were added into each well containing cells and medium. Then, 
incubated SAS cells at at 37˚C in a CO2 incubator for 18-48 h 
prior to testing for transgene expression.

Western blot analysis. SAS Cells were thawed and lysed in 
lysis buffer (150 mM NaCl, 50 mM Tris-HCI, 1% Triton X-100 
and 0.1% SDS) with the Protease Inhibitor Cocktail 
(Sigma-Aldrich; Merck KGaA) and the Phosphatase Inhibitor 
Cocktail (Sigma-Aldrich; Merck KGaA). Protein was sepa-
rated by 10% SDS-PAGE gel and was transferred into PVDF 
membrane. Then, the membrane was blocked in 5% bovine 
serum albumin (BSA; A1933; Sigma-Aldrich; Merck KGaA) 
for 1 h. For c-Myc analysis, an anti-c-Myc antibody (ab11917; 
Abcam, Cambridge, UK) was prepared in 5% BSA (1:500). 
The membrane was incubated with c-Myc antibody in 4˚C for 
overnight. After washed by 3 times, the membrane was incu-
bated with a peroxidase-linked antibody to rabbit antibody IgG 
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(ab218695; 1:2,000 dilution; Abcam) in room temperature for 
2 h. Proteins were detected with the ECL Western Blotting 
Detection Reagents (GE Healthcare, Chicago, IL, USA). 
Images were analyzed using ImageJ [National Institutes of 
Health (NIH) Bethesda, MD, USA, USA]. β-actin was used 
as an internal control. For β-actin detection, an anti-β-actin 
antibody (ab8226; Abcam) was prepared in 5% BSA (1:2,000). 
The following steps were same with the steps of detecting 
c-Myc.

Statistical analysis. All experiments were repeated 3 times. 
Data are shown as mean ± SD. Two-tailed Student's t-test was 
used to analyze the mean value between two groups; one-way 
ANOVA was used to test the mean value among 3 groups 
or more with post hoc contrasts by Student-Newman-Keuls 
test. The correlation between c-Myc and miR-1294 levels 
were tested by Pearson correlation coefficient analysis. The 

indicator of statistical significance was P<0.05. All calcula-
tions were performed using the SPSS software (version 16.0) 
(SPSS, Inc., Chicago, IL, USA).

Results

miR-1294 levels in OSCC tissues. Initially, the 6 preventatives 
image of OSCC tissues are shown (Fig. 1A). The expression 
levels of miR-1294 in 24 OSCC tissues and their matched 
adjacent normal tissues were analyzed by qRT-PCR. Results 
indicated lower levels of miR-1294 in OSCC tissues (Fig. 1B). 
This was reflected by the mean value of miR-1294 in the 
24 OSCC tissues, which was lower than the mean value in 
the 24 normal adjacent tissues (Fig. 1C). Then, we assayed the 
miR-1294 levels in normal primary gingival keratinocytes and 
4 OSCC cell lines (HSC2, HSC4, SAS and KON), and found 
that SAS cells showed the lowest levels of miR-1294 (Fig. 1D).

Figure 1. Relatively low level of miR-1294 in OSCC tissue samples. (A) The representative image of OSCC tissues HE staining (magnification, x200). The 
miR-1294 levels of 24 OSCC tissues samples and their matched adjacent normal tissues were assessed by qRT-PCR. Relative miR-1294 levels tumor/normal 
(log2) were listed (B); the mean miR-1294 values of the OSCC tissues and their matched adjacent normal tissues were also recorded. (C) *P<0.05 vs. Normal 
tissues. (D) The miR-545 levels of 5 OSCC cell lines (HSC2, HSC4, SAS and KON) and primary gingival keratinocytes (PGK) were assayed by qRT-PCR. 
*P<0.05 vs. PGK. These experiments were performed in triplicate. OSCC, oral squamous cell carcinoma.
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In vitro role of miR-1294 in SAS cells. Next, we assessed the 
function of miR-1294 in vitro. The levels of miR-1294 levels 
were upregulated and downregulated by miR-1294 mimics 
and miR-1294 ASO transfection, respectively. As expected, 
miR-1294 mimics transfection increased the level of miR-1294 
in SAS cells, whereas miR-1294 ASO transfection decreased 
the level of miR-1294 in the SAS cells (Fig. 2A). Next, cell 
growth following transfection was assessed using by MTT 
assay. As seen in Fig. 2B, upregulation of miR-1294 inhibited 
cell growth, whereas downregulation promoted cell growth in 
SAS cells. Subsequently, we analyzed cell migration following 
transfection, and found that miR-1294 mimics decreased the 
number of migrating cells, whereas miR-1294 ASO increased 
the number of migrating cells, in SAS cells (Fig. 2C).

c-Myc is a target gene of miR-1294. Next we attempted to deter-
mine that whether c-Myc is a target gene of miR-1294. c-Myc 
is a very important oncogene, which shows a high amplifica-
tion mutation across all various types of tumors (Fig. 3A). The 
potential binding sites of the 3'UTR of c-Myc were revealed 
by bioinformatics methods (Fig. 3B). To establish whether 
miR-1294 could target c-Myc, mutants of 3'UTR of c-Myc 
were generated and, subsequently transfected into luciferase 
reporter plasmids. miR-1294 mimics and c-Myc mutants 
were co-transfected into SAS cells. At 24 h post-transfection, 

that miR-1294 mimics reduced the luciferase activity of the 
3'UTR of wild-type c-Myc, but not that of mutated of 3'UTR 
of c-Myc (Fig. 3C). Forty-eight hours later, the c-Myc protein 
levels were determined by western blot analysis. As shown in 
Fig. 3D, miR-1294 mimics inhibited the expression of c-Myc in 
SAS cells (Fig. 3D). Moreover, we assayed the c-Myc mRNA 
expression levels in the 24 OSCC tissues, and correlated 
c-Myc mRNA expression with miR-1294 expression. Obtained 
results revealed a negative correlation between c-Myc mRNA 
expression and miR-1294 expression in the 24 OSCC tissue 
samples (Fig. 3E).

c-Myc reduces the inhibitory effect of miR-1294. To confirm 
miR-1294 play its role via c-Myc, we performed the rescue 
experiment including plasmid transfection and cell migra-
tion assay. We overexpressed the c-Myc levels in SAS cells 
by c-Myc overexpression plasmid transfection (pcDNA3.1-
c-Myc). Twenty-four hours later, the c-Myc mRNA levels 
in SAS cells was analyzed by qRT-PCR, and we found 
that pcDNA3.1-c-Myc increased the c-Myc levels in SAS 
cells (Fig. 4A). Next miR-1294 mimics and pcDNA3.1-c-Myc 
plasmid were co-transfected into SAS cells, then the cells 
growth were tested by MTT analyzed, and we found that 
miR-1294 inhibited cells growth as expected, and c-Myc 
overexpression plasmid restored the inhibitory effect of 

Figure 2. Overexpression of miR-1294 inhibited the proliferation and migration of SAS and vice versa. miR-1294 was overexpressed by miR-1294 mimics 
transfection, and downregulated by miR-1294 antisense oligonucleotides (ASO) transfection in SAS cells. miR-1294 levels were assayed by qRT-PCR, 24 h 
post-transfection. *P<0.05 vs. NC-mimics or NC-ASO (A). The cellular proliferation of SAS cells, following transfection, was assayed by MTT analysis. 
*P<0.05 vs. Control (B). To assess cellular migration, SAS cells were added to the upper chamber with a non-coated membrane in each group, respectively. 
After 6 h, the cells in the lower chamber were counted. *P<0.05 vs. NC (C). These experiments were performed in triplicate.
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miR-1294 (Fig. 4B). Subsequently, we analyzed cell migra-
tion following transfection, and found that miR-1294 mimics 
decreased the number of migrating cell, whereas c-Myc over-
expression plasmid restored the inhibitory effect of miR-1294, 
in SAS cells (Fig. 4C).

TRL4, TLR6, TLR8 and TLR9 are target genes of miR-1294. 
TLR2, TLR4 and TLR9 were expressed in primary tumors, 
neck metastases as well as in recurrent tumors of OSCC. We 
found that miR-1294 could target TRL4, TLR6, TLR8 and 
TLR9 (Fig. 5).

Figure 3. c-Myc is targeted by miR-1294. (A) C-Myc amplification mutation across all various types of tumors. (B) The binding sites and the location of the 
two mutations were listed. miR-1294 mimics and a plasmid containing either wild-type or mutated 3'UTR sequence of c-Myc were transfected into SAS cells 
and, after 48 h, the luciferase activity was analyzed. (C) *P<0.05 vs. miR-NC. (D) The amount of c-Myc protein in SAS cells was determined post-transfection 
by western blotting. (E) The correlation between miR-1294 and c-Myc was analyzed by Pearson correlation coefficient analysis. Each experiment was repeated 
at least 3 times.
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Discussion

In the present study, the function of miR-1294 in OSCC was 
investigated. Our data showed that miR-1294 levels in OSCC 
tissues were lower than the levels in matched adjacent normal 
tissues. Overexpression of miR-1294 inhibited the proliferation 
and migration of SAS cells, and vice versa. To the best of our 
knowledge, this is the first report on the inhibitory function of 
miR-1294 in OSCC. In esophageal squamous cell carcinoma, 
inhibitory effect of miR-1294 on the translation of c-Myc has 
been already described and proved by Liu et al (18). Our study 
showed the similar scenario as this previous study described 
and stress the function of miR-1294 in OSCC.

The role of c-Myc has been intensively studied in head and 
neck cancers including OSCC. In OSCC, c-Myc level was over-
expressed (27), more importantly, overexpression of c-Myc is 
correlated with poor prognosis of OSCC (28). The underlying 
mechanism is that c-Myc is elicited mainly via activation of 
transcription of those c-Myc target genes that are positive 
regulators of the cell cycle, such as cyclins D1, D2, E and A, 

Cdk4, e2f1, e2f2, Cdc25A and B (29,30). Thus it is possible that 
the low levels of miR-1294 may be also correlated with poor 
prognosis of OSCC. However, whether c-Myc and miR-1294 
are correlated with the grade of pathology, whether c-Myc 
play a role in cell migration are unclearly. In further study, 
we will investigated these issues and analyze c-Myc protein 
in tissues by western blotting and immunohistochemical. The 
correlation of the expression of miR-1294 and the grade of 
pathology may be tested and the morphology of migrated cells 
will be observed by microscope. We will collect more OSCC 
specimen and analyzed this possibility in a further study.

Bioinformatics methods predicted that TRL4, TLR6, TLR8 
and TLR9 are target genes of miR-1294 (Fig. 5). Toll-like 
receptors (TLRs) are cell surface or intracellular transmem-
brane proteins, acting as pattern-recognition receptor. TLRs 
are capable of recognizing bacterial, viral, fungal and 
protozoal components (31-38). A previous study showed that 
TLR2, TLR4 and TLR9 were expressed in primary tumors, 
neck metastases as well as in recurrent tumors of OSCC (39). 
As OSCC developed in an immune cell-rich environment, 

Figure 4. c-Myc overexpression plasmid restored the inhibitory effect of miR-1294. pcDNA3.1-c-Myc plasmid was transfected into SAS cells, empty plasmid 
was used as a control. Twenty-four hours later, the c-Myc mRNA levels in SAS cells was analyzed by qRT-PCR. The c-Myc mRNA in control group was 
arbitrarily defined as 100%. (A) *P<0.05 vs. pcDNA3.1. pcDNA3.1-c-Myc plasmid and miR-1294 mimics were co-transfected into SAS cells, cell proliferation 
was tested by MTT assay following transfection. (B) *P<0.05 vs. pcDNA3.1. pcDNA3.1-c-Myc plasmid and miR-1294 mimics were co-transfected into SAS 
cells, and were placed into the upper chamber with a non-coated membrane in each group, respectively. (C) After 6 h, the cells in the lower chamber were 
counted. *P<0.05 vs. NC. Each experiment was repeated at least 3 times.

Figure 5. Binding sites of miR-1294 between TLR4, TLR6, TLR8 and TLR9.
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immune cells interact with cancer cells intensively, resulting 
in a network of regulation. For example, TLR2 played a role 
in Treg expansion and their suppressive capacity (40). Thus, 
we guessed that TRL4, TLR6, TLR8 and TLR9 maybe be 
involved in the regulation of immune microenvironments of 
OSCC, and miR-1294 may play its antitumor role partly by 
targeting Toll-like receptors.

In conclusion, our data reveal the inhibitory role of 
miR-1294 in OSCC.
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