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Introduction: Oral cancer is the sixth most prevalent form of cancer, with oral squamous cell 

carcinomas (OSCCs) exhibiting the highest morbidity of all head and neck cancers. However, 

the specific metastatic mechanism is not yet clear. MicroR-300 (miR-300) has been identified 

as a critical regulator in tumor development. In this study, we focused on the roles of miR-300 

in regulating epithelial–mesenchymal transition (EMT) in OSCC.

Methods: The surgical specimens from cases of OSCC (N=120) were collected, and the miR-

300 expression was tested and the results were analyzed for possible correlations with clinical 

characteristics, and the prognostic significance was assessed by Kaplan–Meier analysis and Cox 

proportional hazards regression in OSCC patients. In addition, the proliferation and invasion of 

OSCC cells were evaluated after transfection of miR-300 mimics or inhibitor. At last, the role 

of miR-300 in EMT was investigated.

Results: The results showed that miR-300 levels were significantly lower in patients with OSCC 

than in controls and miR-300 levels in patients with OSCC were significantly associated with TNM 

classification. Kaplan–Meier analysis indicated that miR-300 with lower level had significantly 

decreased overall survival and disease-free survival of OSCC patients. In multivariate analysis, TNM 

stage, miR-300 expression and tobacco usage were the independent prognostic factors for overall 

survival and disease-free survival in OSCC. Moreover, in vitro experiments showed that miR-300 

could inhibit the proliferation and invasion of OSCC cells. More importantly, miR-300 could inhibit 

the EMT process. In addition, we found that ET-1 could inhibit the expression of miR-300.

Conclusion: Our findings indicated that miR-300 could suppress metastasis of OSCC by inhibit-

ing EMT. The present study indicates that miR-300 is a potential therapeutic agent for OSCC.
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Introduction
Oral cancer is the sixth most prevalent form of cancer, with oral squamous cell 

carcinomas (OSCCs) exhibiting the highest morbidity of all head and neck cancers.1 

Although great progress has been made in systemic and individualized treatments of 

OSCC, the incidence of OSCC has increased significantly over the past few decades2 and 

metastasis remains a great challenge for the treatment of OSCC. Therefore, it is of great 

significance to investigate the mechanism of OSCC progression and metastasis.

miRNAs are a group of noncoding RNAs with a length of ~14–22 nucleotides which 

are expressed in mammalian cells.3,4 It has been found that miRNAs play an important 

role in various pathological and biological processes such as cell proliferation, migration, 

differentiation, apoptosis, and inflammation.5–7 Recently, some researchers found that 

miRNAs can not only regulate the expression levels of oncogenes and tumor suppressor 
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genes to influence the process of tumor, but also might func-

tion as oncogenes or tumor suppressor genes directly.8

MiR-300 has been investigated in some human cancers. 

In gastric cancer, miR-300 was found to be upregulated and 

overexpression of miR-300 could promote cell proliferation 

and cell cycle progression.9 In laryngeal squamous cell carci-

noma, miR-300 was found to suppress proliferation and inva-

sion of cancer cells by targeting ROS1 and lower miR-300 

expression predicts poor prognosis.10,11 It was also found that 

miR-300 was upregulated in breast cancer and promoted cell 

proliferation and cell cycle progression by targeting p53.12 

This indicated that miR-300 had different functional roles 

in human cancers. The expression and biological roles of 

miR-300 in OSCC have not been discovered.

In this study, we report that miR-300 was downregulated 

in OSCC tissues compared with normal tissues. Decreased 

expression of miR-300 was associated with TNM clas-

sification and unfavorable prognosis of OSCC patients. 

Furthermore, miR-300 inhibited the proliferation and inva-

sion of OSCC cells in vitro. Notably, miR-300 may suppress 

epithelial–mesenchymal transition (EMT) by increasing the 

expression levels of E-cadherin and decreasing the expres-

sion levels of N-cadherin, Vimentin, Snail1 and MMP-2. 

Moreover, miR-300 mRNA levels were altered due to the 

differential expression of ET-1. In conclusion, the results 

of the present study demonstrate that miR-300 may act 

as a tumor suppressor by inhibiting EMT, suggesting that 

miR-300 may be a potential biomarker and anticancer thera-

peutic target for OSCC.

Materials and methods
Tissue samples
A total of 120 specimens of OSCC were obtained from 

patients who underwent surgical resection in the Department 

of Oral and Maxillofacial Surgery, the School of Stomatol-

ogy, China Medical University between 2008 and 2012. 

These tumor specimens were stored at -80°C. Experiments 

using human samples were approved by the ethics committee 

of the School of Stomatology, China Medical University, and 

written informed consent was obtained from the donors.

cell culture
Human OSCC cell lines Tca8113, Cal-27 and HaCat cells 

were obtained from American Type Culture Collection 

(ATCC, Manassas, VA, USA). The Tca8113 cells were 

maintained in 1640 medium and Cal-27 and HaCat cells were 

maintained in DMEM medium; 10% of fetal bovine serum 

and 1% of penicillin–streptomycin solution were added to 

them. All the cell lines were maintained at 37°C in the pres-

ence of 5% CO
2
.

reverse transcription-quantitative 
polymerase chain reaction (rT-qPcr)
Total RNA was extracted from the frozen tissues and cells 

using TRIzol (Takara Corporation, Dalian, China) according 

to the manufacturer’s instructions. Using standard spectro-

photometric methods, RNA concentration was quantified 

and its purity was determined. RNA (1 µg) was reverse 

transcribed using Harrpin-it™ microRNA and U6 snRNA 

Normalization RT-PCR Quantitation Kit (GenePharma Co, 

Shanghai, China). The RT reaction system was as follows: 

5× MMLV RT buffer 4 µL, dNTP 0.75 µL, miRNA and 

U6 snRNA RT primer mix (1 µM) 1.2 µL, MML Reverse 

Transcriptase (200 U/µL)2 0.2 µL, RNA 1 µg; RNase-free 

H
2
O was added up to 20 µL. The following thermal cycling 

conditions were employed: 25°C for 30 minutes, 42°C for 

30 minutes and 85°C for 5 minutes. qPCR reaction system: 

2× Real-time PCR Master Mix (SYBR) 10 µL, miRNA and 

U6 snRNA-specific primer set (10 µM)1 0.4 µL, ROX ref-

erence dye (50×)3 0.4 µL, Taq DNA polymerase (5 U/µL) 

0.2 µL, miRNA RT product 2 µL; sterilized H
2
O was added 

up to 20 µL. The cycling conditions were as follows: 95°C for 

3 minutes, 95°C for 12 seconds and 62°C for 40 seconds.

To examine the expression of E-cadherin, N-cadherin, 

Vimentin, Snail1 and MMP-2, cDNA served as the template 

for amplification of PCR using a cDNA Synthesis kit 

(PrimeScript™ RT reagent kit, Takara), according to the manu-

facturer’s instructions. The RT reaction system was as follows: 

5× PrimeScript RT Master Mix 4 µL, RNA 1 µg; RNase-free 

distilled H
2
O was added up to 20 µL. The following thermal 

cycling conditions were employed: 37°C for 15 minutes and 

85°C for 5 minutes. qPCR was conducted using the SYBR 

Premix Ex Taq II kit (Takara Corporation) with a qPCR reaction 

system: SYBR Premix Ex Taq II 10 µL, cDNA 1 µL, forward 

primer 0.5 µL, reverse primer 0.5 µL and sterile water 8 µL. The 

cycling conditions were as follows: 95°C for 1 minute, 94°C for 

30 seconds, 58°C for 30 seconds and 72°C for 10 seconds.

Gene expression was normalized to GAPDH as an inter-

nal control, and the relative level of miR-300 was calculated 

using the 2-ΔΔCt method.

Western blotting
Protein concentrations were determined by the bicinchoninic 

acid method. Next, samples corresponding to 50 µg of 

total protein were subjected to sodium dodecyl sulfate- 

polyacrylamide gel electrophoresis in a 10% gel and then 
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transferred onto polyvinylidene difluoride membranes 

(Sigma, Shanghai, China). After blockage with 5% non-fat 

milk, the membrane was probed with primary antibodies 

including E-cadherin (1:1,000, Cell Signaling Technology), 

N-cadherin (1:500, Cell Signaling Technology), Vimentin 

(1:1,000, Cell Signaling Technology), Snail1 (1:1,000, Cell 

Signaling Technology), MMP-2 (1:1,000, Cell Signaling 

Technology) and GAPDH antibodies (1:2,000, Santa 

Cruz Biotechnology Inc.) and then probed with secondary 

antibodies (1:5,000, Santa Cruz Biotechnology Inc.). Proteins 

were visualized by means of Thermo Pierce ECL (Thermo 

Fisher Scientific, Waltham, MA, USA).

cell transfection
MiR-300 mimics, miR-300 inhibitor and control were 

synthesized by GenePharma Co. (GenePharma Co, Shanghai, 

China). The cells were seeded in six-well plates and were trans-

fected using Lipofectamine 2000 transfection reagent (Thermo 

Fisher Scientific) following the manufacturer’s protocol.

•	 miR-300 mimics sense: 5′-UAUACAAGGGCA 

GACUCUCUCU-3′, antisense: 5′-AGAGAGUCUGC 

CCUUGUAUAUU-3′
•	 negative control sense: 5′-UUCUCCGAACGUGUCA 

CGUTT-3′, antisense: 5′-ACGUGACACGUUCGG 

AGAATT-3′
•	 miR-300 inhibitor: 5′-AGAGAGAGUCUGCCU 

UGUAUA-3′
•	 miR inhibitor NC: 5′-CAGUACUUUUGUGUAG 

UACAA-3′

3-(4,5-dimethylthiazol-2-yl)-5-
(3-carboxymethoxyphenyl)-2-(4-
sulfophenyl)-2h-etrazolium,inner salt 
(MTs) assay
Proliferation assays were conducted using the Cell Proliferation 

Assay kit (Promega, Madison, WI, USA). OSCC cells were 

plated in 96-well plates (2×103 cells/well) and cultured at 37°C 

for 18 hours prior to transfection. Subsequently, the cells were 

transfected with miR-300 mimics and miR-NC, in addition to 

miR-300 inhibitor and miR-inhibitor NC. The culture plates 

were taken out at different time periods (24, 48 and 72 hours) 

and continuously cultured for 2 hours after the addition of 10 µL 

MTS in each well. The OD value was measured at a wavelength 

of 570 nm using enzyme-linked immunosorbent assay.

Transwell assays
OSCC cells were transfected for 48 hours. The cells 

(5×104 cells/well) were resuspended in serum-free medium 

and plated onto the upper chamber (Corning Costar, 

Tewksbury, MA, USA). Then, 0.5 mL of medium containing 

10% fetal bovine serum (Clark, Beijing, China) was added in 

the lower chamber to act as chemoattractant. Transwell cham-

bers coated with Matrigel (Corning Inc.) were used. Cells in 

the Transwell plates were incubated at 37°C in a humidified 

atmosphere with 5% CO
2
 for 48 hours. The adherent cells 

on the upper surface of the insert membrane were carefully 

removed with cotton tips. Cells on the lower surface of 

the membrane were fixed with 4% paraformaldehyde for 

15 minutes, permeabilized in 0.1% Triton X-100 and stained 

with 0.1% crystal violet for 30 minutes. The invaded cells 

were imaged and quantified using a microscope (Olympus, 

Beijing, China) in five separate fields per membrane.

statistical analysis
Statistical analysis was carried out in the IBM SPSS 21.0 

software (IBM Corporation, Armonk, NY, USA). Student’s 

t-test was used to examine statistical differences between 

two groups. Correlations between the miR-300 expression 

and clinical characteristics of OSCC patients were assessed 

by chi-squared test. In addition, overall survival (OS) and 

disease-free survival (DFS) were calculated by the Kaplan–

Meier method. To determine the effect of particular prognos-

tic factors on survival, a multivariate analysis was performed 

according to the Cox regression model. P,0.05 was assumed 

to indicate a statistically significant difference.

Results
Downregulation of mir-300 in Oscc
In order to examine the oncogenic role of the miR-300, 

we compared the miRNA expression between the OSCC 

tissues and normal oral mucosa tissues. qRT-PCR showed 

that compared with healthy normal tissues, the expression of 

miR-300 was obviously reduced in OSCC tissues (P,0.05; 

Figure 1A). Then, we divided the OSCC patients into two 

groups: patients with metastasis and those without metastasis. 

Compared with patients without metastasis, patients with 

metastasis showed significantly decreased level of miR-300 

(P,0.05; Figure 1B). Furthermore, compared with HaCat 

cells, the expression of miR-300 in Tca8113 and Cal-27 cell 

lines was significantly decreased (P,0.05; Figure 1C).

The relationship between miR-300 and the clinicopatho-

logic characteristics of the OSCC patients is summarized 

in Table 1. Correlations between miR-300 and gender, age 

and tumor site were not statistically significant. However, 

the results showed that miR-300 was closely related to TNM 

classification (P,0.05; Table 1).
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Figure 1 The expression of mir-300 in Oscc tissues and cells.
Notes: (A) The expression of mir-300 was compared between Oscc tissues and normal tissues. (B) The expression of mir-300 was compared between Oscc patients 
with metastasis and those without metastasis. (C) The expression of mir-300 was compared between two Oscc cell lines and the hacat cells. *P,0.05.
Abbreviation: Oscc, oral squamous cell carcinoma.

Table 1 The relationship between mir-300 and the clinicopathologic characteristics in Oscc patients

Patient 
characteristics

No of 
patients

miR-300 low 
expression 
(#median)
n (%)

miR-300 high 
expression 
(.median)
n (%)

χ2 value P-value

Patients included 120 78 (100) 42 (100)
gender

Male
Female

65
55

40 (51.3)
38 (48.7)

25 (59.5)
17 (40.5)

0.747

age (years)
#55 50 36 (46.2) 14 (33.3) 1.846
.55 70 42 (53.8) 28 (66.7)

Primary tumor site
Buccal 24 16 (20.5) 8 (19.0) 2.447
Tongue 52 37 (47.5) 15 (35.7)
gingival 25 15 (19.2) 10 (23.8)
Other 19 10 (12.8) 9 (21.5)

Differentiation
Well/moderate 59 38 (48.7) 21 (50.0) 0.018
Poor 61 40 (51.3) 21 (50.0)

T classification
T1/2 52 20 (25.6) 32 (76.2) 28.41 ,0.01
T3/4 68 58 (74.4) 10 (23.8)

N classification
n0 40 19 (24.4) 21 (50.0) 8.077 ,0.01
n1–3 80 59 (75.6) 21 (50.0)

M classification
M0 69 35 (44.9) 34 (81.0) 14.543 ,0.01
M1 51 43 (55.1) 8 (19.0)

Abbreviation: Oscc, oral squamous cell carcinoma.
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To elucidate the prognostic role of miR-300, we exam-

ined the relationship between miR-300 expression and 

patient outcome with long-term follow-up. Kaplan–Meier 

analysis further showed patients with relatively lower level 

of miR-300 had significantly decreased OS (P,0.0001; 

Figure 2A) and DFS (P,0.0001; Figure 2B). Univariate 

and multivariate analyses were carried out using Cox pro-

portional hazard model to evaluate the impact of miR-300 

expression and clinicopathologic factors on the prognosis of 

OSCC patients. As shown in Table 2, univariate Cox regres-

sion analysis suggested that differentiation (P=0.031 for OS, 

P=0.045 for DFS), TNM stage (P=0.041 for OS, P=0.035 

for DFS), miR-300 expression (P=0.028 for OS, P=0.025 

for DFS) as well as tobacco usage (P=0.033 for OS, P=0.040 

for DFS) were significantly associated with poor OS and 

DFS. Multivariate analyses showed TNM stage (P=0.049 

for OS, P=0.043 for DFS), miR-300 expression (P=0.035 

for OS, P=0.030 for DFS) as well as tobacco usage (P=0.045 

for OS, P=0.049 for DFS) were associated with poor OS 

and DFS.

mir-300 inhibits proliferation and 
invasion of Oscc cells
In order to analyze the association between miR-300 and 

OSCC, OSCC cells were transfected with miR-300 mimics or 

miR-300 inhibitor and the transfection efficiency was detected 

Figure 2 The prognostic value of mir-300 in Oscc.
Note: Kaplan–Meier plots were used to compare the (A) overall survival rate and (B) disease-free survival rate between patients with high level of mir-300 and those with 
low mir-300 level.
Abbreviation: Oscc, oral squamous cell carcinoma.

Table 2 Univariate and multivariate cox proportional hazards model for Os and DFs in Oscc patients

Variables Univariate Multivariate

HR 95% CI P-value HR 95% CI P-value

OS
gender (male vs female) 1.362 0.589–2.003 0.597
age (#55 vs .55) (years) 1.412 0.687–2.056 0.548
Differentiation (well/moderate vs poor) 3.783 0.671–3.998 0.031 2.924 0.876–4.221 0.040
Tumor size, cm (#5 vs .5) 1.122 0.812–2.673 0.821
TnM stage (ii+iii vs i) 2.765 0.991–3.629 0.041 2.554 1.222–3.012 0.049
mir-300 expression (high vs low) 3.887 1.245–5.283 0.028 3.112 1.675–4.434 0.035
Tobacco usage (yes vs no) 3.221 1.034–4.557 0.033 2.678 1.097–4.553 0.045
DFS
gender (male vs female) 1.124 0.518–2.003 0.719
age (#55 vs .55) 1.301 0.786–2.135 0.613
Differentiation (well/moderate vs poor) 2.934 0.567–3.786 0.045 2.345 0.433–3.099 0.506
Tumor size, cm (#5 vs .5) 1.024 0.673–2.945 0.839
TnM stage (ii+iii vs i) 3.011 1.034–4.562 0.035 2.997 0.984–3.765 0.043
mir-300 expression (high vs low) 3.642 1.345–5.128 0.025 3.423 1.212–4.743 0.030
Tobacco usage (yes vs no) 2.988 1.174–4.632 0.040 2.665 1.112–4.086 0.049

Abbreviations: DFs, disease-free survival; hr, hazard ratio; Os, overall survival; Oscc, oral squamous cell carcinoma.
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by RT-qPCR (Figure 3A and C). Overexpression of miR-300 

significantly inhibited cell proliferation (Figure 3B), On the con-

trary, miR-300 inhibitor significantly promoted cell proliferation 

(Figure 3D). Overexpression of miR-300 significantly inhibited 

cell invasion (Figure 3E) and miR-300 inhibitor promoted cell 

invasion (Figure 3F) of Tca8113 and Cal-27 cell lines.

mir-300 inhibits the eMT of Oscc cells
To explore the molecular mechanism of miR-300 in OSCC, 

we assessed the role of miR-300 in the EMT of OSCC cells. 

We performed Western blot and RT-qPCR to detect the 

expression of E-cadherin, N-cadherin, Vimentin, Snail1 and 

MMP-2 in the OSCC cells transfected with miR-300 mimics 

Figure 3 mir-300 inhibits the proliferation and invasion abilities.
Notes: (A, C) Tca8113 and cal-27 cells were transfected with mir-300 mimics and inhibitor for 48 hours. The levels of mir-300 were determined by reverse transcription 
quantitative Pcr assay. (B, D) The cells were treated as indicated above, and the cell proliferation ability was determined by MTs assay. (E, F) The cells were treated as 
indicated above, and the cell invasion ability was determined by Transwell. *P,0.05, **P,0.01.
Abbreviations: Pcr, polymerase chain reaction; nc, negative control.
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and inhibitor. The results of RT-qPCR (Figure 4A) and 

Western blot (Figure 4B) demonstrated that overexpression 

of miR-300 in Tca8113 cells increased the expression of 

E-cadherin and decreased N-cadherin, Vimentin, Snail1 and 

MMP-2 expression significantly. The results of RT-qPCR 

(Figure 4C) and Western blot (Figure 4D) in Cal-27 cells 

is the same. On the other hand, RT-qPCR (Figure 4E) and 

Western blot (Figure 4F) showed that miR-300 inhibitor in 

Figure 4 (Continued)
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Tca8113 cells reduced E-cadherin expression and increased 

N-cadherin, Vimentin, Snail1 and MMP-2 expression sig-

nificantly. The results of RT-qPCR (Figure 4G) and Western 

blot (Figure 4H) in Cal-27 cells is the same.

endothelin-1 (eT-1) inhibiting mir-300 
in Oscc
The results of cell proliferation and invasion in this study 

indicated that miR-300 may inhibit the proliferation and 

invasion OSCC cells. To further understand the mechanisms 

of miR-300 in OSCC metastasis, ET-1 was used. We found 

that miR-300 expression was decreased in a dose-dependent 

manner after ET-1 treatment (Figure 5A).

When we transfected OSCC with an miR-300 mimic 

and then treated them with ET-1,we confirmed the role of 

miR-300 in cell invasion. The data indicate that the miR-300 

mimic inhibited ET-1–induced invasion (Figure 5B). We 

also find that the miR-300 mimic but not the control miRNA 

abolished ET-1–induced EMT (Figure 5C and D).

Discussion
In OSCC patients, metastasis is the primary cause of mortality. 

Thus, it is very important to understand the molecular mecha-

nisms of metastasis. Recently, miRNAs have been reported 

to promote or suppress tumor metastasis,13,14 providing a new 

perspective on the metastatic process. Emerging research 

suggests that miRNAs play essential roles in the progression 

of OSCC.15–19 Nonetheless, research on the role of miRNAs in 

OSCC metastasis is lacking. EMT, which enables epithelial 

cells to acquire invasive mesenchymal phenotype, is attract-

ing increasing attention as an important mechanism for the 

initial step of metastasis.20 In this study, we observed that 

miR-300 played an important role as a suppressor of EMT 

in OSCC, which, in turn, inhibited metastasis.

To gain further insights into the role of miR-300 in OSCC 

metastasis, the expression of miR-300 was detected in 120 

OSCC samples. We found that miR-300 expression was 

significantly decreased in OSCC tissue. Furthermore, signifi-

cantly lower levels of miR-300 were found in patients with 

metastasis than those in patients without metastasis. Decreased 

expression of miR-300 was associated with adverse clinico-

pathologic features and poor prognosis of OSCC patients. 

Functionally, miR-300 was found to inhibit the proliferation 

and invasion of OSCC cells. Moreover, through inhibiting 

EMT phenotype (as suggested by increased E-cadherin and 

decreased N-cadherin, Vimentin, Snail and MMP-2), we 

further explored whether miR-300 inhibited the metastasis 

of OSCC cells, and the data of RT-qPCR and Western blot 

showed that miR-300 could inhibit the EMT of OSCC cells.

Considerable evidence suggests that tumor cells express-

ing aberrant levels of ET-1 facilitate tumor development 

and progression. However, the molecular mechanisms of 

ET-1–regulated EMT by miRNA in human oral cancers are 

not well characterized. Our study indicates that miR-300 is 

Figure 4 mir-300 inhibits the eMT of Oscc cells.
Notes: (A, C) miR-300 overexpression significantly increased the mRNA level of E-cadherin and decreased the mRNA level of N-cadherin, Vimentin, Snail1 and MMP-2 
in Oscc cells. (B, D) miR-300 overexpression significantly increased the protein expression of E-cadherin and decreased the expression of N-cadherin, Vimentin, Snail1 
and MMP-2 in Oscc cells. (E, G) miR-300 downregulation significantly decreased the mRNA level of E-cadherin and increased the mRNA level of N-cadherin, Vimentin, 
snail1 and MMP-2 in Oscc cells. (F, H) miR-300 downregulation significantly decreased the protein expression of E-cadherin and increased the expression of N-cadherin, 
Vimentin, Snail1 and MMP-2 in OSCC cells. *P,0.05.
Abbreviations: eMT, epithelial–mesenchymal transition; Oscc, oral squamous cell carcinoma; nc, negative control.
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downregulated in response to ET-1, and that transfection of 

cells with miR-300 mimic reduces ET-1–induced cell invasion. 

The ET-1 signaling has a distinct function in OSCC, namely, 

regulation of EMT and cell invasion by repressing miR-300.

However, there are some limitations of our study. First, 

the sample size in the subgroup analysis is not big enough; 

thus, the statistical power is limited. Second, the relevant 

mechanisms have not been identified. In our future work, we 

plan to do more in-depth research and analysis. Furthermore, 

animal experiments need to be devised to investigate the 

effects of miR-300 on tumor growth in vitro and in vivo.

In conclusion, the key finding in our study is that miR-300 

suppresses metastasis of OSCC by inhibiting EMT. These 

findings indicate that high miR-300 expression may be a 

useful therapeutic target for OSCC.
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