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Purpose: The constitutive activation of the Ras–MEK–ERK signaling pathway in oral cavity 

squamous cell carcinoma (OSCC) has been found to be tightly controlled at multiple levels 

under physiological conditions. RASA1 and SPRED1 are two important negative regulators 

of this pathway, but the exact regulating mechanism remains unclear. In this study, we aimed 

to explore the potential regulating mechanisms involved in the Ras–MEK–ERK signaling 

pathway in OSCC.

Materials and methods: MicroRNA (miRNA) expression was detected by quantitative 

reverse-transcription polymerase chain reaction. The protein levels of RASA1, SPRED1, and 

signaling proteins were detected by Western blot. Cell growth was determined using CCK-8 

reagent, colony formation was stained by crystal violet, and cell invasion was tested using 

transwell chambers. Cell apoptosis and the cell cycle were then analyzed by flow cytometry. 

The binding of miR182 with RASA1 or SPRED1 was evaluated by luciferase reporter assays 

on a dual-luciferase reporter system.

Results: The expression of miR182 was found to be upregulated significantly in malignant 

oral carcinoma tissues compared with the adjacent nonmalignant tissues, and was inversely 

correlated with protein levels of RASA1 and SPRED1. Overexpression of miR182 in 

OSCC cell lines sustained Ras–MEK–ERK signaling-pathway activation, and promoted cell 

proliferation, cell-cycle progression, colony formation, and invasion capacity, whereas miR182 

downregulation alleviated these properties significantly in vitro. Furthermore, we demonstrated 

that miR182 exerted its oncogenic role in OSCC by directly targeting and suppressing RASA1 

and SPRED1.

Conclusion: Our results bring new insights into the important role of miR182 in the activa-

tion of the Ras–MEK–ERK signaling pathway, and suggest that miR182 may be used as a 

potential target for treatment of OSCC, prompting further investigation into miRNA antisense 

oligonucleotides for cancer therapy.
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Introduction
Oral cavity squamous cell carcinoma (OSCC), the most common type of head and neck 

cancer, is a leading cause of cancer-related mortality worldwide. OSCC constitutes 

approximately 90% of all oral malignancies, which mainly occur in the tongue and 

the floor of the mouth.1,2 Despite advances in diagnostic techniques and therapeutic 

regimens, the prognosis of OSCC remains poor, and is marked by an average 5-year 

survival rate of 50%, locoregional recurrence of 25%, and distant metastasis of 25%.3 

Carcinogenesis, including OSCC,4 is thought to be prompted by the progressive 
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accumulation of multiple genetic abnormalities, which 

include the deregulation of oncogenes or tumor-suppressing 

genes that play crucial roles in the pathogenesis of cancer. 

Therefore, there is an urgent need to gain a better understand-

ing of the molecular mechanisms underlying the development 

of OSCC for improving early diagnosis and identifying new 

therapeutic targets.

MicroRNAs (miRNAs) are small, highly conserved, 

noncoding RNAs that are considered to play crucial roles in 

various cellular processes, such as proliferation, develop-

ment, differentiation, and apoptosis. These single-strand 

RNAs can induce direct degradation of target messenger 

RNAs (mRNAs) or translational inhibition by negatively 

regulating gene expression at the posttranscriptional level.5,6 

A single miRNA can regulate hundreds of protein-coding 

genes, while more than a third of all protein-coding genes are 

thought to be under translational control of miRNAs.7

In recent years, miRNAs have been studied most 

intensively in the regulation of tumorigenisis, and growing 

evidence shows that the deregulation of certain miRNAs 

regulating oncogenes or tumor-suppressing genes is involved 

in the pathogenesis of cancers.8 Emerging evidence has 

suggested that miRNAs can regulate the cellular signaling 

pathways involved in tumorigenesis through targeting the 

3′-untranslated region (3′UTR) of corresponding mRNAs.9–12 

Accordingly, the deregulation of certain miRNAs in OSCC 

has been reported to influence cell growth and development. 

For instance, transfection of an miR21 inhibitor to tongue 

SCC cell lines inhibits anchorage-independent growth, 

induces apoptosis, and suppresses tumor formation.13 miR-31 

has been found to be upregulated significantly in OSCC and 

head and neck squamous cell carcinoma,14,15 and overexpres-

sion of miR-31 represses the expression of factor-inhibiting 

HIF, thus activating the HIF pathway.15 In addition, miR137 

and miR193a inhibit cell growth by inducing apoptosis and 

G
1
–S arrest of OSCC cells by targeting CDK6 and E2F6.16

The MAPK pathway is commonly activated in various 

cellular processes, of which the MEK–ERK pathway is one 

of the most deregulated in human cancers.17 Upon stimula-

tion, receptor tyrosine kinases translate the ligand-binding 

event into a signal and Ras is activated to a GTP-bound state. 

GTP-bound RAS (RAS-GTP) can activate the MAPKKK 

(Raf) family, leading to the sequential phosphorylation and 

activation of MAPKK (MEK) and ERK1/2. Notably, Ras 

is constitutively activated in various human cancer types 

and plays important roles in cell growth and development.18 

RASA1 and SPRED1, two negative regulators of the Ras–

MEK–ERK signaling pathway, have been proved to be 

involved in the regulation of Ras activation. RASA1 can 

enhance the weak intrinsic GTPase activity of Ras, result-

ing in an increase in the inactive GDP-bound form of Ras, 

thereby leading to an aberrant intracellular signaling through 

the Raf–MEK–ERK pathway.19 Whereas SPRED1 interacts 

with neurofibromin (NF1 gene products) and recruits it to the 

plasma membrane, where NF1 performs its function as an 

Ras GTPase-activating protein, hydrolyzing active Ras-GTP 

to inactive Ras-GDP.20 Although mutations of RAS genes 

occur in approximately 15%–30% of all human cancers,19 it 

appears that activated RAS mutations are rarely involved in 

head and neck tumors.21,22 Therefore, further exploring the 

regulatory mechanisms of key components of the Ras–MEK–

ERK cascade, such as RASA1 and SPRED1, would increase 

our knowledge of the biological basis of activation of Ras in 

cancer and provide novel insights for tumor therapy.

Various miRNAs have been demonstrated to target 

members of the Ras–MEK–ERK pathway. Therefore, 

deregulation of such miRNAs in cancer cells most likely 

contributes to tumorigenesis by leading to an aberrant 

activation of the Ras–MEK–ERK pathway. In the present 

study, miR182 was revealed as a potential regulator of 

RASA1 and SPRED1 by in silico analysis. The expression of 

miR182, RASA1, and SPRED1 on malignant tissues and adja-

cent normal tissues from OSCC patients were examined by 

quantitative reverse-transcription polymerase chain reaction 

(qRT-PCR) and Western blot analysis. Direct inhibition of 

RASA1 and SPRED1 translation by miR182 and a potential 

role of MIR182 as an oncogene in OSCC tumorigenesis 

were experimentally validated in vitro. Notably, RASA1 and 

SPRED1 were determined to be direct targets of miR182 

in regulating the Ras–MEK–ERK signaling pathway. Our 

data demonstrated that MIR182 functioned as an oncogene 

through regulating RASA1 and SPRED1, and uncovered a 

novel mechanism for constitutive Ras activation in OSCC.

Materials and methods
Human tongue SCC Tca8113 cells were obtained from the 

Cell Resource Center of Peking Union Medical College 

(Beijing, People’s Republic of China [PRC]). Fetal bovine 

serum was purchased from Biological Industries (Cromwell, 

CT, USA). An miRNA-isolation kit, miRNA RT kit, and 

miRNA qRT-PCR kit were all purchased from HaiGene 

Inc (Harbin, PRC). A cell-cycle assay kit and annexin 

V–fluorescein isothiocyanate (FITC)/propidium iodide (PI) 

kit for apoptosis analysis were also purchased from HaiGene. 

The primary antibodies against RASA1, SPRED1, β-actin, 

and secondary antibodies were all purchased from Santa 
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Cruz Biotechnology Inc (Dallas, TX, USA), and primary 

antibodies against ERK1/2 and phospho-ERK1/2 were 

purchased form Cell Signaling Technology (Danvers, MA, 

USA). The transfection reagent Lipofectamine 2000 was 

obtained from Thermo Fisher Scientific (Waltham, MA, 

USA), and miR182 mimics, anti-miR182 oligonucleotides, 

and corresponding controls were all obtained from Ruibo 

Inc (Guangzhou, PRC). CCK-8 reagent was purchased 

from Dojindo (Kumamoto, Japan). Matrigel basement 

membrane matrix was purchased from BD (Franklin Lakes, 

NJ, USA). An active Ras pull-down assay kit was purchased 

from EMD Millipore (Billerica, MA, USA). A luciferase-

activity assay kit was obtained from Promega Corporation 

(Fitchburg, WI, USA).

Patient samples and cell culture
Fresh malignant tissues and adjacent noncancerous tissues 

were collected from ten OSCC patients (tongue, gum, and 

floor of the mouth) who underwent surgery at Harbin First 

Hospital (Harbin, PRC). Written informed consent of tissue 

donation for research purposes and for this study were 

obtained from each patient, and this study was approved by 

the institutional review board of Harbin First Hospital. None 

of the patients had received chemotherapy, radiotherapy, or 

immunotherapy before surgery. The clinical and pathological 

profiles of patients are shown in Table 1. Tumor tissues from 

the tongue, gum, and floor of the mouth were histopathologi-

cally diagnosed and verified by experienced pathologists. 

Adjacent noncancerous tissues were examined by routine 

histopathological analysis and confirmed to be tumor-free. 

Specimens were snap-frozen in liquid nitrogen immedi-

ately after surgery and stored at -80°C. Tca8113 cells were 

cultured in Roswell Park Memorial Institute 1640 medium 

supplemented with 10% fetal bovine serum, penicillin, and 

streptomycin (100 IU/mL) at 37°C under a 5% CO
2
 atmo-

sphere in a humidified incubator.

miRNA qRT-PCR analysis
miRNAs were isolated from the paired tissues according 

to the protocol provided by the manufacturer and reverse-

transcribed to complementary DNA with TaqMan miRNA 

RT primer. Expression differentiation of miRNAs in paired 

tissues was analyzed by quantitative PCR analysis on a 

Bio-Rad Opticon  2 real-time PCR system. The specific 

forward and reverse primers were included in the kit. Rela-

tive expressions of miRNAs were calculated by the method 

of 2
∆Ct CtU6b target miRNA− , and small nuclear RNA U6b was used 

for normalization.

Western blot analysis
Tissue samples or cells were lysed in radioimmunoprecipitation- 

assay buffer supplemented with 1 mM phenylmethylsulfo-

nyl fluoride. Protein concentrations were determined using 

a bicinchoninic acid protein-assay kit. Total proteins were 

separated with sodium dodecyl sulfate-polyacrylamide gel 

electrophoresis and transferred onto nitrocellulose membrane 

in 20 mM Tris-HCl (pH 8) containing 150 mM glycine and 

20% (v/v) methanol. Membranes were blocked with 5% non-

fat dry milk in Tris-buffered saline containing 0.05% Tween 

20 at room temperature for 1 hour. Then, the membranes were 

probed with polyclonal antibodies against RASA1 (1:500), 

SPRED1 (1:300), ERK1/2 (1:800), or pERK1/2 (p44/42) 

(1:500) overnight at 4°C, and β-actin antibody (1:1,000) 

was used as a loading control. Then, the membranes were 

incubated with horseradish peroxidase-conjugated secondary 

antibody (1:5,000) for 1 hour. The signals were developed 

with enhanced chemiluminescence reagent, and digital 

images were captured using an LAS 4000 charge-coupled 

device camera system. The relative intensity of bands was 

analyzed with Image-Pro Plus 6.0 software.

miRNA transfection
The miR182 mimics (50 nM), negative control (NC; 

50 nM), anti-miR182 oligonucleotides (100 nM), and 

anti-miR182 NC (100 nM) were synthesized for transfec-

tion. Anti-miR182 oligonucleotides are modified antisense 

oligonucleotides designed specifically to bind to and 

inhibit endogenous miR182 with rare off-target effect. 

The corresponding miRNA sequences were: miR-NC, 

5′-AUAUGACGUACGUGUAACGUACUC-3′; miR182 

mimics, 5′-UUUGGCAAUGGUAGAACUCACACU-3′; anti-

miR NC, 5′-UCCGAGUGCUAUACGCUAGUAAAU-3′; 
and anti-miR182 oligonucleotides, 5′-AGUGUGAG 

UUCUACCAUUGCCAAA-3′. Transfections with miR182 

mimics, anti-miR182 oligonucleotides, or controls were 

Table 1 Clinical and pathological data of patients in this study

Patient Site Sex Age (years) Pathologic stage

1 Tongue Male 65 T2N2bM0

2 Tongue Male 76 T3N2cM0

3 Floor of mouth Female 48 T2N1M0

4 Tongue Male 67 T1N2bM0

5 Gum Female 57 T2N1M0

6 Gum Female 59 T2N2bM0

7 Floor of mouth Male 55 T1N1M0

8 Tongue Male 64 T3N2cM0

9 Tongue Male 38 T3N2bM0

10 Tongue Female 72 T3N0M0
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performed using Lipofectamine 2000 reagent in Tca8113 

according to the manufacturer’s instructions.

Cell-proliferation assay
Cell-proliferation assays were conducted using CCK-8 

reagent: 104 Tca8113 cells per well were seeded in 96-well 

plates and incubated overnight. Tca8113 cells were trans-

fected with miR182 mimics, anti miR182 oligonucleotides, 

or controls using Lipofectamine 2000. The cells were incu-

bated with 10 μL of CCK-8 reagent for 2 hours at 24, 36, 

48, 60, and 72 hours after transfection, and then absorbance 

at 450 nm was measured at each time point. Assays were 

conducted in three replicate wells for each sample, and the 

experiment was performed in triplicate.

Colony-formation assay
Tca8113 cells (500 cells per well) were collected and seeded 

in six-well plates after transfection for 48 hours, and con-

tinued to culture for 14 days. Cells were subsequently fixed 

with methanol (20% v/v) and stained with crystal violet 

(0.2% w/v) for 5 minutes. Colonies with more than 50 cells 

per colony were counted. The experiments were repeated in 

triplicate to get standard deviations.

Cell-invasion assay
The invasive capacity of cells was tested using BD transwell 

invasion chambers. Transwell chambers were covered with 

Matrigel beforehand, and Tca8113 cells (105 per chamber) 

suspended in 100 μL serum-free medium were added to the 

upper chambers. The lower chambers were filled with complete 

growth medium (Roswell Park Memorial Institute 1640+10% 

fetal bovine serum). After incubation for 48 hours, cells on the 

upper surface of the membrane were wiped off using a cotton 

swab. Then, the invaded cells were fixed in 4% formalde-

hyde for 30 minutes and stained with 0.1% crystal violet for 

5 minutes. Finally, the cells were counted and imaged under a 

microscope. The experiment was performed in triplicate.

Cell-cycle analysis
Cells (0.5×106 per well) were harvested from six-well plates 

and then fixed in 75% ice-cold ethanol. The fixed cells were 

subsequently treated with a cell-cycle assay kit according 

to the manufacturer’s manual protocol. Briefly, the fixed 

cells were resuspended in phosphate-buffered saline at a 

concentration of 3×105/mL. Then, the cells were treated with 

RNase A for 20 minutes, followed by incubation with PI for 

15 minutes. Cell-cycle analysis was performed using Guava® 

EasyCyte flow cytometry with GuavaSoft 2.5. Data were 

analyzed with FlowJo software, and cell-cycle distribution 

was shown as the percentage of cells in the G
1
, S, and G

2
 

populations. The experiment was performed three times to 

get standard deviations.

Cell-apoptosis analysis
Apoptosis analysis was performed using an annexin 

V–FITC/PI kit according to the manufacturer’s instruc-

tions on Guava flow cytometry with GuavaSoft 2.5. Cells 

(0.5×106) were harvested from six-well plates and resus-

pended in binding buffer at a concentration of 105/mL. 

Cells were subsequently incubated with annexin V–FITC 

and PI for 15 minutes at room temperature. Then, cells 

were detected on flow cytometry and the data analyzed 

with the FlowJo software. The percentage of cells that were 

annexin V–FITC-positive but PI-negative was compared 

among different treatment groups. Each experiment was 

performed in triplicate.

Active Ras pull-down assay
Active Ras was determined using an Ras-assay reagent, a 

glutathione S-transferase fusion protein corresponding to the 

Ras-binding domain of Raf1. According to the manufacturer’s 

instructions, Tca8113 cells were seeded in 100 mm dishes at 

2×106 per dish. After transfection with miR182 mimics or anti-

miR182 oligonucleotides for 48 hours, the cells were lysed with 

lysis buffer. Then, cell lysates were centrifuged at 14,000× g at 

4°C, and the supernatant was used as the sample for subsequent 

Ras pull-down assay. A protein sample (1 mg) was mixed with 

10 μg Raf1 Ras-binding domain agarose beads, and incubated 

for 45 minutes at 4°C. The beads were collected by centrifu-

gation and resuspended in 40 μL reducing sample buffer, fol-

lowed by boiling at 95°C for 5 minutes. Next, the samples of 

each pull-down reaction group were subjected to Western blot 

analysis using anti-Ras antibody (1:2,000 dilution).

Luciferase activity assay
Partial lengths of the 3′UTR of RASA1 (GenBank 

NM_002890.2) and SPRED1 (GenBank NM_152594.2) 

genes were synthesized and inserted downstream of the 

luciferase reporter gene in a PmirGLO vector. For luciferase 

reporter assays, cells were seeded in 24-well plates and 

incubated for 24 hours before transfection. Firefly luciferase 

constructs containing the 3′UTR of the potential miR182 

target and pRL-TK Renilla luciferase-normalization con-

trol, miR182 mimics, or anti-miR182 oligonucleotides 

and NCs were cotransfected into Tca8113 cells using 

Lipofectamine 2000. Lysates were collected 48 hours after 
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transfection and measured using a dual-luciferase reporter 

system according to the manufacturer’s protocol. Three 

independent experiments were performed, and the data are 

presented as mean ± standard deviation.

Statistical analysis
All experiments were done in triplicate, and results are pre-

sented as mean ± standard deviation. Comparisons of the data 

among different groups were performed by paired t-tests and 

one-way analysis of variance using SPSS software version 13.0. 

P,0.05 was considered statistically significant.

Results
miR182 expression is elevated in OSCC 
patients and inversely correlated with the 
expression of RASA1 and SPRED1
Since a single miRNA can affect hundreds of different 

protein-coding genes and one specific mRNA can be targeted 

by multiple miRNAs, we attempted to identify the miRNAs 

that activate Ras–MEK–ERK signaling pathway in OSCC 

through targeting RASA1 and SPRED1. To gain new insight 

into the mechanisms of activation of the Ras–MEK–ERK 

cascade in OSCC, the prediction algorithm of TargetScan 

was used to identify the potential miRNAs regulating both 

RASA1 and SPRED1. The 24 overlapped miRNAs were 

thought to be potential target miRNAs according to the 

prediction algorithm (Figure 1).

Then, expression of the 24 predicted miRNAs was 

screened in malignant tissues and paired nonmalignant 

tissues of ten OSCC patients through a TaqMan qPCR-

based method (for patient information, refer to Table 1). 

The results showed that four miRNAs – miR31, miR182, 

miR200a, and miR141  – were significantly upregulated, 

while three miRNAs – miR1, miR206, and miR212 – were 

downregulated in OSCC tumor tissues compared with paired 

noncancerous tissues (Figure 2A), but there was no signifi-

cant differentiation in the expression of other miRNAs (con-

taining four miRNAs undetected). Among these, miR31 was 

the most significantly upregulated (4.27-fold upregulation) in 

OSCC tumor samples, and miR182, miR200a, and miR141 

were upregulated to 2.87-fold, 2.4-fold, and 1.7-fold, respec-

tively (Table 2). Notably, the upregulation of miR31 has 

been intensively investigated in a variety of cancers, and 

thus miR182 was our research focus, and the expression 

differentiation of miR182 between the pairing tissues was 

matched (Figure 2B).

Based on the sequence alignment, it was found that there 

was a perfect base pairing between the seed of miR182 and 

3′UTR of RASA1 or SPRED1. To identify further correla-

tions among miR182 and RASA1 and SPRED1, Western 

blot was performed to compare the expression of RASA1 

and SPRED1 in malignant OSCC tissues and adjacent normal 

tissues. The results showed that expression of RASA1 and 

SPRED1 was dramatically downregulated in OSCC tumor 

tissues (Figure 3A), which indicated that miR182 was 

inversely correlated with the expression of RASA1 and 

SPRED1 (Figure 3B). As such, we speculated that miR182 

might be an oncogene and RASA1 and SPRED1 would be the 

potential targets of miR182 in regulating the tumorigenesis 

and progression of OSCC.

MiR182 promotes OSCC cell 
proliferation and cell-cycle progression
To elucidate the oncogenic role of miR182 in OSCC, 

Tca8113 cells were used for further investigation. Overex-

pression of miR182 was achieved by transfection of miR182 

mimics, whereas downregulation of miR182 was achieved 

by transfection of anti-miR182 oligonucleotides. Similarly, 

control experiments were performed by transfection of 

miR-NC and anti-miR-NC.

Cell proliferation was determined using CCK-8 reagent 

at 24, 36, 48, 60, and 72 hours after transfection. As shown 

in Figure 4A, the overexpression of miR182 significantly 

increased the growth rate of Tca8113 cells compared with 

the miR-NC group; however, downregulation of miR182 led 

to a decrease in cell viability. To prove further the proprolif-

erating effect of miR182 in OSCC cells, a colony-formation 

assay was performed. The results showed that overexpres-

sion of miR182 increased the colony numbers of Tca8113 

Figure 1 Shared putative microRNAs potentially regulating both RASA1 and 
SPRED1 are identified by the prediction algorithm of TargetScan.
Notes: Based on the algorithm of TargetScan, there were 80 miRNAs that were 
predicted to only regulate SPRED1, 14 miRNAs to only regulate RASA1, and 
overlapped 24 miRNAs to regulate both SPRED1 and RASA1.
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miR182 downregulation of Tca8113 cells compared with 

anti-miR-NC cells (Figure 4C). As such, overexpression of 

miR182 promoted proliferation and cell-cycle progression 

of OSCC cells in vitro.

miR182 inhibits OSCC cell apoptosis
Since the proproliferating role of miR182 had been proved in 

OSCC cells, its involvement in cell apoptosis was further inves-

tigated by annexin V–FITC/PI costaining. The results showed 

that miR182-overexpressing cells had a lower apoptosis rate 

than miR-NC cells (3.45% vs 7.7%). On the contrary, the 

apoptosis rate was dramatically increased by downregulation 

of miR182 by transfection of anti-miR182 oligonucleotides 

(10.24% vs 7.53%) (Figure 5). The results indicated that over-

expression of miR182 inhibited the apoptosis of OSCC cells, 

whereas inhibition of miR182 enhanced Tca8113 apoptosis.

miR182 enhances invasive capacity of 
OSCC cells
To study further the effects of miR182 on the invasive capac-

ity of OSCC cells, a Matrigel invasion assay was performed 

using transwell chambers. Figure 6 shows that overexpres-

sion of miR182 significantly increased the invasive potential 

of Tca8113 cells compared with miR-NC cells. In contrast, 

downregulation of miR182 resulted in dramatically decreased 

Figure 2 Expression differentiation of predicted miRNAs between malignant tissues and adjacent nonmalignant tissues from ten OSCC patients.
Notes: (A) Heat map generated by cluster analysis of the predicted miRNAs potentially regulating RASA1 and SPRED1 in OSCC patients based on the data of TaqMan qRT-
PCR; (B) expression of miR182 matched between ten paired OSCC tissues (**P,0.01).
Abbreviations: T, malignant tumor tissues; N, adjacent nonmalignant tissues; miRNAs, microRNAs; OSCC, oral cavity squamous cell carcinoma; qRT-PCR, quantitative 
reverse-transcription polymerase chain reaction.

Table 2 Deregulated miRNAs potentially regulating RASA1 and 
SPRED1 between ten paired OSCC malignant tissues and adjacent 
noncancerous tissues

miRNA Fold-change P-value

miR31 4.27 0.0018
miR182 2.87 0.0009
miR200a 2.4 0.0039
miR141 1.7 0.0246
miR1 -4.46 0.0020
miR206 -2.73 0.0092
miR212 -1.96 0.0237

Notes: Fold-change values represented by ratio of mean values of malignant groups 
and normal groups by the method of 2-ΔΔCt. Negative fold-change values indicate 
overexpression in adjacent normal tissues. P-values indicate the significance level for 
each miRNA analyzed using paired t-test.
Abbreviations: miRNAs, microRNAs; OSCC, oral cavity squamous cell carcinoma.

cells, and the colonies were much larger than the NC, while 

downregulation of miR182 depressed colony formation 

(Figure 4B). To understand further the proproliferating 

mechanism, the effects of miR182 on the cell cycle were 

investigated using flow cytometry. The data showed that 

there was a dramatic decrease in the percentage of cells in 

the G
1
/G

0
 phase (6.9%) and an increase in cells in the S phase 

(7.1%) in miR182-overexpressing Tca8113 cells compared 

with NC cells. In contrast, there was a significant increase 

in the percentage of cells in the G
1
/G

0
 phase (7.2%) and a 

decrease in the percentage of cells in the S phase (6.3%) in 
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invasive cell numbers. The results indicated that overexpres-

sion of miR182 enhanced invasion of OSCC cell in vitro.

miR182 promotes activation of the Ras–
MEK–ERK signaling pathway by regulating 
RASA1 and SPRED1
Since miR182 was predicted to be a putative miRNA 

regulating RASA1 and SPRED1 by in silico analysis and 

was found to be inversely correlated with the expression 

of RASA1 and SPRED1 based on the data from ten OSCC 

patients, we attempted to investigate whether miR182 directly 

regulates the expression of RASA1 and SPRED1. Western 

blot was performed to examine the expression differentiations 

of RASA1 and SPRED1 by upregulating or downregulating 

miR182 in Tca8113 cells. The results showed that RASA1 

and SPRED1 expression was significantly decreased in 

miR182-overexpressing cells compared with miR-NC 

cells, whereas they were significantly increased in miR182-

downregulated cells (Figure 7). Since RASA1 and SPRED1 

are two important negative regulators that directly influence 

the activation of GTP-Ras in the Ras–MEK–ERK signaling 

pathway, GTP-Ras and phospho-ERK1/2 were determined 

by Western blot after transfection of miR182 mimics or anti-

miR182 oligonucleotides. The results revealed a significant 

increase in GTP-Ras and phospho-ERK1/2 by upregulation 

of miR182 (Figure 7), which indicated that miR182 played 

a crucial role in activating the Ras–MEK–ERK signaling 

cascade. These results suggested that miR182 promotes 

activation of the Ras–MEK–ERK signaling pathway by 

suppressing RASA1 and SPRED1.

miR182 represses the translation of 
RASA1 and SPRED1 by directly targeting 
their 3′UTRs
Given that Western blot results had revealed that expres-

sion of RASA1 and SPRED1 was decreased significantly 

in miR182-overexpressing cells and increased in miR182-

downreguled cells, we hypothesized that RASA1 and 

SPRED1 might be direct downstream targets of miR182. 

To confirm our hypothesis, we first aligned the sequence of 

β

β

Figure 3 The reverse correlation of miR182 and RASA1 or SPRED1 protein levels.
Notes: (A) Expression of RASA1 and SPRED1 between paired OSCC tissues was examined by Western blot and was normalized by β-actin; (B) correlation between miR182 
and RASA1 or SPRED1 represented by relative expression.
Abbreviations: T, malignant tumor tissues; N, adjacent nonmalignant tissues; OSCC, oral cavity squamous cell carcinoma.
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Figure 4 miR182 promotes OSCC cell proliferation and cell-cycle progression.
Notes: Tca8113 cells were transfected with miR-NC, miR182 mimics, anti-miR-NC, and anti-miR182 oligonucleotides, and divided into four groups. (A) Effects of miR182 
on the proliferation of Tca8113 cells were examined at 24, 36, 48, 60, and 72 hours after transfection using a CCK-8 assay kit. (B) Representative micrograph of each 
group’s Tca8113 cell colonies determined by colony-formation assay. (C) Effects of miR182 on cell-cycle progression analyzed by flow cytometry and quantification of cell 
percentages in G0–G1, S, and G2–M phases. Different colors represented the cells in different phases of cell cycles: green, G1 phase; yellow, S phase; blue, G2 phase. *P,0.05 
vs miR-NC; **P,0.01 vs miR-NC; ##P,0.01 vs anti-miR-NC.
Abbreviations: Oligos, oligonucleotides; OSCC, oral cavity squamous cell carcinoma; NC, negative control; OD, optical density.
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miR182 with the 3´UTR of RASA1 and SPRED1. As shown 

in Figure 8A, there were two miR182-binding sites in the 

RASA1 mRNA 3´UTR and one binding site in the SPRED1 

mRNA 3´UTR, and miR182 was predicted to bind to them 

strongly, due to good base pairing. Next, luciferase-binding 

assays were conducted using the PmirGLO luciferase plas-

mid to determine whether miR182 suppressed RASA1 and 

SPRED1 through directly binding to their 3′UTRs. The 

partial length of wild-type RASA1 or SPRED1 3′UTRs were 

synthesized and cloned into the PmirGLO luciferase reporter 

plasmid. Then, the constructed luciferase reporter plasmids 

were cotransfected with either miR182 mimics, anti-miR182 

oligonucleotides, or controls into Tca8113 cells. As shown 

in Figure 8B, the luciferase activity of wild-type RASA1 and 

SPRED1 decreased by 6.33-fold and 3.41-fold, respectively, 

by transfection of miR182 mimics compared with miR-NC. 

These results indicated that RASA1 and SPRED1 were direct 

targets of miR182 in OSCC.

Figure 5 miR182 inhibits the apoptosis of OSCC cells.
Notes: Tca8113 cells were transfected with miR182 mimics, miR-NC, anti-miR182 oligonucleotides, or anti-miR-NC for 48 hours. Cell apoptosis was detected by flow 
cytometry by annexin V–FITC/PI staining. The experiment was performed in triplicate. **P,0.01 vs miR-NC; #P,0.05 vs anti-miR-NC.
Abbreviations: Oligos, oligonucleotides; OSCC, oral cavity squamous cell carcinoma; NC, negative control; FITC, fluorescein isothiocyanate; PI, propidium iodide.

Figure 6 miR182 promotes the invasion of OSCC cells.
Notes: Invasion assays were performed using Tca8113 cells transfected with miR182 mimics, anti-miR182 oligonucleotides, or controls. Representative images of Tca8113 
cells for the four groups were captured. Magnification ×200. **P,0.01 vs miR-NC; ##P,0.01 vs anti-miR-NC.
Abbreviations: Oligos, oligonucleotides; OSCC, oral cavity squamous cell carcinoma; NC, negative control.
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Discussion
Deregulation of miRNAs has been demonstrated to be 

involved in tumorigenesis and progression in various types 

of cancers; however, elucidation of their potential roles in 

OSCC remains relatively rare. In the present study, it was 

found that miR182 was significantly upregulated in OSCC 

carcinoma tissues compared with adjacent noncancerous 

tissues, which was consistent with previous data on differen-

tial miRNA-expression profiles in OSCC.23 Overexpression 

of miR182 in OSCC cell lines sustained Ras–MEK–ERK 

β

β

Figure 7 miR182 promotes the activation of the Ras–MEK–ERK signaling pathway by suppressing the expression of RASA1 and SPRED1.
Notes: Western blot was performed to examine the expression differentiations of RASA1, SPRED1, Ras-GTP, and phospho-ERK1/2 in Tca8113 cells after transfection with 
miR182 mimics or anti-miR182 oligonucleotides. Relative band intensities were analyzed by Image-Pro Plus 6.0, Ras was used for normalization of Ras-GTP, and β-actin was 
used for others. **P,0.01 vs miR-NC; #P,0.05 vs anti-miR-NC; ##P,0.01 vs anti-miR-NC.
Abbreviations: NC, negative control; p, phospho.

′ ′

′ ′
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Figure 8 miR182 regulates RASA1 and SPRED1 by directly targeting their 3′UTRs.
Notes: (A) Schematic representation of mature human miR182 sequence and miR182 target-binding sites in the 3′UTRs of RASA1 and SPRED1 mRNAs. (B) For luciferase-
activity assays, 3′UTR of RASA1 or SPRED1 was cloned into the pMirGlo reporter plasmid separately, and the constructed plasmid was cotransfected with miR182 mimics, 
miR-NC, anti-miR182 oligonucleotides, or anti-miR-NC individually. The normalized activity of the reporters relative to Renilla luciferase was analyzed 48 hours after 
transfection. **P,0.01 vs miR-NC; #P,0.05 vs anti-miR-NC.
Abbreviations: UTRs, untranslated regions; mRNAs, messenger RNAs; NC, negative control.
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signaling pathway activation by suppressing RASA1 and 

SPRED1. Moreover, introduction of anti-miR182 oligo-

nucleotides strikingly repressed the oncogenic properties of 

miR182, represented by inhibiting cell proliferation, colony 

formation, invasion, and promoting cell apoptosis. There-

fore, our results provide new insights into the important 

role of miR182 in activation of the Ras–MEK–ERK signal-

ing pathway, and demonstrate that miR182 functions as an 

oncogenic miRNA in OSCC.

The highly conserved Ras–MEK–ERK signaling path-

way is involved in a wide range of cellular processes, includ-

ing cell growth, proliferation, differentiation, survival, and 

senescence. This pathway is aberrantly activated in a variety 

of human cancers. Previous research has mostly focused on 

the somatic mutations in genes encoding Ras/Erk members 

that frequently occur in cancers, of which the RAS mutation 

is the most prevalent event in human cancers. Aberrant RAS 

function is closely associated with a single mutation, typi-

cally at codon 12, 13, or 61.24 Mutation at these conserved 

sites favors GTP binding, and leads to constitutive activa-

tion of the Ras–MEK–ERK pathway. RAS plays essential 

roles in controlling the activity of multiple downstream 

effectors of pathways responsible for cellular proliferation 

and survival.18 However, RAS mutation in oral carcinomas 

is not so common as in other cancers, such as lung cancer 

and colorectal cancer. RAS mutation has been reported in 

20%–35% of cases from India,25 whereas lower frequencies 

(4%) were reported from the UK and no mutation reported 

from the US.26,27 Therefore, it is likely that mechanisms other 

than RAS mutation contribute to the constitutive activation 

of the Ras–MEK–ERK cascade in oral carcinomas.

The Ras protein cycles between the inactive GDP-bound 

and the active GTP-bound state, and the GTPase activity 

of normal Ras p21 is mediated by two negative regulators: 

RASA1 and SPRED1. A number of studies have shown that 

deregulation of RASA1 has an oncogenic effect in multiple 

types of human cancer. For instance, the expression of 

RASA1 was repressed by miR31, and the Ras–MEK–ERK 

signaling pathway was activated to stimulate tumorigenesis 

in human colorectal cancer.28 Downregulation of RASA1 

by miR31 was also found to promote cellular proliferation 

and inhibit cellular apoptosis in intrahepatic cholangiocar-

cinoma by activating the Ras–MAPK signaling pathway.10 

In addition, miR206/21 was illustrated to promote coordi-

nately Ras–ERK signaling by suppressing the translation of 

RASA1 and SPRED1 in breast cancer.29 Herein, we found 

that overexpression of miR182 significantly increased but 

downregulation of miR182 inhibited ERK activation by 

targeting RASA1 and SPRED1 in OSCC. Consistently, 

overexpression of miR182 can enhance the aggressiveness 

of oral carcinoma cells. Therefore, our results indicate that 

miR182 plays important oncogenic roles in the tumorigen-

esis and progression of OSCC through activating the Ras–

MEK–ERK signaling pathway.

Our results showed that the expression of miR182 was 

elevated in malignant tissues compared with adjacent normal 

tissues in OSCC. Consistent with our findings, other studies 

have correlated a high level of miR182 to increased patho-

logical aggression of tumors and poor survival of patients in 

various human cancers. For example, miR182 was found to 

be frequently upregulated in human breast-tumor tissues and 

cell lines, and was also significantly elevated in the serum 

of breast cancer patients compared with healthy controls.30,31 

Although the role of miR182 in lung cancer seems to be 

controversial, upregulated expression of miR182 was indeed 

found in lung cancer cells and tissues.32,33 In addition, miR182 

has also proved to be upregulated in clinical tissue samples of 

melanoma, glioma tumors, ovarian cancer, colorectal cancer, 

and prostate cancer, which promoted survival, migration, 

invasion, and metastasis of tumor cells.34–38

There are several possible causes for the deregulation of 

miR182 in human cancers. One possible cause is regional 

amplification. miR182 is a member of an miRNA cluster 

(miR183/96/182), a highly conserved cluster residing on 

an intergenic region of human chromosomes 7q31–34, and 

is frequently amplified in human cancers.39 For example, 

miR182 has been confirmed to be amplified in advanced 

human melanoma and soft tissue sarcomas, which corre-

lates with poor prognosis.34,40 Another possible mechanism 

may be the regulation of transcriptional factors. It has been 

reported that miR182 is transcriptionally activated by the 

Wnt-pathway effector β-catenin to promote colony forma-

tion and invasiveness of MDA-MB-231 breast cancer cells.41 

However, overexpression of miR182 has been reported to 

inhibit lung cancer tumorigenicity both in vitro and in vivo. 

In addition, miR182 exerts antiproliferative activity and 

inhibits cell invasion by targeting the G protein GNA13 in 

prostate cancer-cell lines.42,43 Since each single miRNA can 

target multiple mRNAs and be involved in various signaling 

pathways to exert diversified functions, it is reasonable to 

speculate that the molecular routes through which miR182 

exerts its regulatory effects are largely context-dependent, 

which helps in understanding the pluripotency of this miRNA 

in cancer.

Upregulation of miR182 was demonstrated to promote 

cell proliferation and colony formation in Tca8113 cells. 
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The cell-cycle analysis by flow cytometry showed that 

overexpression of miR182 led to a significant decrease in 

the percentage of cells in the G
0
/G

1
 phase and a significant 

increase in the percentage of cells in the S phase. It has 

been reported that Ras can regulate cell-cycle progression 

by modulating transcriptional factors in diverse cell types 

and act at different phases of the cell cycle.44 Therefore, 

it is likely that miR182 controls the cell cycle through 

regulating Ras by targeting RASA1 and SPRED1. Moreover, 

elevation of miR182 was also found to promote cell inva-

sion in Tca8113. In fact, miR182 has been proved to be 

correlated with metastasis in melanoma and sarcomas,34,40,45 

which establishes a novel regulating mechanism for tumor 

metastasis. miR182 is overexpressed in human metastatic 

melanoma-cell lines and metastatic melanoma, and its 

overexpression can enhance the metastatic behavior of 

melanoma cells in  vivo by converging onto FOXO3 and 

MITF inactivation. Besides, miR182 was found to be mark-

edly overexpressed in sarcomas with lung metastasis, and 

downregulation of miR182 substantially inhibited, while 

elevated miR182 considerably accelerated the rate of lung 

metastasis of sarcomas. Furthermore, miR182 has been iden-

tified as a promising predictor of aggressive phenotype and 

an independent prognostic biomarker to predict the survival 

rate of patients following surgery in colorectal cancer, pros-

tate cancer, and metastatic melanoma. Nevertheless, larger 

cohorts of patients with OSCC with complete clinical data, 

including staging, therapy, and disease-free survival, should 

be studied to determine whether miR182 can be a predictor 

of diagnosis and prognosis in OSCC.

Conclusion
In conclusion, our study identified miR182 as an oncogenic 

miRNA that exerts its regulatory effects on the Ras–MEK–

ERK signaling pathway by inhibiting RASA1 and SPRED1 

in OSCC. Therefore, miR182, RASA1, and SPRED1 might 

be used as potential therapeutic targets for the treatment 

of OSCC.

Acknowledgment
This work was supported by the Foundation of Harbin Talent 

Introduction Project (grant 2014SYYRCYJ03).

Author contributions
All authors contributed toward data analysis, drafting and 

critically revising the paper, and agree to be accountable for 

all aspects of the work.

Disclosure
The authors report no conflicts of interest in this work.

References
	 1.	 Rapidis AD, Gullane P, Langdon JD, Lefebvre JL, Scully C, Shah JP. 

Major advances in the knowledge and understanding of the epidemiol-
ogy, aetiopathogenesis, diagnosis, management and prognosis of oral 
cancer. Oral Oncol. 2009;45(4–5):299–300.

	 2.	 Scully C, Bagan J. Oral squamous cell carcinoma overview. Oral Oncol. 
2009;45(4–5):301–308.

	 3.	 Bozec A, Peyrade F, Fischel JL, Milano G. Emerging molecular targeted 
therapies in the treatment of head and neck cancer. Expert Opin Emerg 
Drugs. 2009;14(2):299–310.

	 4.	 Scully C, Field JK, Tanzawa H. Genetic aberrations in oral or head and 
neck squamous cell carcinoma (SCCHN) – 1: carcinogen metabolism, 
DNA repair and cell cycle control. Oral Oncol. 2000;36(3):256–263.

	 5.	 Bartel DP. MicroRNAs: genomics, biogenesis, mechanism, and func-
tion. Cell. 2004;116(2):281–297.

	 6.	 He L, Hannon GJ. MicroRNAs: small RNAs with a big role in gene 
regulation. Nat Rev Genet. 2004;5(7):522–531.

	 7.	 Gomes CC, Gomez RS. MicroRNA and oral cancer: future perspectives. 
Oral Oncol. 2008;44(10):910–914.

	 8.	 Garzon R, Calin GA, Croce CM. MicroRNAs in cancer. Annu Rev Med. 
2009;60:167–179.

	 9.	 Jiang L, Yu L, Zhang X, et al. miR-892b silencing activates NF-κB 
and promotes aggressiveness in breast cancer. Cancer Res. 2016;76(5): 
1101–1111.

	10.	 Hu C, Huang F, Deng G, Nie W, Huang W, Zeng X. miR-31 promotes 
oncogenesis in intrahepatic cholangiocarcinoma cells via the direct 
suppression of RASA1. Exp Ther Med. 2013;6(5):1265–1270.

	11.	 Yan B, Guo Q, Nan XX, et al. Micro-ribonucleic acid 29b inhibits 
cell proliferation and invasion and enhances cell apoptosis and che-
motherapy effects of cisplatin via targeting of DNMT3b and AKT3 in 
prostate cancer. Onco Targets Ther. 2015;8:557–565.

	12.	 Zhan Y, Xiang F, Wu R, et al. MiRNA-149 modulates chemosensitivity 
of ovarian cancer A2780 cells to paclitaxel by targeting MyD88. 
J Ovarian Res. 2015;8:48.

	13.	 Li J, Huang H, Sun L, et al. MiR-21 indicates poor prognosis in tongue 
squamous cell carcinomas as an apoptosis inhibitor. Clin Cancer Res. 
2009;15(12):3998–4008.

	14.	 Liu CJ, Kao SY, Tu HF, Tsai MM, Chang KW, Lin SC. Increase of 
microRNA miR-31 level in plasma could be a potential marker of oral 
cancer. Oral Dis. 2010;16(4):360–364.

	15.	 Liu CJ, Tsai MM, Hung PS, et al. miR-31 ablates expression of the 
HIF regulatory factor FIH to activate the HIF pathway in head and neck 
carcinoma. Cancer Res. 2010;70(4):1635–1644.

	16.	 Kozaki K, Imoto I, Mogi S, Omura K, Inazawa J. Exploration of tumor-
suppressive microRNAs silenced by DNA hypermethylation in oral 
cancer. Cancer Res. 2008;68(7):2094–2105.

	17.	 Santarpia L, Lippman SM, El-Naggar AK. Targeting the MAPK-RAS-
RAF signaling pathway in cancer therapy. Expert Opin Ther Targets. 
2012;16(1):103–119.

	18.	 Downward J. Targeting RAS signalling pathways in cancer therapy. 
Nat Rev Cancer. 2003;3(1):11–22.

	19.	 Clark GJ, Westwick JK, Der CJ. p120 GAP modulates Ras activa-
tion of Jun kinases and transformation. J Biol Chem. 1997;272(3): 
1677–1681.

	20.	 Stowe IB, Mercado EL, Stowe TR, et al. A shared molecular mechanism 
underlies the human rasopathies Legius syndrome and neurofibromatosis-1. 
Genes Dev. 2012;26(13):1421–1426.

	21.	 Coutinho CM, Bassini AS, Gutierrez LG, et al. Genetic alterations 
in Ki-Ras and Ha-Ras genes in juvenile nasopharyngeal angiofi-
bromas and head and neck cancer. Sao Paulo Med J. 1999;117(3): 
113–120.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


OncoTargets and Therapy

Publish your work in this journal

Submit your manuscript here: http://www.dovepress.com/oncotargets-and-therapy-journal

OncoTargets and Therapy is an international, peer-reviewed, open 
access journal focusing on the pathological basis of all cancers, potential 
targets for therapy and treatment protocols employed to improve the 
management of cancer patients. The journal also focuses on the impact 
of management programs and new therapeutic agents and protocols on 

patient perspectives such as quality of life, adherence and satisfaction. 
The manuscript management system is completely online and includes 
a very quick and fair peer-review system, which is all easy to use. Visit 
http://www.dovepress.com/testimonials.php to read real quotes from 
published authors.

OncoTargets and Therapy 2017:10 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

Dovepress

679

miR182 activates Ras–MEK–ERK by suppressing RASA1 and SPRED1

	22.	 Sathyan KM, Nalinakumari KR, Kannan S. H-Ras mutation modulates 
the expression of major cell cycle regulatory proteins and disease 
prognosis in oral carcinoma. Mod Pathol. 2007;20(11):1141–1148.

	23.	 Severino P, Brüggemann H, Andreghetto FM, et al. MicroRNA expres-
sion profile in head and neck cancer: HOX-cluster embedded microRNA-
196a and microRNA-10b dysregulation implicated in cell proliferation. 
BMC Cancer. 2013;13:533.

	24.	 Prior IA, Lewis PD, Mattos C. A comprehensive survey of Ras muta-
tions in cancer. Cancer Res. 2012;72(10):2457–2467.

	25.	 Das N, Majumder J, DasGupta UB. Ras gene mutations in oral cancer 
in eastern India. Oral Oncol. 2000;36(1):76–80.

	26.	 Chang SE, Bhatia P, Johnson NW, et al. Ras mutations in United 
Kingdom examples of oral malignancies are infrequent. Int J Cancer. 
1991;48(3):409–412.

	27.	 Xu J, Gimenez-Conti IB, Cunningham JE, et al. Alterations of p53, 
cyclin D1, Rb, and H-Ras in human oral carcinomas related to tobacco 
use. Cancer. 1998;83(2):204–212.

	28.	 Sun D, Yu F, Ma Y, et al. MicroRNA-31 activates the RAS pathway 
and functions as an oncogenic microRNA in human colorectal cancer 
by repressing RAS p21 GTPase activating protein 1 (RASA1). J Biol 
Chem. 2013;288(13):9508–9518.

	29.	 Sharma SB, Lin CC, Farrugia MK, et al. MicroRNAs 206 and 21 coop-
erate to promote RAS-extracellular signal-regulated kinase signaling 
by suppressing the translation of RASA1 and SPRED1. Mol Cell Biol. 
2014;34(22):4143–4164.

	30.	 Guttilla IK, White BA. Coordinate regulation of FOXO1 by miR-27a, 
miR-96, and miR-182 in breast cancer cells. J Biol Chem. 2009;284(35): 
23204–23216.

	31.	 Li P, Sheng C, Huang L, et al. MiR-183/-96/-182 cluster is up-regulated 
in most breast cancers and increases cell proliferation and migration. 
Breast Cancer Res. 2014;16(6):473.

	32.	 Roa W, Brunet B, Guo L, et al. Identification of a new microRNA 
expression profile as a potential cancer screening tool. Clin Invest Med. 
2010;33(2):E124.

	33.	 Cho WC, Chow AS, Au JS. Restoration of tumour suppressor hsa-
miR-145 inhibits cancer cell growth in lung adenocarcinoma patients 
with epidermal growth factor receptor mutation. Eur J Cancer. 2009; 
45(12):2197–2206.

	34.	 Segura MF, Hanniford D, Menendez S, et al. Aberrant miR-182 
expression promotes melanoma metastasis by repressing FOXO3 and 
microphthalmia-associated transcription factor. Proc Natl Acad Sci 
U S A. 2009;106(6):1814–1819.

	35.	 Jiang L, Mao P, Song L, et al. miR-182 as a prognostic marker for glioma 
progression and patient survival. Am J Pathol. 2010;177(1):29–38.

	36.	 Liu Z, Liu J, Segura MF, et al. MiR-182 overexpression in tumourigen-
esis of high-grade serous ovarian carcinoma. J Pathol. 2012;228(2): 
204–215.

	37.	 Liu H, Du L, Wen Z, et al. Up-regulation of miR-182 expression in 
colorectal cancer tissues and its prognostic value. Int J Colorectal Dis. 
2013;28(5):697–703.

	38.	 Hirata H, Ueno K, Shahryari V, et al. MicroRNA-182-5p promotes 
cell invasion and proliferation by down regulating FOXF2, RECK 
and MTSS1 genes in human prostate cancer. PLoS One. 2013;8(1): 
e55502.

	39.	 Weeraratne SD, Amani V, Teider N, et al. Pleiotropic effects of 
miR-183~96~182 converge to regulate cell survival, proliferation and 
migration in medulloblastoma. Acta Neuropathol. 2012;123(4):539–552.

	40.	 Larramendy ML, Tarkkanen M, Blomqvist C, et al. Comparative 
genomic hybridization of malignant fibrous histiocytoma reveals a 
novel prognostic marker. Am J Pathol. 1997;151(4):1153–1161.

	41.	 Chiang CH, Hou MF, Hung WC. Up-regulation of miR-182 by β-catenin 
in breast cancer increases tumorigenicity and invasiveness by targeting 
the matrix metalloproteinase inhibitor RECK. Biochim Biophys Acta. 
2013;1830(4):3067–3076.

	42.	 Peng X, Li W, Yuan L, Mehta RG, Kopelovich L, McCormick DL. 
Inhibition of proliferation and induction of autophagy by atorvastatin 
in PC3 prostate cancer cells correlate with downregulation of Bcl2 and 
upregulation of miR-182 and p21. PLoS One. 2013;8(8):e70442.

	43.	 Rasheed SA, Teo CR, Beillard EJ, Voorhoeve PM, Casey PJ. 
MicroRNA-182 and microRNA-200a control G-protein subunit α-13 
(GNA13) expression and cell invasion synergistically in prostate cancer 
cells. J Biol Chem. 2013;288(11):7986–7995.

	44.	 Winston JT, Coats SR, Wang YZ, Pledger WJ. Regulation of the cell 
cycle machinery by oncogenic Ras. Oncogene. 1996;12(1):127–134.

	45.	 Sachdeva M, Mito JK, Lee CL, et al. MicroRNA-182 drives metastasis 
of primary sarcomas by targeting multiple genes. J Clin Invest. 2014; 
124(10):4305–4319.

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com/oncotargets-and-therapy-journal
http://www.dovepress.com/testimonials.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
www.dovepress.com

	Publication Info 4: 
	Nimber of times reviewed 2: 


