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Abstract
MicroRNAs (miRNAs) can act not only as tumor suppressor genes but also as onco-
genes. Oncogenic miRNAs (oncomiRs) could therefore provide opportunities for the 
treatment of human malignancies. Here, we aimed to identify oncomiRs present in 
oral squamous cell carcinoma (OSCC) and addressed whether targeting these miR-
NAs might be useful in treatment for cancer. Functional screening for oncomiRs in a 
human OSCC cell line (GFP-SAS) was carried out using the miRCURY LNA microRNA 
Knockdown Library – Human version 12.0. We identified a locked nucleic acid (LNA)/
DNA antisense oligonucleotide against miR-361-3p (LNA-miR-361-3p) which showed 
the largest degree of growth inhibition of GFP-SAS cells. Transfection with a synthetic 
mimic of mature miR-361-3p resulted in an approximately 20% increase in the growth 
of GFP-SAS cells. We identified odd-skipped related 2 (OSR2) as a miR-361-3p target 
gene. Transfection of GFP-SAS cells with LNA-miR-361-3p caused a significant in-
crease in the expression levels of OSR2. Cotransfection of a OSR2 3′-UTR luciferase 
reporter plasmid and LNA-miR-361-3p into GFP-SAS cells produced higher levels of 
luciferase activity than in cells cotransfected with the LNA-nontarget. We assessed 
the effect of LNA-miR-361-3p on the in vivo growth of GFP-SAS cells. We found that 
LNA-miR-361-3p significantly reduced the size of s.c. xenografted GFP-SAS tumors, 
compared to the control group treated with LNA-NT. Finally, we observed that miR-
361-3p is overexpressed in OSCC tissues. These results suggest that miR-361-3p sup-
ports the growth of human OSCC cells both in vitro and in vivo and that targeting 
miR-361-3p could be a useful therapeutic approach for patients with OSCC.
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1  | INTRODUC TION

Oral squamous cell carcinoma (OSCC) is the most frequently oc-
curring cancer among head and neck squamous cell carcinomas 
(HNSCCs) with a worldwide estimated incidence of more than 
300 000 new cases and 145 000 deaths in 2012.1 Oral squamous 
cell carcinoma has a high potential to invade local tissue and me-
tastasize to lymph nodes and has an approximately 50% mortality 
within 5 years.2 Despite the increasing knowledge of the patho-
genesis of OSCC and advances in chemotherapy, radiotherapy, 
and surgery, little improvement in the relative survival rate of pa-
tients with OSCC has been observed in the past several decades.2 
Therefore, novel strategies based on a greater understanding of 
the pathogenesis of OSCC are needed in order to develop im-
proved therapies.

MicroRNAs (miRNAs) belong to a class of small noncoding 
RNAs that influence many biological processes through binding 
to the 3′-UTR of target mRNAs, mediating either mRNA degrada-
tion or translational repression. Thus, miRNAs play crucial roles in 
the modulation of physiological processes and in pathogenesis.3,4 
Several miRNAs, including miR-21, miR-92b, miR-29b, and miR-155, 
have been reported to regulate OSCC proliferation, migration, and 
invasion.5-8 Addiction to these oncogenic miRNAs (oncomiRs) could 
provide therapeutic opportunities for treating human malignancies.

In this study, we aimed to identify novel oncomiRs in human 
OSCC cells and assessed the possibility of targeting these miRNAs 
for the treatment of cancer.

2  | MATERIAL S AND METHODS

2.1 | Cells and cell culture

In this study, we used a human OSCC cell line, GFP-SAS,9 which can 
form tumors when injected into athymic nude mice. Cells were main-
tained in DMEM (Wako) supplemented with 10% FBS (BioSource), 
100 U/mL penicillin, and 100 µg/mL streptomycin (Wako), referred 
to here as complete medium, and grown in an incubator with a hu-
midified atmosphere of 95% air and 5% CO2 at 37°C.

2.2 | Functional screening of miRNA 
knockdown library

To identify novel oncomiRs in human OSCC cells, the miRCURY 
LNA microRNA Knockdown Library – Human version 12.0 (Exiqon) 
was used. We then transfected 918 locked nucleic acid (LNA)/DNA 
antisense oligonucleotides (ASOs) for specific human mature miR-
NAs into GFP-SAS cells. Cells (2 × 103/well) were then seeded into 
a 96-well plate in complete medium with 25 nmol/L of each ASO and 
Lipofectamine RNAiMAX (Thermo Fisher Scientific) in a final volume 
of 100 µL. After 80 hours, the cell number was evaluated using a 
WST-8 assay (CCK-8; Dojindo).

2.3 | Cell growth assay

Cells (2  ×  103/well) were seeded into a 96-well plate in complete 
medium with 20 nmol/L of a synthetic mimic of human mature miR-
361-3p and Lipofectamine RNAiMAX (Thermo Fisher Scientific) in a 
final volume of 100 µL. After 72 hours, the cell number was evalu-
ated using a WST-8 assay (Dojindo).

2.4 | Quantitative RT-PCR

Total RNA was extracted by lysing cells and tissues after homog-
enization with a TissueLyser (Qiagen) and ISOGEN (Nippon Gene) 
according to the manufacturer’s protocol. To analyze miRNA ex-
pression, cDNA was synthesized using a miScript II RT Kit (Qiagen), 
and quantitative RT-PCR (qRT-PCR) was then undertaken using 
a miScript SYBR Green PCR Kit (Qiagen). The PCR amplification 
was carried out in a 10 µL final reaction volume containing 5 µL 
of 2×  QuantiTect SYBR Green Master Mix, 1 µL of 10×  miScript 
Universal Primer, 1 µL of 10× miScript Primer Assay, 2 µL RNase free 
water, and 1 µL cDNA. The thermal-cycling conditions were a PCR 
initial activation step at 95°C for 15 minutes, followed by 40 cycles 
of 94°C for 15 seconds and 55°C for 30 seconds. To analyze mRNA 
expression, we used a One Step SYBR  PrimeScript RT-PCR Kit II 
(Takara). Polymerase chain reaction amplification was carried out in 
a 10 μL final reaction mixture containing 5 μL of 2× One Step SYBR 
RT-PCR Buffer 4, 0.4 μL PrimeScript One Step Enzyme Mix 2, 0.4 μL 
forward primer (10 μmol/L), 0.4 μL reverse primer (10 μmol/L), and 
100  ng total RNA. Reverse transcription was undertaken at 42°C 
for 5 minutes, followed by 95°C for 10 seconds. The PCR amplifica-
tion step consisted of 40 cycles at 95°C for 5 minutes and 60°C for 
10 seconds. The relative expression levels of miRNAs and mRNAs 
were calculated using the ΔCt (cycle threshold) and normalized to 
the control using the equation 2−ΔΔCt. RNU6B and hydroxymethylbi-
lane synthase (HMBS) were used as internal controls. SYBR Green 1 
was detected using ViiA 7 (Thermo Fisher Scientific). The sequences 
of primers used were as follows: odd-skipped related 2 (OSR2) for-
ward, 5′-TTT GCG GCA GAC ACT TTA CCA -3′ and reverse, 5′-TTC 
CCA CAC TCC TGA CAT TTG A-3′; and HMBS forward, 5′-CAT GCA 
GGC TAC CAT CCA TGT C-3′ and reverse, 5′-GTT ACG AGC AGT 
GAT GCC TAC CAA-3′.

2.5 | Microarray analysis

Total RNA was extracted from cells at 24 hours after the treatment 
with LNA/DNA ASO against miR-361-3p (LNA-miR-361-3p) or miR-
nontarget (LNA-miR-NT). We used an Affymetrix Human Genome 
U219 Array Strip (Affymetrix) according to the manufacturer’s in-
structions. After washing and staining the array strips, the signal was 
developed and scanning was undertaken using a GeneAtlas system 
(Affymetrix). Data analysis was carried out using GeneSpring GX 
13 (Agilent Technologies) and a miRNA target filter in the Ingenuity 
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Pathway Analysis (Qiagen). The microarray data have been deposited 
in Gene Expression Omnibus (experiment no. GSE13​8587) according 
to minimum information about microarray experiment guidelines.

2.6 | Luciferase reporter assay

The plasmid, miTarget miRNA 3′ Target Clone (HmiT001838-MT01; 
GeneCopoeia) was used in the luciferase reporter assay. GFP-SAS 
cells were seeded in 96-well plates and after 24  hours they were 
cotransfected with LNA-miR-361-3p (20  nmol/L) and the OSR2 
3′-UTR plasmid (50  ng/well) complexed with Lipofectamine LTX 
Reagent (Thermo Fisher Scientific), and then incubated for 10 hours. 
Firefly and Renilla luciferase activities were measured sequentially 
using the Dual-Glo Luciferase Assay System (Promega). Results 
were expressed as relative luciferase activity units measured using a 
Wallac 1420 ARVO MX/Light (PerkinElmer).

2.7 | Western blot analysis

Cells were lysed in 0.5  M EDTA (Dojindo) and 1% NP-40 (Nacalai 
Tesque) in PBS (Wako) containing a protease inhibitor cocktail and 
a phosphatase inhibitor (Roche Diagnostics). The lysates were cen-
trifuged at 15  000  g for 15  minutes at 4°C and the supernatants 
were electrophoresed on SDS-polyacrylamide gels and proteins 
transferred to PVDF membranes (Millipore). The membranes were 
blocked with 5% nonfat dried milk (Wako) in 1× TBS-T (25 mmol/L 
Tris-HCl, 125 mmol/L NaCl, and 0.1% Tween-20) (Sigma-Aldrich) for 
1  hour at room temperature. They were then probed with a poly-
clonal rabbit anti-OSR2 Ab (Abcam; diluted at 1:1000) or a monoclo-
nal mouse anti-β-tubulin Ab (BD; diluted at 1:1000) in 5% nonfat dried 
milk in 1× TBS-T for 1 hour at room temperature, followed by treat-
ment with HRP-conjugated secondary Abs against rabbit or mouse 
IgG (GE Healthcare) for 1  hour at room temperature. The immune 
complexes were visualized using an ECL Prime Western Blotting 
Detection Reagent (GE Healthcare). The density of visualized immune 
complexes was digitized using a RAS3000 imaging system (Fujifilm).

2.8 | Xenograft model and tumor therapy

GFP-SAS cells complexed with Matrigel (BD) at a density of 2  ×  106 
cells per 100 µL aliquot were injected s.c. at 2 sites in the flanks of male 
athymic nude mice (CLEA Japan). One week later, tumor-bearing nude 
mice were randomly divided into 2 treatment groups, LNA-miR-361-3p 
or LNA-miR-NT. These ASOs (50 µg) were injected into the xenograft  
tumors every 3 days. Tumor diameters were measured at regular inter-
vals using digital calipers, and tumor volume (mm3) was calculated using 
the following formula: length × width × height × 0.523. Sixteen days after 
the first treatment, the xenografts were dissected and the miR-361-3p 
and OSR2 expression levels were determined by qRT-PCR. These animal 
studies were approved by the Ehime University animal care committee.

2.9 | Statistical analysis

Student’s t tests were used to determine the significance of differ-
ences between groups. Differences with P values of less than .05 
were considered statistically significant. Statistical analyses were 
undertaken using GraphPad Prism software, version 5.04 (GraphPad 
Software).

3  | RESULTS

3.1 | Identification of oncomiR candidates in human 
OSCC cells

We carried out functional screening for novel oncomiRs in the 
human OSCC cell line GFP-SAS using miRCURY LNAM microRNA 
Knockdown Library – Human version 12.0 (Exiqon). A total of 918 
LNA/DNA ASOs specific for human mature miRNAs were trans-
fected into the human GFP-SAS cells. After 80  hours, cell growth 
was evaluated using a WST-8 assay (Figure 1A, Table S1). Thirteen of 
these LNA/DNA ASOs that targeted miRNAs significantly inhibited 
the growth of GFP-SAS cells by more than 60% (Figure 1B). Among 
these, we found the LNA/DNA ASO against miR-361-3p (LNA-miR-
361-3p) showed the greatest growth inhibition (Figure 1B, C). Next, 
we confirmed the target specificity of LNA-miR-361-3p by qRT-PCR 
and found that LNA-miR-361-3p significantly reduced the expres-
sion of miR-361-3p (Figure 1D). Cotransfection of a synthetic mimic 
of mature miR-361-3p abrogated the growth inhibitory effect of 
LNA-miR-361-3p in GFP-SAS cells (data not shown). Furthermore, 
transfection of this synthetic mimic of mature miR-361-3p resulted 
in an approximately 20% increase in the growth of GFP-SAS cells. 
(Figure  1D). These results indicate that miR-361-3p supports the 
growth of these human OSCC cells.

3.2 | MicroRNA-361-3p target genes

We attempted to identify the miR-361-3p target genes using a mi-
croarray analysis to evaluate the function and transfection efficiency 
in vivo of LNA-miR-361-3p. The expression levels of 22 genes were 
markedly upregulated by miR-361-3p inhibition in GFP-SAS cells 
(Table S2). Among these genes, only the OSR2 mRNA had the target 
sequence for miR-361-3p in its 3′-UTR (Figure 2A). Cotransfection 
of an OSR2 3′-UTR luciferase reporter plasmid and LNA-miR-361-3p 
into GFP-SAS cells produced higher luciferase activity than cells 
cotransfected with LNA-miR-NT (Figure  2B). Also, the expression 
levels of OSR2 mRNA after transfection with LNA-miR-361-3p were 
significantly increased (Figure 2B). Subsequently, we examined the 
expression levels of the OSR2 protein by western blot analysis. 
Overexpression of miR-361-3p reduced the expression level of the 
OSR2 protein, whereas knockdown of miR-361-3p enhanced OSR2 
protein expression (Figure 2C). These findings suggest that OSR2 is a 
direct target gene of miR-361-3p in GFP-SAS cells.

http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE138587
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3.3 | Effect of LNA-miR-361-3p on in vivo growth of 
human OSCC cells

We assessed the effect of LNA-miR-361-3p on the in vivo growth 
of GFP-SAS cells. Using a xenograft model of GFP-SAS cells in nude 
mice, we injected LNA-miR-361-3p into the xenograft tumors every 
3 days. We found that treatment with LNA-miR-361-3p significantly 
reduced the size of the s.c. xenografted GFP-SAS tumors, compared 
to the control tumors treated with LNA-miR-NT (Figure 3A). The ex-
pression levels of miR-361-3p and OSR2 in the excised tumors were 
then examined by qRT-PCR. LNA-miR-361-3p suppressed the levels 
of miR-361-3p and induced the expression of OSR2 compared with 
control tumors (Figure 3B, C).

3.4 | Overexpression of miR-361-3p in OSCC tissues

Finally, we assessed the expression of miR-361-3p in 18 primary 
OSCC and 2 normal oral mucosa tissues by qRT-PCR. The ex-
pression of miR-361-3p was normalized by RNU6B expression 
as an internal control. We found that the expression levels of 
miR-361-3p were higher in OSCC tissues than in normal tissues 
(Figure 4).

Furthermore, we evaluated the association between miR-361-3p 
expression in tumors from 18 OSCC patients and their clinicopath-
ologic parameters. We categorized miR-361-3p expression as high 
or low by the median value, and then examined the association be-
tween miR-361-3p expression and the clinicopathologic parameters 
of the OSCC patients. No significant relationship was observed 
(Table 1).

4  | DISCUSSION

MicroRNAs are often found to function as oncogenes or tumor sup-
pressor genes,10 and are thus implicated in the development and 
progression of human malignancies. Several previous reports have 
shown that miR-361-3p suppresses the growth of human retinoblas-
toma11 and non-small-cell lung cancer (NSCLC)12 cells, suggesting it 
is a tumor-suppressive miRNA. However, here we found that miR-
361-3p is overexpressed in OSCC tissues and that targeting miR-
361-3p using LNA/DNA ASO inhibits the growth of human OSCC 
cells both in vitro and in vivo. These results suggest that miR-361-3p 
is an oncomiR that supports the malignant phenotype in OSCC.

Two mature miRNAs, miR-361-5p and miR-361-3p, are produced 
from the miR-361 precursor. Differential expression of miR-361-5p 

F I G U R E  1   Identification of oncogenic microRNA (oncomiR) candidates in human oral squamous cell carcinoma (OSCC) cells. A, 
Functional screening for oncomiRs in OSCC cells (GFP-SAS) was carried out using miRCURY LNA microRNA Knockdown Library – Human 
version 12.0 (Exiqon). GFP-SAS cells were transfected with a total of 918 locked nucleic acid (LNA)/DNA antisense oligonucleotides 
(25 nmol/L) complexed with Lipofectamine RNAiMAX that targeted specific human mature miRNAs. After 80 hours, cell growth was 
evaluated using a WST-8 assay. B, C, LNA-miR-361-3p showed the largest growth inhibition. D, LNA-miR-361-3p specifically downregulates 
the levels of endogenous miR-361-3p. Transfection of synthetic mimic of mature miR-361-3p (20 nmol/L) into GFP-SAS cells resulted in an 
approximately 20% increase in cell growth. *P < .01 compared to control culture. NT, nontarget
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has been linked to bleomycin-induced pulmonary fibrosis13 and fatty 
acid-mediated insulin resistance14 in mouse models. On the other 
hand, miR-361-3p regulates the proliferation, migration, and inva-
sion of human lung15 and prostate16 cancer cells. An inhibitor of miR-
361-3p potently decreased the viability of human NSCLC cells with 
different genetic backgrounds through S phase arrest and caspase-3 
activation.15 Moreover, high levels of miR-361-3p expression have 
been found to be associated with advanced tumor stage and shorter 

overall survival in pancreatic ductal adenocarcinomas and are pos-
itively correlated with metastasis.17 Consistent with our results, 
these findings indicate that miR-361-3p functions as an oncomiR.

Mechanistically it has been shown that overexpression of miR-
361-3p promotes activation of the ERK pathway, which is widely 
known to be connected with epithelial-mesenchymal transition 
(EMT).17-20 The ERK pathway is also required for transforming 
growth factor-β1/H-Ras induction of the Snail transcription factor,21 

F I G U R E  2   Identification of microRNA (miR)-361-3p target genes. A, We identified odd-skipped related 2 (OSR2) as a target gene 
for miR-361-3p through the use of a microarray, GeneSpring GX, and the microRNA target filter in Ingenuity Pathway Analysis (IPA). B, 
Cotransfection of the OSR2 3′-UTR luciferase reporter plasmid (pEZX-OSR2) and locked nucleic acid (LNA)-miR-361-3p into GFP-SAS 
cells produced higher luciferase activity levels than cells cotransfected with LNA-miR-nontarget (NT). Expression of OSR2 mRNA after 
transfection with LNA-miR-361-3p was higher than after transfection of LNA-miR-NT. C, Overexpression of miR-361-3p reduces the 
expression levels of the OSR2 protein whereas knockdown of miR-361-3p enhances OSR2 protein expression. *P < .01, **P < .05 compared 
to control

F I G U R E  3   In vivo growth inhibitory 
effect of locked nucleic acid (LNA)-miR-
361-3p. A, LNA-miR-361-3p was injected 
every 3 d to nude mice bearing s.c. 
xenografted GFP-SAS tumors. LNA-miR-
361-3p significantly reduced the size of 
the s.c. xenografted GFP-SAS tumors, 
compared with the LNA-miR-NT control 
group. B, C, Expression of miR-361-3p and 
OSR2 in excised tumors was examined 
by quantitative RT-PCR. LNA-miR-361-
3p markedly suppressed the expression 
of endogenous miR-361-3p and induced 
the expression of OSR2 mRNA. *P < .01, 
**P < .05 compared to control. NT, 
nontarget
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which is recognized for its involvement in the EMT by directly bind-
ing to the E-cadherin/CDH1 gene promoter.22 Extracellular signal- 
regulated kinase is a member of the MAPK family that is well known 
to play pivotal roles in carcinogenesis.23 Mitogen-activated protein 
kinases are key downstream signaling molecules that are regulated 
by the activity of the epidermal growth factor receptor (EGFR) in 
a number of cancers.24,25 Up to 90% of HNSCCs, including OSCC, 
are known to overexpress the EGFR and this leads to excessive ac-
tivation of the EGFR signaling pathway.26,27 In clinical practice, the 
anti-EGFR mAb cetuximab is used to treat OSCC patients. Compared 
with platinum-fluorouracil (PF) chemotherapy alone, cetuximab 

plus PF chemotherapy significantly improved overall and progres-
sion-free survival in patients with recurrent or metastatic HNSCC, 
especially in OSCC patients.28 However, despite GFP-SAS cells used 
in this study showing constitutive activation of ERK1/2, inhibition of 
miR-361-3p had no effect on their phosphorylation or expression in 
vitro and in vivo (data not shown). If growth inhibition by targeting 
miR-361-3p is independent of the ERK1/2 pathway in OSCC, combi-
nation with cetuximab could be effective.

In summary, miR-361-3p is likely to play a significant role in the 
growth of human OSCC cells and that targeting miR-361-3p may be 
a useful therapeutic approach for patients with OSCC.

F I G U R E  4   Expression of microRNA 
(miR)-361-3p in oral squamous cell 
carcinoma (OSCC) tissues. We assessed 
the expression of miR-361-3p in 18 
primary OSCC and 2 normal oral mucosal 
tissues by quantitative RT-PCR. miR-361-
3p was overexpressed in all OSCC tissues

Parameter
Low miR-361-3p (n = 9), 
N (%)

High miR-361-3p (n = 9), 
N (%) P value

Sex

Male 9 (100) 7 (77.8) .177

Female 0 (0) 2 (22.2)

Primary tumor site

Tongue 3 (33.3) 2 (22.2) .375

Maxillary gingiva 4 (44.4) 2 (22.2)

Mandibular gingiva 1 (11.1) 2 (22.2)

Buccal mucosa 1 (11.1) 2 (22.2)

Floor of mouth 0 (0) 1 (11.1)

Differentiation

Well 5 (55.6) 5 (55.6) 1.000

Moderate 3 (33.3) 3 (33.3)

Poor 1 (11.1) 1 (11.1)

TNM stage

I-II 6 (66.7) 3 (33.3) .222

III-IV 3 (33.3) 6 (66.7)

Recurrence/metastasis

No 6 (66.7) 7 (77.8) 1.000

Yes 3 (33.3) 2 (22.2)

TA B L E  1   Association between 
microRNA (miR)-361-3p expression in 
tumors from patients with oral squamous 
cell carcinoma and their clinicopathologic 
parameters
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