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MicroRNA-495 targets Notchl to prohibit cell proliferation
and invasion in oral squamous cell carcinoma
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Abstract. MicroRNAs (miRNAs) are associated with the
initiation and progression of oral squamous cell carcinoma
(OSCC) by regulating a variety of cancer-associated behaviors.
Fully understanding the regulatory mechanism of miRNAs
in the pathogenesis of OSCC may provide novel promising
approaches for the identification of prognostic biomarkers and
therapeutic targets for this particular malignancy. In the present
study, reverse transcription-quantitative polymerase chain
reaction analysis was performed to detect miRNA (miR)-495
expression in OSCC tissues and cell lines. The effects of
miR-495 on the proliferation and invasion of OSCC cells were
determined using Cell Counting Kit-8 and Matrigel invasion
assays, respectively. The mechanisms underlying the action
of miR-495 in OSCC cells were also investigated. Results
from the present study revealed that miR-495 expression was
downregulated in OSCC tissues and cell lines compare with
in adjacent normal tissues and human oral keratinocytes,
respectively. Exogenous expression of miR-495 restricted cell
proliferation and invasion of OSCC cells in vitro. Notchl was
identified as a direct functional target of miR-495 in OSCC.
Furthermore, Notchl knockdown exhibited inhibitory effects,
similar to those induced by miR-495 overexpression in OSCC
cells. Restoration of Notchl expression rescued the suppressive
effects of miR-495 on OSCC cell proliferation and invasion.
These findings suggested an important role for miR-495 in
the regulation of OSCC cell growth and metastasis, at least
partly by directly targeting Notchl. In addition, the findings of
the present study revealed the potential of miR-495 as a novel
therapeutic target for the treatment of patients with OSCC.
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Introduction

Oral squamous cell carcinoma (OSCC) is one of the most
common types of head and neck neoplasms, and accounts
for ~3% of all recently diagnosed tumor patients (1). Despite
considerable advances in OSCC treatment, the prognosis of
patients with OSCC has demonstrated no notable improve-
ments in recent decades (2). The overall 5-year survival rate
of patients with OSCC remains <50% (3). The poor prognosis
of this disease is mainly due to late stage diagnosis, radia-
tion resistance and recurrence; distant metastases have been
reported following combined treatment regimens (4,5). The
occurrence and development of OSCC is a complex process
involving numerous genetic and epigenetic alterations and
dynamic alterations in the expression of coding and non-coding
RNAs (6-8); however, the specific mechanism underlying the
pathogenesis of OSCC remains unknown. Thus, an enhanced
understanding of the mechanisms underlying the carcinogen-
esis and progression of OSCC is critical to the development of
novel and effective therapeutic methods to improve the treat-
ment outcomes of this disease.

MicroRNAs (miRNAs) are a group of naturally occurring,
non-coding short RNA molecules of 18 to 25 nucleotides in
length (9). miRNAs mediate gene expression at the post-tran-
scriptional or translational levels through their complete or
partial complementarity with the 3'-untranslated regions
(UTRs) of target genes (10). At present, 2,588 mature human
miRNAs have been detected in the human genome and are
estimated to modulate the expression of >30% of all the
protein-coding genes (11). Previously, miRNAs have been
reported to be abnormally expressed in almost all types of
human cancers (12-14). In addition, studies have indicated
that numerous miRNAs are dysregulated in OSCC, including
miRNA (miR)-433 (15), miR-195-5p (16), miR-27b (17) and
miR-373-3p (18). These aberrantly expressed miRNAs may
function as tumor suppressors or as oncogenes, depending
on the type of tumor and the biological role of their target
genes (19,20). Therefore, the identification of additional
dysregulated miRNAs may provide novel insight into the func-
tion of miRNAs in the onset and the development of OSCC,
and may contribute to the identification of novel therapeutic
targets for the treatment of OSCC.

miR-495 was previously demonstrated to be dysregulated
in human cancers, including medulloblastoma (21), esophageal
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squamous cell carcinoma (22), glioma (23,24) and osteosar-
coma (25); however, the expression, functional roles and
underlying molecular mechanism by which miR-495 regulates
the progression of OSCC remain unclear. The present study
aimed to detect the expression of miR-495 in OSCC tissues and
cell lines, and determine its effects on OSCC cells. In addition,
the underlying molecular mechanisms by which miR-495 may
affect the progression of OSCC were investigated.

Materials and methods

Tissue samples and cell lines. The present study was approved
by the Ethics Committee of the Yidu Central Hospital of
Weifang (Weifang, China); written informed consent was
obtained from all patients who participated in the present
study. Surgically removed OSCC tissues and matched adjacent
normal tissues were obtained from 23 patients (15 males,
8 females; age range, 47-69 years) who were diagnosed with
OSCC, and who underwent surgical resection at the Yidu
Central Hospital of Weifang between February 2015 and
December 2016. None of the patients with OSCC had received
with chemotherapy, radiotherapy or other specialized treat-
ment prior to surgery. All tissues were immediately snap
frozen and stored in liquid nitrogen for further use.

Human oral keratinocytes (HOK) were purchased from
ScienCell Research Laboratories, Inc. (San Diego, CA, USA)
and maintained in an oral keratinocyte medium (ScienCell
Research Laboratories, Inc.). The OSCC cell lines Tca8113,
CAL-27 and SCC-9 were acquired from the American Type
Culture Collection (Manassas, VA, USA) and cultured in
Dulbecco's modified Eagle's medium/F-12 (DMEM/F-12)
supplemented with 10% fetal bovine serum (FBS) and 1%
streptomycin/penicillin mix (all from Gibco; Thermo Fisher
Scientific, Inc., Waltham, MA, USA). All cell lines were
cultured in a humidified chamber at 37°C under 5% CO,.

Cell transfections. miR-495 mimics and mimic negative
controls (miR-NC) were obtained from Guangzhou Rui Bo
Biological Technology, Co., Ltd. (Guangzhou, China). The
miR-495 mimics sequence was 5-AAACAAACAUGGUGG
ACUUCUU-3" and the miR-NC sequence was 5'-UUCUCC
GAACGUGUCACGUTT-3". To knock down endogenous
Notchl expression, a small interfering RNA (siRNA) targeting
Notchl (si-Notchl) and a negative control (si-NC) were
chemically synthesized by Shanghai GenePharma Co., Ltd.
(Shanghai, China). The Notchl siRNA sequence was 5'-ACG
AAGAACAGAAGCACAAAGGCGG-3' and the NC siRNA
sequence was 5'-UUCUCCGAACGUGUCACGUTT-3".
The Notchl overexpression plasmid (pcDNA3.1-Notchl)
and control empty (pcDNA3.1) plasmid were synthesized
at the Chinese Academy of Sciences (Changchun, China).
Cells were inoculated into 6-well plates and cultured to
60-70% confluence. miRNA mimics (100 pmol), siRNAs
(100 pmol) or plasmid (4 ug) were transfected into cells
using Lipofectamine® 2000 (Invitrogen; Thermo Fisher
Scientific, Inc.), according to the manufacturer's protocols.
Co-transfection of miRNA mimics (20 pmol) and plasmid
(0.8 ug) was also performed using Lipofectamine® 2000.
Following incubation for 6 h, the transfection mixture was
removed and fresh DMEM/F-12 containing 10% FBS was
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added into each well. Reverse transcription-quantitative poly-
merase chain reaction (RT-qPCR) analysis and the Matrigel
invasion assay was performed after 48 h. CCK-8 and western
blot analysis were conducted at 24 and 72 h post-transfection,
respectively.

RT-qPCR. TRIzol® reagent (Invitrogen; Thermo Fisher
Scientific, Inc.) was used to extract the total RNA from tissue
samples (100 mg) or cell lines (1.5x10° cells), according to
the manufacturer's protocols. The quality and concentra-
tion of total RNA was determined using a NanoDrop 2000
spectrophotometer (NanoDrop Technologies; Thermo Fisher
Scientific, Inc., Pittsburgh, PA, USA). For the detection of
miR-495, total RNA (100 ng) was converted into cDNA
using the TagMan microRNA Reverse Transcription kit
(Applied Biosystems; Thermo Fisher Scientific, Inc.). miR-495
expression levels were detected by qPCR using the TagMan
microRNA Assay kit (Applied Biosystems; Thermo Fisher
Scientific, Inc.). The cycling conditions were as follows: 50°C
for 2 min and 95°C for 10 min; 40 cycles of denaturation at
95°C for 15 sec; and annealing/extension at 60°C for 60 sec.
U6 small nuclear RNA was used as an internal reference for
measuring relative miR-495 expression. To analyze Notchl
mRNA expression, cDNA was synthesized from total RNA
(100 ng) using a PrimeScript 1st Strand cDNA Synthesis kit
(Takara Biotechnology Co., Ltd., Dalian, China), and subjected
to amplification with a SYBR® Premix Ex Tagq II (Takara
Biotechnology Co., Ltd.). All reactions were performed on the
Applied Biosystems 7500 Real-Time PCR system (Thermo
Fisher Scientific, Inc.). The cycling conditions were as follows:
5 min at 95°C, followed by 40 cycles of 95°C for 30 sec and
65°C for 45 sec. B-actin was used as the internal control for
measuring relative Notchl mRNA expression. The primers
were designed as follows: miR-495, 5'"TCCGATTCTTCA
CGTGGTAC-3' (forward) and 5-GTGCAGGGTCCGAGG
T-3' (reverse); U6, 5-GCTTCGGCAGCACATATACTAAAA
T-3' (forward) and 5-CGCTTCACGAATTTGCGTGTCAT-3'
(reverse); Notchl, 5'-GTGACTGCTCCCTCAACTTCAAT-3'
(forward) and 5'-CTGTCACAGTGGCCGTCACT-3' (reverse);
and fB-actin, 5" AGTGTGACGTGGACATCCGCAAAG-3'
(forward) and 5-ATCCACATCTGCTGGAAGGTGGAC-3'
(reverse). Relative gene expression was calculated using the
2-48C method (26).

Cell Counting Kit-8 (CCK-8) assay. A CCK-8 assay was
performed to evaluate the proliferative ability of transfected
cells. In brief, transfected cells were collected and seeded
(3x10° cells/well) in 96-well plates in triplicate. Following
0, 24, 48 and 72 h of cell culture, 10 ul of CCK-8 solution
(Beyotime Institute of Biotechnology, Haimen, China) was
added directly into each well, and the 96-well plates were
incubated at 37°C under 5% CO, for a further 2 h. The optical
density was measured at a wavelength of 450 nm using a
multifunctional microplate reader (Bio-Rad Laboratories, Inc.,
Hercules, CA, USA).

Matrigel invasion assay. The invasive capacity of trans-
fected cells was assessed using 24-well Transwell chambers
(Corning Incorporated, Corning, NY, USA) coated with
Matrigel (BD Biosciences, Franklin Lakes, NJ, USA). The
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Figure 1. miR-495 is downregulated in OSCC tissues and cell lines. (A) miR-495 expression was detected in 23 pairs of OSCC and matched adjacent normal
tissues. “P<0.05 vs. normal tissues. (B) Expression levels of miR-495 in HOK and three OSCC cell lines (Tca8113, CAL-27 and SCC-9). "P<0.05 vs. HOK.
HOK, human oral keratinocytes; miR, microRNA; OSCC, oral squamous cell carcinoma.

upper compartment of each Transwell chamber was seeded
with transfected cells (1x10° cells/well) suspended in 200 ul
FBS-free DMEM/F-12 medium. The lower chambers were
filled with 500 xl DMEM/F-12 containing 10% FBS. Cells
were incubated in a humidified incubator at 37°C under 5%
CO, for 24 h. The non-invasive cells were removed from the
upper chambers with cotton swabs. The invasive cells were
then fixed in 95% ethanol at room temperature for 20 min
and stained in 0.5% crystal violet at room temperature for
20 min. The invasive cells in the lower chambers were imaged
and quantified under an Olympus IX51 inverted microscope
(x200 magnification; Olympus Corporation, Tokyo, Japan) in
five randomly selected fields per chamber.

miR-495 target prediction and confirmation. Computational
analysiswasconductedtopredictthe potentialtargetsof miR-495
using TargetScan (release 7.2; https://www.targetscan.org) and
PicTar (http://pictar.mdc-berlin.de). Notchl was predicted as a
potential target of miR-495. The wild-type (WT) and mutant
(Mut) putative miR-495-binding sites in the 3'-UTR region of
Notchl were amplified by Shanghai GenePharma Co., Ltd.,
and inserted into the psiCHECK-2 reporter vector (restriction
sites: Xhol and Nhel) (Promega Corporation, Madison, WI,
USA), which are henceforth referred to as WT-Notchl and
Mut-Notchl, respectively. Cells were cultured in 24-well plates
with a density of 1.0x10° cells and co-transfected with miR-495
mimics (50 pmol) or miR-NC (50 pmol) and WT-Notchl
(0.8 pg) or Mut-Notchl (0.8 pg) using Lipofectamine 2000. At
48 h post-transfection, luciferase activity was quantified with
a Dual Luciferase Assay kit (Promega Corporation). Firefly
luciferase activity was detected with a multifunctional micro-
plate reader (Bio-Rad Laboratories, Inc.), and normalized to
Renilla luciferase activity.

Western blot analysis. Cells (1.5x10° cells) or tissue samples
(250 mg) were lysed with radioimmunoprecipitation assay
buffer (Beyotime Institute of Biotechnology). Total protein
concentration was determined using a BCA Protein Assay kit
(Beyotime Institute of Biotechnology). An equal amount of

protein (20 ug) was separated by 10% SDS-PAGE and trans-
ferred to polyvinylidene fluoride membranes (EMD Millipore,
Billerica, MA, USA). Following blocking at room tempera-
ture for 2 h with 5% fat-free milk in TBS containing 0.1%
Tween-20 (TBST), the membranes were incubated overnight at
4°C with primary antibodies against Notch1 (cat. no. ab52627,;
1:1,000 dilution; Abcam, Cambridge, UK) or GAPDH
(cat. no. ab181603; 1:1,000 dilution; Abcam). Following three
washes with TBST, the membranes were incubated with
horseradish peroxidase-conjugated goat anti-rabbit secondary
antibody (cat. no. ab205718; 1:5,000 dilution; Abcam) at
room temperature for 2 h. An Enhanced Chemiluminescence
Detection System (Pierce; Thermo Fisher Scientific, Inc.)
was used to visualize the signal, according to the manu-
facturer's protocols. Densitometric analysis of the relative
expression levels was performed using Quantity One software
version 4.3.0 (Bio-Rad Laboratories, Inc.), and Notchl expres-
sion was normalized to that of GAPDH.

Statistical analysis.Dataare presented as the median + standard
deviation, and were analyzed with SPSS software (version 17;
SPSS, Inc., Chicago, IL, USA). Differences between groups
were analyzed with a two-tailed Student's t-test or one-way
analysis of variance, followed by the Student-Newman-Keuls
post hoc test. The correlation between miR-495 and Notchl
mRNA expression levels in OSCC tissues was evaluated with
Spearman's correlation analysis. P<0.05 was considered to
indicate a statistically significant difference.

Results

miR-495 expression is downregulated in human OSCC tissues
and cell lines. To identify the role of miR-495 in OSCC, the
expression levels of miR-495 in 23 pairs of OSCC and matched
adjacent normal tissues were analyzed. Results from RT-qPCR
revealed that miR-495 expression levels were significantly
lower in OSCC tissues compared with the expression levels in
the adjacent normal tissues (P<0.05; Fig. 1A). RT-qPCR was
also performed to evaluate the expression levels of miR-495 in
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Figure 2. miR-495 overexpression inhibits proliferation and invasion of Tca8113 and CAL-27 cells. (A) Tca8113 and CAL-27 cells were transfected with
miR-495 mimics or miR-NC. miR-495 mimics significantly enhanced the expression levels of miR-495 in Tca8113 and CAL-27 cells. (B) Upregulation of
miR-495 significantly reduced Tca8113 and CAL-27 cell proliferation at 48 and 72 h following transfection. (C) Invasive abilities of Tca8113 and CAL-27 cells
were significantly suppressed following transfection with miR-495 mimics. "P<0.05 vs. miR-NC. miR, microRNA; NC, negative control; OD, optical density.

three OSCC cell lines, including Tca8113, CAL-27 and SCC-9.  relative miR-495 expression among the three OSCC cell lines;
Compared with HOK cells, the expression levels of miR-495  therefore, these two cell lines were employed for further anal-
were significantly lower in the three OSCC cell lines (P<0.05;  ysis. These results suggested that miR-495 may be involved in
Fig. 1B). Tca8113 and CAL-27 cell lines exhibited the lowest  the development of OSCC.
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determine the effects on Notchl mRNA and protein expression levels, respectively. "P<0.05 vs. miR-NC. miR, microRNA; Mut, mutant; NC, negative control,

UTR, untranslated region; WT, wild-type.

Overexpression of miR-495 prohibits the proliferation and
invasion of OSCC cells. To investigate whether the dysregula-
tion of miR-495 affected the progression of OSCC, Tca8113
and CAL-27 cells were transfected with miR-495 mimics
or miR-NC. RT-qPCR analysis revealed that transfection of
miR-495 mimics resulted in a significant increase in miR-495

expression in Tca8113 and CAL-27 cells compared with in
the miR-NC group (P<0.05; Fig. 2A). As demonstrated by the
CCK-8 assay, upregulation of miR-495 resulted in significant
suppression of Tca8113 and CAL-27 cell proliferation compared
with the proliferation rates in the miR-NC group (P<0.05;
Fig.2B). A Matrigel invasion assay was performed to determine
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Figure 4. Notchl knockdown inhibits Tca8113 and CAL-27 cell proliferation and invasion. (A) Transfection with si-Notch1 reduced Notch1 protein expression
in Tca8113 and CAL-27 cells. (B) Cell Counting Kit-8 assay results revealed that the proliferative capacities of Tca8113 and CAL-27 cells were significantly
decreased at 48 and 72 h following the knockdown of Notchl expression. (C) A Matrigel invasion assay demonstrated that the inhibition of Notchl expression
reduced the invasive abilities of Tca8113 and CAL-27 cells. “P<0.05 vs. si-NC. NC, negative control; OD, optical density; si, small interfering RNA.

the effects of miR-495 overexpression on cell invasive ability.
The number of invasive cells was significantly decreased in
Tca8113 and CAL-27 cells overexpressing miR-495 compared
with the miR-NC-transfected group (P<0.05; Fig. 2C). These
findings suggested that miR-495 may serve a tumor suppres-
sive role in OSCC.

Notchl is a direct target of miR-495 in OSCC. To further
clarify the mechanism underlying the role of miR-495 in
OSCC, computational analysis was conducted to predict
the potential targets of miR-495. The 3'-UTR of Notchl
was identified as containing a highly conserved binding site
for miR-495 (nucleotides 1588-1594; Fig. 3A). Notchl was
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previously reported to be involved in the onset and progression
of OSCC (27-31) and was therefore selected as a candidate for
further confirmation in the present study. A luciferase reporter
assay was performed to determine whether the 3'-UTR of
Notchl may be directly targeted by miR-495. The luciferase
activity of the reporter containing the WT 3'-UTR of Notchl
was significantly reduced in Tca8113 and CAL-27 cells trans-
fected with miR-495 mimics compared with in the miR-NC
group (P<0.05; Fig. 3B and C); however, miR-495 overexpres-
sion did not notably affect the luciferase activity of the reporter
harboring a mutated miR-495 binding site in the 3'-UTR of
Notchl (Fig. 3B and C). To investigate the role of miR-495
in endogenous Notchl regulation, RT-qPCR and western blot
analyses were performed to detect Notchl mRNA and protein
expression levels, respectively, in Tca8113 and CAL-27 cells
following transfection with miR-495 mimics or miR-NC. The
results indicated that overexpression of miR-495 significantly
decreased the expression levels of Notchl mRNA and protein
in Tca8113 and CAL-27 cells compared with the respective
expression levels in the miR-NC-transfected group (P<0.05;
Fig. 3D and E). These results indicted Notchl as a direct target
gene of miR-495 in OSCC.

Inhibition of Notchl mimics the inhibitory effects of miR-495
overexpression in OSCC cells. Providing that Notchl may
be a direct target of miR-495 in OSCC as predicted in the
present study, the inhibitory effects of miR-495 in OSCC cell
proliferation and invasion may be replicated via the downregu-
lation of Notch1. To confirm this hypothesis, sSiRNAs targeting
Notchl were transfected into Tca8113 and CAL-27 cells
to knock down Notchl expression. Following transfection,
western blot analysis revealed that the expression levels of
Notchl protein were significantly downregulated in Tca8113
and CAL-27 cells transfected with si-Notchl compared with
cells transfected with si-NC (P<0.05; Fig. 4A). CCK-8 and
Matrigel invasion assays indicated that Notchl knockdown
significantly prohibited the proliferation (P<0.05; Fig. 4B)
and the invasion rates of Tca8113 and CAL-27 cells compared
with si-NC-transfected cells (P<0.05; Fig. 4C). These results
corresponded with those obtained following miR-495 overex-
pression, which further indicated that Notch1 may a functional
target of miR-495 in OSCC.

Overexpression of Notchl reverses the suppressive role of
miR-495 in OSCC cells. To further investigate whether Notchl
mediates the biological role of miR-495 in OSCC cells a
series of rescue experiments were performed. miR-495-over-
expressing Tca8113 and CAL-27 cells were transfected with
pcDNA3.1-Notchl or the pcDNA3.1 empty plasmid control.
Western blot analysis confirmed that the significantly
decreased expression levels of Notchl protein induced by
miR-495 overexpression were recovered by co-transfection
with pcDNA3.1-Notchl in Tca8113 and CAL-27 cells (P<0.05;
Fig. 5A). Functional experiments indicated that the restora-
tion of Notchl expression rescued the suppressive effects of
miR-495 mimics on proliferation (P<0.05; Fig. 5B) and inva-
sion (P<0.05; Fig. 5C) of Tca8113 and CAL-27 cells. These
results suggested that miR-495 may serve a tumor-suppressing
role in OSCC cell proliferation and invasion, at least partly
through the inhibition of Notchl expression.
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Discussion

miRNAs have been associated with the initiation and progres-
sion of OSCC by regulating a variety of cancer-associated
behaviors, including cell proliferation, apoptosis, cell cycle,
invasion, metastasis and angiogenesis (32-34). Therefore,
fully understanding the regulatory mechanism of miRNAs
in the pathogenesis of OSCC may provide novel, promising
approaches for the development of prognostic biomarkers and
therapeutic targets. In the present study, it was demonstrated
that miR-495 was downregulated in OSCC tissues and cell
lines. Exogenous expression of miR-495 inhibited the prolifer-
ative and invasive abilities of OSCC cells. In addition, Notchl
was determined to be a direct target gene of miR-495 in OSCC
cells. Results from the present study also demonstrated that
Notchl knockdown imitated the inhibitory effects of miR-495
on OSCC cells. Furthermore, restoration of expression of
Notchl counteracted the suppressive effects of miR-495
overexpression on OSCC cell proliferation and invasion. The
results of the present study suggested that miR-495 may act as
a tumor suppressor in OSCC, and may therefore be considered
as a therapeutic target for patients with OSCC.
Downregulation of miR-495 is frequently observed in
various types of human cancer (21-24). For example, miR-495
is downregulated in medulloblastoma tissues and cell lines;
patients with medulloblastoma and decreased expression
levels of miR-495 exhibit poorer prognosis compared with
those expressing higher miR-495 levels (21). Furthermore,
miR-495 has been reported as an independent predictor of
overall survival in patients with medulloblastoma (21). In
esophageal squamous cell carcinoma, the expression levels
of miR-495 were reported to be reduced in tumor tissues and
significantly associated with lymph node metastasis, invasion
and tumor, node and metastasis (TNM) stage (22). miR-495
was observed to be expressed at low levels in glioma (23,24),
osteosarcoma (25), colorectal (35,36), gastric (37-39),
prostate (40) and endometrial cancers (41), and renal cell carci-
noma (42). miR-495 has been reported to be highly expressed
in bladder (43) and breast (44) cancers; miR-495 upregulation
in bladder cancer has been strongly correlated with larger
tumor sizes, advanced TNM stages and lymph node metas-
tasis (43). These observations suggested that the expression
pattern of miR-495 in human cancers is tissue specific, and
may therefore be employed as a diagnostic biomarker and
prognostic predictor for patients with these types of cancer.
miR-495 has been associated with the malignant progres-
sion of several types of human malignancy. For instance,
upregulation of miR-495 has been reported to lead to the
reduction of cell proliferation and invasion in glioma (23,24).
Another study revealed that restoration of miR-495 expression
attenuated cell proliferation and invasion, and promoted the
apoptosis of osteosarcoma cells (25). Ectopic expression of
miR-495 was demonstrated to prohibit proliferation, colony
formation, metastasis and epithelial-mesenchymal transi-
tion (EMT), and induce the apoptosis of colorectal cancer
cells (35,36). Numerous studies have also demonstrated
that miR-495 acts as a tumor suppressor in gastric cancer
by regulating cell growth, motility and chemotherapy resis-
tance (37-39,45). Overexpression of miR-495 suppressed
prostate cancer cell proliferation, migration and invasion
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Figure 5. Ectopic expression of Notchl eliminates the inhibitory effects of miR-495 overexpression on Tca8113 and CAL-27 cell proliferation and invasion.
(A) miR-495-overexpressing Tca8113 and CAL-27 cells that were co-transfected with pcDNA3.1-Notch1 overexpression vector or pcDNA3.1 empty vector were
subjected to western blot analysis for the detection of Notchl protein expression. (B) Overexpression of Notchl reversed the effects of miR-495 overexpression
on Tca8113 and CAL-27 cell proliferation. (C) A Matrigel invasion assay revealed that invasive abilities were recovered in miR-495 mimics-transfected Tca8113
and CAL-27 cells following the co-transfection with pcDNA3.1-Notch1. "P<0.05 vs. miR-NC; “P<0.05 vs. miR-495 mimics +pcDNA3.1. miR, microRNA.

in vitro, and tumor growth in vivo (40). Restoration of the  renal cell carcinoma cell proliferation and migration, and
expression of miR-495 reduces endometrial cancer cell growth  induced GO/G1 phase arrest (42). Additionally, miR-495 has
and migration, and increases apoptosis (41) and decreased  been reported to serve as an oncogene in bladder (43) and
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breast cancers (44,46), by promoting cell proliferation, colony
formation, migration and invasion in vitro, and tumorigenesis
in vivo. These findings suggested that miR-495 may possess
the potential as an effective target for cancer therapy.

Numerous miR-495 targets have been previously identi-
fied, including: Cyclin-dependent kinase 6 and MYB in
glioma (23,24); high mobility group (HMG) nucleosome
binding domain 5 in osteosarcoma (25); family with sequence
similarity 83 member D and Annexin A3 in colorectal
cancer (35,36); phosphatase of regenerating liver-3, HMG
AT-hook 2 and ATP binding cassette subfamily B member 1
in gastric cancer (38,39,45); protein kinase B in prostate
cancer (40); forkhead box C1 in endometrial cancer (41);
stabilin 1 in renal cell carcinoma (42); phosphatase and tensin
homolog in bladder cancer (43); and junctional adhesion
molecule-A in breast cancer (44). Notchl, a member of the
Notch receptors, was predicted as a novel direct target gene of
miR-495 in OSCC in the present study. Notchl was reported
to be overexpressed in OSCC, which was correlated with the
T-stage, clinical stage, differentiation, lymph node metastasis,
depth of invasion and locoregional recurrence (27-29). Notchl
activation has been reported to promote OSCC cell prolifera-
tion, apoptosis, migration, invasion and EMT (29-31). These
data suggested that targeting Notchl may be a useful approach
for treating OSCC.

In conclusion, to the best of our knowledge, the present
study demonstrated for the first time that miR-495 was down-
regulated in OSCC, which may exert an inhibitory effect on
the proliferation and invasion of OSCC cells, at least in part
by directly targeting Notchl. These findings suggested that the
association between miR-495 and Notchl may be a potential
therapeutic target for the treatment of OSCC.
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