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miRNA-335 and miRNA-182 affect the occurrence of
tongue squamous cell carcinoma by targeting survivin
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Abstract. The aim of the present study was to characterize the
roles of two microRNAs (miRs) that have been reported to be
differentially expressed in tongue squamous cell carcinoma
(TSCC), miR-335 and miR-182. In total, 20 tumor tissue samples
and 20 corresponding adjacent non-cancerous samples were
collected from patients with TSCC to measure the expression
of miR-335 and miR-182 and the potential shared target of these
miRs, survivin, using reverse transcription-quantitative poly-
merase chain reaction and western blotting. In the TSCC tissue
samples, significantly decreased expression of the two miRs and
increased expression of survivin were detected compared with
adjacent non-cancerous controls. Subsequently, it was confirmed
that survivin was the target gene of miR-335 and miR-182 using
a luciferase assay in TSCC cells. In order to examine the func-
tion of miR-335 and miR-182 in the development of TSCC,
TSCC cells were transiently transfected with the mimics of
the two miRs, and it was confirmed that the introduction of
miR-335 and miR-182 to cells suppressed the expression of
survivin and markedly inhibited the proliferation of the TSCC
cells. Furthermore, miR-335 and miR-182 were found to induce
cell cycle arrest by suppressing the expression of survivin. The
present study revealed a negative regulatory role of miR-335
and miR-182 in the proliferation of TSCC cells by targeting
survivin, and miR-335 and miR-182 may be novel therapeutic
targets for the treatment of TSCC.

Introduction

Tongue squamous cell carcinoma (TSCC) is the leading type
of cancer of the oral cavity and is characterized by a high rate
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of tumor cell proliferation and metastasis (1). Approximately
one-half of patients are already in advanced stages of disease
at the time of diagnosis (2,3). Elucidation of the molecular
mechanism underlying the development and progression of
TSCC may aid improved understanding of the pathogenesis
of TSCC and improve the diagnosis, treatment and prevention
of the disease.

MicroRNAs (miRNAs) are a class of endogenously
expressed 22-nucleotide non-coding RNAs that are able
to regulate gene expression by binding the 3'-untranslated
regions (3'-UTRs) of their target messenger RNAs, resulting
in translational repression or mRNA degradation (4). It
is hypothesized that approximately one-third of human
genes can be regulated by miRNAs (4). Due to the various
reported roles of miRNAs in the regulation of gene expres-
sion, miRNAs are considered to play key roles in numerous
biological processes, including cell growth, apoptosis,
metabolism and transformation (5-7). It has been reported
that chromosome 7q32 is largely involved in the pathogen-
esis of malignancy (8). Previously, 8 miRNAs, consisting of
miR-593, miR-129-1, miR-335, miR-182, miR-96, miR-183,
miR-29a and miR-29b-1, were identified on this genomic
locus, with certain miRNAs being recognized either as onco-
genes or tumor suppressor genes (9-11). In the present study,
20 tumor and adjacent non-cancerous control tissue samples
were collected from 20 patients with histologically confirmed
TSCC. Confirmatory reverse transcription-quantitative
polymerase chain reaction (RT-qPCR) showed that miR-335
and miR-182 were significantly downregulated in the tumor
tissue samples compared with the controls. Notably, survivin
was identified as a potential shared target of miR-335 and
miR-182 by using online prediction tools (mirdb.org/miRDB/)
and in silico analysis. Survivin is a member of the inhibitor
of apoptosis protein (IAP) family and is well-known for its
exclusive expression in fetal tissue and a wide spectrum of
human cancers, but not in non-proliferating adult tissue (12).
Survivin has also been reported to be a regulator of cellular
proliferation and metastasis in cancer (13), and an increasing
number of studies indicated that survivin was involved in
various types of cancer (14-16), particularly TSCC (2,3).

Based on the aforementioned evidence and the studies
reporting that significant underexpression of miR-335 or
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miR-182 was noted in various types of cancers, including
glioma (17), breast cancer (18) and gastric cancer (19), the
present study hypothesized that miR-335 and miR-182 may
function as regulators of the behavior of TSCC cells by modu-
lating survivin. To test this hypothesis, the effect of miR-335
and miR-182 on the proliferation and invasion of TSCC cells
was evaluated. The expression patterns of miR-335, miR-182
and survivin were also examined in the cancer tissues and
compared with adjacent non-cancerous tissues.

Materials and methods

Tissue samples. Paired primary TSCC samples and adjacent
histological normal tissues were collected from 20 TSCC
patients, consisting of 14 male and 6 female patients (age,
62.36+5.74 years), at the Department of Oral and Maxillofa-
cial Surgery, Guanghua School of Stomatology, Sun Yat-sen
University (Guangzhou, China), between September 2006 and
December 2011. Tumor tissues and adjacent normal tissues
that were at least 1.5 cm distal to the tumor margins were
snap-frozen in liquid nitrogen and then stored at -80°C until
use. All samples were evaluated by two pathologists according
to the World Health Organization guidelines and pathological
tumor-node-metastasis Union for International Cancer Control
pathological staging criteria (20), and the samples were exam-
ined for the expression level of survivin, miR-335 and miR-182.
Patients that received chemotherapy or radiotherapy prior
to surgery were excluded from the present study. Informed
consent was obtained from all patients, and the study was
approved by the Human Research Ethics Committee of Sun
Yat-Sen University.

Cell culture. The human TSCC SCC-15 cell line was
purchased from American Type Culture Collection (ATCC,
Manassas, VA, USA). The SCC-15 cells were cultured in
Dulbecco's modified Eagle's medium (DMEM; Gibco;
Thermo Fisher Scientific, Inc., Waltham, MA, USA) supple-
mented with 10% heat-inactivated fetal bovine serum (FBS;
Gibco; Thermo Fisher Scientific, Inc.), 100 U/ml penicillin
(Gibco; Thermo Fisher Scientific, Inc.) and 100 pg/ml strep-
tomycin (Gibco; Thermo Fisher Scientific, Inc.) at 37°C in a
5% CO, atmosphere.

Methyl thiazolyl tetrazolium (MTT) assay. The SCC-15 cells
were transfected with miR-335 mimics, miR-182 mimics or
the negative control (scramble control sequence) and incubated
for 48 h at room temperature. Subsequently, 30 ul 0.5% MTT
(Sigma-Aldrich, St. Louis, MO, USA) solution was added to
each well and the wells were incubated for another 4 h. The
medium was then replaced with 150 ul dimethyl sulfoxide
(DMSO; Sigma-Aldrich) in the microplate, and then agitated
on a rotary platform for 10 min. The survival rate was deter-
mined by measuring the optical density (OD) values of the
mimic-transfected cells relative to the OD of the control at a
492-nm wavelength using a Jenway spectrophotometer 7300
(67 series VU Visible Scanning spectrophotometer; Bibby
Scientific Ltd., Stone, Staffordshire, UK).

Total RNA isolation and RT-gPCR. Total RNA was obtained
using TRIzol One-Step RNA Isolation kit (Invitrogen; Thermo
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Fisher Scientific, Inc.). Complementary DNA specific for
miR-335, miR-182, survivin and glyceraldehyde 3-phosphate
dehydrogenase (GAPDH), which acted as an internal control,
was synthesized from total RNA using gene-specific primers
with the TagMan MicroRNA assay, according to the manufac-
turer's protocol (Applied Biosystems; Thermo Fisher Scientific,
Inc.). Relative quantification of target miRNA expression was
measured using the 2424 method (21). Each sample was
examined in triplicate and the raw data were expressed as the
relative quantity of target miRNA, normalized with respect to
GAPDH.

Luciferase reporter assay. The SCC-15 cells were cultured in
DMEM supplemented with 10% FBS at 37°C in an atmosphere
of 5% CO, to 70-80% confluency. Using Lipofectamine 2000
(Invitrogen; Thermo Fisher Scientific, Inc.), the cells were
then transfected with the WT-Sur-UTR DNA plasmid, which
consisted of a firefly luciferase reporter vector containing the
wild-type survivin 3'-UTR, or the mutant Sur-UTR DNA plas-
mids (Mutl and Mut2), which consisted of a firefly luciferase
reporter vector containing the mutant survivin 3'-UTR, (Fig. 1)
and the control pRL-TK vector, which contained Renilla lucif-
erase (Promega Corporation, Madison, WI, USA). The firefly
and Renilla luciferase activities were measured consecutively
using Dual Glo Luciferase assays (Promega Corporation) 48 h
subsequent to transfection.

Western blotting. Lysates were resolved on 12% sodium
dodecyl sulfate-polyacrylamide gels and the bands were
transferred onto polyvinylidene fluoride membranes (EMD
Millipore, Billerica, MA, USA). The membranes were blocked
with 5% non-fat milk at room temperature for 1 h followed
by incubation with a rabbit anti-human survivin antibody
(catalog no., ab2050; Abcam, Cambridge, UK) under room
temperature for 2 h and subsequently incubated for 2 h with
horseradish peroxidase-conjugated anti-rabbit secondary
antibody at room temperature for 1 h. Chemical fluorescence
was detected using an Enhanced Chemiluminescence Western
Blotting Detection Reagent kit (GE Healthcare, Little Chal-
font, Buckinghamshire, UK), according to the manufacturer's
protocol. The target bands underwent densitometric analysis
with Quantity One® 1-D analysis software version 170-9600
(Bio-Rad Laboratories, Inc., Hercules, CA, USA) and were
normalized against B-actin. A total of 3 independent experi-
ments were performed.

Cell cycle analysis and apoptosis analysis. The SCC-15
cells were digested with trypsin-ethylenediaminetetraacetic
acid solution (Beyotime Institute of Biotechnology, Haimen,
China), washed with phosphate-buffered saline (PBS; Invi-
trogen; Thermo Fisher Scientific, Inc.), and fixed in 70%
ethanol 48 h subsequent to transfection. Cell cycle analyses
were conducted using propidium iodide staining. FACSCal-
ibur flow cytometer (BD Biosciences, San Jose, CA, USA)
was used to determine GO/G1, S and G2/M fractions. For
the apoptosis analysis, an Annexin V-FLUOS Staining kit
purchased from Roche (Mannheim, Germany) was used 48 h
subsequent to transfection, according to the manufacturer's
protocol. The results were analyzed using CellQuest Pro
software (BD Biosciences).
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Figure 1. (A) Expression levels of miR-335 24,48, 72 and 96 h subsequent to transfection with miR-335 mimics. (B) Expression levels of miR-182 24, 48,72 and
96 subsequent to transfection with miR-182 mimics. (C) Survival rate analysis of TSCC cells transfected with miR-335 and/or miR-182 mimics, as determined
using a methyl thiazolyl tetrazolium assay 24,48 and 72 h subsequent to transfection. (D) Suppression of the protein expression levels of Sur by miR-335 and/or
miR182 mimics in TSCC cells. (E) Schematic representation of miR-335 or miR-182 and the binding sequences of these miRs in the WT or Mut 3'-UTR of Sur
mRNA. (F) Schematic representation of the Mut 3'-UTR of Sur mRNA. (G) Analysis of Luc activity in TSCC cells overexpressing miR-335 48 h subsequent
to cotransfection with the control Renilla Luc expression construct pRL-TK and firefly Luc reporter plasmids containing either WT or Mut 3'-UTR of Sur.
(H) Analysis of Luc activity in miR-182-overexpressing TSCC cells 48 h subsequent to cotransfection with the control Renilla Luc expression construct
pRL-TK and firefly Luc reporter plasmids containing either WT or Mut 3'-UTR of Sur. “P<0.01 vs. control. miR, microRNA; TSCC, tongue squamous cell
carcinoma; UTR, untranslated region; mRNA, messenger RNA; Mut, mutant; WT, wild-type; NC, negative control; Luc, luciferase; Sur, survivin.

Cell invasion assay. For the cell invasion assay, 8-ym pore
polycarbonate membrane filters (BD Biosciences) pre-coated
with 50 pl Matrigel (1.25 mg/ml; BD Biosciences) were used.
The cells transfected with each miR were collected and seeded
at a density of 1x10° cells/well with 1% FBS-supplemented
DMEM in the cell culture chambers, with the bottom cham-
bers filled with 0.6 ml medium. The chamber was incubated
at 37°C for 48 h prior to the removal of the Matrigel. The
invaded cells were fixed, stained and calculated. The invasive-
ness of cells was evaluated by the following equation: Invasion
index (%) = invaded cell number / total cell number x 100.

Statistical analysis. The data were expressed as the
mean = standard deviation. The differences were assessed for

significance using Student's r-test, y* test or one-way analysis
of variance followed by Fisher's least significant difference
test, as appropriate. The statistical analysis was conducted by
SPSS 17.0 software (SPSS, Inc., Chicago, IL, USA). P<0.05
was considered to indicate a statistically significant difference.

Results

Overexpression of miR-335 and miR-182 suppresses the
growth of TSCC cells. To evaluate the effect of miR-335 and
miR-182 on the proliferation and invasion of TSCC cells, the
SCC-15 cells were transfected with miR-335 and miR-182
mimics. As shown in Fig. 1A and B, the levels of miR-335
and miR-182 were increased >30-fold at 24 h subsequent to
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transfection compared with the control. The MTT assay
results showed that exogenous overexpression of miR-335
and miR-182 individually and synergistically suppressed
the proliferation of SCC-15 cells compared with the control
(Fig. 1C). In addition, the migratory ability of the cells with
or without overexpression of miR-335 and miR-182 was exam-
ined, and the introduction of either miR-335 or miR-182 was
not found to affect the migratory ability of the cells (data not
shown). The results indicated that miR-335 and miR-182 each
played inhibitory roles in the regulation of cell proliferation.

Exogenous overexpression of miR-335 and miR-182 led to G1
phase cell cycle arrest in TSCC cells. To investigate the mech-
anism underlying the effect of miR-335 and miR-182 on cell
proliferation, cell cycle distribution analysis was performed in
TSCC cells using flow cytometry. The data revealed that over-
expression of miR-335 and/or miR-182 arrested the growth of
TSCC cells in the G1 phase, with a decrease in the proportion
of cells in the G2/M and S phases (Fig. 2). The result showed
that compared with the control group, the percentage of TSCC
cells in the G1 phase was increased between 61.35 and 75.14%
in cells transfected with miR-335 alone (P<0.01), 61.35 and
72.11% in cells transfected with miR-182 alone (P<0.01) and
61.35 and 88.32% in cells transfected with miR-335 combined
with miR-182 (P<0.01). The percentage of cells in the S phase
decreased between 29.26 and 16.24% in cells transfected with
miR-335 alone (P<0.01), 29.26 and 19.50% in cells transfected
with miR-182 alone (P<0.01) and 29.26 and 4.23% in cells
transfected with miR-335 combined with miR-182 (P<0.01).
The population of cells in the G2 phase decreased between
9.39 and 8.63% in cells transfected with miR-335 alone
(P<0.01), between 9.39 and 8.39% in cells transfected with
miR-182 alone (P<0.01) and between 9.39 and 7.45% in cells
transfected with miR-335 and miR-182 (P<0.01)(Fig. 2A-D).
These data demonstrated that overexpression of miR-335
and miR-182 suppressed the proliferation of TSCC cells by
arresting cell growth in the G1 phase.

Survivin is a shared direct target of miR-335 and miR-182
in TSCC cells. The miRNA databases miRanda (22) and
TargetScan (23) were searched for potential target genes of
miR-335 and miR-182, in order to identify the mediators of
the inhibitory effect of miR-335 and miR-182 on cell prolif-
eration. By screening the candidate genes that were identified
based on their functions combined with the information
about the miRNA obtained from the DIANA lab-based
microRNA pathway analysis tool (diana.imis.athena-inno-
vation.gr/DianaTools/index.php), all predicted genes were
categorized functionally to identify candidate genes that
are functionally associated with the regulation of the cell
cycle. Finally, the present study focused on survivin, a key
cell cycle regulator and a putative shared target of miR-335
and miR-182 (Fig. 1E). Therefore, it was hypothesized that
miR-335 and miR-182 may participate in the regulation of
the cell cycle by targeting survivin. To test the hypothesis,
the present study measured and compared the expression
level of survivin in the TSCC cells transfected with miR-335
and miR-182 mimics using western blot analysis. The effects
of these mimics on survivin knockdown were comparable
with the survivin level in cells co-transfected with the two
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miRs, which demonstrated an additional decrease (Fig. 1D).
Furthermore, a luciferase assay was conducted to confirm that
survivin is a direct shared target of miR-335 and miR-182.
Wild-type or mutant survivin 3'-UTR was cloned downstream
of a firefly luciferase gene (Fig. 1F), and the constructs were
transfected into miR-335 or miR-182-overexpressing cells or
the negative control. In addition, overexpression of miR-335
significantly decreased the relative luciferase activity of
the wild-type and Mutl survivin 3'-UTR, but had minimal
effects on the relative luciferase activity of the Mut2 survivin
3'-UTR (Fig. 1G). Overexpression of miR-182 suppressed the
luciferase activity of wild-type and Mut2 (Fig. 1H), but the
luciferase activity of Mutl was almost unaltered, suggesting
that miR-335 and miR-182 suppress the expression of survivin
by binding directly to the corresponding ‘seed sequence’ in
the 3'-UTR of survivin.

Examination and comparison of expression patterns of
survivin and miR-335/miR-182 in cancerous tissue and
adjacent normal tissue. The levels of miR-335, miR-182
and survivin were measured and compared in cancerous
tissues (n=20) and adjacent normal tissues (n=20). As shown
in Fig. 2E, it was found that the relative expression level of
miR-335 and miR-182 in cancerous tissue was significantly
downregulated to ~20 and 10%, respectively, compared with
normal tissues. The expression level of survivin mRNA was
measured by RT-qPCR, and it was found that the mRNA level
of survivin in the cancerous tissue was significantly increased
compared with normal tissues (Fig. 2F). The survivin
protein level was also measured using western blotting,
and the relative density of survivin in the cancerous tissue
was almost 5-fold higher compared with the normal control
(Fig. 2G and H).

Discussion

RNA-based therapeutic strategies, such as siRNA and
miRNA, depict a promising future for cancer treatment by
regulating target genes that are involved in cellular activities,
such as cell growth, apoptosis, metabolism and transforma-
tion (5-7). Therefore, investigation of miRNAs and the targets
and roles of miRNAs in the regulation of cell behavior is
crucial to improve the understanding and facilitate the clinical
application of RNA-based therapeutic strategies.

Atpresent, apanel of miRNAs have been reported as either
tumor suppressors, as they are downregulated, or oncogenes,
as they are upregulated, in multiple human cancers (24).
miR-335 and miR-182 have been shown to be involved in
the regulation of cancer cell proliferation and progression,
but the roles of miR-335 and miR-182 in the development of
cancer were inconsistent among various cancer types (25).
miR-335 functions as a tumor suppressor in osteosarcoma by
regulating survivin expression (25). However, Lu er al (26)
reported that overexpression of miR-335 promotes cell
proliferation and tumor growth of colorectal carcinoma cells.
Furthermore, miR-182 was reported to exhibit anticancer
activity in cervical cancer by inducing cell apoptosis via the
inhibition of DNMT3a expression (27). By contrast, miR-182
promotes cell growth, migration and invasion of prostate
cancer via the suppression of FOXO1 expression (28). As
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Figure 2. (A) Flow cytometric analysis of TSCC cells transfected with the controls. (B) Flow cytometric analysis of TSCC cells transfected with
miR-335 mimics. (C) Flow cytometric analysis of TSCC cells transfected with miR-182 mimics. (D) Flow cytometric analysis of TSCC cells cotransfected
with miR-335 and miR-182 mimics. (E) Comparison of expression patterns of miR-335 and miR-182 between the cancerous tissues and adjacent non-cancerous
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(H) Comparison of protein expression levels of survivin between the cancerous tissues and adjacent non-cancerous tissues, as determined by densitometry
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described, miR-335 is down-regulated in several types of
tumors (29-32), indicating complicated physiopathological
roles of this miRNA during tumorigenesis. In particular, it
has been shown that miR-335 targets retinoblastoma 1 and
regulates cell proliferation in a p5S3-dependent manner by
inducing apoptosis or cell cycle arrest (33). miR-335 has

previously been reported to suppress metastasis of human
breast cancer cells through targeting of SRY-box 4, without
affecting its proliferative ability (34). Shu et al reported
that miR-335 functioned as a tumor promoter in conferring
tumorigenic features, such as growth and invasion on malig-
nant astrocytoma, and additional investigation revealed that
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miR-335 targets disheveled-associated activator of morpho-
genesis 1 at the post-transcriptional level (17).

Human miR-182 is mapped to chromosome 7q32 and is
transcribed from the cluster of the miR-183 family that has been
extensively researched in a variety of human cancers (35,36).
In certain studies, miR-182 was reported to act as an onco-
gene in several types of human cancers; by contrast, miR-182
demonstrated tumor suppressive activity in human gastric
adenocarcinoma, lung adenocarcinomas and posterior uveal
melanoma (37-39). miRNAs have been shown to frequently
regulate numerous target genes with possible counteracting
functions (40). Thus, the documented conflicting roles of
miR-335 and miR-182 in the development and progression of
malignancies may be attributed to the cell context-dependent
balance among the network of directly regulated genes and the
cancer type-specific activated or inactivated signaling path-
ways. Even though the function of miR-335 and miR-182 has
been extensively studied in numerous cancer types, the roles
of these miRNAs in the development of TSCC remain mostly
unknown.

In the present study increased miR-335 or miR-182
expression was identified to significantly suppress TSCC cell
proliferation in a TSCC cell line. The results of flow cytometry
analysis demonstrated that the growth of TSCC cells trans-
fected with the miR-335 or miR-182 mimic was arrested at
the G1 phase with a corresponding reduction in the percentage
of cells in the S phase (Fig. 1). By searching the miRNA
databases miRanda and TargetScan for the candidate genes of
the two miRs and functionally analyzing and screening the
results, the present study identified survivin as a mediator of
the inhibitory effect of the two miRs on the cell behavior.

Three basic roles have been identified for survivin in the
regulation of cell behavior, consisting of control of cell division,
promotion of cell cycle and inhibition of apoptosis (41). Survivin,
a member of the IAP family, is well-known for its inhibitory
role in the regulation of apoptosis and the cell cycle (7-9).
Studies have demonstrated that elevated expression of survivin
promoted the development and progression of malignancy (42).
It is generally agreed that the cell cycle is under the control of a
number of dynamically expressed genes. Survivin is expressed
at high levels during the G2/M phase and has been shown to
play an important role in cell cycle progression (43). Survivin
can accelerate the S phase by interacting with cyclin-dependent
kinase 4, a cell cycle regulator (44). Accordingly, downregula-
tion of wild-type survivin using RNA interference evidently
caused cell cycle arrested in the G1/S phase (45). It has been
shown that the expression of survivin is an early event during
malignant transformation and conversion of the oral mucosa in
rats exposed to carcinogens (45). A well-studied G to C poly-
morphism (rs9904341) in the promoter region of the survivin
gene may increase the expression of the mRNA and protein of
survivin by disrupting the binding site of the cell cycle-depen-
dent element/cell cycle gene homology region repressor, and this
polymorphism is associated with an increased risk of various
malignancies (46,47).

The expression patterns of miR-335, miR-182 and survivin
were also examined and compared between the cancerous
tissues and adjacent non-cancerous tissues, showing that
miR-335 and miR-182 expression were significantly underex-
pressed and survivin expression was significantly upregulated
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in the TSCC cell line. The mechanism of underexpression of
the two miRs in TSCC was investigated and the present find-
ings revealed that genetic copy number loss at the locus of the
two miRs was one mechanism by which miR-335 expression
is silenced in metastatic cells. In addition, epigenetic modifi-
cation also plays a role in the silencing of the two miRs.

In conclusion, the present study revealed a negative regu-
latory role of miR-335 and miR-182 in the proliferation of
TSCC cells via targeting of survivin. Therefore, miR-335 and
miR-182 may be novel therapeutic tools that may assist in the
treatment of TSCC.
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