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Investigating the role and mechanism of microRNA-196a
in oral squamous cell carcinoma by targeting FOXO1

HONGNING SONG'?, LINFENG LAI®, MIN LIU%, XUXIA WANG', JUN ZHANG" and SHANYONG ZHANG'”

1Department of Oral and Maxillofacial Surgery, School and Hospital of Stomatology, Shandong University

and Shandong Provincial Key Laboratory of Oral Tissue Regeneration and Shandong Engineering Laboratory

for Dental Materials and Oral Tissue Regeneration, Jinan, Shandong 250012; 2Department of Stomatology,
The Second Affiliated Hospital of Shandong First Medical University, Taian 271000; 3Department of Oral and
Maxillofacial Surgery, Wenzhou Central Hospital, Wenzhou, Zhejiang 325000; 4Depanment of Orthodontics,

School and Hospital of Stomatology, Shandong University and Shandong Provincial Key Laboratory of

Oral Tissue Regeneration and Shandong Engineering Laboratory for Dental Materials and Oral Tissue

Regeneration, Jinan, Shandong 250012; 5Department of Oral and Maxillofacial Surgery, School of Medicine,
Ninth People's Hospital, Shanghai Jiao Tong University, Shanghai 200011, PR. China

Received November 29, 2018; Accepted January 6, 2020

DOI: 10.3892/etm.2020.8614

Abstract. Oral squamous cell carcinoma (OSCC) is one of
the most prevalent malignancies worldwide. MicroRNAs
(miRNAs or miRs) serve crucial roles in the development of
OSCC. miR-196a is upregulated in various tumors; however,
the role of miR-196a in OSCC remains unclear. This present
study aimed to determine the role and underlying mechanism
of miR-196a in OSCC cells. Reverse transcription-quantitative
PCR (RT-qPCR) was used to measure miR-196a levels in
OSCC cells. MTT assays were also performed to determine
cell proliferation. Cell migration was detected using wound
healing assays and transwell assays, and cell apoptosis
was analyzed via flow cytometry. The results indicated that
the expression of miR-196a was increased in OSCC cells
compared with normal oral squamous cells. TargetScan and
luciferase reporter assays also confirmed that forkhead box O1
(FOXOLI) was a target gene of miR-196a. It was demonstrated
that FOXO1 small interfering RNA significantly promoted
SCC9 cell proliferation and migration, and inhibited cell
apoptosis. Furthermore, inhibition of miR-196a suppressed
SCC9 cell proliferation and migration, and induced cell
apoptosis. However, all effects of the miR-196a inhibitor
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were reversed following FOXOI inhibition. Western blotting
and RT-qPCR were subsequently performed to determine the
effect of miR-196a on the PI3K/Akt signaling pathway. In the
present study, transfection of miR-196a inhibitor suppressed
the expression of phosphorylated (p)-PI3K and p-Akt, and
enhanced the levels of FOXOI1, while inhibition of FOXO1
exerted the opposite effects. Furthermore, it was demonstrated
that miR-196a mimic significantly enhanced SCC9 cell
proliferation and migration, and inhibited cell apoptosis. In
conclusion, the results indicated that miR-196a serve as an
oncogene in OSCCs. Downregulation of miR-196a inhibited
the malignant biological processes of OSCC cells by targeting
FOXOI1. The current results may provide a novel therapeutic
strategy for the treatment of patients with OSCC.

Introduction

Oral cancer is one of the most common malignancies of the
head and neck, with an incidence rate that is increasing (1,2).
Oral and oropharyngeal squamous cell carcinomas (OSCCs)
accounted for 90% of oral cancer incidence in 2012 (3,4).
Several therapeutic technologies including radiotherapy,
chemotherapy, traditional surgery and targeted therapy, have
been utilized as major viable treatments for OSCC. However,
patients with OSCC generally have a poor prognosis and the
5-year survival rate has not improved significantly in the
last 10 years (5). OSCC has a poor prognosis due to its low
response rate to drug-based therapy (3). Dysregulation of rela-
tive signaling cascades may result in tumorigenesis and cancer
resistance to clinical treatment. Therefore, identifying the
molecular mechanisms of OSCC development and progression
is essential for the development of novel clinical therapies to
improve the survival rate of patients with OSCC.

MicroRNAs (miRNAs or miRs) are a group of non-coding
RNASs, which consist of 20-22 nucleotides (6). miRNAs mediate
gene expression by binding to the 3' untranslated region (UTR)
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of target mRNAs (7-9). miRNAs serve critical roles in the
normal development of various biological processes, including
cellular differentiation, cell proliferation and cell apop-
tosis (10). Studies have indicated that miR-196a expression is
up-regulated in various types of cancer and its expression is
closely associated with a poor survival rate (11-14). Similarly, a
number of studies have indicated that miR-196a may promote
the proliferation and cellular invasion of various types of
cancer, including non-small cell lung cancer, gastric cancer
and breast cancer (11-14). Furthermore, miR-196a has been
reported to function by targeting forkhead box Ol (FOXO1) in
lung, human liver and cervical cancer cells (15-17). However,
the expression and mechanisms of miR-196a action in OSCCs
are not well established. Previous studies have demonstrated
that the PI3K/Akt pathway is activated in most types of cancer
and suppresses the function of FOXO genes (18-22). The
expression of FOXO1 is upregulated in human OSCCs and
is significantly correlated with the advancement of clinical
stages (23,24). However, the expression profile and underlying
mechanisms of FOXO1 in OSCC remain unknown.

Therefore, the present study aimed to investigate the role of
miR-196a and FOXO1 in OSCC cells and to further explore its
underlying mechanisms of action.

Materials and methods

Cell culture. The human OSCC (SCC9) and primary normal
human oral keratinocyte (HOK) cell lines were obtained
from American Type Culture Collection. Cells were main-
tained in RPMI 1640 medium (Invitrogen; Thermo Fisher
Scientific, Inc.) containing 10% FBS (Invitrogen; Thermo
Fisher Scientific, Inc.) and 1% penicillin-streptomycin solution
(Sigma-Aldrich; Merck KGaA). Cells were incubated at 37°C
with 5% CO,.

Plasmids and cell transfection. miR-196a mimic, mimic control,
miR-196a inhibitor or the negative control of miR-196a inhibitor
(inhibitor-NC) were purchased from Guangzhou RiboBio Co.,
Ltd. Control-small interfering RNA (siRNA; cat. no. sc-36869)
and FOXO1-siRNA (cat. no. sc-35382) were purchased from
Santa Cruz Biotechnology, Inc. SCC9 cells, which were seeded
into six-well plates (5x10* per well), at the exponential growth
phase were cultured at 37°C for 24 h in RPMI 1640 medium
containing 10% FBS and then transfected with miR-196a inhib-
itor, Inhibitor-NC, control-siRNA, FOXO1-siRNA, or miR-196a
inhibitor+ FOXO1-siRNA using Lipofectamine® 2000 reagent
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the
manufacturer's protocol. Cells without any treatment were
considered controls. After incubation at 37°C for 48 h, transfec-
tion efficiency was detected using RT-qPCR.

Cellviability analysis. An MTT assay was used to detect SCC9
cell proliferation. 5x10° cells were seeded in 96-well plate (BD
Biosciences) at 37°C for 24 h. Subsequently, SCC9 cells were
transfected as previously described. Cells were then inhibited
at 37°C for 12, 24 or 48 h. MTT reagent (10 ul; cat. no. C0009;
Beyotime Institute of Biotechnology) was added to each well
and incubated for another 4 h at 37°C. DMSO (100 pl; Nanjing
KeyGen Biotech Co., Ltd.) was used to dissolve the resulting
formazan crystals. Absorbance at 490 nm was then analyzed
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using a microplate reader (Omega Bio-Tek). The experiment
was repeated in triplicate.

Cell apoptosis analysis. SCC9 cells were transfected with
miR-196a mimic, mimic control, miR-196a inhibitor,
inhibitor-NC, control-siRNA, FOXO1-siRNA, or miR-196a
inhibitor + FOXO1-siRNA as previously described. After
transfection, cell apoptosis was analyzed using an Annexin
V-FITC/propidium iodide Apoptosis Detection kit (BD
Biosciences) according to the manufacturer's protocol. An
FC500 flow cytometer (Beckman Coulter, Inc.) was used
to measure the extent of apoptosis. Each experiment was
repeated in triplicate and CellQuest software version 5.1
(Becton, Dickinson and Company) was used to analyze the
rate of apoptosis.

Transwell migration assay. SCC9 cells were transfected
with miR-196a mimic, mimic control, miR-196a inhibitor,
Inhibitor-NC, control-siRNA, FOXO1-siRNA, or miR-196a
inhibitor+ FOXO1-siRNA as previously described and cultured
in serum free RPMI 1640 medium at 37°C for 48 h. Cells were
harvested using trypsin (Gibco; Thermo Fisher Scientific, Inc.),
centrifuged (1,000 x g; 5 min; 4°C) and re-suspended in RPMI
1640 medium containing 0.1% FBS. Subsequently, cells (1x10%)
were added to the upper chamber of a transwell apparatus (8 ym
pore size; Corning Inc.), while RPMI 1640 culture medium
with 10% FBS was added to the lower culture chamber. Cells
were then cultured at 37°C with 5% CO, for 48 h. Cells on
the underside of membranes were washed with cold PBS three
times, fixed with 4% paraformaldehyde, at room temperature
for 30 min and stained for 10 min at room temperature with
0.1% crystal violet. The lower membrane cells were counted
from 5 random areas using an inverted light microscope
(Olympus IX51; x100 magnification; Olympus Corporation).

Wound-healing assay. To investigate cell migration, wound
healing assays were performed. At 48 h following transfec-
tion, transfected SCC9 cells were seeded in 24-well plates
(5x10° cells/ml) and cultured at 37°C for 24 h, allowing 80%
confluency to be reached. Cells were scratched using a 10 pl
pipette tip and the debris were removed with PBS. After
a second incubation in serum-free RPMI 1640 medium at
37°C for 24 h, cells were washed to remove culture medium
and representative images were captured at x100 magnifica-
tion using an inverted light microscope. Wound areas were
recorded and analyzed using Image-Pro Plus 6.0 software
(National Institute of Health). The size of the wound was
measured compared with the original wound following 24 h.
Percent of wound (%)=wound width at 24 h/wound width at
0 h x100%. Each experiment was performed in triplicate.

Reverse transcription-quantitative PCR (RT-gPCR). After
experimental treatments, total RNA from SCC9 cells and
HOK cells was extracted from cells using TRIzol® reagent
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the
manufacturer's protocol. U6 was used as the endogenous
control for miRNA expression and GAPDH was used as the
endogenous control to normalize mRNA. The PrimeScript™
RT reagent kit (Takara Bio, Inc.) was used for cDNA syntheses,
and the temperature protocol was as follows: 70°C for 5 min,
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37°C for 5 min and 42°C for 1 h. RT-qPCR was performed
using SYBR Premix Ex Taq (Takara Bio Inc.) according to the
manufacturer's protocol. RT-qPCR was performed as follows:
95°C for 10 min, followed by 40 cycles of 15 sec at 95°C, 72°C
for 30 sec and a final dissociation stage (78°C for 1.5 min).
Relative gene expression was determined using the 2-44¢d
method (25). All experiments were performed in triplicate.

Western blot assay. After experimental treatments, total protein
was extracted from OSCC cells using RIPA buffer (Auragene
Bioscience Co.). BCA assay kit (Thermo Fisher Scientific, Inc.)
was used to determine the concentration of protein samples.
Proteins were resolved by 10% SDS-PAGE and then trans-
ferred onto PVDF membranes. After blocking with 5% non-fat
milk for 1 h at room temperature, membranes were incubated
with the following primary antibodies overnight at 4°C: PI3K
(cat. no. 4257; 1:1,000; Cell Signaling Technology, Inc.),
FOXOIL (cat. no. 2880; 1:1,000; Cell Signaling Technology,
Inc.), Akt (cat. no. 9272; 1:1,000; Cell Signaling Technology,
Inc.), phosphorylated (p)-Akt (cat. no. 9611; 1:1,000; Cell
Signaling Technology, Inc.), p-PI3K (cat. no. 17366; 1:1,000;
Cell Signaling Technology, Inc.), and GAPDH (cat. no. 5174;
1:1,000; Cell Signaling Technology, Inc.). Subsequently,
membranes were washed three times with PBST and incubated
with secondary antibody (cat. no. 7074; 1:2,000; Cell Signaling
Technology, Inc.) for 2 h at room temperature. Immunoreactive
protein bands were visualized using an ECL detection system
(Bio-Rad Laboratories, Inc.) according to the manufacturer's
protocol. Proteins were quantified using ImagelJ version 1.49
software (National Institute of Health).

Dual luciferase reporter assay. The binding sites between
miR-196a and FOXO1 were investigated using TargetScan bioin-
formatics software version 7.1 (www.targetscan.org/vert_71). To
confirm direct target binding sites, the wild-type (WT) or mutant
(Mut) FOXO1 genes were inserted into the Dual-luciferase
miRNA Target Expression Vector (Guangzhou RiboBio Co.,
Ltd.). To point-mutate the miRNA-196a binding domain on the
3'UTR of FOXO1, the QuikChange Site-Directed Mutagenesis
kit (Agilent Technologies, Inc.) was used following the manufac-
turer's protocol. The reporter vectors were then co-transfected
with WT-FOXO1 or MUT-FOXO1 and miR-196a mimic or
mimic control, into SCC9 cells using Lipofectamine® 2000
reagent (Invitrogen; Thermo Fisher Scientific, Inc.) in accor-
dance with the manufacturer's protocol. After culturing cells at
37°C for an additional 48 h, 100 pl passive lysis buffer (Promega
Corporation) was used to dissociate cells, after which luciferase
activity was assessed using the dual-luciferase assay system
(Promega Corporation) according to the manufacturer's protocol.
All the experiments were performed in triplicate, and luciferase
activity was normalized to Renilla luciferase activity.

Statistical analysis. All results were expressed as the
mean + standard deviation. Statistical analysis was performed
using Graphpad Prism 6 software (GraphPad Software,
Inc.). Comparisons between two groups were assessed using
Student's t-test, and comparisons between multiple groups
were analyzed using one-way ANOVA followed by Tukey's
post-hoc test. P<0.05 was considered to indicate a statistically
significant difference.
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Figure 1. Expression of miR-196a in oropharyngeal squamous cell carcinoma
cell lines. Reverse transcription-quantitative PCR was used to detect the
expression of miR-196a in SCC9 cells and human oral keratinocyte cells.
Data were expressed as the mean =+ standard deviation from three indepen-
dent experiments. “P<0.01 vs. HOK cells. miR, microRNA.
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Figure 2. FOXOL is a direct target of miR-196a. (A) binding sites between
FOXO1 and miR-196a were elucidated using TargetScan. (B) Dual-luciferase
analysis was performed to confirm the binding sites between FOXO1 and
miR-196a. The results are expressed as the mean + standard deviation. “P<0.01
vs. mimic control. FOXOI, forkhead box O1; miR, microRNA; WT, wild-type.

Results

miR-196a expression is increased in OSCC cells. To evaluate
the expression of miR-196a in human SCC9 cells and normal
HOK cells, RT-qPCR was performed. The results revealed
that the expression of miR-196a was significantly increased in
SCCOI cells compared with HOK cells (Fig. 1).

FOXOI is a target of miR-196a. miR-196a has been reported to
function by targeting FOXOI1 in lung, human liver and cervical
cancer cells (15-17). To determine the molecular mechanisms
by which miR-196a regulates the function of OSCC, the associ-
ations between FOXO1 and miR-196a in OSCC were assessed.
According to TargetScan bioinformatics software analysis,
binding sites between the 3' UTR of FOXOl1 and miR-196a
were identified (Fig. 2A). Subsequently, dual-luciferase assays
were performed. The results revealed that compared with cells
co-transfected with mimic control and FOXO1-WT, miR-196a
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Figure 3. Effects of FOXO1-siRNA on SCC9 cells. SCC9 cells were transfected with control-siRNA or FOXO1-siRNA for 48 h. (A) Levels of miR-196a in
SCCOI cells was detected via reverse transcription-quantitative PCR. (B) Cell proliferation was detected via MTT assays. (C) Cell migration was determined
via wound healing assays and measuring the size of the wound compared with the original wound following 24 h (magnification, x100). (D) Cell invasion
was analyzed with transwell assays (magnification, x100). (E) Cell apoptosis was analyzed via flow cytometry, and cell apoptosis rate was calculated as early

apoptosis rate + late apoptosis rate.

significantly suppressed the luciferase activity of cells
co-transfected with miR-196 mimic and FOXO1-WT. However,
no significant changes were observed in cells co-transfected
with miR-196 mimic and FOXO1-MUT (Fig. 2B). The results
indicated that FOXOL is a direct target of miR-196a.

Effect of FOXOI silencing on OSCC cells. The effect of
FOXOL1 silencing on SCC9 cells was determined. SCC9 cells

“P<0.01 vs. control-siRNA group. FOXOI, forkhead box O1; OD, optical density; siRNA, small interfering RNA.

were transfected with control-siRNA or FOXO1-siRNA for
48 h, after which the transfection efficiency was detected via
RT-gPCR. As presented in Fig. 3A, when compared with the
control-siRNA group, FOXO1-siRNA significantly reduced
the mRNA levels of FOXOI in SCC9 cells. Further analysis
indicated that compared with the control-siRNA group,
FOXO1-siRNA significantly increased the proliferation
(Fig. 3B) and migration of SCC9 cells (Fig. 3C and D), and
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Figure 4. miR-196a regulates human oral squamous cell carcinoma functions by targeting FOXOLI. (A) RT-qPCR was performed to detect the relative expression
of miR-196a in SCC9 cells transfected with inhibitor-NC or miR-196a inhibitor. (B) The expression of FOXO1 mRNA in SCC9 cells following transfection was
detected via RT-gPCR. “P<0.01 vs. inhibitor-NC group; #P<0.01 vs. miR-196a inhibitor group. RT-qPCR, reverse transcription-quantitative PCR; FOXO1,

forkhead box O1; miR, microRNA; NC, negative control.

inhibited cell apoptosis (Fig. 3E). These results indicated that
miR-196a might affect SCC9 cell proliferation, migration and
apoptosis by regulating FOXOL1 expression.

Downregulation of miR-196a resulted in FOXOI accumula-
tion and FOXOI depletion had the opposite effect. Whether
miR-196a could reduce the expression of FOXO1 was inves-
tigated by transfecting SCCO cells with miR-196a inhibitor,
inhibitor-NC or miR-196a inhibitor + FOXO1-siRNA for 48 h.
The results revealed that compared with the inhibitor-NC
group, the expression of miR-196a in SCC9 cells was signifi-
cantly downregulated following transfection with miR-196a
inhibitor (Fig. 4A). Furthermore, compared to the inhibitor-NC
group, miR-196a inhibitor increased the mRNA expression
of FOXOI1 in SCC9 cells, whereas FOXO1-siRNA had the
opposite effect (Fig. 4B). The results indicated that miR-196a
negatively regulated FOXOLI expression in SCC9 cells.

miR-196a inhibitor suppresses cell proliferation and induces
SCC9 cell apoptosis. To investigate the role of miR-196a
in OSCC proliferation, SCC9 cells were transfected with
miR-196a inhibitor, inhibitor-NC or miR-196a inhibitor +
FOXO1-siRNA for 48 h. As presented in Fig. 5A, trans-
fection of miR-196a inhibitor markedly decreased the
proliferation of SCC9 cells, which was subsequently reversed
by FOXOI1-siRNA. Additionally, the results revealed that
apoptosis rate was increased in the miR-196a inhibitor group,
while this increase was counteracted by FOXO1-siRNA
(Fig. 5B and C). The results indicated that miR-196a may serve
a vital role in OSCC proliferation and apoptosis.

Downregulation of miR-196a inhibited the migration and
invasion capacity of SCC9 cells. To determine the potential
regulatory role of miR-196a in the migration of OSCC cells,
wound healing and transwell invasion assays were performed
(Fig. 6A and B). The migration of SCC9 cells in the miR-196a
inhibitor group was significantly decreased, which was

reversed by FOXOI1-siRNA treatment. These results indicated
that miR-196a may serve a vital role in the migration of OSCC
cells.

The role of miR-196a in the PI3K/Akt pathway. To further deter-
mine the function of miR-196a in OSCC cells, western blotting
was performed to detect the effect of miR-196a on the expres-
sion of PI3K/Akt pathway proteins. After transfection, FOXOI
levels and the ratio of phosphorylated/unphosphorylated PI3K
and Akt in SCC9 cells were measured via western blotting.
In SCC9 cells, the downregulation of miR-196a significantly
reduced the protein expression of p-PI3K and Akt, while the
expression of FOXO1 was significantly increased. Additionally,
these effects were reversed by FOXO-siRNA (Fig. 7A and B).
These data indicated that miR-196a modulated the PI3K/Akt
signaling pathway by targeting FOXO1 in OSCC.

miR-196a mimic promotes cell proliferation, induces apoptosis
and enhances migration in SCC9 cells. The effect of miR-196a
upregulation on SCC9 cells was examined in the current study.
SCCO cells were transfected with mimic control or miR-196a
mimic for 48 h, after which RT-qPCR was performed to detect
transfection efficiency. The results indicated that miR-196a
mimic significantly enhanced miR-196a expression in SCC9
cells (Fig. 8A). Further analysis indicated that miR-196a mimic
significantly enhanced SCC9 cell proliferation (Fig. 8B),
inhibited cell apoptosis (Fig. 8C) and enhanced migration
(Fig. 8D and E).

Discussion

Cancer cell invasion and metastasis is arguably the primary
reason of mortality in patients with OSCC (26). Elucidating
the underlying molecular mechanisms of OSCC may therefore
allow for the determination of novel treatment strategies for
patients with OSCC. Consistent with previous research (27),
the present study indicated that miRNA served crucial roles in
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Figure 5. Effects of miR-196a downregulation on SCC9 cell proliferation and apoptosis. SCCO cells were transfected with miR-196a inhibitor, inhibitor-NC or
miR-196a inhibitor + FOXO1-siRNA for 48 h. (A) MTT assays were used to evaluate the role of miR-196a on the proliferation of SCC9 cells. Cell apoptosis
was analyzed via flow cytometry. (B) Representative histograms and (C) the rate of apoptosis in SCC9 cells following treatment. data are presented as the
mean = standard deviation. “P<0.05 and “P<0.01 vs. inhibitor-NC group; “P<0.05 and "P<0.01 vs. miR-196a inhibitor group. FOXOI, forkhead box O1; miR,
microRNA; NC, negative control; OD, optical density; siRNA, small interfering RNA.

OSCC cell invasion and metastasis. miR-196a acted as a negative
regulator of tumor-suppressor genes, promoting cell prolifera-
tion and regulating the expression of several genes including
FOXOl1, p27, IxkBa, netrin4, mTOR and PI3K/AKT (28,29).
However, the biological function and underlying mechanisms
of miR-196a in OSCC invasion remain unclear.

The present study assessed whether miR-196a had an
effect on the proliferation, apoptosis and migration of OSCC
cells by regulating its target gene, FOXOI1. The results of
the current study indicated that the expression of miR-196a
was upregulated in OSCC cells compared with normal HOK
cells. miR-196a has been reported to function by targeting
FOXOIL in lung cancer, human liver cancer and cervical cancer
cells (15-17). In the current study, it was demonstrated that
FOXOL1 was a direct target of miR-196a. The FOXO1 gene
has been demonstrated to mediate several biological processes
in cancer cells, including cell proliferation, apoptosis, inva-
sion, migration and angiogenesis (30). The present study also
investigated the effect of FOXO1 silencing on OSCC cells. It
was determined that FOXO1-siRNA significantly promoted

SCC9 cell proliferation, migration and inhibited SCC9 cell
apoptosis. These results indicated that miR-196a might affect
SCCOI cell proliferation, migration and apoptosis by regulating
FOXOI1 expression. The results also revealed that miR-196a
negatively mediated the expression of FOXO1 in SCC9 cells.
Additionally, the results demonstrated that downregulation of
miR-196a inhibited SCC9 cell growth, induced cell apoptosis
and decreased cell migration in SCC9 cells. The expression
of p-PI3K, p-Akt, PI3K, Akt and FOXOI1 were subsequently
investigated. It was revealed that p-PI3K and p-Akt were
decreased in SCC9 cells following miR-196a downregulation.
Thus, it was hypothesized that the mRNA-196a inhibitor may
affect OSCC cancer cell processes by preventing PI3K/Akt
signaling pathway activation, which may be an important
therapeutic strategy for patients with OSCC. All the previously
described effects of miR-196a inhibitor on SCC9 cells deter-
mined in the present study were reversed following FOXO1
silencing. Furthermore, it was revealed that miR-196a mimic
significantly enhanced SCC9 cell proliferation and migration,
and inhibited cell apoptosis.
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Figure 8. Effect of miR-196a mimic on SCC9 cells. SCC9 cells were transfected with mimic control or miR-196a mimic for 48 h. (A) Reverse transcrip-
tion-quantitative PCR was performed to detect the level of miR-196a in SCC9 cells. (B) MTT assays were used to detect cell proliferation. (C) Flow cytometry
was used to analyze cell apoptosis. Cell migration was determined using (D) wound healing assays and (E) cell transwell assays (magnification, x100). “P<0.01

vs. inhibitor-NC group. miR, microRNA; OD, optical density.

These data indicated that miR-196a was upregulated in
OSCC cells and that the downregulation of miR-196a inhibited
OSCC cell proliferation and migration, and induced OSCC
cell apoptosis due to its regulation of FOXOI1. Therefore, the
current resulted indicated a novel therapeutic strategy for
OSCC treatment. miR-196a together with FOXOL1 are hypoth-
esized to be a potential clinical therapy for treating patients

with OSCC. However, the current study is only a preliminary
investigation into the role of miR-196a in OSCCs. To demon-
strate a more convincing role for miR-196a in OSCC, further
in-depth studies need to be performed. For example, the role
of miR-196a and FOXOLI in other OSCC cell lines needs to be
reviewed. Furthermore, the role of miR-196a and FOXOI1 in
OSCC:s should be investigated in vivo.
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