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ABSTRACT

In oral squamous cell carcinoma (OSCC), abnormal expression of microRNAs has been extensively
reported. MiR-let-7a has been validated as a critical regulator of multiple cancers, but the
biological process involved and its potential role in OSCC remain unknown.We first analyzed
the differential expression of miR-let-7a in cancer tissues, adjacent noncancerous tissues and cell
lines. The functional role of miR-let-7a in OSCC cell lines was evaluated by using colony formation
assays, cell proliferation and transwell invasion assays in vitro. In addition, subcutaneous xeno-
transplantation of miR-let-7a transfected cells into nude mouse model was carried out to explore
the potential function of miR-let-7a in vivo.miR-let-7a levels were found to be significantly
downregulated in OSCC tissues compared with matched normal tissues (n = 60), and lower
expression of miR-let-7a was related to poor prognosis in OSCC patients. Overexpression of
MiR-let-7a induced a suppression in proliferation, invasion and migration and inhibited tumour-
igenesis in the nude mouse model. We also determined that c-Myc may serve as a direct target of
miR-let-7a; furthermore, upregulated c-Myc expression could partially rescue the effects caused by
miR-let-7a overexpression. miR-let-7a is low expression in OSCC, and promotes tumor develop-
ment by directly targeting c-Myc. Our results may provide a potential therapeutic role for miR-let-
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7a in human OSCC.

Introduction

As an aggressive neoplasm, oral squamous cell carci-
noma (OSCC) is responsible for 3-10% of cancer
mortality worldwide, and commonly displays lymph
node metastasis [1,2]. Although surgical techniques,
molecular-targeted therapy, chemotherapy and radia-
tion therapy have been performed in treating OSCC
patients, the five-year survival rate of patients with
advanced OSCC remains less than 50% because of
high metastasis and recurrence rate [3]. Accumulating
evidence has revealed that OSCC is a multifactorial
malignancy related to human papillomavirus (HPV)
infection, alcohol consumption, betel nut chewing
and genetic susceptibility [4]. However, the precise
mechanisms underlying OSCC development remain
largely unknown. In recent decades, little improve-
ment has been achieved to better understand the
aggressive behavior of OSCC. Hence, exploring the
mechanism of OSCC is urgently needed for new
therapeutic strategies.

MicroRNAs are conserved endogenous non-
coding small RNAs of 17-25 nucleotides in length,
that have been proven to be important modulators
of target messenger RNA expression and promote
mRNA degradation by binding to the 3X-UTR
(untranslated region) [5,6]. miRNAs play vital roles
in various biological processes, such as cell growth,
angiogenesis, DNA injury repair, differentiation, cell
cycle progression and immunity [7,8]. In recent
years, emerging evidence has indicated that aber-
rantly expressed miRNAs are involved in many
types of human disease, and they could serve either
as oncogenes or as tumor-suppressors in the
tumourigenesis of diverse tumor types [9-12]. So
far, an increasing number of miRNAs have been
reported to serve as oncogenes in OSCC [13,14].
miR-let-7a has been found to be differentially
expressed in various human cancers. Moreover,
miR-let-7a has been reported to be downregulated
in clinical human samples compared with matched
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normal tissues [15]; however, the precise functions of
miR-let-7a in OSCC remain to be elucidated.

Known as proto-oncogenes, the Myc gene
family were comprised of membersl-Myc, n-Myc
and c-Myc [16,17]. Overexpression of Myc genes
has been reported in many malignancies. c-Myc
could act as a transcription factor that affects
multidrug resistance, cell cycle progression,
apoptosis and metabolism [18-20]. Nearly 15%
of genes are regulated by myc-transcription fac-
tors. In human carcinomas, a change in the
expression level of c-Myc is one of the most
common gene abnormalities, and overexpression
of the c-Myc protein was found in OSCC [21,22].
Recently, there are some research reports that
c-Myc is a direct target of miR-let-7a [23,24],
and miR-let-7a overexpression markedly sup-
presses c-Myc expression level, suggesting that
microRNAs may be involved in modulating
c-Myc expression.

In the current work, we aimed to elucidate the
potential roles of miR-let-7a in OSCC and evaluate
its relationship with c-Myc. We showed that miR-let
-7a expression was downregulated in OSCC cell lines
and clinical human samples, and the low expression
of miR-let-7a was correlated with the developments
of OSCC. These data suggest that miR-let-7a might
play a regulatory role in c-Myc expression. These
results reveal let-7a as a novel prognostic indicator
and a potential therapeutic target in OSCC.

Materials and methods
OSCC cell lines and transfection

The human OSCC cell lines SCC4, SCC25, HN4,
HN6 and Cal27 and the HOK cell line (human
normal oral keratinocytes) were purchased from
the Cell Bank of Chinese Academy of Science
(Shanghai, China). All cells were maintained in
DMEM (Dulbecco’s modified Eagle’s medium) sup-
plemented with 10% FBS (fetal bovine serum) and
100 pL/mL penicillin/streptomycin in a humidified
atmosphere of 5% CO, at 37°C.

A total of 2.0 x 10 cells/mL were seeded into 6-well
plates for 24 h prior to transfection. OSCC cell lines
were transfected with chemically synthesized miR-let

-7a mimics, inhibitor or scrambled control by using
Lipofectamine 3000 (Invitrogen; Thermo Fisher
Scientific, Inc.). In detail, cells should be 70-90%
confluent at the time of transfection. Diluted miR-let
-7a mimics, inhibitor or scrambled control and
diluted Lipofectamine 3000 were mixed and incu-
bated for 15 min at room temperature. Then, the
100 pl of complexes was added into each well contain-
ing cells and medium. Then, incubated OSCC cell
lines at 37°C in a CO, incubator for 24-48 h prior
to testing for transgene expression.

Patients and OSCC tissues

Informed consent was obtained from all patients.
Tumor tissue or paired adjacent non-tumorous tis-
sue samples were obtained from 60 OSCC patients.
The diagnosis of OSCC was independently validated
by two experienced pathologists. After surgical resec-
tion, tissues were collected, rapidly frozen and stored
in liquid nitrogen until further processing. Our study
was approved by the Institutional Ethical Board of
Nanjing medical university.

RNA extraction and qRT-PCR assay

Total RNA from fresh-frozen tissues and cells was
extracted by using the TRIzol reagent. For mRNA
profiling detection, PrimeScript RT Reagent was
used to convert total RNA into cDNA, and the Step
One Plus Real-Time PCR System was used to per-
form the qRT-PCR amplification. mRNA expression
was normalized to P-actin expression. To examine
the miR-let-7a expression level, QRT-PCR was car-
ried out by using a miRNA qPCR detection kit on
the Step One Plus Real-Time PCR System. The U6
gene was chosen as an internal reference. All assays
mentioned were conducted in triplicate.

Western blot assay

Whole tissues or cell protein extracts were pre-
pared with RIPA buffer supplemented with
a protease inhibitor. Then, 30 pg protein samples
were electrophoresed in SDS-PAGE gels (10% or
12%) and transferred to PVDF membranes. The



PVDF membranes were then incubated with pri-
mary antibodies against c-Myc (1:1000, Abcam),
Vimentin (1:1000, Abcam), p38 (1:1000, Abcam),
p-ERK (1:1000, Abcam), E-cadherin (1:1000,
Abcam), p-p38 (1:1000, Abcam), ERK (1:1000,
Abcam), or B-actin (1:1000, Abcam) overnight at
4°C. After washing with PBST and incubating with
secondary antibodies for 2 h at 37°C, the mem-
branes were washed another three times with
TBST buffer, and protein expression was visua-
lized with a peroxide LumiGLO reagent.

Cell proliferation analysis

To detect the biological effect of miR-let-7a on cell
proliferation was evaluated by CCK-8 assay. First,
cells at equal density (2 x 10°) were plated in a 96-
well plate for each group. After 24 h, when cells were
well adhered, 10 pL of CCK-8 reagents mixed with
100 pL of medium was added to each well after the
transfection (0, 24, 48, 72 and 96 h) and incubated for
2 h. Viable cells were then measured by a microplate
reader at 450 nm. Cell proliferation was also evaluated
by colony formation assay, whereby OSCC cell lines
were placed in 6-well microplates at a density of 600
cells/well and cultured for 2 wk, with the complete
medium replaced with new culture medium every
2-3 d. Colonies were stained with methylene blue,
and number of viable clones were calculated and
imaged to evaluate cell proliferation.

Cell migration assays

Cell migration and invasion were assayed by a Millicell
chamber (Merck Millipore). Approximately 2 x 10°
transfected cells were placed into the upper part of the
transwell chamber with or without Matrigel (BD
Bioscience Pharmingen) coating. Complete medium
was added to the lower compartment of the chamber.
After incubation for 24 h at 37°C, cells that migrated to
the bottom of the filter were fixed with 70% ice-cold
methanol (MeOH) and stained with crystal violet
(0.1% crystal violet (w/v)) for 30 min. Photographs
of five randomly selected fields of the fixed cells were
taken and counted under a light microscope at the
magnification of 100 x.
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Target analysis and luciferase reporter gene
assay

The putative targets of miR-let-7a were predicted by
using bioinformatic analysis. The 3X-UTR of the
c-Myc gene containing wild-type (WT) or mutated
(MT) miR-let-7a binding site was chemically
synthesized and cloned into the pGL3-promoter
vector containing the firefly luciferase reporter.
The OSCC cell lines were placed into 96-well micro-
plates (3 x 10° cells) and incubated in 5% CO2 at 37°
C before transfection. Cultured cells were co-
transfected with WT or MT c-Myc 3X-UTR together
with 40 nM of let-7a mimic or mimic NC. Cells
were harvested after incubation for 48 h, and the
firefly and Renilla luciferase activities were mea-
sured independently by using a dual-luciferase
reporter assay kit. The relative normalized luciferase
activity of each construct was detected according to
the luciferase signal ratio (Rluc/luc).

Tumor growth in nude mice

Five-week-old BALB/c nude mice (Shanghai
Experimental Animal Center, PR China), weighing
15-20 g, were randomly allocated into 2 equal
groups with 5 animals per group. Nude mice
were implanted subcutaneously with 1 x 10° stably
transfected cells (miR-let-7a sponge or control
sponge vector) into the neck. Tumor sizes were
measured with a caliper every week for 5 wk and
evaluated by using the following formula:
volume = (width® x length)/2 [25]. The mice
were sacrificed by carbon dioxide overdose, and
tumors were excised and weighed after 28 d.

Statistical analysis

Numerical data are expressed as the mean + s.d.
Student’s t-tests were used to analyze the differ-
ences between two groups. Comparison of mea-
surement data was analyzed using one-way
ANOVA. Survival curves were obtained by the
Kaplan-Meier method, and the distribution
between patient subsets was compared using the
log-rank test. Statistically significant differences
were considered when P < 0.05.
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Results

The expression of miR-let-7a is reduced in OSCC
cell lines and OSCC tissues

The previous expression profiling of miRNAs in 61
primary OSCC tissue specimens showed that miR-
let-7a was found to be significantly downregulated
[15]. To confirm and extend the previous results, an
analysis of miR-let-7a expression in 60 OSCC tissues
and paired adjacent noncancerous tissue samples
was performed using qRT-PCR, and significant low
expression of miR-let-7a was observed in OSCC
tissues compared to paired adjacent noncancerous
tissue samples (Figure 1(a)). Furthermore, the
expression of miR-let-7a was dramatically decreased
in SCC4, SCC25, HN4, HN6 and Cal27 cells com-
pared with human normal oral keratinocytes
(HOK). These results suggest that reduced miR-let
-7a expression occurs frequently in OSCC tissues
and OSCC cell lines (Figure 1(b)).

A

Relative expression of
miR-let-7a

Clinicopathological characteristics of patients
with reduced miR-let-7a expression

We sought to analyze the clinical significance of
miR-let-7a expression in OSCC. The median value
of the relative miR-let-7a expression in all 60 OSCC
cases was chosen as the cutoff point for separating
tumors with lower expression of miR-let-7a from
those with higher expression miR-let-7a. The corre-
lation of downregulated miR-let-7a and clinico-
pathological features was investigated and shown in
Table 1. Lower expression of miR-let-7a was corre-
lated significantly with larger tumor size (P = 0.04).
However, the expression level of miR-let-7a had no
significant relationship with other clinical factors.
Kaplan-Meier survival analyses also determined
that people with lower miR-let-7a levels had
a poorer prognosis than those with higher miR-let
-7a expression both in terms of overall survival (OS)
and progression-free survival (PFS) (Figure 1(c,d)).
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Figure 1. Down-regulated expression of miR-let-7a in OSCC tissues and OSCC cell lines. (a) The relative expression of miR-let-7a in 60
paired OSCC tissues and adjacent normal tissues were detected by miRNA RT-PCR. (b) Expression of miR-let-7a in OSCC cell lines and
the human normal oral keratinocytes (HOK) cell line were detected by miRNA RT-PCR. (*P < 0.05, **P < 0.01, ***P < 0.001) (c, d)
Overall survival and progression-free survival curves were compared between OSCC patients with low expression level of miR-let-7a
and those with high level of miR-let-7a. All assays in this part were performed in triplicates.
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Table 1. Correlation between clinical pathologic features and the miR-let-7a and c-myc expressions in patients with oral

squamous cell carcinoma.

miR-let-7a c-myc
expression expression
High Low P High P
Characteristics Number group group value group Low group value
Age(years)
<60 8 4 4 0.83 6 2 0.22
>60 52 28 24 27 25
Gender
Male 29 15 14 0.79 16 13 0.44
Female 31 15 16 14 17
Clinical stage
I-1l 34 14 20 0.12 17 17 0.76
-1V 26 16 10 12 14
Differentiated
Well/moderate 28 13 15 0.22 1 17 0.07
Poor 32 10 22 20 12
Lymph node
metastasis
No 20 9 1 0.06 8 12 0.01
Yes 40 28 12 29 11
Tumor
size(cm)
<3 38 21 17 0.04 12 26 0.02
>3 22 6 16 14 8

miR-let-7a overexpression inhibits the
proliferation, migration and invasion of OSCC
cell lines

We performed loss-of-function experiments by trans-
fecting miR-let-7a mimics or scramble miR as
a negative control to evaluate the potential role of
miR-let-7a in the development and progression of
OSCC. First, the miR-let-7a expression levels were
lower in SCC25 and HN4 cells, and both cell lines
were transfected with miR-let-7a mimics or miR-NC.
RT-PCR was used to examine miR-let-7a expression
levels in the two OSCC cell lines (Figure 2(a)).
Furthermore, we transfected Cal27 cells with miR-let
-7a inhibitor based on the relatively higher expression
of let-7a in this OSCC cell line, and the efficiency of
transfection was confirmed by qRT-PCR at 48 h after
transfection (Figure 2(b)). The CCK-8 assay results
showed that cell proliferation was significantly inhib-
ited in SCC25 and HN4 cells transfected with miR-let
-7a mimics compared to the control group, inhibition
of miR-let-7a significantly increased the proliferation
of Cal27 cells (Figure 2(c)). In addition, transwell
migration and invasion assays were performed to
investigate the cell migration and invasion capacities
in each group. As shown in Figure 2(d,e), the miR-let
-7a overexpression group had significantly impaired

invasion and migration compared with the control
groups in SCC25 and HN4 cells. Meanwhile, miR-let
-7a inhibition markedly enhanced cell migration and
invasion in Cal27 cells. Collectively, the above results
proved that overexpression of miR-let-7a may inhibit
the proliferation, migration and invasion of OSCC
cell lines.

Overexpression of miR-let-7a suppresses tumor
growth in vivo

We hypothesized that miR-let-7a overexpression has
a growth-attenuating effect on tumors in vivo.
A tumor formation assay in nude mice was performed
in which 4-6-week-old BALB/c athymic nude mice
were injected with SCC25 cells stably transfected
with miR-let-7a mimics or negative control. Tumors
grown in this animal model of tumourigenicity were
observed for 5 wk. As shown in Figure 3(a), in miR-let
-7a mimics group, cells transfected with miR-let-7a-
mimics generated smaller and lighter tumors. What’
more, we found that tumors in the miR-let-7a over-
expression group grew at a slower rate than those in
the NC group (Figure 3(b)). Furthermore, the miR-let
-7a overexpression group had tumors with lower
weights compared to the negative control group
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Figure 2. Effects of miR-let-7a on proliferation, migration and invasion of OSCC in vitro. (a, b) MiRNA RT-PCR was used to confirm the
expression of miR-let-7a in cells transfected with miR-let-7a-mimics and miR-let-7a-inhibitor. (c) CCK-8 was were used to evaluate
the proliferation of in Cal 27, HN4 and HCC-25 cells after transfection with the miR-let-7a inhibitor, miR-let-7a mimics or negative
control. (d) Transwell assay was performed to detect the ability of migration and invasion of miR-let-7a inhibitor, miR-let-7a mimics
transfected Cal 27, HN4 and HCC-25 cells and their negative control. (e) Quantification of Transwell assay (*P < 0.05, **P < 0.01,
***P < 0.001). All assays in this part were performed in triplicates.
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Figure 3. Overexpression of miR-let-7a inhibits OSCC in vivo. (a) Photographs of tumors obtained from the different groups of nude
mice transfected with miR-let-7a mimics and miR-NC. (b) Tumor growth curve of nude mice transfected with miR-let-7a-mimics and
miR-NC, Tumor diameters were measured every 7 d. (c) The weight of the tumor tissues of nude mice transfected with miR-let-7a-
mimics and miR-NC D miR-let-7a expression levels were detected in tumor tissues from miR-let-7a-mimics and miR-NC groups. All
assays in this part were performed in triplicates.



(Figure 3(c)). We used miRNA RT-PCR to confirm
the expression of miR-let-7a in mice tumor tissues,
group transfected with miR-let-7a-mimics owned
a higher expression level of miR-let-7a (Figure 3(d)).
Our results implied that overexpression of miR-let-7a
inhibited tumor growth both in vitro and in vivo.

c-Myc is a potential target gene of miR-let-7a

To gain insight into the mechanisms of miR-let-7a
suppressing tumor growth, we conducted bioinfor-
matic analyses in public databases (miRanda,
TargetScan) to predict potential miR-let-7a targets.
The target prediction program analysis identified
a putative binding site for miR-let-7a in the 3KX-
UTR of c-Myc. Luciferase assays were carried out
to validate the prediction. We constructed two types
of pGL3 reporter plasmids containing the wild-type
or mutant c-Myc 3¥-UTR sequence, and reporter
plasmids were then co-transfected with miR-let-7a
mimics into SCC25 and HN4 cells. miR-let-7a over-
expression significantly suppressed the luciferase
activity of wild-type c-Myc but not that of the
mutant-type c¢-Myc in SCC25 and HN4 cells
(Figure 4(a)). Moreover, higher expression of
c-Myc was also significantly correlated with larger
tumor size and positive lymph node metastasis
(Table 1). These data implied that overexpression
of miR-let-7a attenuates c-Myc expression in
a posttranscriptional manner.

To validate the inhibitory effect of overexpression
of miR-let-7a on c-Myc, we determined the c-Myc
expression level in 60 clinical human samples and
paired normal tissues by RT-PCR. Compared with
that in the paired non-tumorous tissues, the relative
expression of c-Myc was significantly upregulated in
OSCC tissues (Figure 4(b)). We also discovered an
inverse correlation between miR-let-7a and c-Myc
expression in the 60 paired OSCC specimens (Figure
4(c)). Furthermore, we transfected miR-let-7a
mimics or NC into SCC25 and HN4 cells, as shown
in Figure 4(d), and observed that miR-let-7a nega-
tively regulated c-Myc expression at both the mRNA
and protein levels. Then, we divided the 60 OSCC
cases into the following four groups according to the
miR-let-7a mRNA level and c-Myc protein level:
miR-let-7a low expression and c¢-Myc high
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expression (miR-let-7a-/c-Myc+), miR-let-7a low
expression and c-Myc low expression (miR-let-7a-/
c-Myc-), miR-let-7a high expression and c-Myc high
expression (miR-let-7a+/c-Myc+), miR-let-7a high
expression and c-Myc low expression (miR-let-7a
+/c-Myc-). We further analyzed the distribution of
lymph node metastasis and overall survival in each
group. Our data suggest that the miR-let-7a-/c-Myc+
group had a significantly higher metastasis rate com-
pared to the other groups (Figure 4(e)). Moreover,
miR-let-7a-/c-Myc+ levels predicted poor prognosis,
while miR-let-7a+/c-Myc- levels indicated relatively
favorable prognosis (Figure 4(f)). Taken together,
these data may provide a strategy in which low
expression of miR-let-7a has a crucial role in pro-
moting the proliferation and metastasis of OSCC
through upregulation of c-Myc expression.

c-Myc contributes to the effect of miR-let-7a on
OSCC cell lines

To determine whether c-Myc is involved in mediat-
ing the biological function of miR-let-7a in OSCC,
SCC25 and HN4 cell lines were transfected with
miR-let-7a mimics or negative control. We found
that the downregulation of miR-let-7a reduced the
c-Myc protein and mRNA expression, and the
c-Myc protein expression was partially recovered
when co-transfection of c-Myc overexpression plas-
mid (Figure 5(a)). Furthermore, co-transfection of
c-Myc overexpression significantly reversed the sup-
pressive effects of miR-let-7a overexpression on cell
proliferation, migration and invasion (Figure 5(b,c)).
These investigations indicated that overexpression of
miR-let-7a inhibited OSCC cell growth, migration
and invasion through suppression of c-Myc activity.

MiR-let-7a suppresses the MAPK/ERK signaling
pathway

To investigate the underlying mechanisms of miR-
381 mediated the functional effects, we determined
the effect of miR-let-7a overexpression on the expres-
sion of MMP (matrix metalloproteinase) and EMT
(Epithelial-Mesenchymal Transition) markers, which
are well-known factors that mediate the invasiveness
of cancer cells. The data showed that the expression of
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Figure 4. c-Myc is a direct target of miR-let-7a in OSCC cell lines. (a) miR-let-7a and its putative binding sequence in the wild-type
and mutant 3X-UTR of c-Myc, Overexpression of miR-let-7a significantly decreased the luciferase activity that carried wild type (WT)
but not mutant type (MUT) 3X-UTR of c-Myc in HCC-25, HN4 cells. (b) Expression of c-Myc was upregulated in 60 paired OSCC tissues
compared with adjacent normal tissues (c) c-Myc was negatively correlated with miR-let-7a. (d) Expression of c-Myc in HCC-25, HN4
cells transfected with miR-let-7a-mimics or miR-NC was detected by gRT-PCR and western blot, Overexpression of miR-let-7a
markedly suppressed the mRNA and protein levels of c-Myc in HCC-25, HN4 cells. (e) The correlation between miR-let-7a/c-Myc co-
expression and the percentage of metastatic lymph nodes. (f) Overall survival of OSCC patients. Patient groups were separated based
on expression status of miR-let-7a and c-Myc. All assays in this part were performed in triplicates.

E-cadherin was obviously suppressed and Vimentin
expression was significantly increased by miR-let-7a
overexpression, while enforced c-Myc expression
could partially counteract the changes in these EMT
markers compared with miR-NC. A previous study
found that c-Myc contributed to migration and inva-
sion through activation of the MAPK/ERK signaling
pathway [26,27]. Herein, we explored whether over-
expression of miR-let-7a suppressed malignant pro-
gression through the MAPK/ERK signaling pathway
by targeting c-Myc. Western blot analysis indicated
that miR-let-7a overexpression could notably down-
regulate phosphorylated p38 and ERK expression,
while the total protein expression of p38 and ERK
was not altered, and c-Myc overexpression could par-
tially counteract the change induced by miR-let-7a
overexpression (Figure 5(d)). These data demon-
strated that the MAPK/ERK pathway contributed to
the role of the miR-let-7a/c-Myc axis in OSCC.
However, the results do not rule out the involvement
of other signaling pathways in OSCC tumor
progression.

Discussion

OSCC is a heterogeneous tumor whose development
is widely regulated by multiple molecular mechanisms
and signaling pathways [28]. Mounting evidence has
suggested that dysregulation of miRNA expression
results in progressive and uncontrolled tumor growth.
Depending on the specific functions of the targeted
mRNAs, miRNAs could be either tumor suppressor
genes or cancer-promoting genes by exerting their
function on target genes [29]. Inactivation of tumor
suppressor genes by increased expression of tumor
suppressor miRNAs contributes to the development
and biological processes of cancer, and increased
expression of oncogenic miRNAs could also cause
similar effects [30]. A growing amount of evidence
has shown that the abnormal expression of
microRNAs plays an important role in the carcino-
genesis and metastasis of OSCC [30,31].

miR-let-7a, a member of the let-7 family, was
verified to regulate various signaling pathways in
tumors by targeting related genes [32]. Let-7a
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Figure 5. Overexpression of miR-let-7a inhibits proliferation, migration and invasion and regulates MAPK/ERK signaling pathway by
targeting c-Myc. (a) qRT-PCR and Western blot analysis showed that over expression of miR-let-7a reduced the c-Myc RNA and
protein expression, while co-transfection of c-Myc overexpression plasmids could recover the c-Myc RNA and protein expression. (b,
¢) Co-transfection of c-Myc plasmid reverted the suppressive effects of miR-let-7a overexpression on the proliferation, migration and
invasion. (d) The expression of MAPK/ERK signaling was evaluated by western blot, miR-let-7a overexpression could notably down-
regulate the expression of phosphorylated p38 and ERK, while the total amount of p38 and ERK showed no differences.
Overexpressed c-Myc could partially counteracted the change of the expression of phosphorylated p38 and ERK. All assays in this

part were performed in triplicates.

inhibits cell proliferation by regulating E2F2 in
osteosarcoma cells and suppresses tumourigenicity
in colon cancer [33,34]. miR-let-7a was found to
change the expression of MYC and revert MYC-
induced growth by targeting caspase-3 in Burkitt
lymphoma cells [35]. The tumor-suppressive role
of miR-let-7a has been widely reported in previous
studies, and downregulation of miR-let-7a could
promote proliferation and migration in different
tumors [36]. Subsequently, miR-let-7a was identified
to down-regulate in 61 primary OSCC tissue speci-
mens [15], but the functional involvement of miR-
let-7a in OSCC is still unknown. We performed the
expression analysis of miR-let-7a in 60 paired OSCC
tumor samples and adjacent normal tissues. Results
showed that miR-16 was significantly downregu-
lated in OSCC tumor samples, which was basically
consistent with the previous results.

We observed the low expression of miR-let-7a in
OSCC tumor samples, and its oncological signifi-
cance aroused our interest. Here, we show similar
results in the OSCC cell lines, and that lower miR-

let-7a expression levels are correlated with larger
tumor size. Moreover, our data on survival out-
comes demonstrated that lower miR-let-7a expres-
sion levels in OSCC are associated with shorter OS
and PES. We further suspected that miR-let-7a plays
a vital role in biological function changes in OSCC.
Our present results show that overexpression of
miR-let-7a can suppress tumor growth and invasion
ability, while downregulation of miR-let-7a has
a tumor-promoting role in OSCC.

Growing lines of evidence have demonstrated that
the proto-oncogene c-Myc could promote ribosome
biogenesis, transformation, metabolism, cell prolif-
eration and genomic programs in mammalian cells
[37-39]. Mechanistically, online predicting database
analyses and luciferase reporter assays revealed that
miR-let-7a negatively regulated c-Myc mRNA
expression by targeting its 3X-UTR and thus
mediated the functional effects on cell growth and
EMT of OSCC. Moreover, our OSCC tissue study
showed that miR-let-7a expression was notably
lower and c-Myc expression was significantly higher
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in OSCC, and an inverse correlation between c-Myc
and miR-let-7a expression was found in OSCC
patients. Overall, our study provides the first global
evidence that downregulation of miR-let-7a pro-
motes OSCC cell proliferation and EMT by nega-
tively regulating c-Myc expression. The function of
c-Myc in cell proliferation is well illustrated [40-42],
and research has also shown that c-Myc overexpres-
sion could be related to the invasion and metastasis
of cancer cells [43,44]. c-Myc overexpression showed
inhibitory effects on breast cancer cell invasion and
migration abilities by silencing the av and B3 integ-
rin subunits [45]. Overexpression of c-Myc also pro-
moted melanoma metastasis via vasculogenic
mimicry [46]. Consistent with the previous report,
our findings show that downregulation of miR-let-7a
in OSCC induced promotion of OSCC cell prolifera-
tion and EMT progression via regulation of c-Myc as
well as the MAPK/ERK signaling pathway.

Conclusions

In summary, we found that miR-let-7a is down-
regulated and may act as a biomarker for predict-
ing poor prognosis in OSCC patients. Our
current study revealed that lowering the expres-
sion of miR-let-7a promotes cellular proliferation,
invasion and migration via the miR-let-7a/c-Myc/
MAPK/ERK signaling pathway. The present
results demonstrated a novel therapeutic target
involved in OSCC progression.
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