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Abstract: SMAD7 is a key inhibitor of transforming growth factor B (TGFB) receptor signaling, which regulates the
alteration of cancer cell invasiveness through epithelial-mesenchymal cell conversion. Since microRNAs (miRNAs)
play a potential role in the tumorigenesis, cancer cell growth and metastases of oral squamous cell carcinoma
(OSCC), determination of the involved miRNAs that may regulate SMAD7-mediated OSCC cell invasion appears to
be one important question. Here, we found that the levels of miR-497 were significantly increased and the levels
of SMAD7 were significantly decreased in OSCC specimens, compared to the paired adjacent non-tumor tissue.
Moreover, miR-497 and SMAD7 inversely correlated in OSCC specimens. The 5-year survival of the patients with
higher miR-497 levels in the resected OSCC was worse than those high miR-497 levels. Bioinformatics analyses
showed that miR-497 targeted the 3’-UTR of SMAD7 mRNA to inhibit its translation, which was proved by luciferase
reporter assay. Furthermore, miR-497 overexpression increased SMAD7-suppressed cell invasion, while miR-497
depletion decreased SMAD7-suppressed cell invasion in OSCC cells, in both a transwell cell invasion assay and a
scratch would healing assay. Together, our data suggest that suppression of miR-497 in OSCC cells may promote
cancer cell invasion via suppression of SMAD7, and highlight miR-497 as an intriguing therapeutic target to prevent

OSCC metastases.
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Introduction

Oral squamous cell carcinoma (OSCC) appear
to be malignant due to its aggressive charac-
teristics [1-5]. Hence, studies on the molecular
regulation of OSCC invasion are critical for gen-
erating novel therapeutic strategies. The epi-
thelial-mesenchymal transition (EMT) is char-
acterized by the feature of loss of cell polarity
and cell-cell adhesion of epithelial cells to allow
them to gain migratory and invasive properties
[6-8]. EMT is essential for numerous biological
processes during development, and in wound
healing, organ fibrotic remodeling and in cancer
initiation and progression [6-8]. Among all fac-
tors that induce EMT, transforming growth fac-
tor B1 (TGFB1) is the most important and poten-
tial one [6-14]. TGFB receptor signaling initiates
by the binding of a ligand to a type Il TGFf
receptor, which catalyzes the phosphorylation
of a type | TGFp receptor, and subsequently the

phosphorylation of two intracellular proteins
SMAD2 and SMAD3 to form heteromeric com-
plexes with SMAD4. The activated SMAD com-
plexes are then translocated to the nucleus,
where they modulate gene transcription [9, 15,
16]. SMAD7 is a general antagonist against
TGFB receptor signaling. Activation of TGFf
receptor signaling is essential for EMT to occur
in cancer [17, 18]. Thus, SMAD7 appeared to be
a tumor suppressor.

MicroRNAs (miRNAs) are non-coding small
RNAs that have established functions in regula-
tion of the protein translation through their
base-pairing with the 3'-untranslated region (3'-
UTR) of the target mRNAs [19, 20]. It is well-
known that miRNAs regulate cancinogenesis
[21-23]. Among all miRNAs, miR-497 has been
only recently recognized as a tumor-associated
microRNA in breast cancer [24-27], colorectal
carcinoma [28], and lung cancer [29]. However,
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a role of miR-497 in CRC has not been ill-defi-
ned before.

Here, we studied the regulation of SMAD7-
regulated OSCC cell invasion by miRNAs. We
found that the levels of miR-497 were signifi-
cantly increased and the levels of SMAD7 were
significantly decreased in OSCC specimens,
compared to the paired adjacent non-tumor tis-
sue. Moreover, miR-497 and SMADY inversely
correlated in OSCC specimens. The 5-year sur-
vival of the patients with higher miR-497 levels
in the resected OSCC was worse than those
high miR-497 levels. Bioinformatics analyses
showed that miR-497 targeted the 3-UTR of
SMAD7 mRNA to inhibit its translation, which
was proved by luciferase reporter assay. Fur-
thermore, miR-497 overexpression increased
SMAD7-suppressed cell invasion, while miR-
497 depletion decreased SMAD7-suppressed
cell invasion in OSCC cells, in both a transwell
cell invasion assay and a scratch would healing
assay.

Materials and methods
Patient tissue specimens

A total of 30 resected specimens from OSCC
patients were collected from 2010 to 2014 in
at Hospital of Stomatology affiliated to Zhejiang
University, and were included in this study.
OSCC specimens were compared with the pa-
ired adjacent non-tumor bone tissue (NT). All
specimens had been histologically and clinical-
ly diagnosed at Hospital of Stomatology affili-
ated to Zhejiang University. All specimens had
been histologically and clinically diagnosed in-
dependently by two experienced pathologists.
For the use of these clinical materials for res-
earch purposes, prior patient’s consents and
approval from the Institutional Research Ethics
Committee were obtained.

Culture of a human OSCC cell line

SCC-15 is a human OSCC line purchased from
American Type Culture Collection (ATCC, Ro-
ckville, MD, USA), and was cultured in RPMI
1640 medium supplemented with 15% heat-
inactivated fetal bovine serum (FBS; Sigma-
Aldrich, St Louis, MO, USA), 100 U/ml penicillin
and 100 pg/ml streptomycin (Invitrogen, Ca-
rlsbad, CA, USA) in a humidified atmosphere of
5% CO, at 37°C.
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Plasmid transfection

MiR-497-modulating and SMAD7-modulating
plasmids were prepared from a backbone plas-
mid containing a GFP reporter under CMV pro-
moter (pcDNA3.1-CMV-GFP, Clontech, Moun-
tain View, CA, USA). The miR-497 mimic, or anti-
sense, or control null, or short-hairpin interfer-
ing RNA for SMAD7 (shSMAD7) was all pur-
chased from Sigma-Aldrich, and digested with
Xhol and BamHI and then subcloned with a 2A
into the pcDNA3.1-CMV-GFP plasmid. Seque-
ncing was performed to confirm the correct ori-
entation of the new plasmid. Transfection was
done using Lipofectamine 2000 reagent (Invi-
trogen), according to the instructions of the
manufacturer. One day after transfection, the
transfected cells were purified by flow cytome-
try based on GFP expression.

Western blot

The protein was extracted from the patients’
specimens, or from the cultured cells, and then
subjected to regular procedure for Western
blot. The membrane blots were first probed
with a primary antibody. After incubation with
horseradish peroxidase-conjugated second
antibody, autoradiograms were prepared using
the enhanced chemiluminescent system to
visualize the protein antigen. The signals were
recorded using X-ray film. Primary antibodies
were rabbit anti-SMAD7 and anti-a-tubulin (Cell
Signaling, San Jose, CA, USA). Secondary anti-
body is HRP-conjugated anti-rabbit (Jackson
ImmunoResearch Labs, West Grove, PA, USA).
Blotting images were representatives from 5
repeats. a-tubulin was used as a protein load-
ing control.

RT-qPCR

Total RNA was extracted from resected speci-
mens or from cultured cells using a miRNeasy
mini kit (Qiagen, Hilden, Germany). Comple-
mentary DNA (cDNA) was randomly primed
from total RNA using the Omniscript reverse
transcription kit (Qiagen). Quantitative PCR
(RT-gPCR) were performed in duplicates with
QuantiTect SYBR Green PCR Kit (Qiagen). All
primers were purchased from Qiagen. Data
were collected and analyzed using 2-AACt
method for quantification of the relative mRNA
expression levels. Values of genes were first
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Figure 1. Increased miR-497 correlates with decreased SMAD7 in OSCC specimens. (A, B) Western blot for SMAD7
(A) and RT-gPCR on miR-497 (B) were performed on paired OSCC and the adjacent non-tumor bone tissue (NT)
from 30 patients. (C) A correlation test between SMAD7 and miR-497 (¥=-0.72, p<0.0001, N=30). (D) The median
value for miR-497 in all 30 cases was chosen as the cutoff point for separating miR-497-high cases (n=15) from
miR-497-low cases (n=15). Kaplan-Meier curves were performed, showing that miR-497-high OSCC patients had a
significantly worse 5-year survival, compared to miR-497-low OSCC patients. *p<0.05. **p<0.01. N=30.

normalized against a-tubulin, and then com-
pared to controls.

MicroRNA target prediction and 3-UTR
luciferase-reporter assay

MiRNAs targets were predicted with the algo-
rithms TargetSan (https://www.targetscan.org)
[30]. Luciferase-reporters were successfully
constructed using molecular cloning technolo-
gy. The SMAD7 3-UTR reporter plasmid (SMAD7
3-UTR) and SMAD7 3’-UTR reporter plasmid
with a mutant at the miR-497 binding site
(SMAD7 3-UTR mut) were purchased from
Creative Biogene (Shirley, NY, USA). OSCC cells
were co-transfected with SMAD7 3-UTR/
SMAD7 3’-UTR mut and miR-497/as-miR-497/
null by Lipofectamine 2000 (5x10* cells per
well). Cells were collected 24 hours after trans-
fection for assay using the dual-luciferase
reporter assay system gene assay kit (Promega,
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Beijing, China), according to the manufacturer’s
instructions. The normalized control was null-
transfected OSCC cells with 3-UTR of SMAD7
MRNA (wild type).

Transwell cell invasion assay

Cells (10%) were plated into the top side of poly-
carbonate transwell filter coated with Matrigel
inthe upper chamber of the BioCoatTM Invasion
Chambers (Becton-Dickinson Biosciences, Be-
dford, MA, USA) and incubated at 37°C for 22
hours. The cells inside the upper chamber with
cotton swabs were then removed. Invasive cells
on the lower membrane surface were fixed,
stained with hematoxylin, and counted for 10
random 100X fields per well. Cell counts are
expressed as the mean number of cells per
field of view. Five independent experiments
were performed and the data are presented as
mean + standard deviation (SD).

Am J Transl Res 2016;8(7):3023-3031
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Figure 2. MiR-497 targets 3-UTR of SMAD7 mRNA to inhibit its protein translation. A. Bioinformatics analyses of
binding of miR-497 to the 3’-UTR of SMAD7 mRNA. B-C. We either overexpressed miR-497, or inhibited miR-497
in OSCC cells by transfecting the cells with a miR-497-expressing plasmid, or with a plasmid carrying miR-497
antisense (as-miR-497). The OSCC cells were also transfected with a null plasmid as a control (null). B. RT-qPCR
for miR-497 in miR-497 modified OSCC cells. C. MiR-497-modified OSCC cells were then transfected with 1 ug of
SMAD7 3’-UTR luciferase-reporter/3’-UTR of SMAD7 mRNA with one mutate at the miR-497 binding site (mut) and
miR-497-modified plasmids. The luciferase activities were quantified. *p<0.05. N=5.

Scratch wound healing assay

Cells were seeded in 24-well plates at a density
of 10* cells/well in complete media and cul-
tured to confluence. The cell monolayer was
serum starved overnight before experiment.
Confluent cell monolayer were then scraped
with a pipette tip to generate scratch wounds
followed by cell debris removal. Cells were then
incubated at 37°C for 24 hours. Time lapse
images were captured after 12 hours, after
which the migration areas are determined by
subtracting the wound area at the indicated
time periods from the initial wound area, using
by NIH ImagelJ software (Bethesda, MA, USA).

Statistical analysis

All statistical analyses were carried out using
the SPSS 17.0 statistical software package.
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Bivariate correlations were calculated by
Spearman’s Rank Correlation Coefficients. Ka-
plan-Meier curves were sued to analyze the
patient survival by miR-497 levels. All values
are depicted as mean = SD and are considered
significant if p < 0.05. All data were statistically
analyzed using one-way ANOVA with a Bon-
ferroni correction, followed by Fisher's Exact
Test for comparison of two groups.

Results

Increased miR-497 correlates with decreased
SMAD?7Y in OSCC specimens

In 30 OSCC specimens, we detected signifi-
cantly lower levels of SMAD7 by Western blot,
compared to paired adjacent non-tumor tissue
(NT; Figure 1A). Moreover, we detected signifi-

Am J Transl Res 2016;8(7):3023-3031
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Figure 3. MiR-497 reduces SMAD?7 protein in OSCC cells. (A-B) RT-gPCR (A)
and Western blot (B) for SMAD7 in miR-497 (plus SMAD7)-modified cells.

*p<0.05. NS: non-significant. N=5.

cantly higher levels of miR-497 in OSCC speci-
mens, compared to NT (Figure 1B). Then we
examined the relationship between miR-497
and SMAD7 in OSCC specimens. Thus, we per-
formed a correlation test using the 30 OSCC
specimens. A strong inverse correlation was
detected between miR-497 and SMAD7 (Figure
1C, ¥=-0.72, p<0.0001, n=30), suggesting that
a regulatory relationship between miR-497 and
SMAD7 may be present in OSCC. Next, we
investigated whether the levels of miR-497 in
OSCC tissue may correlate with 5-year survival
of the patients. The median value for miR-497
in all 30 cases was chosen as the cutoff point
for separating miR-497-high cases (n=15) from
miR-497-low cases (n=15). Kaplan-Meier curv-
es were performed, showing that miR-497-high
OSCC patients had a significantly shorter 5-
year survival, compared to miR-497-low OSCC
patients (Figure 1D).

MiR-497 targets 3’-UTR of SMAD7 mRNA to
inhibit its protein translation

In order to prove presence of a regulatory rela-
tionship between miR-497 and SMAD7 in OSCC
cells, we used bioinformatics analyses to pre-
dict binding of miR-497 on SMAD7 mRNA. We
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detected a specific miR-497 binding site on the
3-UTR (from 55th to 62th base site) of the
SMAD7 mRNA (Figure 2A). Next, we analyzed
whether this binding of miR-497 to SMAD7
mRNA may alter the SMAD7 levels. Thus, we
either overexpressed miR-497, or inhibited
miR-497 in a human OSCC cell line SCC-15, by
a miR-497-expressing plasmid, or a plasmid
carrying miR-497 antisense (as-miR-497),
respectively. The SCC-15 cells were also trans-
fected with a null plasmid, to be used as a con-
trol for miR-497 modification (Nul). First of all,
the alteration of miR-497 levels in SCC-15 cells
was confirmed by RT-qPCR (Figure 2B). SCC-15
cells were then transfected with 1 ug plasmids
of miR-497-modification plasmids, with plas-
mids carrying a luciferase reporter for 3-UTR
of SMAD7 mRNA or a luciferase reporter for
3-UTR of SMAD7 mRNA with mutate at the
miR-497 binding site (mut). The luciferase ac-
tivities were determined in these cells, and our
data showed that SMAD7 3’-UTR plus miR-497
had the most repression for SMAD7, and the
3’-UTR SMAD7 mutant plus miR-497 had much
lower repression. Moreover, the 3-UTR in the
presence of as-miR-454 restored expression of
SMAD7 (Figure 2C). These data demonstrate

Am J Transl Res 2016;8(7):3023-3031
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that miR-497 may target 3-UTR of SMAD7
MRNA to inhibit its translation.

MiR-497 reduces SMADY protein in OSCC cells

Next, we analyzed the effects of modification of
miR-497 levels on SMAD7 in OSCC cells. In
order to confirm that the effects of miR-497
depletion on SMAD7, we further knocked down
SMAD7 by shRNA in OSCC cells that had expr-
essed antisense of miR-497 (as-miR-497-shS-
MAD7). We found that alteration of miR-497 in
OSCC cells did not change SMAD7 mRNA
(Figure 3A). However, overexpression of miR-
497 significantly decreased SMAD7 protein
(Figure 3B). On the other hand, inhibition of
miR-497 significantly increased SMAD7 protein
(Figure 3B). These data suggest that MiR-497
inhibits SMAD7 protein translation in OSCC
cells.

MiR-497 suppresses OSCC cell invasion

We found that overexpression of miR-497
resulted in decreases in cell invasion of OSCC
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Figure 4. MiR-497 suppresses OSCC cell inva-
sion in a transwell cell invasion assay. (A, B)
Cell invasiveness of miR-497 (plus SMAD7)-
modified OSCC cells in a transwell cell invasion
assay, shown by quantification (A), and by rep-
resentative images (B). *p<0.05. N=5.
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cells in a transwell cell invasion assay, shown
by quantification (Figure 4A), and by represen-
tative images (Figure 4B). Similarly, depletion
of miR-497 resulted in increases in cell inva-
sion of OSCC cells, shown by quantification
(Figure 4A), and by representative images (Fi-
gure 4B). SMAD7 depletion abolished the eff-
ects of as-miR-497 expression on cell invasion
(Figure 4A, 4B). We also used scratch wound
healing assay to confirm our finding in transwell
cell invasion assay. We found that overexpres-
sion of MiR-497 resulted in decreases in cell
migration in vitro (Figure 5A, 5B). Similarly,
depletion of miR-497 resulted in increases in
cell migration in vitro (Figure 5A, 5B). SMAD7
depletion abolished the effects of as-miR-497
expression on cell migration (Figure 5A, 5B).
Together, our data suggest that miR-497 inhib-
its OSCC cell invasion through SMAD7 suppres-
sion (Figure 6).

Discussion

MiRNAs have demonstrated roles in the inva-
sion and metastases of malignant tumor cells.

Am J Transl Res 2016;8(7):3023-3031



MiR-497 enhances OSCC invasion via SMAD7

A 15 -
@ * *
o
g 10 T
e — ]
o
'g *
€ 05 _*
£ T
© | A .
X N %, %
Dy By, 7 '9.7
R, R, ©
NN

as-miR-497

“shSMAD7 as-miR-497

However, miR-497 has been only recently rec-
ognized as a tumor-associated microRNA in
breast cancer [24-27], colorectal carcinoma
[28], and lung cancer [29]. For example, Shen
et al. showed that miR-497 may serve as a
tumor suppressor gene in breast cancer. They
found that up-regulation of miR-497 expression
caused cellular growth inhibition and apoptotic
enhancement, as well as GO/G1 phase arrest,
suggesting miR-497 as a potential therapeutic
target for the treatment of breast cancer [24].
Moreover, Jiang et al. showed that the regula-
tion of MMP7 by NrdpZ1 in colorectal carcinoma
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Figure 5. MiR-497 suppresses OSCC cell migration
in a scratch wound healing assay. (A, B) Cell inva-
siveness of miR-497 (plus SMAD7)-modified OSCC
cells in a scratch wound healing assay, shown by
quantification (A), and by representative images (B).
*p<0.05. N=5.
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cells could be inhibited by miR-497 through
suppressing Nrdpl translation, which highli-
ghts a novel molecular regulatory machinery
that regulates metastasis of colorectal carci-
noma [28]. Most recently, Gu et al. reported
that miR-497 played a role in suppression of
VEGF-A-mediated non-small cell lung cancer
cell growth and invasion [29]. However, none of
the above studies showed that SMAD7 could
be target for miR-497.

To the best of our knowledge, we are the first to
report miR-497 as a suppressor of SMAD7 in

Am J Transl Res 2016;8(7):3023-3031
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OSCC. Since we aimed to study the regulation
of SMAD7 in OSCC, we performed sequence
matching, and only found several miRNAs that
target SMAD7. However, most of these candi-
date miRNAs did not alter their expression level
in OSCC, compared to NT. On the other hand,
we specifically detected a significant increase
in miR-497 in OSCC specimens, compared to
NT. Most importantly, the levels of miR-497 and
SMAD?Y inversely correlated. Thus, we hypothe-
size that miR-497 may target and regulate
SMAD7 in OSCC cells. Moreover, high miR-497
was found to be associated with an overall poor
prognosis, and may be useful for predicting
5-year survival.

Using in vitro assay, we further demonstrate
that alteration in miR-497 levels does not affect
SMAD7 mRNA, but regulated SMAD7 protein
level. Using promoter luciferase assay, we
found that miR-497 inhibited SMAD7 through
translation suppression. Moreover, miR-497-in-
duced SMAD7 in OSCC cells directly regulated
cell invasion, independently in transwell cell
invasion assay and in a scratch wound healing
assay. These data suggest that miR-497/
SMADY regulatory axis may play a critical role in
regulation of OSCC cell invasion. When a miRNA
molecule is attached as a perfect match to a
target mRNA, it causes the mRNA degradation
therefore the mRNA levels would be diminished
by a RT-gPCR, which was not the case in the
current study. These data suggest that a partial
interaction between the miR-497 and the
3-UTR of the SMAD7 gene. In case that the
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e Cell invasion

Figure 6. Schematic of
the model MiR-497 in-
hibits OSCC cell invasion
and migration through
SMAD7 suppression.

miRNA does not form a per-
fect match with the mRNA
from the target gene, the
translation process stops
at that point and hence the
protein production is re-
duced, as described here.

To summarize, here we pro-
pose a model that miR-497
enhances OSCC metasta-
ses through SMAD7 inhibi-
tion. UP-regulation of miR-
497 appears to directly co-
ntribute to the distal metas-
tases of primary OSCC and
subsequently poor progno-
sis. Together, our study hi-
ghlights miR-497 as a pro-
mising novel target for treating OSCC via pre-
venting OSCC metastases.
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