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Abstract: MicroRNAs (miRNAs) are implicated in the pathogenesis of oral squamous-cell carcinoma (OSCC). miR-
101 is involved in the development and progression of OSCC, but the biological functions and underlying molecular
mechanisms of this miRNA remain largely unknown. In this study, we showed that miR-101 was underexpressed
in OSCC tissues and cell lines. miR-101 downregulation was inversely correlated with zinc finger E-box binding
homeobox 1 (ZEB1) expression, lymph-node metastasis, and poor prognosis in OSCC patients. Enhanced expres-
sion of miR-101 significantly inhibited OSCC cell proliferation, apoptosis resistance, migration and invasion in vitro,
and suppressed tumor growth and lung metastasis in vivo. Bioinformatics analyses showed that miR-101 directly
targeted ZEB1, as confirmed by a dual-luciferase reporter assay. The inhibitory effects of miR-101 on OSCC growth
and metastasis were attenuated and phenocopied by ZEB1 overexpression and knockdown, respectively. Overall,
our findings indicated that miRNA-101 reduced OSCC growth and metastasis by targeting ZEB1 and provided new
evidence of miR-101 as a potential therapeutic target for OSCC patients.
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Introduction mentary mRNAs, leading to translational

repression and gene silencing [6]. miRNAs are

Oral squamous-cell carcinoma (OSCC) is the
sixth most common malignancy worldwide [1].
Despite significant advances in diagnosis and
therapy, the five-year survival rate of OSCC
patients remains poor because of frequent
loco-regional recurrences and neck lymph node
metastases [2, 3]. Cell proliferation, apoptosis
resistance, migration, and invasion have been
shown to play pivotal roles in the pathogenesis
of OSCC [4, B]. Therefore, strategies aimed at
reducing these malignant events should be
urgently identified for OSCC therapy.

MicroRNAs (miRNAs) are a class of highly con-
served small non-coding RNA molecules that
regulate gene expression by binding to the
3’-untranslated regions (UTRs) of the comple-

involved in tumor cell processes, such as prolif-
eration, apoptosis, migration, and invasion [7,
8]. The dysregulation of miRNAs contributes to
the tumorigenesis of OSCC[9, 10]. Accumulating
evidence has suggested that miR-101 is fre-
quently underexpressed in multiple malignan-
cies [11-15], including OSCC. miRNA-101 inhib-
its breast cancer growth and metastasis by
targeting CX chemokine receptor 7 [12]. The
loss of miR-101 promotes epithelial-mesenchy-
mal transition (EMT) by targeting zinc finger
E-box binding homeobox 1 (ZEB1) in hepato-
cytes [13]. miR-101 also inhibits EMT and tumor
metastasis by targeting enhancer of zeste
homolog 2 in oral tongue squamous carcinoma
cells [14]. However, the precise mechanism by
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which miR-101 reduces the growth and metas-
tasis of OSCC cells remains unknown.

ZEB1, originally identified as a DNA-binding pro-
tein containing a homeodomain and two zinc
finger clusters, is proved to function as a tran-
scriptional repressor by specifically binding to
the E-box motif located in the E-cadherin pro-
moter region [16, 17]. As a well-known factor in
the activation of EMT, ZEB1 causes the loss of
E-cadherin and gain of mesenchymal markers
and consequently facilitate cancer progression
by increasing tumor cell migration and invasion
[18]. Recent studies showed that ZEB1 may
serve as a prognostic indicator for tumor
patients and correlates with liver and lymph-
node metastases [19-23]. A depletion of ZEB1
causes decreased proliferative, migratory, and
invasive capabilities of bladder cancer cells
[24]. Lei et al. [25] demonstrated that targeting
ZEB1 inhibits OSCC growth. Nevertheless, the
biological roles of ZEB1 in the growth and
metastasis of OSCC remain unclear.

In this study, we investigated the expression
and biological functions of miR-101 in OSCC
and found that miR-101 expression was dra-
matically decreased in OSCC cell lines and tis-
sues and was thus inversely correlated with
ZEB1 level, lymph-node metastasis, and poor
prognosis in OSCC patients. Dual-luciferase
reporter assays revealed that miR-101 directly
targeted ZEB1. The restoration of miR-101 sig-
nificantly inhibited OSCC growth and metasta-
sis in vitro and in vivo; such inhibition was coun-
teracted and mimicked by the overexpression
and depletion of ZEB1, respectively. Overall,
the present study provided novel insights into
the molecular mechanisms by which miR-101
inhibits OSCC growth and metastasis, indicat-
ing miR-101 as a promising target for OSCC
therapy.

Materials and methods
Clinical samples

Clinical samples were obtained from OSCC
patients who were diagnosed, treated, and fol-
lowed up at the Department of Oral and
Maxillofacial Surgery, School of Stomatology,
Fourth Military Medical University between
2009 and 2013. An informed consent was
signed by every participant. Ethics approval for
the study was obtained from the Fourth Military
Medical University (China). None of the patients
had received chemotherapy or radiotherapy
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before surgery. All specimens were confirmed
by pathological examinations. Fresh frozen tis-
sues were stored in liquid nitrogen until use.
Clinical parameters, including pathological fea-
tures and TNM stage, were retrospectively col-
lected by reviewing patients’ charts.

Cell culture

Human normal oral keratinocytes (hnNOKs) were
purchased from ScienCell Research Labora-
tories (Carlsbad, CA, USA) and cultured in an
oral keratinocyte medium (ScienCell Research
Laboratories). Human OSCC cell lines, includ-
ing Tca8113, 0OSCC-15, SCC-9, and SCC-25,
as well as human embryonic kidney 293T
(HEK293T) cells were obtained from American
Type Culture Collection (Manassas, VA, USA).
SCC-9-luciferase (luc) cells stably express-
ing highly efficient luciferase were purchased
from PerkinElmer (Santa Clara, CA, USA). All the
cells were used no later than 6 months after
receipt. HEK293T cells were cultured in Dul-
becco’'s Modified Eagle’s Medium (DMEM;
Gibco, Carlsbad, CA, USA). All OSCC cells were
cultured in DMEM/Nutrient Mixture F12 (Gibco)
supplemented with 10% fetal bovine serum
(FBS; Gibco), 2 mM L-glutamine, and 100 ug/
mL penicillin/streptomycin (Sigma-Aldrich, St.
Louis, MO, USA) in a humidified incubator con-
taining 5% CO, at 37°C. All cells from passage
4 were used for all the experiments.

Plasmid and lentivirus constructs

The luciferase-3’-UTR-wild-type (WT) reporter
or luciferase-3-UTR-mutant (MUT) plasmids
were prepared by inserting the ZEB1-3'-UTR-WT
carrying a putative miR-101 binding site or its
mutant sequence into the pGL3-control plas-
mid (Promega, Madison, WI, USA). The primers
used to amplify the WT and MUT 3-UTRs of
ZEB1 are as follows: for WT, 5-~AAACTCGAGT-
ACTTCAATTCCTCG GTATTG-3’ (forward), and 5™-
AAATCTAGACACACTGTTCTACAGTCCAAGGC-3’
(reverse); for MUT, 5-CTGTGCAACATTTTTTGTA-
CAAATGTCTTCAAACCTGG-3’ (forward), and 5-
CCAGGTTTGAAGACATTTGTACAAAAAATGTTGCA
CAG-3’ (reverse). The pUNOI-hZEB1 (open read-
ing frame) plasmid was purchased from Invi-
voGen (Hong Kong, China). All constructs were
confirmed by DNA sequencing. For the lenti-
viral expression of miR-101, cDNA strands
corresponding to the pre-miR-101 sequence
were synthesized and cloned into the Agel/
EcoRl sites of pGCsi-H1-CMV-GFP (GeneChem,
Shanghai, China). The constructs were trans-
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fected into the HEK293T cells, along with
pMD2.G and psPAX2 packaging plasmids. After
48 h transfection, the supernatant was collect-
ed, centrifuged, filtered, and used for infection
of SCC-9-luc cells. A short hairpin RNA (ShRNA)
was designed based on the ZEB1 sequence,
and a scrambled shRNA was used as a control.
Paired deoxyribonucleotide oligos encoding the
shRNAs were synthesized, annealed, and
cloned into the EcoRI/Ncol sites of the pLKO.1
vector (Addgene, Cambridge, MA, USA). The
constructs were co-transfected with pCMV-
VSVG and pCMV-BA.9 packaging plasmid into
HEK293T packaging cells. The viral superna-
tants were harvested, filtered, and transferred
to SCC-9-luc cells. Cells were selected with 5
ug/mL puromycin (Sigma) to generate stable
shRNA-expressing clones.

Cell transfection

The miR-101 and miR-NC mimics were synthe-
sized by RiboBio (Guangzhou, China). Lipofecta-
mine 2000 reagent (Invitrogen, Carlsbad, CA,
USA) was used for transfection, according to
the manufacturer’s instructions. When cell con-
fluence reached 80%, 80 nM miR-101 or miR-
NC mimics was transfected into the SCC-9 cells
(1 x 1068 cells/6 cm dish).

Dual-luciferase reporter assay

Plasmid pGL3-ZEB1-3-UTR-WT or pGL3-ZEB1-
3-UTR-MUT was co-transfected with miR-101
and miR-NC mimics into SCC-9 cells. A lucifer-
ase assay was conducted 48 h after transfec-
tion using a dual-luciferase reporter assay kit
(Promega). Renilla luciferase was co-transfect-
ed as a control for normalization.

Quantitative real-time polymerase chain reac-
tion (qPCR)

For RNA extraction, the fresh tissues and cells
were lysed using TRIzol reagent (Invitrogen)
and purified using RNeasy Mini Kit (Qiagen).
cDNA was synthesized using reverse transcrip-
tase (Epicentre, Madison, WI, USA) or the miS-
cript Reverse Transcription Kit (Qiagen) and
then amplified using SYBR Premix Ex Tagq™
(TaKaRa, Otsu, Shiga, Japan). The expression
levels of MRNAs and miRNAs were determined
using the 222t method, with glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) and U6
as internal controls, respectively. The primers
used for PCR amplification are listed as follows:
for ZEB1, 5-AGAGCAGTGAAAGAGAAGGGAATG-
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C-3’ (forward) and 5-GGTCCTCTTCAGGTGCC-
TCAG-3’ (reverse); for GAPDH, 5’-TGCACCACC-
AACTGCTTAGC-3’ (forward) and 5-GGCATGG-
AC TGTGGTCATGAG-3’ (reverse); for miR-101,
5-CGGCGGTACAGTACTGTGATA A-3’ (forward)
and 5-CTGGTGTCGTGGAGTCGGCAATTC-3’ (re-
verse); and for UG, 5’-CTCGCTTCGGCAGCACA-3’
(forward) and 5-AACGCTTCACGAATTTGC GT-3’
(reverse).

Western blot analysis

Proteins were extracted from the fresh tissues
and cultured cells with a protein extraction kit
(KeyGEN, Nanjing, China), separated by sodium
dodecyl-sulfate polyacrylamide gel electropho-
resis, and transferred electrophoretically to
polyvinylidene difluoride membranes (Millipore,
Bedford, MA, USA). The membranes were
blocked with 5% non-fat milk in TBS containing
0.1% Tween 20 at 37°C for 2 h, incubated with
mouse anti-human ZEB1 and [-actin antibod-
ies (all from Santa Cruz, Dallas, TX, USA) at 4°C
overnight, washed, and probed with rabbit anti-
mouse secondary antibody coupled with horse-
radish peroxidase (Sigma). The proteins were
detected by enhanced chemiluminescence kit
(Santa Cruz).

Cell proliferation assay

Cell proliferation was measured using 3-(4,
5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
bromide (MTT) assay kit (Promega). In brief, the
cells seeded in a 96-well plate (1 x 102 cells/
well) were transfected with miR-101 mimics,
mMiR-NC, or miR-101 mimics + ZEB1-expressing
plasmid. The plates were incubated for 1, 2, 3,
or 4 days after transfection. Each well was
added with 25 yL of MTT (10 mg/mL) and incu-
bated for 4 h. Then, the supernatant was
removed, and 150 pL of dimethyl sulfoxide was
added to each well (Sigma). The absorbance
was detected at 490 nm with a microplate
reader (Bio-Rad, Hercules, CA, USA).

Colony formation assay

A total of 1 x 10% SCC-9 cells transfected with
mMiR-101 mimics, miR-NC, or miR-101 mimics +
ZEB1-expressing plasmid were seeded in six-
well plates and allowed to grow for 14 days to
determine their colony-forming ability. After
70% ethanol fixation, the plate was stained
with 0.5% crystal violet (Sigma), and cell colo-
nies were counted under the microscope
(Olympus, Tokyo, Japan). Five random fields
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Figure 1. Expression levels of miR-101 and ZEB1 in OSCC tissues and cell lines. (A) gPCR analysis of miR-101 levels
in OSCC specimens and the adjacent non-cancerous specimens (n = 30). U6 was used as the endogenous con-
trol. (B) Kaplan-Meier survival curves of 40 patients with OSCCs divided by miR-101 expression. Log-rank test was
used for survival analysis. qPCR (C) and Western blot (D) analyses of the mRNA and protein levels of ZEB1 in OSCC
specimens and the adjacent non-cancerous specimens. GAPDH and [-actin were used as the internal controls,
respectively. (E) Spearman’s correlation analysis between miR-101 and ZEB1 in OSCC specimens analyzed by qPCR
assay. qPCR (F) and Western blot (G) assays were performed to assess miR-101 expression in four OSCC cell lines
(Tca8113, OSCC-15, SCC-9 and SCC-25) and the hNOKs. U6 and B-actin were used as the endogenous controls. All
data are shown as mean * SD of three separate experiments. *P < 0.05; **P < 0.01.

were selected for each well to determine total
number of colonies.

Cell cycle analysis
Forty-eight hours after transfection, the cells

were fixed with 70% ethanol and treated with 1
mg/mL RNase at 37°C for 30 min. Then, the
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cells were stained with propidium iodide (PI; 50
pg/mL; Sigma) at 4°C for 30 min. Subsequently,
the cells were analyzed with a FACS flow cytom-
eter (BD Biosciences, San Jose, CA, USA). The
percentages of cell populations in different
stages of the cell cycle were determined using
ModFit software (Verity Software House Inc.,
Topsham, ME, USA).

Am J Cancer Res 2016;6(6):1396-1407
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Table 1. The association between miR-101
expression and lymph node metastatic status
of 183 patients with OSCC

Lymph node metastasis

(n=183) P value
+
High miR-101 3 95 0.001
Low miR-101 15 70

Apoptosis assay

Apoptosis was assessed using an annexin
V-fluorescein isothiocyanate (FITC)/Pl apopto-
sis detection kit (BD Biosciences) according to
the manufacturer’s instructions. Briefly, the
cells (5 x 10%) were collected 48 h after trans-
fection, washed twice with PBS, and then
resuspended in 1x binding buffer. Annexin
V-FITC (5 uL) and PI (5 pL) were added to 100
uL of the solution. After a 15 min incubation in
the dark at room temperature, 400 uL of 1x
binding buffer was added, and the cells posi-
tive for annexin V-FITC and/or Pl were analyzed
on a FACS flow cytometer (BD Biosciences) with
ModFit software (Verity Software House Inc.).

Nucleosomal fragmentation assay

Cell apoptosis was quantified using a nucleoso-
mal fragmentation kit (Cell Death Detection
ELISA PLUS; Roche Applied Science, India-
napolis, IN, USA) 48 h after transfection accord-
ing to the manufacturer’'s instructions. The
absorbance values were normalized to those of
the control cells to derive a nucleosomal enrich-
ment factor.

Caspase-3 activity assay

A caspase-3 activity assay was performed
using a caspase-3 colorimetric protease assay
kit (Thermo Fisher Scientific, Waltham, MA,
USA) according to the manufacturer’s instruc-
tions. Briefly, 48 h after transfection, 1 x 10°
cells were lysed, and the supernatant was col-
lected after centrifugation at 12,000 x g.
Protein (40 pL per sample) was added to 50 yL
of reaction buffer with 5 yL of N-acetyl-Asp-Glu-
Val-Asp-pNA substrate and incubated at 37°C
for 2 h. Caspase-3 activity was measured with
a microplate reader (Bio-Rad) at an absorbance
of 405 nm.
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Wound healing assay

The transfected cells were plated in six-well
plates at 2 x 10° cells/well. When the cells
reached 80% confluence, an artificial wound
was created with a 10 uL pipette tip. The cells
were then rinsed with a medium to remove any
free-floating cells and debris. The medium was
then added, and the culture plates were incu-
bated at 37°C. The wound width was monitored
with a phase-contrast microscope (Olympus) at
0 and 24 h after scratch.

Invasion assay

An invasion assay was performed using a
Transwell system (8 uym pore size, Matri-
gel-coated polycarbonate membrane; BD Bio-
sciences). Briefly, 2 x 10* transfected cells per
insert were seeded into the upper chambers. A
complete medium containing 10% FBS was
added to the lower chambers to act as a che-
moattractant. After incubation for 24 h at 37°C,
a cotton swab was used to scrape and remove
the cells from the upper surface of the mem-
brane. The cells that invaded and adhered to
the bottom of the Matrigel membrane were
stained with crystal violet and visualized with
an inverted microscope (Olympus). The invaded
cells were counted in five separate fields per
membrane.

Terminal deoxynucleotidyl transferase medi-
ated dUTP nick-end labeling (TUNEL) assay

The tissue specimens were fixed in 10%
paraformaldehyde overnight and embedded
in paraffin by employing a standard histologi-
cal procedure. TUNEL staining was performed
in accordance with manufacturer’'s protocols
(Roche, Mannheim, BW, Germany). Briefly, par-
affin-embedded sections were deparaffinized,
rehydrated, and then subjected to antigen
retrieval with 0.1 M citrate buffer (Sigma). The
sections were rinsed with PBS and treated with
proteinase K followed by the incubation with
terminal deoxynucleotidyl transferase (TdT)
reaction mixture for 1 h at 37°C. After washing
with PBS thrice, the sections were incubated in
anti-digoxigenin-peroxidase at room tempera-
ture for 30 min, rinsed in PBS, and then treated
with diaminobenzidine (DAB; Dako, Carpinteria,
CA, USA) for 1-2 min at room temperature.
Subsequently, the sections were counter-
stained with hematoxylin (Sigma) and stored in
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Figure 2. miR-101 reduced proliferation and apoptosis resistance of OSCC cells. SCC-9 cells were transfected with
miR-NC or miR-101 mimics. (A) MTT assay was performed to determine cell viability. (B) Representative photographs
of the colony formation of SCC-9 cells. (C) Quantitative analysis of colony formation of (B). (D) Flow cytometry analy-
sis of the fraction of SCC-9 cells in G1, S and G2/M phases 48 h after transfection. (E) The percentages of apoptotic
cells analyzed by flow cytometry. Nucleosomal fragmentation (F) and caspase-3 activity (G) assays of SCC-9 cells. All
data are shown as mean * SD of three separate experiments. *P < 0.05; **P < 0.01.

the mounting medium (Dako). Negative con-
trols were incubated in a medium lacking TdT
enzyme. TUNEL-positive (apoptotic) cells were
ultimately expressed as a percentage of the
total cells determined by hematoxylin staining.

Animals

Six-week-old CB17-severe combined immune
deficiency (SCID) male mice were purchased
from the Institute of Laboratory Animal Science,
Chinese Academy of Medical Sciences (Beijing,
China). The animals were bred under aseptic
conditions and kept in a facility with constant
humidity and temperature (25°C-28°C) and a
12 h light/dark cycle. The experiments were
approved by the Institutional Animal Care and
Use Committee of the Fourth Military Medical
University.

Experimental studies in vivo

OSCC xenografts were established by subcuta-
neously injecting 1 x 10°% SCC-9-luc cells that
were infected with a recombinant lentivirus
expressing a miR-101 precursor or shZEB1, or
their control lentivirus, on the hind flanks of
SCID mice (six mice per group). Tumor volumes
were measured and calculated as follows:
tumor volume = width? x length/2. Six weeks
after inoculation, the mice were sacrificed by
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euthanasia, and the tumors were weighed. For
in vivo metastasis assays, the SCID mice were
injected with 1 x 10% SCC-9-luc cells infected
with or without various lentiviruses via their tail
vein. The mice were sacrificed by euthanasia
eight weeks after injection. The lung tissues
were removed, fixed, paraffin-embedded, seri-
ally sectioned, and subjected to hematoxylin
and eosin staining (Sigma). The metastases per
section were counted. For the apoptosis assay,
the sections were stained using TUNEL kits.

Bioluminescence imaging

The mice were anesthetized with 2% isoflurane
and received a single intraperitoneal injection
of D-luciferin (150 mg/kg; Promega) for biolu-
minescence imaging. The in vivo luciferase
activity in the mice was recorded on IVIS
Imaging System (Caliper Life Science, MA, USA)
one week after subcutaneous injection. The
signals in defined regions of interest were
expressed as photon flux (photons/s/cm?) with
the use of Living Image software (Xenogen
Corporation, Berkeley, CA, USA).

Statistical analysis

Data are expressed as mean + standard deri-
vation (SD). The statistical significance of differ-
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Figure 3. miR-101 inhibited migration and invasion of OSCC cells. SCC-9
cells were transfected with miR-NC or miR-101 mimics. (A) A wound healing
assay was performed in SCC-9 cells. The images were captured at O and 24
h. (B) Percentage of wound widths in (A). (C) Cell invasion was determined
using Transwell chambers. (D) The number of invaded cells in (C). All data are
shown as mean * SD of three separate experiments. *P < 0.05.

ences was determined by Student’s two-tailed
t-test in two groups and one-way analysis of
variance in multiple groups, and Fisher’s exact
test was used for the comparisons of the quali-
tative variables. Chi-squared tests were used
to evaluate frequencies. Kaplan-Meier method
was used to draw the survival curve, and log-
rank test was used for survival analysis. SPSS
version 16.0 software (SPSS Inc., Chicago, IL,
USA) was used for statistical analyses. Results
are considered statistically significant when P <
0.05.

Results

Reduced miR-101 and increased ZEB1 levels
in OSCC cells

miR-101 expression was significantly lower in

the OSCC specimens than that in the corre-
sponding adjacent non-cancerous specimens
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by qPCR assay (Figure 1A).
The OSCC patients with low
miR-101 expression had poor
survival rate (Figure 1B) and
high lymph-node metastasis
(Table 1) compared with
those with high miR-101 lev-
els. Previous studies showed
that miR-101 directly and neg-
atively modulates ZEB1 and
suppresses EMT in hepato-
cytes and ovarian cancer [13,
26]. Here, we found that ZEB1
expression was elevated in
OSCC specimens compared
with the corresponding adja-
cent non-cancerous Speci-
mens by qPCR and Western
blot assays (Figure 1C and
1D) and inversely correlated
with miR-101 level in OSCC
tissues (Figure 1E). In addi-
tion, miR-101 expression level
was decreased in the four
OSCC cell lines (Tca8113,
0SCC-15, SCC-9, and SCC-25)
compared with that in hNOK,
whereas ZEB1 protein expres-
sion exhibited the opposite
tendency (Figure 1F and 1G).
The SCC-9 cell line was select-
ed for further study because it
had the lowest miR-101 level
among all the tested OSCC cell lines. The
results suggested that miR-101 could serve as
a prognostic marker and play a key role in OSCC
development.

miR-101 inhibits the proliferation, apoptosis
resistance, migration, and invasion of OSCC
cells

To explore the biological functions of miR-101
in OSCC, we transfected miR-101 and miR-NC
mimics into SCC-9 cells. Cell viability was sig-
nificantly reduced in miR-101-treated cells in
comparison with the miR-NC-treated cells
(Figure 2A). miR-101 significantly decreased
the colony formation of SCC-9 cells (Figure 1B
and 1C). The miR-101-treated cells showed
increased accumulation in G1 phase and de-
creased accumulation in S and G2/M phases
(Figure 2D). As shown in Figure 2E, miR-101
introduction markedly increased the percent-

Am J Cancer Res 2016;6(6):1396-1407



MiRNA-101 inhibits tumorigenesis of oral squamous-cell carcinoma

Position 1290-1298

ZEB1 3 UTRWT 5'---CUGUGCMCAUUUUU(I-iI.llIﬁLllGUA---

Hsa-miR-101 3'.--.......AAGUCAAUAGUGUCAUGACAU-----

ZEB1 3 UTR MUT 5'---CUGUGCAACAUUUUUCAUGACAU--

A E _g B

) c

[

g i

= £

[

PicTar

C Bl miR-NC EE miR-101 D
> *% NS 1.2+
5 =
= Z 1.0
s 3
o ES o8-
e 0%
o w = 0.6
E T4
< £
2 S
= 12
2 0.0

WT MUT

miR-NC

E
£ 5
& &
& §

wie  Beactn NN

miR-101
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dicted using TargetScan, PicTar, and miRBase. (B) The predicted binding sites of miR-101 in the WT and MUT 3’-UTR
of ZEB1. (C) Dual-luciferase reporter assays were performed 24 h after co-transfection of SCC-9 cells with miR-NC
or miR-101 mimics and a pGL3 construct containing WT or MUT 3'-UTR of ZEB1. Data were normalized to those
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transfected with miR-NC or miR-101 mimics were measured by qPCR and Western blot assays. GAPDH and B-actin
were used as internal controls, respectively. All data are shown as mean + SD of three separate experiments. **P

<0.01.

age of apoptotic cells. Increases in nucleoso-
mal fragmentation (Figure 2F) and caspase-3
activity (Figure 2G) were also observed in
SCC-9 cells with miR-101 mimic transfection.
These results indicated that miR-101 inhibits
the proliferation of OSCC cells and induces
their apoptosis in vitro.

Subsequently, we evaluated whether miR-101
was able to suppress the migration and inva-
sion of OSCC cells by wound healing and
Transwell invasion assays. As expected, miR-
101 significantly inhibited the migration of
SCC-9 cells (Figure 3A and 3B). Similarly, the
invasion of SCC-9 cells was significantly re-
duced by miR-101 (Figure 3C and 3D). These
results suggested that miR-101 potently inhib-
its the migration and invasion of OSCC cells in
vitro.

miR-101 directly targets ZEB1 in OSCC cells

miR-101 targets were predicted using the fol-
lowing three algorithms: TargetScan, PicTar,
and miRBase (Figure 4A). A complementary
sequence of miR-101 to the 3-UTR of ZEB1
MRNA is shown in Figure 4B. The dual-lucifer-
ase reporter assay showed that miR-101 re-
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duced the activity of the luciferase reporter
fused to the 3-UTR-WT of ZEB1 but did not
suppress that of the reporter fused to the MUT
version (Figure 4C). The introduction of miR-
101 reduced ZEB1 expression both at the
MmRNA and protein levels in the SCC-9 cells
(Figure 4D and 4E). The data suggested that
miR-101 directly targeted ZEB1 in OSCC cells.

Inhibition of malignant phenotypes of OSCC
cells by miR-101 is mediated by ZEB1

To confirm that ZEB1 is a functional target of
miR-101, we performed ZEB1 rescue experi-
ments. ZEB1 overexpression markedly counter-
acted the inhibition of cell viability of SCC-9
cells by miR-101 (Figure 5A). Similarly, cell pro-
liferation reduction and cell cycle arrest caused
by miR-101 restoration were inhibited by co-
transfection with ZEB1-expressing plasmid
(Figure 5B and 5C). ZEB1 rescue also reduced
miR-101-induced increase in nucleosomal frag-
mentation, caspase-3 activity, and cell apopto-
sis (Figure 5D-F). ZEB1 overexpression could
partially counteract the decrease of cell inva-
sion and migration of SCC-9 cells by miR-101
(Figure 5G and 5H). These results indicated
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Figure 5. ZEB1 was a downstream functional mediator of miR-101 in OSCC cells. SCC-9 cells were transfected with
miR-NC, miR-101 mimic or miR-101 mimic + ZEB1-expressing plasmid. (A) Cell viability was measured by MTT assay.
(B) A colony formation assay was performed to assess cell proliferation, and the number of colonies was quantified.
(C) Cell cycle distribution was analyzed by flow cytometry. (D) Cell apoptosis was detected by flow cytometry. Nucleo-
somal fragmentation (E) and caspase-3 activity (F) assays were used to evaluate cell apoptosis. (G) Cell migration
was assessed by a wound healing assay, and the percentage of wound width was measured. (H) A transwell assay
was performed to detect cell invasion, and the number of invaded cells was calculated. All data are shown as mean
+ SD of three separate experiments. *P < 0.05; **P < 0.01.

that ZEB1 is a key downstream mediator of
miR-101 effects on OSCC cells.

miR-101 suppressed tumorigenesis and me-
tastasis of OSCC in vivo

A xenograft or metastasis mouse model was
established by subcutaneous or venous injec-
tion of SCC-9-luc cells stably expressing a miR-
101 precursor or a shZEB1 or their vector con-
trols to confirm the aforementioned findings in
vitro. Compared with the vector control group,

1404

the miR-101 overexpression group or the
ZEB1 knockdown group exhibited significantly
reduced tumor growth (Figure 6A), volumes
(Figure 6B) and weights (Figure 6C). miR-101
restoration or ZEB1 depletion also effectively
reduced the lung metastases in vivo (Figure
6D). The apoptotic cells were considerably
more in the tumors of ectopic miR-101 expres-
sion group or the ZEB1-silencing group than
that in the tumors derived from the control
groups (Figure 6E). These results suggested
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Figure 6. Overexpression of miR-101 or knockdown of ZEB1 suppressed tumor growth and metastasis and pro-
moted apoptosis of OSCC cells in vivo. SCID mice were injected subcutaneously or via their tail vein with SCC-9-luc
cells that were infected with a control lentivirus (Lenti-pGCsi or Lenti-pLKO.1) or a recombinant lentivirus expressing
a miR-101 precursor (Lenti-pGCsi-miR-101) or shZEB1 (Lenti-shZEB1). A. In vivo luciferase image for the detection
of the xenograft tumor growth in the mice implanted with various cells. B. Tumor volume was measured and calcu-
lated once a week. C. Tumor weight was measured after six weeks of implantation. D. The numbers of metastatic
foci in the lungs of mice from various groups eight weeks after tail vein injection. E. A TUNEL assay was performed
to detect the percentage of apoptotic cells. All data are shown as mean + SD of three separate experiments. *P <
0.05; **P < 0.01.

were attenuated and mimicked by the overex-
pression and knockdown of ZEB1, respectively.
Overall, these results suggest the potential
diagnostic and prognostic roles of miR-101 in
OSCC and indicate that miR-101 is a tumor sup-
pressor of OSCC by targeting ZEB1.

that the suppression of OSCC growth and lung
metastasis by miR-101 is mediated by the
reduction of ZEB1 in vivo.

Discussion

In this study, we found that miR-101 functioned

as a tumor suppressor of OSCC by targeting
ZEB1. The key findings were as follows: first,
miR-101 was significantly underexpressed in
OSCC tissues and cell lines. Second, miR-101
expression was inversely correlated with ZEB1
expression, as well as lymph-node metastasis
and poor survival rate in OSCC patients. Third,
miR-101 directly targeted ZEB1. Fourth, miR-
101 restoration inhibited OSCC cell prolifera-
tion, apoptosis resistance, migration, and in-
vasion in vitro, and tumor growth and lung
metastasis in vivo. Lastly, the inhibitory effects
of miR-101 on malignant phenotypes of OSCC
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mMiRNAs possess several features that make
them attractive candidates as new prognostic
biomarkers and powerful tools for the early
diagnosis of cancer [27]. miR-101 has been
shown to be underexpressed and to act as a
tumor suppressor in multiple cancers [11, 12].
In the current study, we found that miR-101 was
lowly expressed in OSCC tissues and cell lines.
OSCC patients with high miR-101 levels gener-
ally had longer survival than patients with low
miR-101 expression had. miR-101 expression
was also able to distinguish patients with or
without lymph-node metastasis, indicating the
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diagnostic and prognostic significance of miR-
101 in OSCC. Several studies have revealed
that miR-101 may target multiple effectors to
inhibit the tumorigenesis and metastasis of
malignancies [12-14]. Here, we demonstrated
that the ectopic expression of miR-101 inhibit-
ed OSCC cell proliferation, apoptosis resis-
tance, migration, and invasion in vitro, and
tumor growth and lung metastasis in vivo.

The relevance of ZEB1 to tumor progression
has been studied in several human cancers
[28-31]. In the present study, we found that
ZEB1 was significantly upregulated in OSCC tis-
sues and cell lines and inversely correlated
with miR-101 expression level. A recent study
has shown that targeting ZEB1 can inhibit
colorectal cancer cell proliferation [32]. Majid
et al. [24] reported that the knockdown of ZEB1
suppresses proliferation, migration, and inva-
sion of bladder cancer cells and induces their
apoptosis. The inhibition of ZEB1 expression
can also suppress OSCC cell growth [25]. As
shown here, ZEB1 was directly targeted by
tumor suppressor miR-101 in OSCC. Further-
more, the overexpression and silencing of ZEB1
attenuated and mimicked, respectively, the
inhibitory effects of miR-101 on OSCC cell pro-
liferation, apoptosis resistance, migration, and
invasion in vitro, and tumor growth and lung
metastasis in vivo, indicating that the inhibitory
effects of miR-101 on malignant phenotypes of
OSCC are partly mediated by ZEB1 depletion.

In summary, we demonstrated that miR-101 is
lowly expressed in OSCC tissues and cell lines
and inversely correlated with ZEB1 expression,
lymph-node metastasis, and poor prognosis of
OSCC patients. In vitro and in vivo assays
showed that miR-101 inhibited OSCC growth
and metastasis by targeting ZEB1. Therefore,
miR-101 may be a potential therapeutic target
for OSCC.
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