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MicroRNA-132 (miR-132) has been demonstrated to be a tumor suppressor in several types of tumors. However,
the expression and the role of miR-132 in human thyroid cancer are still poorly understood. The aim of the
present study was to examine the potential roles and molecular mechanism of miR-132 in thyroid cancer. We
found that miR-132 expression levels were significantly downregulated in thyroid cancer tissues and cell lines.
Function assays showed that overexpression of miR-132 in TPCL1 cells inhibited cell proliferation, migration,
and invasion. Forkhead box protein A1 (FOXAL) was identified as a direct target of miR-132 in thyroid cancer
cells. Knockdown of FOXAL in TPC1 cells significantly inhibited cell proliferation, migration, and invasion,
which mimicked the suppressive effect induced by miR-132 overexpression. Restoration of FOXAL expression
partially reversed the suppressive effect induced by miR-132 overexpression. Taken together, these results sug-
gested that miR-132 acts as a tumor suppressor in thyroid cancer through targeting FOXAL.
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INTRODUCTION

Thyroid cancer is the most common endocrine malig-
nancy and one of the most rapidly growing cancers over
the last several decades’. Despite the advances in diag-
nostic and therapeutic approaches that have greatly
improved the prognosis of thyroid cancer, up to 30% of
patients present with locoregional recurrence or distant
metastases within 10 years®. Therefore, further investiga-
tions into the molecular mechanisms that are involved in
thyroid cancer progression and metastasis are essential
for effective treatment of this disease.

MicroRNAs (miRNAs) are a class of endogenous,
single-stranded, short (18-25 nucleotides in length), highly
conserved noncoding RNAs that control the expression of
a large number of genes by binding to the 3éuntranslated
region (3¢UTR) of target mMRNAs, leading to mRNA
cleavage/degradation or translational repression®”. Increa-
sing evidence has suggested that miRNAs function as
tumor suppressors or oncogenes in various types of can-
cer by regulating proliferation, metastasis, and angio-
genesis®®. Recent advances in the understanding of the
molecular mechanisms of thyroid cancer have revealed
that multiple miRNAs are involved in the occurrence and
development of thyroid cancer’”.

MicroRNA-132 (miR-132), located in the intron of a
noncoding gene on chromosome 17 in humans®, has been
reported to function as a tumor suppressor in several
malignant tumors, such as ovarian cancer", glioma,
lung cancer®, hepatocellular carcinoma®, and breast can-
cer. However, the role and molecular mechanism of
miR-132 in thyroid cancer remain unclear. Therefore, in
this study, we investigate the potential role and molecular
mechanisms of miR-132 in thyroid cancer.

MATERIALSAND METHODS
Patients and Tissue Samples

Thirty paired human thyroid cancer specimens and
adjacent noncancerous tissues (ANTs) were obtained
from patients who underwent surgical resection in the
First Hospital of Jilin University (Changchun, P.R. China)
between September 2013 and December 2015. All tissue
samples were snap frozen in liquid nitrogen immedi-
ately following surgery until use. All samples were his-
tologically classified by two clinical pathologists. This
study was approved by the ethics committees of the First
Hospital of Jilin University (Changchun, P.R. China), and
informed consent was obtained from all patients.
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Reagents, Cell Culture, and Transfection

Chemically synthesized miR-132 mimic (miR-132) or
negative control (miR-Ctrl) was purchased from Ambion
(Austin, TX, USA). The RNAI plasmids targeting human
FOXAl1 mRNA (si-FOXAL) or scramble control (si-
Ctrl) were bought from GenePharma (Shanghai, P.R.
China). The FOXA1 overexpression plasmid was pro-
vided by Xue Wang (Jilin University, Changchun; P.R.
China). Human thyroid cancer cell lines (TPC1 and
GLAG-66) and a human normal thyroid follicular epithe-
lial cell line (Nthy-ori 3-1) were purchased from the Type
Culture Collection of the Chinese Academy of Sciences
(Shanghai, P.R. China) and were cultured in DMEM
(Gibco-BRL, Gaithersburg, MD, USA) supplemented
with 10% FBS (Gibco-BRL), L-glutamine, and penicillin/
streptomycin in a 5% CO, atmosphere. Transfection was
performed using Lipofectamine 3000 reagent (Invitrogen,
Life Technologies, Carlsbad, CA, USA) according to the
manufacturer’s instructions.

Real -Time Quantitative Reverse Transcription PCR

Total RNA, including miRNAs, was isolated from tis-
sues and cultured cells using TRIzol® reagent (Invitrogen)
according to the manufacturer’s instructions and re-
versely transcribed to cDNA using reverse transcriptase
Moloney murine leukemia virus (TaKaRa, Tokyo, Japan).
Quantitative real-time polymerase chain reaction (PCR)
was performed using SYBR Premix Ex Taq (TaKaRa)
following the manufacturer’s protocol under ABI 7900
Sequence Detection System (Life Technologies, Mount
Vernon, NY, USA). The primers of miR-132 and U6
were brought from Applied Biosystems (Foster City, CA,
USA). The primers of FOXA1 and GAPDH were used
in this study as described previously'®. miR-132 expres-
sion was normalized to U6 internal control, and FOXA1
mRNA expression was normalized to GAPDH internal
control using the 27" method.

Cell Proliferation

Cell proliferation was analyzed using the cell counting
kit 8 (CCK-8; Dojindo, Kumamoto, Japan) according to
the manufacturer’s instructions. In brief, transfected cells
were seeded in 96-well plates at a density of 2 10:cells/
well in 100 ul of DMEM. At indicated times (24, 48, and
72 h), 10 pl of CCK-8 (Dojindo) was added to each well
and cultured for an additional 2 h. Then the OD value
was measured in a spectrophotometer (SpectraMax Plus;
Molecular Devices, Sunnyvale, CA, USA) at 450 nm.

Migration and Invasion Assays

The Transwell migration and invasion assay was
performed using Transwell inserts (Corning, New York,
NY, USA). Briefly, 2" 10 transfected cells in 100 ul of
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serum-free medium were added to the upper chamber
of an insert (8-um pore size; Millipore) coated with (for
invasion assay) or without (for migration assay) Matrigel
(BD Biosciences, Franklin Lakes, NJ, USA), and 600 pl
of medium containing 10% FBS was added to the lower
chamber. After incubation at 37°C for 24 h (for migra-
tion assay) or 48 h (for invasion assay), the migrated or
invaded cells were fixed in 70% ethanol for 30 min and
stained with 1% crystal violet for 10 min. The number of
migrated or invaded cells was counted and photographed
using an IX71 inverted microscope (Olympus, Tokyo,
Japan) at 200" magnification in at least five fields.

Luciferase Reporter Assay

A full-length human FOXA1 3¢UTR with a wild-type
and mutant target sequence for miR-132 was amplified
by PCR and inserted downstream of the Renilla psi-
CHECK2 (Promega, Madison, WI, USA) at the Notl and
Xhol sites. For the luciferase reporter assay, the luciferase
reporter gene vector with wild-type FOXAL (Wt-FOXAL)
or mutant FOXALl (Mut-FOXAL) was cotransfected
with miR-132 mimic or miR-Ctrl into TPC1 cells using
Lipofectamine 3000 (Invitrogen) according to the manu-
facturer’s protocol. Cells were harvested at 48 h after trans-
fection, and luciferase activity was measured using the
Dual-Luciferase Reporter Assay System (Promega Corp.).

Western Blot

Total protein was isolated from cultured cells with
RIPA lysis buffer [1% NP-40, 0.1% sodium dodecy! sul-
fate (SDS), 100 pg/ml phenylmethylsulfonyl fluoride,
0.5% sodiumdeoxycholate, in PBS] containing protein-
ase inhibitor (Sigma-Aldrich, USA) on ice for 30 min.
Protein concentrations were measured using a BCA Assay
Kit (Pierce, Rockford, IL, USA). Thirty micrograms of pro-
tein mixed with 2~ SDS loading buffer [125 mmol/L Tris-
HCI, 4% SDS, 20% glycerol, 100 mmol/L dithiothreitol
(DTT), and 0.2% bromophenol blue] was loaded per lane
and was separated by 10% SDS-polyacrylamide gel elec-
trophoresis (PAGE) at 120 V for 2 h, and then transferred
onto the polyvinylidene difluoride (PVDF) membranes
(Millipore, Bedford, MA, USA). The membranes were
blocked with 4% nonfat dry milk in TBST (20 mM Tris-
HCI, pH 7.5, 150 mM NaCl, 0.1% Tween 20) for 2 h at
room temperature, followed by incubation with antibody
against FOXAL (1:500; Santa Cruz, Santa Cruz, CA,
USA) or GAPDH (1:5,000; Santa Cruz) at 4°C over-
night. Finally, the membrane was washed with TBST and
incubated with horseradish peroxidase (HRP)-conjugated
goat anti-mouse IgG (1:5,000; Santa Cruz) at room tem-
perature for 2 h. Protein bands were detected using the
enhanced chemiluminescence (ECL) reagents (Pierce;
Thermo Fisher Scientific Inc., Waltham, MA, USA) and



THE ROLE OF miR-132 IN THYROID CANCER

exposed on an X-ray film (Pierce). GAPDH was used as
a loading control.

Satistical Analysis

All statistical analyses were performed using the SPSS
19.0 statistical software package (Chicago, IL, USA), and
the data are expressed as the means+standard deviation
(SD). Student’s t-test or one-way ANOVA was used for
comparison of differences between groups. A value of
p<0.05 was considered significant in this study.

RESULTS

miR-132 Expression Was Downregulated in Human
Osteosarcoma Tissues and Cell Lines

The expression level of miR-132 was quantified in
thyroid cancer tissues and ANTSs by real-time quantitative
reverse transcription PCR (RT-gPCR). Compared with the
ANTSs, the expression level of miR-132 was significantly
downregulated in human thyroid cancer tissues (p<0.01)
(Fig. 1A). Furthermore, miR-132 expression was deter-
mined by RT-gPCR in two thyroid cancer cell lines (TPC1
and GLAG-66) and a human thyroid follicular epithelial
cell line (Nthy-ori 3-1). As shown in Figure 1B, miR-132
expression was significantly decreased in thyroid cancer
cell lines compared to the normal thyroid cell line (Nthy-
ori 3-1; p<0.05). TPC1 cells showed the lower expres-
sion of miR-132 compared to GLAG-66 cells (Fig. 1B);
thus, TPC1 cells were selected for further experiments.
The data above suggest that miR-132 decreases in both
thyroid cancer tissues and cell lines.

miR-132 Inhibits Cell Proliferation, Migration,
and Invasion of Thyroid Cancer Cells

To explore the potential role of miR-132 in thy-
roid cancer cell growth and metastasis, we transfected
miR-132 mimic into TPC1 cells, and then performed
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cell proliferation, migration, and invasion assays at the
indicated times. RT-gPCR confirmed that TPC1 cells
transfected with miR-132 mimic successfully increased
miR-132 expression level compared to cells transfected
with miR-Ctrl (Fig. 2A). The CCK-8 assay showed that
miR-132 overexpression in TPC1 cells significantly
inhibited cell proliferation (Fig. 2B). In addition, we also
found that miR-132 overexpression in TPC1 cells sig-
nificantly inhibited cell migration (Fig. 2C) and invasion
(Fig. 2D). Collectively, these results suggested that miR-
132 can efficiently inhibit cell proliferation, migration,
and invasion of TPC1 cells.

FOXAL Was a Direct Target of miR-132

FOXAL is predicted to be a potential target of miR-
132 since TargetScan software demonstrated a putative
binding site (164-171) to miR-132 in the 36UTR region
of FOXAL (Fig. 3A). To identify whether FOXAL is a
direct target of miR-132, Wt and Mut FOXA1 3¢UTR
were cloned into reporter plasmids, respectively, and
were transfected into the TPC1 cells along with the miR-
132 mimic or miR-Ctrl. As validated by the luciferase
reporter assay, the luciferase activity of Wt FOXAL
36UTR was significantly suppressed in the cells trans-
fected with the miR-132 mimic relative to the cells trans-
fected with the miR-Ctrl (p<0.01) (Fig. 3B); however,
miR-132 mimic did not affect the luciferase activity of
mutant FOXA1-3¢UTR. RT-gPCR and Western blot
were then used to determine expression levels of FOXAL
in TPC1 cells transfected with the miR-132 mimic or
miR-Ctrl. The results showed that FOXAL expression
on the mRNA level (Fig. 3C) and protein level (Fig. 3D)
was significantly decreased in cells transfected with miR-
132 mimic compared to cells transfected with miR-Ctrl.
These results suggest that FOXAL is a direct target of
miR-132 in thyroid cancer cells.
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Figure 1. MicroRNA-132 (miR-132) expression was downregulated in thyroid cancer tissues and cell lines. (A) Relative miR-132
expression level was determined by real-time quantitative reverse transcription polymerase chain reaction (RT-gPCR) in 30 thyroid
cancer tissues and adjacent noncancerous tissues (ANTS). (B) Relative miR-132 expression level was determined by RT-gPCR in
two thyroid cancer cell lines (TPC1 and GLAG-66), compared to those in the human normal thyroid follicular epithelial cell line
(Nthy-ori3-1). U6 was used as the internal control. **p<0.01.
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Figure 2. miR-132 inhibited cell proliferation, migration, and invasion in thyroid cancer cells. (A) Relative expression level of
miR-132 was detected in TPC1 cells transfected with miR-132 mimic or miR-Ctrl by RT-gPCR. U6 was used as the internal con-
trol. (B-D) Cell proliferation, migration, and invasion were determined in TPC1 cells transfected with miR-132 mimic or miR-Ctrl.

*p<0.05, **p<0.01.

FOXA1 Deletion Inhibited Cell Proliferation,
Migration, and Invasion in Thyroid Cancer Cells

To determine the role of FOXAL1 in thyroid cancer cells,
TPC1 cells were transfected with si-FOXAL or si-Ctrl.

As shown in Figure 4A, the FOXAL protein expression
was downregulated in cells transfected with si-FOXA1
compared with cells transfected with si-Ctrl. In addition,
we also found that knockdown of FOXAL significantly
inhibited cell proliferation, migration, and invasion of

Figure 3. FOXA1 was a direct target of miR-132 in thyroid cancer cells. (A) The predicted binding sites for miR-132 in the
3¢untranslated region (3¢UTR) of FOXAL (positions 164-171) and the mutations in the binding sites are shown. (B) Luciferase
activities were determined in TPC1 cells 48 h after cotransfection with reporter vectors carrying either wild-type FOXA1 3¢UTR
(Wt-FOXAL) or mutated (Mut-FOXAZL), and miR-132 mimic or miR-Ctrl. FOXAL expression at the mRNA level (C) and protein level
(D) was detected in TPCL1 cells transfected with miR-132 mimic or miR-Ctrl. GAPDH was used as the internal control. **p<0.01.
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TPC1 cells (Fig. 4B-D), which mimicked the effect of
miR-132 overexpression on thyroid cancer cells.

miR-132 Inhibited Cell Proliferation, Migration, and
Invasion via Targeting FOXAL in Thyroid Cancer Cells

To further illustrate whether miR-132 affects human
thyroid cancer cell proliferation, migration, and inva-
sion through FOXAL, FOXA1 overexpression plasmid
or blank vector, together with miR-132 mimic or miR-
Ctrl, was cotransfected into the TPC1 cells, and their
effects on proliferation, migration, and invasion in the
above cells were determined. As shown in Figure 5A,
FOXAL expression was upregulated in TPC1-miR-132
cells after transfection with FOXAL overexpression plas-
mid. In addition, we found that FOXAL overexpression
was able to counteract the inhibitory effect induced by
miR-132 overexpression on cell proliferation (Fig. 5B),
migration (Fig. 5C), and cell invasion (Fig. 5D) in thyroid
cancer cells.

DISCUSSION

Accumulating evidence has suggested that miRNAs
play crucial roles in the initiation and progression of
thyroid cancers and that exploration of cancer-specific
miRNAs and their downstream targets may contribute
to the identification of novel diagnosis biomarkers and
therapeutic targets for human thyroid cancers”®. In this
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study, we initially evaluated the expression of miR-132
in 30 paired samples of thyroid cancer tissues and ANTS.
Our data showed that the expression of miR-132 was
impaired in HCC tissues. Furthermore, miR-132 was
reduced in two thyroid cancer cell lines compared with
a normal thyroid cell line. Function assays revealed that
miR-132 suppressed cell proliferation, migration, and
invasion of thyroid cancer cells. These results indicate
that miR-132 may play a critical role in the initiation and
progression of thyroid cancers.

Pathologically, miR-132 may play a role in inflam-
mation development, cell transformation, and vascular
smooth muscle dysfunction” . It has been suggested that
miR-132 functioned as a tumor suppressor in multiple
cancers™ ", However, another study showed that miR-
132 upregulation promotes gastric cancer cell growth
through suppression of FoxO1 translation, suggesting it is
an oncogene in gastric cancer®. These conflicting results
suggested that miR-132 functioned as either a tumor sup-
pressor or oncogene in human cancers, which might be
dependent on the type of cancer cells. In this study, with a
series of in vitro experiments, we confirmed that miR-132
expression was downregulated in thyroid cancer tissues
and cell lines and that miR-132 overexpression inhibited
cell proliferation, migration, and invasion of thyroid can-
cer cells. These results suggested that miR-132 served as
a tumor suppressor in thyroid cancer.

Figure 4. FOXAL deletion inhibited cell proliferation, migration, and invasion in thyroid cancer cells. (A) FOXAL protein expres-
sion was determined in TPC1 cells transfected with si-FOXA1 or si-Ctrl by Western blot. GAPDH was used as the internal control.
Cell proliferation (B), migration (C), and invasion (D) were determined in TPC1 cells transfected with si-FOXAL or si-Ctrl. *p<0.05,

**p<0.01.
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Figure 5. miR-132 inhibits cell proliferation, migration, and invasion in thyroid cancer cells via targeting FOXAL expression.
(A) FOXAL1 protein expression was detected in TPCL1 cells transfected with miR-132 mimic or miR-Ctrl, together with overexpression
FOXAL1 plasmids, or vector. GAPDH was used as the internal control. Cell proliferation (B), migration (C), and invasion (D) were
determined in TPC1 cells transfected with miR-132 mimic or miR-Ctrl, together with overexpression FOXA1 plasmids or vector.

*p<0.05, **p<0.01.

To further investigate the underlying mechanisms by
which miR-132 exerts its biological effects on thyroid
cancer cells, it is necessary to identify its downstream
functional targets. In this study, FOXAl was pre-
dicted as a direct target of miR-132 by the public data-
base TargetScan. Using dual-luciferase reporter assay,
RT-gPCR, and Western blot analysis, we further con-
firmed that FOXAL was a target of miR-132 in thyroid
cancer cells. FOXA1, a member of the human Forkhead-
box family, has been implicated in congenital disorders,
diabetes, and carcinogenesis®. Recently, a report dem-
onstrated that the expression of FOXA1l was upregu-
lated in human anaplastic thyroid carcinoma (ATC) and
that silencing of FOXAL in an ATC cell line causes G,
growth arrest and reduction of cell proliferation?, sug-
gesting its oncogenic role in thyroid cancer. In addition,
FOXAL has been identified as a target gene of several
miRNAs, including miR-194°, miR-212*, miR-17%, and
miR-1290%. Here we showed that FOXA1 was a target
of miR-132 in thyroid cancer cells. FOXA1 knockdown
showed the same regulatory effect as upregulation of
miR-132 in TPC1 cells with decreased cell prolifera-
tion, migration, and invasion. In addition, overexpres-
sion of FOXAL in TPC1 reversed the inhibitory effect of
miR-132 overexpression on proliferation, migration, and
invasion. These results suggested that miR-132 exerts it
tumor-suppressing functions in thyroid cancer by target-
ing FOXAL.

In summary, the results presented here first demon-
strate that the expression level of miR-132 was decreased
in thyroid cancer tissues and cell lines and that miR-132
inhibited cell proliferation, migration, and invasion of
thyroid cancer by repressing FOXAL. These results sug-
gested that miR-132 functioned as tumor suppressor by
targeting FOXA1 and that miR-132 may serve as a poten-
tial therapeutic candidate for thyroid cancer.
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