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MiRNA-299-5p regulates estrogen receptor alpha
and inhibits migration and invasion of papillary
thyroid cancer cell
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Background: The incidence of papillary thyroid cancer (PTC) is increasing faster than any other
solid tumors worldwide. Invasion and metastasis are the main reasons for the poor prognosis
of patients with PTC. Previously, we observed significantly low expression of miRNA-299-5p
in invasive PTC tissue samples.

Aim: The present study aimed to determine whether miR-299-5p plays a key role in PTC
migration and invasion.

Materials and methods: The miR-299-5p expression level was measured using quantitative
real-time PCR in 109 human PTC samples and paired adjacent normal tissues and in the human
BCPAP PTC cell line. The effects of miR-299-5p on PTC cell migration and invasion were assessed
using wound healing and transwell assays. In addition, we searched for the miR-299-5p target,
and the potential mechanism was demonstrated using a reporter assay and rescue experiment.
Results: The expression of miR-299-5p was associated with gender and extrathyroidal exten-
sion, and an elevated level of miR-299-5p suppressed BCPAP cell migration and invasion.
Estrogen receptor oo (ERQ) is a direct target of miR-299-5p. The expression level of ERo was
significantly higher in PTC tissues and was associated with migration and invasion in PTC cells.
Overexpression of ERa could impair miR-299-5p-induced inhibition of migration and invasion.
As a key factor of the pathway related to PTC invasion, Glil can be combined with ERo and
can be regulated by miR-299-5p.

Conclusion: Our data suggested that miR-299-5p could participate in PTC migration and
invasion and could be a potential therapeutic target for patients with aggressive PTC tumors.
Keywords: miR-299-5p, papillary thyroid cancer, PTC, estrogen receptor o, ER0, migration,
invasion

Introduction
Papillary thyroid cancer (PTC), comprising more than 80% of all thyroid carcinomas,
is the prevalent histotype of thyroid cancer.! It is usually a slow-growing cancer, with
a good prognosis and therapeutic response. Although the overall survival from PTC is
97%, patients with advanced PTC have a 5-year survival rate of only 59%.? Lymph node
metastasis (LNM), extrathyroidal extension (ETE), and distant metastasis are associated
with advanced tumor node metastasis (TNM) stages and poor prognosis.® Therefore,
efforts should be made to improve the prognosis of these patients with aggressive tumors.
Accumulating evidence suggests that miRNAs are involved in many important
physiological and pathological processes, such as cell differentiation, development,
and proliferation. miRNAs are widely dysregulated in different cancers including
thyroid cancer.** Our previous microarray analysis study showed that miR-299-5p was
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significantly downregulated in ETE PTC tissues compared
with that in non-ETE PTC tissues.® miR-299-5p is also sig-
nificantly downregulated and can act as a tumor suppressor
in various tumors, including prostate cancer, breast cancer,
hepatocellular cancer, and colorectal cancer.””' However, the
expression, clinicopathological significance, and function of
miR-299-5p in PTC require further investigation.

The reason for high incidence of PTC in women is unclear.
Studies have revealed that the estrogen receptor (ER), especially
ERo, plays an important role in the development and progres-
sion of PTC.'12 Upregulation of ERo expression in PTC cells
increased the activity and secretion of MMP-2 and MMP-9
and promoted cell invasion and metastasis.'* Our previous
study indicated that the expression of ERa was significantly
associated with gender and ETE in PTC tissues. Moreover, ERa.
can promote the invasion of the ERa-positive PTC cell line
BCPAP when treated with the ERai-selective agonist 1,3,5-tris
(4-hydroxyphenyl)-4-propyl-1H-pyrazole (PPT).!!3

The transcription factor Glil is both a downstream
effector of the Hedgehog (Hh) pathway and a target protein
regulated by this pathway, and its expression is a hallmark
of activation of the Hh pathway.'® Some studies suggest the
relationship between Glil expression and tumor invasion and
metastasis.!”!® Our previous study showed that the expres-
sion of Glil in the Hh signaling pathway in PTC tissues
was significantly higher than that in normal tissues, and its
expression level correlated with tumor size, extrathyroidal
invasion, and LNM." Studies on breast cancer have shown
that overexpression of ERa in ER-positive breast cancer
cells can upregulate the transcriptional activity of G/i/ and
even promote the effect of Glil protein on cell invasion and
metastasis.?*?!

We propose the following hypothesis: in ERo-positive
cell lines, miR-299-5 p may inhibit the invasion of PTC cells
by targeting ERa to affect the expression of Glil.

Materials and methods

A total of 109 human PTC tissues and 109 paired adjacent
normal thyroid tissues were obtained from patients under-
going curative-intent surgery in Department of Thyroid
Surgery, the First Hospital of China Medical University
(Shenyang, China) between 2010 and 2014. All tissues were
immediately frozen in liquid nitrogen and stored at —80°C
until processing. The inclusion criteria were as follows: all
patients received initial surgery and none of the patients in
our group had undergone prior oncological surgery or head
and neck irradiation. Clinicopathological information, such
as tumor size, the presence of ETE, and LNMs, were collected

from the relevant medical records. ETE was defined as inva-
sion of an adjacent tissue or an organ or the skeletal muscle
outside the isthmus.?? Our study was approved by the ethics
committee of the First Hospital of China Medical University,
Shenyang, China. Written informed consent was obtained
from all study participants.

Cell culture and transfection

The ERa-positive human PTC cell line, BCPAP, was bought
from the Stem Cell Bank, Chinese Academy of Sciences
(Shanghai, China) and maintained in Roswell Park Memorial
Institute (RPMI) 1640 medium supplemented with 10% FBS
(RPMI 1640+10% FBS+1% nonessential amino acids+1%
sodium pyruvate+1% Glutamax).?** The miR-299-5p mimic,
inhibitor, and their respective negative control (NC) were
purchased from Gene Pharma (Shanghai, China). siRNAs to
silence ERa were designed and synthesized by Gene Pharma.
The oligonucleotide sequences were as follows: miR-299-5p
mimic (sense): 5-UGGUUUACCGUCCCACAUACAU-%,
NC (sense): 5’-UUCUUCGAACGUGUCACGUTT-3".
ERo-siRNAs sequences used were 5-CGAGUAUGAUC-
CUACCAGATT-3" (sense); the following nonsense siRNA
was used as aNC: 5’-UUCUCCGAACGUGUCACGUTT-3’
(sense). Glil-siRNAs sequences used were 5'-AACUCCA-
CAGGCAUACAGGAU-3’ (sense); NC: 5-AACGUACGC-
GGAAUACAACGA-3’ (sense). Lipofectamine 2000 was
used for transfection (Thermo Fisher Scientific, Waltham,
MA, USA). The PTC cell line treated with the transfection
reagent alone was used as a mock control. The normal human
thyroid follicular epithelial cell line, Nthy-ori 3-1, was pur-
chased from the European Collection of Authenticated Cell
Culture (ECACC, UK).

Lentivirus and its NC were designed and synthesized by
Genechem (Obio Technology Corp., Ltd., Shanghai, China).
A total of 3x10° cells/mL were seeded in each well of a
six-well plates and then infected with pLenti-EF1a-EGFP-
P2A-Puro-CMV-ESR1-3Flag (vector-ER) or plenti-CM V-
3FLAG-GLI1-PGK-Puro (vector-Glil), empty vector (EV;
NC group), and no infection (nontransfected control group)
by replacing the medium with infection medium containing
recombinant vectors at a multiplicity of infection (MOI)
of 40 plaque forming units per cell and 10 pL of 1 mg/mL
polybrene (Obio Technology Corp., Ltd.). Plates were then
incubated for 24 hours before their media were changed to
fresh, virus-free media. Cells were treated with puromycin
(1 pg/mL; InvivoGen, San Diego, CA, USA) to produce
stable transfected cells (vector-ERa., vector-Glil, and EV)
for further experiments.
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Total RNA extraction and quantitative
real-time reverse transcription PCR (qRT-

PCR) detection

Total RNA was isolated using RNAiso Plus (Takara Biotech-
nology Co., Ltd., Dalian, China). The 638315 Mir-X" miRNA
First-Strand Synthesis Kit (Takara Biotechnology Co., Ltd.)
was used to transcribe total RNA to cDNA. qRT-PCR was per-
formed using SYBR Premix Ex Taq II (Takara Biotechnology
Co., Ltd.) on the LightCycler 480 system (Roche Diagnostics,
Indianapolis, IN, USA). The qRT-PCR cycling profile was as
follows: 95°C for 30 seconds, followed by 40 cycles at 95°C
for 5 seconds and 60°C for 30 seconds. GAPDH and U6 were
used as references for mRNAs and miRNAs, respectively.

Cell migration and invasion assays

Cell migration was evaluated using a wound-healing assay.
After 24 hours of transfection, 4x10° cells were cultured in
six-well plates until the cell confluence reached 90%, and
scratches were created by scraping the cell layer across each
well using a 200 pL pipette tip. Wound healing was observed
under a light microscope, and images in three observation
fields were captured at 0 hour and 24 hours. Transwell inva-
sion assays were performed to determine cell invasion. After
24 hours of transfection, the cells were trypsinized, the cells
were suspended into single cells in a serum-free medium,
and the concentration of each group was adjusted to 4x10*
cells/mL using a serum-free medium. Cell invasion assays
in vitro were performed using a Transwell chamber (Costar,
Corning, NY, USA) with a polycarbonic membrane (6.5 mm
in diameter and 8 pm pore size). Cells were incubated for 36
hours for the invasion assay. Afterward cells that had invaded
to the lower surface of the membrane were fixed with 4%
paraformaldehyde and stained with 0.5% crystal violet and
washed twice with PBS. Stained cells were observed under
an inverted microscope to count the cell number within five
randomly chosen fields at 100x magnification, and the aver-
age number was calculated.

Luciferase reporter assay

The 3’ UTR from ESR! (encoding ERo) (ESR1-3"UTR [Wt])
and mutant ESR-3’UTR (Mut) containing the putative bind-
ing site of miR-299-5p were generated by PCR amplification,
established, and cloned into the firefly luciferase expressing
vector pmirGLO (Promega Corporation, Fitchburg, WI,
USA) for a dual luciferase reporter assays. The 293 T cell
line was purchased from the Stem Cell Bank, Chinese Acad-
emy of Sciences (Shanghai, China) and used for luciferase
reporter assays. 293 T cells were plated into 24-well plates

and cotransfected with 500 ng of the ESR/-Wt or ESRI-Mut
reporter vector and 100 nM miR-299-5p mimics or 200 nM of
inhibitor using Lipofectamine 2000. After 48 hours, the cells
were harvested, and luciferase activity levels were measured
using a Dual-Luciferase Reporter Assay System (Promega
Corporation) according to the manufacturer’s protocol.

Immunohistochemical analysis

Twenty formalin-stabilized PTC tissues and adjacent normal
thyroid tissues were embedded in paraffin and cut into 4 pm
sections for use in immunohistochemistry (IHC). Slides were
deparaffinized, rehydrated, and subjected to microwave heat
antigen retrieval in 0.01 mol/L sodium citrate buffer (pH 6.0)
for 20-25 minutes. After blocking endogenous peroxidase
activity after 30 minutes at 37°C, the sections were incu-
bated with primary antibodies against ERo (1:200; Abcam,
Cambridge, UK) overnight at 4°C. Immunoreactivity was
visualized using the chromogen 3, 3’-diamino-benzidine
(DAB; Maixin Bio, Fuzhou, China). The slides were then
counterstained with hematoxylin, washed, dehydrated with
alcohol and xylene, and mounted onto cover slips.

Western blotting analysis

Proteins were extracted from BCPAP cells and PTC and
adjacent normal tissue samples from eight patients (four
male and four female patients, and four patients were <45
years old and four were >45 years old). The protein extracts
(20-30 pg) were separated on 10% SDS-PAGE gels and then
electrophoretically transferred to polyvinylidene difluoride
membranes (EMD Millipore, Billerica, MA, USA). Mem-
branes were blocked in 5% skim milk, which was dissolved
in Tris-buffered saline with 0.1% Tween-20 (TBS-T) for 2
hours. The membranes were then incubated with primary
antibodies for ERa. (1:300; Santa Cruz Biotechnology Inc.,
Dallas, TX, USA), Glil (1:100; Santa Cruz Biotechnology
Inc.), and GAPDH (1:3,000; Santa Cruz Biotechnology Inc.)
overnight at 4°C. The membranes were then washed three
times and incubated with a 1:10,000 dilution of horseradish
peroxidase-conjugated anti-rabbit or anti-mouse secondary
antibody and visualized using enhanced chemiluminescence
(ECL; Thermo Fisher Scientific).

Coimmunoprecipitation

For coimmunoprecipitation of Glil with ERq, the following
lysis buffer was used: 20 mM Tris (pH 7.9), 150 mM NaCl,
1 mM EDTA, 0.3% Triton-X-100, proteinase inhibitor cock-
tail (Roche Applied Science, Penzberg, Germany), and halt
phosphatase inhibitor cocktail (Thermo Fisher Scientific).
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The cell lysates were subjected to immunoprecipitation with
anti-Glil antibodies (Santa Cruz Biotechnology Inc.) or anti-
ERo antibodies (Santa Cruz Biotechnology Inc.). The eluates
were separated by SDS-PAGE, and Western blotting analysis
was performed using the anti-ERa antibodies (1:1,000) and
anti-Glil antibodies (1:1,000).

Statistical analyses

All statistical analyses were performed using SPSS Statistics
(version 20.0; IBM Corporation, Armonk, NY, USA) and
GraphPad Prism 6 software (GraphPad Software, Inc., La
Jolla, CA, USA). The results are presented as meantSD
and median (IQR). The relative expression levels of mRNAs
or miRNAs were calculated using the 274t method (cycle
threshold [Ct]). The Mann—Whitney U test, Student’s ¢-test,
and ANOVA tests were used to compare data from indepen-
dent groups. Bonferroni correction was used to counteract
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the problem of multiple comparisons. The chi-squared test
was applied to examine the relationship between miR-299-5p
expression and the clinicopathological characteristics.
P-value <0.05 was considered statistically significant.

Results

miR-299-5p was downregulated in PTC
tissues and cell lines and was associated
with gender and ETE

The expression of miR-299-5p was significantly lower in
human PTC tissues (n=109) compared with that in paired
adjacent normal thyroid tissues (Figure 1A; P<0.001). To
further investigate the clinical significance of miR-299-5p,
we examined the correlations between miR-299-5p expres-
sion and the clinicopathological features in PTC tissues. As
shown in Table 1, there were significant differences in the
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Figure | miR-299-5 p was downregulated and associated with gender and ETE in PTC tissues.

Notes: (A) The relative expression levels of miR-299-5p in 109 PTC tissues and paired adjacent normal thyroid tissues. (B) The relative expression levels of miR-299-5p in
74 female and 35 male PTC tissues. (C) The relative expression levels of miR-299-5p in 31 ETE and 78 non-ETE PTC tissues. (D) The relative expression levels of miR-299-5p
in PTC cell lines (BCPAP) and normal human thyroid follicular epithelial cell line (Nthy-ori 3-1). All experiments were determined by qRT-PCR. The Mann-Whitney U test
was used to analyze the differences between the two groups; data are presented as the median (IQR). *P<0.05; **P<0.01.

Abbreviations: ETE, extrathyroidal extension; PTC, papillary thyroid cancer; qRT-PCR, quantitative real-time reverse transcription PCR.
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Table | Correlation of miR-299-5p expression with
clinicopathologic characteristics in PTC
Clinicopathologic Case Relative P-value
parameters number, | miR-299-5p
n (%) expression
Total cases 109
Age (years)
<45 68 (62.39) | 0.43 (0.21-0.86) | 0.405
>45 41 (37.61) | 0.64 (0.24-1.12)
Gender
Male 35(32.11) |0.79 (0.37-1.69) | 0.0011I*
Female 74 (67.89) | 0.37 (0.20-0.74)
Cancer size (cm)
<4 83 (76.15) | 0.70 (0.21-1.34) | 0.361
>4 26 (23.85) | 0.46 (0.22-0.86)
Lymph node metastasis
Positive 43 (39.45) | 0.37 (0.19-1.04) | 0.229
Negative 66 (60.55) | 0.57 (0.27-0.94)
Extrathyroid extension
Positive 31 (28.44) | 0.25(0.13-0.78) | 0.01°
Negative 78 (71.56) | 0.57 (0.28-1.15)

Notes: All data were calculated using Mann-Whitney U test. The data are
represented as median (IQR). *Statistically significant (P<0.05).
Abbreviation: PTC, papillary thyroid cancer.

expression levels of miR-299-5p (relative quantification
value) with regard to gender (74 females vs 35 males; Figure
1B; P=0.0011). We compared the miR-299-5p expression
between the same number of male and female samples (n=35;
Figure S1). The estrogen levels get lower with decreased
ovulation in women older than 45 years. Thus, the analysis of
ERa expressions in PTC was performed in those patients of
reproductive age (<45 years old) and advanced reproductive
age (>45 years old). We provided the differences in miR-
299-5p expression levels in males and females in different
age subgroups. In female group, miR-299-5p expression
was significantly lower in patients aged 45 years or younger
than that in patients older than 45 years. The opposite result
was found in the male group (Figure S2A and B). In addi-
tion, miR-299-5p was strongly associated with ETE in PTC
(31 ETE vs 78 non-ETE; Figure 1C; P=0.01), which was
consistent with the previous microarray data. We detected
miR-299-5p expression in ETE vs non-ETE patients in
gender-specific and age-specific manners (Figure S3A-D).
The patients with ETE included eight with perithyroid muscle
invasion, 11 with recurrent laryngeal nerve, three with tra-
chea, two with esophagus, five with carotid artery sheath,
and two with jugular vein. miR-299-5p was downregulated
in PTC cell lines (BCPAP) compared with that in normal
human thyroid follicular epithelial cell line (Nthy-ori 3-1;
Figure 1D; P<0.05). miR-299-5p inhibited the migration
and invasion of PTC cells

A wound healing assay and a transwell assay were used to
assess the effect of miR-299-5p on migration and invasion,
respectively, of PC cells in vitro. The results showed that
miR-299-5p overexpression reduced the migration ability
of BCPAP cells compared with that of the NC (Figure 2A;
P<0.001). Moreover, as shown in Figure 2B, the Tran-
swell assays indicated that overexpression of miR-299-5p
decreased the invasion abilities of BCPAP cells (P=0.002).
Taken together, these data indicated that miR-299-5p could
inhibit migration and invasion in BCPAP cells.

ERa is a direct target of miR-299-5p

To investigate the mechanism of miR-299-5p in PTC, we
screened for target genes of miR-299-5p using the target pre-
diction tools such as TargetScan (http://www.targets can.org)

and miRanda (http://www.microrna.org). Both prediction
tools indicated that ESR/ (encoding ERa) could be a direct
target of miR-299-5p. As predicted, we observed that overex-

pression of miR-299-5p decreased the expression of ERo at
both mRNA and protein levels in BCPAP cells (Figure 3A).
To assess whether miR-299-5p could directly bind to the
3’-UTR of ESRI mRNA, the wild-type ESRI-3’'UTR (Wt)
and mutant ESR1-3"UTR (Mt) containing the putative bind-
ing site of miR-299-5p were established and cloned into a
luciferase expressing vector. The results demonstrated that
overexpression of miR-299-5p significantly suppressed the
luciferase activity of the wild-type ESRI-3’UTR but failed
to affect the mutant ESR7-3"UTR (Figure 3B). These data
indicated that miR-299-5p could directly bind to the 3’-UTR
of ESRI.

ERo was overexpressed and associated

with migration and invasion in PTC

To further evaluate the effect of ERo on PTC development,
we detected ERo expression in PTC using qRT-PCR, Western
blotting, and IHC. PCR analysis revealed that ESR/ levels
were significantly upregulated in PTC tissues (n=109) com-
pared with those in paired adjacent normal thyroid tissues
(Figure 4A; P=0.003). The expression of ESRI was signifi-
cantly higher in the female group than in the male group
(Figure 4B; P=0.009) and in the ETE group compared with
that in the non-ETE group (Figure 4C; P=0.01), which was
consistent with our previous work. We compared the £ESR1
expression between same number of male and female samples
(n=35). The results still showed that ESR/ expression in the
female group was significantly higher than that in the male
group (Figure S4). The IHC results showed strong positive
staining for ERouin PTC tissues, whereas staining was absent
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Figure 2 miR-299-5p inhibited the migration and invasion of PTC cells.
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Notes: (A) A wound healing assay was applied to analyze the migration capacity of PTC cells after transfection with miR-299-5p mimic or NC. (B) Transwell assays were
used to evaluate the invasion capacity in PTC cells after transfection with miR-299-5p mimic or NC. For the migration and transwell assays, cells in five random fields were
counted under a microscope at 100x magnification. Data are presented as the meanSD. **P<0.01 vs NC.

Abbreviations: NC, negative control; PTC, papillary thyroid cancer.

or sporadic in adjacent normal thyroid tissues (Figure 4D).
Moreover, Western blotting analysis of samples from eight
patients also revealed that the level of ERa in PTC tissues
was higher than that in adjacent normal thyroid tissues
(Figure 4E). We demonstrated that overexpression of ERo
increased the invasion abilities of BCPAP cells (P=0.002),
while inhibiting ERa expression decreased the invasion
abilities, as assessed using transwell assays (P=0.0011;
Figure 4F). These results demonstrated that ERo was over-
expressed and associated with migration and invasion in PTC.

Overexpression of ERa could impair

the miR-299-5p-induced inhibition of
migration and invasion

Next, we adapted a “rescue” strategy to further confirm
whether the inhibition of migration and invasion effects of
miR-299-5p was mediated via ERa. The vector-ERa was
first transfected into BCPAP cells to construct a stable ERa
overexpression BCPAP cell line. The PCR and Western blot-
ting results indicated that overexpression of ERa significantly
rescued the inhibition of ERo expression in the presence
of miR-299-5p mimic (Figure 5A). Wound healing assays

showed that overexpression of ERa significantly rescued
the migration inhibition role of miR-299-5p (Figure 5B).
Transwell assays showed that overexpression of ERa sig-
nificantly attenuated inhibition of the invasion induced by
miR-299-5p (Figure 5C). These results demonstrated that
miR-299-5p inhibited migration and invasion by targeting
ERo in BCPAP cells.

miR-299-5p regulated migration and

invasion through the ER0/Glil complex

To better understand the underlying molecular mechanism
of miR-299-5p-mediated inhibited migration and invasion
of PTC, we detected the Glil protein that is associated with
the ERo pathway. IHC revealed that the protein levels of
Glil were strongly and positively stained in PTC tissues
(Figure 6A). Western blotting results showed that the pro-
tein level of Glil in PTC tissues was higher than that in
adjacent normal thyroid tissues (Figure 6B). Overexpres-
sion of Glil increased the invasion abilities of BCPAP
cells (P=0.002), while inhibiting Glil expression decreased
their invasion abilities, as assessed using Transwell assays
(P=0.03; Figure 6C). Therefore, we hypothesized that
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Abbreviations: ERa, estrogen receptor o; NC, negative control; qRT-PCR, quantitative real-time reverse transcription PCR.

miR-299-5p might inhibit the migration and invasion of
PTC cells by targeting ERa to affect the expression of
Glil. To confirm our hypothesis, we first detected whether
miR-299-5p could also regulate the protein level of Glil.
The results indicated that overexpression of miR-299-5p
reduced the protein level of Glil. Next, Western blotting
results indicated that overexpression of ERa significantly
rescued the inhibition of Glil expression in the presence
of miR-299-5p mimic (Figure 6D). In addition, BCPAP
cell lysates were coimmunoprecipitated with anti-ERo
antibodies, followed by Western blotting assay with anti-
Glil antibodies. A 120 kDa band corresponding to Glil
was found in the input group, and the group coimmuno-
precipitated with anti-ERo. antibodies (Figure 6E). Our
results revealed that Glil is a direct client protein of ERx

and that miR-299-5p might inhibit migration and invasion
by regulating the ERo/Glil complex.

Discussion

In a previous study, a microarray identified that miR-299-5p
was significantly downregulated in extrathyroid invasion PTC
tissues, indicating that miR-299-5p could play important
regulatory roles in PTC invasion. In this study, we found that
the expression of miR-299-5p was significantly lower in 109
PTC tissues compared with paired adjacent normal thyroid
tissues. The low expression of miR-299-5p correlated with
gender and ETE. In addition, overexpression of miR-299-5p
inhibited ER o expression, thereby suppressing migration and
invasion of BCPAP cells. Collectively, our findings suggest
that miR-299-5p acts as a PTC suppressor.
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Figure 4 ERo was overexpressed and associated with migration and invasion in PTC.

Notes: (A) The relative mRNA expression level of ESR/ in 109 PTC tissues and paired adjacent normal thyroid tissues was determined using qRT-PCR. (B) The relative
mRNA expression level of ESR/ in 74 female and 35 male PTC tissues was determined using qRT-PCR. (C) The relative mRNA expression level of ESR/ in 3| ETE and 78
non-ETE PTC tissues was determined using qRT-PCR. (D) The protein expression level of ERot was detected using IHC in PTC tissues and adjacent normal thyroid tissues.
(E) The protein expression of ER0. was detected using Western blotting in PTC tissues and adjacent normal thyroid tissues. (F) Transwell assays were used to evaluate the
invasion capacity after upregulating and downregulating ERct. levels in PTC cells. Data are presented as the mean+SD. *P<0.05, **P<0.01 vs NC. #P<0.05 vs NC.

Abbreviations: ERa, estrogen receptor o; ETE, extrathyroidal extension; IHC, immunohistochemistry; NC, negative control; PTC, papillary thyroid cancer; qRT-PCR,

quantitative real-time reverse transcription PCR.

The anticancer role of miR-299-5p has been reported
in other cancer types, such as breast cancer, hepatocellular
cancer, and colorectal cancer.”®!° Shevde et al’ reported that
miR-299-5p regulates osteopontin (OPN) and that increasing
the expression of OPN via decreased levels of miR-299-5p
plays an important role in enhancing the proliferation of
breast cancer cells. Jin et al® demonstrated that miR-299-5p

could act as a tumor suppressor to mediate the antitumor
mechanism of OSW-1 (a saponin with marked antitumor
activities) in hepatocellular cancer. In addition, Fateh et al'®
showed that the expression level of miR-299-5p was signifi-
cantly downregulated in a group of colorectal cancer tissues
and could be used as a predictive biomarker in the diagnosis
of colorectal cancer. In our study, the different expression
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Figure 5 Overexpression of ERa. could partly impair miR-299-5p induced inhibition of malignant and invasion behavior in PTC cells.

Notes: (A) Relative mMRNA expression level of ESRI was detected using qRT-PCR, and the protein expression level of ER0 was detected using Western blotting in PTC
cells transfected with miR-299-5p mimic, miR-299-5p+ER0,, or NC. (B) A wound healing assay was applied to analyze the migration capacity in PTC cells after transfection
with miR-299-5p mimic, miR-299-5p+ERa, or NC. (C) Transwell assays were used to evaluate the invasion in PTC cells after transfection with miR-299-5p mimic, miR-299-
5p+ER0, or NC. Data are presented as the meanSD. *P<0.05 vs NC, #P<0.05 vs miR-299-5p+ERa.

Abbreviations: ERo, estrogen receptor o; NC, negative control; PTC, papillary thyroid cancer; qRT-PCR, quantitative real-time reverse transcription PCR.
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Figure 6 miR-299-5p regulates migration and invasion through ERo/Glil complex.

Notes: (A) The protein expression level of Glil was detected using IHC in PTC tissues and adjacent normal thyroid tissues. (B) The protein expression level of Glil was
detected using Western blotting in PTC tissues and adjacent normal thyroid tissues. (C) The invasion capacity after upregulating and downregulating Glil in PTC cells were
evaluated using Transwell assays. (D) The protein expression level of Glil was detected using Western blotting in PTC cells transfected with miR-299-5p mimic, miR-299-
5p+ERa, or NC. Data are presented as the meantSD. *P<0.05 vs NC, #P<0.05 vs miR-299-5p+ERa.. (E) BCPAP cell lysates were coimmunoprecipitated with ERo antibody
and followed by Western blotting assay with anti-Glil antibodies. (F) Schematic of the proposed mechanism of miR-299-5p in PTC. In ERo-positive cell lines, miR-299-5p
may inhibit the migration and invasion of PTC cells by targeting ERa to affect the expression of Glil.

Abbreviations: ERa, estrogen receptor o; Glil, GLI family zinc finger |; IHC, immunohistochemistry; NC, negative control; PTC, papillary thyroid cancer.

of miR-299-5p in men and women, and the invasion—sup-
pressive role of miR-299-5p by targeting ERa., indicated the
importance of this essential pathway in PTC.

Estrogens are involved in the growth and differentiation
of the normal mammary gland, and the biological effect of
estrogen is mediated by several receptors, including ERo.and
ERP. ERa contributes to the development of gynecological
tumors, especially breast cancer. In PTC, overexpression
of ERa could modulate MMP-2 and MMP-9 secretion and
activity in thyroid cancer cells. Loss of the ER by siRNA
transfection resulted in loss of estradiol-mediated migration
and invasion of thyroid cancer cells.!® In the present study,

we demonstrated the invasion suppression role of miR-299-5
p by functional experiments and identified the miR-299-5p-
binding site of ESR/ using a luciferase reporter gene assay.

To further determine the potential molecular mechanism
of miR-299-5p in regulating ERal, we focused on the down-
stream proteins that interact with ERa. The level of Glil,
the key regulator in the Shh pathway, has been reported to
correlate with the invasiveness in many different cancers.'
Our previous study reported that Glil was significantly
overexpressed and correlated with larger tumor size, the
presence of ETE, lymph nodes metastasis, and higher TNM
stage in PTC." In breast cancer, Glil may be responsible
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for the estrogen-induced epithelial-esenchymal transition
(EMT) in ER-positive breast cancer cells.?*?! E2 induces
transcriptional activation of Glil probably by enriching ER
occupancy at the Glil promoter. Sun et al* reported that ER
expression positively correlated with Glil levels. Estrogen
may promote ER-positive breast cancer cell development
and EMT via Glil. Our results indicated that overexpression
of miR-299-5p reduced the protein level of Glil in BCPAP
cells. Moreover, a coimmunoprecipitation assay revealed
the interaction between ERa and Glil, which increased our
understanding of the molecular interactions between these
two pathways.

Our study highlighted the oncotarget potential of miR-
299-5p expression in ERa-positive PTC BCPAP cells.
Moreover, this is the first study to describe the relationships
among miRNAs and the ER and Shh pathways, which might
encourage further exploration of the anticancer function of
miR-299-5p, although our results need to be validated in a
larger sample cohort.

Conclusion

This study revealed that miR-299-5p is significantly down-
regulated and has clinical significance in PTC migration
and invasion. ERo and the ERa/Glil complexes were
demonstrated to be the direct binding target and functional
target of miR-299-5p, respectively. Our data suggested that
miR-299-5p could participate in PTC migration and invasion
and could be a potential therapeutic target for patients with
aggressive PTC tumors (Figure 6F).
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