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MiR-202-3p functions as a tumor suppressor
and reduces cell migration and invasion
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Abstract. - OBJECTIVE: MicroRNAs (miR-
NAs) are recently identified as key regulators of
tumor development and progression. MiR-202-
3p functions as tumor suppressor in some can-
cer types. The aim of the study is to determine
its expression pattern and explore the functions
underlying the mechanism of miR-202-3p in pap-
illary thyroid carcinoma (PTC).

PATIENTS AND METHODS: By using quanti-
tative RT-PCR (QRT-PCR) analyses, we detected
miR-202-3p expression in PTC tissues and cell
lines. Transwell migration and invasion assays
were performed to measure the migration and
invasion ability of tumor cells transfected with
miR-202-3p mimic. Western blot analysis was
used to detect the protein expression.

RESULTS: Our results showed that miR-202-
3p expression was frequently downregulated
in 96 cases PTC tissues compared to adjacent
normal tissues. Lower expression of miR-202-3p
associated with lymph node metastasis of pa-
tients with PTC. Overexpression of miR-202-3p
inhibited cell migration and invasion in TPC-1
and BCPAP cells. Furthermore, enforced ex-
pression of miR-202-3p inhibited WNT signaling
by downregulating B-catenin expression in TPC-
1 and BCPAP cells.

CONCLUSIONS: Our findings indicated that
miR-202-3p may represent a novel therapeutic
target of in PTC.
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Introduction

Thyroid cancer is the most common malignan-
cy of the endocrine system'. Papillary thyroid car-
cinoma (PTC) is known to have a favorable prog-
nosis with a cancer-related mortality rate <10%?.
Surgical removal is an effective therapeutic strat-
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egy, and the overall five-year survival rate for
patients who are diagnosed at early stage thyroid
cancer is over 95%. However, patients with ad-
vanced thyroid cancer only have a five-year sur-
vival rate of about 60%?*. Thus, it is urgent to
explore potential therapeutic targets for thyroid
cancer. MicroRNAs (miRNAs) are identified as
small non-coding RNAs that exert post-transcrip-
tional regulation of gene expression via targeting
mRNA to induce mRNA degradation’. MiRNAs
are involved in participating in tumorigenesis of
thyroid cancer. Such as, microRNA-139 targets fi-
bronectin 1 to inhibit papillary thyroid carcinoma
progression®. MicroRNA-335 is downregulated in
papillary thyroid cancer and suppresses cancer
cell growth, migration and invasion by directly
targeting ZEB2’. MiR-577 inhibits papillary thy-
roid carcinoma cell proliferation, migration and
invasion by targeting SphK28. MicroRNA-202-3p
has been reported to act as tumor suppressor in
some cancer’; however, the role of miR-202-3p
in PTC is little known. In the study, our results
showed that miR-202-3p expression was fre-
quently downregulated in PTC tissues compared
to adjacent normal tissues. Overexpression of
miR-202-3p reduced cell migration and invasion
ability in PTC. Furthermore, enforced expression
of miR-202-3p inhibited WNT signaling in PTC.
Thus, these results indicated that miR-202-3p
may represent a novel therapeutic target of thy-
roid cancer.

Patients and Methods

Tissue Sample Collection

A total 96 pairs of PTC and adjacent normal
tissues were obtained from patients undergoing
surgery at the Department of General Surgery,
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the Haian Hospital Affiliated to Nantong Uni-
versity between February 2014 and March 2017.
All samples were immediately snap-frozen in lig-
uid nitrogen and then stored at -80°C until later
RNA analysis. Tissue samples consisted of PTC
tissues and adjacent normal tissues, which were
all confirmed by histopathological examination.
The collected clinicopathological characteristics
included age, sex, lymph node metastasis, TNM
stage and so on. None of the patients had received
preoperative local or systemic treatment. The
present study was approved by the Ethics Com-
mittee of the Haian Hospital Affiliated to Nan-
tong University and written informed consent
was obtained from all study participants.

Total RNA Extraction and Quantitative
Real Time Polymerase Chain Reaction
(GRT-PCR)

Total RNA was isolated from the tissue speci-
mens or cells using TRIzol (Invitrogen, Carlsbad,
CA, USA) according to the manufacturer’s in-
structions. The complementary DNA (cDNA) was
reversed transcripted from RNA sample using a
TagMan MicroRNA Reverse Transcription Kit
(Applied Biosystems, Carlsbad, CA, USA). The
reaction was performed with TagMan MicroR-
NA PCR Kit (Applied Biosystems, Foster City,
CA, USA) with SYBR Premix Ex Taq™ (TaKa-
Ra Biotechnology Co., Ltd., Dalian, China) on an
ABI Prism 7500 Sequence Detection System (Ap-
plied Biosystems, Foster City, CA, USA). U6 was
used to normalize the expression of miR-202-3p.
The data were analyzed using the 244 methods.

Cell Lines and Cell Culture

The four human PTC cell lines (TPC-1,
SW1736, BCPAP and K1) and a human thyroid
epithelial cell line Nthy-ori3-1 were purchased
from the Cell Bank of the Chinese Academy
of Sciences (Shanghai, China). Cells were cul-
tured in Dulbecco’s Modified Eagle’s Medium
(DMEM, Gibco, Grand Island, NY, USA) and
supplemented with 10% fetal bovine serum (FBS)
(Gibco, Grand Island, NY, USA). All of cell lines
were incubated at 37°C in humidified atmosphere
consisting of 5% CO,.

Cell Migration and Invasion Assays

Cell migration and invasion assays were
performed using transwell chambers (Corning
Incorporated, Corning, NY, USA) precoat-
ed without or with Matrigel (BD Biosciences,
Franklin Lakes, NJ, USA). The lower chamber
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was added containing Dulbecco’s Modified Ea-
gle Medium (DMEM) with 10% fetal bovine
serum (FBS) (Gibco, Grand Island, NY, USA).
For the upper chambers, 5x10* transfected cells
resuspended in 200 ul Dulbecco’s Modified Ea-
gle Medium (DMEM) without fetal bovine se-
rum (FBS) were plated in the top chamber. Af-
ter cell transfection at 48 h, cells on the upper
chamber were removed by a cotton swab, while
cells in the lower surface of the membrane were
fixed with 100% methanol at room temperature
for 20 min and stained with 0.1% crystal violet
at room temperature. Then, cells were counted
at a magnification of x200 by inverted micros-
copy (LI-COR Biosciences, Lincoln, NE, USA)
in five random fields.

Western Blot Analysis

Proteins were extracted from PTC cells using
a Total Protein Extraction kit (Nanjing KeyGen
Biotech Co., Ltd., Nanjing, China). Protein ex-
tracts were quantified by a BCA protein assay
(Beyotime Institute of Biotechnology, Haimen,
China). A total 20 pg protein sample was sepa-
rated on 10% sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis (SDS-PAGE) and then
electrophoretically transferred to polyvinylidene
difluoride membranes (EMD Millipore, Billerica,
MA, USA). The membranes were blocked with
5% non-fat milk for 2 h at room temperature, and
then incubated with primary antibodies against
B-catenin (1:1000, Protein Tech Group, Inc., Chi-
cago, IL, USA) and GAPDH (1:1000, Protein Tech
Group, Inc., Chicago, IL, USA) overnight at 4°C.
After that, the membranes were incubated with
a horseradish peroxidase(HRP)-conjugated goat
anti-rabbit secondary antibody (1:1000, Protein
Tech Group, Inc., Chicago, IL, USA) for 1 h; the
protein blots were visualized by chemilumines-
cence (Super Signal@ West Pico Chemilumi-
nescent Substrate, Thermo Fisher Scientific, Inc.,
Waltham, MA, USA). The GAPDH expression
was used as an internal control.

Statistical Analysis

Statistical analyses were evaluated using SPSS
18.0 (SPSS Inc., Chicago, IL, USA). All data are
presented as the mean + standard deviation from
three independent experiments. Differences were
assessed by two-tailed Student’s #-test or one-way
analysis of variance (ANOVA) followed by Stu-
dent-Newman-Keuls post-hoc test. A p<0.05 was
considered to indicate a statistically significant
difference.



MiR-202-3p functions as a tumor suppressor and reduces cell migration

Results

The Expression of miR-202-3p
in PTC Tissues and Cell Lines

In order to investigate miR-202-3p expression
in PTC tissues and cells, we performed qRT-PCR
analyses. As shown in Figure 1A, our results in-
dicated that miR-202-3p expression was signifi-
cantly downregulated in 96 cases of PTC tissues
compared to adjacent normal tissues (p<0.05).
Furthermore, we revealed that the expression of
miR-202-3p in PTC cells was also markedly in-
creased in TPC-1, SW1736, BCPAP and K1 cells
compared to human thyroid epithelial cell line
Nthy-ori3-1 (Figure 1B, p<0.05).

MiR-202-3p Expression Significantly
Associates With Lymph Node Metastasis
of PTC

The expression of miR-202-3p in papillary
thyroid carcinoma tissues was classified into two
groups according to the median expression. The
correlations of miR-202-3p with patients’ age,
sex, tumor size, TNM stage or other clinical fea-
tures, were analyzed by Chi-square test. The rel-
ative expression of miR-202-3p in PTC patients
showed a significant correlation with lymph node
metastasis in patients with PTC (p<0.05). How-
ever, the relative expression did not correlate with
age, sex, tumor size, clinical stage or other clini-
cal features (p>0.05).
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Figure 1. Downregulation of miR-202-3p in PTC tissues and cells. A, Measurement of miR-202-3p expression in 96 PTC
tissues and adjacent normal tissues. B, Measurement of miR-202-3p expression in PTC cell lines (TPC-1, SW1736, BCPAP,
K1) and non-malignant human thyroid epithelial cell line Nthy-ori3-1. C, Measurement of miR-202-3p expression after TPC-1
or BCPAP cells were transfected with miR-202-3p mimic or miR-NC. *p<0.05.
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Upregulation of miR-202-3p
Reduces Cell Migration and Invasion
in PTC

We further up-regulated miR-202-3p ex-
pression in TPC-1 and BCPAP cells by miR-
202-3p mimic transfection to detect the func-
tional effects of miR-202-3p on cell migration
and invasion in PTC. QRT-PCR analysis results
demonstrated that miR-202-3p mimic evidently
increased the expression of miR-202-3p in the
TPC-1 and BCPAP cells (Figure 1C-1D, p<0.05).
We then performed transwell migration assay to
examine cell migration capacity. Our findings
revealed that miR-202-3p up-regulation obvious-
ly suppressed the cell migration ability of TPC-
1 and BCPAP cells compared to miR-NC group
(Figure 2A-2B, p <0.05). The transwell invasion
assays were used to examine the invasion capac-
ities of TPC-1 and BCPAP cells after transfec-
tion with the miR-202-3p mimic or miR-NC. Ac-
cording to the results, miR-202-3p up-regulation
significantly suppressed the cell invasion ability
of TPC-1 and BCPAP cells compared to miR-
NC group (Figure 3A-3B, p<0.05). These results
suggest that miR-202-3p served tumor-suppres-
sive functions in PTC cell migration and inva-
sion ability.

Upregulation of miR-202-3p
Inhibits WNT Signaling Pathway
in PTC

WNT signaling has been reported to be in-
volved in thyroid cancer migration and invasion;
for instance, miR-146b-5p induces epithelial-mes-
enchymal transition process and promotes PTC
metastasis through the regulation of Wnt/B-caten-
in signaling '°. In our data, we found that miR-
202-3p overexpression suppressed the expression
of B-catenin compared to the control groups in
TPC-1 and BCPAP cells (Figure 4A-4B). Thus,
our results indicated enforced expression of miR-
202-3p inhibited WNT signaling by downregulat-
ing pB-catenin expression in PTC.

Discussion

Abnormal expression of miR-202-3p has been
observed in different types of cancer and signifi-
cantly correlated with tumor progression or inva-
sion !, Decrease of miR-202-3p expression was
found in gastric cancer and markedly suppressed
cell proliferation and induced cell apoptosis by
inhibiting the expression of y-catenin and BCL-
22, MiR-202-3p was significantly downregulat-
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Figure 2. MiR-202-3p mimic inhibits cell migration in PTC. A, Transwell migration assays were performed to determine the
migration ability in TPC-1 or BCPAP cells. B, Transwell migration cell number was shown after TPC-1 or BCPAP cells were

transfected with miR-202-3p mimic or miR-NC. *p<0.05.
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Figure 3. MiR-202-3p mimic inhibits cell invasion in PTC. A, Transwell invasion assays were performed to determine the
invasion ability in TPC-1 or BCPAP cells. B, Transwell invasion cell number was shown after TPC-1 or BCPAP cells were

transfected with miR-202-3p mimic or miR-NC. *p<0.05.

ed in colorectal cancer and microRNA-202-3p
inhibits cell proliferation by targeting ADP-ri-
bosylation factor-like 5SA in human colorectal
carcinoma °. MiR-202-3p is upregulated in type
1 g-NEN lesions and might play important roles
in the pathogenesis of type 1 gastric neuroendo-
crine neoplasms (g-NENGs) by targeting DUSP1 .
MicroRNA-202 inhibits cell proliferation, migra-
tion and invasion of glioma by directly targeting
metadherin . These results indicated that miR-
202-3p acts as a tumor suppressor in tumors and
showed potential value in tumor therapy. In the

present work, our findings showed that miR-202-
3p expression was frequently downregulated in
PTC tissues compared to adjacent normal tissues.
Similarly, the miR-202-3p was also downregulat-
ed in PTC cell lines. Lower expression of miR-
202-3p associated with lymph node metastasis of
patients with PTC. Furthermore, we found that
overexpression of miR-202-3p reduced cell migra-
tion and invasion ability. These results indicated
that miR-202-3p was also a tumor suppressor in
PTC and further investigation of miR-202-3p pro-
vides significant value for PTC treatment. WNT
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Figure 4. MiR-202-3p mimic inhibits the Wnt/B-catenin signaling pathway. A, The protein expression of B-catenin was
shown after TPC-1 cells were transfected with miR-202-3p mimic or miR-NC. B, The protein expression of f-catenin was
shown after BCPAP cells were transfected with miR-202-3p mimic or miR-NC.
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signaling has been reported to be involved in PTC
development. Such as, knockdown of TRIM44
inhibits the proliferation and invasion in papil-
lary thyroid cancer cells through suppressing the
Whnt/B-catenin signaling pathway'>. Downregu-
lation of CSN6 attenuates papillary thyroid car-
cinoma progression by reducing Wnt/B-catenin
signaling and sensitizes cancer cells to FH535
therapy'®. Knockdown of IQGAPI inhibits cell
proliferation and epithelial-mesenchymal transi-
tion by Wnt/B-catenin pathway in thyroid cancer
7. In our results, by using Western blot analysis,
we found that miR-202-3p overexpression sig-
nificantly suppressed the expression of B-catenin
compared to the control groups in TPC-1 and BC-
PAP cells, which may indicate that enforced ex-
pression of miR-202-3p could inhibit cell migra-
tion and invasion by regulating WNT signaling in
PTC. However, further investigations are needed.

Conclusions

We showed that miR-202-3p expression was
frequently downregulated in PTC tissues and
cell liens. Furthermore, enforced expression of
miR-202-3p inhibited cell migration, invasion
and WNT signaling in PTC. Thus, these results
indicated that miR-202-3p may represent a novel
therapeutic target of PTC.
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