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Abstract
Purpose In this study, we evaluated the biological role of miRNA-31-5p in papillary thyroid cancer (PTC).
Methods By using the real-time PCR, we measured miRNA-31-5p expression levels in 25 PTC tissues and in two human
PTC cell lines (K1 and TPC-1). Then, K1 cells were transiently transfected with mirVana inhibitor or mirVana mimic to
miRNA-31-5-p. Cell proliferation was determined by MTT and colony formation assays. The in vitro metastatic ability of
thyroid cancer cells was evaluated by adhesion, migration and invasion assays. Epithelial mesenchymal transition (EMT)
and Hippo pathway related gene and protein levels were evaluated by using the TaqMan™ Gene Expression Assays and
western blot analysis, respectively.
Results We found a significant increase of miR-31-5-p expression in tumor tissue and in K1 cells harboring the BRAF
p.V600E mutation. Knockdown of miR-31-5p determined a reduction of cell proliferation, associated with a significant
decrease in cell adhesion, migration and invasion properties. A downregulation of EMT markers and YAP/β-catenin axis
was also observed.
Conclusions Our findings suggest that miRNA-31-5p acts as oncogenic miRNA in human thyrocytes and its overexpression
may be involved in the BRAF-related tumorigenesis in PTCs, providing new understanding into its pathological role in PTC
progression and invasiveness.

Keywords miR-31-5-p ● PTC ● EMT ● Hippo pathway ● β-catenin.

Introduction

PTC is the most common histological type of TC and
generally has an excellent prognosis. However, the man-
agement of invasive tumors and/or distant metastases
unresponsive to radioactive iodine (RAI) treatment is still a

major clinical challenge [1, 2]. Therefore, there is the need
to understand the mechanisms underlying the progression of
PTC for providing new diagnostic and therapeutic options
[3]. miRNAs are single-stranded RNAs containing between
19 and 24 nucleotides involved in the regulation of a large
number of proteins responsible for many cell functions
[4, 5]. Several studies demonstrated that the dysregulation
of miRNAs occurs in various cancers, playing a key role in
biological processes such as cell migration, invasion, and
EMT [6]. In the recent years, literature data highlighted that
changes in miRNAs expression are correlated with the
clinicopathological features of PTCs, including large tumor
size, multifocality, extrathyroidal extension, lymph node
and distant metastasis [7, 8]. Furthermore, expression of
several miRNAs has been positively/negatively associated
with TC recurrence risk, therefore the miRNA profiling
could improve PTC screenings, clinical management and
treatment evaluations [6, 9]. In a recent investigation,
Maggisano et al. [10] observed a deregulation of several
exosomal miRNAs in PTC cells and three of them (miR-31-
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5p, miR-222-3p, and let-7i-3p) were significantly over-
expressed. Data on miR-31 in TC are few and discordant.
Wang et al. [11] reported that miR-31 overexpression
represses PTC cell proliferation, invasion and migration
abilities by regulating the extracellular reg-ulated protein
kinases (ERK), protein kinase B (Akt) signaling pathways
and EMT. In addition, miR-31 restoration significantly
suppressed the tumor growth of xenograft PTC models [11].
More recently, it has been reported that the overexpression
of the long non-coding RNA LIFR-AS1 inhibited pro-
liferation, migration, invasion, and vascular endothelial
growth factor (VEGF) secretion of PTC cells by targeting
miR-31-5p [12]. Moreover, the clinical significance and the
biological role of miR-31-5p in PTC are unknown.

In the present study, we investigated the clinical role of
miR-31-5p in human PTC tissues and compared the
expression levels of miR-31-5p between K1 cells, an
in vitro model of aggressive PTC harboring the BRAF
p.V600E mutation, and TPC-1 cells, less aggressive cells
with wild type (wt) BRAF. Also, we investigated the
influence of miR-31-5p on the tumor pathologic properties
in K1 cells, by its inhibition.

Materials and methods

Patients

Fresh frozen tumor tissues of 25 PTC patients were col-
lected at Policlinico Umberto I, University of Roma
‘Sapienza’ with the informed consent by each patient and
the approval of the local ethical committee according to
guidelines of the Declaration of Helsinki (protocol code
1184/17 and date of approval 21/12/2017). The enrolled
PTCs were well characterized for their clinical-pathological
and genetic features. Tumors were staged according to the
AJCC/UICC TNM classification [13] and the risk of
recurrence was classified as LR or IR in accordance with the
2015 ATA Guidelines for the Management of Adult
Patients with Thyroid Nodules and Differentiated TC [14].
PTC histotypes were determined by histopathological
examination. All snap-frozen tumor specimens were
reviewed by an experienced pathologist who confirmed the
adequacy of the cancer cell population in each sample
analyzed (at least 70% of cancer cells). The clinical and
pathological characteristics are summarized in Table S1.
BRAF mutational status was previously determined by
Sanger sequencing, as previously described [15].

Cell culture

The human PTC K1, that harbors the BRAF p.V600E
mutation as well as the p.E542K and C228T mutations in

PI3K and TERT promoter respectively, and TPC-1 cells,
characterized by the presence of RET/PTC1 rearrangement
and CDKN2A p.Ala68fs, STAG2 p.Gln1089Ter and TERT
C228T mutations [16, 17], were grown in DMEM medium
(Thermo Fisher Scientific Inc., Waltham, MA, USA) sup-
plemented with 10% fetal bovine serum (FBS, Thermo
Fisher Scientific Inc.), penicillin (100 IU/ml), streptomycin
(100 mg/ml), and amphotericin B (2.5 mg/ml) (Sigma
Aldrich, Milan, Italy) at 37 °C in a humidified 5% CO2
atmosphere. To confirm the identity of the cell lines, short
tandem repeat analysis was performed by using the
AmpFLSTR NGM SElect PCR Amplification Kit (Thermo
Fisher Scientific Inc.).

Extraction of RNA and real-time PCR array analysis
of miR-31-5p and genes expression

Total RNA was isolated from tissues and cells using
TRIzol reagent (Thermo Fisher Scientific Inc.) according
to the manufacturer’s protocol [18]. The RNA concentra-
tion and purity were determined using a NanoDrop Spec-
trophotometer (Thermo Fisher Scientific Inc.). 10 ng of
total RNA from tumor tissues and cells were reverse-
transcribed with the TaqMan Advanced miRNA cDNA
Synthesis Kit (Thermo Fisher Scientific Inc.) and the
expression levels of miR-31-5p were analyzed using the
TaqMan Advanced MicroRNA Assay (Thermo Fisher
Scientific Inc.). For EMT and Hippo pathway related gene
expression, 1 µg of RNA from cells was reverse-
transcribed using the High-Capacity cDNA Reverse
Transcription Kit (Thermo Fisher Scientific Inc.), and the
gene expression levels were quantified using the TaqMan
Assays (Thermo Fisher Scientific Inc.). All qPCR reactions
were run on the 7900HT Fast Real-Time PCR System
(Thermo Fisher Scientific Inc.), and results were expressed
using the 2−ΔΔCt method [19]. Mir-16-5p and beta-2-
microglobulin were used as endogenous control for miR-
31-5p and gene expression analysis respectively. Negative
Control (NC) for the miR-31-5p inhibitor or mimic was
used as calibrator sample.

Cell transfection

K1 cells were transiently transfected with 30 nM of mir-
Vana inhibitor or 30 nM of mirVana mimic to miR-31-5p
using lipofectamine RNAiMAX (Thermo Fisher Scientific
Inc.), following the manufacturer’s instructions. For each
set of cells, a corresponding mirVana negative control (NC)
for the inhibitor or mimic was used. Cells were seeded in six
well plates (100 × 103/well) with medium containing FBS
10%. The day after, transfection was performed on 60–80%
confluence starved cells. Transfection efficiency was eval-
uated after 24 h by RT-PCR assay.
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Proliferation assay

The cell proliferation rate was determined via the 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay [20]. Briefly, after transfection with miR-31-
5p inhibitor, miR-31-5p mimic or NC, cells were seeded in
96 well plates at a density of 3.0 × 103 followed by 24, 48,
and 72 h incubation. Thereafter, 10 µL of MTT (0.5 mg/mL)
were added to the cells and the solubilized product was
quantified with a microplate spectrophotometer (xMark,
Biorad, Milan, Italy) at a wavelength of 540 nm and a
reference wavelength of 690 nm. Results are expressed as
percentages over cells transfected with negative controls.

Soft agar assay

Cell ability to grow in three-dimensional soft agar was eval-
uated as follows [21]. First, 24-well plates were loaded with
agar noble-DMEM medium mixture at a concentration of
0.5%. Besides, we also established and mixed the sterile 0.4%
top low melting agarose with a transfected cell number (see
Cell transfection paragraph) of about 1.25 × 103 per well.
When the top agar is solidified, the soft agar plate was main-
tained under the condition of 37 °C for 20 days. We added the
fresh medium into the wells twice every week. Finally, colo-
nies with diameter of more than 50 µm were counted under an
inverted microscope, after being photographed with a DFC
3000G camera mounted on a Leica microscope (DM IL LED,
Leica Microsystems Srl, Milan, Italy).

Adhesion, migration and invasion assays

Adhesion assays were performed as previously described
[22]. Briefly, after transient transfection, 3 × 104 cells were
seeded into 24-well plates coated with collagen I (BD,
Milan, Italy) and incubated for 30 min. Adherent cells were
fixed in 4% paraformaldehyde, stained with 0.1% Crystal
Violet solution, washed with distilled water and then solu-
bilized in 10% acetic acid. Cell adhesion was quantified by
measurement of absorbance at 560 nm.

Transwell inserts with a diameter pore of 8 µm (Costar,
Euroclone, Milan, Italy) not coated or coated with Geltrex

(Thermo Fisher Scientific Inc.) were used for cell migration
and invasion assays, respectively. 60 × 103 transfected cells
were suspended in FBS-free medium containing 1% bovine
serum albumin (BSA), for migration assay, or 1% FBS, for
invasion assay, and added in the upper chamber of the inserts;
the bottom chamber contained growth media supplemented
with 10% FBS. After 6 h or 24 h of incubation for migration
and invasion assays, respectively, cells in the upper well were
removed with a cotton swab while cells of the underside of the
membrane were fixed and stained with Diff-Quick Stain (Bio
Map, Monza, Italy). Cells were counted using a microscope
provided with an eyepiece and equipped with a counting grid.
Results from three independents experiments are expressed as
percentages over NC for miRNA inhibitor or miRNA mimic.

Protein extraction and western blot analysis

Total proteins were extracted as previously described [23].
Thirty µg of proteins were run on a 7.5, 9, or 12% SDS-
PAGE gel, transferred to PVDF membranes (VWR, Milan,
Italy), blocked with Tris buffered saline, 1% Tween 20, 5%
non-fat dry milk (TTBS/milk) and incubated overnight with
the following antibodies: anti-β-catenin diluted 1:1000, anti-
CDH2 diluted 1:1000 and anti-YAP-1 diluted 1:1000 (Cell
Signaling, Danvers, MA, USA); anti-FN1 diluted 1:250 and
anti-GAPDH diluted 1:1000 (Sigma Aldrich); anti-TAZ
diluted 1:500 (Thermo Fisher Scientific Inc.). Then, the
membranes were washed in TTBS and incubated with
horseradish peroxidase-conjugated antibody (Transduction
Laboratories, Lexington, KY, USA) in TTBS/milk. Western
blot detection system ECL Plus (Perkin Elmer, Monza,
Italy) was used to visualize proteins.

Immunofluorescence assay

Cells grown on coverslips, after mir-31-5p transfection, were
fixed with 4% paraformaldehyde, permeabilized with Triton
X-100 and processed for immunofluorescence as previously
described [24]. Briefly, cells were immunostained with anti-
YAP-1 antibody (Abcam) diluted 1:1000, and anti-TAZ
antibody (Thermo Fisher Scientific Inc.) diluted 1:200, and
then incubated with Alexa Fluor 555 anti-mouse antibody

Fig. 1 MiR-31-5p levels in PTC
tissues and cell lines. MiR-31-5p
expression in: (A) BRAF-wild
type (BRAF wt) and BRAF
p.V600E PTC tissues; B TPC-1
and K1 cells. Relative
expression levels are reported as
means ± SD normalized to
values in BRAF wt or TPC-1
cells (equal to 1); *p < 0.05,
**p < 0.01
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from Molecular Probes (Thermo Fisher Scientific Inc.), at
1:500 dilution. Finally, nuclei were stained with Hoechst
33258 (Thermo Fisher Scientific Inc). Cells were visualized
under a Leica microscope (DM IL LED, Leica Microsystems
Srl, Milan, Italy) equipped with a DFC 3000G camera.

Statistical analysis

All statistical analyses were performed with the GraphPad
Prism version 9.3.0 software (GraphPad Software Inc., San

Fig. 2 Transfection efficiency. K1 cells were transfected for 24 h with:
(A) miR-31-5p inhibitor, (B) miR-31-5p mimic or their corresponding
controls (NC miR inhibitor and NC miR mimic). The expression of
miR-31-5p was detected by qRT-PCR as described in the section
Materials and Methods. Cells transfected with NC miR inhibitor or

mimic were arbitrarily set at 1 and miRNA levels are indicated as
relative expression values. All samples were run in duplicate. Results
are shown as mean ± SD. *** p < 0.001 vs NC miR inhibitor or NC
miR mimic

Fig. 3 miR-31-5p knockdown effects on cell growth, adhesion,
migration and invasion properties of K1 cells. Cells were transfected
with miR-31-5p inhibitor or with NC miR inhibitor as reported in
Materials and Methods. (A): Cell viability was analyzed by MTT assay
after 24, 48, and 72 h of incubation. Results are expressed as a per-
centage over NC miR inhibitor. B A three-dimensional colony for-
mation test was conducted in soft agar (Scale bar, 100 mM).
Quantification of assays were showed on the right statistical panel.

C For adhesion assays, after 30 min of incubation, cells were fixed and
stained with crystal violet. For migration and invasion assays after 6 or
24 h, respectively, filters were stained, and the cells counted. Values
are expressed as means ± SD from three (A and C) or two (B) inde-
pendents experiments. Statistical analysis was performed using the T-
Test with Welch’s correction. * p < 0.05, ***p < 0.001 vs NC miR
inhibitor
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Diego, CA, USA) by using T-Test with Welch’s correction. P
values lower than 0.05 were considered statistically significant.

Results

MiR-31-5p expression in PTC tissues and cell lines

As reported in Table S1, the 25 PTC tissues analyzed,
included 11 that were classified as intermediate risk (IR)
and 14 as low risk (LR) for recurrence or relapse of TC
according to ATA criteria [14]. These tumors were also
characterized by the presence (N= 12) or absence (N= 13)
of the BRAF p.V600E mutation. Real-time PCR analysis
revealed that the expression levels of miR-31-5p were sig-
nificantly increased in tumors harboring the BRAF
p.V600E mutation compared to the levels in BRAF wt
PTCs (p < 0.05) (Fig. 1A). The expression levels of the
miR-31-5p between PTCs grouped considering other clin-
ical features (i.e., ATA risk, extrathyroidal invasion, tumor
size and multifocality) didn’t show any difference (data not
shown). In PTC cells the expression of miR-31-5p was
significantly higher in K1 compared to TPC-1 cells

(p < 0.01) (Fig. 1B). Subsequent experiments were thus
focused on the BRAF-mutated K1 cells.

Effects of miR-31-5p knockdown on viability,
adhesion, migration and invasiveness of PTC cells

The specific miR-31-5p inhibitor and miR-31-5p mimic
significantly reduced and increased respectively the
expression of miR-31-5p in K1 cells (p < 0.001), (Fig. 2).

In K1 transfected cells, analysis of cell proliferation after
24, 48, and 72 h showed a significant reduction of viability
(~20%, p < 0.05 vs NC miR inhibitor) (Fig. 3A) and after
20 days, the growth ability in three-dimensional soft agar
resulted reduced (p < 0.05 vs NC miR inhibitor) (Fig. 3B).
Next, we assessed the effect of miR-31-5p inhibitor on cell
adhesion, migration and invasion, key component of
malignant tumor progression. As shown in Fig. 3C, treat-
ment with miR-31-5p inhibitor significantly reduced cell
adhesion (~30%, p < 0.001 vs NC miR inhibitor), migration
(~50%, p < 0.001 vs NC miR inhibitor) and invasion
(~40%, p < 0.001 vs NC miR inhibitor).

Conversely, miR-31-5p overexpression by synthetic
miR-31-5p mimic transfection into K1 cells increased cell

Fig. 4 Effects of miR-31-5p mimic on cell growth, adhesion migration
and invasion properties of K1 cells. Cells were transfected with miR-
31-5p mimic or with NC miR mimic as reported in Materials and
Methods. A Cell viability was analyzed by MTT assay after 24, 48,
and 72 h of incubation. Results are expressed as a percentage over NC
miR mimic and were obtained from three independent experiments.
B A three-dimensional colony formation test was conducted in soft

agar (Scale bar, 250 mM). Quantification of assays was showed on the
right statistical panel. C For adhesion assays, after 30 min of incuba-
tion, cells were fixed and stained with crystal violet. For migration and
invasion assays after 6 or 24 h, respectively, filters were stained, and
the cells counted. Values are expressed as means ± SD from three
independents experiments. Statistical analysis was performed using the
T-Test with Welch’s correction. * p < 0.05, vs NC miR mimic
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motility and invasiveness without affecting tumor cell
proliferation (Fig. 4).

MiR-31-5p knockdown influences the EMT acting on
the Hippo and Wnt/β-catenin pathways

In order to investigate if miR-31-5p can influence the
metastatic invasiveness of K1 cells, we evaluated the
expression of some of the most representative markers of
EMT. The analysis of the mRNA and protein levels of
fibronectin 1 (FN1) and N-cadherin (CDH2) showed a
significant reduction in the expression of these two markers
in cells transfected with miR-31-5p inhibitor (Fig. 5A, B).
Moreover, we assessed the expression of Yes-associated
protein 1 (YAP-1) and PDZ-binding motif (TAZ), two
players of the Hippo pathway with a driving role in cellular
migration and metastasis, by qRT-PCR, western blot and
immunofluorescence staining. As shown in Fig. 5, the miR-
31-5p inhibitor determined a considerable downregulation
of these markers in K1 cells. Furthermore, we also observed
a modulation of Wnt/β-catenin signaling pathway consisting
in a decreased protein expression of β-catenin (Fig. 5B).

On the contrary, K1 cells transfected with miR-31-5p
mimic showed a recover of the expression levels of both
Hippo-related proteins and β-catenin (Fig. 6).

Discussion

The current approaches based on surgery plus radioiodine
therapy are effective for the majority of PTC but the man-
agement of the most aggressive subtypes that are unre-
sponsive to radioiodine therapy, needs novel diagnostic and
prognostic tools. In this context, it is essential to elucidate
the molecular mechanisms underlying the enhanced
aggressiveness of certain PTCs. Recent studies suggest that
some miRNAs can play an important role in tumor pro-
gression and metastasis acting as oncogenes or tumor sup-
pressors in PTC [25]. It has been demonstrated that mir-31-
5p has an oncogenic role in several human cancers [26–29].
In particular, it resulted overexpressed in bone tissues
cancer and its downregulation suppressed proliferation and
invasion of osteosarcoma cells as well as tumor growth
in vivo [26]. In colorectal cancer, it was demonstrated that

Fig. 5 miR-31-5p knockdown regulates the expression of EMT and
Hippo pathway markers. K1 cells were transfected for 24 h with miR-
31-5p inhibitor or its corresponding control (NC miR inhibitor). A The
gene expression was detected by qRT-PCR. Cells transfected with NC
miR inhibitor were arbitrarily set at 1 and miRNA levels are indicated
as relative expression values. All samples were run in duplicate.
Results are shown as mean ± SD. * p < 0.05, **p < 0.01, *** p < 0.001
vs NC miR inhibitor. B Western blotting analysis showed different

FN1, CDH2, YAP-1, TAZ and β-catenin expression levels in cells
transfected with miR-31-5p inhibitor compared with NC miR inhi-
bitor. GAPDH was used as a loading control. C Representative
immunofluorescence images of cells transfected with miR-31-5p
inhibitor or its corresponding control (NC miR inhibitor). YAP-1 and
TAZ proteins were detected with Alexa Fluor 555 conjugated sec-
ondary antibody; nuclei were stained with Hoechst 33258 (Scale bar,
100 µM)
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knockdown of miR-31-5p inhibited proliferation, colony
formation, cell migration and invasion by re-pressing YAP/
β-catenin axis as well as the chemoresistance to
5-fluorouracil [28].

In the present study we observed a significant increase of
miR-31-5p expression levels in tumors harboring the BRAF
p.V600E mutation, currently investigated as molecular tar-
get for personalized treatment [30]. This finding is sup-
ported by the TCGA data obtained on a huge cohort of PTC
patients from cBioPortal (available at https://www.
cbioportal.org/). Moreover, comparing the miR-31-5p
expression levels in two PTC cell lines, we observed
higher levels in the BRAF mutated cells (i.e., K1 cells) with
an aggressive behavior in terms of growth rate and inva-
siveness. These results suggested an involvement of the
miR-31-5p in the BRAF associated cancer progression,
prompting us to analyze the role of this miRNA on the
tumor pathologic properties in K1 cells by its inhibition,
although we cannot exclude that other genetic alterations
besides or in addition to the BRAF V600E mutation (i.e.,
PI3K and TERT promoter mutations), may be involved in
the miRNA overexpression. A real proof of the functional
relationship between miRNA-31-5p and the BRAF

mutation would be produced only using a cell line in which
the BRAF mutation is removed, for example by using the
CRISPR/CAS9 technique. We found that miR-31-5p
knockdown resulted in a reduction of proliferation rate
and cell growth in soft agar as well as a significant decrease
in cell adhesion, migration, and invasion properties. Several
studies have established that the invasiveness of TC is
associated with multiphase processes like EMT, a phe-
nomenon in which epithelial cells acquire the ability to
invade the extracellular matrix and migrate into the blood-
stream [31, 32].

Thus, we hypothesized that miR-31-5p could influence
the metastatic invasiveness of K1 cells by modulating EMT-
related proteins such as FN1 and CDH2. We found that FN1
and CDH2 gene and protein expression was significantly
downregulated in K1 cells after miR-31-5p inhibition. We
also demonstrated that its overexpression using specific
miR-31-5p mimic determined an increase of cell invasive-
ness. Interestingly, some evidence suggested that a high
expression of FN1 promotes the EMT process and tumor
aggressiveness resulting overexpressed in PTC patients with
lymph node metastasis and with the BRAF p.V600E
mutation [33, 34].

Fig. 6 miR-31-5p mimic restores the expression of Hippo pathway
markers and β-catenin. K1 cells were transfected for 24 h with miR-31-
5p mimic or its corresponding control (NC miR mimic). A The gene
expression was detected by qRT-PCR. Cells transfected with NC miR
mimic were arbitrarily set at 1 and miRNA levels are indicated as
relative expression values. All samples were run in duplicate. Results
are shown as mean ± SD. B Western blotting analysis shows different

YAP-1, TAZ and β-catenin expression levels in cells transfected with
miR-31-5p mimic compared with NC miR mimic. GAPDH was used
as a loading control. C Representative immunofluorescence images of
cells transfected with miR-31-5p mimic or its corresponding control
(NC miR mimic). YAP-1 and TAZ proteins were detected with Alexa
Fluor 555 conjugated secondary antibody; nuclei were stained with
Hoechst 33258 (Scale bar, 100 µM)
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The molecular mechanism by which miR-31-5p can
induce EMT process is still unknown. It has been pos-
tulated that miR-31-5p may regulate the Wnt/β-catenin
and Hippo signaling pathways, two of the pathways with
a crucial role in activation of EMT-related transcription
factors [28, 35–37]. Recently, several studies have
investigated the function of YAP-1 and TAZ in driving
proliferation of cancer cells and tumor tissue, as well as
cellular migration, metastasis and resistance to ther-
apeutics [38–40]. High levels of YAP-1 were also
detected in TC tissues and correlated with advanced
tumor progression and poor prognosis [41, 42]. The
activation of YAP-1 accelerates the malignant progres-
sion and metastasis conferring chemoresistance in TC
cells [43]. Furthermore, deregulation of miRNAs is also
one of the most crucial mechanisms for Wnt/β-catenin
signaling activation [44] and recent data support the role
of this pathway in PTC progression, upregulating EMT-
related genes and increasing the thyroid tumor cell
invasion [8, 45]. Herein, knockdown of miR-31-5p
resulted in a downregulation of YAP-1, TAZ and
β-catenin. A recover of their expression levels was
observed when miR-31-5p was overexpressed confirm-
ing, for the first time, the influence of miR-31-5p on
Hippo and Wnt/β-catenin pathways in TC cells.

Conclusions

The findings illustrated in the present paper suggest that
the miRNA-31-5p acts as oncogenic miRNA in human
thyrocytes and its overexpression may be involved in the
BRAF-related tumorigenesis in PTCs. It may play an
important role in thyroid tumor progression by altering
migration and invasion properties of neoplastic thyroid
cells by influencing the EMT process at least in part
through the modulation and of YAP-1/β-catenin signaling
pathways. These results will advance our understanding
the process of PTC progression and may provide evi-
dence of miR-31-5p as novel therapeutic target for PTC
treatment.
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