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MiR-574-5p mediates the cell cycle and apoptosis in
thyroid cancer cells via Wnt/f3-catenin signaling by
repressing the expression of Quaking proteins
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Abstract. Thyroid cancer is the most frequently occurring type
of endocrine tumor, with a rapidly increasing incidence rate.
MicroRNA (miR)-574-5p is a candidate oncogene in various
types of cancer. The present study identified that miR-574-5p
affected the cell cycle distribution and apoptosis of BCPAP
and FTC133 thyroid cancer cells via [3-catenin/Wnt signaling
by targeting Quaking proteins (QKIs). An MTT assay demon-
strated that the knockdown of miR-574-5p suppressed the
proliferation of the thyroid cancer cells. Fluorescence-activated
cell sorting analysis demonstrated that the inhibition of
miR-574-5p induced the G,/S phase arrest and apoptosis of
the cells. Reverse transcription-quantitative polymerase chain
reaction and western blot analyses revealed that the knockdown
of miR-574-5p significantly upregulated the mRNA and protein
expression levels of QKIs. Furthermore, western blot analysis
identified that the knockdown of miR-574-5p also repressed
the Wnt/B-catenin pathway via downregulating the expression
of B-catenin, cyclin DI and survivin, and upregulating the
phosphorylation of -catenin. The further depletion of QKIs
in combination with the knockdown of miR-574-5p not only
increased the expression of -catenin, cyclin DI and survivin,
but also rescued the apoptosis of thyroid cancer cells induced
by the miR-574-5p knockdown. In conclusion, these findings
indicated that the aberrant upregulation of miR-574-5p may be
oncogenic, through regulating the Wnt/B-catenin pathway by
targeting QKIs.
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Introduction

Thyroid cancer is the most frequently occurring tumor in the
endocrine system and accounts for ~1% of all newly diagnosed
cancer cases in the United States (1). The incidence of thyroid
cancer, particularly differentiated-type thyroid cancer, is
rapidly increasing (2-5). Thyroid cancer is primarily derived
from two thyroid cell types: Follicular thyroid cells and
parafollicular cells. The follicular thyroid cell-derived tumors
account for the majority of thyroid cancer cases, including
anaplastic thyroid cancer, poorly differentiated thyroid cancer,
differentiated papillary thyroid cancer (PTC) and follicular
thyroid cancer (FTC). Medullary thyroid cancer (MTC),
derived from parafollicular C cells, accounts for a relatively
small proportion of thyroid cancers (6). Genetic and epigenetic
alterations, including mutations, copy number variation and
abnormal methylation, are the primary causative factors of the
pathogenesis of thyroid cancer (1,6). Well-differentiated PTC
and FTC can be effectively treated by surgery followed by
radioiodine therapy. Tumors without differentiation are candi-
dates for molecularly targeted therapy, as they are associated
with a less favorable prognosis (7).

Quaking (QKI) is an RNA-binding protein that belongs
to the signal transduction and activation of RNA (STAR)
protein family (8). QKI encodes a diverse set of transcript
variants through alternative splicing, of which the most
well-documented isoforms are QKI 5, 6 and 7 (9). QKI has
been associated with regulating various cellular processes,
including apoptosis, the cell cycle, differentiation and cell
fate determination (10-12). The decreased expression of QKI
has been implicated in the pathogenesis of many types of
human disease, including a number of types of cancer (8,13).
Yang et al (14) reported that the levels of QKI5/6 were signifi-
cantly reduced or absent in colorectal cancer (CRC) cells. It
has also been observed that the downregulation of QKI in
colon cancers may be partially due to the hypermethylation
of the QKI promoter region. The induced expression of QKI
decreases the cell proliferation ability and increases the differ-
entiation ability of colon cancer cells (14).

MicroRNAs (miRNA) are small noncoding RNAs
that function in RNA splicing and the post-transcrip-
tional regulation of gene expression via targeting
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complementary sequences within mRNA to induce mRNA
degradation (15-17). The dysregulation of miRNAs and
their associated target genes may participate in tumorigen-
esis (18,19). miR-574-5p is a potential oncogenic miRNA
that has been demonstrated to be significantly upregulated
in thyroid cancer cells (18,19).

Whnt/f-catenin signaling is constitutively activated in
cancer cells. Phosphorylated (3-catenin may be degraded by
proteasomes. However, non-phosphorylated f-catenin is
transferred into the nucleus and protected from degradation,
thereby activating the expression of genes associated with cell
proliferation (20). Thus, the phosphorylation level of 3-catenin
indicates the activity of the Wnt/B-catenin pathway and
promotes cancer cell proliferation.

Previous studies have demonstrated that miR-574-5p regu-
lates CRC tumorigenesis and progression by targeting QKI
and subsequently activating the Wnt/p3-catenin pathway (8).
However, it remains unclear the mechanism by which
miR-574-5p regulates QKI and functions as an oncogene in
thyroid cancer.

In the present study, miR-574-5p-specific small interfering
RNA (siRNA) was utilized to decrease the miR-574-5p level,
and the influence of miR-574-5p on cell proliferation, the cell
cycle and apoptosis was analyzed in BCPAP and FTC133
thyroid cancer cells. The expression of QKI and crucial
factors of the Wnt/p-catenin pathway following miR-574-5p
knockdown in thyroid cell lines were also detected. The results
of the present study suggested that miR-574-5p induced cell
proliferation and cell cycle progression, and repressed the
apoptosis of thyroid cancer cells via Wnt/p-catenin signaling
by targeting QKIs.

Materials and methods

Cell culture and siRNA transfection. The human thyroid cells
BCPAP and FTC133 (American Type Culture Collection,
Manassas, VA, USA) were cultured in Dulbecco's modified
Eagle's medium (DMEM; Gibco; Thermo Fisher Scientific,
Inc., Waltham, MA, USA) with 10% fetal bovine serum (FBS;
Gibco, Thermo Fisher Scientific, Inc.) at 37°C with 5% CO,
in an incubator. A total of 2x10° BCPAP or FTC133 cells
were plated into 6-well dishes. At 24 h after seeding, siRNA
targeting miRNA-574 or QKI, or negative control siRNAs
were transfected into cells using Lipofectamine® 2000
(Invitrogen, Thermo Fisher Scientific, Inc.) according to the
manufacturer's protocol. Cells transfected with the miR-574-5p
siRNA or negative control siRNA were used for proliferation,
cell cycle, apoptosis, reverse transcription-quantitative poly-
merase chain reaction (RT-qPCR) and western blotting assays.
Cells transfected with miR-574-5p siRNA and QKI siRNA
were used for apoptosis and western blotting assays. The
miR-574-5p-specific siRNA was purchased from Ambion
(Thermo Fisher Scientific, Inc.; sequence 5'-UGAGUGUGU
GUGUGUGAGUGUGU-3'"), a scrambled sequence, as previ-
ously described (8), was used as negative control. The siRNA
for pan-QKI knockdown was synthesized by Shanghai Sangon
Pharmaceutical Co., Ltd. (Shanghai, China) with the sequence
5'-CCUUGAGUAUCCUAUUGAACCUAGU-3', whereas the
negative control sequence was 5'-UUCUCCGAACGUGUC
ACGUTT-3"
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Cell proliferation assay. Cell proliferation was detected by
an MTT assay (Sigma-Aldrich, Merck KGaA, Darmstadt,
Germany) according to the manufacture's protocol, with some
modification, as previously described (21). At 24,48, and 72 h
after transfection, BCPAP and FTCI133 cells were treated
with MTT (5§ mg/ml in 1X PBS), in an amount equal to 10%
of the culture volume, for 4 h. Absorbance at 570 nm was
then detected. Three independent experimental repeats were
performed.

Cell cycle assay. BCPAP and FTC133 cells transfected
with miR-574-5p or negative control siRNA were collected,
washed twice with 1X PBS, and fixed in 70% ethanol at -20°C.
After 24 h of fixation, cells were incubated with RNase A
(Takara Bio, Inc., Otsu, Japan) at 100 gg/ml in 1X PBS for
30 min at 37°C. Cells were then stained with propidium
iodide (PI; BD Biosciences, San Jose, CA, USA) at 50 ug/ml
for 30 min at room temperature. Subsequently, cells were
analyzed for DNA content using a BD FACSCalibur™ flow
cytometer (BD Biosciences). Three independent experimental
repeats were performed.

Apoptosis analysis. BCPAP and FTC133 cells transfected with
miR-574-5p, QKI or negative control siRNA were collected for
apoptosis analysis. An Annexin V-FITC PI staining assay kit
(BD Biosciences) was used for the detection of apoptotic cells
according to the manufacturer's protocol. Three independent
experimental repeats were performed.

RNA extractionand RT-qPCR analyses for miRNA and mRNAs.
The total RNA of BCPAP and FTC133 cells transfected with
miR-574-5p siRNA or negative controls was extracted using
an RNeasy Mini kit (Qiagen, Valencia, CA, USA) according
to the manufacturer's protocol. For mRNA quantification, RT
was performed with the PrimeScript Reverse Transcriptase
(Takara Bio) using a random primer mix (Invitrogen). gPCR
assays were performed with the SYBR Premix Ex Taq™
(Takara Bio) on an ABI Prism 7500 Real-time PCR system
(Thermo Fisher Scientific). DNA was denatured at 94°C for
10 min, followed by initial denaturation with 30 cycles at 94°C
for 1 min, 60°C for 1 min and 72°C for 2 min, and finally
ended up with an extension step at 72°C for 5 min. The relative
expression of genes was calculated by 244 method (22). Each
assay was performed three times.

For miR-574-5p quantification, RT was performed with
the PrimeScript Reverse Transcriptase (Takara Bio) using
the miR-574-5p-specific RT primer (Shanghai Sangon
Pharmaceutical, Shanghai, China). qPCR assays were
performed using the previously described universal primer
(Shanghai Sangon Pharmaceutical) and miR-574-5p-specific
reverse locked nucleic acid primers (LNA; Shanghai Sangon
Pharmaceutical) (8,23).

The primers were as follows: Pan-QKI forward: 5'-CAT
CAGCTGCATCTTCTTCAG-3', pan-QKI reverse: 5'-CAC
TGTGGAAGATGCTCAGAA-3"; QKIS forward: 5'-GCC
CTACCATAATGCCTTTGA-3', QKIS reverse: 5'-AACTTT
AGTAGCCACCGCAACC-3'; QKI6 forward: 5'-GCCCGA
AGCTGGTTTAATCTATA-3', QKI6 reverse: 5-TCGTTG
GGAAAGCCATACCTAAT-3"; QKI7 forward: 5-GCTGGT
TTAATCTATACACCCTATGA-3', QKI7 reverse: 5'-GAC
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Figure 1. Knockdown of miR-574-5p decreased the proliferation of thyroid carcinoma cells. (A) Results of the reverse transcription-quantitative polymerase
chain reaction assay, indicating a significant reduction of the miR-574-5p level in BCPAP and FTC133 cells transfected with the miR-574-5p siRNA. ““P<0.01.
(B) MTT assay performed at the indicated time points from knockdown (24, 48 and 72 h) in BCPAP and FTC133 cells. The absorbance at 570 nm was detected
after a 4-h incubation with MTT. Error bars show the standard deviation of triplicate experiments. "P<0.05 and “P<0.01 vs. BCPAP control group. “P<0.01

vs. FTC133 control group. miR, microRNA.

TGGCATTTCAATCCACTCTA-3"; miR-574-5p-specific RT
primer: 5-GTCGTATCCAGTGCGTGTCGTGGAGTCGGC
AATTGCACTGGATACGACTACACAC-3"; universal primer,
GGGGTGAGTGTGTGTGTG-3"; miR-574-5p-specific reverse
LNA, TGCGTGTCGTGGAGTC-3'.

Western blotting. Total protein extracts from BCPAP and
FTC133 cells with or without miR-574-5p knockdown were
used for western blotting analysis, as previously described (8).
The primary antibodies used for western blot analysis were
as follows: Anti-pan-QKI (cat. no. sc103851; Santa Cruz
Biotechnology, Inc., Dallas, TX, USA); anti-QKIS5 (cat.
no. AB9904); anti-QKI6 (cat. no. AB9906); anti-QKI7 (cat.
no. AB9908; all EMD Millipore, Billerica, MA, USA);
anti-o-Tubulin (cat. no. 2125); anti-B-catenin (cat. no. 8480);
anti-phospho-f-catenin (Ser33/37/41; cat. no. 9561); anti-cyclin
DI (cat. no. 2978); and anti-survivin (cat. no. 2808; all Cell
Signaling Technology, Danvers, MA, USA). Each western
blotting assay was performed three times.

Statistical analysis. Statistical analysis was performed using
GraphPad Prism 5.0 (GraphPad Software, Inc., La Jolla, CA,
USA). Statistical evaluation was performed using Student's
t test (two-tailed) between two groups, or one-way analysis
of variance followed by Tukey's post hoc test for multiple
comparisons. P<0.05 was considered to indicate a statistically
significant difference.

Results

Inhibition of miR-574-5p suppresses the proliferation
of BCPAP and FTCI33 cells. To investigate the role of
miR-574-5p in thyroid cancer, siRNA was used to knock-
down miR-574-5p in the thyroid carcinoma-derived cell
lines BCPAP and FTC133. The reduction of miR-574-5p
expression in miR-574-5p siRNA-transfected cells was
confirmed by RT-qPCR (Fig. 1A). Subsequently, an MTT
assay was conducted to investigate any changes in cell
growth following miR-574-5p knockdown. As demonstrated
in Fig. 1B, the viability of BCPAP and FTC133 cells trans-
fected with miR-574-5p siRNA was significantly reduced

when compared with the negative control, indicating that
miR-574-5p may promote thyroid cancer cell growth.

Inhibition of miR-574-5p leads to the G,/S-phase arrest
of BCPAP and FTCI33 cells. The effect of miR-574-5p
knockdown on the cell cycle distribution was investigated.
As demonstrated by Fig. 2, following miR-574-5p knock-
down, the proportion of G,/G,-phase cells was significantly
increased, from ~25 to 50% (BCPAP) and from ~26 to 51%
(FTC133), whereas the proportion of S-and G,/M-phase cells
was significantly decreased. This result implied that the
knockdown of miR-574-5p led to cell cycle arrest at the G,/S
phase, suggesting that miR-574-5p promoted the cell cycle
progression of thyroid cancer cells. Furthermore, the propor-
tion of sub-G,/G, phase cells was significantly increased
following miR-574-5p knockdown, indicating the induction
of apoptosis.

Inhibition of miR-574-5p induces the apoptosis of BCPAP and
FTCI33 cells. The cell cycle analysis indicated that the inhibi-
tion of miR-574-5p may affect the apoptotic status of thyroid
carcinoma cells. Thus, the proportion of early and late apop-
totic cells following miR-574-5p knockdown were determined
through Annexin V-FITC/PI staining. Fig. 3 demonstrated
that, following miR-574-5p knockdown, the proportion of
early apoptotic cells (Annexin V*/PI') was increased from
0.91 to 31.39% for BCPAP cells, and from 0.48 to 21.36% for
FTC133 cells. Furthermore, the proportion of late apoptotic
and necrotic (Annexin V*/PI*) cells following miR-574-5p
knockdown was increased from 2.11 to 5.24% for BCPAP
cells, and from 1.20 to 6.15% for FTC133 cells.

Inhibition of miR-574-5p upregulates the level of pan-QKI
and QKI15/6/7 in BCPAP and FTCI133 cells. The mechanism
of miR-574-5p in the development of thyroid carcinoma
has yet to be characterized. A previous study demonstrated
that the inhibition of miR-574-5p in CRC suppressed tumor
growth by the activation of QKI proteins (8). Therefore, the
present study further investigated whether the expression
levels of QKIs were influenced by miR-574-5p in thyroid
carcinoma.
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Figure 2. Knockdown of miR-574-5p led to cell cycle arrest at G,/S phase. (A) Histograms of the cell cycle distribution of BCPAP and FTC133 cells following
miR-574-5p knockdown. (B) Proportion of cells in of each cell cycle phase following miR-574-5p knockdown. Data are presented as the mean + standard
deviation of triplicate experiments. “P<0.05, “P<0.01, and ““P<0.001 vs. respective control groups. miR, microRNA.

Initially, an RT-qPCR assay was performed to detect Fig. 4A, the mRNA levels of pan-QKI and QKI5/6/7 were
the level of pan-QKI and QKI5/6/7 mRNAs prior to and  significantly higher in the miR-574-5p siRNA-transfected
following the inhibition of miR-574-5p. As demonstrated in ~ BCPAP and FTC133 cells compared with the negative control.
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Figure 3. Knockdown of miR-574-5p induced apoptosis in BCPAP and FTC133 cells. Apoptosis was detected by flow cytometry following Annexin V/propidium
iodide staining in BCPAP and FTC133 cells transfected with miR-574-5p siRNA and negative controls. (A) Representative dot plots from flow cytometric
analysis. (B) Proportion of of apoptotic BCPAP and FTC133 cells with and without miR-574-5p knockdown. Data are presented as the mean + standard devia-
tion of triplicate experiments. “P<0.01 and ““P<0.001 vs. respective control group. miR, microRNA.
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Figure 5. Knockdown of miR-574-5p repressed the Wnt/B-catenin pathway.
(A) Western blotting results to demonstrate the change in protein expression
levels following miR-574-5p knockdown. a-tubulin was used as an internal
control. Images are representative of three western blot analysis repeats.
(B) Quantification of western blot assays. "P<0.05, “P<0.01 vs. respective
control group. miR, microRNA.

Subsequently, western blotting assays were conducted to assess
the protein level of pan-QKI and QKI5/6/7. As demonstrated
in Fig. 4B and C, the protein levels of pan-QKI and QKI5/6/7
were also increased following the miR-574-5p knockdown in
BCPAP and FTC133 cells, with the exception of QKIS protein
in FTCI133 cells. Collectively, these results indicated that
miR-574-5p repressed the expression of QKIs at the mRNA
and protein levels, suggesting that the influence of miR-574-5p
on cell proliferation, cell cycle distribution and apoptosis may
be mediated by the repression of QKIs.

Inhibition of miR-574-5p represses the Wnt/[3-catenin pathway.
B-catenin is a core factor of the Wnt/B-catenin signaling
pathway and a downstream target of QKI proteins (24). As
the expression of QKIs may be regulated by miR-574-5p, it
was investigated in the present study how miR-574-5p affected
the Wnt/B-catenin signaling pathway through the western
blot analysis of thyroid carcinoma cells. The knockdown of
miR-574-5p led to the significant downregulation of (3-catenin
protein in BCPAP and FTC133 cells (Fig. 5), indicating that
miR-574-5p may regulate Wnt/p3-catenin pathway via affecting
the QKI proteins. Furthermore, the expression levels of two
Whnt/B-catenin target genes, cyclin D1 and survivin, were
detected following miR-574-5p knockdown. As demonstrated
in Fig. 5, the levels of cyclin D1, which regulated the cell cycle,
and survivin, which regulated apoptosis, were significantly
lower in miR-574-5p siRNA-treated BCPAP and FTC133 cells
as compared with control siRNA-treated cells. Collectively,
these results indicated that the depletion of miR-574-5p may
lead to the repression of the Wnt/f-catenin pathway.

miR-574-5p may regulate the Wnt/p-catenin pathway by
repressing QKlIs. The results of Fig. 4 demonstrate that
QKIs, which have been reported to repress the Wnt/f3-catenin
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pathway, were repressed by miR-574-5p. In order to identify
whether the repression of the Wnt/f-catenin pathway subse-
quent to miR-574-5p knockdown was mediated by QKIs,
the further knockdown of QKI expression was induced
through siRNAs against all QKI isoforms. As illustrated
in Fig. 6A and B, the expression levels of (3-catenin, cyclin
D1 and survivin were significantly increased following QKI
knockdown in combination with miR-574-5p knockdown.
Furthermore, the level of phosphorylated B-catenin was
significantly upregulated following miR-574-5p knockdown in
BCPAP and FTC133 cells. However, the level of phosphory-
lated p-catenin was decreased following QKI knockdown in
miR-574-5p-knockdown BCPAP and FTC133 cells.

The biological effects of further QKI knockdown in
miR-574-5p-knockdown BCPAP and FTCI133 cells were
also examined. Cells with the co-knockdown of QKIs and
miR-574-5p exhibited a significant decrease in the rate of
apoptosis when compared with the cells with only miR-574-5p
knockdown (from 39.43 to 12.40% in BCPAP cells, and from
17.72 to 10.42% in FTC133 cells; Fig. 6C and D). Collectively,
these results indicated that miR-574-5p may positively activate
the Wnt/B-catenin signaling pathway through repressing QKIs,
and thus regulate the cell cycle and apoptosis.

Discussion

Thyroid cancer accounts for ~1% of all newly diagnosed
cancers in the United States, and is the most frequently occur-
ring tumor in the endocrine system (1). miR-574-5p, a potential
oncogenic miRNA, is upregulated in thyroid cancer (18). In the
present study, it was demonstrated that miR-574-5p induced
cell proliferation and cell cycle progression, and repressed the
apoptosis of thyroid cancer cells via Wnt/B-catenin signaling
by downregulating QKIs. The inhibition of miR574-5p
repressed proliferation and induced the apoptosis of thyroid
cancer cells. These data may enhance the understanding of
the association between the miR-574-5p and Wnt/p3-catenin
pathway. Additionally, miR-574-5p may provide a novel poten-
tial therapeutic target for the treatment of thyroid cancer.

miRNAs may participate in tumorigenesis by acting as
oncogenes or tumor suppressors (16,25). miR-574-5p has been
identified as upregulated in thyroid cancer cells (18). The
present study demonstrated that the inhibition of miR-574-5p
reduced the oncogenic behavior of thyroid cancer cells.
Knockdown of miR-574-5p repressed the proliferation of
thyroid cancer cells, led to cell cycle arrest at the G,/S phase,
and increased the number of cells undergoing apoptosis. An
increasing amount of evidence has indicated the oncogenic
role of miR-574-5p. For example, miR-574-5p has been iden-
tified as aberrantly upregulated in CRC, and the inhibition
of miR-574-5p suppressed the growth of tumors in murine
models (8). Furthermore, miR-574-5p was identified as one of
the most commonly upregulated miRNAs in lung cancer, and
the repression of miR-574-5p significantly abrogated the tumor
progression induced by Toll-like receptor 9 signaling (26).
The present study provided evidence to support the onco-
genic potential of miR-574-5p and the association between
miR-574-5p and thyroid cancer.

QKI is associated with the determination of cell
fate, including apoptosis, cell cycle progression and



ONCOLOGY LETTERS

15: 5841-5848, 2018 5847

A B = Control
BCPAP FTC133 = miR-574 inhibitor
= MiR-574 inhibitor+siQKI
miR-574 inhibitor - + + - + +
. BCPAP FTC133
siQKI - - + - - +
pan-QKl | s E— -— - — ] T
z a2
p-f-catenin | e— . — S a— e £
B
[roatening S = e — S - — g 5
o @
CyclinD1  WENER ~ - s S o £ f‘,
b [}
S — < e
octubulin S S S S ——
c Control miR-574 inhibitor miR-574 inhibitor+siQKI
10 10¢ 104 =
0 68% 1.87% 4.20% 11.01% - -B.56%)
ok | . o o -
100 - 10 10° ;%
! oovd D 3 Control
BCPAFP 107 10¢ m miR-574 inhibitor
B miR-574 inhibitor+siQKI
0 10! :
e 0.79% 5637% 32.02%) 186, e agan] #
o0 1 L.
10° 10 10° 10 10¢ 10° 10 10¢ 10° 10¢ 10° 10! 102 107 10 8
g
4 4
" 5 7e% 1.76% 0.63% i
o
1DJ. él
BCPAP FTC133
FTC133
0.76% d CAMN%
107

Pl 100 100

Annexin V

102 100 10t

Figure 6. Knockdown of miR-574-5p repressed the Wnt/p-catenin pathway through activating QKIs. (A) Western blotting showing the change of protein
expression levels following miR-574-5p and QKI knockdown. a-tubulin was used as an internal control. Images are representative of three western blot analysis
repeats. (B) Quantification of western blotting. (C) Repression of QKIs rescued the cell apoptosis induced by miR-574-5p knockdown. (D) Quantification of the
apoptosis rate in BCPAP and FTC133 cells. "P<0.05, “P<0.01, "“P<0.001 vs. respective control groups. miR, microRNA; QKI, quaking protein.

differentiation (13,27,28). The suppression of QKI, as may be
induced by DNA methylation in the QKI promoter region (29),
has been implicated in numerous cancer types (8,30,31). In
addition, miR-574-5p has been indicated to affect the regula-
tion of QKI. For example, Yang et al (14) demonstrated that
miR-574-5p negatively regulated QKI6/7 in CRC. In the
present study, qPCR and western blotting assays showed
that pan-QKI and QKI5/6/7 were significantly repressed by
miR-574-5p in thyroid cancer. Furthermore, since QKI is a
negative regulator of the Wnt/f-catenin pathway, the influ-
ence of miR-574-5p on the Wnt/B-catenin pathway was also
investigated. The data indicated that miR-574 activated the
expression of B-catenin through repressing QKIs. As a result,
the knockdown of miR-574-5p led to the downregulation
of total f-catenin and the upregulation of phosphorylated
B-catenin. The expression of cyclin DI and survivin, two
important targets of the Wnt/f-catenin pathway (32,33),
was also repressed by the knockdown of miR-574-5p. As a
consequence, the repression of miR-574-5p led to the cell
cycle arrest and apoptosis of the thyroid cancer cells. In
summary, the present findings support the hypothesis that
the oncogenic function of miR-574-5p is achieved through
an effect on QKIs.

The primary contribution of the present study was to
demonstrate the association between miR-574-5p and the onco-
genic behavior of thyroid cancer cells. It was identified that the
aberrantly high expression of miR-574-5p in thyroid cancer cells

promoted cell proliferation and the cell cycle progression of
thyroid cancer cells. Furthermore, the function of miR-574-5p
in the cell cycle and apoptosis of thyroid cancer cells may be
mediated via Wnt/p-catenin signaling by the repression of
QKIs. Thus, from a clinical perspective, these findings suggest
that miR-574-5p may be a candidate therapeutic target for the
treatment and prevention of thyroid cancer.
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