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Abstract

Introduction: Our study was conducted to prove that miR-509-5p improved
the proliferative and invasive abilities of papillary thyroid carcinoma (PTC)
cells through inhibiting SFRP1 expression.

Material and methods: QRT-PCR was conducted in order to detect the miR-
509-5p expression levels in PTC and normal tissues. The miR-509-5p and
SFRP1 mRNA expression levels in PTC cell lines K1, TPC-1, BCPAP and the
human normal thyroid cell line HT-ori3 were also detected by qRT-PCR. The
transfection was performed using Lipofectamine and lentiviral vectors. Pgc-
sil-008 was used as the SFRP1 gene vector. Western blot and dual luciferase
reporter gene assay were conducted to investigate miR-509-5p’s direct reg-
ulation on SFRP1. MTT, clone formation, and Transwell assays were adopted
to investigate the biological behaviors of PTC cells. TCF/LEF luciferase assays
were used to prove that miR-509-5p influenced the Wnt/B-catenin signaling
pathway by regulating SFRP1.

Results: MiR-509-5p was overexpressed in PTC cells and tissues in which
SFRP1 was down-regulated. MiR-509-5p bound to the 3’-UTR of SFRP1 and
therefore partially weakened the proliferative, migrating and invasive ac-
tivities of PTC cells. MiR-509-5p promoted activation of the Wnt/B-catenin
signaling pathway through down-regulating SFRP1.

Conclusions: MiR-509-5p improved the proliferative, migrating and invasive
abilities of PTC cells through inhibiting SFRP1 expression.

Key words: papillary thyroid carcinoma, miR-509-5p, SFRP1.

Introduction

Thyroid cancer (TC) is the most prevalent malignancy of endocrine
system. According to the newest official estimates of the American Can-
cer Society [1], 64,300 new patients were diagnosed with TC in 2016,
out of a total of 66,730 new cancer cases in the endocrine system. There
was a higher incidence in females, with the estimate of 49,350 new di-
agnosed TC female patients. It is predicted that TC will become the third
most common cancer in women by 2019 [2]. The average annual growth
in the incidence of TC was about 5.3% in males and 3% in females, from
2008 to 2012. The growing incidence partially results from the advanced
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clinical detection of occult cancers through im-
aging and pathology [3]. Papillary thyroid cancer
(PTC) accounts for the majority of TC and is charac-
terized by its morphology [4]. Although the 5-year
survival rate of PTC is higher than 90% and several
treatments have been investigated [5, 6], effective
treatments and diagnostic strategies based on the
molecular mechanism are still needed.

MicroRNAs (miRNAs) are small non-coding
RNAs consisting of 20 to 22 nucleotides. In most
cases, they are excised from fold-back RNA pre-
cursors consisting of 60 to 110 nucleotides [7, 8].
MiRNAs have been identified to be crucial in some
biological processes, such as development, differ-
entiation, apoptosis and proliferation [9], by means
of pairing imperfectly with target protein-coding
messenger RNAs (mRNAs) and regulating their
expression during or after transcription [10, 11].
Abnormal expression of miRNAs has been found
by researchers in many types of human tumors,
after B-cell chronic lymphocytic leukemia was
initially detected to be relevant with miRNA reg-
ulation [12]. For example, lorio et al. investigated
the deregulation of miRNAs in breast cancer [13]
and Ciafre et al. reported on glioblastoma and the
corresponding miRNAs [14]. In some specific tu-
mors, both abnormally expressing protein-coding
genes and miRNAs have been observed [15]. With
the emergence of further studies, more and more
linkages between miRNAs and carcinoma cells are
identified. It has become clear that both over-ex-
pressed and down-expressed miRNAs exist in
cancer cells. With respect to PTC, there is a consid-
erable amount of studies published in the recent
years. For instance, miR-663 and miR-199a-5p
were reported to target transforming growth fac-
tors and suppressed TC progression [16, 17], and
miR-96 is identified to be oncogenic by targeting
tumor suppressors [18]. It is possible that miRNAs
are involved in the initiation process of PTC cells
[19, 20]. The fold change of aberrantly expressed
miRNAs in PTC could vary from 10 to 20 fold, which
has been considered as a biologically significant
characteristic of PTC [19]. This is due to the fact
that a large quantity of genes could be the targets
of a specific kind of miRNA, and a specific gene
could be targeted by many miRNAs [15]. Moreover,
the interaction between miRNAs may lead to an-
tagonistic or accumulating consequences [21].

Recent studies have revealed the role of miR-
509 in some aspects. Xing et al. reported that miR-
509 suppressed breast cancer cells from metas-
tasizing to brain by modulating RhoC and TNF-a
[22]. Su et al. clarified the proliferation-inhibiting
effect of miR-509-3p in renal cell carcinoma [23].
Ren et al. identified that miR-509-5p could be
a regulator involved in the Mdm2/p53 feedback
loop [24]. There have been some studies that cor-

related cancers with secreted frizzled-related pro-
tein 1 (SFRP1). For instance, Kalmar et al. revealed
that hyper-methylation of SFRP1 could contribute
to the formation of colorectal cancer by reducing
gene expression [25]. Jiang et al. confirmed that
SFRP1 plays an oncogenic role in glioblastoma
[26]. We found that miR-509-5p and SFRP1 could
potentially be matching in PTC cells, according to
TargetScan. In this study, it was discovered that
miR-509-5p promoted the proliferation and inva-
sion of PTC cells by directly suppressing SFRP1.

Material and methods
Tissue samples

Samples from PTC tumors (n = 40) and paired
adjacent thyroid tissues (n = 40) (located more
than 3 c¢cm from tumor borders) were taken from
patients who underwent their first surgical ex-
cision at Linzi District People’s Hospital, from
2014.10 to 2015.10. Fresh tissue samples were
frozen in liquid nitrogen and stored in refrigera-
tor at —80°C. All the patients were diagnosed with
PTC by three pathologists and did not receive oth-
er treatments including radioisotopes I**! and thy-
roid-stimulating hormone suppression.

Cell culture, transfection and grouping

Human PTC cell lines (K1, TPC-1 and BCPAP),
normal thyroid cell line HT-ori3 and human embry-
onic kidney cell line 293T were all purchased from
ATCC (American Type Culture Collection, USA).

TPC-1 cells were assigned to five groups:
(1) Control group; (2) miR-509-5p mimic group;
(3) negative control (NC-1) group; (4) miR-509-5p
inhibitor group; (5) miR-inhibitor-NC group. Cell
transfection was conducted 24 h after cell inocu-
lation by Lipofectamine 2000 reagent (Invitrogen,
USA) strictly following the kit instructions. Mimics
and inhibitors as well as negative controls were
purchased from GeneChem company.

TPC-1 cells were assigned to three groups: (1)
cDNA-NC (NC-2); (2) SFRP1 cDNA group; (3) Mix
group (co-transfected with SFRP1 cDNA and miR-
509-5p). Cell transfection was conducted 24 h
after cell inoculation using Pgcsil-008 lentiviral
reagent (GeneChem, China) strictly following the
manufacturer’s instructions.

Real-time PCR (RT-PCR)

Total RNA was extracted from the tissues and
cells using TRIZOL solution (Invitrogen, USA). A RT-
PCR kit (Invitrogen, USA; product code: C10572-
014) was used to conduct reverse transcription
and RT-PCR. The amount of each transcript was
quantified using the2-024¢9 method. The primers
for the PCR of miR-509-5p, SFRP1 and the inter-
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Table 1. PCR primer sequences

cDNA Forward primer Reverse primer
miR-509-5p 5'-CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGTGATTGCC-3’
SFRP1 5'-ACGTGGGCTACAAGAAGATGG-3' 5'-CAGCGACACGGGTAGATGG-3'
ue 5’-CTCGCTTCGGCAGCACA-3' 5'-AACGCTTCACGAATTTGCGT-3'
GAPDH 5'-ACAACTTTGGTATCGTGGAAGG-3’ 5’-GCCATCACGCCACAGTTTC-3'

nal reference U6 and GAPDH are given in Table I.
Gene expression changes were quantified using
the 22CT method.

Western blot

Transfected cells were cultured for 48 h and
then total protein was extracted. The total pro-
teins were separated by SDS-PAGE. The proteins
were then transferred to a PYDF membrane (Mil-
lipore, USA). PBST containing 5% skim milk was
used to block the membrane for 2 h at 37°C. The
membranes were then cultured for 12 h at 4°C
with the primary antibodies against related pro-
teins (1 : 4000, Abcam, UK). HRP-conjugated sec-
ondary antibodies (Abcam, UK) diluted at 1 : 900
were incubated with the membrane. All experi-
ments were normalized to GAPDH.

MTT assay

Transfected TPC-1 cells were suspended to 1.5
x 10* cells/ml and then seeded into 96-well plates
at the density of 100 pl/well. Cell viability was
respectively evaluated after incubation for 24 h,
48 h and 72 h. Briefly, 20 pl of 5 mg/ml MTT solu-
tion (Sigma, USA) was added to every well and
150 pul DMSO (Sigma, USA) was used to dissolve
the excessive dye solution. The optical density
(OD) of cells in each well was detected by a micro-
plate reader (BioTek) at 450 nm. Each sample was
tested with three replicates.

Plate clone formation assays

Well-grown TPC-1 cells after transfection were
trypsinized and seeded in 6-well plates at 400
cells per well, followed by incubation at 37°C,
5% CO, for 2 weeks. The colonies on plates were
washed three times with PBS, fixed with 95% eth-
anol and stained with 0.1% crystal violet. When
the plate was dried, the number of visible colonies
was counted (250 cells for one clone).

Transwell assays

Transwell migration assays

Transwell chambers without coated Matrigel
were used to investigate the migration behavior
of transfected TPC-1 cells. All cells were grown as

adhesive monolayers in a humidified atmosphere
of 5% CO, in air at 37°C using Dulbecco’s mod-
ified Eagle’s medium (DEME) medium fortified
with 10% fetal bovine serum. Cells were added to
upper chambers and 500 pl of DMEM containing
10% fetal bovine serum was added to the lower
chamber. After incubation for 24 h, the TPC-1 cells
that invaded through the membrane were dyed
and counted under a microscope (200x).

Transwell invasion assays

A Transwell chamber with coated Matrigel (BD
Biosciences, Massachusetts) was used to detect
the invasiveness of transfected TPC-1 cells. After
incubation for 24 h, the TPC-1 cells that invaded
through the membrane were dyed and counted
under a microscope (200x).

Dual luciferase reporter assay

PmirGLO-SFRP1 3'-UTR vectors were construct-
ed by cloning SFRP1 3'-UTR sequences containing
miR-509-5p binding site into the pmirGLO vectors
and co-transfected into human embryo kidney
293T cells together with miR-509-5p mimics or
mimics NC and Renilla Luciferase internal plas-
mids (pRL-CMV) using Lipofectamine 2000. Sim-
ilarly, PmirGLO-SFRP1 3’-UTR-mut vectors were
constructed by cloning mutated SFRP1 3’-UTR to
the pmirGLO vectors, which were co-transfected
with miR-509-5p mimics or mimics NC and Renilla
Luciferase internal plasmids (pRL-CMV) using Li-
pofectamine 2000. Then we measured the lucif-
erase activity using the dual-Luciferase Reporter
assay kit (Promega, USA) 48 h after transfection.
Firefly luciferase activities were presented as
Sample Firefly/ReniHa/COn‘trol Firefly/Renilla®

TCF/LEF luciferase assay

Transfected TPC-1 cells were seeded to 96-well
plates (1.5 x 10° cells/well). TOPFlash, FOPFlash
or pRL-TK vectors were transfected to the cells
48 h after the seeding. Then the dual-Luciferase
Reporter assay kit (Promega, USA) was adopted
to measure the luciferase activity. Firefly luciferase
activities were normalized to Renilla luciferase ac-
tivities and the luciferase activity was presented

as Sample Firefly/ReniHa/COntrol Firefly/Renilla®
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Tumor formation in nude mice

The experimental protocol was approved by
the local institution. Four-week old female BALB/C
nude mice (Chinese Academy of Sciences, Shang-
hai, China) were injected subcutaneously with
a total of 1 x 107 cells suspended in 100 pl 1xPBS.
Mice injected with TPC-1 cells transfected with
miR-509-5p mimics and inhibitors were sacrificed
at 36 days after injection, and the tumors were
excised, measured and photographed. The length
and width of the tumors were measured every
4 days using a caliper, and tumor volumes (mm?3)
were calculated using the following formula: tu-
mor volume = (length x width?) x 0.5 mm?3[27].

Ethics approval and consent to participate:

Samples from PTC tumors (n = 40) and paired
adjacent thyroid tissues (n = 40) (located more
than 3 ¢cm from tumor borders) were taken from
patients who underwent their first surgical ex-
cision at Linzi District People’s Hospital, from
2014.10 to 2015.10. Fresh tissue samples were
frozen in liquid nitrogen and stored in a refrig-
erator at —80°C. All the patients were diagnosed
with PTC by three pathologists and did not receive
other treatments including radioisotopes I1**! and
thyroid-stimulating hormone suppression.

Statistical analysis

GraphPad Prism 6.0 software (GraphPad Soft-
ware, USA) and SPSS 21.0 (IBM Corporation, USA)
were used for statistical analyses and data were
all presented as mean * standard deviation. Un-
paired t-test, one-way ANOVA and two-way ANO-
VA were used for the comparisons. P < 0.05 was
regarded as statistically significant.

Results

MiR-509-5p and SFRP1 expression in PTC
tissues and cells

Western blot and RT-PCR were used to inves-
tigate the miR-509-5p and SFRP1 expression in
40 pairs of PTC and adjacent tissues and in normal
thyroid cell line HT-ori3 and PTC cell lines K1, TPC-1,
BCPAP.

The results showed that miR-509-5p was sig-
nificantly higher in PTC tissues than in adjacent
tissues (p < 0.05) and SFRP1 was lower in PTC tis-
sues than in adjacent tissues (p < 0.05) (Figures 1
A, B). The RT-PCR results also revealed significant
differences in the relative mRNA or miRNA expres-
sion of SFRP1 and miR-509-5p between PTC cells
and normal thyroid cells (p < 0.05) (Figures 1 C, D).
And the Western blot results showed a significant
difference in the protein expression of SFRP1 be-
tween PTC cells and normal thyroid cells (Figure 1 E).

MiR-509-5p level was the highest in the TPC-1 cell
line, so this cell line was chosen for following as-
says.

MiR-509-5p affected PTC cell proliferation,
migration and invasion

The transfection of miR-509-5p mimics or inhib-
itors was confirmed to be successful (Figure 2 A).
The exogenous miR-509-5p dramatically sup-
pressed the expression of SFRP1, whereas the
miR-209-5p inhibitors significantly induced SFRP1
expression (Figure 2 B). The results of the MTT as-
say showed that cells transfected with miR-509-
5p inhibitors had significantly lower viability rates
than cells in Control and NC groups (p < 0.05)
(Figure 2 C). Meanwhile, the results of the clone
formation assay confirmed that the cells trans-
fected with miR-509-5p inhibitors showed signifi-
cantly fewer colonies than Control and NC groups
(p < 0.05) (Figure 2 D). All the above results indi-
cated that inhibiting miR-509-5p expression could
suppress the proliferation and clone formation of
TPC cells. TPC-1 cells transfected with miR-509-5p
inhibitors showed significantly less migration or in-
vasion than the control or the NC group (Figure 2 E).

MiR-509-5p directly targeted SFRP1

The gene sequences of wild-type miR-509-5p
binding site SFRP1 3'-UTR (wt) and the corre-
sponding mutated one (mut) in which the “CUG-
CAGU” was mutate into “GACGCA” are illustrat-
ed in Figure 3 A. The simultaneous presence of
miR-509-5p and wild-type SFRP1 3’-UTR (wt)
dramatically decreased the relative luciferase ac-
tivity compared with the Control group (p < 0.05),
whereas the simultaneous presence of mutated
SFRP1 3'-UTR (mut) or miR-509-5p mimics/inhib-
itors showed no significant difference compared
with the Control group (Figure 3 B). The overex-
pression of miR-509-5p inhibited the expression
of SFRP1 in the TPC-1 cell line (Figure 3 C). Above
all, miR-509-5p directly targeted SFRP1 and inhib-
ited its expression.

MiR-509-5p promoted TPC cell
proliferation, migration and invasion
through inhibiting SFRP1

Over-expression of SFRP1 inhibited PTC cell
proliferation and clone formation

Western blot assays were used to detect the
SFRP1 expression in the TPC-1 cell line to verify
the transfection effectiveness. As illustrated in
Figure 4 A, the SFRP1 expression in the SFRP1
cDNA group was obviously higher than that in the
cDNA-NC group. The MTT assay results (Figure 4 B)
and clone formation assay results (Figure 4 C), the
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Figure 1. MiR-509-5p and SFRP1 expression in PTC tissues and cell lines. A — RT-PCR was used to detect the miR-
509-5p expression in PTC and adjacent tissues. B — Expression of SFRP1 in PTC and adjacent tissues was evaluated
by Western blot, using GAPDH as the internal reference. C — RT-PCR was used to detect the miR-509-5p expression

in normal thyroid cell line HT-ori3 and PTC cell lines. D —

RT-PCR was used to detect the SFRP1 mRNA expression

in normal thyroid cell line HT-ori3 and PTC cell lines. E — Western blot assay was used to detect the SFRP1 protein
expression in normal thyroid cell line HT-ori3 and PTC cell lines, using GAPDH as the internal reference

*P < 0.05, compared with the control group.

cell growth rate and clone cells of the TPC-1 cell
line in the SFRP1 cDNA group were significantly
lower or fewer than those in the cDNA-NC group
(all p < 0.05), indicating that over-expression of
SFRP1 inhibited TPC cell proliferation and clone
formation.

Over-expression of SFRP1 inhibited PTC cell
migrating and invasive abilities

In both Transwell migration and invasion as-
says, the number of TPC-1 cells in the cDNA group
migrating or invading through the membrane

was dramatically lower than that in the cDNA-NC
group (both p < 0.05) (Figure 4 D). These results
indicated that the over-expression of SFRP1 inhib-
ited TPC-1 cell migration and invasion.

MiR-509-5p regulated Wnt/p-catenin by
inhibiting SFRP1 expression

A TCF/LEF luciferase assay was conducted to
detect the Wnt/B-catenin pathway activity of
TPC-1 cells after transfection. The transfection ef-
ficiency of miR-509-5p mimics and inhibitors was
confirmed (Figure 5 A). The luciferase activity (pre-
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Figure 2. Down-regulating miR-509-5p influenced the biological activities of TPC cells. A — RT-PCR was conducted to
detect the miR-509-5p expression in TPC-1 cells after transfection to confirm the transfection efficiency. B — Expres-
sion of SFRP1 protein in cells in different groups determined by western blot. C — The influence of down-regulating
miR-509-5p on TPC cell proliferation was evaluated by MTT assays. D — Clone formation assays were conducted to
investigate the influence of down-regulating miR-509-5p on TPC cell clone formation. E — Transwell assays were
conducted to investigate the influence of down-regulating miR-509-5p on TPC cell migrating and invasive abilities

*P < 0.05, compared with the control group.
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Figure 3. Using dual luciferase reporter gene assay to prove that miR-509-5p directly targeted SFRP1. A — Scheme
and gene sequence of wild-type miR-509-5p binding site SFRP1 3’-UTR (wt) and the corresponding mutated one
(mut). B — Dual luciferase reporter gene assays were conducted to confirm that miR-509-5p directly targeted
SFRP1. C — Western blot assays were conducted to detect the SFRP1 expression after transfection

*P < 0.05, compared with the control group.

senting Wnt pathway activity) in the SFRP1 cDNA
group was significantly lower than that in the
cDNA-NC group, whereas that in the siRNA group
demonstrated a strong increase of luciferase in-
tensity (Figure 5 B). However, the Wnt pathway ac-
tivity in the Mix group (co-transfected with SFRP1
c¢DNA and miR-mimics) showed no dramatic dif-
ference in contrast to the Control group. Above all,
miR-509-5p regulated Wnt/B-catenin by inhibiting
SFRP1 expression.

MiR-509-5p promoted tumor growth

Exogenous miR-509-5p significantly increased
the tumor volume 36 days after the injection (Fig-
ure 5 D). MiR-509-5p inhibitors substantially re-
pressed the tumor growth from 16 days after the
injection. The tumors were photographed after
the mice were euthanized (Figure 5 C).

Discussion

The PTC is the most common endocrine carci-
noma, which often occurs in females [28]. To date,
numerous studies have revealed that the high
morbidity and mortality of PTC are attributed to
cell metastasis [29]. It is urgent for us to investi-

gate the potential molecular mechanism responsi-
ble for the metastasis process of PTC.

In the past few decades, the role of miRNAs in
human cancers has drawn substantial attention
[21, 30]. Accumulated evidence has suggested
that the regulation of miRNAs is closely associ-
ated with multiple biological processes involving
cell proliferation, invasion, migration, cell cycle
distributions and apoptosis [31]. The abnormal
expression of miR-509-5p has been frequently
observed in various tumor tissues using RT-PCR.
For instance, miR-509-5p is obviously downregu-
lated in tissues and plasma of renal cell carcinoma
in comparison with matched normal tissues [32].
The expression level of miR-509-5p is also lower
in non-small cell lung cancer [33]. Moreover, it was
found that miR-509-5p can be activated by p53
and then downregulated in cervical cancer and
hepatocellular carcinoma [24]. Coincidently, all of
the researchers claimed that miR-509-5p exerted
its suppressive functions in tumorigenesis and
metastasis.

In the present study, we detected that miR-
509-5p expression was significantly increased in
40 paired papillary thyroid carcinoma (PTC) sam-
ple tissues, in which for the first time miR-509-5p
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Figure 4. Over-expression of SFRP1 influenced the biological activities of TPC cells. A — Western blot was conducted
to detect the SFRP1 expression in TPC-1 cells after transfection. B— MTT assays were conducted to investigate the
influence of over-expression of SFRP1 on TPC-1 cell proliferation. C — Clone formation assays were conducted to
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*P < 0.05, compared with the control group.
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was found to be upregulated in human cancers.
To further verify its abnormal high expression, RT-
PCR was performed in PTC-derived cell lines (K1,
TPC-1, BCPAP) and the normal thyroid gland cell
line HT-ori3. Not surprisingly, the results were in
line with the detection in sample tissues. Thus, we
predicted that miR-509-5p functioned as an on-
cogenic gene in the progression and metastasis
of PTC. To further validate our prediction in PTC,
invitro assaysincluding MTT assay, clone formation
and Transwell assay were performed to evaluate
PTC cells’ biological functions. In vivo, tumor for-
mation experiments confirmed that miR-509-3p
promoted tumor growth. It was indicated that the
downregulation of miR-509-5p suppressed PTC
cells’ viability, proliferation and mobility, which in-
directly suggested its oncogenic role.

To reveal the molecular mechanism responsi-
ble for the oncogenic role of miR-509-5p in PTC,
we searched TargetScan (a biological database,
http://www.targetscan.org/) for a potential target
that was partially complementary to miR-509-5p

Figure 5. Wnt/B-catenin pathway activity in differ-
ent groups detected by TCF/LEF luciferase assay.
A — Relative luciferase activity in cells in group
NC-2, cDNAs, siRNAs and mix. B—Images of tumors
in different groups of mice. C — The relative expres-
sion of miR-509-5p in cells transfected with NC,
mimics and inhibitors. D — Tumor volume of mice
injected with NC, mimics or inhibitors

*P < 0.05, compared with the control group.

in the 3'-UTR region. SFRP1 drew our attention
and the dual luciferase reporter gene assay further
verified that SFRP1 was a direct target for miR-
509-5p. SFRP1 is abundant with cysteine and acts
as an antagonist of the Wnt signaling pathway
[34]. SFRP1 executes its functions by binding to
Whnt as it is homologous to the putative Wnt-bind-
ing site Frizzled. SFRP1 has been considered as
a negative regulator of Wnt/B-catenin signaling
and functions as a tumor suppressor in a wide
range of human cancers involving ovarian cancer,
pancreatic cancer, glioblastoma, etc. [35-37]. It
was demonstrated that aberrantly expressed miR-
582-3p could activate Wnt signaling by regulating
SFRP1 simultaneously in non-small cell lung can-
cer [38]. SFRP1 also played an inhibitory role in
renal cancer, which was regulated by onco-miR-
1260b and thus suppressed Wnt/B-catenin signal-
ing [39]. Overall, previous findings indicated that
SFRP1 took part in tumorigenesis and metastasis
through controlling Wnt/B-catenin signaling. In
spite of emerging evidence, we still have little clue
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of how the regulation modulation contributes to
carcinogenesis and keeps the Wnt/B-catenin sig-
naling in hyper-activation.

Wnt signaling will play arole in the development
of epithelial tumors if it is activated aberrantly [40].
There are several kinds of disheveled proteins in
the Wnt signaling pathway, which mainly include
B-catenin, axin, PP A, adenomatous polyposis coli
(APC) and glycogen synthase kinase-3f (GSK-3B)
[41]. In all of these cases, the most important
factor is the activation of gene transcription by
B-catenin [40]. As a major type of Wnt signaling,
Wnt/B-catenin signaling plays a crucial role in PTC
tumorigenesis [42]. Wnt proteins are expressed
in normal thyroid cells and involved in embryonic
development by regulating cell fate specification,
proliferation, polarity and tissue patterning [43].
Furthermore, the overexpression of Wntl, one of
the Wnt proteins, contributes to human thyroid
cell viability and proliferation [44]. All considered,
the activation of Wnt/B-catenin signaling enhanc-
es cell growth in thyroid, which indicates its onco-
genic role in tumorigenesis of PTC.

Herein, we detected SFRP1 mRNA expression
in both PTC tumorous tissues and cell lines and
found that SFRP1 expression level was obviously
decreased in tumor samples compared with con-
trol samples. Also, the results of various in vitro
assays in our study were in line with previous con-
clusions. An inverse association was demonstrat-
ed between Wnt protein expression and SFRP1
expression in the TCL/LEF assay, which illustrated
that Wnt signaling was inhibited by SFRP1. Ad-
ditionally, the Wnt signaling pathway has been
proved to be involved in PTC development. We
thus conclude that miR-509-5p promoted PTC cell
viability, proliferation and mobility via directly in-
hibiting the SFRP1-dependent Wnt/B-catenin sig-
naling pathway.

In conclusion, in the present study, we detected
the molecular mechanism underlying miR-509-5p
and its target gene SFRP1 through the regula-
tion of Wnt/B-catenin signaling. MiR-509-5p ex-
pression was frequently increased in PTC tissue
samples and cells while SFRP1 was obviously de-
creased compared with normal tissues and thy-
roid cells. SFRP1 was identified as a direct target
for miR-509-5p, which was predicted by a biolog-
ical database and verified by dual luciferase re-
porter assay. We also investigated that miR-509-
5p promoted PTC cell viability, proliferation and
mobility via suppressing SFRP1, leading to activa-
tion of Wnt/B-catenin signaling. Our results might
provide a novel insight into the treatment of PTC.

Conflict of interest

The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Siegel RL, Miller KD, Jemal A. Cancer statistics, 2016. CA
Cancer J Clin 2016; 66: 7-30.

. Rosario PW, Mourao GF, Calsolari MR. Screening for hy-

perparathyroidism by measurement of calcium in pa-
tients undergoing thyroid surgery: a prospective study.
Horm Metab Res 2016; 48: 673-6.

. Brito JB Al Nofal A, Montori VM, Hay ID, Morris JC. The

impact of subclinical disease and mechanism of detec-
tion on the rise in thyroid cancer incidence: a popula-
tion-based study in Olmsted County, Minnesota during
1935 through 2012. Thyroid 2015; 25: 999-1007.

. Chen AY, Jemal A, Ward EM. Increasing incidence of dif-

ferentiated thyroid cancer in the United States, 1988-
2005. Cancer 2009; 115: 3801-7.

. Hay ID, Thompson GB, Grant CS, et al. Papillary thyroid

carcinoma managed at the Mayo Clinic during six de-
cades (1940-1999): temporal trends in initial therapy
and long-term outcome in 2444 consecutively treated
patients. World J Surg 2002; 26: 879-85.

. Luster M, Weber T, Verburg FA. Differentiated thyroid

cancer-personalized therapies to prevent overtreat-
ment. Nat Rev Endocrinol 2014; 10: 563-74.

. Ambros V. The functions of animal microRNAs. Nature

2004; 431: 350-5.

. Pasquinelli AE, Hunter S, Bracht J. MicroRNAs: a develop-

ing story. Curr Opin Genet Dev 2005; 15: 200-5.

. Kim VN, Nam JW. Genomics of microRNA. Trends Genet

2006; 22: 165-73.

Bartel DR Chen CZ. Micromanagers of gene expression:
the potentially widespread influence of metazoan mi-
croRNAs. Nat Rev Genet 2004; 5: 396-400.

Lim LR Lau NC, Garrett-Engele P et al. Microarray anal-
ysis shows that some microRNAs downregulate large
numbers of target mRNAs. Nature 2005; 433: 769-73.
Calin GA, Dumitru CD, Shimizu M, et al. Frequent dele-
tions and down-regulation of micro-RNA genes miR15
and miR16 at 13q14 in chronic lymphocytic leukemia.
Proc Natl Acad Sci USA 2002; 99: 15524-9.

lorio MV, Ferracin M, Liu CG, et al. MicroRNA gene ex-
pression deregulation in human breast cancer. Cancer
Res 2005; 65: 7065-70.

Ciafre SA, Galardi S, Mangiola A, et al. Extensive mod-
ulation of a set of microRNAs in primary glioblastoma.
Biochem Biophys Res Commun 2005; 334: 1351-8.
Calin GA, Croce CM. MicroRNA-cancer connection: the
beginning of a new tale. Cancer Res 2006; 66: 7390-4.
Wang Z, Zhang H, Zhang B Dong W, He L. MicroRNA-663
suppresses cell invasion and migration by targeting
transforming growth factor beta 1 in papillary thyroid
carcinoma. Tumour Biol 2016; 37: 7633-44.

Sun D, Han S, Liu C, et al. Microrna-199a-5p functions
as a tumor suppressor via suppressing connective tis-
sue growth factor (CTGF) in follicular thyroid carcinoma.
Med Sci Monit 2016; 22: 1210-7.

Song HM, Luo Y, Li DF, et al. MicroRNA-96 plays an on-
cogenic role by targeting FOXO1 and regulating AKT/
FOXO01/Bim pathway in papillary thyroid carcinoma
cells. Int J Clin Exp Pathol 2015; 8: 9889-900.

He H, Jazdzewski K, Li W, et al. The role of microRNA
genes in papillary thyroid carcinoma. Proc Natl Acad Sci
USA 2005; 102: 19075-80.

Pallante P Visone R, Ferracin M, et al. MicroRNA dereg-
ulation in human thyroid papillary carcinomas. Endocr
Relat Cancer 2006; 13: 497-508.

Calin GA, Croce CM. MicroRNA signatures in human can-
cers. Nat Rev Cancer 2006; 6: 857-66.

Arch Med Sci 4, July / 2019

977



Chunxiao Yang, Yingluan Wang, Wenyi Yang, Yujun Gao, Bo Zhao, Xingwang Yang

22. Xing F, Sharma S, Liu Y, et al. miR-509 suppresses brain
metastasis of breast cancer cells by modulating RhoC
and TNF-alpha. Oncogene 2015; 34: 4890-900.

23.Su Z, Chen D, Zhang E, et al. MicroRNA-509-3p inhib-
its cancer cell proliferation and migration by targeting
the mitogen-activated protein kinase kinase kinase 8
oncogene in renal cell carcinoma. Mol Med Rep 2015;
12: 1535-43.

24. Ren ZJ, Nong XY, Lv YR, et al. Mir-509-5p joins the Mdm2/
p53 feedback loop and regulates cancer cell growth. Cell
Death Dis 2014; 5: e1387.

25. Kalmar A, Peterfia B, Hollosi P et al. DNA hypermethyla-
tion and decreased mRNA expression of MAL, PRIMA1,
PTGDR and SFRP1 in colorectal adenoma and cancer.
BMC Cancer 2015; 15: 736.

26. Jiang H, Jin C, Liu J, et al. Next generation sequencing
analysis of miRNAs: MiR-127-3p inhibits glioblastoma
proliferation and activates TGF-beta signaling by target-
ing SKI. OMICS 2014; 18: 196-206.

27.Bao W, Wang HH, Tian FJ, et al. A TrkB-STAT3-miR-204-
5p regulatory circuitry controls proliferation and inva-
sion of endometrial carcinoma cells. Mol Cancer 2013;
12: 155.

28. Kroll TG. Molecular rearrangements and morphology in
thyroid cancer. Am J Pathol 2002; 160: 1941-4.

29. Randolph GW, Duh QY, Heller KS, et al. The prognostic
significance of nodal metastases from papillary thyroid
carcinoma can be stratified based on the size and num-
ber of metastatic lymph nodes, as well as the presence
of extranodal extension. Thyroid 2012; 22: 1144-52.

30. Esquela-Kerscher A, Slack FJ. Oncomirs — microRNAs
with a role in cancer. Nat Rev Cancer 2006; 6: 259-69.

31. Gaur A, Jewell DA, Liang Y, et al. Characterization of mi-
croRNA expression levels and their biological correlates
in human cancer cell lines. Cancer Res 2007; 67: 2456-68.

32. Zhang WB, Pan ZQ, Yang QS, Zheng XM. Tumor suppres-
sive miR-509-5p contributes to cell migration, prolifera-
tion and antiapoptosis in renal cell carcinoma. Ir J Med
Sci 2013; 182: 621-7.

33. Ma N, Zhang W, Qiao C, et al. The tumor suppressive
role of MiRNA-509-5p by targeting FOXM1 in non-small
cell lung cancer. Cell Physiol Biochem 2016; 38: 1435-
46.

34. Kawano Y, Kypta R. Secreted antagonists of the Wnt sig-
nalling pathway. J Cell Sci 2003; 116: 2627-34.

35. Wu G, Liu A, Zhu J, et al. MiR-1207 overexpression pro-
motes cancer stem cell-like traits in ovarian cancer by
activating the Wnt/beta-catenin signaling pathway.
Oncotarget 2015; 6: 28882-94.

36. Zhou W, Li Y, Gou S, et al. MiR-744 increases tumorige-
nicity of pancreatic cancer by activating Wnt/beta-cat-
enin pathway. Oncotarget 2015; 6: 37557-69.

37. Delic S, Lottmann N, Stelzl A, et al. MiR-328 promotes
glioma cell invasion via SFRP1-dependent Wnt-signal-
ing activation. Neuro Oncol 2014; 16: 179-90.

38. Fang L, Cai J, Chen B, et al. Aberrantly expressed miR-
582-3p maintains lung cancer stem cell-like traits by
activating Wnt/beta-catenin signalling. Nat Commun
2015; 6: 8640.

39. Hirata H, Ueno K, Nakajima K, et al. Genistein downreg-
ulates onco-miR-1260b and inhibits Wnt-signalling in
renal cancer cells. BrJ Cancer 2013; 108: 2070-8.

40. Polakis P. Wnt signaling and cancer. Genes Dev 2000;
14:1837-51.

41. Peifer M, Polakis P. Wnt signaling in oncogenesis and
embryogenesis: a look outside the nucleus. Science
2000; 287: 1606-9.

42.

43.

44,

Sastre-Perona A, Santisteban P. Role of the wnt path-
way in thyroid cancer. Front Endocrinol (Lausanne)
2012; 3: 31.

Reya T, Clevers H. Wnt signalling in stem cells and can-
cer. Nature 2005; 434: 843-50.

Kim WB, Lewis CJ, McCall KD, et al. Overexpression of
Wnt-1 in thyrocytes enhances cellular growth but sup-
presses transcription of the thyroperoxidase gene via
different signaling mechanisms. J Endocrinol 2007; 193:
93-106.

978

Arch Med Sci 4, July / 2019



	OLE_LINK76
	OLE_LINK79
	OLE_LINK74
	OLE_LINK75
	OLE_LINK1
	OLE_LINK9
	OLE_LINK10
	OLE_LINK13
	OLE_LINK14
	OLE_LINK28
	OLE_LINK3
	OLE_LINK4
	OLE_LINK7
	OLE_LINK8
	OLE_LINK29
	OLE_LINK32
	_GoBack
	OLE_LINK2
	OLE_LINK17
	OLE_LINK16
	OLE_LINK15
	OLE_LINK18
	OLE_LINK19
	OLE_LINK20
	OLE_LINK21
	OLE_LINK26
	OLE_LINK27
	OLE_LINK22
	OLE_LINK23
	OLE_LINK24
	OLE_LINK25
	OLE_LINK30
	OLE_LINK31
	OLE_LINK35
	OLE_LINK63
	OLE_LINK37
	OLE_LINK36
	OLE_LINK39
	OLE_LINK38
	OLE_LINK33
	OLE_LINK34
	OLE_LINK47
	OLE_LINK46
	OLE_LINK44
	OLE_LINK45
	OLE_LINK42
	OLE_LINK43
	OLE_LINK48
	OLE_LINK49
	OLE_LINK40
	OLE_LINK41
	OLE_LINK55
	OLE_LINK56
	OLE_LINK50
	OLE_LINK51
	OLE_LINK53
	OLE_LINK54
	OLE_LINK59
	OLE_LINK60
	OLE_LINK58
	OLE_LINK57
	OLE_LINK62
	OLE_LINK61
	OLE_LINK70
	OLE_LINK69
	OLE_LINK66
	OLE_LINK67
	OLE_LINK68
	OLE_LINK64
	OLE_LINK65

