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Introduction

About 90% of patients with thyroid malignancies are diagnosed with papillary thyroid
carcinoma. It was reported that the incidence of papillary thyroid carcinoma was
increased year by year over the past four decades.!? In recent years, some studies
also revealed that relatively higher incidence of papillary thyroid carcinoma occurred
among people over 45 years of age.® Although the mortality caused by thyroid papillary
carcinoma was relatively lower than other malignant tumors, a tremendous negative
impact on quality of life and psychology was also very common in these patients.*®
An effective and thorough treatment method for patients with papillary thyroid car-
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Department of Respiratory Medicine,
The People’s Hospital of Weifang,
No 151, Guangwen Street, Kuiwen With the development of molecular biology, researches of molecular biomarkers
District, Weifang 261041, China
Tel/fax +86 | 870 668 | 167
Email xulina245@163.com RNAs, have been reported to be involved in the progression of many cancers and

to achieving a complete cure.

provided an effective therapeutic target for various cancers. miRNAs, a class of small
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suggested to be potential biomarkers and attractive therapeu-
tics for many cancers.”® Among these numerous miRNAs,
miR-497 was also found to be involved in the regulation of
development of several tumors. Zhao et al’ reported in their
study that, in renal cancer cells, miR-497 was dramatically
decreased and its downregulation was closely correlated
with tumor stage as well as lymph node metastasis. They
also found that low expression of miR-497 greatly reduced
the overall survival of patients. Xu et al'® revealed that
miR-497 was obviously decreased in pancreatic cancer
tissues and that upregulation of miR-497 could inhibit tumor
growth in vivo. They also considered that miR-497 expres-
sion was an independent poor prognostic factor in patients
with pancreatic cancer. However, the above studies did not
research the underlying mechanism of miR-497 in the regula-
tion of these cancers.

In the current study, miR-497 expression and its impact
on thyroid papillary carcinoma cells proliferation, migration
and invasion, as well as related mechanisms were researched.
To our knowledge, literatures of miR-497 in thyroid papillary
carcinoma are relatively limited. This research will provide
an important theoretical basis for the targeted therapy of
thyroid papillary carcinoma.

Materials and methods
The Cancer Genome Atlas (TCGA

of miR-497 expression in thyroid
A total of 5,898 cases of thyroid cancer ¢

papillary thyroid carcin
from February 2Qdsiie

diagnosed as thyroid papillary
carcinoma. Patie ith the following were excluded: a
history of thyroid su¥gery, recurrent thyroid papillary car-
cinoma, a history of radiotherapy or chemotherapy in the
head or neck, a history of radiation exposure and a history
of radioactive iodine ablation. Patients’ informed consent
was obtained for tissue acquisition, and this study had been

approved by our ethics committee.

Cell culture and transfection
Human normal thyroid cell line Nthy-ori 3-1 and human
papillary thyroid carcinoma cell line K1 (American Type

Culture Collection, Manassas, VA, USA) were cultured in
1640 medium containing 10% fetal bovine serum (FBS) at
37°C in the presence of 5% CO, in an incubator. At loga-
rithmic growth phase, these cells were harvested and prepared
into cell suspensions by 1640 medium (10% FBS) at a den-
sity of 1x10%/mL. Then these cell suspensions were seeded
in 24-well plates with 1 mL per well. All the 24-well plates
were kept in the CO, incubator for an additional 72 hours
of incubation.

Furthermore, K1 cells were transfected by miR-497

mimics, miR-497 inhibitors and negatj gression vector.

ce with the Lipofectamine 2000

altham, MA, USA) instruction
the above groups were inoculated into
ensity of 1x10%/mL to carry out incuba-

uantitative real-time polymerase chain
eaction (QRT-PCR)

fter incubation for 72 hours, all cells were collected and
total RNA was extracted using Trizol (Thermo Fisher
Scientific). In addition, total RNA of the tumor tissues and
normal tissues was also extracted. All extraction operations
were performed according to the manufacturer’s instructions.
A total of 3 ug RNA was subjected to reverse transcription
reaction to obtain cDNA template by using reverse transcrip-
tion polymerase chain reaction system (TaKaRa, Shiga,
Japan). qRT-PCR for miR-497 and yes-associated protein 1
(YAP1) was conducted using SYBR premix real-time PCR
Reagent (TaKaRa). Primer sequences were as follows:
miR-497, forward primer: 5-GTGCAGGGTCCGAGGT-3,
reverse primer: 5-TAGCCTGCAGCACACTGTGGT-3;
U6, forward primer: 5-GCTTCGGCAGCACATATACT
AAAAT-3’, reverse primer: 5'-CGCTTCACGAAT
TTGCGTGTCAT-3’; YAPI, forward primer: 5'-AGAAC
AATGACGACCAATAGCTC-3’, reverse primer: 5-GCT
GCTCATGCTTAGTCCAC-3’; GAPDH, forward primer:
5’-GTCGATGGCTAGTCGTAGCATCGAT-3’, reverse
primer: 5-TGCTAGCTGGCATGCCCGATCGATC-3".
The PCR amplification reaction was performed in a 25 UL
system, including 2 UL of reverse transcription product,
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and 1 puL primer was included in the reaction system. This
amplification reaction consisted of three steps: degenera-
tion step (95°C, 10 seconds), followed by reannealing step
(60°C, 20 seconds) and extension step (72°C, 34 seconds).
The three-step reaction was cycled for 35 times.

Luciferase reporter assay

The binding sites of YAP1 and miR-497 were determined
by TargetScan, and according to the forecast result, mutant
sequences and wild-type sequences of the binding sites
were designed separately. These sequences were cloned and
ligated into Promega vectors, respectively. Co-transfection
of K1 cells was performed by using mutant sequences and
miR-497 mimics, or mutant sequences and miR-497 nega-
tive expression vector, or wild-type sequences and miR-497
mimics, or wild-type sequences and miR-497 negative
expression vector. These co-transfected K1 cells were named
as MT+mimics group, MT+NC group, WT+mimics group
and WT+NC group, respectively. Luciferase kit (Beijing
Yuanpinghao Biotechnology Co., Ltd., Beijing, China) was
used to measure the fluorescence intensity at 48 hours after
transfection.

MTT assay

In vitro proliferation was measured by MTT assay.

of each group were cultured for 24, 48, 72 3

enzyme-linked
immunosorbent a ent was repeated for

three times.

,@

Pn for 48 hours, cells of each group were har-

After inc
vested and n18
5x10°/mL by ust
performed to measure cell migration and invasion ability. For

R into single cell suspension at a density of
g serum-free medium. Transwell assay was

invasion ability test, 100 UL of the single cell suspensions
was added into the upper chambers of a six-well Matrigel-
coated chamber. Then 500 UL of 1640 medium containing
10% FBS was added to the bottom chamber. The six-well
Matrigel-coated chamber was incubated at 37°C in 5% CO,
for 24 hours. Cells on the upper chambers were scraped and
cells on the bottom chamber were fixed with 10% formal-
dehyde before they were stained with crystal violet (5%).

Five fields were randomly selected under the microscope to
count the number of cells that passed through the membrane.
For migration test, all operations were consistent with the
invasion test, except that the six-well chamber was without
Matrigel.

Western blot analysis

Cells of each group were cultured for 48 hours and then
harvested to extract total proteins by using RIPA lysis buffer.
After the proteins were separated through sodium dodecyl

sulfate-polyacrylamide gel electrophatesis, they were trans-

d by washing with
roxidase-labeled goat

data were analyzed. In this study, GAPDH

used as internal reference.

mmunofluorescence detection

Wof cach group, which were incubated for 48 hours in
24-well plates, were fixed with 2.5% glutaraldehyde for
15 minutes after the upper residual liquid was removed. Then
they were incubated with 0.25% Triton X-100 for 15 minutes
at room temperature, followed by blocking with 4% goat
serum for 30 minutes at room temperature. YAP1 antibody
(1:100) was added and incubated for 12 hours at 4°C. After
washing with PBS for three times, rhodamine-labeled fluo-
rescent secondary antibody (1:200) was added and incubated
in a 37°C incubator for 40 minutes. 4’,6-Diamidino-2-
phenylindole was added to stain for 5 minutes. At last, the
cells were observed under a fluorescence microscope and the
number of positive cells was counted. Cells that exhibited
blue immunofluorescence were YAP1-positive cells.

Statistical analysis

All data were processed using SPSS 18.0 statistical software
and expressed as meantSD. Student’s ¢-test was adopted for
analysis and P<<0.05 was considered statistically significant
difference.

Ethics

This study was conducted after obtaining the ethical com-
mittee approval of The People’s Hospital of Weifang and
written informed consent from the patients.
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Results
Low expression of miR-497 in thyroid
cancer according to TCGA

It was reported that thyroid papillary carcinoma was the most
common type of thyroid cancer.!! In this research, TCGA
analysis was used to study the expression of miR-497 in
thyroid cancer. The result showed that there was low expres-
sion of miR-497 in thyroid cancer (Figure 1). Based on this
result, we conducted further research on the expression of
miR-497 as well as its related mechanisms in thyroid papil-

lary carcinoma tissues and K1 cells.

Downregulation of miR-497 in thyroid

papillary carcinoma tissues and K1 cells

Expression of miR-497 in the tumor tissues and thyroid
tissues of patients with thyroid papillary carcinoma, as
well as in Nthy-ori 3-1 cells and K1 cells was examined
through qRT-PCR detection. The results revealed that the
relative expression level of miR-497 in tumor tissues was
significantly lower than that in normal tissues (P<<0.05;
Figure 2A). We also observed a prominent increase in the
relative expression level of miR-497 in K1 cells than that
Nthy-ori 3-1 cells (P<<0.05; Figure 2B).
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miR-497 was closely related to the

clinical features of thyroid papillary
carcinoma patients

We noted that miR-497 was closely related to the clinical
features of thyroid papillary carcinoma patients, including the
clinical stage and lymph node metastasis. For patients with
stage I1, their miR-497 relative expression was obviously lower
than that of patients with stage I (P<<0.05). Patients with stage
11T were with significantly lower miR-497 relative expression

when compared Wlth patients with stage [ and stage I (P<0.05;

ration ability of miR-497 in K1 cells was deter-
TT assay. At 24 hours, there was no significant
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Figure | TCGA analysis of miR-497 expression in thyroid cancer.
Abbreviation: TCGA, The Cancer Genome Atlas.
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Figure 2 Relative expression of miR-497 in tumor tissues and cells by qRT-PCR.
Notes: (A) Relative expression of miR-497 in papillary thyroid carcinoma tumor tissues and thyroid normal tissues by qRT-PCR; (B,
ori 3-1 cells and K1 cells by qRT-PCR. *P<<0.05 when compared with miR-497 expression in normal tissue and Nthy-ori 3-1 cell

difference in OD495 values among NC group, miR-497
mimics group and miR-497 inhibitors group. However, at
48, 72 and 96 hours, compared with NC group, the OD495
values of miR-497 mimics group were significantly lower
at these three time points (P<<0.05), whereas they were
markedly higher in the miR-497 inhibitor group (P<<0.05;
Figure 4B). In addition, the results of Transwell assay of cell
migration and invasion showed that the number of migrating
(160£13) or invasive (87£8) cells in miR-497 mimics group
was significantly lower than that in NC group (24218
was negatively regulated by miR-497

15619, respectively; P<<0.05). However, compared
] According to qRT-PCR and Western blot results, relative

NC group, significantly higher migrating
expression of YAP1 was significantly lower in miR-497 mim-
ics group and markedly higher in miR-497 inhibitor group
when compared with NC group (P<0.05; Figure 6A and B).
Furthermore, immunofluorescence assay was performed and
cells that exhibited blue immunofluorescence were YAP1-
positive cells. We noted that, compared with NC group,
YAP1-positive cells proportion was obviously decreased in
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Figure 3 miR-497 was closely related to the clinical features of thyroid papillary carcinoma patients.

Notes: (A) qRT-PCR detection of relative expression of miR-497 in patients with different clinical stages; (B) qRT-PCR detection of relative expression of miR-497 in
patients with or without lymph node metastases. *P<<0.05 when compared to patients with stage | or patients with lymph node metastasis. “P<<0.05 when compared to
patients with stage | or stage II.
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. Further, TargetScan pre-
ding site for YAP1 and miR-497 was
Figure 6D). Then luciferase reporter

dicted that the %
3’-untranslated regid
assay was performed to validate this prediction. The results
showed that no significant difference was found in luciferase
activity between MT+mimics group and MT+NC group.
However, luciferase activity of WT+mimics group was
significantly lower than that of WT+NC group (P<0.05;
Figure 6E). These results indicated that YAP1 was the target
gene of miR-497.
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miR-497 inhibited K| cells proliferation,
migration and invasion by negatively

regulating YAP| expression
We further investigated the mechanism of miR-497 affecting
the proliferation, migration and invasion of K1 cells. Com-
pared to the blank group, the relative expression of YAP1 was
significantly decreased in si-YAP1 group and significantly
increased in miR-497 inhibitor group (P<<0.05). However,
the relative expression of YAP1 in si-YAP 1+inhibitors group
was not significantly different from blank group (P>0.05;
Figure 7A and B). This result further indicated that miR-497
negatively regulated YAP1 expression.

MTT assay was also conducted to assess the prolifera-
tion in each group. No significant difference was found in
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Figure 5 YAP| was upregulated in thyroid papillary carcinoma tissues and K1 cells.

Notes: (A) qRT-PCR detection of YAPI mRNA expression in normal tissues and tumor tissue:
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cells and K1 cells. #P<<0.05.

0ODA495 value among the four groups at 24 hours. A
and 96 hours, compared with blank group, the OD49
was significantly lower in si-YAP1 group and signific

S, migration and invasion of Kl
cly regulating YAP1 expression.

Discussion

In this study, we researched miR-497 expression in thyroid
cancer by TCGA and found that the expression of miR-497
was low. Our further study also revealed that miR-497 was
dramatically downregulated in thyroid papillary carcinoma
tissues and K1 cells. miR-497 was closely related to the
clinical stages and lymph node metastases. This research
finally revealed that YAP1 was the target gene of miR-497.

ori 3-1 cell K1 cell

tion of YAPI| protein expression in normal tissues and
ection of YAP| protein expression in Nthy-ori 3-1

d inhibit K1 cells proliferation, migration and
asion through negatively regulating YAP1. miR-497 was
fo
considered as a tumor suppressor because of its anticancer

to be involved in various human cancers and it was

effect.!? In the survey of global miRNA profiles of primary
breast cancer, miR-497 was found to be disorganized for the
first indication."* Subsequently, several studies confirmed the
fact that miR-497 was downregulated in breast cancer.'*!
In addition, many other researches also demonstrated
downregulation of miR-497 in several other types of solid
cancers such as hepatocellular carcinoma,'® non-small-cell
lung cancer,!” cervical cancer,'® gastric cancer,' colorectal
cancer® and ovarian cancer.?! All these studies confirmed the
tumor suppressor effect of miR-497. Our result was highly
consistent with the previous findings that miR-497 was
obviously downregulated in thyroid papillary carcinoma.
In addition, we also observed that upregulation of miR-497
significantly inhibited K1 cells proliferation, migration and
invasion, dramatic increase in the proliferation, migration
and invasion of K1 cells was found when miR-497 expres-
sion was inhibited. In previous studies, researchers reported
that tumor (including pancreatic cancer, nasopharyngeal
carcinoma, as well as bladder cancer) proliferation, migration
and invasion were obviously suppressed, while apoptosis
was significantly promoted when miR-497 expression was
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increased by pre-miR-497 transfection.!*!>?> However, stud-
ies also revealed that after miR-497 expression was inhibited,
tumor (such as breast cancer) growth and colony formation
ability were promoted.”®* Our research further confirmed
these viewpoints.

In this study, luciferase reporter assay was performed
to confirm the relationship between miR-497 and YAP1 to

MT+
NC mimics NC

WT+ WT+

mimics

jon of YAPI mRNA expression in each group; (B) Western blot to detect YAP| protein expression in each group; (C) immunofluorescence
proportion in each group; (D) TargetScan prediction of the binding site for YAP| and miR-497; (E) dual luciferase reporter gene activity

further study the mechanism of action of miR-497 in thyroid
papillary carcinoma. As a result, YAP1 was demonstrated
to be a target gene of miR-497 and its expression could be
decreased by miR-497. Further research also indicated that
miR-497 inhibited K1 cells proliferation, migration and
invasion through negatively regulating the expression of
YAPI1. High expression of YAP1 was associated with the
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L promote the proliferation of liver cancer,
igher expression of YAP1 was found
in liver cancer tissues as well as in liver cancer cells.?’*
A recent research also suggested that YAP1 promoted human
hepatocellular carcinoma development and progression
was through upregulating Jagged1 and activating the Notch
pathway.?” Moreover, several researches also revealed the
target relationship between YAP1 and miR-497. Huang et
al®® suggested in their study that in non-small-cell lung can-
cer, miR-497 could inhibit non-small-cell lung cancer cells
proliferation. They thought that the relevant mechanism
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might be the inhibitory effect of miR-497 on the expres-
sion of YAP1. miR-497 could inhibit the proliferation of
hepatocellular carcinoma and promote the apoptosis of
these cells.’! Our conclusion in this study further verified
the above findings.

This study also had some limitations. We only studied
the effect of miR-497 on K1 cells. Due to the limitations of
laboratory conditions, we could only obtain K1 cells. Further
studies about the effect of miR-497 on other papillary thyroid
cancer cell lines are also required. This will be the focus of
our future research. In addition, the relationship between
miR-497 expression and patients’ survival should also be
explored. However, we could not study this because of the
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limitations of laboratory conditions. In our future research,
we will work on this issue seriously.

In short, this research demonstrated that miR-497
was downregulated in thyroid papillary carcinoma, and
upregulation of miR-497 could inhibit the proliferation,
migration and invasion of thyroid papillary carcinoma cells.
The underlying mechanism might be that miR-497 regulated
the proliferation, migration and invasion of K1 cells by
negatively regulating YAP1 expression. In this study, we
initially studied the impact of miR-497 as well as the relevant
mechanism on thyroid papillary carcinoma, which was of
significant importance for the treatment of thyroid papillary
carcinoma clinically.

Disclosure
The authors report no conflicts of interest in this work.
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