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PTC progression.
Materials and methods: The ¢
reverse-transcription quantit;
apoptosis, migration, and i
healing assay, and Matrigel
between SNHG1¢

pregulated in PTC tissues and cell lines, whose expres-
advanced TNM stage and lymph node metastasis. Function
: depletlon of SNHG16 in PTC cells significantly inhibited cell prolif-
ptosis, and suppressed cell migration and invasion abilities. Mechanistic
HG16 functioned as an endogenous sponge for miR-497 to regulate
-derived neurotrophic factor and yes-associated protein 1 expression.
¢, the inhibition of miR-497 antagonized the suppressive effect of SNHG16-depleted
oliferation, migration, and invasion.

nclusion: These findings revealed that SNHG16 drived the PTC progression possibly via
re ing miR-497, suggesting that SNHG16 might be a novel therapeutic agent for PTC.
Keywords: papillary thyroid cancer, long noncoding RNAs, SNHG16, miR-497

Introduction

Thyroid cancer is the most common endocrine malignancy whose incidence has been
markedly increasing worldwide in the past decade.! Papillary thyroid cancer (PTC),
accounting for more than 80% of all thyroid cancers, is the main histologic type of
thyroid cancer.? Despite the fact that patients with PTC have good prognosis and low
mortality rate, about 15% of patients show aggressive behaviors and progress to poor
outcome.>* Hence, there is an urgent need to understand the molecular mechanisms
of PTC for developing diagnosis marker and targeted therapy for PTC.

Long noncoding RNAs (IncRNAs) are functionally defined as transcripts longer
than 200 nucleotides in length that are unlikely to be translated into proteins.’
A growing body of evidence has indicated that IncRNAs play critical regulatory roles
in physiological and pathological processes.® LncRNAs are frequently dysregulated
in various cancers and implicated in tumor development and progression.”® A number
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of IncRNAs have been identified to be involved in initiation
and development of PTC, and function as oncogene or tumor
suppressor in PTC progression,”!° suggesting that IncRNAs
could serve as diagnosis markers and therapy target for this
disease. Therefore, identification of key IncRNAs involved
in the PTC progression is of significance.

Small nucleolar RNA host gene 16 (SNHG16), a noncod-
ing RNA, was reported to be upregulated and function as an
oncogene that promoted tumorgenesis and tumor progression

1 cervical

in multiple cancers, such as esophagus cancer,
cancer,'? bladder cancer,'? glioma,'* ovarian cancer,'® gastric
cancer,'® breast cancer,'” and colorectal cancer.!® Although
recently a study showed that SNHG16 might be used to
discriminate thyroid cancer from benign thyroid nodules,"
the role and the potential regulatory mechanism of SNHG16
in the PTC progression remain unknown.

Accumulating evidence suggested that IncRNAs act
as endogenous miRNA sponges that abolish the effect of
these miRNAs by interfering with the miRNA pathway,
functioning as competing endogenous RNAs (ceRNAs).%
This IncRNA-miRNA regulatory network has been reported
to play crucial roles in tumor progression in various human
cancers.”! miR-497 has been reported to function as tumor
suppressor in various cancers including PTC.?*? Howe
cross-regulation between SNHG16 and miR-497 remaine
unclear. The aims of the current study, therefosg

an age range from 38 to 78 years
and a mean Y0 years. None of the patients received
radiotherapy or potherapy and any other therapy prior
to surgery. All sam®es were confirmed by pathological
examination in our hospital. All tissues were immediately
frozen in liquid nitrogen after surgery and stored until RNA
extraction. Written informed consent was obtained from
patients with PTC. This study was conducted in accordance
with the Declaration of Helsinki and was approved and
supervised by the Ethical Committee of China-Japan Union

Hospital of Jilin University.

Cell cultures

Three human PTC cell lines IHH-4, TPC-1, and HTHS83,
and normal thyroid follicular epithelial cell line Nthy-ori
3-1 were brought from Cell Center of Shanghai Institutes
for Biological Sciences (Shanghai, China), and cultured as
described previously.?*

Quantitative reverse-transcription PCR
analysis
Total RNA from tissues and cultured cells was extracted

using TRIzol reagent (Thermo Fishe ific, Waltham,

ormalization against U6 for miR-497 or
6, BDNF, and YAPI mRNAs. All reac-

CAACUGAGAUUD) and negative control scramble (si-
NC, UUCUCCGAACGUGUCACGUTT) were designed
and synthesized by GenePharma (Shanghai, China). The
miR-497 mimic and the appropriate negative control mimic
(miR-NC), miR-497 inhibitor and corresponding control

Table | Real-time PCR primers used for mRNA or miRNA
expression analysis

Target gene Primer (5-3')

ué F-TCCGATCGTGAAGCGTTC
R-GTGCAGGGTCCGAGGT

miR-497 F-AGTCCAGTTTTCCCAGGAATCCCT
R-ACCAGCAGCACACTGTGGTTTGT

SNHGI6 F-TGTTCGTCATGGGTGTGAAC
R-ATGGCATGGACTGTGGTCAT

BDNF F-CACACACA GCGCTCCTTA
R-AGTGGTGGTCT GAGGTTGG

YAPI F-AGAAC AATGACGACCAATAGCTC
R-GCT GCTCATGCTTAGTCCAC

GAPDH F-AAGGTGAAGGTCGGAGTCAA
R-AATGAAGGGGTCATTGATGG

Abbreviations: F, forward; R, reverse.
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inhibitor (Anti-miR-NC) were obtained from RiboBio
Co., Ltd (Guangzhou, China). TPC-1 cells in logarithmic
phase were transfected with siRNAs (50 nM) or mimics
(100 nM) and inhibitor (100 nM) using Lipofectamine 3000
(Thermo Fisher Scientific) following the manufacturer’s
instructions.

Cell Counting Kit-8 (CCK-8) assay

The CCK-8 assay was applied to measure cell proliferative
ability according to the manufacturer’s instruction. Briefly,
transfected cells were seeded into plate wells at a density of
5x 103 cells/well and incubated for 24—72 hours. At indicated
times (24, 48, and 72 hours), 10 uL of CCK-8 solution was
added to each well and cultured for an additional for 4 hours.
The absorbance was detected at 450 nm using an ELISA
reader (Thermo Labsystems, Helsinki, Finland).

Apoptosis detection by flow cytometry
Cells were harvested 48 hours after transfection to detect cell
apoptosis. Cell apoptosis was measured using the Annexin
V-FITC Apoptosis Detection Kit (BD Biosciences, San Jose,
CA, USA). The percentage of cell apoptosis was analyzed
using a FACScalibur flow cytometer (Becton Dickinson,
Franklin Lakes, NJ, USA) using CellQuestPro s
(Becton Dickinson).

Wound healing assay

The migratory ability of cells was a

Fisher Scientific).
photographeg
microscq

Transw

Transwell asS@a was performed to assess cell invasion at
24 hours after t¥nsfection. Briefly, transfected cells sus-
pended in serum-free DMEM medium were added into
the upper chambers pre-coated with Matrigel Matrix (BD
Biosciences). Medium (600 uL) supplemented with 10%
heat-inactivated FBS (Thermo Fisher Scientific) was placed
into the lower chamber as a chemoattractant. After incubation
for 24 hours at 37°C, the cells that had invaded into the lower

surface of the inserts were fixed with 4% paraformaldehyde

and stained with 0.1% crystal violet, and counted within
randomly selected five visual fields under a light microscope
(X200 magnification; Olympus Corporation).

Dual luciferase assay
The binding sites between SNHG16 and miR-497 were
predicted using Starbase v2.0 software (http://starbase.

sysu.edu.cn/). SNHG16 fragments containing the puta-
tive miR-497 binding site (UGCUGCU) were chemically
synthesized and inserted into a luciferase reporter vector
(psiCHECK2; Promega Corporatjgs

Madison, WI, USA)

efly and Renilla luciferase
tes were determined by the Dual
ssay system (Promega Corporation)
e manufacturer’s instruction. The relative
ity was standardized with the Renilla lucif-

Statistical analysis

All statistical analyses were performed using SPSS 19.0
(IBM Corporation, Armonk, NY, USA). All data were
represented as mean + SD. Differences between two groups
were analyzed by Student’s #-test, and one-way ANOVA
was applied to compare among more than two groups. The
correlation between SNHG16 and miR-497 was evalu-
ated using the Pearson’s correlation analysis. In all cases,
a P-value <0.05 was considered to indicate a statistically
significant difference.

Results
SNHG16 expression was upregulated

in PTC tissues and cell lines

To determine whether SNHG16 is dysregulated in PTC,
qRT-PCR was conducted to determine the expression of
SNHG16 in the PTC tissues and adjacent normal tissues
of 48 patients with PTC. The data revealed that SNHG16
was dramatically higher in PTC tissues than in the normal
thyroid tissues (Figure 1A, P<<0.01). In addition, we also
found that increased SNHG16 expression was closely associ-
ated with TNM stage and lymph node metastasis (Table 2),
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Figure | LncRNA SNHG16 was significantly upregulated in PTC tissues and cell lines.

*P<<0.05, **P<<0.01.
Abbreviations: LncRNA, long noncoding RNA; PTC, papillary thyroid cancer; qRT-PCR, reverse-transcription quantitagg

while there was no association with patient’s age, gender, Knockdo f SN ibited

and tumor size (P>0.05; Table 2). To further support the prolifera on prom ted apoptosis in
abovementioned result, we examined the expression of PT
SNHG16 in three PTC cell lines IHH-4, TPC-1, and HTHS3,
and normal thyroid follicular epithelial cell line. Our results

biological function of SNHG16 in PTC
A against SNHG16 (si-SNHG16) was
-1 cells. Transfection efficiency was con-
CR analysis (Figure 2A). CCK-8 assay dem-
at silencing of SNHG16 significantly inhibited

also indicated that SNHG16 expression was significantly

si-NC group (Figure 2B). Next, flow cytometry assay was
performed to determine the effect of SNHG16 on cell apop-

Table 2 Correlation between clinicop icaNgl® tosis. We found that knockdown of SNHG16 significantly
SNHGI 6 expression in 48 patients wj induced cell apoptosis in TPC-1 cells (Figure 2C, P<<0.01).
Variables No of
case Knockdown of SNHG I 6 inhibited
migration and invasion in PTC cells
A D) | (0 [%D Py To clarify the role of SNHG16 in PTC metastasis, the present
>0. .
gig)ears) ) | 11 (50.0) study analyzed the effects of SNHG16 on the migration and
=60 6 8) | 12 46.2) invasion of PTC cells. Using a wound-healing assay, a sig-
Gender P>0.05 nificantly decreased migration of TPC-1 cells transfected with
Male 16 9(363) |7(437) the si-SNHG16 was observed compared with cells transfected
Female 32 16 (50.0) | 16 (50.0) I . o L
with si-NC (Figure 3A). Similarly, an in vitro transwell-
TNM stage P<0.01 . .
i 36 24 (66.7) | 12 (333) invasion assay demonstrated that knockdown of SNHG16
[ Y 12 I (8.3) 11 (91.7) significantly inhibited invasion of TPC-1 cells (Figure 3B).
Tumor size P>0.05
<l'em 28 13 (46.4) | 15 (33.6) The reciprocal interaction of SNHG16
= cm 20 12 (60.0) | 8 (40.0) . iR-497 i
with miR-497 in PTC cells
Lymph node metastasis P<0.01 . .
No 35 23(657) | 12 (343) A growing body of evidence suggested that IncRNAs
Yes 13 2(154) | 11 (84.6) could serve as ceRNA or a molecular sponge in modu-
Abbreviation: PTC, papillary thyroid cancer. lating the biological roles of microRNAs.?® Starbase 2.0
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miR-497 clearly
wild-type Sk

cells (Figure 4CY” Meanwhile, silencing of SNHG16 sig-
nificantly increased miR-497 expression in TPC-1 cells
(Figure 4D). To further investigate the relationship between
SNHG16 and miR-497 ex vivo, miR-497 expression levels
were examined in PTC tissues and adjacent normal tis-
sues. The result of qQRT-PCR demonstrated that miR-497
expression was significantly downregulated in PTC tissues

compared with that in adjacent normal tissues (Figure 4E).

Additionally, our result revealed that SNHG 16 expression
was inversely correlated with miR-497 expression levels
in PTC tissues (Figure 4F).

Inhibition of miR-497 partially rescues
cells from the biological effects of
SNHG16 in PTC cells

To investigate whether SNHG16 functions by regulating
miR-497, si-SNHG16, sh-NC, and si-SNHG16+ miR-497
inhibitor were separately transfected into TPC-1 cells. The
results of qRT-PCR showed that miR-497 expression was
increased in TPC-1 cells by transfection with si-SNHG16,
while miR-497 expression was decreased in TPC-1 cells by
transfection with miR-497 inhibitor (Figure SA). Moreover,
our results demonstrated that inhibition of miR-497 partially
abrogated the effect of SNHG16 whose levels depleted on
cell proliferation, apoptosis, migration, and invasion in
TPC-1 cells (Figure 5SB-E). Taken together, these results
implied that miR-497 might be involved in the SNHG16-
mediated oncogenic activity.
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Figure 3 Knockdown of SNHGI 6 inhibited cell migration and invasion in PTC cells.
Notes: (A) Cell migration was measured in TPC-1 cells transfected with si-SNHGI6 or si
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Previous reports showed that braj

effect of
addition, S

s (Figure 6A and B). In
as positively correlated with

together, SNHG16
targets via sponging miR-497 in PTC cells.

bckdown suppressed the downstream

Discussion

Growing evidence has indicated that dysregulation of
IncRNAs plays crucial roles in tumorigenesis and metastasis
in PTC;%'° thus, this has attracted interest from numerous
researchers hoping to find novel IncRNAs involved in PTC
progression. In this study, we demonstrated that the level
of SNHG16 was significantly upregulated in PTC tissues

ssociated with advanced TNM stage and lymph node
metastasis. To further investigate the clinical significance of
SNHG16, sufficient PTC samples were needed. Furthermore,
the biological function of SNHG16 was explored in vitro by
a series of molecular experiments. The results demonstrated
that knockdown of SNHG16 in PTC cells significantly
inhibited cell proliferation, induced cell apoptosis, and sup-
pressed migration and invasion. Thus, the abovementioned
data indicated that SNHG16 might play a fundamental role
in PTC progression.

SNHG16, a signal transducer and activator of transcrip-
tion 3 (STAT3) modulator,'3** has been reported to be
upregulated and function as an oncogene in multiple types
of cancer.'""'%242 However, the role of SNHG16 in the PTC
remained largely unclear. In the present study, we evaluated
the expression of SNHG16 and its relationship with the clini-
cal features in patients with PTC, and found that SNHG16
expression was significantly upregulated in PTC tissues and
cell lines, and that increased SNHG16 expression was closely
associated with TNM stage and lymph node metastasis. To
investigate the biological roles of SNHG16 in PTC cells, the
loss-of-function assay was performed by silencing SNHG16.
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Our results showed that knockdown of SNHG 16 significantly
inhibited PTC cell proliferation, migration, and invasion, as
well as induced cell apoptosis. Our findings indicated that
SNHG16 functioned as an oncogene in PTC progression.
Increasing evidence has been suggested that IncRNA
could function as ceRNAs that act as molecular sponges
for miRNAs to reduce the expression and activity of target
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el of SNHG 16 was detected in human PTC and adjacent normal tissues by qRT-PCR. (F) The correlation between miR-497 and SNHG16 expression
Pearson’s analysis. The results represent the average of three independent experiments (mean £ SD). *P<<0.05, **P<<0.01.

Mpillary thyroid cancer; NC, negative control; WT, wild type; MT, mutant type; qRT-PCR, reverse-transcription quantitative PCR.

miRNAs.2¢ SNHG16 has been reported to serve as a ceRNA
in several cancers by sponging multiple miRNAs, including
miR-98,"* miR-140-5 p,'"" miR-520d-3p,** miR-20a-3p,"”
miR-4518,” miR-216-5p,'? and miR-15a.?® Here, bioin-
formatics analysis was conducted to identify the miRNAs
that can bind to complementary sequences in SNHG16. We
found that miR-497 shares the complementary binding sites
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he present study also showed that miR-497 expression was
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invasion. In addition, we investigated whether SNHG16
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