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ircPVT1 inhibits progression of
papillary thyroid carcinoma by sponging miR-126

Ling Tao,a Li Yang,a Ping Tian,a Xiangyang Guob and Yanping Chen *c

Background: Papillary thyroid carcinoma (PTC) is the most common thyroid cancer. Recent studies have

reported that circular RNAs (circRNAs) play essential roles in human cancers, including PTC. However,

the roles of circRNA plasmacytoma variant translocation 1 (PVT1) in PTC progression and its potential

mechanism remain largely unknown. Methods: The expressions of circPVT1 and microRNA-126 (miR-

126) were measured in PTC tissues and cells by quantitative real-time polymerase chain reaction (qRT-

PCR). Cell viability, apoptosis, migration and invasion were detected in PTC cells by 3-(4,5-dimethyl-2-

thiazolyl)-2,5-diphenyl-2-H-tetrazolium bromide (MTT), flow cytometry, Western blot or trans-well

assays, respectively. The interaction between circPVT1 and miR-126 was explored by bioinformatics

analysis, luciferase activity assay and RNA immunoprecipitation. A mouse xenograft model was

established to investigate the role of circPVT1 in PTC progression in vivo. Results: High expression of

circPVT1 was shown in PTC tissues and cells and was associated with poor outcomes of patients.

Knockdown of circPVT1 suppressed viability, migration and invasion but induced apoptosis in PTC cells.

miR-126 was bound to circPVT1 and reduced in PTC tissues and cells. Moreover, inhibition of miR-126

reversed the regulatory effect of the circPVT1 interference on viability, apoptosis, migration and invasion

in PTC cells. Besides, circPVT1 knockdown attenuated tumor growth via up-regulating miR-126 in vivo.

Conclusion: CircPVT1 knockdown inhibited PTC progression by sponging miR-126. This may indicate

circPVT1 as a novel target for treatment of PTC.
Introduction

Thyroid cancer is one of the most common cancers with rising
incidence worldwide.1 Papillary thyroid carcinoma (PTC)
accounts for �80–85% of thyroid malignancy and exhibits
better prognosis.2 With the development of understanding the
pathogenesis, diagnosis and treatment have gained great
advances in thyroid cancer.3 However, its incidence is still
growing. Hence, it is of great signicance to study the patho-
genesis and progression of PTC.

Circular RNAs (circRNAs) are a novel class of noncoding RNAs,
which display important biological functions inmammalian cells
and play essential roles in diagnosis and treatment of cancers.4,5

Previous study has revealed that many circRNAs are dysregulated
andmay exhibit important roles in PTC pathogenesis.6CircRNAs,
with better stability than the linear RNA, could regulate cell
proliferation, apoptosis, migration and invasion in PTC
progression.7,8CircRNA plasmacytoma variant translocation gene
1 (circPVT1) has been indicated as a potential prognostic marker
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in gastric cancer, which is derived from the regions in long
noncoding RNA PVT1 locus, locating on chromosome 8q24.9

Moreover, Li et al. reported that circPVT1 contributes to cell
proliferation and invasion by sponging miR-125b and regulating
E2F transcription factor 2 in non-small cell lung cancer.10 Verduci
et al. showed that circPVT1 promotes cell proliferation in head
and neck squamous cell carcinoma.11 Previous studies have re-
ported that PVT1 could promote PTC progression by multiple
pathways.12–14 However, the role of circPVT1 and potential
mechanism in PTC remain largely unknown.

MicroRNAs (miRNAs) are also a class of noncoding RNAs with
approximately 22 nucleotides in length, which play essential roles
in prognosis and treatment of PTC.15 Former work has reported
that miR-126 is widely expressed and exhibits potential roles in
diagnosis of human cancers.16 Importantly, miR-126 is indicated
as a tumor suppressor in some types of cancers, including lung
cancer, gastric cancer and pancreatic cancer.17–19More particularly,
miR-126 has been suggested to be lowly expressed in malignant
thyroid cancer.20 However, little is known about the association of
circPVT1 andmiR-126 in PTC. Bioinformatics analysis predicts the
binding sites of miR-126 and circPVT1. Hence, we hypothesized
that circPVT1 might regulate PTC progression by miR-126. In this
study, we detected the effect of circPVT1 on viability, apoptosis,
migration and invasion in PTC cells and explored the interaction
between circPVT1 and miR-126.
This journal is © The Royal Society of Chemistry 2019
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Materials and methods
Tissue samples

A total of 39 PTC patients without chemotherapy, radiotherapy or
other treatments before surgical resection were recruited from
Xinyang Central Hospital. Paired tumor tissues and adjacent
normal samples were snap-frozen in liquid nitrogen and stored
at �80 �C in key laboratory of geriatric diseases of Xinyang until
used. The clinicopathologic features of patients were shown in
Table 1. Moreover, the 5 year survival was analyzed in PTC
patients. All procedures performed in this study were in accor-
dance with the ethical standards of Xinyang Central Hospital and
with the 1964 Helsinki declaration and its later amendments or
comparable ethical standards. The written informed consents
were obtained from all participants involved in this research.
Cell culture and transfection

Normal human thyroid follicular epithelial cell Nthy-ori-3-1 and
PTC cell lines (TPC-1, BCPAP, BHP5-16 and BHP2-7 cells) were
purchased from American Tissue Culture Collection (Manassas,
VA, USA) and cultured in Dulbecco's Modied Eagle Medium
(Gibco, Carlsbad, CA, USA) with 10% fetal bovine serum (Gibco),
100 Uml�1 penicillin and 100 mgml�1 streptomycin (Invitrogen,
Carlsbad, CA, USA) at 37 �C and 5% CO2.

Small interfering RNA (siRNA) against circPVT1 (si-
circPVT1), siRNA negative control (si-NC), pcDNA vector,
circPVT1 overexpression vector (circPVT1), miR-126 mimic
(miR-126), miRNA negative control (miR-NC), miR-126 inhibitor
(anti-miR-126) and miRNA inhibitor negative control (anti-miR-
NC) were obtained from Genepharma (Shanghai, China). TPC-1
and BCPAP cells were transfected with 40 nM of these oligo-
nucleotides or 100 ng vectors via using Lipofectamine 2000
Table 1 The association between circPVT1 expression and clinico-
pathologic features. *P < 0.05

Clinicopathologic features N (%)

CircPVT1 level

P valueHigh (%) Low (%)

Age (years) P > 0.05
$50 23 (59.0) 12 (52.2) 11 (47.8)
<50 16 (41.0) 9 (56.3) 7 (43.7)
Gender P > 0.05
Female 28 (71.8) 15 (53.6) 13 (46.4)
Male 11 (28.2) 6 (54.5) 5 (45.5)
T stage P < 0.05
T1–T2 17 (43.6) 6 (35.3) 11 (64.7)
T3–T4 22 (56.4) 15 (68.2) 7 (31.8)
Lymph node metastasis P < 0.05
No 18 (46.2) 5 (27.8) 13 (72.2)
Yes 21 (53.8) 16 (76.2) 5 (23.8)
ATA risk P > 0.05
Low 14 (35.9) 7 (50.0) 7 (50.0)
Intermediate 22 (56.4) 12 (54.5) 10 (45.5)
High 3 (7.7) 2 (66.7) 1 (33.3)
Status P < 0.05
Alive 27 (69.2) 11 (40.7) 16 (59.3)
Death 12 (30.8) 10 (83.3) 2 (16.7)

This journal is © The Royal Society of Chemistry 2019
(Invitrogen) following the manufacturer's instructions. Aer the
culture of 24 h, cells were harvested for further use.

Quantitative real-time polymerase chain reaction (qRT-PCR)

TRIzol reagent (Invitrogen) was used to isolate total RNA. Aer
the assay of quality, the RNA was reverse transcribed using
cDNA Synthesis Kit (TransGen Biotech, Beijing, China) accord-
ing to the manufacturer's instructions. qRT-PCR reaction was
conducted by using SYBR green (Vazyme Biotech, Nanjing,
China) on ABI7500 system (Applied Biosystems, Carlsbad, CA,
USA) and every sample was prepared in triplicate. The amplied
procedure was set as: 95 �C for 5 min and 40 cycles of 95 �C for
30 s and 60 �C for 1 min. The relative levels of miR-126 and
circPVT1 were measured with U6 small RNA or GAPDH as
internal control using 2�DDCt method.21 The primers were listed
as follows: miR-126 (forward, 50-TCGUACCGTGAGTAA-
TAATGCG-30; reverse, 50-CATTATTACTTTTGGTAC GCG-30), U6
(forward, 50-CTCGCTTCGGCAGCACATATACT-30; reverse, 50-
ACGCTTCACGAATTTGCGTGTC-30), circPVT1 (forward, 50-GGTT
CCACCA GCGTTATTC-30; reverse, 50-CAACTTCCTTTGGG
TCTCC-30), GAPDH (forward, 50-AATGGGCAGCCGTTAGGAAA-
30; reverse, 50-TGAAGGGGTCATTG ATGGCA-30).

Western blot

Total proteins were extracted from tissues or cells by using RIPA
lysis buffer (Beyotime Biotech, Shanghai, China) and quantied by
BCA protein assay kit (Beyotime Biotech). Aer the centrifugation
and denaturation, equal amounts of proteins were separated on
SDS-PAGE gel and then transferred to polyvinylidene diuoride
membranes (Millipore, Billerica, MA, USA). The membranes were
blocked with 5% non-fat milk for 1 h at room temperature, and
then incubated with primary antibodies overnight at 4 �C against
Bax (ab199677, Abcam, Cambridge, UK), Bcl-2 (ab196495, Abcam),
PCNA (ab18197, Abcam) or b-actin (ab8227, Abcam) and horse-
radish peroxidase-conjugated secondary antibody (ab6721,
Abcam) for 2 h at room temperature. b-Actin was used as loading
control and the protein blots were visualized using enhanced
chemiluminescence chromogenic substrate (Beyotime Biotech).

Cell viability

3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium bromide
(MTT) assay was conducted to measure cell viability. TPC-1 and
BCPAP cells were seeded into 96-well plates at a density of 3000
cells per well and every group was prepared in triplicate. Aer the
culture for 0, 24, 48 or 72 h, cell medium was replaced with
medium containing 0.5 mg ml�1 MTT solution (Thermo Fisher,
Wilmington, DE, USA) and cultured for another 4 h. Subse-
quently, each well was added into 100 ml of dimethylsulfoxide
(Thermo Fisher) for 10 min and the absorbance at 490 nm was
measured using amicroplate reader (Bio-Rad, Hercules, CA, USA).

Cell apoptosis

The Annexin V-uorescein isothiocyanate (FITC)/propidium
iodide (PI) apoptosis detection kit (Yeasen, Shanghai, China)
was used for cell apoptosis analysis via ow cytometry. Aer the
RSC Adv., 2019, 9, 13316–13324 | 13317
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culture for 72 h, TPC-1 and BCPAP cells were collected, washed
with PBS and then resuspended in binding buffer. Subse-
quently, cells were stained with 5 ml Annexin V-FITC and 10 ml PI
for 10 min in the dark. The stained cells were analyzed by using
a ow cytometer (Becton Dickinson, San Jose, CA, USA).

Trans-well assay

Cell migration and invasion were measured by trans-well assay.
TPC-1 and BCPAP cells (1� 105 cells) were cultured in the upper
chambers (Corning, Corning, NY, USA) with serum-free medium
at 37 �C in 5% CO2. The bottom chambers were added with
normal medium containing 10% fetal bovine serum. Aer the
culture for 12 h, cells on the upper side of the well were carefully
removed using a cotton swab. Migrated cells on the basal side of
the membrane were xed with 100% methanol for 10 min and
then stained with 1% crystal violet (Sigma, St. Louis, MO, USA).
For invasion assay, the trans-well chambers were coated with
Matrigel (Becton Dickinson) and experiment was conducted
following the similar approach. Five visual elds were randomly
selected and migrated or invasive cells were counted under
a microscope (Olympus, Tokyo, Japan).

Bioinformatics analysis and luciferase activity assay

The putative binding sites of circPVT1 and miR-126 were pre-
dicted by bioinformatics analysis using StarBase online. The
pGL3 vectors (Promega, Madison, WI, USA) were used for
synthesis of wild-type (WT) luciferase reporter vectors
(circPVT1-WT). The mutant (MUT) luciferase reporter vectors
(circPVT1-MUT) were generated by mutating the binding sites
(UAAUAAU) to (GCGGUGC) using the Fast Site-Directed Muta-
genesis Kit (Tiangen, Beijing, China). TPC-1 and BCPAP cells
were co-transfected with 20 ng luciferase reporter vectors and
40 nM of miR-126 or miR-NC using Lipofectamine 2000
according to the manufacturer's protocols. Aer the trans-
fection for 24 h, luciferase activity assay was analyzed by using
a luciferase assay kit (Promega).

RNA immunoprecipitation (RIP)

RIP assay was performed to validate the association between
circPVT1 and miR-126 by using RNA-binding protein immu-
noprecipitation kit (Millipore) according to the manufacturer's
protocols. In brief, TPC-1 and BCPAP cells were lysed in RIP
buffer containing magnetic beads bound with Ago2 or IgG
antibody. The enrichments of circPVT1 and miR-126 immuno-
precipitated on beads were measured by qRT-PCR.

Murine xenogra tumorigenesis assay

A total of 14 SPF BALB/c nude mice (male, ve-week-old) were
obtained from Vital River Laboratory Animal Technology (Bei-
jing, China) and acclimatized to housing in specic cages with
a 12 h light/dark cycle for one week. Every effort was made to
minimize animals (n ¼ 7/group) during the study. TPC-1 cells
were transfected with the lentiviral vectors with short hairpin
RNA against circPVT1 (sh-circPVT1) or corresponding negative
control (sh-NC) constructed by GeneCopoeia (Rockville, MD,
13318 | RSC Adv., 2019, 9, 13316–13324
USA). Then stably transfected cells were subcutaneously injected
into mice aer acclimatization. Tumor volume was examined
every week for a total of four weeks with the formula as (length�
width2)/2. Reaching end points, mice were killed and tumor
specimens were weighted and collected for further molecular
analyses. Every animal experiment was performed in strict
accordance with the Guidelines for Care and Use of Laboratory
Animal and was approved by the Ethics Committee of Animal
Research of Xinyang Central Hospital during the study.

Statistical analysis

Data were presented as the mean � standard deviation (SD)
from three independent experiments. Student's t test or one-way
analysis of variance (ANOVA) was conducted for statistical
differences analyses by using GraphPad Prism 7 (GraphPad Inc.,
La Jolla, CA, USA). The association between circPVT1 expression
and clinicopathologic features od PTC patients was analyzed
using c2 test. The overall survival curve of patients was gener-
ated by Kaplan–Meier method and analyzed by log-rank test.
Statistically signicant was indicated when P < 0.05.

Results
CircPVT1 expression is enhanced in PTC

To explore the potential role of circPVT1 in PTC progression, its
expression was rst measured in PTC samples. Compared with
that in normal tissues, the abundance of circPVT1 was obviously
elevated in PTC tissues (n ¼ 39) (Fig. 1A). Then the clinical
signicance of circPVT1 was analyzed in PTC patients. The
patients were classied as high (n ¼ 21) or low circPVT1 expres-
sion (n ¼ 18) group according the mean level of circPVT1 abun-
dance. The clinical information analyses revealed that high
expression of circPVT1 was associated with T stage, lymph node
metastasis and survival status (P < 0.05), but not correlated with
age, gender and ATA risk of patients (P > 0.05) (Table 1). More-
over, patients in high expression of circPVT1 group displayed
relative lower survival than low expression group (P ¼ 0.0392)
(Fig. 1B). Besides, the level of circPVT1 was detected in PTC cells.
qRT-PCR assay indicated higher expression of circPVT1 in PTC
cells (TPC-1, BCPAP, BHP5-16 and BHP2-7) than that in Nthy-ori-
3-1 cells (Fig. 1C). The TPC-1 and BCPAP cells with relative higher
abundance of circPVT1 were used for subsequent experiments.

Interference of circPVT1 promotes apoptosis and inhibits
viability, migration and invasion in PTC cells

To investigate the effect of circPVT1 on PTC progression, TPC-1
and BCPAP cells were transfected with si-circPVT1 or si-NC for
24 h. Aer the transfection, the abundance of circPVT1 was
effectively reduced 64% and 57% in TPC-1 and BCPAP cells
transfected with si-circPVT1 compared with that in si-NC group,
respectively (Fig. 2A). Moreover, Western blot assay showed that
knockdown of circPVT1 led to obvious increase of Bax and
reduction of Bcl-2 and PCNA at protein levels in TPC-1 and
BCPAP cells (Fig. 2B). Furthermore, silencing circPVT1 signi-
cantly impaired viability of TPC-1 and BCPAP cells at 24, 48 and
72 h (Fig. 2C). Meanwhile, interference of circPVT1 resulted in
This journal is © The Royal Society of Chemistry 2019
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Fig. 1 CircPVT1 expression is enhanced in PTC. (A) The expression of circPVT1 wasmeasured in PTC tissues and normal samples by qRT-PCR. (B)
The overall survival of patients was analyzed according to the expression of circPVT1. (C) The level of circPVT1 was detected in PTC cells and
normal cells by qRT-PCR. *P < 0.05, **P < 0.01, ***P < 0.001.
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a strong increase of apoptosis in TPC-1 and BCPAP cells at 72 h
(Fig. 2D). Besides, knockdown of circPVT1 led to a 55% and 47%
reduction of the migrated ability of TPC-1 cells and BCPAP cells
compared with the respective NC group (Fig. 3A). Similarly, the
ability of cell invasion was notably reduced 56% and 51% in
Fig. 2 Knockdown of circPVT1 inhibits viability and promotes
apoptosis in PTC cells. (A) The expression of circPVT1 was measured in
TPC-1 and BCPAP cells transfected with si-circPVT1 or si-NC by qRT-
PCR. The protein levels of Bax, Bcl-2 and PCNA (B), viability (C) and
apoptosis (D) were detected in TPC-1 and BCPAP cells transfected
with si-circPVT1 or si-NC by Western blot, MTT or flow cytometry,
respectively. *P < 0.05, **P < 0.01, ***P < 0.001.

This journal is © The Royal Society of Chemistry 2019
TPC-1 and BCPAP cells transfected with si-circPVT1 compared
with that in cells treated with si-NC (Fig. 3B).
CircPVT1 is a decoy of mR-126

In order to elucidate the underlying mechanism allows circPVT1
participating in PTC progression, potential miRNAs bound to
circPVT1 were explored by bioinformatics analysis using Star-
Base. The putative binding sites of circPVT1 and miR-126 were
shown in Fig. 4A, suggesting that miR-126 might be bound to
circPVT1. To validate this prediction, the WT or MUT luciferase
reporter vectors were generated and transfected into PTC cells. At
24 h aer the transfection, the luciferase activity was signicantly
reduced in TPC-1 and BCPAP cells transfected with miR-126
compared with that in cells treated with miR-NC in circPVT1-
Fig. 3 Interference of circPVT1 suppresses migration and invasion in
PTC cells. (A and B) Cell migration and invasionweremeasured in TPC-
1 and BCPAP cells transfected with si-circPVT1 or si-NC by trans-well
assay. **P < 0.01, ***P < 0.001.

RSC Adv., 2019, 9, 13316–13324 | 13319
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WT group, while it was not affected in circPVT1-MUT group
(Fig. 4B). Furthermore, RIP assay revealed that circPVT1 andmiR-
126 in TPC-1 and BCPAP cells were markedly enriched by Ago2
RIP compared with those in IgG RIP group (Fig. 4C). Subse-
quently, the expression of miR-126 was measured in PTC tissues
and cells. Results showed low expression of miR-126 in PTC
tissues and cells compared with that in their corresponding
control (Fig. 4D). In addition, the effect of circPVT1 on miR-126
expression was investigated in the two cells. The analysis of
qRT-PCR revealed that the abundance of miR-126 was notably
reduced by overexpression of circPVT1 and increased by circPVT1
knockdown in TPC-1 and BCPAP cells (Fig. 4E).
CircPVT1 regulates apoptosis, viability, migration and
invasion by sponging miR-126 in PTC cells

To identify whether miR-126 is required for circPVT1-mediated
progression of PTC, TPC-1 and BCPAP cells were transfected
with si-NC, si-circPVT1, si-circPVT1 and anti-miR-NC or anti-
miR-126. As shown in Fig. 5A and B, knockdown of miR-126
weakened interference of circPVT1-induced increase of Bax
and decrease of Bcl-2 and PCNA protein levels in TPC-1 and
Fig. 4 miR-126 is bound to circPVT1. (A) The putative binding sites of ci
activity was measured in TPC-1 and BCPAP cells at 24 h after co-transfec
abundances of circPVT1 and miR-126 were detected in TPC-1 and BC
examined in PTC tissues and cells by qRT-PCR. (E) The level of miR-1
circPVT1, si-NC or si-circPVT1 by qRT-PCR. *P < 0.05, **P < 0.01, ***P

13320 | RSC Adv., 2019, 9, 13316–13324
BCPAP cells. Furthermore, exhaustion of miR-126 reversed
silencing circPVT1-induced viability suppression in TPC-1 and
BCPAP cells (Fig. 5C and D). In addition, miR-126 knockdown
attenuated silence of circPVT1-induced apoptosis induction in
TPC-1 and BCPAP cells (Fig. 5E and F). Besides, trans-well
analysis displayed that knockdown of miR-126 counteracted
the suppressive effect of circPVT1 interference on migration
and invasion in TPC-1 and BCPAP cells (Fig. 6A–D).
Knockdown of circPVT1 attenuates tumor growth by
regulating miR-126 in xenogra model

To further investigate the anti-cancer role of circPVT1 knock-
down in PTC, TPC-1 cells stably transfected with sh-circPVT1 or
sh-NC were injected into nude mice to establish murine xeno-
gra model. Aer the cell injection, tumor volume was
measured every week and results showed that the tumor volume
was signicantly reduced in sh-circPVT1 group compared with
that in sh-NC group (Fig. 7A). Moreover, tumor weight was
obviously smaller in sh-circPVT1 group than that in sh-NC
group (Fig. 7B). Besides, the expressions of circPVT1, miR-126,
Bax, Bcl-2 and PCNA were measured in tumor tissues of each
rcPVT1 and miR-126 were predicted by StarBase online. (B) Luciferase
tion of circPVT1-WT or circPVT1-MUT andmiR-126 or miR-NC. (C) The
PAP cells after Ago2 or IgG RIP. (D) The expression of miR-126 was
26 was detected in TPC-1 and BCPAP cells transfected with pcDNA,
< 0.001.

This journal is © The Royal Society of Chemistry 2019
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Fig. 5 Inhibition of miR-126 reverses knockdown of circPVT1-mediated regulation of viability and apoptosis in PTC cells. The expressions of Bax,
Bcl-2 and PCNA (A and B), viability (C and D) and apoptosis (E and F) were measured in TPC-1 and BCPAP cells co-transfected with si-circPVT1
and anti-miR-NC or anti-miR-126 by Western blot, MTT or flow cytometry, respectively. *P < 0.05, **P < 0.01, ***P < 0.001.
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group. As displayed in Fig. 7C and D, the expression of circPVT1
was markedly decreased and miR-126 was notably enhanced in
tissues from mice in sh-circPVT1 group compared with that in
sh-NC group. In addition, great increase of Bax and reduction of
Bcl-2 and PCNA protein levels were described in samples of sh-
circPVT1 group compared with those of sh-NC group (Fig. 7E).
Discussion

Many genes could appear capable of producing circRNAs, which
function as main biomarkers and master regulators of gene
expression in multiple cancers.22 More particularly, previous
This journal is © The Royal Society of Chemistry 2019
studies have indicated circRNAs might play essential roles in
tumorigenesis, progression, prognosis and treatment of PTC,
such as circRNA-102171, circ-ITCH, circZFR and circ-
0137287.7,8,23–25 However, the role of circPVT1 in PTC and its
mechanism remain largely unknown. In this study, we rst
elucidated the oncogenic role of circPVT1 in PTC and explored
the interaction between circPVT1 and miR-126 in vitro and in
vivo.

Previous work displayed PVT1 as an oncogenic lncRNA in
thyroid cancer.14 Moreover, lncRNA PVT1 has been suggested to
promote viability and invasion of PTC cells by acting as
a competing endogenous RNA (ceRNA) of miR-30a to regulate
RSC Adv., 2019, 9, 13316–13324 | 13321
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Fig. 6 Abrogation of miR-126 attenuates down-regulation of circPVT1-induced inhibition of migration and invasion in PTC cells. Cell migration
(A and B) and invasion (C and D) were measured in TPC-1 and BCPAP cells co-transfected with si-circPVT1 and anti-miR-NC or anti-miR-126 by
trans-well assay. *P < 0.05, **P < 0.01.
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insulin like growth factor 1 receptor.12 Zhou et al. reported that
PVT1 promoted cell proliferation by regulating cell cycle process
in PTC.13 CircPVT1 is known to be generated by circularization
of an exon of the PVT1 gene.26 Accruing evidences have indi-
cated circPVT1 as an oncogene to promote cancer progression
and poor prognosis in non-small cell lung cancer, head and
neck squamous cell carcinoma and gastric cancer.9–11 According
to these reporters, we hypothesized that circPVT1 might also
play as an oncogene in PTC. In this research, we rst measured
the expression of circPVT1 in PTC and found that circPVT1 was
highly expressed in PTC tissues and cells compared with their
corresponding control, respectively. Moreover, we found that
high expression of circPVT1 was associated with T stage, lymph
node metastasis and low survival rate, suggesting that circPVT1
might predict poor prognosis of PTC. Then the function of
circPVT1 was investigated in PTC cells. In the present study,
down-regulation of pro-proliferation protein PCNA and OD490
uncovered the inhibition of viability in PTC cells transfected
with si-circPVT1. Furthermore, the elevated apoptosis in PTC
cells induced by knockdown of circPVT1 was revealed by
increase of pro-apoptotic protein Bax and apoptotic rate and
reduction of anti-apoptotic protein Bcl-2. These ndings indi-
cated that circPVT1 contributed to cell growth by regulating
13322 | RSC Adv., 2019, 9, 13316–13324
apoptosis. Meanwhile, analysis of trans-well demonstrated that
silencing circPVT1 suppressed PTC cells migration and inva-
sion. These data of function assays reected circPVT1 as an
oncogene to contribute to PTC progression.

The emerging effort demonstrated that circRNAs were
implicated in progression of multiple cancers via serving as
miRNA sponges.27 In this study, qRT-PCR assay revealed that
the expression of miR-126 was signicantly decreased in PTC
tissues and cells, which is also in agreement with former
works.28–30 Moreover, Xiong et al. reported that miR-126 sup-
pressed cell growth and metastasis by regulating solute carrier
family 7 member 5 and a disintegrin and metalloproteinase 9
in thyroid cancer.28 Wen et al. suggested that miR-126
inhibited cell proliferation, colony formation, migration and
invasion but induced apoptosis and cell cycle G1 stage arrest
in PTC by mediating lipoprotein receptor-related protein 6.29

Additionally, Qian et al. showed that miR-126 repressed cell
proliferation, migration and invasion by targeting C–X–C
chemokine receptor type 4 in thyroid cancer.30 These efforts all
disclosed that miR-126 could act as a tumor suppressor in PTC
through modulating varying targets. To gure out whether
miR-126 was associated with circPVT1-mediated progression
of PTC, the interaction between them was explored in PTC
This journal is © The Royal Society of Chemistry 2019
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Fig. 7 Interference of circPVT1 represses tumor growth by up-regulating miR-126 in xenograft model. (A) Tumor volume was measured in sh-
NC or sh-circPVT1 group every week. (B) Tumor weight was detected in each group at ending point. The expressions of circPVT1 (C), miR-126 (D)
as well as Bax, Bcl-2 and PCNA protein (E) weremeasured in tumor tissues in each group by qRT-PCR orWestern blot, respectively. *P < 0.05, **P
< 0.01, ***P < 0.001.

Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 3

0 
A

pr
il 

20
19

. D
ow

nl
oa

de
d 

on
 1

1/
26

/2
02

5 
1:

05
:5

0 
PM

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
cells, which was conrmed by luciferase activity analysis and
Ago2 RIP. Furthermore, miR-126 expression was negatively
regulated by circPVT1 and its abrogation alleviated the
regulatory effect of circPVT1 silencing on viability,
apoptosis, migration and invasion in TPC-1 and BCPAP cells,
indicating that circPVT1 addressed progression of PTC by
sponging miR-126 in vitro. Besides, pre-clinical studies are
responsible for better understanding the potential mecha-
nism of PTC pathogenesis. Therefore, we established the
TPC-1 xenogra model to investigate the role of circPVT1
and mechanism in vivo. Knockdown of circPVT1 group
exhibited reduction of tumor volume, weight, Bcl-2 and
PCNA levels and increase of miR-126 and Bax levels
compared with sh-NC group, which revealed that circPVT1
interference attenuated PTC tumor growth by up-regulating
miR-126 in vivo. Functional miRNAs are known to regulate
potential targets by binding their 30 UTR. Although a large
number of targets of miR-126 have been indicated, the
promising targeted gene was absence in this research.
Hence, more targets of miR-126 and potential signaling
pathway should be explored in further study.

In conclusion, circPVT1 was up-regulated in PTC tissues and
cells and indicated poor prognosis. Knockdown of circPVT1
inhibited PTC progression in vitro and in vivo. Moreover, this
effect might be achieved by sponging miR-126. This indicated
circPVT1/miR-126 network as promising avenue for treatment
of PTC.
This journal is © The Royal Society of Chemistry 2019
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PTC
 Papillary thyroid carcinoma

circRNA
 Circular RNA

PVT1
 Plasmacytoma variant translocation 1

ceRNA
 Competing endogenous RNA

miRNA
 MicroRNA

siRNA
 Small interfering RNA

NC
 Negative control

qRT-PCR
 Quantitative real-time polymerase chain reaction

FITC
 Fluorescein isothiocyanate

PI
 Propidium iodide

WT
 Wild-type

MUT
 Mutant

RIP
 RNA immunoprecipitation

SD
 Standard deviation

ANOVA
 Analysis of variance
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