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Background: LncRNAs play important roles in papillary thyroid carcinoma (PTC). 
LINC02471 has been reported to be related to PTC prognosis. The current study aimed to 
investigate the effects of LINC02471 on human PTC cells.
Methods: Quantitative real-time polymerase chain reaction (qRT-PCR) was performed to 
examine LINC02471 expression in PTC tissues and cells and miR-375 expression in PTC 
cells. SiLINC02471, miR-375 mimic and miR-375 inhibitor were used for cell transfec-
tion. Cell proliferation, apoptosis, migration, and invasion were detected by performing 
Cell Counting Kit-8 (CCK-8), clone formation assay, flow cytometry, scratch assay, and 
transwell assay. Western blot was carried out to detect protein levels of E-cadherin, 
N-cadherin and Snail. The target gene for LINC02471 was verified by dual-luciferase 
reporter assay.
Results: LINC02471 was highly expressed in PTC tissues and cells. After silencing 
LINC02471, cell proliferation, migration and invasion were reduced, but cell apoptosis was 
increased. SiLINC02471 increased the expressions of E-cadherin and miR-375, and inhibited 
the expressions of N-Cadherin and Snail. LINC02471 directly targeted miR-375 in PTC cells. 
Overexpression of miR-375 inhibited the proliferation, migration, invasion of PTC cells and 
reduced the expressions of N-Cadherin and Snail but promoted the cell apoptosis and 
increased E-cadherin expression, while miR-375 inhibitor produced opposite effects to 
overexpressed miR-375. After inhibiting miR-375 expression, siLINC02471 reversed the 
effect of miR-375 inhibitor.
Conclusion: LINC02471 could promote the development of PTC. Knocking down 
LINC02471 could inhibit invasion and metastasis and promote PTC cell apoptosis through 
directly targeting miR-375.
Keywords: papillary thyroid carcinoma, long non-coding RNAs, miR-375, epithelial- 
mesenchymal transition, EMT

Introduction
Thyroid cancer is one of the most common endocrine malignant tumors, and its 
incidence is increasing annually.1,2 According to histological characteristics, thyroid 
cancer can be subdivided into papillary thyroid carcinoma (PTC), thyroid follicular 
cancer, anaplastic thyroid carcinoma, and medullary thyroid carcinoma.3 The majority 
of thyroid cancer patients are PTC patients.4 Currently, 131I radiotherapy, surgical and 
TSH inhibition treatments are the main strategy for the management of PTC.5 Although 
these treatments have been constantly improved, PTC patients still suffer from cancer 

Correspondence: Cen Lou  
Department of Nuclear Medicine, Sir Run 
Run Shaw Hospital, Zhejiang University 
School of Medicine, Hangzhou, Zhejiang 
310016, People’s Republic of China  
Tel 86-0571-86090073  
Email 3194110@zju.edu.cn

Cancer Management and Research                                                       Dovepress
open access to scientific and medical research

Open Access Full Text Article

submit your manuscript | www.dovepress.com Cancer Management and Research 2020:12 8757–8771                                                   8757

http://doi.org/10.2147/CMAR.S243767 

DovePress © 2020 Chen et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

C
an

ce
r 

M
an

ag
em

en
t a

nd
 R

es
ea

rc
h 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

mailto:3194110@zju.edu.cn
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php


recurrence, invasion and/or metastasis.6 Therefore, develop-
ing more effective methods of diagnosis and treatment for 
managing PTC is highly necessary.

Long non-coding RNAs (lncRNAs) are noncoding 
RNAs with a length of more than 200 nucleotides, and 
they have gene-specific regulatory functions.7 The roles of 
lncRNAs in the occurrence and development of tumors 
have been increasingly discovered.8,9 LncRNAs are also 
involved in the proliferation, invasion and metastasis of 
thyroid cancer,10,11 for example, Li et al12 found that 
lncRNA n340790 is increased in thyroid cancer, and it 
directly adsorbs miR-1254 to promote thyroid cancer cell 
proliferation through a sponging effect. LINC02471 has 
a length of 705 nt, and is located in p7 region of chromo-
some 12. However, the role of LINC02471 in thyroid 
cancer is less studied.13 Cai et al reported that the combi-
nation of two DEGs (METTL7B and KCTD16) and two 
DElncRNAs (LINC02454 and LINC02471) could more 
accurately predict the prognosis of PTC.14 Therefore, the 
present study explored the internal correlation between 
LINC02471 and PTC, aiming at understanding its function 
and finding its target gene. Our findings provide scientific 
basis for gene diagnosis and targeted therapy of PTC.

Materials and Methods
Clinical Specimens
The surgical cancer tissues and paired adjacent tissues 
2 cm away from the cancer tissues were collected from 
PTC patients who received surgery in Xiasha Branch of 
Sir Run Run Shaw Hospital from 2016 to 2018. All the 
patients were diagnosed as PTC by postoperative patholo-
gical examination, and did not have previous antitumor 
treatment history such as radiotherapy, chemotherapy or 
cell biological therapy. Surgical specimens were immedi-
ately frozen in liquid nitrogen until subsequent experi-
ments. The current experiment was approved by the 
Ethics Committee of Xiasha Branch of Sir Run Run 
Shaw Hospital (approved number: ZJ2016090122), and 
informed consent was signed by all the participants.

Cell Culture
Human thyroid follicular epithelial cell line Nthy-ori3-1, 
human PTC cell line TPC-1, IHH4 and BCPAP were pur-
chased from the Cell Bank of the Typical Culture Preservation 
Committee of the Chinese Academy of Sciences (http://www. 
cellbank.org.cn/). The cells were cultured in RPMI-1640 

medium (Gibco, USA) containing 10% FBS (Gibco, USA) 
in a humidified incubator with 5% CO2 at 37°C.

Cell Transfection
Transfections of TPC-1 and IHH4 were realized using 
Lipofectamine 2000 Transfection Reagent (Invitrogen, 
USA). MiR-375 mimic (M), miR-375 inhibitor (I), mimic 
control (MC) and inhibitor control (IC) were mixed with 
OPTIM-MEM medium, respectively. Lipofectamine 2000 
reagent was then mixed with OPTIM-MEM medium, and 
the diluted miR-375 was further mixed with the diluted 
Lipofectamine 2000 reagent. The cells at a density of 5⨰104 

cells/well were inoculated into a 96-well plate, added with the 
mixture, and incubated at 37°C with 5% CO2 for 48 h. The 
cells were harvested for further study after transfection for 
48 h.

The siRNAs against LINC02471 (siLINC02471) and 
the negative control (siNC) were designed and synthesized 
by Shanghai GenePharma Co., Ltd (China). The siRNAs 
were transfected into TPC-1 and IHH4 cells using 
Lipofectamine 2000 Transfection Reagent (Invitrogen, 
USA) according to the manufacturer’s instruction. The 
cells were harvested for further study after transfection 
for 48 h. The sequences used for transfection were listed 
in Table 1.

Cell Counting Kit-8 (CCK-8)
Cell viability was determined by CCK-8 according to 
manufacturer’s protocol. TPC-1 and IHH4 cells with or 
without transfection were seeded into 96-well plates 
(5⨰103 cells/well) and cultured with 5% CO2 at 37°C for 
24, 48, and 72 h. Then, CCK-8 reagent was added to the 
wells and cultured at 37°C for two hours. The absorbance 
(OD: 450 nm) was measured by microplate (Model 680, 
Bio-Rad, USA) to calculate cell viability.

Clone Formation Assay
Approximately 500 TPC-1 and IHH4 cells with or without 
transfection were seeded into 24-well plates, and cultured 

Table 1 The Sequences Used for Transfection

Name Sequences: 5ʹ-3’

siRNAs negative control (siNC) AATTCACTCCAAGTCTCTTCC

miR-375 mimic UUUGUUCGUUCGGCUCGCGUGA

miR-375 mimic control UUUGUACUACACAAAAGUACUG

miR-375 inhibitor UAACGAGCCGAACGAACAAA

miR-375 inhibitor control CAGUACUUUUGUGUAGUACAA
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in RPMI-1640 containing 10% FBS and 1% agarose for 14 
days with 5% CO2 at 37°C. Subsequently, the cells were 
fixed by 4% methanol for 20 min, and then stained by 
0.1% crystal violet for 15 min. The images were observed 
under an inverted phase contrast microscope (CK40, 
Olympus, Japan) and the colonies were counted.

Cell Apoptosis
TPC-1 and IHH4 cells with or without transfection were 
cultured for 48 h and the harvested. The cells were stained 
by annexin V-FITC and propidium iodide and incubated in 
the dark for 10 min. Following the instructions of Annexin 
V-FITC Apoptosis Detection kit, cell apoptosis was 
detected using an Annexin V-FITC Apoptosis Detection 
kit (Key GEN, Shanghai, China) by flow cytometry (BD 
FACSCalibur, BD Biosciences, USA) equipped with Cell 
Quest software (BD Biosciences).

Scratch Assay
The cells at a density of 5⨰105 (cells/mL) were seeded 
into a 24-well plate and scratched by a pipette tip in 
a predetermined straight position. The images of the cells 
were captured under an inverted phase-contrast micro-
scope (Eclipse TS100, Nikon, Japan) at 0 and 48 h. NIS- 
Element Basic Research v3.2 software (Nikon, Japan) was 
used to determine the scratch area for examining cell 
migration capacity.

Transwell Assay
The cells (5⨰103 cells/mL) in the 24-well plate were 
seeded into the upper Transwell chamber (8-μm pores, 
Corning Company, USA) coated with matrigel, while the 
lower chamber contained RPMI-1640 medium with 10% 
FBS. After incubation for 48 h at 37°C with 5% CO2, 
noninvading cells on the upper chamber were removed by 
cotton swabs, whereas invaded cells were fixed by paraf-
ormaldehyde and then stained by 0.1% crystal violet for 10 
min. The images were captured under an inverted micro-
scope (TS100, Nikon, Japan).

Dual-luciferase Reporter Assay
Direct target gene of LINC02471 was predicted by The 
DIANA tools LncBase Predicted v.2 (http://carolina.imis. 
athena-innovation.gr/diana_tools/web/index.php?r=lncba 
sev2/index-predicted). The wild-type (LINC02471-WT) or 
mutant (LINC02471-MUT) LINC02471 vectors were 
synthesized and purchased from Shanghai GenePharma 
Co., Ltd (China). For dual-luciferase reporter assay, 

LINC02471-MUT or LINC02471-WT vectors were 
cotransfected with miR-375 mimic or with transfection 
reagent into TPC-1 and IHH4 cells by using 
Lipofectamine 2000 Transfection Reagent (Invitrogen, 
USA). After transfection for 48 h, the cells were harvested 
and subjected to dual-luciferase reporter assay kit 
(Promega, USA). Relative luciferase of the cells was nor-
malized to that of Renilla luciferase.

RNA Pull-down Assay
The TPC-1 and IHH4 cells were treated by 50 nM biotin- 
labeled WT-bio-LINC02471 RNA and MUT-bio- 
LINC02471 RNA for 48 h. The cells were collected to 
incubate with specific lysate buffer (Ambion, USA) for 10 
min. The lysates were incubated with the M-280 strepta-
vidin beads (S3762, Sigma-Aldrich, USA), which were 
precoated with RNase free BSA and yeast tRNA 
(TRNABAK-RO, Sigma-Aldrich, USA), at 4°C for three 
hours. Next, the beads were first washed twice with pre-
cooled lysate buffer solution and low-salt buffer solution 
three times, and then with high-salt buffer solution once. 
The combined RNAs were purified by Trizol, and miR- 
375 enrichment was examined by quantitative real-time 
polymerase chain reaction (qRT-PCR).

RNA Immunoprecipitation (RIP) Assay
The binding of LINC02471 RNA to argonaute-2 (AGO2) 
protein was detected using Magna RIP RNA-binding pro-
tein immunoprecipitation kit (Millipore, Temecula, USA). 
The cells were then washed by precooled PBS, and the 
supernatant was discarded. Next, the cells were lysed by 
an equal amount of radioimmunoprecipitation assay 
(RIPA) lysis (P0013B, Beyotime Biotechnology Co., Ltd, 
Beijing, China) in an ice bath for five minutes, and the 
supernatant was collected by centrifugation (at 14000 rpm, 
at 4°C for 10 min). A section of the cell extracts were used 
as the input, while the rest was incubated with antibody 
AGO2 (ab32381, 1:50, Abcam, UK) at room temperature 
for 30 min for coprecipitation. IgG (ab109489, 1:100, 
Abcam, UK) served as a negative control (NC).

RT-qPCR
Total RNAs were isolated from the cancer tissues, adjacent 
tissues, and cell lines using Trizol reagent (Invitrogen, 
USA). Purity and concentration of RNA were determined 
by Nano Drop 2000 (Thermo Fisher Scientific, USA). 
RNAs (2 μg) were reverse-transcribed into cDNAs using 
a PrimeScript RT Master Mix kit (Takara, China). The 
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PCR was performed using a SYBR miRNA detection 
assays (Takara, China) in Opticon real-time PCR 
Detection System (ABI 7500, Life technology, USA). 
The reaction conditions were set as follows: at 95°C for 
five minutes, at 95°C for 30 seconds, at 60°C for 30 
seconds, at 72°C for 15 seconds, for a total of 40 cycles. 
The relative gene expression levels were calculated by 
2-ΔΔCT method.15 U6 and GAPDH served as internal 
controls. The primers used were listed in Table 2.

Western Blot
Total proteins were extracted from cells using RIPA buffer 
(Beyotime, China), the protein concentration was deter-
mined by BCA protein assay kit (Pierce, Germany). The 
protein (20 μg) were separated by 10% SDS-PAGE 
(Invitrogen, USA) and transferred onto PVDF membranes 
(Merck, Germany). The membranes were blocked by 5% 
nonfat milk for one hour and then incubated with the fol-
lowing primary antibodies overnight at 4°C: E-cadherin 
(E-Cad, Cat#14472, 1:1000, CST, USA), N-Cadherin 
(N-Cad, Cat #14215, 1:1000, CST, USA), Snail (ab53519, 
1:1000, Abcam, USA), GAPDH (ab8245, 1:2000, Abcam, 
USA). After that, the membranes were further incubated 
with secondary antibodies, donkey anti-goat IgG H&L 
(HRP) (ab205723, 1:2000, Abcam, USA), goat anti- 
mouse IgG H&L (HRP) (ab205719, 1:2000, Abcam, 
USA) for two hours, and visualized by ECL chemilumines-
cence (Thermo Scientific, USA) using a Band Scan 5.0 
system (Bio-Rad, Hercules, USA). GAPDH served as 
a control.

Statistical Analysis
The experiments were performed in triplicate. The sta-
tistical analysis was performed by Student’s tests or 
one-way ANOVA using SPSS 20.0 system (IBM 
Corporation, Armonk, NY, USA). The data were 
shown as the mean ±SD. P<0.05 was considered to be 
statistically significant.

Results
LINC02471 Expression was Increased in 
PTC Tissues and Cells
LINC02471 expression of PTC tissues was detected by 
qPCR, and the results showed that LINC02471 level of 
PTC cancer tissues was observably increased (Figure 1A, 
P<0.05). Moreover, compared with Nthy-ori3-1, LINC02471 
was greatly increased in TPC-1, IHH4 and BCPAP cells 
(Figure 1B, P<0.05), especially in the first two cells. Thus, 
TPC-1 and IHH4 cells were used in the following study. 
These results showed that upregulated expression of 
LINC02471 may be involved in PTC progression.

Knocking Down LINC02471 Inhibited Cell 
Proliferation and Promoted Apoptosis of 
PTC Cells
The siLINC02471 was transfected into the PTC cell lines to 
explore the biological effects of LINC02471 on PTC cells, and 
the knockdown efficiency of LINC02471 was detected by 
qPCR. In TPC-1 (Figure 1C) and IHH4 (Figure 1D) cells, 
LINC02471 was low-expressed in the siLINC02471 group 
compared with siNC group (P<0.05), indicating that 
LINC02471 expression was successfully knocked down in 
the PCT cells.

Following the transfection of siLINC02471, cell prolif-
eration of PCT cell was examined by CCK-8 and clone 
formation assay. CCK-8 results demonstrated that 
siLINC02471 greatly reduced the cell viabilities of TPC- 
1 (Figure 1E) and IHH4 (Figure 1F) at 48 h and 72 
h compared with siNC group (P<0.05). Meanwhile, the 
clones of TPC-1 (Figure 2A) and IHH4 (Figure 2B) cells 
treated by siLINC02471 were markedly fewer than that of 
the siNC group (P<0.05).

The effect of LINC02471 on apoptotic of transfected 
PCT cell lines was examined by flow cytometry, and the 
results revealed that the apoptosis of TPC-1 (Figure 2C) 
and IHH4 (Figure 2D) cells treated by siLINC02471 were 
higher than that of the siNC group (P<0.05). At the same 

Table 2 The Primers Used for qPCR

Name Forward: 5ʹ-3’ Reverse: 5ʹ-3’

LncRNA LINC02471 ATGCTAAACACTGCCTCATCTCT GATTAGCTGCTTCCCAGTGT

GAPDH CATGGAATCCTGTGGCATCC TGATCTTCATGGTGCTGGG
U6 CTCAGAGCGTGTTCTCCGTCAC TATAAATCTTTACCCTGTTGGCAGT

miR-375 TCGCACAAACGTCGTATCCA GTATCCAGTGCGTGTCGTGG
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time, the invasion and migration of PCT cell lines were 
determined by transwell and scratch assay. As shown in 
Figure 3, the migration (Figure 3A and B) and invasion 
(Figure 3C and D) of TPC-1 and IHH4 cells were reduced 

in siLINC02471 group compared with siNC group 
(P<0.05), indicating that knocking down LINC02471 
obviously reduced the proliferation, migration and inva-
sion of the PCT cells but induced the apoptosis.

Figure 1 Long non-coding RNAs (lncRNA) LINC02471 in human papillary thyroid carcinoma (PTC) tissues and cell lines. (A) The expression of LINC02471 in human PTC 
tissues and paired adjacent tissues (Normal). (B) The expression of LINC02471 in human thyroid follicular epithelial cell line (Nthy-ori3-1) and human PTC cell lines (TPC-1, 
IHH4 and BCPAP). (C) In TPC-1, siRNAs against LINC02471 (siLINC02471) and the negative control (siNC) were used for cell transfection, and quantitative real-time 
polymerase chain reaction (qPCR) was performed to detect the knockdown efficiency. (D) In IHH4, siLINC02471 and siNC were used for cell transfection, and qPCR was 
performed to detect the knockdown efficiency. (E) In TPC-1, Cell Counting Kit-8 (CCK-8) was performed to determine the cell viability. (F) In IHH4, CCK-8 was 
performed to determine the cell viability. (A) *P<0.01 vs Normal; (B) **P<0.01 vs Nthy-ori3-1; (C–F) ***P<0.01 vs siNC.
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Figure 2 Effect of siLINC02471 on PTC cell proliferation and apoptosis. (A) In TPC-1, clone formation assay was performed to determine the cell clones. (B) In IHH4, clone 
formation assay was performed to determine the cell clones. (C) In TPC-1, flow cytometer was performed to determine the apoptosis. (D) In IHH4, flow cytometer was 
performed to determine the apoptosis. *P<0.01 vs siNC.
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Figure 3 Effect of siLINC02471 on PTC cell migration and invasion. (A) In TPC-1, scratch assay was performed to determine the cell migration. (B) In IHH4, scratch assay 
was performed to determine the cell migration. (C) In TPC-1, transwell assay was performed to determine the cell invasion. (D) In IHH4, transwell assay was performed to 
determine the cell invasion. *P<0.01 vs siNC.
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LINC02471 Knockdown Increased E-Cad 
Level, While Decreased N-Cad and Snail 
Levels in PTC Cells
Western blot was performed to analyze the effect of 
siLINC02471 treatment on epithelial-mesenchymal transi-
tion (EMT) of PCT cells. The results showed that for TPC- 
1 (Figure 4A and B) and IHH4 (Figure 4C and D) cells, the 
expressions of N-Cad and Snail was reduced and E-Cad 
protein was increased in siLINC02471 group, compared 
with the siNC group (P<0.05).

LINC02471 Directly Targeted miR-375 in 
PTC Cell Lines
To understand the mechanism of LINC02471 on PTC cell 
lines, LncBase Predicted v.2, that miR-375 was a potential 
target of LINC02471 (Figure 5A). Then, dual-luciferase 
assay was performed to validate whether miR-375 bound 

to LINC02471. The results demonstrated that luciferase 
activities of TPC-1 (Figure 5B) and IHH4 (Figure 5C) 
cells cotransfected with miR-375 mimic and LINC02471- 
WT were reduced (P<0.05), while the luciferase activities 
of TPC-1 and IHH4 cells cotransfected with LINC02471- 
MUT did not change (P>0.05). RNA-pull down and RIP 
assays were conducted to further verify the interaction 
between LINC02471 and miR-375. The results of RNA 
pull-down assay indicated when compared with 
LINC02471-Mut, relative miR-375 enrichment was signif-
icantly increased in LINC02471-WT (P<0.05, Figure 5D 
and E), suggesting that miR-375 and LINC02471 could 
directly bind to each other. The RIP assay demonstrated 
when compared with IgG, LINC02471 enrichment in 
AGO2 was notably increased (P<0.05, Figure 5F and G), 
indicating that LINC02471 could bind to AGO2 protein. 
To confirm that LINC02471 targeted and suppressed miR- 
375 expression level of PCT cells, qPCR was performed to 

Figure 4 Effect of siLINC02471 on PTC cell epithelial-mesenchymal transition (EMT). (A) In TPC-1, Western blot was performed to determine the EMT-relative protein 
expression. (B) The expressions of E- cadherin (E-Cad), N-Cadherin (N-Cad) and Snail in each group. (C) In IHH4, Western blot was performed to determine the EMT- 
relative protein expression. (D) The expressions of E-Cad, N-Cad and Snail in each group. *P<0.01 vs siNC.
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detect miR-375 level in PCT cell lines after knocking 
down LINC02471. For TPC-1 (Figure 5H) and IHH4 
(Figure 5I) cells, the downregulation of LINC02471 
resulted in a significant increase of miR-375 level com-
pared with the siNC group (P<0.05). Taken together, miR- 
375 was the direct target of LINC02471 in human PCT cell 
lines.

LINC02471 Knockdown Regulated PTC 
Cells Progression by Mediating miR-375
Whether LINC02471 regulated PCT cell proliferation and 
migration through targeting miR-375 expression was 
examined by transfecting miR-375 inhibitor, miR-375 
mimic into the TPC-1 (Figure 5J) and IHH4 (Figure 5K) 
cells in the absence or presence of siLINC02471. For TPC- 
1 and IHH4 cells, RT-qPCR showed that miR-375 mRNA 
level was markedly upregulation in M group compared 
with MC group, and it was lower in the I group than that 
in the IC group (P<0.05). After treating the two cells with 
miR-375 inhibitor and siLINC02471, the miR-375 mRNA 
level was upregulated and higher than that in the I group 
(P<0.05). MiR-375 mimic increased the miR-375 expres-
sion, while miR-375 inhibitor reduced the miR-375 
expression, moreover, the expression of miR-375 was 
restored by miR-375 inhibitor and siLINC02471.

Cell proliferation was determined by CCK-8 and clone 
formation assay. The data revealed that the cell viability 
(Figure 5L and M) and clones (Figure 6A–D) of TPC-1 
and IHH4 cells in the M group were reduced compared 
with the MC group, while those in the I group were 
increased compared with the IC group (P<0.05). 
Moreover, the cell viability (Figure 5L and M) and clones 
(Figure 6A–D) of the cells treated by miR-375 inhibitor 
and siLINC02471 were lower and fewer than those of cells 
treated by miR-375 inhibitor alone (P<0.05).

Subsequently, cell apoptosis was detected by flow cyt-
ometer, and the data showed that the apoptosis of TPC-1 
(Figure 6E and F) and IHH4 (Figure 6G and H) cells 
treated by miR-375 mimic were higher than those of 
cells in the MC group (P<0.05), while the apoptosis of 
cells in siLINC02471+I group were higher than that in the 
I group (P<0.05). In addition, no significant difference was 
observed in the apoptosis of TPC-1 cells between the IC 
and I groups (P>0.05), while the apoptosis of IHH4 cells 
treated by miR-375 inhibitor was lower than those of cells 
in the IC group (P<0.05).

The detection of cell invasion and migration by transwell 
and scratch assays showed that cell migration (Figure 7A– 
D) and invasion (Figure 7E–H) of the cells treated by miR- 
375 mimic were reduced, while those of the cells treated by 
miR-375 inhibitor were increased (P<0.05). Still, the cell 
migration and invasion of the cells in siLINC02471+I group 
were lower than those in I group (P<0.05).

As shown in Figure 8, Western blot results demon-
strated that miR-375 mimic increased the E-Cad, and 
decreased N-Cad and Snail levels of the TPC-1 (Figure 
8A and B) and IHH4 (Figure 8C and D) cells, while miR- 
375 inhibitor produced completely opposite effects 
(P<0.05). Moreover, siLINC02471 increased the E-Cad 
level of TPC-1 and IHH4 cells previously reduced by 
miR-375 inhibitor, and reduced the N-Cad and Snail levels 
of the cells previously increased by miR-375 inhibitor 
(P<0.05).

The above data indicated that miR-375 mimic inhibited 
the cell proliferation, invasion, migration and EMT, pro-
moted apoptosis, while miR-375 inhibitor exerted opposite 
effects to miR-375 mimic. Moreover, after knocking down 
the expressions of miR-375 and LINC02471, the effects of 
miR-375 inhibitor were reversed by siLINC02471, sug-
gesting that LINC02471 regulated human PTC progression 
through mediating miR-375.

Discussion
Recently, studies have confirmed that many lncRNAs are 
differentially expressed in the thyroid gland and can affect 
the occurrence of thyroid cancer.16,17 In this study, we 
observed that LINC02471 expression in PTC tissues was 
increased, and at the same time also increased in the three 
PTC cell lines, especially in TPC-1 and IHH4 cells, how-
ever, it was low-expressed in normal thyroid cell lines, 
suggesting that LINC02471 might be an oncogenic gene 
for PTC. Subsequently, in the present study, to verify the 
biological role of LINC02471 expression changes in PTC 
development, TPC-1 and IHH4 cell lines were selected as 
research models, and the LINC02471 expression was suc-
cessfully knocked down in TPC-1 and IHH4 cells by 
siRNA technology.

Further studies were conducted to determine the effect 
of LINC02471 knockdown on PTC cells, and the results 
that knocking down LINC02471 inhibited proliferation, 
invasion and migration of the PTC cell lines, while down-
regulating LINC02471 expression could promote the apop-
tosis of PTC cell lines. The occurrence and development 
of malignant tumors are closely related to the rapid 
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Figure 5 LINC02471 directly targeted miR-375 in PTC cell lines. (A) Prediction of binding sites of LINC02471 and miR-375. (B) In TPC-1, dual-luciferase reporter assay was performed 
to detect whether miR-375 binds to LINC02471. (C) In IHH4, dual-luciferase reporter assay was performed to detect whether miR-375 binds to LINC02471. (D) In TPC-1, relative 
enrichment of miR-375 to LINC02471-WT and LINC02471-MUT analyzed by RNA pull-down assay. (E) In IHH4, ralative enrichment of miR-375 to LINC02471-WT and LINC02471- 
MUT analyzed by RNA pull-down assay. (F) In TPC-1, relative enrichment of AGO2 to miR-375 and LINC02471 detected by RIP assay. (G) In IHH4, relative enrichment of AGO2 to 
miR-375 and LINC02471 detected by RIP assay. (H) In TPC-1, qPCR was performed to detect the miR-375 level in siLINC02471 cells. (I) In IHH4, qPCR was performed to detect the 
miR-375 level in siLINC02471 cells. (J) In TPC-1, miR-375 mimic, miR-375 inhibitor and siLINC02471 were used for cell transfection, and qPCR was performed to detect the transfection 
efficiency. (K) In IHH4, miR-375 mimic, miR-375 inhibitor and siLINC02471 were used for cell transfection, and qPCR was performed to detect the transfection efficiency. (L) In TPC-1, 
CCK-8 was performed to determine the cell viability. (M) In IHH4, CCK-8 was performed to determine the cell viability. (B and C) **P<0.01 vs blank; (H  and I) **P<0.01 vs siNC; (J– 
M) **P<0.01 vs MC; ##P<0.01 vs IC; ^^P<0.01 vs I.
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Figure 6 Effect of siLINC02471 and miR-375 on PTC cell proliferation and apoptosis. (A) In TPC-1, clone formation assay was performed to determine the cell clones. (B) 
The clone formation rates of TPC-1 in each group. (C) The clone formation rates of IHH4 in each group. (D) In IHH4, clone formation assay was performed to determine 
the cell clones. (E) In TPC-1, flow cytometer was performed to determine the apoptosis. (F) The apoptosis rate of TPC-1 in each group. (G) The apoptosis rate of IHH4 in 
each group. (H) In IHH4, flow cytometer was performed to determine the apoptosis. (B–G) **P<0.01 vs MC; ##P<0.01 vs IC; ^^P<0.01 vs I.
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Figure 7 Effect of siLINC02471 and miR-375 on PTC cell migration and invasion. (A) In TPC-1, scratch assay was performed to determine the cell migration. (B) The 
migration rate of TPC-1 in each group. (C) The migration rate of IHH4 in each group. (D) In IHH4, scratch assay was performed to determine the cell migration. (E) In TPC- 
1, transwell assay was performed to determine the cell invasion. (F) The invasion rate of TPC-1 in each group. (G) The invasion rate of IHH4 in each group. (H) In IHH4, 
transwell assay was performed to determine the cell invasion. (B–G) **P<0.01 vs MC; ##P<0.01 vs IC; ^^P<0.01 vs I.
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proliferation of cells, inhibition of apoptosis, enhanced 
invasion and metastasis abilities.18–20 Consistent with our 
findings, we speculate that LINC02471 may affect the 
development of PTC by regulating biological behaviors 
of PTC cells. In addition, LINC02471 is possibly an onco-
gene for PTC, and might be a new direction of targeted 
gene therapy for PTC.

Invasion and metastasis are detected in many PTC 
patients.21,22 EMT refers to the process during which cells 
transform from the epithelium to the interstitial under the 
action of certain factors.23,24 EMT is also associated with the 
invasion of PTC.25,26 The reduction or loss of E-Cad expres-
sion marks EMT change. Reduced expression of E-Cad can 
lead to decreased adhesion between cells and enhanced inva-
sion and metastasis of tumors.27,28 In other words, low 
expression of E-Cad is involved in the malignant transforma-
tion of tumors. Snail is a transcription factor regulating the 
EMT process, and it could induce EMT through inhibiting 
the transcription expression of E-Cad.29,30 N-Cad, 
a mesenchymal cell marker, does not express in normal 

epithelial tissues, but its ectopic expression in epithelial 
tissues can induce EMT, causes tumor cells to develop inva-
sive phenotype and enables distant metastasis.31,32 The cur-
rent study showed that knockdown of LINC02471 increased 
the E-Cad expression level and reduced the N-Cad and Snail 
expression level in PTC cell lines, suggesting that 
LINC02471 could enhance the metastasis of PTC by indu-
cing EMT.

LncRNAs can serve as ceRNAs binding to miRNAs 
through “sponge” adsorption to reduce miRNA activity, 
affect miRNA levels of downstream target genes, and parti-
cipate in the regulation of cell biological behaviors.33,34 

MiRNAs are noncoding endogenous small molecular 
RNAs with tissue specificity, and can directly act on the 
relevant genes, affect tumor migration and invasion.35,36 

Other scholars have found that lncRNAs bind miRNAs 
through molecular sponge adsorption and participates in the 
PTC process, for instance, as found by Zhang et al,37 

LncRNA BISPR can competitively bind with miR-21-5p to 
promote the progression of PTC; Sun et al38 showed that 

Figure 8 Effect of siLINC02471 and miR-375 on the EMT of PTC cell. (A) In TPC-1, Western blot was performed to determine the EMT-relative protein expression. (B) The 
expressions of E-Cad, N-Cad and Snail in each group. (C) In IHH4, Western blot was performed to determine the EMT-relative protein expression. (D) The expressions of 
E-Cad, N-Cad and Snail in each group. (B and D) **P<0.01 vs MC; ##P<0.01 vs IC; ^^P<0.01 vs I.
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LncRNA CRNDE can promote the development of PTC 
cells by regulating miR-384. In this study, whether 
LINC02471 regulated cell biological behaviors by binding 
with miRNAs should be further studied. The results showed 
that LINC02471 negatively regulated the miR-375 expres-
sion in PTC cell lines.

Wang et al39 pointed out that miR-375 expression was 
reduced in human PTC tissues and cell lines, and over-
expressed miR-375 could inhibit PTC progression. 
Consistently, we also found that increased miR-375 
expression inhibited the proliferation and invasion of 
PTC cell lines, and promoted the cell apoptosis, while 
the inhibition of miR-375 showed the opposite results. 
Moreover, overexpression of miR-375 inhibited EMT of 
PTC cell lines, while inhibition of miR-375 produced 
opposite effects. After miR-375 expression was inhibited, 
silencing LINC02471 expression in PTC cells reversed the 
proliferation, invasion and EMT promoted by miR-375 
inhibitor and its inhibition of the cell apoptosis. Thus, 
siLINC02471 could negatively regulate the miR-375 
expression to inhibit the proliferation, invasion and EMT 
of PTC cells in vitro.

Our study indicated that LINC02471 expression was 
upregulated in PTC tissues and cell lines. Further cytolo-
gical experiments preliminarily confirmed that LINC02471 
knockdown inhibited the proliferation, invasion and 
metastasis of PTC cells, reduced expressions of EMT- 
related genes (N-Cad and Snail), and promoted cell apop-
tosis and increased E-Cad expression. LINC02471 may be 
a potential molecule in promoting the development of 
PTC. In addition, we demonstrated that LINC02471 
could regulate PTC cell behaviors by directly targeting 
miR-375. This study provides a theoretical basis for 
further study on the molecular regulatory mechanism of 
LINC02471 in PTC progression, but the specific molecular 
mechanism should be further confirmed.
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