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Abstract. – OBJECTIVE: Long noncoding RNA 
LINC00313 (LINC00313) has been reported to be 
dysregulated in several tumors, including papil-
lary thyroid carcinoma (PTC). Our present study 
aimed to further explore the potential mechanism 
of LINC00313 in the progression of papillary thy-
roid carcinoma (PTC).

PATIENTS AND METHODS: RT-PCR was per-
formed to detect the expression of LINC00313 
in both PTC tissues and cell lines. Luciferase 
reporter and chromatin immunoprecipitation 
(ChIP) assays were performed to explore wheth-
er SP1 could bind to the promoter region of 
LINC00313 and activate its transcription. The bi-
ological functional correlation of LINC00313 was 
determined by down-regulating the expression 
of LINC00313 on PTC cell proliferation, apopto-
sis, migration and invasion. The regulating rela-
tionship between LINC00313 and miR-422a was 
investigated in PTC cells using luciferase report-
er assays. 

RESULTS: We observed that LINC00313 ex-
pression was significantly up-regulated in both 
PTC tissues and cell lines. Next, the results of 
bioinformatics analysis and luciferase report-
er assays indicated that the transcription fac-
tor SP1 can bind to the promoter region of 
LINC00313 resulting in the overexpression of 
LINC00313 in PTC. Moreover, functional study 
revealed that knockdown of LINC00313 signifi-
cantly suppressed cells proliferation, migration, 
invasion and EMT. Finally, our results indicated 
that LINC00313 functioned as an oncogene in 
PTC in part through serving as a competing en-
dogenous RNA to modulate mi-422a expression.

CONCLUSIONS: Overall, our data demonstrat-
ed that SP1-induced LINC00313 contributed to 
PTC progression by via competitively binding to 
miR-422a, which may provide a novel therapeu-
tic strategy for PTC.

Key Words:
LINC00313, Papillary thyroid carcinoma, SP1, miR-

422a, Tumorigenesis.

Introduction

Thyroid cancer is a cancer that develops from 
the tissues of the thyroid gland and the most com-
mon endocrine malignancy with 300,000 new cas-
es worldwide per year, and nearly 40,000 deaths1,2. 
The most common type of thyroid cancer is pap-
illary thyroid cancer (PTC), comprising 80% of 
all cases3. The incidence of PTC continues to rise 
in China, mostly as a result of the development of 
diagnostic methods4. Although the prognosis of 
most PTC patients is favorable by surgical resec-
tion combined with radioiodine and levothyroxine 
treatment, around 15% of cases present recurrence 
in local/regional and distant sites in the next de-
cade leading to death5,6. With the deepening of 
research, PTC results from the dysregulation of 
many tumor-related genes7. Thus, more efforts are 
desired to investigate the molecular mechanisms 
underlying the progression and metastasis of PTC 
to develop novel anticancer treatment options. 
Long non-coding RNAs (lncRNAs) are more than 
200 nucleotides in length with limited or no pro-
tein-coding capacity8. It has been showed by vari-
ous studies that lncRNAs are involved in the reg-
ulation of a series of biological processes such as 
transcription, cell cycle regulation, cellular differ-
entiation, apoptosis and chromatin modification9,10. 
Novel evidence in clinical progress and basis ex-
periments indicates that lncRNAs participate in 
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tumorigenesis and functions as either oncogene or 
tumor suppressor gene according to the types of tu-
mors, providing new insight into the biology of tu-
mors11-13. More and more lncRNAs were well-stud-
ied, such as lncRNA HOTAIR, lncRNA PVT-1 
and lncRNA MALAT-1. They have been reported 
to be dysregulated and serve as important regula-
tors in almost all types of tumors14-16. In addition, 
in clinical research, lncRNAs have emerged as 
novel candidates of biomarkers or therapeutic tar-
gets for various types of human cancers. However, 
the biological function and potential mechanism of 
most lncRNAs in PTC progression remains large-
ly unclear. LINC00313, located in 21q22.3, was a 
newly identified lncRNA whose dysregulation had 
been reported in several tumors17-19. However, its 
researches in biological function are limited. Wu et 
al20 reported that LINC00313 was highly expressed 
in PTC and acted as a positive regulator by per-
forming a series of cells experiments. However, the 
evidences are limited and the potential mechanism 
by which LINC00313 displayed its tumor-promo-
tive role in PTC remains largely unclear. 

Patients and Methods

Tissue Samples
46 paired tumor specimens and non-tumor ad-

jacent tissues were obtained from National Can-
cer Center/ National Clinical Research Center for 
Cancer/ Cancer Hospital between 2015 and 2017. 
No local or systemic treatment had been conduct-
ed prior to the operation. All samples were im-
mediately frozen in liquid nitrogen and stored at 
-80°C until use. Informed consent was obtained 
from each patient, and the experimental protocol 
was reviewed and approved by National Cancer 
Center/ National Clinical Research Center for 
Cancer/ Cancer Hospital.

Cell lines and cell transfection
In this study, we detected LINC00313 ex-

pression in three human PTC cell lines (8505C, 
SW1736 and TPC-1), and one human thyroid 
follicular epithelial cell line, Nthy-ori3-1. These 
cells were obtained from Shanghai Fuheng Bio-
technology Co., Ltd. (Xuhui, Shanghai, China). 
These cells were all maintained at 37°C with 5% 
CO2 using RPMI-1640 medium containing 10% 
fetal bovine serum (FBS). A NanoFect transfec-
tion reagent (Comiike, Nantong, Jiangsu, China) 
was applied to transfect siRNAs, miRNA mim-
ic or plasmids into TPC-1 and SW1736 cells. 

The small interfering RNAs (siRNAs) targeting 
SP1 (si-SP1#1 and si-SP1#2), LINC00313 (siR-
NA#1 and siRNA#2), negative control siRNA 
for SP1 (si-NC) and negative control siRNA for 
LINC00313 (NC siRNA) were all obtained from 
Transheep Co., Ltd. (Suzhou, Jiangsu, China). In 
addition, the miR-422a mimic and negative con-
trol (NC) mimic were all synthesized by Biom-
ics Biotechnology Co., Ltd. (Nantong, Jiangsu, 
China). Moreover, the sequence of LINC00313 
was constructed into pcDNA3.1 empty vector by 
Genecreate Co., Ltd. (Wuhan, Hubei, China) to 
overexpress LINC00313. 

Quantitative Real-Time PCR (qRT-PCR)
A Direct-zol RNA purification kit (Zymo Re-

search, Chaoyang, Beijing, China) was used to 
extract total RNA from the PTC cell lines. A 
HiScript II One Step qRT-PCR SYBR Green kit 
(Vazyme Biotech, Nanjing, Jiangsu, China) was 
then applied to examine the SP1 or LINC00313 
expression on a Q4 Thmorgan qRT-PCR instru-
ment (Thmorgan, Changping, Beijing, China). 
The data were normalized to the expression of 
GAPDH. For miR-422a examination, an All-in-
One miRNA qRT-PCR Detection kit (Bioeasy 
Biotechnology, Xuhui, Shanghai, China) was 
used. The expression levels of miR-422a were 
normalized to U6. The 2-ΔΔCt method was ap-
plied to analyze the relative expression chang-
es. The primers were all listed in Table I.

Cell Counting Kit-8 (CCK-8) Assays
After the TPC-1 and SW1736 cells were 

transfected with SP1 siRNAs, LINC00313 siR-
NAs, miRNA mimics or plasmids, they were 
collected, resuspended and placed in 96-well 
plates (2000 cells/well). After culturing for 24 
h, each well was added with 10 μl CCK-8 solu-
tion (Biotechwell, Xuhui, Shanghai, China) and 
the cells were further incubated at 37°C for 1-2 
h. Then, a PerkinElmer EnVision microreader 
(PerkinElmer, Pudong, Shanghai, China) was 
used to detect the absorbance at a wavelength 
of 450 nm.

EdU Assays
An EdU (5-Ethynyl-2’-deoxyuridine) kit 

(Bersinbio, Guangzhou, Guangdong, China) 
was also utilized to evaluate the proliferation of 
TPC-1 and SW1736 cells. Briefly, the TPC-1 and 
SW1736 cells were seeded into 24-well plates and 
continue to be cultured for 24 h. Then, the cells 
were transfected with LINC00313 siRNAs. After 
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24 h, completed medium containing EdU (final 
concentration: 10 μM) was added into the cells 
and the cells were maintained at 37°C for an ad-
ditional 2 h. Next, the cells were fixed with 4% 
paraformaldehyde and washed with PBS for three 
times. Finally, an inverted fluorescence micro-
scope (MF53, Mshot, Guangzhou, Guangdong, 
China) was employed to take photographs. 

Colony Formation Assays
In brief, the treated TPC-1 and SW1736 cells 

were resuspended in complete medium and placed 
into 6-well plates. After culturing for about two 
weeks, 0.1% crystal violet solution (Baoman-
bio, Xuhui, Shanghai, China) was added into the 
plates, and the plates were then washed with PBS 
for three times. Finally, an inverted fluorescence 
microscope (MF53, Mshot, Guangzhou, Guang-
dong, China) was employed to take photographs.

Western Blot Assays
The treated TPC-1 and SW1736 cells were lysed 

using a total protein extraction kit (G-CLONE, 
Yizhuang, Beijing, China). The proteins were 
then separated on sodium dodecyl sulphate-polya-
crylamide gel electrophoresis (SDS-PAGE) and 
sequentially transferred onto polyvinylidene di-
fluoride (PVDF) (ZikerBio, Shenzhen, Guang-
dong, China) membranes. The membranes were 
then probed overnight at 4°C with primary anti-
bodies and corresponding secondary antibodies. 
Finally, the signals of the corresponding mole-
cules were visualized by an ABSIN enhanced 
ECL kit (Pudong, Shanghai, China). The primary 
antibodies targeting N-Cadherin, vimentin and 
GAPDH were all purchased from Abcam Co., 
Ltd. (Abcam, Pudong, Shanghai, China).

Chromatin Immunoprecipitation 
(ChIP) Assays

A One-Step ChIP kit (Amyjet Scientific, Guang-
zhou, Guangdong, China) was utilized to perform 
the ChIP assays. In short, 1% formaldehyde was 

firstly used to fix the TPC-1 and SW1736 cells for 
15 min, and 125 nM glycine was then added into 
the cells incubating for additional 5 min. Next, 
chromatin was sonicated into DNA fragments, 
which ranged from 200 to 300 bp. Subsequently, 
chromatin was immunoprecipitated by anti-SP1 
antibody (Cell Signaling Technology, Beverly, 
MA, USA) or anti-IgG antibody (ProteinTech, 
Wuhan, Hubei, China). The precipitated DNA was 
analyzed by qPCR.

RNA Immunoprecipitation (RIP) Assays
A BersinBio RIP assay kit (BersinBio, Guang-

zhou, Guangdong, China) was utilized to conduct 
the RIP experiments. In brief, the RIP lysis buf-
fer was firstly used to lyse the cells transfected 
with pcDNA3.1-LINC00313 or miR-422a mim-
ics. After that, the magnetic beads with anti-Ar-
gonaute-2 (Ago2) antibody (Cell Signaling Tech-
nology, Beverly, MA, USA) was added into the 
cell lysates. Finally, the qRT-PCR assays were 
employed to analyze the co-precipitated RNAs. 

Apoptosis Assays
A flow cytometry apoptosis analysis kit 

(ZeYe Biotechnology, Songjiang, Shanghai, 
China) was applied to perform the cell apop-
tosis detection. Briefly, TPC-1 and SW1736 
cells transfected with LINC00313 siRNAs were 
firstly digested by trypsin and the resuspend-
ed in binding buffer. Afterwards, staining with 
propidium iodide (PI) as well as Annexin V was 
conducted for 15 min and the samples needed to 
be protected from light. Finally, the apoptotic 
TPC-1 and SW1736 cells were assessed by a Cy-
toFLEX LX flow cytometer (Beckman-Coulter 
Inc., Brea, CA, USA).

Dual-Luciferase Reporter Assay
Firstly, the full promoter sequence of 

LINC00313 (pGL3-LINC00313 full promot-
er), the site#1 as well as site#3 sequences of 
LINC00313 (pGL3-LINC00313 partial promot-

Table I. The primer sequences included in this study.

Genes	 Primer sequences (5’–3’)

LINC00313:forward	 GCGGGAAACCTCGATGAACA
LINC00313: reverse	 ACATTCTTTCCCATCGGGCT
miR-422a:forward	 ACUGGACUUAGGGUCAGAAGGC
miR-422a: reverse	 GCCUUCUGACCCUAAGUCCAGU
GAPDH: forward	 GACTCATGACCACAGTCCATGC
GAPDH: reverse	 AGAGGCAGGGATGATGTTCTG
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er), the site#2 sequence of LINC00313 (pGL3-
LINC00313 site#2 promoter) were all construct-
ed into pGL3 reporter plasmids by MiaolingBio 
Co., Ltd. (Wuhan, Hubei, China). Besides, the 
LINC00313 wild type (LINC00313-wt) vector 
and LINC00313 mutant (LINC00313-mut) vec-
tor were constructed by Saierbio Co., Ltd. (Jin-
nan, Tianjin, China). Next, corresponding plas-
mids were transfected into TPC-1 and SW1736 
cells. Finally, a GeneCopoeia LucPair Duo-Lu-
ciferase Assay Kit 2.0 (FulenGen, Guangzhou, 
Guangdong, China) was applied to evaluate the 
luciferase activities in TPC-1 and SW1736 cells. 

Transwell Invasion Assays
Briefly, TPC-1 and SW1736 cells were trans-

fected with LINC00313 siRNAs or NC siRNAs. 
Next, a Millipore transwell insert was pre-treated 
with Matrigel (80 μl), and the treated TPC-1 as 
well as SW1736 cells were resuspended in the cul-
ture medium without fetal bovine serum (FBS) 
and sequentially added into the upper chamber of 
the transwell insert. Besides, the 15% FBS con-
taining medium (350 μl) was added into the lower 
chambers. Twenty-four hours later, 0.2% crystal 
violet dye solution (Baomanbio, Xuhui, Shanghai, 
China) was used to stain the invaded TPC-1 or 
SW1736 cells. Finally, an inverted fluorescence 
microscope (MF53, Mshot, Guangzhou, Guang-
dong, China) was used to take photographs of 
these invasive cells.

Wound Healing Assays
The LINC00313 siRNAs were transfected into 

TPC-1 and SW1736 cells. Then, 70 μl of the treat-
ed TPC-1 or SW1736 cells at a cell density of 5×105 

cells per ml was added into the two reservoirs of 
an inserts in an Ibidi 3.5 cm µ-dish (Koster Sci-
entific, Guangzhou, Guangdong, China). Twen-
ty-four hours later, the culture inserts were re-
moved and an inverted fluorescence microscope 
(MF53, Mshot, Guangzhou, Guangdong, China) 
was used to observe and image the wounded areas 
at 0 h and 24 h.

Statistical Analysis
All statistical analysis in our experiments was 

conducted by the SPSS version 20.0 software 
(SPSS Inc., Chicago, IL, USA). Two-tailed Stu-
dent’s t-test was applied to compare the differ-
ences between two groups and one-way ANOVA 
was conducted when analyzing more than two 
groups. p-values less than 0.05 were considered 
significant.

Results

Comprehensive Bioinformatics Analy-
sis Indicated that LINC00313 was Highly 
Expressed in PTC Tissues and Cell Lines

To investigate aberrant lncRNAs in TPC, we 
firstly analyzed the microarray data from TCGA 
datasets and Hierarchical clustering and Volca-
no plots showed systematic variations in the ex-
pression of lncRNAs between PTC and normal 
thyroid samples (Figure 1A and B). In addition, 
the expression levels of LINC00313 were sig-
nificantly up-regulated in PTC tissues according 
to TCGA datasets (Figure 1C). Next, in order to 
demonstrate the results from TCGA datasets, we 
further performed RT-PCR to explore whether 
LINC00313 was dysregulated in PTC samples 
from our hospital, finding that LINC00313 expres-
sion was significantly up-regulated in PTC tissues 
compared to matched normal tissues (Figure 1D). 
Moreover, up-regulation of LINC00313 expres-
sion was also observed in PTC cell lines (8505C, 
SW1736 and TPC-1) compared to normal thyroid 
cells (Nthy-ori 3-1) (Figure 1E). Taken together, 
our results, together with online data, showed that 
LINC00313 expression was increased in PTC pa-
tients and may act as a tumor promoter. 

LINC00313 was Induced by SP1 
in PTC Cells

Accumulating evidence indicated that tran-
scription factors (TFs) exerted essential roles 
in lncRNA dysregulation. Therefore, we con-
ducted bioinformatics analysis using two online 
TFs prediction websites, JASPAR (http://jaspar.
genereg.net/) and PROMO (http://alggen.lsi.upc.
es/cgi-bin/promo_v3/promo/promoinit.cgi?dirD-
B=TF_8.3), to predict the potential TFs which 
could bind the promoter of LINC00313. The data 
suggested that there were four TFs (SP1, USF2, 
YY1 and SRY) in the predicting results of both 
JASPAR and PROMO (Figure 2A). In addition, 
we focused on transcription factor, SP1, which 
had several predicted binding sites in the pro-
moter of LINC00313 (Figure 2B). The qRT-PCR 
assays revealed that the relative mRNA levels of 
SP1 in TPC-1 and SW1736 cells were remark-
ably inhibited by transfection of SP1 siRNAs 
(si-SP1#1 and si-SP1#2), while transfection of 
SP1 overexpressing plasmid (pcDNA3.1-SP1) 
trended opposite roles (Figure 2C and D). Be-
sides, silence of SP1 resulted in a significantly 
reduction of LINC00313 expressing levels in 
TPC-1 and SW1736 cells, whereas enhancing 
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the expression of SP1 trended opposite roles 
(Figure 2E). Furthermore, the results of ChIP 
assays demonstrated that SP1 could effectively 
bind to site#2 region (Figure 2F). To further vali-
date this, we firstly constructed the full promoter 
sequence of LINC00313 (pGL3-LINC00313 full 
promoter), the site#1 as well as site#3 sequences 
of LINC00313 (pGL3-LINC00313 partial pro-
moter) and the site#2 sequence of LINC00313 
(pGL3-LINC00313 site#2 promoter) into pGL3 
reporter plasmids (Figure 2G). Moreover, the 
results of luciferase activities showed that 
co-transfection of SP1 overexpressing plas-
mids with pGL3-LINC00313 site#2 promoter 
or pGL3-LINC00313 full promoter significantly 

increased the luciferase activities of TPC-1 and 
SW1736 cells, which indicated that site#2 region 
of LINC00313 promoter was the exact binding 
site of SP1 (Figure 2H). Taken together, our data 
validated that the up-regulation of LINC00313 
in PTC was mediated by SP1. 

Knockdown of LINC00313 Suppressed 
the Proliferation of PTC Cells and 
Accelerated Cell Apoptosis

We next explored whether LINC00313 affect-
ed the biological behaviors of PTC cells. The 
qRT-PCR assays revealed that transfection of 
LINC00313 siRNAs (siRNA#1 and siRNA#2) 
dramatically reduced the expression levels of 

Figure 1. Bioinformatics analysis of differentially expressed lncRNAs in PTC tissues. (A) Heat map analysis of the ln-
cRNAs expression of groups was created using a method of hierarchical clustering by GeneSpring GX, version 7.3. Microarray 
data were obtained from TCGA. (B) Volcano plots showing expression profiles of lncRNAs in PTC. (C) The expression levels 
of LINC00313 in PTC tissues and normal thyroid tissues in TCGA datasets. (D) RT-PCR analysis of LINC00313 expression in 
46 paired PTC/non-tumor tissue specimens. (E) LINC00313 expression was upregulated in the PTC cell lines 8505C, SW1736 
and PTC-1 compared with Nthy-ori3-1. *p < 0.05, **p < 0.01.
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LINC00313 in TPC-1 and SW1736 cells (Fig-
ure 3A). Moreover, the proliferative rates evalu-
ated by CCK-8 assays confirmed that silence of 
LINC00313 remarkably inhibited the cell growth 
of TPC-1 and SW1736 cells (Figure 3B and C). 
Similarly, the EdU assays further confirmed that 
the knockdown of LINC00313 suppressed the pro-
liferation of both TPC-1 and SW1736 cells (Fig-
ure 3D and E). Besides, the cell colony formation 
assays suggested that transfection of LINC00313 
siRNAs reduced the clonogenic abilities of TPC-1 
and SW1736 cells (Figure 3F). Additionally, the 
results of flow cytometry indicated that the apop-
totic rates of TPC-1 and SW1736 cells were re-
markably elevated after the cells were transfected 
with LINC00313 siRNAs (Figure 3G). Collective-
ly, these data demonstrated that LINC00313 ex-

erted crucial roles in modulating the development 
of PTC. 

Silence of LINC00313 Impaired the 
Migratory and Invasive Abilities 
of PTC Cells

We next aimed to investigate the effects of 
LINC00313 on the invasion and migration of PTC 
cells. According to the results of transwell inva-
sion assays, transfection of LINC00313 siRNAs 
led to a significantly decline of invasive TPC-1 
and SW1736 cells (Figure 4A and B). In addition, 
the wounded areas of TPC-1 and SW1736 cells 
transfected with LINC00313 siRNAs were re-
markably wider than that of the cells transfected 
with the negative control (NC) siRNAs (Figure 
4C). Furthermore, we performed Western blot as-

Figure 2. The transcription factor SP1 was involved in LINC00313 upregulation. (A) The transcription factors (SP1, USF2, 
YY1 and SRY) were in the predicting results of both JASPAR and PROMO. (B) The predicted positions of putative SP1 binding 
motif in -2000 bp human LINC00313 promoter (C and D). The relative mRNA levels of SP1 in TPC-1 and SW1736 cells after 
transfection of SP1 siRNAs or SP1 overexpressing plasmids, pcDNA3.1-SP1. (E) The relative expression levels of LINC00313 
in TPC-1 and SW1736 cells after transfection of SP1 siRNAs or pcDNA3.1-SP1. (F) ChIP analysis of SP1 occupancy in the 
LINC00313 promoter in TPC-1 and SW1736 cells. (G) The construction of the luciferase reporter plasmids. (H) Dual luciferase 
reporter assays were applied to detect the SP1 binding site on the LINC00313 promoter region. *p < 0.05, **p < 0.01.
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says to examine the roles of LINC00313 on EMT 
pathway, finding that the protein levels of N-cad-
herin and vimentin were notably decreased after 
repression of LINC00313 (Figure 4D). In summa-
ry, these data proved that LINC00313 affected the 
progression of PTC via epithelial-mesenchymal 
transition. 

LINC00313 Served as a ceRNA Sponge 
of miR-422a in PTC Cells

A plethora of studies had confirmed that ln-
cRNA could function as competing endogenous 
RNA (ceRNA) of specific miRNAs. Thus, we 
next searched the webserver “starbase” (http://

starbase.sysu.edu.cn/) to predict the potential 
miRNAs, which could be directly interacted 
with LINC00313. The results of prediction re-
vealed that miR-422a was a potential target of 
LINC00313 (Figure 5A). Hence, we next conduct-
ed the dual-luciferase reporter assays to demon-
strate whether miR-422a was the exact target of 
LINC00313. The data suggested that co-transfec-
tion with LINC00313-wt vectors and miR-422a 
mimics dramatically reduced the luciferase ac-
tivities of TPC-1 and SW1736 cells (Figure 5B). 
In addition, the results of RIP assays proved that 
LINC00313 and miR-422a were significantly en-
riched in Ago2-containing beads compared with 

Figure 3. LINC00313 knockdown suppressed the proliferation and accelerated the apoptosis of TPC-1 and SW1736 
cells. (A) The relative expression levels of LINC00313 in TPC-1 and SW1736 cells transfected with LINC00313 siRNAs (siR-
NA#1 and siRNA#2) or negative control siRNAs (NC siRNA). (B and C) Transfection of LINC00313 siRNAs reduced the 
proliferation of TPC-1 and SW1736 cells. (D and E) EdU assays detected the proliferation of TPC-1 and SW1736 cells after 
transfection of LINC00313 siRNAs or NC siRNA. The positive cells (proliferative cells) were labeled with red fluorescence; 
nuclear fractions were labeled with DAPI (blue). (F) Silence of LINC00313 reduced colony formation abilities of TPC-1 and 
SW1736 cells. (G) The cells apoptosis was detected by flow cytometry. *p < 0.05, **p < 0.01.



LINC00313 contributes to papillary thyroid cancer progression

1141

the input group, which further confirmed that 
LINC00313 was directly associated with miR-
422a (Figure 5C). Besides, we further applied 
qRT-PCR assays to examine the alteration of 
miR-422a in TPC-1 and SW1736 cells. The data 
revealed that enhancing expression of LINC00313 
in TPC-1 and SW1736 cells remarkably reduced 

the expression levels of miR-422a, while silence 
of LINC00313 notably accelerated miR-422a ex-
pression (Figure 5D). Overall, our data provided 
evidence that miR-422a was directly interacted 
with LINC00313, and LINC00313 modulated the 
development as well as progression of PTC via 
sponging miR-422a.

Figure 4. Silence of LINC00313 repressed the invasion and migration of TPC-1 and SW1736 cells. (A and B) Transfec-
tion of LINC00313 siRNAs remarkably reduced the invasive abilities of TPC-1 and SW1736 cells. (C and D) Knockdown of 
LINC00313 significantly reduced the migration of TPC-1 and SW1736 cells. (E and F) Transfection of LINC00313 siRNAs 
dramatically decreased the protein levels of N-cadherin and vimentin. *p < 0.05, **p < 0.01.
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Discussion

PTC is one of the fastest growing cancer di-
agnoses in China. To date, the conundrum for 
PTC is that a small number of patients with 
aggressive PTC develop invasive tumors and/
or distant metastases21. More understanding 
about the biological mechanism involved in 
PTC is critical to find better therapeutic strate-
gies for PTC patients with metastasis. Recent-
ly, the studies of lncRNAs became a hotspot 
because of its wild regulation in various bio-
logical progression22,23. In this study, we firstly 
analyzed RNA sequencing data of PTC and pa-
ra-cancerous tissues downloaded from TCGA, 
finding that LINC00313 was one of the most 
up-regulated lncRNA in PTC. In addition, our 
results from RT-PCR also showed that the ex-
pression levels of LINC00313 were significant-
ly high in both PTC tissues and cell lines. Thus, 
our findings, indicated that up-regulation of 
LINC00313 may be involved in the progression 
of PTC. Specificity protein 1 (Sp1) is a tran-
scription factor that is ubiquitously expressed 
in various tissues and involved in several bio-
logical processes, such as cell differentiation, 

cell cycle, immune responses and response to 
DNA damage24,25. Increasing evidence demon-
strated that SP1 could activate the transcription 
of downstream targets including lncRNAs. For 
instance, lncRNA AGAP2-AS1, upregulated by 
SP1, promoted cell proliferation and invasion in 
gastric cancer26. SP1 could up-regulate lncRNA 
TINCR expression to promote cell growth and 
suppress apoptosis by epigenetic regulation of 
KLF2 mRNA27. In this study, using two online 
TFs prediction websites, we observed that SP1 
could interact with the promoter of LINC00313. 
Then, we performed luciferase reporter assays 
and ChIP, and observed that SP1 could bind to 
LINC00313 promoter region and induce its tran-
scription. Overall, our results revealed that over-
expression of LINC00313 may be modulated by 
SP1. Recently, the dysregulation of LINC00313 
has been reported in several tumors, such as 
lung cancer19, clear cell renal carcinoma17 and 
gliomas28. Importantly, recent study by Wu et 
al20 firstly reported that LINC00313 was highly 
expressed in PTC and its downregulation sup-
pressed PTC cells proliferation and migration 
via sponging miR-4429. In this study, we also 
performed lost-of-function assay to explore the 

Figure 5. miR-422a directly targeted LINC00313. (A) The putative miR-422a binding site was predicted by “starbase”. (B) 
The luciferase activities of TPC-1 and SW1736 cells after co-transfecting with LINC00313 wt or LINC00313 mut plasmids 
as well as negative control (NC) mimic or miR-422a mimic. (C) The enrichment of LINC00313 and miR-422a Ago2-contain-
ing beads detected by RIP assays. (D) The relative expression of miR-422a in TPC-1 and SW1736 cells after transfection of 
LINC00313 siRNAs or overexpressing plasmid, pcDNA3.1-LINC00313. *p < 0.05, **p < 0.01.
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roles of LINC00313 in PTC behaviors, finding 
that knockdown of LINC00313 significantly 
suppressed cells proliferation, migration and 
invasion in PTC cells, which was consistent 
with previous findings. In addition, the results 
of Western blot showed that LINC00313 may 
display its tumor-promotive role by modulating 
EMT signaling which play an important role 
in carcinogenesis21. It has been confirmed that 
lncRNAs act as miRNA sponges, which inter-
act with miRNAs and modulate the expression 
of miRNA target genes. Then, we found that 
LINC00313 may be a target of miR-422a by an-
alyzing the online software program starbase 
v2.0. Previously, miR-422a had been detect-
ed to be down-regulated in PTC and its over-
expression suppressed PTC cells proliferation 
and metastasis29. Following luciferase reporter 
assay and qPCR verified that LINC00313 is a 
genuine target of miR-422a. Taken together, 
our findings revealed that LINC00313 promot-
ed proliferation and metastasis through spong-
ing miR-422a.

Conclusions

We demonstrated that LINC00313 was up-reg-
ulated and activated by SP1 regulator in PTC. 
Knockdown of LINC00313 suppressed PTC cell 
proliferation, migration and invasion by at least in 
part through modulating miR-422a. In the future, 
LINC00313 could be considered as a potential tar-
get for the PTC therapies.
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