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LncRNA • Papillary thyroid cancer • Cell proliferation • Cell motility • Pathogenesis

Background/Aims: Papillary thyroid cancer (PTC) is the most common histotype of Thyroid 
cancer (TC). Here, we detected the differentially expressed lncRNAs in tumor tissues and 
non-tumor tissues of PTC patients by lncRNA microarrays, and explored the function and 
molecular mechanisms of lncRNAs in the pathogenesis of PTC using a PTC cell line. Methods: 
CCK-8 assay, colony formation assay and EdU assay were used to detect the cell viability. 
Flow Cytometry was used to detect the cell cycle and apoptosis. Transwell and scratch assay 
were used to detect the cell motility. Results: CCK-8 assay, colony formation assay and EdU 
assay revealed that lncRNAs (ENST00000537266 and ENST00000426615) could inhibit cell 

increased in G1 phase and decreased in S phase and G2 phase in Si-266 transfected TPC-1 
cells. In addition, a noteworthy increase of cell proportion in G1 phase accompanied by a 
decrease in S phase and unchanged G2 phase in Si-615 transfected TPC-1 cells were also 
observed. Meanwhile, transwell and scratch assay showed that ENST00000426615 could 
inhibit the cell motility while ENST00000537266 could not. Conclusion: Our results showed 
that lncRNAs (ENST00000426615 and ENST00000537266) might be important regulators of 
PTC cell proliferation and motility, which might provide new insight into the understanding of 
PTC pathogenesis.
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Thyroid cancer (TC) is the most prevalent endocrine malignancy in the world, and its 
incidence has increased steadily over the past decades [1]. Papillary thyroid cancer (PTC), 
which is named after their histopathological structure, is the most common histotype of TC 

in women [3]. The treatment of PTC includes surgery, thyroid hormone, isotope therapy and 
radioiodine therapy. Although most of the PTC patients have good prognosis and long-term 
survival [4], it is still very hard to determine pathogenesis.

It is widely accepted that both genetic and environmental factors are important 
contributors to PTC, but the role of etiology is still not well elucidated [5]. Up to date, mitogen-
activated protein kinase (MAPK) signaling pathway related genes including BRAF, RAS, RET 

TERT and FoxP3, were also reported to be involved with PTC [7-9]. In addition, microRNAs 

[10-12].
It is well known that long noncoding RNAs (lncRNAs) are more than 200 nucleotides 

in length and unable to be translated into proteins. Recently, increasing studies showed that 
lncRNAs, similar to miRNAs, played important roles in the development and progression of 
various cancer types [13-15]. Moreover, lncRNAs have been considered as biomarkers for 

regulators of PTC. For instance, BRAF-activated lncRNA (BANCR) could increase PTC cell 
proliferation and activate autophagy [19]. And Papillary thyroid carcinoma susceptibility 
candidate 3 (PTCSC3) is a tumor suppressor [20]. However, the role of lncRNAs in PTC is less 
studied when compared with other cancers.

The aims of the present study were to detect the differentially expressed lncRNAs in 
tumor tissues and non-tumor tissues of PTC patients by lncRNA microarrays, and to explore 
the function and molecular mechanisms of lncRNAs in the pathogenesis of PTC.

Ethics statement and patient tissue samples

diagnosis of papillary thyroid cancer (PTC) participated in this study. Matched tumor and normal thyroid 
tissues were obtained from the same patient. All samples were collected with the informed consent of the 

the Ethics Committee of the Southeast University Medical College. Meanwhile, this study was performed in 
accordance with the government policies and the Declaration of Helsinki.

to the manufacturer's instructions, and the concentration of total RNA was determined by NanoDrop 2000 

lncRNAs are shown in Table 1.
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Two papillary thyroid cancer cell lines (TPC-1, B-CPAP) were kindly provided by Stem Cell Bank, 

2

experiments. Primer sequences of Si-lncRNAs are shown in Table 1. TPC-1 and B-CPAP cells were cultured 

CA, USA).

4

nm.

Colony formation assay was performed using crystal violet (Beyotime, China). About 2000 TPC-1 cells 
were seeded in a 10 cm dish. After transfection, growth medium was changed every day. Seven days later, 

colony) were counted and photographed. Each experiment was performed in triplicate independently.

EdU assay
TM 3 TPC-

X-100 for 20 minutes, and then staining liquid and hoechst 33342 were added. TPC-1 cell proliferation (the 

After 48h transfection, cells were collected for cell cycle and apoptosis assay. Apoptosis assay was 
performed with Apoptosis Detection Kit (BD Pharmingen, San Diego, CA, USA). The cells were suspended by 

Table 1. Sequences of lncRNAs
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to quantify the cell cycle or cell apoptosis. All experiments were performed independently three times in 
triplicate.

MA). 5

were performed independently three times using triplicate wells.

Scratch wound assay
Scratch wound assay was carried out by measuring the area of the wounded surface at different time 

5

time points formed animation in accordance with the timeline.

Data analysis

p < 0.05.

in normal tissues, with 325 lncRNAs up-regulated and 452 lncRNAs down-regulated (data 
not shown).

Table 2.
normal tissues
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analysis (Table 2). To further choose more credible lncRNAs in the validation stage, ten 

Seq reads expression abundances in thyroid tissue were further validated by Real-time PCR 

while the others were unchanged. The value of threshold cycle number (Ct) above 30 was 
deleted for quality control.

assays (CCK-8 assay, Colony formation assay and EdU assay) in TPC-1 cells. CCK-8 assay 

Fig. 1.

GAPDH as an internal control. Cycle threshold values (Ct>
when the values were compared to that of the control (p < 0.05). All tests were performed independently in 
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obtained by EdU assay. Hoechst staining nuclei in three groups was dense and contracted. 

noteworthy increase of cell proportion in G1 phase accompanied by a decrease in S phase 

3D).

Fig. 2. 

Images were acquired by Fluorescence microscopy with a 20x objective. The exposure time of Hoechest 
micrograph was 30 ms, and EdU is 100 ms under identical digital camera settings. (C) The EdU results were 
presented in histogram. (D) Colony-forming growth assay was performed to determine the proliferation of 

-

were compared to that of the control (p < 0.05). All tests were performed independently in triplicate and 
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Fig. 3. 
-

Fig. 4. 
-

ty. (A) Transwell assay was 
performed to determine 
the cell motility. The repre-
sentative images of invasive 
cells at the lower chamber 
stained with crystal violet. 

cell migration were presen-
ted as percentage migrated 
cell numbers. (C) A scratch 
test was detected by Biost-
ation CT. Images of 0 h, 12 

-
ference when the values 
were compared to that of 
the control (p < 0.05). All 
tests were performed inde-
pendently in triplicate and 
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cells (Fig. 4A, 4B). Scratch assay showed that Si-NC transfected TPC-1 cells had fully healed 

loop structures, which implied the existence of potential proteins or chromosomes binding 
sites. And thus these binding sites could be involved in the complex chromatin-modifying 
complexes and regulation of gene transcription [22] (Fig. 5A, 5B). Meanwhile, we used the 

were more than 0.5 between the two lincRNAs and the proteins (Fig. 5C, 5D). It suggested 

Increasing evidence has revealed that lncRNAs played critical roles in development 

cell cycle and apoptosis, cell migration, and function as oncogenic and tumor suppressor 

Fig. 5. -

MBIP) predicted by RPIseq.
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in tumorigenesis [10, 23]. Effective control of both cell growth and motility by lncRNAs is 
critical to the prevention of tumorigenesis, successful cancer therapy and cancer prognosis. 

mechnisms may provide helpful data for PTC diagnosis and treatment. However, lncRNAs in 

pathogenesis of PTC [19, 20].

lncRNAs in TPC-1 cells by applying loss-of-function approaches. And our results illustrated 

study to demonstrate the lncRNA expression signature of PTC tissues. In addition, this study 

Recent literature indicated that lncRNAs could control cell proliferation in cancer 

could inhibit PTC cell proliferation through three different methods (CCK-8 assay, Colony 

mechanism through which lncRNAs regulate cell proliferation is via the modulation of cell 
cycle as previously reported in various cancer cells [27, 28]. Many previous sources have 
linked irregularities in the G1 phase or S phase to uncontrolled growth of tumors [28, 

proliferation by an increase in cells in G1 phase and a decrease in cells in S phase. As many 
cancers including skin and breast cancers have been prevented from proliferating by the 
arrest of G1 phase [30, 31], the cure for PTC might be focused on the G1 phase of the cell 
cycle.

In addition, a growing number of studies have demonstrated that lncRNAs could impact 

motility by two assays (Transwell and Scratch assay), which was similar to conditions found in 

detection of cell motility. Two chamber transwell assay is prone to the analysis of chemotactic 
migration, while scratch assays can be used to study the collective and directional movement 

a potential biomarker of PTC prognosis.

potential biomarkers due to their overexpression in PTC and functional roles in TPC-1 cells. 
Although the direct lncRNAs-related therapeutic has not yet been carried out, our research 
might provide a good basis for the knowledge of PTC.
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