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Abstract. Thyroid cancer is one of the most common types 
of cancer in the endocrine system. Among all types of 
thyroid cancer, papillary thyroid carcinoma (PTC) is the 
most common type of thyroid cancer. Long non-coding 
RNA (lncRNA) BRAF-activated non-protein-coding RNA 
(BANCR) is a 688-bp-long nucleotide transcript, which was 
first identified in melanoma. The function of BANCR in 
thyroid cancer remains unclear. The aim of the present study 
was to investigate whether BANCR is involved in the devel-
opment of thyroid cancer. The results indicated that BANCR 
expression was increased in thyroid tumors compared with in 
adjacent normal tissues. Among cancer cell lines, the expres-
sion level of BANCR differed: BANCR expression in BCPAP 
cell lines was lower compared with that in CAL-62, WRO and 
FTC-133 cell lines. Overexpression of BANCR promoted the 
migration and invasion of BCPAP cells. Additionally, BANCR 
mediated epithelial-mesenchymal transition (EMT) by regu-
lating the expression of epithelial (E)-cadherin, vimentin and 
neuronal (N)-cadherin. Overexpression of BANCR in BCPAP 
cells decreased the expression of E-cadherin and increased 
the expression of vimentin, N-cadherin, phospho (p)-c-Raf, 
p-extracellular-signal-regulated kinase (ERK)/mitogen acti-
vated protein kinase (MEK)1/2 and p-ERK1/2. Administration 
of U0126 inhibitor inhibited the regulation of phosphoryla-
tion levels by MEK1/2 and ERK1/2. Additionally, U0126 
upregulated the expression of E-cadherin and downregulated 
the expression of vimentin. Taken together, the results of the 

present study suggest that BANCR induces EMT in PTC 
through the Raf/MEK/ERK signaling pathway.

Introduction

Thyroid cancer is one of the most common types of cancer 
in the endocrine system, with an increasing incidence since 
1980 (1). Papillary thyroid carcinoma (PTC) accounts for 
80% of all types of thyroid cancer (2). However, the molecular 
mechanisms underlying PTC remain unclear and biomarkers 
for PTC are required.

Long non-coding RNAs (lncRNAs), which are ~200 nucle-
otides long, do not encode any proteins but instead function 
to regulate the expression of associated genes (3). lncRNAs 
are now recognized as regulators of tumorigenesis and tumor 
progression (4,5). BRAF mutations are the most common type 
of mutation in the lesions of patients with PTC, occurring in 
45% of cases (6). BRAF-activated non-protein coding RNA 
(BANCR) is a 693-bp-long transcript on chromosome 9. It is 
frequently overexpressed and may be involved in the migration 
of melanoma cells (7). In non-small cell lung cancer, BANCR 
promotes the migration and invasion of cancer cells (8) through 
the mitogen-activated protein kinase (MAPK) signaling 
pathway. Epithelial-mesenchymal transition (EMT) refers to 
the process of transformation of epithelial cells to a mesen-
chymal cell phenotype, and serves an important function in 
tumor invasion and metastasis, since it may promote cancer 
cell migration and invasion (9,10). The association between 
BANCR and cellular migration, invasion, EMT and MAPK 
signaling in PTC remains unclear.

Since BANCR is involved in the proliferation of PTC 
cells (11), the aim of the present study was to investi-
gate the molecular mechanisms underlying BANCR and EMT 
in PTC.

Materials and methods

Patients and tissue samples. A total of 27 patients who received 
surgical resection for PTC were reviewed from January 2015 
to December 2016 at the Department of General Surgery, 
Zhongshan Hospital of Xiamen University (Xiamen, China). 
Following surgery, all tumors and paired tissues were frozen 
in liquid nitrogen and stored at ‑80˚C for future experiments. 
The study was approved by the Ethics Committee on Human 
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Research of the Zhongshan Hospital of Xiamen University and 
all patients provided written informed consent.

Cell lines and cell culture. The human PTC cell line BCPAP 
was purchased from the Chinese Academy of Sciences (Beijing, 
China). The human undifferentiated thyroid carcinoma cell line 
CAL-62 was purchased from the Chinese Academy of Sciences. 
The human cell follicular thyroid carcinoma lines WRO and 
FTC-133 were purchased from Shanghai Honsun Biological 
Technology Co., Ltd. (Shanghai, China). Cells were cultured 
in RPMI-1640 medium, 100 U/ml penicillin and 100 mg/ml 
streptomycin (all from Gibco; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) at 37˚C in a humidified atmosphere  
containing 5% CO2.

Total RNA extraction and reverse transcription‑polymerase 
chain reaction (RT‑qPCR). Total RNA from tissues and cells 
was extracted using RNAiso Plus (Takara Biotechnology Co., 
Ltd., Dalian, China). RNA was reverse-transcribed using the 
PrimeScript RT kit (Takara), according to the manufacturer's 
instructions. The cDNA was amplified using the SYBR Premix 
Ex TaqII (Takara Biotechnology Co., Ltd.). Relative expres-
sion values were calculated using the 2-ΔΔCq method (12,13). 
Primers were obtained from Sangon Biotech (Shanghai, China) 
and the sequences are presented in Table I. The software used 
for analysis was LightCycler® 96 (version 1.1.0.1320; Roche 
Diagnostics GmbH, Mannheim, Germany). The thermocy-
cling conditions were as follows: Initial denaturation at 95˚C 
for 10 min, followed by 45 cycles of denaturation at 95˚C for 
10 sec, annealing at 60˚C for 30 sec, and a final cycle of dena-
turation at 95˚C for 10 sec, annealing at 65˚C for 60 sec and 
extension at 97˚C for 1 sec.

Establishment of stable cell lines. The BCPAP cell line 
was infected by lentivirus containing BCPAP-NC and 
BCPAP-BANCR constructs [2x108 transduction units 
(TU)/50 µl; Genomeditech, Inc., Shanghai, China]. Then 1x106 
BCPAP cells were transfected using lentivirus (final concen-
tration 4x106 TU/ml) and 6 µg/ml polybrene (Santa Cruz 
Biotechnology, Inc., Dallas, TX, USA) for 24 h. The efficiency 
of infection was evaluated using RT-qPCR. Total RNA was 
extracted from BCPCP, BCPAP-NC and BCPAP-BANCR 
cell lines. The reference gene was β-actin and relevant 
primer sequences are presented in Table I. The instrument for 
RT-qPCR and thermocycling conditions were aforementioned. 
The method of quantification was 2-ΔΔCq (13).

Cell migration and invasion assays. For the migration 
experiments, BCPAP (1.5x104) cells were suspended in 200 µl 
serum-free medium (RPMI-1640 medium; Gibco; Thermo 
Fisher Scientific, Inc.) and seeded into the upper chamber, 
whereas 800 µl medium containing 10% fetal bovine serum 
was added to the lower chamber (6.5 mm Transwell® with 
8.0 µm Pore Polycarbonate Membrane Insert, Sterile; cat. no. 
3422; Corning Incorporated, Corning, NY, USA). These cells 
were incubated for 14 h, washed with PBS and fixed for between 
15 and 20 min. Cells were washed with PBS and stained with 
0.1% crystal violet at room temperature for 10 min. The images 
were captured under a light microscope (magnification, x100; 
AxioVert.A1; Zeiss GmbH, Jena, Germany). Five random fields 

were captured and quantified using a double‑blind method. For 
the invasion experiments, BCPAP (4x104) cells were cultured 
for 14 h and processed as aforementioned.

Western blot analysis. Cells were washed twice with ice-cold 
PBS and lyzed using radioimmunoprecipitation assay buffer 
(Beyotime Institute of Biotechnology, Shanghai, China) 
supplemented with a protease inhibitor (complete Mini 
EDTA-free tablets; Roche Applied Science, Pleasanton, CA, 
USA) and phenylmethylsulfonyl fluoride (Beyotime Institute 
of Biotechnology). Proteins were denatured at 100˚C for 
10 min and equal amounts of sample (30 µg) were separated 
by SDS-PAGE (10% gels). Electrophoresed proteins were 
then transferred onto polyvinylidene fluoride membranes 
(EMD Millipore, Billerica, MA, USA). The membranes 
were blocked with 5% BSA Blocking Buffer (Huayueyang 
Biotechnology Co., Ltd., Beijing, China) at room temperature 
for 1 h. The densitometric analysis for the quantification of 
the bands was performed using enhanced chemiluminescence 
(ECL) chromogenic substrate (WesternBright ECL; Advansta, 
Menlo Park, CA, USA) and ChemiDoc™ XRS System 
(Bio-Rad Laboratories, Inc., Hercules, CA, USA). β-actin was 
used as an endogenous control. Membranes were incubated 
with following primary antibodies at 4˚C overnight: Epithelial 
(E)-cadherin (1:1,000; cat. no. 3195S), neuronal (N)-cadherin 
(1:1,000; cat. no. 13116S), vimentin (1:1,000; cat. no. 5741S), 
c-Raf (1:2,000; cat. no. 53745S), mitogen-activated protein 
kinase (MAPK)/extracellular-signal-regulated protein kinase 
(ERK) kinase 1/2 (MEK1/2) (1:2,000; cat. no. 4694S), ERK1/2 
(1:2,000; cat. no. 4370S), phospho (p)-c-Raf (1:2,000; cat. 
no. 9421S), p-MEK1/2 (1:2,000; cat. no. 2338S), p-ERK1/2 
(1:2,000; cat. no. 4370S), GAPDH (1:2,000; cat. no. 5174S) 
and β-actin (1:1,000; cat. no. 3700S) (all from Cell Signaling 
Technology, Inc., Danvers, MA, USA). The following secon-
dary antibodies used were used: Horseradish peroxidase 
(HRP)-conjugated goat anti-mouse and HRP-conjugated 
goat anti-rabbit immunoglobulin G antibody (Jackson 
ImmunoResearch Laboratories, Inc., West Grove, PA, USA). 

Table I. Primer sequences.

Target Primers

β-actin F: 5'-ACTGGAACTGTGAAGGTGAC-3'
 R: 5'-GTGGACTTGGGCGAGGACTG-3'
Vimentin F: 5'-GAGAACTTGGCCGTTGAAGC-3'
 R: 5'-GCTTCCTGTTGGTGGCAATC-3'
E-cadherin F: 5'-TGCCCAGAAGATGAATAAGG-3
 R: 5'-GTGTATGTGGCAATGCGTTC-3'
N-cadherin F: 5'-CTCCTATGAGTGCAACAGGAACG-3'
 R: 5'-TTGGATCAGTGTCATAATCAAGTG
 CTGTA-3'
BANCR F: 5'-CCTTCTTGTAGGGTCTGGATTG-3'
 R: 5'-CATTGGTGCTGCAGTCTATTTC-3'

BANCR, BRAF-activated non-protein-coding RNA; E-cadherin, 
epithelial cadherin; N-cadherin, neuronal cadherin.
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The inhibitor, U0126 (S1102; Selleck Chemicals, Houston, 
TX, USA), blocked the Raf-MEK-Erk signaling pathway by 
treating cells at 37˚C for 30 min. U0126 was diluted by DMSO 
(20688; Thermo Fisher Scientific, Inc.) to a final concentration 
of 20 µmol/l

Confocal imaging. BCPAP cells were plated at 3x104 cells/well. 
Cells were washed with PBS twice and fixed with methanol 
for 20 min at room temperature. Cells were washed again 
with PBS three times and cells were incubated at 37˚C in 
a sealed box for 1 h with 5% bovine serum albumin (BSA) 
in PBS. Cells were then incubated with primary antibodies 
E-cadherin (1:150; cat. no. 3195S) and vimentin (1:200; 
cat. no. 5741S) (both from Cell Signaling Technology, Inc.) 
which were diluted with 5% BSA to 80 µl at 4˚C overnight. 
Cells were then washed with PBS four times and then incu-
bated with fluorescent-tag-labeled secondary antibodies 
(Alexa Fluor 555-phalloidin; 1:600; cat. no. 8953S; Cell 
Signaling Technology, Inc.) at 37˚C for 1 h in the dark. Cells 
were washed with PBS four times and incubated with 100 µl 
DAPI at room temperature for 10 min. Cells were washed 
with PBS four times and then incubated with 8 µl Mounting 
medium, antifading (Beijing Solarbio Science and Technology 
Co., Ltd., Beijing, China) and dried. Images of cells were 
captured using a Zeiss LSM 510 system (magnification, x100; 
Carl Zeiss AG, Oberkochen, Germany).

Statistical analysis. Data were analyzed using GraphPad 
Prism (version 5.0; GraphPad Software, Inc., La Jolla, 
CA, USA). The relevant data are expressed as the 
mean ± standard error of the mean. Statistical significance 
among groups was assessed using Student's t-test, one-way 
analysis of variance followed by least significant difference 
method. P<0.05 was considered to indicate a statistically 
significant difference.

Results

lncRNA BANCR expression levels in PTC tissues and cell lines. 
The expression level of BANCR in 27 paired tissue samples 
from patients with PTC was evaluated. The BANCR level 
was significantly increased in the thyroid tissues compared 
with the adjacent normal tissues (Fig. 1A). The expression 

of BANCR in four human thyroid cancer cell lines were also 
evaluated. The cell lines differed in the expression levels 
of BANCR (Fig. 1B). The BCPAP cell line had the lowest 
expression level of BANCR and was therefore employed for 
subsequent experiments.

lncRNA BANCR promotes migration and invasion of PTC 
cells. BCPAP cells were transfected with lentivirus and the 
expression levels of BANCR were assessed. BANCR was 
significantly upregulated in BCPAP‑BANCR cells compared 
with the BCPAP or BCPAP-NC (Fig. 2A). The migration 
and invasion of BCPAP-BANCR cells were significantly 
increased compared with the cells transfected with empty 
vector (Fig. 2B).

lncRNA BANCR promotes EMT in PTC cell lines. The 
expression of EMT-induced markers, including E-cadherin, 
N-cadherin and vimentin, was assessed in BCPAP cells using 
RT-qPCR, western blot analysis and confocal microscopy. 
The results indicated that upregulated expression of BANCR 
increased the expression levels of N-cadherin and vimentin, 
but decreased the expression of E-cadherin (Fig. 3A). Western 
blot analysis and confocal microscopy also revealed that 
increased BANCR expression upregulated the expression 
of vimentin and decreased the expression of E-cadherin in 
BCPAP-BANCR cells (Fig. 3B and C).

lncRNA BANCR regulates EMT in PTC via the Raf/MEK/ERK 
signaling pathway. First, the expression levels of c-Raf, 
MEK1/2 and ERK1/2 were evaluated in the BCPAP-BANCR 
and BCPAP-NC cells using western blot analysis. The 
expression levels of p-c-Raf, p-MEK1/2 and p-ERK1/2 were 
significantly increased in BCPAP‑BANCR cells compared 
with in BCPAP-NC cells (Fig. 4A). These results suggest 
an association between BANCR and the Raf/MEK/ERK 
signaling pathway. To test this hypothesis, BCPAP cells were 
treated with the c-Raf inhibitor U0126 and used the cells 
treated with DMSO as the blank control group. The results 
indicated that treatment with the c-Raf inhibitor U0126 inacti-
vated p-MEK1/2 and p-ERK1/2 in BCPAP cell lines (Fig. 4B). 
Therefore, U0126 may inhibit the effect of BANCR on the 
Raf/MEK/ERK signaling pathway. In order to clarify the 
effects of BANCR in inducing EMT via the Raf/MEK/ERK 

Figure 1. Expression levels of BANCR are significantly increased in PTC tissues compared with the control. (A) Expression level of BANCR in thyroid 
carcinoma and the adjacent normal tissue as assessed using RT-qPCR. The BANCR transcripts of tumors (PTC) and corresponding adjacent non-tumor tissues 
(normal) were analyzed using RT-qPCR and normalized to the internal control (β-actin). (B) Relative BANCR levels in four thyroid cancer cell lines, including 
WRO, CAL-62, BCPAP and FTC-133. BCPAP cells exhibited the lowest expression levels of BANCR. n=3. *P<0.05, ***P<0.001, ****P<0.0001. PTC, papillary 
thyroid carcinoma; BANCR, BRAF-activated non-protein-coding RNA; RT-qPCR, reverse transcription-quantitative polymerase chain reaction.
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Figure 3. BANCR overexpression promotes cellular invasion and metastasis by inducing EMT in PTC. (A) The expression of N-cadherin and vimentin was 
upregulated, and the expression of E-cadherin was downregulated in BCPAP-BANCR cells compared with in BCPAP-NC cells. (B) Western blot analysis of 
the expression of E-cadherin, vimentin and N-cadherin in BCPAP-NC and BCPAP-BANCR cells. (C) Expression of E-cadherin, vimentin and N-cadherin in 
BCPAP-NC and BCPAP-BANCR cells as assessed using confocal microscopy. DAPI was used to stain the nucleus. Increased BANCR expression upregulated 
vimentin and downregulated E‑cadherin in BCPAP‑BANCR cells. (n=3; magnification, x100). *P<0.05, **P<0.01, ***P<0.001 vs. BCPAP-NC cells. PTC, 
papillary thyroid carcinoma; BANCR, BRAF-activated non-protein-coding RNA; NC, negative control; E-cadherin, epithelial cadherin; N-cadherin, neuronal 
cadherin.

Figure 2. BANCR promotes cellular migration and invasion in PTC. (A) BANCR is overexpressed in the BCPAP-BANCR cell line following transfec-
tion of BCPAP cells with pcDNA-BANCR compared with the protocell BCPAP and the BCPAP-NC infected with a lentivirus vector without BANCR. 
(B) BCPAP‑BANCR cells exhibited significantly increased migration and invasion compared with BCPAP‑NC cells (n=3; magnification, x100). **P<0.01, 
***P<0.001 vs. BCPAP-NC cells. PTC, papillary thyroid carcinoma; BANCR, BRAF-activated non-protein-coding RNA; NC, negative control; NS, not 
significant.
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signaling pathway, the BCPAP-NC and BCPAP-BANCR cell 
lines were treated with U0126 and the expression levels of 
E-cadherin and vimentin were assessed using western blot 
analysis (Fig. 4C). The results demonstrated that the expression 
of E-cadherin was downregulated following overexpression 
of BANCR in the BCPAP cell line. However, in response to 
U0126 treatment, E-cadherin expression was upregulated in 
both BCPAP-NC and BCPAP-BANCR cell lines, vimentin 
expression was also upregulated following the overexpression 
of BANCR; however, the expression was downregulated when 
treated with U0126 in both BCPAP and BCPAP-BANCR cell 
lines (Fig. 4C). Therefore, BANCR may induce EMT in PTC 
via the Raf/MEK/ERK signaling pathway.

Discussion

lncRNAs were traditionally considered to exhibit no cellular 
function since they do not encode any proteins. Recent studies 
have confirmed their function in biological processes, including 
regulating or controlling gene expression, and in pathological 
processes, including tumorigenesis (14,15). It has been identi-
fied that lncRNAs affect numerous cellular processes in tumor 

cells, including the cell cycle, survival rate, proliferation and 
migration (16-19).

In thyroid cancer, a number of lncRNAs demonstrate 
differential expression between carcinoma and para-cancer 
tissues (20). For example, maternal expressed gene 3 (MEG3) 
was the first lncRNA demonstrated to act as a tumor suppressor 
in melanoma cells (21). In PTC, MEG3 was upregulated 
in carcinoma tissues compared with normal tissues and 
suppressed migration and invasion by targeting Ras-related C3 
botulinum toxin substrate 1 (22). Papillary thyroid carcinoma 
susceptibility candidate 3 acts as a tumor suppressor in thyroid 
cancer cells and leads to marked significant inhibition of 
proliferation, cell cycle arrest and increased apoptosis (23). 
Antisense non-coding RNA in the INK4 locus has been 
demonstrated to promote the invasion and metastasis of thyroid 
cancer cells through the transforming growth factor-β/small 
mother against decapentaplegic signaling pathway (24). Nc886 
exerts an oncogenic function in thyroid cancer by suppressing 
double-stranded RNA-activated protein kinase (25).

BANCR participates in the proliferation of malignant 
melanoma cells (7). BANCR regulates cellular proliferation 
and migration via p38 MAPK and c-Jun N-terminal kinase 
inactivation in lung carcinoma (LC) (8). In lung cancer cells, 
BANCR is associated with poor prognosis and promotes 
metastasis by inducing EMT (26). Recently, BANCR has 
been demonstrated to promote cell proliferation in PTC (11), 
However, the association between BANCR and EMT and the 
underlying molecular mechanism in PTC remain unclear. 
To the best of our knowledge, the present study is the first to 
address these key issues.

The results of the present study demonstrated that the 
expression of BANCR in 27 paired tissue samples from 
PTC patients exhibited a significant increase compared with 
its expression in the adjacent normal tissues. The BCPAP 
cell line was selected for subsequent experiments due to 
low expression of BANCR and it was demonstrated that 
upregulation of BANCR expression may promote the migra-
tion and invasion of PTC cells. Additionally, the expression 
of EMT-induced markers (E-cadherin, N-cadherin and 
vimentin) in cells overexpressing BANCR was also assessed 
using qPCR, western blot analysis and confocal microscopy. 
The results indicated that increased BANCR expression levels 
were associated with increased expression of N-cadherin 
and vimentin. Therefore, it was hypothesized that BANCR 
may promote EMT in PTC. In thyroid cancer, there are two 
classical cell signaling pathways: The ERK/MAPK signaling 
pathway and the phosphoinositide 3-kinase/protein kinase B 
signaling pathway. A number of studies have demonstrated 
that the V600E mutation of BRAF activates the MAPK 
signaling pathway (27). BANCR has previously been reported 
to be associated with BRAF (V600E) and BANCR regulated 
LC proliferation and migration via the MAPK signaling 
pathway (8). The results of the present study indicated that 
overexpression of BANCR may upregulate the expression 
of p-c-Raf, p-MEK1/2 and p-ERK1/2. Therefore, BANCR 
may activate the Raf/MEK/ERK signaling pathway. This 
effect was reversed by U0126 treatment. In BCPAP-NC and 
BCPAP-BANCR cells, the expression of E-cadherin was 
upregulated, whereas vimentin expression was downregulated 
in response to U0126 treatment.

Figure 4. BANCR induces EMT in PTC via the Raf/MEK/ERK signaling 
pathway. (A) Overexpression of BANCR upregulated the expression of 
p-c-Raf, p-MEK1/2 and p-ERK1/2. (B) Following incubation with the c-Raf 
inhibitor U0126, the ability of BCPAP-BANCR cells to upregulate p-c-Raf, 
p-MEK1/2, p-ERK1/2 was diminished. (C) Following overexpression of 
BANCR, E-cadherin was downregulated in BCPAP cells. However, in 
response to U0126 treatment, E-cadherin expression was upregulated and 
vimentin expression was downregulated in BCPAP-BANCR cells compared 
with BCPAP-NC cells. PTC, papillary thyroid carcinoma; BANCR, 
BRAF-activated non-protein-coding RNA; NC, negative control; E-cadherin, 
epithelial cadherin; EMT, epithelial-mesenchymal transition; p-, phospho-; 
ERK, extracellular-signal-regulated protein kinase; MEK, mitogen-activated 
protein kinase/ERK kinase; DMSO, dimethyl sulfoxide.
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The present study demonstrated that BANCR promotes the 
migration, invasion and EMT in PTC via the Raf/MEK/ERK 
signaling pathway. Although the BCPAP cell line was the only 
cell line employed, the results of the present study of value. In 
the future, further tissue samples from patients with PTC and 
additional cell lines may be utilized to confirm the results of 
the present study. Additionally, in vivo experiments employing 
nude mice may also provide new insights into the function of 
BANCR on PTC.
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