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Abstract. Thyroid cancer is one of the most common 
malignant tumors of the endocrine system. Among all 
thyroid cancers, papillary thyroid carcinoma (PTC) is the 
most common type. The BRAF-activated non-coding RNA 
(BANCR) is a 693-bp nucleotide transcript which was first 
identified in melanoma. However, the role of BANCR in the 
development of thyroid cancer remains unclear. Therefore, 
the present study investigated the potential involvement of 
BANCR in the development of thyroid cancer in vitro using 
patient tissue samples and a panel of thyroid cancer cell lines, 
and in vivo using a xenograft mouse model. We observed that 
BANCR was expressed at a higher level in human thyroid 
tumor tissues than that noted in the adjacent normal tissues. 
The expression level of BANCR differed between cultured 
thyroid cancer cell lines; BANCR expression was lower 
in the BCPAP cell line than that observed in the CAL-62, 
WRO and FTC-133 cell lines. Western blot analysis and 
flow cytometry revealed that overexpression of BANCR in 
the BCPAP cell line resulted in increased expression of the 
cancer stem cell markers, LGR5 and EpCAM. Single-clone 
formation experiments showed that upregulated expression of 
BANCR in the BCPAP cell line promoted an increase in the 
number of clones formed. Similarly, in microsphere formation 
experiments, overexpression of BANCR resulted in increased 
number and size of microspheres compared with the control 
cell line. Western blotting experiments showed that BANCR 
overexpression in BCPAP upregulated the expression of phos-
phorylated c-Raf, MEK1/2 and ERK1/2. Inhibition of c-Raf 
via U0126 decreased the expression of LGR5 and EpCAM, as 
well as phosphorylated levels of c-Raf, MEK1/2 and ERK1/2 

in the BCPAP cells, compared to levels in the DMSO controls. 
In the xenograft mouse model, BANCR overexpression in the 
thyroid cancer cells significantly increased tumor growth. 
Taken together, these results suggest that BANCR plays a role 
in PTC development by regulating the expression of cancer 
stem cell markers LGR5 and EpCAM via the c-Raf/MEK/
ERK signaling pathway. Therefore, BANCR may be used as a 
novel prognostic marker for PTC.

Introduction

Thyroid cancer is one of the most common malignant tumors 
of the endocrine system, and its incidence has steadily 
increased since 1980 (1). Papillary thyroid carcinoma (PTC) 
accounts for 80% of all thyroid cancers (2); however, little is 
known concerning the genetic mechanisms underlying the 
development of PTC, and no ideal genetic markers for detec-
tion have been identified. The primary causes of mortality 
in PTC patients include local recurrence and distant metas-
tases. Recent evidence indicates that these events occur due 
to the presence of a specific population of cancer stem cells 
(CSCs), which exist within various tumor types (3); these are 
considered the root cause of tumorigenesis, metastasis and 
recurrence (4,5). Recently, studies utilizing cancer stem cell 
markers, CD133, CD44, EpCAM, LGR5 and ALDH1, have 
confirmed the presence of CSCs in lung, breast, pancreatic and 
prostate cancers (6-9). In our own research, we demonstrated 
that the self-renewal capacity of CSCs in thyroid carcinoma is 
associated with the poor prognosis of thyroid cancer patients.

Long non-coding RNAs (lncRNAs) are RNA transcripts 
approximately 200 nucleotides in length that do not encode 
proteins, but do function to regulate the expression of related 
genes (10). lncRNAs are also recognized as regulators of 
tumorigenesis and tumor progression (11,12). BRAF mutations 
are the most common genetic lesion found in PTCs, occurring 
in 45% of PTCs (13). BRAF-activated lncRNA (BANCR) is 
a 693-bp transcript found on chromosome 9 and is frequently 
overexpressed in cancer cells, and has been shown to play a 
functional role in the migration of melanoma cells (14), and 
in non-small cell lung cancer where it was shown to promote 
the migration and invasion of cancer cells through the mitogen 
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activated protein kinase (MAPK) signaling pathway (15). 
Due to the close association between BANCR expression 
and the proliferation of PTC, the present study investigated 
the molecular mechanisms underlying the regulation of CSC 
expression by BANCR in PTC, and the potential regulation 
through the MAPK signaling pathway.

Materials and methods

Patients and tissue samples. Tumor samples and paired 
tissues from 30 patients (20-60 years old, the median age 
was 35 years and the ratio of females to males was 2:1) who 
received surgical resection for PTC between 2015 and 2016 
at the Department of General Surgery, Zhongshan Hospital, 
Xiamen University, Xiamen, China were analyzed. All tissue 
samples were frozen in liquid nitrogen following surgery and 
then stored at -80˚C for future experiments. The study was 
approved by the Ethics Committee on Human Research of 
Zhongshan Hospital, Xiamen University, Xiamen and written 
informed consent was obtained from all patients.

Cell lines and cell culture. The BCPAP human papillary 
thyroid carcinoma cell line was purchased from the Chinese 
Academy of Sciences. The normal human thyroid epithelial cell 
line Nthy-ori 3-1 was purchased from the Chinese Academy 
of Sciences. Human undifferentiated thyroid carcinoma cell 
line CAL-62 was purchased from the Chinese Academy of 
Sciences. The WRO and FTC-133 human follicular thyroid 
carcinoma cell lines were purchased from Honsun Biological 
Technology Co., Ltd. (Shanghai, China). All cells were cultured 
in PRMI-1640 medium (Gibco; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA), 100 U/ml penicillin, and 100 mg/ml 
streptomycin (Invitrogen; Thermo Fisher Scientific, Inc.) at 
37˚C in 5% CO2.

Total RNA extraction and quantitative real-time PCR 
(qRT-PCR). Total RNA from tissues and cells was extracted 
using RNAiso Plus (Takara Biotechnology Co., Ltd., Dalian, 
China). RNA was reverse transcribed into cDNA using the 
PrimeScript RT kit (Takara Biotechnology). The cDNA 
was amplified using the SYBR Premix Ex Taq II (Takara 
Biotechnology) control. Relative expression values were calcu-
lated by the 2-∆∆Cq method to analyze the relative changes in 
gene expression from real-time quantitative PCR experiments. 
Primers for qRT-PCR were synthesized by Sangon Biotech 
(Shanghai, China). The sequences are listed in Table I. The 
thermocycling conditions for pre-incubation were: 95˚C for 
600 sec; for 2 step amplification: 95˚C for 10 sec, 60˚C for 
30 sec (45X); and for melting: 95˚C for 10 sec, 65˚C for 60 sec, 
97˚C for 1 sec.

Creation of stable cell lines. The BCPAP cell line was 
infected with a lentiviral vector containing these constructs: 
BCPAP-NC or BCPAP-BANCR. The BCPAP cell line was 
infected for 24 h, using a transfection enhancer (Polybrene) at 
a concentration of 6 µg/ml. Transfection efficiency was evalu-
ated using qRT-PCR.

Western blot analysis. Cells were washed twice with cold 
PBS, lysed with RIPA protein extraction reagent (Beyotime 

Institute of Biotechnology, Shanghai, China), and supple-
mented with a protease inhibitor cocktail (Roche Molecular 
Diagnostics, Pleasanton, CA, USA) and phenylmethylsulfonyl 
fluoride (Beyotime Institute of Biotechnology, Beijing, China). 
Proteins were denatured at 100˚C for 10 min and an equal 
amount of sample (30 µg) was loaded and separated by 10% 
sodium dodecyl sulphate-polyacrylamide gel electrophoresis 
(SDS-PAGE). Proteins were transferred to polyvinylidene 
fluoride (PVDF) membranes (Millipore, Bedford, MA, USA). 
The membranes were blocked with 5% (ECL) chromogenic 
substrate. The densitometric analysis for the quantification 
of the bands was performed using enhanced chemilumines-
cence chromogenic substrate (WesternBright ECL; Advansta, 
Inc., Menlo Park, CA, USA) and ChemiDoc™ XRS System 
(Bio-Rad Laboratories, Inc., Hercules, CA, USA). β-actin bands 
were used as an internal reference. The antibodies used in these 
experiments were purchased from Abcam: E-cadherin (1:1,000; 
cat. no. 3195S), N-cadherin (1:1,000; cat. no. 13116S), vimentin 
(1:1,000; cat. no. 5741S), c-Raf (1:2,000; cat. no. 53745S), 
MEK1/2 (1:2,000; cat. no. 4694S), ERK1/2 (1:2,000; 
cat. no. 4370S), 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 were from Cell Signaling Technology, Inc., 
Danvers, MA, USA); secondary antibodies were HRP-goat 
anti-mouse and HRP-goat anti-rabbit IgG antibody (Jackson 
ImmunoResearch Laboratories, Inc., West Grove, PA, USA).

Single-clone formation experiment. Cells were digested, 
suspended, and counted. Cells were uniformly vaccinated to 
6-orifice plates containing 2 ml of DMEM culture medium per 
well, at the following concentrations: 0 cells/ml, 500 cells/ml, 
800 cells/ml and 1,500 cells/ml, and then incubated at 37˚C 
and 5% volume fraction of CO2. Medium was replaced every 
3 to 4 days for approximately 10 days or until clone formation 
became visible. Clones were fixed using 4% paraformalde-
hyde, stained using crystal violet dye solution, scanned (Epson 
Perfection V370; Epson, Tokyo, Japan) and counted (five 
random fields were captured and quantified).

Microsphere formation experiment. Cells were suspended in 
serum-free culture medium at a concentration of 104 cells/ml. 
Microsphere culture medium [DMEM/F12, B27 (1:50), EGF 
20 ng/ml, bFGF 20 ng/ml, insulin 4 µg/ml and 1% methyl 
cellulose] was added to 6-wells of an ultra-low adsorption 
culture plate; no well was placed in the 2 ml medium, and 
no well was added in the same amount of double resistance. 

Table I. Primer sequences.

Gene Sequences

β-actin F: 5'-ACTGGAACTGTGAAGGTGAC-3'
 R: 5'-GTGGACTTGGGCGAGGACTG-3'
BANCR F: 5'-CCTTCTTGTAGGGTCTGGATTG-3'
 R: 5'-CATTGGTGCTGCAGTCTATTTC-3'

F, Forward; R, reverse; BANCR, BRAF-activated non-coding RNA.
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The cell suspension (200 µl) was added to each well of the 
culture plate, and incubated for approximately 12 days. The 
cells were observed and photographed using a light micro-
scope (AxioVert.A1; Carl Zeiss GmbH, Jena, Germany), then 
collected by centrifugation, and the microsphere formation 
rate was calculated.

Flow cytometry. Cells were suspended using pancreatic 
enzyme, centrifuged at 200 x g for 3 min, and re-suspended 
in PBS. Cells were then centrifuged at 300 x g for 4 min 
and re-suspended to a concentration of 1x106 cells/ml in ice 
cold PBS. Cells were stained using 5 µl CD133 and EPCAM 
antibody, 2.5 µl CD44 antibody, and isotype antibody and incu-
bated in the dark at 4˚C for 30 min, with oscillation at 15 min. 
Cells were then washed three times with PBS, re-suspended 
in PBS, and 400 µl of the suspension was added and detection 
and analysis was carried out using the Beckman FACS Gallios 
flow cytometer (Beckman Coulter, Inc., Brea, CA, USA).

Tumor formation in mice. Four- to 5-week-old non-pathogenic 
(SPF) female BALB/c nude mice (18-22 g) were provided 
by the Shanghai SLAC laboratory Animal Co., Ltd. (SLAC; 
Shanghai, China). Animal experiments were supported by 
Xiamen University Laboratory Animal Center (Xiamen, 
China). The mice were breed under specific pathogen-free 
conditions with a controlled temperature range from 18 to 

29˚C and a relative humidity of 40-70% on a 12-h light/dark 
cycle. The fodder was sterile and the mice were fed 3 to 
4 times/day. Four- to 5-week-old non-pathogenic (SPF) male 
BALB/c nude mice were divided into one of two groups: the 
BCPAP NC group and the BANCR-BANCR group. BCPAP 
stably transfected cell line was harvested, centrifuged and 
suspended at a concentration of 1.5x107 and 2.0x107 cells. Each 
mouse was injected with 100 µl of cell suspension via subcu-
taneous injection and regularly observed. Beginning at day 
14 post-injection, tumor length and width were measured by 
a vernier caliper (PD-151; PRO'SKIT, Shanghai, China) once 
a week for 5 weeks. At 5 weeks, the mice were sacrificed by 
cervical dislocation, tumors were measured and photographed, 
and tumor volumes were calculated (V = (length x width2)/2) 
and plotted on a growth chart. All animal experiments were 
approved by the Animal Care and Use Committee of the 
Xiamen University. The ethics code for the approval granted 
for the animal experiment was xmulac20170375, which was 
under the supervision of Xiamen University Laboratory 
Animal Center.

Statistical analysis. All data were analyzed using GraphPad 
Prism 5.0 statistical software (GraphPad Software, Inc., 
La Jolla, CA, USA), and the results are expressed as the 
mean ± standard error of the mean (SEM). Differences among 
the groups were assessed by Student's t-test, ANOVA and 

Figure 1. Expression levels of BANCR in PTC tissues, adjacent normal controls and thyroid cancer cell lines. (A) Relative RNA expression levels measured 
via qRT-PCR. (B) Relative BANCR levels in 4 thyroid cancer cell lines: WRO, CAL-62, BCPAP and FTC-133. (C) Overexpression of BANCR in BCPAP 
cells using pcDNA-BANCR. Data are means ± SEM, n=3, ***P<0.001; ****P<0.0001; NS, not significant. BCPAP-NC, negative control-transfected cells; 
BCPAP-BANCR, BANCR-upregulated cells. BANCR, BRAF-activated non-coding RNA.
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a post-hoc test (Student-Newman-Keuls test). Findings of 
P<0.05 were considered statistically significant.

Results

BANCR levels in PTC tissues and cell lines. The expres-
sion level of BANCR in 30 paired tissue samples from PTC 
patients was determined. BANCR expression was significantly 
higher in thyroid cancer tissues compared to that observed in 
the adjacent normal tissues (P<0.0001) (Fig. 1A). In addition, 
one normal human thyroid epithelial cell line Nthy-ori 3-1 and 
four human thyroid cancer cell lines that were evaluated exhib-
ited varying expression levels of BANCR (P<0.001) (Fig. 1B). 
Therefore, the BCPAP cell line which differed significantly 
from the other thyroid cancer cell lines with low expression of 
BANCR was chosen for further experiments. Following trans-
fection with the lentivirus, BCPAP cells (BCPAP-BANCR) 
showed significant upregulation of BANCR compared with 
those cells transfected with the empty vector (BCPAP-NC) 
(P<0.0001). (Fig. 1C).

BANCR regulates single-clone formation and micro-
sphere formation. The overexpression of BANCR in the 
BCPAP-BANCR cell line significantly increased the colony 
formation ability compared with the BCPAP-NC group 
(P<0.001) (Fig. 2A), indicating that cloning ability was signifi-
cantly promoted by the overexpression of BANCR. Similarly, 
compared with the control group, upregulation of BANCR 
expression in BCPAP-BANCR cells significantly increased 
microsphere number and size (P<0.01) (Fig. 2B).

BANCR regulates the expression of cancer stem cell markers 
LGR5 and EpCAM in PTC cells. Upregulation of BANCR in 
BCPAP-BANCR cells significantly increased expression of the 
stem cell markers LGR5 and EpCAM, as shown by western 
blotting (Fig. 3A) and flow cytometry (P<0.01) (Fig. 3B).

BANCR regulates the expression of cancer stem cell markers, 
LGR5 and EPCAM, in PTC cells via the Raf/MEK/ERK 
signaling pathway. Expression levels of c-Raf, MEK1/2, 
and ERK1/2 were evaluated in the BANCR-upregulated 

Figure 2. Colony formation and microsphere formation in BANCR-transfected cell lines. (A) Colony number in the control (BCPAP-NC) and BANCR-
upregulated (BCPAP-BANCR) cells. (B) Microsphere number and size in the control (BCPAP-NC) and BANCR-upregulated (BCPAP-BANCR) cells. Data 
are means ± SEM, n=3, ***P<0.001, **P<0.01. BANCR, BRAF-activated non-coding RNA.
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(BCPAP-BANCR) cell line compared to the control 
BCPAP-NC cell line via western blotting. Expression levels of 
phospho (p)-c-Raf, p-MEK1/2, and p-ERK1/2 were higher in 
the BCPAP-BANCR cells than levels noted in the BCPAP-NC 
cells (Fig. 4A). These results suggest a relationship between 
BANCR and the Raf/MEK/ERK signaling pathway. To test 
this hypothesis, we incubated BCPAP cells with the c-Raf 
inhibitor U0126, which decreased p-c-Raf, p-MEK1/2 and 
p-ERK1/2 in the BCPAP cell line (Fig. 4B). From this, we 
concluded that U0126 inhibits the effect of BANCR on the 
RAF/MEK/ERK signaling pathway. To determine whether 
the effects of BANCR on the cancer stem cell markers LGR5 
and EPCAM are mediated via the Raf/MEK/ERK signaling 
pathway, the cell line was treated with U0126 and LGR5 

and EpCAM protein levels were measured between the two 
groups using western blot analysis. The results showed that 
in BCPAP cell lines, the expression of LGR5 and EPCAM 
was downregulated after the use of U0126, compared to the 
DMSO controls (Fig. 4B). This result suggests that BANCR 
regulated LGR5 and EpCAM expression in PTC cells via the 
Raf/MEK/ERK signaling pathway.

lncRNA BANCR regulates tumor growth in vivo. To investigate 
the effects of BANCR on PTC cell growth in vivo, we utilized 
a subcutaneous xenograft mouse model injected with either 
BANCR-upregulated (BCPAP-BANCR) or BCPAP-NC cells. 
Results showed that the average tumor size was larger in the 
BCPAP-BANCR group than that in the BCPAP-NC control 
group (Fig. 5). The longest diameter exhibited by a single 
subcutaneous tumor was 11 mm and no animal presented 
with multiple tumors. This indicated that tumor formation and 
growth was promoted by the overexpression of BANCR, and 
that there is a connection between the expression of BANCR 
and CSCs.

Discussion

lncRNAs were long considered to have no function in cells 
as they do not encode any proteins. However, recent studies 
have confirmed that lncRNAs play an essential role in normal 
biological processes such as the regulation of gene expression, 
and in pathological processes such as tumorigenesis (16,17). 
Studies have shown that lncRNAs affect many cellular 
processes in tumor cells, such as cell cycle progression, cell 
survival, proliferation and migration (18-21).

In thyroid cancer, many lncRNAs are differentially 
expressed between carcinoma and para-cancer tissue (22). 
For example, MEG3 (maternal expressed gene 3) was the 
first lncRNA identified as a tumor suppressor in melanoma 
cells (23). In PTC, MEG3 is upregulated in carcinoma tissues 
as compared with normal tissues, and it suppresses cell migra-
tion and invasion by targeting Rac1 (24). In addition, PTCSC3 
(papillary thyroid carcinoma susceptibility candidate 3) is 
a tumor suppressor in thyroid cancer cells which causes 
significant growth inhibition, cell cycle arrest and increased 
apoptosis (25). The lncRNA ANRIL has also been shown to 
promote the invasion and metastasis of thyroid cancer cells 

Figure 4. BANCR regulation of LGR5 and EPCAM in PTC cells via the 
Raf/MEK/ERK signaling pathway. (A) Effect of BANCR overexpression 
on phosphor (p)-c-Raf, p-MEK1/2 and p-ERK1/2. (B) Effect of U0126 on 
BANCR-mediated regulation of LGR5, EPCAM, p-c-Raf, p-MEK1/2, and 
p-ERK1/2 expression in control (BCPAP-NC) and BANCR-upregulated 
(BCPAP-BANCR) cells. BANCR, BRAF-activated non-coding RNA.

Figure 3. Regulation of LGR5 and EPCAM expression by BANCR. (A) LGR5 and EPCAM expression in control (BCPAP-NC) and BANCR-upregulated 
(BCPAP-BANCR) cells by western blot analysis. (B) Flow cytometric analysis of LGR5 and EPCAM expression in control (BCPAP-NC) and BANCR-
upregulated (BCPAP-BANCR) cells. Data are means ± SEM, n=3, **P<0.01. BANCR, BRAF-activated non-coding RNA.
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through the TGF-β/Smad signaling pathway (26), and nc886 
exerts an oncogenic function in thyroid cancer by suppressing 
RNA-activated protein kinase (PKR) (27).

BRAF-activated non-coding RNA (BANCR) promotes 
the proliferation of malignant melanoma (14), and was shown 
to regulate lung carcinoma proliferation and migration via 
p38 MAPK and JNK inactivation (15). In lung cancer cells, 
BANCR is associated with poor prognosis and promotes 
metastasis by inducing EMT (28). Finally, BANCR has been 
shown to promote cell proliferation in PTC (29).

The characteristics of cancer stem cells include multi-
directional differentiation potential, self-renewal ability, 
multiple drug resistance, and the ability to influence tumor 
development (5). Therefore, there is increasing evidence that 
cancer stem cells in tumor tissues may contribute to recurrence 
in many cancers. Reports have shown that the CSC marker, 
EpCAM, may be successfully used as a tumor marker in 
gastric, ovarian, and breast cancer because its high expression 
in these cancers is closely related to tumor growth, metastasis 
and advanced tumor stage (30-32). Similarly, increased expres-
sion of LGR5 in esophageal cancer and neuroblastoma can 
enhance tumor cell invasion and migration (33,34). Moreover, 
studies are underway to determine the relationship between 
LGR5 and PTC (35). However, little is concerning the regu-
latory mechanisms involved in the maintenance of EpCAM 
and LGR5, or whether BANCR is associated with these CSC 
markers. Therefore, the aim of this study was to investigate 
these topics.

The present study showed that the expression of BANCR 
in 30 paired tissue samples from PTC patients was signifi-
cantly increased compared with that noted in the adjacent 
normal tissues. Next, utilizing the BCPAP cell line, we found 
that upregulation of BANCR promoted increased expression 
of the cancer stem cell markers, LGR5 and EpCAM, in PTC 
cells. BCPAP was once considered to be a poorly differenti-
ated thyroid gland carcinoma instead of PTC (36). However, in 
a study investigating papillary and anaplastic thyroid cancers, 
the author hypothesized that distinct cell phenotypes are 
governed by different sets of gene master regulators (GMRs). 
He next proved that anaplastic (8505C) and papillary (BCPAP) 
TC phenotypes have major differences in cell-cycle pathway 
and gene networking (37). The two cell lines have different 
malignant degree, as BCPAP exhibits low-grade malignant in 
contrast with 8505C. The real origin of the cell line BCPAP 

is still unclear, based on recent reports and the analysis of the 
results, we conclude that even if BCPAP is considered to be a 
poorly differentiated thyroid gland carcinoma instead of PTC, 
the phenotype of BCPAP is still closer to PTC and we think 
it is unlikely to affect the outcomes of our study. The result of 
a single-clone formation experiment showed that upregulated 
BANCR expression increased the number of clones in the 
BCPAP cell line. In the microsphere forming experiments, 
we also demonstrated that overexpression BANCR resulted in 
an increased number and size of microspheres compared with 
the control cell line. Additionally, overexpression of BANCR 
increased the rate of tumor growth as well as tumor size in 
a xenograft mouse model, suggesting a connection between 
BANCR expression and CSCs. Thus, this study confirmed 
that BANCR can regulate the expression of cancer stem cell 
markers.

In thyroid cancer, there are two classical cell signaling 
pathways, ERK/MAPK and PI3K/AKT. Studies indicate that 
the BRAF (V600E) mutation aberrantly activates the MAPK 
pathway (38). Since BANCR is related to the BRAF V600E 
mutation, and BANCR regulates lung carcinoma proliferation 
and migration via the MAPK pathway (15), we investigated 
the Raf/MEK/ERK signaling pathway. The results showed 
that c-Raf, MEK1/2, and ERK1/2 were expressed in the 
BCPAP cell lines, and that phospho-c-Raf, phospho-MEK1/2, 
and phospho-ERK1/2 were upregulated by overexpression of 
BANCR. In addition, the effects of BANCR on phospho-c-
Raf, phospho-MEK1/2, and phospho-ERK1/2 were inhibited 
by the c-Raf inhibitor U0126. Furthermore, in the BCPAP cell 
line, the expression of LGR5 and EpCAM was downregulated 
after the use of U0126 compared with the DMSO controls. 
Therefore, we conclude that in PTC cells, BANCR regulates 
LGR5 and EpCAM expression via the Raf/MEK/ERK 
signaling pathway. In future research, we plan to expand upon 
the current study by analyzing CSCs in larger numbers of 
tissue samples from PTC patients, with the goal of providing 
new insight into the role of BANCR in PTC.
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