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Objective: To explore the regulation of long-chain noncoding BANCR on cell invasion and
migration of esophageal squamous carcinoma cells and related mechanisms.

Method: The mRNA expression of BANCR in esophageal squamous carcinoma cells and
esophageal squamous cells was detected by quantitative PCR . The relationship between the
expression of BANCR and the survival rate of patients with esophageal squamous cell
carcinoma (ESCC) was analyzed by Kaplan—-Meier method. The BANCR pair was detected
by Transwell invasion and scratch test. In ESCC cell lines, the cells had invasion and
migration ability; Western blot was applied to detect the expression of proteins involved in
the Wnt/B-catenin signaling pathway.

Results: BANCR revealed relatively high expression in esophageal squamous carcinoma
cells, and the higher the expression of BANCR was, the lower the survival rate of patients
with ESCC was. Inhibition of BANCR expression could effectively reduce the invasion and
migration ability of esophageal squamous cell carcinoma. After silencing BANCR, the
expression of wnt3a, survivin, B-catenin and c-myc protein was downregulated compared
with the negative control group (p<0.05).

Conclusion: Long-chain noncoding BANCR was highly expressed in patients with ESCC
and was negatively correlated with patients' survival time. It was of the capability to
modulate the cell migration and invasion of ESCC cells through inducing Wnt/B-catenin
signaling pathway.

Keywords: BANCR, ESCC, Wnt/B-catenin, cell migration, cell invasion

Esophageal squamous cell carcinoma (ESCC) is the eighth most cancer worldwide'
and is by far the most common histologic type of esophageal cancer in Asia.
Overall, its incidence rates are increasing year by year.? Studies have shown
that smoking, drinking, unhealthy diet habit, ethnicity, gene susceptibility and
other factors increase the risk of ESCC.* Despite the development of prevention
and diagnostic techniques, patients were mostly diagnosed with ESCC at an
advanced stage and still died of recurrence and metastasis for 24 to 48 months
after surgery. The survival rate has been below 30% in 5 years.”’ Therefore, early
diagnosis, pathogenesis and prognostic indicators of ESCC are helpful in the
prevention and cure of ESCC.

Long-chain noncoding RNAs (IncRNAs) are a class of gene fragments, whose
lengths are usually larger than 200 nucleotides and do not have the function of encoding
proteins. However, since the discovery of IncRNAs, numerous investigations have
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revealed that IncRNAs have been participated in life pro-
cesses by activating or prohibiting cell apoptosis, differentia-
tion, proliferation, invasion and even metastasis.*'* Just
taken IncRNA BCAR4 as an example, it promotes cell
migration of breast cancer cells by direct binding with
SNIP1 and PNUTS.'* At the same time, overexpression of
IncRNA HNF1A-ASI in lung cancer induces the cell prolif-
eration and metastasis of tumor cells by modulating the
protein expression of E-cadherin, cyclin D1 and B-catenin.'
These findings have potentiated IncRNAs’ significant roles in
cancer development and progression.

The BANCR was initially discovered by Flockhart et al
in 2012 in an RNAsequencing screen. They confirmed that
that BANCR was a 693-bp IncRNA with its gene having
four exons located on chromosome 9, which regulated the
expression of the oncogene BRAFV600E.'® Since then,
studies have found that BANCR is significantly elevated in
melanin tumor cells and is involved in cell invasion and
migration.'” In recent years, the roles of BANCR various
human cancers such as non-small-cell lung cancer, papil-
lary thyroid carcinoma, colon cancer have been gradually
elucidated.'®2° In 2016, Liu et al found that the induced
expression of BANCR promoted tumor development and
adverse prognosis of ESCC.?!

The crucial Wnt/B-catenin signaling pathway influences
tumor development and regulates cell proliferation and
differentiation.”> Surging evidences have revealed that the
sensitization of Wnt/B-catenin signaling pathway boosts the
B-catenin protein’s nuclear translocation, and then activates
downstream target genes, leading to ESCC.>* Therefore, we
hypothesized that BANCR may affect the cell invasion and
multiplication of ESCC cells by modulating the Wnt/p-
catenin signaling pathway. In the current study, methods
such as Western blot, quantitative PCR (qPCR), Kaplan—
Meier analysis, transwell migration assay and scratch adhe-
sion test were combined and used to study the specific
expression of BANCR in ESCC cells, influence on cell
proliferation and invasion and related molecular mechan-
isms, which would offer novel approaches for figuring out
early diagnosis, treatment and prognosis of ESCC.

Materials And Methods

Materials

Tissue Sample Collection

Eighty pairs (including cancer tissues and adjacent tissues)
of ESSC surgical resection specimens ranging from
January 2008 to January 2012 were collected from the

department of oncology, Taizhou City Hospital. The sam-
ple included 45 males and 35 females with ESCC (aged 40
=75 years, with a median age of 62 years). This study was
confirmed by the medical ethics committee of the hospital,
and ESCC in patients was confirmed by the department of
histopathology. The excised tumor tissue samples were
instantaneously immersed into liquid nitrogen and then
transferred to a —80°C freezer for further storage and
usage. All patients provided written informed consent
before the study, which is in accordance with the
Declaration of Helsinki.

Cell Lines And Reagents

Commercial products like the human ESCC cell line
KYSE30, TE10 and the human normal esophageal epithelial
cell line Het-1A were purchased from the Shanghai Cell Bank
of the Chinese Academy of Sciences. RPMI 1640 medium,
fetal calf serum, penicillin and PBS potassium phosphate
buffer were purchased from Hyclone, USA. The transfected
si-BANCR sequence (GGAAAUAGACUGCAGCACCAA
TT) and the negative control siRNA (si-NC) sequence
(TTCTCCGAACGTGTCACGT) were
Guangzhou Ruibo Biotechnology Co., Ltd. Lipofectamine™
RNAIMAX (Invitrogen, USA) was used as the transfection

reagent. Serum-free Opti-MEM medium (Invitrogen) was

synthesized by

used for transfection.

Methods

RNA Extraction, Reverse Transcription And Real-
Time Fluorescent Quantitative PCR (RT-qPCR)

Total RNAs were extracted from cells and tissues using
TRIzol reagent, according to manufcturer's instructions
(Invitrogen). The concentration and purity of total RNAs
were measured with NanoDrop 2000 and separated by 1%
agarose gel with electrophoresis, and RNA at 1.8t0 2.1 A260
nm/A280 was placed at —80°C (RNA has no obvious degra-
dation.). RNA was transcriptionally reversed into cDNA
using SYBR Green qPCR SuperMix kit (Invitrogen), accord-
ing to manufcturer's instructions. The analysis of mRNA
relative expression was performed by 2 *““T2* The RT-
gPCRwas detected by the ABI 7500 System (Applied
Biosystems, USA). The primer sequence was as follows:
BANCR-F: 5'GAAGAGACCCCTGACCCTAA; BANCR-
R: S"AAGCCGACTCTCCATACCTT; BANCR-RT: 5'GCT
CAAACTTGCTCCTGGAT; U6-F:5CTCGCTTCGGCAG
CACA; U6-R: 5’AACGCTTCACGAATTTGCGT; U6-RT:
5'AACGCTTCACGAATTTGCGT.
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Cell Culture And Transfection

After cell resuscitation, 10% fetal calf serum and 1%
streptomycin were added to RPMI1640 medium to prepare
growth medium, and then added to KYSE30, TE10 and
Hetl1A cells. The cells were placed in a volume fraction of
5% CO, and cultured in an incubator at 37°C. As soon as
the cell reached 30% to 50% confluent, the serum-free
medium Opti-MEM was applied to replace the growth
medium for cell transfection. For transfection, KYSE30
and TEI10 cells were treated with 50 nM si-BANCR and
si-NC for 4 hrs, respectively, and then replaced with nor-
mal growth medium for normal culture.

Scratch Test To Detect Cell Migration Ability

When the cells' growth reached the logarithmic growth
phase, they were added into a six-well culture plate at a
seeding density of 1 x 10%mL, and cultured in an incu-
bator at a volume fraction of 5% CO, at 37°C. The cells
were observed by microscopy, and after they were grown
into a single layer, they were treated with mitomycin for 1
hr to inhibit cell division. Next, a 10-pl sterile micropipette
tip was handled to scratch the cell down from the plate.
PBS was applied to wash the detached cells, and then the
cells were added to serum-free RMPI 1640 medium, and
cultured at 37°C in a 5% CO, incubator. Samples were
taken at 0, 6, 24, 48 hrs after scratching, and photo-
graphed. Scratch healing was detected by an inverted
microscope. Image Pro-Plus 6.0 software was used to
randomly measure the scratch width of eight sitesat the
same time point of cells. Then, the cell migration rate was
calculated, which reflected the cell migration ability of any
type or group of ESCC cells. The experiment was repeated
thrice. The mobility of the cells was calculated using the
following formula: [(1 - scratch time width at other time
points)/0 hr scratch width)] x 100% (same sample).

Transwell Assay

Matrigel (BD, USA) was pretreated with a precooled
serum-free medium at ratio of 1:3 (V/V), and then 40 pL
of the mixture was added to the cold Transwell chamber.
The mixture was incubated at 37°C for 2 hrs to obtain a
solidified Matrigel. The residual liquid left was aspirated,
and 100 pL, 600 pL of serum-free medium was added to
both chambers including the upper and lower, and equili-
brated at 37°C overnight. The transfected cells were added
into the upper chamber at a cell density of 1 x 103/mL, 600
pL of growth medium was then added into the lower
chamber, and incubated at 37°C in a 5% CO, incubator.

After 24 and 48 hrs of incubation, the chamber was with-
drawn and the cells in the upper chamber were cleaned
with a cotton swab and then 4% paraformaldehyde was
applied to fix the cells for 15 min. After the cells were
once washed with PBS, crystal violet was applied for 10
min to stain the cells, and again the cells were washed with
PBS. Then, the cells were observed under an inverted
microscope to check if the cells have gone through the
small holes and photographed. The experiment was per-
formed thrice.

Western Blot Detection Of Protein Levels

The cells were lysed with RIPA extraction by initially shak-
ing for 15 min. After centrifugation, the supernatant was
drawn out, and the protein concentration was determined
by bicinchoninic acid assay. The lysate was mixed with gel
loading buffer at a volume ratio of 1:1 and then denatured at
100°C for 8 min. Then, 20 pg of proteins was loaded onto
SDS-PAGE for separation. After separation, the proteins
were transferred onto polyvinylidene difluoride (PVDF)
(Millipore Co, USA) membranes. After transferring, the
membranes were blocked with 5% nonfat milk diluted with
TBST (10 mmol/L Tris-HCI, 0.1% Tween 20, 150 mmol/L
NaCl) at room temperature for 2 hrs. After blocking, the
PVDF membranes were washed thrice with TBST and then
incubated with corresponding primary antibody, including
anti-B-catenin antibody (ab16051, Abcam), anti-c-Myc anti-
body (ab32072, Abcam), anti-wnt3a (ab28472, abcam), anti-
survivin (Ab469, abcam) and anti-GAPDH antibody
(ab181602, Abcam) at 4°C overnight. On the second day,
the membranes (horseradish peroxidase-labeled goat anti-
rabbit IgG)were thoroughly washed with TBST, and then
diluted with TBST buffer at room temperature for 2 hrs.
After washing, the enhanced chemiluminescence reagent
was subjected to fluorescent color development, and imaging
system was applied to detect the signal and analyze the
relative expressions of each protein.

Statistical Analysis

SPSS 16.0 software was used to conduct statistical analy-
sis. The data were written as x + s, f-test was used to
analyze the measurement data, and chi-square test was
applied to analyze the count data. At the same time, the
data of survival rate of patients with ESCC were analyzed
by Kaplan—Meier survival curve and log-rank test. The
follow-up period was January 2018. The survival time
was defined as the duration from initial treatment to
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pass-by. Graphs are plotted using GraphPad Prism 6.0, and
p<0.05 was taken as the statistical difference.

Results
Expression Of BANCR Gene In ESCC

Tissues And Cell Lines

The gene expressions of BANCR in both ESCC cell lines and
tissues were detected using RT-PCR. Figure 1A shows the
relative expression of BANCR in ESCC tissues was signifi-
cantly higher than that in adjacent tissues (6.64+0.73,
p<0.05). Furthermore, Figure 1B reveals that the expression
of BANCR in ESCC cell lines KYSE30 and TE10 was
higher than that in normal control group Het-1A (p<0.05),
and the growth rate, invasion and migration ability of these
two kinds of ESCC cells were similar, so the two kinds of
cells were selected for the next experiment.

Correlation Between BANCR And
Clinicopathological Characteristics Of
Patients With ESCC

The clinical-pathological parameters of 80 subjects with
ESCC were analyzed. The median (5.92) of BANCR rela-
tive expression was cut into two groups, including either
low or high expression group. The data failed to reveal
significant difference in BANCR between patients of dif-
ferent ages and genders (p>0.05). The expression of
BANCR was related to the pathological stage of ESCC
and lymph node metastasis. The higher the pathological
stage, the expression of BANCR. The higher the rate
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(p<0.05), and in patients with lymph node metastasis, the
expression of BANCR was also significantly higher than
that of patients without metastasis (p<0.01) (Table 1).

The Correlation Between BANCR Level
And The Medical Diagnosis Of Patients

With ESCC

The correlation between the BANCR level and the prog-
nosis survival time of ESCC patients was analyzed by the
log-rank test and Kaplan—Meier survival curve. As shown
in Figure 2, the survival time of patients with high expres-
sion of BANCR was shorter than that of patients with low
expression of BANCR (p<0.05). The median survival time
of patients with low expression of BANCR and high
expression of BANCR was 34 months and 18 months,
respectively. The risk of postoperative death was 2.07
times higher than patients in the group of low BANCR
expression. All of these data indicated the positive correla-
tion between the expression of BANCR and the severity of
patients’ survival with ESCC.

Effect Of BANCR On Migration Ability
Of KYSE30 And T10 Cells

After KYSE30 and T10 cells were transfected with siRNA-
BANCR, the change in cell mobility from 0 hr to 48 hrs after
inhibition of BANCR expression was detected by a scratch
test. The results indicated that the cell migration of the two
cells significantly reduced after 24 hrs of inhibition of
BANCR expression (p<0.01), and the mobility of the cells
with siRNA-BANCR treatment was also much lower after 48
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Figure | Expression of BANCR in different tissues and ESCC cell lines. (A) Expression of BANCR gene in ESCC tissues and paracancerous tissue. (B) Expression of BANCR

gene in HetlA, KYSE30 and TEIO.
Notes: *p<0.01; ***p<0.001.
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Table | Relationship Between Expression Of BANCR And Clinicopathological Features Of ESCC Patients
Clinicopathological Data Number High Expression Of BANCR Low Expression Of BANCR ¥ value P value
Gender 80 39 41
Male 45 25(64.10%) 20(48.78%) 1.907 0.167
Female 35 14(35.90%) 21(51.22%)
Age (years)
<60 36 21(53.85%) 15(36.59%) 2.406 0.121
>60 44 18(46.15%) 26(63.41%)
WHO grade
Gl 20 6(16.38%) 14(34.15%) 6.4267 0.04
G2 33 15(38.46%) 18(43.90%)
G3/G4 27 18(46.15%) 9(21.95%)
Lymph node metastasis
No 34 9(23.08%) 25(60.8%) 11.7476 0.001
Yes 46 30(76.92%) 16(39.02%)

hrs than the NC treatment (p<0.05) (Figures 3 and 5A). The
above experimental results indicated that inhibition of
BANCR expression could effectively attenuate the migration
ability of KYSE30 and T10 cells.

Effect Of BANCR On The Invasion Ability
Of KYSE30 And TEIO Cells

Transwell assay were applied to examine the effects of
BANCR on cell invasive ability of KYSE30 and TE10
cells. It indicated that the number of cells invaded by the
siRNA-BANCR treatment was much lower (p<0.05) when
the two types of cell line were transfected with siRNA-
BANCR (Figures 4 and 5B). This indicated that the

BANCR
< ]
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logrank P = 0.027
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Figure 2 Cumulative survival rates of patients with high and low BANCR expres-
sion levels.

inhibition of BANCR expression significantly attenuates
the invasive ability of KYSE30 cells.

Effect Of BANCR On Related Proteins In
Wnt/B-Catenin Signaling Pathway

The assay of protein expressions suggested that compared with
NC group, silencing of BANCR in both KYSE30 and TE10
cells significantly suppressed the protein expressions of wnt3a,
c-myc protein, survivin and B-catenin (p<0.05, Figure 6). The
results indicated that downregulation of BANCR affected the
proteins involved in the signaling pathway of Wnt/B-catenin.

Discussion
ESCC remains one of the most common types of esophageal
cancer, and its early diagnosis, pathogenesis and prognostic
indicators are of great significance. In this paper, RT-qPCR,
Kaplan—Meier analysis, Transwell experiment, scratch test
and Western blot showed that the expression of BANCR
gene was relatively high in tumor tissues of ESCC patients,
and the higher expression of BANCR indicated the worse of
the survival rate of patients with ESCC. Inhibition of BANCR
expression could effectively reduce the cell invasion and
migration of ESCC, and the protein levels of four important
proteins (wnt3a, survivin, B-catenin and c-myc) in the Wnt/p-
catenin signaling pathway were significantly decreased. The
study suggested that BANCR induced the cell migration and
invasion of esophageal squamous carcinoma cells by promot-
ing the Wnt/B-catenin signaling pathway.

Although IncRNA is a kind of RNA molecule that does
not have the function of encoding protein, with the tech-
nological advance of gene sequencing, its role in gene
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Figure 3 The effects of BANCR on migration of KYSE30 and TEIO cells.
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Figure 4 The effects of BANCR on invasion of KYSE30 and TEIO cells.
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Figure 5 The statistical results on migration and invasion of KYSE30 and TEI0 cells. (A) Migration rates of KYSE30 and TEI0 cells. (B) Invasion rates of KYSE30 and TEIO cells.
Notes: *p<0.05; **p<0.01; ***p<0.001.
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Figure 6 Effect of BANCR on expression levels of four proteins. (A) Protein levels of Wnt/B-catenin signaling pathway in KYSE30 cells by Western blotting. (B) Protein levels of
Wht/B-catenin signaling pathway in TE cells by Western blotting. (C) The protein levels in cells transfected with si-NC in KYSE30 cells and cells transfected with si-BANCR in
KYSE30 are shown (p<0.05). (D) The protein levels in cells transfected with si-NC in TEIO cells and cells transfected with si-BANCR in TEIO are shown (p<0.05).

Notes:*p<0.05; *p<0.01.

regulation has attracted wide attention.>> BANCR exhibits
high expression in gastric cancer as a IncRNA, and pro-
moted cell proliferation and migration of cancer cells by
modulating NF-xB signaling pathway.®® Li et al have
found BANCR is highly expressed in human malignant
melanoma cell lines and tissues, and silencing of BANCR
inhibited cell proliferation by inhibiting MAPK signaling
pathway.'” At the same time, similar conclusions have
been made in both colorectal cancer and papillary thyroid
carcinoma.® This suggests that BANCR may be highly
expressed in numerous types of tumor tissues and revealed
a carcinogenic role in the development of tumors.
Therefore, we tested BANCR expression levels by RT-
PCR in ESCC tissues and cells to demonstrate high
expression of the BANCR gene in ESCC. At the same
time, we further explained that BANCR was closely
related to the prognosis of ESCC by Kaplan—Meier

analysis. The higher the expression of BANCR was, the
shorter the survival time of ESCC patients was. This result
further supported the results of Liu et al.>' In addition, we
also used the scratch test and Transwell test to elucidate
the regulation of BANCR on ESCC cell migration and
invasion. It suggested that the expression of BANCR
promoted the cell migration and invasion capacity of
ESCC cells.

The Wnt/B-catenin signaling pathway significantly con-
tributes to the development of human cancer.”* > He et al
show that baicalein can target c-myc gene through Wnt/B-
catenin signaling pathway to inhibit osteosarcoma cell pro-
liferation and promote cell apoptosis in which jnk, bancr and
B-catenin are also involved.”' Xiang et al have indicated that
the overexpression of IncRNA DGCRS can repress hepato-
cellular carcinoma progression through inhibiting Wnt/p-
catenin signaling pathway.’®> In recent years, researches
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have reported that the Wnt/B-catenin signaling pathway
played vital roles in the development and progress of
ESCC, such as proliferation, invasion, migration and
apoptosis.>® Wnt/B-catenin signaling pathway is one of the
most important signaling pathways to induce cancer epithe-
lial-mesenchymal transition process which can promote the
invasion and migration of cancer cells.** Li et al have
explored that cir-ITCH inhibits the activation of Wnt/B-cate-
nin signaling pathway in ESCC by degrading Dvl2
phosphorylation.®® It has been reported that WNT5A can
inhibit the downstream regulations of Wnt/B-catenin signal-
ing pathway by suppressing both the protein expression of f3-
catenin and its transcriptional activity in ESCC cells.*® There
is a study suggested that enhanced Capn4 expression acti-
vates the Wnt/B-catenin signaling pathway, resulting in
increased ZEB1 expression and the promotion of ESCC
cell metastasis.>” The results of protein expressions indicate
that silencing of BANCR in both KYSE30 and TE10 cells
significantly suppressed the protein expressions of wnt3a,
c-myc protein, survivin and -catenin. Therefore, we believe
that BANCR promotes cell migration and invasion of ESCC
cells by affecting the Wnt/B-catenin signaling pathway.

In summary, long-chain noncoding BANCR was
highly expressed in individuals withESCC, and the higher
the expression was, the shorter the survival of ESCC
patients was. At the same time, it could also regulate the
cell migration and invasion of ESCC cells via activating
the signal of Wnt/B-catenin. This study reveals promising
novel strategies and specific targets for the pre-diagnosis,
treatment and prognosis analysis of ESCC.

Abbreviations

qPCR, quantitative PCR; ESCC, esophageal squamous cell
carcinoma; IncRNAs, long-chain noncoding RNAs; NC,
negative control.
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