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Abstract 

Background: Growing evidence has supported that long non-coding RNAs (lncRNAs) could play vital roles in the 
development, progression, and prognosis of colorectal cancer (CRC). However, little is known about the clinical 
significance of BRAF-activated non-coding RNA (BANCR) in CRC. The aim of this study is to explore the clinical value of 
lncRNA BANCR in CRC patients.

Methods: The expression of lncRNA BANCR was measured in 106 CRC tissues and 65 adjacent normal tissues using 
the quantitative real-time PCR.

Results: The study showed that lncRNA BANCR was highly expressed in CRC tissues compared with adjacent 
normal tissues (P < 0.001). In addition, high expression of lncRNA BANCR was positively correlated with the lymph 
node metastasis (P < 0.001). Kaplan–Meier analysis showed that patients with high lncRNA BANCR expression had a 
shorter overall survival (OS) compared with the low lncRNA BANCR expression group (P = 0.001). Interestingly, for the 
group of patients with the lymph node metastasis, we found the similar result that high lncRNA BANCR expression 
was related to poor OS (P = 0.004). Furthermore, the multivariate Cox regression model analysis indicated that high 
expression of lncRNA BANCR was an independent poor prognostic factor in CRC patients (HR 2.24, 95% CI 1.22–4.16, 
P = 0.009).

Conclusions: Upregulation of lncRNA BANCR may be associated with the lymph node metastasis and poor sur-
vival of CRC. LncRNA BANCR could be served as a novel and useful biomarker for CRC lymph node metastasis and 
prognosis.
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Background
Colorectal cancer (CRC) is the third most common 
malignant tumor and one of the leading causes of cancer-
related deaths worldwide, making CRC a major public 
health problem all over the world [1]. According to 2015 
Cancer Statistics, a total of estimated 3, 763,000 new 
CRC cases were diagnosed and 191,000 deaths resulted 
from the disease in China [2]. Although the mortality 
of CRC was dramatically decreased in recent decades as 

the effective therapeutic measures developed, such as 
surgical techniques, chemotherapy, and radiotherapy, 
the prognosis of CRC remains unsatisfactory because of 
tumor recurrence and metastasis [3, 4]. Thus, it is urgent 
to identify novel and useful biomarkers which can cor-
relate to clinicopathological features, determine/evalu-
ate prognosis, and provide new therapeutic strategies of 
CRC.

Long non-coding RNAs (lncRNAs), which are a class 
of non-coding RNAs with length more than 200 nucle-
otides, are being paid more and more attention due to 
its critical role in the transcriptional, epigenetic, and 
post-transcriptional regulation of gene expression [5, 
6]. Recently, increasing evidence has suggested that 
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lncRNAs could be involved in a variety of cellular pro-
cesses, including cell cycle regulation, cell differentiation, 
proliferation, growth, and apoptosis [7–10]. In addi-
tion, lncRNAs have been demonstrated to be associ-
ated with various types of cancer, as tumor suppressors 
or oncogenes [11, 12]. Furthermore, a number of studies 
have investigated the aberrant expression of lncRNAs in 
CRC tissues and indicated that lncRNAs might serve as 
potential prognostic biomarkers and therapeutic targets 
[13–15].

The BRAF-activated non-coding RNA (BANCR), 
693  bp in length and located on chromosome 9, is a 
newly functionally characterized lncRNA. Flockhart and 
his colleagues firstly observed that BANCR was overex-
pressed in melanoma cells and played a critical role in 
melanoma cell migration [16]. Subsequently, numerous 
studies have shown that BANCR could be involved in a 
plenty of biological processes, such as cell proliferation, 
migration, and invasion [17–19]. In addition, abnormal 
expression of BANCR has been investigated in various 
types of cancer such as gastric cancer, retinoblastoma, 
and non-small cell lung cancer [19–21]. However, the 
clinical value of BANCR in CRC is still unclear. In the 
present study, we investigated the expression of BANCR 
in CRC tissues and adjacent normal tissues. We then ana-
lyzed the relationship of BANCR expression with clin-
icopathological features, including the overall survival of 
CRC patients.

Materials and methods
Sample collection
The CRC patients hospitalized at the Sichuan Academy 
of Medical Sciences and Sichuan Provincial People’s 
Hospital in Chengdu (Chengdu, China) from June 2009 
to May 2013 were consecutively recruited. The diagno-
sis of CRC was confirmed by a pathological examination 
combined with imaging examination (magnetic reso-
nance imaging, MRI and/or computerized tomography, 
CT). Patients received treatments prior to radical surgi-
cal treatment were excluded. Finally, 106 CRC patients 
were enrolled. 106 freshly frozen colorectal cancer sam-
ples and 65 adjacent normal tissues were collected from 
the patients before any kind of therapeutic measures, 
and fresh samples were immediately preserved in liq-
uid nitrogen. All patients were followed up by telephone 
calls every 3 months from the time of enrollment by per-
sonal or family contacts until death or the last time of 
follow-up. Finally, all the enrolled 106 CRC patients had 
complete follow-ups. The maximum follow-up time for 
the patients was 70.0  months (last follow-up in August 
2015). During follow-up, 48 patients died from CRC, and 
the median survival time (MST) was 49.1  months. This 
study was approved by the ethics committee of Sichuan 

Academy of Medical Sciences and Sichuan Provincial 
People’s Hospital, and the written informed consent was 
also obtained from each participant after a clear explana-
tion of study objective.

Quantitative real‑time transcription‑PCR
Expression of lncRNA BANCR in CRC and adjacent nor-
mal tissues were measured. Total RNA was extracted from 
tissue samples using Trizol reagent (Invitrogen, San Diego, 
CA, USA) according to the manufacturer’s instructions. 
Total RNA from each sample was quantified and quality 
was verified using the NanoDrop ND-1000 spectropho-
tometer (Nanodrop, Wilmington, DE, USA). Total RNA 
(1 μg) was reverse-transcribed into complementary DNA 
(cDNA) with a sequence-specific primer and random hex-
amer primers using the Transcriptor First Strand cDNA 
Synthesis Kit (Roche, Penzberg, Germany). The sequence-
specific primer for lncRNA BANCR was 5′-ACCATAC-
CGAAACTTGAG-3′. The reverse transcription was 
performed at 37  °C for 15  min, then 96  °C for 5  s. The 
quantitative real-time PCR (qRT-PCR) was carried out 
using a Roche Light-Cycler (Roche, Basel, Switzerland) 
and SYBR Green reaction mix (Qiagen, Germany) to 
detect the level of lncRNA BANCR, with GAPDH mRNA 
as a normalizing control. The PCR primers for lncRNA 
BANCR or GAPDH mRNA were as follows: lncRNA 
BANCR forward: 5′-ACAGGACTCCATGGCAAACG-3′; 
lncRNA BANCR reverse: 5′-ATGAAGAAAGCCTG-
GTGCAGT-3′; GAPDH mRNA forward: 5′-ACCACA-
GTCCATGCCATCAC-3′; GAPDH mRNA reverse: 
5′-TCCACCACCCTGTTGCTGTA-3′. The qRT-PCR 
amplification was performed in triplicate reactions under 
the following reaction conditions: (a) 96 °C for 10 min and 
(b) 40 cycles of 96 °C for 10 s, 67 °C for 15 s, and 85 °C for 
20 s. The relative expression of lncRNA BANCR was cal-
culated and normalized using the delta–delta CT  (2−ΔΔCt) 
method relative to GAPDH mRNA. All qRT-PCR reac-
tions were performed in triplicate. The median BANCR 
expression level was used as a cutoff value to define high 
or low BANCR expression.

Statistical analysis
All statistical analyses were performed using SPSS 21.0 
software (Statistical Package for the Social Sciences, 
Chicago, USA) and P  <  0.05 was considered significant 
(two-tailed). The Paired-Samples t test was applied to test 
the differential expression of lncRNA BANCR in cancer 
tissues compared to adjacent normal tissues. The Chi 
square test was conducted for assessing differences in 
clinicopathological characteristics between two groups. 
The Kaplan–Meier method and log-rank test were used 
to plot the survival curves and compare the OS rates of 
patients with different lncRNA BANCR expression levels. 
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The significance of survival variables was analyzed using 
the univariate and multivariate Cox regression model.

Results
LncRNA BANCR expression increased in CRC tissues
In order to assess the effect of lncRNA BANCR in CRC, 
we firstly measured the expression levels of lncRNA 
BANCR in all 65 CRC tissues and 65 adjacent normal tis-
sues. As shown in Fig. 1, lncRNA BANCR expression was 
significantly increased in cancer tissues compared with 
the paired adjacent normal tissues (P < 0.001).

The relationship between lncRNA BANCR expression 
and clinicopathological features in CRC patients
To further investigate the relationship between lncRNA 
BANCR expression and CRC clinicopathological fea-
tures, we then classified 106 CRC tissues into high and 
low lncRNA BANCR expression groups according to the 
median value of all samples (median ΔCT value = 7.89). 
As shown in Table  1, the results indicated that lncRNA 
BANCR expression levels in CRC significantly corre-
lated with lymph node metastasis (P < 0.001). However, 
lncRNA BANCR expression did not correlate with other 
clinicopathological features, such as age (P = 0.430), gen-
der (P =  0.558), tumor size (P =  0.556), differentiation 
(P = 0.672), venous invasion (P = 0.115), depth of inva-
sion (P = 0.115), and location (P = 0.846).

Upregulation of lncRNA BANCR associated with poor 
prognosis of CRC patients
In order to evaluate the prognostic value of lncRNA 
BANCR expression in CRC patients, we finally con-
ducted the Kaplan–Meier analysis and log-rank test to 
investigate the association between lncRNA BANCR 
expression levels and overall survival (OS) of CRC 
patients. As shown in Fig. 2, patients with high lncRNA 

BANCR expression levels displayed significantly lower 
OS rates than those with low lncRNA BANCR expression 
levels (P =  0.001). In the group of patients with lymph 
node metastasis, we found the similar result that the 
OS rates were significantly lower in patients with high 
lncRNA BANCR expression levels than those with low 
lncRNA BANCR expression levels (P = 0.004). However, 
this association was not found in the group of patients 
without lymph node metastasis (data not shown).

In addition, we used the univariate Cox regres-
sion model analysis and found that the tumor size 
(P =  0.012), depth of invasion (P =  0.025), lymph node 
metastasis (P  <  0.001), and lncRNA BANCR expression 
(P = 0.001) were the prognostic factors of CRC patients 
(Table  2). Furthermore, the multivariate Cox regression 
model analysis indicated that high expression of lncRNA 
BANCR was an independent poor prognostic factor in 
CRC patients (HR 2.24, 95% CI 1.22–4.16, P =  0.009), 
regardless of tumor size, depth of invasion, and lymph 
node metastasis (Table 3).Fig. 1 Expression level of lncRNA BANCR in CRC and normal tissues

Table 1 Correlation between  lncRNA BANCR expression 
and clinicopathological factors of CRC

Variable LncRNA BANCR expression 
(n, %)

χ2 P value

Low (n = 53) High (n = 53)

Age (year) 0.622 0.430

 ≤60 29 (54.7) 33 (62.3)

 >60 24 (45.3) 20 (37.7)

Gender 0.344 0.558

 Male 28 (52.8) 31 (58.5)

 Female 25 (47.2) 22 (41.5)

Tumor size (cm) 0.348 0.556

 ≤5 24 (45.3) 21 (39.6)

 >5 29 (54.7) 32 (60.4)

Degree of differentia-
tion

0.179 0.672

 Well and moderate 36 (67.9) 38 (71.7)

 Poor 17 (32.1) 15 (28.3)

Venous invasion 0.534 0.465

 Negative 44 (83.0) 41 (77.4)

 Positive 9 (17.0) 12 (22.6)

Depth of invasion 2.487 0.115

 T1, T2 26 (49.1) 18 (34.0)

 T3, T4 27 (50.9) 35 (66.0)

Lymph node metastasis 8.539 0.003

 Absent 36 (67.9) 21 (39.6)

 Present 17 (32.1) 32 (60.4)

Location 0.038 0.846

 Colon 26 (49.1) 25 (47.2)

 Rectum 27 (50.9) 28 (52.8)
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Discussion
To our best of knowledge, this is the first study to clar-
ify the expression and clinical value of BANCR in CRC. 
In our findings, lncRNA BANCR was highly expressed 
in CRC tissues and positively correlated with the lymph 
node metastasis. In addition, high expression of lncRNA 
BANCR was an independent poor prognostic factor in 
CRC patients.

Up to now, increasing evidence has suggested that 
lncRNAs, the non-coding RNAs with the length more 
than 200 nucleotides, could be involved in CRC patho-
genesis [22, 23]. For example, Niu and his colleagues 
investigated that 71 lncRNAs were up-regulated and 
64 lncRNAs were down-regulated in CRC tissues com-
pared with colorectal adenoma tissues, and lncRNA 
AK027294 closely correlated with colorectal cells prolif-
eration, migration, and apoptosis [24]. Lian et  al. found 
that overexpression of lncRNA HOTTIP was collated 
with an advanced pathological stage and a larger tumor 
size, and further functional analyses revealed that HOT-
TIP promoted CRC growth partially via silencing of p21 
expression [25]. In addition, Zhao et  al. demonstrated 
that plasma HOTAIR and CCAT1 could be used as a 
predictive biomarker for CRC screening [26]. Further-
more, another study reported that up-regulated lncRNA 
HOTAIR expression in primary tumors and in blood of 
CRC was associated with unfavorable prognosis of CRC, 
and HOTAIR blood levels could serve as surrogate prog-
nostic biomarker in CRC [27]. However, not much was 

known about the clinicopathologic and prognostic signif-
icance of lncRNA BANCR expression in CRC.

Since Flockhart et al. firstly observed that BANCR was 
overexpressed in melanoma cells and knocking down 
BANCR expression could inhibit melanoma cell mobil-
ity [16], numerous studies had been conducted to explore 
the biological effects and clinical value in various types of 
cancer. For example, Zhang et al. reported that BANCR 
was highly expressed both in gastric tumor tissues and 
in cancer cells, and it could promote gastric cancer cells 
proliferation via regulation of NF-κB1 [17]. Meanwhile, 
Li et al. showed that BANCR was abnormally increased 
in both human malignant melanoma cell lines and tis-
sues, and BANCR knockdown could significantly inhibit 
cancer cells proliferation by inactivating MAPK pathway 
[28]. In addition, Guo et al. similarly found that BANCR 
was frequently up-regulated in CRC tissues and can-
cer cell lines and significantly correlated with the lymph 
node metastasis and tumor stage of CRC [29]. Further 
study revealed that BANCR could induce the epithelial-
mesenchymal transition through an MEK/extracellular 
signal-regulated kinase-dependent mechanism, and thus 
had the migratory effects [29]. These data suggested a 
tumor-promoting role of BANCR. However, other stud-
ies have shown the inconsistent results. One study found 
that down-regulation of BANCR could induce CRC cell 
growth in  vitro and in  vivo through the regulation of 
p21 protein [18]. Jiang et al. [30] and Sun et al. [21] both 
reported that knockdown of BANCR expression could 

Fig. 2 Kaplan–Meier survival curves of patients with CRC based on lncRNA BANCR expression. a Kaplan–Meier overall survival curves of patients 
with CRC based on BANCR expression. CRC patients in the high BANCR expression group had significantly lower overall survival rates than those in 
the low BANCR expression group (log-rank test P = 0.001). b Kaplan-Meier overall survival curves of CRC patients with the lymph node metastasis 
based on BANCR expression. CRC Patients with lymph node metastasis in the high BANCR expression group had significantly lower overall survival 
rates than those in the low BANCR expression group (log-rank test P = 0.004)
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promote lung cancer cells proliferation and migration 
in vitro. The differential expression and effects of BANCR 
in different types of cancer may be attributed to the vari-
ation of local tumor microenvironment and molecular 
pathways. In order to clarify the expression and clinical 
value of BANCR in CRC, we measured the expression 
levels of lncRNA BANCR in 65 pairs of CRC and adja-
cent normal tissues, and the results showed that lncRNA 
BANCR expression was significantly increased in cancer 
tissues compared with the paired adjacent normal tissues. 

Furthermore, we investigated the relationship between 
lncRNA BANCR expression and CRC clinicopathological 
features, and the results indicated that lncRNA BANCR 
expression levels in CRC significantly correlated with the 
lymph node metastasis.

So far, several studies also evaluated the prognos-
tic value of lncRNA BANCR expression and suggested 
BANCR was an independent prognostic factor in several 
types of cancer. Li et al. detected the BANCR expression 
levels in 184 gastric cancer tissues and found that over-
expressed BANCR was significantly associated with the 
clinical stage, tumor depth, lymph node metastasis and 
distant metastasis in gastric cancer patients, and further 
survival analysis indicated that up-regulated BANCR was 
an independent unfavorable prognostic factor of gastric 
cancer [20]. Su et  al. also proved that high expression 
of BANCR was a poor independent prognostic factor 
for retinoblastoma patients by measuring 60 retinoblas-
toma samples [19]. However, Sun et al. [21] reported that 
down-regulated BANCR positively correlated with larger 
tumor size, advanced pathological stage, metastasis dis-
tance, and was an independent unfavorable prognostic 
factor of non-small cell lung cancer. In order to assess the 
prognostic value of BANCR expression in CRC patients, 
we further conducted the Kaplan–Meier analysis and 
multivariate Cox regression model analysis to find the 
correlation between BANCR expression levels and OS 
of CRC patients, and the results were consistent with 
Li et  al. and Sun et  al. CRC patients with high BANCR 
expression had a shorter OS, which meant high expres-
sion of BANCR was an independent poor prognostic fac-
tor in CRC patients.

In conclusion, our study provided the first evidence 
that upregulation of BANCR may be associated with 
the lymph node metastasis and poor survival of CRC. 
However, extensive functional researches and additional 
well-designed studies with different ethnic groups are 
warranted to confirm and extend our findings.

Table 2 Univariate analyses of prognostic factors for over-
all survival of CRC patients

Variable Patients, n 
(%)

Deaths, n (%) HR (95% CI) P

N = 106 N = 48

Age (year) 0.207

 ≤60 62 (58.5) 32 (66.7) 1

 >60 44 (41.5) 16 (33.3) 0.68 (0.37–
1.24)

Gender 0.888

 Male 59 (55.7) 27 (56.3) 1

 Female 47 (44.3) 21 (43.8) 0.96 (0.54–
1.70)

Tumor size (cm) 0.012

 ≤5 45 (42.5) 18 (37.5) 1

 >5 61 (57.5) 30 (62.5) 2.19 (1.19–
4.03)

Degree of differentiation 0.372

 Well and 
moderate

74 (69.8) 33 (68.8) 1

 Poor 32 (30.2) 15 (31.3) 1.32 (0.72–
2.40)

Venous invasion 0.542

 Negative 85 (80.2) 37 (77.1) 1

 Positive 21 (19.8) 11 (22.9) 1.23 (0.63-
2.42)

Depth of invasion 0.025

 T1, T2 44 (41.5) 17 (35.4) 1

 T3, T4 62 (58.5) 31 (64.6) 2.08 (1.10–
3.94)

Lymph node metastasis <0.001

 Absent 57 (53.8) 12 (25.0) 1

 Present 49 (46.2) 36 (75.0) 4.46 (2.39–
8.33)

Location 0.792

 Colon 51 (48.1) 22 (45.8) 1

 Rectum 55 (51.9) 26 (54.2) 1.08 (0.61–
1.91)

LncRNA BANCR expression 0.001

 Low 53 (50.0) 18 (37.5) 1

 High 53 (50.0) 30 (62.5) 2.74 (1.52–
4.96)

Table 3 Multivariate analyses of  prognostic factors 
for overall survival of CRC patients

Variable Multivariate analysis

HR 95% CI P

Tumor size (cm)

  >5 vs. ≤5 2.20 1.19–4.08 0.012

Depth of invasion

 T3-4 vs. T1-2 1.45 0.76–2.77 0.266

Lymph node metastasis

 Present vs. absent 4.26 2.24–8.10 <0.001

LncRNA BANCR expression

 High vs. low 2.24 1.22–4.16 0.009
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