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Abstract: Purpose: Recent studies have demonstrated that IncRNAs can serve as useful biomarkers for human can-
cers. The aim of this study was to analyze the diagnostic and prognostic value of plasma IncRNA BANCR in patients
with hepatocellular carcinoma (HCC). Methods: Using real-time reverse transcriptase-polymerase chain reaction,
we examined BANCR expression in the plasma samples of 110 patients with HCC, 90 patients with benign liver dis-
eases, and 120 healthy volunteers. We also explored the correlation of plasma BANCR levels with clinicopathologi-
cal factors. At last, we assessed the potential diagnostic and prognostic values of plasma BANCR for HCC. Results:
The relative BANCR levels in plasma samples from HCC patients were significantly higher than those obtained from
benign liver disease group and healthy controls (both P < 0.01). High level of plasma BANCR correlated with large
tumor size, poor tumor differentiation, positive venous infiltration, and advanced TNM stage. Increased plasma
BANCR expression predicted unfavorable overall survival in HCC independently. Furthermore, ROC curve analysis
confirmed plasma BANCR as a useful marker in discriminating HCC from benign liver diseases and healthy controls.
Conclusions: These findings suggested that plasma BANCR expression was upregulated in HCC and might act as a

novel diagnostic and prognostic biomarker.
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Introduction

Hepatocellular carcinoma (HCC), accounting for
about 80%-90% of all liver cancer cases, is the
second leading cause of cancer-related deaths
in the world, leading to > 600,000 deaths each
year [1]. One of the important reasons for the
dismal clinical outcome of HCC patients is lack
of effective methods for its early diagnosis.
Although alpha-fetoprotein (AFP) has been
widely used for the detection and monitoring of
HCC, its sensitivity and specificity are insuffi-
cient. The false negative rate using AFP level
alone may be as high as 45% for early stage
HCC and nearly 20% for patients at advanced
stage [2]. Thus, novel effective biomarkers for
the early diagnosis and prognostic evaluation
of HCC are urgently needed.

The long non-coding RNAs (IncRNAs) are tran-
scriptional RNA molecules longer than 200

nucleotides that lack protein-coding potential
[3]. Increasing evidence shows that IncRNAs
are involved in diverse biological processes,
and deregulation of IncRNAs has been found in
a wide range of human diseases, including can-
cer [4]. LncRNAs play a critical role in tumor ini-
tiation, progression, and metastasis [5, 6]. In
addition, IncRNAs are detectable and stable in
serum, plasma, urine and other body fluids,
opening a new way for the seeking of tumor
markers [7, 8]. For example, plasma IncRNA
H19 and serum IncRNA RP11-445H22.4 are
useful diagnostic biomarkers for breast cancer
[9, 10]. Blood IncRNA HOTAIR and CRNDE-h are
prognostic factors for colorectal cancer [11,
12]. High plasma IncRNA MALAT1 expression is
associated with distant metastasis in patients
with epithelial ovarian cancer and gastric can-
cer [13, 14]. The levels of IncRNA ABHD11-AS1
in gastric juice from gastric cancer patients
were associated with tumor size, tumor stage,
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Table 1. The correlations of plasma BANCR and
clinical characteristics of HCC patients

Characteristics Patients (E;Ael\;iRilzv;\I:) P values
Age

<60 54 2.79+0.51

>60 56 2.83+0.49 0.542
Gender

Male 63 2.66 + 0.58

Female 47 2.94 +0.47 0.487
Tumor grade

Gl 40 2.29+0.45

G2+G3 70 3.42 + 0.59 0.017
AFP (ng/L)

>400 68 2.99 + 0.55

<400 42 2.61+£0.50 0.219
Tumor diameter (cm)

<5 65 2.11+0.41

>5 45 3.56+0.63 0.005
Tumor nodes

Multi 39 2.87 £0.48

Single 71 2.69+0.42 0.304
Venous infiltration

Presence 36 3.50+0.44

Absence 74 2.08+0.39 0.008
TNM stage

-1 49 1.97 + 0.36

0 61 3.68+0.66 0.002

and blood carcinoembryonic antigen (CEA) lev-
els [15]. However, the use of circulating IncRNA
as blood-based, minimally invasive biomarkers
in HCC is still relatively less explored.

LncRNA BANCR (BRAF-activated non-coding
RNA), 693 bp in length and located in chromo-
some 9, is a novel identified cancer-related
IncRNA. Recent studies have revealed aberrant
BANCR expression and its tumor suppressive
or oncogenic function in thyroid cancer [16],
non-small cell lung cancer [17], bladder cancer
[18], melanoma [19, 20], colorectal cancer
[241], gastric cancer [22], endometrial cancer
[23], esophageal squamous cell carcinoma
(ESCC) [24], and HCC [25]. BANCR expression
was remarkably increased in HCC tissues, and
its up-regulation was correlated with aggres-
sive clinicopathological features and shorter
overall survival [25]. More importantly, high
plasma BANCR expression and its diagnostic
value has been reported in patients with gas-
tric cancer and ESCC [24, 26]. However, it is
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unclear whether circulating BANCR could se-
rve as a potential biomarker for HCC.

In this study, we firstly detected plasma BA-
NCR expression levels in HCC patients and
healthy controls. Then, we investigated the
correlations between plasma BANCR levels
and clinicopathological features. Lastly, we
assessed the potential diagnostic and prog-
nostic values of plasma BANCR for HCC
patients.

Materials and methods
Patients and clinical specimens

A total of 110 primary HCC patients who re-
ceived hepatic resection at The First Affiliated
Hospital, School of Medicine, Zhejiang Un-
iversity (Hangzhou, Zhejiang 310003, China)
between January 2008 and August 2012
were involved in this study. None of the
patients had previously undergone chemo-
therapy, radiation therapy, or immunotherapy.
Peripheral blood (5 ml) were obtained at diag-
nosis without any treatment. The samples
were collected in ethylene diamine tetraacetic
acid (EDTA) anti-coagulation tubes, and centri-
fuged at 2,000 g for 5 min at 4°C, followed by
centrifugation at 12,000 g for 5 min at 4°C, to
thoroughly remove any cell debris. All blood
samples were processed within 6 h after
obtained, and the plasma was stored at-80°C
until further analysis. Plasma samples from 90
patients with benign liver diseases and 120
healthy volunteers were used as control. The
benign liver diseases group contained 75
patients with chronic hepatitis (including 49
with liver cirrhosis and 26 without), 10 patients
with fatty liver diseases, and 5 patients with
alcoholic liver diseases. The clinical character-
istics of HCC patients are shown in Table 1.
Follow-up data for all HCC patients were
acquired. Overall survival was calculated from
the date of initial surgical operation to death or
last follow-up. This study was approved by the
ethics committee of Zhejiang University and
informed consent was obtained from each
subject.

RNA extraction, reverse transcription, and real-
time PCR

Total RNA was extracted from 400 pL of plasma

using TRIzol LS reagent (Life Technologies). The
quality of RNA samples was assessed by a UV
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Figure 1. Plasma BANCR levels in hepatocellular car-
cinoma (HCC) patients were significantly higher than
those in benign liver disease (BLD) group and healthy
controls (HC). The relative expression of BANCR was
determined by qRT-PCR with the ACt method. Small-
er ACt value indicated higher level. **P < 0.01.
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Figure 2. ROC curve analysis of plasma BANCR ver-
sus AFP in discriminating HCC from healthy controls.
The AUC for plasma BANCR was 0.866 (Cutoff value:
3.17; sensitivity: 92.73%, specificity: 71.67%, PPV:
74.63%, NPV: 89.58). The AUC for AFP was 0.745
(Cutoff value: 210 pg/L; sensitivity: 70.91%, specific-
ity: 58.33%, PPV: 60.94%, NPV: 68.63%).

spectrophotometer (Bio-Rad, Hercules, CA,
USA). The 0D260/280 ratios for all samples
were between 1.8 and 2.0. Complementary
DNA was synthesized by using a PrimeScript RT
Master Mix Kit (TaKaRa, Dalian, China) in a final
volume of 50 pL. Quantitative PCR was per-
formed using ABI Viia7 (Applied Biosystems,
Foster City, CA, USA) with SYBR expression
assay system (TaKaRa, Dalian, China). GAPDH
was chosen as the endogenous control for data
normalization because its expression is rela-
tively stable in plasma [27, 28]. The primer
sequences used in this study were as follows:
BANCR, 5-ACA GGA CTC CAT GGC AAA CG-3’
(forward) and 5-ATG AAG AAA GCC TGG TGC
AGT-3’ (reverse); GAPDH, 5-AGA GGC AGG GAT
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GAT GTT CTG-3’ (forward) and 5-GAC TCA TGA
CCA CAG TCC ATGC-3’ (reverse). The relative
quantification of BANCR expression was calcu-
lated using the ACt method, and ACt = Ct(BANCR)
- Ct g uppn A sMaller ACt value indicates higher

expression of BANCR [15, 28].
Statistics

Statistical tests were carried out using SPSS
version 16.0 (SPSS Inc., Chicago, IL, USA). The
differences in BANCR expression were ana-
lyzed using a Student’s t-test when only 2
groups or one-way analysis of variance (ANOVA)
when more than 2 groups were compared.
Receiver-operating characteristic (ROC) curve
was constructed and the area under the ROC
curve (AUC) was calculated to evaluate the
diagnostic value of plasma BANCR. Survival
curves were constructed with the Kaplan-Meier
method and compared by log-rank tests. Cox
regression analysis was performed to analyze
prognostic significance of each variable. Di-
fferences were considered significant when P <
0.05.

Results

Increased plasma levels of BANCR in HCC
patients

Plasma BANCR expression was detected in
110 HCC, 90 benign liver disease subjects and
120 healthy controls by using RT-PCR. As
shown in Figure 1, the relative BANCR levels in
plasma samples from HCC patients were sig-
nificantly higher than those obtained from
benign liver disease group and healthy controls
(both P <0.01). No significant difference was ob-
served in the plasma BANCR expression be-
tween patients with benign liver diseases and
healthy controls.

Plasma BANCR correlates with clinicopatho-
logical features of HCC

Table 1 displayed the associations between
plasma BANCR levels and the clinicopathologi-
cal features. Increased plasma BANCR expres-
sion was significantly associated with poor
tumor differentiation (P = 0.017), large tumor
size (P = 0.005), vascular invasion (P = 0.008),
and advanced TNM stage (P = 0.002). There
were no significant correlation between plasma
BANCR expression and other clinical features

Int J Clin Exp Med 2017;10(8):11984-11990
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Figure 3. ROC curve analysis of plasma BANCR ver-
sus AFP in discriminating HCC from benign liver dis-
eases. The AUC for plasma BANCR was 0.830 (Cutoff
value: 3.22; sensitivity: 89.09%, specificity: 66.67%,
PPV: 75.81%, NPV: 78.95). The AUC for AFP was
0.696 (Cutoff value: 296 pg/L; sensitivity: 61.82%,
specificity: 55.56%, PPV: 62.96%, NPV: 54.35%).
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Figure 4. Overall survival curves of HCC patients with
high versus low plasma BANCR levels (Cutoff value:
ACt =2.1; P < 0.001, log rank test).

such as patient’s gender, age, tumor number,
and AFP level.

Diagnostic value of plasma BANCR for HCC

ROC curve analysis was performed to detect
the diagnostic value of plasma BANCR for HCC.
As shown in Figure 2, the AUC for plasma
BANCR was 0.866 (95% CI: 0.801-0.931; sen-
sitivity: 92.73%, specificity: 71.67%) in discrimi-
nating HCC from healthy controls, higher than
that for AFP (AUC: 0.745, 95% CI: 0.654-0.836)
(P < 0.01). Moreover, plasma BANCR still had a
better performance compared with AFP in dis-
criminating HCC from benign liver diseases
(Figure 3). The AUC for plasma BANCR was
0.830 (95% Cl: 0.748-0.911; sensitivity:
89.09%, specificity: 66.67%), higher than that
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for AFP (AUC: 0.696, 95% CI: 0.593-0.799) (P <
0.02).

Prognostic value of plasma BANCR in HCC

At last, we evaluated the prognostic value of
plasma BANCR in HCC. The median value of
plasma BANCR was chosen as a cutoff and
used to assign the HCC patients to high plasma
BANCR group or low plasma BANCR group.
Kaplan-Meier analysis with the log-rank test
indicated that HCC patients in high plasma
BANCR group had a significantly shorter overall
survival than those in low plasma BANCR group
(P < 0.001; Figure 4). Univariate analysis dem-
onstrated that tumor size, tumor differentia-
tion, vascular invasion, and TNM stage could
predict patient survival as well (Table 2). The
multivariate analyses confirmed plasma BANCR
(P =0.011) as an independent prognostic indi-
cator for overall survival of HCC patients in
addition to tumor size (P = 0.034), vascular
invasion (P = 0.025), and clinical stage (P =
0.006; Table 2).

Discussion

Emerging evidence indicates that IncRNAs play
important roles in the biology of human can-
cers. In terms of HCC, abnormal expression of
several INcCRNAs and their functions have been
reported. For example, the levels of IncRNA
SPRY4-IT1 were upregulated in HCC tissues,
and its up-regulation was correlated with poor
tumor differentiation, large tumor size, and
advanced clinical stage [29]. Low IncRNA
DGCR5 expression was an independent nega-
tive prognostic factor for HCC [30Q]. Circulating
IncRNA HULC and LincO0152 may act as novel
diagnostic biomarkers for HCC [31]. Overex-
pression of IncRNA HOST2 can promote HCC
cell proliferation, migration and invasion and
inhibit cell apoptosis [32]. Thus, functional
IncRNAs may be applied for HCC diagnosis,
prognosis, and therapeutics.

There is no optimal biomarker for early diagno-
sis of HCC at present. Although AFP is widely
used in clinic, its sensitivity and specificity are
still not satisfactory. Recent study showed that
IncRNAs derived from tumor tissues could be
secreted into blood [33], and these IncRNAs
are detectable and stable in plasma [34].
Circulating IncRNAs are emerging as novel bio-
markers for detection and monitoring of several

Int J Clin Exp Med 2017;10(8):11984-11990
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Table 2. Cox regression analysis of factors associated with 5-year overall survival in HCC patients

Univariate analysis

Multivariate analysis

Variables

RR P-value RR P-value
Age (years) (= 60/< 60) 1.008 0.562 -
Gender (Male/Female) 0.965 0.647
Tumor grade (G1/G2+G3) 2.023 0.037 1.254 0.086
AFP (ng/L) (= 400/< 400) 1.127 0.098 -
Tumor diameter (cm) (= 5/< 5) 2.954 0.019 2.425 0.034
Tumor nodes (Multi/Single) 1.212 0.093 -
Venous infiltration (Presence/Absence) 5.057 0.003 2.718 0.025
TNM stage (I-11/111) 6.454 < 0.001 5.039 0.006
Plasma BANCR expression (Low/high) 5.966 <0.001 3.841 0.011

Univariate analysis

Multivariate analysis

Variables

Beta RR P-value Beta RR Reference P-value
Age (years) (= 60/< 60) 0.008 1.008 0.562 0.003 1.003 <60 0.614
Gender (Male/Female) -0.036 0.965 0.647 -0.022 0.978 Female 0.558
Tumor grade (G1/G2+G3) 0.705 2.023 0.037 0.226 1.254 G1 0.086
AFP (ng/L) (= 400/< 400) 0.120 1.127 0.098 0.196 1.217 <400 0.119
Tumor diameter (cm) (= 5/< 5) 1.083 2.954 0.019 0.886 2.425 <5 0.034
Tumor nodes (Multi/Single) 0.192 1.212 0.093 0.176 1.192 Single 0.133
Venous infiltration (Presence/Absence) 1.621 5.057 0.003 0.999 2.718 Absence 0.025
TNM stage (I-1/111) 1.866 6.454 <0.001 1.617 5.039 -1l 0.006
Plasma BANCR expression (Low/high, cutoff value: ACt = 2.1) 1.791 5966 <0.001 1.346 3.841 Low 0.011

types of cancer. In the present study, we found
that the levels of plasma BANCR increased sig-
nificantly in HCC compared with those in benign
liver disease group and healthy controls. We
also observed a significant association be-
tween plasma BANCR expression and aggres-
sive clinicopathological features. Additionally,
plasma BANCR could differentiate HCC from
benign liver diseases and healthy controls,
yielding higher AUC scores than AFP. Patients in
high plasma BANCR group had a poorer prog-
nosis than those in low plasma BANCR group.
These findings highlight the potential of plasma
BANCR as a novel diagnostic and prognostic
biomarker for HCC.

Upregulation of plasma BANCR has been
reported in patients with ESCC and gastric can-
cer. Liu et al. showed BANCR overexpression in
both tumor tissues and plasma samples from
ESCC patients [24]. They also observed a sig-
nificant correlation between tissue and plasma
BANCR levels. Zhang et al. revealed increased
plasma BANCR expression and its diagnostic
significance in gastric cancer [26]. The poten-
tial diagnostic and prognostic values of plasma
BANCR in other human malignancies would be
an interesting and important topic of future
investigations.
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Generally, IncRNAs involved in regulation of
cancer cells phenotypes by regulating target
gene expression by different mechanisms, in-
cluding chromatin modification, genomic im-
printing, RNA decay and sponging miRNAs [35,
36]. BANCR regulated the proliferation and
migration of malignant melanoma and lung
cancer cells via MAPK pathway [20, 37]. BANCR
contributed to colorectal cancer migration by
inducing epithelial-mesenchymal transition
(EMT) [21]. NF-kappaB1 and miR-9 were in-
volved in the role of BANCR in gastric cancer
cell growth and apoptosis [22]. Zhou et al.
found that BANCR downregulation inhibited
HCC cell proliferation and invasion and sup-
pressed EMT [25]. Future studies are encour-
aged to identify novel downstream genes or
pathways of BANCR and further clarify the
mechanisms how BANCR exerts the oncogenic
function in HCC.

We are aware of some limitations in our work.
First, it was a retrospective study, and the sam-
ple size was relatively small. Second, the plas-
ma expression of only one IncRNA (BANCR) was
examined in our study. Several other IncRNAs,
such as HULC and LincO0152, were also
expressed abnormally in the plasma of HCC
patients and may act as biomarkers [31].

Int J Clin Exp Med 2017;10(8):11984-11990
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Genome-wide microarray analysis might be an
ideal way to identify circulating IncRNAs with
diagnostic ability, and a plasma-based bio-
marker panel including several IncRNAs would
help to improve the sensitivity and specificity.

Conclusions

In summary, our study showed that IncRNA
BANCR was significantly up-regulated in plas-
ma samples of HCC patients, and high BANCR
levels were correlated with aggressive clinico-
pathological features and poor overall survival.
In addition, plasma BANCR expression achieved
a fine diagnostic accuracy in discriminating
HCC from benign liver diseases and healthy
controls. Our results suggest that plasma BA-
NCR may act as a novel diagnostic and prog-
nostic biomarker for HCC.
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