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Abstract: Objective: accumulating evidence suggest that long non-coding RNAs (lncRNAs) may play important roles 
in human cancers. LncRNA neuroblastoma associated transcript-1 (NBAT-1) was initially identified to be involved in 
the progression of neuroblastoma. However, there is no report about the role of NBAT-1 in clear cell renal cell carci-
noma (ccRCC). The purpose of this study is to investigate the clinical significant of NBAT-1 in ccRCC. Methods: the 
expression pattern of NBAT-1 in ccRCC patients and renal cancer cell lines was detected by using quantitative real-
time PCR (qRT-PCR), and its correlation with clinicopathologic features and prognosis of patients with ccRCC was 
assessed by Kaplan-Meier method and Cox proportional hazards model, respectively. Small interfering RNA (siRNA) 
was transfected into 786-O and ACHN cells to determine the effect of NBAT-1 knockdown on renal cancer cells. 
Result: NBAT-1 expression is significantly decreased in ccRCC tissues and renal cancer cells compared with adja-
cent normal tissues and normal human proximal tubule epithelial cell line HK-2, and its low level is associated with 
advanced features and poor prognosis. Also, multivariate analysis identified NBAT-1 expression as an independent 
prognostic factor for ccRCC. In vitro assays indicated that knockdown of NBAT-1 expression increased renal cancer 
cell proliferation, migration and invasion. Conclusions: NBAT-1 is a novel molecular correlated with ccRCC progres-
sion; and it may represent a prognostic biomarker and therapeutic target in renal cancer diagnosis and treatment.
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Introduction

Renal cell carcinoma (RCC) is responsible for 
approximately 3% of all malignancies in adults 
and represents the most lethal urological can-
cer, with global incidence rates increasing 2% 
per year [1, 2]. Clear cell renal cell carcinoma 
(ccRCC) is the most common subtype of RCC 
and accounts for ~85% of RCC cases [3]. At 
present, surgical resection still remains the 
most effective treatment for localized RCC on 
account of its strong resistance to chemothera-
py and radiotherapy; however, nearly 30% of 
patients develop metastatic disease after sur-
gical treatment, and the median survival time 
for these patients is only 13 months [4, 5]. RCC 
survival rates are directly correlated with tumor 
stage, histological grade and metastasis, RCC 
is usually fatal, despite treatment with targeted 
therapies [6]. More seriously, around 20%-30% 

of RCC patients have found a distant metasta-
sis when first diagnosed because of the lack of 
biomarkers for early diagnosis [7]. Despite the 
great progress in previous studies about many 
genetic and epigenetic changes which are asso-
ciated with progression and development of 
RCC, the precise mechanism of renal cancer 
pathogenesis is still unclear and the prognosis 
remains poor. Therefore, a better understand-
ing of the pathogenesis, looking for sensitive 
and reliable tumor markers for prognostic pre-
diction, and identifying novel targets for improv-
ing treatment in RCC are obviously essential.

Apart from about 2% protein-coding genes, the 
vast majority of the human genome is made up 
of non-coding RNAs (ncRNAs), suggesting that 
ncRNAs may play significant regulatory roles in 
multiple biological procedure [8]. NcRNAs are 
divided into three groups according to their 
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function and transcript size: housekeeping 
RNAs, small non-coding RNAs, and long non-
coding RNAs [9]. Long non-coding RNAs 
(lncRNAs) are a newly discovered class of 
ncRNAs that are longer than 200 nucleotides 
and are not translated into proteins [10]. In the 
past decade, a large class of small ncRNAs, 
microRNAs, has been characterized as onco-
genic or suppressive regulator in tumor pro-
gression through post-translational regulation 
of protein expression [11]. Similar to microR-
NAs, lncRNAs are validated to play various 
important roles in carcinogenesis, invasion and 
metastasis of human cancers [12, 13]. 
Undoubtedly, lncRNAs have become new play-
ers in cancer after microRNAs. Specific lncRNAs 
have also been documented to be involved in 
the pathogenesis and progression of human 
cancers. For example, Li et al. suggested that 
the relative level of lncRNA UCA1 was signifi-
cantly higher in esophageal squamous cell car-
cinoma (ESCC) tissues than that in the adjacent 
non-tumor tissues. Its elevated expression was 
demonstrated to be correlated with advanced 
clinical stage and a poorer prognosis in ESCC 
patients, and down-regulation of UCA1 
decreased cell proliferation, migration, and 
invasion ability [14]. Huang et al. showed that 
overexpression of HOTAIR (HOX antisense inter-
genic RNA) is involved in cervical cancer pro-
gression and patients with higher HOTAIR 
expression levels have a relatively poor progno-
sis [15]. Additionally, Ding et al. reported that 
the lncRNA PVT1 was increased in human gas-
tric cancer (GC) and associated with lymph 
node metastasis [16]. Unfortunately, the 

of NBAT-1 significantly correlated with poor 
prognosis of neuroblastoma patients. In vitro 
studies they indicated that knock-down expres-
sion of NBAT-1 in neuroblastoma cell line 
SH-SY5Y resulted in increased number of via-
ble cells, higher invasive activity and impair-
ment of neuronal differentiation process. 
Furthermore, in vivo assay showed a significant 
increase in the growth rate of NBAT-1 depleted 
xenografts, further confirming the anti-tumor 
property of NBAT-1 in neuroblastoma. Thus the 
lncRNA NBAT-1may act as an independent 
prognostic marker and potential drug target for 
therapeutic interventions in neuroblastoma 
[18]. However, the expression pattern of NBAT-
1 and its potential biological significant in RCC 
are still unclear.

In the present study, we aimed to determine 
the expression and clinical significant of lncRNA 
NBAT-1 in ccRCC. We fist examined the expres-
sion level of NBAT-1 in ccRCC specimens and 
RCC cell lines. We also evaluated the correla-
tion between NBAT-1 expression and clinico-
pathologic features in patients with ccRCC, in 
order to explore the role of NBAT-1 in the predic-
tion for ccRCC prognosis. In addition, we per-
formed in vitro assays to demonstrate the bio-
logical functions of NBAT-1 in RCC cells. Our 
results revealed that decreased expression of 
lncRNA NBAT-1 was associated with the pro-
gression and poor prognosis of ccRCC, and that 
NBAT-1 may serve as a new prognostic bio-
marker and a novel therapeutic target for 
ccRCC patients.

Table 1. Correlation between NBAT-1 expression and clinico-
pathologic features in 98 patients with ccRCC

Parameters Group Total
NBAT-1 expression P 

valueLow High
Gender Male 54 28 26 0.685

Female 44 21 23
Age (years) <65 53 31 22 0.068

≥65 45 18 27
Tumor size (cm) <4 cm 61 30 31 0.835

≥4 cm 37 19 18
Histological grade I-II 63 25 38 0.006

III-IV 35 24 11
Tumor stage T1-T2 58 20 38 0.000

T3-T4 40 29 11
Lymph nodes metastasis Absence 84 38 46 0.021

Presence 14 11 3

expression pattern of lncRNAs and 
their functional significance in RCC 
remains largely unknown. 

LncRNA neuroblastoma associat-
ed transcript-1 (NBAT-1, gene ID 
LOC729177, also known as CA- 
SC14), transcribed from the intron 
of chromosome 6p22, was initially 
found to be involved in the progres-
sion and prognosis of neuroblasto-
ma. Previous evidence revealed 
that a common genetic variation at 
chromosome band 6p22 is associ-
ated with susceptibility to neuro-
blastoma [17]. Pandey et al. 
recently identified that NBAT-1 was 
expressed at lower level in high-
risk tumors and lower expression 
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Materials and methods

Patients and specimens

A total of 98 resected specimens (paired with 
ccRCC tissue and adjacent normal tissue) were 
collected from patients who had underwent 

35 months. For the use of these clinical materi-
als, all patients included in our study had pro-
vided written consent to participate in the study 
after receiving oral and written information 
regarding its course and purpose. Approval for 
this study was received from the Ethics 
Committee of the host institution.

Figure 1. Analysis of NBAT-1 expression in ccRCC patients and cell lines by using qRT-PCR. A. Relative NBAT-1 ex-
pression was significantly decreased in ccRCC tissues compared with adjacent normal tissues. B. Relative NBAT-1 
expression was evidently lower in RCC cell lines than that in normal human proximal tubule epithelial cell line HK-2. 
Expression values are normalized to 1 in normal tissues and cell line HK-2. Results are expressed as mean ± SD of 
three independent experiments and analyzed by student’s t test. *P<0.05.

Figure 2. Kaplan-Meier overall survival curves of patients with ccRCC accord-
ing to relative expression of NBAT-1. Patients with lower expression of NBAT-1 
showed worse overall survival compared with patients with higher expression of 
NBAT-1 (P<0.05, log-rank test).

radical nephrectomy in the 
Department of Urology, 
Shanghai Tenth People’s 
Hospital, Tongji University 
between 2006 and 2008 for 
this study. None of the 
patients received preopera-
tive chemotherapy or radio-
therapy. After surgical resec-
tion, the specimens were 
removed immediately into 
liquid nitrogen for cryo-
preservation until use. The 
ccRCC tissues and paired 
adjacent normal tissues 
were confirmed by postoper-
ative pathologic analysis and 
ccRCC specimens were 
staged according to the 
Union for International 
Cancer Center’s Tumor Node 
Metastasis staging system. 
The clinicopathologic fea-
tures of ccRCC patients are 
presented in Table 1. All 
patients were followed up 
until September 2011 with a 
median observation time of 
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Cell culture and siRNA transfection

Human RCC cell lines 786-O, ACHN, Caki-1, and 
Caki-2 were obtained from the Cell Bank of 
Type Culture Collection of Chinese Academy of 
Sciences (CCCAS, China). Immortalized normal 
human proximal tubule epithelial cell line HK-2 
was purchased from the American Type Culture 
Collection (ATCC, USA). HK-2 cells were cultured 
in KSFM medium (Gibco), and other cells were 
cultured in RPMI-1640 medium (HyClone) with 
10% fetal bovine serum (Gibco). The culture 
media were all supplemented with 10% fetal 
bovine serum, 50 U/ml of penicillin and 50 μg/
ml of streptomycin. All cells were maintained at 
37°C in a humidified incubator with 5% CO2.

Small interfering RNA that targeted NBAT-1 RNA 
(si-NBAT-1) and a scrambled negative control 
(si-NC) were generously provided by Life 
Technologies. Cell transfection was performed 
using Lipofectamine 2000 (Life Technologies) 
according to the manufacturer’s protocol. 
Briefly, RCC cell lines 786-O and ACHN were 
transfected with either 50 nmol si-NBAT-1 or 
si-NC, respectively. The sequence of si-NBAT-1 
was 5’-GGCCACCACAUUGAAUUUAUU-3’. After 
incubated for 48 hours, cells transfected with 
small interfering RNA (siRNA) were harvested 
and the relative expression of NBAT-1 was con-
firmed by quantitative real-time PCR.

RNA extraction and quantitative real-time PCR

Total RNA was extracted from tissues and cells 
using the TRIzol reagent (Invitrogen) according 

to the manufacturer’s instruction. RNA samples 
were then reverse-transcribed into complemen-
tary DNA (cDNA) by using SuperScript First 
Strand cDNA System (Invitrogen) following the 
manufacturer’s manual. The expression level of 
NBAT-1 was measured by quantitative real-time 
PCR (qRT-PCR), which was performed using the 
Applied Biosystems 7900HT (Applied Bio- 
systems) with 1.0 μl of cDNA and SYBR Green 
Real-time PCR Master Mix (Takara). The PCR 
amplification was performed for 40 cycles of 
94°C for 30 s, 60°C for 30 s, and 72°C for 30 
s. The primer sequences tested in this study 
were listed as follows: NBAT-1 sense 5’-GCT- 
CTACATGACGGGAAAGC-3’, reverse 5’-AAGCA- 
GCCTCTGATCCATGA-3’; GAPDH sense 5’-GTA- 
AGACCCCTGGACCACCA-3’, reverse 5’-CAAGG- 
GGTCTACATGGCAACT-3’. Relative gene expres-
sion was analyzed using the 2-ΔΔCT method, and 
the results were normalized to GAPDH. Data 
were collected and analyzed by SDS 2.3 
Software (Applied Biosystems). qRT-PCR exper-
iments were replicated at least three times.

Cell proliferation assay

The proliferation capacity of renal cancer cells 
was evaluated by the 3-(4, 5-dimethylthiazol-
2-yl)-2, 5-diphenyl tetrazolium bromide (MTT) 
assay according to the manufacturer’s proto-
col. Briefly, 786-O and ACHN cells that had 
been transfected with si-NBAT-1 or si-NC for 48 
h were seeded into 96-well plates at a density 
of 5×103 cells per well. After incubation for dif-

Table 2. Univariate and multivariate analysis of clinicopathologic factors for overall survival in 98 
patients with ccRCC

Variable
Univariate analysis Multivariate analysis

Risk ratio 95% CI P Risk ratio 95% CI P
Gender
    Male vs Female 1.378 0.649-2.178 0.337
Age (years)
    ≥65 vs <65 2.289 1.214-3.208 0.298
Tumor size
    ≥4 cm vs <4 cm 2.912 2.271-5.196 0.143
Histological grade
    III-IV vs I-II 3.927 2.379-6.733 <0.001 3.187 2.018-5.649 0.009
Tumor stage
    T3-4 vs T1-2 2.946 2.162-5.272 0.031 2.614 2.079-4.848 0.019
Lymph node
    Presence vs Absence 4.413 2.934-7.619 0.008 3.866 2.112-6.718 0.014
NBAT-1 
    Low vs High 4.192 1.453-11.206 0.006 3.701 1.261-9.784 0.002
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ferent time (24 h, 48 h, 72, and 96 h), 20 μL of 
MTT (5 mg/ml, Sigma) was added to each well 
and further incubated for 4 h at 37°C. Then, the 
medium was removed and 150 μL of DMSO 
(Sigma) was added to each well for 15 min at 
room temperature to solubilize the crystals. 
Finally, cell proliferation was determined by 
absorbance measurement at 490 nm using an 

enzyme-labeled analyzer. Three independent 
experiments were performed repeatedly.

Flow cytometry 

The effect of NBAT-1 knockdown on renal can-
cer cells apoptosis was evaluated by using the 
FITC Annexin V Apoptosis Detection Kit (BD 

Figure 3. NBAT-1 knockdown increased cell proliferation of renal cancer cells. A. The relative expression level of 
NBAT-1 in 786-O and ACHN cells after transfected with si-NBAT-1 was effectively decreased compared to those 
transfected with si-NC. B, C. Cell proliferation of 786-O and ACHN cells was significantly increased after transfection 
with si-NBAT-1. D. Lower apoptosis rate of 786-O and ACHN cells was detected in si-NBAT-1 group than that in si-NC 
group. E, F. Cell cycle distribution of 786-O and ACHN cells compared between si-NBAT-1 group and si-NC group. 
Bars represent percentages of cells in G0/G1, S, and G2/M phase. Results are expressed as mean ± SD of three 
independent experiments. *P<0.05.
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Biosciences) according to the manufacturer’s 
guideline. 786-O and ACHN cells were plated 
into 6-well plates in antibiotic-free medium, 
after being transfected with si-NBAT-1 or si-NC 
for 48 h. For apoptosis analysis, each group of 
cells was collected and washed twice with 
phosphate-buffered saline (PBS). Then, cells 
were stained with fluorescein isothiocyanate 
(FITC)-Annexin V and propidium iodide (PI, BD 
Biosciences) in darkness for 15 min at room 
temperature, after which the apoptotic cells 
were analyzed using the FACS Caliber flow 
cytometer (BD Biosciences). 

After 48 h transfection as earlier described, 
cells for cell-cycle analysis were collected by 
trypsinization and fixed in 70% ice-cold ethanol 
overnight. Then, cells were washed with PBS 
and stained with PI in the dark at room tem-
perature for 30 min. Cell cycle distribution was 
determined by flow cytometry in accordance 
with the manufacturer’s instruction. All experi-
ments were conducted in triplicate.

Wound healing assay

For the wound healing assay, cells transfected 
with si-NBAT-1 or si-NC were seeded into 
12-well plates with complete medium and were 
cultured until the cell density reached to 90-95 
% confluence. The complete medium was then 
removed and cells were serum starved for 24 h. 
After that, an artificial homogeneous wound 
was created by scratching the monolayer with a 
sterile 200 μl pipette tip. The wounded mono-

layer cells were washed by PBS for three times 
to remove cell debris and further cultured for 
48 hours. Images of cells migrating into the 
wound were captured at 0, and 48 h using a 
phase contrast microscope (Olympus). Three 
independent experiments were performed 
repeatedly.

Transwell invasion assay

The cell invasion assay was performed using 
24-well transwell chambers (8 μm pore size; 
Millipore) with membranes coated with 100 μg 
(1 mg/ml) Matrigel (BD Bioscience) according 
to the manufacturer’s protocol. The siRNA 
transfected cells were re-suspended (1×105 
cells per well) in 200 μL of serum-free medium 
and plated in the upper chamber, and complete 
medium containing 10% FBS was added to the 
lower chamber. After incubation for 24 h at 
37°C under 5% CO2, non-invaded cells were 
removed from the upper chamber with a cotton 
swab. Cells that had invaded through the mem-
brane were fixed and stained with 0.1% crystal 
violet. Number of invaded cells was counted in 
five randomly selected fields under a micro-
scope; the number of invaded si-NBAT-1 cells 
was expressed as fold-change relative to si-NC 
cells. Three independent experiments were 
performed repeatedly.

Statistical analysis

All the data are expressed as the mean ± SD. 
The significance of the differences between 

Figure 4. NBAT-1 knockdown increased cell migration and invasion of renal cancer cells. A. 786-O and ACHN cells 
showed an increased migration capacity after si-NBAT-1 transfection compared with si-NC transfection. B. 786-O 
and ACHN cells showed an increased invasion capacity after si-NBAT-1 transfection compared with si-NC transfec-
tion. Results are expressed as mean ± SD of three independent experiments. *P<0.05.
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groups was tested by a Wilcoxon signed-rank 
test, a Student’s t test, or a chi-square test as 
appropriate. Overall survival curves were esti-
mated by the Kaplan-Meier method and uni-
variate analysis was conducted by log-rank 
test. The Cox proportional hazards model was 
used in the multivariate analysis. Significance 
was defined as P<0.05. All statistical analyses 
were performed by using SPSS version 18.0 
software (IBM).

Results

NBAT-1 expression is decreased in ccRCC tis-
sues and RCC cell lines

To determine whether lncRNA NBAT-1 was 
differ entially expressed in ccRCC tissues, a 
total of 98 paired clinical ccRCC tissues and 
adjacent normal tissues were analyzed for 
NBAT-1 expres sion using qRT-PCR. Expression 
values were normalized to 1 in normal tissues. 
Results showed that NBAT-1 expression was 
significantly decreased in clinical ccRCC speci-
mens in comparison with adjacent normal tis-
sues (P<0.05, Figure 1A). Furthermore, com-
pared with normal human proximal tubule epi-
thelial cell line HK-2, NBAT-1 expression was 
also demonstrated to be lower in 4 RCC cell 
lines by qRT-PCR (P<0.05, Figure 1B). These 
results indicate that NBAT-1 may play a tumor 
suppressive role in ccRCC. 

Patients with ccRCC were divided into low 
(n=49) and high (n=49) NBAT-1 expression 
groups based on the median value (0.37) of 
relative NBAT-1 expression, and clinicopatho-
logic features were compared between the two 
groups. As summarized in Table 1, decreased 
NBAT-1 expression significantly correlated with 
histological grade, tumor stage and lymphnode 
metastasis (P<0.05). However, there was no 
significant correlation between NBAT-1 expres-
sion and other clinicopathologic features such 
as age, gender, and tumor size (P>0.05). These 
data reveal that decreased NBAT-1 expression 
is associated with clinical progression and 
development of ccRCC.

Low NBAT-1 expression predicts poor progno-
sis in patients with ccRCC

Data of Kaplan-Meier analysis showed that 
patients with lower NBAT-1 expression had sig-
nificantly worse overall survival compared with 

patients with high er NBAT-1 expression (log-
rank test, P<0.05) (Figure 2). As shown in Table 
2, univariate analysis identified that relative 
expression of NBAT-1, histological grade, tumor 
stage and lymph node metastasis are associ-
ated with overall survival of patients with ccRCC 
(P<0.05). Moreover, multivariate analysis 
proved that relative expression of NBAT-1 was 
an independent prognostic factor for the over-
all survival of patients with ccRCC in addition to 
histological grade, tumor stage and lymph node 
metastasis. Thus it suggested that NBAT-1 can 
serve as a powerful independent prognostic 
predictor in ccRCC patients.

NBAT-1 knockdown increases cell proliferation 
in RCC cells

To identify the biological functions of NBAT-1 on 
RCC cells in vitro, small interfering RNA si-
NBAT-1 was transfected into 786-O and ACHN 
cells, respectively. Nonspecific siRNA was used 
as a negative control (si-NC). After transfection, 
NBAT-1 expression was confirmed to be effec-
tively suppressed in si-NBAT-1 cells in com-
pared with si-NC cells (P<0.05, Figure 3A). As 
measured by MTT assay, cell proliferation of 
786-O cells and ACHN cells was evidently 
increased in si-NBAT-1 group compared with 
that in si-NC group (P<0.05, Figure 3B, 3C).

As the increased proliferation of RCC cells in 
NBAT-1 knockdown group observed in MTT 
assay, we presumed that this procedure may 
correlate with cell apoptosis and/or cell cycle 
distribution, which were performed with flow 
cytometry. 48 hours after transfection with si-
NBAT-1, 786-O cells and ACHN cells showed a 
relative lower apoptosis rate than that in cells 
transfected with si-NC (P<0.05, Figure 3D). For 
the cell cycle distribution, the rate of cells was 
smaller in the G0/G1 phase and larger in the 
G2/M phase in si-NBAT-1 group compared with 
that in si-NC group (P<0.05, Figure 3E, 3F). 
These results imply that NBAT-1 may play an 
important role in RCC cells proliferation. 

NBAT-1 knockdown increases cell migration 
and invasion in RCC cells

Wound healing assay was conducted to assess 
the effect of NBAT-1 on the migration of RCC 
cells. This assay revealed that, compared with 
si-NC group, knockdown of NBAT-1 increased 
cell migration capacity of RCC cells in si-NBAT-1 
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group (P<0.05, Figure 4A). Similarly, transwell 
invasion assay indicated that both cell lines 
transfected with si-NBAT-1 displayed higher 
invasive ability than cells transfected with si-NC 
(P<0.05, Figure 4B). These experiments dem-
onstrate that NBAT-1 might play as a tumor sup-
pressor via inhibiting cell migration and inva-
sion in RCC, and decreased expression of 
NBAT-1 may cause high migratory and invasive-
ness of RCC cells. 

Discussion

Renal cell carcinoma is the third most prevalent 
urological cancer after prostate and bladder 
cancer, but it has the highest mortality rate. 
Each year, approximately 202,000 patients are 
diagnosed with this malignancy resulting in 
about 102,000 deaths worldwide [19, 20]. 
Because of the quite poor prognosis of RCC, 
identifying a novel molecular which is involved 
in prognosis, progression and development 
may lead to improvement in the diagnosis and 
treatment of RCC. LncRNAs, a group of tran-
scripts without protein coding potential, have 
gained massive attention in recent years for 
potentially new and crucial player in gene regu-
lation. Evidence showed that many lncRNAs 
have altered expression in various types of 
human cancer and dysregulation of lncRNAs 
may act as tumor suppressors or oncogenes in 
human caner pathogenesis and progression 
[21]. In this regard, highlighting the potentially 
biological significance of lncRNAs in human 
cancer especially RCC is extremely important. 

In recent years, roles of lncRNAs in RCC have 
attracted mach interest from urological 
researchers and are becoming a hot spot in 
renal cancer research. Qiao et al. found that 
the expression level of lncRNA GAS5 is lower in 
ccRCC samples or RCC cell line A498 than that 
in normal renal tissues or normal renal cell line 
HK-2. Furthermore, functional experiments 
demonstrated that overexpression of GAS5 in 
A498 cells inhibited tumor progression [22]. 
Yao et al. showed that lncRNA CADM1-AS1 
expression was observed decreased in tumor 
tissues of ccRCC patients compared with adja-
cent non-tumor tissues and its decreased 
expression was correlated with the progression 
and worse survival of ccRCC patients [23]. In 
addition, Song et al. indicated that RCCRT1 is 
remarkably increased in renal cancer and up-
regulate expression of RCCRT1 is correlated 

with poor prognosis in renal cancer patients via 
promoting renal cancer cell migration and inva-
sion [24]. NBAT-1, which was originally found to 
be associated with the progression of neuro-
blastoma, may also play an important role in 
RCC.

In this study, we investigated the expression 
pattern of NBAT-1 and its biological significance 
in ccRCC for the first time. We first detected 
that NBAT-1 expression is significantly 
decreased in ccRCC tissues and RCC cells. 
Clinically, down-regulation of NBAT-1 showed an 
obvious correlation with histological grade, 
tumor stage and lymphnode metastasis. 
Furthermore, decreased expression of NBAT-1 
was associated with a worse overall survival 
and its expression level was proved to be an 
independent prognostic factor in patients with 
ccRCC. These findings indicated that NBAT-1 is 
involved in the development and progression of 
ccRCC and it might be a potential prognostic 
biomarker in ccRCC patients.

Pandey GK, et al. also demonstrated that 
knockdown of NBAT-1 in neuroblastoma cell 
line SH-SY5Y resulted in more viable cells and 
increased ability of cell migration and invasion, 
which confirmed the antitumor capacity of 
NABT-1 [18]. From our clinicopathologic data of 
ccRCC patients, we found that decreased 
expression of NBAT-1 is closely related to the 
advanced features and poor prognosis. In view 
of these, we supposed that NBAT-1 may also 
affect the growth and metastasis of RCC cells. 
To confirm this hypothesis, we conducted in 
vitro assays by down-regulating NBAT-1 in 
786-O and ACHN cells. Interestingly, our results 
revealed that after transfection with si-NBAT-1, 
both cell lines showed a significantly increase 
of cell proliferation, migration and invasion 
compared with control groups. These assays 
suggested that NBAT-1might impact the pro-
gression of renal cancer by affecting cell prolif-
eration and invasiveness.

As the weakness of our study, we did not 
explore the molecular mechanism through 
which NBAT-1 affects the development and pro-
gression of RCC. As showed in previous study, 
NBAT-1 act as a tumor suppressor via NBAT-1/
EZH2 (enhancer of zeste homolog 2) interac-
tion in neuroblastoma [18]. Thus EZH2 might 
be a candidate target of NBAT-1 in its antitumor 
procedure. Evidence also demonstrated that 
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EZH2 is an oncogenic regulator in renal cancer. 
For example, high expression level of EZH2 was 
observed in advanced ccRCC and was corre-
lated with a shorter overall survival time, which 
was accompanied with increased VEGF expres-
sion. In vitro assays implied that EZH2 silencing 
inhibited VEGF expression and cell proliferation 
as well [25]. Liu et al. identified that EZH2 pro-
motes migration and invasion in RCC cell lines. 
And silencing EZH2 can inhibit cell migration 
and invasion; meanwhile, up-regulation of 
E-cadherin expression was observed [26]. Lee 
et al. also revealed that patients with 
high EZH2 expression had a significantly short-
er disease-free survival than those with low 
EZH2 expression in RCC and EZH2 may play as 
a prognostic marker for aggressive RCC [27]. 
Based on these, more effort is needed to make 
for further insights into the antitumor mecha-
nism of NBAT-1 and the potential correlation 
between NBAT-1 and EZH2 in RCC.

In conclusion, our study demonstrated for the 
first time that lncRNA NBAT-1 expression is sig-
nificantly decreased renal cancer and the low 
expression of NBAT-1 is significantly correlated 
with advanced tumor progression and a lower 
overall survival rate of ccRCC patients. 
Moreover, NBAT-1 expression level was deter-
mined as an independent prognostic factor in 
patients with ccRCC. We further identified that 
NBAT-1 knockdown can increase RCC cells pro-
liferation, migration and invasion by in vitro 
assays. All the evidence above suggested that 
NBAT-1 is a novel molecular correlated with 
ccRCC progression, and it may represent a 
prognostic biomarker and therapeutic target in 
renal cancer diagnosis and treatment.
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