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Abstract. Early diagnosis is essential to reduce lung 
cancer-associated morbidity and mortality rates; however 
the lack of diagnostic biomarkers for lung cancer has made 
this difficult. Recent studies have demonstrated that long 
noncoding RNAs (lncRNAs) serve important roles in cancer 
occurrence and progression. The present study investigated the 
novel lncRNA RP11-713B9.1, which is the antisense transcript 
of tumor suppressor in lung cancer 1 (TSLC1). The expression 
levels of RP11-713B9.1 and TSLC1 in non-small cell lung cancer 
were determined using reverse-transcription quantitative poly-
merase chain reaction, which revealed that the expression of 
RP11‑713B9.1 and TSLC1 was significantly downregulated 
in tumor tissue compared with that in adjacent normal tissue 
samples. In addition, the expression of RP11-713B9.1 was 
identified to be positively correlated with the expression of 
tumor suppressors TSLC1, CYLD lysine 63 deubiquitinase 
and APC WNT signaling pathway regulator, and negatively 
correlated with B-Raf proto-oncogene serine/threonine kinase 
expression. Furthermore, the overexpression of RP11-713B9.1 
resulted in significant upregulation of TSLC1 and inhibition of 
H460 cell viability, while the opposite effects were observed 
following the knockdown of RP11-713B9.1 in A549 cells. 
Taken together, the results of the current study suggest that 
lncRNA RP11-713B9.1 serves as a promising biomarker and 
potential therapeutic target for non-small cell lung cancer. 

Introduction

Lung cancer is one of the most common cancers worldwide 
and the first leading cause of the cancer‑related death (1,2). 
Despite tremendous efforts made to improve lung cancer 
treatment including surgery, chemotherapy and radiotherapy, 
a substantial number of patients still face the high risk of drug 
resistance and subsequent tumor metastasis (3-5). Moreover, 
metastasis is the major contributor to morbidity and mortality 
in patients with non-small cell lung cancer (NSCLC). 
Therefore, further research into the potential molecular basis 
of NSCLC progression is pivotal to improving the treatment 
and prognosis of NSCLC.

Long noncoding RNAs (lncRNAs) are an important class 
of the noncoding RNA family, longer than 200 nucleotides 
without evident protein-coding capabilities (6). Increasing 
evidence has showed that lncRNAs act a crucial role in cancer 
occurrence and progression (7-10). Some lncRNAs can partici-
pate in diverse biological processes, including cell viability, 
modulation of migration and invasion (11-13). However, 
compared to the well-characterized microRNA, the functions 
of lncRNAs have not been fully unravelled.

Recent studies have identified that lncRNAs are involved in 
NSCLC pathogenesis (14,15), which provide a new insight into 
the clinical benefit in NSCLC treatment. TSLC1 (also known 
as CADM1, IGSF4, SynCAM, SgIGSF and Necl-2) (16-18) has 
been proved as a tumor suppressor gene in various cancers 
including nasopharyngeal cancer, breast cancer, gastric cancer, 
pancreatic cancer, colorectal cancer, cervical cancer and pros-
tate cancer (19-25). Intriguingly, recent study has showed that 
TSLC1 is significantly down‑regulated in NSCLC tissues and 
cell lines, and elevated expression of TSLC1 inhibits NSCLC 
cell viability, migration, and invasion (26). BRAF is well known 
as a genetic mutation that could activate oncogenes, which have 
been identified to be associated with NSCLC (27). CYLD and 
APC are the negative regulators of Wnt signaling pathway 
and also reported to be associated with NSCLC (28,29). 
Nonetheless, as the antisense RNA of TSLC1 (30), lncRNA 
RP11-713B9.1 expression and its biological role in NSCLC 
development and progression remain largely unknown.
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In our study, we discovered that the expression of 
RP11-713B9.1 in NSCLC samples was significantly lower 
than that in the adjacent normal lung tissues. The expression 
of RP11-713B9.1 and TSLC1 was positively correlated and 
co-regulated in NSCLC. Furthermore, overexpression and 
knockdown experiments were performed to explore the role of 
RP11-713B9.1 in NSCLC cells. We found that RP11-713B9.1 
overexpression inhibited the NSCLC cells viability, whereas 
RP11-713B9.1 knockdown showed the opposite results.  
On the basis of our findings, we speculate that lncRNA 
RP11-713B9.1 may serve as a novel potential biomarker in 
NSCLC treatment.

Materials and methods

Lung cancer samples. Samples of surgically removed tumors 
used in this study were collected from 46 patients with a 
postoperative diagnosis of NSCLC from 2010 to 2012 in First 
Affiliated Hospital of Yangtz University. Demographic and 
clinical characteristics of 46 NSCLC patients were shown in 
Table I. No patients had received therapy before surgery. Each 
participated patient signed a written informed consent, which 
was in accordance with our institutional ethical guidelines. 
The utilization of tumor tissues for this study was all approved 
by the ethical committee of First Affiliated Hospital of Yangtz 
University. The 46 NSCLC tumor samples were quick frozen 
at the time of resection until analysis.

Cancer cell lines. The human normal lung epithelial cell 
BEAS-2B, the commercial human NSCLC cell lines H460, 
H1975, A549 were obtained from the American Tissue 
Culture Collection (ATCC, Manassas, VA, USA), and cell 
lines were maintained in Dulbecco's modified Eagle's medium 
(DMEM) medium (Gibco, Carlsbad, CA, USA) supplemented 
with 10% fetal bovine serum (FBS) (Invitrogen, Carlsbad, 
CA, USA) in a humidified atmosphere of 5% (v/v) CO2 and 
95% air at 37˚C.

Real‑Time Quantitative PCR. Total RNA was extracted from 
the NSCLC tumor tissue and adjacent normal tissue using the 
Trizol Total RNA Reagent (Invitrogen, Carlsbad CA, USA) 
following the manufacturer's protocol. cDNA synthesis was 
performed with 2 µg total RNA using the RevertAidTM H 
Minus First Strand cDNA Synthesis Kit (Takara, Ohtsu, 
Japan). The primers were obtained from GenePharma 
(Shanghai, China) and the sequences were shown in Table II. 
Real-Time Quantitative PCR was performed using the SYBR 
PrimeScript Real-Time Quantitative PCR kit (Takara, Ohtsu, 
Japan) in an Applied Biosystems 7500 Fluorescent Quantitative 
PCR System (Applied Biosystems, Foster City, CA, USA). 
The reaction mixtures started at 95˚C for 30 sec, followed by 
40 amplification cycles of 95˚C for 5 sec and 60˚C for 34 sec. 
The quantification of gene expression was performed using the 
ΔΔCT calculation with CT as the threshold cycle.

Overexpression of RP11‑713B9.1 in A549 cell line. 
pcDNA-RP11-713B9.1 was cloned into BamHI-EcoRI sites of 
pcDNA3.1. The RP11-713B9.1 low-expressing A549 cells were 
transfected with pcDNA-RP11-713B9.1 using Lipofectamine 
2000 (Invitrogen, US) according to the manufacturer's 

instructions. Cells were collected after transfection for RNA 
extraction, MTT cell viability assay.

Knockdown of RP11‑713B9.1 in H460 cell line. For 
small interfering RNA (siRNA) analysis, siRNA for the 
RP11-713B9.1 sequence and negative-control (NC) siRNA 
were given from GenePharma (Shanghai, China). The target 
sequences of RP11-713B9.1 siRNA were shown in Table III, 
which were also used in our previous literature (30). H460 
cells were plated to the 12-well plates with a density of 
2x103 cells per well and cultured at least 24 h before transfec-
tion. siRNA transfection was performed with X-tremeGENE 
transfection reagent (Roche) according to the manufacturer's 
instructions. High-expressing RP11-713B9.1 in H460 cell 
line was harvested or fixed 48 h after transfection for RNA 
extraction, MTT assay.

Cell viability assay. After transfection, cell viability was 
tested using a 3-(4,5-Dimethyl-thiazol-2-yl)-2,5-diphen 
yltetrazolium bromide (MTT) assay (Promega) according to 
the manufacturer's instruction. A549 and H460 cells were 
seeded at a density of 2x103 cells per well in 96-well plates and 
maintained in Dulbecco's modified Eagle's medium (DMEM) 
supplemented with 10% FBS for 24-68 h prior to transfection 
with siRNA. Cells were transfected using 25 nM RP11-713B9.1 
siRNA or control NC siRNA in serum-free and antibiotic-free 
DMEM. After transfection 3-5 days, cells were analyzed using 
the MTT reagent for another 4 h. 100 µl DMSO was added to 
dissolve the MTT-formazan formed by metabolically viable 
cells and then shaken for homogeneity. Optical density was 
measured at 24, 48 and 72 h after transfection on a microplate 
reader with the wave length of 490 nm.

Statistical analyses. Differences between two groups were 
carried out using Student's t-test. One-way ANOVA was 
used for the comparison of multiple groups (>2).The data 
variables were shown as the mean ± SD. Correlation between 
genes expression was analyzed using Pearson's correlation. 
Statistical analyses were conducted using SPSS version 18.0 
(SPSS, Chicago, IL, USA). For all statistical analyses, *P<0.05 
was considered statistically significant.

Results 

Both RP11‑713B9.1 and TSLC1 were down‑regulated in the 
NSCLC tissue samples. The RP11-713B9.1 and TSLC1 expres-
sion levels were assessed through paired specimen obtained 
from 46 patients with lung cancer. And each tumor sample was 
normalized to the relative adjacent non-tumor tissue. The data 
showed that both RP11-713B9.1 and TSLC1 expression were 
significantly down‑regulated in the NSCLC tissues (P<0.001) 
(Fig. 1A, B).

Expression of RP11‑713B9.1 was correlated with TSLC1 and 
other tumor related genes. The correlation of RP11-713B9.1 
expression with TSLC1 was assessed using Real-Time 
Quantitative PCR. The data suggested that RP11-713B9.1 
expression was positively correlated with TSLC1 expression 
(R=0.62, P<0.0001, Fig. 2A). In addition, the connections 
between RP11-713B9.1 expression and other tumor regulating 
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Table I. Demographic and clinical characteristics of 46 NSCLC patients.

 NSCLC patients  Deaths MST Log-rank Crude HR
Variables n (%) n=22 (months) P (95% CI)

Age
  ≤65 21 (0.46) 10 25.9 ‑ 1.00 (Reference) 
  >65 25 (0.54) 12 24.3 0.83 1.093 (0.48-2.49)
Sex
  Male 40 (0.87) 13 30.7 - 1.00 (Reference)
  Female 6 (0.13) 9 24.9 0.13 0.52 (0.22-1.22)
Smoking
  Never 7 (0.15) 2 40.1 - 1.00 (Reference)
  Ever 39 (0.85) 20 31.7 <0.01 14.26 (3.30-61.64)
Histology
  Adenocarcinoma 21 (0.46) 9 25.3 - 1.00 (Reference)
  Squamous cell carcinoma 15 (0.33) 8 21.9 0.39 1.52 (0.59-3.95)
  Others 10 (0.21) 5 17.6 0.66 1.28 (0.43-3.83)
Clinical stage
  Early 12 (0.26) 4 58.4 - 1.00 (Reference)
  Advanced 34 (0.74) 18 12.8 0.003 5.36 (1.80-15.93)
Surgery
  No 29 (0.63) 14 22.7 - 1.00 (Reference)
  Yes 17 (0.37) 8 32.1 0.004 0.19 (0.06-0.59)
Chemotherapy
  No 11 (0.24) 10 23.9 - 1.00 (Reference)
  Yes 35 (0.76) 12 25.2 0.98 1.01 (0.44-2.34)
Radiotherapy
  No 25 (0.54) 11 20.4 - 1.00 (Reference)
  Yes 21 (0.46) 11 22.9 0.58 0.79 (0.34-1.83)

Table II. Primers Real-Time Quantitative PCR analysis.

Gene name Forward Reverse

β-actin 5'-CCACTGGCATCGTGATGGA-3' 5'-CGCTCGGTGAGGATCTTCAT-3'
RP11-713B9.1 5'-TGACAAAGGCAGGAGGTA-3' 5'-GCACTATGGCTGAGGAAA-3'
TSLC1 5'-ATGGCGAGTGTAGTGCTGC-3' 5'-GATCACTGTCACGTCTTTCGT-3'
CYLD 5'-TTCACTGACGGGGTGTACCA-3' 5'-CAGGACCTGCGTAATCACTTTC-3'
APC 5'-TCCTCCGCAATGTGTCCAG-3' 5'-AGGCTGTGCGAAGTCAGATG-3'
BRAF 5'-AATACACCAGCAAGCTAGATGC-3' 5'-AATCAGTTCCGTTCCCCAGAG-3'

Table III. siRNA for RP11-713B9.1 sequences (30).

Name The sequences

RP11-713B9.1-si1 Sense strand 5'-rGrUrArCrCrUrCrCrUrGrCrCrUrUrUrGrUrCrArArGrCrCAA-3'
 Antisense strand 5'-rUrUrGrGrCrUrUrGrArCrArArArGrGrCrArGrGrArGrGrUrArCrArA-3'
RP11-713B9.1-si2 Sense strand 5'-rGrArCrCrUrArUrCrGrArGrArArCrUrGrArGrArGrCrGrACA-3'
 Antisense strand 5'-rUrGrUrCrGrCrUrCrUrCrArGrUrUrCrUrCrGrArUrArGrGrUrCrArG-3'
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genes in NSCLC were also analyzed. The results confirmed 
that RP11-713B9.1 expression was positively correlated 
with tumor suppressors CYLD (R=0.57, P<0.0001, Fig. 2B) 
and APC (R=0.59, P<0.0001, Fig. 2C), and negatively 
correlated with the oncogene BRAF (R=-0.55, P<0.0001, 
Fig. 2D).

Co‑regulation of TSLC1 expression with RP11‑713B9.1 
overexpression or knockdown in NSCLC cell lines. 
Through Real-Time Quantitative PCR, we found that both 
RP11-713B9.1 and TSLC1 expression were the highest 
in H460 and the lowest in A549 among the three human 
NSCLC cell lines (Fig. 3A). In the overexpression experiment, 
when pcDNA RP11-713B9.1 was conducted and transfected 
into the A549, RP11-713B9.1 expression was remarkably 
elevated and TSLC1 expression level was also apparently 
up-regulated (P<0.05, Fig. 3B), whereas in the knock-down 
experiment, RP11-713B9.1 expression was markedly decreased 
in the H460 cells after RP11-713B9.1 siRNA transfection. 
Quantification analysis showed that RP11‑713B9.1 expres-
sion level was nearly knocked down 90% in RP11-713B9.1 
siRNA group and TSLC1 expression level was also  
down-regulated (P<0.05, Fig. 3C). It indicated that TSLC1 
expression may be modulated by RP11-713B9.1 since TSLC1 

Figure 1. RP11-713B9.1 and TSLC1 expression in NSCLC compared with 
normal tissues. (A) RP11‑713B9.1 and (B) TSLC1 expressions were signifi-
cantly lower than normal tissues. ***P<0.001; T, tumor; N, normal.

Figure 2. The correlation of RP11-713B9.1 expression with TSLC1 and other 
tumor related genes was assessed. RP11-713B9.1 expression was positively 
correlated with (A) TSLC1, (B) CYLD, (C) APC, and negatively correlated 
with (D) BRAF.
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expression was co-regulated together with the RP11-713B9.1 
in NSCLC cells.

A549 cell viability was inhibited by RP11‑713B9.1 
overexpression. To further analyze the role of RP11-713B9.1 in 

A549 cells, functional assays were conducted by transfecting 
pcDNA RP11-713B9.1 and pcDNA control. The results showed 
that the A549 cells grew evidently slower in the pcDNA 
RP11-713B9.1 group than those in pcDNA control group 
(P<0.05, Fig. 4).

H460 cells viability was enhanced by RP11‑713B9.1 
knockdown. To further analyze the role of RP11-713B9.1 
in H460 cells, RP11-713B9.1 knockdown experiments 
were conducted by transfecting RP11-713B9.1 siRNA and 
NC siRNA groups. The H460 cells viability was markedly 
promoted in the RP11-713B9.1 siRNA group when compared 
with the NC siRNA group (P<0.05, Fig. 5).

Discussion

LncRNAs have been shown to exert a crucial role in tumori-
genesis and contributes to a diverse of biological functions in 
human cancers (7-10). In recent years, aberrantly expressed 
lncRNAs have been reported to be implicated in regulating 
cell viability, migration and invasion (11-13). However, little 
is known about the expression and function of specified 

Figure 5. RP11-713B9.1 knockdown enhanced the viability of H460 cells. 
*P<0.05 vs. NC siRNA group. NC, negative control; siRNA, small interfering 
RNA.

Figure 3. Co-regulation of TSLC1 expression with the RP11-713B9.1 over-
expression or knockdown in the NSCLC cell lines. (A) In the three human 
NSCLC cell lines, the expression of RP11-713B9.1 and TSLC1 were highest in 
H460 and lowest in A549. (B) In the overexpression experiment, after pcDNA 
RP11-713B9.1 was conducted and transfected into the A549, RP11-713B9.1 
expression and TSLC1 expression level were remarkably elevated. (C) In 
the knockdown experiment, RP11-713B9.1 siRNAs were transfected into 
the H460 cells; RP11-713B9.1 expression and TSLC1 expression level were 
markedly decreased. *P<0.05; GAPDH, reduced glyceraldehyde-phosphate 
dehydrogenase; pcDNA, plasmid complementary DNA; NC, negative 
control; siRNA, small interfering RNA.

Figure 4. RP11-713B9.1 overexpression inhibited the viability of A549 cells. 
*P<0.05 vs. pcDNA control. pcDNA, plasmid complementary DNA.



CAI et al:  DOWN-REGULATION OF LONG NONCODING RNA RP11-713B9.1 3699

lncRNA in NSCLC cells. Furthermore, the biological roles 
of many lncRNAs in NSCLC initiation and progression are 
far from being well elucidated. Due to the fact that tumor 
metastasis is the major contributor to NSCLC related death, 
seeking a specific lncRNA involved in metastasis may 
provide novel opportunities to identify effective therapy 
against NSCLC.

Recent studies have identified that TSLC1 as a new tumor 
suppressor is often abnormally expressed in multiple cancers, 
including NSCLC (19-26). Intriguingly, RP11-713B9.1 is the 
antisense transcript of TSLC1. Despite RP11-713B9.1 as a 
novel lncRNA, its expression profile and functional role in 
NSCLC has not yet investigated, which generated our interest.

In our study, we observed that the expression of 
RP11-713B9.1 and TSLC1 were down-regulated in NSCLC 
tumors compared with matched normal tissues. Numerous 
protein-coding genes in the human genome have their anti-
sense transcript partners, most of which are noncoding, just 
like RP11-713B9.1 and TSLC1, as a type of sense-antisense 
RNA duplex formation. Generally, the antisense lncRNA 
can modulate the sense mRNA either in a discordant or a 
concordant manner (31-33). For instance, HIF1α together 
with its antisense partner aHIF has been recognized as a 
concordant sense-antisense RNA couple (34). Hence, we 
explored the correlation between RP11-713B9.1 and TSLC1 
and it was demonstrated that they were positively correlated, 
which indicated TSLC1 may be regulated by RP11-713B9.1. 
Recent studies have reported some new genetic mutations 
that activate oncogenes, such as BRAF (27) and others that 
contribute to the loss of tumor suppressor function, such as 
CYLD, APC in NSCLC (28,29). We performed the further 
work to investigate the correlation of RP11-713B9.1 with 
BRAF, APC and CYLD. Impressively, we found that the 
expression of RP11-713B9.1 was positively correlated with 
tumor suppressors APC and CYLD, and negatively corre-
lated with the oncogene BRAF.

Moreover, we discovered that up-regulating the 
RP11-713B9.1 expression in low-expressing A549 cells 
remarkably inhibited the viability of NSCLC cells, 
while down-regulating the RP11-713B9.1 expression in 
high-expressing H460 cells showed the opposite effect. 
Collectively, we probably firstly found that RP11-713B9.1 
was significantly down-regulated in NSCLC tissues when 
compared with nontumorous tissues. In addition, we also 
observed that RP11-713B9.1 expression was positively associ-
ated with tumor suppressors TSLC1 and CYLD, negatively 
correlative with oncogene BRAF. More important, loss-of 
and gain-of-function experiments were conducted through 
MTT assay, we determined that RP11-713B9.1 expression had 
evident effect on cell viability.

To the best of our knowledge, our data may provide the first 
evidence for clarifying the functional role of RP11-713B9.1 
in NSCLC. These novel findings inspire us to speculate 
that the RP11-713B9.1 may serve as a potential biomarker 
and therapeutic target for NSCLC treatment in the future. 
Further analyses of additional clinical samples of NSCLC 
patients are needed as only a fraction of patient samples were 
analyzed in our study because of the difficulty in collection. 
In addition, more functional experiments like cell prolifera-
tion, migration, invasion and apoptosis will be performed to 

further investigate the functional roles of RP11-713B9.1 in 
NSCLC as we are aware that the functional experiments in 
our current study may not be sufficient due to the limited 
time. Analyzing and exploring the molecular mechanism of 
RP11-713B9.1 in NSCLC will be a priority for all on the basis 
of this paper. Above mentioned future research directions 
will underscore the significance of this study in near future, 
which will provide new insight into the effective therapy for 
NSCLC.

In summary, we discovered that RP11-713B9.1 and TSLC1 
were down-regulated in NSCLC tissues. Meanwhile, we 
found that RP11-713B9.1 was positively correlated with tumor 
suppressors TSLC1, CYLD and APC, negatively correlated 
with oncogene BRAF gene. Further MTT assay showed that 
RP11-713B9.1 overexpression inhibited cell viability while 
knockdown showed the opposite effect. The data provides 
a new insight into the expression and functional role of 
RP11-713B9.1 in NSCLC. Taken together, we propose that the 
RP11-713B9.1 may play a crucial role in the occurrence and 
progression of NSCLC and has the potential to be a promising 
diagnostic biomarker, novel prognostic factor and therapeutic 
target for NSCLC in future treatment.
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