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Purpose: Emerging evidence suggests that many differentially expressed long non-coding RNAs 

(lncRNAs) are involved in tumorigenesis. However, the functional roles of these transcripts and 

the mechanisms responsible for their deregulation in  non-small-cell lung cancer (NSCLC) remain 

elusive. Here, we identified a novel lncRNA (lncRNA 1308), which was significantly upregulated 

in NSCLC tissues and investigated its biological function and potential molecular mechanism.

Methods: Differences in the lncRNA expression profiles between NSCLC and tumor-adjacent 

normal tissues were assessed by lncRNA expression microarray analysis. The microRNA in 

vivo precipitation (miRIP) method was used to identify the targeting microRNAs (miRNAs) 

on lncRNA 1308, and luciferase reporter assays were performed. Loss-of-function studies were 

used to explore the effect of lncRNA 1308 on lung carcinogenesis in NSCLC cells.

Results: The novel lncRNA 1308 was upregulated in NSCLC tissues and cell lines. By using 

biotin-labeled lncRNA 1308 for miRIP in NSCLC cells and dual-luciferase reporter assays, the 

results suggested that miRNA-124 was associated with lncRNA 1308. Furthermore, the expres-

sion of a disintegrin and a metalloproteinase 15 (ADAM 15) was downregulated in NSCLC 

cells when silencing of lncRNA 1308, the target of oncogenic miR-124, inhibits NSCLC cell 

proliferation and invasion. Conversely, the expression of ADAM 15 was significantly increased, 

when inhibiting the expression of miR-124, and alleviated cell invasion inhibition.

Conclusion: The results suggested that lncRNA 1308 may function as a competing endogenous 

RNA (ceRNA) for miR-124 to regulate cell invasion through the miR-124/ADAM 15 signal-

ing pathway, indicating that lncRNA 1308 plays an important role in the disease progression 

of NSCLC.
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Introduction
Lung cancer is the most common leading cause of death worldwide. In China, more 

than 700,000 new cases of lung cancer are diagnosed, and approximately 60,000 

patients die of lung cancer each year.1 In some regions, such as Xuanwei, Qujing, or 

Gejiu, in the Honghe autonomous prefecture of Yunnan Province, the incidence of lung 

cancer is one among the highest in China and in the world.2,3 Recently, a retrospective 

sampling survey reported mortality rates of lung cancer in Xuanwei of 98.10/105 in 

men and 83.21/105 in women.4 Approximately 85% of all lung cancer cases have been 

diagnosed as non-small-cell lung cancer (NSCLC), and tumor metastasis occurs in 

more than half of all patients.5 Despite several therapies used in the clinical treatment 

of NSCLC, such as radiation, chemotherapy, and surgical resection, the outcomes 

remain unsatisfactory, with a 5-year survival rate of only 17%.6 Therefore,  exploring the 
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underlying mechanism of NSCLC and identifying potential 

therapeutic target become imperative requirements.

Long non-coding RNAs (lncRNAs) are a class of transcripts 

longer than 200 nt in size, which lack significant protein-coding 

capacity. Emerging data have suggested that lncRNAs are 

involved in a wide range of biological processes, such as cellular 

proliferation, apoptosis, and differentiation.7,8 In the past few 

years, substantial evidence indicates that some lncRNAs, such 

as MALAT1, MEG3, and TP73-AS1, could regulate cancer pro-

gression.9–11 Moreover, several lncRNAs have been reported to 

participate in NSCLC. For instance, overexpression of lncRNA 

HOXA11-AS could repress miR-200b and promote cell epithe-

lial–mesenchymal transition in NSCLC,5 whereas upregulation 

of lncRNA 00673 promotes tumor proliferation through LSD1 

interaction and repression of NCALD in NSCLC.12

Although only a small quantity of functional lncRNAs 

have been well studied nowadays, they have been shown 

to regulate gene expression at various levels, including 

chromatin modification, transcriptional regulation, and post-

transcriptional regulation.7,13 Currently, the cross talk between 

lncRNAs and mRNAs as competing for shared microRNAs’ 

(miRNAs) response elements has been identified as a new 

regulatory mechanism. In other words, lncRNAs may func-

tion as competing endogenous RNAs (ceRNAs) to sponge 

miRNAs, thereby modulating the depression of miRNA tar-

gets and imposing an additional level of post-transcriptional 

regulation.14 In a previous study, lncRNA HOTAIR has been 

reported to be a ceRNA that regulates HER2 expression by 

sponging miR-331-3p in gastric cancer.15 Peng et al16 reported 

that lncRNA MEG3, a ceRNA of miR-181s, could regulate 

gastric carcinogenesis and may serve as a potential target 

for antineoplastic therapies. Therefore, we hypothesize that 

some lncRNAs may also have functions like ceRNAs, which 

could link miRNAs and the post-transcriptional network in 

the disease development of NSCLC. However, the underlying 

mechanisms of lncRNAs involved in the disease progression 

of NSCLC remain to be elucidated and characterized. Also, 

previous studies of occurrences of NSCLC in Xuanwei (Xuan-

wei lung cancer [XWLC]) are focused mainly on its epidemi-

ology, and little is known about the underlying mechanisms.

In this study, differences in the lncRNA expression profiles 

between NSCLC and tumor-adjacent normal tissues were 

assessed by lncRNA expression microarray analysis. We first 

identified that lncRNA 1308, a novel lncRNA, was overex-

pressed in NSCLC tissues compared with adjacent normal 

tissues. Then, we studied the underlying mechanisms involved 

in this phenomenon and found that knockdown of lncRNA 

1308 decreased the expression of a disintegrin and a metallo-

proteinase 15 (ADAM 15) by negatively regulating miR-124. 

Overexpression of ADAM 15 has been observed in several 

types of cancers and is involved in the progression of metastatic 

tumor,17,18 and previous literature also demonstrated that ADAM 

15 can upregulate the expression of matrix metallopeptidase 9 

(MM9, a key regulator of cancer invasion and metastasis), thus 

promoting lung cancer cell invasion.19 Taken together, this study 

provides the first evidence for a positive lncRNA 1308/ADAM 

15 correlation and cross talk between miR-124, lncRNA 1308, 

and ADAM 15, shedding new light on NSCLC treatment.

Materials and methods
specimens and cell lines
This research was in accordance with the requirements of 

the Declaration of Helsinki. Forty lung cancer tissues and 

the corresponding non-tumor tissues were obtained in accor-

dance with the protocol approved by the ethics committee of 

the Third Affiliated Hospital of Kunming Medical Univer-

sity, Kunming, China. The patients received the necessary 

information concerning the study, and the written informed 

consent was obtained from all included individuals. The 

human lung cancer cell lines A549, H1975, and H1299, and 

the human lung normal cell line BESA-2B, were purchased 

from American Type Culture Collection (ATCC, Manassas, 

VA, USA) and cultured in the supplemented media accord-

ing to the ATCC’s recommendation. XWLC and Gejiu lung 

cancer (GLC), the local cell lines, were isolated from the 

cancer tissues of the patients who lived in Yunnan Province 

and were cultured in regular DMEM containing 10% FBS 

(vol/vol) as HEK-293T cells (ATCC). Cells were cultured at 

37°C in a humidified atmosphere containing 5% CO
2
.

Rna isolation and quantitative reverse 
transcription PCR (qRT-PCR) analysis
Total RNA was extracted from lung cancer tissues, adjacent 

non-tumor tissues, and lung cancer cell lines by using TRIzol 

according to the manufacturer’s instructions. qRT-PCR assay 

was performed using SYBRgreen PCR Master Mix in a Fast 

Real-time PCR 7500 System (Thermo Fisher Scientific, 

Waltham, MA, USA). The sequences of gene-specific prim-

ers are listed in Table S1. β-Actin was used as an internal 

control for normalization and quantification of lncRNA 1308 

expression. The relative expression level was calculated using 

the 2−ΔΔCt method.

human lncRna microarray assay
Total RNA from 15 pairs of NSCLC and adjacent non-

cancerous lung tissues was isolated using the TRIzol agent 
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(Thermo Fisher Scientific) following the manufacturers’ 

instruction. Total RNA was quantified by the NanoDrop 

ND-2000 (Thermo Fisher Scientific), and the RNA integrity 

was assessed using Agilent Bioanalyzer 2100 (Agilent Tech-

nologies, Santa Clara, CA, USA). Analysis of the expression 

profile of NSCLC-related lncRNAs was performed by a 

commercially available oligonucleotide lncRNA microarray 

(Agilent Human lncRNA microarray, 4*180K, Design ID: 

062918; Agilent Technologies) by following the manufactur-

er’s recommendations. Briefly, total RNA was transcribed to 

double strand cDNA, then synthesized into cRNA and labeled 

with Cyanine-3-CTP. The labeled cRNAs were hybridized 

onto the microarray. After washing, the arrays were scanned 

by the Agilent Scanner G2505C (Agilent Technologies). The 

array images were further analyzed by Agilent Feature Extrac-

tion software (version_10.7.1.1; Agilent Technologies). The 

raw data were normalized using the quantile algorithm. The 

threshold set for up- and downregulated genes was a fold 

change of ≥2.0 and a P-value of <0.05.

luciferase assays
Luciferase reporter plasmid was constructed by cloning 

human ADAM 15 and lncRNA 1308 mRNA sequence into 

pMIR-Report construct (Ambion, Austin, TX, USA). All 

the primers are listed in Table S1. Luciferase reporter assays 

were performed according to the protocol. HEK 293 T cells 

plated in a 96-well plate were co-transfected with 50 nmol/L 

miR-124 mimics or negative control oligonucleotides, 20 ng 

of firefly luciferase reporter, and 10 ng of pRL-TK (Promega 

Corporation, Fitchburg, WI, USA) using the INTERFERin 

reagent (Polyplus-transfection, Illkirch France). Cells were col-

lected 36 hours after transfection and analyzed using the Dual-

Luciferase Reporter Assay System (Promega Corporation).

Oligonucleotide and plasmid transfection
RNA oligos were chemically synthesized and purified by 

GenePharma Co., Ltd. (Shanghai, China). The sequences of 

lncRNA 1308 siRNA were as follows: 5′-CGG AGA GGU 

CAG AGG UAG ATT-3′ (sense) and 5′- UCU ACC UCU 

GAC CUC UCC GTT-3′ (antisense). The sequences of con-

trol siRNA were as follows: 5′-UUC UCC GAA CGU GUC 

ACG UTT-3′ (sense) and 5′-ACG UGA CAC GUU CGU 

AGA ATT-3′ (antisense). The sequence of human miR-124 

mimics was 5′- UAA GGC ACG CGG UGA AUG CC-3′. The 

sequence of negative control oligonucleotides for miRNA 

was 5′-CAG UAC UUU UGU GUA GUA CAA-3′. The 

sequence of human miR-124 inhibitors was 5′- GGC AUU 

CAC CGC GUG CCU UA-3′. The sequence of negative 

control oligonucleotides for miRNA was 5′-CAG UAC UUU 

UGU GUA GUA CAA-3′. The transfections were performed 

with INTERFERin reagent (Polyplus-transfection). The final 

concentration of miRNA mimics was 50 nmol/L, the final 

concentration of miRNA inhibitors was 100 nmol/L, and the 

final concentration of siRNAs was 20 nmol/L.

To generate pGL3-lncRNA 1308 constructs, the 

sequence of lncRNA 1308 mRNA was amplified by the 

primers listed in Table S1. The fragments were inserted into 

pGL3 with the designed cutting sites KpnI and XhoI. The 

transfections were performed with INTERFERin reagent 

(Polyplus-transfection). The final concentration of plasmids 

was 100 ng.

microRna in vivo precipitation (miRiP) 
assay
All the following experiments were performed as previously 

described.20 The probes that were used are listed in Table S2. 

Cells were transfected by the biotin-tagged specific probe 

or control probe and harvested 24 hours after transfection. 

Cells were cross-linked by formaldehyde, equilibrated in 

glycine buffer, and scraped with lysis buffer. Cell samples 

were sonicated and then centrifuged. The supernatant was 

transferred to a 2 mL tube and 50 µL was separately saved for 

analysis. The supernatant lysate was incubated with M-280 

beads for 1 hour while rotating. The beads–sample mixture 

was washed and incubated to reverse the formaldehyde cross-

links. Subsequently, RNAs were repurified by TRIzol. A 

multiplex miRNA array was used to analyze the sequences of 

184 miRNAs simultaneously from a single RT-PCR reaction 

to discover the associated miRNAs that would target lncRNA 

1308 in XWLC cells (the primers used for multiplex miRNA 

array are provided in Table S3).

in vitro invasion assays
The 24-well transwell chambers coated with Matrigel (BD 

Biosciences, San Jose, CA, USA) were used to determine 

the invasive ability of lung cancer cells.21 Transfected cells in 

serum-free medium were seeded at the concentration of 5×104 

in the top chamber, and the RPMI-1640 containing 10% FBS 

as a chemoattractant was filled in the bottom chamber. The 

chamber was sustained at 37°C in a humidified incubator 

containing 5% CO
2
. Cells that migrated to the underside of 

the membrane were fixed with 4% paraformaldehyde (Sigma-

Aldrich Co., St Louis, MO, USA), stained with crystal violet 

(Beyotime, Shanghai, China), imaged, and counted using a 

microscope (Leica Microsystems, Wetzlar, Germany) after 

24 hours. All experiments were performed in triplicate.
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gel electrophoresis and immunoblotting
Cells were lysed in RIPA lysis buffer (Beyotime) contain-

ing 1% protease inhibitor Cocktail (Sigma-Aldrich Co.). 

Protein extract (20 µg) from the cell lysis was separated in a 

4%–20% Tris-glycine gel and then transferred to a polyvi-

nylidene fluoride (PVDF) membrane (Immobilon-P transfer 

membranes; EMD Millipore, Billerica, MA, USA). After 

blocking with 5% non-fat dry milk in PBS with 0.1% Tween-

20 for 2 hours at room temperature, the blots were probed 

with 1:200 dilution of primary antibody against ADAM 15 

(ab12698; Abcam, Cambridge, UK) and β-actin (c-11; Santa 

Cruz Biotechnology Inc., Dallas, TX, USA) overnight at 4°C. 

The blots were then probed with a 1:750 dilution of second-

ary antibodies for 1 hour at room temperature, followed by 

washing in PBS with 0.1% Tween-20 and detected using an 

Odyssey Scanning system.

statistical analyses
SPSS 16.0 statistical software was used to perform statistical 

analyses. Data are shown as mean ± SD. Student’s t-test or 

non-parametric Mann–Whitney U test was used to analyze 

the differences between the 2 groups, and multiple compari-

sons were assessed by 1-way ANOVA followed by Dunnett’s 

test. Statistical significance was defined as the P-value less 

than 0.05.

Results
The novel lncRna 1308 is upregulated in 
nsClC tissues and cell lines
We performed a human lncRNA expression microarray on 

15 pairs of NSCLC and adjacent non-cancerous lung tis-

sues. Since the threshold had been set for upregulated and 

downregulated genes at a fold change of ≥2.0 and a P-value 

of <0.05, a total of 913 upregulated and 2,253 downregulated 

lncRNAs were identified in NSCLC samples compared with 

adjacent normal lung tissues, as depicted in the heat map 

(Figure 1). The top 10 upregulated lncRNAs in NSCLC 

tissues are listed in Table 1. We selected lncRNA 1308 for 

the subsequent analysis. For further validation, the expres-

sion levels of lncRNA 1308 were also investigated by using 

qRT-PCR assay in 40 pairs of lung cancerous, paracancerous 

tissues, and 5 cell lines. As shown in Figure 2A, the expres-

sion level of lncRNA 1308 was significantly increased in 

NSCLC tissues compared with that in adjacent normal tumor 

tissues. In addition, the expression of lncRNA 1308 was also 

upregulated in NSCLC cell lines, including A549, H1299, 

H1975, XWLC, and GLC, compared with that in the human 

lung normal cell line BESA-2B (Figure 2B).
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Figure 1 lncRnas are systemically dysregulated in nsClC tissues.
Notes: Heatmap of expression profiles for the 3,166 lncRNAs showed significant 
expression changes (913 upregulated and 2,253 downregulated).
Abbreviations: lncRna, long non-coding Rna; nsClC, non-small-cell lung cancer.
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that the downregulation of lncRNA 1308 inhibited NSCLC 

cell invasion capacity.

lncRna 1308 directly interacts with miR-
124
lncRNAs could serve as ceRNAs to sponge miRNAs, thereby 

regulating gene expression.14 To understand the mechanism 

by which lncRNA 1308 suppresses lung cancer cell inva-

sion capacity, the miRIP method was used to identify the 

targeting miRNAs on lncRNA 1308.20 Ten probes of lncRNA 

1308 were transfected into XWLC cells to hybridize with 

lncRNA 1308 mRNA for 24 hours (Figure 4A). The associ-

ated mRNAs of lncRNA 1308 were purified using Strepta-

vidin Dynabeads (M-280) and isolated by TRIzol. RT-PCR 

detection of mRNA extracted from the transfected XWLC 

cells demonstrated a specific enrichment for the mRNAs of 

lncRNA 1308 (Figure 4B). Moreover, a multiplex miRNA 
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Figure 2 lncRna 1308 is upregulated in lung cancer samples and cell lines.
Notes: (A) expression of lncRna 1308 was measured in 40 lung cancer samples and matched to adjacent normal tissues by qRT-PCR, and the expression levels of lncRna 
1308 were normalized to actin Rna expression for subsequent analyses. (B) The expression levels of lncRna 1308 were measured in human Besa-2B cell lines and 5 lung 
cancer cell lines (a549, h1299, h1975, XWlC, and glC) by qRT-PCR, and the expression levels of lncRna 1308 were normalized to actin Rna expression for subsequent 
analyses. Results are presented as mean ± sD. *P<0.05, **P<0.01, and ***P<0.001.
Abbreviations: glC, gejiu lung cancer; lncRna 1308, long non-coding Rna 1308; qRT-PCR, quantitative reverse transcription PCR; XWlC, Xuanwei lung cancer.

Table 1 Top 10 upregulated lncRnas in nsClC tissues

Probe name Gene symbol P-value FC Regulation

C_15547 lncRna nOnhsag038390 2.03e–06 28.39 Up
C_79834 lncRna 1308 7.35e–09 23.60 Up
C_1346 lncRna slC32a1 8.15e–05 11.10 Up
C_64647 lncRna elTD1-2 2.55e–05 8.69 Up
C_16443 lncRna PVT1-108 2.10e–08 6.37 Up
C_44036 lncRna PiK3C2g-2 1.59e–06 5.90 Up
C_87304 lncRna nOnhsag047350 3.60e–06 5.68 Up
C_2609 lncRna TssK2-2 1.92e–05 5.62 Up
C_89598 lncRna OR4Q3-3 0.001056 5.05 Up
C_33744 lncRna eFR3a-5 1.12e–07 4.98 Up

Abbreviations: FC, fold change; lncRna, long non-coding Rna; nsClC, non-small-cell lung cancer.

Downregulation of lncRna 1308 inhibits 
cell invasion in nsClC cells
Loss-of-function studies were performed to investigate the 

effect of lncRNA 1308 on lung carcinogenesis in NSCLC 

cells, XWLC and GLC cell lines, which were isolated 

from the NSCLC tissues of the patients from Xuanwei 

and Gejiu, respectively. lncRNA 1308 siRNA and nega-

tive control oligonucleotides were transiently transfected 

into 2 specific lung cancer cell lines: XWLC and GLC 

cell lines. Results from qRT-PCR revealed a significant 

decrease in the expression level of lncRNA 1308 (Figure 

3A). Furthermore, the functional role of lncRNA 1308 

in the invasion of NSCLC cells was also investigated by 

performing invasion assays. Silencing of lncRNA 1308 in 

XWLC and GLC cells resulted in significant suppression 

of cell invasion capacity (Figure 3B). These data suggest 

that lncRNA 1308 modulated NSCLC cell viability and 
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array was used to analyze the sequences of 184 miRNAs 

simultaneously from a single RT-PCR reaction to discover 

the associated miRNAs that would target lncRNA 1308 in 

XWLC cells. miR-124, which interacted with lncRNA 1308 

mRNA most robustly, was selected for the next immediate 

research (Figure 4C; Table 2).

lncRna1308 is a target of miR-124 and 
controls the miR-124 target aDaM 15
According to the data from DIANA-TarBase v8.0 (http://

carolina.imis.athena-innovation.gr/diana_tools/web/index.

php?r=tarbasev8%2Findex/), miR-124 was found to target 

ADAM 15, which was associated with multiple cellular 

functions including metastatic progression.22 Therefore, 

we assumed that lncRNA 1308 could act as a ceRNA for 

ADAM 15 in NSCLC cells. To validate our hypothesis, 

first, luciferase reporter assays were performed in HEK 293 

T cells. We cloned lncRNA 1308 and ADAM 15 3¢-UTR 

sequence, as indicated in Figure 5A and B, into the lucifer-

ase reporter plasmid. Second, these recombinant luciferase 

reporter plasmids were cotransfected with miR-124 mimics 

or negative control oligonucleotides into HEK 293 T cells 

for 36 hours, and the luciferase activity was measured in 

these transfected cells. As shown in Figure 5C and D, miR-

124 transfection caused a significant decrease in luciferase 

activity in cells transfected with the reporter plasmid with 

lncRNA 1308 and ADAM 15 3¢-UTR sequence, but no 

change in the cells transfected with reporter plasmids 

without the targeting sequence. Third, we explored whether 

endogenous ADAM 15 in lung cancer cells was regulated by 

a similar mode. XWLC and GLC cells were transfected with 

miR-124 mimics or negative control oligonucleotides. The 

results of Western blotting showed that the ADAM 15 pro-

tein level was consistently and substantially  downregulated 
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Notes: (A) lncRNA 1308 expression was quantified by qRT-PCR analysis. lncRNA 1308 expression was interfered in both XWLC and GLC cells. (B) The invasive ability 
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by  miR-124 (Figure 5E). These results suggest that both 

lncRNA 1308 and ADAM 15 are directly targeted by the 

shared microRNA, which is miR-124.

lncRna 1308 acted as a ceRna for 
aDaM 15 to inhibit cell invasion in lung 
cancer cells
We found that lncRNA 1308 could promote cell invasion 

of lung cancer cells and both lncRNA 1308 and ADAM 15 

are directly targeted by the shared miR-124. Therefore, we 

hypothesized that lncRNA 1308 could regulate cell inva-

sion in NSCLC cells by acting as a ceRNA for ADAM 15. 

As expected, the interference of lncRNA 1308 in XWLC 

and GLC cells decreased the accumulation of ADAM 15, 

whereas inhibiting miR-124 expression in XWLC and GLC 

cells markedly increased the expression of ADAM 15 (Fig-

ure 6A). In line with these results, knockdown of lncRNA 

1308 significantly inhibited cell invasion in XWLC and 

GLC cells, while it inhibited miR-124 expression in XWLC 

and GLC cells, which markedly alleviated the inhibition 

of lncRNA1308-induced cell invasion (Figure 6B). Taken 

together, these results demonstrate that lncRNA 1308 could 

regulate lung cancer cell invasion through acting as a ceRNA 

for ADAM 15.

Discussion
Recently, the roles of lncRNAs have attracted much atten-

tion, especially carcinogenesis and cancer progression.23 As 

their expression and function in NSCLC development remain 

unclear, we screened the differentially expressed lncRNAs 

among NSCLCs, matched non-tumor lung tissues through 

chip microarray, and focused on the roles and underlying 

mechanisms of aberrant lncRNAs expression in NSCLC 

progression. We first identified lncRNA 1308, which was 

overexpressed in NSCLC tissue samples. Consistently, the 
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Table 2 Relative miRiP isolation of miRnas in XWlC cells using 
lncRna 1308 probes (lncRna1308/control >10)

miRNA lncRNA 1308/control

miR-124 170.1
miR-134 61.4
miR-191 40.8
miR-106a 28.4
miR-107 22.3
miR-22 15.5
miR-23a 15.2
miR-302b 13.8
miR-182 13.0
miR-27b 12.6
let-7b 11.9
miR-296 10.9
miR-16 10.1

Abbreviations: lncRna, long non-coding Rna; miRiP, microRna in vivo 
precipitation; miRna, microRna.
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expression level of lncRNA 1308 was obviously higher in 

NSCLC cell lines compared to that of the normal cell lines. 

Mechanistic analysis revealed that knockdown of lncRNA 

1308 inhibits NSCLC cell invasion, and lncRNA 1308 affects 

the interaction between miR-124 and ADAM 15 3¢-UTR 

to regulate the expression of ADAM 15 by functioning as 

a ceRNA, thereby contributing to NSCLC progression. 

These results indicate that lncRNA 1308 plays a vital role 

in the modulation of oncogenic properties and the disease 

progression of NSCLC in a direct manner; these may be new 

research directions and become potential therapeutic options 

that consider lncRNA 1308 as a novel prognostic marker and 

therapeutic target in NSCLC.

Although thousands of lncRNAs have recently been 

identified, the functional characterization of lncRNAs has 

just begun. Currently, lncRNAs have been reported to regu-

late various cellular functions through different  molecular 

mechanisms such as chromatin modification, transcrip-

tional regulation, and post-transcriptional regulation.8,24 

Recently, lncRNAs have been shown to serve as ceRNAs 

to sponge miRNAs, consequently modulating the derepres-

sion of miRNA targets.14,23 For example, Liu et al25 found 

that lncRNA SPRY4-IT1 sponges miR-101-3p to promote 

proliferation and metastasis of bladder cancer cells by 

upregulating EZH2. lncRNA BC032469 has been identified 

as a tumor-related molecule in gastric cancer by interfering 

miR-1207-5p.26 Together with miRNAs and their target gene, 

lncRNA–miRNA–mRNA axis may be an extensive regula-

tory network in gene expression, and their dysregulation 

may lead to disease progression including the development 

of cancer. This presumption may lead to interesting future 

studies that elucidate the regulatory network of non-coding 
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RNAs and coding genes in cancer biology. Currently, can-

didate lncRNAs, and miRNAs targeted by lncRNAs, are 

mostly predicted and selected by literature, which seems to 

lack foresight. Precisely, determining the candidate lncRNAs 

that are involved in NSCLC progression, and which specific 

miRNA binds to a certain lncRNA, is important for inves-

tigating the mechanisms of lncRNA functions. Recently, 

Su et al20 reported a new method, called miRIP, to identify 

which type of miRNAs can bind to the specific mRNA in 

a cell. By using the miRIP approach, the potential interac-

tion between miR-92a and p21, and between miR-197 and 

STAT3, was elucidated in recent studies.20,27 In this study, by 

completing lncRNA expression microarray analysis, followed 

by performing RIP using a lncRNA 1308-specific probe, we 

found that miR-124 was the lncRNA 1308-binding miRNA, 

and we then proved that lncRNA 1308 functioned as the 

sponge of the miR-124. Thus, the miRIP approach would be 

a practical and useful method to identify the true and defi-

nite interaction between miRNAs and lncRNAs, especially 

considering that the lncRNA–miRNA interaction network 

is relatively complicated. Previous studies have shown that 

miR-124 is deregulated in several cancers.28,29 Sun et al28 

found that downregulation of miR-124 was significantly 

associated with poor prognosis in patients with pancreatic 
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ductal adenocarcinoma. Interestingly, the recent evidence 

further showed that miR-124 can suppress NSCLC cell 

migration and invasion activity by targeting zinc finger e-box 

binding homeobox 1 (ZEB1).29 Thus, these results suggest 

that miR-124 may function as an important regulatory gene 

in the development of NSCLC.

By using bioinformatics analysis, ADAM 15 was pre-

dicted to be a downstream target of miR-124. In this study, 

a luciferase reporter assay and rescue experiment confirmed 

that miR-124 targets 3¢-UTR of ADAM 15 to suppress the 

expression of ADAM 15 and inhibit NSCLC invasion. ADAM 

15 is a membrane-associated proteinase belonging to the 

ADAM family.19 The ADAMs are members of the metzincin 

superfamily of matrix metalloproteinases. To date, 21 func-

tional ADAMs have been described in humans and 40 have 

been described in different organisms.18 Recently, specific 

ADAMs were implicated in many diseases, including rheuma-

toid arthritis, atherosclerosis, and cancer.18,30,31 As a catalytic 

active member of the ADAM family, ADAM 15 is the only 

ADAM containing an arginine–glycine–aspartic acid (RGD) 

motif in the disintegrin domain. The RGD motif of ADAM 15 

interacts with integrins α
v
β

3
 and α

5
β

1
 to regulate cell adhe-

sion and motility.19 ADAM 15 is widely expressed in normal 

tissues and cancer cell lines. Overexpression of ADAM 15 

has been reported in many solid tumors including those of 

breast, lung, colorectal, ovarian, and prostate cancers.17,19,32,33 

It is believed that the tumor-promoting action of ADAM 15 

results from disruption of cell–cell and cell–matrix adhesion 

and from release of membrane-bound growth factors.22,34,35 

Accordingly, ADAM 15 deregulation has been linked to poor 

patient outcome in lung and colon cancers.19,32 Thus, there is 

accumulating evidence that ADAM 15 may play a key role in 

cancer biology. Furthermore, functional studies have indicated 

that ADAM 15 could support prostate cancer metastasis by 

modulating tumor cell–endothelial cell interaction in PC-3 

prostate cancer cells,22 and Dong et al19 demonstrated that 

ADAM 15 directly activates MMP9 to promote cell migra-

tion and invasion in lung cancer cells. Consistently, our 

results showed that interference of lncRNA 1308 in XWLC 

and GLC cells decreased the accumulation of ADAM 15 and 

inhibited cell invasion, whereas inhibited miR-124 expression 

in XWLC and GLC cells markedly increased the expression of 

ADAM 15 and alleviated cell invasion inhibition. Therefore, 

our data not only supported a pro-metastatic role of ADAM 15 

in NSCLC progression but also revealed a novel mechanism of 

lncRNA in promoting cancer cell invasion through indirectly 

targeting ADAM 15 activation.

Conclusion
We first identified that lncRNA 1308, a novel lncRNA that 

was significantly overexpressed in NSCLC tissues and cells, 

competitively binds to miR-124 and subsequently upregu-

lated the expression of its target gene ADAM 15 to promote 

the invasion of NSCLC cells. This lncRNA 1308/miR-124/

ADAM 15 regulatory network may shed light on tumorigen-

esis in NSCLCs, and it may be valuable for the development 

of novel diagnostic and treatment approaches for NSCLC.
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