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Long noncoding RNA NORAD regulates lung cancer cell 
proliferation, apoptosis, migration, and invasion  
by the miR-30a-5p/ADAM19 axis
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Abstract: Background: Lung cancer is one of the most common human cancers. Long noncoding RNA-activated 
by DNA damage (NORAD) is often upregulated and promotes cell progression in various human cancers; however, 
its function and possible mechanism in lung cancer remain largely unknown. Methods: The expression levels of 
NORAD, miR-30a-5p and a disintegrin and metalloproteinase 19 (ADAM19) were evaluated by quantitative real-time 
polymerase chain reaction (qRT-PCR). 3-(4, 5)-dimethylthiazole-2-y1)-2, 5-biphenyl tetrazolium bromide (MTT) assay, 
flow cytometry, and transwell assay were employed to detect cell proliferation, apoptosis, migration, and invasion 
abilities, respectively. Western blot was used to detect the protein expression of ADAM19. The interaction between 
miR-30a-5p and NORAD or ADAM19 was predicted by online software and confirmed by the dual-luciferase reporter 
assay. Results: The expression levels of NORAD and ADAM19 were increased and the expression level of miR-30a-
5p was decreased in lung cancer tissues and cells. Knockdown of NORAD could inhibit cell proliferation, migration 
and invasion but promote apoptosis in lung cancer cells. In addition, NORAD directly interacted with miR-30a-5p 
and its overexpression reversed the anti-cancer role of miR-30a-5p in lung cancer. Moreover, miR-30a-5p directly 
targeted ADAM19 and its inhibition attenuated the inhibitory effect of ADAM19 knockdown on progression of lung 
cancer cells. Furthermore, NORAD functioned as a competing endogenous RNA (ceRNA) through sponging miR-30a-
5p to regulate ADAM19 expression. Conclusion: NORAD knockdown suppressed cell proliferation, migration and 
invasion but promoted cell apoptosis in lung cancer cells by regulating miR-30a-5p/ADAM19, providing a possible 
therapeutic strategy for lung cancer patients.

Keywords: Lung cancer, NORAD, miR-30a-5p, ADAM19, cell progression

Introduction

Lung cancer is the leading cause of cancer 
death around the world, with an estimated 1.4 
million deaths in 2008 [1, 2]. At present, 
despite tremendous advances in diagnosis  
and treatment over the past few decades, 
including surgery, chemotherapy, and radio-
therapy, the overall survival rate remains unfa-
vorable, with an overall 5-year survival rate for 
the lung cancer patients of all stages of ap- 
proximately 15% [3, 4]. Additionally, little is 
known about the pathogenesis of lung cancer, 
and early diagnosis and effective strategies for 
the patients are deficient. Hence, obtaining a 
clear understanding of the underlying mecha-
nisms of lung cancer is crucial for developing 

novel therapeutic targets and improving the 
efficacy of clinical treatment.

Long noncoding RNAs (lncRNAs) are kinds of 
endogenous cellular RNAs (>200 nucleotides) 
that lack the ability protein coding. Recently, 
numerous studies demonstrated that lncRNAs 
were frequently dysregulated in various diseas-
es and played essential roles in biologic pro-
cesses, such cell growth, differentiation, cell 
cycle, migration, invasion, apoptosis, and au- 
tophagy [5-7]. Many lncRNAs have been shown 
to be correlated with the progression and devel-
opment of lung cancer. For instance, Liu et al. 
showed that HOTAIR overexpression was close-
ly associated with lung cancer advanced patho-
logic stage and poor prognosis [8]. Huang et al. 
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proved that a high level of PVT1 had an evi- 
dently poorer overall survival time and its kn- 
ockdown suppressed cell metastasis in lung 
cancer cells [9]. In terms of long noncoding 
RNA-activated by DNA damage (NORAD), it 
serves as an oncogene and is linked to overall 
survival in a variety of cancers, such as gas- 
tric cancer [10], colorectal cancer [11], and cer-
vical cancer [12]. NORAD level was also mark-
edly enhanced in non-small cell lung cancer 
(NSCLC) tissues and cells [13]. However, the 
impact of NORAD on progression of lung cancer 
and its possible mechanisms are still largely 
unknown.

Emerging evidence revealed that lncRNAs  
functioned as competing endogenous RNAs 
(ceRNAs), namely miRNA sponges or anta- 
gomirs, to bind to miRNAs and regulate their 
functions [14, 15]. MiR-30a-5p was considered 
to be a tumor suppressor in some cancers, 
such as colon carcinoma [16], colorectal can-
cer [17], and hepatocellular carcinoma [18]. In 
addition, Zhu et al. pointed out that the miR-
30a-5p abundance was notably reduced in 
lung cancer tissues [19]. A Disintegrin and 
Metalloproteinase 19 (ADAM19), a member of 
an ADAM family, has been suggested to be 
overexpressed in NSCLC cells [20]. Never- 
theless, the relationships among NORAD, miR-
30a-5p and ADAM19 in lung cancer has not 
been reported.

Here, we measured the abundance of NORAD, 
miR-30a-5p, and ADAM19 in lung cancer tis-
sues and cells. Moreover, we explored the bio-
logical effects of them on cell proliferation, 
apoptosis, migration and invasion. Additionally, 
we also explored the ceRNA regulatory network 
of NORAD/miR-30a-5p/ADAM19 in lung cancer 
cells to better understand the molecular mech-
anism of lung cancer.

Materials and methods

Clinical specimens

Human lung cancer tissues and their mat- 
ched normal tissues from 31 patients were pro-
vided by Department of Thoracic Surgery, 
Bayannaoer City Hospital. The lung cancer 
patients had not received chemotherapy, ra- 
diotherapy, or other therapy before surgery,  
and each tissue specimen was then instantly 
frozen in liquid nitrogen and kept in a refrigera-
tor at -80°C until further processing. All pati- 

ents signed the informed consent and this 
research was approved by the ethics com- 
mittee of Department of Thoracic Surgery, 
Bayannaoer City Hospital.

Cell culture and transfection

The lung cancer cell lines (H460, H1299, A549, 
and SCLC-21H) and epithelial cell line (HBE) 
were bought from BeNa Culture Collection 
(Beijing, China). All cells were maintained in 
RPMI 1640 medium (Hyclone, Logan, Utah, 
USA) containing 10% fetal bovine serum (FBS; 
Hyclone). These cells were incubated in a moist 
atmosphere of 95% air and 5% CO2 at 37°C.

Small interfering RNAs (siRNAs) against NOR- 
AD (si-NORAD) or ADAM19 (si-ADAM19) and 
their negative control (si-NC), NORAD overex-
pression vector (NORAD) and vector, mimics or 
inhibitor of miR-30a-5p (miR-30a-5p or anti 
miR-30a-5p) and their negative control (miR- 
NC or anti-miR-NC) were bought from Ge- 
nePharma (Shanghai, China). The transfection 
was subsequently performed using Lipofe- 
ctamine 2000 (Invitrogen, Carlsbad, CA, USA).

Quantitative real-time polymerase chain reac-
tion (qRT-PCR)

Trizol (Invitrogen) was used to isolate total RNA 
from tissues or cells in accordance with the 
instructions. For NORAD and ADAM19 mRNA 
detection, RNA was reverse transcribed to 
cDNA with a PrimeScript RT-PCR Kit (Takara, 
Dalian, China). For miR-30a-5p detection, re- 
verse transcription was performed with a 
TaqMan microRNA Reverse Transcription Kit 
(Applied Biosystems, Foster City, CA, USA). The 
reaction process for PCR were done with SY- 
BR Green Supermix (Bio-Rad, CA, USA) on ABI 
7500 real-time PCR system (Applied Biosy- 
stems). The 2-ΔΔCt method was employed to 
evaluate gene expression. The expression lev-
els of NORAD and ADAM19 were normalized to 
GAPDH, and miR-30a-5p was normalized to U6. 
Primer sequences were: NORAD (Forward, 
5’-TGATAGGATACATCTTGGACATGGA-3’; Rever- 
se, 5’-AACCTAATGAACAAGTCCTGACATACA-3’), 
miR-30a-5p (Forward, 5’-ACACTCCAGCTGGG- 
TGTAAACATCCTCGAC-3’; Reverse, 5’-CAGTGC- 
GTGTCGTGGAGT-3’), ADAM19 (Forward, 5’-CT- 
GAAGGCTGTGGGAAGAAG-3’; Reverse, 5’-AGC- 
TACCACAGGACCCACAC-3’), GAPDH (Forward, 
5’-GAAGAGAGAGACCCTCACGCTG-3’; Reverse, 
5’-ACTGTGAGGAGGGGAGATTCAGT-3’), U6 (Fo- 
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rward, 5’-GCTTCGGCAGCACATATACTAAAAT-3’; 
Reverse, 5’-CGCTTCACGAATTTGCGTGTCAT).

Cell proliferation assay

A549 and SCLC-21H cells were sowed in 
96-well plates in triplicate and cultured over-
night. After that, si-NORAD, miR-30a-5p, miR-
30a-5p + NORAD, si-ADAM19, si-ADAM19 + 
anti-miR-30a-5p, or their matched negative 
controls were transfected into A549 and SC- 
LC-21H cells for 24 h, 48 h or 72 h. Methyl  
thiazolyl tetrazolium (MTT; 5 mg/mL, 20 μL, 
Beyotime, Shanghai, China) was added to the 
wells and the plates were placed in the incuba-
tor (4 h, 37°C). The medium was discarded fol-
lowed by adding 150 μl of dimethyl sulfoxide. A 
microtiter plate reader (Bio-Rad, Hercules, CA, 
USA) was used to measure the optical density 
at 450 nm.

Cell apoptosis assay

Annexin V-FITC/PI Apoptosis Assay Kit (Sangon 
Biotech, Shanghai, China) was used to examine 
apoptosis. Briefly, after transfection for 48 h, 
A549 and SCLC-21H cells were stained with 
Annexin V-FITC (10 µL) and PI (5 µL) for 15 min 
in the dark. Finally, cell apoptosis was analyzed 
by flow cytometry (BD Biosciences, Franklin 
Lakes, NJ, USA).

Transwell assay

For the migration assay, transfected A549 and 
SCLC-21H cells (2×104 cells/well) were placed 
into the upper chamber and cultured in RPMI 
1640 medium alone, while RPMI 1640 with 
10% FBS was placed into the lower chamber, 
followed by incubation in an incubator for 24  
h. After that, non-migrated cells were carefully 
removed with a cotton swab, and migrated cells 
were fixed using 95% ethanol and then stained 
using 0.1% crystal violet, and counted by mi- 
croscope (Olympus, Tokyo, Japan). For invasion 
assay, the upper chamber was pre-coated 
using Matrigel (BD, San Jose, CA, USA) and the 
experiment was performed following a similar 
approach.

Dual-luciferase reporter assay

The putative binding sites of miR-30a-5p and 
NORAD or ADAM19 were predicted using star-
Base or TargetScan software online. The 
NORAD fragment and 3’-UTR of ADAM19 that 
contained predicted wild-type or mutant bind-

ing sites of miR-30a-5p were amplified and 
inserted into pGL3 vector (Promega, Madison, 
WI, USA). The vector was named wild-ty- 
pe (WT-NORAD, WT-ADAM19) or mutant-type 
(MUT-NORAD, MUT-ADAM19) plasmids, resp- 
ectively. A549 and SCLC-21H cells were co-
transfected with WT (WT-NORAD, WT-ADAM19) 
or MUT (MUT-NORAD, MUT-ADAM19) with miR-
30a-5p or miR-NC for 48 h. After that, lucifer-
ase activity was examined with the dual-lucifer-
ase reporter assay system (Promega, Madison, 
WI, USA), followed by normalizing to Renilla 
luciferase activity.

Western blot assay

Tissues and cells were lysed using RIPA lysis 
buffer containing protease inhibitors (Beyo- 
time) to extract total protein. Protein content 
was determined by bicinchoninic acid (BCA) 
assay kit (Tanon, Shanghai, China). Equal 
amount of total protein (30-40 μg) was sepa-
rated using 10% SDS-PAGE and transferred 
onto activated polyvinylidene fluoride mem-
branes. After that, the membranes were incu-
bated with specific the primary antibodies 
against ADAM19 (1:500, ab104800, Abcam, 
Cambridge, MA, USA) or GAPDH (1:1000, 
ab37168, Abcam) overnight at 4°C following 
blocking with skim milk. After incubation with 
secondary antibodies (Sangon Biotech) for 2 h, 
Enhanced Chemiluminescence (ECL; Tanon) 
chromogenic substrate was performed to visu-
alize the bands, and the intensity of the bands 
was quantified by ImageJ software.

Statistical analysis

Statistical analyses in this study was perfor- 
med using GraphPad Prism 4.0 (GraphPad 
Software, La Jolla, California, USA). All data 
were presented as the mean ± standard devia-
tion from at least three independent experi-
ments. The differences between groups were 
analyzed using Student’s t-test. Spearman’s 
correlation was employed to determine the cor-
relation between miR-30a-5p expression and 
NORAD or ADAM19 mRNA level. Differences 
with P<0.05 were considered significant.

Results

NORAD expression was upregulated in lung 
cancer tissues and cells

First, the expression level of NORAD in 31 
paired samples (lung cancer specimens and 
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corresponding adjacent non-tumor tissues) 
was measured by qRT-PCR. Results showed 
that the abundance of NORAD was dramati- 
cally increased in lung cancer tissues (Figure 
1A). Similarly, NORAD expression was also 
markedly higher in lung cancer cells (H460, 
H1299, A549, SCLC-21H) than in HBE cells, 
especially in A549 and SCLC-21H cells (Figure 
1B). Therefore, A549 and SCLC-21H cells were 
chosen for further analysis. These data indicat-
ed that NORAD might play an oncogenic role in 
lung cancer.

Knockdown of NORAD inhibited cell prolif-
eration, migration, and invasion but induced 
apoptosis in lung cancer cells

To explore the possible biologic effects of 
NORAD on the proliferation, apoptosis, migra-
tion, and invasion of lung cancer cells, si-NC  
or si-NORAD was transfected into A549 and 
SCLC-21H cells. Then, knockdown efficiency of 
si-NORAD was evaluated by RT-qPCR. As dis-
played in Figure 2A, compared with si-NC 
group, introduction of si-NORAD induced an 
obvious reduction of NORAD level in A549  
and SCLC-21H cells, suggesting that si-NORAD 
could be used for the following experiments. 
MTT assay revealed that NORAD inhibition 
markedly limited cell proliferation when com-
pared with the NC group in A549 and SCLC- 
21H cells (Figure 2B). Subsequent flow cytom-
etry analysis proved that absence of NORAD 
led to an evident elevation of apoptotic rate in 
A549 and SCLC-21H cells (Figure 2C). Besides, 
transwell assay manifested that NORAD down-
regulation notably inhibited the migration and 
invasion of A549 and SCLC-21H cells (Figure 
2D and 2E). These results suggested that inhi-

luciferase activity assay. The effect of miR- 
30a-5p on the luciferase activity of the 
WT-NORAD or MUT-NORAD reporter plasmid 
was measured, and the results showed that 
introduction of miR-30a-5p mimics conspicu-
ously reduced the luciferase activity of WT- 
NORAD reporter, compared with miR-NC, wh- 
ereas miR-30a-5p had no effect on the lucifer-
ase activity of MUT-NORAD reporter in A549 
and SCLC-21H cells (Figure 3B). We then inves-
tigated the level of miR-30a-5p in lung cancer 
tissues and cells. As presented in Figure 3C-E, 
the level of miR-30a-5p was drastically dec- 
reased in lung cancer tissues and cells, and an 
inverse correlation was noted between miR-
30a-5p and NORAD expression in lung cancer 
tissues (R2=0.6217). Transfection of NORAD 
led to an obvious promotion of NORAD expres-
sion in A549 and SCLC-21H cells compared 
with transfection of vector, confirming the suc-
cessful introduction of NORAD into the cells 
(Figure 3F). As expected, overexpression of 
NORAD resulted in a significant reduction of 
miR-30a-5p expression in A549 and SCLC-21H 
cells, whereas NORAD knockdown showed an 
opposite effect (Figure 3G). Taken together, our 
findings revealed that miR-30a-5p was a direct 
target of NORAD and negatively regulated by it.

NORAD reversed the inhibitory effect of miR-
30a-5p on progression of lung cancer cells

Since the suppressive effect of NORAD on miR-
30a-5p expression in lung cancer, we further 
investigated whether NORAD had the same 
effect on the biologic functions of miR-30a-5p. 
Then a torsion experiment was employed to 
confirm this speculation. The transfection effi-
ciency of miR-30a-5p mimics was measured to 

Figure 1. Expression level of NORAD in lung cancer tissues and cells. A. 
The expression level of NORAD in lung cancer tissues and adjacent normal 
samples (n=31) was tested by qRT-PCR. B. The abundance of NORAD was 
detected in lung cancer tissue, cells and HBE cells by qRT-PCR. *P<0.05.

bition of NORAD suppressed 
lung cancer cell progression.

MiR-30a-5p was a target of 
NORAD

It is well known that lncRNAs 
act as ceRNAs of miRNAs to 
modulate target mRNAs ex- 
pression. Thus, starBase on- 
line website was employed to 
search NORAD targets. miR-
30a-5p was found to poten-
tially bind to NORAD (Figure 
3A). Subsequently, the predic-
tion was validated by dual-
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Figure 2. Knockdown of NORAD suppressed progression in lung cancer. A549 and SCLC-21H cells were transfected with si-NC or si-NORAD. A. The level of NORAD 
was determined by qRT-PCR. B. MTT assay was used to estimate cell proliferation. C. Flow cytometry was performed to assess cell apoptosis. D and E. The number 
of migrated and invaded cells was determined by transwell assay. *P<0.05.
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Figure 3. MiR-30a-5p is a target gene of NORAD. A. The binding sites between NORAD and miR-30a-5p were predicted by starBase. B. The luciferase activity was 
measured in A549 and SCLC-21H cells co-transfected with WT-NORAD or MUT-NORAD and miR-30a-5p or miR-NC. C. The level of miR-30a-5p was measured using 
qRT-PCR in lung cancer tissues and adjacent normal samples. D. The correlation between NORAD mRNA level and miR-30a-5p expression was analyzed in lung 
cancer tissues by Spearman’s correlation analysis. E. MiR-30a-5p level was detected by qRT-PCR in cells (HBE, A549 and SCLC-21H). F. The expression of NORAD 
was determined by qRT-PCR in A549 and SCLC-21H cells transfected with vector or NORAD. G. The level of miR-30a-5p was measured by qRT-PCR in A549 and 
SCLC-21H cells transfected with si-NC, si-NORAD, vector, or NORAD. *P<0.05.
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ensure its effectiveness, and we found that 
transfection of miR-30a-5p mimics enhanced 
the expression level of miR-30a-5p and trans-
fection of NORAD weakened the effect (Figure 
4A). Then functional experiments indicated 
that restoration of miR-30a-5p prominently 
blocked the proliferation, migration, and inva-
sion but contributed to apoptosis of A549 and 
SCLC-21H cells. These effects were abrogated 
by addition of NORAD (Figure 4B-E). Thus, our 
present results demonstrated that NORAD 
inhibited miR-30a-5p to play its role.

ADAM19 was a direct target of miR-30a-5p

In order to explore the underlying mechanism 
of miR-30a-5p-mediated progression in lung 
cancer, we predicted the downstream targets 
of miR-30a-5p. As shown in Figure 5A, Tar- 
getScan online provided the putative binding 
sites of ADAM19 and miR-30a-5p, and dual-
luciferase reporter assay further confirmed the 
prediction. The luciferase assay showed that 
transfection of miR-30a-5p mimics strikingly 
decreased the luciferase activity of WT-ADAM19 
in both A549 and SCLC-21H cells, but did not 
affect the luciferase activity of MUT-ADAM19 
(Figure 5B), indicating that ADAM19 was a tar-
get of miR-30a-5p. In addition, the mRNA and 

protein expression of ADAM19 were explored in 
lung cancer tissues and cells. As depicted in 
Figure 5C-G, the mRNA and protein levels of 
ADAM19 were notably reduced in lung cancer 
tissues and cells, representing a negative cor-
relation between ADAM19 mRNA level and  
miR-30a-5p expression in lung cancer tissues 
(R2=7617). Moreover, the abundance of miR-
30a-5p was apparently upregulated in A549 
and SCLC-21H cells transfected with miR-30a-
5p compared with miR-NC group (Figure 5H). 
Besides, miR-30a-5p overexpression led to a 
significant decrease of ADAM19 mRNA and  
protein expression and its knockdown present-
ed an opposite effect (Figure 5I, 5J). The ab- 
ove results indicated that miR-30a-5p directly 
targeted ADAM19.

Knockdown of miR-30a-5p alleviated the si-AD-
AM19-mediated suppressive effect on progres-
sion of lung cancer cells

In order to investigate whether miR-30a-5p 
exerted its effects by inhibiting ADAM19, a tor-
sion experiment was performed. qRT-PCR and 
western blot analysis indicated that the mRNA 
and protein expression of ADAM19 was dra-
matically decreased in A549 and SCLC-21H 
cells transfected with si-ADAM19, which was 

Figure 4. NORAD attenuated the inhibitory effect of miR-30a-5p on progression of lung cancer cells. A549 and 
SCLC-21H cells were transfected with miR-NC, miR-30a-5p, miR-30a-5p + vector, or miR-30a-5p + NORAD. A. MiR-
30a-5p level was measured by qRT-PCR. B. MTT assay was used to estimate cell proliferation. C. Flow cytometry 
was performed to assess cell apoptosis. D and E. Transwell assay was employed to determine cell migration and 
invasion. *P<0.05.
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abolished by transfection of miR-30a-5p inhibi-
tor (Figure 6A and 6B). The functional experi-
mental results confirmed that proliferation, 
migration, and invasion abilities were greatly 
repressed but cell apoptosis was facilitated 
after the ADAM19 level was decreased, while 
these effects were weakened by inhibition of 
miR-30a-5p (Figure 6C-F). Collectively, these 
results demonstrated that miR-30a-5p exerted 
its biologic functions by decreasing ADAM19.

ADAM19 was regulated by NORAD and miR-
30a-5p

As NORAD was negatively regulated miR-30a-
5p, the effect of NORAD on the ADAM19 expres-
sion was expected to be confirmed. Results 
showed that the addition of miR-30a-5p inhib-
ited ADAM19 mRNA and protein expression, 
whereas it was abrogated by upregulating 
NORAD (Figure 7A and 7B), suggesting that 
NORAD functioned as a ceRNA of miR-30a-5p 
to regulate ADAM19 expression.

Discussion

Lung cancer, with high morbidity and mortality, 
is one of the most frequent malignancies 
around the world [21]. More recent evidence 
has proven that lncRNAs play essential roles in 
development and malignant progression of 
cancers, and aberrant expression of lncRNAs  
is tightly related to malignant tumors [22, 23]. 
In our study, we focused on the involvement of 
NORAD in lung cancer and explored its underly-
ing molecular mechanism.

NORAD, a critical cancer-associated lncRNA, 
has been found to be expressed at a high level 
and play an oncogenic role in various cancers. 
For instance, Tong et al. proved that NORAD 
expression was remarkably elevated in epithe-
lial ovarian cancer cell lines and tumors [24]. 
Zhang et al. showed that downregulation of 
NORAD evidently suppressed colorectal cancer 

cell growth, migration, and invasion, and facili-
tated apoptosis through inhibiting miR-202-5p 
[11]. Also, Chen et al. disclosed that the abun-
dance of NORAD was enhanced in NSCLC tis-
sues and cells, and NORAD could act as a 
growth-promoting lncRNA by inhibiting the bio-
logic functions of miR-136-5p in NSCLC [25]. 
Cao et al. proved that NORAD expression level 
was obviously enhanced in patients with NSCLC 
compared with that in the control group [13]. As 
the first step of our research, we evaluated the 
abundance of NORAD in lung cancer tissues 
and cells. The results suggested that NORAD 
level was obviously elevated in both lung can-
cer tissue samples and cells, which was in  
line with previous research. Additionally, we 
revealed that downregulation of NORAD mark-
edly repressed cell growth, migration, and inva-
sion capabilities but accelerated apoptosis in 
lung cancer cells. Thus, these results indicated 
that NORAD played positive roles in the devel-
opment of lung cancer.

Recently, a ceRNA hypothesis has been pro-
posed that lncRNAs may exert their biologic 
functions by acting as miRNA sponges, eventu-
ally resulting in repression of miRNA targets 
[26]. To explore whether NORAD acted as a 
miRNA sponge, bioinformatics analysis was 
performed, and results suggested that NORAD 
contained binding sites for miR-30a-5p, and 
this interaction was confirmed by the dual lucif-
erase reporter assay. MiR-30a-5p has been 
shown to be a tumor suppressor in many can-
cers by modulating target expression. For 
example, Park et al. presented that miR-30a-
5p suppressed metastasis in colorectal cancer 
cell lines by targeting transmembrane-4-L- 
six-family protein (TM4SF1) [27]. In addition, Ye 
et al. found that high level of miR-30a-5p limit-
ed cell growth, migration, and invasion in gall-
bladder cancer cells by targeting E2F7 [28]. In 
this research, we proved that miR-30a-5p 
abundance was reduced in lung cancer tissues 

Figure 5. ADAM19 was a direct target of miR-30a-5p. A. The binding sites between miR-30a-5p and ADAM19 were 
provided by TargetScan. B. The luciferase activity was measured in A549 and SCLC-21H cells co-transfected with 
WT-ADAM19 or MUT-ADAM19 and miR-30a-5p or miR-NC. C. The expression of ADAM19 was measured using qRT-
PCR in lung cancer tissues and adjacent normal samples. D. The correlation between ADAM19 mRNA level and 
miR-30a-5p expression was analyzed in lung cancer tissues using Spearman’s correlation analysis. E. The protein 
expression of ADAM19 was examined by western blot in in lung cancer tissues and adjacent normal tissues. F and 
G. The mRNA and protein levels of ADAM19 were detected in cells (HBE, A549 and SCLC-21H) by qRT-PCR and 
western blot, respectively. H. The abundance of miR-30a-5p was measured by qRT-PCR in A549 and SCLC-21H cells 
transfected with anti-miR-NC or anti-miR-30a-5p. I and J. The mRNA and protein expression levels of ADAM19 were 
detected in A549 and SCLC-21H transfected with miR-NC, miR-30a-5p, anti-miR-NC, or anti-miR-30a-5p by qRT-PCR 
and western blot, respectively. *P<0.05.
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Figure 6. MiR-30a-5p exerts its effects by decreasing ADAM19. A549 and SCLC-21H cells were transfected with si-NC, si-ADAM19, si-ADAM19 + anti-miR-NC, or 
si-ADAM19 + anti-miR-30a-5p. A and B. The mRNA and protein levels of ADAM19 were detected in A549 and SCLC-21H cells by qRT-PCR and western blot, respec-
tively. C. MTT assay was performed to measure the proliferation of A549 and SCLC-21H cells. D. Flow cytometry was performed to evaluate apoptosis of A549 and 
SCLC-21H cells. E and F. The migration and invasion capabilities of H1299 and A549 cells were determined using transwell assay. *P<0.05.

Figure 7. ADAM19 is regulated by NORAD and miR-30a-5p. A549 and SCLC-21H cells were transfected with miR-NC, miR-30a-5p, miR-30a-5p + vector, or miR-30a-
5p + NORAD. A and B. The mRNA and protein expression levels of ADAM19 were detected using qRT-PCR and western blot, respectively. *P<0.05.
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and cells, which is also consistent with previ-
ous research [19]. Mechanistically, we found 
that restoration of miR-30a-5p prominently 
blocked the cell growth, migration, and inva-
sion, andcontributed to apoptosis in lung can-
cer cells. Our data suggested that miR-30a-5p 
acted as a tumor inhibitor in lung cancer.

To analyze how miR-30a-5p affected progres-
sion of lung cancer, potential targets were pre-
dicted by TargetScan, revealing that ADAM19 
and miR-30a-5p had a potential binding site. 
Additionally, dual-luciferase reporter assay fur-
ther verified the binding relationship between 
them. The emerging evidence suggested that 
ADAM19 was overexpressed in various can-
cers, such as colon cancer [29], retinoblastoma 
[30], primary brain tumors [31]. Moreover, Shan 
et al. showed that downregulation of ADAM19 
repressed migration and invasion of NSCLC 
cells [32]. Here, we found that ADAM19 knock-
down suppressed proliferation, migration, and 
invasion abilities but accelerated apoptosis, 
while the effect was abated by inhibiting miR-
30a-5p. Moreover, we displayed that ADAM19 
expression was positively regulated by NORAD 
and negatively regulated by miR-30a-5p. 
Therefore, our findings revealed that NORAD 
functioned as a ceRNA to positively regulate 
ADAM19 expression by sponging miR-30a-5p.

In summary, our research presented first evi-
dence that NORAD regulated lung cancer  
cell growth, apoptosis, migration and invasion 
through the miR-30a-5p/ADAM19 axis, clarify-
ing the underlying mechanism of NORAD as an 
oncogene in lung cancer. Thus, NORAD/miR-
30a-5p/ADAM19 axis played a key role in the 
pathogenesis and development of lung cancer, 
with possible therapy implications for lung can-
cer patients.
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