
OR I G I N A L R E S E A R C H

The lncRNA NORAD/miR-520a-3p Facilitates

Malignancy in Non-Small Cell Lung Cancer via

PI3k/Akt/mTOR Signaling Pathway
This article was published in the following Dove Press journal:

OncoTargets and Therapy

Yunyan Wan

Zhouhong Yao

Weijuan Chen

Dezhi Li

Department of Respiratory and Critical

Care Medicine, Shandong Provincial

Hospital Affiliated to Shandong

University, Jinan, Shandong 250021,

People’s Republic of China

Background/Aims: The effects of lncRNA-NORAD/mir-520a-3p on proliferation and

invasion of non-small cell lung cancer (NSCLC) were studied, and its potential molecular

mechanism was discussed.

Methods: qRT-PCR was used to detect the expression of lncRNA NORAD and miR-520a-

3p in non-small cell lung cancer tissues and cell lines. CCK-8 method and Transwell test

were used to identify the effects of lncRNA NORAD on the proliferation and invasion in

NSCLC. Target gene prediction and screening and luciferase reporter assay was used to

verify downstream target genes of lncRNA NORAD. The expressions of PI3K, AKT, and

mTOR proteins were detected by Western blot.

Results: Compared with normal tissues and cells, the expressions of lncRNA NORAD in

cancer tissues and cells were significantly higher. Compared with normal cells, the expres-

sion of miR-520a-3p in cells was considerably lower. LncRNA NORAD could accelerate the

growth and metastasis of NSCLC in vitro and in vivo. Luciferase reporter assay results

indicated that miR-520a-3p was a downstream target gene of lncRNA NORAD. Further

findings showed that lncRNA NORAD might bind to miR-520a-3p, thereby affecting the

PI3k/Akt/mTOR signaling pathway.

Conclusion: LncRNA NORAD can regulate the proliferation of NSCLC by regulating miR-

520a-3p/PI3k/Akt/mTOR signaling pathway, thus promoting the occurrence and develop-

ment of NSCLC.

Keywords: non-small cell lung cancer, lncRNA NORAD, miR-520a-3p, PI3k/Akt/mTOR,

proliferation

Background
Lung cancer has high morbidity and mortality, poor prognosis, which poses a severe

threat to human health and life.1,2 According to different degrees of differentiation

and morphological characteristics, lung cancer is divided into small cell lung cancer

(SCLC) and non-small cell lung cancer (NSCLC), in which NSCLC accounts for

about 85% of all lung cancer patients. When clinical symptoms appear, it has

developed to the middle and late stage.3,4 Therefore, finding useful and sensitive

early diagnostic indicators, therapeutic evaluation indicators, drug resistance mon-

itoring indicators. Prognostic evaluation indicators has become the main direction

of lung cancer. This mainly depends on molecular biology and through the study of

lung cancer in the occurrence, development, invasion, metastasis, and other trans-

formation processes of detailed mechanisms.
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Current studies have shown that the occurrence and

development of lung cancer are related to abnormal gene

expression and regulatory function.5,6 It was found that

lncRNAs have higher intracellular transcription ratio

than miRNA.7,8 In the development of tumors,

lncRNAs can regulate cancer cell growth, differentiation,

and metabolism.9,10 Accumulative evidence shows that

lncRNA is involved in the progression of NSCLC.11 It

was shown that lncRNA CCAT2 is up-regulated in

NSCLC, and silencing of lncRNA CCAT2 by siRNA

inhibits proliferation of NSCLC cell lines in vitro.12

The current study has found that lncRNA NORAD can

participate in the regulation of the occurrence and devel-

opment of a variety of cancers, including proliferation,

apoptosis, migration, invasion, metabolism, epithelial-

mesenchymal transition etc. It could thereby inhibit

tumor growth and metastasis.13,14 However, there are

few studies on lncRNA NORAD in NSCLC.

In recent years, the regulatory relationship of lncRNA-

miRNAs is currently a research hotspot. Abnormal expres-

sion of small RNAs is associated with lung cancer.

Recently, it has been reported that miR-520a-3p can inhi-

bit apoptosis of NSCLC. It has been found that miRNA-

520a-3p can inhibit proliferation and reverse gefitinib

resistance by targeting HOXD8 and miRNA-520a-3p in

non-small cell lung cancer cells.15 We will also explore the

mechanism of the role of the lncRNA NORAD/miR-520a-

3p axis in promoting the development of NSCLC. It will

provide a reliable basis for clinical diagnosis and targeted

therapy of NSCLC.

Methods and Materials
Tissue Samples
The 26 pairs of clinical lung cancer and para-cancerous

tissue samples used in this study were from Shandong

Provincial Hospital Affiliated to Shandong University.

All lung cancer and adjacent tissue samples were deter-

mined by histopathological examination after surgical

resection of the tumors. Tissue samples were snap-frozen

in liquid nitrogen and stored at −80 °C until use. All

patients had not received preoperative treatment for can-

cer. All patients signed a written informed consent form.

The study was approved by the Ethics Committee of the

Shandong Provincial Hospital Affiliated to Shandong

University. The detailed characteristics of the 26 patients

were shown in Table 1.

Cell Culture
Normal human bronchial epithelial cells (NHBE), HEK-

293T cells and NSCLC cell lines (A549, H1299, H460,

SK-MES-1 and Calu3) were obtained from the Central

Culture Collection of the Chinese Academy of Sciences

(Shanghai, China). The cells were cultured in DMEM

medium (Gibco, Carlsbad, CA, USA). Subculture was

carried out in a 37 ° C, 5% CO2 incubator.

Transfection
The miR-520a-3p mimic, the miR-520a-3p inhibitor anti-miR

-520a-3p) and the corresponding negative control miR (miR-

NC, anti-miR-NC) were obtained from RiboBio (Guangzhou,

China). Lipofectamine 2000 reagent (Invitrogen) was used for

transfection. Cells were prepared 48 hrs after transfection for

further analysis.

Overexpression or KnockdownofNORAD
The full-length human NORAD gene was subcloned into

the lentiviral vector pLV (Add-gene) for NORAD over-

expression vector construction. pLV-NORAD, psPAX2,

and pMD2.G were transiently transfected into HEK-293T

cells. NORAD shRNA was inserted into the lentiviral

vector pLKO.1 (Addgene) to knock down NORAD.

Lentiviruses were collected 48 hrs after transfection.

RNA Isolation and Quantitative

Real-Time PCR (qRT-PCR)
RNA was extracted from synovial tissues and cells and

synthesized by using Quantitact reverse transcription kit

Table 1 The Detailed Characteristics of the 26 Patients

Groups n

Sex Male 14

Female 12

Age ≤ 60 10

>60 16

TNM stage I and II 6

III and IV 20

Lymph node Metastasis Negative 8

Positive 18

Tumor size ≤ 3cm 18

>3cm 8

History of smoking ever 16

Never 10
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(QIAGEN, Valencia, CA). The expression level of mature

miR-22 was detected using TaqMan Micro-RNA Assays.

The standard internal control of miRNAwas U6. qRT-PCR

analysis refers to the literature for detailed steps.16

Cell Proliferation Detection
The cells were seeded into 96-well plates at a density of 1

× 103 cells/well. Three wells were repeated for each group,

and ten μL/well of CCK8 was added to each well of the

cells for the last 2 hrs of incubation. Finally, the OD value

of the cell liquid was measured by an enzyme-linked

immunosorbent assay.

Transwell Assays
The cells were inoculated into the upper chamber of the

Corning chamber. The medium was inoculated into the

lower chamber of the Corning chamber. The cells were

cultured for 48 hrs under normal or hypoxic conditions,

and the migrated cells were fixed and stained with crystal

violet.

The invasion assay was performed by seeding the cells

in medium and laying them on top of a Matrigel-coated

polycarbonate Transwell filter. The medium was inocu-

lated into the lower chamber of the Corning chamber.

The cells were cultured for 48 hrs under normal or hypoxic

conditions, and then non-invasive free cells were removed

from the apical chamber using a cotton swab. The invad-

ing cells in Matrigel were fixed with 20% methanol and

stained with crystal violet. The cells were observed under

a microscope (Jingtong, Suzhou, China) and photo-

graphed. Eight low-power fields (×l00) were randomly

selected for cell counting, and the average value was

calculated.

Xenograft Model
The A549 stably transfected cells were constructed by

lentiviral infection, and the A549 cells were stably

expressed with lncRNA NORAD. According to the con-

struction method of stable transfection, Plenti empty

vector and Plenti-lncRNA NORAD vector were trans-

fected. Cells were counted according to the specifica-

tions of 1×106 cells/100 μL (subcutaneous tumor) and

1×106 cells/200 μL (metastatic tumors) per mouse.

Tumor growth of mice was detected every other week

and measured with calipers. After the tumors grew to

a certain volume, mice were executed in vertebral dis-

location way. Tumor volume(V)=(length × width2)/2.

Metastatic tumors (lungs) were taken out, weighed and

photographed. The experimental data were processed,

and results were analyzed, and then H. E staining was

carried out. All experimental procedures were approved

by the Animal Ethics Committee of the First Affiliated

Shandong Provincial Hospital Affiliated to Shandong

University. All animal procedures were performed in

accordance with the Guidelines for Care and Use of

Laboratory Animals of Shandong University and

approved by the Animal Ethics Committee of “Animal

Ethical and Welfare Committee (AEWC)”.

RNA Immunoprecipitation (RIP)
A549 cells were co-transfected with pCMV-MS2, pCMV-

NORAD -MS2 or pCMV- NORAD -mut-MS2 and pMS2-

GFP (Addgene) for 48 hrs. After that, RIP was conducted

according to the literature method.17

Luciferase Reporter Gene Assay
The wild-type or mutant NORAD was amplified and sub-

cloned into the pm-irGLO vector. The miR-520a-3p mimetic

was co-transfected with pmirGLO, pmirGLO- NORAD or

pmirGLO- NORAD -mut into cells in each well using

Lipofectamine 2000 (Invitrogen). After transfection, cells

were harvested, and the activity of Firefly Luciferase and

Renilla Luciferase was measured using a dual-luciferase

reporter system (Promega) and normalized to the activity

of Renilla luciferase. The average value of the results of the

microRNA-control transfected cells was set to 1.0.

Western Blot
The cells were weighed, and the total protein was extracted.

Then it was transferred to the PVDF membrane by electro-

phoresis. First Antibody was added. After incubated over-

night, it was incubated with 1:5000 labeled anti-rabbit

secondary antibody for 1 h. After that, the gray values of

the target bands and the internal reference bands were

recorded by ECL chemiluminescence. The experiment was

conducted according to the literature method.18

Statistical Method
The monitoring data were analyzed by SPSS19.0 statistical

software. The results of data analysis were shown as mean ±

standard deviation (mean ±SD). Multigroup data analysis

was based on one-way ANOVA. LSD test is used for sub-

sequent analysis. P < 0.05, the difference was significant.
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Results
Expression of NORAD and miR-520a-3p

in NSCLC
The level of NORAD in NSCLC was analyzed by qRT-PCR.

As shown in Figure 1A, compared with adjacent normal tis-

sues, NORAD expression in 26 pairs of NSCLC tissues was

significantly increased(p <0.01). The results of Figure 1B

and D showed that compared with that in normal human

bronchial epithelial cells, the expression of (NHBE)NORAD

was significantly increased in NSCLC cell lines (A549,

H1299, H460, SK-MES-1, and Calu-3), while the expression

of miR-520a-3p was reduced considerably (p < 0.01). In addi-

tion, NORAD and miR-520a-3p expression were negatively

correlated inNSCLC tissues (Figure 1C). The results indicated

that NORAD andmiR-520a-3pmight play a significant role in

NSCLC development.

NORAD Promoted NSCLC Cell

Tumorigenicity and Metastasis in vivo
The effect of NORAD in vivo was further analyzed.

A xenograft mouse model were performed using A549

cells. As shown in Figure 2A and B, compared with the

control group, the tumor volume was significantly smaller,

and the tumor weight was significantly lower in the

NORAD knockdown group (p < 0.01). Compared with

the control group, the expression of NORAD was signifi-

cantly reduced in the NORAD knockdown group

(Figure 2C) (p < 0.01). Compared with the control

group, the tumor volume in the overexpressed NORAD

was significantly increased, and the tumor weight was also

significantly higher (Figure 2D and E) (p < 0.01). NORAD

expression was significantly increased in the NORAD

overexpression group compared with that in the control

group (Figure 2F) (p < 0.01).

Compared with that in the control group, the number of

lung metastases in the NORAD knockdown group was

significantly reduced (Figure 2G and H). In contrast,

Compared with that in the control group, mice in the

NORAD overexpressing group experienced a significant

increase in the number of lung metastases (Figure 2I and J)

(p < 0.01). The above results indicated that NORAD could

promote the tumorigenicity and metastasis of NSCLC cells

in vivo.

Figure 1 Expression of NORAD and miR-520a-3p in NSCLC. (A). The expression of NORAD in 26 pairs NSCLC tumor tissues and adjacent normal tissues. (B). NORAD

expression in NSCLC cell lines (A549, H1299, H460, SK-MES-1 and Calu-3) and in normal human bronchial epithelial cells (NHBE). (C). Relationship between NORAD and

miR-520a-3p in NSCLC tissues. (D). Relationship between the expression of microRNA-520a-3p in NSCLC cell lines (A549, H1299, H460, SK-MES-1 and Calu-3) and

normal human bronchial epithelial cells (NHBE), *P < 0.05, n = 3.
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Figure 2 NORAD promoted the growth and metastasis of NSCLC cells in vivo. (A): The effect of NORAD silencing on tumor volume. (B). The effect of NORAD silencing

on tumor weight. (C). The expression level of NORAD. (D): The effect of NORAD overexpression on tumor volume. (E). The effect of NORAD overexpression on tumor

weight. (F). The expression of NORAD. (G and I). The incidence of lung metastasis in each group of nude mice. (H and J). the number of liver and lung metastases per

mouse. *p <0.05.
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NORAD Promoted Proliferation,

Migration, and Invasion of NSCLC Cells

in vitro
Cellular assays were used to analyze the effects of

NORAD in vitro further. qRT-PCR results showed

a significant decrease in cell line expression after

NORAD knockdown compared with that in the control

group, and a significant increase in cell line expression

after over-expression NORAD compared with that in the

control group (Figure 3A and Figure S1A) (p < 0.01).

Compared with the control group, the cell proliferation

rate was significantly decreased after NORAD knock-

down, the cell proliferation rate was significantly

increased after pcNORAD (Figure 3B and Figure S1B),

and Edu staining further confirmed that NORAD knock-

down could inhibit cell proliferation. (Figure 3C and D)

(p < 0.01). Compared with the control group, the migra-

tion and invasion of cells decreased significantly after

the knockout of NORAD, and the migration and invasion

of cells increased significantly after the over-expression

NORAD (Figure 3E and F and Figure S1C).

miR-520a-3p Was the Target of NORAD
The mechanism of action of NORAD in the progression of

NSCLCwas analyzed.We predicted by online tools, andmiR-

520a-3p was identified as a potential target for NORAD

(Figure 4A). Next, the wild type NORAD transcript or its

mutation sequence (a mutant in the miR-520a-3p binding site)

was cloned into a luciferase reporter construct and then

transiently co-transfected into cells with miR-520a-3p or

a negative control mimic (miR-NC). As shown in

Figure 4B, miR-520a-3p was able to significantly inhibit

luciferase activity in wild-type construct transfected A549

cells but did not affect luciferase activity in cells transfected

with mutant constructs (P < 0.01).

As a result, in Figure 4C, endogenous NORAD was sig-

nificantly increased in A549 cells transfected with miR-520a-

3p mimics compared with that in the control group.

Furthermore, wild-type NORAD significantly reduced miR-

520a-3p expression in H1299 cells compared with that in the

control group but did not affect miR-520a-3p expression in

cells transfected with the mutant construct (Figure 4D)

(p < 0.01). Compared with the control group, the NORAD

knockdown was able to significantly up-regulate the level of

miR-520a-3p in A549 cells (Figure 4E). The result indicated

that NORAD can target miR-520a-3p by targeting and that

NORAD can act as a ceRNA.

NORAD Positively Regulated PI3K/AKT/

mTOR via Sponging miR-520
Whether the NORAD/miR520 can regulate the PI3K/

AKT/mTOR signaling pathway was analyzed. As shown

in Figure 5A, wild-type NORAD increased expression of

the PI3K/AKT/mTOR pathway-associated protein com-

pared with that in the control group and did not affect

the expression of PI3K/AKT/mTOR pathway-related pro-

teins in NORAD mutant-transfected cells. The expression

of PI3K/AKT/mTOR pathway-related proteins was not

significantly affected by the mimic of miR-520a-3p. The

co-transfection of NORAD with mimic microRNA-520

reversed the expression of PI3K/AKT/mTOR pathway-

related proteins in wild-type NORAD. Compared with

the control group, the NORAD silencing group had no

significant effect on the expression of PI3K/AKT/mTOR

pathway-related proteins, and anti-miR-520 significantly

increased the expression of PI3K/AKT/mTOR pathway-

related proteins. Anti-miR-520 NORAD silencing co-

transfection reversed the expression of the anti-miR-520

against the PI3K/AKT/mTOR pathway-associated protein

(Figure 5B). The above results indicated that NORAD

could activate the PI3K/AKT/mTOR signaling pathway

via the sponge miR-520.

NORAD Promoted NSCLC Progression

Partly Through miR-520- PI3K/AKT/

mTOR
Whether NORAD regulates NSCLC progression via miR-

520-PI3K/AKT/mTOR was investigated. The results were

shown in Figure 6A–C. Compared with the control group,

NORAD silencing can significantly reduce the prolifera-

tion, migration, and invasion of A549 cells, but this trend

was significantly inhibited by anti-miR-520 (p < 0.01). As

shown in Figure 6D–F, overexpression of NORAD pro-

moted cell proliferation, migration, and invasion of H1299

cells. Ectopic expression of miR-520 or inhibition of

PI3K/AKT/mTOR inhibited the enhanced cell prolifera-

tion, migration, and invasion of H1299 cells induced by

NORAD.

Discussion
Lung cancer is a highly malignant tumor.19,20 The mortal-

ity of lung cancer is at the forefront of all kinds of

malignant tumors.21 Overall, the current treatment of

lung cancer is not satisfactory. The main reason is that

the specific pathogenesis of lung cancer is not clear. At the
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Figure 3 NORAD promoted proliferation, migration and invasion of NSCLC cells in vitro. (A): The expression of NORAD. (B): CCK8 method for Cell proliferation.

(C and D): Edu staining for cell proliferation. (E and F). transwell assay for cell invasion and migration. n = 3, *p < 0.05.
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same time, there is a lack of useful, sensitive and repro-

ducible early diagnostic indicators, therapeutic evaluation

indicators, drug resistance monitoring indicators, and

prognostic evaluation indicators.

As a significant component of non-coding protein

genes, lncRNA plays a critical role in lung cancer.11

More and more evidence has showed that lncRNA is

involved in the progress of the NSCLC. The study of

tumor-suppressing lncRNA provides a new way to eluci-

date the pathogenesis and development of NSCLC and

offers a unique platform for seeking more effective treat-

ment of NSCLC.11,22 The primary function of NORAD is

to regulate cell proliferation, cell cycle, and cell aging. In

tumors, ectopic expression of NORAD reduces tumor cell

doubling time. This study found that the expression level

of NORAD in tumor tissues and cell lines was signifi-

cantly higher, indicating that NORAD acted as an

oncogene.23 In addition, the study showed that after

NORAD silencing in vivo and in vitro and, the cell pro-

liferation rate and the number of cell invasion and migra-

tion were significantly lower. The volume of tumors and

the number of lung metastases were also significantly

reduced in mice. These results indicated that NORAD

had important implications for NSCLC.

Studies have found that some lncRNA can act as ceRNA

and play a role in disease through mi RNA-m RNA

regulation.24 Highly expressed lncRNA is an essential mem-

ber of ceRNA, which plays an oncogene role in NSCLC

cells.25,26 The expression of mi RNA is related to the occur-

rence of many major diseases such as tumors, cardiovascular

and cerebrovascular diseases.27,28 In the NSCLC study, many

down-regulated mi RNAs have been shown to regulate cell

proliferation, apoptosis.29,30 This study found that the expres-

sion of miR-520a-3p was significantly down-regulation in

NSCLC cell lines, and there was a negative correlation

between miR-520a-3p and NORAD.31 MiR-520a-3p was

selected as the target gene of NORAD through the database.

Luciferase results indicated that NORAD regulated its

expression by targeting the 3ʹUTR of the NORAD gene.

Moreover, wild-type NORADWT reduced miR-520 expres-

sion in H1299 cells, while NORAD knockdown up-regulated

miR-520 levels in A549 cells. These results indicated that

NORAD and miR-520 could bind to each other and play

a role as ceRNA.PI3K/Akt/mTOR signaling pathway is one

Figure 4 NORAD interacted with miR-520a-3p. (A). Schematic representation of the miR-520 site in NORAD. (B). Luciferase activity in A549 cells co-transfected with

miR-NC or miR-520 and a luciferase reporter gene containing NORAD or mutant NORAD (NORAD-mut). (C). AGO2-RIP measurement results. (D): miR-520 expression

level in H1299 cells with NORAD or mutant NORAD overexpression. (E). miR-520 expression levels in A549 cells with or without NORAD knockdown. n = 3, *p < 0.05.
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of the critical signal transduction pathways in cells. PI3K/

Akt/mTOR can control important cellular biological pro-

cesses in tumorigenesis and development by affecting the

activation of downstream effector molecules.32 Studies have

found that sustained Akt activation and mTOR phosphoryla-

tion were found in 51% of NSCLC patient samples and 74%

of NSCLC cell lines.33 Previous studies demonstrated that

miR-3188 interacts with mTOR to inhibit NSCLC cell pro-

liferation through an mTOR-p-PI3K/AKT signaling

pathway. Therefore, miRNA/PI3K/Akt/mTOR might be

a potential target for the treatment of NSCLC.34 This study

found that NORAD overexpression up-regulated PI3K/

AKT/mTOR pathway-associated protein levels, and co-

transfection with miR-520 mimics can reverse this effect.

The results of NORAD overexpression after NORAD silen-

cing were contrary. Furthermore, inhibition of miR-520 or

PI3K/AKT/mTOR overexpression reversed the impact of

NORAD overexpression on cell proliferation. The above

Figure 5 NORAD regulated PI3K/AKT/mTOR by targeting miR-520. (A and B). Western blot assay for PI3K/AKT/mTOR expression levels. n = 3, *P < 0.5.
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Figure 6 The NORAD moiety promoted NSCLC progression via miR-520-PI3K/AKT/mTOR. (A and D). Cell viability assay; (B, C, E, and F). Cell migration and invasion

assay. n = 3, *P < 0.5.
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results indicated that NORAD could promote NSCLC pro-

gression through miR-520-PI3K/AKT/mTOR.

Conclusion
NORAD promoted cell proliferation and enhanced cell

invasion and migration by directly targeting the miR-520-

PI3K/AKT/mTOR axis, which provided experimental evi-

dence for the clinical prognosis of the tumor and further

targeted intervention therapy.
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