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Purpose: Lung cancer is one of the most prevailing human cancers worldwide. Emerging

evidence implies that long non-coding RNA nicotinamide nucleotide transhydrogenase-

antisense RNA1 (NNT-AS1) is implicated in the tumorigenesis of lung cancer. Herein, we

aimed to expose the impact of NNT-AS1 on the drug resistance of lung cancer.

Methods: Levels of NNT-AS1, microRNA (miR)-1236-3p and autophagy-related gene 7

(ATG7) were evaluated using quantitative real-time polymerase chain reaction (qRT-PCR)

assay. 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay was

implemented to detect cell proliferation and the half maximal inhibitory concentration

(IC50) of cisplatin (DDP) in vitro. Moreover, flow cytometry was performed to assess cell

apoptosis. Cell migration and invasion were examined utilizing transwell assay in lung

cancer cells. Besides, levels of ATG7 and cell behavior-related proteins were determined

via Western blot. Dual-luciferase reporter assay was administrated to identify the interaction

between miR-1236-3p and NNT-AS1 or ATG7. The biological role of NNT-AS1 in DDP

resistance of lung cancer was examined by xenograft tumor model in vivo.

Results: NNT-AS1 and ATG7 were upregulated, whereas miR-1236-3p was curbed in lung

cancer tissues and in with or without DDP-resistant cell lines. NNT-AS1 detection signifi-

cantly constrained cell growth, metastasis, and the IC50 of DDP in A549/DDP and H522/

DDP cells. Interestingly, the influence of miR-1236-3p mimic on DDP resistance was over-

turned via NNT-AS1 upregulation in vitro. Reintroduction of miR-1236-3p inhibitor relieved

the effect of ATG7 silencing on DDP sensitivity in A549/DDP and H522/DDP cells.

Importantly, NNT-AS1 was a sponge of miR-1236-3p to separate ATG7. Besides, NNT-

AS1 silencing enhanced DDP sensitivity of lung cancer in vivo.

Conclusion: NNT-AS1/miR-1236-3p/ATG7 axis regulated DDP resistance in lung cancer

cells and might supply a probable target and prognostic marker in lung cancer treatment.
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Introduction
Lung cancer is regarded as one of the most common cancers with high incidence

and mortality worldwide.1 Non-small cell lung cancer accounts for about 80% of

lung cancers and has a high mortality rate due to the metastasis, recurrence, and

drug resistance in lung cancer patients.2 Cisplatin (DDP) has been reported to be

connected with nuclear DNA binding,3 however, the efficiency of DDP-based

chemotherapy is unsatisfactory owing to the chemo-resistance in patients with

lung cancer. Until now, the regulatory mechanism of DDP resistance is still
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cramped because of the utterly complicated processes.

Unfortunately, if DDP resistance occurs, the patients may

effortlessly develop cross-resistance to another chemo-

drug in the clinic.4 Therefore, it is necessary to shed

light on the development of DDP resistance via exploring

the interaction between DDP and extensive cytoplasmic or

nuclear genes in lung cancer patients.

Currently, long non-coding RNAs (lncRNAs) are

recognized as the non-coding transcripts with over than

200 nucleotides in length.5 Accumulating findings demon-

strate that lncRNAs can modulate gene expression via

epigenetic regulation, transcriptional and post-

transcriptional mediation, and the function of lncRNAs in

tumor growth and metastasis has been broadly

investigated.6–8 Nicotinamide nucleotide transhydrogen-

ase-antisense RNA1 (NNT-AS1) has been manifested to

be located in the chromosome 5p12 region with 3304 bp in

length.9 Firstly, Wang et al discovered that NNT-AS1 was

expressed at a high level in colorectal cancer, and served

as an oncogene by reinforcing cell proliferation, migration

in colon cancer cells.9 Furthermore, the role of NNT-AS1

in DDP resistance was subsequently uncovered. Emerging

evidence showed that the high expression of NNT-AS1

acted as a master mediator for the resistance of DDP via

mitogen-activated protein kinase (MAPK)/Slug pathway

in lung cancer.10 As mentioned above, we further explored

the effect of NNT-AS1 with an ectopic expression on the

DDP resistance of lung cancer.

MicroRNAs (miRNAs) are composed of 18–24 nucleo-

tides, which belong to endogenous non-coding transcripts.11

MiRNAs work as the major mediators to regulate the post-

transcriptional gene expression.12,13 Growing reports indi-

cate that the dysfunction of miRNAs is involved in cancer

pathogenesis and drug resistance in several cancers, such as

breast cancer,14 gastric cancer,15 and lung cancer.16 What is

more, miR-1236-3p, one of the members of miRNAs, has

been proven to be implicated in tumorigenesis, including

lung cancer. For example, the upregulation of miR-1236-3p

can notably impede cell migration, and invasion, thereby

restraining the metastasis of lung cancer cells.17 That is to

say, miR-1236-3p may serve as a tumor-suppressive factor

in the development of lung cancer. However, the precise

effect of miR-1236-3p in cell phenotypes and drug resistance

needed to be expounded. Autophagy-related gene 7 (ATG7),

a member of ATG family, can regulate the process of

autophagy.18 We also explored the molecular function of

ATG7 in the resistance of chemotherapy in lung cancer

cells induced by DDP.

Herein, we exposed the expression patterns of NNT-

AS1, miR-1236-3p, and ATG7 in lung cancer tissues and

cell lines. Also, the network between miR-1236-3p and

NNT-AS1 or ATG7 was also the objective in the present

investigation.

Materials and Methods
Clinical Specimens and Cell Culture
A total of 31 pairs of lung cancer tissues and paracancer-

ous non-tumorous tissues were received from lung cancer

patients who underwent surgical resection at Beilun

Branch of the First Affiliated Hospital of Medical

College of Zhejiang University. The patients who received

other treatments were excluded from the present research,

and the written informed consents were gained from all

donators. The clinical information of the patients included

age, gender, tumor size, TNM stage, lymphatic metastasis,

vascular invasion and distant metastasis, which are dis-

played in Table 1. Above all, the study was approved by

the Ethics Committee of Beilun Branch of the First

Affiliated Hospital of Medical College of Zhejiang

University.

Lung cancer cell lines (H1299, H23, H522, and A549)

and Human bronchial epithelioid cells (16-HBE) were

purchased from BeNa Culture Collection (Beijing,

China). Besides, A549 and H522 cells were induced by

DDP with different doses, and the medium gradually

increased the DDP concentration until cells could not be

tolerated, generating DDP-resistant cells (A549/DDP and

H522/DDP). All cells were cultured with Roswell Park

Memorial Institute-1640 (RPMI-1640; Gibco, Carlsbad,

CA, USA) together with 10% fetal bovine serum (FBS;

Gibco), 100 U/mL penicillin (Gibco) and 100 mg/mL

streptomycin (Gibco). In the meanwhile, the DDP-

resistant cells were supplemented with 1 µg/mL DDP

(Sigma-Aldrich, St. Louis, MO, USA) to maintain their

drug resistance. The condition for cell incubation was

a humidified atmosphere containing 5% CO2 at 37°C.

Transient Transfection
Small interfering RNA (siRNA) especially targeting NNT-

AS1 (si-NNT-AS1) or ATG7 (si-ATG7), and siRNA nega-

tive control (si-NC) were obtained from KeyGEN Biotech

(Jiangsu, China). Besides, the full sequences or designed

control of NNT-AS1 and ATG7 were sub-cloned into

pcDNA3.1, thereby generating the overexpression vector

of NNT-AS1 (NNT-AS1), ATG7 (pc-ATG7) and their
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controls (vector, pc-NC). Apart from that, miR-1236-3p

mimic (miR-1236-3p) and inhibitor (anti-miR-1236-3p),

as well as their control (miR-NC and anti-miR-NC) were

purchased from GenePharma (Shanghai, China). The

reagent of Lipofectamine 2000 (Invitrogen, Carlsbad,

CA, USA) was applied to transfect vectors or oligonucleo-

tides into cells following the producer’s specifications.

Quantitative Real-Time Polymerase Chain

Reaction (qRT-PCR) Assay
Total RNA from lung tissues and cells was extracted using

Trizol reagent (Invitrogen). Then, PrimeScript RT reagent

kit (Takara, Dalian, China) was administrated to synthe-

size complementary DNA (cDNA). Then, the mixtures

containing equal RNA, primers and the reagent of the

SYBR Premix Ex Taq™ II kit (Takara) were placed in

an ABI 7500 Real-Time PCR System (Applied

Biosystems, Foster City, CA, USA). Relative levels of

genes were standardized to glyceraldehyde-3-phosphate

dehydrogenase (GAPDH; for NNT-AS1 and ATG7) or

U6 (for miR-1236-3p) via the 2−ΔΔCt method. The primers

were as follows: NNT-AS1 (Forward: 5ʹ-TCTCCTAAG

TCGAGGACTAGC-3ʹ, Reverse: 5ʹ-AGGCACTCACTAG

CATCACGCT-3ʹ); miR-1236-3p (Forward: 5ʹ-CCAATCA

GCCTCTTCCCCTT-3ʹ, Reverse: 5ʹ-TATGGTTGTTCAC

GACTCCTTCAC-3ʹ); ATG7 (Forward: 5ʹ-CCAGTGAC

GCCAGATTTCC-3ʹ, Reverse: 5ʹ-GGCAGGCACAGA

TGCTATG-3ʹ); GAPDH (Forward: 5ʹ-AACGTGTCAG

TGGTGGACCTG-3ʹ, Reverse: 5ʹ-AGTGGGTGTCGCT
GTTGAAGT-3ʹ); U6 (Forward: 5ʹ-CTCGCTTCGGCAG

CACA-3ʹ, Reverse: 5ʹ-AACGCTTCACGAATTTGCG

T-3ʹ).

3-(4,5-Dimethylthiazol-2-yl)-

2,5-Diphenyltetrazolium Bromide (MTT)

Assay
A549/DDP and H522/DDP cells were plated into a 96-

well plate at a density of 1×104 cells/well. After incubation

overnight, cells were treated with different doses of DDP

(Sigma-Aldrich; 0 µg/mL, 0.39 µg/mL, 0.78 µg/mL, 1.56

µg/mL, 3.12 µg/mL, 6.25 µg/mL, 12.5 µg/mL, 25 µg/mL,

50 µg/mL, 100 µg/mL) for 48 h to measure the half

maximal inhibitory concentration (IC50) of DDP. Apart

from that, the A549/DDP and H522/DDP were incubated

for 0 h, 24 h, 48 h, or 72 h to measure cell proliferation.

The above cells were supplemented with MTT (Sigma-

Aldrich; 5mg/mL), the absorbance of lysates was assessed

at 490 nm using a microplate reader. The dose of half

(50%) inhibitory in cell viability was adopted to represent

the IC50 of DDP in lung cells.

Flow Cytometry Assay
In the assay, Annexin V-fluorescein isothiocyanate (FITC)/

propidium iodide (PI) reagent kit (BD Biosciences, San

Diego, CA, USA) was administrated to detect the apopto-

tic rate of A549/DDP and H522/DDP cells. Firstly, cells

(~5×104 cells) were seeded into a 6-well-plate. The cells

were collected and washed using ice-cold phosphate buffer

saline (PBS; Gibco) at 48 h post-transfection.

Subsequently, Annexin V-FITC and PI were employed to

stain re-suspended cells for 15 min as per the manuals.

The apoptotic cells were recognized via FACSCalibur flow

cytometer (BD Biosciences).

Table 1 Correlation Between NNT-AS1 Expression and Clinical

Clinicopathological Parameters of the Lung Cancer

Parameter Case NNT-AS1 Expression P valuea

Low (n=15) High (n=16)

Age (years) 0.376

≤60 14 8 6

>60 17 7 10

Gender 0.372

Female 10 6 4

Male 21 9 12

Tumor size

≤5 cm 15 12 3 0.0006*

>5 cm 16 3 13

TNM stages 0.007*

I–II 13 10 3

III–IV 18 5 13

Lymphatic

metastasis

0.002*

Negative 12 10 2

Positive 19 5 14

Vascular

invasion

0.611

Absent 11 6 5

Present 20 9 11

Distant

metastasis

0.002*

M0 16 12 4

M1 15 3 12

Notes: *P < 0.05; aChi-square test.

Abbreviation: TNM, tumor-node-metastasis.
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Transwell Assay
Transfected cells were harvested with complete mediums

and then plated into the upper chamber pre-coated with

Matrigel (for cell invasion) or not (for cell migration). At

the same time, the lower chamber was filled with medium

containing 10% FBS. After incubation for 48 h, the

remaining cells on the upper layer were wiped off using

cotton swabs, and the migrated and invaded cells were

stained with 0.1% crystal violet (Sigma-Aldrich).

Ultimately, the migrated and invaded cells were visualized

and photographed utilizing a microscope.

Western Blot Assay
The protocol of the Western blot was as per the previous

study.19 Briefly, total protein was separated using gel elec-

trophoresis and transfected onto a Polyvinylidene Fluoride

(PVDF; Millipore, Bedford, MA, USA). The special pro-

tein could bind to the primary antibody, followed by

incubation with corresponding secondary antibodies. The

combination was visualized via an enhanced chemilumi-

nescence kit (Millipore). The primary antibodies were as

follows: ATG7 (1:30,000, ab133528, Abcam, Cambridge,

MA, USA), Cleaved-caspase-3 (C-caspase-3; 1:500,

ab13847, Abcam), Ki-67 (1:5000, ab92742, Abcam),

MMP-9 (1:1000, ab38898, Abcam), and GAPDH

(1:7000, ab8245, Abcam).

Dual-Luciferase Reporter Assay
LncBase Predicted v.2 was applied to predict the com-

mon fragments between miR-1236-3p and NNT-AS1,

and potential targets of miR-1236-3p were sought via

Targetscan, showing that ATG7 was a probable target of

miR-1236-3p. Then, the complementary sequences

between miR-1236-3p and NNT-AS1 or the 3ʹ

Untranslated Region (3ʹUTR) of ATG7 were inserted

into basic vector psiCHECK-2 (Promega, Madison,

WI, USA) to create wild-type vectors (WT-NNT-AS1

and WT-ATG7). Similarly, the mutant luciferase repor-

ters (MUT-NNT-AS1 and MUT-ATG7) were simulta-

neously designed and constructed. For cell transfection,

A549/DDP and H522/DDP cells were inoculated in tri-

plicate, and co-transfected with wild-type or mutant

reporter together with miR-1236-3p or miR-NC utilizing

Lipofectamine 2000 (Invitrogen), followed by measure-

ment with firefly and renilla activities adopting Dual-

Luciferase Reporter Assay kit (Promega).

Tumor Xenograft Assay
Lentiviral vector (Lenti-short hairpin) sh-NNT-AS1 for

stable NNT-AS1 knockdown was purchased from

GeneChem (Shanghai, China), and the lentivirus empty

vector acted as a control (sh-NC). Male BALB/C nude

mice (five-week-old, n=4 per group) were provided by

Shanghai Experimental Animal Center (Shanghai,

China). A 5×106 A549/DDP cells transfected with sh-

NNT-AS1 or sh-NC were subcutaneously injected on the

left flank of the nude mice. After 1 week of injection, mice

were intraperitoneally administrated with PBS or 3 mg/kg

DDP every 7 days. Tumor volume was detected once

a week. Twenty-seven days later, the tumor was excised

for subsequent weight, followed by measurement for RT-

qPCR assay. This study was approved by the Animal Care

and Use Committee of the First Affiliated Hospital of

Medical College of Zhejiang University.

Statistical Analysis
The data were statistically analyzed by SPSS 13.0 and

presented as mean±standard deviation (SD). The differ-

ence between two groups or multiple groups was assayed

using Student’s t-test or one-way analysis of variance with

Dunnett’s post-test. P-values less than 0.05 were regarded

as statistically significant.

Results
Level of NNT-AS1 Was Upregulated in

Lung Cancer Tissues, Cell Lines and

DDP-Resistant Cells
To expose the biological role of NNT-AS1 in the carci-

nogenesis of lung cancer, we explored the expression

level of NNT-AS1 in lung cancer tissues. qRT-PCR ana-

lysis indicated that NNT-AS1 was apparently upregu-

lated in tumor tissues as compared with adjacent

noncancerous tissues (Figure 1A). Moreover, the expres-

sion of NNT-AS1 was notably augmented in advanced

lung cancer tissues (III+IV) compared with the lung

cancer tissues with the early stages (I+II) (Figure 1B).

Meanwhile, our data exhibited that the high expression

of NNT-AS1 was significantly related to Tumor size

(p=0.0006), advanced TNM stages (p=0.007), lymphatic

metastasis (p=0.002) and distant metastasis (p=0.002),

implying that NNT-AS1 might affect the clinical prog-

nosis of lung patients. Also, a high expression level of

NNT-AS1 was observed in lung cancer cells with

DDP resistance or not (Figure 1C and D). The evidence
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meant that the high expression of NNT-AS1 in DDP-

resistant lung cancer cells might go in for the drug resis-

tance in lung cancer cells.

NNT-AS1 Deficiency Could Reinforce

DDP Sensitivity in DDP-Resistant Lung

Cancer Cells
Given the high expression of NNT-AS1 in A549/DDP and

H522/DDP cells, the knockdown vector of NNT-AS1 was

constructed and transfected into DDP-resistant lung cancer

cells, qRT-PCR analysis presented that NNT-AS1 level was

specifically downregulated by transfection with si-NNT-AS1

in vitro (Figure 2A). Subsequently, cell proliferation was

measured by MTTassay, and the results exhibited that knock-

down of NNT-AS1 could markedly block cell proliferation in

A549/DDP and H522/DDP cells (Figure 2B and C). Besides,

the deficiency of NNT-AS1 could clearly decrease the IC50 of

DDP in DDP-resistant lung cancer cells (Figure 2D and E).

Next, we further investigated whether the reduction of

NNT-AS1 expression could influence cell apoptosis. Flow

cytometric analysis suggested that NNT-AS1 detection signif-

icantly strengthened cell apoptosis in both A549/DDP and

H522/DDP cells (Figure 2F). Simultaneously, the hindered

cell migration and invasion were found in DDP-resistant

lung cancer cells after transfection with si-NNT-AS1

(Figure 2G and H). Furthermore, cell phenotypes-related pro-

teins were identified by adopting Western blot assay. The

decreased Ki-67 indicated the retard of cell proliferation, the

improved C-Caspase-3 indicated the enhancement of cell

apoptosis, and the reduction of MMP-9 was applied to repre-

sent the repression of the mobility in A549/DDP and H522/

DDP cells after NNT-AS1 silencing (Figure 2I and J). All the

data displayed that NNT-AS1 silencing could retard cell pro-

liferation, migration, invasion, and the IC50 of DDP, and

enhance cell apoptosis in A549/DDP and H522/DDP cells.

NNT-AS1 Was a Sponge of miR-1236-3p
LncBase Predicted v.2 was applied to predict the probable

targets of NNT-AS1, the binding sites between miR-1236-3p

and NNT-AS1 were found (Figure 3A). Then, dual-

luciferase reporter analysis validated that the luciferase of

WT-NNT-AS1 was reduced by more than 50% after co-

transfection with miR-1236-3p in A549/DDP and H522/

DDP cells. However, the luciferase of MUT-NNT-AS1 had

no evident alteration after transfection with miR-1236-3p

in vitro (Figure 3B and C). As shown in Figure 3D, a low

expression of NNT-AS1 was observed in lung cancer tissues

in comparison with matched control. Of course, the passive

correlation between miR-1236-3p level and NNT-AS1 level

was manifested via qRT-PCR analysis (Figure 3E). In addi-

tion, we also disclosed that the level of miR-1236-3p was

particularly weakened in lung cancer cells no matter with or

without DDP resistance (Figure 3F and G). After that, we

constructed the overexpression vector of NNT-AS1, the

efficiency of NNT-AS1 overexpression is shown in Figure

3H. Lastly, the NNT-AS1 or si-NNT-AS1 was introduced

into A549/DDP and H522/DDP cells so as to analyze the

expression of miR-1236-3p. Expectantly, the level of miR-

1236-3p was decreased in cells transfected with NNT-AS1,

and the miR-1236-3p level was increased in cells transfected

with si-NNT-AS1 in vitro (Figure 3I and J). These findings

confirmed that NNT-AS1 was able to target miR-1236-3p in

DDP-resistant lung cancer cells.

The Effect of miR-1236-3p on Cell

Phenotypes and DDP Resistance Was

Abrogated by NNT-AS1 Overexpression

in vitro
As mentioned above, the relevance between miR-1236-

3p and NNT-AS1 was verified at the molecular aspect,

rescue assays were conducted to explore the functional

Figure 1 Level of NNT-AS1 was upregulated in lung cancer tissues, cell lines and DDP-resistant cells. (A) Relative expression of NNT-AS1 in lung cancer cells compared

with adjacent noncancerous tissues. (B) QRT-PCR analysis for the level of NNT-AS1 in different tumor stages (I+II compared with III+IV). (C and D) Relative expression level

of NNT-AS1 in (C) lung cancer cell lines and (D) DDP-resistant cells. *P<0.05.
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mechanism between them. Firstly, miR-1236-3p alone or

along with NNT-AS1 was transfected into A549/DDP

and H522/DDP cells, and qRT-PCR analysis proved that

the acceleratory effect of miR-1236-3p mimic on the

level of miR-1236-3p was abrogated via co-

transfection with NNT-AS1 in vitro (Figure 4A).

Additionally, the inhibitory impact of miR-1236-3p

upregulation on cell proliferation in DDP-resistant lung

cancer cells was relieved after the synchronous intro-

duction of NNT-AS1 (Figure 4B and C). Similarly,

reintroduction of NNT-AS1 could sharply attenuate the

repressive role of miR-1236-3p mimic in the IC50 of

DDP in both A549/DDP and H522/DDP cells (Figure

4D). Meanwhile, cell apoptosis expedited as a result of

miR-1236-3p overexpression, and such promotion could

be restored by the co-introduction of NNT-AS1 in both

A549/DDP and H522/DDP cells (Figure 4E). As the

results of transwell assay, the capacity of the mobility

was illustrated at the aspects of cell migration and

invasion, reintroduction of NNT-AS1 could remarkably

regain the inhibiting influence of miR-1236-3p overex-

pression on the mobility of DDP-resistant lung cancer

cells (Figure 4F and G). The alterations of Ki-67,

C-Caspase-3, and MMP-9 expression were also proved

the above conclusion about cell behaviors in vitro

(Figure 4H and I). According to all the above results,

Figure 2 NNT-AS1 deficiency could reinforce DDP sensitivity in DDP-resistant lung cancer cells. Si-NNT-AS1 or si-NC was introduced into A549/DDP and H522/DDP

cells. (A) Relative expression level of NNT-AS1 in DDP-resistant cells. (B–E) MTTanalysis for the effect of NNT-AS1 detection on (B and C) cell proliferation and (D and E)
the IC50 of DDP in vitro were examined. (F) The ability of cell apoptosis under NNT-AS1 silencing in A549/DDP and H522/DDP cells. (G and H) The capacities of cell

migration and invasion after transfection with NNT-AS1 in vitro were assessed. (I and J) Relative protein levels of Ki-67, C-caspase-3, and MMP-9 in A549/DDP and H522/

DDP cells. *P<0.05.
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we corroborated that NNT-AS1 upregulation could abol-

ish the effect of miR-1236-3p mimic on DDP resistance

in A549/DDP and H522/DDP cells.

MiR-1236-3p Directly Targeted ATG7
To further investigate the role of miR-1236-3p in drug resis-

tance in lung cancer cells, Targetsacn software was

employed to predict the possible target of miR-1236-3p

and the results are exhibited in Figure 5A. Whereafter, dual-

luciferase reporter assay acted as a suitable assistant to

verify miR-1236-3p and ATG7 could bind to each other in

both A549/DDP and H522/DDP cells. Results of the assays

discovered a truth that WT-ATG7 could interact with miR-

1236-3p unlike the mutant luciferase reporter (Figure 5B

and C). In the meanwhile, ATG7 was expressed at a high

level in lung cancer tissues in comparison with matched

control (Figure 5D). Simultaneously, qRT-PCR analysis

revealed that ATG7 was negatively related to miR-1236-

3p in lung cancer tissues (Figure 5E). Also, the mRNA and

protein levels of ATG7 were dramatically intensified in lung

cancer tissues (Figure 5F). Expectantly, the level of ATG7

was substantially facilitated in lung cancer cells no matter

with or without DDP resistance (Figure 5G–J).

Subsequently, the efficiency of anti-miR-1236-3p was ana-

lyzed, and the level of miR-1236-3p was notably reduced

after transfection with anti-miR-1236-3p in vitro

(Figure 5K). To further research the relevance between

miR-1236-3p and ATG7, miR-1236-3p or anti-miR-1236-

3p was transfected into DDP-resistant lung cancer cells, we

found that the expression level of ATG7 was opposite with

miR-1236-3p at the aspects of mRNA and protein expres-

sion (Figure 5L–O). The above descriptions corroborated

that ATG7 was a target of miR-1236-3p in DDP-resistant

lung cancer cells.

MiR-1236-3p Inhibition Could Overturn

the Impact of ATG7 Detection on Cell

Behaviors and DDP Resistance in A549/

DDP and H522/DDP Cells
Considering the interaction between miR-1236-3p and

ATG7, we deeply explored the functional regulation

between them. Firstly, A549/DDP and H522/DDP cells

were transfected with si-ATG7 or si-ATG7 plus anti-miR

Figure 3 NNT-AS1 was a sponge of miR-1236-3p. (A) Predictive binding sites between NNT-AS1 and miR-1236-3p. (B and C) Dual-luciferase reporter analysis for the

luciferase activities of WT-NNT-AS1 and MUT-NNT-AS1 in DDP-resistant cells was detected. (D) Relative level of miR-1236-3p in lung cancer tissues compared with

adjacent normal tissues. (E) The correlation between miR-1236-3p level and NNT-AS1 level. (F and G) QRT-PCR analysis for the level of miR-1236-3p in (F) lung cancer
cells and (G) DDP-resistant cells was detected. (H) The level of miR-1236-3p after transfection with NNT-AS1 in vitro. (I and J) QRT-PCR analysis for the impact of NNT-

AS1 overexpression or detection on the level of miR-1236-3p in A549/DDP and H522/DDP cells were measured. *P<0.05.
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-1236-3p, respectively. Seen from Figure 6A–C, the curb

impact of ATG7 silencing on the mRNA and protein levels

of ATG7 was recovered by miR-1236-3p inhibition in DDP-

resistant lung cancer cells. Synchronously, MTT analysis

demonstrated that the hindering effect of ATG7 reduction

on cell proliferation and the IC50 of DDP was reversed via

co-transfection with miR-1236-3p inhibitor in A549/DDP

and H522/DDP cells (Figure 6D–F). Moreover, miR-1236-

3p repression could overturn the boosting role of ATG7

deficiency in cell apoptosis in vitro (Figure 6G). Besides,

transwell analysis exposed that introduction of si-ATG7

could efficiently retard cell migration and invasion, such

reduction was rescued by the co-transfection of miR-1236-

3p inhibitor in both A549/DDP and H522/DDP cells

(Figure 6H and I). Interestingly, the changes of Ki-67,

C-Caspase-3, and MMP-9 levels also concluded the

interaction between miR-1236-3p and ATG7 in regulating

DDP-resistance in vitro (Figure 6I and J). In sum, the miR-

1236-3p inhibitor could abrogate the impact of ATG7 silen-

cing on DDP resistance in A549/DDP and H522/DDP cells.

ATG7 Was Co-Regulated by miR-1236-

3p and NNT-AS1 in DDP-Resistant Lung

Cancer Cells
According to the above instructions, the regulatory mechan-

ism between ATG7 and NNT-AS1 or miR-1236-3p was

highlighted. Firstly, si-NC, miR-1236-3p, miR-1236-3p

+vector, or miR-1236-3p+NNT-AS1 were introduced into

A549 and H522 cells under DDP resistance, respectively.

QRT-PCR analysis illustrated that the mRNA level of ATG7

was impeded due to miR-1236-3p upregulation, which was

overturned by the synchronous transfection with NNT-AS1

Figure 4 The effect of miR-1236-3p on cell phenotypes and DDP resistance was abrogated by NNT-AS1 overexpression in vitro. MiR-NC, miR-1236-3p, miR-1236-3p

+vector, or miR-1236-3p+NNT-AS1 was transfected into A549/DDP and H522/DDP cells. (A) Relative level of miR-1236-3p in DDP-resistant cells. (B–E) The influence of

miR-1236-3p and NNT-AS1 in (B and C) cell proliferation and (D and E) the IC50 of DDP in vitro were tested. (F and G) Transwell analysis for the abilities of cell migration

and invasion in DDP-resistant lung cancer cells. (H and I) Western blot analysis for the levels of Ki-67, C-Caspase-3, and MMP-9 in DDP-resistant A549 and H522 cells were

detected. *P<0.05.
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in both A549/DDP and H522/DDP cells (Figure 7A and B).

Besides, a similar tendency was observed in the alteration of

ATG7 protein expression in vitro (Figure 7C and D).

Meanwhile, our data exhibited that NNT-AS1 silencing

repressed the ATG7 level, while the upregulation of ATG7

relieved the effect in A549/DDP (Figure S1A) and H522/

DDP (Figure S1B) cells. Namely, ATG7 was co-modulated

by miR-1236-3p and NNT-AS1 in lung cancer cells under

DDP resistance in vitro. In addition, a xenograft tumor

mouse model was performed to verify the role of NNT-AS1

on DDP-resistance in vivo. As displayed in Figure S2, tumor

volume (Figure S2A) and weight (Figure S2B) were dis-

tinctly reduced due to DDP treatment or NNT-AS1 down-

regulation, suggesting that DDP treatment or NNT-AS1

knockdown inhibited lung tumor growth in vivo.

Interestingly, combined sh-NNT-AS1 and DDP resulted in

more overt suppression on tumor growth. Meanwhile, our

data exhibited that the NNT-AS1 level was remarkably

decreased in tumor tissues from the sh-NNT-AS1 group

relative to the sh-NC group (Figure S2C). In a word, NNT-

AS1 deficiency could enhance DDP sensitivity of lung can-

cer in vivo.

Figure 5 MiR-1236-3p directly targeted ATG7. (A) The complementary sequences between miR-1236-3p and ATG7. (B and C) Relative luciferase activities of WT-ATG7

and MUT-ATG7 in A549/DDP and H522/DDP cells were examined. (D) Relative levels of ATG7 in lung cancer tissues in comparison with paracancerous non-tumorous

tissues. (E) QRT-PCR analysis for the correlation between miR-1236-3p level and ATG7 level in lung cancer cells. (F) Western blot analysis for the protein level of ATG7 in

tumor tissues. (G–J) Relative mRNA and protein levels of ATG7 in (G and H) lung cancer cells or (I and J) DDP-resistant cells. (K) The level of miR-1236-3p in A549/DDP

and H522/DDP cells after transfection with anti-miR-1236-3p. (L–O) QRT-PCR and Western blot analyses for the mRNA and protein levels of ATG7 under miR-1236-3p

overexpression or inhibition were assessed. *P<0.05.
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Discussion
In the paper, we excavated that the expression of NNT-

AS1 and ATG7 was specifically enhanced, but the

miR-1236-3p level was distinctly hindered in lung cancer

tissues and cell lines, as well as DDP-resistant lung cancer

cells than matched controls. In addition, the high expres-

sion of NNT-AS1 was implicated in the histological grade

of lung cancer. Functional analysis demonstrated that

NNT-AS1 silencing could remarkably retard the progres-

sion, migration, invasion, and the IC50 of DDP, and trigger

the apoptosis of DDP-resistant lung cells (A549/DDP and

H522/DDP). Subsequently, rescue assays were

implemented to verify the interaction between miR-1236-

3p and NNT-AS1 or ATG7 in vitro.

NNT-AS1, a newly discovered lncRNA, has been

implied to express in obvious tumors aberrantly, and NNT-

AS1 with the ectopic expression participates in the patho-

genesis and tumorigenesis in human cancers. For instance,

the high expression of NNT-AS1 could expedite the pro-

gression of cervical cancer via regulating the Wnt/β-

catenin signaling pathway, showing as the acceleration of

the proliferation and invasion in vitro.20 Besides, the over-

expression of NNT-AS1 in osteosarcoma was implicated

in tumor growth and poor prognosis in patients.21 It was

Figure 6 MiR-1236-3p inhibition could overturn the impact of ATG7 detection on cell behaviors and DDP resistance in A549/DDP and H522/DDP cells. A549/DDP and

H522/DDP cells were introduced with si-NC, si-ATG7, si-ATG7+anti-miR-NC, or si-ATG7+anti-miR-1236-3p, respectively. (A–C) The role of si-ATG7 and anti-miR-1236-

3p in the mRNA and protein levels of ATG7 in vitro. (D–G) MTT analysis for (D and E) the capacity of cell proliferation and (F and G) the IC50 of DDP in A549/DDP and

H522/DDP cells were detected. (H and I) The alterations of the migration and invasion of DDP-resistant lung cancer cells after transfection with si-ATG7 or anti-miR-1236-

3p. (J) Relative expression levels of Ki-67, C-Caspase-3, and MMP-9 in A549/DDP and H522/DDP cells under ATG7 silencing or miR-1236-3p inhibition. *P<0.05.
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worth noting that the uncovered lncRNAs were relative to

chemo-resistance, including DDP resistance. For example,

homeobox transcript antisense intergenic RNA (HOTAIR)

deficiency could regain the sensitivity by causing cell-

cycle arrest in DDP-resistant lung cells.22 Based on the

previous researches, we further investigated the function

of NNT-AS1 in chemo-resistance of lung cancer.

Functional assays exhibited that NNT-AS1 deficiency

could enhance the drug sensitivity in DDP-resistant A549

and H522 cells in vitro, presenting the repression of cell

proliferation, migration, invasion and the IC50 of DDP, and

the promotion of cell apoptosis in vitro. Furthermore,

chemo-resistance of NNT-AS1 was also verified on lung

cancer xenografts in nude mice. The above conclusion was

in keeping with previous studies.10 The work pathway of

NNT-AS1 in mediating DDP resistance was the subse-

quent gist.

As we all know, lncRNAs participate in the develop-

ment, pathogenesis and metastasis of diverse human

carcinomas.23 More importantly, lncRNAs act as the

sponges of miRNAs to modulate tumorigenesis.24

miRNA expression is extremely specific in tumors, and

many miRNAs function as oncogenic or tumor-

suppressive factors.25 MiR-1236-3p, one of the common

miRNAs, was manifested to be downregulated in lung

cancer tissues and DDP-resistant cells in our study. Not

only that, subsequent assays elucidated that miR-1236-3p

was a target of NNT-AS1, the role of miR-1236-3p mimic

on cell phenotypes was relieved via co-transfection with

NNT-AS1 in A549/DDP and H522/DDP cells. Emerging

findings also indicated that miR-1236-3p was connected

with the DDP resistance of lung cancer cells.26 Also, miR-

1236-3p exerted its tumor-suppressive role by targeting

Krueppel-like factor 8 (KLF8) in lung cancer cells.17 In

the present investigation, we further clarified miR-1236-3p

was strictly associated with DDP resistance in lung carci-

noma cells. Next, the binding sites between miR-1236-3p

and potential targets were predicted by Targetscan

software.

With the help of dual-luciferase reporter assay, we

corroborated that ATG7 was a target of miR-1236-3p. In

regard to ATG7, it is part of the ATGs family and is

deemed as autophagy-related genes. Autophagy is an evo-

lutional conversed process, leading to orderly degradation

and recycling in cellular organelles and proteins.27 Over

the past decades, autophagy has been suggested to play an

important function in the resistance of chemotherapy in

multiple tumors.28,29 Referring to previous evidence, the

autophagy activity of A549/DDP cells was higher than

A549 cells, the inhibition of autophagy has been

expounded to be related to the promotion of

DDP sensitivity in lung cancer cells.30 Currently, ATG7

was particularly upregulated in lung cancer tissues and

lung cancer cells no matter with or without

DDP resistance. Subsequently, in vitro experiments were

implemented to illustrate the relationship between miR-

1236-3p and ATG7, the result showed that the impact of

ATG7 silencing on cell behaviors was recovered via miR-

1236-3p inhibition. The conclusion about ATG7 in

DDP resistance was in accord with earlier findings.31

Taken together, the NNT-AS1 and ATG7 with high

expression, and the miR-1236-3p with low level played

pivotal roles in the initiation and progression of lung

cancer cells with DDP resistance. Knockdown of NNT-

AS1 could elevate cell apoptosis, and curb proliferation,

migration, invasion and the IC50 of DDP in A549/DDP

and H522/DDP cells. Collectively, NNT-AS1 exerted its

function via miR-1236-3p/ATG7 axis in mediating

Figure 7 ATG7 was co-regulated by miR-1236-3p and NNT-AS1 in DDP-resistant lung cancer cells. A549/DDP and H522/DDP cells were transfected with si-NC, miR-

1236-3p, miR-1236-3p+vector, or miR-1236-3p+NNT-AS1, respectively. (A–D) The impact of miR-1236-3p and NNT-AS1 on the mRNA and protein levels of ATG7 in vitro.

*P<0.05.
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DDP resistance in vitro. However, the potential role of

NNT-AS1 still needed to be further highlighted.
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