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1 | INTRODUCTION

Abstract

Background: Long non-coding RNA (IncRNA) ATB belongs to an active modulator
in multiple cancers, but its expression along with potential underlying non-small cell
lung cancer (NSCLC) is obscure. Our study aimed to investigate the role and potential
mechanism of LncRNA ATB in NSCLC.

Methods: LncRNA ATB expression in NSCLC tissues and cell lines was detected by
gRT-PCR. Effects of LncRNA ATB on NSCLC cell proliferation, migration and invasion
were assessed by MTS, colony formation and transwell assays. The connection among
LncRNA ATB, miR-200b and fibronectin 1 (FN1) was determined by bioformatics pre-
diction and luciferase reporter assay.

Results: In this research, upregulation of LncRNA ATB was discovered in NSCLC tis-
sue samples and cell lines. LncRNA ATB was positively related to advanced tumor
phase as well as lymph node metastasis. Cell function assays reflected LncRNA ATB
expedited NSCLC cells proliferation, migration and invasion. LncRNA ATB promoted
fibronectin 1 (FN1) expression via inhibiting miR-200b. Furthermore, LncRNA ATB
depletion suppressed NSCLC cells proliferation, migration and invasion, while miR-
200b inhibitor or pcDNA-FN1 rescued these effects.

Conclusion: In summary, our outcomes elucidated that LncRNA ATB/miR-200b axis

expedited NSCLC cells proliferation, migration and invasion by up-regulating FN1.
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unsatisfactory.3’4 As a consequence, it is urgent to probe effective
targets for NSCLC treatment.

With high incidence and mortality rate worldwide, non-small cell Long noncoding RNAs (IncRNAs) pertain to un-translational

lung cancer (NSCLC) occupies around 80% of the whole lung cancer transcripts, with over 200 nucleotides.’ Numerous evidence demon-

cases.m? Great improvements for NSCLC therapy have been made strated IncRNAs play crucial parts in the pathophysiological pro-

in recent years, but the long-time survival rate of NSCLC patients is cesses, containing cell proliferation, migration, along with invasion.®
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LncRNA ATB is first identified as an oncogenic IncRNA in hepatocel-
lular carcinoma. High expression of LncRNA ATB enhanced invasion
of hepatocellular carcinoma cells through combining with the miR-
200 family.” Moreover, LncRNA ATB could regulate cell malignant
behaviors in many cancers.®*? However, LncRNA ATB expression in
NSCLC and the underlying role remain obscure.

In this research, LncRNA ATB was discovered to be obviously
upregulated in NSCLC tissue samples and cell lines. In addition,
LncRNA ATB expression was positively related to advanced tumor
phase as well as lymph node metastasis. Furthermore, miR-200b
could bind to LncRNA ATB. Moreover, LncRNA ATB/miR-200b axis
expedited NSCLC cells' proliferation and invasion via up-regulating
fibronectin 1 (FN1).

2 | MATERIALS AND METHODS

2.1 | NSCLC samples

A total of 46 NSCLC tumor tissues as well as corresponding nor-
mal adjacent normal tissues were obtained from NSCLC patients at
the Hospital from February 2016 to February 2018. All patients did
not accept radiation treatment or chemotherapy prior to surgery.
This study was acquired written informed consent from all patients,
as well as approval from the Ethics Committees of the Affiliated

Hospital of Medical School of Ningbo University.

2.2 | Cellculture

Cell Bank of the Chinese Academy of Sciences supplied human
NSCLC cell lines (A549, H1229, H358 and H522) together with nor-
mal human lung epithelial cell line BEAS-2B. Dulbecco's modified es-
sential medium (DMEM, Thermo Fisher) containing with 10% fetal
bovine serum (FBS, Hyclone) at 37°C with 5% CO, was implemented
to culture cells.

2.3 | Quantitative real-time reverse transcription-
polymerase chain reaction (qQRT-PCR)

Total RNA was extracted from NSCLC tissue samples or cell lines
by Trizol reagent (Invitrogen). PrimeScriptTM RT reagent kit (Takara)
was implemented to synthesize cDNAs. Then, gPCR was imple-
mented with the SYBR Premix Ex Taq Il kit. For microRNA analysis,
gRT-PCR was performed using TagMan microRNA assays (Applied
Biosystems). All specific primers were unveiled as follows: LncRNA
ATB forward primer; 5-GGCAGGTAGAAAAGTCGGCT-3', re-
verse primer; 5-TGGAAAGAGTGGGAAGGATT-3'; B-actin forward
primer; 5-CTTAGTTGCGTTACACCCTTTCTTG-3', reverse primer;
5'-CTGTCACCTTCACCGTTCCAGTTT-3". p-actin was an endog-

enous control.

2.4 | Cell transfection

Two human LncRNA ATB siRNAs (si-ATB-1/-2), pcDNA-FN1 over-
expression plasmid (pcDNA-FN1), miR-200b mimics/inhibitor were
brought from GenePharma Co., Ltd. Cell transfection was carried
out by means of Lipofectamine 2000.

2.5 | MTS assay
Briefly, 2000 cells were planted in 96-well plates, followed by the
addition of a 100pl culture medium including 20 pul of MTS reagent

(Promega). The absorbance was read at 490 nm by a plate reader.

2.6 | Colony formation assay

NSCLC cells treated with LncRNA ATB siRNAs, miR-200b inhibitor or
pcDNA-FN1 were seeded in six-well plates. After 10days, colonies
were fixed and stained. Then, the number of colonies was counted.

2.7 | Transwell assay

For migration assays, 2x10* cells in medium without serum were
seeded into the upper chamber. For invasion experiments, cells
in medium without serum were planted into the upper wells pre-
coated with Matrigel (BD Biosciences). The bottom wells contained
growth medium with 10% FBS. Then, the penetrated cells on the
filters were fixed, stained and counted.

2.8 | Luciferase assay

LncRNA ATB wild type (LncRNA ATB-WT) with miR-200b binding
sites or mutant sites (LncRNA ATB-MUT), as well as the full-length
FN1 wild-type 3'-untranslated region (UTR) including miR-200b tar-
geting site (FN1 3'-UTR-WT) or mutant 3'-UTR (FN1 3-UTR-MUT)
were inserted into the psi-CHECK-2 luciferase reporter vector
(Promega), respectively. NSCLC cells were co-transfected with lu-
ciferase plasmids together with miR-200b mimics or control miRNA.
After 48h, the activities were measured with a Dual-Luciferase
Reporter Assay System (Promega).

2.9 | Western blotting assay

Total proteins were extracted from A549 and H522 cells using RIPA
buffer containing proteinase inhibitor cocktail (Boster). Then pro-
teins were isolated by SDS-PAGE, and transferred the protein onto
polyvinylidene fluoride (PVDF) membranes. The membranes were
hatched with the FN1 primary antibodies (CST, USA) at 4°C for an
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overnight, followed by adding HRP-linked secondary antibodies, and
the protein bands were detected using Super ECL Plus Detection

Reagent (Applygen Technologies Inc.).

2.10 | Statistical analysis
All data are expressed as the mean +standard error (SD). Student's
t-test was implemented to analyze the differences between two

groups. A value of p<0.05 was significant.

3 | RESULTS

3.1 | LncRNA ATB was elevated in NSCLC

qRT-PCR outcomes displayed LncRNA ATB was upregulated in 46
paired NSCLC tissues (Figure 1A). Furthermore, the LncRNA ATB
expression was positively related to advanced tumor phase as well
as lymph node metastasis (Figure 1B,C). In contrast to the normal
lung epithelial cell line, BEAS-2B, LncRNA ATB was high-expressed
in four NSCLC cell lines, H1229, H358, A549 and H522 (Figure 1D).

3.2 | LncRNA ATB knockdown inhibited
proliferation of NSCLC cells

As shown in Figure 2A, LncRNA ATB was successfully knocked down
in NSCLC cells through siRNAs. MTS assay showed that LncRNA
ATB depletion reduced the viability of NSCLC cells (Figure 2B). It was
also revealed the colony numbers of NSCLC cells were decreased
after LncRNA ATB silence (Figure 2C).

WI LEYM

3.3 | LncRNA ATB knockdown suppressed NSCLC
cells migration and invasion

As indicated in Figure 3A,B, the migratory and invasive poten-
tials underlying NSCLC cells were inhibited due to LncRNA ATB

knockdown.

3.4 | LncRNA ATB bound to miR-200b in
NSCLC cells

Previous literatures have proved that LncRNA ATB could compete
with miR-200b in tumors.”’ Therefore, we assumed that LncRNA
ATB might participate in NSCLC by regulating the miR-200b expres-
sion. As illustrated in Figure 4A, LncRNA ATB possesses a potential
binding site of miR-200b. MiR-200b was low-expressed in NSCLC
cells upon LncRNA ATB silence (Figure 4B). The results of luciferase
assay indicated that the luciferase intensity of LncRNA ATB-WT was
significantly reduced in NSCLC cells due to miR-200b elevation, but
that of LncRNA ATB-MUT was not affected by miR-200b increase
(Figure 4C). Additionally, LncRNA ATB was reduced in NSCLC cells
after miR-200b elevation, whereas significantly increased upon miR-
200b inhibition (Figure 4D).

3.5 | MiR-200b targeted FN1 in NSCLC cells

Previous studies showed that miR-200c could regulate gastric can-

1.2 Here, we hypothesized that

cer progression by binding to FN
LncRNA ATB/miR-200b axis might promote NSCLC progression by
regulating FN1. As uncovered in Figure 5A, FN1 3'-UTR possesses

a potential binding site of miR-200b. Luciferase assay revealed that
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FIGURE 2 LncRNA ATB depletion impaired NSCLC cells proliferation. (A) LncRNA ATB expression underlying NSCLC cells after LncRNA
ATB silence from qRT-PCR; (B) MTS assay of NSCLC cells after LncRNA ATB silence; (C) Colony formation assay of NSCLC cells after LncRNA
ATB silence. **p<0.01
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FIGURE 3 LncRNA ATB reduction repressed NSCLC cells migration and invasion. (A-B) Migration and invasion assays underlying NSCLC
cells upon LncRNA ATB silence. **p <0.01 and ***p<0.001

the luciferase intensity was impaired in NSCLC cells cotransfected with FN1 3'-UTR-MUT along with miR-200b mimics (Figure 5B,C).
with FN1 3-UTR-WT together with miR-200b mimics. However, the Moreover, FN1 protein level was significantly decreased in NSCLC
luciferase intensity was not changed in NSCLC cells cotransfected cells upon miR-200b increase (Figure 5D).
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FIGURE 4 MiR-200b bound to LncRNA ATB. (A) MiR-200b binding sites on the LncRNA ATB transcript; (B) MiR-200b expression
in NSCLC cells after LncRNA ATB silence by gRT-PCR; (C) Luciferase activity of LncRNA ATB-WT/MUT in NSCLC cells after miR-200b
elevation; (D) LncRNA ATB expression in NSCLC cells upon transfecting with miR-200b mimics or inhibitor by gqRT-PCR. *p <0.05 and

**p<0.01

3.6 | LncRNA ATB/miR-200b axis facilitated
NSCLC cells proliferation and invasion by
regulating FN1

Next, whether FN1 was involved in the impacts of LncRNA ATB/
miR-200b axis on NSCLC cells proliferation and invasion was further
explored. LncRNA ATB knockdown significantly decreased FN1 pro-
tein level in NSCLC cells, while miR-200b inhibitor or pcDNA-FN1
offset the effects of LncRNA ATB knockdown on FN1 expression
(Figure 6A). MST assay displayed LncRNA ATB decrease suppressed
the proliferation of NSCLC cells, while miR-200b inhibition or FN1
amplification rescued the effects (Figure 6B). Furthermore, miR-
200b inhibition or FN1 amplification counteracted the repressive
influence underlying LncRNA ATB abrogation on cell migration and

invasion (Figure 6C,D).

4 | DISCUSSION

LncRNAs regulate various cellular processes of NSCLC.* For in-
stance, IncRNA AWPPH promoted proliferation and inhibits apopto-
sis of NSCLC cells.?® SIK1-LNC repressed the proliferative of NSCLC
cells.* Therefore, IncRNAs could be potential in diagnosis and treat-
ment of NSCLC cancer.

LncRNA ATB, first identified as an oncogenic IncRNA in hepato-
cellular carcinoma cells.” Lei et al proposed that LncRNA ATB pro-
moted gastric cancer cell proliferation through miR-141-3p/TGFp2
axis.! Another literature pointed LncRNA ATB promoted lung
cancer development.”"'® Whereas, the expression and potential of
IncRNA ATB in NSCLC are uncharted. In this work, we discovered In-
cRNA ATB was high-expressed in NSCLC tissues and was positively
related to advanced tumor phase as well as lymph node metastasis.
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FIGURE 6 LncRNA ATB/miR-200b axis promoted NSCLC cells proliferation and invasion by regulating FN1. (A) FN1 protein level was
analyzed in NSCLC cells after co-transfection with LncRNA ATB siRNA-1 and miR-200b inhibitor or pcDNA-FN1 by western blot. (B) MTS
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Moreover, LncRNA ATB abrogation hindered NSCLC cells prolifera-

tion, migration and invasion.

For an another class of noncoding RNAs, microRNAs (miRNAs)
also control physiological processes of cancers.” Previous studies

indicated that IncRNAs might work as miRNA sponges in tumor

progression‘20 Therefore, we hypothesized that LncRNA ATB might

participate in NSCLC through competing with miRNAs. A previous
report unveiled that miR-200b/c repressed NSCLC cells proliferation
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and invasion via controlling RhoE expression.?! In this research, we
assumed LncRNA ATB might participate in NSCLC by interacting
with miR-200b. MiR-200b inhibitor rescued the anti-tumor potential
of LncRNA ATB knockdown.

FN1 involves in various biological processes of tumors.?? For ex-
ample, FN1 facilitated A431 tumor cells the migration.23 In a Mouse
Glioma Model, knockdown of FN1 delayed the growth of glioma
cells.?* Xju-Xia Zhang et al pointed out that high expression of FN1
is correlated with poor prognosis and immune infiltrates in breast
cancer.?’ FN1 overexpression could promote gastric cancer progres-
sion.2% Herein, miR-200b was found to directly target FN1 in NSCLC
cells. Importantly, pcDNA-FN1 rescued the inhibitory influence of
LncRNA ATB depletion on NSCLC progression.

5 | CONCLUSION

In sum, our study interestingly demonstrated that LncRNA ATB was
high-expressed in NSCLC tissue samples along with cell lines, and
was positively related to advanced tumor phase as well as lymph
node metastasis. Furthermore, LncRNA ATB facilitated NSCLC
cells proliferation, migration together with invasion via regulating
miR-200b/FN1 axis. Our study might provide potential targets for
NSCLC treatments.

AUTHOR CONTRIBUTIONS

Shifang Sun and Decai Zhu conceived the experiments and wrote
the paper. Yifan Zou, Ningjie Xu, Jiarong Lv and Bin Hu performed
the experiments. Yifeng Mai and Shanshan Rong gave experimen-
tal guidance in the lab. Liren Ding and Kaiyue Wang designed the
experiments and analyzed the data. All authors approved the final

version of the article.

ACKNOWLEDGMENT

This project was supported by 2021 Ningbo Municipal Health Youth
Backbone Talent Project (2021SWSQNGG-SSF), Ningbo Natural
Science Foundation (Grant No. **(A new project waiting for authori-
zation), No. 2018A610205 and No. 2016C51019).

CONFLICT OF INTEREST
All authors declare that there is no conflict of interest.

DATA AVAILABILITY STATEMENT
Data generated in this study are available from the corresponding

author under reasonable requests.

ORCID
Shifang Sun "= https://orcid.org/0000-0001-5769-2931
REFERENCES

1. Duma N, Santana-Davila R, Molina JR. Non-small cell lung cancer:
epidemiology, screening, diagnosis, and treatment. Mayo Clin Proc.
2019;94(8):1623-1640.

10.

11.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

WI LEYM

Relli V, Trerotola M, Guerra E, Alberti S. Abandoning the notion of
non-small cell lung cancer. Trends Mol Med. 2019;25(7):585-594.
Sankar K, Gadgeel SM, Qin A. Molecular therapeutic tar-
gets in non-small cell lung cancer. Expert Rev Anticancer Ther.
2020;20(8):647-661.

Patel SA, Weiss J. Advances in the treatment of non-small cell lung
cancer: immunotherapy. Clin Chest Med. 2020;41(2):237-247.

Rinn JL, Chang HY. Long noncoding RNAs: molecular modalities to
organismal functions. Annu Rev Biochem. 2020;89:283-308.

Zhang L, Li C, Su X. Emerging impact of the long noncoding RNA
MIR22HG on proliferation and apoptosis in multiple human can-
cers. J Exp Clin Cancer Res. 2020;39(1):271.

Yuan JH, Yang F, Wang F, et al. A long noncoding RNA activated by
TGF-beta promotes the invasion-metastasis cascade in hepatocel-
lular carcinoma. Cancer Cell. 2014;25(5):666-681.

Yue B, Qiu S, Zhao S, et al. LncRNA-ATB mediated E-cadherin re-
pression promotes the progression of colon cancer and predicts
poor prognosis. J Gastroenterol Hepatol. 2016;31(3):595-603.

Li Z, Wu X, Gu L, et al. Long non-coding RNA ATB promotes malig-
nancy of esophageal squamous cell carcinoma by regulating miR-
200b/Kindlin-2 axis. Cell Death Dis. 2017;8(6):e2888.

Tang F, Wang H, Chen E, et al. LncRNA-ATB promotes TGF-beta-
induced glioma cells invasion through NF-kappaB and P38/MAPK
pathway. J Cell Physiol. 2019;234:23302-23314.

Lei K, Liang X, Gao Y, et al. Lnc-ATB contributes to gastric cancer
growth through a MiR-141-3p/TGFbeta2 feedback loop. Biochem
Biophys Res Commun. 2017;484(3):514-521.

Zheng X, Liu M, Song Y, Feng C. Long noncoding RNA-ATB impairs
the function of tumor suppressor miR-126-mediated signals in en-
dometrial cancer for tumor growth and metastasis. Cancer Biother
Radiopharm. 2019;34(1):47-55.

Zhang H, Sun Z, Li Y, Fan D, Jiang H. MicroRNA-200c binding to
FN1 suppresses the proliferation, migration and invasion of gastric
cancer cells. Biomed Pharmacother. 2017;88:285-292.

Chen Z, Chen Q, Cheng Z, et al. Long non-coding RNA CASC9 pro-
motes gefitinib resistance in NSCLC by epigenetic repression of
DUSP1. Cell Death Dis. 2020;11(10):858.

Song Z, Du J, Zhou L, Sun B. IncRNA AWPPH promotes prolifer-
ation and inhibits apoptosis of non-small cell lung cancer cells by
activating the Wnt/p-catenin signaling pathway. Mol Med Rep.
2019;19:4425-4432.

Yang L, Xie N, Huang J, et al. SIK1-LNC represses the proliferative,
migrative, and invasive abilities of lung cancer cells. Onco Targets
Ther. 2018;11:4197-4206.

Cao Y, Luo X, Ding X, Cui S, Guo C. LncRNA ATB promotes prolif-
eration and metastasis in A549 cells by down-regulation of microR-
NA-494. J Cell Biochem. 2018;119(8):6935-6942.

Wei L, Wu T, He P, Zhang JL, Wu W. LncRNA ATB promotes the
proliferation and metastasis of lung cancer via activation of the p38
signaling pathway. Oncol Lett. 2018;16(3):3907-3912.

Hill M, Tran N. miRNA interplay: mechanisms and consequences in
cancer. Dis Model Mech. 2021;14(4):dmm047662.

CaoW,Zhou G.LncRNASNHG12 contributes proliferation, invasion
and epithelial-mesenchymal transition of pancreatic cancer cells by
absorbing miRNA-320b. Biosci Rep. 2020;40(6):BSR20200805.
Tang Q, Li M, Chen L, Bi F, Xia H. miR-200b/c targets the expression
of RhoE and inhibits the proliferation and invasion of non-small cell
lung cancer cells. Int J Oncol. 2018;53(4):1732-1742.

Song J, Zhao D, Sun G, Yang J, Lv Z, Jiao B. PTPRM methylation
induced by FN1 promotes the development of glioblastoma by ac-
tivating STAT3 signalling. Pharm Biol. 2021;59(1):904-911.

Chen SH, Lin CY, Lee LT, et al. Up-regulation of fibronectin and
tissue transglutaminase promotes cell invasion involving increased
association with integrin and MMP expression in A431 cells.
Anticancer Res. 2010;30(10):4177-4186.


https://orcid.org/0000-0001-5769-2931
https://orcid.org/0000-0001-5769-2931

80of 8
% | WILEY

24.
25.

26.

SUN ET AL.

Sengupta S, Nandi S, Hindi ES, Wainwright DA, Han Y, Lesniak MS.
Short hairpin RNA-mediated fibronectin knockdown delays tumor
growth in a mouse glioma model. Neoplasia. 2010;12(10):837-847.
Zhang XX, Luo JH, Wu LQ. FN1 overexpression is correlated with
unfavorable prognosis and immune infiltrates in breast cancer.
Front Genet. 2022;13:913659.

Xu T, Huang M, Xia R, et al. Decreased expression of the long non-
coding RNA FENDRR is associated with poor prognosis in gastric
cancer and FENDRR regulates gastric cancer cell metastasis by af-
fecting fibronectinl expression. J Hematol Oncol. 2014;7(1):63.

How to cite this article: Sun S, Zou Y, Xu N, et al. Long
non-coding RNA ATB expedites non-small cell lung cancer
progression by the miR-200b/fibronectin 1 axis. J Clin Lab
Anal. 2023;37:€24822. doi:10.1002/jcla.24822


https://doi.org/10.1002/jcla.24822

	Long non-­coding RNA ATB expedites non-­small cell lung cancer progression by the miR-­200b/fibronectin 1 axis
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|NSCLC samples
	2.2|Cell culture
	2.3|Quantitative real-­time reverse transcription-­polymerase chain reaction (qRT-­PCR)
	2.4|Cell transfection
	2.5|MTS assay
	2.6|Colony formation assay
	2.7|Transwell assay
	2.8|Luciferase assay
	2.9|Western blotting assay
	2.10|Statistical analysis

	3|RESULTS
	3.1|LncRNA ATB was elevated in NSCLC
	3.2|LncRNA ATB knockdown inhibited proliferation of NSCLC cells
	3.3|LncRNA ATB knockdown suppressed NSCLC cells migration and invasion
	3.4|LncRNA ATB bound to miR-­200b in NSCLC cells
	3.5|MiR-­200b targeted FN1 in NSCLC cells
	3.6|LncRNA ATB/miR-­200b axis facilitated NSCLC cells proliferation and invasion by regulating FN1

	4|DISCUSSION
	5|CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENT
	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMENT

	REFERENCES


