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Introduction

Lung cancer is the leading cause of cancer death in both developed and developing
countries."? Among them, 85% are NSCLC cases.* Although the diagnosis of
lung cancer has been researched intensively in recent years, the 5-year survival rate
has not been significantly improved.”® The key cause of high mortality is the
metastatic potential of the tumor.” Therefore, a better understanding of the mechan-
isms of tumor cell proliferation is a necessary condition for more effective NSCLC
management. However, no tumor molecular markers have been reported to accu-
rately predict the metastasis of lung cancer. Therefore, identification of the biomar-
ker related to NSCLC metastasis is an important part of the NSCLC research

process.
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Previous studies have reported that programmed the
coding gene is closely related to the metastasis of malig-
nant tumors.®’ Recent advances indicated that another
important type of gene, non-coding RNA, may also
become new participants in cancer progression.10 Long
non-coding RNA (LncRNA) is an RNA molecule that
does not have the ability to encode proteins.'"'* It is
known that IncRNA generally affects gene expression by
regulating the transcriptional and post-transcriptional
levels of gene expression.'? In normal cells, IncRNA are
key regulators of the physiological processes of cells and
pathological processes.' Studies have found that IncRNA
are abnormally expressed in NSCLC, and they regulate the
development of NSCLC by stimulating or inhibiting bio-
logical processes.'*'> LncRNA LINCO01194 was discov-
ered as a new IncRNA. Studies have confirmed that
LINCO01194 levels in breast cancer tissues are significantly
lower. Based on the survival curve of patient follow-up
data, the expression level of LINC01194 was negatively
correlated with the prognosis of patients.'® However, there
is a lack of literature on the regulation of NSCLC by
LINCO01194.

MicroRNAs have the biological roles of targeting
mRNAs for cleavage or translational inhibition. In rec
years, miRNAs have been considered to be capable
regulating gene expression, and to synergisticalums

located on chromoso
sor in various t

Fof example, miR-486 was
the most do pulated miRNA in tumors compared
with adjacent avolved lung tissues, and miR-486
directly targets coMponents of insulin growth factor
(IGF) signaling including insulin-like growth factor 1
(IGF1), IGF1 receptor (IGF1R), and phosphoinositide-
3-kinase regulatory subunit 1 (alpha) (PIK3R1 or p85a).
This miRNA functions as a potent tumor suppressor of
lung cancer both in vitro and in vivo.”® However, there are
few reports on the specific effects of miR-486-5p on
NSCLC.** In recent years, several studies have found

that IncRNA may regulate downstream target genes

through miRNA adsorption processes.”> Studies have
found that cell cycle-dependent kinase 4 (CDK4) plays
a critical role in the development of tumors and is highly
expressed in NSCLC.%® Our study aimed to investigate
whether LINCO01194 was involved in cancer stem cells of
NSCLC. DGCRS was increased while miR-486-5p was
decreased in NSCLC cells. It was speculated that
LINCO01194 can promote NSCLC-like properties by mod-
ulating the miR-486-5p/CDK4 axis.

Materials and Method

Research Objects
NSCLC and adjacent non-1

The study was approved by the Ethics
i Chest Hospital.

man Mng cancer A549, H1299, H460, H1975 cells and
uman normal lung epithelial cells (BES-2B) were pur-
ased from the American Type Culture Collection
(ATCC, Manassas, VA, USA). A549 and H1299 cells
were subcultured in RPMI 1640 medium containing 10%
fetal bovine serum (FBS, Gibco, Carlsbad, CA, USA).
H460, H1975, and BES-2B cells were sub-cultured in
Dulbecco’s modified Eagle medium (DMEM, Gibco). All
cells were incubated at 37°C in a cell incubator containing
5% CO,.

Transfection

The miR-486-5p mimetic, miR-486-5p inhibitor (anti-miR
-486-5p), and the corresponding negative control miR (miR-
NC, anti-miR-NC) were purchased from RiboBio
(Guangzhou, People's Republic of China). The LINC01194
cDNA sequence was amplified and introduced into a pcDNA
vector (ABM, Richmond, Canada) to construct plasmid com-
plementary DNA LINCO01194. The shRNA sequences target-
ing LINC01194 and sh-NC were purchased from Genepharma
Co., Ltd (Shanghai, People's Republic of China). LINC01194
sequence was GAA-CATGCAGTCTAGGAACCGGCAT.
The CDK4 cDNA was cloned into pcDNA3.1 (Invitrogen,
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Carlsbad, CA, USA). Cells were transiently transfected with
RNAiMax and Lipofectamine 3000 with Plus Reagent
(Thermo Fisher Scientific).

RNA Isolation and Quantitative
Real-Time PCR (qRT-PCR)

Total RNA in cells was extracted using TRIzol reagent
(Invitrogen). After the reverse transcription reaction, qRT-
PCR was performed using a ViiATM 7 real-time PCR
system (Life Technologies, Grand Island, NY, USA). qRT-
PCR analysis conditions were as follows: 55°C for 10 min,
40 cycles of 95°C for 30 s, 55-59°C for 30 s, and 72°C for
42 s. The expression levels of IncRNA LINC01194 and
miR-486-5p was calculated using the 2-AACT method.
The expression levels of miRNA and IncRNA/target
genes were standardized by U6 and GADPH, respectively.
Quantitative real-time PCR (qRT-PCR) specific experi-
mental methods were performed with reference to the

literature.”” The sequence of primers is shown in Table 1.

Cell Proliferation Detection

The transfected cells were trypsinized and seeded at
cells/well in 96-well plates. After 24 h, 20 puL of
(Sigma-Aldrich Co., St Louis, MO, USA) solution (5

490 nm.

Colony For
The transfected ce

suspension, 3

solution at a ra@aof 1:9. After washing, colonies containing

50 cells or more Were counted under a microscope.

Transwell Assays

Transwell assays were used to detect cell invasion and
metastasis. The upper basement membrane of the
Transwell chamber was pre-coated with 20 pg Matrigel
and cultured overnight in a 24-well plate. The cell suspen-
sion was added to the upper chamber. After 12 h of cul-
ture, it was washed with the PBS 3 times. Then it was
fixed with 90% formaldehyde, and stained in the crystal
violet solution for 15 min. After that, the photograph was

taken under an inverted microscope. In the cell migration

Xenograft

Ten female

ells containing sh-IncRNA
s injected intravenously into the flanks
t group). Tumor size was measured
1l nude mice were sacrificed after 2 weeks
e dissected for gPCR or Western blot analysis
¥ Ethical and legal approval was obtained from
ci Chest Hospital prior to the commencement of the
> All procedures performed in studies involving animals
were in accordance with the ethical standards of Hebei Chest
Hospital in which the studies were conducted.

Biotinylated RNA Pull-Down Assay

In order to determine the possible interaction between IncRNA
LINCO01194 and miR-486-5p, the T7-IncRNA LINCO1
194 nucleic acid probe sequence was constructed
as TAATACGACTCAC TATAGGGAGGCACT TGGCACC
CAGTT, GCGGCCGCGAAATCTTTAATATTTGTTA. The
RNA pull-down assay was performed by the above T7-
IncRNA LINCO01194 nucleic acid probe, and the pull-down
product was obtained by Western blot and corresponding

specific antibody test. For the specific steps refer to Barnes
and Kanhere.*®

Table | Primer Sequences Used in Quantitative Real-Time PCR

Gene Sense Primer 5’ -3’ Antisense Primer 5’ =3’

IncRNA LINCOI 194 AGGCCTGACACGTTTACTAA AGGTCGTAGTGTTAGTGCAT
miR-486-5p CATTGTGCTGTTCGTGCAGTTAA CCCTCCAGGAATTGGCCTGTCTT
GAPDH TGCACCACCAACTGCTTAGC GGCATGGACTGTGGTGATGAG
CDK4 GCAGCGACTATGCACAACGA CCAGAGTGGTGACGGAGACA
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Luciferase Reporter Assay

The wildtype full-length 3'UTR fragment of the
LINCO01194 or CDK4 gene was obtained using PCR
from human genomic DNA. The predicted seed sequences
were mutated from the 3'UTR of Dockl using the over-
lapping PCR method. PCR products were cloned into the
pGL3 vector (Promega, Madison, WI, USA).

Synthetic wild type (WT) or mutant (MUT) CDK4 bound
to hsa-miR-486-5p was subcloned into the pGL3 Basic vec-
tor (Promega). Cells were co-transfected with these reporter
plasmids and miR-486-5p inhibitors or mimetics, respec-
tively. After 48 h of transfection, luciferase activity was
measured using a dual luciferase assay system (Promega).

RNA-Binding Protein

Immunoprecipitation Assay
RNA-binding protein immunoprecipitation assay was car-
ried out using Magna RIP Kit (EMD Millipore, Billerica,
MA, USA). A549 cells were lysed in RIP lysis buffer, and
the cell lysate was incubated with magnetic beads conju-
gated to human anti-Ago?2 antibody (Millipore) or isotype-
matched control antibody (normal mouse IgG; Millipore).
qRT-PCR was performed to detect LINC01194 and h,
miR-486-5p expression.

h at room temperature;
ylin was re-staineg

1l
extracted, and tI@aprotein concentration was quantified
using the BCA Prot®h Assay Kit. Then it was incubated
with anti-CDK4 antibody (1:1000, Proteintech, Chicago, IL,
USA) and anti-GAPDH antibody (1:1000, Abcam,
Cambridge, UK) overnight at 4°C. Then anti-rabbit second-
ary antibody (1:1000, Cell Signaling Technology, Boston,
MA, USA) was added to incubate for 1 h. GAPDH was
used as an internal reference, and relative protein expression

s were collected, total protein was

was expressed as the ratio of the gray value of the target
band/GAPDH band. The specific experimental methods for

Western blot analysis were performed with reference to the
literature.>’

Statistical Methods

The monitoring data were analyzed by SPSS19.0 statistical
software. Data were expressed as the mean = SD. Statistical
comparisons were made between two groups with the ¢ test.
A value of P<0.05 was considered significant.

Results
Biological Role of IncRNA

NSCLC Tumorigenesis

As shown in Figure 1A, t
LINCO01194  was i

there were significant
jon levels of IncRNA LINC01194
stage and lymph node metastasis

tary Table 1). As shown in Figure 1B,
BES-2B cells, IncRNA LINC01194 was

expression level of LINC01194 in the NSCLC, so
549 cells were chosen for further experiments.

In order to further analyze the carcinogenic effect of
ncRNA LINCO01194, A549 cells were transfected with sh-
NC or sh-LINC01194 or pc-NC or pc-LINC01194. As shown
in Figure 1C, compared with the control group, the expression
level of sh-LINC01194 or pc-LINCO01194 in the LINC01194
group was abnormally expressed, indicating successful trans-
fection. As shown in Figure 1D and E, LINC01194 silencing
significantly inhibited cell proliferation compared with the
control group, while LINC01194 overexpression significantly
induced cell proliferation (P<0.05). In addition, compared
with the control group, LINC01194 silencing significantly
inhibited the migration and invasion of A549 cells, while
overexpression of LINC01194 significantly promoted migra-
tion and invasion in A549 cells (Figure 1F and G) (P<0.05).
These data indicated that LINC01194 was capable of promot-
ing the proliferation and metastasis of NSCLC.

MiR-486-5p Was the Target of

LINCOI 194

The results are shown in Figure 2A. Compared with BES-2B
cells, the expression level of miR-486-5p in the NSCLC line
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Figure | Biological role of IncRNA LINCOI194 in NSCLC. (A) Relative expression of NSCLC in NSCLC tissues and adjacent normal tissues (n=26). (B) IncRNA
LINCOI 194 mRNA expression level in NSCLC cell lines. (C) IncRNA LINCOI 194 mRNA levels under different treatment conditions. (D) CCK8 measured cell viability. (E)
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(A549, H1299, H460 cells, H1975) was significantly reduced
(P<0.05). It was predicted by searching StarBase v.2.0 and
miR-486-5p was identified as a potential target for
LINCO01194 (Figure 2B). In addition, miR-486-5p expression
levels were abnormally expressed in the miR-486-5p over-
expression group or the miR-486-5p inhibitor group

compared with the control group, indicating successful

transfection (Figure 2C). WT-LINC01194 or mutant (mut)-
LINCO01194 luciferase reporter plasmid for luciferase repor-
ter gene assay was used to validate the predicted results. The
luciferase activity of pGL3-REPOR-LINCO01194-WT was
reduced by miR-486-5p mimetics, while there was no sig-
nificant change in the luciferase activity of pGL3-REPOR-
LINCO01194-mut (Figure 2D). As shown in Figure 2E, the

A B LINC01194: 5-UCUUCUGUAGACAGUGUACAGGU-3'
l%- 1.5- | | |
o —
2 o ‘o miRNA : 3'-GAGCCCCGUC--GA U-5'
2 &1
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Figure 2 LINCOI 194 regulated the expression of miR-486-5p in NSCLC cells. (A) Expression of miR146a-5p mRNA levels in NSCLC cell lines. (B) Putative target sequence
of miR-486-5p on the 3"-UTR of LINCOI194. (C) miR-486-5p mRNA levels in A549 cells under different treatment conditions. (D) Detection of luciferase activity by
luciferase reporter assay. (E) LINCOI 194 expression levels in samples by biotinylated miR-486-5p or negative control. (F) Correlation between LINCOI 194 and miR-486-5p
levels was using detecting RNA pull down. (G) Pearson’s correlation analysis of LINCOI194and miR-486-5p in NSCLC tissues (n=26) (r=-0.672, P<0.01).* P <0.05, n = 3.
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level of LINCO01194 was significantly higher than that of the
NC-bio or hsa-miR-486-5p probe. As shown in Figure 2F,
the anti-Ago2 IP experiments confirmed binding of
LINC01194 to miR-486-5p. In addition, a significant nega-
tive correlation between LINC01194 and miR-486-5p was
observed (Figure 2G). indicated that
LINCO01194 may exert its biological function through miR-
486-5p.

These results

The Effects of LINCOI 194 Were
Mediated by miR-486-5p in NSCLC Cells

In order to further analyze whether LINC01194 acts on
NSCLC cells via miR-486-5p, the miR-486-5p inhibitor,
and sh-LINCO01194 were transfected into the AS549 cell
line. Silencing of LINCO01194 significantly inhibited the
proliferation of A549 cells, and the miR-486-5p inhibitor
significantly induced the proliferation of A549 cells. Co-
transfection with miR-486-5p inhibitor partially eliminated
the effect of LINC01194 silencing on cell proliferation
(P<0.01) (Figure 3A—C). As shown in Figure 3D-G, silen-
cing of LINCO01194 significantly inhibited migration and
invasiveness of A549 cells, and the miR-486-5p inhibitor
significantly increased cell migration and invasivepgg,in

From bioinformatics
a potential target f
reporter assays w
or mutant (1

effect on th&@uciferase activity of Mut miR-486-5p. In
addition, in A5%
nificantly reduced the expression level of CDK4 protein and

cells, miR-146a-5p overexpression sig-

miRNA in A549 cells compared with the control group,
while miR-146a-5p inhibitor significantly increased the
expression level of CDK4 protein and miRNA (P<0.01)
(Figure 4C and D). In addition, compared with the control
group, shLINCO01194 significantly reduced CDK4 protein
levels, and co-transfection with anti-miR-486-5p can
reverse the effect of LINC01194 on CDK4 protein levels

(P<0.01) (Figure 4E). These results indicated that CDK4
was a direct target of miR-486-5p.

CDK4 Mediated the Effects of
LINCO| 194/miR-486-5p Axis in NSCLC

Cells

As shown in Figure SA and B, miR-486-5p mimic and sh-
LINCO01194 significantly inhibited cell proliferation com-
pared with that in the control group. Co-transfection with
gffect of miR-486-5p

si-pc CDK4 partially eliminated tha

cfiminated the effect
194 on cell migration

n the LINC01194 knockdown group were signifi-
cantly reduced compared to in the control group, and co-
transfection with anti-miR-486-5p reversed the effect of
LINCO01194 knockdown on tumor volume and weight of
the mouse (P<0.01). In addition, Ki-67 immunochemical
staining showed that there were fewer Ki67-positive cells in
the tumor tissue of the LINCO01194 knockdown group,
while Ki67-positive cells in tumor tissue were significantly
increased after co-transfection with anti-miR-486-5p
(Figure 6D). In addition, the protein levels of CDK4 in the
LINCO01194 knockdown group were significantly reduced
compared to those in the control group, and co-transfection
with anti-miR-486-5p reversed the effect of LINC01194
knockdown on the protein level of CDK4 (P<0.01,
Figure 6E).

Discussion
The current study found that IncRNA can play a role in

miRNA  molecular sponge and regulate gene

transcription.’®?!' Tt is widely believed that IncRNA is
involved in a variety of cellular functions, including apop-
tosis, differentiation, and various physiological and patho-

logical processes from cell growth to carcinogenesis.*
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Importantly, IncRNA expression is dysregulated in a wide
range of diseases including cancers, leading to abnormal cell
proliferation, migration, and apoptosis, which contribute to the
progression and outcomes of human tumor. One of the major
reasons for aberrant IncRNA expression is epigenetic regula-
tion. For example, high expression of IncRNA colon cancer—
associated transcript-1 (CCAT1) in esophageal squamous cell
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R
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ted a biological effect on NSCLC cells via miR-486-5p. (A) CCK8 measured the viability of A549 cells. (B, C) colony formation assay cell
measured the number of cell invasions. (F, G) Transwell measured the amount of cell migration. *P<0.05, n=3.

carcinoma is caused by H3K27 acetylation-mediated activa-
tion, whereas decreased expression of p53-induced IncRNA
TP53 target 1 (TP53TGl) is due to high methylation of its
gene promoter.>> Like other tumors, some abnormally
expressed IncRNAs were found in cancer tissues of primary
lung cancer, and some of them were highly expressed in

NSCLC.*** LINC01194 is an up-and-coming IncRNA that
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Figure 4 CDK4 was a direct miR-486-5p target. (A) Putative target sequence of miR-486-5p on the 3’-UTR of CDK4. (B) Detection of luciferase activity by luciferase
reporter assay. (C) RT-PCR and Western blot analysis were used to determine (C and D) CDK4 mRNA and protein levels. (C) RT-PCR assay for CDK4 mRNA levels. (D)
Western blot analysis was used to determine CDK4 protein levels. (E) Western blot analysis to determine CDK4 protein levels. *P<0.05, n=3

has received increasing attention.'® Previous studies have
found that LINCO01194 is involved in the development of
liver cancer and other tumors. It has been found that
LINCO01194 antagonizes the tumor suppressor miR-195, and
it regulates the development of Wilms tumor through IKKa.*®

In this study, it was found that the expression of IncRNA
LINCO01194 in NSCLC was significantly increased, and
IncRNA LINCO01194 silencing inhibited NSCLC cell prolif-
eration and migration and invasiveness, while the IncRNA
LINCO01194 overexpression group had the opposite results. In
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h in mice. Our findings are consistent
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the expression of LINC01194 in colon cancer cell lines, cell
proliferation and migration were inhibited. Therefore,
IncRNA LINC01194 can be used as an oncogene to control
the development of NSCLC by inhibiting its expression.

As a target of IncRNA, miRNA is the most widely
studied non-coding RNA, and can regulate cell prolifera-
tion, differentiation, and apoptosis by degrading target
miRNA or inhibiting its translation.*’ Studies have found

3.
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Invasive cell nu

iR-486-5p axis in NSCLC cells. (A) CCK8 measured cell viability. (B) Colony formation assay cell proliferation.
n and migration. *P<0.05, n=

that microRNAs, as upstream regulators of multi-gene
multi-target regulation, are involved in the regulation of
At
a variety of microRNAs were found to be dysregulated in

post-transcriptional  gene expression.”® present,
NSCLC, and are associated with the development of
NSCLC, gene mutation, pathological typing, targeted drug
resistance, and prognosis.>® Studies have found that miR-
486-5p was one of the most significant and highly expressed
miRNAs in human lung squamous cell carcinoma.* Its
expression in sputum and peripheral blood has important

clinical value for the diagnosis of NSCLC. Further studies
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Figure 6
analysis #
have shown % iR-486-5p plays a tumor suppressor gene  MiR-486-5p. Conversely, IncRNA LINCO011948 was nega-

role in NSCLC.
liferation, invasion, and metastasis, and participates in the

low expression contributes to cell pro-

regulation of NSCLC formation and progression.*' Our
study was consistent with the literature; miR-486-5p was
the target gene for IncRNA LINCO01194. The expression of
miR-486-5p was significantly reduced in NSCLC cells, and
IncRNA LINCO01194 regulated its expression by targeting
the 3'UTR of the miR-486-5p gene. LncRNA LINC01194
knockdown significantly increased the expression of

tively correlated with MiR-486-5p. MiR-486-5p inhibitors
partially eliminated the effects of sh-LINC01194 on cell
proliferation, migration, and invasion. These results sug-
gested that LINC01194 may promote NSCLC cell growth
by regulating miR-486-5p.

In recent years, there have been reports of interactions
between miRNA and IncRNA, targeting and regulating
related pathways, thus affecting the occurrence and
development of tumors.*? Cyclin-dependent kinase 4

OncoTargets and Therapy 2020:13

submit your manuscript

3161

Dove


http://www.dovepress.com
http://www.dovepress.com

Xing et al Dove

~J

(CDKA4) is a silk/threonine protein kinase that localizes to . Kato S, Yokoyama S, Hayakawa Y, et al. p38 pathway as a key down-
stream signal of CTGF to regulate metastasis potential in NSCLC.

the 12q13 region of the chromosome.** Recent studies , !
Cancer Sci. 2016;107(10):1416—1421. doi:10.1111/cas.13009

have shown that CDK4 also plays a critical role in the 8. Eddy J, Maizels N. Selection for the G4 DNA motif at the 5’ end of

process of tumor development.** Studies have found that human genes. Mol Carcinog. 2010;48(4):319-325. doi:10.1002/
. .- . mc.20496

the oncogene CDK4, which plays a critical role in the 9. Shussman N, Wexner SD. Colorectal polyps and polyposis

progression of the cell cycle, is directly targeted by miR- syndromes. Gastroenterol Rep. 2014;2(1):1-15. doi:10.1093/gastro/

486-5p, and mir-486-5p can inhibit non-small cell lung got041

. . 45 10. Diederichs S. Non-coding RNA in malignant tumors. A new world of
cancer by downregulatmg the expression of CDK4.™ In tumor biomarkers and target structures in cancer cells. Pathologe.

this study, it was found that CDK4 was a potential target 2010;31 Suppl 2(31 Suppl 2):258. doi:10.1007/500292-010-1336-8
11. Richards EJ, Zhang G, Li ZP, et al. Long non-coding RNAs

J—

o.f mlR-486-5P and that miR-486-5p regulated its expres.- (LncRNA) regulated by transforming growth factor (TGF) B:
sion by targeting the 3’'UTR of the CDK4 gene. In addi- IncRNA-hit-mediated TGFp-induced epithgld gesenchymal tran-
tion, miR-486-5p overexpression reduced CDK4 sition in mammary epithelia. J Big

expression, and co-transfection of shLINCO11948, and |, pcen RG, Yu Z. Long and nongodin®
miR-486-5p mimicked partially the effect of sh- androgen receptor dependen
LINCO11948 on CDK4 protein levels. MiR-486-5p growth in vivo. Asian J

.. c e . . 1008-682X.122364
mimic and sh-LINCO011948 inhibited cell proliferation |3

. Fatemi RP, MA. De-repressing
and migration, and co-transfection with pc-CDK4 par- LncRNA-targete expression: focus on
small molecy, i 2014;3(11):e196. doi:10.

tially eliminated the effect of miR-486-5p mimic and sh-
LINCO011948 on cell proliferation and migration. These  14. . stalk effects between DNA methylation and
results indicated that IncRNA LINCO011948 can promote s ion i C. Biomed Res Int. 2018;2018:1-6.

the proliferation of NSCLC by regulating the miR-486- M trect of IngRNA HOXAII-AS in NSCLC: a study based on

5p/CDK4 axis.

itro and in vivo verification. Sci Rep. 2017;7
8/341598-017-05856-2

Conclusion

LncRNA LINC011948 promoted the proliferation
NSCLC by regulating the miR-486-5p/CDK4 g
gesting that IncRNA LINCO011948 may
oncogene of NSCLC.

atic adenocarcinoma cell proliferation by restraining

atenin signaling. J Exp Clin Cancer Res. 2019;38(1):1.
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