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ion, colony formation, and migration of NSCLC cells. Moreover,
C01260 inhibited apoptosis of NSCLC cells by regulating the expres-
-2 and Bax proteins in vitro. In vivo, the downregulation of LINC01260 promoted
. miR-562 was identified as the target gene of LINC01260, which was
egulated in NSCLC tumors. Furthermore, CYLD was identified as the target gene of
2. The effects of LINC01260 were exerted by regulating CYLD via sponging miR-
562. ELISA confirmed that the upregulation of CYLD inhibited NF-kB activity; however,
the co-transfection of sh-LINC01260 partly reversed the inhibition. Additionally, CYLD
reduced p65 expression; however, downregulation of LINC01260 slightly increased the
expression level.

Conclusion: This study revealed a novel LINC01260/miR-562/CYLD/NF-kB pathway in
the pathogenesis of NSCLC and suggested a potential therapeutic target for NSCLC.
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Introduction

Worldwide, and especially in China, lung cancer is the leading cause of cancer-
related death.! Nearly 85% of patients with lung cancer suffer from non-small cell
lung cancer (NSCLC). Interestingly, over the past 20 years, a decrease in the rate of
small cell lung cancer has been reported across the globe.” Despite the effort of

scientists and continued improvements in the general treatment of lung cancer, the
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5-year survival rate of patients has yet to be increased.’®
Approximately 90% of patients with NSCLC lose their
lives due to the effects of distant metastasis, rather than
those of the primary tumor. Therefore, metastasis is
regarded as a key element for both the prognosis and
treatment of lung cancer.* The complex molecular and
cellular mechanisms related to lung cancer metastasis are
still unknown. Investigating possible treatment targets to
improve the prognosis of patients with NSCLC can there-
fore have a significant impact.

Long noncoding RNAs (IncRNAs) are non-protein
coding transcripts longer than 200 bp.” LncRNAs are
involved in regulating basic biological activities by target-
ing gene expression at nearly all levels. It has been
revealed that various IncRNAs can regulate the malig-
nancy of cells, such as the transformation, drug sensitivity,
viability, and migration by regulating various molecular
mechanisms of malignant tumor cells.® Furthermore, it has
been reported that IncRNAs also affect tumor initiation,
development, and metastasis by the regulation of gene
expression at both transcriptional and post-transcriptional
levels as well as at the epigenetic level. Therefore,
IncRNAs have been investigated as prognostic biomarkers
and potential treatment targets for tumors.” For instan
IncRNA-TPTEP1 inhibited the proliferation of NSCL
cells by downregulating miR-328-5p expressjg

of renal cell carcinoma cells through
axis.®® Additionally, IncRNA-AOC4

In this study, we have
demonstrated th% INC01260 was low-expressed in
NSCLC patients. HOWever, the role of LINC01260 played
in the procedure of NSCLC and the underlying mechanism
is still unknown.

LncRNAs have been known to exert many functions,
such as acting as scaffolds or as enhancers to modulate

1415 Interestingly, more

transcription of their target genes.
and more studies have suggested that IncRNAs could func-
tion as a sponge of miRNAs and contribute to the carcino-

. 16.1 .
genesis of many tumors.'®'7 Herein, the subsequent

mechanistic experiments indicated that LINC01260 might
exert its function by competitively sponging miR-551 to
regulate CYLD expression, which inhibits the activation of
nuclear factor-kappa B (NF-kB) signaling. The NF-xB
family consists of five master transcription factors, RelA/
p65, RelB, c-Rel, p50/p105 and p100/p52 which are coordi-
nating regulators of inflammatory and immune responses and
playing an important role in oncogenesis disorders.'® For
instance, NF-kB signaling promotes cancer development
and progression by regulating various target genes control-

ling the cell proliferation, angiogencsigmmad metastasis.'’

and ovarian carcinoma.?%?!

U might also
of NSCLC.

urgery at Shengli Clinical College of Fujian Medical
iversity, Fujian Provincial Hospital from January 2016
to June 2018. The patients had no secondary tumors and
did not receive any other therapy. Samples were snap-
frozen in liquid nitrogen and then stored in freezing sto-
rage tubes at —80°C. Then, we performed the storage and
transportation process without the use of and potential
inference from any enzymes. We obtained written
informed consent from all participants and the approval
for this research from the Ethics Committee of the Fujian

Provincial Hospital.

Cell Culture

We purchased normal bronchial epithelial cell lines (HBE)
as well as NSCLC cell lines (SPC-A1, H1650, H1650, and
A549) from ATCC (Rockville, MD, USA). We used
Dulbecco’s Modified Eagle’s medium (DMEM; Thermo
Fisher Scientific, Waltham, MA, USA) containing 10%
fetal bovine serum (FBS; Hyclone, USA), 100 IU/mL
penicillin, and 100 pg/mL streptomycin (Invitrogen,
USA) or Roswell Park Memorial Institute (RPMI) or
1640 medium (GIBCO-BRL; Thermo Fisher Scientific,
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Waltham, MA, USA) to culture the cells. Cells were main-
tained in a humidified incubator at 37°C with 5% CO,.

Cell Transfection

Geneseed Biotech (Guangzhou, China) designed and
synthesized Lentivector-mediated sh-LINC01260 and non-
targeting plasmids (sh-control). Lentivirus infection of
NSCLC cells was carried out using Polybrene (8 ng/mL).
Following PCR amplification of cDNA encoding
LINCO01260 and CYLD (cylindromatosis), the cDNA was
subcloned into the pcDNA3.1 plasmid (Invitrogen,
Carlsbad, CA, USA). We used an empty pcDNA3.1 plas-
mid as a negative control. hsa-miR-562 mimics were
obtained from Genepharma (Shanghai, China) and used
as negative control mimics. Lipofectamine 2000 reagent
(Invitrogen, CA, USA) was applied for transfection
experiments in accordance to the instructions. All cells
were cultured to approximately 50-60% view of culture
dish and transfected with serum-free media for 24 h.

Quantitative Real-Time Polymerase Chain
Reaction (qRT-PCR)

Total RNA was extracted from NSCLC tissues and ¢

CC-3' (forward) and

TATT-3" (reverse) for

5-AAATATGAACGCTTCACGA-3' (reverse) for U6;
5'- CCACACACACCAGAGAGGAC-3' (forward) and
5'-ATTATCCACACAGCACGCCA-3'
LINCO01260;
5-GAAGAGAGAGACCCTCACGCTG-3'
and
5'-ACTGTGAGGAGGGGAGATTCAGT-3’
for GAPDH;
5'-CACCAAGATGCCCAATACCA-3' (forward) and

(reverse) for

(forward)

(reverse)

5'-CTTCAGCCAATGAGCCCACT-3’
CYLD;

5'-CCCGAGAGGTCTTTTTCCGAG-3' (forward) and

5'-CCAGCCCATGATGGTTCTGAT-3" (reverse) for
Bax;

5'-GGTGGGGTCATGTGTGTGG-3’ (forward) and

5'-CGGTTCAGGTACTCAGTCATCC-3' (reverse) for
Bcl-2.

(reverse) for

Luciferase Reporter Assay
The 3'-UTR sequence (200 bp pa

ad post the binding

ces, forming a control
3'-UTR group. pGL3-

structions, we lysed the cells by adding appro-
e amount of lysate. After centrifugation, an aliquot of
100 pL of the supernatant was taken for testing. The RLU
value measured by firefly luciferase was divided by the
RLU value measured by sea kidney luciferase as an inter-
nal reference. We then compared the activation level of
different sample target reporter genes using the obtained
ratio. This procedure was repeated three times.

Cell Migration

Transwell chambers were placed above a 24-well plate.
We then digested and suspended the transfected NSCLC
cells. Next, cells were diluted to 1 x 10° and added into the
upper chamber, along with 100-200 pL of cell suspension.
Five hundred microliters of complete culture medium con-
taining FBS was added to the lower chamber. The culture
medium was removed 24-48 h later, and cells were
washed with PBS. The cells in the lower chamber were
fixed with 4% paraformaldehyde, stained with 0.1% crys-
tal violet (Beyotime, Nantong, China) for 10-15 min, and
then washed with PBS. Eventually, the cells were har-
vested with 10 fields in each well (200x magnification).
Image-pro Plus 6.0 (Media Cybernetics, USA) was uti-
lized for counting migrated cells. Each experiment was
conducted in triplicate.
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Colony Formation Assay

1 x 10> NSCLC cells were seeded into agar (1.5 mL) and
placed on the bottom of the well in triplicate. Cells were
replenished with 2 mL of complete medium twice a week.
Two weeks later, colonies were dyed with 0.5 mL of 0.1%
crystal violet for one hour, and then colonies >0.5 mm
were quantified using a TE2000-U dissection microscope
(Nikon, Tokyo, Japan).

Cell Proliferation

We seeded NSCLC cells at 1x 104, and then cultured for 0, 24,
48, and 72 h in 96-well plates. Then, we used Cell Counting
Kit-8 (CCK-8; Dojindo, Japan) to test cell proliferation. We
replaced the culture medium with 110 pL of mixed culture
medium containing 10 pLL of CCK-8 and incubated for 1 h at
37°C in the dark. Finally, we examined the OD value at 450
nm using TECAN infinite M200 Multimode microplate
reader (Tecan, Mechelen, Belgium). We set 6 replicate wells
in each group. This procedure was repeated three times.

Western Blotting
Cell lysis was performed in RIPA buffer (Beyotime,
Nantong, China) containing protease and phosphatase i
bitors (Beyotime, Nantong, China). Following manufactur?
guidelines, a standard bicinchoninic acid (BCA

(1:1000, ab200476,

ab32124, abcam,

USA), and antid6 > abcam, USA) at 4°C.
The membh # three times with TBST
and incubatc¥ ponding secondary antibodies
25°C. Lastly, Phototope-HRP Western
Cell Signaling Technology, Danvers,

for one hour at
Blot Detection Systc
MA, USA) was used to detect the expression of proteins. The
protein expression levels were calculated as relative expres-
sion to GAPDH. This procedure was repeated three times.

ELISA

Cell supernatant was collected 24 hours after culture and
washed 3 times with PBS. Then, the Nuclear Extraction
Kit purchased from Cayman (Item No. 10,009,277) was

applied for nuclear extracts. NF-xB p65 activity was deter-
mined using the Transcription Factor Assay Kit
(10,007,889, Cayman Chemical, USA). The 96-well plate
supplied with this kit is ready to use. A total of 100uL
reagents was added to the designated wells and the pro-
vided 96-well cover sheet was used to seal the plate over-
night at 4°C. Empty the wells and wash five times with
200uL of Wash Buffer (1x). After the final wash, tap the
plate on a paper towel to remove any residual Wash
Buffer. Dilute the Transcription Factor NF-kB (p65)
Primary Antibody 1:100 in Z i
Antibody Binding Buffer (ABB

ell and incubate

washing, 100uL

ally, stop solution was added
absorbance at 450 nm was measured
finite M200 Multimode microplate

umor Xenograft Model

BALB/c male nude mice (Shanghai SLAC Laboratory
Animal Co. Ltd., Shanghai, China), 4 to 5 weeks old
(18-20 g), were randomly separated into two groups (n =
3/group). The mice were cultured under standard conditions
(24°C£2°C, 50+10% relative humidity, 12 h light/dark
cycles) and with unlimited access to standard rodent main-
tenance feed (KEAO XIELI FEED Co., Ltd.) and water.
Hygienic conditions were maintained by weekly cage
changes. Animal health and behavior were monitored
every day and body weights were assessed weekly over the
course of the study. 1 x 10° of A549 cells, transfected with
sh-LINCO01260 or sh-control, were subcutaneously injected
into the right flank of the mice. Tumor volumes were calcu-
lated after observation with the following formula: volume =
(length x width?)/2. After three weeks, mice were sacrificed,
and tumor tissues were obtained. Xenografts then went
through immunohistochemical staining for Ki-67 and
PCNA. We obtained the approval for the animal experiments
from the Animal Care and Use Committee of Shengli
Clinical College of Fujian Medical University.
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Immunohistochemical Staining

Anti-Ki-67 (1:200) and anti-PCNA (1:200) primary monoclo-
nal antibody (Cell Signaling Technology) were used to incu-
bate tumor tissue sections, and further incubation was
performed with the secondary antibody. The sections were
then counterstained with hematoxylin for 30 s, followed by
incubation with 3,3'-DAB (Maxim, Fuzhou, China) for 5 min.
Finally, we imaged the samples using a TE2000 microscope

(Nikon).

Statistical Methods

Statistical analysis was carried out using GraphPad Prism
7.0 software. Kaplan—-Meier and Log rank tests were used
to calculate overall survival rates. The statistically signifi-
cant differences between the two groups were determined
using two-tailed Student’s #-test. The comparisons among
different groups (>2 groups) were analyzed by one-way
analysis of variance (one-way ANOVA) with a Tukey’s
post hoc test. Pearson correlation analysis was applied to
analyze the correlation between LINC01260 and miR-562,
and CYLD and miR-562 expressions. All data were pre-
sented as the mean+ SEM. P values less than 0.05gwere
considered as statistically significant.

Results

LINCO1260 Was Significantly
Downregulated in NSCLC Tissues and
NSCLC Cell Lines

First, we measured the expression level of LINC01260 in
NSCLC tumor tissues as well as in adjacent non-cancerous
tissues. It was found that LINC01260 was significantly
downregulated in NSCLC tissues (Figure 1A). Next,
patients with lung cancer were divided into a metastasis

group and a non-metastasis grouammaad I+ and II+IV

ng cancer cell lines than in HBE, the normal
elial cell lines (Figure 1F). All data indicated

i=
A _S 1.5 x C 2 1.0 l
1] " w
@ A
2 2 0.8
=084
& 3 - e = m_ "
S 101 = ol 8 S 064 =
g | ST 2 =i g oy
= (=3
S 3 n" 3 0.4 n"
Z 0.5 & &
3 = 02
8 = =
3 004 5 . <00 : :
2 - M [ I +1I m+1vV
D F _
2 1.2
@
-
2
S i % 091 :
= z o P
z 2 g
=] z — 0.6
2 8 3 - *
2 B z
30 — - = 0.3 1
AUC 0.8667_ & 50 P=0.0085 — Low level o
Cut off value=0.8122 HR=0.4097 X 2
High level s
0 T T T 1 0 T T T 1 o 0.0 T T T
0 30 60 90 120 0 40 80 120 160 & HBE SPC-Al H460 HI650 A549
Months

100% - Specificity%

Figure 1 LINCO1260 was significantly downregulated in NSCLC tissues and NSCLC cell lines. (A) The level of LINC01260 was distinctly lower in lung cancer tissues than
that in normal tissues. (B) The level of LINC01260 in metastasis group was decreased than that in non-metastasis group. (C) The level of LINC01260 in the tissues of
patients with lung cancer in stage IlI+IV was significantly lower than that in patients with lung cancer in stage I+Il. (D) ROC curve analysis showed that AUC = 0.8667 and
Cutoff value = 0.8122. (E) Survival analysis showed that a low expression of LINC01260 was a predictor of a worse prognosis, R?=0.4097, P=0.0085. (F) The LINC01260
expression was generally lower in lung cancer cell lines than that in normal bronchial epithelial cells. *p<0.05.
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LINCO01260 Knockdown Facilitated Cell

Proliferation and Migration

We explored the potential effect of LINC01260 on the occur-
rence and development of lung cancer using A549 and H1650
cell lines. The level of LINC01260 was significantly reduced
after cells were transfected with sh-LINC01260 (Figure 2A).
CCK-8 results showed that the proliferation of lung cancer
cells was markedly enhanced after downregulation of
LINC01260 expression (Figure 2B and C). Additionally, we
performed a plate cloning experiment, and the results clearly
indicated that the knockdown of LINC01260 significantly

A B
0 sh-Control
1.5 1.5+

*

OD=450nm
S =
wm >

Relative LINC01260 expression

@ sh-LINC01260 ~o~ sh-Control
-~ sh-LINC01260

upregulated the number of proliferating clones within the
cells (Figure 2D). Finally, we confirmed using transwell
assays that the downregulating of LINC01260 significantly
promoted lung cancer cell migration (Figure 2E).

Downregulation of LINC01260 Inhibited

Apoptosis in NSCLC Cells

In order to further investigate whether LINC01260 has an
effect on the apoptosis of lung cancer cells, we examined the
level of related apoptotic proteins. As indicated in Figure 3A

A549

H1650

A549

Relative colony number

H1650

A549

sh-Contr

[0 sh-Control
0 sh-LINC01260

* —
—

2.0 1

1.5

1.0 1

0.5 4

Relative migrated cells

0.0 -

H1650 A549

Figure 2 LINCO01260 knockdown facilitated cell proliferation and migration. (A) After sh-LINC01260 transfected lung cancer cell lines A549 and H1650, the level of
LINCO01260 was significantly decreased. (B and C) After down-regulating the LINC01260 expression in A549 and H1650 cells, their proliferation ability was clearly
strengthened. (D) Cell colony number was detected after LINC01260 down-regulated. (E) The ability of cell metastasis was significantly advanced after the level of

LINCO01260 in A549 and H1650 cells was down-regulated. *p<0.05.
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sh-Control

sh-Control

—

g
=3
3

Bcl-2 B sh-LINCO1260
*

2.09
@0 sh-LINCO01260 ‘

H1650

n

GAPDH

- E Bcl-2

AS549

WIS A GAPDH

=
n

Relative Bcl-2 expression

* —
1.5 4
N I
0.0 T T

H1650 A549

sh-Control

p-Control pLINC01260

Relative Bcl-2 protein level
s

P
0.0 lI 'l

H1650 A549

@ sh-LINC01260

* —

H1650

0.5 1

A549

Relative Bax expression

1

H1650

A549

down-regulated. (B) The pro-apoptosis protein Bax mRNA expression was reduced wi

determined when LINCO01260 down-regulated. *p<0.05.

¥ and LINC01260 was confirmed
to be downr&g@lated in harvested tumor tissues by analyzing
the data of tuniggrowth curves and tumor weight (Figure
4A-D). It was discovered that the number of metastatic
nodules was upregulated in the sh-LINC01260 group com-
pared to that of the control group (Figure 4E). The subcuta-
neous tumors formed by LINC01260 knockdown in A549
cells had substantially more stained Ki-67 and PCNA pro-
teins compared to the control group (Figure 4F and G),
indicating that the downregulation of LINC01260 promoted

tumor cell growth. In summary, these results revealed that

mor in vivo.

miR-562 Was a Target Gene of LINCO01260
We found that LINC01260 targeted miR-562 and a potential
binding site between the two may exist, as determined using
bioinformatics analysis via DIANA tools (LncBase Predicted
v.2) (Figure 5A). In fact, we verified the binding relationship
between the two by luciferase reporter assay (Figure 5B and
C). The effect of LINC01260 on the expression of miR-562
was verified by downregulating the expression of LINC01260
in A549 and H1650 cells and examining the expression level of
miR-562. It was found that the level of miR-562 was signifi-
cantly elevated after the expression of LINC01260 was down-
regulated (Figure 5D). On account of this regulatory
relationship, we then examined the expression of miR-562 in
lung cancer, finding a significantly raised expression of miR-
562 in lung cancer and a negative correlation with LINC01260
(R?=0.2511, P=0.0035) (Figure 5E and F). The results con-
firmed that miR-562 was a target gene of LINC01260.

CYLD Was a Potential Target Gene of
miR-562

We found that CYLD was a possible target gene of miR-562
(Figure 6A), and the binding relationship between them was
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sh-Control sh-LINC01260

CYLD were significantly
and D). Further tests confirmed that the
in tumor tissues of patients with lung

reduced (Figur®
expression of C
cancer was markedly lower than that in the control group,
and was negatively correlated with miR-562 (R*=0.2454,
P=0.0039) (Figure 6E and F).

LINCO1260 Exerted Its Effects by

Regulating CYLD
Based on the above results, we speculated that LINC01260
regulated the function of CYLD by sponging miR-562. In

sh-Control sh-LINC01260

order to verify this, we showed that both the mRNA and
protein levels of CYLD were significantly reduced after
transfection of sh-LINC01260 in A549 and H1650 cells,
and by upregulating CYLD, we could partially restore its
expression (Figure 7A-D). CCK-8 and transwell assay
experiments also showed that downregulating LINC01260
in lung cancer cells significantly promoted cell proliferation
and migration, while upregulating CYLD could partially
reverse this effect (Figure 7E and F).

LINCO1260 Functions by Regulating the

NF-kB Signaling Pathway

As known, CYLD is a negative regulator of NF-kB;** there-
fore, we speculated that LINC01260 might ultimately affect
the activation of NF-«kB through CYLD. First, we upregu-
lated the expression of CYLD in A549 and H1650 cells and
found that the activity of NF-xB was significantly inhibited
(Figure 8A). At the same time, we discovered that the
expression of p65 was also significantly reduced compared
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a potential target gene of miR-562. (A) Bioinformatics analysis suggested that there exist potential binding sites between the two. (B) According to the
gene assay, they have a binding relationship. (C and D) After up-regulation of the miR-562 level in A549/H1650 cells, the mRNA and protein levels of
d. (E) The level of CYLD decreased in lung cancer tissues. (F) The level of CYLD and miR-562 was inversely related. *p<0.05.

to the control (Figure 8B). Next, we transfected cells with ~ Therefore, LINC01260 ultimately is capable of regulating
sh-LINC01260 and found that the downregulation of the NF-«xB signaling pathway via CYLD.

LINCO01260 partially reversed the inhibitory effect of

CYLD on the NF-kB signaling pathway (Figure 8C). Discussion

Furthermore, we found that the expression of p65 was In recent studies, it has been found that metastasis and
partially reversed by sh-LINC01260 (Figure 8D). tumor progression are related to IncRNAs, which could be
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used in diagnosis and prognosis.”*2* In this study, we
discovered that LINC01260 was significantly reduced in
NSCLC tissue samples and NSCLC cell lines. Meanwhile,
we found that the expression of LINC01260 was signifi-
cantly related to tumor stage, metastasis, and patient prog-
nosis. Furthermore, the decrease in LINC01260 levels in

H1650

A549

rted its effects by regulating CYLD. (A and B) The CYLD mRNA and protein levels were distinctly down-regulated after A549/H1650 cells were
60. (C and D) Co-transfection of sh-LINC01260 and CYLD overexpression plasmid could increase the expression of CYLD compared to sh-
E and F) The elevated CYLD expression in A549/H1650 cells could partly inhibit the cell proliferation and migration ability enhanced by

A549 and H1650 cells led to cell proliferation and migra-
tion, as confirmed using CCK-8, colony formation, and
transwell assays. In vivo, we found that the knockdown of
LINCO01260 promoted tumor growth in mice; we also
conducted immunohistological examinations in mice.
However, the use of TNM classification and clinical data
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over-expressing CYLD in A549/H1650 cells, it significantly inhibited the expression of
partially reverse the inhibitory effect of CYLD’s increasing expression on NF-kB activ.

analysis of patients with NSCLC would allow fo
convincing results. Additionally, a larger sample
NSCLC tissues is needed for further study.

LINCO01260, the role of L
unclear. Our study
LINCO01260 in N
described the fu

ive endogenous RNA (ceRNA).
Noncoding As regulate the expression of miRNA tar-
gets by functiogg competitively against ceRNAs to pro-
vide the sponge effect of miRNAs.>> The IncRNA takes
part in the regulation of gene expression and a variety of
biological processes, as does ceRNA. It has been proved
that IncRNAs participate in the development of the
tumor.”**” This study, we determined the mechanism of
action of LINCO01260 by bioinformatics analysis and
observed that miR-562 was a target gene. Furthermore,
we confirmed a binding relationship between LINC01260

in A549/H
. (C and D) Simultaneous|
n. *p<0.05.

ells significantly inhibited NF-kB activity. (B) After
down-regulating the expression of LINC01260 can

via a dual-luciferase reporter assay, and thus
e speculated that LINCO01260 functioned as
A. In the literature, there are few reports on the
role of miR-562 in lung cancer. Therefore, we investigated
the expression of miR-562 in lung cancer and found that
miR-562 was highly expressed in lung cancer tissues.
MiR-562 even further expressed after LINC01260 expres-
sion was downregulated, suggesting a negative correlation.

In this study, it was revealed that miR-562 targeted CYLD
and regulated its expression. CYLD was originally identified
as a tumor suppressor in benign tumors of skin appendages,
and its function as a tumor suppressor has been reported in
different types of cancer.”®*° This study detected the expres-
sion of CYLD in NSCLC tissues and revealed that the expres-
sion of CYLD was significantly lower in NSCLC than in
control tissues, indicating that CYLD may play a role as
a tumor suppressor gene in lung cancer. It was reported that
IncRNA could serve as a ceRNA and regulate downstream
target genes by sponging miRNA.>° In this study, we con-
firmed that the expression of CYLD was reduced after
LINCO01260 downregulation. The results of further functional
experiments showed that the upregulation of CYLD partially
reversed the effect of sh-LINC01260 on cell proliferation and
migration, and thus we confirmed that LINC01260 regulated
CYLD expression by sponging miR-562.
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The NF-kB transcription factor family greatly influ-
ences numerous inflammatory and immune reactions, such
as the reaction to cancer.’'? Though the detailed mechan-
ism of IncRNAs is well known, most IncRNAs execute their
biological function through reciprocity with other mole-
cules, such as microRNAs, other IncRNAs, genomic
DNA, and especially proteins that participate in significant
pathways such as NF-kB signaling.*® Through research in
cell development, CYLD has been found to be a major
regulator that turns off NF-kB, prevents tissue damage
and necrosis, and inhibits even the malignant proliferation
of some cells.>**> Thus, we predicted that LINC01260 was
able to influence the activation of the NF-xB signaling
pathway via CYLD. In order to verify this, we first tested
the effect of CYLD upregulation on the NF-kB pathway in
NSCLC cells. The results confirmed that CYLD signifi-
cantly inhibited NF-kB activity in both A549 and H1650
cells, and reduced the expression of p65. Subsequently, we
downregulated the expression of LINC01260 and found
that the inhibitory effect of CYLD on the NF-xB pathway
was partially reversed, further confirming our prediction.

Conclusion
In summary, we identified a novel LINC01260-miR-5
CYLD-NF-«kB regulatory axis in NSCLC pathogenesi
LINCO01260, which has
a biomarker, acted as a tumor suppressor

the potential to

NSCLC tumorigenesis via acting as a co
ous RNA and regulated the expressi

study are available T®m the corresponding author on rea-
sonable request. Please contact the corresponding author,

if you want to request the dataset.

Ethics Approval

This study was approved by the Ethics Committee for
Animal Experimentation of the Fujian Provincial Hospital
and conducted according to the National Institutes of Health
guidelines for the care and use of laboratory animals.

Funding

This study was supported by the Natural Science Foundation
of Yunnan Province [2017FA039, 2017FE468-214] and
National Natural Science Foundation of China [No.
82074189].

Disclosure
The authors declare that they have no competing interests
in this work.

References

. Siegel RL, Miller KD, Jemal A_Can

—_

iRNA-based therapeutics
2018;23(39):5989-5996.

1 A, Arango D, Dopeso H. PVTIL
in gastrointestinal cancer. Front
.3389/fonc.2020.00038
. , Yin JY, et al. Association between well-characterized
cer IncRNA polymorphisms and platinum-based chemotherapy
n Chinese patients with lung cancer. Acta Pharmacol Sin.
2017;38(4):581-590. doi:10.1038/aps.2016.164
. Hennessy EJ. Cardiovascular disease and long noncoding RNAs:
tools for unraveling the mystery Lnc-ing RNA and phenotype. Circ
Cardiovasc Genet. 2017;10(4):e001556. doi:10.1161/CIRCGENE
TICS.117.001556
8.Cao F, Wang Z, Feng Y, et al. IncRNA TPTEP! competitively
sponges miR3285p to inhibit the proliferation of nonsmall cell lung
cancer cells. Oncol Rep. 2020. doi:10.3892/0r.2020.7522
. Zeng J, Li'Y, Wang Y, et al. IncRNA 00312 attenuates cell prolifera-
tion and invasion and promotes apoptosis in renal cell carcinoma via
miR-34a-5p/ASS1 axis. Oxid Med Cell Longev. 2020;2020:5737289.
doi:10.1155/2020/5737289
10. Li F, Rong T, Cao G, et al. AOC4P suppresses viability and invasion
and induces apoptosis in NSCLC cells by inhibiting the Wnt/beta--
catenin pathway. Chem Biol Interact. 2020;325:109110. doi:10.1016/
j-cbi.2020.109110
.Chen Z, Li JL, Lin S, et al. cAMP/CREB-regulated LINC00473
marks LKBI-inactivated lung cancer and mediates tumor growth.
J Clin Invest. 2016;126(6):2267-2279. doi:10.1172/JCI85250
12. Wu DM, Han XR, Wen X, et al. Long non-coding RNA LINC01260
inhibits the proliferation, migration and invasion of spinal cord
glioma cells by targeting CARD11 via the NF-kappaB signaling
pathway. Cell Physiol Biochem. 2018;48(4):1563—1578. doi:10.11
59/000492279
13. Vivian J, Rao AA, Nothaft FA, et al. Toil enables reproducible, open
source, big biomedical data analyses. Nat Biotechnol. 2017;35
(4):314-316. doi:10.1038/nbt.3772
14. Dogliotti G, Kullmann L, Dhumale P, et al. Membrane-binding and
activation of LKB1 by phosphatidic acid is essential for development
and tumour suppression. Nat Commun. 2017;8(1):15747. doi:10.
1038/ncomms15747

long
Oncol.

O

1

j—

submit your manuscript

10718

Dove

OncoTargets and Therapy 2020:13


https://doi.org/10.3322/caac.21551
https://doi.org/10.1093/annonc/mdy275
https://doi.org/10.1093/annonc/mdy275
https://doi.org/10.2174/1381612823666170714151715
https://doi.org/10.1016/j.ccm.2019.10.001
https://doi.org/10.1016/j.ccm.2019.10.001
https://doi.org/10.3389/fonc.2020.00038
https://doi.org/10.1038/aps.2016.164
https://doi.org/10.1161/CIRCGENETICS.117.001556
https://doi.org/10.1161/CIRCGENETICS.117.001556
https://doi.org/10.3892/or.2020.7522
https://doi.org/10.1155/2020/5737289
https://doi.org/10.1016/j.cbi.2020.109110
https://doi.org/10.1016/j.cbi.2020.109110
https://doi.org/10.1172/JCI85250
https://doi.org/10.1159/000492279
https://doi.org/10.1159/000492279
https://doi.org/10.1038/nbt.3772
https://doi.org/10.1038/ncomms15747
https://doi.org/10.1038/ncomms15747
http://www.dovepress.com
http://www.dovepress.com

Dove

Chen et al

15. Chen ZZ, Huang L, Wu YH, Zhai WJ, Zhu PP, Gao YF. LncSox4
promotes the self-renewal of liver tumour-initiating cells through
Stat3-mediated Sox4 expression. Nat Commun. 2016;7(1):12598.
doi:10.1038/ncomms12598

Li RK, Gao J, Guo LH, Huang GQ, Luo WH. PTENPI1 acts as
a ceRNA to regulate PTEN by sponging miR-19b and explores the
biological role of PTENPI in breast cancer. Cancer Gene Ther.
2017;24(7):309-315. doi:10.1038/cgt.2017.29

Liang L, Xu J, Wang M, et al. LncRNA HCP5 promotes follicular
thyroid carcinoma progression via miRNAs sponge. Cell Death Dis.
2018;9(3):372. doi:10.1038/s41419-018-0382-7

Tornatore L, Thotakura AK, Bennett J, Moretti M, Franzoso G. The
nuclear factor kappa B signaling pathway: integrating metabolism
with inflammation. Trends Cell Biol. 2012;22(11):557-566.
doi:10.1016/j.tcb.2012.08.001

Tago K, Funakoshi-Tago M, Ohta S, et al. Oncogenic Ras mutant
causes the hyperactivation of NF-kappaB via acceleration of its
transcriptional activation. Mol Oncol. 2019;13(11):2493-2510.
doi:10.1002/1878-0261.12580

Xia Y, Shen S, Verma IM. NF-kappaB, an active player in human
cancers. Cancer Immunol Res. 2014;2(9):823-830. doi:10.1158/
2326-6066.CIR-14-0112

Taniguchi K, Karin M. NF-kappaB, inflammation, immunity and
cancer: coming of age. Nat Rev Immunol. 2018;18(5):309-324.
Lakhani SR. Putting the brakes on cylindromatosis? N Engl J Med.
2004;350(2):187-188. doi:10.1056/NEJMcibr032650

Jiang C, Li X, Zhao H, Liu H. Long non-coding RNAs: potential new
biomarkers for predicting tumor invasion and metastasis. Mol
Cancer. 2016;15(1):62. doi:10.1186/512943-016-0545-z

Cabanski CR, White NM, Dang HX, et al. Pan-cancer transcriptome
analysis reveals long noncoding RNAs with conserved function. RNA
Biol. 2015;12(6):628—-642. doi:10.1080/15476286.2015.1038012
Luo H, Yang L, Liu C, et al. TMPO-AS1/miR-98-5p/EBF1 §
loop contributes to the progression of bladder cancer. Int J 5
Cell Biol. 2020;122:105702. doi:10.1016/j.biocel.2020.105702

A
&

OncoTargets and Therapy

16.

17.

18.

19.

20.

21.
22.

23.
24.

25.

Publish your work in this journal

OncoTargets and Therapy is an international, peer-reviewed, open
access journal focusing on the pathological basis of all cancers,
potential targets for therapy and treatment protocols employed to
improve the management of cancer patients. The journal also
focuses on the impact of management programs and new therapeutic

Submit your manuscript here: https://www.dovepress.com/oncotargets-and-therapy-journal

26. Zou CD, Zhao WM, Wang XN, et al. MicroRNA-107: a novel

promoter of tumor progression that targets the CPEB3/EGFR axis
in human hepatocellular carcinoma. Oncotarget. 2016;7(1):266-278.

doi:10.18632/oncotarget.5689

Xu L, Wang H, Jiang F, Sun H, Zhang D. LncRNA AK045171

protects the heart from cardiac hypertrophy by regulating the SP1/

MGS3  signalling pathway. Aging (Albany NY). 2020;12
(4):3126-3139. doi:10.18632/aging.102668

van den Ouweland AM, Elfferich P, Lamping R, et al. Identification
of a large rearrangement in CYLD as a cause of familial
cylindromatosis. Fam Cancer. 2011;10(1):127-132. doi:10.1007/
$10689-010-9393-y

Massoumi R. CYLD: a deubiquitination enzyme with multiple roles
in cancer. Future Oncol. 2011;7(2):285-297. doi:10.2217/fon.10.187
Wang AH, Jin CH, Cui GY, et al. promotes cell prolif-
eration and invasion by regulating R AF4 axis in cervi-
cal cancer. Aging (Albany NY). 1
aging.102799

. Sokolova O, Naumann

27.

28.

29.

30.

72018.02.002
es of long non-coding RNA
Rev  Genet. 2016;17(1):47-62.

her. 2018;20(1):219. doi:10.1186/s13075-018-1722-9
Ist K, Beyaert R. CYLD, A20 and OTULIN deubiqui-
-kappaB signaling and cell death: so similar, yet so

Dove

agents and protocols on patient perspectives such as quality of life,
adherence and satisfaction. The manuscript management system is
completely online and includes a very quick and fair peer-review
system, which is all easy to use. Visit http://www.dovepress.com/
testimonials.php to read real quotes from published authors.

OncoTargets and Therapy 2020:13

submit your manuscript

10719

Dove


https://doi.org/10.1038/ncomms12598
https://doi.org/10.1038/cgt.2017.29
https://doi.org/10.1038/s41419-018-0382-7
https://doi.org/10.1016/j.tcb.2012.08.001
https://doi.org/10.1002/1878-0261.12580
https://doi.org/10.1158/2326-6066.CIR-14-0112
https://doi.org/10.1158/2326-6066.CIR-14-0112
https://doi.org/10.1056/NEJMcibr032650
https://doi.org/10.1186/s12943-016-0545-z
https://doi.org/10.1080/15476286.2015.1038012
https://doi.org/10.1016/j.biocel.2020.105702
https://doi.org/10.18632/oncotarget.5689
https://doi.org/10.18632/aging.102668
https://doi.org/10.1007/s10689-010-9393-y
https://doi.org/10.1007/s10689-010-9393-y
https://doi.org/10.2217/fon.10.187
https://doi.org/10.18632/aging.102799
https://doi.org/10.18632/aging.102799
https://doi.org/10.3390/toxins9040119
https://doi.org/10.1016/j.trsl.2018.02.002
https://doi.org/10.1038/nrg.2015.10
https://doi.org/10.1186/s13075-018-1722-9
http://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
http://www.dovepress.com
http://www.dovepress.com

	Introduction
	Materials and Methods
	Patients and Specimens
	Cell Culture
	Cell Transfection
	Quantitative Real-Time Polymerase Chain Reaction (qRT-PCR)
	Luciferase Reporter Assay
	Cell Migration
	Colony Formation Assay
	Cell Proliferation
	Western Blotting
	ELISA
	Tumor Xenograft Model
	Immunohistochemical Staining
	Statistical Methods

	Results
	LINC01260 Was Significantly Downregulated in NSCLC Tissues and NSCLC Cell Lines
	LINC01260 Knockdown Facilitated Cell Proliferation and Migration
	Downregulation of LINC01260 Inhibited Apoptosis in NSCLC Cells
	LINC01260 Knockdown Promoted Tumorigenesis of NSCLC invivo
	miR-562 Was aTarget Gene of LINC01260
	CYLD Was aPotential Target Gene of miR-562
	LINC01260 Exerted Its Effects by Regulating CYLD
	LINC01260 Functions by Regulating the NF-κB Signaling Pathway

	Discussion
	Conclusion
	Data Sharing Statement
	Ethics Approval
	Funding
	Disclosure
	References

