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Long non-coding RNA LINC00887 promotes progression of
lung carcinoma by targeting the microRNA-206/NRP1 axis
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Abstract. Long non-coding RNAs (IncRNAs) have been
reported to participate in multiple biological processes,
including tumorigenesis. In the current study, the function
of a novel IncRNA LINCO00887 was investigated in lung
carcinoma. For this purpose, LINC00887 expression was
assessed by reverse-transcription quantitative PCR. Cell
viability was determined by the CCK-8 and EdU assays.
Cell invasion, migration were assessed by the transwell and
wound healing assays, respectively. A dual luciferase assay
was used for analysis of the interaction between LINC00887
and miR-206, as well as the relationship of miR-206 with
NRPI. A tumor xenograft study was performed to investigate
the LINC00887-miR-206-NRP1 axis in vivo. The expression
levels of LINC0O0887 were upregulated in lung carcinoma
tissues and cells compared with adjacent tissues or normal cells
(BEAS-2B). Knockdown LINCO00887 significantly inhibited
the proliferation, migration and invasion of lung carcinoma
A549 and NCI-H460 cells. Furthermore, LINC00887 was iden-
tified as a competing endogenous RNA and to directly interact
with miR-206. Mechanistically, miR-206 was demonstrated
to regulate neuropilin-1 (NRPI1) expression by targeting the
NRP1 3'-untranslated region. The results of the present study
suggested that the LINC00887-miR-206-NRP1 axis served a
critical role in regulating lung carcinoma cell proliferation,
migration and invasion. In addition, xenograft tumor model
experiments revealed that silencing LINC0O0887 suppressed
lung carcinoma tumor growth of in vivo. In summary, our
results suggest that LINC0O0887 may serve an oncogenic
role in lung carcinoma by targeting the miR-206/NRP1 axis,
providing a potential therapeutic target for patients with lung
carcinoma.
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Introduction

Lung carcinoma is one of the most common types of cancer
and one of the leading causes of cancer-associated deaths
worldwide (1,2). In 2018, there were 2.1 million new cases
and 1.8 million people died of lung cancer (3). The develop-
ment and progression of lung cancer is a complicated process
that may be associated with pleurisy or severe lung infec-
tions with bacteria and viruses or fungi, making lung cancer
difficult to treat (4-6). Lung cancer can be divided into two
categories, including non-small cell lung cancer (NSCLC) and
small cell lung cancer (7). Although the treatment outcome
for lung carcinoma have greatly improved due to advances
in the technologies and treatment strategies, the prognosis
of patients with lung carcinoma remains poor, since most
patients are diagnosed at a late stage (8,9). Alternative natural
therapies, such as p-himachalene, apigenin, geranial and
Dracocephalum kotschyi, have demonstrated anticancer prop-
erties, but with disadvantages such as cytotoxic effects (10-14).
Therefore, research has focused on the understanding of the
molecular mechanisms of lung carcinoma and identifying
novel diagnostic biomarkers and therapeutic targets.
Epigenetic modifications by long non-coding RNAs
(IncRNAs) and microRNAs (miRNAs) are crucial for the
development and metastasis of lung cancer (15). IncRNAs
are a group of RNAs >200 nucleotides in length involved
in multiple biological processes including gene imprinting,
histone modification, chromatin remodeling, transcriptional
activation, transcriptional interference, nuclear transport,
and cell cycle regulation. IncRNAs are also involved in
development of various types of tumor (16-18). For example,
NEATI (non-coding nuclear enriched abundant transcript 1) is
upregulated in breast cancer, colorectal cancer and non-small
cell lung cancer (19,20). Small nucleolar RNA host gene 7
is upregulated in lung cancer tissues and cells and promotes
the proliferation, migration and invasion of lung cancer cells
by regulating Fas apoptotic inhibitory molecule 2 expres-
sion (21). miRNAs are a group of small non-coding RNAs
that post-transcriptionally regulate gene expression and are
also involved in tumor development and metastasis (22).
Notably, IncRNAs have been reported to exert their func-
tions as competing endogenous RNAs (ceRNAs) by sponging
miRNAs (23-25). Previous studies have revealed various
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IncRNA-miRNA-mRNA interaction networks in lung carci-
noma (26-28). Cong et al (26) have demonstrated that IncRNA
LINCO00665 functions as a ceRNA to sponge miR-98, which
regulates ERK signaling, and promotes the development of
lung cancer. IncRNA PVT1 has been reported to competitively
bind miR-424-5p, which is involved in regulating the coacti-
vator-associated arginine methyltransferase 1 in NSCLC (29).
Furthermore, IncRNAs can exert oncogenic roles, as well as
function as tumor inhibitors. For example, IncRNA GACAT?3
expression is decreased in NSCLC, and high expression levels
of IncRNA GACATS3 inhibit the invasion and metastasis of
NSCLC (30). Another study has demonstrated that IncRNA
BX357664 suppresses NSCLC development by inhibiting
cell proliferation and invasion (31). However, the roles of
IncRNA-miRNA-mRNA networks in lung carcinoma remain
unclear. Previously, LINC00887 has been identified to accel-
erate the malignant transformation ability of NSCLC cells (32).
Using high-throughput nascent RNA capture sequencing,
another study has identified LINC00887 as a highly expressed
IncRNA in lung adenocarcinoma and squamous cell carci-
noma (33). However, the detailed underlying mechanisms
require further clarification.

The present study aimed to investigate the role of the
LINCO00887/miR-206/NRP1 axis in the development of lung
cancer. LINCO0887 functioned as the sponge of miR-206
to upregulate NRP1 expression. A decrease in LINC00887
may serve as a prognostic and diagnostic marker and also
be used as a novel therapeutic target for patients with lung
cancer.

Materials and methods

Clinical specimens. Lung carcinoma tissues and adjacent
normal tissues (>5 cm from tumor) were obtained from
40 patients (age range, 35-70 years; mean age, 63+7.83 years)
with lung cancer who underwent surgical resection at
Shaanxi Provincial People's Hospital (Xi'an, China) between
March 2017 and December 2018. Two pathologists evaluated
all specimens according to the World Health Organization
guidelines and the pTNM Union for International Cancer
Control pathological staging criteria (34). Inclusion criteria
were: i) Primary lung cancer diagnosed by pathological
examination; and ii) No local or systemic treatments were
administered before surgery. All tissues were frozen in liquid
nitrogen until RNA isolation. Written consent was obtained
from all patients. The present study was approved by the Ethics
Committee of Shaanxi Provincial People's Hospital (approval
number, XJYYLL-2019287).

Cell culture and transfection. Three lung carcinoma cell
lines, namely the adenocarcinoma A549 cell line and the
large cell carcinoma NCI-H1299 and NCI-H460 cell lines,
were obtained from the American Type Culture Collection.
The normal human bronchial epithelial BEAS-2B cell line
was obtained from the Chinese Cell Bank of the Chinese
Academy of Sciences. The cells were cultured in RPMI-1640
medium (Gibco; Thermo Fisher Scientific Inc.) with 10% FBS
(Hyclone; GE Healthcare Life Sciences), 1% penicillin and
streptomycin at 37°C with 5% CO,. Mycoplasma detection was
negative in all cell lines.

Table 1. Sequence of si-LINC00887, miR-206 mimics,
miR-inhibitors and their negative controls.

Oligonucleotides Sequence (5'—3")

si-NC GGCCTTTGCGTCACGCCTTAG
si-LINCO00887 1# GGCCTTTGCAGTTATTAGGAA
si-LINCO00887 2# CCTGTTCTCTCTGGTTCTC
si-LINCO0887 3# GTCCCTGTTCTCTCTGGTT

mimics-NC UUGUACUACACAAAAGUACUG
miR-206 mimics UGGAAUGUAAGGAAGUGUGUGG
inhibitor NC CAGUACUUUUGUGUAGUACAA

miR-206 inhibitor =~ CCACACACUUCCUUACAUUCCA

miR, microRNA; siRNA, small interfering RNA; NC, negative
control.

BEAS-2B, A549 or NCI-H460 cells were seeded in 6- or
96-well plates. When the confluency reached 60-70%, the
medium was changed to serum-free RPMI-1640, and transfec-
tion with small interfering (si)RNAs targeting LINC00887 or a
control siRNA (si-Con). MiR-206 mimics, miR-206 inhibitors
and their negative controls were obtained from Guangzhou
RiboBio Co., Ltd. LINC00887 was overexpressed using
the expression plasmid pcDNA3.1(+) (Invitrogen; Thermo
Fisher Scientific Inc.). Empty vectors without LINC0O0887
cDNA were used as negative controls. LINC0O0887 siRNA
(si-LINCO00887, and negative control (si-NC) were purchased
from Shanghai GenePharma Co. Ltd. Cells were transfected
with LINC00887 siRNA, miR-206 mimics, miR-206 inhibi-
tors and their negative controls at 50 nM concentration. All
transfections were performed using Lipofectamine® 3000
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the
manufacturer's protocol. The sequences of all mimics and
inhibitors and their negative controls are presented in the
Table I. Cells were harvested 72 h after transfection for further
experiments.

Reverse transcription-quantitative PCR (RT-gPCR). Total
RNA from tissues and cell lines was isolated using TRIzol®
reagent (Invitrogen; Thermo Fisher Scientific, Inc.). cDNA
was synthesized using the PrimeScript RT reagent kit (Takara
Bio, Inc.). gPCR was performed from cDNA using the SYBR®
Green PrimeScript™ PLUS RT-PCR kit (Takara Bio, Inc.).
The reaction conditions were 95°C for 30 sec, 60°C for 40 sec
(40 cycles), and a final extension step at 72°C for 10 min. Small
RNA-rich samples were isolated from cells using TRIzol®
reagent or the mirVana miRNA Isolation kit (Thermo Fisher
Scientific, Inc.). U6 or GAPDH was used as an endogenous
control. The relative expression levels were analyzed using the
22444 method (35). The primers used are listed in Table II.

Cell proliferation assays. A549 or NCI-H460 cells
(3x10° cells/well) were seeded in 96-well plates. After
transfection with si-NC or si-LINc00887, cell proliferation
was evaluated using a Cell Counting Kit-8 (CCK-8) assay
(Dojindo Molecular Technologies, Inc.) according to the
manufacturer's instructions. Cells were cultured for 0, 24,
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Table II. Primers used in the present study.

Gene Forward (5'—3") Reverse (5'—3")

miR-206 GCGTCTGGAATGTAAGGAAGTG GTGCAGGGTCCGAGGT

u6 TTGGTCTGATCTGGCACATATAC AAAAATATGGAGCGCTTCACG
NRP1 ATGCGAATGGCTGATTCAGG TCCATCGAAGACTTCCACGTAG
LINC00887 TCCTGCTTGGCAGGTAACAG AACGATGCCTCAGTCGAAGG
[p-actin TGTCACCAACTGGGACGATA GGGGTGTTGAAGGTCTCAAA

NRP1, neuropilin 1; miR, microRNA.

48 or 96 h at 37°C and incubated with 10 ul CCK-8 reagent
per well at 37°C for 1 h. The absorbance was measured
at 450 nm using an Exl 800 microplate reader (BioTek China).
The 5-ethynyl-2'-deoxyuridine (EdU) staining assay was
performed to determine DNA synthesis in proliferating cells
using an EdU assay kit (Invitrogen; Thermo Fisher Scientific,
Inc.). After transfection with si-NC or si-LINC00887, A549
or NCI-H460 cells were cultured at 37°C for 48 h, fixed with
4% paraformaldehyde at room temperature for 10 min and
permeabilized with 0.3% Triton X-100 at room temperature for
10 min. Subsequently, cells were incubated with 10 xM EdU for
2 h at 37°C, and cell nuclei were stained with DAPI (5 pg/ml)
at room temperature for 10 min. The number of EdU-positive
cells was counted under a light microscope in five random
fields (magnification, x100; Olympus Corporation). All assays
were independently performed in triplicate.

Wound healing assay. After transfection with si-NC or
si-LINCO00887, A549 or NCI-H460 cells (4x10° cells/well)
were seeded in 6-well plates and cultured at 37°C until
confluent. The wound was created by scratching the cell layer
with a sterile pipette tip. The floating cells were washed away
using PBS. The streaked cells were cultured in serum-free
RPMI-640 medium at 37°C for 48 h. An inverted optical
microscope (Olympus Corporation) was used to monitor the
closure of the wound at 0 and 48 h at x50 magnification. The
gap distance was quantitatively evaluated using ImagelJ soft-
ware (version 1.49; National Institutes of Health).

Cell migration and invasion assays. For invasion assays,
24-well Transwell chambers (8.0 ym pore size, Costar;
Corning, Inc.) with Matrigel-precoated membranes were used.
A total of 1x10° A549 or NCI-H460 cells in 100 ul FBS-free
RPMI-1640 were added to the upper chambers, while 500 pl
RPMI-1640 medium with 10% FBS was added to the bottom
chambers. After 48 h, the non-invaded cells on the upper side
of the membrane in the chamber were removed by swabs, and
the invading cells in the lower side of the chamber were stained
with 0.1% crystal violet for 20 min at room temperature. The
cells were observed and counted under a light microscope
(magnification, x200; Olympus Corporation). For migration
detection, the Matrigel was not used and all other steps were
the same as the cell invasion assay.

Western blotting. A549 or NCI-H460 cells were lysed using
RIPA buffer (Sigma-Aldrich; Merck KGaA) with 1 mM

phenylmethylsulphonyl fluoride. The concentration of obtained
total protein was quantified using a BCA protein assay kit
(Thermo Fisher Scientific, Inc.). Equal amounts (25 ug) of
proteins were loaded and separated via 10% SDS-PAGE and
electro-transferred to a PVDF membrane (EMD Millipore).
After blocking with 5% bovine serum albumin (Beyotime
Institute of Biotechnology) at room temperature for 1 h, the
membrane was incubated with anti-neuropilin 1 (NRPI)
(1:2,000; cat. no. ab81321; Abcam) and anti-B-actin (1:5,000;
ab179467; Abcam) primary antibodies at 4°C overnight.
After washing three times with TBST (5 min per wash), the
members were subsequently incubated with an HRP-labelled
goat anti-rabbit secondary antibody (ab6721; 1:10,000; Abcam)
at room temperature for 1 h. The immunolabelling was visu-
alized using an ECL system (EMD Millipore) according
to the manufacturer's protocol. All assays were performed
independently in triplicate and the densitometric analysis was
performed using ImagelJ (version 1.49; National Institutes of
Health).

Dual-luciferase reporter assay. The reporter plasmid
containing 3'UTR of LINC00887 or NRP1 with wild (Wt
LINCO00887 or Wt NRP1) or mutant (Mut LINCO0887 or Mut
NRP1) miR-206 binding sites were constructed by Guangzhou
RiboBio Co. Ltd. For the reporter assay, lung cancer cells or
293T cells in 24-well plates and co-transfected with the reporter
plasmid and miR-206 mimic or NC using Lipofectamine®
2000 (Invitrogen, Thermo Fisher Scientific, Inc.). Cells were
harvested 48 h later and assayed with a luciferase reporter
assay system (Promega Corporation). The relative luciferase
activity was normalized to Renilla luciferase activity.

Tumor xenograft model. BALB/c nude mice (age, 8 weeks;
weight, 21-25 g) were obtained from Beijing Vital River
Laboratory Animal Technology Co.,Ltd., and housed at a room
temperature of 25°C with a 12 h light/dark cycle. The mice
were maintained in an individually ventilated cage system
under specific pathogen-free conditions (temperature; 25°C;
humidity, 55%) with free access to food and water. Then the
posterior flank of 6-week-old male BALB/c nude mice (n=10)
were subcutaneously injected with NCI-H460 (4x109) cells
transfected with si-NRP1 or si-negative control (NC). Tumor
volumes were examined every 4 days. After 17 days, the mice
were euthanized by CO, inhalation (CO, flow rate, 20% of cage
volume) and tumor tissues were dissected, photographed and
weighed. The expression levels of miR-206 in tumor tissues
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Figure 1. LINC00887 is upregulated in LC tissues and cell lines. (A) Expression levels of LINC0O0887 in LC tissues compared with adjacent normal tissues
analyzed via RT-qPCR. (B) Expression levels of LINC00887 in human LC cell lines NCI-H460, A549 and NCI-H1299, and the normal human bronchial
epithelial cell line BEAS-2B were analyzed by reverse transcription-quantitative PCR. Data are presented as the mean + SD. ""P<0.001 vs. adjacent or

BEAS-2B. LC, lung carcinoma.

Table III. Association between LINCO00887
features of patients.

and clinical

LINCO00887 expression

Characteristics Low (n=20) High (n=20) P-value
Age, years
<65 9 10 0.752
>65 11 10
Sex
Male 12 13 0.744
Female 8 7
TNM stage
I+1I 15 7 0.011
MI+1v 5 13
Lymph node metastasis
Negative 10 3 0.018
Positive 10 17

Low or high expression of LINC00887 was determined by using
median expression as a cut-off. P-value was calculated using the >
test. TNM, tumor-node-metastasis.

were detected by RT-qPCR as aforementioned. The protein
levels of NRP1 in tumor tissues were measured by western
blotting as aforementioned. The murine experiments were
conducted in July 2017. The animal experiment was performed
in compliance with the authenticated animal protocols of the
Ethical Committee of Animal Welfare of Shaanxi Provincial
People's Hospital (approval. No. TACUC-20190116).

Targetprediction.Potential target miRNAs of LINC00887 were
predicted using LncBase V2(http://carolina.imis.athena-inno-
vation.gr/diana_tools/web/index.php?r=Incbasev2/index). The
target genes of miR-206 were predicted using the bioinfor-
matics algorithms: TargetScanV7.2 (http:/www.targetscan.
org/vert_72/).

Statistical analysis. Statistical analyses were performed
using GraphPad Prism 7.0 (GraphPad Software, Inc.). Data

are presented as the mean + SD for three independent experi-
ments. The differences between two groups were analyzed by
unpaired Student's t-test, and one-way ANOVA followed by the
Tukey's post hoc test was performed to analyze the differences
among more than 2 groups. Pearson's correlation analysis was
performed to analyze the correlation between LINC00887 and
miR-206 expression as well as the clinical variables. P<0.05
was considered to indicate a statistically significant difference.

Results

LINCO00887 is upregulated in lung carcinoma tissues and cell
lines. RT-qPCR was performed to analyze the expression levels
of LINCO00887 in the collected 40 pairs of lung carcinoma and
adjacent normal tissues. As presented in Fig. 1A, LINC00887
expression levels were significantly upregulated in lung carci-
noma tissues compared with those in adjacent normal tissues
(P<0.001). To assess the association of LINC00887 expression
with clinicopathologic characteristics, the expression levels of
LINCO00887 were categorized as low (n=20) or high (n=20) in
relation to the median value (cut-off, 2.12). High LINC00887
expression was significantly associated with advanced TNM
stage and lymph node metastasis (Table III). Additionally,
LINCO00887 expression levels were significantly higher in
three lung cancer cell lines (NCI-H460, A549 and NCI-H1299)
compared with those in the normal human bronchial epithe-
lium BEAS-2B cell line (Fig. 1B). NCI-H460 and A549, which
exhibited high expression levels of LINC00887, were used for
subsequent in vitro assays.

LINC00887 knockdown suppresses proliferation, migra-
tion and invasion of lung carcinoma cells in vitro. To
investigate the function of LINC00887, the expression
of LINCO00887 was knocked down using siRNAs. All
three siRNAs mentioned in Table I significantly silenced
LINCO00887 expression compared with that in the si-Con
group, with si-LINCO00887-2 exhibiting the strongest
knockdown efficiency (Fig. 2A). Therefore, subsequent
experiments were performed using si-LINC00887-2. The
CCK-8 assay demonstrated that cell proliferation was
significantly decreased in A549 and NCI-H460 lung carci-
noma cells after si-LINCO00887 transfection compared with
that in cells transfected with si-Con (P<0.01; Fig. 2B and C).
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d invasion of lung carcinoma cells in vitro. (A) NCI-H460 cells were transfected

with si-Con or three different plasmids of si-LINC00887. The knockdown efficiency was analyzed by reverse transcription-quantitative PCR. (B-D) The cell
proliferation of (B) A549 and (C) NCI-H460 cells transfected with si-Con or si-LINC00887 was assessed using the Cell Counting Kit-8 assay at different
time points or (D) by EdU and DAPI staining. (E-G) The migratory and invasive capabilities of A549 and NCI-H460 lung carcinoma cells transfected with
si-Con or si-LINC00887 were analyzed using Transwell assays. Scale bar, 200 gm. (H and I) Wound healing assay was performed to determine the effects
of LINC00887 knockdown on A549 and NCI-H460 cells. Scale bar, 200 ym. Data are presented as the mean + SD. ‘P<0.05; “P<0.01 vs. si-Con. si, small
interfering RNA; Con, control; OD, optical density; EdU, 5'-ethynyl-2'-deoxyuridine.

Consistently, EQU and DAPI double staining confirmed
that LINCO00887 knockdown significantly inhibited
the proliferation of A549 and NCI-H460 cells (P<0.05;
Figs. 2D and S1). Furthermore, Transwell assays revealed
that silencing LINC00887 significantly inhibited the

migratory and invasive capabilities of A549 and NCI-H460
lung carcinoma cells (P<0.01; Fig. 2E-G). In addition, wound
healing assays demonstrated that LINC00887 knockdown
significantly decreased the relative wound closure in A549
and NCI-H460 cells (P<0.01; Fig. 2H and I). To further
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validate the function of LINC00887, LINC00887 was over-
expressed in normal human lung epithelial BEAS-2B cells
(Fig. S2A). LINCO00887 overexpression did not alter cell
proliferation, migration and invasion in normal BEAS-2B
cells (Fig. S2B-F). In summary, the present results suggested
that LINC00887 knockdown suppressed the proliferation,
migration and invasion of lung carcinoma cells in vitro.

LINCO00887 directly interacts with miR-206. Multiple studies
have demonstrated that IncRNAs can exert their functions as
competing endogenous RNAs (ceRNAs) by competitively
binding miRNAs involved in regulating target gene expres-
sion (36,37). However, whether LINC00887 has a similar
function in lung carcinoma remains unknown. Using the bioin-
formatics DIANA tool Incbase V2 (38), miR-206 was identified
to have putative binding sites with LINC00887 (Fig. 3A). To
verify whether LINC00887 directly interacted with miR-206,
Dual-Luciferase reporter assays were performed, and the results
revealed that the miR-206 mimic significantly inhibited the lucif-
erase activity of the LINC00887-wt reporter, but not that of the
LINCO00887-mut reporter (Fig. 3B). In addition, the regulation

between miR-206 and LINCO00887 was further examined; as
presented in Fig. 3C, LINC00887 knockdown significantly
upregulated miR-206 expression, whereas miR-206 overexpres-
sion using the miR-206 mimic significantly downregulated
LINCO00887 expression in A549 and NCI-H460 lung carcinoma
cells (Fig. 3D). Notably, significantly lower levels of miR-206
were detected in lung carcinoma tissues compared with those in
adjacent normal tissues (Fig. 3E). Pearson's correlation analysis
revealed that miR-206 expression was negatively correlated
with LINC00887 expression (P<0.001; Fig. 3F).

LINCOO0887 regulates lung carcinoma cell proliferation,
migration and invasion via miR-206. To further investigate
the functional association between LINC00887 and miR-206,
and test whether LINCO00887 exerts its function via miR-206,
a miR-206 inhibitor was used to downregulate miR-206
expression in lung carcinoma A549 and NCI-H460 cells
(Fig. 4A). As LINC00887 knockdown enhanced miR-206
expression (Fig. 3C), A549 and NCI-H460 cells transfected
with si-LINC00887 were further transfected with the miR-206
inhibitor or inhibitor-NC. As presented in Figs. 4B-D and S3,
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Figure 4. LINCO0887 regulates lung carcinoma cell proliferation, migration and invasion via miR-206. (A) Expression levels of miR-206 in lung carcinoma
A549 and NCI-H460 cells transfected with inhibitor-NC or miR-206 inhibitor were examined by reverse transcription-quantitative PCR. (B and C) Lung
carcinoma A549 or NCI-H460 cells were co-transfected with si-LINC00887 and inhibitor-NC or miR-206 inhibitor. (B and C) Cell proliferation was analyzed
using the Cell Counting Kit-8 assay in (B) A549 and (C) NCI-H460 cells at the indicated time points. (D) Cell proliferation was analyzed by EdU and DAPI
staining 72 h post transfection. (E) Transwell assays were used to analyze (F) cell migration and (G) invasion. Scale bar, 200 ym. (H and I) Relative wound
closure was examined by wound healing assay. Scale bar, 200 ym. Data are presented as the mean + SD. "P<0.05; “P<0.01 vs. NC. #P<0.01 vs. NC. NC,
inhibitor-NC; miR, microRNA; si, small interfering RNA; OD, optical density; EdU, 5'-ethynyl-2'-deoxyuridine.

the results of the CCK-8 and EQU/DAPI staining assays demon-
strated that LINC00887 knockdown significantly inhibited cell
proliferation, whereas miR-206 inhibitor ameliorated the inhi-
bition of cell proliferation induced by LINC00887 knockdown
in lung carcinoma A549 and NCI-H460 cells. Consistently, as
demonstrated by Transwell and wound healing assays, silencing
LINCO00887 significantly inhibited cell migration or invasion,
whereas miR-206 inhibitor ameliorated the inhibition of cell
migration or invasion induced by LINC00887 knockdown in
lung carcinoma A549 and NCI-H460 cells (Fig. 4E-I).

miR-206 regulates NRPI expression by targeting NRPI
3'-UTR. To determine the target of miR-206 in lung carcinoma,
bioinformatics prediction was performed using TargetScan,
which revealed that miR-206 targeted the 3'-UTR of NRP1
with 17 complementary binding sites (Fig. SA). To validate the
prediction, Dual-Luciferase reporter assay was performed, and
the results demonstrated that the relative luciferase activities
in 293T cells transfected with the NRP1-wt reporter vector,
but not with NRPI1-mut, were inhibited by co-transfection
with the miR-206 mimic (Fig. 5B). Furthermore, miR-206
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Figure 5. miR-206 regulates NRP1 expression by targeting the NRP1 3'-UTR. (A) Bioinformatics analysis revealed the predicted binding sites between NRP1
3'-UTR and miR-206. (B) Relative luciferase activity in 293 cells transfected with luciferase reporter vectors containing the NRP1 3'-UTR WT sequence
(NRP1-wt) or mutated sequence (NRP1-mut), in the presence of miR-Con or miR-206 mimic. (C) mRNA expression levels of NRPI in A549 and NCI-H460
cells transfected with miR-Con or miR-206 mimic were detected by RT-qPCR. (D) mRNA expression levels of NRP1 in LC tissues or in adjacent normal
tissues were analyzed by RT-qPCR. (E and F) Protein expression levels of NRP1 in A549 and NCI-H460 cells transfected with miR-NC or miR-206 mimic
were detected via western blotting. Data are presented as the mean + SD. "P<0.05; “P<0.01 vs. miR-Con or adjacent tissues. NRP1, neuropilin 1; 3-UTR,
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overexpression significantly downregulated both the mRNA
and protein levels of NRPI in lung carcinoma A549 and
NCI-H460 cells (Figs. 5C, E and F, and S5). In addition,
significantly higher expression levels of NRP1 were detected
in lung carcinoma tissues compared with those in the adjacent
normal control tissues (Fig. 5D).

LINCOO0O887-miR-206-NRPI interaction network regulates
lung carcinoma cell proliferation, migration and invasion. To
further validate the function of the LINC00887-miR-206-NRP1
interaction network, lung carcinoma A549 and NCI-H460 cells
were transfected with si-LINC00887, miR-206 mimic, si-NRP1
orthe si-NC.CCK-8 assays revealed that compared with the NC,
transfection with si-LINC00887, miR-206 mimic or si-NRP1
significantly inhibited A549 and NCI-H460 cell prolifera-
tion (Figs. 6A and B, and S5). The effect of si-LINC00887,
miR-206 mimic on cell proliferation was further confirmed
using EAU/DAPI staining (Figs. 6C and S4). Transwell assays
demonstrated that LINC00887 knockdown, miR-206 overex-
pression or NRP1 silencing significantly inhibited migration
and invasion of A549 and NCI-H460 cells (Fig. 6D-F). In

addition, wound healing assays revealed that si-LINC00887,
miR-206 mimic significantly inhibited the relative migration
distance of A549 and NCI-H460 (Fig. 6G and H). NRP1
protein levels in A549 and NCI-H460 cells transfected with
si-LINCO00887, the miR-206 mimic, si-NRP1 or the NC were
further analyzed. Compared with the NC group, LINC00887
knockdown, miR-206 overexpression or NRP1 silencing
significantly inhibited NRP1 protein expression, with si-NRP1
transfection exhibiting the lowest expression levels of NRP1
protein among all groups (Fig. 61 and J).

LINCO00887 knockdown inhibits lung carcinoma tumor
growth in vivo. To investigate the function of LINC00887
on tumor growth in vivo, a xenograft tumor model was
established using NCI-H460 cells transfected with si-NC or
si-LINC00887 (Fig. 7A). The tumor volume was measured
every 4 days after implantation and mice were euthanized on
day 17 (Fig. 7B). Compared with the si-NC group, the tumor
growth was significantly inhibited in the si-LINC00887
group (Fig. 7B), with significantly lower xenograft tumor
sizes and weights (Fig. 7A-D). Additionally, LINC00887
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and miR-206 expression in tumor tissues were examined. As
presented in Fig. 7E and F, tumor tissues from the mice in
the si-LINCO0887 group exhibited significantly lower expres-
sion levels of LINC00887 and significantly higher expression
levels of miR-206 compared with those in tissues from mice
in the si-NC group. NRP1 protein levels were significantly
downregulated in tumor tissues from the si-LINC00887 group
compared with in tissues from the si-NC group (Fig. 7G and H).
Overall, these results suggested that LINC00887 knockdown
suppressed lung carcinoma growth in a xenograft model.

Discussion

Emerging studies have demonstrated that IncRNAs are important
regulators that act as oncogenic or tumor suppressor molecules
in various tumors (17,39). For example, the metastasis-associated
lung adenocarcinoma transcript 1 (MALATI), also called
NEAT?2, is an abundant and highly conserved IncRNA across
vertebrates. MALAT1 induces an EMT switch via the PI3K/AKT
pathway in epithelial ovarian cancer (40). Moreover, MALAT1
expression has been reported to be a potential predictor of tumor
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Figure 7. LINC00887 knockdown inhibits tumor growth of lung carcinoma in vivo. Lung carcinoma NCI-H460 cells were transfected with si-NC or
si-LINCO00887 and then implanted subcutaneously into nude mice to develop tumors. (A) Photographs of tumor tissues from si-NC or si-LINC00887 groups
were taken on day 17. (B) Growth curve of tumor volume in nude mice were measured at the indicated time points. (C) Tumor weight and (D) tumor
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metastasis and prognosis in CRC (41). Maternally expressed 3
was considered as a tumor suppressor and a potential therapeutic
candidate in cervical tumors (42). IncRNAs exert their functions
by sponging miRNAs via IncRNA-miRNA-mRNA regulatory
axes (23-25). The present study extended the understanding of the
IncRNA-miRNA-mRNA networks by revealing that LINC00887
directly interacted with miR-206, whereas miR-206 targeted
NRPI to promote the progression of lung carcinoma.

LINCO00887 is a newly identified IncRNA involved in
multiple types of cancer. Low LINCO00887 expression levels
have been observed in an invasive follicular thyroid carci-
noma (43). A microarray analysis conducted by Zhu et al (44)
has revealed that LINC0O0887 is one of the top 10 down-
regulated IncRNAs between stage II and stage III colorectal
cancer. In human papillary thyroid cancer, a previous study
has demonstrated that the expression levels of LINC00887
are upregulated compared with those in non-tumor thyroid
tissues (45). Therefore, LINC0O0887 may function as an
oncogenic IncRNA or a tumor suppressor in different types
of tumors. In the present study, the expression levels of
LINCO00887 were upregulated in lung carcinoma tissues
and cells compared with those in healthy tissues and cells;
therefore, LINC00887 may act as an oncogene in lung cancer.
Consistently, LINC00887 knockdown suppressed lung carci-
noma cell proliferation, migration and invasion in vitro, as well
as lung xenograft tumor growth in vivo.

Multiple miRNAs have been predicted as the poten-
tial targets of LINC0O0887, such as miR-138, miR-181 and
miR-204 (45). In the present study, LINC00887 was identified

to directly interact with miR-206. miR-206 has been reported
as a tumor suppressor inhibiting cell proliferation, migra-
tion and invasion in gastric, colorectal, breast and laryngeal
cancer (46-49). Furthermore, Samaeekia et al (50) have
reported that miR-206 inhibits stemness and metastasis of
breast cancer by regulating the myocardin-related transcrip-
tion factor A/interleukin-11 signaling pathway. In the present
study, the expression levels of miR-206 were downregulated in
lung carcinoma tissues compared with those in healthy tissues,
suggesting that it may be a tumor suppressor. Additionally,
miR-206 overexpression inhibited lung carcinoma A549 or
NCI-H460 cell proliferation, migration and invasion.

In the present study, NRP1 was identified as a direct target
gene controlled by miR-206. NRP1 is a transmembrane glyco-
protein that acts as a co-receptor for vascular endothelial growth
factor and transforming growth factor-f3, and is a promising novel
target for chronic lymphocytic leukaemia therapy (51). NRP1
has been reported to be regulated by multiple miRNAs, such as
miR-130, miR-141 and miR-338 in ovarian cancer, gastric cancer
and pancreatic cancer (52-54). Additionally, a previous study has
demonstrated that miR-206 regulates NRP1 expression in breast
cancer (55). Consistently, the present study revealed that miR-206
regulated NRP1 expression by targeting the NRP1 3-UTR in lung
carcinoma cells. However, future studies are required to determine
whether miR-206 has other targets and whether NRP1 is also
regulated by multiple miRNAs in lung carcinoma. Bioinformatics
analysis should be performed to analyze the association between
the expression levels of LINC00887 and miR-206/NRP1 in
patients with lung cancer in The Cancer Genome Atlas database.
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In conclusion, the results of the present study revealed that
LINCO00887 was upregulated in lung carcinoma tissues and
cell lines. Furthermore, LINC00887 promoted lung carcinoma
progression and metastasis by sponging miR-206 to regulate
NRPI1 expression. The xenograft tumor model experiment
demonstrated that LINC00887 knockdown inhibited lung tumor
growth in vivo. Overall, the LINCO0887-miR-206-NRP1 axis
may reveal a novel insight for lung tumorigenesis and may provide
potential therapeutic strategies for patients with lung carcinoma.
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