Bzl SPANDIDOS
7] ,§, PUBLICATIONS

ONCOLOGY REPORTS 42: 1173-1182, 2019

Long non-coding RNA00887 reduces the invasion
and metastasis of non-small cell lung cancer
by causing the degradation of miRNAs
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Abstract. Long non-coding RNAs (IncRNAs) can act as carci-
nogenic or cancer suppressive factors during the pathogenesis,
invasion and metastasis of non-small cell lung cancer (NSCLC).
The current study explored the role of long intergenic non-protein
coding RNA 00887 (LINC00887) and competing endogenous
RNAs (ceRNAs). It was revealed that LINCO0887 interacts with
several microRNAs (miRs), which regulates downstream genes
such as fibronectin 1, MET proto-oncogene, receptor tyrosine
kinase and mothers against decapentaplegic homolog 4, which
are associated with the spread of lung cancer. The experimental
results also suggested that LINC0O0887 can stimulate miR-613,
miR-206 and miR-1-2 to become competing endogenous RNAs,
which may regulate the epithelial-mesenchymal transition of
NSCLC cells through the transforming growth factor-a signal
transduction pathway, and therefore promote the migration of
cells and the acquisition of stem cell characteristics. Therefore, it
can be concluded that high levels of LINC00887 can accelerate
the malignant transformation ability of NSCLC cells.

Introduction
Global cancer statistics report that lung cancer has been the

primary cause of cancer-associated mortality in males and
females in the past two decades (1,2). In China, lung cancer
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mortality remains high and is likely to continue to rise (3).
Currently, genetic and genomic methods are important tools,
and have been utilized for investigating non-small cell lung
cancer (NSCLC) pathogenesis, diagnosis and treatment (4-6).

Long non-coding RNAs (IncRNAs) are RNA molecules
of typically >200 nucleotides, but with no protein-coding
capability (7). It has been reported that some IncRNAs can
act as carcinogenic or cancer-suppressive factors associated
with tumour cell invasion and metastasis in NSCLC, including
HOX transcript antisense RNA (8), prostate cancer associated
transcript 1 (9), PCGEMI1 prostate-specific transcript (10) and
transcribed ultra-conserved region 338 (11). On the contrary,
various other IncRNAs, such as growth arrest specific 5 (12),
tumour protein p53 pathway corepressor 1 (13), maternally
expressed 3 (14) and phosphatase and tensin homolog
pseudogene 1 (15), can reduce the metastasis and invasion
of tumour cells through suppressive actions. Therefore,
the role of IncRNAs in tumours is complex and diverse.
Additionally, the signalling pathways that IncRNAs act on are
also varied, including the phosphoinositide 3-kinase/protein
kinase B and transforming growth factor-f (TGF-f)/SMAD3
pathways (16,17). Certain types of IncRNA can be used as
biomarkers for clinical diagnosis and prognosis assessment,
including metastasis associated lung adenocarcinoma tran-
script 1 (18). Competing endogenous RNAs (ceRNAs) are
subset of IncRNAs that have an important role in cell cycle
progression; however, there are only a few reports available in
the literature regarding their role in tumourigenesis (19).

In this study, a IncRNA array was used to screen a group
of IncRNAs associated with lung cancer metastasis. The role
LINCO00887 and its associated ceRNA in NSCLC invasion
and metastasis were systematically investigated. Lung
cancer cell lines, 95-C and 95-D were cultured and analysed
with respect to LINC00887 and its associated microRNAs
(miRNAs/miRs). Subsequently, the proliferation, apoptosis
and migration of lung cancer cells, and role of LINC00887
were examined.


https://www.spandidos-publications.com/10.3892/or.2019.7228

1174

Materials and methods

Cell culture and RNA extraction. The 95-C cell line is a low
metastatic ability human lung cancer cell, and 95-D is a high
metastatic cell line, both of which were purchased from the Cell
Bank of the Chinese Academy of Sciences (Shanghai, China).
RPMI-1640 (Thermo Fisher Scientific, Inc., Waltham, MA,
USA) medium containing 10% foetal bovine serum (FBS;
Gibco; Thermo Fisher Scientific, Inc.) and 1% dual antibiotic
(chloramphenicol and streptomycin) was used for cell culture
at 37°C and 5% CO, in a saturated humidity incubator. The
cells were cultured at a 10x10°/ml density, and then harvested
for RNA extraction.

Total RNA was extracted from cells using TRIzol reagent
(Invitrogen; Thermo Fisher Scientific, Inc.), following the
manufacturer's instructions. The homogenate samples were
incubated at 15-30°C for 5 min to completely dissociate the
nucleoprotein complex. For every 1 ml TRIzol reagent, 0.2 ml
chloroform was added, and the samples were shaken vigor-
ously for 15 sec, then incubated at 20°C for 3 min. The samples
at were centrifuged at 4°C and 12,000 x g for 15 min. RNA
was in the upper aqueous phase, and the volume of the aqueous
phase was ~60% of the total volume of TRIzol reagent used.
After incubation at 20°C for 10 min, the samples underwent
centrifugation at 4°C and 12,000 x g for 10 min. The RNA
solution obtained was stored at -70°C. Each sample was quan-
tified, and the purity was determined by the absorbance ratio
at 260 and 280 nm (A260/A280).

LncRNA array analysis. Total RNA from 95-C and 95-D
cells were analysed using the GeneSpring GX v12.0 software
(Agilent Technologies, Inc., Santa Clara, CA, USA) and
IncRNA microarray (Human LncRNA Array v3.0; Arraystar,
Inc., Rockville, MD, USA), and scanned with the Agilent
G2505C scanner (Agilent Technologies, Inc.). Differentially
expressed IncRNAs were selected by fold change filtering
(fold change =2.0), and then, for those that were statistically
significant, volcano plot filtering (fold change =2.0, P<0.05).
Subsequently, LINC0O0887 was selected with the highest statis-
tical score and validated as the research object of the study.
The datasets generated and/or analysed during the current
study are available in the Gene Expression Omnibus reposi-
tory (ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE124619).

Bioinformatic analysis of LINCO0887 and reverse
transcription-quantitative polymerase chain reaction
(RT-gPCR) validation. Bioinformatic analysis of LINC00887
was performed using the Ensembl (asia.ensembl.org) and
eBioPortal (cbioportal.org/) databases. PrimeScript® First
Strand cDNA Synthesis Kit to perform RT. TagMan® MicroRNA
Reverse Transcription Kit was used for microRNA RT, with a
incubation at 30°C for 10 min and 42°C and 30 min. PCR was
conducted using SYBR Select Master Mix (Thermo Fisher
Scientific, Inc.) and a 7500 Fast Real-Time PCR system at 50°C
for 2 min and 95°C for 10 min, followed by cycles of 95°C for
15 sec and 60°C for 1 min. LINC00887 primers were as follows:
Forward, 5"TGGCCAGTGTTTCACCTGTT-3' and reverse,
3. TGATTTCCTCCAACGTGCCA-5". 3-actin primers were as
follows: Forward, 5'-ATCCAGGCTGTGCTATCCCT-3' and
reverse, 3-GGGCATACCCCTCGTAGATG-5' (244<9) (20).
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RNA interference and cell proliferation. The types of
LINCO00887 small interfering RNA sequences (siRNA;
5'-GGCCTTTGCAGTTATTAGGAA-3" and control
RNA sequence 5'-GGCCTTTGCGTCACGCCTTAG-3"
Guangzhou RiboBio Co., Ltd., Guangzhou, China) were
synthesized and the suppressive effect in 95-D cells was
analysed by RT-qPCR. siRNA?2 was transfected into 95-D cell
lines. Opti-MEM (Gibco; Thermo Fisher Scientific, Inc.) was
added when the cell confluence reached 70-80%. 95-C-pGL3
vector, 95-C-LINC00887, 95-D-control and 95-D-siRNA were
transfected (2 ug plasmid or 100 pmol siRNA per well) using
Lipofectamine® 3000 for 8 h, and then continuously cultured
for 24 h. The cell number in each group was controlled at
~3x10*/ml. Each well was topped up with 50 1 MTT solution
and maintained for 4 h. After 4 h, the culture solution in the
96-well plate was aspirated with a pipette. Dimethyl sulfoxide
(150 pl) was added to each well, and the culture plate was
placed on a microplate reader. The setup procedure involved
shaking for 5 min and optical density (OD) was recorded at
a wavelength of 490 nm. The tumour cell growth inhibition
rate (IR) was calculated using the formula: Cell growth IR
(%)=[1-(OD value of experimental group-OD value of blank
groups)/(OD value of control group-OD value of blank groups)
x100.

Detection of cell invasion and migration ability. Cells
were cultured and transfected for 48 h, then a cell suspen-
sion (1x10° cells/ml) was produced in 1X binding buffer.
The cell cycle was analysed in flow cytometer with
an Annexin V-fluorescein isothiocyanate (FITC) and
Annexin V-propidium iodide (PI) reagent kit (BestBio
Science). Subsequently, the 95-C cell concentration was
reduced to 3x10* cell/ml and a Transwell assay was performed
using Millipore chambers (8-ym diameter). DMEM (500 pl)
without FBS was used to dilute the Matrigel (BD Biosciences;
Becton-Dickinson and Company, Franklin Lakes, NJ, USA;
1:3) and spread on the upper chambers (10% FBS in DMEM,;
50 pl/well). DMEM solution containing 10% FBS (HyClone;
GE Healthcare Life Sciences, Logan, UT, USA) was used to
dilute the fibronectin (1:2,000) and 50 ul/well was added to
lower chambers. The above reagents were also applied to the
95-D cell chambers. Cells in both chambers were cultured
for a further 24 h. Finally, the remaining cells were counted
under a microscope after fixing in 75% methanol and staining
(3 min, 25°C).

In vitro tumour sphere formation assays. 95-D cells
(1x10%/ml) were cultured in 6-well dishes. Tumour sphere
nutrient solution was prepared using a formula consisting
of 500 ml DMEM/F12, 20 ng/ml epidermal growth factor,
10 ng/ml basic fibroblast growth factor and 5 pg insulin, and
diluted with B27 supplement at 1:50. Samples (20 ul) of each
group were collected (3x10* cells/ml) and stained with trypan
blue (0.4%, 5 min). Cellular morphology was observed using
a bright field microscope, at a diluted concentration of one
cell per pul.

Construction of the overexpression plasmid and LINC0O0887
promoter reporter. The LINCO0887 gene was inserted
into pcDNA3.1+ vector and LINCO00887 enhancer into the
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pGL3 basic vector. Takara reverse transcription kit (Takara
Biotechnology Co., Ltd., Dalian, China) was used to prepare
the LINC DNA from lung adenocarcinoma tissue speci-
mens. The LINC00887 gene was amplified by PCR, 2X Taq
MasterMix (Tiangen Biotech Co., Ltd., Beijing, China;
Tm at 66-65°C). The restriction endonuclease was used to
hydrolyze the product and vector of PCR [pcDNA3.1 (+)],
and 95-D cell genome was extracted using the QIAamp
DNA Mini Kit (Qiagen, Inc., Valencia, CA, USA). The
LINCO00887 gene does not have specific promoter, but an
enhancer was found in the Ensembl database (http://useast.
ensembl.org/Homo_sapiens/Gene/Summary?db=core;g=EN
SG00000214145;r=3:194296465-194312803). Online analysis
in the Ensembl database indicated that the enhancer sequence
contains a TPA-responsive element binding sequence
[TGA(C/G) TCA] and SMAD binding element binding motifs
(GTCT/AGAC). The enhancer sequence was amplified by
Q5 PCR polymerase chain reaction. The recombinants and
PRL-TK plasmids were transformed into DH5a competent
cells. Plasmid Mini Kit (Omega Bio-Tek, Inc., Norcross, GA,
USA) was used to extract plasmids and they were identified by
electrophoresis and sequencing.

LINCO00887 intracellular location and TGF-f signal pathway
regulation. 95-C and 95-D cells (1x10° cells/ml) were cultured
on glass slides, and an 18S probe (Guangzhou RiboBio Co.,
Ltd., Guangzhou, China) was prepared for fluorescence in situ
hybridization. A laser scanning confocal microscope (LSCM,;
OLYMPUS Fluoview FV1000; Olympus Corporation, Tokyo,
Japan) was used to observe and locate LINC00887 in 95-C
and 95-D cells. The cells were initially cultured in Opti-MEM
solution with Lipofectamine® 3000 transfection reagent
for 48 h, then continuously cultured for a further 48 h with
10 pg/ml TGF-p and 5 ym ITD-1. When analysing the TGF-3
pathway, pcDNA3.1-LINC00887 plasmid was also transfected
for 48 h in the indicated groups (2 ug/well in 6-well plates).
Luciferase Assay System (Promega Corporation, Madison, W1,
USA) and luminometer (Hitachi, Ltd., Tokyo, Japan) was used
to examine the association between TGF-3 and LINC00887
expression. Cells were transfected with pGL3 basic vector
(Firefly luciferase) and pRL-TK plasmid (Renilla luciferase).
LINC promoter was synthesized and insert into pGL3 basic
and the empty vector was used as control.

Prediction of LINCO0887-targeting miRNAs and validation.
LNCipedia (Incipedia.org/db/search) database was used to
predict and screen the miRNAs with mutual downstream genes.
miRNA precursors (CCTCGAGCTATTCTCATTCATTATG
Xhol) and pGL3 empty vector or pGL3-LINCO00887 were
transfected into 293T cells (Cell Bank of the Chinese Academy
of Sciences, Shanghai, China) for 24 h, and then tested for
luciferase activity.

miRNA expression and regulation by LINC0O0887. Three
LINCO00887 siRNAs were synthesized (Guangzhou RiboBio
Co.,Ltd.) and the suppression effect of Linc00887 on 95-D cells
was analysed by RT-qPCR. LINC00887 was overexpressed
in the 95-C cell line using the pcDNA3.1-LINCO0088 vector.
siRNA2 was transfected into 95-D cell lines, and the expres-
sion levels of miRNAs were detected using a TagMan probe.
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The argonaute-2 (Ago2) antibody was sequentially processed
for immunoprecipitation, nuclei acid purification and quantifi-
cation. The details of the experiment are as follows: 95-D cells
were digested and collected in Eppendorf tubes, washed in
PBS, and the Magna RIP RNA-Protein Immunoprecipitation
Kit (EMD Millipore) was used for immunoprecipitation of
RNA-binding proteins. Cell lysate was prepared by 200 ul RIP
lysis Buffer, 1 ul Protease Inhibitor Cocktail and 0.5 ¢l RNase
inhibitor. Magnetic bead tubes were vortexed for 30 sec for
full suspension; 50 1 magnetic bead suspension, 100 pl RIP
Wash Buffer heavy suspension beads, 5 pg Ago2 antibody
(cat. no. 2897; Cell Signaling Technology, Inc., Danvers, MA,
USA) was added to clean the beads twice. Immunoprecipitation
of RNA-binding Protein-RNA complexes was performed.
The magnetic beads and cell lysate were centrifuged at 4°C,
21,480 x g for 10 min. The beads were added to the magnetic
beads tube and incubated overnight on the suspension appa-
ratus at 4°C. RNA was purified and precipitated using 80%
ethanol. The supernatant was discarded by centrifugation
at 21,480 x g for 15 min and then dried. RNA was dissolved
in 10-20 ul RNase-free water, placed on ice and the RT-PCR
was performed using the TagMan® MicroRNA Reverse
Transcription Kit, with all operations performed according to
the manufacturer's instructions. The contents of LINC00887
and levels of miR-613 (forward, 5'-CCGCTCGAGTCTACT
AGGTGTGGGCTTTA-3'; reverse, 3'-GGCAAGCTTCTG
TGGCCTTCCTTACTCTT-5'); miR-206 (forward, 5'-TGG
AATGTAAGGAAGTGTGTGG-3; reverse, 3'-ACCTGACCG
GCCGTAACAACCC-5') and miR-1-2 (forward, 5-UGUAUG
AAGAAAUGUAGGUAU-3'; reverse, 3'-ACAUACUUCUUU
ACACCCAUA-5'") were detected by conventional qPCR using
TagMan probes. TagMan® 2X Universal PCR Master Mix was
used under the following conditions: Initial denaturation at
95°C, for 10 min followed by 40 cycles of 95°C for 15 sec, 60°C
for 1 min and 72°C for 45 sec. The level of LINC00887 was
examined by using qPCR with X inactive specific transcript
(XIST) as the negative control (forward, 5'-CTTGGATGG
TTGGTTGCCAGCTA-3'; reverse, 3'-TCATGCCATCCA
CCTA-5"); U6 RNA (forward, 5"TGCTCGCTTCGGCAG
C-3'; reverse, 3-ACTACATGTGCATGCT-5') was used as the
internal reference for miRNA. TagMan probe was utilized to
detect the level of miR-613, miR-206 and miR-1-2, with the
U6b promoters the negative control.

Prediction and expression regulation of miRNA downstream
targeting genes. The downstream interacting genes of miR-613,
miR-206 and miR-1-2 were predicted using microRNA.org
(microrna.org/microrna/getMirnaForm.do) and screening
the mutually interacting genes fibronectin 1 (FN1), MET
proto-oncogene, receptor tyrosine kinase (MET) and SMAD4
(according to the mirSVR score <-1.0). Then, LINC00887 was
overexpressed in 95-C cell lines, and knocked down in 95-D
cell lines using siRNA2. Changes of gene expression products
of three genes were analysed by qPCR. TB Green Advantage
gPCR premixes (Takara Biotechnology Co., Ltd.) was used in
gPCR for these genes. qPCR was performed using the 7500
fast system with as previously described above. The primers of
these were as follows: MET, forward, 5“-TCCTCTGGGAGC
TGATGACA-3' and reverse, 3-CTGGGCAGTATTCGGGTT
GT-5"; FNI, forward, 5~AGCCTGGGAGCTCTATTCCA-3'
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and reverse, 3-CTTGGTCGTACACCCAGCTT-5"; SMAD4,
forward, 5'-GTCAGCTGCTGCTGGAATTG-3' and reverse
3-GTCTTGGGTAATCCGGTCCC-5'. p-actin was used as
the internal reference. Accordingly, changes in the genomic
products of FN1, MET and SMAD4 were observed.

Statistical analysis. SPSS statistical software (version 18.0;
SPSS, Inc., Chicago, IL, USA) used to perform statistical
analysis. Data are expressed as the mean + standard deviation
from at least three experiments. Statistical comparisons were
based on the Student's t-test or one-way analysis of variance
(ANOVA). The Student' s t-test was used to compare the
differences between two groups of mean values. The ANOVA
test followed by a post-hoc test (least significance difference
test, Student-Newman-Keuls) was used for evaluating the
difference among multiple groups. P<0.05 was considered to
indicate a statistically significant difference.

Results

Association between LINCO0887 and clinical overall survival
time. RT-qPCR validation results suggested that LINC00887
is highly expressed in 95-D cells. In a sample containing of
522 cases of adenocarcinoma of the lung in the eBioPortal
database (cbioportal.org), LINC0O0887 was overexpressed in
11% (Z score +1) and the survival time of the patient in these
cases was significantly lower than in patients without LINC
overexpression (P=0.0141). In another dataset containing of
504 cases of lung carcinoma, LINC00887 gene expression
was found in 38% of the cases. Although only 9% had an
overexpressed LINCO0887 level (Z score +1), the survival
time of patient was also significantly reduced in these patients,
which implies the potential importance this LINC00887 in the
development of lung cancer.

In-cell localization of LINC0O0887. The results of LSCM
observation revealed that 18S RNA was present in the cyto-
plasm of 95-D and 95-C cells (Fig. 1). Therefore, LINC00887
was also located in the cytoplasm, with almost no expression
found in the cell nuclei of 95-D cells. The LINC00887 expres-
sion level in 95-D cells was far higher than in 95-C cells.

LINCO00887 influences the cell cycle and apoptosis of lung
cancer cell lines. LINC0O0887 was transfected and over-
expressed in 95-C cells and reduced by siRNA 95-D cells,
and MTT assay results showed only a small difference,
but no statistical significance in these two groups when
the cells were cultured for 24 and 72 h. It is suggested that
LINCO00887 has no significant effect on the proliferation of
95-C and 95-D cells (Fig. 2A). Meanwhile, in the overex-
pressed group of LINC00887 in 95-C cells, the LINC00887
RNA level was significantly higher than that of the control
group, indicating that the upregulation was successful and
effective (Fig. 2B). The 95-C/95-D cells were prepared using
Annexin-FITC and Annexin-PI reagent kits. The distribu-
tion and proportion of cells in stage of the cell cycle was
detected via flow cytometry, and the number of apoptotic
cells was calculated. Apoptosis analysis showed that increase
in LINCO00887 expression reduced apoptosis of 95-C cells,
while removing LINC00887 knockdown induced a higher
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Figure 1. Cellular location of LINC00887 identified by laser scanning
confocal microscopy observation. LINC00887, long intergenic non-protein
coding RNA 887.

apoptosis rate in 95-D cells (Fig. 2C). No difference detected
between the G2/M, S and G1 phases of the cycle after flow
cytometry examination (Fig. 2D). Furthermore, Transwell
assays revealed that LINC00887 overexpression enhances
the invasion of lung cancer cells (Fig. 2E). When LINC00887
was silenced from 95-D cells, the spheroidisation ability of
95-D cells was significantly reduced (Fig. 2F).

Interaction between LINCO0887and genes in the TGF-f3
signal transduction pathway. On the basis of bioinformatics
analysis of the Ensembl database, enhancers are present in the
binding sequence (TGAC/GTCA) of a TPA-responsive element
and in the binding motif sequence (GTCT/AGAC) of a SMAD
binding element. Two plasmids of pcDNA3.1-LINC00887 and
pGL3 basic-enhancer, which was contained the LINC00887
sequence and the luciferase, were generated for use in reporter
system. Restriction enzyme analysis was performed, and
the plasmids were expressed on 796 nt and 504 nt bands on the
PCR adhesive strip and the results as shown in (Fig. 3A). The
transcriptional activity of LINC00887 in 95-D cells with added
TGF-f was significantly increased, and the relative luciferase
activity was significantly increased compared with the control
95-D cell group (P=0.0004; Fig. 3B). When ITD-1 was added
to the cells, the TGF-f pathway was suppressed and the relative
luciferase activity associated with LINC0O0887 expression was
significantly reduced, (TGF + ITD-1 vs. TGF-f; P=0.0002;
Fig. 3B).

miR-613, miR-206 and miR-1-2 are ceRNAs associated with
LINCO00887. The online searching results for LINC0O0887
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Figure 2. Effects of LINC0O0887 on the metastasis, apoptosis and stem cell characteristic transformation of 95-C/95-D cells. (A) Knockdown and overexpres-
sion of LINC00887. A small difference was found in the 95-C and 95-D cells at 24 and 72 h, but no statistical significance in the MTT assay. (B) LINC00887
was overexpressed in 95-C cells using the overexpression vector. (C) Increased LINC00887 expression can reduce apoptosis of 95-C cells; while knockdown
it could induce a higher apoptosis rate in 95-D cells. (D) No obvious difference was found in G2/M, S and G1 phase proportions. (E) Transwell assays found
that LINC00887 overexpression can enhance the invasion of lung cancer cells and stem cell characteristics. (F) Spheroidisation ability of 95-D cells with
LINC00887 siRNA. "P<0.05; "“P<0.001. OD, optical density; siRNA, small interfering RNA; LINC00887, long intergenic non-protein coding RNA 887.

(http://www.Incipedia.org/db/search) indicated that the five = miR-206 and miR-1-2 have similar downstream target genes.
top rated miRNAs were miR-1227, miR-613, miR-206, Simulated hybridization suggested that the seed sequences
miR-5581-3p and miR-1-2. The base pairing ability of each  in these targeting miRNAs were fully integrated with
miRNA to LINC00887 was evaluated as 77.67, 73.48, 73.29, LINCO00887, as shown in Fig. 4A. When pGL3-LINCO00887 or
67.50 and 65.30, respectively. It was noted that miR-613, empty vector were co-transfected into 293T cells with miRNA
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Figure 3. LINC00887 may promote cell metastasis through TGF-f signalling pathway in 95-D cells. (A) Plasmid 796 nt and 504 nt bands separated on
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Figure 4. Luciferase reporting system results suggest that LINC00887 can effectively bind to three miRs. (A) Simulated hybridization of the seed sequences
(marked in red) in three miRs were fully integrated with LINC00887. (B) Effect of miRs on luciferase activity of empty vector (P>0.05) and activity of
luciferase in pGL3-LINC00887-transfected 293T cells ('P<0.05). miR, microRNA; LINC00887, long intergenic non-protein coding RNA 887.

precursors for 24 h and luciferase activity was tested, the the luciferase activity of pGL3-LINC00887. Therefore, it can
miRNA precursors had no effect on the luciferase activity in ~ be concluded that miR-613, miR-206 and miR-1-2 bind with
the empty vector group. However, these miRNAs suppressed ~ LINCO00887 act as ceRNAs (Fig. 4B).
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Figure 5. LINC00887 and three miRNAs formed competitive inhibitory effects. (A) By synthesizing three interference sections of LINC00887 siRNA2
had the best interference results in 95-D cells. (B) In 95-D cells with overexpressed LINC00887, the levels of three miRs were reduced. (C) Knockdown of
LINCO00887 by siRNA2, indicated that it can increased the expression of the three miRs in 95-C cells. Immunoprecipitation with Ago2 antibody and reverse
transcription-quantitative polymerase chain reaction were used to show that (D) LINC00887 and (E) the associated miRs interacted with Ago2, indicating that
degradation was triggered after the absorption of miRs. "P<0.05. LINC00887, long intergenic non-protein coding RNA 887; siRNA, small interfering RNA;

miR, microRNA; XIST, X inactive specific transcript.

LINC00887 can combine with miRNAs in 95-C/95-D cells
resulting in RNA degradation. By synthesizing three interfer-
ence sections of LINC00887 (Guangzhou RiboBio Co., Ltd.),
i.e. antagomir 1, 2 and 3, it was found that siRNA2 had the
best interference results in 95-D cells (Fig. 5A). Empty vector
and LINC00887 overexpression vector were transfected into
95-C cells, and the expression levels of miRNAs were anal-
ysed using a TagMan probe. The results indicated LINC00887
overexpression reduced the levels of miR-613, miR-206 and
miR-1-2 (Fig. 5B). This suggested a linear association between
the miRNAs and LINCO00887.

Similarly, these miRNAs were increased in 95-D cell
lines when the expression of LINC00887 was silenced using
by siRNA (Fig. 5C). Immunoprecipitation was performed
out using an Ago2 antibody; the nucleic acid content of the
products bound to Ago2 was subsequently purified and quan-
tified. The levels of XIST (negative control) and LINC00887
associated with Ago2 were analysed by RT-qPCR. The
internal reference gene U6b (negative control) and the levels
of miR-613, miR-206 and miR-1-2 were also analysed using
TagMan probes. The results suggested that LINC00887
and its associated miRNAs interacted with Ago2, indi-
cating that degradation was triggered by the binding with
miRNAs (Fig. 5D and E).

LINC00887 and miRNA hybrids degrade and inactivate
the downstream targeting genes FNI, MET and SMADA4.
Using a mirSVR score of <-1.0 as the criterion, FN1, MET
and SMAD4 were ranked as the top three downstream genes
targeted by miR-613, miR-206 and miR-1-2 in the microRNA.
org database (Fig. 6A). When LINC00887 was overexpressed
in 95-C cell lines the mRNA levels FN1, MET and SMAD4
significantly increased compared with the control group
(empty vector). This indicated that LINCO0887 effectively
combines with and degrade miR-613, miR-206 and miR-1-2s,
and therefore suppresses their actions on the downstream
target genes (Fig. 6B). Similarly, in 95-D cell lines with initial
high expression of LINC00887, FN1, MET and SMAD4 were
reduced by LINC00887 siRNA (P<0.0001; Fig. 6C).

Discussion

Although the function of most IncRNAs remains unknown
thus far, it is of great interest to find out whether they have
could be used for diagnosing and treating clinic diseases. In
the current study, 95-D and 95-C cells, with different expres-
sion levels of LINCO00887, were used to investigate the role of
LINCO00887. According to the data from eBioPortal, patients
with a high level of LINC00887 generally have shorter overall
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miR, microRNA; MET, MET proto-oncogene, receptor tyrosine kinase; FNI,

intergenic non-protein coding RNA 887.

survival time, indicating LINC00887 has specific functions
and clinical value for patients with NSCLC. High levels of
LINCO00887 may potentially accelerate the malignant evolu-
tion of NSCLC cells, and therefore, induce the metastasis
and spread of tumor cells to the rest of the body. In addition,
Transwell experimental results suggested that LINC0O0887
significantly enhanced the invasion of lung cancer cells. By
silencing LINCO00887 in 95-D cells, their spheroidisation
ability was significantly reduced, which indicates a reduced
potential for spreading and survival at other sites. These
results suggest that LINCO0887 is a persistent and functional
IncRNA.

From the results of the current study, it can be concluded
that LINC00887 exerts its function by interacting with
miRNAs, and these interact as ceRNAs (21). The ceRNA
theory suggests that downstream targeting gene functions are
affected by changes in miRNA quantity induced by bas pairing
between IncRNAs and miRNAs. ceRNAs generally include
miRNAs, pseudogene transcripts and circular RNAs (22). The
most common way for IncRNAs to interact with miRNAs is

fibronectin 1; mothers against decapentaplegic homolog 4; LINC00887, long

through a so-called RNA sponge effect, which is determined
by stable expression of IncRNAs and miRNAs and their
integration with miRNA response elements (MRE) (23). In
a study of gallbladder carcinoma (24), IncRNA MATLATI1
acted as a ceRNA regulating miR-206 through a molecular
sponge mechanism and promoted the development of cancer.
In this study, LINC00887 was identified in the cytoplasm only
and expressed highly in nuclei.

Hybridization simulation suggested many miRNAs can
interact with LINC00887, among which miR-613, miR-206
and miR-1-2 were ranked as the top three candidates. When
LINCO00887 was silenced, the levels of miR-613, miR-206 and
miR-1-2 increased significantly; however, when LINC00887
was overexpressed in 95-C cells, the levels of miR-613,
miR-206 and miR-1-2 were significantly reduced, indicating an
inversely proportional relationship between LINC00887 and
certain miRNAs. It remains unclear if the association between
LINCO00887 and miR-613, miR-206 and miR-1-2 temporarily
suppresses their activity or induced RNA degradation. By
examining the RNA pulldown products isolated by Ago2



Bzl SPANDIDOS
7] ,§, PUBLICATIONS

immunoprecipitation, it was found that the concentrations of
LINCO00887, miR-613, miR-206 and miR-1-2 were all higher
than the negative control RNAs (XIST and U6b), indicating
that interaction between the LINC00887 can induced degrada-
tion of miRNAs. These experiments suggested that there is a
linear relationship between LINC00887 and miR-613, miR-206
and miR-1-2, and that binding with LINC00887 can induce
the degradation of miRNAs by Ago2. Therefore, miR-613,
miR-206 and miR-1-2 can act as ceRNAs of LINC00887.

The metastasis of lung cancer is a multifaceted process (25).
Metastasis involves the migration of lung cancer cells towards
areas of higher oxygen tension and changing of cellular pheno-
type through EMT, changes in the expression of vascular
endothelial growth factor (VEGF) and its receptors (26),
stroma interaction (27) and interfering with immune system
communication (28). Recent studies have shown that IncRNAs
can control protein transcription, translation and function. It
is now believed that dozens of IncRNAs are involved in lung
cancer cell invasion and metastasis (29,30).

In this study, it was demonstrated that LINCO0887-miRNA
interaction regulates downstream genes including FN1, MET and
SMADA4, which are associated with the spread of lung cancer.
The results suggested that overexpression of LINC00887 in 95-C
cell lines can reduce the expression of miR-613, miR-206 and
miR-1-2. In contrast, FN1, MET and SMAD4 mRNA expression
was increased by overexpression of LINC00887, which indi-
cated an interaction between LINC00887 and three associated
miRNAs and that this induced their degradation. The regula-
tory effects on downstream genes are therefore released, which
potentially increases the motility and invasion of 95-C cells.

FNI1 is a component of the extracellular matrix (ECM)
and is widely distributed in smooth muscle cell layers (31).
Abnormal expression of FN1 has been identified in several
human diseases, including cancers, and can act as an impor-
tant marker of EMT (32). miR-206 is involved in the formation
of smooth muscle in the airway and is reported to be associ-
ated with FNI1, interact, with ECM proteins such as VEGF
and TGF-f31, and contribute to the development of diseases
including bronchopulmonary dysplasia (33). Relevant studies
on miR-1 and MET genes revealed that miR-1 inhibited cell
proliferation, and reduced migration and motility of A549 cells.
The downregulation of MET could be a potential mechanism
by which miR-1 regulates the growth and metastatic potential
of these cells (34). SMAD4 is a key regulator of TGF-f signal-
ling. SMAD4 not activates the expression and increases the
activity of EMT transcription factors (35-37).

Therefore, interactions between LINC0O0887-miRNAs and
regulatory target genes may have an important roles in the inva-
sion and metastasis of lung cancer cells; LINC0O0887-miRNA
associations can affect NSCLC cell EMT by altering the TGF-§
signalling pathway. In this study, the transcription of LINC00887
was significantly increased by adding TGF-f to 95-D cells, this
effect was suppressed by the specific TGF-[3 pathway inhibitor,
ITD-I1. The cell cycle and proliferation of 95-C cells was unaf-
fected by overexpression and silencing of LINC00887; however,
cell apoptosis was altered by changes in LINC00887 expression.
Of course, in vivo experiments are required to further validate
the role of LINC00887. We plan to use a lentivirus packaging
vector to knock out the expression of LINC00887 in 95-D cells,
and inoculate the cell line into nude mice to observe the growth
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of tumours, and detect the changes in associated metastasis
indicators in metastatic tumours.

In summary, although the mechanism of NSCLC metas-
tasis is complex, the present study established an interactive
association between LINC00887 and miR-613, miR-206 and
miR-1-2, providing a new path for studying metastasis mecha-
nisms. LINC00887, and miR-613, miR-206 and miR-1-2 act
as ceRNAs, and potentially regulate the EMT transition of
NSCLC cells through the TGF-p pathway, therefore promoting
cell migration and the acquisition of stem cell features. It
should be noted that this study is a preliminary investigation
into the function of LINC00887, particularly with respect to
signal transduction pathways. EMT mechanisms via TGF-f3
signalling are complex, and further study is required.
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