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Long noncoding RNA Linc00210 promotes
non-small cell lung cancer progression via
sponging miR-16-5p/PTK2 axis
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Abstract. — OBJECTIVE: Long noncoding
RNAs (IncRNAs) are important regulators in-
volved in a variety of cancer development. How-
ever, the role of Linc00210 in non-small cell
lung cancer (NSCLC) remains unknown. This
study aims to investigate the clinical value of
Linc00210 in NSCLC patients and the biological
functions of Linc00210 in NSCLC.

PATIENTS AND METHODS: Gene expression
in NSCLC tissues and cell lines was detected
using qRT-PCR or Western blot. 3-(4,5-dimeth-
yl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium bro-
mide (MTT) and colony formation assays were
conducted to evaluate the effect of Linc00210 on
NSCLC cell proliferation. Transwell assay and
annexin V-Fluorescein 5-isothiocyanate (FITC)/
Propidium lodide (PI) were done to analyze the
effect of Linc00210 on cancer cell invasion and
apoptosis, respectively. Luciferase reporter as-
say and RIP assay were performed to determine
the target of Linc00210 and miR-16-5p. Besides,
these assays were used to determine recipro-
cally inhibition of each other-controlled NSCLC
cell behaviors. In vivo tumorigenesis experi-
ments were applied to exhibit subcutaneous tu-
mor growth.

RESULTS: Linc0021 was highly expressed in
NSCLC tissues and cell lines. Knockdown of
Linc00210 inhibited cancer cell proliferation and
invasion, and increased cell apoptosis, and reg-
ulated the expression of Cyclin A1, prolifer-
ating cell nuclear antigen (PCNA), E-cadher-
in, N-cadherin, Bax, and Bcl-2 in NSCLC cells.
Further data showed Linc00210 bound to and
directly modulated the miR-16-5p levels. Im-
pressively, overexpression of miR-16-5p sup-
pressed NSCLC cell proliferation and invasion,
but increased cell apoptosis, and these behav-
iors could be overturned by overexpression of
Linc00210 in vitro and in vivo. Finally, Linc00210
and miR-16-5p cooperatively controlled expres-
sion of protein tyrosine kinase 2 (PTK2), a miR-
16-5p target.

CONCLUSIONS: Linc00210/miR-16-5p/PTK2
signaling suggests a promising novel strategy
for anti-NSCLC therapy.

Key Words:
Linc00210, MiR-16-5p, PTKZ, Non-small cell lung
cancer, Xenografts.

Introduction

Lung cancer has become the leading cause of
cancer deaths worldwide'?. Tt includes two types
of cancers, small cell and non-small cell lung
cancers (NSCLCs) and squamous cell carcinoma
of lung cancer, and NSCLCs is the chief type of
human lung cancer**. The 5-year survival rate of
MSCLC patients is about 15% largely owing to its
recurrence and poor therapeutic plans®. During
lung cancer initiation and development, abnor-
mal cancer cell behaviors including cell growth,
invasion, migration, and apoptosis. These cell
behaviors are coupled with gene mutation and
dysregulation. However, these dysfunctions are
not fully interpreted. Together, it is essential to
investigate the underlying molecular mechanisms
of NSCLC progression, and to explore the novel
therapeutic targets for NSCLC treatment.

Long noncoding RNAs (IncRNAs) are defined
as nonprotein-coding RNAs, which are longer
than 200 nucleotides’. LncRNAs have functioned
in various cancers®®. We take some familiar In-
cRNAs for example. HOX transcript antisense
RNA (HOTAIR) increases lung cancer cell in-
vasion and motility’. Inhibition of rhophilin, Rho
GTPase binding protein 1 antisense RNA 1 (RH-
PNI1-ASI) triggers gefitinib resistance of NSCLC
cancer via regulating MicroRNA (miR)-299-3p/
TNFAF12"°. Maternally expressed 3 (MEG3)
inhibits NSCLC cell proliferation and promotes
p53-induced apoptosis!!. Actin filament associated
protein 1 antisense RNA 1 (AFAP1-ASI) promotes
NSCLC tumorigenesis by suppressing p2l ex-
pression'>B3, In this study, we selected Linc00210
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as a key molecular by checking the records of
IncRNA in Lnc2Cancer database (http:/www.
bio-bigdata.net/Inc2cancer/search_quick res.jsp?-
searchname=linc00210), and its functions and its
pathogenic mechanism in NSCLC remain unclear.
According to the previous studies, Linc00210 is a
positive regulator of liver tumorigenesis, and it in-
teracts with catenin beta interacting protein 1 (CT-
NNBIP1) resulting in activation of WNT/B-catenin
signaling". Linc00210 sponging miR-195-5p to
enhance the malignancy of thyroid cancer cells
by activating insulin like growth factor 1 re-
ceptor (IGF1R)-mediated phosphatidylinositol
3-kinase/serine/threonine kinase (PI3K/Akt) sig-
naling®. Then, Linc00210 also promotes nasopha-
ryngeal carcinoma tumorigenesis by activating
miR-328-5p-mediated repression notch receptor 3
(NOTCH3) signaling'®. Consequently, we can con-
clude that Linc0021 also might be an oncogene in
NSCLC development. Thus, we investigated the
biological function and the pathogenic mechanism
of Linc00210 in NSCLC, offering promising tar-
gets for therapeutic treatment of NSCLC.
Interaction with microRNAs (miRNAs) pres-
ents a common manner for IncRNAs exerting
their functions in disease'®!>'¢. Herein, we found
that Linc00210 mainly distributed in cytoplasm,
suggesting that Linc00210 might show its onco-
genic activity by interacting with miRNAs in
NSCLC. Using DIANA tools (http:/carolina.
imis.athena-innovation.gr/diana_tools/web/in-
dex.php?r=Incbasev2/index) to predict the bind-
ing miRNAs of Linc00210. For the first time, we
observed that Linc002210 may serve as a molec-
ular sponge of miR-16-5p, which participates in
cancer development including lung cancer'’!,
For instance, miR-16-5p, regulated by IncRNA
plasmacytoma variant translocation 1 (PVT1),
represses cell proliferation, invasion and epi-
thelial-mesenchymal transition in renal cell car-
cinoma'®. MiR-16-5p, sponged by ANK repeat
and PH domain-containing protein 2 antisense
RNA 1 (AGAP2-AS1), inhibits cell proliferation
and metastasis in hepatocellular carcinoma?*?'.
Additionally, miR-16-5p, regulated by MIR205
host gene (MIR205HG), significantly inhibits
tumor growth and progression of cervical can-
cer??. MiR-16-5p-carried exosomes can suppress
progression of colorectal cancer by targeting
intergrin-2 (ITG2)*. In vitro and in vivo ex-
periments demonstrate that miR-16-5p serves
as a tumor suppressor of chordoma cell prolif-
eration, invasion and metastasis by targeting
Smad3?*. Overexpression of miR-16-5p enhanc-

es radio-sensitivity by regulating Cyclin DI1-me-
diated signaling in prostate cancer®’. MiR-16-5p-
SMAD family member 3 (SMAD?3) signaling is
involved in melatonin-induced inhibition of cell
proliferation of gastric cancer?®, and meanwhile,
miR-16-5p-vascular endothelial growth factor
(VEGF)-A axis is involved in angiogenesis of
chondrosarcoma?’. MiR-16-5p also acts as a tu-
mor suppressor in breast cancer and glioma?*%.
Impressively, miR-16-5p could significantly pro-
tect lipopolysaccharide (LPS)-stimulated A549
cell injury by binding C-X-C Motif chemokine
receptor 3 (CXCR3), a novel target for targeted
treatment of lung cancer’®. Consequently, we
assume that the oncogenic IncRNA Linc00210
may exhibit its functions by sponging miR-16-
5p, a promising tumor suppressor, in lung cancer
development.

As we know, miRNAs present a series of high-
ly conserved small nonprotein-coding RNAs that
are able to enhance the degradation of messenger
RNAs or to suppress their translation largely by
binding to 3'-untranslated regions (3-UTRs) of
mRNASs?!. In our study, we observed that PTK?2,
a common oncogene, might be a direct target of
miR-16-5p predicted by using TargetScan data-
base, and PTK2 expression can be synergistically
modulated by miR-16-5p and Linc00210.

In this study, we investigated the role of
Linc00210/miR-16-5p/PTK?2 signaling in NSCLC
progression. Our data reported that Linc00210
is significantly increased in lung cancer tissues.
Then, Linc00210 promotes cell proliferation, in-
vasion, and inhibits cell apoptosis of Calu-3 and
H1299 cell lines through regulating miR-16-5p/
PTK2 signaling in vitro and in vivo.

Patients and Methods

Clinic Sample Collection

Forty human lung cancer tissues and their ad-
jacent non-cancerous tissues were obtained from
patients with lung cancer at the Shangluo Central
Hospital, Shangluo, Shanxi, 726000, China. The
collected tissues have not been subjected to to
radiotherapy or chemotherapy. The participants
all have signed an informed consent form. The di-
agnoses of patients with lung cancer were verified
by pathologists. The clinic sample collection was
carried our following the approved guidelines,
and this investigation was approved by the Ethics
Committee of Shangluo Central Hospital (SLCH
2016-0018).
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Cell Culture

The used cell lines were purchased from the
Cell Bank of the Chinese Academy of Science
(Shanghai, China).

BEAS-2B, A549, Calu-3, H1299, SPCA-1, and
PC-9 cells were cultured in Dulbecco’s Modified
Eagle’s Medium (DMEM; GIBCO, Carlsbad,
CA, USA) supplemented with 10% fetal bovine
serum (GIBCO; Carlsbad, CA, USA) and 100 U/
ml penicillin and 100 pg/ml streptomycin (GIB-
CO, Carlsbad, CA, USA). They were incubated
in a 37°C humidified atmosphere containing 5%
Co.,.

Plasmids, Small Interfering RNA
Sequences, and Lenti-Viruses

All the plasmids, small interfering RNA
(siRNA), and lenti-viruses were designed and
synthesized by GenePharma (Shanghai, Chi-
na). Linc00210-small interfering RNA (siRNA)
(si-Linc00210) was 5-GCA CUG AAG UUC
UGU AAA UUU-3', and this siRNA was also
expressed by sh-Linc00210, and the control siR-
NA (si-NC) was 5-AGA UCG ACG UGG CGU
AAU CCA-3'. Then, the si-Linc00210 and full
length of LINC-00210 (Ensembl Transcript ID:
ENST00000431637) were constructed into an
empty vector named pcDNA3.1 (+), and they are
also constructed into lenti-virus used for animal
experiments. At the same time, the Mock is 5'-
UCU CCG AAC GUG UCA CGU-3’, and miR-
16-5p mimic is 5-UAG CAG CAC GUA AAU
AUU GGC G-3', and miR-16-5p inhibitor is 5'-
CGC CAA TAA AGC TGC TGC TA-3". On the
other hand, full length of Linc00210 and 3'UTR
of PTK2 as well as their mutants, were insert-
ed into Luciferase reporter plasmid (pmirGLO)

Table I. Sequences of used primers in this study.

(Promega, Madison, WI, USA). The plasmids
and oligonucleotides were transfected into lung
cancer cells using the agent Lipofectamine 3000
(Thermo Fisher Scientific, Waltham, MA, USA)
according to its manufacturer’s instructions.

Hematoxylin and Eosin (H&E) Staining

Clinic lung cancer tissues and their adja-
cent normal tissues were firstly fixed in 4%
paraformaldehyde. Then, they were embed-
ded, and sectioned. Finally, they were stained
with hematoxylin and eosin (H&E) as previ-
ously described®?. The H&E staining agents
were bought from Thermo Fisher Scientific
(Waltham, MA, USA).

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

Total cellular RNAs of tissues or cell lines
were extracted using TRIzol method following
the manufacturer’s instructions (Thermo Fisher
Scientific, Waltham, MA, USA). After isolation
of RNAs, 500 ng RNA was synthesized to com-
plementary DNA (cDNA) using a PrimeScript RT
Kit (Cat. no. #RR037A v.0610, TaKaRa, Dalian,
China) according to the manufacturer’s instruc-
tions. The RNA expression was analyzed using
SYBR Premix Ex Taq II and Perfect Real Time
(Cat. no. #DRROS1A, TaKaRa, Dalian, China).
Levels of Linc00210, miR-16-5p, and PTK2, Cy-
clin Al, PCNA, E-cadherin, N-cadherin, Bax,
and Bcl-2 were normalized to the expression lev-
els of 18S RNA, U6, and glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH), respectively.
Gene expression was calculated according to
the 2722““method. qRT-PCR primers were listed
in Table I.

Gene name Primer forward

Primer Reverse

Linc00210 5-AAC ACG TTA GCG GGT TCT CA-3'
18S RNA 5'-CGT TCT TAG TTG GTG GAG CG-3',
PTK2 5'-CAG GGT CCG ATT GGA AAC CA-3'
GAPDH 5'-CAC CCA CTC CTC CAC CTT TG-3'
Cyclin Al 5 TCA CTT GGG ATG GAG ACC G-3'
PCNA 5-CTC TTC CCT TAC GCA AGT CTC A-3'
N-cadherin 5TGC ATG AAG GAC AGC CTC TT-3'
E-cadherin 5'-ATG CTG ATG CCC CCA ATA CC-3'

Bax 5-GGG TTG TCG CCCTTT TCT AC-3'

5'-GTC GTA TCC AGT GCA GGG TCC GAG GTA TTC GCA CTG GAT CGC CAA-3'
5'-GTC GTA TCC AGT GCA GGG TCC GAG GTA TTC GCA CTG GAT ACG ACA AAT ATG-3'

Bel-2 5-CTT TGA GTT CGG TGG GGT CA-3'
miR-16-5p 5-UAG CAG CAC GUA AAU A-3'

U6 5'-AAC GAG ACG ACG ACA GAC-3'
miR-16-5p RT

U6 RT

5TCA AAA ACC ACC GAG GGA GG-3'
5'-CCG GAC ATC TAA GGG CAT CA-3'
5-CTG AAG CTT GAC ACC CTC GT-3'
5'-CCA CCA CCC TGT TGC TGT AG-3'
5'-GCT GCT GCT GGA AGA CGA AA-3'
5-GTG CCT CCA ACA CCT TCT TG-3'
5TGG GTC TCT TTG TCT TGG GC-3'
5-TGC CAT CGT TGT TCA CTG GA-3'
5-AGT CGC TTC AGT GAC TCG G-3'
5-GGG CCG TAC AGT TCC ACA AA-3'
5-GTG CAG GGT CCG AGG T-3'
5-GCA AAT TCG TGA AGC GTT CCA TA-3'
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Western Blot

The total protein of lung tissues or cell lines was
extracted by using radioimmunoprecipitation as-
say lysis buffer (RIPA buffer) (Cat. no. # P0013C,
Beyotime, Shanghai, China). After lysing for 30
min at ice, the samples were centrifuged for 15
min at 12,000 rpm. The concentration of total pro-
tein was quantified by bicinchoninic acid (BCA)
Protein Assay Kit (Cat. no. # P0012, Beyotime,
Shanghai, China). The supernatant of each sam-
ple was placed in a new Eppendorf (EP) tube, and
it was boiled with sodium dodecyl benzene sul-
fonate sodium dodecyl benzene sulfonate (SDS)
loading buffer for 10 min. Then, 40 pg protein
was subjected to polyacrylamide gel electropho-
resis, and the separated protein was transferred
onto a polyvinylidene difluoride (PVDF) mem-
brane (Cat. no. # 1704157, Bio-Rad Laboratories,
Hercules, CA, USA). Next, protein carried PVDF
membrane was blocked by 5% skimmed milk for
1 h, and the membrane was incubated with the
primary antibody at 4°C overnight, and it was
covered with the secondary antibody at 4°C for
2 h. After capturing on an optical luminescence
instrument (Cat. No. #Tanon 4600SF, Tanon,
Shanghai, China), the optical density of protein
band was analyzed using Image J software (Me-
dia Cybernetics, Bethesda, MD, USA). A variety
of antibodies were used in this study including
Cyclin Al (Cat. no. #4656, Cell Signal Technolo-
gy, Danvers, MA, USA), PCNA (Cat. no. #13110,
Cell Signal Technology, Danvers, MA, USA),
E-cadherin (Cat. no. #2518, Cell Signal Technol-
ogy, Danvers, MA, USA), N-cadherin (Cat. no.
#99377, Cell Signal Technology, Danvers, MA,
USA), Bax (Cat. no. #5023, Cell Signal Technol-
ogy, Danvers, MA, USA), Bcl-2 (Cat. no. #15071,
Cell Signal Technology, Danvers, MA, USA),
PTK2 (Cat. no. #3285, Cell Signal Technology,
Danvers, MA, USA), GAPDH (Cat. no. #51332,
Cell Signal Technology, Danvers, MA, USA),
horseradish peroxidase (HRP)-labeled goat an-
ti-rabbit or -mouse secondary antibody (Cat. no.
# BS13278 or #BS12478, Bioworld, Minnesota
Twin Cities, Hilton Minneapolis-Saint Louis Park
at West End, China).

MTT Assay

We applied 3-(4,5-dimethyl-2-thiazolyl)-2,5-di-
phenyl-2-H-tetrazolium bromide (MTT) assay to
evaluate the cell proliferation of cancer cell lines.
4 x 10° cells were planted in a 96-well plate. Af-
ter transfection for 24 h, 10 pl MTT agent was
added into 100 pl medium per well for 1 h at

37°C. Then, the 570 nm value was measured on
a microplate reader. The MTT was bought from
Thermo Fisher Scientific (Waltham, MA, USA).

Colony Formation

In this study, we also conducted colony forma-
tion assay to determine the cancer cell prolifera-
tion. First, 5 x 10? cells were seeded in a 6-well
plate. After transfection for 24 h, the cells were
cultured for the next 12 days. Then, all colonies
were fixed with ethanol and they were stained
with 0.2% crystal violet for 2 h. They were cap-
tured under a light microscope Carl Zeiss (Axio
Observer Al, Jena, Germany). The use plates
and agents were from Thermo Fisher Scientific
(Waltham, MA, USA).

Transwell Assay

In this experiment, 2 x 10° cells were firstly
transfected with plasmids and siRNAs for 36
h. Then, they were planted in the upper cham-
ber with Matrigel-coated membrane (Cat. no. #
354230, Thermo Fisher Scientific, Waltham, MA,
USA) and incubated in serum-free DMEM. The
lower chamber was added with FBS-containing
medium. After 24 h incubation, the invading cells
in the down chamber were fixed with methanol.
The invaded cells were stained with 0.2% crys-
tal violet for 2 h. They were captured under a
light microscope Carl Zeiss (Axio Observer Al,
Jena, Germany). The use transwell plates and
other agents were from Thermo Fisher Scientific
(Waltham, MA, USA).

Annexin V-FITC/Propidium
lodide Staining

The cells were transfected with plasmids and
siRNAs for 36 h. All cells were collected by us-
ing trypsin, and they were resuspended in phos-
phate-buffered saline (PBS). Then, these cells
were stained with 5 pul FITC-annexin V and 10 pl
propidium iodide (PI) (Cat. no. #C1062L, Beyo-
time, Shanghai, China) for 15 min in a dark room.
After washing with phosphate-buffered saline
(PBS), the samples were detected by a Becton
Dickinson flow cytometry (Becton Dickinson,
Franklin Lakes, NJ, USA), and they were la-
beled as apoptotic cells stained by both Annexin
V-FITC and PI.

Luciferase Reporter Assay

The Luciferase reporter plasmids, wide type
(WT) and mutant of pmirGLO-Linc00210 and
3’UTR of PTK2, were co-transfected with miR-
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16-5p mimic and inhibitor into cancer cells. The
wide type and mutant of Linc00210 and PTK?2
3’UTR were synthetized and constructed into
pmirGLO empty vector by Sangon (Shanghai,
China). After transfection for 24 h, we harvested
the cells for Luciferase activity analysis applying
Dual-Luciferase Reporter Assay System (Prome-
ga, Madison, WI, USA).

Nuclear-Cytoplasmic Isolation

To determine the location of Linc00210 in
cancer cells, the PARIS Kit (Cat. no. #AM1921,
Life Technologies, Waltham, MA, USA) was
applied. We successfully isolated nuclear and
cytoplasmic and nuclear fractions. GAPDH and
U6 were considered as the cytoplasmic endog-
enous control and nuclear endogenous control,
respectively.

RNA-Chromatin Immunoprecipitation
(RIP)

RIP was applied to explore the potential en-
dogenous binding between Linc00210 and miR-
16-5p using Magna RIP™ RNA-Binding Protein
Immuno-Precipitation Kit (Millipore, Billerica,
MA, USA). The primary antibody against Ago- 2
(Cat. no. SAB4301150, Sigma, Aldrich, St. Louis,
MO, USA) or IgG (Cat. no. 14131, Sigma-Aldrich,
St. Louis, MO, USA) was added into lysate for
RIP assay. RNA was extracted using TRIzol
agent, and the indicated RNA content was mea-
sured by qRT-PCR as described above.

Nude Mice Experiments

To determine the effect of Linc00210 and
miR-16-5p on cancer cell behaviors, we plated
transfected cells into 4-week old nude mice (Bei-
jing Vital River Laboratory Animal Technology,
Beijing, China) to observe the tumor growth.
This animal experiment was approved by the
Ethics Committee of Shangluo Central Hospi-
tal (SLCH 2016-0018) (Shangluo City, Shanxi,
China). We declared that all animals were given
proper care according to the relevant guide-
lines and regulations. All mice were housed
in a specific pathogen-free room, belonging to
the Shangluo Central Hospital, at 25-26°C. The
cancer cell line (Calu-3) was collected after 72
h transfection with Linc00210, miR-16-5p, and
PTK2. Then, these cells were resuspended in-
to PBS and they were subcutaneously injected
into mice (2 for each group). During the whole
process, the mice were anaesthetized with 0.3%
chloral hydrate. Finally, the mice were sacri-
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ficed by cervical vertebra dislocation on the
last day to harvest the tumors. Tumor volume
and weight were recorded at the indicative time.
Tumor volume was confirmed according to the
formula®: volume = (longest diameter x shortest
diameter?)/2.

Statistical Analysis

The results are expressed as mean + standard
deviation (SD). The GraphPad Prism 5 Software
(La Jolla, CA, USA) was used to analyze all the
data. The means of two groups were compared
using a two-tailed Student’s ¢-test, and multi-
group comparisons were performed using a Chi-
square test. A p-value<0.05 was statistically sig-
nificant. All the experiments were independently
conducted in triplicate.

Results

Linc00210 is Highly Expressed in
Lung Cancer Tissues and Cancer Cells
First, the pathological changes of lung cancer
tissues were detected by H&E staining. The data
showed that abnormal growth and distribution of
kinds of cells appeared in cancer tissues (Figure
1A). To investigate the role of LINC00219 in NS-
CLC tumorigenesis, qRT-PCR was performed to
evaluate the Linc00210 levels in 40 paired lung
cancer tissues and adjacent non-tumor tissues. As
exhibited in Figure 1B, we found that Linc00210
was significantly overexpressed in lung cancer
tissues compared with the adjacent normal lung
tissues (Figure 1B). Meanwhile, qRT-PCR was
conducted to detect the expression of Linc00210
in lung cancer cells A549, Calu-3, SPCA-1, PC-9,
and H1299, compared with normal lung cell line
BEAS-2B (Figure 1C).

Knockdown of Linc00210 Affects
Cancer Cell Proliferation, Invasion,
and Apoptosis

To explore the function of Linc00210 in lung
cancer, we knocked down Linc00210 with si-
Linc00210 in Calu-3 and H1299 cells, and qRT-
PCR analysis demonstrated that Linc00210 level
was significantly decreased in these cancer cell
lines (Figure 2A, B). Then, MTT assay was con-
ducted to determine the effect of Linc00210 on
proliferation, and knockdown of Linc00210 was
able to suppress the ability of cell proliferation in
both Calu-3 and H1299 cells (Figure 2C, D). Sim-
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Figure 1. Linc00210 is elevated in lung cancer tissues and cancer cells. A, H&E staining analysis of lung clinic tissues at
10x20x magnification. B, The level of Linc00210 in NSCLC tissues (n=40) was determined by qRT-PCR; &p<0.01, compared
with adjacent non-tumour tissues. C, The level of Linc00210 in cancer cells was detected by qRT-PCR; &p<0.01, compared
with BEAS-2B (normal lung cell lines). All the data are presented as the mean + SD of three independent experiments, each

performed in triplicate.

ilarly, interfering Linc00210 expression signifi-
cantly reduced colony formation of cancer cells
(Figure 2E, F). We also found that knockdown of
Linc00210 significantly inhibited expression of
cell growth-associated genes such as Cyclin Al
and PCNA (Figure 2G).

Transwell assay was performed to investigate
whether Linc00210 plays an important role in
modulating the invasion of lung cancer cells. The
data demonstrated that silencing of Linc00210
can significantly inhibit the invading ability of
Calu-3 and H1299 cells (Figure 2H, I). Corre-
spondingly, downregulation of Linc00210 could
elevate E-cadherin expression and reduce N-cad-
herin level (Figure 2J).

Finally, annexin V-FITC/PI analysis showed
that knockdown of Linc00210 could significantly
increase cell apoptosis in Calu-3 and H1299 cells
(Figure 2K, L). Consistently, qRT-PCR analysis
showed that downregulation of Linc00210 mark-
edly enhanced Bax expression and inhibited Bcl-
2 expression (Figure 2M). These results suggest
that Linc00210 could promote the growth and
invasion, and it could suppress cell apoptosis of
lung cancer.

Linc00210 Functions as a
Sponge for MiR-16-5p

Cytoplasmic IncRNAs have been served as
competing endogenous RNAs to sponge mRNAs.
Linc00210 has been reported that it can function
as a competing endogenous RNA (ceRNA) to
regulate the progression of several types of can-
cer. Consistently, our results told that Linc00210
was mainly located in cytoplasm rather than in

nucleus (Figure 3A). Accordingly, we suspected
that Linc00210 may be a regulator of NSCLC
development in a ceRNA manner. Using DIANA
tools, we identified the potential binding sites of
miR-16-5p on Linc00210 (Figure 3B). Further da-
ta demonstrated that miR-16-5p was dramatically
decreased in lung cancer tissues and lung cancer
cell lines (Figure 3C, D), suggesting that miR-16-
Sp might be regulated by Linc00210. To further
confirm whether Linc00210 may sponge miR-
16-5p, we carried out a series of experiments. At
the beginning, knockdown of Linc00210 signifi-
cantly downregulated miR-16-5p expression in
Calu-3 and H1299 cells (Figure 3E), and miR-16-
Sp also negatively controlled Linc00210 expres-
sion (Figure 3F). Moreover, miR-16-5p negatively
regulated Luciferase activity of Linc00210-WT
rather than Linc00210-Mutant evidenced by
Luciferase reporter assay (Figure 3G). Finally,
both Linc00210 and miR-16-5p were enriched
by anti-Ago2-mediated RNA immunoprecipita-
tion (RIP) in Calu-3 and HI1299 cells (Figure
3H). Taken together, these findings showed that
Linc00210 could be a molecular sponge of miR-
16-5p in NSCLC progression.

MiR-16-5p is a Tumor Suppressor in NSCLC
Cells and its Activity is Counteracted by
Linc00210 Overexpression

In our study, miR-16-5p was decreased in
NSCLC tissues and cell lines, and miR-16-5p ex-
pression can be suppressed by overexpression of
Linc00210, which was proved to be an oncogene
in NSCLC development by our data. These find-
ings suggested that miR-16-5p may be a tumor
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Figure 2. Knockdown of Linc00210 inhibits cell proliferation and invasion and increases cell apoptosis in vitro. A, B, The
expression of Linc00210 in NSCLC cells transfected with si-Linc00210 or si-NC was analyzed by qRT-PCR; &p<0.01, compared
with si-NC. C, D, CCK-8 assays showed that knockdown of Linc00210 inhibited cancer cell growth; &p<0.01, compared
with si-NC. E, F, Colony formation assays showed that knockdown of Linc00210 suppressed cancer cell colony formation
at IxIx magnification; &p<0.01, compared with si-NC. G, qRT-PCR analysis showed that downregulation of Linc00210
decreased expression of cell growth-associated genes including Cyclin Al and PCNA; &p<0.01, compared with si-NC. H, I,
Transwell assays showed that knockdown of Linc00210 suppressed cancer cell migration at 10x40x magnification; &p<0.01,
compared with si-NC. J, qRT-PCR analysis showed that interfering Linc00210 reduced expression of cell migration-associated
genes including E-caderin and N-caderin; &p<0.01, compared with si-NC. K, L, Annexin V-FITC/PI analysis exhibited that
knockdown of Linc00210 enhanced cancer cell apoptosis; &p<0.01, compared with si-NC. M, qRT-PCR analysis showed that
silencing of Linc00210 elevated expression of cell apoptosis-related genes including Bax and Bcl-2; &p<0.01, compared with
si-NC. All the data are presented as the mean + SD of three independent experiments, each performed in triplicate.
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Figure 3. The interaction of Linc00210 with miR-16-5p. A, The location of Linc00210 in cytoplasm and nucleus of cancer
cells were assessed by qRT-PCR. B, The putative binding sites of miR-16-5p on Linc00210 were predicted by DIANA tools.
C, The level of miR-16-5p in NSCLC tissues (n=40) was determined by qRT-PCR; &p<0.01, compared with adjacent non-
tumor tissues. D, The level of miR-16-5p in cancer cells was analyzed by qRT-PCR; &p<0.01, compared with BEAS-2B. E,
qRT-PCR analysis showed that knockdown of Linc00210 upregulated miR-16-5p expression; &p<0.01, compared with si-NC.
F, qRT-PCR analysis indicated that miR-16-5p affected Linc00210 expression in cancer cells; &p<0.01, compared with Mock.
G, Luciferase assay showed that miR-16-5p regulates the Luciferase activity of Linc00210-WT, rather than that of Linc00210-
mutant; &p<0.01, compared with Mock. H, RIP assay showed that both Linc00210 and miR-16-5p were enriched in the Ago-
2 precipitate compared with IgG; &p<0.01, compared with anti-IgG. All the data are presented as the mean + SD of three
independent experiments, each performed in triplicate.

suppressor and its activity can be inhibited by concomitant overexpression of Linc00210 (Figure
overexpression of Linc00210. Colony formation 4A, B). Meanwhile, miR-16-5p overexpression
assays and transwell assays showed that miR- significantly elevated cell apoptosis in Calu-3 and

16-5p overexpression suppressed the growth of H1299 cells while this activity can be overturned
NSCLC cells but notably, this was reversed by by Linc00210 overexpression (Figure 3C).
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Figure 4. Linc00210 reversed miR-16-5p-regulated cancer cell proliferation, invasion, and apoptosis in vitro and in vivo by
sponging miR-16-5p. A, Colony formation assays showed that overexpression of Linc00210 reversed miR-16-5p-induced
inhibition of colony formation of Calu-3 and H1299 cells; &p<0.01, compared with Mock-+pcDNA, Ap<0.01, compared with miR-
16-5p+pcDNA, #p<0.01, compared with miR-16-5p+Linc00210. B, Transwell assays showed that overexpression of Linc00210
blocks miR-16-5p-mediated inhibition of cell migration of Calu-3 and H1299 cells; &p<0.01, compared with Mock+pcDNA,
Ap<0.01, compared with miR-16-5p+pcDNA, #p<0.01, compared with miR-16-5p+Linc00210. C, Annexin V-FITC analysis
showed that overexpression of Linc00210 reversed miR- 16 -Sp-induced increase of apoptosis of Calu-3 and H1299 cells; &p<0.01,

compared with Mock+pcDNA, Ap<0.01, compared with miR-16-5p+pcDNA. D, Overexpression of Linc00210 partly neutrahzed
miR-16-5p-mediated suppression of tumor growth in a mouse xenograft model; &p<0.01, compared with Lenti-Mock+Lenti-
vector, Ap<0.01, compared with Lenti-miR-16-5p+Lenti-vecctor. E, The tumors formed in nude mice on the 24" day. F, The
tumor weight in nude mice on the 24" day; &p<0.01, compared with Lenti-Mock+Lenti-vector, Ap<0.01, compared with Lenti-
miR-16-5p+Lenti-vecctor. G, Western blot analysis of gene expression in the tumor xenografts, and the optical density was
analyzed using Image J software, &p<0.01, compared with Lenti-Mock+Lenti-vector, Ap<0.01, compared with Lenti-miR-16-
Sp+Lenti-vector. All the results are presented as the mean & SD of three independent experiments, each performed in triplicate.
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To further determine reciprocal regulation be-
tween miR-16-5p and Linc00210 in NSCLC cells,
we conducted in vivo experiments in nude mice.
Impressively, the data proved that miR-16-5p
overexpression could significantly inhibit tumor
growth, ant this inhibiting effect can be counter-
acted by Linc00210 overexpression (Figure 4D,
E, F). In accordance with its tumor-suppressing
effects, miR-16-5p overexpression significantly
downregulated Cyclin Al, PCNA, N-cadherin,
and Bcl-2, and however, miR-16-5p upregulated
E-cadherin and Bax in tumors (Figure 4G). Then,
miR-16-5p-mediated expression of genes can be
reversed by overexpression of Linc00210 (Figure
4G). These findings suggest that Linc00210 and
miR-19-5p act reciprocally as an oncogene and a
suppressor, respectively, in NSCLC cells.

PTKZ is a Novel Target of MiR-16-5p
and is Synergistically Regulated by
Linc00210 and MiR-16-5p

To determine the potential mechanisms in-
volved in Linc00210 and miR-16-5p-mediated
signaling, the downstream targets of miR-16-5p
were predicted by Targetscan database. The re-
sults showed that the famous regulator PTK2
was a potential target of miR-16-5p (Figure 5A).
To test this predication, we carried out the Lu-
ciferase assays in which enzyme activity was
driven by the 3'UTR of PTK?2; either WT and
mutated in the predicated miR-16-5p binding
site. Calu-3 and H1299 cells were co-transfected
with miR-16-5p, pcDNA-Linc00210, and pmir-
GLO-PTK2-3’UTR. The results showed that Lu-
ciferase activity was increased by overexpres-
sion of Linc00210 (Figure 5B, C). Nevertheless,
Linc00210- or miR-16-5p-controlled Luciferase
activity of PTK2 3’UTR was inhibited by miR-
16-5p and Linc00210 reciprocally (Figure 5B, C).
Moreover, qRT-PCR and Western blot analysis
demonstrated that PTK2 mRNA and protein lev-
els were significantly decreased by miR-16-5p
overexpression, and contrarily, markedly elevat-
ed by Linc00210 overexpression (Figure 5D, E).
Then, PTK2 expression, regulated by miR-16-5p
and Linc00210, could be limited reciprocally.
Thus, Linc00210 and miR-16-5p serve coopera-
tively to modulate PTK?2 level.

Overexpression of PTK2 Partly Blocks
Knockdown of Linc00210-Mediated
Inhibition of Tumor Growth

To determine whether PTK2 is required for
functions of Linc00210, we overexpressed PTK?2

and knocked down Linc00210 expression in ca-
lu-3 cells. The in vivo experiments showed that
interfering Linc00210 inhibited tumor growth
indicated by tumor volume and tumor weight
(Figure 6A, B, C). Moreover, overexpression of
PTK2 partly reversed interfering Linc00210-me-
diated inhibition of tumor growth by regulating
expression of a series of genes, which were in-
volved in apoptosis, proliferation, and invasion
(Figure 6A, B, C, D).

Discussion

Lung cancer has considered as the chief rea-
son of cancer deaths worldwide'2. The 5-year
survival rate of NSCLC patients is about 15%
which remains to be improved®. Recently, in-
creasing IncRNAs were found to be involved
in initiation or further progression of a variety
of diseases including NSCLC. LncRNA RH-
PNI1-AS1, MEG3, and AFAPI1-ASI all partici-
pate in NSCLC development by diverse molec-
ular mechanisms!®3, In this study, we selected
Linc00210 as a key molecular by checking the
records of IncRNA in Lnc2Cancer database
(http:/www.bio-bigdata.net/Inc2cancer/search
quick res.jsp?searchname=linc00210). Accord-
ing to the previous studies, Linc00210 can ad-
vance the liver tumorigenesis by interacting
with catenin beta interacting protein 1 (CTN-
NBIPI) leading to activation of WNT/B-catenin
pathway'. Linc00210 has been reported as an
oncogene of thyroid cancer by sponging for
miR-16-5p and activating Insulin-like growth
factor 1 receptor (IGF1R)-controlled PI3K/Akt
pathway". Similarly, Linc00210, as a molecular
sponge of miR-16-5p, increases tumorigenesis of
nasopharyngeal carcinoma by activating notch
receptor 3 (NOTCH3) pathway'®. Nevertheless,
the role of Linc00210 remains unclear. Sub-
sequently, we investigated the biological mo-
lecular mechanisms of Linc00210 in NSCLC
cells for the first time. In accordance with these
previous findings, we found that Linc00210 was
upregulated in lung cancer tissues and cancer
cells, suggesting that Linc00210 also functions
as an oncogene in NSCLC. Impressively, in vitro
and in vivo experiments in our study demon-
strated that knockdown of Linc00210 inhibited
cell proliferation and invasion, and elevated cell
apoptosis of NSCLC cells including Calu-3 and
H11299 cells. Collectively, Linc00210 functions
as an oncogene during NSCLC progression.
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Figure 5. Linc00210 functions as a ceRNA for miR-16-5p to regulate PTK2. A, The putative binding sites in miR-16-5p and
PTK2 sequences using PITA database. B, C, Luciferase assay showed that cooperation of miR-16-5p and LINC210 regulates
the Luciferase activity of PTK2 3’UTR-WT, rather than that of PTK2 3’UTR-mutant; &p<0.01, compared with pcDNA+Mock,
Ap<0.01, compared with Linc00210+Mock; #p<0.01, compared with Linc00210+miR-16-5p. D, qRT-PCR analysis of PTK2
mRNA expression was cooperatively regulated by miR-16-5p and Linc00210 in Calu-3 and H1299 cells; &p<0.01, compared
with pcDNA+Mock, Ap<0.01, compared with Linc00210+Mock; #p<0.01, compared with Linc00210+miR-16-5p. E, Western
blot analysis of PTK?2 protein expression was cooperatively regulated by miR-16-5p and Linc00210 in Calu-3 and H1299 cells.
All the data are presented as the mean + SD of three independent experiments, each performed in triplicate.

In our study, Linc00210 was mainly locat-
ed in cytoplasm, indicating that Linc00210 can
serve as a sponge for miRNAs in NSCLC cells.
Therefore, we predicated and demonstrated that
Linc00210 may directly bind to miR-16-5p in
regulation of cancer cell behaviors of NSCLC
in an argonaute-2 (Ago2)/RNA-induced silenc-
ing complex (RISC)-dependent manner. Further
data showed that Linc00210 performed as a mo-
lecular sponge for miR-16-5p. We found that
miR-16-5p was downregulated in lung cancer
tissues and cell lines, implying that miR-16-5p
is a tumor suppressor. As a tumor Suppressor,
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miR-16-5p can be sponged by IncRNA PVTI,
AGAP2-ASI1, and MIR205HG, and this miRNA
inhibits progression of renal cell carcinoma',
hepatocellular carcinoma**?| and cervical can-
cer, respectively?>. MiR-16-5p-carried exosomes
can suppress progression of colorectal cancer
by targeting intergrin-2 (ITG2)*. Consistently,
miR-16-5p inhibits chordoma cell proliferation,
invasion, and metastasis by targeting Smad3*.
MiR-16-5p-Smad3 axis is also involved in mel-
atonin-mediated inhibition of gastric cancer®.
MiR-16-5p suppresses angiogenesis of chondro-
sarcoma by targeting vascular endothelial growth
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Figure 6. Overexpression of PTK2 reverses knockdown of Linc00210-mediated suppression of tumor growth in nude mice.
A, The tumors formed in nude mice on the 24" day; &p<0.01, compared with Lenti-vector, Ap<0.01, compared with Lenti-
sh-Linc00210. B, Overexpression of PTK2 partly blocked knockdown of Linc00210-mediated inhibition of tumor growth in
a mouse xenograft model; &p<0.01, compared with Lenti-vector, Ap<0.01, compared with Lenti-sh-Linc00210. C, The tumor
weight in nude mice on the 24™ day; &p<0.01, compared with Lenti-vector, Ap<0.01, compared with Lenti-sh-Linc00210. D,
qRT-PCR analysis of gene expression in the tumors, &p<0.01, compared with Lenti-vector, Ap<0.01, compared with Lenti-

sh-Linc00210.

factor A (VEGF-A)*. Moreover, miR-16-5p could
significantly protect LPS-induced cell injury by
targeting the C-X-C Motif chemokine receptor
3 (CXCR3), suggesting that miR-16-5p might
be a tumor suppressor of lung cancer. In this
study, we found that miR-16-5p may be sponged
by Linc00210 resulting in its downregulation
in cancer cells. Overexpression of miR-16-5p
inhibited Calu-3 and H1299 cell growth, colony
formation, and invasion, and promoted cancer
cell apoptosis. Furthermore, overexpression of
miR-16-5p also inhibited gene expression such
as Cyclin Al, PCNA, N-cadherin, and Bcl-2, and
overexpression of miR-16-5p upregulated expres-
sion of E-cadherin and Bax in vitro and in vivo.
Of note, Linc00210 and miR-16-5p may inhibit
expression and functions reciprocally. Overex-
pression of Linc00210 reversed overexpression of

miR-16-5p-regulation of cell proliferation, inva-
sion and apoptosis in vitro and in vivo. In a word,
our results are consistent with previous studies
showing that miR-16-5p functions as a tumor
suppressor'®-2# 26: 2. 30 - and it can be sponged by
Linc00210, and this study is the first research of
the interaction between Linc2100 and miR-16-5p
in NSCLC.

Additionally, miRNAs have been reported to
exert their functions mainly by targeting 3-UTRs
of mRNAs resulting in mRNA degradation®’.
PTKZ2, an important oncogene, has been consid-
ered as a promising target of targeted therapy of
cancers including NSCLC**-¢. PTK2 is involved
in cell proliferation, invasion, migration, and
apoptosis, and other NSCLC cell behaviors, and
more meaningfully, PTK?2 is a positive regulator
of PI3K/AKT sginalling which is a famous tum-
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origenesis pathway and plays an essential role in
cancer development**2°. Herein, PTK2 has been
identified a potential target of miR-16-5p for the
first time. Meanwhile, we stated the relation-
ship between Linc00210, miR-16-5p, and PTK2.
Our data showed that PTK2 can be significant-
ly downregulated by miR-16-5p, and the PTK2
was elevated by overexpression of Linc00210,
indicating that Linc00210 and miR-16-5p show
their activities in NSCLC cancer partly relying
on PTK2 expression. Furthermore, interaction of
Linc00210 with miR-16-5p led to reciprocal inhi-
bition of each other-regulated PTK2 expression.
Finally, overexpression of PTK2 partly over-
turned knockdown of Linc00210-induced sup-
pression of tumor growth, implying that PTK2
is required for Linc00210 to serve an oncogene
in NSCLC. These results revealed that PTK2-in-
volved Linc00210/miR-16-5p signaling acted an
essential role in NSCLC progression in vitro and
in vivo.

Conclusions

We explored in this study a novel In-
cRNA-mRNA-mRNA signaling in NSCLC
cells. Linc00210 was upregulated in lung cancer
and cancer cells, while miR-16-5p can serve as
a tumor suppressor in NSCLC. Notably, recip-
rocal repression between Linc00210 and miR-
16-5p was observed in NSCLC cancer cells. Im-
pressively, knockdown of Linc00210 and over-
expression of miR-16-5p significantly inhibited
cell proliferation and invasion, and Linc00210
knockdown elevated cell apoptosis in Calu-3
and H1299 cells. Then, Linc00210 was identified
as a sponge for miR-16-5p. Overexpression of
Linc00210 reversed overexpression of miR-16-
Sp-induced cell behaviors in NSCLC in vitro
and in vivo. Finally, PTK2 was a target of miR-
16-5p, and PTK2 was cooperatively modulated
by Linc00210 and miR-16-5p in Calu-3 and
H1299 cells, and PTK2 overexpression partly
overturned knockdown of Linc00210-induced
repression of tumor growth in nude mice. Con-
sequently, PTK2-involved Linc00210/miR-16-5p
axis was the underlying molecular mechanism
of NSCLC progression by controlling cancer
cell growth, invasion, and apoptosis in vitro and
in vivo. Collectively, our findings suggest that
components of the Linc00210/miR-16-5p/PTK2
signaling could be promising targets for devel-
oping and improving NSCLC therapies.
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