European Review for Medical and Pharmacological Sciences 2020; 24: 222-229

LINCO1093 promotes proliferation and
invasion of non-small cell lung cancer cells
via targeting akt signaling pathway
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Abstract. — OBJECTIVE: To explore the ex- : ssion of LINC01093
pression of LINC01093, a long non-coding ribo- i
nucleic acid (IncRNA) in non-small cell lung can-
cer (NSCLC) tissues, and cells and its regulato-
ry role in NSCLC cell proliferation and invasion.
PATIENTS AND METHODS: The expression
of LINC01093 in NSCLC tissues and cells was
detected via quantitative Reverse Trag
tion-Polymerase Chain Reaction (qRT-PG
periment. The specific sequences interfe
LINC01093 were designed and transiently ti{gs
fected into A549 and SPCA-1 cells using
pofectamine™ 2000, and 48 later 3

liferation, invasion, and me-
cells via the Akt signaling

ell lung cancer, LINCO1093, Prolifera-
vasion and migration, Akt signaling pathway.

Introduction

In recent years, the incidence and mortality
rates of lung cancer have been increasing, and it
is one of the cancers with the highest incidence
and mortality rates worldwide!. Non-small cell
lung cancer (NSCLC) represents 75-80% of the
total lung cancer cases®. For the lack of typical
clinical manifestations, it is relatively difficult to
perform the early-stage screening for NSCLC,
and most patients stayed at an advanced stage
when diagnosed for the first time. Additionally,
poor prognosis is also a grave issue facing in the
current treatments’. Therefore, seeking effective
markers for the early diagnosis and prognosis is
xpression of LINC01093, of great scientific signiﬁcancp and clinical value.
d colony forming assays Gene therapy for tumors is gradually becom-
- oliferation ability of NSCLC ing a research hotspot now, and the search for NS-
vas weakened, according to the findings CLC-associated oncogenes and tumor suppressor
etry, the cells were arrested in genes provides new research directions for the
e transwell assay results mani- diagnosis and treatment of NSCLC as well*.
ere weakened, and the results of the West- Long npn—coding ribonucleic . acids (IncRNAs)
stting suggested the changes in the ex- measuring more than 200 nt in length regulate

presSons of molecular markers in the Akt sig- the proliferation, apoptosis, metastasis, and other
naling pathway. biological functions of cancer cells, playing a role

C01093. Finally, the
lecular markers in
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as “tumor suppressor gene” or “oncogene’. Lat-
est researches have found that several IncRNAs,
such as IncRNA MALATI, IncRNAS [growth
arrest-specific gene 5 (GASS5)]” and IncRNA
HOX antisense intergenic RNA (HOTAIR)®, are
aberrantly expressed in NSCLC and participate
in its pathological occurrence and development.
New IncRNAs related to NSCLC should still be
investigated through further studies.

LINCO01093 is located on chromosome 4q35.1
and 1529 bp in full length. According to a lit-
erature report, the expression of LINC01093 is
down-regulated in hepatocellular carcinoma, and
lowly-expressed LINCO01093 can be taken as an
independent predictor for the prognosis of hepa-
tocellular carcinoma patients’. He et al® found
that LINCO01093 is lowly expressed in hepato-
cellular carcinoma and related to the TNM stage
in patients with this disease. In addition, they
discovered that the molecular mechanism exper-
iment results have established that LINCO01093
binds to IGF2BP1 to degrade GLII messenger
RNAs (mRNAs) and repress the proliferation and
other biological features in hepatocellular car-
cinoma. However, the expression and biolgssical
function of LINC01093 in NSCLC tissud
not yet been reported.

In this study, it was discovered for the first
that the expression of LINC01093 was upreg
ed in NSCLC tissues and cells 2

ed as subjects, and their
ara-cancerous tissues at 2

, all the patients aged 31-75 years old did not
g ergo radiotherapy, chemotherapy, or immuno-

gy or take targeted therapeutic drugs. This
as approved by the Ethics Committee of
our hospital, and the enrolled patients signed the

written informed consent. The cancerous tissues
and para-cancerous normal tissues collected were
cryopreserved at -180°C.

Cell Culture
Human bronchial epithelial
and NSCLC cell lines (adenoc
and SPC-Al, squamous ca
(Shanghai Institute of
Biology, Chinese Aca

es were lysed with an appro-
Izol (Invitrogen, Carlsbad,
ded with chloroform for ex-
texing. After high-speed centrif-
ation, the isopropanol was added to accelerate
recipitation and the precipitates were
sing anhydrous alcohol, centrifuged,
collected and dissolved with diethylpyrocar-
bonate- treated water. Then, the concentration of
RNAs was determined. The total RNAs (1 pg)
were reversely transcribed into complementary
deoxyribonucleic acids (cDNAs). The qRT-PCR
program was set as follows: pre-denaturation
at 95°C for 30 s, denaturation at 95°C for 5 s,
annealing and extension at 60°C for 31 s, for 40
cycles and performed, and then the data were
analyzed using the 7300 system SDS software.
Finally, the relative quantification (RQ) value was
calculated based on cycle threshold (Ct) using
the formula RQ=224¢" and reflected the relative
expression level of the genes detected.

Primers and Small Interfering (sijRNAs
The primer sequences were: linc 01093 Forward
5’-AGTTCTTCTAGATTGCGTT-3’, linc 01093
Reverse 5’-ATTGACATGGGATGCCCTT-3’,
glyceraldehyde  3-phosphate  dehydrogenase
(GAPDH) Forward 5’-CCCAC TTGAAGGGTG-
GAGCCAA-3’, GAPDH Reverse 5-TGGCATG-
GACTGTGGTCA TGA-3’, si-linc 01093 #1, sense
5’-CGACAGUGCUIGUGAACUUTT-3’, and an-
tisense 5’-CCAUUCAGUACGAGAGUCCTT-3%
si-linc 01093 #2, sense 5-ACUGACG CUGAC-
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CAUGUGATT-3’, and antisense 5’-ACUGGU-
CAUCAGU AUCCCATT-3". si-linc 01093 #3,
sense  5-CCAAGGCUGGAACUGAUATT-3’,
and antisense 5’-GC AACGAAUCCGGAUCG-
CATT-3". The primer and interfering sequences
were designed and synthesized by Guangzhou
RiboBio Co., Ltd. (Guangzhou, China).

Methyl Thiazolyl Tetrazolium (MTT) and
Colony Forming Assays

MTT assay was performed according to the
following specific steps: the NSCLC cells were
transfected with si-LINC01093 and inoculated in-
to a 96-well plate (3x10° cells/well), and each well
of cells was incubated with 10 pL of MTT solu-
tion in the incubator for 1 h. Subsequently, they
were added with 100 pL of formazan dissolving
solution and continued to be incubated for 4 h. Fi-
nally, an ultraviolet spectrophotometer was used
to determine the optical density (OD) at 570 nm.
The colony forming assay was conducted as fol-
lows: after being transfected with si-LINC01093,
the NSCLC cells were seeded into a 6-well plate
(1.2x103 cells/well), and the medium was replaced
every three days. After 14 d, with the mgg
removed, the cells were covered and fixe¢
methanol for 15 min, stained with crystal
for 15 min and washed using Phosphate-B
Saline (PBS) twice.

Flow Cytometry
Cell cycle distribution wg

CLC cells,and 6 h 1
into a 6-well plat
the cells were
ethanol, and
content of

, Te-suspe
overnight. Fhally, the
determined via flow

medium containing 10%
(a Millipore chamber pre-

pectlvely, Millipore, Billerica, MA, USA), and
out 2x10° cells (200 uL) were added to the

ith the liquid in the upper chamber dis-
carded the chamber was taken out carefully, and
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the cells which failed to penetrate through the
chamber membrane were removed using the wet
cotton swab. Then, the resulting cells wa

in methanol for 2 min, stained with
for 5 min, and washed using PB4

Western Blotting
The cells were collect

spectively. Subsequently, the
ubated with the primary anti-
ated Akt (p-Akt), T-Akt, p21,
en, Carlsbad, CA, USA) at 4°C
d using Tris-Buffered Saline with
veen-20 (TBST), incubated with the secondary
at room temperature, rinsed with TBST
d placéd on the ChemiDoc XRS+ imaging sys-
tem for development.

Statistical Analysis

In statistical processing, Statistical Product
and Service Solutions (SPSS) 18.0 (SPSS Inc.,
Chicago, IL, USA) was used to analyze the data.
The #-test was used for analyzing the measure-
ment data. The differences between the two
groups were analyzed using the Student’s z-test.
The comparison between multiple groups was
done using One-way ANOVA test followed by
the post-hoc test (Least Significant Difference).
p<0.05 denoted that the difference was statisti-
cally significant.

Results

The Expression of LINC0O1093 Was
Upregulated in NSCLC Tissues and Cells
The expression level of LINC01093 in the can-
cerous and para-cancerous tissues from 56 NS-
CLC patients was determined via qRT-PCR, and
it was found that, compared with that in para-can-
cerous tissues, the expression level of LINC01093
was raised in NSCLC tissues (Figure 1A). Then,
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the expression level of LINCO01093 in NSCLC
cells (A549, SPCA-1, and SK-MES-1) and human
bronchial epithelial cells (I6HBE) was measured
via qRT-PCR, and the results revealed that the
expression of LINCO01093 was up-regulated in
NSCLC cells (Figure 1B). Additionally, to ex-
plore the biological function of LINCO01093 in
NSCLC cells, A549 and SPCA-1 cells were taken
as the model cells and transiently transfected with

the specific interfering sequences of LINC01093
(si-LINCO01093) designed by the research group.
48 h after transfection, the interference ¢
was measured (Figures 1C, 1D).

Influence of LINC01093 on,

Cell Proliferation
Firstly, A549 and SPCA-
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ure 1. Expression of LINC01093. A, Expression level of LINC01093 in 56 pairs of NSCLC tissues and para-cancerous
determined via qRT-PCR: compared with that in para-cancerous tissues, the expression of LINC01093 is up-regulated
in es and down-regulated in 12 cases, with GAPHD as the internal reference. B, The relative expression level of
LINCOM093 in NSCLC cells and 16HBE cells measured via qRT-PCR. C, The transfection efficiency of the designed sequences
interfering in LINC01093 detected via qRT-PCR. (**p<0.01, and *p<0.05).
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then they were inoculated into a 96-well plate
(3x10° cells/well). After inoculation, OD was
measured at five observation time points 0, 24,
48, 72, and 96 h, and the growth curve was plot-
ted. It was discovered that the interference in the
expression of LINCO010193 inhibited the prolifer-

ation of NSCLC cells (Figures 2A, 2B), which is
consistent with the colony formlng assay results
(Figures 2C, 2D). Furthermore, the inf]
LINCO01093 on NSCLC cell cycle distg
explored. Firstly, the cells in both
group and control group were sg
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cytometry after intervening in the expression of LINC01093 in A549 and SPCA-1 cells. (**p<0.01, and *p<0.05).
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plates, separately and 48 later, they were collect-
ed. Then, the cell cycle distribution was detected
via flow cytometry, and the results showed that
the knockdown of LINCO01093 arrested NSCLC
cells in G1/0 phase (Figures 2E, 2F).

Impact of LINCO1093 on the Migration
and Invasion of NSCLC Cells

Firstly, the cells in the experiment group and
control group were inoculated into chambers,

separately, and cultured for 48 h. Then, the lig-
uid in the upper chamber was discarded, and the
resultlng cells were ﬁxed using methg

sion abilities of NSCLC cells (F'¥
To verify the potential molgslar m®

which LINCO01093 exerig@he biologi8
tions, the changes in pfecular gaarkers
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nges in the expressions of the molecular markers in the AKT signaling pathway detected by Western blotting after

interfering in the expression of LINC01093 in A549 and SPCA-1 cells.
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Aktl signaling pathway were detected via West-
ern blotting in this study. It was discovered that,
compared with those in the control group, the
protein expressions of p-Akt, p21, and c-Myc in
the cells were changed in the experiment group
(Figures 3C, 3D).

Discussion

NcRNAs can fall into short strand ncRNAs
(200 nt) and IncRNAs (>200 nt) according to
the length. LncRNAs have previously been rec-
ognized as the “wastes” produced in the tran-
scription, and we believed that they represented
the low fidelity of RNA polymerases in such a
process'!. Over the past years, IncRNAs have
attracted extensive attention as oncogenes or tu-
mor suppressor genes, and their dysfunction is
closely correlated with the occurrence of multiple
tumors, including NSCLC".

Shen et al” followed 78 NSCLC patients
for 5 years, and they found that the expression
level of metastasis-associated to lung adenocar-
cinoma transcript 1 (MALAT), which is thg
IncRNA researched in the lung cancer, is
related to the survival time of patients.
also discovered that the median survival
of patients is 52 and 60 months 1n MALA
high express1on and low expuas

xpress10n level of GAS6-AxI
tively correlated with

atively correlated with GAS6 in NSCLC
Is, suggestlng that GAS6-Axl
Al regulate the expression of GAS6 to partic-
gte in the occurrence and development of NS-
; owever, there have not yet been reports
on {8 expression and biological function of
LINCO01093 in NSCLC tissues and cells.
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The present research discovered for the first
time that the expression of LINC01093 was up-
regulated in NSCLC tissues and cells g4
highly expressed LINC01093 could 4
proliferation, migration, and i inva g
relatlonshlps of LINCO01093

. Since the
the clinico-

e Akt fac111tates the growth
umor cells, Akt has been re-
ant target for researching and
or drugs, for instance, some

east and gastric cancers!®!”. Similar-
y studies'™®", the Akt family has been
found to bear close relationships with the pro-
liferation and metastasis of NSCLC cells, while
the interaction between LINC01093 and the Akt
signaling pathway in NSCLC has not yet been
reported. The present study discovered that after
interfering in the expression of LINCO01093, the
expression of T-Akt was not changed, but on the
other hand, that of p-Akt did.

Conclusions

Altogether, the expression of LINC01093 is up-
regulated in NSCLC tissues and cells, and it facil-
itates the proliferation, invasion, and metastasis
of NSCLC cells via the Akt signaling pathway.
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