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Abstract. - OBJECTIVE: The purpose of this
study was to investigate the role of microR-
NA-488-3p in the proliferation, invasion and mi-
gration of lung cancer cells and to further ex-
plore the potential regulatory mechanisms.
PATIENTS AND METHODS: MicroRNA-488-3p
expression in 46 pairs of tumor tissue and paracan-
cerous tissue specimens collected from non-small
cell lung cancer (NSCLC) patients were measured
through quantitative real-time polymerase chain
reaction (QRT-PCR) method, and the interplay be-
tween microRNA-488-3p expression and some
clinical indicators of these subjects was also an-
alyzed. In addition, microRNA-488-3p overexpres-
sion models were constructed in NSCLC ce
and then Cell Counting Kit-8 (CCK-8) te
transwell assays were carried out to evalua
effect of microRNA-488-3p on the NSCLC cell
tions. Furthermore, bioinformatics analysis and
ciferase reporter gene assay weraag3

NA-488-3p showed a sig
in NSCLC tissue sa
mal ones. In comp

expression of
incidence of

n of NSCLC cells. Subsequent-
i ADAM9 expression in
s found, which indicat-
with microRNA-488-3p.

on of ADAM9 could counter-
icroRNA-488-3p upregulation
ation and invasion ability of NSCLC
two may thus together affect the

cideNCe of metastasis in NSCLC patients, can
inhibit the malignant progression of NSCLC
cells by modulating ADAM9 expression.
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lung cancer ranks
ong cancer-induced deaths,
igh-incidence are mainly lo-
oped countries and regions,
erica, Europe, Australia, and
eanwhile, males are more sub-
ed to this cancer than female'?. There are
factors that may contrlbute to the
currefice of lung cancer, including smoking,
ionizing radiation, air pollution, pollution from
coal smoke and oil smoke, occupational hazards,
carcinogens in food and genetic factors, among
which smoking is the most dangerous'**. There
are few symptoms in the early stage of lung can-
cer, and most patients who come for symptoms
have been in the middle and advanced stage. As
a result, early detection, diagnosis and treatment
are the keys to improve the cure rate of lung can-
cer and reduce patients’ mortality>°. However,
so far, there is currently no mature lung can-
cer screening program in the world’®. In recent
years, with the progress in imaging diagnosis and
clinical treatment of non-small cell lung cancer
(NSCLC), the 5-year survival rate of patients ad-
mitted to the hospital with NSCLC that can be
radically resected has reached about 25%-30%"'°.
The 5-year recurrence rate of early NSCLC after
radical treatment is 40%, and the overall 5-year
survival rate reaches about 15% in developed
countries and less than 10% in developing coun-
tries, for most patients in advanced stage and
losing the opportunity of surgery treatment'.
Therefore, it is of great significance to search for
targets for accurate diagnosis, prognosis evalua-
tion and drug treatment of NSCLC'*".
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With the discovery and confirmation of
more and more tumor-related molecular mark-
ers, researchers have paid more and more atten-
tion to the screening of NSCLC markers, some
of which have been applied in the clinical diag-
nosis and NSCLC treatment'*'*. Currently, the
mechanism of the occurrence and development
of NSCLC has not been fully uncovered, but
more and more evidences indicate that miR-
NA is engaged in the progression of malignant
tumors including NSCLC™!'%, MiRNAs are a
kind of non-coding single-stranded small RNA
widely existing in animals and plants, with a
total length of 20-24 nt and containing 18-24
nucleotides. They are mainly derived from pro-
tein-coding gene sequences or protein-coding
intergene sequences, with phosphate groups at
the 5’ end and hydroxyl groups at the 3” end'”!8,
MicroRNA-488-3p, a member of the miRNA
family, is located in the Xp38.13 region of the
human chromosome and distributed in clus-
ters''®. Some studies'”?' have revealed that
microRNA-488-3p is abnormally expressed in
a variety of solid malignancies, but its mecha-
nism of action in NSCLC remains elusive. Jaare
through bioinformatics analysis, it was
esized that microRNA-488-3p may mod
the malignant progression of NSCLC thrd
directly binding to ADAMY, Wthh has b
reported to be highly expressegd 2

Based on the above
we explored the role

atients did not receive any
emotherapy before surgery.

consents. This investigation was approved by the
Ethics Committee of Huadong Hospital.
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Cell Lines and Reagents

Five NSCLC cell lines (A549, H1299, PC-9,
H358, SPC-Al) and one normal human bron-
chial epithelial cell (BEAS-2B) were

with DMEM medium ¢
incubator with 5% CO,

mine 2000 (Invitrogen, Carlsbad, CA, USA).
er 48 h, cellsgwere collected for subsequent

96 h, the cells were added with CCK-8 reagent
(Dojindo Molecular Technologies, Kumamo-
to, Japan), and the optical density (OD) value of
each well was measured in the microplate reader
(Thermo Fisher Scientific, Waltham, MA, USA)
at 490 nm absorption wavelength after 2 hours of
incubation.

Transwell Cell Migration and Invasion
Assay

After transfection for 48 h, the cells were tryp-
sinized and resuspended in serum-free medium.
Following cell counting, the diluted cell density
was adjusted to 3.0x10°%mL, and the transwell
chamber containing Matrigel (Corning, Corning,
NY, USA) and no Matrigel was placed in a 24-
well plate. Then, 200 pL cell suspension was add-
ed to the upper chamber, while 500 uL. complete
medium was added to the lower chamber. After
incubated in a 37°C incubator for 48 h, the cham-
ber was removed, fixed with 4% paraformalde-
hyde, and stained with crystal violet. Subsequent-
ly, the perforated cells stained in the outer layer
of the basement membrane of the chamber were
observed under the microscope (Nikon, Tokyo,
Japan), with 5 fields of view randomly selected.
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Quantitative Real Time-Polymerase
Chain Reaction (gRT-PCR)

1 mL of TRIzol (Invitrogen, Carlsbad, CA,
USA) was used to lyse the cells, and total RNA
was extracted. QRT-PCR was performed ac-
cording to the SYBR® Premix Ex Taq™ kit in-
structions (TaKaRa, Otsu, Shiga, Japan). The
primers are as follows: microRNA-488-3p:
F: 5-CGGGGCAGCUCAGUACAG-3’, R:
5-CAGTGCGTGTCGTGGAGT-3>, U6: F:
5’-CTGCGAATGGCGTCATTAAATCAG-3,
R:  5-CCGTCGGCATGTATTAGCTCTAG-3’,
ADAMY: F: 5-GCTGTCTTGCCACAGAC-
CCGGTATGTGGAG-3, R: 5-TGGAATAT-
TAAGAAGGCAGTTTCCCTTT-3, glyceral-
dehyde 3-phosphate dehydrogenase (GAPDH):
F:  5-GCACCGTCAAGGCTGAGAAC-3’, R:
5-TGGTGAAGACGCCAGTGGA-3’. Three rep-
licate wells were set for each sample and the assay
was repeated twice. Bio-Rad PCR instrument was
used to analyze (Bio-Rad, Hercules, CA, USA).

Immunoblot Analysis

The transfected cells were lysed using PRO-
PREPTM protein lysate, shaken on ice for 3Qgain
and centrifuged at 14,000 x g for 15 min @&
Total protein concentration was calculated b
CLCA Protein Assay Kit (Pierce, Rockford
USA). Immunoblotting was carried out using
cific antibody against ADAM9 g
technology, Santa Cruz, CA,
as an internal reference co
sity of protein expressiog
alpha SP image analysj

3'-untranslated
insertion of other wild-type
i@y binding site was con-

22.0 software (IBM Corp., Armonk, NY, USA).
Univariate analysis was carried out using the

x*-test and the exact probability Fisher test, and
multivariate analysis was performed using COX
regression analysis. Besides, patient survival
analyzed through the Kaplan-Meier mgg
the intergroup curves were compareg
rank test. Data were expressed a
dard deviation, and p<0.05 was
statistically significant.

can £ stan-
idered to be

detected a significant reduction in mi-
pression in NSCLC tissues
arly, in NSCLC cell lines,
and SPC-A1 cells, microR-
owed a lower expression than
cells (Figure 1B). According
icroRNA-488-3p expression, the NSCLC
pcimens were divided into high- and
Ow-expression groups to explore the relation-
ship between microRNA-488-3p and the prog-
nosis of patients with NSCLC. Kaplan-Meier
survival curves showed that low expression of
microRNA-488-3p was remarkably positive-
ly correlated with poor prognosis of NSCLC
patients (p<0.05, Figure 1C). Subsequently,
the interplay between microRNA-488-3p level
and some clinical indexes, such as age, gender,
pathological stage, incidence of lymph node
or distant metastasis of NSCLC patients was
further analyzed. As shown in Table I, the low
expression of microRNA-488-3p was positively
correlated with metastasis incidence of patients
with NSCLC, but not with other indicators.
Therefore, the above observations suggest that
microRNA-488-3p may serve as a new biolog-
ical indicator for predicting a malignant pro-
gression of NSCLC.

Upregulation of MicroRNA-488-3p
Inhibited Cell Proliferation,
Migration and Invasion

To clarify the influence of microRNA-488-3p
on the function of NSCLC cells, microRNA-488-3p
was overexpressed in NSCLC cell lines (Fig-
ure 1D) and cell proliferation and invasion abili-
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Figure 1. MiR-488-3p is under-expressed in lung cancer tissues
expression of miR-488-3p in tumor tissues and adjacent tissues o
level of miR-488-3p in lung cancer cell lines. C, Kaplan-Meier su

cell lines. A, qQRYCR is used to detect the differential

R is used to detect the expression
ncer patients based on miR-488-3p
d miR-488-3p mimics in A549 and

ties were measured. Consequently, CCK-8
showed that overexpression of m1cr0RNA-48
markedly attenuated the prolife
NSCLC cells in comparison
(Figure 2A), and same teng
cell invasion as well as
was indicated by trans

was Highly Expressed

in NSCLC Tissues and Cell Lines
Bioinformatics analysis revealed that mi-

croRNA-488-3p may specifically bind to

ADAMY (Figure 3A). Western Blotting and

qPCR detection suggested a significant de-

crease in both mRNA and protein expression

with clinicopathologic characteristics of non-small cell lung cancer.

miRNA-488-3p expression p-value*
High (%) Low (%)
0.979
11 7
17 11
0.331
15 7
13 11
0.067
20 8
8 10
0.001
24 6
4 12
0.009
25 10
3 8
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migration and i
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pression of microR-
eanwhile, Luciferase
that microRNA-488-3p

y C-Al cell lines, ADAMY showed a
icher expression than the corresponding nor-
ones (Figure 3E and 3F), which means, mi-
A-488-3p and ADAMS9 expression levels
were negatively correlated both in vivo and in
vitro (Figure 3G).

invasion and migration of lung cancer cells. A, The CCK-8 assay detects the
ration of lung cancer cells in A549 and SPC-A1 cell lines. B, The transwell
ability of lung cancer cells after overexpression of miR-488-3p in A549 and
(0x). Data are mean + SD, *p<0.05.

MicroRNA-488-3p Exactly
Inhibited ADAM9 Expression in NSCLC
Subsequently, co-transfection of microR-
NA-488-3p and ADAMY overexpression vectors
were performed to further understand the role of
their interaction in NSCLC progression, and mi-
croRNA-488-3p transfection efficiency was veri-
fied by qPCR (Figure 4A). As a result, upregulation
of ADAMY counteracted the influence of overex-
pression of microRNA-488-3p alone on prolifera-
tion and metastasis of NSCLC cell, measured by
CCK-8 and transwell assays (Figure 4B and 4C).
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ure 4. MiR-488-3p regulates the expression of ADAMY in lung cancer cell lines. A, The expression level of miR-488-3p
tected by qRT-PCR after co-transfection of miR-488-3p and ADAMY overexpression vectors in A549 and SPC-A1 cell
CCK-8 assay detects the proliferation of lung cancer cells after co-transfection of miR-488-3p and ADAMY9 over-
expression vectors in A549 and SPC-AL1 cell lines. C, Transwell migration assay is used to detect the invasion and migration
of lung cancer cells after co-transfection of miR-488-3p and ADAM9 overexpression vectors in A549 and SPC-A1 cell lines
(magnification: 40x). Data are mean + SD, *p<0.05, **p<0.01.
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Discussion

At present, the main causes of poor prognosis
of NSCLC patients are recurrence and metastasis.
About 80% of NSCLC patients have been in locally
advanced stage or had distant metastasis when they
were treated, and postoperative recurrence and me-
tastasis are the primary causes of treatment failure
or death’®. With the in-depth study on NSCLC and
the molecular mechanism of NSCLC cell invasion
and metastasis, a number of tumor molecular mark-
ers have been found and confirmed to be applied in
the early detection, tumor progression and treatment
effect monitoring and prognosis judgment of clinical
lung cancer patients'"3, However, the current sensi-
tivity and specificity of various NSCLC tumor mark-
ers are still not ideal; as a result, more accurate and
practical molecular markers need to be found"!.

In recent years, microRNAs, as a class of ther-
apeutic and prognostic molecules with important
potential application value, have attracted increas-
ing attention>'*, MiRNAs are highly conserved
non-coding short RNAs composed of 19-24 nucle-
otides, which mainly bind to the 3’UTRs region of
target gene mRNA to degrade it or inhibit its jga

that more than 1/3 of human genes are regulatd
miRNA, one miRNA can regulate as many as ¥
genes, and one gene can also be regimts

are able to promote or inhi
development'®!®, Micr
and has been
g1 of tumors,

nd proved through CCK-8 and transwell experi-
that microRNA-488-3p could inhibit the cell
ation and migration ability of NSCLC cells.

MiRNAs have a variety of biological func-
tions, and the realization of these biological func-
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tions mainly depends on the mutual recognition
between the 5 “-end “seed sequence” and the 3’
-non-coding region of the target gene, and

addition, the “seed sequence” of
b1nd to the 3 ‘non-coding region

tion of the target gene'®!

NA-488-3p target ge
through bioinformati
that it may act o
NSCLC progre

ession of microRNA-488-3p on
acoliferation and invasion and migration of NS-
. The above observations suggested

func‘uon of NSCLC cells through negatively mod-
ulating ADAMY, and thus regulate the malignant
progression of NSCLC.

Conclusions

We indicated that microRNA-488-3p expres-
sion was remarkably associated with the inci-
dence of lymph node or distant metastasis, and
prognosis of patients with NSCLC, which may be
involved in the malignant progression of NSCLC
by modulating ADAMOY.
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