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Abstract. - OBJECTIVE: Tumor metastasis
remains the main cause for the cancer-associ-
ated death of human non-small-cell lung carci-
noma (NSCLC). Many studies have verified that
microRNAs (miRNAs) exert crucial functions in
the development of NSCLC. Nevertheless, the
functions of miR-139-3p in NSCLC remain un-
explored.

PATIENTS AND METHODS: The quantitative
Real Time-PCR (qRT-PCR) assay was applied to
assess the level of miR-139-3p and ELAV like RNA
binding protein 1 (ELAVL1) in NSCLC tissues and
cell lines. The growth of NSCLC cell was ana-
lyzed using 3-(4,5-dimethylthiazol-2-yl)-5-(3-car-
boxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetra-
zolium (MTS) assay and colony formation assay.
The migration ability and invasiveness of NS-
CLC cell were analyzed using wound healing and
transwell invasion analysis. The expression of
ELAVL1 was determined by immunoblotting as-
say. The growth of NSCLC cell in vivo was as-
sessed using xenograft model.

RESULTS: We uncovered that miR-139-3p
was down expressed in NSCLC. MiR-139-3p re-
pressed NSCLC cell growth, migration as well
as invasion in vitro, and suppressed the pro-
gression of NSCLC cell in vivo. Mechanistical-
ly, ELAVL1 was proved as a downstream target
of miR-139-3p. The level of ELAVL1 was upreg-
ulated in NSCLC and inversely associated with
miR-139-3p level. Immunoblotting assay sug-
gested that ELAVL1 was negatively modulated
by miR-139-3p in NSCLC cell. In vivo, miR-139-
3p repressed NSCLC cell growth and metasta-
sis. Several recuse assays revealed that ELAVL1
mediated the inhibitory actions of miR-139-3p
on the growth and metastatic-related traits of
NSCLC cell.

CONCLUSIONS: Our results indicate that
miR-139-3p acts as a suppressor in modulat-
ing the aggressiveness of NSCLC via regulat-
ing ELAVL1.
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Introduction

Non-small-cell lung carcinoma (NSCLC) is
one of the most common lung carcinomas and
the main reason for cancer-related death world-
wide. In spite of the great advances in the thera-
peutic strategies, the clinical outcome of patient
with NSCLC is still poor due to the distant me-
tastasis. Hence, investigations of critical factors
which are involved in the metastasis of NSCLC
are urgent.

Dysregulation of microRNAs (miRNAs)
function as crucial factors in the development
of malignancies by modulating diverse cellular
processes, including cancer cell growth, migra-
tion, invasion, and angiogenesis. MiR-139-3p is
downregulated in cervical carcinoma and over-
expression of miR-139-3p suppresses cervical
carcinoma cell proliferation and invasiveness
via targeting NIN1 (RPNI12) Binding Protein
1 Homolog (NOBI)'. MiR-139-3p is also found
down expressed in glioma and miRNA-139-3p
suppresses glioma cell metastasis via modulat-
ing melanoma differentiation associated gene-9
(MDA-9)/syntenin?®. In patient with hepatocel-
lular carcinoma (HCC), high level of miR-139-
3p predicts a better prognosis®’. Lower level of
miR-139-3p is closely related with worse clinical
outcomes of colorectal*. Nevertheless, whether
miR-139-3p is involved in the progression of
NSCLC remains not well illuminated.

Herein, we demonstrate that miR-139-3p is
significantly down expressed in NSCLC. Func-
tional experiments were carried out to explore
the activities of miR-139-3p in the aggressive
phenotypes of NSCLC cell. ELAVLI was proved
to be a downstream target gene of miR-139-3p in
NSCLC and miR-139-3p inhibits the aggres-
siveness of NSCLC cell via targeting ELAVLI.
This study proves that miR-139-3p suppresses
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the aggressiveness of NSCLC cell by regulating
ELAVLI.

Patients and Methods

NSCLC Tissues

Tissues were collected from 46 patients in the
First Affiliated Hospital of Soochow University.
Written informed consents were obtained from
NSCLC patients. The clinicopathological fea-
tures of patients with NSCLC were summarized
in Table L. This investigation was approved by the
Ethics Committee of the First Affiliated Hospital
of Soochow University on the basis of the Decla-
ration of Helsinki.

Cell Lines and Transfections

Human immortalized normal bronchial ep-
ithelial cell line, BEAS-2B and NSCLC cells
(H1299, H1975, HCC827, and H1650 A549) were
bought from the Chinese Academy of Sciences
(Shanghai, China). The cells were maintained in
Dulbecco’s Modified Eagle’s Medium (DMEM;
Thermo Fisher Scientific, Waltham, MA, USA)
containing 10% fetal bovine serum (FBS; Ther-
mo Fisher Scientific, Waltham, MA, USA) with
1% penicillin/streptomycin (Sigma-Aldrich, St.
Louis, MO, USA) in a humidified incubator with

5% CO, at 37°C. The miRNA negative con-
trol (miR-NC), miR-139-3p mimics (miR-139-
3p), miRNA control inhibitor (anti-miR-NC,)
and miR-139-3p inhibitor (anti-miR-139-3p) were
bought from RiboBio (Guangzhou, Guangdong,
China). ELAVLI expression plasmid (ELAVLI),
specific siRNA against ELAVLI (siELAVL1) was
obtained from RiboBio (Guangzhou, Guangdong,
China). Cell transfections were carried out using
Lipofectamine 3000 reagent (Thermo Fisher Sci-
entific, Waltham, MA, USA).

Real-Time Quantitative PCR
(GRT-PCR) Assay

MiRVana miRNA Isolation Kit (Ambion, Aus-
tin, TX, USA) and TRIzol (Thermo Fisher Sci-
entific, Waltham, MA, USA) were selected to
extract total RNAs. Reverse transcription was
performed using a TIANScript RT Kit (Tiangen
Biotech, Beijing, China). The quantitative PCR
was conducted using a TagMan Human MiRNA
Assay Kit (Genecopoeia, Guangzhou, Guang-
dong, China) and a SYBR Premix Ex Taq™ Kit
(TaKaRa, Otsu, Shiga, Japan). The primers for
miR-139-3p, U6, ELAVLI, and glyceraldehyde
3-phosphate dehydrogenase (GAPDH) were pur-
chased from Realgene (Nanjing, Jiangsu, China).
The relative levels of ELAVL] or miR-13903p
were calculated using the 222" method. The

Table I. Relationship between the expression of miR-139-3p and clinicopathological parameters in patients with NSCLC.

MiR-139-3p
Variables High (n) Low (n) p-value

Age (years) 0.24
<50 12 16
> 50 10 8

Gender 0.51
Male 13 14
Female 9 10

Tumor size 0.073
<3cm 13 16
>3 cm 9 8

Differentiation 0.41
High 4 8
Medium 5 4
Low 13 12

LNM <0.01
Yes 8 20
No 14 4

TNM stage <0.01
1 17 3
TI+I1I 5 21
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Table Il. Primers for qRT-PCR assay.

Primer Primer sequence (5-3’)
miR-139-3p Forward 5> TCTACAGTGCACGTGTC-3’
Reverse 5’-GAATACCTCGGACCCTGC-3’
u6 Forward 5’-CTCGCTTCGGCAGCACA-3
Reverse 5-AACGCTTCACGAATTTGCGT-3’
ELAVLI Forward 5’-ACTGAACCGTGCTGCTGTTGG-3’
Reverse 5’-AGGAATTGCCACTAACCGTCTTCG-3’
GAPDH Forward 5’-GGAGCGAGATCCCTCCAAAAT-3
Reverse 5-GGCTGTTGTCATACTTCTCATGG-3’

primers used in the qRT-PCR were summarized
in Table II.

Proliferation Assay

3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxyme-
thoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium
(MTS; Sigma-Aldrich, St. Louis, MO, USA) as-
say was used to assess cell viability. The cells (3
x 103/well) were incubated into a 96-well plate.
After incubation for 0, 24, 48, 72, and 96 h, 100
pul MTS (5 mg/ml) was added to 96 well plates for
4 h. 200 pl dimethyl sulfoxide (DMSO) was add-
ed into the plate. The absorbance was detected
at 490 nm using a micro-plate reader (Bio-Rad,
Hercules, CA, USA).

Colony Formation

The cells (1000) were plated into 6 cm dish.
After 14 days, cell colonies were fixed using
methanol, stained with 1% crystal violet, and
counted. The visible colonies containing more
than 50 cells were scored.

Transwell Invasion Assay

NSCLC cells (2 x 10% were cultured into the
Matrigel (BD, Shanghai, China) coated mem-
brane inserts of the transwell chambers (Milli-
pore, Braunschweig, Germany). Then, the cham-
bers were put into 6 well plates and incubated
for 24 h. The invaded NSCLC cells were fixed
using 4% paraformaldehyde and were stained by
1% crystal violet (Sigma-Aldrich, St. Louis, MO,
USA) for 15 min. Finally, the invasive cells were
counted under microscope.

Migration Analysis

The cells (2 x 10%) were cultured into six-
well plates and were cultured for overnight.
Then, a wound was made in each well using a
200 pl tip and the wound width was measured
at 0 h and 48 h.

In Situ Hybridization (ISH)

Briefly, the paraffin embedding NSCLC tis-
sues slide was treated and hybridized with 10
pmol probe (LNA-modified and DIG labeled
oligonucleotide; Exiqon, Vedbaek, Denmark)
complementary to miR-139-3p. After incubation
with anti-DIG-HRP fab fragments conjugated
to horseradish peroxidase, and the hybridized
probes were detected by incubation with 3'3-di-
aminobenzidine solution with nuclei counter-
stained with Carazzi’s hematoxylin.

Animal Experiment

BALB/C nude mice were obtained from
Shanghai SLAC Laboratory Animal Center of
Chinese Academy of Sciences (Shanghai, Chi-
na). H1975 cells (2 x 107) were subcutancously
injected into nude mice (100 pl per mouse). The
length and width of tumor tissue were detected
every week using Vernier caliper. Tumor volume
(V) was calculated using the formula: V = 0.5
x (length x width?). In lung metastasis model,
a total of 1 x 10° H1975 cells were suspended
in 100 ul phosphate-buffered saline (PBS) and
injected individually into nude mice via the tail
veins. After 45 days, the mice were sacrificed,
and lung tissue was subjected to hematoxy-
lin-eosin (H&E) staining. Animal experiments
were approved by the Animal Care and Use
Committee of the First Affiliated Hospital of
Soochow University.

Immunoblotting

Proteins were extracted using radio-immu-
noprecipitation assay (RIPA) buffer and elec-
trophoresed using 10% sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE).
Then, proteins were transferred to polyvinylidene
difluoride (PVDF) membranes (Bio-Rad, Hercu-
les, CA, USA). Next, the membrane was incubat-
ed with ELAVL1 (1:1000, Abcam, Cambridge,
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UK) or B-actin (1:1000, Santa Cruz, Dallas, Tex-
as, USA) antibody for overnight. After that, the
PVDF membrane was incubated with the second
antibody for 1 h at room temperature. Finally,
the target bands were detected using enhanced
chemiluminescence (ECL) reagent (Beyotime In-
stitute of Biotechnology, Haimen, China).

Luciferase Reporter Gene Assay

The wild-type (wt) and mutant type (mut) 3'-
UTR of ELAVLI1 was synthesized by Geneco-
poeia (Guangzhou, Guangdong, China). The wt
or mut 3-UTR of ELAVLI was inserted into the
downstream of pmirGLO Dual-Luciferase Vector
(Genecopoeia, Guangzhou, Guangdong, China).
The cells were cotransfected with ELAVL1-3"-
UTR-wt and miR-139-3p or cotransfected with
ELAVLI1-3'-UTR-mut and miR-139-3p. After 48
h, the Luciferase activities were measured using a
Luciferase Assay Kit (Genecopoeia, Guangzhou,
Guangdong, China).

Statistical Analysis

All data were presented as Mean + stan-
dard deviation (SD). All statistical analyses were
performed using GraphPad Prism 7.0 (San Di-
ego, CA, USA). The differences in the results
of the two groups were calculated using either
two-tailed Student’s z-test or One-way ANOVA
followed by post-hoc Dunnett’s test. The rela-
tionship between ELAVLI and miR-139-3p was
measured using the Pearson’s correlation analy-
sis. p<0.05 was considered significant difference.

Results

MiR-139-3p Is Downregulated in NSCLC

To investigate the expression of miR-139-
3p in NSCLC, miR-139-3p levels in 46 pairs
of NSCLC samples and the corresponding
non-cancerous samples were measured using
the qRT-PCR analysis. As showed in Figure

A 1.0+
&
2 08
&
£ 0.6
e
2
2 044
(]
B *%
= 0.2 "y
2 2
ki il
00— — 55
Q) Q)
JE &
.Q,e“‘o (04
s S
C

miR-139-3p

1.5+
o
o
A
iz}
;é 1.04 =
e
5}
©
-
2
o 0.54 *3k *%
2
= *
3 o *
0.0
O O 5 N
& & & 5
& ¥
1004
80 High miR-139-3p
'_§
§ 0
=
S 401 Low miR-139-3p
@]
20 p<0.05
0 T T 1
0 20 40 60
Months

Figure 1. The expression and prognostic value of miR-139-3p in NSCLC. A, Levels of miR-139-3p in 46 paired human
NSCLC and adjacent normal tissues were measured by qRT-PCR. B, qRT-PCR was performed to detect the levels of miR-139-
3p in NSCLC cell lines (A549, H1299, H1975, HCC827, H1650) and BEAS-2B cells. "p<0.01 vs. BEAS-2B. C, MiR-139-3p
level in NSCLC tissue was evaluated by in situ hybridization (ISH) (200x, scale bar represents 200 um). D, Kaplan-Meier
survival analysis revealed that NSCLC patients with lower expression of miR-139-3p had poorer overall survival compared to

patients with higher expression of miR-139-3p.
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1A, miR-139-3p was down expressed in NS-
CLC compared to non-tumor tissues. Addi-
tionally, the lower expressions of miR-139-3p
were observed in NSCLC cells (A549, H1299,
H1975, HCC827, H1650) compared to the hu-
man immortalized normal bronchial epithelial
cell line, BEAS-2B (Figure 1B). To verify our
finding, we detected miR-139-3p level using
ISH assay on paraffin-embedded tissue from
NSCLC patients. As expected, miR-139-3p lev-
el in NSCLC tissue was lower than those in ad-
jacent tissue (Figure 1C). Finally, Kaplan-Mei-
er analysis indicated that patients with low lev-
el of miR-139-3p had a worse overall survival
(OS) (Figure 1D). The results in Table I also
show that the low level of miR-139-3p was as-
sociated with the advanced tumor-node-metas-
tasis (TNM) stages and metastasis of NSCLC.
Taken together, we demonstrate that miR-139-
3p is distinctly down expressed in NSCLC.

MiR-139-3p Inhibits the Cell Viability,
Migration, and Invasion of NSCLC Cell

To analyze the roles of miR-139-3p in human
NSCLC, miR-139-3p mimics was transfetced
into H1975 cell and A549 was transfected with
anti-miR-139-3p. As showed in Figure 2A, miR-
139-3p transfection significantly raised miR-
139-3p level in H1975 cell and anti-miR-139-3p
reduced the endogenous level of miR-139-3p
in A549 cell. Next, the MTS assay indicated
that the cell viability of H1975 was reduced by
transfection of miR-139-3p, while the anti-miR-
139-3p remarkably increased A549 cell prolif-
eration (Figure 2B). In addition, the result of
colony formation test indicated that miR-139-
3p overexpression significantly decreased the
colony formation capacity of H1975 cell, while
anti-miR-139-3p increased the colony-forma-
tion ability of A549 cell (Figure 2C). Then, the
migration assay indicated that the overexpres-
sion of miR-139-3p evidently reduced the per-
centage of HI1975 cell migration. On the con-
trary, the migration of A549 cell was signifi-
cantly raised by anti-miR-139-3p (Figure 2D).
Furthermore, the invasion assay implied that
miR-139-3p strikingly restrained the invasion
ability of H1975 cell, while the invasion capac-
ity of A549 cell was significantly increased by
anti-miR-139-3p (Figure 2E). Altogether, we
prove that upregulation of miR-139-3p restrains
NSCLC cell growth and metastatic abilities in
vitro.

MiR-139-3p Represses NSCLC Cell
Growth and Metastasis in Vivo

We next analyzed the impacts of miR-139-5p
on the progression of NSCLC cell in vivo, miR-
139-3p transfected H1975 cells were implanted
into nude mice. As shown in Figure 3A-3B, the
tumor growth curve and tumor weight were both
inhibited in nude mice that was inoculated with
miR-139-3p transfected H1975 cell. Then, the
level of miR-139-3p in tumor tissue was con-
firmed using qRT-PCR assay and we observed
that the level of miR-139-3p in mice that was
inoculated with miR-139-3p transfected H1975
cell was higher compared to that in the miR-NC
group (Figure 3C). Additionally, the results of
immunohistochemistry (IHC) assay suggested
that the percentage of ELAVLI positive staining
cells in mice that were injected with miR-139-3p
transfected H1975 cell was significantly reduced
than that in control group (Figure 3D). Final-
ly, miR-139-3p transfected H1975 cells were
injected into mice via the tail vein to reveal
the influence of miR-139-5p on H1975 cell me-
tastasis in vivo. As shown in Figure 3E-3F, the
number of metastatic nodules in mice that were
injected with miR-139-3p transfected H1975 cell
was markedly less than that in control group.
All these findings indicate that miR-139-3p re-
presses the growth and metastatic capacity of
NSCLC cell in vivo.

ELAVLI Is A Target of MiR-139-3p

To illuminate the mechanisms behind the
function of miR-139-3p in NSCLC, “TargetS-
can”, and “miRTarBase” and “miRDB” online
platform were selected to find the targets of
miR-139-3p. We screened five target genes us-
ing the three prediction databases, including
fructosamine 3 kinase (FN3K), ubiquitin conju-
gating enzyme E2 G1 (UBE2G1), mitochondrial
elongation factor 1 (MIEF1), coiled-coil domain
containing 71 like (CCDC7IL), and ELAVLI
(Figure 4A). Nevertheless, only ELAVLI level
was modulated by miR-139-3p (Figure 4B-4C).
Next, qRT-PCR assay indicated that ELAVLI
was overexpressed in NSCLC samples when
compared with that in the normal tissues (Figure
4D). Consistently, IHC staining using ELAVLI
antibody indicated ELAVL1 was markedly un-
regulated in NSCLC tissue (Figure 4E). OF
note, miR-139-3p level was inversely associated
with the expression of ELAVLI gene in NSCLC
tissues (Figure 4F). Finally, Luciferase reporter
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Figure 2. MiR-139-3p inhibits NSCLC cell proliferation and motility in vitro. A, Level of miR-139-3p in H1975 transfected
miR-139-3p mimics and A549 cell transfected with miR-139-3p inhibitor (anti-miR-139-3p) was detected using qRT-PCR
assay. B, MTS assay revealed that miR-139-3p decreased the viability of H1975 and anti-miR-139-3p increased the proliferation
of A549 cell. C, MiR-139-3p mimics inhibited the colony formation of H1975 cell and anti-miR-139-3p raised the colony
formation of A549 cell (200x, scale bar represents 200 pm). D, MiR-139-3p restrained the migration of H1975 and anti-miR-
139-3p enhanced the migration of A549 cell. E, MiR-139-3p restrained the invasion of H1975 and anti-miR-139-3p enhanced

the invasion of A549 cell (200x, scale bar represents 200 um). “p<0.01 vs. control.
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Figure 3. MiR-139-3p restrains the growth and metastasis of NSCLC cell in vivo. A, MiR-139-3p transfected H1975 cells
were subcutaneously implanted into nude mice. The tumor growth curves indicated that miR-139-3p suppressed the growth of
NSCLC cells. B, Subcutaneous tumors were harvested and weighted at the 35 days after implantation. C, Tumor tissues were
subjected to qRT-PCR for the expression of miR-139-3p. D, Immunostaining of ELAVLI using xenograft tissues from miR-
139-3p silencing group and control group (200%, scale bar represents 200 um). E, H&E staining of metastatic lung nodules in
miR-139-3p silencing group and control group. F, Quantitative analysis of lung micrometastatic foci in lung tissue. “p<0.01

vs. miR-NC.

assay was carried out and we observed that miR-
139-3p suppressed the Luciferase activity in NS-
CLC cell which was transfected with wt-3'-UTR
of ELAVLI but not mut-3-UTR of ELAVLI
(Figure 4G). These data indicate that ELAVLI
is a target of miR-139-3p.

ELAVL]I Rescued the Suppressive Effects
of MiR-139-3p on NSCLC Cell

To explore whether ELAVLI participates in
the suppressive actions of miR-139-3p in NSCLC,
rescue experiments were carried out. H1975
cell was transfected with miR-139-3p alone or
cotransfected with ELAVLI1 and miR-139-3p. As
shown in Figure 5A, ELAVLI expression plasmid
significantly abolished the suppressive impact
of miR-139-3p on ELAVLI level in H1975 cell.

Then, the MTS and colony formation assay im-
plied that miR-1393p suppressed the proliferation
of H1975 cells, and ELAVLI expression reversed
the inhibitory effect of miR-139-3p on H1975 cell
growth and colony formation (Figure 5B-5C).
Next, migration and transwell invasion assays
demonstrated that restoration of ELAVLI abol-
ished the suppressive impacts of miR-139-3p on
H1975 cell (Figure SD-5E). Our data demonstrate
that ELAVLI is a functional target gene of miR-
139-3p.

ELAVL] Silencing Inhibits the
Aggressiveness of NSCLC in the
Presence of Anti-miR-139-3p

To confirm that miR-139-3p inhibits the aggres-
siveness of NSCLC cell by targeting ELAVLI,
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Figure 4. ELAVLI is a target of miR-139-3p in NSCLC. A, Venn diagram depicting the overlap between the predicted gene
targets for miR-139-3p. B, mRNA levels of potential targets of miR-139-3p were detected using qRT-PCR. "p<0.01 vs. miR-
NC. C, Western blotting showed that ELAVLI could be significantly negatively regulated by miR-139-3p at the protein level
in NSCLC cell. D, The mRNA levels of ELAVLI in 46 paired NSCLC and adjacent normal tissues. E, Levels of ELAVLI
in NSCLC and adjacent normal tissue were measured using IHC staining assay. F, Pearson correlation analysis revealed that
there existed an inverse correlation between the mRNA level of ELAVLI and miR-139-3p level in NSCLC tissue. G, Putative
miR-139-3p binding site in the 3-UTR of ELAVLI was predicted by TargetScan. The mutant binging site was generated in the
complementary site for the seed region of miR-139-3p. Luciferase reporter gene assay showed that miR-139-3p overexpression
suppressed the Luciferase activity of vector carrying wt-3'-UTR of ELAVLI but not of the mut-3'UTR in NSCLC cell. *'p<0.01
vs. miR-NC + wt-ELAVLI.

AS549 cell was transfected with anti-miR-139-3p 139-3p inhibits the aggressiveness of NSCLC cell
or cotransfected with siELAVL] and anti-miR- by targeting ELAVLI.

139-3p. As shown in Figure 6A, siELAVLI sig-

nificantly abolished the promoting impact of anti-

miR-139-3p on ELAVLI level in A549 cell. Then, Discussion
the MTS and colony formation assays implied
that anti-miR-1393p enhanced the proliferation An increasing number of reports®” verify that

of A549 cell, and siELAVLI impaired the pro- miRNAs exert vital functions in the regulation
moting effects of anti-miR-139-3p on A549 cell of human NSCLC tumorigenesis and metastasis.

growth and colony formation (Figure 6B-6C). Hence, investigations of suppressive or oncogenic
Next, the migration and transwell invasion assays miRNAs, which are related with NSCLC devel-
demonstrated that downregulation of ELAVLI opment, are useful to explore potential therapeu-
weakened the promoting impacts of anti-miR- tic targets for NSCLC. In the present research,
139-3p on A549 cell migration and invasion (Fig- miR-139-3p was found down expressed in NS-
ure 6D-6E). Our results demonstrate that miR- CLC cells and clinical tissues. Moreover, the low
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Figure 5. ELAVLI1 mediates the effects of miR-139-3p on NSCLC cell. A, Transfection efficiency was confirmed by western
blotting. B, MTS assay revealed that miR-139-3p decreased the viability of H1975 cell, which partially reversed by ELAVLI
re-expression. C, Colony formation assay revealed that miR-139-3p decreased the viability of H1975 cell, which partially
reversed by ELAVLI re-expression (200X, scale bar represents 200 um). D, Wound healing assay revealed that ELAVLI re-
expression reversed the suppressive effect of miR-139-3p on migration of NSCLC cells. E, Transwell invasion assays showed
that and ELAVLI reversed the inhibitory effect of miR-139-3p on mobility of NSCLC cell (200x, scale bar represents 200 pm).

"p<0.01 vs. control, #p<0.01 vs. miR-139-3p.

expression of miR-139-3p was closely associated

with poor prognosis of patients with NSCLC.
Recently, the functional roles of miR-139-

3p in malignancies have been proposed**’. To

date, the precise roles of miR-139-3p in the
malignant progression of NSCLC remains not
well explored. Here, we proved that miR-139-3p
suppressed the growth and metastatic capacities
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Figure 6. ELAVLI silencing inhibits the aggressiveness of NSCLC in the presence of anti-miR-139-3p. A, Transfection
efficiency was confirmed by Western blotting. B, MTS assay revealed that anti-miR-139-3p increased the viability of H1975
cell, which partially reversed by siELAVLI. C, Colony formation assay revealed that anti-miR-139-3p increased the growth
of H1975 cell, which partially reversed by siELAVL1 (200x, scale bar represents 200 um). D, Wound healing assays showed
that siELAVLI weakened the mobility of NSCLC cells in the presence anti-miR-139-3p. E, Transwell invasion assays showed
that siELAVLI weakened the invasion of NSCLC cell in the presence anti-miR-139-3p (200x, scale bar represents 200 pm).

"p<0.01 vs. control, #p<0.01 vs. anti-miR-139-3p.

of NSCLC cell in vitro using gain-of-function
and loss-of-function experiments. Tian et al?
proved that miRNA-139-3p restrains the prolif-
eration and metastatic-related traits of human
glioma cell by modulating MDA-9/syntenin.
High miR-139-3p expression also predicts a bet-
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ter prognosis for hepatocellular carcinoma®. In
cervical cancer, miR-139-3p induces apoptosis
and suppresses the metastasis of cancer cell via
modulating NOBI'. Downregulated miR-139-
3p enhances bladder cancer cell migration and
invasion by targeting matrix metallopeptidase
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11 (MMP11)3%. We also proved that miR-139-3p
markedly inhibited NSCLC cell growth and
metastatic ability in vivo. Overall, our observa-
tions suggest that miR-139-3p serves as a sup-
pressive miRNA in NSCLC.

In this research, we further demonstrated
that ELAVLI1 was a downstream target of miR-
139-3p in NSCLC. ELAVLI, which belongs to
a member of the Hu family of RNA-binding
protein, plays critical roles in several cancers’'2.
Previous investigations'** have indicated that
ELAVLI is overexpressed in lung cancer and
regulates the proliferation of NSCCL cell and
survival of patients. In addition, miR-19b
non-canonical binding is directed by ELAVLI
and confers chemosensitivity through the regu-
lation of P-glycoprotein in breast carcinoma'. In
this study, we also observed that the expression
of ELAVLI1 was markedly inhibited in miR-139-
3p overexpressing NSCLC cell. Next, Luciferase
reporter gene assay demonstrated that ELAVLI
was a target gene of miR-139-3p. Notably, we
observed that miR-139-3p was inversely asso-
ciated with the level of ELAVLI in clinical NS-
CLC samples. Finally, restoration of ELAVLI
reversed the suppressive functions of miR-139-
3p in NSCLC cell. These findings indicated that
ELAVLI played a crucial role in miR-139-3p-
induced NSCLC progression. Altogether, we
proved that miR-139-3p was down expressed in
NSCLC. In addition, miR-139-3p restrained the
growth and aggressive phenotypes of NSCLC
cell by regulating ELAVLI.

Conclusions

We illuminate that miR-139-3p is down ex-
pressed in NSCLC and its low level is cor-
related with worse prognosis of patient with
NSCLC. Functionally, miR-139-3p represses
the growth and metastatic traits of NSCLC
cell in vitro and suppresses the growth and
metastatic ability of NSCLC cell in vivo. In ad-
dition, ELAVLI is authenticated as a functional
downstream target of miR-139-3p and mediates
the inhibitory impacts of miR-139-3p on the
aggressiveness of NSCLC cell.
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