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Introduction

Lung cancer is one of the most common tumors with the
cell lung cancer
(NSCLC) accounts for 85% of all lung cancer cases.!

highest mortality rate. Non-small
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Abstract

Background: Non-small cell lung cancer (NSCLC) is one of the most malignant
cancers worldwide and its pathogenesis is not completely clear. In this study, we
explored the functions and mechanisms of exosomes transferring miR-3180-3p
in NSCLC progression.

Methods: The expression levels of miR-3180-3p in NSCLC tissues and paracarcinoma
tissues was obtained from the GEO database (GEO: GSE53882). Exosomes derived
from A549 cells were identified. Proliferation, migration and invasion were measured
after treatment with exosomal miR-3180-3p or transfection using miR-3180-3p mimics.
The relationship between miR-3180-3p and forkhead box P4 (FOXP4) was predicted
using a bioinformatic tool and measured using a dual-luciferase reporter gene assay
and western blotting. Finally, a mouse xenograft model of NSCLC cells was established
to verify the function of exosomal miR-3180-3p in vivo.

Results: We found that miR-3180-3p decreased in both NSCLC cell lines and
patient tissues. Overexpression of miR-3180-3p or treatment with exosomal miR-
3180-3p significantly suppressed cell proliferation and metastasis in NSCLC cell
lines. Subsequently, we found miR-3180-3p downregulated FOXP4 protein
expression levels. Furthermore, the volumes and weights of nude mouse tumors
expressing exosomal miR-3180-3p were significantly reduced.

Conclusions: Exosomal miR-3180-3p suppresses NSCLC progression by down-
regulating FOXP4 expression.

Key points

Significant findings of the study: We found that exosomal miR-3180-3p
suppressed NSCLC progression and also identified a miR-3180-3p target gene.
These findings provide a foundation to determine innovative therapeutic
strategies.

What this study adds: This study contributes to research investigating exosomal
containing miRNAs.

Despite progress in developing treatments for NSCLC, the
five-year survival rate is still less than 15%.> It is a priority to
better understand the mechanisms behind NSCLC pathogene-
sis and find potential prognostic biomarkers for this disease.
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MicroRNAs (miRNAs) are single-stranded non-coding
RNAs that are 19-24 nt in length and have the ability to
regulate gene expression at the post-transcriptional level by
targeting the 3'-untraslated region (3'-UTR) of a mRNA.*
Aberrant expression of miRNAs is closely related to the
tumor microenvironment.” MiR-421 was reported to con-
tribute to NSCLC cell migration, invasion and inhibit cell
apoptosis by mediating the f-catenin-miR-421-KEAP1
axis.® MiR-330-3p promotes brain metastasis and
epithelial-mesenchymal transition (EMT) by mediating the
GRIA3-TGF-p1 interaction.”

Exosomes are extracellular vesicles containing a lipid
bilayer-enclosed structure that are smaller than 150 nm.
They contain proteins and nucleic acids that can be
released from many cell types.*” Exosomes often contain
RNA molecules or proteins, which provide a mechanism
for these bioactive compounds to transfer into neighboring
cells, thus mediating intercellular communication.'®"!

RNAs concentrated in exosomes include miRNAs,
mRNAs, long noncoding RNAs (IncRNAs) and circular
RNAs (circRNAg).!>™1 Increasing evidence has shown that
miRNAs enriched in exosomes can be shuttled to neighbor-
ing cells and regulate their biological functions.'>'® Exosomes
derived from tumor cells have been found to be associated
with tumor angiogenesis, invasion and chemoresistance.'” "
For example, human mesenchymal stem cell (MSC) derived
exosomes enriched miR-143 transfer to prostate cancer cells
and inhibited PC3 cell proliferation and metastasis by
suppressing TFF3 protein expression.20 Exosomes with low
miR-34c-3p expression levels promote migration and inva-
sion of NSCLC by upregulating integrin o2Bl.>' With
increasing attention on the function of miRNAs enriched in
exosomes, we focused on the mechanisms behind miR-
3180-3p in exosomes in this study.

Methods

Cell culture

All NSCLC cell lines were obtained from the Chinese
Academy of Sciences (Shanghai, China). Cell lines were
cultured in RPMI-1640 (Sigma) supplemented with 10%
FBS (Thermo Fisher Scientific), 100 units/mL penicillin
and 100 pg/mL streptomycin at 37°C in 5% CO,. To
remove exosomes, FBS used in cell culture was ultra-
centrifuged at 100 000 g for 10 hours.

Isolation and characterization of exosomes

After culturing cells for 48 hours in exosome-free FBS,
medium was collected and filtrated using a 0.22 pm filter.
Exosomes were obtained using ultracentrifugation-based
isolation techniques.* Briefly, the medium was centrifuged
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at 300 x g for 10 minutes, 2000 X ¢ for 15 minutes,
5000 X g at 15 minutes and 12 000 X g for 30 minutes,
then the supernatant was ultracentrifuged at 100 000 X g
for 70 minutes. The supernatant was discarded and PBS
used to wash the exosomes. Exosomes were pelleted using
ultracentrifugation at 100 000 X g for 70 minutes. All ultra-
centrifugation steps were performed at 4°C in a Beckman
ultracentrifuge (TL-100). Exosomes were assessed using
nanoparticle tracking analysis (NTA; ZetaView, Particle
Metrix, DE), western blotting and transmission electron
microscopy (TEM; JEM-1400, JEOL, Japan).

For exosome-tracking experiments, exosomes from
A549 cells were labeled using PKH67 membrane dye
(Sigma-Aldrich) and labeled exosomes were washed twice
with medium that did not include FBS. A549 cells were
seeded into 24-well chambers and labeled exosomes were
added and incubated for three hours. Cells were fixed using
4% paraformaldehyde for 10 minutes. Cells were then
washed three times with PBS and blocked with 0.1%
Triton-X 100 for one hour, then incubated with an actin
antibody at 4°C overnight. The next day, cells were stained
using 20 pg/mL Alexa Fluor 594 IgG (H + L) (Life Tech-
nologies, Grand Island, NY) for 10 minutes at room tem-
perature. Cellular nuclei were stained using DAPI. Merged
images were captured using an electron microscope (LSM
710, Carl Zeiss).

Dual-luciferase reporter assay

The FOXP4 3'UTR nucleotide sequence predicted miR-
3180-3p target sites and mutation sequences were synthesized
(Genewiz, Beijing, China), digested with Xhol and NotI and
cloned into the psiCHECK-2 dual luciferase vector (Promega,
Madison, WI, USA) to generate the FOXP4-3'UTR wt
and FOXP4-3UTR mut. Subsequently, NSCLC cells were
plated in a 24-well plate and co-transfected with 50 ng
FOXP4-3UTR wt or FOXP4-3UTR mut and 20 nM of
miR-3180-3p mimics (5'-UGGGGCGGAGCUUCCGGAG-
3') or miR-NC (5-UUCUCCGAACGUGUCACGUTT-3).
Approximately 48 hours after transfection, cells were collected
and luciferase activities were measured using a Dual-
Luciferase Reporter assay kit (Promega) on a TD-20/20
Luminometer (Turner Designs, Sunnyvale, CA, USA).

Western blotting

Cells or exosome lysates were collected using RIPA lysis
buffer (Beyotime, Shanghai, China) and separated by 10%
SDS-PAGE. Proteins were transferred onto PVDF mem-
branes and blocked with 5% solution of nonfat milk for one
hour. Membranes were treated with primary antibodies rec-
ognizing FOXP4 (ab251688, Abcam) and GAPDH (#5174,
CST) overnight at 4°C. Subsequently, membranes were
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Table 1 Primer sequences used in gRT-PCR

T. Chen et al.

incubated with a secondary antibody for 1 hour at room

Gene Primer sequence (5'-3') temperature. Protein bands were detected using ECL sub-
231803 S yap— strate (Tanon Science and Technology, Shanghai, China).
miR- -3p : .
R AGTGCAGGGTCCGAGGTATT GAPDH was used as an endogenous loading control.
ue F: AGAGCCTGTGGTGTCCG
R: CATCTTCAAAGCACTTCCCT
GAPDH F: CCTTCCGTGTCCCCACT qRT-PCR
FOXP4 E AGGCELSZCA?GCGAACGCQE%T;G Total RNA was extracted using TRIzol (Invitrogen, CA,
R.' TGTGGGOAGAGCTGGTG USA) according to the manufacturer’s instructions. cDNA
- - synthesis with reverse transcriptase (RT) was performed
F. forward; FOXP4, forkhead box P4; miR-3180-3p, microRNA- using a M-MLV First Strand kit (Life Technologies). A
3180-3p; R, reverse. . . . . .
P MiRNA First-Strand ¢cDNA Synthesis Kit (Thermo Fisher
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Figure 1 Overexpression of miR-3180-3p inhibits proliferation, migration and invasion of in NSCLC cells. (a) The expression of miR-3180-3p in
NSCLC and paracarcinoma tissues obtained from the GEO database (GEO: GSE53882). (b) The expression of miR-3180-3p in six NSCLC cell lines and
two normal cell lines. (c) The expression of miR-3180-3p after overexpression miR-3180-3p in A549 and H460 cell lines mm, MiR-NC; ==, miR-
3180-3p. (d, e) A CCK-8 assay was performed in A549 and H460 cells transfected with miR-3180-3p or miR-NC. A549: , MiR-NC; —m—, miR-
3180-3p. H460: , MiR-NC; —m—, miR-3180-3p. (f, g) The migratory and invasive abilities of A549 and H460 cells transfected with miR-3180-3p
and miR-NC was measured using a transwell assay. A549: mm, miR-NC; mm, miR-3180-3p. H460: mm, miR-NC; mm, miR-3180-3p. *P < 0.05,
**P<0.01, ***P<0.001,and n > 3.
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Scientific) was used for miRNA reverse transcriptase. The invasion assays. A total of 200 pL cell suspension was
miScript SYBR Green PCR Kit (Qiagen) was used for RT- added to the upper chambers and 600 pL of RPMI1640
PCR reactions. Relative expression levels of miRNAs or medium with 20% FBS was added to the lower chambers.
mRNAs were calculated using the “*Ct method. GAPDH After 24 hours, the chambers were fixed with 4% parafor-
and U6 small nuclear RNA (U6 snRNA) were used for ~ maldehyde for 30 minutes, stained with 0.5% crystal violet
normalization of mRNA and miRNA. Primer sequences solution for 10 minutes and washed three times with PBS.
are presented in Table 1. Cells in the upper chambers were removed using a cotton

swab. Transmembrane cells were counted in three random
Cell proliferation and transwell assay fields. The experiment was repeated three times.
A transwell assay was performed using 24-well chambers
containing membrane filter inserts. Then, 48 hours after
transfection, A549 and H460 cell lines were collected and A total of 24 nude mice that were four weeks old were
resuspended in serum-free RPMI1640 medium at a cell divided into two groups where five mice in each group
density of 1 x 10° cells/mL. Chambers were used for  were randomly chosen for tumor growth observation. A
migration assays and chambers coated with Matrigel  total of 1 X 10" A549 cells were resuspended with 50%
(BD Biosciences, Franklin Lakes, NJ, USA) were used for =~ Matrigel and 0.2 mL of cells were subcutaneously injected

Tumor xenograft and tail vein injection
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miR-3180-3p GAGGCCUUCGAGGCGGGGU UUCGAGGCGGGGU UUCGAGGCGGGGU UUCGAGGCGGGGU
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Figure 2 Identification of FOXP4 as a miR-3180-3p target gene. (a) The wild-type and mutated binding site between miR-3180-3p and FOXP4. (b, c)
A549 and H460 cell lines were cotransfected with miR-NC and miR-3180-3p with a WT and MUT 3’UTR. Luciferase activity was measured after
24 hours cotransfection. A549: mm, miR-NC; mm, miR-3180-3p. H460: mm, miR-NC; mm, miR-3180-3p. (d, e) A549 and H460 cells were transfected with
miR-NC or miR-3180-3p mimics for 48 hours. The mRNA and protein levels of FOXP4 were analyzed using gRT-PCR and western blotting mm, A549;
, H460; mm, miR-NC; =, miR-3180-3p. (f, g) The mRNA and protein levels of FOXP4 were analyzed using qRT-PCR and western blotting in HBE,
A549 and H460 cells. (h) FOXP4 mRNA expression levels were extracted from The Cancer Genome Atlas (TCGA). *P < 0.05, **P < 0.01, and n > 3.
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into mice. To observe the effects of exosomes on tumor
growth in vivo, 100 pg of exosomes from transfected A549
cells also transfected with miR-3180-3p mimics or a nega-
tive control in 100 pL PBS were injected into mice by the
tail vein every three days based on previous reports.*
Tumor size was measured every seven days. After five
weeks all nude mice were sacrificed and tumors were
removed and weighed. This study was approved and con-
ducted by the Institutional Animal Care and Use Commit-
tee of the Soochow University.

Statistical analysis

Significance tests and correlation analyses were performed
using GraphPad Prism 5.0 (GraphPad Software). The Stu-
dent’s t-test was used in statistical analysis. A P-value less
than 0.05 was considered statistically significant.

Results

miR-3180-3p was expressed at low levels in
NSCLC patients

NSCLC expression profile data was extracted from the
GEO database (GEO: GSE53882). We found that the miR-
3180-3p was significantly lower than that compared with
paired para-carcinoma tissues (Fig 1la). Furthermore, we
detected miR-3180-3p expression in NSCLC cell lines and
found that miR-3180-3p levels were significantly lower in
A549 and H460 cell lines compared to the normal cell lines
HBE and BEAS-2B (Fig 1b).
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Overexpression of miR-3180-3p suppresses
proliferation, migration, and invasion of
NSCLC cells

To explore the functions of miR-3180-3p in NSCLC cells,
A549 and H460 cell lines were transfected with miR-NC
and miR-3180-3p mimics. The proliferation, migration and
invasion of NSCLC cells were examined. First, the transfec-
tion efficiency was confirmed using qQRT-PCR. Results rev-
ealed that the expression of miR-3180-3p was strikingly
increased (Fig 1c). Compared with the control group, the
proliferation, migration and invasion abilities were signifi-
cantly decreased in the miR-3180-3p mimic group
(P <0.05) (Fig 1d-g).

FOXP4 is a target gene of miR-3180-3p

To determine miR-3180-3p target genes, we used TargetScan
software, which revealed FOXP4 as a possible target gene
(Fig 2a). To validate its accuracy, a dual luciferase assay was
performed. A549 and H460 cells were cotransfected with
miR-NC or miR-3180-3p mimics and FOXP4-3'UTR wild-
type (WT) or FOXP4-3'UTR mutant (MUT) luciferase
reporter vectors. As shown in Fig 2b,c, compared with the
control group, miR-3180-3p mimics significantly decreased
luciferase activity in the WT group (P < 0.05), but had no
significant effects on the MUT group (P > 0.05).

To further demonstrate FOXP4 as a target gene of miR-
3180-3p, we detected FOXP4 mRNA and protein expression
after transfecting miR-3180-3p mimics. The results showed
that both FOXP4 mRNA and protein expression were signif-
icantly decreased (Fig 2d,e). The FOXP4 mRNA and protein
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Figure 3 Knockdown of FOXP4 inhibits proliferation, migration and invasion in NSCLC cells. (a) The protein levels of FOXP4 in A549 and H460 cells were
analyzed by western blotting after transfection with siRNA targeting FOXP4 mm, si-NC; B, si-FOXP4-1; @, si-FOXP4-2. (b) A CCK-8 assay was performed in
A549 and H460 cells after suppression of FOXP4 using siRNAs. A549: , Si-NC; —m—, si-FOXP4-1; —A—, si-FOXP4-2. H460: , SI-NC; —m—, si-
FOXPA4-1; —a—, si-FOXP4-2. (c, d) The migratory and invasive ability of A549 and H460 cells were measured using a transwell assay after knockdown of
FOXP4 by siRNAs. A549: mm, si-NC; i, si-FOXP4-1; mm, si-FOXP4-2. H460: mm, si-NC; i, si-FOXP4-1; mm, si-FOXP4-2. *P < 0.05, **P < 0.01, and n > 3.

376 Thoracic Cancer 12 (2021) 372-381 © 2020 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd



T. Chen et al.

levels were higher in A549 and H460 cells compared with
HBE cells (Fig 2f,g). The FOXP4 mRNA expression was veri-
fied using the TCGA database (Fig 2h). These results
suggested that FOXP4 as the target gene of miR-3180-3p.

FOXP4 knockdown and miR-3180-3p
upregulation show the same phenotypes
in NSCLC cells

To explore the effects of FOXP4 on NSCLC, FOXP4-
siRNAs were used to suppress FOXP4 in A549 and H460

miR-3180-3p inhibits NSCLC progression

cells. The protein expression levels of FOXP4 were signifi-
cantly reduced in the two siRNA groups compared with
the control group (Fig 3a). To further clarify the effects of
FOXP4-siRNAs on cancer cell proliferation and metastasis,
CCK-8 and transwell assays were used to determine the
effects of FOXP4 on NSCLC cells. The CCK-8 assay rev-
ealed that the growth rate of A549 and H460 cells trans-
fected with siRNAs were significantly lower than control
group cells (Fig 3b). Transwell assay revealed that FOXP4
knockdown remarkably inhibited the migration and inva-
sion of NSCLC cells (Fig 3c,d).
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Figure 4 Partial reversal of the inhibitory effects of miR-3180-3p on NSCLC cell phenotypes through FOXP4. A549 and H460 cells were transfected
with miR-NC, miR-3180-3p, miR-3180-3p + FOXP4 or FOXP4. (a, b) Western blots were performed to detect FOXP4 protein expression levels. (c, d)
A CCK-8 assay was performed. A549: —@—, NC; —m—, miR-3180-3p; —&—, FOXP4; —%—, FOXP4+miR-3180-3p. H460: —@—, NC; —m—, miR-3180-3p;
—A—, FOXP4; —w—, FOXP4+miR-3180-3p. (e, f) The migratory and invasive ability of A549 and H460 cells were measured using a transwell assay.
A549: mm, miR-NC; mm, miR-3180-3p; mm, FOXP4+miR-3180-3p; mm, FOXP4. H460: mm, miR-NC; mm, miR-3180-3p; mm, FOXP4+miR-3180-3p; mm,

FOXP4. *P < 0.05, **P < 0.01, and n > 3.
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Figure 5 Exosomal miR-3180-3p derived from A549 and H460 cells suppresses proliferation and metastasis of NSCLC cells. (a) Observation of the
morphology of exosomes under TEM (scale bar, 50 nm). (b) Size distribution of exosomes. (c) Expression of exosomal markers Annexin V, Flotillin-1
and CD63. (d) A representative immunofluorescence image shows the internalization of PKH67-labeled A549-derived exosomes (green) by macro-
phages. Blue represents nuclear DNA staining by DAPI. Red represents cytoplasm incubation with a p-Actin antibody. (e) MiR-3180-3p levels in exo-

A549 and exo-H460 were measured using RT-PCR mm, miR-NC exo;
exo-miR-3180-3p. (g, h) A CCK-8 assay was performed. A549:

, MiR-3180-3p exo. (f) Western blots were performed mm, exo-miR-NC;
, exo-miR-NC; —m—, exo-miR-3180-3p. H460:

i

, exo-miR-NC; —m—, exo-miR-

3180-3p. (i, j) The migratory and invasive ability of A549 and H460 cells were measured using transwell assay. A549: mm, miR-NC exo; mm, miR-
3180-3p exo. H460: mm, miR-NC exo; mm, miR-3180-3p exo. *P < 0.05, **P < 0.01, ***P < 0.001 and n > 3.

Overexpression of FOXP4 reverses the
effects of miR-3180-3p on NSCLC cells

Since our data suggested that miR-3180-3p inhibited cell
growth and metastasis by downregulating FOXP4, we
explored whether FOXP4 is a direct functional mediator
of the inhibitory effects of miR-3180-3p. As expected,
we observed that exogenous miR-3180-3p significantly
suppressed the expression of FOXP4 (Fig 4a,b). CCK-8

378  Thoracic Cancer 12 (2021) 372-381

assays showed that miR-3180-3p suppressed the prolif-
eration of NSCLC cells and that this suppression could
be blocked by overexpressing FOXP4 (Fig 4c,d). Fur-
thermore, transwell migration and invasion assays
showed that miR-3180-3p inhibited metastasis of
NSCLC cells and that inhibition could be blocked by
increased FOXP4 (Fig 4e,f). Collectively, these observa-
tions suggested that miR-3180-3p inhibited the growth

© 2020 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd
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ing inhibition of NSCLC progression. **P < 0.01, ***P < 0.001 and n > 3.

and metastasis of NSCLC, at least partially, through the
miR-3180-3p-FOXP4 pathway.

Exosomal miR-3180-3p inhibits
proliferation, migration, and invasion of
NSCLC cells

It is known that exosomes play an important role in cell-to-
cell communication and that they can change the physiolog-
ical functions of recipient cells through biological active fac-
tors."> From Exocarta we know that miR-3180-3p exists in
exosomes. To further verify that miR-3180-3p was enriched
in exosomes, we extracted exosomes after transfecting miR-
3180-3p mimics into A549 cells. The canonical morphology
of exosomes was captured using TEM which confirmed the
presence of extracted exosomes (Fig 5a). The size of these
exosomes was measured using particle size distribution with
approximately 30-100 nm diameter (Fig 5b). The expression
of exosome markers such as Annexin V, Flotillin-1 and
CD63 were examined using a western blot, which further
confirmed successful isolation of exosomes from superna-
tants obtained from NSCLC cells (Fig 5c¢).

We next sought to determine whether purified exosomes
could enter cells and perform functions. Exosomes derived
from A549 cells were labeled with a green fluorescent
marker, PKH67. The results showed that PKH67 was local-
ized in the cytoplasm of recipient cells (Fig 5d). QPCR
determined the effective functions of exosomal miR-
3180-3p. The results showed that the expression of miR-
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3180-3p was significantly increased in recipient NSCLC
cells treated with Exo-miR-3180-3p (Fig 5e).

Following the observation that miR-3180-3p is enriched in
exosomes, we speculated that miR-3180-3p shuttled by
exosomes could inhibit proliferation, migration and invasion
of NSCLC cells. To access the role of miR-3180-3p in
exosomes, NSCLC cells were treated with Exo-miR-NC or
Ex0-miR-3180-3p. The results showed that FOXP4 protein
levels in A549 and H460 cells exposed to miR-3180-3p
exosomes were significantly decreased compared to miR-NC
exosomes (Fig 5f). In addition, proliferation was inhibited by
miR-3180-3p exosomes (Fig 5gh) and the migratory and
invasive abilities showed similar findings (Fig 5i,j).

Effects of exosomal miR-3180-3p on
tumors in vivo

To further explore the role of exosomal miR-3180-3p in
NSCLC in vivo, A549 cells were subcutaneously injected into
nude mice. Exosomes extracted from A549 cells transfected
with miR-3180-3p or miR-NC mimics were injected into
mice through the tail vein. In line with our analysis in vitro,
tumor tissues of nude mice injected with miR-3180-3p
exosomes attenuated tumor size and weight (Fig 6a—c).

Discussion

With the rapid development of technology, many diseases
can be treated or even cured in the clinic. However, there
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is no effective treatment for lung cancer. Many studies
have reported that miRNAs play important roles in can-
cers. There is considerable evidence indicates that miRNAs
are involved in the progression of NSCLC. This evidence
suggests that miRNAs are a promising approach to treat
cancer. However, the mechanisms behind miR-3180-3p in
the regulation of NSCLC remains unclear.

In this study, we investigated the role of miR-3180-3p in
NSCLC. We found that miR-3180-3p levels were down-
regulated in both NSCLC cell lines and human samples.
An upregulation of miR-3180-3p suppressed NSCLC cell
proliferation and metastasis. We further determined that
the tumor oncogene FOXP4 was a direct target of miR-
3180-3p.

FOXP4 belongs to the human forkhead-box (FOX) gene
family. Forkhead proteins play key roles in cell cycle regu-
lation and oncogenesis. Yin et al. reported that microRNA-
491-5p suppresses osteosarcoma cell proliferation and pro-
motes apoptosis by targeting FOXP4.** Restoration of
FOXP4 expression significantly promotes breast cancer cell
proliferation, migration and invasion.”® Yang et al. found
the mRNA and protein levels of FOXP4 were higher in
NSCLC tissues than in normal tissues.”® We found that
downregulated FOXP4 prominently suppressed NSCLC
cell proliferation, migration and invasion.

Exosomes are secreted by cells, circulate in the blood
and induce a series of cellular reactions when being cap-
tured by recipient cells. Recent studies have suggested that
tumor-derived exosomes may play an important role in
tumor progression.”” > HCC cells release exosomes con-
taining both SMAD3 protein and mRNA and these
exosomes enhance recipient HCC cell SMAD3 signaling
and increase their adhesive ability.”® Wei et al. Showed that
miRNAs within exosomes play important roles in cancer.
For example, exosomal miR-222-3p promotes prolifera-
tion, gemcitabine resistance, migration and invasion of
NSCLC cells by targeting the promoter of SOCS3.”" We
isolated exosomes derived from the two NSCLC cell lines
A549 and H460 by overexpressing miR-3180-3p. We
found that miR-3180-3p can be enriched in exosomes. The
overexpression of exosomal miR-3180-3p and silencing of
FOXP4 both suppressed NSCLC cell proliferation, migration
and invasion.

In summary, to the best of our knowledge, this is the
first time that exosomal miR-3180-3p has been demon-
strated to inhibit NSCLC proliferation and metastasis by
targeting FOXP4 (Fig 6d). These results revealed a new
regulatory network involving miR-3180-3p and FOXP4,
which may be applicable to the therapeutic treatment of
NSCLC in the future.

In conclusion, in this study we demonstrated that miR-
3180-3p carried by exosomes could suppress NSCLC cell
proliferation and metastasis by downregulating FOXP4.
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These findings may provide a foundation for innovative
therapeutic strategies.
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