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Background: Hypoxic environment and exosomes (exos)-mediated intercellular commu-
nication are crucial for cancer invasion and metastasis, but the mechanisms are not yet fully
understood. In this study, we investigated the regulatory effect of hypoxic tumor cell-secreted
exosomal miR-582-3p on non-small-cell lung cancer (NSCLC) cell malignant phenotypes.
Methods: The concentration and diameters of exos were evaluated by nanosight particle
tracking analysis. microRNA-582-3p (miR-582-3p) expression was detected by quantitative
real-time PCR. The fluorescent dye PKH26 was used to label exos. The direct interaction
between miR-582-3p and secreted frizzled-related protein 1 (SFRP1) was determined by
dual-luciferase activity assay. NSCLC cell proliferation, migration, and invasion abilities
were assessed by cell count kit-8 assay, wound healing assay, and transwell migration and
invasion assay. Western blot analysis was performed to detect the protein expression level.
Results: Hypoxic NSCLC cell-derived exos promoted the proliferation, migration, and
invasion of normoxic NSCLC cells. miR-582-3p expression was upregulated in hypoxic
NSCLC cells and hypoxic NSCLC cell-secreted exos. Hypoxic NSCLC cell-derived exos
transmitted miR-582-3p to normoxic NSCLC cells. Hypoxic NSCLC cell-secreted exosomal
miR-582-3p promoted the proliferation, migration, and invasion of normoxic NSCLC cells.
miR-582-3p inhibited the expression of SFRP1 protein by binding to its 3'-UTR. In addition,
enforced expression of SFRP1 restrained malignant phenotypes of normoxic NSCLC cells,
which was abrogated by hypoxic NSCLC cell-secreted exosomal miR-582-3p.
Conclusion: Hypoxic NSCLC cell-secreted exosomal miR-582-3p drives cancer cell malig-
nant phenotypes by targeting SFRP1, which provides a better understanding of cancer
metastasis and may facilitate the development of therapeutics against human NSCLC.
Keywords: hypoxia, non-small-cell lung cancer, exosome, microRNA-582-3p, secreted
frizzled-related protein 1

Introduction

Lung cancer is one of the most common malignancies throughout the world, of which
non-small-cell lung cancer (NSCLC) is the most primary type in the clinic.' NSCLC is
considered as the major leading cause of cancer-related mortality.”> Despite great
progress has been achieved in the last years, however, the prognosis of patients with
NSCLC is still disappointed, with a 5-year survival of about 4%.> Hence, developing
a novel and effective therapeutic method is the key to treat NSCLC.
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Hypoxia is a basic characteristic of the tumor micro-
environment, which is triggered by the rapid expansion
and irregular blood flow.* Hypoxia was proved to has
a powerful impact on tumor progression, including tumor
differentiation, growth, and angiogenesis.” It was discov-
ered that multiple mechanisms, such as high metabolism
and oxygen consumption, lead to tumor cell hypoxia,
which in turn activates the hypoxia-inducible factor sig-
naling pathway and thereby promotes the proliferation and
migration of tumor cells.® Exosomes (exos), small extra-
cellular vesicles with a diameter of 30-200 nm, are shed
from the cell membrane into the extracellular matrix.’
Exos contain various biologically active molecules, such
as proteins, RNAs and lipids, and then take part in
a variety of cellular processes through transmitting these
molecules from cell-to-cell, so it is also called “the inter-
cellular messenger”.®® There is mounting evidence that
exos that derived from tumor cells participate in the reg-
ulation of tumor growth and metastasis.' However, the
functional role of hypoxic NSCLC cell-secreted exos in
NSCLC progression remains poorly understood.

microRNAs (miRNAs) are a class of non-coding oli-
gonucleotides with about 22 nt in length, which serve as
essential players in Dbiological processes, including
tumorigenesis.'' Several lines of evidence have shown
that exosomal miRNA can be transmitted to the recipient
cells, thereby influencing the function of recipient cells.'?
As an example, exosomal miR-96 from H1299 cells facili-
tated the progression of NSCLC by suppressing the
expression of LIM-domain only protein 7."* miR-582-3p,
a novel discovered miRNA, has been reported to play
a vital role in tumorigenesis. A previous study has docu-
mented that miR-582-3p was downregulated in leukemia
cells and its overexpression impaired the proliferation of
leukemia cells by inhibiting the expression of cyclin B2.'*
miR-582-3p has been reported to be upregulated in
NSCLC cell lines and tissues, and it could promote tumor-
igenesis and tumour recurrence.'’. However, whether
hypoxic NSCLC cell-secreted exosomal miR-582-3p par-
ticipates in the progression of NSCLC has never been
extensively investigated.

In this research, we sought to explore the contribution of
hypoxic NSCLC cell-secreted exosomal miR-582-3p on
NSCLC cell malignant phenotypes. Our findings revealed
that hypoxic NSCLC cell-secreted exosomal miR-582-3p,
by targeting secreted frizzled-related protein 1 (SFRP1),
promoted the malignant phenotypes of NSCLC. Our data

provide a novel promising therapeutic approach for NSCLC.

Materials and Methods

Cell Culture

Two NSCLC cell lines (A549 and H1299) acquired from the
American Type Culture Collection (ATCC; Manassas, VA,
USA) were maintained in Dulbecco’s Modified Eagle’s
Medium (DMEM; Gibco) containing 10% fetal bovine
serum (FBS; Gibco), 100 U/mL of penicillin, and 100 pg/
mL of streptomycin in a humidified incubator containing
95% air atmosphere and 5% CO, at 37 C.

Tissue Samples

NSCLC tissues and adjacent non-tumor tissues were obtained
from NSCLC patients who underwent surgical resection
before radiotherapy or chemotherapy in the People’s hospital
of Cangzhou. All the NSCLC patients were diagnosed by
histopathological examination. Collection of tissue samples
was performed with an informed consent signed by each
patient. Tissue samples were quickly frozen with liquid nitro-
gen after excision, and then stored at —80°C. This study has
been reviewed and approved by the Ethics Committee of the
People’s hospital of Cangzhou.

Cell Transfection

SFRP1 overexpression vector (SFRP1-oe.) was established
by introducing the full sequence of SFRP1 to the pcDNA
3.0 vector. miR-582-3p mimics and miR-NC were
obtained from Sangon (Shanghai, China). Cell transfection
was untaken using Lipofectamine™ 2000 Transfection
Reagent (Thermo Fisher Scientific, San Jose, CA, USA)
according to the manufacturer’s instruction.

Isolation of Exos

A549 and H1299 cells were cultured for 24 h under hypoxic
(1% 0O,) or normoxic (95% air atmosphere and 5% CO,)
conditions in Dulbecco’s modified Eagle’s medium
(DMEM) supplemented with 10% exo-free fetal bovine
serum (Life Technologies). Exos in the culture medium or
serum samples from NSCLC patients or healthy donors were
extracted using an exosome purification kit (Norgen Biotek,
Thorold, ON, Canada) as per the manufacturer’s instruction.

Nanosight Particle Tracking Analysis

Nanosight particle tracking analysis was used to detect the
concentration and size distribution of exos using the
Nanosight LM10 system (Nanosight, Amesbury, UK. The
exos were resuspended in PBS solution and then injected
into the Nanosight LM10 instrument. The capture settings

submit your manuscript

10152

Dove

Cancer Management and Research 2020:12


http://www.dovepress.com
http://www.dovepress.com

Dove

Wang et al

and analysis settings were undertaken following the
instructions. The exos were analyzed using the NTA ana-
lytical software.

Western Blot Analysis

Proteins were isolated and resolved by SDS—-PAGE, and then
transferred to PVDF membranes. The PVDF membrane was
blocked for 1 h in 5% non-fat milk dissolved in tris-buffered
saline-Tween 20. The PVDF membrane was incubated with
anti-SFRP1 (Abcam, Cambridge, MA, USA) or anti-
GAPDH antibodies (Abcam) at 4 C overnight. After wash-
ing, the PVDF membrane was incubated with a secondary
HRP-conjugated antibody for 1 h at 25°C. Immunoreactive
bands were visualized with enhanced chemiluminescence
detection reagents (Beyotime, Shanghai, China). The experi-
ment was carried out at least three times.

Quantitative Real-Time PCR (qRT-PCR)
Total RNA was isolated from cultured NSCLC cells or exos
(total protein concentration: approximately 800 pg/mL) with
TRIzol reagent (Thermo Fisher Scientific), and then reverse
transcribed to cDNA using a reverse transcription kit
(Vazyme, Nanjing, China). Detection of miR-582-3p expres-
sion was performed with miRNA Universal SYBR qPCR
Master Mix (Vazyme) following protocols supplied by the
manufacturer. U6 was used as the internal control to normal-
ize miR-582-3p expression in cells. cel-miR-39 was used to
normalize miR-582-3p expression in exos. The sequences of
primers were listed as follows: miR-582-3p, forward: 5'-G
CACACATTGAAGAGGACAGAC-3', reverse: 5-TATTG
AAGGGGGTTCTGGTG-3', U6, forward: 5-CTCGCTT
CGGCAGCACA-3', reverse: 5'-AACGCTTCACGAATTT
GCGT-3'. cel-miR-39, forward: 5'-ACACTCCAGCTGGGT
CACCGGGTGTAAATC-3', reverse: 5-TGGTGTCGTG
GAGTCG-3". The 2 **“* method was applied to analyze
relative miR-582-3p expression level in cells. For the nor-
malization of miR-582-3p in exos, 5 nM cel-miR-39
(Qiagen, Hilden, Germany) was added in the isolated RNA
sample during reverse transcription. The expression level of
miR-582-3p in exos was analyze based on Ct values, and
normalized by cel-miR-39, which was present in each reac-
tion mixture.

Cell Counting Kit-8 (CCK-8) Assay

NSCLC cells were planted in the 96-well plate (5 x 10°
cells per well) in triplicate. After culture for 24 h, NSCLC
cells were transfected with empty vector or SFRP1-oe.
using Lipofectamine™ 2000 Transfection Reagent

(Thermo Fisher Scientific) following protocols supplied
by the manufacturer, and then treated with miR-582-3p-
exos (10 pg/mL), followed by incubation for indicated
times (12 h, 24 h, 48 h). Subsequently, 10 uL CCK-8
solution (Beyotime) was added to each well of the 96-
well plate. After incubation for 2 h, the absorbance values
was detected at 450 nm.

Wound Healing Assay

NSCLC cells (5 x 10°/well) were plated in a 6-well plate
and incubated overnight in DMEM medium without
serum. A sterile 200 pL pipette tip was used to create
a wound on the monolayer of cells and the floating cells
were washed away with PBS. Then the cells were cultured
in the medium containing exos (10 pg/mL) for 24 h. At 0
h and 24 h, the wound was photographed using an optical
microscope (Nikon, Japan), and analyzed with the Image
J (NIH, USA). Each experiment was repeated at least
3 times.

Transwell Assay

The upper chamber was coated with matrigel (Corning,
NY, USA) or not to test the ability of cell invasion and
migration, respectively. Serum-free DMEM containing
(invasion: 2.5 x 10* cells; migration: 1 x 10* cells) was
added to the top of the chamber. The lower chamber
contains DMEM supplement with 10% FBS and exos
(10 pg/mL). After incubation for 24 h, the residual cells
on the upper chamber were removed by a cotton swab.
The cells passed through the membrane to the lower sur-
face were fixed with 4% paraformaldehyde and then
stained with 0.5% crystal violet. The migrative and inva-
sive cells were photographed and counted from 5 ran-
selected fields
(Nikon, Japan). The experiment was carried out at least

domly using an optical microscope

three times.

Dual-Luciferase Activity Assay

The wild-type (WT) or mutant (MUT) 3'UTR fragment of
SFRP1 mRNA containing a putative miR-582-3p-binding
site was subcloned into the pGL3 vector (Promega
Corporation) to construct SFRP1 3'UTR-WT or SFRP1
3'UTR-MUT recombinant luciferase plasmids. For the
luciferase assay, NSCLC cells were seeded in 24-well
plates in triplicate at a concentration of 1 x 10* cells/mL
and grown overnight. NSCLC cells were co-transfected
with SFRP1 3'UTR-WT or SFRP1 3'UTR-MUT luciferase
plasmids and miR-582-3p mimics or miR-NC with
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Lipofectamine™ 2000 Transfection Reagent (Thermo
Fisher Scientific) according to the manufacturer’s instruc-
tion, or treated with A549 cell-derived exos (10 pg/mL).
At 48 h after treatment, luciferase activity was detected
with a Dual Luciferase Reporter Assay Kit (Promega)
following protocols supplied by the manufacturer.

Statistical Analysis

All data analysis is performed with SPSS 20.0 software
(SPSS Inc., Chicago, IL, USA). Data form three depen-
dent repeat experiments were shown as the means.
Statistical analysis is performed using Student’s z-test or
one-way analysis of variance (ANOVA). Statistics with
P-value <0.05 is considered statistically significant.
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Results

Hypoxic NSCLC Cell-Derived Exos
Promote the Proliferation, Migration, and
Invasion of Normoxic NSCLC Cells

Exos derived from NSCLC cells were isolated from con-
ditioned medium of normoxic or hypoxic A549 cells. To
confirm whether exos were successfully isolated from
tumor cells, Western blot assay and nanosight particle
tracking analysis were performed. As shown in
Figure 1A, exo markers CD63, CD9 and Alix were
enriched in exos derived from normoxic or hypoxic
A549 cells (Norm-exos and Hypo-exos). Nanosight parti-
cle tracking analysis showed that the diameter of particles
was about 50-200 nm, indicating that exos were
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Figure | Hypoxic NSCLC cell-derived exos promote proliferation, migration, and invasion of normoxic NSCLC cells. (A) Western blot analysis of the enrichment of CD63,
CD?9 and Alix in exos purified from A549 cell culture medium under normoxic (Norm-exos) or hypoxic (Hypo-exos) condition. Control: the medium from A549 cells under
normoxic condition. (B) The concentration and size distribution of exos were detected by Nanosight particle tracking analysis. (C) The effect of Norm-exos or Hypo-exos
on the viability of NSCLC cell lines A549 and H1299 cells was evaluated by CCK-8 assay. (D and E) The effect of Norm-exos or Hypo-exos on the migration abilities of
NSCLC cell lines A549 and H1299 cells was analyzed by wound healing and transwell migration assay. (F) The effect of Norm-exos or Hypo-exos on the invasion abilities of
NSCLC cell lines A549 and H1299 cells was analyzed by transwell invasion assay. The experiments were repeated three times. Data were expressed as meantstandard

deviation. *p<0.05.

submit your manuscript

10154

Dove!

Cancer Management and Research 2020:12


http://www.dovepress.com
http://www.dovepress.com

Dove

Wang et al

successfully isolated from the medium of A549 cells under
normoxic or hypoxic condition (Figure 1B).

Subsequently, we analyzed the effects of Norm-exos and
Hypo-exos on the proliferation, migration, and invasion of
NSCLC cell lines A549 and H1299. CCK-8 assay showed
that Hypo-exos could significantly increase the viability of
A549 and H1299 cells compared to the Norm-exos group
(Figure 1C). Additionally, the wound healing assay and the
transwell migration assay showed that, compared with the
Norm-exos group, Hypo-exos treatment could significantly
increase the migration abilities of A549 and H1299 cells
(Figure 1D and E). Similarly, Hypo-exos also promoted the
invasion of A549 and H1299 cells, as shown by transwell
invasion assay (Figure 1F). These data suggested that exos
derived from hypoxic A549 cells increased the malignant
phenotype of normoxic NSCLC cells.

Hypoxia Promotes miR-582-3p
Expression in NSCLC Cells and NSCLC

Cell-Secreted Exos

To investigate the impact of hypoxia on the expression of miR-
582-3p, the levels of miR-582-3p in NSCLC cell lines A549
and H1299 were determined by qRT-PCR assay. The results
showed that the level of miR-582-3p in hypoxic NSCLC cells
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was higher than that in normoxic NSCLC cells (Figure 2A). In
addition, the level of miR-582-3p in exos derived from
hypoxic NSCLC cells was also significantly higher than that
in exos derived from normoxic NSCLC cells (Figure 2B).
Moreover, miR-582-3p level was detected in adjacent normal
tissues and NSCLC tissues, and it was found that miR-528-3p
was upregulated in NSCLC tissues relative to their adjacent
normal tissues (Figure 2C). Exos were isolated from the serum
of healthy donors and NSCLC patients, respectively. The
results of qRT-PCR assay showed that the level of miR-582-
3p in exos derived from the serum of NSCLC patients was
significantly higher than that in exos derived from the serum of
healthy controls (Figure 2D).

Hypoxic NSCLC Cell-Derived Exos
Transmit miR-582-3p to Normoxic
NSCLC Cells

miR-582-3p mimics or the corresponding negative control
(NC) was transfected into A549 cells, followed by hypoxic
treatment. As shown in Figure 3A, miR-582-3p mimics
transfection successfully increased the level of miR-582-3p
in A549 cells. At 48 h after transfection, hypoxic NSCLC
cell-derived exos were isolated and purified. The level of
miR-528-3p in miR-582-3p-exos was obviously higher than
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Figure 2 Hypoxia promotes miR-582-3p expression in NSCLC cells and NSCLC cell-secreted exos. (A) The levels of miR-582-3p in hypoxic and normoxic NSCLC cells
was detected using qRT-PCR assay. (B) The levels of miR-582-3p in exos derived from hypoxic NSCLC cells and normoxic NSCLC cells were analyzed by qRT-PCR assay. (C)
The levels of miR-582-3p in adjacent normal tissues (n=30) and NSCLC tissues (n=43) were analyzed by qRT-PCR assay. (D) Levels of miR-582-3p in serum exos from
healthy donors (n=34) and NSCLC patients (n=43) were detected by qRT-PCR assay. The experiments were repeated three times. Data were expressed as meantstandard

deviation. *p<0.01 and ***p<0.001.
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that in NC-exos (Figure 3B). Western blot assay revealed that
CD63, CD9 and Alix were enriched in isolated hypoxic
A549 cell line-derived exos (Figure 3C). Similarly, nanosight
particle tracking analysis also verified the concentration and
diameters of exos, indicating that exos were successfully
isolated from hypoxic A549 cells transfected with miR-
528-3p or NC (miR-582-3p-exos or NC-exos; Figure 3D).

Subsequently, we confirmed whether miR-582-3p-exos
delivered into normoxic NSCLC cells. The exos were
labeled with PKH26 and incubated with A549 cells. As
shown in Figure 3E, PKH26 labeled exos entered A549
cells. Then, A549 and H1299 cells were incubated with
miR-582-3p-exos or NC-exos. The results of qRT-PCR
assay showed that both miR-582-3p-exos and NC-exos
significantly increased the levels of miR-582-3p in A549
and HI1299 cells compared with the control group
(Figure 3F). These results revealed that hypoxic A549
cell-derived exos transmit miR-582-3p to normoxic
NSCLC cells.

Hypoxic NSCLC Cell-Secreted Exosomal
miR-582-3p Promotes the Proliferation,

Migration, and Invasion of Normoxic
NSCLC Cells

To determine whether hypoxic A549 cell-secreted exosomal
miR-582-3p affects the biological properties of normoxic

NSCLC cells, A549 and H1299 cells were treated with
miR-582-3p-exos or NC-exos. CCK-8 assay showed that
NC-exos significantly increased the cell viability of A549
and HI299 cells compared with the control group.
Simultaneously, compared with the NC-exos group, the via-
bility of A549 and H1299 cells was significantly increased in
the miR-582-3p-exos group (Figure 4A). Wound healing
assay and transwell assay also showed that NC-exos treat-
ment promoted the migration and invasion of A549 and
H1299 cells. Moreover, the migration and invasion abilities
of NSCLC cells in the miR-582-3p-exos group were signifi-
cantly higher than those in the NC-exos group (Figure 4B
and C).

SFRPI is a Functional Downstream Target
of miR-582-3p

The predictive binding sites of miR-582-3p on SFRPI
3'UTR was shown (Figure 5A). Western blot assay showed
that the level of SFRP1 protein was significantly reduced in
A549 cells transfected with miR-582-3p mimic. Similarly,
miR-582-3p-exos treatment significantly reduced the protein
levels of SFRP1 in A549 cells (Figure 5B and C). To confirm
the direct binding between miR-582-3p and SFRP1, we con-
ducted a luciferase reporter assay in A549 and H1299 cells.
The luciferase reporter plasmid containing wild-type (WT)
or mutant (MUT) SFRP1 mRNA 3'UTR and miR-582-3p
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Figure 4 Hypoxic NSCLC cell-secreted exosomal miR-582-3p promotes the proliferation, migration, and invasion of normoxic NSCLC cells. A549 and H1299 cells were
incubated with miR-582-3p-exos or NC-exos. (A) The viability of A549 and H1299 cells was detected by CCK-8 assay. The wound healing assay (B) and transwell assay (C)
were used to detect the migration and invasion abilities of A549 and H1299 cells. The experiments were repeated three times. Data were expressed as meanztstandard

deviation. *p<0.05.

mimics or miR-NC were co-transfected into A549 and
H1299 cells, respectively. The results showed that transfec-
tion of miR-582-3p mimics reduced the luciferase activity of
SFRP1-WT reporter plasmid compared to the miR-NC
group, but did not affect the luciferase activity of SFRP1-
MUT reporter plasmid (Figure 5D and E). Similarly, the
luciferase activity of SFRP1-WT reporter was also reduced
by miR-582-3p-exos and NC-exos treatment, while the luci-
ferase activity of SFRP1-MUT reporter was unaffected by
miR-582-3p-exos and NC-exos treatment (Figure 5F and G).
These findings indicated that SFRP1 was a target of miR-
582-3p, and miR-582-3p-exos inhibited SFRP1 expression in
normoxic NSCLC cells.

miR-582-3p Abrogates the Effect of
SFRP| Overexpression on the Malignant
Phenotypes of Normoxic NSCLC Cells

Next, we investigated whether hypoxic A549 cell-secreted

exosomal miR-582-3p drives cancer cell malignant

phenotypes by targeting SFRP1. A549 and H1299 cells
were transfected with SFRP1-oe.or Vector, followed by
incubation with miR-582-3p-exos. Western blot assay
showed that SFRP1-oe. transfection markedly increased
the protein levels of SFRP1 in A549 and H1299 cells,
while this effect was suppressed following miR-582-3p-
exos treatment (Figure 6A). Additionally, CCK-8 assay
showed that overexpression of SFRP1 reduced the viability
of A549 and H1299 cells, which was blocked after miR-
582-3p treatment (Figure 6B). In parallel, upregulation of
SERP1 enhanced the migration, and invasion of. Whereas,
these changes induced by SERPI overexpression were
eliminated by miR-582-3p-exos administration (Figure 6C
and D). These preliminary data indicated that hypoxic A549
cell-derived exosomal miR-582-3p enhanced the malignant
phenotype of NSCLC cells through targeting SFRP1.

Discussion
Hypoxia acts as a principal contributor to the progression of
human cancers.'® Hypoxia causes the dysregulation of
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genes involved in various cellular and physiological func-
tions, triggers angiogenesis, and induces tumor cells escap-
ing from the cytotoxic effect of chemotherapeutic agents,
ultimately resulting in a more aggressive and lower che-
motherapy-sensitive tumor phenotype.”’*18 It follows that
a thorough elucidation of hypoxia-mediated tumorigenesis
will provide a novel sight for NSCLC treatment. Previous
studies have demonstrated that hypoxic cell-derived exos
have a role in the development of human cancer.'”
Nevertheless, the impact of hypoxic NSCLC cell-secreted

exos on the progression of normoxic NSCLC cells has not

been poorly studied. In the present report, we found that
hypoxic NSCLC cell-secreted exos could enhance the pro-
liferation, migration, and invasion of A549 and H1299 cells
under a normoxic condition, further fitting the established
notion of hypoxic cell-derived exos as a vital contributor to
the development of human cancer.

In the last years, cancer-derived exos have captured
extensive attention in tumor research due to their roles in
aspects of the transportation of intercellular bioactive
molecules.”® Previous studies showed that tumor cells

could generate more exos than normal cells. Exos derived

submit your manuscript

10158

Dove

Cancer Management and Research 2020:12


http://www.dovepress.com
http://www.dovepress.com

Dove

Wang et al

A I Vect
ector
A549 H1299 Il SFRP1-ce.
SFRP s SR s s S s 4 B SFRP1-oe. + miR-582-3p-exos
GAPDH " s e s s s—— . il T
. = —— | |
5 ¢ *8 5 g *g g€
- o e - o . 9O L —
[&] 1 o X (8] ! o X [0
Q ~ oo O ~— o o 2 >
> o Ta > L T4 00 2
£ o £ oa® s=¢
%) N 0w o = 3
L ® e Lo 4]
®Q se gl
ox x
€ €
A549 H1299
B
A549 H1299
= Vector -= \ector
- SFRP1-ce. - SFRP1-ce.
. -+ SFRP1-o0e. + miR-582-3p-exos . -+ SFRP1-0e. + miR-582-3p-exos
T 1.0 T 1.0
‘é’ 0.81 g 0.8
C 0.6 I i 0.6 I
= =
= 0.4 f= 0.4
> 0.2 = 0.21
0] Ko}
O 0.0 T T T T O 0.0 T T T T
Oh 12h 24h 48h Oh 12h 24h 48h
C - VeCtOr D - Vector
Il SFRP1-ce. Il SFRP1-ce.
150 Il SFRP1-oe. + miR-582-3p-exos 5 Il SFRP1-oe. + miR-582-3p-exos
- 2 -
< P
& 100; 8 §
5 £%
8 501 2z
2 'k
[v4

A549

H1299

A549

H1299
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from tumor cells participated in the regulation of cellular
functions via delivery of bioactive molecules, such as
miRNA.?' Notably, the link between cancer cell-secreted
exosomal miRNAs and the microenvironment of human
cancer has been investigated. It has been demonstrated that
cancer-secreted exosomal miRNAs could be horizontally
transferred to the target cells, thereby controlling the biology
of cancer cells.”> For example, exosomal miR-208a from
A549 cells, through targeting p21, restrained the proliferation
of NSCLC cells via activating the AKT/mechanistic target of
rapamycin signaling.”® Similarly, exos derived from the

gemcitabine-resistant A549 cells transferred miR-222-3p to
A549 cells and then promoted the proliferation, migration,
and invasion of A549 cells by targeting suppressor of cyto-
kine signaling 3.>* Moreover, hypoxia treatment promoted
the production of exos in tumor cells, and exosomal miR-23a
secreted by hypoxic lung cancer cells could cause an obvious
reduction of tight junction protein ZO-1 expression, thereby
facilitating angiogenesis, vascular permeability, and tumor
growth in vivo.”> Furthermore, exosomal miR-21 derived
from hypoxic NSCLC cells inhibited the sensitivity of nor-
moxic NSCLC cells to cisplatin through inhibition of
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phosphatase and tensin homolog.”® In this study, we found
that hypoxia caused a striking elevation of miR-582-3p
expression in NSCLC cells and NSCLC cell-secreted exos.
Interestingly, the dysregulation of miR-582-3p was discov-
ered in several types of human cancers, such as colon cancer
and non-functioning pituitary adenomas.””** miR-582-3p
was reported to be downregulated in prostate cancer tissues
and tightly associated with advanced clinicopathological
characteristics and poor prognosis in patients with prostate
cancer. Moreover, overexpression of miR-582-3p restrained
the metastasis of prostate cancer cells in vitro and mitigated
bone metastasis in vivo by repressing the transforming

growth factor B signaling.”’

Antagonizing miR-582-3p
strongly repressed the tumor progression in vivo via activa-
tion of the Wnt/B-catenin signaling pathway, indicating that
miR-582-3p is a potential therapeutic target for NSCLC."
However, whether hypoxic NSCLC cell-derived exosomal
miR-582-3p participates in controlling the malignant pheno-
typic traits of NSCLC cells has never been reported. Herein,
miR-582-3p was confirmed to be transferred from hypoxic
NSCLC cell-secreted exos to the normoxic NSCLC cells,
suggesting that hypoxic NSCLC cell-secreted exosomal
miR-582-3p serves as a crucial player in the development
of NSCLC. Furthermore, we found that hypoxic NSCLC
cell-derived exosomal miR-582-3p could promote the pro-
liferation, migration, and invasion of normoxic NSCLC cells,
revealing the tumor-promoting role of hypoxic NSCLC cell-
derived exosomal miR-582-3p in NSCLC.

There is no denying that miRNAs exert their potent sup-
pressive activities on target genes by binding to the 3'UTR of
messenger RNA, thereby potentially controlling a variety of
cellular processes.’® To further investigate the mechanism
underlying hypoxic NSCLC cell-derived exosomal miR-582-
3p action on NSCLC progression, we sought to identify the
downstream target gene of miR-582-3p and found that there
were miR-582-3p-binding sites within the sequence of SFRP1.
SFRP1 is a natural inhibitor of canonical Wnt signaling and its
aberrant expression has been discovered in various human
cancers.”’ The downregulation of SFRP1 was discovered in
hepatoblastoma and its overexpression diminished the prolif-
eration and migration of hepatoblastoma cells.** In addition, in
a skin carcinogenesis model, SFRP1 knockout mice showed
early tumor initiation and increased tumorigenic potential of
cancer stem cells. Moreover, the downregulation of SFRP1
was correlated with poor survival in patients with epithelial
of SFRP1 in
tumorigenesis.>> Whereas, whether the action of hypoxic
NSCLC cell-derived exosomal miR-582-3p on NSCLC

cancers, suggesting the involvement

progression is mediated by SFRP1 has not been studied pre-
viously. Herein, the interaction of miR-582-3p and SFRP1 was
identified in NSCLC cells. More importantly, we found that
enforced expression of SFRP1 suppressed malignant pheno-
types of normoxic NSCLC cells, and this action was abolished
by hypoxic NSCLC cell-secreted exosomal miR-582-3p,
revealing that hypoxic NSCLC cell-derived exosomal miR-
582-3p enhanced the malignant phenotype of NSCLC cells
through targeting SFRP1. As the deficiency of this study, the
tumor-promoting activity of hypoxic NSCLC cell-derived
exosomal miR-582-3p was not identified in NSCLC xeno-
grafted nude mouse models. This is the focus of our future
work.

In summary, the tumor-promoting effect of hypoxic
NSCLC cell-derived exos on NSCLC progression has
been identified in our study. miR-582-3p is highly
enriched in exos derived from hypoxic NSCLC cells, and
exo-mediated transfer of miR-582-3p could drive cancer
cell malignant phenotypes by targeting SFRP1. Our find-
ings contribute to the understanding of the function of
exosomal miR-582-3p in NSCLC progression and provide
a new sight for the management of patients with NSCLC.
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