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Abstract: This study aimed to investigate the effect of non-small cell lung cancer (NSCLC) cell-derived exosome on
cell proliferation and apoptosis in normal lung fibroblast cells and NSCLC cells, and whether it regulates cell func-
tions through delivering alpha-smooth muscle actin (ASMA). NSCLC exosomes were extracted from A549 cells, then
cocultured with normal lung fibroblasts (HLF1 cells) and NSCLC cells (A549 cells). Blank ShRNA and ASMA ShRNA
plasmids were transferred into HLF1 cells/A549 cells with or without NSCLC exosomes, which were divided into 4
groups accordingly: Negative control (NC) group, SH group, Exosome group and Exosome+SH group. Western blot,
immunofluorescence, qPCR, CCK-8 and AV/PI were used to detect protein level, gene expression, cell proliferation
and cell apoptosis, respectively. In HLF1 cells, cell proliferation was enhanced while cell apoptosis rate was inhib-
ited in Exosome group compared with NC group; and cell proliferation was attenuated while cell apoptosis rate was
raised in Exosome+SH group than Exosome group in rescue experiment; the expressions of apoptotic markers C-
caspase3 and Bcl-2 also revealed the same trends. Additionally, in A549 cells, cell proliferation was also increased
while cell apoptosis was inhibited in Exosome group compared with NC group; and cell proliferation was reduced
while cell apoptosis rate was elevated in Exosome+SH group than Exosome group in rescue experiment. In conclu-
sion, NSCLC derived exosomes promote cell proliferation and inhibit cell apoptosis in both normal lung fibroblasts
and NSCLC cells by delivering ASMA.
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Introduction progressed accordingly [3-5]. Nonetheless, the

prognosis of NSCLC patients is still not satisfac-

Lung cancer is the most frequent and lethal
cancer worldwide and is also first among all
cancers in China regarding its incidence and
mortality with an estimated 7.33 million new
lung cancer cases and 6.10 million lung cancer-
related deaths occurring in China in 2015 [1,
2]. Non-small cell lung cancer (NSCLC), account-
ing for roughly 85% of all lung cancer cases,
can be treated by surgical resection, radiation
therapy, chemotherapy, molecular targeted
therapy and immunotherapy [3]. Through accu-
mulating efforts to explore the pathology and
genetics of NSCLC, the treatment landscape of
this most frequent tumor has largely improved
because precision medicine has been greatly

tory. Approximately 65% of NSCLC cases are
advanced cases at diagnosis; however the pro-
portion of advanced patients responding to
platinum-based chemotherapy, which is the
mainstay of treatment for patients who cannot
undergo surgical resections, is reported to
merely range from 25% to 30%, with 1-year sur-
vival rate being only 30% to 40% [6, 7]. Thus,
deeper investigation into the pathogenesis and
the exploration of new treatment targets of
NSCLC are extremely necessary.

Exosomes are a category of extracellular vesi-
cles (EVs) with two layers of lipid membrane
that are secreted by most types of cells via exo-
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Table 1. Antibodies using in Western blot assay

depleted FBS Media Supplement

Antibody Company (Country) Dilution (SBI, USA). In addition, the A549
Primary Antibody cells were cultured for 72 h, and
CD Antibody Affinity (China) ~ 1:1000  L0° AS49 cells were used for exo-
CD63 Antibody Affinity (China) ~ 1:1000 somes extraction.
CD81 Antibody Affinity (China) ~ 1:1000 A549 exosome extraction and
TGF betal Antibody Affinity (China) 1:1000 validation
Cleaved Caspse-3 antibody CST (USA) 1:1000
Caspase-3 Rabbit mAb CST (USA) 1:1000 Exosomes were extracted from
Bcl-2 Rabbit mAb CST (USA) 1:1000 A549 cells medium using Total
GAPDH Rabbit mAb CST (USA) 1:1000 Exosome Isolation Reagent (Ther-
Secondary Antibody mo Fisher Scientific, USA) accord-
Anti-rabbit IgG, HRP-linked Antibody CST(USA)  1:2000 N8 to the manufacturer's instruc-

cytosis, measuring 30-150 nm and contain-
ing/transferring various biomolecules which
include DNA, RNA, proteins and lipids that are
developed from its excreting cells [8-14].
Recent studies have revealed quite promising
functions of exosomes in tumorigenesis, which
consist of activating angiogenic responses, pro-
moting evasion of the host immune system
and increasing the permeability of vasculature
to metastatic cancer cells [15-17]. There are
also studies illustrating the effects of cancer
cells derived exosomes on the activities of nor-
mal cells, such as T cells and alveolar progeni-
tor type Il cells, and cancer cells, for example,
the myeloma cells and breast cancer cells [18,
19]. However, the regulatory role of cancer cell-
secreted exosomes in the development and
progression of NSCLC is still unknown. Thus,
we aimed to investigate the effect of NSCLC
cells derived exosomes on cell proliferation and
apoptosis in normal lung fibroblast cells and
NSCLC cells, and whether it regulates cell func-
tions through delivering alpha-smooth muscle
actin (ASMA).

Materials and methods
Cells culture

The normal lung fibroblast cell line HLF1 and
NSCLC cell line A549 were purchased from
Cell Resource Center of Shanghai Institute of
Life Sciences, Chinese Academy of Sciences
(Shanghai, China). HLF1 cells were cultured in
90% F12K medium (SIGMA, USA) with 10%
Exosome-depleted FBS Media Supplement
(SBI, USA), and A549 cells were cultured in 90%
F12K medium (SIGMA, USA) with 10% Exosome-

1712

tions. The supernatant was dis-
carded after the ultracentrifuga-
tion, and the remaining fluid was used for
A549 exosomes extraction. Subsequently, 10
pL of AB49 exosomes was diluted by polybutyl-
ene succinate (PBS) solution, and then the
diluted A549 exosomes solution was added to
the copper wire mesh, which was then put in
room temperature for 1 min. Afterward, 3%
phosphate tungsten was added for negative
staining under room temperature for 5 min,
which was then washed by the distilled water
for once, and then the transmission electron
microscopy (Hitachi, Japan) was used to deter-
mine the morphology of exosomes. And a BCA
Protein Assay Kit (Sangon Biotech, China) was
used for the quantification of the exosomes. In
order to validate the successful isolation of
exosomes, the total protein was extracted from
exosome using Exosome Immunoprecipitation
Reagent (Protein A) (Invitrogen, USA), and exo-
some markers CD9, CD63, CD81, TGF-B1,
Flotillin-1 and erythroblast enhancing factor 2
(EEF2) expressions were determined by Wes-
tern blot, and sample from the fetal bovine
serum (FBS) free F12K medium was negative
control NC (NC) group. Additionally, the exo-
somes are defined as nanosized particles mea-
suring 30-50 nm made up of two layers of lipid
membrane secreted by cells via exocytotic pro-
cess, and the protein markers for exosomes
include CD9, CD63, CD86, TGF-B, Flotillin-1 and
EEF2.

Coculture of A549 exosome with HLF1 cells
and subsequent assays

First, 200 pug A549 exosome was added in the
HLF1 cells as follows: 200 ug/ml A549 exo-
somes were added in 90% F12K medium

Am J Transl Res 2019;11(3):1711-1723



Exosomes in NSCLC

Table 2. Primers using in gPCR

markers and expression

Gene  Forward Primer

Reverse Primer

of ASMA were subse-

ASMA 5" TGTGCGACGAAGACGAGAC 3’ 5’ GTAGAAGGTGTGGTGCCAGAT 3’
GAPDH 5’ GAGTCCACTGGCGTCTTCAC 3’ 5’ ATCTTGAGGCTGTTGTCATACTTCT 3’

quently detected. Second,
blank ShRNA plasmids,

(SIGMA, USA) with 10% Exosome-depleted FBS
Media Supplement (SBI, USA) to culture HLF1
cells as Exosome group, while 90% F12K medi-
um (SIGMA, USA) with 10% Exosome-depleted
FBS Media Supplement (SBI, USA) without exo-
some addition was used to culture HLF1 cells
as NC group. Second, after culture, cell prolif-
eration was detected by CCK8 at O h, 24 h,
48 hand 72 h, cell apoptosis rate was detected
by AV/Pl at 72 h, cells pro-apoptotic marker
(C-Caspase3) and anti-apoptotic marker (Bcl-2)
expressions were detected by Western blot at
72 h, and ASMA expression was detected by
quantitative polymerase chain reaction (qPCR)
and immunofluorescence at 72 h. In addition,
in the above assays, each group was assessed
in triplicate.

Transfection and subsequent assays in HLF1
cells

To explore whether A549 exosomes regulated
HLF1 cell functions through modulating ASMA
expression, ShRNA plasmids pGPU6 (NTCC,
CHINA) was used for transfection. Blank ShRNA
plasmids, ASMA ShRNA plasmids were trans-
ferred into HLF1 cells with or without subse-
quently adding A549 exosomes and were
accordingly divided into 4 groups: NC group
(blank ShRNA), SH group (ASMA ShRNA), Exo-
some group (A549 exosome and blank ShRNA)
and Exosome+SH (A549 exosomes and ASMA
ShRNA) group. After culturing, ASMA expres-
sion was detected by quantitative polymerase
chain reaction (QPCR) and immunofluorescence
at 72 h, cell proliferation was detected by CCK8
at O h, 24 h, 48 h and 72 h, and cell apoptosis
rate was detected by AV/Pl at 72 h.

Effect of A549 exosome and ASMA on regulat-
ing A549 cell functions

To further explore the effect of A549 exosomes
and ASMA on regulating NSCLC cells, we re-
peated experiments (similar to those perform-
ed with HLF1 cells) in A549 cells. First, 200 ug/
ml A549 exosomes were added to A549 cells
as Exosome group, and A549 cells without exo-
some addition served as NC group, and cell
proliferation, cell apoptosis rate, apoptotic
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ASMA ShRNA plasmids
were also transferred into
A549 cells with or without subsequently adding
A549 exosome and were accordingly divided
into 4 groups: NC group, SH group, Exosome
group and Exosome+SH group, and ASMA
expression, cell proliferation and cell apoptosis
rate were subsequently detected.

Western blot analysis

After the extraction of total protein, the concen-
tration of total protein was evaluated by a BCA
kit (Pierce Biotechnology, USA), and the stan-
dard curve was made for the calculation of total
protein concentration. Subsequently, sodium
dodecyl sulfate-polyacrylamide gel electropho-
resis (SDS-PAGE) electrophoresis was per-
formed to separate the total protein, which was
then transformed to the polyvinylidene fluoride
(PVDF) membranes (Millipore, Bedford, USA)
with the same size as the SDS-PAGE gel. After
blocking the PVDF membrane with 5% skim
milk powder Tris-Buffered Saline Tween (TBST)
for 2 h, the primary antibodies were added and
incubated in 37°C for 1-3 h or under 4°C over-
night, and then the secondary antibody was
added, which was incubated under 37°C for 1
h. Then the bands were exposed to X-ray and
visualized using an enhanced chemilumines-
cence (ECL) kit (Millipore, Bedford, USA). The
antibodies used in Western blot were listed in
Table 1.

gPCR

Cells were digested using 0.25% Trypsin (Gibco,
USA) and collected, and total RNA was extract-
ed by TRIzol Reagent (Invitrogen, USA). Then
RNA was reversely transcribed into cDNA using
a ReverTra Ace® qPCR RT Master Mix (Toyobo,
Japan), and gPCR was carried out using a
QuantiNova SYBR Green PCR Kit (Qiagen,
German). The primers for qPCR were listed in
Table 2, and the result was calculated using
284¢t with GAPDH used as internal reference.

CCK-8 assay
Ten microliters of CCK-8 reagent and 90 L

RPMI 1640 medium were added to the plates,
which were then incubated with 5% CO, at 37°C
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Figure 1. Exosomes extracted from A549 cells, and the ASMA protein expression in A549 exosomes. Morphology of
exosomes extracted from A549 cells was seen under an electron microscope (A), and western blot assay disclosed
that the expressions of exosome markers CD9, CD63, CD81, TGF-B1 Flotillin-1 and EEF2 were elevated in Exosome
group than those in NC group (sample from serum-free medium) (B). ASMA protein expression was upregulated in
A549 exosomes (C). ASMA, alpha-smooth muscle actin; NC, negative control.

for 2 h. After the incubation, the optical densi-
ty (OD) value was assessed by a microplate
reader (BioTek, USA) for the evaluation of cell
proliferation ability.

AV/PI staining

At room temperature, the cells were digested
with 0.25% trypsin (Gibco, USA) and wash-
ed twice with 1 mL precooled PBS and were
then centrifuged at 1000 rpm for 5 mins.
Afterward, the cells were resuspended in 100
pL binding buffer, and 5 pL AV (Invitrogen, USA)
was added, and the mixture was subsequently
added in the flow cytometry tube with 385 pL
binding buffer. Finally, 10 yL Pl was added and
incubated for 15 min. Then, the flow cytometry
assay was performed.

Immunofluorescence

After being washed with PBS, the cell slides
were fixed with 4% formaldehyde (Invitrogen,
USA), and then permeabilized with 0.2% Triton
X-100 (Invitrogen, USA) and blocked with 5%
BSA (Sangon, China). The cells slides were then
incubated with Mouse Anti-Alpha Skeletal
Muscle Actin antibody (Abcam, USA) at a dilu-
tion of 1:100 at 4°C overnight, and subse-
quently being washed with PBS and incubated
with Goat Anti-Mouse IgG H&L antibody (Alexa
Fluor® 647) (CST, USA) at a dilution of 1:800 at
37°C for 30 mins. Then, cells slides were incu-
bated with DAPI (Sangon, China) for 5 mins,
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washed with PBS, and blocked with 95% glyc-
erol (Sangon, China). The immunofluorescence
images were obtained using a laser scanning
focusing microscope (Nikon, Japan).

Nanoparticle tracking analysis (NTA)

A549 exosome was dissolved by the PBS solu-
tion, and then the Malvern particle size analyz-
er (Malvern, the UN) was used for the detection
of the particle sizes and their distribution of
A549 exosomes.

Statistics

Statistical analyses were performed using
SPSS 21.0 software (IBM, USA) and graphs
were drawn using GraphPad Prism 5.01 soft-
ware (GraphPad Software, USA). Data were pre-
sented as mean + standard error (SEM), com-
parison was determined by t test. P<0.05 was
considered as significant.

Results
Isolation and validation of A549 exosomes

As presented in Figure 1, electron microscopy
showed the morphology of exosomes extracted
from A549 cells (Figure 1A), and a subsequent
Western blot assay revealed that the protein
levels of exosome markers CD9, CD63, CD81,
TGF-B41, Flotillin-1 and EEF2 were elevated in
Exosome group compared with NC group (sam-
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Figure 2. Impacts of A549 exosomes on cell proliferation and apoptosis in HLF1 cells and A549 cells. In HLF1 cells,
cell proliferation was promoted (A), cell apoptosis rate declined (B, D), Caspase 3 level did not vary (C), C-Caspase
3 expression was decreased, and Bcl-2 expression was increased in Exosome group compared with NC group. In
A549 cells, cell proliferation increased in Exosome group compared with NC group (E), while cell apoptosis rate was
decreased (F, H), C-Caspase 3 level was declined (G) and Bcl-2 level was increased in Exosome group than that in
NC group. Comparison between two groups was determined by t test. P<0.05 was considered significant. “P<0.05,
“*P<0.01. NC, negative control.
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at 72 h was decreased (P<

0.05) while anti-apoptotic pro-
tein Bcl-2 expression at 72 h
was elevated (P<0.05) in
Exosome group than those in
NC group (Figure 2C).

ASMA expression in HLF1
cells after coculture with
A549 exosomes

As shown in Figure 3, the
ASMA mRNA expression after
a 72 h coculture in Exosome

HLF1 cells
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Figure 3. ASMA expression in HLF1 cells and A549 cells. ASMA mRNA ex-

group was elevated compar-
ed with that in NC group (P<
0.001) (Figure 3A), and im-
munofluorescence assay also
revealed that the ASMA pro-
tein expression (red fluores-
cence) was increased in Exo-
some group compared with
NC group (Figure 3B).

Effect of A549 exosomes and
ASMA on HLF1 cell prolifera-
tion and apoptosis

pression increased in Exosome group than that in NC group (A), and immuno-

fluorescence assay disclosed increased ASMA protein expression (red fluo-
rescence) in Exosome group compared with NC group as well (B). The ASMA
mMRNA expression was increased in Exosome group compared with NC group
(C), and the protein expression of ASMA (red fluorescence) in Exosome group
was also elevated than that in NC group (D). Comparison between two groups
was determined by t test. P<0.05 was considered significant. *P<0.05,
P<0.001. ASMA, alpha-smooth muscle actin; NC, negative control.

ko

ple from serum-free medium) (Figure 1B). In
addition, we evaluated the ASMA expression in
A549 exosomes and found that ASMA protein
expression was upregulated in A549 exosomes
compared with that in NC group (Figure 1C).
And the particle size distribution of the A549
exosomes assessed by NTA was presented in

Figure S1.

Effect of A549 exosomes on HLF1 cell prolif-
eration and apoptosis

The HLF1 cell proliferation was enhanced at 48
h (P<0.05) and 72 h (P<0.01) in Exosome group
than those in NC group (Figure 2A). As for cell
apoptosis, the cell apoptosis rate was de-
creased at 72 h in Exosome group compared
with NC group (P<0.01) (Figure 2B, 2D), and
pro-apoptotic protein C-Caspase 3 expression
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The ASMA mRNA expression
at 72 h after transfection was
decreased in SH group com-
pared with NC group (P<
0.01), and it was also reduced
in Exosome+SH group com-
pared with that in Exosome
group (P<0.01) (Figure 4A). And the ASMA pro-
tein expression (red fluorescence) was down-
regulated in SH group than that in NC group
and was also decreased in Exosome+SH group
compared with Exosome group (Figure 4B). As
shown in Figure 5A, the cell proliferation was
reduced in SH group compared with NC group
at 48 h (P<0.05) and 72 h (P<0.01) and was
also lower in Exosome+SH group compared
with that in Exosome group at 48 h (P<0.05)
and 72 h (P<0.01). In addition, cell apoptosis
rate at 72 h was increased in SH group com-
pared with NC group (P<0.01), and it was ele-
vated in Exosome+SH group compared with
Exosome group (P<0.01) (Figure 5B, 5C). These
results indicated that A549 exosomes promot-
ed cell proliferation and repressed cell apopto-
sis of normal lung fibroblasts through delivering
ASMA.

Am J Transl Res 2019;11(3):1711-1723
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Figure 4. ASMA expressions in rescue experiments. In HLF1 cells, ASMA mRNA expression (A) and protein level (red
fluorescence) (B) were decreased in SH group compared with NC group, and were also reduced in Exosome+SH
group than that in Exosome group (A, B). In A549 cells, ASMA mRNA (C) and protein (D) expressions were inhibited
in SH group compared with NC group, and were also decreased in Exosome+SH group than that in Exosome group.
Comparison between two groups was determined by t test. P<0.05 was considered significant. Comparison between
NC group and SH group: "*P<0.01. Comparison between Exosome group and Exosome+SH group: #P<0.01. ASMA,

alpha-smooth muscle actin; NC, negative control.

Effects of A549 exosomes on A549 cell prolif-
eration and apoptosis

To further explore the effect of A549 exosomes
on NSCLC cell functions, A549 exosomes were
added in A549 cells and cell proliferation and
apoptosis were detected, which disclosed that
the cell proliferation at 48 h (P<0.05) and 72 h
(P<0.05) was increased in Exosome group com-
pared with NC group (Figure 2E). Additionally,
the cell apoptosis rate at 72 h was decreased
in Exosome group compared with NC group
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(P<0.05) (Figure 2F, 2H), and the expression of
pro-apoptotic protein C-Caspase 3 was reduced
while the level of anti-apoptotic protein Bcl-2
was increased in Exosome group compared
with those in NC group (Figure 2G).

ASMA expression in A549 cells after coculture
with A549 exosomes

At 72 h of coculture of A549 cells and A549
exosomes, the ASMA mRNA expression was
enhanced in Exosome group compared with

Am J Transl Res 2019;11(3):1711-1723
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Figure 5. Impacts of A549 exosomes and ASMA on cell proliferation and apoptosis in HLF1 cells and A549 cells.
Cell proliferation was reduced in SH group than that in NC group and was also decreased in Exosome+SH group
compared with Exosome group (A). And cell apoptosis was increased in SH group compared with NC group, which
was also elevated in Exosome+SH group compared with Exosome group (B, C). Cell proliferation was reduced in SH
group compared with NC group, but was increased in Exosome group compared with Exosome+SH group (D). Cell
apoptosis was elevated in SH group compared with NC group, while was decreased in Exosome group than that
in Exosome+SH group (E, F). Comparison between two groups was determined by t test. P<0.05 was considered
significant. Comparison between NC group and SH group: “P<0.05; ""P<0.01. Comparison between Exosome group
and Exosome+SH group: #P<0.05; #*P<0.01. NC, negative control.
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that in NC group (P<0.05) (Figure 3C), and
ASMA protein expression (red fluorescence)
was also upregulated in Exosome group com-
pared with NC group (Figure 3D).

Effects of A549 exosomes and ASMA on A549
cell proliferation and apoptosis

The ASMA mRNA expression at 72 h after trans-
fections was reduced in SH group compared
with NC group (P<0.01) and was also reduced
in Exosome+SH group compared with that in
Exosome group (P<0.01) (Figure 4C). More-
over, the ASMA protein level (red fluorescence)
was decreased in SH group compared with that
in NC group, and it was downregulated in
Exosome+SH group compared with Exosome
group (Figure 4D). These data indicated that
the transfections were successful. The prolifer-
ation of A549 cells was suppressed at 48 h
(P<0.05) and 72 h (P<0.05) in SH group com-
pared with NC group, and it was also inhibited
in Exosome+SH group at 48 h (P<0.05) and 72
h (P<0.05) compared with that in Exosome
group (Figure 5D). In addition, the cell apo-
ptosis rate of A549 cells at 72 h was increas-
ed in SH group compared with that in NC gro-
up (P<0.05), and it was also upregulated in
Exosome+SH group compared with Exosome
group (P<0.05) (Figure 5E, 5F). These results
suggested that NSCLC cell-derived exosomes
promoted cell proliferation and inhibited cell
apoptosis of NSCLC cells via transferring ASMA
as well.

Discussion

The results of our experiments revealed the fol-
lowing: (1) NSCLC derived exosomes presented
with the potential to promote normal lung fibro-
blasts to cancer-like cells by enhancing cell pro-
liferation and repressing cell apoptosis via
delivering ASMA; (2) NSCLC derived exosomes
also promoted NSCLC cell proliferation and
inhibited apoptosis by transferring ASMA.

As an emerging research focus, exosome has
been found to participate in various pathologi-
cal processes, which include infection, autoim-
mune disorders, neurodegenerative diseases,
pregnancy complications, obesity and various
cancers [20-26]. And the development of the
exosomes extraction techniques has also con-
tributed to the investigation of the functions of
exosomes in cancers. The engagement of can-
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cer cells derived exosomes in the progression
of cancers includes delivering oncogenic mat-
ters and regulating gene expression of the
receiver cells to promote metastasis, vascular-
ization and drug-resistance and so on [27-30].
In regard to oncogenesis, exosomes derived
from cancer cells are initially found to have the
ability to modulate the cell functions of normal
human cells. For example, in HCC, the eukary-
otic translation initiation factor 3 subunit C
(EIF3C) induced exosomes secretion by HCC
cells subsequently have an oncogenic effect
through augmenting tumor angiogenesis via
enhancing tube formation of human umbilical
vein endothelial cells (HUVECs) and vessel
growth [31]. Another fundamental research
illustrates that the Rab27a-dependent secret-
ed exosomes, along with cytokines and metal-
loproteinases, elicit an aggregation of neutro-
phil immune cells, contributing to the estab-
lishment of metastatic carcinoma (4T1) in
breast cancer [32]. Mesenchymal stem cells
(MSC) absorb tumor cell-secreted exosomes
that interact with surface receptors on MSCs
and subsequently generate factors that pro-
mote tumor growth and change the functions of
nontumor cells in several cancers [33]. These
findings indicate that cancer cell-derived exo-
somes present with oncogenic effect in normal
cells by promoting the tube formation, vessel
growth, immune cells aggregation via transfer-
ring or interacting with oncogenic factors in
various cancers [23-25]. In our study, we used
the exosome isolation reagent for exosomes
extraction, the convenience and efficiency of
which have been demonstrated in previous
studies [34, 35]. Then the CCK-8 and AV/PI
experiments results disclosed that A549 exo-
somes promoted cell proliferation while inhibit-
ed cell apoptosis of normal lung fibroblasts,
which could be explained by the fact that can-
cer cell-derived exosomes are found to play an
oncogenic role in hormal human cells through
transferring various proteins and genes, or
interacting with multiple factors, such as EIF3C
and Rab27a etc [31-33].

Regarding the detailed mechanism by which
cancer cell-derived exosomes on regulating
normal cell functions, emerging studies have
revealed that they mediate normal cell func-
tions by delivering different oncogenetic factors
in various cancers [36]. For instance, prostate
cancer cell-secreted exosomes promote the

Am J Transl Res 2019;11(3):1711-1723
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expressions of RANKL and metalloproteinas-
es in cancer-associated fibroblasts (CAFs) by
transferring miR-100, miR-21 and miR-139,
which subsequently contributes to prostate
cancer progression [37]. Moreover, the fibro-
blasts internalized breast cancer cells, colorec-
tal cancer cells and leukemia cells secreted
exosomes promote the formation of a pre-met-
astatic environment by enhancing cell prolifera-
tion of fibroblast and lifespan [38]. Based on
these data, we hypothesized that NSCLC-
derived exosomes likewise promote normal
lung fibroblasts viability through delivering
oncogene factors. Thus, we performed rescue
experiments focusing on ASMA, and observed
that NSCLC-derived exosomes enhanced cell
proliferation while repressed cell apoptosis of
normal lung fibroblast functions by transferring
ASMA, this result provided a very novel insight
into the mechanism by which NSCLC cells
derived exosomes in modulating normal lung
fibroblast functions in NSCLC. In addition, in
our rescue experiments, we transferred the
ASMA ShRNA before the A549 exosomes were
added, which is because that if the ASMA
ShRNA was transferred after the A549 exo-
somes, there might be interferences of our
results.

For the purpose of further exploring whether
NSCLC cell-derived exosomes could advocate
the progression of NSCLC by regulating NSCLC
cell functions, we repeated the experiments in
NSCLC cells and found that NSCLC-derived exo-
somes also promoted cell proliferation and
inhibited cell apoptosis of NSCLC cells through
delivering ASMA. Similarly, cancer cell-derived
exosomes are reported to play a critical role in
tumorigenesis by regulating the cancer cell
functions. A previous study illuminates that
cancer cell-derived exosomes regulate metas-
tasis-associated lung adenocarcinoma tran-
script 1 (MALAT1) transfer to advocate cell pro-
liferation in breast cancer cells [39]. Another
study shows that exosomes secreted by ga-
stric cancer cells with high CD97 expression
enhance cell proliferation and invasion in gas-
tric cancer cells through the MAPK signaling
pathway [40]. In oral squamous cell carcinoma,
the cancer-associated fibroblasts derived exo-
some promotes cancer cell proliferation and
metastasis by delivering miR-34a-5p [41].
Additionally, a recent study reports that the
treatment of murine melanoma cells (B16BI6
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cells) with the exosomes produced by B16BL6
cells promotes cell proliferation and represses
cell apoptosis, which is in line with our results
[42]. Those studies provide some possible
explanations of NSCLC cell-derived exosomes
in regulating cancer cell functions. ASMA has
been found to play a role in regulating can-
cer cell functions as well. A study elucidates
that ASMA is a target of docetaxel-conjugate
nanoparticles that inhibit breast cancer me-
tastasis [43]. The study conducted by Fujita H
et al. evaluates the impacts of pancreatic can-
cer cells (PSCs) activated by ASMA on the
malignant behaviors of PSCs, and find that
PSCs cell proliferation, invasion and colony for-
mation are enhanced by PSCs activated by
ASMA [44]. In this study, we repeated the
experiments that were done in normal lung
fibroblasts in the NSCLC cells, and found that
NSCLC cell-derived exosomes promoted cell
proliferation and inhibited cell apoptosis of
NSCLC cells through transferring ASMA, which
might be resulted from that: (1) similar to the
other cancer cell-derived exosomes, the NSCLC
cell-derived exosomes can promote cell prolif-
eration while repress cell apoptosis of NSCLC
cells by transferring oncogenic factors, such as
transferring the miR-34a-5p [39, 40, 42, 45];
(2) it is also possible that NSCLC cell-derived
exosomes mediated NSCLC cell functions
through multiple pathways, for instance, the
MAPK pathway [30]; (3) ASMA could promote
the cancerous acts of cancer cells, for exam-
ple, ASMA activates cancer cells and subse-
quently enhances the cancer cell proliferation
and invasion [43, 44].

In conclusion, NSCLC derived exosomes pro-
mote cell proliferation and inhibit cell apoptosis
in both normal lung fibroblasts and NSCLC cells
by delivering ASMA.
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Figure S1. The distribution of A549 exosomes particle sizes. The distribution of the particle sizes of A549 exosomes
was assessed by NTA. NTA, nanoparticle tracking analysis.



