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Exosome-mediated miR-106a-3p derived from
ox-LDL exposed macrophages accelerated cell
proliferation and repressed cell apoptosis

of human vascular smooth muscle cells
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Abstract. - OBJECTIVE: Atherosclerosis (AS)
is a leading disease with high mortality and mor-
bidity in the world. It has been demonstrated that
exosomes can transfer some miRNAs or pro-
teins to regulate the biological functions of hu-
man vascular smooth muscle cells (VSMCs) and
promote the progression of AS. In this study, we
mainly aimed at exploring potential functions of
exosomes derived from ox-LDL exposed macro-
phages and investigating the potential mecha-
nisms of exosome-mediated miR-106a-3p in reg-
ulating VSMCs and promoting AS.

MATERIALS AND METHODS: Ox-LDL was
used to treat THP-1 macrophages, CCK-8 as-
say was performed to detect cell viability, and
flow cytometric analysis was used to detect cell
apoptosis. Exosomes were isolated and collect-
ed with centrifugation, and were determined by
transmission electron microscopy and WB as-
say. RT-PCR was used to detect the expressions
of miRNAs in exosomes and VSMCs, WB assay
was used to detect protein expressions. MiR-
106a-3p mimic was transfected into VSMCs to
verify its functions and the Luciferase gene re-
porter assay was performed to prove the binding
site of miR-106a-3p and CASP9. Finally, GW4869,
an inhibitor for exosome secretion, was used to
block exosome secretion by ox-LDL induced
THP-1 and to confirm the effects of miR-106a-3p
on cell proliferation and apoptosis in VSMCs.

RESULTS: We found that ox-LDL induced THP-
1 could promote cell proliferation and repress
cell apoptosis of VSMCs, then, exosomes were
successfully isolated, which could promote cell
proliferation and repressed cell apoptosis of
VSMCs after adding into VSMCs. Furthermore,
we found that miR-106a-3p was significantly
increased in exosomes from ox-LDL induced
THP-1 and its expression was also increased
in VSMCs after adding into VSMCs. Moreover,
miR-106a-3p overexpression could promote cell
viability and repress cell apoptosis, as well as
regulate associated protein expressions. Ad-
ditionally, the Luciferase gene reporter assay
confirmed that miR-106a-3p could directly bind
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with CASP9 and regulate Caspase signaling in
VSMCs. Finally, blocking exosomes from ox-LDL
induced THP-1 reduced the cell viability and pro-
moted cell apoptosis in VSMCs.

CONCLUSIONS: Above all, this study demon-
strated that miR-106a-3p was increased in exo-
somes from ox-LDL induced THP-1 and it could
promote cell proliferation and repress cell apop-
tosis of VSMCs. We found that the exosomes-me-
diated miR-106a-3p could directly bind with
CASP9 and repress Caspase signaling pathway
in VSMCs, which might provide a potential target
for treating AS.
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Introduction

Atherosclerosis (AS) is a kind of chronic pro-
gressive inflammatory disease mainly respon-
sible for coronary heart disease (CHD) and a
leading cause of human death worldwide'. It has
been demonstrated that macrophages and vascu-
lar smooth muscle cells (VSMCs) are critical for
the development of AS*”. Endothelial cells (ECs)
are exposed to ox-LDL, which has been revealed
to be widely associated with pathogenesis of AS
and induce the vascular endothelial injury®!!. The
activation of VSMCs and macrophages contribute
to promote atherosclerotic plaque formation and
development of AS*7. However, detailed forma-
tion process and interaction between VSMCs and
macrophages remain not fully understood; there-
fore, further studies are needed for a better under-
standing of AS.

Exosomes are kinds of membranous extracellu-
lar vesicles (EVs) that are produced in the endoso-
mal compartment of cells, which range from 30 to
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150 nanometres (nm) in diameter'>', It is unclear
whether exosomes have some characters or func-
tions that are from other EVs'. It has been revealed
that exosomes carry miRNAs, mRNAs, and pro-
teins, which can be transferred into target cells and
play some important roles in cancers and AS"'5.
Li et al" reported that the exosomes derived from
mesenchymal stem cells could attenuate the pro-
gression of AS in ApoE(-/-) mice via miR-let7 me-
diated infiltration and polarization of macrophages.
Zhang et al' found that exosomes derived from
ox-LDL-stimulated macrophages transferred miR-
146a and induced neutrophil extracellular traps to
promote the progression of AS, but the effects of
exosomes between macrophages and VSMCs are
not fully understood.

MiRNAs are small non-coding RNAs that can
regulate some biological functions by binding to
the 3"-untranslated region (3'-UTR) of target genes
for miRNAs, and then, inhibiting mRNA transla-
tion, thereby affecting the progression in diseases
and AS"2!, MiR-106a-3p belongs to one of poorly
conserved miRNA family members, MiR-106a,
which has been revealed to promote cell prolif-
eration and induced Apatinib resistance in some
cancers®*?*. However, whether miR-106a-3p plays
some roles in the development of AS is unclear.

In this study, we mainly aimed at exploring the
potential functions of exosomes derived from ox-
LDL exposed macrophages. We found that miR-
106a-3p was increased in exosomes derived from
ox-LDL exposed macrophages, then, we aimed at
investigating the potential mechanisms.

Materials and Methods

Cell Culture

Human vascular smooth muscle cell line
VSMC and human macrophages THP-1 were
purchased from the American Type Culture Col-
lection (ATCC; Manassas, VA, USA). Cells were
cultured in DMEM/F12 medium (Invitrogen,
Carlsbad, CA, USA) with 10% fetal bovine serum
(FBS; Invitrogen, Carlsbad, CA, USA), which
was centrifuged at 200,000 g for 18 h to deplete
exosomes. The antibiotics penicillin (100 U/ml)
and streptomycin (100 pg/mL) were added into
the medium, cells were cultured in an incubator
with 5% CO, at 37°C. VSMCs were co-cultured
with THP-1 or ox-LDL induced THP-1, and with
an equal volume of complete culture media. The
transwell inserts (Costar, NY, USA) were used to
co-culture VSMCs and THP-1. The VSMCs were
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seeded in the lower chambers, and THP-1 or ox-
LDL induced THP-1 were seeded in the upper
chambers to imitate a non-contacted co-culturing
system to simulate VSMCs interactions, which
was similar to that in the microenvironment of
AS. The pore diameter of upper chambers was
0.4 um, which was smaller than THP-1 to prevent
THP-1 from crossing the membranes; however, it
could allow exosomes to pass through.

Exosome Isolation

Exosomes were extracted by using Exosome
Precipitation Solution (Exo-Quick; System Bio-
science, Mountain View, CA, USA) according to
the manufacturer’s instructions with some mod-
ifications. Appropriate volume of the solution
was added into the THP-1-conditioned media
and refrigerated at 4°C overnight. After that, the
samples were centrifuged at 180 g for 30 mins at
4°C, and then, centrifuged at 700 g for 5 mins.
Finally, exosome pellets were resuspended with
PBS and stored at -80°C for further studies. Exo-
somes were resuspended in 500 pl of appropriate
cell media and incubated 48 h with recipient cells,
and exosome-depleted medium was obtained by
ultracentrifugation at 16,500 g for 90 mins.

Transmission Electron Microscopy and
Zeta Analysis

The isolated exosomes were identified by trans-
mission electron microscopy (TEM) morphology
assessments, 3 pl isolated exosome pellet was placed
on formvar carbon-coated 200 mesh copper electron
microscopy grids, which was then incubated for 5
mins at room temperature and subjected to standard
uranyl acetate staining. The grids were washed with
PBS before the observation by TEM (JEOL JEM
1230, Peabody, MA, USA). Micrographs were used
to quantify the diameters of the exosomes. We mea-
sured the sizes of exosomes by nanoparticle tracking
analysis (NTA) with ZetaView PMX 110 (Particle
Metrix, Meerbusch, Germany), which was calibrat-
ed using 100 nm polystyrene particles.

Cell Transfection

VSMCs were seeded in 6-well plates (1x10°
cells/well) for 24 h until 50%, then, the culture
medium was exchanged and washed with PBS for
three times. MiR-106a-3p mimic or miR-NC was
respectively transfected into the prepared VSMCs
with the transfection reagent Lipofectamine 2000
(Invitrogen, Carlsbad, CA, USA) for 24 h accord-
ing to the manufacturer’s instructions and the
cells were harvested for further study.
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Treatment of VSMCs with Exosomes
or GW4869

VSMCs were seeded in 6-well plates (1x10°
cells/well) and treated with culture media con-
taining 20 pg exosomes isolated from non-ox-
LDL treated THP-1 or ox-LDL induced THP-1, or
exosome-free media. The supernatants were har-
vested after 48 h for further study. For inhibition
of exosome secretion assay, GW4869 (Sigma-Al-
drich, St. Louis, MO, USA) was used and was
dissolved in dimethyl sulfoxide (DMSO; Ther-
mo Fisher Scientific, Waltham, MA, USA) into
a stock solution. VSMCs were pre-treated with
media containing 20 uM GW4869 for 2 h prior to
the treatment with ox-LDL, then, the supernatants
were collected after 48 h for further study.

CCK-8 Assay

A Cell Counting Kit-8 (CCK-8) assay (Dojin-
do, Kumamoto, Japan) was used to detect cell
viability of human VSMCs. VSMCs were seeded
on 96-well plates (2x10° cells/ml) and cultured in
an incubator with 5% CO, at 37°C. 10 ul CCK-
8 agent was treated into the medium after 72 h,
which were cultured at darkness for 2 h at 37°C,
the viability of VSMCs was measured by CCK-
8 assay according to its protocol. Finally, absor-
bance (OD) was measured at 450 nm by using
a microplate reader (Thermo Fisher Scientific,
Waltham, MA, USA). Each experiment was re-
peated for three times and the mean values were
calculated.

Flow Cytometric Analysis

Cell apoptotic rates were measured by flow cy-
tometric analysis. The prepared cells were washed
for three times and were digested by 0.25% tryp-

Table I. Primers for RT-PCR.

sin. The cell precipitations were collected after
centrifugation and were added with 75% ethanol
at 4°C for 4 h. Then, the cell pellets were stained
with FITC-Annexin V (BD Biosciences, Franklin
Lakes, NJ, USA) and Propidium iodide (PI; BD
Biosciences, Franklin Lakes, NJ, USA) at room
temperature for 10 mins. Finally, cell pellets were
subjected to a flow cytometry (BD Biosciences,
Franklin Lakes, NJ, USA) to analyze cell apoptot-
ic rates. Each experiment was repeated for three
times and the mean values were calculated.

RNA Extraction and Quantitative RT-PCR

Total RNAs from VSMCs were extracted by
using TRIzol reagent (Invitrogen, Carlsbad, CA,
USA) according to its protocol. Subsequently,
mRNA was reverse transcribed into cDNA by
using a PrimeScript™ RT reagent Kit (TaKaRa,
Otsu, Shiga, Japan) according to its protocol. The
gPCR amplification was performed using a TaKa-
Ra system and SYBR Premix Ex Taq II (TaKaRa,
Otsu, Shiga, Japan) was used to detect mRNA
expressions. The primers for RT-PCR were syn-
thesized by TaKaRa Biotechnology Ltd. (Dalian,
Liaoning, China) and were listed in Table 1. The
relative mRNA expressions were normalized to
GAPDH or U6 and 2-**“T method was used to cal-
culate the relative gene expressions.

Protein Extraction and Western Blot
Analysis

Total protein was extracted by using a RIPA
protein extraction buffer (Beyotime Biotechnolo-
gy Co., Shanghai, China) with a protease inhibitor
(Beyotime Biotechnology Co., Shanghai, China),
followed with protein quantification by using a
bicinchoninic acid (BCA) kit (Beyotime Biotech-

Reverse primer (5°-3°)

Gene names Forward primer (5°-3’)
miR-106a-5p GCGAAAAGTGCTTACAGTGCAGG
miR-130b-3p ACUCUUUCCCUGUUGCACUAC
miR-124-3p TGTGATGAAAGACGGCACAC
miR-21-5p TAGCTTATCAGACTGATGTTGA
CASP9 AGGTTCTCAGACCGGAAACA
CASP2 ACCGTTGAGCTGTGACTATG
SMADS TCAAGGATCCACCATGGCGACG
SMAD2 AAGAGAATTCACCATGGCGTCG
STAT3 GTCTGTAGAGCCATACACCAAG
PTEN ACCAGGACCAGAGGAAACCT
BCL-2 ATTGTGGCCTTCTTTGAGTTCG
RUNX2 CGGCCCTCCCTGAACTCT
GAPDH GGAGTCCACTGGTGTCTTCA
U6 CTCGCTTCGGCAGCACATA

GTGCAGGGTCCGAGGT
CAGUGCAAUGAUGAAGGGCAU
CTTCCTTTGGGTATTGTTTGG
AACGCTTCACGAATTTGCGT
CTGCATTTCCCCTCAAACTC
GTTCCGTAGCATCTGTGGATAG
TGCACTCGAGTTATGAAACAGA
CTTTACTCGAGTGACATGCTTGA
GGTAGAGGTAGACAAGTGGAGA
GCTAGCCTCTGGATTTGACG
CATCCCAGCCTCCGTTATCC
TGCCTGCCTGGGGTCTGTA
GGGAACTGAGCAATTGGTGG
ACGCTTCACGAATTTGCGT
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nology Co., Shanghai, China) on the basis of its
protocol. 30 g total protein samples were added
to 10% sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) for separation, which
were transferred onto polyvinylidene difluoride
(PVDF) membranes (Millipore, Billerica, MA,
USA). After being blocked in the 5% non-fatty
milk at room temperature for 1 h, these membranes
were incubated with primary antibodies overnight
at 4°C. All primary antibodies were bought from
Abcam (Abcam, Cambridge, MA, USA), includ-
ing: CASP9 (ab32539, 1:5000, 46 kDa), CASP3
(ab13847, 1:1000, 17 kDa), CASP6 (abl85645,
1:1000, 33 kDa), Bax (ab32503, 1:1000, 21 kDa),
Cyclin D1 (ab134175, 1:5000, 34 kDa), Cyclin E
(ab33911, 1:2000, 50 kDa), CD81 (ab79559, 1:2000,
26 kDa), CD63 (ab217345, 1:2000, 50 kDa), CD9
(@b92726, 1:2000, 25 kDa), Calreticulin (ab92516,
1:2000, 48 kDa), GAPDH (ab181602, 1:5000, 36
kDa). Then, the membranes were incubated with
matched secondary antibodies (1:5000) for 1 h. Fi-
nally, protein bands were detected by using Pierce
enhanced chemiluminescence (ECL) Western blot
substrate (Thermo Fisher Scientific, Waltham,
MA, USA) with ECL detection system (Thermo
Fisher Scientific, Waltham, MA, USA).

Dual-Luciferase Reporter Gene Assay
Dual-Luciferase reporter gene assay was
performed to verify whether CASP9 was a tar-
get gene of miR-106a-3p. The potential 3’UTR
binding sequence was predicted by TargetScan
and miRDB databases, the wild type CASP9
sequence (WT-CASP9) and mutant CASP9 se-
quence (MUT-CASP9) were synthesized and
constructed into pmiR-GLO (Promega, Madison,
WI, USA). VSMCs were seeded on 48-well plates
for 24 h, miR-106a-3p mimic or miR-mimic NC
was co-transfected into VSMCs with pGL3-WT-
CASP9 or MUT-CASPY, the control Luciferase
reporter plasmid was transfected with Lipofect-
amine 2000 into VSMCs for other 24 h. Finally,
the cells were lysed, and the activities of Firefly
Luciferase and Renilla Luciferase were mea-
sured by using a Dual-Luciferase reporter assay
(Promega, Madison, WI, USA). Data were nor-
malized to the Renilla Luciferase activity and the
relative activities of luciferase were calculated.

Statistical Analysis

The data was analyzed by SPSS 19.0 (SPSS
Inc., Armonk, NY, USA) and GraphPad Prism
5.0 (GraphPad Software, La Jolla, CA, USA). Sig-
nificance between groups was analyzed by one-
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way analysis of variance (ANOVA) or two-way
ANOVA and SNK method was used after ANO-
VA analysis. p-value<0.05 was considered statis-
tically significant.

Results

Ox-LDL Induced THP-1 Promoted Cell
Proliferation and Repressed Cell
Apoptosis of Human VSMCs

To determine whether ox-LDL induced THP-1
could regulate the functions of human VSMCs, nor-
mal THP-1 and ox-LDL induced THP-1 were added
into VSMCs for 48 h. After that, CCK-8 assay and
flow cytometric analysis were performed to evaluate
cell proliferation and apoptosis. Results showed that
cell viability was significantly promoted after co-cul-
turing with ox-LDL induced THP-1 cells (Figure
1A) (p<0.01). Moreover, the cell apoptotic rate was
reduced (Figure 1B, C) (p<0.01). Some proliferation
and apoptosis associated protein expressions were
detected, and results showed that protein levels of
Cyclin D1 and Cyclin E were increased, while Bax,
CASP3 and CASP6 were repressed (Figure 1D, E)
(p<0.01). These data revealed that ox-LDL induced
THP-1 could promote cell proliferation and repress
cell apoptosis in VSMCs.

Exosomes Were Extracted from THP-1
and ox-LDL Induced THP-1

Exosomes have been demonstrated as vesi-
cles that can be important regulators and play
some critical roles in biological behaviors in
ASB-18, Previous results showed that ox-LDL
induced THP-1 promoted cell proliferation and
inhibited cell apoptosis in VSMCs and, herein,
we investigated whether exosomes released by
ox-LDL induced THP-1 might contribute to the
effects. Exosomes were extracted from normal
THP-1 and ox-LDL induced THP-1, and the
transmission electron microscopic morpholog-
ical analysis was performed to determine the
exosomes, which were about 100 nm in diame-
ter (Figure 2A). Besides, WB was performed to
detect protein expressions in exosomes. CDSI,
CD63 and CD9 were known as markers for
exosomes, and Calreticulin was a marker for
lysates. Results showed that CD81, CD63 and
CD9 were highly expressed while Calreticulin
was little expressed in exosomes (Figure 2B),
which indicated that the isolated particles were
exosomes from THP-1 and ox-LDL induced
THP-1.
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Figure 1. Ox-LDL induced THP-1 promoted cell proliferation and repressed cell apoptosis of human VSMCs. THP-1 or ox-
LDL induced THP-1 was added into human VSMCs for 48 h. A, CCK-8 assay was performed to detect cell viability. B-C,
Flow cytometric analysis was used to evaluate cell apoptosis. D-E, Western blot (WB) was performed to detect the protein
expressions of Cyclin D1, Cyclin E, Bax, CASP3 and CASP6. **p<0.01, ***p<0.001.

Exosomes From ox-LDL Induced THP-
1 Promoted Cell Proliferation and Re-
pressed Cell Apoptosis of VSMCs

To further confirm whether the exosomes from
ox-LDL induced THP-1 could affect cell prolif-
eration and apoptosis in VSMCs and play some
roles in AS, exosomes were separately isolated
from THP-1 and ox-LDL induced THP-1 in exo-
some-free media, which were then added into
VSMCs for 48 h. Results showed that exosomes
from ox-LDL induced THP-1 could promote cell
viability and repress cell apoptotic rate (Figure
3A-C) (p<0.01). Furthermore, WB demonstrat-
ed that the protein levels of Cyclin DI and Cy-
clin E were significantly increased, while Bax,
CASP3 and CASP6 were repressed (Figure 3D,
E) (p<0.01). These data indicated that exosomes
from ox-LDL induced THP-1 could affect cell
proliferation and apoptosis in VSMCs.

Ox-LDL Induced THP-1 Delivered
MiR-106a-3p to VSMCs Through Exosomes
Exosomes are small particles that contain miR-
NAs and mRNAs, which may regulate cellular
functions in diseases'®-?!, and we assessed wheth-
er miRNAs could be delivered to VSMCs through
exosomes. To investigate the mechanism that exo-

somes from ox-LDL induced THP-1 could affect
cell proliferation and apoptosis in VSMCs, we
detected some expressions of miRNAs in exo-
somes that were associated with cell proliferation,
including miR-106a-3p*>?*, miR-130b-3p*, miR-
205-5p?” and miR-652-3p**?°, The results showed
that miR-106a-3p was significantly increased in
exosomes from ox-LDL induced THP-1 (Figure
4A) (p<0.001), while no significant differences
have been found in other three miRNAs (Figure
4B-D) (p>0.05). In addition, exosomes were add-
ed into VSMCs for 48 h, then, their expressions
were detected by RT-PCR. Results showed that
miR-106a-3p was significantly increased after
co-culturing with exosomes from ox-LDL in-
duced THP-1 (Figure 4E) (p<0.01), but not in oth-
er three miRNAs (Figure 4F-H) (p>0.05). These
data suggested that ox-LDL induced THP-1 de-
livered miR-106a-3p to VSMCs and played some
roles through exosomes.

MiR-106a-3p Overexpression
Promoted Cell Proliferation and
Repressed Cell Apoptosis in VSMCs

To further explore the functions of miR-106a-
3p in VSMCs and contributions to AS, the miR-
106a-3p mimic or miR-mimic NC was respec-
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Figure 2. Exosomes were extracted from THP-1 and ox-LDL induced THP-1. A, Transmission electron microscopic morpho-
logical analysis of exosomes isolated from THP-1 and ox-LDL induced THP-1. Scale bar=100 nm. B, Exosomes and lysates
were extracted, markers (CD81, CD63 and CD9) for exosomes and Calreticulin for lysates were detected by WB.

tively transfected into VSMCs, and miR-106a-3p
expression was significantly increased after that
(Figure 5A) (p<0.001), which indicated that
miR-106a-3p was successfully transfected into
VSMCs. Furthermore, CCK-8 assay showed that
miR-106a-3p overexpression significantly pro-

moted VSMCs proliferation after 72 h (Figure
5B) (p<0.001). Moreover, flow cytometric anal-
ysis showed that miR-106a-3p overexpression re-
duced cell apoptotic rate of VSMCs (Figure 5C)
(p<0.001). In addition, the protein levels of Cy-
clin DI and Cyclin E were significantly increased,
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Figure 3. Exosomes from ox-LDL induced THP-1 promoted cell proliferation and repressed cell apoptosis of VSMCs. Exo-
somes were separately isolated from THP-1 and ox-LDL induced THP-1, which were then added into VSMCs for 48 h. A,
CCK-8 assay was performed to detect cell viability. B-C, Flow cytometric analysis was used to evaluate cell apoptosis. D-E,
WB was performed to detect the protein expressions of Cyclin D1, Cyclin E, Bax, CASP3 and CASP6. **p<0.01, ***p<0.001.
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while Bax, CASP3 and CASP6 were repressed
(Figure 5D, E) (p<0.01). These results indicat-
ed that miR-106a-3p overexpression promoted
cell proliferation and repressed cell apoptosis in
VSMCs.

MiR-106a-3p Could Directly Target at
CASP9 in VSMCs

To explore the mechanism of miR-106a-3p
in regulating cell proliferation and apoptosis in
VSMCs, bioinformatics analysis was performed
and target genes of miR-106a-3p were predicted
by TargetScan and miRDB, and common genes
were identified (Figure 6A). CASP9, CASP2,
SMAD2, SMADS, STAT3, PTEN, BCL-2 and
RUNX2 were identified as potential target genes,
which were associated with cell proliferation and
apoptosis. MiR-106a-3p mimic or miR-mimic
NC was respectively transfected into VSMCs,
and then, these genes were detected by RT-PCR,
which showed that the mRNA and protein levels
of CASPY9 were remarkably repressed, but not
in other genes (Figure 6B, C) (p<0.01). To con-
firm whether miR-106a-3p could directly bind
with CASP9, the WT-CASP9 and MUT-CASP9
vectors were constructed (Figure 6D) and the
Luciferase gene reporter assay was performed.
Results showed that the relative Luciferase ac-
tivity in VSMCs co-transfected with WT-CASP9

and miR-106a-3p mimic was repressed compared
with that in VSMCs with miR-mimic NC, while
it was reversed in VSMCs co-transfected with
MUT-CASP9 and miR-106a-3p mimic (Figure
6E) (p<0.01). These results demonstrated that
miR-106a-3p could directly targeted at binding
with CASP9 in VSMCs.

Blocking Exosomes From ox-LDL
Induced THP-1 Reduced Cell Proliferation
in VSMCs

Above results showed that ox-LDL induced
THP-1 could promote cell proliferation and in-
hibit cell apoptosis via exosomes. Further, we
investigated whether blocking exosome secretion
by ox-LDL induced THP-1 could prevent the ef-
fects in VSMCs. GW4869 has been demonstrated
to block exosome secretion in cells; as a result,
we used GW4869 to block exosome secretion by
ox-LDL induced THP-1 and detected the effects
on cell proliferation and apoptosis in VSMCs. Re-
sults showed that GW4869 decreased exosome re-
leased by ox-LDL induced THP-1 and miR-106a-
3p was reduced (Figure 7A) (p<0.01). Moreover,
cell viability was repressed, and cell apoptotic
rate was increased after adding blocking exo-
somes (Figure 7B-D) (p<0.01). Protein levels of
Bax, CASP9, CASP3 and CASP6 were increased,
while Cyclin D1 and Cyclin E were significantly



Y. Liu, W.-L. Zhang, J.-J. Gu, Y.-Q. Sun, H.-Z. Cui, J.-Q. Bu, Z.-Y. Chen

A mm control 4, ™= control C4o. == control
1504 == miR-mimic NC ' miR-mimic NC I miR-mimic NC
g m= miR-106a-3p mimic = miR-106a-3p mimic s == miR-106a-3p mimic
2 o E 3- R :; 30-
o120 c <
3 g g
8 < o
g % S 2- 3 20
: ; :
X
o 11 O 1- = 10-
2 (3] <
® (3]
K
 0- 0- 0-
é”Q VSMCs
D & E
o Py
o‘é \«6‘ (&@-\@0 3., == Control
(<) & & == miR-mimic NC
» mn miR-106a-3p mimic
Cyclin D1 b - -l g ~t .
Cyclin E E
yoiin £ [ — —] s
(e}
Bax |es w— — =
o
>
CASP6 I— — 5
o
CASP3 s s s o

CAPDH | s s |

Cyclin D1 Cyclin E

Bax CASP6 CASP3

Figure 5. MiR-106a-3p overexpression promoted cell proliferation and repressed cell apoptosis in VSMCs. MiR-106a-3p
mimic or miR-mimic NC was respectively transfected into VSMCs for 72 h. A, CCK-8 assay was performed to detect cell
viability. B-C, Flow cytometric analysis was used to evaluate cell apoptosis. D-E, WB was performed to detect the protein
expressions of Cyclin D1, Cyclin E, Bax, CASP3 and CASP6. ***p<0.001.

repressed (Figure 7E, F) (p<0.01). Collectively,
ox-LDL induced THP-1 exosomes were the crit-
ical regulator for VSMCs and blocking exosomes
secretion from ox-LDL induced THP-1 reduced
cell proliferation in VSMCs.

Discussion

AS is an inflammatory disease which is a lead-
ing cause of mortality worldwide'*. So far, the
treatment and prognosis of AS patients were not
well satisfied, so more understanding and new
strategies for treating AS are needed. Exosomes
are small membranous EVs that transfer miR-
NAs, mRNAs and proteins to target cells and reg-
ulate the biological functions and development of
AS"® Therefore, in this study, we wanted to in-
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vestigate potential functions of exosomes derived
from ox-LDL exposed macrophages. Our previ-
ous results found that ox-LDL induced macro-
phages could transfer some molecules to promote
cell proliferation and repress cell apoptosis of hu-
man VSMCs. However, the detailed mechanism
remained unknown, therefore, we wondered if the
effects were regulated by exosomes from ox-LDL
exposed macrophages.

Then, we isolated the exosomes from THP-1
and ox-LDL induced THP-1 by using ultracentrif-
ugation, which were confirmed by WB assay and
transmission electron microscopy. Furthermore,
the isolated exosomes from THP-1 and ox-LDL
induced THP-1 were added into VSMCs for 48
h, we found that exosomes from ox-LDL induced
THP-1 could promote cell proliferation and re-
press cell apoptosis of VSMCs, which revealed
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that ox-LDL exposed macrophages might affect
the functions of VAMCs by releasing exosomes.
However, the detailed mechanisms remained un-
clear.

Exosomes are small particles that contain miR-
NAs and mRNAs, which can be transferred into
other kinds of cells and regulate biological func-
tions in diseases'”?!. In our study, we found that
miR-106a-3p was increased in exosomes from
ox-LDL induced THP-1 and the exosomes could
be transferred into VSMCs and the miR-106a-
3p expression was increased in VSMCs. Further
study indicated that miR-106a-3p overexpression
promoted cell proliferation and repressed cell
apoptosis in VSMCs. Ox-LDL could lead to in-
duce the proliferation of VSMCs and endotheli-
al cells (ECs), thus promoting the formation of
vascular atherosclerotic lesions**3?. VSMCs are a
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kind of critical components of blood vessels, and
their proliferation leads to the intimal thickening
and promote the development of AS*??*. In this
study, we found that the increased miR-106a-3p
in VSMCs transferred by ox-LDL induced THP-
1 through exosomes could promote cell prolifer-
ation and repress cell apoptosis of VSMCs; as a
result, it could play important roles in the athero-
sclerotic process. However, these mechanisms re-
mained unknown.

Caspase-9 belongs to the caspase family, which is
an enzyme that is encoded by the CASP9 gene and it
is an initiator caspase to promote cell apoptosis®-,
The activation of caspase-9 will go on to activate
cleaved caspase-3 and caspase-6, thereby initiating
the caspase cascade and cell apoptosis®*=%. To explore
the mechanism of miR-106a-3p in regulating cell pro-
liferation and apoptosis of VSMCs, we used TargetS-
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Figure 6. MiR-106a-3p could directly target at CASP9 in VSMCs. A, miRDB and TargetScan were performed to predict
target genes. B, The mRNA expressions of some potential genes were detected by RT-PCR. C, Protein expression of CASP9
was detected by WB. D, Potential binding sites between miR-106a-3p and CASP9 were predicted by TargetScan database and
vectors were constructed. E, Luciferase reporter assay was performed to prove the binding site. **p<0.01, ***p<0.001.
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Figure 7. Blocking exosomes from ox-LDL induced THP-1 and reduced cell proliferation in VSMCs. GW4869 was used to
block exosome secretion by ox-LDL induced THP-1. A, MiR-106a-3p expression was detected by RT-PCR. B, CCK-8 assay
was performed to detect cell viability. C-D, Flow cytometric analysis was used to evaluate cell apoptosis. E-F, WB was
performed to detect the protein expressions of CASP9, CASP3, CASP6, Bax, Cyclin D1 and Cyclin E. **p<0.01, ***p<0.001.

can and miRDB to predict target genes for miR-106a-
3p, and Luciferase gene reporter assay showed that
miR-106a-3p could directly bind with CASP9, which
were important in the caspase-dependent apoptotic
cell death of AS*.

Finally, we used GW4869, an exosome inhib-
itor, to block exosome secretion from ox-LDL
induced THP-1 and observed the effects of exo-
somes-mediated miR-106a-3p on cell prolifer-
ation and apoptosis in VSMCs. We found that
blocking exosomes from ox-LDL induced THP-1
could reduce the cell proliferation and promote
cell apoptosis in VSMCs, which indicated that ox-
LDL induced THP-1 exosomes were pivotal for
the regulation of cell proliferation and apoptosis
in VSMCs.

Therefore, our study firstly showed that miR-
106a-3p was upregulated in exosomes from ox-
LDL induced THP-1, which could regulate cell
proliferation and apoptosis in VSMCs. We found
a novel pathway that exosomes-mediated miR-
106a-3p could directly bind with CASP9 and
might regulate the development of AS.
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Conclusions

Taken together, for the first time, this study
discovered that miR-106a-3p was upregulated in
exosomes from THP-1 induced by ox-LDL, which
could be delivered to VSMCs and regulate cell
proliferation and cell apoptosis of VSMCs. Sur-
prisingly, we demonstrated that the exosomes-me-
diated miR-106a-3p could directly bind with the
downstream target CASP9 and repress Caspase
signaling pathway in VSMCs, which might provide
a potential target and new insight for treating AS.
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