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RETRACTED: Platelet-Derived
Exosomal MicroRNA-25-3p Inhibits
Coronary Vascular Endothelial Cell
Inflammation Through Adam10 via
the NF-kB Signaling Pathway in
ApoE~/~ Mice

Ye Yao’, Weidong Sun', Qingfeng Sun, Bao Jing, Siqi Liu,
Ru Chen and Haiyang Wang*

Shen,

Department of Vascular and Interventional Surgery, The First Affiliate

the role of microRNAs (miRs) de
artery disease. Thus, the gcurrent
which miR-25-3p influence idi
vascular endotheliglcell (C }0

aluate the effect of PLT-Exo containing miR-25-3p on ox-LDL-induced
lammation, lipid accumulation and fibrosis, miR-25-3p mimic/inhibitor (in vitro),
-25-3p agomir (in vivo), and si-Adam10 were delivered.

Results: MiR-25-3p was expressed poorly in ox-LDL-induced CVECs and vascular
tissues but exhibited high levels of expression in thrombin-induced PLT-Exo of
atherosclerosis models of ApoE~/~ mice. CVECs endocytosed PLT-Exo upregulated
the miR-25-3p expression. Adam10 was identified as a target gene of miR-25-3p. The
thrombin-induced activated PLT-Exo carrying miR-25-3p reduced Adam10 expression to
inhibit ox-LDL-induced CVEC inflammation and lipid deposition through downregulating
levels of a-smooth muscle actin, Collagen | a1, Collagen lll ai, triglycerides, total
cholesterol, interleukin (IL)-1p, IL-6, and tumor necrosis factor-a. Furthermore, the NF-kB
signaling pathway participated in the inhibitory effect of PLT-Exo carrying miR-25-3p.

Conclusion: Collectively, PLT-Exo overexpressing miR-25-3p attenuates ox-LDL-
induced CVEC inflammation in ApoE~/~ mouse models of atherosclerosis.

Keywords: microRNA-25-3p, coronary vascular endothelial cell, inflammation, Adam10, NF-kB signaling pathway,
platelet, exosomes
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Yao et al. Exosomal MiR-25-3p in ox-LDL-Induced CVEC Inflammation
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FIGURE 4 | CVECs endocytose PLT-Exo to elevate miR-25-3p expression. (A) Fluorescence staining results of PKHE7-labeled PLT-Exo co-cultured with CVECs
(Scale bar = 25 uM). (B) MiR-25-3p expression in CVECs treated with PLT-Exo, as determined by RT-gPCR. *p < 0.05 vs. the control group (CVECs without any
treatment). The measurement data are expressed as mean =+ standard deviation and comparisons between two groups were analyzed using independent sample

t-test. The experiment was repeated three times independently.

FIGURE 5 | PLT-Exo containing miR-25-3p attenuates inflammatory reaction caused by ox-LDL. (A) Levels of IL-1, IL-6, and TNF-a in the supernatant of CVECs
treated with miR-25-3p mimic, PLT-Exo or co-transfection of miR-25-3p mimic and PLT-Exo, as measured by ELISA. (B) Levels of IL-1B, IL-6, and TNF-a in the
supernatant of CVECs treated with PLT-Exo and miR-25-3p inhibitor, as detected by ELISA. (C,D) Protein bands and levels of IL-1B, IL-6, and TNF-a in CVECs treated
with miR-25-3p mimic, PLT-Exo or co-transfection of miR-25-3p mimic and PLT-Exo, as measured by Western blot analysis. (E,F) Protein bands and levels of IL-18,
IL-6, and TNF-a in CVECs treated with PLT-Exo and miR-25-3p inhibitor, as determined by Western blot analysis. *p < 0.05 vs. the ox-LDL + NC mimic/inhibitor +
PBS group (CVECs co-treated with ox-LDL + NC mimic/inhibitor + PBS); #p < 0.05 vs. the ox-LDL + miR-25-3p mimic/inhibitor + PBS group (CVECs co-treated
with ox-LDL + miR-25-3p mimic/inhibitor + PBS) or the ox-LDL + NC mimic/inhibitor + PLT-Exo group (CVECs co-treated with ox-LDL 4+ NC mimic/inhibitor +
PLT-Exo). The measurement data are expressed as mean + standard deviation and data among multiple groups were analyzed using one-way ANOVA. The
experiment was conducted three times independently.
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demonstrated that CVECs treated with PLT-Exo contained
PKH67-labeled exosomes, while CVECs without any treatment
only exhibited DAPI blue fluorescence (Figure 4A). In addition,
as detected by RT-qPCR, CVECs treated with PLT-Exo displayed
elevated miR-25-3p expression (p < 0.05) (Figure 4B). Thus, the
above-mentioned results suggested that miR-25-3p expression
was increased through CVECs-endocytosed PLT-Exo.

PLT-Exo Containing miR-25-3p Inhibits
ox-LDL-Induced Inflammatory Reaction
Primarily isolated CVECs of normal C57BL/6 mice were treated
with ox-LDL. ELISA was conducted to determine the levels
of inflammatory cytokines (IL-1f8, IL-6, and TNF-a) in the
supernatant of the culture medium. The results revealed that
compared with normal CVECs, levels of IL-18, IL-6, and
TNF-a were significantly elevated after various treatments.
CVECs treated with miR-25-3p mimic alone, PLT-Exo alone
or co-transfection of miR-25-3p mimic and PLT-Exo led to
suppressed levels of IL-1B, IL-6, and TNF-a in comparison
to ox-LDL treatment. The co-transfection of miR-25-3p mimic
and PLT-Exo led to lower levels of IL-1f8, IL-6, and TNF-
a than transfection of miR-25-3p mimic alone or PLT-Exo
alone (p < 0.05) (Figure 5A). The treatment of PLT-Exo and
miR-25-3p inhibitor resulted in elevated levels of IL-1p, IL-6,
and TNF-a (p < 0.05) (Figure 5B). Western blot analysis was
employed to determine the protein levels of IL-1p, IL-6, and
TNF-a in CVECs treated with ox-LDL, with the same trend
detected with ELISA (Figures 5C-F). Thus, it was conclude
that inflammatory reaction induced by ox-LDL was inhibited by
PLT-Exo containing miR-25-3p.

MiR-25-3p Targets and Negatively
Regulates Adam10

Next, miRDB was employed to predict the binding site of
miR-25-3p and Adam10, which demonstrated that 490 - 496
fragments of Adam10 might be the binding sites with miR-25-
3p 3'untranslated region (3’'UTR) (Figure 6A). Dual-luciferase
reporter gene assay was used to verify whether Adam10 was
a target gene of miR-25-3p. The results showed that luciferase
activity of Adam10-WT reduced after the treatment of miR-25-
3p mimic (p < 0.05), while there was no marked change in
the luciferase activity of Adam10-MUT (p > 0.01), suggesting
that miR-25-3p could target Adaml10 (Figure 6B). In order
to further verify this finding, RT-qPCR and Western blot
analysis were conducted to detect the Adaml0 level after
the treatment of miR-25-3p mimic. The results demonstrated
that CVECs transfected with miR-25-3p mimic displayed
decreased Adam10 level (p < 0.01) (Fig ). These results
provided evidence verifying that 4 a target gene
of miR-25-3p.

Exosomal MiR-
Reaction of
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FIGURE 6 | Adam10 is identified as a target gene of miR-25-3p. (A) The binding sites between miR-25-3p and Adam10 predicted by miRDB website. (B)

Relative expression
of Adam10 protein

0.0-
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Measurement of luciferase activity in response to the transfection of miR-25-3p mimic, as verified by dual-luciferase reporter gene assay. (C) mRNA level of Adam10 in
response to the treatment of miR-25-3p mimic, as measured by RT-gPCR. (D,E) Protein bands and levels of Adam10 in response to the treatment of miR-25-3p
mimic, as determined by Western blot analysis; *p < 0.05 vs. the NC mimic group. The measurement data are expressed as mean + standard deviation and data
between two groups were analyzed using independent sample t-test while comparisons among multiple groups were conducted using one-way ANOVA. The
experiment was repeated three times independently.
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FIGURE 7 | MiR-25-3p repre!
+ NC mimic, ox-LDL + miR-

one-way ANOVA. The experiment was repeated three times independently.
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EC inflammation by regulating Adam10. (A) mRNA and protein expression of Adam10 in response to the co-treatment of ox-LDL
=3p mimic, ox-LDL + si-NC or ox-LDL + si-Adam10, as determined by RT-gPCR and Western blot analysis. (B) Levels of IL-18, IL-6,
and TNF-a in response to the co-treatment of ox-LDL + NC mimic, ox-LDL + miR-25-3p mimic, ox-LDL + si-NC or ox-LDL + si-Adam10, as measured by ELISA.
(C,D) Protein bands and levels of IL-18, IL-6, and TNF-a in response to the co-treatment of ox-LDL + NC mimic, ox-LDL + miR-25-3p mimic, ox-LDL + si-NC or
ox-LDL + si-Adam10, as determined by Western blot analysis. (E) Levels of IL-18, IL-6, and TNF-a in response to the co-treatment of ox-LDL + PBS, ox-LDL +
PLT-Exo, ox-LDL + si-NC or ox-LDL + si-Adam10, as measured by ELISA. (F,G) Protein bands and levels of IL-1B, IL-6, and TNF-a in response to the co-treatment of
ox-LDL + PBS, ox-LDL + PLT-Exo, ox-LDL + si-NC or ox-LDL + si-Adam10, as determined by Western blot analysis. *p < 0.05 vs. the control group; #p < 0.05 vs.
the ox-LDL + NC mimic (CVECs co-treated with ox-LDL + NC mimic), ox-LDL + si-NC (CVECs co-treated with ox-LDL + si-NC), or ox-LDL + PBS group (CVECs
co-treated with ox-LDL + PBS). All data are measurement data and expressed as mean + standard deviation; data among multiple groups were analyzed using

IL- 1B

IL-6 TNF-a  Adam10

and si-Adam10 produced contrasting results. Western blot
analysis also revealed a decline in protein levels of IL-1f, IL-
6, and TNF-a (Figures 7B-G). Thus, it was concluded that
CVEC inflammation was inhibited by exosomal miR-25-3p by
regulating Adam10.

MiR-25-3p Suppresses CVEC Inflammation
Reaction Through Mediating the NF-xB
Signaling Pathway

In order to explore the effect of miR-25-3p on inflammation
reaction of CVECs, CVECs were transfected with miR-25-3p,
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FIGURE 8 | MiR-25-3p redus
treatment of ox-LDL + miR-2

C inflammation reaction through the NF-kB signaling pathway. (A,B) Protein bands and levels of p-p65 in response to the
8p mimic or ox-LDL + PLT-Exo, as determined by Western blot analysis. (C) p65 nuclear translocation in response to the treatment of
ox-LDL, miR-25-3p mimic or PLT-Exo, as determined by immunofluorescence. *p < 0.05 vs. the ox-LDL + NC mimic (CVECs co-treated with ox-LDL + NC mimic) or
the ox-LDL + PBS group (CVECs co-treated with ox-LDL + PBS). The measurement data are expressed as mean =+ standard deviation and data among multiple
groups were analyzed using one-way ANOVA. The experiment was repeated three times independently.

si-Adam10 or PLT-Exo on the basis of ox-LDL treatment.
Western blot analysis was subsequently performed in order
to detect the extent of p65 phosphorylation, illustrating the
effect of transfection of miR-25-3p, si-Adam10, or PLT-Exo
induced inhibited extent of p65 phosphorylation (p < 0.05)
(Figures 8A,B). The result of immunofluorescence detection on
p65 nuclear translocation was consistent with the results of the
Western blot analysis, which revealed a reduced translocation of
p65 into the nuclei of CVECs after the transfection of miR-25-3p,

si-Adam10 or PLT-Exo (Figure 8C). Hence, it was confirmed
that CVEC inflammation reaction was suppressed by miR-25-3p
through the NF-kB signaling pathway.

PLT-Exo Containing MiR-25-3p Alleviates

Atherosclerosis of Mice

The atherosclerosis mouse models without any treatment
exhibited signs of a poor mental state, dull-looking, slow
response, reduced appetite, symptoms of ventosity, and diarrhea.
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One mouse died due to secondary pulmonary infection. The
atherosclerosis mice treated with PLT-Exo and miR-25-3p
agomir exhibited signs of being in good spirits, glossy hair color,
rapid response, and good appetite. After 12 weeks, the weight
of the mice was determined. The mice were euthanized for the
following experiment. As shown in Table 2, the treatment of PLT-
Exo and miR-25-3p agomir induced decreased TG and TC (p
< 0.05), while no significant difference was detected in weight,
high-density lipoprotein and LDL (p > 0.05).

In order to detect atherosclerotic plaque formation in
ApoE~/~ mice in response to treatment of normal diet and
high-fat diet, co-treatment of high-fat diet and PLT-Exo or high-
fat diet combined with miR-25-3p agomir, oil red O, HE, and
Masson stainings were performed to determine the size of plaque
as well as the degree of fibrosis (Figures 9A-E). The treatment
of PLT-Exo and miR-25-3p agomir displayed decreased artery
plaque area, while the control mice displayed thickened intima
of arterial tissues at various degrees, formed fibrous cap, uneven
thickness of arterial wall, and distinct atherosclerotic plaque
(p < 0.01). Western blot analysis was employed to determine
the levels of a-SMA, Collal, Col3al, IL-1p, IL-6, TNF-a, and
Adam10. The results showed that the treatment of PLT-Exo
and miR-25-3p agomir induced decreased a-SMA (suggesting
reduced smooth muscle cells), Collal and Col3al as well as
suppressed levels of IL-1f, IL-6, and TNF-a. The results of
Western blot analysis, RT-qPCR and immunohistochemistry all
revealed inhibited Adam10 level (Figures 9F,G) and increased
miR-25-3p expression (Figure 9H) after the treatment of PLT-
Exo and miR-25-3p agomir (p < 0.05). The above results
provided evidence suggesting that PLT-Exo containing miR-25-
3p could inhibit artery plaque formation and alleyi
inflammation in atherosclerosis mouse models.

DISCUSSION

asymptomatic

atherosg its  clinical

Q)

subclinical
complications,

crosclerosis, which are involved
in immune responses andi@mmunication among cells (27, 28).
The current study elucifated the role of PLT-Exo containing
miR-25-3p in ox-LDL-induced CVEC inflammation in ApoE~/~
mice models of atherosclerosis. Collectively, the obtained data
revealed that exosomes derived from platelet over-expressing
miR-25-3p were capable of inhibiting ox-LDL-induced CVEC
inflammation by suppressing the NF-kB signaling pathway and
Adam10 expression.

This study revealed that miR-25-3p is poorly expressed in
ox-LDL-induced CVECs and vascular tissues of atherosclerosis
models of ApoE™/~ mice. On the other hand, miR-25-3p
exhibited high levels of expression in PLT-Exo of atherosclerosis
mice. Exosomes have been reported to be involved in intracellular
communication, material transfer on the surface of cell
membrane and the modulation of cellular substance during

TABLE 2 | The primer sequence for RT-qgPCR.

Gene Primer sequence (5'-3')
MiR-25-3p F: GGGGTACCACTGACTTTAGAGGGCGGTG
R: CCAAGCTTTGTCAGACCGAGACAAGTGC
Adam10 F: TGAAGTGGAGCGAGAGGGAG
R: GTGCATCGATCCTGAGGGAG
IL-1B F: CTCTGTGACTCGTGGGATGA
R: AGTTGGGGAACTGTGCAGAC
IL-6 F: GGTCTTCTGGAGTTCC GTTTC
R: GGTTTGCCGAGTA GACCTCA
TNF-a F: CAAAC CACCAAGTGGAGGAG
R: AAG TAGACCTGCCCGGACTC
GAPDH F: GCTGCCCAGAACATCATCATCC
R: GTCAGATCCACGACGGACAC
ue

or necrosis factor;
A disintegrin and

ived exosomes carrying secretory miR-
enhancement of vascular endothelial cell

een found to exhibit aberrant levels of expression in
erosis, including miR-155, which performs as an anti-
inflammatory factor in atherosclerosis by playing a regulatory
ole in foam cell formation (31). A previous study reported that
over-expressed miR-138 could attenuate human CVEC injury
and inflammatory reactions (32).

It is worth noting that Adam10 is a target gene of miR-25-
3p, which was further confirmed based on the silico prediction
and dual luciferase reporter assay. Furthermore, miR-25-3p
was found to negatively regulate the expression of Adaml0.
Adam10 has been identified as a target of multiple miRNAs,
including miR-152. A previous study suggested that miR-152
regulates Adam10 expression which results in the suppression
of synovial fibroblast proliferation and stimulates apoptosis in
rheumatoid arthritis (33). Additionally, our results revealed that
CVECs endocytosed PLT-Exos to upregulate the expression
of miR-25-3p. Zhao et al. concluded that exosomes derived
from bone marrow mesenchymal stem cells overexpressing
miR-25 could protect spinal cords against transient ischemia
(34). More importantly, platelet extracellular vesicles have been
demonstrated to upregulate miR-25-3p in diabesity, metabolic
and vascular disease, a finding which was consistent with
the observations of our study (35). Other exosomal miRNAs
have previously been proven to participate in the development
of atherosclerosis. For example, exosomes containing miR-
155 have been reported to transfer from smooth muscle cells
to the vascular endothelial cells, which leads to endothelial
injury and ultimately facilitates atherosclerosis (36). Moreover,
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miR-155 ameliorates ox-LDL-induced human umbilical vein  therapeutic strategies are still in their infancy, our findings on

endothelial cell inflammation through the repression of the = miR-25-3p provided evidence for a potential treatment target of

SOCS1-dependent NF-kB signaling pathway (37). ox-LDL-induced CVEC inflammation in atherosclerosis. Thus,
Moreover, our study demonstrated the involvement of the it is also recommended in future studies that specimens from

NF-kB signaling pathway in the inhibition of PLT-Exo carrying  atherosclerosis-diagnosed patients be collected for in-depth

miR-25-3p on CVEC inflammation by regulating Adaml0  studies of miR-25-3p in CVECs.
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