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Abstract: Objective: To investigate the regulatory mechanism of miR-98-5p targeting a disintegrin and metalloproteinase 15 (ADAM15) on the atherosclerotic plaque formation and vascular remodeling in mice with acute coronary
syndrome (ACS) through the p38 mitogen-activated protein kinase (p38MAPK) pathway. Methods: The targeting relationship between miR-98-5p and ADAM15 was verified by dual-luciferase reporter assay. ACS mouse models were
constructed. The mice were divided into the following groups: normal group, model group, miR-98-5p-NC group, miR98-5p agomir group, ADAM15-NC group, si-ADAM15 group, miR-98-5p antagomir group and miR-98-5p antagomir
+ si-ADAM15 group. The serum inflammatory factors and vascular endothelial growth factor (VEGF) of the mice in
each group were detected. The plaque stability in the mice with ACS was measured by intravascular ultrasound.
Histopathological changes were examined by hematoxylin and eosin (H&E) staining. The expressions of miR-98-5p,
ADAM15, p38MAPK, Bax, Fas and p53 in aortic vascular tissue were detected by quantitative real-time polymerase
chain reaction (qRT-PCR) and Western blot. Results: ADAM15 was the target gene of miR-98-5p. Compared with
those in the normal group, the expression of serum interleukin (IL)-6, tumor necrosis factor-α (TNF-α) and VEGF
increased in the model group, while the expression of IL-10 decreased (all P<0.05); the luminal area (LA), external
elastic membrane area (EEMA), plaque area (PA) and plaque burden (PB) increased significantly (all P<0.05); the
expression of miR-98-5p decreased in aortic tissues, and the expression of messenger ribonucleic acid (mRNA)
and protein levels of ADAM15, p38MAPK, Bax, Fas and p53 all increased significantly (all P<0.05). The miR-132
mimics and si-PTEN groups had opposite results when comparing with those in the model group. The above indicators in the miR-98-5p agomir group and si-ADAM15 group significantly improved compared with those in the model
group (all P<0.05); however, the severity of above indicators in the miR-98-5p antagomir group increased when
comparing with that in the model group (all P<0.05). Conclusion: miR-98-5p can inhibit ADAM15 and the activation of p38MAPK signaling pathway, weaken the inflammatory response and plaque formation, and inhibit vascular
remodeling. Thus, it plays a protective role in mice with ACS.
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Introduction
ACS is an acute myocardial ischemia syndrome
caused by the rupture of coronary atherosclerosis plaques with superimposed thrombosis,
causing sudden cardiac death, acute myocardial infarction, etc., and as such it is very harmful [1-3]. Current studies have found that inflammation is closely related to the occurrence of
ACS [4].
miRNAs are a class of single-stranded noncoding RNA molecules that are involved in cell

proliferation, differentiation and apoptosis, as
well as the negative regulation of gene transcription [5]. Studies have found that miRNA
participates in the angiogenesis and the occurrence of cardiovascular diseases, suggesting
that it may be a potential marker for the diagnosis and prognosis of cardiovascular diseases [6, 7]. Chen’s study found that miR-98
participates in the occurrence and development of atherosclerosis (AS) and it postponed the progression of AS by inhibiting lectinlike oxidized-low-density-lipoprotein receptor-1
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(LOX-1), suggesting that it may be a potential
target for the treatment of AS [8].
As a type of membrane protein, ADAMs has
the functions of hydrolyzing protein, cell adhesion, cell fusion and signal transduction, etc.
Currently, more than 30 kinds of ADAMs have
been found to participate in various physiological processes and the occurrence and development of diseases [9-11]. ADAM15 is the
only disintegrin-metalloproteinase with the tripeptide sequence of arginine-glycine-aspartic
acid in the ADAMs family, which is involved in
the occurrence and development of inflammatory diseases [12]. Sun’s study has found that
ADAM15 is under-expressed in the blood vessels of normal mice, but it significantly increases at the injured vessel where AS occurs [13].
The p38MAPK pathway is a key pathway for signal transduction from extracellular to intracellular, and participates in multiple biological
reactions such as transcription, inflammation,
oxidative stress and apoptosis in vivo [14, 15].
Relevant studies have found that the ADAM15
disintegrin domain can inhibit the activity of
p38 kinase, thereby regulating the proliferation
of skin melanoma, revealing the possible relationship between ADAM15 and p38 [16]. In
this study, bioinformatics tools were used to
discover the existence of a targeted binding
site in miR-98-5p and ADAM15, and a series
of molecular biological methods were conducted to further explore the effect of the miR-985p/ADAM15 signaling pathway on the pathogenesis of ACS.
Materials and methods
Establishment of the ACS mouse model and
grouping
The normal group consisted of 20, 6-week-old
apolipoprotein E (ApoE) (-/-) mice (purchased
from the Animal Experimental Center of Peking University) with no gender limitation and
weighing (20.6±2.1) g. The experimental group
consisted of 250 6-week-old ApoE (-/-) mice
with no gender limitation and weighing (21.2±
2.7) g. The mice in the experimental group were anesthetized by intraperitoneal injection of
60 mg/kg of pentobarbital sodium [17]. The
mice were fixed on a horizontal on the operating table. The electrocardiogram electrodes
were connected to the limbs and subcutane-

7462

ous layer, and a ventilator was applied after
endotracheal intubation. The chest cavity was
opened up between the third and fourth intercostal space near the left side of sternum. The
start of the anterior descending branch of the
left coronary artery was found after cutting the
pericardium open, one third of the middle coronary artery was ligated with 6-0 nylon suture
(GL-885, Beijing Anbanghezhong Supply Chain
Management Co., Ltd., China) at about 3 mm
from the aortic root, and the suture was performed after the thread was knotted. The electrocardiographic characteristic changes in myocardial infarction (arched ST-segment transient elevation in electrocardiogram (ECG) at the
moment of ligation) were used as the basis of
successful modeling. Follow-up experiments
were conducted 3 hours after ligation. In this
study, a total 223 mice were successfully modeled, with a success rate of 89.2%.
The mice with successful modeling in the experimental group were divided into 7 groups:
30 mice in the model group were injected
with normal saline; 30 mice in the miR-98-5pNC group with negative control of miR-98-5p;
30 mice in the miR-98-5p agomir group with
miR-98-5p mimic; 30 mice in the miR-98-5p
antagomir group with miR-98-5p inhibitor; 30
mice in the ADAM15-NC group with negative control of ADAM15; 30 mice in the siADAM15 group with si-ADAM15; 12 mice in
the miR-98-5p antagomir + si-ADAM15 group
with miR-98-5p inhibitor and si-ADAM15. The
si-ADAM15 and negative control of ADAM15
were injected intraperitoneally at a dosage of
10 μL each time; the remaining reagents
were injected via the tail vein at a dosage of
80 mg/kg each time. The mice were injected
once a day and fasted overnight after continuous injection for 10 days. The mice were then
executed by cervical dislocation under anesthesia, and the tissues were taken for the
detection of various indicators. This study was
approved by the Animal Research Ethics Committee of QingHai University Affiliated Hospital. Sequences of miR-98-5p agomir, miR-985p antagomir, si-ADAM15 and negative control plasmids were designed and synthesized
by Shanghai Sangon Company (China). The remaining mice were euthanized under anesthesia.
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Verifying the targeting relationship between
miR-98-5p and ADAM15 by dual-luciferase
reporter assay
The target gene prediction of miR-98-5p was
performed using Targetscan to verify if ADAM15 was a direct target gene of miR-98-5p, then
the targeting relationship between miR-98-5p
and ADAM15 was verified by dual-luciferase
reporter assay. The predicted miR-98-5p binding site and the mutational binding site of ADAM15-3’UTR were cloned into the upstream of
pmirGLO by double digests, named ADAM153’UTR-WT and ADAM15-3’UTR-MUT. The miR98-5p mimic and NC were co-transfected into
293T cells with ADAM15-3’UTR-WT and ADAM15-3’UTR-MUT, respectively. The transfection procedure was performed according to the
instructions of LipofectamineTM 2000 (11668019, Invitrogen, USA).
Cell cultures: The cells were inoculated into a
24-well cell culture plate, and 20 μL of complete medium with fetal bovine serum (SH30068.03, Shanghai Yingxin Experimental Equipment Co., Ltd., China) and antibiotics (QN0075VSN, Beijing Baiaolaibo Technology Co., Ltd.,
China) was added into each well. After incubating in a cell incubator at 37°C and 5% of CO2
for 48 hours, the culture medium was discarded. Then, 40 μL of cell lysate (HR0271-AEL,
Beijing Baiaolaibo Technology Co., Ltd., China)
was added into each well, and the cells were
collected after lysis. The luciferase activity was
detected according to the instructions of dual-luciferase reporter assay gene kit (D0010,
Beijing Solarbio Technology Co., Ltd., China)
and with the application of a chemiluminescence detector (SMART 300, Wuhan Mingde
Biotechnology Co., Ltd., China).
Enzyme-linked immunosorbent assay (ELISA)
The serum of 6 mice was diluted 100 times
and inoculated into a 96-well plate. Three minutes later, the IL-6, IL-10, TNF-α and VEGF in
serum were detected according to the instructions of IL-6 ELISA kit (ab100712, Abcam, UK),
IL-10 ELISA kit (ab108870, Abcam, UK), TNF-α
kit (ab208348, Abcam, UK) and VEGF ELISA
kit (ab10075, Abcam, UK). The optical density
(OD) of each well was measured by an enzymelinked instrument (12454, Shandong Biobase
biological Co., Ltd., China) at a wavelength of
450 nm.
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Intravascular ultrasound (IVUS)
A 4F puncture needle was used to puncture
the left femoral artery of 6 mice, and the 5F
sheath tube was inserted along the guide wire
and with the assistance of the expansion tube.
A catheter-based probe with 2.5F and 40 MHz
of IVUS (KD-00003, Shandong Kangda Medical
Devices Co., Ltd.) was inserted into the distal
thoracic aorta, and the probe was withdrawn at
a rate of 0.5 mm/s. The intravascular plaque
morphology gy was observed, the images of
the distal and proximal plaques were marked,
and the LA, PA, EEMA and PB were measured.
H&E staining
The aortae of 6 mice were harvested after
opening up the chest cavity. The aorta of mice
in each group was sliced up at a thickness of
4-5 μm after conventional paraffin embedding.
After dewaxing by dimethylbenzene (5819096,
Chongqing Tianyun Haocheng Chemical Co.,
Ltd., China), the slices were dehydrated in ethanol for 30 seconds at a concentration of 100%,
95%, 80% and 75%, respectively, then stained
in hematoxylin (H8070, Beijing Solarbio Technology Co., Ltd., China) for 3 minutes. The residual dyeing solution was rinsed with running water. The slices were stained by Eosin
(G1100, Beijing Solarbio Technology Co., Ltd.,
China) for 3 minutes and then rinsed by running water. After staining, the slices were dehydrated in alcohol for 30 seconds at a concentration of 100% and 95%, respectively. The
slices were sealed with neutral balsam (G8590,
Beijing Solarbio Technology Co., Ltd., China) after they were made transparent with dimethylbenzene. The thickness of aortic wall, vascular
tissue structure, cell morphology and cellular
arrangement were observed under an optical
microscope (CX23, Olympus, Japan).
qPT-PCR
A total of 100 mg/mL of Trizol (10296028,
Thermo Fisher, USA) was added to the aortic
vascular tissues of 6 mice. After mixing up, the
tissue suspension was shaken vigorously for
30 seconds and then let stand for 3 minutes.
The precipitate RNA was extracted after centrifugation and the supernatant was discarded. RNA was fully dissolved by diethylpyrocarbonate (1609-47-8, Shanghai Jizhi Biochemical Technology Co., Ltd., China). The quality and
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Table 1. Primers of qRT-PCR
Target gene
miR-98-5p
ADAM15
p38MAPK
Bax
Fas
p53
GAPDH
U6

Primers
F: TGAGGTAGTAGTTTGTGCTGTT
R: GCGAGCCACAGAATTAATACGAC
F: GCTGGCAGTGTCGTCCTACCAGAGGGG
R: GGTGCACCCAGCTGCAGTTCAGCTCAGTCC
F: GCTCAGTAACAGTCCGCCTAGA
R: GAGCAAGTCCAAAATCCA
F: TCCACCAAGAAGCTGAGCGAG
R: GTCCAGCCCATGATGGTTCT
F: ACCCAGAATACCAAGTGCAG
R: ATGTCTTCAAGTCCACACGAC
F: ACGGTGACAACGCTTCCCTGGATTGG
R: CTGTCAGTGGGGAACAAGAAGTGGAG
F: TGCACCACCAACTGATTAG
R: GATGCAGGGATGATGTTC
F: CTCGCTTCGGCAGCACA
R: AACGCTTCACGAATTTGCGT

Note: qRT-PCR: quantitative real-time polymerase chain reaction;
ADAM15: a disintegrin and metalloproteinase 15; p38MAPK: p38
mitogen-activated protein kinase; GAPDH: glyceraldehyde-3-phosphate dehydrogenase.

concentration of the extracted RNA were measured by ultraviolet/visible light spectrophotometer (190100520, Shanghai Aoxi Scientific
Instrument Co., Ltd., China) at the absorbance
of 260 nm and 280 nm, respectively. Then,
cDNA was synthesized using a reverse transcription (RT) kit (BPI01030, Beijing Huada
Protein R&D Center Co., Ltd., China). After inactivating the reverse transcriptase at a temperature of 80°C for 5 minutes, the subsequent PCR reaction was performed. The reaction conditions and system were carried out
according to the instructions of qRT-PCR kit
(YB131042-25, Shanghai Yubo Biotechnology
Co., Ltd., China). The internal reference of miR98-5p was the U6 gene. The internal reference of ADAM15, p38MAPK, Bax, Fas and p53
was glyceraldehyde-3-phosphate dehydrogenase (GAPDH). The primers were shown in Table
1. 2-ΔΔCt refers to the relative expression of each
target gene. ΔCt = Ct target gene - Ct internal
reference gene, ΔΔCt = ΔCt experimental group
-ΔCt control group.
Western blot
Pre-cooled tissue lysis buffer was added into
the aortic vascular tissues of 6 mice for dissociation for 60 minutes. The samples were cen-

7464

trifuged at a speed of 2,000 r/min for 30
minutes, then the protein concentration
was detected with the use of Bicinchoninic acid (BCA) kit (ab102536, Abcam,
UK). The proteins were isolated by polyacrylamide gel electrophoresis (SDS-PAGE) (M00655, GenScript, China). The samples were transferred to a polyvinylidene
fluoride (PVDF) membrane by wetting transfer method, then blocked with tris buffered saline tween (TBST) containing 5%
skim milk for 1 hours. The primary antibodies of ADAM15 (1:1,000) (ab194610, Abcam, UK), p-p38MAPK (1:2,000) (Shanghai Lianmai Bioengineering Co., Ltd., Shanghai, China), Bax (1:2000) (ab32503,
Abcam, UK), Fas (1:1,000) (ab15285, Abcam, UK), p53 (1:1,000) (ab131442, Abcam, UK) and GAPDH (1:2,500) (ab9485,
Abcam, UK) were added into the samples
in sequence and incubated together at
4°C overnight. The samples were then washed 3 times with TBST, for 10 minutes
each time, incubated with secondary antibody goat anti-rabbit IgG (1:1000) (ab200699, Abcam, UK) for 1 hour at room temperature, and again washed 3 times with TBST,
for 10 minutes each time. ECL development
was conducted. GAPDH was used as internal
reference and the relative expression of proteins was analyzed by Image J software.
Statistical analysis
SPSS 21.0 (SPSS, Inc, Chicago, IL, USA) was
used for statistical analysis. The measurement
data were
_ expressed as mean ± standard deviation ( x ± sd). One-way analysis of variance
was used for the pairwise comparison among
groups combined with the Bonferroni post-hoc
test. The count data were expressed as percentage, chi-square test (χ2) was used for comparison. P<0.05 was considered statistically
significant.
Results
miR-98-5p target inhibition of ADAM15
There were binding sites found between miR98-5p and ADAM15 according to the bioinformatics software of Targetscan, see Figure 1A.
The results showed that compared with cotransfection of mimic NC and ADAM15-3’UTRWT, the luciferase activity in the plasmid co-
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agomir group and si-ADAM15
group were lower (all P<0.05);
LA, EEMA and PA in the miR98-5p antagomir group increased, and PB was higher (all
P<0.05). The indicators in the
Figure 1. Verification of the tarmiR-98-5p-NC group and ADgeting relationship between miRAM15-NC group showed no
98-5p and ADAM15 (n=3). Comsignificant difference from thpared with the co-transfection of
ose in the model group (all
mimic NC and ADAM15-3’UTRWT group, #P<0.05. A. Prediction
P>0.05). Compared with the
results by Targetscan; B. ExperimiR-98-5p antagomir + si-ADmental results by dual-luciferase
AM15 group, LA, EEMA and
reporter assay. ADAM15: a disinPA in the miR-98-5p antagotegrin and metalloproteinase 15.
mir group increased, and PB
was higher (all P<0.05); LA,
transfected with miR-98-5p mimic and ADAMEEMA and PA in the si-ADAM15 group decreased, and PB was lower (all P<0.05). See Fi15-3’UTR-WT was significantly inhibited (P<
gure 3.
0.05), see Figure 1B. The results indicated that miR-98-5p directly acted on the predicted
Histopathological observation of tissue
target site of ADAM15-3’UTR.
ELISA results
IL-6, IL-10, TNF-α and VEGF levels in mouse
serum were detected by ELISA. Compared with the normal group, IL-6, TNF-α and VEGF levels increased in the model group, while the
expression of IL-10 decreased (all P<0.05).
Compared with the model group, IL-6, TNF-α
and VEGF levels in the miR-98-5p agomir group and si-ADAM15 group decreased, while
IL-10 level increased (all P<0.05). IL-6, TNF-α
and VEGF levels in the miR-98-5p antagomir
group increased, while IL-10 level decreased
(all P<0.05). The indicators in the miR-98-5pNC group and ADAM15-NC group had no statistically significant difference from those in
the model group (all P>0.05). IL-6, TNF-α and
VEGF levels in the si-ADAM15 group were reduced compared with those in the miR-98-5p
antagomir + si-ADAM15 group, while IL-10 level increased (all P<0.05). IL-6, TNF-α and VEGF in the miR-98-5p antagomir group increased, while IL-10 level decreased (all P<0.05).
See Figure 2.
IVUS results
The IVUS results showed that compared with
the normal group, LA, EEMA and PA in the
model group increased obviously, and PB was
higher (all P<0.05). Compared with the model
group, LA, EEMA, PA and PB in the miR-98-5p
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H&E staining results showed a thinner aorta,
smooth and orderly intima, clear vascular tissue structure, neatly arranged cells and complete cell morphology in the normal group; no
obvious pathological changes were noted. The
aortic intima in the model group was obviously thickened and irregular, and visible plaques
were formed due to lipid deposition. Compared
with the model group, the conditions in the
miR-98-5p agomir group and si-ADAM15 group
improved, with decreased plaque and thinner
intima; in the miR-98-5p antagomir group, the
plaques increased and the intima became thicker; the changes in the miR-98-5p-NC group
and ADAM15-NC group were not significantly
different from those in the model group. Compared with miR-98-5p antagomir + si-ADAM15
group, aortic intima in the miR-98-5p antagomir
group had more plaques and thickened intima,
while those in the si-ADAM15 group had fewer
plaques and thinner intima. See Figure 4.
Overexpression of miR-98-5p or interference
with ADAM15 could reduce the mRNA expressions of p38MAPK, Bax, Fas and p53
Compared with the normal group, the mRNA
expressions of miR-98-5p in the model group
decreased, whereas the mRNA expressions
of ADAM15, p38MAPK, Bax, Fas and p53 all
increased (all P<0.05). Compared with the model group, the mRNA expressions of ADAM15,
p38MAPK, Bax, Fas and p53 in the miR-98-5p
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Figure 2. Results of ELISA (n=6). A. IL-6 level in mouse serum of each group; B. TNF-α level in mouse serum of each
group; C. VEGF level in mouse serum of each group; D. IL-10 in mouse serum of each group. Compared with normal
group, *P<0.05; compared with model group, ^P<0.05; compared with miR-98-5p antagomir + si-ADAM15 group,
&
P<0.05. ADAM15: a disintegrin and metalloproteinase 15; IL: interleukin; TNF-α: tumor necrosis factor-α; VEGF:
vascular endothelial growth factor; ELISA: enzyme-linked immunosorbent assay.

agomir group and si-ADAM15 group were significantly reduced (all P<0.05); whereas the
mRNA expressions in the miR-98-5p antagomir group significantly increased (all P<0.05).
The indicators in the miR-98-5p-NC group and
ADAM15-NC group were not significantly differ7466

ent from those in the model group (all P>
0.05). Compared with miR-98-5p antagomir +
si-ADAM15 group, the mRNA expressions of
ADAM15, p38MAPK, Bax, Fas and p53 increased in the miR-98-5p antagomir group (all
P<0.05); the mRNA expressions of ADAM15,
Int J Clin Exp Med 2020;13(10):7461-7471

miR-98-5p targets ADAM15 through p38MAPK

Figure 3. IVUS results in each group (n=6). A. Comparison of LA in each group; B. Comparison of EEMA in each
group; C. Comparison of PA in each group; D. Comparison of PB in each group. Compared with normal group,
*
P<0.05; compared with model group, ^P<0.05; compared with miR-98-5p antagomir + si-ADAM15 group, &P<0.05.
LA: luminal area; EEMA: external elastic membrane area; PA: plaque area; PB: plaque burden; ADAM15: a disintegrin and metalloproteinase 15.

p38MAPK, Bax, Fas and p53 in the si-ADAM15
group decreased (all P<0.05). See Figure 5.
Overexpression of miR-98-5p or interference with ADAM15 inhibited the p38MAPK
phosphorylated protein, as well as the protein
expression of Bax, Fas and p53
Compared with the normal group, the p38MAPK phosphorylated protein, as well as the pro7467

tein expression of ADAM15, Bax, Fas and p53
in the model group all increased (all P<0.05).
Compared with the model group, p38MAPK
phosphorylated protein, as well as the protein
expressions of ADAM15, Bax, Fas and p53 in
the miR-98-5p agomir group and si-ADAM15
group were significantly reduced (all P<0.05);
whereas the above indicators in the miR-985p antagomir group significantly increased (all
P<0.05). The indicators in the miR-98-5p-NC
Int J Clin Exp Med 2020;13(10):7461-7471
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Figure 4. H&E staining results (400×, n=6). ADAM15: a disintegrin and metalloproteinase 15.

rombosis induced by plaque
rupture. Recent studies have
found that there are a large
number of inflammatory cells
in ACS plaques, and most
drugs for the treatment of ACS
mainly focus on anti-inflammatory effects [18-20]. In this
study, it was found through
the detection of inflammatory
factors that the expression of
serum inflammatory factors
(IL-6, IL-10 and TNF-α) and
VEGF in mice with ACS was
Figure 5. qRT-PCR results in each group (n=6). Compared with normal group,
*
P<0.05; compared with model group, ^P<0.05; compared with miR-98-5p
abnormal, whereas the overantagomir + si-ADAM15 group, &P<0.05. qRT-PCR: quantitative real-time
expression of miR-98-5p or
polymerase chain reaction; ADAM15: a disintegrin and metalloproteinase
silence of ADAM15 could ef15; p38MAPK: p38 mitogen-activated protein kinase.
fectively inhibit the expression of inflammatory factors. In
group and ADAM15-NC group were not signifiaddition, when discussing the relationship between ADAM15 and retinal-related diseases, it
cantly different from those in the model group
was found that ADAM15 was positively corre(all P>0.05). Compared with miR-98-5p antalated with VEGF expression, and VEGF expresgomir + si-ADAM15 group, p38MAPK phossion was also inhibited after ADAM15 inhibiphorylated protein, as well as the protein extion [21], indicating that the regulation of
pression of ADAM15, Bax, Fas and p53 inmiR-98-5p/ADAM15 could exert the possibility
creased in the miR-98-5p antagomir group (all
of anti-inflammatory and angiogenesis regulaP<0.05); whereas the above indicators decretion.
ased in the si-ADAM15 group (all P<0.05). See
Figure 6.
As one of many microRNAs, miR-98-5p is involved in the occurrence of various diseases,
Discussion
and its expression is abnormal in Alzheimer’s
disease and lung cancer [22-24]. Besides,
ACS is a syndrome caused by incomplete or
complete coronary occlusion. The main cause
Chen’s study has confirmed that the overexof the disease is acute hemorrhage and thpression of miR-98-5p can improve blood li7468
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Figure 6. Western blot detection results in each group (n=6). A. Protein bands in each group; B. Quantification of
protein expression in each group. Compared with normal group, *P<0.05; compared with model group, ^P<0.05;
compared with miR-98-5p antagomir + si-ADAM15 group, &P<0.05. ADAM15: a disintegrin and metalloproteinase
15; p38MAPK: p38 mitogen-activated protein kinase; GAPDH: glyceraldehyde-3-phosphate dehydrogenase.

pids in mice with hyperlipidemia induced by
high-fat diet and play a role in lowering blood
lipids [25]. Other studies have also found that
miR-98 is involved in the pathogenesis of AS
[8]. This study further confirmed by qRT-PCR
and Western blot that the expression of miR98-5p decreased in mice with ACS, and it could regulate the downstream target genes of
ADAM15 and p38MAPK pathway.
ADAM15, a member of ADAMs family, participates in the regulation of cell adhesion, degradation of extracellular matrix, influence of cell
signaling and other important physiological
processes. Studies have shown that the expression of ADAM15 in AS significantly increases [13, 26, 27]. As a member of the MARK
family, p38MAPK is an important signal transduction pathway in cells, which can be activated by various factors such as pro-inflammatory
cytokines, hyperlipidemia and hyperglycemia.
The activated p38MAPK can promote the expression of inflammatory cytokines, thereby directly or indirectly leading to the production of
inflammatory cytokines such as IL-1, TNF-α,
etc. [28-31]. Kristian’s study has found that
inhibiting the expression of p38MAPK is conducive to the improvement of ACS [32]. In this
study, through regulating the expression of related factors in mice with ACS, it was found that
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the overexpression of miR-98-5p or silence of
ADAM15 could promote the improvement of
intravascular ultrasound-related indicators (LA,
EEMA, PA, PB) in mice with ACS. In contrast, the
experimental change was opposite by inhibition of miR-98-5p. The effect of miR-98-5p
antagomir on ACS could be rescued by siADAM15.
Fas is a member of the TNF family, which exists
on the surface of mammalian cells in the form
of membrane molecules or soluble molecules
and promotes cell apoptosis [33]. p53 inhibits
cell proliferation by regulating the cell growth
cycle, and is closely related to the stagnation
of cell growth and apoptosis. Studies have
proved that p53 can promote the apoptosis of
vascular smooth muscle cells in AS [34]. In this
study, the mRNA and protein expression of ADAM15, p38MAPK, Bax, Fas and p53 were significantly reduced after the overexpressing of
miR-98-5p or silencing of ADAM15 by qRT-PCR
and Western blot detection, further indicating
that the effect of miR-98-5p/ADAM15 on the
progress of ACS might be achieved by regulating the p38MAPK signaling pathway, while the
effect of miR-98-5p antagomir on ACS could
be rescued by si-ADAM15.
However, the effects of other miR-98-5p target
proteins were not detected in this model. The
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activity of p38MAPK was also not inhibited
to further observe whether the correlations of
miR-98-5p/ADAM15 depended on p38MAPK signal. The specific mechanism needs to be verified through more experiments, which is the
focus of our subsequent research.
In summary, this study indicated that overexpression of miR-98-5p played a protective role
in mice with ACS, which could inhibit the expression of ADAM15 and thus inhibit the activation of the p38MAPK pathway, thereby reducing the inflammatory response in mice with
ACS, inhibiting plaque formation and vascular
remodeling. With the continuous deepening of
the research on the function of miR-98-5p, this
study is believed to be of great significance in
the prevention and treatment of ACS in combination with clinical and drug treatment.
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