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Abstract: Objective: To find out the impact of miR-29a-3p on the regulation of MMP-2 expression, and the prolifera-
tion and apoptosis of smooth muscle cells in rats with abdominal aortic aneurysm. Methods: A rat model of ab-
dominal aortic aneurysm was established for harvesting primary smooth muscle cells, which were then transfected
with miR-29a-3p analog, MMP-2 interference, or both. The targeted relationship between miR-29a-3p and MMP-2
was verified with the use of dual-luciferase reporter assay. The expression, proliferation, cycle, and apoptosis of
miR-29a-3p, PCNA, MMP-2, N-cadherin, Bax, and Bcl-2 were determined by qRT-PCR, Western blot, MTT assay, and
flow cytometry, respectively. Results: MiR-29a-3p negatively regulated MMP-2. Compared with the Normal group,
the other groups had declined levels of miR-29a-3p, PCNA, N-cadherin and Bcl-2, elevated expressions of MMP-2
and Bax, retarded proliferation rate, elevated apoptosis rate, and arrested cell cycle (all P<0.05). Compared with the
Model group, the miR-29a-3p mimic group and si-MMP-2 group had elevated expressions of PCNA, N-cadherin, and
Bcl-2, reduced expression of MMP-2 and Bax, aggravated proliferation rate, reduced apoptosis rate, and shortened
cell cycle (all P<0.05). Compared with the miR-29a-3p mimic group, the miR-29a-3p mimic + oe-MMP-2 group had
reduced mRNA and protein levels of PCNA, N-cadherin and Bcl-2, elevated mRNA and protein levels of Bax, retarded
proliferation rate, elevated apoptosis rate, and prolonged cell cycle (all P<0.05). Conclusion: MiR-29a-3p can down-
regulate the expression of MMP-2, as well as facilitate proliferation, and inhibit apoptosis of smooth muscle cells in
rats with abdominal aortic aneurysm.
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Introduction (VSMCs) are involved in the development of
AAA [7-9]. VSMCs provide a source of elastin,

Abdominal aortic aneurysm (AAA) is a common which is of great importance in maintaining the

disease [1]. Clinical data from different popula-
tions show that its prevalence in males is from
2.4% 1o 16.9%, and in females over 65 years is
from 0.5% to 2.2% [2]. In patients with AAA,
60% died from other cardiovascular causes,
such as myocardial infarction, or stroke [3].
AAA is associated with aortic dilation diameter
>5 mm, that occurs below the renal artery, and
is caused by extensive vascular inflammation
and maladaptive remodeling of the aortic wall
[4, B]. Although various clinical and laboratory
studies have given insight into the pathogene-
sis of AAA, the underlying mechanisms remain
to be elucidated [6]. Increasing evidence has
shown that vascular smooth muscle cells

elasticity of the aortic wall [10]. However, during
the development of AAA, proteolysis induces
the degradation of the dielectric layer, leading
to a decline in elastin content and an expansion
of the aortic wall, which results in an aggrava-
tion of AAA. The lack of elastin is followed by a
compensatory increase in collagen synthesis,
which contributes to the remodeling of aortic
walls and improving of AAA [11]. The decline in
elastin is attributed to the senescence and
apoptosis of VSMCs [12].

mMiRNAs are a small class of non-coding RNAs
that have been proven to act as target tumor
suppressor genes that inhibit the proliferation
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and migration of smooth muscle cells, and also
affecting angiogenesis [13-16]. Most reports
on miR-29a-3p are related to tumors where
miR-29a-3p can inhibit various tumors, such as
laryngeal cancer, liver cancer and thyroid can-
cer [17-19]. However, there is no report showing
the relationship between miR-29a-3p and AAA.
Matrix metalloproteinases (MMPs) are essen-
tial for physiological processes; for instance,
homeostasis, wound healing, as well as tissue
remodeling and resorption [20]. Patients with
AAA exhibit higher plasma MMP-9 levels, and
they have more MMP-9 mRNA in their aortic tis-
sues than in typical aortic tissues [21]. Besides,
MMP-2 and MMP-9 have an impact on the
occurrence of aneurysms, and there is a pro-
motion and dependence relationship between
MMP-2 and MMP-9 proteases during the occur-
rence of AAA [22].

Bioinformatic prediction found a targeted rela-
tionship between miR-29a-3p and MMP-2.
Therefore, we speculated that miR-29a-3p may
inhibit proliferation and facilitate the apoptosis
of smooth muscle cells by targeting the down-
regulation of MMP-2 expression, and then
aggravating AAA.

Methods
Animals

In this experimental study, adult Wistar rats,
weighing 200-225 g, housed at room tempera-
ture with free access to food, were used for the
establishment of AAA models by giving them
intracavitary elastase and extracavitary CaCl,.
At first, the rats were anesthetized with isoflu-
rane, and 10 mm of the infrarenal aortaventra-
lis was exposed by midline laparotomy. Th-
ereafter, 30 U of porcine pancreatic elastase
(135 U/mg; Elastin Products Company, Ow-
ensville, MO) was injected into aorta via an
SP10 polyethylene catheter (Natsume Sei-
sakusho, Tokyo, Japan) which was already guid-
ed and inserted into the right common femoral
artery. The aorta was wrapped in gauze that
was immersed in 0.5 mol/l CaCl, (Sigma-
Aldrich, Tokyo, Japan) for 20 min; meanwhile,
elastase was added. After 7 days, the rats were
euthanized for later experiments through cervi-
cal dislocation after anesthesia, which was per-
formed via intraperitoneal injection with 3%
sodium pentobarbital solution (300 mg/Kg). All
procedures involving animals were done in
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accordance with the ethical standards of Zhuji
Hospital Affiliated to Shaoxing University, where
the experiments were performed.

Isolation, culture and transfection of smooth
muscle cells

The normal and modeled rats were sacrificed
and collected for their medial membrane of
aortic tissue in a sterile environment. Next, the
blood vessels and adipose tissues were re-
moved, and the blood vessels were treated
with trypsin for 30 min at 37°C, and removed
for the outer membrane. After cutting and cen-
trifugation, the supernatant was discarded. The
samples were added with RPMI-1640 (Gibco,
USA) containing 10% fetal bovine serum (Gibco,
USA) for cell resuspension. The cells were
adherently cultured to 90% density, trypsinized,
placed into six-well plates in a 50 ml/1 CO, incu-
bator at 37°C. The cells were observed to be
epithelioid-like and spread in a sheet-like man-
ner under an inverted microscope.

Smooth muscle cells grown in log phase were
seeded in 6-well culture plates at a density of
1*10%/well, and RPMI-1640 medium (Gibco,
USA) containing no serum and double antibody
was used one day before transfection. There
smooth muscle cells of rats were divided into 7
groups: Normal group (smooth muscle cells
from normal rats), Model group (untreated
smooth muscle cells from model rats), NC
mimic group (cells from model rats transfected
with NC mimic), miR-29a-3p mimic group (cells
from model rats transfected with miR-29a-3p
mimic), si-NC group, si-MMP-2 group (cells from
model rats transfected with si-MMP-2), miR-
29a-3p mimic + oe-MMP-2 group (cells from
model rats transfected with miR-29a-3p mimic
+ oe-MMP-2). The sequence powder was from
Jima, Suzhou, China. The cells were transfected
for 6 h according to the instructions of Lipo-
fectamine 2000, and then the medium was
replaced by RPMI-1640 containing 10% fetal
bovine serum (Gibco, USA). After another 48 h,
the cells were harvested for subsequent ex-
periments.

Dual-luciferase reporter assay

The binding sites of miR-29a-3p and MMP-2
were analyzed via the biological prediction web-
site (www.targetscan.org). Then, the targeting
relationship between miR-29a-3p and MMP-2
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Table 1. Primer sequence of gRT-PCR

Name Sequence

MiR-29a-3p F: 5-TAACCGATTTCAAATGGTGCTA-3’
R: 5’-~AGCAGGTCCGAGGTATTC-3’

MMP-2 F: 5’-GATTGATGCCGTGTACGAGG-3’

R: 5-AGTCTGCGATGAGCTTCGG-3’
PCNA F: 5-TTTGAGGCACGCCTGATCC-3’

R: 5’-GGAGACGTGAGACGAGTCCAT-3’
N-cadherin  F: 5-GCTGGCCGACATGTATGGTG-3’

R: 5’GGTGAAACTGTTCATACGTGTCCAA-3’
Bcl-2 F: 5-ATGCCTTTGTGGAACTATATGGC-3’

R: 5’-GGTATGCACCCAGAGTGATGC-3’
Bax F: 5-TGAAGACAGGGGCCTTTTTG-3’

R: 5’-AATTCGCCGGAGACACTCG-3’
ue F: 5’-GCTCCCTTCGGCAGCACA-3’

R: 5’-GAGCTATTCGCACCAGAGGA-3’
GAPDH F: 5-GGTGCCGAGTACGTGGTGC-3’

R: 5’-CCCAGCATCGAAGGTAGAGGT-3’

was then verified by a dual-luciferase assay.
The target gene MMP-2 dual-luciferase report-
er vector, PGL3-MMP-2wt, and the mutants
that bound to the miR-29a-3p binding site,
PGL3-MMP-2mut, were constructed, respec-
tively. The Rellina plasmid and the two reporter
vectors were co-transfected into HEK293T
cells with the miR-29a-3p plasmid and the NC
plasmid, respectively. After 24 h of cell trans-
fection, dual-luciferase assays were performed.
The cells of each group were lysed, centrifuged
at 12,000 rpm for 1 min, and collected for
supernatant. The kits were purchased from
Promega, USA, and the detection for luciferase
activity was done strictly according to the kit
instruction, and as follows. The lysed cell sam-
ples were added into the EP tubes. Every 10 pl
of the sample was mixed with 100 pl of the fire-
fly luciferase working solution to detect the fire-
fly luciferase activity, and then 100 ul of the
Renilla luciferase working solution was added
for the detection of Renilla luciferase activity.
Relative luciferase activity = firefly luciferase
activity/renilla luciferase activity [23].

qRT-PCR

The cells in each group were collected after 48
h of transfection. Total RNA was extracted by
Trizol (16096020, Thermo Fisher Scientific,
New York, USA; B1802, Harbin Haigene, China).
The cDNA was synthesized by TagMan Micro-
RNA Assays Reverse Transcription Primer
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(Thermo scientific, USA). Quantitative PCR
detection was performed by SYBR® Pre-
mixExTag™ Il Kit (Xingzhi, China). The following
components were added in sequence: 25 pl of
SYBR® PremixExTaq™ Il (2x), 2 ul of PCR forward
and reverse primers, 1 ul of ROXReferenceDye
(50x), 4 pl of DNA template, and 16 pl of ddH,0.
Fluorescence quantitative PCR was performed
with AB'PRISM® 7300 (Shanghai Kunke, China).
The reaction conditions were as follows, 10 min
of pre-denaturation at 95°C, followed by 32
cycles of 95°C for 15 s and 60°C for 30 s, and
another 72°C for 1 min. ACt = CT<target gone) "
CT(GAPDH)’ AACt = ACt(experimentalgroup) - ACt(control group)”
U6 was an internal reference for miR-29a-3p,
and GAPDH for the others. The 224t indicated
the relative expression of each target gene.
Primers are shown in Table 1.

Western blot

After 48 h of cell transfection and culture, the
cells were washed 3 times with pre-cooled PBS
and extracted for total protein using RIPA lysate
containing PMSF (RO010, Solarbio, Beijing,
China). BCA kit (Thermo, USA) was used to mea-
sure protein concentration, and deionized
water was used for zero set. The sample was
mixed with loading buffer, boiled in a metal
bath at 100°C for 10 min, and mixed with 50 ug
protein sample, followed by electrophoresis for
3 h at a constant voltage of 70 V. The protein
was then transferred to PVDF membrane
(ISEQO0010, Millipore, Billerica, MA, USA) at a
constant flow of 150 mA, and sealed in 5%
skimmed milk at 4°C for 2 h. After that, the pro-
tein was washed with TBST, incubated with pri-
mary antibodies anti-rabbit anti-mouse MMP-2
(@ab215986, 1:5,000, Abcam, UK), PCNA (ab29,
1 pyg/ml, Abcam, UK), N-cadherin (ab18203, 1
pg/ml, Abcam, UK), Bax (@ab32503, 1:1,000,
Abcam, UK), Bcl-2 (ab182858, 1:1,000, Abcam,
UK), GAPDH (ab22555, 1:2,000, Abcam, UK)
overnight at 4°C, then washed 3 times with
TBST, 6 min each time. Thereafter, the protein
was incubated with HRP labeled goat anti-rab-
bit IgG antibody (1:5,000, Beijing Zhongshan,
China) for 2 h, washed 3 times with TBST, 6 min
for each time, and then immersed in TBS. Equal
volume of liquid A and liquid B from ECL fluores-
cence detection kit (NB-3501, Ameshame, UK)
were evenly mixed, and 200 pl of which was
dropped onto the membrane for exposure and
imaging in a gel imager. The image analysis sys-
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tem (bio-rad, USA) was applied for photographs,
and the Image J software was used for
analyses.

MTT

The cells were conventional digested, collect-
ed, counted, and seeded in a 96-well plate with
3-6*10° cells per well and a volume of 100 ul
per well (6 duplicated wells). Then, 20 ul of MTT
solution (Gibco, USA) at a concentration of 5
mg/ml was added in each well at 24 h, 48 h,
and 72 h. After another 4 h of incubation in the
dark, 100 ul of DMSO was added to each well,
and the optical density of each well was read
with an enzyme-linked immunosorbent detec-
tor (NYW-96M, Beijing Noah, China) at 495 nm.
The cell viability curve was plotted with the time
point as the abscissa and the optical density as
the ordinate.

Flow cytometry

Cells were washed 3 times with PBS and centri-
fuged at 2,000 r/min for 20 min, then, the
supernatant was discarded, and the cell con-
centration was adjusted to about 1*10%/ml
with PBS. After that, the sample was added
with 1 ml of pre-cooled 75% ethanol, placed in
4°C for 1 h, centrifuged at 1,200 r/min for 5
min, washed 3 times with PBS, then added with
120 ul of RNAse A (Siemo, USA) in the dark,
bathed in 37°C water for 40 min, added with
500 pl of PI (Sigma, USA) for staining. After
mixing, the sample was placed at 4°C for 30
min in dark. The cell cycle was determined by
flow cytometry (Beckman Coulter, USA) when
the red fluorescence was at an excitation wave-
length of 488 nm.

After 48 h of cell transfection, the cells were
digested with trypsin (Thermo, USA) without
EDTA, collected in a flow tube, centrifuged at
2,000 r/min for 30 min, discarded for superna-
tant, then washed 3 times with pre-cooled PBS,
centrifuged at 2,000 r/min for 20 min, and
again discarded for supernatant. According to
Annexin-V-FITC Apoptosis Detection Kit (Sigma,
USA), HEPES buffer, Annexin-V-FITC, and PI
(50:1:2) were combined into Annexin-V-FITC/PI
dye solution, then 100 pl of which was added
into the sample, and cultured at room tempera-
ture for 15 min. Thereafter, 1 ml of HEPES buf-
fer (Thermo, USA) was added in the sample and
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mixed. Apoptosis was measured by flow cytom-
etry at an excitation wavelength of 488 nm.

Statistical analyses

The data were processed using SPSS 21.0. The
measurement data were expressed as mean +
standard deviation. The comparison among
multiple groups was performed by one-way
analysis of variance. The pairwise comparison
of mean values among multiple groups was
conducted by Tukey post-hoc test. A difference
of P<0.05 was statistically significant.

Results
MiR-29a-3p negatively regulated MMP-2 gene

The biological prediction site www.targetscan.
org predicted that miR-29a-3p and MMP-2 had
specific binding sites (Figure 1A). The dual-
luciferase reporter assay showed that the lucif-
erase activity in the Wt-MMP-2 subgroup of the
miR-29a-3p mimic group was lower than that in
the NC mimic group (P<0.05). Whereas, the
luciferase activity in the Mut-MMP-2 subgroup
did not change prominently (P>0.05). It can be
seen that miR-29a-3p could specifically target
the negative regulation of the MMP-2 gene. See
Figure 1B.

Expression of miR-29a-3p and MMP-2

To study how miR-29a-3p regulates the MMP-2
gene and effects on the biological characteris-
tics of smooth muscle cells in rats with AAA, we
determined the expressions of miR-29a-3p and
MMP-2 mRNAs by gRT-PCR, and MMP-2 protein
by Western blot. Compared with the Normal
group, MiR-29a-3p in the other groups was
down-regulated, and MMP-2 expression was
up-regulated (all P<0.05). Compared with the
Model group, the level of miR-29a-3p was up-
regulated in miR-29a-3p mimic group and miR-
29a-3p mimic + oe-MMP-2 group (both P<0.05);
the levels of MMP-2 in miR-29a-3p mimic group
and si-MMP-2 group were reduced (all P<0.05);
while there was no prominent difference in the
levels of MMP-2 in NC mimic group, si-NC group,
miR-29a-3p mimictoe-MMP-2 (all P>0.05).
Compared with miR-29a-3p mimic group, the
levels of MMP-2 in miR-29a-3p mimic + oe-
MMP-2 group were elevated (both P<0.05). See
Figure 1C-E.
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Figure 1. MiR-29a-3p targeted negative regulation of the MMP-2 gene. A. The sequence of the 3’-UTR segment of
MiR-29a-3p binding to MMP-2; B. Luciferase activity determined by dual luciferase assay; C. MiR-29a-3p and MMP-
2 mRNA levels in cells; D. Protein band of MMP-2; E. Protein level of MMP-2; F. Cell proliferation determined by MTT
assay. "P<0.05 vs. Normal group; *P<0.05 vs. Model group; ¥P<0.05 vs. NC mimic group; *P<0.05 vs. MiR-29a-3p
mimic group; *P<0.05 vs. si-NC group; ®P<0.05 vs. si-MMP-2 group.

Cell proliferation

The cell growth in all groups increased with
time. Compared with the Normal group, the
proliferation rates of smooth muscle cells in
other groups were reduced (all P<0.05).
Compared with Model group, there was no
prominent difference in the proliferation rate of
smooth muscle cells in NC mimic group, si-NC
group, and miR-29a-3p mimic + oe-MMP-2
group (all P>0.05), while the proliferation rate
in MiR-29a-3p mimic group and si-MMP-2
group was elevated (both P<0.05). Compared
with miR-29a-3p mimic group, the proliferation
rate in miR-29a-3p mimic + oe-MMP-2 group
was reduced (P<0.05). See Figure 1F.

Cell cycle

The other groups had more smooth muscle
cells in phase G1, and fewer in phase S than
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the Normal group (all P<0.05). Compared with
the Model group, there was no statistical differ-
ence in the cells at each stage in the NC mimic
group, si-NC group, miR-29a-3p mimic + oe-
MMP-2 group (all P>0.05); while the miR-29a-
3p mimic group and si-MMP-2 group had fewer
cells at phase G1, and more cells at phase S (all
P<0.05). Compared with the miR-29a-3p mimic
group, MiR-29a-3p mimic + oe-MMP-2 group
had more cells in phase G1 and fewer cells in
phase S (both P<0.05). See Figure 2.

Apoptosis determined by flow cytometry

Compared with the Normal group, the apopto-
sis rates of smooth muscle cells in other groups
were elevated (all P<0.05). Compared with
Model group, there was no prominent differ-
ence in the apoptosis rate of smooth muscle
cells in NC mimic group, si-NC group, and miR-
29a-3p mimic + oe-MMP-2 group (all P>0.05);
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Figure 3. Apoptosis determined by flow cytometry. A. Annexin V-FITC of each group determined by flow cytometry;
B. Apoptosis rate of each group. "P<0.05 vs. Normal group; #P<0.05 vs. Model group; ¥P<0.05 vs. NC mimic group;
$P<0.05 vs. MiR-29a-3p mimic group; *P<0.05 vs. si-NC group; ®P<0.05 vs. si-MMP-2 group.
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Figure 4. mRNA and protein levels of PCNA, N-cadherin, Bax and Bcl-2. A. mRNA levels of PCNA, N-cadherin, Bax,
and Bcl-2 in each group; B. Protein band of PCNA, N-cadherin, Bax, and Bcl-2; C. Protein level of PCNA, N-cadherin,
Bax, and Bcl-2 in each group. "P<0.05 vs. Normal group; *P<0.05 vs. Model group; ¥P<0.05 vs. NC mimic group;
$P<0.05 vs. MiR-29a-3p mimic group; *P<0.05 vs. si-NC group; ®P<0.05 vs. si-MMP-2 group.

while the apoptosis rates in miR-29a-3p mimic
group and si-MMP-2 group were reduced (both
P<0.05). Compared with miR-29a-3p mimic
group, the apoptosis rate in miR-29a-3p mimic
+ oe-MMP-2 group was elevated (P<0.05). See
Figure 3.

mRNA and protein levels of PCNA, N-cadherin,
Bcl-2, and Bax

To study how miR-29a-3p regulates the MMP-2
gene and the effect on the biological character-
istics of smooth muscle cells in rats with AAA,
we determined the mRNA and protein expres-
sions of proliferation-related factors PCNA,
apoptosis-related factors Bcl-2, Bax and
N-cadherin by qRT-PCR and Western blot.
Compared with the Normal group, the other
groups had reduced mRNA and protein levels of
PCNA, N-cadherin, and Bcl-2 in smooth muscle
cells, while elevated mRNA and protein levels of
Bax (all P<0.05). Compared with the Model
group, the levels were not prominently different
in the NC mimic group, si-NC group, miR-29a-
3p mimic + oe-MMP-2 group (all P>0.05); while
the mRNA and protein levels of PCNA,
N-cadherin, and Bcl-2 in miR-29a-3p mimic
group and si-MMP-2 group were elevated, and
the mRNA and protein levels of Bax were
reduced (all P<0.05). Compared with miR-29a-
3p mimic group, the mRNA and protein levels of
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PCNA, N-cadherin, and Bcl-2 in miR-29a-3p
mimic + oe-MMP-2 group were reduced, and
the mRNA and protein levels of Bax were elevat-
ed (all P<0.05). See Figure 4.

Discussion

AAA is a perpetual dilatation of aortaventralis
(from the diaphragm and its bifurcation to the
left and right arteria iliaca communis), which
presents as 50% larger than the normal ones,
or a diameter of more than 3 cm [24]. Most
aneurysms exist in the infrarenal aorta, near
the bifurcation of aorta. Pathological process-
es involved in the occurrence of degenerative
AAA include up-regulation of the proteolytic
pathway, apoptosis, oxidative stress, inflamma-
tion, and loss of arterial wall matrix [25]. With
the increase of aortic diameter, the risk of AAA
rupture increases, and the mortality after rup-
ture is high. However, the diagnosis of AAA is
difficult because most aneurysms are asymp-
tomatic before rupture [26]. A large amount of
evidence showed that miRNA plays an essen-
tial role in controlling basic cell processes,
including the formation of aneurysms [27]. The
miRNA expression in various human tumors
changes frequently, which indicates that miRNA
may act as a new kind of tumor promoter or
inhibitor [28].
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Our results demonstrated that miR-29a-3p was
a related miRNA that regulated VSMC prolifera-
tion in AAA. The function of miR-29a-3p was
determined by transfecting miR-29a-3p ana-
logs into VSMCs, which lead to an increase in
VSMC proliferation and in the level of mRNA/
DNA replication gene PCNA. Subsequent analy-
sis showed that miR-29a-3p may facilitate the
proliferation of VSMCs by reducing the expres-
sion of MMP-2. In addition, different physiologi-
cal death signals and pathological cell damage
activate the apoptosis pathway of genetic pro-
gramming. Apoptosis is two main downstream
pathways of cell death signals, one of which is
the pathway induced by caspase and organelle
dysfunction, and the other pathway is featured
by the induction of mitochondrial dysfunction
[29]. The activation of MMP-2 in the process of
apoptosis is accompanied by the lysis of
N-cadherin on the cell surface [30].

In the current study, MMP-2 was selected as
the target gene of miR-29a-3p according to
TargetScan. Duel-luciferase reporter assay
confirmed that miR-29a-3p targeted 3’-UTR of
MMP-2, and overexpression of miR-29a-3p
prominently down-regulated the expression of
MMP-2. The result of interfering MMP-2 expres-
sion was consistent with that of transfecting
miR-29a-3p analog into VSMCs. The expression
levels of PCNA, N-cadherin, and Bcl-2 were ele-
vated, which facilitated the proliferation and
inhibited the apoptosis of VSMCs. After the
transfection of miR-29a-3p analog and the
overexpression of MMP-2, the results were
found to be reversed.

In conclusion, we explored the function of miR-
29a-3p in VSMCs of rats with AAA and proved
that miR-29a-3p could increase the growth and
inhibit apoptosis of aortic smooth muscle cells.
Therefore, miR-29a-3p can play an anti-tumor
role in AAA. Further study about the role of miR-
29a-3p in VSMCs from patients with AAA can
give a superior understanding of the molecular
mechanism of AAA development, and a broad-
er perspective for the intervention, prevention,
and treatment of AAA. However, the down-
stream signal axis of the mechanism of MMP-2
regulating aortic aneurysm is still not clear yet.
MMP-2 may regulate the apoptosis of VSMCs
through the lysis of N-cadherin.
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