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MicroRNA-24 attenuates diabetic vascular remodeling
by suppressing the NLRP3/caspase-1/IL-1f signaling pathway
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Abstract. Vascular remodeling plays an important role in
the pathogenesis of diabetic cardiovascular complications.
Previous published research has indicated that microRNA-24
(miR-24) is involved in diabetic vascular remodeling, but the
underlying molecular mechanisms have yet to be fully eluci-
dated. The aim of the present study was to investigate whether
adenovirus-mediated miR-24 overexpression can suppress
the NOD-like receptor family pyrin domain-containing 3
(NLRP3)-related inflammatory signaling pathway and
attenuate diabetic vascular remodeling. The carotid arteries of
diabetic rats were harvested and prepared for analysis. Reverse
transcription-quantitative PCR and western blotting assays
were used to detect the expressions of related mRNAs and
proteins. Morphological examinations, including hematoxylin
and eosin, immunohistochemical and Masson's trichrome
staining, were also performed. The results of the present
study demonstrated that miR-24 upregulation suppressed
neointimal hyperplasia and accelerated reendothelialization in
the injured arteries, lowered the expression of NLRP3, apop-
tosis-associated speck-like protein, caspase-1, proliferating
cell nuclear antigen, CD45, interleukin (IL)-1p, IL-18 and
tumor necrosis factor-a, and increased the expression of
CD31, smooth muscle (SM) a-actin and SM-myosin heavy
chain. These data indicated that miR-24 overexpression can
attenuate vascular remodeling in a diabetic rat model through
suppressing the NLRP3/caspase-1/IL-1f signaling pathway.
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Introduction

Diabetes mellitus is a major risk factor of cardiovascular
diseases, and diabetic patients develop more serious neointimal
hyperplasiafollowing coronary arterial interventions compared
with non-diabetic patients (1,2). Vascular remodeling is the
most important pathological basis of diabetic vascular compli-
cations, which is the major cause of mortality among patients
with diabetes (3). Neointimal hyperplasia plays a crucial role in
the process of diabetic vascular remodeling (4). It is commonly
accepted that the contractile-synthetic phenotype transforma-
tion of vascular smooth muscle cells (VSMCs) is responsible
for neointimal formation (5). A large number of experimental
and clinical studies have been undertaken to investigate how
to attenuate vascular remodeling by improving the function of
VSMCs (6-8). However, no breakthrough progress has been
made, and there are currently no promising strategies for
alleviating diabetic vascular remodeling.

MicroRNAs (miRNAs/miRs) control diverse cellular
functions by negatively modulating the expression of genes.
A large number of studies have confirmed that dysregulated
miRNAs are involved in the development of neointimal
hyperplasia (9-12). Evidence has demonstrated that the
expression of miR-24 differs significantly between patients
with atherosclerosis and age-matched controls, whereas
overexpression of miR-24 can suppress the development of
atherosclerosis (13). Moreover, previously published data by
the authors of the current study also indicated that miR-24
may regulate diabetic vascular remodeling by affecting the
function of VSMCs (14-17). However, the potential molecular
mechanisms have not yet been fully elucidated.

The NOD-like receptor family pyrin domain-containing 3
(NLRP3) inflammasome is a macromolecular complex that
consists of NLRP3, an adaptor protein apoptosis-associated
speck-like protein (ASC) and caspase-1. The NLRP3 inflam-
masome is activated to produce inflammatory factors,
including interleukin (IL)-1p, IL-18 and tumor necrosis factor
(TNF)-a (18). Inflammatory response is closely implicated in
vascular proliferative diseases (19,20). It has been confirmed
that the NLRP3-related inflammatory signaling pathway is
involved in the proliferation and phenotype transformation of
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VSMCs (21,22). Moreover, NLRP3 is one of the miR-24 target
genes predicted by bioinformatics and confirmed by previous
experiments (23). However, whether miR-24 can attenuate
diabetic vascular remodeling through targeting the NLRP3
signaling pathway remains largely unknown.

In the present study, a carotid artery balloon injury diabetic
rat model was established in order to investigate whether the
downregulation of NLRP3 by overexpression of miR-24 can
attenuate diabetic vascular remodeling by reducing prolifera-
tion, phenotype transformation and inflammation in VSMCs.
The aim of the study was to provide novel insights into the
benefits and potential mechanisms of action of miR-24 against
diabetic vascular remodeling.

Materials and methods

Ethics statement. All experimental procedures and animal
care were approved by the Institutional Animal Care and Use
Committee of China Three Gorges University, and conformed
to the Guide for the Care and Use of Laboratory Animals by
the National Institutes of Health (24).

Preparation of adenoviral vectors. The custom AdMax
system (Microbix Biosystems Inc.) was used to generate
adenoviral vectors according to the manufacturer's proto-
cols, which encoded miR-24 and GFP. Subsequently, the
adenoviral vectors (500 ul) were transfected into 293 cells
(cat. no. CRL-1573; American Type Culture Collection) using
Lipofectamine™ 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.) to amplifythe generated adenoviral vectors until the viral
titer reached 1x10° PFU/ml.

Establishment and evaluation of a rat model of diabetes. A
total of 60 adult male Sprague Dawley rats (aged ~8 weeks;
weight, ~270 g) housed at 23+2°C with 12-h light/dark cycles
were on a high-fat and high-sugar diet (20% lard stearin, 10%
sucrose, and 0.1% bile salt were added to the normal diet)
and had free access to water for 4 weeks. Then, the rats were
administered streptozotocin (~35 mg/kg) by intraperitoneal
injection and had free access to food and water for 1 week. The
blood sugar level in the tail vein was measured, and once that
exceeded 15.0 mmol/I the diabetic rat model was considered to
be successfully established (10).

Establishment of the carotid balloon injury diabetic rat
model and viral infection. A total of 48 well-established
diabetic rat models (weighing ~400 g) were assigned into
the sham, saline, injury and GFP viral infection (Ad-NC),
and injury and miR-24 viral infection (Ad-miR-24) groups
(Fig. 1). The procedure for establishing a diabetic rat model
of carotid balloon injury was as follows: 3% sodium pento-
barbital (30 mg/kg) was used to anesthetize the rats, followed
by exposing the left external carotid artery. Subsequently, a
balloon catheter (diameter, 1.25 mm) was inserted into the left
common carotid artery through the exposed external carotid
artery, and the balloon was inflated and passed three times
with rotation. In the sham group, left external carotid artery
was exposed but a balloon was not inserted. For viral infection,
equal volume (50 ul) of Ad-miR-24, Ad-NC and saline were
incubated with the common carotid arteries. After ~30 min,
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the blood flow in the carotid artery was restored. Two weeks
after viral infection, rats were re-anesthetized with 3% sodium
pentobarbital (30 mg/kg) and the left common carotid artery
and jugular vein were exposed. The left common carotid
artery segments were harvested for subsequent examination.
At this time, the rats were still under anesthesia. Finally, 10%
potassium chloride (75 mg/kg) was injected via the jugular
vein for euthanasia.

Histomorphological and immunohistochemical analysis.
Paraformaldehyde (4.0%) was used to fix the harvested
arteries for 48 h at room temperature and the specimens were
then embedded in paraffin and cut into 4-ym-thick sections.
Next, the tissue sections were heated at 60°C for 1 h then
dewaxed and rehydrated by immersion in dimethylbenzene
and ethanol series. Hematoxylin and eosin (H&E) staining was
subsequently performed at room temperature (hematoxylin
staining, 5 min; eosin staining, 2 min). A light microscope
(magnification, x200) was used for the analysis of neointima
formation. Immunohistochemical staining of PCNA, CD45
and CD31 were performed to analyze the proliferative activity
of VSMCs, infiltration of neutrophils and reendothelializa-
tion, respectively (16,25). Briefly, for immunohistochemical
staining, the sections was de-waxed, and the antigen retrieval
was performed by autoclaving at 121°C for 6 min. The
sections were incubated with 1% goat serum (cat. no. 31873;
Thermo Fisher Scientific, Inc.) for 30 min at room tempera-
ture. After blocking for nonspecific staining, the sections
were incubated with anti-proliferating cell nuclear antigen
(PCNA; dilution, 1:100; cat. no. ab18197; Abcam), anti-CD45
(dilution, 1:100; cat. no. abl0558; Abcam) or anti-CD31 (dilu-
tion 1:50; cat. no. ab24590; Abcam) antibodies overnight at
4°C. The sections were then incubated with a horseradish
peroxidase-conjugated secondary antibody (dilution 1:3,000;
cat. no. sc-2005; Santa Cruz Biotechnology, Inc.) for another
1 h at room temperature. Finally, 3,3'-diaminobenzidine and
hematoxylin were separately added to the sections for 1 min
at room temperature. A light microscope was also used for
immunohistochemical analysis (magnification: PCNA, x100;
CD45, x400; CD31, x400). Masson's trichrome staining was
also performed to evaluate collagen deposition in the vessels,
as previously described (26). Image-Pro Plus 5.0 software
(Media Cybernetics, Inc.) was used to calculate the percentage
of PCNA-positive cells and the areas of collagen, intima and
media in the neointima.

Reverse transcription-quantitative PCR (RT-gPCR) analysis.
The gene expression of miR-24, apoptosis-associated
speck-like protein (ASC) and caspase-1 was assessed. Total
RNA was extracted from the harvested artery specimens
with TRIzol® reagent (Invitrogen; Thermo Fisher Scientific,
Inc.). Obtained RNA (~4.0 ug) was then reverse-transcribed
into cDNA using SuperScript IV Reverse Transcriptase
(Thermo Fisher Scientific, Inc.) at 37°C for 60 min. RT-qPCR
was performed using the ABI Prism 7500 system (Applied
Biosystems; Thermo Fisher Scientific, Inc.) with luminaris
color hiGreen qPCR master mix (Fermentas; Thermo Fisher
Scientific, Inc.). The following thermocycling conditions
were used for the qPCR: 50°C for 2 min and 95°C for 10 min;
40 cycles of 95°C for 30 sec and 60°C for 30 sec. Data were
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Figure 1. Schematic representation of the experimental protocol. The diagram illustrates the grouping of experimental animals. STZ, streptozotocin; miR,
microRNA; Ad, adenovirus; NC, GFP sequence.

analyzed using the 2244 method (27). The following primers
were used: miR-24 forward, 5"TGCGCTGGCTCAGTTCAG
CAGG-3' and reverse, 5'-CCAGTGCAGGGTCCGAGGT
ATT-3"; U6 forward, 5'-CGCTTCGGCAGCACATATAC-3'
and reverse, 5-AAATATGGAACGCTTCACGA-3'; caspase-1
forward, 5'-"ACTCGTACACGTCTTGCCCTC-3' and reverse,
5'-CTGGGCAGGCAGCAAATTC-3"; ASC forward, 5-TGG
AGTCGTATGGCTTGGAG-3' and reverse, 5S-TGTCCTTCA
GTCAGCACACT-3"; and GAPDH forward, 5“TGGCCTTCC
GTGTTCCTAC-3' and reverse, 5-GAGTTGCTGTTGAAG
TCGCA-3.
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Western blotting. The protein expression levels of NLRP3,
ASC, caspase-1 and GAPDH in the harvested artery
specimens were also determined. Briefly, the proteins were
extracted from the specimens using the protein extraction kit
(cat. no. P0028; Beyotime Institute of Biotechnology) and the
concentration was measured by bicinchoninic acid protein
assay kit. The obtained proteins (40 ug) were separated by
electrophoresis with NuPAGE™ Novex 4-12% Bis-Tris
Protein Gel (Invitrogen; Thermo Fisher Scientific, Inc.)

and transferred onto a polyvinylidene fluoride membrane. 109

The membrane was blocked with 5% non-fat dry milk in E 0.8

PBS with 0.05% Tween-20 for 2 h at room temperature. =

Subsequently, the blocked membranes were incubated with g 0.6+

primary antibodies against NLRP3 (cat. no. 13158), ASC &

(cat. no. 67824) and caspase-1 (cat. no. 3866) overnight at £ 044

4°C (dilution, 1:1,000; Cell Signaling Technology, Inc.). % 024

Finally, the membranes were incubated with horseradish ~

peroxidase-conjugated rabbit anti-rat IgG secondary anti- 0.0-

bodies (dilution, 1:2,000; cat. no. GB-10041; Pierce; Thermo & @"’ Q.CJ A
Fisher Scientific, Inc.) for another 2 h at room temperature. R < y-s”' ’és'
An enhanced chemiluminescence detection kit (Thermo »

Fisher Scientific, Inc.) was used for visualization and
GAPDH served as a loading control. An Odyssey® Infrared
Imaging system (model 9120; LI-COR Biosciences) was used
to capture images of the membranes and Quantity One 1-D
software (version 4.6.9; Bio-Rad Laboratories, Inc.) was used
to quantify the protein bands.

Figure 2. Overexpression of miR-24 reduces NLRP3 protein expression.
(A) Reverse transcription-quantitative PCR was used to detect miR-24 levels
following gene transfer into the injured arteries in diabetic rats. (B) Western
blotting was performed to measure the NLRP3 protein expression level.
Values are presented as the mean =+ standard deviation (n=5/group). "P<0.05
vs. sham group; “P<0.05 vs. saline group; and ¥P<0.05 vs. Ad-NC group.
miR, microRNA; Ad, adenovirus; NC, GFP sequence.
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Figure 3. Overexpression of miR-24 attenuates intimal hyperplasia. (A) Hematoxylin and eosin-stained sections of the carotid arteries. Magnification, x200.
Areas of the (B) intima and (C) media were analyzed. (D) The ratio of intima to media was also calculated. Values are presented as the mean + standard
deviation (n=8/group). "P<0.05 vs. sham group; "P<0.05 vs. saline; and “P<0.05 vs. Ad-NC group. A, adventitia; M, media; Ni, neointima; miR, microRNA;

Ad, adenovirus; NC, GFP sequence.

ELISA. The ELISA method was used to determine the
levels of TNF-a (cat. no. SRTA00; R&D Systems, Inc.),
IL-1pB (cat. no. SRLBOO; R&D Systems, Inc.) and IL-18
(cat. no. CSB-E04610r; Cusabio Technology LLC) in the
harvested artery specimens. Briefly, the harvested artery
specimens were homogenized at 4°C, centrifuged at
500 x g and 4°C for 20 min, and then the supernatant was
taken for ELISA detection following the manufacturer's
instructions.

Statistical analysis. All statistical analyses were performed
with SPSS software (version 21.0; IBM Corp.). All values
are presented as the mean + standard deviation. Statistical
comparisons between mean values of groups were assessed
using one-way analysis of variance followed by Tukey's post
hoc test. P<0.05 was considered to indicate a statistically
significant difference.

Results

Relative expression of miR-24 and NLRP3 in diabetic rats
with balloon-injured arteries. As shown in Fig. 2A, miR-24
was markedly reduced in the carotid arteries of diabetic rats
after injury compared with the sham group (P<0.05), and
adenovirus-mediated miR-24 viral infection significantly
increased miR-24 expression compared with the Ad-NC group
(P<0.05). Western blotting was used to detect the expression
of NLRP3. As shown in Fig. 2B, compared with the sham
group, protein expression level of NLRP3 increased markedly
in saline and Ad-NC groups. However, miR-24 viral infection
significantly reduced NLRP3 protein levels compared with the
saline or Ad-NC groups (P<0.05).

Overexpression of miR-24 inhibits neointimal hyperplasia.
The intimal hyperplasia was assessed by H&E staining (Fig. 3).



Bzl SPANDIDOS
7] .§, PUBLICATIONS

Ad-miR-24

-

#

PCNA-positive cells (%)

Ad-miR-24

Ad-NC

Figure 4. Overexpression of miR-24 reduces the expression of PCNA in the
neointima. Immunohistochemical staining of PCNA was performed and
PCNA-positive cells were stained brown and yellow. (A) Representative
microphotograph of section stained immunohistochemically for PCNA.
Magnification, x100. (B) The percentage of PCNA-positive cells in the
neointima. Values are presented as the mean + standard deviation (n=8/group).
“P<0.05 vs. Ad-NC group. PCNA, proliferating cell nuclear antigen; miR,
microRNA; Ad, adenovirus; NC, GFP sequence.
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Figure 5. Overexpression of miR-24 decreases collagen deposition. Masson's
trichrome staining was performed to evaluate the collagen deposition. Blue
staining indicates collagen fibers. (A) Representative microphotograph of
Masson's trichrome staining. Magnification, x200. (B) Percentage of collagen
area in the neointima. Values are presented as the mean + standard deviation
(n=8/group). "P<0.05 vs. Ad-NC group. miR, microRNA; Ad, adenovirus;
NC, GFP sequence.

As shown in Fig. 3A and B, adenovirus-mediated miR-24 viral
infection significantly reduced the neointimal area compared
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Figure 6. Overexpression of miR-24 attenuates phenotypic transforma-
tion of VSMCs by enhancing the expression levels of contractile markers.
(A)Representative western blots of SM-MHC and SMa-actin. (B) Corresponding
densitometric analyses of SM-MHC protein expression. (C) Corresponding
densitometric analyses of SMa-actin protein expression. Values are presented
as the mean + standard deviation (n=6/group). "P<0.05 vs. Ad-NC group.
VSMCs, vascular smooth muscle cells; SM, smooth muscle; MHC, myosin
heavy chain; miR, microRNA; Ad, adenovirus; NC, GFP sequence.

with saline and Ad-NC groups (P<0.05) and the changes in
the ratio of intima/media were consistent with this observation
(P<0.05; Fig. 3D). There were no marked changes in the total
area of the medial layer between the four groups included in
the current study (P>0.05; Fig. 3C).

Overexpression of miR-24 suppresses VSMC proliferation and
phenotype transformation, and decreases collagen deposition.
As shown in Fig. 4A and B, PCNA expression was markedly
increased in the injured arteries, but miR-24 overexpression was
able to reduce the level of PCNA by 68% (P<0.05). In addition,
the collagen deposition in the injured artery was assessed by
Masson's trichrome staining. As shown in Fig. 5, compared with
the Ad-NC group, the level of collagen in injured arteries was
lower in the Ad-miR-24 group (P<0.05). Compared with the
Ad-NC group, expression levels of contractile markers, including
smooth muscle (SM) a-actin and SM-myosin heavy chain
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Figure 7. Overexpression of miR-24 enhances reendothelialization. Immunohistochemical staining of the endothelial cell marker CD31 was performed and
positive cells were stained brown and yellow. Magnification, x400. Arrows indicate CD31-positive cells. Compared with the saline and Ad-NC groups, infec-
tion with Ad-miR-24 increased the expression of CD31 and the positively-stained area was larger and more continuous. A, adventitia; M, media; Ni, neointima;

miR, microRNA; Ad, adenovirus; NC, GFP sequence.
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Figure 8. Overexpression of miR-24 reduces the inflammatory response. (A) Immunohistochemistry was used to detect neutrophil cell marker CD45-positive
cells in the neointima (arrows). Magnification, x400. Expression levels of (B) IL-1f, (C) IL-18 and (D) TNF-a were detected by ELISA. Values are presented
as the mean * standard deviation (n=6 per group). 'P<0.05 vs. sham group; *P<0.05 vs. saline; and “P<0.05 vs. Ad-NC group. A, adventitia; M, media;
Ni, neointima. IL, interleukin; TNF, tumor necrosis factor; miR, microRNA; Ad, adenovirus; NC, GFP sequence.

(MHC), were upregulated significantly in the Ad-miR-24 group,
as assessed by western blotting (both P<0.05; Fig. 6).

Overexpression of miR-24 promotes reendothelialization
following balloon injury. Immunostaining was performed to
investigate whether overexpression of miR-24 could promote
reendothelialization following balloon injury in diabetic rats.
As shown in Fig. 7, the number of CD31-positive cells along
the luminal surface increased following adenovirus-mediated
miR-24 viral infection.

Overexpression of miR-24 ameliorates inflammatory
response. The ELISA method was used to determine the
expression of TNF-a, IL-1p3 and IL-18 in the harvested artery
specimens. It was observed that the levels of IL-1f3, IL-18 and
TNF-a were significantly upregulated in the injured arteries;
however, miR-24 overexpression was able to markedly reduce
their expression (all P<0.05; Fig. 8B-D). Consistent with the
above findings, immunostaining results also demonstrated

that the expression levels of neutrophil cell marker CD45 in
the neointima markedly decreased following miR-24 viral
infection (Fig. 8A).

Overexpression of miR-24 represses the NLRP3 signaling
pathway. ASC and caspase-1 are the main downstream
molecules of the NLRP3 signaling pathway (23). The mRNA
and protein expression of ASC and caspase-1 was measured
by RT-qPCR and western blotting, respectively. The mRNA
(Fig. 9A) and protein (Fig. 9B and C) expression levels of
ASC and caspase-1 were both significantly upregulated in
the injured arteries; however, their expression was attenuated
following miR-24 viral infection (all P<0.05; Fig. 9).

Discussion
Diabetic patients are at a markedly increased risk of devel-

oping neointimal hyperplasia and may require repeated
coronary interventions (28). Although drug-eluting stents are
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Figure 9. Overexpression of miR-24 inhibits NLRP3-mediated inflam-
mation. miR-24 upregulation inhibited ASC and caspase-1 mRNA and
protein expression. (A) mRNA expression levels of ASC and caspase-1
were detected by RT-qPCR. (B) Representative western blots of ASC and
caspase-1. (C) Corresponding densitometric analyses of ASC and caspase-1
protein expression. Values are presented as the mean + standard devia-
tion (n=6/group). "P<0.05 vs. sham group; “P<0.05 vs. saline; and “P<0.05
vs. Ad-NC group. ASC, apoptosis-associated speck-like protein; miR,
microRNA; Ad, adenovirus; NC, GFP sequence.

currently widely used, the incidence of restenosis and late
thrombosis is higher among diabetic patients (29). Previous
research by the authors of the current study demonstrated
that miR-24 can attenuate vascular remodeling in diabetic
rats (14-17). However, miR-24 regulates the expression
of hundreds of target genes, and multiple signaling path-
ways are involved in the development of diabetic vascular
remodeling (30-32). Further research is warranted to further
elucidate the complex regulatory interconnections between
miR-24 and diabetic-related vascular proliferative diseases.
As the dominant cellular constituent of arteries, VSMCs is
a critical determinant of vascular disease (33). In the present
study, it was observed that overexpression of miR-24 mark-
edly attenuated intimal hyperplasia caused by vascular injury
in diabetic rats. Moreover, VSMC proliferation and phenotype
transformation were associated with an increase in the expres-
sion of NLRP3, ASC and caspase-1, and the secretion of
pro-inflammatory factors, including IL-1f, IL-18 and TNF-o.
The aforementioned trends notably changed following miR-24
viral infection. The data of the present study suggested that
miR-24 may attenuate vascular remodeling in diabetic rats by
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suppressing the NLRP3/caspase-1/IL-1p-related inflammatory
signaling pathway.

miRNAs are non-coding RNAs, ~22 nucleotides in length,
that control diverse cellular functions by degrading target
mRNAs or inhibiting translation post-transcriptionally (12).
It has been confirmed that miRNAs play a crucial role in the
mechanisms underlying vascular remodeling (12,34). The
proliferation, migration and inflammation of VSMCs may
be markedly ameliorated by targeting phosphatidylinositol
3-kinase regulatory subunit a, platelet-derived growth factor
subunit B, Wnt4 and high mobility group protein Bl via miR-24
overexpression (14-17). According to TargetScan bioinfor-
matics analysis, miR-24 has multiple intervention targets,
one of which is NLRP3 (23). The data of the present study
demonstrated that the expression of NLRP3 was regulated by
miR-24 in vivo.

The NLRP3 inflammasome is a multi-protein signaling
complex, which is composed of NLRP3, ASC and
caspase-1 (35). When the NLRP3 inflammasome is activated
by an external stimulus, NLRP3 and ASC immediately form
a complex and then activate caspase-1 to promote the matu-
ration and release of IL-1f and IL-18 (18). It was previously
reported that excessive activation of the NLRP3 inflamma-
some is associated with a variety of diseases (36). VSMCs play
a key role in the development of diabetic vascular remodeling.
Briefly, in the healthy vasculature, VSMCs display a low
proliferative rate with a quiescent and contractile phenotype.
However, under an external stimulus, VSMCs migrate from
the medial layer into the intimal layer, accompanied by a
switch to a proliferative synthetic phenotype (37). This pheno-
typic transformation in associated with reduced expression of
contractility markers SMa-actin and SM-MHC; however, the
production of inflammatory cytokines is increased (19,20).
Phenotypic transformation of VSMCs plays a crucial role in
vascular proliferative diseases by facilitating VSMC migra-
tion to the intima from the medial layer and secretion of
extracellular matrix to promote neointima formation (38). In
addition, accumulating evidence indicates that the NLRP3
inflammasome is also involved in VSMC phenotypic transfor-
mation, proliferation and vascular remodeling by mediating
inflammatory response (21,22). Consistent with the afore-
mentioned findings, the present study also indicated that the
NLRP3-related inflammatory signaling pathway was acti-
vated in injured diabetic rat arteries, and inhibiting NLRP3
by miR-24 upregulation decreased the production of IL-1§,
IL-18 and TNF-a, the proliferation of VSMCs, and infiltra-
tion by neutrophils, as demonstrated by CD45 staining results.
Inhibition of the NLRP3 pathway also reduced collagen
generation and increased the expression of SMa-actin and
SM-MHC.

The dysfunction of endothelial cells (ECs) caused by
inflammation or other external stimuli is another key factor
promoting diabetic vascular remodeling. Jansen et al (39)
reported that endothelial microparticle-promoted inhibition
of vascular remodeling is abrogated under hyperglycemic
conditions. The current research in this field mainly focuses
on improving the function of VSMCs (14-17,21); however,
ECs have not been extensively investigated. The delay in
endothelialization severely compromises the therapeutic
effect of ECs (40). Previously published data by the authors of


https://www.spandidos-publications.com/10.3892/ijmm.2020.4533
https://www.spandidos-publications.com/10.3892/ijmm.2020.4533

FAN et al: miR-24 ATTENUATES DIABETIC VASCULAR REMODELING

the current study demonstrated that miR-24 was enriched in
VSMCs rather than ECs (41). The present study demonstrated
that miR-24 gene transfer increased CD31 expression and
accelerated reendothelialization following arterial injury in
diabetic rats.

In conclusion, miR-24 not only attenuated the phenotypic
transformation and proliferation of VSMCs, but also inhibited
intimal hyperplasia and collagen deposition, and acceler-
ated reendothelialization in diabetic rats in a carotid artery
balloon injury model. These effects may be mediated by
the downregulation of the NLRP3/caspase-1/I1L-1p3-related
inflammatory signaling pathway. However, direct downregu-
lation of NLRP3 signaling molecules may provide further
supporting evidence. The effect of specific inhibitors of ASC,
caspase-1 and IL-1f on high glucose-induced VSMC inflam-
mation will be studied in-depth in future research. The data
obtained in the present study further elucidated the role of
miR-24 in diabetic vascular remodeling and indicated that
miR-24 may be a potential intervention target in vascular
proliferative diseases.
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