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Abstract

BACKGROUND

The accumulation of advanced glycation end products (AGEs) have been
implicated in the development and progression of diabetic vasculopathy.
However, the role of profilin-1 as a multifunctional actin-binding protein in
AGEs-induced atherosclerosis (AS) is largely unknown.

AIM

To explore the potential role of profilin-1 in the pathogenesis of AS induced by
AGEs, particularly in relation to the Janus kinase 2 (JAK2) and signal transducer
and activator of transcription 3 (STAT3) signaling pathway.

METHODS

Eighty-nine individuals undergoing coronary angiography were enrolled in the
study. Plasma cytokine levels were detected using ELISA kits. Rat aortic vascular
smooth muscle cells (RASMCs) were incubated with different compounds for
different times. Cell proliferation was determined by performing the MTT assay
and EdU staining. An AGEs-induced vascular remodeling model was established
in rats and histological and immunohistochemical analyses were performed. The
mRNA and protein levels were detected using real-time PCR and Western blot
analysis, respectively. In vivo, sSARNA transfection was performed to verify the
role of profilin-1 in AGEs-induced proatherogenic mediator release and aortic
remodeling. Statistical analyses were performed using SPSS 22.0 software.

1875 November 15,2021 | Volume12 | Issuell |


https://www.f6publishing.com
https://dx.doi.org/10.4239/wjd.v12.i11.1875
http://orcid.org/0000-0003-4181-4935
http://orcid.org/0000-0003-4181-4935
http://orcid.org/0000-0003-4181-4935
http://orcid.org/0000-0003-4904-0460
http://orcid.org/0000-0003-4904-0460
http://orcid.org/0000-0003-4904-0460
http://orcid.org/0000-0002-8320-8215
http://orcid.org/0000-0002-8320-8215
http://orcid.org/0000-0002-8320-8215
http://orcid.org/0000-0002-4641-006X
http://orcid.org/0000-0002-4641-006X
http://orcid.org/0000-0002-4641-006X
http://orcid.org/0000-0002-1743-8610
http://orcid.org/0000-0002-1743-8610
http://orcid.org/0000-0002-1743-8610
http://orcid.org/0000-0002-3686-5933
http://orcid.org/0000-0002-3686-5933
mailto:meifang121@sohu.com

Xiao ZL et al. Profilin-1 mediated AGEs-induced macroangiopathy

Institutional animal care and use
committee statement: All
procedures were performed in
compliance with guidelines from
the Ethics Committee for Animal
Care and Research at Xiangya
Hospital of Central South
University (Changsha, Hunan
Province, China).

Conflict-of-interest statement: The
authors declare that they have no
known competing financial
interests or personal relationships
that could have appeared to
influence the work reported in this

paper.

Data sharing statement: The
analyzed data sets generated
during the present study are
available from the corresponding
author on reasonable request.

ARRIVE guidelines statement: The
authors have read the ARRIVE
Guidelines, and the manuscript
was prepared and revised
according to the ARRIVE
Guidelines.

Open-Access: This article is an
open-access article that was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in
accordance with the Creative
Commons Attribution
NonCommercial (CC BY-NC 4.0)
license, which permits others to
distribute, remix, adapt, build
upon this work non-commercially,
and license their derivative works
on different terms, provided the
original work is properly cited and
the use is non-commercial. See: htt
p:/ /creativecommons.org/ License
s/by-nc/4.0/

Provenance and peer review:
Unsolicited article; Externally peer
reviewed

Specialty type: Endocrinology and

metabolism
Country/Territory of origin: China

Peer-review report’s scientific
quality classification

Grade A (Excellent): 0

Grade B (Very good): 0

Jaishideng®

WJD | https://www.wjgnet.com

RESULTS

Compared with the control group, plasma levels of profilin-1 and receptor for
AGEs (RAGE) were significantly increased in patients with coronary artery
disease, especially in those complicated with diabetes mellitus (P < 0.01). The
levels of profilin-1 were positively correlated with the levels of RAGE (P < 0.01);
additionally, the levels of both molecules were positively associated with the
degree of coronary artery stenosis (P < 0.01). In vivo, tail vein injections of AGEs
induced the release of proatherogenic mediators, such as asymmetric dimethylar-
ginine, intercellular adhesion molecule-1, and the N-terminus of procollagen III
peptide, concomitant with apparent aortic morphological changes and
significantly upregulated expression of the profilin-1 mRNA and protein in the
thoracic aorta (P < 0.05 or P < 0.01). Downregulation of profilin-1 expression with
an shRNA significantly attenuated AGEs-induced proatherogenic mediator
release (P < 0.05) and aortic remodeling. In vitro, incubation of vascular smooth
muscle cells (VSMCs) with AGEs significantly promoted cell proliferation and
upregulated the expression of the profilin-1 mRNA and protein (P < 0.05). AGEs
(200 pg/mL, 24 h) significantly upregulated the expression of the STAT3 mRNA
and protein and JAK2 protein, which was blocked by a JAK2 inhibitor (T3042-1)
and/or STAT3 inhibitor (T6308-1) (P < 0.05). In addition, pretreatment with
T3042-1 or T6308-1 significantly inhibited AGEs-induced RASMC proliferation (P
<0.05).

CONCLUSION

AGEs induce proatherogenic events such as VSMC proliferation, proatherogenic
mediator release, and vascular remodeling, changes that can be attenuated by
silencing profilin-1 expression. These results suggest a crucial role for profilin-1 in
AGEs-induced vasculopathy.

Key Words: Advanced glycation end products; Profilin-1; Diabetic macroangiopathys;
Atherosclerosis; Vascular remodeling; Janus kinase 2/signal transducer and activator of
transcription 3 signaling pathway

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The formation and accumulation of advanced glycation end products (AGEs)
contribute to accelerated macrovascular complications in individuals with diabetes.
Currently, few studies have examined the role of profilin-1 in vasculopathy induced by
AGEs. The present study proved that AGEs induced proatherogenic events such as
vascular smooth muscle cell proliferation, proatherogenic mediator expression, and
vascular remodeling, changes that were attenuated by silencing profilin-1 gene
expression. These data suggested for the first time that profilin-1 was involved in
AGEs-induced aortic atheroma formation in rats, indicating that drugs targeting
profilin-1 may become a potential therapeutic strategy for ameliorating atherosclerosis
secondary to diabetes.

Citation: Xiao ZL, Ma LP, Yang DF, Yang M, Li ZY, Chen MF. Profilin-1 is involved in
macroangiopathy induced by advanced glycation end products via vascular remodeling and
inflammation. World J Diabetes 2021; 12(11): 1875-1893

URL: https://www.wjgnet.com/1948-9358/full/v12/i11/1875.htm

DOI: https://dx.doi.org/10.4239/wjd.v12.i11.1875

INTRODUCTION

Diabetic macroangiopathy is the leading cause of morbidity and mortality in patients
with diabetes. The pathophysiological basis of diabetic macroangiopathy is athero-
sclerosis (AS), a complicated biological process including endothelial dysfunction,
macrophage accumulation, inflammatory factor infiltration, vascular smooth muscle
cell (VSMC) proliferation, and intima-media remodeling[1], which ultimately leads to
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vessel wall thickening and lumen stenosis. A large number of clinical studies have
shown that the incidence of diabetic vascular complications has not decreased in
patients with chronic long-term hyperglycemia, despite strict blood glucose and risk
factor control[2,3]. Thus, the identification of effective new targets for the prevention
and treatment of diabetic macroangiopathy is an urgent unsolved problem.

The production of advanced glycation end products (AGEs) is due to chronic
hyperglycemia, aging, and chronic degenerative diseases[4]. The formation and
accumulation of AGEs contribute to accelerated macrovascular complications in
individuals with diabetes, and high serum levels of AGEs and receptor for AGEs
(RAGE) are associated with an increased incidence and severity of coronary artery
disease (CAD)[5-7]. According to previous studies, AGEs are involved in the
development of AS through two major pathways: Binding to RAGE or cross-linking of
proteins[8]. On the one hand, AGEs in the vascular wall cross-link extracellular matrix
proteins, leading to arterial stiffness and atherosclerotic plaque formation[9]. On the
other hand, the binding of AGEs to RAGE elicits the generation of reactive oxidative
species (ROS), subsequently activating mitogen-activated protein kinase and nuclear
factor kappa-B signaling and activating the pathways related to diabetic complications
[10].

Profilin-1 is a well-known highly conserved and ubiquitously expressed multifunc-
tional actin-binding protein (12 to 15 KD) that plays an essential role in regulating
cytoskeletal rearrangement and redistribution by promoting actin polymerization and
remodeling[11,12]. Based on accumulating evidence, profilin-1 levels are markedly
increased in serum, the diabetic endothelium, and atherosclerotic lesions of patients
with pathological conditions such as hypertension, AS, and diabetes[13-15]. Cardio-
vascular risk factors such as oxidized low density lipoprotein (ox-LDL) and Ang II
significantly upregulate the expression of profilin-1 in cultured endothelial cells or
VSMCs, leading to endothelial dysfunction or VSMC proliferation[1,16,17], both of
which contribute to AS. In addition, chronic vascular inflammation also contributes to
the initiation and progression of atherosclerosis secondary to diabetes[18]. A growing
body of evidence indicates important roles for profilin-1 in vascular remodeling and
vascular inflammation. In spontaneously hypertensive rats, overexpression of profilin-
1 significantly promotes aortic remodeling, including an increase in vessel size, wall
thickness, and collagen content, partially through the p38-iNOS-peroxynitrite pathway
[19]. In vivo, profilin-1 links the actin cytoskeleton and its dynamics directly to vascular
inflammation, which is mediated by a series of inflammatory mediators[20]. As the
role of profilin-1 in endothelial damage triggered by the diabetic milieu is surprisingly
similar to that triggered by lipid oxidation[15] and attenuated expression of profilin-1
exerts protective effects on AS in LDL receptor-null mice[21], profilin-1 is expected to
become a promising therapeutic target for preventing the diabetes complication of
vascular injury[22].

As shown in our previous study, AGEs induce endothelial dysfunction and
cardiomyocyte hypertrophy in vitro, changes that are attenuated by the knockdown of
profilin-1 expression[12,23]. However, to date, few studies have examined the role of
profilin-1 in vascular remodeling induced by AGEs. Thus, the present study aimed to
explore the role of profilin-1 in AGEs-induced macroangiopathy and identify vascular
remodeling- and inflammation-dependent mechanisms that might account for the
atheroprotective effects of profilin-1 silencing on AS both in vivo and in vitro and to
provide a theoretical basis for targeting profilin-1 in the therapy of the diabetes
complication of AS.

MATERIALS AND METHODS

Chemicals and reagents

AGEs were purchased from Merck (Darmstadt, Germany). Bovine serum albumin
(BSA) was supplied by Every Green Co. Ltd. (Hangzhou, Zhejiang Province, China).
Asymmetric dimethylarginine (ADMA) and the anti-p-actin antibody were purchased
from Sigma (St. Louis, MO, United States). Intercellular adhesion molecule-1 (ICAM-1)
ELISA Kkits and Griess reagents were purchased from Jiancheng Biological Medical
Engineering Institute (Nanjing, Jiangsu Province, China). N-terminal propeptide of
type III procollagen (PIIINP) ELISA kits were supplied by Vscn Life Sciences, Inc.
(Wuhan, Hubei Province, China). Phenylmethylsulfonyl fluoride (PMSF) and BCA
protein kits were purchased from Beyotime Company (Jiangsu Province, China). The
anti-profilin-1 antibody was obtained from Abcam (Shanghai, China). Western
blotting kits and secondary IgG antibodies were purchased from KPL (Gaithersburg,
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MD, United States). The primers were synthesized by Shanghai Sangong Co.
(Shanghai, China). RT reagent kits were obtained from Thermo Scientific (Waltham,
MA, United States). Profilin-1 shRNA adenovirus vectors (Ad-profilin-1 shRNA) and
blank control adenovirus vectors (Ad-GFP) were constructed by Hanbio Co.
(Shanghai, China).

Study population

Eighty-nine patients undergoing coronary angiography (CAG) at the Department of
Cardiology of XiangYa Hospital of Central South University from September 2017 to
March 2018 were enrolled. Groups were divided as follows: Control group (27
patients) with stenosis < 50% in all coronary vessels; CAD group (31 patients) with
stenosis > 50% in at least one vessel but without diabetes; and CAD + diabetes mellitus
(DM) group (31 patients) with stenosis = 50% in at least one vessel with diabetes. The
diagnosis of type 2 diabetes was made according to the criteria of the American
Diabetes Association reported in 2017[24]. Informed consent was obtained from
enrolled individuals prior to participation in the study, and privacy rights were
always observed. The present study was approved by the ethical review committee of
Xiangya Hospital of Central South University.

Clinical data collection and CAG

Peripheral blood was collected from all patients, and the levels of biochemical factors,
such as fasting plasma glucose, glycosylated serum protein, glycosylated hemoglobin,
total cholesterol, low-density lipoprotein, high-density lipoprotein, triglyceride, serum
creatinine, and uric acid, were measured using an automatic biochemical analyzer.
Clinical data, including age, sex, weight, systolic blood pressure, diastolic blood
pressure, and CAD course, were collected. Each patient underwent angiography of the
left and right coronary arteries using a GE Innova 3000 angiography CAG examination
through a radial artery puncture with a selective angiography catheter. Coronary
artery disease was defined as = 50% stenosis in major vessels (the left anterior
descending artery, circumflex artery, and right coronary artery and their major
branches). The severity of coronary artery stenosis was quantitatively assessed
according to CAG using the Gensini scoring system.

Cell culture

Rat aortic vascular smooth muscle cells (RASMCs) were purchased from ATCC
(Manassas, VA, United States) and placed in an incubator at 37 °C with 90% humidity
and an atmosphere containing 5% CO,. RASMCs were cultured in DMEM medium
supplemented with 10% FBS (Gibco BRL, Grand Island, NY, United States), 100 U/mL
penicillin, and 100 mg/mL streptomycin (Beyotime, China). After reaching 90%
confluence, the cells were subcultured and incubated with different concentrations (0,
50, 100, 150, 200, or 400 pg/mL) of AGEs for different times (0, 24, 48, and 72 h) at
passages 2-3 or incubated with the JAK2 inhibitor (T3042-1, 15 pmol/L) or STAT3
inhibitor (T6308-1, 5 pmol/L).

Cell proliferation assay
The viability and proliferation of VSMCs were determined using a MTT (5 mg/mL,
Beyotime Company, Shanghai, China) assay according to the manufacturer’s
instructions. Briefly, RASMCs were seeded on 96-well plates at a density of 7 x 10°
cells/mL in DMEM supplemented with 10% FBS. The medium was changed to DMEM
containing 1% FBS to make them quiescent for 24 h, and then different concentrations
of AGEs were added and cocultured with the cells. Finally, 20 puL of 5 mg/mL MTT
was added to the culture medium and incubated for 4 h. The formazan crystals in each
well were dissolved in 150 pL of DMSO, and the absorbance was evaluated at 595 nm
using a microplate reader (PerkinElmer, United States) to assess cell proliferation.
RASMCs were seeded on 6-well plates at a density of 1 x 10*cells/mL. After
reaching 60% confluence, proliferation was assessed according to the instructions of
the EdU Staining Proliferation Kit (iFluor 647). Briefly, the EAU solution was added to
RASMCs and incubated for 2-4 h. Then, fixative solution and permeabilization buffer
were added successively. After incubation with the reaction mix to fluorescently label
cells with EdU for 30 min, cell proliferation was detected and quantified using
fluorescence microscopy and flow cytometry.

Establishment of an AGEs-induced vascular remodeling model in rats
AGEs were prepared using a previously reported method[16]. Briefly, BSA (10 g/L)
was incubated in 0.2 M phosphate buffer (PBS, pH 7.4) with D-glucose (90 g/L)

WJD | https://www.wjgnet.com 1878 November 15,2021 | Volume12 | Issuell |



Jaishideng®

Xiao ZL et al. Profilin-1 mediated AGEs-induced macroangiopathy

containing 100 U/mL penicillin and 100 mg/mL streptomycin in the dark at 37 °C.
After 12 wk of incubation, the preparations were dialyzed against PBS three times at 4
°C to remove free glucose for 24 h and then separated into aliquots and stored at -20 °C
until use.

Sprague-Dawley (SD) rats were fed under conditions of a controlled temperature
(22 £1 °C) and humidity (50%-60%). AGEs-BSA was injected into the tail veins at a
dose of 25 mg/kg/d per rat for 0, 20, 40, and 60 d. Ad-profilin-1 shRNA or Ad-GFP
was injected into the tail vein twice at a dose of 3 x 10°PFU per injection with an
interval of 4 wk between injections. The experimental protocols used in this study
were approved by the Medicine Animal Welfare Committee of Xiangya Hospital,
Central South University (Changsha, Hunan Province, China).

Animal preparation

One-month-old male SD rats were purchased from Slac Laboratory Co. (Shanghai,
China) and randomly divided into different groups (1 = 6) after 1 wk of acclimation:
(1) Control group: SD rats were intravenously injected with normal saline; (2) AGEs
group: SD rats were intravenously injected with AGEs-BSA for 20, 40, or 60 d; (3)
AGEs-S group: SD rats were intravenously injected with AGEs-BSA for 60 d and Ad-
profilin-1 shRNA; and (4) AGEs-V group: SD rats were intravenously injected with
AGEs-BSA for 60 d and Ad-GFP.

All rats were anesthetized with pentobarbital sodium (1%), and blood samples were
collected after decapitation and centrifuged for 10 min at 4 °C at a rate of 3000 g.
Supernatants were stored at -80 °C until analysis. The thoracic aorta was separated
and divided into three parts: (1) One part was fixed with 10% formalin for 24 h,
sequentially dehydrated in 70%, 80%, 90%, and 100% ethanol, rendered transparent
with xylene, embedded in paraffin wax blocks, and stored at 4 °C until hematoxylin
and eosin (H&E) staining and immunohistochemistry (IHC); (2) The second part was
homogenized in TRIzol reagent for real-time PCR analysis; and (3) The third part was
homogenized in RIPA lysis buffer and 0.1 mmol/L PMSF for Western blot analysis.
All procedures were performed in compliance with guidelines from the Ethics
Committee for Animal Care and Research at Xiangya Hospital of Central South
University (Changsha, Hunan Province, China).

Histology and immunohistochemical staining
H&E staining was performed on 3 mm sections from formalin-fixed and paraffin-
embedded thoracic aorta tissue using standard protocols. After H&E staining, the
morphological changes in blood vessels were observed under a light microscope. An
Image-Pro Plus computer pathological image analysis system was used to calculate the
media thickness (MT), lumen diameter (LD), medial area (MA), lumen area (LA), and
smooth muscle layers (SMLs) of the thoracic aorta. The median MT/LD and MA/LA
indicated the degree of hyperplasia.

IHC was performed as previously described[25] to detect the expression of profilin-
1. Briefly, sections of aortic tissues with a thickness of 3 mm were incubated overnight
at 4 °C with the primary antibody against profilin-1 (1:50) and then incubated with a
horseradish peroxidase-labeled goat anti-rabbit immunoglobulin-G secondary
antibody (1:1000) at 37 °C for 20 min. After three washes with PBS, the samples were
incubated with diaminobenzidine for coloration and counterstained with hematoxylin
for 2 min to stain the nuclei. Photographs were captured under a high-power
microscope (200 x); positively stained cells were brown in color, and integral optical
density values were measured using an NIS-Elements AR 3.0 pathological image
analysis system.

RNA isolation and real-time PCR

Total RNA was extracted from cells grown in a 6-well plate using TRIzol reagent, and
c¢DNA was synthesized from 1 pg of RNA using the First-Strand Synthesis System for
PCR according to the manufacturer’s instructions. The following primer pair was used
to amplify profilin-1: Forward primer, 5-TGACCTCATCTGTCCCTTCC-3’; reverse
primer, 5-ACAGGAGGGGGTATGGGTAG-3'. The following primer pair was used to
amplify GAPDH: Forward primer, 5'-ACCCAGAAGACTGTGGATGG-3’; reverse
primer, 5’-CACATTGGGGGTAGGAACAC-3’. The primer pair used for JAK2
amplification was as follows: Forward primer, 5'-CGGAACACCTTGTCCTGAAT-3’;
reverse primer, 5-GAGTCAGCTGGGAAAAGCAC-3'. The primer pair used for
STAT3 amplification was as follows: Forward primer, 5-TGATGCGCTCTTAT-
GTGAGG-3’; reverse primer, 5'-GGCGGACAGAACATAGGTGT-3'. Amplification
was performed with an initial incubation at 95 °C for 5 min, and 40 cycles of
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denaturation at 95 °C for 10 s and annealing and extension at 60 °C for 30 s to detect
profilin-1, GAPDH, STAT3, and JAK2 expression. All amplification reactions for each
sample were performed in triplicate, and data were analyzed using the 24" method.
The mRNA levels of profilin-1, STAT3, and JAK2 were normalized to the level of the
GAPDH mRNA.

Western blot analysis

VSMCs were lysed in RIPA lysis buffer (Beyotime Biotechnology, Shanghai, China)
and centrifuged at 12000 g at 4 °C for 15 min. The concentration of the total protein
extract was measured using BCA protein assay kits. Approximately 60 pg of protein
was separated on 15% SDS-PAGE gels and electrotransferred onto polyvinylidene
fluoride (PVDF) membranes (Millipore, Billerica, MA, United States). The membranes
were blocked with 5% fat-free milk in PBST buffer (0.1% Tween 20 in PBS) for 90 min
and subsequently probed with primary antibodies against JAK2 (1:1000), STAT3
(1:2000), profilin-1 (1:1500), or B-actin (1:5000) at 4 °C overnight, followed by
incubation with an HRP-conjugated IgG secondary antibody at room temperature for
1 h. The bands on the membranes were visualized by adding chemiluminescence
reagent, and the gray value was then analyzed using Image] software v1.37c (National
Institutes of Health, Bethesda, MD, United States).

ShRNA transfection in vivo

The adenovirus interference vector Ad-profilin-1 sShARNA was generated from pHBAd-
U6-GFP using Gateway recombination technology. Briefly, Ad-profilin-1 shRNA was
transfected into DHb5a cells for adenovirus packaging and titer. The recombinant
adenoviruses were measured using the immunization method. Primers for the
profilin-1 shRNA were forward, 5-TGCTGATTTCTTGTTGATCAAACCACGTTTTG-
GCCACTGACTGACGTGGTTTGCAACAAGAAAT-3 and reverse, 5'-CCTGATTTCT-
TGTTGCAAACCACGTCAGTCAGTGGCCAAAACGTGGTTTGAT-
CAACAAGAAATC-3. The Ad-profilin-1 shRNA adenovirus vector was injected into
the tail vein of SD rats at a dose of 3 x 10°PFU with an interval of 4 wk to silence the
expression of profilin-1. The transfection efficiency in each experiment was determined
by measuring profilin-1 protein expression using Western blot analysis.

Detection of plasma cytokine levels

The contents of ICAM-1 and PIIINP were detected using ELISA kits, and the concen-
tration of ADMA was measured using high-performance liquid chromatography as
previously described[26]. The standard curve for each assay was constructed in
accordance with the manufacturer’s provided sample. Each sample was assayed in
duplicate.

Statistical analysis

Test data of each sample accorded with the normal distribution and are expressed as
the mean * SD. Statistical analyses were performed using SPSS 22.0 software (IBM,
Chicago, IL, United States). The comparisons among multiple groups were performed
using one-way analysis of variance (ANOVA), followed by the test of pairwise
comparisons. Associations between profilin-1, RAGE, and Gensini scores were
assessed by Pearson correlation analysis. A value of P < 0.05 was considered to be of
statistical difference.

RESULTS

Baseline characteristics

Enrolled individuals with CAD and DM regularly received cardiovascular drug
therapy, including antihypertensive and lipid-lowering drugs. The baseline character-
istics of the subjects are presented in Table 1. None of the groups showed significant
differences in age, percentage of males, SBP, DBP, LDL-cholesterol levels, high-density
lipoprotein cholesterol levels, or serum uric acid levels (P > 0.05). Compared with the
control group, the individuals in the CAD group and CAD + DM group had a higher
weight and higher plasma levels of glycosylated hemoglobin (HbAlc), triglyceride
(TG), total cholesterol (TC), high sensitivity C-reactive protein (hs-CRP), and blood
urea nitrogen (BUN) (P < 0.05). Compared with the CAD group, those who developed
CAD combined with DM showed higher plasma fasting plasma glucose (FPG), HbAlc,
TG, and serum creatinine levels (P < 0.05).
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Table 1 Comparison of clinical data (mean * SD)

Control group (n = 27)

CAD group (n=31) CAD+DM group (n = 31)

Age (yr)

Sex (n)

Male

Female

Weight (kg)

SBP (mmHg)
DBP (mmHg)
FPG (mmol/L)
HbAlc (%)

GSP (mmol/L)
TG (mmol/L)

TC (mmol/L)
LDL-C (mmol/L)
HDL-C (mmol/L)
hs-CRP (mg/L)
BUN (mmol/L)
SCr (pmol/L)

SUA (mmol/L)

60+8 61+9 64+8

14 15 17

13 16 14

60.87 +7.67 67.15 +12.00" 65.55 +10.30°
123.54 +14.28 126.41 +16.56 127.35 +19.49
74.46 £ 6.66 75.71 £10.45 78.74 £9.57
4.86 +0.56 547 +0.87 9.92 +3.26™
4.90 £ 0.58 6.07 +£0.93% 7.43 £1.70%°
1.81£0.19 2.27 +£0.39 2.78 +1.19"*
1.21£0.35 1.79 +1.25" 244 +215"
210+1.61 4.40+1.08" 4.51+1.26"
2.32+0.53 2.63 £ 0.67 2.59+1.22
1.35+0.31 248 £1.43 1.50+1.14
1.34 £0.61 3.84 +3.15" 4.65+2.70"
529+0.73 5.53 +1.44" 5.85 +1.65"
79.3+£15.2 82.3+23.3 93.2+21.4™
309.2 +£92.3 316.3 £81.7 327.6 £ 69.8

P < 0.05 compared with the control group.

P < 0.05 compared with the coronary artery disease group.

CAD: Coronary artery disease; DM: Diabetes mellitus; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; FPG: Fasting plasma glucose; HbAlc:
Glycosylated hemoglobin; GSP: Glycosylated serum protein; TG: Triglyceride; TC: Total cholesterol; LDL-C: Low-density lipoprotein cholesterol; HDL-C:
High-density lipoprotein cholesterol; hsCRP: High sensitivity C-reactive protein; BUN: Serum urea nitrogen; Scr: Serum creatinine; SUA: Serum uric acid.
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Relationships between profilin-1 expression, RAGE expression, and Gensini scores
The plasma concentrations of profilin-1 and RAGE in enrolled individuals were
detected using ELISA kits. The results of one-way ANOVA showed significantly
increased concentrations of profilin-1 and RAGE in the CAD and CAD + DM groups
compared with the control group (P < 0.01) (Figure 1A and B). As expected, plasma
profilin-1 and RAGE levels were significantly higher in patients with CAD and DM
than in those with CAD alone (P < 0.01). A similar significant difference was also
observed in Gensini scores (Figure 1C).

In the Pearson correlation analysis, both baseline profilin-1 and RAGE levels
showed a strong significant positive correlation with Gensini scores (R? = 0.7494, P =
0.0005 and R? = 0.8424, P = 0.0010, respectively) (Figure 1D and E), and the plasma
RAGE and profilin-1 levels were also positively correlated (R? = 0.7161, P = 0.0010)
(Figure 1F).

Morphological changes in the rat thoracic aorta induced by AGEs

After tail vein injections of AGEs (25 mg/kg/d) for different times, the histological
morphology of the thoracic aorta in rats was assessed to investigate the effect of AGEs
on the aortic structure. H&E staining (200 x) showed significant vascular remodeling
of the thoracic aorta in AGEs-injected rats, including thickened aortic walls, looser or
even broken elastic fibers, and broadened endothelial gaps. Significant proliferation
and a disordered arrangement of SMCs were also observed in the AGEs group,
leading to lumen stenosis (Figure 2). We measured the MT, LD, ratio of MT/LD, MA,
LA, ratio of MA/LA, and SMLs of the thoracic aorta. Compared with the control
group, the injection of AGEs significantly increased the MT/LD and MA/LA ratios,
which are considered signs of vascular remodeling (P < 0.01, Table 2). The number of
SMLs also increased 40 d after the AGEs injection (P < 0.05, Table 2).
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Table 2 Media thickness, lumen diameter, media thickness/lumen diameter, medial area, lumen area, medial area/lumen area, and

smooth muscle layers of the thoracic aorta

Control (n = 6) AGEs-20 (n = 6) AGEs-40 (n = 6) AGEs-60 (n = 6)

MT (mm) 45.83 +3.54 57.17 +3.25° 74.83 + 4.62° 79.33 + 3.08"

LD (mm) 737.5+9.89 769.83 +15.73" 862.33 +21.99° 857.67 +15.06"
MT/LD (%) 6.21 +0.41 7.42 £0.35° 8.67 £0.37° 9.25 +0.34°

MA (mm?) 0.53 +0.01 0.54+0.01° 0.55+0.01° 0.56 +0.01°

LA (mm?) 1.97 +0.04 1.85 +0.04° 1.67 +0.04° 1.64 +0.04°
MA/LA (%) 26.97 +0.38 29.16 % 0.73" 32.99 +0.79° 3413+ 0.62°
SML (layer) 6.17+0.75 7.17+0.73 7.67 +0.82" 817 +0.75"

2P < 0.05 compared with the control group.
PP < 0.01 compared with the control group.
AGEs: Advanced glycation end products; MT: Media thickness; LD: Lumen diameter; MA: Media area; LA: Lumen area; SML: Smooth muscle layers.
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Figure 1 Relationships between profilin-1, receptor for advanced glycation end products, and Gensini scores. A-C: Plasma profilin-1 and
receptor for advanced glycation end products (RAGE) levels and Gensini scores in different groups. °P < 0.01 compared with the control group, P < 0.01 compared
with the coronary artery disease group; D-F: Pearson correlation analysis showing the relationship between profilin-1 or RAGE levels and Gensini score, as well as
the relationship between profilin-1 and RAGE levels. CAD: Coronary artery disease; DM: Diabetes mellitus; RAGE: Receptor for advanced glycation end products.

Expression of profilin-1 mRNA and protein in the thoracic aorta of rats injected with
AGEs

Real-time PCR and Western blot analysis of mRNA and protein extracts from thoracic
aortae were performed, respectively, to confirm the effect of AGEs on profilin-1
expression in vivo. Consistent with the results from our in vitro study, the profilin-1
mRNA and protein were expressed at higher levels in the thoracic aorta wall of the
AGEs-injection group compared to those of the control group (P < 0.05 or P < 0.01)
(Figure 3A-C). Interestingly, the results of IHC staining showed that the positively
stained cells were mainly located in the intima, along with a certain amount in the
media, suggesting that profilin-1 was mainly expressed in endothelial cells and SMCs
in local aortic AS plaques. Additionally, the expression of profilin-1 in the thoracic
aorta of AGEs-injected rats was significantly higher than that of normal rats
(Figure 3D). The average optical density, expression-positive area, and integrated
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(200 X)

Figure 2 Hematoxylin and eosin staining (200 x) showing the morphological characteristics of the thoracic aorta in advanced glycation
end products-injected rats (n = 3). AGEs: Advanced glycation end products.
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optical density of profilin-1 in the thoracic aorta were also significantly increased in
AGEs-injected rats compared with the control group (P < 0.001) (Table 3).

Effect of profilin-1 knockdown on AGEs-induced changes in inflammatory mediators

and vascular remodeling

AGE:s evoke inflammation in various cell types and organs, including endothelial cells,
blood vessels, and the heart[27]. However, the role of AGEs-induced inflammation in
vascular remodeling remains unclear. Here, after a chronic tail vein injection of AGEs,
the serum levels of ADMA, ICAM-1, and PIIINP were significantly increased
compared with the control group (Figure 4B-D) (P < 0.05); these changes were
accompanied by increased expression of the profilin-1 protein and vascular
remodeling in the thoracic aorta (Figure 4E).

We developed a profilin-1-specific ShRNA to confirm the role of profilin-1 in the
AGEs-mediated production of inflammatory mediators, and the transfection efficiency
was confirmed by detecting the expression of the profilin-1 protein. As shown in
Figure 4A and E, the profilin-1 shRNA successfully reduced the profilin-1 protein
levels in thoracic aortae from AGEs-injected rats. Importantly, silencing of profilin-1
gene expression inhibited AGEs-induced ADMA, ICAM-1, and PIIINP release
(Figure 4B-D) (P < 0.05) and attenuated AGEs-induced vascular remodeling of the
thoracic aorta (Figure 4E). In contrast, the negative control sShRNA had no such effect.

Effect of AGEs on RASMC proliferation

As mentioned above, vascular remodeling is an important pathological feature of
diabetic macroangiopathy, in which endothelial dysfunction and VSMC proliferation
plays a crucial role[28]. As the role of AGEs in endothelial cell injury has been proven
[23], we focused on the effects of AGEs on VSMC proliferation in vitro. As shown in
Figure 5A, after treatment with different concentrations of AGEs (0, 50, 100, 150, 200,
or 400 pg/mL) for different times (0, 24, 48, or 72 h), the proliferation of RASMCs was
significantly increased compared with that of the control group (Figure 5A, P < 0.05),
and AGEs concentrations ranging from 100-200 pg/mL exerted the most robust effect
on RASMC proliferation. EdU staining and flow cytometry produced similar results
(Figure 5B-D).
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Table 3 Quantitative analysis of profilin-1 protein levels in the thoracic aorta

Index Control (n = 6) 20d (n=6) 40d (n=6) 60d (n=6)
AOD 0.069 + 0.002 0.074 +0.002" 0.079 +0.001" 0.087 +0.005"
EPA (mm?) 202.05 +10.33 267.27 +24.98" 44228 +31.90° 599.88 + 38025"
10D (mm?) 14.00 + 0.68 19.71 +1.85" 34.96 +2.43" 52.19 +5.43"

PP <0.01 compared with the control group.

The level of the profilin-1 protein was determined using Image-Pro plus immunohistochemical image analysis software. AOD: Average optical density;
EPA: Expression-positive area; IOD: Integrated optical density.

A B ;_ C 504
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4 b 1.6 °
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D 0 20 40 60 (d) 0 20 40 60 (d)
AGEs (d)

(200 X)

Figure 3 Expression of profilin-1 in the thoracic aortas of advanced glycation end products-injected rats. A-C: Western blot analysis and real-
time PCR detection of the expression of the profilin-1 protein and mRNA, respectively, in the thoracic aorta. n = 3, 2P < 0.05 compared with the control group, °P <
0.01 compared with the control group; D: Immunohistochemical staining revealing the expression of the profilin-1 protein in the thoracic aorta. Under a microscope at
200 x magnification, the profilin-1 protein was stained brown using the SABC immunohistochemical method, n = 3. AGEs: Advanced glycation end products.

Involvement of the profilin-1 and JAK2/STAT3 pathways in AGEs-induced cell
proliferation

Previous studies have shown that the Janus kinase/signal transducer and activator of
transcription (JAK/STAT) pathway mediates the migration and proliferation of
VSMCs and that AGEs induce apoptosis and inflammation by activating the
JAK2/STAT3 pathway[29,30]. The expression of profilin-1, JAK2, and STAT3 in
RASMCs exposed to medium alone or AGEs was examined to explore whether
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Figure 4 Effect of profilin-1 shRNA on the levels of inflammatory mediators and vascular remodeling in advanced glycation end products-

injected rats. A: Western blot analysis of the transfection efficiency of the profilin-1 shRNA, n = 3; B-D: ELISA or HPLC was used to detect the intercellular
adhesion molecule-1, N-terminal procollagen 1l peptide, and asymmetric dimethylarginine levels in different groups. n = 3, P < 0.05 compared with the control group,
°P < 0.05 compared with the advanced glycation end products (AGEs) group; E: Hematoxylin and eosin or immunohistochemistry staining showing the effect of
profilin-1 silencing on the morphological characteristics of the thoracic aorta and the expression of the profilin-1 protein in AGEs-injected rats. Under a microscope at
200 x magnification, the profilin-1 protein was stained brown using the SABC immunohistochemical method, n = 3. ICAM-1: Intercellular adhesion molecule-1; PIIINP:
N-terminal procollagen 1l peptide; ADMA: Asymmetric dimethylarginine; AGEs: Advanced glycation end products.
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profilin-1 and the JAK2/STAT3 pathway are involved in AGEs-induced RASMC
proliferation. Compared with the control group, treatment with AGEs at a dose of 100
or 150 pg/mL significantly upregulated the expression of both the profilin-1 mRNA
and protein at different time points (P < 0.05, Figure 6A-E), which paralleled the
increase in the proliferation of RASMCs induced by AGEs. AGEs (200 pg/mL)
significantly upregulated the expression of STAT3 at both the mRNA and protein
levels, but only upregulated the expression of the JAK2 protein (P < 0.05, Figure 6F
and G). In addition, the AGEs-induced expression of the JAK2 and STAT3 proteins
was effectively blocked by a JAK2 inhibitor (T3042-1) and/or STAT3 inhibitor (T6308-
1) (P < 0.05, Figure 6H). Pretreatment with T3042-1 (15 pmol/L) or T6308-1 (5 pmol/L)
significantly inhibited AGEs-induced RASMC proliferation, as detected by EdU
staining and flow cytometry (P < 0.05). However, T3042-1 and T6308-1 alone had no
effect on RASMC proliferation (Figure 7).

DISCUSSION

Epidemiological and clinical data suggest that diabetic macroangiopathy is the main
cause of death in individuals with DM, and major biochemical pathways are involved
in the development of diabetic macroangiopathy[27]. Among them, AGEs accumu-
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Figure 5 Effect of advanced glycation end products on the proliferation of cultured rat aortic vascular smooth muscle cells (n = 6). A: MTT
detection of the effect of incubation with advanced glycation end products (AGEs) (0, 50, 100, 150, 200, or 400 pg/mL) for different times (0, 24, 48, or 72 h) on rat
aortic vascular smooth muscle cell (RASMC) proliferation. 2P < 0.05 for the comparison of the 24 h control group with the control group, °P < 0.05 for the comparison
of the 48 h control group with the control group, P < 0.05 for the comparison of the 72 h control group with the control group; B: Proliferation of RASMCs treated with
AGEs (0, 50, 100, 150, 200, or 400 pg/mL) for 24 h quantified using flow cytometry. Data were obtained from six independent experiments (n = 6); C: EdU staining
showing the effect of incubation with AGEs (0, 50, 100, 150, 200, or 400 pg/mL) for 24 h on RASMC proliferation; D: Proliferation of RASMCs treated with AGEs (0,
50, 100, 150, 200, or 400 pg/mL) for 24 h quantified using fluorescence microscopy. 9P < 0.05 compared with the control group. "P < 0.01 compared with the control
group. EdU: 5-ethynyl-2-deoxyuridine.
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lation in tissues and the pivotal role of the AGEs-RAGE signaling pathway are most
important for the central pathological features of DM, which rapidly accelerate AS[31,
32]. High serum AGEs levels are associated with an increased incidence of CAD and a
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Figure 6 Involvement of profilin-1 and the Janus kinase 2/signal transducer and activator of transcription 3 pathway in advanced
glycation end products-induced cell proliferation (n = 3). A: RT-PCR analysis of the expression of the profilin-1 mRNA in rat aortic vascular smooth
muscle cells (RASMCs) treated with different concentrations of advanced glycation end products (AGEs) (ug/mL) for different times. %¢P < 0.05 compared with the 0
control group, ®%'P < 0.01 compared with the 0 control group; B-E: Western blot showing levels of the profilin-1 protein in RASMCs treated with different
concentrations of AGEs for different times. 2P < 0.05 compared with the control group; F: RT-PCR analysis of the expression of the Janus kinase 2 (JAK2) and signal
transducer and activator of transcription 3 (STAT3) mRNA in RASMCs treated with 200 pug/mL AGEs for different times. 2P < 0.05 compared with the 0 control group;
G-H: Western blot analysis of the effect of 200 pg/mL AGEs on the expression of the JAK2 and STAT3 proteins in RASMCs treated with or without the JAK2 inhibitor
(T3042-1) or STATS3 inhibitor (T6308-1). °P < 0.01 compared with the control group. %P < 0.01 compared with the AGEs group. AGEs: Advanced glycation end
products; JAK2: Janus kinase 2; STAT3: Signal transducer and activator of transcription 3.
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worse prognosis[7]. The present study also found significantly higher levels of RAGE
in patients with CAD or CAD + DM than in healthy people, especially in patients with
CAD + DM, and the levels of RAGE were positively correlated with Gensini scores.
Thus, we focused on the relationship between AGEs and diabetic macroangiopathy
characterized by abnormal hyperplasia of vascular smooth muscle, inflammation, and
vascular remodeling.

Based on accumulating evidence, the increased proliferation and migration of
VSMCs are hallmarks of vascular pathology in individuals with diabetic macroan-
giopathy[33]. A homogenous population of VSMCs is present within atherosclerotic
plaques and responsible for early atherogenesis or preventing fibrous caps from
rupturing in advanced plaques[34]. According to recent reports, dietary AGEs in
patients with diabetes or an intraperitoneal injection of AGEs in rats causes an
impairment in the vascular endothelium[35,36]. In an effort to understand the toxicity
of AGEs in vasculopathy in vivo, a vascular injury model in rats was established by
chronic tail vein injections of AGEs. In the AGEs injection group, thickened aortic
walls, looser elastic fibers, broadened endothelial gaps, broken inner elastic tissue, and
significant proliferation and disarrangement of VSMCs and luminal stenosis were
observed. In addition, the injection of AGEs significantly increased the MT/LD and
MA /LA ratios and the thickness of SMLs, which are considered indices of vascular
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Figure 7 Effects of the Janus kinase 2 inhibitor and signal transducer and activator of transcription 3 inhibitor on advanced glycation end
products-induced rat aortic vascular smooth muscle cell proliferation (n = 6). Cells were treated with 200 ug/mL advanced glycation end products
(AGEs) and/or 15 pmol/L Janus kinase 2 inhibitor (T3042-1) and/or 5 umol/L signal transducer and activator of transcription 3 inhibitor (T6308-1). A: Fluorescence
microscopy image of 5-ethynyl-2-deoxyuridine (EdU) staining; B: Percentage of EDU-positive cells in A. °P < 0.01 compared with the control group, P < 0.01
compared with the advanced glycation end products group; C: Flow cytometry analysis of EdU staining. Data were obtained from six independent experiments.
AGEs: Advanced glycation end products; EDU: 5-ethynyl-2-deoxyuridine.
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remodeling[37], suggesting that exogenous AGEs directly induce vasculopathy and
vascular remodeling in vivo. In vitro, incubation of VSMCs with AGEs significantly
increased the proliferation of VSMCs and activated the proliferative JAK2/STAT3
signaling pathway. JAK2/STATS3 is an important signal transduction pathway that
mediates VSMC proliferation and is involved in the process of AS in individuals with
diabetes complicated with cardiovascular disease[38]. A previous study reported that
AGEs exert proapoptotic and proinflammatory effects on mouse podocytes through
the JAK2/STAT3 pathway[28]. Accordingly, we also found that exposure of VSMCs to
AGE:s induced the activation of JAK2/STATS3 signaling and that both a JAK2 inhibitor
and STAT3 inhibitor attenuated the proliferation of VSMCs induced by AGEs.
Therefore, AGEs induce VSMC proliferation that subsequently contributes to vascular
remodeling under atherosclerotic conditions via the activation of the JAK2/STAT3
pathway. However, the precise mechanism of AGEs-induced vascular remodeling
deserves further investigation.

Vascular remodeling is proven to be an adaptive process in response to chronic
changes in hemodynamic conditions, and increased actin polymerization and stress
fiber formation may play pivotal roles in the modulation of cellular morphology and
function. Profilin-1, a multifunctional actin-binding protein, plays an essential role in
regulating cytoskeletal rearrangement and redistribution by promoting vascular
remodeling and inflammation. The most direct evidence is that overexpression of
profilin-1 directly induces aortic remodeling in spontaneously hypertensive rats,
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manifesting as an increase in vessel size, wall thickness, and collagen content[19,39]. In
fact, recent studies have shown that the biological effects of profilin-1 are far greater
than those on regulating actin depolymerization and reorganization[40]. Thus,
researchers have speculated that profilin-1 is involved in the vascular remodeling
induced by AGEs. As shown in our study, the elevated levels of profilin-1 in patients
with CAD or CAD + DM were positively correlated with coronary artery stenosis, and
AGEs markedly upregulated the expression of profilin-1 in the aorta or cultured
VSMCs concomitant with vascular remodeling and the hyperproliferation of VSMCs.
Furthermore, profilin-1 silencing also downregulated AGEs-induced profilin-1
expression in aortic tissue and reversed AGEs-induced aortic vascular remodeling,
suggesting that profilin-1 may participate in AGEs-induced vascular remodeling.

AS is a chronic inflammatory disorder that is involved in all stages of diabetic
macroangiopathy, such as the formation, progression, and rupture of atherosclerotic
plaques[41,42]. AGEs/RAGE activation may lead to increased production of
proinflammatory and proatherogenic mediators that accelerate diabetes and its
complication, AS[30,43]. Recently, the proinflammatory factors ADMA and ICAM-1
have been recognized as early markers of endothelial dysfunction with a high risk of
cardiovascular events[44,45]. In patients with myocardial infarction, the levels of
PIIINP potentially reflect the extent of extracellular matrix remodeling, and the
increase in extracellular matrix contributes to intimal thickening and sclerosis[46,47].
Several studies have reported that AGEs markedly increase ADMA levels in
endothelial cells by inducing local ROS production[48,49], and overexpression of
profilin-1 upregulates the expression of ICAM-1[23]. In AGEs-injected rats, the
production of ADMA, ICAM-1, and PIIINP was markedly increased and aortic
vascular remodeling was induced in the present study, changes that were reversed by
the inhibition of profilin-1 through shRNA transfection. Based on these results,
profilin-1 may participate in AGEs-induced inflammation and vascular remodeling by
activating the JAK2/STAT3 pathway, and profilin-1 is expected to become a promising
therapeutic target for preventing diabetes-related vascular injury. However, the exact
molecular mechanism of profilin-1 in AGEs-induced vasculopathy is worthy of further
study.

CONCLUSION

Taken together, our results provide evidence that AGEs induce proatherogenic events
such as VSMC proliferation, elevated expression of proatherogenic mediators, and
vascular remodeling, which are attenuated by silencing profilin-1 gene expression.
These data suggested for the first time that profilin-1 is involved in AGEs-induced
aortic atheroma formation, indicating that increased profilin-1 expression in the aorta
of patients with diabetes might trigger atherosclerosis-related events. Therefore, drugs
targeting profilin-1 may become a potential therapeutic strategy for ameliorating AS
secondary to diabetes.

ARTICLE HIGHLIGHTS

Research background

The formation and accumulation of advanced glycation end products (AGEs)
contribute to accelerated macrovascular complications, which are the leading cause of
morbidity and mortality in patients with diabetes. Profilin-1 plays an important role in
vascular remodeling and vascular inflammation.

Research motivation

Currently, few studies have investigated the role of profilin-1 in vasculopathy induced
by AGEs, and the mechanism of profilin-1 in diabetic macroangiopathy remains
unclear.

Research objectives
The aim of this study was to explore the potential role of profilin-1 in the pathogenesis
of atherosclerosis induced by AGEs and to elucidate its probable mechanism.
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Research methods

Eighty-nine individuals undergoing coronary angiography were enrolled in the study.
Plasma cytokine levels were detected using ELISA kits. Rat aortic vascular smooth
muscle cells were incubated with different compounds for different times. Cell prolif-
eration was determined by performing the MTT assay and EdU staining. An AGEs-
induced vascular remodeling model was established in rats and histological and
immunohistochemical analyses were performed. The mRNA and protein levels were
detected using real-time PCR and Western blot analysis, respectively. In vivo, sShRNA
transfection was performed to verify the role of profilin-1 in AGEs-induced proath-
erogenic mediator release and aortic remodeling. Statistical analyses were performed
using SPSS 22.0 software.

Research results

Compared with the control group, plasma levels of profilin-1 and receptor for AGEs
(RAGE) were significantly increased in patients with coronary artery disease,
especially in those complicated with diabetes mellitus (P < 0.01). The levels of profilin-
1 were positively correlated with the levels of RAGE (P < 0.01); additionally, the levels
of both molecules were positively associated with the degree of coronary artery
stenosis (P < 0.01). In vivo, tail vein injections of AGEs induced the release of proath-
erogenic mediators, such as asymmetric dimethylarginine, intercellular adhesion
molecule-1, and the N-terminus of procollagen III peptide, concomitant with apparent
aortic morphological changes and significantly upregulated expression of the profilin-
1 mRNA and protein in the thoracic aorta (P < 0.05 and P < 0.01). Downregulation of
profilin-1 expression with an shRNA significantly attenuated AGEs-induced proath-
erogenic mediator release (P < 0.05) and aortic remodeling. In vitro, incubation of
vascular smooth muscle cells (VSMCs) with AGEs significantly promoted cell prolif-
eration and upregulated the expression of the profilin-1 mRNA and protein (P < 0.05).
AGEs (200 pg/mL, 24 h) significantly upregulated the expression of the signal
transducer and activator of transcription 3 (STAT3) mRNA and protein and the Janus
kinase 2 (JAK2) protein, which were blocked by a JAK2 inhibitor (T3042-1) and/or
STATS3 inhibitor (T6308-1) (P < 0.05). In addition, pretreatment with T3042-1 or T6308-1
significantly inhibited AGEs-induced rat aortic vascular smooth muscle cell prolif-
eration (P < 0.05).

Research conclusions

The present study proved that AGEs induce proatherogenic events such as VSMC
proliferation, proatherogenic mediator expression, and vascular remodeling, which are
attenuated by silencing profilin-1 gene expression.

Research perspectives

Profilin-1 is expected to be a promising therapeutic target for the prevention of
diabetes mellitus associated with vascular damage. Further studies are needed to
develop a targeted drug against profilin-1 and elucidate the exact molecular
mechanism of profilin-1 in AGEs-induced vasculopathy.
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